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EDITORIAL NOTE

The present volume of Atomic and Plasma-Material Interaction Data for Fusion is
devoted to a critical review of the chemical erosion behaviour of fusion plasma-facing ma-
terials, in particular carbon, beryllium and tungsten. The present volume is intended to
provide fusion reactor designers a detailed survey and parameterization of existing, criti-
cally assessed data for the chemical erosion of plasma-facing materials by particle impact.
The survey and data compilation is presented for a variety of materials containing the
elements C, Be and W (including dopants in carbon materials) and impacting plasma
species. The dependencies of chemical erosion yields on the material temperature, inci-
dent projectile energy, and flux are considered. The main data compilation is presented
as separate data sheets indicating the material, impacting plasma species, experimental
conditions, and parameterizations in terms of analytic functions.

This volume of Atomic and Plasma-Material Interaction Data for Fusion is the result of
a five year Co-ordinated Research Programme on “Plasma-Interaction Induced Erosion of
Fusion Reactor Materials” in the period 1992-1997. A companion volume is in preparation,
which will provide a critical review and data compilation for physical sputtering and
radiation-enhanced sublimation induced by fusion plasma particle impact.

The International Atomic Energy Agency expresses its appreciation to the contributors
to this volume for their dedicated effort and co-operation.

Vienna, April 1998
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1 INTRODUCTION

1.1 Motivations and Scope

Extensive literature is available on the erosion of a wide spectrum of materials
that have — over the years — been considered for plasma-facing applications in fusion
reactors. The term ‘erosion’, in itself, encompasses processes such as physical sput-
tering, chemical reactions leading to the formation of volatile particles, radiation-
enhanced sublimation (which occurs for carbon-based materials), and thermal sub-
limation. The major deleterious effects of erosion include: a reduced lifetime for
the plasma-facing material, contamination of the fusion plasma, and tritium up-
take due to codeposition of eroded.material with the hydrogen fuel. Indeed, these
issues are among the critical research and development challenges that need to be
resolved for next-generation fusion devices such as the International Thermonuclear
Experimental Reactor, ITER.

The preparation of this compendium results from an IAEA Coordinated Research
Programme on “Plasma-Interaction Induced Erosion of Fusion Reactor Materials.”
The objective of the programme was to focus and coordinate the research activi-
ties of the participating institutions on the understanding of physical mechanisms
of erosion processes and to undertake the compilation and critical assessment of a
comprehensive erosion database for fusion research. We anticipate that the infor-
mation so generated will be useful for the design of plasma-facing components, and
also for modelling the transport of eroded particles in the fusion plasma, which in
most cases leads to the redeposition of such particles on wall surfaces.

Due to the multifaceted nature of erosion and the broad spectrum of elements
and compounds for which erosion data are available, an all-inclusive compendium
would not only entail an immense task, but would also be cumbersome for the
user community. Hence, in this document we focus on erosion due to physical
sputtering, chemical erosion and radiation-enhanced sublimation induced
by fusion plasma particle impact. Thermal sublimation is well understood and has
been documented in standard handbooks.

Regarding target materials, we have selected Be, C and W, the three primary
candidate materials being considered for ITER. Some relevant compounds of these
elements (e.g., B4C, TiC, SiC, etc.), as well as dopants used in conjunction with
carbon, are also included. The impacting plasma species have also been selected on
the basis of their fusion relevance. Here we included the hydrogenic species H, D,
T, the He ash, O impurity, and elements that either result from the erosion process
(such as C, Be, W, etc.) or are injected into the plasma for their effectiveness in
dispersing power loading via enhanced radiation (e.g., Ne, Ar, Ny, etc.).

1.2 Basic Features of Particle-Induced Erosion Processes

Physical sputtering occurs via collisional interactions between impacting pro-
jectile atoms and atoms in the target, leading to the ejection of some of the target
atoms. This process occurs for all materials for incident particle energies above a
certain threshold, which is characteristic of the target-projectile combination; the



physical sputtering yield is not a function of temperature. The mechanisms associ-
ated with physical sputtering are well understood and are well-documented [1-5].
The occurrence of chemical erosion depends on the projectile-target combina-
tion and its mutual chemical reactivity. Chemical erosion can occur at all incident
particle energies. For example, in the case of carbon, H impact leads to the for-
mation of hydrocarbons, with yields peaking in the 500-1000 K temperature range;
reactions occur even at sub-eV impact energies, with no evidence of an energy thresh-
old. At present, the mechanisms associated with chemical erosion of carbon due to
hydrogen impact are not fully understood. Recent modelling advances [6-10], how-
ever, have provided new insights into the complex physical/chemical interactions.
Oxygen impact on carbon produces CO, and CO. Combined H and O also leads
to the formation of some water. For Be and W, chemical erosion is also possible;
e.g., O impact on W produces a variety of tungsten oxides, W;O,. Here, we shall
concentrate on the chemical erosion of carbon and carbon-based materials.
Radiation-enhanced sublimation (RES) has only been observed in carbon-
based materials, and is induced by energetic particle impact at temperatures above
~1200 K. The present understanding of RES is based on the formation of interstitial-
vacancy pairs in the implantation zone by energetic incident atoms (chemically inert
or otherwise). At sufficiently high temperatures the interstitial C atoms diffuse to
the surface, and subsequently leave the surface with ‘thermal’ energy [11-14]. This
model of RES agrees well with experimental observations, with the exception of flux-
dependence predictions. The model predicts a decrease of RES yield with increasing
incident particle flux to the power of (-0.25). Experimental results generally show a
power of ~(-0.1) [15-18]. Since RES results from atom displacements, this process
(like physical sputtering) only occurs above an incident particle energy threshold.
The contribution of these erosion processes to the total erosion yield depends
on both target and projectile characteristics. For example, in Fig. 1.1 we show the
relative role of physical sputtering [5], chemical erosion [19-22] and RES [13, 15] for
protium and deuterium impact on carbon for different H [Fig. 1.1a] and D [Fig. 1.1b)
energies, as a function of carbon temperature. For both H and D, we note that phys-
ical sputtering yields are only applicable for energies above the sputtering threshold
(~40 eV for H and ~33 eV for D). Physical sputtering is a function of energy, and the
yield for 1000 eV H and D are relatively higher than those at 100 eV. Chemical ero-
sion becomes significant for temperatures below ~1000 K, with the chemical erosion
yield being dependent on both the target temperature and projectile energy. The
chemical erosion yield vs temperature curves are characterized by a maximum whose
level (Y,,) and the temperature at which it occurs (T,,) also depend on the projectile
energy. The monotonically increasing yield for temperatures above ~1000 K for the
100 and 1000 eV cases is due to radiation-enhanced sublimation. For the sub-eV and
10 eV cases only chemical erosion occurs, as these energies are below the thresholds
for both physical sputtering and RES. We note that the physical sputtering and
RES yields for D are relatively higher than for H. On the other hand, the chemical
erosion yields for the two isotopes of hydrogen are not significantly different. In
addition to the parameters noted above, the incident projectile flux density is also
an important parameter. Unfortunately, the flux density range available with mass-
analyzed accelerators is limited to ~10'/cm?s which is 2 or 3 orders of magnitude
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lower than the fluxes existing in the divertor and limiter regions of tokamaks. To
explore the high tokamak-relevant fluxes, erosion yield measurements are also being
performed in laboratory plasma devices and tokamaks.
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Figure 1.1: Erosion yields due to hydrogen and deuterium impact of carbon are presented at

various energies, illustrating the characteristics of physical sputtering, radiation-
enhanced sublimation and chemical erosion.
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1.3 Organization and Presentation of the Compiled Erosion Data

The information in this compendium has been organized with two objectives in
mind. First, selected collections of data obtained by various laboratories under spec-
ified parameter groupings have been compiled. In this process, the authors of the
compendium exercised a degree of critical assessment. It is anticipated that the data
so presented will be in a form that is transparent to the user community — for the
design of plasma-facing components and the modelling of impurity transport and
redeposition processes in tokamaks. The second objective was to be as inclusive as
possible in presenting the available erosion data in order to provide access to infor-
mation not contained in the ‘selected collections’. Both sets of data, the ‘selected
collection’ and the ‘individual sources’, are included in this compendium.

On the most part, the experimental erosion data presented in this compendium
were obtained from controlled laboratory experiments with mass-analyzed ion beams.
Furthermore, only steady-state measurements are included. In the case of physical
sputtering, the process is well understood and reliable model calculations are also
available, and the experimental data have been fitted to the model. In cases where
no experimental data are available, especially at low energies, only model calcula-
tions are given. Attempts at modelling chemical erosion and radiation-enhanced
sublimation have also been made, with varying success, and work in this area is still
continuing. Where applicable, models are fitted to the experimental data. However,
for the most part, the chemical and RES data are fitted to polynomial or other
appropriate analytic expressions. Therefore, users of the data presented here are
cautioned that the fitting equations only apply in the experimental param-
eter ranges indicated.

The compendium is presented in two Volumes of Atomic and Plasma- Materzal
Interaction Data for Fusion. In this Volume, Part A, we exclusively deal with
‘chemical erosion’ of carbon-based materials. In the following Volume, Part B, we
present physical sputtering data for C, Be, and W, and RES data for carbon- based
materials.

2 FErosion Data Derived from Tokamaks

Although it is evident that the most relevant erosion data for fusion applications
should be available from tokamak experiments, the task associated with the deriva-
tion of such data is extremely difficult due to the complexity of the plasma-materials
interaction processes and the structure of the tokamak devices themselves. Determi-
nation of erosion yields requires spatially resolved measurements of incident particle
. fluxes (and particle energies) and the fluxes of the released particles, formed via
the various erosion processes. Notwithstanding these complexities, several attempts
have been made to derive erosion yields from tokamak experiments. Here we shall
present an overview of the various methods used. Reviews on this subject and a
comparison of available results can be found elsewhere [10, 23-26].

To obtain and compare erosion data, knowledge of the conditions under which
the data have been generated is required. In laboratory experiments, using ion
or atom beams, control over the impacting particles, in terms of both fluxes and
energies, is sufficiently good. Determination of the eroded particle fluxes is also
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well in hand since recycling and redeposition do not occur. Thus, consistent results
have been obtained in different laboratories, at least in the ion energy range above
~100 eV, as can be seen in the compiled collection of data in this compendium. In
ion-beam experiments where deceleration is used to reach low energies, especially in
the sub-100 eV range, some control is lost over the exact energy due to the possible
formation of energetic neutrals via charge exchange. To overcome the flux limita-
tions of ion-beam experiments, erosion studies are also being performed in laboratory
plasma devices, with fusion-relevant fluxes (~10'®/cm?s) and energies. An inherent
difficulty of this method is the determination of the impact parameters [flux den-
sity and energy| and the amount of released impurities. The diagnostic techniques
used, e.g., Langmuir probes and H, spectroscopy, pose interpretation problems and
lead to uncertainties {27, 28]. Such plasma experiments can be operated without
redeposition of the eroded particles, allowing for measurements of erosion yields.

The complexity of fusion devices makes it even more difficult to measure ero-
sion yields in tokamaks. Indirect methods are used to determine the flux densities
and energies of the impacting and eroded particles. The most advanced method
is emission spectroscopy in the plasma edge as described in the review of
Behringer et al. [29] and Pospieszczyk [30]. However, this method is also plagued
with interpretation difficulties, some of which are listed below.

e In most cases the observation geometry is complex and the observed signals
are the sum of events from different plasma regions.

e In the whole observation volume the local electron temperature (T.) and den-
sity (n.) have to be known in order to evaluate the photon efficiencies. For
limiter experiments, the use of lithium and helium atomic beam diagnostics
have improved considerably the determination of T, and n, [31].

e Much effort is being expended on the determination of photon efficiencies. As
an example, the incident hydrogen flux is derived from the recycling hydrogen
via H, emission, whereas in the past, equal photon efficiencies were often as-
sumed for a hydrogen atom and for the two atoms in the H, molecule. This
assumption can lead to an underestimation of the molecular flux by a factor of
up to four; this is especially important below 1100 K, where hydrogen recycles
from graphite predominantly in the form of molecules [28].

e A principal question is the erosion and local redeposition (local transport)
[26, 32] which may reduce the observed erosion yield. Another important
factor is the condition of the surface and the influence of freshly redeposited
impurities; e.g., the hydrocarbon formation from a metal test limiter was found
to be similar to that from a graphite limiter under the same plasma edge
conditions in carbonized machines [26].

Another in situ tokamak technique, especially used for the determination of chem-
ical erosion, is the sniffer probe in TEXTOR [33]. This system acts as a small
pump limiter in the scrape-off layer where a plasma column impinges on a heatable
graphite strip. Detection is via partial pressure rise of the residual gas in the probe
cavity. Uncertainties in the determination of yields arise from: changing surface
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conditions due to redeposition; additional reaction products due to reflected hy-
drogen atoms at nearby walls; and the interaction of the plasma column with the
residual gas. Taking these uncertainties into account, the measured yields should
be an upper limit of the real value.

We wish to emphasize the difficulties associated with the derivation of erosion
yields from tokamak measurements. We further note that when comparing yield
results from different experiments, care must be taken to consider the conditions
under which the measurements were made and which analysis method is applied.
As an example, in reference [26] CD, CII and D, emissions from a graphite test
limiter at a flux density of 2 x 10'® D/m?s were measured to determine the tem-
perature dependence of the erosion yield. By using the usual photon efficiency, a
maximum chemical erosion yield of 4% is obtained. A more indirect method, using
the temperature-dependent CII and CD line intensities, allows one to distinguish
between the contributions to the observed emissions due to physical sputtering and
chemical erosion. From an estimate of the physical sputtering yield, a maximum
chemical erosion yield of 1% is obtained. This value is 4 times smaller that that
derived by the former method. At present, no explanation is available for this dis-
crepancy. Some remarks will follow on the different erosion mechanisms occurring
in tokamaks.

2.1 Physical Sputtering

Sputtering mechanisms observed in laboratory experiments also occur in fusion
devices, and the yields measured in laboratory experiments can be used for impurity
transport modelling in tokamaks. A discussion and comparison of some results is
reviewed in [24] and [25].

2.2 Radiation-Enhanced Sublimation

Measurements of the RES effect in tokamaks are inconsistent. In both JET [34]
and TFTR [35], large carbon influxes were observed which were partly attributed
to RES. However, a clear identification of the carbon sources was not possible,
and therefore, carbon influxes due to sublimation from local ‘hot’ spots could not
be ruled out. More recently, spectroscopic measurements of the C influx above an
inertial limiter in TORE SUPRA showed the characteristic temperature dependence
associated with RES [36]. Yet another experiment, with a well defined test limiter
in TEXTOR showed that RES may not occur under the high ion flux densities
of tokamaks [37]. This is possibly due to a decrease in the RES yield above a
certain flux density, as has been observed in a recent laboratory experiment [14].
Based on the TEXTOR results, it seems that RES may not be a serious problem in
fusion devices. However, it must be acknowledged that this issue has not been fully
resolved.

2.3 Chemical Erosion: Hydrocarbon formation

Evidence for the occurrence of chemical erosion in tokamaks, due to the inter-
action of the hydrogen fuel with carbon-based materials, includes the observation
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of hydrocarbon formation in the TEXTOR sniffer probe, and the spectroscopic
observations of CH bands in front of limiters and first-wall surfaces [10]. The im-
portance of chemical erosion regarding component lifetime and impurity transport
and redeposition is strongly influenced by plasma conditions and machine geometry.
Pitcher and Stangeby [25] note that chemical erosion may have significant implica-
tions for the erosion of limiter and wall surfaces. However, based on experimental
observations of CII line emissions and impurity transport modelling, they [25] con-
clude that at the divertor strike points of attached plasmas chemical sputtering is
not important. This statement, however, cannot be viewed as being definitive as
to whether chemical erosion does or does not occur at the strike points. Prompt
redeposition of eroded hydrocarbons, or a reduced level of ionization and beak-up
of hydrocarbons due to extremely low electron temperatures, could explain the ab-
sence of hydrocarbon contribution to the observed CII line emission. Indeed, under
different plasma conditions, evidence of chemical erosion has been observed in the
divertor region. From observations of CD band emissions at the divertor plate,
Lieder et al. [38] derived a chemical erosion yield of ~3%; also, Pospieszczyk et
al. [39] observed a dramatic increase in the CoH, formation for a detached plasma
with a relatively low electron temperature at the plasma edge (~10 eV). Further
evidence of chemical erosion is Poschenrieder’s [23] observation of large quantities
of hydrocarbons in the exhaust gas.

One of the outstanding issues regarding chemical erosion — and also RES - is
the yield dependence on flux density, especially at low incident particle energies.
Figures 2.1 and 2.2 contain a compilation of published chemical erosion yield data
(mainly methane) for two incident energies of H and D, as a function of flux density.
Although, a decreasing trend in the yield with increasing flux density is discernible,
the large uncertainties in the determination of absolute yields, especially in the
tokamak-generated data (due to the experimental difficulties discussed above), pre-
vent us from drawing definitive conclusions to this effect.

2.4 Chemical Erosion due to Oxygen

The oxygen impurity in tokamak plasmas recycles on carbon in the form of CO
and CO, [33]. It appears that yields obtained in laboratory ion-beam experiments
can be directly applied to the tokamak plasma [40]. Since the oxygen ions impact on
plasma-facing materials with relatively high energy (>100 eV), due to their multiple
charge states, the reaction products CO and CO, are formed with a yield of nearly
unity for the sum of the two species [10]. In addition, there is strong evidence that
photons from tokamak plasmas impacting on plasma-facing surfaces lead to the
release of CO,, possibly due to photon-induced desorption from carbon-, oxygen-
(and possibly water-) containing complexes on the surfaces [41]. At present, the
mechanism responsible for this effect is not known.
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Figure 2.2: Chemical erosion yields obtained in ion-beam experiments and plasma devices,
as a function flux density. Deuterium data are shown for 50 and 100 eV energies.
Experimental conditions are given separately for the two parts of the figure.
‘PS’ refers to physical sputtering.

(a) Ref. [22]: T,, = 700 K; Ref. [20]: T= 823 K (PS subtracted); Ref. [47]:
Tm = 800 K; Ref. [46, 48]: T, = 723 — 873 K; Ref. [42]: T= 473 — 573 K; Ref.
(33]: T = 773 K (60-80 V).

(b) Ref. [22]: T,, = 700 K; Ref. [20]: T= 823 K (80 eV, PS subtracted); Ref.
[46, 48): T,, = 823 — 873 K (PS subtracted); Ref. [49]: T= 700 K (~135 eV); Ref.
[26]: for CD,/D*, T= 700 — 1000 K (150 eV); Ref. [51): T= 823 K (150 ¢V); Ref.
[33]: T, = 773 K (60-80 €V); Ref. [26]: for C/D*, T= 700 — 1000 K (150 eV, lower
limit); Ref. [38, 50]: T is not given.
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3 Carbon-Based Materials: Selected Collection of Chemical
Erosion Data

The data presented here are limited to graphite and some carbon-containing
materials, such as carbides and mixtures of carbon and dopant elements. In the
context of fusion plasma-materials interactions, chemical erosion occurs when chem-
ically reactive plasma species come into contact with plasma-facing components.
The dominant plasma species are the hydrogen fuel (deuterium and tritium) and
the He ash. Impurities such as O and elements resulting from wall erosion are present
in small concentrations, typically two orders of magnitude lower than the fuel con-
centration. Chemical erosion of carbon-based materials in tokamaks is dominated
by hydrogen and oxygen impact. However, through synergistic effects, non-reactive
plasma species, in combination with the reactive ones, also play a role in the chemical
€rosion process.

The relative importance of the various erosion processes associated with H impact
on carbon is schematically presented in Fig. 1.1 of the Introduction for three H
and D* impact energies. Here we shall focus on chemical erosion, which dominates
at temperatures in the range 600-1000 K. We note that as the energy decreases, the
absolute value of the chemical erosion yield decreases, and also the temperature at
which the maximum occurs (T,,) shifts from ~750 K at 1 keV to ~650 K at 100 eV.
In addition, a broadening of the temperature profile is observed, in comparison with
the 1 keV case. At 10 eV, which is below the threshold for both physical sputtering
and RES, only chemical erosion occurs. Again, we note a further decrease in the
yield, as well as a further shift of T,, to ~600 K, and extended broadening of the
temperature profile. Also shown in Fig. 1.1a, is the chemical erosion curve due to
sub-eV H® atoms. Compared to the 10 eV H* curve, we note that Y,, is lower by
about a factor of four, while T, remains essentially the same.

In addition to the target temperature and particle impact energy dependence of
the chemical erosion yield of graphite and other carbon-based materials due to H
impact, the yield is also a function of the impacting species flux density.

In this section we present selected collections of chemical erosion data as func-
tions of experimental variables which include target temperature, incident particle
energy, incident particle flux, and in the case of two-species impact, flux ratio. The
selected sets are organized by impacting particles according to sub-eV neutral hydro-
gen and deuterium (H®, D%), energetic hydrogen and deuterium ions (H*, DF), and
oxygen atoms and ions (O°% O%). Also included are synergistic reactions involving
neutral hydrogen atoms and hydrogen ions (H°, H*), as well as other combinations
of hydrogen atoms/ions with some heavier atomic ions (Het, C*, Net, Ot and Art).
Associated with each set of incident particles, selected data are plotted to illustrate
the general dependence of chemical erosion on the experimental variables. Compar-
isons of data sets from different laboratories are made where available relevant data
exist. The figures are accompanied with brief comments providing experimental de-
tails where appropriate and observations of trends and significance of the collected
data. For some of the figures (Figs. 3.6-3.11, 3.13-3.15, and 3.25) we have also in-
cluded ‘global fits’ to selected groupings of data (e.g. methane erosion yields and
total chemical yields). This is intended to help guide the eye, and also to be of

23



possible use for a parameterization of the data. Fitting coefficients and the analytic
functions used for these global fits are indicated as needed in the comments below
each figure. The lines drawn through the data in the rest of the figures in Section
3 are the analytic fits produced for the individual data sets compiled in Section 4.
Fitting parameters for the individual curves and further experimental details are
provided in Section 4.
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List of Reactions for Section 3!

Figure Reaction Yield dependence

3.1 H(sub-eV) + C(PyG) — CHj3 4, Cchem—total temperature

3.2 H%(sub-eV) + C(PyG) — CH; 4 temperature

3.3 HO(sub-eV) + C(PyG) — CHj 4 H° flux density

34 H(sub-eV), D%(sub-eV) + a-C:H film, C(PyG) — CHjz 4, Cchem—totar  temperature
H°(sub-eV) + redeposited film — Ccpem—total temperature

3.5 HO(sub-eV) + a-C:H film, a-C/B:H film — CH}, BH temperature

3.6 H*(1 keV), D¥(1 keV) + C(PyG) — CHy, CDy, Ccrem—total temperature

3.7 H*(200 eV), D*(200 eV) + C(PyG) — CHy4, CDy, Cchem—tota temperature

3.8 H*(100 eV), D*(100 eV) + C(PyG) — CHy4, CDy4, Cchem—totat temperature

39 H*(50 eV), D*(50 V) + C(PyG) — CH4, CDy, Ccrem—total temperature

3.10 H*(20-30 eV), D*(20-30 eV) + C(PyG) — CHy4, CD4, Cihem—total temperature

3.11 H*(10 eV), D¥(10 eV) + C(PyG) — CHy4, CDy4, Cchem—total temperature

312 H*(100eV) + C(PyG) — CH, H* flux density
H*(1 keV), D*(1 keV) + C(PyG) — CHy, CDy, Coem—total H+ D+ flux density

3.13 H*, Dt + C(PyG) — CHy, CDy, Cchem—total H*, D* energy

3.14 H* DT + C(PyG) — CHy, CDy, Cchem—total H*, DY energy

3.15 H+, Dt + C(PyG) — CHy, CDy, Cehem—total H*, Dt energy

3.16 H*, D* + a-C:H film — CHy4, CDy temperature

3.17 H*, D* + B4C = CHy, CDy temperature

3.18 H;’, D; + TiC — CH,, CDy . temperature

3.19  O%sub-eV), Oy(sub-eV) + C(PyG) = CO temperature

3.20 Ot + C(PyG) —» CO, CO, temperature

3.21 0%(<5 eV), Ot + C(PyG) = Ciotar = [Cchemical + Cphysical] O™ energy

322 Of + B,C - CO, BO, B,0,, [C+B] temperature

3.23  [H%(sub-eV), Ar*] + C(PyG) — CHj4 temperature

3.24  HT, [H%(sub-eV), H*] + C(PyG) — CH, temperature

3.25  [H'(sub-eV), Ht] + C(PyG) — CHy, Cehem—rotat flux ratio [H*]/H)

3.26  [H%(sub-eV), C*(1 keV)] + C(PyG) = Ciotai temperature

3.27  [H°(sub-eV), C*(1 keV)] + C(PyG) — Ciotal flux ratio [C*]/HO)

3.28 [HO(sub-eV), O(2 keV)] + C(PyG) = Ciotas flux ratio [O*]/H?)

3.29 [H* (100 eV), C*(1 keV)] + C(PyG) — Cchem—total temperature
[H* (300 eV), C*(1 keV)] + C(PyG) — Cchem—total temperature

3.30 [H*(100 eV), X* (1 keV)](X=He, C, Ne, Ar) + C(PyG) = Cchem—totar  flux ratio [X+]/H7]

3.31  [H*(1 keV), OF(5 keV)] + C(PyG) — CO, CO2, Hy0, O;otar temperature

3.32 [Art (5 keV), Oz(sub-eV)] + C(PyG) — CO, CO, temperature

1Due to difficulties in distinguishing which ion species were used in some experiments, for the purposes of this index, we
shall use the notation H¥ and D+ to represent atomic as well as molecular ions. Where available, the distinction is made
on the figures.
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Figure 3.1: Hydrocarbon yield due to sub-eV H° impact on graphite as a function of temperature.

Results from various research groups indicate an uncertainty in the methane (CHs 4) erosion yield of
greater than an order of magnitude: maximum erosion yields vary from 2 x 10~% to 2 x 10~% CH; 4/H°.
The maximum erosion yield occurs consistently at 500-600 K. As indicated by the data by Davis et al. [5],
heavier hydrocarbons dominate the erosion yield, with Y nem—total being equal to ~ 20 X Ycgq, -

The total chemical erosion yield, Y hem—total, is found from summing the contributions:
[CH4] + 2 x {[Csz] + [CzH4] + [CQHG]} + 3 x {[CgHs] + [CgHg]}, and dividing by [HO]
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Figure 3.2: Methane yield due to sub-eV H° impact on graphite as a function of temperature for different
flux densities.

In the flux range of the experiment, both Y,, and T, increase with flux density. Ty, increases from
<500 K to ~550 K with increasing flux density. Y, is plotted as a function of flux on Fig. 3.3.
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Figure 3.3: Flux density dependence of peak erosion yield due to sub-eV H° impact on graphite.
In the results of Haasz and Davis 7], the maximum erosion yield, Y,,, was observed to increase with

increasing flux density; these data are from Fig. 3.2. Results from Gould [6] show no flux dependence,
however, Gould’s results are at constant temperature (640 K) not at T,,.
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Figure 3.4: Chemical erosion of a-C:H films, ion-damaged graphite and tokamak films due to sub-eV H°®
impact, shown as a function of temperature.

The erosion of plasma-deposited a-C:H films due to sub-eV H° impact is found to be significantly
larger than the erosion of graphite with a temperature dependence more characteristic of energetic ion-
induced erosion. (The disappearance of the films prevents the measurements at >800 K.) The erosion
of ion-damaged graphite is similar to the deposited films, but lower by a factor of 3, indicating that the
ion-induced amorphous structure is similar to that of the plasma-deposited films. A tokamak-deposited
layer is also similar. For the a-C:H film, the erosion is dominated by methane; the importance of heavier
hydrocarbons is less than in the case of sub-eV H° on graphite. H® and D° have similar erosion yields.
D® atoms on a-C:H films produce few mixed molecules, mostly deuterated methane. The erosion rates
of Horn et al. [8] were determined by monitoring film thickness (initially 6 monolayers) via Auger Elec-
tron Spectroscopy, and thus reaction products were not directly measured as was the case for the other
measurements; it is not evident why the results of Horn et al. (8] are much lower than the other film results.
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Figure 3.5: The erosion of boron-containing films due to sub-eV H° impact.

The release of various reaction products as a-function of temperature was measured by line-of-sight
mass spectrometry. Signals are normalized to the maximum CHj signal for each material. The maximum
CH; yield occurs at progressively lower temperatures as the boron content of the film increases. Also,
the relative production of BH, with respect to CH3 increases with B content.
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Figure 3.6: Chemical erosion of graphite yield due to 1 keV H™ and D* impact, as a function of
temperature.

The results from various research groups are much more consistent than for the case of sub-eV H°
(Fig. 3.1). A peak in the erosion yield is observed at T,, ~800 K, with Y, for methane being ~0.08, and
Y. for total hydrocarbon production ~0.1. Deuterium bombardment leads to somewhat higher yields.
The spread in Ht yields is <20% at T,,, while the spread in D¥ yields is about a factor of 2. One of the
data sets [17] appears to be temperature shifted with respect to the others, having T,, ~900 K. Heavier
hydrocarbons contribute ~20% to the total erosion yield.

The total chemical erosion yield, Ychem—total, 18 found from summing the contributions:
[CH4] + 2 x {[Csz] -+ [CQH4] + [Csz]} +3I x {[CsHs] + [C3H8]}, and dividing by [H'*'}
The data are divided into three groups, Cchem—totar (HT), CHy and CDy, and fitted separately with
EYIELDSA. Fitting coefficients A;-As:
Cehem—totar (HT): [6.56215e-03, 8.09472e+02, 3.87984e-03, 1.50264e+03, 4.10935e-01, 1.2456e-33,
2.97967e-02, 1.38120e+01]
CH,: [2.31140e-03, 7.96725e+02, 9.32705e-04, 5.34492e+03, 4.99014e-01, 9.52996e+-04, -3.57652e-03,
-2.98627e+00)
CDy: [6.78366¢e-03, 8.10898e+02, 8.80847e-05, 1.20858e+04, 4.23316e-01, 1.90674e-25, 2.63156e-02,
10.3769e+01]
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Figure 3.7: Chemical erosion yield of graphite due to 200 eV H* and D* impact, as a function of
temperature.

When compared to the 1 keV case (Fig. 3.6), at 200 eV, a reduction in Y., and T,, is observed,
and the temperature profiles are somewhat broader. The data by Garcia-Rosales and Roth [23] are at a
higher flux density, and this may be the reason why a higher T,, is observed. Agreement between data
sets with the same ion species and energy is within ~20%. A comparison of methane and total chemical
erosion yields indicates that the contribution of heavier hydrocarbons to the total erosion yield can be
significant at 300 K.

The total chemical erosion yield, Ycpem~totar, i found from summing the contributions:
[CH4] + 2 x {[C2H2] + [C2H4] + [CoHg]} + 3 x {[C3Hs] + [C3Hs)}, and dividing by [H*); for DT impact,
substitute D for H.
The data are divided into two groups, Cchem—totat (HT and D*) and methane (CH4 and CDy), and
fitted separately with EYIELD7A. Fitting coefficients A;-A7:
Cehem—totar (HT, DT): [5.01070e-03, 6.94559e+02, 2.16981e+04, 3.53713e-01, 1.73319e- 14 9.09652e-03,
5.15871e+00]

CHy, CDy: [7.12225€-05, 6.92077e+02, 3.29118e+04, 1.01048e+00, 5.25702¢-13, 7.94529¢-03,
4.29824e+00]
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Figure 3.8: Chemical erosion yield of graphite due to 100 eV H* and D* impact, as a function of

temperature.

A continued decrease in both T,, and Y,, is observed, as compared to 200 eV H*/D* (Fig. 3.7).
Maximum total chemical erosion yields are: Y,,~0.04 at T,,
general increase in the room temperature erosion yields as compared to higher energy impact. The con-
tribution of C, and C3 hydrocarbons is about 40% of the total chemical erosion yield, with the relative
contribution being dependent on temperature.

~650-700 K. It is noted that there is a

The total chemical erosion yield, Ychem—totai, 18 found from summing the contributions:
[CH4] + 2 x {[Csz] + [C2H4] + [Csz]} + 3 x {[C3H5] + [C3H3]} and dividing by [H+] for Dt impact,

substitute D for H.

The data are divided into two groups, Cchem~totar (H* and D*) and metha.ne (CH4 and CDy), and

fitted separately with EYIELDT7A. Fitting coefficients A;-A7:

Cehem—totar (HT, D): [3.99327e-02, 6.98044e+02, 2.30345e+04, -5.61363e-02, 9.10029e-15, 9.06712e-03,

5.29365e+00]

CH,4, CDy: [1.46434e-14, 589.521e+02, 38917.9e+-04, 4.32914e+00, 5.79037e-09, 0.00442034e-03,

2.64508e+00]
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Figure 3.9: Chemical erosion yield of graphite due to 50 eV H* and D+ impact, as a function of
temperature.

At this ion energy (and lower energies), significantly different erosion patterns are observed, lead-
ing to uncertainties in the results of a factor of 2-3. Maximum erosion yields are: Y,,~0.03-0.05, at
T ~600 K or 800 K (depending on the data set). D* erosion yields are not significantly larger than H™.
Room temperature total chemical erosion yields are increased over more energetic ion bombardment to
Y~0.01-0.02; these yields are a factor of 2-3 smaller than the peak erosion yields. Heavier hydrocarbons
contribute ~50% to the total erosion yield.

The total chemical erosion yield, Ycpem~totar, is found from summing the contributions:

1.61146e-+00]

6.7817¢-01]

35

[CHy4] + 2 x {[CoH,] + [CoHa] + [C2Hg)} + 3 x {[C3Hg] + [C3Hg]}, and dividing by [H*]; for D* impact,
substitute D for H.

The data are divided into two groups, Cchem—totar (H and D) and methane (CH4 and CDy), and
fitted separately with EYIELD7A. Fitting coefficients A;-A~:

Cehem—totar (HT, DT): [2.27401e-03, 6.50347e+02, 4.31717e+04, 3.93147¢-01, 4.23820e-06, 3.86650e-03,

CH,4, CDy: [1.47344e-03, 7.16531e+02, 5.87093e+04, 3.25764e-01, 3.56546e-04, 2.14365¢-03,
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Figure 3.10: Chemical erosion yield of graphite due to 20-30 eV H* and D* impact, as a function of
temperature.

Maximum total chemical erosion yields of Y,,~0.03-0.04 are observed at ~600 K. Total chemical
erosion yields at room temperature are: Y,,~0.01-0.04. Heavier hydrocarbons contribute > 50% to the
total chemical erosion yield. '

The total chemical erosion yield, Ychem—totar, 15 found from summing the contributions:
[CH4] +2 x {[CzHg] + [02H4] + [Csz]} +3 x {[CsHs] + [Cng]}, and dividing by [H+]; for Dt impact,
substitute D for H.

The data are divided into two groups, Cchem—totar (HT and D') and methane (CH4 and CDy), and
fitted separately with EYIELDT7A. Fitting coefficients A;-Ax:

Cehem—totar (HT, DT): [8.57284e+28, 9.75243e+02, 4.05067¢+04, -1.04098e+01, -8.00000e-24,
-9.00000e-02, -3.80000e+01]
CH,, CD;: [5.46490e+18, 8.88294e+02, 4.60076e-+04, -7.17606e-+00, -8.80348e-24, -9.46521e-02,
-3.86175e+01]

36



10 T | I T ]

" H'(10 eV), D'(10 V) + C(PyG) — CH,, CD,, C,.. s 1
A
— _ _ - zs - - —

o~ . .

a ® . 4 A N

2107 | L ° ) .

\

L - ok = 2 ]
8 L N o
y B A i
E ° i
%, L

O - ] m
. L 8 _

a N

O n) N N
< B [ A N 7

S o e &

-\5 -3 <o AD.

E 1 O __ B

= - © ]

- OMech et al. [25], CH,, (1x10™ H/cm s) -

S - O Haasz et al. [27], CD,, (3x10" D'/em’s) -

7)) - ® Mech et al. [25], Cc,“,m_m.,l (1x10 H' /cm s) -

o L A Mech et al. [26], CD,, (1x10™ D /cm ) _

L A Mech et al. [26], C ..\ o (1x10 D /cm ’s)

r < Mech et al. [26], CH,, (1x10 H H */em® sg n
@ Mech et al. [26], Cd,em_,o,a, (1x10™ H'/cm’s)
L — — - Analytic fit, C, . o -
Analytic fit, CH,, CD,
107" s | . | | 1 |
200 400 600 800 1000

T(K)

Figure 3.11: Chemical erosion yield of graphite due to 10 eV H* and D* impact, as a function of
temperature.

Only one source of data is available for erosion at this ion energy. Even so, there is a scatter in
the data of a factor of 3-4. Maximum total chemical erosion yields are: Y,,~0.2, with no significant
differences observed between H* and D*. As at 20-30 and 50 eV/H™, room temperature yields are ~2-3
times smaller than Y,,. Heavier hydrocarbons contribute >50% to the total chemical erosion yield.

The total chemical erosion yield, Ycnem—totat, is found from summing the contributions:
[CH4] + 2 x {[C2H;] + [C2H4] + [C2Hg)} + 3 x {[C3Hg] + [C3Hs]}, and dividing by [H*]; for D* impact,
substitute D for H.

The data are divided into two groups, Cehem—totar (H and D*) and methane (CH4 and CDy), and
fitted separately with EYIELDT7A. Fitting coefficients A;-A7:
Cehem—totar (HT, DT): [1.52689e-04, 5.9293e+02, 3.49716e+04, 7.17836e-01, 1.17349¢-10,

7.46550e-03, 3.44444e+00]
CHy, CDy: [3.49511e-08, 4.16245e+00, 8.07690e+04, 1.98156e+00, 6.83914e+05, 5. 80466e—01
2.63443e+01]
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Figure 3.12: Methane yield due to 100 eV H*, 1 keV H* and 1 keV D% impact on graphite, as a
function of flux density.

The flux dependence of the erosion yield is very sensitive to the target temperature at which the
measurement is made. Because the temperature, T,,, at which the maximum erosion yield, Y,, occurs
is dependent on flux density, flux-dependent measurements at constant temperature have a much larger
variation in yield than measurements which follow Y,,. At 1 keV, there appears to be a shallow maximum
in Y., at ~10!5 H*(D*)/cm?s. At 100 eV/H*, uncertainties in the data are somewhat larger, and it is
difficult to determine a flux density dependence.
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Figure 3.13: Energy dependence of Y,, for H* and D* impact on graphite.

The chemical erosion yield has a maximum at 300-1000 eV. Above this energy there is a gradual
decrease in yield, while there is a steeper decrease at lower energies. T,, is varying with both energy
and flux density, from 650 K at low energy and low flux density to 850 K at high energy and high flux
density. There is no evidence for a threshold in the erosion process down to 10 eV.

The total chemical erosion yield, Ychem—total, is found from summing the contributions:
[CH4] + 2 x {[Csz] + [C2H4] + [Csz]} +3 x {[C3H6] + [C3H8]}, and dividing by [H+]; for D* impact,
substitute D for H.
The data are divided into two groups, Cehem—totas (HT and D*) and methane (CH; and CDy), and
fitted separately with EYIELD7A. Fitting coefficients A;-A7:
Cchem—totar (HT, DT): [2.98287e+07, -1.75200e+01, 1.71170e+01, 7.27649e-01, 5.79133e-02, 1.38486e-01,
6.41777e-01]
CH4, CDy: [3.90115e+03, -7.16921e+00, 5.49761e+00, 1.02596e+00, 6.68507e-02, 3.48429¢-01,
0.829478e-01] :
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Figure 3.14: Energy dependence of the chemical erosion yield at 300 K for HY and D* impact on
graphite in the 10 eV-10 keV energy range.

Room temperature total chemical erosion yields exhibit a minor energy dependence; Y,,~0.01-0.02
near 50 eV. Total sputtering yields tend to be nearly constant below ~1 keV. D¥ results from Garching
[21] tend to be about 3-4 times larger than results from Toronto [25-27], while good agreement is seen
for the H* data. The Garching results indicate a strong H* /D isotopic dependence, while the Toronto
results show similar yields for both isotopes.

The total chemical erosion yield, Y pem—total, is found from summing the contributions:

[CHy4) + 2 x {[C2Ha] + [CoHy] + [C2He]} + 3 x {[C3He] + [C3Hs]}, and dividing by [H*]; for D impact,
substitute D for H. Y puet—totar 18 the total sputtering yield as measured by mass loss, and includes
chemical erosion and physical sputtering yields.

The data are divided into four groups, Csputt—total (D+), Csputt—toial (H+)7 Cchem—total (H+ and D+)
and methane (CH4 and CDy), and fitted separately with EYIELD5A. Fitting coefficients A;-As:
Csputt—totar (D): [4.04526€-02, 1.65342e-04, -4.87384€e-02, 4.04639¢-05, 3.35005¢-01]

Csputt—totar (HT): [1.63600e-04, 1.20490e-03, 6.64900e-01, 4.73300e-03, -5.41400e-02]
Cehem—totar (HY, DF): [9.45550e-04, 1.71528e-02, 7.14742¢-01, 2.05177e-04, 6.20837e-01]
CH,, CDy: [4.78244e-04, 1.56349e-02, 7.37187e-01, 1.25311e-04, 6.14271e-01]
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Figure 3.15: Energy dependence of the chemical erosion yields at 500 K for H* and D impact on
graphite in the 10-200 eV energy range.

At 500 K, there is a weaker energy dependence than observed at 300 K (Fig. 3.14), or at T,, (Fig. 3.13).
The maximum erosion yield is found at ~50-100 eV.

The total chemical erosion yield, Y chem—totat, is found from summing the contributions:
[CHy) + 2 x {[C2H,] + [C2H4] + [C2He]} + 3 x {[C3He] + [C3Hs]}, and dividing by [Ht]; for D impact,
substitute D for H. .

The data are divided into two groups, Cchem—totas (HT and D*) and methane (CH4 and CDy), and
fitted separately with EYIELDA4D. Fitting coefficients A;-Ay:
Cehem—totar (HT, DT): [3.50786€-02, -8.13021e+01, 8.58146e-01, -9.14441e+01]
CHy, CDy4: [1.62560e-02, -1.60275e+02, 1.06371e+00, -1.69863e+02]
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Figure 3.16: Methane yield due to 300 eV H* and 2.5 keV D* impact on a-C:H films, and D* impact
on tokamak codeposited layers, as a function of temperature.

The temperature dependence of the erosion of a-C:H films is similar to pyrolytic graphite (shown for
comparison), except that yields are somewhat higher, until the films are baked to drive off the hydrogen.
In the 300 eV H* case, erosion with a lower flux density leads to a decrease in T,, and a small increase in
Y, similar to the effect of flux density change on graphite (Fig. 3.12). The flux density is not available
for the results of Vietzke et al. [11]. For the codeposited layer [30], the maximum erosion yield is similar
to D* on graphite, however, the yield below ~600 K is much larger, and not characteristic of typical
erosion patterns.
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Figure 3.17: Methane yield due to Ht and D% impact on B4C, as a function of temperature.

Erosion yields were found to have long transient behaviour [29] which made determination of steady-
state yields difficult. Generally, erosion yields are 1-2 orders of magnitude smaller than for graphite.
Data from Garcia-Rosales et al. [22] at temperatures above 600 K have not been reproduced here due to
the difficulty in extracting small signals from the linear plots in the original publication.
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Figure 3.18: Methane yield due to 1 keV H* and 2.5 keV D* impact on TiC, as a function of
temperature.

Erosion yields from different laboratories show markedly different behaviour. As in the case of B4,C

(Fig. 3.17), strong transient effects are observed [32]. Different coating techniques studied by Yamada et
al. [31] lead to TiC layers with similar erosion characteristics.
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Figure 3.19: Temperature dependence of the erosion of graphite due to exposure to sub-eV oxygen
atoms and molecules.

The maximum erosion yield is almost 3 orders of magnitude higher for O° than O,. The temperature

for maximum erosion, Ty, is much higher than that observed for H® or H*-induced erosion: ~1400 K
for Oz and ~1600 K for O°.
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Figure 3.20: The erosion of graphite due to energetic O* impact as a function of temperature.

The total chemical erosion yields {{CO] + [CO2]}/[{0O%]~0.6-1.0 for temperatures in the range 300 to
1800 K. (Yields > 1 are due to difficulties in calibration of line-of-sight experiments [36].) CO, production
is generally much smaller than CO, and has a more pronounced temperature dependence. No reemission
of O3, nor other oxygen-containing molecules are observed [36]. LOS refers to line-of-sight and RGA to
residual gas analysis.
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Figure 3.21: Energy dependence of the erosion yield of graphite due to O and O° impact at 300 K,
from 2 eV to 10 keV.

For O energies > 100 eV, erosion yields are near unity. Below 100 eV, the erosion yield decreases
sharply. At < 5 eV, there is a discrepancy in the results by different investigators; one shows a continued
decrease in yield [37], while the other shows a leveling off at ~0.1 [42]. Physical sputtering levels are
shown for comparison, and have been added to some chemical erosion results [20] in order to obtain a
total erosion yield.
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Figure 3.22: Chemical erosion of B4C due to Ot impact, as a function of temperature.

The primary species produced are BO and CO, with lesser amounts of more complex molecules. The
maximum erosion yield is near 1600 K.
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Figure 3.23: Synergistic chemical erosion of graphite due to combined sub-eV H® and 5 keV Ar™, as a
function of temperature.

Line-of-sight measurements indicate that the CH3 radical is the dominant erosion product, with lesser
amounts of CHy.
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Figure 3.24: Synergistic chemical erosion of graphite due to combined sub-eV H® and 1 keV H*, as a
function of temperature.

Methane yield is shown for H+-only impact and combined H* and H°, with a flux ratio, [H*]/[HO],
of ~0.2. The addition of H°, which on its own has a much smaller (100x) erosion yield, enhances the
methane yield by a factor of 5-10.

50



10 ILRRALLL T T 11T [ILRRALL [LRRALL T T 1T T TTTIT T T TTT1TH

[H’(sub-eV), H'] + C(PyG) — CH,, C

chem-total

total

Filled symbols: total yield at T | ¥ Davis et al. [5], 50 eV/H'

. CH <& 100 eV/H'
Open symbols: CH, yieldat T_"* A300 &V/H'
L 0 1000 eV/H*
03000 eV/H®
v 50 eV/H'
¢ 100 eV/H’
A 300 eV/H' _
@ 1000 eV/H’ :
m 3000 eV/H'
> Haasz et al. [45], 3keV H,”
<1keV H*
%900 eV H,’
+300eVH’
- — - Analytic Fit, C

o

-
o
I

chem-total 1 keV/H' -
Analytic Fit, CH,, 1 keV/H’

|
-

Erosion yield (CH,, Cyom-tora/H ")
=

y
&®
o o Q%
)
.

\Y /
v
<

H"-only (0.2-4.8)x10"° H'/cm®s .

-2 Ll e ol 1ol Ll Ll i ]II}HIJLL 11 Ly 11 LI

10 10° 107 10" 10° 10
Flux ratio [HJ/[H’]

10

Figure 3.25: Synergistic chemical erosion of graphite due to combined sub-eV H and energetic HY,
normalized by the H* flux, as a function of the [H*]/[H°] flux ratio.

Yields are normalized by the H flux only. The total yields increase to >1 during combined H* and
H° impact for [H+]/[H°] flux ratios of <0.1. Near-surface damage due to energy deposition from the
energetic H* ions leads to enhanced reactivity of the graphite to the sub-eV H°. Because the hydrocar-
bon production is normalized by the H* flux only, yields larger than those normally associated with H
erosion of graphite are observed.

The total chemical erosion yield, Ycpem—total, is found from summing the contributions:
[CH4) + 2 x {[CoH,] + [C2H4] + [C2Hg)} + 3 % {[C3Hg] + [C3Hs]}, and dividing by [H*].
The data are divided into two groups, Cchem—totas (1 keV/H*) and CHy (1 keV/H?), and fitted
separately with EYIELD7A and EYIELDS5A, respectively. Fitting coefficients A;-Az:
Cehem—totar (HT): [1.92300e+03, -3.80860e+01, 3.15170e+02, 1.74610e-01, 6.04770e+01, 5.66540e+00,
1.54630E-01]
CH4: [8.04760e-02, 1.80890e+00, -3.96690e-01, 2.36840e-01, -4.20920e-01]
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Figure 3.26: Synergistic chemical erosion of graphite due to sub-eV H® in combination with 1 keV C™*,
normalized by the C* flux, as a function of temperature.

For a given C* flux, the total chemical erosion yield is found to increase with increasing H® flux,
i.e., decreasing [C*]/[H?] flux ratio. While it is the H® atoms which are reacting chemically, the C*
ions enhance the reactions through the near-surface deposition of energy. It is assumed that physically
sputtered carbon atoms react with H® on the test chamber walls, and thus the total yield Yiotar =

Ychem—total + Yphysicar is measured. Erosion yields much larger than unity are observed for low flux
ratios.
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Figure 3.27: Synergistic chemical erosion of graphite due to simultaneous impact by sub-eV H° and
1 keV C*, at 830 K, normalized by the C* flux, as a function of the [C*]/[H°] flux ratio.

The effective yield attributed to each C* ion is enhanced by the addition of H®. For a given C*
flux density, the larger the H? flux, i.e., the smaller the [C*]/[H°] flux ratio, the greater the effective
yield. While it is the H? atoms which are reacting chemically, the C* ions enhance the reactions through
the near-surface deposition of energy. It is assumed that physically sputtered carbon is included in the
measurement due to reactions between C atoms and H® on the test chamber walls, however, at high

[C*]/[H) flux ratios, the H® flux to the walls may not be sufficient to remove all of the physically
sputtered C.
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Figure 3.28: Synergistic erosion (measured by mass loss) due to combined sub-eV H® and 2 keV O™ at
300 K, normalized by the O flux, as a function of the [0%]/[H°] flux ratio.

As in the cases of combined [H?,H*] (Fig. 3.25) and [H°, C*] impact (Fig. 3.27), simultaneous bom-
bardment with OF and H° leads to enhanced erosion yields. The enhancements may not appear as
significant as in the other cases, due to the high chemical erosion yield due to Ot on its own. Also, the
reaction temperature of 300 K is likely well below the temperature for maximum erosion.
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Figure 3.29: Synergistic chemical erosion due to combined 100 eV Ht and 1 keV C* as a function of
temperature for fixed flux ratios, normalized by the H* flux.

The temperature dependence of the 100 eV H erosion yield is shown with and without simultaneous
bombardment with 1 keV C* ions. The addition of C* to the H* flux leads to an enhancement of
hydrocarbon yield, particularly at higher temperatures; the erosion yield due to 100 eV H* is somewhat
lower than for 300 eV H* where the yield is at its maximum (see Fig. 3.13), such that the addition of
greater near-surface ion damage leads to greater erosion. In the case of 300 €V H™ in combination with
1 keV C™*, such an enhancement is not observed.

The total chemical erosion yield, Y rem—total, is found from summing the contributions:

[CH4] +2x {[Csz] + [C2H4] + [CQHG]} + 3 x {[C3H6] + [C3Hg]}, and dividing by [H+]
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Figure 3.30: Synergistic chemical erosion due to combined 100 eV HT and 1 keV He*, C*, Ne™ or Ar™
ions as a function of incident particle flux ratio at 750 K (in one case 750-800 K).

The erosion yield due to H* ions alone at 100 eV is somewhat lower than at 300 eV (see Fig. 3.13),
such that the addition of greater near-surface ion damage may lead to greater erosion. The creation
of greater near-surface ion damage through the addition of a second ion species (in this case He™, CT,
Net or Ar™) leads to erosion yields which are enhanced by varying degrees over the range of flux ratios
studied. In the case of Het and C*, the enhancement is as large as ~50%, while for Ne* and Ar* the
enhancement is very small. The decrease in yield for large [C*]/[H*] or [Ne™]/[H*] is possibly due to
C* or Ne™ ions breaking up hydrocarbon precursors in the implantation zone.

The total chemical erosion yield, Y pem—~totar, 1S found from summing the contributions:

[CH4] + 2 % {[C2Ha] + [C2Hy] + [C2Hg]} + 3 x {[C3Hg] + [C3Hsg]}, and dividing by [H*].

56



Erosion yield (CO, CO,, H,0, O, ,./O")

10 T i —T T ; T T T T T T

[H'(1 keV), O(5 keV)] + C(PyG) — CO, CO,, H,0, O

I TTTT
I I

total

T

H": 1.6-2.0x10" H'/em’s
0" 1-2.5x10"° O'/cm’s

-
o
o
<o
@

Haasz et al. [36]

& Total O, (RGA)
a CCO, (RGA)
ACO,, (RGA) -
a 0OH,0, (RGA)
¢ Total O, (LOS)
® CO, (LOS)
ACO,, (LOS)
® H,0, (LOS)

-
o
Y
T TTT]
L4l

1 0-3 | 1 | ] ! [ i | !
300 500 700 900 1100 1300 1500

T (K)

Figure 3.31: Synergistic chemical erosion due to combined 1 keV H* and 5 keV O™ with incident
flux ratios of [O]/[H*]~0.05-0.2, as a function of temperature.

In contrast to other synergistic experiments reported in this compendium, the [OF, H*] synergism
leads to a reduction of the carbon erosion yield through the production of HyO. O%-only yields from the
same experiment are shown on Fig. 3.20. The addition of H* to the O" flux leads to a small decrease in
CO and CO; production, and the production of a small amount of HyO. There is a strong temperature
dependence to the H2O production, with a peak of ~0.2 HoO/O™, near 800 K. A small decrease in CHy4
yield is found for the same case {36]. LOS refers to line-of-sight and RGA to residual gas analysis.
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Figure 3.32: Combined thermal O, and 5 keV Ar* on graphite, as a function of temperature.

Above 1000 K, the addition of Ar™ increases the O erosion yield by ~50% (see Fig. 3.19). However,
the Ar™ ions lead to the creation of a low temperature branch to the reaction which is not observed
for O, only, but which leads to larger erosion yields below room temperature. Both CO and CO; were
observed for this low temperature branch, with CO being the dominant reaction product.
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4 Comprehensive Set of Chemical Erosion Data from
Various Laboratories

In this section we present a list of individual reactions, followed by correspond-
ing individual data sheets. The organization of the listing proceeds from lighter
reactants (e.g. H?, H*, D°..) and simple target materials (pyrolytic graphite) to
heavier reactants (e.g. Net, OF, Ar*..) and more complex targets (e.g. doped
graphites, B4C, TiC). In some cases data from a common source publication have
been retained on adjacent sheets (e.g. reactions 4.2.1.73-4.2.1.86). The individual
data sheets include the data source, accuracy when known, analytic fitting functions
and coeflicients used to parameterize the data, and brief comments on the relevant
experimental conditions or parameters. The accuracies indicated are absolute unless
otherwise indicated.

A list of abbreviations used in the comments (and on some graphs) are given
in Appendix A. This includes abbreviations for the ‘ALADDIN’ hierarchical labels
appearing on the data sheets, which specify a particular reactant, material, or type
of erosion process. A list of the analytic functions used for fitting (ALADDIN
evaluation functions) are given in Appendix B.

This information will be used in future (on-line) computer databasing of the
erosion data included in this compendium. ALADDIN (A Labelled Atomic Data
INterface) is the data format and database system currently utilized by the Atomic
and Molecular Data Unit, IAEA, to provide on-line retrievals of numerical atomic,
molecular and plasma-surface interaction data for fusion research.
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List of Reactions for Section 4

4.1 Chemical erosion of graphite due to sub-eV hydrogen and deuterium atoms
4.1.1 H° '

4.1.1.1  H° + pyrolytic graphite - CH4, C,H,

4.1.1.2  H° + pyrolytic graphite — CHy4

4.1.1.3  H° + pyrolytic graphite — CHy, Cy-molecules

4.1.14  H° + pyrolytic graphite — CHjz, CHy4

4.1.1.5  H° + pyrolytic graphite — CH,

4.1.1.6  H° + pyrolytic graphite - CH,

4.1.1.7  H° 4 pyrolytic graphite — CHjz, CH,4

4.1.1.8  H° + pyrolytic graphite — C,H,, C

4.1.1.9  H° + pyrolytic graphite — CHj

4.1.1.10 HO° + Papyex graphite = CH,4

4.1.1.11 H° 4 Papyex graphite — CHy4

4.1.1.12 H° + Papyex graphite — CH,

4.1.1.13 H° + CLOR, POCO, pyrolytic, Papyex graphite — CHy4

4.1.1.14 HO° H* + pyrolytic graphite — C

4.1.1.15 H° H + PG-A graphite — CH,

4.1.1.16 H° + a-C:H film — CHg

41117 H® + a-C:H, a-C/B:H films — BHJ, CHF

4.1.1.18 H°® + diamond/Mo — C

4.1.2 DO
4.1.2.1 D° + a-C:H film — CHg3, CD;
4122 D° Dt + a-C:Hfilm - C
4.1.23 D° D%+, Ht* 4+ a-C:H film — CH,, CDs, CD,

4.2 Chemical erosion of graphite due to energetic hydrogen and deuterium ions
4.2.1 HT, HI, Hf

42.1.1 H* + pyrolytic graphite — CHy4

4.2.1.2  H?T + pyrolytic graphite - CH,, CoHy, C
4.2.1.3 H' + pyrolytic graphite — CHy, C
42.14 H* + pyrolytic graphite — CHsz, CHy4
42.1.5 H* + pyrolytic graphite — CH3, CH,4
4.2.1.6  H™* 4+ pyrolytic graphite — CH,

4.2.1.7  H* + pyrolytic graphite — C,H,, C
4.2.1.8 H™ + pyrolytic graphite — C

42.19 H* + pyrolytic graphite — CH,4

4.2.1.10 H* + pyrolytic graphite = C

4.2.111 H?* + PG-A graphite - C

4.2.1.12 H* + PG-A graphite - CH,4

4.2.1.13 H* + PG-A graphite - C.H,

4.2.1.14 H* + PG-A graphite - C;H,

42.1.15 H* + POCO graphite — C

4.2.1.16 HT + POCO, AT]J, pyrolytic graphite, carbon/carbon composite — C
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4.2.1.17
4.2.1.18
4.2.1.19
4.2.1.20
4.2.1.21
4.2.1.22
4.2.1.23
4.2.1.24
4.2.1.25
4.2.1.26
4.2.1.27
4.2.1.28
4.2.1.29
4.2.1.30
4.2.1.31
4.2.1.32
4.2.1.33
4.2.1.34
4.2.1.35
4.2.1.36
4.2.1.37
4.2.1.38
4.2.1.39
4.2.1.40
4.2.141
4.2.1.42
4.2.1.43
4.2.1.44
4.2.1.45
4.2.1.46
4.2.1.47
4.2.1.48
4.2.1.49
4.2.1.50
4.2.1.51
4.2.1.52
4.2.1.53
4.2.1.54
4.2.1.55
4.2.1.56
4.2.1.57
4.2.1.58
4.2.1.59
4.2.1.60

H* + POCO graphite - C

H* + MPg-8 graphite = C

H* + carbon fiber composites = CHy

HJ + pyrolytic graphite — CHy

HJ + pyrolytic graphite — CHy

HJ + pyrolytic graphite - CH,

H + pyrolytic graphite - CHy

H3 + pyrolytic graphite — CH,4

HI + pyrolytic graphite - CHy

H7 + pyrolytic graphite — CHy4, CDy, Cheqvy, C

HY + pyrolytic graphite = CHy4, CD4, Cheqvy, C

H7 + pyrolytic graphite & CHy, CDy4, Chequy, C

H7 + pyrolytic graphite = CHa, CD4, Cheavy, C

HJ + pyrolytic graphite — CHy, C

H7 + pyrolytic graphite - C,H,, C

HI + pyrolytic graphite - C,H,, C

H7 + pyrolytic graphite - C,H,, C

HI + pyrolytic graphite - C,H,, C

H;’ + pyrolytic graphite - C.H,, C

H3 + pyrolytic graphite - C,H,, C

H7 + pyrolytic graphite = CHy, Chequy, C

HJ + pyrolytic graphite = CHy, Chequy, C

H'3" + pyrolytic graphite = CHy, Cpeavy, C

HI + pyrolytic graphite — CHy, Cheqvy, C

H7 + pyrolytic graphite — C,H,, C

HJ + pyrolytic graphite - C.H,, C

HJ + pyrolytic graphite - C,H,, C

H} + pyrolytic graphite — CyH,, C

HJ + pyrolytic graphite - C,H,, C

HJ + pyrolytic graphite - C,H,, C

Hi + PG-A graphite — CH,

Hf + a-C:H film — CHy

HI + pyrolytic graphite - C.H,, C

HJ + pyrolytic graphite — C,H,, C

HI + pyrolytic graphite - C,H,, C

HI + pyrolytic graphite - C,H,, C

HO, H+, HI + pyrolytic graphite - C,H,, C

HI + AEROLOR carbon/carbon composite (end cut) - C;H,, C
H; + AEROLOR carbon/carbon composite (top cut) — C.Hy, C
Hi + AEROLOR carbon/carbon composite (end cut) — C.Hy, C
Hi + AEROLOR carbon/carbon composite (top cut) = C.Hy, C
HJ + ALCAN carbon/carbon composite - C,H,, C

HF + ALCAN carbon/carbon composite (B doped) — C;H,, C
H} + ALCAN carbon/carbon composite (Si doped) — C H,, C
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4.2.1.61 HI + ALCAN carbon/carbon composite (Si and B doped) — C,H,, C
4.2.1.62 HF + CKC graphite - CH,4

4.2.1.63 Hj + CKC-B2 (B doped) graphite — CH,4
4.2.1.64 HF + CKC-B10 (B doped) graphite — CH,
4.2.1.65 HJ + CKC-B20 (B doped) graphite — CHy4
4.2.1.66 HF + CKC-Si3 (Si doped) graphite — CHy4
4.2.1.67 HF + CKC-Si8 (Si doped) graphite — CH,
4.2.1.68 HF + CKC-Sil4 (Si doped) graphite — CHy
4.2.1.69 HJ + CKC-Ti2 (Ti doped) graphite - CH,4
42.1.70 H + CKC-Ti8 (Ti doped) graphite — CHy
42.1.71 HF + CKC-Til6 (Ti doped) graphite — CH,
4.2.1.72 H;‘ + CKCW dbped graphite — CH,
4.2.1.73 HI + pyrolytic graphite — CHy4

4.2.1.74 HZT + pyrolytic graphite — C

4.2.1.75 H7F + CKC graphite - CH,4

4.2.1.76 HI + CKC graphite » C

4.2.1.77 HFI + CKC graphite - CH,4

4.2.1.78 HF + CKC graphite — C

4.2.1.79 HF + CKC (TiB, doped) graphite — CH,4
4.2.1.80 HI + CKC (TiB; doped) graphite — C
4.2.1.81 HF + CKC (TiB; doped) graphite — CH,4
4.2.1.82 HI + CKC (TiB; doped) graphite — C
4.2.1.83 HI + CKC (TiB; doped) graphite — CHy
4.2.1.84 HI + CKC (TiB; doped) graphite = C
4.2.185 H7 + CKC (TiB. doped) graphite — CH,4
4.2.1.86 HJ + CKC (TiB; doped) graphite — C
42.1.87 Hf + TiC(CVD)/Mo — C

4.2.1.88 HI + TiC(CVD)/Mo — CH,4

42.1.89 HF + TiC(CVD, PVD)/Mo, POCO graphite — CH,
4.2.1.90 HJ + isotropic graphite (B doped) — C
4.2.1.91 HI + isotropic graphite (V doped) — C
4.2.1.92 HI, H + pyrolytic graphite = C

4.2.1.93 H*, HI + isotropic graphite - CH,4
4.2.1.94 H*, HF, H + pyrolytic graphite — CH,4
4.2.1.95 HT, HF, Hf + pyrolytic graphite - CH,4
4.2.1.96 HT, HI + PG-A graphite - CH,

42.1.97 H*, Hf + GC-30 glassy carbon — CH,
42198 H*,HF + B4C — CH4

4.2.2 D+, Df, Df
4.2.2.1 D% + pyrolytic graphite = CD4
4.2.2.2 D% + pyrolytic graphite = CD4
4.2.23 D% + pyrolytic graphite — CDy, C;D,, C
4.2.24 D% + pyrolytic graphite - CD,
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4.2.2.5 DT, Ht + pyrolytic graphite -CDy, C

4.2.2.6 D% 4+ pyrolytic graphite = C

4.2.27 D% + pyrolytic graphite = CD,

4.2.28 D% + pyrolytic graphite — C

4.2.29 D%, DJ + pyrolytic graphite — CDy4

4.2.2.10 D% + pyrolytic graphite = CD4

4.2.2.11 D% + POCO graphite —» C

4.2.2.12 D% + redeposited carbon, POCO graphite — C
4.2.2.13 D7 + pyrolytic graphite, B-doped GB graphite — C
4.2.2.14 DT + C-SiC coated graphite — C

4.2.2.15 D™ + pyrolytic, B-doped SEP-CFC, Ti-doped graphite, Be/C — CDy
4.2.2.16 DT + B-doped S 2508, USB 15, GB graphite, B4C — CD4
4.2.2.17 D™ + pure, B-doped graphite, B4C — C
4.2.2.18 D™ 4+ pyrolytic graphite — CDy

4.2.2.19 DT + USBI5 graphite — CD4

4.2.2.20 DT + USB15, B-doped graphite — C, CD4
4.2.2.21 D7 + TiC-coated graphite — CHy4

4.2.2.22 DI + pyrolytic graphite - CDy4

4.2.2.23 DF + pyrolytic graphite — CDy4

4.2.2.24 D;’ + pyrolytic graphite = CDy, Cheavy, C
4.2.2.25 DJ + pyrolytic graphite — CDy, Chequy, C
4.2.2.26 D7 + pyrolytic graphite = CDy, Cheavy, C
4.2.2.27 DJ + pyrolytic graphite & CD4, Cheavy, C
4.2.2.28 DI + pyrolytic graphite = C,D,, C

4.2.2.29 D7 + pyrolytic graphite - C,D,, C

4.2.2.30 D7 + pyrolytic graphite » C.D,, C

4.2.2.31 DJ + pyrolytic graphite — C,D,, C

4.2.2.32 DJ + pyrolytic graphite = C,D,, C

4.2.2.33 DJ + pyrolytic graphite — C.D,, C

4.2.2.34 D7 + pyrolytic graphite (Ti doped) — C
4.2.2.35 D7F + graphite (pyrolytic, Ti, B doped) —» CD,4

4.2.3 HT, Dt
4.2.3.1 H* D + pyrolytic graphite — CHy, CD4
42.3.2 H*, D% + pyrolytic graphite —» C
4233 H*, DT + POCO graphite - C

4.3 Chemical erosion of graphite due to multi-species impact
4.3.1 [H° H*], H°, H'

4.3.1.1  [H° HT] + pyrolytic graphite » CH,

4.3.1.2  [H® H*] + pyrolytic graphite - CHy, C:H,, C3H,, C

4.3.1.3  [H®, H*] + pyrolytic graphite - C.Hy, C

4.3.14  [HY H*] + pyrolytic graphite - C.Hy, C

4.3.1.5  [H°, HT] + pyrolytic graphite - C;H,, C
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43.1.6 [H°, H*], H°, Hf + pyrolytic graphite - CH,4
4.3.1.7  [H® H*], H°, HI + pyrolytic graphite - CH,4

4.3.2 [H°, C*]
4321 [HO, C*] + pyrolytic graphite — C
43.2.2  [HY C*| + pyrolytic graphite = C

4.3.3 [H°, O7]
4.3.3.1 [H°, O7] + pyrolytic graphite - C

4.3.4 [H° Ar*], H°, HF

4.3.41 [H° Ar*] + pyrolytic graphite - CHjz, CHy, Ca-compounds
4342 [H Ar*] + pyrolytic graphite - CHj

4343 [H° Ar*] + pyrolytic graphite - CHj, CHy, C2-compounds
43.44 [H° ArT] + pyrolytic graphite - CH;, CH,4

4345 [H° Ar*] + pyrolytic graphite - CHjz, CHy4

4.3.46 [H° Ar*] + CLOR, POCO, pyrolytic, Papyex graphite — CH3
4.3.47 [HO Ar*], H® + pyrolytic graphite — CyH;

4.3.48 [H° Ar*], H°, H* + pyrolytic graphite - CHj, CH,4

43.49 [H° Art], HO, H* + pyrolytic graphite, a-C:H — CHj, CH,

4.3.5 [HT, He"]
4.3.5.1  [H*, He*] + pyrolytic graphite - C.H,, C

4.3.6 [H*, Ct]
43.6.1 [H*, C*] + pyrolytic graphite - C.H,, C
4.3.6.2 [HT, C*] + pyrolytic graphite -+ C_H,,, C
4.3.6.3 [HT, C*] + pyrolytic graphite - C,H,, C
4.3.6.4 [H*, C*] + pyrolytic graphite — C,H,, C
4.3.6.5 [H*, C*] + pyrolytic graphite - C,H,, C
43.6.6 [HT, C*] + pyrolytic graphite - C,H,, C
4.3.6.7 [H*, C*] + pyrolytic graphite - C,H,, C
4.3.6.8 [H*, C*] + pyrolytic graphite - C,H,, C
4369 [HT, C*] + pyrolytic graphite —» C,H,, C .
4.3.6.10 [H*, C*] + pyrolytic graphite - C,H,, C

4.3.7 [H*, OF]
4.3.71 [H*, O%], O" + pyrolytic graphite - CO, CO,
4.3.7.2 [H*, O], OF + pyrolytic graphite — CO, CO,
4.3.7.3 [H*, O], O* + pyrolytic graphite — CH,4
4.3.8 [H*, Ne™]
43.8.1  [H*, Ne*] + pyrolytic graphite - C,H,, C
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4.3.9 [HT, Art]
43.9.1 [H*, Ar*] + pyrolytic graphite -+ CzH,, C

4.3.10 [DT, He"]
4.3.10.1 [D¥, He'] + pyrolytic graphite — CD,

4.4 Chemical erosion of graphite due to oxygen and oxygen ions
44.1 0° 0O,

44.1.1 0% + pyrolytic graphite — CO
44.12 O, + pyrolytic graphite - CO, CO,

442 OY, OF

44.2.1  OT + pyrolytic graphite —» C

4422  O7% + pyrolytic graphite — CO, CO,, C
44.23  Of + pyrolytic graphite, B4C — BO, CO
4424  OF + pyrolytic graphite — CO, CO-
4425 OF + B4C — BO, CO, B»0,

4426 0OF + SiC/C/Si — CO, CO., SiO, 0, 0,
44.2.7 OF + a-Si/C:H - C, CO, CO», SiO, 0, O,
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4.1.1.1 H° —|— pyrolytic graphite - CH,, C.H,

Source: M. Balooch and D. R. Olander, J. Chem. Phys. 63, 4772 (1975).
Accuracy: Indeterminate.

Comments: (1) Reaction products are detected by line-of-sight mass spectrometry.
(2) Specimen: graphite (pyrolytic).
(3) The apparent reaction probability is the ratio of the product signal amplitude to
that of the reflected hydrogen.
(4) The incident atomic hydrogen beam intensity is 8.5 x 10'® atoms/cm?s.

Analytic fitting function:

Reaction probability:
Y = A exp(—A42X)X* + A, X4 [signal amplitude/reflected H°]

where X = 10*/T; is in Kelvin~!. The rms deviation of analytic fits for reactions A (o), B (e),
C (O,¢) and D (A, *) are 1.0%, 10.8%, 7.4% and 14.5%, respectively.

Fitting parameters A;-As

54771E+01 -2.1318E-01  -5.6857E+00 -3.9666E+01 -4.9352E+00
2.3417E+05  -3.3793E-01  -1.0421E+01 -6.9764E+04 -8.6333E+00
-1.2411E4+01 1.1427E-02 -1.9918E4+00 7.5393E+00  -1.8543E400
-5.8531E-01  -2.9088E-06  2.1129E+4+00 5.8526E-01 2.1129E4-00

QW

ALADDIN evaluation function for reaction probability: EYIELD5A

ALADDIN hierarchical labelling:

A: SATM H [+0] GRAPHITE T=HPG O=PRISM-PL C{2}H{2} [+0]
B: SATM H [+0] GRAPHITE T=HPG O=BASAL-PL C{2}H{2} [+0]
C: SATM H [+0] GRAPHITE T=HPG O=PRISM-PL CH{4} [+0]
D: SATM H [+0] GRAPHITE T=HPG O=BASAL-PL CH{4} [+0]
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Legend:
—— Analytic Fit
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4.1.1.2 H° + pyrolytic graphite - CH,4

Source: R. K. Gould, J. Chem. Phys. 63, 1825 {1975).

Accuracy: Indeterminate.

Comments: (1) Chemical erosion yield (CH4 formation) due to H° impact.
(2) Specimen: graphite (pyrolytic, spectroscopic grade).
(3) H® produced by contact dissociation of H, on hot W filament.
(4) QMS measurement of CHy, steady state.

(5) The formation rate of CH4 was converted to a yield by dividing by the incident
H° flux, and fitted to a straight line.

Analytic fitting function:

Erosion yield:
Y =AF+ A, [CHy/HY
where F is the flux density H®/cm2s. The rms deviation of the analytic fit is 6.3%.

Fitting parameters A;-Ay

-9.0831E-21  2.5027E-04

ALADDIN evaluation function erosion yield: EYIELD2A

ALADDIN hierarchical labelling:

SATM H [+0] GRAPHITE T=HPG CH{4} [+0)

-3
10 T T 1 T T T 171 | T T T 3 T T TT
- Sub-eV H° atoms, peak CH, production ]
= | T=640K i
(DE i i
<
I | _l
Q
o
Q0 I~ 7]
=
c t—.\—'\\
Bl (]
S I ° I
L
<4
10 1 411:;11115 L 1 lllL1I16
10" 10 10
0 0 2
- [H1(H/em’s)
Legend:
—— Analytic Fit
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4.1.1.3 HO 4 pyrolytic graphite - CH,4, C,-molecules

Source: E. Vietzke, K. Flaskamp, and V. Phillips, J. Nucl. Mater. 111&112, 763 (1982).
Accuracy: Yield: 50%.
Comments: ) H® atom reaction yield, H® beam produced in W oven at 2800 K.

(1

(2) Specimen: machined pyrolytic graphite (HPG, Union Carbide).

(3) Line-of-sight detection by QMS.

(4) CHj signal assumed to originate only from cracking of CH4 (see 4.1.1.4).
(

5) Published data corrected for Maxwell-Boltzmann distributions with respect to
specimen temperature.

Analytic fitting function:

Erosion yield:
, A
Y = 1.0 x 1075[4, exp [-(ZTT—JFZI)Z/A‘,]TAS + Ag exp(—A7T)T##]  [molecules/H°)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (A), B (s), C (o) and
D (O) are 24.2%, 34.6%, 7.0% and 31.0%, respectively.

Fitting parameters A;-Ag

A 9.3448E+4+01  -9.9400E+02 0.0 1.4535E+06  7.6376E-01 -5.8346E+-02
1.1498E-03 2.8891E-01

B 1.2972E-01 5.2235E+02 -7.1864E-04 1.3165E+04 3.1117E-01 1.9521E-08
9.3420E-03 3.6541E+00

C 7.8246E-03 4.7071E+02  -1.3215E-03  1.7977E+05  7.8452E-01 1.8608E-08
5.9017E-03 3.2298E+00

D 3.9224E-02 5.6918E+02 -8.5146E-04  7.2402E+04  5.0928E-01 1.2166E-12
1.0701E-02 5.0706 E+00

ALADDIN evaluation function for erosion yield: EYIELD8SA

ALADDIN hierarchical labelling:

A: SATM H [+0] GRAPHITE T=HPG O=PRISM-PL-MI CH{4} [+0]
B: SATM H [+0] GRAPHITE T=HPG O=BASAL-PL-MI CH{4} [+0]
C: SATM H [+0] GRAPHITE T=HPG O=BASAL-PL-CL CH{4} [+0]
D: SATM H [+0] GRAPHITE T=HPG O=BASAL-PL-CL M26 [+0]

4
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I

Erosion yield (1 0* molecules/HO)
N
I

A CH,, prism plane, milled
® CH,, basal plane, milled
OCH,, basal plane, cleaved —
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Legend:

—— Analytic Fit
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4.1.1.4 H° 4+ pyrolytic graphite - CH3z, CH;

Source: E. Vietzke, K. Flaskamp, and V. Philipps, J. Nucl. Mater. 12‘8&129, 545 (1984).

Accuracy: Yield: 50%.

Comments: (1) Steady-state CHz + CH,4 formation by H° atom impact.
(2) H beam formed in heated W tube at 2800 K.
(3) Specimen: machined pyrolytic graphite (HPG, Union Carbide).

(4) Published data corrected for thermal velocity distribution with respect to specimen

temperature and for pumping of CH,.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 107%[A; exp(—(T — A2)?/A3)T4* + As exp(—AsT)T4"]  [molecules/H|

where T is in Kelvin. The rms deviation of analytic fits for reactions A (O), B () and C (o) are

26.8%, 21.7% and 6.5%, respectively.

Fitting parameters A;-A-;

A 1.4315E-07 -3.2708E4+03 7.7274E+05 4.5397E+400  -2.5490E4+06 9.9793E403

-1.5861E+4-06

B 2.3846E-03 5.8485E4+02  5.1269E+04 1.5337E-01 9.7401E-03
-1.8696E+02

C 3.8002E-03 5.5774E+02  3.9154E4+04  9.6272E-02 3.4714E-03
-1.6596E-01

_-6.0278E-01

-7.6730E-04

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H [+0] GRAPHITE T=HPG CH{4} [+0]
B: SATM H [+0] GRAPHITE T=HPG CH{3} [+0]
C: SATM H [+0] GRAPHITE T=HPG CH{3} [+0] CH{4} [+0]
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Legend:

—— Analytic Fit
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4.1.1.5 H° + pyrolytic graphite - CH;,

Source: C. S. Pitcher, A. O. Auciello, A. A. Haasz and P. C. Stangeby, J. Nucl. Mater.
128&129, 597 (1984).

Accuracy:  Yield: +£25%.

Comments: (1) Data on curve A correspond to the magnitude of prompt transient methane pro-
duction subsequent to specimen “reactivation” by heating at 1250 K for 1 minute;
data on curve B correspond to steady-state values.

(2) Specimen: graphite (pyrolytic).

(3) HY (sub-eV) beam produced by H, dissociation in a RF discharge tube; H® flux
determined by QMS.

(4) Methane production is measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 1072[A; exp(—(T — A2)?/A2)T4* + Asexp(—AsT)TA"] [CH4/H]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (o) and B (A) are 2.1%
and 29.9%, respectively.

Fitting parameters A;-A7

A 6.8535E-10 5.8663E+02 1.6871E+04 2.2517E4+00 2.2705E-41 2.2647E-02
1.5720E+01

B 2.9673E-02 7.9218E+02  3.3030E+04  3.8919E-02 -2.5371E-05  -5.6755E-03
9.3366E-06

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A, B: SATM H [+0] GRAPHITE T=HPG CH{4} [+0]
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Legend:

—— Analytic Fit
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4.1.1.6 H° + pyrolytic graphite - CH,

Source: A. A. Haasz and J. W. Davis, J. Chem. Phys. 85, 3293 (1986).
Accuracy:  Yield: £35%; HO flux density: +£35%.

Comments: (1) Data correspond to steady-state methane yield at Tp,.
(2) Specimen: graphite (pyrolytic).
- (3) H? (sub-eV) is produced via dissociation of Hy on a hot (1900 K) W ribbon; H°
flux is varied by changing the Hy backfill préssure.
(4) The rates from Fig. (2a) of the source paper were converted to erosion yields by
dividing by the H® flux and a spot size of 0.2 cm?.
(5) Methane production is measured by QMS-RGA.

Analytic fitting function:

Methane yield:
Y = A exp(—AxF)F#*  [molecules/H°)

where hydrogen flux F is in H? /cm?s. The rms deviation of the analytic fit (x) is 6.7%.

Fitting parameters A;-Aj

7.2745E-06 -1.8246E-17  1.1258E+00

ALADDIN evaluation function for methane yield: EYIELD3A

ALADDIN hierarchical labelling:

SATM H [+0] GRAPHITE T=HPG CH{4} [+0]
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Legend:
—— Analytic Fit
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Source:
Accuracy:

Comments:

4.1.1.7 HO 4 pyrolytic graphite - CH;, CH,4

A. A. Haasz and J. W. Davis, J. Chem. Phys. 85, 3293 (1986).

Yield: £35%; T: +25K.

(2) Specimen: graphite (pyrolytic).

(3) H® (sub-eV) is produced via dissociation of Hy on a hot (1900 K) W ribbon; H°

flux is varied by changing the Hy backfill pressure.
(4) Different symbols in the figure correspond to different H° fluxes.
(5) Methane production is measured via QMS-RGA.

(6) Production rate data was converted to a reaction yield and refitted to the kinetic

equation provided in the source.

Analytic fitting function:

Methane yield:

where T is in Kelvin. The rms deviation of analytic fits for fluxes A (A), B (o), C (3), D (*) and

Y = Ay exp(—A2/T)/(1 + Az exp(—A4/T))

E (o) are 22.5%, 28.0%, 29.6%, 38.7% and 30.5%, respectively.

Fitting parameters A;-A4

(1) All data correspond to steady-state methane yields.

[molecules/H°]

A 1.3097E+22  2.7457E4+04 5.3986E+27  3.0205E-+04
B  8.0923E+08 1.3342E4+04 3.4314E+14 1.6306E+04
C  23772E+12 1.6924E+04 5.0771E+17  1.9623E+04
D 1.9220E+07  1.1622E+04 3.6310E+12  1.4396E+04
E  8.7469E+01  5.7421E+03 8.8137E+07  9.7809E+03

ALADDIN evaluation function for methane yield: EYIELD4D

ALADDIN hierarchical labelling:

A-E: SATM H [+0] GRAPHITE T=HPG CH{3} [+0] CH{4} [+0]

Methane yield (CH,, CH,/H’)
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Source:

Accuracy:

Comments:

4.1.1.8 H° 4 pyrolytic graphite -» C,H,, C

J. W. Davis, A. A. Haasz, P. C. Stangeby, J. Nucl. Mater. 155-157, 234 (1988).
Yield: +£35%; T: +25K.

(1) Steady-state hydrocarbon yields.

2) Specimen: graphite (pyrolytic).

3) HO (sub-eV) is produced via dissociation of Hy on a hot W ribbon.

4) Methane measured via QMS-RGA.

5) Yield for total chemical erosion, Yepem—totar = [CH4 + 2(C2 H, + CoHy + C2H6) +
3(C3Hg + C3H8)]/H0.

(
(
(
(

Analytic fitting function:

Erosion yield:

Y = 1.0 x 107%[A4,; exp(—(T — A3)?/A3)T4% + As exp(—A¢T)T47)

[molecules/H)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (o), C (v7), D (o),
E (A), F (+) and G (o) are 2.5%, 5.9%, 0.7%, 4.2%, 3.9%, 0.5% and 2.2%, respectively.

Fitting parameters A;-A-

A 24170E-01 5.9226E+02 1.3128E+04  8.3944E-02 3.8173E+00  7.7385E-03 3.5123E-02
B 1.3318E-02 54363E+02 1.9684E+04  7.9927E-02 -1.6094E-03  3.7957E-04 -2.9008E-05
C 3.5087E-03 5.6082E4+02  3.1741E4+04  -2.7504E-02  3.4234E-04 5.5014E-05 -3.0104E-05
D 1.9425E-02 6.0937E+02  1.5342E+04  1.7463E-01 -9.1758E-01  5.7747E-03 5.1414E-03
E 1.5437E-01 6.0232E+02 .1.3760E+04 -7.6963E-02 -1.7522E-05  -5.1159E-03  1.4221E-05
F 1.6308E-02 5.5489E+02 6.5404E+03 2.6716E-02 3.7271E-01 5.9112E-03 2.9745E-04
G 5.1028E-02 5.5710E4+02 1.4674E+04 1.7707E-02 -1.8236E-01  5.2919E-03 1.0547E-04
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H [+0] GRAPHITE T=HPG C [+0]
B: SATM H [+0] GRAPHITE T=HPG CH{4} [+0]
C: SATM H [+0] GRAPHITE T=HPG C{2}H{2} [+0]
D: SATM H [+0] GRAPHITE T=HPG C{2}H{4} [+0]
E: SATM H [+0] GRAPHITE T=HPG C{2}H{6} [+0]
F: SATM H [+0} GRAPHITE T=HPG C{3}H{6} [+0)
G: SATM H [+0] GRAPHITE T=HPG C{3}H{8} [+0]
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Legend:
—— Analytic Fit
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4.1.1.9 H° + pyrolytic graphite — CH;

Source: E. Vietzke, V. Philipps and K. Flaskamp, J. Nucl. Mater. 162-164, 898 (1989).
Accuracy:  Yield: 50%.

Comments: (1) H° atom reaction on thermally annealed graphite, preirradiated by 5 keV DF
(fluence: 5 x 10'7 D*/cm?) at room temperature.
(2) Line-of-site QMS detection.
(3) Specimen: graphite (HPG).

Analytic fitting function:

Reaction yield: _
Y = 1.0 x 107%[A; exp(—(T — A2)*/A3)T#* + As exp(—A¢T)TA"] [arb. units]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (o), B (e), C (4A), D (O)
and E (o) are 9.6%, 5.0%, 10.0%, 3.7% and 2.0%, respectively. :

Fitting parameters A;-A;

A 2.5691E-03 7.3403E+02  6.2702E+04 1.5955E+4+00 -6.9659E-06  1.2576E400
1.0000E+00

B 5.2835E-03 6.7496E+02  5.3657TE+04 1.3744E+00 -2.2036E-04  1.1759E+00
1.0000E+00

C 1.3666E-03 5.6627E+02  4.2074E+04 14759E+00 -2.2036E-04 1.1759E+00
1.0000E+00

D 1.0224E+01  5.7669E+02  7.7813E4+03 -1.7874E-03  1.8325E-03 2.7727E-03
1.4475E4-00

E 2.7949E+01  2.3490E+02 1.8809E+06 2.7604E-01 -2.4801E+01 4.0432E-04
3.1649E-01

ALADDIN evaluation function for reaction yield: EYIELD7A

ALADDIN hierarchical labelling:

A-E: SATM H [+0] GRAPHITE T=HPG CH{3} [+0]

T l 1 [ I [ I
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g @ 3 min. annealed at 1200 K
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g <O not irradiated
> 0.4 - .
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®
0.2 _
0.0 o
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T(K
Legend: ( )

—— Analytic Fit

79



Source:
Accuracy:

Comments:

4.1.1.10 H° 4 Papyex graphite — CH,

C. Ashby, J. Nucl. Mater. 111&112, 750 (1982).

Indeterminate.

(1) Data are for the dependence of thermal H° reaction rates on the reaction history

of sample.

(2) Specimen: graphite (Papyex).

(3) Atomic hydrogen generated on a hot W film.

(4) Methane production rate is measured via QMS-RGA.

(5) The measurement sequence was from lower to higher temperatures for a given

reaction set, and larger numbers indicate later reaction sets.

Analytic fitting function:

Production rate:

Y = 1.0 x 10'%[4; exp(—A,T)T42 + A T45)

where T is in Kelvin.

and E (6) are 0.7%, 2.

[molecules/s]

The rms deviation of analytic fits for reactions A (2), B (3), C (4), D (5)
2%, 1.2%, 2.2% and 0.0%, respectively. The numbers 1-6 indicate different

reaction histories. For reactions B and E the function Y = A, T + A, was used.

Fitting parameters A;-As

A 7.6645E-08 -3.4119E-02  -1.1030E+00 1.1031E+00 3.7779E-01
B 1.1236E-02 -1.3357E-01

C 1.8650E-13 -5.1714E-02  -1.2439E+00 1.5859E-02 8.9879E-01
D 1.5324E-15 -2.0688E-02  2.9201E+00  3.4006E-01 3.6197E-01
E 8.2118E-03 -1.7913E+00

ALADDIN evaluation

function for production rate: EYIELD2A, EYIELD5A

ALADDIN hierarchical labelling:

A-E: SATM H [+0] GRAPHITE T=PAPYEX CH{4} [+0]
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Legend: ( )
—— Analytic Fit
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4.1.1.11 H° + Papyex graphite — CH,

Source: A. A. Haasz, P. C. Stangeby, and O. Auciello, J. Nucl. Mater. 111&112, 757 (1982).

Accuracy:  Yield: +35%; T: £25K (The main uncertainty is in the H® flux density. “Absolute”
yields are estimated to be within a factor of two; relative values: £15%).

Comments: (1) The data correspond to the magnitude of prompt transient methane production,
subsequent to specimen “reactivation” by heating at 1200 K for 1 minute.
(2) Specimen: graphite (Papyex).

3) H® (sub-eV) is produced via dissociation of Hy on a “hot” W ribbon.

4) Methane production rate is measured via QMS-RGA.

5) Different symbols in the figure correspond to different H° fluxes.

6) The fact that the different symbols in the figure fall on the same curve indicates

the absence of flux dependence in the flux range studied.

(
(
(
(

Analytic fitting function:

Methane yield:
Y = 1.0 x 1072[A4; exp(—(T — A2)?/A3)TA4 + Asexp(—AsT)TA"] [CH4/HO)

where T is in Kelvin. The rms deviation of the analytic fit is 10.7%.

Fitting parameters A;-Ay

5.1736E-03 8.2741E4+02  2.6908E+04  3.5543E-01 -5.6130E-05  -2.7821E-04
7.0000E-01

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

SATM H [+0] GRAPHITE T=PAPYEX CH{4} [+0]
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4.1.1.12 H° 4 Papyex graphite - CHy

Source: P. C. Stangeby, A. O. Auciello, and A. A. Haasz, J. Vac. Sci. Technol. A 1 1425

(1983).
Accuracy: Yield: £25%; T: £25K.

Comments: (1) Steady-state methane production for a “deactivated yield” resulting from preex-

posure of the sample to H® atoms.
(2) Specimen: graphite (Papyex).

(3) H? (sub-eV) is produced by H, dissociation on a hot W ribbon. H? flux determined

by QMS.

(4) Methane production rate is measured via QMS-RGA.

Analytic fitting function:

Methane yield:

Y =4 exp[—( T =4

T ) AT + Asexp(- 47 T)T

where T is in Kelvin. The rms deviation of the analytic fit is 1.8%.

Fitting parameters A;-Ag

[molecules/H°]

9.5730e-03 5.7580e+02  -7.5973e-04 1.6584e+-05
1.1020e-02 1.1067e+00

-8.3210e-01 5.3216e-05

ALADDIN evaluation function for methane yield: EYTELD8A

ALADDIN hierarchical labelling:

SATM H [+0] GRAPHITE T=PAPYEX CH{4} [+0]
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Source:
Accuracy:

Comments:

Analytic fitting function:

4.1.1.13 H° + CLOR, POCO, pyrolytic, Papyex graphite — CH,4

V. Philipps, K. Flaskamp, and E. Vietzke, J. Nucl. Mater. 122&123, 1440 (1984).

Yield: 50%. -

(2) Line-of-sight detection by QMS.

(3) CHJ assumed to originate only from cracking of CHy.

(1) Comparison of H® atom reactions on different graphites.

(4) Measured yields were multiplied by (280 K/T)'/? to obtain the “Relative yield”.
(5) No correction concerning thermal distribution (sensitivity for RT used.)

(6) Specimens: pyrolytic graphite (HPG), POCO graphite (grain size 1 um), Carbone
Lorraine 5829, Papyex graphite. '

Relative yield:
Y = 1.0 x 107%[A; exp(— (T — A3)?/A3)T* + As exp(—A¢T)T#7] [arb. units]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (), C (O) and D (A)
are 16.9%, 31.4%, 2.4% and 22.3%, respectively. Data for curve C were fitted with EYIELDS8A.

Fitting parameters A;-Ag

A

B

C

D

5.5000E+-02
4.3488E+00
3.9265E+02
3.0684E+00
1.0219E+00
2.0071E-03

4.7097E+02
3.1542E+00

0.0000E4-00
4.8671E4+02
5.7192E+02

1.9403E-01
5.2328E402 -

2.5000E+03

4.2126E+03

-9.9167E-04

8.1433E+03

0.0000E+00

-8.4216E-02

5.6709E+04

-1.7281E-01

7.3488E-08

7.0625E-05

1.7454E-02

8.5201E-05

9.0695E-03

7.8066E-03

1.5140E+-00

8.9981E-03

ALADDIN evaluation function for relative yield: EYIELD7A, EYIELDSA

ALADDIN hijerarchical labelling:

A: SATM H [+0] GRAPHITE T=CLOR CH{4} [+0]
B: SATM H [+0] GRAPHITE T=POCO CH{4} [+0]

C: SATM H [+0] GRAPHITE T=PAPYEX CH{4} [+0]

D: SATM H [+0] GRAPHITE T=HPG CH{4} [+0]

7

N w S (4] ()]
T T I I I

Relative yield (arb. units)

—_
I

! |

[H] = 2x10"° H%cm’s

x Carbone Lorraine —
e Poco graphite

o Papyex

| 4

a Pyrolytic graphite

14‘_

0
200 300 400

" Legend:

—— Analytic Fit
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4.1.1.14 H°, H* + pyrolytic graphite —» C

Source: E. Vietzke and V. Philipps, Fusion Technol. 15, 108 (1989).
Accuracy:  Yield: 50%.

Comments: (1) Total chemical erosion yield due to H impact.
(2) Specimen: graphite (Pyrolytic, redeposited carbon; pyrolytic pre-irradiated by
D* at RT).
(3) D™ fluence: 5 x 10'7/cm?.
(4) Total chemical erosion yield = [} z(C.H,)}/H°.
(5) H* data (shown for comparison) from R. Yamada, J. Nucl. Mater. 145-147, 359
(1987).

Analytic fitting function:

Erosion yield:
Y =1.0x 10”2[A1 exp(—(T — AQ)Q/A3)TA4 + As exp(——AGT)TAT] [eroded C/HU]
where T is in Kelvin. The rms deviation of analytic fits for reactions A (H°, redeposited carbon),

B (H°, pre-irradiated by 2.5 keV D*) and C (HO, pyrolytic graphite) are 0.7%, 2.2% and 5.4%,
respectively.

Fitting parameters A;-A7

A 1.4405E+00 6.1334E+02  3.5141E+04 8.7901E-02 1.3277E-02 -5.7348E-03

-1.4980E-03

B 5.5613E4+00  7.9696E+02  4.4482E+04 -1.1261E-02  1.2763E-01 -8.6221E-04
2.6136E-03

C 2.3806E-01 5.9272E+02  2.5830E+04 -1.5841E-01  1.9940E-02 4.7640E-04
9.8643E-04

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H [+0] GRAPHITE T=HPG-REDEP C [+0]
B: SATM H [+0] GRAPHITE T=HPG-PI C [+0]
C: SATM H [+0] GRAPHITE T=HPG-PI C [+0]

o

— 10 3 ] | T l T T T 3
% E —— H*,0.4keV (Yamada 1987) B
S . H°, redeposited carbon -
5 = — — - H°, pre-irradiated by 2.5 keV D* 7
S 10™ L —— H°, pyrolytic graphite <
A E
o u .
o - e T i
R - ) i
(0] -2 e
= 10 = . e 3
c - - Pad 3
2 - - [H=1x10° H%m? 7
g i [H = 2x10" H'/em®s ]
© 3
$10° L e —— 4
= E -~ - =~ ~ 3
e = -~ ~ .
S - - ~ .
- ~ ~ -
E L — - ~N - N
o -
40 1 [ l | ! | !
200 300 400 500 600 700 800 900 1000
T(K)

Legend:
All curves - Analytic Fits
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4.1.1.15 H° HI + PG-A graphite - CH,4

Source: R. Yamada, K. Nakamura and M. Saidoh, J. Nucl. Mater. 98, 167 (1981).

Accuracy: Indeterminate.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: graphite (pyrolytic, PG-A basal plane (Nippon Carbon)).
(3) HT ions: mass analyzed accelerator.
(4) Methane measured via QMS.
(5) Sub-eV HP produced on a hot (>1700 °C) Re filament, and conducted to specimen
via teflon coated line. H® flux increases with increasing H, pressure.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107*[A; exp(—(T — A2)?/A3)T44 + Asexp(—AsT)T47] [molecules/H™]

where T is in °C. The rms deviation of the analytic fits for reactions A (e), B (x), C (A) and
D (O) are 2.3%, 5.3%, 10.3% and 8.5%, respectively.

Fitting parameters A;-A-

A 5.5460E+02  5.2391E4+02  1.0096E+04  1.4124E-04 1.4381E+02  -5.6460E-04
-1.8231E-02

B 5.3641E+02  5.2290E+02 1.3305E+04  3.9873E-04 2.2157E+02  -3.8529E-04
-2.0532E-01

C 5.9889E402 5.1636E+02  8.2264E+403 -1.7610E-02  7.9657E+00  1.2335E-03
5.5509E-01

D 5.0218E+02  5.1700E4+02  9.4420E+03  8.0659E-03 6.5762E+01  -1.2764E-03
-4.7986E-02

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=PGA O=BASAL-PL CH{4} [+0]

12 1 I | | ! | |
10 L® Virgin sample, total pressure 5x10° Torr i

= x Above sample, hydrogen gas pressure 5x1 0° Torr

g L A Above sample, total pressure 5x1 0° Torr, after treated by heat cycle. |

I" O Above sample, hydrogen gas pressure 1x1 0° Torr

S 8r B
o | -

o

st

S— 6 L ]

o

Q0 - .

>

m — —

o 4

8 - -

S

s 2 -

0 In I 1 1 I | 1
0 100 200 300 400 500 600 700 800
: 0
T(C)
Legend:
—— Analytic Fit
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4.1.1.16 H° 4 a-C:H film —» CH;

Source: A. Horn, A. Schenk, J. Biener, B. Winter, C. Lutterloh, M. Wittmann, and J.
Kiippers, Chem. Phys. Lett. 231, 193 (1994).

Accuracy: Indeterminate.

Comments: (1) Experiments were performed on several monolayers thick a-C:H films grown by
ion beam desorption.

(2) a-C:H film surfaces subjected to thermal H® atoms from a heated Ta tube, with
a flux of 1.9 x 10*® H%/cm?s.

(3) AES, HREELS and TDS were used to characterize film samples.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 107°[4; exp(—(T ~ A2)*/A3)T4* + Asexp(—A¢T)T4"] [C/HO

where T is in Kelvin. The rms deviation of the analytic fit is 26.8%. The fit is to the theory
analysis discussed in the source. :

Fitting parameters A;-A-;

74705E+02  6.0034E4+02  1.8015E+03 -2.8017E-03  1.1646E-08 6.8073E-03
4.3068E4-00

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

SATM H [+0] GRAPHITE T=A-CH-FILM D=H CH{4} [+0]

10 T T T ] T T T T T
"~ C:H film )
8 | ethane/350K/160 eV .
T [H° = 1.9x10"™ H%cm’s
B —
O?O 6 b _|
st |
-0-; 4 ® experimental data B
c T theory analysis 7
o :
S L 4
o
w 2+ 7]
»
L 4
0 1 4 I I 1 ] 1 ! ]
300 400 500 600 700 800
T (K)
Legend:
—— Analytic Fit
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4.1.1.17 H° + a-C:H, a-C/B:H films - BH}, CH; "~
Source: E. Vietzke, V. Philipps, K. Flaskamp, J. Winter, S. Veprek and P. Koidl, in 10th
International Symposium on Plasma Chemistry, Symposium Proceedings (Editors: U.
Ehlemann, H. G. Lergon and K. Wiesemann) 3, 1 (1991).
Accuracy:  Yield: 50%.
Comments: (1) Thermal atomic hydrogen reaction with amorphous films.

(2) Specimen: amorphous carbon film (a-C:H) and boron containing carbon film (a-
C/B:H). The film for B/C = 0.3 has had a temperature excursion to 1600 K.
(3) Products detected by line-of-sight QMS.

(4) Signals normalized to the correspondent maximum CHJ signal.

Analytic fitting function:

Reaction signal:

Y = Ay exp(—(T — A2)*/A3)T** + Asexp(—AeT)T*" [signal/CHJ|

where T is in Kelvin. The rms deviation of analytic fits for reactions A (A), B (e), C (o), D (O)
and E (o) are 8.0%, 33.6%, 4.1%, 5.8% and 5.0%, respectively. Data for curves B and E were fitted
with EYIELD4B; curve C: EYIELD4A; curve D: EYIELDA4D.

Fitting parameters A;-Ay

A 3.5123e-03 4.3410e+-02 2.5505e4+04  9.02046e-01  2.4272e-03 5.0600e-03
1.2996e+00

B 5.2460e-08 5.3161e+4-02 1.6844e+04  2.5344e+00

C 1.2231e-20 2.0955e-02 9.0193e+00  3.4619e-04

D  2.6392e+01 1.5363e+03 3.3401e+02 . 3.4242e+403

E 1.9573e+32  9.4669e+02  2.8731e+04  -1.1031e+401

" ALADDIN evaluation function for reaction signal: EYIELD7A, EYIELD4A, EYIELD4B, EYIELD4D

ALADDIN hierarchical labelling:

A, B: SATM H [+0] C T=A-CB-FILM BH{2} [+]]
C, D: SATM H [+0] C T=A-CB-FILM CH{3} [+1]
E: SATM H [+0] C T=A-CH-FILM CH{3} [+1]

2.0 T T T . T i

L ABH,” a-C/B:H (B/C=1.3
®BH," a-C/B:H (B/C=0.3
OCH," a-C/B:H (B/C=1.3
OCH," a-C/B:H (B/C=0.3
OCH," a-C:H

=
1

—
.
[6)]
I
QLU

o
o
|

Signal (normalized to CH,")
=
!

200

400 600

Legend:
—— Analytic Fit
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4.1.1.18 H° 4 diamond/Mo — C

Source: E. Vietzke, V. Philipps, K. Flaskamp, P. Koidl and Ch. Wild, Surf. Coatings Technol.
47, 156 (1991).

Accuracy:  Yield: 50%.

Comments: (1) Total chemical erosion yield measured for surface reaction of thermal atomic hy-
drogen with polycrystalline diamond film.

(2) Specimen: Film of 5 ym th1ckness prepared by hot- ﬁlament assisted CVD on Mo
substrate. '

(3) Reaction products detected using differentially pumped line-of-sight QMS.

Analytic fitting function:

Erosion yield:
Y = Ay exp(—(T — A3)?/A3)T* + Asexp(—A¢T/(A7T +1.0))T4¢  [eroded C/HO]

where T is in Kelvin. The rms deviation of the analytic fit is 0.9%.

Fitting parameters A;-Ag

1.5631e-05 6.2270e+02 1.8466e+04 1.5208e-01 6.0883e-08 6.2969e-04
-1.3030e-03 1.2175e4-00

ALADDIN evaluation function for erosion yield: EYIELD8B

ALADDIN hierarchical labelling:

SATM H [+0] Mo T=DIAM-FILM C [+0]

<
10 T T T T T T T T T T T

o [H] = 1.3x10" H%m®s

Total chemical erosion yield (eroded carbon/H°)

1 0’5 ] 11 { 1 | 1 1 L | 1
200 300 400 500 600 700 800

T (K)
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4.1.2.1 D° 4+ a-C:H film - CH;, CD;

Source: E. Vietzke and V. Philipps, Nucl. Instr. and Meth. B 23, 449 (1987).
Accuracy:  Yield: 50%.

Comments: (1) Steady-state methyl radical formation by D° or HO.
(2) H, D atom beam produced by thermal dissociation in W tube at 2800 K.
(3) Specimen: a-C:H film, graphite pre-irradiated with 5 keV D3 (fluence 5 x 10'7
D+ /cm?).
(4) Line-of-sight QMS detection, Maxwell-Boltzmann distributions assumed.
(5) Results for the reaction H® + C (pre-irradiated by D¥) — CH; are included for
comparison.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 1072[A; exp(—(T — A2)?/A3)T4* + As exp(—A¢T)TA"]  [molecules/H®, D]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x) and B (o) are 2.1%
and 5.5%, respectively.

Fitting parameters A;-A;

A 1.8126E+00 6.0994E+02  5.4801E4+03 -7.3302E-02  1.2678E-02 -6.6125E-03
1.4699E-01

B -6.5969E-02  2.3870E+03  -1.9162E+06 5.7268E-01 7.9265E+00  1.0850E-03
1.8974E-01

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM D [+0] GRAPHITE T=A-CH-FILM CD{3} [+0]
B: SATM H [+0] GRAPHITE T=A-CH-FILM CH{3} [+0]

1

10 T T =T T T T L T

T T TTT1TT
P11ttt

'
N

—_
o
vt

T T TTTTT]

H® on C [saturated with D]

—
o

Erosion yield (molecules/H’, D°)

3 e E
C x CD, ]
r O CH, 7
1 0"4 ! i ; | ! I ] ! !
300 400 500 600 700 800
T (K)
Legend:
—— Analytic Fit
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4.1.2.2 D% D* 4 a-C:H film —» C

Source: E. Vietzke and V. Philipps, Fusion Technol. 15, 108 (1989).
Accuracy:  Yield: 50%.

Comments: (1) Total chemical erosion due to D® or D* impact.
(2) Specimen: a-C:H film.
(3) Reaction of H° on other amorphous surfaces: see 4.1.1.13.
(4) Original (continuous) data curves are not shown on the graph.
(5) Total chemical erosion yield = [} z(C,D,)]/(D* or D).

Analytic fitting function:

Erosion yield:
Y = 1.0 x 107%[4; exp(—(T — A)*/A3)T4* + A5 exp(—A¢T)T4"] [eroded C/DY)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (D°) and B (D¥) are 0.5%
and 1.0%, respectively.

Fitting parameters A;-A~

A 1.4168E+01 6.6363E+02 1.9361E+04  3.8330E-02 2.4982E+00  -2.3101E-04
7.5257E-02

B 1.2762E4+00  7.0901E+02  3.1289E+04  3.5389E-01 2.1038E-04 1.1857E-03
1.5618E4-00 :

- ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM D [+0] GRAPHITE T=A-CH-FILM C [+0]
B: SATM D [+1] GRAPHITE T=A-CH-FILM C [+0]

r | T T T T T
oa i
<
Q -1
£ 10" | :
o C ]
° . -
ks - ]
2 - i
2
3 L i
2
10" =
-é - —— D°: 1x10"%cm’s =
o - — —- D":25keV, 1x10"/em’s 1
5 i i
o .
o n
S x 1 1 1 | 1 !
200 300 400 500 600 700 800 S0C 1000

Legend: T (K)

All curves - Analytic Fits
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4.1.2.3 D° D*, Ht + a-C:H film - CH,, CD;, CD4

Source: E. Vietzke, K. Flaskamp, V. Philipps, G. Esser, P. Wienhold and J. Winter, J. Nucl.
Mater. 145-147, 443 (1987).

Accuracy: Yield: 50%.

Comments: (1) Steady-state methane and methyl formation.
2) Specimen: a-C:H film from TEXTOR. (for D* and DO); pyrolytic graphite (for
HT).
(3) Line-of-sight QMS detection.
(4) D° beam from thermal dissociation in W oven at 2800 K.
(5) Original (continuous curve) data are not shown.

Analytic fitting function:

Methane yield:
Y = 1.0 x 1072[4; exp(— (T — A3)%/A3)T** + Asexp(—AsT)T4?] [molecules/H, D]

where T is Kelvin. The rms deviation of analytic fits for reactions A (CD4), B (CD3) and C (CHy)
are 1.7%, 3.4% and 22.5%, respectively. Data for curve B were fitted with EYIELD8A.

Fitting parameters Aj-Ag

A 9.5655E+00 6.2413E4+02  1.1442E4+04  -5.5847E-02  5.8592E-03 -1.6653E-03

8.9383E-01

B 4.4519E-15 5.6815E4+02  8.5621E+01  3.6600E-06 4.5431E+00 2.9675E-08
-2.0727E-03  1.8623E+00

C 44753E+02 7.4344E4+02 1.2287E+04  -5.9207E-01  6.4277E-03 -1.6113E-02
-1.5755E4-00

ALADDIN evaluation function for methane yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A: SATM D [+1] GRAPHITE T=A-CH-FILM CD{4} [+0]
B: SATM D [+0] GRAPHITE T=A-CH-FILM CD{3} [+0]
C: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]

! [ T I | | '
[ H":25keV, 10" H'/em’s ]
Q |, | D:25keV, 107 Dem’s _
z E D% 10 D’%cm’s N :
g : --------------- \\ .
o - o .
[} / \
£ - / \ 1
N ) \
D, / \
= 1 0 3 : ' N -
SN . ) A
g - + -
(CU B // . Do, D, ]
= i L D° CD. ]
% I - H"’ CH4 i
10~ , | ‘ | . | |
20 400 600 800 1000
T(K)
Legend
Analytic Fits
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4.2.1.1 HT' 4+ pyrolytic graphite - CH;

Source: S. K. Erents, C. M. Braganza and G. M. McCracken, J. Nucl. Mater. 63, 399 (1976).

Accuracy: Indeterminate.

Comments: (1) Equilibrium hydrocarbon gas release.
(2) Specimen: graphite (pyrolytic).
(3) H* ions: mass analyzed accelerator.’
(4) Methane measured via QMS-RGA.
(5) Original data were converted to yields using a beam spot area of 0.09 cm?.

Analytic fitting function:

Methane yield:

T - A
Y = Aj exp[—( 2

AT +1 1)2/A4]TA5 + Ag exp(—A7T)T#¢  [CHq/HY]

where T is in Kelvin. The rms deviation of the analytic fit is 14.5%.

Fitting parameters Aj-Ag

9.9840e-04 8.5078e+02 1.5010e+01 2.6035e-05 6.9725e-01 1.0910e-136
6.0534e-02 5.3621e+01

ALADDIN evaluation function for methane yield: EYIELD8SA

ALADDIN hierarchical labelling:

SATM H [+1] GRAPHITE T=HPG CH{4} [+0]

0.20 T T T T T T T T T
H*: 20 keV, 4.2x10" H'/cm’s
*’3\? i ®CH, |
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Legend:

——— Analytic Fit
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4.2.1.2 HT 4 pyrolytic graphite - CHy4, C;H,, C

Source: J. Roth and J. Bohdansky, “Graphite in High Power Fusion Reactors”, IEA Workshop
Rep., Federal Institute for Reactor Research, Wiirenlingen (1983).

Accuracy:  Yield: Indeterminate.

Comments: (1) Total sputtering (chemical+physical) and chemical erosion yields compared at
580 9C and RT.
(2) Specimen: graphite (pyrolytic).
(3) [H¥]: 2 x 10 H* /cm?s.

Analytic fitting function:

Sputtering vield:
Y = A exp(—A42/E)/(1 + Az exp(—A4/E)) [particles/H™)

where E is in keV. The rms deviation of analytic fits for reactions A (e), B (¢), C (A) and D (O)
are 1.7%, 10.5%, 5.7% and 2.6%, respectively. Data for curve D were fitted with EYIELD7A.

Fitting parameters A;-A7

9.0580e-02 -1.3767e+00  5.5049e-01 -1.4470e+-00

4.0850e-02 -1.3403e+00  3.6470e-01 -1.4376e+-00

1.6619e-03 -9.6101e+00  3.7030e-02 -9.7509e+00

1.8463e-02 4.1293e+00 9.2616e+00  -1.1917e+00 -5.6320e-02 8.1333e+-00
-1.9544e-01

oW

ALADDIN evaluation function for sputtering yield: EYIELD4D, EYIELD7A

ALADDIN hierarchical labelling:

A: SAT H [+1] GRAPHITE T=HPG C [+0]

" B: SATM H [+1] GRAPHITE T=HPG C{2}H{4} [+0]
C: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]

D: SAT H [+1] GRAPHITE T=HPG C [+0]
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Legend:
—— Analytic Fit

93



4.2.1.3 HT 4 pyrolytic graphite - CH,, C

Source: J. Bohdansky and J. Roth, Rad. Effects 89, 49 (1985).
Accuracy:  Yield: +20%.

Comments: (1) Chemical erosion yield due to CH, formation by impact of H* ions.
(2) Specimen: graphite (pyrolytic).
(3) QMS measurement of CHy, steady state.
(4) Total C sputtering yield from same source shown for comparison.
(5) The temperature of the measurements is not given.

Analytic fitting function:

Erosion yield:
Y = Aexp(—AyF)F4s + AyF  [CH,4/HT]
where F is the flux density H* /cm®s. The rms deviation of the analytic fit is 0.8%.

Fitting parameters A;-Ay

2.4409E+01 -6.8717E-18 -1.6035E-01  -4.9077E-19

ALADDIN evaluation function for erosion yield: EYIELD4A

ALADDIN hierarchical labelling:

SATM H [+1] GRAPHITE T=HPG CH{4} [+0]

0.14 T 1T T T TTTTg 1 T T yryyTy T T T TTIT

0.12 + -
0.10 + -
0.08 : -

0.06 - -

®CH,

0.04 ~ O C,,, from weight-loss measurement

Erosion yield (C,,,, CH/H")

0.02 - -

L oyl L L1yl ] NN
0.00 g

10 10" 10" 10"
[H'] (H'/cm®s)

Legend:
—— Analytic Fit
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4.2.1.4 H™ 4 pyrolytic graphite - CH;, CH4

Source: A. A. Haasz and J. W. Davis, J. Chem. Phys. 85, 3293 (1986).
Accuracy: Rate: £15%; HO flux density: +5%.

Comments: (1) Steady-state methane production with the specimen at 750-800 K.
(2) Specimen: graphite (pyrolytic).
(3) H* ions are produced via a mass-analyzed accelerator.
(4) Methane is measured via QMS-RGA.
(5) Different sybols in the figure correspond to different H* energies.
(6) Prediction of flux dependence for 300eV/H* from model derived in original paper.

Analytic fitting function:

Methane yield:
Y = Ajexp(-A;F)FA  [CHgq/H*]

where F is in H/cm?s. The rms deviation of the analytic fit (o) is 34.5%.

Fitting parameters A;-Aj

1.0511E-06 1.6564E-16 1.3334E4-00

ALADDIN evaluation function for methane yield: EYIELD3A

ALADDIN hierarchical labelling:

SATM H [+0] GRAPHITE T=HPG CH{3} [+0] CH{4} [+0]

T Illllll' T T IIIIII[ T T IIIIII] T T T TTTTT
-1 — -
10 - T =750-800 K -
i - -
I - i
S~
\1‘_ - -
™
I B A
o i ]
- L o i
2
> ’
® N ® 05, e _
S ’
£ U A67-100 eV/H*
) 2 @300 eV/H"
=2 10" o 0 1000 eV/H" —_
L — - - theory analysis, 300 eV, mid flux
r — — - theory analysis, 300 eV, low filux -
11l poo el | ||1|1||IS 1 Illllll16
12 13 14 1
10 10 10 10 10
2
[H] (Hems)
Legend:
—— Analytic Fit
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4.2.1.5 H7' 4 pyrolytic graphite - CH3z, CH,4

Source: A. A. Haasz and J. W. Davis, J. Chem. Phys. 85, 3293 (1936).
Accuracy:  Yield: £15%; T: £25%.
Comments: (1) Steady-state methane yield.

(2) Specimen: graphite (pyrolytic).

(3) H* ions from mass-analyzed accelerator, all data at 300 eV/H™.
(4) Methane measured via QMS-RGA.

(5) Different symbols in the figure correspond to different fluxes.

Analytic fitting function:

Methane yield:
Y = A; exp(—(T — A3)%/A3)TA%  [CHg4/HT)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (+), C (o), D (o),
E (O), F (¢0) and G (A) are 12.6%, 17.5%, 109.0%, 120.0%, 50.6%, 57.8% and 12.7%, respectively.

Fitting parameters A;-Ay4

A 5.5140E+04  8.0410E+02  2.3555E+04 -2.0139E4-00
B 6.2204E+04  7.8997TE+02 2.2632E4+04 -2.0526E+400
C 2.7373E404  7.7264E+02  2.1349E+04 -1.9941E+400
D 3.7185E404 7.7109E+02 1.7245E4+04 -2.0372E+00
E 2.8242E+04 7.6948E+02 1.7834E+04 -2.0294E+00
F 2.1106E+04  7.5624E+02 1.2462E+04  -1.9720E+00
G 1.3091E+04 8.5437E+02 3.9938E+04 -1.9497E+00

ALADDIN evaluation function for methane yield: EYIELD4B

ALADDIN hierarchical labelling:

A-G: SATM H [+0] GRAPHITE T=HPG CH{3} [+0] CH{4} [+0]

T T 1 ] 1 ] T
107 H':300 eVH'
o~ L i
L L 4
Q\

o b -

I
O L 4

i)

[} -2
= 10 ~ 3
)] C 3
% L % 7x10" Hem’s —
c - +2.8x10™ H'/em’s -
°© - @6.6x10"° H'/em’s 7
= - 05.8x10" H'/em’s -
| 031 x10"™ H'/em’s ]
02.8x10"™ H'/em®s
A1.1x10"° H'fem’s
1 0"3 1 1 1 | I | )
400 600 800 1000 1200
T (K)
Legend:
—— Analytic Fit

96



Source:

Accuracy:

Comments:

4.2.1.6 H' + pyrolytic graphite - CH,

J. W. Davis, A. A. Haasz and P. C. Stangeby, J. Nucl. Mater. 145-147, 417 (1987).
Yield: £15%; E: £5eV.

(1) Steady-state methane yield.

(2) Specimen: graphite (pyrolytic).

(3) H* ions: mass analyzed accelerator.

(4) Methane measured via QMS-RGA.

(5) The energy dependence of the yield is affected by the specimen temperature.

Analytic fitting function:

Methane yield:

Y = A1 (log E)® + Ay(log E — A3)> + Ay [molecules/HT]

where E is in eV. The rms deviation of the analytic fits for reactions A (O), B (), C (*) and D (A)
are 2.9%, 3.5%, 4.3% and 3.7%, respectively.

Fitting parameters A;-Ay

gaQw»

-1.2929E-02  4.8371E-02 -5.6335E-01  -1.8388E-01
-1.6738E-03  -6.0300E-02  3.2278E+00 1.3141E-01
4.9330E-02 -4.6049E-01  1.5226E+00 -2.6749E-01
3.7215E-03 -9.4067E-02  2.3959E+00  7.0127E-03

ALADDIN evaluation function for methane yield: EYIELD4C

ALADDIN hierarchical labelling:

A-D: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]

Methane yield (CH,/H")

0-10 T T T 1T | i T 1 L l T T T T
| Normal incidence ]
A o 6x10" H'/cm®s at T, =775 K
i ®2x10"* H'/cm®s at T_=750 K i
* 2x10" H'/cm’s at 800 K (off T, )
A10"° H'/cm®s at T, =800-825 K
0-01 [ I i | i P | 1 1 |
100 1000
H" energy (eV)
Legend:
—— Analytic Fit
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4.2.1.7 HT + pyrolyticv graphite - C;H,, C

Source: J. W. Davis, A. A. Haasz and P. C. Stangeby,.] Nucl. Mater. 155-157, 234 (1988).
Accuracy: Yield: £15%; T: £25K. o
Comments: (1) Steady-state hydrocarbon yields.

(2) Specimen: graphite (pyrolytic).

(3) HT ions: mass analyzed accelerator.

(4) Methane measured via QMS- RGA.

(5) Yield for total chemical erosion, Ychem_tom,

[CH4 + 2(C'ZH2 + CyHy + C‘sz) +
3(C3H5 -+ COHg)]/H+

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[A; exp(—(T — A3)?/As)T2* + As exp(—A¢T)T*"] [molecules/H™]

B (), C (+), D (o),

where T is in Kelvin. The rms deviation of analytic fits for reactions A (*),
(O) and G (o) are 4.9%, 7.1%, 12.8%, 16.5%, 10.9%, 11.2% and 15.4%, respectively.

E (A), F

Fitting parah1eters A-Aq

A 2.2596E+00 7.7370E402 3.7703E+04  2.1901E-01 2.3839E+01  4.5042E-02 2.9798E+00
B 8.3009E+00 7.9719E+02 2.9853E+04 -2.9174E-02  2.2319E+00  5.2058E-03 1.7283E-01
C 4.3891E-02 7.2540E4+02  1.1878E+04  -2.2974E-02  3.1525E-05 -6.5280E-03  6.9062E-06
D 3.0914E-01 7.1281E402 2.5664E+04  4.3476E-02 3.6880E-02 -1.7551E-03  7.9409E-04
E 5.2924E-02 7.0176E+02 8.6472E+03  3.2973E-02 6.7348E-02 -1.7909E-04 4.2995E-03
F 9.5564E-01 7.5014E+02 1.8879E+04 -6.0308E-02  1.6602E-02 -9.1407E-04  -1.0736E-02
G 1.3148E-01 7.1213E402 1.4367E+04 -5.4467E-03  3.9673E-02 -1.0223E-03  8.9686E-04

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H [+0] GRAPHITE T=HPG C [+0]

B: SATM H [+0] GRAPHITE T=HPG CH{4} [+0]

C: SATM H [+0] GRAPHITE T=HPG C{2}H{2} [+0]

D: SATM H [+0] GRAPHITE T=HPG C{2}H{4} [+0]

E: SATM H [+0] GRAPHITE T=HPG C{2}H{6} [+0]

F: SATM H [+0] GRAPHITE T=HPG C{3}H{6} [+0]

G: SATM H [+0] GRAPHITE T=HPG C{3}H{8} [+0]

T T T T T T
-1 300 eV/H" only

—
o

(1.1x10" H'/cm’s)

1ot gl

T
[%2]
o
3 10~ E
o 3
e ]
E * total C/H®
210° ® CH, =
= F + +C,H, 3
g o (o] Czl"'l4 :
D -4 i + A CzHe
210 & D CH, E
tw 5 OCH, E
1 0-5 I ! { I 1 | | ]
500 600 700 800 900 1000 1100 1200
T(K)
Legend:
— Analytic Fit
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4.2.1.8 H* + pyrolytic graphite —» C

Source: J. W. Davis, A. A. Haasz and P. C. Stangeby, J. Nucl. Mater. 155-157, 234 (1988).
Accuracy:  Yield: £15%; Energy: +5eV.

Comments: (1) Steady-state hydrocarbon yield at the maximum of the respective temperature
dependencies.
(2) Specimen: graphite (pyrolytic).
(3) H* ions: mass analyzed accelerator.
(4) Hydrocarbon products measured via QMS-RGA.
(5) Yield for total chemical erosion, Yohem—totat = [CHa + 2(CoHs + C2Hy + CoHg) +
3(C3H6 + CgHg)]/H"'.

Analytic fitting function:

Chemical erosion yield:
Y = A, exp(~As/E)E* + A,E#%] [molecules/H™)

where E is in keV. The rms deviation of analytic fits for reactions A (¢), B (30), C (o) and D (A)
are 0.8%, 1.8%, 7.1% and 28.6%, respectively.

Fitting parameters A;-Aj

7.4565E-02 3.3509E-01 -8.7801E-01  3.4745E-02 1.0785E-01
7.2165E-02 3.8771E-01 -8.3359E-01  2.5256E-02 1.9477E-01
8.6155E-03 4.3760E-01 -1.9592E400 5.8489E-03 4.2135E-02
1.2347E-03 4.3095E-01 -2.5901E4+00 3.3174E-03 2.3782E-01

oQw»

ALADDIN evaluation function for chemical erosion yield: EYIELD5B

ALADDIN hierarchical labelling:

A: SATM H [+1] GRAPHITE T=HPG C [+0]

B: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]

C: SATM H [+1] GRAPHITE T=HPG C{2}H{2} [+0] C{2}H{4} [+0] C{2}H{6} [+0]
D: SATM H [+1] GRAPHITE T=HPG C{3}H{6} [+0] C{3}H{8} [+0]

0.14 Open symbols: 2x10™ H'/cm’s -
—_ 3 Solid symbols: 1.1x10™ H'cm’s at 300 eV/H"
T 012 4.8x10"° H'/cm’s at 1000 eV/H" |
o _ 1.2x10'® H'7em’s at 3000 eV/H' |
o - L .
3 0.10
> i .
Total C/H
S 0.08 | o .
L= _
o
o 0.06 .
= | ]
€ 0.04 | /2x(CZHJH*+CZHA/H++C2H6/H+) i
Q L
5 o002 L 3X(C;H/H+C HyH")
0.00 L
0.1 1.0 10.0
Legend: Incident H" energy (keV)
—— Analytic Fit
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4.2.1.9 HT 4 pyrolytic graphite - CH,

Source: J. Roth and C. Garcia-Rosales, Nucl. Fusion 36, 1647 (1996).
Accuracy: Yield: +£20%.

Comments: (1) Steady-state methane yield.
(2) Specimen: pyrolytic graphite.
(3) H* ions: mass-analyzed ion beam.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = Ay exp(—(T — A2)?/A3)T#* + Asexp(—AsT)T4" [CHy/HY)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e) and B (Od) are 30.4%
and 8.6%, respectively.

Fitting parameters A;-A-

A 8.5235e-04 8.7472e+-02 7.3738e+04 6.5223e-01 3.2048e-03 1.6227e-02
8.9293e-01 ’

B 8.2830e-03 7.9324e+02 1.8921e+04  3.5924e-01 -3.8416e-07 4.9100e-03
1.6664e+00

ALADDIN evaluation function for methane yield: EYIELDT7A

ALADDIN hierarchical labelling:

A, B: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]

0
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Legend:

—— Analytic Fit

100



4.2.1.10 HT + pyrolytic graphite & C

Source: J. Roth and C. Garcia-Rosales, Nucl. Fusion 36, 1647 (1996).
Accuracy:  Yield: +20%.

Comments: (1) Weight loss measurement.
(2) Specimen: pyrolytic graphite.
(3) HT ions: mass-analyzed ion beam.
(4) Yield is for total (chemical+physical) sputtering.

Analytic fitting function:

Erosion yield:
Y = A exp(~AsE)E4 + A4E*4  [C/HY]

where E is in eV. The rms deviation of analytic fits for reactions A (e) and B (O) are 18.1% and
28.7%, respectively.

Fitting parameters A;-As

A 1.6360e-04 1.2049e-03 6.6490e-01 4.7330e-03 -5.4140e-02
B 7.1405e-11 1.1317e-02 4.1858e+00 1.6364e-02 2.0512e-01

ALADDIN evaluation function for erosion yield: EYIELD5A

ALADDIN hierarchical labelling:

A, B: SATM H [+1] GRAPHITE T=HPG C [+0]

0

1 O - T T T TUTrTTY T T T T TTTT] T T 7T T7TT

- ®300K [H'}: 1x10™ H'/cm®s ]

. D0800K |
L 10" & 3
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8 10" £ 3
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1 0 1 | Lt t11 l 1 1 § I l 1 1 1t L 111
10' 10° 10° 10°
H" energy (eV)
Legend:
" —— Analytic Fit
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4.2.1.11 H™ 4 PG-A graphite — C

Source: R. Yamada, K. Nakamura, K. Sone and M. Saidoh, J. Nucl. Mater. 95, 278 (1980).
Accuracy:  Yield (rel.): £30%.
Comments: (1) Steady-state methane yield.

(2) Specimen: graphite (pyrolytic, PG-A basal plane (Nippon Carbon)).

(3) H* ions: mass analyzed accelerator.
(4) Metane measured via QMS-RGA.

Analytic fitting function:

Chemical sputtering yield:
Y = 1.0 x 107%[A; exp(—(E — A2)*/A3)E** + Asexp(—AgE)EA"] [molecules/H™]

where E is in keV. The rms deviation of analytic fits for reactions A (o), B (O0) and C (A) are
8.6%, 3.1% and 8.7%, respectively.

Fitting parameters A;-Ay

A 1.2730E-02 -3.4217E-01  1.0899E-02 5.0892E-01 6.2935E4+00  4.2240E-01

4.6150E-01

B 2.0241E+02 -3.3564E+01 3.1205E+02 4.5689E-01  2.5983E+01  2.3289E+00
2.1041E+00 )

C  7.7419E-06  -1.9795E+00 5.7636E+00 -4.9784E+00 2.4565E+00  4.8912E-01
7.1733E-01

ALADDIN evaluation function for chemical sputtering yield: EYIELD7A

ALADDIN hierarchical labelling:

A-C: SATM H [+1] GRAPHITE T=PGA O=BASAL-PL C [+0]

0-10 T T T_lli1|| TTIT[{[H T T IIIIH' T 1 T
T " [H']=(3-13)x10" H/cm’s 0873K |
T 0.08 798K -
e A623K
5 n i
2 0.06 + .
o
£ - -
o o
§ 0.04 =
> | o )
E
g 0.02 - -
(0]
< L A
& A
OOO Lol Lol Lyl [ |
0.0 0.1 1.0 10.0
H™ energy (keV)
Legend:
—— Analytic Fit
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4.2.1.12 H'* 4 PG-A graphite - CH,

Source:

R. Yamada, K. Nakamura, K. Sone and M. Saidoh, J. Nucl. Mater. 95, 278 (1980).
Accuracy: Indeterminate.
Comments: (1) Steady-state methane yield.

(2) Specimen: graphite (pyrolytic, PG-A edge plane (Nippon Carbon)).
(3) H ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107*[A; exp(—(T — A2)*/A3)T#* + As exp(—AeT)T*"]  [CHa/HT]

where T is in °C. The rms deviation of analytic fits for reactions A (x),

B (4A), C (s) and D (O)
are 1.9%, 3.6%, 7.3% and 7.5%, respectively.

Fitting parameters A;-A;

3.8003E+03  5.3009E+02  1.0909E+04 -2.9391E-01  2.1095E+402 -2.5971E-03
-2.2758E-01

8.6773E+02 5.4060E+02 1.5436E+04 -5.6799E-02  1.2402E+02 -4.4285E-04
-1.5181E-02 :
5.9541E+02  5.2734E+02 9.0774E403 -1.0117E-01  9.9638E+00  3.3382E-04
4.1170E-01

3.7899E+02 5.3917TE+02  3.6369E+04 -4.2074E-02 4.9031E+01  9.9437E-04
1.2291E-01

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A-D: SATM H [+1] GRAPHITE T=PGA O=EDGE-PL CH{4} [+0]

0.10 . —T T l ‘ ! '
| Flux: (3-13)x10™ HY/em’s -
008 F i
+¥ B =
T @6 keVH
O 0.06 - x 1 keV H" |
o | AO05keVH ]
.9.>" 0 0.3 keV H," (0.1 keV/H")
© 0.04 |
4]
§ I 1
3
= 002 | i
000 1 ] ] ] L ’ -
0 200 400 600 800
T(C)
Legend:

—— Analytic Fit
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4.2.1.13 H" + PG-A graphite - C,H,

Source: R. Yamada, J. Nucl. Mater. 145-147, 359 (1987).
Accuracy:  Yield (rel.): £30%.
Comments:

(1) Steady-state hydrocarbon yield at the maximum of the respective temperature
dependencies.

(2) Specimen: graphite (pyrolytic, PG-A (Nippon Carbon)).

(3) H* ions: mass analyzed accelerator.

(4) Hydrocarbon products measured via QMS-RGA.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 107%[A; exp(—(E — A2)?/A3)E** + As exp(—A¢E)E*"] [C.H,/HT]

where E is energy in keV. The rms deviation of analytic fits for reactions A (x), B (x), C (o),
D (o), E (o), F (A) and G (O) are 0.5%, 2.3%, 4.3%, 11.2%, 4.1%, 7.6% and 10.6%, respectively.

Fitting parameters A;-A7

A 44773E4+01  -2.7209E+00 4.8201E+4+00  5.3489E-01 5.4997E+00  2.2615E-01 5.9626E-01
B 3.3449E+403  -5.7057E+00 5.6692E+00  8.1909E-01 1.4534E+00  2.1445E-01 5.8351E-01
C 9.8150E4+03 -1.5016E+00 4.3071E-01 1.8932E+00  9.5071E-01 2.0654E-01 -4.2763E-02
D 3.2008E+12 -3.5408E+00 5.7686E-01 3.6617E+00 2.2759E-01 2.9108E-01 8.6692E-02
E 1.6448E400 1.3335E-04 1.0462E-01 1.2021E4+00 1.4412E-01 1.1541E-01 -1.4983E-01
F 1.0177E-01 4.5978E+01  2.7675E+03  -2.8220E-01 1.7258E+01  1.0748E+01  1.7624E+00
G 6.8628E-02 -6.4329E+00 6.6573E+01  1.0167TE+00  9.2872E-01 2.2449E+4+00  1.3059E+00
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H [+1] GRAPHITE T=PGA CH{4} [+0]
B: SATM H [+1] GRAPHITE T=PGA C{2}H{2} [+0]
C: SATM H [+1] GRAPHITE T=PGA C{2}H{4} [+0]
D: SATM H [+1] GRAPHITE T=PGA C{2}H{6} [+0]
E: SATM H [+1] GRAPHITE T=PGA C{3}H{6} [+0]
F: SATM H [+1] GRAPHITE T=PGA C{3}H{8} [+0]
G: SATM H [+1] GRAPHITE T=PGA C{3}H{4} [+0]
L T 1 T T I LBALI I"! T T T T T T l_‘
B . 15 , + 2
; - Flux: 2x10 " H'/cm's T=T,
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e . | CH, i
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0.1 1.0 10.0
' H" energy (keV)
Legend:
—— Analytic Fit
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4.2.1.14 HT 4 PG-A graphite - C;H,

Source: R. Yamada, J. Nucl. Mater. 145-147, 359 (1987).
Accuracy:  Yield (rel.): +£30%.

Comments: (1) Steady-state hydrocarbon yield at the maximum of the respective temperature

dependencies.

(2) Specimen: graphite (pyrolytic, PG-A (Nippon Carbon)).
(3) H* ions: mass analyzed accelerator.

(4) Hydrocarbon products measured via QMS-RGA.

Analytic fitting function:

Chemical sputtering yield:

Y = 1.0 x 1072[A; exp(—(E — A2)?/A3)E** + As exp(—AsE)E*"] [C/HT]

where E is energy in keV. The rms deviation of analytic fits for reactions A (e), B (O) and C (4A)

are 0.4%, 2.5% and 4.7%, respectively.

Fitting parameters A;-A;

A -1.3695E+02 -3.2843E+00 1.4600E+00 -5.6206E-01  6.6605E-02

-5.8559E-01

B 1.2910E+01  -1.5027E+4+00 3.7127E+00 4.5996E-01 5.7175E+00
5.2996E-01

C 1.5950E+01  -3.0849E-01  7.5022E-01 5.6261E-01 6.2877E+00
2.4858E-01

-5.7327E-02

1.9678E-01

1.9362E-01

ALADDIN evaluation function for chemical sputtering yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H [+1] GRAPHITE T=PGA C{2}H{2} [+0] C{2}H{4} [+0] C{2}H{6} [+0]
B: SATM H [+1] GRAPHITE T=PGA CH{4} [+0]
C: SATM H [+1] GRAPHITE T=PGA C{3}H{4} [+0] C{3}H{6} [+0] C{3}H{8} [+0]

0-12 T i T i I]Ill i T i 1 LI

- T=T .
H flux: 2x10"° H'/em®s ]

o

—r

o
T

0.08
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3x(803H4+803H6+SC3H8)

0.02 -

Chemical sputtering yield (C/H")

0.00 I } L1yl 1 S S N S W B
0.1 1.0 10.0

H* energy (keV
Legend: gy ( )

—— Analytic Fit
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4.2.1.15 H' 4 POCO graphite —» C

Source: D. M. Goebel, Y. Hirooka, R. W. Conn, W. K. Leung, G. A. Campbell, J. Bohdansky,
K. L. Wilson, W. Bauer, R. A. Causey, A. E. Pontau, A. R. Krauss, D. M. Gruen
and M. H. Mendelsohn, J. Nucl. Mater. 145-147, 61 (1987).

Accuracy: Yield: 2£20%; T: +£5%.
Comments: (1) High-flux (~10'® HT /cm?s), steady-state (>10 min.) plasma bombardment.
(2) Specimen: graphite (isotropic, POCO: AXF-5Q).

)
(3) Total erosion yield estimated from weight loss (>1 mg).
(4) Ionization mean free path calculated for CHy + e — CHJ + 2e.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 1072[A; exp(—(T — Ay)?/A3)T4* + Asexp(—AsT)T47] [atoms/ion]

where T is in °C. The rms deviation of the analytic fits for reactions A () and B (O) are 10.3%
and 5.1%, respectively.

Fitting parameters A;-A;

A 1.1064E+01 5.8833E+02 7.4066E4+04 -2.5537E-01  5.8230E-02 . 4.3067E-03
6.2737E-01

B . 5.8824E-05 4.3032E4+02 4.1400E+04  1.5427E+00  3.4868E-01 -1.6220E-03
-1.9842E-01

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A, B: SAT H [+1] GRAPHITE T=POCO-AXF5Q C [+0]

N T T T T T T T T

i

- H': 100 eV/H', 1.5x10™ H'/cm’s
T
% 10 EL ® Erosion regime (A>15 cm) E
£ - O Hydrocarbon redeposition regime(A,=5 cm) 7
e} C i
8 B i
ke L 4
°
> A2
s 10 F ° 5
7 C ® ]
9 - —
w . i

1 0'3 1 ] 1 1 I ] i | 1
0 200 400 600 800 1000
T(0)
Legend:
—— Analytic Fit
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4.2.1.16 HT + POCO, ATJ, pyrolytic graphite, carbon/carbon compo‘site - C

Source: D. M. Goebel, J. Bohdansky, R. W. Conn, Y. Hirooka, B. LaBombard, W. K. Leung,
R. E. Nygren, J. Roth and G. R. Tynan, Nucl. Fusion 28, 1041 (1988).

Accuracy:  Yield: £20%; T: £5%.

Comments: (1) High-flux (~10'® H*/cm?s), steady-state (>10 min.) plasma bombardment.
(2) Specimen: isotropic graphite (POCO, ATJ), pyrolytic graphite (Union Carbide),
a 4D C/C composite (FMI).
(3) Total erosion yield estimated from weight loss (>1 mg).
(4) Large ionization mean free path, i.e. no redeposition effect (see 4.2.1.15).

Analytic fitting function:

Erosion yield:
T - A,

m)z/A4] TA5 + Ae exp(—A7T)TA3 [C/H_L]

Y = Ayexp[—(

where T is in °C. The rms deviation of analytic fits for reactions A (O) and B (o, ) are 10.2%
and 8.2%, respectively.

Fitting parameters A;-Ag

A 1.1867E-04 4.1624E+02  -1.2826E-03  4.2387E+05  7.6020E-01 4.7241e-46
3.4420E-02 1.8851E+01

B 2.5283E-02 5.9249E+02 -7.4742E-04 2.6748E+05 -5.6694E-02  1.0273E-09
3.2171E-03 2.6383E4-00

ALADDIN evaluation function for erosion yield: EYIELD8A

ALADDIN hierarchical labelling:

A: SAT H [+1] GRAPHITE T=POCO C [+0]
B: SAT H [+1] GRAPHITE T=CC-COM-WE C [+0]

1

10- T T T T T T T T T

H* (100 eV), 1.5x10" H'/cm’s

T T T 107

T
I

\
N

® ATJ graphite
O Poco graphite

A Pyrolytic graphite

o C-C composite weave

Erosion yield (atoms/ion)
=)

Legend:
—— Analytic Fit
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Source:

Accuracy:

Comments:

4.2.1.17 HT + POCO graphite - C

D. M. Goebel, J. Bohdansky, R. W. Conn, Y. Hirooka, B. LaBombard, W. K. Leung,
R. E. Nygren, J. Roth and G. R. Tynan, Nucl. Fusion 28, 1041 (1988).

Yield: +20%; T: £5%.

(1) High-flux (~10'® H* /cm?s), steady-state (>10 min.) plasma bombardment.

(2) Specimen: isotropic graphite (POCO: AXF-5Q).

(3) Total erosion yield estimated from weight loss (>1 mg).

(4) Notice the effect of redeposition as a function of CH4 ionization mean free path

(M)

Analytic fitting function:

Erosion yield:

Y

=1.0 x 107%[4; exp(—(T — A42)?/A3)T** + Asexp(—A4¢T)T*"] [C/HT]

where T is in °C. The rms deviation of analytic fits for reactions A (), B (O) and C (A) are
13.5%, 5.0% and 0.5%, respectively.

Fitting parameters A;-Ay;

A 3.4163E+01  6.0118E+02  6.5418E+04 -4.3152E-01  1.0482E-01 4.9230E-03

4.6635E-01

B 9.5249E-04 4.5051E+02  4.4423E+04 1.0417E+00  3.4254E-01 -6.5140E-04
-1.0204E-01

C 2.7204E-01 5.5148E4+02  2.4285E+05  1.1304E-02 9.8609E-02 2.1408E-03
-9.7756E-04

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A-C: SAT H [+1] GRAPHITE T=POCO-AXF5Q C [+0]

Erosion yield (atoms/ion)

L T [ T T T | T T
- [H)=1.5x10"° H'/cm’s (erosion regime) -
- [H']=5.8x10" H'/cm’s (redeposition regime) .
ot L eneray: 100 eV/H’ : i
- e (A>15 cm) Erosion .
[ O (A=5cm) Partial Redeposition ]
A (A=1 cm) Redeposition
10-2 = =
C , e
1 0 3 1 | 1 | 1 1 1 ] 1
0 200 400 600 800 1000
T (C)
Legend:
—— Analytic Fit
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4.2.1.18 H* 4+ MPg-8 graphite -+ C

Source: M. I. Guseva and Y. V. Martynenko, J. Nucl. Mater. 1288129, 798 (1984).
Accuracy: Indeterminate.

Comments: (1) Weight loss measurement.
(2) Specimen: graphite (MPg-8).
(3) H* ions: mass-analyzed ion beams.

Analytic fitting function:

Sputtering yield:
Y = 1.0 x 1072[A; exp(—(T — A3)?/A3)T44 + Asexp(—A¢T)T47] [atoms/ion]

where T is in °C. The rms deviation of the analytic fit is 7.9%.

Fitting parameters A;-A-;

8.6054E4+00 4.9828E+02 5.7139E+03  7.0882E-04 1.3311E-02 -1.0002E-03
7.6678E-01

ALADDIN evaluation function for sputtering yield: EYIELD7A

ALADDIN hierarchical labelling:

SATM H [+1] GRAPHITE T=MPG-8 C [+0]

1 Oo T 1 1 1 T 1 T [ T T | T T T [ T T 1 E
= . i
o - i

2
s 10 E
= : .
o - 4
Q i 7
> L .

g |,
g 1 0- F + 3
= - EH"' =10 keV oH .
a n .
(2] L _

1 0'3 1 ] ] | L1 I ] 11 ] ] L1 | | R B
0 400 800 1200 1600 2000
T (C)
Legend:
—— Analytic Fit
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Source:

Accuracy:

Comments:

4.2.1.19 H' 4 carbon fiber composites - CH,

H. Grote, W. Bohmeyer. H.-D. Reiner, T. Fuchs, P. Kornejew and J. Steinbrink, J.
Nucl. Mater. 241-243, 1152 (1997).

Yield: 20%.

(1) Steady-state methane production measured via QMS and spectroscopically.

{2) Total erosion yield measured by mass loss.

(3) Experiments were performed in the plasma generator PSI-1 at the Max Planck
Institute for Plasmaphysics (Berlin).

(4) Specimen: Advanced carbon fiber composites, including silicon-doped
NS 31 (SEP).

Analytic fitting function:

Erosion yield:

Y = 1.0 x 10724, exp[—(

T - Ay

;Epj)z/fl‘;]T"5 + Agexp(—A;T)T#¢] [C/H]

where T is in °C. The rms deviation of analytic fits for reactions A (A), B (¢) and C (e, o) are
5.8%, 3.4% and 10.7%, respectively.

Fitting parameters A;-Ag

A 1.2891e-01 3.8955e+04  7.3415e-02 2.9382e+06  6.3560e-01 -7.2101e-08
1.3744e-03 2.9252e+00

B 3.0329e-01 8.3766e+4-02 1.2720e-03 1.2729e+05  8.5210e-01 -1.6160e-08
3.1513e-03 3.7389e+-00

C 1.8457e-02 4.8573e+02 6.0603e-04 1.3864e+04  6.1152e-01 1.3770e-10
1.2098e-02 4.4985e+00

ALADDIN evaluation function for erosion yield: EYIELD8A

ALADDIN hierarchical labelling:

A: SATM H [+1] GRAPHITE T=CFC CH{4} [+0)
B: SATM H [+1] GRAPHITE T=CFC CH{4} [+0]
C: SATM H [+1] GRAPHITE T=CFC D=Si CH{4} [+0]

T T T T T T T T T T T
A Concept Il; passive spectrosc. (CH)
3 <30 eV H O Concept |l; Mass spectrometry (dynamic) ~}
@ Concept lI; weight loss (static)
— 18+ 2 ONS 31 xy; mass spectrometry (dynamic)
+I [H]:1.2x107 H'/em’s ONS 31 xy; weight loss (static) _
S~
&)
)
(@) - —
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o
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21
e
w
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Legend:
—— Analytic Fit
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4.2.1.20 Hj + pyrolytic graphite — CH,

C.H. Wu, J. W. Davis and A. A. Haasz, in 15th European Conf. on Controlled Fusion

(2) Specimen: pyrolytic graphite.
(3) Incident ions were mass-analyzed.
(4) Methane measured by QMS-RGA.

Source:
and Plasma Heating, Dubrovnik, May 16-20, 1988, Europhysics Conf. Abstracts Vol.
12B Part II, p. 691.

Accuracy:  VYield: £20%; T:+25K.

Comments: (1) Steady-state methane yield.

Analytic fitting function:

Methane yield:

Y = Ayexp(—(T - /‘12)2/443)7#14 [CH,4/HY]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (), B (o), C (s}, D (O)
and E (o) are 4.0%, 9.9%, 12.3%, 4.2% and 10.2%, respectively. Data for curve E were fitted with
EYIELDOYA. v

Fitting parameters A;-Ag

A 3.7824e-06 5.8045e+02  4.6327e+04  1.1789e+00

B 5.8662e-06 5.9048e+02  4.5106e+04  1.1565e+00

C 4.6750e-03 6.7132e+02  4.4584e+04  1.5655e-01

D 8.1540e-02 7.1178e+02  2.7038e+04  -2.3190e-01

E 1.1410e+00  7.3459e+02  3.6485e+04  -5.1736e-01 -2.2932¢-04 2.2545e-03
1.1034e+00  -9.6278e4-00 -3.6701e-01

ALADDIN evaluation function for methane yield: EYIELD4B, EYIELD9A

ALADDIN hierarchical labelling:

A-E: SATM H{3} [+1] GRAPHITE T=HPG CH{4} [+0]

0 - 04 T I 1 T T T T
T T T

%20 eV/H" (3.3x10" H'em?)

030 eV/H' (3.8x10"° H'/cm’s)

@50 eV/H' (6.5x10" H'/cm’s)

070 eV/H' (4.0x10" H'/cm’s)

+'£ 0.03 - ©100eV/H" (3.4x10° H'/em’s) -
T i _
A
3 0.02 -
=
)
c - -
©
=
g 0.01 -
0.00 ! | ! I 1 1 ] 1 ] J | ]
300 400 500 600 700 800 900 1000
T(K)
Legend:
— Analytic Fit
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4.2.1.21 HJ + pyrolytic graphite - CH,

Source: C. H. Wy, J. W. Davis and A. A. Haasz, in 15th European Conf. on Controlled Fusion

and Plasma Heating, Dubrovnik, May 16-20, 1988, Europhysics Conf. Abstracts Vol.
12B Part 11, p. 691.

Accuracy:  Yield: +£20%; T: £25K.

Comments: (1) Steady-state methane yield.
(2) Specimen: pyrolytic graphite.
(3) Incident ions were mass-analyzed.
(4) Methane measured by QMS-RGA.

Analytic fitting function:

Methane yield:
T - A
Y = A exp [—( 2

AT +1

)?/As) T4 + Ag exp(—AsT)T#  [CH,/H*]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (o), C (e) are 7.6%,
8.0% and 7.6%, respectively.

Fitting parameters A;-Ag

A -1.4548e-03 5.8859e+02 0.0 -1.2162e+06  1.0618e+00 1.6738e-02
-8.4585e-04 6.0329¢-01

B 3.0486e-04 7.3755e+02  -6.0950e-04 7.7910e+04  7.7876e-01 6.4412e-10
1.0589e-03 2.3996e+-00

C 3.9047e-04 7.3698e+02  -5.6793e-04 6.7293e+04  7.8241e-01 6.6166e-09
-2.9134e-03 1.4582e+4-00

ALADDIN evaluation function for methane yield: EYIELDSA

ALADDIN hierarchical labelling:

A-C: SATM H{3} [+1] GRAPHITE T=HPG CH{4} [+0]

0.08 1 T T T T T T
* 100 eV/H' (2.5x10™ H'/em®)
| 0150 eV/H" (2.6x10™ H'/cm?s) 0 ]
®200 eV/H' (2.6x10™ H'/cm’s)
0300 eV/H* (2.5x10" H'/em’s)
 0.06 ~ -
<
T L ]
e
2 0.04 | -
=
o
C - i
©
£
S 0.02 - ]
O 00 ¢ ] ] | ] ] 7 1
300 500 700 900 1100
T (K)
Legend:

—— Analytic Fit
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4.2.1.22 H7 + pyrolytic graphite - CH,

Source:  C.H.Wu, J. W. Davis and A. A. Haasz, in 15th European Conf. on Controlled Fusion
and Plasma Heating, Dubrovnik, May 16-20, 1988, Europhysics Conf. Abstracts Vol.
12B Part I1, p. 691.

Accuracy:  Yield: £20%; T: +£25K.

Comments: (1) Steady-state methane yield.
(2) Specimen: pyrolytic graphite.
(3) Incident ions were mass-analyzed.
(4) Methane measured by QMS-RGA.

Analytic fitting function:

Methane yield:
Y = A, exp(—A2E)E4 + A4E4s  [CH,/H™)

where E is in eV. The rms deviation of analytic fits for reactions A (A) and B (e) are 1.3% and
5.7%, respectively.

Fitting parameters A;-As

A 1.9272¢-02 1.0871e-04 1.0147e+00  -2.0039e-02 1.0
B 2.1703e-06 -2.7961e-02 1.2126e+00  1.2065e-03 5.9902e-01

ALADDIN evaluation function for methane yield: EYIELD5A

ALADDIN hierarchical labelling:

A, B: SATM H{3} [+1] GRAPHITE T=HPG CH{4} [+0]

1

10- T 1 T T T 1T I T I T 1 TT
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S I T |

T=T,=600-775 K
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= _ _ 7
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10 100 1000
H" energy (eV)
Legend: ‘

—— Analytic Fit

113



4.2.1.23 HJ + pyrolytic graphite - CH,4

Source: J. W. Davis, A. A. Haasz and P. C. Stangeby, J. Nucl. Mater. 145-147, 417 (1987).

Accuracy: Yield: £15%.

Comments: (1) Steady-state methane yield at T = Ty,.
(2) Specimen: graphite (pyrolytic).
(3) H* ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = A (log F)® + Ay(log F — A3)? + A, [CH4/HT]

where flux density F is in H /cm?s. The rms deviation of the analytic fits for reactions A (e) and
B (O) are 2.0% and 1.2%, respectively.

Fitting parameters A;-A,

A -5.2208E-04  -1.0261E-03  4.4188E+00  8.8531E-02
B 4.0120E-03 -3.1265E-02  1.1364E+00  5.1185E-02

ALADDIN evaluation function for methane yield: EYIELD4C

ALADDIN hierarchical labelling:

A, B: SATM H{3} [+1] GRAPHITE T=HPG CH{4} [+0]

0.100 T T T TTTTIg T T T TTITIT T T llilll[ T T T TTTIT

0.080 [ ® -
0.060

0.040 - .

- Normal incidence .

o D9 keV H," (3 keV/H")
0.020 T=T, ®3keV H, (1 keV/H")

Methane yield (CH,/H")
T [
1 ]

OOOO Lo gt Lol RS et f ol i it
013 1014 1015 1016 1 017
[H'] (H'7em’s)
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4.2.1.24 HI + pyrolytic graphite - CH,

Source: J. W. Davis, A. A. Haasz and P. C. Stangeby, J. Nucl. Mater. 145-147, 417 (1987).
Accuracy:  Yield: +15%.

Comments: (1) Steady-state methane yield.
(2) Specimen: graphite (pyrolytic).
(3) H* ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.
(5) T, varies with flux density.

Analytic fitting function:

Methane yield:
Y = A;(log F)® + As(log F — A3)* + Ay [CH4/HT)

where flux density F is in H* /cm®s. The rms deviation of the analytic fits for reactions A (O),
B (e), C (V) and D (A) are 5.0%, 4.0%, 4.8% and 3.1%, respectively.

Fitting parameters A;-Ay

A 6.4769E-03 -3.0002E-01  7.7637TE+00  -6.1087E+00
B -2.6514E-04  -6.5368E-03  2.9558E+01  2.3540E+00
C -5.1448E-05  -4.5646E-04  3.2206E+01 3.5601E-01
D -1.9148E-04  -3.5140E-03  3.1443E401 1.6709E+00

ALADDIN evaluation function for methane yield: EYIELD4C

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=HPG CH{4} [+0]

0-10 T T T IIIIII T T T l]IIII T 1 T llllll T 1 T 1T 1T TTT
- 3keV H," (1 keV/H") , ' -
0.08 —
T I i
Iﬂ'
O 0.06 - —
o
Q0 N 7
> 0 850 K
% 0.04 - ®800K |
£ L A750K |
@ V700K
= 0.02 | il
000 l’t Pl Lol bt rranl Lt b1
10" 10" 10" 10" 10"
[H'] (H7cm’s) |
Legend:

—— Analytic Fit
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4.2.1.25 HJ + pyrolytic graphite - CH,

Source: J. W. Davis, A. A. Haasz and P. C. Stangeby, J. Nucl. Mater. 145-147, 417 (1987).
Accuracy: Yield: £15%; T: +25K.

Comments: (1) Steady-state methane yield.

2) Specimen: graphite (pyrolytic).

3) HY ions: mass analyzed accelerator.
4) Methane measured via QMS-RGA.
5) The yield profile broadens with decreasing H* energy.

Analytic fitting function:

Methane yield:

Y = 1.0 x 107%[A4; exp(—(T — A2)?/A3)T#* + Asexp(—AsT)T?"] [CH4/HT]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (30), B (e), C (A) and
D (%) are 9.4%, 16.2%, 3.7% and 3.5%, respectively.

Fitting parameters A;-Ay

A 1.8477E+00
6.5571E-02
B 5.5314E+00
2.4187E-02
C 2.8412E+400
9.1608E-04
D 1.7650E+00
1.7083E-01

8.0277E+02  9.3883E+03

8.0253E+02  1.3733E+04

7.8883E+02  2.4535E+04

5.1567E4+02  3.3606E+05

1.4408E-01

1.7511E-02

9.7328E-02

1.7160E-01

1.1926E-01 -1.5480E-03
5.0406E-02 -2.4552E-03
7.7704E-02 -2.3344E-03

-5.2622E+00 2.5640E-03

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=HPG CH{4} [+0]

0.08 T , — ,
0 9keV H, (3 keV/H")
- ®3keVH, (1keVH')
Flux: 10'® H"/cm’s A 900 eV H," (300 eV/H")
i 0.06 - * 300 6V H," (100 eV/H") |
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Legend:

—— Analytic Fit
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Source:
Accuracy:

Comments:

4.2.1.26 H} + pyrolytic graphite - CHy, CD4, Cheavy C

B. V. Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).

Yield: +£20%; T: +25K.

(1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totar = [CHa + 2(C2Ho + C2Hy + CoHg) +
3(CsHg + C3H3)]/H+.

(6) Y heavy is the hydrocarbon contribution excluding methane = [2(CoH, + CoHy +
CQHG) + 3(C3H6 + C3H8)]/H+

(7) CD4 data from A. A. Haasz, B. V. Mech and J. W. Davis, J. Nucl. Mater. 231,
170 (1996).

Analytic fitting function:

Erosion yield:

Y = Ay exp[—(

T - A,

A.T + 1)2/A4]TA5 + Ag exp(—A-T)T“® [molecules/H"]

where E is in eV. The rms deviation of analytic fits for reactions A (e), B (¢), C (O) and D (o)
are 0.6%, 1.6%, 1.1% and 4.5%, respectively. Data for curve D were fitted with EYIELD7A.

Fitting parameters A;-Ag

1.0188E-01  5.7089E+01  5.7600E-02  3.9753E+02 -4.5335E-01  4.4392E-07  2.0066E-01
4.4162E+00 :

1.4324E-03  4.1769E+01  1.7059E-02  4.5410E+02 4.4657E-01  9.5095E-05  2.3482E-01
2.3627E+00 '

5.3365E-03 - 2.8327E+01  3.0219E-01  8.0705E+00 1.9724E-01  4.0015E-07  2.0414E-01
4.5131E+00

1.5970E-01  3.3830E+01  1.4799E+03 3.6776E-01  1.4210E-03  2.2217E-02  1.7469E+00

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD8A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{X}H{Y} [+0]
D: SATM D{3} [+1) GRAPHITE T=HPG99 CD{4} [+0]
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Legend:

— Analytic Fit
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4.2.1.27 H;' + pyrolytic graphite — CHy, CDy, Cheqvy, C

Source: B. V. Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).
Accuracy:  Yield: £20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

~(5) Yield for total chemical erosion, Yepem—totar = [CHy + 2(CoHg + CoHy + CoHg) +
3(C3Hg + C3Hg)]/H+
(6) Yheavy is the hydrocarbon contribution excluding methane = [2(CyHy + CoHy +
CoHg) + 3(C3Hg + CgHg)]/H+.
(7) CD4 data from A. A. Haasz, B. V. Mech and J. W. Davis, J. Nucl. Mater. 231,
170 (1996).

Analytic fitting function:

Erosion yield:

E - A
Y = Ay exp[~( 2

TE+1 1)2/144] E*s + Agexp(—A7E)E“®  [molecules/H™]
3

where E is in eV. The rms deviation of analytic fits for reactions A (o), B (¢), C (O) and D ()
are 3.0%, 0.6%, 1.7% and 0.9%, respectively. Data for curve D were fitted with EYIELD7A.

Fitting parameters A;-As

9.8661E-01 2.7170E+02  2.1804E-02 1.9008E+04  -7.2224E-01  1.4698E-11 2.4909E-01
8.2721E4-00
3.2463E-03 4.9218E+01  2.0453E-02 7.7061E4+02  3.8938E-01 1.8014E-04 2.3175E-01
2.4008E+00
2.5289E-03 2.9667E+01  3.87564E+00  2.5747E-02 6.8317E-01 9.5568E-04 1.3677E-01
1.6614E+00
9.5225E+02 -2.8174E+02 3.7916E4+03 5.1060E+00  3.2247E-01 3.5542E-03 4.5442E-01

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A: SATM H{3} [+1) GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{X}H{Y} [+0]
D: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
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Legend:

—— Analytic Fit
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4.2.1.28 Hj + pyrolytic graphite —» CHy, CDy, Cheqvy, C

Source:  B.V.Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).
Accuracy: . Yield: £20%; T: +£25K.
Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totar = [CHs + 2(CoHs + CoHy + CoHg) +
3(CsHg + C3Hg)]/H+.

(6) Yheavy is the hydrocarbon contribution excluding methane = [2(C2H, + CoHy +
CQHG) + 3(C3H6 + C3Hg)]/H+.

(7) CD4 data from A. A. Haasz, B. V. Mech and J. W. Davis, J. Nucl. Mater. 231,
170 (1996). :

Analytic fitting function:

Erosion yield:

Y = Al exp[—( E—AZ

A3E + 1)2/‘44]15”45 + Agexp(—A7E)E#*  [molecules/H™)

where E is in eV. The rms deviation of analytic fits for reactions A (e), B (o), C (O) and D (o)
are 0.7%, 2.2%, 0.5% and 2.4%, respectively. :

Fitting parameters A;-Ag

4.5809E-03

3.3830E4+01  8.7802E-02 4.1733E4+02  4.2741E-01 9.4459E-09 2.0532E-01
5.6781E+00 : '
2.1999E-04 1.7681E+01  1.6535E+00  2.4838E-01 1.1237E4+00  -9.9404E-07  7.8074E-02
2.8235E+00 ‘
5.3545E-02 2.7489E+02  1.3589E+00 3.6541E+02 -2.8454E-01 -6.6456E-08  4.5379E-01
6.7221E+00
2.6094E-05  4.2362E+01  1.1827E-01 3.4837E+01  1.5989E+00  1.2969E-04  4.7156E-02
1.4464E+00 |

ALADDIN evaluation function for erosion yield: EYIELDSA

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 C{X}H{Y} [+0]

D: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
10"

7

- £ ]
Q‘, . 800K 110" H/em’s ]
8 - 3x10" D'/em’s i
.- - ]
I
\V - |
I
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+210° E _
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% B eC for H* .
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) - ocH, i
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o B ©CD, (Haasz et al. 1996) .
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u Legend: - Energy (eV/H", eV/D")
Analytic Fit
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4.2.1.29 H 4+ pyrolytic graphite - CH,, CDy, Cheavy, C

Source: 'B. V. Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).
Accuracy:  Yield: +£20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Yepem—totar = [CHa + 2(CoHo + CoHy + CoHg) +
3(03H6 + 03H8)]/H+.
(6) Y heauy is the hydrocarbon contribution excluding methane = [2(CyH2 + CoHy +
CoHg) + 3(C3Hg + CgHs)]/H"’.
(7) CD4 data from A. A. Haasz, B. V. Mech and J. W. Davis, J. Nucl. Mater. 231,
170 (1996).

Analytic fitting function:

Erosion yield:

Y = A1 (log E)® + As(log E — A3)®> + Ay [molecules/HT]
where E is in eV. The rms deviation of analytic fits for reactions A (e), B (o), C (O) and D (o) are
34.3%, 34.5%,41.4% and 30.1%, respectively. Data for curves B and C were fitted with EYIELD5A
and EYIELD4A, respectively.

Fitting parameters A;-Ag

oQwe

-1.0046e-04 -4.8686e-05 8.1911e+01 3.1109e-01

3.7220e-03 3.6924e-06 1.6784e+-00 -3.7160e-03 1.6785e+-00
5.6014e-03 5.1596e-05 9.9956e-01 -5.5056e-03

-1.7060e-03 1.7566e-02 1.5534e4-00 1.2216e-01

ALADDIN evaluation function for erosion yield: EYIELD4A, EYIELD4C, EYIELD5SA

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{X}H{Y} [+0]
D: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]

= T ]7 ] T T 1 T T T 1 1 | 1 3
+E - 3
= | 1000 K 1x10* H'/em’s i
D 3 14 + 2 ‘
2 x10" D'/cm’s _
o 10k 8 3
+ S 3
j\:v E :
I B _
© -3
L 10 E;: —i
S~ L .
= - ]
3 N 1
§ i ecC forH* i
9 10-4 = 5 o Cr‘:m-mu 'é
T e a C,‘°avy 3
Q C © CD, (Haasz et al. 1996) ]
> =
= I
o 10’5 ! 1 1 FE O S | 3 |
1
S 10 10
w Energy (eV/H", eV/D")
Legend:

—— Analytic Fit
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4.2.1.30 HJ + pyrolytic graphite - CH,4, C

Source: B. V. Mech, A. A. Haasz, B. V. Mech and J. W. Davis, J. Nucl. Mater. 241-243,
1147 (1997).

Accuracy:  Yield: :E20%; T: +25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Yenem—totar = [CHa +2(CoHy + C2Hy + CoHg) +
3(03H6 + CaHg)]/H+.
(6) Sub-eV impact results are from J. W. Davis, A. A. Haasz and P. C. Stangeby, J.
Nucl. Mater. 155-157, 234 (1988).

Analytic fitting function:

Erosion yield:

E—-A4; 2 A "

Y=4 (= E* + A —A7E)E#s lecules/H+
1exp[ (A3E+1) /A4] + Ag exp(—A7E) [molecules/H™]

where E is in eV. The rms deviation of analytic fits for reactions A (7, A), B (o, ¢) are 11.1% and
17.9%, respectively. Data for curve A were fitted with EYIELD5A.

Fitting parameters Ai-Ag

A 6.8636E-05 5.0934E-02 2.1361E+00  7.3228E-03 2.0695E-01
B 4.7655E+02  2.9972E+01  -7.1189E-03  1.0535E-01 -4.0927E+00 1.1887E-03
1.0712E-02 7.6986E-01

ALADDIN evaluation function for erosion yield: EYIELD5A, EYIELD8A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

-1

10

T IR T T T TTTTTg T LR EALA] T T T 1TTTTH

T =500K

1x10" H'/cm’s

[

T T TTTTT]

ol

T
1

Erosion yield (C/H", CH,/H")

10° L V C gpom-toray DVIS €t al. 1988 |
E chem-total 3
C © CH,, Davis et al. 1988 J
i ®CH, ]
10‘4 - L1 llllLLLO [E Illlll]1 11 llllu_Lz 141111_|J|3
10 10 10 10 10
v Energy (eV/H")
Legend:
— Analytic Fit
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Source:
Accuracy:

Comments:

4.2.1.31 HY + pyrolytic graphite — C:H,, C

B. V. Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).
Yield: +£20%; T: £25K. '

(1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA. :

5) Yield for total chemical erosion, Y, pem—totat = [CHs + 2(CaHa + CoHy + CyHg) +

Analytic fitting function:

Erosion yield:
Y = Ayexp(—(T — A»)?/As)T** + As exp(~AeT)TA"

(
3(C3H6 + C3H3)]/H+.

[molecules/H™]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (s), C (o), D (A), E

(), F (O) and G (o) are 3.3%, 27.3%, 21.7%, 14.8%, 34.7%, 54.7% and 25.3%, respectively. Data
for curve C were fitted with EYIELD4B.

Fitting parameters A;-Av

A 2.5252e+00  6.1855e+02  5.8856e+04  -7.5716e-01 -2.9911e+02  2.491 8e-02 -9.9931e-01
B 6.3237e+00  5.4913e+02  7.5691e+04  -1.0451e+00 -1.6428¢+00 1.9621e-04 -1.0360e+00
C 4.9888e+00  7.8315e+02  8.1618¢+04  -1.4159e+00
D 4.8491e-03 6.7700e+02  4.9600e+04  -1.6439e-01 -5.7057e-03 -1.5683e-03 -8.7528e-01
“E 5.8575e-03 6.2819e+02  4.5333e+04  -2.2906e-01 -3.4117e-17 4.8694e-03 4.7241e+00
F 6.2786e-03 5.4467e+02  5.0130e+04  -2.0568e-01 3.2568e-06 5.4475e-04 4.1681e-01
G 2.5163e-01 6.9355e+02  8.010le+04  -8.7359e-01 -1.0432e-05 2.8738e-02 1.9807e+00
ALADDIN evaluation function for erosion yield: EYIELD4B, EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
F: SATM H{3} [+1]) GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
4 — T T T T T T . T
10 . . E
30 eV H,” (10 eV/H") w o 5 3
— 1X10 " H'/cm’s i
3 10° .
5 -
3 -
8 4
S 10° =
é * Cc.hom-ioul ?
% " oCH, -
2 OCH,
> 10 ac
o VCH,
@ Y OCH
(] -5 v 3 ‘e
th 10 OC.H,
1 O'e I 1 1 1 1 | L I !
. 200 400 600 800 1000 1200
T (K)
Legend: '
— Analytic Fit
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Source:
Accuracy:
Comments:

4.2.1.32 H;’ + pyrolytic graphite - C,H,, C

B. V. Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).
Yield: £20%; T: £25K.

(1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totar = [CH4 +2(CoHs + CoHy + CoHg) +
3(C3Hg + CsHg)]/H™.

(6) Only total yields were shown in the original publication.

Analytic fitting function:

Erosion yield:

Y = A; exp(—(T — A3)?/A3)TA* + As exp(—AsT)T*"  [molecules/H*)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (e), C (o), D (A),
E (y), F (O) and G (o) are 3.1%, 11.1%, 6.3%, 42.7%, 78.8%, 11.5% and 15.1%, respectively. Data
for curve E were fitted with EYIELD5A.

Fitting parameters A;-Ay

A 1.3811e-04 5.6224e+02 1.1367e+05 7.2072e-01 1.7398e-09 7.5552e-03 3.0778e+00
B 1.1206e-04 4.6523e+02 1.0688e+05 6.8451e-01 -9.9468e-08 = 7.7480e-03 1.9862e+00
C 1.8971e+00 7.9466e+02 1.3764e+04 -1.2791e4+00  7.8195e-07 1.1634e-03 9.5828e-01
D 1.1546e-08 6.5077e+02 3.4578e+04 1.6639e+00 1.1899e-02 -9.1248e-04 -7.4068e-01
E 4.2865e-03 1.5636e-03 2.5651e-01 -2.7159e-01 -5.8753e-01
F 1.3218e-04 4.7638e+02 1.1028e+05 3.4647e-01 2.2655e-07 9.1987e-04 1.2243e+00
G 7.1843e-05 6.4987e+02 6.5633e+04 2.7414e-01 4.0288e-04 -1.9194e-04 -4.0634e-02
ALADDIN evaluation function for erosion yield: EYIELD5A, EYIELD7A
ALADDIN hierarchical labelling;:
A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
' ‘1 T ' T | 1 [ ] l T
10 = 45eV H," (15 eV/H") 3
— = 1x10" H/cm®s 3
L i ]
a 2
[&] = 3
q_) — g
R a i
5 10° E : : g
© E E
> C ]
S L i
g 10" ¢ E
L = 3
10'5 I I i 1 | ! | i | ' 1 |
200 400 600 800 1000 1200
T (K) ‘
Legend:
—— Analytic Fit
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Source:
Accuracy:
Comments:

4.2.1.33 Hj + pyrolytic graphite - C,H,, C

B. V. Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).
Yield: £20%; T: £25K.

(1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Ypem—totar = [CHs +2(C2Hs + CoHy + CoHg) +
3(03H5 + C3H3)1/H+.

(6) Only total yields were shown in the original publication.

Analytic fitting function:

Erosion yield:

Y = A exp[—(

T- A4,
AT +1

)2 /As] T4 + Ag exp(— A;T)T#  [molecules/H™]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (»), C (¢), D (4),
E (), F (O) and G (o) are 1.3%, 44.8%, 17.9%, 25.1%, 23.4%, 12.0% and 7.6%, respectively. Data
for curves E and G were fitted with EYIELD9A and EYIELD7A, respectively.

Fitting parameters A;-Ag

A 2.8404e-03 5.7683e+02  6.8440e+04  4.0121e-01 1.5793e+00 7.0998e-04 -8.3148e-01
B 1.3841e-03 5.9417e+02  6.4902e+04  3.0185e-01 5.1304e+00 1.4624e-03 -1.2235e+00
C 5.6389%-05  6.2400e+02  7.5638¢+04  4.3203e-01 2.5143e+03  -2.8373e-03 -3.0097e+00
D 1.5670e-04 5.9670e+02  4.3721e4+04  5.6658e-01 2.9617e+01 -7.4697e-04 -1.7544e+00
E 1.7603e-03 5.3149e+02 8.5541e+03  6.0135e-02 6.9281e-08 9.4258e-03 1.4712e+00
4.8395e-04 2.2376e+00
F 1.8631e-03 7.2709e4+02  3.5674e+04  -1.7582e-02 9.6169e-10 6.2517e-03 2.6573e+-00
G 1.0397¢-03 5.1883e+02  5.7100e-03 2.9622e+04  6.7699e-02 -2.6407e-04 -1.8367e-03
-8.6537e-02

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD8A, EYIELD9A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1) GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0)

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0)

Erosion yield (molecules/H")
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Legend:
—— Analytic Fit
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4.2.1.34 H} + pyrolytic graphite — C.H,, C

B. V. Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).
Yield: £20%; T: +£25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed. ,
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Yepem—totas = [CHy + 2(CoHa + CoHy + CoHg) +
3(CsHe + Cng)]/H+.

Source:
Accuracy:

Analytic fitting function:
Erosion yield: :
Y = A exp(—(T — 42)%/A3)T44 + As exp(—AsT)T?"  [molecules/H)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (»), C (o), D (4),

E (v), F (3O) and G (o) are 0.6%, 20.5%, 81.5%, 41.6%, 104.7%, 36.6% and 57.6%, respectively.
Data for curves F and G were fitted with EYIELD9A.

Fitting parameters A;-Ag

A 8.4982e-03 6.3662e+02 4.6840e+-04 2.1630e-01 7.0541e-11 9.4306e-03 3.8656e+00
B 3.1583e-03 5.6229e4-02 9.1805e4+04  2.5381e-01 9.4405e+00 4.7008e-02 8.9895e-01
C 7.9611e-04 6.8957e+02 5.4264e+-04 2.0072e-02 3.9758e-08 2.3302e-03 1.4519e+00
D 1.3479e¢-07 -1.1302e+03  6.1934e+405 2.3702e+00 -1.2745e-14 -9.6100e-03 2.1765e+00
E 2.3709e-07 -1.5367e+03  6.4125e+05 2.8494¢4-00 -3.6265e-09 7.3078e-03 3.0389e+00
F 1.5281e-03 6.9591e+-02 2.5631e+-03 3.6694e-02 2.1173e-18 1.9386e-02 5.2460e+00
3.3010e-14 6.7853e+00
G 1.8620e-02 6.6020e+02 4.5912e+-04  -4.9267e-01 6.8255e-10 1.4177e-02 3.5665e+00
-2.0835e+01  -5.5636e-01
ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD9A
ALADDIN hierarchical labelling:
~ A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
L T T T T T T T T T a
107 L 150V H," (50 eVH) 3 ]
—~ = 1x10" H/em®s 3
T n 3
g - .
5 10° & 5
Q = 3
R} = 3
g L N
~ -3 — *cdum-iohl—
D 10 3 ecH, 3
2 - OCH, 17
> C ACH, ]
-+ VCH,
g1k ook
§ ¢ och ]
10° L o .
E 1 1 1 | 1 1 L I ! 1 ! =
200 400 600 800 1000 1200 1400
T (K)
Legend:
—— Analytic Fit
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4.2.1.35 HJ 4 pyrolytic graphite - C,H,, C

Source: B. V. Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).
Accuracy:  Yield: £20%; T: £25K. '
Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yehem—totat = [CHa + 2(C2oHa + CoHy + C2Hg) +
3(C3H6 -+ CgHg)]/H+. '

(6) Only total yields were shown in the original publication.

Analytic fitting function:

Erosion yield:
Y = Aj exp(—~A,T)T4% + AsT4  [molecules/H™)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (), C (o), D (4),
E(v), F (O) and G (o) are 4.3%, 0.4%, 14.6%, 32.3%, 16.0%, 2.5% and 26.8%, respectively. Data
for curves A and C were fitted with EYIELD4B, data for curves B and F with EYIELD7A.

Fitting parameters A;-A-

QmMEgoQw s

2.0260e-05 5.8825e+02  1.0935e+-05 1.1779e+00

2.1492E-01 6.9483E+02 2.7036E+04  3.2009E-01 8.8435E-06 2.8511E-03 2.0093E+00
2.2725e+11 1.0186e4-03  7.3466e+04  -4.7986e4-00

1.3926e-15 7.3050e-03 5.1445e4-00  -4.8667e-05 4.8930e-01

1.8294e-11 7.1600e-03 3.5137e+00  -7.4654e+00 -1.7416e+00

2.8996E-02 4.3202E+02 9.6198E+03  2.0167E-01 1.2507E-09 5.5878E-03 3.3167TE4-00
1.8478e-06 2.0468e-04 1.5595e4+00  -3.4956e-06 1.4364e+00

ALADDIN evaluation function for erosion yield: EYIELD4B, EYIELDS5A, EYIELD7A

ALADDIN hijerarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0)
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
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4.2.1.36 H:'{ + pyrolytic graphite - C.H,, C

Source: B. V. Mech, A. A. Haasz, and J. W. Davis, J. Nucl. Mater. 241-243, 1147 (1997).

Yield: £20%; T: +25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Yehem—totat = [CHy4 + 2(CoHy + CoHy + CoHg) +
3(C3Hg + CsHg)]/HT.

Accuracy:

Analytic fitting function:

Erosion yield:

Y = A exp[—( T-4

AT + 1)2/A4]TA5 + Ag exp(—A7T)T4*  [molecules/H"]
3 .

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (), C (o), D (A), E
(¥), F (O) and G (o) are 2.8%, 35.4%, 13.5%, 14.3%, 24.5%, 17.6% and 15.7%, respectively. Data
for curves A and C were fitted with EYIELD7A; data for curves B and D with EYIELD9A.

Fitting parameters A;-Ag

A 4.3240e-03 6.8332e+02 2.9754e4+04  3.4231e-01 1.4335e-09 4.9650e-03 2.9518e+4-00

B 4.0994e-03 7.0579e+02 1.8744e+04  3.2011e-01 6.4089e-10 7.8601e-03 1.8408e+00
5.3105e-06 3.2128e+00 :

C 4.9461E-09 -1.9579E+02 3.5731E+05 2.7031E+00 4.1098E4+03  5.1409E-03 -3.9353E+00

D 1.3586e-03 6.9383e+02 1.9543e4+04  8.2092e-02 2.5346e-07 5.3440e-03 7.7801e-01
9.6349¢-04 2.1309e+00

E 1.3940e-03 6.2024e+02 2.2314e-03 8.6293e+03 5.7676e-02 4.8044e-05 1.3716e-02
9.8863e-01

F 1.2008e-03 5.0003e+02 8.6839e-03 1.6638e+03 = 4.1696e-02 2.5445e-05 9.2024e-03
9.7260e-01

G 4.1954e-04 4.3729e+02 2.4448e-01 1.2312e+01 1.1301e-01 -1.8570e-09 -0.1527e-03
3.2747e-01

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD9A
ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]

D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]

E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]

F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]

G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
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4.2.1.37 H3+ + pyrolytic graphite — CHy, Chequy, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Y heavy is the hydrocarbon yield excluding methane = [2(C2H, + C2Hy + C2Hg) +
3(C3Hg + CgHg)]/H+. '
(6) Yield for total chemical erosion, Yophem—totai = [CHs + 2(C2H, + Co2Hy + CoHg) +
3(C3Hg + CgHg)]/H+. i

Analytic fitting function:

Erosion yield:
Y = A; exp(—A2/E)/(1 + Asexp(—A4/E)) [molecules/H]

where E is in eV. The rms deviation of analytic fits for reactions A (e), B (0), and C (O) are 23.4%,

18.1% and 18.2%, respectively. Data for curve C were fitted with EYIELD4C, and curve B with
EYIELDSA.

Fitting parameters A;-Ag

A 6.4037e-03 -1.5474e+02  5.1686e-01 -1.7134e+02

B 7.5386e-13 -6.0083e+02  1.68743e-03  1.767le+04  4.1591e+01 2.0875e-19
2.3833e-01 1.2519e+01

C -1.2130e-03 -1.2174e-03 6.1010e+00 3.4175e-02

ALADDIN evaluation function for erosion yield: EYIELD4C, EYIELD4D, EYIELDSA
ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 C{X}H{Y)} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
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4.2.1.38 HJ + pyrolytic graphite - CHy, Chequys C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy: -Yield: £20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(8) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yhequy is the hydrocarbon yield excluding methane = [2(CyH, + CoHy + CoHg) +
3(C3Hg + CzHs)]/H™.
(6) Yield for total chemical erosion, Yerem—totar = [CHa + 2(CoHy + CoHy + CoHg) +
3(CgH6 + CgHg)]/H+. . -

. Analytic fitting function:

Erosion yield:

Y = A, exp(~Az/E) /(1 + Asexp(—A4/E))  [molecules/H"]

where E is in eV. The rms deviation of analytic fits for reactions A (e), B (o), and C (O) are 6.6%,
3.7% and 12.0%, respectively. Data for curve A were fitted with EYIELD4A.

Fitting parameters A;-Ay

A 1.7791e-03 4.0822e4+00  -9.2427e-01 2.3551e-01
B 1.6449e-03 1.7676e-02 6.4953e-01 6.0001e-05
C 3.7161e-02 -9.3818e+01  3.2397e+00  -1.0222e+02

ALADDIN evaluation function for erosion yield: EYIELD4A, EYIELD4D

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 C{X}H{Y} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
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4.2.1.39 H;‘ + pyrolytic graphite — CHy, Chequy, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K. '

Cornments: (1) Steady-state hydrocarbon yield.

(1

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

(5) Y hequy is the hydrocarbon yield excluding methane = [2(CyH, + CoHy + CoHg) +
3(C3Hg + C3Hg)}/HT.

(6) Yield for total chemical erosion, Ychem total = [CH4 +2(CoHy + CyHy + CoHg) +
3(03 Hs + C3H3)]/H+

Analytic fitting function:

Erosion yield:
Y = A) exp(~A,E)E4 + A4E  [molecules/H¥]

where E is in eV. The rms deviation of analytic fits for reactions A (), B (o), and C (O) are 12.8%,
6.2% and 27.8%, respectively.

Fitting parameters A;-Ay

A 5.5699e-03 2.0323e-03 3.9959e-01 1.2266e-04
B 5.7669e-03 4.6909e-03 2.5321e-01 5.3672e-05
C 3.4874e-04 1.0803e-02 9.3713e-01 1.5091e-04

ALADDIN evaluation function for erosion yield: EYIELD4A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 C{X}H{Y} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
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4.2.1.40 Hj + pyrolytic graphite — CHy, Cheauy, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yheavy is the hydrocarbon yield excluding methane = [2(C,H, + CoHy + CoHg) +
3(C3H5 + CgHg)]/H+.
(6) Yield for total chemical erosion, Yepem—totar = [CHs +2(CoHy + CoHy + CoHg) +
3(C3Hg + C3H8)]/H+.

Analytic fitting function:

Erosion yield:

Y = A;(log E)® + As(log E — A3)? + Ay [molecules/H™)

where E is in eV. The rms deviation of analytic fits for reactions A (o), B (), and C (O) are 19.4%,
33.1% and 12.0%, respectively. Data for curve C were fitted with EYIELD4A.

Fitting parameters A;-A,4

A -1.2208E-02  5.4333E-02 6.6551E-01 7.6263E-03
B - -5.5669E-03  2.2715E-02 5.8191E-01 2.3524E-03
C 7.9516E-04 2.2406E-04 9.9101E-01 -7.1237E-04

ALADDIN evaluation function for erosion yield: EYIELD4A, EYIELD4C

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 C{X}H{Y} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
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4.2.1.41 HJ + pyrolytic graphite - C.H,, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K. - '
Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totar = [CHa + 2(C2Hy + CoHy + CoHg) +

3(C3H6 + CgHg)]/H+.
Analytic fitting function:

Erosion yield:

Y = Ay exp(=(Y — Ay)2/A3)YA* + As exp(—=Ag Y)YV A7(1 4+ AgY49)

[molecules/H]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (s), C (o), D (&),

E (v), F (O) and G (o) are 4.8%, 14.7%, 18.4%, 23.2%, 23.1%, 10.7% and 25.9%, respectively.
Data for curves A, F and G were fitted with EYIELDT7A.

Fitting parameters Ai-Ay

2.2123e-07 6.0297e+02 2.7118e+04 1.6944e+00 3.2014e-15 1.0154¢-02 5.3807e+00
9.9001e-08 5.7186e+4-02 3.4920e+04 1.7335e+00 5.6813e+00 -1.1058e-04 -1.0639e+00
-1.6549e+00  -1.0429e-01
2.4453e-09 5.9775e+02 1.8740e+04 1.6925e+00 2.0535e-23 1.3875e-02 8.0566e+00
1.1370e+09  -3.7261e+00
6.0025e-09 6.4656e+02 1.7353e+04 1.8609e+00 4.7189%e-23 1.3730e-02 ~ 8.1013e+00
1.4498e+04  -1.8326e+00
4.2733e-09 6.5462e+02 1.4843e+04 1.8823e+00 4.8391e-23 1.5626e-02 8.4567e+-00
-7.9192e+00 -5.1961e-01
1.0207e-09 6.1304e+02 2.8408e+04 2.0791e+4-00 1.6847e-15 9.7210e-03 5.0416e+-00
8.1316e-10 5.9961e+02 2.3158e+4-04 1.8849e+00 1.3672¢-18 1.3406e-02 6.2401e+-00
ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD9A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H{3} [+1]) GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} (+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
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Legend:
—— Analytic Fit
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4.2.1.42 H;" + pyrolytic graphite - C,H,, C
B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Yield: £20%; T: +25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Y pem—totar = [CH4 + Q(Cg H; + C;Hy + C‘)Hﬁ) +
3(C3H6 + C3Hg)]/H+.
Analytic fitting function:
Erosion yield:

Y = Alexp[—-(

Source:
Accuracy:

T - A

AT + 1)2/A4]TA5 + Ag exp(—A;T)T4¢ - [molecules/HT]
3

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (e), C (o), D (A),

E (v), F (O) and G (o) are 3.3%, 10.7%, 34.4%, 31.4%, 13.5%, 15.5% and 32.9%, respectively.
' Fitting parameters A;-Ag

5.1092E-05 6.0122E+02  2.3783E-01 3.9374E-01 6.0214E-01 2.9303E-16 1.1435E-02
5.8511E+00
1.1997e-03 6.0234e+02 1.0032e-03 1.2011e+04 1.6833e-01 1.2581e-13 1.0043e-02
4.7156e+00
1.55512e-05 6.53932e+02 3.00612e+00 3.80608e-03  4.32441e-01 6.89840e-62 5.52098e-02
2.56870e+01
7.5630e-03 5.7046e+02 1.9914e-03 8.8926e+03 -2.4694e-01 1.8899e-10 -1.3004e-03
1.7526e+00
4.1010e-03 6.5020e+02 -4.6869¢-04 8.3004e+04  -1.0876e-01 4.2881e-12 3.2030e-03
3.0618e+00 '
9.6440e-04 6.2365e+02 -2.5037¢-04 6.6981e+04 5.0670e-02 1.6133e-13 3.8880e-03
3.5047e+00 ‘
1.7683e-04 6.1224e+02  -4.0977e-06 3.0650e+04 3.9493e-02 3.9705e-10 6.3333e-03
2.1968e+00 :
ALADDIN evaluation function for erosion yield: EYIELD8A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
- B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
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— Analytic Fit
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4.2.1.43 HI + pyrolytic graphite - C,H,, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy: Yield: £20%; T: £25K.
Comments: (1) Steady-state hydrocarbon yield.

3) Incident ions were mass-analyzed.
4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totas = [CHa + 2(C2Hy + CoHy + CoHg) +
3(C3H6 + CgHg)}/H+.
Analytic fitting function:

(1

(2) Specimen: pyrolytic graphite (HPG99).
(

(

Erosion yield:

Y = Ayexp(—(Y — 42)%/43)Y A + A5 exp(—As Y)Y A7 (1 + AgV4°)  [molecules/H7]
where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (s), C (o), D (4),
E (v), F (O) and G (o) are 2.8%, 13.8%, 23.5%, 14.3%, 14.0%, 15.8% and 35.1%, respectively.
Data for curves A and B were fitted with EYIELD7A, data for curve F with EYIELDS8B, data for
curve G with EYIELDSA.

Fitting parameters A;-Ag

A 2.3751e-02 6.4665e+02 3.4194e+04  -2.8312e-02 1.4837e-08 4.994 5e-03 2.5120e+00

B 5.4680e-02 6.5707e+02 4.8976e+04  -2.6775e-01 1.2509e+01 -1.288 1e-03  -1.5269e+00

C 4.6747e-08 6.3833e+02 1.5643e+04 1.3213e+00  9.4282e-05 5.884 0e-03 1.0382e+00
-1.5919e+00  -8.3580e-02

D 8.3992e-08 6.3626e+02 1.0913e+04 1.4435e+00  3.4073e-05 4.381 0e-03  1.3014e+00
-1.5797e+00  -8.3560e-02 '

E 7.9326e-09 6.0922e+02 2.5107e4-04 1.8966e+00  3.2782e-10 8.173 0e-03 3.5105e+00
-1.6394e+00  -7.8950e-02 '

F 1.5643e-03 6.3868e+02 2.5468e+04  -3.8164e-02 3.0012e-02 -2.517 2e-01  7.6960e-03
-4.8828e+00

G 3.5657e-04 6.5804e+02  -5.5782e-4 7.0196e+04  -8.3390e-02 5.5943e-7 4.9870e-03
1.1403e+00

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD8A, EYIELD8B, EYIELD9A

ALADDIN hierarchical labelling:

: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
: SATM H{3} [+1) GRAPHITE T=HPG99 C{2}H{4} [+0]
: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
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4.2.1.44 H;‘ + pyrolytic graphite -+ C;H,, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.
Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Ypem—totat = [CHs + 2(C2Hy + CoHy + CoHg) +
3(C3H6 + C3H3)]/H+.

Analytic fitting function:

Erosion yield:

Y = A exp(=(Y — A3)?/A3)Y 4 + Asexp(—AgY)YA7(1 + AgY?°)  [molecules/H™]
where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (s), C (o), D (4),
E (v), F (3O) and G (¢) are 0.7%, 10.2%, 10.1%, 8.3%, 6.3%, 12.2% and 42.3%, respectively. Data
for curves A and G were fitted with EYIELDT7A, data for curves B and C with EYIELD8B, data
for curve F with EYIELDSA.

Fitting parameters A;-Agy

1.4861e-07 6.1823e+02 ~ 4.9124e+04 1.8382e+00  2.7962e-07 4.8891e-03 2.1153e+00
7.3460e-03 6.9480e+02 3.5254e+04  9.6680e-02 5.3534e+00  -3.4227e-01 1.0640e-02
-5.4719e+00

1.6543e-03 6.5046e+-02 2.5692e+04  -2.6998e-01 4.4273e+05  -8.8631e-02 -1.2256e-02
-2.1175e+00 -

1.7451e-05 5.7982e+02 1.575%e+04 5.6993e-01 1.8563e-07 6.7660e-03 -1.6786e+00
8.9461e-09 3.1982e+00

2.6943e-08 5.0153e+02 1.0234e+05 1.7483e+00 2.4565e-07 3.9022e-03 6.3204E-01
4.9097E-05 2.4778E+00

1.3065e-03 6.4370e+02  -2.7257e-04 1.6956e+05  4.1340e-02 1.1290e-05 2.7443e-03
5.4624e-01 ' '

4.3808e-04 6.0816e+02 3.1259e+04  -4.2060e-02 9.4200e-06 -1.1859e-03 2.0815e-01

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD8A, EYIELDSB, EYIELD9A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
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4.2.1.45 HJ + pyrolytic graphite — C.H,, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.
Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totar = [CHa + 2(CoHa + CoHy + CoHg) +

3(03H5 -+ CgHg)]/H+.

Analytic fitting function:
Erosion yield: : :

Y = Ay exp(—(T — A2)?/A3)TH + As exp(—AgT)TH

[molecules/H™)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (%), B (s), C (o), D (4),
E (v), F (3) and G (o) are 3.4%, 10.2%, 17.5%, 24.7%, 13.9%, 18.2% and 55.1%, respectively.

Data for curve B were fitted with EYIELD9A, data for curves D and E with EYIELDS8B.

Fitting parameters A;-Aq

A 7.3680e-03 7.1238e+02 1.5727e4-04 1.7962e-01 1.1135e-17 1.1603e-02 6.5754e+00

B 1.3355e-02 7.2915e+02 1.8950e+04 5.7910e-02 6.7688¢+01  2.4103e-03 -6.2826e-01
-1.1623e+00  -2.7055e-02 :

C 3.4363e-08 6.8503e+-02 9.7992¢+4-03 1.3998e+-00 1.8494e-13 7.4890e-03 3.9205e+00

D 4.6049e+01 6.9805e+02  4.3475e+04  -1.5431e+00  6.7507e-07 2.4268e-03 -2.1139e-04
1.2808e+00

E 4.9545e+01 6.9520e+02 5.0910e+04  -1.558%e4+00  2.0983e-06 2.2657e-03 -3.3528e-04
1.0731e+00

F 1.6111e-03 6.8475e+02 1.4924e+04  -3.6410e-02 7.3193e-12 6.8070e-03 3.5181e+00

G 5.6571e-04 6.9955e+-02 1.3487e+04  -7.6800e-02 1.6344e-10 4.7370e-03 2.4632e+00

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD8B, EYIELD9A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]

F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
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4.2.1.46 HT + pyrolytic graphite - C,H,, C

Source:  B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy: Yield: £20%; T: +25K.
Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Yepem—totat = [CHa + 2(CoHa + CoHy + CoHg) +
3(C3Hg + C3Hg)]/HT.
Analytic fitting function:

Erosion yield:
Y = A, exp(—(F — A3)?/A3)FA + As exp(—AgF)FA7(1 + AgF4°)

[molecules/H™]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (e), C (o), D (4),
E (¥), F (O) and G (o) are 8.8%, 15.4%, 32.8%, 22.9%, 13.6%, 16.8% and 24.3%, respectively.
Data for curves A and C were fitted with EYIELD7A.

Fitting parameters A;-Ag

711976102

3.0694e-02 1.7376e+04  3.0433e-02 7.5256e-20 1.3046e-02 7.4995e+4-00
1.7616e-02 7.2611e+02 2.2985e+04  9.6680e-02 4.3276e+05 1.0974e-04 -2.3221e+00
-1.1659e+00  -2.7337e-02
3.0168e-07 6.8075e+02 1.3076e+04  1.0873e+00  5.9086e-19 1.2542¢-02 6.4949e+00
8.0889¢+00  7.2673e+02  2.7160e+03  -1.2889%e+00 1.0052e-06 1.5874e-02 1.6073e+00
9.6442¢-19 7.5261e+00
6.2454e+00  7.2140e+02 1.4352e+03  -1.3235e+00  7.5929e-06 1.5634e-02 1.1692e+00
1.9186e-18 7.5497e+00
5.9376e+00  7.2542e+02 7.4175e+03  -1.3585e+00  3.2457e-11 1.9763e-02 3.8503e+00
2.0673e-19 7.5227¢+00
3.8963e+00  7.4406e+02  2.3920e+03  -1.4051e+00  2.5994e-11 1.7485e-02 3.5251e+00
5.4861e-17 6.5063e+00
ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD9A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
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4.2.1.47 H3+ + PG-A graphite - CH,

Source: R. Yamada, K. Nakamura and M. Saidoh, J. Nucl. Mater. 98, 167 (1981).

Accuracy:  Indeterminate.
Comments: (1) Steady-state hydrocarbon yield. ‘ .
(2) Specimen: graphite (pyrolytic, PG-A basal plane (Nippon Carbon)).
(3) H* ions: mass analyzed accelerator.
(4) Methane measured via QMS.

Analytic fitting function:

Methane yield:
Y =1.0 x 107*[A; exp(—(T — A3)?/A3)T4* + Asexp(—A¢T)T47] [CHy/H™]

where T is in °C. The rms deviation of the analytic fits for reactions A () and B (x) are 2.3%
and 2.8%, respectively.

Fitting parameters A;-A;

A 6.2799E+02  5.1422E402  1.1298E+04 -1.0318E-02  5.7572E+02  -3.3186E-03
-4.7539E-01

B 3.2224E4+00  5.1080E+02 1.8172E+04 8.3134E-01 4.0243E+02  -2.9941E-03
-4.5489E-01

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A, B: SATM H{3} [+1] GRAPHITE T=PGA O=BASAL-PL CH{4} [+0]
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Source:
Accuracy:

Comments:

4.2.1.48 HJ + a-C:H film - CH,

J. W. Davis and A. A. Haasz, J. Nucl. Mater. 149, 349 (1987).

Yield: £15%; T: £25K.

(1) Steady-state methane yield.

(2) Specimen: graphite (pyrolytic), a-C:H film produced in a plasma discharge in
TEXTOR at KFA-Jiilich.

(3) BT ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 1072[4; exp(—(T — A2)?/As)T** + Asexp(—AsT)T*7] [CH4/HT]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (e), B (O), C (A) and
D (o) are 1.2%, 15.9%, 10.4% and 6.6%, respectively. Data for curves C and D were fitted with

EYIELDS8A.
Fitting parameters A;-Ag

A 2.6776E+01  1.9116E+02 1.5277TE+05  2.6928E-01 -6.4975E+01  1.1535E-02
1.0757E+00

B 1.5646E+01 6.9011E+02 1.1185E+04 -4.6614E-02  3.3514E-01 -1.0510E-03
2.4374E-02

C 6.0868E-03 7.2359E+02  2.2134E-04 1.1687E4+04  4.0402E-01 2.2732E-13
9.3502E-03 4.5762E+00

D 4.4706E-03 7.2781E+02  -4.4493E-04  3.1502E+04  4.0806E-01 1.0353E-16
1.6119E-02 6.3589E+00

ALADDIN evaluation function for methane yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=A-CH-FILM CH{4} [+0]
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4.2.1.49 Hj + pyrolytic graphite » C,H,, C

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater. 175, 84 (1990).
Accuracy:  Yield: £15%; T: £25K.
Comments: (1) Hydrocarbon yield: steady-state.

2) Specimen: graphite (HPG99).
) H ions: mass-analyzed accelerator.

(

(3

(4) Hydrocarbon products measured via QMS-RGA.
(5) Yield for total chemical erosion, Yepem—totar = [CHs + 2(CoHy + CoHy + CoHg) +

3(CaH6 + CgHg)]/H+.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[4; exp(—(T — A2)%/A3)T4 + A5 exp(—AeT)T4"]

[molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (x), B (e), C (A), D (0O),
E (), F () and G (+) are 21.6%, 28.3%, 15.2%, 34.5%, 15.8%, 29.1% and 10.8%, respectively.

Fitting parameters A;-A7

18790501

400 500 600 700 800 900

T (K)
Legend:

—— Analytic Fit
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1000 1100 1200

A 8.1606E+02  2.0207E+04  4.2003E-01 1.7001E-01 -2.7361E-03  -3.5728E-02
B 1.3922E-01 8.1237E+02  1.6316E+04  5.8930E-01 1.9130E-03 -3.0071E-03  5.2579E-01
C 1.2042E-02 7.6557E+02  2.0756E+04  3.9415E-01 2.7731E-02 -2.0806E-03  -2.6473E-04
D 2.4385E-02 8.5252E+02 8.8562E+04 2.5656E-01 2.9600E-03 -1.1969E-03  -7.5751E-06
E 1.8916E-03 9.0568E+02  3.7987E+04  4.9147E-01 3.8851E-02 -2.0088E-04  3.5626E-05
F 1.7089E-02 7.8378E+02  1.6663E+04  3.0523E-01 2.2962E-03 -3.1396E-03 1.0510E-02
G 2.1237E-02 3.3754E4+03  -7.5676E+05 -3.3002E+01 7.8318E+00 -2.0520E-03  -1.1981E-+00
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
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4.2.1.50 HI + pyrolytic graphite - C,H,, C

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater. 175, 84 (1990).
Accuracy:  Yield: £15%; T: +25K.

Comments: (1) Hydrocarbon yield: steady-state.
(2) Specimen: graphite (pyrolytic, HPG99 - Union Carbide).
(3) H' ions: mass-analyzed accelerator.
(4) Hydrocarbon products measured via QMS-RGA.
(5) Yield for total chemical erosion, Y.pem—totat = [CH4 + 2(C2Ha + CoHy + CoHe) +
3(CsHg + C3H8)]/H+. . ‘

Analytic fitting function:

Erosion yield:

Y = A exp[—( T -4

AT + 1)2/A4]TA5 + Ag exp(—A7T)T*¢  [molecules/H*]
3

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (*), B (¢), C (O) and
D (A) are 8.9%, 5.0%, 19.5% and 12.8%, respectively.

Fitting parameters A;-Ag

A 1.8057E-01 8.1363E+02  -1.5856E-02  1.8123E4+02 -9.0467E-02  4.1191E-13
8.4059E-03 4.4892E+00

B 4.4607E-06 7.9715E402  2.1732E-03 2.6475E+03 1.4777E4+00  6.0649E400
1.5264E-04 -1.2219E4-00 '

C 3.6456E-02 7.7450E4+02 0.0 2.2382E+04 4.6430E-01 7.0247E-02
-2.4604E-03  -2.9581E-03 ' : '
D 3.9173E-03 9.0227E+02 0.0 1.4678E4+05  6.5123E-01 5.8620E+-00

1.0116E-02 1.2964E-01

ALADDIN evaluation function for erosion yield: EYIELD8A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0] C{2}H{4} [+0] C{2}H{6} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0] C{3}H{8} [+0]

0
10" ¢ T T T | 1 T T 3
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4.2.1.51 HI + pyrolytic graphite - C,H,, C

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater. 175, 84 (1990).
Accuracy: Absolute yield: £15%; T: £25K.
- Comments: (1) Hydrocarbon yield: steady-state.

(2) Specimen: graphite (pyrolytic, HPG99 - Union Carbide).

(3) HY ions: mass-analyzed accelerator.

(4) Hydrocarbon products measured via QMS-RGA.
(5) Yield for total chemical erosion, Yepem—totar = [CHa + 2(C2Hy + CoHy + CoHg) +

3(C3H6 + CgHg)]/H+.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[A; exp(—(T — A)?/A3)T4* + Asexp(—

AgT)T47]

(molecules/H|

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (x), B (»), C (¢), D (O),

E (v), F (A) and G (+) are 7.9%, 7.1%, 17.2%, 13.0%, 7.9%, 15.4% and 38.0%, respectively.

Fitting parameters A;-A-

J
[M]

-3

Erosion yield (molecules/H")
=

-

-4

400 500 600 700 800 900 1000 1100 1200

T(K)
Legend:

—— Analytic Fit
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A 7.4890E-01 7.6681E+02 3.4540E+04  4.0802E-01 1.1316E400  7.5213E-03 5.4524E-01
B 2.3981E-01 7.7762E4+02  3.1234E+04  5.2844E-01 2.5749E+01 -~ 4.1399E-02 2.6496E+00
C 1.1004E-01 8.0448E+02  1.3441E+05 1.7538E-01 -1.8094E-01  -1.4290E-03  -1.8500E-01
D 1.6818E-01 7.1666E+02  3.7852E+04  2.2689E-01 -1.0000E-01  1.0000E-01 1.0000E-01
E 9.1722E-02 7.3351E+02 1.2210E4+04  2.8993E-01 1.3029E-01 8.6552E-04 -1.0647E-01
F 3.8718E-01 7.5543E+02 1.9146E+04 -1.6360E-01  2.3253E-01 1.3940E-03 -1.5211E-02
G 2.4345E-02 7.2556E4+02  7.4483E+03  6.2532E-03 1.2317E-02 -1.1775E-03  -5.4570E-04
ALADDIN evaluation function for reaction yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1) GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{4} [+0]
E: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{6} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0]
G: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{8} [+0]
100 F T T T T T T T 3
£ 900 eV H," (300 eV/H") * C oot
. ® CH,
- 10" H/cm’s OCH,
1 0-1 E o CZHA 3
VCH,
ACH,
+CH,



4.2.1.52 H;’ + pyrolytic graphite - C,H,, C

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater. 175, 84 (1990).
Accuracy:  Yield: £15%; T: £25K.
Comments: (1) Hydrocarbon yield: steady-state.

(2) Specimen: graphite (pyrolytic, HPG99 - Union Carbide).

(3) H' ions: mass-analyzed accelerator.

(4) Hydrocarbon products measured via QMS-RGA.

(5) Yield for total chemical erosion, Yohem—totar = [CHy + 2(CoHy + CoHy + CoHg) +
3(CsHg + C3Hg)]/H+.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[A; exp(—=(T — A2)?/A3)T4* + Asexp(—AgT)T47)

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (x), B

[molecules/HT]

(s), C (O) and

D (A) are 7.5%, 5.4%, 17.9% and 12.4%, respectively.

Fitting parameters A;-A;

A 3.1899E-01 7.6302E+02  3.2661E+04  5.4194E-01 3.8172E+00  3.9774E-02
2.9643E+00

B 2.0780E-01 7.7714E+02  3.0550E+04 = 5.5206E-01 1.1173E+01  3.7384E-02
2.4550E+00 —

C 2.7304E-01 7.3222E+02  2.1516E+04  3.5510E-01 6.0617E-01 7.6889E-04
-1.4691E-03

D 1.2074E-02 7.2930E+02  2.0899E+04  5.5273E-01 6.1656E-01 1.9695E-03
7.4118E-02

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

Erosion yield (molecules/H")

A: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

B: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

C: SATM H{3} [+1] GRAPHITE T=HPG99 C{2}H{2} [+0) C{2}H{4} [+0] C{2}H{6} [+0]
D: SATM H{3} [+1] GRAPHITE T=HPG99 C{3}H{6} [+0] C{3}H{8} [+0]

1 0 T I i T T I ]

* Total CH*
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T TTTTT
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~ Legend:
——— Analytic Fit
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4.2.1.53 H°, HY, H + pyrolytic graphite - C,H,, C

Source:
Accuracy: Yield: £15%; E: +5eV.

Comments: (1) Hydrocarbon yield: steady-state.

A. A. Haasz and J. W. Davis, J. Nucl. Mater. 175, 84 (1990).

(2) Specimen: graphite (pyrolytic, HPG99 - Union Carbide).
(3) HT, HY ions: mass-analyzed accelerator; H° (sub-eV) is produced via dissociation

of Hy on a hot W ribbon.

" (4) Hydrocarbon products measured via QMS-RGA.

(5) Yield for total chemical erosion, Yohem—totar = [CHa + 2(C2Hs + CoHy + CoHg) +

3(C3Hg + C3Hg)]/HT.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[4; exp(—(E — A)?/A3)E** + A5 exp(—AgE)E*]

[molecules/H]

where E is in eV. The rms deviation of analytic fits for reactions A (x, x), B (e, 0), C (M, O) and

D (A, A) are 0.8%, 1.3%, 1.3% and 0.9%, respectively.

Fitting parameters A;-A;

A 6.1713E-01 -1.2446E+04 6.5101E+08  -2.1985E-01 -2.7641E-01 7.5574E-03
-1.1774E-02 .
B 3.2125E-01 -1.5755E+04 2.7518E+08  -4.7335E-02 -8.1655E-02 8.3596E-03
1.4140E-01
C 1.7263E+02  5.5166E+03 1.8001E+07  -1.2132E4+00 -1.5189E+01 5.1200E-03
-9.5631E-01 .
D 2.9485E+01 1.1115E+04  7.7867E+07 -1.0885E+00 -4.9203E+00 3.6380E-03
-9.9796E-01
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H [+1] GRAPHITE T=HPGY99 C [+0]
B: SATM H [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SATM H [+1] GRAPHITE T=HPG99 C{Q}H{X} [+0]
D: SATM H [+1] GRAPHITE T=HPG99 C{3}H{X} [+0]
100 E T T T 7T T1771TT] _l T 1T T TTTTY] 1 T TTTT
f
T 40 L Total C/H" :
3 E
08> Sub-eV H° . -
S P ; 2%(C,H,+C,H,+C,H )/H']
- .
é 10 2 2 / - d / n 3
ko] g 7 ]
] +
2 %ﬁ :/: ~T BX(CHACHYH A
c / A
(o] K
2 10° Lt/ ‘ 3
o / Solid symbols and (*) are from January 1989 and February 1990
w L/ (present work)
Open symbols and (x) are data from November 1986
4 (J. Nucl. Mater. 155-157, 234 (1988))
10 ,III1 ||111n|2 g1w1[||113 ] [ | 4
10 10 10
H" Energy (eV)
Legend: ‘
—— Analytic Fit
- — - Extrapolation
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4.2.1.54 HI + AEROLOR carbon/carbon composite (end cut) — C,,Hy, C

Source:
Accuracy:

Comments:

J. W. Davis and A. A. Haasz, J. Nucl. Mater. 175, 84 (1990).

Yield: £15%; T: £25K.

(1) Hydrocarbon yield: steady-state.
(2) Specimen: carbon/carbon composite (AEROLOR. A05G: random planar distri-
bution of fibers), end cut.
(3) HT ions: mass-analyzed accelerator.
(4) Hydrocarbon products measured via QMS-RGA.
(5) Yield for total chemical erosion, Yepem—totat = [CH4 + 2(C2Hs + CoHy + CoHg) +
3(CsHg + CgHs)]/H+.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 1072[A; exp(—(T — A2)?/A3)T** + As exp(—A¢T)T4")

[molecules/H]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (x), B (e}, C (A), D (O),

E (¢), F (¥) and G (+) are 10.2%, 6.2%, 9.8%, 13.6%, 15.5%, 26.5% and 14.1%, respectively.

Fitting parameters A;-A;
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A 14403E4+00 7.6167E+02 2.7884E+04  3.0223E-01 5.1485E-02 -3.9654E-03  7.3183E-03
B 26677E+00 7.8818E+02 2.9177E+04 1.5309E-01 2.5092E-02 -4.1540E-03  -1.0098E-02
C 1.5054E-01 74216E4+02  2.5035E+04 -8.9457E-03  3.3347E-02 -1.0660E-03  -9.8075E-03
D 5.1534E-01 7.2313E4+02  2.1313E+04  5.4792E-02 2.5531E-02 -2.0598E-03  3.0515E-02
E 6.2996E-02 7.4952E+02 1.1776E+04  3.6226E-01 8.7475E-03 -1.2945E-03  1.0915E-01
F 5.1207E-02 6.8760E+02  7.6637E+4+04  2.5824E-01 -5.4977E-01  5.0811E-03 1.7730E-01
G 4.2750E-03 7.0958E+02 1.1772E4+04  3.8622E-01 6.3989E-04 -4.0697E-03  -2.9620E-02
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] CC-COM-END T=AEROLOR C [+0]
B: SATM H{3} [+1] CC-COM-END T=AEROLOR CH{4} [+0]
C: SATM H{3} [+1] CC-COM-END T=AEROLOR C{2}H{2} [+0]
D: SATM H{3} [+1] CC-COM-END T=AEROLOR C{2}H{4} [+0]
E: SATM H{3} [+1] CC-COM-END T=AEROLOR C{2}H{6} [+0]
F: SATM H{3} [+1] CC-COM-END T=AEROLOR C{3}H{6} [+0]
G: SATM H{3} [+1] CC-COM-END T=AEROLOR C{3}H{8} [+0]
1 00 E I ] T ] T [ 1 E
C 900 eV H," (300 eV/H") 3
— B 10" H'cm’s igﬂe”"‘“’ -
I —1 4
%10 ACH, 4
Q - oC,H, ]
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© C ]
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< L i
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w r ]
107 ' :
400 600 800 1000 1200
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Legend:
_ Analytic Fit



4.2.1.55 Hj + AEROLOR carbon/carbon composite (top cut) - C,H,, C

Source:
Accuracy:

Comments:

J. W. Davis and A. A. Haasz, J. Nucl. Mater. 175, 84 (1990).
Yield: £15%; T: +£25K.

(1) Hydrocarbon yield: steady-state.

(2) Specimen: carbon/carbon composite (AEROLOR A05G: random planar distri-
bution of fibers), top cut.

(3) HT ions: mass-analyzed accelerator. _
{4) Hydrocarbon products measured via QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totar = [CHa +2(C2H2 + CoHy + CoHg) +
3(03H6 + C3Hg)]/H+.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 107%[A; exp(—(T — A3)?/As)T4* + A5 exp(—AsT)TH7]

[molecules/H™|

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (x), B (e), C (¢), D (0O),
E (), F (A) and G (+) are 8.7%, 7.8%, 13.6%, 11.3%, 11.1%, 14.0% and 26.2%, respectively.

Fitting parameters A;-A-;

A 1.0248E-01 7.6463E+02 2.5832E+04  6.9200E-01 1.9497E-01 -1.6354E-03  8.7934E-02
B 6.1737E-02 7.8262E+02 2.4395E+04 6.9891E-01 5.3406 E-02 -1.5313E-03  2.5592E-01
C 1.8942E-03 7.3325E+02 3.1155E+04 6.4411E-01 5.7250E-05 -3.4748E-03  5.2822E-01
D 1.7404E-02 7.2619E402 2.0958E+04 5.6012E-01 8.8652E-02 -2.4275E-04  5.4076E-02
E 6.4319E-03 7.4941E+02 1.1107E+04  6.8490E-01 7.6599E-04 -6.5010E-04  5.5081E-01
F 1.4263E-03 7.2295E+02 1.2132E+04 6.8260E-01 5.5908 E-02 -7.2588E-04  1.1947E-03
G 3.3068E-04 7.3106E4+02 9.9591E+03  7.2539E-01 4.5102E-04 1.2076 E-03 6.6915E-01
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C [+0]
B: SATM H{3} [+1] CC-COM-TOP T=AEROLOR CH{4} [+0]
C: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{2}H{2} [+0]
D: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{2}H{4} [+0]
E: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{2}H{6} [+0]
F: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{3}H{6} [+0]
G: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{3}H{8} [+0]
1 00 E T | 1 | 1 l' T E
- 900 eV H," (300 eV/H") .
B 15 4 4+ 2 *Cmem-wtal 7]
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Q - ACH, i
g 10—2 L +C, H,g |
o - :
@ - .
= - i
S - i
310° ¢
I c ]
10_4 ] _ 1 L I j- I ]
400 600 800 1000 1200
T(K)
Legend:
—— Analytic Fit
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4.2.1.56 H} + AEROLOR carbon/carbon composite (end cut) — C,H,, C

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater. 175, 84 (1990).
Accuracy:  Absolute yield: +£15%; T: £25K.
Comments: (1) Hydrocarbon yield: steady-state.

(2) Specimen: carbon/carbon composite (AEROLOR A05G: random planar distri-
bution of fibers), end cut.

(3) HT ions: mass-analyzed accelerator.

(4) Hydrocarbon products measured via QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totat = [CH4 + 2(C2Hy + CoHy + CoHg) +
3(C3Hg + C3H8)]/H+.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[A; exp(—(T — A3)*/A3)T#* + Asexp(—AsT)T#"] [molecules/H"]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (x), B (e), C (&),

D (O), E (¢), F (v) and G (+) are 11.1%, 24.3%, 9.0%, 8.7%, 21.1%, 12.2% and 8.1%, respectively.
Fitting parameters A;-A;
A 3.1377E-01 8.3916E+02  2.7451E+04 5.1212E-01 5.1159E4+00 5.6717E-03 1.2326E-01
B 3.1567E-01 8.4200E+02 = 2.4368E+04 4.7730E-01 3.2480E4+00  5.9935E-03 4.0452E-02
C 7.5081E-02 8.0364E+02  5.1871E+04 9.7105E-02 1.2306 E-02 -1.9676E-03  -2.4192E-04
D 1.0083E-01 7.5698E+02  1.8298E+04  1.3406E-01 3.3246E-02 -1.9492E-03  1.8759E-04
E 8.8334E-02 7.9541E4+02 1.5261E+04 1.2322E-01 2.4813E-03 -3.0959E-03  2.3938E-02
F 2.0641E-02 7.4931E+02  8.3173E+03  3.8745E-02 1.9152E-02 -1.6589E-03  4.5559E-03
G 3.3166E-03 7.3730E+02  2.5549E+03 3.1142E-02 ~ 6.7567E-03 -8.8048E-04  -7.8430E-04
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] CC-COM-END T=AEROLOR C [+0]
B: SATM H{3} [+1] CC-COM-END T=AEROLOR CH{4} [+0]
C: SATM H{3} [+1] CC-COM-END T=AEROLOR C{2}H{2} [+0]
D: SATM H{3} [+1] CC-COM-END T=AEROLOR C{2}H{4} [+0]
E: SATM H{3} [+1] CC-COM-END T=AEROLOR C{2}H{6} [+0]
F: SATM H{3} [+1] CC-COM-END T=AEROLOR C{3}H{6} [+0]
G: SATM H{3} [+1] CC-COM-END T=AEROLOR C{3}H{8} [+0]
0
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Legend:
—— Analytic Fit
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4.2.1.57 H;’ + AEROLOR carbon/carbon composite (top cut) - C,H,, C

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater. 175, 84 (1990).
Accuracy: Yield: £15%; T: +25K.
Comments: (1) Hydrocarbon yield: steady-state.

(2) Specimen: carbon/carbon composite (AEROLOR A05G: random planar distri-
bution of fibers), top cut.

(3) HT ions: mass-analyzed accelerator.
(4) Hydrocarbon products measured via QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totat = [CHa + 2(CoHy + CoHy + CoHg) +
3(CsHg + C3H8)]/H+.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[4; exp(—(T — A42)?/A3)T4* + As exp(—A¢T)T4"] [molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (), B (e), C (A), D (Q),
E (o), F (V) and G (+) are 8.9%, 18.0%, 12.8%, 7.3%, 45.0%, 13.4% and 10.1%, respectively.

Fitting parameters A;-A;

A 3.4819E-01 8.4987E+02 2.7164E+04  5.0120E-01 9.0370E4+00  9.1982E-03 3.0823E-01
B 1.4470E-01 8.4495E+02 2.0743E+04  5.9369E-01 1.2827E+00 -3.0711E-03  -5.1697E-01
C 4.5525E-03 8.6273E+02  7.2779E+04  5.4298E-01 3.8294E-01 6.9656E-03 8.8517E-04
D 1.3771E-02 7.7750E+02  2.0225E+04  4.3019E-01 2.6344E-02 -2.1704E-03  -1.0878E-03
E 1.0453E-01 8.0110E+02  1.5629E+04  9.2265E-02 1.9006E-03 -2.5393E-03  9.9906E-02
F -5.3015E-03 1.0864E+03 3.4436E+04  5.0254E-01 5.2683E-03 -3.7607E-03  -1.1361E-04
G 2.6681E-03 7.2130E4+02  6.5349E+04  2.0770E-02 3.2431E-03 -1.5392E-03  -6.3356E-07
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C [+0]
B: SATM H{3} [+1] CC-COM-TOP T=AEROLOR CH{4} [+0]
C: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{2}H{2} [+0]
D: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{2}H{4} [+0]
E: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{2}H{6} [+0]
F: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{3}H{6} [+0]
G: SATM H{3} [+1] CC-COM-TOP T=AEROLOR C{3}H{8} [+0]
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4.2.1.58 H;f' 4+ ALCAN carbon/carbon composite - C,H,, C

Sourée: J. W. Davis and A. A. Haasz, J. Nucl. Mater. 195, 166 (1992).
Accuracy:  Yield: Total £20%; CHs £15%, C,H, +30%; T: £25K.
Comments: (1) Specimens are C/C composites, no dopants.

(2) H* beam produced by mass-selecting ion accelerator.

(3) Hydrocarbon products measured via QMS-RGA, steady-state.

(4) 3 keV HJ (1 keV/H*); flux: 5 x 10'5 H* /cm?s; fluence: 3 x 10'® H* /em®.

(5) Yield for total chemical erosion, Yepem—totat = [CHsq +2(C2Hs + CoHy + CoHs) +
3(CsHe + C3H3)]/H+.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[A; exp(—(T — A2)%/A3)T** + Asexp(—AsT)T47] [molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (*), B (s), C (A),
D (O), E (), F () and G (+) are 2.0%, 5.7%, 5.7%, 4.8%, 20.9%, 6.6% and 15.7%, respectively.

Fitting parameters A;-A;
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A 4.6161E4+00 7.7448E+02 1.3546E+04  5.9946E-02 9.3752E-04 -8.3782E-04  1.0361E+00
B 64370E4+00 7.8591E+02 1.1892E+04 -1.5051E-02  1.2095E-01 -2.5540E-03  1.1723E-02
C 9.5038E-02 7.4401E+02 1.9530E+04  7.0377E-02 1.2430E-02 -2.6375E-03  5.3203E-04
D 4.0332E-01 74297E+02  1.5403E+04 -1.5477E-02  8.4826E-02 -3.9106E-04  1.5331E-04
E 2.2292E-01 7.5354E+02  8.0555E+03  -7.4806E-03  6.9022E-03 -2.1897E-03  4.3693E-04
F 6.2478E-02 7.6018E+02 2.0476E+04 -2.5872E-02  2.9065E-02 -7.8169E-04  -3.1819E-04
G 1.1916E-01 3.4240E+03  3.6737E+05 2.1991E+00  5.4097E-03 -7.3028E-04  2.1833E-04
ALADDIN evaluation function for erosion‘yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] CC-COM T=ALCAN C [+0]
B: SATM H{3} [+1] CC-COM T=ALCAN CH{4} [+0]
C: SATM H{3} [+1] CC-COM T=ALCAN C{2}H{2} [+0]
D: SATM H{3} [+1] CC-COM T=ALCAN C{2}H{4} [+0]
E: SATM H{3} [+1] CC-COM T=ALCAN C{2}H{6} [+0]
F: SATM H{3} [+1] CC-COM T=ALCAN C{3}H{6} [+0]
G: SATM H{3} [+1] CC-COM T=ALCAN C{3}H{8} [+0]
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Accuracy:

4.2.1.59 HJ + ALCAN carbon/carbon composite (B doped) — C.H,, C

Source:

Comments:

(2
(4

(1) Specimens are C/C composites, B doped (7.3 at%

J. W. Davis and A. A. Haasz, J. Nucl. Mater. 195, 166 (1992).
Yield: Total +20%; CHs £15%, C.H, £30%; T: +25K.

B).

H* beam produced by mass-selecting ion accelerator.

)
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
) 3 keV Hf (1 keV/HT); flux: 5 x 105 H* /cm?s; fluence: 3 x 10'® HY /cm?.

(5) Yield for total chemical erosion, Yepem—totar = [CH4 + 2(C2H2 + CoHy + CoHg) +
3(C3Hg + C3Hg)]/HT.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[A; exp(—(T — A2)?/As) T + As exp(—AeT)TA7]

[molecules/HT]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (%), B (), C (4),

D (D), E (¢), F (¥), and G (+) are 4.9%, 6.8%, 5.8%, 4.7%, 11.8% and 18.5%, respectively.

Fitting parameters A;-Ay;
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A 6.0724E400 7.7842E+02 1.1999E+04 -2.2083E-02  1.6393E-01 -2.1379E-03  1.0948E-02
B 5.9550E4+00 7.8156E+02 1.1420E4+04 -3.6214E-02  4.2036E-02 -2.9831E-03  2.8068E-02
C 7.5530E-02 7.7811E+02 1.2918E+05  3.4542E-02 -3.1764E-02  1.1404E-03 4.7589E-06
D 1.2480E-01 7.4248E+02 1.6300E4+04  3.7540E-02 2.6952E-02 -1.3704E-03  3.7103E-03
E 1.2226E-01 7.5507TE+02  7.4092E+03  -2.5831E-02  5.6889E-03 -1.6527E-03  1.5582E-03
F 2.5821E-02 7.4950E+02 1.6259E+04 -1.3431E-02  4.6054E-03 -1.7891E-03  3.1599E-04
G 1.0728E-01 2.7649E+03 1.1401E407 -3.6458E-01  -5.4851E-01 1.0203E-02 1.3266E-03
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] CC-COM T=ALCAN D=B C [+0]
B: SATM H{3} [+1] CC-COM T=ALCAN D=B CH{4} [+0]
C: SATM H{3} [+1] CC-COM T=ALCAN D=B C{2}H{2} [+0]
D: SATM H{3} [+1] CC-COM T=ALCAN D=B C{2}H{4} [+0]
E: SATM H{3} [+1] CC-COM T=ALCAN D=B C{2}H{6} [+0]
F: SATM H{3} [+1] CC-COM T=ALCAN D=B C{3}H{6} [+0]
G: SATM H{3} [+1] CC-COM T=ALCAN D=B C{3}H{8} [+0]
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4.2.1.60 Hj + ALCAN carbon/carbon composite (Si doped) - C,H,, C

Source:

Accuracy:

Comments:

(
(
(
(

J. W. Davis and A. A. Haasz, J. Nucl. Mater. 195, 166 (1992).

Yield: Total £20%; CH4 £15%, C.H, +30%; T: +25K.

1) Specimens are C/C composites, Si doped (6.2 at% Si).
2) H* beam produced by mass-selecting ion accelerator.

3) Hydrocarbon products measured via QMS-RGA, steady-state.
4) 3 keV Hf (1 keV/H*); flux: 5 x 10'® H* /cm?s; fluence: 3 x 10'® HT /cm?.

(5) Yield for total chemical erosion, Yepem~totar = [CHs + 2(CoHs + C2Hy + CoHg) +
3(C3Hg + C3Hg)]/HT.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 1072[4; exp(—(T — A2)?/A3)T44 + Asexp(—A¢T)T47)

[molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (), B (e), C (4),

D (O), E (¢), F (V) and G (+) are 8.1%, 19.9%, 4.3%, 5.8%, 11.1% and 13.4%, respectively.

Fitting parameters A;-A;

6.5830E+400
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A 7.5267E+02 9.3982E+03 -6.9382E-02  4.0434E-06 1.5660E-03 2.0889E+00
B 3.8518E+00  7.5833E+02 7.9045E+03 -5.2407E-03  1.2286E-07 1.3738E-03 2.4727E+00
C 1.2729E-01 8.0702E+02 1.1170E+05 4.2592E-02 -2.2675E-03  -1.7855E-04  -1.7453E-05
D 1.2202E-01 7.1353E+02 3.6917E4+04 54717E-02 6.6114E-03 -2.5391E-03  -4.0526E-06
E 9.7166E-02 7.3755E+02  7.4904E+03  -3.5720E-02  1.2060E-02 -9.5422E-04  2.1606E-03
F 5.5591E-02 6.6642E+02 2.7227E+04 -24572E-02  4.2817E-03 -2.6417E-03  3.3497E-05
G 2.5457E-03 6.8900E+02 1.5588E+03  3.3048E-03 4.8719E-03 -9.0446E-04  -1.6387E-05
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] CC-COM T=ALCAN D=Si C [+0]
B: SATM H{3} [+1] CC-COM T=ALCAN D=Si CH{4} [+0]
C: SATM H{3} [+1] CC-COM T=ALCAN D=Si C{2}H{2} [+0]
D: SATM H{3} [+1] CC-COM T=ALCAN D=Si C{2}H{4} [+0]
E: SATM H{3} [+1] CC-COM T=ALCAN D=Si C{2}H{6} [+0]
F: SATM H{3} [+1] CC-COM T=ALCAN D=Si C{3}H{6} [+0]
G: SATM H{3} [+1] CC-COM T=ALCAN D=S8i C{3}H{8} [+0]
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4.2.1.61 HI + ALCAN carbon/carbon composite (Si and B doped) - C,H,, C

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater. 195, 166 (1992).
Accuracy:  Yield: Total £20%; CHs +15%, C.H, £30%; T: +25K.

Comments: (1) Specimens are C/C composites, B and Si doped (6.2 at% Si and 4.0 at% B).
(2) H* beam produced by mass-selecting ion accelerator.
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) 3keV Hf (1 keV/H*); flux: 5 x 105 H* /cm?s; fluence: 3 x 10'® H* /cm?.
(5) Yield for total chemical erosion, Yepem—totar = [CHa + 2(C2Ha + CoHy + CoHg) +
3(CgH6 + C3H8)]/H+.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 107%[A; exp(—(T — A2)?/A3)T4* + Asexp(—AsT)TA"] [molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (x), B (o), C (4),
D (O), E (o), F () and G (+) are 10.8%, 14.0%, 4.2%, 4.8%, 11.6% and 10.8%, respectively.

Fitting parameters A;-A;

QmMEoQwe

4.0688E4+00 7.4355E+02 8.7085E+03 -3.5774E-02  1.7389E-01 -1.4203E-03  4.8766E-02
3.5303E4+00 7.4727E4+02  8.0816E+03 -2.9794E-02  6.7567E-02 -1.9764E-03  8.0849E-03
6.9731E-02 7.7837E4+02  1.3711E4+05  2.6476E-02 -3.9378E-02  2.0571E-03 -4.1689E-06
6.4296E-02 7.2116E+02  1.5807E+04  7.1482E-02 2.4995E-02 -1.3864E-03  1.7330E-03
7.8103E-02 7.1060E4+02  1.0793E4+04 -59444E-02  4.9219E-03 -1.1109E-03  3.1047E-05
1.0374E+01  4.9056E+03  8.9381E4+06 -59131E-01 -1.6114E+401 2.5526E-02 9.1292E-01
2.0833E-03 1.0372E403  2.7816E+04 -5.9658E-02  4.7918E-03 -2.8815E-04  1.9213E-06

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] CC-COM T=ALCAN D=BSi C [+0]

B: SATM H{3} [+1] CC-COM T=ALCAN D=BSi CH{4} [+0]

C: SATM H{3} [+1] CC-COM T=ALCAN D=B,Si C{2}H{2} [+0]
D: SATM H{3} [+1] CC-COM T=ALCAN D=BSi C{2}H{4} [+0]
E: SATM H{3} [+1] CC-COM T=ALCAN D=B,Si C{2}H{6} [+0]
F: SATM H{3} [+1] CC-COM T=ALCAN D=B,Si C{3}H{6} [+0]
G: SATM H{3} [+1] CC-COM T=ALCAN D=B Si C{3}H{8} [+0]
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4.2.1.62 H;’ + CKC graphite —» CH,

Source: A. Y. K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Accuracy:  Yield: £15%; T: +25K.

Comments: (1) Data is for undoped reference graphite CKC-Refeqge and CKC-Refyqse-
(2) Incident ion energy: 3 keV Hf (1 keV/H™). Flux: 3 x 10’5 H* /cm?s.
(3) The reaction products emitted from the target are detected via QMS-RGA, steady-
state. :
(4) H* ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107%[4; exp(—(T — A)?/As)T4* + Asexp(—AeT)T4"] [molecules/H]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (e) and B (o) are 11%
and 9.2%, respectively.

Fitting parameters A;-A-;

A 2.8922E+00 7.8570E+02 1.3303E+04 1.3816E-01 2.0451E-02 -3.5547E-03
1.0413E-04

B 1.5006E4+00  7.9374E+02 1.4279E+04  2.2299E-01 5.3361E-03 -4.8360E-03
4.1453E-05

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=CKC O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC O=EDGE-PL CH{4}
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Source:
Accuracy:

Comments:

4.2.1.63 Hj 4+ CKC-B2 (B doped) graphite — CH,

A.Y. K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Yield: £15%; T: £25K.

(1) Data is for B-doped graphite (2.0 at%B).
(2) Incident ion energy: 3 keV HJ (1 keV/H¥). Flux: 3 x 10'®> H* /cm’s.
(3) The reaction products emitted from the target are detected via QMS-RGA, steady-

state.
(4) HT ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107%[4; exp(—(T — A3)*/As)T4* + As exp(—AeT)T4"]

[molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A () and B (o) are 8.7%

and 5.2%, respectively.

Fitting parameters A;-Az

A 1.5421E400 7.5712E+02 1.4112E+04  1.2720E-01 1.8068E-02 -3.3074E-03
1.3928E-03
B 3.7512E4+00 7.8439E+02  1.6216E+04 1.7927E-02 4.6496E-03 -4.5204E-03
2.2010E-03
ALADDIN evaluation function for methane yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] GRAPHITE T=CKC D=B O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC D=B O=EDGE-PL CH{4}
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4.2.1.64 HI + CKC-B10 (B doped) graphite - CH,

Source:
Accuracy: Yield: £15%; T: +25K.

Comments: (1) Data is for B-doped graphite (9.4 at%B).

(2) Incident ion energy: 3 keV Hj (1 keV/H*). Flux: 3 x 10'® H¥ /cm?s.

ALY K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).

(3) The reaction products emitted from the target are detected via QMS-RGA, steady-

state.
(4) H* ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield: :
Y = 1.0 x 1072[A; exp(—(T — A2)*/A3)T* + Asexp(—AeT)T*7)

[molecules/H]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (e) and B (o) are 4.2%

and 6.0%, respectively.

Fitting parameters A;-A;

A 6.1787E-01 1.4623E—01

7.6034E+02 1.3253E+04 4.5556E-04 -6.8409E-03
-9.2270E-04
B 9.2339E-01 7.6745E+02 1.6942E+04  1.4272E-01 4.2318E-03 -4.3761E-03
2.4866E-05
ALADDIN evaluation function for methane yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] GRAPHITE T=CKC D=B O=BASE-PL CH{4}
B: SATM H{3} [+1} GRAPHITE T=CKC D=B O=EDGE-PL CH{4}
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4.2.1.65 HJ + CKC-B20 (B doped) graphite - CHj

Source: A. Y. K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Accuracy:  Yield: Total £20%; CHs £15%, C,H, £30%; T: £25K.
Comments: (1) Data is for B-doped graphite (20.1 at%B).

(2) Incident ion energy: 3 keV H (1 keV/H™). Flux: 3 x 10'®* H* /cm®s.

(3) The reaction products emitted from the target are detected via QMS-RGA, steady-

state.
(4) H"‘ ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107%[4; exp(—(T — A2)?/A3)T4* + As exp(—AsT)T4")

[molecules/H™|

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (e) and B (o) are 4.5%

and 8.4%, respectively.

Fitting parameters A;-A;

A 4.5532E-01 7.6534E+02  1.5550E4+04 1.9110E-01 1.6632E-01 -3.6959E-04
1.2815E-02

B 1.8186E+00  7.5256E+02 1.4096E+04  6.0885E-02 4.5439E-03 -4.4091E-03
-7.1894E-04 ' ‘

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1) GRAPHITE T=CKC D=B O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC D=B O=EDGE-PL CH{4}
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© 4.2.1.66 HJ + CKC-Si3 (Si doped) graphite — CH,

Source: A.Y. K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Accuracy:  Yield: +15%; T: £25K. '
Comments: (1) Data is for Si-doped graphite (3 at%Si).

(2) Incident ion energy: 3 keV Hj (1 keV/H™). Flux: (1.5 —6) x 10'5 H* /cm?s.
(3) The reaction products emitted from the target are detected via QMS-RGA, steady-

state.
(4) H* ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield:
Y = 1.0 x 1072[4; exp(—(T — A2)?/A3)T* + Asexp(—AsT)T*"]

[molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (o) and B (o) are 8.7%

and 3.7%, respectively.

Fitting parameters A;-Ay

A 3.0085E4+00 7.9542E+02 1.6551E+04 1.0924E-01 4.4814E-03
1.3518E-03

B 3.2543E+00  8.2060E+02  1.4639E+04 = 1.1486E-01 6.4046E-01
-3.5787E-03

-4.5035E-03

-4.9695E-04

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=CKC D=Si O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC D=Si O=EDGE-PL CH{4}
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S 0.04 - =
© L K
=
0.02 - |
0.00 . I L1 ] | ! | T 1 I L
500 600 700 800 900 1000 1100 1200
T (K)
Legend:
—— Analytic Fit
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4.2.1.67 HJ + CKC-Si8 (Si doped) graphite - CH,4

Source: A.Y. K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Accuracy:  Yield: £15%; T: £25K.
Comments: (1) Data is for Si-doped graphite (7;5' at%Si).

(2) Incident ion energy: 3 keV Hi (1 keV/H*). Flux: (1.5 — 6) x 10'5 H* /cm?s.

(3) The reaction products emitted from the target are detected via QMS-RGA, steady-

state. .
(4) HT ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107%[A; exp(—(T — A2)?/A3)T4* + As exp(—AT)T47)

[molecules/H™)

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (e) and B (o) are 6.8%

and 5.2%, respectively.

Fitting parameters A;-A;

A 21863E+00 7.9562E+02 1.3058E+04 1.5009E-01  1.4182E-01
1.3833E-02

B 14795E+00 8.2782E+02  1.8502E+04 1.7610E-01  6.9096E-02
-8.9209E-03 o

-1.7928E-03

-2.6966E-03

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=CKC D=Si O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC D=Si O=EDGE-PL CH{4}

0.10 —

T T T T T T T T T

I ® CKC-Si8,,,, (1.5-3.5)x10"° H'/em’s 3 keV H," (1 keV/H") )
__ 0.08 Lockc-sis,,, 6x10" H'/cm’s -
Iv
O 0.06 + -
3 . 5 -
s, _
o 0.04 - —
(0]
L - i
©
2 002 | i

L ® 4

OOO 1 | 1 | 1 l 1 | ] N
500 600 700 800 900 1000 1100
T(K)
Legend:
—— Analytic Fit
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4.2.1.68 Hj + CKC-Sil4 (Si doped) graphite — CH,

Source: A Y. K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Accuracy:  Yield: £15%; T: £25K. '
Comments:

(1) Data is for Si-doped graphite (14 at%Si).

(2) Incident ion energy: 3 keV H7 (1 keV/H'). Flux: (1.5 — 3.5) x 10'® H* /cm®s.
(3) The reaction products emitted from the target are detected via QMS-RGA, steady-

state.
(4) H* ions produced by .a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield:

Y = 1.0 x 1072[4; exp(—(T — A)?/A3)T** + Asexp(—AeT)T*"]

[molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (e) and B (o) are 7.9%

and 8.9%, respectively.

Fitting parameters A;-A;

A 9.7926E-01 7.8534E+02 1.0638E+04  2.2198E-01 3.7013E-01 4.3084E-04
8.3463E-02

B 1.3385E+00  7.9633E+02  1.5654E+04 1.9976E-01 5.5508E-02 -2.0458E-03
1.7705E-03

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=CKC D=Si O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC D=Si 0=EDGE-PL CH{4}

T T T T T T T T
0.06 | 2KV, (1eViH) ® CKC-Si14,,
_ (1.5-35)x10° H'/ecm’s o O CKG-Sit4,,,
_ *E i
T |
S o004 | .
o
0
> | -
Q
C
e
= 0.02 .
L _
000 1 | 1 | | | [ 1 1
500 600 700 800 900 1000
T(K
Legend: ( )
—— Analytic Fit
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4.2.1.69 Hj + CKC-Ti2 (Ti doped) graphite —» CH,4

Source: A. Y. K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Accuracy:  Yield: £15%; T: +25K.
Comments: (1) Data is for Ti-doped graphite (2.0 at%Ti). :

(2) Incident ion energy: 3 keV HJ (1 keV/HT). Flux: (2.5 — 7.5) x 10'®* H* /cm?s.

(3) The reaction products emitted from the target are detected via QMS-RGA, steady-
state.

(4) H™ ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107%[4; exp(—(T — A3)?/As)T** + Asexp(—A¢T)T*"] [molecules/H]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A () and B (o) are 11.1%
and 6.1%, respectively.

Fitting parameters A;-Ay

A 1.2882E+00 8.2712E402 = 1.6756E+04  2.2897E-01 3.6423E-01 -2.4222E-03
-1.6664E-01

"B 7.5569E-01 7.8843E+02  1.3529E+04  3.2041E-01 9.9084E-02 -1.0487E-03
8.0357E-02

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=CKC D=Ti O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC D=Ti O=EDGE-PL CH{4}

010 T T T T T ] T T T T T
- @ CKC-Ti2,,.,, 7x10"° H'/cm®s 3keVH, (1keVH") -
008 | OCKC-Ti2,4,, (2.5-3)x10" H'/em’s i
IQ
© 0.06 - _
ke °
Q0 i 1
> .
© 0.04 - .
]
L - 4
@
= 002 + o .
OOO ] | 1 | | | L ] | { I
500 600 700 800 900 1000 1100
T(K)
Legend:

—— Analytic Fit
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4.2.1.70 Hj + CKC-Ti8 (Ti doped) graphite -+ CHy

Source: = A.Y.K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Accuracy: Yield: £15%; T: £25K.

Comments: (1) Data is for Ti-doped graphite (8.5 at%Ti).
(2) Incident ion energy: 3 keV Hf (1 keV/H™). Flux: (2.5 —3.0) x 10'® HT /cm?s.
(3) The reaction products emitted from the target are detected via QMS-RGA, steady-
state. '

(4) H* ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield: A

Y = 1.0 x 1072[4; exp(—(T — A2)?/A3)T4* + Asexp(—AgT)T*7]  [molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (e) and B (o) are 8.5%
and 6.6%, respectively. :

Fitting parameters A;-A;

A 2.5293E+00 8.0407E+02  14224E+04 1.0502E-01  5.9377E-02  -2.1996E-03

, 8.4318E-04

B 15501E+00 7.8690E+02 14789E+04 1.9191E-01  8.1014E-02  -1.4129E-03
5.4414E-03

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=CKC D=Ti O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC D=Ti O=EDGE-PL CH{4}

T ] T I T T T T T T T
0.08 - 3keVH, (1keV/H) ® CKC-Tis,._,
. | (25-3)x10" H'/cm’s O CKC-Ti8,y,
I
Iv 0.06 — I
e
= L i
)
> 0.04 —
)]
c
© | -
£
©
= 0.02 - .
0.00 | | L ] 1 ! i I ! | l
500 600 700 800 900 1000 1100
T(K)
Legend:

—— Analytic Fit

161



4.2.1.71 HJ 4 CKC-Ti16 (Ti doped) graphite - CH,

Source: A.Y. K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Accuracy:  Yield: £15%; T: £25K.
Comments: (1) Data is for Ti-doped graphite (16 at%Ti).

(2) Incident ion energy: 3 keV Hf (1 keV/H*). Flux: (2.5 — 3.0) x 10'® H /cm?s.
3

(3) The reaction products emitted from the target are detected via QMS-RGA, steady-
state.

(4) H* ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:
Methane yield:

Y = 1.0 x 107%[4; exp(—(T — A2)?/A43)T4* + Asexp(—A¢T)T*"] [molecules/H™]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A () and B (o) are 4.0%
and 7.6%, respectively.

Fitting parameters A;-Ay

A 2.2450E+00  7.8609E+02 1.6330E4+04  8.6811E-02 7.1228E-02 -1.3199E-03
2.5675E-03

B 9.0407E-01 7.7482E+02  1.2072E+04  2.5071E-01 2.9561E-01 = -5.7001E-05
4.4050E-02

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=CKC D=Ti O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC D=Ti O=EDGE-PL CH{4}

0.08 T T T T T

L 3keV H, (1 keV/H") o GKC-Tit6,__ 1

0.06 (2.5-3)X10"° H/cm’s O CKC-Ti16,,

Methane yield (CH,/H")
o
o
S
I

—l

500 600 700 800 900 1000 1100

Legend:
— Analytic Fit
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4.2.1.72 Hj + CKC W doped graphite — CH,

Source: A.Y. K. Chen, A. A. Haasz and J. W. Davis, J. Nucl. Mater. 227, 66 (1995).
Accuracy:  Yield: +15%; T: £25K.
Comments: (1) Data is for W-doped graphite (10 at%W).

(2) Incident ion energy: 3 keV Hj (1 keV/HT). Flux: (2.5~ 3.0) x 10'5 H+ /cm®s.
(3) The reaction products emitted from the target are detected via QMS-RGA, steady-

state.
(4) H* ions produced by a mass-analyzed ion accelerator.

Analytic fitting function:

Methane yield:

Y = 1.0 x 1072[A; exp(—(T — A2)2/A3)T + A5 exp(—AsT)T*7]  [molecules/H7)

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (e) and B (o) are 7.3%

and 8.1%, respectively.

Fitting parameters A;-A;

A 1.5128E+00  7.7247TE+02 1.4031E+04 1.7704E-01 5.6257E-03 -4.4194E-03
-4.6981E-04 _
B 2.0809E+00 7.9784E+02 1.5654E+04 1.6638E-01 1.0688E-02 -4.3639E-03
4.24T4E-03 '
ALADDIN evaluation function for methane yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] GRAPHITE T=CKC D=W O=BASE-PL CH{4}
B: SATM H{3} [+1] GRAPHITE T=CKC D=W O=EDGE-PL CH{4}
0.10 T T T T T T T T
| 3keVH, (1 keV/H) ® CKC-W10,_, |
~ 008 = o53)x10™ H/em’s O CKC-W10,,
< L i
3
I
© 0.06 - -
=]
0 i ]
=
2 0.04 =
©
£ - =
[}
2 0.02 - -
000 I ! 1 vl L1 L 1 L 1 L
500 600 700 800 900 1 00_0 1100
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Legend:
— Analytic Fit
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Source:

Accuracy:

4.2.1.73 HJ + pyrolytic graphite — CH,

J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).

Yield: £20%; T: £25K.

Comments: (1) Steady-state methane yield.

Analytic fitting function:

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

Erosion yield:

Y = A exp[—( T

— Ay
AT +1

)?JA4) T4 + Ag exp(— A7T)T*  [molecules/H™]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e), B (o), C (0) and D (A)
are 16.8%, 10.3%, 7.2% and 5.8%, respectively. Data for curve A were fitted with EYIELD9A.

Fitting parameters A;-Ag

A 8.0224e-02 8.4836e+02 1.7501e+04  -3.1447e-02 1.1809e-08 -2.5187e-03
6.2465e-01 2.0655e-03 1.7118e+00

B 1.5001e-02 7.9666e+02 3.8666e-04 1.6295e+04 1.9035e-01 1.6138e-14
5.7273e-04 3.6158e+00 i

C 9.1155e-03 7.0314e+02 2.1480e-03 6.7106e+03 1.0968e-01 -1.7167e-21
-1.8245e-02 3.0076e+00

D 6.1253E-02 6.4659E+02  2.4623E-04 3.2339E+04  -3.4592E-01  4.2824E-04
1.0616E-03 3.2700E-01

ALADDIN evaluation function for erosion yield: EYIELD8A, EYIELDYA

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]

T T T T T T T

Methane yield (CH,/H")
o

®3keV H," (1 keV/H"), 510" H'/cm’s
0900 eV H,” (300 eV/H"), 2x10™ H'/cm®s ?
0300 eV H," (100 eV/H"), 1x10"° H'/em’s 1
A90 eV H, (30 eV/H"), 5x10™ H'/cm’s

1 0' 4 ) L I \ 1
200 800

1000 1200

Legend:
—— Analytic Fit
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Source:
Accuracy:

Comments:

4.2.1.74 HJ + pyrolytic graphite - C

J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).

Yield: £20%; T: £25K.

(1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Yepem—totar = [CHa + 2(C2H2 + CoHy + CoHg) +
3(C3Hg + C3H8)]/H+.

Analytic fitting function:

Erosion yield:

Y = Ay exp[—(

T — Ay
AsT +1

)?/As] T + Ag exp(—A7T)T#®  [eroded C/HY]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (s), B (o), C (O) and
D (A) are 20.9%, 35.6%, 20.6% and 10.5%, respectively.

Fitting parameters A;-Ag

A 1.7149e-02 8.4219e+02  8.4641e-04 6.8513e+03  2.1097e-01 1.9390e-15
2.0985e-03 4.3578e+00

B 1.6539e-02 7.7464e+02  3.1365e-03 2.0630e+03  2.2325e-01 7.0015e-14
6.1244e-03 4.4394e+4-00

C 8.8778E+02  7.0449E+02  8.1944E-03 6.3190E+02 -1.5679E+00 1.3154E-09

~ . 3.5514E-03 2.6856 E+00 ’
D 2.9550E4+06  7.0080E+02  3.3340E-04 2.3491E4+04  -2.8974E+00 5.4395E+06
 -6.8257E-03  -4.1016E+00

ALADDIN evaluation function for erosion yield: EYIELDSA

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]

Total chemical erosion yield (C/H")

@3keV H,’ (1keV/H"), 5x10™ H'/em®s =
0900 eV H," (300 eV/H"), 2x10'° H'/em’s ]
D300 eV H," (100 eV/H"), 1x10" H'/cm’®s
A90eV H, (30 eV/H"), 5x10" H'/cm®s

|

200

400

Legend:

—— Analytic Fit
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Source:
Accuracy:

Comments:

Analytic fitting function:

4.2.1.75 H;’ + CKC graphite — CHy4

J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).

Yield: £20%; T: £25K.

(1) Steady-state methane yield.

(2) Specimen: CKC undoped reference graphite. Specimens were cut in two orienta-
tions, ‘edge’ and ‘base’.
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

Erosion yield:

Y = Ayexp[—(

T — Ay
AT +1

)?JAs]TA5 + Ag exp(~ A7T)T#¢  [molecules/H*]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e), B (o), C (0) and D (A)
are 13.7%, 6.2%, 22.1% and 5.1%, respectively. Data for curve D were fitted with EYIELD7A.

Fitting parameters A;-Ag

A 1.4651e-02 8.3802e+02  3.7420e-04 9.8781e+03  2.0694e-01 2.1 870e-15
3.8995e-03 4.6503e+-00

B 5.7894e-03 7.9854e+02  2.0739e-04 1.8681e+04  3.2195e-01 3.6 946e-05
-1.1682e-03 4.7666e-01

C 9.5256e-04 7.2015e+02  5.2672e+04  4.3739e-01 1.4746e-12 5.8 900e-03
2.3678e+00 5.8288e-08 4.0011e+00

D 5.0013E-09 -2.22890E+02 3.1864E+05  3.2897E4+00  4.9718E-47 -4.4400E-03
1.4217E+01

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=EDGE-PL CH{4} [+0]

Methane yield (CH,/H")

-1

10

&

—
o
i

—4

10

T

@3 keV H,' (1keV/H"), 5x10" H'/cm’s
0900 eV H," (300 eV/H"), 2x10' H'/cm’s |
T300eV H,” (100 eV/H"), 1x10"° H'/em®s |
A 90 eV H, (30 eV/H"), 5x10™ H'/em®s
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400

Legend:

—— Analytic Fit
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4.2.1.76 HJ + CKC graphite —» C

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).

Accuracy: Yield:

+20%; T: £25K.

Comuments: * (1) Steady-state hydrocarbon yield.
(2) Specimen: CKC undoped reference graphite. Specimens were cut in two orienta-
tions, ‘edge’ and ‘base’.
(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Yopem=totar = [CHg + 2(C2Hy + CoHy + CoHg) +
3(CsHg + C3Hg)}/H™.

Analytic fitting function:

Erosion yield:

Y=A1

T - A,

eXp[’(AgTH

¥

)2/ As)T#s + Ag exp(— A;T)T** [eroded C/H"]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (s), B (o), C (O) and
D (A) are 7.8%, 6.0%, 10.6% and 6.2%, respectively. Data for curves C and D were fitted with

EYIELD7A.
Fitting parameters A;-Ag

A 6.6450e-03 8.3279e+02 5.4517e-04 9.1549e+03 3.4461e-01 3.9358e-08
1.2589¢-03 1.9330e+00

B 6.8038e-03 7.8021e+02 1.7815e-03 4.6389%¢+03 3.4814e-01 3.2982e-03
4.5189¢-05 2.9423e-02 :

C 2.8805E-10 6.3646E+02  6.2961E+03  3.4945E+00 2.5076E-28 1.5279E-02
1.1471E+01 . ‘

D 3.6998E-04 -1.2485E+03 1.8554E+06  1.5380E+00 3.7592E-69 4.8214E-02
2.9162E+01 :

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1) GRAPHITE T=CKC O=EDGE-PL C [+0]

— T T —T T T
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©
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g 1 O :_ + + 15 ) ,+ 2 E
< @3 keV H, (1 keV/H'), 5x10" H'/em’s 1
o 0900 eV H,’ (300 eV/H'), 2x10'° H'/em’s
® 0300 eV H,” (100 eV/H"), 1x10"° H'/cm’s ]
° A90 eV H, (30 eV/H'), 5x10™ H'/em’s
1 04 n 1 o L —_— - " Il n
200 400 600 800 1000 1200
T(K)
Legend:
~—— Analytic Fit
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4.2.1.77 Hj + CKC graphite — CH,4

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: +25K.

Comments: (1) Steady-state methane yield. :
(2) Specimen: CKC undoped reference graphite. Specimens were cut in two orienta-

tions,

edge’ and ‘base’.

(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

Analytic fitting function:

Erosion yield:

Y = Ay exp[—(

T -4,
AsT +1

)?JAS)TAS + Ag exp(—A;T)T**  [molecules/H"]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e), B (o), C (O) and
D (A) are 22.9%, 3.9%, 7.8% and 7.0%, respectively. Data for curves B and D were fitted with

EYIELD7A.
Fitting parameters A;-Ag

A 5.9337e-03 8.2737e+02  5.7254e-05 1.4998e+04  3.2970e-01 5.4248e-07
-2.7841e-03 8.1147e-01

B 1.2052E-02 7.8931E4+02 4.8848E+403  7.1571E-01 3.7035E-90 4.6072E-02
3.6531E+01

C 1.1907E+02  7.0377E4+02  7.7537E-01 5.1483E-02 -1.5902E+00 9.6074E-39
2.0367E-02 1.4891E+01

D 1.6453E-01 6.2535E4+02 2.4201E4+04 1.5058E-01 4.4877E-06 4.1442E-03

2.1304E+00

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=BASE-PL CH{4} [+0]
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Methane yield (CH,/H")
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®@3keV H,' (1 keV/H'), 5x10" H'/em®s _
0900 eV H," (300 eV/H", 2x10:z H'/em’s ]
0300 eV H,” (100 eV/H"), 1x10°~ H7cm’s

A90 eV H,' (30 eV/H"), 5x10" H'/em®s |
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4.2.1.78 HI + CKC graphite —» C

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: +25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: CKC undoped reference graphite. Specimens were cut in two orienta-
tions, ‘edge’ and ‘base’.
(8) Incident ions were mass-analyzed.
{4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Y,pem—totar = [CHa + 2(CoHa + CoHy + CoHg) +
3(C:He + CgHg)]/H+.

Analytic fitting function:

Erosion yield:
Y = Aexp[—( T4

AsT +1

)% /4] T#5 + Ag exp(-A;T)T#*  [eroded C/H™]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (), B (¢), C (O) and D (4)
are 12.4%, 4.4%, 7.5% and 14.0%, respectively. Data for curve D, were fitted with EYIELD7A.

Fitting parameters A;-Ag

A 6.2864e-03 8.2331e+02 2.9188e-04 1.1798e+04  3.3663e-01 2.8083e-03
-2.6964e-03 -3.3050e-01

B 1.9035E+03  7.9592E+02  3.1505E-03 2.1002E4+03  -1.5293E+00 1.4057E-11
4.3211E-03 3.4482E+00

C 8.357T9E+02  6.8680E+02  -4.5200E-03  4.4251E+03 -1.6351E4+00 1.7667E-23
1.2468E-02 8.6996E+00 : '

D 1.1186E+4+02 6.3102E+02  2.0284E+04 -6.7094E-01  7.5846E+02 -1.8064E-03
-1.3222E+400

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD8A

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=BASE-PL C [+0]

T i T T T T T
— -1 CKC graphite (undoped, base)
+I 10 - E
Iz : ]
)
K=y
o
=
5
3107 | 1
Q 3
o ]
. ®
L
£
o ®3keV H,' (1 keV/H"), 5x10" H'lom’s |
°© 40° L 0900 eV H,’ (300 eV/H"), 1x10*° H'/cm’s |
© 0300 eV H,' (100 eV/H"), 1x10"° Hcm’s]
'9 A90 eV H," (30 eV/H"), 5x10™ H'/em®s ]
n | L | : ! — { L
200 400 600 800 1000 1200
| T (K)
Legend:
— Analytic Fit
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4.2.1.79 HJ + CKC (TiB, doped) graphite — CH,

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: +25K.
Comments: (1) Steady-state methane yield.

(2) Specimens were cut in two orientations, ‘edge’ and ‘base’, and doped with 10 at%

TiBs.
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

Analytic fitting function:

Erosion yield:

Y = 4y exp[~ (A2

AT +1

)?/As]T#5 + Ag exp(— A;T)T4*  [molecules/H"]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (s), B (¢), C (D) and

D (A) are 16.5%, 9.7%, 5.0% and 30.5%, respectively.

Fitting parameters A;-Ag

3.1850e-03
4.9147e-03
8.0086E+02
3.5803E-03
4.9023E-05
1.4639E-03
9.0961E-01
1.3682E-02

7.7399e+4-02

-1.7692e+00
7.4336E+02
3.3846E+00
6.4072E4-02
1.0774E+00
1.6593E+03
7.7771E+00

1.1732e+04

4.2670E-04

5.2283E-04

5.5100E-03

2.7023e-01

8.8221E+03

2.0757E404

5.3703E+03

5.1213e-04

-1.6024E4-00

8.2149E-01

-5.2414E4-01

-8.0226e-02

4.7669E-12

2.1459E-06

4.6650E-21

ALADDIN evaluation function for erosion yield: EYIELD8A

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=EDGE-PL D=TiB{2} CH{4} [+0]

1

© CKC graphite (10% TiB,, edge)

T T T

@3 keV H," (1 keV/H"), 5x10™° H'/em’s
0900 eV H, (300 eV/H"), 2x10% H'/cm’s
0300 eV H,’ (100 eV/H"), 1x10' H'/cm’s
A90eV H, (30 eV/H"), 5x10™ H'/cm’s

| —_— ] —

10
T
\ -2
T~ 10 ¢
S ;
o)
© L
>
e
8 10° ¢
©
=
10
200

400

Legend:

—— Analytic Fit
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Source: -
Accuracy:

Comments:

Analytic fitting function:

4.2.1.80 HJ + CKC (TiB: doped) graphite — C

(1) Steady-state hydrocarbon yield.

J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).
Yield: £20%; T: £25K.

'(2) Specimens were cut in two orientations, ‘edge’ and ‘base’, and doped with 10 at%

TiB,.

(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Y.pem—totar = [CH4 +2(CyH, + CyHy + CoHg) +
3(C3H6 + CgHs)]/H+

Erosion yield:

Y =4 exp[—(

T— A
AsT +1

)*JA4]T*5 + Ag exp(—A;T)T4s  [eroded/H"]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (s), B (o), C (O) and

D (A) are 11.8%, 13.2%, 5.2% and 11.5%, respectively.

Fitting parameters A;-Ag

D

3.2628e-03
5.3337e-03
1.0505E-02
4.5234E-03
2.6717E-03
3.4771E-03
-3.9955E4-01
4.4303E-03

7.6736e+02

-2.0332e+00
7.1510E+02
3.6354E+00
6.3633E+02
1.3650E+-00
4.8623E+03
6.2248E4-00

1.2552e+-04

3.2785E-03

5.7005E-03

2.1652E-01

2.7681e-01
1.0876E+03
1.1629E+4-03

3.1963E+02

1.9240e-03

1.3242E-01

2.9689E-01

-6.9818E-01

-9.4899¢-02

5.8129E-12

3.5460E-06

2.1838E-18

ALADDIN evaluation function for erosion vield: EYIELDSA

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=EDGE-PL D=TiB{2} C [+0]

Total chemical erosion yield (C/H")

T T T T T T T

10" | CKC graphite (10% TiB,, edge) - g

10° .

1 0-3 = 3
@3 keV H," (1 keV/H"), 5x10'° H'/em’s
0900 eV H," (300 eV/H"), 2x10'® H'/cm’s
0300 eV H,’ (100 eV/H'), 110" H'/cm’s
A90eV H,” (30 eV/H"), 5x10™ H'/em’s

1 0'4 1 — L L 1 . !

200 400 600 800 1000 1200
T(K)
Legend:
—— Analytic Fit
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4.2.1.81 HJ 4+ CKC (TiB; doped) graphite — CH,

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).

Accuracy: Yield: £20%; T: +£25K.

Comments: (1) Steady-state methane yield.
(2) Specimens were cut in two orientations, ‘edge’ and ‘base’, and doped with 10 at%
TiB,. .
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

Analytic fitting function:

Erosion yield:

Y = A exp[—(

T—- A,
AsT+1

)2/A4]TA5 + Ag exp(—A7T)T#¢  [molecules/H]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (s), B (o), C (O) and
* D (A) are 12.8%, 17.0%, 8.1% and 7.8%, respectively. '

Fitting parameters A;-Ag

A 3.9631e-03 7.8597e+02

-3.8940e-

04 6.9156e-01

B 8.7593E+02  7.5219E+402
7.7043E-03 5.9703E+00
C 4.7831E4+02  6.9304E402
1.3447E-02 8.5587E+00
D 1.6269E-08 5.9365E4-02
8.0995E-03 4.0473E400

4.4071e-04 6.2663e+03 2.4916e-01

8.8561E-05 1.3314E+04  -1.6025E+00

1.3495E-03 4.9954E+03  -1.6893E+00

9.5822E-04 7.8209E+03  1.9340E+00

9.0035e-06

4.6123E-18

2.7923E-23

2.9184E-12

ALADDIN evaluation function for erosion yield: EYIELD8A

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=BASE-PL D=TiB{2} CH{4} [+0]

-1

10

—
OI

)
(4]

Methane yield (CH,/H")
o

10

F I i ! i ' 1
- CKC graphite (10% TiB,, base) ]
C ]
i ®@3keV H,” (1 keV/H'), 5x10" Hcm’s
i 0900 eV H," (300 eV/H"), 2x10"° H'/em’s

0300 eV H,’ (100 eV/H"), 1x10™ H'/cm’s

A%0 eV H," (30 eV/H'), 5x10™ H/cm’s

s 1 PR 1 1 ] 2 L
200 400 600 800 1000
T (K)
Legend:
—— Analytic Fit
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Source:

Accuracy:

Comments:

4.2.1.82 Hj + CKC (TiB; doped) graphite — C

J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).
Yield: £20%; T: £25K.

(1) Steady-state hydrocarbon yield.

(2) Specimens were cut in two orientations, ‘edge’ and ‘base’, and doped with 10 at%
TiB,.

(3) Incident ions were mass-analyzed.

{(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yehem—totar = [CH4 + 2(CyHs + CoHy + CoHg) +
3(C3H6 + C3Hg)]/H+. ‘

Analytic fitting function:

Erosion yield:

Y = A; exp[—(

T - Ay

AT+l 1)2/A4]TA5 + Ag exp(—A7;T)T#*  [molecules/H™]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (s), B (o), C (O) and
D (A) are 16.6%, 13.1%, 13.9% and 12.5%, respectively.

Fitting parameters A;-Ag

A 2.5185e-03 7.7750e+02  6.4636e-03 2.7176e+02  3.3151e-01 3.5190e-07
1.3049¢-03 1.5308e+00

B 2.9441e-03 7.1560e+-02 1.1492e-03 5.3949e+03  3.5400e-01 2.7671e-03
-1.1151e-03 -2.1123e-01

C 6.6639E+02 6.6753E+02  3.7250E-03 9.6430E+02 -1.6377TE+00 2.0876E-16
9.2404E-03 5.76 77E+00

D 2.4330e-03 6.1274e+02  -5.0842e-04 7.8790e+04  2.7313e-01 2.2245e-05
1.7158e-03 9.1856e-01

ALADDIN evaluation function for erosion yield: EYIELD8A

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=BASE-PL D=TiB{2} C [+0]

Total chemical erosion yield (C/H")

-1

1 0 E L T T T T . T
I CKC graphite (10% TiB,, base)
1 0-2 o E
]
1 O-3 o E
®3keV H," (1keV/H"), 5x10" H'/cm’s
0900 eV H," (300 eV/H"), 2x10' H'/em’s
D300 eV H,” (100 eV/H'), 1x10"° H'/cm’s
A90eV H, (30 eV/H"), 5x10'* H'/em’s
1 0-4 . | . 1 L { N $ :
200 400 600 800 1000 1200
T (K) |
Legend:
—— Analytic Fit
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4.2.1.83 H3"' + CKC (TiB; doped) graphite —» CH,

Source:
Accuracy:

Comments:

J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).
Yield: +20%; T: £25K.

(1) Steady-state methane yield.

(2) Specimens were cut in two orientations, ‘edge’ and ‘base’, and doped with 20 at%

TiB,.

(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[A; exp(~(T — A2)?/A3)T** + Asexp(—AsT)TA7)

[molecules/H™]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (o), B (o), C (O) and
D (A) are 10.7%, 13.2%, 7.5% and 14.7%, respectively. Data for curves A and D were fitted with

EYIELDSA.
Fitting parameters A;-Ag

A 3.2095e-03 7.6099e+02 1.1862e+04 2.1600e-01 3.8242¢-07 4.1261e-03
1.2841e+00 3.1173e-08 2.9320e+00 )

B 4.2126E-01 7.2639E+02  1.3404E+04  2.1908E-01 2.4022E-10 5.1965E-03
3.6596E+00

C 4.4878E-02 6.5410E+02  3.0228E+04  4.6661E-01 2.4579E-02 3.6934E-04
2.1530E-01

D -1.3871E-12  8.0296E+02  2.1954E+01  1.8739E-04 3.3390E+00  6.1905E-13
4.1205E-03 3.9967E+00

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=EDGE-PL D=TiB{2} CH{4} [+0]

T T T T T T ﬁ T
- CKC graphite (20% TiB,, edge) j
~ 10° L ;
< ]
< ~
I ]
o ]
o E
2
> 400 L i
> 10 E :
c [ ]
@© r ]
£ I ]
g @3 keV H,” (1 keV/H"), 5x10" H'/em’s |
i 0900 eV H,’ (300 eV/H"), 2x10'° H'/cm®s
-4 D300 eV H,’ (100 eV/H"), 1x10'® H'/cm®s
100 ¢ £90 eV H,' (30 eV/H"), 5x10* H'/cm’s 3
| L | L { | ' %
200 400 600 800 1000
T (K)
Legend:
— Analytic Fit
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4.2.1.84 HJ + CKC (TiB; doped) graphite — C

Source: . J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimens were cut in two orientations, ‘edge’ and ‘base’, and doped with 20 at%
TiB,.
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Yepem—totat = [CHg +2(C2Hs + CyHyg + CoHg) +
3(03H6 + CgHg)]/H+.

Analytic fitting function:

Erosion yield:
Y=10x

1072[4; exp(—(T — A2)?/A3)TA* + As exp(~A¢T)T#7] [eroded C/HT]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (o), B (o), C (O) and
D (A) are 8.7%, 27.7%, 16.4% and 20.9%, respectively. Data for curves B and C were fitted with

EYIELD9A.

Fitting parameters A;-Ag

A 1.3296 E-01 7.5684E+02 1.1561E+04 3.6668E-01 3.5207E-05
1.3981E+00
07 7.0939e+02 1.0820e+04  1.8622e+00 6.9568e-08

B 1.1684e-
9.2136e-
C 1.0668e-
8.4973e-

01 1.8530e-05 2.9801e+00

07 6.1558e+02 2.1392e+04 1.8450e+00 2.9220e-04

01 1.0664e-16 6.1508e+00

D 1.3314E-01 5.6145E+02 4.3271E+04  3.8800E-01 5.4527E-14
3.9840E+00

6.3551E-04
5.1324e-03
9.0608e-03

-1.5528E-03

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD9A

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=EDGE-PL D=TiB{2} C [+0]

-1

10

10

Total chemical erosion yield (C/H")

10°

T T T T T Y T

L CKC graphite (20% TiB,, edge)

b @®3keV H," (1 keV/H"), 5x10" H'/em®s
i 0900 eV H," (300 eV/H"), 2x10™° H'/em’s
D300 eV H,” (100 eV/H"), 1x10™ H'cm’s
A90 eV H,” (30 eV/H"), 5x10™ H'/em’s

1 " | n !

200 400 600 800 1000

Legend:
—— Analytic Fit
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Source:
Accuracy:

Comments:

Analytic fitting function:

4.2.1.85 Hg’ + CKC (TiB; doped) graphite — CH,

J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).

Yield: £20%; T: £25K.

(1) Steady-state methane yield.

(2) Specimens were cut in two orientations, ‘edge’ and ‘base’, and doped with 20 at%

TiB,.

(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

Erosion yield:

Y =4, exp[—(

T - As
AT +1

)* /A T#s + Ag exp(—A;T)T#®  [molecules/H™)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (), B (o), C (O) and D (A)
are 14.9%. 6.1%, 7.1% and 8.8%, respectively. Data for curve C were fitted with EYIELD7A.

Fitting parameters A;-Ag

A 7.2566E+02  7.9162E+02  2.7682E-04 1.0828E+04 -1.6270E4+00 8.2897E-10
1.7078E-03 2.2388E+00

B 1.4798E-06 7.1579E+02  2.8555E-04 1.2495E+04 1.3941E+00  3.1643E-09
2.7549E-03 2.2929E+00

C 2.0974e-05 6.4356e+02 4.3286e+04  9.1311e-01 1.1970e+4-02 -3.9856e-03
-2.4047e+00

D 1.5950e-03 5.7688e+02 2.4198e+01 5.0000e-05 1.0030e-01 1.1354e-13
8.5400e-03 4.5631e+00

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A-D: SATM H{3} [+1] GRAPHITE T=CKC O=BASE-PL D=TiB{2} CH{4} [+0]

Methane yield (CH,/H")

! 1 T T T T N T T
| CKC graphite (20% TiB,, base) |
a2
10 E 3
-3
10" F 3
@®3keV H,' (1 keV/H"), 5x10" H'/em’s
0900 eV H," (300 eV/H"), 2x10" H'/cm’s
-4 0300 eV H," (100 eV/H"), 1x10"° H'/em’s
10 3 A90 eV H," (30 eV/H"), 5x10" H'/em’s
C | l | A | R 1 ]
200 400 600 800 1000 1200
T(K) -
Legend:
—— Analytic Fit
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Source:
Accuracy:

Comments:

Analytic fitting function:

4.2.1.86 HJ + CKC (TiB; doped) graphite — C

J. W. Davis and A. A. Haasz, J. Nucl. Mater., in press (1998).

Yield: £20%; T: +25K.

(1) Steady-state hydrocarbon yield.

(2) Specimens were cut in two orientations, ‘edge’ and ‘base’, and doped with 20 at%

TiB,.

(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Yehem—totai = [CHs + 2(C2Hz + CoHy + CoHg) +
3(C3H6 + CgHg)]/H+

Erosion yield:

Y = A exp[—(

T - A,
AT +1

)% /A4] T4 + Ag exp(—A;T)TA®  [eroded C/H*]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (o), B (o), C (D) and
D (A) are 6.7%, 5.3%, 35.7% and 14.9%, respectively. Data for curves C and D were fitted with

EYIELDYA.
Fitting parameters A;-Ag

A 1.7462E-07 7.5053E4+02  7.0606E-04 6.7754E+03  1.7167E+00  4.2486E-08
1.1107E-03 1.7011E+00

B 1.3136E-06 7.0629E+02  1.3676E-03 4.1566E+03  1.4581E+00  3.9480E-10
3.1652E-03 2.7229E+00

C 2.5515e-03 6.4484e+02  2.6261e+04  2.4144e-01 6.4826e-09 5.0732¢-03
1.3512e+00 3.0084e-05 2.7309e+00

D 1.5127e-03 5.9012e+02 1.2026e+04  2.1061e-01 5.4337e-11 1.1056e-02
2.4584e+00 3.0518e-07 3.8606e+00

ALADDIN evaluation function for erosion yield: EYIELDSA, EYIELD9A

ALADDIN hierarchical labelling:

A-D: SATM H [+1] GRAPHITE T=CKC O=BASE-PL D=TiB{2} C [+0]

-1

10 F

'
N

Total chemical erosion yield (C/H")

-4

—
o
T

—h
o
T

-

L

| CKC graphite (20% TiB,, base)

T

@3 keV H," (1keV/H"), 5x10™ H'/em®s
0900 eV H," (300 eV/H"), 2x10'° H'/cm®s
0300 eV H," (100 eV/H"), 1x10" H'/cm®s
A90eV H,” (30 eV/H"), 5x10™ H/cm’s

1

10

200

400

Legend:

—— Analytic Fit
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4.2.1.87 Hj + TiC(CVD)/Mo = C

Source: R. Yamada, K. Nakamura, and M. Saidoh, J. Nucl. Mater. 111&112, 744 (1982).
Accuracy:  Yield (rel.): 20%.

Comments: (1) Steady-state methane yield.
(2) Specimen: CVD of titanium carbide on Mo, 20um thick coating.
(3) HY ions: mass analyzed accelerator.
(4) Products measured via QMS-RGA.
(5) H* fluence > 10'® H* /cm? required to reach steady state.

Analytic fitting function:

Chemical sputtering yield: »
Y =10x 10"3[A1 e>cp(—A2E)EA3 + A4EA5] [molecules/H‘*']

where E is in keV. The rms deviation of the analytic fit is 3.8%.

Fitting parameters A;-Ag

3.4330e+00 3.1529e-01 3.9010e-01 7.4158e-01 4.2485e-01

ALADDIN evaluation function for chemical sputtering yield: EYIELD5A

ALADDIN hierarchical labelling:

SATM H{3} [+1] Mo T=CVD-TiC C [+0]

o
o

T T 1T 177 I_T_r T T T T 17177
ks
<t
E 4.0 TiC(CVD)/Mo B
“o
D 30t . .
[0}
=
o))
£
§ 20 -
5 ° 0
& ® Target temperature: 400 C
Tg 1.0 -
= [H']: (1-5)x10"° H7cm’s
)
<
(_)OO \l_1 1 14‘111111{0 ! IIIILII1
10 10 10
+
Legend: H energy (keV)
—— Analytic Fit '
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4.2.1.88 H} + TiC(CVD)/Mo — CH,4

Source: R. Yamada, K. Nakamura, and M. Saidoh, J. Nucl. Mater. 111&112, 744 (1982).
Accuracy:  Yield (rel.): 20%.

Comments: (1) Steady-state methane yield.
(2) Specimen: CVD of titanium carbide on Mo, 20um thick coating.
(3) HY ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.
(5) H* fluence > 10'® H* /cm? was required to reach steady state.
(6) Flux density ranged from 1 x 10 to 5 x 10> H* /cm?s depending on ion energy.

Analytic fitting function:

Methane yield:
T - A,

Y =1.0x 10_3[A1 exp[-—- (m

)2/A4]TA5 + Ag exp(—A7T)T##]  [molecules/H ]

where T is in °C. The rms deviation of the analytic fits for reaction A () and B (O) are 0.7% and
1.2%, respectively.

Fitting parameters A;-Ag

A 6.1844e+04  5.5079e+02  -7.0142e-04 2.4073e+04  -1.8095e+00  5.2551e+4-00
-5.3551e-04 -1.3078e-01

B 3.1647e+4-01 9.1072e+02 9.0700e-02 6.1360e+01  -5.3513e-01 1.8275e+00
5.1403e-04 -1.9661e-02

ALADDIN evaluation function for methane yield: EYIELD8A

ALADDIN hierarchical labelling:

A, B: SATM H{3} [+1] Mo T=CVD-TiC CH{4} [+0]

7 T T T T T

6 - ®@3keVH, (1keV/H") -
00.3 keV H, (100 eV/H")

()]
I
I

Methane yield (10° CH /H")
w
i
|

i N
I
|

° _WM |
1+ _
O ] | ! | 1 | I
0 200 400 600 800
T(C)
Legend:
—— Analytic Fit
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4.2.1.89 H} + TiC(CVD, PVD)/Mo, POCO graphite — CH,

Source: R. Yamada, K. Nakamura, and M. Saidoh, J. Nucl. Mater. 111&112, 744 (1982).
Accuracy:  Yield (rel.): 20%.
Comments: (1) Steady-state methane yield.

(2) Specimens: CVD and PVD of titanium carbide on Mo, 20um thick coating. CVD
of TiC on Poco graphite (AXF-5Q), 20um thick coating. Sintered TiC.
(3) Hf ions: mass analyzed accelerator.

(4) Methane measured via QMS-RGA.
(5) HT fluence > 10'® H¥/cm? was required to reach steady state.

Analytic fitting function:

Methane yield:

where T is in °C. The rms deviation of the analytic fit for reactions A(e), B (o),

are 2.3%, 1.1%, 0.9% and 1.0%, respectively.

Y = 1.0 x 1073[A; exp(—(T — A2)%/A43)T44 + Asexp(—AeT)T*)

Fitting parameters A;-A7

[molecules/H™]

C (D) and D (A)

A 5.6954e-05 6.4610e+02 1.6824e+04  1.3676e+00  9.6211e+00  -3.5830e-04
-2.4789%¢-01
B 1.8546e+14  6.2953e+02  2.2679%+04  -5.2014e+00 4.5357e+00  -2.4960e-04
-7.0120e-02
C 1.7512e+29  6.2153e+02 9.6907e+03  -1.0646e+01  5.2912e+00  -4.8722¢-04
-1.2834e-01
D 3.7406e+03  6.0382e+02  4.3054e+04  -1.3264e+00 2.6182e+00  -1.7191e-05
-2.2911e-02
ALADDIN evaluation function for methane yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H{3} [+1] Mo T=CVD-TiC CH{4} [+0]
B: SATM H{3} [+1] Mo T=PVD-TiC CH{4} [+0]
C: SATM H{3} [+1] GRAPHITE T=CVD-TiC CH{4} [+0]
D: SATM H{3} [+1] TiC CH{4} [+0]
7 —T T —T T T T T
® CVD TiC/C . N
6~ opvpTiCMo 3keV H," (1 keV/H")
_ @ CVD TiC/Mo [H}: 5x10"° H'/em®s
“r 5  ASinteredTiC ~
IV
(6]
ne 4 —
=)
23 -
2
£2 .
[o)]
p=3
1F I
0 i I 1 ] | i
0 200 400 600 800
T (C)
Legend:

~—— Analytic Fit
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4.2.1.90 H + isotropic graphite (B doped) — C

Source: T. Hino, K. Ishio, Y. Hirohata, T. Yamashina, T. Sogabe, M. Okada and K. Kuroda,
" J. Nucl. Mater. 211, 30 (1994).
Accuracy:  Yield: Indeterminate.

Comments: (1) Yield for total erosion measured by mass loss.
(2) Experiments used an electron cyclotron resonance hydrogen ion apparatus.
(3) Specimen: Boron-doped isotropic graphite (GB-series, Toyo Tanso).
(4) HI ions: mass analyzed accelerator.

Analytic fitting function:

Erosion yield:
T- A,

ya 1)2/A4]TA5 + Ag exp(—A;T)T#* [C/HT]

Y=A1exp[—(

where T is in °C. The rms deviation of analytic fits for reactions A and B (o), and C (¢, A, O)
are 6.8% and 3.3%, respectively. Data for 0 wt%B (curves A and B) were represented by two fits:
300-500 °C, parameter set A; 500-1800 °C, parameter set B. Points at 0 °C were not included in
the fits. :

Fitting parameters A -Ag

A 5.6451e-03 5.2628e+02 -2.6095e-03 3.6165e+05 2.8693e-01 1.3284e-08
-2.7253e-03 2.3089¢+00 _
B 4.5564e+10 6.2090e+02 1.3870e+04 -4.1789e+00  1.1788e-01
-2.8819¢-03 -6.1292¢-01
C 1.1896e-02 . 5.5170e+02 -2.8195e-04 1.0510e+05 1.5191e-01 1.5293e-10
-1.3820e-03 2.4970e+00
ALADDIN evaluation function for erosion yield: EYIELD8A
ALADDIN hierarchical labelling:
A, B: SATM H{3} [+1] GRAPHITE T=HPG-ISO C [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG-ISO D=B C [+0]
0
10 - T T T 1 ‘ T I T f{
[ 4.5keV H," (1.5 keV/H") ]
L [H7: 1x10° H'/em®s 4
I .
O 10_1 — 3
ko] C ]
() - ]
2 C N
z L i
o - i
‘@
o - OGB-100 (B: Owt%) |
L < GB-103 (B: 3 wt%)
2 A AGB-110 (B: 11 wt%) _|
107 & U OGB-120 (B: 22 wt%) 3
i 1 1 1 | 1 1 ] |
0 500 1000 1500 2000
T(C)
‘Legend:
—— Analytic Fit
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4.2.1.91 Hj + isotropic graphite (V doped) — C

Source: T. Hino, K. Ishio, Y. Hirohata, T. Yamashina, T. Sogabe, M. Okada and K. Kuroda,
J. Nucl. Mater. 211, 30 (1994).

Accuracy:  Yield: Indeterminate.

Commients: (1) Yield for total erosion measured by mass loss.
(2) Experiments used an electron cyclotron resonance hydrogen ion apparatus.
(3) Specimen: Vanadium-doped isotropic graphite (GC-series, Toyo Tanso).
(4) HY ions: mass analyzed accelerator.

Analytic fitting function:

Erosion yield:
T — As

V= Arewp|-(7T

)? /AT + Agexp(—A;T)T4s  [C/HY]

where T is in °C. The rms deviation of analytic fits for reactions A (o, o), and B (3, A, e, x) are
16.3% and 2.2%, respectively.

Fitting parameters A;-Ag

A 1.7857e+04 5.8427e+02 6.9150e-04 9.2729e+03  -1.8593e+00  1.4576e+00
-3.4614e-03 -1.0671e+00

B 5.7909e-03 5.6197e+02 8.0551e-04 1.9246e+04  4.0116e-01 6.0402e-10
-1.3618e-03 2.3853e+00

ALADDIN evaluation function for erosion yield: EYIELD8A

ALADDIN hierarchical labelling:

A: SATM H{3} [+1] GRAPHITE T=HPG-ISO C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG-ISO D=V C [+0]

0

1 O E T T T T T T T 3
F 45keV H," (1.5 keV/H") .
C i
L [H: 110" H'/em®s 4
— L
I
O, ‘IC)_1 — B
o - .
2 C o) ]
> i OV: 0 wi% ]
c OV:10 wit%
_g - AV:23 W% )
(o] r— OV 0wt% -
’ L‘E @V: 14 wt%
-2 . X V:29 wt%e
10 - E
i ] | i { 1 | ) i
0 500 1000 1500 2000
T(C)
Legend: '

—— Analytic Fit
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4.2.1.92 H;, H;’ + pyrolytic graphite — C

Source: J. Roth, J. Bohdansky, W. Poschenrieder and M. K. Sinha, J. Nucl. Mater. 63, 222
(1976).
Accuracy: - Yield (rel.): £15%; Yield (abs.): +30%.

Comments: (1) Weight loss measurement.
(2) Specimen: graphite (pyrolytic).
(3) Mass-analyzed ion beams.

Analytic fitting function:

Sputtering yield:
. T — A
Y= IO—Z[Al exp [-—( A

AsT +1

)? /A4 T4 + Ag exp(—A7T)T*] [atoms/ion]

where T is in °C. The rms deviation of the analytic fits for reactions A (o), B (o), C (A) and
D (x) are 33.5%, 19.5%, 6.8% and 0.5%, respectively.

Fitting parameters A;-Ag

1.4451E-01 6.2718E+02  1.0342E-02 8.7132E+01  4.2511E-01 1.3518E-18
1.2417E-02 7.6199E+00 v
4.9327E-01 6.2542E+02 -6.3272E-04  2.6151E+04 ~ 3.7564E-01 1.6684E-13
4.8613E-03 5.1774E+00
4.6334E-01 6.6695E+02 -7.8242E-04 1.2182E+04  3.1894E-01 1.8748E-12
4.4681E-03 4.7690E+00
2.5331E-01 6.1313E+02  -4.5355E-05  2.6301E+04  5.4130E-01 1.7765E-11
5.8358E-02 7.5124E+00
ALADDIN evaluation function for sputtering vield: EYIELD8A
ALADDIN hierarchical labelling:
A: SATM H{2} [+1] GRAPHITE T=HPG C [+0]
B-D: SATM H{3} [+1] GRAPHITE T=HPG C [+0]
T T ] T T T - T T
0.10 ®6keV H, (3keVH)
O 6 keV H; (2 keV/H")
[H']: 2x10™ H'/em®s A3KkeV H," (1 keVH)-
0.08 - x 2keV Hy' (667 eV/H) |

0.06 - -

0.04 -

Sputtering yield (atoms/ion)

0.02 - -

0.00
200

1000

Legend:
—— Analytic Fit
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4.2.1.93 HT, HI + isotropic graphite — CH,

Source: R. Yamada, K. Nakamura, K. Sone and M. Saidoh, J. Nucl. Mater. 95, 278 (1980).

Accuracy: Indeterminate.
Comments: (1) Steady-state methane yield.

(2) Specimen: isotropic graphite (7477PT).
(3) H™ ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107*[4; exp(—(T — A2)?/A3)T4* + Asexp(—AsT)T*"] [molecules/H™]

where T is in °C. The rms deviation of analytic fits for reactions A (x) and B (O) are 6.1% and
3.2%, respectively.

Fitting parameters A;-A;

A 5.2647E+02  5.1917E+02  1.3892E+04 -1.7795E-02  5.9208E+01 -1.4670E-03
-4.7983E-02

B 2.0871E+02  5.5172E+02  2.0927E+04 -7.1164E-02  1.0366E+00  1.9199E-03
8.9068E-01 ' '

ALADDIN evaluation function for methane yield: EYIELD7A |

ALADDIN hierarchical labelling:

A: SATM H [+1] GRAPHITE T=HPG-ISO CH{4} [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG-ISO CH{4} {+0]

0.06 T T T T ’T 7 T
- Flux: 3x10™-1.3x10"° H'/cm’s -
L 004 - x1kevi 7
5 A0.5keV H
5 D 0.3 keV H," (0.1 keV/H")
2
2
2 002 F -
@
=
000 ] B 1 1 1 ] L
0 200 400 600 800
T (C)
Legend:
—— Analytic Fit
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4.2.1.94 H*, H}, H] + pyrolytic graphite - CH,4

Source: R. Yamada, K. Nakamura, K. Sone and M. Saidoh, J. Nucl. Mater. 95, 278 (1980).
Accuracy: Indeterminate. '
Comments: (1) Steady-state methane yield.

(2) Specimen: graphite (pyrolytic, HPG, edge plane). -
(3) H* ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 1074[A; exp(=(T — A2)?/A3)T4 + Asexp(—AsT)TA")

[molecules/HT]

where T is in °C. The rms deviation of analytic fits for reactions A (x) and B (O) are 2.5% and

2.0%, respectively.

Fitting parameters A;-Ay

A 3.0954E+03 5.2025E+02  1.2345E+04 -2.7996E-01  4.4960E+02 -2.6830E-03
-3.7587E-01
B 6.7249E+02 5.0987E+02 5.3535E+04 -1.9324E-01  1.8610E+01  3.2809E-03
4.4219E-01 '
ALADDIN evaluation function for methane yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM H [+1] GRAPHITE T=HPG O=EDGE-PL CH{4} [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG O=EDGE-PL CH{4} [+0]

0.08 : I . : I : —

~ Flux: 3x10"-1.3x10" H*/em’s

0.06

i = -
= x 1 keV H'

T | AO5keVH" i
o %0.3keVH"

- A0.3keV H," (0.15 keV/H")

® 0.04 |- Do3keVH, (0.1 keVH) .
=

()

C - .

13}

=

o)) - —
2 0.02

0.00 1 | | l ] | ]
0 200 400 600
T(c)
. Legend:

—— Analytic Fit
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4.2.1.95 HT, HJ, H] + pyrolytic graphite - CH,

Source:

Accuracy: Indeterminate.

Comments: (1) Steady-state methane yield.
(2) Specimen: graphite (pyrolytic, HPG, basal plane).
(3) H* ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107*[A; exp(—(T — As)?/A43)T* + As exp(—AsT)T47]

R. Yamada, K. Nakamura, K. Sone and M. Saidoh, J. Nucl. Mater. 95, 278 (1980).

[molecules/H™]

where T is in °C. The rms deviation of analytic fits for reactions A (x) and B (O) are 1.2% and

1.4%, respectively.

Fitting parameters A;-A;

A 1.6121E+03  5.0544E+02  1.3936E+04 -1.6832E-01
-1.3373E-01

B 4.8605E+02  5.5623E+02  9.8597TE+04  -9.2979E-02
1.3886E-01

2.4312E+02

8.8662E+01

-1.3056E-03

2.8443E-03

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A, B: SATM H [+1] GRAPHITE T=HPG O=BASAL-PL CH{4} [+0]

0.08 T T T T T T
L Flux: 3x10™-1.3x10" H'/em’s .
x1keVH _
+’£ 0.06 - yo7kevr
=< AO5keVH
T | AO.3keVH" i
O ®0.3keV H,” (0.15 keV/H")
- 00.3keV H, (0.1 keV/H")
< 0.04 -
=
)
c - 4
o]
<
[} L _
= 0.02
r |
0_00 1 | 1 | ! ]
0 200 400 600
T(°C)
Legend:
—— Analytic Fit
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© 4.2.1.96 HT, H + PG-A graphite —» CH,

Source: R. Yamada, K. Nakamura, K. Sone and M. Saidoh, J. Nucl. Mater. 95, 278 (1980).
Accuracy: Indeterminate.

‘Comments: (1) Steady-state methane yield.
(2) Specimen: graphite (pyrolytic, PG-A, basal plane (Nippon Carbon)).
- (8) H ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107*[4; exp(—(T — A2)?/A3)T** + Asexp(—AsT)T*"] [molecules/H"]

where T is in °C. The rms deviation of analytic fits for reactions A (x), B (A), C (O) and D (e)
are 5.8%, 1.7%, 6.8% and 2.8%, respectively.

Fitting parameters A;-A;

A 9.0406E+02  5.1643E+02 1.2099E+04 -9.3459E-02  1.2636E+02 -2.0684E-03
-1.3319E-01

B 2.6424E+02 5.1787E+02 8.5407E+03  -1.8765E-02  3.7746E+01  -1.5588E-03
1.1368E-01

C 44002E+01 5.0775E+02 14837E+04  2.2920E-01 2.8215E4+02  -4.2607E-03
-5.1282E-01

D 2.7152E+02  5.1166E+02 9.6675E+03 -3.7328E-02  8.3509E+00  5.9013E-04
3.7338E-01

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A-D: SATM H [+1] GRAPHITE T=PGA O=BASAL-PL CH{4} [+0]

008 T I T T T I T

- Flux: 3x10™-1.3x10" H'/cm’s % .
@6 keVH'

& 0.06 I~ g5 ev .
< O6keVH, (3keV/H")

T _ O6keV H," (2 keV/H") 4
9 x 1keVH

- *3 keV H," (1 keV/H")

o 0.04 — roskeVH _
= 00.3keV H," (0.1 keV/H")

o

c - i

©

<
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0.00 1 I 1 1 1 | I
0 200 400 600 800
0
: T(C)
Legend:

—— Analytic Fit

187



4.2.1.97 HT, H3+ + GC-30 glassy carbon — CH,

Source: R. Yamada, K. Nakamura and M. Saidoh, J. Nucl. Mater. 95, 278 (1980).

Accuracy: Indeterminate.

Comments: (1) Steady-state methane yield.
(2) Specimen: glassy carbon (GC-30).
(3) H* ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107*[A; exp(— (T — A2)?/A3)T4 + As exp(—A¢T)T47]  [molecules/ion]

where T is in °C. The rms deviation of the analytic fits for reactions A (x) and B (O) are 6.7%
and 1.6%, respectively.

Fitting parameters A;-A;

A 1.8734E+00  5.1255E+02  1.5877E+04  9.0991E-01 1.2700E+02  -3.1443E-03
-1.9791E-01

B 2.6182E+02 5.3807E4+02  2.6919E+04 -3.9363E-02  4.3970E+00 1.1714E-03
5.9757E-01

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM H [+1] C T=GLASSYC-GC-30 CH{4} [+0]
B: SATM H{3} [+1] C T=HPG-ISO CH{4} [+0]

0.08 =T T T T T T T
Flux: 3x10™-1.3x10"° H'/cm’s
- 0.06 + -
I
sl i i
e
o x 1 keV H'
@ 0.04 Faro05keVH N
> 00.3keV H, (0.1 keV/H")
2 ! |
©
=
2 0.02 s
0.00 1 1 1 | | | 1
0 200 400 600 800
T(C)
Legend:
 —— Analytic Fit
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4.2.1.98 H*, Hf + B,C — CH,4

Source: J. W. Davis and A. A. Haasz, J. Nucl. Mater. 175, 117 (1990).
Accuracy:  Yield: £15%; T: £25%.

Comments: (1) Methane yields: A: (1 keV/HT) steady-state; B: (3 keV/HT) steady-state;
C: (10 keV HT) possibly transient.
(2) Specimen: B4C.
(3) H* ions: mass-analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107%[A; exp(—(T — As)*/As)T* + Asexp(—AsT)T47] [molecules/HT]

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (), B (A) and C (x)
are 5.3%, 11.2% and 44.4%, respectively. Data for curve B were fitted with EYIELDS8A.

Fitting parameters A;-Ag

A 2.2554E-02 7.2733E4+02  4.2521E+03  4.4509E-02 3.9836E-02 -8.9349E-05
-2.3115E-03

B 1.0808E-23 6.5055E4+02 6.4688E+01  3.0917E-06 6.9735E+00  4.8389E-01
-2.7362E-03  -1.4911E4-00

C 2.6327E-01 6.4082E+02 1.8291E+04 -8.8414E-02  2.7921E-03 -1.7910E-03
-1.3569E-04 '

ALADDIN evaluation function for methane yield: EYIELD7A, EYIELD8SA

ALADDIN hierarchical labelling:

A, B: SATM H{3} [+1] B{4}C CH{4} [+0]
C: SATM H [+1] B{4}C CH{4} [+0]

-2

10 [ T T ' T T T T T T T 3
" @3keV H, (1keV/H"), 6x10'"° Hcm’s ]
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Legend:
—— Analytic Fit
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4.2.2.1 D% 4 pyrolytic graphite - CD,

Source: C. M. Braganza, S. K. Erents and G.{I\/[.'McCracken, J. Nucl. Mater. 75, 220 (1978).
Accuracy: Yield: Indeterminate. i

Comments: (1) Target bombarded by monoenergetic beam of mass-selected D™ ions.
(2) Hydrocarbon products measured via QMS.
(3) Specimen: graphite (pyrolytic). ‘
(4) Curves were fitted with an equation of the form derived from a kinetics analysis
discussed in the source paper. ’

Analytic fitting function:

Methane yield:
Y = 107%[A; exp(=42/T) /(1 + Az exp(—A4/T))] [molecules /ion]

where the temperature T is in Kelvin. The rms deviation of analytic fits for reactions A (O),
B (4A), C (s) and D (%) are 20.1%, 85.6%, 56.4% and 306.4%, respectively.

Fitting parameters A;-Ay

1.7502E+08  1.2774E+04 3.5717E+13  2.3617E+04
5.8543E+06 1.0387E+04 4.1485E+12  2.2396E+04
7.5247TE+04 7.6415E+03  5.3425E+12  2.3739E+04
1.9477E+06  1.0407TE+04 2.8020E+15  2.9009E+04

ooQw»>

ALADDIN evaluation function for methane yield: EYIELD4D

ALADDIN hierarchical labelling:

A-D: SATM D [+1] GRAPHITE T=HPG CD{4} [+0]

0.05 T T T T T | i
[D): 4x10™ D*/crm’s
. 0.04 - .
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0.00 ' : ‘ —8
400 600 800 1000 1200
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Legend: ( )
—— Analytic Fit
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4.2.2.2 Dt + pﬁ&lytic graphite — CD,

Source: 'C. M. Braganza, S. K. Erents and G. M. McCracken, J. Nucl. Mater. 75, 220 (1978).

Accuracy:  Yield: Indeterminate.

Comments: (1) Target is bombarded by monoenergetic beam of mass-selected D™ ions.
(2) Hydrocarbon products measured via QMS.
(3) Specimen: graphite (pyrolytic).
(4) Curves were fitted with an equation of the form derived from a kinetics analysis
discussed in the source paper.

Analytic fitting function:

Methane yield:
Y = 107%[A; exp(—A2/T) /(1 + Az exp(—A4/T))] [molecules/ion]

where the temperature T is in Kelvin. The rms deviation of analytic fits for reactions A (A) and
and B (x) are 56.2% and 7.6%, respectively.

Fitting parameters A;-Ay

A 9.1739E+06 1.0636E+04  1.3450E+12  2.1299E+04
B 1.0092E+06  9.5453E4+03  2.3962E+11  2.1333E+04

ALADDIN evaluation function for methane yield: EYIELD4D

ALADDIN hierarchical labelling:

A-D: SATM D [+1] GRAPHITE T=HPG CD{4} [+0]

1

10

D*: 20 keV A 4x10" D'/em’s
x 2.6x10" D*/cm’s |

'
N

T TTTT]

Methane yield (CD,/D")
S

400 500 600 700 800 900 1000 1100 1200
T(K)

‘Legend:
—— Analytic Fit

191



4.2.2.3 D% + pyrolytic graphite -+ CDy4, C,;D,, C

Source: J. Roth and J. Bohdansky, “Graphite in High Power Fusion Reactors”, IEA Workshop
Rep., Federal Institute for Reactor Research, Wiirenlingen (1983).

Accuracy:  Yield: Indeterminate.

Comments: (1) Total sputtering (chemical+physical) and chemical erosion yields compared at
580 °C and RT.

(2) Specimen: graphite (pyrolytic).
(3) [D*]: 2 x 10'8 D*/cm?s.

Analytic fitting function:

Sputtering yield:
Y = Ay exp(—A42/E)/(1 + Asexp(—A4/E)) [particles/D7]

where E is in keV. The rms deviation of analytic fits for reactions A (e), B (¢), C (A) and D (O)
are 3.2%, 8.2%, 7.5% and 3.7%, respectively. Data for curve B were fitted with EYIELD4C.

Fitting parameters A;-Ay4

2.1968e-01 3.6170e-02 1.6414e+00 9.9655e-01
8.8530e-02 1.7130e-02 1.9229¢+00  -2.2010e-02
5.9350e-03 -2.5349e4+-00  2.2912e-01 -2.5716e+4-00
2.6139¢-02 -1.8988e+-00  4.0064e-01 -2.1334e+00

oQw>

ALADDIN evaluation function for sputtering yield: EYIELD4D, EYIELD4C

ALADDIN hierarchical labelling:

A: SAT D [+1] GRAPHITE T=PYG C [+0]

B: SATM D [+1] GRAPHITE T=PYG C{2}D{2} [+0]
C: SAT D [+1] GRAPHITE T=PYG C [+0]

D: SATM D [+1] GRAPHITE T=PYG CD{4} [+0]

0

10

E T T T T T TTT T T T 1T T 1T 1171 =
g -
—~ : -
+ — -
a
S L 4
w
K .’"—r\‘\o\'
3] oL -
g 100 ¢ E
(1] - 7
= - i
° L N
0 L y
>
o 2
£ 10 E -
2 - ©580 °C total .
3 L ©C,D, (580°C) i
Q
N - ARoom temoperature, total -
. ocCD, (580 °C) 4
1 0'3 < 1 ) [ R | 5 ) L | B B | ;
10 10 10
D" energy (keV)
Legend: ’
—— Analytic Fit
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4.2.2.4 D7 + pyrolytic graphite - CD,

Source: J. Roth and J. Bohdansky, Nucl. Instrum. Methods B 23, 549 (1987).
Accuracy:” Yield (rel.): £10%; Yield (abs.): £30%.

Comments: (1) Steady-state methane yield.
(2) Specimen: graphite (pyrolytic).
(3) Mass analyzed beam.
(4) Methane production measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = 1.0 x 1072[A; exp(—(T — A2)?/A3)T** + As exp(—AeT)T*"] [CDy/ion]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e), B (A) and C (O) are
3.2%, 20.1% and 31.5%, respectively.

Fitting parameters A;-A;

A 1.8299E+00 7.0364E+02 1.1854E+04 -6.0613E-02  6.8712E-01 -1.7106E-03

5.7924E-02

B  8.3847E4+00 8.0785E+402  6.0257E403  -2.8987E-02  3.0939E-10 3.4189E-03
3.8812E+00 '

C 1.2213E401 8.3611E+02 1.1782E4+04  4.1343E-02 -1.1410E+00 2.4735E-03

1.3542E-01

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A-C: SATM D [+1] GRAPHITE T=HPG CD{4} [+0]

0

10 = T T T T T T
[ [D']=5.2x10" D*/cm’s i
a | _
¥ 10 = =
S8 ]
o - I
Q0 N 7
= L 4
()
g 10° L e
% 3 ®50eV 3
C A 150 eV 3
= i a1keV ]
1 0'3. i J ] I ] ]
300 500 700 900
T (K)
Legend:
—— Analytic Fit
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Source:
Accuracy:

Comments:

4.2.2.5 D7, H' + pyrolytic graphite -CD,, C

was 1 x 10™* A for H and DJ.
(4) Mass analyzed beam.
(5) Methane production measured via QMS-RGA.

Analytic fitting function:

Erosion yield:

Y = A, (log E)® + As(log E — A3)* + As

where ion energy E is in eV. The rms deviation of analytic fits for reactions A (0), B (o), C (o)

and D (e) are 15.5%, 15.3%, 13.1% and 14.3%, respectively.

Fitting parameters A;-Ay

J. Roth and J. Bohdansky, Nucl. Instrum. Methods B 23, 549 (1987).
Yield (rel.): £10%; Yield (abs.): £30%.

(1) Weight loss measurement of total (physical+chemical) sputtering yield.
(2) Specimen: graphite (pyrolytic with various orientations, isotropic fine-grain).
(3) Flux: 5x 10" —1x10® H* or D™ /cm®s for HY and D3. The total target current

[atoms/ion or CDy /ion]

A -1.8067E-02  4.8192E-02 -1.2329E+00 -2.1694E-01
B -2.0080E-03  1.1696E-02 1.2685E400  3.8303E-02

C 1.1150E-01 -6.7514E-01  9.7561E-01 -1.6944E-01
D  -5.6633E-04  7.7589E-04 -4.2428E4-00 -1.8080E-02

ALADDIN evaluation function for erosion yield: EYIELD4C

ALADDIN hierarchical labelling:

A: SATM D [+1] GRAPHITE T=HPG CD{4} [+0]
B: SATM D [+1] GRAPHITE T=HPG C [+0]
C: SATM D [+1] GRAPHITE T=HPG CD{4} [+0]
D: SATM H [+1] GRAPHITE T=HPG C [+0]

Q

10 - T T T 1T 1T FTT] 1 i T T TTTIT T T rTrTTT7TYH
= - ]
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el [ Vsputtering yield, PG-c axis perpendicular to surtace normal -
2 = &CD, yield, AT .
: I~ @sputtering yield, PG-c axis parallel to surtace normal 7
2 1 0“4 | ¥ sputtering yield, PG-c axis perpendicular to surface normal _
= 3
g E 3
w L 1 a3l | Loyl [ A SR
1 2 3 4
1 10 10 10
- lon energy (eV) -
Legend:
— Analytic Fit
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4.2.2.6 D% + pyrolytic graphite = C

Source: J. Roth, E. Vietzke and A. A. Haasz, Nucl. Fusion Suppl. 1, 63 (1991).
Accuracy:”  Yield: £20%.

Comments: (1) Weight loss measurements of total (chemical+physical+RES) sputtering yield.
(2) Specimen: graphite (pyrolytic, HPG99).
" (8) Mass analyzed beam.
(4) Original data from J. Roth, J. Nucl. Mater. 145-147, 87 (1987); J. Roth and P.
Franzen, unpublished data, 1990.

Analytic fitting function:

Sputtering yield:

T — A
Y = A exp[—( 2

AT + 1

)2 JAs)T#s + Ag exp(~A;T)T4%)  [C/D*]

where temperature T is in Kelvin. The rms deviation of analytic fits for reactions A (A) and B (O)
are 10.4% and 5.9%, respectively. Data for curve A were fitted with EYIELD7A.

Fitting parameters A;-Ag

A 1.9534E-03 8.1169E4+02  1.5387E+04 6.2602E-01 2.5568E+04  -4.625TE-03
-2.6374E+00

B 5.2242E-02 7.3750E+02  -3.1023E-04 1.1370E4+05  7.7256E-02 7.2497E+07
-4.7257E-03  -4.0316E+00

ALADDIN evaluation function for sputtering yield: EYIELD7A, EYIELDS8A

ALADDIN hierarchical labelling:

SATM D [+1] GRAPHITE T=HPG99 C [+0]

T T T T T T ]
L A ]
—_ ‘1
fa 10 = o =
B - 50eV a .
= B 4 ]
E) - -
= L i
(@)
0% 102 L tkev ]
= a :
o L .
2 -  A1keV D' .
" o50eVD" 7
1 0'3 i : 1 1 1 ! ! L |
200 600 1000 1400 1800
T (K)
Legend:

— Analytic Fit
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4.2.2.7 DT 4+ pyrolytic graphite — CD,

Source: J. Roth and C. Garcia-Rosales, Nucl. Fusion 36, 1647 (1996).
Accuracy:  Yield: £20%.

Comments: (1) Steady-state methane yield.
(2) Specimen: pyrolytic graphite.
(3) DT ions: Mass-analyzed ion beam.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:
Y = Ay exp(—(T — A2)*/As)T* + As exp(—AsT)T47(1 + AsT*) [CD4/D*]

where T is in Kelvin. The rms deviation of analytic fits for reactions A () and B (O) are 32.8%
and 60.0%, respectively.

Fitting parameters A;-Ag

A 4.7260e-03 7.6237e+02 3.3796e+04  3.1010e-01 7.1246e-06 8.4140e-03
8.3093e-01 1.0831e-03 2.1377e+4-00 '

B 5.9770e-03 7.9788e+02 1.0527e+04  4.3480e-01 3.6331e-10 -8.6500e-03
1.2212e400 0.0 0.0

ALADDIN evaluation function for methane yield: EYIELD9A

ALADDIN hierarchical labelling:

A, B: SATM D [+1] GRAPHITE T=HPG CD{4} [+0]

0

100 ¢ T T T T T l | E
- [D] =5x10° D/cmis 1
. @ 50eV 7
i B 0 1000 eV B
e
e - ]
© = 4
o i 7
> L
o 7
& 102 L 4
T E
oy ]
= C ]
10°
200 400 600 800 1000
T(K
Legend: ( )
—— Analytic Fit
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4.2.2.8 DT + pyrolytic graphite — C

Source: J. Roth and C. Garcia-Rosales, Nucl. Fusion 36, 1647 (1996).
Accuracy:  Yield: £20%.

Comments: (1) Weight loss measurement.
(2) Specimen: pyrolytic graphite.
(3) D" ions: mass-analyzed ion beam.
(4) Yield is for total (chemical+physical) sputtering.

Analytic fitting function:

Sputtering yield:
Y = Ay exp(—A2E)T#* + A4,E [C/D™]

where E is in eV. The rms deviation of analytic fits for reactions A (e) and B (O) are 34.9% and
55.8%, respectively. Data for curve B were fitted with EYIELD4C.

Fitting parameters A;-Ay

A 4.0770e-02 -1.1079e-04 -5.0360e-02 -7.1101e-06
B -1.9376E-02  -3.0419E-03  6.3272E401. 1.1736E+401

ALADDIN evaluation function for sputtering yield: EYIELD4A, EYIELD4C

ALADDIN hierarchical labelling:

A, B: SATM D [+1] GRAPHITE T=HPG C [+0]

0
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Legend:
—— Analytic Fit
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4.2.2.9 D*, DY + pyrolytic graphite — CD,

Source: S. Chiu and A. A. Haasz, J. Nucl. Mater. 208, 282 (1994).
Accuracy: Yield: Total £20%; Flux: +£30%.

Comments: (1) DT produced by mass-analyzed ion accelerator.
(2) Methane measured via QMS-RGA, steady-state.
(3) Specimens: graphite (pyrolytic, HPG99).
(4) Specimen temperature is fixed at 800 K.

Analytic fitting function:

Methane yield:
Y = 4;(log F)? + As(log F — A3)* + A4y [CD4/D7]

where the flux F is in D*/cm?s. The rms deviation of analytic fits for reactions A (e), B (O) and
C (A) are 0.7%, 2.9% and 1.6%, respectively.

Fitting parameters A;-Ay

A -1.2340E-02  5.4569E-02 5.9110E-01 6.3440E-02
B -4.2370E-03  2.2266E-02 6.8879E-01 2.7743E-02
C -2.0471E-03  9.4460E-03 3.3729E-01 1.6351E-02

ALADDIN evaluation function for methane yield: EYIELD4C

ALADDIN hierarchical labelling:

A-C: SATM D [+1] GRAPHITE T=HPG99 CD{4} [+0]

0.08 T 1 T 1Ty T T LN T T 1 1T T T1T1T
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£ =
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000 1 1 lllllli L 1 IIIIII} | 1 N
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10 10 [D+] (D+/Cm2s) 10
Legend:

— Analytic Fit
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Source:

Accuracy:

Comments:

4.2.2.10

D" + pyrolytic graphite — CDy

S. Chiu and A. A. Haasz, J. Nucl. Mater. 208, 282 (1994).

size, distribution).

referred to the paper.
(2) The erosion yield at previously unirradiated beam spots is generally reduced by
higher fluence bombardment by D* ions.

(3) D* produced by mass-selecting ion accelerator.

(4) Methane measured via QMS-RGA, time-dependent.

(5) Specimens: graphite (pyrolytic, HPG99).

Analytic fitting function:

" Methane yield:

Y = Ay (log F)® + Ax(log F — As)? + A,

Yield: Total £20% (CDy calibration based on CHy); Flux ratio: +£30% (beam spot

(1) These results are part of a mechanistic study of CH, formation; the reader is

[CD4/D*]

where the flux F isin D* /cm?s. The rms deviation of analytic fits for reactions A (x), B (o), C (O),
D (A), E (v), F (¢) and G (e) are 4.9%, 3.0%, 3.2%, 1.6%, 1.4%, 2.7% and 1.6%, respectively.

Fitting parameters A;-Ay

A -2.0329E-02  2.3978E-03 -1.0383E+01 -2.3341E-01
B -9.9790E-03  1.9176E-03 -1.0791E4+01 -1.9969E-01
C -4.8963E-03  1.3861E-03 -9.2856E+00 -9.6294E-02
D  -2.7347E-02  8.1228E-02 4.0908E-01 3.7427E-02
E -2.3128E-02  7.2880E-02 4.6303E-01 3.6773E-02
F -9.6747E-03 ~ 3.9012E-02 6.1790E-01 3.4306E-02
G  4.8963E-03 -1.8479E-02  6.7024E-01 2.4278E-02

ALADDIN evaluation function for methane yield: EYIELD4C

ALADDIN hierarchical labelling:

A-G: SATM D [+1] GRAPHITE T=HPG99 CD{4} [+0]

Methane yield (CD,/D")

0.07 T T
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10'° . 2 10"
Flux (D'/cm®s)
Legend:
— Analytic Fit
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Source:

4.2.211 D* + POCO graphite — C

D. M. Goebel, J. Bohdansky, R. W. Conn, Y. Hirooka, B. LaBombard, W. K. Leung,

R. E. Nygren, J. Roth and G. R. Tynan, Nucl. Fusion 28, 1041 (1988).

Accuracy: Yield: £20%; T: £5%.

Comments:

(2) Specimen: graphite (isotropic, POCO: AXF-5Q).

(1) High-flux (~10® D* /cm?s), steady-state (>10 min.) plasma bombardment. -

(3) Total erosion yield (incl. physical and chemical sputtering) estimated from weight

loss (>1 mg).

(4) Erosion assumed to be dominated by physical sputtering at 1000 °C.

(5) Large ionization mean free path, i.e. no redeposition effect (see 4.2.1.15).

Analytic fitting function:

Erosion yield:

Y = 1.0 x 107%[4; exp(—(T — A2)?/A3)T4 + Asexp(—A¢T)T#"] [atoms/ion]

where T is in °C. The rms deviation of analytic fits for reactions A () and B (A) are 1.7% and
3.9%, respectively. Data for reaction B were fitted using the function EYIELD9A.

"Fitting pafameters Ai-Ay

2.0414E+00 5.3187E+4+02  4.5250E+04  1.5392E-01 7.0157E-01  8.1747E-04
1.6618E-01 '
B 1.2110E4+05  5.9877E4+02  2.1438E+04 -2.4438E+00 2.2524E-04 1.5597E-02

1.2192E4+00 1.1274E-09 3.9325E+00

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD9A

ALADDIN hierarchical labelling:

A, B: SAT D [+1] GRAPHITE T=POCO-AXF5Q C [+0]
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Legend:
— Analytic Fit
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4.2.2.12 D™ + redeposited carbon, POCO graphite — C

Source: Y. Hirooka, A. Pospieszczyk, R. W. Conn, B. Mills, R. E. Nygren and Y. Ra, J. Vac.
Sci. Technol. A 7, 1070 (1989).

Accuracy:  Yield: £20%; T: +5%.

Comments: (1) High-flux (10'® D* /cm?s), temperature ramp at 5 °C/s.
(2) Specimen: isotropic graphite (POCO AXF-5Q): virgin, TFTR redeposited.
(3) D-content in the redeposited carbon estimated by NRA to be 2x10'® D/cm?®.
(4) Total erosion yield estimated from CH-band spectroscopy calibrated by weight
loss measurements.
(5) The erosion data for the “TFTR-eroded” graphite essentially overlaps those for
“virgin” graphite.

Analytic fitting function:

Erosion yield:
T - A

AT+ 1 1)2/144]T*‘5 + Agexp(—A;T)T#* [C/D*]

Y = Ay exp[—(

where T is Kelvin. The rms deviation of the analytic fit for reactions A (e) and B(o) are 3.0% and
7.2%, respectively.

Fitting parameters A;-Ag

A 8.7487E-01 7.9398E+02  7.4973E-03 4.8378E+02  -3.7760E-01  7.0625E-08
5.5134E-03 2.4876E+00

B 4.4688E-02 8.6786E+02  -1.4448E-04 8.3359E+04  7.3484E-02 1.7501E-58
5.9988E-02 2.5555E+401

ALADDIN evaluation function for erosion yield: EYIELD8A

ALADDIN hierarchical labelling:

A: SAT D [+1] GRAPHITE T=TFTR-REDEP C [+0]
B: SAT D [+1] GRAPHITE T=POCO-AXF5Q C [+0]

B T T T I T T T T = i
300 eV D
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Legend: ( )
— Analytic Fit
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4.2.2.13 DT 4 pyrolytic graphite, B-doped GB graphite - C

Source: Y. Hirooka, R. Conn, R. Causey, D. Croessmann, R. Doerner, D. Holland, M. Khanda-
gle, T. Matsuda, G. Smolik, T. Sogabe, J. Whitley and K. Wilson, J. Nucl. Mater.
1768177, 473 (1990).

Accuracy: Yield: £20%; T: +5%.

Comments: (1) Higb-flux (~10!% D /cm?s), steady-state (>10 min.) plasma bombardment.
(2) Specimen: pyrolytic graphite (Pfizer), bulk-boronized isotropic graphite and C-C
composite (Toyo Tanso). '
(3) Total erosion yield estimated from weight loss (>1 mg).
(4) Large ionization mean free path, i.e. no redeposition effect (see 4.2.1.15).
(5) Boron and carbon masses are assumed equal for erosion yield calculations.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 107%[A; exp(—(T — A2)?/A3)TA¢ + Asexp(—A¢T)T4"] [atoms/D7]

where temperature T is in °C. The rms deviation of analytic fits for reactions A (,*,0) and B
(A, 0) are 47.1% and 26.9%, respectively.

Fitting parameters A;-A;

A 3.1553E4+00  5.7198E+02  1.0471E+05  1.5317E-02 1.0503E-04 -9.3215E-03
-3.6593E-01

B 2.5227E-02 4.2882E4+02  1.3699E+05 6.6751E-01 3.8563E-02 -1.0051E-02
-1.4396 E+00

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SAT D [+1] GRAPHITE T=PFG C [+0]
B: SAT D [+1] GRAPHITE T=GB D=B C [+0)]
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Legend:
—— Analytic Fit
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4.2.2.14 D% + C-SiC coated graphite - C

Source: D. M. Goebel, J. Bohdansky, R. W. Conn, Y. Hirooka, B. LaBombard, W. K. Leung,
- R. E. Nygren, J. Roth and G. R. Tynan, Nucl. Fusion 28, 1041 (1988).

Accuracy: Yield: £20%; T: £5%.

Comments: (1) High-flux (~10'® D* /cm?s), steady-state (>10 min.) plasma bombardment.
(2) Specimen: C+8iC (5%) co-deposited isotropic graphite (ATJ).
(3) Total erosion yield (incl. physical and chemical sputtering) estimated from weight
loss (>1 mg). ' o
(4) Large ionization mean free path, i.e. no redeposition effect (see 4.2.1.15).

Analytic fitting function:

Erosion yield:
Y = 1.0 x 1072[4; exp(—(T — A2)?/A3)T* + Asexp(—A¢T)T4"] [atoms/ion]

where T is in °C. The rms deviation of the analytic fit is 1.6%.

Fitting parameters A;-A7

1.7411E-01 5.5101E4+02 6.7576E+04 . 3.6151E-01 7.0240E-02 5.7265E-03
5.5680E-01

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

SAT D [+1] GRAPHITE T=C-SiC C [+0]

-1

_ [ 100 eV Deuterium ions eCSiC
:C; | [D']=1.5x10" D*/cm’s :
2
E L =
o
s
ke] 10°? - 7
.2 ‘ .
> C ]
c N i
.0
(/2] - -
o4 L 4
Ll
1 0'3 1 1 L | 1 | | I | 1
0 200 400 600 800 1000
T(0)
Legend:
—— Analytic Fit
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4.2.2.15 DT + pyrolytic, B-doped SEP-CFC, Ti-doped graphite, Be/C —» CD,

Source:

Accuracy:

Comments:

C. Garcia-Rosales, E. Gauthier, J. Roth, R. Schworer and W. Eckstein, J. Nucl.
Mater. 189, 1 (1992). '

Yield (rel.): £10%; Yield (abs.): +30%.
(1) Methane measured via QMS-RGA.

(2) Specimen: graphite (pyrolytic, B-doped, Ti-doped, deposited C/Be layer from

JET).

(3) Mass-analyzed beam.

Analytic fitting function:

"~ Methane yield:

Y = 1.0 x 1072[A; exp(~(T — A2)?/A3)T4 + As exp(—A¢T)T47)

[CD4/D™]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (o), B (o), C (A) and D (o)
are 13.0%, 14.3%, 11.2% and 11.3%, respectively.

Fitting parameters A;-A7

A T4313E+00 7.9528E+02 1.2662E+04 3.3991E-02  1.1881E-01  -2.6831E-03
-3.1570E-02
B 7.5578E+00 7.9761E+02 1.2158E+04 -8.9434E-04  2.9918E-01  1.2290E-03
3.5856 E-02 :
C  1.6478E+00 8.0148E+02 1.6114E+04 1.8126E-01  3.8191E+00 -2.6377E-03
-6.5513E-01
D  23045E4+00 7.1223E4+02  2.1003E4+04  -4.3413E-02  4.7864E4+00  1.1397E-02
5.9043E-02
ALADDIN evaluation function for methane yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM D [+1) GRAPHITE T=HPG CD{4} [+0]
B: SATM D [+1] GRAPHITE T=SEP-CFC D=B CD{4} [+0]
C: SATM D [+1] GRAPHITE T=HPG D=Ti CD{4} [+0]
D: SATM D [+1] GRAPHITE T=HPG D=Be CD{4} [+0]
T 1 T T T T
0.14 _
L 3keV D, (1keV/D") 4
_ 0.12 - [D1=8x10" D'/cm’s n
Q - . _'
DQ 010 — —
o 0.08 - -
0 _ i
> ® Pyr. Gr. (U.C.)
2 0.06 - ,sep.crC (9%8B) 7
& © AC+7-10%Ti T
® 0.04 - ©Be/C(40% Be, JET) m
= L i
0.02 + -
0.00 = -
200 400 600 800 1000
T (K)
Legend:
—— Analytic Fit
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4.2.2.16 DT + B-doped S 2508, USB 15, GB graphite, B4,C — CD;,

Source: C. Garcfa—Rosales, E. Gauthier, J. Roth, R. Schworer and W. Eckstein, J. Nucl.

Mater. 189, 1 (1992).
Accuracy:  Yield (rel.): £10%; Yield (abs.): £30%.

Comments: (1) Methane measured by QMS-RGA.
(2) Specimen: graphite (pyrolytic, B-doped) and B4C).
(3) Mass-analyzed beam.

Analytic fitting function:

Methane yield:

Y = 1.0 x 1072[A; exp(—=(T — A3)?/A3)T4* + Asexp(—AsT)TA7] [CD4/DV]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e), B (o), C (A) and D (o)
are 4.2%, 9.7%, 8.5% and 5.4%, respectively. Data for curve D were fitted with EYIELD8A.

Fitting parameters A;-Ag

A 9.1576E-02 6.7414E+02  4.8416E+03  3.5846E-01 2.8344E-03

7.9442E-01

B 1.0928E+00 6.9336E+02  5.2190E+03 -1.4737E-02  1.3100E-01
6.1493E-02 :

C 8.1421E-01 7.1001E+02  9.3074E+03  -2.5472E-02  6.1473E-02
2.7616E-03

D  8.41578e-05  4.92705E4+02 -1.65343E-03 2.26043E+05 6.51021E-01
4.34105E-03  1.97493E+00

3.7685E-04

3.8928E-06

-1.6137E-03

7.25696E-08

ALADDIN evaluation function for methane yield: EYIELD7A, EYIELD8A

ALADDIN hierarchical labelling:

A: SATM D [+1] GRAPHITE T=52508 D=B CD{4} [+0]
B: SATM D [+1] GRAPHITE T=USB15 D=B CD{4} [+0]
C: SATM D [+1] GRAPHITE T=GB D=B CD{4} [+0]

D: SATM D [+1] B{4}C [+0] CD{4} [+0]

0.02 —
3 keV D," (1 keV/D") ® S 2508 (3% B)
0 USB 15 (15% B)
~— L [D]=8x10" D*/cm’s . A GB 120 (20% B) A
9 0BC
a
S)
3 001 | |
>
()
C
©
K
6 _ -—
=
0.00 ooy T
200 400 600 800 1000
T (K)
Legend:

—— Analytic Fit
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4.2.2.17 D% + pure, B-doped graphite, B,C — C

Source: C. Garc{a—Rosales, E. Gauthier, J. Roth, R. Schwoérer and W. Eckstein, J. Nucl.
Mater. 189, 1 (1992).

Accuracy: Yield: £20%.

Comments: (1) Weight loss measurement at 800 K (physical sputtering subtracted) or methane
yield at Tpy,.
(2) Specimens: graphite (pyrolytic, isotropic, B-doped), diamond, B4C. Boron content
(at%): DPE - 0.5, S 2508 - 3, SEP-CFC - 9, USB 15 - 15, S 1325 - 32, M019 all - 41,
bulk B4C - 80.
(3) Mass-analyzed beams.
(4) T, temperature of maximum CD4 production.

Analytic fitting function:

Chemical sputtering yield:
Y = A exp(—A2 X)X 4 + A4,X*  [atoms/D7]

where the atomic ratio is X = B/(C + B). The rms deviation of the analytic fit is 13.6%.

Fitting parameters A;-Ag

2.6060E-03 -2.4446E4+00 -5.6233E-01  -5.1406E-02  3.9364E+00

ALADDIN evaluation function for chemical sputtering yield: EYIELDSA

ALADDIN hierarchical labelling:

SATM D [+1] GRAPHITE T=HPG,B{4}C D=B C [+0]

‘ I 1 T T T T T

Q ' . 3 keV Da“ (1 keV/D‘) 0 E:amond
®w 010 m Py.Gr.
g [D'] =8x10" D*/cm’s 4 CX-2002
© @ DPE
(P T o S 2508
Q, | A SEP-CFC -
2 A o USB 15
E ¢ + S 1325
£ V.M 019Alpha
g 005 1 xBukBC -
o ® GB-series
© 4
Q
E B —t
2
O [m] (o] o+ .

—1 ) ! | | | | | L

00
-0.1 0.0 01 02 03 04 05 06 0.7 08 0.9

B/(C+B) atomic ratio
Legend:

—— Analytic Fit
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4.2.2.18 DT + pyrolytic graphite - CDy

Source: C. Garcia-Rosales and J. Roth, J. Nucl. Mater. 196-198, 573 (1992).
Accuracy:  Yield (rel.): £10%; Yield (abs.): £30%.

Comments: (1) Methane production measured by QMS, calibrated by mass-loss measurements.
(2) Specimen: graphite (pyrolytic).
(3) D ions: mass analyzed beam.

Analytic fitting function:

Methane yield: :
Y = 1.0 x 1072[4; exp(—(T — A3)?/A3)T4* + As exp(—A¢T)T47] [CD,4/D7]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (30), B (e) and C (A) are
3.0%, 10.2% and 5.7%, respectively.

Fitting parameters A;-A;

A 4.1711E-02 7.8005E+4+02 2.9116E+04  6.0996E-01 2.2197E-06 5.2268E-03

2.5145E+00

B 8.8796E+02 8.1335E+02 1.6334E+04 -7.1719E-01  3.7280E-39 2.4159E-02
1.6129E+-01 :

C 4.6293E-01 7.9502E+02 1.3357TE+04 4.6120E-01 1.5796 E-02 -4.1332E-03
-9.9474E-02

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A-C: SATM D [+1] GRAPHITE T=HPG CD{4} [+0]

0

10 . 1 ' 1 l T 1 \

- 050 eV/D" 1
" [D']=2.8x10" D*/cm’s ©200eV/D"]
— L ' A1keV/D" |
2 4
S 5
ke - ]
3 i i
= L -
g
210 ¢ E
© - 3
= C ]
1 0'3 I 1 1 ] | I | ]
200 400 600 800 1000
T(K)
Legend:
—— Analytic Fit
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4.2.2.19 D* + USB15 graphite —» CD,

Source: C. Garcia-Rosales and J. Roth, J. Nucl. Mater. 196-198, 573 (1992).
Accuracy:  Yield (rel.): £10%; Yield (abs.): £30%.

Comments: (1) Methane production measured by QMS, calibrated by mass-loss measurements.
(2) Specimen: USB15 (B-doped graphite, 15 at%B).
(3) Dy ions: mass analyzed beam.

Analytic fitting function:

Methane yield:
Y = 1.0 x 107%[4; exp(—(T ~ A2)?/A3)T4* + Asexp(—A¢T)T*"] [CD4/DF]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (D), B (o) and C (A) are
3.8%, 2.2% and 6.8%, respectively. Data for curves B and C were fitted with EYIELDSA.

Fitting parameters A;-Ag

A 15I85E+00 6.1504E+02 1.7560E+04  -6.4980E-02  4.0624E-04  5.0340E-03
1.6170E+00 _

B 12200E-02  6.5605E+02 -5.7106E-04 1.9307E+04 1.7538E-02  1.0079-32
2.1107E-02  1.2716E+01

C  3.0476e+06  7.1410E+02 -6.1770E+01 1.1619¢-06  -3.0405E+00  4.8536e-170
1.0544E-01  6.9976E+01

ALADDIN evaluation function for methane yield: EYIELD7A, EYIELD8SA

ALADDIN hierarchical labelling:

A-C: SATM D [+1] GRAPHITE T=USB15 CD{4} [+0]

-1

10 - T T T T T 1 T 3
[ [D"]=2.8x10" D*/cm’s 050 eV/D" ]
L ® 200 eV/D"
E‘ L A1keV/D"
o - -
)
3 10% & =
> - .
0] Z .
e -
= _
< L .
© ]
= al
1 0'3 i | I | L 1 I
200 400 600 ' 800 1000
T(K)
Legend:
—— Analytic Fit
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4.2.2.20 DT 4 USB15, B-doped graphite - C, CD,

Source: C. Garcia-Rosales and J. Roth, J. Nucl. Mater. 196-198, 573 (1992).
Accuracy:  Yield (rel.): £10%; Yield (abs.): £30%.

Comments: (1) Weight loss measurement and mass spectroscopy.
(2) Specimen: USB15 (B-doped graphite, 15 at%B).
(3) D ions: mass analyzed beam.

Analytic fitting function:

Erosion yield:

Y = A1(logE)® + As(log E — A3)* + Ay [atoms or molecules/D7]

where ion energy E is in eV. The rms deviation of analytic fits for reactions A (A), B (O) and
C (o) are 11.8%, 0.3% and 9.2%, respectively.

Fitting parameters A;-A,

A -1.1091E-02  6.1238E-02 8.5514E-01 3.6693E-02
B -7.6050E-02  3.0612E-01 6.6656E-01 5.6241E-02
C -1.7526E-02  8.4898E-02 7.4464E-01 2.3281E-02

ALADDIN evaluation function for erosion yield: EYIELD4C

ALADDIN hierarchical labelling:

A: SATM D [+1] GRAPHITE T=USB15 D=B C [+0]
B, C: SATM D [+1] GRAPHITE T=USB15 D=B CD{4} [+0]

-1
10 ¥ T T 1T 1 1T T T T 1T 1T 17 17

[D'] = 2.8x10" D"/cm’s :
total sputtering yield, at RT _
A A o ]

el

CD, at RT CD, at 600K

’
[4)

[ R | ] ] [ N R
10’ 10° - 10°
lon energy (eV)

—
o

Sputtering yield (atoms/D") or CD, yield (CD,/D")
o _

Legend:
—— Analytic Fit
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4.2.2.21 D] 4 TiC-coated graphite — CH,

Source: E. Vietzke, K. Flaskamp and V. Philipps, J. Nucl. Mater. 1288129, 564 (1984).
Accuracy: Yield: 50%.

Comments: (1) Chemical erosion yield due to CH4 formation by impact of DJ ions.
(2) Specimen: TiC (TiC coated POCO-graphite).
(3) Two-stage differentially pumped QMS-LOS detection of CHy, steady state.
(4) Mass analyzed ion beam.

Analytic fitting function:

Methane yield:
Y = A;j exp(—A,T)T#  [CH,/ion]

where T is in Kelvin. The rms deviation of the analytic fit is 0.0%.

Fitting parameters A;-A;

2.4923E-07 8.9353E-03 2.0448E+00

ALADDIN evaluation function methane yield: EYIELD3A

ALADDIN hierarchical labelling:

SATM D{2} [+1] GRAPHITE T=PVD-TiC CH{4} [+0]
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Legend:
—— Analytic Fit

210



4.2.2.22 DJ + pyrolytic graphite — CDy

Source: A. A. Haasz, B. V. Mech and J. W. Davis, J. Nucl. Mater. 231, 170 (1996).

Accuracy:  Yield: £20%.

Comments: (1) Steady-state methane yield.

(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

Analytic fitting function:

Methane yield: ,
Y = 1.0 x 107[4; exp(—(E — A2)*/A3)E** + A5 exp(—A¢E)E*"] [CD4/D%]

where E is in eV. The rms deviation of analytic fits for reactions A (), B (O), C (A) and D (o)
are 4.5%, 0.9%, 2.4% and 2.5%, respectively. Data for curve C were fitted with EYIELDS8A.

Fitting parameters A;-A7

A 1.5970E-01 3.3830E+01  1.4799E+03 3.6776E-01 1.4210E-03 2.2217E-02
1.7469E+-00

' B 9.5225E+02  -2.8174E+02 3.7916E+03 5.1060E+00 3.2247E-01 3.5542E-03
4.5442E-01 ‘ )
C = 2.6094E-05 4.2362E+01  1.1827E-01 3.4837E+01  1.5989E+00  1.2969 E-04
4.7156E-02 1.4464E+00

D  8.4787E-02 -3.3345E+02 7.6573E+03  5.3563E+400  1.3069E-02 5.1499E-03
9.3540E-01 )

ALADDIN evaluation function for reaction yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A-D: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]

-1

10 TT — T T T T T T T T

® 300K 3x10" D*/em’®s
O 500K

A 800K
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10 100
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Legend:

—— Analytic Fit
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4.2.2.23 D + pyrolytic graphite - CDy .

Source:

Accuracy:  Yield: £20%; T: +25K.

Comments: (1) Steady-state methane yield.
(2) Specimen: pyrolytic graphite (HPG99). .
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.

Analytic fitting function:

Methane yield:
Y = A exp[—( T4

AT+l 1)2/A4]TA5 + Ag exp(—A;T)T#¢ [CD4/D¥]

A. A. Haasz, B. V. Mech and J. W. Davis, J. Nucl. Mater. 231, 170 (1996).

where T is in Kelvin. The rms deviation of analytic fits for reactions A (+), B (¢), C (A), D (v),

E (o) and F (O) are 27.6%, 25.7%, 32.5%, 16.5%, 21.3% and 21.0%, respectively.

Fitting parameters A;-Ag

A -1.1973E+02 8.3963E+02 1.8156E-02 3.0590E+02 -1.4732E4+00 1.8114E-14
7.7872E-03 4.9525E+00
B -2.3525E4+02 7.5756E+02  5.7874E-04 1.1183E4+04  -1.6862E+00 1.3861E-14
9.9924E-03 5.1912E+00
C 8.5817E+05 1.9403E+03  1.9765E-04 -1.3448E+04 -1.5540E+02 1.4694E-13
9.7308E-03 4.8430E+00
D 1.3897E+03  8.2539E+02  3.3963E-02 2.7273E+02  -1.7064E+00 2.2609E-11
1.4463E-02 4.2625E+00
E 1.9404E4+01 6.9777E+02  2.5501E-01 6.5010E-01 -1.0652E4+00 5.3787E-18
1.0875E-02 6.6128E+00
F 1.0353E4+03  7.1297E+02  9.4195E-03 2.7353E+02  -1.5845E+00 1.6718E-32
1.9093E-02 1.2662E+01
ALADDIN evaluation function for methane yield: EYIELD8A
ALADDIN hierarchical labelling:
A-F: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
L T T I L T T T T
] 0_1 . +10ev/D"
— 144, 2 O15eViD"
E o 3x10 D'/em’s A25eVD ]
C V50eV/D" ]
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Q
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I TTTTT]
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o
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Legend:
—— Analytic Fit
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4.2.2.24 D7 + pyrolytic graphite = CD4, Cheavys C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA. :
(5) Y heavy is the hydrocarbon yield excluding methane = [2(C,Ds + C;D4 + C3Dg) +
3(C3Dg +Cng)]/D+. :
(6) Yield for total chemical erosion, Yepem—totat = [CD4 + 2(C2D2 + C2Dy + CoDg) +
3(C3Dg + C3Dg)]/D™.

Analytic fitting function:

Erosion yield:
Y = A1(log E)® + A2 (log E — A3)® + Ay [molecules/D7]

where E is in eV. The rms deviation of analytic fits for reactions A (e), B (¢), and C (O) are 18.7%,
16.1% and 21.9%, respectively. Data for curves A were fitted with EYIELD4D.

Fitting parameters A;-Ay

A 1.3053e-02 -1.2579e+02  1.0738e+00  -1.3268e+02
B 4.5464e-03 -2.0683e-02 7.2942e-01 1.7703e-04
C -1.3364e-03 -8.973%e-04 8.2625e+00  5.1689e-02

ALADDIN evaluation function for erosion yield: EYIELD4C, EYIELD4D

ALADDIN hierarchical labelling:

A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM D{3} [+1] GRAPHITE T=HPG99 C{X}D{Y} [+0]
C: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
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Legend:
—— Analytic Fit
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4.2.2.25 D7 + pyrolytic graphite — CDy, Cheqvy, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yhequy is the hydrocarbon yield excluding methane = [2(C3Dy + CoDy + C2Dg) +
3(C3D¢ + CgDs)]/D+.
(6) Yield for total chemical erosion, Yehem—totar = [CD4 + 2(C2Ds + CaDyg + C2Ds) +
3(CsDg + C3D8)]/D+.

Analytic fitting function:

Erosion yield:
Y = A exp(—A4s/E)/(1 + Az exp(—A4/E)) [molecules/D]

where E is in eV. The rms deviation of analytic fits for reactions A (), B (o), and C (O) are 5.7%,
16.1% and 21.9%, respectively. Data for curve A were fitted with EYIELD4A.

Fitting parameters A;-A4

A 6.2590e-03 1.4030e-02 4.7850e-01 1.0000e-04
B 1.7592e-01 2.3009e+01 1.5985e+01  3.1667e+01
C 6.4668e-01 9.3896e+00  4.2233e+01 1.0254e+00

ALADDIN evaluation function for erosion yield: EYIELD4A, EYIELD4D

ALADDIN hierarchical labelling:

A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM D{3} {+1] GRAPHITE T=HPG99 C{X}D{Y} [+0]
C: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
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Legend:
—— Analytic Fit
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4.2.2.26 Dj + pyrolytic graphite - CDy, Cheavy, C

Source: B. V. Mech, A. A. Haasz and J. W.-Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yheavy is the hydrocarbon contribution excluding methane = [2(C2D; + C2Dy4 +
CZDS) + 3(C3D6 + Cng)]/D+.
(6) Yield for total chemical erosion, Yesem—totat = [CDa + 2(C2D2 + C2Dyg + CyDs) +
3(C3D6 + C3D3)]/D+

Analytic fitting function:

Erosion yield:
Y = A exp(— 42 E)E® + ALE [molecules/D¥]

where E is in eV. The rms deviation of analytic fits for reactions A (), B (o), and C (O) are 13.2%,
20.8% and 26.8%, respectively. Data for curve C were fitted with EYIELD4D.

Fitting parameters A;-Ay

A 9.59891e-04 1.93244e-02  1.02558e+00 4.21231e-04
B 1.4492¢-03 9.2634e-03 6.3226e-01 1.1092e-04
C 1.2973e-03 -2.6421e+00  -9.9384e-01 3.1675e+-00

ALADDIN evaluation function for erosion yield: EYIELD4A, EYIELD4D

ALADDIN hierarchical labelling:

A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM D{3} [+1] GRAPHITE T=HPG99 C{X}D{Y} [+0]
C: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
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4.2.2.27 D;’ + pyrolytic graphite — CDy, Cpequy, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.

Comments: (1) Steady-state hydrocarbon yield.
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
{(4) Reaction products measured by QMS-RGA.
(5) Yheavy 1s the hydrocarbon contribution excluding methane = [2(CyDs + C2Dyg +
C'zDG) + 3(C3D6 + Cng)]/D+.

(6) Yield for total chemical erosion, Yepem—total = [CD4 + Q(CzDz +CyDy +Cy DG) +
3(C3D6 + CgDs)]/D+ .

Analytic fitting function:

Erosion yield:
Y = A exp(—A2E)E#* + A4E#  [molecules/D™]

where E is in eV. The rms deviation of analytic fits for reactions A (e), B (o), and C (0O) are 2.4%,
23.3% and 3.2%, respectively.

Fitting parameters A;-As

A 2.90327e-18  2.73927e-01 1.26302e4+01 5.63037e-04  4.31397e-01
B 6.56865e-15  1.61908e-01  9.04002e+00 1.25172e-04  4.68461e-01
C 9.5625%e-22  3.87056e-01 1.5955%+01 3.75033e-04  4.47891e-01

ALADDIN evaluation function for erosion yield: EYIELD5A

ALADDIN hierarchical labelling:

A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM D{3} [+1] GRAPHITE T=HPG99 C{X}D{Y} [+0] -
C: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
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 4.2.2.28 D7 + pyrolytic graphite — C,D,, C

Source: B. V. Meéh, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.
Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yorem—totar = [CD4 + 2(C3Dy + C2Dy + CyDg) +
3(C3sDg + C3D8)]/D+.

Analytic fitting function:

Erosion yield:

Y = Ay exp(—(T — A2)?/As)T™ + As exp(—AgT)TA7 (1 + AgT4°)

[molecules/D7|

where T is in Kelvin. The rms deviation of analytic fits for reactions A (), B (s), C (o), D (4A),
E (), F (O) and G (o) are 15.0%, 13.0%, 21.9%, 20.7%, 21.0%, 24.4% and 33.6%, respectively.
Data for curves A, F and G were fitted with EYIELD7A.

Fitting parameters A;-Ag

A 5.8180e-08 5.5249e+4-02 3.0296e+04 1.9943e+-00 2.0870e-03 2.0369e-03 2.8558e-01
B 7.9403e-07  5.9087e+02 4.6893e+04 1.4371e+00 1.4873e+04 -3.5500e-03 -2.7702e+00
-1.5036e-01 2.2651e-01
C 9.3137e-09 5.6909e+02 2.7460e+03 1.7390e+00 2.9021e-22 1.9882e-02 8.4596e+00
-9.7449¢+00  -4.0804e-01
D 1.9098e-08 5.8738e+02 1.0614e+04 1.8162e+00 6.1861e-22 2.0479¢-02 8.5758e+00
-8.6648e+00  -4.3755e-01 .
E 1.0908e-08 5.9016e+02 1.0314e+04 1.7908e+00 1.0678e-22 1.3447e-02 7.9468e+00
9.1201e+04 -1.9470e+00 :
F 2.8872¢-10 5.4907e+02 1.7637e+04 2.4238e+00 4.1992e-04 3.3180e-03 1.0764e-01
G 1.2983e-10 5.3906e+02 3.0753e+04 2.2640e+00 . 6.6541e-09 4.1380e-03 1.7081e+00
ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD9A
ALADDIN hierarchical labelling:
A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM D{3} [+1] GRAPHITE T=HPG99 CD {4} [+0]
C: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{2} [+0]
D: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{4} [+0]
E: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{6} [+0]
F: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{6} [+0]
G: SATM D{3} [+1] GRAPHITE T=HPGY99 C{3}D{8} [+0]
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4.2.2.29 DTZ‘“ + pyrolytic graphite - C,D,, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: +25K.
Comments: (1) Steady-state hydrocarbon yield.

(

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Yerem—totar = [CD4 + 2(C2Dy + C2Dyg + CoDg) +
3(C3Dg + C3D8)]/D+.

Analytic fitting function:

Erosion yield:

Y = A exp[—(

T— 4, As As m+
| A3T+1) [As)T#5 + Agexp(—A7T)T [molecules/D ]
where T is in Kelvin. The rms deviation of analytic fits for reactions A (), B (e), C (o), D (4),
E (v), F (O) and G (o) are 5.7%, 9.4%, 86.3%, 31.3%, 47.0%, 32.0% and 62.3%, respectively.
Data for curve A were fitted with EYIELD7A, for curve C with EYIELD9A, and for curve E

EYIELDSB. Fitting parameters Aj-Ag

A 1.0272-05 5.8150e+02 1.5685e+04 1.1288e+00 1.3326e-16 1.2168e-02 6.1643e+4-00

B 1.4925e-03 5.7026e+4-02 1.8481e-03 5.2984e+03  2.0765e-01 1.5560e-11 8.2390e-03
3.8344e+4-00

C 4.2530e-02 5.8994e+02 1.5647e+04  -7.5429e-01 9.7837e-05 5.6840e-03 -7.0260e-02

- 1.2344e-02 1.1412e+00

D 7.3999E-05 5.5074E+02 1.3379E4+04 1.3057E+00 2.9166E+02 -4.0381E+00 -3.9526E-01
1.6285E-01

E 1.4174e-11 5.2440e+02  3.5415e+04  2.8851e+00  6.3596e+03 -4.7399e+00  -2.7232e-01
1.0564e-01

F 3.5150e-03 5.8878e+02  -2.9462¢-04 1.5609e+04  -2.1780e-01 7.1102e-14 9.3420e-03

- 4.4568e+4-00

G 1.7467e-03 5.9021e+02  -3.0382e-04 2.0160e+04  -3.4132e-01 4.6681e-20 1.3508e-02
6.7869e+-00

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELDRA, EYIELD8B, EYIELD9A
ALADDIN hierarchical labelling:

A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0)

B: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]

C: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{2} [+0]
D: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{4} [+0]
E: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{6} [+0]
F: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{6} [+0]
G: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{8} [+0]
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Source:
Accuracy:

Comments:

4.2.2.30 D] + pyrolytic graphite - C,D,, C

Analytic fitting function:

Erosion yield:

Y = Ajexp(—(Y — A2)?/A3)Y** + Asexp(—4sY )Y A7(1 + AsY )

[molecules/D7] -

B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Yield: £20%; T: +£25K.

(1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

(5) Yield for total chemical erosion, Y pem—totas = [CD4 + 2(C2D2 + C2D4 + CoDg) +
3(C3Dg + C3Dg)]/DT.

where T is in Kelvin. The rms deviation of analytic fits for reactions A (%), B (s), C (o), D (4),
E (v), F (O) and G (o) are 4.4%, 7.5%, 18.1%, 22.2%, 7.5%, 32.9% and 30.6%, respectively. Data
for curves A and B were fitted with EYIELD7A.

Fitting parameters A;-Ag

A 2.0396e-02 6.0418e+02 2.8062e+04  2.2941e-02 4.4642¢-06 4.0460e-03 1.5683e+00
B 1.1551e-01 6.3675e+02 3.2459¢+04  -3.8825e-01 6.7140e-03 1.0696e-03 3.4660e-02
C 4.2551e-04 5.7230e+02 2.8096e+04  5.5280e-02 3.0792e-03 1.4933e-03 -7.3132e-01
4.8136e+02 -7.2800e-01
D 9.3267e-04 5.8344e+02 1.1601e+04 1.9068e-01 3.0774e-04 7.2370e-03 1.0802e+00
-7.4646e+00  -3.5838e-01
E 2.3715e-06 . 6.1910e+02 1.0038¢+04  8.2631e-01 1.2733e-18 1.2180e-02 6.7230e+00
-1.4378e¢+00  -9.6980e-02
F 2.0829E-03 6.0203E+02 3.2435E+04 -3.6018E-02  1.0500E-09 1.1537E-02 1.6321E+00
9.5847E-03 2.1124E+00
G 2.6489E-04 6.1141E4+02 1.7273E+04  7.1480E-03 6.3786E-03 2.7030E-03 -3.5108E-01
-4.8891E+01 -7.4324E-01 '
ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD9A.
ALADDIN hierarchical labelling:
A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
C: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{2} [+0]
D: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{4} [+0]
E: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{6} [+0]
F: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{6} [+0]
G: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{8} [+0]
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4.2.2.31 D7 + pyrolytic graphite -+ C.D,, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: £25K.
Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.
(5

) Yield for total chemical erosion, Yepem—totar = [CD4 + 2(C2Dy + C2Dy + C2Dg) +
3(CsDs + Cng)]/D+ .

Analytic fitting function:
Erosion yield:

Y = Ay exp(—(T — A2)?/A3)T4% + As exp(—AeT) T4

[molecules/D)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (s), C (o), D (4),
E (v), F (0) and G (o) are 3.7%, 9.0%, 24.5%, 17.0%, 10.3%, 16.0% and 17.2%, respectively.

Fitting parameters A;-A;

A 1.0218e-07 6.1979¢+02  3.6961e+04 1.9538e+00 1.6864¢-03 6.7664e-04 3.7827e-01
B 4.6903E-09 6.4935E+02 5.0664E+04 2.2672E+00 6.9416E-05 2.6265E-03 9.9690E-01
C 5.7525e-05 6.5523e+02 1.4578e+04  2.9614e-01 3.6462¢-10 4.4760e-03 2.4926e+00
D 2.8027E-09 5.9855E+02 1.1974E+04  2.1840E4+00 6.3790E-16 7.4186E-03 5.1399E+-00
E 2.2029E-09 6.4057E+02 1.0122E+04 2.0872E+00 6.1367E-14 6.4731E-03 4.3206E+00
F 7.2142e-04 6.6463e+02 1.7842¢+04 1.1409e-01 3.0786e-12 4.8660e-03 3.5042e+00
G 2.9492¢-04 6.9358¢+02  2.5143e+04 1.7637e-02 = 2.8931e-18 9.5260e-03 5.8322e+00
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling:
A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0]
B: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
C: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{2} [+0]
D: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{4} [+0]
E: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{6} [+0]
F: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{6} [+0]
G: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{8} [+0]
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4.2.2.32 Dj + pyrolytic graphite - C,D,, C

Source: B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Accuracy:  Yield: £20%; T: +25K.
Comments: (1) Steady-state hydrocarbon yield.

(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by QMS-RGA.
(5) Yield for total chemical erosion, Y hem—totar =[CD4 +2(C2Dy + CoDy + C2Dg) +
3(C3D5 + C3D3)]/D+.
Analytic fitting function:
Erosion yield:

Y = A exp[—(

T - A4,

AT + 1)2/A4]TA5 + Ag exp(—A;T)T4¢  [molecules/D¥]
3

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (»), C (o), D (4),

E (v), F (O) and G (o) are 6.6%, 11.1%, 29.5%, 33.6%, 25.0%, 132.9% and 11.8%, respectively.
Data for curves A and B were fitted with EYIELD7A and EYIELD9A, respectively.
Fitting parameters A;-Ag

A 1.6995e+00 6.9624e+02 2.3168¢+04  -5.5221e-01 - 7.2038e-13 8.9900e-03 4.5385e+00

B 5.6870e-02 7.0880e+02 2.3207e+04  -8.6340e-02 8.4637e+00 3.7440e-03 -1.8606e-01
-1.1609e+00  -2.7153e-02

C 1.0799e-01 6.4903e+02 -3.4940e-03 2.7854e+03 -9.4208e-01 1.8435e-20 1.3377e-02
7.1025e+00

D 3.2335¢-01 6.3931e+02 -4.2130e-02 1.4740e+01 -7.3051e-01 3.2946e-20 1.6115e-02
7.4506e+00

E 2.2526e-01 6.7651e+02 -2.6662e-02 2.4088e+01 -7.8624¢-01 9.9456e-21 1.3034e-02
7.3610e+00

F 4.5833¢-01 = 6.5643e+02 -4.7230e-02 1.1004e+01 -8.1557e-01 3.2736e-23 1.7417e-02
8.6132e+00 4

G 2.9170e-03 6.9244e+02 -1.0911e-03 1.2362e+05  -3.1957e-01 3.9490e-13 9.2570e-03
4.0524e+00 : '

ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD8A, EYIELD9A

ALADDIN hierarchical labelling:

A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0]

B: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]

C: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{2} [+0]
D: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{4} [+0]
E: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{6} [+0]
F: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{6} [+0]
G: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{8} [+0]
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Source:
Accuracy:
Comments:

4.2.2.33 DJ + pyrolytic graphite — c.Db,, C

1) Steady-state hydrocarbon yield.

2) Specimen: pyrolytic graphite (HPG99).

3) Incident ions were mass-analyzed.

4) Reaction products measured by QMS-RGA.
5) Yield for total chemical erosion, Yehem—totar = [CD4 + 2(CyDy + C2Dyg + C2Dg) +

Analytic fitting function:

Erosion yield:
Y = A exp(—(T — A3)?/A3)T4* + As exp(—AeT)TH

3(C3Dg + CgDs)]/D+.

B. V. Mech, A. A. Haasz and J. W. Davis, J. Nucl. Mater., in press (1998).
Yield: £20%; T: +25K.

[molecules/D 7|

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (e), C (o), D (4),

E (v), F (O) and G (o) are 2.4%, 8.3%, 18.8%, 56.5%, 26.9%, 33.3% and 24.4%, respectively. Data
for curves B and D were fitted with EYIELD9A.

Fitting parameters A;-A-;

A 8.3661e-06 6.7662e+02  2.1011e+04  1.3967e+00 1.7400e-12 8.0940e-03 4.3240e+00
B 2.3290e-02 7.1430e+02  2.4551e+04 1.3667e-01 1.1148e+05 2.7154e-03 -1.7952e+00
-1.1663e+00  -2.7309e-02
C 5.2827e-08 6.5395e+02  6.0033e+03 1.3749e+00 4.1352e-16 9.8230e-03 5:1864e+00
D 7.2307e-05 6.6165e+02 7.1525e+03  6.9970e-01 1.0275e-14 8.6540e-03 5.0608e+00
-1.5472e+00 -1.0253e-01
E 5.3389e-05 6.6682e+02 1.0177e+04  5.7361e-01 4.4170e-18 1.2496e-02 6.3668e+00
F 1.5881e-05 6.5950e+02 1.3743e+04  7.3194e-01 1.4065e-13 8.3180e-03 4.3090e+00
G 1.2977e-06 6.8530e+02 1.3879e+04  8.6659e-01 4.0118e-13 8.2650e-03 3.9072e+00
ALADDIN evaluation function for erosion yield: EYIELD7A, EYIELD9A
ALADDIN hierarchical labelling:
A: SATM D{3} [+1] GRAPHITE T=HPG99 C [+0] ‘
B: SATM D{3} [+1] GRAPHITE T=HPG99 CD{4} [+0]
C: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{2} [+0]
D: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{4} [+0]
E: SATM D{3} [+1] GRAPHITE T=HPG99 C{2}D{6} {+0]
F: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{6} [+0]
G: SATM D{3} [+1] GRAPHITE T=HPG99 C{3}D{8} [+0]
| T ] 1 [ T T T ‘r LS i
4 | 400 eV D, (200 eV/D") |
— 10 E ’ 1x10" D'/em’s 3
Q C ]
12} . .
o - 4
§10° £ E
o) = 3
é C 1
_2 \ - chem<otal _|
m -
= 100 & 3
c a E
Re] r ]
= o ]
9 - -
Wt E
2 ! ] 1 | I | i ! 1 .
200 400 600 800 1000 1200
T(K
Legend: ( )
—— Analytic Fit
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4.2.2.34 DI + pyrolytic graphite (Ti doped) — C

Source: ~ C. Garcia-Rosales, J. Roth and R. Behrisch, J. Nucl. Mater. 212-215, 1211 (1994).
- Accuracy:  Yield: £20%.

Comments: (1) Total sputtering yield measured by mass loss at room temperature.
(2) Specimen: Ti doped pyrolytic graphite (RG-Ti, 1.7 at%Ti).
(3) DY ions: mass analyzed accelerator.

Analytic fitting function:

Sputtering yield:
Y = A exp(—AgE)EA3 + A4E4s [atoms/ion]

~ where E is in keV. The rms deviation of the analytic fit is 22.0%.

Fitting parameters A;-As -

6.87050e-02  1.84265e+00 1.44433e+00 1.15920e-01  -3.22837e-01

ALADDIN evaluation function for sputtering yield: EYIELDSA

ALADDIN hierarchical labelling:

SATM D{3} [+1] GRAPHITE T=HPG D=Ti C [+0]

-1
10 U T 7 T TTTTg T T 1 T T TTT] T T 1T T T TTT

T
| W S W |

1 T

[D): 4x10"° D*/em’s :
- O Pyrolytic graphite (U.C.) -
' ® RG-Ti ,

Sputtering yield (atomsf/ion)
=

—3 | ) L | ) ‘ L 1 1 || | 0 i i | |
107 10~ 10 10
D" energy (keV)

10

Legénd:
——— Analytic Fit
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4.2.2.35 Dj + graphite (pyrolytic, Ti, B doped) — CD,

Source: C. Garcia-Rosales, J. Roth and R. Behrisch, J. Nucl. Mater. 212-215, 1211 (1994).
Accuracy:  Yield: +20%.
Comments: (1) Steady-state methane production.

(2) Specimen: pyrolytic graphite, RG-Ti (1.7 at%Ti), RG-Ti (1 at%B), USB15
(15 at%B). The RG-Ti was produced at the Efremov Institute, St. Petersburg.
(3) D7 ions: mass analyzed accelerator.

Analytic fitting function:

Methane yield:
Ay

T - 2 .
Y = A; exp[—( T T 1) /As]TA5 + Ag exp(—A;T)T#* [CDy/D7]
where T is in Kelvin. The rms deviation of the analytic ﬁts for reactions A (O), B (o), C (e),
D (A) are 10.0%, 5.2, 7.0% and 8.8%, respectively.
Fitting parameters A;-Ag
6.2601e-03 7.8625e+02  1.3595e-03 3.0077e+03  4.1211e-01 1.1223e-09
8.8487e-04 2.3007e+00
3.2814e-03 7.7163e+02  -4.4771e-04  3.1842e+04  3.5000e-01 4.8817e-08
-1.9227e-04 1.6067e+00
1.9198e-03 7.5334e+02  -2.9289¢-04 1.4013e+04  3.7515e-01 3.2120¢-28
1.3260e-02 1.0207e+01
4.9670e-08 7.0101e+02  -1.0709e-03 6.2101e+04  1.8592e+00  1.7282e-10
4.2064e-03 2.9455e+00
ALADDIN evaluation function for methane yield: EYIELDSA
ALADDIN hierarchical labelling:
A: SATM D{3} [+1] GRAPHITE T=HPG CD{4} [+0]
B: SATM D{3} [+1]) GRAPHITE T=RG-Ti CD{4} [+0]
C: SATM D{3} [+1] GRAPHITE T=RG-Ti D=B CD{4} [+0]
D: SATM D{3} [+1] GRAPHITE T=USB D=B CD{4} [+0]
0.12 T —— T L 1T T T 1
L ]
0.1 - 1kevD’ o Pyr. graphite  _|
O RG-Ti
i - [D'): 4x10” D/em’s ® RG-Ti, 1%B
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400 500 600 700 800 900 1000 1100 1200

T (K)
Legend:

—— Analytic Fit
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4.2.3.1 H?*, D* 4 pyrolytic graphite - CH,, CD;,

Source: S. K. Erents, C. M. Braganza and G. M. McCracken, J. Nucl. Mater. 63, 399 (1976).

" Accuracy: Indeterminate.

. Comments: (1) Equilibrium hydrocarbon gas release.

' (2) Specimen: graphite (pyrolytic).

(3) H*, D* ions: mass analyzed accelerator.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield:

. T — A
Y =0 o[- (1 s

)2 /A4) T4 + Agexp(—A;T)T#¢] [molecules/ion]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (CD4) and B (CHy4) are
26.5% and 62.5%, respectively. The constant C = 2.38095 x 10~2 and 2.17391 x 10~2 for DT and
HT, respectively.

Fitting parameters A;-Ag

A 3.1443E-01 8.0661E+02  8.7722E-02 8.4808E-01 5.0211E-01 7.1137E-24

1.2847E-02 9.4309E+00
B 2.1819E-01 8.6113E+02  2.5672E-01 1.4351E-01 4.8083E-01 8.7013E-38

1.5922E-02 1.4583E+01

ALADDIN evaluation function for methane yield: EYIELD8A

ALADDIN hierarchical labelling:

A: SATM D [+1] GRAPHITE T=HPG CD{4)} [+0]
B: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]

0.03 T T T T T T T I !

N H": 20 keV, 4.2x10" ion/cm’s
‘" D": 20 keV, 4.6x10" ion/cm’s
< M20 CD, {*
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.ﬂi 001 L ‘ M16 CH, _
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. ®©

=

©

b= S

0-00 g - i 1 | ."‘-l >~ !
400 600 800 1000 1200 1400
T(K)
Legend: ( )

—— Analytic Fit
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4.2.3.2 HT, DT + pyrolytic graphite — C

Source: J. Roth and C. Garcia-Rosales, Nucl. I;’usion 36, 1647 (1996).
Accuracy:  Yield: £20%. ;

Comments: (1) Weight loss measurement.
(2) Specimen: pyrolytic graphite. -
(8) Mass-analyzed ion beam.
(4) Yield is for total (chemical+physical) sputtering.

Analytic fitting function:

Erosion yield:
Y = A exp(—(T — A2)?/A3)T44 + As exp(—AgT)T4A7  [C/ion]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e) and B (O) are 24.6%
and 27.9%, respectively. Data for curve B were fitted with EYIELD4B.

Fitting parameters A;-A,

A 9.9202e-04 7.9602e+02  3.7804e+04  7.4583e-01 5.0595e+02  -2.6492e-03
-1.8617e+00

B 1.1899e+43 1.1602e+03  3.669%e+04  -1.4766e+01

ALADDIN evaluation function for erosion yield: EYIELD4B, EYIELD7A

ALADDIN hierarchical labelling:

A: SATM D [+1] GRAPHITE T=HPG C [+0]
B: SATM H [+1] GRAPHITE T=HPG C [+0]

0

10 F T T T T T T T T e
< I ]
R
£ 10" E
) - ]
8 - .
E - .
0 L N
> O
S ‘ 10-2 E o 3
17 - -
o C + 15, 2 .
w C o oD, 100eV (5x10 /cm’s) ]

- o H', 100 eV (1x10'%cm’s) -
1 0'3 I ] ] 1 b I ! ! )
200 400 600 800 1000 1200
T (K
Legend: ( )
—— Analytic Fit
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4.2.3.3 HT, D* 4 POCO graphite — C

Sourée: D. M. Goebel, J. Bohdansky, R. W. Conn, Y. Hirooka, B. LaBombard, W. K. Leung,
R. E. Nygren, J. Roth and G. R. Tynan, Nucl. Fusion 28, 1041 (1988).

Accuracy: Yield: £20%; T: £5%.

Comments: (1) High-flux (~10'® D* /cm?s), steady-state (>10 min.) plasma bombardment.
(2) Specimen: isotropic graphite (POCO: AXF-5Q).
(3) Total erosion yield estimated from weight loss (>1 mg).
(4) Large ionization mean free path, i.e. no redeposition effect (see 4.2.1.15).
(5) CH-band spectroscopy applied to corroborate weight loss data.

Analytic fitting function:

Erosion yield: ,
Y = 1.0 x 1072[A; exp(—(T — A2)?/A3)T** + As exp(—AeT)T4A7]  [C/ion]

where T is in °C. The rms deviation of analytic fits for reactions A (O) and B (e) are 7.8% and
14.0%, respectively.

Fitting parameters A;-A;

A 5.1306E+00  5.8035E+02  3.8258E+04 -5.4919E-02  6.4135E-01 1.8129E-03
1.8168E-01 ,

B 7.9738E-01 5.6422E+02  6.7282E+04  1.5437E-01 7.1423E-02 . 4.8260E-03
5.6311E-01

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SAT D [+1] GRAPHITE T=POCO-AXF5Q C [+0]
B: SAT H [+1] GRAPHITE T=POCO-AXF5Q C [+0]

.
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Legend:
—— Analytic Fit
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4.3.1.1 [H°, H'] + pyrolytic graphite - CH4

Source: A. A. Haasz, J. W. Davis, O. Auciell,é, P. C. Stangeby, E. Vietzke, K. Flaskamp and
V. Phillips, J. Nucl. Mater. 145-147, 412 (1987).

Accuracy:  Yield: £15%; T: £25K.

Comments: (1) Steady-state methane yield, normalized by H* flux.
(2) Specimen: graphite (pyrolytic).
(3) H* ions: mass analyzed accelerator, H° (sub-eV) is produced via dissociation of
H, on a hot W ribbon.
(4) Methane measured via QMS-RGA.

Analytic fitting function:

Methane yield: .
Y = A exp(—(F — A3)*/A3)FA% + Asexp(—AgF)F4" [CH4/H7)

where F is the flux ratio [HT]/[H°). The rms deviation of analytic fits for reactions A (e, o) and
B (4, v) are 13.3% and 12.2%, respectively.

Fitting parameters A1-Ar

A 8.3718e+03  -3.2261e+00  1.0982e+00 1.6550e-01 2.0122e-01 2.4685e-01
1.5542¢-01

B 1.3316e+05 -8.6441e-01 6.1360e-02 2.3290e-01 4.6287e-01 1.5982e+00
2.0051e-01

ALADDIN evaluation function for methane yield: EYIELD7A

ALADDIN hierarchical labelling:

A-D: SSATM H [+0] H [+1) GRAPHITE T=HPG CH{4} [+0]

0

10 7 R RREER T llrl)rﬁ T rTTTTTg T T TTTTT
i [H] = 1.7x10" H%cm’s
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o
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10’1 . l_LJlIll|2 Lol I LI\IHI[O 1 :_|_1_u_u_1
3 - K]
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. 0
Flux ratio [H'Y[H]
Legend: ,
—— Analytic Fit
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4.3.1.2 [H°, H*] + pyrolytic graphite - CH,4, CoH,, C;H,, C

Source: J. W. Davis, A. A. Haasz and P. C. Stangeby, J. Nucl. Mater. 155-157, 234 (1988).

Accuracy:  Yield: £35%; E: +£5eV.

Comments: (1) Steady-state hydrocarbon yield, normalized by the total hydrogen flux, [H] =

[HO] + [H*].
(2) Specimen: graphite (pyrolytic).

(3) H* ions: mass analyzed accelerator; H? (sub-eV) is produced via dissociation of

H, on a hot W ribbon.
(4) Hydrocarbon products measured via QMS-RGA.

(5) Yield for total chemical erosion, Yehem—totat = [CHa + 2(C2H2 + CoHy + CoHg) +

3(C3Hg + C3H8)]/(H+ + HO).

(6) Yield values correspond to the maximum hydrocarbon yields of the respective

temperature dependencies.

Analytic fitting function:

Chemical erosion yield: o
Y = A; exp(—A2E/(A3E + Ag))E*S + AgE*"  [molecules/H]

where E is in keV. The rms deviation of analytic fits for reactions A (o), B (A), C () and D (O)

are 6.8%, 0.2%, 2.2% and 5.0%, respectively.
Fitting parameters A;-A;

A -1.2943E+01 2.9916E+403  -5.3883E+03 9.9939E-01 3.0155E-01
3.0099E-01

B 3.7980E-02 2.0805E-01 8.4457E-03 6.3330E-01 3.8268E-01
1.9310E4-00

C 4.3243E4+00  4.9920E-01 3.0995E-02 = 3.5459E-02 3.2017E400
2.5618E-01 _ :

D 6.5668E4+00  7.3806E-01 5.2959E-02 5.7088E-02 2.9860E4-00
5.8200E-01

2.2609E4-01
6.5178E-04
1.2987E-02

8.6747E-03

ALADDIN evaluation function for chemical erosion yield: EYIELD7B

ALADDIN hierarchical labelling:

A: SSATM H [+0] H [+1] GRAPHITE T=HPG C [+0]

B: SSATM H [+0] H [+1] GRAPHITE T=HPG C{3}H{X} [+0]
C: SSATM H [+0] H [+1] GRAPHITE T=HPG C{2}H{X} [+0]
D: SSATM H [+0] H [+1] GRAPHITE T=HPG CH{4} [+0]

0.08 T T TTTTg T 1 T T TTT] T I T 17T
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0.04 - :
3x(C;H+C,H,)/H

0.02 - «—CH/H |

I 2x(CH,+C,H +CH,)/H T
000 ‘| AR 1 L1l ! [ A

0.1 1.0 10.0
_ Incident H" energy (keV)
Legend:

—— Analytic Fit
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4.3.1.3 [H° HY] + pyrolytic graphite — C,H,, C

Source: J. W. Davis, A. A. Haasz, P. C. Stangeby, J. Nucl. Mater. 155-157, 234 (1988).
Accuracy:  Yield: £35% except for the H*-only 'caSe for which the accuracy is £15%.

Comments: (1) Steady-state hydrocarbon yield, normahzed by the total hydrogen flux, [H] =
[H] + [HT]. .
(2) Specimen: graphite (pyrolytic).
(3) HT ions: mass analyzed accelerator HO (sub-eV) is produced via dissociation of
H; on a hot W ribbon. :
(4) HO flux: 1.8 x 10'° HO/cm?s. :
(5) Hydrocarbon products measured via QMS-RGA.
(6) Yield values shown in the figure correspond to the maximum hydrocarbon yield
in their respective temperature profiles.

(7) Yield for total chemical erosion, Ychem-—total [CHs + 2(CoHy + CoHy + CoHg) +
3(CsHg + C3Hs) ]/ H+ + HO)

Analytic fitting function:

Erosion yield:

Y = A; exp(=AsF)F4 + A,F#  [molecules/H]

where F is the flux ratio [H*]/[H°]. The rms deviation of analytic fits for reactions A (top group
+, ») and B (bottom group: o, A) are 4.4% and 3.7%, respectively.

Fitting parameters A;-A;

A 1.0435E-01 8.1132E-01 7.3464E-01 2.3392E-02 7.3594E-01

B 1.5348E-01 8.0362E-01 4.6677E-01 5.3679E-02 4.8118E-01

ALADDIN evaluation function for erosion yield: EYIELD5A

ALADDIN hierarchical labelling:

A: SSATM H [+0] H [+1] GRAPHITE T=HPG C [+0]
B: SSATM H [+0] H [+1] GRAPHITE T=HPG CH{4} [+0]
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Legend:

— Analytic Fit (1 keV data)
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4.3.1.4 [H, H*] + pyrolytic graphite —» C,H,, C

Source: J. W. Davis, A. A. Haasz, P. C. Stangeby, J. Nucl. Mater. 155-157, 234 (1988).
Accuracy:  Yield: £15%.

Comments: (1) Steady-state hydrocarbon yield, normalized by the H* ﬁux
(2) Specimen: graphite (pyrolytic).
(3) HT ions: mass analyzed accelerator; H (sub-eV) is produced via dissociation of
Hs on a hot W ribbon.
(4) Hydrocarbon products measured via QMS-RGA.
(5) Yield values shown in the figure correspond to the maximum hydrocarbon yield
in their respective temperature profiles.
(6) HO flux: 1.8 x 10'® H®/cm?s.
(7) Yield for total chemical erosion, Yehem—totai = [CH4 + 2(C-2H-2 + CoHy + CQHG) -+
3(C3H6 + CgHg)]/H+.

Analytic fitting function:

Erosion yield:
Y = A, exp(—AoF)FA + AyF#s  [molecules/H¥]

where F is the flux ratio [H*]/[H°]. The rms deviation of analytic fits for reactions A (s) and B (o)
are 1.6% and 0.9%, respectively.

Fitting parameters A;-As

A 1.8029E-01 3.4626E-01 -1.6070E-01  1.2791E-02 9.7185E-01
B 8.0476E-02 1.8089E+00  -3.9669E-01  2.3684E-01 -4.2092E-01

ALADDIN evaluation function for erosion yield: EYIELD5A

ALADDIN hierarchical labelling:

A: SSATM H [+0] H [+1] GRAPHITE T=HPG C [+0]
B: SSATM H [+0] H [+1] GRAPHITE T=HPG CH{4} [+0]
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Legend:

— Analytic Fit (1 keV data)
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Source:
Accuracy:

Comments:

4.3.1.5

Analytic fitting function:

Erosion yield:

[H°, H*] 4 pyrolytic graphite —» C,H,, C

Y = 1.0 x 1072[A; exp(— (T — A2)?/A3)T** + As exp(—AgT)T4")

[molecules/H]

J. W. Davis, A. A. Haasz and P. C. Stangeby, J. Nucl. Mater. 155-157, 234 (1988).
Yield: +35%; T: +25K.
(1) Steady-state hydrocarbon yield, normalized by the total hydrogen flux, [H] =
[H] + [HT].
(2) Specimen: graphite (pyrolytic).

(3) HY ions: mass analyzed accelerator; H® (sub-eV) is produced via dissociation of
H> on a hot W ribbon.

(4) Hydrocarbon products measured via QMS-RGA.

(5) Yield for total chemical erosion, Yepem—totar = [CHy + 2(CoHy + CoHy + CoHg) +
3(CsHg + CgHs)]/(H+ + HO).

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (), C (o), D (4),

E (Q), F (¢) and G (+) are 5.2%, 11.2%, 2.6%, 202.9% 7.3%, 6.9% and 8.7%, respectively.

Fitting parameters A;-Ay

o NoRwN@Re=lg

2.4666E+-00
3.1975E+00
-2.1270E-05
1.8074E-01
3.8383E+00
2.3724E-01
2.0100E-01

6.5490E-+02
8.5960E+02
1.6395E+03
6.7639E+02
7.1665E4-02
6.1434E+02
6.1025E402

4.9773E+4-04
1.2173E+05
-1.4938E+05
5.9146E+404
2.1767E4-04
1.1319E+04
2.3821E4-04

1.2144E-01
-6.3220E-03
-9.6865E-02
2.0847E-02
-2.8401E-01
4.9874E-02
1.4164E-01

4.5660E-03
-3.6816E-02
1.9553E-01
-7.4301E-03
2.3351E+00
4.0882E-01
2.1990E-02

-4.3563E-03
-4.1054E-03
2.9490E-03
-2.1489E-03
5.6815E-03
2.7116E-03
1.3259E-03

3.9673E-03
8.4117E-04
8.3907E-04
-3.7050E-06
7.8341E-02
1.4215E-03
-9.2740E-05

ALADDIN evaluation function for erosion yield: EYIELD7A

~ ALADDIN hierarchical labelling:

A: SSATM H [+0] H{3} [+1] GRAPHITE T=HPG C [+0]
B: SSATM H [+0] H{3} [+1] GRAPHITE T=HPG CH{4} [+0]

C: SSATM H [+0] H{3} [+1] GRAPHITE T=HPG C{2}H{2} [+0]
D: SSATM H [+0] H{3} [+1] GRAPHITE T=HPG C{2}H{4} [+0]
E: SSATM H [+0] H{3} [+1] GRAPHITE T=HPG C{2}H{6} [+0]
F: SSATM H [+0] H{3} [+1] GRAPHITE T=HPG C{3}H{6} [+0]
G: SSATM H [+0] H{3} [+1] GRAPHITE T=HPG C{3}H{8} [+0]
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4.3.1.6 [H° H*], HO, H;' + pyrolytic graphite —» CH,

Source: A. A. Haasz, J. W. Davis, O. Auciello, P. C. Stangeby, E. Vietzke, K. Flaskamp and

V. Phillips, J. Nucl. Mater. 145-147, 412 (1987).
Aécura’cy: Yield: £15%; T: +£25K.

Comments: (1) Steady-state methane yield, normalized by the H' flux for the H*-only and

Ht+HO cases; and normalized by the H° flux for the H%-only case.
(2) Specimen: graphite (pyrolytic).

(3) H* ions: mass analyzed accelerator; H® (sub-eV) is produced via dissociation of

H, on a hot W ribbon.

(4) Methane measured via QMS-RGA.

(5) H energy: 900 eV (300 eV/HT); flux density 2.8 x 10'* H* /cm?s.
(6) Sub-eV H° flux density 1.7 x 10'® H%/cm?s.

Analytic fitting function:

Methane yield:

Y = Ay exp(—(T — A2)?/A3)T4* + Asexp(—AeT/(A7T +1.0))T4¢  [CH4/H®, H*]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (3), B (¢) and C (x)
are 8.8%, 13.0% and 11.5%, respectively. The fit for reaction C employed the evaluation function

EYIELDS5A.

Fitting parameters A;-Ag

A 2.0997E+01 ~ 7.9843E+402 4.5615E+04  4.1266E-02 -1.4895E-04
2.5701E+01  3.6030E+400

B 59487E+00  7.7401E+02  1.7447E+04  1.0060E-02 1.9885E+-00
1.3636E-01 -3.0828E+4-00

C 1.0694E-05 7.4721E-03 1.2752E4+00° 8.6028E-50 1.4730E+4-01

3.6074E4-02

-2.6967E4-00

ALADDIN evaluation function for methane yield: EYIELD5A, EYIELD8B

ALADDIN hierarchical labelling:

A: SSATM H [+0] H [+1] GRAPHITE T=HPG CH{4} [+0]
B: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]
C: SATM H [+0] GRAPHITE T=HPG CH{4} [+0]
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4.3.1.7 [H°, H7], H°, H + pyrolytic graphite — CH,

Source: A. A. Haasz, J. W. Davis, O. Auciello, P. C. Stangeby, E. Vietzke, K. Flaskamp and
V. Phillips, J. Nucl. Mater. 145-147, 412 (1987).

Accuracy:  Yield: £15%; T: £25K.

Comments: (1) Steady-state methane yield, normalized by the H* flux for the H*-only and
H*+HO cases; and normalized by the H° flux for the H%-only case.
(2) Specimen: graphite (pyrolytic).

(3) H* ions: mass analyzed accelerator H° (sub-eV) is produced via dissociation of
H, on a hot W ribbon.

(4) Methane measured via QMS- RGA

(5) Hy energy: 3 keV (1 keV/H¥); flux density 3.3 x 10'* H* /cm?s.
(6) Sub eV H° flux density 1.7 x 10'% H°/cm?s. '

Analytic fitting function:

Methane yield:
Y = A exp(—(T — A2)?/A3)T* + As exp(—AeT/(A:T +1.0))T4¢  [CH4/H®, HT]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (O), B (o} and C (x)

are 7.4%, 13.1% and 11.5%, respectively. The fit for reaction C employed the evaluation function
EYIELD5A.

Fitting parameters A;-As

A 1.0511E4+03  7.8812E4+02 1.1787E+404  -5.5479E-01  2.4407E+00 6.8173E+02
-9.4407E+01 -8.8993E-01

B 2.1721E+01  7.4956E+02 1.0870E+04 --1.4352E-01  1.1949E-01 6.0743E-01
2.6173E-01 5.7760E-01

C 1.0694E-05 7.4721E-03 1.2752E+00  8.6028E-50 1.4730E+4-01

ALADDIN evaluation function for methane yield: EYIELD5A, EYIELDSB

ALADDIN hierarchical labelling:

A: SSATM H [+0] H [+1] GRAPHITE T=HPG CH{4} [+0]
B: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]
C: SATM H [+0] GRAPHITE T=HPG CH{4} [+0]
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4.3.2.1 [H®, C*] + pyrolytic graphite — C

Source: J. W. Davis and A. A. Haasz, Appl. Phys. Lett. 57, 1976 (1990).
Accuracy:  Yield: £15% (Primarily leak bottles, £10%); Flux ratio: +35% (error in H° flux).

Comments: . (1) Chemical erosion yield due to C* ions in the presence of H® atoms.

) C* beam produced by mass-selecting ion accelerator.

) HO produced by contact dissociation of Hy on hot W filament.

) Hydrocarbon products measured via QMS-RGA, steady state.

) Specimen: graphite (pyrolytic, HPG99).

) Yield for total chemical erosion, Yepem—totat = [CHa +2(CoHo + CoHy + CoHg) +

3(C3Hg + C3H3)]/C+.

—~

Analytic fitting function:

Erosion yield:
Y = Ay exp(—(T — As)?/As)T4* + As exp(—A¢T)TA7  [C/CH]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (0), B (A) and C (o) are
2.9%, 4.2% and 4.5%, respectively.

Fitting parameters A;-A7

A 8.3060e-02 7.5020e+-02 4.4772e+04  6.4942¢-01 6.0540e-02 6.4930e-03

1.0114e+00

B 1.5643e-01 7.6012e+02 3.9195e+04  4.7655e-01 8.3432e-06 8.8360e-03
2.5586e+00 :

C 1.4889e-01 7.5511e+02  3.8772e+04  3.6236e-01 2.3086e-06 9.3290e-03
2.7210e+00

ALADDIN evaluation function erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A-C: SSATM H [+0] C [+1] GRAPHITE T=HPG99 C [+0]

1
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Legend:
—— Analytic Fit
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4.3.2.2 [H®, C*] + pyrolytic graphite — C

Source: J. W. Davis and A. A. Haasz, Appl. Phys. Lett. 57, 1976 (1976).
Accuracy:  Yield: +15% (Primarily leak bottles, £10%); Flux ratio: +35% (error in H® flux).

Comments: (1) Total erosion yield due to C™ ions in the presence of H® atoms.
(2) C* beam produced by mass-selecting ion accelerator.
(3) HO produced by contact dissociation of Hy on hot W filament.
(4) Temperatures correspond to location of maximum erosion yield.
(5) Hydrocarbon products measured via QMS-RGA, steady state.
(6) Specimen: graphite (pyrolytic, HPG99).
(7) Yield for total chemical erosion, Yepem—totar = [CHa + 2(CoHy + CoHyg + CoHg) +
3(C3Hg + C3Hs)]/CT.

Analytic fitting function:

Erosion yield:
Y = A exp(—As F)F4 + A4F4s  [C/CT]

where F is the flux ratio [C]|/[H°]. The rms deviation of analytic fits for reactions A (s) and B (o)
are 6.7% and 4.6%, respectively.

Fitting parameters A;-As

A 4.3972E-01 8.7595E-01 -5.4497E-01  1.1727E-01 -1.6920E-01
B 1.3860E4+00 2.6814E4+01 -1.7765E-01  9.3537E-01 2.0773E-01

ALADDIN evaluation function for erosion yield: EYIELD5A

ALADDIN hierarchical labelling:

A, B: SSATM H [+0] C [+1] GRAPHITE T=HPG99 C [+0]

T T TTTTTg T T TTTTT T T TTITTT] T T TTTITH I ERLL
1
0E z
o :
S i
o
9 i ]
=
0
s 10 =
‘B C 3
o - ]
w N i
" @1keV C'+H° at 830 K (3.5x10™ C*/em’s) il
- © 300 eV C'+H° at 760-800 K (6x10" C'/em’s) .
10'1 = 1 1|u1uJ3 I L\nuﬂz J_Llll\llJ1 | l\\nulo Loy ;
10 10 10 10 10 10
. 0
Flux ratio [C'V[H']
Legend:

—— Analytic Fit

236



4.3.3.1 [H%, O*] 4 pyrolytic graphite — C

Source: J. Roth and W. Ottenberger, Max Planck Institut fiir Plasmaphysik, Garching, Ger-
many, unpublished (1990).

Accuracy: Indeterminate.

Comments: (1) Total erosion yield due to simultaneous impact of thermal H atoms and O ions
on graphite.
(2) Specimen: graphite (pyrolytic).

Analytic fitting function:

Erosion yield:
Y = A exp(—A2F)F** + A,F4s  [C/O7]

where F is the flux ratio [H°]/[O%]. The rms deviation of the analytic fit is 7.5%.

Fitting parameters A;-As

9.5989E-01 1.0251E-02 -3.0251E-02  2.2491E-01 5.5710E-01

ALADDIN evaluation function erosion yield: EYIELDSA

ALADDIN hierarchical labelling:

SSATM H [+0] O [+1] GRAPHITE T=HPG C [+0]
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4.3.4.1 [H% Ar™] 4 pyrolytic graphite — CHj, CH,, Cy-compounds

Source: E. Vietzke, K. Flaskamp and V. Philipps, J. Nucl. Mater. 111&112, 763 (1982).
Accuracy:  Yield: 50%.

Comments: (1) Reaction of atomic hydrogen with oriented pyrolytic graphite (HPG), with simul-
taneous bombardment with Ar™ ions. Products with mass 15 (A, mostly CH3), mass
16 (B, CHy), and mass 26 (C»-compounds) are detected.
(2) Incident ion energy: 5 keV Ar™. Flux: 1.1x10'3 jons/cm?s.
(3) Line-of-sight QMS detection.
(4) Published data corrected for Maxwell-Boltzmann distributions with respect to
specimen temperature and the pumping of methane. Following this correction, several
of the m16 data points became negative. Only the remaining positive yield values
were fitted.

Analytic fitting function:

Reaction yield:
Y = 1.0 x 107%[4; exp(—(T — A2)?/A3)T44 + As exp(—A¢T)T47] [molecules/H’]

where T is in Kelvin. The rms deviation of the analytic fits for products A (e), B (O), C (A) are
14.8%, 15.3% and 115.5%, respectively.

Fitting parameters A;-Ag

A 1.5115E-03 7.2453E+02  2.3515E+04  8.5502E-01 1.0761E-10 1.1484E-02

4.3457E+00

B 5.2169E-11 7.6572E+02 3.6534E+04  3.4980E+00  3.6397E-07 2.0227E-03
2.3245E+00

C -1.6191E-07  8.9436E+02 4.8397E+03  1.4907E+00  3.3836E-07 9.8144E-03
2.6462E+00

ALADDIN evaluation function for reaction yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL M{15}
B: SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL M{16}
C: SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL M{26}

2 .03‘02 T T -1 l T T T ‘ T
B omis B

,=1.6x10" atoms/cm’s Am18
- ® m26 —

,=1.1x10" atoms/cm’s
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Legend: (K)

—— Analytic Fit
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4.3.4.2 [H®, Ar*] 4 pyrolytic graphite - CHj;

Source: E. Vietzke, K. Flaskamp and V. Philipps, J. Nucl. Mater. 111&112, 763 (1982).
Accuracy:  Yield: 50%.

Comments: (1) Data with fitted curve is for continuous irradiation of H-atoms after a simultaneous
Ar* + HO irradiation.
(2) Incident ion energy: 5 keV Ar*. Flux: 1.1x10'2 ions/cm?s.
(3) Line-of-sight QMS detection.
(4) Masses with m=15 are mostly CHj.
(5) The analytic fit on the figure is pertinent to the continuous irradiation case.
(6) Original data are corrected for Maxwell-Boltzmann distributions with respect to
specimen temperature of 800 K.
(7) Measurements with increasing delay times indicate that the reduction in reactivity
is due to H? exposure, and not time alone.

Analytic fitting function:

Reaction yield:
Y =1.69 x 107%A; exp(—A2 F)F#  [molecules/H]

where F is in units of 10'® atoms/cm?. The rms deviation of the analytic fit is 18.2%.

Fitting parameters A;-A3

2.9010E4+00  3.4585E-03 -5.4328E-01

ALADDIN evaluation function for reaction yield: EYIELD3A

ALADDIN hierarchical labelling:

SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL CH{3}
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4.3.4.3

Source:
Accuracy:

Comments:

[H®, Ar*] + pyrolytic graphite - CH;, CH4, Cy-compounds

E. Vietzke, K. Flaskamp and V. Philipps, J. Nucl. Mater. 111&112, 763 (1982).
Yield: 50%. '

(1) Reaction of atomic hydrogen with oriented pyrolytic graphite (HPG), averaged
over the first 28 s after the simultaneous H-atom/Ar™ irradiation is stopped. Products

with mass 15 (A, mostly CH3), mass 26 (B, C,-compounds), and mass 16 (C, CHy)
are detected.

(2) Hydrogen flux: 1.6x10® atoms/cm?s.

(3) Line-of-sight QMS detection.

(4) Points at temperatures 441.2, 540.4, 798.1, 966.2, and 1095.1 K from the original
data were not included in the fitting of curve 3.

(5) Published data corrected for Maxwell-Boltzmann distributions with respect to
specimen temperature. Following this correction, several of the ml6 data points
became negative. Only the remaining positive yield values were fitted.

Analytic fitting function:

Reaction yield:

Y = 1.0 x 1075[A; exp(—(T — A3)?/A3)T4* + As exp(—AsT)TA7)]  [molecules/H?)

where T is in Kelvin. The rms deviation of the analytic fits for reactions A (e), B (A) and C (O)
are 50.4%, 83.8% and 7.2%, respectively.

Fitting parameters A;-A;

A 2.8402E-01 6.4129E4-02  5.6030E+04  9.7864E-01 2.3170E-02 1.1191E-01

-4.1741E+00

B 5.5399E-01 6.53156E+02 1.4858E+04  7.5542E-01 3.7317E-16 1.3510E-02
7.2372E+00

C 5.9223E-07 1.0193E+02  6.7760E+05 1.8259E4+00 0.0 0.0

ALADDIN evaluation function for reaction yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL M{15}
B: SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL M{16}
C: SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL M{26}
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Legend:
—— Analytic Fit
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4.3.4.4 [H°, Ar*] + pyrolytic graphite —- CH;, CH,

Source: E. Vietzke, K. Flaskamp and V. Philipps, J. Nucl. Mater. 111&112, 763 (1982).
Accuracy:  Yield: 50%. ‘
Comments: (1) Arrhenius plot of some data from 4.3.4.1, 4.3.4.2, 4.1.1.3.

(2) Specimen: graphite (pyrolytic, HPG).

Analytic fitting function:

Reaction yield:

Y = Ay exp[—( X = 4

A X T ‘1)2/A4]XA5 + Agexp(—A7X)X#®  [molecules/H°]
3

where X = 10%/T, with T given in Kelvin. The rms deviation of the analytic fits for reactions
A (o), B (o) and C (A) are 3.3%, 4.4% and 3.3%, respectively.

Fitting parameters A;-Ag

A 6.8815E-22 8.4244E+00 3.9519E4+00 1.4727E-03 1.8323E+01  8.2236E-01
5.9131E-01 -1.4037E+00 '

B 3.8538E-10 1.2471E4+01  1.2917E-01 2.0174E+00 4.9882E4+00 1.2578E-12
3.6048E-01 7.9292E+00

C -8.5022E-07  1.5789E-01 -3.8022E-02  1.5072E+03  1.4531E400  7.3404E-07
6.2231E-02 1.7427E4+00 B

ALADDIN evaluation function for reaction yield: EYIELD8A

ALADDIN hierarchical labelling:

A: SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL CH{3}
B: SATM H [+0] GRAPHITE T=HPG-PI O=BASAL-PL CH{3}
C: SATM H [+0] GRAPHITE T=HPG O=BASAL-PL CH{4}
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Legend:
—— Analytic Fit
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4.3.4.5 [H°, ArT] + pyrolytic graphite - CH;3, CH,

Source: E. Vietzke, K. Flaskamp and V. Philipps, J. Nucl. Mater. 1288129, 545 (1984).
Accuracy: Yield: 50%.

Comments: (1) Symergistic reaction of H® + Ar* on pyrolytic graphite.
(2) Specimen: pyrolytic graphite (machined, HPG, basal plane).
(3) Line-of-sight QMS detection.
(4) H® beam produced by thermal dissociation in W oven at 2800 K.
(5) Published data corrected for Maxwell-Boltzmann distributions with respect to
specimen temperature.

Analytic fitting function:

Reaction yield:
Y =1.0 x 1072[A; exp(—(T —~ A2)?/A3)T4* + As exp(—AsT)T47] [molecules/H’)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (O0) and B (e) are 36.6%
and 10.2%, respectively.

Fitting parameters A;-A;

A 4.6760E-03 9.2494E+02 1.9324E+04  2.2197E-01 2.8338E-05 7.5914E-03
1.7874E+00 :

B 7.8175E-09 7.2306E+02  5.5822E+4+04 2.7770E4+00  1.2785E-03 -5.0034E-04
7.1559E-01

ALADDIN evaluation function for reaction yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL CH{4} [+0]
B: SSATM H [+0] Ar [+1] GRAPHITE T=HPG O=BASAL-PL CH{3} [+0]
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Legend:
—— Analytic Fit
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4.3.4.6 [H° Ar*] + CLOR, POCO, pyrolytic, Papyex graphite —» CHj
Source: V. Philipps, K. Flaskamp and E. Vietzke, J. Nucl. Mater. 122&123, 1440 (1984).
Accuracy:  Yield: 50%.

Comments: (1) Comparison of the synergistic reaction H’+Ar™ on different graphites.

(2) Specimen: graphites (Carbone Lorraine, Poco, Papyex, pyrolytic).

(3) CH; is detected in a line-of-sight QMS.

(4) Published data are corrected for Maxwell-Boltzmann distributions with respect
to specimen temperature:

(5) The relative reaction yield is obtained by multiplying the measured QMS signals
with (280/T)!/2, where T is given in Kelvin.

. Analytic fitting function:

Relative reaction yield:

Y = 1.0 x 1072[A; exp(—(T — As)?/A:)T4* + Asexp(—AT)T47] [arb. units]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (), C (O) and D (A)
are 15.2%, 5.9%, 3.9% and 5.0%, respectively. Data for curve A were fitted with EYIELDSA.

Fitting parameters A;-Ag

A 1.0972E-05 4.0340E+01  -6.3980E-02  6.2216E4+00 7.5993E400 -2.8695E-39
8.0230E-03 1.4545E+01 :

B 1.2231E+03  7.9844E+02 1.9635E+04 -1.8384E-01  3.7106E-10 7.2557E-03
4.7899E+00 . :

C 1.5633E+02  7.8433E+02 2.7749E+04 8.5172E-02 34252E4+02  -6.1211E-04

. -3.3003E-01

D 2.3594E+02  7.8189E+02 1.5405E+04  5.8254E-02 1.6318E-03 2.3320E-03

1.9539E4-00

ALADDIN evaluation function for relative reaction yield: EYIELD7A, EYIELDSA

ALADDIN hierarchical labelling:

A: SSATM H [+0] Ar [+1] GRAPHITE T=CLOR CH{3} [+0]

B: SSATM H [+0] Ar [+1] GRAPHITE T=POCO CH{3} [+0]
C: SSATM H [+0] Ar [+1] GRAPHITE T=PAPYEX CH{3} [+0]
D: SSATM H [+0] Ar [+1] GRAPHITE T=HPG CH{3} [+0]
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Legend:
—— Analytic Fit
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4.3.4.7 [H°, Art], H®° 4 pyrolytic graphite — C,Hj;

Source: E. Vietzke, V. Philipps and K. Flaskamp, J. Nucl. Mater. 162-164, 898 (1989).
Accuracy: Yield: 50%.

Comments: (1) Relative reaction yields of H° atoms on different modified pyrolytic graphite
(HPG). ,
(2) “Peak” means the maximum value after H? exposure.
(3) “After 100 s” means the nearly constant value after 100 seconds of H? exposure.

Analytic fitting function:

Relative reaction signal:
Y = 1.0 x 1072[A; exp(—(T — A2)?/A3)T*% + As exp(—A¢T)T*7] [arb. units]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e), B (O), C (o), D (o)
and E (A) are 2.5%, 3.2%, 11.4%, 12.9% and 18.2%, respectively.

Fitting parameters A;-A,

A 1.2247TE+03  7.4829E+02 2.7167E+04 -5.3112E-02  2.8872E-06 6.9497E-03
34776E4+00 -

B 8.5564E+02  7.0995E+02 1.3966E+04  3.1929E-02 5.8328E+01  -1.8359E-03
-3.7740E-02

C 5.2588E402 6.9579E+02 2.0251E+04 -3.9882E-02  3.8191E-05 7.4297E-04
2.4504E+00

D  3.6916E+02 6.5921E+02 1.2902E+04 -4.4551E-02  8.4946E-11 8.0996E-03
5.0923E+00

E  44697E4+02 6.5757E+02  2.1955E+04 -6.4005E-02  4.3138E-10 1.1074E-02
4.9251E400

ALADDIN evaluation function for relative reaction signal: EYIELD7A

ALADDIN hierarchical labelling:

A: SSATM H [+0] Ar [+1] GRAPHITE T=HPG C{2}H{3} [+0]
B-E: SATM H [+0] GRAPHITE T=HPG-PI C{2}H{3} [+0]

T I T ] i 1

@ HYAr on pyrolytic graphite

DOH’ on pyr. gr. pre-irrad. by Ar'/H° at RT, Peak
OH’ on pyr. gr. pre-irrad. by Ar/H° at T, Peak
OH’on pyr. gr. pre-irrad. by Ar” at T, after 100s
AH on pyr. gr. pre-irrad. by Ar'/H’ at T, atter 100s

T

10 ~

Flux: H% 1.6x10"® H%cm’s
Ar*: 1.1x10"® Ar'/em’s

5 b Energy: H% 0.4 eV

Ar': 5 keV

Relative C,H," Signal (arb. units)

Legend:
—— Analytic Fit
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© 4.3.4.8 - [H°, Ar*], H°, H* + pyrolytic graphite — CHj;, CH;

Source: E. Vietzke and V. Philipps, Nucl. Instr. and Meth. B 23, 449 (1987).
Accuracy:  Yield: 50%. -

Comments: (1) Comparison of different methyl and methane formation as shown in the figure.
(2) Specimen: pyrolytic graphite (machined, HPG).
(3) Line-of-sight QMS detection.
(4) Data are corrected for Maxwell-Boltzmann distribution with with respect to spec-
imen temperature. :
(5) Comparison with H* reaction (R. Yamada, J. Nucl. Mater. 145-147, 359 (1987)).

Analytic fitting function:

Reaction yield:
T — A;
Y = A;exp [—( 2

AT '+_1)2/A4]TA5 + Agexp(—A;T)T#*  [molecules/H"]
3 .

where T is in Kelvin. The rms deviation of analytic fits for reactions A (o), B (0), C (x) and D ()
are 8.1%, 4.0%, 10.3% and 3.1%, respectively. Data for reaction D were fitted with EYIELD7A.

Fitting parameters A;-Ag

A 2.8250E-02 8.1716E+02  -5.3568E-01  8.3555E-02 8.0033E-02 1.5810E-13
5.9446E-03 4.5451E+00

B 7.7962E+02  8.6464E+02  8.6508E-05 2.6237E+04 -1.7131E400 1.0586E-07
5.5223E-04 1.6005E+00

C 1.6666E+05 2.8548E+03  5.6279E+00 2.0653E+01 -8.1017TE+401 5.6840E-04
2.1821E-03 1.6424E-01

D 8.7339E-07 5.2004E+02  5.8706E+04 1.4975E+00 8.3397E+01  -2.2702E-03
-1.9756E+00

ALADDIN evaluation function for reaction yield: EYIELD7A, EYIELD8A

ALADDIN hierarchical labelling:

A: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]

B: SSATM Ar [+1] H [+0] GRAPHITE T=HPG CH{3} [+0)

C: SSATM Ar [+1] H [+0] GRAPHITE T=HPG CH{4} [+0]
D: SATM H [+0] GRAPHITE T=HPG CH{3} [+0] CH{4} [+0]

-1

10

T T T T T T T T T

1keV H' > C

T T T 1110

Ll

)
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—h
o
T T TTTITT
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‘ArH 5 C
/
,/ [HV[Ar'] = 1200

T T7
H
~

Lot

Reaction yield (molecules/Ho)
o

T T
Ll

10

200 -400 600 800 1000 1200

Legend: _
—— Analytic Fit
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Source:

Accuracy:

4.3.4.9 [H° Art], H, H+* + pyrolytic graphite, a-C:H — CHj3, CH,

E. Vietzke and V. Philipps, Radiochemica Acta 43, 75 (1988).

Yield: 50%.

Comments: (1) Steady-state CH; and CH, formation by H-atom and H* impact.

(

Analytic fitting function:

Reaction yield:

Y:Alexp[—-(

T - A,
AT + 1

(2) Specimens: pyrolytic graphite and a-C:H film.
3) Reaction products detected by line-of-sight QMS.
(4) H*(0.4 keV) + C data from R. Yamada, J. Nucl. Mater. 145-147, 359 (1987).

)2 JAg)T*s + Agexp(—A;T)T#¢  [molecules/HC]

where T is in Kelvin. The rms deviation of the analytic fits are 0.7% (A: H* (2.5 keV) + a-C:H),
2.3% (B: H® + a-C:H) 3.4% (C: H* (0.4 keV) + C), 2.5% (D: [H°, Ar* (5 keV)] + C) and 3.4% (E:
H® + C), respectively.

Fitting parameters Aj-Ag

A 1.7045e-01 6.6628¢+02  -1.0601e-03 2.9822e+05 1.1656e-02 -7.9642e- 05
3.3680e-03 1.3506e+00

B 3.3090e-02 6.6235e+02  -2.6649e-04 1.9935e+04  -4.9280e-02 1.4500e- 05
-2.6674e-03 7.4834e-01

C 6.9970e-02 8.0635e+02  -5.3364e-04 7.5833e+04  -2.0859e-02 3.3458e- 05
-1.0339e-03 6.3634e-01

D 1.4857e-02 8.2882e+02  -6.7924e-05 3.4424e4+04  -9.5630e-02 1.2522e- 06
-4.6052e-04 1.1098e+-00

E 2.0521e-04 5.5150e+02  5.8718e-04 3.1474e+04  -7.5260e-02 4.4916e- 04
2.2365e-02 4.9957e-01

ALADDIN evaluation function for reaction yield: EYIELD8A

ALADDIN hierarchical labelling:

A: SATM H [+1] GRAPHITE T=A-CH-FILM CH{4} [+0]
B: SATM H [+0] GRAPHITE T=A-CH-FILM CH{3} [+0]
C: SATM H [+1] GRAPHITE T=HPG CH{4} [+0]
D: SSATM H [+0] Ar [+1] GRAPHITE T=HPG CH{3} [+0]

E: SATM H [+0] GRAPHITE T=HPG CH{3} {+0] CH{4} [+0]

0
1 0 T T ] T l’ 1 ] T
e A ]
L 10 1 C E
B = / e E
Qo r ]
3 - ]
[&]

[0 -2
< 10 E
- :
o - — A:H'(2.5 keV) + a-C:H - CH]
Q2 10° L - - - B:H +a-C:H— CH, -
> E DT — — C:H'(04keV)+ C—CH, 3
S F — - D:[H’, Ar'(5 keV)] + C — CH,
= - E - - - E:H'+ C - CH,+CH, _

& -4
o 100 F E
ne o 3
10'5 i L ] ] | ) ] ] ! |

200 400 600 800 1000 1200
T (K)
Legend:
—— Analytic Fit
= ~_- Original data
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4.3.5.1 [H™, He'] + pyrolytic graphite - C,H,, C

Source: ‘A. A. Haasz and J. W. Davis, Nucl. Instr. Meth. Phys. Res. B 83, 117 (1993).

Accuracy:  Yield: Total £20%; CHy +15%, CyH, £30%; Flux ratio: £30% (beam stability,
beam profile overlap).

Comments: (1) Chemical erosion due to simultaneous bombardment by He* and H* ions.
(2) He' and H* ions produced by independent mass-selecting ion accelerators.
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Yield for total chemical erosion, Yepem—totar = [CHa + 2(C2Hz + CoHy + CoHe) +
3(CsHg + C3Hs)]/HT.

Analytic fitting function:

Erosion yield:
Y = A, exp(— A, F)F4  [molecules/H™]

where F is the flux ratio [He*]/[H*]. The rms deviation of analytic fits for reactions A (s), B (A)
and C (3O) are 5.7%, 7.7% and 6.8%, respectively.

Fitting parameters A;-A3

A 1.0381E-01 1.0945E+00  1.0978E-01
B 6.6251E-02 1.4586E+00 1.3691E-01
C 6.6899E-03 -1.6458E-01  2.1142E-01

ALADDIN evaluation function for erosion yield: EYIELD3A

ALADDIN hierarchical labelling:

A: SSATM H{3} [+1] He [+1] GRAPHITE T=HPG99 C [+0]
B: SSATM H{3} [+1] He [+1] GRAPHITE T=HPG99 CH{4} [+0]
C: SSATM H{3} [+1] He [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]

0

10

L] T | L ] 1 T T T T 1T 11

(100 eV/H™ + 1 keV He") — C (750 K)

N

T T TTr0T

[H'): 2.5x10" H'/cm’s

T
—1

-

—_
(]

.'_"‘_'__,‘———.——.“—.‘_}.__ chem-total

Hlmlllll[
j
Q)

-k
@]
[}
/'

Yield (CH4/H+1 C2H2/H+’ Cchem-totar/H+)

- / . i
[] S S S N A 1 I I B B A
10% 10™ 10°
Flux ratio [He )/[H']
-Legend:

—— Analytic Fit
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4.3.6.1 [H™*, C*] 4 pyrolytic graphite - C,H,, C
Source: J. W. Davis, A. A. Haasz and C. H. Wu, J. Nucl. Mater. 196-198, 581 (1992).
Accuracy:  Yield: Total £20%; CHy £15%, CoHy £30%; T: +£25K.

Comments: (1) Chemical erosion due to simultaneous bombardment by C* and H¥ ions.
(2) C* and H* ions produced by independent mass-selecting ion accelerators.
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Yield for total chemical erosion, Yepem—totar = [CHa + 2(CoHs + CyHy + CoHg) +
3(C3H5 + C3Hs)]/H+.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 1072[A; exp(—(T ~ A2)*/A3)T** + As exp(—AsT)T*7) [molecules/HT]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (o), C (A), D (v),
E (O) and F (o) are 5.7%, 8.0%, 1.9%, 2.4%, 4.8% and 5.2%, respectively.

Fitting parameters A;-A;

8.4600E+00

A 7.4639E+02 3.7246E+04 -3.9928E-02  1.1369E+00 -4.8613E-04  1.6955E-02
B 5.3552E4+00 7.1154E+02  3.9231E+04 -2.5275E-03  8.8977E-01 -5.1212E-04  -1.3721E-02
C 1.3969E4+00 7.3693E+02 4.2372E4+04 1.0777E-01 5.7399E-01 1.3864E-03 4.3116E-03
D 3.1305E+00  7.5249E+02  3.1283E+04  2.2994E-02 3.0517E-01 -5.5535E-04  2.4318E-03
E 1.1709E+00  8.1853E+02 6.1027E+04  -8.1249E-02  8.2640E-01 2.6186E-03 1.9803E-03
F 3.4382E+00 8.2086E+02 1.1296E+04  -4.8432E-01  4.5497E-04 1.9122E-03 1.1518E+00
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling;:
A: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG99 C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG99 C [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG99 CH{4} [+0]
D: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG99 CH{4} [+0]
E: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG99 C{2}H{2} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG C{2}H{2} [+0]
0
1 0 : 1 ' T l 1 I T :
E o . 2 %C,, . (CHHY ]
. - H,": 300 eV (100 e1\:/H ), 2.22x10 H'/em’s O™ (e only)
r L C":1keV, 1.3x10"° C'/cm’s VCH, (C'+H') .
T PR H' -~ 4
E - [C*Y[H"]=0.057 ggj_;z((c,f;‘!‘)”
£ 10—1 | : O C,H, (H*-only) |
o c :
T i ]
o : _
T |
S10” E
o : /@/rﬂ—e\\ :
(] C ]
> i G___O‘_’_/@/(Q\ .
c
o L J
‘@
o -3 l | I | ] | ]
g 10
400 600 800 1000 1200
T (K)
Legend:
—— Analytic Fit
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Source:

Accuracy:

Comments:

J. W. Davis, A. A. Haasz and C. H. Wu, J. Nucl. Mater. 196-198, 581 (1992).

4.3.6.2 [H*, C*] + pyrolytic graphite — C,H,, C

Yield: Total £20%; CHy4 £15%, CoHo £30%; T: £25K.

(1) Chemical erosion due to simultaneous bombardment by C* and H¥ ions.

(2
(3
(4
(5

3(03H6 + C3H3)]/H+.

Analytic fitting function:

Erosion yield:

Y =1.0 x 107%[4; exp(—(T - A43)*/A3)T4* + Asexp(—A¢T)T*7] [molecules/H¥]

) C* and H* ions produced by independent mass-selecting ion accelerators.
) Hydrocarbon products measured via QMS-RGA, steady-state.

) Specimens: graphite (pyrolytic, HPG99).
) Yield for total chemical erosion, Yepem—totar = [CHy + 2(CyHy + CoHy + CoHg) +

where T is in Kelvin. The rms deviation of analytic fits for reactions A (), B (o), C (A), D (v),
E (O) and F (o) are 8.0%, 0.4%, 1.4%, 3.7%, 2.5% and 8.4%, respectively.

Fitting parameters A;-A7

A 1.2746E+401 7.6242E+402 1.2500E+04 -1.2881E-01  3.5806E+01  3.5625E-04 -3.1431E-01
B 1.7307E+01  7.5035E+402  7.0088E+03 -2.5329E-01 1.0836E+02  7.0563E-04 -4.3595E-01
C 24368E+00 7.6674E+02 1.2454E+04 -2.3752E-02  4.8739E+00  1.4430E-03 -2.5261E-02
D 3.8022E+00 7.8407E+402 1.0427E+04 -1.1660E-02  2.2907E400  7.9639E-04 1.0507E-02
E 1.3254E-04 7.4825E+02  8.8604E+03 1.0971E+00  7.9287E-03 2.9841E-03 9.3739E-01
F 1.9724E-01 6.3293E402 1.2745E+05 -1.4476E-04  4.7141E-02 -6.4991E-04  1.2423E-05
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling;:
A: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG C [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG CH{4} [+0]
D: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG CH{4} [+0]
E: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C{2}H{2} [+0]
F: SATM H{3} [+1] GRAPHITE T=HPG C{2}H{2} [+0]
0
10 = T T T T T T T B
E . 1 vom?s ¥ o (C4H) 1
— C Ha‘. 300 eV (j 00 eV/I-1l2), :I.Qx;lo H/cm’s O™ i —only)
T - C:3keV/C', 7.2x10 " C'/em’s VCH, (C*+H") -
g ~[C'V[H'}=0.037 ég:*gz‘z"c.‘f;‘.")” .
g.' 0'1 - OCZHZ (H’—only) _
o - E
T C ]
o B i
T |
S 107 £ 3
k) - ]
Q2 C N
> -
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(¢ L
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e 10'3 ] ] ] 1 ) ] ]
L
400 600 800 1000 1200
- T (K)
Legend:
—— Analytic Fit
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4.3.6.3 [H*, C*] + pyrolytic graphite - C,H,, C
Source: J. W. Davis, A. A. Haasz and C. H. Wu, J. Nucl. Mater. 196-198, 581 (1992).
Accuracy:  Yield: Total +£20%; CHy £15%, CoH, £30%; T: £25K.
Comments: (1) Chemical erosion due to simultaneous bombardment by C* and H* ions.

(2) C* and H* ions produced by independent mass-selecting ion accelerators.

(8) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Yield for total chemical erosion, Yepem—totat = [CHs + 2(C2Hy + CoHy + CoHg) +
3(C3H6 -+ CsHs)]/H+-

Analytic fitting function:

Erosion yield:

Y = 1.0 x 1072[A4; exp(—(T — A2)?/A3)T4¢ + As exp(—AsT)T47)

[molecules/H)

where T is in Kelvin. The rms deviation of analytic fits for reactions A (x), B (o), C (A), D (v),
E (O) and F (o) are 1.7%, 1.9%, 6.5%, 3.5%, 5.5% and 5.1%, respectively.

Fitting parameters A;-Ay

8.2096 E+-00

7.7418E+02

A 2.7622E+04  1.0806E-02 8.4823E-01 -9.9569E-04  7.8994E-03
B 8.7115E+4+00 7.8070E+02 2.3979E+4+04  2.1067E-03 1.0961E+00 -9.4495E-04  -2.6958E-02
C 2.0874E+01 7.8994E+02 2.1110E+4+04 -2.0065E-01  6.9929E-06 1.8344E-03 1.9868E+00
D 6.2088E+00 7.8374E+02 2.6513E+04 -9.5395E-04  1.4270E-01 -1.3754E-03  -2.4838E-04
E 6.2416E-01 7.8482E4+02  8.8485E+04  1.5020E-02 1.9391E-02 -2.3893E-03  -6.9035E-05
F 5.6843E-01  7.6844E+02 1.2592E+05  4.3022E-02 -7.2265E-01  2.5869E-03 2.1909E-03
ALADDIN evaluation function for erosion yield: EYIELD7A
ALADDIN hierarchical labelling: .
A: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C [+0]
B: SATM H{3} [+1] GRAPHITE T=HPG C [+0]
C: SATM H{3} [+1] GRAPHITE T=HPG CH{4} [+0]
D: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG CH{4} [+0]
E: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C{2}H{2} [+0]
F: SATM H{3} {+1] GRAPHITE T=HPG C{2}H{2} [+0]
0
1 O - T | 1 ' i I T
TR + 14 . 2 *C o (C*+H) n
P C H,: 900 eV (5300 eV/i:la), 7.4x:0 H/cm's OCa™ H'—only)
T - C":1keV/C",2.8x10" C'/cm’s VCH, (C™+H") =
g F[CV[H']=0.038 égi*l_;z(:*cff}jfg) 1
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Legend:
—— Analytic Fit
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Source:

Accuracy:

J. W. Davis, A. A. Haasz and C. H. Wu, J. Nucl. Mater. 196-198, 581 (1992).

4.3.6.4

[H*, C*] + pyrolytic graphite - C,H,, C

Yield: Total £20%; CHy4 £15%, CoHy £30%; T: £25K.

Comments: (1) Chemical erosion due to simultaneous bombardment by C* and H™ ions.

(2) C* and H* ions produced by independent mass-selecting ion accelerators.

(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Yield for total chemical erosion, Yepem—totat = [CHg + 2(C2Hs 4+ C2Hy + CoHg) +
3(CsHg + CaHg)]/H+.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 1072[A; exp(—(T — A2)?/A3)T** + As exp(—AsT)TA7]

[molecules/H|

where T is in Kelvin. The rms deviation of analytic fits for reactions A (), B (o), C (A), D (V),
E (O) and F (o) are 6.0%, 4.5%, 3.5%, 4.1%, 2.7% and 4.8%, respectively.

Fitting parameters A;-A;

A 3.9261E4+00  7.8236E+402 2.0819E+04 1.1099E-01 1.0714E+01  -2.3469E-03  -4.6167E-01
B 4.6020E+00 7.8197E+02 2.4200E+04 9.8603E-02 6.9134E4+00 -2.2433E-03  -4.1165E-01
C 6.6592E+00 7.9736E+02 1.9342E+04 -2.3975E-02  1.9650E-01 -1.9794E-03  1.6850E-03
D 6.5449E+4+00 7.9592E+402 2.4257E+04 -1.4966E-02  1.1827E-01 -2.6618E-03  -4.7148E-02
E 8.0019E-03 7.1222E4+02  6.2380E4+04  6.9532E-01 6.1282E-03 -4.1729E-03  2.0849E-02
F 5.9674E-01 7.4104E+02 5.3721E404  2.8398E-02 4.1654E-03 -4.5454E-03  1.7527E-04

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

. SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C [+0]
: SATM H{3} [+1] GRAPHITE T=HPG C [+0]

: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG CH{4} [+0]
: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C{2}H{2} [+0]

A
B
C: SATM H{3} [+1] GRAPHITE T=HPG CH{4} [+0]
D
E
F

: SATM H{3} [+1] GRAPHITE T=HPG C{2}H{2} [+0]

Erosion yield (CH,, C,H,, C,,..._../H")
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Legend:
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4.3.6.5 [H*, C*] 4+ pyrolytic graphite - C,H,, C

Source: J. W. Davis, A. A. Haasz and C. H. Wu, J. Nucl. Mater. 196-198, 581 (1992).

Accuracy:  Yield: Total £20%; CHs £15%, CoH, £30%; Flux ratio: +30% (beam stability,
beam profile overlap).

Comments: (1) Chemical erosion due to simultaneous bombardment by C* and H* ions.
(2) C* and H* ions produced by independent mass-selecting ion accelerators.
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Projectile energies: 300 eV HF (100 eV/H™), 1 keV C*, 1 keV He*. Target
temperature: 750-800 K.
(6) Fits are for Hf + C* bombardment, compared with data for He* + HJ .
(7) Yield for total chemical erosion, Yopem—totar = [CHs + 2(C2Hy + CoHy + CoHg) +
3(03H5 + C3H3)]/H+.

Analytic fitting function:

Erosion yield:

Y = Ay exp(—AsF)F# 4 AgF4s  [molecules/H)

where F is the flux ratio [C*]/[H*] or [He*]/[HT]. The rms deviation of analytic fits for reactions
A (o), B (A) and C (O) are 6.1%, 11.5% and 8.9%, respectively.

Fitting parameters A;-Ag

A 1.1100E-01 6.1420E-01 1.0550E-01 -2.0415E+00 8.0905E+01
B 5.1124E-02 1.1263E+00  6.6600E-02 -2.2600E+00 8.4146E+01
C 9.6835E-03 -2.2430E+00 1.2006E-01 3.6704E+01  1.6363E+02

ALADDIN evaluation function for erosion yield: EYIELD5A

ALADDIN hierarchical labelling:

A: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C [+0]
B: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG CH{4} [+0]
C: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C{2}H{2} [+0]
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Legend:

—— Analytic Fit
Solid symbols: C*+H,” and H" only
Open symbols: 1 keV He++H3+ bombardment
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Source:

Accuracy:

Comments:

4.3.6.6 [H*, C*] + pyrolytic graphite -+ C,H,, C

J. W. Davis, A. A. Haasz and C. H. Wu, J. Nucl. Mater. 196-198, 581 (1992).

Yield: Total £20%; CH, +15%, CyHy +£30%; Flux ratio: +30% (beam stability,
beam profile overlap).

(1) Chemical erosion due to simultaneous bombardment by C* and H™ ions.

(2) C* and H* ions produced by independent mass-selecting ion accelerators.

(3) Hydrocarbon products measured via QMS-RGA, steady-state.

(4) Specimens: graphite (pyrolytic, HPG99).

(5) Projectile energies: 300 eV Hj (100eV/H*), 3 keV C*. Target temperature:
750-800 K.

(6) Yield for total chemical erosion, Ychem_total = [CH4 + 2(CyH3 + C2Hy + CoHg) +
3(C3Hg + C3Hg)]/H™.

Analytic fitting function:

Erosion yield:

Y = A, exp(—AxF)F# + AyF#5  [molecules/H™]

where F is the flux ratio [C*]/[H*]. The rms deviation of analytic fits for reactions A (e), B (A)
and C (O) are 6.2%, 6.8% and 11.1%, respectively. .

Fitting parameters A,-As

A 6.4358E-02 -2.6200E-02  -6.7205E-02  1.3065E-01 9.7362E-01
B 4.2670E-02 1.6606E+00 -4.5645E-02  4.1687E-02 1.1484E+00
C 1.7240E-03 8.4995E+01  -3.7096E-01  3.7305E-02 5.2428E-01

ALADDIN evaluation function for erosion yield: EYIELDSA

ALADDIN hierarchical labelling:

A: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C [+0)
B: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG CH{4} [+0]
C: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C{2}H{2} [+0]

Erosion yield (CH,/H", C,H/H", C,,..roH)
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Legend:
—— Analytic Fit
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4.3.6.7 [HT, C'] + pyrolytic graphite -+ C,H,, C

Source: J. W. Davis, A. A. Haasz and C. H. Wy, J. Nucl. Mater. 196-198, 581 (1992).

Accuracy: Yield: Total £20%; CH4 +15%, CoHy £30%; Flux ratio: £30% (beam stability,
beam profile overlap).

Comments: (1) Chemical erosion due to simultaneous bombardment by C* and H* ions.
(2) C* and H* ions produced by independent mass-selecting ion accelerators.
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Projectile energies: 900 eV Hj (300 eV/HT), 1 keV C*, 1 keV Het. Target
temperature: 750-800 K.
(6) Fits are for Hf + C* bombardment, compared with data for He* + HJ.
(7) Yield for total chemical erosion, Yepem—totat = [CHa +2(C2H2 + CoHy + CoHg) +
3(C3H6 + C3Hg)]/H+.

Analytic fitting function:

Erosion yield:
Y = Ay exp(—AaF)FA + A4F45  [molecules/H™]

where F is the flux ratio [C*]/[H*] or [He™]/[H*]. The rms deviation of analytic fits for reactions
A (o), B (A) and C (O) are 4.9%, 5.5% and 6.5%, respectively.

Fitting parameters A;-As

A 7.7282E-02 -8.2839E-01  -7.8114E-02  -9.3172E+00 3.7528E+01
B 5.3751E-02 3.0828E-01 -5.4201E-02  3.0575E-01 2.0944E+02
C 8.8812E-03 -1.8390E+00 7.9100E-02 2.6290E+02  1.0062E+03

ALADDIN evaluation function for erosion yield: EYIELD5A

ALADDIN hierarchical labelling:

A: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C [+0]
B: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG CH{4} [+0]
C: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C{2}H{2} [+0]
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Legend:
—— Analytic Fit

Solid symbols: C*+H," and H" only
Open symbols: 1 keV He'+H,” bombardment
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4.3.6.8 [H*, C*] + pyrolytic graphite - C;H,, C

Source: J. W. Davis, A. A. Haasz and C. H. Wy, J. Nucl. Mater. 196-198, 581 (1992).

Accuracy:  Yield: Total £20%; CH4 +£15%, CyH, +30%; Flux ratio: +30% (beam stability,
beam profile overlap).

Comments: (1) Chemical erosion due to simultaneous bombardment by C* and H* ions.
(2) C* and H™ ions produced by independent mass-selecting ion accelerators.
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Projectile energies: 900 eV Hi (300 eV/H™"), 3 keV C*. Target temperature:
750-800 K.
(6) Yield for total chemical erosion, Yehem—totar = [CHg + 2(C2Ha + CoHy + CoHg) +
3(CsHg + C3H3)]/H+.

Analytic fitting function:

Erosion yield:
Y = A, exp(—AyF)FA + A4 F45  [molecules/H™]

where F is the flux ratio [C*]/[H*]. The rms deviation of analytic fits for reactions A (s), B (4)
and C (O) are 6.7%, 5.7% and 8.5%, respectively.

Fitting parameters A;-As

A 1.5300E-01 4.8530E-01 8.2374E-02 -8.4613E4+00 3.6646E+01
B 8.5416E-02 2.0656E4+00  5.5060E-02 3.5252E4+00  3.1007E+02
C 1.9258E-02 -1.3163E4+00  2.5046E-01 1.3640E4+01  7.0503E+01

ALADDIN evaluation function for erosion yield: EYIELDSA

ALADDIN hierarchical labelling:

A: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C [+0]
B: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG CH{4} [+0]
C: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C{2}H{2} [+0]
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4.3.6.9 [H*, C*] + pyrolytic graphite - C,H,, C

Source: J. W. Davis, A. A. Haasz and C. H. Wu, J. Nucl. Mater. 196-198, 581 (1992).
Accuracy: Enhancement yield: £30%; Flux ratio: +30%.

Comments: (1) Enhancement (reduction) in the total hydrocarbon production rate due to C*
ions in the presence of H ions, normalized by C* flux.
" (2) C* and H* ions produced by independent mass-selecting ion accelerators.
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Projectile energies: 300 eV HF (100 eV/HT), 900 eV HI (300 eV/H¥), 1 and 3
keV C*. Target temperature: 750-800 K.
(6) Data from Figures 3.6.5-3.6.8.

Analytic fitting function:

Erosion enhancement yield:

Y = Ay exp(—AxF)F4s + A,FAs  [molecules/H"]

where F is the flux ratio [CT]/[H]. The rms deviation of analytic fits for reactions A (R, O),
B (e, o) are 28.8% and 352.0%, respectively.

Fitting parameters A;-As

A 4.7622E-02 4.5271E-01 -8.2306E-01  -1.6631E+01 6.7480E+01
B -3.5014E+00 1.5591E+01 1.3224E4+00 -1.4615E-05 -2.1627E+00

ALADDIN evaluation function for erosion enhancement yield: EYIELD5A

ALADDIN hierarchical labelling:

A, B: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C [+0]
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Legend:
—— Analytic Fit

Solid symbols: 3 keV C*
Open symbols: 1 keV C”
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Source:

Accuracy:

Comments:

4.3.6.10 [H*, C*] + pyrolytic graphite — C:H,, C

A. A. Haasz and J. W. Davis, Nucl. Instr. Meth. Phys. Res. B 83, 117 (1993).

Yield: Total £20%; CH4 £15%, CoHs £30%; Flux ratio: +30% (beam stability,
beam profile overlap).

(1) Chemical erosion due to simultaneous bombardment by C* and H* ions.

(2) C* and H* ions produced by independent mass-selecting ion accelerators.

(3) Hydrocarbon products measured via QMS-RGA, steady-state.

(4) Specimens: graphite (pyrolytic, HPG99).

(5) Data is from Davis et al., J. Nucl. Mater. 196-198, 681 (1992), corrected for wail
signals.

(6) Yield for total chemical erosion, Yepem—total = [CH4 +2(CoHy + CoHy + CzHG) +
3(C3H6 + C3H8)]/H+. ) - :

Analytic fitting function:

Erosion yield:

Y = A exp(—=A,F)F42  [molecules/H™]

where F is the flux ratio [C*]/[H*]. The rms deviation of analytic fits for reactions A (e), B (A)
and C (O) are 7.5%, 6.5% and 12.2%, respectively.

Fitting parameters A;-Aj

A 1.2368E-01 2.9129E4+00 1.2211E-01
B 7.7014E-02 4.0336E+00  1.6702E-01
C 6.9762E-03 -1.3071E4+00 6.8524E-02

ALADDIN evaluation function for erosion yield: EYIELD3A

ALADDIN hierarchical labelling:

A: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C [+0]
B: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG CH{4} [+0]
C: SSATM H{3} [+1] C [+1] GRAPHITE T=HPG C{2}H{2} [+0]

Erosion yield (CH4/H+: C2H2/H+, Cchem-tolar/H+)
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4.3.7.1 [H*, OF], OF + pyrolytic graphite - CO, CO,

Source: A. A. Haasz, A. Y. K. Chen, J. W. Davis and E. Vietzke, J. Nucl. Mater. 248, 19
(1997).

Accuracy:  Yield: £20%; T: £25K.

Comments:

(5 keV/O%) and 3 keV Hj (1 keV/H™).

(2) Specimen: pyrolytic graphite (HPG99).

(3) Incident ions were mass-analyzed.

(4) Reaction products measured by QMS-RGA.

Analytic fitting function:

Erosion yield:

Y = Ay exp(—(T = A2)?/A3)T4* + As exp(—A¢T)T*"  [molecules/O]

(1) Erosion of graphite studied by simultaneous bombardment by 10 keV OF

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e), B (o), C (A), D (v),
E (3Q), F (o) and G (%) are 6.7%, 6.8%, 10.4%, 12.4%, 41.8%, 6.8% and 6.5%, respectively. Data

for curves A and B were fitted with EYIELD5A, data for curve E with EYIELDSA.
Fitting parameters A;-Ag

-1.3934e-03

A 4.6147e-04 1.2260e+00  2.7822e-02 7.4664e-01
B -2.6202e-04 6.4132e-04 1.4826e+-00 1.3633e-02 8.3645e-01
C 1.6535e+00 1.0730e+03  2.4676e+04  -5.7068e-01 1.0368e-07 5.5850e-03 2.7477e+00
D 2.0448e-01 1.1059e+03  5.4877e+04  -2.0094e-01 4.8851e-13 9.8580e-03 5.0344e+00
E 1.6739E-03 7.1837E+02  1.5007E+00  1.0938E-02 6.1701E-01 9.2253E-51 2.0986E-02
1.9345E+-01
F 2.3998e-04 1.2298e+03  2.5824e+05 1.1427e+00  8.7277e-10 7.9090e-03 3.9809e+00
G 2.3493e-04 1.2776e4+03  7.3725e+05 1.1309e4+-00  1.1085e-09 7.5870e-03 3.8771e+00

ALADDIN evaluation function for erosion yield: EYIELD5A, EYIELD7A, EYIELD8A

ALADDIN hierarchical labelling;:

A: SATM 0{2} [+1] GRAPHITE T=HPG99 CO [+0]

B: SSATM H{3} [+1] 0{2} [+1] GRAPHITE T=HPG99 CO [+0]

C: SATM O{2} [+1] GRAPHITE T=HPG99 CO{2} [+0]

D: SSATM H{3} [+1] O{2} [+1] GRAPHITE T=HPG99 CO{2} [+0]
E: SSATM H{3} [+1] O{2} [+1] GRAPHITE T=HPG99 H{2}O [+0]
F: SATM O{2} [+1] GRAPHITE T=HPG99 O [+0]

G: SSATM H{3} [+1] O{2} [+1] GRAPHITE T=HPG99 O [+0]
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4.3.7.2 [HT*, Of], O* + pyrolytic graphite - CO, CO,

Source: A. A. Haasz, A. Y. K. Chen, J. W. Davis and E. Vietzke, J. Nucl. Mater. 248, 19
(1997).

Accuracy:  Yield: £20%; T: £25K.

Comments: (1) Erosion of graphite studied by simultaneous bombardment by 10 keV OF

5keV/O%) and 3 keV Hf (1 keV/H™).

) Specimen: pyrolytic graphite (HPG99).
) Incident ions were mass-analyzed.
)

nature of the CO reaction products which is not taken into consideration in the
analysis.

Analytic fitting function:
Erosion yield:

Y = Ay exp(=A2T)T4% + 44,745 [molecules/O7]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (e), B (o), C (A), D (v),
E (O), F (¢) and G (%) are 11.6%, 7.9%, 4.7%, 12.0%, 33.7%, 2.4% and 1.4%, respectively. Data
for curves A and B were fitted with EYIELD7B, and data for curve E with EYIELD7A.

Fitting parameters A;-A-

QEHUOQW >

2.4493e+01 7.7102e-01 9.8069e-01 1.6507e4+-03  3.3500e-02 -2.7337e+-01  2.0000e-04
-2.9932E+01 4.4857E+00 -2.7145E+400 -1.4679E+03 -1.1893E-01  54947E+00 2.8416E-01
9.5560e-02. 5.4056e-06 9.3389e-01 -9.5760e-02 9.3239e-01

3.1696e-03 6.9545e-04 5.0164e-01 1.3471e-02 2.9005e-01

1.8442E-01 8.1828E+02  3.9435E404 6.8579E-01 1.9744E-06 3.2741E-04 2.0385E+-00
1.1781e-03 -4.9569e-04 8.9065e-01 1.6573e+02  -9.7402e-01

3.2446e-09 -1.2347e-02 4.3097e-01 5.5750e-02 4.3020e-01

ALADDIN evaluation function for erosion yield: EYIELD5A, EYIELD7A, EYIELD7B

ALADDIN hierarchical labelling:

A: SATM O{2} [+1] GRAPHITE T=HPG99 CO [+0]

B: SSATM H{3} [+1] O{2} [+1] GRAPHITE T=HPG99 CO [+0]

C: SATM O{2} [+1] GRAPHITE T=HPG99 CO{2} [+0]

D: SSATM H{3} [+1] O{2} [+1] GRAPHITE T=HPG99 CO{2} [+0]
E: SSATM H{3} [+1] O{2} [+1] GRAPHITE T=HPG99 H{2}O [+0]
F: SATM O{2} [+1] GRAPHITE T=HPG99 O [+0]

G: SSATM H{3} [+1] O{2} [+1] GRAPHITE T=HPG99 O [+0]

1.6 T T L T T T T T T T T T T T

14 ~ 0" 5keV, (0.9-3)x10"° O*/cm’s 7
2 L H1keV, (0.9-1.5)x10™ H'/em®s j
@) LOS
% 1.2 - -
Q2 L g
3
310 | -
2 i i
E o8 | -
o L s ®CO (O°only)
2 o6 L OCO(O'&H) |
> v ACO, (O only)
b r VCO, (0 &H) ]
2 04 OH0(0"&H) -
o L O Total O (o: onty)
w 02 L *Total O (0" & H) |

0.0 i L L3 - ! I | ! L i

200 400 600 800 1000 1200 1400 1600 1800
T(K
Legend: ( )

—— Analytic Fit

259



1 4.3.7.3 [H*, O], OF + pyrolytic graphite — CH,4

Source: A. A. Haasz, A. Y. K. Chen, J. W. Davis and E. Vietzke, J. Nucl. Mater. 248, 19

(1997).
Accuracy: Yield: £20%; T: £25K.

Comments: (1) Erosion of graphite studied by 'simultaneous bombardment by 10 keV O3

(5 keV/O%) and 3 keV HJ (1 keV/H™).
(2) Specimen: pyrolytic graphite (HPG99).
(3) Incident ions were mass-analyzed.
(4) Reaction products measured by RGA.

Analytic fitting function:

Erosion yield: :
Y = A; exp(—(T — A2)*/A3)TA* + Asexp(—AeT)T47 [CH4/HY)

where T is in Kelvin. The rms deviation of analyti¢ fits for reactions A (e) and B (o) are 11.4%

and 13.3%, respectively.

Fitting parameters A;-A7

7.1577E-06 8.0885E+02  1.6900E+04  2.0561E+00  2.3715E-02 -1.7428E-03
4.4111E-06 8.0744E4+02 1.6320E+04  2.1179E+00 1.1805E-02 -1.7728E-03

6.9927E-02
1.6634E-01

ALADDIN evaluation function for erosion yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SATM 0{2} [+1] GRAPHITE T=HPG99 CH{4} [+0]
B: SSATM H{3} [+1] O{2} [+1] GRAPHITE T=HPG99 CH{4} [+0]
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4.3.8.1 [H*, Ne't] + pyrolytic graphite — C:H,, C

Source: A. A. Haasz and J. W. Davis, Nucl. Instr. Meth. Phys. Res. B 83, 117 (1993).

Accuracy: Yield: Total £20%; CHy +15%, CoHo £30%; Flux ratio: £30% (beam stability,
beam profile overlap).

Comments: (1) Chemical erosion due to simultaneous bombardment by Ne* and H* ions.
(2) Net and H™ ions produced by independent mass-selecting ion accelerators.
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Yield for total chemical erosion, Yehem—totat = [CHs +2(C2Hy + CoHy + CoHg) +
3(C3H6 + C3H3)]/H+.

Analytic fitting function:

Erosion yield:
Y = A, exp(—A2F)F#*  [molecules/H¥]

where F is the flux ratio [Ne™]/[H*]. The rms deviation of analytic fits for reactions A (), B (A)
and C (O) are 18.0%, 11.0% and 19.0%, respectively.

Fitting parameters A;-Aj

A 8.5563E-02 2.1941E+00  1.2184E-01
B 5.2052E-02 2.7674E4+00  1.5635E-01
C 1.2956E-02 -5.7153E-01  2.5339E-01

ALADDIN evaluation function for erosion yield: EYIELD3A

ALADDIN hierarchical labelling:

* A: SSATM H{3} [+1] He [+1] GRAPHITE T=HPG C [+0]
B: SSATM H{3} [+1] He [+1] GRAPHITE T=HPG CH{4} [+0]
C: SSATM H{3} [+1] He [+1] GRAPHITE T=HPG C{2}H{2} [+0]
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Legend:
—— Analytic Fit

261



4.3.9.1 [H', Ar*] 4 pyrolytic graphite - C.H,, C

Source: A. A. Haasz and J. W. Davis, Nucl. Instr Meth. Phys. Res. B 83, 117 (1993).

Accuracy: Yield: Total +20%; CHy £15%, CZHZ +30%; Flux ratio: +30% (beam stability,
beam profile overlap).

Comments: (1) Chemical erosion due to simultaneous bombardment by Ar* and H* ions.
(2) Ar* and H* ions produced by independent mass-selecting ion accelerators.
(3) Hydrocarbon products measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).
(5) Yield for total chemical erosion, Yzpem—total = [CH4 + 2(C2Hy + CoHy + CoHg) +
3(03H6 + C3H8)]/H+.

Analytic fitting function:

Erosion yield:

Y = A exp(—As F)F4*  [molecules/H™]

where F is the flux ratio [Art]/[HT]. The rms deviation of analytic fits for reactions A (), B (A)
and C (O) are 10.8%, 7.3% and 14.8%, respectively.

Fitting parameters A;-Az

A 5.9007E-02 1.5911E-03 5.3625}3:‘-02
B 3.2633E-02 8.1563E-01 6.9958E-02
C 1.2663E-02 -5.6274E-01  2.7360E-01

ALADDIN evaluation function for erosion yield: EYIELD3A

ALADDIN hierarchical labelling:

A: SSATM H{3} [+1] Ar [+1] GRAPHITE T=HPG C [+0]
B: SSATM H{3} [+1] Ar [+1] GRAPHITE T=HPG CH{4} [+0]
C: SSATM H{3} [+1] Ar [+1] GRAPHITE T=HPG C{2}H{2} [+0]
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Legend:
—— Analytic Fit
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Sec4.1

4.3.10.1 [D*, He™] + pyrolytic graphite - CD,

Source: S. Chiu, A. A. Haasz and P. Franzen, J. Nucl. Mater. 218, 319 (1995).
Accuracy: Relative yield: < 10%; He™t energy: +10eV.

Comments: (1) Erosion yield reduction due to cobombardment with DT and He' ions; the greater
the He™ energy, the more effective it is at suppressing CD4 formation.
(2) D* and He™ ions produced by independent mass-selecting ion accelerators.
(3) Methane measured via QMS-RGA, steady-state.
(4) Specimens: graphite (pyrolytic, HPG99).

Analytic fitting function:

Reaction yield ratio:

Yr=A1E+ A,
where Yg is the yield ratio (CD4)ge+on/(CD4s)Hetos, and E is the energy in keV. The rms
deviations of analytic fits for reactions A (s), B (o), C (O), D (¢) and E (A) are 1.1%, 2.8%, 1.3%,
1.1% and 1.8%, respectively.

Fitting parameters A;-A,

“4.0263E-02 _ 1.0590E+00
-5.5138E-02  1.0623E+00
“4.6750E-02  1.0094E+00
-5.5401E-02  8.9715E-01
-4.8043E-02  7.6749E-01

HOoO QW

ALADDIN evaluation function for reaction yield ratio: EYIELD2A

ALADDIN hierarchical labelling:

A-D: SSATM D [+1] He [+1] GRAPHITE T=HPG CD{4} [+0]
E: SSATM D{+3} [+1] He [+1] GRAPHITE T=HPG CD{4} [+0]
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Legend:
—— Analytic Fit
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4.4.1.1 O° 4 pyrolytic graphite - CO

Source: D. Rosner and H. D. Allendorf, Heterogeneous Kinetics at Elevated Temperatures,
Proc. Int. Conf. Univ. Pennsylvania 1969, Plenum, New York (1970), p.231.

Accuracy: Indeterminate.

Comments: (1) Chemical erosion yield due to sub-eV O atoms.
(2) Specimen: graphite (pyrolytic).
(3) QMS measurement of CO, steady state.

Analytic fitting function:

Erosion yield:
Y = 1.0 x 1072[4, exp(—(T — A2)?/As)T4% + A5 exp(—AsT)T4"] [CO/Q"]

where T is in Kelvin. The rms deviation of the analytic fit is 5.9%.

Fitting parameters A;-A7

2.0155E-01 1.5027E4+03  2.9820E4+05  8.1204E-01 1.1780E+00  6.9676E-03
8.6177E-01

ALADDIN evaluation function erosion yield: EYIELD7TA

ALADDIN hierarchical labelling:

SATM O [+0] GRAPHITE T=HPG CO [+0]

7 , li T
10° |
o) L
e i
ke,
)
>10" b 4
c C .
.0 C B
& - n
o B ® Sub-eVOatomsonC ]
41} i ]
10'2 1 1 ! | I
500 1000 1500 2000
T (K)
Legend:

—— Analytic Fit
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4.4.1.2 O, + pyrolytic graphite — CO, CO,

Source: E. Vietzke, T. Tanabe, V. Philipps, M. Erdweg and K. Flaskamp, J. Nucl. Mater.
© 145-147, 425 (1987).

~ Accuracy:  Yield: 50%.

Comments: (1) Steady state CO, CO, formation by O, and Oy+Ar* impact.
(2) Specimen: graphite (pyrolytic).
(3) Reaction products detected by line-of-sight QMS.

Analytic fitting function:

Reaction yield: ‘
Y = 1.0 x 107[A; exp(—(T — A2)?/A3)T** + Asexp(—AsT)T*"] [molecules/Oy)]

where T is in Kelvin. The rms deviation of analytic fits for reactions A (O), B (A) and C (dashed
line) are 12.3%, 7.8% and 2.3%, respectively.

Fitting parameters Aj-A-

A 1.1066E+00  1.3051E+03  1.2984E+05 -1.8433E-01  2.7526E+01  3.2561E-03

-5.4860E-01

B 7.8390E-02 -2.5219E4+01 1.3765E+06  4.2311E-01 -3.5567E+00 2.9147E-03
1.6899E-01

C 1.8467E-02 8.3966E+01  6.4948E+04 2.0927E-01 9.5993E-04 -2.2619E-03
3.2356E-06

ALADDIN evaluation function for reaction yield: EYIELD7A

ALADDIN hierarchical labelling:

A: SSATM 0{2} [+0] Ar [+1] GRAPHITE T=HPG CO [+0]
B: SATM 0{2} [+0] GRAPHITE T=HPG O{2} [+0] CO [+0]
C: SSATM O{2} [+0] Ar [+1] GRAPHITE T=HPG CO{2} [+0]
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—— Analytic Fit
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4.4.2.1 O7 4 pyrolytic graphite —» C

Source: E. Hechtl and J. Bohdansky, J. Nucl. Mater. 122&123, 1431 (1984).
Accuracy: Yield: £10%.

Comments: (1) Weight loss measurement.

(2) Specimen: graphite (pyrolytic, with two orientations).

(3) The flux density of ions on the sample was ~ 6 x 10'4/cm?s.
(4) Mass analyzed beam.
(5

) Physical sputtering by Ne™ ions shown for comparison.

Analytic fitting function:

Sputtering yield:
Y = A exp(—A:E)E* + A4E** [atoms ion]

where the ion energy E is in eV. The rms deviation of analytic fits for reactions A (e,0) and B (O)
and C (A) are 6.8%, 0.6% and 2.4%, respectively.

Fitting parameters A;-As

A -1.0720E-01  2.2609E-03 4.0700E-01 2.0008E+00  -6.3843E-02
B -1.3171E400  3.8852E-04 -3.4015E-02 ~ 1.1447E4+00  -1.0214E-03
C -1.6848E-01  8.0928E-04 1.6596E-01 1.8816E-01 1.4322E-01

ALADDIN evaluation function for sputtering yield: EYIELD5A

ALADDIN hierarchical labelling:

A: SAT O [+1] GRAPHITE T=HPG O=PERP-PL C [+0]
B: SAT Ne [+1] GRAPHITE T=HPG O=PARA-PL C [+0]
C: SAT Ne [+1] GRAPHITE T=HPG O=PERP-PL C [+0]
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Legend:

—— Analytic Fit
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4.4.2.2 OT + pyrolytic graphite - CO, CO,, C

Source: E. Vietzke, T. Tanabe, V. Philipps, M. Erdweg and K. Flaskamp, J. Nucl. Mater.
145-147, 425 (1987).

Accuracy:  Yield: £10%.

Comments: (1) Reaction products, sputtered atoms detected by line-of-sight QMS.
(2) Specimen: graphite (pyrolytic).
(3) The flux density of ions on the sample was ~ 10'®* Ot /cm?s.
(4) Mass analyzed beam.

Analytic fitting function:

Reaction yield:
Y = 1.0 x 107%[A; exp(—(T — A2)?/A2)T* + Asexp(—AeT)T47] [particles/O7