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Country

INDUSTRIAL ELECTRON BEAM ACCELERATORS
IN SOUTH AMERICA

Organization

Products

Additional Information

Brazil

Institute for
Nuclear and
Energy Research
(IPEN-
CNEN/SP)

R&D: wastewater treatment, polymer
modification,

shrink tube and film, surface curing, food
irradiation

Radiation Dynamics, Inc. (RDI),

JOB 188, 37.5 kW, 1.5MeV, roller
bed conveyor (batch), pilot plant for
wastewater treatment (30 L/min)

Commercial: wire and electric cables,
semiconductors, sterilization of medical and
pharmaceutical devices, PE foam

RDI, JOB 307,
97.5 kW, 1.5 MeV, continuous
treatment system (300 m/min)

Ecuador

Escuela
Politecnica
Nacional

Quito

R&D: food irradiation,
wires and electric cables

ELU-6U, 6-10 MeV

Mexico

Comision
Nacional

de Seguridad
Nuclear y
Salvaguardias

Tijuana

Polymer modifications (plastics and rubber)

RDI Dynamitron 300/46/1220,
3 MeV

ICU Medical
S.A.

Ensenada

Sterilization of medical devices,
polymer modifications

Precision Scan, SB108, 10 MeV

Cryovac

México
City

Fresh food packaging

Nissin High Voltage, 2SP500,
500 keV

Costa Rica

BeamOne SRL

Alajuela

Sterilization of medical and pharmaceutical
devices

Titan Corporation,
10 kW, 10 MeV

Dominican
Republic

FENWAL
International
Inc. (BAXTER)

Haina

Sterilization of medical and pharmaceutical
devices

Titan Corporation, TB-10/15, 10
MeV, 1.44 mA

EL Surbeam/Varian,

SB-1/5, 650 keV, 0.094 mA




Company

Manufacturer

Model

Current
(mA)

INDUSTRIAL ELECTRON BEAM ACCELERATORS
IN BRAZIL

Applications

IPEN-CNEN/SP
and
Cofibam

Radiation

Dynamics, Inc.

JOB 188

JOB 307

25

60

R&D and
crosslinking

Bridgestone-
Firestone

Energy Sciences,
Inc.

EC/300 -
1 and 2

Crosslinking

Cryovac
Brasil

Cryovac

ECLU -1,2,3
and 4

Crosslinking

Unipac
Embalagens

Energy Sciences,
Inc.

CB200/060/070

Curing

Curwood Itap

RPC Industries

Broad Beam -
1 and 2

Curing

Acome do Brasil

Acome/Radiation
Dynamics, Inc.

DPC 1000

Crosslinking of wire and electric
cables

Prysmian

Radiation
Dynamics Inc.

JOB 307

Crosslinking of wire and electric
cables

Aceletron

Titan Corporation/
EL Surebeam

LINAC -
1 and 2

Food irradiation, gemstone
enhancement, radiosterilization of

medical disables, cosmetics, polymer

modification
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pe RADIOACTIVE FACILITIES IN THE WORLD

Radioactive Facilities = South America Brazil Japan @ USA World

GAMMA IRRADIATORS 7+1) >8  >30 >260
(100 kCi — 10 MCi)

ELECTRON BEAM
ACCELERATORS 15 >300 >3500 > 1,500
(200 keV — 10/MeV)

China : > 80 Gamma lrradiators
> 140 Electron Beam Accelerators




RADIOACTIVE FACILITIES PER NUCLEAR -
APPLICATION AREAS IN BRAZIL CNEN

Industry Medicine
36.5% 35.4%
1412 1371

J

Distribution Services
2% 6.5%
76 . 253




INDUSTRIAL ELECTRON BEAM ACCELERATORS
IN BRAZIL

Brazil:

v Area: 8,511,965 km2

v'States: 26 + 1 Federal District (Brasilia)
vInhabitants: 187 millions (81.3% urban areas)
v'Gross national product: US$ 1,100 billion
vAnnual growth (2008): 4,8%

vUS$ 228.9 billion in foreign trade transactions

Nuclear Reactors (PWR):
Angra 1, 2 and 3 (ongoing)

Instltute of PhyS|cs UsSP
Mycrotron (38 MeV
Laboratory (1,37 GeV) / ( )

BraZ|I|an Synchrotron Light




Electron Beam Accelerators

Low-enerqy: 150 keV - 300 keV




The Origin of RadTech South
America

1993 - Foundation of ATBCR - Brazilian
Technical Association for Radiation Curing

RadTech

South-America
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ijpen  UV/EB RADIATION CURING - PERFORMANCE fa

ChEn
EB versus UV (Free Radicals)
_ v’ Effectiveness on thin layers
v High energy materials
v' High crosslinking density v Elaborate formulation for thick
layers
v" High penetration into opaque v" Low penetration limited to clear
materials materials
v" No photoinitiators v" Photoinitiators need

v' Speed cure at hundredths of seconds v Speed cure at tenths of seconds

— Electron beam curing has several

~ vs  ThermaiDrying e
- - : - - advantages over conventional thermal
: curing methods: Improved parts;
tquid :§3§}‘sé,:§gj «*ﬁ\ improved material handling; ability to
B it combine various materials and functions in
a single operation; ability to utilize lower
cost tooling; and reduced cure times

Source: RadTech South America




UV/EB RADIATION CURING - Equipments Cr‘%n

b Energy Scineces, Inc. (ESI)

(www.ebeam.com)

Web widths: 20 to 66 (508 to 1,676 mm)
Speed capability: 335 m/min
Thickness: 0.03 mm

Web widths: 30 to 120” (762 to 3,048 mm)
Speed capability: 305 m/min

Thickness: 0.35 mm

Source: EST



UV/EB RADIATION CURING - Equipments Cr‘%n

PCT Engineered Systems, LLC

(www.teampct.com)

Voltage: 70 to 125 keV Voltage: 125 to 300 keV

Web widths: 36”(914mm) to 68”(1,727mm) | Yeb widths: 130" (3,300 mm)

Source: PCT
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pen ELECTRON BEAM (EB) CURING cnen
ENERGY VELOCITY PROCESSING
mfgﬂ Layer thicl;r(;;ss m Dose (kGy) Velocity (m/min) Applications
175 150 20 0-600 Silicone application
200 250 30 0-600 Printing
300 500 60 0-200 Adhesives
ITEMS DURABILITY
Titanium window 2,000 hours
Tungsten Filament 10,000 hours
O-rings 2,000 - 5,000 hours
Maintenance time * 20 - 30 hours/year
* Maintenance cost per year = ~ 5% of the Electron Beam Accelerator’s price

Source: IPEN-CNEN/SP




ip DISINFESTATION OF SEEDS Ed

Disinfestation:

Chemical = 5%
EB =11%
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Electron Beam Accelerators

Mid-Enerqgy: 300 keV - 5 MeV




pen

Space for spare
Electron Accelerator

500kev
75~150 mA
15~50 kGy

Reagdo de Reticulagdo (ou reagdo de crosslinking)
/
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ITRRADIATION OF WIRE AND ELECTRIC
CABLES
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Reagido de Reticulagdo (ou reagéoe de crosslinking)
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SEMICONDUCTORS IRRADIATION
and

POLYMER DEGRADATION




Irradiation

(a) e
S2 + + + Expanded at 2007 1 Ehantiodg
Crosslinked PLA

Re-heating at 160?




Composites test specimens:
(a, @) non-irradiated, after breakage;
(b, b’) before tensile test
(c, c’) irradiated with 300 kGy, after breakage
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'pe PtRu/C ELECTROCATALYST PREPARED USING CI::EI'I
ELECTRON BEAM IRRADIATION

CROSS SECTION OF POLYMER ELECTROLYTE FUEL CELL

CATHODE
VENT

CATHODE: O, + 4 ELECTRONS +
4HY = 2H,0

CATHODE
FEED, O,

GAS DIFFUSION BACKING




Irradiated Grafting Ion-exchange
Membranes for Fuel Cells Application

proton exchange membrane fuel cells - PEMFC
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diffusion aspects
description

@ Electron
@ proton




l'p HYDROGEL, FILMS, MULTILAYERS PACKAGES
AND TUBES PROCESSED BY RADIATION CNEN

P 3

Bandagem esteéril
de hidrogel
Para curativo de




TISSUE BANKING
R&D Contract with "Hospital das Clinicas -
HC/FMUSP"”
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,- WASTEWATER TREATMENT BY ELECTRON
[ BEAM ACCELERATORS ChEN

PILOT PLANT — SCHEMATIC DIAGRAM

1. STORAGE TANK
2. COLLETING TANK
3. HOMOGENEZATION PLUME

IRRADIATION BOX

IAEA TC Project BRA/8/025
Electron Beam Treatment of
Wastewater AN NG SRS |
(1993-1997) | RN b _dli
ME <+ ME4 | ME4 | !I ME4
10 kGy | 20 kGy | SO KkGy 100 KG) W




IPEN’S Studies for Organic Compounds
Removal after Electron Beam Irradiation of
Samples from WWTP

CHLOROFORM TOLUENE

40 50 60
Dose (kGy)

30 40 50 60 70 80 90
Dose (kGy)

DICHLOROETANE
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20 30 20 30
Dose (kGy) Dose (kGy)

UNA 3 UNA 3 UNA 3 UNA 3
5 kGy 10kGy 20 KGy

METHIL ISOBUTYL KETON PHENOL

Renmmaining Fraction

20 30 20 30 40 50 60 70 80
Dose (kGy) Dose (kGy)




IPEN’S STUDIES FOR TREATMENT OF EFFLUENT
FROM PETROLEUM PRODUCTION UNITS

BENZENE TOLUENE

Rem oval (%)
Rem oval (%)

50 100 150 200 SSER 4 SSEB 4 SSEB 4  SSEB 4 |
Dose (kGy) 50 L Lad 20kGy | S0kGy 100 kGy 200 kBy
Dose (kGy)

e

ETILIBENZENE
—%

Rem oval (%)
Removal (%)

50 100 150 50 100 150
Dose (kGy) Dose (kGy)

PHENOL
—

Rem oval (%)

100
Dose (kGy)




MAIN THERMAL
POWER PLANTS IN
BRAZIL

- _S:imestone-Gipsum Process
/ gp—\g S_b{removal bviproduct: gypsum)

= (_,.
T s Paul j:;g:; {J'
—
: <" PIRATININGA - AES ELETROPAULO
L (GAS, 472 MW)

Mabarao)/
RS JORGE LACERDA - ELETROSUL

b (Candiuy" (COAL, 857 MW)

= PRESIDENTE MEDICI - CEEE
(COAL, 446 MW)




E-BEAM FLUE GAS TREATMENT PROCESS
(SO, AND NO,, REMOVAL)

Boiler

By-preduct Collector :

Spray Cooler

Ammonium Sulfate
Ammonium Nitrate

| N i s
e
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ip Expected Reduction of Air Pollutants Jorge Ea
Lacerda (857 MW) - ELETROSUL Thermal Power C”E“
Plant in Santa Catarina State ‘

Parameters | Air Pollutants EBA System Base | .
(80% SOX, 25% NOX) AIR POLLUTIONz(EONTROL PLANT
Inlet * Gas Flow Rate 480,000 Nm3/h (125 MW)
SO, 1,739 ppmv r
NO, 446 ppmv |
Dust 1 R 100 mg/N m3 { NOVEMBER, 1997
H,0 7.3%v |
Outlet SO, 347 ppmv g’jj = , =
NO, 334 ppmv "' e~ AT
Dust 50 mg/Nm?3 : : '
Reduction SO, 1,769 kg/h
NOy 103 kg/h
Dust 467 kg/h

* Wet base.

" Source: IPEN-CNEN/SP



Electron Beam Accelerators

High-Enerqv: 5 MeV - 10 MeV




STERILIZATION OF MEDICAL, PHARMACEUTICAL [O
AND BIOLOGICAL PRODUCTS CchEN

MICRO BIOLOGICAL EFFECT gt on DN

STERILIZATION PROCESSES
NECESSARY - — —
CONTROLS Liquids Vapor Filtration | Radiation

Time :-<:
Temperature
Package

Humidity

Concentration :._
pH




GEMSTONE IRRADIATION
(EB and Gamma Rays)




FOOD IRRADIATION




TIRRADIATION OF TURFA

GASES ATMOSFERICOS:

NITROGENIO (N5) = 79%
OXIGENIO (0,) = 20%
< 1%

nHZOHUH
HECTENE




BENEFITS OF TURFA IRRADIATION
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Biggest consumer and producer
« 23,7 millions of hectares (60% - 70% of total area)
» Economy of US$ 2,5 billions of nitrogen/year
» Productivity of soy increase 8%




RADIATION PROCESSING IN FUEL
ALCOHOL PRODUCTION




- MUNDIAL BUSINESS OF FUEL ALCOHOL
/i (Billions of liters)

PRODUCTION
Region 2003 2005 2010

Brazil 1440 1590 21.20
EUA 10.60 13.25 18.93

EU 189 379 1719
Other 076 341 12.87
Total  27.63 36.34 60.18




DECONTAMINATION OF PESTICIDE
PACKING USING IONIZING RADIATION
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Removal of pesticides in package with and
without water using electron beam accelerator

Accelerator Without Water

Removal (%)
Removal (%)

0 Ay
0 10 20 30 40 50 60 70 80 90 100
Absorved Dose (kGy)

—e— Naftalene —=— Methomyl| —a— Dimetoate

Tryazine —%— Endosulfan —e— Carbofuran

——Triazophos ——— Methidation Chlorpyrifos

17.881.162

Trifluralin —a— Methylparathion Atrazyne




ChEn

> Brazil has a long time
tradition in the use of
renewable energy (44.7%)

> Brazil produces and
processes more than 300
million metric tons of
sugarcane/year (1/4 of the
1,300 million tons grown
worldwide)

» The Brazilian sugar cane
sector represents around 2%
of the GNP.

Sao Paulo State concentrate more
than 60% of sugarcane production
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. Sugarcane Bagasse Irradiation as @

pe Pretreatment to Produce Ethanol Biofuel CcnEn
» Normally physical and chemical process (; Lignin (18%)
» Reduce the crystallinity (

» Disrupt the hydrogen bonding of cellulose
» More accessibility to hydrolytic depolymerization

reactions a
Cellulose (38%) Hemicellulose (30%)

hydrolysis
process

Pretreatment

Electrons
—p

Ethanol ) Free
biofuel - Fermentation _ sugars

Source: IPEN-CNEN/SP
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) CONCLUSIONS

LLower cost and low-energy EBA are commercially available

There is a growing use of low-energy EBA (eliminations of VOC’s,
environmental friendly, energy savings and efficiency)

There is a growing need for mobile facilities for different applications

There is an increasing diversity of products and processes that require high
and mid-energy EBA

There is a need of improvements in the reliability of EBA for environmental
applications, with regard to window life time, power supply and cathode

Improved efficiency, with reduction in time and required dose, and effort
achieved through collaboration among INDUSTRIES, UNIVERSITIES

and RESEARCH INSTITUTES could lead the products and processes to
faster and more economical commercialization




0) w [nternational Topical Meeting on
{ﬁ# Nuclear Research Applications |

e and Utilization of Accelerators

Atams for Peace

THANK YOU VERY
M U C H FO R ) | " o

' ;-.'..“ . Junior Poster

Technical Sessions

YOUR ATTENTION

Meeting on Nuclear Reactor Meeting on Nuclear Meeting on Nuclear
Physics and Thermal Hydraulics Applications Industry

Innovations in

Nueclear Technology
fora Sustainable Futur‘

19

September 27 to October 2, 2009 - Rio de Janeiro - Brazil

Key Dates:

April 06

Deadline for abstract electronic submission

April 20

Notification of acceptance / rejection of abstracts
June 15

Deadline for full-length paper submission

More information:
www.inac2009.com.br Contact ABEN:

e-mail: aben@aben.com.br
www.aben.com.br
Phone: +55 21 3797 1751

w.inac2009.com.br® =




