
Needs and Emerging Opportunities of Needs and Emerging Opportunities of 

Electron Beam Accelerators on Radiation Electron Beam Accelerators on Radiation 

Processing Technology for Industrial and Processing Technology for Industrial and 

Environmental Applications in South Environmental Applications in South 

AmericaAmerica

(SM/EB(SM/EB--02)02)

Wilson Wilson AparecidoAparecido ParejoParejo CalvoCalvo

Institute for Nuclear and Energy Research (IPEN)Institute for Nuclear and Energy Research (IPEN)

Brazilian National Nuclear Energy Commission (CNEN)Brazilian National Nuclear Energy Commission (CNEN)

Radiation Technology Center (CTR)Radiation Technology Center (CTR)



ArgentinaArgentinaChileChile

UruguayUruguay

ParaguayParaguay

BrazilBrazil
�� 15 Electron Beam 15 Electron Beam 

Accelerators Accelerators 

(200 (200 keVkeV –– 10 10 MeVMeV))

VenezuelaVenezuela

PeruPeru

EcuadorEcuador

�� ELUELU--6U, 6 6U, 6 –– 10 10 MeVMeV

CubaCuba

HaitiHaiti

Dominican RepublicDominican Republic

��Titan Corporation, 10 Titan Corporation, 10 MeVMeV
�� EL EL SurbeamSurbeam/Varian, 650 /Varian, 650 keVkeV

Costa Rica Costa Rica 
�� Titan Corporation, 10 Titan Corporation, 10 MeVMeVEl SalvadorEl Salvador

GuatemalaGuatemala

MexicoMexico

��2 2 RDI RDI DynamitronDynamitron, 3 , 3 MeVMeV

�� Precision Scan, 10 Precision Scan, 10 MeVMeV

�� Nissin High Voltage, 500 Nissin High Voltage, 500 keVkeV

BoliviaBolivia

ColombiaColombia

wwwwww--naweb.iaea.org/napc/iachem/index.aspnaweb.iaea.org/napc/iachem/index.asp

SourcesSources: IAEA, IPEN: IAEA, IPEN--CNEN/SPCNEN/SP

23 Electron Beam Accelerators23 Electron Beam Accelerators

(200 (200 keVkeV –– 10 10 MeVMeV))



Titan Corporation,  TBTitan Corporation,  TB--10/15, 10 10/15, 10 

MeVMeV, 1.44 , 1.44 mAmA

EL EL SurbeamSurbeam/Varian,/Varian,

SBSB--1/5, 650 1/5, 650 keVkeV, 0.094 , 0.094 mAmA

Sterilization of medical and pharmaceutical Sterilization of medical and pharmaceutical 

devicesdevices
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International International 
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Sterilization of medical and pharmaceutical Sterilization of medical and pharmaceutical 

devicesdevices
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polymer modifications polymer modifications 
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RDI RDI DynamitronDynamitron 300/46/1220, 300/46/1220, 

3 3 MeVMeV
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SalvaguardiasSalvaguardias

MexicoMexico

ELUELU--6U, 66U, 6--10 10 MeVMeVR&DR&D: food irradiation,: food irradiation,
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RDI, JOB 307,RDI, JOB 307,

97.5 kW, 1.5 97.5 kW, 1.5 MeVMeV, continuous , continuous 

treatment system (300 m/min)treatment system (300 m/min)

CommercialCommercial: wire and electric cables,: wire and electric cables,

semiconductors, sterilization of medical and semiconductors, sterilization of medical and 

pharmaceutical devices, PE foampharmaceutical devices, PE foam

Radiation Dynamics, Inc. (RDI), Radiation Dynamics, Inc. (RDI), 

JOB 188, 37.5 kW, 1.5MeV, roller JOB 188, 37.5 kW, 1.5MeV, roller 

bed conveyor  (batch), pilot plant for bed conveyor  (batch), pilot plant for 

wastewater treatment (30 L/min)wastewater treatment (30 L/min)

R&DR&D: wastewater treatment, polymer : wastewater treatment, polymer 

modification,modification,

shrink tube and film, surface curing, food shrink tube and film, surface curing, food 

irradiationirradiation
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SourcesSources: IAEA, IPEN: IAEA, IPEN--CNEN/SPCNEN/SP



INDUSTRIAL ELECTRON BEAM ACCELERATORS    INDUSTRIAL ELECTRON BEAM ACCELERATORS    

IN BRAZILIN BRAZIL

SourceSource: IRD, IPEN: IRD, IPEN--CNEN/SPCNEN/SP
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enhancement, enhancement, radiosterilizationradiosterilization of of 
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modification    modification    
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Radioactive Facilities     Radioactive Facilities     South AmericaSouth America Brazil Brazil Japan      USA     WorldJapan      USA     World

GAMMA IRRADIATORS               GAMMA IRRADIATORS               1414 7 7 (+1)(+1) >>>>>>>> 8         8         >>>>>>>> 30       30       >>>>>>>> 260260
(100 (100 kCikCi –– 10 10 MCiMCi))

ELECTRON BEAM ELECTRON BEAM 
ACCELERATORS                     ACCELERATORS                     2323 15  15  >>>>>>>> 300     300     >>>>>>>> 500     500     >>>>>>>> 1,500 1,500 

(200 (200 keVkeV –– 10 10 MeVMeV))

ChinaChina :  > 80 Gamma Irradiators:  > 80 Gamma Irradiators
> 140 Electron Beam Accelerators > 140 Electron Beam Accelerators 

RADIOACTIVE FACILITIES IN THE WORLD  RADIOACTIVE FACILITIES IN THE WORLD  

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



TOTALTOTAL
3,8703,870
UnitsUnits

RADIOACTIVE FACILITIES PER NUCLEARRADIOACTIVE FACILITIES PER NUCLEAR
APPLICATION AREAS IN BRAZILAPPLICATION AREAS IN BRAZIL

IndustryIndustry

36.5%36.5%

14121412

Medicine Medicine 

35.4%35.4%

13711371

Distribution Distribution 

2%             2%             

7676
R & D    R & D    

19.6%       19.6%       

758758

Services Services 

6.5%  6.5%  

253253

SourceSource: CNEN: CNEN



BrazilBrazil: : 

��Area: 8,511,965 km2 Area: 8,511,965 km2 

��States: 26 + 1 Federal District (Brasilia)States: 26 + 1 Federal District (Brasilia)

��Inhabitants: 187 millions (81.3% urban areas) Inhabitants: 187 millions (81.3% urban areas) 

��Gross national product: US$ 1,100 billionGross national product: US$ 1,100 billion

��Annual growth (2008): 4,8%Annual growth (2008): 4,8%

��US$ 228.9 billion in foreign trade transactionsUS$ 228.9 billion in foreign trade transactions

Brazilian Synchrotron Light Brazilian Synchrotron Light 

Laboratory (1,37 Laboratory (1,37 GeVGeV) ) 

INDUSTRIAL ELECTRON BEAM ACCELERATORS    INDUSTRIAL ELECTRON BEAM ACCELERATORS    
IN BRAZILIN BRAZIL

Nuclear Reactors (PWR): Nuclear Reactors (PWR): 

AngraAngra 1, 2 and 3 (ongoing)1, 2 and 3 (ongoing)

22
1111

11

11

MatoMato GrossoGrosso

do do SulSul

Institute of Physics Institute of Physics -- USP USP 

MycrotronMycrotron (38 (38 MeVMeV) ) 

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



Electron Beam AcceleratorsElectron Beam Accelerators

LowLow--energy: 150 energy: 150 keVkeV –– 300 300 keVkeV



The Origin of The Origin of RadTechRadTech South South 

AmericaAmerica

1993 1993 -- Foundation of Foundation of ATBCRATBCR -- Brazilian   Brazilian   

Technical Association for Radiation CuringTechnical Association for Radiation Curing

2006 2006 -- Agreement between Agreement between ATBCR ATBCR andand

RadTechRadTech International North AmericaInternational North America

The knowledge on UV/EB technology is shared The knowledge on UV/EB technology is shared 

with the associated industries and partners with the associated industries and partners 

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



UV/EB RADIATION CURINGUV/EB RADIATION CURING

ee55

efficient efficient 

enabling enabling 

economical economical 

energy savings energy savings 

environmental friendlyenvironmental friendly

SourceSource: : RadTechRadTech South AmericaSouth America



EB                     versus           UV (Free Radicals)

� High energy

� High crosslinking density

� High penetration into opaque 
materials

� No photoinitiators
� Speed cure at hundredths of seconds 

� Effectiveness on thin layers 
materials

� Elaborate formulation for thick 
layers

� Low penetration limited to clear 
materials

� Photoinitiators need
� Speed cure at tenths of seconds

Electron beam curing has several Electron beam curing has several 

advantages over conventional thermal advantages over conventional thermal 

curing methodscuring methods: : Improved parts; Improved parts; 

improved material handling; ability to improved material handling; ability to 

combine various materials and functions in combine various materials and functions in 

a single operation; ability to utilize lower a single operation; ability to utilize lower 

cost tooling; and reduced cure timescost tooling; and reduced cure times

UV/EB RADIATION CURING UV/EB RADIATION CURING -- PERFORMANCEPERFORMANCE

SourceSource: : RadTechRadTech South AmericaSouth America



Web widthsWeb widths: 20 to 66: 20 to 66”” (508 to 1,676 mm)(508 to 1,676 mm)

Speed capabilitySpeed capability: 335 m/min: 335 m/min

ThicknessThickness: 0.03 mm: 0.03 mm

Web widthsWeb widths: 30 to 120: 30 to 120”” (762 to 3,048 mm)(762 to 3,048 mm)

Speed capabilitySpeed capability: 305 m/min: 305 m/min

ThicknessThickness: 0.35 mm: 0.35 mm

Energy Energy ScinecesScineces, Inc. (ESI), Inc. (ESI)
((www.ebeam.comwww.ebeam.com))

UV/EB RADIATION CURING UV/EB RADIATION CURING -- EquipmentsEquipments

SourceSource: ESI: ESI



PCT PCT EngineeredEngineered Systems, LLCSystems, LLC
((www.teampct.comwww.teampct.com))

UV/EB RADIATION CURING UV/EB RADIATION CURING -- EquipmentsEquipments

VoltageVoltage: 125 to 300 : 125 to 300 keVkeV

Web widthsWeb widths: 130: 130”” (3,300 mm)(3,300 mm)

VoltageVoltage: 70 to 125 : 70 to 125 keVkeV

Web widthsWeb widths: 36: 36””(914mm) to 68(914mm) to 68””(1,727mm)(1,727mm)

SourceSource: PCT: PCT



ENERGYENERGY

Voltage (Voltage (keVkeV)) Layer thickness (Layer thickness (µµm)m)

150                                   100150                                   100

175                                   150175                                   150

200                                   250200                                   250

300                                   500300                                   500

VELOCITY PROCESSINGVELOCITY PROCESSING

Dose (Dose (kGykGy)) Velocity (m/min)Velocity (m/min) ApplicationsApplications

20                           020                           0--600                 Silicone application 600                 Silicone application 

30                           030                           0--600                 Printing 600                 Printing 

60                           060                           0--200                 Adhesives200                 Adhesives

ELECTRON BEAM (EB) CURINGELECTRON BEAM (EB) CURING

ITEMSITEMS DURABILITY DURABILITY 

Titanium window                                                 Titanium window                                                 2,000 hours2,000 hours

Tungsten Filament                                               Tungsten Filament                                               10,000 hours10,000 hours

OO--ringsrings 2,000 2,000 -- 5,000 hours5,000 hours

Maintenance time *                                              Maintenance time *                                              20 20 -- 30 hours/year30 hours/year

* Maintenance cost per year = ~ 5% of the Electron Beam Accelera* Maintenance cost per year = ~ 5% of the Electron Beam Acceleratortor’’s prices price

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



DISINFESTATION OF SEEDSDISINFESTATION OF SEEDS

Low Energy Electron Beam (105 to 145 Low Energy Electron Beam (105 to 145 keVkeV))

SourcesSources: : FraunhoferFraunhofer InstitutInstitut--FEP (DRESDEN, FEP (DRESDEN, SchimdtSchimdt Seeger AG)Seeger AG)

EE--ventusventus (30 tons/h, (30 tons/h, €€ 35/ton, 35/ton, €€ 1.5 million)1.5 million)

SeedsSeeds
FlowFlowEB EB 

Seed Treatment Principle SeedSeed surfacesurface SeedSeed layerslayers

DisinfestationDisinfestation::

Chemical = 5%Chemical = 5%

EB = 11%EB = 11%



Electron Beam AcceleratorsElectron Beam Accelerators

MidMid--Energy: 300 Energy: 300 keVkeV -- 5 5 MeVMeV



JapanJapan: Automobiles: Automobiles

tires = 95% tires = 95% 

IRRADIATION OF TIRES COMPONENTES IRRADIATION OF TIRES COMPONENTES 

BRAZILBRAZIL:  Bridgestone:  Bridgestone--FirestoneFirestone

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP37.5kW (1.5MeV and 25mA)        37.5kW (1.5MeV and 25mA)        

97.5kW (1.5MeV and 65mA)97.5kW (1.5MeV and 65mA)

INDUSTRIAL ELECTRON BEAM ACCELERATORS INDUSTRIAL ELECTRON BEAM ACCELERATORS 
(IPEN(IPEN--CNEN/SP) CNEN/SP) 

Conveyer: 0.42 Conveyer: 0.42 -- 6.72 m/min6.72 m/min



Cabos e Fios

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP
IPENIPEN--CNEN/SPCNEN/SP: 12,500 km (2002): 12,500 km (2002)

IRRADIATION OF WIRE AND ELECTRIC IRRADIATION OF WIRE AND ELECTRIC 
CABLES  CABLES  



Chemical Chemical 
CrosslinkingCrosslinking

CROSSLINKING OF POLYETHILINE FOAMCROSSLINKING OF POLYETHILINE FOAM

CrosslinkingCrosslinking by by 
irradiationirradiation

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



SEMICONDUCTORS IRRADIATION SEMICONDUCTORS IRRADIATION 
andand

POLYMER DEGRADATIONPOLYMER DEGRADATION

Powered Diodes AssemblingPowered Diodes Assembling

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

PTFE (PTFE (TeflonTeflonTMTM))

Printing Inks and lubricantsPrinting Inks and lubricants



HEAT SHRINKABLE TUBES IRRADIATIONHEAT SHRINKABLE TUBES IRRADIATION

Heat Shrinkable tubes Heat Shrinkable tubes 
(80(80--200kGy) 200kGy) 

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

COMPOSITES / CARBON FIBERS IRRADIATIONCOMPOSITES / CARBON FIBERS IRRADIATION

Carbon Fiber CompositesCarbon Fiber Composites
(12k)(12k)

Carbon Fibers Irradiated by EBCarbon Fibers Irradiated by EB
(50(50--300kGy)300kGy)

NonNon--IrradiatedIrradiated

Composites test specimens:Composites test specimens:
(a, a(a, a’’) non) non--irradiated, after breakage; irradiated, after breakage; 
(b, b(b, b’’) before tensile test ) before tensile test 
(c, c(c, c’’) irradiated with 300 ) irradiated with 300 kGykGy, after breakage, after breakage

aa bb cc aa’’ bb’’ cc’’

Composite test specimensComposite test specimens
(6k)                         (12k)(6k)                         (12k)



SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

PtRuPtRu/C ELECTROCATALYST PREPARED USING /C ELECTROCATALYST PREPARED USING 
ELECTRON BEAM IRRADIATIONELECTRON BEAM IRRADIATION

Fuel CellsFuel Cells

Irradiation of Irradiation of ElectrocatalystElectrocatalyst -- PtRuPtRu/C /C 
(1(1--15kGy) 15kGy) 



polytetrafluoroethylenepolytetrafluoroethylene (PTFE), polyvinyl (PTFE), polyvinyl difluoridedifluoride (PVDF) (PVDF) 

and polypropylene (PP) films grafted by irradiation with and polypropylene (PP) films grafted by irradiation with 

styrene and lately styrene and lately sulfonatedsulfonated

mechanical resistancemechanical resistance thermal resistancethermal resistance

crosslinkingcrosslinking through radiationthrough radiationbeforebefore

grafting through radiationgrafting through radiationafterafter

diffusion aspectsdiffusion aspects
descriptiondescription

proton exchange membrane fuel cells proton exchange membrane fuel cells -- PEMFCPEMFC

EBEB

Irradiated Grafting IonIrradiated Grafting Ion--exchange exchange 
Membranes for Fuel Cells ApplicationMembranes for Fuel Cells Application

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



HYDROGEL, FILMS, MULTILAYERS PACKAGES HYDROGEL, FILMS, MULTILAYERS PACKAGES 
AND TUBES PROCESSED BY RADIATIONAND TUBES PROCESSED BY RADIATION

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SPPolivinilpirolidonaPolivinilpirolidona

Films and multilayerFilms and multilayer
packages packages 

PVC tubesPVC tubes



TISSUE BANKING TISSUE BANKING 
R&D Contract with R&D Contract with ““Hospital das Hospital das ClClíínicasnicas --

HC/FMUSPHC/FMUSP””

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

50 50 kGykGy25 25 kGykGy

0 0 kGykGy
Human skinHuman skin



WASTEWATER TREATMENT BY ELECTRON WASTEWATER TREATMENT BY ELECTRON 
BEAM ACCELERATORS BEAM ACCELERATORS 

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

CapacityCapacity: 3m: 3m33/h/h

IAEA TC Project BRA/8/025IAEA TC Project BRA/8/025
Electron Beam Treatment ofElectron Beam Treatment of

Wastewater Wastewater 
(1993(1993--1997)1997)

Model ProjectModel Project
(1995)(1995)
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IPENIPEN’’S Studies for Organic Compounds S Studies for Organic Compounds 
Removal after Electron Beam Irradiation of Removal after Electron Beam Irradiation of 

Samples from WWTPSamples from WWTP

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP
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Removal of Organic Compounds (EB)Removal of Organic Compounds (EB)

IPENIPEN’’S STUDIES FOR TREATMENT OF EFFLUENT S STUDIES FOR TREATMENT OF EFFLUENT 
FROM  PETROLEUM PRODUCTION UNITSFROM  PETROLEUM PRODUCTION UNITS

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



Wet TypeWet Type

LimestoneLimestone--Gypsum Process Gypsum Process 

((SOSO22 removal, byremoval, by--product: gypsumproduct: gypsum))

MAIN THERMAL MAIN THERMAL 
POWER PLANTS IN POWER PLANTS IN 

BRAZILBRAZIL

Source: IPENSource: IPEN--CNEN/SPCNEN/SP



((NHNH44))22SOSO44 45 45 -- 60%60%

NHNH44NONO33 22 22 -- 30%30%

NHNH44Cl Cl 10 10 -- 20%20%

MoistureMoisture 0,4 0,4 -- 1%1%

Water Insoluble Parts 0,5 Water Insoluble Parts 0,5 -- 2%2%

ByBy--Product CompositionProduct Composition

EE--BEAM FLUE GAS TREATMENT PROCESSBEAM FLUE GAS TREATMENT PROCESS
(SO(SO22 AND NOAND NOXX REMOVAL)REMOVAL)

SourceSource: INCT: INCT

⇒⇒⇒⇒⇒⇒⇒⇒ SOSO22 removalremoval > 90%> 90%

⇒⇒⇒⇒⇒⇒⇒⇒ NONOXX removalremoval > 70%> 70%

⇒⇒⇒⇒⇒⇒⇒⇒ ByBy--ProductProduct: : ((NHNH44))22SOSO44

NHNH44NONO33

EPS EPS PomorzanyPomorzany –– POLAND (270,000 NmPOLAND (270,000 Nm33/h)/h)



1,769 kg/h

103 kg/h

467 kg/h

SO2

NOX

Dust

Reduction

347 ppmv

334 ppmv

50 mg/Nm3

SO2

NOX

Dust

Outlet

480,000 Nm3/h (125 MW)

1,739 ppmv

446 ppmv

1,100 mg/Nm3

7.3%v

* Gas Flow Rate

SO2

NOX

Dust

H2O

Inlet

EBA System BaseEBA System Base

(80% SO(80% SO
XX, 25% NO, 25% NO

XX))

Air PollutantsParameters

* Wet base. 

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

Expected Reduction of Air Pollutants Jorge Expected Reduction of Air Pollutants Jorge 
LacerdaLacerda (857 MW) (857 MW) -- ELETROSUL Thermal Power ELETROSUL Thermal Power 

Plant in Santa Plant in Santa CatarinaCatarina StateState



Electron Beam AcceleratorsElectron Beam Accelerators

HighHigh--Energy: 5 Energy: 5 MeVMeV –– 10 10 MeVMeV



STERILIZATION OF MEDICAL, PHARMACEUTICAL STERILIZATION OF MEDICAL, PHARMACEUTICAL 
AND BIOLOGICAL PRODUCTS AND BIOLOGICAL PRODUCTS 

BRAZILBRAZIL: ~50% (increase 10% / year): ~50% (increase 10% / year)
World: ~60% (190 gamma irradiators)World: ~60% (190 gamma irradiators)

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

STERILIZATION PROCESSES
NECESSARY 
CONTROLS

Gases Liquids Vapor Filtration Radiation

Time xxxxxxx xxxxxxx xxxxxxx xxxxxxxx xxxxxxxx

Temperature xxxxxxx xxxxxxx xxxxxxx

Package xxxxxxx xxxxxxx xxxxxxx

Pressure xxxxxxx xxxxxxx xxxxxxxx

Humidity xxxxxxx xxxxxxx

Concentration xxxxxxx xxxxxxx

pH xxxxxxx



GEMSTONE IRRADIATIONGEMSTONE IRRADIATION

(EB and Gamma Rays)(EB and Gamma Rays)

Topaz, Topaz, RubelitaRubelita, Quartz, Citrine , Quartz, Citrine 
and and AmetistaAmetista

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

•• Potatoes and Onions (0.05Potatoes and Onions (0.05--0.15kGy)0.15kGy)
•• Bread (2Bread (2--10kGy)10kGy)

•• Military Food (10Military Food (10--50kGy)50kGy)

•• Strawberries (0.2Strawberries (0.2--1.0kGy)1.0kGy)

Brazilian Brazilian AgrobusinessAgrobusiness::
43% of the total exportation43% of the total exportation

FOOD IRRADIATIONFOOD IRRADIATION



IRRADIATION OF TURFAIRRADIATION OF TURFA

GASES ATMOSFGASES ATMOSFÉÉRICOSRICOS:

NITROGÊNIO (NNITROGÊNIO (N22) = 79%) = 79%
OXIGÊNIO (OOXIGÊNIO (O22) = 20%) = 20%
OUTROS (COOUTROS (CO22) =  1%) =  1%

Biological Biological 
Adsorption of Adsorption of 
Nitrogen by Nitrogen by 

BradyrhizobiumBradyrhizobium

andand RhizobiumRhizobium

(dose >50kGy)(dose >50kGy)

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



SOY SOY SOY SOY 

(Irradiated(Irradiated

TurfaTurfa andand

BradyrhizobiumBradyrhizobium))

BRAZILBRAZIL: : Soy plantation with irradiated Soy plantation with irradiated turfaturfa

•• Biggest consumer and producerBiggest consumer and producer
•• 23,7 millions of hectares (60% 23,7 millions of hectares (60% -- 70% of total area) 70% of total area) 
•• Economy of US$ 2,5 billions of nitrogen/yearEconomy of US$ 2,5 billions of nitrogen/year
•• Productivity of soy increase 8%Productivity of soy increase 8%

BENEFITS OF TURFA IRRADIATIONBENEFITS OF TURFA IRRADIATION

SourceSource: EMBRAPA: EMBRAPA



RADIATION PROCESSING IN FUEL RADIATION PROCESSING IN FUEL 
ALCOHOL PRODUCTION ALCOHOL PRODUCTION 

SourcesSources: : UsinaUsina AAççucareiraucareira GuaGuaíírara and IPENand IPEN--CNEN/SPCNEN/SP

BRAZILBRAZIL: : 

Reduce the Reduce the bioburdenbioburden ((mostomosto):):

•• Fuel alcohol production increase 3% (1,5kGy)Fuel alcohol production increase 3% (1,5kGy)

•• Reduce the consumption of antibioticReduce the consumption of antibiotic



60.1860.1836.3436.3427.6327.63TotalTotal

2.272.271.511.511.511.51OtherOther

7.197.191.891.890.760.76JapanJapan60.1860.1836.3436.3427.6327.63TotalTotal

12.8712.874.924.921.511.51EUEU12.8712.873.413.410.760.76OtherOther

1.511.510.760.760.380.38CanadaCanada7.197.193.793.791.891.89EUEU

18.9318.9313.2513.2510.6010.60EUAEUA18.9318.9313.2513.2510.6010.60EUAEUA

17.4117.4114.0014.0012.8712.87BrazilBrazil21.2021.2015.9015.9014.4014.40BrazilBrazil

201020102005200520032003RegionRegion201020102005200520032003RegionRegion

DEMANDDEMANDPRODUCTIONPRODUCTION

SourceSource: New York Board of Trade : New York Board of Trade 

MUNDIAL BUSINESS OF FUEL ALCOHOL MUNDIAL BUSINESS OF FUEL ALCOHOL 
(Billions of liters)(Billions of liters)



SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

DECONTAMINATION OF PESTICIDE DECONTAMINATION OF PESTICIDE 
PACKING USING IONIZING RADIATIONPACKING USING IONIZING RADIATION

Plastic bottlesPlastic bottles

Corrugated ductsCorrugated ducts

STUDIED PESTICIDESTUDIED PESTICIDE: : 
ChlorpyrifosChlorpyrifos, o,, o,oo--DiethylDiethyl--oo--

(3,5,6(3,5,6--trichlorotrichloro--22--pyridylpyridyl) ) 
phosphorothioatephosphorothioate

⇒⇒ 288,000 tons of 288,000 tons of pesticidespesticides//yearyear
⇒⇒ 107,000,000 107,000,000 packingpacking

⇒⇒ 23,000 tons of 23,000 tons of solidsolid wastewaste

ElectronsElectrons
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Accelerator With Water
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Naftalene Methomyl Dimetoate

Tryazine Endosulfan Carbofuran

Triazophos Methidation Chlorpyrifos

Trifluralin Methylparathion Atrazyne

Removal of pesticides in package with and Removal of pesticides in package with and 
without water using electron beam acceleratorwithout water using electron beam accelerator

Retirement (Kg) evolution in BrazilRetirement (Kg) evolution in Brazil

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP
recycling (~60%) incineration (40%)recycling (~60%) incineration (40%)

Search for new technologies to substitute the incinerationSearch for new technologies to substitute the incineration



South
America

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

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

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

São Paulo State concentrate more São Paulo State concentrate more 
than 60% of sugarcane productionthan 60% of sugarcane production

SUGARCANE PROCESSING IN BRAZILSUGARCANE PROCESSING IN BRAZIL

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP



�� Normally physical and chemical process Normally physical and chemical process 

�� Reduce the Reduce the crystallinitycrystallinity

�� Disrupt the hydrogen bonding of cellulose Disrupt the hydrogen bonding of cellulose 

�� More accessibility to hydrolytic More accessibility to hydrolytic depolymerizationdepolymerization

reactionsreactions

Ethanol
biofuel

hydrolysis
process

Fermentation
Free
sugars

Pretreatment

ElectronsElectrons

SourceSource: IPEN: IPEN--CNEN/SPCNEN/SP

Sugarcane Sugarcane BagasseBagasse Irradiation as Irradiation as 
Pretreatment to Produce Ethanol Pretreatment to Produce Ethanol BiofuelBiofuel

LigninLignin (18%)(18%)

CelluloseCellulose (38%)(38%) HemicelluloseHemicellulose (30%)(30%)



CONCLUSIONSCONCLUSIONS

1)1) Lower cost and lowLower cost and low--energy EBA are commercially availableenergy EBA are commercially available

2)2) There is a growing use of lowThere is a growing use of low--energy EBA (eliminations of energy EBA (eliminations of VOCVOC’’ss, , 

environmental friendly, energy savings and efficiency)environmental friendly, energy savings and efficiency)

3)3) There is a growing need for mobile facilities for different applThere is a growing need for mobile facilities for different applicationsications

4)4) There is an increasing diversity of products and processes that There is an increasing diversity of products and processes that require high require high 

and midand mid--energy EBAenergy EBA

5)5) There is a need of improvements in the reliability of EBA for enThere is a need of improvements in the reliability of EBA for environmental vironmental 

applications, with regard to window life time, power supply and applications, with regard to window life time, power supply and cathodecathode

6)6) Improved efficiency, with reduction in time and required dose, aImproved efficiency, with reduction in time and required dose, and effort nd effort 

achieved through collaboration among INDUSTRIES, UNIVERSITIES achieved through collaboration among INDUSTRIES, UNIVERSITIES 

and RESEARCH INSTITUTES could lead the products and processes toand RESEARCH INSTITUTES could lead the products and processes to

faster and more economical commercializationfaster and more economical commercialization

Source: IPENSource: IPEN--CNEN/SPCNEN/SP
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THANK YOU VERY THANK YOU VERY 
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RADIATION TECHNOLOGY RADIATION TECHNOLOGY 

CENTERCENTER

IPENIPEN--CNEN/SPCNEN/SP

wapcalvo@ipen.brwapcalvo@ipen.br


