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COMISSAO NACIONAL DE ENERGIA NUCLEAR (CNEN)

A CNEN possui2 G3ssrmdyessitvasem 14 unidades
distribuidas em 9 estados brasileiros

v’ Sede((TNNEN)

v Centro de Desenvolvimento da Tecnologia Nuclear (CDTN)

v’ Centro Regional de Ciéncias Nucleares do Centro€3es{EKIRIGETN))
v Centro Regional de Ciéncias Nucleares do Nordeste (CRQONEN

v Distrito de Caetité (DICAIE)

v’ Distrito de Fortaleza (DIFOR)

v’ Escritorio de Porto Alegre (ESPOR)
v’ Escritério de Resende EE8Rse)p

v’ Escritério de Brasilia (ESBRA)

v' Escritério de Angra dos Reis (ESAR)
v Instituto de Engenharia Nuclear (IEN)

(IPEN)

v Instituto de Radioprotecao e Dosimetria (IRD

v’ Laboratério die PogostieCddides ((LAFRDT))

Fonte: CIVEN
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APLICACOES DE FONTES INTENSAS DE RADIACAO E

INSTALACOES RADIATIVAS E NUCLEARES (CNEN)

& 4 Reatores Nurikrmes >
de Pesquisa

- &

v 100 W - 5 MW

& 6 Aceleradores
Ciclotrons

v Siemens (11 MeV)
v IBA (18/9 MeV, 30 MeV) i
v TCC (24 MeV)
v GE (18 MeV)

& 2 Aceleradores
Industriais dde Elétrons

v 1.5 MeV
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ChEN
INSTITUTO DE PESQUISAS ENERGETICAS E NUCLEARES (IPE N)
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ORGANOGRAMA INSTITUCIONAL

28100 68

Conselho Superior

Superintendencia

CTA - Conselho Tecnico Administrativo

Diratoria de B loria doe LDimetaria de Diretora do Diratoria de Rirstona de
PR administacac

Fadkfarmacis i
o Ensing infrasstrulur

Seourangs
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INSTITUTO DE PESQUISAS
ENERGETICAS E NUCLEARES
Reator ¢ BF
Nuclear
) :
'®) Pesquisa
o
O
|_
O
) -
O Medicina
a) Nuclear
&

EqUipamentOS “Naosso compromisso é com a melharia da qualidade de ida da
de imagem - :

ar’ala .. .. aldata ..- alala¥a aafalalra -. 1fi S,

desenvolvendo tecnologias, gerando produtos e servi cos e
formando recursos humanos nas areas nuclear e corre latas”
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CIETEC

| Centro de Inovacao,

] W ' Empreendedorismo

— .
Tecnologia

Aofimde 22088

> 121 empresas assuiaties e resedita de RS 42,1 militiaess
> SEBRAE-SP investe R$ &2D,6 mil, mo todédl de R$ 5,9 militiiiess

> R$ 1,00 do SHERNE-SP equivale a R$ 10,26 em impocsstss reeothitidss
Fonte: CTETEC
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'pe APLICACOES DE FONTES INTENSAS DE RADIACAO E
CENTRO DE TECNOLOGIA DAS RADIACC')ES

“Aplicar a tecnologia das radiaces e dos radioisoto pos na Industria,
Saude, Agricultura e no Meio Ambiente, produzindo co nhecimento
cientifico, transferindo tecnologia, formando recur sos humanos e gerando

produtos e servigcos para 0S Nossos clientes”
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FONTES INTENSAS DE

RADIACAO E SUAS
APLICACOES
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DEFINICAO

» Reatores Nucleares (Poténcia e Pesquisa)
> Aceleradores de Elétrons: de Particulas

> Irradiadores Gama

APLICACOES BASICAS

> Produzir fontes radioativas artificiais (8%Co, 3Cs, 133y | 7Se, entre outras)

> Produzir reacbes fisscosguimicas (@plcagiesinuilsstizess, meio
ambiente, agyicuituna e saude)

> Produzir reacdes nucleares
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RADIACOES
IONIZANTES NO

PROCESSAMENTO
INDUSTRIAL
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APLICACOES DE TECNICAS NUCLEARES NA INDUSTRIA

vTreinamento e

certificacao
v'Seguranga de
estruturas
metalicas e de Principal
concreto . aldustrias
Petroleo
* Quimica
* Prospeccdo e
o - - Exploragao
v'Radioesterilizacao mineral
. = * Producgdo
v'Reticulacao de fios e energética
cabos . Trata_mento

de rejeito
v'Radioesterilizacao de
obras de arte

vControle e
recuperacao ambiental

v'Modificacao de
materiais Fonte: AIEA
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|
Instalacbes Radiativa |América do Sul Brasil | Japdo | USA | Mundo
IRRADIATORES GAMA 14 7 (+1) > 8 >30 |>260
(100 kCi — 10 MCi)
ACELERADORES
INDUSTRIAIS DE 23 15 >300 |>500 |>1,200
ELETRONS
(200 keV — 10 MeV)

China : > 80 Irradiadores Gama

> 140 Aceleradores Industriais de Elétrons
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Irradiadores Gama

Raios Gama fCo, 131Cs) —a ttw goambhar dhie e ieaggim
> Agua (1,0 g/cnd) —50 am(5°Co = 1,25Méary
» Taxa de dose 40&Gyh

» Aplicacoes: produtos diversificados, materiais espessos e dita densidade

Aceleradores Industriais de Elétrons
Feixe de elétrons de alta energia altaltaxaxdedicde
> Agua (1,0 g/cnd) — 5,0 am(Acelerador de 10NV
» Taxa de dose 442 MGyt (Acelerador de 1MisM¥é 50 kW)

» Aplicacdes produtos bem definidos, grandes superficies espgsas finas
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Penetracao

@ ireerernnr e o 9 .
W, e
. -------------------------------------------------- ':’. 0‘.’ .
S S 9. .’..
(]
.. .................................................. .‘
. @
o ©®
Feixe de Elétrons
o0

s

ChEnN

Raios Gama

(Radiacao Eletromagnética)

\ 4
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Interacao da
radiacao com a
matéria

Radiagado Eletromagnética

(Efeito Compton)

_.__

ChEnN
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IRRADIADORES
GAMA E SUAS

APLICACOES
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Cobalto-60 - Ativacao do Cobalto-59 e decaimento para Niquel-60

0,314MeV

@® Neéutron

>Meia-vida = 5,25 anos

1,33MeV

1,17MeV
(Gama)

(Gama)
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Seguranca: IMERA Safiety Senes SSG-8 classifica 0s iradididoiaes ggama

em quatro CGHEpDTES, cCoom base mo Qropettn, caesshiiicdate e tippo de
blindagem das fontes relasires:

PORTA DE ACESSO DE
TUBO DE PESSOAL
TRANSPORTE

DA AMOSTRA

ANEL DE BLINDAGEM
BLINDAGEM (POSICIONAMENTO DA
DA FONTE AMOSTRA)
RADIOATIVA

| PAINEL
~—~— . DE
. |conTROLE

PLATAFORMA
GIRATORIA

L

PAINEL DE
CONTRLOLE

SUPORTE
DA FONTE

CATEGORIAII

CATEGORIA
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IRRADIADOR GAMA PANORAMICO

;A

— ey o A6 B

er——.
uf:*‘*

-

-

Irradiador NUEESNbodioon/ Carsatia
(Categoria Il — AIEA)

Fonte.: CDTN/CNEN-MG
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7 METROS

FONTE

PISCINA (AGUA
DEIONIZADA)

CABO DE
ICAMENTO

COMPARTIMENTO
DE PRODUTOS

MONTAGEM
DAS FONTES

fa
ChEnN

PASSAGEM DO CONTEINER DE
TRANSPORTE DAS FONTES

SISTEMA DE IGAMENTO

DAS FONTES
BLINDAGEM DE
CONCRETO (2m)

CABO DE
ICAMENTO

SISTEMA DE TRANSPORTE
DOS PRODUTOS

PORTA DE
ACESSO DE
PESSOAL

PISCINA DE
ARMAZENAMENTO

PAINEL DE CONTROLE

RACK DE FONTES
(POSICAO SEGURA)

CONTEINER DE TRANSPORTE
DAS FONTES
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SISTEMAS DE TRANSPORTE DOS PRODUTOS

— Pallets reduz o custo de
manuseio dos produtos, com
aumento na uniformidade de dose

—Tote mais eficiéncia dofCo, melhor
uniformidade de dose, mas menor
flexibilidade nas dimensdes dos produtos
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FUD/ Eficiéncia :
1,33/ 11,6% (0,09g/cm 3)
2,08 / 36,6% (0,49g/cm 3)
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APLICACOES DE FONTES INTENSAS DE RADIACAO E
COMPANHIA BRASILEIRA DE ESTERILIZA(;AO (CBE)

Fonte: CBE-EMBRADAD
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EMPRESA BRASILEIRA DE RADIACOES (EMBRARAD)

-------

Iradiadores GaanaaMMIISSNodibor/ Cerada
(Categoria IV — AIEA)

Berilio aaul

Quartzo limeamaw - Green gold Topazio

Fonte: CBE-EMBRADAD
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IRRADIADORES
GAMA E SUAS

APLICACOES
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CNEN
- Rac&o Militar (10 - FB0KGY) i
. Batatas e Cebolas (0,05 — 0015Kd3Y) IRRADIACAO DE ALIMENTOS

* Paes (2 - 10 kGy)
« Morangos (0,2 - 11(0K@EY)
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B

z
3
¥R e g

SOJA

(Turfa irradiada
e

Bradlyrhizobium)

BRASIL: Plantacao de soja com turfa irradiada

» Maior consumidor e produtor de soja
> 23,7 milhdes de hectares (60% - 70% da area total)
» Economia de US$ 2,5 bilhdes em nitrogénio/ano

7 0
» Aumento na produtividade em 8% Fonte: EMBRAPA
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ESTERILIZACAO DE PRODUTOS MEDICOS,
CIRURGICOS E BIOLOGICOS
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BANCO DE TECIDOS BIOLOGICOS
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INDUCAO DE CORES EM
PEDRAS PRECIOSAS

Topazio, Rl Quartizzy, Clinimm,
Ametista
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RAIOS GAMA (5°Co) NA
REDUCAO DA CONTAMINACAO
POR FUNGOS

-. : ‘:&

I g

(Obra-de-Aitee dio S€owilo XWIII,
do pintor peruano Leonardo Flores;
1,90x3,20m; 6kGy)
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ACELERADORES DE
ELETRONS E SUAS

APLICACOES
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Principio de Funcionamento do Acelerador de Elétron S

- [serador de elétrons

Tubo acelerador e

Defletores
.y H“x
magneticos .

Feixe de Elétrons

=% Tala

R "1 Kii“Janela
Tubo de imagens Material :

beneficiado

Acelerador de elétrons
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150 densidade do material = 0,20g/cfh

100f
Dose

Relativa
(%)

15 20 25 30 A0

Espessura (cm)

Penetracao da radiacao gama/elétrons de alta energia
iInversamente proporcional a densidade do produto
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APLICACOES DE FONTES INTENSAS DE RADIACAO
ELECTRON BEAM APPLICATIONS

Acceleration Voltage X Application

Dose X Application

Acceleration Voltage (kV)

5000 { —~—————"—————————————— —— ————————
— :I_. X-ray conversion
7 71 }———o Sterilization
2000 4—4-4----—--—-——"—"—-"-""—"H—-"-"—--"—---——"——-
e Wire & Cable
Waste Water Treatment
000 +—+-+-—4-"-—-——"—"-"—-"""—"-""-"—""“"-"-—-————
= e Heat Shrinkable Tubing
- e Rubber Tire
] e Foamed P. E. Plastics
I I e e
1 e De-NOx/De-SOx of
Exhaust Gas
K
e Curing
200 (Coating/Lamination
=7 "1 """ "Pontng) 7
200 - oo

Dose (kGy)

300—+-4 F-—-- of ———— ==~
- £
gl 3
= o
w o
o g
£
<
n
100——— |
= T
e
b Q
O O]
> 2
50 o o L3 |
i | X
. _ i
o “—
ao% L1 |8 5-
Q Q X
IS S| O
30— ® _ Xl @ --
)
B
20—+ -= =1 2|77
) @
g (@]
c =
2 % 9
Sl |5 >
105 Ol _lall _____.
e
(9]

Source

. JAEA
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Classificacdo dos Aceleradores de Elétrorffuncao da energia do feixe

de elétrons)
» Baixa energia 150keV to 300keV
» Média energia 300keV to 5MeV
» Alta energia: 5MeV to 10MeV

Vantagens e Limitacoes no Processamento por Feixe HBlétrons

» Vantagens alta velocidade de processamento de produtos bem

definidos e de grandes superficies com espessurass$

» LimitacOes. baixo poder de penetracao
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SAFETY SERIESSXHER
Radiation Safietly of Gammeaa
and Electrom
High votoge Irradiation Facilities

transformer

-

Single stage electron
beom source

High vottage

3 T ’_/"‘r”svsfem

Oscillator

. binet
FIG. 5. Category I electron beam facility: an integrally shielded unit with interlocks. ca .
can

Categoria | . il s
4

Categoria ll =SS —

labyrinth conveyor

FIG. 6. Category Il electron beam facility: a unit housed in shielded rooms maintained
inaccessible during the irradiation process.
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Electron Beam Accelerators
Low-energy: 150 keV — 300 keV
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UV/EB RADIATION CURING

65
efficient
enabling

economical

energy savings
environmental friendly

RadTech

South America
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UV/EB RADIATION CURING PPERBRRIKNNEE

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 materials v Low penetration limited to clear
v No photoinitiators materials
v Speed cure at hundredths of seconds v" Photoinitiators need

v' Speed cure at tenths of seconds

— Electron beam curing has several advantages over

~ Uvcuring  vs  Thermal Drying : :
= conventional thermal curing methods: Improved
parts; improved material handling; ability to
conting 3§5’ 9'} ‘é vé‘a i ML R A P combine various materials and functions in a single
i Wxﬁe e i s operation; ability to utilize lower cost tooling; and
5 : reduced cure times

Source.: RadTlech South America
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UV/EB RADIATION CURING E §igpiper@sts 4

ChEnN

N

Enerqy Scineces, Inc. (ESI)
(www.ebeam.com)

Web widths 20 to 66" (508 to 1,676 mm)

Speed capability335 m/min
Thickness0.03 mm

Web widths 30 to 120" (762 to 3,048 mm)

Speed capability305 m/min

Thickness0.35 mm

Source: EST
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UV/EB RADIATION CURING E#apipersists

PCT Enqgineered Systems, LLC

(www.teampct.com)

\Voltage: 70 to 125 keV

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

Voltage: 125 to 30@keV
Web widths: 130" (3,300 mm)

Source: PCT
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- ELECTRON BEAM (EB) CURING | o

VELOCITY PROCESSING

Dose W&y  Velocity (m/min) Applications
20 66800 SHiticoeappltiaaton
30 66800 PRNtitigg
60 PERD0 Adbbsisiess

Source: IPEN-CNEN/SP
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DISINFESTATION OF SEEDS

Low Enerqgy Electron
Beam (105 to 14kdéV

Sources: raunhofer _/'nst/tut-FE /DRESDEN Sch/ma’t Seeqer A G)
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IRRADIATION OF TIRES COMPONENTES

Space for spare
Japan : Automobiles Electron Accelerator
tires = 95% o Electron Accelerator

500kev
75~150 mA
15~50 kGy

Reagdo de Reticulagdo (ou reagdo de crosslinking)
e

BRAZIL: Bridgestone-Firestone

Source: IPEN-CNEN/SP




INDUSTRIAL ELECTRON BEAM ACCELERATORS
(IPEN-CNEN/SP)

] R f'-‘
Eﬁ-‘*w’n\‘.‘" _—
l;' A\ l&ﬂ. o A

PP . Conver: 0.42 - 6.72 m/min

fa

ChEnN

37.5KW (L5MeV and 25mA) Source: IPEN-CNEN/SP
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IRRADIATION OF WIRE AND ELECTRIC CABLES

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

Source: IPEN-CNEN/SP
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CROSSLINKING OF POLYETHILINE FOAM

Chemical Crosslinking by
Crosslinking irradiation

Source: IPEN-CNEN/SP
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E 2 ; " T i
Powered Diodes Assembling PTFE (Teflon™)

Printing Inks and lubricants

Source: IPEN-CNEN/SP
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HEAT SHRINKABLE TUBES IRRADIATION

Irradiation

Expanded at 2007 Ercpantiad

PLA

Crosalinked' PLA .« o s o ating at 1607

Heat Shrinkable tubes
(80-200kGy)

Source.: IPEN-CNEN/SP
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Carbon Fiber Composites Composite test specimens
(12K) __(6k) _(12k)

X
-

Non-lrradiated

Carbon Fibers Irradiated by EB
(50-300kGY)

Source: IPEN-CNEN/SP
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BEAM IRRADIATION chen

Fuel Cells

CROSS SECTION OF POLYMER ELECTROLYTE FUEL CELL

ANODE CATHODE
VENT VENT
ANODE: Hp— 2H%+ 2 ELECTRONS
CATHODE: O + 4 ELECTRONS +
4HY —= 2H0
Ht
G
B
ANODE CATHODE
FEED, H, FEED, O,

GAS DIFFUSION BACKING

Irradiation of Electrocatalyst - PtRu/C

(1-15kGy)
Source: IPEN-CNEN/SP
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IRRADIATED GRAFTING IONEEEBANNEMEMBBRANE S E

FOR FUEL CELLS APPLICATION

ChEnN

mechanical resistance

N

before crosslinking through radiation

thermal resistance

after grafting through radiation

polytetrafluoroethylene (PTFE), polyvinyl difluoride (PVDF) and
polypropylene (PP) films grafted by irradiation with styrene and

lately sulfonated

EB

' . Hydrogen

. Oxygen

R

Heat

@ Electron
~ Proton

™~

Source: IPEN-CNEN/SP
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TECNOLOGIA POR FEIXE DE ELETRONS NO CONTROLE DE

o
e, L e

POLUENTES

Fonte: EB-Tech
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APLICACOES DE FONTES INTENSAS DE RADIACAO

TRATAMENTO DE EFLUENTES INDUSTRIAIS
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IPEN’'S STUDIES FOR ORGANIC COMPOUNDS REMOVAL AFTER

ELECTRON BEAM IRRADIATION OF SAMPLES FROM WWTP

CHLOROF ORM TOLUENE
1,0
§ E 0,8
¢ —— —e—IRU
E ——1IRU &
0,6 —-
L oo, cBs P ;:422
2 —a— MBS 8 *
‘e PS = 0,4 PS
e —%— FE
e 0,2
oro 0,0 4 ‘ ’ ‘ ; ‘ ‘ ‘ -
o 10 20 30 40 50 60 70 80 90 100 o 020 0 4?3 SOKG o 0 0 o0 _i0d
Dose (kGy) ose (kGy)
DICHLOROETANE XYLENE
; 1,0 %
'§ ,8 = E 0,8 1
o E —e— IRU [ —e— IRU
L o6 - —=— CBS L o6 —=— CBS
g —a&— MBS E, —a&— MBS
£ 0,4- PS £ 5,4+ pS
3 —%— FE
2 = 0,2
0,0 + ¥ w w w —= 0,0 \:\'\A ‘ ‘
0 10 20 30 40 50 0 10 20 30 40
Dose (kGy) Dose (kGy)
METHIL ISOBUTYL KETON PHENOL
1,0
g 0.8 1 g 1
g —e—IRU €
L o,6 —=—CBS .
2 —a— MBS 2o
E 0,41 PS E o
—%—FE
0,2 1
0,0 ’ S ‘ ‘ ‘ : ‘ : ‘ : ‘ ;
0 10 20 30 40 50 20 30 40 50 60 70 80 90

Dose (kGy)

Dose (kGy)

Ce—

Source: IPEN-CNEN/S;
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PETROLEUM PRODUCTION UNITS cnen

Removal of Organic Compounds (EB)

BENZENE TOLUENE
100,0 - = 100,0 - -
g 800 = 800
= 60,0 )
2 40,0 g 00
£ ’ g 40,0
e 200 g 200
0,0 . : f i
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100 150 200
Dose (kGy)

SSEB 4 55EEB 4 55EB 4  SSER 4.
20 kGy 50 kGy 100 kGy 200 kGy
i

Source: IPEN-CNEN/SP
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TRATAMENTO DE GASES DE COMBUSTAO

—> SO, remogdo > 90%

—> NO, remocéo > 70%

—> Subproduto : (NH,),SO,
Source: INCT NH,NO;
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Pilot scale
Experiments
(500~1,000m?3/day)
ﬁ

- Cost

- Space
- O & M, other

Lab. Scale
Experiments
(1~10,000Nm?3/h)

Industrial scale
EBFGT Plant
(~600,000Nm3/h)

Source.: EB-Tech
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Electron Beam Accelerators
High-Energy: 5 MeV — 10 MeV
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ChEnN

Aceleradores de Elétrons Lineares (10MeV)

Varian, Titizam

| =

> il Klystron

Bobina Magnética de Varredura

Feixe de Elétrons

e

Tubo de Aceleracéo

N\

Sistema de Janela de
Controle Titanio
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- p ChEnN
ACELETRON IRRADIACAO INDUSTRIAL

18 kW (10 MeV)

Source: ACELETRON
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Aceleradores de Elétrons Tipo Rhodotron (10MeV)

RHODOTRON P
7300 4

lon Beam Application HBA
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ChEnN
STERILIZATION OF MEDICAL, PHARMACEUTICAL AND
BIOLOGICAL PRODUCTS &

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

~

STERILIZATION PROCESSES

NECESSARY Gases
CONTROLS

Time
Temperature
Package
Pressure
Humidity

Concentration :l_
pH I

Liquids Vapor Filtration Radiation

Source.: IPEN-CNEN/SP




> RADIATION PROCESSING IN FUEL ALCOHOL [
PRODUCTION

Reduce the bioburden (mosto):
 Fuel alcohol production increase 3% (1,5kGy)

* Reduce the consumption of antibiotic

Sources: Usina Acucareira Guaira and IPEN-CNEN/SP




'pe DECONTAMINATION OF PESTICIDE PACKING Ea
USING IONIZING RADIATION cneEn

STUDIED PESTICIDE:
Chlorpyrifos, 0,0-Diethyl-o-
(3,5,6-trichloro-2-pyridyl)
phosphorothioate

—

—_—
Electrons
= 288,000 tons of pesticides/year

= 107,000,000 packing —
= 23,000 tons of solid waste

Corrugated ducts

by f '1 -.1I.'- I.l \

A

Source.: IPEN-CNEN/SP




'p? REMOVAL OF PESTICIDES IN PACKAGE WITH AND @
WITHOUT WATER USING ELECTRON BEAM ACCELERATCR €N

Accelerator Without Water Accelerator With Water
100 1 100 ¢
80 S
~ (4 =
g § 60 -
S a0
g E
(] (0] £
o € 20
0 | | | | s B
40 50 60 70 80 90 100 0O 10 20 30 40 50 60 70 80 90 100
Absorved Dose (kGy) Absorved Dose (kGy)
—e— Naftalene —=— Methomyl —a— Dimetoate
Retirement (Kg) evolution in Brazil Tryazine —*— Endosulfan —e— Carbofuran
19.633.849 . h hi . hi i
T ETIRT —-—Triazophos ——— Methidation Chlorpyrifos
20.000.000 1 Trifluralin —a— Methylparathion Atrazyne
18.000.000
16.000.000 -
14.000.000 -

12.000.000
10.000.000 -
8.000.000
6.000.000 -
4.000.000
2.000.000 -

2003 2004 2005 20006

recycling (~60%) incineration (40%)

Search for new technologies to substitute the inamation _ o Source: IPEN-CNEN/SP
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lpen TO PRODUCE ETHANOBIBIEBFEIE L CNEN
» Normally physical and chemical process = Lo "
> Reduce thermystsiitityty ((’

» Disrupt the hydrogen bonding of cellulose
» More accessibility to hydrolytidejfmppiyerezrataion
reactions

Cellulose (38%) Hemicellulose (30%)

hydrolysis
process

Pretreatment

_';Xg

SOIAY
=thanol @mm |Fermentation ¢ Frees

biofuel sugar
Source: IPEN-CNEN/SP
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."‘" Megatech Contrals Lida
Bwn Crassto Bostswa, n°. 2909 - Agua Fris - Fortsbara ¢ CL - COP 6OB35-T10
Tel «55 (8} J47L - T1TD
Fax: +%% (B8) 1477 - TO4)
meg atec L R T,
ComMirdes

SISTEMA DE INSPECAO
POR RAIOS X




~ A
-pe APLICACOES DE FONTES INTENSAS DE RADIACAO

ACELERADORES LINEARES DE ELETRON (ELEKTA)

4 \
: -

e

s

<

2 energias de fotons (6 e 10MV) e 7 energias de elétrons (4, 6, 8, 10, 12, 15 e

18MeV)

Laminas de tungsténio para conformac¢ao dos campos de tratamento

Radioterapia de Intensidade Modulada (IMRT)

Mesa em fibra de carbono

Sistema de posicionament&Xacitdac

Sistema eletrénico de verificacdo de imagemngiewesim

Sistema de Gerenciament®/IbEzigiq Source: ICESP

AN NI NI NN
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