MATERIAIS DE
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Conceito de um
Reator Nuclear

A Fissdo Nuclear sob controle

Barra de Controle

/GIememu Combustive!

|~ Maoderador
|— Refletor

[—— Blindagem

CP1

(Chicago Pile 1)
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400 ton de Grafite
6 ton de Uranio metalico

ARGONNE NATIONAL LaboRATORY

Empilhamento de tijolos de grafite
La pile de Fermi (document Argonne National Laboratory).
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GRAPHITE
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Dec. 2, 1942

DEC.2 1942 START-up

FIRST SELF-SUSTAINING CHAIN REAGTION
NEUTRON INTENSITY IN THE PILE AS RECORDED BY A GALVANOMETER

THFS I
I = ~
—— = ===

Ht =

Inicio: 15:25
Duragdo: ~ 28min

7
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Acima da esquerda pra direita: Norman
Hilberry, Samuel Allison, Thomas Brill,
Robert G. Nobles, Warren Nyer, and
Marvin Wilkening. No meio: Harold Agnew,
William Sturm, Harold Lichtenberger,
Leona W. Marshall, and Leo Szilard.
Abaixo: Enrico Fermi, Walter H. Zinn, Albert
Wattenberg, and Herbert L. Anderson.
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(cP2)

Selecao de Materiais
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Selecao de Materiais

Necessidade de escolha dos materiais mais apropriados
para cada tipo de reator nuclear, orientada por
especificacdes de projeto, tempo de servico e

demanda operacional de modo a garantir
Seu bom desempenho

Fatores a considerar

* Propriedades Nucleares
* Propriedades Mecanicas
* Propriedades Térmicas

* Propriedades Quimicas
e Estabilidade a Irradiacdo
¢ Custo

® Reprocessamento

08/03/2022
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Propriedades Gerais

e Mecanicas
— Resisténcia ® Quimicas
— Ductilidade
— Tenacidade
— Integridade Estrutural

— Resisténcia a Corrosao
— Compatibilidade Quimica

¢ Fabricacdo

— Conformabilidade
— Soldabilidade

— Usinabilidade

e Térmicas
— Coeficientes de Transferéncia de Calor

e Disponibilidade e Custo

Propriedades Especificas

* Neutrbnicas

—Secdo de choque de captura
— Segdo de choque de fissdo

— Razdo e poder de moderagao

¢ Radioatividade Induzida
— Produgdo de emissores de raios a, B ey
— Geragdo de calor

e Estabilidade a Irradiagdo
— Inchamento (swelling)

— Fluéncia (creep)

— Fadiga (ciclagem térmica)
— Fratura

¢ Interagao Quimica e Interdifusao

e Facilidade de Reprocessamento do
Combustivel

08/03/2022
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Exemplo de Aplicacéo:
Propriedades Mecéanicas

%— _ Rigido; Forte; Tenaz; Leve (OK!!)
u.\‘ Nao sufici rigido >E)
I '

forte ta> G,)
tenaz >Ke)
) ,__I-B
rr=a il
‘T.ll\ Muito pesado pesado (necessita < p)

08/03/2022
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What goes in a nuclear reactor?

Fuel Coolant Moderator Materials Control

ceramic water steel fixed
metallic odim ates Zzircaloy (control rods)
particle e bTite graphite soluble

dispersion i uig it kel advanced boron
nitride q alloys Ag-In-Cd

+ Continual effort to improve nuclear power:
more efficient (better fuel utilization, better heat removal)
more economical (construction and operations)
safer (better accident/off-normal response)

Reator Nuclear de Pesquisa IEA-R1

17
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1956/57

PREDIO DO REATOR
Tempo de construgdo: 1ano e 16 dias
Area coberta: 2.000 m?

Quantidade de concreto: 1.600 m*

18
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Lo &
*a inauguragao deste Reator Atdmico, na presenca do Presidente Kubitschek, assinala
uma das datas mais memoraveis na civilizagao paulista. D4 2 SP e 4 Nagao o primado sul
americano quanto a pesquisa atdmica” (Governador Janio Quadros, 25/01/58)

Video

IPEN IEA-R1

08/03/2022
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“Ser G referdnca nackoal & emacional ce ercsncia s Priguiss,
Emino e Produgia. o na criagh

- cincia, b Jo aluacho

sactal, semp do Pais”

—— |

o
i |

s
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CHAPA DE ACO CARBONO

08/03/2022
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-0 reator IEA-R1 é do tipo na aberta, moderado a dgua
leve e utiliza grafite e berilio como refletor

-Fol projetado e construldo pela empresa americana
Babcock & Wilcox Co em 1956

-A primeira criticalidade ocorreu em 16 de Setembro de 1957
-Nivel de poténcla: 2 MW (até 1997)
4.5 MW

Ciclo de operagiio: 64 h continuas por semana
-0 Niicleo possul 20 elementos tipo padrSo e & de controle
-enriquecimento: 20 w/o

08/03/2022
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Energy Agency (IAEA)
<)

Cherenkov ==
effect

tomic

Fuel rods mside nuclear reactors glow with 2 disti but do you

omes from char

This light v 5 inside
actor These particies pass through an insulating meakm such as

ght does in this same medrim

particles moving at v

3 ‘A\

As they pass through
the

water. the charged particies increase the energy of
ater's atoms, and these atoms try to fEturm | of equilibrium b

) photons. These photons have very
avelengths. The shorier the wavel

shorte:

This phenomenon i known as the Cherenkov effect,
Cherenkov. Cherenkov r

first person 1o determine the reason for this bluish giow
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" Reactor Pool

Grid cover

O the fusl Sy »’

-
Gate
(—

"~

ELEMENTOS COMBUSTIVEIS TIPO MTR
U,0pAl - 11,7g/211g
U,Si;Al - 15,59/280g

UL}““ —}—- "fﬂ}u; '

]

s/

elemento combustivel
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Utilizacdo do Reator IEA-R1

* Producdo de radioisotopos

= Analise por Ativacdo Neutronica
* Dopagem de silicio

* Teste de materiais

* Treinamento

* Pesquisa em Fisica Nuclear

* Neutrongrafia

* Espalhamento com neutrons

* Terapia por captura de neutrons

«(T=7)
ipen
Producdo de radioisotopos
> 131 I
(~25Ci por semana -corresponde a E g Z EDDE
aproximadamente 70% da demanda E Z EZE X EE
nacional que é de ~35Ci por semana) X E E]EE XX
XXEEEEE
>153Sm (100%) NXHECGEQ
(analgésico) X g%@ R[=
XXEQE0
»41Ar and 82Br HXE
(inspegao industrial) (= 4

= 192y @ 1%8AL
(Braquiterapia)
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Como Funciona o IEA-R1

Sads dhe covtrote Locsl que dbegs &
raca puate da b e uucds
rarts & g do st

) Poune Evass gee consee Jous o

COR A
E
?
$

B Ocwtopromins

Nicles do saatee Exnturane R ep———TT
cormbungta oormttdo de 10 Somto g

A Niocadon de caer

A2 O seamndiso

MV Sooty dosexrdin

A4 Tone cheefamerno

TRANSPORTE DE COMBUSTIVEIS QUEIMADOS
PARA OS ESTADOS UNIDOS

1999 (127)

2007 (33)
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MB-01

e
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AT sararan o
ransnen

% GRBITA*

Pubsicacho Bimestral do Insstunn de Pesquises Enerpiticas ¢ Nudsares

Reator IPEN/MB-01 comemora 30 anos de
operagao com novo nucleo para simular RMB

Pesquaadones, tecncos &
Operadons Comemoram os 30
anos do Rewer Nuchar
IPEN/ME-O1, que itingu sux
primera criticabidace as 1Sh3S cw
9 de novermbro de 1938
Colebiracho marca tanbém a
entregs do novo nocken, com
elemento combustivel do bpo
placa, que v samdar o fluca de
néutrone do nicleo do Restor
Mutigroposto Brasiero (RMEL
Os 13 slememos combustivels do
(RENYMB-O1 foram produzidos
pelo Cantro do Combustive
Nuchear (CCN)

Pigr.Bed
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Sala de Controle — MBO1

08/03/2022
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NUMERO DE REATORES DE PESQUISA EM
OPERACAO NO MUNDO

(IAEA - setembro2011)

Europa 108
Asia 62
América Latina 18
América do Norte 49
Africa 9 Total: 246
—-
) )
cnen pen

Reatores de Pesquisa no Brasil

IEA-R1

|
A
IPR-R1 ﬁ
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REATORES NUCLEARES NO BRASIL

Reator Local Poténcia Utilizacao
térmica
Angra 1 Angra do Reis | 1.800 MW Reator de Poténcia
(Estado do RJ) 657 MWe
Angra 2 Angra do Reis |3.600 MW Reator de Poténcia
(Estado do RJ) | 1.350 MWe
IEA-R1 Sao Paulo 5 MW Reator de Pesquisa
;riga IPR- |Belo Horizonte |250 kW Reator de Pesquisa
1
Argonauta | Rio de Janeiro |200 W Reator de Pesquisa
IPEN-MB1 | Sao Paulo 100 W Reator de Pesquisa
CcnEN iﬁ%

Evolugdo tecnoldgica dos reatores nucleares de poténcia

W
Early prototype
reactors

Generation I

—  Gererston
I Oereon I
L

Commercial power

Fonte: T, Abram and S, lon, Energy Policy 36, 4323-4330 (2008)
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4 - Tipos de reatores nucleares de poténcia

Resor & agua sob
‘Combustiver:
moxm ‘d’o urdnio

o.
o slemento. refige-
rador:

i

Bre
Hoderador: gua pesada.
Elemento

Cnmlmsﬂu! . hando o v T

08/03/2022

Reator refrigerad

de urdni
Moderador: grafite. Elemento refrigerador: hélio.

Reator a 4gua pesa
do tipo de prodwlo
de vapor. Combusti-
vel: diéxido de urlinio
Ilql
da. El e g

ma a. Elemento

irtoor jor: vepor

Generation I: Magnox reactor (UK design)

Wylfa, Anglesey (UK)
2 x 490 MW, units

Magnox
fuel
assembly

+ Natural uranium

* Graphite moderated

N Gas
crcutor

* CO, cooled
* Relatively inefficient

33



1956:
Calder Hall
United Kingdom

| A —
el TR 1\ s
) B il -
» gl O By ‘ ¥

= 51

Shippingport

1957 — First commercial power reactor

08/03/2022
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Geracao |l

http://www.nre.gov/reactors/pwrs.html http://www.nrc.gov/reactors/bwrs.html
Typical Pressurized-Water Reactor Typical Boiling-Water Reactor

This image is in the public domain. This image is in the public domain.

PWR BWR
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Most Common

Reactor Types
in Use
Pressurized
Water Reactor
(PWR)

contenc3o - Angra |

Boiling
Water
Reactor
(BWR)

08/03/2022
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PWR

Pressurized-water

reactor control rod drive
mechanism

overall dimensions

width: 3.5 metres (11.5 feet) oI ToaE

height: 10 metres (33 feet)

Walls made of
concrete and
steel

3-5 feet thick
(1-1.5 meters) 4

coolant outlet coolant outlet

fuel assembly
upper grid plate

fuel assembly
lower grid plate

Reactor
Coolant Containment Emergency Water

Pomps Structure Supply Systems

thermal shields =——_|

coolant inlet 7
' 2012 Encyclopzedia Britannica, Inc.

BWR/6 BWR

REACTOR ASSEMBLY

1. VENT AND HEAD SPRAY
2. STEAM DRYER LIFTING LUG

3. STEAM DRYER ASSEMBLY

4. STEAM OUTLET

5. CORE SPRAY INLET

6. STEAM SEPARATOR ASSEMBLY
7. FEEDWATER INLET

8. FEEDWATER SPARGER

9. LOW PRESSURE COOLANT
INJECTION INLET

10. CORE SPRAY LINE

11. CORE SPRAY SPARGER

12. TOP GUIDE

13, JET PUMP ASSEMBLY

14, CORE SHROUD

15. FUEL ASSEMBLIES.

16. CONTROL BLADE

17. CORE PLATE

18. JET PUMP/ RECIRCULATION
WATER INLET

19. RECIRCULATION WATER OUTLET

20. VESSEL SUPPORT SKIRT

21. SHIELD WALL

22. CONTROL ROD DRIVES

23. CONTROL ROD DRIVE
HYDRAULIC LINES

24. IN.CORE FLUX MONITOR

Containment
Structure

GENERAL §D ELECTRIC

37



Pressurized Water Reactor

+ Coolant water is
pressurized to
prevent boiling

+ 325°C outlet
temperature

+ >1000 Mw,

+ Soluble poison and
chemistry adjustment
in coolant water

* Most common reactor
design

Containment
Structure

Steam

Turbine &
Generator

08/03/2022
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Light Water Reactors are Dominant
Pressurised Water & Boiling Water Reactors
PWR

« Derived from submarine propulsion
reactors & widely installed around the

08/03/2022

BWR vs PWR
Advantages
*Simple no steam g heat-
*Greater thermal than a PWR operating at the same core

world
* Low thermal efficiency ~33%;
* Major problem was Three Mile Island in

*Able to "follow" the demand for electricity as it varies from weekday
to week-night and on weekends.

*Pressure vessel is subject to little irradiation, and so does not
become as brittle with age.

-
+Complex design and operational calculations (less of a factor with
modern computers).

*Much larger pressure vessel than for a PWR of similar power, with

dose from correspondingly higher cost.
- % *Ci ion of the turbine by fission products (less of a factor
T i G with modern fuel technology).

turbine during operation; *Op at Lower p than a PWR, which offsets the
. . ffici of a more direct Nuclear Steam Supply
P S System (NSSS).

CANDU Reactor
(courtesy AECL)
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CANDU

Fuel Pellet

Steam Generator

Heavy Water
Pressure Resevoir

Adjuster Rods

Calandria

Fuel Bundle

——{Heavy Water Moderator,

08/03/2022

pmm —- To Steam Turbine

pum w— Cold Wiater from Steam Turbine

|«—— Containment Building

Coolant
(heavy water)

Heavy waler moderator
Calandria tube Zircaloy sheath

Heavy water moderator
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