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The IEA R1 reactor was inaugurated ont"Z&mnuary 1958 in the presence of the
President of BrazilJuscelindKubitsche,.
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energéticas e nucleares

IPEN stablished its pogjraduation program in Nuclear Science and Technology with {I$F6

7
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energéticas e nucleares

New areas developed to dominate the technology on the Fuel Cycle

S‘O_urcé‘Arc,ﬁivélPE
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Photo: Marcello Vitorino

MISSIO

"Our commitment is to improve the quality of life of the Brazilian
population, producing scientific knowledge, developing
technologies, generating products and services in a safe way anc
training human resources in the nuclear and related areas."
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Infrastructure(highligh

1.5 Mev electron accelerator and Optical computerized tomography
65mA beam used in 3D radiotherapy dosimetry

Cyclone 30 - 30 Mev particle 1.5 Mev electron accelerator and  Differential electrochemical IPEN/MB-01 100w critical
accelerator 25mA beam mass spectroscopy for fuel cell nuclear reactor
testing
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de Energia Nuclear

Infrastructure(highlightg

Automatic machine for measuring Scanning electron microscope
combustible plates by laser with field emission gun (SEM-FEG)
triangulation

Argon plasma optical emission
spectrometry (ICP-OES)

5 MW IEA-R1 Research Nuclear 1/2 TW peak power laser SNOM — Scanning Near-field
Reactor Optical Microscopy
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IPEN IEAR1researchreactor

The Nuclear Reactor IER1 operates sincé957
(officially inaugurated in 1958or research and
radionuclides production, mainly for nuclear medicine.

The uses for research are nuclear physics, neutron
activation, radiochemistryetc,

Trainingfor reactor operation.
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IPEN IEAR1researchreactor

Main characteristics

Constructor.BabcokWilcox

First criticality: September 16th, 1957
Type: open pool type reactor

Moderator and coolant: light water
Nominalpower: 5 MW

Thermalflux: 1 x 10 n cm? s

Fast flux: 1.3 x 18 n cm? st

8 radial and 2 tangential beam holes
Operating cycle: 9h per day days perweek

em-a e e e e e e e e
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IPEN/MBO1 researchreactor

IPEN/MB -01 reactor ,

100 W critical facllity
(Built by Ipen with the collaboration
of the Brazilian Navy 1 first

criticality in 1988 )

1 Nuclear fuel performance and irradiation damage
studies.

1 Thermal hydraulic, structural and risk analysis.

1 Ageing management of mechanical components.
1 Probabilistic safety assessment.
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International Criticality Safety Benchmark
Experiments- ICSBEREonfigurations

France 638

Russia556
United States239

Japan 285

ngary 234

Pnited Kingdom 222

=~ Brazit 166

~  ————___ France/United States113
\ Sweden 54
Slovenia 53
Serbig 44
Spain 35 Czech Republi@5 Russia/United States37

China/United Statesl

Argenting 1
Argentina/United States?2

Canada3
Russia/Kazakhstarb

India: 8 oland 27/

Ching 18
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Contribution by Country
International ReactorPhysic€ExperimentsIRPhEP
Experimental Series

Japan 15

Brazit 20

Russial5

United Kingdom 12

Serbig 10

United States53 Sweden 4

France 3

g
Slovenia 3
——_ Slovenia/United States3

Russia/United Statesl Kazakhstan/Russidtaly/Switzerland_IFrance/United State;
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Nuclear Fuel

Since 1987, IPEN has been manufacturing the
fuel for the research reactors

Ilasty/earsarnew new
program ito fabricateicate
fuels withith highh uramiumm
densitythas beencstartedarted %
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Brazilian Multipurpose Reactor

(RMB)

The new Reactor will provide Brazil with a key
Infrastructure to national development activities of the
nuclear sector in the areas of social, strategic, industrial,
scientific and technological development and application

Main Functions:

U Radioisotope Production for Medical/Industrial
Applications
U Fuel and Materials Irradiation Testing
U Neutron Beam Laboratory
U Education and Training
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Important research being developed at IPEN
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@wren . Advanced 2D Materials obtained bl &
low-cost cold plasma methods

materialstoday
ADVANCES

Wolume 12, December 2021, 100181

Frequency
) Generator
Eletric

Power
Source

Facile, clean and rapid exfoliation of boron-

_ nitride using a non-thermal plasma process
A Fast, simple, clean and

scalable simple method for
producing 2D materials
Includes

A Bottom-Up and TogDown
strategies

A Synthesis of materials in
solid, liquid or gas phase

Rodrigo F.B. de Souza, Victoria A. Maia, Priscilla.). Zambiazzi, Larissa Otubo, Dolores R.R. Lazar, Almir O.
Neto 2 &

SyntheS|s of high Synthesis of Boron Nitride

purity graphene by Nanosheets by dry todown
botton-up process process
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" Portland Cement for Nefthermal Plasma
Method

T T T T T T T
60 Portland Cement

| | | | . | |
1000 1100 1200 1300 1400 1500 1600 1700 1800
Raman Shift / cm

A Hydrophobic coating on
readymade surfaces

A Prevents infiltration

A No need for paints or
polymers

A deep application of
graphenoiddirectly into
concrete
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Applied Materials Today 29 (2022) 101605

Contents lists available at ScienceDire

Applied Materials Today

journal homepage: www.slsevier.comilocate/apmt

Hag + H:0p

Transformation of COnto
products through different

routes such as electrochemical,

Potentiostat

CO (0.05V) Oxalic acid (-0.95 V)
Formaldehyde ( 0.0 V) Ethylene glycol (-0.95 V)
Dimethyl ether (- 0.75 V) Methane (-1.0 V)

Dimethyl carbonate (-0.85 V)
Methanol (-0.95 V)

photochemical or a mixture of Formic acid (-0.95 V)
both

Layered graphene/hexagonal boron nitride nanosheets (Gr/h-BNNs)
applied to the CO, photoconversion into methanol

Paulo V.R. Gomes ", Nathalia F.B. Azeredo’, Luis M.S. Garcia”, Priscilla J. Zambiazi ",
Giovanni R. Morselli ", Romulo A. Ando °, Larissa Otubo *, Dolores R.R. Lazar ",
Rodrigo F.B. de Souza”, Debora F. Rodrigues ‘, Almir O. Neto

idade Estoducl de Sao Paulo - USP, Av. Prof. Lineu

“ Department of Col and Emvironmental Enginecring, University of Houwston, TX 77204-4003, United States

International Journal of Hydrogen Energy
Volume 47, |ssue 6, 19 January 2022, Pages 4010-4017

CO; reduction on Cu/C used as a cathode in a
polymeric electrolyte reactor - Fuel cell type

Mariana Lima, Camila M. Godoi, Monique C.L. Santos, Julio Nandenha, Almir O. Neto, Rodrigo F.B. De

Souza A &
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Electrificationof AmmoniaSynthesis

energéticas e nucleares

Obtaining ammonia
electrochemically using a
polymer electrolyte, making it
possible to obtain the gas
without salt contamination and
with higher energy efficiency
than the traditionalHabber
Bosh.

40

o 3

E

5 304 Electrochemistry Communications 146 (2023) 107421

e

o 21

g 20 e Contents lists available at ScienceDirect

2 15

T 10 Y Electrochemistry Communications
. —/
0 journal homepage: www.elsevier.com/locate/elecom

06 05 04 03 02 01 00
E/V

Conversion of nitrogen to ammonia using a Cu/C electrocatalyst in a
polymeric electrolyte reactor

Victoria A, Maia®, Camila M.G. Santos®, Nathalia F.B. Azeredo *, Priscilla J. Zambiazi ",
Ermete Antolini b, Almir 0. Neto™ , Rodrigo F.B. de Souza®
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Vulcan
Proton Exchange Membrane

Catalyst Pt Gas Diffusion

Layer

We are currently at the
scientific frontier in

catalysts

obtaining liquid
hydrocarbons from
methane electrochemically
at mild conditions.

[moP1|

Review

Partial Methane Oxidation in Fuel Cell-Type Reactors for
Co-Generation of Energy and Chemicals: A Short Review

Rodrigo F. B. de Souza !

, Daniel Z. Florio 2

, Ermete Antolini " and Almir O. Ne

to 1+

ch&En

Comissao Nacional
de Energia Nuclear

CHy+M-O | apstraction
M-OH assisted by MO
or ROS
(E:-0.2V)  RoOS CHs (E:0.2v)
CHz0H =—— CHsv CH3CH3ﬁ> CH3CH,CH3
m/'z 32 4 mz30 mz 44
(E:-0.1V) ROS (E:0.2V)
CH
(E:-0.2Vt00.0v) 3 CHfEﬁH—» CH3COH
CH,0O m/z 60
mz30 —R9S (E:0.1V) , (E:-0.1Vto038V)
H CH HCO,H —L HCOchg
: Mz 46 mz 60
(E: -0.15V)
CH3CHO ROS
mz44
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@ipen Innovative LeadCarbon Battery [@& SEn
Utilizing Electrodeelectrolyte
Assembly Inspired by PERC
Architecture

15.00 T T T T T T T T 2.20
14.75 4 —=u— Start of Discharge
—no— End of Discharge
. 14.50 . 915 z
P 14.25 s
< 14.004 g
1 /\ 210 =
i N R A b [ ——— 5
iilinmmi RN S
= DR SR Yy
‘é 13.25 A 205 g
o 13.004 jalesjsluisniple) <=
8 12751 Dmf&wn 505 SRR R 3
12.50 ADDD 2.00 0
12.25
12.00 1.95

0 10 20 30 40 50 60 70 8 90 100
cycles

Using Pb/C nanostructured

on fuel cell architecture we

construct a flexible, light

and very stable lead acid

battery
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IAEA Technical Cooperation Projects

lonizing radiation applied for reducing plastic amdicroplastics
pollution: standardization of methods for detection, characterizatiol
and treatment demonstration insitu

Sustainable and residu&éree nuclear fuel fabrication for research reactors in Braz

Strengthening industrial gamma tomography technology to characterize Brazilie
reservoir rocks and quality control of refining towers and pipes for enhancement
oll production.

Development of radioisotope and radiopharmaceutical Ac2ZRSMA for applicability
In the treatment of prostate cancer
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Development of mobile unit using an electron beam accelerator for treatment o
effluent from petroleum industry and degradation of toxic organic compounds ir
wastewater for reuse in industrial processes and cleaning purposes

Improving of Brachytherapy Production Quality for Cancer Treatment ir
Brazil

Project RLA1020 (ARCAL CLXXP{pmoting Radiation Technology in Natural anc
Synthetic Polymers for the Development of New Products, with Emphasis on Wz
Recovery

Projeto ArcalRLA 2020016lthplementaciondel procesode irradiacionde frutas
frescas y secas com finesiarentenarios Cooperationwith Argentina
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Programme Coordination Research Project€RP

Enhancinghe Beneficial Effects of Radiation ProcessindNianotechnology
Development of RadiatiorGrafted Membranes for Cleaner and SustainaBlrergy
Radiation based technologies for treatment of emerging orgapatlutants
Determinationof Lethaland SterilizingDosesof gammaradiation for all life cyclestagesof
Plutellaxylostellaa(Linnaeus 1758) Lepidoptera:Plutellidag¢ diamondbackmoth for
phytosanitarytreatment

RadiationProcessing For Preservation of Cultural Herit&gjejects

Radiation Effect on Polymer Materials Commonly Used in Medi2aVices
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Meeting on Establishing and Maintaining a National
Register of Sealed Radioactive Sources(SRS) (INT9186)
Ref. No.: EVT2003129

27 June to 1 July 2022
S&o Paulo - Brazil




Q) ipen Courseorganizetby |PENCNENith

instituto de pesquisas

v+ CNEN
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support of AER)

g A‘f‘ \ °
ESCOLA NACIONAL BRASILEIRA DE -

SEGURANCA FiSICA NUCLEAR
20-30 de Junho de 2022

Photo: E. R. Paiva
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Prodluctsand Services
Productionof Radioisotopeand Radiopharmaceuticals

u t d p q de Energia Nuclear
ucleares
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Function Productsand Services
Productionof FuelElementdor ResearchReactors

RUSSIA LATIN AMERICA: DIALOGUE OF FUTURE LEADERS OF THE NUCLEAR INDUSTRY Q&rdiHE2 RBEAON



S5
@) ipen
instituto de pesquisas
energéticas e nucleares

Function Productsand Sefvices A i
Provisionof Technologicabervices

V Characterization, treatment and storage of
radioactive waste

V Risk analysis of nuclear facilities
V Radioprotection training

V Shielding calculation

V Radiologic Emergency Care

V Inspection of Fuel Elements
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Postgraduate@rogramin Nuclearifechmnology

S - : . - ==

Started in 1976
Concept 6
CAPES Assessment

Degrees: End of 202, &
Doctorate- 1,052
Master's- 2,094
TOTAIL 3,146

IPEN was contemplated with the award of Best Thesis
of 2014 in Engineering (Area Il)
Source: Archive IPEN
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Function Teaching I v
Pfr@rﬁessimn alMasters iIRadiationTechnologyriniHealtBciences

B Photos: E. R. Paiva

Strlcto sensu
Started in 2019
2022 Fourth class
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—_— S e =T

_ S Year | 2016 2017 | 2018 | 2019 | 2020 | 2021
Fumnction Teaching NT | 418 | 441 460 430 | 428 | 424

Numberof enrolledstudents TRt IR BT R o o 7 v S B
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R Marie Sklodwska-Curie Scholarship Program sl
Master student granted
Lilian Ninoska AnaGabryele Stephanie Rodrigues Monise Vasconcelos
Braguin(2020) Moreira (2021) Pavao £022) Andrade(2023)
Art: Katialtioka Art: Katialtioka Art: Katialtioka Art: Katialtioka

RUSSIA LATIN AMERICA: DIALOGUE OF FUTURE LEADERS OF THE NUCLEAR INDUSTRY Q&rdiHE2 RBEAON



eeeeee

eeeeeeeeeeeeeee

Function Researcland Development [ iz

International Collaborations

GBEA  Sia
Battelle Energy Alliance \.‘.“\L\)

Idaho National Laborafory

m UNIVERSITE
DE LA REUNION
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