ELECTRON ACCELERATORS SERIES
* ILU AND PROSPECTS OF THEIR
APPLICATION IN THE FOOD INDUSTRY
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LU Accelerators

Parameters ILU-6 | ILU-8 | ILU- |ILU-14
10
Energy of electrons, | 1.2-2.5 | 0.6-1.0 |[3.0-5.0|7.0-10.0
MeV
Average beam 20 25 50 100
power (max), kW
Average beam 20 30 10 10
current (max), mA
Power consumption, | 100 80 150 450
kW
Accelerator weight, 2.2 0.6 2.9 5
tons
Weight of local - 76 - E

protection, t




ILU-8 |n Local Shleld

Main features of
ILU accelerators

Compact
*Self-excitation
*No insulation and
gas systems
Pulse

*GI1-50

o Energy 0.8-1 MeV e Pulse duration 800 mks

o Av. Current 0-20 mA e Pulse repetition 1-50 Hz

o Pulse current 0-500 mA ° RF frequency 175 MHz
e Dim D800x800 mm



| 4-sided cable irradiation

eBeam. extraction
device for 4-sided
Irradiation

allows to increase
beam usage efficiency
comparing with

2 sided irradiation
eNo cable twist




Accelerator ILU-8 in local shielding
Russia, Cheboksary, 2010
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roducts made of foam, crosslinked accelerator
ILU-8 in "RusFom" Khimki

1. KpoeensHoe NOKpEITHE MeTan. yepeniua 1. KposensHoe nokpsiTue
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5 4. Bentunsuus 4. Yrennurene MNernonow Gnok
\i—/ 5. Yrennurens 5. Napomn3onsuus NeHonoH
6. Napowzonauwna MexonoH 6.BHyTpeHHAR 0BLWWEKa MaHCapak!

7. Nonwueka notonka



| |
ILU-10
# f%AF%

* Energy 4-5 MeV

5
» Av. Current 0-10 E y —~ J ‘ ) L?F%

mA 3
» Pulse current 0-400 [ 7
mA [ -
* Pulse duration 500 M | . Xg@
mks 1 : | o
e Pulse repetition 1- ; .
50 Hz -
» RF frequency 115 —
MHz :
e Dim. D1280x1480 g

mim




ILU 10 In Poland RadPoI SA 2008

* Energy 5 MeV

» Beam power 50
kW

e Treatment of
polymer pipes

e Treatment of
cables

e Movable
accelerator
between two
COnveyors.




ILU-10 1n Novosibirsk pharmaceutical
plant 2013




ILU-10 1n Novosibirsk pharmaceutical
plant 2013




ILU-10 1n Novosibirsk pharmaceutical
plant 2013




\ ILU-10 1n Novosibirsk pharmaceutical
plant 2013




ILU-10 1n Novosibirsk pharmaceutical
plant 2013




Centre of radiation technologies in

Budker Institute and NSU (started
' -




Centre of radiation technologies in
Budker Institute and NSU.




Centre of radiation technologies.
Conveyor load zone.




Centre of radiation technologies.
Labyrinth entrance.




Centre of radiation technologies.
Control cabinet.
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Irradiation service center.

Track load unload gateway.
gy
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e Sterilization plant based on ILU-
10 accelerator in Park of Nuclear
Technology 1n Kazakhstan (2013)
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71,5-10 MeV, 100 kW




ﬁ Accelerating structure
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ILU- 14 accelerator

| Module Z1

- GI-504A Modulator #1) |

| !

—F - -——————=-

\
power division
Module 2 Module Z3
e e s FY S S e e |
' Modulator #2 I Modulator #3 |
I Iy |
I r N | |
| @ |
I |
5 GI-50A GI-504 | | : GI-50A GI-50A H :
I |
-—--—-—4--'-q4-———---4 converter
q @ q al vacuum gate
Accelerating structure
RF-gun 6 modules
| ! scan magnets
— > Q!
0
= T
)_l
Operating frequency, MHz 176 Full efficiency, % 26
Electron energy, MeV 7,5-10 Modulator pulse duration, us 500
Average beam power, kW 100 Repetition rate, Hz Up to 50




5-7.5 MeV, 40-60 kW ILU-12

-=— Modulator [—==
=y |
GI-50A GI-50A
\
0] 0]

Accelerating structure
5 acc. cavities







IL.U-14 on pilot plant for irradiation medical waste.

Moscow. Start of operation in 2014.
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X-ray converter

A-A

H,0

In

Conversion rate X/ray/Ebeam power

E(MeV) Ta 60 deg 360 deg
thickness

hes 0.9 13,2% 16,9 %

5 0,7 8,3% 12%

Scanner

\ N

L. B

\

Lense Converter Production



Why irradiate food?

» Decreasing pathogenic microorganisms (Salmonella, E-Kohli et al.)

* YBenuyeHme BpeMEHUN XpaHEeHUA NMpoaAYyKTa ©e3 ncnonb3oBaHUS
XNMNYECKNX KOHCEPBAHTOB.

*  YHUYTOXEHME HACEKOMBbIX.

Shtait One Process: ikl

Inhibition 2% . X Fruits

o

Onion, Potato, E V

Ginger, Garlic
Multiple Uses

Insect L Pathogen

Kisiniestation Shelf-life Extension Reduction
Cereals, Pulses, Spices, Flesh Foods
Dry Fruits A

il iy

Chicken, Meat, Fish




Product losses in TESCO supermarket chain
in 2013.

THE FOOD THAT GOES STRAIGHT IN THE BIN

BAGGED SALAD APPLES TOTAL
M Field losses: 17% WAETE H Field losses: 11% WASTE

" W Processinglosses:15% B Processing losses: 2%
B Retail waste: 1% 3% . " W Retail waste: 0.2% 40%
i M Consumer waste: 35% B Consumer waste: 27%

. BAKERY
A M Field losses: 5% wasm

: : ¢ M Processing losses: 14%
~ = ERetail waste:4% 48%
~ HConsumer waste: 25%

BANANAS TOTAL WASTE
- ..y W Fieldlosses: 2% B Retail waste: 1%
e = Processing losses: 7% B Consumer waste: 10% @

GRAPES TOTAL
M Field losses: 6% WASTE
B Processing losses: 0.5%

H Retail waste: 0.5%

B Consumer waste: 17%




rarth's population will exceed > billion by 2050.

Today about 40% of food is thrown. In the USA
more than 50%.

WE are waiting for

Electron accelerators can reduce food losses
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Food irradiation.

» The electron beam to 10 MeV
« Gamma rays:

X-ray (bremsstrahlung) to 5 MeV
X-ray in the US to 7.5 MeV
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* induced
radioactivity.

* Long-lived free
radicals.




Is irradiated food safe!?

* On the proposal of the Joint Committee of Experts of the three international
organizations (FAO, IAEA and WHO) in 1970, it was decided to conduct
additional studies of mutagenic properties of irradiated food. Studies
carried out on a large scale for a number of years in the USA. A large
program funded by 23 countries, was carried out in the framework of the
international project in Karlsruhe (Germany) at the IAEA task.

e In 1980, a joint committee of experts (FAO, IAEA and WHO)
reviewed data from the international research project on the toxicity
of irradiated food and concluded that they are not more harmful
than conventional foods containing small amounts subtly mutagens,
irradiation at a dose of not more than 10 kGy.

XOJIoAHAas DJIEKTPOHHASA IMacTeprU3anus



Current Meat Applications
of Irradiation in the USA
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Irradiation kills harmful bacteria
to make your food safer




Blackberries

STRAWBERRIES -

15 DAYS STORAGE 38°F (4°C)

Unirradiated Sample Irradiated Sample,
Dose : 500 Gy

Storage Temp : 20 — 25°C

Relative Humidity : 37% to 90%




Food for astronauts, military and
strategic reserves.
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Over 8o facilities irradiate food
across China
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L Quantities of food irradiated in

m2012
m2011
2010
2009
m2008
w2007
m2006

Year

I I I I 1
0 200000 400000 600000 800000 1000000
Total amount (ton)




Major Uses and Countries

Food irradiation increasing rapidly in Asia,
and steadily in the USA, Central & South

America

But it is decreasing in the EU
EU-wide — only herbs and spices approved

Existing national regulations still in force until
there is a final approved list for the EU

Approved list has been under consideration for
13 years




Problems of development and implementation of the regulatory framework of food irradiation
in Russia, the CU and EurAsEC

Adopted in recent years, statutory
intergovernmental

documentation:

* Technical Regulations (TR) of the
Customs Union TR CU 021/201 1 "On
food safety". UTV. Decision of the
Customs Union Commission on 09
.12.2011, Ne 880

¢ Common sanitary and the
epidemiological-Kie and hygiene
requirements (ESEGT) for goods subject
to sanitary and epidemiological
supervision (control). Chapter |l

» Section |:Safety requirements and the
nutritional value of foods. UTV. CU
Commission Decision of 28.05.2010g.
Number 299, taking into account
decisions of the Eurasian Economic
Commission and from 19.04.12 Ne34
from 15.01.13 Neé6




MEXIOCYAPCTBEHHGIA COBET NO CTAHAAPTU3ALWW, METPONOTMW U CEPTUGHKALIUM
(MrC)
INTERSTATE COUNCIL FOR STANDARDIZATION, METROLOGY AND CERTIFICATION
(1sC)

MEXIOCYOAPCTBEHHBIW rocr
CTAHOAPT ISO 14470—
2014

PAOWMALMOHHAA OBPABOTKA NULLEBLIX NPOAYKTOB

Tpe6GoBaHuA K pazpaboTke, BanWgauMu W NOBCeQHEBHOMY KOHTPOIO
npouecca 06Ny4eHUA NULLEBbLIX NPOAYKTOB MOHWU3MPYHOLKM
H3NYYeHUEM

(1SO 14470:2011, IDT)

Hapanume oduuran:sHos

Mockea
CranpapTundiopm
2015



Irradiation of food samples 9-12.11.2015 Institute for

Radiology and Agroecology (Obninsk) on the accelerator
ILU-10 in 18 Bld. INP.
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Irradiation of grain in Kazakhstan

TexHonorumn

TOO «Kazaxcxni HAYYHO — HCCACA0BATE/ILCKHIT
HHCTHTYT 3alUHTBLI H KapaHTHHAa |1ac1‘em|i‘l»

«YTBEPK/IAK)»

I'enepanbHbIil 1UpeKTOp TR TR RO PR | ST PR (SETTIER SR TIRSIR BT (SRSTER

QO «KasHHH3 u KP» 00pIYHO MmoTHOAT OBICTPEE B3NNCTEN - ppCanteleH H, KaK MpPaBHio, HE MOTYI
(kk HAH PK NPEBPATHTBCA B CJICAYIOWYIO CTAAUIO PA3BHTHA.
Y Carnion Meroanka. HHCTUTYT TpoBen HAMEPEHHOE 3aPAKCHUE MYKH M KPVIIhl
2015 . amOapHbLIMM BpeAUTeNsIMA 10 00menpruuATod Metomuke. CTeneHb 3apameHHocti
HCCIeAyeMBIX MpoAyKToB onpeaensnacs mo ['OCT 13586.4-83.

OTHET Nedafr b HeonopyommronpoaysthLOLUTH 3ACENEHAL CORARSHS-RaPMALIAM OBLITA-ATRAM H

no ouenxe dpdexTuBHOCTH Aeiic TBIFFHORTI 3HPYIOLIE! 0

no creneHu 3apaxkenHoctd (I, I, [1l) B maboparopun MHeTuTyTa MpH noctosHion
H3JIYYEHHS Ha HaceKOMhlx-BpEﬂldTBﬂeﬁ “

TOO «Kasaxckunit HHUH 3ammnTel u kapanTuHa pactenmii» (nance - Muctutyr)
o 3akaisy AO \(Hapl\‘ ALCPHBIX TCXHOI!Ol'lflﬁ)J ﬂpOBCJ’E ]lﬂyHHU-MCUJ]CﬂUBﬂ'lﬁ)lbcl{\I("

RUHIPWIbADIMHA UUPASLAMA. LUIVAVBHIUVLID YMCPCI /=4V LY IUR BYU DVCA bdpndnilaa nc
orMevanacs, T.¢. coctaBuwia 100%, a B konTpose oHa cocrasuna ot 7.6 no 12.3%.
Yepes 30 cyToK BCE HACEKOMBIE BBIMEPJIH.

Taxum oOpa3oM, kKak BUAHO M3 MOJIYYEHHBIX MAHHBIX, MPH PaJnallHOHHOM
00paboTke yKazaHHBIMU JIO3aMH COKPALLAETCs MPOJOIKUTENIBHOCTh JKH3HEHHOI'O
LIMKJ1A JKYKA U €ro [100BUTOCTb.

OCHOBBIBAsICH Ha MOJAYYEHHBIX PE3Y/AbTATAX, MOKHO 3aKTIOYMTL, HTO
obpaborka Ha yckoputene asnektpoHos MJIV-10 eeibpannbiMu no3amu okaszasiack
3pheKTUBHON® IA YHHYTOKEHUS AOJTOHOCHKOB (Sitophilus granarius 1) n
MYYHBIX XpYIaKoB (Tribolium confusum Duv.) B uccnenyempix npoayKrax

*00b1yHO npunumaiom 003y, npu komopou ommuparom 50% ocooeil.

3aB. 0T2€/10M 3AIMTHI TEXHHYECKHX X
KYJbTYP M Jjieca, K.0.H. HAl “" Myxamaanes H.C.

-

Crapmmii Hay4YHbIIT COTPYAHHK, K.C.-X.H. W; Capcenbaena I'.b.

.
Muaamuuit Hay4HBI COTPYAHUK @_{..;/ Caanwnes P.K,



ILU accelerators for sterilization and pasteurization

Accelerator

appointment

Location

Year of commissioning

ILU-6 Sterilization of needles Izhevsk, Axion 1994
ILU-10 Pasteurization Chicago, SureBeam 2001
ILU-10 Sterilization Novosibirsk, BINP 2001
ILU-6 raw materials Biisk, Evalar 2007
Sterilization
ILU-10, 2 wr. The synthesis of Koltsovo, SPS 2013
pharmaceuticals,
sterilization
ILU-10 Sterilization Kazakhstan, Kurchatov, 2013
Nuclear Technology
Park.
ILU-10M Pasteurization India, MumbaiBARC. 2014
ILU-14 Decontamination of Moscow, Federal 2014
waste meditsinskizh Medico-Biological
Center
ILU-10 Sterilization un Koltsovo, SPS 2014

nceriegoBaHnsa
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