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EEIN THIRRE The Evolution of Radiation Processing

RADIATION
‘ PROCESSING
BT Ut 20 R BN — - 2] T K SR R AT 7T INDUSTRY
Cftoe Gty Clfeaea

Building on foundational research of the late 19th/ early 20t Century

1950s / 19605
1970s / 1980s
1990s — 2020

2021 -

F3k The future

BRI R R Development of commercial applications
FEb bR B Development on an industry

BA&SEFRY K Consolidation and international expansion ~ @lia
PHALETR? The age of optimisation?

R ? The age of the environment?
MEZREX? The age of the accelerator?

RTEORIT L Bright!

November 2022

2025
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GAMMA — Status & Developments ()

Product loading and

unloading stations Hoist sytem used to raise

the sourse rack into the
product irradiation position

> TIK300RE3EF 300 facilities worldwide

Conveyor system

> HEA{ZFEE 400MCiinstalled

Concrete shielding of
irradiation cell

> 80% T K& 80% for sterilisation

@ Product being processed
¥ inside irradiation cell

> SEANIE2501248% 25 billion items per year

Control system
> FEAEME Mature industry

Source rack containing Cobalt-60 sources
lowered into source storage pool

> AL EGHFESHAL Historically dominant

Image courtesy of SQHL Radiation Engineering Technology Co., Ltd.
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GAMMA - Status & Developments ()

> T mEEfE T Product transport
configurations
Kra. HE. BR. T2
Boxes, totes, carriers, pallets
1BIE Passes: 1+1, 2+2, 4+4
E% Levels: 1,2,4,5

> ITEA/ZEIREF]|Computer/process control

Source overlap Product overlap
2 + 2 pass 2 + 2 pass . )
Single level Two level 7 B E Product scheduling
Hanging carriers Large totes ~ia Oes .

o ¢ 7Z EIE BE Product tracking

e MR R GSafety and security systems
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h-60R LRz vs T oK

ffry: XERZE. MEKR. FE. ESHTEAF, RNHEXA. ESHES, B, | K. T8
7. ERER..

TR TRHETHMAT KBS AOBRSZRMY. EFRRE L. #i=sminil

- 2014 13 5l 201415 T Hr 5] 4R sE LRy HR I
2014-2017 HEEXK EEFHKESK

LR | I MEARRRET, HEHRERD, BRI

20252035 iR PFRFRRNERE BRES

2035- RELR 5 % I Ny HERDRE A 7 $5-60
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GAMMA — Status & Developments

> %1% Denial of Shipment
CLHEZEREETNEOTHT, REXTENERAERZENER, HELKIEEEW
FSUER P BR4D ... B T R LR 41 L2

» ‘..refusal to carry or accept a shipment of radioactive material at any point during transport

though it conforms to all applicable regulatory requirements...” 1AEA Denial of shipment Working Group

> R Security
W R ET AR HMRES MR X mSEESNILRITANRERE
BRATA, #HITHE . WX, ERET RS SRREARE, 2022

» ‘The prevention and detection of, and response to, criminal or intentional unauthorized acts
involving or directed at nuclear material, other radioactive material, associated facilities or

associated activities.” IAEA Nuclear Safety and Security Glossary, 2022

International Atomic Energy Agency

G| <=

Security of Radioactive
Sources Used in Industrial
Radiation Processing

*iia |
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EB/X-%%—%EE% (1) @ iia
EB/X — Status & Developments @

> B0 0FRPIRFRIFTRFIEIK, mHRFAI Shown good

growth since 1990’s, competitive market

(M FBARON. EE. mEX. HE. BAR. BFH. EIE suppliersin Europe,
US, Canada, China, Japan, Russia, India)

> PERZJ3500FE 3 T ~3500 facilities worldwide

> B BE-HBE-{IXBE High — Medium — Low energy

> FTERIEHXE, THEHEBZBIFTI Primary application is
crosslinking, particularly in wire and cable industry

> BIERARCFRATEM. RERS RIEM Technical innovations to
improve reliability, efficiency and flexibility

> XBYZk [ FAH #& & Greater adoption of X-ray
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EB/X — Status & Developments ()

> BkoRERSA Pulsed beam

BEALSETFE, FEVSRERNETARES. XAMARNIN
®RE, JHZERELRRFNEN—FE S Reduces average
power consumption so machines efficiency is improved at low
power. Current machines using pulsed beam can save up to half
the power of older machines using continuous beam

P IBATT200 10MeV X #E40kW T, NETJHITHIRITE
27%., Example: Efficiency of IBA TT200 10MeV machine can be
improved from 17% to 27% at 40kW.

AHBRED, WITERL. 2F, ARDEZRE.
Reduced requirement for cooling can result in simplified, compact
designs at reduced cost.

<«— Power tuning —

|e 1'I'200 max
power 100 kW

40 KW beam power |
40 kW beam power

40 kW beam power

>80 kW Cavity power

Ancillaries

Ancillaries power

Continuous Wave mode Eco mode 40 kW
~30 % less consumption

Illustration courtesy of IBA Industrial. Refers to IBA TT200 Rhodotron
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EB/X — Status & Developments

> ZHR S 0 gEE Multiple beams & variable energies

BERNZ IR 283 R, ARAHELEZM~™RmA %, 2or3beams from one or more accelerators.

Developed as a result of demand from customers that need to process wide range of products

A~ an

vedai:

'Duo — 10MeV E-bear

E-beam and x-ray from same beam 2 x e-beam above and below conveyor
- by moving x-ray target in or out — high throughput, low DUR, no product rotation
- flexibility and back-up

- maximum flexibility to treat wide product range
Illustration courtesy of MEVEX Corporation

Illustration courtesy of IBA Industrial
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> EIZSERIE- B E B RE FE R
MRER
EERE

ENEED A, /A

ERRELT
R

aJF2K

image courtesy of 1BA Industria T [2) R 3R

R AR ]
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EB/X — Status & Developments

buyer's guide

Accelerators for Sterilization white paper
Roadmap to an of Medical Devices
Electron Beam or X-ray Center :
for Industrial Applications

Eb/X Working Group

buyer’s guide

A Comparison of Gamma,
E-beam, X-ray and

Ethylene Oxide Technologies
for the Industrial Sterilization
of Medical Devices and
Healthcare Products

A Guide for Prospective Buyers

EB-X Working Group | May 2021

AUGUST 31, 2017
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Dosimetry & Dosimeters

— Status & Developments

>TZ2%1IN (1a/0Q) 5=&#FiA (PQ) HIFFEHALITRAEN
%U%,}”UE?\ZEO Calibrated dosimetry systems needed for qualification

of the process (IQ/0Q) and product (PQ)

PIRIEIX LR oM NFE IR (MR~ RFEiE
Lbllﬁﬁ) %D?Fgﬂgl_gg‘éﬁo From these results one can establish

monitoring dose acceptance limits (and product dose acceptance limits)

and irradiation parameters

> FIENERER L ZHZUSE, Dosimetry is the key
parameter to master/control

@iia

5. B RMXES LT ENE K E1TE M

RIFisEGood practice for dosimetry and
dosimeters of Gamma, EB and X-ray

Maintaining
process
effectiveness Irradiation

X process /

u




FIENE RS SHET
IRERE ()

Dosimetry & Dosimeters

— Status & Developments (»

> FZE1TDosimeters
> =#E Calorimetric
> WIIBRE Physical
> {k=25E% Chemical

> 1% Readout equipment User manual - Dosimetry

procedures system
> FIEMEE A4 Dosimetry software

O susnessnasac

> FIERAE Dosimetry Calibration
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FENEMFETHERENF

> XBIR-EE
> AR -EE
> Gex-E[H

> G4 R-R[E
> Riso-H%&

> BERA-BR

BN B 577 & 1Y B B AR

Selection
Calibration
Uncertainties
Influence quantities

Use of individual
systems

52628
51261
51707
52701

51026 Fricke, 51205 Ceric-Cerous, 51275
Radiochromic Film, 51276
Polymethylmethacrylate (PMMA), 51310
Radiochromic Optical Waveguide, 51401
Dichromate, 51538 Ethanol-
Chlorobenzene, 51607 Alanine-EPR,
51631 Calometric, 51650 Cellulose
Triacelate (CTA), 51956
Thermoluminescence (TLD)
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Computing & Software
— Status & Developments

> F2{E{EIE Ease of Operation

ZEInI /A E 518 &R Scheduling and tracking of product
processing

e 5T R ARG IE#E Monitoring of safety and security
systems

WEIZ W 5 43R FE KR 7~ Troubleshooting and highlighting
maintenance requirements

TR V518 ——IBAE B35 MEREA TS, S INIZ0001ME S RRke
Remote access — IBA has 35 sites connected to the cloud with live
monitoring of 3000 signals

e8I NINIFZ 25 Just seeing introduction of machine learning
W28 L2 B LB E Cybersecurity is essential
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Computing & Software
— Status & Developments (»

> EHIFIEF Virtual dose Mapping
AR R T EFBHIUNERSFFIE Vonte Carlo
code to provide a precise prediction of radiation dose

BHRBII T T2 USRI &S Simulate radiation
processing and modify process for maximum efficiency

BT mRT. BREERIT. 8%I7FRSF Product design
irradiator design, packaging planning etc.

SENAT? Parametric release?

» =& {4 Three softwares: Dose Insight/RayXpert of
TRAD/Pacific Northwest National Laboratory
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AR - T @iia
The future is bright - GAMMA

> REEKIKE NHFEIEIC Continued growth driven by demand for
sterilisation

> Fh-60fE A7 AN Increased cobalt-60 supply

FET BB R N R 42350 Refurbished and new reactors for Co-60
coming on line

> A EK =38 Room for growth
-ESIMALIFEAEE New and existing irradiators

> TR IR AN X 15 DR FF Expect lower capital costs to be maintained

> NS PR RME R E IR KFFLA7 % Continued need to manage

issues around the use of radioactive material
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The future is bright — EB/X

> BT R/XF &N FBFEIEIN, FMMD UL & T B Adoption of EB/X will increase and

take market share from gamma

FRETTEBEWN / B AFER? Backlog of orders / reduction of capital costs?

> HEENHAFEETHIEE Development of purpose-built machines for specific applications
FEEE (3-4MeV) . FEIHX . /NG, EHFT RBE A Medium energy (3 or 4 MeV)

medium power small footprint for in-house applications
SIX (B&mi5I1%Rhodotron) MHEEIMEN A High power (super conducting or high power
Rhodotron) for environmental applications

> {KEE 1R &N ASUE AR B Increased number of applications for low energy

> BEIRRMNE BN SEXFELBELMY, FEHTMH PRI Improved dose uniformity

with use of beam positioning monitors and X-ray flux monitors
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&£ Conclusions

> BRIURMNEZEER XBEEFER, FBIAIRERD Irradiation keeps us safe and healthy,

supports our economies and helps to protect the environment

> BENRINTE— N a 1. gisl EA T Radiation processing is a vibrant industry with a
strong future

> BB A EMRA T &R All irradiation modalities remain critical

> KB A——FARIFEZE, NHAFIHRE There’sstill a lot to be done - technologies to exploit
and applications to develop

> BIIEEEEMHENIEEN TREIMAABLFZK We need engineers and scientists with the skills to
sustain these technologies

WS IER—R IS HEAP . F4E55 We must encourage the younger generation to stay or
become involved
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AN THS 5 T

b E BRI 2 Gia) T3 U2 AR S P kB a -
SClENCE & ENGINEER'NG OF RADIATION PROCESSING f;IIET:{IL‘;e&Engmeerlng of Radiation Processing

a community hosted by the International Irradiation Association (iia). i puphcarese
AAFHLRFE. BFAR. IEBEFVFAL, SEFMTIENIRNFZAINEHI AR, BWEFHE. 2l
EX % This group brings together students, researchers, engineers, and industry professionals to exchange ideas, explore new
developments and strengthen connections between science and business in radiation processing
BB BT R % FSIWRIEES), XS MIZEEIRE 1t will connect through regular online meetings that will feature
brief presentations
— MR BFEAR, BrRBHISEMERE One from academia, showcasing early-stage or in-progress research
— N kaE s, IRYETLFRBEER 5 FESR One from industry, highlighting real-world challenges and needs
WREFIESISATTE, BRI IESMW SRIE These presentations are followed by moderated discussions that encourage
dialogue and exchange of perspectives
BB, 2Bdmik. IMESEBERE, ITE—PEKBERFMIRZE ™ WAYE 14 EF Our goal is to build a dynamic

community that bridges science and industry in radiation processing through conversation, collaboration, and the sharing of ideas.

% _"l" —E a3 Bﬁﬁﬁﬂ'jﬂlj{% IMRP International Meeting on Radiation Processing

2027F AR EE April 2027 in Germany




o
.
.
; o
-
-4 - ¥

SRVEY erRNATIONAL
Y RrDATioN
SOCIATION

THANK YOU

Global Voice

for the i www.iiaglobal.com
Radiation . info@iiaglobal.com
Processing oGS . pwei@iiaglobal.com

Industry

Communicate.

Educate.
Advocate.



