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ol
=]

- 230|E/2 Y8 2t0[0] AL UetHoZ 0.05~0.1mm 20| =2 HEE&[LL, 0.01mm #=F2| 240[0{7}
WL =|TA, Oto| 2 2 FHEE Sof LA M85 1 US

(&R :Terumo, Asahiintecc, ZEUS, Ulbrich 2H|0|X])

| 22! 9. Ctefst 710| =240]0f B! 2| 2 & 2t0]0f |
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90LCH SHHEE 229 o|27|7| 7|Q! Medtronic, Abbott, Boston

0§ 22 S 2 FOfAL IT HE27|YH2 M22 4 AEEY 7€ S0
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* FH|E] 20F
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A
e
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27 22 =0 CDMO 7|sist

* CDMO =0k 2 7| &%

| #5. 32| =2 CDMO 7| At $ig|

=7t 7|4 LHE

194301 HEE DAHO] HIF 7HLY, HIZ 7[40[0{, 2Ak= 0= HAH{L{OF g2l f{X]
S A S Az, 0, JE 1=, =7 |2 83 29, 87| X2 20t0f| HE3I11A} 5h=
Telefelx OEM 23[8 9|=7|7|2| BIXl/7HE % CMO

o =Q MZ BE : Circuits, masks, bags, endotracheal tubes, pain pumps,

supraglottic airways, catheters, adaptor and connectors

1970 M|} o0, 20158 Greatbatch, INC.7} Lake Region Medical2 Q1484510
STHAIE O 2 HIZE BAtAC| o2 7]7| CDMO 7|Y
AT AN, g, Yot 32| RTHE X B 2= 77| KB H|IZ it

o FQHZ 25 Implantable battery, Capacitor, Catheter, Class IIl Medical Device
Systems, Filter F

Integer

19663 MO0, AXY 1fsty
0= AFRAIKE2t0|Lto]] K|
ClRfst AMdof| DEXL X2 BHE YU I2X UES S2 A
MA =|=2 REACHRt EU MDRS Extst Z2/0[0|= FE K|
Q2 & JIHEHE AM0|= Z2[0[0|=8 AO|=X, &7, A 8
9 NZ 2E : Biomaterials, Reinforced Optical Fiber, Extruded Tubing, Heat
Shrinkable Tubing, Insulated Wire, Monofilament and Drawn Fiber, Polyimide Family,
Tie Layer

=2 885 Z2|H(Polymer) 238 7|2 EAl=

o FA

i §
=

ZEUS A

=] jura d
o

a

o 28

flior

SSEAHEFEAZ

e

°
|0

19358 Jelel S22 o7 |7| T 7|o 2 et olueE8 5 S
ML ZAHE DI= S22 /7]
o S|, URIE S3 0188t HIF, 2AR7|7|, 2ot ZAF A XM BALHIZ, HHA 2AMAESE
Nordson 0|8 APE BATHIAE HIE S8 AMZ & Hof
1= H
i

=717 52

medical £5]20110]| HF Z2tAEl(Value Plastics), 20134 Vention medicalg 2146t 0=
BET3} 20F 3§ BatAE| 0 B0 Y0P MEFR AT 23

TN BE : Fluid Management, Quick Connect Fittings, Medical Tubing,
Medical Balloons, Catheters and Cannulae, Heat Shrink Tubing &

194901 FEIE HEHAE 7|8E 71 3 Z2|0 #0] A2 2|7 7|7 H& £F4 7|gez
EAHE O|= OHERIE| #1%|

Spectrum 670 =0l 2170 S1BE FESILL 0], TAA] 2= 7|7| H CHefet 20| Ho|8 £28S
plastic group S
9 NZ& BE : Extruded tubing, Catheter technologies, Medical balloons,

=

Laser processing, Injection molding, Flexible packaging &film &
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k

o 184930 HEIE 277 |s Y HIFIERHA HMZNE X AZE 71Y0|H
EAE S Hiel sHdol| /IX|
Freudenberg & o SIEA SRMS 7ot Y FB| AN 227 |e H HFIERHA HiE EA L AE,
CoKG SL7|YE Pt 2TEQ0 £2H S ITHHIAE 7Y
o 2017\ OFUEHE 71 VistaMed| 71 X2 Q1= X FHE|E HIZAIL 2
o (928 & Y 12 =4 J|HEIS HE W2
e
1980 HElE 2[4 FE =77 Mz TE CDMO 7[¢4o[0,
Creganna EAb= OFFHE S90[0]] /K|
Medical o 2017 22 TR E/MAM 7|2I TE Connectivityiitof] 214 e #2 SHE 5
(TE) o FQH|Z 25 Design services, clinical and regulatory support, pilot manufacturing,
Catheter shaft, Balloon, wire
3. A% BHelR7|7| A% S Y 4

7 2RE E LG ORI NESE

| 2 6. [ AFE 2E AR HANE #2 |

7= 2015 2016 2017 2018 2019 2020 CAGR
HHERE 717] 421 442 465 490 518 549 5.2
Ty 2 280 306 338 375 417 464 9.9
SFETE 717 206 215 225 236 246 257 4.5
5 MM ME| 2HE 125 133 143 154 167 183 7.4
A 1,032 1,096 1,17 1,254 1,348 1,453 7.1

(EX: GlobalData, Medical Equipment Market(Xf74))
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- SMAlE 2ok 927|712 FHHH 22 AIF2 2018 37.39 22 HIIEN, 26F% 77.79 222
AT 9.61%2] =2 HIM =Y

| 2 7. 7HEE MAAIE EE |

7= 2018 | 2019 | 2020 | 2021 @ 2022 | 2023 & 2024 2025 | 2026 | CAGR
R IHHE | 10,457.7 | 11,4214 (12,4815 13,656.2 | 14,955.1 1 16,388.0 | 17,972.9 19,7308 | 21,7346 | 9.58%
Hlz7|2& FtEE | 52410 57065 6,217.3| 6,781.8| 74043 | 8,089.2| 88446 9,680.3/10,619.1 9.23%
UG FIH|E 6,128.3| 6,657.9| 7,237.8| 7,877.5| 8581.6| 9354.6|10,205.6 | 11,145.2 1 12,202.2  8.99%
AAYRE FHEE | 56059 6201.9| 68049 74753 | 8219.4 9,043.4| 9958.1 10,976.5|12,085.4 | 9.96%
E2 7HH|E 9,795.1110,743.0 | 11,789.4 | 12,952.6 | 14,242.8 | 15,670.8 | 17,255.4 | 19,018.4 1 21,042.7 | 10.03%
A 37,278.0 | 40,730.7 | 44,530.9 | 48,743.4 | 53,403.2 | 58,546.0 | 64,236.6 | 70,551.2 | 77,684.0 | 9.61%

(EX: GlobalData, Medical Equipment Market(X{7-4))

#7 CDMO QA 2|2 7|7] A+d A&

* T MA 2l=7]|7] CDMO AE2 G-I 11.4%E WEH Hastn el M19FE 5299 S F20i|lM '25H:
1,009 2= 28 £F0 = 4 MY

* 2R HAYHSO| HE 28 27| 2X 2L THIIK| HHS 0t A st Aako| osf FE&|n
glon, =g lole Che 28

- o|27I7lo] @2 U ObHIE, RAD 2 U4 T S #14 Ol2FS 9l8t RHeIED ST XIS H8 MY 2 2
s24%

- HE CIRIQL, ARILIOfY, RIS RIE £ FIILT 22 HE JRIAREC DEIDIK ES of 24 Hat
=

- MR B, CIRIE 715 U o42/717| REH2 ZaHstol IS HOR 0EMO| 715 ol 9, DAFSHE 5 S

il oz 2%t 57}
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SEA
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19-25¢
100.9 CAGR Other Devices
B Medical Device Market B CDMO Market 3 29.7 Respiratory Care

Medical Imaging
653.3
8. ® Surgery Devices
u Cardiovascular
u Orthopedics
m [n-Vitro Diagnostics

W Drug Delivery &
Fluid Management

2019 2025e 2019 20256
(EX :AliraHealth, Medical Device Contract Development and Manufacturing, 2020.6.(X{524))

| J2110.2|=7]7| COMO A& o2 2 M|

* CDMO A|FOIMS n7I71X| A2 MIEE 7|5, 2M, MZ 7|& SoM &EE

- HZELP|s At 2HM2 7|5 7ol & 858fst

- M2 YIS 1Ys ERtAE, dN MEd A SR R

B>
ol
l?g
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o
kl
AL
Pl
0x
oo
ol
g
N
Ok
$e
el
ot
o

RS B

* A9 107 22 CDMO(0] = 9707} 0|2 7| = KA A|RH] 24.9%91 & 1329 S22 X}X|
- 50712 57 7|F(OHE 194~6 EE{)2 & 119 ©2{(22.6%)S XHXI5t Q20 2207H2| A2 S|AHE0] 38Y
SH2{(7.4%), 7 |EF CDMO7 239 242(45.1%) S XHX|
* 2= COMO 7|YE2 +&H &8, 013718 11, 7kR|IALEL| M50 TE, MA 5SS Salf M= s 47|
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H5}E|X| 42 CDMOE 7H4 3t2fg 2=
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Hu
IOI-
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- AMEHE(PE) 23S 252 28 MA 30| )lan], 0= X|H 102 A Sets FTAZL, 42k
EEP R
(EH9l - &2, %)
45.1% = Top 10

= Small (Up to $100m)

’ = Mid Sized ($100m-600m)
Other Global CDMOs

| 22 1. H MA 2|27]7] COMO &Y Ui 7|2 w2 |

25
m PE Deal #
1
10 10 = Strategic Deal #
s B
7

7 6
] :
B B B =
2014 2015 2016 2017 2018 2019 Q12020

(ZX : AliraHealth, Medical Device Contract Development and Manufacturing, 2020.6.(X=4))

| 328 12. & MA| 2|2 7]7] COMO 213 g |
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2.Neurovascular intervention market, igate research, 2018.03
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* AEEIL A7 72l O]= ASTMOIM = AFY HIHE I8 ASTM F1459, ASTM G142°] EEAE 2 S HF.
0[2|0f| = ABHHOAM AXHO| TF|QIM(KIH)S B7Fst= ASTM E1681, T 27 BME HEE HItoh= ASTM E647
HEEAYYS AR, B2 7|87 |20 olid 2EAIRE S HEot=E 7 HE

[e]3=)

— ASTM F1459(Determination of the susceptibility of metallic materials to hydrogen gas embrittlement) : &2

ClAS HEfO| SEAHE AESI0] TH AIA| 7tAYHE B2t ol 49t AEIAE AHESIO| HA3
SEAIHC| LAY S B WS, 0|F Sall N0 QETE R Xt HIPEE &l = UF

ASTM G129(Slow strain rate testing to evaluate the susceptibility of metallic materials to environementally
assisted cracking) : —’Fi%%ioﬂﬁ & QY H I|= AFYIFEXE MAR 02029 Aty DALE 2|5
LEZ0|E Lol M =3I, 48 deks YeishH Eotsh| 2l M&HE Q1A (Slow Strain Rate,
SSRT) &AHE MIAIZE SSRT AIRE 1S0 7539 Part 7(Method for slow strain rate testing) Ol M= 2=t

ASTM G142(Determination of susceptibility of metals to embrittlement in hydrogen containing environments
at high pressure, high temperature or both) : ASTM G142 S48 QIHAIHEHE AIE510] A2 JHtE
HHOM AlglE o = S7150M2| Al Z et Hlwsto] Z= 3 A1 X5HE &el 718 H Ex2(of tiet 2 HE

solste o 9 83

*eANEY 2S5 77| A L HZ 2 HEN 82 2= ASME Sec VIl Div.3 2! B31.12 7|&27|&0| /. aief
7|57 |Z0IME SABZHOIM AL TH53H ATHE ALRY a 42 FAlSID o, 245+ Thafst AlEe Saf
ALE ATfe| TR0 2 T2 FBHMEES SOISIEE A5 US

* O|22 SAE J2579 FHE FEI0] +4 XISA 2 STA0| OFHANS BES T2 371 22 L4455 20l HAl2
Hokst =), ofol| 2B 70MPa DRt44 XERI|0| ALRE S B4 AKE L20lE 2 (60614)T 55316
AB[QIB|AZS AT E FHSHD Qo 0]210] ATHE AFB3E] ML (1) 248 T 24 S Helst
ABHE ALZ 5101 HAHEE QIRABSSRT)S 48, (2) 24BN TR 48, (3) 240N T 27
B 285t0] 245400 T3t KBS SR RSl S
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Metals in vessel are 6061 Al or NO Metals in vessel meet acceptance
high-nickel 316 stainless steel? criteria from materials testing in H,?
(SAE J2579 Appendix B.2.3) (SAE J2579 Appendix C.15)
YES YES NO
Vessel qualified using existing expected- Wessel qualified using existing
service (pneumatic) and durability (hydraulic) performance tests (SAE J2579 Section
performance tests (SAE J2579 Section 5.2.2) 5.2.2) AND new (more extreme) H, gas
cycling test (SAE J2579 Appendix C.14)
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* IHLChE = ASAF R STL0| AHEEl= AXHof et 7S CSA CHMC10| HAIE. L=0|F =20 SS316L
AHRIRIAZE AFESIEE 5t Q20 ASTM G1420] et =48t 5Ll M X% QI %

350 @A E 2lat A2 Y =0l AS

e
.(I).II_I
TR

* 80| Z2 KBS ACTI(TYZHAS MAYI U 2287 HIZ 7|F) 7158 S8 2AKYE 7172 stn
MZE 4 IS, 218 HHHESEE ASME SecVIll Div.39 KD-10(34 212i87|8 S 27AEhS Breistof
[ 419} 20| £454 SN2 SHOIZ 4 9= MRS HAISIAD, +AEH5 HAHEE 1B U THlofs

oL
t a o
EEAHS
3 RNTS 2 0.9
oS L ERRA209
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(4281 ATHo] OFHA WL 9I5t 3R X8 S8

* o

47| #E IHEE JHE2 1S0/TC 1970 M TIbste A20d, 19900 E&I=(0] 0=, HLiCh 22, S,

HIZ2tETL S 1971=0] F0{ S ISO/TC1970{4d XISTA| D2 H HH| a4 2EHSH 24025 H

H’é 87, A2 o, £ A8YT|, 242 X|7]|, SSARYY SOl thet M EZS JHESIAULD, TIAHAM, 2
gz, 24, 1, i Sof tiet =M EER HE SY

- 1S0 7539 Part 11(Guidelines for testing the resistance of metals and alloys to hydrogen embrittlement

and hydrogen assisted cracking) : &ANL| 4% 3 A7 Q0] Cist Metd S Wore = U= Al 87
2 nE{Aretol| st X|E S MBS

ISO 11114-1(Gas cylinders-Compatibility of cylinder and v
Metallic materials) : 1@fA M2[A HRIE H =0 A
HAIE. =£0| _'O“‘AOH &2 o +=2F4oj st 2=

ClA2 AIBS Dofe) 2200 A DAL 2212 533

lve materials with gas contents-Part 1:
ME ASs5H| 95t A|EHH Ol o=

= moo° BHo H =

|.

4

oII

15)5H

I

va
S MefMo g XSl E FAsT 9lon e

oo 11— ) 2T

0x

ISO 16573(Measurement method for the evaluation of hydrogen embrittlement resistance of high
strength steels) : A8t of DEHZ A|HO|| YH LS (static load) 2t MEHEE(SSRT) QIHAIES TIEH 5101
+2%|4(Hydrogen delayed fracture)oil CH3t X{&Hs H7t X &S MBS

ISO/AWI 15330(Fasteners-Preloading test for the detection of hydrogen embrittlement-Parallel bearing
surface method) : +28HZ0| A AF2E|E ThAL(Fastener, LIAHEE-HE 59| Y8 37)9 #2548
UX|st7| 2Ist AIdERLZ, oIl 70 S

A WYEY| Y +AEE| IH|7|E2 UNECE/WP29/GRSP =AH7|Xt GTR 13(Global technical regulation
No. 13-Global technical regulation on hydrogen and fuel cell vehicles)2 2 20130 X|HE. GTR 132
ZH7| e HAS 20 U2 AXSKI0l| et oY |E S MFst, siE e 2 /A SUE 26kl US

IRt ME2 7|2 &2
2 £ATIIRF GTRE 7HH0| 7i2l=
zol

=35t A%y |Rtel WSl SHTHS 23 3+, 0|2, Y
|22 UNECE/WP292| £910| Tfat 201713 3EEE] 25

[N VNS
2 A0 A HOR

B9 0]2/2=0] ojFolo] #2/F20] 2oy MM Hoix, £QF LZat 5

71 7I&08S AR, 2017678 0210017 5 8slel SIS TR, B Sl $2502 4,
A BEs] 222 HEH S 20t s HEHOR =07t 713 5

- ChE SAURI8 || BRI BHE SlslA B A% 591 87| DHY SET0| AlEel 5520| IHES)

HEMT AR $ 2402 S EYT M0} SITH: ST0| YTE|T AUS. £4 ST QR ol 2IF A

Al 10| XS AL 4474 Sofl Fofo] EIX| Q=S FHIEI0{0f S Spint 44 FHAo| HE $4 K2

OFFHA SIS 9IB AIZILOI0] Of# 2 =OlE|T 9IS, 0182 44LKRIE| SHIAIZOIN 8710 CHfBto| w2

Algreio] 2iph S 2 &4 Sof st =07} IF O R 1% 59
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* A=A KA HEH FHS 2= S0 13985(Liquid hydrogen-Land vehicle fuel tanks) % 21029-1(Cryogenic
vessels-Transportable vacuum insulated vessels of not more than 1000 litres volume)0| /204, Y= 1t

S0j| M= 0|0 x| A BT EA0f R0 UECZE 2HE LU

- ZLHOfl= OF%| 2t 7|F0] g0 Hxi|4 STAS HR7F S = HEHY. St=7IATSAE Hst4 QT |E
HYs FTstn Ao, B Astra FRIAFETLE Sall 2 252 FH Y

- 0|=9] Sandia FEHALA M= 2000F =RE A2HH6H0IM AT AIEEIL H HO|EH0|A 15S
ZEstn IS, SOHE K2 E Soff &QIsH Hiofl EM, SNLOIM= DA A0 A Th| st A|-lo| 7Hs st
RIS 1E5H0] Chrst ARYo| CHE THRQIM(KIH) L I 2RURIHAE HO[ES MASIT QIS w3t [E 1]t
20| ot AXE XBto{R X 2 Y HO[HE ALE IME Sl LS 0 375t AS

| # 1. 248H4 M = (Sandia National Lab) |
Materials < 20MPa < 35MPa < 55MPa < 69MPa < 100MPa
Stainless steel
316 less steel Yes Yes Yes Yes Yes
310 less steel Yes Yes Yes Yes
321 less steel Yes No No No No
305 stainless steel Yes No No
304 stainless steel Yes Yes Yes No No
347 less steel Yes Yes
410 stainless steel Yes No
A-286 Yes Yes Yes Yes
Nitronic 60 Yes Yes
6061 Yes Yes Yes Yes Yes
7075-T6 Yes Yes Yes Yes Yes
1100-0Al Yes Yes Yes Yes Yes
Pure titanium (Gr1,2) Yes Yes Yes Yes
Ti-6Al-4V No No No No
Ti-3Al-2.5V (Gr.9) No No No
Ti-5A1-2.55n Yes No No No No
. __________________ NikelAly |
Nickel 270 No No No No
Inconel 625 No No No No
Inconel 718 No No No No
Hastelloy C-276 No No No No No
Hastelloy X No No No No
Carbon and alloy steel
< 127ksi (876MPa)tensile Yes Yes Yes Maybe Maybe
127 to 132ksi (910MPa) tensile Yes Yes Maybe Maybe Maybe
132 to 138ksi (951MPa)tensile Yes Maybe Maybe Maybe Maybe
138 to 143ksi (985MPa) tensile Maybe Maybe No No No
> 143ksi tensile No No No No No

(BN MO HESZ LHALR)

52 | =t isgoeElR



* 0|= Hydrogen Material Compatibility Consortium
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