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The mechanical properties of the hydrogen valve responsible for supplying and blocking hydrogen gas in a
hydrogen fuel cell electric vehicle (FCEV) were researched. Mechanical properties by hydrogen embrit-
tlement were investigated by coating chromium nitride (CrN) and titanium nitride (TiN) on aluminum
alloy by arc ion plating method. The coating layer was deposited to a thickness of about 2 um, and a slow
strain rate test (SSRT) was conducted after hydrogen embrittlement to determine the hydrogen embrittle-
ment resistance of the CrN and TiN coating layers. The CrN-coated specimen presented little decrease in
mechanical properties until 12 hours of hydrogen charging due to its excellent resistance to hydrogen per-
meation. However, both the CrN and TiN-coated specimens exhibited deterioration in mechanical prop-
erties due to the peeling of the coating layer after 24 hours of hydrogen charging. The specimens coated at
350 °C presented a significant decrease in ultimate tensile strength due to abnormal grain growth.
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EFFECTS OF CRN AND TIN COATING BY HYDROGEN EMBRITTLEMENT OF ALUMINUM ALLOYS FOR HYDROGEN VALVES
OF HYDROGEN FUEL CELL VEHICLES ON MECHANICAL PROPERTIES
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Table 1. Details of deposition parameters of CrN

A= Al gl ARgshs ot i ATellAE AE
7} EfoleRsS B R ARSI 2 Aol AR
H Al g gs 242 083 wt% Mg, 031
wi% Si, 0.44 wt% Fe, 0.007 wt% Mn, 0.18 wt% Cr,
021 wt% Cu, 2811 YHX|= Aoty &FuF &+
of N FB& ASA717] st 34 o) Zrh
B BEEY AR AAE A8 ol2HS 108
7F 2AAJEIAEE o]F N TH-S Hpool A Ak —100
V, N, 7% 300 scem®] S E 10:3F, -70 V, N, -
2 250 scem®] FHOF 100237F ASAIH T 18] A,
AFulE el TIN Z-HS 5217171 93l ol
oz ¥ BEEY AR AAE 1083 A
Aok TiIN FE2 vlojolx gk 70 V, N, #% 255
scem®] A0 ® 80, 50 V, N, 5 255 scem £=31
oA 10327t AF38te] IHT-S FAAIZE CiNY TiN
S ASAI717] 1% AIP 3793712 Table 12} Table 2
EAIE] AEelgivh T12lan, CiNTt TiNG HS5A)7]
© 250 o3t dFulg T2 7IAA 5SSt

7] 98l 38 &= 250°C9F 350 °CE Ak

IS T AlE SUE FAPAAE W A (EOL,
JSM-6700F)°.2 %43} 0, EDS (INCA ENERGY,
OXFORD, AZTec Energy)s ©]&3st] IHT2 d4E
Aoz AT FAPAAAR AL A
15kV, Z2H A5 12nA, WEAF 56.4 pA, 50 Pad
AFolA Zsct, T8)a, IS EAsk= 4 &
Fob 722 54S 245171 218 XRD #4(RIGAKU,
Dmax-2500/PCy& AAIBHATE XRD 24 Al 574 311
< Cu K, (A = 1.546 A)E ©] 83321 step size™

Process Source Current Voltage Substrate bias N, flow Time Temperature
(A) V) V) (scem) (min) O
Ion 10
etching Arci 200 300 250
rc ion
. 80 17-20 10 or
CiN plating 100 350
coating 70 250 100
Table 2. Details of deposition parameters of TiN
Process Source Current Voltage Substrate bias N, flow Time Temperature
(A) V) -V) (scem) (min) O
Ion
etching Arci 200 300 10 250
rc ion
. 70 17-20 or
TiN plating 70 255 80 350
coating 50 255 10
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Fig. 1. Schematic diagram of hydrogen charging by power __ 60000 |
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Fig. 2. Schematic diagram of tensile test specimen Fig. 3. XRD patterns of CrN and TiN coated Al alloy
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EFFECTS OF CRN AND TIN COATING BY HYDROGEN EMBRITTLEMENT OF ALUMINUM ALLOYS FOR HYDROGEN VALVES
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Cross sectional
image
Cr = 54.87%
N = 31.95%
EDS analysis
Cross sectional
image
Ti = 58.02%
N = 3220%
EDS analysis

(b) TiN

Fig. 4. Cross sectional images and EDS analysis of CrN and TiN coated Al alloy
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Fig. 5. Stress-strain curves of base metal, CrN and TiN
coated speciemens at 250 °C
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Table 3. Mechanical properties of base metal, CrN and TiN coated speciemens at 250 °C

Surface coating I_cli:rr;ﬁlegn uTs Ys Sr(ai"[sil(? Strain Fractur.e time l\f(?jg}lllrllse;sf

e (MPa) (MPa) %) (%) (min) M)
Oh 317.0 143.8 454 35.8 180 88.7

BM 12h 309.3 139.3 45.1 33.7 171 80.7
24h 302.9 136.0 44.9 329 165 77.1
Oh 323.1 125.4 38.8 38.4 193 96.9

CiN 12h 322.7 1243 38.5 38.0 191 96.4
24h 309.7 117.8 38.0 35.6 179 85.0
Oh 322.7 129.5 40.1 414 208 104.7

TiN 12h 318.6 127.7 40.0 39.2 197 97.9
24h 308.3 121.9 39.7 38.0 191 90.3

MPa% 4F 3} A3} vlwsdle] ZHz}t 4.4, 4.1, 4.5% A
shESlom CiN¥ TiN ZHE AlFH dFrEs
EA] HAYRIFAE AskgS  AfolE vERA] &
gtttk o] 9hite At 12413F o] F FaF Efell 2%t
CiN¥} TiN T8 Z9] dajof] 7|Q1st Axtz sehen
[22]. RS I A| A Fad F4 o9 3
HESH + & — H)o=E AAE 747 o534
2 A5sl] gited, gabkd s A 90
AAsta #5202 FarstEdA rgo] FrlskAl |
ok o S7F Al 1l o] FHE] HuIE
7} Fhashe Ao sjAE 4 Qlrt 23]

Fig. 6b%} Fig. 6¢2] &7 5Ee} ] gt 743
g} Alzro] S7FEE FRAEISITE 12A1RF FAaF s &
BA, CeNZF TiNo| A58 Algde] $EAE s
< 3.1, 09, 1.4%E YRSl 22, 2443 45
s § FEAE RS 717} 54, 6.1, 5.9%E HER]
of HURJIFHAE A8y 22 AES YeRgith o]
S A FAF S Algte] TGS a534
yiitell ohefe] At FSlste] Axpt Ao w F3
wo] 7IAIA A5t Asket AoR AR T [24].

Fig. 72 4505 &a2 233 A7t uhE M3
E3 A 7S YeRd g zolth Mg Ee] A$-
233 2AReIA STl FEEAl, CN 24 TiNo|
HZd AFH A9 587, 1.04, 531%2] HEE 4
S YeRth 1813 $4F38 24417 & HYPE 7
288 Z47F 810, 7.29, 821%= YERJO] CiNo| A%
B Ao Azt WEE fhagoe] 7P AA o
ok Al o) AR AaF 3 043 U
24X7 ol A ZF2E 180% 4 165F-C 7 oF 833%2] A
&5 vehdth 22v N 2 TiIN 289 28R 7
- ZFZF 1938, 1795 9 208%, 191807 oF 725%
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Fig. 7. Strain and Fracture time with hydrogen charging
time for for base metal, CrN and TiN coated speciemens
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Fig. 9. Stress-strain curves of base metal, CrN and TiN
coated speciemens at 350 °C
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Table 4. Mechanical properties of base metal and CrN, TiN coated speciemens at 350 °C

Surface coating I:K:gi%sgn UTS S :{;fif Strain Fractur.e time l\t/f)(il(tiglillrlll:s(s)f

time (MPa) (MPa) %) (%) (min) (MJ/m’)
Oh 317.0 143.8 454 35.8 180 88.7

BM 12h 309.3 139.3 45.1 33.7 171 80.7
24h 302.9 136.0 449 329 165 77.1
Oh 124.8 35.0 28.1 42.8 214 44.7

CrN 12h 119.9 32.9 27.4 41.8 210 42.2
24h 116.3 29.7 25.6 40.9 202 40.3
Oh 127.4 319 25.1 43.8 220 46.6

TiN 12h 120.5 29.2 242 423 212 42.6
24h 118.0 28.5 24.1 41.2 207 39.4

2 71AA Aee] & Wsh wlskA] gkl TiNe| 5
FE Al e vj8) FaFs AEAdo]l s 5AS
eI} S. C. Lee et a3} T. Mizuno et al2 CrN
¥} TiN ZHE A3 01 CrNo) TiNKHY =A%)
Ado] st AiE yEho] # ATtel A-SsheE
A= HERSITE [22,28].

Fig. 9v 7433 1.5 dFvg 2A9 350°C =
74 CrN % TiN ZHE Al dist AvEE <l
A8 Azjoltt, IR T 257} 71714 Aol vlH|
= 9 dTe] A8 AAEelon SEwEE =
Aol ol Aofxl 71A1A E/J%S Table 40l ERASL
o} 350°C 3doflA CrNTF TiN ZH Al HUlI =
FELETE AA8] FHAEGint olehk Al &
Fulg 2A0] ojdwy Fye] 7]t Aoz ket
G S EAE SR AA Al 24 ARl
Mg,Si7F &/d€th [29]. o]ekzdo], Al <&l FA
B A2 dAR= Al A 9] (Zener pinning) &
Y2 A9 A4S agoR Alojshy <Al w|
Al F2E o]t Ay IS thEA AselA A7t
gl w7k A1 9] el tist u M)A} Ak YIS
ojugiet. 2k b= AAE Yol el sk
9 =S 7hete] AAle] F49E WA s
St =, A2 k] Fu 2E A7) 489 A
2ol @Rl Alojell Fast Ags kA ot Ak
xek 449 e AY =@ 1P, K (fy/r)) 2}
A5 AP may/D)el o5t o] AulE o f
2] FIEE, v =9 AdG QA oA, 1
2k R, D AR A, ez 71, Ke
= oJulgict [30]. Wk, p,= PEbE FEAEE v
geh P, > P b HH A 2%l o3k Al =gt
Asb P, < Po] 7L HH ARl Attt 350°C

e

oL
o

o

- 9

A4 ro oy

il
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Z1eM AR 27l egk SE@)ol Akl o
7FlA = A = (P )Ret Aul A o] 7] wiite] CrN
TIN T8 Al 072491 Ag5o] AAste] 7|44 &
A ABFE op7)3t} [31]. 350°C AN LdFulE &
= PVD 202 N TiNG ASAIZL 45 79
379 %ol 93 YT FAaF s o IA veR:
on A Jes ks T3 HEAS & = Stk

2. XRD #4243}, 20 = 37.5°, 43.6°, 63.3°, 76.0°]] 3}
2sh= (111), (200), (220), (311) HollA CrNell that 3]
A v39) 20 = 36.4° 42.3° 61.4° 73.5°, 77.4% &
= (111), (200), (220), (311), (222) HollA] TiNel| tf
st 34 ¥ 37} et

3. 250°C A CiNTF TiNS A5 Al 452
Ardo] dE AT 53], 1277F] FaFHE & CiN
FHE AFALS FAaF 3l 3t 71A18 o] BA
o} TiN ZRH Algel vlsl] 3ttt 121, 24
AR FaHE & FHT vhER s VA4 54

A3t AL,

4. 350 °C A4 CNY TINGS T8 3F 3% v gA+
Aol ARHA Aol 719138t 71414 Z=r) Aakst A
5 o= &

o7 AAAY 34 2=t 7IAA e 4
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