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Abstract

Since the vacuum vessel and components are exposed to fast neutrons with the energy
of 14.1 MeV due to D-T reaction in a fusion device, it is advisable to use low activation
materials such a components. It is reported that the dose rate of Ti-6Al-4V alloy at 1 year
after the shutdown is two orders of magnitude smaller than that of SS316 or Inconel 625.
However, it is also reported that the strength of Ti-6Al1-4V alloy become small over the
hydrogen concentration of 1000 ppm. So, it is worried the embrittlement of the alloy due to
the absorption of fuel hydrogen. Although the properties of hydrogen absorption for tita-
nium metal have been evaluated, there are little studies for titanium alloy.

In this study, we investigated the hydrogen absorption properties of the Ti-6A1-4V alloy
under the condition of low pressure (0.03-100 Pa) and the temperature ranging from 507 to
819K. The absorption amount was measured by using a technique of Thermal Desorption
Spectroscopy (TDS).

The initial concentration (C,) of Ti-6Al-4V alloy was measured as 90+ 10ppm. The
temperature dependence to the hydrogen absorption amount was evaluated under the pres-
sure of 0.3 and 10 Pa. In the case of the pressure of 0.3 Pa for 20 hr, no change of the
hydrogen concentration (Cyz) was observed, i.e., Cy, is almost same to C,.  In the case of the
pressure of 10 Pa at 819K, the C,, increase with absorption time. At 20hr, the C,, become
constant, 490 ppm which was smaller than the critical concentration of the embrittlement.
The pressure dependence to absorption amount was evaluated at 819K. The Cy, was
proportional to the square root of absorption pressure, i.e., Cu, o VP for the Sieverts law.

We also investigated the hydrogen desorption behavior for the samples with various
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surface treatment by TDS. We prepared three samples, such as as-received, mechanical
polished and TiN coated samples. For three samples, the temperature which has a maxi-
mum desorption rate was measured as 920K for polished sample, as 1020 K for as-received
sample and as over 1053 K for TiN coated sample, respectively. Since as-received or TiN
coated samples has the diffusion barriers for the hydrogen, such as surface oxide layer or
TiN layer, the desorption peak temperature was higher than that of polished sample. Based
on these results, it might be possible to control the absorption rate of hydrogen by using the
samples with surface treatment.

1. 3 C&®IC

BRAIFORSEN (FRME B L vEZeEss) 13, D-DH 5z D-TEREGRIGIC L ) &L
RO &) BA S NFHEREME ST B, B D-T RIS 2 #A L 2F T3, FEilE
BOFHERA RIS B W TOBIFOBEREL ~ BT 5 & H 2 LN TwaY, L L, %
SEHF IS RED KRR D b DG L 50 TH Y, HEAF ClafiE o
FERHBEPETH L L W) HTREL Bl - T3, BBIAFE T, FEURFEROFEENE
WhHWAEBEHMEM R E B WA Z Eic kD), FERFEERDNRCHIZ L Z EHTE 2,

HifE, EBHREROSMMEELREL, FEIL—FEBICEBERNIICAYT 7L AWHEL 2
EERBEELTYE, ZOoicly, FEIE-FROFEREREY, ¥ 10 mrem/h? BE F T
T B0LEFH L, B, BARFIIIFRMOGBEERIF JT-60 U T, EEASHBEM &L
TA > adxN-625 VLN TS, ZOMEE, Ni, Mo, Co, Nb 7% &0 indEw Iz E W
EETREZTATEY, HEGF CER L 2354 E L —F R 0FERA I3 700 mrem/h?
L), HEEER KE RS I ik B, &I CRBEOEEAN T, (EREH bR - LT T
CAIAV AEIBETENT WD, Z0AEE, FEILE—EROFEREEELH 15 mrem/h? T,
A2 AFNRAT U AN T2 MU T CEBEZ 1ZITW 2L Tnwb, 8612, Ti-6Al-4V
BE, TR BEICHERESIRECEEME LTHEL T, UL, Tiiz—aicKk
FEERCRIL, KERLC L 2BHNBENHEHIRIBZIEFMLEN TS, HEEIFE TR
BRDOKFTH b7z, Ti-6AI-V &G E2EEM & L THW B, KEMLIC L 2 BR05RE
DHHEE b, M THCET 2 KREIFERCHRIGICE T AHIFEREL L ENTW S
H38-9 Ti-6Al-4V S4BT 20k 5 WEIFITEA v,

72T, R TR Ti-6A1-4V & 0 KRS & OB 2 38~ KREOBIMUE,
RVEIR OB G % B A ZIRIACGM T, RPURE, B, BHEELI¢ TR, KER
B o> 5T 13 5515 i B 55 (Thermal Desorption Spectroscopy : TDS ) T4T- 72, %72, Ti-6Al
-4V &0 S FEOMBSHT 24TV, KERBEERE & DBIR L #~2,

2. ® BR

2.1 A4

ARFE TRV 72 Ti-6A1-4V &8t a+8 HOEETH 2, AFRN2HICH 0. dmm DER
DT B 728, FHEIETHE & BEEEE CRRIEE L T\ 3, Z0oRBERI "Bl T
Wiz, SRR E Table 1ITRY, FATHDIE, Fel(0.30%), 0(0.20%), C(0.10%) %
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Table 1 Chemical composition of Ti-6Al-4V alloy (ref mill sheet)

H O N C Fe Al \'% Y Ti

coropernical oy | 0030 | 15 | 004 | <005 | 197 | 593 | 418 |<.0010| Re
Table 2 Surface treatment of Ti-6Al-4V sample
Sample name Treament
as-received sample (Pickle in a HNO;-HF solution)
S A R
TiN coated sample TiN coated witt}lgeoséﬁ;lhgg é’:ﬁtcg?el.e sputtering on

ETHY, THUT— RIS EEME L RSENETH 5, ABOBRIE, K& EA715X15X0.4 mm®
DIFHERETH B AW TIE STEHOEN, T b b as-received S, BEWITE % I L 72088
R B LU TIN 24508 L 72 TiN #E sl % v 7z, BFBEIE, #500~2000 Dz 2 ) — M CTHIEE L
7218, RS ~0.05 um D AlLOs /¥ ' —T 7B RIT-> 72, ZOWMBRITH) 2 2ok » TR
B SBEIIRE - 72, TIN #EERHS, ATEBREH S Z Sy ZHIC L 049 0.5 mm &
stoichiometric 7 TiIN [ # £ FE#EHE L 72, ZORER I TINFFOSE T 2L Tz, B8t
FMALTZ DTt Table 2 12 & & 672,

2.2 KFEORI - BEEFFIEDRIE

IRFERINE T TDS BN TIT» 72, TDS EOMEE % Fig. 1IT/R Y, I NEENFEE
JHI (1~ 2) X10%Pa TH %, KEOHALZ, XY T 70— 7307 (VLV) 24 L TT» 72,
MALZKEDENR, 54T 7765 =2 (D6G), A= 7uo—F—5—2(SRG) B L rB-A
D CHIE L 72, MREFORERE X 0.3PaTTh LI e b, ZO&EMEEED TRINE
JIfiE % 0.03~100 Pa & L3 %7z, B0, Moo —y —%@ENMHRTLZ &ick
DT -7, MEE=F—Fb— 8 —CR) T 28BN LI NIT-72. Lo L, TiA&IIaEg
BAEEIIE DT, BN KERRESAIHELEZLNE, £2C, b—F— L3
OWMFIZHEN 2T AT, BEOKEERZIT- 72, ZoBERRE L &IC, FHCP TR
B2 THREEmMREECKIEL 2, TIURERRIE, 507~819K & L 7z, WRIDURRRE, TRILE ST,
BRI & » TE(L &2 05k T 48 B3 (10 Pa, 663K D¥A) TH 5,

MR SR (2 TR R 2 iz, KR O 7 v —F »— b % Fig.2 KR, 8L, Fig
1 #riz7R§ Preparation Chamber D> 7Lk V12 A L, RINSEEREICH L v iRk e
L7ze KRFRSZE0C, BEE 507K T L0 Mmse s A 247 - 712, 20k, #ericiik
IEEE T3, KEEEDLEIE THEAL 2, KENEAFHEIE, 0.3Pa Ll TogA
7a—FRTIT o7, ZL, REDHEIIREFHREEL &0 L DM O BB BR TE 2w
728>, WRBUKFEDMBENEAL D REE % 57280 TH b, £723 Pall LB ESIZALASHRT
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Orifice TMP RP
(10mm ¢)

Window

SRG—/
@ Tranifcr rod
| “Sample holder

TMP RP

Ha

Getter pump Thermocouple
Manipulator
[Somtion-desorption system ] {Sample preparation sysfem |

Fig.1 Schematic diagram of TDS apparatus

{ Preparation of a polished sampl_eJ
U

Setting of the sample to the sample holder
(Attached in the preparation chamber as shown in Fig.1)

0

‘ (Evacuation of preparation chamber) ]

l Movement of the sample from sample holder to heater l

[ Degassing of the sample (570K, 10min) ]

F—Ieating up to the sorption temperature, T, (507-819K)]

Admittance of hydrogen through a VLV (Fig.1)
(P;,=0.03-100Pa)

O
l Absorption of hydrogen during the sorption time period (r,ml-48hr)‘
U
l Cooldown of the heater]
4
{ Evacuation of hydrogen (< 7x 10‘5Pa)l
O
TDS measurement
Ramp rate (8)=0.5K/s
Temperature range :RT-1053K
O

rExchmgc sample I

Fig.2 Flow chart of experimental procedure
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o7 ZNRPERICI—RGT R 7T2FEHAL T 2720, BETEREOEERES TELw
2HTH D, KEENVECT2OTHMOWEIZT/NE LD EEZ b b, KEBILKEDETIN
I3, T10%LAPICHIZ 72 ATE DR R 2 I E 7284, b — 7 — "R 2 Y- TRE% T,
HRe KRR R L 72,

KFEOPEFRE, AP 2 FEREL 0.5K/s & LTHERD 5 1053 K F Cnzh Lk 2 Bl s v
7o FEHRICITRIN E N2k E (WKEREZ &) 13, FEPICBEEL 2kFEoRD & FHl L
7zo BEEEL 72033, MEMRY S5 (Quadrupole Mass Spectrometer | QMS) T L 72,

F72, REOFREUE L2 B EE2 & 52D Ti-6Al1-4V 5E&FIC TR TN T 2 KRFED
BB DWW T L TNz, B 72 308HE Table 2 1R T 3SHETH 2, BIEHES 0.5K/s &
L CEiED 5 1053 K F Thngh LkFE 2 B3¢ TDS 227 + LvE1E7z,

2.3 KEOWN - BEEOFRMELT R F—

Ti-6Al-4V A& D KFEOWINE & VBB EMEIL = AL X — %KD 72, T TAREOBHEE —K
DBEER G & LTy, BBk 0B b A X — 2Kz, ki, BB —EREICRBEL L
XKFEONMEROME &, #ic L AHEEARS P LBEHRD &R 7 HUERATR R & & 1
BLT, BBt A X —%2Kdl, 5 ICIENOFEE b A LX —%, WRIBGRE & IR
BB LKD Tz,

2.4 HEBREOKIE

KERWOEE I b — 5 —IcW )T -8B L D e= 55— Lz, Ti &Gt 8fmsEm vz
,ﬁﬂ%ﬁ@m&it—&—mgin%@mt%zaﬂéo%_me%ﬁL%MEW%WD
FfHTC, BEREERZIT-72, b—2— & 23k L 2808 % Fig. 3 10RY, oHRE
WELD AHT - BB O E F SERTEERE T, &t — 7 —DEFICE D i 28BN 0fRE
L—d—BE T, L, TOEBLZATLZHANWT, To2BiEH 5 12713K $ 83 L &2
TH ED & H BT 2o RPN, #RE Fig 41073, HROEW=AMIZAEEES 0.5
K/s T L b HE L 72 T, 0%, L2V FhoBE c—EEE (%1045
B BE L 72 50 Ted ML TV 5b, BEPER—IL PR TREENTEAE LN Eh b, #
FBEIC L7467 73ERLCLLwEEZ LN, T, FEFD T & T, I3RS
DI EN DL, INLNDZ Eh b, BREREHTIE Tk ToOBMRIZ RN L 5% ), EUTIRIX

Thermo couple

Ti-6Al-4V sample k
> Sample surface temperature T,

Mo hcm, \FE:> Heater temperature T,

Thermo couple

Fig.3 Experimental system for the correction of temperature



16 FHRF L - JKIEET - BRI - IUBHRER - =R(ER - Il

@ During holding at the constant heater temperaiure
A During ramping with the ramp rate (§)=0.8K/s

1400
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4
@ 1200 breersrmreinns
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S 1000k
2
g | P
g elo 0]
8 !
= o et U
o =
g‘ N /
= 400

20000 400 600 800 1000 1200 1400
Heater Temperature, T}, (K)

Fig.4 Relation between sample temperature(T;) and heater temperature(T,)

IR, BEEEREE & TR o8 L2 Tk b - URL 7,
(Ts=273) =0.78 X (T —=278)  wrrevveeerreeeess (1)

2.5 RESH

KRB & SRR IR AR & D BIR 2 N5 720, Ti-6AlI-4V &€ 0RO T % X 68
T35 (X-ray photoelectron spectroscopy | XPS) TH-~7z, #~72500kHE as-received sk}
BLUMERE TH 5, X HIEICIE Mawdt (1=1253.6eV) ZHwviz, 72, 3keVD Art- 4 4
YTRR Ry F L, BEFAOHBSIT LT 2. B ORI E & BT E T M
(Secondary electron microscopy : SEM) i & 0 #2172,

3. BRELUSBE

3.1 Ti-6Al4V §&H 5O H A HEEE—REKE (MEKE) &

ER D TDS 227 F L% Fig. 5 12/R Y, Ehdyr 2z, H, CH,, H,0, CO, N,
CO, TH - 72, H, BB 4T OREI B W THOEMRIC Tk E ¢, 700 K A5 5 Bk
Byl STOK ok E BBt — 7 2 F L Tz, o7 25 500 K Li_E ClistEes s L

f, TOOK AR & STOKMhmic il — 7 2 F L Tz, B r Ao lisais, 2.4X10%
(H,), 1.4X10%(CH,), 4.2x10*(H,0), 4.7x10*%(CO), 2.3x10(N,), 1.3x10'(CO,)
(molec./cm?) TH - 72, KEDWBEDGMD 7 Z I HNT 2 WU ERE W & bh -7, BEEL
AKFREFBEICHEET S L, 90x10ppm & -7, INHEBRICH WA OMEKEBEE
(Co) TH B,
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Fig.5 TDS spectra of polished sample
Absorption time, t,:5hr
Absorption pressure, Pyy,:10Pa o
:03Pa A
J T T y T T T
1000
! k Limited concentration (C,)
~1000ppm
800 - _
600 + N
400 - 7
®
Initial concentration (C,
200 I~ f‘ -goppm ( O) -
@ P2y [ Do
0 1 4 1 1
500 600 700 800

Absorption temperature (K)

Fig.6 Hydrogen concentration as a function of absorption temperature
3.2 JKEWINRER
(DRBREOREREE

IKFRIE DRI BRI Fig. 6 10§, WEN% 0.3 8L 0°10Pa & L, WIS

17

e e U7, BRIUEEES 507 205 819K & T2 b & ¥ 72, Mo Initial Concentration (#J#f#
B C,) iE, 318 TR~z & 912 90+10 ppm (A% 5, F 72, Limited Concentration (FR
FsEE  CL) i3, Ti-6Al-4V &&kENINIC L 2MEREDLIEIFE L 5 KERT, B
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1000 ppm (2 AH& 9 57, IR EE D 663 K LIT Tld, KRBENEIESIIFFEINIS C, 11T G
ERULTH -7z, 10Pa TIE, 741K TRRPPNA RSN 819K TE SHICUNENI ML 2, Zh
KxtL, 0.3Pa Tid 819K TLBINA A7 {, KERRERITITC, LRLTH-7

IKFEDEMREL, AL 21T AUE—BAITRIRIT SR & 4 529999, A58 Tl 10 Pa D&
HTFCRKE CRARBREY»—ET, SRIC% 3 LRNEIE Doz, I, KRR TIIRR
HWED/NE (, FHBNEICERET 22O I REMEET L 2HEFI NS, S 61T, FHF
FETIERR P OKE WHIRE, C) 2REL2E  TRINEER%21T-> T a2dic, C, 28
2 BIZEDINELRLNT, FRBEOEL T WIRE TIHAKRREIRIZITC &t —%L T
LEotHE2 bbb,

(207K SB R D RFREMR T IE

IR E DRI UK E % Fig. TSRS, BULE % FFfi 9 4 726dic, BUUREZ 819K & L
720 WUE N % 10PaB L Ur0.3Pa & L7z, 10 Pa TN EL M & & biciEmL, RIDLEE
3820 IR~ o, TO—ERIBIBLZ 490 ppm TH Y, BRIRE C, DG &
Lotz ZAUSHEL, 0.3 Pa Tk 20 Bpf & CIRIR S @ 722%, IREDZE{L R LN L - 7z, 2L
RO BB E LT, ORIGEE S EEIC/HE v, @0.3 Pa Tld# 90 ppm THHTKFE
BELHTVRE, DIOWHEZ LML, BHIZRDEIMRFETENS S, BENHERICLS D
DEBbNS,

Absorption temperature, T,:819K
Absorption pressure, Py,:10Pa @

03Pa A
T v T ™ T ' !
—~ 1000
g i ‘\ Timited concentraton (C,)
& ~1000ppm
= 800 )
R
o
o
g 00t )
g )
£ ®
S 400t ’
5 @
gﬂ @ Initial concentration (C)
5 200 - ~80ppm 1
S ("
0 —
) 5 10 15 20 25
Absorption time (hr)

Fig.7 Hydrogen concentration as a function of absorption time
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QIkEEEOEIKRENE

Fig. 812, KFEMREDWIE SR ERT, PUIUEEZ 819K & L, KFEEH% 0.03Pas b
100 Pa & TIRWHIENC 72 » TEILE W72, TUBREREIE 5 BRM 3B & 0520 BRRE & L 72, KERILE
ORI iz sm L 72, Lar L, 0.03 Pa OEE CIEVINSEER DI R b 5 K E M L Tk
RIBESIIRE L ) QS o le, FRARBENENOFFRIITITHAIL T 5 2 &h
L, Sieverts' law 2> TV 3 Z ED5bd b, - T, I DKEIUI KT T-H38E L CIRIX
THERIGETHDI EDbrodz, ZHERMTI ERUETH B9, 20 BEEIRIN S W72 4 Dlt, KL
EXENETNDEICBWTUINT—E L &> T/ (Fig. 73R), $6- T, 20 BTN S ¥ 72
b DY Sieverts' law (2t - T 5 L RE L T, WHDKZRBEDE KT, 2 K> 2 np b ol
MTHbD, ZOFFEMCLY, 819K BT, KEfLORAERTH 2 1000 ppm ITEL 2
DR TBICRAKEEAZHOPaLITETNIT LIV 2 0bd 572,

Absorption temperature, T;:819K
Absorption time, t,:5hr @
20hr A

0.1 1
1400 -

Limited concentration (C,)

1200 - / ~1000ppm
1000

Initial concentration (C,)

~80ppm ..
' .

Hydrogen concentration (ppm)

1 . 1 N H " ] i ]

o 2 4 6 8 10 12
Square root of absorption pressure (Pal’2)

Fig.8 Hydrogen concentration as a function of absorption pressure

3.3 REWMEAES L 20KERESEOEL

Fig. 91, WA 2L 372 Ti-6Al1-4V &G DKEDBHEA <7 P NVERT, Z DFERBIZ,
TRBEHCEEN T2 kHE G 90 ppm) 2 BR 2 MEAT 2 Z Lok » THEER 2 b0 TH B,
FEHEE# 0.5K/s, MEBEGE*EEL» S 1063K &L, 1053K T 10 4 EFEEL 72, Awiz
ok, WHEERUE, as-received #MtE L of TIN BHEFEE 0 3MIETH 2,

KEOBMEREIITERE R DL, 20K ot — 7 2F L 72, 2\ T as-received &,
T3 1020 K Th D, TIN #E BTl 1053 KIS L T 2 IcBsiy— 72 IR L 72,
F 72, WEBRECRBE—OfBie— 7 Th - 72025 L, as-received HBHIEREMIZ 3 L 57—
2FEL, TIN#HHERR TP EL IO ENE— 7% BT 5 2 L bi b, as-received ¥
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Ramp rate, § = 0.5 Ki/s
No sorption

1.2x10' - : .

g

i N 1 ¥ T " T T
as-received sample ___ TiN coated
sample

T

g
wres

16
1.0x10 Polished sample

8.0x10'°

g

o~
3
(31) 1 ‘emnyeradue) ojd

6.0x10"
4.0x10"°

2.0x10"°

H, desorption rate (molec./cm?:s)

9 N T v T g T ¥ 1 T
§ 455’&, vrneeneersc TIO, (459.08V)1Y
4 L
>
— 458 |
g i
8
~ 457 .
o - -
&
= 456 - .
G 5
c
2 455 - 1110 (454.7ev)
o ]
O
5 454 7 Ti 453.8eV)™
%o - |
o= . | : L s { . | .
2 35 5 10 15 20 25
5

Etching time (min)

Fig. 10 Change of the binding energies for Ti,ps, core level as a function of Ar* ion etching time

BREPBRICHTELN T 720, KEOWEHERE koo EZ N5, AL T
VLA TORMCBELBICWEE2TERT 5 &, KR SN EH]EL T
%9, TiN @B IIREEEHEE s L TERT A 226N TE DY, 0.5 mm DEEDHE T
TR L 5 T B I E A B, o T, BIEBRE T, BIEBIC L) BHEEBILE Y
WAL T27es, KEFRLEHL T -2bnrEZ 515,

as-received A & BB OE/BOR S FEDOMES A 2 XPS T2, Fig. 10 {3, 3 keV
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DAt 4 Ay T M E Tilpsy, DEEZ AN —NEBRE2RL2LDOTH B, BEET
FEBLDFRED TIO, DFEE T FLF—(459.0eV)™) ¢ —F L CHB ), EEHIFBILL T2 0
Hhhrb, TyFr7EEE L LICEEIANT PR L, &8 TioeT AL X—(453.8
eV) W |z, Lo L, FFEEER Cldulic BB kb § 2 oictd L, as-received ## T
BB E TR EERL T2 E0bhd b, 20726, IEBRE L Y L as-received BB
DIKBOBHE Y — 7IBEFEr -t Bbi s,

3.4 KFEQERI - BEEOFE LT RN F—

WBOTEEACZ AN T =D 1eV L0 LS WIEErFiE s & L IciifEsslc L - (EZ
BT 2358, TORBREEA 7 P ROEFRBHEA <7 PV EFEDL TWEDT—XD
b & ARE L TRBED B AL Z AN X —2 KD B Z &5 TE B, —kOBiHL, FEHREZB
(K/s), Bl —7BE% T HREOBECIANX—%Es &7 5 ELUTORIY LD, 9

%_(ﬂ) x]b( A£d> ..................... (2)

By <@, v ZIREKIETH 5., & 6 ICIREMIH % —ik 9 7% PR e R oo #1313
FEL WL Tn=10%" EIET 5 &,

Ed = ! TP 1 ~ ] Y1 Tp s Y A eeevenansrsestecanens
/fT;? <up B + In i Vi Tp > = N ,8 3.64 ( 3 )
28

L7 519, EEEORER, EREOKFZEORME— 78EZ T,=897~922K Th - 720 T, Bk
DIEMEALZ ANV ¥ —Fq i3 240~280 (kJ/mol) [2.3~2.9(eV)] &% -7z, Al hokFEDIEC
& BABBBEAR P VOB L 5 &, —ROBEEFEIGEOR % BH L CIEOEE L =
ANKE—FEs 2RO B72DHITIE, v 2810257 DA —F—F THEL T 208D L, - T,
v %1028 £ 55 &, Ti-6AlI-4V &P OKFEDIEE D E (L A L X —F 58~67 (kJ/mol)

[0.63~0.73(eV)] &% -7z,

Ti-6A1-4V A&D b DKRFEDIHUC L BBHEDTHE AL AN X — 2 BN FHET L KDz, Fil
Rk 5 OKREOBBEIERETH b L FE2 L B, BB E—CREICREFET 5 & BERY
(4)XTHERINDY,

o0

=392 § ] ~(FE DY o

ZZTdIFEREAMOES, DIIEEL REC B AHEERTHZ, ZHRLYFELLZME
BERRAR & WL o B A BT A o kit & Y, BB b R v X — 4N, BARnYic

13, BB E2—FEEICEEL CKELPRESY, ZooimRoms & (4)3 5 ) Bl
L2 EE & % KT 5, —EBREICHREL 2 & 2nkE0EmR s, Bt ¥—
AL SO KRR OBEAST L 2R % 2 F L Fig. 11(a), () IZiRd, EWL 7%
Bl e > S av—Y g VIR E ABESHEOEE R ET A Z it N WA DK E 5,
ZoHODEETVv=ATay P L2b0 % Fig 1212Rd, ZofE L) EEomEib 20
¥—13 63(kJ/mol) [0.68(eV) ] &% » 7z, Z DEIZIRIC KD 7z FETHEE D KT OILE D TEH AL =
FNE—EEIITIF—E L 72, AR TRD 72 Ti-6A1-4V && 0 KFE DI DEEIL 2 1
X¥—iF, a-Ti (0.54eV) LN L b ThickEL, £-Ti (0.29eV)" D#H 2fFRED -T2,
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Fig. 11 Hydrogen desorption curves in the condition of constant temperature. (a)experimental data
(b) numerical analysis
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Fig. 12 Arrhenius plot of diffusion coefficient
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Fig. 13 Hydrogen concentration as a function of absorption time
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Table 3 Activation energy of H, for Ti-6Al-4V alloy

" H
1.2 1.4

Reciprocal temperature (x103 K-1)

i
1.6

1.8
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4. #& A

AHFZETIE, EREEE RAEME TH 5 Ti-6A1-4V &0 AKETINE & BB EIC DWW
TNz, ZOFRUT DL ) wiime B,

(DZBFFE CHISE U 72 K BIRIE M o #iF N T3, 663 K LT TORBRRINEIZBEHS TAH L 13
IZHEIRELEL TH - 72,

(2)819K, 10 Pa OIRINEAETIZ, KEWNEDIBEHE &R in L #o0, 20 BETKkER
EO—5E & -1z, TOWEITH 490 ppm TH Y, MefbraEZ 5 BEFME (1000 ppm) D45
Loz,

(3)819K, 0.3 Pa nRINZMTlE, 20 RN 24T - T O REDOIRINC & 2 KFEOENIZES
Lo 72,

(ARFEWREE, BIEHOFE R HBIL, Sieverts’ law i2HE - 72,

(5)819 K Iz BWTid, 4940 Pa LIT THAIUTKEF AL R FE TH % 1000 ppm KL T IR E
FMZBIENTE D,

OVEEDKBEDO BRI RENEIC L - TRESHEINL I b oiz, 5T, KE
DIEBEEE L 70 B L ) BREAIE L Ti-6Al-4V &40l 2 sk 0, KERIN & #5013
5ZEDTES,
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