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Effects of the Oxide Film on Hydrogen Absorption in
Ti-6A1-4V Alloy
J.C. Huang® T.I Wu* J K Wu"

W =R

FHFFEEIE ) - R Ti-6AIAVE ST B SR E T Fr R S AR IF2 S8 R_ T
fili - FRZRRUT » FERGIR T B ROSBIEAM I8 - G518 S0 SF SR R B T 22 L (vacancy T L AL
TR (void)H BL 7 X B PR (hydrogen trap) - AT EAIKBHIFALAT - HEFREEEATRRR
EHIF B SR RIREERR -

W& : Ti-6Al4VEE - £k - S - EEHEILE

ABSTRACT

Effects of oxide films on the hydrogen absorption behavior of Ti-6Al-4V at various oxidation
conditions were investigated in this study. The results show that hydrogen traps formed at the titanium-
oxide/substrate interface are due mainly to the outward diffusion of aluminum at elevated temperatures in
which the formation of vacancies or voids is favorable. The main factors to determine the ability of the
hydrogen absorption in the alloy are strongly dependent on the presence of mixed oxide films as well as
their thickness and compactness.

Key words: Ti-6Al1-4V alloy; oxidation; hydrogen traps; mixed oxide scale.
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Table 1 Chemical composition of the as-recived sheets
(Wt%)
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6.00 3.90 0.18 0.01 0.13 0.01 50ppm 43ppm bal.
=2
Rk HNEZH
S10 BEYE - YRR RREE
$20 S20 + 100 “C#7kiA 30 43
S$30 S20 + 25°CF 1 FHHUEHERSA(10g)FH
RSV W B R B (TmA/em?) 30 43
o
S40 S20 + 500 "CZ= @ 48 TP 24 30 &R
WEER
S50 $20 + 700 °C Z2 @48 N4 30 73 Rl
HEZR
F#z3
A% MEZH
Sii S10 + ERBE(EREH
20mAcm’? ;EFFE : 6 /NEF)
$21 S20 + BB E(BREE
20mAcm™ ;R : 6 NEF)
$31 S30 + ERBE(BERERE
20mAcm™ ;B[ : 6 /NEF)
S41 S40 + EREZE(BEREHE
20mAcm” ;BE[E : 6 /INEF)
S51 S50 + EMBE(BEREE
20mAcm? :FE[E ;6 /NEF)
SanR2 -

BEEEVSHEARNES -

BRZECERKENE 1 - SR YE
148 R FI P AE SR B FE 43 47 8 (Frequency Response
Analyzen) B0 & EG & G 1§ & ii & {ii & Model
273A Potentiostat/Galvanostat) ) I a0 @ 2 AR
o SEREEE (10°F 107 ) AAMEFLEE SmV
BREeERE - FHEKEE T L HE & (Auger
electron spectroscopy, AES, PHI 670)%¢ 57 k&[5 #i
FERERERFHERTES  ArgBHERS R
2.5 nm/min 5 6nm/min({gf] SiO, H )R /EE R
£ 3kV K 4kV - EEYRREREBERD



Phei T H+—8F=H RE6EIH

Galvanostat
‘__—, Monitor
A C R
+
S
Saturated calomel
reference electrode
e I
Auxiliary electrode, Pt -—\ /—— Auxiliary electrode, Pt
pocmc i S Bhevin o P

¥ )

Magnetic stirrer

Stirrer / Hot plate

B BEESSKEERER

Fig.1  Schematic configuration of eletrolytic hyd-

rogenation.
REF
CE
WE
Agll
1.
Ti-6Al-4V
computer PAR M273
Potentionstat
printer Frequency response
Analyzer
B2 HREE

Fig.2 Schematic configuration of A. C. dependence.
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Fig.3 XRD patterns of the oxide films on Ti-6Al-4V
alloy after various oxidation treatments.
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Fig.4 XRD patterns of the oxide films on Ti-6Al-4V
alloy after various oxidation and hydro-
genation treatments.
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Fig.6 Cross sectional SEM micrograph and EDS
analysis of S50 specimen.
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Fig.7 Planar view micrographs of (a) S50 and (b)

S51 specimens.
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Fig.14 XPS spectra in the Ti 2p region obtained
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Fig.16 XPS spectra in the Ti 2p region obtained
from the oxide coating made by adding 10g of
analytical reagent methanol.
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Fig.17 XPS spectra in the Ti 2p region obtained
from the oxide scale of the air-oxidized Ti-
6Al-4V alloy at 500 °C .
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Fig.18 XPS spectra in the Ti 2p region obtained
from the oxide scale of the air-oxidized Ti-
6Al-4V alloy at 700 °C ,
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Table 5 Hydrogenation efficiency of Ti-6Al-4V alloy

after various oxidation treatment ,

electrolyte IN H,S0,

current density 20 mA/cm?

charging time 6hr.

sample Sit S21  S31 S41  S71
MHD( zm) 1.99 0.48 1.90 024 0.80
Calau.%) 17.8 1.02 19.12 412 3.67
h2(mg/cm?) 320 044 330 009 026
h1(mg/cm?) 0 0 0 0.06 0.18
h2-h1( ug) 320 044 330 003 0.08
HUE(10°%) 159.0021.90 164.00 1.44 3.97
MHD: | REBERE

Ca: THHTRE

hl: BEHEEH LS R KEHE B (ng/cm?)
h2: BRBEFH LD RIS E & (mg/cm?)
HUE: 8FH AN TZBABE

TE  HRFHECHGUMSCNERIELSH
MEZECKFHERNBR - S30 HEMAEIE
HHIER(8.0 um) HEBEREEL HHRE IN
B K BEW(pH: 1.2)F R S RF R ERREALR-
1.1V(sec) * ¥ 1E Pourbaix EHISKIBHEE - 81
BERFRERE T URNRHIGHB a2’ ER
B 850 & S40 WEMABEEESHE - W HH
XPS #5418 TiO F1 TiO, #iFE & B E S K
SSLEANE T RSO ERE Y B EEHLA
$& > PRSI B BREBF - HRESET
BB TR AR/ EE hiE 13 - 21450
EHBR R A ESMER IR S RS L fE 8
E AR & T 22 £l (vacancy) T &2 B FL 1 (void)
R 7 B S BE B ( hydrogen trap) R T B 40 &
22 » FiBL 851 EEABHEMENA RS SR
BT - 4R S40 K S50 BRI R HIHIE S RIBCRER
T8 MAERESIRER THECEER 2%
JE3G H MRS - FRDUE RIFRVHIRRZ S8R -
HitE SRSk BNEER S HE#HE
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