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The Oxidation Behaviour of Ti-6A1-4V Alloy
between 500 and 700°C for a short period in Air

J. C. Huang T. I. Wu and J. K. Wu
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ABSTRACT

Air oxidation behaviour of Ti-6Al-4V alloy was studied in the temperature range between
500-700°Cfor a short period. Oxygen ions diffuse inward and aluminum atoms diffuse outward.
Significant pile-up of titanium and aluminum near the oxide/substrate interface and outermost
surface respectively were observed above 600°C. Oxidation of vanadium was observed above
700°C. The existence of vanadium in titanium accelerates oxidation rate and thus increases the
thickness of oxide scale. Alumina was never found at the oxide/substrate interface. TiO was
always found at oxide/substrate interface and grew parallel to the interface. The external
air/oxide interface was always occupied by paralle! thinner TiO, whilst thicker mixed oxide scale
formed on the TiOy/ TiO interface.

Key Words: Ti-6A1-4V alloy; oxidation; air; oxide scale.
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Ti-6A1-4V &% FE 500 °C-700 CHZER T EEELITH
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Table 1 Chemical composition of the as-recived sheets (wt 36)
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Fig.1 XRD pattern of the oxide scale of the air-oxidized
Ti-6Al-4V alloy at 600 °C
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Fig.2 AES depth profile of the oxide scale of the
polished Ti-6Al-4V alloy
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AES depth profile of the oxide scale of the air-
oxidized Ti-6Al-4V alloy at 500 °C
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AES depth profile of the oxide scale of the
air-oxidized Ti-6Al-4V alloy at 600 °C

El 4

Fig.4

6 nm/min, Si0;

ACY%

60
Sputter Time ( min }

Ti-6A1-4V £ 700 "C 22 @48 1 NF 30 - AE
BEEBRZ AES BRI R 53

AES depth profile of the oxide scale of the
air-oxidized Ti-6Al1-4V alloy at 700 °C
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Fig.7 XPS spectra in the Al 2p region obtained from
the oxide scale of the polished Ti-6Al-4V alloy
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Fig.8 XPS spectra in the V 2p region obtained from
the oxide scale of the polished Ti-6Al-4V alloy
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Fig.9 XPS spectra in the O Is region obtained from the
oxide scale of the polished Ti-6Al1-4V alloy
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TG ia=x/| BIGHE(CEV)
pure 454.1
Ti2p 5, TiO 455.1
TiO, 459.2
Al2p pure 72.9
Al O3 74.4
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V,04 517.4
AlLO; 533
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TiO, 529.2
oo
et a5
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Fig.10 XPS spectra in the Ti 2p region obtained from the oxi-
de scale of the air-oxidized Ti-6Al-4V alloy at 500 °C’
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Fig.14 Oxygen equilibrium in the Ti-O > Al-O
and V-O systems
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A G r=-511,214 + 89T 3
A Gyr =-1,499,575 + 258T (6)
A\ Gsq=-2,434,328 + 428T )
A Gyr=-913,141 + 174T 8
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HEFARRANESE 021atm - DIBRTE
XPS WEHE > A REHE TiIO, AR -

i1 AES ByfE SR 500 °C ~ 600 °C ~ 700
CERBHEMBRENE 8T HEINHE
B - BRI AT HEE-75.6(eV)ER 2p BHIFASREE
Y1E TiO, B9 ALO; Z FAHR -

Ti-6Al-4V 7£ 25 CTRBEBRART 48 /)
i ARHEEABNAEREBREEE TiO,
) ALO; A » RTERREMELLEK/ MRS - B
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* 3 HEETRE (Poy) £ 0.21atm FETE 500 °C
~700 °C 4 ¢ ALO; f TiO, 88 (A~ gk (Ti)
FIE/INEYE (Qmin a1 * Qmin 10)

Table3 The calculated minimum values of a4, and

Q,in ) for the formation of Al,O; and TiO,
between 500 °C and 700 °C

500°C 600°C 700 °C
Amin Al 1.18x107% 3.55x10% 4.9x10°%7
Ammin Ti 1.66x107% 1.84x107% 7.2x10°

£ 4 f£500°C~700°C 2 4, =53 X 10° - & ;=
0.815 A 5 ALL,O, - TiO, %0 TiO K& #;
i BB (dissociation partial pressure)
Table4 As @ ,,=5.3 X 10°and a ;=0.815 between
500 °C and 700 °C - the value of the
oxygen dissociation partial pressure for
formation of ALLQ; » TiO, and TiO at the
oxide/substrate interface

500 °C 600 °C 700 °C
PO diss (ALoy) 1.3x10°% 5.7x10°! 4.1x10%
P03 diss (rio 9.3x10! 4.7x107 1.877x10™
Po, giss (1i0) 2.4x10% 3.9x10! 7.5x10%

KEE HEERE - B0 © AR - L5 ZHR9R
BRI EEERER R ERANNER T ZF8
FI& - LR EFEIIE R R R - FTLUE SR
FAEBEILE Ti-6A1-4V SRR _E AR % HM
THZZEEMER - SAKPIBBAZ R - #8
48 NFRRRBEENEARES R ERE
i SEEHETTHEAR © 53— A HE X o-Ti LEJ(0001)
TR HREHERTE - 8K EEBE o
Ti » AR EEE B-Ti - ArEUE AR
BILAB R % - BN E S BRI - NE
& FTRASELLE AR KA - H15 Ti-6Al4V
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GEHRE 2SS CTREBNRART 48 /NFATEE
B XPS 734 - I FRERANEE TiO, - HA[F
BEEFE TiO, 1y ALO, A5k - HEEK XPS &
FrO 1s > ANE 12 » & ArBE =0 @B EMER
SRAE O 1s -2532(eVHHE M - HEER RAM
8 - FESKFIRISLAYEASS - TT DU HEE BLRS 48 F)
I Ti-6Al-4V SEHEM T 5 0 1s -532.2(eV)2
FEBTE Ti-6Al-4V §&RAERE Bl A
$2 ~ ghFRON &AL - 500°C ~ 600 °C ~ 700 CLER
MBS ABRHENER  RERTAE Tio, 1t A
B ALO; BYFASR - WEE G AR S /LEkBIAR
B EIETE TiO, ) ALO, Z EAGR -

1 Datta®"E A RHMREMERE  HlE=
B E K FETE Ti-6Al-4V SR ERAE °

2Al,) + 3/204 = AL Os, (10)

2Aly, + 3/20,4, = AL O, (11)

Tigsy + Oagy = TiOssy (4)

(10) ~ (1R X AYAZ#E H EHBE() mol ") B B
(T in Kelvin)BARZ FTHH T 7 = REF D -
AGyr=-1,694,432-65.61TlogT + 9.12X 10°T? + 16.46

X 103X T'+ 517.3T (Range, 25-650°C)  (12)
A Gy 1 =-1,676,000 + 320T (Range, 650-1527 °C) (13)
FrBA:
{ aAlZO3 } (14)
G =RTInK,=RTIln {(————————
A Gt 1 @ - (POz)m
n | Arios L as)
N\ Gyr=-RTInK,=-RT In
4,T 2 an - P02
K, ~ K, BFEEE - & TiO;, - ALO;

HY activity £5 1 E57 BB (Po)HIEE R RRFRKT
0.21 atm - FTDATHIR KRR Z S H -
A, = (Po,) " x exp(A G, 11,7/ 2RT)  (16)
Ay, = (Po,) "' x exp(A Ga 1 /R1) (17)
BILEHRAER ALO; K TiO, 2 &/INEHE
Bninal * Bminti * Q03 3 AR © K Ti-6Al-4V IRy
A KH Aa THERESL L - BTLUE Ti-6A1-4V 2



Ti-6Al-4V &<&7F 500 °C-700 CRERIEHEELTE

07 ( TiO 1o/ TiO1y)

Po; (TiO1../ TiO)

substrate

®)

15 REFBERERE
Fig.15 modal for the growth of lamellar-aggregate
product morphologies

BEEMANRATSRBELEMTEK TiO, - Ik
REELAT BN R - S B gEE kB TR
BOE B Tio, & I # f% B BE (dissociation

pressure)e % 4 B ay; = 0.815 ~ ay =5.3x107 >
HESEE ALO, - TiO, k TiO Z S iz

B - KEER(1)Z TiO W&t idme Bat Han=\
(18) ~ (INFT/N

A Gir=-RTInK;=-RT In {.__aT-““—}
| ar - (Poy)”

8 Po, = (QTi)? X exp (2 /A G/RT) (19)
% 4 F RAE & B SR E S LK TIORY i
NGBS BREE ALO;s /N— BT » BT TIO £
&b & 81 & B 2 B/ 5 E (oxide/substrate) 4
B B LVEHILE ALO, BIAER" Al
R T $87F Ti-6Al-4V g » HEH AES 7%
MEMRNETEASLEES ERELER
Bt IR SLE L8R 2 S T RE - L ALO;
s EIE TiO, HEM R E MK - RE

(18)
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§k > Blan: Ti,0s, Ti 05, TiO - HIFEE HEELE ARY
MBI BEFAE

EEABHEAXRZHENAE  BEEBYE
DT B S AR RSB i B /INE T (amin a)ERTE A
TLEKRISK 2 B/ INE M (amin 1 )T FE 2 A B A05R 4
B o BRIGER - SkEEEM TN EHERE - &
FA TiO $EHISKAYIERL - FTLIRE S 8E - BlgR AT
ST (pile up)B9ER 4 HERTEMHI@TINE T &AL -
e B B R IE N > SR 1E S HERE (pile up)HY BB
8 FTLAEE 600 °C I 700 °C B E fuid KRB E ML
f& i [EH9 L (gas/oxide)H AlLO; X -

BEALBRES SR EA R HE
BEEHREMEN A EEEMER TO - iE
TiO B BRI INRE (- $kH) E AL HER -

R ZIER » Andersson® 8 H N
V, TijOp(x = 0. DAY E LM FAK R L ERIHN
BEFRRT 4E BREBENFERESRTE
FLZEEM AR T V.0, K - BER
ST 22 FLIE N - ANthE SRR T IR S A
H MBS S0 SR8
DLEF TiO ELRARE IR SARYIES AL - FTLL 700
CERBEEMAF  SAERERE  fHEEE
F|EAR500°C ~ 600 CERMEMFFIRIE
B2 .

EH AESHFE BRAKE Ti-6Al-4V & &7 Euik
BIERHEH TER TS  SBETERENTE
HBE EEMNTGEEBEKENERET K
FFIESCE R %18 > Kofstad ™ EaT B
S BHEMEEBRE 30% S o-Ti B
BIR 8 - F Robert® 1RI% Wagner® A 2 HHI 3R
£ 451 (aggregate arrangement)f IR - FHIRE
HEEREIE 15 R ERTUET 48R » Dbe
PEBEEL Dad #5GHE b BMUBAISKEERE a
2L FRFEEE b BEGIELL a Bh{R - ATLL b B L
B RS LSk & KA EL BRI B E A4 B EHIR T BT
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Fig.16 Oxide scale on Ti-6Al-4V alloy after air

oxidation at temperatures in the range
between 500 and 700 °C for a time
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