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Abstract: In order to improve the high-temperature oxidation resistance and further promote the engi-
neering application of titanium alloy in high temperature and complex service environment conditions,
high niobium Ti-Al intermetallic compound oxidation resistance coatings were prepared on BT3-1 tita-
nium alloy surface by laser in situ synthesis process. Microstructure of the composite coating and in-
terface was optimized through a self-designed heat treatment process according to the defects in the
coating. The phase structure and microstructure of the coating before and after heat treatment were
analyzed by Optical Microscope (OM), X-Ray Diffraction (XRD) and Scanning Electron Microscopy
(SEM). The results show that the coating mainly consists of Nb, intermetallic Y-TiAl, «.-Ti; Al and
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Ti; Al, phases before heat treatment. But after heat treatment, the Nb is dissolved in Y-TiAl and a;-

TisAl, and new phase Ti; AINb, ; is observed in the coating. The microstructure of the coating is ap-

proximately Y-TiAl+ a,-Ti; Al biphasic lamellar equiaxed grains structure. Moreover, the element Nb

particle and Ti; Al, phase which weaken inoxidizability are not observed in the coating. The macro seg-

regation of Ti, Al and Nb is eliminated, and the pores or cracks at interface positions between the

composite coating and substrate are disappeared. A distinct white band transition metallurgical bond-

ing layer is generated, and the microstructure of the coating is more uniform and dense. Heat treat-

ment plays an important role in improving the Nb alloying extent on titanium alloy surface and increas-

ing the high temperature oxidation resistance of the Ti-Al intermetallic composite coating.

Key words: laser in situ synthesis; heat treatment; Ti-Al intermetallic compounds; composite coat-

ing; microstructure
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Fig.5 Element distribution of Ti, Al, Nb in laser in
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ZHAMEN., B 5 RESGEHEZENIKESN.
K 5(bh)5(e) 543 %F B Ti. AlLNb 3 ot &
ERER AR ATLUE LR 2 IR R AT
#F K LT Nb Uk, 72 5% 47 Nb FLF % Nb J6
T TR B A IR SR B S L T Ti. Al G
ZW BB M S . E5RAFE Nb BT DL AR X3,
Ti, Al TTEAERZ TR 355, Nb JTTE 1

W B ERMK. BRI E., E5%EDR Nb
JCE AR A TiL Al JC R LE R 7 B 351k 2
s F Ti-ALND 1R G 8 oK 76 BOB R B 2 Bt b s
DL AN FE43 5 5 1 %% B R Nb BT iU AR A
W2 TS, BARC AR EMN Nb &4 1Lhk
S Ti-Al )8 Rk & 9 i A Ak ok Rt
EARSEE H Nb A9 2R £ 00585 Nb ST &R X Ti-Al
& )& [ Ak & bt S A0 1 e Y P Ak VR R L R i A 2
i 3 349 40 f B A BN Ak 3

Bl 6 RO E AL A B A 2 AL 3T Y
SEM JE$i. Hirb, & 6 Ca) A 6 (b) g 15 B 5
(BSE) A3 N i 2 RS R # m ) B A2 21, A
REEEINYE I N AR AT Rl =5 A
oL, FE T )2 00 2 359 0 40 /0N 55 Al o T TR )2 I
A AT AL v A7 B DA T R T RO B B9
o URDIR P 5T, B AR A7 B BT Nb J0KL . 7 B 5T Nb
WURE LA AN Y AL 5L Ti-AL 48 ] 4k 4 4 Sk i 50 1y
AL, B 6Co) A 6(d) 2 Tk JZE T Wi At
RRBORIE S, K 6 (o) NI E AR Nb B
ki, 0T L A FRAE B N R 10 G 8 AR Bt
e B O b 1 R B T R TR B Nb & A, B
FBLAE R MK I A VE R T I ERIE L 3. 534 Nb

&l 6 AL FRHT O AL A K Ti-AND B G2/
SEM JE $i
Fig. 6 SEM images of laser in situ synthesis Ti-Al-

Nb composite coating before heat treatment



1482 e K TR 55 25 %

Wikl 25 Ti-Al IR Z BAH L 4 pm )L P
2, R TR Ti-AL-ND R A8 R 0 57 52 A
564 {H Nb 3685 J& [l Ti-Al F& K & A 55 2
B, X HE—A U, Nb 5 Ti-Al &R 1 5 A7
JR AT ARG T A AR T g kAT, B 6(dD)
R UKL LA AM DX 1 JRi i K B, T A L Tis AL
R Z ] B A SN HE AT AR5 R FE 43 s A RO R
TE BT 40 /N 35 50 1 46 il o A 405 (R AR TR 2 R AT
FEAE— S8/ NEFLIR L U 2 30 B MK
3.3 AAERESENMUNLEH

7 N HRAL B S TR 2 A4, R AT
Bl A RS U 2 5 EEA 5 A S AL LR
MRS HE AR, BT B W s )R
ORI S IRV T IRZ N ORES
Fb Z E R T R HOE . [FIE, 7E oAk 3
AR BN Ar TR 0.7 MPa, fEAMNE
MEEERT RZSEM S EAE —EBE
(9 SR P AR T I (] £ I A 3 o sk 555 1% 9 P A2 R
FRUR A B A . Bk RS EHZ
AME G T W2 N S A A E A LR R
O IRE S M B4 B o RAF G 4 2
A ERREASEEEE . A, A IS R
2R IE R WS E) B Nb Ok L 4% 2 v 4n )N 1 45
ity ot B Sy OB RO ST R R A o S TR ZE
WA ARG TN 5] 3 WA P4 O o
oL B A Nb ks 5 R B Ti-Al AR SE 4T T 784
KR 3 )2 AR AF A9 Nb BUkL [ 3% 2 A Bl Ti-Al
G B AGG Y B I8 W T P 0 B A B v R
Ti-Al & L5 .

7 HALBLS Ti-ALND 24 %2 B4
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Microstructure of laser in situ synthesis Ti-

Al-Nb composite coating after heat treatment
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Tab. 1

EDS analysis results of element content at different

points in Ti-Al-Nb composite coating

Position

Element content(mass %)

TrK AFK NbK

Position

lement content(at /4)
TrK AFK NbK

Point 1 in Fig, 9(a)
Point 2 in Fig. 9(a)
Point 3 in Fig. 9(a
Point 4 in Fig, 9(a
Point 5 in Fig. 9(a
Point 6 in Fig. 9(a
Point 1 in Fig, 9(b
(
(
(
(
(

Point 2 in Fig. 9(h
Point 3 in Fig, 9(b)
Point 4 in Fig. 9(h)
Point 5 in Fig, 9(b)
Point 6 in Fig. 9(h)

48.81 25.72 25,47 Point 1 in Fig. 9(a
48,86 27,20 23.94 Point 2 in Fig. 9(a
47,44 25.81 26.75 Point 3 in Fig. 9(a
49.98 33.09 17.93 Point 4 in Fig. 9(a
54,94 27.78 17.28 Point 5 in Fig. 9(a
48.67 26.64 24,69 Point 6 in Fig. 9(a
45.53 26.48 27.99 Point I in Fig. 9(b
52.39 27.53 20.08 Point 2 in Fig. 9(b
47.71 26,63 25066 Point 3 in Fig, 9(b
58,71 30,90 10.39 Point 4 in Fig. 9(h
48.84 29.55 21.61 Point 5 in Fig. 9(b
(

)
)
)
)
)
)
)
)
)
)
)
51,16 26,51 22.33 Point 6 in Fig, 9(b)

43.78 42.89 13.33
43,94 45,27 10.79
44,29 42.82 12.89
41,84 50.26 7.90
48.50 43.62 7.88
44,76 43.52 11.72
42,50 44.01 13.49
46,92 43.80 9.28
44,05 43,62 12.33
49.23 46,16 4.61
43.41 46.68 9.91
46.06 43. 34 10.60
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Fig. 10  Oxidation kinetics curves of titanium alloy

and composite coating samples under 950 ‘C
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