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Microstructure Characteristics of Titanium Aluminides Matrix Composite
Coatings Made by Laser Cladding on Titanium Alloy Substrate
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Abstract Laser cladding of powder mixture containing titanium, aluminum, niobium, chromium, carbon and other
elements have been conducted on Ti-6Al-4V substrate in order to synthesize titanium aluminides matrix composite
coatings reinforced by in-situ titanium carbide particles. Primary analysis of morphology, microstructure,
composition, phase structure and microhardness of the coatings had been performed. The results revealed that the
microstructure of coatings obtained here can be characterized as y-TiAl grains+ y-TiAl/a;-Ti; Al lamellas+ carbide
particles. The y-TiAl grains exhibit equivalent diameter of approximately one micron. The even distance of lamellas
is below 500 nm. The carbide particles exhibit a stick length of several microns and distribute uniformly throughout

the coating.
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Table 1 Chemical composition of powders

Ti Al Nb Cr C CaF,
Powder ;
% (atom percent) % (weight percent)
Cl 38 50 10 2 4.8
C2 38 45 9 2 6 4,8
C3 33.8 46. 1 9.7 6.3 4,2 2.2

BIPFM T RTREREREREZ. Cl FRERNE  EARMREOHE  FEA2RAR. C2 TEFEH

Bl BREEWEH
Fig.1 Macromophology of coatings. (a) Cl, (b) C2, (¢) C3
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Fig. 2 Micromophology of coatings. (a) Cl, (b) C2, (¢) C3
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Table 2 Measured results of EDX point analysis

(atom percent)

Coating Ti Al Nb Cr

Top 45,19 45,80 6.41 2.59

C1l Center 45,37  45.39 6. 45 2.49

Transition 62,33  30.36 5.55 1.76

2 Middle 54.60  34.68 6.73 2.19
Precipitate 92, 49 2.92 4.43

Center 45,91 44,46 4. 80 4. 83

C3 Bottom 53.69  38.30 3.85 4,20

Precipitate 51. 57 39.96 7.16 2.99
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Fig. 3 Bright field image of C3

lattice of y -grain; a = 0. 3734 nm, ¢ = 0. 4022 nm. Lattice of

5900 nm, ¢, =

lamella a,=0. 3909 nm, ¢, =0. 4237 nm; a,=0. 5900 nm, ¢, =
0. 4643 nm



¥ T FEHRAE:. KESREEREBOUAEHSRBLYERLGREARRE 45

0. 3975 nm,c=0. 4062~0. 4097 nm;a. - Ti; Al ¥ &
$H8 Bl a = 0. 5783 ~ 0. 5640 nm, ¢ = 0. 4760 ~
0.4619 nm™') , R H AP EET — LA ETR. H
F,y-TIALAHE o/ a (340, T « [ 5 B A 52
% Nb T & (500 ~ 9%, JR FH 450 WEEH
W&t
3.3.2 &AM

BOtB BB, MEREHBIEANBR
TEFOCRE IRA T R BOLREEB T A 1L . TS H
Xof O B B R B T AR B R o B BB R B
KA, AR AN

a(T) =0.365{ps[1+ p(T—293)]/2}"* —

0. 0667 {00 [ 1+ p(T—293)I1} +
0. 006{ps [ 1+ p(T—293)1/2}°,

K o IR LR, T AR, 00 A BHE 20 C
IDLELEY

TiC, WC Hl CryC, 1F 4 Fg ¥4 , Horn P A LK
BESROREZ, FRRPLEROMKRE, BT
A LA 5 ' 58 S B0 BE B T L 3 Ain P AL
XEFaAY IR B E RSB 17 pQ ¢ cm,
52 pQ) e em,75 pQ ¢ em™, AH AT 3K, Cr, C, ¥ Y
PR SE S THE.

TEROCHRAE AT AL BRI % B 5k
Ao maEL, KRR iR EEX. 8T T 5
C HABRIIEE T, 5 T & H R LA E LY
TiC, T BB £ & BB TiC W iRAH. WA 48 st
TiC B RIF R 1 BEAT TiC A AR T A R E K
R, BT AT LASRAF A0 /NSR R TiC ORGSR AH . T Bk
e AR R AR 5 R RO IR RS & B+
T B RO R IR T 204 0

Cr tRRUREEGETH -MEESGESTR,
EEENSBEEN, TURFRESSMIEML
Yge fn ) M, B ¥E A Ti48A1-2Nb-2Cr, Ti-48Al
8Nb-2Cr S LM MBI & &R R, BH,Cr TR
BAN KB 450~8% JRFHSEO , & W L4k
Baahi.

LA Crs G, FE ¥R 2 w38 58 A0 B9 B R A, Cr, G,
WORLFE MLV g 5 v AR R SE R B & &1k

Al TTEEARE SN EZEZG S ITRMKELY
A EEHBITR Z— MR E B H AR 451 F s AL AE B
EWAEZENEM, RIE TrALC =THE R — L&
R GR", TEAFC =J0 R A 7E = R 288 A Bk 1k
¥ Ti, AIC(P A8 , Ti, AICCH #) A1 TiCHH(E 4), 5
AP ARIE B I E SR, THALC Z AP R TEE

Bk AL Yt ] BE & Tis AIG, , Ti, AIC I TiCH, Ho,
Ti; AIG, , Ti, AIC H AR BIFRE X,

« single phase
o two phase
s three phase

Ti 20 TiC,_ 60

A4 TirAl-C =ZJTARE 750 C4RHE"
Fig. 4 Isothermal section of Ti rich corner of Ti-Al-C
system at 750 ‘C%
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Fig. 5 Morphology of in-situ precipitates
(a) stick like; (b) ball like
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Fig. 7 X-ray diffraction pattern of the coatings
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