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Wetting behavior of melting Ti-Al alloys with TiN

LI Chun-xin, LIU Xu-yang, LU Xue-wei, QIU Gui-bao, BAI Chen-guang

(School of Material Science and Engineering, Chongqing University, Chongqing 400044, China)

Abstract: The wetting behavior of TiN by Ti-Al alloys was studied using an improved sessile drop method at 1758 K.
When the mass fractions of aluminum in the alloys are 40%, 50%, 60%, 70% and 80%, the initial contact angle are 68°,
92°, 106°, 140° and 140°, respectively, the initial contact angle has a large dependent on the composition of alloys. When
aluminum content is higher than 70%, it could be oxidized to Al,Os film covering the surface of drop. However, the finial
equilibrium contact angles are all less than 20°, which slightly decrease with increasing the aluminum content. The
interface after wetting is enriched in high content of titanium and low content of aluminum, no reactant is found. Through
calculation, it is known that the chemical potential of titanium in alloys is higher than that in TiN. Under this condition,
the titanium is adsorbed on the interface which improves the wetting undoubtedly. In addition, when content of aluminum
is higher than 60%, Al will evaporate largely during the final period of spreading, but it has little effect on the variation of
contact angle. The AIN and TiAl; detected by XRD are due to the slightly reaction between alloys and TiN, but the
contents are low.
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Table 1 Fabrication parameters of Ti-Al alloys

G & R R R & SR 1.

TS8R AL B AR R e R T LU G, R
PM100 AT B S REERIBNLAE Ar R T HEATERES,
B3R 200 r/min, BREEE A 10 min, 7ECRUEREIA
RARGEE O AR IR A Y5 KBRS 1K)
BHEALFREL 6 g ¥ IR EAE A 2 em IBRIAER, TE)h
20 MPa. #H4FE RPN BN 2 cm 1) ALO;
WA, AMEASEHIIRE U b A T e 4, i
FEER 1 Fra o SEa T H Al 7<(99.99%) [ = HEd 3
R, K belr Ja BT FH G WA BT B i B P R, I
FIFH XRD 73 HrdLam, g5 5 A6
J 5 BRI DU AT o

1.2 EmMfANE
A S0 i £y PR R FH P T A R i, S
FEEME 1 PR, ZREE EERINARS . B RS
HARG. MKk RS MRS, M EF RGN
KGRI R G
Sample

(Ti-Al alloy)
\ _ Thermocouple

Mo shielding = = Melting Ti-Al alloy
layers Substrate
1
He-Ne laser CCD
<1 il b
Heating Filter
system g
Gas '
Vaegum = quenchmg
system ata

Sample supporting  valve
platform and
lifting system

1 e v A% S e

Fig. 1 Schematic diagram of high temperature furnance for

acqulstltlon and
processing

wetting experiment

Sample = Mass fraction of ~ Mass fraction of Melting Sintering Heating Holding
No. Ti/% Al/% temperature/‘C temperature/‘C rate/("C-min ") time/h
1 60 40 1470 1350 7 4
2 50 50 1430 1350 7 4
3 40 60 1380 1350 7 4
4 30 70 1330 1050 7 4
5 20 80 1300 1050 7 4
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Table 2 EDS analysis of different points shown in Fig. 8

Mass fraction/%
Point No.
Ti Al
1 81.69 18.31
2 69.84 30.16
3 80.54 19.46
4 76.9 23.1
5 78.49 21.51
6 83.51 16.49
7 83.77 16.23
8 87.08 12.92
9 83.72 16.28
10 37.51 64.29
11 2.5 97.5
12 2.45 97.55
13 96.37 3.63
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Table 3 Calculation results of activity of Ti in TiAl alloy

Mass Mass Mole

fraction fraction fraction (kAJijffl) PTi ar
of A% of Ti/% of Ti/%
40 60 0.457 —1346.630 0912 0.417
50 50 0.360 —2515.372 0.842 0.303
60 40 0.273  —2451.001 0.846 0.231
70 30 0.194  —-608.336 0.959 0.186
80 20 0.123 3315935 1.255 0.155
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experiment (Ti-40%Al): (a) (111), A26=0.13°; (b) (200),

A260=0.09°; (c) (220), A26=0.13°; (d) (311), A26=0.11°; (e)

(222), A26=0.05°

281 THEEAT B0 S A T B R AT 4.253 A Uk
NEIT 4251 A, KR4 SCRR[3 1] TiN, ko £ 5 42
THiE LI OC FR TS HL A 2 T d LU el JRUaR 19 0.8 7 93/ 3|
0.865, [FIFEMITTIEAR N T34k 4 RIS ) TIN Hepi
HEAT XRD WA, S5 SR, &b,
THE LA RIFLEE (P3N 21 0.594 0.65+ 0.61 1 0.75,
IEI S B A4 Ti B9 BB AR TIN R iR 0%, T
TiN §hk% £ 5 NaCl AL, &P s s A2 e ik &
Y, BB R EUC R A M SR
7E, H& XRD K3 T AIN [FEA4E, Pk, BERR TiN,

AT 5 L B9 32 IR R AR Ti Y8
AT WIHE AIN R TiAlL AR RGALRE, X S Ak my
RE R AL AL SN AT ) 24 B 45 B3R 4 B

F4 AT RER AR E Y

Table 4 Possible chemical reaction on interface

Reaction No. Chemical reaction AG/(kJ -molfl)
(6) 3AHTIN=TiAl;+0.5N, 100570
@) Al+TiIN=AIN+Ti 51108
®) 4AI+TIN=AIN+TiAl; —22581
©)] 2AI+N,=2AIN —246301.9
(10) 2Ti+N,=2TiN —346653.5
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