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Fig. 2 Temperate distribution curves of different positions of Ti alloy substrate and Ta-W coating samples after laser pulse heating

for different time: (a) Top of substrate surface; (b) Under 0.15 mm of substrate; (c) Top of Ta-W coating surface; (d) Under 0.15 mm

of Ta-W coating surface; (¢) Substrate without Ta-W coating; (f) Substrate with Ta-W coating
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Fig. 3 SYSWELD finite element analysis results of temperate field after laser pulse heating for different time of Ti alloy substrate
and Ta-W coating samples: (a) Substrate, 10 s; (b) Substrate, 20 s; (c) Substrate, 30 s; (d) Substrate, 40 s; (¢) Ta-W coating, 10 s;

(f) Ta-W coating, 20 s; (g) Ta-W coating, 30 s; (h) Ta-W coating, 40 s
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Fig. 5 Macrostructures of Ti alloy substrate((a)—(d)) and Ta-W coating((e)—(h)): (a), (¢) 10 s; (b), (f) 20 s; (c), (g) 30 s; (d), (f) 40 s
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Fig. 7 Cross-section microstructures of titanium alloy after laser pulse heating for different time: (a) 10 s; (b) 20 s; (c) 30 s;

(d) Image of area A4; (¢) Image of area B; (f) Image of area C; (g) Image of area D; (h) Image of area F
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Table 1 Elements contents of titanium alloy laser pulse heating in Fig. 7

Mass fraction/%
Area Position

Ta W Ti Al Mo Fe o
Oxide on surface 1 - - 78.5 23 0.7 0.2 18.3
2 - - 315 459 - 0.3 22.3
Surface Al-riched area 3 - - 38.0 40.0 0.2 0.3 21.5
4 - - 67.2 11.1 0.4 3.8 17.5

5 - - 98.2 0.5 - 0.3 1.0

7 - - 94.8 1.6 0.4 0.3 29

Cross-section Ti-riched area 8 - - 97.0 1.0 0.5 - 1.5
10 - - 95.3 0.8 0.5 0.3 3.1

14 - - 99.4 0.3 0.3 - -

6 - - 85.2 13.2 0.5 0.3 0.8
9 - - 24.7 55.0 0.7 - 19.6

Cross-section Al-riched area

11 - - 83.0 15.0 0.5 0.3 1.2

13 - - 89.0 10.6 0.3 0.1 -

Cross-section Mo, Fe-riched area 12 - - 344 6.6 42.4 13.9 2.7
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AIGE 2 T 1AL E, TisALE R 358 60.6%F1 4.7%(J5
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B, BHT AR EAEMAXIEZE KR, EMMRX A%
BIE RIS, BEA A TR A SE K, 12 X 32 T
HIELRERIVE . FLIRCGE)(B 8(g)#i Sk TR J AR s
Al TR EHEX (2 11 2.3.4 £ AL EED 518 10.3%.
17.4%- 52.1%(i &7 #0)), (HZXIET LR ZE TR N
F(F 2 B 6~10 SALE Ta SEN 56%(HESE)LL
F)e PRL. fLH. B Al X 5N R R 2801 5
Jaitth, RRERTRE FRSUNTER, WE 8(c)fiR.
JEZRBEINIE R XRD WA IRE o-Ta 41, VLB
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Fig. 8  Surface microstructures and XRD
patterns of Ta-W coated titanium alloy after laser
pulse heating for different time: (a) 10 s; (b) 20 s;
(c) 30 s; (d) 40 s; (e) XRD patterns of surface;
(f) Image of area A; (g) Image of area B;
(h) Image of area C; (i) Image of area D
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Table 2 Elements contents of Ta-W coating after laser pulse heating of positions shown in Fig. 8
Mass fraction/%
Area Position
Ta W Ti Al Mo Fe o
1 68.6 7.4 12.2 2.8 1.2 0.6 7.2
Surface of heating area 11 21.5 - 60.6 4.7 0.1 0.2 12.9
12 71.0 - 18.3 1.9 0.6 0.2 8.0
2 1.3 1.0 68.0 10.3 0.2 0.4 18.8
3 60.7 1.9 9.7 17.4 - 33 7.0
Edge of heating area of 20 s
4 53 0.8 13.9 52.1 0.2 7.7 20.0
5 89.3 52 0.2 0.9 - - 44
6 56.7 - 32.1 1.1 0.2 9.9
7 75.2 12.5 2.1 0.8 0.8 2.5 6.1
Edge of heating area of 40 s 8 71.0 3.0 14.2 2.3 0.2 1.0 8.3
9 87.7 33 2.2 1.0 0.2 0.3 53
10 86.2 7.6 0.4 0.7 - 0.2 4.9

EAE R i 8(e)in.

B 9 iR Ta-W iR 2 /8K A G FE PR Bk b o n
B EMOES. HE9a). (c) (e)FI(e)m %1, Lkt
BOGIMBJE R R T SOl &, dialJE <At iR
TR, B2 2078 218 um(10 ) 248 pm(20 s)+
227 um(30 s)F1 294 um(40 s). SIEARINHGREERT B,
WERFERIEIA LLNAE: 1) m#AyI10 s, 20
s), MNFXTCB AR REOE R, BEIAX A& R
UFIBTAGETERE: 2) INAAX 5 HR S ALTE B 2 5
AR EYHUZ; 3) HTRZICR LY, En
X5 R S A T BRFLTA G Y (A B 9(e)~ (e)~ ()
Tk AT7R): 4) FLIRAGE) A SCAREUR eI “EHE” &
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) 20N 53 22 B A IX (LB 9(g)). HHEE 9(b)+ (d)~
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TEIBLEZRETE RS Al X)), W 9D~
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(LB 9(h)), TOER G 1% XA HAT T LI Gz ) (L
B 9(d)). & X T B FLIF G ) TEAG IR S F1/E R
AONIZAC RS iRt 5 &A%, AT Ak T
INFIZR BT I 9(e)), BLEE A 3R 8 704 FH i
[ RE K, DA IR 2RS0T 4 e 22 A AN A0 4 X (AL 1
8(h)). PGLMIX AE Taw W LEY BUZE, nfad g
WIETCER MDY B, % X IRE TS 4
o Mlep HEEARRED, e RNy .

25 Ta-W RESREEBRREXRS SRR
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Fig. 9 Cross-section microstructures of Ta-W coated titanium alloy after laser pulse heating: (a) Image of 10 s; (b) Image of area 4;

(c) Image of 20 s; (d) Image of area B; (e) Image of 30 s; (f) Image of area C; (g) Image of 40 s; (h) Image of area D
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Fig. 10 Cross-section microstructure (a) and element section-distributions of Ta (b), W (c), Ti (d), Al (e) and O (f) after 20 s laser

pulse heating
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Fig. 11 Schematic diagram of ablation behavior under pulse laser heating of titanium alloy((a)—(c)) and Ta-W coating((d)—(f)) for

different time: (a) 10 s; (b) 20's; (¢) 30's; (d) 10s; (e) 30s; ()40 s
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Ablation behavior of Ta-W coating/titanium alloy under
laser pulse heating in ambient atmosphere

PENG Xiao-min', ZHOU Fan', GAO Ping-ping', WANG Jian-ming', ZHU Geng-li', PENG Hua-feng', XIA Chang-qing®

(1. School of Mechanical Engineering, Hunan Institute of Engineering, Xiangtan 411101, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Ta-10W (mass fraction, %) coating was deposited on Ti-6.48A1-0.99Mo0-0.91Fe (mass fraction, %) titanium
alloy by arc ion plating (AIP). Laser pulse heating was used to simulate the heat input and duration in a gun barrel during
firing. Finite element analysis of temperate field, XRD, SEM and EDS analysis were carried out to study the behavior of
the Ta-W coating/titanium alloy system during laser pulse heating in atmosphere. The results show that Ta-W coating
absorbs and gathers heat during heating process for high melting point and thermal conductivity (comparing with the
substrate), Ta-W coating can work as thermal barrier to the substrate for absorbing and gathering heat. During 10—40 s
heating, the fusion depth obviously decreases from 190—250 um of the substrate to 125—180 pum of the coating in heated
zone and the average temperature sharply drops from 350-900 C of the substrate to 250—500 °C in unheated zone after
depositing Ta-W coating. Porous and reticular TiO, and Al,O; mixed oxides film forms on the substrate surface, but
integrated, compact, mainly consisted of f-Ta,Os and Ta, W-riched oxides film forms on the coated sample. Unlike the
static and cyclic oxidation in atmosphere, there are no obviously spalling of the laser pulse heated oxides film for the
short heating time. High temperature oxidation is not the main failure factor of laser pulse heated Ta-W coating/titanium
alloy system. For lower temperature, large temperature difference and poor fusant fluidity at the edge of heating zone,
pores and Al-riched zone, which may be the sources of the transverse and longitudinal cracks under thermal cycling stress,
form easily in this zone. Composition segregation is obvious in melted layer of the substrate, which leads to the formation
of Al-riched belt and Mo, Fe-riched zone. The Al-riched belt may become the source of the transverse cracks in the cross
section under thermal cycling stress. The cross section of Ta-W coated sample is made up of melted layer, fusion layer
and inter-diffusion layer after heating. Ta-W coating particles sizes decrease with the heating time increasing, intersperse
in the melted layer. Then, the melted layer is rich in Ta and W elements, which maintains the protective effect of the
coating during the heating. The pore belts, forming during the inter-diffusion of coating and substrate elements, provid
convenient paths for the longitudinal cracks in the cross section under thermal cycling stress. The size of the cracks
increases with the heating time, which leads to the spalling of the Ta, W-riched layer. Heat fusing and thermal cycling
stress are the main failure factors of laser pulse heated Ta-W coating/titanium alloy system.

Key words: Ta-W coating; titanium alloy; laser pulse heating; ablation behavior; thermal cycling stress
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