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Fig.1 Mesh dividing and thermophysical properties pgrameters of SYSWELD finite element analysis: Mesh

dividing of titanium alloy without (a) and with (b) Ta-W coating; (c) Thermophysical property parameters.
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Fig. 2 SYSWELD finite element analysis results of temperate field after laser pulse heating: temperature vs distance
to sample edge of the substrate surface (a) and under 0.15 mm of the surface (the inset of (a)); the Ta-W coating
surface (b) and under 0.15 mm of the surface (the inset of (b)); temperature vs distance to sample top of the substrate
without (c) and with (d) Ta-W coating; temperature of the3ubstrate after 10 s (e), 20 s (f), 30 s (g) and 40 s (h) laser
heating; temperature of the coated samples after 10 s (i), 20 s (j), 30 s (k) and 40 s (I) laser heating.
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Fig. 3 Ablation kinetics and macrostructure of the substrate and Ta-W coating: laser pulse heating ablation
kinetics (a), cyclic oxidation kinetics at 900 <C (inset I) and static oxidation kinetics at 700-900 <C (inset II) from
ref. [4, 17]; images of substrate after 10 s (b), 20 s (c), 405 (d) and 40 s (e) laser pulse heating; images of Ta-W
coating after 10 s (f), 20 s (g), 30 s (h) and 40 s (i) laser pulse heating.
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Table 1 Elements contents of titanium alloy laser pulse heating (wt. % and positions are shown in Fig. 4-5, EDS)

Position Ta W Ti Al Mo Fe (¢}
Oxides on surface 1 - - 78.5 2.3 0.7 0.2 183
Surface Al-riched area 2 315 459 - 03 223
3 38.0 40.0 0.2 03 215
4 - - 67.2 111 0.4 3.8 175
Cross-section Ti-riched area 5 98.2 0.5 - 0.3 1.0
7 94.8 1.6 0.4 0.3 2.9
8 97.0 1.0 0.5 - 15
10 - - 95.3 0.8 0.5 0.3 31
14 - - 994 0.3 0.3
Cross-section Al-riched area 6 - - 85.2 13.2 0.5 0.3 0.8
9 - - 24.7 55.0 0.7 - 19.6
1 - - 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 - - 34.4 6.6 42.4 13.9 2.7
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Fig. 4 Surface microstructure and XRD patterns of
titanium alloy after laser pulse heating: image of 10s
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Fig. 5 Cross-section microstructure of titanium alloy after laser pulse heating: image of 10s (a), 20s (b) and 30s
(c); (d) image of area A; (e) image of area B; (f) image of area C; (g) image of area D; (h) image of area E.
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Fig. 6 Surface microstructure and XRD patterns of
W Ta-W coated titanium alloy after laser pulse heating:
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AL, WREART A EIE &, Z XA R RS (7R, TREEX
B BTSSR G B 7d)FR) o BEXIERIFLIR G FEIEH R H7E
TNACAZ ARG R ERE” &R, s R (ol 7(e) B
LB PRSI AE I [R] R A, D2 A0 n] 97 F 22 AN T A X 8 Can Bl 7(h) B )
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Fig. 8 Cross-section microstructure (a) and element section-distributions of Ta (b), W (c), Ti (d), Al (e) and O

() after 20c< lacer niilee heatina



* 2 Ta-W IR Z/EKE G A TROG I AVARE ST R EDS 704 R (wt.%, FLEZ% K 6-7)
Table 1 Elements contents of Ta-W coating after laser pulse heating (wt. %, EDS, positions are shown in Fig. 6-7)

Position Ta w Ti Al Mo Fe 0]
Surface of heating area 1 68.6 7.4 12.2 2.8 1.2 0.6 7.2
11 215 - 60.6 4.7 0.1 0.2 12.9
12 71.0 - 18.3 1.9 0.6 0.2 8.0
Edge of heating area of 20s 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
4 5.3 0.8 13.9 52.1 0.2 7.7 20.0
5 89.3 5.2 0.2 0.9 - - 4.4
Edge of heating area of 40s 6 56.7 - 321 1.1 0.2 9.9
7 75.2 125 2.1 0.8 0.8 25 6.1
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 5.3
10 86.2 7.6 0.4 0.7 - 0.2 4.9

2.5 Ta-W BB/ & & R RS S S Bob s T A

Ta-W &K A (3080 T)  Bm#vL3ZE (54 W. mLK2, f Ebalifk#i G2 15 W.
mLKD FIRFPERS, iR ZEEHOI AR R, E ARG, R AR 1R OR SR
BRI, TG BE A BRI Al i, 3 2 R I a8 b 2 T e il B2 o T i JE AR, (R
WA A AR, JEINFIA X P AR T B TE iR 2 AR AR KR P (40 s I, JEIn#k
DX AR I P2 e e P RIS 400 T 5 MHEIREE WG IRZ FEAR 140 190~250 pm 9/ B IR 2 1k
f] 125~180 pm.

BIRNER G SRR EO NG, RIS TR RAERI AR Bids 2 LI Tioo.
ALOz TR &AL, (H T InH 846 . THEAMPREE R, AR T2 B ST,
DR AN PR TR T, iR A R O AR R Ko s I A pe el i 2 R AT . Ik
X AL AU, IS mahttZ, 1Mo ERAARMIE RS Al IXAFLRE G o BT m#k
XIAZR 2R, BARMIAE BRI AR T AR BOR IR 7, TERIAII L, ik 4(g) .
B AL DCHSLIE Gl G O R InE X g R RS s, Bk s (7 SR TE L
W 4@)~d) . BT RIBHOCTI R LRFFAAE, BB X 5 2 B #h s 8] 1) 2240 AN B 2,
FEHIFWE . BMALTRNE. B ZHK. KEERTRM. BOtREZE . Pk
FERE IR AR 2R 5 18 BUa A 2 3, R HRR S TR RO, 48 DX S 30 Jo it T i P 2 o
HALZFGEKK HARES . B2 oRmTIg i 8. JeBtEmme&AE Tiv 38 AL
mnlEE Al IFATRERERE AL+, ERFTLUERE Mo, Fe HZL. TEHISIIMERT, 1%
RUE AT RECRE L, R s R n AL GRRR I O PRRSD TR, Ik
X LRI R SR “PREE” AR 612, R TNER & S A A R & H 2
FE TR RIS RE

Ta-W IR 2 IR Bk O In#4 s iR B2 Ty, AHRE /A e b, JEIn#AXIRE R
MEREAR, JA402 R BN, RETENAS R aed « g ER MR AL B2
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sFEINRE, RIEREE . e BAE, AR ERETTRAMY VT, TR O
AR i, IR AT R IR PR E R I A XA ZIE R AL AL AT
N DIRM F R B St B fe iz X IR R ST . 42 10 s~30 s Ik, IR/2%
DL RAF PTG YERE, AR AR R R RE0 1B 40 s InFA 5 BEE A= AU R ,
AR TR I DCAZ AL B Al X, R RO PEY e, FAERVE R . &
RGN 3 Nk, R, e X X . mlda Ta-W iRZ, 125
I 1] IR SE Ak, TR “RIGAEL” KRS Ta-W iR BR300 THEE R, (EEE TS
[ PR S i3 S ORI AL A /N TR TR LR - 4 KB Tas W ETCR B R TIRILE,
AN R R E TR IR TR BB R R A IR AR TR s ALX Gl .
M XA G R K, fE X IR R 5 AR TR B BT AL . EAR Ti Al Ta ()
MK ARBAHZEA KR, (HE Ta. W TERENZE SR X ERE SRR ZE R, T2
PEIA TN HIAFAE o« A2 EIRIEIAFARAER R, A O ) S r R 13 2 PR i n A X
LENE AlX . FLIF LRI AREL IR E X ALAPGEY It ol G Solie Rz #7)
K
Ta-W IR 21K & e R RSBk oL nAube iAT A s 9 B

Substrate

Hea(ing area

Substrate |

R S

: 3

Bl 9 Ta-W iR 21K A G B R 4R 2 Bk ot ke s =
Fig. 9 Schematic of the ablation behavior under pulse laser heating of Ta-W coating/titanium system: 10 s heating
(@), 20s (b) and 30 s (c) of titanium alloy; 10 s heating (d), 30 s (e) and 40 s (f) of Ta-W coated substrate.

3 4
1) BEBKAEOE I T 10 s BINZ 40 s, £k &4 00 B L 7 M 2554.3 T BN %
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2920.2 T, AEMNFX IR EE M 350 T HINZE 900 T, FARIEIBIRE LA 190 pm~250 pm; Ta-W
U JE RN S i B2 3150 T iy, (HARINEXIR FE A KR FEICE 250~500C, MBI
FEB Rk 25 125 pm~180 pm, Sk s Ta-W iRZ B4 <™ fERRYER;

2) KAIENKITHROCINIG, K ESIARRIY s 2 FLIRR Tio, #1 ALOs IR &
UL, T Ta-W iR Z AP S0 . e8I L B-Tax0s S8 N ENE Tas W R,
BT BRI (AR, A U 2R 1S 5143 5 A 0.1121 mg/em? 1 0.0132 mg/em?, TGk
AES . IREMMIRREAT N, SR EERRNRE, SiREIE R ERUA R,

3) Ta-W RJZREX R G SRR BIA BB ER . Ik BO6 I HAE 02 B2 R4
~190 pm (10's) ~180 pm (20's) +~220pm (30's) /D> 2 i JZ 30 FF 1~145 pm (10 's). ~123 pm
(20 s)~ ~190 pm (30 5) A% 171 pm (40 s); fEMANAMER R, FER IR AL GIE RN E
Al X FUIE Gl BIEA 2T RN E Al N RSCRIEI, 5 (& B I AN ) RS TR R
HA PR Z MR 450 Taw W IRIETTER DORIEBURCIR & 8 T a0 J= vl g 21 RF 4k
BidrVER s BUstb . TR AR Ik ot e i 2 340 R EE R 3R
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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 Gen-lit, PENG Hua-feng?, XIA
Chang-ging?
(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-6.48Al-0.99Mo-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 with high melting point and thermal conductivity (compared with the substrate), Ta-W coating
worked as thermal barrier to the substrate for absorbing and gathering heat. During 10 s~40 s heating, the fusion
depth obviously decreased from 190 pm~250 pm of the substrate to 125 pm~180 pm in heated zone and the
average temperature sharply dropped from 350 <T~900 <C of the substrate to 125 pm~180 pm in unheated zone
after depositing Ta-W coating. Porous and reticular TiOz and Al203 mixed oxides film formed on the substrate
surface, but integrated, compact, mainly consisted of B-Ta20s and Ta, W-riched oxides film formed on the coated
sample. Unlike the static and cyclic oxidation in atmosphere, there were no obviously spallings of the laser pulse
heated oxides film for the short heating time. High temperature oxidation was 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, formed easily in this zone. Composition segregation was
obvious in melted layer of the substrate, which led 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 was made up of melted layer, fusion layer and inter-diffusion layer after
heating. Ta-W coating particles, the size of which decreased with the heating time, interspersed in the melted layer.
Then the melted layer was rich in Ta and W elements, which maintained the protective effect of the coating during
the heating. The pore belts, formed during the inter-diffusion of coating and substrate elements, provided
convenient paths for the longitudinal cracks in the cross section under thermal cycling stress. The size of the cracks
increased with the heating time, which led to the spalling of the Ta, W-riched layer. Heat fusing and thermal
cycling stress were 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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