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ABSTRACT: In the process of artillery use, friction and wear often occur in high pressure and high temperature environment.

The inner wall needs to withstand the impact of high-speed projectiles and the erosion of high temperature and high pressure
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gas, resulting in a significant reduction in the firing accuracy and strength of the artillery after multiple launches and severely
limiting the service life. After W is added to pure Ta, the alloy exhibits good combination properties, such as high strength, high
melting point and good high temperature ductility, which can significantly improve wear resistance and ablation resistance. In
addition, according to the Ta-W phase diagram, no brittle intermetallic compounds are formed between Ta and W. The related
preparation technologies mainly include magnetron sputtering technology, arc ion plating technology, electro-spark deposition
technology, plasma spraying technology, etc.

The wear resistance and ablation resistance of the inner wall of gun steel barrel were improved by plasma diffusion Ta-W
alloy layer. Ta-W alloy coating was prepared on the inner wall of gun steel barrel by plasma diffusion technology. The wear
resistance of the Ta-W alloy layer was analyzed by friction and wear test at 500 ‘C. The erosion resistance of the Ta-W alloy
layer was evaluated by oxyacetylene ablation test.

The surface of the Ta-W alloy layer was dense and uniform, and the elements of the cross-section alloy layer were
gradiently distributed. The metallurgical bonding between the alloy layer and the substrate was realized. The Ta-W alloy layer
was composed of a single a-Ta and had a (211) preferred orientation. The wear rates of the substrate under three loads at 500 C
for 15 min were 7.49 X 10°°, 4.2x107 and 7.7x10"> mm?/(N-m), respectively, while the wear rates of the Ta-W alloy layer were
1.77x107%, 1.53x107° and 3.38x107° mm®/(N-m), respectively. The average friction coefficient of the Ta-W alloy layer did not
change much under the same load, but the overall fluctuation range of the friction coefficient was obviously reduced.
Oxygen-acetylene ablation after 15 seconds, the mass loss and mass ablation rate of the gun steel substrate were 5.78 mg and
0.34 mg/s, respectively, and the mass loss and mass ablation rate of the Ta-W alloy layer were 5.02 mg and 0.28 mg/s,
respectively. WO; and Ta,Os phases were produced during the ablation process of Ta-W alloy layer. The wear rate of Ta-W alloy
layer was only 23.63 %, 36.00 % and 43.84 % of that of gun steel substrate, and the wear resistance was significantly improved.

The Ta-W alloy layer is characterized by abrasive wear and oxidation wear. The Ta-W alloy layer shows abrasive wear and
oxidation wear. The thermal erosion resistance of the Ta-W alloy layer is significantly improved.

The thermal erosion resistance of the Ta-W alloy layer is significantly improved, and the ablation failure mechanism of the
Ta-W alloy layer is the repeated cycle of the melting-shedding process of WO; and Ta,Os caused by high temperature airflow erosion.
KEY WORDS: gun barrel; plasma diffusion; Ta-W alloy layer; microstructure; high temperature wear; oxyacetylene ablation
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Tab.1 Main chemical composition of PCrNi3M oVA steel

Element C Si Mn

P Cr Ni Mo v

Mass fraction/% 0.41 0.32 0.45

0.02 1.3 3.21 0.42 0.21
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Tab.2 Plasma Ta-W alloying process parameters

Source Cathodic Gas Polarity Soaking
voltage/V ~ voltage/V pressure/Pa distance/mm time/h
800-850 500-530 38 15-20 4
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Fig.1 XRD pattern of Ta-W alloy layer
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Fig.2 Surface morphology (a-b), cross-sectional morphology (c) and cross-sectional
line scanning diagram (d) of the Ta-W alloy layer
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Tab.3 EDS spectrum analysis of Ta-W alloy layer wear scar

Atomic percentage/%
Ta W (¢} Fe C Si
1 4276 825 29.57 2.65 1270 0.51
2 2228 8.07 5425 0.34 8.11  4.53
3 33.11 7.78 43.55 1.81 6.10 7.64
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Fig.7 Macroscopic schematic diagram of Ta-W alloy
layer after ablation after 5 s (a), 10 s (b) and 15 s (¢)
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Tab.4 EDS spectrum analysis at each point in Fig.9

Atomic percentage/%

Point

Ta W (0]
1 68.32 10.35 9.21
2 60.67 10.44 8.11
3 23.34 2.38 19.31
4 21.17 2.34 18.81
5 8.11 1.23 23.45
6 6.27 1.44 28.27
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BARFRI AL IS LY Fe 050 TELERIS ] 5 s (1Y
FET, T heimint B, REEEIK Ta, W AL
Yy, HREF=Y)EER o-Ta, BEH IR TR,

e) Ffl Ta-W 54)2 (b, d. f) EALHEEM 5. 10, 15 s JFHREIESN

Fig.9 Surface morphology of the substrate (a, c, ¢) and Ta-W alloy layer (b, d, ) after
oxyacetylene ablation after 5, 10 and 15 s
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Fig.10 XRD patterns of substrate (a) and Ta-W alloy layer (b) after different ablation time



- 114 - *x mW B AR

2025 4F 3 H

4Ta(s)+50,(g)—2Ta,05(s) (D)
4Ta(s)+50,(g)—2Ta,05(1) 2)
2W(s)+302(g)>2WO;(s) 3)
2W(s)+30,(g)—2WO05(1) (4)

4(Ta,W)(s)+1104(g)—>2Ta,05(s)+4WO;(s) (5)

R R, Ta-W 542 FEEHh 3 N Xid
B, 30 R O X | o P X R kX, O X
BURE o, AR AUE AL A Y THERT S, o
T DX TR BE A, R THE Y WO S TayOs 78 JCHE il
YERTT M PR, TE A T 2 AR A P X, XA
FELER K HGo T FEAAR Y = i be il R BB o 76 K B[] ek
J&i, Ta, W s/, PR PERETRAL, Fmiil .

Ta-W 44276 3 000 CA LM IIET BB mR
BEERWE 11 PR M58 LG R AR R T,
Ta-W 5428 Ta, W RIRHgOREMAE SR, hT
A% AR K, AT Ta,Os YA B H H figf 7L ( Ta,0s
#) AG “H—154 kJ/mol, WO; ) AG —54 kJ/mol ),
AL VI Ta-W &4 2R MR FILETER T
— BRI Ta,0s I, BUKH Ta,0s IEAE S A ZLPHEY
O JCE MM PP Y, 1E 3000 CF, BE&E TR
FEK, Ta,Os EWHEM, W TZERE & T 1 500 CHY
Ta,0s T, FE Ta SCRPHEP L. RIE Ta-0
AR fERe it i, O 5 o-Ta A AL %
K[Ta, O], [FIATE4ZEFEHT W 5 a-Ta B,
SRR EALIE R, BT WO, [FIFE, WOs 7F
R T ST, FEES PO KR Ta-W &4 21
HBHAE, AR, Ta-W &4 20 I FEDE
— IR, FEREE ISR Z SRR T, 288 KA
HRC DX AR T i AR R i P TR AR HL TGS )
T, HILA RS R, TR T R
k2.

Gas
evaporation
Ta-W alloy layer
e .2
)
(&) ° ® ©

ECentralé
reglon |

Edge
region |

© Ta,Os
® W03

Transition
region

PCrNi3MoVA steel substrate

K11 1E3000 CHIPEEMT Ta-W 5 5)2 KR B
Fig.11 Schematic diagram of Ta-W alloy layer under
oxyacetylene ablation at 3 000 C
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