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Table 1 Chemical composition of titanium alloy drill pipe used
in test (w/%)
Sample Al V Mo Zr O C H Fe Ni Ti
1# 5.4 437104201 0.08 0.009 0.003 - - Bal.

2# 5.924.02 - - 0.0820.0098 0.009 - 0.54Bal.
3# 3.822.44 - 0.26 0.0064 0.001 1.25 - Bal.

F2 I AWM R E RS
Table 2 Chemical composition of steel drill pipe used in
test (w/%)

C Si Mn P S Cr Mo Ni Cu Fe
0.36 0.24 0.93 0.007 0.002 1.08 0.30 0.10 0.052 Bal.

B1 06 T ER A S RERTAR B AT B4 R £ AH 2H 21
Fig.1 Metallographic microstructures of tested titanium alloy materials 1# (a), 2# (b), 3# (c) and steel drill pipe material (d)
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Table 3 Chemical composition of water-based drilling fluid used in test (mg/L)

K*+Na* ca* Mg?* Fe? Fe* cr Cco.* s* S0.F Total
84 719.76 2449.33 162.07 289.41 251.66 109 366.09 60.01 644.41 34 571.88 232 514.61
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Fig.2 Change of mass losses of titanium alloy drill pipes and steel drill pipe with impact time under different impact frequencies in the

impact abrasive wear test: (a) 50 r/min, (b) 100 r/min, and (c) 200 r/min; (d) change of mass losses with impact frequency
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Fig.3 Comparison of the surface morphologies of 1# (a), 2# (b), 3# (c) titanium alloy drill pipes and steel drill pipe (d) at an impact

frequency of 100 r/min
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Fig.4 Change curves of friction coefficient of different drill pipe materials with GCr15 (a, c, €) and SiC (b, d, f) under different loads

with sliding time: (a, b) 5 N, (¢, d) 10 N and (e, f) 20 N
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Fig.6 Wear scar morphologies of 1# (a), 2# (b), and 3# (c) titanium alloy drill pipes and steel drill pipe (d) with GCr15 under load of 20 N
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Fig.7 Wear scar morphologies of 1# (a), 2# (b), and 3# (c) titanium alloy drill pipes and steel drill pipe (d) with SiC under load of 20 N
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Table 4 Wear scar sizes of four drill pipes materials under different conditions

Drill pipes material Condition Friction pair Depth of wear scar/um Width of wear scar/um
. With GCr15 27 785
In the air . .
With SiC 24 833
In th ter-based drilling fluid With GCr15 12 558
itani n the water-based drilling flui
1# titanium alloy g With siC 11 464
. o . With GCr15 13 467
In the oil-based drilling fluid .
With SiC 13 393
In the air With GCr15 17 791
With SiC 9 375
L In the water-based drilling fluid With GCrl15 7 469
2i# titanium alloy .
With SiC 3 470
In the oil-based drilling fluid With GCrl15 14 778
With SiC 6 463
In the air With GCr15 28 848
With SiC 26 909
o In the water-based drilling fluid With GCr15 7 481
3# titanium alloy s
With SiC 10 638
In the oil-based drilling fluid With GCr15 23 816
With SiC 7 677
. With GCrl15 10 716
In the air .
With SiC 32 932
. . With GCr15 6 281
Steel In the water-based drilling fluid . .
With SiC 4 417
. o . With GCr15 5 166
In the oil-based drilling fluid .
With SiC 2 239
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Table 5 Element concentration of Ti and O of 1# titanium alloy drill pipe in original state and after wear in water-based and

oil-based drilling fluid (at%o)

Condition Ti** Ti** Ti** i (o OH H.0

Origin state 21.92 22.55 20.59 34.94 83.7 - 16.3

After wear in water-based drilling fluid 49.22 43.79 5.35 1.64 66.58 - 33.42
After wear in oil-based drilling fluid 18.22 46.13 13.43 22.19 62.10 34.92 2.99
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Fig.13 Wear scar morphologies of 1# titanium alloy drill pipe
after wear in oil-based (a) and water-based (b) drilling
fluid
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Comparative Study on Tribology Behavior of Titanium Alloy Drill Pipe Under
Simulated Working Conditions in Ultra-deep Well Drilling Conditions

Liu Qiang®, Xie Junfeng? Zhao Mifeng?, Li Ning?, Hu Fangting?, Zhu Guochuan®, Chen Jialei®, Zhang Juantao,
Song Shengyin', Yin Chengxian®
(1. State Key Laboratory for Performance and Structural Safety of Petroleum Tubular Goods and Equipment Materials, CNPC
Tubular Goods Research Institute, Xi’an 710077, China)
(2. Petroleum Engineering Institute, CNPC Tarim Oil field Co., Ltd, Kuerle 841000, China)

Abstract: Titanium alloy has become a promising candidate material for oil country tubular goods (OCTG) and offshore components in
rigorous service environment, owing to its high specific strength, low density, low elastic modulus, excellent toughness, fatigue and
corrosion resistance. However, there is a lack of research on the friction and wear properties of titanium alloy drill pipes under ultra-deep
drilling conditions, and the comparison research on the tribology performance and mechanism of titanium alloy drill pipes and steel drill
pipes is few. In this work, the friction and wear properties of three kinds of titanium alloy drill pipes and steel drill pipes were compared
and analyzed through hardness test, impact wear test, reciprocating friction test, simulated condition wear test and microscopic analysis in
simulating ultra-deep well conditions, and the wear mechanism of titanium alloy drill pipes under drilling conditions were also investigated.
The results show that the impact and wear resistance of titanium alloy drill pipes is lower than that of steel drill pipe materials, especially
the impact resistance of titanium alloy drill pipe materials under medium-frequency impact. In the air reciprocating wear test, the friction
coefficient of titanium alloy drill pipe is lower than that of steel drill pipe. When titanium alloy drill pipe is worn against rock, it is a
typical abrasive wear mechanism, and it is typical adhesive wear when it is worn against steel pipe. Under the simulated working condition
of drilling fluid, the friction coefficient of titanium alloy drill pipe is significantly lower than that in air, and the friction coefficient of
titanium alloy is the lowest when friction with rock under water-based drilling fluid conditions, and the wear resistance is the strongest,
which is due to the fact that it is easier to form a dense passivation film with a lower friction coefficient on the surface of the titanium alloy
in the water-based drilling fluid. It is recommended to use water-based drilling fluid when drilling with titanium alloy drill pipes. However,
because the wear of titanium alloy drill pipes under working conditions is still not as good as that of steel drill pipes, the next step is to
conduct surface treatment on titanium alloy drill pipes to improve the wear resistance of titanium alloys.

Key words: ultra-deep well drilling; titanium alloy drill pipe; steel drill pipe; simulated working conditions; drilling fluid; friction and
wear performance; tribology mechanism; passivation film
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