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Abstract: With increasing demand for deep drilling, existing steel drill pipes, titanium alloy drill pipes, and carbon fiber
drill pipes cannot fully satisfy the demands for lightweight, high-temperature resistance, low cost, and high reliability.
Aluminum alloy drill pipes have shown great potential due to their advantages such as low density, high specific
strength, and relatively low cost. This paper systematically elaborates on failure mechanisms of aluminum alloy drill
pipes under high-temperature, high-pressure, and complex load environments in deep wells, including the evolution of
material microstructure, thermal stress mismatch of the connection structure, and the wear-corrosion synergistic effect
on the surface. The research progress of key technologies is summarized: in terms of materials, high-temperature
performance and strength are improved through the addition of rare earth elements, particle reinforcement, and
optimization of strengthening phases; in terms of structure, cold assembly, double-taper thread design, and other
methods are adopted to reduce stress concentration; in terms of surface strengthening, micro-arc oxidation (MAQO) is

taken as the core, combined with laser cladding and composite treatment technologies to enhance wear and corrosion

Y i B H8:2025-09-26; 1&E HH#F:2025-11-28  DOI:10.12143/j.2tgc.2026.03.003

B & TE - i 5T R A5 5 A 05 PR R R R DGR R R S (445 . DD 20230400402 )

PEZ B X EOE , 5, DU , 2002 454 A0 8F 95 A, DLAK TR 2l , 8 9 O 1) hy o T 20 4t SR R0 R VB T 48 4 SR TR TIT A N X 4t
23%5,2102240016@email.cugb.edu.cn.

BAEVEE RN, DU 19714FE  IE M DRI, 380 LA Ll -, 2 DA b T 1 R PR B IR R SR B R R L2 3 B
T A% S T I R B I AR R HETH AR N IX B A 2345, 379012534@qq.com .

SI AW X RN, 5, 55 B B TR S S AT IR 5 R BT ] A B R, 2026, 53(3) : 24-33.

LIU Zhengtao, SONG Gang, WANG Yu, et al. Research status and prospects of novel lightweight aluminum alloy drill pipe [J].
Drilling Engineering, 2026,53(3) : 24-33.



535 31

RUBCHE 45 BT B TR 5 < B T E BAR 5 e 2 25

resistance. Furthermore, bottlenecks such as high-temperature strength degradation and insufficient connection

reliability are analyzed, and future research directions including the development of new materials, intelligent

management, and biomimetic smart coatings are outlined. This study aims to provide a theoretical basis and technical

guidance for the engineering application and future development of aluminum alloy drill pipes in ultra-deep drilling.

Key words: aluminum alloy drill pipe; failure mechanism; material optimization; structural optimization; surface

strengthening; micro-arc oxidation; high-temperature performance; deep drilling
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Table 1 Performance comparison of different types of drill pipes
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Table 2 Material requirements for aluminum alloy drill pipe
2 IR /MM /MR E/J)\{EFJ& %Ij’ﬁ“ﬁ% 3.5% %1&%?]?5@?3%17(%%%
£ /MPa £ /MPa /% /C #/[g+(m?-h)"]
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IV (Al-Cu-Mg) 350 400 9 160 0.08
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Fig.1 Schematic diagram of the aluminum

alloy drill pipe structure
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Fig.2 Aluminum alloy drill pipe type diagram
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Fig.3 Photograph of typical corrosion on

aluminum alloy drill pipe
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Table 3 Wear test results of laser cladding treated 7075 drill pipe material

BB BSRAGRE/g BBUTEAS/mm EBUS A /g BEBUS EA/mm FEBIK/g HARWA/mm
A Ab 1309.9 147.10 1273.6 145.40 36.3 1.70
AT 1295.2 146.25 1291.6 146.20 3.6 0.05
RN 1289.1 146.25 1286.0 146.05 3.1 0.20
B 1R 1303.1 146.50 1299.6 146.30 3.5 0.20
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Table 4 Property comparison of MAO layers

before and after graphene treatment

HLRERE/  MEEE/ LR/ CFRIEE

T X pm HV mg R
B19 #JE 1.33 78 10.86 0.43
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