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Abstract: The total reserves of shallow and mid-shallow oil and gas resources in China are dwindling due to continuous
exploitation. Enhancing exploration and development of deep and ultra-deep oil and gas resources 1s crucial for ensuring
national energy security. Drilling in deep and ultra-deep high-temperature formations poses inevitable engineering
challenges, necessitating the development of lightweight, high-strength, and temperature-resistant drill pipe materials.
In this study, SiC particle-reinforced 2A12 aluminum alloy drill pipe materials, with short carbon fibers incorporated,

were prepared through vacuum hot-pressing sintering, hot extrusion, and heat treatment processes. The mechanical

properties of composites with varying SiC volume fractions were evaluated under different temperatures. Results
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indicate that the mechanical properties of SiC/2A12 aluminum alloy composites with a 3% SiC volume fraction at 25°C

are the best, and the tensile strength is 10.8% higher than that of 2A12; the mechanical properties of SiC/2A12

aluminum alloy/carbon fiber composites with a 5% volume fraction at 180°C and 220°C exhibit superior performance,

with corresponding increases in tensile strength of 17.9% and 19.2%, respectively. The incorporation of SiC particles

and carbon fibers increases the operational temperature of the 2A12 aluminum alloy by 40°C. The primary strengthening

mechanisms are Orowan strengthening for SiC particles and load transfer for carbon fibers.

Key words: aluminum alloy drill pipe; short carbon fiber; SiC; composite material; high temperature performance;

tensile strength; deep and ultra-deep oil and gas resources
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Table 1 Characteristics of typical deep and ultra-deep reservoirs in China
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Table 2 Performance comparison between aluminum alloy drill pipe and steel drill pipe

o : EE&?&&T/MPa : : ﬁ&ﬁ%&i/MPa _ ST 1 (25 °C)
25°C 150 °C 260 °C 25°C 150 °C 260 °C
S1354 % 930 1134 119
07546 % 503 186 62 570 214 62 186
2024485 4 325 248 32 469 310 76 120
A28 A4 300 265 224 440 380 270 111
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Table 3 Chemical composition of 2A12 aluminum alloy

JLHR iy #/
Cu 4.59

Mg 1.68

Mn 0.43

Fe 0.06

Si 0.043

Zn <0.05
Cr <0.01
Ti <0.001
Al Bal.
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Table 4 Density of 2A12 and its composites at

different SiC concentrations

W/ (g B

2A12 B R T i AR5
FE i S in e 7 T A= em=?) £/

Ovol % SiC+0vol % SCFs  2A12
1vol % SiC+0vol % SCFs 1sic
2vol % SiC+0vol % SCFs 2sic
3vol % SiC+0vol % SCFs 3sic
4vol % SiC+0vol % SCFs 4sic 2.768+0.011 99.3
5vol % SiC+0vol % SCFs Ssic 2.764+0.008 99.0
1vol % SiC+6vol % SCFs  1Isic+6¢f  2.69240.006  99.1
2vol % SiC+6vol % SCFs  2sic+6¢f  2.701+0.004  99.3
3vol % SiC+6vol % SCFs  3sic+6¢f 2.708+0.003  99.4
4vol % SiC+6vol % SCFs  4sic+6¢f 2.718£0.009  99.6
5vol % SiC+6vol % SCFs  Ssic+6¢f  2.72240.005  99.6

2.7564+0.007 99.5
2.76940.004 99.8
2.773+£0.005 99.8
2.76940.003 99.5
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Fig.1 XRD images of 2A12 and composites
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Fig.2 Mechanical properties of 2A12 and
SiC/2A12 composites
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Fig.4 SEM images of fracture of 2A12 and
composites at 220 ‘C
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Fig.6 Mechanical properties of 2A12 and
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