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Table 1 Composition and mechanical properties of gray cast iron

. iy Tensile Hardness/
Material Composition/wt.%
strength/MPa HB
C Si Mn S P Fe
HT250 273 198
3.34 2.2§. 0.73 0.026 0.105 Bal
BEASUE R AR B R R BN S5
WR(mm3/m)=——
pPclLs ( 1 )

Hrf, WRABHUEZE (mm’/m), AwNEEERTEREDR (), pc FEMERE (g/mm?),
LeARATRE (m).

KH ICX-41M B BB MR E G B2, R Tecnai F20 37 4 R W42
GNP fESEARA 3t SR ISM-6510A 4l AT W22 FE SO A 2 5 R Bk T R A
UTM5105X B e R IR HL e M4 R = S i ) 24 RE, AR 131053 51, FEN
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K F HB-3000 B4 [CAERE vF I & 2 A AR RS, & FASEAL I E RGP 31
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Fig.1 Microstructure of GNP/SiC/Al composite: (a) OM image; (b) SEM image; (¢) TEM image;
(d) High resolution TEM image of GNP

3.2 hH=14se

# 2 2 GNP/SIC/Al HEMELH K 350 °C FHIJ1%MRE. WiRT, GNP/SIC/Al H&
MEHABRIREE 8 IRSREE S E(H 4 54 287 MPa. 244 MPa Fl 1%, 77 FREEEIAE] 109
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GNP/Al EEMAELHEE (350 °C I 99 MPa) B, (M T SiC 5 GNP 7E &l M5 13 1b AL
X

#* 2 GNP/SIC/Al B &M RV TR 350°C /15 RE
Table 2 Mechanical properties of GNP/SiC/Al composite at room temperature and 350°C

Tensile strength/MPa Yield strength/MPa  Elongation/%  Hardness/HB

Room temperature 287 244 1 109

350°C 101 98 0.6 -

3.3 BimEMRIEHE
3.3.1 EEBARHSH
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Fig. 2 Room temperature coefficient of friction (COF) of GNP/SiC/Al composite and HT250: (a)
COF under different wear parameters; (b) COF under different loads
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Fig. 3 Room temperature wear rate of GNP/SiC/Al composite and HT250
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Fig. 4 Worn surface morphology of GNP/SiC/Al composite at different rotation speeds: (a, b) 350
r/min, 6N; (c, d) 590 r/min, 6N
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Fig. 5 Worn surface morphology of HT250 at different rotation speeds: (a, b) 350 r/min, 6 N; (c, d)
590 r/min, 6 N
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Kl 6 PFIFERLLE 590 r/min, 6 N Z&FF NI BRI AL
Fig. 6 Worn surface energy dispersive spectra of two samples at 590 r/min and 6 N: (a)
GNP/SiC/Al composite; (b) element mass fraction at each site in a; (c) HT250; (d) element mass
fraction at each site in ¢
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Fig.7 COF and wear rate of GNP/SiC/Al composite and HT250 with different temperatures at 350
r/min and 10 N: (a) COF; (b)wear rate
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Fig. 8 Worn surface morphology of GNP/SiC/Al composite at different test temperatures: (a, b, e)
100 °C; (c, d, f) 300 °C (Yellow rectangles referred to aluminum oxide )
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Fig. 9 Worn surface morphology of HT250 at different test temperatures: (a, b) 100 °C; (c, d)
300 °C
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composite; (¢) HT250; (d) element mass fraction at each site in b and ¢
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4 5 1®

1) I REEREE -y ARG & T 2 M%7 GNP/SIC/AL &KL, #EF SiC 5 GNP 1F
BRI 51 . EAEMEHE ST 350 °C F, PLdiifEsr il 287 MPa #1101 MPa. &
B PRLE IR SR B 45 T35 COF 73314 0.49 1 0.42.

2) HIRBEIR T, KBGO BEE BT GNP/SIC/AL ARl WIRRHRLI BEB L
R B BRI . BRI N, EAMEEBRREC, FEHTEAYIRENIY K.

3) iR B, GNP/SIC/Al SE R B 451 1k e B 20 T KBk, X1 ZI T GNP
5 SiC il sT FLIE A . GNP #) BIEWEFFE LKL MML BJE . 300 °C I, E&41E COF
[ 4 U1 BRL 5 772 (RGBT, ARk BB M A i VA R T B A AR I SO A o IR I e LS
TNLEI A B SR A RS 4%, 170 A MBERGE B 1. AW g RO R Zh iR 5
BRI TSR SRR o
S B 3k

[1] Gao Changqi, Ma Qin, Wei Yupeng et al. Rare Metal Materials and Engineering[J], 2024,
53(03): 643-650

[2] Shi Dongjie( £ &R Z4%), WangZhiwen(E ¥ 3), Sun Lei (¥h22) et al. Advanced Materials
IndustryGH # B P2 l)[J], 2019, 11: 45-48

[3] Yang Yan(# #&), Han Xinyang(i# £ ¥#), Qiu Yuxiao (BB F ) et al. Rare Metal Materials
and Engineering (Fi 5 & B M B 5 TH#)[J], 2025, 54(4): 952-963

[4] Yu Huan(F *X), Zhou Mingzhe(J& B #), Xia Jinhuan(® 4 ¥1) et al. Rare Metal Materials
and Engineering (% & )8 M kBl 5 TF)[J], 2022, 51(8): 3041-3048

[S] Zan Y N, Zhang Q, Zhou Y T et al. Composites Part B: Engineering[J], 2020, 195: 108095
[6] Vogel Tim, Liu Yuyang, Liu Yu et al. Materials Characterization[J], 2022, 189: 111951

[7] Nyanor Peter, El-Kady Omayma, Yehia Hossam M et al. Metals and Materials
InternationallJ], 2021, 27 (5): 1315-1326

[8] Liu F, Su N, Guan R. Materials[J], 2021, 14 (12): 3163

[9] Teng Jie(BE 7). Doctoral thesis of Hunan University (5 7§ K 2 8 =+ 18 32)[D], 2005

[10] Yang Xiaobao(# /N E ). Master's thesis of Fuzhou University(ff M K2 £ & 3C)[D], 2014



[11] Das Sanjeev, Udhayabanu V, Das S et al. Journal of Materials Science[J], 2006, 41 (14):

4668-4677

[12] Yang Zhou(# &) , Li Jianping(ZF & *F), Guo Yongchun(Z K &) et al. Foundry(¥i&)[J1],

2006, 55 (10): 1043-1046

[13] Chen Shan(B& ). Master's thesis of Hunan University (8] 7 K 22 il £+ 2= 47 i 3C)[D], 2015
[14] Bi S, Xiao B L, Ji Z H et al. Acta Metallurgica Sinica (English Letters)[J], 2021, 34: 196-

204

[15] Bi Sheng, Li Zechen, Sun Haixia et al. Acta Metallurgica Sinica[J], 2021, 57 (1): 71-81
[16] Chen Xiaofeng, Rong Xudong, Zhao Dongdong et al. Scripta Materialia[J], 2023, 222:
115037

[17] Shin S E, Ko Y J, Bae D H. Composites Part B: Engineering[J], 2016, 106: 66-73

[18] Ravikumar N, Tamilarasan T R, Rajendran R. Carbon Trends[J], 2021, 3: 100031

[19] Xu Feng, Zhou Jianzhong, Mei Yufen et al. Chinese Journal of Mechanical Engineering[J],

2015, 28 (5): 904-910

[20] Lakshmipathy Jayakumar, Kulendran Balamurugan. International Journal of Refractory
Metals and Hard Materials[J], 2014, 46: 137-144

[21] Singh Jaswinder, Chauhan Amit. Journal of Materials Research and Technology[J], 2016, 5
(2): 159-169

[22] Niranjan K, Lakshminarayanan P R. Materials & Design[J], 2013, 47: 167-173

[23] Das Shubhajit, M Chandrasekaran, Samanta Sutanu et al. Industrial Lubrication and
Tribology[J], 2019, 71 (1): 83-93

[24] Rao V Ramakoteswara, Ramanaiah N, Sarcar M M M. International Journal of Advanced

Science and Technology[J], 2016, 88: 13-26

[25] Zhang J, Alpas AT. Acta Metallurgica[J], 1997, 45 (2): 513-528

[26] Li X N, Zhang J F, Xue W H et al. Acta Metallurgica Sinica (English Letters)[J], 2023

[27] Bastwros Mina M H, Esawi Amal M K, Wifi Abdalla. Wear[J], 2013, 307 (1-2): 164-173
[28] Ghaderi A R, Nili Ahmadabadi M, Ghasemi H M. Wear[J], 2003, 255 (1-6): 410-416

[29] Vadiraj Aravind, Balachandran G, Kamaraj M et al. Materials & Design[J], 2011, 32 (4):

2438-2443

[30] Aydin Fatih. Journal Of Materials Engineering and Performance[J], 2021, 30 (11): 8560-

8578

[31
[32

]
]
]
]

Singh J, Alpas A T. Metallurgical and Materials Transactions A[J], 1996, 27A: 3135-3148
Tan Hui, Sun Qichun, Chen Wenyuan et al. Tribology International[J], 2021, 164: 107227
[33] Celik Ozgur, Ahlatci Hayrettin, Kayali E Sabri et al. Wear[J], 2005, 258 (1-4): 189-193
[34] Xiong Yuzhu(BE E 77), Du Jianping (ft 7 *F), Wu Yujiao({hi £ &). Journal of Guizhou
University of Technology: Natural Science Edition (%t M Tk K22 2 . B SR BL % )], 2001,
30 (3): 37-39

]
]
]
]

[35] Senthil Kumar B R, Gopalarama Subramaniyan G, Pragadish N ef al. Advances in Materials
Science and Engineering[J], 2022, 2022: 1-7

[36] Paulraj P, Harichandran R. Journal of materials research and technology[J], 2020, 9 (5):
11517-11530

[37] Istif Ilyas , Tuncel Mehmet Tunc. Materials Testing[J], 2016, 58: 640-643

[38] Omrani E, Moghadam A D, Kasar A K ef al. Materials[J], 2021, 14 (5)

[39] Poudel Sunil, Bajwa Rizwan, Xia Yongde et al. Friction[J], 2024, 12 (5): 1028-1041



[40] Ouyang Jiahu, Li Yufeng, Zhang Yunzhuo et al. Lubricants[J], 2022, 10 (177)
[41] Kumar R, Hussainova I, Rahmani R et al. Materials[J], 2022, 15 (5).

Wear behavior of GNP/SiC/Al composites at room and elevated
temperatures
Bi Sheng!?, Hu Kaiqi?, Zhou Bo?, Xie Longfei?, Zhu Jie?, Zhang Haihong!,

An Zhen!
(School of Material Engineering, Xihang University, Xi’an, 710077, China)?
(Xi’an Rare Metal Materials Institute Co., Ltd, Xi’an, 710016, China)

SiC and graphene nano-platelet (GNP) hybrid reinforced aluminum matrix
(GNP/SiC/Al) composites were fabricated via high-energy ball milling combined
with powder metallurgy. The microstructure, mechanical properties, and wear
performance of the composites were characterized using scanning electron
microscopy (SEM), transmission electron microscopy (TEM), universal tensile
testing machines, and tribometers, with comparative analysis against gray cast iron
(HT250). Results indicate uniform dispersion of SiC and GNP within the matrix. The
composites exhibited the tensile strengths of 287 MPa and 101 MPa at room-
temperature and 350°C, respectively. During room-temperature wear tests, the
composites demonstrated inferior wear resistance to HT250, with both materials
exhibiting adhesive and abrasive wear mechanisms. Under high-temperature wear
conditions, the composites showed significantly superior wear resistance to HT250.
While HT250 exhibited adhesive and abrasive wear mechanisms, the composites
primarily underwent adhesive wear. The exceptional high-temperature wear
resistance of GNP/SiC/Al composites is attributed to three primary mechanisms: (1)
the high-temperature pinning effect of SiC and GNP, (2) the self-lubricating
properties of GNP, and (3) the formation of mechanically mixed layers during wear.
Key words: High-energy ball milling; high-temperature wear; SiC; graphene nano-

platelet; gray cast iron
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