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Preparation and properties of high- temperature
self-lubricating NizAl/ graphite alloy

ZHU Dingyi, GUAN Xiang-feng, CHEN Lrjuan, TANG Wei
(School of Materials Science and Engineering, Fuzhou University, Fuzhou 350002, China)

Abstract: A new high-temperature self-lubricating NisAl/ graphite alloy was produced by melting method. The results
show that Al element is not only an element that strengthens the alloy matrix, but also a nodularizer that promotes the
transition from flaky graphite to spheroidal graphite. The combination of Al and oxygen decreases the absorption of oxy-
gen on graphite surface. A dynamic model about the influence of interfacial energy and undercooling on the growth mor-
phology of graphite has been established. The analysis show that during the crystallization of graphite in clean liquid met-
al, the difference of temperature recovery rate between ( 10?0) prismatic plane and (0001) basal plane promotes the growth
of spheroidal graphite. After the graphite being spheroidized, the impact toughness of the alloy was improved. Through
dry friction and wear experiment against GCr15 bearing steel and 45% annealed steel, it was found that the friction coeffi-

cient of the alloy remains stably as 0.36 and 0. 40, respectively.
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Fig. 1 Microstructures of NizAl/ graphite alloy
(a) —Cast after addition of

Al into liquid metal for 3. 5 min;

(b) —Cast after addition of
Al into liquid metal for 8 min
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Table 1 Effect of melting process on
grow th morphology of graphite

All Melting time State of Graphite
= of Al/ min liquid metal morphology
. 2-4 None boiled Flaky
N13Al/ C
6~ 12 Boiled Spheroidal
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Fig. 2 Microstructures of NizAl/ graphite alloy
close to position of slags in spheroidized
NizAl/ graphite cast ingot
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Fig. 3 Curves of temperature recovery
rate of ( 1010) prismatic plane
and (0001) basal plane vs interfacial
energy and undercooling
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Table 2 Properties of self-lubricating NizAl/ graphite alloy
Density/ Impact toughness/ Bend strength Friction factor at 20 C Wear value/
Structure 5 s, HB/ MPa ., .
(10*kg*m™ %) (Jem™ ) O/ M Pa 45" steel GCrl5 (kg*Nm™ )
Norr spheroidization 7.03 383 2.30x% 10* 215 0. 40 0.36 5.9x 10"
Spheroidization 7.11 378 8.82x 10°* 221 0.35 0.35 5.4x 10" 2
WA T NuAl AR S LS. B 3 23

4 R 5 FissE Nis Al 8B A5 &0 05 45" 1B K
1 GCr15 BN [ BT BEER B4 i 26 . A0 s Bk
AL 5, PEER DR B BRAR, ZR10AR /I . NisAL{L
YT RERS, T EEEI A TERER
AN, B A BT A SN, 7EPT S i 1
SEnlt 380 T B B IR .
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Fig.4 Frictional curves of Ni3Al/ graphite alloy

against 45" annealed steel

0.6
® — Ni;Al-C(spheroidization)/GCr15
* — Ni3Al-C(non-spheroidizationGCr15

0.5

04

1
03r

021

0.1 A 1 1 1 1 1 L
0 10 20 30 40 50 60

t/min
Bl5 NiAVfASaes
GCr15 %l AR A 2 [A] R B 4 2 451 ot 2
Fig. 5 Frictional curves of Ni3Al/ graphite alloy

against GCrl15 bearing steel
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