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Effect of RE cerium on thermal fatigue property
of Al4. 5% Cu alloy

SI Narchao, GUO Yi, LI Guo-qiang
(School of Materials Science and Engineering,

Jiangsu University, Zhenjiang 212013, China)

Abstract: Under the experimental condition similar to practical working environment, thermal fatigue test of A}t
4.5% Cu alloy with different Ce additions was carried out on self-restrict thermal fatigue experimental machine. And
the initiation and propagation of thermal fatigue crack were studied. The results show that during the initiation of
thermal fatigue crack, the velocity of crack initiation of AF4. 5% Cu alloy without Ce addition is obviously greater
than that of alloy with Ce addition, and during the period of crack propagating, the largest propagation velocity oc-
curs under the former condition. After the initiation of crack, the crack propagating of alloys with 0. 5% Ce addition
is accelerated evidently because of the appearance of needle rear earth rich phases which dissever the matrix and lead
to the decrease of mechanical properties and thermal fatigue resistance. The thermal fatigue resistance of alloy with
0. 3% Ce addition is superior to that of other alloys, during crack initiating and propagating.
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Fig. 1 Sketch map of thermal

fatigue test sample( mm)
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Fig.2 Morphologies of thermal fatigue crack of alloy with different Ce contents (4 000 times)
(a) —0% Ce; (b) —0.1% Ce; (¢) —0.3% Ce; (d) —0.5% Ce
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Fig. 3 Morphologies of thermal fatigue crack of alloy with different Ce contents (6 000 times)
(a) —0% Ce; (b) —0.1% Ce; (¢) —0.3% Ce; (d) —0.5% Ce
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Table 1 Data of thermal fatigue crack propagation with

different Ce contents after different thermal cycles (mm)

w(Ce)/% 1000 times 2000 times 3 000 times 3 500 times 4 000 times 4500 times 5000 times 5500 times 6 000 times
0.1 0 0 0.55 1:53 2.65 4.15 8.241 4.46 20. 32
0.2 0 0 0 0.72 1.76 3.58 7.36 13.23 18. 64
0.3 0 0 0 0 1. 14 2.36 4.54 7.14 13.41
0.4 0 0 0 0.87 1.85 3.15 6.56 9.97 15.15
0.5 0 0 0.96 2.02 3.18 5.36 10. 84 16.47 22.84
0.6 0 0 1.26 2.65 4.82 6.28 12. 05 17.96 24.75
0.7 0 0 1.85 3.85 5.65 7.85 13.95 18. 45 25.06
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Fig. 4 Microstructures of AF4.5% Cu alloy

with different Ce contents
(a) —0.1% Ce; (b) —0.3% Ce; (¢) —0.5% Ce
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Fig. 5 Effects of Ce contents on

mechanical properties of alloy
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Fig. 6 Effects of Ce content on

inclusion amount of Al alloy

JNiE & Ce< 0.5%, AIE afBfbignft .

6) A Ce 1k 2 15 1AL ) 27 1 e A7 B BRAIG,
HIR P B Ttk ) . oA S Ce TUREHE
MZER K (Ce N 6. 81 g/em’, FoHEWLA N 2.7
g/l em®), T Ce TGRAMBMF Y BAREURAD . K
FE AL VA R, Ce 78 AFCe A& Y 1L
FH, M T= 973K I, De= (1.2£0.1) x 10°°
em’ . BT Ce JUERABW Y BRI AR, Julm
Y ENAE, B, & E&H AR Ce JUE B WAT . FF
At Ce &R ANT 0. 4% LG, BEE Ce BN
bn, AR AF A A 0 A A R MO0 A 2R X R
M ORI AT T B IS, ITITAE ) 2% P R
TR

B T EATR} R 5 BN PR A 21 e A PG
A, AR AN 5 1 KR BB N ) 45 BA B A T
Bk, DEIUERESEARUEAL LI 2 i 4] 2 G PR A2 e PRk
B AE L BT AU A R ) 50 B RN ) 1 A5 2 B A
IIEC G N, A 4 B #E 57 BT J) m] LLUIA 205 v 1 7
FE, M0 dmRLA AL I SR AT G 18 2RI 286 ) 1

fE -
REFERENCES

(11 F k. MBS 57 R G0 f A0 2858 & A A 0F 5T
[D]. P42 PEETkR2, 2002.
WANG Hong. Quantitative Assessment of Fatigue
and Fracture Properties of Materials [ D]. Xi’ an:
Northwest Industrial University, 2002.

[2] IL 4L, B0 2 230 PR B AW He 7 I BE ) S W
[D]. K#: #HMAE, 2001.



16 & 4 11

H W, S Bt Ce b AR Cud. 5% & 4 3% 55 P BE IR 5% - 611 *

[ 10]

JIANG Hong. Effects of Microstructure on Thermal
Fatigue Property of Hot Working Die Steel [ D].
Changchun: Jilin University, 2001.

Samrout H, Elabdi R. Fatigue behavior of 28CrMoV5
steel under thermo mechanical loading [ J]. Int J
Fatigue, 1998, 20(8): 555~ 563.

Wz, BRR. @m PO 57 I AR5 ge vk BRI
[J]. dERtE T R2%2%4)k, 2001, 4(2): 146 ~ 150.

HU Haryun, LU Chang-hong. Nomrequilibrium sta-
tistical theory for the thermal fatigue of metals[ J].
Journal of Beijing Institute of Technology, 2001,
4(2): 146 ~ 150.

FIEIR. Fi t A — A AN b R A AN A
B[], P ER LA, 2004, 22 (1): 48~ 54.
WANG Long-mei. Application prospects and behavior
of RE in new generation high strength steels with su-
perior toughness [ J]. Journal of The Chinese Rare
Earth Society, 2004, 22(1): 48~ 54.

Yang Q X, Liao B, Liu J H. Effect of rare earth ele-
ments on austenite growth dynamics of steel
60GrMnMo[ J]. Journal of Rare Earths, 1998, 16(3):
274~ 2717.

Son Y W, Luo Q S, Chen Q D. Effect of RE-B modi-
fication on the strength and toughness of 30GrMn2Si
cast steel [ J]. 1994,
29(6): 1492 ~ 1496.

eIt WEI, kI, % AeIuEN AFCu 58
PERM W] A e R R, 2001,
11( 5): 791~ 179s.

LI Yuan-yuan, GUO Guo-wen,

Journal of Material Science,

ZHANG Werwen,
et al. Effects of alloying elements on hot tearing trends
of AFCu alloy [J]. The Chinese Journal of Nonferrous
Metals, 2001, 11( 5): 791 ~795.

FOCHE. MRV X5 1 RO o7 SR LI W[ J]. W
BABL, 1999, 3: 32~ 36.

WANG Guang-guo. The effect of material property on
thermal fatigue intensity of Al casting[ J]. Journal of
Internal combustion, 1999, 3: 32~ 36.

FRICE, FOCEE. A < R 7 R P S AR g ot
SN . A2 2E3), 2002, 9(3): 361~ 365.
ZHANG Werrxiao, GUO Cheng-bi. Thermal fatigue
and fracture mechanics analysis of aluminum alloy
[J]. Acta Mechanica Solida Sinica, 2002, 9(3): 361
~ 365.

Saccone A E. Phase equilibria in the rare earth met-
alls (R)-rich regions of the R-Al systems (R= La,
Ce, Pr, Nd) [J]. Z Metalkde, 1996, 87(2): 82 ~
87.

[12]

[ 13]

[16]

[ 17]

[ 18]

TIbe, #8 J, 8K, A& Wi b ou R A b
W7 PERERIRE AL T] . Th A RS AR, 2002, 20 (4):
339~ 341.

YU Sheng-xue, SHAO Li, CAI Dayong, et al
Effect of rare earths on impact fatigue property of
cast semrsteel[ J]. Journal of the Chinese Rare Earth
Society, 2002, 20(4): 339~ 341.

JURIH. WA LGS KR GIW 35 A & 4 57 < K
FEPERERISEWILT]. B &8 5 RS £, 1999, 6:
2227,

YOU Xian-qing. Influence of the microstructure on
the thermal fatigue properties of steel bonded carbide
GJW35[J]. Journal of Rare Metal and Horniness Al
loy, 1999, 6: 22~ 27.

BE K, b Ha, PhEME, SE. RS LX) Sr AR BT
i ARSI B EALUEmI]. T EA O ER,
2000, 10(5): 640~ 644.

LIAO Heng cheng, SUN Yu, SUN Guoxiong,
Effect of mischmetal on microstructures of
near-eutectic AFSi alloy modified with Sr[J]. The
Chinese Journal of Nonferrous Metals, 2000, 10(5):
640 ~ 644.

TH, R, L. RE X Mg8Zmr4AF0.3Mn
GaALRRE W], P A SR AR, 2003, 13
(3): 616 ~621.

WANG Ying-xin, GUAN Shao-kang, WANG Jiar
qiang. Effects of RE on microstructures of Mg 8Zn
4AF0.3Mn magnesium alloys[ J]. The Chinese Jour-
nal of Nonferrous Metals, 2003, 13(3): 616~ 621.
WG, FEA, BRAE, & BAEM L LREAER
FaP IR T]. P EA O SR F IR, 2004, 14
(8): 1295~ 1300.

GUO Xutao, LI Perjie, ZENG Da ben, et al. Inclu-

et al.

sions decrease in recycling magnesium alloy with rare
earths[ J]. The Chinese Journal of Nonferrous M et-
als, 2004, 14(8): 1295~ 1300.

ZENG Xiao-qin, WANG Qu-dong, et al. Influence of
beryllium and rare earth additions on ignition proof
magnesium alloys[ J]. Journal of M aterials Processing
Technology, 2001, 112(1): 16~ 23.

HER, FAK. & JE AL T 271K 500 Fi[M].
B HUBR Tk i fstt, 1998, 102~ 117.

LEI Ting-quan, LI Quamryou. 500 Techniques for
Thermal Treatment of Metal[ M ]. China
Machine Industry Press, 1998. 102~ 117.

(e BFREE)

Beijing:



