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Tablel Purity and size of experimental raw materials

Material Purity/% Size/mmxmm
Al =99.99 D6%6
Cu =99.9 P3x5
Fe =99.9 P3x5

Button master b
alloy ingot

w oM ow 1N

1 AR AR A S e

Fig.1 Copper molds and specimens of arc furnaces: (a) copper

mold and (b) casting sample
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Fig.2  Temperature field simulation of the copper die cast

specimen: (a) solidified order diagram and (b) cooling

curve at center of test rod
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Table2 Initial conditions and physical properties of

quasicrystals
Material A/W-m"-K' Ty/K C/J-kg'K' a/m’s"' L/kIkg'
Quasicry- 6 1523 400 2x10°  399.6
stals
Copper 398 298 386 1.14x10™
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Table 3  Relationship between copper roll speed and

solidification time and cooling speed

Material ~ Ryn/t'min”  Z/um t/s R/K-s
500 50 2.68x10%  6.37x10°
AlgCussFey, 2000 30 9.65x107 1.77x10°
4000 20 4.29x10°  3.98x10°
2.2 Ao

3 AR USRI EEE Al CuysFey, HE D

PFE R 2Z R R B A HT DSC #h £k, THiR P 5 i 2R )
7920 C/min. M DSC ¥#mnl LA H, EARSEH
HILT 3 ANIREE, 1 AIRARIE (681.7 C) XM
v AHPEARIE, 25 2 ANIREE (876.9 CH XA T M
WAL, 55 3 AN (989.2 °C) XN B AR I AL I .
TR TH = 2] 1009.1 CHF, W5 AR IR F 4 A4
PRIR B, RFERT M54, BT DA 2 B m A e
Bk A E . BRES R, LT 3 AN g,
SRR A AT I (997.5 C) L g M ik
(961.7 °C) . THMIHTHIE (834.5°C) . HIATA,
B AlsCupsFep, #Efm R 2 4 MH. 4.
HEdm LA o AH 4 PRAHZERR, S AHRIE S A M. B
M. HESE TH. o AR IRBEAR .

4 R [R B PR 7T DSC THR it #h 28
%N 20 C/min. M DSC HIZE&E AT LIE H, A
HAAEE TR EES A pAAE S TABA, LA S
v M. R T 2NV S E R BRI E 2R S
TSR EHENZ g HIEZ ¢ MMM, e
T 2N & IS R PN E « 1. ARSRiG g
PR B A L KRB 10°KYs I, Mk B R
AR, AlgCussFer, #ESMENGEA T 2 AH, #E
i 1A BB BT, I FL R T e B R,
Alg;CuysFey, #E G BN LA A « 4.

Heat Flow/W: vg‘l
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Temperature/'C

B3 ARG DSC £k

Fig.3 DSC curves of the copper die cast specimen
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Fig.4 DSC heating curve for different speed bands
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JUF B HE AL R, X 52 BT ot A L AN [F) 3 A
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232 X HLRLTH T
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ARSI HES: 1 AHCLR R Csel fAi BT S5H 1 B
Ao Al AR AT R AU R v AR T AR B
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06 48 AT N, A EEIE . @I EE R EE R X 5
LA 2 B b S A A B R I, A A AR U
BEEH, BRI « M ECHE S T AH R A 5 m BT S Ve 5
1M T A R R 20 4 R B AH ELAE G A 59 e 5 5
AR RS, X2 TR TRAE ¢ MEl g A& &

MRS E 500, 2000, 4000 r/min FEAF AT AR X
ST R R, MAEIEE 10° K/is, AERE
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Bl s FAAT AT TEM WOW B 30 Rk X e A7 S 18 R
Fig.5 TEM micromorphology and SAED patterns of thin bands: (a) bright field image; (b) 2 symmetry, (c) 3 symmetry, and

(d) 5 symmetry
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Fig.6 XRD patterns of different cold-speed quasicrystalline

specimens
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LI 8a W] LRI, HAE DS IRE 2 Hh 4 Pt FE AR
B IR R RB A et I E 8k A A (spot 1), H
JE BB A O R R AR A HE S T A (spot 2D, ¥R AR
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HRIPEHE AlaCussFer, #ERPPRLH TR BN, S 1
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Fig.7 OM images of quasi-crystal specimens at different cold speeds: (a) copper mold casting, (b) 500 r/min, (c) 2000 r/min, and

(d) 4000 r/min
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R EE AR 1AM g M, X5 DSC #ortrd
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Ao M, AEREEEN I+p WHIX, Wi, 1A
TR I ARAE TSN, W& 8b. % ik 2] 2000
r/min BFAENE I, 1 ARSI STH N BT B R TE
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B8 AN IR v ag v AR ) SEM IR
Fig.8 SEM images of different cold-speed quasicrystalline specimens: (a) copper mold casting, (b) 500 r/min, (¢) 2000 r/min, and
(d) 4000 r/min

x4 B8 HESIMHE EDS HHTEAR
Table4 EDSanalysisresultsof spots1-11in Fig.8 (at%)

Spot Al Fe Cu Phase
1 71.33 23.74 4.93 A phase(Al ;Fe)
2,5,7,9 63.57 12.74 23.69 I phase-
11 57.44 13.57 28.99 (Alg3CussFerr)
3,6,8,10 55.86 4.92 39.22 B phase(AlFe(Cu))
4 47.96 1.79 50.24 7 phase(AlCu(Fe))
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3 & it
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SRS HESE T AR ¢ M.

3) JAHF IR BT AR, (13 AlgCuxsFern, &
JE AT ORI B, B[ I B 2N BCAIFe(Cu))
+1 (AlsCussFern) P XIK, KA Lop+l BI3LE R
N, SRR TP A T MR B AN A A A P R
1, BHBRYIE A M.

4) HREGEsE AlgCussFe, HESAM BRI 4 FiAH4
B 0 g B AR SR A A T A R T
b TAHBL KA A Cscl fai B 5T J5 4544010 g A o A T B

HARFE RO R S T AR A 2 FhAH 4L o

5) HIRIGEEE AlgCussFer, #E &M R T ¥4 3 8¢
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Effect of Cooling Speed on the Microstructure and Phase Structure of AICuFe
Quasicrystalline

Ma Zhijun, Shen Fangjian, Yang Wei, Xia Feng, Guo Yongchun, Yang Zhong, Li Jianping
(Material and Chemical College, Xi’an Technological University, Xi’an 710021, China)

Abstract: Quasicrystal is a new material, and there are great research value and application potential in its special structure and property.
The Alg;CuysFe, quasi-crystal-alloy was produced by vacuum non-consumable arc smelting copper mold casting technology, and then the
Alg;CuysFej, melt-spinning with different cooling rates was prepared by vacuum single roll spin quenching technology. The effect of
different cooling rates on the phase structure and micro-structure of the alloy was researched through using various analytical ways, such as
X-ray diffraction (XRD), differential scanning calorimeter (DSC), optical microscope (OM), scanning electron microscope (SEM), energy
dispersive spectrometer (EDS), transmission electron microscope (TEM) and others. The results show that the cooling rate of copper
mold-casting is about 1x10*K/s, and the corresponding cold speeds of the ribbon strip prepared under different speeds of 500, 2000, 4000
t/min are 6.37x10°, 1.77x10° 3.98 x10° K/s, respectively. Copper-mold-casting samples contain A phase (AlisFe), quasi-crystal I phase
(Alg3CupsFer2), f phase (AlFe(Cu)) and 7 phase (AlCu(Fe)). The quasicrystal 1 phase is mainly distributed around 1 phase. When the
cooling rate of melt-spinning reaches 10°-10° K/s, the phase structure consists of quasicrystalline I phase with icosahedron structure and
phase with a little Cscl simple cubic structure.

Key words: quasicrystal; copper mold casting; shake band; cooling speed; microstructure
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