mEERMISTIE
RARE METAL MATERIALS AND ENGINEERING

Has a4
2015 4 4 A

Vol.44, No.4
April 2015

REANERE X R EHIEFE AI-27%Si &M K
28 20 2 SR4FIE AY 32 Mg

), BABE, TRm, REF, 3 LK, Lk
(hEEK%E, WIF Kb 410083)

B OE: RARERE TR FBARE % AI-27%Si e AR, XA SRR e SR A E, KA
HL B (SEM) LB 20 W1 AN [RDRLFE & S W R I3 . SRR POMUBE IR F AL I A A T 10°~10° K/s 2 1), X4
SR ARESHALA BRI . ZE SR UV E Si AL S Si A IR AL o-Al FAkdr,  H Si Bk RS b
B AR RN AN o BRI E & @b R BRI BE, S5 Ay EEE S KB R TR BE 2 IR 230 A5, RER s 3 T
I S2m6 250K .

KR PUREER ;. AI-27%Si G4 WEIEEE: A B

FEESES: TG146.2°1 XHEAFRIREG: A XEHS: 1002-185X(2015)04-1006-06

SR B A& TS R R, B A S
SRHTS REA SN EERE S R TR
P 3 AR RIS AT AT B LR B, R — R E B
Tkl oA, SERTZMAMN, KEAH AR
T A ARk B Bo VA B R VA I R, ko s i 4 4 ) T AR
AT L DL R m R B ) R K KA L BT R G
WEFT, TR A R SE ) 1 Sl o v P v 40 33 3
E—NESSH, &RBENEZSBBER— 2 R
05 P (0 R AT X 82— i SO 90 B 0 4 2 3 12
A HVTH AR R 55 A i AR PR i 4L SO SRR AE 1 — A
EER K, L@ N 10°~10° K/s.

Al-Si RE 4 B A R U I B RGP K R 2L
SRR, RN IR A T S, AR R
PEREATIHIh T iZ a4 a-Al BAE &G w0 5o
Si TURL A, A5 R R 0D TR P P R T L 5 A B R
AT 5 0 S SR B A S Bk S A L s
Wldm Si AHZETRH A, S tERe TR, RAARLE
AL Si M, AR R AL BRI & e el R b
W AR, T AL &8 KK BB N
Aok T BT T I, SR FH PR B [ R A v G B AR i 4%
RESE R AI-ST G S A 2 5 AR B N T 11
&G o = i S S8 A L k- S U ST A
FEAE R R S AIST & &AL ZLgEH L
F 1 PERETT IR, DR R AR AT 2 BEER 2R R g [ 3 i v
Al-Si & & K 4 UK SRFE 1) A8 kA

WisBEA: 2014-04-15
EemB: EXEMEEDH (JPPT-125-GH-039)

A AR ) R T B SOM S A B R & AL
27%Si G &M A, AL Al-27%Si A S8 K 78 P
Wt ] R AR A PLER, 2 RIS B0VA F0E B ok &R
Fiko BAh, RRFERIE Al-27%Si &40 KRS
FNEHGURFAE L A i Si AR RS B REAT RS 1T

1 ;£ W

K POE BEE R EF AR S A-27T%SI & &8
K, FAHE KRS @ AR T pT g, J5A R
WH EAiAR (4l )y 99.995% ) B S A Ao A o
SN L P AT BE A A M, B S 5 A 2E B A Sk
K, SHAMIEHES, [EETIN 0.9 MPa, ZALiR
f%25 850 C, AR S ARE B RS F AT

K FH MS-2000 #5 A KL & 53 4G 8 F5 4 & <k R
(ORLEE 73 AT o Z5 AR AR AR UHE TR 07 2, KoK 40 A
150~105. 75~58. 58~38. 38~25 um F1/NT* 25 pum 11
FAS [RIRL

& 4k AR ARAE A G R R T R, A
3%NaOH 7K . 1# ] FEI QUANTA-200 4 HiL 1 &
BT SR RTEIRHIE SR 2 KA D/Max2500VB+
X SHRATH AN T a-Al AHFT B-Si A AT 5 0648
ks FIFH Image-Pro Plus P& A &b 2 5544 I &4 oK 4121
SRR ST B R A TR

2 ZFR5iTe

TEE®N: ), B, 1989 &4, 4, hRREMERSS TS0, MR Kb 410083, E-mail: xielichuan_rain@sina.com



%41 fR ST )45

P HNE B RSP AT Al-27%Si

B ER R A BTESUSAE (52 + 1007 -

2.1 RAEEERIRBEN

PRI B ] <55 A0V 1 5 B R — R R 1D 5
A T A K AR & R R AT v, ()R
T PR A B B /N3 S A, T LE R AT I
T A A 5 3 1 [ JA) BB A BRI I, 8 BRI R AU
PR A A VA 0 11 T i 4 /s (A 01O,

R PRIl 5 ] 55 A 4% G i R 1) 20 A
e LA TR () KA R ECOR HAa g A48, (b) M
TIE BT 7% (c) RIS FEEE AL (d) KETE
WWHEZIZE; (e) JEW AR5, TR (f)
S A VR AER o R T S PR B 2 TR S T A LR L
Kt 72, DRI 1 # AR 3647 32 i), A
77 GG A4 AL AR RO AR A TR R A
ST S A AT s A T R TSI R B A T R R T AR 45
BB R M AR &, T 7 A o 1

-V pC, ddl =hA(T, -T;) (1)
Xrb, VRIERERL, m® p NEBIBHERE, kg/m®;
Co MELHE, Jkg' K'Y h AL ARE, WI(mK); A
NIRRT AN, m?; t A, s T A0 Te 20 HAKE
W (K MESSERIRE (K.

e M N ER Y, B RS d skRoR, s
(1) T Ay

di hA 6 h (2)

dt :_W(Td_-rf): Cd(T _Tf)

1 3 (2) FTE T A 2R RS SR T . L
AT RE S FTAE R BN 5 PR EEA 200 5 1)
ﬁﬁ%%ﬁ%ﬁ%xﬁ?éﬁ%@ﬁ#&%@%ﬂﬁﬁ

S0 IO (iR 22 e AR ORRR G, U VR 1 ¥ 2R BT - B2 H
%@%éﬂﬂﬁ Jii 2 1) T AR R B h YeE, HRAE
SZEKELY [ 7t #05 FE K Lee™ AN Estradal™fr)
%ﬁ,ﬁﬁﬁﬁ%%§ﬁﬁ““%,7uﬁi
de ZOKQ g [Py 3[p
" m —T)(—-2+06—2 f_jﬁ (3)
ﬁ¢,@ﬁwwm%%ﬁmmmm)uﬁ%%ﬁﬁ%
W5 & a1 R AR R (m/s). &JREHREAES
PR 55 BORRAS TR RO ST A A35 90 s T 7 s ol A R ik
ATk, ST B R 0] DORAS B s, PR
ik B AR A R, IR AR R B R R
2o BRI BN IR, ARk 8|S
WS, BB md Xk, EEE R A, BT b
PR AL, AR T 25 A s AR I T B AR A, T U
21, @)tk 5
‘di 12

K 4)
= ~-T.)—2 (
dt pCp (Td f) dz

FIH 13k 2 2Rk S0 1 1 v H1 P X 75 5 L8R
B AN NI <87 I EZ g B AN WA 3R SR N
KEYERTERE . A TAERHASIEAZHAE, R 1T
FIEAA AI-2T%Si FAPEEERE . KR 1 BdEAN
R(4), ATLAE R Al-27%Si & 48 KA HE FE i Rk

—2 -5
9|12 450 08) 6><10 _947x10° (5
dt | 2600x826 d

El%%%ﬂ%ﬁ@ﬁﬁﬁﬂ%%ﬁwﬂﬁa%
Al-27%Si & &k AR RS2 L Z 4. HE 1a 77
W1, AR B Al-2T%Si & &8 K R ~F 3L
BERFIA, VA H) T T B A 4k AR R R ST 198 /0 1T 38
Ko 28 KR SFZE/NT 40 pm T B P9 38 40 5 BT 6) 52 1)
A EE BE AL R ZY, Ry R R ST DN 40 pm B BTG 82 [ 44
K E N 5.9210% K/s; 40 K R ~F KT 80 um Ji, Bl
W AR RS 3 R4 20 B AR ta T A2, Wil 1b Frow,
A& AR RSN 80 wm B Fr XF R (1 4 H I FE A
1.48x10° K/s; Al-27%Si & 4% K 19 ¥ 20 % fF 4
10°~10° K/s Sl 9 224k, 3 KT8 A 6 261 R 1
HEE (<10°K/s).

2.2 MEREHR

B 2 it AR 6 [ AL-27%Si & 48 K RS0 A
FRAE,  BIH 2R RORE 5 2 23 05 ORL R~ 10 242 4 B0 A
T SRR & (14 43 05 OB R AR AL R . BT 2 AT
B, By AR BORL R SF o A A, K RSB T
35~120 pm Z[d], Hr R~FJ4 65 pm Wy R it & i
K, FRESFL N 8.68%; R~F KT 120 um F/hTF
35 um IR R BT o5 LEBIAS 2 4%, 35 ZHEZ R B
AR R, BARRSNIEBREIESS M. MR
RHMRESAAIL LT LR, BRI dos 298 48
pum, FAE A ARIERA .

Kl 3 s A [RLRLEE Al-27%Si & 48 K 1 T 50 4
fEo HHEE 3 WA, M AR WURLRL EE X H A T 55 11 5 i AR
Ko 20y A TORLRL B RIS, AR TR, i
MY AT, FEHEHIR 2 TR R A B . B R AR

Fz1 RS AI-27%Si RN EES H
Table 1 Thermophysical parameters of N, and Al-27%Si

Material Parameter Value
/N s m™ 1.78X10°
Nitrogen gasi*?  kyW m™ K 2.6X107
polkg m? 1.16
plkg m™ 2600
Coll kgt K 826
Al-27%Si To/K 950
T K 298
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Fig.1 Relationship between theoretical cooling rate and
Al-27%Si powders particle size: (a) cooling rate and

(b) change cooling rate
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Fig.2 Particle size distribution of Al-27%Si alloy powders
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Fig.3 Surface morphologies of Al-27%Si alloy powders with
different particle size: (a) 150~105 um, (b) 75~58 um,
(c) 38~25 pm, and (d) <25 pm
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Fig.4 Surface morphologies and cross-sectional microstructures
of Al-27%Si alloy powders with different particle size:
(a, b) 58~38 um, (c, d) 25~10 pm and (e, f) <10 pm
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Influences of Cooling Rate on Microstructures and Morphologies of Non-equilibrium
Al-27%Si Alloy Powders by Gas Atomization

Xie Lichuan, Peng Chaoqun, Wang Richu, Cai Zhiyong, Liu Wenshui, Ma Rulong
(Central South University, Changsha 410083, China)

Abstract: The Al-27%Si alloy powders were manufactured by a rapid solidification gas atomization technique. The cooling rate of alloy
powders was calculated based on the convection heat transfer principle. The morphologies and microstructures of alloy powders were
investigated by scanning electron microscopy (SEM). The results show that Al-27%Si alloy powders fabricated by the rapid solidification
and gas atomization technology have a high cooling rate (10°~10° K/s), which has a significant effect on the morphology and
microstructure of the alloy powders. The primary crystal and eutectic silicon phases distributed in the a-Al substrate are in a dispersive
state, and the silicon particle size is decreased with the size of the powder decreasing. The theoretical equation, which is deduced from the
combination of the calculation results of the secondary dendrite arm spacing and the empirical formula, can soundly predict sundry the
experiment results to a certain extent.
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