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B ZE: RH&ESEAN Al-12Si 5 AL30ST A REAT P EE, Sa0EMGE, Hl&H ALO; 5 Si0,
BERIUR RS SR, I SAE R AN, AR B B AR MK R, S
REHAT T 00T, 45KV G REMET AT, Al-12Si SRR, T AL-30Si dki kA
TWBKAK, MRS A TRIE K AT TR, (B 97%0L L, MRS e 1X107° Pam’/s 2247 7
MR TELMET, Al-30Si BRI Z B0 BAL T Al-12Si $16F  EALRHER AR K RECE A &, S
ZELRAAA R AL N R, B AL TR T I, 44k 24 h 5, MR AREGEL 120 W/(mK).
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Effect of high-temperature air oxidation on microstructure and
physical properties of high-silicon aluminum alloy

YANG Fu-liang, YI Dan-qing, ZHANG Wei

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The high-temperature air oxidation pretreatment process was applied to Al-12Si and Al-30Si alloy powders,
and combined with hot-extrusion to fabricate SiO, and Al,O; dispersion strengthening composites. Optical microscopy
and thermal physical testers analyzed the microstructure, density, hermeticity, coefficient of thermal expansion and
thermal conductivity. The results show that: After powders oxidation, growth of Si grains in Al-30Si is more obvious than
that of Al-12Si; the relative density of materials decreases with the increasing of oxidation time, but they are all higher
than 97%. The hermeticity is about 1X 10~ Pa-m’/s. Under the same process condition, the coefficient of thermal
expansion of Al-30Si is much lower than that of Al-12Si, and the effect of oxidation time on coefficient of thermal
expansion is not obvious. The thermal conductivity decreases with increase of Si content and increases with prolonging
oxidation time, after oxidation 24 h, it exceeds 120 W/(m'K).
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1 SLIG

11 &EMERak

SEIG T M R A Al-12Si 5 AL-30Si W F, By oK R
AR FAAKA %, HA 2B SRR 1 Big.
B ITA AR TAFG XY, FHE S 300 TR
HEA ST IR 21%), S G TR (BRI TRD) 23 301 12 58 ol 8-
16, 24 532 h, WHELEH ARRERH .

1.2 MERBERSE

KRS 5k, MR G A AR
NFFEI AT AN, PRSI 5 L% R ik B0 2% B 1)
70%, HHEEGOEBLESR AL, BT
S G IET R I Y EB AAHE ) o R I AL FE
520 C, HEAELIMAGEE R 450 C, HFELA
203 R EAN d 60 mm, FIEAESEEN d 13

mm).

1.3 MBI

KH EOPHAT 4 AH WAl B R A BHEEAT R A 21
MG KHHKEI ARV, BT A TR dse
KSR 0.1 mg; £ H 77 HELIOT306S %! He W R 56
BLEEAT AN 78 H AR ZE 3o M AT
TR REO: 75 TR—2 B A AT #
PRI

x1 WAL SRE

Table 1 Chemical composition and particle size of powders
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2.1 PHRRLELR

Bl 1 P 43 A i Gk R 5 A8 AR R 5% R U s
MaMAL. NE 15T AR, G48hks
TARIEA T AL-12Si 2L S S H T E S B R
b, BRI AW AR T AE] 1(b) S (d) T LR
H, 78 ALL30ST M REAE BT R R AR, 5
NI I NP T 107 S S22 R A Y771 9 A WA S AR o A
foRL RS I / o IX B R R IS R
JEAE 300 C i RTINS A SR RN
HOCR KM EY /L, WIARER PR R IR
RALRIP 20 2 T RS B R AR, BUlEH R
JE MR RERL AR B AR

FAh, K 2 B Al-30Si My A% AL 24 h JE 0
LR KTl TEM B LA H, #
KRR WS m TR RN ES, BIFER AR R B %
T — 2 G E ALO; Fl Si0, B & E AL E IR, Atk
JEAE R A e e R rp B2 = [ N ) P A2 1)
S EY YIRS, S A fEA R 412
W

22 HES5R%EMH

Al-12Si Fl A1-30Si SEMRES 53000 11.7%F1
22.46%, VLIS AN 2.65 F1 2.6 glem’s X
ANTR) AR TR (085 B EAT DU 5, O sk H AR
BUm L, HOoE g S8R 2 rac. WERTH
PErT LU, 30 SO Ja R0 FE Rl 48 AL N TR
RIS NI, (HERAE 97%LL E, MHRIAT SRS, %
B A R 8 AL 0T BRI 4 56 VA KRS (e ki
SRR 2 B I A 25 e A T RS BT
BUE LMV AR — IR 7).

i ARG A R S AV IS TR) S84 5 BT 2 i b= Pk
x 3 . WNERTEARTTLUE H, MBS
1X107° Parm’/s A7 o o B8 2 i U PRI 4
MR A MR, AT -, SR RS U

w/%

Particle size/um

Sample No.
Si o Al

Medial particle size

Area average particle size  Bulk average particle size
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11.7
24.46

0.21
0.25

Bal
Bal

21.15 11.69
17.01 10.46

26.34
27.20
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Fig.1 Microstructures of materials fabricated by original and oxidated powders: (a) Al-12Si original powders; (b) Al-30Si original

powders; (c) Al-12Si extruded material after powder oxidation for 24 h; (d) Al-30Si extruded material after powder oxidation for 24 h

B2 Al-30Si BrR%A 24 JOREF )T LTl A RHK) TEM O

Fig.2 Element linear scanning image of Al-30Si powders oxidated for 24 h and TEM image of extruded material: (a) Element linear

scanning image; (b) TEM image
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Table 2 Measure density and relative density of samples

Sample Measure density/(g-cm ) Relative density/%
No 0Oh &h 16 h 24h 32h Oh &h 16 h 24h 32h
® 2.60 2.59 2.59 2.58 2.58 0.98 0.977 0.977 0.97 0.97
@) 2.57 2.57 2.55 2.55 2.53 0.98 0.990 0.980 0.98 0.97
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Table 3 Material hermeticity of powders oxidated for different

oxidation times (10~ Parm®'s ')

Sample 8h 16 h 24 h 32h
No.

©) 0.8 0.8 0.2 0.2
® 1.4 1.4 0.8 0.8

T ALST MR L. B SRR SR T
AL, S T F A S I 1 AR, e Eh i
TR ERS AR NE R 2SR, Skl T
bk W-Cul T 4.

2.3 HEBkIERE

R AR PR A I 32 B 5 A ()5 i
K, A2 E S AR EACAE B I . 1 i AH Bl
IREAHAARR 0 8. ROF RN TR A, JEAAH )
(s SYEPE, ARSI VEDT . 2550, MR
B LA RN R AR N ), A B B/ 5 e F
MEHABZIK R4

AN [A) SRR TR S8R R B S b 5, AL-12Si1 Al
Al-30Si IEEFE 100, 250, 400 C I 2 5057
W 4 FER S Prom. WRPEIR T UG 1, 7EAMlF T
AT, ALL30Si UK R BT BART AL-12Si J540
GEMPIEIRE TG, MR e i
BRoy A& s A R — AN E N . R
Fhim, REPEAHFANEVEAR A S A RN, AR IEPEAR A
FEIMK R ML, MRE AR AN AR, I
TEAR 25 52 2] J] [ FA I K 28 BUAR /N 00 1 1 AR URE 1) 24
W MIEPERES AT, XA RS IRAN . K
1 FinE AR n LA, AL-30Si HPRERT A B AL
Z Hoa s, KREMEIK R L0 R 5
IIATREA RN IZIK, B TR )

(b, AR SEVEAR BT D 5 4w SR (e
HBEEAL P BT, TS AR K R ECT B
I, S e Ny, AR TE R AT A A RLE B
NI vk D) (PPN TR 2 E rip e A ks PN ok OV
73, AEREHAZ I R B AT Pk o

TEh WRTEIRE T LA, BrRE A
JEXS G M RHARZ I SR B S B 0%, B4
PRI TRIE A, AT W58 AR R vl i G h el e s 7200
IR W) XEERIY, BREM)E, B
BB RN, DA N A R S AR D
FXEZIR R B s A e S oh, BEMEHN
P2 R B N =R E, I R AR A R f bt
ARG LR, LA RL N S ZRA K L AR
Wk

EE oty R AU S LVERE R &7 KW Aur S
PSR R REAR R (AR, 1 REAR RN R
MR 5 A AR A PR 113 /IO, s DA PR TR FEE 74 1
BURR IS, AR S), SR T R BT
S ST, REAR S AR I R E D ifi 52
FER 7, WA R /N BB REAR S B A (KA AR 73 4
AR, AH AR AL & AR RN, 0RE (1% Z¢ i 1 A
5N TR b, RN AR R B,
BRARIN S IR I AE BE A2, ReEAT 5 S A 0 T
a/h, MR REOBAC. 5346, TAKEL %11
TR T 38 i ARURORE T DRGSR REFARZ K 1 RE 1Y) 5%
Wi, ZARRW], HHERANKARLSE T 1, HOVERE
RURLIN , SRR AT, 5 B A (R e BELR
T, Gahrh 2Bt it a5 2N ERE AR
B, WX MR AL RE P 2E 52 MBI W
HJg e, TR AR A LU, fERe AR b i
(I N BN, (RN 5], W AR R, A
VIR R B, 2 T RURE 32 BRI A At R
KN FT, HABFRALIEE N T8/ DA BRI A

R4 AL12Si RFEHILE 100, 250 F1400 °CIPIAK 2 5
Table 4 TEC of Al-12Si at 100, 250 and 400 ‘C(10 K™
8h 16 h 24h 32h
100 C 250 ‘C 400 C 100 'C 250 'C 400 'C 100 ‘C 250 'C 400 'C 100 ‘C 250 ‘C 400 C
16.4 193 213 15.4 18.2 19.7 16.3 19.1 20.9 16.8 17.9 19.8
R5  AL30SiIXFESN ITE 100, 250 F1400 C AR R 3L
Table 5 TEC of Al-30Si at 100, 250 and 400 ‘C(10 °K ™)
8h 16 h 24h 32h
100 'C 250 C 400 C 100 'C 250 C 400 'C 100 'C 250 C 400 C 100 'C 250 'C 400 C
15.7 18.2 19.8 14.6 16.8 17.9 14.9 16.8 17.8 15 16.9 17.8
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FHERE & T B AR SR AR E
WIBRTERE . AR R S AT R G BTl A b5 A R Hcn
K6 . WRDEHR LA, 0Tk i m i
kBl SR NG, RO TR bR b e
PRI N X TRES EAHF A S, MEHRA
FRALRH AR AR AN [ B T 3 0. AT AE 16 h
W, Al-12Si 5 AL-30Si PRR ARG R 2R 50 o S
AR, MAAI TN 16 h ZEK 2 24 h 1, SHEREIY
I BE e K, n Al-30Si AL TRI AN 16 h B3 24 h
i, HSHEAEEIEINT 12%, 1A LI T 24h FEK:
£]32 h i, HSREKEINT 5.4%. XEEAL
N L5 R A

TG, REARORL S B RLEE . TRARA A AR
5 AR B R S T g R R LT PR U SR
FEFAE T R IEE ), S DRISZ 30 LA S U
MRS, AT FEARAA B AARE T o JURL S S IR
e A U AR PR, R G AR P AR RbE
TEEL, REOERAN, HHEUN A, RS
PEREM AR AR o TR, A [ 2 PR L 1 25
PR AVEAS TR S A, J0RE RIS AR B B ) JLART S
A7 ) E R A O RO A A AN
AY, ORI AR FRPE 2, JLHUR RN 5t 2 i 151X
ANbRdE . X S A E R 5, O RS R
A B BRI S o R ARTE i A R, [
AP HONE . B ()R EAH T4, ks
R AR o YN < T PN 719 | AN BTN B AR e 1
Ky HAPRIH GV IE RE S BB e, Wb TR
BRI S s AR TR (0 S, S AR RS
SN NI YRS S AT

ok, BERES =M, A& 2 .
JOFER . ARG 1) S AR BRI 2,
AHASBEAR G AR T S A AR AT H ISR 23 A R AN
Bysgrk, fERRsepcal, nr iR A AR AR,
AR A REAIORL BRI T ARSIl S5 4, B
BEN AR 2 M S35k, fEAHS B R
FENL A HTIG K, A B B I B 3 B 19K,
N A L A e B

Hoh, BIARSEME, RIE AR5 AT
FEPRERE, BN A AR, Rt s T
ANE i EEUH AR, AR BGREERAIG; (HX
o A B B A T AR AT RERS BIHE A, AR5 H
FHAAS B REAR, AT B2 mb R AR AL

LR EPNIE, ARSI B R, R SR
FERZ PR RE T, 5 TR 7 IR, el St A BEL
PERI Y 2 TR . 3 FA RO N e J5E P /s T 25
AN 2, SN T R A R U AR
o b, WK1 BostRH AR aT VR, —
VTR b SRS WU NTRE A T2 v TR AT SN
4, ERURLAESE AR (10 50 A A7 AN ] S ) AN 2]
Phs (RIS IR RHR AN HpR 2 S AN R RE AR 2% Al
GBI, BLR AL A ER LR <5 BB R A7 A2 45
XL S B A BURRH) AR RE

R 6 A RIS LG PRy R 3R
Table 6 TC of materials fabricated by oxidation powders
(Wm K™

Sample
No.

O 114.0 118.8 121.8  135.0 144.4
@) 102.0 106.5 109.0 122.0 128.6

Oh 8h 16 h 24 h 32h

3 g

1) GEMARE IR RIS, Heil G4
Al-12Si S RLEA KAV BKR, it S 4
AL-308i AR ORI i

2) MRS B R A AL I M AE KA R B, (8
15 97%A I, MRV S MRV 1X107°
Pam’/s /idi, HAEGHLITEEBM B W-Cu #1124, 584
A A L AR R K

3) A T 24T, Al-30Si MEHIZIK 22
WA T AL-12Si #4kE S AR DRI 22 £
AR N TN (0§ R %P S AR = An [T Y
B AR EA I R BT 3G 0, %840 24 h 5, il &4
RHEHCR =120 W/(mK), 584 1] AL fL 7 BB R
HEK.
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