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Table 1 Chemical composition of 7075 aluminum alloy 2 fione WK 2 AT 0L, BEEESE I E & (620, 630,

spherical powder (/%)

Cu Mg Fe Si Mn zn Other Al

1560 2.210 0.092 0.087 0.08 5.320 <0.05 Bal.

TEH K B gl Al,O5 Bk, H4 by A JEUREE 1 w5 e BR BE
HL (QM-3SP2 47/ :NEREEHL) W KT8, Bkl L 10:1,
#3400 r/min, B [E] 2 ho FLR, ¥ R REL (769YP-40C
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{5 1) 2 5508 10 30, 60 min, x5 K A B B
4:1. 81 FHATHF R, FEFEEAN 8 mm.
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mm/min, K4 RSN @5 mm><7.5 mm.
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Fig.1 Metallographic images of the cold-pressed original body
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Fig.2 Metallographic microstructures of composite powder blank at different sintering temperatures for different time in non vacuum

Kl 3 EaHRIEARAEIE M IS T REER
Fig.3 Composite powder green body sintered in non

vacuum (a) and vacuum(b)
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Fig.4 Metallographic microstructures of composites sintered at different temperatures in vacuum: (a) 620 C, (b) 630 C,

and (c) 640 'C

K5 E&#ARME 630 CRA5E4LS 60 min [ SEM %4 K EDS M4
Fig.5 SEM image (a), element distributions (b) and EDS mappings of element O (c) and Cu (d) of composite powder blank sintered at

630 ‘C for 60 min in vacuum
620 C 630 C 640 C
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Fig.6 OM microstructures of composites sintered at different temperatures in vertical extrusion direction (L ED) and parallel

extrusion direction (//ED) under extrusion ratio of 4:1
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Kl 7 630 Chess 60 min E4HEIEST K LL 4:1 R 1K) SEM 4121
Fig.7 SEM microstructures of composite sintered at 630 C for
60 min under extrusion ratio of 4:1: (a) vertical extrusion

direction and (b) parallel extrusion direction

K18 630 Chess 60 min M BHEST L 4:1 TREHETT
6 ) SEM A2 K% EDS i 4

Fig.8 SEM microstructure (a) and EDS mappings of element Cu (b)
and O (c) of composite sintered at 630 ‘C for 60 min in

vertical extrusion direction under extrusion ratio of 4:1

Kl9 $ELL 4:1 TSGR AL GG A 4
Fig.9 OM microstructures of configuration composite after heat
treatment under extrusion ratio of 4:1: (a) vertical

extrusion direction and (b) parallel extrusion direction
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Fig.10 SEM microstructure of composite after heat treatment

under extrusion ratio of 4: 1
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Fig.11 OM microstructures of composites sintered at different temperatures in vertical extrusion direction (L ED) and parallel

extrusion direction (//ED) under extrusion ratio of 8:1

Kl 12 630 ChediH&MEIER R 8:1 F I B H e J7 18 F-F 47 55 7 181 (1) SEM 421

Fig.12 SEM microstructures of composite sintered at 630 °‘C under extrusion ratio of 8:1: (a) vertical extrusion direction and

(b) parallel extrusion direction
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215 4aAMA oMK AlLOs Fiks B K 40 47

Kl 13a N JE M EL ALO; Bk SEM 4, Kl 13b R4
S E A EK ALOs Uk &AL Bk 20 /i TEM
%o WK 130 7T W, 9Kk Al,O5 Bk 70 A T g4k 3%
A b T A 2R R RORE X 3800 A 48K AlLO;
WORL 734 « 412K AlLOs Bk EDS fe il WL 14,

Kl 13 MK ALOs 1) SEM & SRR U & 41K TEM 1R
Fig.13 SEM image of raw material Al,O3 (a) and TEM image of

aluminum matrix composite (b)
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Fig.14 EDS spectra of nano-Al,0; particle @O and @
marked in Fig.13b
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SEMEBIEUE B, SR WE 2 . HER 27
A, S S AR AR SR FEIR B 98% L F. Bl kR
ZEIRFEH 620 CHEINE] 640 C, 42K AlO4,/7075 4
BB E AR R R E Z . $iEE 8:1 5
AMEE 4:1 U RAM G RS L,
UL A PRE R LI B R D RN
2.3 MERE

WK 2 frox, £ 2 MR R, BERGEET &,
F TS5 A PR BT 5 B #8 2 Th vs J5 PR AIG o Ji DL U
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AR B AL, AR B AL, MR R & .
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N A ARk 1) B S BRAIG o i DR R N SV A T A,
TCREE, HAEEITRED, FERREE A, M
R8P, $FIREL A 8:1 I, BEE BL IR E
M 620 EF+EI 640 C, 8 & G AR 1% 5 B S T
e PR B RS IR N 620 °C L FHE] 630 C, 4
G G BB R A Y S m, MbesbiR BN 630 C
EFHE 640 CHE, HTYE A WHORLR) W AR T 38 FE AR R
AL, XS5HFELAN 4:1 W2 ARG BT A
A, MEFELN 41 B, SEMBHR TR 588125k
FhimJa A, B AR B AR T S AN 4 v, BRIk
TR LU BORE, PR B R 1 B A s, L&A IR
FE TR MR W 2R T AR ZE A K
2.5 MRS

AN [ o 45 UL P T AN TR 55 R LG R R B R 6 b ek
PR E A AENR RS UMS-100 E#k7 IR, 45 3R
mE 2 fim. WK 418, E&MEWY KRR
FF(E 79 GPa, HRARE R AN K, B YIBE AR
FRTE 30 GPa: A SIS & it be 45 i [Z THm IS A 15 K, 3
#7E 71.5GPa DL L, BriEH N 8:1 B, EAMERIH
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[CELRZRORFF/E 83 GPa, X THi L 4:1 W
5.0%; BIVIBLERm, {REFAE 315 GPa /A, #HX
TR 4:1 WHRE ) 4.3%; g RERE 77.7
GPa £ A, HIXTTHIEL 4:1 BWREZ 8.0%.

HH T 3P R MR R R R, B T RO
SR ESE @SR, SRR SRR S 4 DA S 4
PSR O o DAL I ARk £ L P A5E 7 J08 25 T FE 620
630. 640 CHAHZEA K, HIGLHE TESHAMIA,
S AR ERL R ~F L . SERIIAR LSRR, N
LA ) ) 3 1 B PR AR A AN K o (AR I LR,
A MR B AN B ORIX — RURE . MR S
R 06 AR S B B R LL B n i 42 v o
2.6 WIKHEE

® 3 NAFRERERAFAFEL THREES

MR A BB T . 2 NP LR, B RS 45 Z M 620 C
FTHE] 640 °C, A MR R 2 A T S
B . Forf 640 C R B PR AT RS2 B T M R R &
SHEIFBHEEZ, irtEERTZ, FEMER A
T REE PR A, AT A Sk A o P Al P A A

7075 A EME T2 TR E HB A 998
MPa. oy 4:1 15F, S5 RLEAE A X 7075 45
B PR E T 49%; AL HL S A PR RS
FEAE, /9 1483 MPa, FHXT T F44h #1737 B2 % 1 0.8%.
FrE A 8:1 i, SEMEMEE AN T8 R 4:1
PR T 4 3.0%, Lk 7075 444 T 53%. i,
MRS GRS LR, R AT IR iy o J5L A
M BB R, MR ER R, R RE AR B
.

R 2 FRRLERERAFRSFELLTESHIEEE

Table 2 Properties of composites under different sintering temperatures and extrusion ratios

Sintering temperature/‘C

Property 620 630 640 620 630 640
Extrusion ratio 4:1 Extrusion ratio 8:1
Density/g ¢m™ 2.8322 2.8374 2.8349 2.8542 2.8554 2.8529
Relative density/% 98.0 98.2 98.1 98.7 98.8 98.7
Compressive strength/MPa 769.5 786.4 757.4 868.3 874.1 854.6
Young’s modulus, E/GPa 79.3 79.2 79.1 82.9 83.7 83.1
Shear modulus, G/GPa 304 30.2 29.6 31.3 31.7 321
Bulk modulus, B/GPa 71.5 72.0 72.3 77.8 77.9 77.3
900 #3 ARKERERFAEFELTHEESH MG REE
S L Table 3 Brinell hardness of composites under different
% 700 | sintering temperatures and extrusion ratios
(&) -
= N Extrusion  Brinell hardness
9 500t Sintering temperature/ ‘C ; '
= e g temp ratio HB/X 10 MPa
5 630 C-4:1 =630 C-8:1 620 149.0
g 300 640 C-4:1 =640 C-8:1 630 1495
ugj r 630(heat treatment) 41 148.3
100 - 640 147.5
. . . A . . . 620 152.7
0.03 0.09 0.15 0.21 630 g1 153.0
Engineering Strain 630(heat treatment) ' 150.3
640 152.3

15 N[RIpe 4 iR BE AN [F) 4% b R 52 & 4 RH AR L 77 - R
AR 22
Fig.15 Engineering stress-strain curves of composites under

different sintering temperatures and extrusion ratios
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se R MR TR . T e 1 16a AN, 14 16b 4
AT %N, 52 E PR O 3R 1 20 A6 45 VF 2 41/ B e

MR, HARBETMENIE, ’T oI, 25
FRE, ZEEFR BRI 2O e 1 B 2 A0 9 1
RALAF o TR AT RE A2 A A Bt N 3o A v A ) Py S e B
WA, HARCUREWR, MRAR Rt — LT,
MEE L, LA B, 48 U B & A S AR I
Mo RREEGME2E$ ), SRRy B A7 mk,
FEWYE B T7 AU 4 bl i, R E e AN B 5 [
P, e BAT A W7

T G 1 W7 28 1) 2 2 DR R 5B 5 Rk rh S o £ 3
AN AR, D ARTE B SRR i S AF e,
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s I A IO AEAE 2 5 4 R B F I 45 5 77 B Ao 1
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JETER| e BUEN, LI 2 A NSO, YR,
MTTIE M E W2 o DR eI 2807 s AR T 2 o =, Mfe
PEWT R, HL2 i BF A MR W 07 20OF R B
PG N 4:1 RSB DR, $HE Y 8:1
S EPRHET O AR 958 AR5 40/ B 07 T Sk, D
VLR SMRIVE R, DU R B B 5

8 ki 4

16 640 ‘CHES: AR HF I b = & 44 ki D 7230

Fig.16 Fracture morphologies of composites sintered at 640 C

under extrusion ratio of 4:1 (a) and 8:1 (b)
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2) BEHTRLLIE R, EEMEINETLIRRD, RS
TV BS e 88 RO B 21 2 DRE RO 3 ] 386 5 P B R A T A
MOREL BEIREE 8:1 AHX T 4:1 I S AP RIT 4 K 4.

3) WA E GBI EZNA KR, HFELL 8:1
HEMEEARR THIEL 4:1,

4) BERREEEIETHE, $EH 41 5 8:1 A AR
(PIREE FEE 2 SR S 5 /), REAAREE P R XS SR A A e 357 B
BitE. EEMEIEE G RS0E ESTE 98%LL L.

5. MMAEEMEFIEA 41, REREN
620, 630. 640 CHJ, &M kAP 55 FH X 4k
MR 4R = 15.3%, 17.2%, 14.0%, 5% /% K66 % T+
KRN BrECN 8:1 B, BEAMERIBUE
SR 55 AEDO B AR BE A3 i R 33.2%, 34.1%, 31.1%,
558 FEE I i R P T 8 18 K R

6) 1AL S GARHR W 7 A W R 3, e
PEWI R Al . G 0d 3% e G MR W R 7 SOF R i .
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Effects of Sintering Process and Hot Extrusion on Microstructures and Properties of
Nano-Al,O3,/7075 Aluminum Matrix Composites

Yan Qinghua, Xu Zhikai, Lu Dehong

(Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650032, China)

Abstract: 10wt% nano-Al,O03,/7075 aluminum matrix composites were prepared by powder metallurgy and hot extrusion. The effects of
sintering temperature and extrusion ratio on microstructure, relative density, elastic modulus, hardness and compressive strength of the
composites were studied. The results show that with the increase of sintering temperature, the hardness of the composites with extrusion
ratios of 4:1 and 8:1 increases at first and then decreases, and the overall hardness of the composites increases obviously. The
compactness of the composites after extrusion is more than 98%. The compressive strength of the composites with extrusion ratio of 4:1,
the sintering temperatures of 620, 630, 640 <C, increases by 15.3%, 17.2%, 14.0% compared to matrix, respectively. When the extrusion
ratio is 8:1, the compressive strength of the composites increases by 33.2%, 34.1% and 31.1%, which increases at first and then
decreases with increasing temperature. In conclusion, the elastic modulus of the composites has little change.

Key words: powder metallurgy; hot extrusion; aluminum matrix composites; graded configuration composites; mechanical properties
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