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3010 iE 4} 4% (Transmission electron microscope, TEM)
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Fig. 1 Microstructures of SiC,/Al-8.5Fe-1.3V-1.7Si composite
as hot-pressed at different temperatures: (a) 430 C; (b) 480 C
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S ATAE a(ADFEAE b R JEEE 480 CHELSS, TREL
722 100 nm(ULIE 2(b)). FLEIRE S 2] 520 C
I, B KR ZE 200~300 nm(HLK] 2(c)). A 2242
ﬁ%ﬁm,ﬁﬁﬁ%ﬁﬁﬂ%,devmiﬁw,
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EEm IR . E(KT 500 CHETHLEIN, &
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500 CHATHLEINE, WTFHFEWIR,  Ala(Fe ,V);Si kL
Ffk, 2= FEM, Kk, 55T 500 'CLLEFL
i, FEORECRLF A SR o

BRI SiC,/Al-8.5Fe-1.3V-1.7Si & A ARHR
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ICIRBESAT FIATHELS], HA T 28—, #R
JE N ELHIH AR ) 2k R an 3R 2 Al
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Fig. 2 Dispersion particles of composite sheet as-deposited
(), as-rolled at 480 ‘C (b) and 520 C (c)

F1 GREH A [ EDAX 4553

Table 1 Results of dispersion A in as-deposited composite by
EDAX

x(A)/% x(FetV)/% x(Si)/% x(Fe+V)x(Si)

73.90 19.63 6.47 3.03
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Table 2

SiC,/Al-8.5Fe-1.3V-1.7Si rolled at different temperatures

Ambient temperature mechanical properties of

Tensile Yield
Rolling Elongation,
strength, strength,
temperature/‘C /%
o,/MPa o,/MPa
440 470 445 1.0
460 535 465 3.5
480 580 525 6.3
500 540 510 4.5
520 495 460 2.0

X Al-Fe-V-Si G431 5, 471 He sl SL IR 4L
I, LA R . (HX SiCy/Al-Fe-V-Si & &
MRS, AR TBIREAE 440 "C #1480 C 1Al FEAA
B SESRORL AR TV R e 0 25, OB R A4
Frla) 2 MO REr, SEWRMTERE TR Uik
FI| 480 CHF, EEMEVSRIZRE LS, SiC kL
hEhG RUF, WERar>, JiErkaeicls; FLERERE &
1480 CHY, HT i FEMER L iR R 1
KK, B PERE R P

22 BERMEMALSREE
22,1 BIEAHR
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S FEMRL )RR T AR AR e 44
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TIIEREAER], KB A8 FLI A B IS 4 AT, i H.
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JEBERHIERK R I R — 2 (R i i s, B4
BRI B B2 W4, AR BEIL 98.8%, fH
H T BIUIA TG 5/, TORBURURE 8] 475 5% B FLER .

B3 HUkA SiCy/Al-Fe-V-Si AR SiC k>
Fig. 3 SiC particle distribution of SiCy/Al-Fe-V-Si as-hot
pressed: (a) Enlargement of 200; (b) Enlargement of 500

N

R 2 15%SiC,/Al-8.5Fe-1.3V-1.7Si A Ji5 ) 2 )3 LA S AT
i

Table 2 Density and relative density of 15%SiC,/Al-8.5Fe-
1.3V-1.7Si as-hot pressed

Theoretical
Density/ . Relative
Material e density/ )
(grem ™) 4 density/%
(gem ™)
15%SiC,/Al-8.5Fe-
2.922 2.958 98.8

1.3V-1.7Si

2.3 ELEIEREPMERMBELNS hF R
2.3.1  SiC fiki. FLBR

F S PURL SiC/AL-Fe-V-Si & & ¥4 Kl 5 IR £
480 C FHHMTHUREE . RIRS KA, Bk
PRE T WA N B T4 E U SiC ks 24k 5>
A, PURARIORL [B) 25 G TR S G, ARAAELE LB,
SiC UKL 3= BEATUTRARIUOR 2 101 341, A LB 2 1) SiC
Wik SIS (LK 4(a)). T80 2 IR AEL ),
SiC BURLIZ 5 2 Z AR R B ks, WSl SiC RTkE
WIS o3 AT o MELHLR R NN 20%, AR kL [a]
(%% R LRI D, Rkii S O, SiC WUk A 345
BT (LA 4(b)). HELHIRE T HA 40%IH,
SiC BURL 73 A7 5451, SiC UK Al 7 [0 AT T 4L 7
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Fig. 4 Microstructure evolution of SiC,/Al-Fe-V-Si composites: (a) As-pressed; (b) As-rolled, cumulative reduction of 20%;

(c) As-rolled, cumulative reduction of 40%; (d) As-rolled, cumulative reduction of 60%
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WRAE S ST S), 3 Z A ERa, MR
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Fig. §
As-pressed; (c) As-rolled

Dispersions of composite: (a) As-deposited; (b)

10*~10°K/s VA HIHER, 1M 75 URAIE Al 3 R mT
DURAF A m v HIE . BRI, OB R Hh RO 1 32
B Aly(Fe,V);Si® . Al »(Fe, V)3 Si 9Bk 142 1 a(Al)
TR R YA A e ] i v e R R P IR P 2K A
IS AT, B A T3 B e R R A BT
wEAIMNT . 480 CHH T IRECh 7 RiAeAh 50~80
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IRPEAZTE /N, SRR A A AR, A A D (LA
5(b))o ML JF2E 480 C AL, RECRL AR KK
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e MBS WTLLEH, SEWAERE, SRER K
LAMTER A . CARRENO 26C7) Sk 7E S Ak ok
5T L AR A B0 2, DRI, P9 B R R SOk
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T 2961

Density/(g" cm

0 20 40 60 80 100

Reduction/%
155
(b)
150
%n 1451
9]
=
B 140F
<
T
135
L
130 . . . .
0 20 40 60 80 100
Reduction/%

Bl 6 SiC,/Al-Fe-V-Si £8# i Je Ll T i) 8 S AN A2 4k
Fig. 6 Density and hardness evolution SiC,/Al-Fe-V-Si
during rolling: (a) Density; (b) Hardness
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24 X SHEEATSTIE S

<7 Bros MAEDTRRES . RS FELHIZS SiCy
Al-8.5Fe-1.3V-1.7Si &M K XRD #%. MIE 7 7T LA
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U5, HATHW IR R AR WA, SRS R A
BHO AT HH% T2l 0-SiC. a(Al)s Alyy(Fe,V);Si [IATH
VR, HEAh, ERARTEIERET, AlLa(Fe,V);Si R4
WA PR W SR T, X I AE AV I R I AN ) (Al
kAT H Alo(Fe,V)3Si Ao &t a8 dn L, AT
SRPUG TR R B VAR B b e S A fE b 5
PRI AlysFey AHFT UG, X150 W £E R G808 L fe
Aljp(Fe,V)sSi TR¥FEEE, ARKAW R A AlsFey FHIK
A, 5K S P B S 3.

*—a(Al)
N 4—¢-SiC

Asrofled =—Aly(Fe,V);Si
s-rolle .

IR W L PO
As-pressed l

. ) T N
As-deposited

20 40 60 80
20/(°)

7 MAHEHETBA, FIRARZALABIRN XRD
#

Fig. 7 XRD patterns of Al-8.5Fe-1.3V-1.7Si/SiC composite

as-deposited, as-pressed, and as-rolled

3 Zig

1) FEARSEG AR, ATRIRE 480 'Cy HURIET)

125 MPa, H 4R EAREE /N T AR AR I K Hs
HART B E SR BRI AR /N, iR
B —E R LR BT D) T AR T SiC BURLfI344) 43
AL, AR BRI 98.8%, fVfid, Rk
B RiAEN 50~80 nm, RLRLAR A 600~900 nm;

2) #LHNEEE A 480 CH AT LRFFE A EHTK
HORLF 55 AR i /)y, S R TR RRE AR T,
KLz A1 SEIB a6, AR T m Rk Ees AT
HVERE. £ 480 CZIEIRIAEL, PIRRRLIATHH 2K,
PR X5 2K 99.5%,  BRECh 1 RiA£2 24 100 nm.
e RRIARZ 0 1 pm, oW AljsFeg AHBTHY,  DRHECKE
- BELAS A 8 32 8l I e A E g g FL R AR T
480 °C, ESHBURL S AR PN RE ) 25100 H IR AL,
SEERE NP CAELHINERE T T 480 CRY,  BRHECRE
TH R, i bERE TR

3) MELHLEAE N HRALT 20%H0), SiC Rk TG 4
A, B FERGEREIE DN B 88 20%~40%H],
T SiC JkL A X FAR L B R B R SLRR 5 i 2 RN
TS R SR N L 40%0, SiC kK4l s 17
SPATTHELEIT 1), SICBURL B A4 8] f 1) B & TR
G, WA R CUAE R ERIAE] 95%, AHXE
FEIE 99.5%
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Densification, microstructure and mechanical properties of
spray deposited SiCp/Al-matrix composites

HE Yi-qiang" %, LI Jun-jie’, ZHOU Hai-sheng’, FENG Li-chao" % CHEN Zhi-gang®

(1. Jiangsu Marine Resources Development Research Institute, Lianyungang 222005, China;
2. College of Mechanical Engineering, Huaihai Institute of Technology, Lianyungang 222005, China;

3. College of Electromechanical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: SiC,/Al-8.5Fe-1.3V-1.7Si composite prepared by spray deposition were densified by hot pressing, and then
were rolled into sheets. Effects of hot pressing parameters and rolling parameters on microstructure and mechanical
properties were investigated. Shape and distribution of SiC particles, shape of dispersoids, density and hardness of the
composite as-hot pressed and as-rolled were studied separately. Evolution of pores and deposited particles during
densification process were discussed and summarized. The results show that hot pressing temperature of 480 ‘C and 125
MPa, and smaller diameter of the billet than the inner diameter of the hot die are benefit for homogeneous distribution of
SiC particles and void closing. Dispersoids of the composite as-pressed is 50—80 nm in diameter, and grain is 600~900
nm in diameter with few dislocation in the grains. Relative density of the composite as-pressed is up to 98.8% with
residual pores remaining. Large plastic shear strain of multi-pass hot rolling contributes to deformation of deposited
particles and metallurgical bonding between the particles, subsequently benefits to densification and mechanical
properties of the composites. After multi-pass hot rolling at 480 °C, boundaries among deposited particles disappear, and
dislocations are pinned by dispersoids in the matrix with Alj(Fe,V);Si dispersoids of about 100 nm, and grains are about
1 pm in diameter without Al;;Fe, forming. Relative density of the composite as-rolled is up to 99.5%. SiC particles
distribute randomly, and density and hardness increase because of pore reducing and eliminating when cumulative
reduction is below 20%. Then density and hardness decrease because of pores resulted from rotation and sliding between
SiC particles and the matrix when cumulatie reduction is 20%—40%. Long axis of SiC particle becomes parallel to rolling
direction, pores between SiC particles and the matrix disappear, and density and hardness increase when cumulative
reduction is over 40%. Relative density of the composite is up to 99.5% with cumulative reduction of 95%.

Key words: spray deposition; particle reinforcement; Al-matrix composite; densification
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