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BAEBSBSICo/AIEAMBARANRNAFHBRERS . WEEHFFHR D
YR R RA R PR R REERE. BT & & &4 SiCp/Al
EAMBHTEIEAENBE EHRES, HE TSR LRARE.
5EZHETEMHL . SCHRAEEXESE TZAEESFRIEESR. K
HBRALFRE. AXCRALEBBERIIH ST SiCp/Al E5 44, %
FH4&AH B R B 8 (SEMD L& ST 8 (TEM) | X ST AT 5T (XRD) |
BIK(EDFHERN T HEBBEIR . BAMALEENA RABBRT
SiCp/Al E MBI 1% MEHE, BRT SICER.FREE . ES4HH
MW E SRR X RMAE, HTFHMERE .53 H KKK SiCp/Al
HEAMBHRML T LR 5 ISR .

X E KR Fe(NO;); « 9H, O/Ni(NO;); « 6H, O KL KB
KT, 1E 1000°C T4, H148 T SIC B RE., FREW.BRIALERAE
HALR R, Fe(NO;); » 9H, O/Ni(NO;); « 6H, O Z#3 @4 M Fe, 0,/NiO;
BB EBRELZ4EmM SO, B. KEBWEALERAUR
Fe(NO;); « 9H, O/Ni(NO,); + 6H, O4MRIE B[ Fe, O,/NiO BT R S E—&,
& &R, SCBkE AL Fe(NO:); » 9H, O/Ni(NO;); » 6H, O
ABEBTHABR-—EBERR I =Z4HEEEN. T ROLEKNE;
Fe(NO;); » 9H, O4r /5 7E SiC B BE B T RS A, BAERE
PR, Ni(NO;); « 6H, O 43 )5 SiC BB R T A REAR.

£ 1000°CHeghng, i1 F SiC AILE I8, £ WM SiO, BEBEREHF SiC %5 i
EER, UEBRIEREREEEREE. SICHREKEETRP =L INE
AR, KRB Fe(NO:); & B g K, i@ 3 B Fe(NO;): &
E.EKEBARABREEN SICBRBE, @ EE Fe(NO,), F &, #
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85um/28,m(W85/W28) Ml 50,m/14pm(W50/ W14k 2 : 1JRB H A H Wk
FE) i SIC PR BIEE, K18 35U ~46 ML B TR BEE NN ERE
BEEELN S BT K, Fe(NO,), S 10% . K EREF A
180MPa £ 45 . i

£ 950°C RARA AP, RABB AR M %, BIH & SICHRYE
K 55%~65% BEE R 95 LA LIy SiICp/ALE A4 K. HRERA BES
HEEFEB A SIC BB BT BRLR 6T E R, XX EHE. XFE
HEFEASEMNEE:. — R SICHEBRKBEABEBELATILERNE
WYY, —REAMBHANREERE, AF SIC FRALERHEK
#H SIO UL B Fe(NO;); M= 1) Fe, O, i FH 1 SIC B R . KA
LR B ALY SR RS 8 A B2 8 o R T RN 3K 18 - AR
RIEBBEEBA . ZBHETF Fe(NOD MM S HBAER Fe, O , BE5BBKE
WBHREN,#H-PHER-EREER. RABEEBNEA. BEEAX
BAKE,SIC B BEE T EMEER, MBSERTHEE. SICH AlZH
FERER 0. 4pm £ H K MgALOEALY R EZ , XA H 2 6875 R BE 1L 58
BESICHEMSRER. REESEEEK.SICHMBEBEE—ENMHEX
#. 4H B 8F & SiC #REM MgAL O, BB LS5 .

BAEREEPSIABEBESBMW SCHBAGRAEEEERE T RE
#RTE 300MPa LA b, B Hik 381MPa, $i%5 5% B 3 A Bl & 0% BR 4K 5 I & fy 3¢
i T B3 3 o, T LA S SR W A A . IR N R B 0B B R 4F 8
19 B B0 5L A b4 38 B W 85 T 40 JBURLIE H 9, 4 8 b0 ) 10 O 3 1
SROBE, EIHEERK,

SICp/AIEEM BB T UREN MY E. REGERERBIEHF
SiC- Al 4 R E.SiC 5§ SiC Z[H#HEHHRRELETL AL KK SiC Bk
VB, EEMNER BT SIC BRAMER/NYBR B, KENSY B
BHFELBRNBHTEEESGN. R EETRKESCRETFIHEEET
1) UL S B 46 R ERE , ZEMI4R SIC L FAE R Z M R 4R R 8, TE LKL
PERES.

W85/ W28 (&4 Hh 55% ~65%)SiCp/Al - 10Mg - 8Si Z & 1K
B R 128W/(mK) FH F 142W/(mK) ; W50/ W14 (4 B4 8 55% ~
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65%)SiCp/Al - 10Mg - 8Si F A4 HH B FH M 126W/(mK)F E 139W/
(mK), Sk, EHRARSRTHBE SICHBEEXZAHBHRS
RILMPRIEE. EITRESHEK CTE, Z I SiC & 5 n]
BRERE AW E AR K Z B (CTE) ; R % B SiC b R %t & 448
PRIk R AR KE W, KR SIC SR A # T #8118 Bk R 5689 FE 1%, T
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M. % SICHRERIEEME] 6505  ABKEAERAE 6. 7X10°K ', &
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ABSTRACT

ABSTRACT

High-volumefraction SiCp/Al composite materials have many excellent
properties such as high strength, well wear resistance, low thermal
expansion and high thermal conductivity. In comparison with pressure in-
filtration and injection molding methods, pressureless infiltration process is
the most economical one because it is a near-net-shape process with
relatively less requirement for equipments. In this paper, a concise
pressureless infiltration process for the making of SiCp/Al composites was
investigated. Study on the dependence of SiC grain composition. pore-
forming agents and interface features with the properties of composite. The
infiltration process and infiltration mechanism of SiCp/Al composites were
analyzed by metallurgical microscope, Scan Ele¢tron Microscope (SEM),
Transmission Electron Microscope (TEM), X-Ray diffraction (XRD).
Energy Dispersion Spectrometer ( EDS) and other techniques. The
mechanical and thermal properties of SiCp/Al composites were researched
systemically and thoroughly, the relationship between SiC content, grain
composition, structure of composites and their properties was revealed,
which provides practical and theoretical basis to prepare low cost, low
thermal expansion coefficient -and high thermal conductivity SiCp/Al com-
posites.

SiC preforms were fabricated by adding pore-forming materials at
1000°C. The results had shown that silicon carbide generated oxidizing
reaction, thus the Fe(NQ;); » 9H, O/Ni(NQO;); » 6H, O was heated into
Fe, O;/NiO. A layer of SiO, was formed on the surface of SiC, the
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hardened of Sodium Silicate between SiC powders, and Fe, O;/NiQ was
formed by the thermal decomposition of Fe(NQ;); * 9H, O/Ni(NO;); » 6H, 0O,
which bonded SiC powders together to form a ceramic skeleton, the sites
occupied by Fe(NQO;); » 9H, O/Ni(NO;); ¢« 6H, O turned into pores and
Fe, 0;/NiO when Fe(NO;); « 9H, O/Ni(NQO;); « 6H, O decompounded in
high temperature. Three dimensional co-continuous net-works of pores dis-
tributed uniform in the preform which was formed through the combination
of original intervals among SiC powders and pores formed by
Fe(NQO;3;); » 9H,O/Ni(NO;); * 6H; O decompounded. Fe(NQO;); » 9H,0
leaves uniform pore distribution in SiC perform without segregation phe-
nomenon. While Ni{(NQj); * 6H; O occurs segregation phenomenon in SiC
perform.

The mixture was sintered at 1000°C. Because the SiC powder oxidated
slowly and a layer of SiQ; was formed on the surface of SiC, which bonded
SiC powders together to form a ceramic skeleton and protected SiC particle
from deformation. In the process of sintering the SiC preform took place
3% linear expansion and this expansion increased with the increase of
Fe(NQ;);. By changing the content of Fe (NQOj;); the SiC performs of
85um/28pym (W85/W28) and 50pum/14pm (W50/W14)is 2 ¢ 1 weight
percent would get 35% ~46% porosity. The resist compression intensity of
the preforms would increase with the content of pore-forming agents, when
the content of Fe (NQO;); was 10% in weight, the resist compression
intensity was around180MPa.

Asour method was similar to traditional powder metallurgy, how to
improve the SiC content was still a key problem. In order to overcome it,
particle-match method was introduced, and proper proportion among the
various particles size was found out. As a result 55vol% ~ 65vol% SiCp/
composites with 95% relative density were successfully obtained at 950°C
in nitrogen gas. The results had shown that Liquid aluminum alloy

infiltrated through SiC preforms and formed a coherent interface with good
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ABSTRACT

match. There were three main reasons for this: first was the ceramic
skeleton was sintered in low temperature which can make sure that the con-
nectivity and air permeability were good. The second was that there was no
residual in the inner surface of the porous material, only compact Si(),
layer oxidated by SiC particles and Fe, O;decomposed by Fe(NQ;); sticked
on the surface of SiC particles. In the process of infiltrating the oxidation
film and oxidation particles reacted on the surface and were wetted, which
promoted liquid aluminum alloy to infiltrate. The third was Fe, O; which
decomposed from Fe(NQ;); could react with liquid Al which can improve
liquid-solid wetting and promote infiltrate. An oxide interface phase with
thickness of 0.4pm was formed between SiC and aluminum alloy. The
oxide layer could prevent effectively the contact and reaction between SiC
particles and liquid aluminum alloy. Crystallographic orientation relationships
exist between the interface phase and the SiC filler or interface phase and
the metal matrix. Both 4F type and 8F type SiC formed semi-coherent
interfaces with MgAl, O,. Tensile stress derived from coherent mismatch
induced dislocations and stacking faults in the MgAl, ), crystal lattice near
the interface. MgAl, O, and aluminum alloy formed a coherent interface
with good lattice match, resulting in no such crystal lattice faults along the
interface.

The strength of Aluminum alloy was improved remarkably as high
volume SiC particles added in, and Theflexure strength was over 300MPa
and the highest was 381MPa. But the flexure strength did not increase mo-
notonously with the increasing SiC content; overmuch SiC volume fraction
would depress the strength of the composites. Meanwhile, we had found
that the large size SiC particles played a more important role in the increase
of flexure strength than the small ones. In fact, the flexure strength of
SiCp/ Al composites has little change with different Ferric Nitrate content.

Brittle rupture was mostly observed in SiCp/Al composites. Cracks
spreaded along the interface between SiC and Al matrix, traversed across
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the sintering necks among SiC particles. When Cracks spreaded through
the sample, tough metal matrix was teared away with some observations of
plastic deformation.

TCs of 55vol % ~65vol % W85/W28SiCp/Al - 10Mg — 8Si composites is
from 128W/(mK) to 142W/(mK) and 55vol% ~ 65vol% W50/ W14SiCp/
Al - 10Mg - 8Si composites is from 126W/(mK) to 139W/(mK) .
Generally, TCs increased with the increasing of the size of SiC particles
when the volume content is the same, The result of thermal properties
showed that the addition of SiC powder could reduce CTEs to a large
extent. Meanwhile,we had found that the large size SiC particles played a
more important role in the decline of CTEs than the small ones when the

SiC volume fraction was 65% ,CTE was low at 6. 7X10 K™,

Keywords; SiCp/Al composites; Presureless infiltration; Flexure

strength; Thermal expansion coefficient; Thermal conductivity; Interface
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1% # ®

ABEIEEREXR ABT SiICp/AlEEH B R HETER
BRTEMNRERIFE T XA SiCp/Al REM A LEHENAR T HMHE
BHARLEE, BZERYMRERS B SICp/AlEGH BT RHR,
AMTEMBELZHNER. FEERTXERBLZMERERIK
SICp/AlEAMBRARRFERIRIE. FEILERM FRB THEBHBRA
BEEREBEE .

1.1 3] §

EREZAMHMMCORUESREFTSNERK UIBERNLA4%E. R
B BRERNEBENESHE. ZRESHHEGEETESRNWEE.FE.
BHRENEERSRE . SHREER . WEBY . WEEYE. W, 8 R BEN
FUREB AR R, 20 2 40 FR.E MBI B R Y, § B T3
BRMAREESE HRREYL. EHTFTHNBELZAZE . BMENES
MR RIS R E D, TUEMB RN ZREEE. BT 20 #4 60
EFRBETFRRMZELLUEREMARSHEAENAEEHERESHEN
HAMHBRERAK.RH#TAFESREEAMH . WIBEE AR
EEAMBEANNEHESHHEMER. EEMNESHBRNERIED,
SEBEE G B (Metal Matrix Composites, MMCs) (i BF . = R X B
CHRRY. BRETFHAARKMAKRAR SR, URES ISR T RK
SHRE SR B, TUEZANER, LHRERE M MX
GEARTIEMMAY . MEBEE AN AR BRLT A
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SAMEZRETERXEMAA., REEESHHENEBBHXCBEARE |
ORLHEEL SRR TERRERE. BT 20 e 80 SRR
KEFEMXEX MZE TR A MMCs, 2000 FXEEHFESHEHE™ R
HEXRBT 200 2% . BAMNLSREEAHHHRANERESEK,H
RKEBEDRR, RAT 20 FEANNEARAEERASREZSHHH
AEFEMNEARRSRSE TEFERNMAY. AARNAEREAFRRE L
FEREAEEENAT ALOHA AWM BRBEEEGMB HFLAT KK
TkfeEr=. Bl .#BARL2EH . AAELH 40 REANARBEH#T S
BEAZAMBMFRERRE" . EEREESGHHRRTEIENRA L
HWEREFERT Nr. RENSRBESE S HBBITRE P K6 6 1 5 A48 %
A&, BEIFEATRRHRR, TEREMMAETRESHEFANKE
FHBBT-ENHERE. ERENBEFREKFSLRACBEEAES X
HAHAMEL, KEELERKBTTHE. HELhREARLD, T ERBRN
BHELZRH* BAH.
FEEBREREZSHHAARBEELS LERER, LRER, 0. &
AHFSERAERMIRER, #E LZE M HRERIK, AT, HTH
4R RER M RFE LR ATTRBERUKXAE T RH, RE X
H.HASPREAERBTEELL. At EEREREXOBERNEH
HBIBREESRESSHMHNBA L. BAX—-REREEAHHSEL
GHBEREISHRHLHE T ZM A, A KRS AR EHERE
AEMBEFIRPHFENENFERAR BRARARY S HAESTEHEE
fil A0 S R R R S S AR TR AR AR SRR SR T T Zm IR
BT, R, BRNREREZSHRRERNARRIIRN.
BEESHHREZEREZGHRTHARS . TN AUER
M—X, ANEAERAERR, LLRES, RIS, WIRER, &
Bk REE, REFHAB MR S EAER, URREFOHE. . WEEERN
WAL ERERRME - RIMS MEENEHRAEEAFTEEINE
RE-MZAIRAEAREN LI TRAMLE, At aME>~GREs
MRS RAER SR ENRY, 5 TR MER, BT USR8 &
EAHHCRANLESURASRBEZSHBTTRITE PN - RAIEEHHR
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1.2 SiCp/Al &K

FIA SiICp/Al RAMERBEE .S . L5 0 B R 68 1AM
SEHRHEREAH AR AN AREN S . % E Duralcan 22 7 B fil 15 A SiC B
PIREREAMBHERENIR, FHEERE 41046 ~60%,MHAER
T EE Al MRS B B, EE AR XA T A SiCp/Al E & MBI &
MIREASINMBEENERASEREPBHHECEAEFNHESARE. WS
BRI SHERE, A REK RN BRBEF. XE DWA A8 %
A SiCp/Al EAMBHRIENEREEEEFENSM 100 KB E G LW
BE®S. EEM TE&N Technology 24l #i1# SiCp/Al H &M B EH TH
HRAKMET HAS . RILZ 4, BIRB48 SiCp/ Al B4+ B 6 5 FH
SUS A TFHEMBLAERN W-Cu s FHEMBHERR.

BAMETFHENGEH ETHAEAABZRE T, @8 1-1 iR, B4
BRENEBRBRATEHE: CHFEER LB E .51 URRERPS
R —RHEE—EHRENEREEER LTRAEMERR _ZHE B
EHHRBEEARGPR AR FEIRI=ZEHE., HENIRBFEQRE
P R ESRBEUREF RS, B HEMHHEEERR
B ERUTILE - BARIFR¥EBENS. SRERIT . BKRAEN, B8
FHPMERE . ETH T SR ETFTAshtbE>%. YRAFRBM4x
HUBHERDHENAIME. M TN _KHETMS. FREEK
(Thermal Conductivity i H: TOOR— N EHEEMNEREEIr. BERE
IC 7 T 4E ot 8 o 7= Ak 1 40 5 00 250 B B R J8C, LABH 7E i B R T4, ATl
EmEEamoitt. SHEH, RITLMIHEEA R IKRZB(CTE), B
A& RHBEN CTEUMENE, BRFSER MEERRF 3. &0, 6
TR EEGTHE F5 AV 8 G b 7 AR 4P BB 4F 1) R IR B i b = AR 0 5
A ERERE FEHFURKH. _gHENMS . WEEERMBAAR
ST TRl SR, R SR B R R RER . AEFERM
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