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Preform of SiC ceramic particles by SLS and
vacuum-pressure infiltration of Aluminium

XU Zhi-feng, YU Huan, ZHENG Yu-hui, CAI Chang-chun, YAN Qing-song

(School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: A novel method for fabricating the silicon carbide ceramic preforms by using selective laser sintering (SLS)
technology was proposed. The sintering properties with SiC surface modification, the sintering characteristic of SiC
ceramic powders, and the debinding and infiltration process of SiC preforms were studied. The results show that the
sintering characteristics of SiC ceramic powders with silane coupling reagent KH-570 are greatly improved. And then the
contents of inorganic binder NH,H,PO, are limited to 8%. The energy density is within the scope of 0.10-0.12 J/mm®.
The density and bending strength of sintering samples under energy density of 0.11 J/mm?is 2.31 g/cm’ and 0.81 MPa,
separately. The prepared samples, when debinded and infiltrated, were characterized by XRD and OM. It can be inferred
that the SiP,O;is a sort of new binder in debinding samples, and a few of new AIPO, phases are formed in the infiltrated
process, and not only the composites dense but also SiC particles are distributed homogenously. In addition, the figure
and size of prepared products are in accord with its CAD model.
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FREE kL R — 38/ T 100 pm.

AR PRSI E R B VCPC-IT B
HIERB WA . HLFRERHARTR R N FLFE <1 kPa,
KA S 1 MPa, gl 1000 C, o, A
PFeda, SR YT N TR 1 kPals, R ATAE
0~1.0 MPa AT EIHY; RS ZE £S5 Co

KT EE e S FT-IR200 f# L2046
HEATT SIC BRI Sk dn s I Z5 k) 20 br, R A4
3-K PEA-124 BUEMZ 53T £5[E Bruker D8advance
R X AT A UL 2317 524 R G AR 21 21
FAZER, A R R HE KR & SiC P gk
gk R, RH GRS R A R B )T Rep L
SEEHL WDW—50 U R BE 45 A DTS 5

13 kI
1.3.1  SiC BBy AR (1) 2R 1 et

H oGk g ik 2 1 R iR B FE AN, RIS &
K SIC/AIE G A EL, ARSERA T FIkiE 13
1 83 um SiCPE ORI (F 1:2 U LbI AR A), AiE
JOSTR/INAT I LU A3 () SiCHURL Y F5 TiE 6 ) 1~ SiCRg %
TORLAATR o3 B3 o o F TR A I TR STCR e BN EREAS
IFAIKH=570 Jo7K SEERC SR, 7o E 75 s ot
AEE 10 ming AP GRAR L Gos il S, M
VKBS T pHAE 2R 4, 7 A sl B P28 4541 40 min;
R B B AR, P 20K pHAE 42 105 4578
B AR VML, TN IR KA B AR, 7R 90~95
CLRIR 45 ming Fefia, K45 B0 ERRARTBON Fi A IR
ST RAR PR, B SR IDE Pk I SICRE ZE R AR -
1.3.2  SiC P& B A R I il

FHEE TGRS I BG4 R R A
TEAT B A EEM W . R — 1L
NH,H,PO MK, Bedhanik i &k, JoiELE G b B
AR bR, HABIRERRRWZ . FK, A
gl 2, EEAHER RS A AR TR
. DL, AR R A S T
BHERGHER, A0 P SB IR FI e gk f v, D
TE il N AN D FE R TG e 45 s O Joik s
AP AWETURHA T MM IR 5 NHLHPOLXURL 5],
1 P M A 1 S 3 77 A R e iRk . o, SiC
B 2 B A TR IRINH HL POy« SRS g B il I 2
¥ 8% 6% 2%IM LB, JFRH Bk B LR
O IR A
1.3.3  SiC P B P4 r L X ot he s



1866 T EA SRR

2008 4 10 H
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P A O S HL B, SR8 2R 700 °C
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L 1), FFINE RIS 4, FEE R
A1 kPa LLR, FHEZREOE R, PR
JEZ4 0.5 MPa, f#/5 15 min J5, #1/%, RFERELAHI.
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Fig.1  Schematic diagram of vacuum-pressure infiltration
apparatus: 1—Seating shoe; 2—Down kettle; 3—Furnace; 4, 10
— Pressure sensor; 5— Perform; 6 —Metal melting; 7—
Graphite crucible; 8—Thermocouple; 9—Pressure meter; 11—
Upper kettle; 12—Relief valve; 13,17 —Pneumatic film switch
valve; 14—Computer; 15—Gas storage facilities; 16—Vacuum

pump; 18—Locking apparatus
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Fig.2 Infrared absorption spectrum of SiC powders: (a) No
treatment; (b) Surface modification with silane coupling
reagent KH-570
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Table 1 Experimental results obtained within range of energy density

Energy density/(J-mm™>) <0.04 0.04-0.10 0.10-0.12 0.12-0.13 0.13

Defective tightness Crack, warping and

Characteristic No moldings Moldings Burning, no sintering

and layers-built serious shrinkage
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2.31 g/em’, BT GRELF] 0.81 MPa.

R 2 BOLREREEN 0.11 Jmm (FEOGR L 1 % B AN BT
L]

Table 2 Bending strength of sintering specimen

Energy . 3 Bending strength
_ Density/(g:
density/(J-mm ?) ensity/(grem %) /MPa
0.11 2.31 0.81
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N TR RERURE RO LR 4538 DUZ — Bl s R 45,
i EE ORI = S A AR AR R R R AR OB 45577
BB S R OO e 8 4 Rl 7 J=) F Rt 45 7 — 2 19
SLSHASE IS JZHiAY, ARG WOLHRIKSR 73 = 00
B BN R AE 2474, 0 B AR mORG 4577
Ky ARG AL, AHAR A SICRHTRLAN LR 575 —ii; Mk
Jepeds b RAEACET R R IALEL R JRERNN
i el R B (0 SICHORE i Tl R ) PR Az sl n
DASFCRS, A RUREHES I ECE, AR TR mbesi i
MIBCHE o i T NHH, PO S FIAESOEAE TR I
fiEAN eI Bt EN AN S, RO 45 R R 8 1 o
WRAN K o T AT P S R 45 AU E SO A R 44k
SR, AR TR L R 2 8] K be s 2

W4k 2 2 AR GF IR, [, FRERIRRG G 0,
Hmki G IR T a b AR BRI 5 IR
VPRSI M il . PR BRI 1) AR M A 79 R ST I 43
THRUARER R M (B = A W kg 51 7, iR R 5 A
T, )2 5 O SICR T g v B S B 2 e
SRR, T AR RS B RAT AR S ARG (1)K 531
AR i R £ 3 STC TR 72 72 iy &5 B 76—t , 338 vy i
VR BERURLAL & O s Jiah, R IR AE Ak th AN ™= 2R
1w, B RAIRMYEENUERE, tn]
PAHE— 2D s be a5 PRI R o RIFERR AR &
I 6% 4AT T, OGRS PRI R 1 TS o B v] I8 3
0.81 MPa, 5543 & SIC R BE Pl il 4 (1) J5 Ak BE P it 1 it
FEELK,

B 3 s Aot R A N 0.11 Jmm (B0t 2h%
AR R LE A 42.5 W, 1 200 mm/s) 1) SiCFa & ik
Jekesitr. WLLE e WOGKREIEAMER RIS,
FLAR I (A R, H U T 5 CADELR RS W)
Fry SEILSIC P B MURE (1) 35 DX O Re 45 BUE .

lcm

B3 mribtEbs ot as ik

Fig.3 Sintering specimen of silicon carbide ceramic
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Fig.4 XRD pattern of SiC performs after debinding

2NH4H2PO4—P205+2NH3(g)+3H20(g) (2)
ST IEAIINHH,POLJE U B AH , AT L5 )

R, JLIR) I 5 SiCRE % 2R T 1 S0, S W AE il SiP,O- ik
TR,

Si0,+P,05—SiP,0; (3)
5

SiO,+2NH4H,PO, — SiP,O7+2NH;(g)+3H,0(g) “4)

1M SiP,07 & —FHICHUR 45, fei 1 700 ‘CLAE
e P R N LN L S SRR T A ]
NHH,PO, 75 52 CRUE IR 2 1 i 3 (R RT3 45 1, S50
R, 8% GHLINH,H,POL s i] DA 3 B sk, FAt
Jig J5 B TIAA DA B IR 2 1.03 MPa, {R1E T HBt iR
MBS R P AR, HOBRIREE 58
if.

FLS R SR — B4 Lr, #5 it D
BB ITVERY, 455U 0.6 MPa, 820 ‘C4ff FEE
HIAFIISIC/ AL A AR 5 Bror, 4 E

lcm

5 SiCyAIEZEMERAMTI T
Fig.5 Photo of specimen of SiC,/Al composites
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Fig.6 XRD pattern of SiCy/Al composites
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Fig.7 Microstructure of SiC,/Al composites
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SOPEAR B S, SICRE & O G R 45 SO P13 2R Kk
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RS H), EFHGEEE 0.1 mm. &Y ZE 0.15 mm &% T
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S, WOt A % B T AR 1 — P A
Jiike

3) WOLKE S5 A FABE G 5 % 11K SiPLO, JE LA
SIS P BT R (i S B A R, LU TR
1.03 MPa, RE T #UBE R A1 L2238 1 R v ) T
amps, HKRAHEREY: @75k RiEE, K
137 SICHIBEARRBUN TR 60%KISIC/AIE Gk 1L
SiCPH B AT 345), K/AMNRLFAICISS), LR, s
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