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Figure 1 Scheme of spark plasma sintering apparatus
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Figure 3 Influences of surface contacting resistance on the temperature-distribution in spark plasma sintering
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Figure 4 Recorded current, voltage, temperature and shrinkage versus time curves in spark plasma sintering
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AR AR () S0 I 5 2 FEREUE T 50% ~ 90% 31X — [X [A] I AR PR ) 4% s b s 26, B K ) %% SeA
HRAE MR T e A B 107/s TR, FEMURIRRLE T ik 107/s BD, Xu AT B
T VAT IR 3 B OGS AR B 48 M D B 25 A X 3Y-TZP 40K e s SPS i A% 5L I A 20
WEREHHAT TRFC, 45 SRR IS TR BB IR TR 5. Langer 25 APt bb 7 = Fibtk)
(1) SPS BRZE4T AN HP Ke&5 TN, FHMEPEHE SPS 24 T B PUE % SeAb A 25 T 50 = i R 08 .

FH T B B UKL AT R ) S AR B e, RIMAEAL 8 HP HOR H ORL () SRR AR T — RO AN 2 2 54k
(BN, dnRT TR, SPS IEFLFT A BRI E J1 AL SE Y HP 1, Gendre 28 A2 IERRALEERTRE
(1) SPS 5 SLAL I 2 M S22 i A5 i WARAE KB IR B BRI, IR EADRHE il BV AR TR 2 2 54k
M E LA . Ji 25 AUt aRE @IS SPS FAR LABEAR I 3 B S LA 45 T B4C

&4t HP A2 — B9 RRSHI AN 13 « Xie S8 NUTHACE FE Br LA Jefe thh 7R 51 5 i &
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FORAHLG, %37 7 He e 45 7 il 46 R AR R e J7 T AL 25 B B

SPS & # & 8 1 YEI A 4 A UL L A R BRIk S B0 R il K m#, LA Dr. SINTER #4541,
WAL E K LA 12:2. Salamon 26 AU7hE i 085 4% kb Lk, 7€ SPS i RE AR IhSI A T 9
VilkJ1s MAMERT LAFE SPS il Ik Akt iE, LA “#ER” (Hot Forging) 77 Z\SEIAF B0 45 1)
MIZIKI1E . Zhao Z5IE SPS HXt BiyTes HEAT HBALFE, £ 20R m T M RHHGRIE R S HUMIE RS .

SPS I & ST B IS HLA PR PR BE R 2 & se M . — R SPS i, B bR JI7Ebe 4 A i
B A MIINERES E . Wang 25 NPPIESRF SPS AR Bl 435 B MgALO, I & B [t 35 (I Bt i
TR IR TUE 71885, AR ah R 3 S 5o 50 il 2 H A B K. NIMS [ 7N L 7E
B ALOs B %8 1) £ rh g2 21 7 SR SEBR IR, JF HARHAE SPS i iR M 4 B 1t 77 A
FIF B FHRE R A TR EIE W] ALO; & & e R, Santanach 25 NBHA A K 771943 45 i i 5
AR TRk AR ALE S b B BT 2 5 e

Sample

I Graphite

[ silicon carbide
[ silicon nitride

(b)
B 5(a) ® /& SPS A= (b) L& SPSHE AT
Figure 5 Schemes of the dies used for (a) high-pressure and (b) pressureless spark plasma sintering

6 R Wit 5 b

N A% B SR AN K it B T T S AT R M PRAIC R A IR B, A RORLAE iR R I K. 2006 4F
Munir B P\ TF & 1 & SPS $i K (High Pressure Spark Plasma Sintering, HP-SPS), ¥ H. Dyl %
TR E KT 98%- T4 SRR ST 2108 10 nm (1AL B A1 AL %P 18 5 (a) BTkl HP-SPS
P A R ], A B 1 5 ST oK SPS I BRI Hl H) R U2 =i & 1 GPa. Munir %8 NN
f R SIAE RS WA R T UKL B HEANFT il (A1 5 A4 s 7Ebe sl Jo BARUREFE 1 Tk 77 B 28 % B3 e 98 1
I AR B BRI O . TR T R T SR S A R TR (SIC) Rk, FEABHRS
T SRR L, A RN G EE T A BN IVE S, BT EE MR T SRR
Bedk, Trunec 2 NS flbe st )5V fr 448 “BEJEHE4E” (Warm Press Sintering, WPS). /5 /7 F#f
A IRVRR SE IR P R R, A3 28] 1 R B A K, TR T 9K M 8 ) 4% 1 i

KT T SPS Hi AR (Pressureless Spark Plasma Sintering, PL-SPS) - H SCRRHRIE & 2012 F1F
40K HIB, A £ I — TR 78 TAERY, PL-SPS HR B B L 4& 5 (b) o, SEIDp L4 S A
NS CAHHRIER, e ARG AN Tt hn 5 vl Re 55 B 1/ E R R AEH, 7850 FIA SPS & F-if )
R RN K R G e A2 I SR R . Xie 55 N 56K H PL-SPS HUR G T 49K ZeC #p ik, If
JRISEEL T 40 ZeC w5 S B B AR ) 45 70,

TR BB TR e SIILAE SPS s I FE O FERE S (RS, AT R ERRKNE
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ERPRE, BRI e ThRERR EERTR ) 5 SR TR, Hong %8 N8I JE S AR HE A B S T
Z1B,/SiC/Zr0, & 22 G M EHOH 4%, Liu 25 N*5i# 5 SPS 5 37 % SEBl 1 84— Ti/AIN JFURFZL 43 i
% Ti,AIN/TiN FGMs.

SEG SR SPS BT FH B AR — MO ARl . WP AR AR G5 ) I A SR AL . B SPS HUAR I
RS KR T AL I EoR, SRR DR — SRR O R S L A kA3 BT K . B, HA
HRA S NIS H T C& R & Zed 177 N8l 7 KRS WC/Co—4 NI YIEN ) A 1 Tl Ak Az 77
SPS il #5111 ALO; P & Bits s B o i (R 5 . SR Teis E 5 KM s BRIBLR A COATE
FeE A= PR BN (B 6). BAl, —Sei BRI EAM BB TE SPS i FE A3 2N H . H T SPS
MR Z A B, HIERZN 15 pQm. HUEFEEE 100 MPa ~ 150 MPa, AN T AT 4E 1 f 52
S AR 400 MPaPl, X FHARIRE BRe4E A8 (AN 1000°C), WC-Cov Mo fr4x. iBHIAHEE
T A BRI S A R LR AR 3 BRI A R A T 253K

—————

----- -

B 6 (a) 150/60 mm WC/Co £ R &1%| 7] K ; (b) AAMEEFER; (c) AL
Figure 6 (2) WC/Co diamond cutting blade and (b) Al,O; blasting nozzle by SPS. (c) Aspheric molds used in
SPS.

7 SPS IEMWAEMN B XKL

SPS 5 SN LEE — B A AR A 7S S sk . GIAT AT, SPS i A2 FR AL 1 AT RE ACHL /A%
BT, Wb, PR HR . SRR EE 2R ER, Z2ENENSIERMSEXT SPS
SN T SN . A VF 2 2 DA R AT RERC A R 3R 0 AT TIRAEAL, 5T SPS
AT 25 SEALHLER 2 AT AR R REE L GE— IR

EZATIALL 3Y-TZP KBk R R, 5% “WiBik” (TSS) JREEXT SPS i R % sLib HlLFE
BT TIRE, WEFRIL SPS i F2REWS S M B B 4540 11 H R I 504 TSS BERTESE — b hedh
JE WM R “UREE” , It B BUAEXN T2 LA TR B R FLE M, X PP &5 M T i — a2
FEHATRRE . At — S AR R ok AR, IREE— D sLE, 1EH R SPS HiR
VER “PBE R — (LA SPS-TSS)o W78 A I U FE il A5 — 0 o e be sl J5 % FE IR 3] ~83%
B AT SE 4 U TSS S22 54k, 4595 Mazaheri 25 NPV F M EIWIGE M AEAT TSS bedt i 3
2E R &, HHE T 1100°C N SRR A KR EEAT 1175°C N« & 1 7 heds i B - (R 7o kB (R
1 FiR), RH SPSYENEE— b hest, BARFERINEEIAS] ~93% H R RN, (HRIEH 0%
GEORAFARIRIIIR LT, R i %) B 25 B BT SR AR

N T IRFT SPS-TSS KAE, 1E3E X SPS bedh &% FEIA R ~93% HIFEM7ESE — 28 1100°C Jo ke
SERFEHR O AR REAT T RAE. W 7 () Fias, FEMTE SPS BR45 G dki R ~FH4i/h, “FH4)
N 65 nm; KAL), EORSFLRSTZIN 50 nme 1100°C TEIERESS 5 hJE, PSR RSN
110 nm 7247, @hiEKETFL00 2.05 HREESERPSILEI T RRERFEAK, SRKAAGE
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&K1 ERWLE (TSS) 5§ SPS Wik (SPS-TSS) k44 Rt
Table 1 Comparisons of the results of conventional TSS and SPS-TSS

First Step Second Step
Sintering Temperatur Tim Relative  Grain Temperature  Tim Relative  Grain
Profiles ¢ ?Sca ure / he Density Size ¢ 5) Sca ure /he Density Size
/% / nm /% / nm
TSS1 1275 1 82.84 118+12 1175 30 98.84 177+17
TSS2 1300 1 91.42 139+15 1175 30 99.48 224422
SPS-TSS1 1100 6 93.57 65+7 1100 30 95.42 135+14
SPS-TSS2 1100 6 93.57 65+7 1175 30 96.87 178+18

SPS %e4E 4. /£ 77 100 MPa, FHi&i& % 100 °C/min.
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Figure 7 SEM observations of (a) the samples with ~93% relative density obtained by the first SPS and (b) the
sample after second-step pressureless sintering at 1100°C for 5 h
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State of Art: Applications of Spark Plasma Sintering Technique
in Ceramic Fabrications

XIONG Yan, LIU Chong

Department of Materials Science and Engineering, Hubei University of Technology, Wuhan 430068

Abstract: The advanced spark plasma sintering (SPS) technique has attracted worldwide
attentions and extensive investigations due to the formidable enhancement in the material properties
as well as the fabrication efficiency compared with those counterparts by conventional sintering
methods. Based on the reported observations in literatures, this review focuses on the fundamental
aspects of the applications of SPS technique in ceramic materials. The correlations of sintering
behaviors, microstructural development and final properties are discussed by identifying the intrinsic
benefits from spark plasma, electric field, temperature and temperature distribution, heating regimes,
application of external force and developing of mold design. The phenomena of spontaneous
microstructural refinement in spark plasma sintering nanocermics are briefly introduced as well.

Key words: Spark plasma sintering (SPS); Processing parameters; Densification mechanism;
Microstructural refinement
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