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Research Progress of Novel Sintering Technology

for Advanced Ceramic Materials
XIE Zhipeng, XU Jingkun, AN Di

(State Key Laboratory of New Ceramics and Fine Processing, Department of Materials Science and
Engineering, Tsinghua University, Beijing 100084, China)

Abstract: As an important component of engineering and functional materials, advanced ceramic materials have broad ap-
plication prospects in new energy, communication electronics, semiconductor, aerospace and other industrial fields. Howev-
er, because most of the ceramic powders are ionic bond or covalent bond compounds, the traditional sintering process re-
quires high sintering temperature and long holding time to prepare fully dense ceramics, which inevitably leads to grain
coarsening and pore residue, thus affecting the properties of ceramic materials. In order to reduce sintering temperature and
time, as well as improve the density and properties of ceramic materials, many novel sintering technologies have been devel-
oped, including spark plasma sintering (SPS) , flash sintering (FS), cold sintering (CS) and oscillatory pressure sintering
(OPS). By using the above sintering technology, the sintering temperature and sintering time of ceramic materials can be
significantly reduced, and the properties of materials can be improved, so that the application scope of ceramic materials can
be expanded. In this paper, the research progress of novel sintering technologies for advanced ceramics is reviewed from both
theoretical and practical aspects. The technical advantages and application prospects of novel sintering technologies in the
preparation of high-performance ceramics are described. It is expected that this paper can provide reference for the research,
development and application of novel sintering technologies for advanced ceramics.
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Fig. 7 Equipments of cold sintering

5 #RHENKRE(OPS)

BUAT 125l T ) Be 4l B AR T 040 2 1 2 9 4 T
1, BRESERPEEIRIMTIA, BA BT LR A

[34]

PGB0 BERE Y, ERE L 5% 4K 8 Bl A LA B B 4 ol
B e BB A AL HERS X T I A B i 14 g i
R LR R R T SRR BRI B — S Y SR R
P HP #S IR ) bR 45 J5y BRPE A £ 2R BAE LT 3



828 Hh AR

% 38 &

A7 O FERESS I LA AT AP 4 AT, EE 1Y R )
TR Y (8 K 72 53 52 IURE 3 HE SR AS 5 1) e B
B @ TEBeSs iR 1, H8 I S A0 A R AR BR T4 %
Bl BRE, AELLSE BUAE B S8 2 S BUE A, O TR
el Ja W, fH E H g e DL S8R A L BRI o8 4 HE
BiRi 2 O, VR DRI B AR AR e 4l A

Loading E]
Graphite die set

3 2

: : Electro-
b H I, Hydraulic hydraulic
E! ;S; ! Ram servo valve
2, X device
o, @

| ~Nd

: :‘ Powder
Squeeze

Loading Oscillatory pressure

BIABSIRG R ERA E S R X — 28
WITEA, JREE PR LR WA I —F OPS B AR f1ik
%, HEARFHEE-HERNEEEIERT, &
I— AR AR IR T 4R 5 6 1, AL e b vhii
THE“FES” AR R IE H17, PRIG I RRA A B R B R
EERNE 8 frm

45 IE'
40k Oscillatory Pressure, Ay=FtFy;
ek
s 40 P N
- N~ N p—— f
< 45+
5
540F Constant Pressure, /%
@ 45t
i
&40+
5k
0 - ‘\\‘ ",‘ ‘~~\‘ "’—' \~~ —”, ~
5t . L
~10+ ) Vibratory Pressure, £
0 2 4 6 8

Time/107%s

&8 4R E A E (a) MIFHURER (b) 42 %

Fig. 8 Schematic of the coupling apparatus (a) and coupling principle (b) for oscillatory pressure device

5.1 OPS HARHIE

OPS H A3 1 Py % 550 1k i HLBLRIF 52 2 ] 1>+ 90
TS, Bk R b N Y % SR i Uk E HE R
THERPURL AR, A T siE e, Hk, 7ekedsha i,
5 SR ARG a5 4RI T T R i e 253k sh 11, A FIF
TSR 2 R RO AR R bR 2 R N 1 R E B
Hb S RS R TR AR T I PR AR i B AL S 4b, it
PHT IR T AR RN SR M AR Rl R R e A
Je B AL SAL I B S A T 58 4 B A R
HIFRAR AL, (MR 2 B B R % e, OPS
BARRENS A i ) ok A K, AR, S Z,
OPS a3 i H bt e} 1) 20 A6 3 22 U8 F LA W 5 1 AL
—JEREREAEH T A0, s HOmMZE & -BER 55
LGNR ;. —RIRG T BT ALE], 45 UL L HE
R RS . MR AR L KRB AR R A fhRi S B . R FLHE
WA, Ik, R OPS $AR W Foar s M ik Bk . 1%
LS b A R ¥ T 1) 7 YRS S N |
B LA A e R g e A SR A A R A B
BE, AT AR it o FH PR B XA R AR A B oK
5.2 OPS #ARfl

RH Bk OPS FAR XA AL EE AR, SRR, A
i/ BB A b B A SR RE A B AR 1T Be 25 50 56
PO TR R A AR, SR Y B AR, RS
TSR RR, 5% R HP HARM I, oPS
B 1 BB be 45 R B 43 BIREAR T 150 ~200 1
50~100 °C, FHAMLT fki, BT A, HERR T 54

[42, 44]

AL, R TR EEE, SR OPS B & 1 5 5
J3E Wi A ) B 5 K IR B 9 IF /R . Ham 2614 9%
FH OPS FiAR il 48 T A4 i e MRLIERIFSE T 418 5% 1R 1 %t
TEVEPE AT R ZE A LB, R4S T 99. 8% i & 8%
JBE 127 nm (9 20 f kL Y 5 RS SRS B, T I B T
OPS FE AR AR ECE A VR FHAE e dl Th A RS 16 Bh
TR EHER AL HE S, IR0 E S A B . TR s
AR, Li ZOV R —Fh OPS HiAR 5 M A BB AR ML &
P 25 e e B AL TL B B R BT i, OPS 2l ke i
25 i EE A 998 B HNF] 1556 MPa, ki Kf A 460 782>
1 283 nm,, Bl HEAT A LS B Mk T2 A TS A R Y
HUAS TR B — B4R 5 & 1646 MPa, Wi R B MRS &
12.8 MPa - m"?, F{AM4R 35 25.8, WEBA T OPS iR
5B 09 B2 I e AR AR 4 A 2 A T e AR b A P
AR Zhe 25597 R OPS A4 T 200, i bt
3K 20% 4 AL O,-Zr0, (ZTA) | SiC, A8 25%
) AL0,-SiC, 55 AL O, G A0k, R15 T JLF 78 2 80%
FERLEA 25 WA IRE , S1E40hedd T 2 M4 ik
FEAA ECEA SN S AL BE . 140, 7E 1600 °CF R
OPS FiA 451 ZTA WA EATE S AHUATRIE (1145 MPa) |
FAARH(13.08 GPa) . 4ELCAFE (19.08 GPa) Fl T 24 1
(5.74 MPa - m"?) . Han %V 2 1] OPS £ AHI 4 TR
Fh A P 2 A S Siy N,-SiC, EAHM %, 515450 HP H R A
I, OPS AR eI 50t 0 Ak ik bz A6 A [R) 5 1l b
AR, A Y A RE R R LA 5
(1448 MPa) FIB 2L B P (12. 8 MPa - m"?), H OPS i AR



%o

MRS Joik F AT LR AR B AR BT TS 1 J 829

R TR T R A AT R SR o« B B B 5E
SRS . OPS FEARH 451 SiyN,-SiC, 4 AH P % 4 i b HP
AR 25 (10 52 AH B g ELA T i Y AL T 4 A, RS
T 1AM RR (DA HP IR 989 MPa 45 & OPS iR
FEM 1133 MPa) FIBT R 0T 55, AR, X FP OPS B R

P9 SR OPS HoR B MO REHRIEHIRE 09 TSRO 44 720 (o) LIRS, (b) FULESMIRE, (o) ZTA W

Fig. 9 Images of microstructure of high strength ceramics prepared by OPS technology

ZTA ceramics
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