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Review on Cold Sintering Process Technique in Preparation of Ceramic Materials

OUYANG Ruifeng', SHI Wei', CHEN Yunxia', SU Xiaoli', ZENG Tao', LI Lei?
(1. School of Materials Science and Engineering, Jingdezhen Ceramic University, Jingdezhen 333001, Jiangxi, China; 2. School of
Materials Science and Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: For the regular preparation techniques of ceramics, high-temperature sintering has always been a necessary condition to
obtain dense microstructures and good properties. As a recently emerged technique, Cold Sintering Process (CSP) can achieve rapid
densification for various ceramic materials at ultra-low temperatures (below 350 °C) through dissolution-precipitation and other
mechanisms. CSP has shown tremendous development space and high research potential by effectively solving the problems existing
in conventional high-temperature sintering in terms of energy consumption, microstructural control and co-firing with organics. This
review starts from the brief summary on the development history, technologic process and densification mechanisms of CSP. Then
the application status of CSP on the preparation of ceramics (including bio-ceramic materials, new energy materials, semiconductor
materials, dielectric materials, thermoelectric materials, unstable materials at high temperatures) is described, and its future
development is prospected.
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Fig. 1 Schematics of CSP mechanism at various stages (left: stage I, right: stage 11)!7 '™

2 AkesEHy R BAR

iR G T8 R R BB AE R R, A
S FE N AT K I TR B PR, A REAS BIEUE )
V& MHEZT, AWRAMGE. P SRR
AUTIUNERS: 1) B fEER, BRI, 2uF
AR B35 2) Ostwald AL BEAHE, &
A il 2% /N SRR (N gk g0 il s 3) @M 5
AR E BB & W B - S E A MR H 4
YT B EM AR R, (UEHA RS TCIEIS S —
WA H I, A Beds ] e B4 FB, i
G S AEEE, e RN A IR E . R B
Fopgglte 18,

FIHAT AL, 5 100 ZFFE&E -SR]
KRBT AR ST BN, W AR
BE HTREIEMEL M B MR
Bl B AR E MR, SRR A et 251
MR SERRE RN RS TR 1T
FE T F V8 Jos 25 1£ 1K B b R} i) £ vh 1 B BRI AT
2.1 £YIEEMR

16 45 1 i Joe 45 B 3 BUFR JE 18 K A7 [Cao(PO4)s
(OH),, HAVK 22, BfEAEYMERE B B T .
Shen 25UV DA A BRSEE 150 Cxf HA #ET T
oAk, MXTEEIR 90%, K 55 A O 5
AR FEEIKB) S BRI RE-DTE HLEE AL,

R HA B T/KER kA ETIARIEN,
B R, FIREERE T HA MEE L. 4t
WEFUHR, $EH T BT BREE Ab B DAVE (b 74 e 2 it 2
i SR PR A 25 (RCS)PO, AR ] JERE R 5] N i 3K
& CaHPO,-2H,OP 7%, 423t 7 HA [
B e gl M BUE R o

AR IR RS R IR A 4 HA B oAk
RO T AT . Akmal PR A RS Tk, EE
RAIF R E EME ALOHA HIBEEE IR WAL
4311 000 CREZE 300 °C, MIhfgue 7 H ik o
AT 5 A R SN )t 12 [ s H 4 R AT
AR AT DB P S R BE(CS) 5 HA H AT,
7£ 100 'C. 600 MPa T, ffill 2% /" FHXF 3 BE 90% LA | .
N B R S pe AR e CS/HA 24
R HEE R ZE T CS 5 HA Z B
[DINER:

zi b, BRI RS B T 4% i L e s
AR UF A S R R B R, AR IR ETE %
S 5 Sk M o B T IS RRE-DUENELZ Ab, A
WY SRR I 7 AR [ A RE S (R BE A IR A 1R
2.2 FheeiEM R
22,1 BB

1) IERAE

T B2 1 28 (LiFeP Oy, LFP)AE A% JIT & 401 i A1 58 1
HLBIE R A R, —MELE 550~700 CHI3EE N 5H L
MAT R A ARZIR I & T AU G 77 R —



5155 8

RRPHERF 55

P R A BORALE M BERA L 1 % ) R .

2111 -

FON(PVDF) A i, WO ahthge AME, HEEgE
—#% . Randall FIPAI Seo 2P 55 7F 240 °C . LiOH
NBESWA ST, SRERM 51 LFP 5 &

MBLEEAT T2 e .

AR (R R 5 R AR

R T SR W, Luo 25097 besd

®1 ERRRERALUBEUNAEBEREEMH

Table 1 Typical ceramics and composites densified via cold sintering process
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(1) LFP B IEARA R, T 30 H R R e 45 A
FHL 55 B T R s i 15 R H AR A R

Conventional sintering

Cold sintering process

Material Sintering . Relative Ref
Challenges Key parameters Annealing .
temperature density
Bio HA 1200 C Decompose at 150 'C 500 MPa >90% [19]
materials high temperature 10% H,0O, NH;0H,
CH;3COOH 15 min
Chitosan/HA 1500 C Difficult to co-fire 100 C 600 MPa >90% [23]
no solvents 20 min
New energy LFP cathode 550-700 C Large sintering 240 C 30-750 MPa 89% [24]
materials temperature gap 0.95% LiOH 30 min
LTO anode Low volumetric 120 'C 500 MPa 87% [26]
capacity wetted by H,O 30 min
8 mol% 1400 C Decompose 180 'C 350 MPa 1200 C 96% [34]
Y,03-ZrO, at high temperature 30% H,O1h
120 'C 350 MPa 1100 C 95% [35]
20% Y(NOs); 30 min
Semiconducting ~ ZnO >1000 'C 238 'C 77 MPa >90% [40]
materials 20% CH3COOH 1 h
250 'C 300 MPa 0.5% 94% [41]
(CH3COOH),Zn suspension 5 min
Dielectric Li;MoOy4 540 C Difficult to co-fire Room temperature 87% [56]
materials with polymers 130 MPa wetted by H,O
NaCl Room temperature 50-300 MPa >90% [57]
4% H,0 10 min
LiF Around 850 ‘C  Low density 150 'C 250-500 MPa 650— >92% [60-61]
10% H,O 1 h 800 C
Room temperature 800 MPa 825 C 95.4% [62]
10% H,0 30 min
SiO,-PTFE 1000 C PTFE Decompose 270 C 430 MPa >90% [70]
20% NaOH 1 h
BaTiOs 1350°C 180 “C 430 MPa Ba(OH),/TiO, 700— 95% [17,75]
suspension 1-180 min 900 C
300 'C 520 MPa NaOH/KOH 98% [76]
suspension 12 h
150 “C 350 MPa Ba(OH),'8H,0 95% [14]
suspension 1-15 h
Thermoelectric Ca;3Co409 900 C Decompose 350 'C 350 MPa 90% [81]
materials at high temperature 15% CH3COOH 1 h
Unstable SnO 1000 C Decompose and 75-265 °C 350 MPa 89% [84]
materials transform between 15% H,0, CH;COOH
at high 240-420 'C 45 min
temperature CaCO; Decompose Room temperature 280 MPa 84% [88]
at 627 C H,0 30 min
Room temperature 900 MPa 92.1% [90]
10% H,0 30 min
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DA b7 CRe 845 B B0 FE AU 1) BaTiO; M
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300 ‘C. 500 MPa 5/ N2 T 808 Bk 97%0
YK 2 BaTiOs M EAt kL.
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