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Pressure-assisted Flash Sintering Processing of Tetragonal Zirconia Ceramics

LUO Shuai, YU Chengwei, LU Yanghui
(State Power Investment Corporation Research Institute, Co. Ltd, Beijing 102209, China)

Abstract: A pressure rapid sintering process of tetragonal zirconia ceramics was proposed. The effects of sintering parameters (i.e.,
temperature, voltage, current and pressure) on the density, microstructure and phase composition of zirconia were investigated. The
process superimposed a flash burning effect based on hot pressing sintering, and the high-temperature conductive zirconia was
instantly densified and sintered at a high electric field strength. The results show that the pressure-assisted flash sintering process
involves the advantages of hot pressing sintering and flash sintering. Zirconia powder was used as a raw material to simplify the green
pressing process. Low temperature and instantaneous flash firing inhibit the high-temperature phase transformation of zirconia. Hot

pressing in sintering process ensures the diffusion and flow of zirconia powder and enhances the density.

Keywords: zirconia; flash sintering; low temperature rapid sintering; tetragonal; pressure assisted flash sintering

FAALERT 3 PR R W AR SE R . SRARHEL DU
FHANSE 5 AH, 3 b o] LB 5 AR A AH B 4L,
T 1170 CIF, SR AR DY J7 A1 il 2370 °C
INF, DU MR AL Ry Sy AN, SR A A e e PR g
(R 715 5 B AR AR AR (FF A5 L3 1R DY 7 AH AN 5 R
FH AR I B AR s I, Fik, — &2
i A ER(TZP) M B AER 4 1L T, LB, W PR
AU TR K o A T4 9 el A 5 e s 11 45 1
A, W EAERSE IS TZP R In— 2 Bk sE
(— AN 3%~5%I1 Y205), il 33 A 5E 11 DY

WA E i 2020-08-17., BT H#: 2020-09-15.

FEETH  E A% B R FRMIFIT E — K ok — S B A R
R H1(2015SN010-003)

WEE: BO0h(1987—), W, -, TR,

WA BRE0981—), B, i, g TR,

J7 HEAL B (Y-TZP)P Y,

Y-TZP 5845 e )R FH 38 G He g 45 A E pid Jak Y
HIRBELED ), AL GE I TE R e at i T 2, (T
ST e gl e — M AE 1600 ‘C LA b HLRGIEK Y.
PURBessyk, ANPGRS R BN, 3 A
SN B R, HR RS IR B 1600 °C, g
AT 22 1~2 ho

Y-TZP P e il B2 s A s, ST
FALEE S R BEIR AR A, AT R IT R
T B AR BRI £ i P RN A7 e be 45 1N 1) 11 i 3 Al Bl e

Received date: 2020-08-17. Revised date: 2020-09-15.
First author: LUO Shuai (1987-), male, Ph.D..

E-mail: luoshuai@spic.com.cn

Correspondent author: LU Yanghui (1981-), male, Master.

E-mail: luyanghui@spic.com.cn



« 456 CREMR £R 2741

J Chin Ceram Soc, 2021, 49(3): 455—460

2021 4

gERRT, EAE ik B e 4 BOR BT ST R P R
T Y-TZP Vg% i) N B % (Flash Sintering)® ™, JFE4&
KT Y-TZP B8 N peke 4 712

FE 458 N el 25 LAV R B IR AR A Jsiks), add
P T A it A ) AR R AT R, R TG L
FE N A NPl T e s 5101,

TEARGEIN Rt i B in T s T2,
KEHL 10 MPa & JJ, L& 930, 1100 ‘CHI 1200 C
3 AN ghi AR N S5 0N Y-TZP B8 d-A7 s
HiBhINpekesl, = aHT TR NG T E 2500
Fev WR W DR R O A 2R 25
PR AL BRI 50

1.1 H@EE&E

KHIE 3% (BEZR 2350 Y,05 AEALER K, 4 X
SHEAH AT, AR th DU DT AR R R AR AL R, SL
H YT A 21O, i B 83.98% (R 5D, Rl
AH m-ZrO, i 5 L 16.0 %o

+ EXP.
——Ref. (Line 1)
—— Diff. (Line 2)
/ -Zr0O,

| m-ZrO,

Line 1

Intensity

Va4 / VAV &4 VAW YIY VPV
I (I S I U 11 BT I [ IO RTMNRT B L R R
oy kine2 o
» v b
20 40 60 80
20/(°)

1 Y-TZP #}°K XRD i
Fig. 1 XRD patterns of Y-TZP powder

FrHIREE N2 9.5 mm ) B4C BEH, ATk
LoFHL RS A S, RSk S Y-TZP #ik
(1) ik T B — 2 2 40

¥ Y-TZP MR N peghi i, BRI B
PINBERess WM. INRERess o WK 3 s,
B S HOZ B W] T8 NG R 4 B R B 2 Fil
S o 1A AT B B IE SR AR I B TN e 4 &
BTz, Hr PR A A S RAERE i AR A AR A
B R HEAUE, AT T M be a5 S Boa s i
4y B RN S 4 2 1 R M R

Graphite indenter

Graphite paper
pron carbide mould

K2 iRl g p os i

Fig. 2 Schematic diagram of pressure flash sintering

Load control

Power control

N

1

Axial pressure

—— Mould

1
duction furance

o

K3 Y-TZP By RBeaii s rn mlE
Fig. 3 Equipment of pressure flash sintering of Y-TZP powder

KA AR B N B T 2l A i i g, ity
NI AT L. ARG ) FH AT 88 Al
P I e 1 T 2 DS, FEAEAE S A i In 1 e
LR S0V, AR ET sk S A s, Wi
TR ) B 23K, (] A P P R S U AR il e
HL 3 A, SERUNSE . N4 By IR RE A A7 1 199 i it
I e Bl B 0y, S R A S R B oA i
FFARIRLEE, FEIR B N R T 00 B 1) () P
g, LEFE R Wil in e e L, i T
PRI B OIS, K LY ) P R AR e o e
WA, SE AR N R4

N T NTEEE . HLE S FLURAN R )X I e A
BN PSR, R IEAS SR E IR LG S TR
J13EFE 10MPa, i EEEE 930, 1100 CHI 1200 C,
HLUHIEE S0V AT 70V, HEIRIER 3 A Rl 5 A,

1.2 M@z

A MATA3LMU 0538 AR 440 L1 S Ak



2 49 B 3 ) %

Ui A b4 B PN e T il DU AR AR A B © 457

B0 W IR 20 2R &8 A R o3 2 AT T 0 H o
FKH X Pert pro 2B X I 26k RATHHAX I Hrid AL 854
AL, AR A Cu fE, BHE 60kV, &H
it 50 mA.

F1 Y-TZP MREELESE
Table. 1 Parameters of flash sintering of Y-TZP

Sample  Pressure/ Temperture/'C  Holding Electric
. Voltage/V
No. MPa time/h current/A
A 50 3
B 10 930 0.2 50 3
C 10 1200 0.2 50 3
D 10 1100 0.2 70 5

2 BR5E

2.1 Y-TZP WIMNE4EENA R &

Y-TZP FrA el NG R R Ak
BEIZAT I E] A8k i 2k an 1) 4 o il 4 AT I,
N BTl R AR Ak ka3 I 800 “C IT 44 iV & 1645 Jy H5 %1
Zhnid, Ak HFRAE 880 Cik I it w48 Ayl a) HL
2 It RAXFIING IRy Y-TZP # A 7E i
NG, RAELER AR 3 N4 S0V 1E HL R A L
T, RN E . BEE R T, AT
A AR ) B T PR AR, R AR BE T4 880 °C,
AL HH ELI (1) BB OR 2 3 A (20s 1), TR S 1
T UEAE(0.089 kW), 71 LI 4 TR F ik ) A5 A AL 4 it 5
FRBHGA, T 5 H Y eh e R R AR R U
3A. BEAE NBERIRRSE, M AR AR SR =, ikl
PHARFLERRAR, 70 yismEme s oL ~, A
BRI B2 FAR, SERCT MRS sk, bedh
MIKZEE N 3.1 mm.

1 —— 3.5
g Og | -+ Power of flash sintering (Line 1) 1940
: + Shirnkage displacement (Line 2) 13.0 920
0.08 [ i i ]
> * Heating temperature (Line 3) la5 E O
= 0.077¢ Threshold temperature T E 900 >
5 0.06 [ of flash sintering 880 C fi- - ~12.0 § 1880 3
2 0.05| A 5 g
| b {15 81860 2
= 0.04 i = g
z 1% 2.1840 3
£ 003t Lines/ 13 {102 =
0.02 } H\ Los ] 820
0.01 Line 2 JLine 1]°° 1800
0.00 0.0

- 780

0 100 200 300 400 500 660

t/s

K4 Y-TZP M KINBE I BB A A &L BT AR 4k
UL BE RIS AT IN () AR AL e (FE i A)
Fig. 4 Curves of powder shrinkage, flash sintering power and
furnace temperature with running time in the process of
Y-TZP flash sintering (Sample A)

Y-TZP Fp A4 0 4 W A e 4 2« TN e D e F g
TR RIS AT I AR it Ze an & 5 Fro. i 5
AIE W, HARBINEAE 930 CHERSE A G, nEk
50V 8 HE R IR ) BT 2 [N g o 1% 138 B 880 “C ik Y-TZP
MR AR TN e I S B, T2 RO FE R R
MR SRS R T R ENENIES T HE, ik
PRUCTE HL R RO T, R R B R 28 W 38

0102 Power of flash sintering (Line 1) Line 1 40 11000
+ Shirnkage displacement (Line 2) 935 ] ggg
008+ Heating Maintain the 13.0 € {940 O
= temperature - g 2
= . temperature at 930 C{ |, 55 {920 ®
% 0.06F (Line3) ~ 117§ E
g for 12 min i 120 8 1900 £
2 0.04} 202
= Line 3 21152 {860 £
& 51105 1840 ©
0.02F Line 2 ‘ 105 1820
’ 1800
0.00 0 1780

res—— Y
0 200 400 600 800 100012001400
t/s

K5 Y-TZP A3 A4 I il B I e el R R A e . IR e
SR AL RIS AT IN ) AR A i 2k (FE i B)
Fig. 5 Curves of powder shrinkage, flash sintering power and
furnace temperature with running time in the process
of Y-TZP pressure assisted flash sintering (Sample B)

I B N Be T2 e A £k 5 B 4 TN
BET ML, B RBeaiie i & h 2 AN be sl 2 ih £

5P NPT LEAFAE W] R 22 5% . FEdh B INBekess
LR BRI, 5 1 0 A B TN belge 4 e

T2 BB, AE 930 O i I R b e 4 B A L
B INA 0.6 mm, 2 2 7E 12 min {33 45 R BF 1) & A=
e, WeE R SRR A 3.2mm, KTFE 4 T
I n &, (I 930 C IR il 2.6 mm, A
Lo ke T2 MR 4a 2488 T 0.5 mm. TR,
R4 B N B R — 0 (R 1 N P IR BU% Ak, (R
TEMHE A N IRl i s 55N, 2R T 853 N e

S =N
He . o

22 RE. BIRFNEEN I EHBAREE LR
Al
22,1 B ARRe BUE R B 6 A
R P A B A 7 0 s Ay B DA 408 4 s 458 &85 1 s i 4
. K6 L, 51600 CHULEELEHLL, hnlk
Sl B DA 1 S e 4 e e DA e i e R AR R i A e 2
(B 930, 1100 “CHI 1200 CHAR TR,
BEAE WL R, ARG R, BRI
e S g LLEIE K. R, B T
DA AL 4 2 1 PR o T 25 8 T BTG, 5 1200 C I BRI
ARl A 0.43 mm, 5 UCHIN 2 N e F g 4



« 458 - CREMR £R 2741

J Chin Ceram Soc, 2021, 49(3): 455—460

2021 4

0.06 kW, [ABERN ANIH 5 o 1K U5 B o 4t B PR e 11
PRI 6T TN e BB A R i K, Xt T
Y-TZP Fp VA1 e BEL AL R T s B A, ZEAR A1
TRHRBETS il AR A AL IR F B AL, AR
Tl g, Rk, AR RE T, I
TN BRI (880 C) AR RE I K, IR f W]
B, IR SR TN e 4

+ Shrinkage displacement of flash
Shrinkage displacement of heat pressing and flash
Shrinkage displacement of heat pressing at 1 600 ‘C
=— Flash power

6 0.40
5A |
C st 3A 3A 1035
£ 4030
s - L)
£ N 5 lo2s Z
2 3A 3A Y, 772X )
= 3F * 1020 %
.2 : 9
S o . =
§D sl 40.15 E
~ o/ [
£ . d 4 10.10
% 1F l".
: 4 0.05
*
0 0.00
880 930 1100 1200 1 600
Temperature/'C

Pl 6 I FE A LR e 4 AR R A Al R DA B T e 11
Al

Fig. 6 Effect of temperature and electric current on shrinkage
and flash firing power of powders in sintering process
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