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Preparation of Zn0O-2.56A1,0; Transparent Ceramics by Aqueous
Gelcasting and Hot Isostatic Pressing

ZHANG Jin-Cheng, WANG Hao, XU Peng-Yu, TU Bing-Tian, WANG Wei-Min, FU Zheng-Yi

(State Key Lab of Advanced Technology for Materials Synthesis and Processing, Wuhan University of Technology, Wuhan
430070, China)

Abstract: Zinc-aluminum spinel transparent ceramics are typical multi-functional materials with excellent optical,
thermal and dielectric properties. ZnAl,04-Al,O; ceramics green body were fabricated through aqueous gelcasting
forming technique starting from the raw materials of ZnAl,04and Al,O;. The stable slurries of ZnAl,0,-Al,O5 with
50vol% solids loading were prepared. Furthermore, the effects of the dispersant, pH value and solid loading on the
rheological properties were systematically investigated. Then, gel-casted green compacts were pressureless sintered
and hot isostatic pressed to obtain transparent ceramics. Finally, transparent ZnO-2.56A1,0; ceramics (1.8 mm in
thickness) with in-line transmittance value of 70% in visible region and higher than 80% in infrared region were
obtained. The samples exhibited Vickers hardness of (11.344+0.17) GPa, Young's modulus of 285 GPa.

Key words: ZnO-2.56A1,0s; transparent ceramics; gel-casting; hot isostatic pressing
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SR, 5 ZnO-2.56A1,05 i W] g B ikt ik A e Y 55 b 45 1) o5 1073

SRR SF A 76 um, BEFE N 10.5 GPa. Fu 2519
ME IR ZnALO, ¥R R, R THEL &%
SRR, ST AE R e & ZnALO, 17
W s . 49 B0 B B E AR A 550 nm AbiE T E N
64%(JEZ )9 1 mm), 35Ky 540 nm, fif 5
L% 16.3 GPa.

LA B SRR o TR 22 1T & ZnALO, 33 B P
B, A K ESBEER M A (Zn0 nALO;, 1<n<4)i# W]
Ve % BE A B R OE R WL ARGE . Krell % UV7E %
MgO-nALO; WF LRI, 24 n>1.5 B, keghitfE
BRI ALO; SR Peas T 1k, M = AR
e gk MERE, n=2.5 NIBEER A B A 1E IR A B B
(150~200 nm) N LA RAFIEIL % . Zhang 2138
T =18 BB A, LT MgALOs, & HEE
A g A (R FE A IR 38 — e FEFE 3R T Uk
Gb, PrER R, EEHEISED R m . 45 LT
R, I R BRI A b A R RT DA T B ER AR
a1 1% PR BRI VERE . [FIRE, AR BB R B4
A b A A0 25 2H BRI T R ER AR A A O B M B
fE, (L AE T U HhdE N AN [ 755K .

T F YR A (TR AR ¥ 48 2R ) A — A DR A7 SR A ik
BEAR, 5FEMAEEEML, iyt ALaE
U 1 38 ST A O v B P10, R T R A A
R 2 N o 45 A RSB TR B R, 8 M A A R g
A5 B, RS, 5 MM EA =R G
NPT 3 o AN — i M B4k, R gy
AL E TR KIRSERES, 800 J5 IR
L, HEEAT DAk, A 7T 4 S i B
LR 2R 1) 6 tH X ST 1 R AT B0 ST ZnALO4-ALOs
AW ERIIR, 456 T R ARSI I B e 46 &
i Zn0-2.56A1,0; HHEBRIRARSSL, & H15 1 AE
BT 1 Zn0O-2.56 A1,05 % W P 4

1 SEIG/EE

SEEG R Ry AR S B = H | RLAR 2909 200 nm
) ZnAlLO4 AT A1,O3(99.99%) ¥ A, ZnAl,O, H
7Zn0(99.99%) 1 Al,03(99.99%) £ = T [ A1 2 N &
Beo N TR ZnALO, B 11 3158 HoR R TR 5 33
51, PAFRRA % BE IR B ZnALO4/ALOs = 1/1.56 Bt &f
JEENEA O RBREEGE RS 12 h, BREAN A
ALO; Bk BREEUF 1) B & T iR i AR & 38
5] JoURL B R A

BEIR A YRR S R G B PR . TITR IR
s 20wt% FHIE A Z (MAM, Urchem,
China) fil 2wt% N,N’- ¥ H 38 X0 I B9t i (MBAM,

Alfa Aesar, UK) I 2 H IR Z KBS pH 5 L5
KRR ST 3R . N 3 B 3R T I IR Bk (PAA,
Macklin, China)/5, ¥ F50E B FIR 1A VR & ] Fs [ AR
2N 46vol%, 48vol%, 50vol%, 52vol%[FIE % . kL3
TEJERR G Sy FE 3 21 0 8, BEJE AN 1.0vol% )
5l & IR E iR ER 4k (APS, Alfa, China)JffE N\ H2
EFE AR BRI 30 min. ELASBRIA S DR I\
1655 N.NN'N-DY i 3E 2, — 2 (TEMED, Alfa, China)
G 1 min JFIENNHIBLR . BT EE%
S R AL FE(200 MPa, 5 min) 76D IB 4 B e 2
800 C, HERRIAKT AN . RIGHIWIIRAE S I6
Ji R HE 4T E TR i BE (1550 C, 2 h, Air) 18 #
ZnAl04-ALO; E A TG IR o B f5 20 A0 S5 1 b 22
(1880 °C, 180 MPa, 5 h, Ar)f5RIBeLEFE N, FFxF H
AT WS Y0615 2 )29 1.8 mm 132 B B ZE A

pH ¥l & R F1 #7* pH 71 (AS600; As One
Corporation; Japan)Ji . P Bk AR H Zeta HLALIY)
W2 K H Zetaplus analyzer(Zetasizer Nano ZS; Mal-
vern, UK), MX777Z2 08B0 2 8 #fE EIkik. W
SRR ECT 1 mmol/L NaCl 25 & -7 /K e
I AH B 0.05vol% MM =i iR, A F#6 3h IR A
AN TE O T B R TR pH o BHR IR AR 7 4R 1
K H e 5 i 224X (Brookfield Viscometer; USA)JIiE,
B )RR 0.01~56 57

i X SHEATHHX(Model y'Pert PRO of Pana-
lytical; Almelo, the Netherlands)Z& /i G Hs g 45 e 44 DL
NI R 45 5 17 W M B RE i VAR 2 .
FA9H 7 B 18 (Hitachi S-3400N; Japan) W %2 76 &
R 2 AR DL B 57 B e B A o R S A b g o A PR o
KABEHEKIZ(GB/T 25995-2010, China)dll & k45 A
5% B . SR 8RS — AT WL -3 4 Ak 43 Ol ot FE Ot
(Lambda750 S; PerkinElmer, USA; IR KA
0.2~2.5 um)ill & n] WIT LU 4M6iE I %, A s AL
H 2L 761 {1 (Model Nexus; Thermo Nicolet Cor-
poration, Madison, WI; it K3 A 2.5~7 pm)il
BRLLAMNKBOE F . A4 RAEEE T (Model 430
SVD; Wolpert, China)ill & 5% 25 1 it FOEE B2, 03X 2
FiN 1 kg, PRIER AR 15 s Al FH g A I ik A%
(GrindoSonic MK7; GrindoSonic, Belgium)il] & 4
(4 BB, W 7 ¥ A Bk U % . ok 22 204
B Y (DSC8500; PerkinElmer, USA)&AE 5 (1)
Ee e, % A6 S #UX (LFA457; Netzsch, GER)l &
FESL G B R E, WAATT S N EOE N 6E . R
HP4294 R4 AT (Model Agilent 4294A; Hewlett-
Packard Co, Palo Alto, CA)ll & K45 BE M 7EAR N
1 MHz " ()97 HL 3 AU A B34
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AT [ A R EERER R % o T 3R
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. pH PLJ [EAH SRR AR SR P IR 5 R A

I BRI (PAAYK B PR A R T Zeta HLAL 1510
WE 1 PR, BTLUE BN BORET ZnALO, (155
L i (Isoelectric point)ZJ7E pH=9.6, I\ PAA J5,
ZnALO, M PR R S5 L s KIRFE /2 %%, 7E pH=3 LLR.
7E pH=11 KK Zeta A ZEXHEIER] T 60 mV
DL b [FRE, ALOs B A (1) 55 B sSU7E DN 43 BT 2 11
29709 8.4, M PAA J&5 % M %3] pH=3 LLR,
NG BGIE ALO; MR K [ Zeta HLAL 48X {H 7E pH=
11 2979 58 mV. XK PAA 7] IR A2 5
Rl R T Zeta BT A8 X, X 7 Fofy 40 62 21 1R
UF B o3 BOPE Y, PRAE VR A0 M AR e o [ A Bk 1)
il € #ik Zeta HAAL A T RS2 BH T PAA /K
Ja 77 HE—C OO [ W B 78 5 1 2 T e a0,

K2 BoR T EAE N S0vol%I, ANE &
BRI R B FE 52 m . AT DLE B 2 4 B A 2
1E 1.0wt%~1.6wt% i B WA AL, B (R} #0
AN BT AR RAT O, HAEIYRCN 50 57 B, R

60 F —=— 7ZnAlLQO,
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Fig. 1 Zeta-potential of ZnAl,04 and Al,O4
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Fig. 2 Relation of viscosity of slurry vs contents of PAA
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IV IR AS, 1 PAA KB 5 R R B
Ak, PR TR A AR T aE st

K 3 Eon 7 EAEN 50vol%, HEEE AN
LAwt%, pH R EMFEM X R, 4 pH (ETE
10~11.5 o AR, BHR R WAL R BT V)R Ny
50 s /N T 1 Pass, X SERA pH ZE 10~11.5 5
WASALIS, PR IARIE Zeta LA ZaXHEYI KT
50 mV, ¥JRESRALERIE IR . M pH A 11 A
AR, B EH BRI R R

AN [ [ AR o Rk 2 B EE (B % 50 s AR
WK 4 Frow, BEEEAHER N, RN RN EIE
W ETE, 4 EAHE B S0vol%iE N E] 52vol%lsf, Bl
2% W 26 B2 BA B 48K, SRR R ) KA XA AR
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P& G peyd i
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Fig. 3 Relation of viscosity of slurry vs pH value
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Fig. 5 XRD patterns of the sample before and after Hot
Isostatic Pressing (HIP)

A: After pressureless sintering; B: After HIP

ZnALO, M a-ALO; Wi ARt PDF K i (ZnALO,:
74-1136, a-Al,O03: 51-0769)FHXT N, &AM . #
FHEEIG AL B), B EIATH R R — B R
BT, Ui ALO; CLIEA B A s 12 T
HAH. BT E BRI EEUN T E
BEERAR AR, WUELE B T S ATHIEARXT ZnALO, ]
i BE T W R AE T I

WIPRAE 5 350 oh JE R T8 5 3R T SEML
W 6 fT 7R . ALOs FH AT ZnALO, #H 23 I AE B F bR i,
KN ALOs M, F N ZnALO, M. ZnAlLO, H1H
FlFE ALOs #H, W& IS4 An, A B %™
Ao IX R U i Y A S Y ) PR v R A A 38 B0 A
1. Tk fa YRAR AR X 0% PRI B 97%, PIAH dRi R
S 3 um, SALE M, S A D ISR R A .

Bl 7 22 ad AR TR e 45 J5 B bl IR 2R T 21 ik
SEM i fy, it IEF R B4 )5, ZnALO, Al ALO;
SRR A, R — 2P KR, FE 300~500 pm 2
[f], dn IR A bR AALAAAE, Beai i I 5 R
N 4.10 g/em’.

K6 FTIEWRGN ZnAlLO,-ALO; EARM &R %M SEM
W

Fig. 6 Microstructure of acid-etched surface of ZnAl,04-Al,05
ceramic after pressureless sintering

(Gray: ALLO; phase; White: ZnAl,O,4 phase)
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HEPeY

Fig. 7 Microstructure of acid-etched surface of ZnO-2.56A1,0;
transparent ceramic after Hot Isostatic Pressing (HIP)
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15,(0.2~6.5 pm), il 7E R WGP B (0.4~0.7 pm) i)
T ZIRF] 70%, BEE AR, FEMTELLMNE B
(0.7~4 pm)iE it B IR T2 80% LA Fo AHEL T4
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F RN E AR A, MR H 7 um
GHREN 6.5 um LA, X 5ANE n HBEERAR S A 1R
teiash—5, AR AL BRI S B0 A
IREE RIS ) BERRTE 3 pum A2 A5 A P AL R
(IR Bl R IS0, 33K T A N e e A o 2 T R R
¥1-OH {44 sl e 1),

SEEGME T Zn0O-2.56 A1,05 17 B M e He Ak 1 A
FKMERE, 35 ZnALOL T TR, WERE 1
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Fig. 8 In-line transmittance of ZnO-2.56Al1,0; transparent ce-

ramic. The inset image shows a photograph of transparent
Zn0-2.56A1,0; ceramic



1076 T AL MR R o34 %
#F 1 Zn0-2.56A1,0; ERAMERMAERIMEEETIER
Table 1 Propertice of ZnO-2.56A1,0; transparent ceramic
S I Vickers Young’s Thermal conductivity/ Dielectric constant/ Dielectric loss/
ampe hardness/GPa  modulus/GPa (20 ‘C, (W-m™-K™")) (20 °C, 1 MHz) (20 °C, 1 MHz)
Zn0-2.56A1,0; 11.34+0.17 285 9.8 9.17 -1.39x107
ZnAl,0, 10.5" 282117 - - -
AN Nk = =S o of transparent polycrystalline ZnAl,O4-a new optical bulk ceramic.
RS FEHOE N, SRR 4 P 1 AR B A, f lyerystalline ZnAl L bulk
° SN - Journal of the American Ceramic Society, 2012, 95(3): 879-882.
Zn0-2.56A1L,0; 7E20 C FII#FH 9.8 W-(mK) ™,
/\2 f/ X T E/J/\ ﬂ‘%jj\ ( 73 [6] FU P, WANG Z, LIN Z, et al. The microwave dielectric properties
1 MHz [ Eﬁ ™ éﬁj‘j 9.17. Ji %j’mﬁjﬂ—],}&x 107 of transparent ZnAl,O, ceramics fabricated by spark plasma sin-
tering. Journal of Materials Science: Materials in Electronics,
3 éld:l:ie 2017, 28(13): 9589-9595.
- [71 KRELL A, WAETZIG K, KLIMKE J. Influence of the structure of
MgO-nAl,O; spinel lattices on transparent ceramics processing and
ZIKE}I: ﬁ@ﬁéﬁﬂi 73‘3 EEEEE;@ , é;d:(: {E}%E*D fj?‘h\‘ %%% properties. Journal of the European Ceramic Society, 2012, 32(11):
EREAMIH G T Zn02.56AL0, BIMGRE. WTaws f
N TURNN N N ZHANG H, WANG H, GU H, et al. Preparation of transparent
B3, 1R v kB RO TR A B A T 2 A . M PANE A~
P JRE A A R 2R 1 B A L 2 2R A pH A1 1, o CrllhE MgO-1.8A1,05 spinel ceramics by aqueous gelcasting, presintering
A 4wt/ o R i = E i and hot isostatic pressing. Journal of the European Ceramic Soci-
BN LAwt% . 5 IS N ) i) 2% [ A & s ik dh Lof th
50vol%, [FIM %54 273 mPa-s(3 1) %: 50 s KK o A . )
YOUN , OMATETE , JANNEY M A, et al. Gelcasting o
A RN AR W T 44 J HATAN
e P R AR o HIIREE T R TIUGE S5 PTAR 3 299 Zﬁﬁ’ alumina. Journal of the American Ceramic Society, 2010, 74(3):
I 5 2t A A T AL 2 A BB ) ZnO-2.56A1,05. 612-618.
%gg%rj'ﬁgf H@@ Eﬁ IS/% %1¢$ %Eﬂﬂ%&ﬁﬁ@ﬂ%%iﬁ [10] KR.ELI.J A, KLIMKE J. Effects' of the homogeneity of.partlcle co-
o y s o R B Tk o ordination on solid-state sintering of transparent alumina. Journal
70%. ZLANEBUEIE KA 80%. 15 ZnALO, AL, of the American Ceramic Society, 2006, 89(6): 1985-1992.
ZnO-2.56A1203 Jiii Eﬁ B’ﬁ“] %ﬁﬁ}ﬁ *[] 1‘5] Eﬁi‘ﬁii@ﬁﬁ ;t'_E [11] YIS, QIN X, ZHOU G, et al. Gelcasting and reactive sintering of
%%E ?%ﬂ IZIEUEI ;J; E'E’Hﬁ#ﬁ‘%%%%’j’% EEEIE ':F' sheet-like YAG transparent ceramics. Journal of Alloys & Com-
b
pounds, 2015, 652: 250-253.
>0y =] + < B =
ZH RS A B it AR S R R e AR, Ao T A AN R L [12] YANG J, YU J, HUANG Y. Recent developments in gelcasting of
GER, ceramics. Journal of the European Ceramic Society, 2011, 31(14):
izl
2569-2591.
= . [13] WANG J, ZHANG F, CHEN F, et al. Fabrication of aluminum
= it
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