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2 B £3L), 4 BIFC ] BE /R L 2k 60:40 B ZrO2:Al 05 ) ZrOg:Fe, O3 TR R, BE/R H AT B
4y 60:32:8 & 60:25:15 ) Zr04:Al,05:Fe, 03 =0k RIB-A W, BB HI ML M ARE R
%, REE T HA™ EYELA FD-5N & TRYLIE 45°C T 4. BT 15RJ5 B aTIES B R
BT H AR 10°C/min §9F B INAZEFEEE. MEREH (TG-DTA) i#it RIGAKU
TAS-200 3474047, %A SHIMADZU XD-D1 #4F XRD #1454 %), JEOL JEM-2000EXII 13
HaENRER.
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B 1BRTRETREMES R DTA 4R, oMM SE 112~ 122°C Z
A —AHBHRNE, XERETFREKUEHREAERMESSEFTE, K
HEBKGE 30% 5 7 226~232°C R A TH A B, XBAKTHBREANREIR,
X R R EAE 15~20% Z 8] Wi 7E 467~491°C MHEH —A B/ B BRI, FTHEBT 0 3B &
A RSHEENBERTE, XHXEREB. R, RAF ZrOr-ALO; R 1E 900°C HEH
~AMB/NRY B, X T R BT m-ZrOg AHZE BT A Y.
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Fig. 1 DTA patterns of frozen-drying precursors
(a) ZrO2:Al303 molar ratio is 60:40; (b) ZrO2:Al;03:Fe; O3 molar ratio is 60:32:8; (c) ZrO2:Al203:Fe;03 molar
ratio is 60:25:15; (d) ZrO2:Fe2O3 molar ratio is 60:40
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TiX—%i, £ 1HAFE T ERANME LGRS R AL 10°C/min FHEEFFEE ., R
8 5min J5# X §T&L 4541 (XRD) 4521,

B RA W, Zr0s-Al,O3 & R 600°C 3 E A +-Zr02, B E AR, {H AlO; HEE!
1000°C A M7, MEBIEZE LR &AMBT, ALO; ¥E ZrO, HAY B ik BR C T i 2% #7485
BVEE, X530k (7] WER—B. M TMA FeO3 B X =0 RHKW, B—LHFZ
4k 45 B i 3 TR 5 2 800°C, 53X RALZR B 57 — E AL 8 H Fe203(AL03) By H ¥ EE# T
40 mol% K% 51 T TR £ F 800°C ; T H 5 Al,O3 ML, FeoO3 RAIRE L MU — &4k
AR BEMAER, XWAT ZrOy-Feo O3 4 R EH F 1000°C A M  t-ZrO, B FHESL ;s [F AT,
A& Fe, O3 Y& BAET 8% Bf, 900°C K4 m-ZrO; AHAE, T Feo O3 & E T 15% W,
m-ZrO, F 1000°C BF#ff i, W] W Feo O3 B R A BT & m-Zr0, WIEA. 5 HER 1Tk
B, 7 Zr02-(Al,03, Fe203) =LK A, t-ZrO; A —EHARFFF 1400°C, X 7 IH L T AL O3
M Fe,O3 JLEERA MY LR, W ZrO2-Al,03 I Tk & t-2r0; HARFEE] 1200°C, Fe, O3 & &
it 40% B9 ZrOg-Fe, O3 & & t-ZrOy H7E 1000°C BB, HERFEXER%E.
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Table 1 Phases identified by XRD after sintering

T/°C Zr03:Al,03 Zr03:Al1;03:Fe; 03 Zr03:A1203:Fe; O3 ZrO2:Fe; 03
60:40 60:32:8 60:25:15 60:40

450 A A A A

500 c c c c

600 c+t c c c

700 c+t c c c

800 c+t c c c

900 c+t+m c+t+m+y-Al+o-Al c+t+y-Al c+v-Fe+a-Fe
1000 c+t+m+y-Al+a-Al  c+t4+m+y-Al+a-Al c+t+m+y-Al+a-Al  c+t+m+y-Fe+a-Fe

1100  t+m+y-Al4+a-Al  t+m+y-Al+a-Al+vy-Fe  t+m+y-Al+o-Al+4-Fe m+y-Fe4a-Fe
1200  t+m+y-Al+a-Al t+m+a-Al+Al-Fe t+m+a-Al+a-Fe+Al-Fe m+y-Fe+a-Fe
1300 m+a-Al t+m+a-Al+Al-Fe t+m+a-Al+Al-Fe m-+a-Fe
1400 m+o+a-Al t+m+a-Al+Al-Fe t+m+a-Al+Al-Fe m+a-Fe

Note: “ A” means amorphous; “c¢” , cubic ZrOy; “t” , tetragonal ZrO3; “m” , monoclinic ZrO2; “0”

, orthorhombic ZrOs; “ 4-Al” , - Al;O3; “ a-Al” , a-Aly;O3; “ v-Fe” , 4-FesO3; “ a-Fe” , a-FeyOj;
“ Al-Fe” , AlpFe20g (i.e. Al203-Fez03)
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WS T BHEWET AFEE R 1000~1400°C R4 G MM AL N TR, A2 8
R T ZrOy-AlL O R R7E %R E X B FE4E Smin TR, R0 1100°C B R T2 B4,
& F 1200°C E A B ERABHBEREN, X5 (7] WL RAER.

B 3K Zr0y-Fe, O3 R RTEAMRI KRG THRELE R, \TREERLE 2r0,-ALO; K ZEA
AR, dpLEEHR, 7 H 1300~1400°C # %L R~ 1100~1200°C BE B 4 /), X A 2 H
F o-Fe ) G B EHE L TF v-Feo O3 T S 2 1), B2 1300°CH F M T v-Fea 03 [ a-Fe, 03
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B 2 Zr02:Al O3 BE/REL A 60:40 Ph 10°C/min fIHEAF R E L 5min 9 SEM B
Fig. 2 SEM photographs of ZrO,:Al;O3 (molar ratio is 60:40) heated to different temperatures with
10°C/min and sintered for 5min
(a) 1100°C; (b) 1200°C; (c) 1300°C; (d) 1400°C

80067 28KV T SU

B 3 ZrOs:Fe:03; BE/RH % 60:40 Bk 10°C/min fn#h ZE A F B B HE 4 5min f9 SEM BB K
Fig. 3 SEM photographs of ZrQO3: Fe;O3 (molar ratio is 60 : 40) heated to different temperatures with
10°C/min and sintered for 5min
(a) 1100°C; (b) 1200°C; (c) 1300°C; (d) 1400°C

(c) FH7P

assns sexi- =50 [ - essiz sexu
B 4 ZrOz:Fe;Os /Rty 60:40 7 1400°C F A [ 5245 if [A] B9 SEM B8 f
Fig. 4 SEM photographs of ZrOz: Fe;O3 (molar ratio is 60:40) heated to 1400°C and sintered for
different time
(a) 0.5h; (b) th; (d) 2h; (d) 15h

B 5 87T Zr05:Al,05:Fe, O3 BE/R 20 60:32:8 A R BT, 1100°C RFH B4,
2R K F 1400°C B AT B I R EBRILE ., WK 6 ATE Y, B EEE 0.5h 5, &
KB B Rk, B % 15h, R RTXHEEEL. XERENREMEDTF 1200°C 52 (I
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), HERETHMRER, MHEHHAT t-Zr0;, m-ZrO2, a-Al,03 fl AlyFe; O M4 Fil 4 AH H.AH
2, MEEK, EREBRERANASERASHL, AE6Q) TR, RMESTHEHH

00003 20Ky
B 5 Zr02:Al;03:Fe;0s EE/REH 60:32:8 L 10°C/min IR EARF B E B4 5min ) SEM B A
Fig. 5 SEM photographs of ZrO»:Al203:Fe2O3 (molar ratio is 60:32:8) heated to different temperatures
with 10°C/min and sintered for 5min
(a) 1100°C; (b) 1200°C; (c) 1300°C; (d) 1400°C

B 6 ZrO::Ala03:Fes03 EE/R Y 60:32:8 7£ 1400°C T AR 445 a[E] 6 SEM B H
Fig. 6 SEM photographs of ZrO2:Al203:FeaO3 (molar ratio is 60:32:8) heated to 1400°C and sintered
for different time
(a) 0.5h; (b) 1h; (d) 2h; (d) 15h
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1. Zr0,-Al,03, ZrO2-Fe, 03 8 X W FEC L ZrO,-(AL O3, FeoO3) =B S MHER 2R K
B A 45°CRETRENITED R KHNERST, 460°C L EAK4EHSHE.

2. X F ZrO2-Al,O3 ZJoE K, 600°C F s R4 rmmMy Z b8 44, 1000°C
BT ALOs, MMARREHB R R WREW.

3. Fep03(Al,03) TER — L F ZE AL P BEMET 800°C E 4135 40mol%, H K,
HER Fe, O3 r7E, MMM Z &R E TR E R 900°C M L.

4. Fey03 TE Zr0;-Fey 03 5, ZrO,-(Aly 03, Fe, O3) kR ¥ A A B F R ERI AL AEA.

5. X F ZrO,-(Al03, FeyO3) =0 R, £ 1400°C ik 15h By 8e4s, Al H t-ZrO,,
m-ZrO3, a-Al,03 il Al,Fe,Os WFPAH R T/ FM BB ARN B EERSWEAE
®.
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Microstructure Evolution of ZrO,-(Al,03, Fe;O3;) Materials Synthesized
by Frozen-drying

LI Rui-Xing!, YIN Shu?, CHEN Lan!,
YU Ke-Ning!, LI Shao-Hua!, LIANG Huan-Zhen!, SATO Tsugio?

(1. Institute of Process Engineering, CAS, Beijing 100080, China; 2. IMRAM, Tohoku University, Sendai
980-8577, Japan)

Abstract: Precursor powders of ZrO;-Al;03, ZrO3-Fes O3 and ZrQ,-(Al; O3, Fe,O3) systems
were produced by frozen-drying. Their phases transformation and microstructure were developed
at deferent temperatures and sintering durations. Microstructure with fine grains was obtained in
the ZrO3-(Al; O3, Fe;03) system for the composition (ZrQO2:Al;O3:Fe; 03=60:32:8 mol%) sintered
at 1400°C for 15h. The results obtained show that Fe; O3 has the effect of glomeration of grains

in ZrO, base ceramic materials.

Key words frozen-drying; phases transformation; grains degree; multiphase ceramic; ZrO»



