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Figure 1 (a) Transmission electron micrograph of the 4 mol% CaO-ZrO, nanopowders synthesized by chemical
co-precipitation and (b) SEM image of the 4 mol% CaO—-ZrO, ceramic sintered at 1200°C **!
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Figure 3 (a) SEM micrograph and (b) grain size distribution histogram of the nanocrystalline a-Al,O; ceramic
sintered by pressureless method 1**!
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Figure 4 (a) Transmission electron micrograph of Gd,Zr,0; nano-powder and (b) SEM image of the Gd,Zr,0;
ceramics sintered at 1382°C followed by 1213°C for 10 h**!
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Figure 5 (a) Transmission electron micrograph of Zirconia powder synthesized by sol-gel method and
(b) Scanning electron micrograph of zirconia ceramic sintered at 1100°C for 4 h'**’
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Figure 6 Transmission electron microscopy micrographs of nanoparticles synthesized by micro-emulsion method:
(2) CeOx; (b) CesZrys0s; (¢) ZrOy; (d) TiO,!

1.3 5H8%

SRRV BRI PSR B ) R RS, A SR I R A A B SR A SN i 6 ¥4 I T S gl
KBTI SARTEA & O A AT GRS R 0N A0 M B St A o, AR SAR TR R A
HSARUREAE I AR O IR R 1 8 9K 7R DA B 2 A e

SAVIRBNER S PR IS FE 2, ER T IR R MR N, Bk (8 R A R N
T AN 75 AR AT (56 26 BRI R e SR A%, (ErmiR X AWK KRS, @S 0MEM, BUk i iR X
TG IEL X J5 58 42 45 i St ARG T T KM Ak . Azar Z5P5S D B0 ASMIVE ) 4% 1 FE9K04% 4 20 nm



-396 - B Ok %, AREELTEREHRH;E % 38 %

(1) ALO; KA, 1593 IR A RBURL 43 B BL T« TE
Re—2REHRNE S AE (B 7). BHATN
1k, O KREALIDR R & SR TR
I, 1 MgO P Ga,05 . Sn0,
ZnO Y731 cuo PY, w0, B, In,0, P02,

1.4 INgE ‘ z? : 1005m
-3

uiﬁiiﬁﬁaﬁi%ﬁﬁ?%ﬂé*ﬁwmﬂﬁﬂ%oﬁ E 7 AR A & ALO, 44 i TEM Y
FRYBARTE R BN 12 AR 2% (R Ak 4 Figure 7 Transmission electron microscopy image of
OB R SRR SN, B0, (85 I DL the Al,O; powders synthesiz[eg] by vapor deposition

o thod
1S 5 T e O 9 P 2 . AR e
1] £ FEOA R [ SR 3 g P L, s R R 2 T DA
— B & GOK SRR PR B . T SARVE A IR SR D . B, R S g K B R AR E AR
R —AI7 .

2 4K B R RO B

A 3R 2 M A 1) 6 o 8 32 SV FH R 5 AR ) T R AT A TE R4 S, AR 46 40K A 1Y)
AR BT RBEIE B, M0 A ATBARTR AR 75 5 R SR AR o b T BRI AE & (R AR S5 AN
SHAAEZ, PRRIBEATERERAR, MR T AT R 25 R IR KB R AL . PRt
URART V Fo E R A2 o  fl)  FA) OR BEE f) AL

TRV 3 8 A A IR FSR% KR BRI 7 B B B R Bk R (iR B AE BT LR

2.1 RIBEMEIEHIA R BHADE A

TEMRE I AR R R T, TR0 pH (™, BEBOHREE L 03 01O A5 A R R 5 2 0t 0
REE 2 BORZS P R0 o A 5 O R oI 70 BIGR AT B ARBURL R T 5K 7, BEIEROR 34, A3 253l
FHAIIAIRS, i 9K BR R 5 48 B 7RI A T B %R, AR 2 28 R A R L
ANYTEVARREI AR AR pH B35, 385 i O R T Y i 2 1 2 IRl AR S R B 45 5
DL RFEARAEA R . 4 Ramanujam %5 AR A SRR 9 LAJC K SRR NIRERIR I e, EAS

o

El 8 I [Fl pH #1335 T #1 4 B YAG Wk iy & 4t 52 R 710

Figure 8 TEM micrographs of the CP-nY AG precipitates formed under different pH conditions:
(a) 8.10 £ 0.05; (b) 8.20 = 0.05; (c) 8.30 + 0.05 [
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Figure 9 Formation mechanism of the Al,0; powders prepared with different precipitants
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Figure 10 TEM images of Al,0;—ZrO, nano-powders synthesized by (a) freeze drying, (b) microwave drying
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Figure 15 Starting powders calcination temperature Figure 16 SEM images of Gd,Zr,O; ceramics
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Gd,Zr,0; ceramics sintered at 1250°C for 10 h!
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Figure 17 Green size distributions for near fully dense samples, sintered at 1400°C by fast firing (FF) and
conventional sintering (CS) for: (a) 3YSZ; (b) 8YSZ P!
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Figure 18 SEM micrographs of the sample sintered by (a) conventional sintering (CS) and (b) fast firing (FF) "
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Table 1 Sintering parameters and properties of two-step sintered BaTiO; ceramics !

Samble Po After first-step sintering After second-step sintering
v [ rec | am | ps% | Goom | BRC | bib | pa/% | Go/nm
BaTiOs-1 | 61 950 0 86 33 900 2 98.0 35
BaTiOs—2 | 46 980 0 78 68 900 4 97.0 70
BaTiO;-3 | 46 1100 0 73 148 900 20 96.2 150
BaTiO;—4 | 46 1100 0 73 148 950 20 97.1 150
BaTiO;—5 | 46 1150 0 78 200 900 20 96.3 200
BaTiOs—6 | 46 1150 0 78 200 1000 20 97.2 200
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Recent Progress in Pressureless Sintering of Nanoceramics
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Chengdu 610064, China

Abstract: Full dense ceramics with nanosize grains have extensively important applications due
to many excellent properties comparing to conventional ceramics. However, it’s a big challenge to
fabricate nano-grained ceramics with high relative density. Pressureless sintering is a promising
method because of its economy and simple process. The research situation and progress of
nano-grained ceramics prepared by pressureless sintering were discussed in this paper. We analyzed
several important factors during fabrication process, including synthesis of nanocrystalline powders,
elimination of agglomeration, shape-forming method of green pellets, sintering mechanisms and
other issues during preparation.

Keywords: Nanograinceramics; Nanopowders; Pressureless sintering
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