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Table 1 Formation energy of growth unit of oxide crystal with different structure type kJ/ mol
Structure type Hexagonal Zn$ CaF, o« ALO,
Charge number of center ions 2 4 3
Coordination number 4 8 6

Fomation energy of growth unit U —4. 16 Ne¥/ dre,r — 12. 24Ne” 4me o1 —8.04Ne¥ dreyr
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Table 2 Crystal lattice energy of oxide crystal with different structure type kJ/ mol
Structure type Hexagonal ZnS Cal", a—AlL0,
M adelung constant 4 1. 6413 2.5194 4.172
14 —6.565Ne” 4regr(1— 1/ m) —20. 16N e/ dreqr(1— 1/ m) —12. 12N e o (1— 1/ m)

1 200 C 2 200 C
TEM TEM
Fig. 1 TEM photograph of ZrO, powders by hy- Fig. 2 TEM photograph of ZnO powders by hy-
drothermal crystallization at 200 C in the drothermal crystallization at 200 C in the
neutral medium neutral medium
L2 : rm

U (CaF2)> U ((X_A1203)>
(hex ZnS );
V(CaF,)> V(a—ALO3)> V(hex ZnS).

y(CalF2)>v (a—ALO3)>> v (hex ZnS).

Cak»
a—ALO3
C
a— Al203 3 200
’ 0 TEM
ZnS Fig.3 TEM photograph of Fe O3 powders by hy-

drothermal aystallization at 200 C in the

7n0 7nS a— Fea03 neutral medium
/L 1) ) 1) 3
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a—AlO3 , Zr0s Cal, . ry m :
r(Zr—0)=0.216 nm, r (Zr—0)=0. 198 nm, r (Fe—0)=0. 2025 nm; m (ZnO) =09,
m (Fe203)=9, m (Zr02)=10. . 3.
3 «»m, (o
Table 3 Formation energy of growth unit and crystal lattice energy of various oxide crystals kJ/ mol
Type of oxide crystak Zn0 710, a—Fe,0,
Grow th unit Zn(OH) 4 Zr(OH 7 Fe(OH) 6"~
Crystal lattice energy —3835 — 11671 —7392
Formation energy of grow th unit —2918 —8378 — 5516
3 : Z102 2 000
a— Fex03 ,
a— Fer03 700 =1 500 ® o —Fe;O;
; a—Fes03 E 1000 E ¢ &0
. & Fe03 Zn0 g /-/"—'—'-'“'\'
= 500
0 L L
1 2 3 4 5 6 7 8 Y
) Hexagonal prismatic cluster
7Z.n0 a—Fe03 ,
a—Fe03 7102 . 4 12 oa— Fe0s,
’ . Zn0
a—Fe203, ZnO . Fig. 4 Lattice point energy of hexagonal pris-
. 4 matic clusters of @ — Fey03 ZnO with
12 a—FexO3 ZnO the grow th unit numbers of base face 12
[9.10]
4 a—Fe03 Zn0 . o~ Fe O3
7Zn0 . Zn0
O(*F6203
. CeO2, Zr0Oo Cak> ) Ce02, 7102
, Ce(NO3)3°6H,0  NH; °*H,0 Ce (OH )4
300 C CeOs 14 ! ' Z10Cl,  NH;H,0
Zr(OH )4 7102 15 nm,
rzi—0=0.216 nm, rce—0=0.235 nm, mceo,=12, mzo0,= 10, CeO-
— 7701 kJ/mol, — 10926k J/ mol, ZrO2

—8378 kJ/mol, — 11671 kJ/ mol. ) )
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7102, A10 (OH)
Zr(OH )y 250 C 10 h
710, 12 nm, 1.62 mol/ L KOH
7102 100 nm! . A1(OH);
200 C 10 h Al0O (OH) 170 nm, TEM 5;
1 mol/ L KOH Al0 (OHD 500 nm, TEM
6

5 AICOH) 3

200 C

TEM
Fig.5 TEM photograph of AIOCOH) powder using
A1COH) 3 gel as precursor at 200 C for 10 h

10 h Al0 (OH)

in neutral medium

6 1 moV/L KOH
AICOH) 3 200 C 10 h
AlO(OH) TEM

Fig.6 TEM photograph of AIO(OH) powder using
AICOH) 3 gel as precursor at 200 C for 10 h
in 1 mol/ L KOH medium

KOH OH ,
OHi .
Zr(OH)3 +KOH=Zr(OH)6(OK)* +H,0
Zr(OH)6 (0K ) +KOH=Zr(OH)s(OK 3 +H,0 (5)
, VA10 (OH) .
, ) A1C(OH )3
200 C A10 (OH) 170 nm; 250 C A10 (OH)
330 nm; 300 C Al0 (OH) 600 nm.
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GROWTH UNIT MODEL OF ANION COORDINATION POLYHEDRON AND THE
PARTICLE SIZE OF POWDERS IN THE HYDROTHERMAL FORMATION

Li Wenjun Shi Erwei Zhong Weizhuo Zheng Yangqing Yin Zhiwen

(Shanghai Institute of Ceramics Chinese Academy of Sciences)

ABSTRACT The cystallization process is investigated on the basis of grow th unit model of anion coordination poly-
hedron. It can be concluded that the idealized nucleation process consists of the formation of grow th unit and the de-
hydration reaction betw een grow th units. The main factors affecting particle size are analyzed from the view of the
rate of nucleation. It is revealed that the formation energy of grow th unit and crystal lattice energy are the main fac-
tors affecting particle size. The relative particle size sequence of oxide pow der with different structure types is ob-
tained. The difference of particle size of various kinds of oxide powder prepared by hydrothermal method and the ef-

fects of reaction medium and reaction temperature on the particle size are reasonably explained.
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