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Abstract: Supercritical hydrothermal synthesis (SCHS) is an efficient and green technology for
preparing advanced nano-powders, which can promote the development of high-quality nanoscale
ZnO. In order to obtain the crystallization kinetics and surface modification mechanism of
nanoscale ZnO during the SCHS process, this paper analyzes the crystallization kinetics curves
driven by temperature and time to obtain information on the rates and activation energies of
nanoscale ZnO in nucleation and growth processes. Additionally, polyvinylpyrrolidone (PVP) is
used to modify ZnO surface in situ. By analyzing the morphology of zinc oxide synthesized under
different PVP and KOH ratios, the coupling mechanism of PVP and KOH is determined. The
results indicate that the activation energy of nanoscale is 603. 06 k] * mol ' during nucleation and
63.10 kJ * mol ! during growth, with more energy consumed in the nucleation stage than in the
growth stage. Nanoscale ZnO particles with the smallest size are synthesized when the precursor,
KOH, and PVP concentration ratio is 1 ¢ 3 ¢ 2, with an average particle size of 6. 9 nm. When
the KOH to PVP concentration ratio is too high, excess PVP on the surface of ZnO nanoparticles

leads to gel-like deposits, forming aggregates that result in an increase in the particle size of the

ks H . 2024-03-25. TEF T A B2 (2000—) B A A s ER AR GEEEED B 8. LA S0, R4
WH. ERARFFRES KB H (52101096352176162) ; B2 754 & A BF & 181 % B3 H (2024GX-YBXM-314) ,
W 28 Wy RS TR] . 2024-07-29 W 2% AR B AL . hteps: // link. enki. net/urlid/61. 1069. T. 20240729, 1307. 002



114

R 2, A I K PG TR A oK R B 14 3l ) 2 B R 0 I S e R 5 L BT 5 157

synthesized nanoparticles.

Keywords: supercritical water hydrothermal synthesis; nanoscale zinc oxide; crystallization kinetics;

surface modification
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Fig. 1 Schematic diagram of continuous SCHS device
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Table 1 Preparation parameters and crystallinity of ZnO

FooORE/, RN/ REE B

5 C MPa K& /cm  WfE/s AL
1 300 25 9.4 3.73 90. 94
2 300 25 15.1 5.99 92.94
3 300 25 19.0 7.54 93. 48
4 300 25 29.3 11.63 93.59
5 350 25 5.6 1.87 89.93
6 350 25 15.1 3. 14 92.19
7 350 25 19.0 5. 04 92. 86
8 350 25 29.3 9.79 94.19
9 400 25 5.6 0.50 89. 20
10 400 25 9.4 0. 84 90. 64
11 400 25 19.0 1. 69 90. 94
12 400 25 29.3 2.61 92.21
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Fig. 2 Variation of crystallinity with time at different

temperatures
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Table 2 Induction and stabilization time of nano-ZnO

synthesized at different temperatures

3 Viki R e R R
g /°C i) /s i) /s ZEhE/ %
300 1.71X10°% 3.55 88.55
350 2.01X10°% 1.87 89.15
400 1.24X107% 0.58 87.95
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Fig. 3 Temperature-dependent Arrhenius plots of nucleation

rates of nano-ZnO during the induction phase

2.1.3 AKXk REHH
A EEX G5 B P e A K B Bt AT A
25 A 2 RER 1) 28 A8 B 5 5 30 245 ORI 1 PRk




160 W% %

i

PN

EE ¢ % 58 &

PR A AR 4G i i 26 RO SRR I A KGR
HRAE Bl 12 M 2k . 15 2 90 K ZnO @R FE 300,350 Al
400 °C & 1y A K A ah it &R g 0 oy 23, 31,
45. 951 170. 41, Z5 KRBT, il 2 B BE & IR 1)
HEINT RGN, 0K ZnO AR B A K R pE 2
PLo IX F B iy T R B Y B 0 R 3 L ORI
AR RNk

55U B Be 26 oL, AR K B BE I TR AL R E, AR R
T 2 R AR DG A K R OE R AR
E,
RT

A kb, FORARKER A, TR A K0 45 A A
RN E, R AR BRI EE .

AR BT A 31 09 2R RO R 5 IR R R L LA
4 R BB AR JE 2 30 TR S T A, B 4 R R R
E, /R, I In A, [H RS A BE v 3815 E, N

63 k] « mol ',InA, } 16,
55

Ink, = InA, — 4)

50F

-1

.5 )

In kg/(n{3

3.0
-1.8

-1.6 -15 -14

=T7(10°K™)

-1.7

B4 gk ZnO A4 0 A 8 32 5 TRLEE AR O 1 Bl 48 Je 2 3 14
Fig. 4 Temperature-dependent Arrhenius plots of growth rates

during the growth period of nano-ZnO
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Table 3 Comparison of activation energies and frequency factors

of nano-ZnO at nucleation and growth stages

E / E./ InA;/ InA,/
(k] *mol™") (k] +*mol™) (kJ+*mol™") (kJemol™")
603. 06 63.10 172. 48 16. 27
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W MO TR KOH F PVP By e B #8571
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Table 4 Experiments on the coupling of PVP and KOH in the continuous SCHS process

SiBy . L ZnSO, WE/  KOH #e B/ PVP ¥ JiF/ L S 3 b TN
" WE/C RS /MPa . "

iz i E] /s (mol+ L™H) (mol+ LY (mol+ LY Rt /nm YLl /nm
1 0.010 0.02 0 40. 91 20.33~52.21
2 0.010 0.03 0 30.70 12.41~64.98
3 0.010 0. 04 0 26.04 15.65~40. 69
4 400 25 1.59 0.010 0. 06 0 17. 46 7.54~50. 00
5 0.010 0.03 0.02 6.90 4.00~10. 00
6 0. 005 0.03 0.02 27.39 8.54~71.89
7 0. 005 0. 04 0.025 56.50 50. 00~60. 00
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Fig. 5 TEM images of the synthesized ZnO products at different KOH concentrations
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Fig. 6 TEM images of the synthesized ZnO products under different concentration ratio of precursors, KOH and PVP
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