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Optimization and industrialization research on continuous

preparation process of nano-zinc oxide
CHEN Yuxian',ZHANG Haigang® . JIANG Yongqiang® . LI Wenhui* \WANG Xusheng®
(1. Lanzhou Lanshi Zhongke Nanotechnology Co., Ltd., Lanzhou 730300, China; 2. Lanzhou Auxiliary
Agent Plant Co., Ltd., Lanzhou 730300, China; 3. School of Materials Science &. Engineering,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Aimed to address the issues of long reaction time, large particle size, and uneven
distribution associated with conventional batch precipitation methods for preparing nano-zinc oxide, this
study introduced a continuous multiphase interfacial reaction technology with bubble-liquid film interfacial
enhanced mass transfer mechanism, achieving efficient and continuous production of nano-ZnO.
Systematic optimization and industrialization validation were conducted. Using zinc sulfate and sodium
carbonate as raw materials, the effects of key process parameters including reactant concentration,

surfactant combination, and calcination temperature on the particle size, specific surface area, and
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morphology of nano-ZnQO properties were systematically investigated by analytical methods including X-ray
diffraction (XRD), scanning electron microscopy (SEM), and Brunauer-Emmett-Teller (BET) analyzer.
The optimal process conditions were determined, and the industrial feasibility and stability of the
optimized process were further verified by establishing a pilot production line. The results show that under
the optimized conditions of 0.790000 mol/L. ZnSO,, 1.440000 mol/L. Na,CO,, 2.055% surfactants
(relative to Zn®" molar amount) ; sodium oleate 2. 000%, PVP 0. 050%, PEG 0. 005%, and calcination at
600 ‘C for 2 h, high-performance nano-zinc oxide was obtained with an average particle size of (35.004
2.00) nm, a particle size distribution range of 5. 00-50. 00 nm, a specific surface area of (54.0141.23)
m’/g, and ZnO content of (97. 6440.52) %. This technology significantly reduces the reaction time to 67-
100 s, markedly enhancing production efficiency. It has been successfully applied in a 1000-ton/year pilot
production line, with nano-ZnO quality meeting national standards Nano-zinc oxide (GB/T 19589—

2004) , demonstrating promising potential for industrial application alongside environmental benefits.

Key words: nano-zinc oxide; continuous multiphase interface reaction technology; bubble-liquid film

interfacial enhanced mass transfer mechanism; process parameters; product performance
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FIRIARE T ERAE R B B T R s L (L RE
308 3 AR VR Y 2% T 7 T AR S AORE 43 1 TE A AR

(a) TR

AR BURE — O AT 3R 5 T Al 5 B R i SR PVP A
PEG AI7ESURLR T B2 6] 7 BR3P = 5 R
R g7 A TR [R50, A R R R XS
Berton 45 412 4 1) 52 4 3% 187 1 4 57) 3 [ £ 5 L )
— B MR 1 57 14 52 I o P mT S B 4 K
RSN 23 BCPE AORS B 1R 42

B 5 FRERMEEER G &AAKELEN SEM Eif

30y

R
100 120 140 160 180
Bife/mm
(a) TR

<

[y

[

N
(=) ,
N

<

feel

-

401

B 6 ARREEENHEHNKELFNRES L

2.2.4  REBEUREEXT g K S AL R R  B R L R TR
f14) 5 M)

FRPIRLE (400~ 800 °C) X 4 K AL A4 &
AR e 7 B, WK 7 TRLE H
R X 4 oK A B S L R T R )
=, BARRIN ) TERF & 1771 . B TR A 400
CTHE 600 °C, 9K A A BF B 2 h (81,34 £
0. 43) Y3 TF 2 (97. 64 0. 52) % . 24 i & 8 i 600
ClaBrsm B . %G BBUER R . 5
M 400 CH-Z 600 °C B, BT SRR FR FE 5% B i A
BILLH 3 CAN AR 58 4 43 ik A0 Rl R & 8 18 376 1k 1)) i —
RO R I L M S B S AR T IR T 600
CIa A BE K AR BB 4 THAE B A8 TE 10 25 6L 45
BB o (AT S B Ak 2H B 5 38 T b, HE T R
R TR R, b fE R MR I, Bl %5 5L M 400
CFFZ 600 °C, 4 K A AL BE Y He 2% i B (60. 83 +

0o 10 20 30 40 50 60 70 80 90 100
Fite/mm
(b) & REHE R
105 475
= WREH o HYE
00k LhRER - HEE
170
95 e ® . N
ES ') 165
L §
41 B
# 60 1=
85 ®
X
80 | 455
50

4(I)0 5(;0 660 7(I)O 8(I)O
FEREIR B/ C
B7 MAEUEESE/IREREEERETHERE
1.36)m’ /g &R (54. 01+1. 23)m’ /g, X—7284kIH
HF mR A N R FiE RS RE 1 BB, st 1 5 5t
sl kbt M5 | & ok p Ak S5 FLBR R T R
R Bl b AR N, R A RS IR /N F
L ST IR B TR BE o g K B A B A A R R L A
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AT —2. WAL BIFFE A SRR L A ps il X 4 oK
SEACFERE i H R T AR 5 R A7 AR A LA 245G
o TESPRRI R TR A A BARTORP B —H KR
BEPRIE FL AR B IR AR iR (PR RE

2.3 FEAALEEIE
2.3.1 PRl LT 28k

22 RFE AR RE N 1000 t/4E K AL B
HR A PR (TR HR R ™) L T 2R s 8 R .

HEW

| R =
PRI T ey TR
wmEER | FERNE
VW .
BRAL
%%
¥ R
Wbk EF
EEHUW , Yok
L N RIEES ﬁ%
J ]
i N A 5 bk 1

Gk L

B8 ZEXSHERAAREFFEMREALEIZRER

VAV SR R o Ok, 2 ML MR AT
— YA OMABURK A FER Y pH {ED L 2R BEDT
e S T  SEBRLIEN R o3 1 s DR VP 2 Ay A A IR
S SR B v A AR SE R R A ISR . e T
RS BRI 1 7R TR B R M R e e
I TT A LA G SN AR A TITIE SO s B A9

KRR IR AT IR A IR DR PR 0E T T8 RbE
JEARTHINAR A RE T i o 2 AR T AT &
G RESR P AL BRI Be 3 B AR SE LR 1 B I AL
A T2 R AR B S TR
FERI IR S A B AR B T A R i R A
B S I EAR A
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2.3.2 ok Ak i GRS

BT RETLREMR M Z R EE R UET R, 2
ARSI T A SRR E . AR
fEEE XRD & 3% (& 9) R, HAT 5 g 5 k5 R A
JCPDS No. 36-1451 (ZnO. 7N 5 £ BE 0™ 25 #4)) 5 42 T
Bt s TCAR T (4 Zn(OHD, \Na, SO, ), iiE B 44 K 8 4k
BERERES B CA—YIM ZnO, HE—ARIECAIKR R
LAY (GB/T 19589—2004) [E Z bR #E , XF il £k 7= i
HEAT ZRGEPEAAE RGN, ™ 42 HER o R0 A D0 52
SRR TR, 45 R AR 2. i 2 Bl nT
YOREEACRES AR bR IIAT & B R br e R, DL 45
TR T 1% 225X 22 A0 FU1H BN 25 78 90 K 8 AL A
A R R AT SR SRR M AR B BT A PR A K SR A
PEAERES 5 ARG T IR B N, HHAE T ™
AP AR A FEAS S5 A

IR R (au.)

eI

1 L I

10 20 30 40 50 60 70 80
s 20/

9 @kEAFEXRDE
2.3.3 “ZIRVEGELALBE
AR PPl T T RN IR G A IR A R
(W3 3) . ZIRRIFBITIA 150 J 7T, # F R
s BIEL 200 T3 76, AFHE COD 50 t.FE4AJE 0.5
t ML IRAEE 5 L PR R4 » i 9K A L% 8 A 7= 1L
TSR,

xR 2 ik AREUFRNEE

b e 3530 H KSR S5
1 EAE(ZnO) B8/ % 97. 64 ==95. 0
2 HLBE 3R AR /nm 35.00 <100
3 XRD 9% b ki /nm - 17.00  <<100
4 LR R/ (m g ') 40. 90 =35
5 RIa%l 13 <100
6 #y(Pb) it 534/ Y% <20. 001 <0.03
7 i (M) JRR 4380 % <<0. 001 <0. 005
8 il (Cw T 50558/ % <0.0005  <<0.003
9 5 (CD FRAE % <20. 001
10 105 C¥ERY/ % 0.34 <0.7
11 K&/ % 0. 62 <0.7
12 BT/ % 0. 047 <0.05
13 IR/ Vo 2.63 <4

ORI AR HE S IR A AR B ) (GB/ T 19589—2004) ,

SRy itk — 2 A T2 B IR G R L SIOR X
1000 t/4FH iRk i B UR SC PR A R 31T T R G
S DA ME R R B i 8 R SRR (Zn 5 828 35000
AR 2285 t B 27 AR E AR EE P dh 1000
/4 DVEALBE T BE & i 97. 64 %0, XTI Zn &K
78. 45% . ARPE (DO THEEEREF R

. m, X w,
7/ % o X X 100 4

Horbren BRI H A m R AUK EAC B AR 7 1,
1000 ts e, A 44 K E AL B b ¥ T 3R 19 5T & 2 4
78.45% sm NERIRFEFEAHMER A S, 2285 tiw, N
SRR EET R BT 38, 35 %0 . FEIR SR A =
CRVEE [B] i &/ JF0RE B & B | X 100% = 784.5/
(2285X35%) X100%=98.1%.,

SRy SRR 5 A FH 2R A AR M X e
77 08 34 A By A = R ER . 25 H Bl nk 4
FR .

R3 ZAFRRRERERMEFRLER

Pl Bl T8/ Ab 8 )5 5K

KHEE bR

pETE S

VORISR o W s i i)

B

FREPR I IR PR Al E R ML

ERALE o hm

A UL - B O JE - FAC e BEE T ABRE>99% . 7Kk COD<A50 mg/L 4RI HE COD 50 t. B 48 0.5 ;3K
GE B E R —RHEARAD
TAS B 23 W e W PR b 4k ORI R 80R 99. 596590, <050 me/m® s /s s e iy s 30 2 K 70 25 Tl 4
& NO, <100 mg/m’ ; A MR 30%

BRI 8500 fE AL E 4 100 %0

UK B AR HETL

B B IR RE TR FE

BRI BRI 200 J7 7T ;5 [ % 6 F 1k
Qb sl TS Y

F4 PilESEFRERN ARSI
WRE] EBRER ke P EEE R kg BREAUE Y

B—1H 6850 6678 97.5
BNA 7120 6962 97. 8
B=4A 7350 7226 98. 3

SER I R IEM AR B s FE e 97. 500~
98. 306 » A IR iz A7 B JFURH L YO Ak H BRI
ek, JIE B2 T 2T S BN AR B s 28 B E R A
R T BRI B 55 [ P 7= AR o A R B ) i A
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3 #it

ARIGE S 2 AN AR, REE
TR EACER R 28 T2 AR Gl 28 Iy i v O
BCRAIR L i 38 ) 2 A I AR L T A 3L AR
%, EEEBWT.

a) SIEGE B T2 EL 12 T 208 s I B ]
MBUN SRR 67~100 s; [, FF1598 K E AL 5
(R RE A% o A ¥ A0 PR A 2 ok 3%, HObR vE W 22 B
28. 00 Yo% % 16. 26 %,

b) 1000 t/4F R G KAALEFEE 5 8 (97. 64+
0.52) % E&E & i i FREbR, © =5 kb B0
TEERIE 85 %6 .COD J8HE 50 t/4F , HEHL R
RN €T

ARSCHR T —Fp IR m R RRUE T S s e
TR = AEE AR T 28 4 o0 & & S AL W0 40 Kb ek 11 3
SRl p PR TR E RIS S TR S % .
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