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Abstract

Industrialization test of preparation of superfine zinc powder with the reduction-distillation tech-
nique from low-grade zinc oxide dust was carried out. The results showed that the purity of zinc in
superfine zinc powder was 99.991%, and the direct yield of zinc was 93.199%. Moreover, the re-
sults of element balance indicated that zinc was mainly concentrated in superfine zinc powder,
and lead was mainly concentrated in high lead and zinc, accounting for 92.32%. It was feasible to
prepare superfine zinc powder from low-grade zinc oxide dust, and the recovery effect of valuable
metals was remarkable. This study provides a reference for the high additional resource utiliza-
tion of zinc oxide dust.
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SRR Tl b Al (A ingRl, Mg iz TRk BR2G. BaEATIL1] [2]. EAERR 2
— A R RE R R ALRL, A B R T AR B TR, SRR I EL A BORTR(3]. BB AR (1R S
TEUMER R, X JEURF I ER R, W AR BT EORAR ™M (4] [5], AFAEDIRE %, REREm. SR 1Fe™
FEEAE[6]o Rl B Tl XA EEA I 7 SR ABE K, s TF R AR ] ol R B, S e L pfy
IME R R4, A B0 S T —RREIR AR B, R TR . A a M R 7 AR R 1 SR A A
4, EERERILR, HACAKER UM BHEAA DRSO O g (7] (8] [9] [10] [11]. #&T0, A
FH AR B T ) 6B Ay RO 9 0 A A G . AN 98 R F I3 L — RS TR ) 5 B A ek L 24
A, BALZHRERE. eRBEdcRs. HARAMARERA, @RIk, DURH A A
MR, FERNIEIEF, ZaAMema. Sl mRiE R, RICEME I ECICR, BT
RO AN A ) BIR AR PR S ik Bt A 225 (5 4

2. R
2.1. B

IR PSR AR B A K BB R, 77T o EAEaERa e, ¥ e 1. 1
FEER EEN: Zn 32.40%. Pb 0.94%. S 19.98%. CaO 10.59%. MgO 0.93%. AL,O; 1.12%. SiO,
3.75%-+ Fe 7.99%. As0.28%. F0.13%. Cl10.14%. {56 % B30 57w AL 2 a7 W 2.

Table 1. Components of the low grade dust of zinc oxide

= 1. KA E NSRS ER D (Wt%)

TR Zn Pb S As Mg Ca ALO; Si Fe F Cl

EzRiR =2 32.40 0.94 19.98 0.28 0.56 7.56 0.55 1.75 7.99 0.13 0.14
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Table 2. Components of the reducing coke

= 2. BREBS SR

H#R IKIH(%) TR (%) Ky (%) £ B (%) ETR(%) #{E (kCal/kg)
i 17.21 3.9 23.91 72.19 0.52 6020.48
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Figure 1. Schematic diagram

1. BEHEIE T ZRIEE

3. BiRSHh

I S B A2 B B i) B A A 2 — D Rl OSSR, Y B LA ) AR P SN R R
MR FE RS b R R R DL AR 3,

Table 3. Melting point and boiling point of lead, zinc and their main compounds

F3. 80 BRAFEASYNESFHS

B BT HALEY) Zn Zn0 Pb PbO
F&1(C) 419.58 1975 3275 886

W (C) 906.97 / 1525 1472
HERIRE(C) >700 >1400 >900 >950

DOI: 10.12677/meng.2020.73022 157 ek


https://doi.org/10.12677/meng.2020.73022

=
o
b
48

FEANEEAD ] % T 2R B FE A AR A b B S 5 C BLER AR IRUSNE , 75 e S SR 9] -

WG R NEEAT, CO B EfaZ 5 RN, et/ a)mmii. KA 8RBT
ZnO (s)+C (s)=2n (g)+CO (g)

Zn0 (s)+CO (s)=2n (g)+CO, (g)
2PbO (5)+C (s)=2Pb (g)+CO, (g)
PbO (s)+CO (g)=Pb (g)+CO, (g)

M
2
3
“

HOEA 100°C I INFAE] 1000°C, HoRbH ) PbO B ekiIb R, FEE RN E T &, ZDiRE 4 PbO
5 CO e B A [ 7 Pb VA Pb, 7 PbO 5 CO. C J B AE B A Pb A2 o ok in#4 ) 1000°C~1300°C,
SR 40%0 ZnO #EIE 5% Zn, BEAE RBDREAT, WORMELIERE, ZnO ST, & E AR Ok
Mo DRIUL, B EAERAP AR P i AR RN () SCBRAE T kit (A s s v, T AEASHICIR T 9k ZnO R W] RE

LR IR K Zn 7£5[10].

J5 S A 22 BB N W o ) S e A 28 SR EE . SR H] HSC #4277 SR (Chemistry 7.0)0f i B4 R k4T
WA [12]. HBTI2 BRI 4 Fros, DI RN, BRI LRI &, AG IZHTR/ .

B IR (NI T, NGR4T RAE, 56 Pb IR B R AR R VRS
(R At FE e S RE(D R R i 2k 1559 948°C.
Table 4. Relationship between temperature and reduction reaction AG of lead and zinc oxides
F4. 3. BEUYERRE AG 5RENXR
T(C)
(1) R R(2) R (3) RS (4)
100 254.786 148.061 275978 84.627
200 223.937 135.078 234.681 72911
300 193.291 122.338 193.988 61.517
400 162.873 109.788 153.844 50.379
500 132.685 97.392 114.207 39.457
600 102.718 85.127 75.039 28.724
700 72.961 72.976 36.311 18.163
800 43.403 60.929 -2 7.763
900 14.034 48.977 —39.291 -2.174
1000 —15.154 37.115 =72.369 —10.051
1100 —44.168 25.338 —105.024 -17.759
1200 —73.017 13.643 —137.291 —25.315
1300 -101.704 2.03 —169.203 —32.734
1400 —130.236 —9.504 —200.788 —40.028
1500 —158.615 -20.959 —232.073 —47.209
1600 —186.847 —32.337 —263.083 —54.286
e FAHIEHE R A HSC Chemistry 7.0 #O SEBERAH5T3K15
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4. BREIHR
4.1. BITER

RNFRG I BB AR TN &R AT SR A R, SR IE R -RS 18 20 & B B g ey, A4k
FEAE P 1000°C~1200°CHRE N JEIER J5, SR M EEENIGEFERIR, REECN 500°C, e’
JE VEEREE NEYES, 76 1100°C~1200°CHRE F EiRdE Rk, HEe SRR NERR, a2 IR B R HITE K
FBANEER; AV ORI E RN S EYE . SR S ERNECELZARN 10:1, REVEHEBEER &
BANFIEIZ)N 6 h, T 2T HE, WErr. HEiTiae. BEIEY, SRikEs.
4.2. BYEEEM EIBR

TEFRIZ AT A (AR GRS R 10 2 B DA L BT U L2 5, TSR 4REE Ny I 4l B AR R 7 99.991%, 117 He Bk
RENAE 93.199%. LAFSMUREE, T4 e, e seBl g b er vl .

Table 5. Content and direct yield of superfine zinc powder

=5 BEEHHIERAEERE

5 B R (%) HICHE(%)
1 99.986 93.197
2 99.993 93.202
3 99.994 92.198
FHE 99.991 93.199

4.3. BIFEYIRR S 3 HT

R T, AMERE. SEERIRETSWFH S &R, R RRe I NBIKEE .. e IR
IR, Ze e RBEER A, R E KBNS R ST 1100°C EAHIRER, S igaifie s
RNFES, SR e WIS RHE o 2 A P A AT . SR B AR E BT W b, 45 SR
%6 Fi7N.

Table 6. The component of the water-quenched slag

= 6. BIFEHIRL Y 57 (%)

By Zn Pb Fe Al Si Ca Mg S
B 41.50 1.19 2.40 / / / / 0.23
T 21.50 54.19 1.03 / / / / /
KR 0.20 0.04 24.82 2.19 6.40 8.43 1.40 1.40

4.4, T RFRAE

4.4.1. BEEERRED

AT FURAT 72 AR AN EE R BORLIE 531 WL P 2 o AN [RDRE AR 1A 7= i 5 5 O FBE (5% 50 R B IE 25 40
AN IR AT 2~20 um, A RIAR A 8 um AR BRI HIk 14%. A77 SRR KN 5), B0
P S A T o

4.4.2. SEM 44
EAREER 43 BIAE 1000 540 5000 %5 HL 85 N IROW SR LA 3.
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Figure 2. Particle size distribution of superfine zinc powder

2. BURSHRIIE TR

KMRIWCS H

50001%

Figure 3. Scanning mirror diagram of superfine zinc powder

3. BT R R SR E

HE 3 A LLIEH, BAsEirha oA b g5, Pk K/ MEITD . BRI, RIMAmEED, MR
24 BT I ERTE R TR AN o A3 AT, ARANEE R TE A BRI, FLTRAR 5 2 B Z 52, SRR 1)
AR RE HIE S HA AR,

5. YIRlEE
5.1. BHIRSEE

AHIFER RS AL A FR M R AE N SR, FRRONIEIEG . A AONBhF, B IR - Z80E T 235
P AR AR R SRR, R R R AR . TER SR AR 7
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Table 7. The total material balance
= 7. BRI
YIEHEN YUk H
i H Yk (1) E 41 URE| Pk (D) Ee 4l
AACEEH A 1000 85.03% AN EE R 302 25.60%
R 120 10.17% KV 574 48.64%
AR 60 5.08% BRI 42 3.56%
EALEE 16 1.35%
I A 457 2 246 20.85%
it 1180 100% it 1180 100%
52. TELE
G AL A B IR A ) 25 B A Bk T2 0% BT P 0 b WA 8.
Table 8. Element balance of zinc and lead
8. 5. WMnHETE
. 52 Y
BIEE(D) EEA51(%) IR (D) EEH1(%)
AR 324 100 9.40 100
LULSERON
&t 324 100 9.40 100
RN 301.97 93.20 0 0
K 1.15 0.35 0.23 245
VIR BRI 17.43 5.38 0.50 532
AR 3.45 1.06 8.67 92.23
&t 141.7 100 9.34 100

M 8 FTLAE W, sl R G e E BN 7 Ak, LG IA 93.20%. 7KV 1) 4
JEEREIRK, (CNBEEER 035%. LEAHESREMS TR FEESETEEET, HEHN 92.32%, £
VR AR 0 LU BIE 5.32%, 7K VRIS [ 40 0 4 JR A e A K 2.45% . Te BT TS SRR, 1 T 2Rk
A& @A SR RkEi
6. &g

1) RIS AL AL B AR IR TR~ RS TR 25 FE AR 77 S AT = IE 99.991%, 4 FLICR N 93.199%,
FUEFE - K518 T2 A 34 A B 2 1] £ R A B 0 & T AT 1

2) JLER PSS R, B R BT B b, e R R EEE T R, N 92.32%.

3) EBANEER P& T 2R RN, AN E PR R, BRI S A A B D
BRI RS

HEHEmHE
BESLE B I E (04 R IR vE R [ 28 5 5 S50 = BORBI(CNMRCUKF1804); = AR &I
T H (2018FD137),
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