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Table 1 Mass fraction of main elements in zinc metallurgical waste residue
Zn Fe C Pb S Si AlLO3 Mg CaO In* Cl
24.74 21.66 9.14 1.13 1.39 2.66 2.22 1.14 4.10 354 2.94
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(21.66%) , TLERLEHRELRE In, EYCF A
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Table 2 Laser particle size analysis parameters of zinc metallurgical waste residue samples

ik /um DIO D50 D90 D98 HITFHKAZ uim BERFWEEZ /um  RERSEBE (n?cm?)
Ek 2473 7.885 24.851 47912 10.775 5.588 6.421
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Fig. 1 Process flow chart of zinc metallurgical waste residue
treatment
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Table 3 Response surface method factor level coding

B 7K
-1 0 1
B HEFE X, /min 15 30 45
BEWRE X2 /(moL-L™) 3 5 7
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Table 4 Test design scheme and results

FmER

S muintl  BERE W TE L %’%ﬂz
X1 /min X2 /(mol-LY) X3 /(mL-gh
1 15.00 3.00 2.00 20.23
2 45.00 3.00 2.00 41.20
3 15.00 7.00 2.00 60.58
4 45.00 7.00 2.00 74.26
5 15.00 3.00 6.00 76.34
6 45.00 3.00 6.00 70.10
7 15.00 7.00 6.00 77.89
8 45.00 7.00 6.00 81.01
9 4.77 5.00 4.00 70.62
10 55.23 5.00 4.00 78.59
11 30.00 1.64 4.00 39.47
12 30.00 8.36 4.00 82.05
13 30.00 5.00 0.64 29.47
14 30.00 5.00 7.36 80.84
15 30.00 5.00 4.00 78.59
16 30.00 5.00 4.00 78.59
17 30.00 5.00 4.00 78.59
18 30.00 5.00 4.00 78.59
19 30.00 5.00 4.00 78.59
20 30.00 5.00 4.00 78.59

E (MESEUY) - BRILBROTRENE, FEXFERE
T2, 9236 o FseEe 10 B E LR B E N 5 min A 55 min,
SEB 11 RIS 12 BSR4 5 1.6 mol/L A 8.4 mol/L, LI 13
FISELE 14 B2 R 0.6 mUg F1 7.4 ml/g.
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Table 5 Model fit analysis of response design

iapsg il ol

SRR SEHM BEE HHE  OF Prob>F Y

FHE5EE 91691.53 1 91691.53

KMEFH 476137 3 1587.12 1195  0.0002

oFI 5% 64322 3 21441 188  0.1827
B

—RHF 5 2F 1417 472.62 73.78 <0.0001
] 7.85 72 R

Jwo

575%35 = 6402 4 16.01 2505.88 <0.0001
BRE 0.038 6  6.38E-003
js¥ii] 98578.03 20  4928.90
BRI
7R3 LIE Wl
5 a0
R wE R R2 R? g % § PPA

MR 11.52  0.6914 0.6335 0.5053

RHHY 10.68 0.7848 0.6855 0.4632 3696.81
ZWHE 253 09907 09823 09214 541.15
ZRAE 0.080 1.0000 1.0000 09988  8.45
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Table 6 Variance analysis of response surface quadratic model

HERIE FHAM HBEE B F{i Prob>F
Model  6822.44 9 758.05 11834 <0.0001
X1 147.84 1 147.84  23.08  0.0007
X2 1815.95 1 1815.95 283.48 <0.0001
X3 2797.57 1 2797.57 436.72  <0.0001
X1X2 0.54 1 0.54  0.084 0.7784
X1X3 178.32 1 178.32  27.84  0.0004
X2X3 46436 1 46436  72.49  <0.0001
X12 27.68 1 27.68 432 0.0644
X22 568.49 1 568.49  88.74 <0.0001
X32 983.82 1 983.82  153.58 <0.0001
W= 64.06 10 6.41
KA 64.06 5 12.81
gz 0.000 5 0.000
MIRZE 6886.50 19

2 6 nl %N, MR F1E N 118.34, R4 0.01%
(MR 3 2 {5 e b R A 4R, R T Y Prob>F {8
M 0.0001<0.05, 2% B [m] V9455 YK AR &y, AL %%
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Fig .2 Comparison of predicted response and experimental
values for zinc leaching rate
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Fig .3 Normal probability plot of residuals for zinc leaching
rate
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Fig .4 Response surface of leaching time, total ammonia
concentration, liquid-solid ratio and their interaction on zinc
leaching rate
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Table 7 Optimization process parameters of regression model

BE Bl g, B BEKE BEL HRHE /%
(rmin™) B /C A1 /min / (motL™!) Aml'g™!) FwmiE scwiE
400 25 11 2194 6.05 498 8498 8450
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BB H RN 84.50 %, WA R ih T A4 A Y
TMIE 5 84.98 %, LRESHWMEREE, HEX
WREN 048 %, B K FH wa 57 g T v 4R 46 NHs-
(NHepAC-H:0 R RBR M SR ERBRENTZ
SRR, KREH,

3 %

‘u

(1) BHIBRBEE. S, BE—e&MH
T, FIAFLHEERARTT (CCD) MR,
RERFRTEHNE. SERERBKE K EHE
T HAER X NHs-(NHepAC-H0 A R BHEHEE
FEHEHENZENE, BYTEERMEATFS
e 2 02 HH R A B AR A

Y=-118.98+1.18X1+28.83X2+37.93X3+8.63E
3X1X2-0.16X1X3-1.90X2X3-6.16E>X12-1.57X2%-2.07°X 2

(2) FBRERLTESH, BHBN
21.94 min, S &K 6.05 mol/L, WK E Lk 4.98 mL/g,
3% 400 r/min, R HEE 25C, FE 121, HR
HEFRE A 84.98%, SLREA 84.50%, LHME
ERMEML, RPZFTUEEEE, KRAT
S&MA T,

5E W :

[ REx, AFFA, ¥, 5. RS BV TZ5 W%
U] B LA FIA , 2019 (2): 75-78.

WUY Y, HE D S, HU Y, et al. Study on the mineralogy of
a copper and iron ore tailing process [J]. Comprehensive
Utilization of Mineral Resources, 2019 (2): 75-78.

RIXIFE, Z&E, KA, F. BPLHE (K) BRK
TEIAFIABT IR [7]. AR ML , 2007, 23(5):14-19.

LIU B G, PENG J H, ZHANG L B, et al. Research status on
resource recycling and utilization of blast furnace gas sludge
(ASH) [J]. Modern Mining, 2007, 23(5):14-19.

Bl EAH, EEEF, FEk, & AUSRLTEZy WER
RO TR SR, 2018 (4): 79-82.

WANG W K, WANG F C, YIN Y, et al. Study on process
mineralogy of zinc oxide dust [J]. Mineral Protection and
Utilization, 2018 (4): 79-82.

[4] XUBS , BRI |, 2R , & B EARFDHEARES
PRI SR B R [7). RERRELER , 2019 (2):380-385.

LIU P, GU X B, RAO J, et al. Research status and prospect of
phase change composites prepared from typical solid waste [J].
Chinese Journal of Silicate, 2019 (2):380-385.

[51 £, 73, &0, & . REA WX RS R RAEH
RIS [7). &BF L, 2019 (5): 192-196.

WANG X, NI'W, L11J J, et al. Effect of desulfurization gypsum



w1
2021 %2 H

LEAF: BAH GHANH-NHLBACHO KRR L2 RERFLEAL

« 191 -

on the preparation of carbonized building materials from steel
slag [J]. Metal Mines, 2019 (5): 192-196.

[6] B, Bk, RER, B . B BZESRNAIRKE
BY 1.7 =&4&FA , 2019 (1):6-10.

GAO Y, GUI Y L, SONG C Y, et al. Current situation and
Prospect of comprehensive utilization of high titanium furnace
slag [J]. Mineral Resources Comprehensive Utilization, 2019
(1):6-10.

[7] BT, SkiE%& , XM, & REAFAREEFATHT D
TS, 2010, 10(s1): 264-270.

NAN X L, ZHANG T A, LIU Y, et al. Comprehensive
utilization analysis of red mud in China [J]. Journal of Process
Engineering, 2010, 10(S1): 264-270.

BRI, BREE, RGN, % . P E R T E R B4
LERBENRSEW [J]. FEITRE, 2019, 37(01):141-144,
XU S M, CHEN Y, TENG J J, et al. Countermeasures and
suggestions for the generation, treatment and supervision of
industrial solid waste in China [J]. Environmental Engineering,
2019, 37(01):141-144,

(9] B , B/ . AKIBEWEES R ZHRBAHE
ST 0], BHEHARE TR , 2016, 16(19):277-282.

WU B, XUE X H. Analysis on the change rule of mechanical
properties of Cement-solidified Zn-contaminated soil [J].
Science, Technology and Engineering, 2016, 16(19):277-282.
[10] XV8 , ERE, W&, F . @#E6HE ALESRENST
(8] 5347 R4S K VEM [J]. BR8E TR, 2015, 9(1):477-
484. :

LIU Y, WANG C J, LIU H, et al. Spatial distribution and
ecological risk assessment of heavy metals around lead-zinc
smelters [I]. Journal of Environmental Engineering, 2015,
9(1):477-484.

(1] B8, BKAE, EFE, 5. NGB LILREHSIRK
B ] FEER (BEED ), 2017 (5):32.

QIU WM, XICS, QIU X J, et al. Extraction of Gallium and
indium from zinc smelting waste residue [J]. Non-ferrous
Metals (Smelting Part), 2017 (5):32.

[12] B8, X%, HiaR, % . FIHEP LTRSS
WM EMERIFE A [J]. TR | 2012, 6(1):317-321.
LUO W Q, LIU X, YANG Y Q, et al. Preparation of active
zinc oxide from zinc in blast furnace gas sludge [J]. Journal of
Environmental Engineering, 2012, 6(1):317-321.

(3] E , BAEE, B, % £ ESSHEBRRNTESY
WA 0. 5 =R 55 , 2019 (2): 64-69.

GUO J, QIU W M, CHEN F, et al. Study on process mineralogy
of a certain gold and silver anode slime [J]. Mineral Protection
and Utilization, 2019(2): 64-69.

(14] BENER , BT, KB, & . NBEHABRERAETIR

BURME 0. AEE&R (BEKED), 2018 (5):29-32.

GAO L X, DAI Z L, ZHANG Q F, et al. Extraction of silver and
lead from waste residue of hydrometallurgical zinc smelting [J].
Non-ferrous Metals (Smelting Part), 2018 (5):29-32.

[15] HE , kR, &, & . MR EREAERLR
HWIZRUPT (1] HEERE (BRI ), 2018 (3): 39-44.
CHANG J, ZHANG L B, PENG J H, et al. Optimization of
indium extraction process from zinc oxide soot by microwave
roasting [J]. Nonferrous Metals (Smelting Part), 2018 (3): 39-
44.

nelxxEx, MNRE, TR, F. HEHARET OEN
FErbEHEMEFTZHEMERRAR D). E£ET, 2004,
27(4):18-20.

LIUJD, LIU F C, DING DY, et al. Research on influencing
factors of raw material selection and production process of coal
gangue sintered hollow brick [J]. Non-metallic Ores, 2004,
27(4):18-20.

(17 EBZE, M8, Bl & RUFFRES BN
FHERIBE SRR (3], #1EHER , 2019, 33(9): 2939-2948.
WANG A G, HEM C, MO L W, et al. Research progress on the
preparation of building materials from carbonized curing steel
slag [J]. Materials Bulletin, 2019, 33(9): 2939-2948.

(18] BMidE , AKX . BEF T B RAIRE L 27
HR [J]. AR, 2006 (2):52-53.

HUANG L H, ZHOU D W. Ceramsite concrete lightweight
wall panel mixed with a variety of industrial waste [J]. New
Building Materials, 2006 (2):52-53.

[19] BEJT, kFld, IR, % . BEEILESBLMEN
R R ETHRRE (7], PR REFR (BRBHER ), 2015,
(2):410-415.

MA AY, ZHANG L B, Sun CY, et al. Microwave dielectric
properties and temperature rise characteristics of high-chloro
zinc oxide soot [J]. Journal of Central South University (Natural
Science edition), 2015, (2):410-415.

[20] B, HME, BRI, B FESREFNNAERREY
g2 [J]. W IR |, 2012, 6(4):1369-1373.

ZHANG H X, HUANG S T, XU Z, et al. Leaching process
of steel dust from waste galvanized sheet [J]. Journal of
Environmental Engineering, 2012, 6(4):1369-1373.
[21]O0ustadakis P, Tsakiridis P E, Katsiapi A, et al.
Hydrometallurgical process for zinc recovery from electric arc
furnace dust (EAFD): Part I: Characterization and leaching by
diluted sulphuric acid[J]. Journal of Hazardous Materials, 2010,
179(1):1-7.

[22]Tsakiridis P E, Oustadakis P, Katsiapi A, et al.
Hydrometallurgical process for zinc recovery from electric arc
furnace dust (EAFD). Part II: Downstream processing and zinc



¢« 192 » VreEgaFA 2021 4F

recovery by electrowinning[J)]. Journal of Hazardous Materials, 2018, 5(7): 180660.

2010, 179(1):8-14. [24]Sethurajan M, Huguenot D, Jain R, et al. Leaching
[23]Ma A Y, Zheng X M, Li S, et al. Zinc recovery from and selective zinc recovery from acidic leachates of zinc
metallurgical slag and dust by coordination leaching in NH3— metallurgical leach residues[J]. Journal of Hazardous Materials,

CH3COONH4-H20 system[J]. Royal Society Open Science, 2016, 324 (Pt A):71-82.

Study on Zinc Extraction Process of NH:<(NH4):AC-H:O System by Response Surface Optimization
Ma Aiyuan', Zheng Xuemei ', Li Song ', Li Guojiang ?, Xie Tingfang 2, Chang Jun *

(1.College of Chemistry and Materials Engineering, Liupanshui Normal University, Liupanshui, Guizhou,
China; 2. Yunnan Chihong Zinc and Germanium Co., Ltd., Qujing, Yunnan, China; 3. School of Materials and
Chemicel Engineering, Tongren University, Tongren, Guizhou, China)

Abstract: In this paper, zinc metallurgical waste residue was used as raw material, NH3-(NH4);AC as
leaching agent, and NH;-(NH4);AC-H20 system was adopted to recycle zinc in zinc metallurgical waste
residue. The zinc extraction process conditions of NH3-(NH4);AC-H:0 system were optimized by Response
surface methodology (RSM). The influences of three factors including total ammonia concentration, reaction
time, liquid-solid ratio and their interaction on zinc extraction rate were investigated, and the predictive
regression equation between zinc extraction rate and each factor was established, and the experimental
conditions of zinc extraction optimization were obtained: the leaching time was 21.94 min, the total ammonia
concentration was 6.05 mol/L, the liquid-solid ratio was 4.98 mL/g, the stirring speed was 400 r/min, the
temperature was 25 C , and the ammonia ammonium ratio was 1:1. The predicted value of the zinc leaching
rate was 84.98%, the measured value was 84.50%, and the relative error was 0.48%. The measured value
is close to the predicted value. The results show that the prediction model is reasonable and the optimized

process conditions are feasible.

Keywords: Zinc metallurgical waste residue; Leaching; NH3;-(NH4);AC-H:O system; Response surface
methodology
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Research on the Occurrence State of Iron in Tubular Diatomite in Inner Mongolia

Li Mingyang', Li Zhiwu?, Ren Zijie'*, Wu Feida', Guan Junfang'®, Gao Huimin'?

(1. School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan, Hubei, China;
2. Inner Mongolia Dongsheng Diatomite Technology Innovation Industrial Park Co., Wulanchabu,Inner Mongolia,
China; 3. Hubei Key Laboratory of Mineral Resources Processing and Environment, Wuhan, Hubei, China)
Abstract: The tubular diatomite in Shangdu, Inner Mongolia was taken as the research object, and the
phase composition, chemical composition, structure and morphology and mineral occurrence state were
characterized by X-ray diffraction (XRD), X-ray fluorescence analysis (XRF), scanning electron microscope
(SEM) and electron microprobe (EPMA). The results show the SiO: content is 61.36% of the diatomite,
containing feldspar, quartz, chlorite, montmorillonite, illite, etc., and the content of Fe20s reaches 7.88%.
Iron mainly exists in the form of hematite, iron manganese oxide, pyrite and fine iron oxide film. The diatom
exhibits tubular, of which length is about 10 to 30 um, the pipe diameter is about 5 to 20 um, the square holes
with the side length of about 0.5 pm are regularly arrayed on the shell wall. The Lagmuir specific surface
area can reach 77.64 m*/g. The study provides the technical basis for the deep processing and application of

tubular diatomite.
Keywords: Tubular diatomite; Iron; Mineral occurrence state



