q;‘ﬂ:*lili;ﬂﬂgg%g&iﬁm o ISSN 0253-6099
EfZ3 (CSCD) Y FHa7I

S E T BT CN43-1104/TD
RCCSEFRE#Z M FEARHTI

rh ] 40 ¥ (CNKI) e 37 23 F

7 75 ¥4E (CHINAINFO) ¥t R Hi FI

H#E %R (VIP INFORMATION) g R H3F1)

B2 RMB BREW R

MINING AND METALLURGICAL ENGINEERING
EDEL: RVTIEARKEBRIELT FEERFS

ISSN 0253—6099




g X33

KUANGYE GONGCHENG
1981 61

WA T

AFH

F40%5 FH3H(RE1938)

EEHMAL.
E AL

B

YRIBH AR :

KRG IRARREEREELF
Kb AR RRERSEELR

HEERE

2L A
F=

ERE&EBY FREEE
TR TREEATF R A

AL

FE(KD)BRR A

(TRIEYRERESR
WEEME: FRHK
EARE: (EERE

>]/NER
BEEE
SUP TIPS
PR T
R itk
3K ETER
Ve
B &
HFIK
B E

T B
hiEE
fiME xR
P-4
i E
LR
B AT 45
A
BEA
BYEE

TTE

B HE)
ERERE
Sk
EIW
gk
o —&
H4&EE
B
SR
HA=
BIHE
BEAERE

EFRFEE: (ERsFFHER)
Andy Fourie (82X FIiF )
Dongke Zhang (KL )
Jan Dean Miller ( £ H )
Ugur Ozbay (EH)
Zhenghe Xu(f&E#0) (INEX)

(T iE T2 ) RS HmEED

ES o
gl * 4.
E i,

L35 (0731)88657070,88657176,88657173

B4H
X 33

EE 3%
HRE
RAE
3K E BE
L7 S

D
Hhe
LR

BNE B o BURA
Huhk: IR A KD TR L R 966 5

f&EL: (0731)88657186
g4 . 410012
P4k http . //www.kyge.net
E-mail; kuangyegongchengzz@ 163.com

Rl &
E R %1T:
ERiTm.
E 5 % 17:

ERHERS:

HMEERERIERAT

HMEAKDOTHRIEZTE
£ EZHEE
FEEREHRSSATE
(dtxt 399 f546)

42—58

ESHBERS: Q4212
ISSN 0253-6099
CN43-1104/TD

Tl =

H AR A

2020 £ 6

R

ITEEETWE: KITERBEE W07 S

ENEN:

20. 00 T

H XX

% 7
AL RE K-l K R HLLE DY DR IR T (47K 3l 3 20 B

................................................... # ORkHEHN,E A, e Z(1)
B TR IR ) il FE A0 [ A PR FLIURAAIE 5 2800 1 SR i B A 7

.............................. HEE R B, LW, HRME N R, E E(D)
R RE AT A FE AR e A IS K H

........................... kO#L UEH,FARI, IR ELHR,H HE(10)
T i P BRI T T SR R B A5 Ui L R A AT 5

........................... BRM ETT,RITE B A HRYE L AL(15)

L4 BRI ST WL B H G BE BRI GY - vvvmremremremeemenennenn, A& (20)
TR B TR R R IR AT - X e, & F 9 AR F A 4e (24)
G IEGEAEAL RN AL 77 ERYRI OB oo % T, BAAAR(27)
FTARIT/ I 1L B S EUE @285 5T
............................................................ Bl HErkdx, i % (30)
Efm%ﬁﬁﬁ@ﬁ%%@ﬁ]%?%@%ﬁ% .................................... %3‘%7:(34)
®

2R 25 A1 5K R P B S F 5

........................... v EE R F A4 E IRRE AEEZ P (39)
F = SR 0 5 i 97 ik 7 B B 7

........................... AR B MG I KRMEE, DAk, R@H(43)
TEPUE VRS IR IT R % T 2 T 5T

........................... WAL, E IO HOAME A, E AR KRB (47)
B PFRE T U R TR - 2 &30 A 4TS, Whaih 7 9LE(50)
M 7 1 2 D0 A 5 N e e P 8 T 5T

................................................ ETER ERE FabE KR(54)
KM ZRBIFR TN TR, 2 8 2R RER 25 € (58)

AT Bel SR LS TR AR H PR 7 B IR T -oveeeeeeeen R A, FXLE(62)
AN S MR R LR BN BT S S - 280, 25038 i B(65)
BT TS A A TR T VT T 2RI ITIT < veevvveereeeeeneeenneeneeannes Ji SUE(68)

BT RE 2 4 R IR AR VL BRI - & 4, B3 F XA, AR %3(72)
sz
U=

R AAL -G IE A PR PR K oveeeeeee EHA BT KRER(TS)
KA AR G AT e oo AR, e, BT A RWBUE, X HE(79)

H = SR L s R T2
........................... Lok kR FRAE XA E XL I R(83)
PRI -V 1L 1 23 9 IO T H AR F Y A e v 48 S R E AR R AT 58

.................................... BRFE B, R EER H &, mTHWL(87)
R PR VRLE A BRI TE ooveeeeeeeeeens AR LD AR MR R, P AR (91)
RAAVFEE R4 P AR oeeeenes A AT A, R R AR (95)
A R SR AL BRIR SN TCER + R RO R IBESE oveeeeeees Mok, BHEAE(99)
1o WA AR AR A A R B DA R 5

................................................ % R, EER,VNKE EZE(102)
TR0 I AT ZOEGE oo F R, TIR, ik o, R (107)
AR TR LA BT 0 A AR R /K ) Ak BRASCR A 5

........................... RWEF, FER BAH, LB BRI, (111
RN R S BEIS AL-Cu-Mg-Ag G4 1 0 S 20 ZPURT T ] S ok 1 e

.................................... xEe xESL M O, E FE E(116)
IR K R BEXTHE T CSP SAELIZE 7 19 DQ 2% SLARZH S REFN S UG (52 1

................................................ KA  HNEHTE A #H(120)

75 VT UVAON ) 2 T A A 5 RN R FEAE SR 1 LAt U 9
.................................... BE# FTEA EE A%— FHI(123)

KR P IMET FesyMn,,Co o Cr o &4 M S IG5 - EiHER, B #(128)
BHMEITT UM A-TIO, FEMRTRLLALLL T «ovvveeeereeeeenennenns R—E B A(133)
SSY BG4 LRI W BE ST -ovvveeeeeeeees I E % K E OB,E A138)
ARV E AR T AR Z AR 2 0 & S M REZRAE
..................................................................... Z BROR 1R(142)
x5 EE
1L TR R I H S S BRG] e X sk & 3Rk (145)

HAFIE AR S0 CN43-1104/TD * 1981 * b * A4 % 149 * zh % P * ¥ 20.00 * 4000 * 37 * 2020-6



MINING AND
METALLURGICAL
ENGINEERING

( Bimonthly, Started in 1981)
Vol.40 Ne3 (Sum 193) June 2020

Responsible by
Changsha Research Institute of

Mining and Metallurgy Co Ltd

Sponsored by
Changsha Research Institute of
Mining and Metallurgy Co Ltd,
The Chinese Society for Metals

Assisted by
National Engineering Technology
Research Centre for
Multipurpose Utilization of

Metallic Mineral Resources

Edited and Published by
Mining & Metallurgical Engineering
Journal Publication (Changsha) Co Ltd

Chief Editor; ZENG Wei-yong
Deputy Editor; LIU Hong-ping
Editor; HUANG Xiao-fang
ZHOU Yang
DENG Qiu-feng

Address: No966, Lushan South Road,
Changsha 410012, Hunan, PRC
Tel. (0731)88657070,88657176,88657173
Fax: (0731)88657186
Website: http://www.kyge.net
E-mail: kuangyegongchengzz@ 163.com

Distributed by China International
Book Trading Corporation
(P.0.Box 399, Beijing, PRC)
International Distribution Code: Q4212

o ISSN 0253-6099
Publication Code: CN43-1104/TD

CONTENTS

MINING
Hydrodynamic Analysis for Horizontal Tidal Turbine in Shear Flow
...................................................... HUANG Xin, HU Jian-xin, LI Zhong, JIN Xing(1)
Experimental Study on Pore Characteristics and Radon Exhalation Rate of Solidified Uranium Tailings
Based on Nuclear Magnetic Resonance Measurement
~~~~~~~~~ JIANG Fu-liang, CHEN Guan, WANG Xiao-li, GUO Jin-tao, LIU Yong, WANG Zhe(4)
Optimum Proportion of Total Tailings and Waste Rock for Cemented Backfill and Its Practical Application
- ZHANG Jing, LIU Zai-tao, LI Yong-xin, WANG Yun-qiang, SHI Shao-wei, PENG Kang(10)
Seepdve Law of Fractured Rock Mass Sealed with Microbiologically Induced CaCO, Precipitation
- PENG Shu-quan, KANG ng yu, ZHANG Ke-jia, FAN ]mg, CHEN Shao- fan, WANG Fan(15)
Rese: (*h on Controlling Ground Cle: > Collectors in Polymetallic Nodules Mining
~~~~~~~~~~~~~~~~~ PENG Jian- pm;z(ZO)
Effect of Temperature on the Rheological Properties of Paste Backfill
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LIU Jin-zhi, GAO Zi-ming, CHENG Qi-chao, YIN Sheng-hua(24)
k

Application Analysis for Piston Pumps in the Production of Packaged Emulsion Explosive

~~~~~~~~~~ --+e-=-« PENG Ning, YAN Bai-hua(27)
Automatic Numerical Modeling and Analysis of Mine Slopes Ba:,ed on FlllllE‘ Element Analysis
------------------------------------------------------------ YI Hong-wei, FAN Ling-jiao, CHEN Tao(30)
Dynamic Monitoring of the Surrounding Rock Stability During the Advancement of Mine Tunnels
.......................................................................................... GUAN Xiang-hong(34)

MINERAL PROCESSING

In-situ Investigation of Hydrophobic Agglomeration of Fine Dolomite
- YE Jun-jian, ZHANG Qin, LI Xian-hai, WANG Xian-chen, SHEN Zhi-hui, MAO Song(39)
Experimental Study on Flotation Separation of Fluorite and Rare Earth from Bayan Obo Mine
--------- LI Lang-lang, LI Mei, GAO Kai, ZHANG Dong-liang, MA Lin-lin, ZHANG Yu-han(43)
()ptimizalion of Ambient Temperature Flotation Cleaning Process for Scheelite Ore from Jiangxi Province
- ZENG Yin-yin, CAO Yu-chuan, HUANG Guang-yao, YANG Liu-yi, WANG Cheng, ZHANG Guo-fan(47)
Laboratory Research and Commerc al Application of Flotation Technology for Recovering Tin Ore Slime
~~~~~~~~~~~~~~~~~~~~~~~~~~~ WANG Tai, HU Zhen, HE Ming-fei, YAO Yan-qing, YANG Kai-zhi (50)
Flotation Process Optimization for Phosphorus Rock from Guizhou by Response Surface Methodology
------------------------------------ WANG Zhi-giang, NIE Guang-hua, LI De-wei, WANG Dong(54)
Flotation Tec! hnolug,\ for Lithium Polymetallic Ore
~~~~~~ LU Zi-hu, WEI Min, WU Dong-yin, ZHAO Deng-kui, CHENG Hong-wei, YANG Fei(58)
Flotation Separation of Scheelite from Wolframite at Ambient Temperature
.-+« HUANG Wei-sheng, LI Wen-heng(62)
Optimization of Magnetic Media for High Gradient Magnetic Separator in the Concentrator of JISCO
............................................................... WANG Cai-hong, LI Wen-bo, TU Wei(65)
Mineral Processing Technique for a Certain Complex Pb-Zn-Sn Polymetallic Ore --- TANG Yi-sheng(68)
Flotation Separation of Copper-Lead-Zinc Polymetallic Bulk Concentrate
--------------------------------------- GAO Qin, GE Ying-yong, LIU Shun-bing, DU Cheng-huan(72)

METALLURGY

An Integrated Process of Ozonation and Intermittent Spraying for Treating Wastewater from Beneficiation of
Tungsten-molybdenum Ore JIANG Zhi-chao, YU Kan-ping, ZHANG Yu-feng(75)
Influence of Feldspar on Cyanide Leaching of Gold
~~~~~~~~~~~~~~~~~~~~~~~~~~~ HAN Jia-hong, LI Xiao-an, MENG Yu-qun, DAI Shu-juan, LIU Hui(79)
Green Leaching Technology for Bayan Obo Rare Earth Ore
-+ MA Sheng-feng, XU Hui, XU Yan-hui, LIU Ling-sheng, GUAN Wei-hua, WANG Rong(83)
Separation of Aluminum Foil and Cathode Materials from Positive Electrode Sheet of Spent Lithium-lon
Batteries by Acid Leaching-Flotation Process
--------------- OUYANG Shi-bao, LI Qiang, CHEN Ruo-kui, CHEN Song, RUAN Ding-shan(87)
Experimental Research on Comprehensive Recovery of Copper Anode Slime
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ HAN Jun-hong, CHEN Yan-zhu, XU Bin, DONG Zhong-lin(91)
Arsenic Removal from Copper Dust by the Precipitation of Crystalline Scorodite
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ FAN Kuang-sheng, HE Gui-xiang, LIU Ping, CHEN Ke-yun(95)
Magnetization Process for Strengthening the Precipitation of Rare Earth Leach Solution by Sodium Bicarbonate
............................................................................. CHEN Xiang, LIAO De-hua(99)
Direct Reduction of High-Phosphorus Oolitic Hematite with Rotary Hearth Furnace for Iron Increase and
Phosphrous Reduction «««eeeeeet PENG Cheng, CAO Zhi-cheng, LIU Chang-zheng, CUI Hui-jun(102)
Technique for Extraction of Boron from Salt Lake Brines
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LI He, NING Shun-ming, ZHANG Li-fen, WU Jiang-hua(107)
Effect of an Advanced Treatment of Coking Wastewater by an Improved Membrane-Process
~~~~~~~~ HE Zhi-yong, FANG Zhi-bin, XU Zi-xi, MAO Teng-fang, TAN Jie-wen, HAN Kai(111)

MATERIALS

Microstructure and Intergranular Corrosion of Al-Cu-Mg-Ag Alloy After Different Peak Aging Condition
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LIU Guan-hua, LIU Zhi-yi, BAI Song, CAO Jing, WANG Jian(116)
Effect of Annealing Temperature on Microstructure, Properties and Texture of DQ Cold-Rolled Sheet
Produced Based on CSP Hot-Rolled Sheet
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ FEI Shang-cai, JIANG Xiao-xia, GOU Ning-nian, XU Nan(120)
Model of Metal Constitutive Relation Considering Shear Effect and Its Application in Rolling of Heavy Cylinder
------------------ JTAO Yun-jing, DONG Zhi-kui, SUN Jian-liang, ZHAO Jing-yi, LU Ming-li( 123)
Dynamic Damage Evolution in Fes Mn;,Co ,Cr,, Alloy Under Shock Loading of Flyer Plate
WANG Hai-min, YANG Yang(128)
0, Under Ultraviolet Light
--------------------------------------------------------------------------- ZHANG Yi-bing, CHEN Nan(133)
Fracture Failure Analysis for SSY Type Equipment Clamps
.......................................... WANG Jun, HUANG Rong, JIANG Yong, ZHANG Jie(138)
rization of TiN Coatings on Stainless Steel Under Various Partial Pressure of Nitrogen

.................................................................................... LI Cong, SONG Jun(142)
BUSINESS ECONOMY AND MANAGEMENT

Design of Cost Management Information System for Mine Construction Projects
........................................................................ LIU Yu-yi, GUO Hai-tao( 145)

50




