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Arsenic and antimony removal from bismuth-rich lead
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Abstract: The arsenic and antimony were removed from bismuth-rich lead anode slime by alkaline pressure oxidation
leaching. The effects of factors including oxidant dosage, NaOH concentration, ratio of liquid to solid, leaching
temperature and leaching time on the arsenic and antimony removal were investigated, and the optimal process conditions
were determined by experiments. The results show that the leaching rate of arsenic and antimony can reach over 95% and
80%, respectively. The removal of antimony can be realized by adding hydrogen peroxide after the removal of crystal
sodium arsenate and lead antimonate by cooling and filtration. The alkaline leaching solution is returned to the leaching
process after adding quantitative sodium hydroxide, which achieves the recycling of alkaline solution and the effective
separation of arsenic and antimony from other metals.
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Table 1 Chemical composition of lead anode slime (mass

fraction,%)

As Sn Sb  Cu Bi Pb  Au”  Agh
10.68 1.08 11.80 1.54 4525 1143 2430 3408

1) g/t.

Fz2 GBI BEAN > A
Table 2 Phase distribution of arsenic and antimony in lead

anode slime (mass fraction, %)

As As,0O4 Me;(AsOy )y As,S;
0.07 62.38 37.05 0.50

Sb Sb,04 Sb,S; Pb,Sb,0;
26.56 66.68 0.07 0.83

Me means Pb and Sb.
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Bismuth-rich lead anode slime
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Fig. 1 Process flowchart for alkaline leaching-oxidation of lead anode slime
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Fig. 2 Effect of NaClO; and NaNO; dosage on leaching rate

of Sb in leaching process
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Fig. 3 Effect of industry oxygen and compressed air dosage

on leaching rate of Sb in leaching process
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Fig. 4 Effect of oxidant dosage on leaching rate
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Fig. 5 Effect of NaOH concentration on leaching rate in

leaching process
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Table 3 Experiment results of optimal conditions of arsenic
and antimony removal from bismucth-rich lead anode slime by

alkaline pressure oxidation on leaching

Content in
Leaching rate /%
Test No. leaching residue/%
As Sb Pb As Sb Pb
1 1.06 335 6.68 95.49 80.58 62.73
2 1.12 341 6.72 95.01 80.49 62.45
3 1.02 338 6.78 95.89 80.77 62.36

Average 1.07 338 6.72 9549 80.61 62.51
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Fig. 9 XRD patterns of leaching residue by

comprehensive-factor experiment
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Table 4 Experiment results of circulated leaching

Mass fraction in Content in leaching

_ _ ) 4 Leaching rate/%
leaching residue/% solution/(g.L )
As Sb As Sb As Sb
1.12 3.43 14.16 12.09 95.12  79.28
3 #it
1) 385 0 n s S P B 9 i L e A v 5 i R

Ak, #fe HREN T 4R AAFER
1A Y6 5T R 1) 15% . S AR B 150 /Ly R[]
Fbhy 7:1, RN 180 C. B TAI N 2 he £EIE
ZAER, B T ERAR B AR B R

2) DRV B DR B 4 AR BN | BRI Y
Jois SR HIRGE AN 2 d BRI T BB AL 3, TR
s K DUBR G ORI — 58 2 1) SR B A B v Ak
K150 g/L R LR, SEEL T BRI A6 PR A
Sl BRI R R o



H25%% 5 R, .

SR PR I s B2 DA oy B S A o Bk i 6

1401

REFERENCES
(11 XUFREE, R, XA, Bk Fk, sk, B, BRERETE

(2]

(31

(4]

(3]

(6]

(7]

(8]

(9]

e i o W < ) 10 T4 BE T 2 R (0], h AT A B A IR,
2013, 23(2): 549-558.

LIU Wei-feng, YANG Tian-zu, LIU You-nian, CHEN Lin,
ZHANG Du-chao, TANG Mo-tang. Selection of pretreatment
process for removing base metals from lead anode slime[J]. The
Chinese Journal of Nonferrous Metals, 2013, 23(2): 549-558.
. BRI e SR DR Y S A SR ],
oA 03542, 2012, 41(2): 25-29.

LIU Chao. Process study on enrichment and recovery of
tellurium from lead anode slime and its production practice[J].
China Nonferrous Metallurgy, 2012, 41(2): 25-29.

N, WIER, )R, R Rk, e B AR e e i v
SERBESI]. A B BARIEHAED), 2014(5): 5-7.

QIN Xiao-long, XIE Zhao-feng, LIU Wan-li, TAN Lin.
Experimental study on selective arsenic removal from high
arsenic bearing lead anode Nonferrous Metals
(Extractive Metallurgy), 2014(5): 5-7.

BRBE, MR AL, BRI A B AR e 2 b S AR T (0], TP
REEAR(ERBIERR), 2010, 41(1): 44-49.

CHEN Jin-zhong, YANG Tian-zhu. Chlorination-leaching of

slime[J].

lead anode slime with high antimony and low silver contents at
controlled potential[J]. Journal of Central South University
(Science and Technology), 2010, 41(1): 44—49.

BR 4. s A e 1R 40 L2 A B4, 1998(5):
22-31.

LU Er-hui. New process of bismuth extraction for bismuth-rich
anode slime[J]. Nonferrous Metals (Extractive Metallurgy),
1998(5): 22-31.

RRTFE, WA, JMSE, R, 2N ST R AR e K %
RIS S I TIE[I]. $142)E, 2003, 24(4): 26-32.

WU Jun-sheng, LU Yue-hua, ZHOU Yang-ji, WU Li-sheng, LI
Xiao-gang. Experimental study on arsenic removal from
arsenic-rich lead anode slime by volatilization roasting in steam
condition[J]. Precious Metals, 2003, 24(4): 26—32.

iz KA TIML R A, B bt BRI R,
2003: 626—679.

DEAN J A. Lange’s handbook of chemistry[M]. WEI Jun-fa,
transl. Beijing: Science Press, 2003: 626—679.

MEZE, BRI, FIRE, X85, 2EE. GePRmn
i OYBAT 0 S SR HLRIN]. 736 TR, 2010, 30(5): 82-86.
LIU Zhi-hong, CHEN Long-yi, LI Qi-hou, LIU Zhi-yong, LI
Yu-hu. Research on separation and effecting mechanism of Bi
and Ag from Bi-Ag alloy by electrolysis method[J]. Mining and
Metallurgical Engineering, 2010, 30(5): 82—86.

MR, £ 2%, JHE, kAR, o, R, i
AR BA[T]. R AR (A AR AR), 2012, 43(7):

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

2484-2488.

YANG Tian-zu, WANG An, LIU Wei-feng, ZHANG Du-chao,
WEN Jian-feng, WU Jiang-hua. Removing arsenic from lead
anode slime by oxidation under potential control[J]. Journal of
Central South University (Science and Technology), 2012, 43(7):
2484-2488.

AL SRR A P E SR ). AR
YAHREE4Y, 1978(10): 18-23.

FU Zuo-jian. Comprehensive utilization of arsenic from
convertor soot with high content of arsenic and lead[J].
Nonferrous Metals (Extractive Metallurgy), 1987(10): 18-23.
SR, BEW, REE, MRJT. SR AL B T2
WIRTSE[I]. B e BOAaEHIY), 1996(2): 10-13.
ZHANG Guo-jing, LI Dun-fang, WU Kun-hua, YANG
Xian-wan. Study of a new treatment process about arsenic-rich
lead anode slime[J]. Nonferrous Metals (Extractive Metallurgy),
1996(2): 10-13.

JDID E A, ELAMARI K, BLAZY P, BOUHAFID A. Acid and
oxidizing leaching of copper refinery anodic slimes in
hexaflurosilicic acid and nitric acid media[J]. Separation Science
and Technology, 1996, 31(4): 569—577.

FERMANDEZ M A, SEGARRA M, ESPIELL F. Selective
leaching of arsenic and antimony contained in the anode slimes
from copper refining[J]. 1996, 41(2/3):
255-267.

RESSIE. BRI S AR A B R AR IR e B IR AR D). B, 1992,
13(3): 30-35.

Hydrometallurgy,

XIONG Zong-guo. Removal of arsenic from lead slime by
pressure leaching[J]. Precious Metals, 1992, 13(3): 30-35.
A0, AR, FIEYE, Eil— AR AN U T 0
[T &R, 2012, 33(2): 36-39.

WANG Shao-long, YANG Chun-yu, YAN Jian-ying, WANG
Bo-yi. Removal of arsenic from lead anode slime by
hydrometallurgical process[J]. Precious Metals, 2012, 33(2):
36-39.

BEE RS, W W, R R B e Rk AR B U v B A,
CN1079510A[P]. 1993—12-15.

HU Xu-ming, XIE Bin. Wet processing method of high arsenic
lead anode slime: Patent of China, CNI1079510A[P].
1993—-12-15.

Wk, WIEEEA. R ) LA SR T Bt
J&, 1995, 16(3): 6-11.

XIE Bin, HU Xu-ming. Study of a process of leaching high
arsenic lead slime using chloridization under controlled
electronic potential[J]. Precious Metals, 1995, 16(3): 6—11.
Feoeal, Memk, ks, BRRoc b ae A 2H T2
WRIGHIST[T]. 4, 2003, 24(11): 37-39.

QIU Ke-giang, YANG Xue-lin, ZHANG Lu-lu, CHEN Qi-yuan.
The new treatment technology of antimony-rich lead anode

slime[J]. Gold, 2003, 24(11): 37-39.


http://ss.zhizhen.com/s?sw=author%28%E5%88%98%E4%BC%9F%E9%94%8B%29
http://ss.zhizhen.com/s?sw=author%28%E6%9D%A8%E5%A4%A9%E8%B6%B3%29
http://ss.zhizhen.com/s?sw=author%28%E5%88%98%E5%8F%88%E5%B9%B4%29
http://ss.zhizhen.com/s?sw=author%28%E9%99%88%E9%9C%96%29
http://ss.zhizhen.com/s?sw=author%28%E5%BC%A0%E6%9D%9C%E8%B6%85%29
http://ss.zhizhen.com/s?sw=author%28%E5%94%90%E8%B0%9F%E5%A0%82%29
http://ss.zhizhen.com/s?sw=author%28%E8%A6%83%E5%B0%8F%E9%BE%99%29authorcompy%28%E9%83%B4%E5%B7%9E%E5%B8%82%E9%87%91%E8%B4%B5%E9%93%B6%E4%B8%9A%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%AC%E5%8F%B8%29
http://ss.zhizhen.com/s?sw=author%28%E8%B0%A2%E5%85%86%E5%87%A4%29authorcompy%28%E9%83%B4%E5%B7%9E%E5%B8%82%E9%87%91%E8%B4%B5%E9%93%B6%E4%B8%9A%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%AC%E5%8F%B8%29
http://ss.zhizhen.com/s?sw=author%28%E5%88%98%E4%B8%87%E9%87%8C%29authorcompy%28%E9%83%B4%E5%B7%9E%E5%B8%82%E9%87%91%E8%B4%B5%E9%93%B6%E4%B8%9A%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%AC%E5%8F%B8%29
http://ss.zhizhen.com/s?sw=author%28%E8%B0%AD%E9%9C%96%29authorcompy%28%E9%83%B4%E5%B7%9E%E5%B8%82%E9%87%91%E8%B4%B5%E9%93%B6%E4%B8%9A%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%AC%E5%8F%B8%29
http://ss.zhizhen.com/s?sw=JournalTitle%28%E6%9C%89%E8%89%B2%E9%87%91%E5%B1%9E%28%E5%86%B6%E7%82%BC%E9%83%A8%E5%88%86%29%29
http://ss.zhizhen.com/s?sw=author%28%E5%90%B4%E4%BF%8A%E5%8D%87%29authorcompy%28%E5%90%B4%E4%BF%8A%E5%8D%87%EF%BC%88%E8%B4%B5%E7%A0%94%E9%93%82%E4%B8%9A%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%AC%E5%8F%B8%2C%E4%BA%91%E5%8D%97%2C%E6%98%86%E6%98%8E%2C650221%3B%E5%8C%97%E4%BA%AC%E7%A7%91%E6%8A%80%E5%A4%A7%E5%AD%A6%2C%E5%8C%97%E4%BA%AC%2C100083%EF%BC%89%E3%80%80%29
http://ss.zhizhen.com/s?sw=author%28%E9%99%86%E8%B7%83%E5%8D%8E%29authorcompy%28%E5%90%B4%E4%BF%8A%E5%8D%87%EF%BC%88%E8%B4%B5%E7%A0%94%E9%93%82%E4%B8%9A%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%AC%E5%8F%B8%2C%E4%BA%91%E5%8D%97%2C%E6%98%86%E6%98%8E%2C650221%3B%E5%8C%97%E4%BA%AC%E7%A7%91%E6%8A%80%E5%A4%A7%E5%AD%A6%2C%E5%8C%97%E4%BA%AC%2C100083%EF%BC%89%E3%80%80%29
http://ss.zhizhen.com/s?sw=author%28%E5%91%A8%E6%9D%A8%E9%9C%81%29authorcompy%28%E5%90%B4%E4%BF%8A%E5%8D%87%EF%BC%88%E8%B4%B5%E7%A0%94%E9%93%82%E4%B8%9A%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%AC%E5%8F%B8%2C%E4%BA%91%E5%8D%97%2C%E6%98%86%E6%98%8E%2C650221%3B%E5%8C%97%E4%BA%AC%E7%A7%91%E6%8A%80%E5%A4%A7%E5%AD%A6%2C%E5%8C%97%E4%BA%AC%2C100083%EF%BC%89%E3%80%80%29
http://ss.zhizhen.com/s?sw=author%28%E5%90%B4%E7%AB%8B%E7%94%9F%29authorcompy%28%E5%90%B4%E4%BF%8A%E5%8D%87%EF%BC%88%E8%B4%B5%E7%A0%94%E9%93%82%E4%B8%9A%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%AC%E5%8F%B8%2C%E4%BA%91%E5%8D%97%2C%E6%98%86%E6%98%8E%2C650221%3B%E5%8C%97%E4%BA%AC%E7%A7%91%E6%8A%80%E5%A4%A7%E5%AD%A6%2C%E5%8C%97%E4%BA%AC%2C100083%EF%BC%89%E3%80%80%29
http://ss.zhizhen.com/s?sw=author%28%E6%9D%8E%E6%99%93%E5%88%9A%29authorcompy%28%E5%90%B4%E4%BF%8A%E5%8D%87%EF%BC%88%E8%B4%B5%E7%A0%94%E9%93%82%E4%B8%9A%E8%82%A1%E4%BB%BD%E6%9C%89%E9%99%90%E5%85%AC%E5%8F%B8%2C%E4%BA%91%E5%8D%97%2C%E6%98%86%E6%98%8E%2C650221%3B%E5%8C%97%E4%BA%AC%E7%A7%91%E6%8A%80%E5%A4%A7%E5%AD%A6%2C%E5%8C%97%E4%BA%AC%2C100083%EF%BC%89%E3%80%80%29
http://ss.zhizhen.com/s?sw=author(%E9%AD%8F%E4%BF%8A%E5%8F%91)
http://ss.zhizhen.com/s?sw=author%28%E5%88%98%E6%99%BA%E5%8B%87%29authorcompy%28%E4%B8%AD%E5%8D%97%E5%A4%A7%E5%AD%A6%E5%86%B6%E9%87%91%E7%A7%91%E5%AD%A6%E4%B8%8E%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%29
http://ss.zhizhen.com/s?sw=author%28%E6%9D%8E%E7%8E%89%E8%99%8E%29authorcompy%28%E4%B8%AD%E5%8D%97%E5%A4%A7%E5%AD%A6%E5%86%B6%E9%87%91%E7%A7%91%E5%AD%A6%E4%B8%8E%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%29
http://ss.zhizhen.com/s?sw=author%28%E5%BC%A0%E6%9D%9C%E8%B6%85%29authorcompy%28%E4%B8%AD%E5%8D%97%E5%A4%A7%E5%AD%A6%E5%86%B6%E9%87%91%E7%A7%91%E5%AD%A6%E4%B8%8E%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%29
http://ss.zhizhen.com/s?sw=author%28%E6%96%87%E5%89%91%E9%94%8B%29authorcompy%28%E4%B8%AD%E5%8D%97%E5%A4%A7%E5%AD%A6%E5%86%B6%E9%87%91%E7%A7%91%E5%AD%A6%E4%B8%8E%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%29
http://ss.zhizhen.com/s?sw=author%28%E5%90%B4%E6%B1%9F%E5%8D%8E%29authorcompy%28%E4%B8%AD%E5%8D%97%E5%A4%A7%E5%AD%A6%E5%86%B6%E9%87%91%E7%A7%91%E5%AD%A6%E4%B8%8E%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%29
http://ss.zhizhen.com/s?sw=author%28%E4%B8%98%E5%85%8B%E5%BC%BA%29authorcompy%28%E4%B8%AD%E5%8D%97%E5%A4%A7%E5%AD%A6%E5%8C%96%E5%AD%A6%E5%8C%96%E5%B7%A5%E5%AD%A6%E9%99%A2%25%E4%B8%89%E5%B3%A1%E5%A4%A7%E5%AD%A6%E6%9C%BA%E6%A2%B0%E4%B8%8E%E6%9D%90%E6%96%99%E5%AD%A6%E9%99%A2%29
http://ss.zhizhen.com/s?sw=author%28%E6%9D%A8%E5%AD%A6%E6%9E%97%29authorcompy%28%E4%B8%AD%E5%8D%97%E5%A4%A7%E5%AD%A6%E5%8C%96%E5%AD%A6%E5%8C%96%E5%B7%A5%E5%AD%A6%E9%99%A2%25%E4%B8%89%E5%B3%A1%E5%A4%A7%E5%AD%A6%E6%9C%BA%E6%A2%B0%E4%B8%8E%E6%9D%90%E6%96%99%E5%AD%A6%E9%99%A2%29
http://ss.zhizhen.com/s?sw=author%28%E5%BC%A0%E9%9C%B2%E9%9C%B2%29authorcompy%28%E4%B8%AD%E5%8D%97%E5%A4%A7%E5%AD%A6%E5%8C%96%E5%AD%A6%E5%8C%96%E5%B7%A5%E5%AD%A6%E9%99%A2%25%E4%B8%89%E5%B3%A1%E5%A4%A7%E5%AD%A6%E6%9C%BA%E6%A2%B0%E4%B8%8E%E6%9D%90%E6%96%99%E5%AD%A6%E9%99%A2%29
http://ss.zhizhen.com/s?sw=author%28%E9%99%88%E5%90%AF%E5%85%83%29authorcompy%28%E4%B8%AD%E5%8D%97%E5%A4%A7%E5%AD%A6%E5%8C%96%E5%AD%A6%E5%8C%96%E5%B7%A5%E5%AD%A6%E9%99%A2%25%E4%B8%89%E5%B3%A1%E5%A4%A7%E5%AD%A6%E6%9C%BA%E6%A2%B0%E4%B8%8E%E6%9D%90%E6%96%99%E5%AD%A6%E9%99%A2%29

1402 ATt m AR 201545 H
[19] EHDLEE, ety WiHebk. AT BHAR U6 il & 9ok =40 — Nonferrous Metals, 2008, 18(S1): s59-s63.
B RIS, BCBUE RS54, 2006, 28(4): 14-16. [25] ARG, LA, & o, ROE, £ OBL . S
HU Han-xiang, HE Xiao-mei, XIE Hua-lin. Research on AR AR IR T A H EA 48 24 4R, 2008, 18(S1):
preparation of nanometer antimony trioxide from lead anode $59—s63.
slime[J]. Journal of Wuhan University of Technology, 2006, XU Zhi-feng, NIE Hua-ping, LI Qiang, LU Qiu-hu, WANG Wei,
28(4): 14-16. YUE Ri-hui. Pressure leaching technique of smelter dust with
[20] SEERZE, BRI, XUanss. Bl ey PR AR Ve e vk R 4R K 47 high-copper and high-arsenic[J]. The Chinese Journal of
BT[], AR LA BEAAAR, 1996, 13(14): 51-57. Nonferrous Metals, 2008, 18(S1): s59—s63.
NIE Xiao-jun, CHEN Qing-bang, LIU Ru-yi. Studies on [26] CHIMENOS J M, FERNANDEZ A I, DEL VALLE-ZERMENO
hydrometallurgiced recovery of silver and other metals from R, FONTB O, QUEROLB X, COCA P. Arsenic and antimony
high-antinomy and low-silver lead anode slimes[J]. Journal of removal by oxidative aqueous leaching of IGCC fly ash during
Guangdong University of Technology, 1996, 13(14): 51-57. germanium extraction[J]. Fuel, 2013, 112(10): 450—458.
[21] FEEEEL, Wi, B, 055, HACTE M R [27] WA B B ALY RERH AR R ) 2 BOAR A R AL 27 M BEWT 9T (D).
AR RIS [T, o g Ll K224 (A AR EAR), 2003, Wl BRI TR%, 2009: 30-32.
34(2): 132-135. CHEN Bu-ming. Research on new fuel-efficiency anode
TANG Mo-tang, YANG Sheng-hai, TANG Chao-bo, WEI material preparation technical and electrochemical
Ming-fang. Recovery of silver and lead from lead electrolysis performance[D].
refining anodic slime bearing high antimony and lower silver Kunming: Kunming University of Science and Technology, 2009:
by AC process[J]. Journal of Central South University of 30-32.
Technology (Natural Science), 2003, 34(2): 132—135. [28] ML, ¥&EE, IR, B E. WEBHERIE o B E6 ).
[22] DERRY R. Pressure hydrometallurgy: A review[J]. Minerals WikiR 4, 2005, 24(2): 108—111.
Science and Engineering, 1972, 3(4): 55-56. YANG Ke-er, HUANG Chun-xia, TONG Shan-ling, YAN Yan.
[23] HEWN, EEE, B, TP, XM, BaEEB. EIR Separation of stibium from lead anode slime[J].
AARERE I AR A B PR B[], P E A SR Hydrometallurgy of China, 2005, 24(2): 108—111.
241, 2012, 22(7): 2052-2060. [29] XUfHE, MR AE. Bt A A v AL FLR T B AR e I IF 9 (D). K
FENG Ya-li, CAI Zhen-lei, LI Hao-ran, WANG Ping, LIU Vb WK, 2011: 55-76.
Xin-wei, YANG Zhi-chao. Extraction of vanadium from hardest LIU Wei-feng, YANG Tian-zu. Study on copper/lead anode
refractory stone coal using recirculating fluidized roasting and slimes treated by alkaline oxidative leaching[D]. Changsha:
pressure leaching technology[J]. The Chinese Journal of Central South University, 2011: 55-76.
Nonferrous Metals, 2012, 22(7): 2052-2060. [30] 4, 3 M, EEM, BUBE RS AR b A £
[24] FRa&vE, AR, 4 5, SRR, £ 8L H HME. s s RN, HIRYR 4, 2012, 34(1): 1-3.

JE AN BB T 2] o E A 48 3, 2008, 18(S1):
$59—-s63.

XU Zhi-feng, NIE Hua-ping, LI Qiang, LU Qiu-hu, WANG Wei,
YUE Ri-hui. Pressure leaching technique of smelter dust with

high-copper and high-arsenic[J]. The Chinese Journal of

ZHOU Xing, HUANG Yan, WANG Yu-mian, ZHAO

Zhong-xing. Preparation of sodium arsenate and sodium
pyroantimonate from black copper sludge[J]. Gansu Metallurgy,
2012, 34(1): 1-3.

(g EIRH)


http://ss.zhizhen.com/s?sw=author%28%E9%9F%A6%E6%98%8E%E8%8A%B3%29
http://ss.zhizhen.com/s?sw=JournalTitle%28%E4%B8%AD%E5%9B%BD%E6%9C%89%E8%89%B2%E9%87%91%E5%B1%9E%E5%AD%A6%E6%8A%A5%29
http://ss.zhizhen.com/s?sw=JournalTitle%28%E4%B8%AD%E5%9B%BD%E6%9C%89%E8%89%B2%E9%87%91%E5%B1%9E%E5%AD%A6%E6%8A%A5%29
http://ss.zhizhen.com/s?sw=author%28%E5%BE%90%E5%BF%97%E5%B3%B0%29authorcompy%28%E6%B1%9F%E8%A5%BF%E7%90%86%E5%B7%A5%E5%A4%A7%E5%AD%A6%E6%9D%90%E6%96%99%E4%B8%8E%E5%8C%96%E5%AD%A6%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%E3%80%80%E3%80%80%E8%B5%A3%E5%B7%9E%E3%80%80%E3%80%80%EF%BC%88341000%EF%BC%89%29
http://ss.zhizhen.com/s?sw=author%28%E8%81%82%E5%8D%8E%E5%B9%B3%29authorcompy%28%E6%B1%9F%E8%A5%BF%E7%90%86%E5%B7%A5%E5%A4%A7%E5%AD%A6%E6%9D%90%E6%96%99%E4%B8%8E%E5%8C%96%E5%AD%A6%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%E3%80%80%E3%80%80%E8%B5%A3%E5%B7%9E%E3%80%80%E3%80%80%EF%BC%88341000%EF%BC%89%29
http://ss.zhizhen.com/s?sw=author%28%E6%9D%8E%E5%BC%BA%29authorcompy%28%E6%B1%9F%E8%A5%BF%E7%90%86%E5%B7%A5%E5%A4%A7%E5%AD%A6%E6%9D%90%E6%96%99%E4%B8%8E%E5%8C%96%E5%AD%A6%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%E3%80%80%E3%80%80%E8%B5%A3%E5%B7%9E%E3%80%80%E3%80%80%EF%BC%88341000%EF%BC%89%29
http://ss.zhizhen.com/s?sw=author%28%E5%8D%A2%E7%A7%8B%E8%99%8E%29authorcompy%28%E6%B1%9F%E8%A5%BF%E7%90%86%E5%B7%A5%E5%A4%A7%E5%AD%A6%E6%9D%90%E6%96%99%E4%B8%8E%E5%8C%96%E5%AD%A6%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%E3%80%80%E3%80%80%E8%B5%A3%E5%B7%9E%E3%80%80%E3%80%80%EF%BC%88341000%EF%BC%89%29
http://ss.zhizhen.com/s?sw=author%28%E7%8E%8B%E5%B7%8D%29authorcompy%28%E6%B1%9F%E8%A5%BF%E7%90%86%E5%B7%A5%E5%A4%A7%E5%AD%A6%E6%9D%90%E6%96%99%E4%B8%8E%E5%8C%96%E5%AD%A6%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%E3%80%80%E3%80%80%E8%B5%A3%E5%B7%9E%E3%80%80%E3%80%80%EF%BC%88341000%EF%BC%89%29
http://ss.zhizhen.com/s?sw=author%28%E6%9C%88%E6%97%A5%E8%BE%89%29authorcompy%28%E6%B1%9F%E8%A5%BF%E7%90%86%E5%B7%A5%E5%A4%A7%E5%AD%A6%E6%9D%90%E6%96%99%E4%B8%8E%E5%8C%96%E5%AD%A6%E5%B7%A5%E7%A8%8B%E5%AD%A6%E9%99%A2%E3%80%80%E3%80%80%E8%B5%A3%E5%B7%9E%E3%80%80%E3%80%80%EF%BC%88341000%EF%BC%89%29
http://ss.zhizhen.com/s?sw=JournalTitle%28%E4%B8%AD%E5%9B%BD%E6%9C%89%E8%89%B2%E9%87%91%E5%B1%9E%E5%AD%A6%E6%8A%A5%29
http://www.sciencedirect.com/science/article/pii/S0016236113004717
http://www.sciencedirect.com/science/article/pii/S0016236113004717#af010
http://www.sciencedirect.com/science/article/pii/S0016236113004717
http://www.sciencedirect.com/science/article/pii/S0016236113004717#af010
http://www.sciencedirect.com/science/article/pii/S0016236113004717
http://dict.youdao.com/w/kunming/
http://dict.youdao.com/w/university/

