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NEW ADVANCES IN MINING AND METALLURGICAL
SCIENCE AND ENGINEERING
—A Tome of Selected Papers Dedicated to the
40th Anniversary of the Founding of BGRIMM

PREFACE

Up to now 40 years have past away since Beijing General Research Institute of Mining and
Metallurgy, BGRIMM was founded in 1956. A period of 40 years represents only a brief mo-
ment in the history of mankind but is a long section in a man’s life journey. BGRIMM has been
renamed seven times, leaving a long long stripe of thorny but brisk foot steps in its growing
route.

Under the supervision of the higher authorities concerned, BGRIMM staff have been
working carefully and conscientiously year by year, even day and night, caring neither hardship
nor difficulties, striving for advancing mining and metallurgical science and technology across
the motherland. While veteran experts and other professionals of earlier generations have left
their posts on which they worked for dozens of years, younger generations of scientists and en-
gineers come up successively. It is owing to the arduous efforts and struggle of several genera-
tions of BGRIMM people that thousands of scientific & technological achievements have been
recorded which are diffused throughout Chinese land, inside and outside the Great Walil, up and
down the Yellow River, constituting a valuable intellectual property of the nation. Also in the
cause for promoting mining and metallurgical industry have the BGRIMM people weil moulded
themselves, creating the BGRIMM fact-seeking style and establishing deep {riendship with the
colleagues of a large number of enterprises and institutions in close co-operation. Especially
since the reform and opening-up BGRIMM people have seized every minute to speed up all-
round work, basically having laid a development mode integrating three essential functions. i.
e. R&D, engineering design and product manufacture. As a result, the Institute BGRIMM has
become an influential institution among the mining & metallurgical line both in and outside
China, a large and comprehensive research and design institution oriented primarily at mining,
metallurgical and materials science and engineering.

In order to celebr‘ate the 40th anniversary of BGRIMM, exchange and reflect the new re-
search fruits gained by the institute since the reform and opening-up policy implemented , depict
BGRIMM style from one aspect ,disseminate recent information on science and technology . pro-
mote the mining and metallurgical science and technology ,as well as to further the research and

economic cooperation and exchanges with domestic and overseas partners, over 1/3 profession-



als of the institute, based on reviewing and surnmarizing recent records, have written the papers
included in this tome. They are up to a certain academic level, some being more theoretical , oth-
ers practice targeted , all presenting a mirror of their achievements made in close relation to Chi-
na's construction and production. The coverage involves major progresses in research and ex-
periment, technological development. and product manufacture related to mining , mineral pro-
cessing, extractive metallurgy , materials and equipment . chemical engineering , process automa-
tion , environment protection, etc. These papers of abundant content are endowed with practica-
bility and readability. They are classified in line with specialities and compiled into a whole tome
as a gift to the 40th anniversary of the institute, dedicated also to the broad miners and metal-
lurgists, and the friends of all circles who have handed support and care for the growth of
BGRIMM.

This tome takes in only the papers greeting the 40th birthday of the institute, not includ-
ing those published in the proceedings of 1962 First Academic Conference and 1982 Second
Academic Conference of the institute, and in other domestic and foreign conference proceedings
and periodicals. It is divided into two volumes. The first volume includes 137 papers concerning
mining technology and equipment, mine Chemicals. mineral processing technology and equip-
ment, process mineralogy, mine rehabilitation , etc. The second one collects 147 papers related
to metallurgical technology and equipment, metallic and magnetic materials, chemistry and
chemical engineering, and environment engineeing. Although they reflect only part of R&D
work done by BGRIMM staff in recent years, the papers present a considerable portion of out-
standing achievements in science and technology , covering a number of projects granted the
National Invention Prize and the Prize for Progress in Science and Techonology by the state,
ministries or provincial authorities concerned. These achievements nave been successfully put to
production, yielding huge economic and social benefits.

The industrious work and care of the authors, editors and publishing staff for the tome is
gratefully acknowledged. It is through their outstanding efforts that the two volumes of papers
have come forth in such a relatively short period of time. In view of limited qualification of the
scientists, engineers and editors of ours-inappropriate points might be inevitable, on which com-

ments from readers, colleagues and experts both in and outside China are heartily appreciated.

Sun Chuanyao
President, BGRIMM
May 1996, Beijing
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Production and application of glass hollow microspheres ««««s«seseereiersees soeernerrnes ven Zhang Tianshu (27%)
Development of non-primary explosive and safety electric detonator +reeesesresrerioenen Wang Hongxin (286)
Progress of study on chemical modification of Guar Gum and Sesbaria Gurm e +ever Tang Yanxiang (291)
Study on modification of chemical characters of Sesbania Gum — «er e e eesvee Shan Qimei, Xia Zhiyu (297)
New aromatic dianhydride monomer ++eeeevreerrenninniinns [yo Tongtong, Jian Xigao, Wang Zhiyuan (302)
Synthesis and test of a novel poly (aryl prehnitimide) o+ eeeeesserreesernereaessrsere sessesarevesvossessnnnnnnn.

Trrreseseresraeneeeseneses Luo Tongtong . Jian Xigao, Wang Zhiyuan (307)
ENGINEERING BLASTING

Application of springing blast to controlled blasting in urban district «w+eseeee Ge Huai, Deng Guozhi (315}
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Demolition of administrative building with controlled blasting seresesseesroresetreeseriniaiisriniiiiareniie.

s e e s e ere e e vensen e (Ge Huai, Deng Guozhis Xu Ruiyong (318)
Study on explosion of metal pipe by underwater explosive loading re+«srsesreveeeeseres Wang Guosheng (323)
Application of bolting-shotcrete reinforcement technique to urban foundation engineering — +eesssreesecseesee

Cee e er e s e ee e es serees e s cesaes e s mne e ensnsons Zhao Xiaoyis Li Jianshe, Deng Guozhi (330)
Application of grouting reinforcement technique to mansion foundation treating —serceereasesseerresraearo e

treeiseirerieeseieiteeeses saesessenasssense e ces oo [ Jianshe, Zhao Xiaoyi, Deng Guozhi (333)
MINESITE REHABILITATION

Research on crops planting at Maojiawan rehabilitation tailings pond Zhongtiaoshan = Zhou Lianbi (341)
Investigation on dam stability of Tongling Wugongli tailings storage +:----+-<++++>-+++++ Chen Hanshan (347)
Review of minesite rehabilitation and research in Australia  »ec«ssesveeersencenieiaesceees Daj Hongwen (353
Brief discussion of the technical standards for land rehabilitation in China sreeeerreereeeseecesceamnoaniace.e.
et eee e eee e et s ses senaee e ees sesteenibae s senane sesesnssesecsssee sonnes WU Yajun, Dai Hongwen (362)
Computer modelling for seepage investigation at Maojiawan tailings dam, Zhongtiaoshan «seeresreesresee
..... R [T TR O T T G LoD

Practice of reclamation at Xiaoyi Aluminium Mine and the policy of refarming semi-dry area in

North-western vellow plateau  seesreeersescenrmiiiiiiaiin i e e res e v senaee Fan Xiuli (373)

MINERAL PROCESSING TECHNOLOGY

Progess of Pb-Zn mineral processing in China ++-+++++ Sun Chanyao. Li Fenglou, Gan Jingchao et al (385)
Development of 21 st centennial green engineering of mines seeeserersesesrenncaesnenneees Xing Weizhong (394)
Differential floatation process and materialist dialectics ««+ressreressesarsnesans setsistat titsne ittt
F D T R Y P R PR TR RPN i1 Fenglou, Sun Chuanyao, Zhao Chunlu et al (4100)
Achievements and future challenge of mineral processing
-reviews on scientific research works of mineral processing for 40 years ceverseesroraracaraaeniiianiienies
st e e e are s ees sen e s ees sseressin ses s ssesesseesesan s Luo Jiake, Ao Ning, He Fayu (106)
Study on refractory gold &. silver ores =s+essrseresasesis s snsmisensisienen e neansnenisss Zhy Guanyue (122)
Study and application on optimum flowsheet of mineral processing of the rich grade cassiterite
multi-metallic sulphide minerals  +seeesesessesceesiseness Xuan Daozhong, Wu Yujin, Shao Guangquan (430)
Study and utilization of the new differential bulk floatation flowsheet in Dexing mine ceecrrereceerreesene
e eeimrier e eerseneeseesesee it e s censensesseesuenee s senees Zhang Jingcheng, Yang Ju (139)
Study on floatation separation of complex polymetallic Cu-Pb-Zn ore ==« «seveerseveeeseees Lin Wenhua (449)
Scaling up test of new differential floatation technology of Lanping lead-zinc oxide ores =seeseersoecveseeeres
cessresieensnsesi s e Zhang Xinping, Zhou Xiuying, Wang Shugiu et al (456)
Special mineral processing flowsheet of ocean polymetallic nodule -~ study of precipitation flowsheet of leaching
PUlp  seseeseersremsenrteesieseseesese s ies e Zhou Xiuying, Xing Weizhong, Zhang Xinping et al (165)
Study on the separation of silver-containing copper and lead polymetallic sulphide ore «seseeeerserianiancnien
e e eeseeteeteae e hee i s shsees ses tee nt s abnn seesenaansessesneenensos s Qu Li, Zhu Yiezhen (473)
Study on mineral processing of lead-zinc-silver polymetallic ores in Bainiuchang, Yunnan province -+«
O PN Li Changgen, Kang Guiying, 1.i Haihong (483)
Separation of marmatite and pyrrhotite  ssssesesesseeseseneseanannieses Zhao Chunlu, Ding Songyuan (493)

Mechanism study on flotation separation of high grade nickel mette erssorerrereeseesesanene Ty Yinzhi (197)
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Research on new technology for separation of Cu. Bi, Ag sulphide minerals +*++-:-- Wang Chunmei

(504)

Smdy of Dunhua’s diatomite purity flowsheet sretercseternie st siesinaressraratariossarsrnsssresarsssnrssserers srrser

crecsrieneeniinssen et et nenscsaneenesee oo Wang Shugiu, Zhang Xinping, Zhou Xiuying et al

Study on new technology for mineral processing process of sillimanite ore e ecereecrvaccaness Ju Yiwu

New development of ultrafine comminution =« -+ ====+s=rssssesrerseresiessessrennesnninnene Sun Chenglin
Study and practice of the technology of pure bauxite manufacturing +++e+++++++++« He Feili, Xie Min
Ways of improving gold recovery of Huatong copper ore  =ssssseesmsievenncncniiiiieseaess Zhou Guihua
Study on beneficiation of ilmenite ores of Datan Mine, Gansu province «+- Bai Xiumei, Lan Peilin

Study on particle size measuring methods —++++es+s ses sessrasesssssiiintiie i iaiiieisiiieseeenens Jiang Yulan

Research on recovery of zircon rutile and cassiterite from deep beach placer «s-esesssrerrarsercreniin..

fee et ees e e e s e s st W Xiquns Guo Lihua, Liang Ruilu
Selection of collectors and the crystal and molecular structure of molybdenite surface

in Dexing Copper Mine setsseeeresavssnsiieainnanieaaanes Fap Xianfeng, Zhang Jingcheng, Xu Shibin
Study on mineral processing technology of refractory copper-sulphur ore ++:«+«es+se2es Chen Jinzhong
Synthesis of a collector for zircon flotation and its application sesssereeeeesesserseineneees Jiang Xingkun

Study on technology of mineral processing of Hebei fluorite ore *»+++++«+ Ding Songyuan, Zhac Chunlu

Scientific research of beneficiation metallurgy for a difficult type gold ores of carbonate reeresereerraranns

tesmrietientie e e e e e se s Qiao Zongke, Zhang Baolis Li Chengbi
Research of separating of copper-zinc sulphtde ores at Hongtoushan Mine with new
selective collector and technology —++++++ses s seeseseesssnenisietiisiniese i ie e sesievne e Fa Keging
Study on technology of mineral processing of lean manganese-silver ore  +++-eevseseeceeeesss Bi Mingde
Study on the flotation separation of sulphide copper, lead and zinc from arsenopyrite
in rable-flotation sulphide ore »-++sssesrorsesersnriniinrimiesiininenseensssie eeeeeene Lan Peilin, Liu Kejun
Study of dissolution character of wollastonite s« sreercersesciniiciininiiiiiiianiiaiiiiees Shao Guangquan

Application of aeration conditioning to the flotation of sulphide ores +++«se+reeeecereeeceasss Wei Ming'an

Influence of pH of pulp on the coagulation and dispersion of subsieve minerals and its mechanism -+

crrrassresieie s s s e s ses e saseneeeses. Yang Jiuliu, Luo Jiake, Wang Dianzuo

(511)
(517
(5225
(527)
(535)
(541
(548>
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(560)
(586)
(572)
(579

(583

(590
(596)

(603)

New technology of magnetic agglomeration flotation of strongly magnetic mineral = resreerrmareens i

Ceeererrt et e e e b aat set e s see s e s ses s sss e see s eeees Lin Chaos Sun Chuanyao

A study of new modifier of flotation separation of fluorite and calcite  sesrerrrercrercsirivisneiiian.

Shereesertesianteenies et tateee e sin st ses s sncessnne s sassenaee oo Huang Guozhi, Gan Jingchao

(6415

The development of a collector for recovery of copper minerals from polymetailic sulfide ore ==+ eereeeeeeees

Application of frother BK-201 in mineral processing ss+sssreeseesersternniaininaieiens Zhou Gaoyun
MINERAL PROCESSING MACHINERY AND AUTOMATION

Recent development of mineral processing equipments in China  =+«=-++- =+ =--=+ Zou Jiefu, Li Xincai

(649
(656)

(663)

Study on present conditions and development trends of mineral processing equipments in China e eresersee

e e e e e e e e et e e s sas e s e ne seene |iang Dianyin
The processing characteristics of the hard materials in inertia cone crusher ««-eseeeeeveeneeess Tiu Zihe
Review to the grinding test for Sijiaying Iron Mine — ssseeeerererececneniiaininieiiesis Wu Jianming
Study on improving the grinding efficiency of wet grinding ++<+++++++-+«+ Wang Shenran, Zhen Meiru

Some progresses on the fine screen classification technology in China +++sesceseeseeeses Fang Zhigang

(671)
(678)
(683)
(699)
(703)
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Magnetic screen trial test s+sessesssessssmsieniiertiiuieiie s sssse s es oo Zheng Jiuling (712)
Development and application of JJF flotation machine sreeesess o sessoserssnstosanvnsiitinnses onsisanesessunsnnns
sereessreieeitienies et e et st sessee e s seesee s Shen Zhengchang. Liu Zhenchun, Liu Huilin (720)
Wide application of XCF/KYF air blowing flotation machines s+t s eesssesrsesresionnisininnrueniinn i
tresevesesrstessisasiernnntsrnaennassarsenaascasesnnassss Lin Huilin, Liu Zhenchun, Shen Zhengchang (727)
Progress of large scale self-suction flotation machines -s+-eevessnreeriereseecrcniencienniancceees Ly Guizhi (734)
Present status of development and application of cyanite group minerals -+--+=+-++secseer« Feng Guiting (740)
Medium-intensity permanent magnetic separator: its present situation and development trend =ereeeeceees
et et e e e s s s s e e s e e ie s e ens e eenene Ly Yongzhen (749)
Proof of formulas for calculation of field gradient from complex potential function ==+ +«-<-- Xu Jianmin (757)
Development of commercial type series of SL-injection film centrifugation separators —seesesseseesaceeecenees
604 800 960 808 00 s 880 060 900 880 00 S0s s00 Be e see A0 B0 SEN BER ses EVs Es S es e buy I‘u Y0ngxi“, Du Ma()de (761 )
Test research on utilizing the new centrifugal jig technology to improve the quality
of the magnetite CONCENtrate +++++esseesserersrissasasessuuesananesesinsesannenss Zou Mingyuan, Liu Guofu (772)
Research on the power seal of centrifugal jig — esessessserveneseresaeniacsness Zou Mingyuan, Liu Guofu (777)
Discussion on the characteristics of the small hydrocyclones used in the superfine classification +sveseresess
e #9000 408 P46 144 484 148 EER A58 25 1 TE T4 BOD HAY TS NEE P68 000 200 SN PEL 00N P0S GO Gsr Nl fee P B RS YU Ru] N Sun Yub() ( 783)
Study and application of the computer-based automatic reagent feeder series seveeeeseveeersveesmiaieinnonien.e.
He e s s e e s e s s s sneeeens. Xy Xinbang, Luo Dongling (788)
Development of ZF-920 on-stream XRF analyzer s+ e st sestesessiosiieturummniiieioiiiie i
Cesarsnaness e s e Shen Zhaoming, Han Long, You Wenyin et al (797)
Study on the principle of laser particle size analyzer «s:tesseeseeeereerciaceecciasiiacancenies Zhang Bingshi (803)
Development of multi-channel potential instrument sresecsssesesiisiiiaisiearciieniniccnns Wo Guojing (808)
Control for H,SO, reagent adding in Wongfu phosphate mineral flotation +++«ss+secesses Zuo Huanying (813)
Research on electrochemical control system of flotation process «+sssssesseesevseeccecaneeaes Zhou Junwu (817)
Development of ZX-24 type automatic reagent feeder «-+s-s sessessrssus srenueriniosiansassntins sntanenarrensencen e
srres e s e e e e e eses Xiao Yumings Zhou Junwu, Pan Yuanhong (822)
Software structure of the large screen LED display system in the industry = soseessersessnieinniciin..
seeter i e s e s e e e e e e sine se s Zeng Rongiie, Xu Zhaojun, Zhu Qiang et & <77)
Development of BW-95 intelligent plunger type reagent feeder te+seereessssrseseseninniiacieese Shao Li (839)
Elementary introduction to power factor and automatic COMPENSAtION e+ resers st eoraesresareneiecrioncnests e

R R bl Wang Junzhong, Zhang Honghe (8150
PROCESS MINERALOGY

Tang Jigang (833>
ceevesene Zhang Ju (859

Position and role of process mineralogy in exploiting and utilizing mineral resources

Determination method of oxidation degree of lead sulphide ore sseserereeereerenicearen.
Chemical phase analysis of roasted products of copper sulphide concentrate ++++++«+++s+e+ Zhang Huibin (861)
Research on chemical phase methods for analyzing tungsten in Shizhuyuan polymetallic ores «ereeeeeeereee
Heeiee e st st e ee be et aes s terae sebeasnebs seasensn e sesesssssess e eeness [ uo Youfa, Chen Ping (372)
Qccurrence form of Fe, Mn, Ni, Co, Cu in marine manganese nodules »+«ressereessrsrreeceonniriinicoen.
ceteemieer et s s s s s sseesne e ees. Zhang Huibin, Teng Meiling (877)
Measurement of Mo distribution in sheelite concentrate by means of image analyzer — sereeeeoereeeceerenoneens

ceerserntinn e s s s e s see e Wang Yongheng, Tao Shufeng (884)
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Selection of dissemination character parameter for evaluating mineral liberation characteristic =esssreseseeeer
ST e s s e e e e e e s ssnsenen. Xiao Yiwu, Tao Shufeng (887)

Mineralogy study on process of oxidation-dissolution reaction of pyritic cOpper Ore s+ sssser seeseruescoesosees
Serer et reree et e e s e s st eme s eee s e e ee o He Fayu, Zhang Wenbin (893)
Process mineralogy in mineral processing of refractory gold ores of Hunjiang +«*+*++++=« Liu Shuzong (901)
Process mineralogy of silver of No. 100 orebody of Dachang Mine «+-ssserveevessensieesesenees Fu Yimo (909)
Process mineralogical characteristic of ore of Siping Shanmen Silver Mine  +++++<-++---+« Zhang Liyan (916)

Scanning tunneling microscope investigation of the surface atomic structure of natural PhS «reveeceeverseeses
B e e e el e e et e e e en ee e s e tsebes s st berbes ses st sesnae e seesee e Wen Zhijian (923)
Investigation of process mineralogy for Longyan Pangjiapu Iron Ore »+eteteeecessecssensees Jin Yunhong (926)
Mineralogical study on carbon-reduced products of ilmenite  ssseeseeesscasasiiiesiienananes Xijag Shihuai (933)

Some problems concerning with process mineralogy of sillimanite ore <=+++=+<=+++++« Wang Xiangiong (938)
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