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Abstract : The main advances of process mineralogy in China in the last decade occur in the following areas. (1) Process
mineralogy has been applied to study mineral process and metallurgy which helps understand mechanisms of microbial-min-
eral extraction and controlling factors in microbial metallurgy, and such establish a solid foundation for new applications of
process mineralogy in mineral process and metallurgy. (2) New analytical technologies have greatly advanced process min-
eralogy from qualitative to quantitative analyses, for example, Quantitative Evaluation of Minerals by Scanning Electronic
Microscope ( QEMSCAN) and Mineral Liberation Analyzer ( MLA) have been developed to determine mineral composi-
tions, morphology, particle size, textures among mineral particles and trace element distribution in a fast and precise way.
This lend a hand to probe and to understand microbial-mineral interfacial interactions and related energy conversion at a mo-
lecular-level , and such established a foundation for new advances of metallurgical process mineralogy. (3) Process mineralo-
gy together with mineral crystal chemistry, mineral physics and quantum mineralogy benefit not only the extraction of valua-
ble elements during mineral processes and metallurgy but also the advance of new mineral materials and technological appli-
cations. In summary, the future advance of new analytical techniques (e. g. , synchrotron radiation spectroscopy and mi-
croanalysis) will be more extensively used in investigations of minerals, mineral-water interfaces and mineral-microbial in-
terfaces and provide better understanding in process mineralogy as well as in environmental mineralogy and molecular envi-
ronmental geochemistry.

Key words ; process mineralogy ; microbial processing; microbial metallurgy ; mineral materials; new analytical ; technolo-

gies

Wk H A :2011-12-05 g F),2012-02-07 i [A]
BT H « E K 3 RB LA BT BIIUH (40502007 ;40940013 ;41073021 )
AR A UE (1938 - ) % 30, WA S, R3O B, 5T W2 T 0 W 5. E-mail ; pssgz@ 163, com.



W R 2 3R 211

20 20 DURHT BLE OB BOR A A 5 R, B
WP LT R — R R JRAR R O o T
FAERGE TR LR T ORERPERY A SR A 1995
SERAL T 20 W) & Sl 2 LR R IE )2 K
Few Py AL - B 5 TR Y R
5GBTS R A i I T AR5 A
FRR i BAES MR 2% R A0 R R
Yo B OTTE 05 T B BTSSR RCR . T2
Py e B (e E 3 [ 225 A JRE 18— Fh i 24}
FHRARTBeo SR, AR A & IR B[R, AT
W T2 B2 R, TEAE FOE R T I E R BT
K, BT BERBIE B IR AR, S BUER WA R
FA P AT R A AR A S5 T 50 A0 P afe LIRS
UIRICR o 3 X — PR A9 32 2 i IR 2 R A
Y B R T Y S O ST R A
W, FETT R B FAIE S B4 ) I — s 2 AL B Y T 50
FIRRE

1 #{T E5hLITELFTYENEE

TG T Wy AT 55 S 4 A n] Ak PR i
BEO P AN X LB A P AR R ) e B R
W) AT, JF BARBIE SS9 (ST R ) R IRAAAR
BB AR R RO R SE . T
AIBFTE— BRIR T 90 LI A e R AR S 12 W )
I TR BT T Bl —LE A A TR AR
AR TCE A, ¥ 2 5 B R LR A9 [ iR — AR
{7 N Ea s S S werar iy = B e i o S 7 N
W LE G MR TR KRR, BE R T
BRI R W W) 2 MR o A 7 ik 3R A5 iz 1
WEHT, T2 Wy B T SR SR — 3o 1 AR 2
IR RAARE R )L A %
AT B T RIS B As SERAT rPAFTE A%, A5
BT R R A el T 200 A" Ak,
i B A AT HIOREAR B4 1 SR B R4 oK G 8 Bk
Wy AR AT AR T L 4 Y R A IR S B 5
T, BT AR g AR . AE 2010 AR
TR E S TR RS (I A1 2011 4E b [E 5915
AR AR 2 b, BFSE el 1
I Bl A PR AT ) v < AR 1838 T 3R g
Jr PR A RO TUE TP HIOT R AR S —HE /Y

SRR R R &R /KE (MOS) F1 Xt
Ot T RENE (XPS) LB A AR T H ARG r s
g e[ AsAu ]’ —— &9k & B R M R E
JEREARFEEAENERZ — #E 1T 08
SIS LRV R AR G v AR A A T4 A

R ORI LA R R
PERAT PR AR AR B, XSRS ORI
ARG ™ ML B DGR R Bk T B e 255 R ]
T 2K o TTR ARSI A E s Al
ST EARROCHE, d e 5 i IR A G E . P
G IF RIS HIRZ YA AR 0T DR B . FRIE S
AL B B IRE R )2, TR AR AR
ARG, A o SR A 1 - TR IR ik 5 e 4
R AR R, S A O P A S R A
2o HQO211 T ( LA BRBUAT 8 RIS 1)
AL BEAR AT 3k 93, 10% |, 1 75 FUAk i 7 v 5 i
C LR U we €2k sy TSN A
R R AR, i 2 B D AP BRI O i el R
%[16~22] .

TR L RAE LN T S AR AR L0708
M A AL R AR OO AR | B0 R REAE 5 xR
RO AT SRS R A e B Y SR T B 2 e ]
L3 AV SSREARA A 4 ] 0 5 0 XA, A T 4
WP AL R AL S R T R
AFERIAHEOC R , L T RGEHIRE Y o) BT ik
532 A AN A ] 0 B8, S B R 240
T IR AR AT, PR AT Al R B PR 2
(PN SR E P2 2 SRl R R EY I NN
SERESE, SR DGR B AR A 32 2 DU R
B oh E, BERERA A T H A K Z T, XA
VAVSLIEL 0K sty i (MBS S L8/ R iR S T
Rl AL T RGN 2 R Al AR AR 3, 3R TR
PR A# 4, O H AT A 28 5 O E R BB W 0 R I
*,:F[ZS. 24] .

0 AAE R B A A AR A
B R BORETIE Q/ NI, PR RS 1952
SRR LK, He ™ FiG 6 T 2 Rt 1 e
FTRTE , TR P A (0 R Tl B2 w7 BT R A
W MR Al S 96 = R R 48 1R A ) T AR L R
fifi L, T 2004 AEAUER A W)IG S HOH S AR,
G T 24973 WH , BIXS A Wi 4 i Ak A
“BUEYNG Sl AR ALY R AL AT AT . AFSE
FEFIGEA A U0k 0 A vh B9 A T R s IR
A Al R S AR A i G T, DL Bk
T R AR AR AL S 20T 7 B T ZOMER, 7 R 3K
] AT A B P e

WEYIR VR 2 BV 5 0 W R R 5w
JE— I REAT AT A SR A 5 0 R B9 B, B ] 42
S AR T VR 2R R, A — A T R R
Y50 Py A A IR AT IR B o 16 S



212 SIS/ T A0 Yyl TR T 2 e

Ye— 12225, AN A E RS
T - 0 [ A ) g o P 5 o L T B 2 sh S 11
TEARWIAE AL Y 5 28R & HRAE Y S5 Y R A
HAERIE—ABRAE T | STl A A 85 4 vl A A ] 44
S S DIRE MU A B A AR AN BB A7 5 b 2% 1T
B 725 Bl g 2f ok ik o B X R S5 0 W AR B
VB L2 P 0 3 SERR R P (] T, N AE W22 R 2
B4 MFELER R N ER F X —ERAS
A LIS AL ) A8 BAE H B RRE , 437K
IR -0 ) 22 A0 AT A W - AR R
PRYE ()R, #857~ A= 0 AU I 4 s AR = s S
WA A S i B S -5 3 W e X A=
A I Bl ST R U 2 RE I S I, R A 2R
R SRR 2 Y S T R A NG 4
R T A0 Y25 258 T Ee LAl

PRI G4AE W-0 ) VR T I 5 0 4 i 1% 4 R A
VAR, B AR R, A SR
TR RSk ] S I= A & R RTA T & A
WA -0 )V o 2 b B TRDE 30 45 # R E , 4R
KA MEEFRE S -0 D E B NFERR R, A
A= W0- ) Z2 FH 5 T AH B AR FH BRI A 9% R Ak e
FE B SROUE SIZ 56 5t , HE E AH OC FRIE MY B IR 2 IR K
J& , AT 4B 78 A A LR I8 2 el A P i S )
FALRIAS T . RO L R AL B 3B, FISH 458
BRI R WA Wi AE o W 32 1 O
A P R 2o R R A I 25 Te) 4 o dE et 6 PRI 4]
22 R A AL 2R FOR, X S AL R 48 h D e FE N &
FEE AT, s AR R R4S
W 2 1 (] A 40 o e AL i R AR, - B S
AR hiAkss - A==l .

B0 R ) A A ARG ot o7 R By A B B B Ak
W MR AR S E RARE MRS EY
B AR R TR, o Yh 4 TR B
2 R 2R R R W 0 2540 S5 D Re e A AR 45
FIMERT T R AE B AR 3R ST o s PR U R
B, RGEALHAE B AL AR W A A SRR
SR AR i A Wy IR AR A 7 T T R RO
AR S e e A B A R U 5 T A P A B 4
KSR A i s 2] 10%

SR HIA A BT T 20 A 7 O
FIAE R Py hn T ARG 07k TR &, SRR,
AT RE R R4 T, X EAR B g 4l ot 1T
BRI T, AL SRR R 57 2 AR B, 97 HL
SEIRZETE L RIHIE . AN AL Mo IX BB 255 R
WHFE B30 AP T 20 W) 2# bt 5% A L 7 A 2R 61 7

157K B AN Je SR T 5E (Y i T 208 W)~ &R )

SR W-B ) 22 AR ST RO BIETE B AN T BT BOR BT ik

B K FEFNIH]

2 HBAMBHENRKERELZLH Y
¥R W AE

W W) AW ST 8 B — A B Bl LU SR AT e
I RbRE . T 20 Wiy BRIt . ™
Y IR bR TIOR8 R i A% GE e 1R Uy Tn)
T 20550, f— P Py S Br b AR B AR
REAY— P4},

RN R 720 @ NIE 33 SN N 2
WFAI Y QEMSCAN ( Quantitative Evaluation of Miner-
alsby Scanning Electronic Microscopy ) , i% & &t H X-
SYELRETE B E B T, T ELS TR X )
o B89 A SR i AT A SIP (Species 1-
dentification Program)%ﬁi,?ﬂil#/l\ﬁﬁ%ﬁgi%ﬁiﬁ
ot e | eI A B 5 e BaRe 12 h B L, DT
W, QEMCSCAN n] [ Bl 7 fiff &5 BE B Wy ik A
REEE AR & S T 20 2 2R TR R] e
FFRIWFTEH BOGER SR

H s 5 ¥ 73 #7 {X ( Mineral Liberation Analyser,
MLA) 52 HFiH 5 et i) T 20 Y2408 3l
SE R MTINIA RS, th T B AP G E 54
RS B T AR MRAFIRAS 7 i B AL B 01 55 1
SR, AT LS ) A AR A
B PRIETAT , Ay il e AR 7 T 20 i v B R iR
PR . MLA J2 R B+ 22 R4
PIRESE AR ST R I U AL TR X0 A Y
FERH T A B 0T A, XS 4R RE G R AT £ A 00
e, ATAE R TG e SN S RER T . X
LB TAERE B HEAT 1 oAk, 0 B A 2 078 B R
SNV o AL AR BB, B A 3R ) 25
P A B A RS ek 1751

IR ST | L BRE BE T LR
BT A F 28 e AR B 22513 T MLA, 4t
SR BB 2E [ FEI A wl gy 7 rp A 50
g, HATFE N S 580 K 4% MLA BRI
TRE R A R LT R BT BT AT
WA 13 R, RN IS T A AR
HEAT D00 53 A0 A A R BE DA SRR G 2R I A
RS IHES W L DB A A T2
R 7SS CE N T DN 1)5%

A AT L MLA A QEMSCAN i A 3 314 Hy
BRGSO LU T 20 W W Y 2 T B, 1



IRy ks YIS TIE N 213

R — BRI, T 250 W) 7 O S LA R 251t
KT & HE W T A0 Y7 Z 800 E #2588, 5850 M
X AR BRI HY I 5 2 A asg, i
— 40 e MLA 75 T 200 22 0F 58 vh i i S L
NATHER X e R G T R0 T 20 W w55 Fk Ry
“ERT Y (Quantitative Mineralogy ) 1« H 3h#™
Y12%” ( Automated Mineralogy) ., T. 20 925 H
SHE RGER IR, A T2 ) o S A 1) A
RIS o X4 FRGE R B BUAS (A i g o) o S B 1
H 31k, A i 5 15 D0 1 0t v A0 m] R B A 3
TARKIER . 2B C7F R I — 45 T
ko

J34b LAM-ICP-MS (0O TH 7 IR R BRSO A &
SEE ARG ) A1 SIMS (RS T B ) X AR
HICR T R ITE R G T U= (PGE”s) I
S RN TET 10 AR AR 372 W H .

3 AT FEIZLTWFRENFEK
R—H P BT Z

1995 AFAE T 208 4y = il (4 [R) s H R T 3 [
A L (i Y B 6 AR T T
SO R Bh T IR E T AR A K
Ko MEaEA I T LT Y stk T 2T
226 U AR B E AT S A A

WY R IR . Sl LR E SRR
FHASTR], b AN S 1B 16 T 2 S SOH vp ) e b Ay
FTEE, WA O™ Py a2 Le Yy i AL 2 PR RE, T K&
R PIHREALE S FH], T ZHOR 26 bt
BHIFTE Y B A R B o 3 R 0L A ) 2 B o A 45
A, AU T 1 R TR BRI & R
WRIFE TAZARHNE, o T E0 )22 KR
N—FEl LG J AT BEE SRR
il BRI IRET M) SOPE B B A, e SRy 4
e B R O R RE

[ RRSS X OO AR T 28 Yy -
AL B TR B Py B e T2 W)= 07
TR R . 22, SR REL A A= AT
FAIE, PR R A5 AN R], AL 1 K 31 XANES 2351y
1568.2 ev,1567.8 ev,1566.0 ev, %t AL 1Y HC {7 %%
S3H 6,5,4. AL /Y K i1 AE Bl 45 C 037 20 i
HEOR, Ao B i JEE 5, B2 ) 210 =M™ 1) ot
PRBURILLEE, th R e T 20 . IR FR G X
SYEIMBOE 1 (SRXAS) 3 & W HI T LA™ 9 0 A
PRI AEAL ) B9 AF 5 | 1198 55 1 4 SO BIL ol 0F 5
BRI ECR R W) P AR B 5T IR R

A BT AL AR
PRSI TE A P 4% g 20 B O A e A 3L AIR 4
AR (MASNMR) §5 A RIS, % 8 I A7 - B A7 GG 78 e
SMLAT IR AL e P A A A A EA T T IR AL
AIBIFTE . JR I TR e U £ A BERE 9 T2 2k
WE . JHEPR i 578 1 H &R E T 7ES BA H
SRR FIRAEIR S , 5836 FUA e 1 RS L W) 4
JE T W R RIS, R O S T R U A A e
T3 DXL~ AT S5 X R AT P A LI T R T 2 Ak BB
8 TR B N T A R
w R A R AL RO ES Y SRS A T S I i
FBEGRA T ko B T RS Tl AR 4
Tl B PR R, 5 < SR Y A LR R SRR K
T3 C O E P A R, T IX 2RIk
TS A T R B TN BB W R R, N
RN KR RS FBUE MRS hHIts™ Y 5 E
PG ICHLA AR A Ve R A5 2102 R
™ Yt ST 5 BRI A I 28 BN 554, 32 1H 5 Y
KI5 YR BTk—— Wik o AT R B B A
TG B R SR S — 25 1% 3B IS AN B S DUTE —
TG A BN B R 2 S R A
B TRAS ] £ B LA 37 05 98 BB L i S0 PR R
T R A RIS O TR T R i, D i FRERBE T5
Gl it TTdRAR . —Lb b Tl KM IR IR A A T
HEBKIAB, TR F-Y) 1 SRR oK Bz
BT, BT — RAAHHR
SWOSIEEOT YRS RS &
TAEXRE R EA IREEO W ESRT TR
FI DAL AR HE, X B B WA 2E AT TR (kb B, 4
NPT TR IR 45 L g WA P Y
W LI A (S R T RS 4% J i U1 AR T B S A
SR QRN VAR S A L RERIE TR GUAZS SAREPN
SRAEWIA R TEM WF 52 2 W AT TR E AT 9 2 A s
W72 , 71 A -2 - THT B4 R B , B T4 WL 3] deb ks A
AN TAR- AR BE (23 BR-FE 70 ) o AR IR
AL (5 AV R A (5 O LB B ) < A 2l T R
FEA AL BT SR I, 5 B ET e B S8 PR R
KT 3T NI A R A A 4 S S
AT ] 7 7N T T e s i B B A s ) 4 o 2R
AT T 2SR B AIOE , (R TR R AR
SE PR I TR RS B A P23, 6 T £ 0 W4
A RESR o WF5E T Ni-Mn-Co 5 4 fil 1 22 A
C BT A A E LU B BRI A A 15 A A1 2 M A 1Y
AR BCH T ORI RS S T S A BB WA 2R
KAYILIR Fe L5 M, 140 Fe-C (H) & Rl i



214 SIS/ T A0 Yyl TR T 2 e

i 1 WA TR SR 2 /TR S AR G WA AR
WA TR R 5 mm 0L b 815 %4
WIS o eI b, 3 i 7E G B I P AS E
M RATEFRILER, A A MUl TR 4 mm
AR AR T A a BY G W7 B A TR DT
(CVD) M1, AMIA S AR s CVD & sl
WO BR B SR, 2 N A5 i WA B AR i ) 5
TWORRER . BT T A B WA R,
A K RBURL——10 et B35 3 5 A G s (e
WL, I H B S, 75 2 A S OG . 2011 4F 3L
BT 13,5 et RIFEARIAS 0 U AR T
TR ERPOCRZ —, TIRRERA BN
HPHT & g Wi, i 02 CVD 2 fh &R, B AN R
T B8 b A7 SR S5, i ELARH G 70 A e W] Sk A 4 1)
AFRE SRR ER—ERHRKER . AR
A G WA Fh 2 AN [ ) R G IR 2SS B0 S A T
YL S U —E B AR 3E B R T R4S
fyrp o RERYBE 5 SR A5 R R S N A 1K
N BIFFTE 2 50 8 WA 1 Pl S 2 G 3 I 2T A
HEEEEC

WA PR S A RERE, NS B AR U B i
Hil LT TR G R, XA ARl 5 P
E2HAT 7L, T 2010 A FE bR Hr AR R 22
Sy ez PR T i

4 TZTMEmERE

(1) AT Soitk B HERE RIS 15 S A e 2k A I3 T
BAFJRE , T2 Y1205 al BEAS B iR R A 2,
TR LA BRI TE 15 Yot i T B = T
AW R A FE A, DRI R N 5 R Atk B A T 5T
GG AR T Be i B

(2) 4 7 9 5 v ORI 1 A0 52 BB b AT 45 22 &
J&o et T 28 Yee S0 Ys” 06 4 SR LUK
FRARE S5 B R AR, 68 T 20 W 58
A AP A R SRR IR 55, AP L6 2 TR T
LA Gy G , BB B AL G &R . B R K
BEMAEG Ik . FUA BRI Il A A RE
TIHZU5E R T B R BB AT B A X —
AR AR AL, RIS R e, WA sh T2
/=GR a

(3) IS A PR A T 20 W2 W A, B0 4
ASHUR B PRER 1 40 #Y # 5T T AR50, 38 1 %4
XA EA A R T2 e TAE . T80 e
IFFE MR ANME AT LI 6 9y 0 T T2 M 2R 5 FH
S A , b T LA SO AL B BIF 5 AT PR TN

PSRy~ 1 OO S, 1 AT bR B RRAE o

(4) L BCF I MLA 1Y RS8P i 5 A
TR Wy S, SR R R PO e A 4 A 2 T
S e R e TR SR A ShilE RS
MLA 95138, Wz 58 A AR 45 &, 5 4= F 46
B AR B E R AR

Sk (References) :

(1] WA, 2l 6k, &%, Z2EK, KR SEIT

VISRIET Y e i kR SR ]. 0790 4 sk b2l 4,
2009, 28 (H4F]), 18 -24.
Peng Mingsheng, Li Dien, Shi Nichen, Yang Zhijun, LI Guowu,
Zhang En. Since Chinas reform and opening up the development
of Mineralogy and prospect[ J]. Bulletin of Mineralogy, Petrology
and Geochemistry, 2009, 28 (suppl. ), 18 —24. (in Chinese with
English abstract)

[2] WA, Bade, KB, HRE. MEZ LT L0 WFmR R

SREE[A]. BRHZL. 42280 P2 a A 2 R 2 1
mlE S ERIC. Junt: T RE AL, 1998:7 ~14.
Peng Mingsheng, Liang Jinlong, Zhang En, Yang Rongyong. The
turn of the century the development and Prospect of process miner-
alogy[ A]. Ouyang Zhiyuan. The turn of the century mineralogy,
petrology , geochemistry, retrospect and prospect| C]. Beijing: A-
tomic Energy Press, 1998.7 — 14. (in Chinese)

[3] EL. RETYM BRI RRE ZREHE ], hEy
Wk, 2005, 14(1) :17—20.

Peng Tongjiang. Present situation and development of mineral ma-
terials in China[ J]. China Mining Magazine,2005,14 (1) :17—
20. (in Chinese with English abstract)

[4] Bk REGYIIREM TR RLT]. BERRER A,
2011, 39(9) :151—158.

Liao Libin. New development of functional mineral materials in
China[ J]. Journal of the Chinese Ceramic Society, 2011, 39
(9) :151—158. (in Chinese with English abstract)

[5] ER. TYHERMESARI]. 7 ¥af, 2006, 26(2) :
1—9.

Wang Ling. Concept and essence of mineral materials[ J]. Journal
of Mineralogy and Petrology, 2006, 26 (2): 1—9. (in Chinese
with English abstract)

[6] BRECH. ZORBH M AR SR PR )], TR

i, 1994, 13(2) :32—38.
Chen Jingzhong. Development of nano science and technology and
study of nanomineralogy [ J ]. Geological Science and Technology
Information 1994 13(2) . 32—38. (in Chinese with English ab-
stract)

(7] BERTE, DX FEAEHRILET ®T BRI [T]. 5

LR R, 2003, 4.3—7.
Xiong Shuqing, Ma Chengyi. Experimental Research on Mineral
Processing Technology for a Pt-Pd-Cu-Ni Intergrown Ore[ J]. Mul-
tipurpose Utilization of Mineral Resources, 2003, 4. 3—7. (in
Chinese with English abstract)

[8] X &SI ZICR WA CR ST Yy g
K[J]. B =S5 HM A, 2002, 5. 28 -32.

Liu Min. Multielemental relationship of Jinbaoshan Pt-Pd ore and



[10]

[11]

[12]

[17]

WY At kAL E i

occurrence of platinum group minerals[ J]. Multipurpose Utiliza-
tion of Mineral Resources, 2002, 5: 28 —32. (in Chinese with
English abstract)
Wk, XRHE, R, BN, FIEE AR R A AR AR
WL Y=o )], B gsa R, 2009, (2): 22 -25.
Yang Lei, Liu Feiyan, Liu Houming, Chen Xiaoqing. Process
Mineralogy Study on Associated Silver in a Deposit in Qinghai
Province [ J ].
2009, (2): 22 -25. (in Chinese with English abstract)
Wk, X KA, RE. B T 20 e )], B
AFIF, 2010, (6):25 -27.

Yang Lei, Liu Feiyan, Xu ying. Process Mineralogy Research on

Multipurpose Utilization of Mineral Resources,

a Rubidium Ore [ J]. Multipurpose Utilization of Mineral Re-
sources, 2010, (6): 25 - 27. (in Chinese with English ab-
stract)

PR, R 0YREERT R LT]. 5 B AT
FEBEER, 1986, 4. 40 —49.

Peng mingshen, Li Dien. Mineral spectrum of research and its
significance[ J |. Mineral Resources and Geology, 1986, 4. 40
—-49. (in Chinese with English abstract)

WA, W RS ST RGN L2 Wi
[A]l. dERCE IR 20 WdaidGe s B C). dbnt: dEa
BRI BB, 199118 —21.

Peng Mingsheng, Li Xungui, The Kangjiawan lead and zinc gold
deposit gold process mineralogy[ A]. The fifth process mineralogy
conference proceedings[ C]. Beijing Research Institute of Mining
and Metallurgy,1991; 18 —21. (in Chinese)

WA, RESY. TYYE ST YR T ZIM]. M.
PR AL, 1995.

Peng Mingsheng, Zhang huifang. New technology of Mineral
physics and mineral materials[ M]. Guangzhou: Sun Yat-sen U-
niversity Press, 1995. (in Chinese)

CUVE. BTSSR B X [A]. FRHR
¥, 9T MR IR S A AR IHE b R C. i
BB #1998 139 - 143.

Peng Mingsheng. A spectroscopic study of the marine manganese
nodules and it significance[ A]. Hong Kong University, Sympo-
sium Proceedings of 97 coastal marine resources and environment
[ C]. Hongkong University of Science and Technology Publish-
ing, 1998 139 —143. (in Chinese)

IS, TTHE, IRPRAE. SRS R S0 R0 b 4 i R AT
RE—LHSHIFRSTHERLT]. 7924k, 2010, 30
(HEF)) - 64.

Li Jiuling, Bian Feng, Xu Qinsheng. Mode of occurrence of arse-
nic and minerals containing tellurium gold deposit gold - the nega-
tive price of gold and mustard gold research progress[J]. Acta
Mineralogica Sinica, 2010, 30 (suppl. ) : 64. (in Chinese)
oo, NER, TFHL BRE, EEE. AN IEy
Wr=EtbaE [ T]. B4, 2011, 32(10) : 47 -50.

Ma Chi, Bian Xiaodong, Wang Shoujing, Guo Jungang, Wang
Panxi. Research on process mineralogy of gold ore[ J]. Gold,
2011, 32(10) ;: 47 -=50. (in Chinese with English abstract)
ALE, WM ey T Ay YRl A6
&)@ LA, 2011, 5; 41 -43.

Shi Yuchen, Chang Yaochao. Process Mineralogy of containing

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

215

arsenic and gold mine in Qinghai[ J]. Nonferrous Metals Engi-
neering, 2011, 5; 41 —43. (in Chinese)

MG, FAE ST A T AT YR )] Aas)E
(W B4) , 2011, 5:1—4.

Li Yanfeng. Process Mineralogical Research on a Refractory Gold
Ore[ J]. Nonferrous Metals( Mineral Processing Section) , 2011,
5. 1—4. (in Chinese with English abstract)

4, KA, TR LB e AL BE 5 T ek i g
52[J]. &JEili, 2010, 10: 75 -78.

Li Yan, Liu Shuang, Xu Zheng. Investigation of beneficiation for
a high arsenic & sulfur-containing gold ore from Anhui Province
[J]. Metal Mine, 2010, 10; 75 —78. (in Chinese with English
abstract )

WUtYE, #ar, BUEEE, N WSO T 20 A Rl
EAMLT]. AEEJE, 2000, 52 (4): 64 -67.

Yang Hongying, Yang Li, Wei Xujun, Sun Min. Process miner-
alogy and bacteria oxidation of high arsenic gold concentrates
[J]. Nonferrous Metals, 2000,52 (4): 64 —67. (in Chinese
with English abstract)

kY, LR, B R ALXE ML S0 A T 207
FIRRGMHFRT]. RACRF24R A RFRA R , 2008,
(12): 1742 -1745.

Yang Hongying, Gong Enpu, Yang Li. Process mineralogy of
low-grade double refractory gold ore and influencing factor on gold
leaching[ J]. Journal of Northeastern University ( Natural Sci-
ence) 2008, (12). 1742 —1745. (in Chinese with English ab-
stract)

M E, REING, R, B, RS, RS, XA 3%,
RN, ELZEAAT T DOL MRB 4 (A® ) iR AE (]
fb2F22 4], 2004, 62(18) : 1829 —1834.

Lin Zhongyu, Wu Jianming, Fu Bogiang, Xue Ru, Zhou
Jianzhang, Zheng Quanxing, Liu Yueying, Fu Jingkun. Spectro-
scopic Characterization on Interaction of Gold( Au®* ) Biosorption
by Bacillus megaterium DO1[J]. Acta Chimica Sinica, 2004, 62
(18): 1829 —1834. (in Chinese with English abstract)
XIBESC, /NG, XIFE, AEFEH. L0 1Y T 20 W) 2= w5t
[J]. 5924k, 2010, 30(3FI) : 59 -60.

Liu Xiaowen, Mao Xiaoxi, Liu Zhuang, Hua Yanli. Processing
mineralogy of red iron ore[ J]. Acta Mineralogica Sinica, 2010,
30 (suppl. ) : 59 —=60. (in Chinese with English abstract)
XIGESC, B/, XIE, e, BEpiaBsn T2y
WPEBFIL]. R, 2010, 30(HTD) ; 61 —62.

Liu Xiaowen, Mao Xiaoxi, Liu Zhuang, Hua Yanli. Hydroxyl
silicon beryllium stone beryllium ore process mineralogy[ J]. Ac-
ta Mineralogica Sinica, 2010, 30 (suppl. ) : 61 —62. (in Chi-
nese )

EOESE, W, el R, EEBR. 79N T
M. Kb PR R A, 2003.

Qiu Guanzhou, Yuan Mingliang, Yang Huaming, Song Xiaolan,
Wang Haidong. Mineral materials science[ M]. Changsha: Cen-
tral South University Press, 2003. (in Chinese)

BRI, G B RAR ALAR AL SR A 2 4 B 1 R S
HARBFID]. Kib: R, 2010.

Zhen Shijie. Application basis and technology research on the bi-

oleaching of Jinchuan low grade nickel-bearing sulfide ore contai-



216

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[35]

SIS/ T A0 Yyl TR T 2 e

ning high magnesium[ D]. Changsha: Central South University,
2010. (in Chinese)

BARAS, MU, XICAR, RE¥H, BR, B, PR,
X2, BRER. A ARBRAT S A QIS AR O A~ X
250 AEHOR, 2009, 19 (2): 9 -11.

Luo Yanjie, Zhang Chengui, Liu Yuandong, Wu Xueling, Qiu
Guanzhou. Differences between two copper related genes in the
genome of Acidithiobacillus ferrooxidans [ J ]. Biotechnology,
2009, 19 (2): 9 —11. (in Chinese with English abstract)
kR, SRAE, Ehh, sRIERAK MR, A, BEE. BIE
TR R A A BB AT T A R AR AL TS P i sz [ ] o
[E A 04 J@ A4k, 2009, 19 (12) . 2237 —2242.

Zhang Chengui, Zhang Qian, Wang Jing, Qiu Guanzhou. Effect
of anions on growth and sulfur oxidation activity of Acidithiobacil-
lus ferrooxidans [ J]. The Chinese Journal of Nonferrous Metals,
2009, 19 (12). 2237 - 2242. (in Chinese with English ab-
stract)

Fetd, Eigte, i, HOER. BEIRASBUE XN R
WL, Bl TS, 2009, 24(1) ; 72 -75.

Kang Jian, Wang Haihua, Gao Jian, Qiu Guanzhou. Study on
leaching of covelline by mixed microorganisms after mutation[ J ].
Mineral Engineering Research, 2009, 24(1): 72 -75. (in Chi-
nese with English abstract)

W . R AR AR AN T IR A PR £ R 2 M B
BT [D]. BWY: BHIBETORY:, 2008.

Xie Haiyun. The technology and mechanism of bacteria leaching
high-arsenic copper sulfide concentrate and comprehensive utili-
zation of arsenic [ D]. Kunming; Kunming University of Science
and Technology, 2008. (in Chinese)

XU o Ere ks RN L] hEA GRS,
2010, (03): 7 -11.

Liu Hanzhao. Process mineralogy and application in gold metal-
lurgy[ J]. China Nonferrous Metallurgy, 2010, (03);: 7 - 11.
(in Chinese with English abstract)

B, War. MEG&F M) dunt: s Tolk b i,
2006.

Yang Hongying, Yang Li. Bacterial metallurgy [ M ]. Beijing:
2006. (in Chinese)

MR, FLAE, Zarik, ZRR . &7 a0l iR b BT
FLI]. HE#ET, 2008, 35(3) : 557—563.

Tian Xiaojuan, Du Deping, Peng Lie, LI Xinghong. Bacterial
leaching of refractory gold ore[ J]. Geology in China, 2008, 35
(3): 557—563. (in Chinese with English abstract)

BEHA, 3, BB, BRAR, SR ARIR] &R A G Y
MEAERE[]]. PEA AR, 2011, 21(3) .
694—699.

Cui Richeng, Yang Hongying, Fu Yao, Chen Sen, Zhang Shuo.
Biooxidation-cyanidation leaching of gold concentrates with differ-
ent arsenic types [ J]. The Chinese Journal of Nonferrous Metals ,
2011, 21(3): 694—699. (in Chinese with English abstract)
ERE, MREZR, T, BEih. RS b ECR T
FORFRTPERESET]. 274k, 2010, 30(SET)) - 67—68.
Bai Junzhi, Lin Guoliang, Deng Yuyang, Chen Chaozhong. Re-
covery from the tailings mineral materials[ J]. Acta Mineralogica

Sinica, 2010, 30 (suppl. ) : 67—68. (in Chinese)

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

TR, RN, O, AR AR e S A
AR 1], A G #Y) , 2006, 5: 17 - 19.
Meng Yuqun, Hu Zhigang, Dai Shujuan, Su Shaoling. Recovery
of particulate disseminated arsenic-containing gold ores[ J]. Non-
ferrous Metals( mineral processing section)2006, 5: 17 —=19. (in
Chinese with English abstract)

FEWE, AR, AR, kM, BT, I, IR
g R AL B BT R X P At LBl IR B RO P [T ]
W4, 2011, 31(2) . 280—283.

Tang Chaojun, Dong Faqin, Dai Qunwei, Zhang Wei, Xiao
Wending, Huo Tingting, Xu Xuemei. A study on leaching effect
of acidithilbacillus thiooxidans to phosphor from low-grade phos-
phate ores[ J]. Acta Mineralogica Sinica, 2011, 31(2) ; 280—
283. (iin Chinese with English abstract)

ik, B, AR A EEmIT]. #eTA, 2005,
24(4) . 198—202.

Zhang Wei, Dong Faqin, Dai Qunwei. Microbial accumulation of
uranium[ J ]. Uranium Mining and Metallurgy, 2005, 24 (4):
198—202. (in Chinese with English abstract)

Eott, mELFE, WIEE. LR BEm RIS ]
ARG, 2002, (6) : 1047—1049.

Ci Yunxiang, Zang Kaisai, Gao Tiyu. Ftir study of microbes
[J]. Chemical Research in Chinese Universities, 2002, (6):
1047—1049. (in Chinese with English abstract)

XL, AEEG R B 5T BB N TS R
[J]. BOFEHLE R, 2010, 34; 141—143.

Liu Wei, Ren Ruicheng. The application of transmission electron
microscopy in the mineral processing and utilization[ J ]. Micro-
computer Information, 2010, 34.141—143. (in Chinese with
English abstract)

ZUA R, MK, BaTe. RSN X RO
TEA Y2 ERALA R ] 879 A A7 ER LA 4ie
1999, 18(1): 33—37.

Peng Minsheng, Li Dien, Lin Bin, Liang Jinlong. Application of
Synchrotron radiation X-ray absorption spectroscopy in mineralo-
gy, geochemistry[ J]. Bulletin of Mineralogy, Petrology and Geo-
chemistry, 1999, 18 (1) : 33—37. (iin Chinese with English ab-
stract)

WA, BHCE, K. RS X SHRRIOL IS R R 0
YA R ] WA A R AL 2 E i, 2005, 24(3) -
217 -221.

Peng Minsheng, Xu Huanyan, Liu Yu. Application of synchro-
tron radiation X-ray absorption spectroscopy in environmental
mineralogy[ J]. Bulletin of Mineralogy, Petrology and Geochem-
istry, 2005, 24(3): 217 —221. (in Chinese with English ab-
stract )

WA, . AERRER S T AY Na Mg K- XANES %
F[J]. SGilkA 56, 2002, 22(5) : 873 - 876.

Peng Minsheng, Li Dien. Na and Mg K-edge XANES study in
silicate glasses[ J]. Spectroscopy and Spectral Analysis, 2002,
22(5) . 873 -876.

WL, AR A B RRTRL Ni-Mo BREEAEALHI[T].
TEESHEESR, 2001, 1(2) : 42—43.

Peng Minsheng, Li Dien. Eevironmental catalysts containing Ni

and Mo supported on zeolite[ J]. Journal of Safety and Environ-



[45]

[46]

[47]

[48]

[49]

[50]

[51]

[53]

WY At kAL E i

ment, 2001, 1(2) : 42—43. (in Chinese with English abstract)
W%, XN, ARide, BeRE, A, 240, Fe-C(H) &
Rl A R WA 2 i RAMAN 5 PLOGIRRFFE[T]. &
AR TR, 2009, 21(6) ; 4—S8.
Yang Zhijun, Liu Xiaoyu, Lin Feng, Liang Rong, Peng Minsh-
eng, Li Hongzhong. Raman and PL spectra studies of the HPHT
synthetic polycrystalline diamond from Fe-C(H) system[J]. Su-
perhard Matenal Engineering, 2009, 21(6) : 4—=8. (in Chinese
with English abstract)

XU, SRR, RRIEEZE, okAh, R . HhS B Rk a0
A EAEIBTSELT ). ST, 2011, 17 53—58.

Liu Mingxue, Zhang Dong, Kang Houjun, Zhang Wei, Li Ye,
The interaction between uranium

2011,

Pang Xiaofeng, Dong Faqin.
and yeast cell surface[ J].
17; 53—58. (in Chinese with English abstract)

He HP, Frost LR, Deng F, Zhu J X, Wen X Y, Yuan P. Con-

Geol. J. China Universities,

formation of surfactant molecules in the interlayer of montmoril-
lonite studied by 133CMAS NMR[ J]. 2004 Clays and Clay Min-
erals, 52(3) : 350—356.

He HP, GuoJ G, Zhu J X, Yuan P, Hu C. #Si and ¥ Al MAS
NMR spectra of mullites from different kaolinites[ J ].
chimica Acta Part A, 2004, 60 1061—10064.
2, REE, XK, SCBERE, ), L5, HDTMA +
HEAE S AT R A A C-NMR BF5E [ 1], 545 40 Bk 1k 2
2, 2003, 22(1) : 18—22.
He Hongping, Zhu Jianxi,
Dan, Guo Jiugao. *C MAS NMR Study of HDTMA + Pillared
Montmorillonite[ J ].
chemistry , 2003, 22(1) ; 18—22. (in Chinese with English ab-
stract )

WA, 3230 WA R T BAMEBARLED WA RS i
ML EFESES Tl T, 2004, 3(40) ; 31—33.
Shen Yanjie,

Spectro-

Deng Feng, Wen Xiaoyan, Yang

Bulletin of Mineralogy, Petrology and Geo-

Gong Wenqi. Leishao min electron microscopy

techniques in the study of mineral materials[ J]. China Non-me-
tallic Mining Industry Herald, 2004, 3(40) : 31—33. (in Chi-
nese with English abstract)

G BYEDEIT AT IR R 1 ) BR
T BT 4, 2000, 6(2) ; 245—251.

Lu Anhuai.

BIEERERELT]. &

Development of properties of mineralogy from re-
source to environmental[ J]. Geol. J. China Universities, 2000,
6(2).245—251. (in Chinese with English abstract)

BRI, FhedE, HCHEE, R KA A Cr
(VD) BEKSEERRTE )], AP RAEERRE, 1997, 643 —646.
Lu Anhuai, Lu Xiaoying, Chen Daizhang, Tang Junli. New
method

of natural iron sulfide clean chromium-containing

wastewater[ J]. Earth Science Frontiers, 1997, 643—646. (in
Chinese with English abstract)

BRI S T IRARE SR Y S A W B R R LR
BWANLLI]. 7244k, 2010, 30(3H)) . 160—161.

Lu Anhuai. Natural rutile-involved photocatalytic process assisted

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

217

by microorganism[ J ]. Acta Mineralogica Sinica, 2010, 30 ( sup-

pl. ). 160—161. (in Chinese with English abstract)
WA, \h, 25, Rak, £, TH, Bloik. agh
1%(%%??%%]‘¥5M¢ﬁf% HOGEA R Iz [T ], WA

SR, 2011, 17(1) : 101—106.

Zeng Cuiping, Lu Anhuai, Li Yan, Wu Qian, Wang Xin, Ding
Rui, Yan Yunhua. Response of microbial community to sunlight
catalysis of semiconductor ninerals in red soill [ J]. Geol. J.
China Universities, 2011,17 (1) :101—106. (in Chinese with
English abstract)

Blive, IR, X, AFIH. — R BRI YA RHE
JREAK AL B 4 157 FHBIF - SOl B T A A I8 T v 4 8 1Y
WL, BETGYIRBBOR 514, 2003, 4(5) : 15—18.
Xu Huanyan, Peng Mingsheng, Liu Yu, Shi Hebin. Application
of a new environmental mineralogical material in wastewater treat-
ment—Study on the sorption of aqueous cadmium ion with sili-
ceous phosphorite [ J]. Tech. Equip. Environ. Poll. Control,
2003, 4(5): 15—18. (in Chinese with English abstract)
BCE, X, A R R IR R K Ak B
TR BT (1], AR IR R ik &, 2002, 3
(12) . 12—15.

Xu Huanyan, Liu Yu, Peng Mingsheng. Application of a new

environmental mineral material in wastewater treatment [ J .

Tech. Equip. Enviro. Poll. Control, 2002, 3 (12). 12—I15.
(in Chinese with English abstract)
ST ROENA G SR ENHPIRID]. M, b

k2%, 2006.
Meng Yufei.
brown diamond[ D ].
(in Chinese)

L0E A SREAN | B N R R P RN (U 7 & R T S W |
[D]. J7H: ik, 2008.

Yuan Zhizhong. Microstructure characteristics and applications of

Studies on defects and coloration mechanism of

Guangzhou; Zhongshan University, 2006.

red and other color diamonds[ D]. Guangzhou: Zhongshan Uni-
versity, 2008. (in Chinese)

Meng Y F, Yan C S, Krasnicki S, Liang Q, Lai J, Shu HY,
Yu T, Steele A, Mao H K, Russell J. Hemley high optical quali-
ty multicarat single crystal diamond produced by chemical vapor
deposition[ J]. Phys. Status Solidi A, 2012, 209(1). 101—
104.

Meng Y F, Yan C S, Lai J, Krasnicki S, Shu HY, Yu T, Liang
Q, Mao H K, Russell J. Hemley Enhanced optical properties of
chemical vapor deposited single crystal diamond by low-pressure/
high-temperature annealing[ J]. Pnas, 2008, 105 ( 46 ).
17620—17625.

Yang Z J, LiHZ, Peng M S, Chen J, Lin F, Su Y W. Study on
the HPHT synthetic diamond single crystal from Fe-C(H) system
2007, 52

and its significance [ J]. Chinese Science Bulletin,

(16) ; 1951—1957.



