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Research Progress of Copper-zinc Sulfide Ore Separation Technology
Zhang Lei, Dai Huixin, Du Wuxin

(National Key Laboratory for Clean Application of Complex Non-ferrous Metal Resources, Faculty of Land

Resource Engineering, Kunming University of Science and Technology, Kunming, Yunnan, China)

Abstract: Copper and zinc are indispensable metals in industrial production and they have high industrial

application value. However, the separation of copper-zinc sulfide ore has been a major problem in mineral

processing due to the reason of similar flotation of activated sphalerite and copper minerals and so on. Preferential

flotation is the most common separation process for copper zinc sulfide ores, followed by bulk flotation, partial

priority-mixed flotation and so on. Beneficiation-metallurgy process and biological leaching can be selected when

the single flotation can not handle the ores. potential controlled flotation, heated flotation and iso flotation are also

effective ways to separate copper-zinc sulfide ores.

Keywords: Copper-zinc sulfide ; Flotation ; Separation ; Technology
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Table 2 Mineral composition of the material
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Present Situation and Prospect of Comprehensive Utilization of High

Titanium Blast Furnace Slag
Gao Yang,Gui Yongliang,Song Chunyang,Hu Binsheng
(College of Metallurgy and Energy, North China University of Science and Technology, Tangshan, Hebei, China)
Abstract: China is rich in vanadium and titanium magnetite resources, mainly concentrated in Panxi region
and Chengde, Hebei . But it is the waste of high titanium vanadium titanium magnetite after smelting. With
the gradual increase of blast furnace slag, environmental problems are becoming more and more serious.
This paper introduces several kinds of extraction technology of titanium resources from high titanium slag,
the preparation of such building materials as concrete materials, mineral wool, slag brick after blast furnace
slag water quenching a. The economic and environmental benefits of comprehensive utilization of high
titanium blast furnace slag are expounded. Finally, the future development and utilization of high titanium

blast furnace slag are prospected.

Keywords: Vanadium titanium magnetite Ore; High titanium blast furnace slag; Titanium extraction;

Comprehensive utilization
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Present Situation and Suggestion of Management of
Phosphate Rock Solid Waste
Wang Zhen, Zhang Jun, Chen Fang, Li Hui, Zhou Yazhou
(Resources College, China University of Geosciences(Wuhan), Wuhan, Hubei, China)

Abstract: The article introduced the production status of phosphate rock solid waste in Guizhou and
ecological damage, and the necessity and effective means to solve the problem of phosphate rock solid
waste were discussed in the construction of ecological civilization in Guizhou. Through analyzing the
current situation of phosphate rock solid waste resource utilization in Guizhou, three major problems are
pointed: phosphate rock solid waste utilization rate is extremely low, phosphate rock solid waste recycled
product to the market and punishment and reward policy remain to be perfect. According to the present
problems, related suggestions are put forward from phosphate rock solid waste utilization way promotion,
industrial transformation of mining enterprises, a reasonable guide of the market, phosphate rock solid waste
emission regulation, resource-oriented utilization reward mechanism and so on, which provides reference
for the construction of ecological civilization in Guizhou province, and to thoroughly solve the problem of
phosphate rock solid waste.

Keywords: Phosphate ore; Solid waste; Resource utilization
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Research progress of Eextracting Alumina in Alkali Method from

High- alumina Coal Fly Ash

Wang Tengfei ,Zhang Jinshan , Li Xia, Li Yanxin, Xue Zemin
(Mining Engineering Institute of Inner Mongolia Science and Technology University, Baotou, Inner

Mongolia , China)
Abstract: Extracting alumina from high- alumina coal fly ash not only relieves the resources shortage of alumina
in China, but also effectively solves the environment pollution of fly ash. The paper summarizes several typical
ways and research progress of alumina extraction from high-alumina coal fly ash in alkali method, and evaluates
the merits and defects of these process flows in detail ,which finds that process of alkali fusion method is very
promising, however, it is still difficult to achieve Industrialization due to the technical bottlenecks. In the end, the

future development trend of new process of extracting alumina from fly ash was put forward.

Keywords: High- alumina coal fly ash; Alumina; Alkali fusion method
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T AT A ARV IR s AR MR TR, BD B mT DA
HE ) Si-0 BN, AN By Al ADERERR £ W 4%
SERIH SR TR, (ERERR 3R W 48 451 2R
KR o

304 #

AT T B K MgO H1 ALOs 2584k 2 143
X P E RO L R s, g5 R miE R
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Research Status of the Influence of Blast Furnace Slag

Chemical Composition on its Microstructure
Yan Zhaozhao, Zhang Shuhui, Dong Xiaoxu, Lv Qing, Liu Xiaojie, Qie Yana
(Panzhihua University Panxi Science and Technology Innovation Center ,Panzhihua ,Sichuan , China)

Abstract: The chemical composition of blast furnace slag has important effects on the microstructure. The
changes of the chemical composition of blast furnace slag influences its microstructure change. The effects of
alkalinity, Al2O; and MgO were reviewed to explore the impact of the chemical composition of blast furnace
slag on the microstructure. The reticular structure blast of furnace slag are formed through the silicon oxygen
tetrahedron connects; Ca**, Na* ions into the network structure of slag destroye the silicate network structure.
Simple silicate structure increase; AI’*, Ti*" and B’* ions in different environments will exert different effects
on blast furnace slag microstructure, which can complicate the slag network structure, and also make slag
network structure into smaller structural unit. And the research points out that the chemical composition in
the impact on the microstructure of titanium slag is the research emphasis of titanium slag.

Keywords: Blast furnace slag; Microscopic structure; Silicate; Medium titaniferous slag.
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(E#437)

Microwave-assisted Grinding of a Molybdenum Ore
Nie Qi ', Ge BaoLiang? Zhang JinLu? Jiao Xin®
(1.Mining Institute, Kunming Metallurgy College, Kunming, Yunnan, China ; 2.Faculty of Land and Resource
Engineering , Kunming University of Science and Technology, Kunming, Yunnan, China)

Abstract: With the low-grade copper-molybdenum ore from Jinduicheng as the research object, conventional
heating and microwave heating were employed to previously deal with the crushed ore with a grain size of
-2 mm, and followed by water quenching. The different pretreatment methods on the sample grinding were
investigated under the same grinding conditions. Though mechanical analysis, variation of rock strength after
conventional heating pretreatment and microwave heating pretreatment, respectively, was identified. The
effect of microwave heating on the cracks in the ore was studied using scanning electron microscope coupled
with energy dispersive spectroscope. The results show that with the microwave heating pretreatment the test
sample is easier to milling under the same healing temperature condition. With the increasing of heating
temperature, after pretreatment, the rock strength is decreased to varying degress. However with microwave
heating pretreatment, the weakening extent of rock strength is bigger than that with conventional heating
pretreatment. With microwave heating pretreatment, when the temperature reaches 350 C and followed by
water quenching, the intergranular cracks appear on the boundaries between molybdenite, chalcopyrite and
silicate minerals by using scanning electron microscope.

Keywords: Copper-molybdenum ore ; Microwave heating ; Milling test
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S, WE, KA, HEA, KR
(XN ITREREMNLH T, #de ®IX  430073)

E: 7 ahrEE s RAEREE R R, ERES SR MBI B TE R B A
JE s BSRIIE N BE T ARSI, R R B Bl P e 2 e AR STHE T AT FE K 2 A
AT T BALR FIE AR PR T Au(CNYy (IHLERADR FE e, MR T AR RUR R (BRARER R IZ . R
IR R BRI TR EURERIR IR i PR R P Bl i < 28 S WD LB e Ut e o il MR AE 348 T

b S N AR
REIE: TR W S E

doi:10.3969/1.issn.1000-6532.2019.01.006

FE3ES: TDIS2 NHEIFRERS: A

PG E e B4 2 5 AL E 2
(International Union of Pure and Applied Chemistry,
TUPAC) XFi% 7% (Activated Carbon B Active Carbon;
AC) W X, WETER 2 RAETAHT BRib . B
Wia g 5 gl (RALEE) 1FH DLk
BEPEREI 2 ALBK U AR, VMR A RIHM
R AR WP 5 S A i 2 BT T B AT %k
W T i e A7, An RIORL I 1 25 R B [l i
iR M P R e g E e i IR R SOR VR
AT HAR WV (B #RIE, MR,
ERIZER, BAAEESE) BRI B,
TP R A B AT — 5 WU 1 T TR T sk i JE e A
B, W R A S R AR R EREILR, X,
WURLE PE RN B o] LSRR N &, &%
THRIEWELIR, WA TERAE; B=, e
T PR B 08 T A N 9 A P A T 9 AR
CIFFEAVEIE R

Hil, RHErEmRE, SRR ERS &
SN B G 2 S AR, 5 RE B
WEBEMNIE 1. BMEEEYLEIG IR R

W HER: 2017-11-23

XEHS: 1000-6532 (2019) 01-0028-06

WP HLERAF 2] 12 0 T ARSI 0 K SCk
Moot gl , BER 1 PR R IR R e %
YOI FURE o

* 1 & (Aul) SEREENEEEHK D

Table 1 Stability constant of Au(T) and common ligand

I TS SN T T S
CN’ 2 383 | 205 2 28.0
SCN° 2 17.0 cl 4 25.6
CS(NH2)2 2 233 Br 4 32
NH3 2 26 I 4 47.6

1 T % o 55 A A 1

T R B BRI R R R, S A A
VIR G Forb ) 3 1 R 1 L &5 He) R0 2% 1 P ot
Xof LI B R R A R PR

(1) TEMHER LA

MR FLAR KA 43 R AL (KT 50 nm),
AL (T 2 ~ 50 nm) FGAL (/N F 2 nm), fIAL
WA L NERFL (/NF 0.7 nm) FIAAL (AT
0.7 ~ 2 nm)o & PER FIEK IE T 2 (A8 sp” 4k,
DA K 7% fk s [) 4D 56 B S8 B T2 1 1 L BR 65 A e B

BEEWE: AeE A7 T REEORBE S H B (B2017055); BB TRE RS RHERT FURE G0 H B, (K201735)

EHZE N KU (1986-) , F, #L.
WBIAEE: KPUR (1971-) , B, 14, iz,
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AEF FHACAMR IR R R T %S itk 20

RIE M TUFLEE o T M M FL 5 M AR KA E B
e LR b RE T, X BARDLLE L R T AU FL A
FEUKH 0 S5 W B PRI R o 3 1 R B FL AR — 20 R
1.5x10%~9.0 x 10*m’/kg, BT wiftERSH KL
BRECE 2N 1023 4, AR fLR AL 298 500 ~
5000 m*/go [FIEF, ¥ PR I FLAR K /NI T 4 I
M I RS, 2L MR 5 W Ny T, FL
BRI B 22 (R B K 21 o

(2) ¥R (1 2 T 14 )

TE TR SR 2 A A A I PSR E T
PR M B MR E AR, (SRR R
T A AP R 1 R R THI B /K 1 R THT HE 2%
FESAAA R 7 i R R T 1 E g AT LA
YER, TERSGHT (1) B BE 1SR 38 5 2 ThT PR W PP o DT
TG M R R THT B B ] 10 12k o R0 5 et 9 e R (1) R
[RGREXECINALRE

2 VE MR B Au(CN)*

El M. MacArthur A1 Forrest b, 26 % F K 7% [7]
WEAER SRR DR Y SRR EOE
BN A B |2 R I3 4 50 TR IR )
(R B 7 SR S SR B4 1 7 i IR A VE
(CLC) « R C CIP )+ ®IZ¥E C CIL ),
T ¢ 25 05 A0 B A 3 4 Tk e i B R 7 ik
WLV RS R L (CIL) R A T 1 e W B AN i
P R AR A o

(1) 5 MR Au(CN) HLHE

FALK KL (CIP) DLW B HLEE G DL R
= 10— R Au(CN) 3 I R W B A
TR KT, ARAEAFFAZENL; & Au(CN) A
B8 5% B 2QW B TR R R T, T S R
M™Au(CN)2 Ja, 3 1 M™ $§ 8 Na*. K* B Ca®
S A A B T, = A IR AR R R R T T
AL A W) MM TAu(CN) |o K 2E 43 i A5 I HE 25 1)
Au(CN)xo A 7532 B 2435 PR 5 SR A i)
TR ) Au(CN)2 23 5 35 1 5 Sl AL 3 1D R S8 A0 T,
PR ERIBA RS R A B R B, T B
(1) Au(CN)2 IR B35 P A A F LR T

FEIE PRI B < B e B B T T A
FUIR I V% J5 T Tl sz, M. KRR 02
M TREAK R RS R, AN T

PER O HLEE (1) FEFLIE IR b <8 LIS 150
A8 B3 b A 2 T 2R W B 3 P e ) N R T L
HR%A BT 5ERE 146 UUREE K 1) FL
BRE o &8 B 1ok B R BRI 1 R 1K )
(XL FE 7 e Cav Ks NaZk) ;5 (2)
Au(CN) BB 7 R A4 22 5 fif, A2 O W A 1Y)
AuCN, FERERMILBRE;, (3) A E&REE
VIR IE R B 5 A S S 0 B L I I 5
EY;  (4) Au(CN) BT830 AuCN Bk J5 il 4
J& Auo

N. # %71k (TSuchida) %% % 8], Au(CN)>
Wik OH AT B + & 4, BEfE AL FE BN
AuCN, WP 7ETE MR Lo JE/R{8 2 (Feldtman)
FEH Au(CN) LRI A2 -

Au(CN): — AuCN+1/2 C2 Naot+e 1)

A FE NN, EE VIR & /L% &
VI I R A Bl A — el A, X el S R
A AR, Bl W REN Au(CN)  (H
FES T H R IREY)) BRI :

Au(CN)2+1/2 02 = AuCN+CNO (2)

Au(CN)y 5843 AuCN F1 CNO™, {2 fifi Je
R A #e 3l ; BRib A, BRI RETE TR, i
PRI 1 AL B Re ] 2 18] A 2 5 507 Va1
RATE I AuCN. HUEAT DA - A
SRV BB A I EUR B T 0 Uk
W B 5 7R 1 R A B 4 1 X B A AR TR 22 (A AL AE
SRR

(2) SRS IR Au(CN) (RT3

TE 175 T % W P A 4% & h & H IR 2 I
FUE AR, X WM &R K. BT
WEHERILGE M. R R, SR
I 2 THO A JO ARV A 0 (1) R /N T LS i % 4 PR PR P
BEAN, BAHWRFIFE AL TR ) 1
JoT~ VR VR TR T 52 AR H Al 2k Joi 125 1+ A 5 I U 1 R
MIPERT, 0G0 8 M3, e 2 Bl 1 R I B
TR fL R, v M R R B A T o A B
A DT A 7 I 1 R IR R B 2 R A B 2 U8
3 T R X IR B A R R AR Y IR R
B PRGN T VA A T B B ok R < 1)
SO o V7 R O AN (] B 2 B 1R IR B I 9 -
Au(CN)>>Hg(CN)*>Ag(CN)>>Hg(CN)s>Cu(CN)>
>Ni(CN)+*>Cd(CN)4*>Zn(CN)s*>Cu(CN)4* 111
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MW R A Cats Mg™. K'. Na' %5 B 7 A7 15
W, AR HEVE R X Au(CN) () W B B A Ca®t
>M g2+>H+>Li+>Na+>K+ 16}

(3) HEhr AR

B4 R AR R ) SR B 2 T CNT 5 Au(CN)y
FE I 11 i 32 1T R A 5 S MBI, 58 <6 10 WG B B AR
MTTIE B AR H o (E2 XM VA A S, &
ARIFREAY), F AN HCEmRE. fF
W T. 245 NaOH+ A H1%1, ESPIELL!"" ¥ Jf] NaOH
55 DS VR A TR AT U I A 4, NaOH 5 —38
Sy AR AT Ok BRI IER, 2850 "INaOH+ 4
TRER TR

(4) TEMERFAE

EHEREFARIE S5, RiisH — 4
Jo7 S 5 e LW PRV, I8 SR IV AR
UL EAT S A I i, B B AL ME 2 R I A o, A
A3 1 e L FLAT WP

3R H 4 S A A R

AR, BT FAY AR, AR
TWRESN A RA —EREE, 2 RE
TR EMY L TR EHE AR KA
PR TR B [ TE #3957 ) R G 28 S A 21 T AR
NERE R o

(1) VMR B BT Au(S2 O3)2™ BB 5T

IRACHR IR £h 2 i A A AR F IR &1 T8
BiR&N, BeEFEEN 3)
4AUu+8S:05"+2H20+0:2 — 4Au(S:20:).")+40H  (3)

TSR I, A 2 b AT ] Ak B 1) 95 1 e iR
H T Au(S20:) JLT A RMER, X2l T
Au(S:05)" 7 T i RSB S ST 5%
PR T PE S K, WP XEFE R . Young!" 5%
FA AL A1 5 5P 9 1 e, SO T R RE AR AT
I B Au(S205)2", MR HLEE N (4) o HILH
HREERENFEAYSS, B e nakt.

Au(S203)2"+2CN” — Au(CN)2+2S8:05" (4)

R = | 1 e O B - B
Au(S2 0s), KILKFHBREER . BRFIB . 7 e A
RIS 5% U Foefr AN [7) 325 Joi 9 14 7 X Au(S203)2* 19 R it
RE 7720 VU R M > B 5T > BREERT > BRFIR, (H K
W B AN N 12.93%, BRI 3R I R o5 9 1 R

Au(S203)” JLF5A M e

KA E LAY P2 SO g T R I P
Au(S:0s )2 RIL, DS SRR R R ) 4 1 2R
WA A TS R X Au(S205)2" A 1R 5 Rt
BEJTo WEMER KA WU &R AR - K5k -
WARFAERIR ST S T2, Hl& HiE
PR AR P20 PR VR M R (AC-CuFC) AT 2k Ak
R MEIEPE R (AC-AgFC) % Au(S205)" fe KA &
439N 2.81 kg/tAC i1 3.35 kgtAC. KFZI4h. XPS
W 5 AC-CuFC F AC-AgFC W% Fff Au(S2 0s)2° Bl
PR, WM AR Aut SEcMETE R B HY
Cu™ 8L Ag" KA TR M, S8 &k
iR RSB T 4 o

BB pHAE . AR TR B B R P
H Au(S203)2> (1094 55 %o o5 P ¥t P e TR B 4 35 5
Wi o TR PR pH (B A 5 ~ 7.2 I, 33 B ) I i
5 Ve A P B 3L A R T AC-CuFC fll AC-AgFC %}
Au(S205)2” [ B 7280, L% R 4B B F Agts
Pb**. Zn>*. Co** % AC-CuFC W% [ff Au(S:205)." i
SMRIGHT ORI, WP SR ®E (Smgl) 1
Ag's Pb*. Zn** 5 Co* I, ¥ 4t 5 OH B NH:
KA, AR TR BT, B T ot vE R
X4 W B 23R . (HE W Agts P Zn™ 5 Co™*
W SR, WA S R S A IUTE Me(OH ) 78
T TE UM VG R R (SR T, BEAS 7 o v 1 o 6t 4
IR B o FLRZMGE M. Zn?* > Co™ = Pb** > Ag's

WA AIAARIE AT 7T P KW, NaS KA4EK
filt 4= BORH S SHT R OHY, 5% PR o b 1) B 5 4
TESRBH S N R AE RN, AR A BT Au(SH)(OH)Y
/DB AuSHY™, MR 3E 4 1R B i
RS SN Y A T AN L G e S A X W PR
WIGWF LRI, 0.1 mol/L Y XA K K i 1 ¢ 45 1R
TP AR SOR

(2) TEMHER W EIC Au[CS(NH:2): ]o*

BRRAVE AR AR &, AR E IR 5
NitAr, BHEHRNS (5) -

4Au+8CS(NH2)2+4H+02 — 4Au[CS(NH2):]2"+
2H-0 (5)

FHORHEFUR I, 35 M R R BR PE B IR IR H v
W Bt Au[CS(NH: )2 12" B A8 R PR R T B
RO AR, HIESCR S RPuE. 0 a
TERPE . TEEVERIREEN 2 g/L. &IKIE 30 mg/L
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AEF FHACAMR IR R R T %S itk 3] .

AT, KR 508 26.5 keg/t, SR PR R
P, GRS, F 4 /L Il PE R 28 5 BE /NI )
Wb, R ATIE 99% L b, I H A S B AT E A
A AR R A AR (1 A R B

AW FAE R P BRI R, R
X4 WP 2R R B, (EAVERIRIREE 25, W& TR
W <5 A A M R VAN N R ) G R G N e AR
IR BRERFN Fe’* IR 43708 5 g/L. 0.4 mol/L
o5 gL, JFEEEMERIKERNTS gL BERN
35°C FIWL B 1] 4 75 min FIBCEESAE R, &l
6 AW PR AE S PR IR b 0 1 AR S R PR el A R 1 A
FIRIE T 4 1) BRI PR 5

T R W B Au[CS(NH2 )o]o* 50 ] 25 5T 98
RN, IR R B T2 ROR RIS e o 8 Tt R
BHBE RS SR RS R, FERFAKE
R T BHAS 1 < AR P B98I A B <e AR 0 1 R
B R AT, F, A EAR R LR T
el A WE TR NG IR e TR L
T PR RN < R R B

Au[CS(NH2)2]2" ££ 3 1% 7% 3% 1 19 W By 1B
B AU E P IKRAE: AuTwCl (Tu R
IR CS(NH2): I fii 5 ) ah iRV T AW AKE, B
AuTu's AuTw's AuTws' =FEEKE T, =M
JRAFAELN T P4 -

AuTux1"+Tu=AuTux" (x=1+ 2+ 3) (6)

P R B AuTua ™ 18 J5 8 Au(0) 1 W B 75 41
Kk

AuTu" 2 Au™+2Tu (7)

(3) TR IR B RIS e 2RI VR R

KRR HEEF RS LR SMBLE
& FMRETER LR RN P

Au+t 1/2 Cl (g)+Cl'=AuCl> (8)

AuCl+Cl(g)=AuCls (9)

KUONAE SAL IR SR R N IREBOVIRTE, E1%
B RS M R R O L, AT R B A AR e
(1 AuCla,  Jir AE 11 o AE 38 HA VR 2 A 3k % 1)
4318 78 AuCla Wy BHEH R

BRARE A (10) . (1)

Au +2Br=Au(l)Br2+e (10)

Au +4Br=Au( III )Brs+3e (11)

TRAGIR B W I I AR PRI B SR g - FE TR M 2%
PR, i 1E LA R MR W P T A7 R AuBira o

R BT T ARG, AR O AR O A
SEI) Aul 2550, O (12) ~ (14):

L(s)=L (1) (12)
L()+H =I5 (13)
2Au+T+I3=2Auly (14)

SN (1) 55 3 IURT L 3 s R AR s — B S
EMERARAE S, BT 45 4 A2 BomT DA 3% 1 o=
WP 2 A1, DABESR IR Bt Rl 4 o

(4) V75 H 7R IR PR T ATt S 602t T R 4

T TR SR PE R R AERR AN o AR (&
AR 30% ~ 50%) NEALF, BREERENN 4
G, LS S LA B T Au(SCN) B R T K,
GITEANTG YRGS 38 80R & B R BR .

HRAE 52 N.H- S 3 ) J R L4 B R R
BUARKE A, A ATTIN S v P e R A L A5 1790 I I
—METRHRERE, EEREER S A
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TN EW, TR T Z GMERIE N —F
PSS A2 #e5), fEIR &R, RA W Au(SCN)Y
MR R OH KA AT SN, 4l 3 1 o
Mo

ARIERA, XEREER RIS, TSR
W B 4 B, L% ] pH M 7E 1 ~ 2. NaSCN ik /%
o i 1 e I B 4 PR 2 M AR K, 24 NaSCN VK £ M 0
HInE] 5%, MR E S E 18.71 mg/g BEH 4.71
mg/g, WM 88.17% & F 22.49% . Bt FHL Eh
BW&ER, 7 ARk ommg, FEL Fe
T RIEAE, DR DL Fe® 7R, WG I 5 W B 42
SN o

G P R P TR R b 5 T RRURE i 1 o R P 4
WORRW, MUER, RmMABUK, WKL
BEK, RZW/AN. BRRRSRZRIER, A
HSOs W pH i, BT MnO: (IEAIE, &R
Fe(I1T) A1 Fe(Il) i B2 &5 2 e & AT, 4113 LA
SO B FAFAE TIRBUGH A, H A& X E P R 52 1 4
RN

PetE VNS vEPER B R IR I pH E
B TR R A BE W B 3R S e e PR Y 4 2 Wi 8¢
K, TS ER R /N Fe*'s FeX's S04 255 1
WL S EL/INe SN T $2 i i VR 34 B AR 42
IR B 2 Bk I IE & BERTALR. AR



«32 . o

A

2019 4F

BRI /N, U pH B R L R R
4 # B

(1) WP R A — e LR I i el g
PiPERE, WP RN G R AR R R EILR,
UL v7% P 7R R B 4 1T 28 0 2R I AT AT 29 T AR
FERA R A R AR 3 v A T AR T B R
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Research Progress of Recovery of Gold Complex by Activated

Carbon from Leaching Liquid
Yu Hong, Xie Lei, Cai Xiang, Hu Chaojie, Zhang Hanquan
Wuhan, Hubei, China)
Abstract: Gold and cyanide in ores are used as leaching agents, and gold complexes are leached into leaching

(School of Resources and Civil Engineering, Wuhan Institute of Technology,
fluids. As the active carbon has the advantages of corrosion resistance, strong adsorption ability, recycle and so on,
it is commonly used to adsorb the gold complexes. On the basis of previous studies, the mechanism and progress
of the adsorption of Au(CN).'by activated carbon in cyanide-carbon slurry method are emphatically analyzed.
The mechanism and research progress of non-cyanide leaching solution (thiosulfate leaching solution, Thiourea
leaching solution, halogen leaching solution and thiocyanate leaching solution) were summarized. It provides
reference for better application of activated carbon in gold extraction industry.

Keywords: Activated carbon; Adsorption; Gold complex
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Table 1 Chemical analysis of multi-elements of the raw ore

Cu CaO MgO TS FexOs
120 444 551 122 12.86

ALO3  SiO2 MnO
12.41 49.81 0.08

& 2 YRS
Table 2 Analysis of copper phase

o A Ttk 4l e i

*ﬁﬁﬂ EF‘ E"]%IEJ EF' E"]ﬁﬁ] nno %ﬂ 1m\%ﬂ

TE /% 0.14 0.96 0.10 1.20
DA (% 11.67 80.00 8.33 100.00

R 1 2 ATA, 8 EE N R — SR mL
WE, SHLCEEMET, KA Y EENER
Y/

12 BUEE

RENY FEA AR F B, HitaE5E
NG R, R, YOREW. B YRS,
ARG PRI AN 4. Hh
LB WKL 87%~90%, &JBH M KL 5
10%~13%.

SRV EEERHY . T .
B A RERRCRESA, EE5HRKN
A=, £N0.04~3mm, KA 6 mm. HHIH
AL, JRERET, Aram TS ET
Wz, oy EEN 5 A RS SR Y —iE sy
T AAAA . BT 2 M, BOEFEY
SRR A, AL 2%~3%. BT R e
FOREEAR, E£EHINA—, £H50.04 ~ 1 mm,
B KATIA 3 mm, K7 2 UL /N e BRI 4
MRz, 2o TSR I8, ZMAIAALE,
BEH 2 5 3%~4%. FHERT R ETERDIRE SR,
EEKANAR—, £750.02~01mm, 7342, £
S TAEE BT W8, 2 5%~6%.
g BERRCR, K28 0.02~0.05 mm,

IR T o

FEE&BTMEBETRARNEKA. FRA, 5
A#oATE gaif, BIEA. RHKAEZAE. F
HIEAKAR R R R/NRIE], 2800 ~
0.2 mm, /SE/NF 0.1 mm BUKT 02 mm, FHKA
WmE R, fHA ) Zms, RKAZ
HZRBEAEHEEREIAELBT Y, AbaAEE
() 40% ~ 45%. ZRUef MRt SRR, LF4PIR
O SRANSMES 2, B8, 2HMTRHK
F i), AEyale a5 En S8 Ey Y —ikEn
WP AT, ZRRALE 10% ~ 40%. ARZ R
CIRROIR, RIEZ <04 mm, NHAIA 1 mm, 43
ALY, 5 AR A T 45 G 2 41 kR 2 A
TAWF, o rRET A AT, A rgnkof 5
EEMAEAHEN —RAETH A, A%
A 4%~6%. LR A EETERDIRE SR, R
Y/, AT ST SR A2 1 3% ~ 4% o A 1 AL
KRR, K2 0.5 mm, WEET Y05,
2 Rt fE

AR R BRI, S R A A,
SR TR, SR H R 245 7B T SRR AL
PRk RR. I FENF AR RERE. B
WOANRE FGRI R B TR R AR ARG SR . IR
AR R 2y THRE 2. FRAEFAR
TR AL GRIR A Z-200 F1T W-602,
WK ) EZNRERR AT, FH/K B A 55
2% NS .
2.1 RERE

36 T30 PR A H S R B AT P 32 AR AT ) S )
il 58 o AR BT T A %5 S 5 SR nT RN o AL R
R SR AT R L4 (N 0.04 mm)  [RIHRE4N )
BET 0BG R Tk m, BARES PEM S E. R
A0 K R K B3 iR, Z-200~ T #z RN
S AR A A NN, 2 ORISR, e
WK 1, R R WK 3.
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R 1

¥ Na,S 100

=
2! SIRHEHZG 10
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2! 24310
[ER 2l
fﬁ
O3 =
1 HRERERE
Fig .1 Exploratory test flowsheet
#F3 BREARER
Table 3 Exploratory test restults
e/ FEER % Cu FAh7 /% ISR /%
ks 8.04 12.76 88.98
RN 6.03 0.88 4.60
B2 3.09 0.43 1.23
Sl /] 2.20 0.55 1.04
B 80.64 0.061 425
J&7 100.00 1.15 100.00

R 3 45 Bl /1, W0 B ik, SR
anhr N 12.76%, 4 [EIUS 3y 88.98%; FEAT HH A il
£7.0.061%, A 8B K FE R 4.25%. T2
A3 B ARG, LRI ARAR, 15 A 4 1)
PR BARAK, TG L EA A = X, #Emia
5E Joi BRI AN T B S AR
22 BEEWHEIRIE

N T LR TR A AR AT ) AR AR B, R X
A, AT T BT AR, WIRRELE 2,
IR 2L R 3.

b
€[
U5

MMHERLL: gt

K c-s588% -0.074mm (%)
3 KB 300
2 THEEZ 50
2’ FAEFZ 100
2’ 2" 40

KW HE 150
2! THZRZG 25
2" f RS 50
2/ PAR 20
iy il
v o v
o R
2 BEuEEiRERIE
Fig .2 Test flowsheet of grinding fineness
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Fig .3 Test results of grinding fineness

i3RI %N BHAE BSR40 BG4 5
R I, Y40 DY -0.074 mm 65.30%
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% -0.074 mm 84.60% I, HIREH A7 13.68%,
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89.40% I, A4 () &AL AN R AR ARG BT T B, B BA
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R B SR 2 A W e g smak B RORBF, R
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Fig .4 Test flowsheet of collector dosage

x4 BUGHAERABRER
Table 4  Test results of collector dosage
MUGIHE 7
/gt K

FER (% Cu L % BICR /%

HIRET 7.06 14.50 88.51
TERRA:  gip 65 128 7.17
150 Ik o5
%. 75 B 8642 0.058 432
B 100.00 1.16 100.00
HIRER  7.86 13.65 91.01
THREN: 5.23 1.10 4.52
200 7RI .
2100 FE W 8691 0.055 4.07
O 100.00 1.18 100.00
HURET 959 12.00 93.58
TEREL: g 476 0.67 2.60
250 SR IE .
% 105 B 8565 0.055 3.82
100.00 1.23 100.00

M 4 25T LB S GT 2R,
WG 77 AW N, [ IS RS A P
Hom, AR S AL AN R, R R
B ANIBR D 245 7 A B AR ) R L5 R, 1k H
THETA & 200 g/t, A2 E 100 g/t 1)
FLA & id o
2.4 FERIZRIE

N Tk B BR AR A ) A, X R R
RS AT — UGk, TS RRIS AR WKL S, TR
W RN S,

G VIR gt
FK 1000g/t
C=58.8% -0.074 mm

IKBEE 300
TIETZ 200
St RIETZ 100
2" M 60

oy &
5’ 30 % KIEE 150
(F5 200
g ?”* . 2 THIEZ 100
Fi § i
7 2" ¥ SRR 50
2’ 2% 30
HikEH LR Bl
4 i
o2 B

5 FFEIXIRIE

Fig.5 Open-circuit test flowsheet

x5 FFRAEER

Table 5 Open-circuit test results
Ry FER % Cu b /% I /%
HAREAT 3.80 23.40 75.40
HA 4.06 4.53 15.61
T2 523 1.10 452
B 86.91 0.055 4.07
SR AT 100.00 1.18 100.00

KSMRIGE LR, 20 S — Rk,
BRSSP IA 23.40%, B A & BINE
0.055%, KA 4.07%-

3 4 iE

(1) I EZ AR, DREEET,
A 1.20%, FHP AL 5 80%, AR A &
20%. AN G RS FIRIEAR T %, Wy
BUOREARG. AT, BAn A R g
IV EPSEEE N

(2) AHZH R A — IR — R e —
DAVE T IRIC AR, AR RIS FE b N AS 1™
PR 3.80%, Al A 23.40%, A [FICR 75.40%;
B i & B ARMK, N 0.055%, K FN 4.07%,
R AR IS HE b 2 4o

(3) X5 &5 TR LB AL A AT PR AT
AN R AT S T e B N SR EA TR S L DA
PR —ES %,
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Study on Beneficiation of a Spilite Type Copper Ore in Sichuan
Shi Guiming"* , Zhou Yichao'
(1 College of Resources and Environment, Yuxi Normal University, Yuxi, Yunnan, China)
(2. School of Resources and Environmental Engineering, Jiangxi University of Science and Technology,
Ganzhou, Jiangxi, China)

Abstract: This paper studied the mineralogy and selection of a spilite type copper ore. The copper ore is mainly
sulfide copper, a small amount of oxide copper which contained 1.20% of copper, among them 80% copper sulfide
and 20% other types copper. Its mineral composition and structure are not complicated that copper deposits are
mainly chalcopyrite and bornite and gangue minerals are plagioclase, epidote, chlorite, quartz, etc. By adopting
one roughing, one cleaning and one scavenging, copper concentrate with yield of 3.80%, grade of 23.40%, and
recovery of 75.40%, copper tailings with grade of 0.055%, and the loss rate of 4.07% were obtained. The results
can provide a reference for the development and utilization of similar copper sulfide.

Keywords: Spilite type; Butyl xanthate; Copper sulfide; Copper oxide

LI LILI/000 0020050020004 20050000004 1400000000000 0000000 100004 20000 140004 20000 10000000 2000000 000 2000000 10 0404 20000 14000000000 10 0 40000000 0 10000 00000 000000 0000 000

(E#507)

Study on New Flowsheet of Part of the Fast Flotation for Some
Sulfide Copper Ore

Shen Jicai

(Jiangsu Province Metallurgical Design Institute Co. Ltd., Nanjing, Jiangsu ,China)
Abstract: There are many types of copper minerals in some sulfide copper ore, among which useful
mineralS, floatability are quite different in the ore. since it was put into production, the mine has been using
conventional flotation process, resulting in poor flotation indexes of copper, gold, silver. On this basis, from
the nature of the ore, part of the fast flotation of new technology takes full advantage of useful minerals’
dissociation characteristics and differences, optimizes the process, and forms a fine beneficiation new
technology appropriate to the ore. At the same time, high selectivity collector Z-200 was adopted, realizing
rapid and early collection of the copper ore with good degree of monomer dissociation and fast floating rate,
reducing unnecessary circulation and significantly improving the flotation indexes of copper, gold and silver.
Keywords: Sulfide copper ore; Floatability; Part of the fast flotation; Selection collector Z-200
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Table 1 Multi-element analysis results
Mo Cu S Fe  TiO: Zn Pb Mn CaO MgO P SiO2 ALO3 Cr203

0.10 0.02 2.12 8.03 0430 0.034 0.06

0.18 1.14 3.06 0259  35.55 11.03  0.030
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Fig .1 The relation curve between grinding time and grinding
fineness of the untreated samples
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Fig.2 The relation curve between grinding time and grinding
fineness of microwave heating pretreatment samples
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Fig.3 The relation curve between grinding time and grinding
fineness of conventional heating pretreatment samples

HI1 3 AT, e B ke s sk depe, 3
BERROR BEAR EREE NGRS T R AR . 5

B 2 e i R EL, W RO B BB RCRm A
LA A R ROR AT BE 2 T A B A
J7 AN o RIS I I R e B e 2
PR, TR A E AT RV I A R R
HABR /NIRRT, FAEYDRL A R 0 BE AR HOR
EREQIIELEYL
2.4 EHAMASHCEMATMLE XL NZF S
r

N T 3 SRR T H IR AR R T A 2
Ja AR S AR AR DL, X EEAT 7oA A
TR AR B o A AT B R A — i A 2
A A SREE RN T, TR B AT R ZORAR
] 8. 5 15 A DL R 6 AR S5 0 o, ) A
VU o B f o PR, R 00 e DA 4% R SR
TR A A 58 2 A ™ XA A R
AHIF T IR R A% 7 12008 28 RN B AN Gl B o 4 93
b B A A SR REREAT T e 45 R ) il
WK 2+ 3.

* 2 BAMAMLERNEANFEY

Table 2 Rock mechanics parameter of conventional heating pretreatment samples

JFUEIRAS 0 min 1 min 3 min 5 min
PRGOS fREMTRL O MERBUE AR RERBUE AR REBUE PAhbih
SR /MPa  5BJE /MPa  JRSE /MPa SRS /MPa  JR/E /MPa  5RJ¥E /MPa  JRE /MPa  5RJE /MPa
P 250 C 58.4 8.9 54.5 8.3 51.8 7.7
ITJEJ\% 350C 62.4 9.3 55.6 8.2 52.8 7.8 51.0 74
450C 52.2 50.6 7.3 49.3 7.1
N 250C 36.2 339 4.0 31.8 3.7
i;; 350C 37.6 4.5 34.5 4.0 322 3.7 304 35
450 C 325 30.8 3.5 28.7 34
R 3 WORMATLIEENEANFSH
Table 3 Rock mechanics parameter of microwave heating pretreatment samples
JRUEIRAS (Omin) 1 min 3 min 5 min
LS i 7 O 1711 AN 1170 SO 17 1 AN & 11571 SO X167 AL & 11 /1WA SO . 1 E /1 0
SR /MPa SRS /MPa  GEE /MPa SRS /MPa GHE /MPa 3RS /MPa E/E /MPa  GJE /MPa
P 250 C 55.3 8.4 49.8 7.5 46.8 6.6
th\% 350C 62.4 9.3 52.4 7.7 48.1 7.0 46.0 6.2
450C 49.1 7.0 459 6.5 443 6.0
N 250C 34.3 4.0 31.1 3.6 28.8 3.1
5};; 350C 37.6 4.5 32.7 3.8 294 33 27.3 3.0
450 C 30.6 3.5 28.0 3.1 25.7 2.8
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Table 1 Chemical composition of the ore

TFe FeO SFe Si02 P S F

K20 Na2O CaO

MgO ALO3; MnO  BaO

67.62  30.00 65.40 1.20 0.04 2.56 0.18

0.03 0.15 0.98 1.00 0.01 0.07 0.26
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Fig.1 The roughing floatation process
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Fig .2 Sulfur content of iron concentrate by flotation in
different TS activator dosage
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w0l o Ei;g Table 2 Open-circuit stabilitytest results
s PR SheT /% B /%
Lo L 1% Fe S Fe S
2 w0 WU 8817 6825 062 8927 2135
iy 3.32 63.6 1435 3.2 18.61
s | r,,////*“""'—*’—_———a B 851 6025 1806 7.6l 60.04
. . JEH 100.00  67.62  2.56  100.00  100.00

200 4(‘)0 600 800
MR/ (gt
5 AEHEEF T IFESKAEN AL
Fig .5 Grade of iron concentrate by flotation under different
collectors
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Fig6 The open circuit flotation flowsheet
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flowsheet
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Effect of Collector on Flotation Desulphurization of Iron Concentrate
Zhang Chao, LilJie, Liu Rongxiang, Meng Liuyang, Zhang Yiou
(Key Laboratory of Integrated Exploitation of Bayan Obo Muti-Metal Resources, Inner Mongolia University
of Science and Technology, Inner Mongolia, China)

Abstract: In this paper, the desulfurization technology by reverse flotation was separately applied for weak
magnetite iron concentrate of Mongolia (the sulfur content 2.56%) . The collector contains four different
types of reagent, such as sodium butyl xanthate, sodium hexyl xanthate, sodium isoamyl xanthate and
ammonium-butyl aerofloat) , and the activator was TS complex reagent. The influences of reagent syetem
on the effect of desulfurization of high desulfurization iron concentrate by flotation were researched, the best
collector was determined, and the open circuit and closed circuit experiment of flotation desulfurization were
finished. The results showed that the desulfurization effect was best, with TS as activator and ammonium-
butyl aerofloat as collector, the sulfur content in iron concentrate decreased to 1.18% by one roughing, under
the ammonium din-butyl dithiophosophate dosage of 0.4 kg/t and TS activator of 0.7 kg/t, the grade was
67.98%% and the recovery was 99.02%. The iron concentrate with sulfur content of 0.62% was obtained by
the “one roughing-one scavenging” open circuit test, the grade was 68.25%% and the recovery was 89.27%.
The iron concentrate with sulfur content of 0.71% , grade of 68.25%% and recovery of 89.27% was finally
obtained by the closed circuit flotation process of “one roughing-one scavenging- one cleaning”, the grade
was 68.25% and the recovery was 89.27%. Compared with the mineral before and after flotation, the sulfur
content of iron concentrate is greatly reduced, and most of the magnetite was entered into the flotation
tailings. This provided an effective method for the desulphurization of iron concentrate.

Keywords: Mongolia iron concentrate; Flotation; Collectors;Desulphurization
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Tablel Chemical analysis results of multi-elements of the runofmine ore

Cu Pb Zn TFe S As CaO  MgO  ALO;  SiO: Au* Ag*
0.83 0.010 0.032 10.75 1.49 < 0.05 14.60 3.50 11.90 49.30 0.28 10.50
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Table 2 Analysis results of copper phase of the run of mine ore A OL M BR AL A R LR S > XL

FE 0E AE A6 W SR, IR, SR LA
WM pem iR R e S s T
et B AR S HIA ELAE FH DA R 358 e A pH AE B SR 25 X i ik 1

TR 1% 0.65 0.13 0.03 0.02 0.83

HHEZE /% 7832 15.66 3.61 241 100.00 bR R IR MR R Ry, 2

WESEEA: 2017-11-10
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Table 3 The test results of collector exploration for part of the
fast flotation

U P i FEER Cu Cu
FIR/ (gt B 6 e R %
FTHLFE  4.60 11.11 62.36
TR, 30
2 W 20 BB 95.40 0.32 37. 64
Ji BT 100.00 0.82 100. 00
J—_— WD 2.86 16.92 58.25
jgif;éggiozo B 97.14 0.36 41.75
’ JE B 100.00 0.83 100. 00
MRS 2.45 19. 55 57. 62
i;%%?’ ﬁg B H 97.55 0. 36 42. 38
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Table 4 The test results of closed-circuit contrast for two kinds
of process

TE R e b 1% IEHC /%
ke A /% Cu Au* Ag*  Cu Au Ag

HIFEHT 333 2250 420 176.90 90.25 55.94 63.00
B W 9667 0.084 0.11 3.58 975 44.06 37.00
JR BT 100.00 0.83 025  9.35 100.00 100.00 100.00
spovbe WURSDT 3520 2125 420 173.05 9120 56.86 66.21
HWiFik B BT 9648 0.075 0.1 322 880 43.14 33.79
BLZ g 5 10000 0.82 026 920 100.00 100.00 100.00
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Table 5 Commercial test results of test system and comparison
system

T R R L % IR /%
ik A /% Cu Au* Ag* Cu Au Ag

o HIRSR™ 323 2130 3.50 163.50 88.20 51.39 60.70
BT B B 9677 0.095 0.1 353 11.80 48.61 39.30

J& W 100.00 078 022 870 100.00 100.00 100.00
st HUREET 3.50 0 2010 3.20 16020 89.10 53.33 63.71
HIFE B W 9650 0.089  0.10 331 1090 46.67 36.29
BLZ g # 10000 079 021 880 100.00 100.00 100.00

* AL g/to
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Fig .2 The test flowsheet of conventional flotation process
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Fig .3 The test flowsheet of part of the fast flotation process
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Table 1 The relative content of main minerals

YIRS SRERDT R W + D R AR JifkAa BASA AR

EE 1% 2.42 4.75 0.58 0.01 5.29 4.13 0.51 0.17 0.08

- TN — S S A F % i A%+ KA H A
T &Y% Otk BRA BAA +RREE KA AR e He &t
% 0.03 2.51 14.29 0.52 10.99 46.44 7.01 0.27 100.00
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Table 2 Chemical analysis results of multi-elements
Cu P Fe S Pb Zn As Ba Sr Au*  Ag* Co Ti Ni Bi Sb

0.88 0.1 8.2 339 0.016 <0.01 0.2 0.05

0.011  0.11 6.21 0.04 024 <0.01 0.015 0.0073

BN g/t

&3 W AHEEIESI T %
Table 3 Analysis results of Cu phase

R Al 4 )k RAE
=TI R = R A= F A ¥ A A K A € 7
ME A W W

G /% 0004 0018 002 0.16 068 0.882
HEE % 045 2.04  2.27 18.14 77.10 100.00

R4 T APHEBIEDI T
Table 4 Analysis results of Co phase

M AR GiAkARE:  fkasy At

B 1% 0.005 0.02 0.007 0.032
5 E 1% 15.63 62.50 21.88 100.00

FHEE 3+ 4 R, BRER AN Hh i) E R FR K
R, SREIEBLRKIEEL, 254 8L iE L
W R FH LR 7 V08 2 b 2 D7 iR BB AS e A 2 40 5 1
K VAT, 3K T 4 A A SR AT T v TV AT
(17, DR A 5 AT (el WSO 249 9 S A 1) 97.28%, 3L
AL b 95.24%, FALEIIE 4.31%, WOZAT
ARG RRALE 1. B ST R S A
FREh GERN . h4e5E) - EA MY OKEN %)
FUBK A Fb i i i v e v B e ik e, % 0
2905 37%; NI ERERE . AR,
BTSSR IR AL AL, A0 62%,
] [ 32 B A
2 ®TTLRRSE

FRHE AR I b S P R 2 ek, AW 9T 3=
T R TR ik TR AR IR R T2 &R
FEREWFIT, FE7ad ik R v ik FH 3 B (A4 skl 54

BRI IE RIS T2 1, W6 s B
* 5. PERAFERE TERELE 2, ks
RIWFE 60

J5H ZFI AL g/t

74 um 80% £ #2000 fifk #4600

5 JKHF 1000
3 7-200 24
2 5 LCRB00 BAkEN500 K500
v ,
MRS 3 T+ T B2 60+30
5
\4 v
i I=s

1 $AMLSE R BRI R AR

Fig. 1 Open-circuit test flowsheet of Cu selective flotation
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Table 5 The open-circuit test results of Cu selective flotation

P [l L /% IR /%

B /% Cu Co* As* Cu Co As
HFRSET 494 138 065 49 8064 9.04 9.63

" 352 075 086 47 312 852 658

== 9154 015 032 23 1624 8244 8378

JEH 100 08 036 251 100 100 100
E = R VA7 p 0

S R E A g/t
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3’ T+ T 2 80+40 27330

=
5 AR Tk KRS (AR v
37X 7-200 (AFE) =

4

v A
RS SEBORLRS
2 AR &R IR IRIE

Fig .2 The open-circuit test flowsheet of Cu-Co collective
flotation
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Table 6 The open-circuit test results of Cu-Co collective flotation

7 S Wiz /% IR /%
E 1% Cu Co*  As* Cu Co As

HAB 4.1 127 0165 112 62.12 21.82 19.54
FERRHUEEET 736 3.16  0.197 145 27.74 46.77 45.42
==Y 88.54 0.1 0011 093 10.14 31.41 35.04
SR 100.00 0.86 036 2.5 100.00 100.00 100.00
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18 88
/ﬁl—‘\’—‘
16 - 186
14 +
-84 g
g 12 ﬁt
= 182 =
= 10 N
= e Cu SOE
sl i
+478
6 B As
4 76

55 60 65 70 75 80 8 90 95
-0.074mm 5 55/%
E 4 BEH 4HEZIEAET

Fig .4 The influence of grinding on flotation
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Fig .5 The influence of different inhibitors on flotation
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Fig .6 The influence of regulator dosage on flotation
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Fig.7 The influence of collector dosage on flotation
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Fig .8 Condition test of activator dosage
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Fig .10  Test results of mixed collector dosage
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Fig .11 the flowsheet chart of closed-circuit test
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Table 7 The results of closed-circuit test

] 7EOR AL /% S /%
R % Cu Co* As Cu Co As

Bk 291 2429 056 024 8316 443 279
BERASTT 455 138 472 371 739 58.04 67.52

=2 92.54  0.087 0.15 008 945 37.53 29.69
Ut 100 085 037 025 100 100 100
* BTN Yo

PRS0 25 R B, A5 3 A7 24.29%, 1]
W2 N 83.16% IHAREAT, i8I H AR RS A 2
BATREE 0.24%, FFTEHRED 2K, HURERY
(4R DABR R 45 & S A A S SR v 3 I
WAE T TN Wi, R4, mFEAs %
DARES TR AEAE, i S EEILA %), Il gk
RS AR AL Y R B, AR R AR R A

4 # %

(1) %0 R PR R = 22 DA AL A 1) % SAE AE
5T 95.24% , BALHNNA 4.31% 0 FEF 24 ~ 7%
IBRACTH W) 4> A 7E 0.02 mm BL R, LIRS &
o A 0 A AR RS AT o 4R [ i 83.35%,
ERBRET AR UACR 7%, AT RN 90.35%,
5T 20 YA 5.

(2) I AR S S VR A R B T
SRR, TEORUE AR [ 1 AT B N R A A
PRI T2 G A5 B AR A LR

(3) 1T X 4RO kA% R B, e 1E
-74 um 80% HFE T, KM Z - 200 7 24 g/t
EAR FR AW AE g A 40 1 751 2000 g/t 12K 3000 g/t+
BRALAN 900 g/t ZyFRIZH A, TT4F B T HE AR (1 4
REb o

(4) XF R S kAT RO 7T, SR
BREREVE iG] T I A5 T Ak B2 hA
AR, TSI A RUE S, (R BT
BB, AT D sm AR 25 R AL, DUBTEL
FFES WA BOT KR o
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Research on Reducing Arsenic and Recovering Mineral Processing
Technology of Certain Arsenic-bearing Copper Ore in Xinjiang

Chen Jingyu, Chen Zhiguo, Kang Weigang
(Tianjin North China Geological Exploration Bureau, Tianjin, China)

Abstract: Research on reducing arsenic and recovering mineral processing technology of certain arsenic-
bearing copper ore in Xinjiang was carried out, and the recovery exploration study on asscociated cobalt was
also conducted. Based on condition experiments of flow sheet and flotation reagents, the flow sheet of Cu-
selective flotation with reducing arsenic, recovering asscociated cobalt from tailings was adopted on this
condition that grinding fineness is -74 um 80%. The better results of the copper concentrate grade of 24.29%
and copper recovery of 83.16% with the arsenic grade less than 3% were obtained. Meanwhile the Co-S
concentrate grade of 4.72%o with recovery of 58.04% was obtained.

Keywords: Arsenic-bearing copper ore; Selective flotation; Arsenic inhibitor; Asscociated cobalt
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Experimental Research on Beneficiation of a Low-grade and Large Flake

Graphite Ore in Inner Mongolia
Zhang Tao, Cheng Feifei, Yu Yanghui, Cen Duidui
( Suzhou SINOMA Design & Research Institute of Non-metallic Minerals Industry co., Ltd., National Non-
metallic Mineral Processing Engineering Technology Research Center, Suzhou, Jiangsu, China)

Abstract: The study on beneficiation of a graphite ore in Inner Mongolia to exploit and utilize the fine
scales and large flake graphite ore was carried on. In the roughing condition of grinding medium for the
steel bar, grinding concentration of 60%, -0.15 mm content of 59.43%, flotation concentration of 23%,
kerosene dosage 105 g/t, 2% oil dosage 55 g/t, flotation time of 3 min, the +0.3 mm concentrate with fixed
carbon content of 90.37% and -0.3+0.15mm concentrate with fixed carbon content of 90.21% were obtained
by the closed-circuit flowsheet of two-stage roughing grinding and flotation, one-stage scavenging, Six-
stage regrinding and seven cleaning, qualified large flake graphite pre-classification, middles returning. The
comprehensive protection rate of the large scale of the product was 74.36%.

Keywords: Low —grade; Large flake Graphite; Beneficiation; Protection rate
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(AMFMIES R TR ARRERAE, ERIEEEH RN LIERARMARSLD,
I78 7 215000)

THE : NEIFTFRAN R S R o 58 BT 8 58 1y B S 7 K88 A S5 AT TR IR T . (RS
WA RS BT IS 60%. -0.15 mm 59.43%. VFIEIKIE 23%. HEH 105 g/te 27 it 55 g/t. IFEESIA] 3 min 1)
FLEAE TN, RH 2 BB RIE. 1 Bk 6 BUFES 7 UOREIE . SRR R A SR 1ok 70 . PP iR [0 (¥ AT i 4

T2, PATEE N 90.37% 19 +0.3 mm j= 5, 2B A ESN 90.21% [ -0.3+0.15 mm F= §,  +0.15 mm j= i K 6%

Fr i B IR RN 74.36%
KRIA): (READL, REEA A8, &, RIE

doi:10.3969/.issn.1000-6532.2019.01.012

hE SRS TDIS2 kRS : A

FatER R R SRR, U5 EHHAR K
J It E B R U TR SR D PEREEE AL
BB HAR SR, MAMEE & . 1k
500 K 5 B B UR B R, RS AR B A SR
EROT A H R EE, o RETEEmRSE
N 6.82%, 5 O SR KGN 2 BB I K%
R sr B O7 e, SRIGIE 2 & & 95.16%- 1R
1 62% I +0.15 mm 7= fho AR5 5 U X [E 2
KT EON 14.57% W R REE oA ss T, R 2 B
BRVE. K TS B T SRR B E RS =N
96.28%- RIS A 90.69% A SBKEH -

TRI6 LA A 52 A S A K A SR N R
RN 7% T 2504 @ R (R R 15
M, S L KB A SR RO R R B
EERSI=9'E

1 7 aMHF

1.1 KERS S

SR 32 4L 2 B4 A Si02 54.28%. ALOs
9.10%- Fe20s 8.10%-+ CaO 8.10%- MgO 7.11%,
BEA 2.50% Ka0 1.69% Nax0 Fl 0.53% TiOz; %8
RN 8.12%, MEmE &N 3.55%.

WeFEHEE: 2017-11-16

XEHS: 1000-6532 (2019) 01-0057-05

1.2 W 4D4E R R AFHE S #7
EEE NRRE R, R REE A A SRS =
wWZ, R¥AyMATE. =B KASEHIRD M,
DEFERE BT SaEK. P XRD
Bl A2 o FIBE SRR 0 BT mT 50, SR04
HBCN: A% 4%, A9 32%, KAK23%, =bt
K12%, ENA 10%, FTEA 1%, EEA 6%,
N 2%, SRR 2%, R4 1%, SR A 1%,
1.3 AENEHRSHT
JEAT A ik o SRR R R LR 1o R 1
AL, JEAT S A A SR AE 0.3 mm R oA RN
16.93%, +0.15 mm $i 2 73 A %4 51.28%, K% Fr
TR, BARENIRFHENME.
%1 BN ABREARSHER

Table 1 Analysis results of graphite particle size of the raw ore

BLEE /mm AT % R /%
+0.5 1.51 1.51
-0.5+0. 3 15.42 16.93
-0.3+0.15 34.35 51.28
-0.15+0.075 31.42 82.70
-0.075+0.037 11.01 93.71
-0.037+0.020 423 97.94
-0.020 2.06 100.00

EZE Y K8 (1979-) , 5, @RI, FEENFIESEES . T L HmE HE.
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Fig.l Roughing test flowsheet
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SRR
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i il

Gk MR
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Fig .2 Test flowsheet of roughing grinding flotation stage
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Table 2 Test results of roughing grinding flotation stage

PEIT BRI A 77 i Em AR

B /min G 1% 1%
Yk

oo TRE™ e e
¥ +0.15 15.65 40.57

Pt 410 H;ﬁ%mm 0.32 7.65

. ¥5 +0.15 14.83 41.05

=8 awe +*ﬂ)fémm 0.30 7.39

HI3% 2 W R, 2 B VR BRSO — B in 2 B
AMHE +0.15 mm F RIS B4R v, 1 B R [R]
WAt B R A X NI (R J o i
BOI R A s Ca gk i, PRk — R
AT DLTGE G K P SR R o 4 B B R Ak 2 1
INB =B, kS +0.15 mm FES 1 [BIUCR E AR 4k
AR o IXRE P R 7 K% A SR AE 5 — W B
I ORI RS, RN BBRCR AR . B,
PR BBV PRV R T =SB R TR R, LI 3

S L g/t
015 24.57%
1 40

2#3ih 20
HE T (RIE23%)

I
-0.15mm 59.43%
JEh 65
243 35
||

HUR
HL=
[E 3 MEREFHARIEIRIERIZ
Fig .3 Roughing test flowsheet of two-stage grinding flotation
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Fig .4 Scavenging test flowsheet
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S B %.::, & R 4015 mm 7 Table 3 Cleaning test results of flowsheet of +0.15 mm products
i R k2% M W Se 4015 mm F7 [ R ) =% e FR % IR 1%
& B N9190%, i 4 J& +03 mm Fl -0.3+ +03 mm 0.37 91.75 9.55
0.15 mm L 2% [ 7€ B &5 & 73 1) 94.37% A1 91.34%, -0.3+0.15 mm 1.07 90.27 27.16
+0.3 mm % /5 T -0.3+0.15 mm i 4, IX 7] BE 42 -0.15 mm 271 59.59 44.53
T +0.3 mm KLk RO, SRR R, & H 2.5 -0.15 mm F=RiEEIR I
+0.15 mm *ﬁéﬁﬁ’aﬁlgﬁﬁﬂ‘ ] 38 +0.3 mm Figk “if SRR RIRIR S, EHE M -0.15 mm F= FokE ik 5
BT, e et R AR R o TR 9, RIGLE R I 40 HHE 4 AT, -0.15 mm

G gt — PR EE RS N 95.92%, [FIACR N 39.18%.
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Fig.5 Cleaning test flowsheet one of +0.15 mm products Y kg 40 .
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P 20 .
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, . 7-0.15 mm =@M RARTRIE
T T -0.15 mm 59.43% Fig.7 Cleaning test flowsheet one of -0.15 mm products
i 30" Lo 65
2% 35
i #4015 mm FREALRER
fz gﬁ* 1%0" Table 4 Cleaning test results of flowsheet of -0.15 mm
o 1 o= N
SRR e i EERE % EECE /% R /%
3 +0.3 mm 91.69 9.30 9.55
v By o T -0.3+0.15 mm 90.29 27.72 27.16
i -0.15 mm 95.92 39.18 44.53
+0.3 1;1m K5 ik
i i 3 2.6 ﬂ:f‘t% 'ﬁlzﬂﬁg;}m* —tgﬁ
+0.15 mm Uili -0.15 mm
3 RYE _Fak &5 KB AT T B8 5 P B AR iR, it
03015 015 BRI 8, ISR WK 5.

E 6 +0.15mm FREEIXERE (Z)
Fig .6 Cleaing test flowsheet (two) of +0.15mm products
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Table 5 Closed — circuit test results
IR BERR /% BIUCE /% CRTTEE /%
+0.3mm 90.37 9.94 58.71
-0.340.15mm 90.21 28.19 82.07
-0.15mm 95.44 52.35 /
=4 0.35 9.52 /

RS Al A, R &Rt 2 B R IE. 1B
k. 6 BRREE 7 BORE IR AA% KBS B T o 4
Ha IR [ P B e R, RS DA SR A [ E B
BN 90.37% [ 9.94%. K Fr R KA
58.71% [1J +0.3 mm ;= &, 8] € B & &N 90.21%-

Il i Z 0y 28.19% K B R R 47 & N 82.07%
1) -0.3+0.15 mm J= it [l € Bk & 8 95.44%- [H]
N 52.35% ) -0.15 mm 77 5, RSB R ] g R
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74.36%

3. & i
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Table 1 Screening analysis results of particle size of the samples

Fig /mm +0.074  -0.074+0.045 -0.045+0.038 -0.038
FEER (% 75.9 5.5 1.4 17.2

1.2 3245

WRIGFTH 297N R Y K N ImBEER SN,
BIRoAal iS4 38 R P e FH B BRI
2 Rk A MR T
2.1 R E

FERT R 58 BT F ¥ 45 S XMQ-240x90 HE TE Bk %
ML, ¥3HN 96 r/min, MR AIEN 45%. BH T
iR ALK A 0.074 mm A1 0.038 mm ()22 brifE
T HEAT 0T o
22 MEHE

R4 AT, oSl L e 52 2
7 mm, SR 5 E Ik e FEA AL AN IR 50 07 A R A
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R R, AR BIRE (50%. 60%,
70%) ~ AL AR 275 H EHAT— R AR
55, FK e B A 1 B HLHER 7= SR AR v 2R )
AT RO, SRR RIIEAT S AR RE S,
BEATEHE LR T
3 R Rt
3.1 BEHRHEgHE

R IGREAE BRI FE N 60% HIZKHE R, Bl
(NGRS A N

100

95 [ )

90

85

80 | o

75 F

70 &
o 1 . .
5 7 9 11 13

BRI [1]/min
1 W HErhL%

Fig.1 Curve of grinding fineness
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Fig .2 Effect of sodium carbonate dosage on the removal of
mineral products by grinding machine
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Fig .3 Effect of lime dosage on the removal of mineral products
by grinding machine
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Fig .4 Effect of sodium hexametaphosphate dosage on the
removal of mineral products by grinding machine
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Exploring of Improving the Grinding Effects of Hematite
Li Lian', Dai Sixing®, Wang Feiyang', Liu Jiawen', Zhang Qin', Guo Zhengiang'
(1. College of Resources and Environmental Engineering, Wuhan University of Science and Technology,
Hubei Key Laboratory for Efficient Utilization and Agglomeration of Metallurgic Mineral Resources, Wuhan,
Hubei, China; 2.Guangdong Provincial Bioengineering Institute (Guangzhou Sugarcane Industry Research
Institute),Guangzhou, Guangdong, China)

Abstract: In order to improve the grinding effects of hematite, using the hematite from western Hubei
province and combining with the conventional regulators of hematite, the three kinds of reagents of sodium
hydroxide, lime and sodium hexametaphosphate were selected. Different grinding concentrations and
different dosage of reagents were considered. The experimental results indicated that the effect of three kinds
of agents are from strength to weakness on hematite grinding as follows: sodium hexametaphosphate ,sodium
carbonate, lime, and too much lime could make the grinding indicators worse. The content of -0.074 mm
size fraction is the highest when the grinding concentration is 60% by adding sodium hexametaphosphate or
sodium carbonate, but the 50% of grinding concentration leads to higher yield of -0.074 mm size when lime
was added. There was more significant influence on grinding of hematite when the grinding concentrating
was higher. Compared with the grinding concentration of 60% and 50%, the content of -0.074 mm size
fraction was improved higher when the grinding concentration is 70% in this test.

Keywords: Hematite; Grinding concentration; Grinding fineness
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Table 1 Chemical analysis results of the raw ore

Si0, CaO0 AlLO; Fe,03 Ko0  SO3  TiO, NaO P05 MgO  V,0s
3481 1889 875 291 231 044 039 030 018 018 0.049
MnO SO  PbO  ZrO, Rb0 BaO AsyO3 Y,0;3 LOla FCb
0031 0021 0016 0012 0012 0004 0004 0003 2865 13.70

a ke, b FEBS R
mEIAH, AWK ERY ETESH
SiO2« CaO+ ALOs. Fex0s« KoO.o B A [ [#H & ik

EZEREN: BREA (1992-) , 5B, Sy, EENFAERE FRA LT WA BRI 5t
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TR N 13.70%, TMHEKEN28.65%, KEAEL
e k&m0 15%, S8 0 AR Ea e
CaO, MG A& F 5w A
22 HANTYERKEE
HRPE XRF 43 #r+ XRD #AH 1 4568 T
RGEE, W AT YR KBS B 2.
=2 WYHEREREE

Table 2 Minerd compositon and Content
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Fig.1 Occurrence state of graphite mineral in the raw ore
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Table 3 Dissemination characteristics of graphite

UL 23 A R RATRRAE

Rigl /mm R BB AR B2
HH 2% R % % AR 1%

+0.425 0.33 0.33 9.62 9.62
-0.425+0.250 1.73 206 25.66 35.28
-0.250+0.180 2.81 487 2078 56.06
-0.180+0.150 2.34 7.22 8.68 64.73
-0.150+0.106 6.60 1382 1221 76.94
-0.106+0.074 10.43 2425  9.65 86.59
-0.074+0.045 17.71 41.96 8.19 94.79
-0.045+0.037 8.64 50.60  2.00 96.78
-0.037+0.025 17.73 6833  2.05 98.83
-0.025+0.018 12.93 81.26 0.75 99.58
-0.018+0.013 9.92 91.18  0.29 99.87
-0.013 8.83 100.00  0.13 100.00

H3 3 vl %N, A AR 3 B AGTE +0.045 mm
K, 155 94.79%0 FHr +0.150 mm Fi 2% ) 5
WRIEOL R 7.22%, RWZABY HEH —ERN
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A 1R 8 53 B P B RO, 4 S A v T e 7 1 1) [
B (R IE 55 1 1 (B AC 3R o0 250388 S 0 200 5 e A 5
fis 7 AR5 R S
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3.1 FARiENE

W AR RAN LW YR, T

iR DR T 2 T AL RS S R ) 8] D R AT R
fiE, fESLEEGE EOT R R Gk iR, AR e K
W55 — RPN SR ARG S AL b, SR — R —
ORI , REURE D™ TR N ORI, K53k T R (2
v 2) EEMRE, FELES (b 1) REHHE,
FoR R AT R Bt e i 81 7 30 T 20 (K
2) , MIERIREE R WK 4.
® 4 ARIRNEER

Table 4 Results of closed-circuit test

77 i PR % EEBEE /% [FIECR /%
LN 11.78 95.92 90.35
B 1 70.14 0.48 2.69
B2 18.08 4.81 6.96
Mt 100.00 12.51 100.00
i
-0.074 mm 75.18%
Y 133
27 133
i
FEIEL-0.045 mm 75.17% o
‘;%:g; (;:77 J:«;ﬁ)"l
bizi B}
TEIEIL-0.045 mm 71.66% D, '
B |
iz peal|
TEHEIIL-0.045 mm 66.28% &
5%17% 1177 FH
izibraiil
TEHEIV -0.045 mm 61.34% '
) ] A
FEEV -0.045 mm 55.27%

Lt s
B 3 HARLERiE

Fig .3 flowsheet of closed-circuit test

32 KO
X V08 A B RS B REAT 0 4, kL 4R R AN
[i] 72 B B LR S

®5 RBUHHDINER

Table 5 Screening results of concentrate

B2 /mm FEE % FC/%
+0.15 1.46 88.88
-0.15+0.074 10.16 97.83
-0.074+0.045 19.32 97.02
-0.045 69.06 96.22

Bat 100.00 96.43
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Research on Process Mineralogy and Beneficiation of a Graphite Ore in

Shanxi Province
Chen Zhijie', Yu Futao?, Gao Huimin"* Guan Junfang'?, Ren Zijie'*

(1.School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan Hubei,
China; 2.Evaluation and Utilization of Strategic Rare Metals and Rare Earth Resource Key Laboratory of
Sichuan Province, Sichuan Province Bureau of Geology and Mineral Resources Exploration and Development
Chengdu Integrated Testing Center of Rocks and Ores, Chengdu, Sichuan, China; 3.Key Laboratory of Hubei

Province for Mineral Resource Processing & Environment, Wuhan, Hubei, China)

Abstract: By the methods of X-ray fluorescence analysis, X-ray powder diffraction analysis, scanning
electron microscopy and electron polarizing microscope, a systematic study on process mineralogy of
graphite ore in Shanxi Province was conducted. The results showed that this graphite ore is mainly composed
of graphite, calcite, quartz, biotite, muscovite, feldspar classes (potassium feldspar and albite), diopside,
tremolite and a small amount of epidote class, iron minerals and so on, while feldspar and mica altered
intensely. On the basis of process mineralogy studies, the beneficiation tests were carried out with a process
of a coarse grinding and a rougher flotation, followed by five regrinding and six cleaner flotation. The fixed
carbon content of the concentrate is 95.92%, and the recovery of concentrate is 90.35%, while the fixed
carbon content of the mixed tailings is 1.37%.

Keywords: Graphite; Process mineralogy; Beneficiation
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ICP-MS 5 DU 1| A7 M R At LB & o i B8 60 B B s 3R 5 &

=
B, FE, R, ZF), #EWN
(RBEME T AFIMEFPR, M) AKER 610059)

WE: ASCR A B & 55 2 AR E (ICP-MS) vEII & DY) 1A R S AT i LA A SR B Bl 1) 2 i
PRIL T T R AR -ICP-MS 5 A% WA EH HH Tew Bis Cu. Cos Niv Sb fll Se LRITEMI IR, TR ¥
RN RIS R E K S5 RERM , ZIrEEN e -BR TR, KRN 0.008~0.437 pg/L, E 2R M 0.027 ~ 1.450 pg/L;
A FRE IR ZE T 7%, B RAFIORE S PATRESOI0bS ISR Y TE 89.7%~106% 2 18], B A B s B 1,
AT aE RUER T RE . RINHZ VAR T T ORHURE S b, 2 — Rl ER I e A S L e rh %
LRGN,

KBER: W, W ICP-MS; M

doi:10.3969/j.issn.1000-6532.2019.01.015

FE S TDI8Y RMFERD: A NEHRE: 1000-6532 (2019) 01-0070-04

fii (Te) A MBI/ —, EEPRE
B AR HAE LUE B Sr A iR e U148 ks B R
IKVERRAT R S 32 4 [ Y A 5 T RG) TH: 5 5 457 A 57 F
R Pl BB DA ARIRRE, & HAEMTE
e AL B BEHFETW N, B
N PR EB 5O 4EER" ,
WS BARBA R SRR B,

LI A 55 5 TR T (inductively coupled
plasma mass spectrometry, ICP-MS) FiARAENy—Ff
SeREROREIN T B, SEMR AT R R RBUE
T EEVER. B R I E 2 MR s,
N T TR ST I — Fh B R U, [E] I ICP-
MS 5 H i85 i A E 3 B e R 7 ik
FE R IR B AL TR B R R R KCE
I AL b Sk B R i e R S N, X IR E
IR A BRNRS 8 B R o

A SR e S VI AR -ICP-MS VX DY 1T A
AR R 8 37 0B R AT ) P AL ot (52 T ™ ot S e A

Wi BEHA: 2017-09-30; 2EIHHEA: 2017-12-04

1J4-1, 295 1.2 % Wi ) AR SO 2(W4-1,
21403 % I f ) o Te BL & Biv Cus Co. Nis
Sb. Se & EBEATIIE, AT HR. KR,
b TS 3 K B AR TR B AE T 1T, 2R 43 BT v R BV
fif -ICP-MS 5 5 I S AL fi i O AT AT 4, DA ST
B AL ST R AR I T, R T
PLAA e — 2P 55
|
1.1 {5
FARE: 56 BT F RO FE R DY )1 A A R 42 1
Ve RAF AR A AL RS, 2 DURERRE AR 8 T2 TR
BT RS 104-1, 25 1.2 % Kk ),
K AL R 2(W4-1, 298 0.3 % BTG ), X #:
25ml 15 BV il dE B9 B #AU LabTech EG20B;
Elan 9000 HL/BAH A 55 55 T i 1% 4 (ICP-MS).
WAL ERIR (HCI)~ f R (HNOs)- i 52 (HC104)
FEFER (HF) ¥ 844l (AR); 1000 pg/mL F

HEWH: W EGUERIH (2017GZ20387) 5 PUIEBIHEDLIIZitRITH (2016106106) 5 DU Hi

TAEMAFEEE I (132002-14)

EEEMT: WA (1995-) , &, EENFEDBEIIT.
BIEE: WmW (1978-) , 5, BIHER, Wit ERNEY - RIRGE R BT
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&2 ¥ ICP-MS N % W) AR ez i 5 F 5 4R R B A E ST 7] o

Tl B~ il BEFR AR R (AR AED B FE 0 )
1000 pg/L FI4R 48 B B BEsdEE R (EX
PRUED BT G) o I KA 182MQ em 1)
HRAIK .
12 {UEBTIEEN
1.2.1 PRALAXES TAE %A

{8 F1 Elan 9000 H /& #% & 55 59 1 4 ot 15 4%
(ICP-MS) WM& #: i, AR I AUE TAR A AR 1o

#* 1 ICP-MS BAET1E&M
Table 1 The optimal operation conditions of ICP-MS

ZH A ZH HfH
ICP I RE  1150W  HEREM BRI 15
ZEBFAE 15 L/min MR 18 r/min
HiBhERME 0.8 L/min FEIR T (7] 35s
ZAETE 0.9 L/min FH 43I [ 1000 ms
HUREHE LR 1.2 mm W5 AL 3
HIHEFLE 1.0mm ]2 ] 10s

£ ICP-MS U %, X 70 Hr 7o 3R [ A 3K 1
W, — R BLRALER B O B 9 I Y A
SCIE TE R AL R MR 20

T2 T REMRIEE

Table 2 Selection of analysis of isotope

AR Te Bi Cu Co Ni Sb Se
FEfrEBE 130 209 63 59 60 121 82

1.2.2 THRFIHLAAR R A% IF

ICP-MS HHATFE A 2 0 % [F I I i, E R
EFMEERE T, AMBERT TRSTEZETS
RN, B 5N W ERAR IE RS, X M
TR PR B ™o A A AR G R R R,
RIRIE RS HFNICR A SR R IR 5
FOREH, BRSO ARIIC 2 M & 7= A T3 i o
ZERNWARICER Y, AW 5% 72Gas 1151n.
73Ge IR EERAE NN bR, WY 10.0 pg/Lo
1.3 HmpraE

PREUIC S BLREA A i (% 3 ANFAT) 0.1 g O
142 0.0001 g) T 25 mL VUK L0 = R il fg v
F /b &l 2K, R 2.0 mL HNOs, 4.0
mL HF, #3325, i LA, ME3h L. &
FEVEARGER B, N, IREZAB A 180
CJafE#E 2 h, BUH. AEIE, 7F 150 CHIHEHUR
FHERZEET. WS, A 2.0 mL K HNOs 4k
SHREET, EENPE=IR. BEMA S50

mL 5 % HNOs, MARFREF. FRHEREE
PET( XK WG . —FElg ) fi, FEaiKeE
RESomL, #BEHE2~3h, 0. BERME
FH s 1o,
1.4 FRfEAREH
L4.1 IREARE £

BC e B 4R B B B IS E
RAIRAEE R, FIuRIREEI N 100 mg/L. BT
EYOYES 8
1.4.2 IR G FRE LA

BHOR G HET W, AiBdike s E
1000 pg/L VA TAEW, I ATECH]
1.4.3 WARETR

BHUER. . BEAR RIS, R AiKER,
WP S TR 7 08 1.00 mg/Le G HHT, K
HFEFEN 10.0 pg/L A ARV -
1.4.4 trifEh 2%

PR G hriE TAEW (1.4.2), BYMBEE|%
TG 2 W FE 4y %) A 0.00~ 5.00~ 10.0+ 30.0~ 50.0-
70.0~ 90.0v 100 pg/Lo FEAX 8 fE TAE&AF T4
il TAE it 2k o
1.5 #HmAlE

PR 1 RS AR A E B, I
IR AT AL, PRAEACES I R 50 AE S 2
SE M e A% R i AT A B 5 VAR AT Ak EE
bl B, LT B e 2 e

PRI VR B T T R S A RN, TR i I
W B B A N, TE— > =38 W AR A
AR A, REBAF—BEENELR
gr, M HENGE R AR IE R R, PR oE
TERFEHERBIHE, DL B TR E@E SRS,
B Ja BRI B R e B AE S, S OB, 3R
orpr e R o
2 ZRGH®R
2.1 FAEEERREHIR

5 RE LA — R ) & 2 VR, 7RI E )
TERAET, B IR TR A AR I VAT I 7 =S
P 11 Ik, ISEME R 3 5 bniEfi 2 (SD) FiAd
MR TR IR T (ng/L) VE e BRIk, Bl 3
2% SD [ LAbR#E TAE #2810 RE 243 2 (10 7 V2 1A
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MR (ug/L), 10 fEbritEfii 2 (SD) #iE ke EIR,
HII 10 £ SD B LAAR#E TAF il 28 (18 R4 2 71
B IR o THELINE T i hn i 22« 52 B PR AR PR

HERNE 3.
& 3 ICP-MSMEMGEEEMR. HHR
Table 3 The detection limit and the quantification limit of ICP-MS

JLER Te Bi Cu Co Ni Sb Se
EmMZESD 36 45 26 13 54 19 19
IR (EO Q240 0.313 1.450 0,027 0.287 0.143 0.187

/(ug'L™)
*ﬁjuj([fg.(f_gm 0.072 0.094 0.437 0.008 0.086 0.043 0.056

e SD ASPAT I R 2 VAR L1 IR bR dE IR 22 BEIR
LOQ=10SD/K, # i LOD=3SD /K (K Niz£#IZ)

ICP-MS 1EAH [F] 26 411 T ~F 47 M 5 177 25 3 11
RPN 3 2 R T E S AR AR 22 o NI 1) HE Al 22 3¢
KN 5.4, HItzE SD RIV/NT 4.5, HEKHIRN
0.008 ~ 0.437 pug/L, 772 € &R 0.027 ~ 1.450 pg/Lo
Jr AR B A PR AR R IA 3 pg/L BEAR .

22 HERBEE

FE 3 7€ I AW E 261 T, H ICP-MS Xf 7Y
RIS S ALRER, FEA 1 (J4-1) « iR 2 (W4-1)
BEAT RS, BB T 2 RELZNE, HEW
FK & AL F# B o7 Tew Biv Cus Cos Ni. Sb Al Se
7 RPCEMEIIE, TR E g A AR AR R 22
RSD, H&RIE 4.

x4 FENBEE (n=3)
Table 4 The precision of methods (n=3)
TR Te Bi Cu Co Ni Sb Se

WA 1 Wﬁjﬁ)ﬁ 122 357 1.19 0.162 0.421 0.506 0.205
J4-1) RSD% 36 14 17 39 39 067 59
T 2 W‘”ﬁjﬁ)ﬁ 3.19 6.90 0.245 0.307 0.294 0.345 0.464
(Wo-1) " pSD% 59 68 32 24 14 17 48

RIEZR 4 \TLLEH, ICP-MS Wl ik S AL b
1 (J4-1) * Tes Bi. Cu. Co. Ni. Sb f1 Se, 7
TG 22 B AR bR dE R 224 0.67% ~ 5.9%, il
W 2(W4-1) & o 3= AR AR HER 224 1.4 % ~ 6.8%,
TSP 8 5 ot A o 4 s 22 39K T 10%, 15 B
ST B RUF RS 5 R
2.3 FiEMEREER

VoEE -3 &/ O T C G S Tve-si ) R G

W, TEREATHEARRT I b —E BRI EE R, RS
BEATHE SR AT ACER , f5 5 W H AR J5 R Te 556
Pt &R, JFEZ Te LR MR R, AT
{EL-55 I0AR AE T VR 1) LEARL R 52 5 3 (R b TRl
GER R 5. HEERATED, ICP-MS I 5E 1% & A7 s
"1 (J4-1) , Tes Bi. Cu. Co~ Ni. Sb Al Se 7
Fh ot E bR BN A 89.7% ~ 106%, il 2 (W4-
1) FEITCEIARECEN 90.3% ~ 103%, FifiFf
it % TG IR E SRR B v, U B R A A
bR R o RRiEH AT R T AT I B K .

xR S5 FEMBREEE (n=3)
Table 5 The spiked recovery for determining the ore (n=3)

W1 (J4-1) T2 (W4-1)

g I e ek Eder D0 IbRR e EcR

bRt = 4 P n 4

N / 1% N / 1%
gl ) (ngl™) /(ngl™) gl (ngl™) /(ngl™) b
100 5769 93.6 100 2247 963

Te 4833 12.82
200 6679 923 200 3206 962
) 100 46.08 957 100 3713 949

Bi 3651 27.64
200 5527 93.8 200 4576 90.6
100 1012 101 10,0 3539 103.0

Cu 484 25.02
200 2442 979 200 4498 99.8
100 2583 913 100 4125 100.0

Co 1601 31.20
200 3531  96.5 200 5140 101.0
10. . } . :
Ni  apg 100 S338 106 o 100 3859 939
200 6321 102 200 4812 946
100 6172 103 100 4484 902

Sb 5144 35.02
200 7136 99.6 200 53.64 930
100 30, . 10. . .
se 14y 100 3039 897 0 100 5553 903
39.72 915 6524  93.7

N
3 4 i

ARG BT AL R R F = R WV R, T R R
5, TR K SR TR, EHETER,
RANTIER L, ME Se & FIFERMTTER LD,
[l e e 17 AR B ST Re. xRS
e /DR o AEAH ] ICP-MS U 58 A & AL i 7 R
ad RE T, 08 ARV T B R N, i
T T SEAT AR b L A B % G 3 A X s
W2 /NT 1%, [FIB @ I bs BT T 771
HERE, TR R, AR BRI
PRANBR & & BRI % . B EE LK
PR (IR Y 7 W et AT b=t AR VR 2 T i
Tes Biv Cu. Co. Ni. Sb fll Se H iyt &, Nk
B S TT R IE SRt T REE I INEM S E R .



1
2019 4£ 2 A

& 25 ICP-MS M & W) BAMKSeALHF 7 F 5 bR A F S E 73 .

52 Wk

(RSN, M E N EEREE G T R4 ()], 0k
HOJTE 2= Be 244, 1995 (4):348-354.

[2]Chen Yu-chuan, Yin Jian-zhao, Zhou Jian-xiong. The first
and independent tellurium ore deposit in Dashuigou, Shimian
County, Sichuan Province, China[J]. Scientia Geologica Sinica,
1994, 3(1):109-113.

(31 7%, E08, AT | MR o (B ) T ZHE 5T (7).

[9] AR, Wil , Wiut 2%, 55 BE R 83 IR 13
T T 3 2 i S R A OGP [T]. R B G R A
2015,15(2):193-195.

[10] LT , Mty , 2230, 25 IRYITE & & P AR TS YR
BLo AT (3], W E G BR A | 2015,15(10):1194-1197.

(L] ARARA:, Bk EE SIS, 55 . s bl SR s A I3 ik
G MR B T 00 55 AR A5 R KPR AE DG 1 0], #4
TEEEA & 2017,17(2):183-186.

[12] SA/NEY , BR&INI, 5K+, % . ICP-OES i & KoK H 4 1)

PRMIE 7L 5 R | 2009, 3(3): 204-206.

[4] WHE , £2400, BRE S, &6 . Rl BRIR A i& SR 2
H AR FRBAR [1]. 9)1NE 48 , 2005 (1): 5-8.

[5]Huang Zhi-gang. Biological function of tellurium[J]. Trace
Elem Electrolytes, 1995 (1): 26-31.

[6] BFIHE, Bal, &2TF R, & . fil LAk S (1 5 AT 5T 3
JE )] PAFHESE | 2002, 16(2): 120-123.

[7] XHCIL, 56, BT006 . RS & 25501 2 114 -(ICP-MS)
PR BRI (7], TR T, 2015,11(42):1-5.

(8] ZEAH , EaMelk , G , 55 . FWEPEEEIG G
W 52 A I Sk R [0, vP AR R 2, 2014,14(10):1276-
1280.

I [J]. SEH B R 2% | 2015, 22(8):930-932.

[13]Patai S. Biological and biochemical aspects of tellurium
derivatives|[M]. Organic Selenium and Tellurium Compounds:
Volume 2 (1987). John Wiley & Sons, Inc: 367-376.

[14] B3CHE . HRUBHE & 5538 7B (ICP-MS) &I E L
Ao f b ) SR B [J]. IR 2017 (4):56-59.

[15] BRIE S . ICP-MS % & 514 JoT i I 5 A BT R A o
BEBELETE [J]. UKL ,2017,46(3):563-565.

[16] fTZL2E, UK, AU R , 55 . & Mk /1R V& -ICP-MS %
I3 M BTRE b 47 A TT R BTN (7], 20 B elEe %, 2002,
21(5): 8-12.

Determination of Tellurium, Bismuth, Copper, Cobalt, Nickel, Antimony
and Selenium in Low-grade Tellurium Ore from Shimian County of

Sichuan Province by ICP-MS
Yang Huilan, Yi Xin, Chen Mao, Wu Lichuan, Xie Hongguan
(College of Environment, Chengdu University of Technology, Chengdu, Sichuan, China)

Abstract: An inductively coupled plasma mass spectrometry (ICP-MS) method used to determine the
concentration of tellurium, bismuth, copper, cobalt, nickel, antimony and selenium in tellurium ore. The
detection limit, limit of quantification, precision and recoveries of Te, Bi, Cu, Co, Ni, Sb and Se in low-
grade tellurium ore were explored by high-pressure tank digestion-ICP-MS. The results indicated that the
detection limits were 0.008~0.437 pg/L and quantitation limits were 0.027~1.450 ug/L. A good precision
was obtained with no exceeding 7% of relative standard deviation. The recoveries of two sample between
89.7~106% showed high repeatability, accurate and reliable analysis results. At the same time, this method is
easy to operate and can be used for treating large quantities of samples. It is an efficient and precise method
for determination of various elements in low-grade tellurium ores.

Keywords: Tellurium ore; Tellurium; ICP-MS; Determination
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PESES: TDI89 SCEKFRERD: A
SIEEEEENARS. WTER, 2REHR
B ESE — . BHEl, maidse s Ts
TR I L A o TR i VS VR ) S, A PR R B A
PR E BRI R, RN . B
A K& Se M Po S H & BV T, 145 H AR G B
NFER R B b R AR AR 1 IS AR
80 ~ 120 kg PHRRE T4 {1 2013 FF A £ 8.8 ~ 13.2
T3t BER B MR 7 A O8T, B RN ATT ok B A 7 [ i
AV IEA R FH BEAT KRR TT, (H 2 RO e A
FE &8 AFAE, PIRE RSB A B K&
PRAR B HEAF, B0 DURBRII I A H B A2 A &

TERS: 1000-6532 (2019) 01-0074-04

JTHT RS BRSSO Wik, WA
EHAVERR LA RO AR, Y &R T
R ATAEE R, O Ja B kR 2k T2 7T LR Sk
ORI AT Rt RS . R, AR A P
PAE R AL, T BRI, T BEIR, Sk
PR BRI D0 A BC B AT AT RS o

1 % B AR 09 22 A M R

1.1 E9th
TR0 SRR A B I R R R A R P AR
HALZE R LR 1.

*1 SEARENLERSD /%

Table 1 The chemical composition of manganese anode slag

Mn MnO2 K% Pb As Ba Cr

Fe Mg Sb Sr Ti Tl Zn

4643 7234 2192 518 0.036 0.008 0.015

0.698 0.152 0.008 0.057 0.011 0.029 0.030

B R AT, H AR R kI —
HEKZ UL MnO: JERAFAE. ML, BHARE &4
RESBRE, HhdEERsE.

1.2 RSN

ks HER: 2017-10-10; 2XEIHEA: 2017-11-06

I8 <HEREY BRI bRk,
I AR KPR 59 T T A TR 2 R I T 4% b
VIF 0k AR A P B 745 th Pb- Cr Se HOWR HE F5 1 207
ZERWA 2.

BEEWB: MEXARBAES (51764006) , STMNEABEITHRKIECIIE (BFE SY 7 [2011]3120) , 5tk

TRH R TR H (SRS A [2011205]5-11)
fEERN: BE%E (1992-) |, B, Witwis

BIRAEE: TifpiE (1980-) , %, AI#EIR, NFAeH LZLRIRGEMAITT 7T, iR : 380889450@

qq.com
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Table 2 The leaching toxicity analysis of electrolytic
manganese anode slag

RAUE T ik L
JaE KPR RENEE B

BOr (HJ/T299-  (HI/T299-  HRVE (HI/ P
2007 ) 2007)  T300-2007)
Pb 0.7 0.5 11.6 5.0
M Cr 2.7 3.6 9.6 15.0
Se 3.4 45 6.2 1.0

MEE 2 AT RAE 3 PR BRIk 2 # i B
AR Cr S EAMR, Se SRR, BHIRS
PRIEIEE 7S Po & Eliibr. (A, QA Bl BH AR
B E BRI T, HEEA R
JH 75 i AR EEK

2 4 AR E XRD B 3447
X3 ANAFEHEAT X S ZRATHE AR M, b
SRR 1. Fed

B PbSO,
C (NHy),Fe(SO4),-6H,0

Ffbh 2

A MnO,
D Pb(Fe3(OH)5(SO4)2)2
E Pb; g7MngO¢

Heah 3
F Mn(OH),
G MnPbMngO14

a-MnO,

0 0 % @ s @ 1w 80 90
26/(°)
B $RPARE X SEOTH 4
Fig.1 The XRD analysis of manganese anode slag

L ATLAE H, BHARE P 4 B B B
¥, H P4 KZ LA MnO: Al Mn(OH)s i Ff T 2547
1E, BN 4o MR o -MnO:2 i1 (JCPDS
No.44-0141), 3 ™ # & 19 B /£ 20=12.7 .
18.1° 28.8°+ 375"+ 42.0°+ 49.9°. 603"+ 69.7
B3 I o -MnOa2 FRIFIT SR U6 | {HL UG TR B AR S/R A
UL ARG B 2. B o -MnOa ATSTIEAN, Bl
BAEAE Mn203+ MnsOss MnO 24540 S W01 T 50
Wi IR LA 2 G S TE S AEAE TRHARE

BH A% W B fR A S & B 2, M3 ANFE
1) X A7 RS T DL Y, AR5 4 32 2 B PbSOss
Pb(Fes(OH)s(SO4)2)2+ Pb1.07MnsO16 1 MnPbMn6014
T IAF, A TUEY AT S 06 5 0 R A TR 25 I e Y
DIG BEAR T I, B R 4 AL AT S 0 o3 A o 40 £
P RHEER B . g Pb(Fes(OH)s(SOs)2)2 HI
# 78 N PbSOs4 - 4Fe(OH)s - Fex(SOs)s, MMM 4T 5
BREF GBI — PR G, AT B U R
f) 45 ¥4 Pb1.07MnsO1s A1 MnPbMn601s 42 4 #1114k
a1, HTHE T 5B FAWEE L E I,
ST 85 T MnO2 1] [MnOs] J\ THI 14 45 ¥4 it T2
RRIBEIE , BRE S MnO: AP ERNALE,
U S m A G E, NG, Fik, St
B 43 B PH AR (RSO A% O 10 P 7E
3 4 FHALE SEM 47

P 2 Sy H g B AR SR 4 4 LB (T
ANEEBOROR L, 0 FIORE P 2K B TR 1 )= 3 12 47
SALRERE AT, AHTERAL UL 3, TS R 3.

3 BREESTRAE
Fig.3 The point location map of Slag energy spectrum analysis
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Table 3 The EDS composition analysis of manganese anode
slag

AR (0] S N Mg Ca Mn Fe Pb
A 2801 096 0.74 041 035 52.13 3.69 3.68
B/ 2658 047 1.05 047 022 49.72 3.15 5.39

B3 AT LG H A P ARV R K P R IR A —
FLEETER KN & 7, 280K A Bk 2 FLIR H A&
Gl XAAR Ay SRR 2 R
AROB P H JE 85 BE O R, BRI b Min™ T HL T AR
& MnO: F3E BEK T MnOa 45 & b KR | il
5 MnO: 25 5t A BES | AT B s 22 L BT 4
£ MnO: 25 i #2rf, H T pH B F1 2 Bl 4% i 1) 5%
W, A4S AR TE &N 7 A B AE KR —, i
SR, AR K R R ) T2 W 4 N B S
TR, RS A 42 K SRR T, AT AR
R EEANT7 ) 5 B

M3 fIER 3 AT LA e R BEBUAR T A AL
B O EAHR RS, RS ERAC, KEKK B
PR & B, e EER. X2&F N ik
WA LS. mRE. UREES
MG AP, e St S
5, ERRBESEREBEINIERT, BERN,
HIRBOR, R B

FEOR K FE R AR 43 2% S 4H 43 2 B AR NG
R IR BERCUR R A3 AR A 2 v A, R HRFH
R T B e o A DX 4 S I 6 R BB T A
L RO R4 5 3 MBI R, ROV R &
Kz MBS, EE. KRIF A e
Vi gt s de it TAER, FIRE, PHARR R o BT
AR HE E AR TR B R S B (1S
FHARE T RS T 2%, RIRF RS, A
J M B B

4 % %

() thZEnhh RPEERESHEN
46.43%, SHYE N 5.18%, HKE N 21.92%, H

RIGR G EED, HEBEES I ER Pby Se &
YA, B, AR PE AR 2 — P el R 54 -
(2) XRD 73 #fr 2 W BHAR I b 46K 2 BL MnO2
1 Mn(OH)s M FHTESAEAE, EERAA « -MnO:,
DAY LA Mn2Os« MnO~ MnsOs 25 [ FH 2 AR AL -
2 B A S LA PbSOs N T, /D B i 4
WEY . Wik G &R ERE, A5 ER.
(3) SEM Zp#rR B, FHARE L s # h % 2%
FEPAAEEAE AR . KR TR IE s
WR, ERAMREEE I, BRI A
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Mineralogical Properties of Electrolytic Manganese Slag from Guizhou
Cai Qiguo',Wang Haifeng"? Wangf Jiawei'? Zhao Pingyuan',Zhang Tian>
(1.College of Materials and Metallurgy, Guizhou University,

.Guizhou Provence Key Laboratory of Metallurgical Engineering and Energy Saving, Guiyang, Guizhou,
China 2.Engineering Technology and Research Center of Manganese Material for Battery, Tongren,
Guizhou,China)

Abstract: Electrolytic manganese anode slag is the anode generated waste in electrolytic manganese
production process. Because electrolytic manganese slags have a lot of manganese metal and Pb, It is a
certain recovery of high value of dangerous waste. This study comprehensively analyses the chemical
composition, formation mechanism and micro structure from Zunyi, Guizhou by MLA, SRD and SEM.
The theoretical basis and suggestions were put forward for the recycling of electrolytic manganese and the

environmental treatment of waste residue .
Keywords: Electrolytic manganese slag; Mineralogical analysis; Recycle and re-use
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Study on Performance of Styrene Butadiene Rubber Reinforced

by Different Type Fly Ash
Wei Yajuan'?, Wang Qunying', Li Xiaojiang', Chen Shiguo', Zhang Jun’

(1. Resource Utilization Institution, Advanced Technology R&D Center, Huadian Electric Power Research
Institute, Hangzhou, Zhejiang,China; 2. College of energy engineering, Zhejiang University, Hangzhou,
Zhejiang,China; 3. College of Materials Science And Engineering, Nanjing TECH University, Nanjing,

Jiangsu, China)

Abstract: Two typical samples, normal fly ash (PC ash) and circulating fluid bed ash (CFB ash) respectively,
with different chemical compositions, mineral components and micro-structures, were used to filled Styrene
Butadiene Rubber (SBR) , and properties of SBR composites were investigated. The results showed that:
CFB ash has a better reinforcing effect than that of PC ash. There are many porous in the surface of CFB
ash, hence it has more cross-linking points with SBR compare to that of PC ash. It is beneficial to improve
the properties, such as 100% modulus, tensile strength, elongation at break and tearing strength of CFB/SBR
composites. Hardness reinforced of SBR composites were increased with fly ash addition. Silane coupling
agent modified fly ash has better reinforcement effect than original ash.

Keywords: Fly ash; CFB; Styrene Butadiene Rubber (SBR); Reinforcing performance
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Table 1 Chemical analysis results of multi-elements of the copper,lead and zinc poly-metallic ore

Au* Ag* S Cu Pb Zn Cd

Si S TFe Ca Mg Ba As

1.94 74.68 16.8 0.74 1.55 11.57 0.042

15.96 15.42 8.95 4.26 4.81 532 0.022

* AT glto
1.2 MBS
WHEAL L2 e R R, SHi. 4y it
T TR T, 45 R LR 20 PAH 70 B 45 R

Wi HEER: 2017-10-16

RO, R AFAE, TR & A
97.26%, FAKEK, 1 2.74%; FFEAREH &,
2 11.82%; HYAMFAENE R, £ 30.72%.

EE® N : EKE (1980-) , B, @R LREMA, Wil FENFELEEY G & LZH Y50 LIk,
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Table 2 Phase analysis results of copper, lead and zinc

H o HH ey o
EE % 0.71 0.01 0.01 0.73
HHEE /% 97.26 1.37 1.37 100.00
H e = HAebE .
A5 ALET SALET AL S p=¥et;
I\To

TE /% 1.06 0.34 0.07 0.06 1.53
HHEZE /% 6928 2222 4.58 3.92  100.00

H Z
TR el
Fav =4

B 1% 1030  0.56 0.07 075  11.68
LR /% 88.18 4.79 0.61 6.42  100.00

2 W&

WaET S eremaE. BR. s Hl g
Je R MR, R EMBEHTE T, B
TP P R B DA% ik AT R B2 AR R B FE S ik e SR
F XRD. FTIR. MLA % F B A" XA A &% ik
FEam R E B ICERA B BET A R S R AR
DA B AT TS, N H Origin 25802 )
Mk, HATHAEREFNL R Hr.

3 RRER G
3.1 H X H REFE

ZHKN— KB 2 SRR, 1 ER
AL T bR R e R X R, AR R A,
METNT KER TR F B, K
T YLk N T 2K, 8= 2K, IKRA X
NGR4T A, K2 & B R 294, MK 9 4,
BB ER A 1A, F0T IR A o3 R 43 3 R Ll
KM F: SHBEEY. W 24880, A
AR SRR, WY AT AP SRR
39.98%. AFEHUAR 100 50 /4, SERRRITR, #&
RAFFEZARFIFERIETIR, BIRSER 15 4.
32 WATER

WA T2 Sy b 2 26 B AR A 2 & @ Ak
W WAXESEY WA NS %I =i
W DT SRR A A BRIRER . A
HiA%. FET MR EENRE 3.

R3 FETUMERESE /%

Table 3 Main mineral types and content

NEFE  SRBRET ARG UEYET O B AIEYRT SRR A A HEEA SR TEA
1722 1891 1.68 219 0001 0001 0979 2498 2029  9.99 205 00109
33 FEHYEEHASHHE TEKAT D RER BT Y. AR RERAG, W
33.1 (NEEY BE 5 e A 2 TR A ok R SR TR 5 AR

NEET 2 EEMSET Y, S50 P57
K 17.22%. N 25 B A R R,
21 70% LA L 1R DA AT v 6 i 0 2 2 5 A 4 £
FOET, BHEORLEECE 0.001 ~ 0.05 mm Z ], 2
AR TURRS MRDREERS (B 5 A&
TG N5 & 0 BT IR AR
[R50, IXPIER I N ERURCIR B R (18
2) 5 WEH 570 NS 5Bk Z ARk
AR AR, JTE IR N BRI A, —F L
P, TR 5 BRI AT R R (813)
B I S BRI RLIE) 0 A, =3 Sl iU 4 4R 4R
NFEECHE, BEERGARER (B4) o 5 AT

1 B AE b R L R R TR B AT R AT E S AT
W, A5G Se e kiR BRIREEAT I N B
WG ERZERT (B5) -

1 NS R 5 BRI AT SR SR AT

Fig.1 Micrograined chalcopyrite dispersed in sphalerite
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Fig .2 Interaction distribution of copper-containing sphalerite
and copper-free sphalerite

IS NN SREY TR BRBRMRR
Fig.3 Simple embedded relation between copper-containing
sphalerite and chalcopyrite galena

B 4 SN SRGT BRRH IR
Fig .4 Simple embedded relationship between copper-bearing
sphalerlte and pyrite

R

Fig .5 Symbiotic relationship between sphalerite and sphalerite

Elo #ET HETMMERRAXR
Fig .6 Simple embedded relationship between other
chalcopyrite minerals
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TORIR S TURIRS 55 2IOIR 55 T8 25 08 %5 AN 55 43 BN
BER R, BOERATORLEE —MRAE 0.03 mm BL R, K
SR /NT 001 mm (B 1) o HAE kA LR
DATAV B 5 350 43 e AT P [ 4 i A o6 RONARER
XA N BT v [ R B A S AR IOV 20 B
3.3.3
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PR E . JTH AR N S AR
Fila], AT KRB T AR, £

WU LG R AT . BANSTR NIR R TR
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Y, AR S R B R 7 2
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IR ML A= a NE, TiasElDb.
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Fig .7 Galena covered with oxidized crust

IEETLEIYY
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Fig .8 Carbonate mineral crystals contain metallic sulphides of
varying sizes
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Table 4 The degree of dissociation of minerals with different
grinding fineness

aum BT /% JiE 1% N /%

FR% R OGS N R ER OE WM S8 0E
85 48 425 95 59 29 12 71 24 5
9 53 38 9 65 28 7 78 19 3
95 58 33 8 68 24 8 81 145 45

3.5 FMERERNT MFER

(1) F¥fRe, HEBITRS, =i
B HORL R AN 5, R SR AT R B R
A, JCHGRBLALFAR. BORCIR. BURIR Z 3R
ST A AN SR HOT IR P B SRR T L B
K, PR, B G B o S AR A ) ks
BICEIEA RS, B R B, AR
i 2 e Seae Bk, R BUH A [ AR
PR A, @ E AR AR RS
IR ES P

(2) Hzfas gxie A SE il BEAR 5 Je L i kA
EA AR, BAREAT H T YR
B, BEEY. S ET e s et, A
SHEIL GG H A B, DR ECR
SRS VR I0 RE - R P BT A 00 B K B BUBE B
Trg, SEEH YRR AR S R AR A

(3) WAk SRR, B A
B TR SRR DI, R N
PR JT S SR T 0 i 1 2 IR AS L
PRGN HUREH . BORSH I iR % 1.
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2011(1): 15-18.
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Process Mineralogy and Factors Affecting Mineral Processing for a

Foreign Copper-lead-zinc Polymetallic Ore

Tian Shuguo , Cui Lifeng, Wan Junrong
(Zijin Mining Group Co. Ltd., State Key Laboratory of Comprehensive Utilization of Low- grade Refractory

Gold Ores, Shanghang, Fujian, China)
Abstract: The property of foreign copper-lead-zinc polymetallic sulfide ore is complex .The study
process mineralogy on copper-lead-zinc polymetallic ore sample is investigated by chemical analysis,
mineral liberation analyser(MLA) and microscopic observation. The results show that the inlay relation of
copper and zinc sulfide in ore is close and complex with fine grained mosaic of chalcopyrite in sphalerite.
This relation has adverse effect on the separation of copper and zinc. Galena fills mainly in sphalerite
inter particles. A small part of galena composes crystal or package with pyrite chalcopyrite and gangue
mineral. The ore contains a large amount of dolomite and chlorite, which mud easily in grinding process
and deteriorate flotation pulp environment. It has a negative effect on the separation of copper and zinc.
Therefore, the choice of grinding fineness should be appropriate.
Keywords: Chalcopyrite; Galena; Sphalerite; Symbiosis; Complex Polymetallic Ore
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Table I Main chemical composition of tungsten tailings

SiO2 AlO;3 CaO MnO Fe»O3 MgO NaxO KO WO3 SO3 P20s
59.61 8.39 11.12 4.89 7.78 3.66 0.23 0.57 0.09 291 0.08

B AT, MR hREEA T ER S, B RMNIEHT, MHEREWREREE A, i
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Fig .1 Effect of auxiliaries on compressive strength of
geopolymers
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Fig .2 Effect of auxiliaries on compressive strength of
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Investigation on Synthesis of Tungsten Tailings Base Geopolymer by

Water Integration
Li Tao', Luo Xianping®, Qian Youjun'

(1. Sinosteel Anhui Tianyuan Technology Co.Ltd. Maanshan, Anhui, China; 2. Jiangxi University of Science

and Technology Engineering Research Institute, Ganzhou, Jiangxi, China)

Abstract: Preparation of highly active geopolymer reaction precursors with low active tungsten tailings as
raw materials and synthesis of geopolymer samples under direct water addition. The results showed that
The type of additives has a significant effect on geopolymer by water integration, the optimum conditions
for the preparation of geopolymer reaction precursor were as follows: the catalyst was potassium hydroxide,
the calcination time was lh, the content of the powder sodium silicate was 15%. Under this condition,
geopolymer has a 7 day compressive strength of 18.78 MPa. In addition, it is concluded that high temperature
and moisture conservation is not conducive to the development of polymer strength

Keywords: Geopolymer; Reaction precursor; Water integration;Compressive strength
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Table 1 Chemical composition of fly ash samples

SiO2 AlLO3 Fe20O3 CaO MgO Na,O SO3 MnO TiO2

PC X 43.84 28.78 6.74 5.35 1.48 0.81 0.61 0.08 1.12
CFB X 33.37 29.17 3.16 16.66 0.76 0.36 7.69 - -
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Table 2 Cure characteristics of SBR composites filled with PC
ash
PC IKIHFE e KEEHE BopBe  Mn FRRERIE]IEBEALE
# /phr  Mm/N-m  Ji Mn/N-m T10/s T90/s
0 0.85 0.08 0.77 646 1307
20 1.06 0.08 0.98 414 1038
40 1.58 0.13 1.45 351 811
50 215 0.14 2.01 358 876
60 2.69 0.19 2.50 286 859
80 5.08 0.50 4.58 229 915
*® 3 CPB IART FEREAMEIHTMLEE
Table 3 Cure characteristics of SBR composites filled with
CFB ash
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Fig .3 Physical and mechanical properties of SBR composites
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Table 4 Performance of SBR composites filled with modified

PC ash (in 50 phr)
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Table 5 Performance of SBR composites filled with modified
CFB ash (in 50 phr)
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— PR BRI T, — Rl A T,
RN 9.1 ~ 6.8° BHER 10° HudfE . X LA MRAR T
IR A AT &, 25 R AR 1.

=1 FHIBIERBFELS TR

Table 1 Comparison of structural parameters of new and old

cyclone
4 |H e i % e
W AR 34 40
YA B TR N Ttk Tk
FE A i 225 225
RHEAR S E 18.5° 19.3°
ANHESR A T 6.8~9.1" HHE 10.0° FLAfE

M TR B, O AR T I e 4 K
RAEREAR 17, X hEf s B 7> Ftib = F
URZNE P ] S AN H e T B DX /) HE
RHEAM . S BB BIREERNER, —
HEf O EHE (HEARSN TN BTG, — A
HE (HEMR SN TN — R, RS RRW]: IHER
W BOVRREM I, AN 9.1° -6.8°

HHE, BIRE EA N 34 mm; FER AT BN
BRAGEEM oL, JLASPCEE Mo 100 B, WRE
HAEN 40 mmo
22 HERERHEAIKE

HRE 2 1 T 1H BE I 2% 45 84 S B0 B R mT 4
IR ARHEA AN 107 FAER19.1° ~ 6.8° BHE,
TELRIESE TR 21%, 450 BOEFH SiC M,
TE KB 285 mm, % LE BAZ 20 mm, JURPHEE
£ 48 mm [T, BHRGER AR 9.1° ~ 6.8° Kk
H110° FHEXS B 2 EE AT R AD 70 GO TRD 77 FE I 5
M, R L 2.

#2091 ~68 EHEM 10 BEFRBEXLIRAE

Table 2 Comparison test of 9.1 °© ~ 6.8 ° compound and 10 °
single cone cyclone

e RS P2k FEEAR R 1% FEER %
Uihb 70.27 43.56
9.1" ~6.8" HAfE I 14.59 56.44
e 21.00 100.00
Uihb 62.08 49.37
107 HAfE I 13.61 50.63
21.00 100.00
MEZHIEA] LLUABL, 107 PR e #3380
W =2 49.37%, METEHE, 1E /=R g am T

5.81%, X AT HESE BT HE M 2 S PR I 28
A BRI E], 107 BREEA EROR, B0 R
REfl S8 2 IO WIE NS DRI 107 S EDTRD = 2
EE 9.1° ~ 6.8" EHEDTRD ™28, AR [l ¢
o MITHE—2BUERH 107 SUHEXTH2 S i a3 70 4t
Wh = A T 5E 1
23 FEREBRLE BMBRXEEIKTE

LI © 24 m HE RS RV 57 U T 5
IENTER AR ST, RFFEH IRE N 21%, Wi
EACTE 285 mm, R A HER S Rk 1 107 FRARE,
EAUE ELAT 20 mm, JURPWE ELAT 48 mm, %2 SiC
R PR M e 1 B B0 Y B 0 R b 40 SR DT D 7=
T o 3R 3 NASE TAER AR 2507 44 52 e
AR © 24 m WEHLIRI 7> Pk B 45 R
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Table 3 Test results of tailings for different types of cyclones
in different working hours

BB TAERTE SURPIRIE DUDER AIRE

i /h 1% 1% 1%

0 57.00 49.35 21.00

12 72.00 49.80 21.00

SiC 24 62.40 49.60 21.00

36 63.67 48.00 21.00

48 57.61 50.67 21.00

0 75.00 45.65 21.00

12 73.20 42.58 21.00

i 24 75.88 40.98 21.00

36 47.63 36.10 21.00

54.17 28.42 21.00

& 3P LLEH, BEE TAERHMEL, SiC
NN BOM UG IR A% R D 4> TR PR R AR AE 49,
48% AT, KGR B e A% 75 TAE RS (8] 2h 36 /1N
g, U= N 36.10%, FLFF 9.55%, %48 /)
WS, VI %y 28.42%, H SiIC M —H&ET
R T e 3 RS 7 RUTHP P22, AR E 5 K
DL, BRI IR R AR A0 BB BB ™ E X
A AT RE S BT SiC 1 NA B BOM i B A B K
i B W AR AL, TR R A AR, 5
BE, BEARIAEEXS T RIS 7 A A s
PRt AR RS Bk, BEARAUE R i TR 7= 28
HEdi 48 B R0 SiC A1 B i -

24 EREFIAE BRI

TEARIELA T K E 21%, BEi a4 Ak i 10°
FUHE ) SR BUE S SiC M, K E 285 mm
MIAET, 2582 R 48 T I A DURD W B A2 (R b
K 1.4 X EVEED R o TR PR 2 s, 3
t Du FR B B4R, Do RnVib W EHAR. 15
B KRG 45 L 4.

x4 HRAEMTPDEERRG
Table 4 The diameter of overflow pipe and grift mouth test

JERAFIE  FRRAH WRIE 1% TR %
IH e 23R 06 ik 71.27 4278
(Du=14 mm, I 14.59 57.22
Do=34 mm) e 21.00 100.00
FLLBOCE RS ViR 65.59 48.19
MU EA 3R 13.86 51.81
%D(Olzjgzrgr?)m S 21.00 100.00

ME 40 LE Y, 24 Du=14 mm, Do=34 mm

I, B A MAHELL N 0.4, BRI 2 FUTRE RN
42.78%, PEE, MMHELLRN 0.4 B, SRR
R M ARG R R A HE LN 0.4 AT
B b, M 1.4 65 0 2R R BUBOR G IR AR
BE EH 42 (Du=20 mm, Do=48 mm) J&5, ULHPf=HK
Pem T 5.41%), WminE K UTHD HE BRI as 7 2k
oy e o BE 7 AR 0 BRI, T S e S RO A i
TR N IR e P H AT L IR AR 1 4 ROR
AFEREST UTRPF=E. PRYIIKBE SR KT
B E AT R ANEEVIR R &R, W5 B Du=20
mm, Do=48 mm I, & R = e i 4 b 7 4
Dib =2,
2.5 mEKEIRE

FEARAE LT MR E N 21%, Wi 2 HER 45 4 Ny
10° FAfE 40 Bk T SIC MR, BRI EAR 20
mm, JURPHEE AR 48 mm &, AS[A)R I K R X e
AR P P 2R, g4 R IR 5.

x5 TRESREKE THEORSHTE T E

Table 5 Sediment yield of cyclone under different length of
overflow pipe

WA KE /mm WA WK% TR %
UTHb 89.53 30.30
210 bk} 18.70 69.70
B 21.00 100.00
Ui 66.03 42.16
265 AR 13.25 57.84
25N 21.00 100.00
Ui 69.08 47.92
285 TR 10.62 52.08
YT 21.00 100.00
Uihb 61.09 4423
305 TR 12.86 55.77
2 21.00 100.00

R S el L, 7EHAMEE S BRI
BT, B RRE AR I, SURD R
FNKSE RGN 2T SRS H 30.30%
BANE 47.92% FRU/NE 44.23%, WREKE N 210
mm I TR P2 RN 30.30%, KN 285 mm I,
e iR RS o el THb F= 2wy, N 47.92%, T 4
WMEK R INR, JIRb =R IR AR, Rk
%, #HNEEE N 305 mm B TR =5 44.23%,
X AT A B TR 0 4 N I 28 A B mT DA 4
PRI RREUR R, AR T Ui =2, ki
SE WL TE AR B AR KB 285 mm.
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(1) 37 1H e L 88 H5 5 L1 X 0 A2 /0N A
i B BMIR. MREERNER, WREER
KW HIRIRAREH BOMG M T, L35 e 1 4k
AN 9.1° -6.8° HHE, WILE BN 34 mm; HiE
TARE BONBRACEEM i, HASFC M HE AN 107
FHE IS BN 40 mmo.

(2) BRLRIGHETT, 107 FAEIER 88 R
DURP P AT IE 4937%, 5 9.1 ~6.8° HHEMLL, 2
1 5.81% AR e m AR A L Ry, K 10°
A REA S e A YRR RS A TR PR

(3) HTF SiCAE NG BOM i B A 5 K.
i 5 200 1, RIS AT 48 h W, BRD 7 L iikb
FERFRGELE 49.48% I A7, AR AL TR DURD 7= 56 N
45.65% PR 28.42%, HRENJE I, AZIRA 5 e
TSy BUEIRE ™ E, Rk, BRI
BET DTS PR e o BoRHH SiC A H Bib

(4) JFH BN H A2 14 mm MR B A%
34 mm, {ELRFFAMELLN 0.4 AR ) 4% 14
W REF L BOR, VIR R E T 5.41%, 5%
FIA R LU OB TR HE A% ( (Du=20 mm,
Do=48 mm) Ji5 17 F T2 e 2 By EE i R b 4 1
TUHPF=2E

(5) TEHALWSERFFEAZRIHEN T, W
WE K H 210 mm BINE 305 mm B, GERASE
BEW RRD 4y RUTR P2 R e T G B, S mE KE

TE BAEKE N 285 mm.

5 X H
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Experimental Study on Increasing Sediment Yield of Classified

Tailings in a Lead - zinc Mine
Li Maolin'?, Li Yun', Deng Xiaolong', Jiang Xingke'

(1, School of Resourse and Environmental Engineering, Wuhan University of Science and Technology, Wuhan

Hubei China;2, Changsha Research Institute of Mining and Metallurgy Co. Ltd. ,Changsha, Hunan, China)
Abstract: Through the analysis of the optimal structural parameters of the hydrocyclone, the effects of the
cone angle, the feed section material, the diameters of the overflow pipe and grit mouth, and the length of the
overflow pipe on the graded yield of the tailings of the lead and zinc ore are discussed. The results show the
change of the grit rate under different cone angle, feed section material, and length of overflow pipe. . The
results show that the 10 degrees single cone hydrocyclone has the greatest influence on the graded yield of
tailings, and the SiC material is less likely to be worn out under the condition of 21% feed concentration. And
the graded sedimentation rate of the cyclone is more obviously affected. When the diameter of the overflow
pipe is 20 mm and the diameter of the grit mouth is 48mm, the length of the overflow pipe is 285mm, the
highest rate of cyclone grading is up to 49.37%. This test has some reference value for improving the
hydrocyclone grading and the mining efficiency of mine.
Keywords: Hydrocyclone; Sediment yield; Structural parameter; Tailings
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W R frim Bl B il o 5 VR REAE 7T

Tz, 288, xlkus, i
MAZEATIZRR, AR RERATESHARAREALHE,

& T

510006)

T KRR % B A T DR ARSI, B SRT RE. ABRER NERL, R B AR TT
il a7 — M ORIE R, TR R B REEAT T RIS, S5 R, & % LSRN BO6 ~ B10 2Lk

R I R S E R HIE R T A2.5. A3.5. AS.0

A SIEAERAE 0.12~0.26 W/(m K)o HEELL A

BO7 [N AE B IR ML X RE A0 N i HUAT 3P S Ay b, ORI B AP R LA T R B ik, &= 4Edeie

EIFKT 1.4%, FERMEFRIKT 2.3%, BERUT b 2 2

X BERE; Rl PREFER: TRE

FUFREE K

doi:10.3969/j.issn.1000-6532.2019.01.021

hESES: TDIS; TU5S

WHE ST FEFEE, #bg 2016 K, O
g BB H T 244.1 12 Mo (HBEE BT TR 2R
#m, B RIEE IR DU AR BT SEST
100 73 t B0 Nk fG =430 it ~ 40 Jit ]2
o, rHURHER FRIE S BRI 700 75t
Clo @R I O KR 2, R
i R 1) 4 A, R A P A BLAT B IR 5
FHBELT UK AR 5 A R % 7:3 1 Ll A ) %
THEHSHR, PUEREE AT LUAS] 20 MPa DL o ¥
5 W R B RN RO & 7 R E N 900~1300 kg/m®
(2 FLIREE TR o 2225 BV R B A VE N RE A AL
WA g SR, TEACRIEE N 0.64, K
e B AR ABBEKICH 6% 65%:
264%. 2.6% TEHLT, BN 0.14% IR (s
BHOE) K T Boe o< TREE L, [a2s%©
DAV RIS Ay R, i mC i T IR
PR R A b, 153 T R FE N 1490 kg/m’ 1)
PRIEAR, ZPREAR A FRRECH 0.143 W/i(m - K), $iT

i HEHE: 2017-11-02

MEFRSS: A

TERS: 1000-6532 (2019) 01-0096-06

75 P A R 3 43519 3.56 MPa 1 12.5 MPa.

H iR E K I K RG24 TR 2k B
P ARHRE S N, RIS A R Bk
IR 2 Thie B 4 8 B RS M A 2L R A ATt e AR
CABSE B 1E R 2R ARE, R W B i ) 46
WA RIRIE ) TV fE S AT I
WA, FEX AT RE AR AT VAN
| W= P
1.1 IR

(1) K¥e: FKH 280 E KA R A A
ped2.5 /Kie, MERE LA 3100 kg/m’.

(2) BEREA": WHALFEFBED T RN A,
TKFE R 15%, HEARE BN 2780 kg/m’®, LR TH
BN 1.015 m*g, FiE/NT 0.15 mme FEAZEAL
SR, FETYINASA (CaMg(COs)) « /b
HTMA (CaCOs) ~ T4 (Si0) MfEE
WA (CaMgs(COs)(POs)(OH)) o

BEEWH: I AEERRECLHREEIH (2013A011404005)
EE®EMT: T € (197-) , 5, @t #aR, FENFRFELEE SRR .
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=1 BEVHEELERSD /%

Tablel Main chemical components of phosphorus tailings

CaO MgO P05 SO3  SiO2 MnO F Fe203

330 17.0 344 140 1.09 0.81 056 044

ALO3 KO NaO Cl  TiO, SrO ZnO kK

033 013 006 003 002 0.02 <001 41.7

(3) RGN TR R ERA R A A7 1)
YH-1 &R, K540, pHIE N 8.5+ 0.5,

(4) TERREN: LB WRKAG THR AR &
FERARTERR Y, RIS 2.31, JEEER S0, A
b4 (Na20) &8> 12.80%, —4%4kiE (SiO2)
HE=> 29200

(5) B R4 SR RH T 2 g A
J AP I K TR e L R R B MR
AL 22 B 2 T 1) o

(6) RARM = TERRIKFA: BRVEF G4k TH
PR B A2 77 1R SRR TR v PR RE DK A o
1.2 IEECEL it

R4E CRIEIR G LIS TR AR
(CII/T 177-2012) ') RIEREC & BE Hp 25 Bl R 11
HEE RS T A XHE :
me/pctmw/pwtme/pr+tms/ps+mm/pm=1 (1)

A me- AL KB ERT B R K
Vel ®E (kg) ; pc-KIREE (kg/m’) , HL 3100
kg/m®; mw- AL TOKEE RS H ARIE B A K
&= (kg) ; pw KMEE (kg/m’) |, HL 1000 kg/
m’; mf - FALSZ T oK AT E IR iR I ) SR R
HE (kg) ; of- &M% E (kg/m’) , B 50
kg/m®; ms - AL 7K BE AT B R AR 41 4
BLHE (kg) ; ps- HEREE (kgm’) , WA
W NANEE R, BN 2600 kg/m®; mm - BALI T
KRN B RRMRABERAE (kg) ; pn-
BEREE (kgm’) o

BN PRI AR HE A =X (1) AT BT
B FEAFE K. BN KANEKSE. K2 H
YRR ABEF = 100 mm X 100 mm X 100 mm #5
AT 75 [ .
1.3 EREE

BRI K% 1:40 B ELBIBCH] , HHES 2o

B8 I R E N 0.4 MPa, PR %SRS, 55
NRaE, FIERE TN R AR T, A
R R A A, AT ORI R, A
AR, WK, A 1L FERBEE, M2
REE, VAU = R % E N 50 kg/m® N
HE o KeoKUe BERA . SR LB BRI
Pt 60's, FHLBIIMAK, BEH: 60 so MRIEALE L,
Kk 5K RARS, THRBEEEL, 12 b
60 s, LAEHAHRIR G S NbrtE e Bt R i i e R 31
N BRY , 8 a BRLEE ) 24 h R A,
FEITIEFRI R . R Z&R TR, Hl Ul
FE7K IR 9 80 C I Z&VRFR AP M #7497 48 h, FIAAN
PRAEFR A = o R BRI E I (]

# 2 LAt
Table 2 The test mixed ratio

Pk /g 100 12.5 150 17.5 20.0 22.5 250 275 300
e KUES BRSO 50%; RIRFEOKA EEF (&

KT E) FHIN 1.2% Bl 2%; KBS (HRE) %8 1%; KK

He&-9 0.35.

1.4 PEEENR

(1) FRMERE: # IC/T1062-2007 AR
gL B e T .

(2) SHRREY: BT 5 P E A Hot Disk
FRAEBACT AR AT T T #REON &
W5, 2518 3K B Hot Disk REHE 7o AR B2 il #4BH 11
T, WiEZ MR A TR E, JF Bl
IR, iR R o, Al e . A K
il HotDisk 2 & ] TPS1500S #4435 %5 43 A4 B
i ) R B

(3) PUERE: SRR B IREDIPLPUE R
JEE SR T M T R e A 2 A IR A =) A7 () WD-
100KE 24 f1 -7 77 e kBl kiR gL
(JC/T1062-2007) HIFLEHEAT -

2 R 5%w
2.1 FRRY

FRBUETEO A BHR R R AL RE R EE S
e, WHBWT, MEHRHSAREE TR
—EHIRR, TEENRDEERZLEAR S
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REI KA KB % T % E ¥ 600~1200 kg/m’
AN ) 2 B A R IR o) 4 (R DB A B T R
Xof AN [F) 2 JBE 45 L A VR s RT3 B R BB SR
HHSMABCT MEM. WE 1A LR,
B T2 FERRAR, BIER 0 S A REOR BTk N . T
TREEN A RIREIE, PR RO W AL
HHEBK, ZAMBHNSHREEREETRZ
], DREE ZE b RhER A 52, S ARBURK, k2
M BT, SRR

021

FHREB W /(mK)

0.1F

0 O 1 1 1 1 J
’ 600 800 1000 1200 1400

FHEE/ (kgm®)
E 1 #HRTFEESSHRAENXR

The relationship between dry density and thermal
conductivity of block

K 2KV A e, WA FHRAEEN
0.9583 W/(m'K), RIKIBA 30%- 40%- 50% MR
N, I SR B RN 07556 « 0.6921
0.6672 W/(m-K), WK 3. BEEN ¥R A 2780
kg/m’ /NF KPR E FE 3100 kg/m®, ] L, il &
R EBE B R 15 N LA () 384 7 ek~ o

1.0

Fig .1
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B R 152 L /%
2 BEWEENSARBNFEW

Fig.2 The effect of tailings content on thermal conductivity
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Fig .3 The effect of foam content on thermal conductivity
22 HEEE

#1517 BEFE N 600 ~ 1200 kg/m® HfE A (RIR
IR, AIER (R 5 P AEAR KRR AR T T i
M 4 TT LA, W0 R0 s 2 R 5 H 5 A
L, T3 BEBOR, Hpt R am B mBo. o Hrmr s,
W A DT G0, IR P T A S R EOR
HOpp b ae st i, B, widen) sz ar b
L3N B SE I
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Fig .4 The effect of foam content on compressive strength

B 4 S 7 I K ) 45 B0 R I BT 5 FE 1
. BEEIRIRBANERIR I, WIS AL R
R, R PR A 2 E TR E AL AR,
BT H, RIS A e RERRAG, PR, Witk
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T2 %F: S RBARH &5 - 99 -

N 3.72MPa, SIMERECN 0.15W/m'K, ERMEEHN
2.83W/m>-K.
DLE KA X (BT F0H IR &t

T (REAR ) B, BEAR T RS
L% 3.

=3 iEE 1 EARMEE

Table 3 The heat transfer resistance of wall I

MR FR JERE S SRR A BINRHLS fEIE R B R G PEFR bR

(HHAMEIN) /mm W/(m-K) W/(m?K) a (m>K)/W D=R-S
A %%Zﬁ?g AR + 3 0.930 11.369 1.00 0.003 0.037
REWKIe TR H 5 0.930 11.370 1.00 0.005 0.061
AW KRS 15 0.930 11.306 1.00 0.016 0.182
AR - i 200 0.220 3.590 1.25 0.727 3.264
1:2.5 /Ky fib? 20 0.930 11.370 1.00 0.022 0.245
JEZIK B AR (18-20) 15 0.042 0.360 1.20 0.298 0.129
73 E AR 12 0.330 5.144 1.00 0.036 0.187
FIZZ Y 270 — — — 1.107 4.104

APFRTH R BHFE SR R E 0.75[ Bk ]

IR K=1/(0.16+ I R) 0.80

Wi «CRASENATE TN , HHEE
Z5 G [r) A BE N FRTH B =R N 37.03°C, & ZEHF
AL N R T E N 16.24°C

BEEAR T RIS E . ISR E MR (p=
700 kg/m’) FH ik RN H ARERIER (p =700 kgm’) 1
RTL, S, BSA I # WS H0n 3 4 s

+= 4 A IEREE

Table 4 The heat transfer resistance of wall II

M4 FK RS SRR A BINRHLS EIEREL B R PAE SR AR
(HAMNEI ) /mm W/(m-K) W/(m?K) a (m>K)/W D=R-S
A %%Z%g ALEE + 3 0.930 11.369 1.00 0.003 0.037
REWKIepr RS 5 0.930 11.370 1.00 0.005 0.061
KEVB KPS 15 0.930 11.306 1.00 0.016 0.182
WA H IR 200 0.150 2.830 1.25 1.070 3.780
1: 2.5 KyERb 20 0.930 11.370 1.00 0.022 0.245
K B8 207 (18-20) 15 0.042 0.360 1.20 0.298 0.129
15 W A B AR 12 0.330 5.144 1.00 0.036 0.187
FEZ A 270 — — — 1.450 4.621
A1 THT R S 0 5 IR AT Z2 0.75[ BRIk ]
MR K=1/(0.16+ T R) 0.625

RYE CRABFATHITHE | ITHAE
2 G [r) A1 it PN SR T e e il B2 36.75°C, AR A
AL AR TR N 16.627C o

Fe B T E == A vH AR R s 37.8°C
KR ZEE N AIRE N 1013Co XF HL AT Z0k% 44 1 A0
S A 11 R U B AR 7 T #0005 2 FE BE R, [ I 4
P TT 1 PR IR B A I BB LA T 14 1o
3.2 TREMROM

DARE BT R A KBERTHE T &, 350 5
MM 2786 m*, HE 45m, HAES34m, #iE
HHH)Z, BRI 17344 m?, 2SI TH AN
16126 m*. F|H Energyplus # 4Ll H/F i 5% 2 =
WA DX I B A AT o AR o R e L
wAR TN A B RIR WISk, R %At
H#—FE, HHERILE S, 60
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MBS FTRVE H, KRB T, ZE 3R
KR Z B A7 1N 196.36 kKW, B K Z1% 4
1366.88 kW ; SKHIREAR 11, 1% S5 kR i 4 A7
i 170.64 kW, e KB4 F4 4 1357.73 kW
M7 AT AR, @A AR R B A 1 i A
PR 01 AN 1.123 X 108 kWh, it 74 3 5 it
AN 8.649 X 109 kWh; % F 5544 11 i 4k B 39
FeAACE N 1.097 X 108 kWh, iAW S kA E A
8.527 % 109 kWho KA REA B ORIRMIPAE N I 455
A, XTECREA T, FERMEFEIKT 2.3%, FEA =K
1.4%. WA E AL X, RABEY B HRE
WIERAE g4 ] U 5 P A e SR R
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Study on the Preparation and Performance of Self-insulation Blocks
with Phosphate Tailings
Ding Yunfei, Wang Jianping, Liu Longbin, Deng Yan
(Civil Engineering College, Guangzhou University Guangdong Provincial Key Laborary of Building Energy
Efficiency and Application Technologies, Guangzhou, Guangdong, China)
Abstract: The green building materials using phosphate tailings can protect the ecological environment
and realize energy conservation of buildings. A kind of self-insulation blocks was prepared using phosphate
tailings as the main raw material by physical foaming, and its physics properties were studied. The results
show that the compressive strength grade of the self-insulation block with density grade varying from B06
to B10 was A2.5, A3.5 and A5.0,respectively, and the thermal conductivity varied from 0.12 W/(m - K) to
0.26 W/(m - K). The self-insulation block with density grade BO7 was applied to the envelope in an office
building located in the climatic region of hot summer and cold winter, and its insulation performance was
better than that of aerated concrete block, and the annual cold consumption and the annual heat consumption
of this office building using the self-insulation block were reduced by 1.4% and 2.3%respectively, compared
with the aerated concrete block, and can effectively suiting need of the energy conservation of buildings.
Keywords: Phosphate tailings; Self-insulation; Thermal insulation; Energy conservation

L

(k109 70)

Influence on Density with Polyvinyl Glutaraldehyde as Binder in Blast
Furnace Slag Wool Fiberboard
Yang Guangging', Wu Qingyu?®, Kang Yue' ,Yang wenkang', Han Baochen'

(1.Hebei Key Laboratory of Modern Metallurgical Technique, College of Metallurgy andEnergy,North China
University of Science and Technology, Tangshan,Hehei,China; 2.DepartmentofSkillAuthentication,TangShan
Vocational College of Science and Technology, Tangshan,Hehei,China)

Abstract: In this study, lab-made blast furnace slag wool fiberwas used as base material,
polyvinylglutaraldehyde (PVA-GA) and phenolic resin were respectively used as binders to prepare blast
furnace slag cotton fiber board, the bulk densities of the insulation boards prepared by these two binders were
investigated and compared, the binders were modified with silane water repellent and its influences on fiber
board densities were investigated, finally the combustion performances of the fiber boards weretested.The
results showed that:the density of blast furnace slag cotton insulation board was128.38 kg/m3with the binder
of Polyvinyl glutaraldehyde,approaching the density of phenolic resin insulation board with 123.47 kg/m3,
which showed that the insulation board prepared by polyvinyl glutaraldehyde as a binder performed well in
terms of density,but these boards is not suitable for insulation of equipment with outer surface temperature of

300 C or above.
Keywords: Blast furnace slag wool fiber; Polyvinyl glutaraldehyde; Phenolic resin; Bulk density; Silane
hydrophobic agent
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Fig.l SEM image and EDS analysis of nonmetallic fractions
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Table 1 The content distribution of main nonmetallic fractions

OM Si Al Ca
60.57 11.72 5.53 3.23
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Research on Removal of Glass Fibers from Nonmetallic Fractions of Waste
Printed Circuit Boards

1,2,3

Feng Yi', He Yaqun"**, Wang Haifeng', Zhang Tao®, Zhang Guangwen'

(1. School of Chemical Engineering and Technology, China University of Mining and Technology, Xuzhou,
Jiangsu, China;2. Shanghai Cooperative Centre for WEEE Recycling,Shanghai Second Polytechnic University,
Shanghai, China;3. Advanced Analysis & Computation Center, China University of Mining & Technology,

Xuzhou, Jiangsu, China)

Abstract: The recycling efficiency of nonmetallic fraction from waste printed circuit boards was affected by
the presence of glass fibers. In order to improve the status quo, the feasibility of removing glass fibers from
non-metallic fractions was investigated using a laboratory triboelectric separation system. Mineralogical
characteristics of nonmetallic fractions and the separation products were analyzed by X-ray fluorescence
(XRF) and scanning electron microscope (SEM). Results demonstrate that large amounts of glass fibers
remain in nonmetallic fractions, and their main elements are Al, Si and Ca. There are obvious differences in
tribocharge characteristics between inorganic fractions and organic fractions, which provides a theoretical
basis for the removal of glass fibers by triboelectric separation. In the experiments, glass fibers tribocharge
positively and are concentrated in negative product, while plastic particles tribocharge negatively and are
concentrated in positive product. The XRF and SEM results demonstrate that triboelectric separation can
remove glass fibers from nonmetallic fractions efficiently.

Keywords: Waste printed circuit boards; Nonmetallic fractions; Triboelectric separation; Glass fibers;
Recycling
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Table 1 The XRD analysis results of zinc ferrite pigment
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Study on Preparation of Anticorrosive Coating Used Zinc Ferrite Pigment
as by-product in Zinc Metallurgy

Yang Jinlin,Liu Jiguang,Xiao Hanxin, Ma Shaojian
(1.Hebei Key Laboratory of Modern Metallurgical Technique, College of Metallurgy andEnergy,North China
University of Science and Technology, Tangshan,Hehei,China; 2.Department of Skill Authentication, Tangshan
Vocational College of Science and Technology, Tangshan,Hehei,China)

Abstract: Aimed at the problem of efficient utilization of zinc ferrite as by-product in industry, a kind
of anticorrosive coating was prepared with the by-product zinc ferrite as pigment. The pigment was
characterized by the method of XRD and SEM. The physical properties such as hardness and adhesion, and
the acid resistance, alkali resistance and salt resistance of the coatings, were investigated in the different P/
B ratios. The results showed that zinc ferrite as anticorrosive pigment was feasible. With the zinc ferrite
pigment, the hardness and adhesion, and the acid resistance, alkali resistance and salt resistance of the
coating could be obviously increased.

Keywords: Zinc metallurgy; Zinc ferrite; Pigment; Anticorrosive coating
W
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Molecular Simulation of Methane Adsorption in Kaolinite Slit
Zhang Yayi', Fang Xiaohong"’, Zeng Fangui'”’
(1. Department of Earth Science & Engineering, Taiyuan University of Technology, Taiyuan, Shanxi , China;
2. Key Laboratory of Interface Science & Engineering in Advanced Materials, Ministry of Education, Taiyuan
University of Technology, Taiyuan, Shanxi, China; 3. Key Laboratory of Coal Science & Technology, Ministry of
Education & Shanxi Province, Taiyuan University of Technology, Taiyuan, Shanxi, China)

Abstract: In order to explore the adsorption mechanism of methane in clay minerals under shale reservoirs,
the grand canonical Monte Carlo and molecular dynamics simulation method was used to calculate the
adsorption of methane in kaolinite slit with 2, 5, 8 nm slit width under the shale reservoirs whose buried
depth was 1, 2, 3, 4, 5 km by using Materials Studio simulation software.The results indicate that as the
slit width increases, the absolute adsorption quantity of methane increases and isosteric adsorption heat
decreases; As the buried depth increases, both absolute adsorption quantity and isosteric adsorption heat
of methane increase at first, then decrease, and they reach the maximum value when the buried depth is 4
km. Isosteric adsorption heat of methane is between 7 ~ 12 kJ/mol, which is less than 42 kJ/mol indicating
that the adsorption is physical adsorption. Along the direction perpendicular to kaolinite wall, the adsorbed
methane is layered. The layer that is adjacent to kaolinite wall is the main adsorption layer, the next is
the secondary adsorption layer and then is the free layer. The order of self-diffusion coefficient of three
adsorption layers is: main adsorption layer < secondary adsorption layer < free layer.

Keywords: Methane; Kaolinite Slit; Adsorption; Slit width; Buried depth
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Table 1 Results of chemical multi-element analysis of flash furnace slag
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RV 82.12%, HHh & @ BT 6.62%, Ak
WEEED, N2.65%. F B RFEAT 2B
RERE A @Ay, 3 5 AR 89.53%,
R AR 7 A 3.38% , oA B D 0N 7.09%

y P

S0 !h-

2 INIEAPE
Fig .2 Flash furnace slag

E 3 #4iE
Fig .3 Converter slag

MIEL 2 FTEE 3 i ar DU Y, DA S v A A
W EA ORI A . AR BRALETE DL A,
W), HA PR S ARG B, N
i SR> B, e R < e 2 HRRZEOK
2.3 JPEIRAE AT

R 3NN BB R (-2 mm) ik
6 45 AN & 8 7 AR DL 4h R o

R4 INBPEREEIE RIS R
Table 4 Screening test results of flash furnace slag and rotary

slag

LW R /mm  TEE /% HIRAL /% A 1%
+0.3 60.18 3.96 55.04
-0.3+0.15 13.80 3.77 12.03
-0.15+0.1 321 3.77 2.80

i -0.1+0.074 5.49 4.08 5.18
P 007440045 4.89 4.94 5.59
-0.045+0.03  1.60 5.47 2.02

-0.03 10.83 6.92 17.33

&t 100.00 432 100

+0.3 54.24 5.68 51.95
-0.340.15 14.32 5.36 12.94
-0.15+0.1 4.61 5.46 424
. -0.1+0.074 7.08 5.64 6.73
-0.074+0.045  5.93 5.98 5.98
-0.045+0.03 217 7.01 2.57

-0.03 11.65 7.93 15.58

it 100.00 5.93 100.00

M3 RTLAE Y, IR R v v i 42 )
O3 EEAETLE 403 mm KIS, £ -03+0.15 mm
K2R 2 -0.03 mm KL At £ . 7E +0.3 mm fH
RLZR = i A -0.03 mm ZHRE % 7= b, TR v
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W4 @ o A TR . AR g, B P
1 4 g o A ) TN IR P . £ -0.15+0.1 mm
H-0.045+0.03 mm FiggH i 4 AT HAdRL 2
IAidb e TF -0.03 mm Rig RS 4R o
ATEH 17.33%, FEIHdE A & 8 A 20N 15.58%.
2.4 FEIECECAPE R BERE 534

o HE DR S AP s R AP s o A T 401 3:24 234 104
BEATHCH™, BN B s A S s L 500 g 3E47 BE
ke, B IREEFEN 66.67%, AREH %1
TR 2 DL 4.

1001
90
80
70+

60

=0. 045mm ¥ 15 /%
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40 s s . s . |
4 6 8 10 12 14 16
IR ] /min
E 4 EIECH LLBIkRE R B fhik
Fig .4 Grindability curve of slag with different proportioning
ratio

ME 4 v LUE 1, BEERA LA E, b
BTEEFE - EER. BFPENETE®RZ,
PR RRGT B o p LT DA v A DAL S v B
HIRRE Rt — PR T o
3 FHRE

T B R A R AT, AR
WMV I 7750 T2, SEAS[RIEC L e DA S0 v A
PR AR AT TRk R, BT RTE
MFEIFFETET, KRB RETFERY ).

3.1 —EHERLE

R EN 500 g, BEWIRIE N 66.67%,
JER 4 E )y -0.045 mm 70% , VEEWE N 30%, Adb
B5 N 100 g/t, USGR) Z-200 FH &N 45 g/t, il
27 BN 25 g/t, MR R ILE 5, 45
K 6.

v v
Gt Jef”
Bl 5 —EfEERIERE
Fig.5 Test process of one-stage roughing flotation

IR L
El6 ARIECLLREFEHIEIRINER
Fig .6  Test results of coarse slag mixing with different
proportion

MEL6 FTLUE H, 24 N AP 5 % I B
SN 4. 327 230 L4 R, IRA VB IERED
T AL A 20.32% 21.34%. 20.91%- 22.93%, 4l
& J& 1 [T 2 43 53 N 90.50% 90.64%~ 90.90%-
91.37%, F&H™ b 4EFEAE 20%~23% 2 [], 4l f) [
e BRI — AR, (R KR RN
3.2 FFERIRLE

R 7 T R0 AR, 43 Sl D AR A [
Bt L (VR A kB 500 g, 7F 1.5 L ff o — Y Fpliys
AR BT R IETT R, SRS . R
WRRE L. 45 R ILE 4.
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PRI gt

I Bt
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. I2#193 25
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v 1 2#3 20
i Iy
75' 3 7-200 35
v ' 2890 20
1 FI
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Fig .7 Test process of open-circuit flotation

FT4 FRAWLER /%

Table 4 Open-circuit test results

SRS B RO L 2 O 4:1 3:224 2:3 14 I
T RE 82 A 7 326 [R50 UC 2 73 il 24 90.31 %+~ 90.77%-
90.82%~ 91.05%; XJ A4 & A2 73 731 24 0.21%-
0.24%- 0.28%- 0.30%. HIILTITE, [HEE il
LC RSN, E e ade [ W S G R )RR
AR, (2 FH KRN
33 At

Z IR 8 I P B RS AR, AN A IE BE VR
B W R AT VR P S, 0 45 R W3R S .

RCULLN

ik 100 ZIRUHRLERLL: gt

BT Sabic g PRt T B R S Y A T 2 g
L2 Ay B i 1% 1% 1%
K 1153 21.07 90.31
R 472 1.19 2.09
. R 2 321 0.84 1.00
41 X
RT3 226 0.58 0.49
By 7828 021 6.11
JBHT 100.00  2.69 100.00
HH 1408 2047 90.77
FH 1 46 1.58 2.07
. HET2 358 0.89 1.00
3:2 .
FH 3 265 0.53 0.44
By 7553 024 5.71
JSET 100.00  3.18 100.00
RO 1743 21.01 90.82
hET 1 551 2.02 2.76
. R 2 435 1.02 1.10
FHT3 0 2.04 0.81 0.41
B 7067 028 491
JEH 100.00  4.03 100.00
¥HT 2081 2255 91.05
BT 433 3.32 2.79
L. 2 3.92 2.11 1.60
FHT3 244 1.21 0.57
W 6850 030 3.99
JEHT 100.00  5.15 100.00

-0.045 mm 70%
1 P
3 7-200 45
1 24 25
\*ﬁ %1
8 7-200 40
v N
N 1 x 24l 20
fEE AL
75! 7-200 35
' x 2% 20
FET
75" 30 x Z-200 30
1" x 2#h 15
kD
5
v
==t

& 8

iy S AR R Y
Fig .8 Flow chart of closed-circuit flotation test

=5 HARRAIEER /%
Table 5 Closed-circuit test results
PRI T ek b B %
Y 1331 18.07 92.34
401 B 86.69 0.23 7.66
&1t 100.00 2.60 100.00
0™ 16.38 18.51 93.55
314 BH 83.62 0.25 6.45
it 100.00 3.24 100.00
W 2005 19.05 94.28
2.3 W 79.95 0.29 5.72
&1t 100.00 4.05 100.00
W™ 2315 20.51 94.78
1:4 B 76.85 0.34 522
&1 100.00 5.01 100.00
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B S A, fEAR RV i R A 2 700 B2 T LT B
NP RN AE R L N 41 3220 2:34 14 B (3) W S ERC LA E, RAE
JIT 0 2 A - 328 [ HSC 2R 0 il 09 92.34 % 93.55%- FIRTR bR AN, BRI EAAERCH 5 R,
94.28%- 94.78%; N A4 it A7 43 79 4 0.23%- & J& A 1) (R YST 2 8 v AE PR e TP I I P i
0.25%-~ 0.29%- 0.34%. [NEI & S5 ERCLE 1:4 AP RCEE N 1:4 B RS B[R N 94.78%

i, B 4 S A T3 =M LR R
4 % 5 ik

(1) VR b P ARy A DAV A [1] E8RE , ARSI . FEAR YA RV R A A (1 25 4 R R T 9T
Bl 1.51%, Febpids cha Shbr ol 5.92%, Bedpidspy D1 IEBRTTSIER, 2015(6):27-29.
A T R . R R T [2] BRIBGHE , (GRS | W58, 45 . KOEIRET R AR ik [0]. 4

A B i Bk R 8212 %, 4 R4 A TFE , 2010(4):44-49.
T E : > " N N N
WAL , &= = 0, [3] 2518, B4, SN, 55 . WNEE T HCE T & B E AR

AR H EL R AR SRR D, e 2 Ay WSk [J]. 736, 2009, 18(1):44-48.
17.88%; Felril rh il £ BRSBTS R (4] £, mofibh, 207, % . SR PRI P R (T 530
W, E B S 1) 89.53%, AL R [0 B PR AR 2017(1):16-20.
DA A A A5 AR b o DN R gt [STEKEL . HIPIER AL L ZBTTT S R (). 47 i
P AL, WRIR TSR AL Fﬂ*ggﬁlig(lf)%lllﬂj [ P K2 i 1 i
. o R [ kR
SRR L RROR BRI (1], B 5804 , 2012(3):9-13,

(2) f£-003mm K, WP E 17y ppasns . m sl n R B T2 SRR [,
JB XA BN 17.33%, BB SR A EA HEnsTiae, 2013, 29(2):46-49.
15.58%. NN &S IER A LLEIAE, Jrd (8] SAdHE . S4B A ARV B T 2R 0], A
(RIRT B B AR AE — E 2 e BPWEM S B, B &g - EHEE , 2015(1):67-71.

Experimental Study on Flotation of Different Proportion Smelter Slag in a

Copper Smelting Enterprise
Lv Xulong ', Zhong Shuiping?, Yin Wanzhong ',Chi Xiaopeng', Zhu Maolan’
(1.College of Zijin Mining, Fuzhou University, Fuzhou, Fujian ,China; 2.Zijin Mining Group Co.,Ltd.,
Shanghang, Fujian, China; 3.Longyan University, Longyan, Fujian,China)

Abstract: The characteristics of flash furnace slag and converter slag produced by copper smelting were
studied using the flotation process in the field of a copper smelting enterprise, and the flotation test of mixed
furnace slag was carried out under different mixing ratio. The results show that the copper grade of the
slag of the flash furnace is 1.51% and that of the converter slag is 5.92%. The main form of copper in flash
furnace slag is copper sulfide, accounting for 82.12 % of total copper content. The main forms of copper in
converter slag are copper sulphide and copper metal. The main forms of copper in converter slag are copper
sulphide and copper metal. The copper sulphide content accounts for 54.73%, and the metal copper content
accounts for 34.80% of the total copper content. The copper oxide content and other copper content are
relatively small. Good flotation indexes were obtained when the ratio of the flash slag to the converter slag
was 1:4, the recovery of copper flotation from the mixed slag was 94.78%, and the tailing grade was 0.34%.
Keywords: Slag; Mixture ratio; Flotation; Rate of recovery
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VU RAT WA V) B ga it 7T

HAR A,

KEW, Fik
(BERAFHBHERAR, =6

EHH  650031)

WE: WA LRGSR Bk A E Bk B AT T3 00, ARPEIRIG 45 R & K L Z A N -
T - B - R BE AR . IEIIZIRAR o] LSRR AN AR R B B RS (5 B% 38.21% 5 29.35%), it il [\
N 93.74%; BRGNSk 63.88%, ST 1.66%, BRI A 23.29%. Bt & S AR IIYRSH AT CARRM U, /B AR

B IRCH A, AT DM S R B A

REIR: BB, F - B - P - A

doi:10.3969/j.issn.1000-6532.2019.01.026

FE3HES: TDIS2 ERFRERD: A

By R R B IR TR,
b B E AR BRI IR, Bk A RRE
AN, FE 0 RO KRG B, &
T Bk ol 8 R e i EE R 1

H AT 3 V207 I HR g A D
TR CL TR ST A b b T34k
A AR IIZEE NG ERRE R SIEE N R
PE, AMUFTEREMNTI VIR Ty, R PEA
Gt AN ERRABT AR, AMEEHRER L
MBI T HBRE R R AR, AR
R 2 4. BREF IEZRE A, A
AR LRI b a5 R, I Re s> BT
FECE, A0 BRI o5 P A PR ) G
F, ERBENENRSFER, BRzelRE, W
R AT 2RI R — TR 7 SR A s

1 FEo MR

Z R -0.074 mm 42.80%, ARIE G H
BEATHI XRD 4087, W&k B ¥ LA s ka
(23.45%) NFE, 2 HBRAEE 1 87.47%, FH Ik
BN (3.36%) « BEERT (2.73%) , WkAH
ISR (43.02%) « A3 (7.19%) « 5K
H(6.42%) NFE . BETHHN TET R 2AERLR,
WHEMN . YR BT, SRR RER

WS HHEA: 2017-09-15; 2[EHER: 2017-11-25

XEHS: 1000-6532 (2019) 01-0119-04

BRAT BB AR R, — REAE 0.003 ~ 1 mm Z[A],
LT REUA A SRR A, EHRRE 5 A
AR WS E2AEBDIR, A R
BT IR SR N A R T RS, R
BIE. FEE. E, HEEATE, MiiaHR
Ol RZHA/NERLRIE R, S-Fig. A
WATINEERT S JIAEe Ade. SRR, R
2R S I R R 1. 2.
2w
®1 R BTUEDNER /%

Tablel Results of multi-element analysis of the primary ore

Fe S MgO SiO> CaO ALO3 Sn  Cu Mn  Zn Pb
3385 13.69 <0.5 2447 1542 2.60 <0.05 0.13 020 0.081 0.059

*2 R SKMESIER

Table 2 Analysis results of iron phase

. A A )
i meew GE B B Mlew o%

GE /% 196 152 126 2681 237 3392
NATZE 1% 578 448 371 79.04 699  100.00

2.1 EHRFRAE
2.1.1 W35 g iR

BTz A DL e o 3, Rk
R4 K F XCRS (D400 mm x 240 mm) &5 20 )i 7%
R G Rk HLBEAT 8 1) B R R G R AR WL 1,
SR 2. 3.

EEE A MR (1972-) , W PR TRN, TEEMNFILEY TZH AT,
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Fig.1 Exploration test procedure and condition of magnetic Wil 500
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Fig .6 The relationship curve between butyl xanthate dosage
and grade and recovery rate of concentrate

B s iR RRM, MR EE—E
Y A DR L R R VA=A 0 B Npg { N |= =
i 524 3500 g/t B AR AT %) Im0 fiC 26 o o AU
R0 3% BB IR FH B 3500 g/t CRHL% 3000 + 3%k



1
2019 4£ 2 A

FHRAEF A EERT wERER  09 KB BT T

« 121 -

500) o 6 iEEE RRY], R B ALRE T 3
ZHAEMME FRES, RUREE EAES, 4
THGHERT 130 gt i, FECRBIA K. 4
HEEBEIRN, TR T EAHERN 130 gt (H
1E 100 + $931k 4 30)
3.2 mIERIE

FR AR50 R AN A VT, 43 ot SR AT AT
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Table 3 Process test results

. [ BRAED 1% WAEH /1%
gﬁ; ’gi Fe S Fe S S

R AT A L A [

B Wh-¥% 59.88 23.85 4873  36.52 38.68
T% F-WE 6339 729 1853 3458  88.16
Wi - 60.05 23.86 49.53 3836 16.06

BERT RE- V% 6129 2335 4939  39.66  41.16
(200 H % - 6899 131 1476 3327 9526
90%) Wh- #6129 2335 4939 3434 17.04

RIERRW: LREN By ELANEY, %
WhiE AR TP m ek e AERT S mE R,
M Aee AR THEmmm i EeE, FEAREOR &
B, X E B BT A B ) LA s P R
BT (23.45%) NE, 2 ETRACEETH 87.47%,
SRR AT L NS, RS S . A
P IR NBRUREE™ b, AT AR T A 1) & o
HERS S E St , R ARG S0
BEAKIERED LRR M, A B RS TEARET
fabr, DRLCHER R - A AR o
23 SN BERETIAE

NT ARSI S &, FR S
A, RIS RS AT T T A A
RGN 7, 4R IFE 40

H
BV st g
BER

ik 1000
T3 30
730 A 12

ik

TASH BN

7 BEFERTRERE

Fig. 7 Process of regrinding flotation desulfurization

T4 HRETBERRAKRER
Table 4 Results of the desulfurization test of iron concentrate
FEER i 1% EIUSE /%
Y 47K
BIBAEL HF 1% Fe S Fe S
BAEHT 40.15 58.09 7.93 39.07 13.48
40.15  BAEHT 59.85 60.78 34.15 60.93 86.52

4 §° 10000 5970  23.62  100.00  100.00

BAENT 78.27 63.88 1.66 78.88 17.83
7827 WK 2173 61.61 27.54 21.12 82.17

% 100 63.39 7.29 100 100

TAEREW: BT %0 A DR R R
BN E, BETE S BRETE 40% A7, Ho R
PR I MR A AR E A, T3 B
RSB & AR ELAR P BE IF 0 Re 8 PR IR B 1
R, (R RR, E DUE R
AR 2 B 31 7= it o B K
24 HEFEIRE

WA R A KR, TWEBTERAEY,
S bk HE BT 5 m ki RS EERAETS R
W, MAREAR TR E R R, R
WS . oW IR Ty ik 5 R AR A DL oS
b R A A B R LK. GREE R
FISEA G AT R, HEFERHARB 19 - -
TS - JRIRBCA AR, TEARBT MAM TG &
IBAEE, FEEN B g RS ER DTN
YHUEE™, YRS B EE (-0.045 mm 80%) JEiF
LA, PR R m S . WIS RE
WK 8, 4R IE S,

i

g 3000
T 100
730 A 24

ik

iR R AL gt

T2y 30
730 A 12
ik

v 72 KA/m ¢
kN 1

E Tifig 500

B 1000 =
T2 30

TR 2 BAED
8 WEFERERFZN CF-#-BE- 3
Fig. 8 Recommended procedures and conditions (flotation-
magnetic separation-regrinding - flotation)
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Table 5 Recommer;d;d ;Jjocess test re[;uLII;s1 . LER B T 2 R 2k L RS B 1 ( ﬂmn{i
s 2% 10, D /% x|y
aE s T Fe S 3821%, FREICE 86.18%) , V-t BH @it ik ik

GRS 1 3020 4854 3821 4314 8618 I s s - % (10,045
BT 2 344 6161 2935 624 7.56 AR HOBRRR™, DR L ( mm

BRRSHT 1239 63.88 1.66 2329 1.54 80%) JEVRIELHE, £3FEk AN 63.88% (&R
E%: 15(;)6.9070 gg; 113;.1379 12076,3030 1307(2)0 1.66%) HIERAEHF AL 29.35% [MEFEH 2, B
AR RIS R, RPN - - T g IO 93.74%. -
PRE IR, FEANEER 1 2541 5 AT DA HY 5 A% 1B (3) Tz A Uﬂ%ﬁ?ﬁﬁﬁ‘]%%%ﬁfﬁi,
K0 1B AN 38.21%, BREIE N 86.18%) RESE R SRR AR 40% FE AT, BRAM R B kA fE 2k

TR R BT R AR b ki, g PSR S SR R A i T
KO FEES (-0.045 mm 80%) JEiFikMinn, mppipk  AREOTING, SORLERHOE RS G, R
R 63.88% (B 166%) , [l hy 23000  MFAMBEAS SURGLA, MTS B 5 15 2

RS T AL B 29.35%, [Ny 7.56% Hase A A EIE I,

W2, B ECE A 93.74%. % Sk
3 % iag [1] 5kE4 . FREER BHUE R A PR &k R fa s [I].

, &35 4, 2007(1): 1-6.
N A~ N }j‘t
(1) R %Mr%zmm@aﬁ/ T o s R FET AR AL R 10 L [, 9

87. 47%, LR 5 TR ALER ) 12.53% lﬁt% [3] FHAT . REFER" [M]. Jb50 1A 4 TR | 1985,
YIEL 7 1R A5 0 & = S A BRI b e I #E é,? [4] 365 B F MR Z S i &b T (M) b A4S

G &SP LT R, AR R L2 T T ﬂktgﬁﬁffi,psm | N |
SHTRET, WA T A58 1% ~ 2% HIBRE T [5] ¥R . B AT VR AT 52 (M]. JE 5T - 36 < ol R AL

(2) MEERGF kS, RETAEH

Experimental Study on the Recovery of Pyrite from Tailings in

Western Yunnan
Ran Yinhua, Zhang Zhiming, Li Qiang

(College of Electrical Engineering, North China University of Science and Technology, Tangshan, Hebei, China)
Abstract: Beneficiation research was carried on the pyrite ore mainly including pyrrhotite. The reasonable
combined technological process of flotation-magnetic separation-regrinding-flotation is recommended.
Through this process two different grades of sulfur concentrate (38.21% and 29.35%)can be obtained. The
total recovery rate of sulfur is 93.74%. Iron concentrate contains 63.88% of iron and 1.66% of sulfur, and the
recovery rate is 23.29%. Iron concentrate with excessive sulfur content can be sold at a lower price and used
as a pyrite blending or as an additive alone.

Keywords: Western yunnan pyrite tailings; Floating-magnetic separation- regrinding-flotation combined
process



i A=A
%10 =R Ea A
2019 %2 H Multipurpose Utilization of Mineral Resources e 123

-

&St R R T SV (=1 e X -SSP VIR
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TR N VIREETT R ACE, RSB TR AR, W T ZMAEATH R, AR T
oty K JRE b RO BYER PR ISR BRI . S5 RARI, 73 ol [E X BT R HE AR SE /N, 7 pl I
WL, HEPHLIER IR pH Ay 11 i), BYERF e dh i 5 ISR M de s IR0 BB 2 08 KB R RSB o
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KHEIR): EYEENT; MFEEES; TRk

do0i:10.3969/j.issn.1000-6532.2019.01.027

FESES: TDIS2 HEAFRERRD: A

WEEERY BRI, R, B
FAER BT AR 2, KBE D> dh g
Z, FETRZ, WAt RER . EREESE
REREAR, BRI S A SR AR AR R S
AR XE L) B, B0 IN BRI B e 1R
BENHRER S BRSBTS g e B4
KESEEERY], ik T Z AL 245 750 R odtAr
ity RSP YA RO . SRS R TE
AN T EZN &V G rd N VR

B ARAE SRR, MRSy S Es, R
W YERTARMECR, BZEKek =, dhgi el i H
KEFDK, WHFFIRTEAREIIECOR; T2 Y=t
TERW], BRINGE SRESTO BUR LA, IRATRLE
R, R BRI TR % o AR
]2 AR bR BB, SR, A
e vied I YU BT S N B/ K U E s P ND AR =
RN e O K 32l AN AR 2 e abE A EIT N
HETH W pHAE [FIK. SR 5 HY BT 45
PREGEZIT, Duizit) ol S IR SRR S,
[FISREYER T BT RIS B R 4R 2

i BHEA: 2017-10-13; ¢EIHEA: 2017-11-30

XEHRS: 1000-6532 (2019) 0123-04

1 SFERELTERER
L1 B3 pH X EIEARRI RN

)R Z R AT A OR, A2
I pH A, 5T pH (R AT IR R 0
B, I 1.

R 1 #73R pH EXIHF kMRS E YRS
Table 1 Effect o slurry pH value on grade and recovery of lead

flotation
pH ’f"&%ﬁ)‘ H B AL Y
s L /% 1% TS /%
10.29 47.15 0.39 62.35
11.38 47.32 0.37 63.18
11.67 47.89 0.40 62.84

IO R, ML 2 pH (AR T IR TR 5
SRS/ | W3 pH AEAE 10.29~11.67 15 Hl N 281K,
ORI S A 5 B AR ) YRS AL
7 47% [CRLE 62%~63% A7, HY T TR
A AR ARSI R HVRLIE pH BRI
ALV BRVE A AR 2 BOARE, WK pH ME i ST
ETEFRISA T B LA 5 SR8 AN o
1.2 R GO ERFEIEFRHI R0

EEWH: W EBae I BT R (20176DASCX-0110) 5 4kH 5 R T2 0l R o4k ik o o e 2 ) Je L 7

Rk VEREWE T (2016A030313801)

EZRE A e (1974-), EF TR, EENHEY | IIHBAE I GEY T 2R,
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AR AR E S, WA TERAALR, JUH
JEH S AR BOR, R B A R R B
BUK, 20255 1 54 L0 B IR TR AR B RS
FREERILEE 20

*® 2 R RAXNRFERGS EWERNF

Table 2 Effect of grade of the raw ore on grade and recovery
of lead flotation

Eanye p R N
WE % B HimRres  IRCE/%
1.12 46.81 0.39 57.91
1.30 47.12 0.39 63.14
1.51 48.30 0.40 66.77

HI3R 2 AT, TS B il A X Y I 28 6 o R T
RK, BB b BTG N , YRS H™ ih 2 5 [T
PRFEWR, BRI A A K.

1.3 Bk SHFEIE ARSI

Bl r=ig K=z, LB 2R REDK, A
DR B B S ARG 2 F TS K, X EE 1 m1K 55 3 7K R
BHRIETEAR IR, SR IR 3.

=3 EKIERIFIERALS BRI

Table 3  Effect of recycling water on grade and recovery of
lead flotation
K DJ?;W KA = ElbES
an i /% dRAL /% WAL /% 1%
THK 1.53 48.85 0.43 68.02
7K 1.42 45.21 0.39 63.53

HR 3 Al A, fEBEW 4K A RUKE, 8 kEn
5 R R TR, ATRE R K A
PARAFINEG FEE T, MRHTFEERE R,
Iy RSB ZE G

KBTI pH=11.38+ JR 4% 5 7 1.30%-
BERT AYHER A FIK,  H R B R IE AORE i F
HEAK T RFETRrR, R EREE 1.

Bl SR

P
FHEICR 100.00

1.2613
100.00

9353 BRLE
6.83
1064 5777 216884
312.71
R LI
| BRLb [ EA

1p4.85——— .02 =

. Y25 40.60 ——
1772 537.17 26.25 186.37
3

TIRE 8.58 157.1
317.99 fﬁ*ullg,l# T
— 219.18 IW/ R Y

18.59

37.16 30.02
3.89 = 365.31
114.60K 45
15.13
20.90
50.71 12.1 v
Lk o
HHRELV | 5763 29.45 i
2.16 0.
v 47.32 98.27
F'=3
- 49.05
1.73
67.28

1 SHFEBRERE
Fig.1 Quality and quantity flowsheet of lead flotation

HI P 1 AT, B RS AR AR B RO
FREAE T B R TS AR B, SERINERDT WA
RN SR KA R ARG N, A I R R I
TEARANERTE « R VM s ) ) S SR o PRI,
i 2% S A AURE T B A8 A0 7 o B AR
(7] I B 24700 1 P2, 25 5 v T [ e e A X
HEARBRIRISA o
2 BRHEABFERER
2.1 # 3 pH {EXI 3R IEARAIEZ 0

A B BRAT R e L S BRI BT B 3t
L 0T pH BT BRI R R, 5K pH
AR o A1 A T B R P ) N0 A R AR 8 R T B
PRIk, 550 9% pH X Bk BA EEIE X,
B9 pH (BB it A 5 [ R 2R 45 2R LR 4.

R 4 WK pH EXNFSHEMALS BYERNFI
Table 4  Effect of slurry pH value on grade and recovery of
zinc flotation

A s

H U I o
P AT /9% /% °
10.80 4236 0.22 88.38
11.33 40.04 0.23 86.75
11.59 4153 0.22 87.53

M 4 v]H0, BEVFIEN K pH {EAE 10.6 - 11.8
VR B 2O b ST S AR, R R A AR AL
BN, AR E, BHREN K pH A H
K, BERE G WA RKANGI0), nT R Moy N B
0 R T RS (R 2
22 [RE @AIX R IR ARRIS

DA E R M R AAR K, TR A AR AL
WK, W IEIR AR AR KIS, AT ARIE
AT ST AR B A T R A P R B SRR AR B S )
BT AR A E BN BRI IR TR AR A S I LR 5.

=5 R @AXEEFERAS B

Table 5 Effect of grade of the raw ore on grade and recovery
of zinc flotation
Ry K ==t %
WEL% e e OR/%
1.803 38.760 0.218 86.107
2.066 40.902 0.216 87.421
2.373 42.003 0.232 88.219
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Fig.2 Quality and quantity flowsheet of zinc flotation
Hi P 2 Al B RE AR IR B RO
SHURIEIRPR BB B, 5 S5 7 B
B AFIHI R PR B &5 47 TE W
FasE SORAFHT B I T AR B RE M o

3 HEFRREY MEERKER
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=6 MEVHERSHER

Table 6 Metallic distribution of lead tailings

biE2 2% 9 i 1% BJEE /% ARIES
/mm Pb Zn Pb  Zn Pb Zn
+96 4.00 04 042 160 1.68 345 0.71
-96+75 8.00  0.58 0.74 4.64 592 10.00 2.51
-76+53  16.00 0.62 1.86 9.92 29.76 21.38 12.68
-53+45 18.00 045 237 8.10 42.66 17.46 18.11
-45 5400 041 2.88 22.14 155.52 47.72 66.03
£l 100.00 0464 2.3554 46.4 235.54 100.00 100.00

®7 HBETVHEESHER

Table 7 Metallic distribution of lead tailings

. N AT /9 EIRE 1% AT
s oo, WBL/%  ERE
R PE s By Zn Pb Zn

+96 500 040 026 200 130 515 5.03
-96+75 7.00 050 030 3.50 210 9.02 813
-76+53  16.00 045 022 7.20 3.52 1855 13.62
-53+45 31.00 034 024 10.54 7.44 27.15 28.79

-45 41.00 038 0.28 15.58 11.48 40.13 44.43

£l 100.00 0.3882 0.2584 38.82 25.84 100.00 100.00

®ow THRKY], SEETFIERERENR
=4 OFEN 45 pm BG4 1Y E
dn LR, R B R FUR WA R T B
HAONEAN, EERSNEELE, @R 1%
RIVEERLEE AT, H 45 pm P& &m, it
H RS R BUERT PB N A S5 W B BT

SRtk BN SR T
4 # %

(1) wEIARET, K pH EXHF LR
PRECIAEN, B9 pH B E A B R, HYEE
FHIER™ ¢ pH AN 11 2 A I, B i ak it A 5 [
W i SR BB AL B R EE RS BT R AL
ELESHRTE - 3: NIV IR ST R N N i e
A 4 SR FH [0l 7K I 3 RO V7 08 YUK AR, 7 1 AR
RZE; WERFILT IR EER, B

(2) VR R O R B S IR e A
PRI R TP RN R E SRR A, )
D EINEEN ST EA, SRR YRR T
VEARFR, 5240 A EY 78 2 SR AR S

S Sk

(11 &1, A28, SCfim] . REEER IR 2 T R A
IR [7]. kR4, 2007(9):8-12.

[2] BoREX, Britde , ZOutEe . BAL AR BEURE T 20
FE AR [J]. 0 =R 5 R |, 2007(4):39-44.

[3] A . IR FRE T N WL 7T (7). B A S B
R, 1995(5):33-35.
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Study on Investigation and Analysis of Lead and Zinc Ore Production
Indexes
Tang Qian', Huang Jianping®, Yu Gaoxue', Dai Zilin?, Yang Jianjun', Li Guiying®, Zhu Dongpo'
(1. Shanxi Silver Mine, Shangluo, Shanxi,China; 2. Guangdong Research Institute of Rare Metals, Guangzhou,
Guangdong, China)

Abstract: In order to improve flotation efficiency of concentrator, a better flotation index of lead-zinc ore
was obtained, and the technological process of mineral processing was investigated. The influence of pH,
return water and raw ore grade on the flotation index of lead-zinc ore was studied respectively. The results
show that the pH has little effect on the Pb flotation index, high flotation pulp pH inhibition of zinc, lead and
zinc roughing pulp pH is about 11, the lead-zinc flotation grade and recovery rate were the highest; the higher
ore grade lead-zinc flotation concentrate grade and recovery rate were significantly increased, and the tailings
grade basically unchanged. When the feed water is damming used, the viscosity of lead flotation froth and
the separation effect is poor, the operation of lead flotation is difficult to control, and the recovery rate of lead
flotation is decreased. By analysis, it was found that lead-zinc flotation tailings are most coenobium, needing
to fine grinding of Pb and Zn for monomer dissociation.

Keywords: Lead-zinc ore; Process survey; Flotation
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Production Practice of the Mixed Flotation of the Copper Smelting Quench

Slag and the Slow-cooling Electric Slag
Yu Bin, Zhang Xin, Wang LiShan
(Chuxiong Dianzhong non-ferrous metal co.Ltd., Chuxiong, Yunnan, China)

Abstract: This paper aims at the production practice of the mixed flotation of the quench slag and the
slow cooling furnace slag produced in the production process of Yunnan Chuxiong Dianzhong-power
nonferrous Metals Limited Liability company, adopting the "two-stage one-closed-circuit" crushing, two-
stage continuous grinding, two ronghing, two scavenging and three cleaning. By taking control of the
selected grade and reforming the slag flotation system, changing the adding position and proportion of the
medicament and optimizing the flotation process, the copper concentrate grade is 20.6%, the tailings grade is
0.43%, the copper recovery rate is more than 87%, and a better flotation process index is obtained.
Keywords: Copper smelting; Converter slag; Electric furnace slag; Flotation
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Table 1 Flotation production of mixed slags

EC S S e XA SEBR IEATIN ]
Sy 5000 t 5470 72.5h
ZEN RN 2500 t 2524.73

i %@%ﬁ@ 2500 t 2945.27
FEEALFRE 5000t 4628.78 73h
EEP MY 2500 t 236.46
AAENPE 2500t 249232
JEH 4 t 35.88
JEH AL % 2.94
KW t 574.4

B B 4 EE t 8.36
KW S AL 20 % 20.6
SRV t 3846.25
JEN Eh AL 097 % 0.43
Bl 73.63 % 87.00

KU TR SA v A =101,
SEBROA 1:1.170 SEBREERT RN 5470 t, BE VR AL EE &
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I, 25 B e Jod v B0 5 Ui W ot 28 Sk AP I
JE 3 W B R RS, K e SRR RE A AR R TUA 1)
SRR ISR, LB IT AR B R ) 2 2R
B SR S AT S, X e A A T D

I, %% %) H Materials Studio 24, L
W A7 A SR W B 5 M el e e B AR ek HL 4T LA
fitl, fEE EIEMNZ R (GCMC) AIE N
REE (NVT) 58 J1 5 0 7 AU 7] 4% 58 17
e U T B B TE AN TR R VR R X FBE IR B, A T
KPS bR 2 iR P T ) S R W R AR e
ABREE T IR BT o

EZE Y. kAl (1993-) , L, WlEmPsiE, T E NGRS L Yaiw 5 RE 75 T w7



1

2019 %2 H KA G F

P A 3 o PR BE PRI 6 4T AR « 131 »
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1.1 ¥IRRE R E AR

& A YA R R H Bish!® (56 Hd, ¥
S (RRE) WF: a=515A. b=8.94
A, c=739A. a =91.93" . B =105.05" . vy =
89.80° o ZF[AIFENPL, J& TMRM SR =R R,
9 TO B — )\ THARI ZARE™ ), = [BIAN 3 BH B A
KT, BRAEG-E4MenzE, Horn
Ali[SisOn0](OH)s, % 34 MNE T

WIGE AL AR AR CASTEP #i8k, S 411
R ARANE D S HRE, EEEEZR
it (DFT) [ GGA-PWO1 A e e pR £, “F1i
ALK RE Ecut B E N 500 eV, 15 M T IAAH E
1E % B VBB ESR (Ultrasoft potential) |, HA
3% SCF WS S4UKG % B N 1.0 X 10-6 ev/atom, K 4
B ax2x3, m ARG &S5 (BIBA0ME)
KMIELGRACHT IR R ZE WAL 1, 7T LB B R
FAE 0 ~ 2% 8], RGBS
1.2 JRERBMERRK

% | Bl A ENRBSRRETIRE

Table 1 Cell parameters of kaolinite after optimization and
relative error

b a/A b/A /A ol B v I

fAbET 515 894 739 9193 105.05 89.80

MALfE 521 9.04 746  91.87 104.54 89.79

MATRZE 1.17% 1.12% 095% 0.07% 0.49% 0.01%

VE: ARTIRZE | B - RIS |/ R X 100 %
AR L2 s A A
EEWRE L0, FL AR JE R FLIR 2 N BRSEIRFLI,
H e 1 5 J2 Z [RIAETE /N T 10 nm (5% R &9,
RIS 0 A A 8 (24 5+ 8) nm HIBR4EAR Y,
DL R R Ab 5 AR B g Bt B A A () b e
IR EYE, MEEEAR (001) FE; HX,
T VA N 3 JE A B = A A TR A
N TR B AE e U A ) R A B v ) 3 A s
B, BT 4x2x2 [Pk Y KRR, R (001)
FIMAE xy P _L: a=2084 A, b=18.08 A; /5,
FIH build layers fir 2 KA @ EE , FHAKIRILE 2.
5. 8 nm HAFZESE, F IR TR E 58 il

1 (a) AR N@EIEA 2 nm VTGRSR AERE

e U B R I R R AR AK R FH Forcite BB, HH
THEE RS B, WA i S 30 e .
DAL ISy S 4 ¢ BE T B3 (Steepest descent) ,
fE FIH A7 (Quasi-Newton) KAtk B & Kik
RIREN 1%x10°, J13 1%+ dreiding 7135 ", W
i T ROE PR H AT P (Qeq) , BRFRAEFTIESE
Ewald JIAIZE, o848 1E % Atom Based i%,
W28 9.5 Ac B 1 (b) ARSI 2 nm
Peag bRl MRALETEDE 1 (a) AHLL, B\
R R E T I EE T (001) [HAS A
SEAT T (001) T, T P FR AT T2 3 P47 T (001)
T, AN A DY T AR R A T KR FE ALl Rk
SERIRY T A M RE AR A TR i R, TR
F5 Si i T EEN =AIKE O O Os AFALT
[ —F, O B, 13015 Si &M 02 O3
TR F O-Si-O 43 il tH 107.47 ° 1 105.75 “ 48K
119.46 °F1107.80 °, [A K H1-O1 #5255 FH 2.90 A 4%
229 A, H-Ol FIFERSH 219 A %R 270 A, H
H;-O2v H4-Os M EE B AR A AT A K, RIIEE 45
PRI )Z 2 [ A AR 55 28 BTk, itk 5%k
EE U RN Aoy = 1 [ E AN e P T B
PR, Ho T PR R R T n) R e A DU TR
AW, s e . HMh AT ket A
[F)FE AR A A
1.3 HiRaSFrImE R

W B R HR e 43 A OF DU T A 45 R, C-H g

- e 2 m s Q
- - N

1 § -
(a) fLALHT (b) itE

1 Sl8A 2 nm IREM LA RAIETL
Fig.1 Configuration variations during optimization of 2 nm slit
of kaolinite buried depth

K 1.09 A, H-C-H % £ v 109° 28' o H A AL 7E
Visualizer & I~ 32, FFLE Forcite LR
b, 1FEIFE AL
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2 WHET®

AN R H BT %A N TUE SR AR, SR E U
SHEZ N1 ~ 3.5km, THFE TUE S HAEHE,
VU1 2 DA SR 2 0 3 ~ 4 km"o R AR
AL 1s 24 3+ 40 5 km B NF AN SR, AN EH
TR X 7 R R A s g L3 2

®2 AEHERTHBREMED
Table 2 Temperature and pressure of different buried depth

YR /km % /K [ 77 IMPa
1 310 15
2 340 30
3 370 45
4 400 60
5 430 75

VE: #EHiE (0km) JE)¥ N 280K, JE SN 0.1 MPa, iH¥
T P I 86 7% 43508 30 K/ km 15 MPa / kmo

2.1 BEIEMZREFREELL

FR o £E 1o U8 A e 4% v (1) W B £E Sorption 15k
NS, R EE I NIAA R B R A R
T, mHkEs el LLE Higsh. i #EE &
71 (Fixed pressure) 1T:%%, Metropolis /5%, ¥
HUHE 77 00 ¥ B 3% 2 H A [R) B TR 1 il R
1o B A7 20 BN R 2 303 9 1.5 % 10° 2
Ny B S. FEAEA JEEEER. JE
BT AT I B [F) BT A i ik, IRk
FEIR Al i IR RE B A M i 13 ) A UL
22 SFEhIIFERL

£ Forcite B T % IR 1] ) i 4K BE & 45 K 1HEAT
AN R BERLR A IEN R LR (NVT)
T BE MR IRV B AR 2 AN R HH R T 0 I R IR
KH Nose #7715, BEPKA 1 fs, S
[f] 79 1000 ps, B 500 ps HIK-FHi74& 5, J5 500 ps
kGt ortr, Jidm. Mt #EiE .
TOAEAEVE . AR AR A
3 AREG®
3.1 WRPE

FGE Rl SR B 2 191 K, K H e fE 1% 4 2
IR AL TR IR TR, A 2 6 W B 5 AN 3 5
T3 7 R A B o o W O R R B R 4 B T

b AW B AH A7 A 1) B e S AE B 4% b e USUHARAE
FR R e, i I e R B A I, A ) I B
1A S R I S 2R 1E R R e A AR B v ) S BRI
PR Ol BT B L R VR BT R R S e 4 Y e )
S, BRI R, LR 3, 1 AT R B e
HH R D B e a R W B 12T mT DL B A
TE e 4% v 1) 66 558 VI o 0 ol 4 s 1 388 KT 3G 0K Bl
HRVR I IE RSe R S5, 4 km BB, #F
A AT A U [ TUE SR 4 km 4518 .
FANEG B HE T 2 ~ 4 km BN B REERFA
FH R 26 6 T B A 0.80 ~ 1.60 mmol/g 2 [8], 3R
AL 4 AT B 7 R A5 U0 1 v 0 o F R IGE (9
BB K TR 4518
7 3 TNEHERTE4E5E T R E T IR 2

Table 3 Absolute adsorption quantity of methane under
different buried depth and slit width

mmol-g?  1km 2km 3km 4 km 5 km

2nm 3.04 3.63 394 4.18 3.95
5nm 5.00 6.57 7.56 8.20 7.77
8 nm 6.97 9.53 11.18 12.32 11.61

3.2 FEMMMH

S5 B IR B AR T DA TS Bt PR RS 751 TR o 5 2 i)
Bt RE 7 (R B ES 12 RO S I R B R R R,
Z 5. B3R 4 T LG B BT LR B sk b 1) SR BEIR
B At 4% T 1 KT R/, S5 RE RS U7 I 5
B R AR A0 A W P — B, $H7E 4 km BFIA
Bk, BT 2 nm FIBREELE 3 km BRI 4L 2 km
BEAK 7 0.1 kI/molo 5 B S/ 5% B ik X HA A 1) & %o
W BBl A, L R 5 FTB 5% (AR LA ) g 2R 59
W B 2 1) 38 K = T S 7E 4% v e LA A TE 1) R e
W MAAMGEANT 4 km B HEVRERR e R0 Bk
SEMAHEARF Ay, FER M FHREKR, &
JIEE K. REARSE U TF R I AE/E SR A 2 ~ 8 nm
e 4% v 1) 25 R I B #CN 9.66 ~ 6.81 kI/mol, T2 EE
& R HAH RN T AR E S B A
Z5t. AR 4 AT LG B FTA 055 R B A
T 42 kJ/mol, KB BEAEREE i) B 2 A BRI
Bt o
3.3 B2 H
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x4 TEIERTE T T RIThy S 2 M H#
Table 4 Isosteric adsorption heat of methane under different
buried depth and slit width

kJ-mol’! 1 km 2km 3km 4km 5km
2 nm 1148 1154 1144 1153 1141
5nm 8.72 8.86 9.05 931 9.20
8 nm 7.68 787 822 8.61 8.49

£ Sorption BEHR T BEAT W B H 5, PR A
Bk TR BT 4y 1 3 Sy A, Ak S IR
TR 2. B2 25 T im0 A 2 nm PR A% I IR B
F R HoAh g% 5 K R AR B AR 2. W R
F B H e A 55 U BE 1 1 H 7 SR AR TR T AT T RE T
(AR B 2, T A J2E 9 B THT ) 1 77 D00 22 5 ) 23 AT T
Meggrh o Jy 7 BARREIA b AR 88 N 1K
Ao, FEHEE T HRAEREM M 7 1A (B z BhJ7 1))
X FRGE R BEEAT 23 A, RS S A a1 3 B
(a) AAEHE T HEETE 2 nm B4 ik 2 o0 A

(b) 4 3 km HEJR N HGE£E A [F) 4% i e 4% b ik

[Er Ao W LLE BI4Z IR P Ee REFRE AR, Far
BAKHESA=AE: (1) HTHGESEERZ
(1) FR) AH ELA'E FH T A S 20 B T Ak 588 T 1 1) 3 220
Mz, (2) Wb SEER IR A BAE WSS, +
BERE W Bt o371 18] R Y4B A D) AR SET 32 ZE M R R Ar
BRELBRIIRERINE;  (3) TR T ks
e, WHWERNRER, M NEEE. B2 M
3 HRT LAE B Wb RAEAE TRREE N, fEMJZ 451
BICEZ A A, RFNB ST HEI1% A
149 0.38 nm!"™* | JRAEARAL 5 B EEAE AL 2 A 8A
By ok, ABAKIHIZE/NT 0.38 nm, & FH b8 70+ Jov2:
HEN

FPEET RPN IIRRORD SRRSO
EEPECECY SReReRry IReReRGR Shatoiad SRR
e 38 B i g

ettty Toal e W e, i dy, S
abal el o " 5§ ek N T o R
A Ry s " P £ T A g

o v ) * o e T e T A =

, 2> i 3 b o ot

o T, Ok EaaTA e waf @ St
Ao il AEi, wr LB e B I e e o

e R T P g o S el R
WekaRen Dheierel NaEcEE rRvAveRaR RAREERR
FRCECTON PRBOESE TEELEOS EoEoeR IRaREERR

(a) 1km (b) 2 km (c) 3km (d) 4km (e) 5km

2 BIRA 2 nm FREERYIRMIHEY

Fig.2 Adsorption configurations of 2 nm slit of kaolinite

j 'f Ei:b::fqﬁ‘j ' il ll':?i.';L...::-_-'; ...... i

T 9 O T

ks, ¢ g

(a) 2nm (b) 3 km
3 BIRERERR. TRERAKEFIRENS
Fig.3 Concentration profile of methane in slit with different slit
width under different buried depth

K3 (a) ™Al LA 2 3 200 M E ) I (A 1E 2
km I dg iy, FLAM SR DU Bl B R BG nm FEAIG ;I
LR BT 25 AP0 1 J2 1) e A D) o 3 R 186 I 52 3 T v
e e 3 B DR B R B N R B A v, A
READ et B T v w] DA R B i) ig s hn Rtk
Foe Bl 48 7E e 4 B T AR Y 2 0 R R g
{BAE 2 km LG 1 km /&, (HEER EIRENAZE AR,
HEEREHR— 2T, Pk 78 RrI3h6E,
8145 32 WL B2 o8 40 R b B SRR R T PR TR B
RE 22 1717 DB THT Ak JBt 7 Sk 3k N I B 2 B8 25
JZ, WS T M R AR B BT B E AN
Ui 5 )2 VAL P b vy — 7 T 2 A 2 R B 2 T
IR, T 2 R RUOAESRIRN 4 km BT, AT
F1%) &t 05k Wl B 8 ot S R 8 T 38 in, {H T EE TR
W B Ay B AT RR, L e B BE TR 8] AH B AR I BE —
BRI HE IN T I BEAR E R R, DR S R
S 4 %o VR 8 G %) 5 R A A TP gg
S DL A AE I B B Z B & 2 b,
FESRIRN S km I, FBE 26060 WP B PR AIG, 2L
B S A B SR WA 2 BT LS 4 km B LRSS, 2
F T IR T 3 I R B AR T B Y 4 km (1)
AR o FLARSETE T A [FRE AN o

(b) HTLAERIBEE S BEm, EEER
JE BRI = A R R AR RN A PR
BRI (1) 468 o) Wl PR e ol 42 o 1 n T B, {H FR e
Iy AR EEAN g R B AR AR % v Y e 1)
2 BE A% U0 3G R kN e AN T AN [F] 4% T Ak
G Y HURREAE, wTROEN By R Bk R
k. BY BREBES ) Eh — A EER IR, 7
83T Einstein #HUE k45 :
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D =tim—(|r(t)~r(0))

1= 6t
Ketr, (@)= rON Vi T (1% (MSD)
A {E Forcite f R 0Ar 13 2], T35 AL B R 1)
1/6 B E 5 SR B %5 93 km HEE R AR [ I
T B B 7 7R [ 4 SR T I 1 R M, T
DU BIGE SRR, FRE I T BRSO, o
IO R W b R
SR I, UL E TR o R e T2 3
B3 T 58 38 10 1 P 10 T M R 5 7 B JEAB IR T
th A R R

%5 PRHETHEYK

Table 5 Self-diffusion coefficient of methane

10 m2s™! 2 nm 5 nm
EE QU pES 3.00 481
IR 2 3.96 6.62
HEE 4.17 6.85

4 & #®

(1) BR4eh i i R v 1 2
WP 2 B B R A R R, =N A
FEr) B HBUERBURK RGO

(2) BHAESEGEMIIG R, H o 1 2500 W Bt £ 14
K, SRR AR N . B TR 40 A R Ak
Berh R ARUBR S PN AT (1 200 e 44 O K T
PN, AR R A Bl 2 PRI

(3) B SIRMIIGR,  H o 1 28 5% W B 0
S BB IS SR 3G KSR ), 4 km I A B B K.
TR B P AR B R RS S T S PR, 2 km
B 55 pen,  IREE IR PR 2 R0 25 2 U] 3 E T 4 0 I
Bt B ) AR AT S v R

(4) AFGEGEABEIR T, F e i) 55 5 0 b #
F 7~ 12 kJ/mol Z [8], /T 42 kI/mol, K%
W B 2 ) ER R i o

5% X Hh
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M IR e P 1 e ) A PR 5 EE AT 5T
ZEE, BR, XK, Kille:, ATH, FEE, THE"

(1. BEKXKZREFMR, LT %A 110819;
2. BT RFARESIEFM, Wi EWl 063009; )

WEE: ASCERE EARBIEAT I, W4 T s va ol fR (A3 WO S v A B £k EE AR BR
BONTTRE. NS BB RS AT R i, FFFL T Wi =08 T2 IR R LU . g5 R BN
HEAT (A RN, 0P A )4 1000 kg ZEBR B FEHCN 1506849.53 kl/tFe, fEEL N 238.88 kg/tFe, ELEEIRJEE N 0.20,
TR ATE R X BRI, vk 1000 kg BBk FERA 1873112.57 kl/tFe, £ELEH 258.89 kg/tFe, H
FEICJF N 0.340 WE N IR — 5053 75 KU DX R B A ARORT — 38 7 7E (] 230 i DX JEAT (R 2 R I, BRI = fy
A REIE BN PR AR LU o B BId 5P A PR b AR e 5 M N ARSI 0 i Sl sl N 5 38 K T A3 B < s
IR R £ LLAE A 124.76 kg/tFe, WIS R 1127.97 m/tFe, BELIEEIREERATRES] 0.044, ¥ L 26 HEER
B AE RS RN 1074599.9 kI /tFe.

KR WIS, m; MREELL; BSE; BROREE

doi:10.3969/.issn.1000-6532.2019.01.030

FESES: TDI8Y YRR : A XEHS: 1000-6532 (2019) 01-135-06

bE A REUR B Rk, BRI m R s
TR OCHE U H AT PR AR L 1 B AL
I, AR R BB S b R ok T2 a8 B
511 BTN PR R 5 e P AL SRR AT I e s R
S — RV, A XA SO B
e~ BRAEINAE, BEEBUEERIG M, POy OR,
FERE AN B, R BB 52 3 £E R 5T BRI £
5 L B 3 R S B ECR B e by B, A s
s RO T X AR — %Ak R AR
Ry e E I R X RS, 7 AR KR R K 2 R S L IX
WZ s, BUEYIEE S, &8 WIS
WK, BARBEE R E TR R
LG, Ay P AN AT AN SR B A 4 it 0 2 b AR
i oK o DRLE A FH s AR i — 22 PR A1 A LU 0 LR B I X
NT BRI EL, HBLT W2 12 Y 1
1970 &, 1% [ 1) Wenzel #{#Z 1 Gudenau £ #% &5
AR AR AR LS, T UE IR

i HER: 2017-10-08
HEemB:
{EEE A ZEE (1989-), F, H-L#FR4,

THRORBED TR (BRAEAE “ BRI .
AP AR PR SR T RO R e T (E 2
VAT E LB BRI KR Vi,
& e AR S (OGBF) Br 2 ) X —
TR R R i R DX R e
NP AR BEIE R, I IR TR RN i
S ARG D} St VN B

ARSI BAR TSR A ST, BT TR L2 A
TR TR R LA, 2 Hr T RS
BEHHEEEEMRRERER KR, KA
AT T St S B TSR A PR A
RIS cE &

TR I o A At JRURE R

WK1 2, TTRAEHEINEK S, @i L
SR TR AR 4. 5.

[ K SRR B G T R SRR BRIER S 2 e BT BT H  (U1360205)

BIRENY: BK (1954-), B, ##z, EL4ESIH, E-mail: lg@ncst.edu.cn.
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Table 1 Components of raw materials
iR TFe MnO P S Fe2O3 FeO  CaO MgO SiO2 AlO3
JREEH 56.49 0.299 0.019 0.032 74.59 550  9.70 2.890 4.82 2.15
BRHA 59.62 0.175 0.013 0.027 80.70 403  0.84 0.175 12.17 1.87
Skl 57.43 0.262 0.017 0.031 76.42 506  7.04 2.076 7.03 2.07
Ve WURLECBESER T BRIIE =733
R2ERBD /%
Table 2 Component of coke
$i02 ALOs CaO MgO FeO FeS POs CO, CO CHs H» N» H N S Cmz S4 UWEK
636 542 087 0.2 085 003 001 010 065 010 0.10 004 070 027 055 83.83 0.561 3.24
RITRDEE /% Up = A4y )
Table 3  Distribution rates of elements NS R
Ao, AN FE R B K o B WU EE R
i H Fe p S
ERS 0.997 1.0 Uk=0.1366 kg/kg
Wi 0.003 0 S B B TR Ce = 43 ko/
N = tFe
o 0 0 0.05 &= #%55[‘3’]/ Wkt Ce g
B B ETCRIBJFEFENR Can=10 X (0.5 X 24/28+0.017
x4 IZ8% " B
Table 4 Process parameters 60/62)=4.45 kg/tFe
qp POVEE BRI AR PTRA ORI 5
% IC % i /°C U, = AxU , +(Ce +C,)xU, [Cy —21.4[Si]
= 1.5 1200 1.23 200
N — = 1749.96 X 0.1817+(43+4.45) X 0.1366/0.838
=5 PRI SR 53 347 1%
TableS BF top gas share analysis 3 — 21.4%0.5=312 kg/tFe (3)
OiH CO. CO N2 Hy CHs4 O2 n CO 2.1.2 ey X R0 0 P A
WA 173 245 566  0.60 0.60 040 41.39

RN Y [Si]=0.5%, [S]=0.02%, ‘EkiBH
C.=43x10=43 kg/tFe, [P]=0.017%; /' & 0% /&
R=1.03; Wi NFIHESH H2 1 CO HIELBI A 3:7,

2 R Gp4T

2.1 BIREHTHE

2.1.1 & RHU, K O TiE £U
BTwEMDE (A, FR. AXRA5%)

KN R o HCR T SO PRL ) R

U,, ¥4I kg/kg, HFEXN:

U, =(CaO + MgO + SiO, + ALO;), (1)
XHEAEEY AP E K CaOy MgO. SiO2

ALOs #155, HAbRGEL 7 (U0 MnO 55) 420K

BREEH U 4y =0.097+0.0289+0.0482-+0.0215=0.1956 kg/kg

BRI 45 =0.0084+0.00175+0.1217+0.0187=0.1506 kg/kg

BATU ,=70% U s +30% U s =0.1817 kg/kg
R & R EERIE AN

el DX R RV FE Qa2 T A DY TR 2
(1) Ak E M R 1000x g, - Kdig A
BRYE =i X IR 5 (2) HPds O3 o0 i 1) #A i
Ui xqg, q &SRR, 3) G&nRik
JRAEH 53600[Si]+62750[P]; (4) i X Ak (1
FEAHKAERIIE) O, WA AXMGH .

0,5 = Zy xC, x1000x 0.8/7,

=200 % 0.8383 X 1000 X 0.8/2.5=53651.2 kcal/tFe
=224262 kl/tFe (4)
0,1 =1000 X qpntU1 X qsn+(53600[Si]+62750[P])+Zo
X Cx X 1000 X 0.8/ 77,

=1000 X (290-150)+312 X (430-220)+(53600 X 0.5+
62750 % 0.017)+53651.2

=228037.95kcal/tFe=953198.63kl/tFe
2.1.3 il X A E IV FE IO, 1) T

el X RV AR 53— R IO,,.. /2 B ey il X N
RABEFTHER, EaF: (1) I E L R R

©)
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C e x12722.5kJ; (2) M AT RBEmRC, N BLHIE JR AL
R C gpe B 1T N TR ) S5 A g b T A A )
(C, +C ) xUyg xq, xCy;
2B E AR RN K
0,y =C, x(Uy xq,, [C )+ Cp x{12722.5+ U, x g, /C } (6)
é’\qK = UK ><qsh/CK
ERRNET KRR KR B SRR, w
FE AT N BB Ay e R . DIt
0,., =C, xq +C . x(12722.5+ q, ) @)
0,. =0 +C, xq +Cup x(12722.5+q,) (8)
3) feiat X B A T AR
T e il X A T RAA Y

th = th ©)
B L2 R SAEQ,, BEFUERRN:
th = Qc +0, + thz + ths (10)

B, Qoo i R A2 XU HT IR R 3 B 1Y
W, HRIEAN: Oc =C, xqc, g ke
Ikg FE R B 2R I RESR it 40 el X (A R 4 A
PO IR (A Bk JRFE AL A v
2.1.4 BURRIR LT HE

(1) 5 —Fh gt

I TTRE, JRAAEE

953198.63+143 X Co+(12722.5+143) X Cdare=9
828 X Cb+4793.15 X Cp+370.72 X Vco+n,+57830.75-
96545.79 X rare (11)

953198.63+143 X Cp+12865.5 X Cdre=9828 X Cp+4
793.15 X Cv+370.72 % (1111.25-5.445) X Care+57830.75-
473.07 % Care (12)

R

483405.28 +15357.14x C ;. =10164.15x C, (13)

PR AT TR, AR -

BAAMR 1 AR A ERE T E R B
NO kg, B AHEF AR BT S HREERN O,
kgo WA NEE:

0,1 =1749.96 x (0.7642 x 48/160+0.0506 X 16/72
)=420.87 kg/tFe (14)

0 ,, =1749.96 x (0.7642 x 32/160+0.0506 X 16/72
)=287.175 kg/tFe (15)

BO o BRI B R n KA KRB NTT
£ (12) 531

287.175 1 871.5%0.7-3.6x0.7x C .

x(C, +C . +4.45)—
16 12x3.237 (€ +Cre )
 871.5x0.3-3.6x0.3xC,,  C

dFe

22.4x2.786 12

22.4x3.237

(16)
LiSIIERCE
12680.4 —62.41xC, =138.21xC ;. (17)
BAL T RER (17) A (13), SRARTS
C,= 111 kg/tFe (18)
C =418 kg/tFe (19)
OIS AR EE N
K=(C,+Cy +C, +C.)/Cy
= (111+41.8+43+4.45)/0.8383=200.25/0.8383=23

8.88 kg/tFe (20)
X 1) B SR ra A
7, =0.0049 x C .=0.0049 x 41.8=0.20 (21)

E NS o,y

Veoun, =1111.25-5.445xC . =1111.25-5.445 %

41.8=883.65 m’/tFe (22)
0=1506849.53 kl/tFe (23)

(2) 8 A
ST, RN

953198.63 + 12x0.33 *Vegon, X143+ C 4 x (12722.5 +143)

= 12;20;5 x {VCO+H2 x0.7x(23688 13794 x0.5) + V4, X 0.3%

(20229.3-10353.86 x 0_5)} +90.65x Vg, +370.72x Vg, +

57830.75-473.07x C 4, (24)

953198.63+26.8125x V., yy, +12865.5xC 4,

=3050.5%Vegu, +90.65x Vg, +370.72x Vi, +

57830.75-473.07x C , (25)
B EAE):

895367.88+13338.57x C yp, = 3485.06x Veo,1y.  (26)
S BRECTBTRE, FRARAEREAS
287.175 1 12x0.35

a % *Veoun, T Coupe +4.45
16 12x3.237 ( 224 costt, T “are )

0.7%Veom, 03%Veo, Cu,
224x3237 224x2786 12

27



. 138 o Wi a M

2019 4F

BIE1S
43790.56 —46.75x Ve, =264.41 X C . (28)

B T FER (26) AT (28), SKRARAS:

Veown,=528.98 m3/tFe (29)
C k=704 kg/tFe (30)
JA B R e B C:
, 12x035
b=y Veom, 12%035 % 528.98/22.4=
99.18 kg/tFe 31)
O AR Ly -

K=(C,+Cu+C,+Co)/Cy

=(99.18+70.4+43+4.45)/0.8383=217.03/0.8383=
258.89 kg/tFe (32)

X 1) BLAEE SR N

r, =0.0049 x C ;. =0.0049 x 70.4=0.34 (33)

MAAEN: O= 1873112.57 kJ/tFe (34)

P b A s DL B A R T B —
THOLTHE H A H N T 28 —ME Bl AL, i EL
FLHE 5 T AR HX P A A% 0 5L ) £ EL R AN
A L2 TR, REMARE TR
R L IE HH 120 A LA BR AR A2 1 79 A A 1 1
AL, WU, BB B R KRR B
FER SR AR i S AE A] 4k i XA [R] $25 J5
RIERIRM . XA A TR AR R R A L.
XS YA Sl — 2B a0 A, HREIEX R
wEEL A R, RIRRPRAELL .
22 RPREELEAYITE
2.2.1 PR FELL I TH 5

B — M SR B S AL T B 545 T R A

31.48+C,, =0.66xC,

{91.75—ch€ =0.45xC, (35)

oy T ATRAWANE AR A SE R C g SR

67.13+C yp, =0.26X Vg,

{165.62—Cd& =0.18% Vg, (36)

AT A AT D = T R 1 T
Cr 5T, W LR RXFHEOC, N IRE, &
/NME A 47.7 kg/tFe, & KAE N 203.9 kg/tFeo 4 %f
ZREBLC 5 5 T E, Veown, BN R AE 53510,
I /IME N 258.19 m/tFe, i KN 920.11 m*/tFe.

A 3o 0 AR BRAE B a0 A mT A, B — AR B C i B )
{8 47.7 kg/tFe, 7= XER T S AFNBE S
N HE BB IS 3 T E AR 47.7 kg/tFe £
R A i E R R AR C RO 203.9
kg/tFe, R AL B ST 5 RE 7 22 1) KU IR e ik

=]

HBo

A DUIE S B8 — R 0 B R T R A SR A
&, HERNE SRR O RET 2, ]
3R HH A PR AR AR R F 5 /N IR 11 R e e 6 0 X 11 75
BHEAE. THRPBRI R

1) B2 LR RS X TR O) i

Opmin =Cy Xqc + 0 + Os (37)

T O 1 Q3 3 43 301l A 8 KA N I A L
R DN S NN E SR € /BT -
N — R LR e qC R R R B 1kg R
R AaRE. B TCHUR/NME, BT LC k%
F %, X Veown, B A 1111.25mYtFe( R 4 2 20
Veorn, =1H1.25=5.445%C . ), X FEAR N $ 45 it
HAS:
Oy = 47.7x9828+47.7x479.15+1111.25%370.72
= 903613.66 kl/tFe (38)

2) H= LA BR AR I 1 X R Bt B C i F1XL
BRI Y co o, mins

¥ F T Oy min AN B S 0B, 1E R
ORI, f AT el 51 R
Opmin =3050.5% Vo1t mins +90.65% Ve i iny +
370.72% Vo i1, mins (39
KRN S T AR

Vo1, mins =903613.66/3511.87=257.30 m*/tFe (40)

AR 4% 71 1 15 2 3 Chmin = 0-1875% V611, mins,
A

Cymin =0.1875 X 257.30=48.24 kg/tFe (41)

BT LA, BRBR AR LR i R R 2Rk B R 48.24
kg/tFe, A EAN 257.30 m'/tFe.

HRAE 5 — Pt ol C, 1 e KB 203.9 kg/tFe,
FRNEE B L I B 80P 1 J FE b, o m] DUBE
T 2 1 B2 0 R 7 R R conmy ming, THED IR



1

ZEEF: WA P EEGOMRBEILH L

* 139 -

2019 4E 2 H

wr:
1) £ LA FRAE IS ) Pa) 30 S <
VCO+H2 min,d

O, _ Chmae T Cu _ Veostt,mina X 0.7 B Veosnt, ming X 0-3 _

16 12x3.237 22.4x3.237 224x278

(42)

K0 L, MC, BT 5, RANEIE T ERS
Veor, mna= 870.67 m*/tFe (43)

2) 5 AR BRAE I ) B3 B R RC e min FH L4
T ST ET i

W B TH AR AN B 58 % 400 ik 280147 1 Ak
fai T FE -

165.62 = C jropnin = 0.18%X Vg it ming (44)

A LA R 13 C e = 8.90 kg/tFe, TR #E 2 K
Vamin = 0.0049xC e, AT 2 AR BRAE EE N 10 B 4%
IR Er min= 0.0049 X 8.90 = 0.044

B LA T2t PR AR Ly

K. ... =(C,oin+ Cromin T Cu +C)/Cr =104.59/
0.8383=124.76 kg/tFe (45)

Veoutt,min = Veoutt, mins +Veost, ming = 257.30+870.67
=1127.97 m’/tFe (46)

KB LZHm AR ENSHRERN 0=
1074599.9 kJ/tFe.
2.2.2 BENHIEAE S BHEGEF IR R

RYE 3.2.1 TWHTHR, ATRREIBARESES

0.12

0.11

e
S}

HBELEE rd
o o
2 2

980 1000 1020 1040 1060 1080 1100 1120 1140 1160
A VCO+H2m3/tFe

B 1 MANKSESEERTRERNXAR
Fig .1 Relation between volume of gas and direct reductive ratio
HEICIRERR R 1.

M T ATRUE H, ELEE R LR B R
Wom, SewNEROR, EREAEN 1127.97 m/tFe
X R B B /ME 0.0440 HIBE NSRBI T

1127.97 m’/tFe I}, JREAHE XU T 32 At AR & 0 PRI 42
IR, BB AR 2 A 1 IXP 7 AR 1 A T gk
AT IR EIE J5, P DABE 25 MR I BS K B L J
PN TSN S E KT 1127.97 m’/tFe B,
X (1 R ) PR Oy BB R IR S, ROA X B R
OX R EEE TrfiegE, AR E/E
DRI ZE o R340 i P2 I o5 I N ) < 14 i 4
72 Ry o o O A ) 8 I R ORI P 2R PR AR, A )
PRI iR N R AN T o B M et 5 A2 SBT3 2
AT IX ) e T ) S A2 TR 200 iR IX (1) ) 22 ik
JR 7 B RS R
223 BN E S ELHCR
Y5 2.2.1 FTHTHE, AT RS RN R
HEEWRRR, WHE 2.
190 -
180 -

170

160

MR AELE K kg/tFe

150 a
140 -

130
]

ol vy sy
980 1000 1020 1040 1060 1080 1100 1120 1140 1160

PBLAURE Voo mym'/the
B 2 BARRSESEEHXR

Fig .2 Relation between volume of gas and coke ratio

ME 2 FTLLE ), A BN R E R
B, WRSEREVNEIOR, BRI RO B
IR 1127.97 mY/tFe, LN 124.76 kg/tFe.
B HE 2 BAME, S ERGE R R AR
&, MWE 2. 3AEEEN. UBARBRSEDNT
1127.97 m*/tFe B}, B FESAE X T X BB LRy
PRAEVPET, XN EAGEFUEAERIERZ , FrilfE
b, BEEMONRORE I, AL — P R R
W B IR FE IR R RE 2 oeb, AR ELRRAIR T
TN S E KT 1127.97 mY/tFe B, X i X
DX R FA) B e B A I ORI R T g n, i LAER
FE S I8 0 o
34

(1) AT WA BLR R B LE, —
e MR R R IR IE R AR, RO AZ
ke b, AR 883.65 mYtFe, X I £R
bt oy 238.88 kg/tFe, B #:i4 J& %05 020, & &
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N 1506849.53 kJ/tFe; 75— Fl i I & 76 XU R e
o A B N 528.98 mY/tFe, BB AL R
258.89 kg/tFe, 1M E.Hi0 5 &N 0.34, N A&
N 1873112.57 kl/tFe.
(2) RS B R MBS THE T,
A HUH T2 T R R AR ELAE N 124.76 kg/tFe, HEL 4%
I J5 PR R 0.044, W\ IR &N 1127.97 mY/
tFe, b AHRTEIAMEFEE] 1074599.9 kl/tFe.
(3) B 5 P FRAR IR A B 8 o 5 P N
SE MG I Se kN 5 K. N B E D
T 1127.97 m*/tFe B}, BTN S AE R X R e fit
PO PRI X B JF RN E R 2,
FrUAfE L, BEAEBENBBREAIG 0, TR AL i 3k
— R R, U i AR ) £ R i BE 2 D
FELCPEAS; T WA RSB KT 1127.97 mY/tFe
INF T INF R IET DXV FE B A R Bl o A 1) 3
s, BT CAEE R T
D E
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Study on the Limit of Coke Rate in Gas-injection Blast Furnace
Lan Chenchen', Lv Qing', Liu Xiaojie', Zhang Shuhui’, Qie Yana’, Kang ZhigiangWang *, Shengchun’
(1.School of Metallurgy, Northeastern University, Shenyang, Liaoning, China; 2.School of Metallurgy and
Energy, North China University of Science and Technology, Tangshan, Hebe,China)

Abstract: This paper presents using the gas-injection to instead of coal. It simplifies the smelting process,
and provides possibilities for reaching the limit of coke rate. The limit of the new technology of the gas-
injection BF was studied with the method of joint computing using the coke rate and direct reduction degree.
The results show that when the gas only carries out the indirect reduction, the total thermal consumption of
smelting 1000 kg iron is 1506849.53 kl/tFe, the coke rate is 238.88 kg/tFe, and the direct reduction degree is
0.20. When the gas burns in the tuyere area to provide heat, the total thermal consumption of smelting 1000
kg iron is 1873112.57 kJ/tFe, the coke rate is 258.89 kg/tFe, and the direct reduction degree is 0.34. When
a part of gas in tuyere area combust and provide heat and a part of gas carry out the indirect reduction, the
gas-injection blast furnace smelting can reach the limit value. The direct reduction degree and limit coke
rate both decrease firstly and then increase with the amount of gas-injection increase. The coke rate limit
value in the gas-injection blast furnace is 124.76 kg/t. The amount of gas-injection is 1127.97 m*/tFe, and the
direct reduction degree can be reduced to 0.044, the total thermal consumption of smelting 1000kg iron is
1074599.9kJ/tFe under the new process conditions.

Keywords: Gas-injection; Blast furnace; Limit of coke rate; Gas volume; Direct reduction degree
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FEN RN AT B E R T, R
AT, SR 82 K E— RN E A
AR S R DA R A 2 AR e BB
B R P R A A, R IR B R P
BRI PE I 5 B A S R TR
KB MAACAYE BT (HEInRR BB 55 ) NG Wi 3%
VRS (BRKYE. ROBSGETESE) S T P
by & P v B AW 3 TREZ WS W AR TG vl
HUERRZ M AT 73 B 2R S

AW FT FEEE R T BT AT R TR
LIPS Sy 7 N TN o & RN (R Al A= o
FEN R R (CRRERRERIE R RE R ERIR R ) PXS
FPFRAT NI FE W o BRI TE % Fh 2% A F 0 07 B
TRES il A I RN (NS el o i S B
SEM A XPS Al P A AS [R5 A Ja BT 0 i
FAIE, XL TERA DT o

1 R R R E A
1.1 iRIe it
KISR0 By, sk, 1S pr

s HEA: 2017-06-15; 2t HEA: 2017-07-07
fEERN: L5 (1992-) , B, Wikwiid.

FAJ7 450 1 i 2 4 82.28%

W FE 25 R FE A A LA A 30 4258/ T 2 mm,
By 200 g, AT ENXBBITE, BT
BT I, BL-0.212 mm B FREHEIR S JE, FREL
100g FE BN AFER S A, SR B RIR M5
TRA7, Bkt 58 K 4 #R H QYSW-05A
AL AT K P2 o
12 IR E

Wt Fo A8 B8 ¥ £ 9 QYSW-05A AL 4l
JKHL. PHSJ-4F BUHE% pH i1+ HF R B
AFJEFE ND7-4L A7 2 LKL BREBEHL. 2T
e H AL JENL. XFD-0.5L A8 ikl B,
Bt RN B TR B S MEJ TN HERE
HEIE IS o
1.3 G ZHF

I R R 2570035 A B IS, TR
25 RAATE I E [ R A kR W AE 4
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2.1 BHRALE

KA WZM- XS ERENL, B0 ARk Bkl
BEERINN B RGeS, B IMNERBR I, SUE BT
AT ) AR 07K 22 3 2 min, AR5 R R ) KR ER (5]
h, IR RERBRIG VT, H R ERER ek
Bhr 2o SEHFE 100 g IMAEEGES, FmiEd
{5\ 100 mL S5 56 T TG SF IR Al B2 PR VAR, B 1 3
UG AR BT, MRAE NS0 75 200 e BB e, BB
WS KA S AR, I P OGT TR ) Y5 AR S e
BRI T15, SRJ5F IS0 SR N 28 A v gk
CRRE SV ATY g

VERT AR RE D AT, BRA BB R H
BREEER ) P KER (B4 15 mm) A 1174, /NER (B
£ 10 mm) 243 1>

BAPED RHANIEBR, Kb REk (B
15mm) A 1177, /MR (E4 10 mm) 243 1>
22 R

BN 5 AT I N A0 500 mL ) XFD
RIS AR ARG L, BEFE R, AN T B2y
JEPEFE 2 min, FRAOARAEEHAHE 1 min, FTH A
ABRTIAEGEABT K, TR L. R4 A 7 2
eyl Mol N e i IS I

S

T
TR

A

i R
B 1 fERE
Fig.1 Test process
3 HREiT#
3.1 W3 pH EX A FIEAIFM
FEARWSGR T R 250 &N 0.07 g/L, 27
FARE i I 809 0.0058 /L, G I 1] 4 min (261 T,

I3 B GBS R R pH (N 5 Y PR
S R AL, S5 LR 2. IFHLR
VEIEEN I AR R, A A R BIBA AR
VR 1 min WEAEED IR, SRR 3,

sr . e

&
M9
=
B gl
)
e
92 y _
e BAR
ol o B
88 1 1 1 1 1 ]
6 7 8 10 11 12

pr f
2 7F pH E T HRAEIRE

Fig .2 Recovery rate of flotation at different pH values
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g
=
T
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)
T

ERNRLE L1
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T

pH fE
B 3 AR pH ETHFENNEEH

Fig 3 Flotation kinetic constants at different pH values

WX R, TEAFM pH EZMFT, R
BEREEN, B 78T 1T 1 RS 200 2 1 ik
B 15RO A TR AR . ULk T
W AR T V7% HIF % ISR FIVT & 3
D15 R pH H T 23S UL =R
AR T 7 8 IR 1% o
3.2 G REX AR FEIT AN M

fE pH {H A 12, BEWBS A4 4 min, AIEHIF
Py FH &0 0.0058 g/L HZ6A N o HEER AN B
WA RN, RN T 3 25 R H B R
Tk EICR AR, R IE 4.
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Fig 4 Effect of collector dosage on flotation recovery of galena
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Fig .5 Effect of grinding time on particle size in different
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Fig .6 The iron ball grinding time on recovery of flotation
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Fig .7 The effect of grinding time on flotation recovery by
using porcelain balls
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Fig .8 Influence of grinding time on flotation recovery rate
under different milling medium
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Fig .9 Grain recovery rate of 2 min for grinding in different
milling medium
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Fig .10 Grain recovery rate of 4 min for grinding in different
milling medium
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Fig .12 SEM of porcelain ball grinding galena
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Tablel XPS analysis of surface elements of galena after
grinding with porcelain ball

H R Pb4f  S2p Cls Ols  Fe2p
WA 1078 129 58.61 17.07  0.64
PANTREY 9.4 11.46 5834 19.02 1.78
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Fig .16 Self acting model of iron medium
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Study on the Influence of Grinding Environment on Flotation

Behavior of Galena
Jiang Honggiang', Li Maolin"? , Cui Rui'

(1.College of Resources and Environmental Engineering, Wuhan University of Science and

Technology,Wuhan, Hubei, China;2.Changsha Research Institute Of Mining And Metallurgy Limited Liability
Company, Changsha, Hunan, China)

Abstract: For galena mineral, after grinding in porcelain jar using porcelain ball and iron ball, the effects
of grinding time, slurry pH and collector dosage on galena flotation recovery were investigated. The results
show that the ceramic grinding medium is more conducive to galena flotation than iron grinding medium;
high alkali environment is conducive to galena flotation; collector dosage is higher for flotation of galena;
using iron medium grinding, grinding time, galena flotation recovery rate decreased, and grinding with
ceramic media. With the ceramic grinding medium, grinding time has little influence on galena flotation
recovery; the iron, iron oxidation of ferric hydroxide medium covered on galena surface, change the galena
surface, galena increased hydrophilicity, have a negative impact on the flotation of galena.
Keywords: Galena; Grinding environment; Flotation; Recovery



1 EJ_F'Z
2019 4£ 2 A

ZAaFH

Multipurpose Utilization of Mineral Resources

. 147

it R B 5% o B R AR P i HH 3 70 5t 7T
EWEW, =, £, BEE

(1. SEPHERR, T EBH 110034; 2. TTKE¥ T7 EFE
TT LM

110000; 3. ZRIL K%,

110819; )

FEE: KB R B K A K I SR I FR AT T 3 124t o, R RNRE . AR AR
[ b AL O3 (13 H 26 R0 NI TR R 90 3R, TR N R SR TG A RS 19.93 k/mol, ZAGKHII H 1 P2 52 36 1ot [
PRI N BEE S, BTN 142(1-x)-3(1-x)*=4.52exp {-19929/RT}t. FEVRIE L 8:1, VA HIIE N
90°C , FHFEIREE AN 300 r/min, V& HIA] 70 min K261, ALOs HIVE Al TE 84%.
LR MBIIK; B, ALER; BVENEH; Eh)
doi:10.3969/.issn.1000-6532.2019.01.032

FESES: TDI134 EMFERRD: A

I L AIBERL 75% UL SR PRI RN
FERRIRL) 4 42 ¢, 15300 AR VIHE B K 1,
FrEEAMELL B ORI HEA L, FECR K
R T AR B, ok B B e K s el e —,
P T ARSI A AR ER O BT DU R K
78 I B B RIS e Ry AR 1 32 2
53 A& ALOs F Si0a" ) WK IR K Hh B U 4k
B o SEI B UR £5 G M FH AN 22 5% AT HR Ak et
[ BRI = A S 1. Bar, R
I R R A AR R AR RS
P BIRRRIRVE (INERIRVE ). BRI A AT
PR (BRBREE ) Ky leik 151,

VAR, PINES Mg 55 0] K 5% Joe SR IR Y
HARBAT T RGMBN) J15% 500, UE R
AR AR A EE T Y, B
i AL BRI PR ORI AR = R & B b, DRI,
W8 AR O FR ) 77 %, IR AR 1
FHPPIR, ARG 2 R R HIEM
AR SCAE R B IR e i Do 2 Mo S Hh $ BRUAELAE
B, ERE T MRS b SR B ookl 1 7

WS HHE: 2017-10-23; = HHA: 2018-06-25

TEHS: 1000-6532 (2019) 01-0147-05

S REHEAT T B3N 32 U T 5 o
1 R

1.1 RIS ERIAY R &
MR B BRI R B AR
AR WA, HARZRA R LR 120,

1 5——— Cas0y
1 4

' 1

WEIN T .

) 5

kﬂ“"’w«‘ M]J‘ \fz\aw'\ ) LN'X/ A‘ | 30 ‘ h

10 20 0

3
f\h, |2 f\ ‘ f
Mot ‘».,W [ WA Ao
4

30 50 60 70 80

26/(%)
& 1 #HE R E) XRD [E]
Fig.1 XRD pattern of the raw fly ash
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Table 1 Composition of the material

SiO2 AlLO3 Fe,03 CaO  Hifth

50.35 39.47 3.53 2.85 3.80

FEIRA: BN T, HEEERH.
FRE. EDTA 5535 0014l ; L3k

HEWB: ThHEEERF R EIES (20186055) ; ERAMRBIZES (61372195) ; LT HHABITRZEMR

—WIUH (12012374)

EE® A - FEENEN (1980-) %, HLEF5A, FEEMNFFESEEH TR
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Dissolving Kinetics of the Clinker from Fly Ash Roasted by

Ammonium Sulfate
Sui Lili', Fu Yunpeng?, Wang Ying', Zhai Yuchun®
(1. Shenyang Medical College , Shenyang, Liaoning, China; 2. Liaoning University , Shenyang, Liaoning,
China; 3. Northeastern University , Shenyang, Liaoning, China)
Abstract: The dissolving kinetics of the clinker obtained from roasting process of fly ash and ammonium
sulfate is studied. According to the changes of AOs dissolving ratio with the changes of time at different
dissolving temperature , stirring speed and water-to-ore, the apparent activation energy for the dissolving
reaction is 19.93 kJ/mol. The clinker dissolving process is controlled by the internal diffusion on the solid
product layer and the kinetics equation of the dissolving process was obtained as: 1+2(1-x)-3(1-x)**=4.52exp
{-19929/RT} - t. The dissolving ratio of Al.Os reaches 84% under the optimum conditions including mass ratio
of water-to-ore of 8:1, temperature of 90 C , stirring speed of 300r/min and stirring time of 70 min.

Keywords: Fly ash; Ammonium sulfate; Aluminum oxide; Clinker dissolving process; Kinetic
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Table 1 Chemical analysis of kyanite samples

AlLO3 SiO2 Fe;03 NaO MgO KoO  CaO  TiOz
1850 57.81 830 1.78 221 3.87 023 0.39

1.2 XRD 4%

W RE XRD 0 Ar WL 1. IR 1 AT, B 47
HIOTWRESA, BT EERAE. Ba
BE KA S
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g 0.02X1X3+0.03X2X3-0.024X1°+0.021X2>-0.012X5* (1)
Q-Tis Y2=66.59+0.20X1-+0.17X2-0.18X3-0.19X1 X2+
B-MR 2 B}
A 0.035X1X5+1.000E-002X2X5+0.015X1-0.055X2"+
X 0.032X5* (2)
. & 2 HIEEZKFLRED
Table 2  Test factor level encoding
Q . L 7K S
A A B
LN S| B MRS X1 30 s
0 R 0 50 100 e A X2 35 40 45
26/(°) / (gt
N [0z ) =
_ 1 [RH XRD 547 MR R 340 360 380
Fig.1 XRD analysis of the raw ore / (gt))
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WK, AEJE SARIE I8 A G 2 #52 LL ALOs (14
B RS REH JE HEAT RAE
2 #REE
2.1 RSN K7 W

M R AR S0 45 T A, R RIRE N
30%, VEM A 360 g/t, AU+ e Bh R £k
HON 40 g/t i, HEEPREET ALOs 1AL 38.64%,
AL 3N 66.59% REMHE i A1 V3% ORI = AN 3
BRFEN: WIRIRE T ke 3 & DL E
¥y, BB = AN N 545 A
AR SR T, 3 5 A — A DH 2 1) s B VR
YOI =K. FIH Design-expert 8.0 44 57
[R5 2. DURSH P2 S i AL RiAE DA SRR
(X))~ TOEEBREBAE (X)) o
MHAE G) NEAZR, Bitmmmike, W%
ZHEWLE 2.

iEid Design Expert8.0 #4046 45 SR kAT 1]
40T, DL SIREE Xon T+ i ERIR L & Xon
FHIFRGE R & Xo N E RS, KSR L g e S AF
Yo, RSB ESCR A RAE Yo, S0 13 E ) i S
THI ) IR A T FE N -

Y1=39.35-0.18X1--0.16X2+0.17X5+0.11X1Xz-

TSR o 2 A BBD kA7 M S T B
WS HORI S5 R I 3.

* 3 MRt RER
Table 3 Test design and results

W TR EGER ALOs ALO3
W /% R (gt AR (gt &b/ B %
1 -1 0 39.26 66.71
0 0 0 39.33 66.58
1 0 1 39.28 66.69
-1 1 0 39.20 66.76
0 1 -1 39.02 66.86
0 0 0 39.34 66.59
1 1 0 39.11 66.75
0 0 0 39.35 66.60
1 0 -1 38.95 67.02
-1 0 -1 39.30 66.65
-1 -1 0 39.80 65.97
0 1 1 39.41 66.55
0 -1 -1 39.36 66.60
0 -1 1 39.63 66.25
0 0 0 39.35 66.58
0 0 0 39.36 66.59
-1 0 1 39.71 66.18

x4 B UMK FESR

Table 4 Variance analysis of model of concentrate grade

iﬁ TR @mEE 5 P PAE
it 0.77 9 0.085  69.14 <0.0001
Xi 0.25 1 025 201.22  <0.0001
X2 0.21 1 021  173.69  <0.0001
X3 0.24 1 024 19838  <0.0001
Xi1Xa 0.051 1 0.051  40.99 0.0004
XiXs 1.600E-003 1  1.600E-003 1.30 0.2925
XoXs 3.600E-003 1  3.600E-003 2.91 0.1315
Xi2  2476E-003 1  2.476E-003 2.00 0.1997
X2 1.813E-003 1  1.813E-003 1.47 0.2650
X3 5.813E-004 1  5.813E-004 0.47 0.5147
%7  8.645E-003 7  1.235E-003

S 8.125E-003 3 2.708E-003 20.83 0.0066

4fii%# 5200E-004 4  1.300E-004

BEE 0.78 16
R%adj= 0.9746
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Table 5 Variance analysis of model of concentrate recovery

T ER

i PR HEE ¥ FE P
ot 1.00 9 0.11  52.82 <0.0001
X1 0.32 1 032 15477  <0.0001
X2 0.24 1 024 11536  <0.0001
X3 0.27 1 027 12727  <0.0001
X1X2 0.14 1 0.14 6717 <0.0001
X1X3 4.900E-003 1  4.900E-003 2.34 0.1699
X2X3 4.000E-004 1  4.000E-004 0.19 0.6752
X12  9.161E-004 1  9.161E-004 0.44 0.5295
X22 0.013 1 0013  6.14 0.0423
X32 4379E-003 1  4.379E-003 2.09 0.1913
TR 0.015 7 2.094E-003

KA 0.014 3 4.792E-003 68.45 0.0007
4y 7% 2.800E-004 4 7.000E-005

BEZE 101 16
R%adi= 0.9668

MHXRBEEET UM PEER, HR4
F 3R s ATE IR AR ARAR B2 AR P <
0.05, XHEHEM G RER L, YA HITENE 3 A4
2 SR AL KSR RN 2 8] 1 56 R A2 AT
ITHY, Horfr ) B IESAROC R E5 )8 Radj= 0.9746,
R’adj= 0.9668, M\GiitE X EVF, B a{E N
SR AR Bl

M7 Z i d R, JiE—
(X)) ~ TTREEBEBAE (X)) « HMHF R
H(Xs) XTREW AL 52 e =y B R 2, A8 LI
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SN2 F B T5 22 40 B BLIHDO RS R RIS A 1) 2%
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Fig .2 Comparison of predictive and test concentrate grade
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Fig .3 Comparison of predictive and test concentrate recovery
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Fig .4 Effect of interaction of the pulps inhibitor density and
the dosage of 12 amine hydrochloride (the dosage of starch
was 360g/t)
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Fig .5 Effect of interaction of the pulps inhibitor density and the

dosage of starch (the dosage of 12 amine hydrochloride was 40 g/t)
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Fig .6 Effect of interaction of he dosage of 12 amine

hydrochloride and the dosage of starch (the pulps inhibitor
density was 30%)
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Table 6 Verification test results under optimal flotation

conditions
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25 45 380

25 45 380 36.45 66.52
25 45 380 36.42 66.55
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Optimization of Flotation Technology of Kyanite by Response
Surface Methodology

Zhang Jinxia'?,Zou Xuan', Niu Fusheng"?

(1. College of Mining Engineering, North China University of Science and Technology, Tangshan, Hebei, China
2. Hebei Province mining industry develops with safe technology priority laboratory, Tangshan, Hebei ,China)
Abstract: Through the flotation experimental study of kyanite ore which is from Hebei xingtai WeilLu region ,the
kyanite ore comes from magnetic products of magnetic separation in the benefication process. Based on the
condition of a series of single factor experiment. According to the principle of Box - Behnken, it established
the regression equation between the response value on concentrate grade and three main influencing factors, by
using the response surface methodology to further optimization of test conditions, to explore the best dosage
of reagents, and select the optimal dosage of reagents for validation test. When the pulps inhibitor density
was 25%,and the dosage of 12 amine hydrochloride was 45 g/t and the dosage of starch was 380 g/t,under
the optimum leaching process conditions, through the test,the relative error of the test and prediction is
0.02% ,it achieved good technical index, which was high degree agreement with model prediction(39.46%,
66.53%),and proved the high correlation between them, showed that the forecasting model within the scope
of this experimental research was effective and reasonable.
Keywords: Kyanite; Response surface methodology;Flotation



