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Fig. 2 Flowsheet of open circuit tests ( grey part had already
been completed in the third flotation plant)
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Fig. 3 Flowsheet of close circuit tests ( grey part had already
been conducted in the third flotation plant)
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Fig. 6 Effect of the different pH values of rougher pulp slurry on
metal grade and recovery of flotation concentrates in comparative

system
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Fig. 7 Effect of collectors on metal grade and recovery under dif-
ferent conditions (entry 1 is comparative system carried out at nor-
mal pH value of 9.8; entry 2 is comparative system carried out at
pH value of 4; based on entry 2, 80 g/t the industrial mixed col-
lector was replaced with 100 g/t NalBX in entry 3 ; based on entry
3,42 g/t ADD was replaced with 15. 1 g/t MIBC in entry 4;
based on entry 4, additional 12.7 g/t PNX was added in entry 5)
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Fig. 8 Effect of NaIBX dosage on metal grade and recovery ( the
NalBX dosage was 50 g/t, 75 g/t, 100 g/t, 125 g/t, respective-
ly; and the NalBX dosage for scavenger flotation was 40% of that
in corresponding rougher flotation )
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Table 3 The results of bench — scale close circuit tests
. = S [HE e
IR TR
2R Ni Cu MgO Ni Cu MgO
Lt pH 9% T 45— WCHRFR ML NalBX 75 /1, 22200 12.7 g/t, Torp F99° €08 3.54 205 5.8 38.92 4560 1.28
6.7 g/t; FAHEFNIM NalBX 30 g/t, HAVURHGIS HlE NalBX 75 ¢/, Z - W~ 93.92 0.16 0.16 29.25 41.08 54.40 98.72
200 12.7 g/t,Terp 1.6 g/t; $13%E4MN NalBX 30 g/t 4&3F 100,00 0.37  0.37 27.83  100.00 100.00 100.00
BRI pH 2555 T 9. 8. 55— YRR LI NaEX/AT620 =7:3 80 Wy 513 4.17 1.33 6.78  51.38 21.20 1.24
2/t,ADD 42 g/t; FIEFMITHIH 32 o/t, HARPIRAIGER M lcn 8o BI  94.87 0.21 0.27  29.16  48.62 78.80  98.76
g/t, ADD 10.5 g/t; HEEFMIHHGH 32 ¢/t A1 100.00 0.42 0.32 28.01  100.00 100.00 100.00

3 Fig

BT R EIRYEAY BOF B A H B9, il 5t — R A IT %
PRV e , B E T BT pH (E Dy 4, M
GRS T BB IREh 75 o/ Rl B GR] O - 5+
B - N - CHEACETEFRRES 12.7 g/t FUE L5 AL
BE13.4 o/t AURHT AR R o MBS TR R IR 4 R 3R

B, 5717 R R 50 HL BRI VR R R B
THREH Ni, Cu [ F Cu 7 (451 51. 38% |
21.20% .1.33% #2755 58.92% 45.60% 2.03% ) [
R T MgO Shfi(H 6.78% A% 5. 84% ) K EH
Ni.Cu 56 (4050 H 0.21% 0. 27% [ 2] 0. 16% .
0.16% ) o 2055 7870 Uk B T B2 4 A o P 85 v ki o
AT R AT S R S BRI AR KA T B = AL



H2H

ZEIESC, A5 B A I BT R A o PP T TR e 24 70 R R

- 31 .

o PRIERTEA BT PR R iR T 1481 AL i
B BHRER G A AR

SE 0k :
(1] R BYTR A HLT]. BridA (a8 ,2011,34(5) :27 - 29.
ZHU L X. Nickel resources and utilization[ J]. Xinjiang nonferrous met-
als, 2011, 34(5): 27 -29.
[2] Hpasaim, EKTT, B, 5. 4 BB B 42 B B IRUT A2 5 T e K e
WEFELT]. A I TR ,2016,45(5) : 1 - 6.
YANG Z Q, WANG Y Q, GAO Q, et al. Study on the exploitation of
nickel and cobalt resources and sustainable development in Jinchuan mine
[J]. China Mine Engineering, 2016, 45(5): 1 -6.
Wyiate I R AL, A SR R TR R R IR A A R
RAAMARLCL// 5B A G TR R 60 Ji 482 R S04,
2013, 6(1): 200 —208.
YANG X S, GUO Y S, CHEN B Y, et al. The distribution and the ex-

[3

[

ploration, development and utilization situation of the lateritic nickel ore
resource in the world[ C]//Collection of academic papers on the 60th an-
niversary of the establishment of Yunnan Nonferrous Geological Bureau,
2013, 6(1): 200 —208.

WATLING H R. The bioleaching of nickel — copper sulphides[ J]. Hy-
drometallurgy, 2008, 91(1): 70 - 88.

EUNE, B, TR 11 PRI IR B R BT [V ] A
&)@ (BilEk4y) ,2021,73(5) :132 - 137.

GUAN X H, HUANG X H. Analysis of mine environmental governance

[4

[

[5

[

and environmental protection investment strategy in China[J]. Nonfer-
rous Metals( Mining Section) , 2021, 73(5): 132 - 137.

[6] TANGQY, LICS, ZHANG M J, et al. Detrital zircon constraint on the

timing of amalgamation between Alxa and Ordos, with exploration impli-

cations for Jinchuan — type Ni — Cu ore deposit in China[ J]. Precambri-

an Research, 2014, 255(2) . 748 —755.

BASILE A, HUGHES J, MCFARLANE A J. Development of a model for

serpentine quantification in nickel laterite minerals by infrared spectros-

copy[ J]. Minerals Engineering, 2010, 23(5) ; 407 -412.

[8] YANG S T, PELTON R, ABARCA C. Towards nanoparticle flotation
collectors for pentlandite separation[ J]. International Journal of Mineral
Processing, 2013, 123 137 —144.

[9] PIETROBON M C, GRANO S R. Recovery mechanisms for pentlandite

[7

[

and MgO - bearing gangue minerals in nickel ores from Western Australia
[J]. Minerals Engineering, 1997, 10(8) ; 775 —786.
[10] Jkakzam , XU , M. LA e b Ao P2 e e — ot i ik 0
e[ J]. &R LR ,2017,37(5) 56 - 63.
GE Z Q, LIU R Q, SUN W. Flotation desliming — microfroth flotation
approach applied in processing of slimed chalcopyrite ore from Hebei
[J]. Mining and Metallurgical Engineering, 2017, 37(5) : 56 - 63.
[11] XU, B ol (90, 46 58 B SR A A A7 07 2o 1B B ¥ A B B 5
[J]. )&% 11,2005,51(9) .35 -37.
LIU G S, FENG Q M, ZHANG G F, et al. Research on talc removal
from a copper — nickel sulfide ore by flotation[ J]. Metal Mine, 2005,
51(9): 35-37.
Lo, JEIHUbR XS, 4. 3 SRR SR TR AR A PR o [
W AITE 1], A @8R (R H84r) ,2010,3(3) :29 - 32.
WANG Y H, ZHOU Y L, DENG H B, et al. Flotation experiments the
improving of recovery of valleriite in copper — nickel concentrate. Non-
ferrous Metals( Mineral Processing Section) , 2010, 3(3): 29 —-32.
[13] sRHAR A, 2530, %8 —Fi T T4 5 Bk MR Ik 0 ™ P 9
A TEREZGH) . CN111359782A[ P]. 2020 - 07 - 03.
ZHANG Q D, WEN J K, LI W J, et al. A combined flotation reagent

(12

[ae

for inhibiting magnesium silicate gangue minerals: CN111359782A[ P].
2020 -07 -03.
[14] CAOJ, LUO Y C, XU G Q, et al. Utilization of starch graft copolymers
as selective depressants for lizardite in the flotation of pentlandite[ J].
Applied Surface Science, 2015, 337(3) ; 58 - 64.
G - BIRLIRIE TR}, AR, R, FERRTEA 5T Hh A5 BG4 A
AU R[], E AR RES,2004,41(10) (12 - 18.
G - BIELALDISCO, LI C G, LIN S. Flotation of chromite containing

[15

—

olivine and serpentine in acidic medium[ J]. Metallic Ore Dressing A-
broad, 2004, 41(10): 12 -18.
[16] WY, K FEIN, 5 R e S0 % B 8 R V7 19 53 T B HEA i 5
BB LI ] & 5, 1997 ,4(5) 21 -24.
FENG Q M, ZHANG G F, LU Y P. The effects of serpentine on blucite
flotation and present status for studies of its depressant[ J]. Conserva-
tion and Utilization of Mineral Resources, 1997, 4(5) . 21 -24.
AR SKOSCHS. 1B AR 0 B T 50 5 Se B R [0 ). 77 £
Y5 ,2003(1) 34 -37.
HU Q Z, ZHANG W B. Research progresses on removal of MgO from

[17

[

the flotation concentrate of Jinchan copper — nickel sulfide[ J]. Conser-
vation and Utilization of Mineral Resources, 2003(1) : 21 —24.

[18] UDDIN S, RAO S R, MIRNEZAMI M. Processing an ultramafic ore u-
sing fiber disintegration by acid attack[ J]. International Journal of Min-
eral Processing, 2012, 102(1) : 38 —44.

[19] KIRJAVAINEN V, HEISKANEN K. Some factors that affect beneficia-

[t}

tion of sulphide nickel — copper ores[J]. Minerals Engineering, 2007,
20(7): 629 -633.

VRS, TR 5, B KA, AF. — O TG AL SR B 2 24 R
CN103433147B[ P]. 2015 - 04 -29.

XUPF,XUGQ, LUOY C, etal. A flotation reagent for copper nick-
el sulfide ore: CN103433147B[P].2015 - 04 -29.

FINCH J A, GELINAS S, MOYO P. Frother - related research at McGill
University[ J]. Minerals Engineering, 2006, 19(6) ; 726 —733.

[22] GUY L, FENG Q M, OU LL M, et al. A new method of testing frother

[20

[t}

[21

[

performance[ J]. Transactions of Nonferrous Metals Society of China,
2013, 23(9) : 2776 —2780.

[23] XIA Y K, PENG F F. Selection of frothers from residual organic rea-
gents for copper — molybdenite sulfide flotation[ J]. International Jour-
nal of Mineral Processing, 2007, 83(1): 68 —75.

[24] PIETROBON M C, GRANO S R. Recovery mechanisms for pentlandite

[

and MgO - bearing gangue minerals in nickel ores from Western Austral-
ia[ J]. Minerals Engineering, 1997, 10(8) : 775 —786.

[25] FfH ,Ba%. ARBREEK B I 8253 K 24 By iR &
FEFRFRIE M [T]. T EHE,2011,20(4) :82 -84,

ZHOU X R, WEI Z W. Effection of the xanthate with different length to
the bulk flotation index of polymentallic sulfide in Dachang[ J]. China
Mining Magazine, 2011, 20(4) . 82 - 84.

[26] F2B, ENT7 A8, XIWT 5, 4. PRk 416 24500 bl ) 40 s B[ 7.
4@ ,2013(5) ; 62 —66.

WANG J Z, YIN W Z, LIU M B, et al. Quantitative research of syner-
gistic effects of combined flotation reagents[ J]. Metal Mine, 2013(5) ;
62 - 66.

[27] WALTER A N, GREGORY H. The effect of using sodium di — methyl —
dithiocarbamate as a co — collector with xanthates in the froth flotation of
pentlandite containing ore from Nkomati mine in South Africa[J]. Min-
erals Engineering, 2013, 54(1): 94 -99.

[28] DAVID A B, LE H Y, GILLIAN B N. The effect of polysaccharides
and polyacrylamides on the depression of talc and the flotation of sul-

phide minerals[ J]. Minerals Engineering, 2006, 19(6) : 598 - 608.



- 32- I S AR 3l 2022 4F

Research on the Flotation Reagent Regime of Jinchuan Copper — Nickel Sulfide
Ore in Acidic Medium
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Abstract; The content of magnesium silicate gangue minerals in Jinchuan sulfide copper — nickel ore is high. It affects the
enrichment of nickel and copper in concentrates through heterogeneous condensation and mechanical entrainment after
grinding. Related researches and foreign industrial practices have proved that acidic medium flotation can promote the de-
composition of magnesium silicate gangue minerals, which significantly improved the recovery of useful minerals in copper —
nickel sulfide ore and reduced the content of magnesium oxide in concentrates. At present, however, there are few resear-
ches on the suitable reagent system for the acidic medium flotation of sulfide minerals in China. To solve this issue, feed
of the second stage processing production line of the third flotation plant of Jinchuan Group Co. (Ni and Cu grade of ore
was 0.42% and 0.32% respectively) was regarded as the research object. The open circuit flotation tests studied the new
reagent system suitable for the acid medium, and compared and analyzed the performance of different frothers by using the
foam tester. Under acid flotation condition ( pH value = 4), with sodium isobutyl xanthanate ( NaIBX) as the collector,
O - isopropyl — N — ethylthiocarbamate (Z —200) as the co — collector and terpineol as the frother, after one roughing,
two cleaning and two scavenging, the recovery of Ni and Cu are 58.92% , 45. 60% and the grade of Ni and Cu are
3.54% , 2.03% respectively. Compared with comparative system (according with industrial process) , the recovery of Ni
and Cu are increased by 7.54% , 24.40% and the grade of Cu is increased by 0.70% . The new reagent system signifi-
cantly improved the comprehensive utilization rate of copper — nickel sulfide resources in Jinchuan.

Keywords: Jinchuan; copper — nickel sulfide ore; depression of magnesium silicate gangue minerals; acid medium; flota-
tion; new reagent regime; frother
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