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Beneficiation Experiment on Low-Grade Refractory
Copper-Nickel Sulfide Ore from Abroad
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Abstract: According to the difficulties in beneficiation, such as intimate dissemination and complicated intergrowth of
pentlandite, chalcopyrite and pyrrhotite, and high content of magnesium-bearing silicate minerals, a beneficiation
experiment was conducted for a low-grade copper-nickel sulfide ore from abroad. A flowsheet consisting of rough
grinding, fine-grinding of middlings, copper-nickel bulk flotation was introduced to treat this raw ore with Ni and Cu
grades respectively as 0.50% and 0.20%. Adopting selective grinding approach and using high-efficient depressant
CMC, excessive comminution of copper and nickel minerals can be avoided while magnesium-bearing silicate minerals
can be selectively depressed. A closed-circuit test produced a copper-nickel concentrate grading 9.70% Ni and 4.75%
Cu at corresponding recoveries of 68.99% and 79.85%, indicating copper and nickel resources were all effectively
recovered.

Key words: chalcopyrite; pentlandite; pyrrhotite; low grade; copper-nickel sulfide ore; magnesium-bearing silicate

minerals; CMC; staged grinding; bulk flotation

FEBET IR LR E =, s 2R B A Xof FE A NEAR A AL AR A AR B HEA T 18 (IO S5 | 1
3.7% N3 A R AR T SO KR &EI%%J\ T VPRV FAS N e A i 7R S B TR R A
BB R £ SRS A h e s e el USR] S BB ) TR IR 5%

FIATRLIE AN 5] BB 2 7 A Ry e ) I ‘
AREMG A RIRTIFEAF 80 e A 55 LR
ERERRERT ) , 2 B B IS I Oy S T IRIRE AR JEH A Z U R T A R IR 1, 07 W A

© YHEHE: 2023-06-10
ELWH . | REFABE L RE I 425 H (2022GDASZH-2022010104)
EZ B X B (1988—) , 55 VLVEFLIM A AL, s g T AR, =22 Nk 1 B [ 2R A R A 5%
BEMEE . WA E(1985—) ,  WRIE 0, W4, g4 TR, 8 MI0ks T 25,



55 6 ]

X R R SMLAR A LB AL R A A T S0 71

F2, MR 1~2 AW R EEA N EROTR R
AR EEAT A T 2R A DR, B A b A AT
Yrow B s B RS 7, A R R, B
W) oA e s, FAt 35 Z kA B ) R A A R BH R A
SE BT W

Rl RUUESTRZAMER(RESH) %

Ca0 ALO; Si0, MO

Ni Cu Co Zn S Fe As

0.50 0.20 0.023 0.01 1.35 11.30 0.01 6.59 6.07 45.56 23.0

K2 BETTHAR
BT BT BT BT deson W SRl Mo
1.08  0.63 352 028 4489 193 098 2.86
MEA e KA B6 Satt BHa ke b
2693 208 274 612 083 1.07 179 227

JER B R A AT AR ML 3, R R
AR L S A A B DUBR AL S IE A7

®3 BEWRAMESTER

IVE 3 AH 5 TR/ % I3 E/ %

R AR 0.009 3 1.85

s AR 0.46 91.40
TR 0.034 6.76

A1t 0.503 100.00

T R4 0.017 8.44
4 R TR A 0.004 5 2.23
Ak 0.18 89.33

At 0.202 100.00

R MLA 73#1 R GEA N O 45 5 K6 2 el &
TRACYI AR L , = FhBRACE™ b 1% BBk A ki
FEROH, SIS R, DURL o A o 32 41
POERAT 5 SRR AR AR, AR R A O L R
POERAT ST S W BT = Z MR, Ry
BB BT R i A S N T R
AAERG BT b AR ™ ), LAIESS 0 A HARE.
& AT R,

BRE R R R AR Y, A B A R 4t
AFLAG JEA I 2R . MLA 455005 15
TOULIN e B, B S R 2 S R B B A T AR
B, A UNPRLIR 5 B — i A TRk sk, 2
SR LR Bl S AR R B T VI T R
(6] T T SO A T 0, ST R Y, S
R AR BT R I A SR T B S s Bk

W R AR 8 EASHLRDIR 5 8k —
AL L T g ek m v B R Bk e ) XU T 43
A AR EE R B

W SCE AT A e EE KA T Y, BEIS 1T 45
BB RA A P S0 R LIS R R 598 A A
I Ni 0.13% , A7 1E T e 8O R (38 -8 i
RAERW H, WIS AR [RISCR

2 SRS E

2.1 ®EHTAR

P JE T A AR RERR SR W I AIG i
HEBRALT G kG i) B s WA SRR
DR ERER TR Y, Ky Pt b S 50% , %
ATk AT S Ak TSR AT TRME LY Tk AR P AR S A
K0, 20" R BTR FRE U DB P R R i
FBRAL S R RERR R AT 119 431805 40 ) A2 S A R e 28
M) G, ST A i & AR T 5 o, AR 4 4
B TR B FEAR T O SRR R R -
YHEE - BRIR A IR T 2R,
2.2 By HEERE

JEN e WIF TR AR EE R R, A T e
(EEH A E  TF e T B0 A L i i e AR an i 1
LB RILE 2,

ZHFIAL: g/t

3 min X BfE4L 500, CMC 500
2 min X FE R4 300

2 min x i ERER 100
2 min g%ﬁéﬁ 40, KA 8

4 min

i \
MRS R
B 1 ByaElnnE

55 70
5 {68
s 5. =
= - 66 g
og
= 45t H
= e
& 1z
4.0 1 B
1 1 1 1 60
35750 65 70 75

-0.074 mmbL AR/ %

B2 EByaElnsR



72 7R

T 543 %

P 2 ] UL, B B 40 1A KRS B i (57 ek
AN R DRSS NS 8D Y BE B A EE - 0.074 mm
P 65.64%F MR B A 55, 87 MIBURECK
LG5 BRI A5 SRR AR | B A B A
F-0.074 mm Fig% 5 65.64%,
2.3 HpHIFL e

JE A T A SRR IR ER AT ) A ) 2 S A R
AR TR TR R G, IR 1 BTN R, FE B T A
-0.074 mm K &7 65.64% 514 F , LA CMC (J& /! 3L 4
AEFR) ISImBEER N | ATV Pk U Ry AL R R R O
T AW R, 25 SRR 3 R

9 72
7 H—®—CMC, fiifir 68
—m— N ARBEER N, S L
. —A—JERD, BhL &
& ||-o-cMc, gk <
S 5 H—O— /S ImBERR AN, [T de4 ¥
= —— A, AR =
=
3r - 60
1 1 1 1 1 1
1 0 200 400 600 800 100056

BRI R/ (g - ¢)
B3 MEFAEREER

FH L 3 AR, AN et B8 T RT3 P B A 410+
F A5 B ARG 88 i A2 3R, DL CMC Ry 304 7] AT 4R
R AL RS, 1T UL CMC X5 PR ik i 9 1) 1%
PEVEII RSO B, AL, B LL CMC S 5 i
HHHEN 500 ¢/t
24 EEFLE

T B SR 2R AT VE M IR Y
R SCIAR ER [RAD I 4% K 1 R R, TEEE T4
F£-0.074 mm R 65.64% 544 , 4T T IGALHIBR IR
] FH R, R + 4 0 A R A FH 43 51 R 1 0, (150 +
50) .(300+100) . (450+150) g/t, &5 R ILE 4,

6.0 70
50}
< S
S ~
3 40r 195 5%
=
og
= 300 B
4
= &
£ 20} H60 &
= —=— il )
Lok —e— K
0'0 1 1 1 1 1 1 1 55
0 100 200 300 400 500 600
BRERHI R/ (g- €
B4 BmERAASRIEER

FH T 4 W] UL | B T ) ] s 388 KRS A 8 it £
B Tl SR S I 9D 5 B ER AR i R 400 g/t
HEUREO [P S0 38 3k B e A 36 B 1Y) I i) 4 oA KL 3B
300 g/t F13E 100 g/t
2.5 HlFLR e

e 1 R R, 7R E T 40 % -0.074 mm R G
65.64% 551 , R YE RGN T 568 2 3
Bzl JERE 7GR s, MLk + k250 =
WM : (60+10) . (80+20) . (125+40) . (150+50) g/t, %k

BANE 5 s,
6.0 75
551 170
5.0 °
§ -165 %
o 45F 5
g =
g {60 T
4O0F SRS,
—e— RS, ki s
35| |—om TR ek
—o— B 25, ik
3‘0 1 1 1 1 1 1 1 1 50

60 80 100 120 140 160 180 200

AR/ (g ¢")
Bs5 HEFASKEER

A5 AT, B GRS 8 MRS B 8t o7
Bl TR S 38 0 5 ks T AR, SR = KT
165 o/t By RERE A 8 i 2 R T e, 8 [ A o4 22 18 3
hne SEEE A L, T B 245 RIS R o A
ISR, 256 % IR TR AR 2450 A K 245
AR B E LA T R 24 g A SGR o E R D
125 ¢/t % 40 g/t
26 BT BEEYHEELE

B PSSR B, RS () O R
W Wi ARL B AN , 5 BT SR R T P LA 4
i R R B R, BRI X T AT T R
RIS, FEEEJS AN 20 o/t CMC #EAT— YR RS 1k, 45 51

LA 6,

5.0 80

ast .
& g0t @
= 160 5
4 o=
£ 3st z
z 150 &=
R 30t ;
& > o

25t —e— Ik 1490 =

2'0 1 1 1 1 1 1 30

84 86 88 90 92 94 9 100

-0.038 mmbi &8/ %
BEo6 HRyBEMERGEER



55 6 b X R R SMLAR A LB AL R A A T S0 73

A 6 ] UL, BEE 0 PSR N, SRS R
B AT A NS 0N VL DS RN | > 4
-0.038 mm KiZ 5 91.87% Nt B S vr Bk v ; Ak 28 in
iR S N I e S SR AN i
~0.038 mm KiZ% 5 91.87%,
2.7 MR

TEFRAFAI IR b, JF R T 2R P a5, 156
MARIE 7 fron 451 LK 4,

SRR ZHFIAAL: g/t

L |3%
5 min 2 min ¥ R4 100
2 min jﬁﬁéﬁw,m@ﬂﬂ 8
CMC 20%2 min
THEHZG S, MMM 4% T min 2 ming T EEEZY 10,4487 8
A
7L S = )
4 min | | 3 min
M
}_r\—> 2 min¥ THHZ 10
it 3|3
3 mi 3 mi
¥k |3
3 min
rhik|4
3 min
' ¥
KSR =V

E7 @REAKRIIERE

T4 eREARIEER

b o AL/ %o [/ %

LA Ni Cu Co Ni Cu Co

ST 3.54 9.70  4.75 0.30 68.99 79.85 50.02
=220 96.46  0.16 0.047 0.011 31.01 20.15 49.98
JEH 100.00  0.50 0.208 0.021 100.00 100.00 100.00

3 4 FT UL, SR HIARERIR G173 T2, P B 3R
TEAL 9.70% i T AL 4.75% & A% 0.30% , 55
Bl Ak TR 43 5 R 68.99% 79.85% . 50.02% ) il A5
W, HERE 0 & MgO 3.48% . As 0.006% . Pb 0.01% .
Zn 0.02% , JFHKE] T YS/T 340—2014 — 2% Shbnife

3 4 1w

1) SN AR A LB A R B i T S 5 B ik

R A ) ARG (S M e A R R A1, A T
FERBRRT AR, KO RGBT, = RE A
W DRSS A HANE S, RS B0 e, hkaw
VI FE BRI SCH A S SRR R Y . X
R B YA B A AR SC R E AR, BTk
AR, VA S R

2) EFXHZE AP, A 1 RS | o A s
(PR E B 0y =X, G T4 B Y A R R LA
CMC A 5 17 kA i 50) sl T X B ik R SR 1 4 41
il , ST H B A R,

3) KRHIB BB -8R & T2 MR, A%
IR T AL 9.70% Al i 4.75% 8 A BT Ui
RATHH 68.99% 79.85% M HIARKEH", LI T4 AR
VR A A

S 3k

(1] RS e, AP memtt, 45 o BEAR i AL BT U R B AR i Hh R
LEA RS T]. BR TR, 2022,42(4) :90-94.

(2] # WLE HE %5 RERHREY S T AR

WPLEA R, 2018(3) : 11-17.
(3] a3 ABAEMG  SeibERE, 45, Tk M GRILH B0 TR 08 T2 R 2500 F
FEIUR[I]. B P2 S5 H A, 2020,40(2) :100-104.
[4] Wani O B, Manzoor S, Molaei N, et al. Beneficiation of Nickel from Ul-
tramafic Ores; Using Sodium Citrate as a Green Processing Reagent[ ] ].
Resources, Conservation and Recycling, 2022186 106496.
[5] LONG T, ZHAO H, WANG Y, et al. Synergistic mechanism of acidi-
fied water glass and carboxymethyl cellulose in flotation of nickel sul-
fide ore[ J]. Minerals Engineering, 2022,181:107547.
(6] 3AE. AL RO B S w PR B R RS [ D], IEIH . AR LK
2%, 2016.
(7] X0 8, PR, B AEME, 25, Hom & i SO AR i (57 i 15 4 B
W TAWE[T]. A OEmGET#RaY) , 2020(4) :56-62.
(8] JABMG, Z=igsm, AT 4. FEMERE A bR SRR LT 2 70 T
CHESE[T]. IR TAE, 2015,35(1) :35-38.
(9] JJ7mE, B %, T, S0 # 8 s R U], 9
¥R, 2010,19(1) :25-32.
[10]  RUZE. IR S AR 0 R T (1], 9 =R 5 FH,
2013(2) :19-21.

[11] M. &) i T e SR PR iR B 5E [ D ].
L BT K2, 2015.

[12]  FWP. PZEHEGERTET RO [T). HiEAa aL)E,
2019,42(2) :95-96.

(137 ARER, 2. B 0 O AR B AL A 3 1 H b ) i 8
(1], BT, 2018,38(6) :79-82.

SIRAA: 11 & KER, ALE F. BRI R AR S
wEHE LEMA[]]. &k T, 2023,43(6) :70-73.



