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Fig. 1 Preparation flowsheets of test sample
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Table 1 XRF element analysis results of electroplating sludge (mass fraction, %)
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Fig.2 XRD pattern of electroplating sludge

1.2 R HE
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W ERRFRELR) 100 g 5UFE5 — e B 7 B ik
FUBEERAT ST 73 B0 TR 20%- 2% A0 15% 106 75114
E BN AN SRR R A, i s K ok
FEZ) 10 mm BRE], BREAITEEHR A, & TR&E
R IR R X, F R R R A T AN R A T
Hbesh . el = SR B s JEAT ARSI 43 At AR A

CaO SO, SiO, P,0s Fe 05 ALO; NiO Cr,0; CuO MgO Na,O
17.45 12.89 9.23 8.32 7.55 3.95 3.62 2.6 2.12 1.01
ZnO SnO, F Cl MnO TiO, La,03 BaO CeO, CdO
0.81 0.47 0.41 0.35 0.35 0.19 0.18 0.15 0.15 0.1
PbO Co;04 As,04 Ag,0O SrO ZrO, Rb,O Y,0, Nb,Os Br -
0.1 0.08 0.03 0.014 0.01 0.009 0.004 0.003 0.002 0.001 -

R2 BESRALE NS

Table 2 Chemical element analysis of electroplated sludge (mass fraction, %)

ALO; SiO,

P205

SO3 CaO FeZO3

Ni Cu Sn Pb Ag(g/t) Cr,04

10.58 8.87

4.25

9.75 16.00 11.20

2.81 222 0.48 0.09 164.8 438
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Fig.3 Flowsheets of stage flotation
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Table 3  Phase distribution of copper and nickel in

electroplating sludge

Mass fraction/%

Phase
Cu Ni

Calcium hydrophosphate mixture 27.83 3744
Gypsum mixture 11.17 11.87
Colloid admixture of AI(OH); and SiO, 30.56  27.39
Polymetallic iron hydroxide colloid 16.32 11.15
Polymetallic chromate colloid 13.34  10.14
Franklinite 0.29 1.37
Total 99.51  99.36
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Fig. 4 BSE images of electroplating sludge: (a) Aluminum
hydroxide colloid; (b) Chromium-rich calcium hydrophosphate;
(c) Calcium hydrophosphate mixture
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Table 4 Energy spectrum measurement results of electroplating sludge by SEM

Mass fraction/%
Test point
CuO NiO ZnO AlL)O; Cr,04 CaO P,05 MgO Si0,
1 7.07 6.05 3.46 28.89 7.41 9.39 8.08 222 9.56
2 424 7.93 2.30 10.34 33.23 12.92 8.21 3.67 2.85
3 7.45 9.22 437 15.37 7.08 29.16 15.83 2.14 1.03
4 2.67 4.08 2.29 5.41 4.52 15.52 27.95 1.18 7.31

RO BRI T A HPIRES: B 4P
AR ESS R S VBRLR S A 2 M, BAERER
G, ARSI A RS R
KIZES . Ak, BEIRAFI AR T 2R M &=
ZESFRBON, HICERMARSEAEAL. AT W5 TR A
B = AR R 2%, AERAHE ik
Wik ERE AL .

2.2 Cu-S-0 5 Ni-S-0 = TR FEMB XA S

AR B E 2 I N AR F 1 =) 4 R 2 B EL
RTIREANH, S5 RMATTRFEEH Cus Niv S
A1 O, BRLBFFT Cu-S-O+ Ni-S-0 RS £ MR, AT
CAHEIN AN TG SRR AR RO AR AL AR 2E IR AR 25 X Ta], s
B BT HLEERY A B HSC A2 b 1 R A 25 X fr
F(Lpp diagrams-stability diagrams)#itk, 2527
Cu-S-O I Ni-S-O = RFERMA X ALK, HEER
K5 F16.

5f16 FH, —=JufAR Cu-S-O fl Ni-S-O A5
AR AR . BEE A(O) 7 3R T, L% X T8 )
FAMAS(Cu-O. Ni-O)FH; FfR(SO.) 5 EFE T,
X ] [ AR AL A5 (CuS S NiSy)#6F% 5 Bifi 5 55 1 i,
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Fig. §

Isothermal predominance area phase diagrams of

Cu-S-O ternary system
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Fig. 6 Isothermal predominance area phase diagrams of

Ni-S-0 ternary systems

FALEH . B(Cu-O. Ni-O) AL A4 . B(Cu-S.
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23 kg

454 Cu-S-0 5 Ni-S-O = e REHEMA X AL #r
ZER, AR RIS R B R 7RI =, BRLSiR
FERBEEEFRAIT H], KR4t = S I AR b R 5 o
231 mitFIHE

AR SIS, eSS IR 1000 °C, Beghi
(824 90 min, IR IE 7. LT HEM 10%
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Fig. 7 Effect of pyrite dosage on copper-nickel flotation
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14 70
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Fig. 9 Effect of sintering time on copper-nickel flotation
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Fig. 10 Microstructure photo of sintered products
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Table 6 Phase distribution of copper, nickel in sintered

JEBRACH AR BB BB BN EERE product
IRAREE . 8. AR B S Mass fraction/%
% 6 FiAIARELE e AL, 2 phase Cu Ni
82.45%[1HA N 78.18% IR AF T A . BEARA . 3¢ Chalcocite 31.52 0.99
Bornite 23.37 0.10
RS BRET LB WAL MLA ST AR Chalcopyrite 17.33 0.13
Table 5 MLA analysis results of major minerals compositions Pentlandite 4.39 18.38
in sintered products Millerite 2.76 46.52
Mineral Content, w/% Polymetallic sulfide 3.08 12.06
Chalcocite 1.47 Alloy 0.30 4.79
Bornite 1.09 Hydroxyapatite 7.19 6.20
Chalcopyrite 1.78 Silicate glass 7.09 5.60
Pentlandite 235 Chromite 0.44 0.21
Millerite 208 Hematite 1.10 2.58
Quartz 0.01 0.05
Polymetallic sulfide 2.72 Total 08.58 9761
Alloy 0.53
Pyrhorite 1.24 BRI, BLECEER . EF BRI S RS S BB,
Chromite 3.03 RWIREI4 . RSB AL .
Hematite 4.36
Hydroxyapatite 10.30 25 FBEFIRIRIE
Silicate glass 62.09 11 FrR R — =Pk ki
Quarts . SHEAT T Bt 7o VB PR, LRI R 7.
ol 05 15 [ 7 FIAL VEERED R B 10.14%
11.89%, AR [EMER 5373108 75.12%0 70.02%.
Sintered products
() <0.074mm 75%

o mi BX 200g/t
min Terpenic oil 100 g/t
Roughers
4 min
2 min
Cleaners Scavengers
3 min 3 min

2 min

BX 100 g/t
Terpenic oil 50 g/t

BX 100 g/t
Terpenic oil 50 g/t

Re-cleaners

2.5 min

Final concentrate

1 H-PRE-PI T PR IR TR

Fig. 11 Flowsheets of closed-circuit flotation with single-stage roughing, two-stage cleaning and two-stage scavenging

Re-scavengers

3 min

Tailings
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Table 7 Test results of closed-circuit flotation about sintered product
Assay/% Recovery/%
Production Yield/%
Cu Ni Cu Ni
Concentrate 22.05 10.14 11.89 75.12 70.02
Tailings 77.95 0.95 1.44 24.88 29.96
Sintered products 100.00 2.98 3.74 100.00 100.00

2.6 RO
2.6.1 FREKH 2 ITCR T

ST IEREN 7= AT T Z 0 m o, s
T 8o KEH HIFNEL S L5 54 10.14%F1 11.89%,
FoA R AR B — ARSI bRE ;s REMATER
NS RE. BRFIRE, IXEEIC R RIS TR R Kb gs v
P R 5y A IEA FERCERSE. B 8
T & B RAR. RULRAMALRSFiETZ, W]
S AT S e FR A . B BRI .
2,62 JFIERE R

Z: b A N LA E E 5 A5 GB 5085.3—2007,
i “TRMERE” W RERHTES R RS
E, BESRWE 9. FIREY, BRGIRELSRE

=8 FEWEH XRF o4 R

Table 8 XRF element analysis of concentrate (mass fraction, %)

Cu Ni Pb Zn Fe S P205

10.14  11.89  0.02 0.16 1091 10.16  3.50

A1203 SlOz CaO MgO As NaZO Kzo

554 1461 1276  2.16 0.03 1.23 0.43

*®9 RERESRRHFES

Table 9 Toxic leaching analysis of heavy metals in tailings

Element Concentration”/1076 Standard"/107¢
Ni 0.02 5
Cu 0.02 100
Zn 0.01 100
As 0.01 15
Ag <0.01 5
Cd <0.01 1
Sn 0.02 -
Ba 0.13 100
Pb <0.01 5
Hg <0.01 0.1
Se 0.01 1
Be <<0.01 0.02
cr <0.01 5

Total Cr <0.01 15

1) Mass fraction.

bR AR AR R T R A R, (HIX T
B R KT S AR e . R WIBR AL R A
TR Rl H e R AR EARCR, W
KL TR e FELALE

3 #Eig

1) MLA Wi REL, A5 IRAE S . Bk
TR DAIRES RS, ANERAEIED kB
AbFR,

2) Cu-S-0 5 Ni-S-0 [ =70 RN A AL Hr
KW, ISR R A R =
JERE = e g5, iR Ie A R T AR AL 1
. SERRREZ RIS B =0 RELL 4l R &
AWE, FEm BB S SR Ry BRI (GE Bk
WHYHERN 20%. FeZ5Im By 1100°C . KRES I E A
90min.

3) BRLE ERORE BRI AR TR
FEFVSRRE S AT SRR T A Bk .
T RAEEIE A BN, . BRI YR 3 2 )
FREIE, 5T 5AEfiies .

4) KA “—H->"H->TH” HBRIFIERE, o
FAFE AV AL 38 10.14%F0 11.89%, LA AN
BRI R HIR 75.12%F1 70.02% B ARG ik
R R MEESEERY, BV P AFEETRNR N
BN T E bR

5) B R B SE Tk T2 AT S AT R R
W B EIRARIE, IF B RE A A TS TR R R
HEESEOR, DS RSN R IE A
FEAbEE,
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Sulfidation sintering-flotation process of
copper-nickel-bearing electroplating sludge

LU Hao-zi"*?3, HE Zhuang-zhi"***, CHEN Zhi-qiang"*?, LIU Yong" *?, LIU Mu-dan"%?, LI Bo"*?

(1. Guangdong Institute of Resource Comprehensive Utilization, Guangzhou 510650, China;
2. State Key Laboratory of Rare Metals Separation and Comprehensive Utilization, Guangzhou 510650, China;
3. Guangdong Province Key Laboratory of Mineral Resource and Comprehensive Utilization, Guangzhou 510650, China;
4. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The electroplating sludge is a kind of high toxicity and pollution industrial solid waste, which is greatly
harmful on the environment as direct discharging. The sulfidation sintering-flotation process was used to dispose a
copper-nickel-bearing electroplating sludge. The changes of mineralogy properties about the electroplating sludge before
and after sintering were investigated by MLA analysis and SEM analysis. The isothermal predominance area phase
diagrams of Cu-S-O and Ni-S-O ternary systems were drawn to analyze the optimum conditions of the sulfidation
sintering. Through a series of conditional experiments, the optimum experimental conditions of sulfurizing reagent
dosage, sintering temperature and sintering time were confirmed as 20%, 1100 ‘C and 90 min, respectively. By the
closed-circuit flotation test of sintered products, the flotation concentrates with copper grade of 10.14% and nickel grade
of 11.89% are obtained, and the recovery of copper and nickel are 75.12% and 70.02%, respectively. Moreover, in the
leaching toxicity test of flotation tailings, the test concentrations of the poisonous heavy metal ions all reach the related
government standards. Through the sulfidation sintering-flotation process, the goals of metal elements reclamation and
harmless dispose of the electroplating sludge are both achieved.
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