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Separation of chalcopyrite from pyrite at slightly alkaline conditions
using ethoxylcarbonyl thionocarbamate as collector
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Abstract: The bench-scale and industrial flotation test results of Jiangxi Copper Corporation Yongping Copper
Mine show that the flotation separation of chalcopyrite from pyrite is only achieved above pH 12.5 for butyl xan-
thate, above pH 10.5 for Z-200 and around pH 8.5 for ethoxylcarbonyl thionocarbamate (ECT C) respectively. The
flotation results were analyzed from the structure activity relationship of collectors by generalized perturbation theo-
ry and density functional calculation at B3PW91/6-31G (D) level. ECTC s highest occupied molecular orbit ( HO-
MO) is composed of p. and p, orbits of thiocarbonyl sulfur atom and its orbital eigenvalue is — 0. 217 29 a. u..
ECTC can slightly donate its HOMO electrons. And the lowest unoccupied molecular orbit (LUMO) of ECTC,
which is constituted by p: orbits of every atoms in the conjugate —0 —C(=0) —N —C(==S) —O0 — group, can eas-
ily accept electrons. ECTC collector can be strongly bonded with (t2g)®(eg) *Cu( II) or t°¢* Cu( I ) on the surface of
chalcopyrite through normal covalent bond and back donation covalent bond, but the interaction between ECTC and
(t2) *Fe( 1) or (13)°(e})” Fe( 11} which is the predominant composition at alkaline conditions in the surface of pyrite is
very weak. In the presence of ECTC, the selective flotation of copper sulfide minerals from iron sulfide minerals in Yong-
ping Copper Mine was carried out at slightly alkaline conditions. ECT C is a powerful collector for chalcopyrite and very se-
lective against pvrite. which is further confirmed by the results of UV and FTIR spectra.
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1.1 JFEXE
SEIGH REEE KT, AR 2H R R KBS
BAHITR 1. BV R E/NT 0. 074 mm 12 &

it 65% I, HH ) B AEE B FEAE 90% . T B .

7-200 M AR L H IR B (ECT C) 554 1
FI R Tl ity o AN VRE S0 A FER I 22 /N T 2
mm, RG] . THERENL A XM B d 200 mm x
400 mm B . BEIREE 1 kg WFE, B WE R 60%,
PERRLE /N T 0. 074 mm A B IE 65% . A%
3IXFD ~ 63 R AE LN, SFRIFENFE 1 kg 20ik
I 1IXFD ~ 63 sz kL, Kk H 0. 51XFD ~ 63
T FRE T IENL

TSR AE AT AT, SE0 RS0 b B
5000t/ d, EHEE) pH H A 8.5, M

pH {E 4 7 A4 . HRLE « 8147 3% DL A R R H
CHF ~ X 14.4 m’ JFiEHL, HREH XJK ~ 2.8 m’
FFIENL . TR G R AL F Ry 5000 t/d, BN
THETH ) HIRTE BB L AR IE DL R0k
BRYKH CHF — X 14.4 m® VRN, 4ikS % H XK
~2.8m’ FEML .

/N 3 S0 AN Tl S B Ak B 5 TR RE DL
1, HopsE 2Ry ik T2RFERE 1(a), Z-200 Al
ECT C MRAeiFEmAE W 1(b), Hrh Z-200 1565k
B T2 AR IE RO IE pH {2 11, AW pH E
#HIE ECTC TE .

1.2 EIMRII A

EWE RN 1 x 10" mol/L 1 Cu®™ . Cu* .
Fe** Fe™ SE 43 I S5 B S5 AR R 1) 258
BRILHRACE L H R (ECTC, 4iE> 95%) ¥,
FH LR A A TR A =] 1 756M C L5 A=) Ly
T FE IR I 0 o P G A
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E—EWER CuCl(A. R.) W P I 2 8 9%
EMAEETRES(ECTC, 40> 95%) W, 4+
ROK & LW Ay, g, HAKZREGRDIE, B
R T, KM KBr Jk J 7E 3£ [ Nicolet 2 7] )
G510P # FTIR ZLAh i { Lid % Cu® B+ 5
ECT C RN #)( Cu( ECTC ) FILLAMGHE |

1.4 HEAE

H] Cambridge Soft A ][] Chemoffice6. 0 £ 7.
TR 2 | Z-200 FT LA R AR G AR A R I ) 43
TR, LT 7 MM2 FTMOPAC 11
M P3 #EATH (L) itk 25 M Gaussian 28 &) [
Gaussian98 FEJ7H ] HF/ 321G (D) 47 & 5 I #4
A4k, I F % V2 B B3PWOL/ 631G ( D) x4k
BT I

RGP TS A R

Table 1 Mineral composition of Yongping copper ore( mass fraction, %)

Chalcopyrite Pyrite+ marcasite Chalcocite+ covellite+ bornite Hematite+ magnetite+ limonite Sphalerite Galena
1.3 16.0 0.2 576 0.15 Little
M alachite Quartz+ kaolinite Garnet Calcite Else
Little 45-50 15-20 3°5 5-10
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Feed

Lime 1 400 g/t, pH7.5

<0.074 mm, 65%

Collector
Frother Roushisr

Lime 900
pH13

Lime 400 !
pH13  TCleaner

Lime 300}
pH13  ‘ICleangr

B
Separation

Scav.

Scav.

(2)

CEET TR =

INRDVEIE S 45 IR R W, 5T HIRIT A IE
T, 7-200 Pt 235 80 125 X4 ki Fi8 A v
AU B, TRIEN ECT C oG4 K Ay ik
AT S A T 5es . TV SEE A pH 8 3 51 5] /)N
TUVRIESEE, AR 2570 4 o g A e 2 7= —
A ARSI IRPR G IR 3, 1% H A RN
ANTEE R IR 4. K 3 M4 REY, ECTC ILEIE
W RGHREY H A« 4 HL A DU T 8 A7 0 B %
L RS o 2R TF ik TR e, o, HORS R
L4 0. 71% , A 9] e 28 48 =1 3. 01% , RS A

Feed
—— ——
Lime 1 800 g/t,pH 8. Grinding
<0.074 mm, 65% Classification
. Collector
Copper rougher | Frother
pHES } Collector
Clean. Scav,
PHB.5 ;Collect br
Clean. S;:av.
N
S
Sulfur rougher
' | |
(b)

Fig. 1 Flowsheet of closed circuit flotation tests
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Table 2 Results and optimized conditions of closed circuit flotation experiments

Grade, w/ % Recovery, w/ %

Tlogacioy Desage of pesgent/ (e~ £ 1) Product s
technic w/! % Cii S Cii S
Grinding: lime 1400, pH 7.5  Copper Conc. 2.09 24.00 28.85 85. 49 6.68
Butyl Rougher: BX 40, pine oil 15 Sulfur Conc. 18. 66 0. 265 42.40 8.43 87. 62
xanthate (BX)  gcavenger: BX 20, pine oil 10 Tailing 79.25 0. 045 0.65 6.08 5.70
Cleaner: pH 13 Feed 100. 00 0.587 9.03 100. 00 100. 00
Copper rougher: %200 12, pine oil 5 Copper Conc. 2.15 23.50 29.44 85. 64 7.04
' Copper scavenger: 7200 4 Sulfur Cone. 18.34 0.258 42.52 8.02 86. 68
7200 Sulfur rougher: BX 25, pine oil 20 Tailing 79.51 0. 047 0.71 6.34 6.28
Cleaner: pH 11 Feed 100. 00 0. 590 9.00 100. 00 100. 00
Copper rougher: ECTC 8 Copper Conc. 1.96 26.50 30. 70 87.44 6.78
o Copper scavenger: ECTC 4 Sulfur Conc. 18.15 0.213 43.25 6.51 88. 50
pete Sulfur rougher: BX 20, pine 0il 20 Tailing 79. 89 0. 045 0.52 6.05 4.72
Cleaner: pH 8.5 Feed 100. 00 0.594 8. 87 100. 00 100. 00
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Table 3 Conditions and results of industrial experiments

Ratio,

Grade, w/ %

Recovery, w/ %

System  Dosage of reagent/ (g * t ') Product

w/! %

S Au? Agh Cu S Au? Agh

Copper rough: ECTC 8 Copper Conc. 2.492  23.810

Copper scav.: ECTC 4 Sulfur Cone. 12.004 0.219

ECTC Cleaner: pH 8.5 T ailing

Sulfur rough:
BX 60, pine oil 20

85.504 0.0064

Feed 100. 000 0.674

28.49  0.578 167.370 87.99 6.77 34.13  58.28
42.64 0.089 11.105 3.90  48.81 25.32 18.63

5.45 0.020 1.932 8.11 44.42  40.55 23.09

10.49  0.042 7.156 100. 00 100.00 100.00 100. 00

Rough: BX 50, Copper Conc. 2.428 23.100 28.90 0.490 162.400 84.98 6.77 25.80 49.20
Butyl Pine oil 20 Sulfur Cone. 16.703 0.285 41.42 0.108 14.268 721 66.77 39.12 29.74
xanthate  g..y . BX 20, pine oil 5 T ailing 80.869 0.064 3.39 0.020 2.087 7.81 26.46  35.08 21.06
Cleaner: pH 13 Feed 100.000 0.660 10.36 0.046 8.014 100.00 100.00 100.00 100.00
1) —g/t
R4 TSR LR R KR 3 A
Table 4 Copper mineral distribution of industrial test samples
) ( Pri 1 Dec ) ine issocl >
Systom  Produs 21 "% I s “cuyrg " cuyis
Grade Recovery Grade Recovery Grade Recovery Grade Recovery Grade Recovery
Copper Conc. 2.492  21.340 90. 60 1.45 72.12 1. 020 68. 23 0. 460 64.53 0. 560 71.53
. Sulfur Cone. 12.004 0.118 2.41 0.045 10. 78 0. 056 18. 04 0.024 16.22 0.032 19. 69
pete T ailing 85.504 0.048 6.99 0.010 17. 10 0. 006 13. 73 0. 004 19. 25 0. 002 8.78
Feed 100. 000 0. 587 100. 00 0. 050 100. 00 0.037 100. 00 0.018 100. 00 0.019 100. 00
Copper Conc. 2.428  20.75 88.76 1. 350 62. 49 1. 000 60. 46 0.510 65.31 0. 490 56.12
Butyl Sulfur Cone. 16.703 0. 169 4.97 0. 050 15.92 0. 066 27.45 0.020 17.62 0. 046 36.24
xanthate ailing 80.869 0.044 6.27 0.014 21.59 0. 006 12. 09 0. 004 17.07 0. 002 7. 64
Feed 100. 000 0. 568 100. 00 0. 052 100. 00 0. 040 100. 00 0.019 100. 00 0.021 100. 00
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Table S Net charge of sulfur in
collectors at B3APW91/6-31G( D) level

Collector Net charge

Butyl xanthate ion - 0.3466, - 0.2952
7-200 -0.3203

ECTC -0.1811

7-200, HH/MAA ECTC . AERFEAE H AL IE BC B 34
YERI 43K, 3 ol WAL 5 Bt A 2R A0 4 (140 328 36 o
H: ECTC > 7-200> T #2551, MERAET YK
che 1 ECTC< Z-200< T #2451,

B RIS R R, TRAEFRuE
At 0.042 04 a. u. FI3 FHUIE 9 5 5 P (B
ERE A alir, BErlfEs A S #EHE HOMO
S, INAERRAR HEE LUMO %58), SEEE
M= 0.046 20 a. u. 7 a 55 —H =B $UIE (next
highest occupied MO) . BE&E A— 0.031 29 a. u. 1] B
B B E PLACBE N 0. 046 32 a. u. Y BERAKS
BRI R LB, e T BT
RIS . T 320 3 1 I N H O ok P AN R 1 (B
T, e FEE iy Y R B TR Ak T
MREMFEN, A2 YRS E ST X
TR . BT T E2 & R (R R AE
M), HOMO Ry, 45 W+ B8 7 B o (IF Pic 8
HEMEH), H LUMO fF— @ 8% kbt 16
(RBBESEMAER) , T 325 264 n™ i 8 F s i
Ao AR, TR 2N SR SO AT ) 1 A e
o, AFASHR AR VR 2 S A A, B 2 R R Sk
M pH B T 12(0H™ B TR E> 0. 01 mol/
L) A BeA AW HlwR 1) i

7-200 ) HOM O figf - 0.206 86 a. u., LU-
MO [ € & & 0. 005 09 a. u., M & # =
0.21195(a.u.) . HOMO == % i i 48 B 3k A 1 6
J&F p. LG A, LUMO Wi —0—C(=S8) —
N —H &SR T p. BB AL . BRACHIE IR R T
M 7200 B O (VL) M 77200 50Y)
K 4R B TIERR, BE R RIS
JAFIHOMO HF 4 s 7R, 48R
YR, 7200 F I LUMO 4> FHUBH 52 &8 &
TRBFHB Y, REBHBFEESME 0 —C(=
S) —N —H BB IR p: #iE b, Z-200 53
R IRE AR, B 48 5 2 At A R
AR E BIPU T . 5T\ 5 FAHE, Z-200

T RIRE I B IES(E HOMO RE & AH 2 1R
X)), Mk Z-200 #3521 R A BR . BRI,
T w25k, 7-200 %F s 800 F 5 8 i) 5% 14 fe
THEAE R . AN, Z-200 () pKa> 12, fEHR Tk
N FEZ UG 7R, S50 PR )8 2 B
FREEAE TS . PRk, BB VRIE S B, Z-200 SEE
Bt o) R SR 3 pH EAE 11 A2 47 Al SE PR
SEIEAR, {H 7-200 38 68 7 1 FRAR, 5% LX) 4k
B I IETHE

ECTC ] HOMO fg & K- 0. 217 29 a. u.,
LUMO B fE& N - 0. 034 96 a. u., P& HHZE
0.18233 a.u. . HOMO =% d A A Fk 3 o i) i Ji
TR, HAoTERE K AR R 1 pe « py BLIHE,
M E R TR oIk e 28 . ECTC i) LUMO HE
el —0 —C(= 0) N —C(=8S) 0 —"+h KA T
() p. BB, LUMO Jy—NK Tk, HA s
PR BT X R ) . M ECTC 50 %3k 1
(BRI B B IR, e AE ECT C BRACER
FErPBR R T A 0 AR S TR L AR A A
I, 75 21 HL X B4 25 SR 2 4 ) HL 0 S Tt
Hisk4s ECTC [ LUMO K i, i3 ECTC I~
VIR R 2 AE R E— 2 ek . ECTC B HO-
MO feE bk Z-200 B4R, ECTC i AQH 3 i mi
JR 45 T IRE I B Z-200 59, SFEEERD kM
Lt Z-200 4F, EHBR I3 X R F e D N L Z-
200 W55, NAXAE SRS pH {E T SEILAR R 1) 1k
FPE B ECTC A LUMO My fidl, 7-200 B4 IE
fii, ECTC ) LUMO #f8EM:, H ECTC ¥ HO-
MO A LUMO 2 [a/ge s 22tk 7-200 1)/, ECTC
BRGEZRGHET, TS5 SREETEATEK
NICHRHIfE ), T ECT C X} g am Z1 34t s 7 1 6%
LA M) IS BE ) EE Z-200 5%, ECTC aJ4E A6
A R s A W

2.3 EIMEAE

2 1x10 * mol/L B Cu™ (Ek Cu™ ) MRS
SRR ECT C Wl S ABIR G, A WEE |
Tt TR 4k e . T 1 x 107 % mol/ L ) Fe™
(B Fe™ ) M5 5 E 1 ECTC 3R A W,
WA AREEAZZ ., ECTC W45 Cu®™ .
Cu' ‘Fe™ Fe™ IR A Ja R AWML E A4
JLE 2, "L, W Cu™ (B Cu' ) BT 5 ECTC
KA N, A BRI, AH S R OCHs & AR
W MAE, HFe™ (B Fe™ ) BT 5 ECTC Z AW
REANFAAEA SRR, RO 5K S RE 54
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ECTC 19— 8. 54 el 45 R kUi W, o
ECT C X HA A fiic e s, mx st g ¥ 14T
o RIE SR .

0.5

260 280 300 320

A/mm

B2 0.01 mol/LKCIKBBEBNLEEAS
W A KRR

Fig.2 Curves of absorbency A versus

800 2‘20 2111()

wavelength A in 0. 01 mol/L KCI solution
€-—5X107° mol/L ECTC; ll—Cu®" +ECTC;
A—Cu' +ECTC; J—Fe** +ECTC;
%-— Fe'" L. ECTC

2.4 FTIR i

ECTC F1 Cu(ECTC) i FTIR Jgitk W&l 3, 5
W LT AR S ol BE A B W3R 6. B 3 Fisk
6 1 FTIR St % #s & W, ECTC # N—H f&
3209 . 1534 F1 1182 em™ ' 4L F s 20 AR MK, T
Cu(ECTC) th %A N —H &5 (1 510 21 48 W i,
P Cu" 5 ECTC NI, N—H W% 5 ECTC
HIE, Cu(ECTC) W) C= O WK 5 # 44
em™ ', ATREAT N T TR IR — 7 T B TP R A AT B
AR R, AR C 00 B AR, SRR
EIRRBEAR; 51, Cu(ECTC) FF4R A,
i el —C(= 0) —N —C(=S) — T s 71
B K, e =0 W H KR T %
ECTCHTC—0O.N—-H.C—N.C=0.C=SH
oy C —H ARSI AE 1263 em™ ' /2
A, T Cu(ECTC) A 1234 em™ ' Ao 4, HH
THELE Cu(ECTC) R BER] —O0 —C(=— 0) —N —
C(=S) —0 —FAMm®E; ECTCH 1182 cm "4t
C—N .N—H .C—H &3 Cu(ECTC) £
1198 cm™ ', YUY C—N [AJHL 7 = % FE 4 K, ¥
WENHET . Cu(ECTC ) € =S W ffg i [ {I%
W T 8em™ ', YL C —S LT = IR
A, BEKIEK . ARSI 45 RS Basilio!® | Miel-
czarski Il Yoon'” 25057 45 B AHE], B ECTC it

HCe=SHmETFMC=04HRTEC BT84,
RS AR EE S Cu(ECTC ), [EII N —H W
H, HT BRI . XU ECTC 280 Y o4
LG

! ] ]
4 000 3200 2 400 1 600 800
Wavenumber/cm™1

3 ECTC Ml Cu(ECTC') 1 FTIR Jti%
Fig. 3 FTIR patterns of ECTC and Cu(ECTC/)
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Table 6 Infrared frequencies of strongest

absorption band and assignments

EECTC Cu(EECTC() Assignments?
3209 cm™ ! W —H
Around Around
2900 cm™ ! 2900 cm™ ! Me—H{CHa amd UHa)
1768 cm™! 1724 ¢m™! =0
1534 cm™ ! &N —H
W —0, 6N —H,
1263 cm™ ! W.—N, W=0,
W =S, 8 —H(com vib)
1234 cm™! W —0, & —H(com vib)
W —0, WL—N
-1 5 5
1128 goi 8C —H (com vib)
W.—N, N—H
-1 5 5
1182 em 8C —H (com vib)
1053 cm™ ! 1045 cm™ ! ——

WC —0 —C( com vib)

1) V—Stretch; 6—Bend; com vib —Complex vibration.

WG T HIRE T 5, HS AR P A A
WA W) IE RS I A A T e 0 Ao, A o>
PN, T EAR A RBRE(E R pH {EH> 12.5) AR
A BONSEERA R MAFN, SEBLIRBREIE 7 25 . Z-200
SER R BRI 4 i T I RE T L e 2 gy, LR
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W IE BRI T 2y, L SEBLARBR AE RF I 4
8 %% pH {H LL T8 25 AR (8% pH {E> 10.5), H
7-200 XHHE YA RE S — AR I K 25 . LR
FERARE L RIS (ECT C) ¥4 & 5 (R0 —C(=
SYNHRI1) 5 & AHIE R 3 ( —R") F e 48 Bk 5
(RPOC(=0) —) BAX, BEnr it 3250 0 PR TS
P ROV AR BRI R L TR H T B (4 AR LA

2o Sk

SCRE AV I —C(= S)N(0 =) C —HfiE

VAR B el R R, 955 Tl WO 4 Y HL T D
AN I ORI 32 S 7 B BE D, (R IN 42 vt i
TR BRAL B 4 £ 306 B A1 ARG A A 0 ) 25
155 A 5T P SRR A S e 4
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