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Flotation separation of Cu/Fe sulfide minerals by ethoxycarbonyl
thiourea under middle alkaline conditions
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Abstract: The bench-scale and industrial flotation test results of Jiangxi Copper Corporation’s Dexing Copper Mine
show that the flotation separation of Cu/Fe sulfide minerals is achieved at pH value about 13 for sodium butyl xanthate
(SBX) and pH value around 10.5 for combined collectors ethoxylcarbonyl thiourea (ECTU) and SBX. Compared with the
SBX system, the consumption amount of lime decreases 2/3 and the recoveries rates of Cu, Au and Mo in the copper
concentrates increase by the combined collectors system. The flotation results were analyzed from the structure-activity
of collectors by generalized perturbation theory and density functional calculation at B3PW91/6-31G(D) level. The S
atom of C=S group in ECTU molecule is at the reactive centre of ECTU. The highest occupied molecular orbit (HOMO)
of ECTU and next higher occupied molecular orbit (NHOMO) are mainly constitued by p-orbit of thiocarbonyl sulfur
atom and their orbital eigenvalues have similar values. The lowest unoccupied molecular orbit (LUMO) of ECTU, which
is constituted by p,-orbit of every atoms in the conjugate —O—C(=0)—N—C(=S)—N— group and pleased with
accepting richly d-orbital electrons (feedback electrons) from the (tzg)6(eg)3Cu( 11) or t%* Cu( I ) configuration of copper
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cation on the surfaces of copper sulfide minerals, results in the formation of dative m-bond. The iron atom, which has a

(tzg)(’(eg)oFe( II) or (tzga)3 (eg"‘)2 Fe(III) configuration on the surfaces of iron sulfide minerals, has difficulty in offering its

d-orbital electrons (feedback electrons) to LUMO of ECTU. ECTU collectors are powerful for copper sulfide minerals

and very selective against iron sulfides, which is further confirmed by UV and FTIR spectra.

Key words: ethoxylcarbonyl thiourea; Cu/Fe sulfide minerals; collector; recovery rate; flotation; separation
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Fig.1 Flowsheet of bulk flotation followed by separation in Sizhou Mineral Processing Plant of Dexing Copper Mine
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Table 1 Optimized conditions of closed circuit flotation experiments

Flotation combination/(g't ")

Flotation process
SBX

ECTU + SBX

Cu-Fe rougher
Scavenger |

Scavenger 1l

SBX 50, 111V 20
SBX 10, 111 5
SBX 10, 111 5

ECTU 20, BX 10, 111 5
SBX 10, 111 5
SBX 5, 111 5

Cu-Fe separation rougher

Cleaner |

Cleaner II

Lime 900, pH 13

Lime 400, pH 13
Lime 200, pH 13

Lime 350, pH 10.5

Lime 150, pH 10.5
Lime 100, pH 10.5

1) Frother (mixture of alcohols)

F2 ML R

Table 2 Results of closed circuit flotation experiments

Reagent Grade/% Recovery rate/%
A Product wi%
combination Cu S Ag’ Mo Cu S Au Ag Mo
Cuconcentrate ~ 1.69  22.870 27.540 8.010 38.700 0.7930 81.01 76.55 63.36 74.60 78.28
SBX Tailings II 3.18 0397 1940 0.248 1.020 0.0092 2.65 10.15 3.69 370 171
Tailings [ 95.13  0.082 0.085 0.074 0200 0.0036 1634 1330 3295 21.70 20.01
Feed 100.00 0477 0.608 0.214 0.877 0.0171 100.00 100.00 100.00 100.00 100.00
Cu concentrate 1.80  22.040 25.860 7.620 36.100 0.7470 83.45 76.11 69.79 70.07 85.64
Tailings Il 7.46 0203 1.180 0.139 0.680 0.0035 3.19 1439 5.28 5.47 1.66
ECTU + SBX
Tailings [ 90.74 0.070 0.064 0.054 0.250 0.0022 1336 950 2493 2446 12.70
Feed 100.00 0475 0.612 0.197 0.927 0.0157 100.00 100.00 100.00 100.00 100.00
1)git

2.34%, A RIBCE B T 6.43%F1 8.36%.
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Table 3  Optimized conditions of industrial tests

Reagent combination/(g't ")

Flotation process
SBX ECTU + SBX

Cu-Fe rougher SBX 50, 111Y20 ECTU 20, SBX 10, 111 5

Scavenger | SBX 10, 1115 SBX 10, 1115

Scavenger I SBX 10, 111 5 SBX 5, 1115

Cu-Fe separation Lime 1300, pH13 Lime 500, pH 10.5

Cleaner [ Lime 600, pH 13 Lime 150, pH 10.5

Cleaner I Lime 200, pH 13 Lime 50, pH 10.5

1) Frother (mixture of alcohols)

VS I 620 . H ECTU Fl/ba | 3 2 0048 T Bk
TRIFIIIRE Y, e TR I 2k 4.
A EICEIMR . ECTU FIZb & T 3 25 1RY7 1 B
PR T ZAEMNIER") B 1 R (MD Tl 56
WG, FTE T 2 AR A meg 2] Tk .
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Table 4 Results of industrial tests
S 3 Grade/% Recovery rate/%
ystem Product Mass/t
Cu Av? Agz) Mo Cu Au Ag Mo
SBX (M2) Cu concentrate 4369.6 22230 10.810  49.11 0.12750 7459 58.02 6333  33.15
Feed 204 081.0 0443 0277 1.15  0.00572 100.00 100.00  100.00  100.00
ECTU+SBX  Cu concentrate 33723 23.160 12.100 5248 0.15680 75.64 6518  62.16  37.05
M1 Feed 233272.0  0.443 0.268 122 0.00612 100.00 100.00 100.00  100.00

1) Head assay of CuO is 12.32% for M1 and 11.94% for M2; 2) g/t
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Table 5 Net charge of sulfur and frontier orbital eigenvalues and compositions of collectors at B3PW91/6-31G(D) level

HOMO LUMO
Collector Net charge of Molecul bital
. t . . "
sulfur Eigenvalues/a.u. olecu ar. (?r 1 Eigenvalues/a.u.  Molecular orbital composition
compositions
Butyl xanthate ~ —0.346 6, 003129 p.-orbit of S atoms in 0.042 04 p.- and p.-orbits of every atom in
ion -0.2952 ’ C(=S)S group ' —O—C(=S)S" group
- and p,-orbits of S .-orbits of tom in —N—
ECTU 02924 —021193  Poandpomiso ~0.02405 ~ PrODISOcvelyaomim

atom in C==S group

C(=0)—N—C(=S)—N— group

5 HOMO RJRESHT, oA 52 il AU h (1
JR T4 % . ECTU ) LUMO FlR 2% A% A b i
(NLUMO) fg & b 8 # &, #F H 7 #e K
—O0—C(=0)—N—C(=S)—N—H %5 T 1 p. ¥l
M. MWEREAMS K. LUMO A1 NLUMO [fBE & &
PUEREHT, LUMO 5 NLUMO h— K n #, AA
SREUHAESZ RN A O X R RE ST . ECTU 51 #3& i
(BRI R HP) A 25 1A P B T T A 1 P B O T B Loy
TERD), Wl s st (R s S E D), BTtk
A R I RE i v T AL BT, TR,
ECTU R4 SmAcHn P e sios ) i, XK T
BRI ) S ez e, LA RS 2
AR R (ECTC) M AL ) 2 4 H LA K& 5
WAL P T AR P20, {3 ECTU 4 FH R
I M T I L B L HOMO RE#4LE ECTC
A, ECTU iy fie 15 T ECTC, ECTU
(R AE ) RS s+ ECTCR P21, 5 ECTC #H1L,
ECTU XA P e BEPELL Z-200 (R EE4F, TRt
WAL WA BE I I EE Z-200 (15 3, H sS4
BRIEFRMESS B pH fH N 1% EE Z-200 f5EAED 17200,

24 EIMKIE

4 0.2 mmol/L fint FR AWV 55 25k £ [ 21 ECTU 4%
RS BOR G I, HAA B AiE e . AR
T, ST 54l BCTU IR AN, A Bt
e e, XU Cu® R CuTAIAAAE B B i AL 2 A
o I8 2 RS UTie WG, SEBEATCt, I8
W ANR SO IS 2 B, BE 2 WTEH, 4
ECTU 5 Cu®'sk CufEHIJE, A ik W 2
FAR (WG LR /D), 1M 0.2 mmol/L A R W 2k 3 i i ik
TR 5k PSRRI 48 ECTU Wl A I, s
IEARRFEAAE [ 2 i 3 I H 46 ECTU & Fe?
oY, Fe’ fE R AT JG (IR FEAR AL, UEMAEIX R, 4l
ECTU 4 Fe* 8k Fe* A RAEAEAL A 1E

1.6
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v— Fe?*+ECTU
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1.4+
1.2
1.0
= 0.8F
0.6
0.4
0.2}F

1 L L
%20 240 260 280 300 320
Amm

2 10 mmol/L KCl/K¥FH A4 W IIIEIE 4 5P 2 1
KA
Fig.2 Relationship between absorbency and wavelength in

10 mmol/L KCI solution
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25 LIohis
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FizR. SRR ] eI JE angk 6 Arsl. 1B 3 Rk 6
FI7Rif) FTIR SGiEdia &M : 76 2 900 em™' )
C—H (RGP % A (¥ B ol 5 400 0 S A [ 11 5
ECTU H N—H 7£ 3 246 F13 180 cm " BT 1) 5 55 W
e, AL S R 25 1) ) Y =) Cu(ECTU”)
1 Cu(ECTU") & 3% PRk 2%, {2 Cu(ECTU")HI
Cu(ECTU")/} BITE 3 441 H13 444 cm™" B3 35T I
Wik (7E ECTU hnl el silg i o), nIReAIE T
B N—H 43R (ECTU H4 2 Ff N—H 4,
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Fig.3 FTIR spectra of ECTU, Cu(ECTU’) and Cu(ECTU")
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Table 6 Infrared frequencies of strongest absorption band and assignments

O'(ECTU)/CIH% J[CU(ECTUu)]/cmfl U[Cu(ECTU’)]/Cm% Assignment
3246 3441 3444 N—H stretch
3180 N—H stretch
Around 2 900 Around 2 900 Around 2 900 C—H(CH; and CH,) stretch
1720 1653 1653 C==0 stretch
1548 1560 1560 —C(=S)—N— stretch
1041 1053 1045 C==S, C—0—=C stretch

—O0—C(=0)—NH—C(=S)—NH—); ECTU 5 H/fi
FEPILLAMRS I B AN, 43 A0FE 1 720 1 653,
1548, 1560, 1041 F11053 cm ' &5kt. ECTU L4
SN ET G, SR S R IR C=0 W4idiks)), I
AT T Rl (FH 1 720 em ' 0 1 653 em YB3 T 73
em ', XY Cu(ECTUMA Cu(ECTU) > T+, B
AEH—C(=0)—N—C(=S)—H B 7 E MM K, ff
FRIEAE C—O M7 M R A4k, 2 BUR 3 AR [E
fi%, X5 BCTC 504 s I I 2L /MRS 3l 1 1 2
—HPYECTU 1 1 548 cm ™ b 3 & T —C(=S)
—NH—5M:38), F2Hh C—N M4idks)), & ECTU
S8 R N PR R Ol RS & 1 560 em ! A2 A, X
TR C—N BEBEREN A, BEKAER, Wik C—N
WS . T C=S M&ifRzhh 1 041 cm™' Fix
1 1 053 em™ UL, WA C=S F IR T 1T RES:
5 R (1 BSCRRE o

1) 54647 825(70 gty TEAMEL, ECTU FiZb i

TEE(25 g/t) 120 K3 MR T B 43 35 1) A1
B, SIS B, RS R R
AT 0.93%, MDA S 1.03%;  Sxan iR
1.29 g/t, GO 7.16%; 4H S A7 0.029 3%,
FHID 24 5 3.90%

2) BCTU 1) ) I Lo Jid - 2k 25 Hi 1 IR R D R
55, MR R T IRE RS, RS S A
WP it S AR, IX KT ECTU SHiifb Bt 45
WAL BN WA RE ) 25 5 RAMGIE R 2T AN it it
— USRI ECTU 5 Cu™ Al Cu'fig & AL 24 4R ]
MAERGHIR, 5 Fe® ol Fe* T ARAELEAL 24 1R T
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