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THEFEEMIBC)K A Bigkdr TkAARA R, 4
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BRATIM XRD . JoFR A RILIE 1 A 1.
1.1.3  sEEAds
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Fig.1 XRD pattern of chalcopyrite (a) and pyrite (b)
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Table 1 Element contents of chalcopyrite and pyrite

Element Mass fraction/%
Chalcopyrite Pyrite
Cu 33.23 0.124
Fe 29.14 44.38
S 34.95 53.21
Zn 0.34 0.047
Pb 0.15 0.0092
Si 0.29 0.21
Al 0.18 -

B A A, EE), X 9 L4791 (XRD)
(DSADVANCE, i v A w)Er=, fmE)Fl e =
HAE R HL(XFGS-35, MBI W 477, )

Jarey
STo

1.2 SRH*E
1.2.1 VRS

PRI SEIG AE XFGS5-35 BUEERE kbl 1
BT, EHIEER 1650 r/min. FEAFREL 2.0 g Y
BT 35 mL VR, A 30 mL ZMAKE R 1
min, K] HCI 8 NaOH %0540 3% pH {8, it 2
min, JIAFERGH, BEEE 2 min, FEIIARWF] MIBC,
AREERE 1 min, Tk 5 min, R AR
SRIEIE. B AREL THE LR RNE.

122 A SRR AR

EI ISR OB TS R S um LLR, ¥505 ¢
ST A 30 mL ZEAR/K SR K 2.0 X 107 mol/L )4l
ICFIFHIN AR 100 mL HEFEHEH, 76 25 C R
PiFEASPEFE 30 min, U8, KR ZIRKVER 3 1K,
7E 50 'C F R T8 24 h, ] KBr K Fril i 400~4000
em YU AT REIZL AN . BRIE L B B
. DIE G AR, i, HIEfARZ4 5 mm
X4 mmX2 mm HFF XPS ¥, K/ ESCALAB
250X B X GG LT RETE OGN E A RE X S ot
TRENG, WA A X SR DR, DhZ K 200 W,
TWHE N 20 eV, Kl Ky 450, FAELAN 1.33X1077
Pa. T3 505 Scientific Avantage 5.52 T AEALFE, JiT
FHEES REILL C 15(284.6 eV) b HE

1.3 EFUFIHERE
B TAE B R Gaussian 03 #4405, G
1> T HI B MM2 7 1 F0 22056043 18118 PM3 )i
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BEAT 4> 1 LT R BLI A, O HI %% 22 R 3148 (DFT)
7 B3LYP/6-311G(d,p)/KF- it — AR I AT &1
WA EE, HE K I HLE HCh 78.39,

2 FRE5iHe

2.1 FEEWMABREEHAIS

WX (D)~GB)Fiw, LA IPETC A%#), # 0.1 mol
()57 A FL4 B 24581 0.2 mol TIPETC SN 100 mL [&Ji =
FUpeIir, 7asriide, AR5 HE R8RS HinA 0.1
mol IEE, W INIA Y 0.25 h, 4 nse s, £ 75 C
SN 4 h, VRN A A, AR S FE B0 S 6.44
g LREKEH, FHEZE 70 CRMN 2h 5, BHIRER,
I uERR LA, KB R = RO, RV
O 0.11 mol [ ZHifbak A 0.1 mol H&AAM, 1
30 CRHEHE N 4.5 h, 8435 BTTC O AR
44, FIBEH1 R A IPETC, BTTC F1 IPETC [
R 3 5313 5] 95.62%H1 94.73%

CH, S
CH3—C|H—O—£—SNa + Q CH,—Cl
CH; S
CH3—C|H—O—g—S—CH24© +NaCl (1)
CH, S
CH,— (le—o—g —S— CH2@+ CH;CH,NH,—/—
CH;
CH;— (IZH—O—(”Z—NH—CHZ—CH3 + QCHZ—SH 2)
Q CH,— SH +CS, + NaOH ——
S
QCHZ—S—(”J —SNa+H,0
3)

22 FEOHRRERIX HIRT AYFEMEEE
23K BTTC. BzX. SIBX A, H&EN
4.0X107 mol/L, MIBC Jyiftifi5], F&=h 7.5 mol/L
I, BT L R S 1K pH O R W 2 By
7No MK 2 W40, BTTC. BzX #1 SIBX %} #4517
IS Z I BEAE D pH (A 3G RSl 5w, A
FEARZH K pH HI LN {E pH {H R 6~10 Y0
WL SEHTT I RICR A48 85% L L, sk BTTC Bk
L% 91.51%, BzX Al SIBX 43514 85.70%F1 86.01%.
3 RO SR TRV (R 3 BEAT 2K pHL A3
KIMTFAR, 520K pH AE YRR . TERRIE&IT T,
TN H DGR IILE 60%LL 1, BEFE pH {H AT Sl

TEFEK, 24 pH oA 10 BLEI, S8 10 IRICR B 21
50%LL N . fEAHEI &L BT pH 441, BTTC Xf
BT SR IVRE MR 5 BzX . SIBX #51T .
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Fig. 2 Recovery of chalcopyrite (a) and pyrite (b) as function

of pH (cypc=7.5 mol/L, ¢c=4X 10~ mol/L)

FER S pH H K 8 I, HZiflF MIBC 24 7.5
mol/L I, 25 S&3SC FH He 6] S A ] VPR 5
i 3 fron. Bl 3 &8 BTTC. BzX il SIBX 3
T SO X B PR 3 [ 2 B4 it o 24 109 E ) 384
TR o A RIR KT 4.0X 107 mol/L I, 3%
AR PR (R R e KB T AR L RE AN . 1l
WA KT 6.0X 107 mol/L I, B8 (1937 28 (i
BRI KA. B 2 F03 WJ 4, BTTC X B4Ry
W RS S BzX. SIBX #2iL, W LT
BRAHI VR T

23 RPHIE
2.3.1 FTIR 43 #7

BTTC 54 1E i 5 &5 Cu's Cu*' 4 il
NAF BN P= AL AR 4 Bk
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Fig. 3 Recovery of chalcopyrite (a) and pyrite (b) as function
of reagent dosage (cypc=7.5 mol/L, pH=8)
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Wavenumbers/cm™!
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Fig. 4 FTIR spectra of BTTC, BTTC-Cu', BTTC-Cu®'
complex, and chalcopyrite before and after interaction with
BTTC: (a) BTTC; (b) Chalcopyrite; (c) BTTC-Cu'; (d)

BTTC-Cu?"; (¢) Chalcopyrite after treatment

I 4 7740, BTTC [LL4MEREF, 1014 cm ' Al
912 em ' AR LI 4351 VT 8 T C=S F1 C—S =3
e, 1492 cm™' M1 1451 em ' Ab R W W A JE T
—CH,— C—H M 4ade a4, 3025 em ™' A
WA T 2R R AR C—H i PRsh g, 1624 cm™!
F1855. 771, 700 cm ' Ab MR ICIA: 43 530 VA1 T 2R 3R L
ANHIFN C=C BN IEFZEIR C—H [H4MR3)IE . BTTC
5 Cu'(Cu®EH = ERITTHEY) BTTC-Cu L0400k
H, 912 em ! b C—S [WPRBIIEY] LIRSS, fE 1005
cm (1006 cm ML T 1 ANSRKWACE,  [FIIRHE 1070
em (1067 em VHHILT 1 AHUE S g, IXE W
BTTC 45 Cu'(Cu®)RAETHEM . EEsdin™ 5 BTTC
EFAT I ZLAM el v, 22 BTTC AP S, 5
72000 H BT — CH,— I 4 AiE W i 068 (2921 . 2847
cm '), 7€ 1089 cm ' 1 1016 cm ™' AbHIEL T AL BA (1)
Wi, XERW BTTC WRE s i, JfH5HE& M
(A AR T AR
232 XPS 2T

BTTC S¥¢4n {EHH G LI5S Cu's cu®
RNV FE XPS AEILE S, KR TERIE 2. A
7€ X5 BTTC VR G i 2 1 i) Jit 1< B 5 b il
A 2 100 B R VA B T 254

HIE 5 R 2 nlan, S 3R 10 B K L
n(S):n(Fe):n(Cu)y 1.84:0.90:1.00, iX 5 HHIH ¥ n(S).
n(Fe) n(Cu) I FIIRA 2:1:1 HLRHENT . (5T B,
2 BTTC AH 5, HHN RN C G I BRI
FHIN, M Sy Fev Cu JU# MIEEIRIR LI/, R
BTTC WeH7E T 30 3ifn, SECRH B &Ko
FIRFEII AR

Kl 6 Bz b 4T 5 BTTC VEHI TG i) XPS K541
i, 6(a)fian, BT Cu 2ps, XPS G I
7£931.9 eV F1932.4 eV 4, 53 I3 & T CuFeS, 1 CuS,
934.2 eV AMIEIHJET Cu(I) WS A 1k
WU, BTTC 4B S5, SCHIN K1 Cu 2ps, XPS 7E
934.2 eV [MIETHR T, XEWSHE BTTC 7E 2 HA £ i
W B 5 S5 AT T 1) Cu(IDkZb,  TIAE 932.3 eV &b
[l t 2 s, X 5 6(b)h BTTC 5374 B 1 [ W
74 BTTC-Cu JLUEH 932.5 eV bl higeir,
B BTTC 5 76 B 2 11 PRI PR PR — A i3 i Ay I
B, LD BTTC-Cu R TH 48 & MWL B S 2
ffi. WK 6(c)Fizm, BTTC 'S 2psy, XPS itk LA
161.7 eV Fil 163.2 eV &b, 4 5lVHJET BTTC H1(1) S—
C M S=C, X5l m)—8C2, sy S
2psn XPS Wil EIAE 161.1. 162.2. 163.2 eV {4y
SIEE T &S A E HAS, ). ZHitk
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Table 2 Atomic concentration of elements for chalcopyrite surface as determined by XPS

S | Atomic concentration/% Atomic concentration ratio to Cu/%
ample
Cls S2p Fe 2p Cu2p Cls S 2p Fe 2p Cu2p
Chalcopyrite 42.05 28.56 13.90 15.53 2.71 1.84 0.90 1.00
Chalcopyrite after treatment 64.14 19.70 6.90 9.21 6.96 2.14 0.75 1.00
A 22.09 —8.86 —7.00 —6.32 4.25 0.30 -0.15 0.00
(@ (b)
- Cu2p,,
931.9
Cu2p,,
934.
W
_______ Chalcopyrite - - - I BTTC-CuZ‘
= Cu2p,,
316
- \ Chalcopyrite after
............... - § BTTC treatment G -_B”C'CW
936 934 932 930 928 936 934 932 930 928

Binding energy/eV Binding energy/eV

(@

BTTC-Cu™*

Chalcopyrite $2p;,
after BTTC !
treatment

166 164 162 160 166 164 162 160
Binding energy/eV Binding energy/eV

6 BTTC. BTTC-Cu'. BTTC-Cu*" AKX H# N 5 BTTC 1EHI AT /5 1) XPS K4 i
Fig. 6 High-resolution XPS spectra of chalcopyrite before and after BTTC treatment: (a), (b) Cu 2p; (c), (d) S 2p
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WS, H . & BTTC 4G, 163.2eV 11623 eV
Ab TR B W N, X 58] 6(d)H BTTC 4 e 1
SN P74 BTTC-Cu JiTTE H 163.4 eV(163.5 eV) A1 162.3
eV AL LT, [RIINAE 161.7 eV IR T —ANHT
(R, X R BIHTRCHR BTTC W FH A6 B 4R 22 1 1
BTTC W1 S 5™ LM Cu K4 T HAAER .

B FTIR. XPS Zr#ral 4, #lifisi BTTC HA W
ANEPERL A BACHRIE TP R SR AR R I, v
g, 2 S A ER I, BTTC 2 FH i)
C=S Ml C—SH H5#¥EEeE Cu /EH, B
BTTC-Cu IR IZ% G4, i A2 T7 2 B 7 3
WO, TREMIE LB QA 7 PR .

7 BTTC 7EHH 1" 2 1 7] RE K R
Fig. 7 Possible schematic model of BTTC absorbed on

chalcopyrite surfaces

24 DFTitE

BTTC. BzX i SIBX 7£ DFT/B3LYP6-311G(d)7/K
PGS A B 8 P, A IR R e B E
(HOMO) FE A A o5 # H1iE (LUMO) 43 #11iE #1(0.040

9

SIBX
E 8 7 DFT/B3LYP6-311G(d)/K G e 7 it S A 4 780
Fig. 8
DFT/B3LYP6-311G(d) level

Optimized molecular models of xanthates at

aw)nEl 9 pror, B AR WK 3.

BTTC. BzX il SIBX 3 Fp 2y (1A PEIE 44,
C & SP* Z&tk, Jrf S15 F1 S18(BTTC ). O15 Fl
S17(BzX ") 05 F1 S§(SIBX )&l —%f p, i 1,
55 C=S Wl n§ (hEs it . b p ik KT,
S RNALLF BTTC 431 i AR S it 1y vy 8
KT BzX F SIBX. 3 3[40, #t HOMO {Hifi 5,
BTTC 5Pl 24 () HOMO K/N%iT, BTTC HIfasE

% 3 1£ DFT/B3LYP6-311G(d)/KF F i AR . A& fg i & 40 71 Mulliken Hifaf

Table 3
B3LYP/6-311+G(d) level

Theoretical dipole moment, frontier orbital eigenvalues and some selected Mulliken charges of collectors at

Dipole Eigen values/a.u.
Reagent  Energy/a.u. Mulliken charges/electron clogP
moment(D) Enomo Erumo Enomo—ELumo

S15:-0.3017, C16: 0.2830,

BTTC —1504.40 5.5211 —0.2425 —0.0881 —0.1544 3.77£0.61
S17: —0.4003, S18: 0.0205
015:0.2457, C16: 0.1329,

BzX —1181.42 4.9038 —0.2446  —0.0697 —0.1749 3.19£0.60
S17: -0.1082, S18: —0.3957

05:0.1670, C6: 0.1590,
SIBX —1068.28 5.8460 —0.2446  —0.0688 —0.1758 2.29+0.60

S7:-0.3905, S8 —0.0414
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BTTC

BzX

SIBX

9 {f DFT/B3LYP6-311G(d)7K V- R il 7l ) HOMO FI LUMO(0.040 a.u.)
Fig. 9 HOMO and LUMO of collectors at isosurface value of 0.040 a.u.

HhRE AE(Enomo—ELumo)i /), EWRAE BTTC %5 4
W, OIS T, X R BTTC A 1K o [ iE
J138F BzX 1 SIBX Wy FP# 2,

i/ 9 i 40, BTTC. BzX Al SIBX [{) HOMO I
LUMO FZAERACHIE ORI 1 b, 3X i B A5k
T R ROGR S E F E TR i, SO S
WPEREE, 27 AR L 1 50 PR 1) 4 e
BT R e R

clogP {EZFEAHIIAE MK AR (1 73 B 4
clogP B, EME XD RS K2, clogP
(BN U2 o K PE R SR o 7 IR 7K
o, HARISCRE . THELA R 3 Bl T
) clogP {H K/ k. BTTC, BzX, SIBX. iliifltt
i BTTC S5PFh 524 HOMO. LUMO fH. F&Efk
AE AE. B, Mulliken HLA7 LA A clogP {E IR/,
SRR, AR T I 3 MR T
I S s AR ) A W

3 it

1) Wit T MU NS 2y, R, Q.
—imAER R S AR B JEURLS 1 BTTC iG], R
B IPETC iR 1.2, BTTC A1 IPETC [ 4>
Wk F] 95.62%K1 94.73%.

2) AT S S B, BTTC X B A (1)
TR TEREER AL T BzX I SIBX, X#E W] BTTC 4> 1t
FINEE 3 AN AR T s, e
A LU TR AL Rk

3) R4 DFT vh & 45 L DL FTIR\XPS 730443
VR e R R, BTTC 2 Fris 755k
M4 & Cu fEM, BB BTTC-Cu MR &9, M
I LA 27 7 20 B A SR ) 2 T, AT ik ifi
LiF.
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Sodium benzyl trithiocarbonate synthesis and
flotation performance to chalcopyrite

MA Xin, WANG Shuai, ZHONG Hong

(College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: Sodium benzyl trithiocarbonate (BTTC) and O-isopropyl-N-ethyl thionocarbamate (IPETC) were synthesized
via reaction of sodium isopropyl xanthate, benzyl chloride, ethylamine, carbon disulfide and sodium hydroxide, and
characterized by a variety of techniques. The flotation performance and adsorption mechanism of BTTC on the
chalcopyrite were investigated. The flotation results show that BTTC exhibits better collecting performance relative to
sodium isobutyl xanthate (SIBX) and sodiun benzyl xanthate (BzX). It is concluded that when all three sulphur atoms in
BTTC bond to the mineral surface, an increased hydrophobicity results when compared to xanthates where the oxygen
does not bond to the surface. The results of FTIR spectra, XPS density functional theory (DFT) calculation indicate that
BTTC might bond with the copper atoms on the chalcopyrite surface through its sulfur atoms to form BTTC-Cu surface
complexes.

Key words: sodium benzyl trithiocarbonate; chalcopyrite; flotation; DFT calculation
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