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(1. School of Minerals Processing and Bioengineering,
Central South University, Changsha 410083, China
2. Department of Chemistry and Material Science, Hengyang Normal U niversity,
Hengyang 421008, China)

Abstract : The interactions of jamesonite with diethyl dithiocarbamate (DDTC) were studied
by AC impedance measurement and cyclic voltammetry. Severa eectrode processes under differ-
ent potentia conditions were observed. There mainly is the absorption of hydrophobic DD TC.
PbD, , S etc on the surface of jamesnite minera from - 178 mV to 472 mV (vs. SHE) and the
interfacid capacitance a0 is smal. When the eectrode potentia isover 472 mV , the surface of
jameonite mineral isof hydrophilicity due to the fact that hydrophobic PbD- ,S’ etc are oxidized
into hydrophilic products such as Pb** |, SO5°" ,804°" , PbSO,. S it was deduced that the po-
tential range of jamesnite flotation usng diethyl dithiocarbmate as a collector isfrom - 178 mV
to 472 mV , and its optimum potentia range is between 122 mV and 222 mv due to the passve
action by the hydrophobic gecies.
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1

Introduction
The idea that chemica interactionson the surface would occur by an eectrochemica mecha

nism wasfirst put forward by Salamy and Nixon. Snce then ,the electrochemicd interactionsfor
thio-ocollectord sulfide minera systems have been the focus of numerous investigations and often
with conflicting results for the same minera system ,thus highlighting the complexity of sulfide
minera flotation chemistry. A mixed potential model was established
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and widely recognized during past 30 years. Based on the mixed potentid mode ,there existed a
potentia at which an anodic reactin of xanthate to form meta xanthate or dithiolate and the ca
thodic reduction of oxygen proceed at finite rates, underlying the badsof the researcheson thein-
teraction mechanism between thio collectors and sulfide mineras. The flotation of sulfide mineras
ispossble only under certain redox potentia and the separation of poly-meta sulfide mineras can
be accomplished by Eh control (Wang,1992) . It is important for potentia-controlled flotation to
study the electrochemical mechanisms of the minera/ collector interactions under different poten-
tia s because the flotation recovery is dependent on the potentia across the mineral/ olution inter-
face. Various dectrochemical methods such as linear potentia sweep voltammetry ,cyclic voltanr
metry (Woods, 1997 for a review) and various surface analys's gpparatuses such asinfrared gpec-
tra, X-ray photoelectron gectrosoopy etc. have been developed to investigate the electrochemica
reaction mechanism involved in flotation of sulfide mineras.

Jameonite (PbsFeShsSi4) is the most important , usful and complex sulfide minera in
dachang minein Guangxi Autonomy. Inorder to sgparate jameseonite, marmatite (Zn;. «Fex9 ,
pyrrhotite (FeS;. 13) , and pyrite (FeS;) by potentid-controlled flotation , it isimperative to un-
derstand the electrochemical behavior of interactions of jameonite with thio collectors. There are
few reportsin thisagpect. Thispaper provided sgnificant information of interactions of jamesonite
with diethyl dithiocarbamate by impedance measurement under extensve potential conditions and
cyclic voltammetry.

2 Experimental

Lumps of jamewonite from Dachang Mine in Guangxi Autonomy were handpicked and
crushed. Fractionof - 0.15 mm wasobtained by screening. Working electrode was a kind of car-
bon paste dectrode conssted of 80 % of - 0.15 mm particlesof jamesonite ,10 % of graphite pow-
er and 10 % of parafin. The diameter of its working face exposed to the lution was 15 mm,
about 1 cm?, and other faces were covered by epoxy resn. 0.1 mol- dm™ % KNO; olution was
used as a supporting eectrolyte. Ditheyl dithiocarbamate (DD TC) was used asa collector. All the
lution used in experiments was prepared from anaytical grade reagents and distilled water. The
graphite power is ectrum grade.

A oconventiona threeelectrode cell was used in our experiments. A platinum piece severed as
the counter electrode, and an Ag/ Agd dectrode as the reference eectrode ,but al of the potentia
valuesin thispaper have been calibrated vs. SHE. The reference electrode wasplaced in aL uggin
capillary ,which was placed just above the surface of the working electrode. The temperature was
maintained at 25 . After each measurement , the working electrode surface was gently polished
on the abragve papersof different types,then washed by distilled water. Experimenta device was
the Pottentiostat/ Gavanostat Model 273A and 5 210 Lock-in Amplifier from EG& GPAR Com-
pany. M398 ooft syssem was employed for measuring electrochemica impedance spectrum (EIS)
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with the amplitude of 5 mV from 10°to 5 x 10" ® Hz , and M270 oft system for measuring cyclic
voltammograms.

3 Resultsand Discussion

3.1 Hectrochemical Process of Interaction of DDTC with Jamesonite

What reactions can happen dependson their electrode potentia s that may be calculated from
Gbbsfree energies of involving the mattersin the reactions. ExpH diatram a s isa method for
investigating an dectrochemical system. It has been identified by eectrochemica measurements
and X-ray photoelectron fectroscopy (XPS) that sulfide mineras such as pyrite (FeS) , gaena
(Pb9) , chaoopyrite (CuFeS;) , and 2 on, can be oxidized into meta-deficient sulfides, elemen-
tal sulfur, oxy-sulfur gecies and sulfate salts in anodic processes under ome definite potentia
oonditoins (Vanghan , 1997) .

Jamesnite is a very complicate sulfide minerd containing Sb, Pb, Fe. The dectrochemical
reaction of various metal ion gecies and their interactions with DD TC may be different and conmr-
plicated. Fig. 1 is the voltammograms for jamesnite electrode in the absence of DDTC (dash
curve) and in the presence of DD TC (solid curve) . When the concentrations of the ions are as
sumed as 10" ®mol - dm™ 3 (Hamilton, 1985) , according to thermodynamic calculation, HSbO,
(ag.) , Pb** and Fe?* are the stable eciesin the lution of pH 6.86. Seen from the formula
(1) , it isimpossble for Fe®* to oxidize into Fe(OH)3s at pH 6.86 and 10 ° mol- dm 3 Fe?*

oconditions.

Fe(OH)3;+e=Fe®" +30H" (1)
En=1.406- 0.177pH 600~
In the absence of DDTC, the reactions of various . q
anodic peaksin Fig.1 (dash curve) may be asfollow ac- TE 200} . CDF”/)\,
cording to the diagram of ErpH (Qin Wenging, 1997) z t /

A - 378mV
B: - 60mVv

and thermodynamic caculation. Although the reactions

(4) and (5) are thermodynamically favored over the re- - 60()% oY 81‘5‘2’&,‘,’\,
R ;
actions (2) and (3) ,the anodic peaks of the reactions L ‘51232,';,'3

(4)and (5) will kineticaly occur at high potential dueto - 1000l .. O280MY
s . . . - - 0. . . 1.2
existing over-potentials (wang Dianzuo, 1988; Jiang 12 06 g/(\)/ 06

Hao ,2000) . Anodic current becomes postive from* A”

dot at the potential 378mV. Thisprobably impliesthat a Fg.1 Voltammograms for jamesnite eec

metal- deficient sulfied beginsforming due to Fe** in the trodein 0.1 mol- dm” *KNO; buffer
sulfide lattice entering the olution. A current peak be ol ution of mixed phogphate at pH 6.
ginsoccurring at* B” dot (about 60 mV) , and the peak 86 (scan rate:50 mv/ g

wlid line:0. 001 mol- dm™ * DDTC,
dash line: without DDTC

current occurs at“ C” dot (about 60 mV) , correspond-
ing to the corrosive reaction (2). Hementa sulfur ab-
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2rbed on dectrode surface resultsin the passve action o that the current does not increases with
the enhancement of the potentia from* C’ to* D” dot. With the potential risng, the oxidation
of jamesonits surface promotes. E , Fand G dots correpond , regectively , to reactions (3) ,(4)
and(5) .
6HSHO, + 4PbS+ Fe?* +10S + 20e + 18H* = Ph,FeSbsSis + 12H,0  (C dot) 2
AG=-994.02k)mol E°=0.5150V
En=0.404 9- 0.053 1pH =0.040 63 V
6HSDO, +4Pb*" + Fe®* + 143’ +28e + 18H" = PbyFeShsSis + 12H,0  (E dot) 3
A G’ =-1267.22 k) mol  E°=0.469 OV
En=0.344 7- 0.037 9pH =0.084 47 V
6HSDO, +4Pb* ™ + Fe** +7S,05™ +56e +60H" = PhyFeSbsSy, + 33H,0 (F dot)  (4)
AG’=-2522.48kl/mol  E°=0.466 8 V
En=0.366 1- 0.063 4pH = - 0.069 03 V
6HShO, + 4Pb° " + Fe’" +14S0; " +112e+ 130H" = PbyFeSbeSiq + 68H,0(G dot)  (5)
AG=-4161.62kl/mol E°=0.3850V
En=0.3179- 0.068 5pH=0.1519 V
In the presence of DD TC, the current of anodic peaks (solid curve) are lower than that with-
out DDTC. Thisis unanimous with the principle of corroson and inhibition. Because the equilib-
rium potential for the reaction (6) in 10" ® mol/L DDTC at pH 6.86is0.162 mV , which poten
tial value is higher than the potentia of first anodic peak (C dot : about 60 mV) in cyclic voltam-
mogram without DDTC (dash curve) , DDTC would be chemicaly absorbed and D, can not be
formed on jamesnite surface according to the mixed potentiad model. Consequently , the anion of
DDTC (intermof D™ ) chemicaly absorbson the surface of jamesonite electrode s that the cor-
rosive reactionsare inhibited and anodic current decreases. With the electrodepotentia risng conr
tinuoudy, the eectrochemica reactions such as (8 11) probably happen. These hydrophobic
products such as elementa sulfur , PbD, etc. ,will adhere to the surface of jamesnite electrode.
These products will further be oxidized electrochemicaly according to these reactions such as (12
13) . S the electrode processis very complicated. It is necessary to investigating the change of
the interfacid structure of jamesonite eectrode with the potentia by AC impedance method

2D" =D,+2 E°=-0.06V  Ey=0.162 mV (6)
D (ag.) = Dus+e (7
6SbOD + 4PbS+ FeD, + 10S° + 20e + 12H " = PbyFeSbgS4 + 6H,0 + 8D~ (8)
6ShOD + 4PbD, + FeD, + 145 + 28e + 12H* = Ph, FeSbgSy4 + 6H,O + 16D ° (9)
6SbOD + 4PbD, + FeD, + 7503~ +56e +54H" = PbyFeSbsSis + 27H,0 + 16D (10)

6SbOD + 4PbD, + FeD, + 14503~ + 112e + 124H* = PbyFeSbeSis + 62H,0 + 16D~ (11)
Pb?* + D, + 2e = PbD, (12)
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AG’=-118.79 kJ/mol E°=0.6155V

En=0.6155+0.029 8 g[ Pb?* ] =0.456 3 V

2HSbO, + D, +2e+2H" =2SbOD + 2H,0 (13)
A G =-210.37 k) mol  E°=1.090 V

En=1.090 + 0. 059 1g[ HShO,] - 0.059 pH=0.3772V

3.2 \Variation of Interfacial Sruction of Jamesonite/ Solution with Potential

Hectrochemical impedance method is very efective for investigating corrodve reaction, ab-
rption and itsfilm phase on olid surface (Shi Meilen 2001 , Yang Huaiyu 2000, Cheng Yufeng
1997) . The EIScurvesof jamesnite eectrodein 0.1 mol- dm” 3 KNO; buffer lution of mixed
phoghate at pH 6. 86 are shown in Fig. 2 to Fig.4. The resultsof EIS not only are in agreement
with the results of the voltammograms, but al< clearly reved the variation of the interfacid
structure of jamesonite/ lution with the potential of jamenite eectrode.
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Fig.2 The EISof jamesnite dectrodein 0.1 mol- dm™® KNO; solution containing 0.001 mol- dm™ 3 DDTCin

the potentid range from 378 mV to 122 mV
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Fig.3 The EISof jamewnite dectrode in 0. 1 mol- dm™ * KNOs®lution containing 0. 001 mol- dm™ *DDTC in
the potentia range from 222 mV to 422 mV
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Fig.4 The EISof jamewnite dectrodein 0.1 mol- dm™ *KNQ; silution containing . Gul mol- dm™ *DDTCin
the potentia range from 472 mV to 722 mV

Seenfrom Fig.2 to Fig. 4, atihough the Nyquist diagrams appear sngle capacitive loop be
tween - 378 mY and 522 mV , the dze of their cgpacitive loops are quite different , and phase-an-
geplots a¢ are obvioudy different. This indicates that surface of jamesnite electrode is conr
trolled by different electrochemical processes under extensve potentia conditions ( Yang Huayu,
2000) . The diametersof capacitive loops increase rapidly with the enhancement of the eectrode
potential between - 378 mV and 122 mV , 9 charge trander red stance increases with the risng
of potentia. The electrode processis controlled by the growth of chemica absorption film of di-
ethyl dithiocarbamate , which correponds to reactions (7) . The absorption of collector under low
potentia condition has been reported (Buckley and Woods, 1993, 1995, 1997 et d.). The szes
of capacitive loops are nearly same at 122 mV and 222 mV , which probably corregpond to reac
tions (8,9) . When the potentia is over 222 mV , the diameters of cgacitive loops as well as
charge trander red stance dowly reduce again from 222 mV to 472 mV. It indicates that passve
film resulting from bulk precipitate of collector sdts (such as S, PbD, , SbOD etc.) breaks down
gradualy. The electrode processis controlled by the breakdown of pasdve film ,which probably
corregonds to reactions (12 ,13) . When the potentid isover 522 mV , the complicate capacitive
loops implies that electrode processisof multiple intermediate products (Zhou Zhong-bo ,1987) .
and SO,%" ions, which are probably attributed to
reactions (4 ,5) . The reactions (10,11) may not exist. That peak current at high potentia may

Thereby , sulfur may be oxidized into $,05%"

resuly from the depostion of PbSO, and a small amount of the absorption of PbD,. It was report-
ed that PbD, can not be completely decomposed even at high potential (Gu Guohua, 2002) . If
Nyquist plot isimitated into a half circle, the center of the circle lies below the Z, axle. Conse
guently , the jamesnite eectrode/ lution is a syssem controlled by activated polarization, and
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Nyquist curves gppear the diersed characterization (Wu Yinxun, 1995) .

The Bode phase angle plots digtintly revea the variation of the interfacial structure with the
electrode potential. When the potentia isat - 378 mV , thereisonly a phase angle at the edge of
low frequency. From - 178 mV on ,two phase-anglesoccur. This meansthat there are two time
oongtants (T ) , namely, there are two different electrode processes on jamesnite electrode sur-
face. The phase angle at the edge of low frequency may represent the anodic corroson reaction of
jamesonite electrode. and the phase angle at the edge of high frequency may have something to do
with part passve action on eectrode surface resulting from the chemiorption of DDTC, the ab-
rption of dementa surfur and the bulk precipitate of metal diethyl dithiocarbamate. Part pas
dve action of jamesonite surface changes its interface structure and makes another time constant
occurring. The phase angle is the highest and passve phase angle occurs at 222 mV. When the
potentia is between 222 mV and 472 mV , seen from the curves of phase angles. the eectrode
processes should include the growth of absorbing film due to the chemical reaction and the break-
down of absorbed film due to the risng of electrode potentia. Only a phase angle appears at 472
mV and 522 mV. S the passve film breaks down entirely , and products of chemica reactions
can' t be absrbed on eectrode surface. When the potentia isover 622 mV , there are multiple
phase = angles. It may mainly result from theformation of $0:*" ,S,0,%” and SO,*" ions, and
the part depodtion on PbS,03 and PbSO,.

3.3 Reationship of Jamesonite Foatability with its Electrochemistry

The floatability of a sulfide mineral mainly depends on the hydrophobicity of its surface,
which is related not only to the oxidized products but d< to its surface structure and mediunr
charge constant. When a surfactant absorbson electrode/ slution interface, its differential cgaci-
tance will decrease due to the decrease of mediunrcharge constant (€ ) and the increment of the
thickness of double charge layer. Generally gpeaking, the smaller the interface cgpacitanceis, the
stronger its surface hydrophobicity is. The bigger charge trander resistance ( R;) is, the more
difficult the electrode reaction is. Seen from the study of cyclic voltammogram, there mainly is
the abrption of DDTC, PtD, ,S’ etc. on the surface of jamesnite minera from 178 mV to 472
mV. These mattersareof hydrophobicity. Seenfrom the study of EIS, theinterfacia cgpacitance
a9 issmal. When the dectrode potentia isover 472 mV. The surface of jamesnite minerd is
of hydrophilicity due to the fact that hydrophobic PbD, , S etc are oxidized into hydrophilic
products such as Pb** ,S0,%" ,PbSO,. S it was deduced that the potentia range of jamesonite
foltation udng diethyl dithiocarbmate as a collector isfrom 178 mV to 472 mV , and itsoptimum
potentia range is between 122 mV and 222 mV due to the passve action by the hydrophobic
ecies.

4 Conclusions

The interaction behaviors of jamesnite with diethyl dithiocarbamate gopeared different elec-
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trode processes under different potential conditions. There mainly isthe absorption of hydrophobic
DDTC,PbD, ,S’ etc. on the surface of jamenite minera from - 178 mV to 472 mV , and the
interfacid capacitance a0 is smal. When the eectrode potentia isover 472 mV , the surface of
jamenite mineral isof hydrophilicity due to thefact that hydrophobic PbD, ,S’ etc. are oxidized
into hydrophilic products such as Pb?* ,S05°" ,S0,%" ,PbS0O4. S0 it was deduced that the poten-
tia range of jamesonite flotation usng diethyl dithiocarbmate as a collector isfrom - 178 mV to
472 mV , and itsoptimum potential range is between 122 mV and 222 mv due to the passve ac-
tion by the hydrophobic ecies.
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