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Pawet NOWAK*

CHEMICAL AND ELECTROCHEMICAL REACTIONS IN
THE SYSTEM LEAD SULPHIDE — POTASSIUM ETHYL
XANTHATE SOLUTION

Internal reflection spectroscopy CIRS) in the infra-red CIRY range
of spectrum was used to follow the changes of the state of the lead
sulphide surface during its oxidation and xanthate sorption. It was
statet that the oxidation of the surface proceeds with the change
in the surface stoichiometry C(sulphur enrichment at the surfaced,
but the reaction of xanthate sorption proceeds without significant
changes in the surface stoichiometry. The results seem to
coroborate the assumption that the sorption proceeds through the
exchange of oxidation products or sulphide ions in the surface
layer of sulphide. by the xanthate ions from the sclution without
the oxidation of the surface during the sorption.

1. Introduction
[}

The adsorption of alkyl xanthates at the surface of lead sulphide
has been studdied since many years (Gaudin, 1963) and many different
mechanisms were proposed for this process. Those mechanisms may be
divided in three groups: '

Ad) Electrochemical Cm.‘xxe:; potential) mechnisms - the reaction of
ethyxanthate sorption is an electrochemical oxidation reaction, with the
reacticn of the reduction of oxygen as a conjugate charge-balancing
cathodic process (Woods. 1971, Ahmed, 1978, Pillai and Bockris, 1984).
The reaction may proceeds with the oxidation of the xanthate molecule

giving the electrosorbed xanthate radical as the initial product of
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reaction and the subsequent formation of dixanthogen as a final product
(mechanism A1>. In that case the PbS surface Serves only as a2 mediator
enabling the exchange of electrons. It may be schematically expressed as

the following reaction:

. .y -
Rog = B 2 F CA1D

Otherwise sorption may proceeds with the oxidation of the s=surface

without the change of the oxidaticn state of >xanthate molecule:

ads +S:ds N

PbS +2 X~ > PBCXD,
The difference between these twe mechanisms is not only an academic
problem - the oxidation of the surface with resulting fermation of the
sulphur or sulphur enriched nonstoichiometric sulphide (Buckley and
Walker, 1988> may influence significantly the hydrofebicity of the
surface.

B) . Chemical Cexchange with oxidation product) mechanisms -~ the
sorption of xanthates proceeds as a reaction of xanthate ions from
solution with the oxidation products of lead sulphide present at the
surface as a consequence of previous oxidation by oxygen (Taggart, del
Giudice and Ziehl 1934, The oxidation product may form Lhe separate
‘phase at the surface, when the surface is significantly oxidized, and

the reaction may be written in that case as follow:

Pb COXYd, « 2 X_  ——> Pb ¢X>_ +2 oxy" CB1>
2 ag 2 ag

’

or the oxidation product may be present at the surface in low quantity

(below one monolayerd and in that cas® reacticn may be written:

oxXY “ X oXYT s+ X <B2>
ads ag ag ads
where OXY means an anion of the oxidation product
G  Exchange mechari sm.  According to  that mechanism blndi ng  of
xanthate to the surface proceeds via the exchange between the sulphide

ions in the first layer and xanthate tons from solution:

- e
PbS + 2 ¥ Tee——— PR LN + 3
ag 2 acds ag
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The possibility that sorption proceeds according to that mechanism was
considered in  the early stage of development of flotation theory,
(Gaudin, 1983>, but was rejected off considerations in view of the very
great difference in sclubility products between PbS and lead xanthate.
However Leppinen (l.eppinen and Mielczarski, 1986) has showed that the
reaction (C3 does proceed when tLhe lead sulphide is contacted with
agueous solulion of xanthate. However the experiments of Leppinen have
been performed in oxygen-free solutions, which automatically excludes
the other mechanisms. !

I¢ was showecd previcusly (Nowak, 1988) that the observation of free
charge carriers absorption in the IR range of spectrum may give valuable
information about the state of the surface of lead sul phide Cespecially
the stave of its oxidation). So, the IRS spectroscopy in the IR range of
Spectrum was used to follow the sorption of potassium ethyl xanthate
from s aqueous air saturated solutions on the surface of lead
sulphide, in the aim to differentiate between possible (listed abowe)
mechanisms of xanthate sorption at the surface of PbsS. Only the A2
mechanism assumes oxidation of the surface during sorption and both the
Bl and B2 mechanisms assume the oxidation of the surface before ihe

sorption.
2. Experimental
2. 1. Apparatus, reagents and experimental procedure

Lead sulphide in the form of thin {about 20C nm> layers was
deposited on the surface of germanium reflection elements. More detailec
description of the deposition procedure and the properties of zuc
obtained layers may be found elsewhere C(Nowak, 1988 and refersnces o=ited
iherein). After having regirstered the spectrum of the freshly depos:ite
laver Lhe PbS sample was 3 troduced te the sclut:on of oxLdLzl Ny

reagent, ihe specirum performed once again and the sample :ntreduced to

e

xanthate. After some time of sorption the sample was withdrewn from the
solution and the stectrum of adsorbed product performed. Sometimes Lhe

specira were taken several times :n predetermined :intervals of %1

ba
o
e

auring exidation or sorption. Sclutions were made using doubdly aistl
water and PA grade pur:ity reagents, excepl potass:um ethy)l xanthate

which was synthetizecd accordin io standarc procedure and zurified ov

crystalliization., Exper:ments have been performed at room
frea actes of air. Specord M 80 [Zeissl speclrometer was Used ‘o recorod

the spectira.
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2. 2. Estimation of the magnitude of the free charge carriers

absorption

The free charge carriers in semiconductor absorb IR radiation and
the sorption coefficient may be expressed by the formula:

a=Ne>  n* ¢ <, o =k N2 1>

where a is the absorption coefficient, e - the charge of the electron, N
- concentration of free charges, w - frequency, A - wavelength yf. £,
band T constants characteristic for a given material and k -~ a
proportionality constant. It may be readily showed, that for relatively
low absorption the measured reflection coefficient may be expressed, for
the case of IRS spectroscopy CHarrick, 1867)>, by the formula:

-lgT=-1gR =pna e

where n is the number of reflections in reflection element and p a
proporticnality constant. Combining the equations 1 and 2 one may
readily show that comparing the transmitances of a sample at two
different wavelength A, and A, one may estimate the concentration of

1 1
free charge carriers with the accuracy to proportionality constant:

_ 2 _ .2
g CT, # T2 =p k n N O N (4>

3. Results and discussion

Significant rise in the free charge carriers absorption was always
' obser ved during the oxidation of lead sulphide samples in aqueocus
solutions containing dissclved oxygen, which is presented in Fig. 1. The
magnitude of that absorption was higher for acidic solutions and for the
solution of HzOé‘the free charge carriers absorption was so high that it
masked any other features in the spectra. The products of surface
oxidation were different, depending on the composition of solution. In
the case of solutions in which lead salts are well soluble Cammonium
acetate for example) the only observed oxidation products were the
surface hydroxyl and carbonate groups. The free charge carriers
absorption first rose quickly, next droped to a constant value. The
described behaviour is consistent. with the following mechanism. During
,the oxidation lead ions ge from the crystal lattice to the solution

leaving lead vacancies in the surface layer of PbS. Those vacancies
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Fig. 1 The changes of the free charge ‘2;
carriers absorption (—— o — anpd the g ‘é
absorptin band height of the oxidation % NN
product of the surface ¢(— x D —-: S
during the oxidation of the PbS surface '\\L’—K \g
in the 0.1 mol dm_:a ammoni um a‘cetate i i
solution at the free acces of air Ckl =
975 em ™t ,a, = 1275 em'>. To follow the
growing of the oxidation products at the
surface 1530 cm-l band was chosen which
may be ascribed to surface carbonate or 4
hydroxide groups.

0 30 t/min 60
undergo next the ionization according to equation: e

+ 2+
Pb, . +2h" —> PL .+ Vpy &S]
v > v_ * +ht 3-5)
Pb Pb
+ +
o, +2 H > Hy0, + 2h 9>}

The holes consumed in reaction (4D are suplied in the reaction of
reduction of dissolved oxygen - reaction C8) - however the large number
of holes produced in reaction (5) rest at the surface, giving rise in
enhanced concentration of holes at the surface and changing. the
properties of t}ue surface to a p-type semiconductor, despite its initial
character. After some time the concentration of lead vacancies at the
surface becomes so high Cmuch higher than the solubility of sulphur in
the crystal lattice of PbS) that the elemental sulphur crystallize. At
that moment the concentration of sulphur in the surface layer of PbS
drops to equilibrium value. Note, that there is no formation of
elemental sulphur in the initial period of oxidation. The elemental
sulphur does not absorb IR radiation - the enhanced absorption in the IR
region may only be ascribed to sulphur enrichment of the surface
Caccording to reaction (4D which results in enhanced concentration of

holes at the surface according to equation (5.
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Fig. &2 The reflection -
w -~
spectra of two samples of 3 g
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lead sulphide before §
s =
sorption (1) and after 3 -3
= -3 = S
sorption in 10 2 mol dm 3}“ =
KEtX solution (€23, ; ,
a - the sample kept E
P P 1195 cm'!
before sorptiom in the 1
mol dm_':3 Naas sclution,
b - sample oxidized
before sorption by oxygen
dissol ved in ammonium
acetate solution. N
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There was no rise in the free charge carriers absorption during sorption
but the quantity of the sorption product formed depended strongly on
the degree of sample oxidation before sorption (measured as the free
charge carriers absorption The position of the most intense xanthate
absorption band Cabout 1200 cm-l) was characteristic for the adsorbed,
strongly bound lead xanthate C(Nowak, Mielczarski and Strojek, 18803,
when the formation of multilayer coating with oxidation product was
prevented. No formation of dixanthogen was ever observed. According to
our estimation (Nowak, Mielczarski and Strojek, 19800 the quantity of
the sorption product formed was always lower than one monol ayer,
providing that the sample was not too heavily oxidized.

4. Conclusions

The presented results show that the product of xanthate sorption on
the surface of lead sulphide is formed according to mechanism CB2D.
However the mechanism (C) must not be excluded too. The extensive
oxddation of the PbS surface introduces very large number of structural
deffects in the surface layer of PbS crystal. That changes the free
energy of formation of PbS and may facilitate the sorption according to
mechanism (C) too.
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Streszczenie

Nowak, P., Chemiczne i elektrochemiczne reakcje w ukladzie siarczek
otowiu - etyloksantogenian potasowy, Fizykochemiczne Problemy

Mineralurgii ., 21; 107-114,

Spektroskopia catkowitego wewnetrznego odbicia w zakresie
promieniowania podczerwonego zostala uzyta do badania zmian zachodzacych
na powierzchni siarczku oiowiawego w czasie utleniania i sorpcji

ksantogenianu. Stwierdzono, Ze w czasie utleniania powierzchni nastepuje
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zmiana jej stechiometrii <(wzbogacenie w siarked, ale sama sorpcja
przebiega bez zmian stechiometrii powierzchni. . Rezultaty ’zdaja sie
potwierdzad przypuszczenie, ze sorpcja z2achodzi na drodze wymiany
pomiedzy jonem ksantogenianu, =z roztworu a skiadnikami warstwy

powierzchniowej siarczku, bez utleniania powierzchni w czasie sorpecji.

COIEPEAHVE

- I.FoBak, I969. Xmanueckue 9JI6KTDOXANMYECKAEe DEAKUAM B CHCTEME CyAb{un
CBIHUA - BOIHEHE DACTBOP KCAHTOTEHITa. PU3UKOXUMEIECKHE BONPOCH 0G0~
Tamenud, 2I; 107-114,

-:@TOTOM CIIEXTPOCKOIMM X HOJHOTO BHYTDEHHEDO OTpazeHMs HIBO B
sudparpackoié odaacTu cuépra A3yYEeHH NDeBPAWeHUA COCTOAHAS OBEDXHOCTH
Cysphula CBUHLA BO BpeMA OKUCJACEUS M COPOUMM KC&HTOTEHATA. OGH&DYEBHOJ
ATO OXUCJACHHE HOBEDXHOCTH UPOECXCIMT ¢ LTOBHUCHAGH KOHLIGRTPAlE CEepH B
LOBEPXHOCTHOM CJO€ CYJIbDiIA. Hpexxaraewca,.qTo CODOUMA UPOHNCXOIAT 34
CHET 3&NeHH CYAbIUTHKX UOHOE MM HOHOB OPOIOYKTOB OKMCJIEHUA KCAHTOT'eHaT=
HLU HOHaMH.
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