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SEMICONDUCTING PROPERTIES OF LEAD SULPHIDE
AND THEIR INFLUENCE ON THE SORPTION
. OF XANTHATES

Nearly stoichiometric samples of lead sulphide and the samples of
the stoichiometry adjusted either to a lead-rich or sulphur=rich
limit were synthesized in' the form of thin films, Cycling
voltammetry experiments in the solutions of pure base elect.rolytes
as well as in solutions of potassium ethyl xanthate were performed.
For the - nearly stoichiometric samples  spectroelectrochemical
experiments in the infra-red range of the spectrum were performed, .
. too. A strong dependence of the behavior of - the .sample on
stoichiometry Cand hence on conductivity type) was observed.

1. Introduction

The question of the possible influence of semiconducting proport.itsf
of minerals on their behavior in flotation Cespecially on th-“so'rpuon
of anionic collectors) was first raised by Plaksin and his co-workers.
Briefly this theory miy be presented as follows. ‘The 'ads;orpuon of ’anv
anionic collector (xanthate for ompli) is a process of the trar_x‘sfofal"

of electrons from the colloct.on: to the surface of atalmral and requires"
“tho hrosonco of electron defects (free holes) in the valence band. of the
mineral. Those holes may be either already -present in the mineral Cdue
to its p-type conductivityd or may be generated in the surface of the
mineral in the reaction of oxygen with the minerals surface Cwhich is.a
process of abstraction of electrons from t.ho_ sﬁrfacei 'So, both the
natural. conductivity of p-type,as well as the presence of oxygen in ‘the

-t‘lotatibn pulp should facilitate the adsorption of ‘anionic collectors.

Similar concepts were .developec'! in the U.S.Bureau of Mines (Maust.1876).
That. theory,although very elogant,.. was not able to defcribe properly the

»* Instit,ute of Catalysis and Surface Chemistry, Polish A.cademy _of
Sciences,Cracow : ) w B



126 - Pawel Nowak !

behavior of semiconducting minerals 1in Tflotation due to obvious
over fsipplification of the real situation. Firstly, it neglect.‘s
completely the possible presence of oxidation pfoducts at the mineral
surface Golikov (Golikov,1961) tried to avoid that 'dif!ficulty aséuming
that those oxidation products peel away from the surface in the form of
metal xanthate after reacting with xanthate ions from the solutiond.
Secondly, this theory does not take into consideration the unavoidable
changes in the surface stoichiometry and the resulting changes in the
conduitivity typé under the influence of the redox processes proceeding
at the surface.lLastly,the observed influence of conductivity type on
adsorption of aniocnic collectors may be explained in another manner. It
is well documented in the literature (see Maust,1976 and the references
cited therein) that the susceptibility to oxidation of a sulphide
mneral.a‘ptnd# greatly on its semicénducting properties.Obviously the
enhanced oxidation of the surface should facilitate the ‘anionic
collector sorption. : ’

So,it is clear that the semiconductor theory is not able to I:jlescribe
the sorption process as a whole,however one may expect Lhat-this theory
mxght,. describe Lh‘e initial ‘steps of anionic collector adsorption on
freshly obtained.non-oxidized surfaces. ’

" In cycling volt.ammet.ry aexperiments on some sulphido m.lnerals in
xanthate solutions, so-called adsorption pre-waves preceeding. the main
peak of xanthate oxidation were .observed (Woods,1871,Kowal,1973).
Howovor:,in the case of lead sulphide,there are great differences in the
shape of voltammetric curves,both registered in pure base oléctrolyte 'as
well as in xanthate solution,among different authors, Those differences
are at least partly due to the different properties'éf the samples Cnot
only to the differences in experimental procedure). The work of Pa'ull and
co-workers (1977) may serve as an example in which, for 4 .different
samples of galena completely dii‘fex:ent voltammetric curves in pure base
electrolyte CHClO4) were obtained in -identical. conditions. Especially
interesting " are the differences in the shape and height of the.
adsorption pre-wave in a .xanthate solution.. : '

Probably the most pronounced adsorpt.ion pro-wave may be observed in
the work of Woods C1971). That author performed his experiments using
natural galena samples prepared at the open air. On the other hand Lekki
and Chmielewski (1987) have observed well marked adsorption pre-waves
‘but only in the case of a surface obtained ‘by cleavage of the éample
below the surface of the solution. 'In th'e" case of the samples prepared
19 opénvair this pre-wave did not appear. Contrarily, Richardson and
Maust Cbkichardson.1978_? did not observe the adsorption pre-wave in the
experiment on the cleaved sample. - '
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It is wvery probablo that the differences in the behavior of
different samples are caused by the difterences in their semiconducting
propertxes.

2. Experimental
2.1. Preparation of the samples

The simplest and easiest control manner ‘of obtaining ' the
semiconductor of a given conductivity type and free charge carrier
concentration is doping ‘by foreign atoms.In the case of surface studies -
'that manner is however rather hazardous in view .of the Spossiib.le,
enrichment of the surface in the trace element. In the present work ;t.h'ef
PbS samples of controlled stoichiometric composition were obtained by‘
heating nearly-stoichiometric lead’ sulphide in a two-zone furnace under

the controlled pressure of sulphur C(Dalven, 1969,Gutierrez 1978).To .

obtain realistic times of equilibriation at a relau.vely low temperature v
of heating the samples of PbS were deposited in the form of thin caoo"
nmd) layers on the surface of gold wires €0.5 mm in d:.am.ter) Thosei
layers were obtained. by the chemical bath ' deposition met.hod
CDavies,1986) and were nearly s?'.oichiomet.ric.slightly p-type. The
semiconducting properties of PbS were controlled by measurements : ot‘;.‘
conduct:.vity.t.hermoelectr;c power and rest potentials in the solutions o

of lead i ons.
2.2. Experimental procedure

Two types of experiments were performed.' In the casé of .the s#mpies‘ ]
with sulphur-rich or lead-rich stoich:.ometry the cycling voltammet.ry int
0.1 mol xdm 3 NaaB4O7 solutions containing different congentrations _of"
potassium ethyl xant,hat.e were conducted. A typical e.lect_rqchemica;'
set-up and three electrode electrochemical cell were used. A satﬁrated
calomel electrode (SCE> was used as a reference electrode‘ -~ all
solutions wer e " deoxidized using purified L argoxj; The =
spectroelectrochemical measurements were performed using the cell shown
in figure 1. Two spectral features were observed in the casé of
spectroelectrochemical measurements. First the infra-red absorption‘
bands, characteristic of a xanthate grcup were observed in the spect.ra .
in the case of the adsorption of the xanthate group at the surface. Also
the changes in the absorption of IR radiation on free chargé' carriérs
caused by the changes 'in the stoichiometry of the - surface 1§yer of the
sulphide during the reaction were noticed. The absorption by free :hargwgy

' carriers may be observed as a monctonous rise in absorption with a ris;ng{
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wavelength and may be registered at any wavenumber Cat which no specific
absorption due to adsorption of xanthate appears).

Fig. 1. The spectroelectrochemical
cell:1,2 - teflon flow cell,3 -
solution,4 - inlet and outlet of the
solution,S5,8,10 — mounting screws 6 -

reflection element,7,.8 o metal
base,11. - <current lead,12 - SCE,
13,15 - valves,i4 - counter electrode
compartment,16. - platinum counter
.electrode

All solutions were prepared using analytical grade purity reagents and
double distilled water. The experiments were performed at room
t..mp'orat.ure.

3. Results

3.1. Surface stoichiometry of lead sulphide during polarization in
solution of base electrolyte. '

During the experiment presented in figure 2 a thin, nearly
stoichiometric layer of lead sulphide was cycled in 0.1 molxdm.a Naza‘o.r
solution in the range of potentials in which no significant currents
flow. However very significant changes of the free charge carrier’'s
absorption may be observed at the extreme limits of the potential
range.It is to be seen in the figure that for moderate polarization the
changes of absorption in the anodic part of the curve are reversible and
may be ascribed to the reactions:

2+
PbS -> Pb + vPb *-2.‘

- H *
Vepb ™ Vpp' *h
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giving rise to ionized lead vacancy,free hole and lead ien in the

solution.In the range of cathodic potentials; the situation is much mere
compl icated. ; a)

8 1fm /mi

o Efnv][NEX
Fig. 2. Changes of current (2ad -508 -400 AN - My
3
and free charge carrier’s 3
<
absorption cabd during
4005
‘"polarization of thin PbS sample
-3
in 0.1 molxdm ™ Na, B, O, solutiocn.
Potential . versus saturated Qoo
calemel electrode.. Absorption in

arbitrary units.

The observed histeresis is probably due to the slow interfacial
G r.eactiqn. The most interesting feature which may be seen in figure 2 is
the very low free charge absorption in the range of potentials from -200
to =300 mV,the range in which the adsorption pre-wave in veltammetric
experiments in xanthate selutions was obs.rvgd CNewak ,1980). Se,in that
range of potentials the surface stoichiometry should reflect the bulk

stoichiometry Cat least roughlyd. ' ‘
3.2. The behavior of the product ofadsorption of xanthate on
oxidized lead sulphide surface during polarizatien.

When the lead sulphide oxidized in the ammonium acetate selution
undergoes sorption in xanthate solution, a noar.ly. close-—packod mholayer
Jof t.ho adsorption product is formed CNowak ,1980>. The bbhavior of that
adsorpticn product,  obtained in the exchange react.ion with oxidation
products present at the surface during polarizau.on is prosem.od in.
figure 3.It is to be seen’ 'in figure 3 that  the adscrpt.ion product.
obtained in such a manner does. net  undergo the deserption even at’
potentials exceeding the equilibrium potential for the r_-oa._cfuom A

PbX, +2e => Pb° + 2",
Cwhere X denotes xanthate radicald.
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desorption occurs to some

extent

‘Fig. 3. The changes of the

intensity of the most intense
absorption band of :l ead
xanthate (— +—> and free
charge carriers absorption ¢

:**—D‘during the polarization
of the PbS sample covered by
chemically adsorbed xanthate
in cathodic direction ' in
xanthate  solution.Both ' free
charge carriers absorption and

" coverage by adsorption product

in arbitrary units

only at potentials - where

significant reduction of the surface occurs.So,it may be stated that the

presence of the layer of absorption product blocks very efficiently the

surface - no electrochemical reactions are possible at such surfaces.

Fig.
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The cycling vol.ammetry cur-re for lead-rich (strongly n-typed

PbS. sample in O.1 mol xdm

0.1 sz‘l i

Na_B,O,

247
mol Xxdm 2 potassium ethyl xanthate solution ¢ B D. Scanning rate

solution ¢ A D and 'n 0.003

o veltammetry of PbS samples with adjusted

stoichicaeiry in xanthate solut:

7y .wrve for a lead-rich C(strongly n-typed PbS
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sample in & pure base electrolyte as well as in & santhate solution is
presented in figure 4. It is to .be seen that both the reaction of anodic
dissolution in the pure base electrolyte and the oxidation of xa;nthate
are signiiicantly ‘hindered. There.  is' nc adsorption ;Srs—wave for the

reaction of xanthate electrosorption for this type of samples ‘too.""For
sulphur-rich (strongly p-typed ‘samples the cbtained curves v.lere siu'tllar

' to the curve for nearly. stoichiometric samples ( presented elsewhere

“¢Nowak ,1980) _ g .

4. Discussion

I't. seems that on the basis ot‘ the presented r‘esu:lts. _the beh;vi‘or
of the lead sulphide samples in @lectrochemical experlmonts may be
explained at least partly. It was, shown that both t.he react.ion of the
anodic dissolution of lead sulphide as well as the anodic oxidauon of
xanthate strongly depends. on the st.oichiomet.ry of . the sulphide - for
n—type samples: both those: reactions are significant.ly hindered. That is .
in accorda.nc‘o with the recent theory of the rate of electrochemical
proccssis at semiconductor ‘oloétrodcs._ﬂbwevpr there is another factor
influencing greatly the behavior of PbS in xanthate solution. It is wél.l' '
known from the -literature. that thcr. ai‘o great differences .in the
susceptibility to oxidation betmn PbS samples or dirforont. types
of  conductivity Cthe p-t.yp.b samples being much more readily
oxidizabled. So,the s-typo samples are always covered to some extent by'
oxidatic~ products which after roaqtion_ with xanthate give rise to bhq
layer of the .adsorption product cbtained in  the reaction between
oxidation products of the surface and xnm.hn.e ions from ‘the solution:
It was shown that the product of xanthate sorpt.ion on the lead sulphide‘
surface is very stable and may not be removed from the surface byv :
cathodic polariiation. Thus.depending on the oxperimental‘ ’ptocodm»e'
C+specially the time of the contact of the surface with air)' the p—type
samples will give the vol.ammetric curves showing well ‘developed
adsorption pre-waves Cin the case of an unoiddizod'.siu‘face - for example
the surface obtained by cleavage of the sample below the surface ..” the
solutiond) or will qivi the curves not showing adsorption pre-waves Cigs'
the case of oxidized samplesd. The n-type samples should give in
xanthate solutions . voltammetric-curves not showing‘ adsbrpuon pre-wavesv
providing that polarization is not too st-ong (strong polarization may
cause signiﬂcant. changes in the stoichiomet.ry of the surtace la)rer of
the sulphide wh.t,eh was showi: ‘n figure 23,
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Streszczenie
Nowak P., 1988. Péiprzewodnikowe wltasno$ci siarczku oiowiawege i 1 ch
wpt yw na sorpcje ksantogenianu. Fizykochemiczne Probl emy

mineralurgii 20 ; 125-133.

Prawie stechiometryczne prébki siarczku otowiawego W postaci
cienkich warstw oraz prébki, ktérych stechiometrie zmieniar» do skiadu
odpowiadajacego nasyceniu siarka i do skitadu odpowiadajacego nasyceniu
otowiem badanc metoda voltamperometrii cyklicznej w roztworach
etyloksantogenianu potasowego oraz roztworach czystege elektrolitu
podstawowego. W przypadku prawie stechiometrycznych prébek  zastosowano
rowniez metody spektroelektrochemiczne. Zaobserwowane silna zaleznrodd
zachowania sie prdébek od skiadu.
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COIEPEARVE

II. Fosax, 1988. HoxynmposomHukoBHe CBOLCTBE CYAbdWNa CBHHIA ¥ MX BINSHNE

HA COPOLMD KCAHTOrEHATOB. QHBMKOXMMIUECKEe BONDPOCH oforameHmd, 20;
125-133.

flonyyeHs 00pasiH CyJbpmia CBEHLA CTOXMOMETDPHEYECKOTO COCTaBa, 006pas-
IH HaCHOEeHHHe cepoll ¥ nacHWEHHHe CBUHIOM. Ha aTEX o0pasnax HpOBeIEHH
E3MepeHud MeTOJOM LMKJIMYEeCKOH# BOJbTAMIEDOMETDHE B PACcTBODPAX MHEDPTHOTO
3JEKTPONHTA ¥ B DacTBOPaX KCRHTOI'eHaTa.
Ha o6pasuax CTexXMOMETPUUeCKOr0 COCTaBa UDOBENEHH TaKEe H3MEDeHHA MeTo-
JOM CIEKTDO3JEKTPOXUMEY B UHPpaxpacHoff o6aacTE clnekTpa. OCHADYXEHO CHIb-
Hoe BumAnMe (I CBABAHHOTO C BTHM THIA UPOBONMMOCTH) Ha NOBENEHME 06pas-
LOB.



	Scan123.jpg
	Scan124.jpg
	Scan125.jpg
	Scan126.jpg
	Scan127.jpg
	Scan128.jpg
	Scan129.jpg
	Scan130.jpg
	Scan131.jpg

