Scientific Journal of Riga Technical University

Material Science and Applied Chemistry
2010

Volume 21

The Effect of Montmorillonite Modification by
Cr(III)-Compounds on the Electrokinetic Properties
of its Aqueous Dispersions

Olena Mokrousovéiev National university of technologies,
Vasyl Moraru,National Academy of Sciences of the Ukraine

Abgtract: In this paper for to elucidate the mechanism of
montmorillonite recharging in the solutions of Cr(NO3); and setting
up the zones of stability and coagulation of dispsions the
dependences of &potential and stability of MM T dispersions in
mentioned solutions on pH medium and concentratiorof chrome
compounds have been studied. With the increase ofHp in the
interval of pH meanings 2-12, three zones of stalty are observed,
which alternate with three zones of coagulation. Win the limits of
these zoneg-potential change its sign three times. It has beestated
that the recharging of MMT surface cannot be caused by simple
adsorption of Cr¥*ions, but by the products of their hydrolysis
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I INTRODUCTION

Modification of clay minerals by nanoclusters
hydroxocations of CrIl) suggests perspectives of creation
number of leather modern materials and nanotechigsloon
their basis.

The following fixation of anionic dyestuffs or vegéle
tannins on modified mineral particles can assisbltaining
dyed leather fillers with multifunctional propesdielt would
allow to combine the processes of filling, fat-kging and
dyeing in a single process and to increase, in sualay, the
effectiveness and productivity of final leatheridinng. As it
is known [1-2], the clay minerals are cation exdss, i.e.,
the particles are negatively charged and their ratism
capacity concerning anionic substances is veryigibtg. In
order to raise the affinity for anionic substanités necessary
to change the sign of particle charge into positne and to
elevate its density on the mineral surface. It barachieved

form, became the object of a given investigatiom. |
experiments twice re-crystallized Cr(N®% H,O was used.

For comparison chlorides of single charged metisls(()
and double charged metals (CgCivere also used. The
change of pH in the systems (in the range of 242}y
reached by the introduction of 0.02 M solutionsH&l and
NaOH. In order to support constant ionizing pow&02 M
solution of NaCl was used.

The experiments were carried out at constant oglaliip of
solid and liquid phases 1:1000. Aggregative stbiind
position of coagulation zones were estimated adegrth the
change of optical density of suspension measured by
photocolorimeter - nephelometeMF — 69 at the length of
wave light- 450 nm in the dishes of 3 mm thicknesg] also
according to sedimental volumes of precipitates.

Electrokinetic potential was determined by

ofmicroelectrophoresis method [11] by the use ofeadosell of

gectangular section with width-height relation (pAd 20. In
order to exclude undesirable effects, connectedh wiater
electrolysis and formation of gas bubbles, ele@rodambers
were separated from measuring capillary by the thin
semipenetrable membranes made of cellophane.

The particles movement was observed in light field
microscope vision Aplival (K.-Z. Jena) supplied by objective
lens x16, condenser x1.5 and ocular x20 with meshie.

The measurements of electro-phoresis speed were
performed on stationery levels where the speed of
electroosmotic flow of liquid wag,=0.

The value ofyxa (1/y — Debyeradius of screeninga —
effective radius of particle) over the range of dstigated
concentrations of electrolyte constituted not I 100, but
dimensionless parameter of polarizatRn ~ exp(yw/2-1 )/ ya

by means of superequivalent adsorption of hydroxy< 1. Under such conditions as shown in the work [1Agnt

complexes of multicharged metals {AIF€*, CF*, zr**, Ti**

and others) [2-4].

one can neglect the influence of double layer |mdéon on
the speed of electrophoresis particles d@ndpotential is

Cr (lll) compounds are widely used as leather tasini calculated according t8molukhovskogequation:

because they are able to form complexes. The merharof

tanning action of basic chrome salts have beeniestud

thoroughly enough [5]. But as to the interactioncbfome
compounds with clay minerals - namely with montrhanite
(MMT) — the fact is that until the present timelétattention
has been paid to this problem [6, 7, 8-10].

I OBJECTS AND METHODS OF INVESTIGATION

Montmorillonite of Cherkasskydeposit (Ukraine), after

thorough purification, washing and transformationoi Na-
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whereu, - is electrophoresis speed of particlgs; viscosity
of medium,e - dielectric permeability of mediunk- electric
field strength which was defined by us as:

C=4nno ver / € E,

E=il/KS, (2
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where i — quantity of electric curreni- specific electric [Cr(H,0),(OH),]" + HsO". Taking into account that Cr(Ok)
conductance of suspensioy - area of cross-section of precipitation for 0.1-1.0 M solutions begins whed s 4.0-
measuring chamber. 4.9 [16], then it is possible to confirm that thésea sufficient
Electrical conductivity of suspensions was defined amount of hydroxocomplex chrome ions, the type
cylinder glass cell by platinum electrodes with thelp of [Cr,(OH)m(H20)]®"™*in solution.
alternating current bridg®-5021, at the frequency of 1000 Therefore, the recharging of MMT surface is comdi&d
GHz, at 20 °C. The strength of current was registeby not by CF* ions but by hydroxyl complex ions which have

micro-ammeter — the typd-194. high polarization and adsorption capabilities [617].
In order to study the mechanism of montmorillonite
Il RESULTS AND THEIR DISCUSSION recharging in Cr(NGg)s solutions, the dependences of stability

and -potential of dispersions of MMT upon pH medium at

In Fig. 1 concentration dependences {of-potential of ; :
CherkasskogoNa'-montmorillonite in solutions of NacCl, ﬁgcztizte?gtﬂg;gzr (0.01 M) of background electelffig.2)

CaCl and of Cr(NQ); have been shown. The comparative

analysis of these dependences indicates the redetaease of 40 -

negative value ofl-potential as a result of the growth of _
electrolyte concentration and charge of counter ion z
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. Fig. 2. The pH-dependences df-potential of N& montmorillonite in
solutions of NaCl (1) and of Cr(NR(2)
35 4

For comparison, in Fig. 2, the dependencé=fpH) for the
Fig.1. The concentrational dependences of —potential of Same dispersion in solution of electrolyte (NaCisvadduced.
Na‘-montmorillonite in solutions of NaCl (1), CaQR) and Cr(N@sat pH The Fig.2 shows that the dependence @&ff(pH) is
4.2 (3) and Cr(Ng)s atpH 5.5 (4) characterized by IEP at pH 3 (curve 1), but when pH is
higher, then MMT particles become negatively chdrge

This confirms the rule oBhults-Gardi[12]. As one can see  After introduction of Cr(NQ); into dispersion of MMT, pH-
with concentration of Cr(Ng)s is equal to 2,4xT&mol/L and dependence becomes more complicated (Fig.2, corw/ith
pH ~ 4.2, |¢|-potential decreases to zero and, passing thougie increase of pH, in the range of pH 2-12 valtlege zones
isoelectrical point (IEP), changes its sign intosipige. At of stability (a, b, c) are observed. They alternatth three
higher pH~ 5.5 the dependence Gipotential on Cr(N@; zones of coagulation (&, ¢). In the ranges of these zories
concentration (curve 4) acquires more abrupt movenméhe potential changes its charge. In acid medium of pi2-3,
effect of recharging of montmorillonite particledraptly MMT particles are positively charged because of kvea
intensifies. For all this;-potential achieves more high positivedissociation of its surface groups according to phiacipal
values and then gradually decreases with the grosith type. For all that |4}-potential is not high and co-ions of*Al
Cr(NGg); concentration. subjecting to electrostatic repulsion of the sweface mainly

As itis known [13-15], Cr (lll) salts in aqueossiutions are distributed in the diffusive part of the doubleattic layer
strongly subjected to hydrolysis with format?on Of(DEL). In the range of pH~ 3-3.8, [¢|-potential of
hydroxocomplex compoungif. For example, the hydi®Igé  montmorillonite changes in spite of the presenceminter
nitrate  chrome [Cr(ED)s]"3NO;* in aqueous solution jons in solution. It confirms that &rions are not able to
proceeds in two stages: 1) [CBEBY]™ + HO S induce recharging of MMT surface and they are nyainl
Cr(H0)s(OH)]™" + H,O" and 2) [Cr(HO)s(OH)I™ + HO S gistributed in the diffusive part of DEL. Thus, ®h and OH
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become potential determining before pH has rea@@dThe condensation and polymerization (olification aneiag) take
exchange of GfoH' and CP'e>Na' only initiates the place. This results in the formation of multinuclerome
compression of DEL, the decreaselgdotential and stability compounds. Such processes are accompanied nobprihe
of systems. Therefore the sign inversion of disparsharge change of hydrocomplex ions and solution colourg by
is conditioned by other causes. the increase of their molecular mass.

According to [30] the process of dimerization of
hydropentaqua chrome ions takes place accordinghé¢o
following scheme: 2[Cr(bD)sOH]** &  [Cry(H,0)g(OH),]**
+ 2 H0, with the constant of hydrolysis,®10" mol/L. The
further polymerization and hydrolysis are also fesbut
they proceed very slowly at the room temperaturer F
example: 5[Cr(HO)*"] —

[Cra(Ho0)5(OH)z]** + [Crs(H,0)s(OH),]*" + 6HO" + H,0

As it was shown in the work [17], the replacemeintvater
molecules in the internal coordinational spherehwpéirated
metal ion into hydroxyl ion abruptly raises the aqgion of
this ion on the surface of different chemical cosipons.

It is connected with the growth of polarization afmplex
ions and with the decrease of their hydration. dswghown in
the work of Matievich [17] that ion exchange adsionp of
such polymeric complex ions, for example, chroni8,[6,
10], supplemented by specific one, is able to exieeseveral
times the capacitance of mineral exchange.

Consequently, the most possible reason of sigrréive of
MMT charge and the emergence of stability zoneasdtpely
charged sol is a super equivalent specific adsorptf
polymerized ionic forms of chrome from solution. the same
time, the stepped growth of positivepotential of MMT
particles with the increase of pH (Fig. 2) can kplaned by
successive adsorption of monomeric and dimeric $owh
hydroxyl complex ions of chrome with the growth thieir
basicity. This conclusion is fully confirmed by thesults of
the work [19].

The further change of-pH dependence of dispersions in
chrome solutions is probably, determined by theradttar of
dissociation of surface MMT groups and by the cosieas
(transformations) of adsorbed polymerized products
hydrolysis [13-15].

b) Thus, the next addition of alkali and the increa$epH
Fig. 3. The zones of stability (a) and of coagulationradtdours (b) as result results in the decrease of positipotential to zero and at pH
of Ptoraction of Namontmoriionte and Cr(g)@ ~ 6.8-7.0 the next, the third recharging of MMT s takes
place. This is accompanied by the new zone of datign

It is interesting to note that as soon as pH apresito 4.0, (P) and by the zone of dispersion stability (c) witbgative
|-¢|-potential of MMT abruptly decreases as to absollue Ccharge sign, in spite of the fact that the dissofutof
and again becomes positive. Interlacing of coagiatone in hydroxide chrome, according to official data [16ggins at
DEL with stability zone of positively charged dissen PH = 12. It can be supposed that polynuclear chrome
corresponds to this (see Fig. 3.). complexes are stable in the narrow range of~pH5-6.5. So,

The medium of pH 4.0-6.0 is characterized by rapidt is quite possible, that the recharging is comeecwith
stepped growth of positive,-potential and stability of decomposition and desorption of polymeric chrome
dispersions. It is interesting that DEL coincidethvpH of the complexes.
beginning of precipitation of chrome hydroxide atile ~ The successive dissociation of Si-OH and Al-OH eugs,
stability of positively charged dispersion extemésrly to pH Which increases the negative charge of MMT pasickdso
full precipitation of CrOH)s (pH 6.8). It is evident, that this @ssists, in recharging of MMT surface. Simultangpweith
coincidence is not accidental, as at pM.0-6.0, as a result of this, the processes of further transformation oSoaded
hydrolysis proceeding and complex formation, thatestof Product of hydrolysis are unavoidable. In the ranfeH ~
chrome ions in solution abruptly changes. 7.0-10.0 the depolymerization of {®H), is very likely,

Really, as it is seen from a number of works [13;15], predominating. Leading with pH 8.0, this process is very
besides hydrolysis, in the solutions of Cr(lll) tsalthe likely intensified with the formation of anions [Cr(OH)g*
phenomena of comlexformation and also the proces$es and [CrO,]*. The abrupt change of|-potential corresponds
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to this. Here, the dissociation of Al-OH — groupghich 3.
finishes at pH~ 11.0, also makes its contributions. The
consequence of these processes is the emergen@xoium 4
stable zone of negatively charged dispersion (0)tl@ other
hand, it is known [27, 30-32], that with the incseaof pH and 5.
the basicity of solution, Cr(Ngs, OH-ions are able to
introduce themselves into internal coordinate sphef
complex chrome ions with sign inversion of theiagfe, As a
result, the adsorption of negatively charged compglerome 7.
ions (which were formed) on positively charged MIgidrface
can also be one of the reason of the third rechgrgf

particles and the growth ¢#(|-potential up to pH 11,0. &
The following decrease of-potential is undoubtedly
connected with the growth of ionic strength of soln by 9
hydroxyl-ion and compression of DEL. Set forth date in
good agreement with the changes of dispersion ligyabi
(Fig-3, photo). 10.

These stable positively charged dispersions canskd for
the following adsorption and strong fixation of amic

dyestuffs with the aim of obtaining dyed fillingerfleather

semi-finished items.

12.

IV CONCLUSIONS

In order to elucidate the mechanism of montmoiiéon

13.

recharging in the solutions of Cr(N@ and setting up the zones 14

of stability and coagulation of dispersions theat&fences of-

potential and stability of MNI dispersions in mentioned solutions 5

on pH medium and concentration of chrome compourale

been studied. With the increase of pH, in the vateof pH 16.

meanings 2-12, three zones of stability are obderwhich
alternate with three zones of coagulation. Withia timits of

these zoneg-potential change its sign three times. Triple gean g

of MMT charge sign in Cr(N§ solutions and alternation of

stability and coagulation zones of dispersionsex@ained by 19.

hydrolysis, complex formation of &rions and also by the
character of ionization of hard phase groups. $t leeen shown
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Olena Mokrousova, Vasil Moraru. Ar Cr(lll) savienoj umiem realizétas montmorillonita modificeSanas ietekme uz & dispersiju
elektrokinetiskajam ipagbam.

Lai izskaidrotu montmorilloita (MMT) parladeSaras mehanismu Cr(NQ); &idumos un noteiktu dispersiju koaggeijas un stabilites zonas,
Saj publikacija petita &-potencila un MMT dispersiju stabilites atkaba no vides pH un hroma savienojumu konaeijs. Ir ieditas Na*
montmorillonta koncenticijas atkaibas no {-potenciilu NaCl, CaC} un Cr(NQ)s. Konstatts, ka {-potencila ar negatvo \ertibu
neprtrauk samaziaSaras ir saistta ar elektratu koncenticijas pieaugumu un p&b jonu kdina palieliraS8anos. Palielinot pH robasz no 2
lidz 12, nowrojamas fis stabilites zonas, kuras rj ar trim koagdicijas zomm. So zonu rob@s &-potendils tfis reizes maina savuni.
Noskaidrots, kaadina Zmes maju uz MMT virsmas izraisa nevis viedr&ie CF*joni, bet to hidraizes produkti. Tiskirtiga MMT &-potenciila
Zimes maja Cr(NQ); &idurra un atbilsto# dispersijas stabilites un koagékijas zonu izmaias vagtu izskaidrot ar hidrati, kompleksu CG¥ jonu
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izveidi un ciefis fazes grupu joniijas melnisma raksturu. Dafbpieradits, ka MMT virsmas adipa arladeSana un ofis stabiliites zonas
paiadiSanas poZiti ladétam solam ir saigths ar polimerigtu hroma jonu ekvivalentu adsorbciju nkiduma. legtas pozitvi ladgtas stabilas
dispersijas var izmantot anjonuakvielu adsorbcijai un stingrai fiksijai ar turpmaku merki iegut efekivas krasvielasadas pusfabriftu
apstadei.

Osena MoxkpoycoBa, Bacui Mopapy. Biusinne Moaupukanuu MoHTMopuiiionuTa ¢ coenuHeHusiMu Cr (ITI) Ha 31eKTpOKHHETHYECKHE
CBONCTBA UX BOJHBIX JUCIIECPCHIi.

B pa6ore, ¢ 1enbio BeISICHEHHST MexaHu3Ma nepesapsiaki MontMopuuionuta (MMT) B pactBopax Cr(NOs)s u ycTaBlieHHs 30H YCTOWYMBOCTH U
KOAryJsILMH AUCIEPCHl, W3Y4eHbl 3aBHCHMMOCTH &- moTeHImMana W ycroiumBoctu auctiepcuidi MMT B ykazanHbIX pactBopax or pH cpemsl u
KOHIIGHTPAIH COEJMHEHMH XpoMa. 3aBHCHMOCTH (-TIoTeHIMana oT KoHmenTpamun Na momtmopuminonmta B pactBopax NaCl, CaC) n
Cr(NGO;); 6bun momydeHsl. HaiieHo, 94T0 HempepbIBHOE YMEHBIICHHE OTPHULATEABHOrO 3HAYCHHS (-MIOTEHIHANA CBSI3aHO ¢ KOHLECHTpAaLHeH
3JIEKTPOJINTA M YBEJIMYCHHEM 3apsia NPOTHUBONONOKHBIX HOHOB. C yBenmdenueM pH B nnrepBasie 3HaueHnid 2-12.0Habmonarorcs TP 30HBI
YCTOHYHMBOCTH, KOTOPBIE YEPEAYIOTCS C TpeMsI 30HaMH KOoaryJsiiuy. B npenenax 5THX 30H &- MOTEHIMAT TPIDKIBI MEHSET CBOI 3HAaK. Y CTaHOBIICHO,
at0 mepesapsiky moBepxaocTE MMT criocoGHbI IPOM3BOUTS He TpocThie Honsl CrY, a mpoayKTs! ux ruapomsa. TpExpasoBoe H3MEHEHHE 3HAKA
&-noreniuana Ha nosepxHocTd MMT B pactBope Cr(NOs); um coOTBeTCTByOLICE HM3MEHEHHME CTaOWJIBHOCTH JUCIEPCHH M HX 30HBI
KOATYJSIIHH MOXKET OBITh OOBACHEHO THIPOIH30M, 00Pa30BAHMEM KOMILIEKCOB HOHOB Cr*' i XapakTepoM MeXaHW3Ma MOHH3AIMK TPYIII B
TBEpIOH (ase. B pabore mokazaHo, YTO Mepe3apsaKa MOBEPXHOCTHOro 3apsima MMT u mosiBieHHE BTOPO#M 30HBI CTAOMIBHOCTH Y
TIOJIOKUTENBHO 3apSKEHHON AUCTIEPCUU MOXKET OBITh CBSI3aHO C SKBUBAJIEHTHOH afcopOIMell monuMepru30BaHHBIX HOHOB XpoMa. [TonydyeHHble
CTaOUNIbHBIE MOJIOKHUTEIBHO 3apsHKEHHBIE IUCHEPCUH MOTYT OBbITh MHCIONB30BaHbl A aACOPOIMH W TMPOYHOH (uKcarum aHHOHHBIX
KPaCUTEJIeH, € LeNbI0 NOJIy4UTh 3G ()EKTUBHbIE KPACHTEIN VISt KOXKHU U e€ nonyhadpuKarTos.
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