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The influence of polyacrlic acid (PAA) adsorptiom fomed silica (Si¢) surface on suspensiatabi-
lity has been studied’hanges in the suspension stability were monitostdgua Turbiscan LB with
a TLAb Cooler cooling module at Z5 PAA is an anionic polymer containing carboxybgps; therefore
all the measurements were carried out at diffep@t3, 6 and 9. Analysis of obtained transmissiod an
backscattering curves and Turbiscan Stability IredefTSI) allowed determination of the most probable

mechanism of the system stability.

INTRODUCTION

The conformation of macromolecules ad-
sorbed at a solid-liquid interface influences struc
ture of a polymer adsorption layer on a metal ox-
ide surface. This structure determines the stabili-
zation-flocculation properties of colloidal systems
which are very important to control many techno-
logical and ecological processes. The interfacial
behavior of metal oxide-polymer solution systems
is substantial for mineral flotation, dispersion-
flocculation of cosmetics, paints, pharmaceuti-
cals, foods, oil recovery, regulation of plough-
lands erosion, purification of the industrial and
drinking water, etc. [1-3]. Polyelectrolytes, in-
cluding a polyacrylic acid classified as an anionic
polymer, are especially appropriate for these pur-

poses, because the suspension stability in the

Silica was chosen for the study because it is a
very popular adsorbent with well defined solid-aju
interface [4]. Silica gels were widely used asa st
tionary phases in chromatography and as a drying
agent, catalyst and catalyst carrier. Moreover,, SiO
finds a great application in production of glass, c
ment, and ceramics. Nanosilica (or fumed silica) is
widely used in industry and medicine as powder ma-
terials or compact solids, polymer fillers, coras i
core-polymer shell particles, etc. Nanosilica is a
powder material (bulk densitp,=0.04-0.13 g/crh
depending on the specific surface area between 300
and 50 rfig) composed of aggregates {1 in size,
mass fractal dimensionfg2.5-2.6) and agglomer-
ates of aggregates (pin in size, =2.2-2.4).

MATERIALS AND METHODS

Fumed silica (pilot plant of Chuiko Institute

presence of PAA can be regulated by both steric of Surface Chemistry, Kalush, Ukraine) studied

and electrostatic forces.

The most important factor influencing the ad-
sorption process of polyacrylic acid on a silica su
face is the pH value of the solution. An increase i

has the BET surface area of 57 git determined
from low-temperature nitrogen adsorption-
desorption isotherm measured using a Micro-
metritics ASAP 2405N analyzer.

pH causes an increase in the dissociation degree of  Polyacrylic acid (PAA, Fluka) was used at the

the carboxyl groups in the PAA chains that leads average molecular weights of 2, 100, and 240 kDa.
to changes in the interactions between adsorbent  All measurements were carried out in the

active sites and polymer functional groups. Taking presence of NaCl solution (0.01 mol dnwhich

this fact into consideration, the aim of this paper was used as the supporting electrolyte. Moreover,
was to determine the pH influence on the silica the stability experiments were performed at solu-
suspension stability. tion pH=3, 6 and 9 at 26.
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The stability measurements of the fumed silica | f===
suspensions without and with PAA were carried | e o
out using a Turbiscan L&B*"with a TLAb Cooler o |
cooling module. This apparatus possesses an elec-.

troluminescence diode which emits collimated |w-/2 - Rl

light beam A=880 nm) passing through the Sus- | s
pension. The apparatus has two synchronized de-

inm AImm 1Emm 20mm 25mm 30mm 36mr 4Jmmi

The analyzed suspension in a glass vial (7 cm
in length) was placed in a thermostated measure- | =
ment chamber. The suspension with 0.02g of =
oxide in 20 cm of NaCl solution (solid content
0.1%) was sonicated for 1 min. Then the required | .,
pH of the solution was adjusted. The suspension | .
was shaken in a water bath for 30 min and the pH
was checked. The changes in the suspension sta:,,
bility were monitored for 15 h (single scans were
obtained in every 15 min). The probes of the sil-
ica suspension with polyacrylic acid were pre-
pared in the similar way. An appropriate volume -
of the PAA solution, desired the surface coverage
0=1 (Goaa=500 ppm), was added to the suspen- |
sion after sonification.

The Turbiscan Stability Indices (TSI) were
calculated from the experimental results. The TSI
values were obtained using a special computer -~
program from the following equation

Backscattering

tectors. A transmission detector recorded light || | s

passing through a probe under angle %ihOrela- wf \ 2
tion to the incident light direction. The seconagton |*=———-"—"-— ,7,~kaw
is a backscattering detector registering the light
scattered under angle of £3Fhe obtained data |, . a

are stored and converted by a computer program. | .
The results are presented in the form of curves, | e - S
which show the intensities of transmission and |« fﬁw
scattering as a function of time. T

=, 1)

wherex; is the mean backscattering for each min-
ute of measurements is the mearx;, andn is the
number of scans. The TSI is a parameter which
allows the estimation of the suspension stability.
High TSI value indicates that the system is unstabl

RESULTS AND DISCUSSION

N

The obtained transmission and backscattering |
curves for invesigated systems are presented in T Ty
Figures _1_3' Calculated _values of TSI were Fig. 1. Transmission and backscattering atdFbr the
shown in Table 1 and Fig. 4. The analysis of systemsa) SiO, - NaCl,
these data suggests that samples are the most un- b) SiO, — NaCl - PAA 2 kDa,
stable at pH 3. The addition of PAA improves ) SiO, — NaCl - PAA 100 kDa,
insignificantly the Si@suspension stability. d) Si0, — NaCl — PAA 240 kDa
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Fig. 2. Transmission and backscattering at@Fbr the Fig. 3. Transmission and backscattering atpFbr the
systemsa) SiO, - NaCl, systemsa) SiO, - NaCl,
b) Si0, - NaCl - PAA 2 kDa, b) Si0, - NaCl - PAA 2 kDa,
¢) SiO, — NaCl - PAA 100 kDa, ¢) SiO, — NaCl - PAA 100 kDa,
d) SiO, — NaCl — PAA 240 kDa d) SiO, — NaCl — PAA 240 kDa
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Table 1. TSI values for Si@- PAA systems at different

pH values
TSI
System pH 3 pH 6 pH9
SiO, 57.75 4.00 3.17
SiIO—PAA
2 000 54.95 5.79 3.17
SiIO—PAA
100 000 43.94 1.56 3.00
SiIO—~PAA
240 000 48.62 2.14 2.79
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Fig. 4. TSI values at different pH for the systems:
a) SiO, - NaCl,

b) SiO, - NaCl - PAA 2 kDa,
¢) Si0, — NaCl - PAA 100 kDa,
d) SiO, — NaCl — PAA 240 kDa

Completely different situation takes place at
pH 6 and 9 where the suspensions are succes-
sively stable and addition of polymer minimally
influences their stability.

To explain observed features of the sys-
tems stability, it is necessatg analyze the
ionization degree of PAA carboxylic groups and
the SiO, surface charge density with increasing
pH value The increase in pH causes dissociation
of the polyacrylic acidic groups. Their dissocia-
tion degreedy) at pH 3 equals to 0.03. At pH 4.5
(PKpaa=4.5 [5]) 04=0.5 and at pH 7.5 practically
all the PAA macromolecules are fully ionized
(0g=0.999).

Previous investigations indicated that
pH,.. of silica is equal to approximately 3 [6].
It means that the SiOsurface is negatively
charged in the whole pH range studied from 3
to 9; however, the surface charge densiy) (

272

is small at pH < 7. In such a situation, the
electrostatic repulsion between the solid sur-
face and PAA chains appears. Its strength in-
creases with increasing pH. This results in
more and more stretched conformation of the
negatively charged macromolecules on the ne-
gatively charged adsorbent surface. For this
reason the pH increase causes a decrease in
the polymer adsorption [6]. However, the PAA
adsorption on the silica surface occurs in the
whole range of pH, even at the highest values
of pH. It proved that different non-
electrostatic forces had to be responsible of
the PAA adsorption on the SjQ@urface. Other-
wise, the adsorption of negatively charged
polymer chains on the negatively charged sol-
id surface should not take place. The energy of
these interactions [6] corresponds to the en-
ergy of strong hydrogen bonds (40-50 kJ/mol).
These bonds can be formed between both neu-
tral (=SiOH) or charged=SiO", =SiOH,") si-
lanol groups of adsorbent and dissociated or
neutral groups of the polymer.

At pH 3 without the polymer, the silica sus-
pension is characterized by much lower stability
(TSI=57.75) as compared to that at pH 6 and 9
(TSI=4.00 and 3.17, respectively). This is caused
by lowering o, value, as well as diffusion layer
charges, with decreasing pH close to the point of
zero charge [6]. The repulsive interactions be-
tween solid particles are weak and not able to
provide the system stability; therefore, the coagu-
lation takes place. The addition of PAA insignifi-
cantly improves the dispersion stability. At such
pH, the PAA chains are practically non-
dissociated. The adsorbed macromolecules form
more coiled structures at the silica surface. Such
coils adsorbed on a particle can interact with the
macromolecules adsorbed on other particles or
with bare particles. As a result, large floccules
composed of solid particles covered with a dense-
ly packed polymer layer are formed in the sus-
pension. Thus, a decrease in the silica suspension
stability in the presence of PAA can be due to
bridging interactions PAA-silica and PAA-PAA
leading to flocculation of the system.

Completely different situation is observed
at pH 6 and 9. The systems both in the absence
and in the presence of polymer are stable. The
high stability of silica suspension without
PAA is caused by electrostatic interactions
between negatively charged solid particles.

X®TI12010. T. 1. Ne 3



Influence of Solution pH on Stability of Fumed Silica—Polyacrylic Acid Systems

The adsorption of polyacrylic acid weakly af- REFERENCES
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Bnuus pH po3unny Ha cTalijibHiCTB cucTeM
BHCOKOJUCIIEPCHUH KpeMHe3eM — MOJIaKPHJI0Ba KUCJI0TA

M. BimneBcbka, K. Tepnuiaoschkmii, B. 3apko, C. XiooBcbkmii, E. XiooBcskuii, T. Ypoan, B. I'yHbK0

Vuisepcumem Mapii Kiopi-Crkrodoscvkoi
nia. Mapii Kiopi-Ckroooscwvroi 3, Jlioonin 20-031,ITonvwa, wisniewska@hektor.umcs.lublin.pl
Incmumym ximii nosepxui im. O.0. Yyiika Hayionanvnoi akademii nayx Yxpainu
eya. I'enepana Haymoea 17, Kuie 03164,Vkpaina

Busueno ennus aocopoyii noniakpunosoi kucromu (ITAK) Ha nosepxti sucoxooucnepcrnozo kpemueszemy (SiGy)
Ha cmabinbHicmy cycnensii. 3minu cmabitbHocmi cycneHsii cnocmepicanuce 3a 0onomoeow npuiady Turbiscan
Lab™®®" i3 oxonooocyiouun mooyren TLAb Coolempu 25°C. I[TAK € anionnum nonivepom, wo micmums KapooKcu-
JbHI 2pynu, momy 8ci sumipioganus nposoounucey npu pisnux pH (3, 6ma 9). Ananiz odepacanux kpusux nepenecen-
H Ma 360POMHLO20 PO3CIAHHA, a makodc indexcie cmabinbnocmi (Turbiscan Stability Indexes (TSBseonue eu-
SHAYUMU HAUOITLW BIPOSIOHUL MeXAHI3M cmabini3ayii 6U8UEeHUX CUCTEM.

Bausinue pH pacTBopa Ha cTaOMJIBHOCTH CHCTEM
BbICOKOIMCIIEPCHBII KpeMHe3eM — MOJIUAKPUIOBAs KHCJIO0TA

M. BumneBcka, K. Tepmuinosckuid, B. 3apko, C. Xubosckuii, 3. Xubosckuii, T. Ypoan, B. 'yabko

Yuusepcumem Mapuu Kiopu-Crno0oogckoti
ni. Mapuu Kiopu-Crxaooosckoii 3, /looaun 20-031 Ionvwa, wisniewska@hektor.umcs.lublin.pl
Hnemumym xumuu nosepxnocmu um. A.A. Qyixo Hayuonanvnou akademuu Hayk Yxpaunoi
ya. Ienepana Haymosa 17, Kues 03164,YVkpauna

H3yueno enusnue adcopbyuu nonuaxpunosou kuciomul (ITAA) Ha nosepxnocmu 6b1cOKOOUCIEPCHO20 KpeMHe-
sema (SiQy) na cmabunrvnocms cycnensuu. Hamenenus cmabuibHOCmMU CYCneH3uu HaboOAIUCh ¢ ROMOWbIO NPUbo-
pa Turbiscan Lab*®®" ¢ oxaascoarowum mooyrem TLAb Coolernpu 25°C. PAAssisiemes anuonmsii noiumepom,
cooeparcawum KapOoKCUlbHble 2PYNnbl, NOSMOMY 6Ce USMEPeHUs: nposoounucy npu paznuynvix pH (3, 6u 9). Ananus
NONYHEHHbIX KPUBbIX NePeHoca U 00pamno2o paccesmus, a maxdce unoexcos cmabursnocmu (Turbiscan Stability
Indexes (TSI)}oszsorur onpedenums Haubonee 6eposmMHbLIL MEXAHUZM CMAOUTUZAYUU UYUEHHBIX CUCTEM.
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