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Abstract

Objectives. Investigation of aqueous polyvinyl alcohol (PVA) foaming process and the influence of
its water solution structure, when possessed of different molecular weights and concentrations,
on foaming multiplicity.

Methods. Solution foaming analysis was performed on the data of dynamic light scattering
obtained on the Zetasizer Nano particle analyzer.

Results. In this work, the foaming ability and foaming multiplicity of aqueous PVA solutions
(as a main component for obtaining special-purpose foams) have been studied. It is shown that
PVA solutions in water are colloidal dispersed systems consisting of different-sized associates
(from 4.8 to 68.1 nm), depending on the molecular weight of PVA. Dependencies of aqueous PVA
solution foaming multiplicities on the concentration, molecular weight, and solution temperature
were given. Optimal values of concentration and molecular PVA weight, as well as optimal
foaming process conditions from aqueous PVA solutions, were established.

Conclusions. Increasing PVA concentrations in aqueous solutions cause foaming multiplicity
to decrease for all molecular weights by 1.5 times, and increasing molecular weight increases
foaming multiplicity by 2 times. The foaming ratio of aqueous PVA solutions with different
concentrations and molecular weights (depending on a solution temperature characterized by a
maximum of 30°C) is associated with decreased viscosity and surface tension.
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AHnHOMmayus

Ienu. Hccnedosams npoyecc neHoobpa308aHUsL 800HbBLX PACMEBOPO8 NOAUBUHUNLO08020 Cnupma
(IIBC) ¢ pa3nuuHoli MONEKYASPHOT MACCOU U KOHUeHmpayuell U 8lUsHUe UX cmpykmypsl HA
KpamHocme ux 6CneHu8aHusl.

Memoobl. AHaU3 NeHO0OPA308GHUSL PACMEOPOE NPOBOOUU NO OAHHbLIM OUHAMUUECIKO020 C8emOo-
paccesiHusl, NOAYUeHHbIM HA aHaausamope uacmuy, Zetasizer Nano.

Pesynemamet. B pabome usyueHa neHoobpasyrouias CnocobHoCms U KpamHOCMb 8CNEeHUBAHUSL
800HbIX pacmasopos IIBC kak 00H020 U3 OCHO8HbBLX KOMNOHEHMO8 NOJAYUeHUSL NeH CNeyudalbHo20
HasHaueHust. [TokasaHo, umo pacmeopwl [IBC 8 8o0e npedcmasssitom coboli KOANoUOHbLe Ouc-
nepcHule cucmembl, cocCmosiuue U3 accoyuamos ¢ pasHblmu pasmepamu (om 4.8 0o 68.1 Hm) 8
3agucumocmu om monekyaspHoil maccol [IBC. IIpugedeHbl 3a8ucumocmu KpamHocmu ecneHu-
8aHust 800HbLX pacmeopos IIBC om KOHUeHmMpauuu, MONEKYJAIPHOL MACCbL U memnepamypbsl
pacmeopa. IIpugedeHbl 3HAUEHUSL ONMUMANLHOU KOHUEeHMpayuu u monexyaspHoii maccot [1BC,
a makyke YycmaHo8sleHbl ONMUMAIbHbLE YCA08USL npoyecca neHoobpa3osaHust U3 800HbIX pac-
meopos I1BC.

BbLeo0dsl. YcmaHo8/eHo, Umo ¢ pocmom KOHUeHmpayuu eooHuix pacmeopos IIBC kpamHocmo
8CNEeHUBAHUSL CHUIKAemcsl 0151 8CEX MONEKYNAPHBLIX macc npubausumensHo 8 1.5 pasa, a c yseau-
YeHUeM MONeKYJSPHOU MACCbL OHA 8o3pacmaem npumepHo 8 2 pasa. KpamHocmb ecneHusaHus
800HbLX pacmeopos [IBC ¢ pa3Hoill KOHyeHmpayuei U MONeKYASIPHOT MACCOU 8 3A8UCUMOCTU OM
memnepamypsl pacmeopa xapaxmepusyemesi maxcumymom npu 30 °C, umo ces3aHo ¢ ymeHo-
weHuem 8s3K0Cmu U CHUXKEHUEM NOBEPXHOCMHO020 HAMSIXKeHUSL pacmeopos.

Knroueesvle cnoea: noniusuHUL08bLU cnupm, MOJleKYasapHas macea, 800HbLE pacmeopuol,
KOHYyeHmpayust pacmeopos, KpamHoCms eCneHusaHus
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When creating highly porous filters for
separating water from hydrocarbon fuels (kerosene,
gasoline, etc.), polyvinyl alcohol (PVA) is used as
the initial component, as it selectively absorbs water
from hydrocarbon organic matter [1]. The filter
technology includes a stage of obtaining foams from
aqueous PVA solutions [2—4]. The structure and
parameters of formed foams, foaming multiplicity,
and foam stability over time are determined primarily
by PVA molecular weight, the concentration of
aqueous PVA solutions, and the technological
parameters of solution production processes [5-9].!

Of undoubted interest is the establishment
of main regularities when forming foams with
adjustable structure parameters and properties.
The purpose of this work is to study the foaming
process of aqueous PVA solutions and the influence
of their structures (with different molecular weights
and concentrations) as well as the power-speed
and temperature parameters of foaming on their
properties.

EXPERIMENTAL

PVA produced by Mowiol (Taiwan) with different
molecular weights (M ) was used as the object of this
study: Mowiol 5-88 with M_ = 22000, Mowiol 18-88
with M = 55000, Mowiol 26-88 with M= 68000 and
Mowiol 47-88 with M = 81000 with a 99.95% share
of the base substance. It is impractical to take PVA
with a M greater than 81000, since in the process
of its dissolution in water, the partial flocculation
of dissolved PVA particles occurs and forms large
associates that cannot be separated [10, 11].

PVA solutions with given concentrations in
water were prepared in a measuring flask with
a volume of 1000 mL. PVA suspensions were
placed and 800 mL of deionized water was poured.
Deionized water was obtained using a Type 1 high
water purification system, Milli-Q Integral 5 (Merck
Millipore, Burlington, Massachusetts, USA), with
a resistivity of 18.0 mOhm-cm. The flask was then
placed in a thermostat at 80°C and the liquid was
stirred constantly until the PVA was completely
dissolved. The solution was then evaluated visually
before being cooled to 25°C. The quality of
complete dissolution and solution heterogeneity at
different PVA concentrations in water was judged
by the data of dynamic light scattering obtained
using a Zetasizer Nano particle analyzer (Malvern
Instruments, USA).

' Vilkova N.G. Colloidal-chemical properties of polyhedral
foams and emulsions. Cand. Thesis (Chem.). Moscow: M.V.
Lomonosov Moscow State University; 2007. 285 p. (in Russ.).

The method is based on the registration of
scattered light fluctuations from particles in
continuous Brownian motion [12]. A laser beam is
passed through the analyzed sample and the intensity
of light scattering by particles over time is recorded.
When particles are irradiated with a laser, light
is scattered in all directions. Observed scattered
light comes from a set of scattering elements
in a certain volume, depending on the angles at
which registration is performed and the aperture
characteristics. The observed intensity of scattered
light under any conditions will be the result of light
superposition scattered by each element, and thus
depend on the relative positions of these elements.
When the particles move, their relative positions
change and fluctuations in scattered light intensity
are observed. Since the particles move randomly
under the influence of Brownian force and scattered
light intensity fluctuations are random. For small
fast-moving particles, fast fluctuations are observed,
while larger and slower particles show slower
fluctuations.

Analysis of intensity fluctuations makes it
possible to determine the speed of Brownian motion
and calculate the particle size using the Stokes-
Einstein equation. The Zetasizer Nano photonic
particle analyzer has a particle measurement range of
0.3 to 10000 nm. The operating temperature range is
2—120°C, the scattered light detection angle is 173°,
a helium-neon laser with a wavelength of 633 nm is
used as a light source, and the light source power is
5 MW. The device determines the particle size by
measuring the rate of scattered light fluctuation by
particles. Measurement is carried out in automatic
mode according to the standard method.

Foams from aqueous PVA solutions with different
Mw and concentrations were obtained via mechanical
foaming [13] at different temperatures. A 250 mL
measure of PVA solution in water was poured into a
500 mL measuring cylinder with a diameter of 50 mm and
a height of 350 mm. A three-bladed rotor of an upper-
drive laboratory agitator was placed in the cylinder
in such a way that it did not touch the bottom of the
cylinder (the distance to the bottom is ~50 mm) and
the height of the liquid column was measured with
a Vernier height gage before mixing. Depending
on the experiment temperature, the cylinder with
the solution was placed in a thermostat at a given
temperature and thermostated for 30 min. The
agitator was turned on and the foaming process was
carried out at a speed of 1000 rpm for 5 min (it was
experimentally determined that this amount of time is
necessary to achieve maximum foaming multiplicity),
after which the agitator was turned off and the column
of liquid with foam was measured again.
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The foaming multiplicity (B) was calculated by

where V, is the volume of the resulting foam; V_ is the
volume of the initial PVA liquid solution.

RESULTS AND DISCUSSION

The homogeneity of aqueous PVA solutions
was determined using the method of dynamic light
scattering on the Zetasizer Nano particle analyzer.
As an example, Fig. 1 shows the dependences of
light scattering intensity for 4 vol % of aqueous PVA
solutions of with minimum (1) and maximum (2) M|
of the associate diameters.

It has been established that PVA solutions in
water are colloidal dispersed systems consisting of
PVA associates in water, and the average associate
diameter depends on M : for M = 22000, diameters

12

ranged from 4.8 to 50.8 nm, and for M = 81000,
diameters ranged from 5.6 to 68.1 nm. The associative
structure of aqueous PVA solutions influenced the
foaming process.

Figure 2 shows the B dependences for aqueous
PVA solutions based on concentration and M.

With a concentration increase from 4 to 24 vol %, f3
decreased from 6.4-3.7 to 4.9-1.8 (i.e., by ~1.5 times)
due to an increase in solution viscosity. On the
curves of Fig. 2a, there is an inflection at a solution
concentration of ~12 vol %; therefore, the dependence
of B on M for solutions of 12 vol % concentration
is of interest. The influence of PVA M on foaming
is manifested to a lesser extent than the change in
solution concentration (Fig. 2b), and an inflection
is observed on the curve B = f{M ) at M_ = 55000,
indicating an increase in the foaming efficiency
when using PVA with a M greater than 60000. The
maximum f (= 5.5) was achieved with PVA water
solutions of 81000 M and a solution concentration
of 4 vol %.

Temperature had a significant influence on the
foaming process of aqueous PVA solutions, since
temperature increases caused solution viscosity

10

Intensity, %

0.4 1.7 7.5 32.7

141.8 615.1 2 669.0

Diameter, nm

Fig. 1. Dependence of associate distributions by size in 4 vol % aqueous PVA solutions
with different molecular weights (M ): (1) M_ = 22000, (2) M = 81000.
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to decrease, an equivalent to a lower solution
concentration. Figure 3 shows the dependences
of B for aqueous PVA solutions at a 4 vol %
concentration with measured M and temperature.

Figure 3 shows that as M increases from
22000 to 81000, the B of the aqueous PVA solutions
increases at almost all temperatures (10-60°C) by
approximately 2 times. In Fig. 3a, the dependences
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of P are close to each other at temperatures of
10°C and 60°C (they show the lowest B), yet there
is also a sharp decrease in B at 60°C caused by
decreased solution viscosity [13]. In Fig. 3b, it is
possible to trace the influence of temperature on
B, establishing that the maximum P is achieved
at 30°C for almost all M values. As temperature
continued to increase,  decreased.
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Fig. 2. Dependence of 3 for aqueous PVA solutions with different M at 20°C: (1) M = 22000, (2) M = 55000,
(3) M,, = 68000, (4) M_ = 81000; (a) concentrations, (b) M for a concentration of about 12 vol %.
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Fig. 3. Dependence of  for aqueous PVA solutions at a concentration of 4 vol %: (a) on the M at different temperatures:
(1) 10°C, (2) 20°C, (3) 25°C, (4) 30°C, (5) 40°C, and (6) 60°C; and (b) on temperature at different M : (1) M_ = 22000,
(2) M =55000, (3) M_ = 68000, (4) M_ = 81000.
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CONCLUSIONS

This study obtained data on the processes of
mechanical foaming from aqueous PVA solutions
with different M (from 22000 to 81000) and solution
concentrations (from 4 to 24 vol %) at different
temperatures (10—60°C). It was found that the maximum
foaming ability was possessed by PVA solutions with a
M_ of 81000 and a concentration of 4 vol %. However,
to increase the PVA concentration in aqueous solutions
and obtain more stable foams (i.e., the ability to maintain
initial structure parameters, since foam is a structured
dispersed system), foaming can be carried out at an
optimal temperature of 30°C and a PVA concentration
equal to 12 vol %. In such cases, the maximum  =4.2 is
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