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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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Аннотация

Цели. Исследовать процесс пенообразования водных растворов поливинилового спирта 
(ПВС) с различной молекулярной массой и концентрацией и влияние их структуры на 
кратность их вспенивания.
Методы. Анализ пенообразования растворов проводили по данным динамического свето-
рассеяния, полученным на анализаторе частиц Zetasizer Nano.
Результаты. В работе изучена пенообразующая способность и кратность вспенивания 
водных растворов ПВС как одного из основных компонентов получения пен специального 
назначения. Показано, что растворы ПВС в воде представляют собой коллоидные дис-
персные системы, состоящие из ассоциатов с разными размерами (от 4.8 до 68.1 нм) в 
зависимости от молекулярной массы ПВС. Приведены зависимости кратности вспени-
вания водных растворов ПВС от концентрации, молекулярной массы и температуры 
раствора. Приведены значения оптимальной концентрации и молекулярной массы ПВС, 
а также установлены оптимальные условия процесса пенообразования из водных рас-
творов ПВС.
Выводы. Установлено, что с ростом концентрации водных растворов ПВС кратность 
вспенивания снижается для всех молекулярных масс приблизительно в 1.5 раза, а с увели-
чением молекулярной массы она возрастает примерно в 2 раза. Кратность вспенивания 
водных растворов ПВС с разной концентрацией и молекулярной массой в зависимости от 
температуры раствора характеризуется максимумом при 30 °C, что связано с умень-
шением вязкости и снижением поверхностного натяжения растворов.

Ключевые слова: поливиниловый спирт, молекулярная масса, водные растворы, 
концентрация растворов, кратность вспенивания
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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].1 

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 (Mw) was used as the object of this 
study: Mowiol 5-88 with Mw = 22000, Mowiol 18-88 
with Mw = 55000, Mowiol 26-88 with Mw = 68000 and 
Mowiol 47-88 with Mw = 81000 with a 99.95% share 
of the base substance. It is impractical to take PVA 
with a Mw 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).

1 Vilkova N.G. Colloidal-chemical properties of polyhedral 
foams and emulsions. Cand. Thesis (Chem.). Moscow: M.V. 
Lomonosov Moscow State University; 2007. 285 р. (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 (β) was calculated by

,

where Vf is the volume of the resulting foam; Vw 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) Mw 
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 Mw: for Mw = 22000, diameters 

Fig. 1. Dependence of associate distributions by size in 4 vol % aqueous PVA solutions 
with different molecular weights (Mw): (1) Mw = 22000, (2) Mw  = 81000.

ranged from 4.8 to 50.8 nm, and for Mw = 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 β dependences for aqueous 
PVA solutions based on concentration and Mw. 

With a concentration increase from 4 to 24 vol %, β 
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 β on Mw for solutions of 12 vol % concentration 
is of interest. The influence of PVA Mw on foaming 
is manifested to a lesser extent than the change in 
solution concentration (Fig. 2b), and an inflection 
is observed on the curve β = f(Mw) at Mw = 55000, 
indicating an increase in the foaming efficiency 
when using PVA with a Mw greater than 60000. The 
maximum β (≈ 5.5) was achieved with PVA water 
solutions of 81000 Mw 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 
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to decrease, an equivalent to a lower solution 
concentration. Figure 3 shows the dependences 
of β for aqueous PVA solutions at a 4 vol % 
concentration with measured Mw and temperature.

Figure 3 shows that as Mw increases from 
22000 to 81000, the β of the aqueous PVA solutions 
increases at almost all temperatures (10–60°C) by 
approximately 2 times. In Fig. 3a, the dependences 

of β are close to each other at temperatures of 
10°C and 60°C (they show the lowest β), yet there 
is also a sharp decrease in β at 60°C caused by 
decreased solution viscosity [13]. In Fig. 3b, it is 
possible to trace the influence of temperature on 
β, establishing that the maximum β is achieved 
at 30°C for almost all Mw values. As temperature 
continued to increase, β decreased.

Fig. 2. Dependence of β for aqueous PVA solutions with different Mw at 20°C: (1) Mw = 22000, (2) Mw = 55000, 
(3) Mw = 68000, (4) Mw = 81000; (a) concentrations, (b) Mw for a concentration of about 12 vol %.

Fig. 3. Dependence of β for aqueous PVA solutions at a concentration of 4 vol %: (a) on the Mw 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 Mw: (1) Mw = 22000, 

(2) Mw = 55000, (3) Mw = 68000, (4) Mw = 81000.

а

а

b

b
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CONCLUSIONS

This study obtained data on the processes of 
mechanical foaming from aqueous PVA solutions 
with different Mw (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 
Mw 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 β = 4.2 is 

achieved, which was previously obtained at 4 vol %. The 
β of aqueous PVA solutions with different concentrations 
and Mw, depending on solution temperature, is 
characterized by a maximum at 30°C, which is associated 
with decreased viscosity and solution surface tension.
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