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EVALUATION OF THE SURFACE ENERGY
OF DISPERSED ALUMINIUM OXIDE
USING OWENS-WENDT THEORY

3nanns snavenns nosepxnesol enepezii nOpPouKoBUX Mamepiaiié 0036086 CPOZHO3YBAMU 83AEMO0I0 MEepIoi
Gasu 3 piounamu, Qopmysanms cmitkux Oucnepcii, 006206MHUX | CIMIUKUX 00 AZpecusHux (axmopie KoMnosu-
mie. Poszisdaemocs sacmocysanis modeni Oyenca-Benoma 0is susnauenis, 3mMinu nogepxnesoi enepezii oxcuoy
amoMiniio, moougixosanozo pisnumu ziopopobizamopamu. Taxoic, 0is 6USHAUEHIA KYMA SMOUYBANHS NOBEPXHI
MOOUDIK068aIH020 Mamepiany SUKOPUCTNOBYEMbCS Memo0 Yowbypna, sxutl noiizde y GUHAYEeHNT wWeUOKOCMI
Kaniiapnozo nionamms eunpobyeanoi piounu. Januii memoo 6ye o6panuii uepes niusvki 6UMozu 8 MOUHOCMI G-
MIPI08AIBI020 00IAOHAHHS T 8 MOLL JCe UAC NPOACILAE GUCOKY CMYNIHD MOUHOCTL PE3YLbmamis.

O6’ckmom docnidicenns € MEMOOUKA BUHAUCHH NOBEPXHEEOT eHep2ii NOPOUKOBUX MAMePialis, Ha NPUKAAJ
OKCUOY ATOMINII MOOUDIKO8aAH020 noNimeminziopiocirokcanom. Mooudixauis nosepxii nopowxy okcudy amominio
nPOBOOULACSL 8 CYCNENSIT KCULOLY.

B po6omi susnauenns nosepxnesoi enepeii 6y.10 npogedeno 6ionoeiono do meopii Oyernca-Bendma epagiunum
MEMOAOM 8i0N0GIOHO D0 OMPUMAHUX 3HAYEHb KYMA 3MOUYEais Mamepiany 3a memodom Yowbypna. byio ecma-
HOBIEHO (POPMY UACUNOK OKCUOY ANIOMINII0 Ma iX cepednill po3mMip, a MaxKoic Po3PAx06aid NUMoMa NOGePXHs
mamepiany. 3uaideno mooupixamop — noLMeminzZiopiociiokcan, 3 BUKOPUCTIANHAM SKO020 80ALOCS OMPUMATIU
cmabinvnuil cynep2iopododuutl cmarn, i ONMUMALLHY KOHUCHMPAUII0 UWASXOM GUSHAUCHHS KYMIE 3MOUYCAHMSL
mecmogumu PiOUHAMU NOPOULKOBOZ0 MAMEPIALY 3G MEMOOUK0I0, 3ANPONOHOBAN0I0 YOuLbYPHOM.

Jns 36invuents mouHocmi 6USHAYEHHs NOBEPXHesol enepzii mamepiany 3a memodom Yowobypna Oyra 3a-
CMOCO8AHA CYyMiuL 600U 3 eMAHOIOM, A MAKONC PO3PAXOBAHT KOMNOHEHMU NogepXHes0z0 Hamsiey. [lokaszano, wo
SHAUEHHSL KYMA 3MOUYBAHHS. NOBEPXHI OUCNEPCHO20 MAMEPIALY, OMPUMAHI 3 BUKOPUCMAHHSAM 8 SIKOCTME Mecmosoi
piounu cymiu, Mojcymov Oymu UKOPUCAHT OIS POSPAXYHKY 3HAUCHL KOMNOHEHMIE NOGEPXHes0i enepeii okcudy
amominiio. Ilpu uvomy cnocmepizaemocs siocymmicmo noxubxu y euzasoi cmany Kacci, axe cnocmepizaemocs 0t
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2i0pohobHUX dUCnepCHUX Mamepianic npu BUKOPUCTMANi 600U 6 AKOCMI Mecmosoi piounu.
Kmeuosi crosa: oxcud anominiio, moderv Oyenca-Bendoma, memod Yowbypna, nosepxuesa enepeis, nogepx-
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1. Introduction

Knowledge of the surface energy of powder materials
allows one to predict the interaction of the solid phase
with liquids, the formation of stable dispersions, durable and
resistant to aggressive factors of composites [1]. Existing
models of surface energy — from Zisman (one-component)
to Van Oss (three-component), are suitable only for certain
types of materials [2, 3]. For example, to characterize the
surface of oxides, a model involving an acid-base interac-
tion is used, and for polar polymers, the Owens-Wendt
model. The paper considers the application of the latter
model to determine changes in the surface energy of alu-
minium oxide modified by various water repellents. Also,
the Washburn method [4, 5] is used to determine the
contact angle of the surface of the modified material [4, 5],
which consists in determining the rate of capillary rise of
the test fluid. Of the two methods for implementing this
method — determining the mass gain rate and the layer
climb speed — the second one is chosen, since it does not
require such accurate measuring equipment, but it exhibits
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a rather high degree of accuracy of the results [6—8]. Thus,
the object of research is a method for determining the
surface energy of powder materials, for example, aluminium
oxide modified with polymethylhydrosiloxane. The aim of
research is to describe a simple algorithm for determining
the surface energy of powder materials.

2. Methods of research

The studies were carried out using white aluminium
oxide 25A/M2 (GOST 3647-71) (Boksitogorsk plant of
the «Glinozem» production association, Russia), which is
aluminium oxide with a density of 3.93-4.1 g/cm3 and
an average particle size of 2 pm.

The following modifiers were used: a mixture of cyclo-
pentasiloxane and dimethicone BC 2335 (KCC Basildon,
Great Britain), methyltriethoxysilane Dynasylan MTES
(Evonic, Germany), aminopropyltriethoxysilane Dynasylan
AMEO (Evonic, Germany) and polymethylhydrosiloxane
Xiameter MHX 1107 (Dow Corning, USA). Xylene was used
as a solvent for silanes.
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To modify the surface of the powder into 22+ 100 - .
a suspension of aluminium oxide in xylene, the 204 /'\ 90 "
required amount of modifier was dosed: 0.05; 0.07; . 18] .o R /
0.1; 0.3 and 0.5 mass %. The prepared samples 2 141 / \ 2 807 /
were dried on the surface of the watch glass & 14] / \_ g 70 b
for 24 hours without heating. £ 124 / \\ o 604 /

. et [}

To determine the contact angle of prepared £ ] / y £ 50 /'
samples with test liquids, the Washburn thin- 2 ¢ h B\ 3 4] /
walled capillary impregnation technique was used. -3 6. / \\\ £ 30 J
Samples were prepared in the form of a 5 % £ 4] // a 8 201 /
suspension in isopropyl alcohol and applied to J \_ = .
the glass surface with dimensions of 4x8 mm. 3_ 107 _/
After drying the suspensions, markings were ap- 1 > 3 4 5 6 0 S S

plied on the surface of the layer (three consecu-
tive marks with a distance of 1 mm). Samples
were conditioned in vapors of the test fluid and
then measured the passage time between the
marks of the wetting front during immersion.

The wetting time was recorded using a video camera
with an accuracy of 0.1 s. The number of time measure-
ments for each solvent was 5 times, and the average mea-
surement error in the entire array of solvents was 6.9 %.
For calculations, the modified Washburn equation (1) was
used, assuming that the most non-polar liquid — hexane
completely wets the surface, i. e. the cosine of the contact
angle approaches unity.

where @ — the dynamic viscosity of the liquid; ¢ — its
surface tension; ¢ — the travel time of the front between
the marks; index 0 corresponds to hexane, index ¢ cor-
responds to test fluid.

The surface energy was determined in accordance with
the Owens-Wendt theory by the graphical method in accor-
dance with the values obtained by the Washburn method for
the contact angle of the material with test liquids [9, 10].

3. Research results and discussion

It is established that the particles of aluminium oxide
have an irregular, fragmentation shape (Fig. 1). The closest
geometric figure is a prism. The average particle size is
3.3 um, while the distribution of their sizes (Fig. 2, a, b)
is monomodal and quite narrow — with a minimum particle
size of 1.6 um and a maximum of 6.3 um. The calculated
specific surface area of the material, provided there is no
capillary porosity of the particles, is 2800 cm?/g.

Fig. 1. Optical microscopy of aluminium oxide particles
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Fig. 2. Particle size distribution: a — differential curve; b — integral curve

Of all the surface modifiers tested, provided that they
were dried under atmospheric conditions, only Xiameter
MHX 1107 allows to obtain a stable superhydrophobic
state, which is characterized by the rolling of drops of
distilled water from the surface of the powder sample at
the end of processing. This state is observed for modifier
concentrations equal to and above 0.1 mass % by weight
of aluminium oxide and, probably, is a consequence of
a decrease in the polar component of surface energy. This
assumption is verified by determining the contact angles
of the powder material with test liquids according to the
method proposed by Washburn, and hexane is used as test
liquid. ethanol and distilled water, as well as a mixture
of the last two solvents.

Graph in Fig. 3 is a combination of the measurement
results by the Washburn method (up to a modifier con-
centration of 0.1 mass %) with the results of measuring
the contact angle by the sitting drop method (0.1 mass %
and higher).
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Fig. 3. Change the contact angle of the aluminium oxide surface

Noteworthy is the sharp jump in the contact angle
in the concentration range of polymethylhydrosiloxane
from 0.07 to 0.1 mass %. However, it is likely that when
using water as a test fluid in the sitting drop method,
a Cassie state is achieved. This introduces a certain error
in the measurements and does not allow to accurately
determine the surface energy of the material.
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To solve this problem in the Washburn method, water
as a test fluid is replaced with its mixture with ethanol.
The components of the surface tension of the mixture
were calculated in accordance with the procedure [11].

Fig. 4 shows that the change in the dispersion and
polar components of the energy of the surface of aluminium
oxide with increasing concentration of the modifier most
pronounced occurs in the range from 0.05 to 0.1 mass %.
A significant decrease in the polar component is associated
with the screening of the active functional groups of the
oxide surface by a nonpolar modifier [12].

3514

Surface energy, mN/m
—_ [\
w3

n L L 1 "

%
>—||—4_

0 T T T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.
Modifier concentration, mass %

L —0-

Fig. 4. The dependence of the Al;05 surface energy components
depending on the concentration of polymethylhydrosiloxane:
1 — dispersed; 2 — polar

It is worth noting that for cases of hydrophobic material
it is possible to choose a mixture of ethanol and water,
the surface contact angle of which will be 90 degrees. In
this case, the ordinate of the solvent point in the Owens-
Wendt graphical method takes the minimum value:

- ®)
y_2\/@7

where 6; — the surface tension of the test fluid, and o? —
the dispersion component of its surface tension.

4. Conclusions

It is established that the white aluminium oxide used
in the work has a monomodal distribution of particles, the
average size of which is 3.3 pum. The most effective modifier
for the surface of this material is Xiameter MHX 1107
polymethylhydrosiloxane.

It is shown that the contact angle of the surface of the
dispersed material obtained by the Washburn method using
a mixed solvent (water-ethanol) as a test fluid can be used
to calculate the values of the surface energy components
of aluminium oxide. There is no error in the form of the
Cassie state, which is observed for hydrophobic dispersed
materials when using water as a test fluid.

The value of the effective concentration of the modifier,
which is 0.1 mass % by weight of the dispersed mate-
rial. Moreover, a sharp drop in the share of the polar
component of its surface energy occurs, starting from
0.05 mass % modifier.
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