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Wettability of sapphire
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Presented are the study results of wetting of main crystallographic surfaces of sapphire
with water and glycerin by measuring the wetting angle of a rest drop. It is shown that,
depending on the surface function of a sapphire, both maximum and minimum wetting can
be attained by varying the crystallographic orientation.

IIpencraBieHsl pesyabTaThl MCCAEILOBAHWS CMAaYMBAHUSA OCHOBHBIX KpHCTAaJIorpaduuec-
KHUX IOBepxHocTell camdupa Bomoil u rauiiepuHoM. VICI0Ib30BaH METOI M3MEPEeHUsT KPaeBoro
yraa mokosimeiics Kamau. [lokasamo, 4To B 3aBUCHMMOCTH OT (DYHKIIUU [IOBEPXHOCTU carru-
pa, MOXKHO IOCTUTHYTh KaK MAKCHMAJIbLHOIO, TaK M MHHMMAJLHOTO CMAauYMBAHUSA IIyTEM
BAPBUPOBAHUSA KPHUCTAIIOrpaduuecKoil OPHEeHTAIINH.

The effectivity of sapphire use in chemi-
cal engineering and in medical implants is
defined, among other factors, by the wet-
ting of its surface with liquid substances in
contact. The wettability is among the
"bioactivity” factors of the implant surface.
Depending on the surface destination, both
the maximum and minimum wetting may be
required. At the same time, there are sub-
stantially no literature data on the sapphire
wetting. In [1] dealing with the contact wet-
ting angle, the surface free energy of sap-
phire has been determined to be of
52.95 erg/cm?, but the corresponding crys-
tallographic plane has been identified. In
the mineralogical literature, the wettability
characteristics of 92° to 80° are indicated
most often, these data being not associated
with crystallographic characteristics, too.
That is why the angular range is so broad.
Sapphire is anisotropic, thus, the surface
free energy values differ considerably for
various crystallographic planes. This work
deals with wettability determination for
main crystallographic planes of pure and
doped sapphire.
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The wettability is characterized quantita-
tively by the wetting angle Q% formed at a
solid surface along the phase interface. The
value, according to Foxe equation, is re-
lated to the material surface energy and
depends on the surface free energy (SFE)
values of three phase interfaces being in
contact at the wetting line (s-1, s-g, l-g) as
follows:

It is the number of free bonds per unit
surface area (Table) [2] that can be consid-
ered as an approximated measure of that
energy.

In real crystals the SFE depends on the
number, type, and distribution of struc-
ture defects. To unify these parameters,
the crystals were grown at the speed of
10£2 mm/h and annealed in vacuum at
1950£5°C. Then 10 mm thick disks of
18 mm in diameter were cut out of the crys-
tals, the orientation error was less than 1°.
The sample surfaces polished to R, = 0.05 pm
were wiped with cheap cotton wetted with
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Table. Wear rate of leucosapphire (mm/h)

Characteristics of the sample plane Abrasive type

Free abrasive, boron carbine N4 Fixed abrasive,

ACM80/63

Plane d, A n E;, J/m? Load x10 , kg/mm?

3 5 7 11 2.2 5
(0001) 2.165 6.6 5.44 1.97 2.52 3.48 3.84 2.12 7.12
{1012} 3.479 3.5 ~1.3 2.49 3.38 4.22 3.76 6.23 17.8
{1120} 2.379 4.8 1.27 3.45 4.83 6.48 7.83 2.31 8.29
{1010} 1.374 - 1.09 3.26 4.97 7.48 8.11 3.59 11.8

d— interplane spacing; n— number of free bonds; Ef—the surface formation energy [3].
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Fig. 1. Wetting angle of sapphire planes with
water: I — (0001), 2 — {1010}, 3 — {1120},
4 — {1012}, 5 — {1020} (0.05 Ti), 6 — (0001)
(0.1 Cr).

alcohol and then with water wetted cloth
and dried in air. Measuring rest drop wet-
ting angle QY using optical microscopy [4],
the wetting was studied for pure sapphire
at crystallographic planes (0001); {1010};
{1120}; {1012} and for crystals doped with
0.1 % Cr at (0001) plane and with 0.05 %
Ti at (1120) one. The surface was wetted with
distilled water, glycerin, and isotonic solution
(0.9 % NaCl) in air at 25°C. The wetting
angle measurement error was 0.5 to 1.3 %.
The wetting angles for the main crystal-
lographic planes of sapphire are within 68 to
85° range both in polar liquid (distilled
water) and non-polar one (glycerin) (Figs. 1, 2).
The non-polar glycerin wets the surfaces of
all samples studied better than water. The
crystallographic orientation and dopants ef-
fect weaker the @Y value, although the gen-
eral variation character remains un-
changed. The crystal doping is a factor of
importance enhancing the wettability. Dop-
ing with Cr (C = 0.1 %) causes @°(qg1) de-
crease by 12° and 8° for water and glyc-
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Fig. 2. Wetting angle of sapphire planes with
glycerin: 1 — (0001), 2 — {1010}, 3 —
{1120}, ¢ — {1012}, 5 — {1020} (0.05 Ti), 6 —
(0001) (0.1 Cr).

erin, respectively. The same effect is re-
vealed at Ti doping (C ~0.05 %), the
Q0(1120) decrease amounting 3°. In isotonic
NaCl solution (C = 0.9 %), the crystal com-
position and crystallographic parameters
are observed to influence the wettability,
too, but the variation trend does not corre-
late with the data on other liquids in all the
cases. This can be explained by difference in
effects of the solution ionic components
(Na* and CI) on the physicochemical sorp-
tion processes at the planes studied. The
values of surface energy for the sapphire
crystallographic planes estimated from the
wetting angles are in correlation with the
results of wear resistance tests carried out
before (Table). The maximum wear rate
with free abrasives is seen to correspond to
minimum Q° values (maximum energy) in
water for {1010} and {1120} (see Fig. 1).
This evidences that water is involved ac-
tively in the wearing process as a surface-
active substrate. The maximum biological
inertness of a sample corresponds to mini-
mum surface energy and, respectively, to
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the maximum possible wetting angle [5].
These data are in correlation also with cor-
rosion resistance of various crystallographic
planes of sapphire [6].

The physicochemical processes in the treat-
ment area in the presence of water can be
described briefly as follows. At the crystal/lig-
uid interface, considerable adhesion forces
occur between the liquid boundary layer mole-
cules and the crystal surface. These forces hin-
der the sliding at the interface. The wetting
phenomenon is explained usually by such an
interaction of force fields. The surfaces in fric-
tion are separated as a rule by a thin lubricant
layer that is connected so strongly thereto that
their direct contact is excluded, and the rela-
tive displacement occurs along the intermedi-
ate liquid layer. The surface activity of a lig-
uid depends on its molecular structure, the
activity being the stronger, the higher is the
molecular polarity. As the liquid molecules ad-
sorbed at the crystal surface are mobile, the
molecular interaction is propagated into the
crystal near-surface layer along the micro-
cracks. The wedging effect of the liquid mole-
cules (the Rebinder effect) develops the micro-
cracks towards macro-cracks and thus causes the
shearing of particles from the crystal surface, so
the dispersion process is facilitated [7]. Since
water wets the {1010} and {1120} planes better
during the grinding, it is just these planes where
the maximum wear rate is observed.

Thus, the dependence of sapphire wet-
ting with water and glycerin on the crystal-
lographic orientation has been studied. The
wetting angle for both liquids is maximum
at the (0001) plane. The minimum wetting
angle values are observed at {1010} and
{1120} for water and at {1012} for glycerin.
A correlation has been found between the
water wettability of the main ecrystal-
lographic planes of sapphire and the wear
rate of those planes under grinding with
free abrasive using water as the suspension
medium.
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3mouyBaHicTh candipy

A.B.Borowun, B.I.Kononenko, J1.A.Tumeunos, O.K.Cesidosa

IIpencraBieno pesyiabTaTH BUBUEHHS 3MOUYYBAHHS OCHOBHUX Kpucrajgorpadiuamx mosep-
XOHb can@ipy BOIOI0 Ta ruinepnmHOM. BuUKOpHCTAHO METOJ] BHMipPIOBAHHA KpPaloBOro Kyrta
Kami, mo mnepebyBae y craHi crmokoio. Ilokasamo, 110 B 3ayieKHOCTL Bix (yHKmii moBepxHi
candipy, Bapinomouu Kpucrajgorpadiuuaoio opieHTaIlielo, MOMKINBE OTPUMAHHSA SK MAKCHUMAJlb-

HOro, TakK i MiHiMaJbHOrO 3MOUYyBaHHS.
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