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Abstract

Inverse gas chromatography at infinite dilution was used to de-
termine the London dispersive surface energy of glass textiles. The
free surface energy, the free specific energy, the enthalpy and en-
tropy of adsorption of organic molecules on the glass fibers were
determined. The Lewis’s acid-base constants of glass textiles were
calculated by using the various methods and models of the inverse
gas chromatography as well as the different molecular models. The
model giving the more accurate results is thermal model that took
into account the effect of the temperature on the polar and non-
polar molecules. It was proved that the glass textiles exhibited an
amphoteric character with a surface about four times more basic
than acidic. The pretreatment of glass fibers was proved to have an
important effect on their surface properties. Indeed, in this case,
the basic character decreased, while the acidic constant remained
approximately identical to non-pretreated glass textiles.

Keywords: London dispersive surface energy; Specific surface
enthalpy and entropy; Dispersive and specific adsorption; Lewis’s

acid base constants; Hamieh model

Introduction

It is well-known that the glass textiles are very used in many
industrial applications, and especially, in high-performance re-
inforced composites [1-10]. In order to prevent the collapse of
buildings and infrastructures, many materials were synthetized
and produced with high performance mechanical composite
properties. Many scientists were interested to high-perfor-
mance materials, such as fiber-reinforced cementitious compos-
ites, high-performance fiber-reinforced concrete, cementitious
composites and textile reinforced cementitious composites [1-
5]. The textile reinforcements were used for the reinforcement
efficiency of high-performance materials [2,6-10].

The glass textiles are one of the most widely employed re-
inforcement for the production of composite materials [10]
The glass reinforced polymers represents about 95% of the
total production of reinforced polymers, and they are used in
many industrial applications in the form of continuous filament
woven in textiles or meshes, or as short fibers dispersed in the
matrix. An important success of glass fiber as reinforcement of
polymers was observed in the development of manufacturing
processes and technological instruments for their production
with a wide scientific literature [10]. The modification of fiber
surface was widely studied for many technological applications
[11-13], and especially, in cement-based composites such as

textile reinforced concrete and fabric reinforced cementitious
matrix systems. The surface modifications are in general intro-
duced to improve the stress transfer between the fibers to sat-
isfy some required physicochemical properties.

The fiber glass reinforced composites can be found in many
industrial fields from very specific applications to consumer ap-
plications. Some of these applications include: public works and
building, electricity and electronics, sports, transportation, mili-
tary sectors and energy generation devices [14].

Glass fibers are often used with thermosetting resins, in par-
ticular with epoxy resins. One of the applications of this type
of composite concerns electronic device support plates [15]
generally consisting of several layers of fine glass textiles pre-
impregnated with brominated epoxy resin.

The surface physicochemical properties of the glass textiles
can be advantageously determined by Inverse Gas Chromatog-
raphy (IGC) at infinite dilution that was proved to be the best
surface technique that allows to obtain the London dispersive
energy, the free enthalpy of adsorption, the specific thermody-
namic variables of adsorption of organic molecules on the solid
surfaces as well as their Lewis acid-base parameters [16-30].
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The aim of this paper is to study the stripped thermally glass
textiles by using the IGC technique at infinite dilution. Two chro-
matographic columns were prepared with these glass textiles,
the first one was used without pretreatment, whereas, the
second one was pretreated at 150°C, over 15 hours. The glass
fibers are characterized by a filament diameter of 9 mm, a thick-
ness of 180 mm, a number of filaments in each filament yarn
equal to 400 filaments and a surface mass of 200 g/m?.

Methods

The surface thermodynamic properties of solid surfaces
such as metals, oxides, textiles, polymers adsorbed on oxides
and supported catalysts, were very determined by many scien-
tists by IGC technique at infinite dilution [23-25,31-40]. Some
corrections were introduced in literature to give more accurate
values of the dispersive surface energy and Lewis’s acid-base
constants [34-37]. Due to their importance in many industrial
processes and applications, one proposed to study the surface
properties of glass textiles. We used different methods and
models to characterize these glass fibres.

The important parameter highlighted by IGC technique is the
net retention volume ¥n of the organic solvents adsorbed on
the solid surfaces. This parameter is a strong characteristic of
the interaction between the studied materials and the probes
injected in the chromatographic column. These probes can be
polar or non-polar organic molecules. The non-polar such as
n-alkanes characterize the dispersive properties of the solid
materials, whereas, the polar solvents such as acetone, ethyl
acetate, ethyl oxide, toluene, carbon tetrachloride, chloroform
and dichloromethane.

In a previous paper [36], we showed the linear dependency
of the net retention correlated ¥n obtained from IGC tech-
nique, with respect of any thermodynamic parameters X; of
organic molecules. The general equation can be written as:

RTInVn =a; X; + b;.1 # (1)

where R is the ideal gas constant, T the absolute tempera-
ture, and &; and &; are constants depending on the interaction
between the solid surface and the organic solvents.

Sawyer and Brookman [17] used the notion of the boiling
point Tz of the solvents, whereas, Saint-Flour and Papirer
[18,19] related RTInV'n to In Fy, where is the vapor pressure
F; of the probes at a fixed temperature. Where R is the ideal
gas constant, T the absolute temperature, - and 5. constants
of interaction.

On the other hand, Schultz et al. [20] used the Fowkes's re-
lation [22] and proposed the dispersive component }’.—d of the
surface energy of the solvent as a thermodynamic parameter
correlated to RT[n¥V'n with the help of the surface area a of the
probe supposed constant for all temperatures.

Later, Donnet et al. [23] proposed a method based on the
deformation polarizability tt;, whereas, Chehimi et al. [39,40]
used the standard enthalpy of vaporization ﬂH,E'E_ﬂ (supposed
constant) of organic molecules. Brendlé and Papirer [24,25]
used the concept of the topological index ¥+ that is a param-
eter considering the topology and the local electronic density in
the polar probe structure.

Now, by using one of the previous IGC methods, it is pos-

. . e 23 .
sible to determine the specific free energy 4G," of adsorption
of polar molecule on the solid substrate from the distance relat-

ing the representative point of AT'InVn of a polar molecule to
its hypothetic point located on the n-alkane straight-line. The
specific enthalpy ﬂHi'ﬂ and entropy ES’i'ﬂ of the adsorbed po-
lar molecule can be determined from the variation of 4G, (T}
versus the temperature:

AGT (T)=aH -TAST (2)

Knowing of EHEP polar solvents, the two respective acid
base constants K, and K| of solids can be determined by Papirer
following relation [18,19]:

—AHIP

AN

DN
= FEtE (3)

Where AN and DN respectively represent the electron donor
and acceptor numbers of the polar molecule given by Gutmann
[26] and corrected by Fowkes.

Furthermore, the dispersive component }f of the surface
energy of the solid can be obtained by applying the method of
Dorris and Gray [38] who first determined }rf of solid materials
by using Fowkes’s relation [22] and the work of adhesion W}

to the free energy of adsorption 4G~ by the following relation:
—
AGE = Na W, = 2Na J yiyd (4)

Where } is the Avogadro’s number.

Dorris and Gray introduced the increment AGE . _ of two
consecutive n-alkanes € Ho oy and g Ha sy

":"G—DCH:— = ":"GD{ErHLH:mH:}_":"GD{EHH:m+L|}
(5)
They supposed the surface area of methylene group,

a_cx-_ = 64, independent from the temperature and the sur-
face energy y_y-_ lin m] /m*) of —CH2 — equal to:

Vo = 52.603 - 0,058 T (T inK)

Dorris and Gray [38] then deduced the value of }f by the
equation (6):
vl
el (6)

-
Another method allowing to obtain }rf of solid surfaces was
proposed by Schultz et al. [20]

Molecular and Hamieh Thermal Models

In previous studies, one proposed the various molecular
areas of Kiselev, Van der Waals (VDW), Redlich-Kwong (R-K),
Kiselev, geometric, cylindrical or spherical models [28-30] to de-
termine the dispersive component of many solid materials and
the corresponding specific parameters. One also proved [34-37]
that the method of Schultz et al. [20] cannot be used to charac-
terize the solid surfaces and obtain quantitative properties, be-
cause they supposed the surface area of probes as constant and
independent from the temperature. While, it was proved that
the surface area of molecules is function of the temperature
[34-37]. Consequently, the values of y2, ﬂﬂl':'ﬂ and the Lewis
acid base parameters obtained many authors are definitely in-
accurate and they have to be corrected. Indeed, one gave the
different relations of the surface area a{T’} of organic molecules
and n-alkanes versus the temperature and the surface area of
methylene group a_gy-_ (T} also proving the non-validity of 32
determined by Dorris-Gray relation [38].

We determined the surface properties of the glass textiles by
applying the different IGC methods and the molecular models
of the surface areas of molecules as well as the thermal model
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taking into account the variations of the surface areas of organic
molecules as a function of the temperature.

Experimental

Table 3: Variations of (—ﬂ'-Hi'n in kJ mol™!) as a function of the
used models or methods of polar molecules respectively adsorbed on
Glass textiles | and II.

M ol d Sol Glass textiles |
aterials and Solvents
Probes | CCl, | CH,CI, | CHCI, Toluene Ether THF EA | Acetone
All chemicals used in this study such as the n-alkanes (pen-  Kiselev | -3.76 | -0.62 | 40.26 -3.06 |-19.05 2.90 2.68  5.09
tane, hexane, heptane, octane, nonane), and the polar solvents  cylindri- 422 | 1390 | 1320 | 076 |-2682| 2.60 | 3.96 | 3.35
(acid (CCl,), strong acid probes (chloroform (CHCI,) and Dichlo-  cal ' ' ' ' ' ' ’ '
romethane (DCM)), amphoteric solvent (toluene and acetone)  vpw 482 | 3.68 | -26.35 10.91 14.79 12.03 558  7.62
and strong basic solvents (ethyl acetate, diethyl ether and Ttet-  Geomet-
rahydrofuran (THF)) at highly pure grade (99%), were purchased i 127511118 | -2.73 | 554 | 11751 5.76 | 810 | 3.43
from Fisher Scientific. The above polar organic probes are char-  gegiich-
acterized by their donor and acceptor numbers. The corrected | kwong 490 | 38 |-2386| 1091 1486 1211 553 | 7.61
acceptor number and normalized donor number were used in  gpperi-
this study and given in Table 1. wl 6.11 | 6.01 | -39.77 13.10 16.28 12.61 6.35  9.43
GC Conditions Hamieh | 6.07 | 23.70 68.13 | 1853  36.72 | 42.42 27.61| 32.36
Boiling
Table 1: Normalized donor and acceptor numbers of some polar point 4139 | -1.56 | -007 | 110 |-13.38) 185 ) 3.71 | 3.11
molecules. Vapor
' ' AN’ 13.40 1467 @ 7.66 13.00 0.85  6.16 | 9.15 14.82
Polar probe DN AN DN'/AN Character pressure
ccl, 0 2.3 0 Acid Defor-
CHCI, 0 18.7 0.00  Higher acidity mation
; i 14.40 -3.56 | 877 542 | 16.69 16.26 10.11 13.43
CHCI, 3 13.5 0.22 | Acid polariz-
Toluene 9.75 33 2.96 | Amphoteric ability
Acetone 42.5 8.7 4.89 Higher amphoteric DHvap 2.57 2.33 1.96 0.21 6.10 2.59 2.28 4.83
Ethyl acetate 42.75 5.3 8.07 Base DH,,(T) | 10.10 416 | 1612 618 | 2510 1690 - -
Diethyl ether 48 4.9 9.80 | Base Topo-
THE 0 19 2632 Higher basicity !oical 9.71 | 1475 | 1520 500 | 17.31 429  4.06 7.00
Index
Table 2: Equations ]r_f (T} of glass textiles (pretreated (I) and without Average
pretreatment (I1)) for the various molecular models of n-alkanes, E_f, values 6.23 = 497 558 | 6.74 7.78 1065 743 934
HT =0K)and T
Ve {T ] Max Glass textiles Il
Glass textiles | Tol
. A , pr— olu-
Molecular YiT &= dyd dT | YT = 0K | T Probes = CCl, CH,CI, CHCl, ene Ether | THF = EA  Acetone
model mJ/m? mJ m2K* mJ/m? K
(m3/m?) ( ) (m3/m?) (K) Kiselev | 535 | 33.57 49.61 044 996 7.45 | 936 5.09
Kiselev ¥ET1=-0.20T +97.3 -0.20 97.3 479.4 Cvlindri
o ylindri-
Cylindrical FET) =-0.17T + 87.7 -0.17 87.7 505.7 cal 1.64 899 | 3412 | 057 | 1648 5.74  4.01 7.41
VbW FiT1=-021T+99.8 | -0.21 99.8 4812 | ypw 103 2912 | 3598 -10.34 1015 -2.05 630 6.75
Geometric Ty =-0.11T+59.6  -0.11 59.6 545.5 Geomet-
. o i -10.80 2.80 | 7.33  -530 10.07 142 -6.82 0.92
Redlich- ric
12T1=-0.34T+163.0 |-0.34 163.0 481.2
Kwong - Redlich-
Spherical FET) = -0.68T + 307.5 -0.67 307.5 456.2 kwong 0.97 29.60 | 39.12 -10.34 | 9.89 | -26.44 2.43 6.78
Hamieh ¥XT1=-0.37T + 168.4 | -0.37 168.4 450.4 Spheri-
) -0.25 | 36.43 | 52.24 -12.42  24.02 -1094 | 519 466
Dorris-Gray | 17*(T =-0.15T + 84.8 -0.15 84.8 556.4 cal
Gray-Hamieh | =Ty =-0.51T +229.4 -0.51 229.4 445.6 Hamieh | 6.95 | 70.27 | 68.19 18.03  36.41 42.25|26.98 32.73
Global aver- Boiling
¥ET1=-031T+144.2 -0.31 144.2 472.3 ) 409  -6.89 | 421 056 -0.29  1.45 349 425
age c point
Glass textiles Il Vapor
Molecular YT 2= dydydT | YT = 0K | Taa oressure 0.46 196 | 2.09 6.04 | 1003 1.30 1150 9.52
del 2 K-
mode (mJ/m?) (mJ m2K?) (mJ/m?) (K) Defor-
Kiselev ¥ET1=-0.17T + 81.1 -0.17 81.1 484.3 mation
o o i 737 | 117 | 276 396 | 7.53 14.83 1341 141
Cylindrical ¥¥T1=-0.15T+76.38 -0.15 76.3 499.7 polariz-
VDW yT)=-018T+860 018 86.0 4783 ability
Geometric Ty =-010T 4521 010 521 535.8 DHvap 354 | 200 | 350 161 @ 1.01 252 027 229
Redlich- DHvap(T) | 14.67 @ 12.83  15.94 = 14.68  27.07 | 21.55
PST = -0.29 140.5 478.2
Kwong ¥T1=-0.29T + 140.5 Topo-
Spherical FA(T)=-058T +265.4 -0.58 265.4 453.8 logical | 11.32 | 18.71 | 12.00 527 23.80 12.62| 579  9.02
Hamieh a(T) |1*T)=-0.34T+149.1 -0.34 149.1 440.6 index
X Average
Dorris-Gray T} =-0.13T+72.6  -0.13 72.6 555.4 Valuesg 3.56 | 18.50 | 25.16 098 | 14.32 552  6.83 7.7
Hamieh-Gray T} =-0.45T+198.6 -0.45 198.6 443.6
Global aver-
age 1ET1=-027T+124.6 |-0.27 124.6 468.8
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Table 4: Variations of (_,-j,jir";'n J K~ mol™!) as a function of the
used models or methods of polar molecules respectively adsorbed on
Glass textiles | and Il.

Glass textiles |
Probes CCl, | CHCI, | CHCI, Toluene Ether | THF | EA Acetone
Kiselev -10 7 137 -11 -33 37 17 35
Cylindrical -9 -22 64 -3 -60 33 0 0
VDW 11 -1 -101 25 23 2 5 5
Geometric 24 17 -31 13 17 -12 3 -8
Redlich-
12 -1 -113 25 23 2 5 5
Kwong
Spherical 15 3 -145 32 26 4 9 12
Hamieh 11 65 183 1 0 43 | -18 8
Boiling point | 15 3 4 6 -21 38 43 40
Vapor pres-
44 48 37 45 24 51 65 76
sure
Deformation
o 20 9 12 4 27 3 -1 -9
polarizability
DH,,, 11 9 0 5 0 39 35 42
DHvap(T) 31 12 46 15 61 25
Topological
) 8 19 20 3 32 -28 | -25 -24
index
Average
14 13 9 12 9 18 11 15
values
Glass textiles Il
Probes CCl, | CHCI, | CHCI, Toluene | Ether | THF | EA Acetone
Kiselev 19 116 171 0 58 51 | 39 35
Cylindrical 9 48 131 3 71 43 | 26 35
VDW 7 105 136 -24 56 29 34 41
Geometric -20 26 46 -12 51 35 2 23
Redlich-
7 107 146 -24 55 -44 | 22 41
Kwong
Spherical 3 132 190 -30 99 1 29 33
Hamieh 34 248 229 67 141 | 173 | 124 139
Boiling point | 14 -10 12 5 19 36 42 43
Vapor pres-
12 25 12 6 24 33 43 35
sure
Deformation
o 15 1 0 4 25 -21 | -23 -22
polarizability
DHvap 13 0 11 0 22 38 29 34
DHvap(T) 46 35 53 43 69 | 41
Topological
. 15 28 17 4 52 0 | -19 -16
index
Average
12 66 89 3 56 32 29 35
values
Tables 5: Values of i , K}, , iy and @y of the two glass fibers | and
Il with the acid base ratios by using Hamieh thermal model.
Solid surface K, K, K/K, 10°w, 10°w, w/w,
Glass textiles | 0.43 1.08 2.49 0.34 0.73 2.15
Glass textiles Il 0.41 1.52 3.76 1.68 5.79 3.44

The experimental measurements were performed on a com-
mercial Focus GC gas chromatograph equipped with a flame
ionization detector. Dried nitrogen was the carrier gas. The gas
flow rate was set at 30 mL/min. The injector and detector tem-
peratures were maintained at 420 K during the experiments.
To achieve infinite dilution, 0.1 pL of each probe vapor was in-
jected with 1 puL Hamilton syringes, in order to approach linear
condition gas chromatography. The two columns used in this
study were prepared using a stainless-steel column with a2 mm
inner diameter and with an approximate length of 20 cm. The

column was packed with 1 g of solids in powder forms. The col-
umn temperatures were between 290 K and 360 K. Each probe
injection was repeated three times, and the average retention
time, t,, was used for the calculation. The standard deviation
was less than 1% in all measurements.

Results
Determination of the Dispersive Surface Eenergy

The dispersive components of the surface energy of the
glass textiles (non-pretreated and treated) were calculated by
using the various molecular models, Dorris-Gray method and
the thermal model [34-37] taking into account the variations
of the surface area versus the temperature. The results were
plotted on Figure 1. The variations of 2 (T} of the glass fi-
bers as a function of the temperature showed linear variations
with excellent correlation coefficient. One observed on Figure 1
a large difference between the values of £ (T} calculating by
the different models that can reach 100% in some cases. The
more accurate results were obtained by the thermal model [34-
37]. Figure 1 also showed that Redlich-Kwong model, cylindri-
cal model and the average values gave the closer results rela-
tive to the thermal model, followed by Kiselev, Dorris-Gray and
Hamieh-Gray models. The hypothesis of the classic methods of
Schultz and Dorris-Gray considering the surface areas of organic
molecules as constant independent from the temperature was
proved to be wrong. On the other hand, one observed that the
dispersive surface energy decreased for the pretreated glass
textiles about 10mJ/m? as a function of the temperature. This is
due certainly to the elimination of water molecules by thermal
treatment of the glass fibers.

In order to understand the differences between the various
molecular models for the two glass textiles, Table 2 presented
the equations of ¥#(T) determined for the glass fibers as a
function of the temperature, the dispersive surface entropy E§
, the extrapolated values y2 (T = 0K} and Bithe maximum of
temperature Ty, defined by:  _ _ =0 for the two previ-
ous textiles. =

The obtained equations on Table 2 proved that the results
of Redlich-kwong model are closer to that of Hamieh model
once proving the strong effect of the temperature on the sur-
face areas of molecules and therefore on the dispersive surface
energy of materials. The maximum of temperature Ty, Of the
two glass fibers | and Il are very closedTyy,, = 430K .

The obtained values of the dispersive surface entropy E§ and
the extrapolated values % (T = 0K} varied from model to an-
other model proving the non-validity of Schultz et al. method
[20].

Specific Free Variables and Lewis’s Acid-Base Parameters

By using the different molecular models and IGC methods,
one determined the values of the specific variables such as the
specific free energy (a“_"-li?;'rJ (T}) of polar solvents adsorbed on
glass fibers as a function of the temperature (Tables SI1 and
S12) showing linear variations of (i'-liF;'rJ (T}) and irregular val-
ues between the different IGC methods and models as it can be
shown on Figures 2. One presented on Figures 2 the evolution
of (EG:'ﬂ (T} of CHCI,, acetone and THF, whereas Figures (SI1)
gave the variations of the specific free energy of CCl4, CH.CI,,
toluene, diethyl ether and ethyl acetate.

The values obtained with different models and methods are
not similar, they can vary from simple to double or triple as it is
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Figure 1: Evolution of y_s*d (mJ/mA2) of glass textiles (pretreated
and without pretreatment) as a function of the temperature T (K)
for the various molecular models.

shown in Figures 2 and SI1. All these observations required the
necessity to the correction of the classical methods and there-
fore using the new thermal model that considered the effect of
the temperature on the surface area of the solvents.

The curves of Figures 2 clearly showed the importance differ-
ence the pretreated and non-pretreated glass textiles. Indeed,
one observed for all polar molecules that the non-pretreated
glass fibers exhibited larger values of the specific free energy
of adsorption for all temperatures proving that the presence of
water molecules effectively affects the glass fibers by dissoci-
ating their surface sites and inducing more important specific
interactions between textile surfaces and the polar molecules.

From the variations ofai'-liﬂf'rJ (T, one determined the specific
enthalpy and entropy of polar molecules adsorbed on the glass
textiles by using relation (2).

Enthalpic and Entropic Acid Base Constants

On Tables 3 and 4, one gave the values of (—ﬂﬂi'ﬂ] and (
—ﬂ5§p] of polar molecules adsorbed on the glass fibers by
using the various models and methods. Results obtained also
showed irregular values of (—i'-Hi'ﬂ] and (—ﬂSE'ﬂ]. Only the
thermal model gave more accurate results because it took into
account the thermal effect of the temperature on the surface
area. One found a large difference between the two glass fibers.
The specific variables values are more important for the non-
pretreated glass textiles and especially for the interaction with
the more acidic solvent such as CH.CI,.

To determine the Lewis acid base constants of the glass fi-
bers one represented the variations of (fv'] (Figure 3) and
s

< (Figure SI2) as a function of {ﬂ) for the different ethods
AN AN
and models.

The linearity of the curves on Figures 3 and SI2 is in general
not insured for several of the applied models and methods. One
determined the values of the acid base constantsk,, Ky , iy
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Figure 3: Variations of ( ] as a function of o for different
molecular models and IGC methods for the glass textlles Iand Il

and wp of glass textiles (Tables SI3), by using the various IGC
methods and models.

The various classical methods and models gave smaller lin-
ear regression coefficient R? sometimes reaching 0.0506 and
therefore cannot be considered as confident values. The accu-
rate results obtained by using the thermal model showed an
important difference in the acid-base constants that can be pre-
sented in Table 5.

Table 5 proved that both glass textiles | and Il exhibited an
amphoteric surface with more accentuated basic character
(about 3.8 times more basic for the glass textiles Il and 2.5 for
the glass textiles ). The acidic character is the same for the
two glass fibers. Whereas, the basic Lewis constant is 1.5 times

more important for the non-pretreated glass textiles than the
pretreated textiles. This difference is due to the presence of
some impurities and water molecules in the industrial textiles
that can contribute to increase the acid-base force and more
particularly its basic character.

Conclusion

The surface thermodynamic properties of two glass textiles
(raw and pretreated glass fibers) were completely determined
by inverse gas chromatography at infinite dilution. The princi-
pal and fundamental parameter obtained from this precious
IGC technique is the retention volume of the adsorption of n-
alkanes and polar organic molecules on the textile materials.
The London dispersive energy of these fiber surfaces were de-
termined by using eight molecular models and five IGC classical
and new methods. The specific parameters of the glass textiles
were obtained from the different models and methods. The
only valid model was that based on the thermal effect on the
surface area of organic solvents.

The determination of the enthalpy and entropy of the differ-
ent polar solvents adsorbed on the glass textiles led to deter-
mine the Lewis’s acid-base constants X, and K; and entropic
acid base parameters wy and iy of the glass textiles and proved
a very important amphoteric character with a basic character
for the two glass textiles about three times larger than their
acidic character. An important effect of the pretreatment on
the specific properties was highlighted. It was proved that the
surface specific characters of the different thermodynamic pa-
rameters decreased when the glass textiles when pretreated.
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