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The effect of zuater content on viscosity of binary sodittm and potassium borate glasses is studied" Glasses zuith dffirent

zuater content zuere obtained under dffirent melting conditions" The influence af the synthesis conditions on the spectral

absorption in tlrc waaelength range 2.54 pm, due to the presence of structurally bound water, is inuestigated. The

synthesis under dffirent conditions makes it possible to prepare glasses not only raith dffirent raater contents but also

wrth dffirent ratios befiaeen the so-called free and bonded hydroxyl groups. [t is demonstrated that the tff rt of water

on aiscosity depends on the ratio between fyee and bonded hydroxyl groups in glass structure.

1. lntroduction
Any glass synthesised in air includes water in differ-
ent forms. The amount of water formed in the glass
in the course of synthesis can vary from hundredths
of a percent to a few percents. The amount of water
in glasses depends on the melting conditions and
can Lre determirred by suclr factors as pt,rity tif batch
components, temperature and time of melting, and
water vapour partial pressure. According to publica-
tions,(t-7t water in glasses can exist in molecular form
and in the form of hydroxyl groups. The removal of
water in any form from the glass is a rather complex
problem"

The investigation into the structural features of
glasses with residual water in different forms is es-
pecially topical forborate glasses, which are strongly
hydroscopic, thus their properties are sensitive to the
water content in glass"

As follows from our previous results(8'e) structure
sensitive properties of borate glasses depend strongly
on water content in the glass structure. It is worth
noting that the effect produced on the viscosity by
structural water is considerably more pronounced
than that observed upon the introduction of an al-
kali oxide into a borate glass. For example, the data
obtained in our study indicate that the change in the
logarithm of viscoslty by one order of magnitude
corresponds to the introduction of approximately
2-4 molo/" RzO or 0'2-0'3 mol% H2O into the structure
of borate glasses. Thermal expansion coefficients
of borate glasses are also substantially affected by
water. The character of variations in the viscosity
and thermal expansion with a change of the water
content depends on the concentration of an alkali
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oxide entering into the glass composition.
Structural parameters (such as fragility parameters

or the structural relaxation parameter), which depend
directly on the content of alkali oxides entering into
the glass compositions, remain unchanged under
variations in the water content in the concentration
range correred.

The paper presents some new results concerning
the structure and properties of water containing alkali
borate glasses"

2. Experimental

We have studied glasses of compositions 5"5R2O-
9 4. 5B zO s, 1 5&0-858203 and 25&O-75BtOr. The series
of binary alkali borate glasses containing 5"5, L5 and
25 mol/" R2O, where R=Na and K" Boric acid and
carbonates of the corresponding alkali metals were
used as initial components. The mixture of batch
components was melted in a platinum crucible with
a volume of 200 ml in the electric furnace in air.

The melting conditions of studied glasses are Pre-
sented in Table. The glasses of different composifions
were melted at temperatures of 950, 1200 and 1300'C"
To obtain glasses with different residual water con-
tent, temperature and time of glass melting were
varied" For the convenience of further discussion,
identical synthesis conditions for glasses of different
compositions in Table 1 are designated by identical
letters (from A to F).

The chemical analysis of the glasses (performed
at the laboratory of analytical chemistry, Institute of
Silicate Chemistry) demonstrated that variations in
the compositions of glasses synthesised under dif-
ferent conditions are insignificant and do not exceed
1-1'5 mol%.
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Table 1,. Melting conditions of studied glasses

Synthesis
denotation

'Temperature ('C) Time of heat treatme'nt (h)

'5

(after 3 h melting at 950"C)

vibrations of hydroxyl groups in the glass structure

with absorption maxima at2'84"'9 and 3'5-3'7 pm"

On the basis of the experimental data for a number

of oxide glasses, such as alkali silicate glasses and

borate glisses containing alkali earth metal oxide,

Scholze,(2) Franz(1s) and Franz & Scholze(1e) attributed

the absorption band at2'8_2"9 prm to nonassociated so

called free (not linked by hydrogen bonds) hydroxyl

A 9 5 0 2
e 9 5 0 3
c 1200 1
D 1200 2
E 1200 4
F 1300 I

The viscosity of the samples was measured with grguq:, and assigned the band at 3'39-3'63 prm to so

a viscometer by the beam bending method in the called bound hydroxyl grouPs linked by hydrogen

temperature range corresponding" to a _change 
in hydrogen bonds in the glass structure" The structures

the viscosity (rl) f?o- 10t0 io 10t3 d"pas. The -"1hod oi p.tt" silica glass and vitreous boron oxide involve

consists of determining the bending rate of a rod oniy free oH groups. The addition of an alkali metal

horizontally mounted on two suppoits under a load oxide to silicate orborate glasses leads to the aPPear-

applied to the cent of the sampl".itol Th" root-mean- ance of nonbridging oxygen atoms. These atoms and

square error of measurements using this method was hydroxyl groups can form hydrogen bridging bonds'

"qrrut to t0.041g4" 
v 

As a reiult, the second absorption band at a larger

The infrared absorption spectra of the glasses wavelength arises in the infrared spectra"

were obtained at room temperature with th" or" Different researches revealed other absorption

of samples in the form of o"r-o.z mm thick plates bandsassociatedwithwater"Anumberof authorsel&1e)

polished in kerosene. The experimental tecn'-nique assign the absorption at 4"25 ptm to vibrations of hy-

and preliminary processing wgle described in more droxyl groups linked by very strong hydrogen bonds'

detail in startserrL Gol.rbJva.(n) Adams6) rather convincingly justified theassumption

that the absorption in this spectral range is attributed

3. Results and discussion 
to Coz molecules of atmospheric air rather than to

water in glass structure. Emsberger(s)found theband

Figure 1 presents the results of viscosity measure- at a wavelength of 6"1" prm in the spectra of glasses

me'ts and measurements by infrared absorpticn with very high water content" At present, this band

method for the four series of studied glasses. is attributed to dissolved molecular water'

It can be seen from Figure 1 that, ior the glasses Furthermore, there are alternative interpretations

of the same content of the main componentl 61(), of absorption spectra of glasses due to the presence of

and R2O), the deviations in the logarithm of viscosity water. According to Efimov('n)the infrared absorption

values can reach three ord.ers of iragnitude" spectra of inorganic glasses contain a considerably

According to literature,(11-rs) it is deheved that the lirger number of associated bands with water in

viscosity of glasses reduced on increasing the water the glass structure. The total number of these bands

in glass structure. The term 'water' .rrrrilly means in the wavelength range from 2'7-6'5 Fm can be as

the water in the form of free hydroxyl gro,rps. The large as 15. Among these bands, at least four bands

decrease in viscosity is usualiy e*ptainea by the correspond to water in molecular form. Tomozawa(6)

existence of broken bo.rds in glass siructure due to showed that, at water content up to L wt"/" in silicate

formation of hydroxyl groups]oth", forms of water glasses, _water 
is predominantly rePresented by

content are not taken iito consideration' hydroxyl grouPs in the glass structure'

It was shown in our previous work(17) that glass It can be seen from Figure l(e)-(h) that increase in

melting condition, .ur, affect the ratio bet*een the temperature and time of synthesis (according to

forms of water content in alkali borate glasses struc- Table 1)1eads to a decrease in the intensity of the first

ture. These changes can influence the properties of band (with absorption maximum at2'8-2"9 prm) for

glasses. Therefore a comparison was *ud" of th"trr,ul all the glasses. These changes in the intensity indicate

dependencies of viscosity and infrared absorption a decrease in the content of water in the form of free

spectra of glasses obtainbd under different glasses hydroxyl groups" However, the decrease of water

melting conditions. in the form of free hydroxyl grouPs is not always

Figure 1(e)-(h) depict the absorption spectra accompanied by an increase of viscosity. In some

K(L) of studied'giurr"r, where K is the absorption cases (Figure 1(b) synthesis F, Figure 1"(c) synthesis

.o"ffi.i"r,t (cm-l)"and,A is the wavelength (prm)^" The F, Figure 1(d) synthesis F) one can see a decreased

absorptior, .o"fii.ients were calculate-cl taicing into viscoiity on decreasing the intensity of fist band'

account the losses by reflection from the sJmple sughLbehaviour of viscosity can-be explained by

surface.(r) 
"--- - r - - 

the changes in the ratio between free and bonded

The wavelength range under investigation hydroxylgroups.A:.ulbeseenfromFigurel(e)-(h),

contains two bands associated with the strelching simultaneously with the changes in the intensity of
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Figure I-" Temperature dependencies of aiscosity and infrared absorption spectra of nlkali borate glasses obtained under

dffirent glass melting conditions kccording to Table 1)
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the fust band in absorption spectra, a variation in

glass melting conditions leads to a change of the

Jecond bandlwith absorption maximum at 3'7 pm)'

However, this change in the intensity does not nec-

essarily correlate wilh the change in the intensity if

the first absorption band. Actually, in some cases/ an

increase in the intensity of the first band is accompa-

nied by a decrease in the intensity of the second band'

This tendency tendency is clearly seen in Figure 1(f)

(synthesis conditions D, F) and Figure 1(g) (synthesis

conditions B, F)" It is especially pronounced in Figure

t(h), which shows the infrared absorption spectra of

the glasses containing 25 mol% KrO.

fi" tp".trum of this glass, prepared at 1300'C

(synthesii conditions F), is characterised by the lowest

inlensity of the first band (in addition to the glasses

sy.nthesised under conditions D and E) among the

spectra of other glasses that have the same composi-

tions but are synthesised under different conditions"

This fact suggests a minimum water content in the

sample undei consideration, and consequently the

highest values of viscosity in this series of glasses'

However, as can we see from the Figure 1(d) the

viscosity of the sample obtained under synthesis

conditions F is lower than for glasses obtained under

synthesis conditions D and E. As can be seen from

the Figure 1(h) the intensity of theband with absorp-

tion maximum at 3'7 pm for this sample is h'ighest

compared to those for the other glasses of the series.

Theiefore, the inference that the water content in this

sample is lowest cannotbe made unambiguously' As

u ,"r.rlt, the viscosity values of this glass sample are

rather higher than that should be expected form the

considerition only the first absorption band'

The probability of the changes in ratio between free

and bonded hydrogen groups in borate glass struc-

ture increases on the increasing alkali oxide content.

This probability should correlate with the probability

of foiming hydrogen bonds in glass structure which

depends on the number of the nonbridging oxygen

atoms. tt is well known that in borate glasses the

introduction of alkali oxides into the network does

not result in a drastic increase in the number of

nonbridging oxygen atoms, because a number of

boron atoms transform the three-fold coordinated

state to the four-fold coordinated state'(2t-t') Oxygen

introduced into the glass with the alkali metal oxide

is used for enhancing the network connectivity and

is not accomPanied by the appearance of nonbridg-

ing oxygen atoms" According to the data of different

au-thois (for example Krogh-Moe(21)), this Process
only partially occurs, beginning with a content of

25--39mo1% RrO. Apart of oxygen atoms introduced

with the alkali metal oxide then transforms bridg-

ing oxygen atoms into nonbridging-oxygen-atoms"

HJ*"""t, at lower oxide contents, a few alkali metal

atoms most likelv fulfil a destructive function - lead

to the breaking of the network and the aPPearance

of nonbridging oxygen atoms.(24)
For glasses with small alkali oxide content (5 mol%)

the number of nonbridging atoms is very low' As a

result there is a direct connectionbetween content of

free hydroxyl groups in glass structure and viscosity'

Further increases in alkali oxide content to L5-25

mol%, and increases in the number of nonbridging

oxygen atoms in the structure of borate glasses, are

u..J*pu^ied by an increase of the bonded hydroxyl

gtonpi" These two types of hydroxyl groups have a

Iottbt" effect on the glass structure and properties'

On the one hand, free hydroxyl grouPs decrease the

connectivity of the network and decrease the viscos-

ity, on the other hand, bonded hydroxyl gro-ups by

the formation the hydrogen bonds increase the con-

nectivity of the network and increase the viscosity'

\iVhen ihe content of bonded hydroxyl groups is

high, the second effect becomes the main one" hr the

caie of glasses with rather high alkali oxide contents

(25 mol%), the effect of water content on properties

i, rnor" complicated because of the more compli-

cated glass structure" The network of these glasses is

formed by different borate groups - boroxol grouPs/

tri- and diborate grouPs. On increasing the water in

glass structure, the double effect described above may

6" u..o*panied by the effects connected with the

destruction rlr transformation of borate groLlPS'

4. Conclusions

While studying the effect of water content on the

borate glasses properties, it is necessary to take into

uc.orrrith" existence of water in glass sfructure in the

form of free and bonded hydroxyl groups' The cor-

relation between free and hydrogen bonded grouPs

on glass structure depends on the glass melting con-

diti-ons" These two forms of water in glass structure

exert a double effect on glass structure - free OH-

groups decrease the connectivity of glass network

*friti the hydrogen bonded OH-grouPS increase the

connectivity of the network. As a result, changes in

the ratio between free and bonded hydroxyl grouPs

have an effect on structure sensitive properties of

borate glasses.
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