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QBJECT

To investigate opacification produced by insol=
uble, refractory opacifiers in an effort to obtain some
knowledge and reliable data concerning the electrical
charge on the particles- ite quality and quantity, and
the effect of heavy metallic ione upon the flocculation

and deflocculation of the opacifying particles.

JUSTIFICATION FOR THE INVESTIGATION

The opacity of ceramic glazes, enamels, and
glasses has been investigated extensively for many
years, mostly in an effort to determine the extent of
the opacity produced by various opacifiers and auxil-
lary opacifiers, their effect upon the physical prop-
erty of the resultant fusion, and the compounds formed
in the final glass due to their presence. Little or no
work has been done in an effort to improve the opacity
produced by investigating the physical characteristics
of the opacifier while it ie suspended in the fused
glassy matrix. Heretofore, the only control over the
extent of the opacification has been manifested in the
fact that the extent of the resultant opacity is propor-
tional to the fineness and dispersion of the dispersed

phase. In the following study the intent is to obtain
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some knowledge concerning the flocculation and the
deflocculation of the opacifying particles in a few
siuple glassee. Thie fundamental study will then be
applied to more complexed systems tor further study.
With such knowleage well formulated it is more
than poesible that opacification costs may be greatly
reduced, or, at least, a greater control may be had

by simple variations in the glaze composition.

THEORY

Enamels and glazes are either simple or complexed
glases which are adjusted to "fit" a surfuce of metal
or clay to which they are to be applied and adhere to
that surface by fusion. This resulte in the penetration
of the glass into the pores of the surface and the
formation of compounds at the interface between the
gurface and the glasey phase. Belng glaeses these
glazes are primarily colorless or highly transparent,
and in order to obscure the character of the surface
of the body to which they are applied, it is necessary
to add to the glass some opaque metallic oxide or salt
with a higher or lower index of refraction which will
remain suspended in the final glass as minute particles.

This highly dispersed phase in the glass may in most
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caces be considered as being in the colloidal state,
and the whole system may be referred to as a solid
sol.lThe resulting opacity is dependent upon the
differences in the refractiwe indicés of the suspend-
ed and the suspending phase.2

In this investigation only opacification pro-
duced by insoluble, refractory materials will be con-
sldered - such as that produced by materials which
are added either to the bateh or to the frit, and re-
main suspended in the final glaesy matrix in their
original forms.

Colloids are divided into two major clasces:
(1) lyophilic colloids, (&) lyophobic colloids. In
the case of the lyophobic the density, viscosity, and
surface tension of the final solution are practically
the same as those of the dispereion medium, however,
in the lyophilic colloids the density,surface tension,
and the viscoelty are likely to be quite different for
the colloidal solution than for the dispersing medium.
General observatione denote that the colloidal state

existing between the glass and the opacifier must be

one rather lyophilie in nature, This is evidenced by

(1) Weiser, B.B., "Colloidal Chemietry", P. 338

(£) Andrews, A.Il., "Inamels" P. 46
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the increase in the incipient fusion temperature;
thus, indicating increared viscosity which in turn

is accompanied by increased surface tension. Since
the opacifiers of this clase - as stannic oxide-

are for the most part very dense, two or three times
greater than the other materialsc composing the glass
batch, and since it is not attack by the glass but
remains a8 originally added, the density of the final
glase muet be increased proportionally to the amount
of the oxide added. Since many commercial glazes and
enamels contain aes much ae ten or fifteen per cent of
stannic oxide, the density ingyeace muct be considersable,
Thue, one is inclined to conclude that the system is
a lyophdlic one. Yet, a primary requirement for the
lyophilic system is that the suspended phase have a
great mutual affinity for the dispersing medium. In
view of earlier consideratione this classification
cannot be made - that is; refractory, insoluble
particles. Thie classification will be considered
during the investigation.

If a colloid state does exist, there muet be in
the fused glass and about the opacifying particles some
force or forces which keep the denser particles dis-
persed through the glass; thus, keeping the concentra-
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tion of the opacifier at the lower portion of the
glass evqual to that at the top.

Glasses in most casec are considered to be
solid solutiones; this feature and the fluidity of
the glasse at fusion are to be the factors which
permit the following diecussion to be used ag an
analogy. The forces which keep colloidal particles
in suspension are two-fold. The first ie the kinetic
behavior which considere the conetant movement of
the particles - $he Brownian movement. The sguspended
partiocles are moving ceacselessly and irratically, and
are not affected by light or convection currents
within the solution. This factor is dependent upon
the viscosity of the diepercing medium. The second is
an electrical property possessed by the particles
during suspension which assumes that, due to the
large surface area offered by the vaet number of mine
ute particles, they must respond in one of two ways:
firstly, the particles may have ione attached to them
which maintain thelr adherence by inducing dipole
attraction or rather by inducing a charge of the
opposlte £ign on the nearest atom in the particle;
thus, producing the ian-induced dipole attraction;

secondly, the particles behave much the eame as

(5)



individual ione of high molecular weight- "Gegenionen™.
Due to the charpes on the particles it is possible to
move them through the solution by meane of an exter=-
nal potential drop. Colloide which are positively
charped will migrate to the cathode, while thoege
negatively charged will move to the anode., This is

one of the purposes of the investigation - to deter-
mine the electrical charge on the particles. >

The ability of the dispersed particles to re-
main in the colloidal state ie dependent upon' the
concentration of the ione. Yet if an addition of
oppositely charged ione is made the particles will
lose their dispersing power and will be coagulated.
Thue the particles may be either flocculated of de-
flocculated by the addition of the properly charged
ions.

To aetermine the electrical charge on the
particlea it ie necessary to determine the absolute
clectrical charge, because the surface film come
pletely envelopes the particle and endows it with
ite own properties; thus, the force of repulsion
is determined in terme of the potential difference.

This charge may be determined by means of the

(3) Weiser, H.B. , "Colloidal Chemistry "
PP. lox-Z4Z.
(6)



Lamb-Helmholtz equation which follows;

4 n v
ZOPO - K X

Where Z.P., is the zeta potential or the potential
drop between the surface of the particles
and the surrounding film of the molten glacs.
8 is the viscoeity of the glaes at ite matur-
ing temperature.
Vv is the veloeity of the migration in centi-
meters per second.
X is the potential pradient between the electrodes
K is the dielectric constant of the surface

layer of glase which surrounde the particle.

For example, having found the charge on the part-
icles its quality and quantity, it is possible to add
to the syestem the proper ione which will give the max-
imum stability which meane the maximum deflocculation
of the particles will be acquired. The ion to be added
must have a charge of the same sign aes that of the
opacifying particle, and its cffectiveness will in-
crease in ratio to its valence. This inerease in ion
concentration may be made directly and simply in the
event that the particles are pocitively charged, since

metallic ions may be readily introduced.
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The addition of the stabilizing ione will in-
crease the charge on the imnner layer of the double
layer. This increase will increase the zeta potential.
With the zeta potentisl increased the mobility will be
proportionally greater under iLhe same potential grad-
ient. Theoretically, thies proportion will be a straight
line function between the zeta potential and the
mobility, but the additions of metallic ions will have
a marked effect upon the character of the resgultant
glags. The most important effect will be the changing
of the fluidity or viscosity of the fusion.This factor
will no longer be constant, and will approach an ine
determinate. since 1t is not the viscosity of the
bulk of the glase that is to be considered, but it is
the viecosity of the glass between the surface of the
particle and the extreme portion of the outer layer.
In practice it will be sufficient to use the bulk vie-
coeity, eince variations in the viecosity do to temp-
erature changes will well exceed the difference before
mentioned.

A further possibility of investigation is the
gtudy of systeme to note any similarity to ieocelectric
points in lipuild systems. Such ghould result as the

ion concentration is increased., At first the ion con-
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centration on the particles will become establighed,
and the zeta potential will undoubtly increase pro-
portionally. Further additions will increase this
feature, but there will be a concentration at whieh the
surface will become concentrated and further additions

will not create marked changes in the zeta potential.

PKOCEDURE OF INVESTIGATION

The factors of melting temperature, simplicity
of composition, and compound forming ability of boric
oxide ( vboric anhydride ) made it the most desirable
for the use as a eimple glaes, or suspension medium.
Since boric anhydride is not produced commercially,
it was necessary to produce it for this uce by de-
hydrating boric acid. This dehydration takes place
at a low temperature, but the volume of the water
to be removed is large and the difficulties are many.
The moet satisfactory method was to fill a liter
beaker about half full of boric acid and place in a
drier capable of temperatures up to five hundred
degrees fahrenheit along with a piece of plate glass
about a foot and one half tquare. The maximum temp-
erature must be uaintained for four or five hours,

after which time the mass will reduce to a very
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thick, glassy, tan colored melt which may then bve
poured on the plate glass where it may cool. After
cooling Lthe glass was broken and ground in an agate
mortar until fine enough to aid accurate weighing.

Standards were Tiret prepared by adding two
percent stannic oxide to about ten grame of the glase
in a fifty cubic centimeter, unglazed, porcelain
crucible. This charge was piven a preliminary heating
with a Fisher burner to remove the remaining water
and gasses and to start the fusion. The charge re=-
cieved a final heat treatment in a nichrome wound
muffle.

Having developed the standards it wae then nec-
essary to develope the apparatus for the determina-
tion of the charge ofi the particles. A nichrome
wound muffle was used for a source of heat, being
placed vertically on a platform o cellular clay
insulating brick and surrounded with the same mate-
rial. A top wag made from am ingulating brick im=-
pregnated with a higher temperatured clear glaze
which wag pre-fired. This prevented the loose
material from falling into the crucible. Silica
glacs tubes were mounted in the top to act as
separatore for the electrodes. The electrodes were

(10)
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seventy-five one-hundredths millimeter diameter
platinum ten percent rhodium wires about eighteen
inches long. The potential for the electrodes was
supplied by a six volt storage battery with an ame
meter, voltmeter and varable resistance in series
in the circuit,

Severa} runs were made under these conditions -
the results of which will be found in the " Kesults
and Conclusions ", Due to the lack of time and equip-
ment it was necessary to change the plan of investiga~
tion, since to determine the quantity of the zeta
potential it ie necessary to ascertain certain quant-
ities whichhrg:ﬁily acquired with the equipment availl-
able.

The next plan wae to add the necessary ions to
further deflocculation in steps and note the effect.
Two phase systems between borie anhydride and a com-
pound ( a8 sodium metaborate ) were used as the basis
of the approach. Again the glase was charged in a
crucible with the determined amount of the metallic
oxide in the form of a carbonate amd two percent
stannic oxide. These, too, were given & final de-
hydration with a Fisher burmer before placing in the

muffle for final heat treatment. Two such systems were
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gtudied - K B 07 ¢ B O and TNa. 3407 ,B 0
In all cases before the potential wae applied the

heating wae carried to a tecmperature well sbove that

of fusion and maintained for a short period of time
until the emissivity of the fusion became uniform.

this insured uniform fuslon and conctant fluidity
through the whole maes between the electrodes. The cur-
rent in the heating element for the cell was reduced,
and the milliamperage and temperature values for the
cell were recorded at regular intervale until the poten-

tial wae removed.
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DATA

A Typical Sample of LElectrophoresis Data

Time Temperﬁture Amperage Voltage
(min.) (YC.) (milli-)
00 924 6l constant
6 V.
5 914 56
1.0 906 b3
1.5 899 49
2.0 892 47
2.5 888 44
3.0 865 35
3.5 855 30

The charge on the tin oxide particle was one

of poeitive quality.
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DISCUSSION OF DATA AND REEULIS

The stannic oxide particles, under the forece
of the potential applied to the electrodes immersed
in the molten glass, moved to and collected around
the negative electrode; therefore, the particles while
suspended in the fueed glassy medla were endowed with
a poeitive charge. This is true when the glass was either
sodium tetraborate or boric anhydride.

The plotting of the electrophorecis data - milli-
amperage againet the temverature - gave in all cacses a
straight line over the working range of the cell. This
direct proportionality may be explainecd, and the final
reculte Jjustified by the following:

From Ohm's law

. _E
T g

where in this application
I is the current through the cell
E is the applied cell potential
R 1s the electrical resistance of the cell’
Since the reelstance of the cell is equal to the
length of the path between the electrodes divided by
the product of the c¢ross-sectional area and the con-

ductivity - R = 1/KA

(16)



Ohm's law equation may then be written :

1« BAE

The H in Lamb-l'elmholtz equation for the cal-
culation of the electrophoretic velocity is equal to
the applied potential divided by the length of the path

between the electrodes H = E/1 ; therefore:
I sHAK

The area being constant for a single cell charge,

and the potential grgdient maintained constant
I ie proportional to X

The conductance of a cell increases with increases
in the temperature of the system, since the viecosity of
the medium decreases rapldly with increasing temperature
after the glassy phase has been produced, or one might
gay the fluidity ( the reciprocal of the viscosity ) in-
creases. It follows, then, that fluidity increaegs as the
conductance of the cell increasee. Then, since the con-
ductance ies the reciprocal of the resistance, it follows
that a decrease in electrical resistance ie produced by
decrecased fluidity. Such being the case, the decrease
in electrical resistance parallele the decrease in the
resistance offered to the flow of the particles by the

(17)



glassy media by increases in the fluidity of the glass.
Hence, it follows that the increase in conductance is
larpely due to the decrease in the resictance offered
by the glassy phase to the movemehnt of the particles.
conducting the flow of current through the uell.4

Since current is the rate of transfer of electric-
ity, we may formulate the following:

I1®NqvV (1)
where:

N ie the number of charges or particles
per cubic cm.

q is the quantity of electricity carried
by each particle

v is the veloecity of the particles under
the applied potential.

Prom Stoke's law the velocity of a particle in
the direction of an elctrode can be expressed in terms
of the force acting upon the particle. The force on the
particles is given by the product of the potential grad-
ient between the electrodes ( H ) and the gquantity of

electricity carried by the particles ( a); therefore,

b
vg_l{_f.L (2)

4 )illard, E.B.,"Phy. Chem. for Colleges" P. 198
. Webb, T.J., "Elementary Prin. in Phy. Chem." P1l1l2
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where:
v i8 the velocity of the particles
H and q are the same values in equation
1,
f is a frictional factor dependent upon the
shape of the particles and the resistance
offered by the suspending media

simplifying equations 1 and =«

L= Nfg“"H
Since the quantity of electricity held by each
particle 1: eo very small and thie value ic then
sequared, it is reasonable to concluue that this factor
may be considered a constant ( physically the current
will not be affected to a measurable degree by the
slight variation in the charge per particle ). The

potential gradient may be maintained constant: therefore,

- C
1= —3

Where
C is a conetant since also the number
of particles in any one charce must
be constant.
The value of f in stokeds law is the frietional

force, or that force resisting the electrical forces.

(19)



For spherical particles: f = 6IT n r. The particles
cannot be considered spherical, and, therefore, the
value of f may be generalized ae:

f=Cnd

Where
q_is a constant

n is the viscosity of the fusion
d is one half the average crossg=-sectional
dimension.

form of equation becomes:

1
I 7mad

Farliér in the discussion the following propor-
tionalities were exprcssed:
T K. ¥ T _1_ » T F " K E

n n
Where T is the cell temperature.

Therefore:
I X T
I 1 7
n
I * T

I &
This varifies the experimental results ac well ae
the applicability of the equations for the calculation
of the values for hydrosols to the similar calculation

of values for £olid eols. The most outstanding 1s the

(20)



conformity to the Lamb-Helmholtz eguation for the
calculation of the zeta potentisl.

By extending the curve in fig. & until it
intersecte the terperature axis a tenperature value of
780 0(;‘. is found at which the current becomes zero.
This temperature is about forty degrees higher than
the "™ freezing " or Melting point of the glass at which
temperature the viscosity would approach infinity, and
the current should be zero. Therefore, it is rearonable
to conclude that a straight line relationship does not
fully describe the conditione between amperage and the
teuperature of the full range, but as the melting point
is approached the curve will turn downward- current de-
creasing slower than the temperature. This hysteresis
effect or tendercy for the current to lag the temperature
mnay be due to the fact that through a cection cut ver-
tical to a mase of cooling glass the"freezing” will not
be homogeneous; tnat 1ls, the surfaces exposed will be
mdire viscos than the central portions, and the viscos-
ity will vary vith the distance fron the outer sur-
faces. It i8 evident that due to thie resistarce to the
purticle movement ae the outer surfacee are approached
the effective welocity of the particles will become an

average of the total velocities which will be a value

(1)



less than the true value at tha t temperature. Ior
thie portion of the curve the earlier conclueions
will not hold, yet, since thile portion is so emall

it may at present be ignored until remainder has been
throuphly studied.

Syctemg of Iu‘aZ.O-BzO5 and I:aO-BLO5 with congtant
additions of two percent etanniec oxlde gave very
unusual results.

The system of KLO—BEO3 had glasses of fair
opacity up to about ten percent KEO' A glass contain-
ing twenty perxrcent had its opacity concentrated in
the surface of the glass, and some portions of the
eurface were rather clear. The opacity wae zero in
the glasces containing thirty, forty and fifty per-
cent KhO. The stamnic oxlde was found to be at the
bottom of the fusion in emall aggregate. The cone
poeition giving potassium metaborate ( 57.5 7 KzO )
on fusion gave & glags of good opacity - ac good as
that containing ten percent KEO' while the glass of
the compoeition of potaseium tetraborate was in that
group of zero opacity. It ies reasonable ton conclude
that the formation of compounds doeg not have any
effect upon the resultant glacse, or, at least, the

fornation does not have a constant affect on the

(22)



resultant condition. The glasces chattered on cool-
ing and in & e casee cracked@ the portion of the
crucible under it. In all cacee the walls of the
crucible was cracked free at the edge of the glass.
Yet, ae the HaO content increaced the shnattering
and cracking of the porcelain increacsed.

The system I\TaLO-BHO5 gave better opacity than
thne KEO-BEO3 gystem. The opacity of the glass con-
taining ten percent HaEO had almost ag good opacity
as that containing pure boric anhydride and equal
ami>unt of the oxide. The opacity of that containing
twenty percent Naao wag equally ag good ae that
containing ten percent KBO' Thie twenty percent Haao
glase had a scattered white precipitation of the
gstannic oxide on the surface. The thirty percent
HaaO gave a glaes with better opacity than that
containing twenty percent KhU. Here again the stannic
oxide was frund to bpe concentrated in an c¢ven more
concentrated condition than in the earlier case.

In both cases some of the oxide was found to be
depoeitéd in the bvottom of the fusion ae an aggrefsate.
In the case of Pazo glasseg the adjustment and re-

dquced crecking of the crucible wae accompanied with

the higher Naao content.
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Glassee of lead tetraborate gave characteristic
green glasses, and the opacity was almost zero. The
stannic oxide was concentrated into large aggregates
which formed at the upper edre of the fusion.

The curves in fige. 3 are characterigtic to the
deflocculation and flocculation curves for hydrosols-
ac clay. Thies indicates that there ic probably eome
deflocculative and flocculative qualities attainable
by the additions of heavy metallic ions. This phase
of the investigation demande further study and work

to obtain the true significance of the phenomena.

(£5)



1.

.

3.

4.

SUMIIARY OF RESULTS ANL CONCLUSIONS

The purticles of stanniec oxide in a glassy
fusion are charged and will micrate under an
applied potential. In the systems of Boric anhy-
dride - two percent stannic oxide and sodium tetra-
borate - two percent stannic oxide the particles
had a positive charge.

The equations for transference, electrophoreeis,
etc. which has been developed for hydrosols hold
true in the case of solid sole over a considerable
range.

The addition of metallic ions to the glass
does not function completely ag first proposed, but
the deflocculation or flocculation of the particles
is dependent upon guch additione.

Compounde formed in the glassy phace 40 not

effect the resultant opacity.

(£6)
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