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Description

Zinc-Containing Glass Composition

Technical Field

This invention relates to zinc-containing glass
compositions and to dental £i11ing compositions containing

such glass composition in the Form of finely divided filler.
' v

Background Art
A variety of substances has been used over the years

to repair damaged teeth. The best known currently include

silver amalgams, which are frequently first encountered

at an early age as a filling for small cavities, even

in deciduous teeth. Gold alloys are a particularly
valuahle filling material, used frequently when a toath
has .been considerably damaged, such as after several cavities
have cccurred and a lot of tooth must be restored. Fre-
quently, for example, several smaller extending cavities,
e.g. in the occlusal surface, will be combined and a
restoration made with a single gold inlay or onlay. The
gold alloys have gained an excellent reputation for
strength, reliability and long 1ife in service. However,
both the gold alloys, and the other metals, such as the
stainless steels, which have been technically successful
in denta] reconstructions and crowns, do not impart a
natural tooth appearance.

Gold and other metallic-looking restorations are used
for molars and %esth which are not immediately open Lo
view when the wearer opens his mouth or smiles. For
anterior testh, however, current practice is to use
materials closer in appearance %to natural teeth. These
are known colloquially as pcorcelain or plastic fillings.
They are composite materials characterized by containing
usually predominantly inorganic materials, normally

finely divided powders, inert to the oral environment,
BUREAU
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‘sound together with polymeric material. The inorganic
"materials are freaquently finely-ground fusad oxides,

particularly glasses, or erystalline quartz, while the

" polymer moiety is commonly a polyacrylate. These compo-

site systems are available, for example, as pastas which
are polymerized in situ, after having been activated, e.g.
by adding a catalyst to initiate a polymerizaticn reaction,
just before being placed im the prepared tooth.

Fil1lings and restorations of this kind can b2 made
#9 look much like natural teeth. 1In particular, the color
of the restoration canm be adjustad to a shade quita close
tg that of a patient's natural teeth by tinting with
pigments. In addition, the translucency or pearlescencs
of the natural tooth can also be approximated through
adjustment of the relative refractive indicas of the
materials usad in the restoration. When caleor and re-
fractive indicas ars well matched, it is possible to obtain
a restoration that is barsly perceptible to the glance.
However, ths attainment of good colaor and averall appearzncs
is very difficult te achisve in practice. Tnis is
particularly true when one desirss also to cptxmwza other

features of a good restoratiaon, part1cu1ar11 radigpacity.

It is highly desirable for a filling or other ra-
staration to be radigopaque, for it is hHy X-ray axamination
that a dentist determines Wwhether or not a filling remains
seund. From radiographs a dentist determines the condi-
tiogn aof a filling, e.g. whether it has crackaed, ar whether
decay fs occurring at the interface bHetween the tgoth
and the filling. Fillings and restorztions wnhich are made
of metal are readily observable in X-rays. Fillings of
the porcelain/plastic art are not observadla by X-riys
unlass they have radiopaque matarials therein.

Currently, dental filling masarials ars rendersd
radiopaque by incorporating barium into the inorganic
powdar moisty of the Filling matarial. The most affectiva
radiopaque agents are slaments of high afamic number
(i.e. the "heavy elaments® of the periodic tanls); it
is vnfortunate, however, =hat mast o7 these elements
ar- gither radiocactive or toxic, such as thorium aor lsad.

BAD ORIGINAL.
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Barium is toxic also, but in certain medical uses it is’
present in a form so highly insoluble that the body is
unable %o metabolize enough-of it %o become 1npoxicated.-
In dental applications barium g1a§ses have been used as
components bf dantal restcration;, on the hypothesis that
parium jons within the structure of a glassy matrix will
not be available to oral fluids (saliva, beverages, etc.)
and will not, therefore, pose a problem of toxicity.
Examples of the use of barium glass in dental restorations
can be found in U.S. Patents 3,801,344; 3,808,170; 3,826,778;
3,911,581; 3,959,212; 3,575,203 and 4,032,504. AUnfor-
tunately, in practice, the barjum glasses are not as
stable as had originally been hoped, and they have nat,
therefore, found faver in the art on account of the risk
they pose of poisoning the patient (see, e.g. U.S. Patent
3,971,754). A further problem encountsred with the
barium glasses is that of matching refractive indices

- tg that of the other components of the restaoration. For

example, it would be desirable to use components with
refractive indices in the range of about 1.5 to 1.8 (so

as to closely match the refractive index of commonly used
organic binders) but most barium glasses with refractive
indices in this range are unsuitable for dental use
according to U.S. Patent 4,032,504, [t is difficult,
therefore, to: prepare restorations containing barium

gtass which present an unobtrusive appearance when used
for anterior surface repajr. An additional problem of
the barium glasses is their alkalinity. Typically, barium
glasses show alkalinity values of pH 9 or greater, whereas
a pH of 7 is preferred. Highly alkaline fillers appear

to degrade the sildxane coating resulting from etching

of the prepared tooth cavity and also cause rapid
decompasition of any peroxide catalyst present in the
dental restorative composition during storage.

Recent efforts in the field of dental restoration
materials have resulted in the use of fillers other than
barium-containing compounds as an X-ray detectable com-
ponent. For example, U.S. Patent 3,971,754 describes
the use of certain oxides or carbonates, particularly
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those of lanthanum, strontium, %antalum and, iess usa-
fully, hafnium. These salts are mixed with glass-making
components at the time the glass is made, yialding a
lanthanum, strontium, tantalum or hafnium glass wnich
possasses a measure. of radiopacity. U.S. Patents
3,973,872 and 4,017,454 describe glass ceramics wnich
possess both a low coefficient of thermal expansian (an
advantage in dental fillings) and a useful degres of
radiopacity, by virtue of a high content of rars eartn
elements, particularly lanthanum. The rare zarth
elements absaorb X-rays in the wa?eTength range of 0.2 -
0.3A, a range commanly available from dental X-ray
machines. Howaver, the cost and problems with availabi-
1ity of these rare earth fillers make them generally
unsuitable for commercial use.

In another apprdach to preparing radiopaque
compasites for dental use, organic halide {2.g. an alkyl
iodide) has bean incorparated ints plastic materials
(a.g. acrylats polymers), from which molded articles
are made (e.g. U.S. Patent 3,715,331). However, the
articles molded from such compositians lack the strength
of restorations made from glass or caramic matarials.

U.S. Patent 4,250,277 describes a3 glass composition
used for crosslinking polycarboxylic acid cemant, wherein
the glass contains zinc oxide and a large amount of oric
oxide, in addition t9 other ingredients. This glass,
however, is too water soluble to be useful in dental
restorative compositions and prosthetic devices.

U.S. Patent 4,215,033 describes a composita dental
matarial containing a glass which in one embodiment is
described as single phase. However, this patant does not
appedar to recognize that a single phass glass containing
zinc oxide can be made ridicpaque. Also, the single
phase glass composition described in this patan: is very
difficult to make. Furthermore, such glass does no:
contain any aluminum fluoride.
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Disclasure of Invention

In accordance with the present invention there
is provided a novel glass and & dental £i11ing composition comprising &
polymerizable resin binder and a finely divided inorganic
glass filler which is X-ray opaque and single phase,
wherein said X-ray opaque inorganic glass filler consists
essentially of, in percent by weight:

Zinc oxide 20 to 35%
Silica 45 to 65%
Boric oxide 3 to 15%
Aluminum oxide ' 0 to 10%
Aluminum fluoride At least 2%
Alkali metal oxide 0 to 3%

or alkaline

earth metal oxide
wherein the combined weight of aluminum oxide and
aluminum Fluoride is at least about 10%, and wherein said
glass exhibits an "X-ray absorption characteristic” of
at least 1/16 dinch (0.16 cm). ‘

Best Mode for Carrying Out the Invention

1t has been discavered that glasses containing
high levels of zinc can be prepared which possess physical
characteristics (e.g. refractive index, pH, coefficient
of expansion) making them especially suitable for use
in denta] restorative compositions. Moregver, these
glasses have been found toc be radiopaque and to be
capable of being made into dental composites which have
greater radiopacity than those made with barium, the
best known radiopacifying agent used heretofore. This
is quite surprising, considering barium has an atomic
number of 56, iocdine an atomic number of 33, the
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lanthanides having atomic aumbers of 57 to 71, and

zinc having an atomic number af only 30. Moreavar, it
has been found possible to make the new zinc glasses
with refractive indices in the desired range for dental
restorative compositions. In addition, the new glasses
can be prepared at a pH clase to 7. This is a hignly
desirable feature in regard to the preparation of high
quality dental composites. In particular, when the
glass is near neutral inm pH (i.e2. 6.5 to 8), the stabdbi-
lity of the dental composite is significantly snhancad.
Improved color stability, and reliable setting charac-
taristics after the activated composite is emplaced in
the tooth being repaired. The new glasses are signi-
ficantly better than the barium glasses of the prior
art in this regard.

It is balieved that the preblams sncountared with
the barium glasses are cantributad to by the relative
alkalinity of these materials. 3arium is an alkaline
earth element in the pgeriodic systam, and, thersfore,
more elactropositive than zine, which {s a %transitiaon
element. The higher pHs charactaristic of the barium
glassas cause decompositiaon of the peroxide catalysts
normally usad in these formulations and %thus greatly
reduce storage stability. A significant advantage of
the new glasses, which is an improvament Qver any Xnown
nerstofore, is that they contain an elament, namely,
Zinc, that has been in regular dental uss for many years.
Zinc oxide-containing eintments have long 5een usad in
medicine as safes and mild antibacterial agents z2nd zinc
oxide has Tong beem usad as a component in dental
cements or adhesives. Thess latter agents are usad for
cementing prostheses, onlays, bridges, c¢rowns, and the
1ike, to the teeth. In this use they have pravad safe
and effective over many years. In other words, zine
cdmpounds nave a long history of being safe %9 ysa in
the aral cavity, and are thus vastly oarefarable 2o use
compared with thosa of unknown safety or known toxicity,

N\
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such as compounds of barium.
The new single phase glasses used in this invention

have the following composition in percent Dy weight:

Zinc oxide (Zn0) 20 to 35%
Silica (Sioz) 43 to 65%
Boric oxide (8203) 3 to 15%
Aluminum oxide (A1203) 0 to 10%
Aluminum fluoride (ATF3) At least 2%
Alkali metal oxide 0 to 3%

or alkaline

earth metal oxide
wherein the combined weight of aluminum oxide and
aluminum fluoride is at least about 10%, and wherein
the glass exhibits an "X-ray absarption characteristic”
of at least 1/16 inch (0.16 cm). The alkali metal oxide or
alkaline earth metal oxide may be, for example, sodium
oxide, potassium oxide, 1ithium oxide, calcium oxide,
magnesium oxide, or the 1ike, or combinations thereof,
so long as the combined weight of such oxides does 'not
exceed about 3% of the glass, thus maintaining the pH
of the gfass in the desired range of about 6.5 to 8.
0f course, as will be recognized by those skilled in the
art, various other ingredients may also be present in
minor amounts so long as the resulting glass exhibits the
desired X-ray opacity and the desired pH. However, it is
highly preferred to avoid the inclusion-.of toxic metals
such as lead, cadmium, mercury, arsenic, etc.

A preferred embodiment of the new glass Tor

use in dental restoratives intended for anterior appli-
cations has the following composition:

Zine oxide 25 to 28%
Silica 46 to 48%
Boric oxide § to §%
Afuminum oxide 1 to 3%
Aluminum fluoride 17 to 18%
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wherein the combined weight of aluminum oxide and
aluminum fluoride is not greater than about 205,
and wherein the glass exhibits an X-ray absorpticn
charactaristic of at Teast 3/32 inch (0.24 cm).

The compasitions given above are written in tarms
of the salts (e.g. oxides and fluorides) which are
used in preparing the melt from which the glass is obtaimed
upan cooling. This is a common practice in the glass-
mzking art. There is, of course, no oxide, fluoride,
or other simple salt inm the resultant glass. Glasses
used in this invention all possess a useful dsgree of
radiopacity.

The refractive index of the glass may be varied,

- depending upon the particular amount of each ingradient

present. It is preferred that the rafractive index of
the glass filler be substantially the same as that of the
binder resin when the glass is used in a dental filling
composition, i.e. within about 0.05, when &the campasition
is used in antarior applications. When the binder

resin comprises the well knowm BIS-GMA, the refraciive
index for the glass filler is preferably 1.538 + 0.03.
Matching of the refractive indices of the glass filler
and the binder resin is less important whan the composi-
tion is intended for postarior dental applications.

When BIS-GMA resin is diluted with another acrylic
resin (e.g. triethyleneglycol dimethacrylate) to
facilitate higher filler loadings tq make a composition
naving particular use far postarior filling appslicaticns,
the resultant resin mixture may nave 3 refractive jndax
of 1.545, for example. <Consaquently, for such an
application it may be prefarred to use a glass compesi-
tion having a rafractive index of 1.345 if close matching
of the resin and filler is desired. When it s desired
to prepare a dental filling composition which is Tight
curable it is important %o obtain 2 close match of %the
refractive indicas of the polymerizadle resin and %the
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glass filler so that complete and rapid cure of the resin
will be achiaved when it is exposed to the activating
light. Of course, when the composition is intended for
use elsewhere in the body (i.e. where esthetics are not

a factor) and where the.composition is not 1ight curable,
there is no need to attempt matching the refractive

index of the glass to the refractive index of the binder
resin.

Radiopacity, which reflects the materials's asitity
to attenuate X-rays, is conveniently measured by com-
paring the X-ray film image density values of a disc of
the cured composite of a standard thickness, e.g. 0.040
inch (0.1 em), with corresponding values of a known standarc
Film image density measurements are made with a suitable
densitometer, such as a Macbeth Transmission Densito-
meter, Model TD 504, with visible Tight filter (manu-
factured by Macbeth Div. of Kellmorgan Corp., Newburgh,

'N.Y.): A convenient standard is a stepped aluminum wedge,

for example, a ten step wedge having 2 thickness of 1/32
inch (0.08 cm) at the thinnest stap increasing to 5/16 inch (0.8 cm) at
the thickest step. One empirically determines the X-ray
film image density values corresponding to steps on the
wedge, which indicate degrees of X-ray beam attenuation
which provide, in actual practice, proper differentia-

tion between a composite restoration and the surrounding
tooth structure. A proper level of radiopacity will

permit one skilled in the art to differentiate between

the restoration and primary and recurrent caries in the
tooth structure, and will also visualize defects in the
restoration itself, By way of jllustration, using a

wedge, the glasses of this invention when tested in

this manner give values of 1/16 inch (0.16 cm) at 26% ZInQ; 3/32 - 1/8
inch (0.24 - 0.32 cm) at 26.5 - 28% Zn0. Typical barium glasses of
the prior art, tested under identical conditions give

values of 1/16 - 3/32 inch (0.16 - 0.24 cm). The typical "plastic” or
"porcelain" filling materials (containing quartz or
barosilicate filler) common in contemporary dental
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sractive give values of zero. A silver amalgam gives &
values of D> 5/16 inch (0.8 cm). It will be understaod, of course,
that these values ars completaly empirical. Using
diffarent wedges and experimental apparatus, the actual
numbers one gets may be different. For the purposes of
this invention, usefu] glasses exhibit an X-ray absorption
characteristic of at least 1/18 inch (0.16 cm).

'Insofar as the preparation of the zinc glass 1is
concerned, standard techniques well-known in the glass-
making art are used. See, for axampls, The Handbook af
Glass Manufacture, Fay and Tooley, Volume I (1974).

After the melt has cooled, the glass is comminuted to a
size that passes through a 325-mesh standard sieve (44
microns). For grinding the glass into smaller sizss a
ball mill is used, and grinding aids such as ammgnium
carbonate or alcohols may be presant in an amount of
approximately 0.5% basad on the weight of the glass.

When making dental composites restaorative, the glass
powdear is then prepared far incorgerating ints an erganic
binder matrix by treating the surfazce with a silane com-
paund. This is a well-known technique for rendering re-
Tatively polar materials, such as siliceous powders, more
compatible with relatively non-polar matesrials, such as
arganic polymers.

The zinc glass is then mixed inta 2 dental paste.
The pasta may be formed of any of the polymerizzidle
resin systems useful in dentistry. Especially useful
resin systams comprise free-radically polymerizable
materials such as the pelyfunctional acrylate systems.
Particularly useful in the system is SIS-GMA, a weli-
inown materizl which is the reaction product of bispnenol-
A and glycidyl methacrylate, widely used in dentistry.
ther commanly used resin binders include polyurethanes,
methyl methacrylate, and isobutyl methacrylata.

Tne zinc glass may be usad alone or it may bde
bTended with other suitable materials, such as inert
glass powders, when mixad into the binder - depanding,
for examplie, on the degrese of radianzcisy desirad in the

BAD ORIGINAL
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final composite. Along with the glass, other
materials may also be mixed into the paste, such as
pigments for making the restoration match the patient's
natural tooth color, and reagents like hydroguinone
monomethyl ether, as an inhibitor of premature paly-
merization of the binder. Immediately before use, and
after the dentist has prepared the tooth for receiving
the restoration, the paste is activated by mixing into
it the appropriate amount of catalyst, such as benzoyl
peroxide. For gximple, the dental restorative composi-
tion may be in the form of two pastes (one paste con-
taining filler, resin binder and catalyst while the other
contains filler, resin binder and accelerator), or a
1iquid resin and powdered filler system, or a paste~-
1iquid resin, or any other desired form. The mixed
composition is promptly emplaced in the tooth, harden-
ing in the manner characteristic of the resin binder
and catalyst system being used. For example, using the
well-known BIS-G&A/benzoy1 peroxide system, the compgsite
becomes grossly rigid in about™S minutes and may be
finely ground and polished, to give the finished restora-
tion, in about 10 minutes. At any time after emplace-
ment, but more particularly after significant time nas
elapsed, such as many months or years afterwards, the
condition of the restoration and the adjacent tooth
structures can be determined by diagnostic dental X-rays.

Curable compositions which contain the novel glass
and which are useful in other applications (e.g. medical
and dental prostheses, pit and fissure sealants, hard
tissue cements) may be prepared in similar fashion
using polymerizable resin binders.

The invention is further illustrated by means of
the following representative examples wherein the term
"narts" refers to parts by weight unless otherwise

indicated.
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Examole 1

Silica (47 gms), zinc oxide (28 gms), boric oxide
(8 gms), aluminum oxide (1 gm) and aluminum fluoride
(18 gms) are thoroughly mixed, as fine powders, in a

"§ilica-lined crucible. The mixture is heated in a muffle

furnace at 1450°F, (788°C.) until the powder has become & trans-

parent malt.

The molten glass is then removed from the crucidle
through a small hele in the crucible wall, by tilting
the crucible and allowing a thin stream gf.glass to flow
through, giving a filament of glass of about 1/32 inch (0.08 cm)
diameter. This filament is quenched rapidly in cold watar,
to give a completely clear glass (as opposad to being
opalescent). Mere air cooling of the glass is not
sufficiently rapid to prevent phase separation.

The claar glass is then ground, =.g9. in a ball aill,
ta & mean particle size range of 0.5 - 13 um.

" Examole 2

Gamma-methacryloxy-propyltrimethoxy silane (2 g¢ms)
is mixed with glacial acetic acid (Q0.033 gms) and water
(44,4 gms) in a plastic beaker. Glass powder (700 gms
for example, from Example 1) is added to the mixturse,
and the system is stirred for 1.9 hours at room tempera-
ture., The glass slurry is dried by warming it at 140°F.
(80 C.) for 24 hours, followed by heating it in an aven
for 2.5 hours at 240°F. (118° ¢.).

Examolas 3
Two pastes, A and 8, are prepared, naving the
following compositions:

Ingredient Pasta A Paste 8

B8IS-GMA resin 14.48 gm  14.57 gm

Triethylene glycol dimethacrylatsas 4,87 4.53

Silane-treated filler 840.4 3C¢.0
(from Example 2)

danzoyl peroxidé -« - - .21

Oinydroxyethyl p-toluidine . Y -t e -
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Ingredient Paste A Paste B

"Tinuvin P", a UV absorber .18 - - - =

Phenylsalicylate glycidyl .14 .16
methacrylate adduct, a UV
absorber
Butylated hydraxytoluene - - - - .16
Bisphenol A - - - - 14
Pigments-ﬁtanium dioxide and 17 A7

iron .oxides - yellow raw
sienna, burnt umber),
ottalume
TOTAL 100.00 gm 100.00 gm

The pastes are prepared as follows:

For each paste, A and B, two preliminary mixes are
made. The glass (from Example 2) and the pigments are
mixed thoroughly to give an evenly colored powder. This
mix is the same for each paste. The resins, accelerator,
UV absorbers and inhibitor are mixed to give the mix
for paste A. The resins, catalyst, UV absorber, and
inhibitor are mixed to give-the mix for paste B. After
the two mixes, glass and resin based respectively, have
been prepared, the procedure for preparing each paste,

A and B, is the same.

Each resin mix is added te a vessel and then the
respective glass mix is added. The two mixes are first
roughly blended together, such as by shaking, and are
then thoroughly mixed preferably by prolonged mechanijcal
mixing.

The resultant homogeneous pastes, A and 3, are the
precursors to the dental restorations made from the
materials of this invention. Pastes A and B are kept
separate until immediately before the appropriate repair
is made in a tooth which has been prepared to receive i1t.
They are then mixed together thoroughly and promptly
emplaced in the manner well-known in dental art.
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Examole ¢
Using the procedure of Exampla 3, twe pastes, A and
B, are prepared naving the following compositions: '

Ingredisnt Pasta A Pastes 8
Diacatyl BIS-GMA resin™ , 19.20 gm 19.57 gm o
Silane treated filler 80.0 ' 80.0

(from Example 2)
Benzoyl peroxide - - - - .24
D0ihydroxyethyl p-toluidine 47 .- - - -
"Tinuvin P" - a UV absorber .15 - - - -
Butylated hydroxytoluene e e e Q2
Pigments -~ titanium dioxide and 17 a7

iron oxides (yellow, raw sienna,
burnt umber), attalume
TOTAL 100.00 gm 100.00 gm

iy S 0 G4
CHg=C - C-0-CH,CH CHy-0 ©-CD) 0-CH,CHCH,0-C - C = CHy
o CH Q :
! 3 !
?:Q _ . F=0
CH, Ci4

The two pastes, when mixed together, form a very usaful

dental restorative compositiaon.

The glass fillar of Example 1 was ball millad €o a
mean particle size of 4.5 microns and silane &treatad
according to the method described in Example 2. A light-
curable pastes was prepared having the following compa-
sitions.

[ngradient Parts
BIS-GMA resin
Triethylene glycal dimethacrylats

un
- . -
O o
QO v n

Triphenyl antimony 2
N,¥-diethylaminoethyl methacrylatea 47
d1 - camphoroguinone .048
Silane €reated fillar + 1.38% by 38.4Q

weight "Aerosil R-372"

BAD ORIGINAL
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Pigments - titanium dioxide, iron
oxides (yellow, raw sienna,

burnt umber) and ottalume
TOTAL 100.00

The paste is prepared as follows:

The milled and treated filler (from Example 2),
Aerosil R-972 (colloidal silica, commercially available
from DeGussa Corporation, averagde particle diameter ofF
16 millimicrans, surface area of 110 square meters/
gram) and the pigments are blended to give an evenly
colored powder. The resins, inhibitor, accelerator
and photoinitiator are mixed in 2 dark area in a vessel
excluding light. The filler blend is then added to the
mixing vessel containing the resin mix. The filler,
resins and other camponents are then thoroughly mixad
by prolonged mechanical mixing, with the entire operz-
tion carried out in the absence of 1ight.

A commercially available "KULZIER TRANSLUX" irra-
diation device with a light guiding rod is used to cure
the paste. Test samples are prepared by packing the
paste into an open-ended Tefion mold with a cylindrical
cavity. The loaded mold is then placed between 2 pieces
of clear polyester film (each 25 microns thick). Test
samples of prescribed thickness are then irradiated for
a period of exposure necessary to polymerize or cure the
resin in the paste. Barcol hardness measurements are
made on the top and bottom of the test sample to determine
the extent of polymerization. The following Barcol
hardnesses are determined on cured test samples using
two different sample thicknesses.

Hardness
Min. Post Cure 1 Hr. Post Cure
- top side 1 - top side

[Va}

1
2 mm sample thickness &I

- 20 sec. exposure 64 - bottom side BZ - pottom side
3 mm sample thickness 83 - top side 86 - top side
56 - bottom side 74 - bottom side

- 20 sec., exposure




10

1§

25

30

35
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3arcol hardness values in excess of 30 are considersd
outstanding. Standard, commercialiy available dental
restorative compasites tynically have Barcal hardness
values of 70 - 75 after 24 hours cure.

The filler loading lavels of 88% attained with the
zine glass must also be considered fo be extraordinary.
Conventional radiopaque barium glass permits maximum
filler loadings of 78 - 80% when using similar particle
size distributiens.

Example §

The glass filler of EZxample 1 was Dball milled to a
mean particle size of 1.8 microns and silane treatad
according to the method described in Example 2. A
light-curable paste having the following composition was
prepared using the procedure of Example 5:

Ingredient Parts
8IS-GMA resin 7.0¢9
Triethylene glycol dimethacrylate 7.39
Triphenyl antimany .003
N,N-diethylamincethyl methacrylate .38
d1 - camphaorogquinone .a33

Silane treataed filler + 10% by weight 35.Q
"Q0X-50" (collgidal silica com-
mercially available from DeGussa
Corporation, average particle
diameter of 40 millimicrans,
surface area of 30 squars
meters/gram)

Pigments - titanium dioxide, iraon 188
oxides (yallow, raw sienna, burnt
umber) and ottalume
TOTAL  100.00

3arcol hardnessss were determined on 2 mm thick =ast
samples of composition curad at twe different exposure
times:

URZATY
c' "\I

i WIFQ
zzpzmos,
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Hardness
1 Min. Post Cure 1 Hr. Post Cure

20 sec. exposure 83 - top side : -
22 - bottom side -
5 30 sec. exposure 83 - top side 84 - top side
54 - bottom side 75 - bottom side
Example 7

The glass filler of Example 1 was ball milled to a
mean particle size of 4.5 - 5.0 microns. Radiopaque
10 impression pastes, containing the ingredients listed
below, were prepared by mixing the ingredients in a con-
ventional Ross brand mixer:

Ingredient Paste A Paste 8
Low molecular weight viny]l 2000 grams 1800 grams
15 siloxane polymer (2300 cps)
Filler of Example 1 170C grams 1700 grams
(not silane treatead)
Chloroplatinic acid 4.2 grams - - -
(catalyst)
20 Hydrogen polysileoxane - - - 70 grams

The concentration of the filler may be varied, as
desired, to produce compositions having various viscosities.
Compositions containing 30 - 40% filler are of low
viscosity, while compositions containing 80 - 80% filler

25 have a putty consistency.
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Claims

1. A single phase glass composition consisting essen-
tially of, in percent by weight:

[$}}

Zinc oxide 20 to 35%
Silica 45 to 83%
Baric oxide 3 to 15%.
Aluminum oxide g to 10% .
Aluminum flueride At least 2%
Alkali metal oxide or ¢ toe 5%
alkaline earth metal
10 oxide

2. A dental filling composition comprising & poly=-
merizable resin bSinder and a finely divided
inorganic glass fillar which s X-ray cpaque and
single phase, whersin said glass Filler has the

5 compesition of claim 1.

3. A compoesitien in accordanca with claim 2, wnerein
said binder comprises a fres-radically gcolymerizabdle
resin,

4. A composition in accordance with claim 3, wnaerein
20 said polymerizable resin binder cocmprisas 3IS-GMA.

wy

. A composition in accordances with claim 2, wherein
the index of refraction of said glass filler and
said resin are substantially the same.

§. A composition in accardance with c¢iaim 2, wnerein

3 said composition is in the form of two pastes, &the
first said paste comprising poiymerizabie resin
binder, inorganic glass filler, and a2 catalyst,

‘3UREA 1%
QP -.1
WP

NI\

GREATION e

4%,
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and the second said paste comprising polymerizable
resin binder, inerganic glass filler, and an

accelerator.

A composition in accordance with ¢claim &, wherein
said filler represents at least about 70% by weight

of each said paste.

A composition in accordance with claim 6, wherein
said binder in each said paste comprises BIS-GMA.

A composition in accordance with claim 4, wherein
said glass filler consists essentially of, 1in percent

by weight:
Zinc oxide ' 25 to 28%
Silica 46 to 438%
Boric oxide 6 to 9%
Aluminum oxide 1 ta 3%
Aluminum fluoride 17 %o 19%

wherein the combined weight of aluminum oxide and
aluminum fluoride is not greater than about 20%.
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