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SPECIFICATION

Glass compositions and cements incorporating such compositions

§ This invention relates to glass compositions such as are employed in the preparation of polycarboxylic acid 5
water setting cements and to cement compositions incorporating such glasses.
It is well-known that polycarboxylic acids such as described in our co-pending Application No. 50578/76
can be crosslinked to form a solid cement by treatment in an aqueous medium with a controlied supply of
10

divaient or polyvalent metal ions.
10 Two stages are observed in the process of setting of such cements. During the first stage the viscosity of
the aqueous mix increases rapidly, but it may still be stirred, poured, cast or otherwise worked to give a
desired shape to the finished product. This state terminates after a period t,, known as the working time,
when the mixture has achieved sufficient rigidity to prevent further working. During the second stage the
material develops considerably greater mechanical strenth until the setting time t,, which is arbitrarily
15 defined as the time which the cement achieves a rigidity or strength appropriate to a particular use. 15
In many applications such as those where the set cement perform a structural or reinforcing role, itis
desirable to provide a curable cement having a relatively long t,, so that it may be mixed to a sufficiently
homogeneous paste to ensure the subsequent development of high strength in the set cement. Previously
ion leachable glasses or alumino-borate glasses have been used for this purpose. '

20 According to one aspect of the invention there is provided a partially or completely water soluble glass
composition as hereinafter defined adapted to provide cross linking of a polycarbexylic acid cement, said
composition including a titanoborate glass containing at least one further metal oxide.

According to another aspect of the invention there is provided a cement composition comprising a
polycarboxylic acid material, and a partially or completely water soluble glass as hereinafter defined, said
: 25

25 glass comprising a titanoborate glass containing at least one further metal oxide.
The term ‘glass’ as employed herein is understood to include not only homogeneous glass systems, but

20

also partially devitrified and phase separated materials.
The term ‘poly carboxylic acid’ as used herein is understood to include polymers of unsaturated

monocarboxylic acids and their anhydrides, unsaturated dicarboxylic acids and their anhydrides or
30 copolymers formed from combinations thereof. Copolymers may also be formed from such materials 30

together with other ethylenically unsaturated monomers. Specific monomers are acrylic, itaconic,
mesaconic, citraconic or maleic acids or their respective anhydrides. The polycarboxylic acid may be in dry

powder form or in agueous solution.
The glass compositions are prepared by fusing the constituent oxides, or compounds which on heating
35

35 decompose to form the respective oxides, for a sufficient period of time to form an homogeneous melt.
Typically, quantities of titanium dioxide and boric oxide, which later acts as the glass forming oxide of the
system, are fused together with one or more further metal oxides at a temperature of 1,000 to 1,500°C in an

oxidising atmosphere. The one or more further metal oxides may act as cross-linking agents for

polycarbroxylic acid materials and for this purpose should comprise divalent or polyvalent metal oxides. To
40

40 produce a desired glass composition it may be necessary to add an excess of boric oxide to the initial mix as
some of this oxide is lost by evaporation during the fusion process.
The molten glass is quenched to form a solid material which is then crushed and ground to a fine powder,
the degree of fineness depending on the particular application of the glass material. The exact compaosition
of the glass may then be determined by chemical analysis of the powder.

45 The water solubility rate of the glass composition may be adjusted by incorporation of suitable further
metal oxides. Thus, for example, calcium oxide reduces the solubility of the glass and also acts as a
cross-linking agent for polycarboxylic acid materials. Other metals which may be incorporated by way of
their oxides include zinc, magnesium, barium, strontium, aluminium, copper, iron nickel, cobalt or mixtures

thereof. The glass may also incorporate one or more alkali metal oxides for the purpose of increasing water

45

50 solubility. Preferred glass compositions comprise 25-40 mole % calcium oxide, 45-65 mole % boric oxide and 50

up to 15 mole % titanium dioxide. Optionally such compositions may also include up to 15 mole % zinc
oxide. This limit should not exceeded where X-ray transparency of the cement is required. However, in other
applications the zinc content may of course be increased above this level.

The glass compositions may be employed in the preparation of polycarboxylic acid cements. Typically,

55 weighed quantities of the powdered glass and the polycarboxylic acid, either in dry powder of aqueous
solution form, are mixed together. Where the dry powders are employed sufficient water is added to initiate

the cross-linking reaction. Setting of the cement generally proceeds in two stages during the first of which

the material may be worked or moulded to the desired shape.
The preferred polymer materials for use with the glasses described herein are those based on acrylic acid

60 Thus, preferred homopolymers are acrylic acid or acrylic anhydride homopolymers. Acrylic acid
co-polymers preferably incorporate acrylamide or acrylonitrile as the ethylenically unsaturated monomer.

Acrylic anhydride copolymers preferably incorporate ethylene, propylene, butane or styrene as the
ethylenically unsaturated monomer. The number average molecular weight of the polymeric material may

be from 1,000 to 1,000,000, materials within the range 1,000 to 500,000 being preferred.
In some applications, for example dental applications it is advantageous to provide a dry pack mix of the

65
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60

65
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glass and polycarboxylic acid, the cement being formed when required by adding a suitable quantity of

water immediately prior to use. Thus, sufficient water may be added to form a thick paste which is injected

into a tooth cavity and allowed to set. It is thought that the calcium ions present in the tooth interact with the
~ polycarboxylic acid material and thus firmly bond the cement to the tooth.

5 In order to extend the setting times of cements formed with the glass compositions described herein, the
glass may be subjected to one of the phosphate, treatments described in our co-pending application No.
43601/78 Serial No. 2033370 (C.F. Drake-N.R. Adams 66-1). In such a treatment glass particles are either
coated with or used in conjunction with a phosphate material such as phosphoric acid, phosphorus
pentoxide or an inorganic phosphate. The reaction mechanism is not fully understood, but the effect of such

10 treatment is to extend the working time of the cement incorporating the glass without significantly extending 10

the setting time of the cement. This of course greatly extends the range of glass compositions which may be
employed and the range of applications for which cements incorporating such glasses may be used.
Typical therapeutic uses of cements formed from the glass compositions described herein include dental
cements, orthopaedic cements, e.g. for splint bandages, and cements for the construction of prostheses
15 such as are employed as human joint replacements. Other applications include but are not limited to
structual cements which, advantageously, may be reinforced e.g. with glass plastics or carbon fabrics, quick
setting cements e.g. for emergency repairs to roads or aircraft runways, soil stabilisation cements, vehicle
body filler materials and grouting cements. In some applications the cements may contain additives. Thus a
tile grouting cement may include a fungicide and/or a bacteriocide to prevent the growth of micro-organism.
20 Similarly, a vehicle body cement may include a metal corrosion inhibitor.
The following Example illustrates the invention.

Example .
A range of glass compositions was prepared by co-melting calcium oxide, boric oxide and titanium
25 dioxide, in some cases together with zinc oxide. The glasses were fused in an oxidising atmosphere for 2
hours at a temperature of 1100-1200°C and were then quenched by casting on to a cooled steel plate and
were crushed, ground and sieved to an average particle size of 45 microns. The composition of each glass
was determined by chemical analysis.
Weighed quantities of each glass were mixed with powdered polyacrylic acid (PAA) and water was added
30 to initiate the setting reaction. In all cases the weight ratio of glass to PAA to water was 3:1:2. The setting
characteristics were determined in each case, the results being summerised in the following table

TABLE 1

35 Batch ’ Glass composition - Working Setting

No. Mole % . Time Time
CaO " By0Os Z,0 TiO,

40 CTB2/2 30 65 - 5 25 sec 3min
CTB2/3 35 60 - 5 30 sec 4min
CTB2/9 35 55 - 10 "36 sec 100 min
CTB2/10 40 55 - 5 20 sec 15 min
CTB2/1 35 46.5 12.5 6 20 sec 5 min

45

In addition, samples of the glasses were phosphated to a level of 2 mole % phosphorus by treatment with
an aqueous ammonium dihydrogen phosphate solution followed by drying and crumbling of the cake thus
obtained. As before weighed samples of the glasses were mixed with PAA and water in a weight ratio 3:1:2
and the setting characteristics were determined. The resuits are summarised in the following table:

50 i

TABLE 2
Batch Composition Mole % Working Setting
No. Ca0 B,03 Zn0O TiO, Time Time
55
CTB2/2 30 65 - 5 80 sec 10 min
CTB2/3 35 60 - 5 90 sec 10 min
CTB2/9 35 55 - 10 130 sec 70 min
CTB2/10 40 "B - - - 5 656 sec 5 min
60 CTB2/1 35 46.5 12.6 6 40 sec 2 min
CFD/1 35 . 50 12.5 .25 50 sec 4.5 min
CFD/2 33 50 . 12 5 46 sec 7 min
CFD/3 31 50 11.6 7.5 95 sec 8.5 min
CFD/4 : 30 50 10 10 240 sec 40 min

‘65 CFD/5 28 50 9.5 12.5 780 sec ~ 40 min
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In all cases it was found that the shrinkage of the cement on setting was very lower, generally less than 1%,
and for titanium dioxide concentrations equal to those of alumina in equivalent aluminoborate glasses then
shrinkage was found in every case to be lower than that experienced with cements formed from
aluminoborate glasses.

5
CLAIMS

1. A partialiy or completely water soluble glass composition and adapted to provide cross linking of a
polycarboxylic acid cement, said composition comprising a titanoborate glass containing at least one

10 additional metal oxide.

2. A partially or completely water soluble titanoborate glass composition comprising not more than 15
mole % titanium dioxide, 25 to 40 mole % calcium oxide and 45 to 65 mole % boric oxide, the remainder if
any comprising one or more further metal oxides.

3. Aglass composition as claimed in claim 2 and wherein the further metal oxides include oxides of zinc,

15 iron, magnesium, copper, strontium, barium, cobalt or mixtures thereof.

4. A glass composition as claimed in claim 2 and containing not more than 15 mole % of zinc oxide.

5. A glass composition as claimed in claim 4 or 5 and which further includes one or more alkali metal
oxides.

6. A glass composition as claimed in any one of the preceding claims and which is in particulate form.

20 7. Aglass composition as claimed in claim 6, and wherein said glass particles have an average diameter
of 45 microns.

8. Aglass composition as claimed in claim 6 or 7, and wherein said glass particles incorporate
phosphorus pentoxide or a phosphate.

9. A glass composition substantially as described herein with reference to the Example.

25 10. A water setting cement composition comprising a poly carboxylic acid material, and a partially or
completely water soluble glass composition, said glass composition acting as a cross-linking agent and
comprising a titanoborate glass containing at least one further metal oxide.

11. A cement composition as claimed in claim 10, and wherein the polycarboxylic acid is a polyacrylic
acid homopolymer or copolymer.

30 12. Acement composition as claimed in claim 11, and wherein said polyacrylic acid has a number
average molecular weight of 10° to 10°.

13. A cement composition as claimed in any one of claims 10 to 12, and wherein said glass composition
incorporates phosphous pentoxide a phosphate material.

14. A cement composition as claimed in any one of claims 10 to 12 and wherein said cement composition

35 incorporates a phosphate material.

15. A cement composition as claimed in any one of claims 10 to 14 and in which said cement
composition is reinforced with glass plastics or carbon fibres.

16. A water setting cement composition substantially as described herein with reference to the Example.

17. Asplint bandage incorporating a cement composition as claimed in any one of claims 10 -to 16.

40 18. Adry pack mixfor the preparation of a water setting cement composition, said mix comprising a
polycarboxylic acid in powder form together with a glass composition as claimed in any one of claims 1to 9.

19. A method of preparing a titanoborate glass composition substantially as described herein with
reference to the Example.

20. A method of preparing a cement composition substantially as described herein with reference to the

45 Example.

21. Acement composition as claimed in any one of claims 10 to 16 and which incorporates a fungicide, a
bacteriocide, a metal corrosion inhibitor or mixtures thereof.
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