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(71) We, UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, London, a British 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to a method of pre-
paring composite materials. 

10 According to this invention, a method of 
preparing a composite material comprises poly-
merising a polymerisable liquid comprising a 
polymerisable monoethylenically unsaturated 
monomer or a mixture of copolymerisable 

15 monoethylenically unsaturated monomers in a 
porous natural material comprising cellulosic 
fibre, the polymerisable liquid being in admix-
ture, in the porous material, with a halogen 
derivative of a saturated aliphatic hydro-

20 carbon, which halogen derivative has a carbon 
atom content per molecule in the range from 
22 to 30. 

We strongly prefer, however, that the poly-
merisable liquid and the halogen derivative 

25 are provided in the porous material by im-
pregnating the porous material with a liquid 
impregnating composition comprising the 
halogen derivative in admixture with the poly-
merisable liquid. 

30 The impregnating step may be carried out, 
for example, by the known technique of 
vacuum impregnation or by simple immersion 
following which the polymerisable liquid is 
then polymerised in the porous material to 

35 give the composite material. 
We have found that the presence of the 

halogen derivative may give rise to unexpec-
ted improvements in the properties of a com-
posite material produced by the present 

40 method in comparison with a method carried 
out using a composition wherein the halogen 
derivative is absent. Thus, we have found 
that the fire resistance of the composite 
material may be improved, that the brittle-

45 ness may be modified to particular advantage, 
that the coefficient of friction may be reduced 
and that the material may be more workable. 

We have also found that, when the polymer-
ising source of energy is radiation, the radia-
tion dose required to effect polymerisation is 50 
considerably less, the effect being most marked 
when the halogen derivative is a chloro deriva-
tive. 

The halogen derivatives used are oily 
halogen derivatives which are usually readily 55 
miscible with the polymerisable liquid. The 
halogen derivative used may, in fact, be in 
the form of a mixture of more than one 
halogen derivative. Noteworthy halogen deri-
vatives are 'Chlorparaffin-50' and 'Chlor- 60 
paraffin-52' which are mixtures of chlorin-
ated saturated aliphatic hydrocarbons and 
have chlorine contents of 48—50% by weight 
and 50—52% by weight respectively. 'Chlor-
paraffin-50' and 'Chlorparaffin-52' are trade 65 
names used by Hoechst Chemicals Ltd. 

Preferably, the proportion of halogen deri-
vative in the abovementioned impregnating 
composition is less than 50% by volume, 
since the halogen derivative may not be com- 70 
patible with the polymerisable liquid when 
present in proportions of 50% or greater. We 
also prefer still further, in order to achieve 
the best results, that the proportion of halogen 
derivative in the composition is in the range 75 
from 5 % to 25 % by volume. 

In order to be able to obtain a fully cured 
cross-linked polymeric system which is resis-
tant to solution or swelling in liquids, a cross-
linking agent, for example, divinylbenzene or 80 
a di- or tri-methacrylate ester may be included 
in the composition. 

Also, an elastomer such as polychloroprene 
or polybutadiene may be included in the com-
position. This is to modify the resilience pro- 85 
perties of the composite material resulting 
from use of the composition. If the polymer-
isable liquid is to be polymerised by a source 
of energy, a catalyst which is sensitive to the 
source of energy may be included in the com- 90 
position of this invention. The composition 
may also include a dodecylmercaptan. 

Among the monomers which may be used 
in this invention are acrylonitrile, styrene, 
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methyl methacrylate, vinylidene, chloride, 
methyl acrylate, ethyl acrylate, butyl acrylate 
and vinyl acetate. Some of these monomers ' 
are not, however, suitable for use alone; thus, 

5 styrene does not homopolymerise readily with 
radiation. We prefer to use a mixture of 
styrene and acrylonitrile, particularly in pro-
portions of from 80:20 to 40:60 volume/ 
volume styrene:acrylonitrile, wherein the most 

10 preferred proportion is 60:40 volume/volume 
styrene: acrylonitrile. 

The polymerising step may be carried out, 
for example^ by means of an energy source 
which effects polymerisation of the polymer-

15 isable liquid. Such energy sources include 
accelerated electrons and electromagnetic 
radiation of a wavelength shorter than that of 
visible light, e.g., ultra-violet radiation, X-
rays, gamma-rays, and nuclear reactor radia-

20 tion. Of these, we prefer to use gamma radia-
tion, particularly from a Cobalt-60 source, as 
it is cheap, has good penetration and does 
not induce radioactivity in the liquid. 

Cobalt-60 radiation has a mean energy of 
25 1.25 m.e.v. Commercially practicable dose 

rates using a Cobalt-60 source are likely to be 
from 0.01 to 1.0 M Rads per hour 

(1M Rad=106 Rad=10 s ergs per gram). 

The total dose required to polymerise fully 
30 an olefinically unsaturated monomer depends 

on the dose rate. For example, at a dose rate 
of 0.1 M Rads per hour, the total dose 
required to polymerise fully a 60:40 volume/ 
volume styrene: acrylonitrile mixture is about 

3 M Rads. At a given dose rate, the dose 35 
required to polymerise fully any other poly-
merisable liquid can readily be determined by 
experiment. 

We strongly prefer that the porous material 
used in the metiiod of this invention is a 40 
wood, preferably a hard wood of the temperate 
zone, for example, ash, maple, or sycamore. 
The wood may be in the form of veneers or 
of bulk timber. 

This invention also includes a composite 45 
material prepared by the method of this in-
vention. 

The invention will now be particularly des-
cribed in Example 1 below. Examples A to F 
below are included not as examples of the 50 
invention but as examples of the preparation 
of impregnating compositions for use in the 
invention. 

Preparation of Impregnating Compositions 

Example A: 55 
A liquid mixture of monomers was pre-

pared by mixing together styrene and acrylo-
nitrile in the proportions of 60:40 (volume/ 
volume). The liquid mixture was mixed with 
stirring, with cChlorparaffin-50' in the propor- 60 
tions of 90:10 (volume/volume) to give an 
impregnating composition. 

Further impregnating compositions were 
prepared as described above using different 
'chlorparaftins' and/or different proportions of 65 
'chlorparaffin'. These further compositions are 
summarised below. 

70 

Example 

B 
C 
D 
E 
F 

'Chlorparaffin' 

Chlorparaffin—50 
Chlorparaffin—52 
Chlorparaffin—52 
Chlorparaffin—52 
Chlorparaffin—70 

% of Chlorparaffin 
(by volume) 

20 
5 

10 
20 
10 

75 Comparative Tests on Impregnating 
Compositions 

A 15 ml sample of the impregnating com-
position of Example A was placed in a sample 
tube of 150 X16 mm o.d. The tube was pro-

80 vided with a Chromel (Trade Mark):Alumel 
(Trade Mark) thermocouple which extended 
to within 5 mm of the bottom of the sample 
tube. The sample was then irradiated with 7-
radiation from a cobalt-60 source and the 

85 temperature rise measured by means of the 
thermocouple. The time taken to reach maxi-
mum temperature increase was a measure of 
the dose required to effect cure. 

This procedure was repeated with the im-
90 pregnating compositions of Examples B, D, 

E and F and with a control comprising a 
60:40 (volume/volume) mixture of styrene 
and acrylonitrile. 

The dose to cure for the control was 
3.1X10° rad at a dose rate of 1.6x10" rads/ 
hour. 

The results are summarised below as 
reduction in dose to cure compared with the 
control. 

95 

Composition 
Example A 
Example B 
Example D 
Example E 
Example F 

% Reduction 100 
10 
58 
15 
53 
21 105 

The results above clearly show diat the 
radiation dose required to cure is markedly 
reduced by the presence of the chlor-
parafBns. 
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Preparation of a Composite Material 

Example 1 
Samples of ash measuring 5 x 2 5 x 6 5 cm 

were placed in an impregnator comprising a 
5 cylinder with an autoclave type door. The 

impregnator was evacuated to a residual pres-
sure of 50 mm Hg by means of a pump and 
maintained at this pressure for two hours. 
The pump was then isolated and the residual 

10 vacuum allowed to draw an impregating com-
position comprising a mixture of styrene: 
acrylonitrile (60:40 volume/volume) and 
'Chlorparaffin-52' in the proportions of 90: 
10 (volume/volume) into the impregnator. The 

15 impregnator was then pressurised to 180 lb/ 
inch2 by means of an air compressor. After 
60 hours, the pressure was released through an 
external vent and excess impregnant removed. 
Finally, the treated wood was drained and 

20 immediately wrapped in polythene film. 

The treated wood was then irradiated at 
the bottom of a pool type gamma facility to 
a dose of 2.5 M rad and at a dose rate of 
about 0.1 X10° rads/hr. Following the irradia-
tion, the wood was unwrapped and weighed. 25 
A weight increase of about 66% was recorded. 
The surface of the treated wood was studied 
and observed to be free from any deformation. 

N.B. In the Examples, we used 'Chlor-
paraffin-50', '-52', and '-70' which are the 30 
trade names for chlorinated aliphatic hydro-
carbons supplied and marketed by Hoechst 
Chemicals Ltd. Their precise chemical con-
stitution is not known. However, we believe 
they are prepared by the catalytic chlorin- 35 
ation of an unsubstituted saturated aliphatic 
hydrocarbon or mixture of these. The product 
therefore comprises a complex mixture of 
chlorinated saturated hydrocarbons of varying 
levels of substitution. We list below certain 40 
physical characteristics of these Chlorparaffins. 

Chlor-
paraffin-50 -52 -70 

Iodine colour number (max.) 1,5 0,5 1,5 
45 Chlorine content % 46— 50— 69 — 

48 52 7 1 -
Density (20°C) 1,20- 1,24- 1,53 

1,22 1,27 1,57 
Viscosity (20°C in poise) 30— 25— — 

50 60 35 
°C Pour Point (DIN 51583) - 1 4 - 1 1 +24 
Refraction of light nD at 20°C 1,51- 1 ,51- 1,53 

1,52 1,53 1,56 
Volatility (max in %) within 24 hrs. 90°C 0,5 0,3 0,5 

55 Thermostability. Hydrogen chloride (max 
in %) split off after 4 hrs. at 175 "C 0,3 0,1 0,2 

WHAT WE CLAIM IS:— 
1. A method of preparing a composite 

material which comprises polymerising a poly-
60 merisable liquid comprising a polymerisable 

monoethylenically unsaturated monomer or a 
mixture of copolymerisable monoethylenically 
unsaturated monomers in a porous natural 
material comprising cellulosic fibre, the poly-

65 merisable liquid being in admixture, in the 
porous material, with a halogen derivative 
of a saturated aliphatic hydrocarbon, which 
halogen derivative has a carbon atom content 
per molecule in the range from 22 to 30. 

70 2. A method according to claim 1 wherein 
the polymerisable liquid and the halogen deri-
vative are provided in the porous material by 
impregnating the porous material with a 
liquid impregnating composition comprising 

75 the halogen derivative in admixture with the 
polymerisable liquid. 

3. A method according to either of the pre-
ceding claims wherein die halogen derivative 
comprises one or more chloro derivatives. 

80 4. A method according to either of claims 
2 and 3 wherein the proportion of halogen 

derivative in the impregnating composition is 
less than 50% by volume. 

5. A method according to claim 4 wherein 
the proportion of halogen derivative is in the 85 
range from 5% to 25% by volume. 

6. A method according to any of the pre-
ceding claims wherein the polymerisable 
liquid comprises a mixture of styrene and 
acrylonitrile. 90 

7. A method according to claim 6 wherein 
the proportions of styrene and acrylonitrile 
in the mixture are in the range from 80:20 
to 40:60 volume/volume styrene: acrylo-
nitrile. 95 

8. A method according to claim 7 where-
in the proportion is 60:40 volume/volume 
styrene: acrylonitrile. 

9. A method according to any of claims 1 
to 5 wherein the monomer is methyl meth- 100 
acrylate. 

10. A method according to any of the pre-
ceding claims wherein the polymerisation is 
carried out by means of an energy source 
which effects polymerisation of the polymer- 105 
isable liquid. 
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11. A method according to claim 10 where- 14. A composite material prepared by a 
in the energy source is gamma radiation. method according to any of the preceding 10 

12. A method according to any of the pre- claims, 
ceding claims wherein the porous material is 

5 a wood. M. J. LOFTING, 
13. A method of preparing a composite Chartered Patent Agent, 

material substantially as described herein with. Agent for the Applicants, 
reference to Example 1. 
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