
BLOWING AGENTS FOR PHENOLIC RESINS              This invention relates to a
phenolic foam produced by using a hexafluorobutane       as the blowing
agent.              Hitherto chlorofluorocarbons (hereafter "CFCs") have
been widely used as      blowing agents for producing foams from synthetic
resins. Whilst the CFCs perform  5 very efficiently as blowing agents, it
has been increasingly causing concern that these       agents may have a
damaging effect on the environment, especially the depletion of the
ozone layer. Thus, there have been great efforts made to identify a
substitute for CFCs       which will be more user friendly. Such efforts
have met with some limited success       using CFCs in which one or more of
the chlorine atoms has been replaced by hydrogen 10  atoms (hereafter
"HCFCs"). Whilst HCFCs are far more environmentally friendly than      the
CFCs, they nevertheless do not lead to foams of as good physical
properties. Most      especially, the thermal insulation performance is
impaired and physical strength      reduced.              In phenolic
foams, an effective blowing agent must meet the following criteria: 15  a.
It must not be readily soluble in the resin to be foamed;      b.    It
should be easy to emulsify in the resin; and      c.    It must have a
balanced affinity with any surfactant used during the foaming
process enabling the surfactant to reside at the interface between the
phenolic              resin and the blowing agent phases thereby increasing
the efficiency of the 20           surfactant.              These criteria
are not normally met by conventional HCFCs alone because      HCFCs
normally used in such a process are more soluble in phenolic resins than
CFCs      and hence the conventional surfactants produce foam of a coarse,
friable structure.      Hence the relatively poor performance of the HCFCs
as blowing agents when 25  compared with CFCs. It is also known that
perfluoroalkanes generally, when used   



2        alone, give a poor performance as a blowing agent. In order to
overcome the      problems with perfluoroalkanes when used alone, our prior
published EP-A-0439283      proposed the use of a specific blend of blowing
agents such as eg the combination of      1,1,1-dichlorofluoro ethane (sold
as HCFC 141b)with a perfluoroalkane such as 5   perfluoropentane so that
the properties of the blowing agent in respect of its      insolubility in
the phenolic resin and hence its foaming properties are more similar to
the conventionally used trichlorofluoromethane (sold as CFC 11) and
trichlorotrifluoroethane (sold as CFC 113).              It has now been
found that the above performance problems can be mitigated 10  by using a
specific fluoroalkane which has little or no ozone layer depletion
potential      but at the same time has a performance comparable with the
conventionally used      CFCs.              Accordingly, the present
invention is a process for producing phenolic foams      from phenolic
resins using a blowing agent, the improvement comprising using as 15
blowing agent 1,1, 1,4,4,4-hexafluorobutane.              By the expression
"phenolic resins" as used herein and throughout the       specification is
meant a resole formed by condensation of one mole of a phenolic
compound with 1 to 2.5 moles of an aldehyde suitably in the presence of a
base       catalyst such as an alkali metal hydroxide eg sodium hydroxide.
The phenolic 20   compound can be one or more of phenol itself, the
isomeric cresols, nonyl phenol,       styrenated phenols, bromo-phenols,
catechol, resorcinol or the isomeric xylenols, but is       preferably
phenol itself or the cresols. The aldehyde used to produce the resole is
suitably formaldehyde, acetaldehyde or furfuraldehyde, but is preferably
formaldehyde.              For the purposes of the present invention, it
will be understood by those skilled 25  in the art that phenolic resins of
relatively higher viscosity may be used as the starting       materials to
produce the foams. It is, however, convenient to use a phenolic resin
which inherently contains a compatible solvent and has a viscosity in the
range of 1000       to 10000 centistokes (corresponds to 1 x 10[err] to 1 x
10[err] m[err]/s), suitably from 1000 to       8000 centistokes
(corresponds to 1 x 10[err] to 8 x 10[err] m[err]/s), preferably from 1000
to 30   5000 centistokes (corresponds to 1 x 10[err] to 5 x 10[err]
m[err]/s).              The blowing agent used is
1,1,1,4,4,4-hexafluorobutane (hereafter "HFB").       The amount of HFB
used is suitably in the range from 1 to 20 parts per 100 parts of       the
phenolic resin. It is surprising that HFB can be used alone without the
need to       blend it with any other solvent in order to achieve the
optimum performance of CFCs 35   used hitherto, especially in respect of
the compressive strength of the foam produced.     



3                The foaming formulation contains in addition to the
phenolic resin and the       blowing agent a hardener and a surfactant.
The hardener (also known as the curing agent) may be any of the
conventional       hardeners used for this purpose in this art. The
hardener may be an acidic compound  5   which may be organic such as an
aryl sulphonic acid eg p-toluene sulphonic acid or       xylene sulphonic
acid, or, inorganic such as mineral acids eg sulphuric acid or
hydrochloric acid. The hardener is suitably used as a aqueous solution
containing from       eg 50-75% w/w of the acidic compound.
The surfactant (also known as the cell stabilizer) may be any of those 10
conventionally used  in this art. For instance, these may be silicones or
ether       alkoxylates, especially the alkoxylates of castor oil. Castor
oil is a glyceride in which       glycerol is esterified predominantly with
ricinoleic acid. The surfactant is prepared       from castor oil as such
or from a hydrogenated derivative thereof The hydrogenated       derivative
may be either fully or partially hydrogenated with respect to the
unsaturation 15  in the ricinoleic acid moiety in castor oil. Thus, castor
oil or its hydrogenated       derivative can be alkoxylated eg with
ethylene oxide or mixtures thereof with       propylene oxide and/or
butylene oxide. The alkoxylated castor oil derivative suitably
contains from 40-80 ethylene oxide units per mole of castor oil.
The foaming process can be operated in the presence of other adjuvants such
as 20   viscosity modifiers, lubricants and agents for modifying the
boiling point of the       blowing agent such as glycol, methanol and
methylene chloride. These adjuvants may       be added either to the resin
or to the blowing agent in significant quantities eg up to       20% w/w.
The presence of some of these adjuvants can also improve the efficiency of
the blowing agent. 25           The blowing agent is particularly suitable
for producing foams having improved       properties in respect of water
absorption, moisture vapour transmission, stable thermal       conductivity
values, compression strength and closed cell content such that it has a
thermal conductivity value (k) below 0.025W/m.K. The thermal conductivity
value (k)       can be measured at 10[err]C according to BS 4370, Part 2.
The lower the k value, the 30  lower the thermal conductivity and the more
desirable the foam.              Thus, according to yet another embodiment,
the present invention is a process      for producing low-k phenolic foams
having a k-value of below 0.025 W/m.K from      phenolic resins using as
blowing agent 1,1, 1,4,4,4-hexafluorobutane.              Low k foams as
described above can be produced by the process described 35  above or by
conventional processes described for using CFCs as blowing agents. The



4        present invention has the advantage that existing processes using
blowing agents      comprising CFCs can be readily adapted to using the HFB
blowing agent of the      present invention. Thus, the methods of producing
phenolic foams described in our      published EP-A-154452, EP-A-170357,
EP-A-223489, EP-A-348199 and EP-A- 5  04392283, and these are incorporated
herein by way of reference.             The present invention is further
illustrated with reference to the following      Examples:             The
following Table shows the comparative properties of 1,1,1,4,4,4-
hexafluorobutane (HFB), HCFC-141b and trichlorofluoro methane (CFC 11). 10
TABLE 1        PROPERTIES                                           HFB
CFC 11    HCFC-
141b      Formula                                        C[err]H[err]F[err]
CFCl[err]    CH[err]CI[err]F      Molecular Weight
166          137.8       117      Boiling Point ([err]C)
24.6         23.8         32.0      Gas Phase Thermal Conductivity,
20[err]C      (W/m.K)                                        0.0095
0.008     0.0098      Ozone Depletion Potential                   0
1         0.1      Global Warming Potential                0.015-0.03*
1         0.09      Atmospheric lifetime (years)              -0.4*
60         11.7      *Estimated        EXAMPLE 1: 15        Foams were
prepared using a phenolic resin J60/2195L (ex BP Chemicals Ltd),      HFB
as the blowing agent (according to the invention) and the various other
components in the formulation and properties of the foam formed are shown
in Table 2      below. In the formulations shown, the amounts of components
identified are parts by      weight and the curing conditions used were for
2 hours at 60[err]C. In a comparative test 20  (CT1) not according to the
invention the process of Example I was repeated using a      blend of
HCFC-141b and a commercial product (A) rich in perfluoropentane (4: 1 in
the blend) instead of HFB. The properties of the foam from this process is
also shown      in Table 2 below:
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TABLE 2               Components & Foam Properties        Example 1
CT1      Phenolic Resin J60/2195L                           100
100      Blend of HCFC-141 b: Product A (4: 1)                       11.9
HFB                                              11.9      Hardener [50%
H[err]SO[err]: H[err]PO[err] (10:2)]           10.0           10.0
Initial Thermal Conductivity (W/m.K)        0.0163         0.015
Compressive Strength parallel to rise        243            200      (kPa)
adjusted to 40kg/m[err]               The above results show that whilst
both HFB and HCFC-141b give excellent 5   low thermal conductivity
performance, the compressive strength performance of HFB      based foam is
far superior to that of the HCFC-141b based foam.      EXAMPLE 2-4:
As with Example 1, foams were prepared using various amounts of phenolic
resin J60/2196L (ex BP Chemicals Ltd) and HFB blowing agent (according to
the 10  invention) and the same formulations as in Example 1 except that
the cure conditions      were for a shorter duration of 1.5 hours at
60[err]C. The formulations used and the      properties of the foam formed
are tabulated in Table 3 below. As previously, the      procedure of
Example 2 was repeated in a series of comparative tests (CT2-CT4, not
according to the invention) using corresponding amounts of a blend of
HCFC-14 lb 15  and a commercial product A rich in perfluoroalkane (4: 1) as
the blowing agent. The      formulations used and the properties of the
foam formed are also shown in Table 3      below:    20       25
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TABLE 3          Formulation & Properties of    Ex 2    Ex 3  Ex 4   CT2
CT3    CT4                 Foam     Phenolic Resin J60/2196L     100.0
100.0  100.0  100.0  100.0   100.0     Blend of HCFC-141b:Product A  --
--            9.0    10.0    11.0     (4:1)     HFB
9.0    10.0   11.0    -     50% Sulphuric acid hardener   17.5   17.5
17.5   17.5   17.5    17.5     Initial Thermal Conductivity  0.0173  0.0170
0.0165  0.015  0.0147  0.0149     (W/m.K)     Compressive Strength
paralleled    197    189   207    199    180    177     to rise (kPa)
adjusted to 45kg/m[err]              As with the performance of the block
foams in Example 1, it can be seen that 5   the compressive strengths of
the laminated foams produced using HFB as the blowing      agent are
superior to those of the foams produced using conventional blowing agent
and at the same time there is no material loss in the insulation properties
of the foam.    10       15       20           



Claims:      1.    A process for producing phenolic foams from phenolic
resins using a blowing      agent characterised in that the blowing agent
comprises 1,1,1,4,4,4-hexafluorobutane.      2.    A process according to
Claim 1 wherein the phenolic resin is a resole formed      by condensation
of one mole of a phenolic compound with 1 to 2.5 moles of an 5   aldehyde
suitably in the presence of a base catalyst such as an alkali metal
hydroxide eg      sodium hydroxide.      3.    A process according to Claim
2 wherein the phenolic compound is one or more      of phenol itself, the
isomeric cresols, nonyl phenol, styrenated phenols, bromo-phenols,
catechol, resorcinol and the isomeric xylenols. 10  4.    A process
according to Claim 2 or 3 wherein the aldehyde is formaldehyde,
acetaldehyde or furfuraldehyde.      5.    A process according to any one
of the preceding Claims wherein the phenolic      resin inherently contains
a compatible solvent and has a viscosity in the range of 1000      to 10000
centistokes (corresponds to 1 x 10[err] to 1 x 10[err] m[err]/s). 15  6.
A process according to any one of the preceding Claims wherein the blowing
agent 1,1,1,4,4,4-hexafluorobutane is used in an amount in the range from 1
to 20      parts per 100 parts of the phenolic resin.      7.    A process
according to any one of the preceding Claims wherein phenolic resin
and the blowing agent are present in a foaming formulation which contains
in addition 20   a hardener and a surfactant.      8.    A process
according to Claim 7 wherein the hardener is an acidic compound      which
is organic or inorganic and is used as an aqueous solution containing from
50-      75% w/w of the acidic compound.      9.    A process according to
Claim 7 or 8 wherein the hardener is an aryl sulphonic 25  acid selected
from p-toluene sulphonic acid and xylene sulphonic acid.
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10.   A process according to Claim 7 or 8 wherein the hardener is an
inorganic or       mineral acid selected from sulphuric acid and
hydrochloric acid.       11.   A process according to any one of the
preceding Claims 7-10 wherein the       surfactant is a silicone or an
ether alkoxylates.  5   12.   A process according to any one of the
preceding Claims 7-11 wherein the       surfactant is an alkoxylates of
castor oil.       13.   A process according to any one of the preceding
Claims 7-12 wherein the       surfactant is an alkoxylate of ricinoleic
acid present in castor oil or a wholly or partially       hydrogenated
derivative thereof with respect to the unsaturation in the ricinoleic acid
10   moiety.       A process according to any one of the  preceding Claims
wherein the surfactant is       castor oil or its hydrogenated derivative
alkoxylated with ethylene oxide or mixtures       thereof with propylene
oxide and/or butylene oxide.       15.   A process according to Claim 15
wherein the alkoxylated castor oil derivative 15  contains from 40-80
ethylene oxide units per mole of castor oil.       16.   A process
according to any one of the preceding Claims wherein the foams
produced have a thermal conductivity value (k) below 0.025W/m.K as measured
at       10[err]C according to BS 4370, Part 2.       17.   A process for
producing from phenolic resins a phenolic foam having a thermal 20
conductivity value (k) below 0.025W/m.K as measured at 10[err]C according
to BS 4370,      Part 2 characterised in that said process uses 1,1,1
,4,4,4-hexafluorobutane as blowing      agent.    25       30       35    


