BLQW NG AGENTS FOR PHENOLI C RESI NS This invention relates to a
phenolic foam produced by using a hexafl uorobutane as the bl ow ng
agent,. H therto chl orofl uorocarbons (hereafter "CFCs") have
been wi dely used as bl owi ng agents for producing foans from synthetic
resins. Wi.lst the CFCs perform 5 very efficiently as blow ng agents, it
has been increasingly causing concern that these - agents may have a
damagi ng effect on the environnent, especially the depletion of the

ozone layer. Thus, there have been great efforts nade to identify a
substitute for CFCs which will be nore user friendly. Such efforts
have net with sone |imted success ugi ng CFCs in which one or nore of
the chlorine atons has been replaced by hydrogen 10 atons (hereafter
"HCFCs"). Whilst HCFCs are far nore environnmentally friendly than t he
CFCs, they nevertheless do not |lead to foans of as good physi cal
properties. Mbst especially, the thermal |nsulat|on performance is

i mpai red and physical strength reduced. ‘I'n phenolic
foanms, an effective blow ng agent nust neet the following criteria: 15 a.
It must not be readily soluble in the resin to be foaned, b. It
shoul d be easy to emulsify in the resin; and cC. It nust have a

bal anced affinity with any surfactant used during the foam ng

process enabling the surfactant to reside at the interface between the
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~perfluoroal kanegrogmgieftly ¥s bISRER 48R 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using CFCs in which one or more of the chlorine atoms has been replaced by hydrogen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 HCECs 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;
It should be easy to emulsify in the resin; and
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 al one, give a poor performance as a blowing agent. In order to
pvercone. t he probl enms with perfl uoroal kanes when used al one, our prior
publ.i shed EP- A- 0439283 proposed the use of a specific blend of blow ng
agents such as eg the conbi nation of 1,1, 1-dichl orof l uoro ethane (sold
as HCFC 141b)w th a perfluoroal kane such ag 5 - perfluoropentane so that
the properties of the blow ng agent in respect of its insolubility in
t he phenolic resin and hence its foam ng properties are nore simlar to

t he conventionglly used trichl orofl uor tha I d
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phenol itself Fg he cresols. The al dehyde used to produce the resole is
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suitably forma yde, acetal dehyde or furfural dehyde, but is g{ﬂ?_f rably
f or mal dehyde. Accordingly:-#he pravenpigvensionds & procass fpr produeing phenalicdpams ¢

Wi |1 be under skgafhHevolidRSiAs 84hg h 8Rwing adeft, iRSinipréventtat cofipridng asingas ns of
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LoLerry nerr FRscificalify Banen § SR oA CRELBERAOE ohPmbielpriiihble L0 1 X
(corresponds t compouriOfith i Jto 26 Boles ofdinealdghydé suitablysn thepreseacepf § baseom 1000
:T{) o :r),(r)] /s )50 00 ceqhiyst QKR §ﬁ_§lﬁe3 Bgflg@mgﬁgﬁ@r%ﬁgé?é%ﬂxg h{drokided The bREMIiC]

1,1,1,4, 4,2 heﬁwpmtb&me@ﬁmpﬂgwmwgﬁ)the isomeric grgsols, manyl Phgnolrg
used is suit abkyrdnatedithendlsBRombPhedold, @aidBhddAiebstciel orltle isontetis xglenols, but i he

SRS TR SR TR S
opt i mum per f or suitably fotmalE€ls/daSacetaltehyldenort foefutatiehydep but ia ipreferiably fenpaldehydé.
the conpressive stregghfy qurp&g? of 38 'B]*e%xﬁqﬁ'\(feﬁgon, it will be understood by those skilled
25  in the art that phenoli¢ 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 10-3 to 1 x 10-2 m2/s), suitably from 1000 to
8000 centistokes (corresponds to 1 x 10-3 to 8 x 10-3 m2/s), preferably from 1000 to
30 5000 centistokes (corresponds to 1 x 10-3 to 5 x 103 m2/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 foam ng fornmul ation contains in addition to the
phenolic resin and the bl owi ng agent a hardener and a surfactant.
The hardener (also known as the curing agent) may be any of the

conventi onal hardeners used for this purpose in this art. The
hardener may be an acidic conpound 5 whigh nmay be organic such as.an
aryl sul phonic acid eg p-toluene sul phonic acid or xyl ene sul phoni ¢
acid, or, inorganic such as mneral acids eg sul phuric acid or
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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/mK. The thermal conductivity value (k)
can be measured at 10°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 embodim.ent, 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 pfoduced 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
bl ow ng agents conprising CFCs can be readily adapted to using the HFB
bl owi ng agent of the present invention. Thus, the nethods of producing
phenol i ¢ foans described in our publ i shed EP-A-154452, EP-A-170357,

EP- A- 223489, EP-A-348199 and EP-A- 5 04393283, and these are incorporated
herein by way of reference. The present invention is further

illustrated with reference to the foll ow ng Exanpl es: The

foll owi ng Tabl e shows the .comparat | [ ' . aoent
hexaf | uor obut aﬂ{gsef'ﬁﬁi ?t'%&ﬁefﬁagﬁ% @F f@ﬁt{gkﬁ ?é&gsre% u&r}g%ﬁgor\]xfein%a 68 sll) .10
TABLE 1  coRRRTIBBRITHESS can be readily adapted to using the HFB blowing agent of the g

ﬁfbll Eg'r:rcﬁ‘ﬂssaent invention. Thus, the methods of producing phenolic foams described in our

CFO[err]  yblishe@R-Ar 154452, EP-AvbTQ3ST) BP-A2R3480, Ep-A-348188 LAdESIAI Flerr]

166 s 14508283, and tHedd are incorbiStaledMerdipbytivay befefdrélice.

24. 6 23.8 32.0 . . Gahs P]hase Jhelhmil Congu%t IV t Ve
20[err]C (Wm ﬂ)e present invention is further illustrated with reference to t eé‘g g

0. 008 0. OOmples: Ozone Depl etion Potenti al 0

1 0.1 opal Warm Pot ent i al . . 0. 03~

] 0.00  Theiowng TRisedi i funart properties of 1,51, 4487

60 11. hexafluorobiiane (HEFRY HCFC-141bmxdNfitlitorbflue® methane (GRGAE). wer e

pr epar ed u&{ ng a phenolic resin J60/219%, ) BP Chem cals Ltd), HFB

as the bl ow ng agent (according to the rmventron) and the various ot her

conponents in_the fornulation and properties of the foamformed are shown
in Table 2 PROBERWIESN the formulations sHovvn,Hpﬁe anoyee 19f | coppEment
identified arfe parts lI)y wei ght and the during condifti ons use¢d fo
2 hours at 60[err]C In a conparative test 20 (CT1) not j

i nvention thel pgapess of Exanple | was repeatjed QR a

U

CFCb] end G¥»ClHF .

The bl andy 1 I eTogulE Waight Thocns onert i e ot [an 186et domldibe broodll"ie

al so shown | Boilifig Paiat 3 bel ow 24.6 23.8 32.0

> Gas Phase Thermal Conductivity, 20°C _
(WmXK) | 0.0095 0.008 0.0098
Qzone 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°C. In a comparative test

20 (CT1) not according to the invention the process of Example 1 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:



TABLE 2 Conponents & Foam Properties | ) Exarrplﬁe 1

LTl Phenolic Resin J60/2195L : _ ) 100

100 . Bl end of HCFC-141 b: Product A (4: 1) 11.9
HFB - 11.9 Har dener [50%
Herr]SOerr]: Herr]PdJerr] (10:2)] 5 10.0 10.0

Initial Thermal Conductivity (W m K) 0.0163 0. 015
Conpressive Strength parallel to rise 243 - 200 (kPa)
adjusted to 40kg/ nferr] Theappbeve results show that whil st

both HFB and HCFC- 141b gi ve excellent 5 [ow t hermal conductivity
performance, the conpressive strength performance of HEB— based—+eqam i s
far superior to thato@pordnts &iFoemPtdperiased f qamExample EXAVPLE @T#:

As with Exanp s _Werl repar ed using vjari ous,.amounfs of enol ijc
resin J60/219 hmcﬁpmmlé%’l@ Ltd) and HFB bl owiHY agen (gcl‘ﬁ di-ngt 0

agen
the 10 inventmya)i ozgmtﬂdlupanpnf@wyl@ﬂbons as in Exarrpl ej] 1 extkft thclt
the cure cond ns WEere 1or a shorter duratloﬁ .b hours at
60[err] C. The ] mul.ations. used and the r-operties n*

are tabul ated Hard'Eﬁbﬂ B0% HQSOXV m;pogr(eaa@psl Y, the 10.0 - pr pcedul®@Oof
Exanpl e 2 was Ive L&ﬁé .; 2-hl 4 O,E

according to
in p214’3f|uoroa| kap@d(4: 1) as

+he—feam-feq ned

HCFC- 14 1b 15 Caﬂ\@rasm@sffeﬁgxh @hranélqduieé Aric

the blowi ng a rgul ati ons used |and the properties of the
f oam formeg aga&t@) g&uslnd‘\tnqﬁ(?kg?mg. e—3 belHewr 23 i 25

6

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 ] except that the cure conditions
were for a shorter duration of 1.5 hours at 60°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-141b
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



Formul ati on & Properties of Ex 2 Ex 3 Ex 4 CT2

TABLE 3

CT3 CT4 Foam  Phenolic Resin J60/2196L 100.0
100.0 100.0 100.0 100.0 100.0 . Bl end  of HCFC- 141b: Product A --

-- 9.0 ° 10.0 11.0 (4:1) HFB

9.0 10.0 11.0 - 50% Sul phuric gaci d 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 (WmK) =~ Conpressive Strength

paral |l el ed
adjusted to

197 189 207 199 TAﬁﬁg3 177 to rise (kPa)

45kg/ nf err] he perfornmance of the bl ock

foams in Exanple 1, it can be seen that 5 t he conpressive strengths, of

superior to
and at the s
of the foam

the | am nat ed fr_%m o BeSduisiengl HED as gdhe bImvd NgCT2 egen| are

 hase of  Lhe &gams propuced using conventional] bl omng agent
me tine tHeame s no nhteri |l asslin.t ashl-atioh—properti es
Phendift Resin J60/2 FosL 2Q00.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
Blend of HCFC-141b:Product A - - “ae 9.0 10.0 11.0
@4:1) '

HFB 9.0 10.0 11.0 - - -

50% Sulphuric acid hardéner 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/m3

10

15

20

As with the performance of the block foams in Example 1, it can be seen that:
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 lfoam.



C ai ns: 1. A process for produci ng phenolic foans from phenolic

resins using a blow ng agent characterised in that the bl owi ng agent
conprises 1,1,1,4,4,4-hexafl uorobutane. 2. © A process according to
Caim1l wherein the phenolic resinis a resole fornmed. by condensati on

of one nole of a phenolic compound with 1 to 2.5 noles of an 5 al dehyde
suitably in the presence of a base catal yst such as an al kali. netal

hydr oxi de eg sodi um hydr oxi de. 3. A process according to Claim
2 wherein the phenolic conpound is one or nore of phenol itself, the

I someric cresols, nonyl phenol, styrenated phenols, bronbp-phenols,

catechol, resorcinol and the isoneric xylenols. 10 4. A process
according to Claim2 or 3 wherein the al dehyde is formal dehyde,

acet al dehyde or furfural dehyde. 5. A process according to any one
of the preceding C ains wherein the phenollc resin inherently contains
a conpati ble solvent and has a V|sc05|ty I n the range of 1000 to 10000

centistokes (corresponds to 1 x 10[err] to 1 x 10[err] nferr]/s). 15 6.

A process according to any one of the preceding O ains wherein the blow ng
agent 1,1,1,4, 4, 4-hexafl uorobutane is used in an anount in the range froml1l
to 20 parts per 100 parts of the phenolic resin. 7. A process
according to any one of the preceding C ains wherein phenolic resin’

and the bl ow ng agent are present in a foam ng formul ati on which contains

I n addition 20 a hardener and a surfactant. 8. A process
according to Claunm 7 wherein the hardener is an acidic conpound whi ch -
i s organi c or 4inor | from
Eo. Ao Vi O?@ﬁgegggr :?dg%%;é 8@@fd%ﬂﬂ?ﬂﬁ§pﬁéﬂbﬂ& i'é%gls%@iﬂk% Hldgngilr%g on
Claim 7 or 8 agenteharaetedsaddn thaséhe blewwa aawylcomrlﬁ?folnlé% ?’SE? W d
from p-tol ueng sul ppRicessaetstdmBdo XYdimnewhsreiniROpKendli¢ fbsin is a resole formed

8 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 10-3to 1x 10-2 m2/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% wiw 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 Claim7 or 8 wherein the hardener is an

Isnor gani c or - mineral acid selected from sul phuric acid and

hydr ochl ori ¢ aci d. 11. A process according to any one of the
preceding Cains 7-10 wherein the surfactant is a silicone or an
et her al koxylates. 5 12. A process acc®rding to any one of the
preceding Clainms 7-11 wherein the surfactant is an al koxyl ates of
castor oil. 13. A process according to any one of the preceding

Cdainms 7-12 whepein At;h‘@cess accor&itg i@Cla%ﬁW dr8 WheréinkBX Mdrdémer &f anlihérighsit o C

acid present in.ca tor 0 hydrogenated
derivative thef‘lé’bﬁfa\ﬁctdr?eif‘f&%eaéﬂ“ \fﬁﬁpolﬂ‘ié d}ygchh%"f:ﬁc‘fihe ricinoleic acid
10 nmoiety. 11 Ap}be&eascoa@mgwarngortabfahypmeimg Class 700 exheddimgh€l ai ns
wherein the sur oi | or i ts hydrogenated derivative

f I S
al koxyl at ed wi F‘H?aé%}rs&ﬁém&?f’&éa‘b?‘%ﬁﬁ Jkegpviages. thereof with propyl ene
oxi de and/ of bu2yl edeprorésdeccording to &y one of the preeatingiClaonaiT-i) wherei them 15

wherein the al Wkaqﬁ %an a%?cfx&fatq% chg%?&] ‘yl’;\t ive 15 cont ai ns from 40-80

et hyl ene oxi de”uni Gi l . grocess
according to ady- ond mbcqsaecqﬂrélosm Ay @ecofithe pm«ed;mngtams 7-daveherein the
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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°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°C according to BS 4370,

Part 2 characterised in that said process uses 1,1,1,4,4,4-hexafluorobutane as blowing

agent.
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