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COMPLETE SPECIFICATION 

A process for the production of PoLyuretha.ne Foam 

s 

We,.TAKEDA CHEMICAL INDUSTRIES LIMI­
TED, a company organised under the laws of 
Japan, cf 27 Doshomachi, 2-chome, Higashi­
ku, Osaka, Japan, do hereby declare the inven­
tion for which we pray that a patent may be 
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 process for the 
10 ·production of flexible polyurethane foam by 

using dimethylbenzene <i>,«/-diisocyanate as an 
isocyanate component in the presence of octa;.. 
alkyl-stannoxanes and monoaminoalcohols. · 

It has been proposed to produce poly-
15 urethane foam from an aromatic isocyanate· 

(e.g. tolylene · diisocyanate, diphenylmcthane 
diisocyanatc,) and a polyether polyol or a pely-. 
ester polyol. However, foam produced in this 
way is yellowed soon after its exposure to 

20 atmosphere, so that its . practical application 
to practical use is remarkably limited. · 

On the other hand, polyurethane resins pro­
duced by using an aliphatic diisocyanate (e.g. 
hexamethylene diisocyanate) as an isocyanato 

25 component, are not so readily yellOwed as 
those derived from an aromatic isocyanate, 
but have much inferior physical properties. 

Furthermore, it is substantially impossible 
to prepare polyurethane foam economicaJly by. 

30 using an aliphatic diisocyanate, because of the 

of a certain monoaminoalcohol during produc.;. 
tion of polyurethane foam by the above men-, . 
tioned method can effectively inhibit occurence;. 
of cracks in the foam. · 4S 

According to· the invention there is pro­
vided a process for the productiOn of poly- • 
urethane foam comprising reacting dimethyl­
benzene (JJ,w'-diisocyanate with an isocyanate-.... 
modified polyether polyol having· a hydroxyl,~ 50 
number . of 25 to 75 or a polyester polyol · . 

. having a hydroxyl number of 25 to 75 in th~ .. 
presence of a blowing agent, a compound of.· 
the fonnula: . 

' . 

·. 55 

·· .. 
wherein Xu X2, X3 and X.1 may be the· . · .. 
same or different and represent halogen,· · . 
--OH, alkoxy ~aving not more than 4 carbon · · 
atoms, formyloxy, alkylcarbonyloxy having not·· 
more than 17 carbon atoms, -NCO and". 60 · 
-NCS, and R represents alkyl having not 

;., . ' 

• '! 

i, remarkably low reactivity of the aliphatic iso­
cyanate with polyols. 

It was found that by using dimethylbenzene 
· <•>,(JJ' -diisocyanate as isocyanato component and 

more than 4 carbon atoms; and a mon~ ·. 
aminoalcohol having not more than 4 carbon • : 
atoms. 

The present invention makes it possible to .65 
use lacto~e-polyester polyol as a polyol coni-·: · 
ponerit in a so-called one-shot process for 
producing polyurethane foam while the 
lactone-polyester polyol has not been usable ' · 
in the hitherto known one-shot process for · 70 

35 octaalkyl-stannoxane as catalyst, a poly­
urethane foam can be produced which has good 
physical properties and is not yellowed even 
after exposure to atmosphere for a considerable 
period of time. However, foams produced by 

40 this. method are often subject to cracking. · 
We have now discovered that the presence 

[Price 4s. 6d.] Price 25p 

··-:-· -.·, · ~s. 00. 

the P!-'oduction of polyurethane foam. . 
Dimethylbenzene "''"'' -diisocyanate is rep-· ·. • 

resented by the formula . .'....._ 
•;~. 
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~_,.-CHzNCO 

~CHzNCO 

which encompasses 1,2-dimethylbenzenc c11:,c•>'­
diisocya11ate, 1,3 - dimcthylbcnzcne <rJ,<tJ'-di­
isocyanate, 1,4-dimethylbenzene <,,,(I), -diiso-

5 cyanate and mixtures thereof. From. the prac­
ti.cal point of view, a mixture of the 1,3-
isomer · and 1,4-isomer, especially a mixture 
of 60 to 90 weight percent of the 1~3-isomer 
and 40 to 10 weight percent of the l,4-iso-

10 mer; is advantageously employed. · 
Polyol employable in the present invention 

is. an isocyanate-modified polyether polyol or 
polyester polyol, each having two ·or more 
terminal hydroxyl groups .and "having a hy-

15 droxyl number of 25 to 75, preferably about 
30 to about 65. 

The isocyanate-modified polyether polyols 
may be those obtain~d by reacting an excess 

.
2
. 

0 
amount of such polyether polyol as mentioned 
below with a low molecular weight polyiso­
cyanate such as tolylene diisocyanate, diphenyl­
methane diisocyanate or dimethylbenzene 
w,1rJ' -diisocyanate by heating in the presence 
of the catalyst for urethane linkage formation. 

·25 As the polyether polyol employable in pro-
ducing the isocyanate-modified polyether 
polyol, there may be used products obtained 
by addition polymerization of alkylene oxides 
(e.g. ethylene oxide, propylene oxide, butylene 

'30 oxide, styrene oxide and mixtures thereof) 
to low molecular weight polyhydric alcohols 
empior-d as an initiator (e.g. ethylene glycol, 
r!·~r-:.t.h7:e:.~.r-. rt.l'"'Jr.r) .. pi.t:•t"~e.ne }:;!-:;Cn!, gl-r;cerol. 
:"'..:r~~J::~=-=r~·=~ · ~ ?~-~~;=,~=-1~:.~ · ~'~':l:i::,~~~!l:~. ~e~:h~: 

:35 thritcr!, i.ofri.tol, sucro!>e., · man~itol, • sarbide, 
manm!an, sorbitan and mixtures thereof) or 

·to !immes (e.g. e~ylenediamine, propylenedi­
amme, eth~nolamm~ and . I?ixtures thereof) 
under alkalme or aod condmons. · · 

40 · These polyetherp'?lyols may be prepared in 
a known manner such as described in " High 
Polymer_ Vol. XIII. Polyethers Part .1,, (1963) 
b~ Norman G. Gaylord published by Inter-
sc1ence Publishers. . 

45 Among the isocyanate-modified polyether 
polyols, the most ~esirable one is the poly­
ether _polyol modified by . diinethylbenzene 
~·lrJ'-dusocyana~e, which. is prepared by react­
tmg under he~tmg the above-mentioned poly-

50 eth~r P.olyol m c~cess with dimethylbenzene · 
<i1,<i1 -dusocyanate in the presence of the octa.:. 
alkyl-stannoxane of the formula (II) as shown 
below. 

and mixtures thereof) with polycarboxylic 
acids (e.g. succinic acid; glutaric acid, pimeric 
acid, suberic acid, azeaic acid, sebacic acid;. · 

· maleic acid, fumaric acid, itaconic acid;. 
phthalic acid, iso-phthalic acid, tercphthalic. .65 
acid, their acid anhydrides and mixtures 
thereof) and may also be counted a poly:.· · 
actonc polyester polyol such as obtained by · 
reacting a lactone with a polyfunctional initia,,; 
tor by heating in the presence or absence of 70 
a catalyst, the initiator being exemplified by.. 
diols (e.g. ethylene glycol, propylene glycol, . · 
diethylene glycol, 1,4-butanediol, xylenediol) ·•· 
diamines (e.g. ethylenediamine, phenyldiamine, ~ 
xylylenediamine), aminoalcohols (e.g. ethanol-·· 75 ·· 
~ine, p-aminophenethyl alcohol etc.), polyofs. 
(e.g. glycerol, trimethylol propane, pentaery-

. thritol, sorbitol, sucrose, mannitol, sorbide, 
oxyalkylene polyol) or polyamines (e.g. di-
ethanolamine, diisopropanolamine). - - 80 

The lactones employable are represented by,, , 
fot example, the general formula: · ·. 

R1 CH(CRJ)-r[i=O 
Lo-1 

.. 

(I) . .' 

wherein n is an integer not less than i· 
at least n + 2 R's are hydrogen, the remaindet 85 
of the R's - are alkyl, cycloalkyl, alkoxy ot 
single ring aromatic hydrocarbon radicals, none 
of the substituents containing more than about 
twelve carbon atoms, and · the total numbet 
of carbon atoms in the substituents on a lactone · 90 
ring not.exceeding twelve. As typical lacto\}es-. 
there are e:temt:'lifio.:d S-.,~krolact1Ju1:<, ~~c~'pni. 
fu.l-~·-i:e_ , ... ..,:.&T"::·;-!"? .... :., .......... ,..:. .... ,_ .... -r:-."11-: .... "llC: - .... .. ~ -"'--~~·"""""''·•-z...a-.; . "'"'""'·:- ...... , ~ .. , .. \; J 

~'3-e63;1-!-,,.&Jer6la:to:1e Cl! ·.i::=te::.:: ~.Jpro- . 
J3-ethyl- o valerolactone· or dimethyl ca.pro~·· 95 
lactone. · 

The polyester polyol may be prepared in -a: 
known manner such as described in, for· 
·example, " Polyesters and their Application " 
~ird edition, April, 1959, published by·_ 100 
B1orksten Research Lab. Inc; Inc. New York;; 
U.S.A., and U.S.P. No·. 2,890,208, NQ.: 
2,977,885 and 2,933,478. . ·. · 
· ~n the present invention, the -octaalkyl 
~tannoxane shown by the general .formula (II) l 05 

, 1S used as a catalyst. · 

5 

carbon-
·alkyl, . 
more tl 
oxy" C· 
sive. 

This 
called 

-but it h 
10 exists u 

.dimer, 
the forr 

noxane 
The: 

be · i:)ff!~~: 
as dt'-,f! 
Clit:uii.:.it 

20· (1963); 
· In· the 
and • .:r:-~· 
practical 

·. 2S 

30 

·.I) c._, 
2) Cc:. 

. 3) O·:: 
· 4) Oc .. ;.-· 

.. 

5) o .. : 
6) 
7) 

8) Q,: 

9) C·:= 
'.JS . •).•.: 

10) O·~~ 
· 1 t) o._, 

~-

12) o._, 
-so ~-=-·:.-

13) 0.:: 
---. 

14) Q,_: 
.;:; . ·-

15) o._, .. 
16) Oc• ... 
17) Q,_; 

". 

. As .Polyester polyois employable in· this ... 
(II). 

55 invention th~re may be counted such a pro­
duct as c;>btamed by the. reaction of ·Iow mole­
cular weight polyhydric al~ohols (e.g. ethylene 
glycol, propylene glycol, diethylene glycol, tri­
ethylene glycol, butylene glycol triemethylol wher~in Xx, X2, R3, and X~ may be the sanic . 's 

or different and represent halogen (i.e. Cl, · 

. ·A,c,;, . 
·abk ,,,-,,. 
lo 4 C;i 1 

')'Stem, 
duccd is 

As rL 

Q;•mrcd, 60 propane, glycerol,. hexanetriol, pentaerythritol Br, I Qr F) OH) alkoxy, formyloxy, alkyl-·. 110· 
.. .. . 
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(ylic 
1eric 
acid, 
acid, 
halic 
tu res 
?Oly-
:1. by 
:iitia-

65 

ce of 70 
:d by 
lycol, 
ediol) 
miqe, 
ianol- 75 
olyols 
taery­
rbide, 
~; .. di-

ed by, 

(1) 

1an 3, 
iainder 
JXY or . 
.s, none 
1 about 
:iumber 
lactone 
.actones 
:-capr~­
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capro-
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'the same 
(i.e. Cl, 

Ky, alkyl- 110 

alkyl, "alkyl" and "alkoxy" cOntainmg. not 2 .- aminobutan· - 1. - ol, 1 - aminopropan• . 

··more than 4 carbon atoms and ~'a1kylcarbonyl- 3 .,.. ol and 3 - · aminobutan - 1 - ol · among . 60 

· oxy" containing 2 to 17: carbon~ atoms, inclu- which 2-aminoethanol is most adva1:1Uigeous 

sive. . .. :._ . . " . from .. a view point of practical use. .. ~ . ~ 

This compound was hertofore .simply · ·:·As the blowing.: agent, :there may'.'be. use9. · s 
called tetraalkyl-distannoxa~e of. the. formula for example,:water, compounds. which-produce 

·water during 'the reaction, halogenated hydro- 65 

carbons having a relatively low boiling ·point 
R . R 
I I 

Xi-S..-0--S ... -Xa, 
· I I · . 

· ·R R 

. but it has been confirm~d that· th~ compound 

10 exists under normal conditions in a form. of 

dimer, namely the octaalkyl-stannoxane of 

the formula (II). . Therefore, in the present 

specification, the compound is described and 

explained as the dimer, the octaalkyl-sfan'-

15 noxane of the formula (II). ~ 

The stannoxane of the· formula (II). may 

be prepared, for example, by the procedure 

· as described in "Journal of Organometallic 

Chemistry" Volume 1, No .. 1, pages 81...-:.SS 

20 (1963). . . . : . . 

. . In the present invention, the most :typkal 

".and desirable octaalkyl-stannoxanes · for ·the 

practical use are exemplified as ·follows : -

" 1) Octamethyl-tetrachloro-stannoxane 
25. 2) Octabutyl-tetrachloro-stannoxane· · ... 

3) Octabutyl-tetrabromo-.stannoxane 
. 4) Octabutyl - dichloro - dihydroxy - starin:. 

oxane 
5) Octabutyl-tetraacetoxy-stannoxane··::; ·. .. .. 

30 . 6) Octaethyl'-tetraformyloxy-stannoxane·'· 

7) Octabutyl - diacetoxy "'.'. dih:rdroxy • stan~-
oxane 

· 8) · ·octabutyl-tetralauroylo)cy-stannoxane . · · 

9). Octapropyl - tetrastearoyloxy :.. stann;; 

35 oxane 
10) Octabuty 1-tetraisocyana to-stannoxarte 

such · as · dichlorodifluoromethane, ttichloro- ;;, :· 

:monofluoromethane, . or . compounds; : which 

.generate. nitrogen gas during the reactiQn suc::h· · 

as azo compounds. · " ...... · 70 

. · The amount of the compound of the g~rieral · ... 

formula (II) used as .a catalyst in this· inven·- ::. 1 

tion is preferably about 0.05 to ab9ut- 2.0, 

more preferably. about 0.1 to about l:S. parts 

. ·by weight. per 100 parts by weight:. of.- -the 75 

polyol· component. · · ;,• · " .. :. , 

The amount of the monoaminoalcohol which ' ·­

is used varies with ·the polyol emplojred and 

with reaction conditions, but- it ·is preferably 

from· .about 0.1 to ·about · 5, ·especially: from 80 

about · 0.3 to · ab~ut 3 .O parts by weight ''per . -.._. 

100 parts by weight of the ·polyol component. "- ~ 

· In carrying out the method of this inven• 

tion, the sole use of the compound shown 

by the general formula (II) as ·a catalyst may · 85 

be enough for giving polyurethane foam wifh . 

desirable· properties,· but . tertiary amin6S ·mily . f'..f 

if desired also be employed together with :the · 

compound of the general formula (II). 
Suitable tertiary amines are for example, 90 

ttiethylamine and N,N,N',N'-tetra:niethyl::..1,3 ... 

butanediainine. . · : " ' · • . · · . ~ -~q · 

In the method of this . invention, the · reac.: h. 

tion niay be carried out in · the presence. of 

· a ·foatn stabilizer, (e.g. silicone oil-poly-di..i.. 95 

methyl siloxane, · alkylsilane-poly-oxyal~ylen~ 

'. ~.:~~·. I . 

.· \ 

100 \ 

11) Octaethyl - ._ diisocyanato . - dihydroxy-
stannoxane 

12) Octamethyl ~ diisocyanato - dlm~thoxy-

copolymer)· non-ioniC· surface active :agtnts 

(e.g. sorbitan monostearate, glycerol ·:·mon·o~ 

oleate, castor off-ethylene oxide adduct); pli:irits, 

additives, reinforcing materials,· d)7es;._ anti.:: 

oxidants or fireproofing a:gents: · . '. . · · .. · ·:.:, 

· The precise procedures for the production _ ... ,~ 

of the polyurethane foam in this ·invent.1Cin. · , .. 
\' 
\ 

40 stannoxane 
13) Octabutyl - tetraisothiocyanato - stann-; 

oxane 
. 14) Octabutyl ~ diisothiocyanato - diethoxy~ 

may be similar to' known methods for example; 

· those described in " ~igh Polymers, Vol. XVI- · 105 1 . 

·. Polyurethanes: Chemistry and TechnofogY.:. I, . 

Chemistry " by Sanders Frisch (1962}' ·pub-.· 

lished by Interscience Publishecs. · · .. : ... '' •. ~':'.-
stannoxane 

45 15) Octamethyl - dichloro . dimethoxy-
stannoxane 

16) Octaethyl - dibromo · - diethoxy -· stann-
oxane 

17) Octabutyl - diacetoxy - ·~iethqxy "'. stann-
50 oxane. 

According. to the present invention,' a suit­

able amount of monoaminoalcohol having 1 
to 4 carbon atoms is present in the reaction 

system,_ whereby the polyurethane foam pro-

55 duccd 1s free from cracking. . . 
As the . monoamin<>alcohol, there r.niay· ):be' 

counted, for cxamp!e, 2-aminoethanol,· 2-· 

~ . . 

The following.examplesillustra~e t~"irivtn- · t·~ 

tion. In the Examples, "parts'~ means.: parts . 11 o 
by weight unless other specified. -'. · · · . 

Parts by weight bear. the same ~latio1f. to ... 
.. parts by volume as do grams to milliliters .. · · 

Throughout the specification, the .abbrevia::.: · 

tions "kg"' "g" "cps" "in" and ""cm~·: repre:i' :fi5 . 
Sent c'kilograms", "grams", "centiP'oiseSf;· 

"meters'' and "centimeters'', respectively. -~ <: ~ 
.~ . ·~ ·• . :: ,) 

. ExAMPLE l . . " ·' ' 
To 100 pa~ts of poly.caprolacton~'.poiyesi:er· =·~· 

polyol (OH number 55.S, acid number ·a.~:.. 120 

white wax-like substance), which was·optained' 
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:~y reacting epsilon-caprolactone with tri­
~methylol propane 'after the rnanner disclosed 

in U.S. Patent No. 2,890,208, · were added, 
under vigorous stirring and heating at 45°C, 

chloro-dihydroxy-stannoxane in that order. · 
The mixture was then admixed with 41."0 
partS of dimethylbei;izene w,oi''."diisocyanate .(a 
mixture of 78 parts of 1,3-isomer and 22 
parts of 1.4-isomer) under vigorous stirring, 
whereupon a reaction took place which yielded 

6s .1 

5 . 2.0 parts of castor oil-ethylene oxide adduct 
obtained by reacting ethylene oxide with castor 
oil (commercially available under the trade 
name "Newpole CZ 300" which is sold by 
Sanyo Chemical Industries Ltd., Japan), 0.5 

10 part of 2,5-di-tert.-amyl-hydroquinone, 3.0 
parts of water, 1.5 part of 2-aminoethanol and 
0.16 part of octabutyl-tetralauroyloxy-stann­
oxane in that order. 

The resulting mixture was then admixed 
15 with 46.5 parts of dimethylbenzene -11>,w' -di­

isocyanate (a mixture of .75 parts of 1,3-
.isomer and 25 parts of 1,4-isomer) under 
vigorous stirring, wherupon . a reaction took 
place which yielded white flexible polyurethane 

20 foam. 
: Control I 

.The same procedure as Example 1 was 
carried out without using 2;..aminoethanol, 
·using triethylenediamine (0.3 part) and stan-

25 nous.;.2-ethylhexoate (0.7 part) in place of 
octabutyl - tetralauroyloxy stannoxane (0.16 
part) and using 42 parts of dimethylbenzene 
w,w'-diisocyanate. However, during the foam-

. ing reaction, the foam completely collapsed 
30 after being formed so ·that no foam product 

was obtained. 

white flexible polyurethane foam. ·. 

ExAMPLB 4 70 · 
To 10Q parts of polycaprolactone poiyester. 

polyol (OH number 56.0, acid number 0.47; 
white wax-like s~bstance), which was obtained. 
by reacting eps1lon-caprolactone and a poly­
ether polyol (product from glycerol and pro- 75 
pylene oxide, OH number 160) after the· 
manner disclosed in U.S. Patent No.· 
2,890.208, w~ added under vigorous stirring 
and heating at 45°C, 2.0 parts "Newpole: 
CZ 300 ", 0.5 part of 2,5-di-tert-amylhydl'O- . 80 
quinone, 2.5 parts of water, 1.4 part of 
2-aminoethanol and 0.17 part of octabutyl:...: 
tetraacetoxy-stannoxane in that order. . · . 

The mixture was then admixed with 42.0 
parts of dimethylbenzene w,w' -diisocyanate (a · 85 
mixture of 78 parts of 1,3-isomer and 24-
parts of 1,4-isomer) under vigorous stirring; 
whereupon a reaction took place which yielded. 
white flexible polyurethane foam. 

E'xAMPLB 5 • 90. · 
100 .Parts of polyester polyol (OH number. 

61, acid number 0.9, water content 0.0~%·,. 
EXAMPLE 2 viscosity 1000 cps (75°C)), which was ob.:., : 

To 100 parts of polycaprolactone polyester rained by reacting adipic acid, diethylene ··. . , 
polyol having the same properties as . in glycol and trimethylol propane, were mixed · JS 

35 Example 1 were added under vigorous stirring homogeneously with 3.0 parts of water, 2.0. · 
and heating at 45°C, 2.0 parts of " Newpole parts of castor oil:-ethylene oxide adduct .. · · 
CZ 300 , 0.5 part of 2,S-di-tert-amyl hydro- obtained by reacting ethylene oxide with casro~ . 
quinone, 2.0 parts of water, 0.5 part of oil (commercially available tinder the trade· 
2-aminoethanol and 2.0 parts of octabutyl- name " Nikkol CO 40 " which is sold by 10~ . 

40 tetraacetoxy-stannoxane in that order. Nikko Shok~i Kabushiki Kaisha in Japan)·. 
The mixture was then admixed with 33.S and 0.5 part of 2,S-di-tert-amylhydroquinone~. · 

· parts of dimethylbenzene 11i,w'-diisocyanate (a After being heated at 50°C, the mixture was 
mixture of .. 70 parts of 1,3-isom.er. and 30 admixed under vigorous stirring with 0.12 par~. 
parts of 1,4-isomer) under vigorous stirring, · of octabutyl - tetraacetoxy - stannoxape;· · 105 . 

·45 whereupon a reaction took place which yielded· 0.6 part of 2-aminoethanol and then wi.i:h ·. 
white flexible polyurethane fo!lm. . 43.8 parts dimethylbenzene (O),w'-diisocyanate': 

(a mixture of 75 parts of 1,3-isomer and 25 
Control 2 parts of 1,4-isomer), whereupon a reactiQn · 

The same procedure as in Example 2 was took place which yielded white flexible poly~ 110. 
carried out without using 2-aminoethanol. urethane foam. ·· 

50 Polyurethane foam thus produced had large 
cracks therein. . . · 

EXAMPLE 3. 
To 100 parts of polycaprolactone polyester 

polyol (OH number 55.5, acid number 0.6, 
55 white wax-Uke substance), which was obtained 

by reacting epsilon-caprolactone and glycerol 
after the manner disclosed. in U.S. Patent No. 
2,890,208, were added;· under vigorous stirring 
and heating at 450°C, 2.0 parts of "Newpole 

60 CZ 300 ", O.S part of 2,5-di-tert.;amylhydro­
quinone, 2.5 parts of water, 1.2 part of 2-
aminoethanol and 0.15 part· of 0ctabutyl-di-

EXAMPLE 6 
100 parts of polyester polyot having the . 

same properties as that :used in Example · S 
were homogeneously admixed with 2.5 parl:s · 115 . 
·of water, 2.0 parts of " Nikko! CO 40 " and · 
0.5 part of 2,5-di-tert-amylhydroquinone.. " 

After ~ing heated at 50°C, the mixnire. ,;; 
. was . admixed homogeneously with 0.12 patt · 

of octabutyl-tetralauroyloxy-stannoxane, O.S. ·. 120 
part of 2-aminoethanol and then with 38S:. 
parts dimethylbenzene w,w'-diisocyanate ·{a". 
mi_xture. of 75 parts of 1,3-isomer and 25 parts .. ·.: 
of 1,4-isomer), ·whereupon a reaction took 
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place which yielded ,white flexible polyurethane 
foam. . . 
' EXAMPLE 7 

To 100 parts of polycaprolactone polyester 
polyol having the same properties as one used. 
in Example 3 where added, under vigorous 
stirring and heating at 45°C, 2.0 parts of 
"Newpole CZ 300 ", 0.5 part of 2.5-di-tert­
ai;nyl hydroquinone, 2.5 parts of water, 1.2 

10 . part of 2-aminoethanol and 0.15 part of octa­
butyl-tetraisocyanato-stannoxane in that order. 
The mixture was then admixed with 41.0 
parts of dimethylbenzene 111,w'-diisocyanate (a 
mixture of 78 parts of · 1,3-isomer and 22 

15 parts of 1,4-isomer) under vigorous stirring, 
whereupon a reaction took place which yielded 
white flexible polyurethane foam. 

EXAMPLE 10 
To 100 parts of polycaprolactone polyester 50 

polyol having the same properties . as that . 
used in Example 1 were added under vigorous 
stirring and heating at 45°C, with· 2.0 parts 
of "Newpole CZ 300 '', O.S part .. of 2,5-di­
tertamylhydroquinone, 3.0 parts of. water, 15 55 
parts of 2-aminoethanol and 0,16. part of 
octabutyl-tetrachloro-stannoxane in this· order. 

The mixture was then admixed witll 45.9'.. 
parts of dimethylbenzene <11,11i'-diisocyanate (~ 

mixture of 1,3-isomer and 25 parts of· 1,4-iso- 60 
mer) under vigorous stirring, whereupon a 
reaction took place which yielded whit.e flexible · 
polyurethane foam. . 

. ExAMPLE 11 . 
100 parts of polyether triol (OH . number 65 

56) which was . produced by additfon poly-

EXAMPLE 8 merization of propylene oxide and· glycerol, 

To 100 parts of polycaprolactone polyester were admixed with 3.3 parts of dimethyl-

20 polyol having the same properties as that benzene . w,w'-diisocyanate (a mixture of 70 

used in Example 4 were added, under vigorous parts of 1;3-isomer and 30 parts of 1,,4~isomer) 70 

stirring and heating at 45°C, 2.0 parts of and 0.02 part of octabutyl-tetralauroyloxy-· 

cc Newpole CZ 300 ", O.S part of 2,5-di- stannoxane, followed by heating at 70°C for 

tert-amylhydroquinone, 2.5 parts of water, 1.4 about 1 hour to give isocyanate-modified ·poly-· 

25 part of 2-aminoethanol and 0.17 part of ether polyol which had OH number .35. and · 

· octabutyl - diisothiocynato - diethoxy - stann- viscosity 3500 cps (25°C). · . 75 

oxa11e in that order. The mixture was then 100 parts of the above pr~ared ··polyether. 

admixed with 42.0 parts of dimethylbenzene '• polyol heated at 42°C were homogen~ously 

w,w'-diisocyanate (a mixture of 78 parts of admixed under vigorous stirring with 1.5 part 

30 . 1,3-isomer and 22 parts of 1,4-isomer), under of silicone oil, 0.5 part of 2,5-di-terx-amyl­

vigorous stirring, whereupon a reaction took hydroquinone, 1.0 part of polymeric. phe:nol 80 

place which yielded white flexible polyurethane type antioxidant (commercially available under 

·foam. · . . the trade mark cc Topanol C.A." which_-is sold 

EXAMPLE 9 by Imperial Chemical Industries Ltd., in Eng-

100 parts of polyester polyol having the land), 3.0 parts of water, 1.2 part of 2-=amino­

sa:me properties as that in Example 5 were ethanol and 0.8 part of octabutyl-tetralauroyl- 85 

homogeneously admixed with 3.0 parts of oxy-stannoxane. .. 

water, 2.0 parts of " Nikkol CO 40 " and 0.5 The resulting mixture was then • l!.dmixed · 

part of 2,5-di-tert-amylhydroquinone .. After under vigorous stirring with 40.5 ·p~ts of 

40 being heated at 45°C, the mixture was ad- dimethylbenzene i.1,w'-diisocyanate (a mixture 

mixed homogeneously with 0.12 part of octa- of 70 parts of 1,3-isomer and 30 ·parts of 

prop~l-tetrapromo-stannoxane, 0.4 · part ~f 1,4-isomer), whereupon a reaction took place 

2-ammoethanol, and then. with 43.2 parts which yielded white flexible polyurethane . 

90 \ 

dimethylbenzene 11J,w'-diisocyanate (a mixture foam. . ·. . · · 

45 of 78 parts of 1,3-isomer and 22 parts of The properties of polyurethane fo~ms ob-

1,4-isomer), whereupon a reaction took place tained in the foregoing Examples and Controls 95 

which yielded white flexible polyurethane were measured and the results are shown in 

. foam. .. . Table 1. · · · 
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TABLE 1 
The mechanical properties of polyurethane foam 

.. 

*4 
.. .. . . .. 

Example No. 1 ·2 3 4 5 6 7 8 . 9 10 11 
Density (kg/m3) . 28.4 . 45.0 34.6 34.l 28.0 33.0 34.4. 34.2 28.5 28.2 33.5 

.. 
Tens~le strength (kg/cm2

) 1.18 1.40 1.17 1.15 1.0- 1.05 1.16 1.15 1.05 L20 0.85 

Elongation (%) · 260 260 250 250 280 720 250 250 280 280 240 
' 

Tear Strength (kg/m) 0.30 . 0.40 0.30 0.35 0.33 0.35 0.35 0.33 0.35 0_.33 0.25 

Compr~ssion set (%) 14.8 3.7 4.8 4.0 10.0 12.5 4.8 4.2 10.0 10.0 7.5 

Indentation load deflection.(kg) 
018*1 K-6401 25% compress). 9.2. 15.8 11.3 10.6 ·10.8 13.2 10.0 9.6 10.5 9.5 9.1 

25% 25.0 42.0 32.6 30.5 33.0 32.0 . 31.6 41.0 26.0 26.5 26.0 

Compression load (kg/cm2) 50% 30.4 . 60.2 46.8 41.2 40.0 39.8 45.4 58.8. 31.5 32.l 32,0 

' 65% 43.4 95.0 70.6 65.4 53.0 58.9 68.8 93.5 44.5 44.8 48.0 

Flex fatigue loss of height (%) .. 

(ASTM* 2D-15!>4 After 30 Min.) 2.1 1.6 1. 7 1.5 1.7 -1.5 1.6 . 1.6 2.0 2.0 2.3 

. against tri- ' 
Chemical chlorethylene .. good 

againSt 1,1,l- good 
Resistance · trichlorethane 

Heat resistance 
(120°C., 22 hours) good 

Weathering resistance (after 
exposure to atmosphere for 3 
months non-yellow 

*l Japanese Industrial Standard _ . 
*2 . American Society for Testing Materials _ .· · . . . . · · 

· .·~3 · .Measurement <?f pi:opetties is imp~ss.~ble :l>et?-us~·.of r~markable $'cracking" 6ccuring ~ foams. . · . ·. _ ·. . · .. · · · . . . · . 
· *4 ·. Substa~tially same r~sult is obtained py \lsi_n~ 1.0 part of 3 ... aminobutan-:l-01 in place-ofl.5 part of 2-::anrinoethanol in the ~mple 1. 

Control(_., 
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-~AT WE CLAIM IS:-
'""- · A process for the production of poly­
urethane foam comprising reacting dimethyl­
benzene w,w' -diisocyanate with "ari isocyanate­
modified polyether polyol having a hydroxyl 
number of 25 to 75 or a polyester polyol 
having a hydroxyl number of 25 to 7S in the 
presence of a blowing agent, a compound of 
the formula: · · 

wherein X1, X2, Xa and X, may be the 
same or different and represent halogen, 
-OH, alkoxy having not more than 4 carbon 
atoms, formyloxy, alkykarbonyloxy having not 

NCS, and R represents alkyl haviilg not more : 
than 4 carbon atoms, and a monoaminoalcohol. : ·.; 
having not more than 4 carbon atoms. 

2. A process as claimed in claim 1, wherein 
the monoaminoalcohol is 2-aminoethanol. 20 

3, A process as claimed in claim 1, wherein 
the monoaminoalcohol is 3-aminobutan-1-ol. 

4. A process as claimed i11 any preceding 
claims, wherein the isocyanate-modified poly- ·. · 
ether polyol is one modified by dimethyl- ·25 
benzene .(!),"'' -diisocyanate. . 

S. A process as claimed in any of claims 
1 to 3, wherein the polyester polyol is poly- ' 
caprolactone polyester polyol. 

6. A process for. the production of polv- : .30 .. 
urethane foam substantially as described herein : , 
with reference to the Examples. 

7. Polyurethane foam prepared by the pro-
cess as claimed in nay preceding claim. .. . . 
. TREGEAR, THI~M~NN & BLEACH) ' .. 

15 ·more than 17 carbon atoms, -NCO and 

Melbourne House, Aldwych, 
· London, W.C.2. 

Agents for the Applicants. . .. 
Printed for Her Majesty's Stationery Office by the ·courier Press, Leamington .Spa, 1968. -· · 
Published by the Patent Office, 2S Southampton Buildings, London, W.C.2, from which 

· copies may be obtained. · 
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