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[57) ABSTRACT

A process for producing a flame resistant rigid polyure-
thane foam by reacting a reaction mixture comprising a
polyetherpolyol and/or a polyesterpolyol having an
active hydrogen atom, a polyisocyanate, water and/or a
volatile foaming agent and an emulsifying agent, In
which a specific amine compound shown by the general
formula as defined hereinafter in the specification is
added to the reaction system, the weight ratio of amine
compound to polyetherpolyol and/or polyesterpolyol
being from 70:30 to 30:70, and also the flame resistant
rigid polyurethane foam produced by the process.

17 Claims, No Drawings



Re. 30,676

1

FLAME RESISTANT POLYURETHANE FOAM
AND PROCESS FOR PRODUCING THE SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation of application Ser. No. 483,339
filed June 26, 1974, and now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a process of produc-
ing a rigid polyurethane foam haing flame resistance
and more particularly, it relates to a process for produc-
ing a rigid polyurethane foam having flame resistance
tance and unaccompanied by a reduction in the proper-
ties of the polyurethane foam or by the formation of
scorching. The invention further relates to a flame resis-
tant rigid polyurethane produced by such a process.
The term “rigid polyurethane foam” used herein refers
to a foam which loses its original rigidity when the foam
is compressed to a compression ratio more than 50%
due to the rupture of cells. The rigidity of a given foam
is generally indicated by a rigidity at a 10% compres-
sion ratio.

2. Description of the Prior Art

Polyurethane foams have hitherto been used in a
large number of fields due to their specific properties
but have a serious disadvantage in that polyurethane
foams are easily flammable.

Recently, however, regulations on the extent for
rendering polyurethane materials flame retardant or
flame resistant have become more and more severe, and
this property is particularly important in the application
thereof in the fields of automobiles, railway vehicles,
aircraft, etc.

The rendering of flame-retarding properties or flame
resistance to polyurethane foams i1s an important prob-
lem as described above, but it has not yet been solved by
conventional techniques. The methods which have
been industrially employed at present still have a large
number of difficulties.

Some techniques for rendering polyurethane foams
flame retardant are described in the specifications of,
e.g., Japanese Pat. Publication Nos. 1750/°63; 9197/°70,
349/°64; 4846/°64;, 8696/°64;, 26335/°71; 21358/°69;
13037/°66; 2269/°71; Belgian Pat. No. 723,246; U.S. Pat.
Nos. 3,262,894; 3,309,342: 3,385,900; 3,402,132,
3,407,150; 3,455,850; 3,530,205; and 3,535,406; British
Pat. Nos. 918,636; 954,712; 999,588; and 1,043,832, etc.,
but these techniques are insufficient for satisfying the
necessary requirements.

For example, Japanese Pat. Publn Nos. 1750/°63;
9197/°70; etc., disclose the use of phosphorus-contain-
ing compounds or halogen-containing compounds as
flame retarders for polyurethane foams but, in such
known techniques the phosphorus-containing com-
pound must be added to such an extent that the content
of phosphorus in the foam i1s higher than 19 or the
flame retarder must be blended so that the content
thereof is 5 to 30% by weight of the polyurethane foam.
As a result of using such a large amount of flame re-
tarder, the properties of the polyurethane foam are
degraded, for example, the hardness is reduced, the
strength is reduced, etc. Furthermore, when the poly-
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urethane material is foamed excessively, the so-called
scorching phenomenon occurs which lowers the com-
mercial value of the article. Moreover, since in such
cases the concentration of the flame retarder 1s high, the
flame retarder tends to volatilize away due to the action
of heat or with the passage of time, which results in a
reduction in the flame-proofing or flame-resisting ef-
fects. In order to prevent the formation of such scorch-
ing, the content of the flame retarder must be reduced
to as small an.amount as possible. Therefore, the devel-
opment of a foaming technique which can render poly-
urethane foams flame retardant using as little an amount
of flame retarder as is possible or without using any
flame retarder has been highly desired.

As described above, an important problem has been
to improve the flame resistance of the polyurethane
foam by blending a halogen-containing or phosphorus-
containing compound in an amount as small as possible.

The extent of the reduction of the amount of retarder
depends upon the extent of flame resistance required in
the polyurethane foam and the properties of the flame
retarder used, but it is preferred that the amount be as
small as possible and further it is most preferred that a
flame retarder not be used at all.

SUMMARY OF THE INVENTION

With such in mind, the inventors have investigated
and as the result of their investigations have discovered
that rigid polyurethane foam having excellent flame
resistance with less reduction in the desired properties
thereof can be produced using a greatly reduced
amount of a flame retarder or without using any flame
retarder by blending the raw materials for producing
the polyurethane with a specific amine compound.

Thus, according to the present invention a process of
producing a flame resistant rigid polyurethane foam 1s
provided which comprises reacting a mixture of a
polyetherpolyol and/or a polyesterpolyol having an
active hydrogen atom, a polyisocyanate, water and/or a
volatile foaming agent as a foaming agent, and an emul-
sifying- agent and containing in the reaction system at
least one amine compound represented by any one of
the following general formulae (I), (II), (II1), (IV), (V),
(VI), and (VII):

Al A* M

N\ /
N—R! N—R%),,;—N
/ | N
Al A3

A? "

wherein Al, A2, A3, A4 and AS each represents a hy-
drogen atom or a monovalent organic group, wherein
at least one of Al to AJ being a hydrogen atom or an
organic group which contains a hydrogen atom active
to an isocyanate group; R! is a divalent organic group,
a trivalent organic group or a tetravalent organic group;
R? represents a divalent organic group; m| represents O

or a positive integer smaller than 8; and nj represents 1,
2 or 3;

4 | (1)
N—R*—N

N
N—A#
A7 5/

R
/7
N

R
wherein A® A7, and A% each represents a hydrogen
atom or a monovalent organic group, with at least one
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of A%to A8 being a hydrogen atom or an organic group
which contains a hydrogen atom active to an isocyanate
group; R3, R*and RS each represents a divalent organic
group;

(1i)

N
All)/

wherein A%, A0, All and A!2 each represents a hydro-
gen atom or a monovalent organic group, with at least
one of A% to A2 being a hydrogen atom or an organic
group which contains a hydrogen atom active to an
ISocyanate group;

RS (Iv)

All—N N—AW

/ N\
\ e
wherein Al3 and A4 each represents a hydrogen atom
or a monovalent organic group, with at least one of A13
and Al4 being a hydrogen atom or an organic group
which contams a hydrogen atom active to an isocyanate
group and R®and R7 each represents a divalent organic
group,;

Alé V)

N
/ \An

\
/

A“

wherein A3, Al6 A7 Al and A9 each represents a
hydrogen atom or a monovalent organic group, with at
least one of Al to A9 being a hydrogen atom or an
organic group which contains a hydrogen atom active
to an tsocyanate group;

AN
Ni AII
\AH

VD)

wherein A%, Azl and AZ each represents a hydrogen
atom or a monovalent organic group, with at least one

of AX to AZ being a hydrogen atom or an organic
group which contains a hydrogen atom active to an

ISOCyanate group;

armgronp,adwalmtormglmp,oramvﬂmt
organic group; A2 and A4 each represents a hydrogen
atom or a monovalent organic group, at least one of the
R%, A3, and A2 being a hydrogen atom or a group
having a hydrogen atom active to an isocyanate group;

10

15

35

45

53

65

4

Z represents an oxygen atom or a salfur atom; and n2 1s
an integer of 1 to 3.

Furthermore, according to this invention, a flame
resistant rigid polyurethane foam produced by the
aforesaid process is provided. By the process of this
invention, it becomes possible to produce a rigid poly-
urethane foam having high flame-resisting properties
unaccompanied by the occurrence of scorching due to
decreasing the amount of flame retarder to such an
extentthathasbeenconsidemdtobemm'bletn

provide flame resisting pmpertles using conventional
techniques.

DETAILED DESCRIPTION OF THE
INVENTION

A feature common to the amine compounds repre-
sented by aforesaid general formulae (I)(VII) is that
they contain a hydrogen atom active to an isocyanate
group. A feature of the present invention lies in the
discovery that by adding the aforesaid amine compound
to the reaction system used in the production of poly-
urethane foam, the amme compound is introduced in
the molecular structure of the polyurethane foam and in
this case by properly controlling the reaction of the
active hydrogen atom in the amine compound with the
isocyanate group, the polymer chain of the foam has
excellent flame-resisting properties. The coatrol of the
reaction between such an active hydrogen atom and an
socyanate group in this invention can be attained by
permitting nitrogen atoms to exist in the same molecule
relative to the active hydrogen atom. That is, it is be-
heved that the reaction is controlled favorably by a
catalytic activity of the lone electron pair (the electron
pair which does not contribute to the covalent boad) of
the nitrogen atom present in the same molecule.
Examples of monovalent groups represented by Alto
AS include saturated or unsaturated alkyl groups, aryl
alicychic groups. In this case, the number of carboa
atoms of the alkyl group can range from 1 to 22 and the
number of carbon atoms forming the ring of the alicyc-
hic group c rmgefmmahuut 3 to 6. Examples of
suitable mhslltueuts are an group, a hydroxyl
ETOup, a cyano Eroup, a halom atom, a mercapto
group and the like.
Furthermore, specific examples of the organic groups
represented by Al to A3 are organic groups including

i '
—C—, —0—C—, —N—C—0—, —0—
HO HOHBS
| & 1 B |
—N—C—, —~N—C—N—, —§—, —C=C—
HS H

i | & 1 |
—C=N—, —N~~C=N-—, and —N—

groupings m their structure. Suitable such groups are,
for example,

—C—R, —C—NH—R, —C—OR,
R | |
O 0 0

—NH—(E—O—R. and —R'—0O—R,
0

wherein R represents a saturated or unsaturated lower
alkyl group or an aryl group and R’ represents a satu-
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rated or unsaturated lower 'a]kylene group having, pref-

erably, 1 to 22 carbon atoms.

Suitable examples of the organic groups of Al to A>

arc

—CHj3, —CH;CH3, —C3H7, —C4Hy, —Cy7H35,
—CH3;CH,C=N, —CH;CH>0H, -~ CH>CH>SH,
Q
|

—CH;CH;—C—CHj3, —CH;CH=CHy,,

-~ CH=CHCH;0H, @— , Q CHa,
O @ @cn

O O
. |

—CH;CHy—C—0OCH3, —CH;CH;—C—CHj,
O
[

-—CHZCHIO“C—NH—@,

—CH;CH;—0O—CH;CH;0CHj;, —C—CsH (7

O
|

and the like.

Examples of the divalent organic group represented
by R! and R2in the general formula (I) are a saturated
or unsaturated alkylene group, an arylene group, a diva-
lent alicyclic group, and substituted groups of these
groups, the alkylene group having about 1 to 22 carbon
atoms and the number of carbon atoms forming the ring
of the alicyclic group being about 3 to 6. Specific exam-
ples of suitable divalent organic groups are as follows:

wherein R%and R10each represents a hydrogen atom or
a lower alkyl group having, preferably, 1 to 8 carbon
atoms, and R!! represents an alkylene group having,
preferably, 1 to 22 carbon atoms. The above illustrated
groups may also be partially or fully hydrogenated.
Suitable examples of R? and R10 are a hydrogen atom
and a methyl group, and suitable examples of R!! are
—CH3;— or —C4Hg—. Furthermore, specific examples

30,676
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of the divalent organic groups are organic groups hav-
ing at least one of —O—,

and —S— in the groups. For example, there are

10 —CH,CH;—NH—C—NH—CH;CH;—,

I
0
—CHCH;—S—CH;CH;—,

O H
-

5 —(CH1)4"'C-ﬁ3—CH1— CH>— and —(CH3)s—C—N—.
S

Also, Examples of substituents of these divalent or-
ganic groups are —CH3, CH3CH>—,

20
@_, —(C==N, —< >—CH3 and —@

Examples of the trivalent and tetravelent organic
groups represented by R! in general formula (I) are a
saturated or unsaturated aliphatic hydrocarbon group,
an aromatic hydrocarbon group, an alicyclic hydrocar-
bon group and a heterocyclic group.

Also, specific examples of the trivalent organic
groups and tetravalent organic groups represented by
R! are as follows:

25

30

CH;>
35
|
_CHZ—(l.Z‘H"', —CHy—CH=—CH;—, ,
%0 |
C
o~
N N
v |
JC%NMC\'
45
CH>—
P
CH—C—CH;—, and
50 |
CH»

Typical examples of amine compounds represented
by the general formula (I) are shown below:

Description

CH,CHC=N

OO

CH;CH;C=N

OO

(Compound Designation)
Light Yellow Solid

(I-1)

(Compound Designation)
Black-Brown Solid
(1-2)
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-continued
Description
O CH;CH,C=N Black-Brown Solid
I / o (I-3)
s v
I N\
O H
H CH,CH,C=N Light-Yellow Solid
I / _ (I-4)
O n
I AN
H H
CH,CH,C=N Light-Yellow Solid
/ _ (1-5)
N
H
= Light-Yellow Solid
CHCH;C=N i
H;N N
“
0
Cotig CH;CH;0H Yellow Liquid
N—CH;CH>—N
H H
= Yellow Solid
CisHy—C=0 CH>CH>CH,>,0OH
17838 ~ p b
N-—CHQCHI-IiJ-CHz(JHz—N
H H H
C4Hg—DCH2CH2CH2\ CH;CH,C=N (‘i;f:;l)ow Liquid
N—CH2CH2—Ii€—CH2CHz—-N
H H H
(|3H3 ﬁ“ Colorless
Transparent
HOCH;—CH C~—NH ranspar
A V4 Liquid
N—CH;—CH;—~N (1-10)
N
H H
lil fl) fl} ll'[ Yellow Liquid
1-11
C4Hy—N—C—C,Hs—C—N~—CH;CH;NH, (-11)
Yellow Liquid

ﬁl H H O O H

| | |l I l
Ci17Hj33—C N=—(CH3)¢—N—C—~—C4Hy : Ce~—N—(CH3)¢—NH;

CHj
HOCH,—CH CH>CH,C=N
N\ /
N—CH;—D—CH;-N
/ N
H H
"
HOCH,CH CH;
™~ /
e
/ N\
H H
‘Iil) | CgH g
CsH 15(Z—]'I~l'-( CHzCHzfi'Jh—CHzCHzN
H H H
CHCH,C=N
H N\
AN d H
N CHj;
/

T
N/
N\

5

N—CH;-CH;-I;I--CH;CH:N
H H H

(I-12)

Light-Yellow Liquid
(I-13)

Light-Yellow Solid
(I-14)

(Compound Designation)
Brown L.iquid
(1-15)

Brown Liquid
(1-16)

Yeliow Liquid
(1-17)



Re. 30,676

10

I /
-0

O H

l|-l /CH:CH;CEN

| N\

H H

CH;CH;C=N

CHCHC=N

e
HN N

“
0
CH3;CH; /Nl—lz
N—CH—CH
™~
NH>

N

/
CH1iCH;

CH;

CH;CH,CH3;NH NHCHyCH;CH3
NHCH,CHCH3

THCH;CH;:,

CH3—CH;NH—CH3;—CH—CH>;—NHCH;CHj3

?HzNHCHzCHzCH;;
HzNCHz—(I:—CHzN'Hz

9
-continued
Description
O | Yellow Liquid
H L 0_@ (1-18)
N /
N—CHy=—CH;—N
N\
H H
v Yellow Liquid
(1-19)
H C—0C3Hs
N~-CH;—CH;—N
N
H H
Yellow Liquid
H /CH;CH;-CHQ-D-—O (1-20)
N—CH;CH2—N
H H
== White Solid
/CHzCHzC= N 121
N\
H
Light-Yellow Solid
/CH:CHzCE N 1.32)
O
N\
H
O CH,CH,C=N Black Brown Solid

(I-23)

Light-Yellow Solid
(I-24)

Light-Yellow Solid
(1-25)

Light-Yellow Solid
(1-26)

(Compound Designation)
Transparent Liguid
(1-27)

White Solid
(1-28)

White Solid
(1-29)

White Solid
(1-30)

Light-Yellow Liquid
(I-31)

CH;NH>
L
HOCH;—CH CH;CH;C=N
N\ /
N—CH:—@— CH~N
/ N\
HOCH»—CH H

:
CHj
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Description

H\ Cl /H
/N—D— CHzﬂdi

.
HaNOC4HyCNHCH,CHOH

HaoNCH;CHN—CH;CH>—N—CH>CH;NH>

|
H H

CH3 CHJ
OCHCH;L }CH;-CHO ; H

H O?HCHZ CHz"'"CH—
CH; 5 CH3 .2
H:N—Q— o—Q NH,
Cl
@ e
H>N CH; NHCH>CHOH
HOCHCH; CH;CH2OH
N O /
N N
/ AN
H H
N=O0OCH 2CH2\ /CH;CH:Cn N
(ll‘H 3 /NCH:CH;]‘;ICH:CHZN
HOCH—CH> CH;?HOH CH:?HOH
CHj CH3
0
I'Zi’l CH,CHOH
CsH gjc—lf—{CHICHzliihCHzCHzN\
CHz(".:HOH CH]?HOH CHz(I:HDH
CH; CH; CH;
(IZH 3 (I:HE
. HOCHCH; CH,CHOH
N NCH;CH N/
2
/s N
H(}Cll‘HCHz CH zlfHOH
CH; CH;
P P
HOCHCH; CH;—~CHOH
N /
N—@— N
/7 N\
HO(IZHCI'[z CH;'-(I:H -=OH
CH; CH;
HOCH,;CH, CH;CH,;OH
N /
@
/ N
HOCH;CH; CH,CH,OH

Brown Solid
(I-32)

Light-Yellow Liquid
(1-33)

Brown Liqguid
(1-34)

Colorless Transpar-
ent Liquid
(I-35)

Light-Yellow Solid
(I-36)

Brown Solid
(1-37)

Light-Yellow thd -
(I-38)

Colorless Transpar-
ent Liquid
(1-39)

(Compound Designation)
Yellow Brown Liguid
(140)

Colorless Transpar-
ent Ligquid
(I-41)

Colorless Transpar-
ent Liquid
(1-42)

Colorless Transpar-
ent Liquid
(1-43)
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13
-continued
Description
CHy H O CHj , CH; Colorless Transpar-
| 0 | | ent Highly Viscous
N—C—CHCH; CH,CHOH Liquid
/ (1-41-A)
NCH;CH>N
H~N /
l HOCHCH; CH,CHOH
0—C | |
: CH; CH; .
|
(|3H—CH3 (|3H3
CH; CH;CHOH
N /
(I3H3 /N—CHZCHEN
HOCHCH; CHzflIH()H
CHj
HOCH;CH; CH,CH,;OH Colorless Transpar-
AN / ent Liquid
N—CH,;CH3—N (1-44)
/
H H
White Solid
s
HoNCH>CH>;N
H
Yellow Solid
— CH>CH;0OH
CH=CH—CH; y, 2CH2 (1-46)
N—CH;—N
N
CH;=CH—CH; CH;CH>;OH
HOCH,CH3 CH,CH;0H Yellow Solid
/ (1-47)
N—CH=CH—N
/7 AN -
HOCH->CH? CH>CH>;OH
HOCH;CH; CH,CH,OH Yellow Sold
AN (1-48)
/N—CH;CH:—O-CH;CH:-N
HOCH>CH3; CH,CH;OH
HOCH>CH; O CH>,CH2OH (Compound Designation)
N | / Yellow Solid
/N"- CH,CH;C—0—CH;CH;—N (1-49)
HOCH,CH» CH,CH>0OH
HOCH;CH> H O CH;CH,;OH Yellow Solid
N\ | / (1-50)
/N—-CH;CHZ'-N—C—'CHz('JHz—N
HOCH>CH> CH>,CH;0H
HOCH;,CH; H H CH,CH;OH Yellow Solid
AN I I /7 (I-51)
N=—CHy—N—C—N—CH;—N
/7 || N\
HOCH;CH» CH;2CH,;OH
HOCH,CH; CH>CH,0H Yellow Liqud
N\ / (1-52)
N—CH;CH;—8—CHzCH;—N
/ ™\
HOCH>CH> CH>,CH>0OH
HOCH>CH; CH;CH;0OH Yellow Solid
AN / (I-53)
N—CH2CCHCH;N
/ II N
HOCH>CH?3 CH:CH:OH
Yellow Solid
HOCH:CHZ % E CHzCHzOH (1-54)
HOCH,>CH3 CH:CH:OH Yellow Solid
N / (1-55)
N-—CH:(IJH—"CHZ-*N
HOCH,CH> CH,CH,0H
Yellow Sohd

HOCH;CH;NH@— —QNHCHZCHzoﬂ

(I-56)
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15 16
-continued
Description
CH; CHj Light Yellow Solid
l | (1-57)
HOCHCH;O—@— OCH;CHOH
H O O Light Yellow Liquid
| | (1-58)
C4HoN—C—C4H9—C—-NHj;
In the amine compounds represented by the general :
\ . -continued
formula (II), examples of the divalent organic groups CH; | Colorless Trans-
represented by R3, R4 and RS are a saturated or unsatu- ; parent Liquid
rated alkylene group, an arylene group, or a divalent HOCHCHZ\ (111-4)
alicyclic group. In this case, the alkylene group has 15 N—N=—C—NHj;
about 1 to 22 carbon atoms and the number of carbons H/ tll ;!—l;.
forming the ring of the alicyclic group is about 3 to 6. HOCH,CH CH,CH,OH Colorless Trans-
Furthermore, specific examples of these organic group N\ parent Liquid
are divalent organic groups containing /N_N\ (111-3)
70 HOCH2CH; CH,CH,OH
O O H O H O
_ P:_ -o—y:- —rlq-—g— —1!4-- g_ O —O— In the amine compounds represented by the general
H o H O H ' | | formula (IV), the monovalent organic groups repre-
| | 0| - | sented by Al3 and A!4 are the same as the monovalent
TNTLT TNTC=N=, =§=, =C=C—, —C=N- 25 organic groups represented by Al to A% and described
H groups rep y

groupings in the groups. Examples of monovalent or-
ganic groups represented by AS, A7, and A3 are the
same as the monovalent organic group represented by
Al to A’ and described for the general formula (I).

Typical examples of amine compounds represented
by the general formula (II) are shown below:

for the general formula (I).

Examples of the divalent organic groups represented
by Réand R7in the general formula (IV) are a saturated
or unsaturated alkylene group, an arylene group, or a

30 divalent alicyclic group. In this case, the alkylene group

CH;
CH CH,CH CH CISHOH Liquid
3 pAS 3 ) 2 H-1
| VALNEN / (D
HOCH—CH»—N N-—CH;CH;N
CH;>;CH; CHz(I:HOH
CH;
CH; CH,CH> H
I /7 N / Liquid
HOCHCH»=—N N—CH,;CH3;N (I1-2)
CH;CH> H

In the amine compounds represented by general for-
mula (I1I), the monovalent organic groups represented
by A% A0, Alland A!12are the same as the monovalent
organic groups represented by Al to AS and described
for general formula (I).

Typical examples of compounds represented by gen-
eral formula (I1I) are shown below:

CsHgo CaHo Light Yellow Liquid
N\ / (HI-1)
N=N
/ N
HOCH»CH> CH;CH;0H
CH2=CH2CH2 CHZCH=CH2 ng]’lt Yellow quuld
. /! (I11-2)
N—N
/7 N
H H
HOCH;CH; CH;CH;OH Colorless Liquid
(I1I-3)
N—N
/7 N\
H H

50

55

60

has about 1 to 22 carbon atoms and the number of car-
bons forming the ring of the alicyclic group is about 3 to
6. Furthermore, specific examples of these organic
groups are divalent organic groups containing

Colorless Transparent

Colorless Transparent

O O HO HO
I [ | |l
—C—, —0—C—, =~N—~C—, —N—C—0—~, —0—,
H O H OH
| I L |
~N—C—, =N=—C—N=—, —§—, —C=C—, —C=N—,
H S H
|0 !
~N—C—N—, and —N—

groupings in the groups.
Typical examples of compounds represented by gen-
eral formula (IV) are shown below:

CH3 CH>CH, CH; Colorless
| / N\ | _ Transparent
HOCHCH;—N N—CH;CHOH Liquid
N crncn” (aIV-1)
2CH;
CH;—CHj; Colorless
/ N\ Transparent
H—N N—H Liquid
N / (IV-3)
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-continued -continued

CH=CH Yellow ﬁ White Sohd

S/ \ Solid C—NH, (V1-5)

HOCH;CH>;—N /N-CH:CH;OH (IV-2) Q—
35
CH=CH

White Solid

_ NHCH;CH,CH(Cl (VI-6)

In the amine compounds represented by general for- |

mula (V), the monovalent organic groups shown by

AlS to Al? are the same as the monovalent organic 10
groups represented by Al to A3 and described for gen-
eral formula (I). Typichl examples of compounds repre-
sented by general formula (V) are shown below:
_ 15
CH,;CH2,0OH Yellow Solhd
/ (V-1)
N
/ N\
CH,CH;OH
CH;CH,;OH 20
\ /
N
N
CH;CH,OH
CH,CHj Yellow Solid
N/ (V-2) 25
/ AN
CH>CH;
HOCH;CHy=—N=C
\ CH;CHj3
N/
\ 30
CH;CH;
Brown Solid
CH;—CH=CH
y, 2 2 o)
N\
N=C
\ CH;—CH=CH;
’
N
N\
H ‘ 40
Examples of monovalent organic groups represented
by A20to A22 in the general formula (VI) are the same
as the monovalent organic groups represented by Al to
A3 and described for the formula (I). 45
Typical examples of amine compounds represented
by the general formula (VI) are shown below:
Liquid
(VI1-1)
White Solid
cn;o—@— NH, (V1-2)
35
CH;CH,;OH Colorless Transparent
/ Liquid
N:CH:CHEDH (VI-3)
CH;CH;OH 60
CH;3 Colorless Transparent
I Liquid
CH;CHOH (VI-4)
/
N
T\ 65
CHz(l:HOH
CHj

Examples of monovalent organic groups represented
by A23 and A24 in the general formula (VII) are the
same as the monovalent organic groups represented by
Alto A’ and described for the formula (I). Examples of
organic groups represented by R8in the general formula
(VII) are a monovalent, divalent, or trivalent saturated
or unsaturated aliphatic hydrocarbon group, an aro-
matic hydrocarbon group, an alicyclic group, hydroxyl-
substituted groups of these aliphatic, aromatic and ali-
cyclic groups, and the aforesaid groups each substituted
by a saturated or unsaturated alkyl group having about
1 to 10 carbon atoms or an aryl group. The number of
carbon atoms of the aliphatic hydrocarbon group
ranges from about 1 to 22 and the number of carbons
forming the ring of the alicyclic group ranges from
about 3 to 6. Other examples of R are

wherein A29, A0, A3l A32 and A33 each represents the
same monovalent organic groups, represented by Al to
A5 and described for the formula (I) or a hydrogen
atom. In the amine compounds of the general formula
(VID), it is essential at least one of R8, A23, and A% bea
hydrogen atom or a group having a hydrogen atom
active to an isocyanate group and examples of groups
having an active hydrogen atom are a hydroxy-sub-
stituted alkyl group and an alkyl group substituted with
an —SH group.

Typical examples of compounds represented by gen-
eral formula (VII) are shown below:

HoNCNH; White Solid
lSI | (VII-1)
HCNH3> Colorless Transparent
L Liquid
O (VII-2)
White Solid
ﬁ”“z (VIL-3)
O
U
NH;
C17H315CONH2 Yellow Solid
(V11-7)
S Colorless Transparent
| I Liquid
C7HisCNH> (VII-4)
O CH;CH2;0H White Solid
I / (VII-5)
C4Hog—C—N
N\
CH;CH;0H

Even in the case of using the above-described amine
compound individually, quite excellent flame-resisting
effects can be obtained without the necessity of using a
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phosphorus-containing compound when a polyether-
polyol having a polyoxyethylene chain or polyester-
polyol prepared by using a polyglycol-containing ethyl-
ene glycol is used as the foaming material together with
the amine compound.

As described above, by blending the amine com-
pound represented by general formula (I), (II), (I11),
(IV), (V), (VI) or (VII), individually in the production
of polyurethane foam, it is possible to render the poly-
urethane foam flame resistant, but more excellent flame-
resisting effects can be obtained by using a combination
of two kinds of any amine compounds. A combination
of an amine compound wherein at least one member of
the monovalent groups A! to A24 is a hydrogen atom
and an amine compound wherein all the monovalent
organic groups Al to A4 are hydroxyl-containing
groups or those having hydroxyl-containing groups and
organic groups having no active hydrogen atom is espe-
cially preferred.

The polyurethane foam obtained using the aforesaid
amine compounds without using a flame retarder is
self-extinguishing with a burning distance of 14 to 22
mm as tested in accordance with ASTM D 1692-68.
When two kinds of amine compounds selected from the
two groups described above were used without adding
a flame retarder, the polyurethane foams thus prepared
show self-extinguishing properties with a burning dis-
tance of 0 to 4 mm using the ASTM D 1692-68 test.

In the present invention, a flame retarder can be used

in combination with the aforesaid amine compound or 30

compounds although as is apparent from the above set
forth results, the flame-resisting effects can be obtained
without using such flame retarder. Suitable flame re-
tarders which can be used in this invention in such a
case are phosphorus-containing compounds. Examples
of these phosphorus-containing compounds are those
compounds containing phosphorus only and which do
not contain any halogen such as, for example, triphenyl
phosphate, tricresyl phosphate, diethyl-N,N-bis(2-
hydroxyethyl)aminomethyl phosphonate. Vercol 82
(trade name, the structure of which is believed to be

|

produced by Mobil Qil Co.), ammonium polyphos-
phate, bis(dipropylene glycol)dipropylene glycol phos-
phonate, tri(dipropylene glycol)phosphite, heptaquisdi-
propylene glycol triphosphite, trimethyl phosphate,
triethyl phosphate, tributyl phosphate and trioctyl
phosphate.

Compounds containing phosphorus and halogen can
be also used as the flame retarder where desired and
examples of such compounds are tri-2,3-dibromopropyl
phosphate, trischloroethyl phosphate, trisdichloropro-
pyl phosphate. Phosgard 2XC-20 (trade name of Mon-
santo Chemical Co., for a product having the formula

0
Oo=p [(DCH;CH}:OH

O CH;Cl O

L | i
CICH2CH20— P—0~—CH;—C—CH;—0—P—0CHCH;Cl),

| | l
CICH;—CH;—O CH3Cl OCH;CH Cl

and monodichloropropylbis(dibromopropyl)phosphate.
Compounds containing phosphorus and halogen pro-
vide superior flame-resisting effects to the effects ob-
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tained with a compound containing phosphorus only
and this is believed to be based on the synergistic effect
of the phosphorus and halogen. The above-described
compounds can be used individually or in combination.
Furthermore, if desired, the aforesaid phosphorus-con-
taining compound can be used together with an organo
halogen compound such as tetrabromophthalic anhy-
dride, tetrabromobisphenol A, tetrabromobutane, hexa-
bromobenzene, dichloropropanol, and dibromo-
propanol.

The amount of the phosphorus-containing compound
used in this invention can be much smaller than the
amount employed using conventional technique and
can be less than about 0.5% by weight to the weight of
polyurethane foam.

The polyetherpolyol or the polyesterpolyol used in
this invention can be free by selected to achieve the
desired polyurethane foam. That is, as the polyether-
polyol or polyesterpolyol for rigid polyurethane foam,
polyols having a hydroxyl value of about 150 to 900 mg
KOH/g can be used individually or as a mixture
thereof.

The polyetherpolyol used in this invention can be
prepared by the addition polymerization reaction of an
organic compound having at least two active hydrogen
atoms and an alkylene oxide.

Examples of organic compounds having at least two
hydrogen atoms which can be used as the raw material
for producing the polyetherpolyol suitable for this in-
vention are an alkylene glycol such as ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol,
dipropylene glycol, tripropylene glycol, butane-2,3-
diol, butane-1,3-diol, hexane-2,5-diol, octadecanediol,
octadecenediol, cyclohexane-1,4-dimethanol, glycerine,

trimethylolethane, trimethylolpropane, pentaerythritol,

mannitol, sorbitol, and sucrose.

Also, suitable examples of alkylene oxides which can
be used for the addition polymerization reaction are
ethylene oxide, propylene oxide, butylene oxide, epi-
chlorohydrin, and the like.

It 1s possible in this invention to use the polyether-
polyol prepared by addition polymerizing the alkylene
oxide and a mixture of two or more of the abovede-
scribed raw materials having at least two active hydro-
gen atoms and further it is also possible to use the polye-
therpolyol prepared by random- or block-copolymeriz-
ing two or more alkylene oxides.

Moreover, the polyesterpolyol used in this invention
can be prepared by the polymerization reaction of a
polyol having at least two active hydroxyl groups and a
polybasic acid. @

Examples of the polyols are, as in the case of polye-
therpolyols, an alkylene glycol such as ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol,
dipropylene glycol, tripropylene glycol, butane-2,3-
diol, butane-1,3-diol, hexane-2,5-diol, octadecanediol,
octadecenediol, cyclohexane-1,4-dimethanol, glycerine,
trimethylolethane, tnmethylolpropane, pentaerythritol,
mannitol, sorbitol, sucrose, etc. |

Examples of suitable polybasic acids are adipic acid,
succinic acid, suberic acid, sebacic acid, oxalic acid,
methyladipic acid, glutaric acid, pimelic acid, azelaic
acid, phthalic acid, terephthalic acid, isophthalic acid,
1,2,4-benzenetricarboxylic acid, thiodiglycolic acid,
thiodipropionic acid, maleic acid, fumaric acid, citra-
conic acid, itaconic acid, trimellitic acid, a dimerized or
trimerized fatty acid, tartaric acid, etc.
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Depending on the kind of polyurethane foam to be
produced, higher flame-resisting effects can be obtained
as the case may be when the polyetherpolyol or the
polyesterpolyol contains oxyethylene groups. In this
case, such a purpose can be easily attained by using
ethylene oxide or ethylene glycol as a part of the raw
material for the production of the polyetherpolyol or
the polyesterpolyol.

The polyisocyanate used in the present invention 1s a
material conventionally used for producing polyure-
thane foams in the art and can be appropriately repre-
sented by the general formula

RZO(NCO) 3

wherein R26 represents an aliphatic group, an aromatic
group, a substituted aliphatic group, or a substituted
aromatic group and n3 has a mean value of 1.5 to 3.0.
Examples of the group R26 are

—CeHi2—, , = CgH11Cl—, :

CH3 or CHj

Typical examples of the above-described polyisocya-
nate are ethylene diisocyanate, ethylidene diisocyanate,
propylene diisocyanate, butylene ditsocyanate, cyclo-
pentylene-1,3-diisocyanate, cyclohexylene-1,4-diisocya-
nate, cyclohexylene-1,2-diisocyanate, 2,4-tolylene diiso-
cyanate, 2,6-tolylene diisocyanate, 4,4’-diphenylme-
thane diisocyanate, 2,2-diphenylpropane-4,4'-diisocya-
nate, p-phenylene diisocyanate, m-phenylene dusocya-
nate, xylene diisocyanate, 1,4-naphthylene diisocyanate,
xylene diisocyanate, 1,4-naphthylene diisocyanate, 1,3-
naphthylene diisocyanate, diphenyl-4,4'-diisocyanate,
azobenzene-4,4'-diisocyanate, diphenylsulfone-4,4'-
diisocyanate, dichlorohexamethylene diisocyanate, tet-
ramethylene diisocyanate, pentamethylene diisocya-
nate, hexamethylene diisocyanate, furfurylidene diiso-
cyanate, 1-chlorobenzene-2,4-diisocyanate, triisoprope-
nylbenzene diisocyanate, p-isocyanatophenylthiophos-
phoric acid triester, p-isocyanatophenylphosphoric acid
triester, 1-(isocyanatophenyl)ethylisocyanate, 4,4',4"'-
trilsocyanatotriphenylmethane, 1,3,5-triisocyanatoben-
zene, 2,4,6-triisocyanatotriene, 4,4'-dimethyldi-
phenylmethane-2,2’,5,5' -tetraisocyanate, and the like.
They may be used individually or as a mixture thereof.

Of the above-described polyisocyanates, the most
widely used polyisocyanates are tolylene diisocyanate,
crude polymethylenepolyphenylene isocyanate, crude
tolylene diisocyanate, etc., and mixtures thereof.

The above isocyanate or a mixture of 1socyanates can
be used in an amount of from 0.5 to 3 equivalents, pref-
erably from 1.0 to 2.0 equivalents, per 1 equivalent of
the polyetherpolyol and/or polyesterpolyol.

If necessary, catalysts can be used in this invention.
Examples of catalysts are amine catalysts such as trieth-
ylamine, triethylenediamine, tetramethylethylenedia-
mine, dimethylethanolamine, and the like and metal
carboxylates as stannous octoate, dibutyltin dilaurate,
‘lead octylate, and the like. That is, any catalysts which
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have been used conventionally for the production of
polyurethane foams can be used in this invention.

A suitable amount of the catalyst is less than about
5% by weight, preferably 2 to 3% by weight, of the
polyetherpolyol and/or polyesterpolyol. The lesser the
amount of the catalyst, the better the results can be
obtained.

Any foaming agents conventionally employed as the
foaming agents for polyurethane foams can be used In
this invention. These foaming agents are well-known
and a few specific examples of these agents are mono-
fluorotrichloromethane, methylene chloride, water, etc.
The amount of the foaming agent is suitably less than
about 5% by weight, preferably less than 2% by weight,
based on the total weight of the starting materials when
water is employed as the foaming agent, and ts less than
about 70% by weight, preferably 10 to 609 by weight,
when a volatile foaming agent is employed.

As an emulsifying agent, a silicone otl such as F-220,
F-230, F-260, F-305 and F-307 (trademark of silicone
oil, made by Shinetsu Chemical Industry Co.); L-520,
1.-5340 and L-5420 (trademark of silicone oil, made by
Union Carbide Corp.); DC-190, DC-192, DC-193 and
DC-195 (trademark of silicone oil, made by Dow Cor-
ning Co.); etc., can be used. Such an emulsifying agent
can be used in an amount less than about 2%, preferably
less than 1.29% by weight based on the total weight of
the starting materials for the polyurethane foams.

Various methods of preparing polyurethane foams
are described in Japanese Patent Pub. Nos. 7541/°56;
4241/°56; 5742/°57; T094/°58; 9275/°59; 17498/°60;
8195/°61; 7895/°62; 6000/°63; 2097/°64; 12639/°66;
10630/°67; 19039/°68; 21318/°68; 40075/°70; etc., and
according to the most practical method of those known
methods, a polyetherpolyol (and/or a polyesterpolyol),
polyisocyanate, a forming agent, an amine compound,
and other additives, for example, dyes, pigments, fillers,
antioxidants, plasticizers and the like are uniformly
blended in a short period of time followed by foaming
and molding and then the foamed product is heated
externally or is allowed to stand to complete the curing
of the product. Also, a similar method to that above in
which, however, the polyetherpolyol and the polyiso-
cyanate have been partially or completely reacted with
each other prior to the blending is useful and has been
widely employed. The polyurethane foam can be pre-
pared according to any of the above-described methods
of can be prepared using other methods to achieve the
objects of this invention.

Now, the invention will be described further by refer-
ence to following examples. Unless otherwise indicated,
all parts, percents, ratios and the like are by weight.

To confirm the effects and advanages of this inven-
tion, Compounds I-1 to V1I-5, described hereinbefore
were prepared and furthermore for the purpose of com-
parison the compounds shown by the following formu-
lae were also prepared.

CHiCH3 CH;CH; CH,CH3 Colorless
\ | Transparent
J"I\IC]-I:CH aIN—CH;CH;— N\ Liquid
CH3CH; CH,CH; ¥V
CH; CH>CH; Colorless
\ / \ Transparent
N~—CH»CH,—N N—CH; Liquid
/ \ / (Y-2)
CH3 CHyCH;
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-continued
O O White Powder
| [ (Y-3)
CH>CH, White Solid
/ \ (Y-4)
CH=CH—CHz~N /N—CH3CH=CH2
CH,CH,
White Solid
CH,CH;C=N
y »CH (Y-5)
N
\
CH>CH,C=N
O
\ CH;CH,C=N
/
N
\
CHyCH)C=N
White Solid
0
CH;
CH; /CH3 White Solid
7
N—C—N (¥-7)
/I 0\
CHj S CH;

It will readily be understood that the above-described
compounds prepared for the purposes of comparison
are different from and outside the scope of the amine
compounds of this invention since each of Compounds
Y-1,Y-2,Y-3,Y-4,Y-5, Y-6, and Y-7 has none of hydro-
gen atom or organic group having a hydrogen atom
active to an isocyanate group directly connected to the
nitrogen atom although these compound may be consid-
ered similar to compounds of general formulae (I) to
(VII) in this invention.

‘The polyetherpolyols for rigid polyurethane foams as
shown in Table 1 were prepared by addition-polymeriz-
ing propylene oxide to the starting materials shown in
the same table. The polyesterpolyol for rigid polyure-
thane foams as shown in Table 1 was prepared by con-
densation reaction of glycerine, adipic acid and ethyl-
ene glycol.

TABLE 1

Starting Hydroxyl
Polyol Material Value Viscosity Type
e e ittt At |

(mgKOH/g) (CPS/25° C.

K-i Sucrose 450 7000 Polyetherpolyol
K-2 Sorbitol 450 12000 "
K-3 Sucrose 500 33000 "
K4 Pentacry- 500 3500 "

thritol
K-5 Glycer- 500 152000 Polyesterpolyol

1ne

Also, the phosphorus-containing compounds as
shown in Table 2 were prepared as flame retarders.

TABLE 2
Phosphorus- Phosphorus Content
Containing Chemical Name in the Compound
Compound No. or Trade Name (%)

P-] Trischloroethyl 10.8
Phosphate

P-2 tris-2,3-Dibromo- 44
propyi phosphate

P-3 Fyrol &* 12.9

M
*Trade name for diethyl-N,N-bis(2-hydroxyethyl)aminomethyl phosphate, pro-
duced by Staufer Chemicals Co.
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After preparing the raw materials as described above,
rigid polyurethane foams were prepared as shown in the
following examples.

EXAMPLE 1

Rigid polyurethane foams were prepared using the
amine compounds, the flame retarders, and the polye-
therpolyols prepared as previously described. The com-
positions for forming polyurethane foams, the foaming
techniques, and the method of testing the flame resis-
tance employed in this example were as follows: |

Composition parts by weight
m

Polyetherpolyol{!) variable
Water 1.0
Freon 11(2) 35
Silicone Qil DC-1930) 10
Phosphorus-Containing Compound{(!) variable
Amine Compound(!) variable

Millionate MP®#)

Note

{DAs shown in Table 3.

(I Trade name of monofluorotrichloromethane, produced by Darkin Industry Co.
(Trademark of silicone oil, produced by Dow Corning Co.

#)Crude polymethylene polyphenylene isocyanate produced by Nippon Polyure-
thane Co.

YThe term *110 (index)” means that the amount of the isocyanate is larger than the
equivalent amaount of the hydroxyl group to be reacted with the isocyanate by 10%.

110 (index)(®

Foaming Procedure

In a two liter polyethylene beaker was placed 1 kg of
the polyetherpolyol and then all of the remaining com-
ponents except for the polyisocyanate were added to
the polyetherpolol followed by mixing. Then, the tem-
perature of the mixture was adjusted to 20° C.

Thereafter, the polyisocyanate, the temperature of
which had been adjusted to 20° C. was poured into the
mixture and then the mixture was mixed for 10 seconds
using a mixer at 4000 r.p.m. The product thus obtained
was poured into a plasticlined steel box. When the sys-
tem was allowed to foam freely, foaming was com-
pleted in 150 seconds. Thereafter, the foamed product
was allowed to stand for 24 hours at room temperature
(about 20° C. to 30° C.) and cut into pieces for measur-
ing the various properties thereof. The results showed
that all foams prepared had good appearance and were
enclosed cellular type elastic foams.

Flame Test

The flame test was conducted according to the meth-
ods of American Standard of Testing Method D1692-68
(ASTM D1692-68) and the result was evaluated by the
burning distance (mm) in each case. The distance be-
tween the first marked line and the second marked line
of the sample piece was 100 mm.

Test Results

The relation between the amine compounds and the
flame resistance of the foams prepared is shown in
Table 3, in which all of the numeral values shown by
parts are based 100 parts by weight of the polyether-
polyol or polyesterpolyol.
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TABLE 3
Burning Compression Strength
Phosphorus-  Dimethyl- Distance (kg/cm?) L
Amine Containing ethanol  Rise Foam (mm)  Parallel Perpendicular
Polyol @~ Compound _ Compound = Amine Time Density ASTM D to Rise to Rise
No. (part) No. (part) No. (part) (part) (sec) (kg/cm3) 1692-68 Direction Direction

K-1 . 100 - — P-1 15 3.0 102 334 75 1.4 0.4
K-1 60 I-56 40 — — 0.5 92 31.6 45 2.4 1.1
K-1 60 1-35 40 —_ — 0.5 95 32.0 40 2.5 1.3
K-1 60 1-36 40 — — 0.5 £9 32.2 38 v 2.4 1.3
K-1 60 I-37 40 — — 0.5 93 31.8 42 2.6 1.2
K-1 60 I-38 40 — — 0.5 96 31.7 36 2.5 1.4
K-1 60 I-57 40 —_— —_ 0.5 94 32.0 8 2.4 1.2
K-1 60 142 40 — — 0.5 90 33.1 51 2.4 1.0
K-1 60 I41-A 40 — — 0.5 9] 32.6 27 2.6 1.4
K-1 60 140 40 — —_ 0.5 95 34.0 33 2.7 1.3
K-1 60 III-3 40 — —_ 0.5 M4 31.5 43 2.5 1.2
K-1 80 I-56 20 — — 0.5 150 34.0 100 2.2 0.9
K-1 90 I.56 10 — — 0.5 260 34.5 100 2.1 0.8
K-1 20 I-56 80 —_— —_ 0.5 40 34.1 100 2.2 0.8
K-3 80 - I-3§ 20 — — 2.0 96 3.4 100 2.0 0.7
K-3 70 1-35 30 — —_ 1.0 93 32.1 68 2.4 1.2
K-3 50 1-35 50 —_ — 0.3 88 31.5 30 2.7 1.3
K-3 40 135 60 — — 0 B7 32.0 38 2.9 1.2
K-3 30 135 70 _ — 0 65 31.0 70 2.7 1.2
K-2 50 137 S0 P-3 5 0.5 91 31.0 0 24 1.3
K-1 50 137 S0 P.3 5 0.5 95 30.5 0 2.4 1.1
K-4 50 1.37 50 — _ 0.3 93 31.3 40 2.3 1.0
K-3 50 1-35 50 P-1 5 0.5 94 32.0 0 2.2 1.0
K-3 50 1-35 30 P-2 5 0.5 90 31.8 O 2.3 i.1
K-1 60 Y-l 40 — — 1.0 92 33.3 100 1.8 0.9
K-1 60 Y-2 40 —_ — 1.0 02 33.2 100 1.6 0.8
K-] 60 Y-3 40 — — 1.0 95 31.6 100 1.2 0.6
K-1 60 Y4 40 —_ — 1.0 78 32.5 100 1.5 0.7
K-] 60 Y5 40 — — 1.0 78 334 100 1.4 0.7
K-1 60 Y-6 40 —_ — 0.5 85 33.2 100 1.7 0.8
K-1 60 Y-7 40 — — 0.5 &2 32.2 100 1.0 0.5
K-5 10 I-56 90 — — 0.5 75 33.2 100 1.8 0.9
K-5 20 I-56 80 —_ —_ 0.5 76 34.0 100 1.6 0.8
K-S 40 I-56 60 — —_ 0.5 80 32.5 45 2.5 1.2
K-§ 60 I-56 40 —_ —_— — 85 13.6 36 2.8 1.5
K-5 65 I-56 35 — — 0.5 90 32.4 35 2.6 1.4
K-5 80 I-56 20 — — 1.5 90 30.8 100 1.4 0.7
K-1 60 II-1 40 — —— 0.5 95 1.4 44 2.4 1.2
K-1 60 II-2 40 — — 0.5 91 32.3 38 2.2 1.1
K-1 60 III-1 40 — —_ 0.5 86 30.1 26 2.8 1.4
K-1 60 IIlI-2 40 — — 0.5 92 32.5 35 2.4 1.4
K-1 60 IIl4 40 — — 0.5 87 33.0 24 2.5 1.2
K-1 50 1II-5 40 — — 0.5 87 30.8 20 2.4 1.2
K-1 50 1IV-1 50 — — 0.5 78 31.6 25 2.2 1.}
K-3 40 1V-2 60 — — — 90 31.9 24 26 1.3
K-3 40 V- 60 — — — 92 33.0 18 2.4 1.4
K-3 0 V2 60 —_ —_ — 90 32.5 21 2.3 1.2
K-3 44 V3 60 — — e 88 324 28 2.1 1.1
K-3 40 VI 60 — — — 88 31.8 34 2.1 0.9
K-3 40 VI-2 60 — —_ — 0§ 31.7 38 2.6 1.2
K-3 40 VI3 60 — — —_ 80 31.5 45 2.5 1.3
K-1 40 VI4 60 — - — 85 324 44 2.3 1.2
K-1 40 VIS5 60 — — 0.5 95 32.6 42 2.4 1.2
K-1 40 VI-6 60 — — 0.5 96 LY 46 2.3 1.2
K-3 60 VIII 40 — — 0.5 87 320 43 2.5 1.4
K-] 60 VII-2 40 — - 0.5 94 309 42 2.2 1.2
K-] 60 VII-3 40 — - 0.5 90 32.1 8 2.3 1.3
K-3 60 VII4 40 — — 0.5 92 32.0 39 2.3 1.2

As is apparent from the results shown in Table 3, EXAMPLE 2

good flame-resisting effects can be obtained in the cases
where the amine compounds of this invention are used,
as compared with those obtained by using Reference
Compounds (Y-1 to Y-7). In addition, it is apparent that
the properties of the resulting foams such as an increase
of density, a lowering of compression strength almost
do not deteriorate when the amine compounds of this
invention are used. Further, the above results suggest
that excellent results can be attained when the amine
compounds are used in a proportion of 70 to 30 parts by

weight relative to 30 to 70 parts by weight of the polye-
therpolyols or polyesterpolyols.

Rigid polyurethane foams were prepared using the

amine compounds, the polyetherpolyols, and silicone

s0 Oils previously described. The compositions of the

foaming materials, the foaming procedure, and the
flame test employed in this example were as follows:

s Composition Parts by Weight
Polyetherpolyol(l) variable
Freon 11 variable
Silicone Qil L-5420(2) | 1.5
Dabco 33 Lv() variable



Re. 30,676

27 28
-continued the polyetherpolyols previously described. The compo-
- — e sition of the foaming mixtures, the foaming procedures,
Composition Farts by Weight and the flame resistance test employed in this example
PhO:!iphﬂl‘l.l:E—COﬂlﬂilliﬂg Compouud“) V&I‘?&blﬁ were as follows:
Amine Compound{}) variable 5
PAPW (index)
Note: Composition parts by weight
(A5 shown in Tsble 4. v 1 y
YT rademark of silicone oil, produced by Union Carbide Co. Polyetherpolyol(!) . varnable
YT rademark of triethylenediamine, produced by Houdry Process & Chemicals Co. Water 1.0
rademark of polyisocyanate, produced by the Upjohn Co. Freon 11 3s
10 Silicone Oil DC-195(2) 1.0
TABLE 4 |
Burning Compression Strength
Phosphorus- Distance __ (kg/em?)
Amine Containing Dabco Freon  Rise Foam {(mm) Paraliel  Perpendicular
Polyol Compound  Compound 33LV 1 Time Density ASTM D to Rise to Rise
No. (part) No. (part) No. (part) (part) (part) (sec) (kg/m>)} 169268 Direction  Direction
K-3 50 [-38 50 — — — 10 95 41.6 38 30.1 25.3
K-3 3 [-18 50 — — — 15 98 37.2 34 15.2 14.0
K-3 50 I-318 50 — — — 20 97 32.4 36 6.7 5.1
K-3 50 1-38 50 — — — 25 100 21.2 24 4.1 2.7
K-3 350 1-38 30 — — - 30 102 22.5 11 2.5 1.2
K-3 50 Y-1 50 P-1 15 — 10 04 42.0 37 294 23.0
K-3 50 Y-2 50 P-1 15 —— 15 92 37.8 46 14.1 12.0
K- 50 Y-3 50 P-1 15 — 20 88 32.2 61 4.8 39
K-3 5 Y4 O P11 15 — 25 B4 27.5 B5 3.0 1.5
K-} S0 Y-5 50 P-1 15 — 30 B1 22.2 95 1.8 0.7
K-3 100 — — P-1 15 1.8 10 94 43.1 36 282 22.5
K-3 100 — — P-1 15 1.8 15 98 49.0 48 14.2 12.2
K-3 100 — — P-1 15 1.8 20 105 33.0 12 39 28
K-} 100 — — P-1 15 1.8 25 111 28.5 100 30 1.5
K-3 100 — — P-1 15 1.8 30 120 24.2 100 1.7 06
K-1 65 141-A 35 P2 2 0.8 25 92 27.2 14 4.0 2.7
K-1 65 I41-A 35 P2 4 0.8 25 95 26.9 2 4.1 2.7
K-1 65 I-41-A 35 P-2 6 0.8 25 93 27.3 0 3.8 2.9
K-1 &5 [4]-A 35 P-2 8 0.3 25 89 27.8 0 4.0 2.7
K-1 65 Y-2 35 P-2 2 0.8 25 o4 27.5 100 3.5 2.0
K-1 65 Y-2 35 P-2 4 0.3 25 93 28.0 100 3.8 1.8
K-1 65 Y-2 35 P-2 6 0.8 25 88 . 282 100 _ 3.3 L8
K-1 65 Y-2 35 P2 8 08 25 9 219 9% = 36 19
_ Dimethylethanolamine 1.5
Foaming Procedure Amine Compound(!) varisble
. Millionate MR 103 (andex)
Same as in Example 1.
40 ‘DAz shown in Table 5.
Flame Test AT rademurk of silicome oil, produced by Dow Corsing Co.
Same as in Example 1.
Flame Test Results Foaming Procedure and Burning Test

Same as in Example 1.

Flame Test Result

The results obtained are shown in Table 5. That is, as

deterioration of physical properties of the foam. shown m Table 5, the polyurethane foams prepared
so showed sufficient flame-resisting effect in the case of

EXAMPLE 3 using the combination of two kinds of the amine com-

‘Rugid polyurethane foams were prepared using the pounds of this invention without using a phosphorus-

The test results obtained are shown in TAble 4. As 45
shown in the table, the amine compounds of this inven-
tion make it possible to provide a good flame-resisting
property to the polyurethane foam without causing any

combination of two kinds of the amine compounds and  containing compound.
TABLE §
No. No. Pant No. Part No. Part (kg/m’) | (mm)
1-1 K-1 60 I4 5 I-35 35 3.5 10
1-2 K-1 600 I6 5 I-39 35 3L.5 8
1-3 K-1 0 II-2 5 142 35 32.4 12
1-4 K-1 60 III-3 5 I-46 35 318 6
1-5 K-1 0 IV-3 5 149 35 31.8 0
1-6 K-1 60 V-3 10 155 30 32.0 12
1-7 K-1 0 VIl 10 152 30 322 9
1-8 k-1 60 VIi4 10 1-40 30 31.6 7
1-9 K-1 60 112 10 I35 30 32.3 6
1-10 K-1 60 1I-2 10 0-1 30 32.6 2
1-11 K-2 40 12 20 II-5 40 31.5 18
1-12 K-2 40 112 20 Vi2 40 31.4 21
1-13 K-2 40 II-2 20 V-2 40 31.6 16
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TABLE 5-continued

30

Amine Compound Amine Compound

ASTM

Experiments Polyetherpolyol 1] 11} ___ Foam Density  Burning Distance
No. No. Part No. - Part No. Part (kg/m3) (mm)
1-14 K-2 40 II-2 20 VI-3 40 32.0 18
1-15 K-2 40  1I-2 20 VI-5 40 32.2 i4
1-16 K-3 35  III-2 2.5 147 62.5 31.5 2
1-17 K-3 35 III-3 2.5 II-} 62.5 31.7 4
1-18 K-3 35 14 25 HI-5 62.5 32.6 2
1-19 K-3 50  III-2 2.5  1V-] 47.5 313 i 6
1-20 K-3 50 III-3 2.5 V-] 47.5 33.0 5
1-21 K-4 65 1Il-4 5 VIi4 30 31.3 22
1-22 K-4 65 IV-2 10 VI-5 25 31.2 24
1-23 K-4 65 IV-3 13 I-43 20 32.6 22
1-24 K-1 100 — — — — 32.1 100

M

EXAMPLE 4

Rigid polyurethane foams were prepared using the

polyetherpolyols, the silicone oils, and the combination
of two kinds of the amine compounds, and the phos-

Experiments
No.

Amine Compound

Foaming procedure and flame test procedure were
the same as in Example 1.

Flame Test Result

20 The results obtained are shown in Table 6.

TABLE 6

M

Amine Compound

ASTM

Foam Density  Burning Distance

[11]

Flame Retardant

M

2-1
2-2
2-3
2-4
2~5
2-6
2-7
2-8
2-9
2-10
2-11
2-12
2-13
2-14
2-15
2-16
2-17
2-18
2-19
2-20
2-21
2-22

2-23

Polyetherpolyol
No. Part
K-1 60
K-1 60
K-1 60
K-1 60
K-1 60
K-1] 60
K-1 60
K-1 60
K-1 60
K-1 60
K-3 40
K-3 40
K-3 40
K-3 40
K-3 &)
K-3 40
K-1 20
K-1 20
K-1 100
K-1 100
K-1 100
K-1 100
K-1 100

1]
No. Part No.
1.7 5 Y-1
-8 5 Y-2
-9 5 Y-3
[-10 5 Y-4
I-11 5 Y-5§
I-13 3 Y-6
I-14 3 Y-7
I-15 3 1-46
1-16 3 1-47
1-17 3 I-48
I-18 10 1-49
11-2 5 I-52
II1-2 5 I-53
IV-3 5 II-1
V-3 5 HI1-5
VI-1 3 1V-2
VII-3 2 V-]
Vi4 2 V-3

Part No, Part (kg/m3) (mm)
35 — — 22.6 100
35 — — 23.1 100
35 _ — 21.5 100
35 — — 22.0 100
35 — — 24.0 100
37 — — 22.4 100
37 P- 2 22.5 100
37 P-) 4 22.6 2
37 P-1 6 22.8 0
37 P-1 8 22.8 0
50 P-2 10 22.6 0
55 — — 21.2 10
55 P-3 2 21.5 6
55 P-3 4 21.7 0
55 P-3 6 21.7 0
55 P-3 8 22.0 0
78 — — 21.3 100
78 — — 21.6 100
— P-1 b 21.8 100
— P-1 8 22.0 83
— P-1 12 22.8 36
— P-1 14 23.2 24
— P-1 16 23.5 4

M

phorus-containing compounds as previously described.

The compositions of the foaming mixtures, the foaming

procedure, and the flame test results were as follows:

Composition parts by weight
Polyetherpolyol{!) variable
Freon 11 45
Silicone O11 L5340 1.2
Dimethylethanolamine 1.5
Phosphorus-Containing Compound{!) variable
Amine Compound{} variable

polyisocyanate(?)

Note:

(DA shown in Table 6.

(2} A prepolymer of TDI-B0 (trademark of tolylene disocyanate, produced by

105 (index)

Nippon Soda Co., Ltd.) and a polyetherpolyol; isocyanate group content, 30%.

As shown in Table 6, when the combination of two
kinds of amine compounds of this invention was used
together with phosphorus-containing compound more
excellent flame-resisting effects were obtained as com-
pared with the cases of using the amine compound indi-
vidually and a combination of the two kinds of amine
compounds without phosphorus-containing compound.

50

Results of Foaming

55  The physical properties of the foam are shown in

Table 7.

TABLE 7
Experiment No. 3-1 3.2 3.3 34 3-5
Polyetherpolyol K-1 60 60 60 100 70
Amine I-8 10
Compound 1-10 10 30
[1] VI-6 10
Amine 1-42 30
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TABLE 7-continued
Experiment No. 3-1 3-2 3.3 34 3-5
Polyetherpolyol K-1 60 60 60 100 70
Compound II-2 30
[I1] I-39 30
Rise Time (seeg 54 60 58 90 65
Density (kg/m-) 22.0 23.2 22.5 24.0 24.3
109% Compression Strength * 2.6 2.8 2.4 1.6 1.7
(Kg/cm?) ** .3 1.4 1.2 0.7 0.7
Foam Dimension Stability (%)
Properties Volume Change
100° C. 1 day + 2.1 +2.0 "2.3 +2.5 +24
100° C. 7 days 4 3.8 + 3.7 + 3.9 +4.8 +5.0
100° C. 14 days +39 +40 442 452 5.5
—20° C. 1 day 0.0 0.0 0.0 —0.1
-0.2
—20° C. 7 days 0.0 0.0 0.0 —0.5 —0.4
—20° C. 14 days 0.0 —-0.1 0.0 —0.6 —0.7
Burning Test
ASTM 1692-68 8 4 7 100 88

Burning Distance {mm)

*Parallel to Rise Direction
**Perpendicular to Rise Direction

with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without depart-
ing from the spirit and scope thereof.

What 1s claimed is:

1. A process for producing a flame resistant rigid
polyurethane foam comprising reacting a mixture con-
sisting of (1) a polyetherpolyol [and] or a polyester-
polyol, each having an active hydrogen atom, (ii) a
polyisocyanate, said polyisocyanate being used in an
amount of 0.5 to 3 equivalents per 1 equivalent of said
polyetherpolyol [and] or polyesterpolypol, (iii) at
least one blowing agent selected from water and a vola-
tile foaming agent, said water when present being used
in an amount of less than about 5% by weight and said
volatile foaming agent when present being used in an
amount of less than about 70% by weight, said weights
being based on the total weight of the starting materials,
(iv) an emulsifying agent, said emulsifying agent being
used in an amount of less than about 2% by weight
based on the total weight of the starting materials, and
(v) at least one amine compound selected from general

formulae (I), (I), (IIT), (IV), (V), (VI), and (VII):

()

Al Al

N /
N—Rl—t¢N—R?),,,—N
/ |
Al A2

G
wherein Al, A2, A3, A4, and AS each represents a hy-
drogen atom or a monovalent organic group, wherein
at least one of Al to A’ being a hydrogen atom or an
organic group which contains a hydrogen atom active
to an isocyanate group; Rl is a divalent organic group,
a trivalent organic group or a tetravalent organic group;
RZ represents a divalent organic group; m; represents 0

or a positive integer smaller than 8; and nj represents 1,
2 or3;

R4 (1I)

N\ VAN
N—R3I=N N—ASB
N

A R

wherein A® A7, and A% each represents a hydrogen
atom or a monovalent organic group, with at least one
of A®to A8being a hydrogen atom or an organic group

25

30

35

435

50

53

65

which contains a hydrogen atom active to an isocyanate
group; R3, R4 and R3 each represents a divalent organic

BIroup;

(E1I)

wherein A% Al0, All and Al2 egch represents a hydro-
gen atom or a monovalent organic group, with at least
one of A% to Al? being a hydrogen atom or an organic
group which contains a hydrogen atom active to an
1ISocyanate group;

6 (IV)

AlP—N N—Al4

R
7N\
N

R
wherein Al3 and A4 each represents a hydrogen atom
or a monovalent organic group, with at least one of A!3
and Al4 being a hydrogen atom or an organic group
which contains a hydrogen atom active to a isocyanate

group and R%and R7 each represents a divalent organic
group;

Al6 (V)

/
N
/ \AI?
AB—=N=C

AlS
./
N

ALY

wherein A1, A16, A17 Al8 and Al% each represents a
hydrogen atom or a monovalent organic group, with at
least one of Al to Al® being a hydrogen atom or an
organic group which contains a hydrogen atom active
to an isocyanate group;
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A20 (VI)

NiAZI
\AZZ

wherein A20, A2l and A22 each represents a hydrogen
atom or a monovalent organic group, with at least one
of A20 to A22 being a hydrogen atom or an organic
group which contains a hydrogen atom active to an
isocyanate group; and

A3 (VIID)

I
Rs(_C"N )2
I L

wherein R8 represents a hydrogen atom, a monovalent
organic group, a divalent organic group, or a trivalent
organic group; A2} and A24 each represents a hydrogen
atom or a monovalent organic group, at least one of said
R8, A23 and A24 being a hydrogen atom or a group
having a hydrogen atom active to an isocyanate group;
Z represents an oxygen atom or a sulfur atom; and n2 1s
an integer of 1 to 3, the weight ratio of said amine com-
pound to said polyetherpolyol [and] or polyester-
polyol being from 7:3 to 3:7, said polyurethane foam
being self-extinguishing with a burning distance of 14 to
22 mm as tested in accordance with ASTM D 1692-68.

2. The process as claimed in claim 1, wherein said
groups for Al to A24 are selected from the group con-
sisting of a saturated or unsaturated alkyl group, aryl
group, or alicyclic group.

3. The process as claimed in claim 2, wherein said
alkyl, aryl or alicyclic groups are substituted with sub-
stituents, said substituents being an amino group, a hy-
droxyl group, a cyano group, a mercapto group Or a
halogen atom.

4. The process as claimed in 1, wherein said monova-
lent organic group contains therein a

0 O H O
I I |l
—C=~, =0—C—, =N—C—0—, —0—,
HO HOH
| o0
—N—C—, =N—=C—N—, —§=, —C=C—,
H S H
l | 0 | I
—C=N—, =N—C—N—, or —N—

grouping.
§. The process as claimed in claim 1, wherein Al to
A24

is —C—R, —C—NH~—R, —C—0—R, —NH—C—0~-R,

| | | |

O O O O

or —R'—0O—R, wherein R represents a lower alkyl
group or an aryl group and R’ represents a lower alkyl-
ene group.

6. The process as claimed in claim 1, wherein R} is a
divalent saturated or unsaturated alkylene group, aryl-
ene group, or alicyclic group, or a tri- or tetra-valent
saturated or unsaturated aliphatic hydrocarbon group,

aromatic hydrocarbon group, alicyclic hydrocarbon
group or a heterocyclic group.

7. The process as claimed in claim 1, wherein R! and
R2? is selected from the group consisting of a saturated
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15

20

25

30

35

45

30

53

65

34

or unsaturated alkylene group, an arylene group, or a
divalent alicyclic group.

8. The process as claimed in claim 1, wherein R’ or
R2is

Do 0B -
oD e -t

wherein R? and R10each represents a hydrogen atom or
a lower alkyl group and R!! represents an alkylene
group.

9. The process as claimed in claim 1, wherein the
divalent organic group represented by said R3, R4, R’,
R6 and R7 is a saturated or unsaturated alkylene group,
an arylene group or a divalent alicyclic group.

10. The process as claimed in claim 1, wherein the
organic group represented by said R? in the general
formula (VII) is a monovalent, divalent or trivalent
saturated or unsaturated aliphatic hydrocarbon group;
an aromatic hydrocarbon group; an alicyclic group; in
which each of said groups may be substituted by a satu-
rated or unsaturated alkyl group, a hydroxyl group, or
an aryl group; a

AJI
N
/N-"' N—
AJU

AI?

group; a —N=—=N— group; or a

A33/

group; wherein A2% to A3 each represents an unsubsti-
tuted or substituted, saturated or unsaturated alkyl
group, an aryl group, or an alicyclic group, said substit-
uents for each of said alkyl, aryl, and alicyclic groups
being a halogen atom, a hydroxyl group, a mercapto
group, an amino group Or a Cyano group.

11. The process as claimed in claim 1, wherein said
amine compounds is represented by the formulae (I),
(ID, (III) or (IV) wherein at least two groups of the
monovalent groups represented by Al to Al4 are hy-
droxyl-containing groups.

12. The process as claimed in claim 1, wherein said
amine compound is a2 mixture of an amine compound
selected from the compounds (i) represented by the
formulae (I), (II), (IID), (AV), (V), (VI) and (VII)
wherein at least one group of the monovalent organic
groups represented by Al to A24is a hydrogen atom,
and an amine compound selected from the compounds
(ii) represented by the formulae (I), (II), (III), (IV), (V),
(VI) and (VII) wherein all monovalent organic groups
represented by Al to A2*% are hydroxyl-containing
groups. |
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13. The process as claimed in claim 1, wherein said
emulsifying agent is a silicone olil.

14. The process as claimed in claim 1, wherein said
emulsifying agent is used in an amount less than about
2% by weight based on the weight of the total amount
of starting materials.

15. The process as claimed in claim 1, wherein said
mixture further contains at least one catalyst.

16. A flame resistant rigid polyurethane foam pro-
duced by the process as claimed in claim 1.

17. A process for producing a flame resistant rigid poly-
urethane foam comprising reacting a mixture consisting of
(i) a polyetherpolyol or a polyesterpolyol, each having an
active hydrogen atom, (ii) a polyisocyanate, said polyisocy-
anate being used in an amount of 0.5 to 3 equivalents per
1 equivalent of said polyetherpolyol or polyesterpolyl, (iii)
at least one blowing agent selected from water and a vola-
tile foaming agent, said water when present being used in
an amount of less than about 5% by weight and said vola-
tile foaming agent when present being used in an amount
of less than about 70% by weight, said weights being based
on the total weight of the starting materials, (iv) an emulsi-
fying agent, said emulsifying agent being used in an

3
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amount of less than about 2% by weight based on the total
weight of the starting materials, and (v} at least one amine
compound selected from general formula (1):

o4 U

/

\A5

AI
N
/N—il' N—R?),,;—N

A3

AZ ri

wherein A\, A2, A3, A%, and A3 each represents a hydrogen
atom or a monovalent organic group, wherein at least one
of A! to A3 being a hydrogen atom or an organic group
which contains a hydrogen atom active to an isocyanate
group; R\ is a divalent organic group, a trivalent organic
group or a tetravalent organic group; R represents a diva-
lent organic group; m\ represents 0 or a positive integer
smaller than 8; and n1 represents 1, 2 or 3; the weight ratio
of said amine compound to said polyetherpolyol or polyes-
terpolyol being from 7:3 to 3:7, said polyurethane foam
being self-extinguishing with a burning distance of 14 to 22
mm as tested in accordance with ASTM D 1692-68.

2 2 & = 2
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