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(57) ABSTRACT 

The present invention relates to a process for producing a 
synthetic resin foam which comprises reacting at least one 
polyol with at least one polyisocyanate compound in the 
presence of an organic blowing agent, wherein the organic 
blowing agent is a blowing agent for synthetic resin foams 
which is characterized by being a mixture comprising 1,1, 
1,3,3-penta?uorobutane (HFC-365mfc) and at least one 
halogen-containing compound and optionally containing at 
least one member selected from the group consisting of 
glycol compounds and amide compounds. Also provided 
are: a premix comprising the blowing agent and a polyol 
mixture; and a process for producing a synthetic resin foam 
from these. 

10 Claims, No Drawings 
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PROCESS FOR PRODUCING SYNTHETIC 
RESIN FOAM, BLOWING AGENT AND 

PREMIX 

TECHNICAL FIELD 

The present invention relates to a process for producing a 
synthetic resin foam, and to an organic blowing agent and a 
premix for producing such a synthetic resin foam. 

BACKGROUND OF THE INVENTION 

Producing synthetic resin foams by reacting polyols With 
polyisocyanate compounds in the presence of catalysts and 
bloWing agents has been Widely practiced. Examples of 
synthetic resin foams thus obtained are polyurethane, poly 
isocyanurate, etc. 

Trichloro?uoromethane (CFC-11) has been mainly used 
as an organic bloWing agent in the production of synthetic 
resin foams such as the aforementioned polyurethane foams. 

In recent years, it has been pointed out that some types of 
chloro?uorocarbons, once released in the atmosphere, 
deplete the oZone layer of the stratosphere, and as a result, 
the ecosystem including humans may be severely adversely 
affected. Therefore, the use of chloro?uorocarbons posing a 
high risk of oZone layer depletion is restricted under inter 
national agreements, including the use of CFC-11. Accord 
ingly, the development of novel bloWing agents that are free 
from or have a small risk of oZone layer depletion is 
required. 
As a chloro?uorocarbon that has a loW impact on the 

oZone layer, 1,1-dichloro-1-?uoroethane (HCFC-141b) is 
substituted for CFC-11. 

HoWever, this substance incorporates chlorine atoms in its 
molecular structure, and thus still poses some risk of deplet 
ing the oZone layer. 

Japanese Unexamined Patent Publication Nos. 29440/ 
1990 and 235982/1990 disclose processes for producing 
foams using ?uorinated hydrocarbons that do not contain 
chlorine and have no risk of oZone layer depletion. More 
over, Japanese Unexamined Patent Publication No. 235982/ 
1990 discloses the use of 1,1,1,3,3-penta?uorobutane (HFC 
365mfc) as a bloWing agent for plastic foam production. 
US. Pat. No. 6,380,275 discloses a bloWing agent contain 
ing HFC365 and a loW-boiling HFC. 
HFC-365mfc is a hydrogen-containing ?uorinated hydro 

carbon having a boiling point of 400 C.; therefore, it is 
considered to have no risk of oZone layer depletion. More 
over, since HFC-365mfc has a boiling point comparable to 
that of HCFC-141b, HFC-356mfc is draWing attention as a 
leading candidate to substitute for HCFC-141b as a bloWing 
agent. Moreover, it has a thermal conductivity of 15.5 
mW/mK (transient hot-Wire method, 500 C., 1 atmospheric 
pressure), having the qualities necessary for a bloWing 
agent. 

HFC-365mfc, although considered to have no ?ash point 
under the Japanese Fire Service LaW, does have a ?amma 
bility range (mixing ratio With air: 3.6 to 13.3 vol %). 
Therefore, it may turn ?ammable under some circumstances. 
Since the important point of HFC-containing bloWing agents 
is their non?ammability, the possibility of ignition is a 
signi?cant barrier to the use of HFC-365mfc. 

Thus, to effectively use HFC-365mfc as a substitute for 
HCFC-141b, the development of techniques to control its 
?ammability to render HFC-365mfc substantially non?am 
mable is necessary. 
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2 
US. Pat. No. 6,380,275 discloses bloWing agents con 

taining HFC365 and loW-boiling HFCs. These loW-boiling 
bloWing agents contain ?ammable substances (for example, 
HFC152a, HFC32, dimethyl ether, propane, etc.), and the 
purpose of using loW-boiling HFCs is to enhance foaming 
and the properties of foamed articles, not aiming to render 
HFC365mfc itself non?ammable. 

The present invention Was accomplished in vieW of the 
prior art problems. One of the primary objects of the 
invention is to provide a bloWing agent that, When mixed 
With a polyol to form a premix, renders the premix substan 
tially non?ammable despite blend of HFC-365mfc. 

Another primary object of the invention is to provide a 
process for producing a synthetic resin foam having excel 
lent thermal insulation properties and outstanding mechani 
cal strength. 

DISCLOSURE OF THE INVENTION 

The inventors conducted extensive research and found 
that the aforementioned objectives can be achieved by using 
a bloWing agent having a speci?c composition, thereby 
accomplishing the present invention. 
HFC-365mfc, despite having no ?ash point, nonetheless 

can ignite. This phenomenon occurs because the concentra 
tion of HFC-365mfc in the air exceeds the upper limit of the 
?ammability range When the ?ash point of HFC-365mfc is 
measured. The concentration of HFC-365mfc in the air is 
estimated to be about 50% based on the vapor pressure of 
HCF-365mfc at 200 C., Which is considered to exceed the 
upper limit of the ?ammability range (about 13%). 

During synthetic resin foam production, HFC-365mfc is 
evaporated into the air from a mixture of HFC-365mfc and 
a polyol mixture (i.e., premix; polyol mixtures contain 
polyols, catalysts, foam stabiliZers, ?ame retardants, stabi 
liZers (decomposition inhibitors), etc. A polyol mixture is 
called a polyol system solution or, simply, a system solution. 
A mixture of a system solution and a bloWing agent is called 
a premix.). The concentration of evaporated (vaporized) 
HCF-365mfc is presumed to exceed the upper limit of the 
?ammability range. HoWever, When evaporated HFC 
365mfc is diluted With air, its concentration may come 
Within the ?ammability range. There are cases in Which the 
concentration of HFC-365mfc shifted Within the ?amma 
bility range, and the HFC-365mfc actually ignited. Such 
ignition can be avoided (achieving non?ammability) by 
controlling, Without air dilution, the concentration of evapo 
rated HFC-365mfc to a level loWer than the ?ammability 
range. 

The inventors found that, using a bloWing agent contain 
ing HFC-365mfc and a halogen-containing compound, a 
premix containing the bloWing agent is rendered barely 
?ammable by controlling the partial pressure of HFC 
365mfc evaporated from the premix to a level just beloW the 
loWer limit of the ?ammability range or loWer. 

In particular, the present invention relates to processes for 
producing synthetic resin foams and to bloWing agents as 
described beloW: 

Item 1. A process for producing a synthetic resin foam 
comprising the step of reacting at least one polyol With at 
least one polyisocyanate compound in the presence of an 
organic bloWing agent and a catalyst, Wherein the bloWing 
agent is a mixture comprising 1,1,1,3,3-penta?uorobutane 
and at least one halogen-containing compound. 
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Item 2. A process according to Item 1, wherein the organic 
blowing agent further comprises at least one member 
selected from the group consisting of glycol compounds 
and amide compounds. 

Item 3. A process according to Item 1, Wherein the organic 
bloWing agent further comprises at least one glycol com 
pound. 

Item 4. A process according to Item 1 or 2, Wherein the 
process comprises the step of mixing the organic bloWing 
agent With the at least one polyol, a premix obtained 
according to the step being substantially non?ammable. 

Item 5. A process according to Item 1 or 2, Wherein the 
halogen-containing compound has a boiling point loWer 
than the boiling point of HFC-365mfc (40° C.). 

Item 6. A process according to Item 1 or 2, Wherein the 
halogen-containing compound is non?ammable and has a 
boiling point of about 10 to about 60° C. and a thermal 
conductivity When it is in the gaseous state of about 8 to 
about 20 mW/mK at about 1 atmospheric pressure. 

Item 7. A process according to Item 2, Wherein the halogen 
containing compound is non?ammable and has a boiling 
point of about —90 to about 10° C. and a thermal con 
ductivity When it is in the gaseous state of about 8 to about 
30 mW/mK at about 1 atmospheric pressure. 

Item 8. A process according to Item 1 or 2, Wherein the 
halogen-containing compound is at least one member 
selected from the group consisting of saturated or unsat 
urated hydro?uoroethers (HFEs), hydro?uorocarbons 
(HFCs), per?uorocarbons (PFCs) and ?uoroiodocarbons 
(FICs). 

Item 9. A process according to Item 1 or 2, Wherein the 
halogen-containing compound is at least one member 
selected from the group consisting of 1,2,2-tri?uoroeth 
ylene tri?uoromethyl ether (CF2=CFOCF3), 1,2,2-trif 
luoroethylene 1, 1 ,2,2,3,3 ,3 -hepta?uoropropyl ether 
(CF2=CFOCF2CF2CF3), per?uoropropyl epoxide 
(CF3CF(O)CF2), per?uoro-l-butene (CF2=CFCF2CF3), 
per?uorohexenes (C6Fl2), per?uorononenes (C9Fl8), per 
?uorohexane (C613 1 4), per?uorocyclobutane (c-C4F8), 
iodotri?uoromethyl (CF 3I), 1,1,1,2,3,3-hexa?uoropro 
pane (CF3CFHCF2H), 1,1,1,3,3,3-hexa?uoropropane 
(CF3CH2CF3), 1,1,1,2,3,3,3-hepta?uoropropane 
(CF3CFHCF3), penta?uoroethane (CF3CF2H), tetra?uo 
roethanes (CHFZCHFZ, CF3CFH2), tri?uoromethane 
(CF3H), 1,1,2,2,3,3,4,4-octa?uorobutane 
(CFZHCFZCFZCFZH), 1,1,1,2,2,3,4,5,5,5-deca?uoropen 
tane (CF3CF2CFHCFHCF3), 2-tri?uoromethyl-1,1,1,2,3, 
4,5,5,5-nona?uoropentane (C6Fl2H2), 3,3,4,4,5,5,6,6,6 
nona?uoro-l-hexene (F(CF2)4CH=CH2), 2,3,3,4,4,5,5 
hepta?uoro-l -pentene (CHZCFCFZCFZCFZH), 
tri?uoroethylene (CFZCFH), 1,1,2,2-tetra?uoroethyl dif 
luoromethyl ether (CF2HCF2OCHF2), 1,1,2,2-tetra?uo 
roethyl methyl ether (CF2HCF2OCH3), 2,2,2-tri?uoroet 
hyl 1,1,2,2-tetra?uoroethyl ether (CF3CH2OCF2CF2H), 
1,1,2,3,3,3-penta?uoropropyl methyl ether 
(CF3CFHCF2OCH3), nona?uorobutyl methyl ether 
(C4F9OCH3), 1-tri?uoromethyl-1,2,2,2-tetra?uoroethyl 
methyl ether ((CF3)2CFOCH3), per?uoropropyl methyl 
ether (CF3CF2CF2OCH3), 2,2,3,3,3-penta?uoropropyl 
di?uoromethyl ether (CF3CF2CH2OCHF2), 1,2,3,3,4,4 
hexa?uorocyclobutane (c-C4F6H2), 2,3-dichloroocta?uo 
robutane (CF3CFClCFClCF3, boiling point: 63° C.), 
1-chloro-1,1,2,2,3,3,4,4-octa?uorobutane 
(CF2ClCF2CF2CF2H, boiling point: 50° C.), 1,2-dichlo 
rohexa?uorocyclobutane (iCFClCFClCF2CF2i, boil 
ing point: 60° C.), and 1,1,1,3,3,3-hexa?uoropropan-2-ol 
(CF3CH(OH)CF3, boiling point: 59° C.). 
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Item 10. A process according to Item 1 or 2, Wherein the 

halogen-containing compound is 1,1,1,2,3,3,3-hepta?uo 
ropropane (HFC227ea: CF3CFHCF3). 

Item 11. A process according to Item 1 or 2, Wherein the 
proportion of halogen-containing compound is about 1 to 
about 49 mol per 100 mol of HFC-365mfc and halogen 
containing compound in total. 

Item 12. A process according to Item 1 or 2, Wherein the 
catalyst is a tertiary amine, an organometallic compound, 
or a mixture thereof. 

Item 13. An organic bloWing agent for producing a synthetic 
resin foam, the organic bloWing agent comprising 1,1,1, 
3,3-penta?uorobutane and at least one halogen-containing 
compound. 

Item 14. A bloWing agent according to Item 13 further 
comprising at least one member selected from the group 
consisting of glycol compounds and amide compounds. 

Item 15. A bloWing agent according to Item 13 further 
comprising at least one glycol compound. 

Item 16. A bloWing agent according to Item 13, Wherein the 
halogen-containing compound is 1,1,1,2,3,3,3-hepta?uo 
ropropane (HFC227ea: CF3CFHCF3). 

Item 17. A premix for producing a synthetic resin foam, the 
premix comprising 1,1,1,3,3-penta?uorobutane, at least 
one halogen-containing compound and at least one 
polyol. 

Item 18. A premix according to Item 17 further comprising 
at lea st one member selected from the group consisting of 
glycol compounds and amide compounds. 

Item 19. A premix according to Item 17 further comprising 
at least one glycol compound. 

Item 20. A premix according to Item 17, Wherein the 
halogen-containing compound is 1,1,1,2,3,3,3-hepta?uo 
ropropane (HFC227ea: CF3CFHCF3). 

Item 21. A premix according to Item 17 or 18 that is 
non?ammable. 
The present invention relates to a process for producing a 

synthetic resin foam comprising the step of reacting a polyol 
With a polyisocyanate compound in the presence of an 
organic bloWing agent, Wherein a mixture comprising 1,1, 
1,3,3-penta?uorobutane (HFC-365mfc) and a halogen-con 
taining compound and optionally a glycol compound and/or 
amide compound is used as the organic bloWing agent. 
The present invention further relates to an organic bloW 

ing agent for producing a synthetic resin foam, the organic 
bloWing agent comprising 1,1,1,3,3-penta?uorobutane 
(HFC-365mfc) and a halogen-containing compound and 
optionally a glycol compound and/or amide compound. 

Furthermore, the present invention relates to a premix for 
producing a synthetic resin foam, the premix comprising a 
polyol and an organic bloWing agent (1,1,1,3,3-penta?uo 
robutane (HFC-365mfc), a halogen-containing compound, 
and optionally a glycol compound and/or an amide com 
pound). 

In a preferred embodiment of the invention, a mixture 
comprising 1,1,1,3,3-penta?uorobutane (HFC-365mfc), a 
halogen-containing compound, and a glycol compound is 
used as the organic bloWing agent. 

Examples of synthetic resin foams obtained according to 
the process of the invention are polyurethane foams, poly 
isocyanurate foams, etc. 

Examples of halogen-containing compounds usable 
herein include those that have at least one halogen atom such 
as ?uorine, chlorine, bromine, iodine, etc. One or more 
members of the halogen atoms may be contained. 

Although such halogen-containing compounds preferably 
have a boiling point loWer than that of HFC-365mfc (40° 
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C.), those that have a boiling point of 40° C. or higher are 
acceptable. Among halogen-containing compounds having a 
boiling point of 40° C. or higher, those that can form an 
aZeotrope or an aZeotrope-like composition With HFC 
365mfc are preferable. It is hoWever preferable to use such 
halogen-containing compounds in combination With at least 
one halogen-containing compound having a boiling point 
loWer than 40° C. Therefore, a bloWing agent may contain 
3 or more components, i.e., at least HFC-365mfc, one or 
more halogen-containing compounds having a boiling point 
of 40° C. or higher, and one or more halogen-containing 
compounds having a boiling point less than 40° C. 

It is preferable that the halogen-containing compounds 
usable herein have substantially no potential for oZone layer 
depletion. Examples of such halogen-containing compounds 
having substantially no oZone layer depletion potential 
include saturated or unsaturated hydro?uoroethers (HFEs), 
hydro?uorocarbons (HFCs), per?uorocarbons (PFCs), ?u 
oroiodocarbon (FlCs), etc. 
Among halogen-containing compounds, chlorine-con 

taining compounds have a potential for oZone layer deple 
tion. HoWever, those that have relatively high boiling points 
are not readily vaporized, and thus the potential for depleting 
the oZone layer is reduced despite containing chlorine. 
Those chloro?uorocarbons (CFCs) that are actually regu 
lated to avoid oZone layer depletion are paraf?n compounds 
having no more than 3 carbon atoms. Therefore, halogen 
containing compounds usable herein include chloro?uoro 
alkanes having 4 or more carbon atoms (preferably 4 carbon 

atoms). 
Speci?c examples of halogen-containing compounds are 

unsaturated hydro?uoroethers such as 1,2,2-tri?uoroethyl 
ene tri?uoromethyl ether (CF2=CFOCF3) and 1,2,2-tri?uo 
roethylene 1,1,2,2,3,3,3-hepta?uoropropyl ether 
(CF2=CFOCF2CF2CF3); 

per?uoroalkylepoxides such as per?uoropropyl epoxide 
(CF3CF (O) CF2); 

per?uoroalkenes such as per?uoro-l -butene 
(CF2=CFCF2CF3), per?uorohexenes (C6F12) and per?uo 
rononenes (C9Fl8); 

per?uoroalkanes (per?uorocarbons: PFCs) such as per 
?uorohexane (C6Fl4); 

per?uorocycloalkanes 
(C'C4Fs); 

?uoroiodoalkanes (?uoroiodocarbons: FlCs) such as 
iodotri?uoromethane (CF31); 

hydro?uoroalkanes (hydro?uorocarbons: HFCs) such as 
1,1, 1,2,3,3,3-hepta?uoropropane (CF3CFHCF3), 1,1,1,3,3, 
3-hexa?uoropropane (CF3CH2CF3), 1,1,1,2,3,3,-hexa?uo 
ropropane (CF3CFHCF2H), penta?uoroethane (CF3CF2H), 
tetra?uoroethanes (CHF2CHF2, CF3CFH2), tri?uo 
romethane (CF 3H), 1,1,2,2,3 ,3 ,4,4-octa?uorobutane 
(CF2HCF2CF2CF2H), 1,1,1,2,2,3,4,5,5,5-deca?uoropentane 
(CF3CF2CFHCFHCF3) and 2-tri?uoromethyl-1,1,1,2,3,4,5, 
5 ,5 -nona?uoropentane (C6F 1 2H2); 

hydro?uoroalkenes such as 3,3,4,4,5,5,6,6,6-nona?uoro 
1-hexene (F(CF2)4CH=CH2), 2,3,3,4,4,5,5-hepta?uoro-1 
pentene (CH2CFCF2CF2CF2H) and tri?uoroethylene 
(CFZCFH); 

saturated hydro?uoroethers (HFES) such as 1,1,2,2-tet 
ra?uoroethyl di?uoromethyl ether (CF2HCF2OCHF2), 1,1, 
2,2-tetra?uoroethyl methyl ether (CF2HCF2OCH3), 2,2,2 
tri?uoroethyl 1 , 1 ,2,2-tetra?uoroethyl ether 
(CF3CH2OCF2CF2H), 1,1,2,3,3,3-penta?uoropropyl methyl 
ether (CF3CFHCF2OCH3), nona?uorobutyl methyl ether 
(C4F9OCH3), 1 -tri?uoromethyl-1 ,2,2,2-tetra?uoroethyl 
methyl ether ((CF3)2CFOCH3), per?uoropropyl methyl 

such as per?uorocyclobutane 
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6 
ether (CF3CF2CF2OCH3) and 2,2,3,3,3-penta?uoropropyl 
di?uoromethyl ether (CF3CF2CH2OCHF2); 

hydro?uorocycloalkanes such as 1,2,3,3,4,4-hexa?uoro 
cyclobutane (c-C4F6H2); 

chloro?uoroalkanes (chloro?uorocarbons: CFCs) such as 
2,3-dichloroocta?uorobutane (CF3CFClCFClCF3, boiling 
point: 63° C.); 

hydrochloro?uoroalkanes (hydrochloro?uorocarbons: 
HCFCs), such as 1-chloro-1,1,2,2,3,3,4,4-octa?uorobutane 
(CF2ClCF2CF2CF2H, boiling point: 500 C.); 

chloro?uorocycloalkanes such as 1,2-dichlorohexa?uoro 
cyclobutane (iCFClCFClCF2CF2i, boiling point: 60° 
C.); and 

hydro?uoroalcohols such as 1,1,1,3,3,3-hexa?uoropro 
pan-2-ol (CF3CH(OH)CF3, boiling point: 59° C.). 

Halogen-containing compounds usable herein are prefer 
ably non?ammable. Those that can be used by themselves as 
extinguishing agents are preferable as halogen-containing 
compounds of the invention. Examples of such halogen 
containing compounds are CF31, CF3CF2H, CF3H, 
CF3CFHCF3, etc. 

Halogen-containing compounds usable herein preferably 
have properties by themselves suitable for bloWing agents. 
In particular, preferable halogen-containing compounds are 
per se non?ammable and have a loW thermal conductivity 
and a boiling point of about 10 to about 60° C. The thermal 
conductivity of the halogen-containing compounds, When 
they are in the gaseous state, is preferably about 8 to about 
20 mW/mK at about 1 atmospheric pressure. Such halogen 
containing compounds can function by themselves as bloW 
ing agents When used. Among the halogen-containing com 
pounds described above, examples of such halogen 
containing compounds include those that have a boiling 
point of about 10 to about 60° C. and the like. To improve 
the compatibility of halogen-containing compounds in sys 
tem solutions as Well as in solutions (isocyanate solutions) 
to be reacted by mixing With system solutions, halogen 
containing compounds are preferably used in conjunction 
With glycol compounds and/or amide compounds (glycol 
compounds, in particular). Improved compatibility enables 
urethane linkage With an enhanced conversion rate, enabling 
uniform foams to be produced. Therefore, improvement in 
the adhesion, thermal insulation and mechanical strength of 
foams is expected. 

Also preferable herein are loW-boiling halogen-contain 
ing compounds that are non?ammable and have a relatively 
loW thermal conductivity and a boiling point of about —90 to 
about 10° C. The preferable thermal conductivity of such 
halogen-containing compounds, When they are in the gas 
eous state, is about 8 to about 30 mW/mK at about 1 
atmospheric pressure. The use of such halogen-containing 
compounds can loWer the partial pressure of the evaporated 
HFC365mfc (in particular, to a level beloW the loWer limit 
of the ?ammability range). Moreover, since they are easily 
evaporated, such loW-boiling compounds are preferably 
used in combination With glycol compounds and/or amide 
compounds (glycol compounds, in particular). The addition 
of glycol compounds and/ or amide compounds enhances the 
compatibility of HFC-365mfc and halogen-containing com 
pounds With system solutions. Due to the enhanced com 
patibility, the evaporation of a bloWing agent composed of 
HFC-365mfc and halogen-containing compounds, particu 
larly loW-boiling halogen-containing compounds, from the 
premix can be discouraged. The greater the extent the 
halogen compounds can be retained in the premix, the 
greater the partial pressure of the halogen-containing com 
pounds that can be maintained, thereby readily maintaining 
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the effect of inhibiting HFC-365mfc ignition. Moreover, 
improved compatibility enables urethane linkage With an 
enhanced conversion rate, alloWing uniform foams to be 
produced. Therefore, improvement in the adhesion, thermal 
insulation and mechanical strength of foams is expected. 
When a halogen-containing compound can itself function 

as a bloWing agent, the amount of bloWing agent mixture of 
the present invention may be about the same as that of a 
bloWing agent consisting of HFC-365mfc alone. In other 
Words, the proportion of HFC-365mfc in the bloWing agent 
can be reduced Without problem, thereby signi?cantly 
reducing the partial pressure of HFC-365mfc in the vapor 
pressure of the premix containing a polyol and the bloWing 
agent of the invention. Moreover, When a foam is actually 
prepared, the halogen-containing compound by itself can 
function as a bloWing agent, thereby avoiding concerns 
about the halogen-containing compound remaining in the 
foam as a condensate. 

With respect to the organic bloWing agent usable herein, 
When it is blended With a polyol mixture (to prepare a 
premix), the premix is preferably substantially non?am 
mable. The term “substantially non?ammable” means that 
the partial pressure of HFC-365mfc is a level just beloW the 
loWer limit of the ?ammability range or loWer. In an 
concrete sense, it refers to that “When the ?ame of a match 
is brought closer to the surface of the premix from a vertical 
distance of 50 cm from the surface, the ?ame does not spread 
in a horizontal direction”, or refers to “the ?ash point 
measurement corresponding to haZardous material, class 4, 
petroleum 3 or higher”. 

The ratio of HFC-365fmc to halogen-containing com 
pound can be suitably selected according to the intended use, 
type of halogen-containing compound, etc. For example, it 
is usually arranged such that the partial pressure of HEC 
365mfc at about 10 to about 300 C. is just beloW the loWer 
limit of the ?ammability range or loWer relative to the entire 
vapor pressure of a premix containing HFC-365mfc, a 
halogen-containing compound and a polyol. 

Alternatively, it is preferable to mix HFC-365mfc and 
halogen-containing compound(s) such that the ratio of the 
vapor pressure of HFC-365mfc to the air is about 50% or 
less, preferably about 20% or less, and more preferably 
about 10% or less relative to that of HFC-365mfc When it is 
used alone, by varying the molar ratio of HFC-365mfc to 
halogen-containing compound in the premix. 

The ratio of halogen-containing compound in the bloWing 
agent mixture is about 1 to about 49 mol, preferably about 
5 to about 40 mol and particularly preferably about 5 to 
about 30 mol per 100 mol of HCF-365mfc and halogen 
containing compound in total. 

The amount of glycol compound and/ or amide compound 
is 0.5 to 40 parts by Weight, preferably 1 to 30 parts by 
Weight and particularly preferably 3 to 25 parts by Weight 
per 100 parts by Weight of HFC-365mfc and halogen 
containing compound in total,. 

Examples of glycol compounds usable herein are alkylene 
glycols such as ethylene glycol compounds, propylene gly 
col compounds and butylene glycol compounds. Alkylene 
glycols usually have an alkylene group having about 2 to 
about 4 carbon atoms and preferably have an alkylene group 
having about 2 or about 3 carbon atoms. Further examples 
are glycol phenyl ethers such as ethylene glycol monophenyl 
ether, ethylene glycol monomethylphenyl ether, diethylene 
glycol monomethylphenyl ether, tetraethylene glycol 
monophenyl ether and propylene glycol phenyl ether. 
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Examples of ethylene glycol compounds include those of 

the folloWing Formulae (I), (H) and (Ill): 

CQHZQH (OCH2CH2O)bCcH2c+l (I) 

Wherein a represents 0, l, 2, 3 or 4; b represents 1, 2 or 3; 
and c represents 0, l, 2, 3 or 4; 

CdH2d+lCO(OCH2CH2O)eCOCfH2f+l (H) 

Wherein d represents 0, l, 2, 3 or 4; e represents 1, 2 or 3; 
and frepresents 0, l, 2, 3 or 4; and 

CiH2i+lCO (OCH2CH2O)jCIrH2k+l (111) 

Wherein i represents 0, l, 2, 3 or 4; j represents 1, 2 or 3; and 
k represents 0, l, 2, 3 or 4. 

Speci?c examples of ethylene glycol compounds of For 
mula (I) are ethylene glycol, ethylene glycol methyl ether, 
ethylene glycol dimethyl ether, ethylene glycol ethyl ether, 
ethylene glycol diethyl ether, ethylene glycol propyl ether, 
ethylene glycol dipropyl ether, ethylene glycol butyl ether, 
ethylene glycol dibutyl ether, diethylene glycol methyl ether, 
diethylene glycol dimethyl ether, diethylene glycol ethyl 
ether, diethylene glycol diethyl ether, diethylene glycol 
propyl ether, diethylene glycol dipropyl ether, diethylene 
glycol butyl ether, diethylene glycol dibutyl ether, triethyl 
ene glycol methyl ether, triethylene glycol dimethyl ether, 
triethylene glycol ethyl ether, triethylene glycol diethyl 
ether, triethylene glycol propyl ether, triethylene glycol 
dipropyl ether, triethylene glycol butyl ether, triethylene 
glycol dibutyl ether, etc. Further examples are ethylene 
glycol hexyl ether, diethylene glycol hexyl ether and the 
like, 

Speci?c examples of ethylene glycol compounds of For 
mula (II) are ethylene glycol monoformate, ethylene glycol 
diformate, diethylene glycol monoformate, diethylene gly 
col diformate, triethylene glycol monoformate, triethylene 
glycol diformate, ethylene glycol monoacetate, ethylene 
glycol diacetate, diethylene glycol monoacetate, diethylene 
glycol diacetate, triethylene glycol monoacetate, triethylene 
glycol diacetate, ethylene glycol monopropionate, ethylene 
glycol dipropionate, diethylene glycol monopropionate, 
diethylene glycol dipropionate, triethylene glycol monopro 
pionate, triethylene glycol dipropionate, etc. 

Speci?c examples of ethylene glycol compounds of For 
mula (III) are ethylene glycol methyl ether formate, ethylene 
glycol ethyl ether formate, ethylene glycol propyl ether 
formate, ethylene glycol methyl ether acetate, ethylene 
glycol ethyl ether acetate, ethylene glycol propyl ether 
acetate, ethylene glycol methyl ether propionate, ethylene 
glycol ethyl ether propionate, ethylene glycol propyl ether 
propionate, diethylene glycol methyl ether acetate, diethyl 
ene glycol methyl ether formate, diethylene glycol ethyl 
ether formate, diethylene glycol propyl ether formate, dieth 
ylene glycol ethyl ether acetate, diethylene glycol propyl 
ether acetate, diethylene glycol methyl ether propionate, 
diethylene glycol ethyl ether propionate, diethylene glycol 
propyl ether propionate, triethylene glycol methyl ether 
formate, triethylene glycol ethyl ether formate, triethylene 
glycol propyl ether formate, triethylene glycol methyl ether 
acetate, triethylene glycol ethyl ether acetate, triethylene 
glycol propyl ether acetate, triethylene glycol methyl ether 
propionate, triethylene glycol ethyl ether propionate, trieth 
ylene glycol propyl ether propionate, etc. Further examples 
are ethylene glycol butyl ether acetate, diethylene glycol 
butyl ether acetate and the like. 

Examples of ethylene glycol compounds include those 
represented by Formula (I) Wherein b is 4, those represented 
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by Formula (II) wherein e is 4, and those represented by 
Formula (III) Wherein j is 4. Speci?c examples are tetraeth 
ylene glycol, tetraethylene glycol dimethyl ether and the 
like. 

Preferable ethylene glycol compounds include diether 
compounds of Formula (I) Where a and c are l or more, 
diester compounds of Formula (II) Where d and f are l or 
more, and ether ester compounds of Formula (III) Where i 
and k are l or more, etc. More preferable are ethylene glycol 
diacetate, ethylene glycol diethyl ether, ethylene glycol 
methyl ether acetate, diethylene glycol ethyl ether acetate, 
diethylene glycol dimethyl ether and the like. Ethylene 
glycol monoethyl ether can also be suitably used. Further 
more, preferable ethylene glycol compounds include ethyl 
ene glycol dimethyl ether, ethylene glycol mono-n-butyl 
ether acetate, ethylene glycol ethyl ether acetate, diethylene 
glycol butyl ether acetate, diethylene glycol diethyl ether, 
diethylene glycol dibutyl ether, diethylene glycol di-n-butyl 
ether, triethylene glycol dimethyl ether, tetraethylene glycol 
dimethyl ether, ethylene glycol monomethyl ether, ethylene 
glycol mono-n-butyl ether, ethylene glycol monoisopropyl 
ether, ethylene glycol mono-n-propyl ether, ethylene glycol 
n-hexyl ether, diethylene glycol monoethyl ether, diethylene 
glycol monomethyl ether, diethylene glycol monoisopropyl 
ether, diethylene glycol mono-n-propyl ether, diethylene 
glycol t-butyl ether, diethylene glycol n-hexyl ether, dieth 
ylene glycol mono-n-butyl ether, triethylene glycol mono 
ethyl ether, triethylene glycol monomethyl ether, etc. 

Moreover, the desired effect can be obtained from, for 
example, propylene glycol compounds such as tripropylene 
glycol monoethyl ether. Examples of propylene glycol com 
pounds are propylene glycol, dipropylene glycol, tripropy 
lene glycol, propylene glycol monomethyl ether, propylene 
glycol monobutyl ether, 3-methoxy-l-butanol, 3-methoxy 
3-methylbutanol, dipropylene glycol monoethyl ether, 
dipropylene glycol monomethyl ether, dipropylene glycol 
monobutyl ether, tripropylene glycol monomethyl ether, 
tripropylene glycol monobutyl ether, 2-methoxy-l-pro 
panol, tripropylene glycol dimethyl ether, propylene glycol 
monomethyl ether acetate, 3-methoxy-3-methylbutyl 
acetate, 3-methoxybutyl acetate and like compounds. Espe 
cially preferable are tripropylene glycol dimethyl ether, 
propylene glycol monomethyl ether acetate, 3-methoxy-3 
methylbutyl acetate and 3-methoxybutyl acetate. 

Further examples of glycol compounds include butylene 
glycol diacetate and like butylene glycol compounds. 

Amide Compounds 
Examples of amide compounds usable herein include 

those of the folloWing Formulae (A) and (B): 
R1CONR2R3 (A) 

wherein R1 is a hydrogen atom, a loWer alkyl group or a 
phenyl group; and R2 and R3 are the same or different, and 
independently represent a hydrogen atom or a loWer alkyl 
group; With the proviso that R1 and R2 may form a hetero 
cyclic ring in conjunction With the carbon atom of the 
carbonyl group to which R1 is bound and the nitrogen atom 
to Which R2 is bound; and 

R4R5NCONR6R7 (B) 

Wherein R4, R5, R6 and R7 are the same or different, and 
represent a hydrogen atom or a loWer alkyl group, With the 
proviso that R4 and R6 may form a heterocyclic ring in 
conjunction With the nitrogen atom to Which R6 is bound, the 
nitrogen atom to Which R4 is bound and the carbon atom of 
the carbonyl group. 
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10 
The number of carbon atoms contained in the loWer alkyl 

groups represented by R1, R2 or R3 is usually about 1 or 
about 2, and a methyl group is preferable. 

R1 is a hydrogen atom, a loWer alkyl group or a phenyl 
group. A hydrogen atom or a methyl group is preferable. 

R2 is a hydrogen atom or a loWer alkyl group. A loWer 
alkyl group is preferable and a methyl group is particularly 
preferable among others. 

R3 is a hydrogen atom or a loWer alkyl group. A loWer 
alkyl group is preferable and a methyl group is particularly 
preferable among others. 

Moreover, in Formula (A), R1 and R2 may form a hetero 
cyclic ring in conjunction With the carbon atom of the 
carbonyl group to which R1 is bound and the nitrogen atom 
to Which R2 is bound. In other Words, a compound of 
Formula (A) may be a cyclic amide compound. An example 
of such a heterocyclic ring is a ?ve-membered ring. 

Examples of amide compounds represented by Formula 
(A) include N,N-dimethylformamide, N,N-dimethylaceta 
mide, N,N-dimethylpropionamide, N-methylformamide, 
N-methylacetamide, N-methylpropionamide, N-methylben 
Zamide, etc. Examples of cyclic amide compounds repre 
sented by Formula (A) include N-methylpyrrolidone and the 
like. 
The number of carbon atoms contained in a loWer alkyl 

group represented by R4, R5, R6 or R7 is usually about 1 or 
about 2, and a methyl group is preferable. 
R4 and R6 may form a heterocyclic ring in conjunction 

With the nitrogen atom to Which R6 is bound, the nitrogen 
atom With Which R4 is bound and the carbon atom of the 
carbonyl group. In other Words, a compound of Formula (B) 
may be a cyclic compound. An example of such a hetero 
cyclic ring is a ?ve-membered ring. 

Examples of amide compounds represented by Formula 
(B) include tetramethylurea and the like. Examples of cyclic 
compounds represented by Formula (B) are 1,3-dimeth 
ylimidaZolidinone and the like. 

Preferable glycol compounds and amide compounds are 
those that are highly compatible With HFC-365mfc, halo 
gen-containing compounds and polyols. For example, pref 
erable glycol compounds and/or amide compounds do not 
exhibit phase separation after shaking HFC-365mfc, one or 
more polyols and one or more glycol compounds and/or one 
or more amide compounds for about 10 minutes and leaving 
to stand at about 0 to about 25° C. for about 5 hours. In terms 
of compatibility With HFC-365mfc, halogen-containing 
compounds and polyols, the compounds speci?ed above are 
preferably used. The higher the compatibility of a glycol 
compound and/or an amide compound With HFC-365mfc, a 
halogen-containing compound and a polyol, the less the loss 
(amount evaporated) of bloWing agent, When a mixture 
(premix) containing the polyol and the bloWing agent is 
placed in an open system. Moreover, by reducing the amount 
evaporated, the partial pressure of the halogen-containing 
compound is maintained at a higher level for a long period 
of time, giving sustained non?ammability. 

Glycol compounds and amide compounds are preferably 
?ame retardant. Although they themselves do not have to be 
absolutely non?ammable, it is su?icient that mixtures 
thereof With HFC-365fmc and halogen-containing com 
pounds are ?ame retardant. It is preferable that the glycol 
compounds and amide compounds have a ?ame retardancy 
corresponding to or better than that of haZardous material, 
class 4, petroleum 3. HoWever, the ?ame retardancy of 
glycol compounds and amide compounds is not limited 
insofar as premixes exhibit a ?ame retardancy approxi 
mately the same as or better than that of haZardous material, 
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class 4, petroleum 3. The use of ?ame retardant glycol 
compounds and/or amide compounds can ensure blowing 
agents are ?ame retardant so that the ?ame retardancy 
required upon foaming at Work sites can be attained. The 
?ame retardancy of hazardous material, class 4, petroleum 3 
corresponds to the ?ash point of about 70° C. or higher but 
less than 200° C. for liquids. Whether compounds are liquid 
or not is determined at 1 atmospheric pressure at 20° C. 
Therefore, the ?ame retardancy of hazardous material, class 
4, petroleum 3 concerns ?ammable liquids having a ?ash 
point of about 70° C. or higher. For example, the ?ash point 
of diethylene glycol monoethyl ether acetate is 110° C. and 
the ?ash point of ethylene glycol diacetate is 96° C., and 
both compounds are liquid at a temperature of 20° C. Thus, 
they can be categorized as hazardous material, class 4, 
petroleum 3. 

The ratio of glycol compound and/ or amide compound to 
the mixture of HFC-365fmc and a halogen-containing com 
pound can be suitably selected according to the application, 
the composition of the ingredients of the synthetic resin 
foam, etc. The amount of glycol compound and/or amide 
compound is 0.5 to 40 parts by Weight preferably 1 to 30 
parts by Weight and more preferably 3 to 25 parts by Weight 
per 100 parts by Weight of HCF-365mfc and halogen 
containing compound in total. Excessive glycol compounds 
and/or amide compounds adversely affect the dimensional 
stability, mechanical strength and other properties of foams. 

In a particularly preferable embodiment of the present 
invention, the organic bloWing agent contains HFC-365mfc, 
HFC227ea (halogen-containing compound) and a glycol 
compound. The proportions of these ingredients are HFC 
365mfc (35 to 92 parts by Weight), HFC227ea (5 to 35 parts 
by Weight), and glycol compound (3 to 30 parts by Weight). 

The organic bloWing agent of the present invention may 
be used along With other bloWing agents. In particular, the 
bloWing agent mixture can be used either alone or in 
combination With other bloWing agents. Examples of such 
other bloWing agents include inert gases such as air, nitrogen 
and carbon dioxide gas. The amount of other bloWing agents 
to be used is not limited insofar as the effects of the present 
invention is not impaired. When other bloWing agents are 
used, the proportion of the organic bloWing agent of the 
present invention in the entire bloWing agent is usually about 
20 Wt. % or more, preferably about 40 Wt. % or more and 
particularly preferably about 60 to about 95 Wt. %. 

The organic bloWing agent of the present invention may 
contain Water. In particular, the bloWing agent mixture can 
be used in combination With Water. The proportion of Water 
is about 60 mol or less per 100 mol of HFC-365mfc, 
halogen-containing compound and Water in total. Water 
contained Within this range ensures the production of foams 
of high thermal insulation. 

Moreover, the bloWing agent of the invention may contain 
knoWn decomposition inhibitors as necessary. Examples of 
such decomposition inhibitors are nitro compounds such as 
nitrobenzene and nitromethane; aromatic hydrocarbons such 
as ot-methylstyrene and p-isopropenyltoluene; aliphatic 
unsaturated hydrocarbons such as isoprene and 2,3-dimeth 
ylbutadiene; epoxy compounds such as 1,2-butylene oxide 
and epichlorohydrin; phenolic compounds such as p-t-butyl 
catechol and 2,6-di-t-butyl-p-cresol; chloroacetate com 
pounds such as isopropyl chloroacetate; etc. The proportion 
of decomposition inhibitor can be suitably selected accord 
ing to its type and other factors. It is usually about 0.05 to 
about 5 parts by Weight based on 100 parts by Weight of the 
organic bloWing agent of the present invention. Decompo 
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12 
sition inhibitors may be mixed With the organic bloWing 
agent in advance of foaming or may be added separately 
When used for foaming. 
The proportion of the organic bloWing agent of the present 

invention to be used can be suitably selected depending on 
the type of halogen-containing compound and glycol com 
pound and/or amide compound, etc. HFC-365mfc, the halo 
gen-containing compound and the glycol compound and/or 
the amide compound together usually account for about 1 to 
about 70 parts by Weight, preferably about 10 to about 60 
parts by Weight and more preferably about 15 to about 50 
parts by Weight per 100 parts by Weight of polyol. 

According to the production process of the invention, a 
polyol and a polyisocyanate compound are reacted in the 
presence of an organic bloWing agent to produce a synthetic 
resin foam. Examples of a synthetic resin foam thus obtained 
are polyurethane foams, polyisocyanurate foams, etc. 

Starting materials other than bloWing agents such as 
polyols and polyisocyanate compounds are not limited. 
Examples thereof are as described beloW: 

For polyisocyanate compounds, usable are aliphatic, ali 
cyclic and aromatic organic isocyanates as described in, for 
example, Keiji lWata, Polyurethane Resin Handboook, Nik 
kan Kogyo Shinbunsha, pp. 71-98. This publication is 
incorporated herein by reference. The most Widely used 
polyisocyanates are, for example, 2,4-tolylenediisocyanate 
(2,4-TDI) and 2,6-tolylenediisocyanate (2,6-TDI). They are 
usually used as mixtures having a 2,4-TDl/2,6-TDI ratio of 
about 80/20 or about 65/35 by Weight, and are preferably 
used herein. Also preferably usable herein is polyphenyl 
polymethylene polyisocyanate (crude MDI) obtained by 
phosgenating the condensation product of aniline and form 
aldehyde. 

Polyols are in publications such as described in Keiji 
lWata, Polyurethane Resin Handbook, Nikkan Kogyo Shin 
bunsha, pp. 99-117. This publication is incorporated herein 
by reference. Polyether polyols, polyester polyols and the 
like are preferably used. 

Polyether polyols can be obtained by, for example, react 
ing alkylene oxides With initiators containing an active 
hydrogen atom(s). Usable examples of polyether polyols are 
those that have about 2 to about 8 functional groups and a 
hydroxyl value of about 300 to about 800 mg KOH/g 
obtained by reacting initiators such as ethylene glycol, 
trimethylolpropane, glycerol, triethanolamine, ethylenedi 
amine, methylglucoside, tolylenediamine, sorbitol and 
sucrose With alkylene oxides such as ethylene oxide and 
propylene oxide. 

Examples of polyester polyols include condensed poly 
ester polyols prepared by polycondensation of adipic acid 
With glycols or triols; lactone-based polyesters prepared by 
ring-opening polymerization of caprolactam; polycarbonate 
diols; and the like. Preferably usable among these are those 
that have, for example, about 2 to about 4 functional groups 
and a hydroxyl value of about 250 to about 500 mg KOH/g. 
The ratio of polyol to polyisocyanate compound can be 

suitably selected. HoWever, it is usually preferably such that 
the amount of active hydrogen in the polyols is about 1 to 
about 3 equivalents per isocyanate group of the polyisocy 
anate compounds. 

According to the production process of the present inven 
tion, polyol and polyisocyanate are reacted in the presence 
of an organic bloWing agent and a catalyst to produce a 
synthetic resin foam. Tertiary amines, organometallic com 
pounds, etc., and mixtures thereof can be used as such 
catalysts. Catalysts are usually used in a proportion of about 
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0.01 to about 10 parts by Weight and preferably about 0.1 to 
about 5 parts by Weight per 100 parts by Weight of polyol. 

Examples of tertiary amines usable as catalysts are 
monoamines such as triethylamine and dimethylcyclohexy 
lamine; diamines such as tetramethylethylenediamine and, 
tetramethylhexamethylenediamine; cyclic amines such as 
triethylenediamine and 1,2-dimethylimidaZole; alcohola 
mines such as dimethylaminoethanol; etc. Examples of 
organometallic compounds are stannous octoate, dibutyltin 
dilaurate, dibutyltin diacetate, octenic acid, etc. 

In the production process of the present invention, addi 
tives knoWn in this technical ?eld can be used (e.g., foam 

stabilizers, ?ame retardants, etc.). Examples of foam stabi 
liZers include silicone surfactants, ?uorine-containing sur 
factants, etc. Speci?c examples are polysiloxane-polyalky 
lene block copolymer and methylpolysiloxane-based 
surfactants. Although the proportion of the foam stabiliZers 
can be suitably selected depending on the type of foam 
stabilizers, it is usually used in a proportion of about 0.1 to 
about 10 parts by Weight per 100 parts by Weight of polyol. 
Phosphoric acid esters (halogenated alkyl, alkyl or aryl 
esters and the like) can be used as ?ame retardants. Speci?c 
examples are tributoxyethyl phosphate, triethyl phosphate, 
tributyl phosphate, tris(2-chloroethyl)phosphate, tris([3 
chloropropyl)phosphate, etc. Although the proportion of 
?ame retardant can be suitably selected according to the type 
of ?ame retardants, it is usually about 5 to about 25 parts by 
Weight based on 100 parts by Weight of polyol. 

Production conditions can be selected as in conventional 

production processes. For example, any devices can be used 
insofar as the starting materials can be uniformly blended. In 
particular, using mixers, foaming machines, etc., the desired 
foams can be produced by thoroughly blending and shaping 
the polyols, polyisocyanate compounds, bloWing agents, 
catalysts and other additives. BloWing agents and other 
ingredients are usually dissolved in the polyol components 
in advance and used as premixes so that uniform foams can 
be more easily prepared. HoWever, the present invention is 
not limited to such processes, and bloWing agents and other 
ingredients can be dissolved in the polyisocyanate com 
pounds in advance. 

The present invention provides a bloWing agent that, 
When mixed With a polyol to form a premix, renders the 
premix substantially non?ammable despite containing HFC 
365mfc. 

Synthetic resin foams having excellent thermal insulation 
and mechanical strength can be obtained by reacting the 
starting materials in the presence of the bloWing agent of the 
invention. 

A bloWing agent that has substantially no potential for 
oZone layer depletion can be provided using a saturated or 
unsaturated hydro?uoroether (HFE), hydro?uorocarbon 
(HFC), per?uorocarbon (PFC), ?uoroiodocarbon (FIC) or 
the like as a halogen-containing compound. 

The addition of a glycol compound and/or an amide 
compound to the bloWing agent enhances the compatibility 
of HFC-365mfc and halogen-containing compound With the 
polyol, thereby providing effects such that evaporation from 
the premix is discouraged, non?ammability is more easily 
sustained, the adhesion of the bloWing agent is increased, 
cell uniformity is obtained, etc. 
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BEST MODE FOR CARRYING OUT THE 

INVENTION 

Examples and comparative examples are given beloW to 
illustrate the invention in more detail, but the scope of the 
invention is not limited to these examples. 
The polyols and bloWing agents used in the Examples 

beloW are as folloWs: 

Polyol A: Polyester polyol having a hydroxyl value of 300. 
Polyol B: Polyether polyol having a hydroxyl value of 440. 
Halogen-Containing Compound A: penta?uoroethane 

(CF3CF2H). 
Halogen-Containing Compound B: iodotri?uoromethyl 

(CF3I). 
Halogen-Containing Compound C: octa?uorocyclobutane 

(C'C4Fs)~ 
Halogen-Containing Compound D: 1,2,2,2-tetra?uoroethyl 

tri?uoromethyl ether (CF3CFHOCF3) 

EXAMPLE 1 

Flammability of Premix 
HFC-365mfc and Halogen-Containing Compounds A, B, 

C or D described above Were mixed at Weight ratios of 95:5, 
87: 13, 75:25 or 80:20, respectively, to give organic bloWing 
agents. The bloWing agents thus prepared Were mixed With 
Polyol A, thereby giving premixes. The amounts of the 
bloWing agents Were such that HFC-365mfc Was contained 
in an amount of 30 parts by Weight per 100 parts by Weight 
of polyol. 

In addition, a premix containing HFC-365mfc (30 g) as 
the only bloWing agent Was prepared. In particular, a premix 
Was prepared by mixing HFC-365mfc (30 g) and Polyol A 
(100 g). 
Each premix Was introduced into a beaker. At 200 C., the 

?ame of a match Was brought closer to the surface of the 
premix vertically from a distance of 50 cm from the surface. 
With respect to the premix containing HFC-365mfc as the 
only bloWing agent, When the ?ame of a match came to a 
distance of 20 cm from the surface of the premix, the ?ame 
spread in horiZontal directions. In contrast, no spreading of 
the ?ame Was observed With respect to the other premixes. 

EXAMPLES 2 AND 3 

Foam Properties 
One hundred parts by Weight of Polyol B, 1.5 parts by 

Weight of a silicone foam stabiliZer, 1 part by Weight of 
Water, N,N,N',N'-tetramethylhexane-1,6-diamine in such an 
amount as necessary to attain a rise time of 70 seconds as a 
catalyst (together called a “system solution” hereafter), and 
a bloWing agent as shoWn in Table 1 Were blended by 
vigorous stirring. The stirred mixture thus prepared and 112 
parts by Weight of crude polymethylene polyphenyl isocy 
anate (MR-100, manufactured by Nippon Polyurethane 
Industry Co., Ltd.) Were blended by vigorous stirring to 
foam, giving rigid polyurethane foams. The bloWing agent 
Was used in an amount such that the foam acquired a core 
density of 25:1 kg/m3. 

Regarding the foams thus obtained, the physical proper 
ties Were measured 1 day after foaming, and after 1 Week of 
aging conducted at room temperature (20 to 250 C.). Results 
of the measurement are shoWn in Table 1. The foams Were 
evaluated according to JIS A 9514. The bloWing agent used 
in Example 2 had an HFC-365mfc/Halogen-Containing 
Compound A ratio of 95/5 by Weight. The bloWing agent 
used in Example 3 had an HFC-365mfc/Halogen-Contain 
ing Compound B ratio of 87/ 13 by Weight. 



US 7,262,227 B2 
15 16 

TABLE 1 

Comp. Ex. 1 Ex. 2 Ex. 3 

Blowing agent HFC-3 65mfc HFC-365mfc HFC-365mfc 
and and 

Halogen- Halogen 
Containing Containing 
Compound A Compound B 

Amount of blowing agent 35 35 40 
1 day after Density (kg/m3) 25.0 24.5 25.3 
foaming Thermal conductivity (mW/mK) 22.5 23.2 23.7 

Compressive strength (kg/m2) 1.90 1.89 1.93 
After 1 Week Dimensional change (%) —2.4 —3.2 —4.3 
at room Thermal conductivity change (%) +9.8 +9.2 +10.6 
temperature Strength change (%) +8.2 +7.4 +8.8 

The amount of blowing agent in Table 1 is expressed in parts by weight per 100 parts by weight 
of polyol. 

As is clear from the results shown in Table 1, foams that 
have a thermal conductivity and compressive strength nearly 
identical to those of the foam of Comparative Example 1 
were obtained. With respect to dimensional change, thermal 
conductivity change and strength change, foams that are 
nearly identical to the foam of Comparative Example 1 were 
prepared. Polyurethane foams having excellent properties 
can be obtained using the non?ammable blowing agent 
mixtures of the present invention. 

EXAMPLE 4 

A blowing agent mixture composed of HFC-365mfc and 
HFC227ea (CF3CFHCF3) was added in a proportion of 44 
parts to 100 parts of the system solution as used in Examples 
2 and 3 to give Sample A (HFC-365mfc/HFC227ea ratio of 
6.7/1 by weight). A blowing agent mixture composed of 
HFC-365mfc and HFC227ea was added in a proportion of 
54 parts and a glycol compound (diethylene glycol ethyl 
ether acetate) in a proportion of 23 parts were added to 100 
parts of the system solution as used in Example 2 to give 
Sample B (HFC-365mfc/HFC227ea ratio of 6.7 by weight). 
With respect to Sample B, the weight of glycol compound 
was included in the weight of system solution. Therefore, the 
proportion of blowing agent mixture in Sample B was 
arranged to be identical to the proportion of blowing agent 
mixture in Sample A (blowing agent mixture/ system solu 
tion). In other words, the ratio of blowing agent to polyol 
was identical in Samples A and B. One hundred grams of 
each sample was introduced into a 150 ml beaker, and the 
temperature was increased to 35° C. to determine the amount 
of the HFC-365mfc/HFC227ea blowing agent mixture 
evaporated. Table 2 shows the results. 

TABLE 2 

30 min 60 min 120 min 

Sample A 80.4% 82.7% 84.4% 
Sample B 65.7% 71.1% 75.2% 

With respect to Sample A containing no glycol compound, 
the proportion of blowing agent mixture evaporated had 
already exceeded 80% after 30 minutes, and the solution had 
reached saturation at or around that temperature. In contrast, 
with respect to Sample B containing a glycol compound, the 
amount evaporated is clearly less than of Sample A. These 
results establish that the addition of a glycol compound has 
the effect of signi?cantly reducing the evaporation of the 
blowing agent. 
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The invention claimed is: 
1. A process for producing a synthetic resin foam com 

prising the step of reacting at least one polyol with at least 
one polyisocyanate compound in the presence of an organic 
blowing agent and a catalyst, 

the blowing agent being a mixture comprising 1,1,1,3,3 
penta?uorobutane (HFC-365mfc) and at least one halo 
gen-containing compound, 

wherein the organic blowing agent and the polyol mixture 
forms a premix which is substantially non?ammable; 

wherein the at least one halogen-containing compound is 
non?ammable and has a relatively low thermal con 
ductivity and a boiling point of about —90 to about 60° 
C., 

the thermal conductivity of the halogen-containing com 
pounds in the gaseous state is about 8 to about 30 
mW/mK at about 1 atmospheric pressure, and 

the halogen-containing compound is at least one member 
selected from the group consisting of 1,2,2-tri?uoroet 
hylene tri?uoromethyl ether (CF2=CFOCF3), 1,2,2 
tri?uoroethylene 1,1,2,2,3,3,3-hepta?uoropropyl ether 
(CF2=CFOCF2CF2CF3), per?uoropropyl epoxide 
(CF 3CF(O)CF 2), per?uoro-l —butene 
(CF2=CFCF2CF3), per?uorohexenes (C613l 2), per?uo 
rononenes (C9F18), per?uorohexane (C6Fl4), per?uo 
rocyclobutane (c-C4F8), iodotri?uoromethyl (CF31), 
1,1,1,2,3,3-hexa?uoropropane (CF3CFHCF2H), 1,1,1, 
3,3,3-hexa?uoropropane (CF3CH2CF3), 1,1,1,2,3,3,3 
hepta?uoropropane (CF3CFHCF3), penta?uoroethane 
(CF3CF2H), tetra?uoroethanes (CHFZCHFZ, 
CF3CFH2), tri?uoromethane (CF3H), 1,1,2,2,3,3,4,4 
octa?uorobutane (CF2HCF2CF2CF2H), 1,1,1,2,2,3,4,5, 
5,5-deca?uoropentane (CF3CF2CFHCFHCF3), 2-trif 
luoromethyl-l , 1 , 1 ,2,3 ,4, 5, 5, 5-nona?uoropentane 
(C6Fl2H2), 3,3,4,4,5,5,6,6,6-nona?uoro-1—hexene 
(F(CF2)4CH=CH2), 2,3,3,4,4,5,5-hepta?uoro-1—pen 
tene (CHZCFCFZCFZCFZH), tri?uoroethylene 
(CFZCFH), 1 ,1 ,2,2-tetra?uoroethyl di?uoromethyl 
ether (CF ZHCF 2OCHF 2), 1,1,2,2-tetra?uoroethyl 
methyl ether (CF2HCF2OCH3), 2,2,2-tri?uoroethyl 
1,1,2,2-tetra?uoroethyl ether (CF3CH2OCF2CF2H), 
1,1,2,3,3,3-hexa?uoropropyl methyl ether 
(CF3CFHCF2OCH3), nona?uorobutyl methyl ether 
(C4F9OCH3), 1-tri?uoromethyl-1,2,2,2-tetra?uoroet 
hyl methyl ether ((CF3)2CFOCH3), per?uoropropyl 
methyl ether (CF3CF2CF2OCH3), 2,2,3,3,3-penta?uo 
ropropyl di?uoromethyl ether (CF3CF2CH2OCHF2), 
1,2,3,3,4,4-hexa?uorocyclobutane (c-C4F6H2), 
1-chloro-1,1,2,2,3,3,4,4-octa?uorobutane 
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(CF2ClCF2CF2CF2H, boiling point: 50° C.), l,2 
dichlorohexa?uorocyclobutane 
(iCFClCFClCF2CF2i, boiling point: 60° C.), and 
l,l,l,3,3,3-hexa?uoropropan-2-ol (CF3CH(OH)CF3, 
boiling point: 59° C.); 

wherein the organic blowing agent further comprises at 
least one member selected from the group consisting of 
ethylene glycol compounds and amide compounds; and 

Wherein the ethylene glycol compound is at least one 
member selected from the group consisting of those of 
the folloWing Formulae (I), (H) and (Ill): 

CaH2a+l(OCH2CH2O)bCcH2c+l (I) 

Wherein a represents 1, 2, 3 or 4; b represents 1, 2 or 3; and 
c represents 1, 2, 3 or 4; 

(11) 

wherein d represents 0, l, 2, 3 or 4; e represents 1, 2 or 3; 
and f represents 0, l, 2, 3 or 4; and 

wherein i represents 0, l, 2, 3 or 4; j represents 1, 2 or 3; and 
k represents 1, 2, 3 or 4, and the amide compound is at least 
one member selected from the group consisting of those of 
the folloWing Formulae (A) and (B): 

R1CONR2R3 (A) 

wherein R1 is a hydrogen atom, a loWer alkyl group or a 
phenyl group; and R2 and R3 are the same or different, and 
independently represent a hydrogen atom or a loWer alkyl 
group; With the proviso that R1 and R2 may form a hetero 
cyclic ring in conjunction With the carbon atom of the 
carbonyl group to which R1 is bound and the nitrogen atom 
to Which R2 is bound; and 

Wherein R4, R5, R6 and R7 are the same or different, and 
represent a hydrogen atom or a loWer alkyl group, With the 
proviso that R4 and R6 may form a heterocyclic ring in 
conjunction With the nitrogen atom to Which R6 is bound, the 
nitrogen atom to Which R4 is bound and the carbon atom of 
the carbonyl group. 

2. The process according to claim 1, Wherein the halogen 
containing compound has a boiling point loWer than the 
boiling point of HFC-365mfc (400° C.). 

3. The process according to claim 1, Wherein the halogen 
containing compound is non?ammable and has a boiling 
point of about 10 to about 60° C. and a thermal conductivity 
When it is in the gaseous state of about 8 to about 20 
mW/mK at about 1 atmospheric pressure, and the halogen 
containing compound is at least one member selected from 
the group consisting of per?uorohexane (C6F14) l,l,2,2 
tetra?uoroethyl di?uoromethyl ether (CFZHCFZOCHFZ) 
l,l,2,2-tetra?uoroethyl methyl ether (CF2HCF2OCH3) and 
2,2,2-tri?uoroethyl-l , l ,2,2-tetra?uoroethyl ether 

(CF3CH2OCF2CF2H). 
4. The process according to claim 1, Wherein the halogen 

containing compound is l,l,l,2,3,3,3-hepta?uoropropane 
(HFC227ea: CF3CFHCF3). 

5. The process according to claim 1, Wherein the propor 
tion of halogen-containing compound is about 1 to about 49 
mol per 100 mol of HFC-365mfc and halogen-containing 
compound in total. 

6. The process according to claim 1, Wherein the catalyst 
is a tertiary amine, an organometallic compound, or a 
mixture thereof. 
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7. An organic bloWing agent for producing a synthetic 

resin foam, the organic bloWing agent comprising l,l,l,3, 
3-penta?uorobutane and at least one halogen-containing 
compound, 

Wherein the organic bloWing agent and a polyol mixture 
forms a premix Which is substantially non?ammable; 

Wherein the at least one halogen-containing compound is 
non?ammable and has a relatively loW thermal con 
ductivity and a boiling point of about —90 to about 60° 
C., 

the thermal conductivity of the halogen-containing com 
pounds in the gaseous state is about 8 to about 30 
mW/mK at about 1 atmospheric pressure, and 

the halogen-containing compound is at least one member 
selected from the group consisting of l,2,2-tri?uoroet 
hylene tri?uoromethyl ether (CF2=CFOCF3), 1,2,2 
tri?uoroethylene l,l,2,2,3,3,3-hepta?uoropropyl ether 
(CF2=CFOCF2CF2CF3), per?uoropropyl epoxide 
(CF 3CF(O)CF 2), per?uoro-l -butene 
(CF2=CFCF2CF3), per?uorohexenes (C6F12), per?uo 
rononenes (C9F18), per?uorohexane (C6Fl4), per?uo 
rocyclobutane (c-C4F8), iodotri?uoromethyl (CF31), 
l,l,l,2,3,3-hexa?uoropropane (CF3CFHCF2H), l,l,l, 
3,3,3-hexa?uoropropane (CF3CH2CF3), l,l,l,2,3,3,3 
hepta?uoropropane (CF3CFHCF3), penta?uoroethane 
(CF3CF2H), tetra?uoroethanes (CHF2CHF2, 
CF3CFH2), tri?uoromethane (CF3H), l,l,2,2,3,3,4,4 
octa?uorobutane (CF2HCF2CF2CF2H), l,l,l,2,2,3,4,5, 
5,5-deca?uoropentane (CF3CF2CFHCFHCF3), 2-trif 
luoromethyl-l , l , l ,2,3 ,4, 5, 5, 5-nona?uoropentane 
(C6Fl2H2), 3,3,4,4,5,5,6,6,6-nona?uoro-l-hexene 
(F(CF2)4CH=CH2), 2,3,3,4,4,5,5-hepta?uoro-l-pen 
tene (CH2CFCF2CF2CF2H), tri?uoroethylene 
(CFZCFH), l , l ,2,2-tetra?uoroethyl di?uoromethyl 
ether (CF 2HCF 2OCHF 2), l,l,2,2-tetra?uoroethyl 
methyl ether (CF2HCF2OCH3), 2,2,2-tri?uoroethyl 
l,l,2,2-tetra?uoroethyl ether (CF3CH2OCF2CF2H), 
l,l,2,3,3,3-hexa?uoropropyl methyl ether 
(CF3CFHCF2OCH3), nona?uorobutyl methyl ether 
(C4F9OCH3), l-tri?uoromethyl-l ,2,2,2-tetra?uoroet 
hyl methyl ether ((CF3)2CFOCH3), per?uoropropyl 
methyl ether (CF3CF2CF2OCH3), 2,2,3,3,3-penta?uo 
ropropyl di?uoromethyl ether (CF3CF2CH2OCHF2), 
l,2,3,3,4,4-hexa?uorocyclobutane (c-C4F6H2), 
l-chioro-l,l,2,2,3,3,4,4-octa?uorobutane 
(CF2ClCF2CF2CF2H, boiling point: 50° C.), l,2 
dichlorohexa?uorocyclobutane 
(iCFClCFClCF2CF2i, boiling point: 60° C.), and 
l,l,l,3,3,3-hexa?uoropropan-2-ol (CF3CH(OH)CF3, 
boiling point: 59° C.); 

Wherein the organic bloWing agent further comprises at 
least one member selected from the group consisting of 
ethylene glycol compounds and amide compounds; and 
Wherein the ethylene glycol compound is at least one 
member selected from the group consisting of those of 
the folloWing Formulae (I), (II) and (Ill); 

CaH2a+l(OCH2CH2O)bCcH2c+l 

Wherein a represents 1, 2, 3 or 4; b represents 1, 2 or 3; and 
c represents 1, 2, 3 or 4; 

Wherein d represents 0, l, 2, 3 or 4; e represents 1, 2 or 3; 
and frepresents 0, l, 2, 3 or 4; and 
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wherein i represents 0, 1,2, 3 or 4;j represents 1,2 or 3; and 
k represents 1,2, 3 or 4, and the amide compound is at 
least one member selected from the group consisting of 
those of the following Formulae (A) and (B): 

R1CONR2R3 (A) 

wherein R1 is a hydrogen atom, a loWer alkyl group or a 
phenyl group; and R2 and R3 are the same or different, and 
independently represent a hydrogen atom or a loWer alkyl 
group; With the proviso that R1 and R2 may form a hetero 
cyclic ring in conjunction With the carbon atom of the 
carbonyl group to which R1 is bound and the nitrogen atom 
to Which R2 is bound; and 

Wherein R4, R5, R6 and R7 are the same or different, and 
represent a hydrogen atom or a loWer alkyl group, With the 
proviso that R4 and R6 may form a heterocyclic ring in 
conjunction With the nitrogen atom to Which R6 is bound, the 
nitrogen atom to Which R4 is bound and the carbon atom of 
the carbonyl group. 

8. The bloWing agent according to claim 7, Wherein the 
halogen-containing compound is 1,1,1,2,3,3,3-hepta?uoro 
propane (HFC227ea: CF3CFHCF3). 

9. A premix for producing a synthetic resin foam, the 
premix comprising an organic bloWing agent and at least one 
polyol, 

the bloWing agent being a mixture comprising 1,1,1,3,3 
penta?uorobutane and at least one halogen-containing 
compound, 

Wherein the premix is substantially non?ammable; 
Wherein the at least one halogen-containing compound is 
non?ammable and has a relatively loW thermal con 
ductivity and a boiling point of about —90 to about 60° 
C., 

the thermal conductivity of the halogen-containing com 
pounds in the gaseous state is about 8 to about 30 
mW/mK at about 1 atmospheric pressure, and 

the halogen-containing compound is at least one member 
selected from the group consisting of 1,2,2-tri?uoroet 
hylene tri?uoromethyl ether (CF2=CFOCF3), 1,2,2 
tri?uoroethylene 1 ,1 ,2,2,3,3,3-hepta?uoropropyl ether 
(CF2=CFOCF2CF2CF3), per?uoropropyl epoxide 
(CF 3CF(O)CF 2), per?uoro-l -butene 
(CF2=CFCF2CF3), per?uorohexenes (C6Fl2), per?uo 
rononenes (C9Fl8), per?uorohexane (C6Fl4), per?uo 
rocyclobutane (c-C4F8), iodotri?uoromethyl (CF31), 
1,1,1,2,3,3-hexa?uoropropane (CF3CFHCF2H), 1,1,1, 
3,3,3-hexa?uoropropane (CF3CH2CF3), 1,1,1,2,3,3,3 
hepta?uoropropane (CF3CFHCF3), penta?uoroethane 
(CF3CF2H), tetra?uoroethanes (CHFZCHFZ, 
CF3CFH2), tri?uoromethane (CF3H), 1,1,2,2,3,3,4,4 
octa?uorobutane (CF2HCF2CF2CF2H), 1,1,1,2,2,3,4,5, 
5,5-deca?uoropentane (CF3CF2CFHCFHCF3), 2-trif 
luoromethyl-1,1,1,2,3,4,5,5,5 -nona?uoropentane 
(C6Fl2H2), 3,3,4,4,5,5,6,6,6-nona?uoro-1-hexene 
(F(CF2)4CH=CH2), 2,3,3,4,4,5,5-hepta?uoro-1-pen 
tene (CHZCFCFZCFZCFZH), tri?uoroethylene 
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(CFZCFH), 1 ,1 ,2,2-tetra?uoroethyl di?uoromethyl 
ether (CF 2HCF 2OCHF 2), 1,1,2,2-tetra?uoroethyl 
methyl ether (CF2HCF2OCH3), 2,2,2-tri?uoroethyl 
1,1,2,2-tetra?uoroethyl ether (CF3CH2OCF2CF2H), 
1,1,2,3,3,3-hexa?uoropropyl methyl ether 
(CF3CFHCF2OCH3), nona?uorobutyl methyl ether 
(C4F9OCH3), 1-tri?uoromethyl-1,2,2,2-tetra?uoroet 
hyl methyl ether ((CF3)2CFOCH3), per?uoropropyl 
methyl ether (CF3CF2CF2OCH3), 2,2,3,3,3-penta?uo 
ropropyl di?uoromethyl ether (CF3CF2CH2OCHF2), 
1,2,3,3,4,4-hexa?uorocyclobutane (c-C4F6H2), 
1-chioro-1,1,2,2,3,3,4,4-octa?uorobutane 
(CF2ClCF2CF2CF2H, boiling point: 50° C.), 1,2 
dichlorohexa?uorocyclobutane 
(iCFClCFClCF2CF2i, boiling point: 60° C.), and 
1,1,1,3,3,3-hexa?uoropropan-2-ol (CF3CH(OH)CF3, 
boiling point: 59° C.); 

Wherein the organic bloWing agent further comprises at 
least one member selected from the group consisting of 
ethylene glycol compounds and amide compounds; and 

Wherein the ethylene glycol compound is at least one 
member selected from the group consisting of those of 
the folloWing Formulae (I), (II) and (Ill): 

Wherein a represents 1, 2, 3 or 4; b represents 1, 2 or 3; and 
c represents 1, 2, 3 or 4; 

Wherein d represents 0, 1, 2, 3 or 4; e represents 1, 2 or 3; 
and frepresents 0, 1, 2, 3 or 4; and 

wherein i represents 0, 1, 2, 3 or 4; j represents 1, 2 or 3; 
and k represents 1, 2, 3 or 4, and the amide compound 
is at least one member selected from the group con 
sisting of those of the folloWing Formulae (A) and (B): 
R1CONR2R3 (A) 

wherein R1 is a hydrogen atom, a loWer alkyl group or a 
phenyl group: and R2 and R3 are the same or different, 
and independently represent a hydrogen atom or a 
loWer alkyl group; With the proviso that R1 and R2 may 
form a heterocyclic ring in conjunction With the carbon 
atom of the carbonyl group to which R1 is bound and 
the nitrogen atom to Which R2 is bound; and 

Wherein R4, R5, R6 and R7 are the same or different, and 
represent a hydrogen atom or a loWer alkyl group, With 
the proviso that R4 and R6 may form a heterocyclic ring 
in conjunction With the nitrogen atom to Which R4 is 
bound, the nitrogen atom to Which R4 is bound and the 
carbon atom of the carbonyl group. 

10. The premix according to claim 9, Wherein the halo 
gen-containing compound is 1, 1, 1, 2, 3, 3, 3-hepta?uoro 
propane (HFC227ea: CF3CFHCF3). 

* * * * * 


