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(57) ABSTRACT 

It provides a blowing agent which is signi?cantly inhibited 
frorn solidi?cation and is exceedingly useful as a blowing 
agent satisfactory in ?owability, dispersibility into resins, 
and the like, even after the lapse of a prolonged period of 
time, and a process for producing the same. 

The blowing agent of the present invention is substantially 
anhydrous blowing agent, and it is obtained by treating a 
blowing agent with a surface-treating agent capable of 
removing water from the blowing agent, followed by option 
ally heating during or after the treatment. 
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SUBSTANTIALLY ANHYDROUS BLOWING 
AGENT AND PROCESS FOR PRODUCING THE 

SAME 

TECHNICAL FIELD 

[0001] The present relates to a substantially anhydrous 
blowing agent and a process for producing the same. 

BACKGROUND ART 

[0002] BloWing agents, such as aZodicarbonamide, have 
been conventionally utiliZed extensively for thermoplastic 
resins, for example, vinyl chloride resins, polyole?n resins 
(polyethylene resins, polypropylene resins, and the like), 
ethylene vinyl alcohol resins, rubbers, and the like. 

[0003] These bloWing agents, Which are usually ?nely 
poWdered compounds, have a problem that they aggregate 
and are solidi?ed With the lapse of time or under load to 
thereby shoW impaired ?oWability in the step of addition to 
resins to cause hopper clogging, or to thereby have impaired 
dispersibility into resins. Mitigation of this solidi?cation is 
desired more and more With the recent trend toWard quality 
improvement in foamed resins and labor saving in the 
production thereof. 

[0004] Techniques currently employed for overcoming the 
above problem include (1) technique of adding inorganic 
poWder particles, such as silica, metal silicate or the like, as 
a solidi?cation inhibitor to a bloWing agent, (2) technique of 
batchWise drying a bloWing agent for a suf?cient period to 
thereby diminish the Water contained therein in a slight 
amount, and the like. 

[0005] HoWever, use of these techniques has various 
draWbacks. Namely, technique (1), although effective in 
solidi?cation prevention in some degree, cannot impart the 
effect Which lasts beyond several months. For application to 
a bloWing agent comprising ?ner particles, inorganic poW 
der particles should be added in a larger amount. HoWever, 
the addition of a larger amount of the inorganic poWder 
particles is causative of cell enlargement during foaming, 
and is hence undesirable in applications Where ?ne cells are 
required. Technique (2), on the other hand, has signi?cantly 
reduced productivity because the drying requires much time, 
resulting in an increased production cost. In addition, tech 
nique (2) cannot cope With continuous production. Further 
more, it is dif?cult to dry and remove the Water contained in 
crystals suf?ciently to thereby obtain a substantially anhy 
drous bloWing agent. Also, effects in solidi?cation preven 
tion is limited. 

[0006] Japanese Published Unexamined Patent Applica 
tion No. 320432/92 discloses a method of adding a silane 
coupling agent dissolved in a solvent to aZodicarbonamide 
to thereby improve ?oWability and dispersibility into resins. 
HoWever, this method is ineffective in suf?ciently prevent 
ing solidi?cation. 

[0007] Furthermore, Japanese Published Unexamined 
Patent Application No. 295872/96 discloses a method of 
adding an aluminum coupling agent dissolved in a solvent to 
a chemically bloWing agent to thereby improve ?oWability 
and dispersibility into resins. HoWever, this method is also 
ineffective in suf?ciently preventing solidi?cation. 

DISCLOSURE OF THE INVENTION 

[0008] The present inventors made intensive studies in 
order to eliminate the above problems. As a result, they have 
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found that a substantially anhydrous bloWing agent is 
obtained by treating a bloWing agent With a surface-treating 
agent capable of removing Water from the bloWing agent, 
and optionally by heating it. Furthermore, they found that 
the bloWing agent thus obtained is signi?cantly inhibited 
from solidi?cation and is exceedingly useful as a bloWing 
agent satisfactory in ?oWability, dispersibility into resins, 
and the like, even after the lapse of a prolonged period of 
time. The present invention has been completed based on 
these ?ndings. 

[0009] That is, the present invention relates to a substan 
tially anhydrous bloWing agent, especially a substantially 
anhydrous crystalline aZodicarbonamide. 

[0010] Furthermore, the present invention relates to a 
substantially anhydrous bloWing agent obtained by treating 
a bloWing agent With a surface-treating agent capable of 
removing Water from the bloWing agent. 

[0011] Moreover, the present invention relates to a process 
for producing a substantially anhydrous bloWing agent, 
Which comprises treating a bloWing agent With a surface 
treating agent capable of removing Water from the bloWing 
agent under conditions substantially free of a solvent. 

[0012] The substantially anhydrous bloWing agent of the 
present invention has been signi?cantly improved especially 
in unsusceptibility to solidi?cation under load and in unsus 
ceptibility to solidi?cation With the lapse of time. Hence, the 
substantially anhydrous bloWing agent is extremely free 
from solidi?cation even through long-term storage in a 
stacked state, and retains for a long time the satisfactory 
?oWability and the satisfactory dispersibility into resins 
Which properties are possessed by the crystalline poWder 
immediately after production. 

[0013] The foaming performances of the bloWing agent of 
the present invention are equal to those of the conventional 
bloWing agents. 

[0014] Consequently, as a result that the substantially 
anhydrous bloWing agent of the present invention is pro 
vided, the fear that bloWing agent products may be solidi?ed 
under load or With the lapse of time from the production 
thereof to the use thereof by users is eliminated. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0015] The bloWing agent Which can be used in the present 
invention is selected from conventionally, knoWn bloWing 
agents. Examples include aZodicarbonamide (ADCA; 
decomposition temperature: about 200° C.), p,p‘-oxybis 
(benZenesulfonyl hydraZide) (OBSH; decomposition tem 
perature: about 160° C.), dinitropentamethylenetetramine 
(DPT; decomposition temperature: about 200° C.), p-tolu 
enesulfonyl hydraZide (TSH; decomposition temperature: 
about 110° C.), benZenesulfonyl hydraZide (BSH; decom 
position temperature: about 95° C.), and the like. 

[0016] The present invention can be advantageously 
applied especially to bloWing agent poWders having a 
decomposition temperature of 100° C. or higher. Particu 
larly, much merit is brought about When the present inven 
tion is applied to ADCA, in Which solidi?cation has con 
ventionally been a serious problem. 
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[0017] The blowing agent in the present invention is 
preferably in the form of a powder. Although the particle 
diameter thereof is not particularly limited, it is generally 
about 1 to 50 pm, preferably about 3 to 30 pm. The term 
“particle diameter” as used herein means the median siZe 
determined With a laser diffraction particle diameter distri 
bution analyZer. 

[0018] The term “substantially anhydrous” as used herein 
means to have a Water content loWer than 0.03% by Weight, 
preferably loWer than 0.010% by Weight. The Water content 
(% by Weight) in crystalline ADCA is herein determined by 
heating the crystalline ADCA at 110° C. for 2 hours While 
passing Water-free nitrogen gas therethrough, introducing 
the effluent nitrogen gas into a Karl Fisher’s Water meter 
(trade name: MKS-1; manufactured by Kyoto Electronics 
Manufacturing Co., Ltd.) prevented from suffering Water 
penetration thereinto from the surrounding air to measure 
the amount of Water contained in the nitrogen gas, and 
converting this Water amount into a percentage amount 
based on the Weight of the crystalline ADCA. 

[0019] The surface-treating agent Which can be used in the 
present invention is one capable of removing Water from a 
bloWing agent. Examples include compounds having the 
property of chemically reacting With Water and compounds 
having the property of adsorbing or holding Water. Speci?c 
examples include coupling agents, organic acid anhydrides, 
anhydrous inorganic compounds, desiccants, and the like. 

[0020] Examples of the coupling agents include silane 
coupling agents, aluminum coupling agents, titanate cou 
pling agents, and the like. 

[0021] Examples of the silane coupling agents include 
conventionally knoWn silane coupling agents. Speci?c 
examples include methyltrimethoxysilane, y-aminopropyl 
triethoxysilane, N-(P-aminoethyl)-y-aminopropyl-tri 
methoxysilane, N-phenylaminomethyltrimethoxysilane, 
vinylmethyldiethoxysilane, and the like. 

[0022] Examples of the aluminum coupling agents include 
conventionally knoWn aluminum coupling agents. Speci?c 
examples include aluminum isopropylate, aluminum ethy 
late, aluminum tris(ethylacetoacetate), ethylacetoacetato 
aluminum diisopropylate, and the like. 

[0023] Examples of the titanate coupling agents include 
conventionally knoWn titanate coupling agents. Speci?c 
examples include isopropyl triisostearoyl titanate, isopropyl 
tris(dioctyl pyrophosphate) titanate, tetraoctyl bis(ditridecyl 
phosphite) titanate, bis(dioctyl pyrophosphate) hydroxyac 
etate titanate, and the like. 

[0024] These coupling agents can be used alone or as a 
mixture of tWo or more thereof. Among these, preferred are 
aluminum coupling agents, particularly, aluminum tris(ethy 
lacetoacetate). 
[0025] Examples of the organic acid anhydrides include 
conventionally knoWn organic acid anhydrides. Speci?c 
examples include phthalic anhydride, succinic anhydride, 
glutaric anhydride, benZoic anhydride, trimellitic anhydride, 
and the like. these compounds bond to and remove Water in 
a bloWing agent, for example, by the folloWing mechanism: 

[0026] (Wherein R represents an organic acid residue). 
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[0027] The above coupling agents and the organic acid 
anhydrides can be especially preferred because they not only 
have the property of chemically reacting With Water to 
thereby remove the Water contained in a bloWing agent, but 
also have the property of forming a ?lm capable of prevent 
ing external Water absorption on the surface of the bloWing 
agent (for example, unreacted coupling agent, and the like). 

[0028] Examples of the anhydrous inorganic compounds 
include knoWn anhydrous inorganic compounds so long as 
they can remove crystal Water by binding to Water. Speci?c 
examples include anhydrous magnesium sulfate, anhydrous 
potassium carbonate, anhydrous sodium carbonate, anhy 
drous sodium sulfate, anhydrous sodium sul?te, anhydrous 
magnesium carbonate, and the like. These compounds 
adsorb Water contained in a bloWing agent and ?x the 
adsorbed Water as crystal Water, for example, by the folloW 
ing typical mechanism: 

Na2SO4+nH2O—>Na2SO4.nH2O 

[0029] (Wherein n represents an integer of 1 or more). 

[0030] Examples of desiccants include conventionally 
knoWn desiccants so long as they have the property of 
removing Water. Speci?c examples include acid clay, silica 
gel, magnesium oxide, calcium oxide, and the like. 

[0031] In the present invention, the coupling agents, the 
organic acid anhydrides, the anhydrous inorganic com 
pounds, and the desiccants may be used alone or as a mixture 
of tWo or more thereof as the surface-treating agent. 

[0032] Upon application to the surface of a bloWing agent 
and-preferably heating, the surface-treating agent ef?ciently 
reacts With or adsorbs Water contained in the bloWing agent 
to thereby reduce the Water content of the bloWing agent. 

[0033] The surface-treating agent is preferably used as it is 
Without being dissolved in a solvent, preferably under con 
ditions substantially free of a solvent, in order that no 
adverse in?uence be exerted on reaction With Water or 
adsorption of Water. If a solution or dispersion of an cou 
pling agent in a solvent is used, the reaction betWeen the 
Water present in the bloWing agent and the coupling agent 
does not proceed sufficiently, Water is remained in the 
bloWing agent, and therefore, a substantially anhydrous 
bloWing agent cannot be obtained. Consequently, such use is 
not preferred under the mixing conditions Where pulveriZa 
tion of a bloWing agent is inhibited. Especially, use of an 
organic solvent containing Water or moisture is not preferred 
because a Water content in the bloWing agent may be 
increased to the contrary. 

[0034] The term “under conditions substantially free of 
Water” as used herein means that no solvent is used or that 
an organic solvent containing a Water content of less than 
0.1% by Weight is used in an amount equal to or less than 
the amount of the surface-treating agent. In the case of using 
a solid surface-treating agent, it is preferably used in the 
form of a ?ne poWder or after being melted. 

[0035] The amount of the surface-treating agent per the 
bloWing agent varies depending on the amount necessary for 
alloWing the surface-treating agent to react With the Water 
content contained in the bloWing agent. Speci?cally, the 
surface-treating agent is generally used in an amount of 0.01 
to 10 parts by Weight, preferably 0.05 to 0.5 parts by Weight, 
based on 100 parts of the bloWing agent. 
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[0036] In the present invention, heating treatment is pref 
erably conducted during or after the addition of a surface 
treating agent to a blowing agent to thereby accelerate the 
reaction between the water in the blowing agent and the 
surface-treating agent. In the present invention, the heating 
treatment conducted during or after the treatment of a 
blowing agent with a surface-treating agent is particularly 
referred to as “treating and heating”. 

[0037] It is effective that the heating is carried out during 
the addition of a surface-treating agent to a blowing agent. 

[0038] In the case of using a surface-treating agent which 
is solid at ordinary temperature, the surface-treating agent is 
preferably subjected to preheating treatment prior to the 
addition thereof to a blowing agent so that the solid surface 
treating agent is brought into a melted state. 

[0039] For example, the heating temperature is generally 
from 30° C. to the decomposition temperature of the blow 
ing agent, preferably from 40° C. to the decomposition 
temperature of the blowing agent. If ADCA, OBSH, DPT or 
the like having a decomposition temperature of 150° C. or 
higher is used as a blowing agent, the preferred temperature 
is 55 to 100° C. From the standpoint of reducing the heating 
period to conduct the mixing even more efficiently to 
thereby minimiZe the energy cost, it is preferred to use a 
heating temperature of about 70 to 90° C. 

[0040] Methods for adding a surface-treating agent to a 
blowing agent are not particularly limited. However, a 
preferred method is to spray the surface-treating agent with 
a pressure noZZle, a two-?uid noZZle, or the like so as to add 
the surface-treating agent in the form of ?ne droplets. 

[0041] Also, preferably, the addition is carried out while 
sufficiently mixing a blowing agent. 

[0042] Mixing apparatuses which can be used for the 
above mixing are not particularly limited. Examples include 
a supermixer, a Henschel mixer, a screw mixer such as a 
Nauta mixer, a proshear mixer, and a ribbon blender. 

[0043] If a blowing agent which has been made substan 
tially anhydrous is pulveriZed, the resultant powder has an 
increased speci?c surface area and hence enhanced hygro 
scopicity. Additionally, even if the blowing agent powder 
which has been coated to inhibit moisture adsorption is used, 
a section having no coating is provided, and hence hygro 
scopicity is increased more and more. Thus., the effect of the 
present invention may be lost. Particularly, if the blowing 
agent powders having a particle diameter of 10 pm or more 
which are easily pulveriZed are used, it should be especially 
paid attention to this point. 

[0044] Accordingly, in the present invention, preferably, 
the mixing is conducted under mixing conditions where 
pulveriZation of a blowing agent is inhibited. Herein the 
term “under mixing conditions where pulveriZation of a 
blowing agent is inhibited” means that an increase in the 
speci?c surface area through the treatment is 20% or less, 
more preferably 10% or less. Preferably, as mixers satisfying 
the conditions, mixers used for blowing agent powders 
having a particle diameter of about 10 to 300 pm include a 
Nauta mixer, a proshear mixer (the chopper blades are 
removed before use), and the like. Furthermore, mixers used 
for blowing agent powders having a particle diameter of 
about 3 to 10 pm which are comparatively dif?cult to be 
pulveriZed include a universal mixer, a proshear mixer (the 
chopper blades are removed before use), and the like. 
Mixers used for blowing agent powders having a particle 
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diameter of about 3 to 5 pm which are dif?cult to be 
pulveriZed include a supermixer, a Henschel mixer, and the 
like. The mixing conditions where pulveriZation of the 
blowing agent is inhibited can be provided by adjusting the 
rotary number of each mixer appropriately. 

[0045] In using a liquid surface-treating agent, it is pre 
ferred to use a pressure noZZle, a two-?uid noZZle, or the 
like, to spray the surface-treating agent in the form of ?ne 
droplets over a blowing agent. By spraying a surface 
treating agent as ?ne droplets over a blowing agent, the 
blowing agent according to the present invention can be 
obtained with a small amount of the surface-treating agent. 

[0046] The substantially anhydrous blowing agent of the 
present invention can be advantageously used as a blowing 
agent for various synthetic resins in the same manner as 
conventional blowing agents. 
[0047] Furthermore, the substantially anhydrous blowing 
agent of the present invention can be used as a blowing agent 
composition comprising the crystalline powder and one or 
more ingredients known in this ?eld, such as a stabiliZer, a 
pigment/?ller, a blowing inhibitor, and the like. Examples of 
the stabiliZer include tribasic lead sulfate, dibasic phosphi 
tes, lead stearate, Zinc stearate, Zinc carbonate, Zinc oxide, 
barium stearate, aluminum stearate, calcium stearate, dibu 
tyltin maleate, urea, and the like. Examples of the pigment/ 
?ller include chrome yellow, carbon black, titanium dioxide, 
calcium carbonate, and the like. Examples of the blowing 
inhibitor include maleic acid. 

[0048] For easily understanding the present invention, a 
blowing agent according to the present invention obtained 
using ADCA as a blowing agent and aluminum tris(ethy 
lacetoacetate) as a surface-treating agent will be explained 
below with respect to the effects thereof which the present 
inventors have ascertained. However, the following expla 
nation should not be construed as limiting the scope of the 
invention in any way. 

[0049] Powders of blowing agents, for example, ADCA, 
are usually composed of microscopically porous particles, in 
each of which water is present on the surface thereof and in 
the pores and inner parts thereof. When such a powder of 
ADCA is treated with aluminum tris(ethylacetoacetate), it is 
considered that the aluminum tris(ethylacetoacetate) reacts 
with the water present on the surface and in the pores of the 
ADCA to decompose into aluminum hydroxide and ethyl 
acetoacetate, and an aluminum hydroxide ?lm is coated on 
the surface of the ADCA. If the reaction is carried out at a 
temperature as low as room temperature, a long time is 
required for the reaction. However, if it is heated to about 
80° C., the reaction is accelerated and completed shortly. 

(IIH3 (|)C2H5 
HC4C\ %C\CH 
/ O P \\ 

/C\ \ 1' /C\ 
C2H5O O- . -7—AL\O CH3 + 3H2O —> 

o ‘o 

C \ C H3C/ \g/ \OCZHS 
A1(OH)3 + 3CH3COCH2COOC2H5 

[0050] It is considered that not only water is removed from 
the surface and pores of the powders by the above treatment, 
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but also the Water remaining in the powders in a slight 
amount is inhibited from migrating to the powder surface by 
the ?lm of aluminum hydroxide formed, Whereby solidi? 
cation is prevented. The aluminum coupling agent remain 
ing unreacted is considered to contribute to solidi?cation 
prevention due to its Water repellency. If the poWder is 
further contacted With external Water, the above reaction 
proceeds gradually and Water is removed so that solidi?ca 
tion is prevented. 

EXAMPLES 

[0051] The present invention Will be explained beloW in 
more detail by reference to Examples and Comparative 
Examples. Hereinafter, all percents are by Weight, unless 
otherWise indicated. 

[0052] ADCA used in the folloWing Examples Was one 
manufactured by Otsuka Chemical Co., Ltd. and having an 
average particle diameter of 20 pm. 

Example 1 

[0053] TWenty-?ve kg of ADCA placed in a cone ribbon 
blender (trade name: Ribocone E RME-50; manufactured by 
OkaWara Mfg. Co., Ltd.) Was stirred at 70 rpm and 90° C. 
for 10 minutes, While adding thereto, by spraying, 50 g of 
aluminum tris(ethylacetoacetate) (trade name: ALCH-TR; 
manufactured by KaWaken Fine Chemicals Co., Ltd.) Which 
had been melted by heating at 90° C. Thereafter, stirring Was 
further continued under the same conditions for 7.5 minutes 
to obtain a bloWing agent poWder (crystalline ADCA) 
according to the present invention. 

Example 2 

[0054] TWenty-?ve kg of ADCA placed in a cone ribbon 
blender (trade name: Ribocone E RME-50; manufactured by 
OkaWara Mfg. Co., Ltd.) Was stirred at 70 rpm and 90° C. 
for 10 minutes, While adding thereto 50 g of N-(B-amino 
ethyl)-y-aminopropyltrimethoxysilane (trade name: 
TSL8340; manufactured by Toshiba Silicone Co., Ltd.) by 
spraying at 90° C. Thereafter, stirring Was further continued 
under the same conditions for 7.5 minutes to obtain a 
bloWing agent poWder (crystalline ADCA) according to the 
present invention. 

Example 3 

[0055] TWenty-?ve kg of ADCA placed in a cone ribbon 
blender (trade name: Ribocone E RME-50; manufactured by 
OkaWara Mfg. Co., Ltd.) Was stirred at 70 rpm and 90° C. 
for 10 minutes, While adding thereto 50 g of glutaric 
anhydride by spraying at 80° C. Thereafter, stirring Was 
further continued under the same conditions for 7.5 minutes 
to obtain a bloWing agent poWder (crystalline ADCA) 
according to the present invention. 

Comparative Example 1 

[0056] TWenty-?ve kg of ADCA Was mixed With a solu 
tion of 50 g of N-(B-aminomethyl)-y-aminopropyltri 
methoxy-silane (trade name: TSL8340; manufactured by 
Toshiba Silicone Co., Ltd.) in 1 kg of Water by means of 
Supermixer (trade name; manufactured by KaWada Sei 
sakusho at 600 rpm and room temperature for 10 
minutes. Thereafter, stirring Was further continued for dry 
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ing under the same conditions for 7.5 minutes to obtain a 
bloWing agent poWder of Comparative Example 1. 

Comparative Example 2 

[0057] Untreated ADCA Was taken as a boWing agent 
poWder of Comparative Example 2. 

Test Example 1 

[0058] Each of the bloWing agent poWders obtained in the 
Examples and Comparative Examples given above Was 
subjected to a measurement of Water content (content of 
residual Water), a solidi?cation test in stacking, and a 
solidi?cation test in practical package. The results obtained 
are shoWn in Table 1. 

[0059] (1) Measurement of Water Content: 

[0060] Ten g of a sample Was precisely Weighed out and 
placed in a ?ask. The sample Was heated at 110° C., for 2 
hours While passing Water-free nitrogen gas through the 
?ask. During this heating, the effluent nitrogen gas from the 
?ask Was introduced into a Karl Fisher’s Water meter 
prevented from suffering Water penetration thereinto from 
the surrounding air (trade name: MKS-1; manufactured by 
Kyoto Electronics Manufacturing Co., Ltd.) to measure an 
amount of the Water (g) contained in the nitrogen gas. 

[0061] The Water content of the sample Was calculated 
using the folloWing equation: 

Water content (%)=(Amount of the Water/Amount of 
the Weighed sample)><100 

[0062] (2) Solidi?cation Test in Stacking: 

[0063] Polyethylene bags each having dimensions of 23 
cm by 13 cm Were respectively packed With 400 g of a 
sample. After suf?cient deaeration, the opening of each bag 
Was heat-sealed. The packages thus obtained Were stacked, 
and a load of 0.08 kg/cm2 Was imposed on the stack. After 
10 days, the sample Was taken out and screened With a 
14-mesh sieve to measure the amount of the sample 
screened out. This amount Was converted to %, Which Was 
taken as the value of solidi?cation in stacking. 

[0064] (3) Solidi?cation Test in Practical Package: 

[0065] A 25 kg portion of a sample Was packed into a 
corrugated ?berboard case for use as a product packaging 
container for distribution. This package Was alloWed to stand 
for 1 month under conditions at a temperature of 40° C. and 
a humidity of 80%. Thereafter, the sample Was screened 
With a 14-mesh sieve to measure the amount of the sample 
screened out. This amount Was converted to %, Which Was 
taken as the value of solidi?cation in practical package. 

TABLE 1 

Water Solidi?cation Solidi?cation 
content degree in degree in practical 
(%) stacking (%) package (%) 

Example 1 <0.005 2.3 1.3 
Example 2 <0.005 3.0 2.5 
Example 3 0.010 9.8 5.0 
Comparative 0.041 5.2 12.4 
Example 1 
Comparative 0.075 56.4 41.6 
Example 2 
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[0066] A comparison between the test results for the 
crystalline ADCA’s of Examples 1 and 2 and those for the 
crystalline ADCA of Comparative Example 2 shoWs that the 
anhydrous crystalline ADCA according to the present inven 
tion Were markedly more inhibited from solidi?cation than 
the untreated blowing agent poWder. 

[0067] A comparison betWeen the test results for the 
bloWing agent poWder of Example 2 and those for the 
bloWing agent poWder of Comparative Example 1 shoWs 
that the surface treatment With a silane coupling agent also 
yielded a crystalline poWder of anhydrous ADCA having 
greatly improved unsusceptibility to solidi?cation, as 
desired in the present invention, When no solvent Was used 
and heating treatment Was conducted. 

Test Example 2 

[0068] Each of the crystalline ADCA poWders obtained in 
Examples 1, 2, and 3 and Comparative Example 2 (provided 
that the crystalline ADCA poWders of Examples 1, 2, and 3 
used here had been subjected to the solidi?cation test in 
stacking in Test Example 1) Was compounded in an amount 
of 15 parts by Weight With 100 parts by Weight of loW 
density polyethylene (melt index: 2.0) and 0.8 parts by 
Weight of dicumyl peroxide. The resultant compositions 
each Was kneaded With heating at a roll temperature of 110 
to 115° C., taken out as a sheet having a thickness of 5 mm, 
and then heated at 125° C. for 5 minutes While applying a 
pressure of 120 kg/cm2 thereto to obtain a pressed sheet. The 
sheets obtained Were foamed using a hot-air oven set at 220° 
C. 

[0069] The foamed materials thus obtained using the crys 
talline ADCA’s of Examples 1, 2, and 3 and Comparative 
Example 2, respectively, each had uniform and ?ne cells. 
The foamed materials Were satisfactory and almost equal to 
one another in surface smoothness and decomposition rate. 

[0070] These results shoW that even the anhydrous crys 
talline ADCA according to the present invention, Which had 
been alloWed to stand under load for a prolonged period of 
time, Were equal in foaming performance to the crystalline 
ADCA just after production. 

INDUSTRIAL APPLICABILITY 

[0071] The bloWing agent thus obtained is signi?cantly 
inhibited from solidi?cation and is exceedingly useful as a 
bloWing agent satisfactory in ?oWability, dispersibility into 
resins, and the like, even after the lapse of a prolonged 
period of time. They are useful in the same ?eld as bloWing 
agents Which have conventionally been utiliZed extensively 
as bloWing agents for thermoplastic resins, for example, 
vinyl chloride resins, polyole?n resins (e.g., polyethylene 
resins, polypropylene resins, and the like), ethylene vinyl 
alcohol resins, rubbers, and the like. 

What is claimed is: 
1. A substantially anhydrous bloWing agent. 
2. A substantially anhydrous bloWing agent obtained by 

treating a bloWing agent With a surface-treating agent 
capable of removing Water from the bloWing agent. 

3. The substantially anhydrous bloWing agent according 
to claim 2, Wherein the surface-treating agent is at least one 
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selected from the group consisting of a coupling agent, an 
organic acid anhydride, an anhydrous inorganic compound, 
and a desiccant. 

4. The substantially anhydrous bloWing agent according 
to claim 3, Wherein the surface-treating agent is at least one 
selected from the group consisting of a silane coupling 
agent, an aluminum coupling agent, and a titanate coupling 
agent. 

5. The substantially anhydrous bloWing agent according 
to claim 4, Wherein the surface-treating agent is an alumi 
num coupling agent, and the surface of the bloWing agent is 
coated With aluminum hydroxide. 

6. The substantially anhydrous bloWing agent according 
to any one of claims 1 to 5, Wherein the bloWing agent is 
crystalline aZodicarbonamide. 

7. A process for producing a substantially anhydrous 
bloWing agent, Which comprises treating a bloWing agent 
With a surface-treating agent capable of removing Water 
from the bloWing agent under conditions substantially free 
of a solvent. 

8. The process according to claim 7, Wherein heating 
treatment is carried out during or after the treatment With the 
surface-treating agent. 

9. The process according to claim 8, Wherein the heating 
treatment is carried out at a temperature of 30° C. to the 
decomposition temperature of the bloWing agent. 

10. The process according to claim 9, Wherein the heating 
is carried out at a temperature of 55 to 100° C. 

11. The process according to any one of claims 8 to 10, 
Wherein the surface-treating agent is subjected to preheating 
treatment. 

12. The process according to any one of claims 7 to 11, 
Wherein the treatment of the bloWing agent With the surface 
treating agent is carried out by spraying the surface-treating 
agent to the bloWing agent, and mixing them under mixing 
conditions Where pulveriZation of a bloWing agent is inhib 
ited. 

13. The process according to claim 12, Wherein a ribbon 
blender or a screW mixer is used as a mixer under the mixing 
conditions Where pulveriZation of a bloWing agent is inhib 
ited. 

14. The process according to any one of claims 7 to 13, 
Wherein the bloWing agent is crystalline aZodicarbonamide. 

15. The process according to any one of claims 7 to 14, 
Wherein the surface-treating agent is at least one selected 
from the group consisting of a coupling agent, an organic 
acid anhydride, an anhydrous inorganic compound, and a 
desiccant. 

16. The process according to claim 15, Wherein the 
surface-treating agent is at least one selected from the group 
consisting of a silane coupling agent, an aluminum coupling 
agent, and a titanate coupling agent. 

17. The process according to claim 16, Wherein the 
surface-treating agent is selected from the group consisting 
of aluminum isopropylate, aluminum ethylate, aluminum 
tris(ethylacetoacetate), and ethylacetoacetato-aluminum 
diisopropylate. 


