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(57) Abrégée/Abstract:

A fire proof treatment solution capable of resolving problems, such as low solubllity leading to low concentration and hence low
combustion Inhibiting effect and water solubllity leading to a disadvantage of eluviation, of boron compounds used as a constituent
of flame retarding treatment solution. In particular, a fire proof treatment solution produced by adding phosphoric acid and a silane
coupling agent to a weak acid or weak alkall agueous metal salt solution containing a boron compound to thereby obtain a mixed
agueous solution and adding a plant extract composed mainly of a polyphenol compound to the mixed agueous solution. This fire
proof treatment solution can be widely applied to members composed mainly of cellulose, such as wood, paper and natural fibers.

This fire proof treatment solution can increase the fixation of chemicals to thereby attain a high combustion inhibiting effect and can
minimize the occurrence of eluviation.
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Abstract
A fire proof treatment solution capable of
resolving problems, such as low solubility leading to

low concentration and hence low combustion inhibiting

effect and water solubility leading to a disadvantage
of eluviation, of boron compounds used as a
constituent of flame retarding treatment solution. In
particular, a fire proof treatment solution produced
by adding phosphoric acid and a silane coupling agent
to a weak acid or weak alkali aqueous metal salt
solution containing a boron compound to thereby obtain
a mixed agueous solution and adding a plant extract
composed mainly of a polyphenol compound to the mixed
aqueous solution. This fire proof treatment solution
can be widely applied to members composed mainly of
cellulose, such as wood, paper and natural fibers.
This fire proof treatment solution can 1ncrease the

r‘

fixation of chemicals to thereby attain a high

combustion 1nhibiting effect and can minimize the

ey,

occurrence of eluviation.
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Description
Title of the Invention
FIRE PROOF TREATMENT SOLUTION  AND FIRE RETARDANT
MATERIAL THEREFROM
Technical Field '
(Field of the Invention)

The present 1invention relates to a fire proof

treatment solution, more particularly, a fire proof

treatment solution whose mailn component 1s a boron

compound for the purpose of use mainly 1n a easily
flammable article, 1.e., an article whose maln
component 1s a cellulose, such as a timber, paper,
natural fiber and the like.

Background Art

(Conventional Technology)

It has conventionally been accepted that timbers,
papers and natural fibers, which are naturally
occurring organic materlals, are readily flammable.

Especially from the viewpolint of architecture, a
readily flammable nature 1s subjected to a restriction
by a law which limits the use extremely, and thus the
use 1s poorly promoted in spite of a unique favorable
property associated with a natural organic material.

On the other hand, the shortcomings mentioned
above is beneficial from the viewpolint of a recycling,
which 1s attributable to an ability of being disposed
by combustion without posing any public pollution.

Accordingly, various technologies for a fire
retardant strategy of a natural organic material, 1.e.,
flame retardant treatment technologies, have been
developed.

Currently, a combustion inhibliting effect of a

flame retardant treatment can Dbe classified 1nto two

types, namely, a physical effect and a chemical effect,
the latter being expected to be achieved by a flame

retardant treatment solution.
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Such a flame retardant treatment solution 1is
presented 1n various forms such as a phosphorus
compound, nitrogen compound, Dboron compound, halogen
compound and the like.

Nevertheless, such a phosphorus compound, nitrogen

compound or halogen compound produces a large amount of

a toxic gas-containing fume upon combustion, while a
phosphoric acid may cause a problematic deterioration
or discoloration of the material.

On the other hand, a boron compound does not
produce any toxic gas attributable to a pyrolyfic
product upon combustion, and causes a relatively slight
deterioration or discoloration of the material.

In addition, 1t has a preserving and ant-repelling

t 1)

effect, and allows 1ts target material to be a high

value—~added material.

An agent whose maln component 1s a boron compound
exhibits a high heat formation-suppressing performance
due to 1ts dehydrating calcination effect.

The term dehydrating calcination effect means an
ability of the agent to form an acid o©or base upon

heating whereby dehydrating cellulose at a low

temperature within a short period to yleld water and

carbon.

Thus, this combustion 1inhibiting effect consists

of two effects, namely, a water evaporation-induced

endothermic effect and a reduction of the exothermic

rate due to the formation of a carbon residue whose

combustion rate is low.
(Problems to be solved by the Invention)

However, the use of a boron compound as a flame

retardant treatment solution poses the followling two

problems to be solved:

1) the solubility 1s low and the combustion inhibiting

effect is reduced at a low concentration; and,

2) an eluviation occurs due to the solubility 1n water.
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The present invention 1is intended to solve these
problems by providing a fire retardant treatment solution
having a high combustion inhibiting effect while avoiding

the eluviation as far as possible.

Summary of the Invention

The 1inventors made an effort under the background
described above and finally discovered that the
solubility is improved in the presence of a metal salt,
that a silane coupling agent allows for a film-forming
behavior, and that the eluviation can be suppre_ssed by
a polyphenolic substance, whereby accomplishing the
invention.

Thus, the present invention is (1) a fire prootf
treatment solution obtained by adding a phosphoric acid
and a silane coupling agent to a weakly acidic or
weakly alkaline metal salt aqueous solution containing
‘a boron compound to form a mixed aqueous solution and
adding to said mixed aqueous solution a plant extract
whose main component is a polyphenolic compound.

It is also (2) a fire retardant treatment solution
wherein the weakly acidic or weakly alkaline metal salt
is contained in an amount of 1 to 10% by weight based
on the total weight of all components.

It is also (3) a fire retardant treatment solution
wherein the boron compound is contained in an amount of
50 to 95% by weight based on the total weight of all
components.

It is also (4) a fire retardant treatment solution
wherein the phosphoric acid is contained in én amount
of 1 to 10% by weight based on the total weight of all

components.

It 1s also (5) a fire_retardant treatment solution

wherein the silane coupling agent 1is contained 1n an

amount of 0.1 to 5% by welight based on the total weilight
of all components.
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It is also (6) a fire retardant treatment solution
wherein the plant extract whose main component 1s a
polyphenolic compound 1s contained in an amount of 0.5
to 40% by weight based on the total weight of all

components.

It is also (7) a fire retardant material obtalned
by adding a fire retardant treatment solution described

above to an article whose main component is cellulose.

Tt 1s also (8) a fire retardant material obtained

by impregnating a timber with a fire retardant

treatment solution described above.

Tt is also (9) a fire retardant material obtained

-

by impregnating a paper with a fire retardant treatment
solution described above.

It is also (10) a fire retardant material obtained
by impregnating a fiber with a fire retardant treatment

solution described above.

The present invention may also be a combination of
two or more of (1) to (10) described above, as long as

its purpose 1s attained.

(Advantageous Effect of the Invention)

According to a fire retardant treatment solution

of the present invention, the fixation of an agent 1s
improved to enhance the combustion 1inhibiting effect

while suppressing the eluviation as far as possible.

As a result, a fire retardant timber can be

provided.

Moreover, such a fire retardant treatment solution
can widely be applied to an article whose mailn
component 1s cellulose, such as a timber, paper,

natural fiber and the 1like.

Brief Description of the Drawlngs

Figure 1 1is a graph showing the results of a
combustion test of a test article (K).
Figure 2 1s a graph showling the results of a

combustion test of a test article (L).
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Figure 3 shows the results of aiBC—NMR spectroscopy.

Detailed Description of the Invention

A fire retardant treatment solution of the present
invention 1is obtained by adding a phosphoric acid and a
silane coupling agent to a weakly acidic or weakly
alkaline metal salt aqueous solution containing a boron
compound to form a mixed aqueous solution and adding to
salid mixed aqueous solution a plant extract whose main
component is a polyphenolic compound.

As a result, an impregnation of a material leads to
an extreme improvement in terms of a combustion inhibiting
effect and an eluviation inhibiting effect.

A material to be impregnated or applied 1is mainly an
article whose main component 1is cellulose, such as, for
example, a timber, paper or natural fiber.

(Combustion inhibiting effect)

Since a boron compound itself exhibits a 1low
solubility as is well known, a solution of the boron
compound at a high concentration 1is required for an
efficient penetration into a material.

Accordingly, 1n the present invention, the solubility
is 1improved by a catalytic. effect of a weakly acidic or
weakly alkaline metal salt. .

‘ Such a weakly acidic or weakly alkaline metal salt
used here 1s, for example, sodium fluoride, sodium
phosphite, sodium sulfite or sodium borofluoride.

The weakly acidic or weakly alkaline metal salt
content is 1 to 10% by weight based on the total weight of
all components.

Content less than 1% leads to a difficulty in
dissolution of the boron compound, while that exceeding
10% 1s not efficient in terms of the producibility.

The total weight of all components as used herein
means the total weight of each component, which is a firé

retardant treatment solution except for water.

5
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Since said boron compound, when used alone,
undergoes a conversion 1into a powder atfter drying, 1ts

crystallinity should be changed by using a phosphoric

acid and a silane coupling agent, which serves to

impart the dried materilial with a film-forming ability.

As a result, the amount of the agent fixed in the
material 1s 1ncreased, and an 1mproved fixation 1S
achieved, whereby obtaining an 1mproved combustion
inhibiting effect.

As a sllane coupling agent, a representative

includes ethoxysilane, methoxysilane and the 1like, and

the experimentation employs those supplied by Shin-Etsu
Chemical Co., Ltd., such as, for the example products
names of KBM-602, KBM-603, KBE-603, KBM-903, KRE-903,
KBE-04, KBM-13, KBM-22, KBE-22, LBE-103, KPN-3504, KBM-
30063, KBM-3103C and the 1like.

The silane coupling agent content 1s 0.1 to 5% by

welight based on the total weight of all components.
Content 1less Chan 0.1% leads to a difficulty in

imparting a film-forming ability, while that exceeding
5% leads to an 1ncreased viscoslity of the solution

which results in a difficulty in treatling a material.

(Eluviation Inhibiting Effect)

It is also required to inhibit the eluviation of
an agent (fire retardant ftreatment solution) 1n a wet
state.

In the present 1nvention, the eluviation level of
an agent 1s reduced by using a polyphenolic substance
which 1is a component of a bark extract.

The reasons why a polyphenoclic compound 1s used

are Tthe intention to achieve a chemical reactlon which

makes a boron compound hardly water-soluble after
drying the material as a result of the adsorption of
the boron compound by the polyphenolic compound.

Such a chemical reaction 1s supported by Example 3

described below.
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A polyphenolic compound used may be purified

tannin or tannin which 1s a component of a bark extract

obtained for example by extracting a cedar bark with

water for 24 hours.

The polyphenolic compound content 1s 0.5 to 40%
based on the total weight of all components.

Content 1less than 0.5% leads to a poor effect,

while that exceeding 40% leads to a possibility rather

of a reduction in the amount of a boron compound fixed.
The incorporation of a polyphenolic compound tends
to raise the temperature at which the solid components

in the agent are precipitated.

When applying such an agent to a material, two

methods may be employed.

In the first method, after impregnation with a

polyphenolic compound followed by drying, the material
1s impregnated with a boron compound.

In the second method, a boron compound and a
polyphenolic compound are mixed 1in a solution, whose
temperature 1s raised and maintained within a range
causing no precipitation, whereby effecting a fixation
inside the material.

In the present invention, the latter 1s employed

in view of the fixation efficiency.

The present invention 1s further described in the
following Examples which are not 1intended to restrict
the invention, and various modifications can be made.

<Example 1>

(I} Validation of drug fixation rate upon drying

article

First, a metal salt aqueous solution containing a

boron compound was combined with a phosphoric acid and

a silane coupling agent [methoxysilane (KBM-22)] to

form an agqueous solution mixture.
To this agueous solution mixture, a tannin, as a

plant extract whose maln component 1s a polyphenolic
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compound, was incorporated to vield a treatment

solution 1 (corresponding to a fire retardant treatment
solution).

On Tthe other hand, a treatment solution 2 was

prepared similarly to the treatment solution 1 except

for adding no tannin.

o©

The amount (% by weight) of each component in the

treatment solution 1 and the treatment solution 2 1is
indicated 1n Table 1 shown below.

In the treatment solution 1 shown 1in Table 1, a

test article made from a timber (A, B, C, D, E) was

immersed for 3 hours while heating and maintalning at

an elevated temperature, whereby effecting an
impregnation. '

After the 1mpregnation followed by drying, the
welght (weight before eluviation) and the water content
were measured.

The test article used herein was a timber piece

having the size of 20 cm X 12 cm X 5 cm.
Subsequently, each test article (A, B, C, D,

£

)

was allowed to stand for three days under a highly

humid condition whose dry bulb temperature was 65°C and
whose relative humidity was 90%.

This condition employed the settings which allow

the eluviation to occur readily.
A complete drying was accomplished at a constant

temperature of 105°C, and the weight (post-eluviation
post drying welight) was measured.

The eluviation levels of 5 test articles (A, B, C,

D, E) are as shown 1n Table 2 shown below.

Then, a test article of a timber piece of 20 cm X

12 ¢cm X 5 cm (F, G, H, I, J)was provided, and treated
with the treatment solution 2 similarly to the test

articles described above (A, B, C, D, E), weighed and

examined for the water content.

The eluviation levels of 5 test articles (F, G, H,
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I, J) are as shown in Table 3 shown below.

As evident from Tables 2 and 3, the eluviation
level was reduced markedly when using the treatment
solution 1 when compared with the treatment solution 2.

Accordingly, the use of a polyphenolic compound

allows a sufficient agent eluviation 1inhibiting effect

to be exerted.

.

While the amount of the polyphenolic compound in

the treatment solution 1 was about 1% based on the

entire treatment solution, 1t may be 1ncreased for the

purpose of further 1mproving the agent eluviation

inhibiting effect.

<Example 2>

(IT) Validation of combustion 1nhilbiting effect

First, a metal salt aqueous solution contalning a
boron compound was combined with a phosphoric acid and
a sllane coupling agent [methoxysilane (KBM-22)] to
form an agqueous solution mixture.

To this aqueous solution mixture, tannin, as a
plant extract whose main component 1s a polyphenolic
compound, was 1ncorporated to vyield a treatment
solution 3.

On the other hand, a treatment solution 4 was
prepared simllarly to the treatment solution 3 except
for adding no silane coupling agent (KBM-22).

The blending ratio (% by weight) of each component

in the treatment solution 3 and the treatment solution
4 1s 1ndicated in Table 4 shown below.
In this

was 1impregnated with the treatment solution 3 shown 1in

Cxample, a test article made from a timber

| S |

Table 4, and the test article (K) was examined using an

ISO cone calorlie meter.
After a similar 1impregnation with the treatment
solution 4, the test article (L) was examlned similarly.

Figure 1 1s a graph showing the results of a

combustion test of the test article (K).
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These results indicate superiority to the standard
performance of a fire retardant material prescribed 1n

Construction Standard Act.

Figure 2 1s a graph showing the results of a

combustion test of the test article (L).

These results indicate compliance Vﬂuﬂl' the
standard performance of a quasi-fire retardant material
prescribed 1n Construction Standard Act, but not with
the standard performance of a fire retardant material.

Thus, by incorporating a silane coupling agent 1n
a certain amount, a fire retardant material under

Construction Standard Art can be realized.

<Example 3>

A treatment solution similar to the treatment
solution 1 shown 1n Table 1 except for using a catechin
instead of the tannlin was provided.

This treatment solution was subjected to a ‘°C-NMR

spectroscopy.

In this case, the catechin (polyphenolic compound)
which is a precursor of tannin was used 1nstead of the
tannin because it can readily be analyzed for a '’C-NMR
spectrum.

Figure 3 shows the results of a 1°C-NMR
spectroscopy.

Since the peak attributable to the catechin was
reduced in this figure, the catechin was considered to
interact with other components in  the treatment

solution, whereby effecting a chemical change 1in the

catechin.

10
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Industrial Applicability, Utility

While the present 1nvention relates to a fire
proof treatment solution, and more particularly, 1t 1s
enmployed mainly in a easily flammable article, 1.e., an
article whose main component 1s a cellulose, such as a

timber, paper, natural fiber and the 1like, 1t can be

applied also to interior wall paper, furniture,

clothing materials and the 1like, with a similar effect

being expected as 1long as no deviation from the
principle.
Table 1

Treatment solution 1 Treatment solution 2
(Formulation 1) (%) (Formulation 2) (%)

30.00 30.00

Water

Weakly acidic
/Weakly alkaline 0.80 0.80
metal salt

Borax
Boric acid
Phosphoric acid
BM—-22 0
Tannin
Total

10.60
6.80

11.064
6.80

b
-
-

-
O
i

10

||||Eii||“||||E

100.0 100.0

11
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Table 4

Treatment solution 3 Treatment solution 4
(Formulation 3) (%) (Formulation 4} (%)

Water 80.00 80.00

Weakly acidic
0.80

/Weakly alkaline 0.80
metal salt
Borax 10.60 10.70
Boric acid
1.04

Phosphoric acid | o0.66 [ 0.66
B2 .0 [ o0.00
Tannin P S B YT S
Total

14
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The embodiments of the invention in which an exclusive

property or privilége is claimed are defined as follows:

1. A fire—retardant treatment solution obtained by adding
1-10 wt. % of phosphoric acid and 0.1-5 wt. % of a silane

0.

coupling agent to an aqueous solution containing 1-10 wt. 3%
of an acidic or alkaline metal salt and 50-95 wt. % of a
boron compound to form a mixed aqueous solution and adding
to said mixed aqueous solution 0.5-40 wt. % of a

polyphenolic compound.

2. A fire-retardant material obtained by adding a fire-
retardant treatment solution as defined in claim 1 to an

. article comprising cellulose as a main component.

3. A fire-retardant material obtained by impregnating a
timber with a fire-retardant treatment solution as defined

in claim 1.

4. A fire-retardant material obtained by impregnating a
paper with a fire-retardant treatment solution as defined

in claim 1.
5. A fire-retardant material obtained by impregnatingaa

fiber with a fire-retardant treatment solution as defined

in claim 1.

15
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