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1. Introduction

There are great many fires in Japan as well as in many countries in the
world. Wooden houses are very comfortable for people, but they have some una-
voidable defects. One of them is fire-hazard. In order to protect the wood from
the damage, chemical treatments have been investigated and DAP (diammonium
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phosphate) and MAP (monocammonium phosphate) have been recommended as the
most effective fire retardants. But, recently a shocking paper? was reported, that
is, nitrogen fire retardants evolve the hydrogen cyanide when it is heated under
the high temperature and oxygen deficient conditions. And this fact has been
confirmed by our papers.®¥

Therefore, the new chemical which has no danger should be investigated.
After the several surveyings, we reached the conclusion of the adoption of boron
compounds. These compounds has no nitrogen, so these can not generate any hy-
drogen cyanide, then boron does not exert any bad influences on human beings
because boric acid is used for eye lotion showing safety.

In this paper, the effects of boron compounds on the fire retardation have been
studied by paper combustion test, pyrolysis-gas chromatography, thermogravimetric
and differential thermal analysis.

2. Experimental

2.1 Paper combustion test

This procedure was reported previously,? namely, filter papers (Toyo Filter Co.
No. 2) cut by the size of 6 X13 cm are soaked in the solution of various concentra-
tions such as 1, 2, 3 and 4% of fire retardants. After 6 minutes, the papers are
picked up and are dried on a vinyl wire. After two days, the papers are weighed
and the percentage of chemicals added is calculated.

Then, a paper is set vertically using a frame and is burnt with a Teclu burner
having a 2cm flame. At that case, 1cm of flame is contacted with the lower
end of paper. After 12 seconds, the paper is separated from the burner and the
residual paper is weighed.

When we write a table showing the relation of chemicals added and weight

loss after combustion test, the minimum limit of the fire retardant may be deter-
mined.

2.2 Water-repellency test

In order to prepare the various concentrations of silicone solution, various
volumes of benzene solution were added to original silicone liquor (Shin-Etsu Sili-
cone, Polon-T, Shin-Etsu Chemical Co.). Test specimens of filter paper, the size of
which is 3 X6 cm, were drawn horizontally with 1cm interval by a pencil. After
the papers were soaked in the solutions, dried and the percentages of chemicals
added were calculated.

One centimeter of the lower part of the paper was soaked in water in a
laboratory dish, and the elevation of water was measured with the progress of time
such as 2, 3, 4 and 5 minutes.

2.3 Pyrolysis-gas chromatography

Specimens were prepared as follows, namely, cellulose powder (Toyo Filter Co.)
was mixed with the solution of several fire retardants and dired under vacuum.
The chemicals added were 39% for MAP, 439 for DAP, 30% for Na-Borate, 18%
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for boric acid and 29% for B-mixture.

Two to three milligrams of every specimen was heated in a “Yanagimoto
Pyrolysis-Pipetter GP-1000 type” at 700°C, Pyrolysis gas was analyzed by “Hitachi
K 23 gas chromatograph”.

The conditions are as follows :

Stationary phase: Activated carbon 60-80 mesh, 2m
Carrier gas: Helium, 40 m¢/minute
Bath temperature: 135°C

Charts obtained were copied on a semi-transparent paper, the each peak was
cut off, weighed by a microbalance and the area was calculated. On the other
hand, the calibration curves for each gas were prepared using standard gases.

2.4 TG-DTA

The specimens were prepared by the same way in PGC. The chemicals added
were 389 for MAP, 41% for DAP, 26% for Na-borate, 20% for boric acid and
30% for B-mixture.

An apparatus named “Thermoflex-standard type” of “Rigaku Denki Co.” was
used. Two to three milligrams of specimen was weighed in a platinum pan, and
heated in an electric furnace. The weight loss and the difference of temperature
between the specimen and standard AlO; were recorded during the heating.

The conditions are as follows :

Rate of temperature elevation: 20°C/minute
TG range: 10mg

DT range: =250V

Atmosphere : Air, 20 ml/minute

3. Results and Discussion

3.1 Ability of four single fire retardants

Four single fire retardants were tested by paper combustion test. The results
are shown in Table 1.

The minimum limit showing fire-retardation was 5.0% for MAP, 5.3% for
DAP and 6.2% for Na-borate, respectively. Boric acid did not show any effects.
And in the case of Na-borate, sometimes afterglow and the spread of combustion
were observed. For example, a paper added 12.4% Na-borate showed the large
weight loss, 62.79%.

3.2 Prohibition of afterglow

3.2.1 Mizxing of boric acid with Na-borate

The results are shown in Table 2. Ten percent addition of boric acid to
Na-borate did not give good results for the prohibition. In case of 20% addition,
the afterglow was suppressed significantly, but a little spread of combustion was
observed. In case of 309 addition, the afterglow was seen, but it was limited in
the carbonized area and the spread to cellulosic area was prohibited.

In case of 40% addition, the afterglow duration was very short and the spread
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Table 1. Paper combustion test for single fire retardants
Fire MAP DAP Na-borate Boric acid
retardants [ ded Weight | qged | Welght | jqgeq | Weight | 14ded Weight
Broad order i)~ | (%) | & | @ | & | @ | & | @ | @&
2 2.6 724
3 37 55.6 35 51.8 3.1 67.9
3.7 498 35 497 3.3 69.6
37 221 42 49.8
4 43 36.9 44 36.7 49 428 43 65.7
44 418 45 33.8 48 66.8
46 379 49 422
5 5.0 10.3 5.1 28.2 5.0 594 52 68.3
50 8.7 53 82 5.1 454
6 53 84 5.7 6.4 6.2 13.9
5.7 9.6 6.0 64 6.2 19.6
7 5.8 84 74 146 71 65.6
59 77 75 16.3 75 70.0
8 85 6.5 8.3 6.3 8.1 9.6 8.0 65.5
84 58 8.2 159
85 54 85 19.9
9 9.0 8.4
9.1 6.1
10 10.8 6.2 10.6 48 10.0 74.2
10.9 55 10.8 49 10.0 64.0
11 114 49 10.2 67.7
12 122 10.3
124 62,7
13 13.8 109
17 17.2 52
18 184 10.2
Table 2. Paper combustion test for various boron-mixtures
B"t’c,”x\?(;;ﬁ:of;‘t‘ied dded 55 paper | combusion test | Afterelow | Spread of
(i (%) b
10 8.3 16.0 60 +
8.7 240 195 +
9.2 59 40 +
20 95 9.1 25 +
9.7 47 40 +
108 41 27 +
30 84 5.1 17 -
94 44 30 -
10.6 80 13 -
40 9.1 6.8 13 -
9.2 49 25 —
10.6 6.4 8 -
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of combustion was not observed.
As the conclusion, the addition of more than 30% boric acid is able to prohibit
the afterglow and the spread of combustion.

3.2.2 Treatment with silicone plastics

The results are shown in Table 3. Na-borate was added to filter paper in
the range of 7.7 to 8.5%, then the silicone plastics were added in the range of
7.4 to 8.9%. The weight loss after combustion test was only 5.8 to 7.3%. Though
the duration of afterglow was a little longer, the spread of combustion was not
observed.

3.3 Ability of boron-mixture fire retardant

According to the results of 3. 2. 1 experiment, boron-mixture solutions of various
concentrations were prepared by mixing 709 of Na-borate and 30% of boric acid.
The paper combustion test using the solutions showed the results as in Table 4.
In this case, the addition of 6% was the minimun limit for the fire retardation.

Table 3. Paper combustion test for silicone coating
Weight loss

Noded® | Sedder | ghercoms | Afterglow | Spread of
(%) (%) (%)
7.7 79 73 50 —
8.0 89 6.9 55 . —_
8.5 . 74 5.8 90 —_

Table 4. Paper combustion test for boron-mixture

Boron-mixture added Weight loss after combustion test
(%) (%)
44 544
47 140
50 50.0
53 446
55 231
58 116
6.0 8.6
6.4 8.2
6.4 5.7
7.6 73
78 81
8.0 70
10.2 5.6
10.9 6.2
111 ’ 3.7
16.3 45
16.6 49
16.8 48
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3.4 Water-repellency of paper treated with silicone
The results are shown in Table 5. In case of the addition of less 3.8%, the
length of water absorption after the immersion of 5 minutes was the more of 2.0 cm.
In case of the addition of less 5.6%), the length was the more of 1.0cm. Then,
in case of the addition of more 5.7% showed the length of less 1.0 cm, which is
the good water-repellency.

Table 5. Water-repellency test of filter paper coated with silicone

T In':gnersior_l ) Length of water absorption (cm) Length in
Silicone \\mae (min 2 3 . s broad order
added (%) — (cm)

0 31 3.8 43 47 4
29 08 1.2 1.7 20 2
32 11 16 22 27
34 04 0.7 1.0 12
3.7 1.0 15 1.7 22
37 0.7 1.0 1.2 1.7
38 0.8 1.2 1.6 20
38 0.6 0.8 11 14 1
48 0.7 11 14 17
49 0.2 05 0.7 0.9
54 0.3 0.6 0.8 11
5.6 04 0.6 0.8 12 1
5.7 0 0 04 05 0
6.3 0.2 04 0.6 0.9
6.6 0 0 0.2 0.5
74 0.1 0.3 0.3 05
7.6 0 0 0 0.1 1

3.5 Variation of gases generated

Famous fire retardants MAP and DAP caused the large reduction in toxic and
combustible carbon monoxide, and also large reduction in combustible methane,
ethylene and ethane, and then enlargement of water which contribute to the effec-
tive fire retardation.

Boric acid showed no difference in gas composition except a some enlargement
of water. Na-borate showed intermediate effects between MAP-DAP and boric acid.

At last, boron-mixture showed the considerable good effects on the reduction
of toxic and combustible gases and the enlargement of water, though the results
were a little inferior than MAP and DAP.

The volumes of gas (m¢) generated from 1g of cellulose are shown in Table
6, and those from 1g specimen are shown in Table 7. The data in Table 6 will
be useful theoretically, and those in Table 7 will also be effective practically.
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Table 6. Pyrolysis-gas chromatography of cellulose treated with
various fire retardants (mé from 1g of cellulose)

\\S pecimen! Cellulose treated with
L Cellulose

Gas \ MAP DAP Na-borate Boric acid B-mixture
co 349 36 32 194 323 58
CH, 64 15 14 40 65 15
CO, 19 22 21 61 24 52
H,0 162 572 622 398 249 361
C.H, 25 Tr. Tr. 15 25 Tr.
C.Hg 8 Tr. Tr. Tr. 5 Tr.

Table 7. Pyrolysis-gas chromatography of cellulose treated with
various fire retardants (m# from 1g of specimen)

N Specimen Cellulose treated with
R Cellulose
Gas " MAP DAP Na-borate Boric acid B-mixture
CO 349 .22 18 137 265 41
CH, 64 10 8 28 53 11
CO, 19 13 12 43 19 36
H,0 162 348 361 286 212 252
C.Hy 25 Tr. Tr. 10 21 Tr.
CyHg 8 Tr. Tr. Tr. 4 Tr.
Table 8. Thermogravimetric analysis of cellulose treated with
various fire retardants
\S\pecimen Cellulose treated with
. Cellulose
Temp. (°C\)\.\\ MAP DAP Na-borate | Boric acid B-mixture
200 0 15 11 1.6 29 20
300 18 364 37.0 53 14 3.0
400 81.6 7.6 94 549 55.8 36.6
500 7.0 9.3 136 - | 254 141 54
600 3.7 119 16.5 5.7 9.7 15.0
700 0 94 9.8 0 15 13.8
Total 94.1 76.1 844 92,7 85.4 75.8

3.6 Thermogravimetric analysis

Though untreated cellulose descreased by over 80% at 400°C, those treated with
MAP and DAP decreased by less 509 at the same temperature and then decreased
gradually. Each cellulose treated with Na-borate and boric acid showed the similar
tendency to untreated cellulose. (Table 8).

The cellulose treated with boron-mixture showed a little similar tendency to
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that treated with Na-borate or boric acid but the velocity was more slow and the

total reduction at 700°C was minimum, which was the best results.

3.7 Differential thermal analysis
DTA diagrams of various fire retardants, cellulose, and that treated with the

fire retardants are illustrated in Figure 1.
Cellulose has main three peaks, namely, first one is an endothermic peak (a345),
Cellulose treated with
various fire retardants

Fire retardants only
100 A360 °C 700
504
Cellulose
a34s
0 100 200 300°C
A322
507
m M
bl98

)

b207
B504

A345
Dap
74010
60
465
M D543
Na-borate

7 A

eld40
da77
A365
546
Boric aci
\ﬂ 132
gleo
fl21 D546
2357 603
— B-mixture S\
bl e1489160 .
dslv¥ f£122
100 300 500 °C 700
| S SR RRRR SR S
100 200 300°C

0

Fig. 1. DTA diagrams of cellulose treated with various fire retardants.
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second is an exothermic peak (A360) and third is a broad exothermic peak (B504).

MAP has a only endothermic b peak at 207°C, and suppressed the sharp
peak A of cellulose. DAP has two endothermic peaks, and also suppressed the
sharp peak A. These two diagrams are similar each other, but MAP seems to
suppress the B peak more than DAP.

Na-borate showed two endothermic peaks, and first one (d 77) meant the evapo-
ration of water of crystallization. Na-borate did not suppress the A peak of cel-
lulose and got C and D peaks dividing B peak. Boric acid had two peaks (f, g)
and did not suppress the A peak, and C peak by Na-borate has disappeared.

Boron-mixture showed a synthetic pattern of the diagrams of Na-borate and
boric acid, but suppressed A peak significantly and showed a sharp peak D and
a new peak E. Therefore, it is recognized that the B-mixture acts a special per-
formance different from Na-borate and boric acid. And also, this diagram is dif-
ferent from those treated with MAP and DAP. The theoretical clarification® of
this performance should be investigated.

4. Conclusion

Wood treated with several fire retardants containing nitrogen is sometimes
invaded by fungi and generates a little amount of hydrogen cyanide.

Mixing of boric acid with Na-borate produced a special effective fire retardant.
Boron compounds are such safe chemicals as the fact that boric acid is used for
eye lotion. Then, they act as fungicide. Additionally, they are not expensive.

Silicone has a good water-repellency, anti-afterglow and heat-resistant properties.
As the cost of it is expensive, new water-repellant with heat-resistance should be
explored.

5. Summary

1) MAP and DAP are very excellent fire retardants, but it has been reported
that a little amount of hydrogen cyanide is generated under oxygen deficient and
high temperature conditions. Therefore, new safe chemicals were surveyed and
boron compounds were selected as the prospective chemicals.

2) Na-borate showed afterglow and the spread of combustion, and boric acid
did not show any good effects.

3) Silicone coating on the paper treated with Na-borate inhibited the afterglow
and the spread of combustion.

4) Mixing of 30% boric acid and 70% Na-borate showed a good results for
the fire retardation of cellulose.

5) According to pyrolysis-gas chromatography, B-mixture caused the large
~ reduction of toxic carbon monoxide, combustible methane, ethylene and ethane.
Additionally, it caused the enlargement of water which acts effectively fire retarda-
tion.

6) Thermogravimetric analysis showed that B-mixture gave the best result
at 700°C. Differential thermal analysis showed that B-mixture acts a new per-
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formance different from Na-borate or boric acid.
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