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Pyrometer and resistor (lower)
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Table 1. Combustion test of filter paper treated with various fire-retardant
B ok X A & o O LERERE %ﬁ‘l%miﬁ %;éﬁﬁ%ﬁiﬁg
frertards ovent | Fcemton sdditon of - 1ou S igh
T after combustion

VB Y AF N AR J - 10 56 65.4

trimethyl phosphate methanol 60 397 68.4

VYBEY =F AR )= 10 7.8 66.5

triethyl phosphate methanol 0 403 481

YYEBL Y 7 2= AR = 17 339 62.3

triphenyl phosphate methanol 335 62.4

VYEBEY 2 v AR = 10 19.6 70.3

tricresyl phosphate methanol 2.6 79.8

14 25,5 67.5

25.1 70.9

BiL-25 74 v (Cl 0%)32g trVz7ar=Fry 4 19.0 44.1
+=Fi7v+xv 3g trichloroethylene

chlorinated parafin+ 197 435

antimony trioxide 19.0 44.7

16.5 57.9

19.6 50.6

8 28.7 17.5

26.3 17.8

29.2 16.6

28.2 18.2

237 177

D :‘P o 7K 26 50 379

j jé ;3/52 : F1l6 g+ water 5.0 11.2

dicyan-diamide + phosphoric acid 48 44.6

47 22.1

VS 3 6.7 8.3

water 6.6 102

64 74

6.4 8.9

6.5 8.3

X 5 11.9 7.3

water 118 6.8

115 84

114 6.2

11.7 59

ALY — b X 23 5.8 53.9

Pyresote water 6.1 537

6.0 13.5

6.0 52.0

6.0 529
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fire-retardant solvent Cfo?ﬁ?;t;fﬁ?;’n afgfr%zn?f loss in weight
o after combustion

SAvy =k x 6 17.6 7.2

Pyresote water 182 77

18.3 8.0

18.2 70

189 7.6

K 10 272 58

water 271 6.2

26.8 59

26.8 5.8

27.3 59

2 0 A X 26 6.4 10.8

Minalith water 62 507

6.5 359

6.5 11.0

6.4 11.1

K 6 165 6.0

water 159 64

16.3 6.2

164 7.3

16.2 7.4

K 12 28.1 5.3

water 2738 47

28.5 4.8

28.3 49

28.8 47

) VERKR T v E =T A X 2.3 57 86
diammonium hydrogenphosphate water

5.8 76

5.6 85

59 87

59 9.0

X 6 159 6.9

water 150 68

16.6 5.9

16.1 6.8

16.3 6.5

X 12 29.3 53

water 285 49

29.1 48

30.7 5.0




AMPFKOBRE (Beh-/Nk- I B) 247

22X BEHAEFTCBEAEY LELARORERRER (%)

Table 2. Combustion test of filter paper treated with various fire-retardant

Addtion of foe -rotardant

7} K E-3 # HEXL ¥R il X EEE R
fire-retardant 7-#mE |laddition of retardant, loss in weight
VYR Y AF A 1% > 604
trimethyl phosphate 30 327 68.4
VB Y =T 1% 8 065
triethyl phosphate 30 403 48.1
YYBLYY T =n LZ)
triphenyl phosphate 30 337 624
7
VVEEL Y 2L v
tricresyl phosphate :158 20.1 25.3 6 69.2
¢ = 7
<574 v
chlorinated paraffin %(5) . 188 272 182 17.6
N L . 7 6.5 8.6
CYT VYT LN :
dicyan-diamide %,(5) 17 69
- : 7 6.0 53.1
1,;,( VY-t 15 18.2 75
yresote 30 27.0 59
7 6.4 11.0
AR
Minalith ég 163 283 67 49
)V VBKEZT vE=Y A 1; o8 16.0 50 66
diammonium hydrogenphosphate 30 ’ 294 ' 50
40+ BRI
X TicAhyl
f phogphate oz 13V =4
ﬂ e x 2
o ; ? Tuimethyl
g 30 | phoiplate
% i /TS

hlorinated paraffin

Minaltl
7Yz

NeAL Y=
- P Pyreaote.

1 i -1 ! I 1 1
10" 20, 30 +0 50 60 70

FEHIF % Low o weigpe

#11 LEAOPRKEHRMR L RERREOCOEEH R

Fig. 11. Relation of addition of fire-retardant to loss in
weight after the combustion test



248 EERERENFEBRTERE F205% 15

BEME) X, FhER, 56,65% <HWThol, V VBKERZT7TvE=2v a3 L%

%X,56% OHEMBTLHRODLZ LNENIDLRTULEN, FORASITEERDOR
TuWis s,

L #IMHRXIATIMT 57 4 —ICKBREHFXODH
FBRIFLZRLOGEMNFTLEIRLFAETHSD, /R 7T MIKE, &
Ko —BILRE, r2v, RBEFA, K, =Fvv, =2 VYDA RSEIHHH
i, FEBREMLRE T AORBILFEIER S22 22z L, AT AR E L
TRAGNEEYHEET DL LU, HBHFAXZOED L HSCRAIRT, BEEMIL Y
—~ 7 DORERB -1z,
© —RILRFED - BB A RTREE TR L1,
HCOOH+H,;S0,—H,0+CO+H,S0O,

@ 7ieFLvo.... B P ERDPBRAEZRS,
CaCz + 2H20'_’C2H2 + Ca (OH)Z
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C2H5OH+stO4 —17(")% C2H4+H2804+ HzO

FIAZVOIFEM 7 LY Y AR DA Y — KL bt 5 FTaoFE T, B
T5ZERRRIART) T, ERVSDR 2 L SXREO A AOMBEGMLLZO Y
— 7 HHEE LI,
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0 ! 2 3 > 4 Blwin) §
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Fig. 12. Chromatogram of town gas.

column ; active carbon 2.0 m, 170°C carrier ; He 120 cc/min
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Fig. 13. Chromatogram of volatiles from filter paper pyrolyzed at 700°C
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Fig. 14. Chromatogram of volatiles from filter paper pyrolyzed at 700°C

ek, THF Vv VB AL VEEHRELBRE LY, iy Acd 2edER

DHARLZDT v+ v ViZEb LR -1,
2827 ARFERCIOLIXEATEDE~22FhThEh &) WBRKFT

EEREY B I ot, EFRRCERO 10cm EFHOEEL E D & > CTEEHEY B - /c



EERFREBEBRTERE $26%5 $15

[7/]
€0z
CHe Ho0
ain 4[\ CoHe
Lt . . ‘
[7] 7 - 2 3 4 5 DU
BIE S (1763 mg) & 700°C THAM LIk X RAE LI 7 A0 AH
H 7 Ay R, 20m, 170°C Fy Vo ~0wa
Fig. 15. Chromatogram of volatiles from filter paper pyrolyzed at 700°C
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Fig. 16. Chromatogram of volatiles from filter paper pyrolyzed at 700°C
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Fig. 17. Chromatogram of volatiles from filter paper pyrolyzed at 700°C
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REDF — 21X Bk S\, Fio, RIOH 2 EME &M B[R 7 AL T8 B EHE
DHBHEIHENT, KFE, 287, =F VY, = ZVRRERBIIE, HDHIEEH
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Fig. 18. Chromatogram of volatiles from filter paper pyrolyzed at 700°C
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Fig. 19. Chromatogram of volatiles from filter paper pyrolyzed at 700°C
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Fig. 20. Chromatogram of volatiles from pyrolyzed filter
paper treated with triphenyl phosphate
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Fig. 21. Chromatogram of volatiles from pyrolyzed filter
paper treated with triphenyl phosphate
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Fig. 22. Chromatogram of volatiles from pyrolyzed filter
paper treated with tricresyl phosphate
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Fig. 23. Chromatogram of volatiles from pyrolyzed filter
paper treated with tricresyl phosphate
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Fig. 24. Chromatogram of volatiles from pyrolyzed filter
paper treated with chlorinated paraffin
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Fig. 25. Chromatogram of volatiles from pyrolyzed filter
paper treated with chlorinated paraffin
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Fig. 26. Chromatogram of volatiles from pyrolyzed filter
paper treated with dicyan-diamide
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Fig. 27. Chromatogram of volatiles from pyrolyzed filter
paper treated with dicyan-diamide
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Fig. 28. Chromatogram of volatiles from pyrolyzed filter paper treated with Pyresote
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Fig. 29.

Chromatogram of volatiles from pyrolyzed filter paper treated with Minalith
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FIE 7Y ATAEULAAE (4397 mg) % 700°C THABLIL ERE LT ADFH
FEERREME285% H5 s EER20m, 170°C F 4 Y v -~V Y A

Fig. 30. Chromatogram of volatiles from pyrolyzed filter paper treated with Minalith
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Fig. 31. Chromatogram of volatiles from pyrolyzed filter paper
treated with diammonium hydrogenphosphate
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Fig. 32. Chromatogram of volatiles from pyrolyzed filter paper

treated with diammonium hydrogenphosphate
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Fig. 33. Chromatogram of volatiles from pyrolyzed filter paper
treated with diammonium hydrogenphosphate
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Fig. 34. Chromatogram of volatiles from pyrolyzed filter paper
treated with diammonium hydrogenphosphate
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Table 3. Relative volume of volatiles from pyrolyzed filter paper
treated with various fire-retardant (mm2/mg)**
2 *t Hy | air | G0, | ct | O | HO Cetle | CoHls |sepymm
Sample KFE | BR | R OFR|AEY| FR X vy |=EV (mg)
e ! ——
5 i @ |trace | 2 266 ! 45 | 70 171 27 \ 4 / 1511
filter paper (control) |
@ 0 6 127 9 | 32 18 | 6| 0 | 2020
@ 1 4 193 | 20 J 46 213 | 21 / 0 ‘ 1763
@ |trace| 1 128 | 11 | 33 238 8 } 2 | 4551
® | 1 1 175 | 17 | 36 l 286 | 14 J 3 | 4664
® | 1 1 211 | 22 | 44 o1 | 17 § 3 | 3.221
@] 1 2 | 253 | 23 ( 30 | 292 | 18 | 6 | 1.803
‘ i
( \
VUEE LY T 2= 0 5 131 9 } 31 162 71 0 | 235
33.5% #RinH K ‘ |
triphenyl phosphate ® 1 1 251 24 ‘ 25 265 14 4 2.455
|
21)5 4 ;ﬁf; ; y 7{;;» @ |trace| 6 46 | 14 | 39 228 9 | 0 | 2215
A% EmAH \
tricresyl phosphate @ 1 1 205 | 15 | 29 269 | 13 |trace| 2535
LT 74 v LSRR @ |trace| 0 238 | 32 | 64 268 | 20 9 | 2322
TVFE v29.2% @A # {
chlorinated paraffin HE 2 2 237 l 24 ‘ 59 381 14 6 | 2.701
|
CYTVUSTIFEVVE @ | O 2 107 | 12 | 72 398 | 10 | O | 1.800
119% 7 fn % % ’
dicyan-diamide @ | trace 1 93 7 ’ 88 558 4 0 { 3.370
A4 VY- 1 268% HEINAK @ |trace 8 74 7 | 66 498 0| o | 203
Pyresote ‘
T F U A @ o0 2 90 13 | 51 535 5 0 \ 2.146
28.5% A #K '
Minalith 0 1 101 | 10 | 59 763 2 0 | 4397
VUMK T v E=V A @ |trace| 2 75 5 | 48 484 8| 0 ) 2.236
25.3% FEINA B ‘ i
diammonium o) 0 2 86 4 | 81 719 3 0 4.100
hydrogenphosphate ’
@ | 0 1 73 4 | 57 763 3] 0 5.208
@| o 1 70 4 s 59 786 2 } 0 | 5677

* A REE R 700°C

** A lmg Hlehose<tr 77 A EOHEBE (mm?)
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Table 4. Relative volume of volatiles from pyrolyzed filter paper
treated with various fire-retardant

261

(mm?/mg)**

® 2 H; | air CO | cH, | CO;| H,O |CHs| CH

Sample " m% ER %@% ;51 5% £ i? Iﬁi

f?lter papelﬁcontrol) 1 2 197 21 42 237 15 2
turi;hgfn;lupi;;;ﬁ?"s% w5 1| 3 191 | 17 | 28 | 214 | 11 | 2
&;ﬁﬁ;&ga;ﬁi%ﬁma& 1 | 4 | 176 | 15| 34 | 249 | 11| 0
%%2%7&ﬁ§i%%;$§%7”2% 1 1 238 | 28 | 62 325 | 17 | 8
Gran e | £ Y BILITEMAB ] o | | 100 | 10 | 80 | 48 | 7 | 0
Pyresore | D8R B K trace | 8 74 7 | 66| 498 | 0 | o
Mo 2857 B 5 0o | 2 9% | 12 | 55 | 649 | 4 | 0
Vv EBEKELZT v & = £253% HRinAHE 0 2 2% 4 60 636 . o

diammonium hydrogenphosphate

* B AR EE L 700°C

oA Img i hDsr< b ST A LOFEE (mm?)

WUTAE (27 1w - )

L uER
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vv7ve7 i F (D:P)
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EH L HEM
Al
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[uw@b97;:»
lvvEmrvsveon

DV VBEKEZT vE=Y A

=

W W NN = = =
o

Ep

WMER LR THEH L

CO &

1
1
1
12
0.5
0.4
05
0.4

Lig T, HAAZ R MI T ANDI-ILRE L KOED, BRGNEHET B0
RoAv7Far—5—_Lich, ~BIERFEOHER, FL574 vOX5BNLHD

b, KOENRb - bR WEEZDBRE,

PlEDZ L@ o TikgA - {3 « FHELIARMBE v F7 vy 29z [RHEDOR
BECBEELC, BIKEACTABLICL DI, K, REEVADAEREY KL T—MBILRE,
RALKFOEKELXBY IR D130, BAEHOEIL, ThAFOFRZL-T, 7V
=7, REEHTA, K, ~wr ALKE, BHREBES AR EDOTNREGEAERL, Zh)F
BEATAXFRT DI LR L > T KRBREEDTH i) EBXTVB LB

LAE—FT A,
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fods, WEBIALKXOCT VE=T R EDTRBREGKEAET D - L2 KERO—
i oT b, ABECKT 2 4EEOEHERDO >, ALY — b33 ) A ) VR
KEZT7VvE=2VAD3IBRT VE=THEERTVHDT, COFADEREXBAIL,
AULFAZa<1 75 A FCRHRTED LR HIBLTOEDERY S I~ 1,

a) MBR7 YE=7KDIE Vo FAD LBOZHKO0S5cc kH A/ vr< b 27T 7 (H
5 MLIEMER 2m) WHEALE LA, BEOMBIZOLE — 7 %R LI,

b) 725 05cc ¥FRICEALICEZ S, BROMBIERLTH LM, £DOE—27H
BIBIERI O KEDnof, LMo TT7 vE=TIREEKRY 7 ABREIR T
HEEBEZDBNETH D,

¢) TVYEZTOGHICIE IR, —AT i VHRIWWEERTVWBHDT, 0O
07m DI T ako<h, a) b UKHBR7vE=7KD EHDKME Llec & - T,
FRTEALLLLA, BELTVE=TOE-IRNE-EDEREDBRI, ZOTV
2=2T7ORELLEEANBOLDOMIL A AT ~DRECHR IR,

d) SFwy vBBKE 7 vE=v ATHRELAKGERBME 253%) % By e
Ry R—T—EX I HAMELTCHAI B b 7T 7HRICED AR EH, —2DFNE
— 7 Lrabhd, ChIEERYAOELS LALD LHER IR, ¢ TROMEBELT v *
=7~ xRbhihot, ¥hFi A7 —OREXYANLCAEEP LA/ =+ 7
S 7L IR T AREGTT vE=T7ORBERAIH, BAOENINCEDOND
R THot, COEBRIBEZChiz-TL iz, RAEOEL 4689, 12616, 4513,
9.258, 12.463, 14208 mg &, WHOBSMD L X L h L HBITH I, &R, 7v=e=
TOE—73BH B I LILTE o,

e) DY VEBRKFE T vE=v A0BAEHE 4301 mg ¥ ASKO EME X h
D&Y, UL T00C CRGRELICEI A, BELLRTVE=T7ONLHRE L, @
LEnBovr—shbbbh, * A5 -—ORELIRELDTHEHELREAALA, B
DREDLBNPER I NI,

DLEORERYEHTIE, VVBKRZ 7 VE=v 2 BG5HBT5L, HELNICHE
REBY, PREDOHADT vE=THRKBCRETE, L LY YBKEZ7vE=Y
ACBER, BT LAY BS@ET5L 7 vE=T B EAERELRL, JHITZW
FFCOBABRICLRTZLOT, 7vE=7RERRCELHTHEIBBEINRLIND
HENRILL, ChiCBRBEEIN D ELEL TALER, TV VEBEKFEZ T v =9 A% 155°C
TT7VETER-TYV VEBBZAFZE 7 vE=UALkD, 216°CCUETTvE=T LK%
BoTAZYVVEET VE=Y MZEALTHIVEEINRTED, WL HRIERNUED DB
SEPRED LT, 185°C TIRRIELL VD, COEZ IR DERLDA S, K
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R7v/2=7hARICE LD THRECESINTGSED, ErOFTACELLLELEZ
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b E
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DF—F 5 La,

6) VVBKEZTVE=Y ATAEY LEAKOBSEN ARITILT V2= THIR
EAERDBRT, OB OVWTIRSBOWRIC T,

X [

MERS: #AZu<} 23574 —, T HIK (1961).

"R BB: HAIw=FrT 74—, HEAEERAA (1963).
ARSENAULT, R. D.: Forest Products Journal, 14, 5 (1964). .
EICKNER, H. W.: Forest Products Journal, 12, 4 (1962).

ETTRE, K. and VARADI, F.: Analytical Chemistry, 34, 752 (1962).
EBE#—: BSTF, 13, 470 (1964).

I

Sge e

[2]]



264 EBERERFRHBERTERE H25E F15

7) dewEFEE: JeEEFHE 1B 11 5 (1966).
8) FLE%: Bbpsrs, S EE (1964).
9) BEEA - WALE: AKHB%, No. 34, 156 (1965).
10) BREM: (LEERFEHE—E, oHE 10, 95, AHSBEE (1942)
11) e RSAREETAS: (LKA, 9, 802, 37 HIR (1962).
12) RTIEH - BKEH : HEIT A%, 4, 631 (1935).
13) AR%ERE: L¥ofR, 18, 399 (1964).
LEHMANN, F. A. and BRAUER, G. M.: Analytical Chemistry, 33, 673 (1961).

-
o &

HARAWLEAIEETR: SECEER, 334, {LEFA (1964).

HARBF MILEMRBERAMRERR: KHRE v F7 v 7, 269, HERE (1961)
BEE—0 - LAE= - B2 Tk, 40, 455 (1937).

HERBRS: AMILE~v ¥y 7, 687, L% (1964).

BHERE . BXBAW, BtiER (1962).

PILHES - AL E: Ak, =3 (1963).
BEEE: AAsRw L5 74—, H445, 55 IR (1962).

RAKE - S : AFIn A7 m~ 1t 7574 —, FL% (1961).

TANG, W. K.: ]J. of Polymer Science: Part C. No. 6, 65 (1964).

BERS: BB, 162, BENE (1965)

RIXZEAL: TAPPI-Standard # 2 #8, KK EE, T 461 m-48, R3ygE4EF 23, 721 (1959).
MABERT: MIRAF A7 e~ /5 7BAME Sy 2 —(EHAFHHE (1961).

[
SERBRBEB8Lx585

Summary

As the fundamental study on fire-retardation of wood, I) wood and its three
main components were pyrolyzed and analyzed by a thermobalance. II) To examine
the effect of fire-retardants, filter papers soaked in those solutions were dried and
burned. The combustion method and the apparatus were devised. III) To contribute
to the theory on fire-retardation of wood, gas which hurts human life was analyzed.

The results are as follows: :

1) Xylan, lignin and cellulose began their degradation in this order, but lignin
showed considerable resistance to heat, that is, it left 36% of its original weight at
450°C.

2) A filter paper treated with diammonium hydrogenphosphate began its pyro-
lysis at 160°C, but it left 29% and kept its original firm shape.

3) Trimethyl phosphate, triethyl phosphate, triphenyl phosphate and tricresyl
phosphate showed little effect on fire-retardation. Chlorinated paraffin showed medium
effect and D : P, Pyresote, Minalith and diammonium hydrogenphosphate showed high
effect. Minimum addition of the effective chemicals ranged from 5.0 to 6.5%.

4) A combustion apparatus for paper was devised. It was surrounded by glass
plates to prevent the wind. Test paper was drawn onto a town gas burner by distant
operation. A stable examination was achieved when the size of paper was 6 cm by
13cm and the flame length from burner was 2cm.

5) Gas generated from filter paper treated with the chemicals was analyzed by
a pyrolysis-gas-chromatograph. It was obvious that the effective chemicals caused
the decrease of combustible gas and the increase of water.

6) Ammonia in the gas from the pyrolyzed paper treated with diammonium
hydrogenphosphate was little observed.



