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Figure 1 Schematic diagram of apparatus used
for thermal decomposition in helium.
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Figure 2 Temperature distribution curves along the
axis of reaction tube at the designated
temperature of 200, 300, 400, 500, and
600°C respectively.
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Figure 3 Temperature rising curves after the intro-
duction of sample to furnace at the desi-
gnated temperature of 200, 300, 400, 500
and 600°C respectively.
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Table 1 A case of additives only. (%)

Temperature Gas-chromatographic analysis#
Additive Residuex

e H,O CO,
NaCl 400 96.9 (100.0) 0.3 (= - (=)
Na,SO, 400 99.6 (100-0) 0.3 (= — (=
NaH,PO, 400 82.4 (85.0) 13.7 (15.0) — (=
NaHCO;4 400 63.1 (63.1) 1.2 (10.7) 27.5 (26.2)
Na,B,0; + 10H,0 400 54.9 (52.8) 32.9 (47.2) — )
NH,CI 200 97.5 (100.0) 0.4 (= - (=
” 300 3.0 (= 1.1 (= — (=
p 400 0.3 (= 0.7 (= — (=
” 500 0.1 (—) 0.5 Cd) - (=
” 600 0.1 (= 0.7 (= — (=




(NH,).S0, 200 100. 1 (100.0) 1.2 (= | — (=
” 300 83.5 (87.1) 5.0 ) — (=
” 400 2.1 ) 13.5 (13.6) — (=)
” 500 1.6 (- 15.2 (13.6) — (=)
wr 600 1.4 (= 12.4 (13.6) — (=
(NH,H,PO, 200 94. 1 (100.0) 2.1 = — )
” 300 69.9 (69.5) 10.6 (15.7) I — (=
// 400 8.3 (69.5) 16.0 (15.7) — (=)
” 500 72.4 (69.5) 18.0 (15.7) — (=
” 600 25.0 (- 19.6 (15.7) — )
(NHHCO;, 400 — = 22.5 (22.8) " 50.9 (55.7)
(NH)HB,0, - 3H,0 400 58. 8 (61.0) 33.5 (31.6) — (=
(NH),CO 400 0.4 (- 0.8 (C) 3.0 (=
#* The values in the parentheses are the theoretical ones after the next equations.
NaH,PO, = NaPO; + H,0 —(D
9NaHCO; = Na,CO; + H;0 4 CO, —()
Na,B.O; - 10H,O = Na,B,0; + 10H,O —(3
(NH):S0, = (NH)HSO, + NH; —(4.1)
(NH,):S0, = H,0 + SO, + 2NH, —(4.2)
(NH)H,PO, = HPO; + H,0 + NH; —(5)
(NH,HCO; = H,0 + CO, + NH; —(&)
(NH)HB,O; - 3H,0 = 2B;0; + 4H,0 + NH, —(D
Table 2 A case of cellulose with additives (%)
i Elementary | Gas-chromatographic %
Additive Temperature 1 Residue ] wﬂ?n—d& rl—— — --M—‘- e — eAvgg;?z:tred
o ‘ | C ’ H ‘ HO | CO, ' CO | CH, materials
cellulose used — ‘(Ash 0. 3)! 42.7 ] 6.4 — — — i — —
— 200 | 100.0 42.9 6.6 1.7 — - = —1.7
— 00 | 7L 31.9 | 4.5 1.7 T - 27.2
— 400 3.8 2.8 0.2 9.6 1.4 0.7 84.5
— 500 3.6 2.1 0.3 | 10.3 1.7 1.8 — 82.6
— 600 2.9 3.1 0.1 13.2 2.1 6.3 0.3 75.2
NaCl 400 1.5 2.4 0.1 7.8 1.8 0.9 — 88.0
Na,SO, 400 2.4 2.8 0.1 8.1 1.8 1.0 — 86.7
NaH,PO, 400 7.9 3.8 0.2 | 12.3 1.8 L - 76.9
NaHCO, 400 15.9 12.9 0.8 | 2.1 | 13.6 23 | — 45. 1
Na;B,0; - 10H,0 400 6.1 6.2 — | 149 4.2 1.6 — 73.2
NH,CI 200 9. 1 43.1 4.9 2.0 — — — .9
” 300 72.7 41,1 3.8 | 29.4 3.3 0.5 — —6.9
” 400 45. 4 34.2 1.9 | 36.8 4.3 1.6 — 1.9
» 500 42.7 32.3 1.6 | 42.2 | 14.4 6.9 0.6 —6.8
” 600 28.3 22.8 0.9 | 28.9 | 15.5 | 18.4 2.0 6.9
(NH{).S0, 200 97.6 43. 4 3.6 0.7 — — — 1.7
” 300 99.2 43.7 6. 1 1.8 ; 0.8 0.1 — —1.9
” 400 15.9 10.6 0.5 | 24.5 ! 9.8 2.5 — 47.3
” 500 13.1 8.3 0.7 | 346 | 11.4 5.8 0.1 35.0
” 600 16.4 11.1 0.5 | 29.3 . 12.7 | 10.9 0.4 30. 3
(NH)H,PO, 200 94.1 | 432 | 43| 34| — — — 2.5




(NHOH,PO, 300 720 1322 | 36| 45 .5 | o5 — 2i.4

” 400 16.8 . 10.9 1.4 | 27.9 2.3 0.9 — 59, 1

” 500 0.2 | 9.9 0.4 | 32.2 3.0 2.4 0.1 52.0

” 600 22.9 i 10.7 0.8 | 45.6 3.8 9.2 0.4 18. 1
(NHHHCO; 400 7.5 1 5.4 0.3 ! 14.3 2.1 1.6 - 74.5
(NH,)HB,O; - 3H,0 400 6.8 + 10.6 0.9 25.1 2.9 1.5 — 53.7
(NH.);CO 400 197 | 141 0.8 | 127 | 147 2.4 — i 50.5

* Another evaporated materials were calculated by deducting the sum of residue and gas-chromatographic

analysis from 100 percent.

Table 3 A case of wood powder with additives (%)

— Temperatare | Elementary Gas-chromatographic . Another*
Additive Residue ' analysis analysis evaporated
co I c H | HO | co, | CO | cH, | materials
Wood-used |  —  [(Ash 0.5) 48.8 | 6.5 — — — — —
- 200 97.4 | 47.9 | 6.5 1.7 — - — 0.9
— ! 300 63. 1 34.1 3.8 3.9 1.2 0.6 — 21,2
— 400 19.7 14.5 0.8 | 10.2 4.2 2.6 0.1 63.2
— 500 16.3 11.8 0.7 | 12.6 5.7 4.0 0.4 61.0
— 600 12.5 10.6 0.4 | 15.6 4.6 8.8 1.2 57.3
NaCl 400 18. 4 12.5 0.7 9.6 5.2 2.3 0.2 64.3
NaSO, 400 15.8 13.2 0.6 9.6 5.2 3.0 0.3 €9. 1
NaH,POQ, 400 20.9 13.9 0.8 i 11.8 4.4 4.3 1.5 57.1
NaHCO, 400 28. 4 24.4 .7 | 2000 | 165 4.1 0.5 30.5
Na;B,0; + 10H,0 400 19.7 17.1 0.6 | 15.1 6.3 2.3 0.3 56.3
NH,(CI 200 90.7 47.6 6.4 1.9 — — — .4
” 300 68.0 42.2 3.5 | 28.1 3.3 0.3 — 0.3
7z 400 36.8 27.9 1.5 | 26.7 2.7 0.7 0.1 33.0
v 500 36.0 26.8 1.2 | 2.2 9.4 4.3 0.7 23.4
” 600 29.1 23.9 0.9 | 28.0 | 12.6 | 14.3 4.7 11.3
(NH):S0, 200 96. 1 49.6 3.8 0.8 — — — 3.1
” 300 97.0 47. 1 4.9 6.0 0.6 — — —3.6
” 400 28.6 20.2 .1 ] 17,0 9.7 3.3 0.2 41.2
” 500 26.6 18.2 .0 | 24.8 | 13.3 4.9 0.5 29.9
" 600 22.2 17.0 0.7 | 25.5 | 16.8 | 10.5 1.2 23.8
(NH)H,PO, 200 94.2 49.3 5.2 0.2 — — — 5.6
» 300 75.0 36.8 4.1 4.8 2.0 0.6 — 17.6
” 400 28. 1 21.9 2.2 | 21.1 3.0 1.5 0.2 46. 1
” 500 9.8 19.3 L2 | 2.1 3.6 2.4 0.4 44.7
2 i 600 24. 4 21.4 0.4 | 34.3 4.7 7.6 1.2 27.8
(NH)OHCO; | 400 20. 8 15.5 0.8 | 16.8 7.0 2.7 0.2 52.5
(NH)HB.O; - 3H,0 400 26.0 21.3 1.7 | 20.7 3.5 1.9 0.2 37.7
(NH,),CO 400 | 28.9 21.4 L2 | 151 | 14.9 2.5 0.3 38.3

* Another evaporated materials were calculated by deducting the sum of residue and gas-chromatographic

analysis from 100 percent.
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Table 4 A case of lignin with additives (%)

Additive iTemperamreI Residue Elae:‘:fynstiasry Glas Ch;?‘?l?tsgraph% - g%:g;?:tred
ccy | c | B . HO| Co | CO | CH, | materials

lignin used — (Ash 0.4)| 60.7 5.1 | — l — — — ’ —
— 200 9%.7 | 60.7 &8! 3.7 0 — 1 —  — 1 —0.4

— 300 87.7 | 59.8 | 4.3 | 5.4 05 | 03 i — 6.1

— 400 | 746 1 55.0 3.2 6.0 20 | el 0.4 i5. 4

- 500 60.1 49.2 2.4 9.0 3.9 | 5.8 1 1.7 19.5

— P 600 49.2 43.8 1.5 | 14.6 &2‘ 8.7 | 2.7 20.6
NaCl P 400 64.7 5.0 | 25 | 55 3.0 1 3.4 11 22.3
Na,SO, L 400 61.8 51.5 2.5 | 6.2 3.5 ¢3i 1.5 22.7
NaH,PO, | w0 | 675 51.6 2.6 4.2 S S I 20.2
NaHCO, 400 | 646 51.9 2.6 6.0 7.2 &5‘ 1. 4 17.3
Na:BO; - 10H,O | 400 | €5.7 54.0 2.4 | 118 2.6 | 3.2 1.3 15. 4
NH,CI C 200 8.2 | 621 | 44 | 36| 06 0.2 i —~ 6.4
” : 300 90. 6 59.3 5.3 5.1 9 04 — 2.0

P 400 71.2 54.8 2.8 9.3 2.4 L2 0 05 i5.4

p 500 ,  66.4 52.0 2.4 | 15.5 8.4 6.2 1 1.9 1.6

p 600 | 56.4 49.2 0.3 | 120 | 10.4 | 159 ' 47 0.6
(NH,),S80, 200 93. 1 61.0 3.5 2.2 0.2 0.1 | — 4.4
p 300 91. 1 62.2 0.4 2.3 0.6 0.1 1 — 5.9

p 400 74.2 55.9 2.7 3.1 8.3 2.6 0.8 1.0

p 500 66.6 52.5 2.6 7.9 | 10.5 4.9 1.7 8.4

p 600 55. 1 45.3 L4 | 144 | 129 | 10.8 5°2 1.6
(NH)H,PO, 200 93. 4 61.6 3.5 1.4 0.3 — — 4.9
p 300 96. 1 61.2 4.8 3.5 1.3 | 0.4 — -1.3

p 400 78.6 58. 2 3.4 3.2 2.1 1.2 0.7 14.2

p 500 60.7 55.6 2.5 | 15.1 3.6 3.5 1.7 15. 4

” 600 59. 4 49.7 1.1 17.6 4.5 | 1.8 3.1 7.6
(NH,)HCO,4 400 72.6 55. 2 3.1 6.3 2.7 1.6 1.0 15.8
(NH)HB,O; - 3H;0 400 74. 1 47.1 3.0 6.7 28 | 20 . 0.9 13.5
(NH,),CO 400 75. 1 56.7 3.3 4.2 9.6 | 1.3 ‘ 0.9 8.9

* Another evaporated materials were calculated by deducting the sum of residue and gas-chromatographic

analysis from 100 percent.
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Table 5 Chemical formulas of volatile matter calcul-
ated from the value in Table 2, 3 and 4.

Temperature | Chemical formula of volatile from
“CH cellulose wood lignin
400 CH,.4500.95s | CH1.6500.85 | CHs.9500.34
500 CH;.2600.52 | CH1.8:00.85 | CHp.701.68
600 CH,.3900.97 | CH;.9600.85 | CH2.5:01.35
mean CH1.3400.94 GH1~9200-85
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Table 6 A case of mono- and di-saccharide (%)

Materials Temperature Residuc | El;:;?;;?;y i Gas-chromatographic analy»sis
) | ¢ CH | HO | co | co | cn
Cellobiose — (Ash 0.4)| 41.6 6.5 — — — —
” 200 97.6 41.0 6.3 0.8 — — —
” 300 29.5 17.5 1.5 19.3 L2 102 —
” 400 13.8 10. 4 0.6 21.5 4.1 1.2 —
4 500 8.3 6.8 0.4 20.6 4.0 2.2 0.1
” 600 5.7 4.2 0.2 20.0 4.1 6.0 0.3
Dextrose — (Ash 0.2) 39.7 6.7 e — — —
” 200 92.4 37.3 6.2 2.2 — — —
” 300 32. 4 17.9 1.8 22. 4 1.0 0.2 —
” 400 10.0 7.6 0.5 24.1 3.1 1.1 —
” 500 6.7 5.1 0.3 23. 4 3.3 2.0 0.1
4 600 4.1 3.3 0.1 24.3 3.0 6.1 0.3
Maltose — (Ash 0.1)] 39.5 6.8 — — — —
4 200 87.9 38.7 5.8 4.7 — — —
” 300 33.3 20.5 1.7 24. 1 2.1 0.5 —
” 400 14.8 10.9 0.6 25.7 3.4 1.2 —
” 500 4 7.5 0.4 21.7 4.0 2.5 0.1
” 600 9 5.6 0.2 25.8 | 4.3 5.7 0.3

C DRI E BB~ Tl {, CO & HO @
HRBITIHITHI 725 DI LT, CO /B a
TLEAZH S, DA IO COSE/A oL,
ZUGENGERTOLEAD . L L, HEAHRNL
ICHBED I OROEML, B UEH BoHw'? T
L T2 X EHAREPIEH, CO;, COoZbiz
HAHO o B3 - e DIXEim i~ o TH 5,

4.4 FIEFOHH
4.4.1 #B{EF UL

Ak VY ADTERIZ T TH S, LN
BNRY RE L OSBRI - TV %, ARk
FETD HO L T TSI LT3
OT, WIGCHLTID LAADYREELL,
4.4.2 wEEF PU7L (B

WEEF by SDERRELE T Y D A LB EALE
Digu, #ERKER S0 DOTHIUE, FORBBRT
DFERN AT L OF LE UFREOV L BA-DOBH
FRSBISTE LS5,
4.4.3 YLEZKkE—FIIYL

VB TARFE—F Y v AEESND Ls 2, HOY
ST D, ThIZGRERES W T B, L

¥ e WA TEES MY A

L, V7= ik BRI Hs o, JOFRRS
LZELTLIT L THT, TP b HO 2L Els
NLIcHEHBEIND,
4.4.4 BEEAFRFMUTL

REKTEF Y 7 a3 400°C TIESERTREEF Y
VLA ET B, Lo T S TIREE T F YV v 4D
FREE 2 LBy, Bl r— ARKMOBE DK
B2, BBFO C, B4 HO, CO, CO 262
T, WEERRGPEA Ui, v 7 = VicH 45 ERR
FEAER S LAHMEEZ BB, LIAi-T, REE
FRUYADERIIESE L Celr—A, ~Nkla—
AL T DESRERY & OIEHICBAR S S LT X
5.
BE B OSSR PICE, ¥, ML ED
BARVEEREATD, Lich o TREEF F Y ¥ 4k
INBEFMLT, @ROTELSKELTCEE L&
ETHEFEDBRSENRHETES.

Na;COy + 2HA —> 2NaA + H,0 + CO;, 8
Figdrb HO & CO, D3N, HEOMINIEKN DA
S TZLDOTHY, HEYO BDIEUDOHA
(AR, HATEYBR L) %75, he
LEMC RT3 &, S ORIEIC L DX 0 Tidis <,
oML MOREN (Bl sy & LTOERY
=/ — A DEE, FREOREML) LD HO SRt
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4.4.6 {ETE=ZIL

BT v E =9 AL, KMEREORINE F4 K
DEMR RS, HIEBRBIIMO EOEEOBE L)
BRENoT, FTREIROOMEE(T v =7 20K

NH,CIT—=NH;+HCl (9)
BET X o T U bR Ey e fEA L, —1L C—OH
EEY CClEErr 2 THRILIB LICH S 55 L1
EBTED, iUk Table 7 wpFTHs L 5ELT
vEaEs v 2MBOLOL DL, BEWTORSERES
DCIREBEN SRR LI, DTHB, LiL C—Cl
HELEEOERC I Y, Jlahbzdic 400°C LA
EORETHESRE LSS Cl oy Tn
W, TR ELRL D REOBRIER T 7o o L8R
MTH 5B,

Table 7 Elementary analysis for chlorine (%)

Temperature  Additive ; Additive with

e only icellu]ose wood | lignin
200 | 59.9 | 6.4 i@ai 67.5
0 | 05 t 1.6 0.9 | 20
400 i 0.1 0.3 0.5 0.2

I

500 o =0.3 I 0.1 —0.1 { 0.1
€0 01

-0.1 0.1 ; —0.1

4.4.7 BEETE=TTL

MEA7 v =9y 20BFL i, Bl7ve=va
ERU L S ICRE L RFEKOWINE L OHREETTR O
BONRE SN, BEE7 ve=y A0fERIL, W7 v
=V ALDL DD BGBREMETH DOV, D
FRRBLEBZ L, LB i (NH,).S0, X
m#Egz X v (NHOHSO~(NH,):H(SO,), DB TEK
ftl, &\WT HO, NH;, SO; il 3530
TV b,

T v E=YOXHICHB LS AL, ZEBEM Ay D
X5 el by R LRI, YREERTL I E
PTHEENDE., ZOFRBC L it Table 8 DTk L
WXDFHIEIHSARC L - TREIRT, 3EALE

Table 8 Gas-chromatographic analysis for
nitrogen (%)

Temperaturei Additive Additive with
Boat 1
“ce) I only cellulose | wood ilignin
200 f — — .= =
300 — — - -
Pt 400 } 5.8 0.6 | 0.6 1.0
500 | 7.8 0.6 | 0.7 17
600 | 7.9 0.6 | 0.9, 22
200 0 — - | - =
300 — — - =
Si0, 00 | = 0.6 | 0.6 1.0
500 — 0.6 | 0.7 17
00 | — 0.6 | 0.91 2.2
2NH; + 380; —> N, + 3H,0 + 380, G0

B Ne #RBE L, ThELHEEABROESTIE
7o < No 2l Loz, LavbeTFhofisy By
Th, COFROTEHWLLEEMBE DRI DHE
BT, PEOEEORENEMEhI, LiNoT,
OB EROBBIERA TR T, RETORED
ZEXLONMIEREY Lich oo, =ZbA 4 v ok
fEhix LARFEOB{bizERIhTLEY, 7Tve=
TOBEENABA LT LESILDTHS Y, £ LT
DL DEEDBE L RBich, ZBIEA A+ v OB
HEREROND LR FEOHEMABIL > T\ 5,

Table 9 Elementary analysis for sulfur (%)

: Additive with

Temperature  Additive

e ‘ only |cellulose wood I lignin
material only [ — 0.1 ; 0.1 1.5
200 ' 22,9 21.3 203 22.3
0 |7 17.6 . 19.4 . 19.5
400 } 0.7 L6 | 1.0, 29
500 : 0.7 0.t i 0.5 . 1.2
o0 | 0.2 o1l 031 o4

Table 9 R\ 5SOOWERYRL L, wiw—
ARXEREA AV DOIEAERZTC D LASORE
DRV EI-L*, V27 =vORHL ALk vBYERL
TSEEOHMEY R TV 2%,

* OSSO, & LTHiEE D,
oA AR VEEERICE Y REBH & SO; LEIEX
;ﬁ)o
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CBE I,

4.49 REBAETLE=VL

REBKFE7 vx =9 232K LTLE ST, TO
TP RAAATIERATS I 57 L 47al* ¥
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H7 AR B DEEND - CIRE R,
4410 MWARIEAETCE=TL
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4411 R E
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TLESOILRL, REGUWROL S e s LT 7
VEEI LY T AR A Ui, ki D Dk
BERIGVPBELTOLETE T, LrRBICHELT
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(NH;),CO — NH, + HNCO (-0
HNCO — HOCN (11-2)
SHOCN — (HCNO), (11-3)

REDIERAC R T E R L DI LIREOFRAE
BENZETHE, SRR DOTE L, @ HNCO
HNCO + ROH— R -0 - CO - NH, (12-1)

9

R.0-CO-NH,—s R-NH, + CO, (12~
MHOHEIRB LT v a2 vad D, S6EGRLEE
T, FREBROL R ERELEECREET AL D

HNCO + H,O —H—> NH; + CO, 1)
LEXHRE,
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Report of Fire Research Institute of Japan No. 29 (1969)

Studies on Dry Powder Fire Extinguishing Agents
III. The Action of Some Chemicals on
Decomposition by Heating Wood or the like

(Abstract)

by S. Yamashika

(Received November 24, 1967)

The effect of different chemicals on the decomposition of wood and its components, cellulose
and lignin was investigated by means of gaschromatographic analysis and elementary anylysis.

One of the main purposes is to make clear whether there is any difference on the effect of
the chemicals for the burning of wood between when the chemicals are applied to wood before
ignition and when during ignition. In the fomer case, the chemicals applied are called fire
retardants and in the latter case they are called fire extinguishing agents.  Another purpose
is to obtain some information about the chemical action of the chemicals which would affect
the gas generation on thermal decomposing wood, because the gas generation is a essential
factor of flaming of wood.

In application as a fire extinguishing agents it was found that at high temperature the
chemicals which fuse or decompose into materials of liquid state had better effect for
suppressing flaming of wood than those which remained in solid state. From the view point
of the importance of the chemicals’ penetration into wood, there is some difference between
fire retardants and fire extinguishing agents. Un-like fire retardants, fire extinguishing
agents are required to penetrate into wood rapidly when applied to the burning wood.

From the result of the present study, it my be considered that the ability of the chemicals
to suppress flaming of wood will attribute to the action of hydrogen ion or the like from the
chemicals, for example, hydrogen ion in hydrogen chloride from ammonium chloride,
ammonium bisulfate from ammonium sulfate, metaphosphoric acid from ammonium biphos-

phate, and cyanuric acid from urea.
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A, BAOH EORBEBIRASICH LCLEHTHE S
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FINEOMESY Fig. 112757, 500m B0 E —
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7

Fig. 1 Schematic diagram of the experimental
apparatus

a; pully, b; servo-motor, c; nylon line, d; brass
frames for holding a piece of metal sieve or syn-
thetic net, e; a piece of metal sieve or synthetic
net (55mm X 55mm), f; 500m4 glass beaker,
g; foaming solution tested, h; hinge made of
brass, i; moving distance of the frames

i

752 ki, BREEECKNTLLERNNBROLETH
B, Lo T, v b LoOBEOLENEREHTHZ
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FFv LBy — £ 00.5wt% BRA AV, £520 Lz,
Ay aBNEBICIEDLOETOX, FH RIFEEN &H 2 ER LICBE OWIEOEREREE CRisE
0.2~0.7Tm/s T OB PPWERE 2 THAnc L 5 EEREAL AvvaBEk X ORBREE ©BRY
7ot ZOWEEHETIEABENIHERENZ LD bR Table 1y, &R#HIE » P 2EHLBEOREDOR
S DT, TOHROEREEORD EFEEY 0.5m/s & % Table 2 wind,

Table I Stability of liquid film on a vertical plane of metal sieve

T Disappearance percentage time
ONrame of reagent Concentration Mesh of ARG
. ff i . Di t
gl;adf;r;%nﬁ]agme Manufacturer golu?forg,mg metal sieve® 155?[)?86%?;3&2?%@6
A .
agent wt % (Material) | 0 ' 5 ‘ 10 ] 50 ' 80
Sodium Dodecyl- A 0.5 - - — - o
sulphate (SDS) 2.0 g _ _ _ _ 4 o
2.0 — — — — 41"
Snowlap No. 0 | B 5.0 (.galvani.zed o o _ . of 5
0.5 iron wire) o . o 3307 | 157 o
Neogen T C | .o P
2.0 — — — |16 0" ]2 0
SDS A 0.5 — = s 2
| 2.0 - - — | a2 557
| ) 15 _ | _ . " 1951
Snowlap No. 0 B | 2.0 i . ' ; ‘ 47” . ! 35,
| 5.0 - (copper wire) - - — 1177 356"
i , _ _ o — i —
Neogen T C | 0.5 I : | f > |
! 2.0 . o= >t = - -
_ . :
o . 1o i _
SDS A 0.5 : ‘ ; 7'20 | i
2.0 | — | — 130" — —
30 _ . ’ " \ _ ! _
Snowlap No. 0 B 2.0 ! g |
5.0 (brass wire) — ‘ — | 14'10" — —
’ _ _ _ _
Neogen T C 0. >30
2.0 | >407 — — — -

Remarks: (1); T is a mean value of several measured times in which a definite value of D was attained.
(2); S 1s a disappeared area of liquid film.
(8); Sy is the area of metal sieve on which a liquid film is formed (25¢m?).
(4); Each metal sieve used was washed with carbon tetrachloride (extra pure reagent) before
the experiment.

Table 2 Stability of liquid film on a vertical plane of synthetic net

N ¢ Disappearance percentage time
orame of reagent Concentration Mesh of ARG
. ; of foaming . Disappearance percentage
zrfa(%g;{?’nir;agme : Manufacturer So]ution,o metal sxéve(" D: 1008 /Se® 9
agent { wt % (Material) 0 ] 5 ! 0 t 50 ’ %0
N |
DS A 0.5 l 116"
2.0 . : | 121"
2.0 ! i 12"
Snowlap No. 0 B 5.0 (Polyethylen; | 113"
N - c 0.5 no knitting) ; 10 12"
eogen .
2.0 | © 13722




oS A 05 | 17|

j 2.0 (Polyethylen; ' ER ST

Snowlap No. 0 ‘ B 2.0 knitting of l ' 55” !

| i 5.0 single fibre) : 78 i

| ‘ . i ' ' _

Neogen T : C . 0.5 . >5 1 >0 - 1

| 2.0 | >20 | -

| w |

0.5 o2ror .,

SDS A I i

2.0 12 Ly 0"

Snowlap No. 0 B 2.0 (Polyethylen; || 1742" !

e 5.0 knitting of = 2/25”'
Neogen T c 0.5 single fibre) i - —
2.0 I
SDS ‘ A 0.5 ! ca. 13 - | >
2.0 ; (nyl ' — >30
i 2.0 poLnylem 510" | 8 12"

Snowlap No. 0 | B ! itti | '
nowlap No. i 5.0 & Iz;ce knitting : 11 23" 1 >30'
0.5 | ° nmaw >60 1 — — - =
Neogen T ‘ C 2.0 E fibre) >60' | i _ — —

Remarks: (1), (2), (38): the same as mentioned in Table 1.

(4): Each synthetic net used was washed with trichloroethylen (extra pure reagent) before

the experiment.
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Fy PABR LT ARY =5 v v AR L CHE
AL, BOBEEREERTHONEHETH -7, T
100% BEBOWWEDHE, T v bRDO2~3DHHE
CREE CTHEENTFEL, ThodliahiehlE L

4.

B EFEEH 0. 2~0. Tm/s DFEIITIE, KIEOZRE
HEEIIFTEY LS OBE YR DB LIL T
Tehrotc, T, @BHHEREBIER v 1 HERLE
XORBEOLREMDEW AENIHREY L DD T EIX
TEhoTo, WEROERKROWELSHT L, TR
EREAEETA DL S~ A v 2 DEHLEE

TeDIWEEANE DD, LictinT, 2l & 3,
20~802 DA DU NE D I R A FWT 2 OB TH
b, WEOLEHEZE LT, &babalilisy r %
FRALCE EORBEWLHEREY2.LDHH Z LIXTEHh
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53F 5V TORENZOLDTRETHH L, HAH
DREZZOVTUL, BAREONE Wik & KEENE
Wy THIZ Ry FPARTET - TV B3 Y, EFERIBEN
KEVCZERBORER LBV ELHELLTH D,
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1) D. Langford, G. W. V. Stark, Fire Research
Note No. 519 (J. F. R. O.)
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Studies on Generating Mechanism of

High Expansion Air Foam
I. Stability of Liquid Film on A Vertical Net Plane

(Abstract)

by R. Nii

(Received November 30, 1967)

An experimental device” for testing stability of liquid films of various foaming solutions,
was developed in the United Kingdom, in order to select any excellent foaming agent for
high expansion mechanical foam. The device in which a metal frame immersed in a foaming
solution is lifted up with a magnet on one side of the frame to hold its angle of inclination
to horizontal plane 45 degree in the air, was employed.

In the present Study, stability of liquid film on vertical plane of a metal sieve or a
synthetic net was investigated by using the experimental device as shown in Fig. 1.

From the experimental results (See Tables | and 2.) the following conclusions were
obtained.

The lifting velocity of the frames ranging from 0.2 to 0.7 m/s has not any influence upon
stability of liquid film. Concerning stability of liquid film on a metal sieve and synthetic
net, any essential difference between them could not be observed.

The usage of the disappearance percentage time where the disappearance percentage of
liquid film ranges from 20 to 80, can be recommended to get the better reproducibility of
the measurement.

It can be also recommended to use a metal sieve of 8 or 15 mesh for the purposes of
easiness of the observation and reduction of the measuring time.

The stability of a liquid film formed with a foaming solution containing a foam-stabilizing

agent, is especially very good.

i
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Fig. 1 Flash points of alcohol solutions (observed
values for ethanol solution were obtained
from NFPA 325M-7 1965)
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Table 1 Flash point of heptane solutions, °C

T ‘—\\\,\l?iilieint Chlorobromomethane | Carbon tetrachloride Chloroform o-Xylene
Fuel conc. mol % cale. ’ obs. i cale. obs. calc. obs. cale. obs.
95 -37 | —os5 | -37] —s0l -7 -—32! —s71 —40
90 -2.9 0.5 | -28 | -16 | -29 ! -23! -—29 | -—3.4
80 1.3 .0 | —11 1.1 1.1 —0.2 ' -3 —as
70 0. 4 — 1.0 4.0 0.7 1.2 0.5 —1.0
|
60 2.2 — 3.2 7.1 2.9 3.1 2.5 0.5
50 3.9 — 5.9 11.0 5.2 63 | 47 1 25
40 5.6 — 9.2 18.0 7.9 10.2 7.4 " 4.7
30 7.4 — 13. 4 — 11.3 14.0 0.9 7.5
Table 2 H—H; in methanol solution, cal/mol
@ Hpo-H ® Hpe—H @ He—H
Methanol, mol % © 4H, oll)s. ' calc.l(20°Cl) cale. (flash point)
100 | 9120 8932 9033 1 9033
20 | ” 9007 9040 ! 9040
80 , ” 9020 9048 ‘ 2048
70 : ” 9040 9083 9083
60 ” 9059 9093 ‘ 9093
50 ” 9120 9133 ? 9120
40 | v 9208 9213 i 9166
30 ” 9216 9278 : 9228
20 ” 9370 9443 9340
10 v 9658 10013 . 9612
5 ” 10424 ! 10533 9708
CCCHEAD FETHERL Ho—H DR 2 Kom Table 3 log 71 in methanol solution
T, FEHRDIH, Az —zl:@ 12.1~49.9°C kit thano] ® From heat | © From heat
LY IERE, @ (H°—Hiave. (obs.) ik, 2 &/ mriola; @ vanLaar of mixing a of mixing
5 . 0 o h .
— VRKBWOZRE, ZRECETAL20hDx 2/ (20°C) (flash point)
— L OEGERIES % 1T wg LT ey  LTE 90 0.0016 0.0003 0. 0004
FoE RO WA B3R Ty Ho—H, @He-H, 80 0. 0068 0. 0026 0. 0029
cal. (20°C) 1XA %/ — AAKEWED = ¥ 2 Ao U — B 70 0.0166 0. 0089 0. 0092
= . 60 0.0321 0.0217 0.0217
Hs 51587 20°C TOE, @ H°—H,; cal. (flash point)
S i N D Ho_H S 50 | 0.0545 0.0425 0. 0431
i Lﬁlfﬂ’Kﬁﬁ@ v Hie—Hi aokb pic 40 0.0862 0.0732 0. 0750
- RUFIKREDMEE ED7eb D, 1L, 20°C 30 0. 1289 0. 1091 0. 1131
LT — 2800 T, 20°C DEXHWTHD, & 20 0. 1860 0.1514 0. 1659
IDBELMR LS, BB 100 EAHBDEXE, KTIO 10 0. 2612 0.1751 0.2183
EABCETER LICE 2T, WA 1,000cal/mol 5 0.3072 0.1722 0.2414

BEOENH L.

DEL, RV BADTERTRDIC bogri DIEEE 3, @oprEEEcL, 7 & TEOBMORDOMFER &
3FERRT. Fk T @ van Laar | van Laar O Bk ESEMEC BT Ll OTH S,
FRNCHELELD, @ESH (20°0) REH, o fn JH,
587 20°C TOM™, % LT OFA# (flash point) (55 ne = R w




bog v1=4og 7:1(20°C)
‘:E§4<ﬁl_4 1 >
2.303R\' T  293.15
oL, dH3# 5= A B v 20— T, B
IIERITDfEER B 7,
I SEED fogy wHETH E,

+ 20

van Laar #:(%

“C DREHDNHLOMEII/NE, LT O E O lHE
DfEZR & »>Tu 5,

BlEd He—H 3520 fogr: ¥BAMAED - &
IoTHBOEND A 5/~ VHEHROB I KRE BT

RELOREE & LiomT. 2tk b e, BROo

BEWEY MeETsioTckEEY LD, Pz 20 E7iS Hio—H X0y % & LBk RER N
Table 4 Flash points of methanol solution, °C

Methanol | o Caleulated o | Observed

mol % u+&*hja®|m+c\®+@[@+® @+ ‘
90 13.3 ‘ 13. 4 !114' 13.3 | 13.4 | 13.4 | 13.4 | 13.4 %1&4‘ 13.8
80 5.2 | 15.4 i154' 5.3 | 15.5 | 15.5 | 15.3 | 15.5 ;1a4‘ 16.3
70 17.2 7.6 175 | U753 | 016 | 75 | I3 176 1 115 178
60 19.3 9.9 19.8 . 19.5 | 19.9 | 19.9 | 19.4  19.9 | 19.9 |  20.3
50 21.8 1 223 | 22.3  21.8 | 22.5 | 22.4 | 21.9  22.5  22.4 i 22.7
40 3.8 | 244 243 ''23.8 | 243 | 243 | 23.8 244 243 | 25.0
30 28.3 29.2  99.1  28.3 | 29.2 | 29.0 | 28.2  29.2 ?290‘ 27.0
20 33.8 355‘ 347 | 33.4 | 349 | 343 | 33.4 1350’ 3.4 1 345
10 4.8 9.2 | 47.0 | 43.0 | 472 | 45.0 | 431 | 474 | 452 | 457
5 58. 2 65.7 ‘ 61.7 | 51.8 | 583 | 549 | 555 | 623 | 586 | sn7

* Symbols are the same as in Table 2 and 3.
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Fig. 2 Flash points of n-heptane solutions

Table 5 Comparison of inhibiting effect of diluents
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System Ob<s' lgL(;pe Thgo.l Oil)ope Ratio at flammability
X X peak, % (heptane-air)'®
heptane—chlorobromomethane 4. 42 2.18 2.03 7.6
heptane—carbon tetrachloride 3.32 ” 1.52 11.5
heptane~chloroform 2.35 ” 1.08 17.5
heptane-o—xylene 1,73 ” 0.79 —
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Flash Point of a Diluted Fuel and the Inhibiting

Effect of Some Halomethanes
(Abstract)

by Y. Uehara
(Received February 3, 1969)

From the equation for the partial vapor pressure of fuel component of a mixture and the
empirical fact that the lower flammability limit of fuel is not very dependent on the presence
of inert additives or the temperature changes provided these be small, the following equation
for estimating the flash point of diluted fuel was obtained,

/T =1/T, + (R/4H,) éna,
where T (°K) is the flash point of solution, T, the flash point of pure fuel, 4H, the molar
heat of evaporation of pure fuel, a, the activity of fuel component in diluted solution and R
the gas constant,

Above equation reveals an interesting relationship between the flash point of pure and
diluted fuel and the activity of the fuel in diluted solution. A plot of ({/T) vs. #n a, should
thus be linear and the slope of the line (R/4H,) in a fuel-diluent system.

The experimental results obtained with Tag closed cup apparatus for aqueous solutions of
alcohol were plotted in Fig. 1. It is considered that water used as an additive to alchol has
only a simple dilution effect. Activities of alcohol in solution were calculated by the use of
van Laar equation'®.

The agreement between the theoretical and the observed slope is fairly good. Therefore,
above equation can generally be applied to fuel systems diluted with inert additive and any
discrepancy in the slope must represent some other effect of the diluent.

In order to examine the effect of the halomethanes and the combustible liquid on the flash
point of a fuel, we applied this method to n-heptane systems instead of those with alcohol
since in the latter it was difficult to evaluate a,.

The flash points of n-heptane solutions were plotted in the form (1/T) vs. ¢n a, in Fig. 2.
The activities of n-heptane in the solutions were calculated from the treatment of regular
solutions. It can be seen that linear relations exist between (1/T) and 4n a, for these
systems, but the slopes of the lines are not always equal to the theoretical values (R/4H,)
as shown in Table 5. It is found that the observed slopes and thelr deviations from the
theoretical slopes increase with chlorine content of the diluent and are largest for the
bromine containing compound. As was expected, this tendency is in good agreement with
the inhibiting effects of the halomethanes for the flammability peak!®. On the other hand,
xylene lowers the flash point of solution which was expected.

From these results, the effect of a diluent may reasonably be classified as

observed slope / theoretical slope > | inhibiting effect
2 =1 dilution effect
% < 1 supporting effect.
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Table 1 Details of results of extinction tests.

BOHARHY < R UIE LR TR, ~Fv+ v X
A LR, HKEBRRSEZE LD, bHIED
L REIBD, AEOMKOLLEY OFARELR
oo SRS D, Pl ELFIKEDRGEREE OB
BHZ oL Tik, KRGS0 e b

ZEMTRTE D,

Table 1 KBRS, BEFRE/EX T LD T

7T

Congntgton | eincion ime | vataion | (0" omber ot
sec % |

H,0 | — 5.3 62 0.002 | 120
NH,C! f 5.0 6.0 61 0.13 ! 50
Na,CO; ' 5.0 8.6 60 0.27 | 50
NaHCO, ! 5.0 9.9 59 0.17 | 100
Potassium citrate ' 5.0 4.6 46 0. 45 i 50
KHCO, : 2.5 8.0 64 0.16 I 120
KHCO, ! 5.0 7.8 66 0.21 : 120
KHCO, i 10.0 6.5 53 0.24 ! 120
KHCO, 20.0 5.2 58 | 0.33 : 120
K;CO; ‘ 2.5 8.4 69 |‘ 0.17 ! 120
K»CO; 10.0 6.7 58 a2 120
K:COs 20.0 6.7 60 I 0.23 | 100
K1 ' 5.0 5.0 42 | - 50
KCl : 5.0 3.3 40 ‘ — : 50
H - COOK ! 5.0 3.5 48 5 — 50

* m(?) i1s defined by equation (1) and (2)

(p(#) dt is the probability that the fire is extinguished in the time interval (t, t-+dt))
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Report of Fire Research Institute of Japan No. 29 (1969)

On the Fluctuation of the Time Required to
Extinguish Small Liquid Diffusion Flames
with Sprays of Several Salt Solution.

(Abstract)

by H. Kida
(Received March 16, 1969)

It has been frequently reported that in the extinction test of burning liquid in a small pan,
the time required to extinguish the flame scatters noticeably.

This report summarizes the results of an experimental study in which various salt solutions
were sprayed on to the burning liquids in a well controlled laboratory environment and the
nature of fluctuation of extinction times was examined.

The schematic diagram of the apparatus used for this experiment is shown in Fig. [. The
model fire was a small diffusion flames of hexane floating on the water in the brass cup
whose inside diameter was 8 cm. The spray was discharged downwards to the model fire
which was positioned vertically 70 cm below the nozzle. The spray flow rate measured at
the position of the fire pan was 0.027 mé/sec.cm? when the nozzle pressure was 3.5kg/cm?®

In Fig. 2-(a), —(b), and -(c), the relationship between the concentration of the solution
and the extinction time is shown. It is seen that as the concentration is lowered, the fluctua-
tion of the extinction time becomes more noticeable. To obtain more detailed view of the
fluctuation, extinction times were measured repeatedly under the same condition. The
frequency distributions of the extinction times for water and some salt solutions are shown in
Fig 3-7. The feature of the distribution is the relatively wide range of scattering and
positively skewed shape. In Fig. 11, the schematic diagram of the frequency distribution is
shown. From this diagram, the order of extinguishing effectiveness of added salts is seen to
be A>B>C. If the effectiveness of the added salts exceeds that of the solution A, the
frequency distributions of extinction times overlap each other and the difference of the effe-
ctiveness becomes no longer distinguishable.

If m(?) is the probability that the extinction does not occurs till time t, but happens in
the next unit time interval, and p(#) is one that the extinction occurs later than t, we obtain

p() m(®» dt = —d p®

—d ¢/n p(®) = m(@) dt
From the experimental data, the relationship between fn p(#) and t is derived to examine
the variation of m(#) with time. The plot of 4n p(¥) vs. t is shown in Fig. 8-11. In
general, the value of m(¢) increases rapidly at first and then takes the finite value which
can be considered to he almost constant.

From the results obtained, it may be concluded that the noticeable scattering of extinction
times, at least for this experiment, is not caused from the ununiformity of experimental
conditions, but is the essential feature of the extinction process itself.

It may also be concluded that the detailed investigation of the statistical aspect of the
extinction process is important in evatuating the effectiveness of various extinguishing agents.
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