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BosTTid, BFRAEPER 2MFD, =544 —0D
EBWTHOAZDT, j=4 O CRETTHLE
RTWITEiThd, i=l~4 OPHEEXFSHVS ek
T, BAEHERr (Occupied orbital) 2y vy, FTO5HD
B $hbd j=4 ORI GG (Highest
occupied orbital B3¥x HO) v 5, W SMTHRE S
BURGFOEL 44 LR F Vo e A TEHY, SORE
LORMTH L ERLINLSONEAF v ERLS,
5~8 irhiED WLHB TR, BTFLUEL ATk
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BlTHY. Ok TN (Vacant orbital) & k
BhTws., Tno0%EEMIZ, BESENSIREE
Table 1.
H
Hx_‘.'éa_q:
!
H

. Electron distribution
7 Orbital energy

(CH)2 (G (GhHE (C):

8 a—1.37228% 0.3122 0.3546 0 0
7
6 a—1.07285 0.1764 0.1111 0.1291 0.0083
5 a—0.21838 0.0657 0 0.6690 0.1338
4 a+0.83228 0.3546 0.3121 O 0
3
2 a+1.05285 0.0188 0.0244 0,0742 0.7962
1 a+$1.61843 0.0724 0.1978 0.1275 0.0618

Total density 0.8916 11,0686 0.4034 1.7160

H
H‘—zz:“—"Br
|
H
Electron distribution
f Orbital energy . ) } )
(CH* (G (GhHE (CY)?

8 a—1.37228% 0.3121 0.3544 0 0
7
6 a—1.083595 0.1674 0.1086 0.1503 0.0215
5 a~0,36118 0.0675 0.0015 0.5246 0.2683
4 a+0.76633 0.0223 0.0172 0.2021 0,6780
3 a+0,.83228% 0.3545 0.3122 0O 0
2
1 a+1.61088 0.0761 0.2061 0.1229 0.0307

Total density 0.9057 1.0709 0.6449 1.4205

* Doubly degenerated.

FHRAZRTOREINLEHETED, FFHFETFIR
BEFE ST, AfAAVITED L EITR. ¥ /=5 1T
RWSDNSDSTHDH. TNRT j=5 OB LREE
#fy (Lowest vacant orbital 25§ LV) 2 2%, T
HRGTFORTHMALHALE T 550 THS. Table 1
BEL 2 I2BWT (C) R FLBRTIETFORT
TR UARME a0 s 5BTOREER—TR
FEBERSOLT. CRIIEERUC ¥2RELLLOD
<55, LETEE (Total density, q.) RETO&L
B 2BTEREY, GHEMICO>WTEHLADLOD
CHRTEHR B,
q-=2 ‘;E Ci* 1]

Calculated orbital energies and electron distributions in methyl halides.

H

|
Hl_:(|:3_4Cl
H

Electron distribution
Orbital energy

(G (G (G (Ch)E
a—1.37225% 0.3122 0.3546 0 0
a—1.00333  0.1627 0.1073 0.1628 0.0271
a—0.39983  0.0722 0.0024 0.5101 0.2662
a+0.83223% 0.3345 0.3122 0 0
a+0.85083  0.0254 0.0232 0.1927 0.6616
a+1.62335  0.0731 0.2004 0.1334 0.0451
Total density 0.9058 1.0716 0.6542 1.4134
H
w—%tﬂ
{
H

Electron distribution
Orbital energy

(Cn?T (CHT (G (G)?

a—1.37223* 0.3122 0.3545 © 0
a-1.08155 0.1702 0.1093 0.1430 0.0183
a—0.33698 0.0646 0.0010 0.5249 0.2739
a+0.69453 0.0207 0.0137 0.2117 0.6854

a+0.83225*  0.3545 0.3122 0 0
a+1.60385 0.0708 0.2093 0.1160 0.0255
Total density 0.9060 1.0704 0.6354 1.4218



Table 2. Calculated orbital energies and electron distribution

of chloromethanes and trifluorobromethane.

Cl

Electron distribution

J  Orbital energy . . N .
(G (G (GH? (C)?

8 a—1.37228 0.2324 0.2658 0 0
7 a—1.21113 0.2372 0.2004 0.0545 0.0078
6 a—0.69393 0 0 0.3856 0.1143
5 a—0. 22873 0.0897 0.0001 0.2285 0.1817
4 a+-0. 83228 0.2658 0.2341 0 0
3 a+0. 84663 0.0887 0.0804 0.0733 0.2577
2 a-+0. 85393 0 0 0.1144 0.3856
1 a+1.57328 0.0843 0.2191 0.1438 0.0528

Total density 0.8780 1.0672 0.6621 1.3921

Cl
Cl‘—'*’!l"—"Cl
I
Cl
. Electron distribution
7 Orbital energy ) ] .
(G (CAHE (G (C)?

8 a—0.69395** 0.1714 0.5785 0.5785 0.1714
7
6
5 a+0.05998 0.1714 0786 0.0786 0.1714
4 a+0.85398%* 0.5785 0.1715 0.1715 0.5785
3
2
1 a+1.46013 0.0785 0.1714 0.1714 0.0785

Total density 1.3140 0.6568 0,.6568 1.3140

* Doubly degenerated.
** Three fold degenerated.

FRETHOBAOmIERTL O & L T KGUH
Py RO LDITEHBEINS.

ocec .
Pu=22 Cir'Cj: 08
7

RORBETFOBMELTIERHTE @ BUTO LSk
;s:. 52‘95:-
=BT rDe&igicsm+ 5880
—qui
Table 1 1cds\-C, EiICHR-EDLTWBEDIR, X

a9

Cl

|
HI—C3—Ci
l
Cl

Electron distribution
Orbital energy

(G (G (C)*  (Ch)?
n—1.20943  0.4700 0.4695 0.0178 0.0023
@—0.69395* 0 0 0.5142 0.1524
a—0.0810§  0.1112 0.0013 0.1313 0.1643
a+0.84095  0.3191 0.2850 0.0284 0.1033
a+0.85395* 0 0 0.1542 0.5143
a+1.51958  0.0995 0.2433 0.1556 0.0633
Total density 0.8372 1.0584 0.6728 1.3618
i
F1—2C3—*Br
|
F

Electron distribution
Orbital energy

(C): (CP)* (G (Ch)?
a—0.61995  0.0061 0.0565 0.6281 0.1846
a—0.51655% 0.0738 0.5926 0 0
a+0.33843  0.0995 0.1255 0.0116 0.3136
a+4-0.86338  0.1022 0.0005 0.2230 O0.4587
a+1.07655*  0.5927 0.0738 0
a+1.44825  0.1256 0.1510 0.1272 0.0430
Total density 1.6410 0.4506 0.7204 1.0034
Mok CiIcB I, hbibhty

OREEHEF D=+ A+ — 25, YT EMPRKET
BBAEVOER (a—0.84785) 124 HRT, H AV
WZ ¢, CFBr |3 CH:Br X h L2 5128V, 5 —
21, C-Br#itomWFHHms. HEORMLTLK
XV LT, ki CH:Br OGiciz. BRi{EEfir
THD a—0.36113 LEEENHITHS a+0.76633
TRKEFTY C—-Br ERELTWAHILHEALITEH
Do
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IAND 7y BOREELERMS X CREMGORTY
EBELETEErKEVWI b2 D,

DEIL, BFHNO-~ =¥ YETFEI ML TP BN
BAHBE, 7oibA & HTR, BROTELERC D, S
TEHEY B AL L5, #bs 2 vETRESEY
BURBLALEDDLT, REFENVOZIRBITET
35, Rbsrtavibs 2 VvES, EERNELRD
LELARBEBT, EA 2 vEHERMUTHLN, BE
LR OTFTBHRTHIUTHS. +hbb, CXyfloly
#: COX; DD EBHLLoTW 5,

05 LR OMEIIR, Hickel BTilduiic
Bowr v OUMTEFR IS bbb, DR
FARZ bAR%LDE O L X { —FKL T
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Orbital energies

of some halomethanes.

FY 7 2Ry (CFC) &Yy Tearlas
22w (CFBr) 12, FFr37uuxzy (CF) <456
~RTREHELSMTIIE Y, TRIZEITONKE7 » EDi
BEAEMICE I THRE. MRBICREDOZRE
DX LB, cOFEMIR T ensny ) 4z v (CFClL
HXU CF:Bry) T2 5T & DTTU5,

ZHhODBUAMD 5 bREH SEL O, A Zv0
ENLHBETHERTD, FF 7 o4k 2 VEHTR,
BNBELGEAR A v ER UL OWIREY, #HtA 2
vEiTik Az vicizigo e L, RiksXy=ybs 2
VEICIRAZVEDE KaTWwD., Py 7B~y
JAEVTR, BREBRLAERRAZ VIR GO ITX
L, Y7runesy /) A2/ CTRICEL Ko TV 25,
TOBERECORKELSDTHD.

¥, FORAYVENESGHEMY 5D TV 08, R
DB DKM, ~eyrvEAFriiow T O E
Table 3 =L, THICXZE7 ke, EEPHT
2 C—H #&&», LT Rt =2o{thTi C—X




BOHINEENTHE 2 b2 5, COHEREO7 »
fbxs2vBEICEbA 2 vBizdi b5, Figl 1o
R e kRS o o difrit < T C—X
Pt P

i, T TRYLLAHORESEMIZT<TC
—XHBETHY, LrIEFEGTHS, chHDEYS
BT, REERTIZOWTIRECHRNT 5.

4,2 HE@OZIEKICO>LTOBE
LR OSBRI OWTOHEERY, BALTEY
B EIMURBRHTILENES, HETOXDH LD

Table 3. Comparison of calculated ionization po-
tentials and localizabilities of methyl
halides with the observed.

Calculated Observed

Ioniz-

Orbital energy L0cali- | ation Locali- | Ionization

zability poten-'zability  potential
| tial

@ eV &S] e ees

Ref.17 ‘1zef.1sfllef.19

CH/F |

0.8322*% [12.85 C—H | 12.85 C—H [13.05*¥ 13.05

1.0528 |14.100 C—F | 14.10| C—F

1.6188 {17.30, C—H

16.89 F 17.0%* [ 17.40

CH,CI
11, 29 11.33
11,42 Cl 11.36
0.8322* 12,85 C—H | 12.07] C—Cl [14.45 14. 46
0.8508 {12. 95] C—Cl| 13.02{ C—H |15.57 15.36
1.6233 [17.3%2 C—H | 18.71] C—H li6.25
CH;Br

10.53| Br 10.53 | 10.53
10.85 Br 10.84 | 10.86
0.7663 112.47) C—Br{ 11.62 C—DBrj13.52 | 13.45
0.8322* 12.85 C—H | 12.94] C—H |15.14 | 15,38
1.6108 |17.26, C—H | 19.13 C—H [15.85

CH,I
9.51 I 9.50 | 9.51
10,09, 10.12 | 10.12
0.6945 [12.07] C—1 |11.22 C—I [12.50 |12.50
0.8322% [12.85 C—H | 13.14 C—H [14.79 | 14.55

\
1.6038 ‘17.21[ C—H | 19.76; C—H ]15.44

* Doubly degenerated,
** C.R. Brundle, M.B. Robin and H. Basch, J.
Chem. Phys., 52 2196 (1970).

12, AP CRB|EXELOMEI L {IMELAZSDT.
CHhORBET DL TORTHANLEELT. I
FMAELGAEI AR TRIECWOESY, Thic
DWTORBEINEE LEARVOT, T FELEMHOM
¥, TAARZ bAICEBLFEHETF VY 2 LD
i TRNTIT LIt LA, ~ey LA FAIRONWT
DU D E4%, Table 3 1=R3, ZoTRELOR
B, eV MiricHEE L= ¥ -l d51Ts
(1) 8
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PboTWw3d, Bk s vsXXavibs 2 v Rl
RSB —HKLTVI L, BERTRTLLE-T
B, BERBEFARZ MV IBSTOA X VERT Y
2 NDBEFEEL{Thb3L 51/t kO0T. 1
FUERETF VY » L OWMER TR - R UTFRERR X
SHBFARZ P AYPIFIP2, Table 3 1c b T
Lit, TAARZ AR LAEFFHLEVPRE-TWD
B, RBIZREBELAV. BAFEVLLBETARZ b
ARWMEL., BOWRBEZOVDLDL, 122ALFHL
HPEEBTw3,

OEKR. BFFHOBVEH O I DAL, HEMORY
HEBRLTES, 98208t 2hD =¥ VL
22 vDOHEREEY Fig. 2 27T, Thvesd e, £
& v CREERAR, KERERPEL TS, ThiZ
~arYRASERERSEILDLRVE, HERK
E{FEzhbsd. T LT ~=¥rvETFHRRELARS
#3535, AOBFOKE I, BER FEBIUaIHR
TEBEDLD b A VL 7y BTRIFFKITREK
B, THIR7 > ROBPLUSHEES, KEWILEHdD
LV 3, —2D0FHO = VYETIEMTS &,
A~y UvETFIESLDOBEIR NI RZ2H. GHT
Boe ¥y vEFHOWRCoRTHMT 50T, Shi
HIETEcn, RROEORELRE LB, Thikb
Yyrmu~nrstny (CFX) CHLEABRTHS.

ZOHREEYLER. FFOA & vET>WTEA
BHATEEEREL LR L TR RFDO 1 4
vk ORIEE RS A, FOSEREE Table 4 R T,
TZIomLA o BUHEREELR. 1-g) +(1-4) T
EHINBZHOT, &4 s HOBEORETH 2.
Table 4 TRZBH, HWHEME: RBOMHERIV., £
LT CX &&1k X 7 FThsrLEic, i
1A vENREED, FFRO~r Y VETENHLD
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1y +0.1084 j +0.1220
|-k0.3908 | +0.5414
H—C—H H—C—Cl
£ —0.7160 0. 3921
§ +0.0942 g H0.1682
'+m1mo +0.9232
H—C—H Cl—C—=Cl
y=0.4130 (L—o. 3618
g +0.0943 al
| +0.1374 +1.3728
H—C—H C(l—Cc—Cl
J;mAma $—amw
{00940 5 —0. 6360
]+a1&0 ’+L7%0
H—C—H F—C—=Cl
V—0.4218 (L—o.zoso
§+0-0736
| —0.2944
H—C—H
H
Fig. 2.

F
‘—F2.2168
F—C—F
| —0.5538

—_ 25

F 0. 6254

’ +1.9612
f—C—F

c1—0. 0858

F —0.6410

[-kl.6580

F C—F

Br— 0.0034

F—O.G:OG

l +1.6920
F—-C—FBr

Br_o' 1754

Net charges of some halomethanes.

Table 4. Net charges of ¢ orbitals and jonic
characters of C—X bonds.

Ionic bonding Net charge

Compound character (%, of » orbital
CH;3C1 17.1 0.7592
CH,(Cl, 11.7 0. 7300
CHCl; 8.8 0. 6890
CCl, 7.1 0.6282
CH,F 33.4 1. 3126
CH,F, 19.0 1. 2858
CHF; 13.0 1. 2414
CF, 9.7 1.1080
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Table 5. Relation between the lowest vacant orbitals and relative electron affinites.

. Electron capture detector .
Electron of gas chromatograph | Liectron |
attach- B attach- | Electron ,
Minimum Half wave! Electron
Compound | A (3) Coglﬁg‘gfeﬂt Capture |peay area|detective Lnrggg e%gglg‘ | potential | - affinity
P Ao U Ref. 10 | coeflicientl o, ©, " lconcentra-i  gooign Ref, 27 | Ref 28 | Refy29
Ref. 23 tion Ref. 26
{1/cme Ref. 25 T |(V, vs
ppm]) [in?/ppm] [ X103 pg)l  [cm?] [(Biphenyl) SCE)l _ [eV]
CH,F ‘ —0.2183 | ‘ i [ :
CH;Cl —0.3998 | 0.0008 i 8.5 |5.81x10"# ‘
CHsBr | ~0.3611 | 0.2 ‘ (10)* ‘ :3. 08x10-'%  0.93 ‘ -1.63 '
CHal ~0.3369 ' 2 (100) ! ‘2. 33x10-1®  1.03 —1.63 |
CH.F, ‘ —0.0061 . | ‘ |
CHF; . +0.2001 | 0.09 <10-4 11.08X10°18 [
CF, +0.4546 | 0.00002 3x10-4 7.24% 10720 ’ |
CH,Cl, ' —0.2287 | 0.005 l ) ‘ 8.6 ‘1.48x10*‘8 —2.33 \
CHCl;3 —0.0810 ! 0.6 800 10 0.08  3.66% 10-16‘ 1.22 —1.67 .92
CCl, \I +0. 0599 } 9 ' 7000 650 l 0. 002 l2. 62><10-14| 3.08 —0.78 ' 2,28
CH:;Br, | —0.1897 | 3 ! (100) 300 | 3.05x10-15 —1.48
CHBr; —0.0.145\ | (1000) ' 3.82 . —0.64 |
CBr; —0.0887 . ‘ ! | 1.79 -0.3
| ‘
CH.l, —0.1674 (1000) ‘ -1.12
CHI; | —0.0271 [ | | | ~0.49 |
CI, +1. 3240 ‘ l |
CF3Cl +0. 3440 i 0.01 ! 1x10-% | 4. 42X 10717 |
CF3Br +0.3384¢ ; 0.9 i ‘ 40 1.28x10-1%
CFCl, | +0.2481 | 0.1 9 | | \
i
CF:Bry | +0.2487 | 20 ‘ 500 )] | 2.43%X 1071 ‘
|
CH, | -0.8478 | [ i
* The value in parentheses shows the order of magnitude only.
** The value is given as chlorobenzen=1.
T 8 T CLX bonds of some halomethanen C—Cl| o800 | 0.7678 | 83
O — .
" 4 °s CFsBr | C—F | 0.6788 | 0.5671
Bond Bond C—Br| 0.8016 0.7413 65
Compound | Bond | Order of | order of g{(gal_/X)
p neutral ionic mol) CF,C.. | C—F | 0.6820 0. 5541
molecule | molecule C—Br 0. 8486 0. 7694
CHiF C—F | 0.6638 l 0.3616 | 123.3 CF,Br, | C—F | 0.6672 | 0.5513
CH;Cl C—Cl| 0.8698 0. 5505 80 C—Br| 0.8284 0.7479
CHjBr C—Br | 0. 8640 0. 4889 67.5
CH;l C—1I| 0.8704 | 0.4913 | 54 ME~LDTHSD,
CHCl, | C—Cl| 0.868 | 0.6652 | 73.4 kST O 0L, Table 8 IR G =%
CHCl3 C—Cl| 0.8668 0.7199 66.5 F-REflIE. C-F5EBWTRECHBAFILH
CCl, c—Ci 0. 8620 0. 7460 67.7 5, Thbb borbEnBuDid e ibrFa
CF3H C—F 0.6787 0. 5522 Tk C—I g5&aTHH, LF C—Br, C—Cl &£535<.
CF, C—F | o0.719 0.5949 | 121 ZONFEREEIHOREZOEFL—R LTS, &
CFyCl C—F 0.6926 0,5723 OHMIZE A~ CF (LA CLABKEDNS, AbiT
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Table 7. The lowest vacant orbitals and inhibit-
ing effects of some halomethanes.
Inhibiting effect
[“,g‘cva‘;stt Concentration
Compound orbital Flammability | at 909 reduc-
3 peak, % |tion of burning
+ (heptane-air) rate, %
(propane-air)
CH;F —0. 2183
CH,Cl —0.3998 0.7
CH;Br —0. 3611 9.7 0.2
CHsl -0. 3369 6.1 0.25
CH,Cl, | —0.2287 >11 0.6
CHCl; —0.0810 17.5 0.4
CCly —0.0599 11.5 0.3
CF;H +0. 2001 17.8
CFy +0. 4564 26
CF4Cl +0. 3440 12.3
CF3Br +0.3384 1
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Electronic Structures of Some Halomethanes
and An Interpretation of Their Inhibiting
Effects by Simple LCAO Method

(Abstract)

Yoichi Uehara

(Received September 16, 1971)

Electronic structures of some halogenated methanes were calculated using simple
LCAO MO method and disscussed in connection with electron attachment theory. Calcu-
lated results are shown in ‘l'able 1 and 2, and Fig. 1. _

From the results, it was found that the lowest vacant orbitals of halomethanes were
far lower than that of methane and the bond orders of molecular jons became smaller
than those of neutral molcules. The former means that the lower the lowest vacant
orbital, the easier the electron attachment, i.e., a negative molecular ion forms easily,
and the latter indicates that a negative halogen ion is formed readily from the molecular
ion.

On the other hand, Mills’ process'” can be divided into two steps; (1) an electron
attachs to a molecule and casily forms a molecular ion. (2) C—X bond in it dissociates
readily and a negative halogen atom ion is formed.

The above steps are interpreted in terms of LCAO treatment as follows: (1) the
lowest vacant orbital is very low, {2) C—X bond strength in a molecular ion is weaker
than that of neutral one. It is clear that these results obtained from the electron attach-
ment theory agree with those from electronic structures of halomethanes.

Thus it is concluded that the study on electronic structures of halomethanes gives
a substantial support to the electron attachment theory on inhibition. For example, it
is shown in Table 7 that values of the lowest vacant orbitals of halomethanes and their
inhibiting effects are closely correlated, except fluorine containing compounds.
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Fig. 1. Rxperlmental apparatus.
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Fig. 2. Rate of ferrocyanide ion formation from
cyanide ion vs, concentration of KCN.
concentration of KOH: 0.3N
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Table 1. Nitrogen contents of polymers and HCN yields.
Nitrogen content Ratioofsal:ln%lfe*weld
Melamine resin (pulp content 30%) 32.6% 4.3%
Urea resin (pulp content 25%) 22.7 7.5
A. S. resin 6.64 0.95
Polyacrylonitrile 24.0 8.8
Poly urethan 6. 30 0.85
Nylon-6 12.2 5.0
* heating temperature: 650°C
sample burned at one time: 130—150 mg
air supply rate: 1831/min
4, EBHR

HFHESEROEET T 2R 650°C, WHHGAT
T, B, MBI ¢k 20 HCN o4 fit%k Table
1 OFHIFET, 2Ok &RBHT 130~150 mg X IFH
ITIfAL, TOMEE BOMHLFDb-tL & KOAR
ORBEMATH LI H WY BB L, £ LTRHD
£RELLTR 1~3g iV, ZOE, YofioR
B b b HCN O4MES bk,

F4ev—6 OV TORELEROUBRE LT L

RS 2 Fig, 2~3 #i5wd, Fig. 2 wxv<ii,
WHWLOBELOWTERDOESFEY —FIRL, R
HO—EH0FARYER (HEREITAL-A, TNITX
3k, BEYELTZ8, HCN 04&HMERA2<{ -
foo ¥fo, DTFRMBEOKT 5 650°C & 800°C I=3s
3592, BIRPONMARTE— 2likEsb, £l
PERMARR NI 5L, HCN o4RBRRYDE
A% & -7, Fig. 3 12 Fig. 2 k3B 3 650°C COE
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Fig. 3. HCN yield from nylon-6 vs. sample amount
carried into the furnace in each spoon operation.
air supply rate: 1.831/min
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Report of Fire Research Institute of Japan No. 35 (1972)

Spectrophotometric Analysis by Prussian Blue Method
of HCN in the Burned Gas of Nitrogen Containing
Synthetic Polymers

(Abstract)

Tokio Morikawa

(Received November 5, 1971)

Poisoning by toxic gases has been becoming a leading cause of fire deaths in recent
years. Hydrogen cyanide (HCN) has been considered as one of the most dangerous toxic
gases formed during the burning of polymers. Mesuring of HCN, when it is contained
in burned gases. is often disturbed by some unaimed gases, especially in the case of in-
direct measuring methods.

This paper deals with an experimental study in which amounts of HCN formed by
the burning of various nitrogen-containing polymers were measured by means of a
modified Hara and Matsumura’s Prussian blue spectrophotometry (one of the direct
methods).

Pyrolysis and combustion of various polymers and collection of HCN formed were
carried out using the setup shown in Fig. 1. Under the controlled condition of the air
supply rate and the temperature of the air flowing, the combustion and pyrolysis of
samples were carried out in a quartz tube (3.6cm id.) in an electric furnace whose
electric current was on-off controlled by a temperature controller linked with a thermo-
couple in the tube. A sample burned at one time was limited to a small amount. so
that it could be heated fast. A part of sample contained or not in an aluminum or
stainless steel boat was carried into the central part of the furnace by a spoon. When
it finished burning, the next part was carried and so on. HCN in the burned gas was
collected in a series of 5 impingers containing KOH solution. The gas intake port of
the impinging system was not closely connected with the quartz tube in order to prevent
the pressure in the tube from getting lower.

Measurement of HCN absorbed in KOH solution was made after Prussian blue
precipitate, which was formed by the process of the cxpressions (1), (2) and (3), was
dissolved by addition of a small amount of oxalic acid solution. The dissolved Prussian
blue solution was analyzed by an spectro-photometer at the wave length of 690 mg.

HCN could be found present in the burned gases. when each sample material used
in the present experiments (Table 1) was burned at 650°C (Table 2).

The HCN vyield from Nylon-6 burning, on the whole, increased with increasing tem-
perature, while, in the case of flaming burning, it decreased with increasing air supply
rate but reversed in the range of very small air supply (Fig. 2). So long as the ratio
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of the air supply rate to the weight of sample burned through one time spoon operation
was the same, the HCN yield took a certain value regardless of the weight of sample
burned by one time spoon operation and the air supply rate (Fig. 3). For other polymers,
the trend of HCN yield is expected to be similar to that from nylon burning.

The results in Figs. 2 and 3 suggest that the HCN formation is only dependent on
thermal decomposition temperature. In the case of large air supply rate, HCN once
formed or released could be decomposed or burned through its oxidation by air. But
oxygen in the air could contribute to the flame temperature rise which results in the
larger yield of HCN. So the HCN vyield is considered to have increased with the in-
crease of air supply rate in the range of small air supply rate.

Since the rate of Prussian blue formation from CN- was rather low in the range of
low concentration of CN~ as shown in Fig.4, the HCN analysis by Prussian blue spect-
rophotometry may not be termed as quite sensitive.

But it is advantageous in the case of analysis of HCN contained in the burned gas
because of no misleading reaction accompanied.
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Fig. 2. Japanese cypress after extinguishment
showing that the burning continued in the
shielded area against the spray coverage.
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Table 1, Extinction of fires of Japanese cypress with water sprays—
length : 450 mm; width: 8 mm: height: 8 mm
Ambient Pressure Oxygen conc. Mode of Nozzie No Water flow rate| Extinction time

atm abs. % Burning ' glcm32esec sec
30 80°, Upward 16 0.009 14
40 » » I3 27
50 ” ” I FY
1 60 Horizontal ” 4 *
75 4 L4 0.018 *
70 ” 3 0.020 12
70 ” ” 0.055 2

2 40 ” 4 0. 040 2.5

6 21 80°, Upward 16 0.018 instant

Sign * shows that the fire was not extinguished at the side of the sample shielded from the spray
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Table 2. Extinction with water sprays—rayon cloth and filter paper.
Nozzle: No. 16

Material Size Ambient pressure|Oxygen conc. Mode of |Water flow rate] Extinction time
r mm atm abs. % Burning glcm?esec sec
Rayon cloth | 100x400 1 50 | Horizontal 0.009 instant
Filter paper | 100x400 1 50 45°, Upward ” ”
4 6 21 ” 0.015 ”

Table 3. Extinction with water sprays—vinyl coated electric cord and pig-skin.

1

Ambient Oxygen ‘ . Water ﬂow: Extinction
Material Size pressure conc. ‘]\31:2% n°f l\§z()zle rate time
atm abs. % g . grecmaiesec sec
. ) 0.75 mm? 60 , . 0.009 *
Vinyl cord | 400 mm 1 70 457, Upward 16 0.018 100
50 0.018 32
L2 (mm) 70 ” ” 41
Pig-skin ngth : 200 1 —— - —]{45° Upward
Width: 20 9
Height: 15 7 ” 0.020 13
gat: 71 0.035 8

Sign % shows that the fire was not extinguished at the side of the sample shielded from the spray
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IR CER B e U T T PR RS | .
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Fig. 3 1053, BOFO# Mk T mie A3
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DELIEKCHRREETHD /Nﬁ?gb ik b eh

42D, KORDOELEILERBR= AL -SR]

L?:i‘;“ BwDTEHESS.

m/ses

Fig. 4. Extinction time ¢ plotted against entrained
gas velocity V7 taking oxygen concentration C
and ambient pressure p as the parameters.
Fuel : n-hexane; nozzle pressure drop: Skg/cm?;
vessel : 115$ X 80mm ; distance of liquid surface
from the vessel edge: 30mm.

n-~F Y DHKKBORMIL Fig. 1 0L Si2u 5.
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KNI OK R E & D IR IGEO B & & b

Fig. 3. Vinyl coated electric cord .after extinguish-
ment showing that the burning continued in the 5. FREAEPEHREASNS LI ORTIRIHE
shielded area against the spray coverage. ZEELNBD, WAIZNE €, HEFTOBEKIESH
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Report of Fire Research Institute of Japan No. 35 (1972)

Extinction of Fires with Water Sprays in Compressed
and Oxygen-enriched Atmospheres

(Abstract)

Atsushi Nakakuki and Masaichi Takahashi
(Received November 29, 1971)

Tests of extinction of fires of solid combustibles and a liquid fuel with water sprays
in compressed and oxygen-enriched atmospheres were carried out. The difficulty of
extinction increased far more with oxygen concentration than with total pressure, at
the same partial pressure of oxygen. Liquid fires were greatly intensified by the en-
trained gas in the spray. The appropriate water spray properties for the solid com-
bustible fire are (1) the large drop diameter, (2) the small velocity or the homogeneous
velocity distribution of the entrained gas, and (3) the small contraction in the downward
stream in compressed atmospheres.
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Fire Extinguishing Measures or Radioisotope Facilities
(2) Extinguishment of Liquid Fires in Enclosures
by Dry Chemical Extinguishant

(Abstract)

Tadao Moriya and Tokio Morikawa

(Received November 30, 1971)

The purpose of this study is to develop the methods of extinguishing fires in such
artificially ventilated enclosures as hoods, glove boxes and hot caves without allowing
any contaminated materials to spread out of the enclosures.

In the previous report, a study in which carbon dioxide was used as extinguishant
was presented.

For the present study, sodium bicarbonate based dry chemical extinguishant was
used. Fire extinguishing experiments were conducted in two chambers each equipped
with a ventilating system. one (1.8 m®) modeled after glove boxes or hoods, and the other
(29 m?) after hot caves.

(1) Experiments and Results in the case of the chamber of 1.8 m?

The dry chemical was discharged by means of compressed air from an air com-
pressor linked with an extinguishant container toward the facing wall from a two aper-
ture nozzle with its head 20 degree upward mounted just above the bottom by a wall,
as it was made sure that this nozzle location was good enough to extinguish fires of
any position after preliminary tests were made using the varying number of nozzles
installed at various positions. The burning of hexane in a round tray of 20cm dia.
located 70 cm above the nozzle was used as a fire model. The dry chemical application
rate was measured by weighing the extinguishant container with dry chemical in.

The dry chemical was found to be applicable to fires in glove boxes, but not to be
preferable for those in OrkRidge type hoods with the sliding doors open. In the case
of the latter, the dry chemical discharge could force the air in the hoods out through
their windows and give rise to radioactive contamination outside the hood.

The extinction time increased with increasing the rate of ventilation but decreased
with increasing the rate of application (Fig. 2 and 3).

When it is assumed that the distribution of the dry chemical concentration is always
even in the chamber, the relation between ¢. @ and fz can be given by

|4 q
te=——1In —F—
S0 N Y=C:0

where V is the volume of chamber, @ the rate of ventilation, ¢ the rate of application,

(1)

Cg the extinction concentration and /g the extinction time.
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It was found in the experiments that 70 percent of the dry chemical discharged be-
haved together with air.

The extinction concentration Cg of 0.30 kg/m3 was obtained from the experimental
results given in Figs. 2 and 3 and from the eq. 1 in which 0.7¢ substituted for g. Then
the amount of dry chemical W required for extinguishment per cubic meter is given by

iy _ g 0.7
w=Tr_ 4, 2 __ ’
v =@ " 074030 @

The amounts T obtained from the experiments do not agree so well with those from
eq. (2), but both have somewhat similar patterns shown in Fig. 4. According to the
results in Fig. 4, more than 0.5 of ¢/@ is desirable for the complete and economical ex-
tinguishment. In this case, the amount of dry chemical required is about 1.0 kg/ms.

(2) Experiments and Results in the case of the chamber of 29 m?

Installation of four nozzles each of which was installed at every upper corner point-
ing toward its symmetrical corner was adopted in the experiments. because it could
cover the whole space in the chamber (Fig. 1). The burning of hexane mostly in a 64
cm dia. tray placed on the bottom of the chamber was used as the fire model.

The extinction time was little affected by the ventilating rate, so long as it was less
than 180 times the volume of the chamber per hour (Fig. 5). The amount of the dry
chemical per cubic meter required for extinguishment, shown in Fig. 6, was much smaller
against fires in this chamber than against those in smaller one.

From the results in Figs. 5 and 6, the desirable rate of dry chemical application was
obtained as 1.5—40X107* kg/m%sec. and the amount of dry chemical required as 0.25 kg/
m?® at most. The value 0.25 kg/m? is even smaller than 0.4 kg/m3, the smallest value in
the case of the chamber of 1.8 m3.

The difference is seemed due to the facts that fuel was burned on the bottom in
the experiments in a larger chamber against far above the bottom in those in a smaller
one, that the number of nozzles used was four in the former against one in the latter.
and that the oxygen concentration was observed reduced during the former experiments
(Fig. 8) because of the relatively large area of burning and lower ventilating rate.

Lack of oxygen would occur in most fires in hot caves in the light of the fact that
in the experiments conducted in the larger chamber the burning area of only 3.3% of
the bottom area was quite small but let to reduction of oxygen concentration.
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Heat Transer Coefficient from Fire
in a Reinforced Concrete Building

(Abstract)

Tadao Moriya. Hirohisa Shimada and Tokio Morikawa

{Received November 30, 1971)

The purpose of this study is to give an idea about the heat transfer coefficient with
the case where a metallic block is heated by fire in a reinforced concrete building.

The room used for a fire experiment was 3.3 m high and of a floor area of 242m?
(see Fig. 1). There were fire-woods of 12tons or 50 kg per m* evenly distributed on the
floor but not any combustible materials both on the walls and ceiling of the room.

A cylindrical iron specimen with 10 cm diameter and 20 cm height (Fig. 2) was mounted
1.5m above the floor in the middle of the room.

The temperatures of the iron specimen and the surrounding atmosphere were meas-
ured continuously by C-A thermocouples during the fire experiment.

The total heat transfer coefficients at intervals of 5 minutes during the period of
fire were obtained from the results ol the temperatures measured and the equation (2)
{Fig. 3\

The fire temperature in the most violent period of fire can be regarded as 830°C
constant as shown in Fig. 5. The total heat transfer coefficients at intervals of 1 minutes
as regards 850°C fire were obtained also from equation (2), as Table 1.

The emissivity of the atmosphere in a reinforced concrete building in the case of
the fire in its violence was obtained by calculation in which the heat transfer coefficients
above mentioned were used (Table 1).

It was found that the total heat transfer coeflicient in the case of the fire tempera-
ture 0 of 850°C were approximately 90, 115. 130 Kcal/m* h*C against 400, 530. 650°C of
the surface temperature of the iron specimen respectively.

The product of the emissivity and the shape factor of the fire in its violence (850°C
of fire temperature) is presumed to be 0.6.
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