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Linoleic acid, Nitrocellulose and Triethanolamine

trinitrate biphosphate
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2.2 RuBEH
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FKRBEE EFLE 4T, X, A6,
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CEORDET ENHES,

Wiz, T, RSRMEHHR T OHIK LRI P+BH,
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4, REER

FEBUE & LTI, BSEFSD N ARG
PnEFLLELT, ZNERRHETH-Ioflifpn Li-
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Rizi, H{N6ARBARAEOHRISHITH
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TRMET 7. ‘

4.1 Linoleic acid CigH3304 (CH[CH;14.CH=CH

+CH3CH=CH[CH2);COOH)

Fig. 1 iR RP| &~+. BUS 15208, SR ATEH
75 Y —n Tng, BREIAN T=95C,0z4¥h 1.0
kg/cm? (2. 7ce/min.)

F— bO@RME, RERH—EE (C) ¢, ®
shEgE T, 12, B/ERZ2 5mm=3.75C, @S T,
—T, Rf/MAR2.5mm=0.05C T 3, ke
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Ts, °%c

Fig.1 SIT thermogram

M (min.) T1.25mm/min., f/EE2mm=9. 6sec.
(1.6min.) THB,

% No &% 0. Skg/em?(1. 19cc/min) $C, BHE®H
AR T=95C E£AA+5. Thix T, (BUEHEE)
— T (REBE) =08 > T,—T, OF-BERFAIETR
MBELOVRELLBRTHY, ZO, FIEORESRHY
O, 1. Okg/em® I2E$E 2, BIEDREEA L +5, —OHT
X 45min. B L1, BRBBENG ATC HiBE N
[ 4t &3kH B A, JT=2.5C(1004V) OFTEEEM 4=
9.60min. T, FABTERMN 4=30.08min. TH 7=,

(i) AMBREGHE

0, 0.5kg/cm? T=56~95C, B} 50mg, & BHLHAI
BiFG# 50ng, TIFV, AT=2.0~9. 5C OFTERM &R
wi,

H£#WEBE TCK) oW TR T BB HEES
M 4 AISHREBABHEMOMNE 4L, 1/T of
FREBITRT 5 L R<BE ~EABGRIRIT S, #-T
IR»6FR & D RE EOERL 2 ¥—E £R/NE

R ETA LTRS,

4T=2,5C OQ}%Q@ET% L, Fig.2 olm{ ¢&
5, .
E=9.9kcal/mole £ 432, ZhiIBREYN E=
18,3 keal/mole & B+ LFEL {hEW,

Zhigk s LTHRBRENHENRILLELNTH
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Fig.2 Linear relation between log 4tat 4 T=
2.5C and 1/T: linoleic acid 50mg(pu-
rity 92%) in O; 0.5kg/em?, activation
energy 9. 9kcal /mole

59, IHBHESOREOHME 99.0% (hRELKK
B T, RRERABOME 92.1% (fXMRIFKK
BER) ©, Fpusyixfmh LARSEME OV IRDIRR Li-
nolenic acid THBick 3,
ZOLICERB TR GhSEE(L T ¥—i2,
REE, RERHSOHATCHF LI BBERTS,
(i) SBABFEIEH ORIE

BEROEB T, ENRLABHE 4T=2.0~9.5C Iz
HET 35 R A ¥—ERD S &, E=10,110. 14
kcal/mole, n=16 T, 4T izEMRIc—ETH S,

#~T, 2R 6IKICHSHEBEMMID OERILTR
BIEBIBIC RS o L BA6N S,

Gil) SBSENBRHE ORIEE

Fig.3 iz, BB/ Y 7 —ARORBBSNIC 4 X
TREE, 0; L Okg/em?, FIEAL 60, 70, 100C T
HLgERERT,

60C NIEBRERFFFNFRZLNTHY, 100
TTRERABA L LTREEL YT 20— TLE

.ﬁl’tﬂ

BESN T=60TC, O; 2. 3¢cc/min., 4T=1.25C »
REXTIE, BAREEHEEM 4 12, cotton/linoleic
acid=1 BHEESB/PTHE 5 LWEBRIR V. b
Z DK % Linoleic acid L HELD L, HE
1 BHE CRATUEIC X BRI & DRIEOT(LIXS
VEZILL{TEY.

g T=70C, O; 2 7cc/min, 4T=2.5CT
iX cotton/linoleic acid A Wiz k, HIHAMA L <
B 4 Ak, RAEORNARIANIER S,

Wiz T=100C Tit, STEORIKIZTEVEIEEA
FEL{RS,

ftL T=100C i, DEfMeE LTREELY 7 R
T—nERWDE, SHIEOYKIZH O AHEE 42—
BT, RKEHRREHEBVWEVWRSD,

# -, Linoleic acid %, 70CLLETCRAWAL
{BLRIHEERL, WiZ100C TRFLILS,

20 r
7
£
i} .
2 / - ___./°
et ° A4
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] vl — .
be=c-b mo===" bo=enes ~a
o I 1 ]
0 ]

1
cotton / {inolelc acld ratlo

Fig.3 Effect of cotton/linoleic acid ratio on the times taken to produce a
temperature rise of 2.5°C in Oy 1.0kg/cn?, linoleic acid 50zg.

@ at 100C,
O at 100C (glass wool)
A at 70C,

A by Kotoyori et al. (a temperature rise of 1.25°C at 60°C; linoleic acid 90zg)
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ft Linoleic acid L RIBEAR, RAEF, Uiz &
Y RIEERT S,

4.2 Nitrocellulose

a R &

BREN=12.16, 12,17, 13.45% KR URZHEE
REHHO N=12.75% NFEEEHZ &, BMRE Ok

£#130%) 129w Tit, N;0.5kg/em?® K¢ 50T,
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B2 (0209 N:80%) 82id, Nj, O, 0. Skg/em? &
T, BAREHEMERD,
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2) SEEER

Fig.4 iz, ©#3E N=12.16%, 20lzg, 150°C, 284
Kith 0. Skg/em® CFF » BIEBRA L TT,

MK N=13. 45%, 149mg, 150C, & &HEHH0.5
kg/em? TIT - 10, BARHACBRICHY, o7
A EBBELEN, RBHSL LTIE, EREFHICS
Rumahohieh i,

(i) SMBAE

#BREI DI 4 DRYEIRA T=139~159C (=51 3
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/T ok &xt L, Figdiom+mthy, fh
OB A RLEMIR &R L BRGNS,

N=12,16% Ci%, iBR¥l £=66. 9kcal /mole, ¥k
Bk E=65. 9keal /mole A2 L 555, B
£} N; §3tth E=89. 6kcal /mole TFHL { kX {HA
BEEng v, N/CoaREETL 0 DSBS
BALREN LD LR TH 5,

N=12.17% ®kRREHE, E=74.5keal/mole ¢
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Fig.4 S, L T.thermogram

3, THIHEL LD TORRTHSNT, RERL
HFEEEHEFED Tidle vV CAJRE D K SV B8,
N GHhofficl@ T2 E, MFLIIEW,

N=13.45% BRI EHY E=78.9kcal /mole T,
FRERF N=12.16% ik 9 LF LA KCHER
el UL 1A

N=12.75% NREHERAFREIER Cit, E=62. 1k
cal/mole Ciin BN LD L& L, ABEREEE
BLBWIENERS,

AEREI ORI RERESR L, Abel Heat Test 80T,
22. 10min. (30min. L E4#), Methylviolet Testl35
C, 13min, (30min.LLEAHE) I2LB3LNnTHDH, =
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h6REFTRLYROMPEFRE ERBT S5 L0 THEA,
AR LR ERABHHRBZ LI TH S,

PULom Chah, EEk=rax—2 LTRH,
60~90kcal/mole ¢, RRNMNFELETRS SN
TS LKTHS,

(i) BAFHEHMD R

ARERT, EMRERBE 4T=2.0~6.0C jzk4
TSI R ¥ — ERDIEBREBRTS L,
Fig.6 o< ¢ 3,
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Fig.5 Linear relation between log 4t at 47=2.5C and /T

E keal/mole

@ ——wet N/C (N=12.16%) 200zg in air, 66.9
O-----dry N/C (N=12.16%) 150mg in air, 65.6

@®—-—dry N/C (N=12.17%) 100mg in N3, 74.5, bottom closed cell

A—-—wet N/C (N=12.16%) 200cg in N3, 89.6
A—~—wet N/C (N=13.45%) 1002g in air, 78.9
W--------wet N/C (N=12.75%) 200zg in air, 62.1

SR ERL, SRRERBIZE LVWELERBEN S
v,

(iii) SHEZE KA

log #£ £ /T OEEN CRINBXIBEEERD S &,
# 197~211C Thy, EFEofanfEcHonfl
LRBILAeV,

4,3 Triethanolamine trinitrate biphosphate

CcH1sNO17P; ([CH3CH;ONO, )N -2HsPOL MY

TEA-TN-BP 3 RERLME LTHEASA TS
0, PP HaBAAREBLIEZERHE LS,

n 8 #

v s TEA-TN-BP i, griR, #UHE 98% LA E(=
EXBK. K. M40 Tdhs. RBTIEREGLTH
58, RERKE CRERBkLELSNT, RiEELry
BABFD G 2y —n BRI,

— 340—

REIBE T=65~80C CiT~» /o, HIRERETS
&5 CHBANT, TOHRYGBE $REHEMEIGESTT
B AWM E s BstHkS £ izl

MY 7 et EBISERLN LWL DT LT/,

2 REREER

Fig.7 ic, 0¥} 198zg, # 5 X & — A 29vg,66.5C,
ZRAKHSP 0. Skg/em? C4F - FIRAEZRT,

DTS 0. Skg/an®, T=66.3~73.5C,N; 0.5kg
Je?, T=67.0~74.0C; It Ath, T=65.0~80.0
CTRAfFT-1n, 4T=2.5Cnfiaic~&,logdt &
I/ ToMEsBR+T5 L, Fig.8 nln{TH, B4
TORBIEE &+,

ZOPEDTEEL A A ¥—12, BRKHG 0.5k
/cm3, E=80. 1kcal /mole; N; 0. Skg/em?, E=58. 8kcal
/mole; FHE+n, E=64 0kcal/mole TH3,
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£, kcal/mole
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AT, %

Fig.6 Relation between activation energy and 4T;
@wet N/C (N=12.16%) in air
Qdry N/C (N=12.16%) in air
®dry N/C (N=12.17%) in Ny, bottom closed cell
Awet N/C (N=12.16%) in Ny
Awet N/C (N=13.45%) in air
Bwet N/C (N=12,75%) in air

hbenffiit, M= AFALFRELTH, BKTH
B8, ERCARBETNO,NO; sigiiah 3,

X N RfhoflinFi L { &<, BRIERELD
REOETRELOGNS,

(8) MBARFIBE, BLLE EAES L URARE

FOREH

BEXER TR, RIEHRRICESNL2WEL &H
ATWBNOT, BARKMRARY &R SEROMIHEN
12, AFRHATREEY T IZLED L0OOHEN
FELWY, BRILERT3L0IC2WT LR

L,

SEH Iz LB LS =7, 1 X103 /sec.at 14
T, 77 v atk (REKREER TXP0S, =i
25 27 AK. K.) iCE ORHBELHOTH S,

(i) Z&KKHO.Skeg/em? HRNLY

MR M6, 4T=2.5C RiBRM O In 40 /T
NEBRING, BuMAREICLY, o, bERDHBE,

a=40.332780x 103, b=—112. 09957
Lies,

FREERITRIRIRERE L 13 &, 10X2 6 Cha-
mbré ? §,=3.32& 75, T 10kg [HREL AT &A%
HBILHZLTHBENT, REFL=0.89g/m?® 4+ 3
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Fig.7 S.LT.thermogram

&, BFEr=30m i3,
Zh6N{RE TN, MRROBIERD LREHR =
7.1x 10%m3/sec. #UIKITRATS &,
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40, 332780x10° 1
In T+ 27. =|n 30+—-2

, 33780 10%%2 5
(1n 4RSS+ 12 0095)
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Fig.8 Lincar relation between log 4t=2.5C
and 1/T: triethanolamine trinitrate
biphosphate (purity 98.0%)

E kcal/mole
©——2002¢g in air 0.5kg/cm?, 80.1
O-----200ng in Nj 0.5kg/cn?, 58.5
®—- —100mg in N; 1.0kg/cm?, 64.0
bottom closed cell

Lign, T eRkHBE, T=50.2C &£15.
MRSLBAT EH4T 4T, 12, 10Xo Chembré » 4=
161 ZRV0NG

2
at=1aflE-s2¢ &ps

it 10kg DMEFIERRBERREZ LS L, BK
RAAEE T, 12, $LT50.2C, 4T,=4.2CLA%R
KRICBIBZ kizie B,
XESNOBEET AR 40C L3358, RROBA
FHE2r=438em ¢, 4T.=3.9C L2 5,
PrEomesh;, BEHRaiz, LROmMBR
i Aoy, RRERME 66~74C fiEHV
BN, HFELOVWIERWIEL LY,
(i) HES izl 3R
WRFIER 4T=2.5C s
a=33.222151 X103, b=—88, 38136
r=30m k+5%, T.=46.1C, 4T.=5.1C
X T,=40C L +5 &, 4T.=4.9C, 7=82m &
i3,
PEnid THHH, BEICHVT 10kg HEFHTRE
RiBVRH D e THBN, LEOmEXRRE
B, RUBRREAREE N Sl BB O
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EABELTW Rz ELEXORS,

RBAKERNS LHEY At X 5ERME
fitc X SMAEGOFTHIEFE LT & &R0,
HHERLIAERFSL5TH S,

5. 8 B
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(1) Linoleic acid
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FGRikE Linoleic acid # X 9 B|/ICSHL TS L
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3,
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{2) Nitrocellulose

(i) REBRTROHLEEE=FLE—E, E=60
~90kcal/mole ¢, NN HiEIC L 5L+
BLRTHS,

(i) Ny & cit, E=89.6keal/mole THE L <
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124, BEAREEREBAESE TS 2L kThS,

REHEY > 7O N=12.179 ik, E=
74.5kcal/mole CRIE D K TH BN, Ny KFip 0fii
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(iii) G/CN=13.45% <Cit, E=78. 9kcal /mole T,
C/Ciclita L, KTHIVARRIEIRIBVWES
26h3,

(iv) BYTREERBRRLHRE N=12.75% »
Nt E=62. 1kcal /mole G, fin{mh o BB L
D&, HBRAENAHL LD THD,

o THEICRMNEET ARl E LT LA
DR[BENER RS,

XA X SR ARTER NS, KBFUR 139~
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Self-Sustaining Reactions Behaviors of Chemical Substances (1)
Linoleic Acid, Nitzocellulose and Triethanolamine Trinitrate Biphosphate

Tsuguo SAWADA*

To Study the properties of spontaneous decomposition and ignition of chemical
substances, the author used the spontaneous ignition tester (Shimadzu SIT-1)which
the temperature between the sample and atmosphere was more precisely controlled
adiabatically than the existing apparatus by the PID-SCR technique and a zero supp-
ression circuits system. The apparent activation energy E for a given minute tem-
perature increasement 47" was calculated from the linearity of the logarithmic time
4t for the sample temperature T to rise 4T against the reciprocal temperature 1/7T.

Linoleic acid (unsaturated fatty acid) sample decomposes in different self-sust-
aining reaction according to the temperature T ranges. E decreases with containing
linolenic acid in itself, The reaction of Linoleic acid/absorbent cotton mixtures is
found above T=70C by increasing dispersion ratio.

E of commercial nitrocellulose samples is found in the range 60~90Kcal/mole.
This value is larger than the past ones by other experimental methods. This exp-
erimental result seems to correspond to the present commercial stability tests, Abel
Heat Test and Methyl Violet Test. E=89.6kcal/mole in N, atmosphere is larger
than 66.9kcal/mole in air, and so self-sustaining reaction of nitrocellulose depends
considerably upon the oxidation reaction, Gun cotton N=13.45% is not casily de-
composeed compared with collodion cotton N=12,16 etc,, as E=78.9kcal/mole of
the, former is larger than E of the latter.

E=60~80kcal/more of Triethanolamine trinitrate biphosphate is also exceeding-
ly larger than the estimated as a salt of nitric esters. The self-sustaining reaction
belongs to the secondary main reaction.

By means of the thermal ignition theory, critical ignition temperature 7T.=46.1
‘C critical temperature rise 47:=5.1°C and critical diameter 27.=60cm of Triethano-
lamine trinitrate biphosphate are calculated by this experimental characteristics and
the thermal diffusion coefficient «cm?/sec. with the Xe flash method. These criti-
cal conditions seem to be useful for estimating self-ignition accidents of these che-
micals,

(*Faculty of Science and Engineering, Kinki University, Kowakae 3—4—1,

Higashiosaka City 577, Japan)
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