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Critical Ignition Temperatures of Chemical Substances
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Abstract ; Ignition or explosion accidents in which any thermally unstable chemical substances are
concerned often occur, due to failure of temperature control, when these substances are processed
in manufacturing plants such as reaction or distillation vessels or driers, or when stored in large
-scale tanks or warehouses, especially when kept in circumstances a little hotter than nomal.
Main measures to prevent this kind of accidents are to keep substances at temperature levels
sufficiently below their critical ignition temperatures. Critical ignition temperatures (hereinafter
referred to as T¢ values) of thermally unstable substances become, thus, important data to rely
on, when we aim to prevent, by temperature control, the fire or explosion accidents which these
substances bring about. Instances, however, have been only a few so far where the T¢ values of
bulky stacks of chemical substances were actually measured and/or calculated and reported as
reliable data. ,

In this paper, Tc values of eight kinds of self-heating or thermally unstable chemical
substances are calculated and reported, using an adiabatic self-ignition testing apparatus (called
SIT), and applying a procedure. Both SIT and the procedure have been developed at RIIS. A
detailed description of SIT was given in ref. 13), and that of the procedure in ref. 14).

~ Substances tested are nitrocellulose, lauroyl peroxide, p—toluenesulfonylhydrazide, a, a’-
azobisisobutyronitrile, benzoyl peroxide, high test hypochlorite, p, p’~oxybisbenzenesulfonylhydr-
azide and dinitrosopentamethylenetetramine.

Measuring conditions are as follows : sample amount, ranging from 450 mg for nitrocellulose
to 3 g for high test hypochlorite ; sample container, sealed cell made of Pyrex glass (ca.2ml) ;
initial sample (starting) temperature, ranging from about 120°C for nitrocellulose to about 50°C

for lauroyl peroxide.

Main results are as follows :

1) By applying SC-SIT (SIT measuring techniques with sealed cell), adiabatic self-heating
behaviours of almost all chemical substances become measurable safely, easily and with good
sensitivity, without being botherd by vapourization phenomena of sample itself or by endothermic
effects accompanying such vapourizations and by evolution phenomena of corrosive or toxic
gases.

2) Self-heating chemical substances are classifiable into two groups when SC-SIT is
applied ; one is a group, tentatively named “T-C (thermal combustion) type”, and is the one

* {b3pges  Chemical Safety Research Division



— 104 —

EXZeWRmFRERS RIIS-RR-87

showing such a self-heating behaviour, as shown in Fig. 6, that when a sample is exposed to an
atmosphere of temperature T, the sample temperature reaches T within several tens of minutes,
then it goes on rising relatively slowly with such a rate varying with the 7 value that Arrhenius
equation ordains ; and the other is a group, tentatively named “A-C (autocatalytic) type”, and
is the one showing such a self-heating behaviour, as shown in Fig. 5, that when a sample is
exposed to an atmosphere of temperature T, the sample temperature approaches gradually to T
over a long interval of time, and in course of time, as soon as 7T is reached the temperature begins
a sudden and rapid rising. These two heating behaviours correspond to combustion modes of the
thermal combustion and autocatalytic combustion, so designated by Frank-Kamenetskii,
respectively (ref. 15). Frank-Kamenetskii’s critical condition for thermal explosion is applicable
to only chemical substances of T-C type.

3) _The procedure yields 7¢ values in good agreement with corresponding data calculated or
observed by other researchers (Table3). Therefore the procedure, which was shown to be
applicable to calculation of 7¢ values of oxidatively heating substances such as wood sawdusts
in the preceding paper (ref. 14), has been now proved to be sufficiently applicable also to
calculation of T¢ values of self-heating substances. In the case of five substances of T-C type, The
Te value was calculated to range from 56 for «,a’-azobisisobutyronitrile to 78°C for
dinitrosopentamethylenetetramine, assuming each to be packed in a sealed infinite cylinder, 40.
64 cm (16 inch) in diameter. In the case of three substances of A-C type, it was reasoned that
there is a fair potentiality for these chemical substances to ignite ultimately, if nitrocellulose is
kept at 41°C, lauroyl perxide at 42°C and p-toluenesulfonylhydrazide at 78°C for 60 days,
respectively. ]

4) By using Equation (11), it is possible for every substance of A-C type to calculate a T
value, which can be utilized as a kind of critical temperature to prevent ignition accident due to
substances of A-C type, corresponding to an arbitrary 4¢ value. Examples of such calculations
are presented in Table 1.

5) T¢ is a function of only » in Equation (9). Therefore, if (T¢-») diagram is provided
in advance for every substance of T-C type, it enables us to read readily a 7¢ value corresponding
to an arbitrary » value, though being a rough value. Examples on benzoyl peroxide are exhibited

in Fig. 15 and 16.

Keywords ; Critical ignition temperature, chemical substance, self-heating, ignition liability,

thermal explosion, spontaneous ignition, ignition phenomenon.
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Fig.1 A schematic profile of heating process of
any stacks of self-heating substances
under adiabatic conditions.
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Fig. 2 Sealed cell assembly of the SIT
apparatus.
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a, Stainless steel sheath CA thermocou-
ple, 0.5 (mm) in diameter ; b, Glass
stem ; ¢, Adiabatic fillers made of glass
wool ; d, Round plate made of alumi-
num ; e, Cap nut ; f, Washer ; g, Teflon
sheet ; h, Inorganic adhesives ; i, Sheath
flange for thermocouple ;j, O-ring;k,
Sealed cell made of glass;1l, Teflon
sheet ; m, Washer; n, Reference sub-
stance or sample ; o, Gold powder.
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Fig. 4 Starting procedure of the SIT apparatus for
self-heating substances.
SIT 26112 BECRAEMBEISHTER9—F
&
I 2 BRRELL o003 ), zero suppression 2% EHR{E*
(4T =0 72 2REEEBFIHERICBOYTESMCRE
TH5ILThHoT, BENE7 a4 7aRky

ERETEWFEFR#RSE RIIS-RR-87

FA—F —DIEHEZDA T —NVOHROY a DAE
ey FT3IE) 2T, EbIC reference cell ®
DWLREREREV TR T BTN 5EEE, refer-
ence cell % sample cell iIZDJ#2 7:%, BURE
WT Y TYBIFTNARKZEY bT 5, ZOEE
IVHAHBERZ—BERALSETETF T2 LR 3
A3, 1 EFfiE X682 5 B i sample cell @Y B UEF
ERERSINTET, 77urs/eA70fkV b 2A—%F
— DI AT <Ol S X —F —DA T —NVHIKAS
TL %3, ZOEEDBRA 7 —VHROE o DAIEICEH
E L - B EEEe 5 i BIBBRE D FHEE 2 BEth
TEDTHB,ZDEF, 2RV a—F—FiZBWTY,
bbBA, AT X AT base line &7 a0 X§ %,
DED#EEAY — ML) (Fig. 4 2),

6. # R

SC-SIT 2 & % L HOHMERBEEO(LEREMITL 2 E
KHETE S LB bhol,

—2i3, Fig. 5 IZRT & 512, Relas T k288 &R
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Table 1 Some experimental parameters of slow auto-catalytic reactions and critical ignition temperatures of
3 chemical substances of A-C type.

SEOA-CREFERFOAMRSICHT 3354 -5 - LIBRERERE

Tc
Chemical substances E/R C’ 0 ghrs  12hrs gghrs gdays  gpdays  godays
Nitrocellulose 11,709 —25.931  0.20 95 87 80 60 48 41
Lauroyl peroxide 48,415 —142.293 0.55 54 52 51 46 43 42
p-Toluenesulfonylhydrazide | 31,238 —77.488 0.57 102 98 95 87 81 78

T¢ value, that is, such as each temperature shown in the lower column, is defined in this case as the
temperature of an atmosphere to which the sample, having been kept at room temperature till then,
is exposed, and in which it begins to heat rapidly beyond the temperature immediately after the time
elapsed shown in the top column.
Symbols used :
E/R coefficient defined by eqn. (14)
C' coefficient defined by eqn. (14)
T¢ critical ignition temperature [°C]

o initial packing density in the sample cell [g/cm3]
(In the case of L P O and T S H, the density becomes
almost doubled after the sample has melted)

* Tablel B TEYEM T BRIECBERBEFAET 2 L5 0BER, ThTh, wbw 3 SADT {HiZiH4T 5 5D TH 3, (Table
3ZME),
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Fig.5 A schematic profile of heating process of
chemical substances of A-C type.

A-CRIZET 2t FREBORRE

a, Sample is inserted into the air bath, the tempera-
ture of which is T ; b, the sample temperature
begins to rise suddenly and rapidly beyond T.
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Fig.6 A schematic profile of heating process of
chemical substances of T-C type.
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a, Sample is inserted into the air bath, the tempera-
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—HTEPEPR ARG 5 &5 hRBEEH LR
TS (RFr A-C (autocatalytic combustion) #,
(T2828))THY, ThRETHERED T E*
Table 1 i2#81F %, Table 1 ®_Efic R X hi- BRI
PRI UFZELHPLUZBRE(ZOBE, T LRAREER
zb0) OFEAKKEINIE, BERGD S SHHE
BEPHBRTIETOZINERLTWE*, LTS5 T,
EEEBZD LS RREORESRCEINBE,
TNHPEBRCEKTEETCRBRBETS (SEES
BV ~HIFHE (BRFERICBWT) 2BT3H0
EFEEIN3,

b —DODEEIX, Fig.6 tRT &I, BRS T
ZHREOFAKCEEINSG &, HREEEIR 1R
Nz T WEREL, R\ YRR U T Arrhenius
BRI 2HES b > THEMECLIC ERELTT
&5 hHEEH (DD, Frank-Kamenetskii f972
Bifkwo (B, ORN0OBRAHS) TRERFEHEE) %
R~ EE (KFR T-C (thermal combustion) #) T
D, SNETZ2ERED T {E% Table 2 I23B1F 3,

T-CEOERDFEXKIIBOTIIRE»S>DREL K
BOFRREGVLLHELE LY, a,b, AT BV a EB—E
DEFWRIzE T 5%01E, T HIZERO~E (7)
WM XD EET B L Ek3 (DD, Hr0ES
O TA(Te-7) BfR%E 75 7 TR 2 & HETRE (7.4 &
BI)), Liedi>T, Table2 @ BW Tk, SEROD,
Fl—&RECBIT 5, A ERKDOLE S 2RT 9,

ture of which is 7 ; b, the sample temperature
goes on rising slowly beyond T.

WTFNHERE 40.64 (cm) (16 (inch)) OHEERICE
HEEINTWD LRELEED T EREHLTH
Table 2 Adiabatic experimental parameters of slow self-heating reactions and critical ignition temperatures of

5 chemical substances of T-C type.

S5ENT-CEMLRESBOM BN E CRBIUSICT2/55 2~ — ¥, FthdHEE40.64(n) OEER

ICBRINTVBLREL-BAOBREKEE

Chemical substances a b a E o Tc
a, a'- Azobisisobutyronitrile 21,058 —57,362 0,07 175 0.55 56
Benzoyl peroxide 34,732 —93,561 0,05 289 0.64 - 72
High test hypochlorite 13,747 —34,293 0,13 114 1.36 73
b, p-Oxybisbhenzenesulfonylhydrazide 17,468 —42,199 0,06 145 0.59 78
Dinitrosopentamethylenetetramine 15,747 —38,514 0,06 131 0.64 78

Tc values were calculated, assuming each substance to be packed in an infinite cylinder, 40.64 [em]
in diameter.
Symbols used:
a coefficient defined by eqn. (6)
b coefficient defined by eqn. (7)
a thermal diffusivity [cm2/min]

E apparent activation energy [k]/mol]
o Dpacking density in the sample cell [g/cm3]
Tc critical ignition temperature [°C]
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Table 3 Comparison of T¢ values, of 7 chemical substances, obtained in this work with those or temperature
values ‘of similar kind previously reported by others.

TBOEFESMIOVTOFE IS & BRAF KRR L ¢ M EhORKEE L DLEB

obtained previously
Chemical substances in reported
this work by others
Lauroyl peroxide 462 [C] 450 [°Cl
p-Toluenesulfonythydrazide 87 879
a, a' - Azobisisobutyronitrile 569 54¢
Benzoyl peroxide 69 699
High test hypochlorite 759 76m
b, p~Oxybisbenzenesulfonylhydrazide 780 909
Dinitrosopentamethylenetetramine 78d 759

Note :

a) Temperature values of a test atmosphere to which each sample is exposed, and in
which it begins to heat rapidly beyond the temperature after 7days (cited from
Table 1 ; these values approximately correspond to the so-called SADT values*) .

b) A T¢ value observed, using an adiabatic storage testing apparatus of BAM type,
following a procedure similar to that described about a) (cited from ref. 3 ; this
value is a sort of the SADT value) .

¢) T¢ values observed, using the open cell-SIT, following a procedure similar to those
described about a) and b) (cited from ref. 4 ; each of these values is also a sort of
SADT value) . '

d) T¢ values calculated, using the sealed cell-SIT, assuming each substance to be
packed in an infinite cylinder, 40.64[cm] in diameter (cited from Table2) .

e) A T¢ value calcuated, using the open cell-SIT, assuming the substance to be
packed in an infinite cylinder, 26{cm] in diameter.

f) A T¢value calculated, using an adiabatic storage testing apparatus with open cell,
following a procedure similar to that carried out in this work, based on eqn. (10),
assuming the substace to be packed in an infinite cylinder, 26[cm] in diameter
(cited from ref,5) . '

g€) A T¢ value calculated, using the sealed-SIT, assuming the substance to be packed
in an infinite cylinder, 35.4[cm] in diameter.

h) A T value calculated, assuming the substance to be packed in an infinite cylinder,
35.4[cm] in diameter, following a procedure, which is also based on F-K’s critical
condition for thermal ignition, but is different from that carried out in this work
(cited from ref. 6) .

* SADT is the abbreviation of self-accelerating decomposition temperature, and is
defined as the minimum temperature at which a rapidly heating decomposition
reaction or an ignition of a substance starts after just 7days when it is stored in the
largest commercial container.
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Fig.7 The entire plots, each of Arrhenius type, for 8
chemical substances, among which 5 plots,
each represented by full line, for substances
of T-C type are based on eqn. 2, and 3 plots,
each represented by dotted line, for sub-
stances of A-C type are based on eqn.{).
SEOLFERIC>VWTDInAt /T 7Oy b
2

%,

Fig. 7 12 5 8D T-C HDIEEERLETIEDWTO
QRwE L Fuy b, Bib, VHIEEEE T kB\»
THRDEE 1.25 (K) %22 AT G ER T
B9 28 4t 53R FE RO B R E» S5 FAES
CEIEDERILI-Indt /T 2379y b, 2R,
772 U, A-C B DOFEEES) % R EEMHIC DV T,
CENETEBRIZELNATWRREDS T 22 B8E0EHE
K[HFWCR S B, BERG» S T 282 TSHEFAE
2BHIAT 2 2 CORM 4t & T Oz, QR & EED,
Indt=(a’/T)+b 725, ®ixY Arrhenius type D,
BRBERIT 20T, ZOBERIEIL 7oy MitE
BMcE->oTRLTHE (WKU' 7.2 Hi2K), Fig.7
PRI tEEREDOB X 7 DAL RE (D
F2L23%, HK) OLBIRHLIELNTELTH
3235, AXOERFHZOVWTOERIZFESEIC TS
Zrrv3,

7. & &

7.1 FRAZEIZE >TH/LNT Tc B L BIRENLLER

Table3 i 7TEEOEFCOELXRHAF I >TESH
e Te EE MiOMFREZFC L > THRCHES LT W 3,
TefEZ WL ZNCEND, BEE (NCRROWTIRRE
BRI LICRYSY) RPHMLUL—EBEREPEBETS, Z
NoDEEMEIZ, Thoe 2B HAWARERER W
LAIEREREWIATULOEA—THEZ LIRS R

eI MERICEL Twb,

EbMmL, s 3BOERE SC-SIT T3 L,
Fig. 5 2RL7z &2, T B3 RECHEESNI A
CEREISET sk, REHEE R, REMcbIz-
TT REETADAT, b T ZELZVLH(Z
DI EFEIHLIERT ), BT T WX—HLE
B, ThEEZ (AR LE2BHRTL LS, H#R
Hy7z BAER IS OMEBA O NS, Lzd8-> T, [NC
PREBRETCEVIEES, AEERXZORECS
WTRESSHER LR, SELFWCET S| LR
BIEBETIE R WY,

U EDHB 2 ENCERT 2 £, FEHATEE
ARz B> T auto-catalyst Z&RKT 5 overall L LT
Bk 2 S BRIGH, FDHBDBEWGL T Arr-
henius WICEENT2HEER2b->T, LT OETT 3
7o, RET ERREBERR O E» 0T T CHhE
LTIF c k3 ; LiL,®» T auto-catalyst D
BENI—E (BR) [EICEZE L -BE#RE, auto-catalyst %
WHET 2 DHDOSERIGEET UTREWI Yo i),
DEFEET 32 REHOEL 5 38k, REBE®E
D, FREWIMERIGHEHE (—K) WChHBEN5 ;|
tnS kI nREErLzbDEEZ OGNS,

D%, BEEHEHED L ZREBEECr»DD L
auto-catalyst DIEEN—EFEIZTHIZ L VWO TH S
ho, BERENEWIEY, ZOEREERZAEZ VO
T, ERNHTHEHEKTL, SKBEMBEVIZESE
HHRRL B LER B,

7T, EH% A¢t, auto-catalyst DREFLEE% C,
FOERRIGOEER v 2 - REEH 2 LT B L,

S HRIERAVBTE—THERE Bz, B (B &5
BLUTHARRET 3, HEWITEEIEEL CHRECED
328 DBE, LEILEEETIERMSMELZ-oTR
ERIEE S5 2 L HBEL, BEL U TREEEORBZEL
NS FREIR L k> THbI Y, ARG 2HENT 3 LRIG
EEMERTIENA NS, 2Dk IBREE B (auto
-catalytic) Kt & 2\, EHEEHOFE CRIGHSETT %,



—114 —

_C_C __¢C E
m‘v‘kafuuxe“%RT> 10
lndt— 2 +C’ {1

EFRLENB L ERD,

Z2IT, NCRLPOZ#hIWZc TSHiIZDWTiE, AL
DORHBEEICETE, F 6D Tablel XU Fig.5
BWIURLIE S, —ERE T OFERIFICHEE %
B 7-B&e, BENEEHKE (RKEFMORAR) %
BT % ¥ COBEREFE 4t o BRMHZF LT 1/T
2709 v TB2EEL, CRHCEDSHTEERD 4t B
WHIET 3 TE2EHTLIENTELZLISILED
TH5,

UEDEZNSBEEHINIEERRA > M, NC,
LPO kU TSH & A-C BI{LERERBEOXRFRE (2
NETELHBELCE LI F-KWEEKIZBITS
T HETEREZV)EFEHORIDAKICUTEES (7
IEBAR ) MEREOETHL DS, COBOER

b/ S
L
/ .
. 7
) %
o / »
g Af
% ////
<« Vs Pad
g o
]
100 ~ 200
time (min)

Fig.8 Effect of the sample-sealing on the
heating rate of benzoyl peroxide.
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a, A heating curve of BPO packed in an open cell
made of glass ;
b, a heating curve of BPO packed in a sealed
cell, made of glass, with a glass sheath for
thermocouple ;
¢, a heating curve of BPO packed in a sealed
cell, made of glass, with a tantalum sheath for
thermocouple.
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Fig. 11 Effect of the cell material on the heating

rate of BPO samples.
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a, A heating curve of BPO packed in an open cell
made of glass ;

b, a heating curve of BPO packed in an open cell
made of stainless steel ;

¢, a heating curve of BPO packed in a sealed
cell, made of glass, with a tantalum sheath for
thermocouple ;

d, a heating curve of BPO packed in an open cell
made of aluminum.
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ERECEDLEWISIRKEZL S, 20K IRERMES
nEEE, 0775, NC#S, T-CETR<L, A-C
AET2ERTHRILE2REL LI ERREBE
EZ16n350DTH5,

TG-DTA & & » THRORRIEZ £ H 5 &, NC
X 150 (°C) fHEd o RBRUBE 2D, 160 (°C)
Bt & D IBRNEADRRICEFRT 2B 2R T,

8.2 Lauroy! peroxide (LPO)

RGN B A MRS (B, /S—uaA VL)
Thd, BEZV—IREELTWEDOTAHKTED
DRELTHhOHRA LD, 25T HETLIIL:
BERL 72,

CHa' (CHz) 10‘% "O_O_ (": - (CHZ) 10_CH3

0 0

LPO i diacyl peroxide BT 2REVELHETH
>T, TFVvy, AFvy, Ele=nr, 2F2790
BIATFNVHBWIRTEEMRY) =27 VEOEARE
KrLTtBwans, £/, BLAlE LTORERE
AL THEEOERIC AWS LS,

SC-SIT ic»iF 3 &, LPORLTD &L 5% (TSH
S EETH 22 EEERT, Hb, ARNRES T
2 5 RENRECERL L TIT S, Bt RLEA LS
ORI TITE (b, NCOBE LR, RELL TR
Wy L CENS), RESESEITE S LR, #
W ES L, ZOXRMEIZO,) Ly s 2URHAEEE M
T2, ZO—ZEKRE A T3 &, LPO(® TSH) i,

a rapid heating begins 4
t pen on
l 4t>0 A4t base line f

melting.

4t<0

40 pV

Fig. 12 A schematic locus of AT pen, on the strip
-chart, recorded when performing SC-SIT
with LPO or TSH.

LPO % TSH % SC-SIT A iF 1z 2 Ry
LO—F—LicBWTHbID AT R0
#
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HARE, Bl bBEERZEBEAZ > TVLEPDLS T
Hbo BIZIE, KEBALUCE» L TTLE, ZwdlL
THKPEELTVWBRY, RLEDBEHN0(C) %2
Bz 52 idmvwo LFARE, LPO ( TSH) ZsikH
KEZENS DFERZPEELTVBRY, faArsnz s
N RARCBTRE (F—HEETBELT) T3
BEZZNODOEEZE»T Z LIZERSh, ReKk
ELTRBBNCHEETZDTH2, 7272, Z0E
DOYIBEORISIL, EEBYIOZNERRY, HYLWE
BEECDI>TEB LELZbDDIS>REZ TS5
3 (8.3ffivb BRIz,

8, LPO(® TSH) % SC-SIT i3 7z 2~
SVA—F— L BITB AT R DOEEH P LVELL
i3 & (Fig. 12 81), T 2EBETBIEY, AT
RF—H AT base line 12359 28, RN TRED
BUEDME % 2 L [FIRRIC AT base line » 58N T 4T <
0B FY 7 M LTHITE, B ERORMBESKT T 5 &
FRFC AT >0 EANDEEZ R Y 7 M (0% D, RED
R REFR R R TEE) 2B TIOTH L

%7z, LPO(® TSH) % SC-SIT i3 2584
DFEHL (A1, BEORMBLER) cBsWv»Tik, 7.3
BWTHN L5112, BESELICERKLED
HE2OCRFBELTCHAERRET L2 LCEY, ¥V
BEEL BB, Vyr )0 (BEFICS
WTRBENES T2 @ET 2) HEICERINET
T3) B TRESRETRRNE L, REORES
RETIHMRIFELEZ EEL NS,

TG-DTA W & > THBDOHHE B4 3 &,
LPO i3 66~122 (°C) =7 T, HERHRES 1 IcoiR
TEEEERT,

8.3 p-Toluenesulfonylhydrazide (TSH)

HAFRHI KB T 36954 (5% 4, UNIFOR H)
THb,

TSH BHEOKRUETHY, b -i¥s T2 BRI
AeLTHwond, TFHEES A N, RUH,0 T
»H3,

HIEIC BTN & 51, TSH 3 h 2BEDSE
RETCE»N2 &, BSR4, FRL

*¥* NCDBEE, FULEET 32 L8z, AT pen
& AT baseline L AT <0 fll» SHBEL TIFL DAT,
—HEZhDSBNT AT<0EIZ R Y 7 332 L%, 08
TENCET 3 LRBCRER AT>0E0 K Y 7 LTS
(ARIREERIIET 2) LW H5BEIERT,

ERREWFRFPIZEMHReE RIIS-RR-87

DORERATHIAT 2 EF LTI,

BB, EETIEZBWT TG-DTA &»iF3 &, TSH
& 106~106"C)IcRS 2B T 2 Z Laibhd» 388, TSH
(P LPO) %, Zh o DREUTOBREIZSWT, SC .
-SIT hit 2 &, BRACERESET L ¢, ErEFE%Rw
BRERRVIEE 2RTFRHRT 5 ENTE 3,

DEDHSKEBEELT,7.3% 8.2 BT, TSH
(® LPO)DBE, EVAVRBEEL RS Z L2 X D EhE
BETHRSETIREEEICDOVWTERLEZD, Eih
<, BB TH, tA/ARHYEELR>TEY, ¥
Y7y bpoREELT YT BREHLUER
BT, FEITREFy VBT WETH 2,
L»L, ZOBRELPEGHIL TIT 20T, ¥IVH
KBOTERE LS FORBRKBE L T VHME
FELZz-oTiT DT, 7y VEBEUETHIS>h 2
£51CidB B, 1272L, F3ho0LUBb FDEEY
VEBRBLTBL &, My EEARBELLTL
FWv, ATLDOBRENEBEA»LSEKITEL K->TLE
SEEBETIDT, VA BHTREO—ZRLE
LD 26, BRIV ERA T L0 0IETL,
ROTENVEET T, BRBEROS Bz, 2%
LELTLED &, 20BDEVDOERVLER L2 5,

TG-DTA ic & » THEOBHE2EBWICA 2 &,
TSH 1F 120~220 (°C) 12 5 1F T HLEREIRE 0 20 12 MBS
ZEHETRT,

8.4 a,a’-Azobisisobutyronitrile (AIBN)

HAFEHIEHZEAEESHZE (Guaranteed Re-
agent, 8% =HM) Ths, AIBN i [HEOHEERY
BTHB, %DO&TkIfOtHﬁ,%%TéE
BRb 3,

—. 200
© 175
=150

x 50 =]

0 50 100 150 200 250 300 350 400 450 500
7 [em]
Fig. 13 (T.—r) diagram for AIBN.
AIBN® (Tc—r) X

Data were obtained on samples packed in a sealed
cell, made of glass, with a glass sheath for ther-
mocouple ; the conditions are the same also in the
following figures.
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Fig. 14 Partial magnification of Fig. 13.
- Fig. 13 S AEAR
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Fig. 15 (T.—r) diagram for BPO.
BPO M (Tc—r) 15X

AIBN i3##I(N, 2F£32) LT, HB0id,
BPO r[E#E, E=— L RE/ ~—HI VA NVESHE
K LTHweahb, 72771, peroxides ROER L E
KolT, BBINLTZETHY, /2, RKVT—%
b7z VEREEET 3 2 LR VAREFRTHS
D, AY 7 YNVEBAFVOESGHRERIE LTHES &,
BPO 2 ZOEBICAWIREE LD, BHERY = —0D&
BHENMETT2HTH 3,

TG-DTA i & » THBEDFME 2 &M A5 &,
AIBN % 88~111 *Cl e T TH L —RI BT 3
EEERT,

AIBN | Frank-Kamentskii F97%E ik >0 aj ez (T
CED)ERLZDT, 0O (T.—r) iM% Fig. 13 1,
7z, ZhE T=40~80 (°C) &EHICBWTHEKRL
7:K% Fig. 14 i2181F 2*, r — 0 i2oMET 2 EH®R T,
r=0.5 [cm) Wicd s Tc %, r=0~1 [cm] ©
R BOLTHEARALLEE FCRTRET) »55N5
L, 9 (°C) rKE 2D, TORERNRCEHREN
T3 AIBN O ERE (98~102 (°C)) LIZIZ—3K
L, %72, TG-DTA i2 81 3 BHNFEEIESIREE
(97 °C)) : »IEF—ET 3,

8.5 Benzoyl peroxide (BPO)

HAREH HAmERS (Fm%, F4/%—B, 98
%E&EEMH) TH5,

Y IhSEEDT, UTEREh2 (Te—r) RERETY
ARRHEETEFEH eV ERCTHEORLZLDTH S,
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BPO izt =—nNVRE /v —HAS Y HNESHBH L
LT, &2, THEMARY X7 VEIEEOBELAIE L
THo b —McFERIALTHS, i, ENES
FHBEESE LTHWSRBEZ L H B,

BPO O TEMMT 2 EZE 40 (cm) BERIEL:
b OIRBECIITEEL v, Table 2 i, iDL
LA—&EOHFTHR T S0, TOFEECOWTEY
Ltz T fESRLTH 5,

BPO D T iz 2Tk, i< 1%, P.C.Bowes ¥
£LTn5EH, HOMEIER, ERUE LS, KFER
ZERSIC L BEL D ERICHUEE TH 29,
HAuwi-nix Al BB LD T, EBHFIC & 2 HlfERE
BB ek 2D EbEZ SN, HOE
EHEN T ENBSNIICES - FREREERZINET
DEZATHETHS,

TG-DTA 12 & - THBEOKHE 2 &R A5 L,
BPO iz 90~107 (°C) &» I TH#L K —KicHET %
ZEIRRT,

BPO i, Fic3 afth T & 72 & 52, T-CRIDER
DT, MOFEREDHEE, Vo7 ABREETEEH
HerzbbwlEED (T—r)E-%E, 557207,
Fig. 151z, ¥7-, #h% T=60~100 (°C) &k«
BLTHEA L% Fig. 16 23817 3 ,AIBN DB& I
%5, #=0.5 (cm) ST 3 TcfEERD B &,
100 (°C) £ %3738, ZOREEXEICEHINTHS
BPO D& HEEE (100~102 (°C)) WiEE—3L,
¥7-, TG-DTA 28} 3 BFEHIHEE (99 (°C))
LHIEIE—8T 5,

8.6 High test hypochiorite (HTH)

HTH R HAL2BES 5 L L v, REERRY
Ny AEERSET BEMTH D, HERIEE
M8 (54, HICHLON (§2#1) —20, Ca(ClO),
M 70%EEMH) TH5,

BELZAKICERERIGS Y2 &, ROKEAL

—
1=
>

temperature ['C]

60 .
0
 [on] 106
Fig. 16 Partial magnification of Fig. 15.

Fig. 15 OpaE9AR
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Fig. 17 (Tc—r) diagram for HTH.
HTH® (T.—r) #X
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Fig. 18 Partial magnification of Fig. 17.
Fig. 17 O3 9EKE
L7255 T, Ca (ClO), & CaCl, 343228, BEiZ
KIFiIzE EE Y, Ca(ClO), DAMTHT 319,

2 Ca(OH).+2 Cl;—Ca(Cl0),+CaCl,+2 H,0

CheFRILERT 2L, BREZHOBAEESE L
THTH»E o0, Z0OHDRAER S —NVEHOWNE
KL THwsR S,

HTH 358W»BEFITH D, BT 3 L IRORIGRIZ
L7et3o THfRL, BBBERRHT 2 LICHET 2 2
Lh

Ca(ClO), CaCl, +0,

HohTnwd, 20720, BEYWSOBTHEYE R
ELTO I3RS RBAKOBRENELIEAT 2L
DT, AR BOTHRE L TefEid HTH £RiHown
TOZNZDT, LD L > BREERZ W UEHRI
DT IDERERZOVWTOFN L Y KIBIZET
TE5THA5 LFHERIEE SR,

TG-DTA IZ & > THBOKME 2 &R0z 4 3 &,
HTH i% 160~180 (°C) K& U' 340~380 (°C) 0 2 EipE
AN THEIE L S5 2 8% =7,

HTH @ (Tc—7) 8% Fig. 17 12, %7, #h%
T=45~85 (°C) DEEFic 8\ THLA L 72K % Fig.18
BT 2, ¥51Z, ThEDHIZZ S\, r=0.5(cm)
WHIET 3 TefEeRD2 &, 160 (°C) & 2EHIES
N30, ZDEEE TG-DTA T8I} 3 BRAREE

EXZLSWEAHFRHEE RIS-RR-87

200
175
150
125
100
75
50
25

0 50 100 150 200 250 300 350 400 450 500

Fig. 19 (T.—r) diagram for OBSH.
OBSH® (T:—r) X

BFIIRIRE L IZIZ—FH L TWw 3,
8.7 p,p’-Oxybisbenzenesulfonylhydrazide (OBSH)

BRI KA T 205! (B &4, Neocellborn
N #1,000) T& 3,

OBSH BHEBEOHHFRYETHY, TG-DTA 12X
3 fERE (140 (°C) ML) 2 CRBRRSE R RS2V,
FLBREFIRAIIN, RUHOTH 3,

OBSH W7 wurXvyadh, RUVITFLodhdnid
B = VEIIESROREA L LT FEREATY
%,

TG-DTAC & > TH RO BT H S &,
OBSH i 136~160 (°C) 2 27 T—&K T L < B+
HEEERT,

OBSH O (Tc—r) X% Fig. 191z, %72, #h%
T =55~95 (°C) DERHIc B\ THA L 7K % Fig.20
WiBW %, r=0.5(cm) WNET 2 T fEiX 146 (°C)
EXRDBNBH, ZDEEX TG-DTA BT 2 IBFHE
REMEBIRRE I IEIZHEYS T 3,

8.8 Dinitrosopentamethylenetetramine (DPT)

HHAFARHI R RER TR E (Extra Pure) T
»5,

DPT B BEEOHMKRRIETHY, TG-DTA 1K X
5FRRE (120 (°C) PIL) £ CHIBIA R RE 2V,
FWBAREFREN, TH 3,

w0
I3

[
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& N,
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7 [em]

Fig. 20 Partial magnification of Fig. 19.
Fig. 19 nE2YMLEXR



b ESBORAFEKIRE

DPT i2i3, ZOEROBEERA SN, ZDHBEELY
NTCBRET 5 0b5, gk 5 DPT OAER
TEOIREIER 2513 2 72912, CaCO; 2SHIIE L5
CENHBEDIETHBENY, [Ks3% check LTz &
2%, 0.5%UTTHo DT, HEAFI ZERYE
BEENTHERWLEHEBLE,

DPT i nitroso RFEBWHIDRERHLZFELETH>T(H
BaElOEEE LTk, &b, sulfonylhydrazide R,
azo RRUVZ DM H 3), Bffi4iz D OF AFEED
bolb%H<, BENLRERFITH-T, TLRARE
¥ LTEWEEE2 LT3 ,DPT ZhBEEIZER
LTWw3a2s, REBEOMENEERT LI LIV,
TG-DTA I & - THEOHME % &1 5 &, DPT
1Z 170~200 (°C) ¥ T—&RICEL { ST 255
BRT

DPT @ (T.—v) M % Fig. 211z, %72, Zh%
T =55~95 (°C) D&z B\ TR L 7:K % Fig. 22
wiBFs, r=0.5 (cm) Xt d 5 Tc {EiX 157 (°C)
YR oD, ZDEEIE TG-DTA K BIT 5 2EFH
EEAREE ICIZIZ—HL T 5,

7B, BEToKED DPT OFKBERELERCHRL
b0 ELTIRXTER 1) 2355,

9. & B

1) WA B TERINBEH 2V ERHWS SC
-SIT Effi 2 BET 5% 513, 1F L AW ThObEE

100

N
25
0 50 100 150 200 250 300 350 400 450 500
7 [cm]
Fig.21 (Tc—r) diagram for DPT.
DPTo (Tc—r) X
95Ty
L
N
= N
N
kY [
3 [~
&Y =i
55 =
0 92

7 [cm)
Fig. 22 Partial magnification of Fig. 21.
Fig. 21 (& #MEAR

—121 —

BIEHLTH, o DOMME - K% - DBCETOR
g -REGRHDVIRER (8B) BV ROREZE
bahd ki, ®&, BHC, »2, BEXL,
05 OMBBBECOHERAEEH 2 HEST 5 Z 25T
&5,

2)  SC-SIT »&B¥ 3 &, BOOBRRMEOE
WRRZ2BCAHETAIENTES, Thbb, —D
B A-CELEHINIZBETH-T, BBz T 23
BEOERSCET &, AREBERREM»PUITT K
FELCTITE, 28T T —HT 3 E02 L8 %26
T3 kO nEREHERITERETHY, 55—
i, T-CHLEHRENIEETH-T, B2 T 23
BECERSCERT &, RENRE X L RELAK T 1
BZL,RWT T OE{EIZ L7455 T Arrhenius B2
TET 2EEL b > THENRPO ERELTUT &
372 (2% 1, Frank-Kamenetskii 8972 B #\ O RIEE
7)) HBEHERTEMETDHD,

3) WA BWTEHR SN, BOOESKEAED
(LR AEDORAKEKBE (T @) 2RDBD0,
FHRIMOFRES L > THIIREINTHS T E
WL ZNCENOEBEERIZIZAEIERX 0T
DT, AFER, BTERY 128w T I OFEISERFEEE
MBI U CERTRETHLILERLREIASTDH
378, HOSEBRSEMDE KL CHToERTET
HhrrEZOND,

4)  EFECBTHENSRE U TRET
WHEE, T-CEOEREZODWTE, TALHIER
#7140 (cm) O ERICEEHBE S LTV BHE 56~T8
CORE, £/, A-CHOEREIIOWVWTR, Th
5H% 2 AR 41~78 (°C) BEwIC, REIhBZ L
BhdE, BEECEKTZAREEZRO TS,
—, IS DOEFENHBEETCBTRIEENS
ZEBhrE, Wy P ZOERIZEY IhODE
EEZE R KIETT 2AREMESH D, £z, TR
CBVWTRLEERED T EiX, ZhTh, #ifico
WTDZEREZEDT, b LLEREDOHELRET B1E
BDH5FEIPBAL TWEEESCE, TLOHES
o T Eix, 2hTh, MRoZh & Y RIBCETY
BHREMED D B,

FD X3 BKRET, §BVIVERAEDFICB L
TS ED T @2 HETILENPECTILI L
E25N5DTHDBH, TRCET 5 HEEM A
g ko TIEIZELINIZE VI ZEHBABLTBE
7o,
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5) T-CRCET2EHFCHL TR, (Te—7)
BEEDHOLUHERLTBLL 5, 2D » EIT
T3 TcfER7Fa/BIERAZENTESL LD
it s,

()
Foige B CZEREOWERCELUEL HERT
&Y, 0, FREFWCEUTT R o/ HAMmERk
SHACTERZEL | BEATRR C BHF L LT 2,
(REFO624 5 A31H %)

SEXE

1) BF £, “B8 THBREBORRABRFEE",
ERZLWFRMEERE, RIS-RR-85-4.

2) BF £ “Mﬁiﬁ@wt%%&htﬁ%kﬁﬁﬁm
B”, BET, 25, 10 (1986).

3) Bk %%, ENEZS, SHEH, “TNO HRER
ISHIE S & BAEERER ", B 16 ARET¥ Y VR
I LEETIEE, p.231 (1986).

4) b3 SADT fEIcHS T 5, KFAMLAR TEHKR
SthieBI 5, FHIME.

5) SBiEREN, AEA £, =EER, NIES, &
LARAE, “IBER(ER > V' A NV DRTEAETERERER”, 1986
FETEKERSESTRHE, p.80.

6) LEIREB—, #iR 3\, BELE, ‘BEES5LBO

BRI RRE

7)

10)

11)

12)
13)

14)

15)

RIIS-RR-87

BFEKRA", #2IT%¥, 16, 153 (1977).
=EER, NIESE, BILERE, “%E@%}(f"lﬁ
HORERE: L 2 OFHE", TEXEHSE 4
74(1985) .

P.C.Bowes, “Thermal Explosion of Benzoyl
Peroxide”, Combustion & Flame, 12, 289 (1968).
EH EEE, “KK - - BREREOBEER”, H
TIEFEH, p.211 (FHOHEERE) (1977).
EEB—, “BEISLBOAKS L UBRER
M, BE£IT%, 16, 94 (1977).

AR EHEE, ‘a2 v T FERKKOBME”,
KK, 29 (5), 20 (1980).

KFMER TR SR, “FEFy 1 r.

T. Kotoyori and M. Maruta, “An Adiabatic Self
-Ignition Testing Apparatus”, Thermochimica
Acta, 67, 35 (1983).

T.Kotoyori, “Critical Ignition Temperatures of
Wood Sawdusts”, Proceedings of the First
International Symposium on Fire Safety Sci-
ence, Gaithersburg (Maryland), 463 (1985) .
D.A Frank-Kamenetskii, “Diffusion and Heat
Transfer in Chemical Kinetics”, 2nd ed., trans-
lated from Russian by J.P.Appleton, Plenum
Press, New York-London, 301 (1969).



