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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 7¢ values of
bulky stacks of chemical substances were actually measured and/or calculated and reported as
reliable data. ,

In this paper, T¢ 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'-
azobisisobutyronitrile, benzoyl peroxide, high test hypochlorite, p, p’—6xybisbenzenesulfonylhydr-
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
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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 (Table 3).
applicable to calculation of 7¢ values of oxidatively heating substances such as wood sawdusts

Therefore the procedure, which was shown to be

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) Tt is a function of only 7 in Equation (9).

in advance for every substance of T-C type, it enables us to read readily a 7¢ value corresponding

Therefore, if (T¢-7) diagram is provided

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
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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; 1, Teflon
sheet ; m, Washer; n, Reference sub-
stance or sample ; o, Gold powder.
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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.

SEOACREEERFOAMRTISHT IS A -9~ L RARKEE

Tc
Chemical substances E/R ok 0 ghrs  12hrs gghrs gdays  ggdays  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

Tc 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)
Tc 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 CBWTERYENR T BBRICEHBELEAT 2 Lo REER, 2hfh, wbw s SADT HZHHE T2 D TH 3, (Table
I,
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Fig.5 A schematic profile of heating process of
chemical substances of A-C type.

A-CEICRT 2 tFREBOREREY

a, Sample is inserted into the air bath, the tempera-
ture of which is 7 ; b, the sample temperature
begins to rise suddenly and rapidly beyond T.
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—HT3PEPRLARFANT 5 &5 kRBEEFHER
+HE ({Rfr A-C (autocatalytic combustion) i,
(7.282R))THY, ThIKETIERED T E*%:
Table 1 1c#81F %, Table 1 ®_EfIC R & /- BRI
RIIUFZESPUKBRE (ZOHE, T LRREZER
230) OFFAKKBINE, BERED> S ZHE
HEBHAT A ETOFNERLTWS*, Lizdio T,
EEREHZ O & O RBEOFHEIFE,NIEE,
FNNERBIEFHKT B ETIRERBETS (GERER
KB~ (REFRICBEWT) 2ET500
EFRIN3G,

S —opHEER, Fig.6 XRT IO, BB T
ZREOFHTCEINS &, REEE R 1 BN

R TICEREL, IR THBIRE IS U T Arrhenius
RICEEBT2HESL b - THBIELHIC LR L TIT
& I FEEE (D %D, Frank-Kamenetskii i¥72
p———dt———— 4, B0 (B1h, ORXOFBRAP) waenFiEs) %
T - i RS RESE ({EFR T-C (thermal combustion) #) TH
e

temperatioe

D, TNIZET 2EFED T {E% Table 2 2T 3,
T-CEOERZDOFEKIZB O TIERRH» > DFHEL I
time HOFRREVWHRIEERD,a,b, AT BV a EHN—FE
DEFREHRIND L T5%201F, Te EZEROTE ()
IMMc XD EE T2 ERk% (DD, HrOESR
ZOTA(Te-v)Bg %R 77 7 TRT T L HSHEE (7.4
2H)), LE2->T, Table2 BT, KERZOD,
El—&Ec BT 5, A LRKO LE S BRT 2D,
WTENBHERE 40.64 (cm) (16 (inch)) OHPERIC®H
HEEINTWL LRELLEESD T ENEHLTH

Table 2 Adiabatic experimental parameters of slow self-heating reactions and critical ignition temperatures of
5 chemical substances of T-C type.
58O T-CEE¥ESBOMBMBCRERIECHT 335 8 ~5 ¥k, thHHEEN.64(cn] OFER
LERINTVWBLHRELABEORARKERE

Fig.6 A schematic profile of heating process of
chemical substances of T-C type.

T-C Bl BT 3t ¥ ELBENRHET)

a, Sample is inserted into the air bath, the tempera-
ture of which is T ; b, the sample temperature
goes on rising slowly beyond T.

Chemical substances a b a E P Tc
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
», p-Oxybisbenzenesulfonylhydrazide 17,468 —42,199 0,06 145 0.59 78
Dinitrosopentamethylenetetramine 15,747 —38,514 0,06 131 0.64 78

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

E apparent activation energy [kJ/mol]
o Dpacking density in the sample cell [g/cm?]
T¢ critical ignition temperature [°C]



—112— LT LIRS RIIS-RR-87

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.

TREOEEZESFOVTOXRYEC & SBFRICEE & ¢ W hOBRHE & DLLE

obtained previously
Chemical substances in reported
this work by others
Lauroyl peroxide 462 [C] 450 [°Cl
p-Toluenesulfonylthydrazide 87 879
a, @' - Azobisisobutyronitrile 569 54¢)
Benzoyl peroxide 69 699
High test hypochlorite 758 76w
b, p-Oxybisbenzenesulfonylhydrazide 789 90
Dinitrosopentamethylenetetramine 789 75¢

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 Tc¢ 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) .

c) 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 Tc¢ 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) . v

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.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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S AN, FREE 2.5 (K/min), N, KFEFL3£G08
TiTo 72,
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LRVEDBEZONDZFECEOVRERZDT, £TH
ERIEZEDLEVWESIICEZ S, ZOX S EERENES
ni-BEhix, 0735, NC#s, T-CETR<L, A-C
BT AR THRAILE2REE L EIREB E
EZoNBDTH 5,

TG-DTA 2 & > THROKK 2 &R AH 5 L, NC
iE 150 (°C) i &6 HEKR VRE21ED, 160 (°C)
Btk & D IBFRNEAD BRI 2 BB T 2B 2R,

8.2 Lauroy! peroxide (LPO)

AR HAmAEME (FasRE, S—aA L)
ThHhbd, HEZ7V—IREBELTWADTAHRKTED
DELTHhoEER LI, Z5FT2LHBETIILE
BERL 72,

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

LPO iz diacyl peroxide kB3 52 XEHLWETH
->C, TFVvy, AFLvy, EBlE=n, 252790
BIATNVHBVIETEARY 2 X7 VEAOESH
Bl LTHwsNS, ¥72, BIEFIE LTOBMEEE
ALTHEEOERICOHEWSNS,

SC-SIT i»iF5 &, LPORUTD L 5% (TSH &
L EETH D) BEERT, Hb, REEES T
i HABRECENLL TIT <M, Bl RES LT
DRI CITE (BN, NCOBE Lk, HAREL TR
RE e L THENS), BEeEspiI ks L FERC, 5
W ESL, ZOREEO,) Lihs BEREEHE
33, TO—EEREATWS &, LPO(® TSH) ik,

a rapid heating begins

(\ 4t pen on
l 4t>0 Af base line F_
T o= et
40 pV

Fig. 12 A schematic locus of 4T pen, on the strip
~chart, recorded when performing SC-SIT
with LPO or TSH.

LPO % TSH % SC-SIT {=h TRz 2 =
LO—F—LicBVWTHBND AT R0
)]



— 118 —

HARE, Hl:»bBEEZEEZ o TVELDLIT
Hb, PIZIE, KEHRLTEH» LTI, Rl
THKPBEELTWBRY, REE0OBEHN0(°C) %2
Bz 3Zriznwo R, LPO (R TSH) &kt
REROOEEPBELTWARY, fA»romz s
N RRCBWTRE T—BFETHELT) T3

ERZNOOBAEZEITILRERSh, Rk
ELTRBANHEETIOTH S, 1272L, ZOE
OYE DR IL, EEOZTNERRY, HYLWE
BEHERICOI>TEEBLEBHbDDLII3RREZ TS
% @3FibvEREINIz0),

7%, LPO(® TSH) % SC-SIT 23 728D 2
Yva—F— LBl E AT 2 OE&#HE LI VELL
w3k (Fig. 12 28), T 2B RETBEY, 4T
~_F—B AT base line 2587 38, B TRED
BUfEHIE % 2 L BRI AT base line BN T 4T <
0BT NV 7 P LTUITE, A ORMBIKT 5L
BRI AT >0 HI~NDREZ RV 7 M (0E Y, #EFD
SR RAFRERTER) 2HBETIO0THE*E

%7z, LPO(® TSH) % SC-SIT iz 21} 354
OFEH (A1s, ABOBMEERE) KB\ Ti3, 7.3
KBWTHfniz k5, REBIELICERELEED
HEORPBLTCHARFEET B LICED, LA
WEEE %250, Vey ) zOER (BETCHS
WTRBENES T2 (BfET 2) ARCHSEVET
33) BPEHTRERETRKPEL, REOR#ES
RETIHRDEELBILEZOND,

TG-DTA X & o THBOBKHE 2 RN A5 &,
LPO i 66~122 (°C) w3 T, HEHREPL»ICHE
TEEHERT,

8.3 p-Toluenesulfonylhydrazide (TSH)

HEFRHI A FME K T8 (f 54, UNIFOR H)
Thb,

TSH BHEOMREIETHY, b-iFo TLBHE
AeLTHwonS, ERES AN, RUH,0 T
H5,

HIEICB W TN X 512, TSH 3 H2BEOFE
BETICEPNS &, RELENIEBEL -, FHEL

** NCDBEE, ThIEET 2 I nicdd, 4T pen
& AT baseline izt L 4T <0 Hl» 5EHREL TIT L DA T,
—BZADPSHNT AT <O0BICF U 7 1322 &L,
TENICET 3 LRABCAE AT >0 F U 7 P LTHTL
(BRI HREEBEAT 2) LI BEERT,

ERZ PRI SME RIS-RR-87

DORBERHA BT HEHFETT,

BHB, BEETEBWT TG-DTA z»iF3 &, TSH
12 105~106("C)iCBlm 2HF T 5 Z L »b» 355, TSH
(® LPO) %2, Zh5DORRUTOREREIZBWT, SC .
-SIT i) 3 &, 2 CEESETL T, REf%RE
BRERAEBDEEIRTEHAET L IENTE S,

MEOHRSEEELT,7.3% 8.2 fiixswT, TSH
(® LPO) DHBE, L VANREL LS Z X DELE
ETHEPETLAEERIC DV TERLREY, Ebh
{, BERTE, tArARIEYREEE>TBY, ¥
»7y bRV Ty T BEEHLUILERIC
BT, FEITREFy bBHTONLVWETH S,
UL, FOBELBIEHIL TIT 2T, VN
KBNTERELSFOBRERKBE U T2 VANE
FELzoTF DT, 7y VEEUFTHISN S
£33 BB, L, FI3LoLLUBBFOEIEL
VERELTEBL &, M2 BEaRE»EfRLTL
FV, ATFLAOBRENBEALHSHKITELB>TLE
SEESETZOT, LA BWTREO—EH1EE
LD o, BBV ERAT LD SIETL,
RATENVRETT, BEBERD S b2, 2hedi
LHLTLED &, 208D NVOERNES 25,

TG-DTA 2 & > THEDOHEB 2 &R A S &,
TSH iz 120~220 (°C) i %1 T FLERRIRE 0 ha 1o S
ZEFERT,

8.4 w«,a’-Azobisisobutyronitrile (AIBN)

BRI P HERELEEAE (Guaranteed Re-
agent, 8% SH ) Ths, AIBN ZEHEOHEEKY
BThHBH, EYVORT L, LPO LRk, BET oM
B2b 5,

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.



{LERMEORFFEKEE

80

P

.

temperature [°C]

46
" [cm] 101

Fig. 14 Partial magnification of Fig. 13.
- Fig. 13 S AEAR

50 100 150 200 250 300 350 400 450 500
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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 L[EIRE, E=—NZRE /2 —HZ Y VESHKR
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 & & » THBOFHEEZ R 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:E#% Fig. 14 cBi7 3%, r = 0 KHHET 3 EH T,
r=0.5 (cm) xXits 5 Tc %, r=0~1 [cm) ®
HHEIZBOLTHEARLLE (BCRRET) »o5I5S
L, 9 (°C) rKE 2D, TORERNRCEHREN
T3 AIBN O ERE (98~102 (°C)) LIZIZ—3K
L, ¥72, TG-DTA B 2 BHEWRHASEFRKREE
(97 °C)) : »IEF—ET 3,

8.5 Benzoyl peroxide (BPO)

HAREH HAmERS (Fm%, F4/%—B, 98
%EER) TH5B,

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 ¥
LZL T3, HOER, ERUe LS, KRR
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
HuenEbbulkBEBeD (Tc—r)iE-E, H5720T,
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]

600 106 -
7 [em)

Fig. 16 Partial magnification of Fig. 15.
Fig. 15 OERAHIEAR
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Fig. 17 (T¢—r) diagram for HTH.
HTHo (T.—r) 8B
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Fig. 18 Partial magnification of Fig. 17.
Fig. 17 mEs AR
L7285 T, Ca(ClO), & CaCl, 843228, BEX
Xigic L ¥E D, Ca(ClO), ®AIFHIT 50,

2 Ca(OH),+2 Cl,—Ca(Cl0),+CaCl,+2 H,0

IhEFHLEERET 5, BREPROAE[BEEL
THTH B38B5h, ZOHDRAERSS—VADOHEE
HleLTHwsh3,

HTH i358WEBELEITH D, T % LIRORIGAIZ
Liehio THRL, BEPRHT 2 LRCRHTEZ
LA

Ca(ClO), CaCl,+0,

HohTwd, 0k, BEMEORTENEI R
ELTOABECREXOBRENEZELLEATS D
T, ARBIBWTIRE L T iz HTH #Rizow
TOZFNZOT, LD XS BEERT W UERI
DVTIR I DEREZIZOVWTDENRE Y KIBIZET
TE3THA5 LFHEREES RN,

TG-DTA & & » THEDORM 2 2RI H 3 &,
HTH i 160~180 (°C) K& U* 340~380 (°C) M 2 E&f&
AN THERWE L K ST 288 %2 =T,

HTH @ (T.—7r) 8% Fig. 17 &2, %7, Zh %
T =45~85 (°C) O&EEW BWTHAL7-M% Fig.18
KBTS, &6, ThEDHNIZZ BV, r=0.5(cm)
WXET 5 T EE2RD 3 &, 160 (°C) 2 ENES
naR, 2 0BEIF TG-DTA 281} 2 BFEIFHANME

ERZLUIRAPIEEE 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

BRIBRE L IZIZT—F LT3,
8.7 p,p’-Oxybisbenzenesulfonylhydrazide (OBSH)

HEEAGRHE A AL R T2E60%! (54, Neocellborn
N #1,000) TH» 5%,

OBSH ZHEBOMMKRYETHY, TG-DTAIC L
2 EIEE (140 C) ML) 2 CRICBIEZRE RV,
F5HEEHFRIXIN, RUH,0 TH 3,

OBSH W Zzuuvydh, RYZFVrHBWIE
Y= VEIEEROFER L LTLIERAIATY
5,

TG-DTA 2 & - THEDREEEMIICH 2 &,
OBSH % 136~160 (°C) T T—&FIWCE L S T
LEERIRT,

OBSH @ (Te—7) X% Fig. 191z, %72, #4v%
T =55~95 (°C) O€BIc B\ TIHAL:H% Fig.20
W2, r=0.5(cm) ZXET 5 T fEiX 146 (°C)
rRDENBZD, ZOREIX TG-DTA KB 2 BFEH
FBSFEBIIBE W IZIZHY T 5,

8.8 Dinitrosopentamethylenetetramine (DPT)

BRI E IR TEEEAE (Extra Pure) T
»5,

DPT B EAOMKRIKYWETHY, TG-DTA T L
LOFERE (120 (C) BAE) ZTRCBIE2RER N,
F1FEHFRIEIN, TH B,

95

o O

—_

N

8 N

3 N

5 N

~ gy

» S

[/

S =
S

550 107
7 [em]

Fig. 20 Partial magnification of Fig. 19.
Fig. 19 MEB&RAYLEAR
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DPT i2id, ZDEMOBHER I, £ D%IEELY)
NTREETLZL0H5,HERICL 5 DPT 05K
JEDIREER 2851 T 372912, CaCOs SEHINEh 3
ZEVBHDBEDI ETHBEHN, [Ks3% check Lz k
25, 0.5%UTTH- 0T, HEAARIC ZEEYSE
BREzhTwiznHELR,

DPT iZ nitroso RHBHFIDRENZFETH>T(H
wHIOREEE UTiE, 15, sulfonylhydrazide %,
azo RRUVZDOMHH 3), BliZ4iz D DT AFEED
botdbHL, BENLREEATH->T, TLAXKE
Kl LTRWER %2> T3, DPT ZhEERER
LTWw3h, HRBEBEOESEBERT S I Lidn?,
TG-DTA 2 & > THEOHRME % &K1 A5 &, DPT
12 170~200 (°C) I T—RICEL ST 258
BRT,

DPT @ (Tc—r) £ % Fig. 2112, &7, %
T =55~95 (°C) & iz B\ Tk L 72K % Fig. 22
WIS, »=0.5 (cm) &HIET 3 T {EiZ 157 (°C)
ERDENBY, TOEEIZ TG-DTA B 28EFH
HEAIRIEE T IZIZ—E L TWw 5,

BB, BETOKED DPT OFKIEREG 2R L
Tz LTI 1) 88h 3,

9. & B
1) UFEBuTERSWEH 2VvERAWS SC
-SIT Efi 2 BAT 2722 515, i L AL WThOLFEE
200

175
150

S5
[V
Q, 50 =
§ 25

0 50 100 150 200 250 300 350 400 450 500

7 {em]
Fig.21 (Tc—r) diagram for DPT.
DPT o (Tc—r) X
RET
L
N
3 .
N o
«Q,
3 —
&55 N
92
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Fig.22 Partial magnification of Fig. 21.
Fig. 21 OB HHEAR
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mICHLTH, ZThoDRE - BF - SFCE SR
2 -REIRHVWIIBER (B) BV AOREZCE
ba&hbZ k<, B2, BH, »>2, BELL,
Zh o DMBECHBEREESH R REST L 2 85T
&5,

2)  SC-SIT ##EAT 3 &, HOOMERHMEDO
BRI 2BCHETBILTE S, Tbb, —D
BA-CHYRIESNZEBETH->T, B2 TR3
BEOFHSICET &, AFEERREE T T K
L CITE, BT T E—BT G52 FE%2H
B bEREEEETNTERHETHY, 35—
i, T-CRLEMRENIBETH->T, BB%E T 23
BEOCFHASKCET &, AREBER 1REUNEC T
BEZEL, KT T OEEIC L7555 T Arrhenius B2
EHT2HEEL D - THEAHBP»PZERALUT &
5% (D% b, Frank-Kamenetskii 872 B> D RTEE
) HRBEEERTEMLETDH S,

3) YU BVLTERHEN, HOOBERHRMED
{EFRGEORAFEKBE (T @) 2RDBLH0D,
FHERMMOFEES KL > THICEHRESNTHS T &
ZOLZNCENOREECIZIZRE I ERZ T
DT, AFEI, BTERY 1BV T 2 OFESELIEEE
MECRUCERRRETHLILE2RLIEIATH
37, HOOERBMEME L TH+oEETET
hrrEZONI5,

4)  FHEICBOTHENSRE L TRET B2
R, T-CHOEFE IOV TIX, ZhorER
#7140 (cm) OFBER I EBHEEE N TV 35S 56~78
COIRBEWR, £/, A-CHOEFE IOV, #h
S 2 BAM 41~78 (°C) BEw, RB3h3 2L
BhoE, RBECHEKT ZTEEE RO T 0D, H
—, INSOEFESEREHFTCBWTHREEINS
ZEPRHBE, VR PVZOERIZID INSDR
BEEZSSEBKETT AN H 2, £, £H
EBWTORLEERED T ER, #hZh, Mo
WTDEREDT, b L RBEOSEERET H1E
BDOH 2B BEBAL TWIEEIZIE, FhOBEE
Mo Teflix, #hTh, ROz L D NIBETT
BATREMEL B B,

ZDEIBKRET, SRV 0ERRADFICB L
TIEERED T ERHET2LENELTILS L
EZO5NBDTH B, FNCET 3 EIERMIIAF
BRE>TERIBEILEINIEVWD ZEHBAEL TR
7o,
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5) T-CREBT2EREIHLTE, (Tc—7)
BHEDoUOERLTBLL 5, 2D » EHiIT
T3 TcfEE7 I a/HIRERA I ENTED LS
it s,

(FHEE)
AR EECAZESREOHRCE UEL HE8RT
2D, D, BRZFWIGUTTS o2 BARMmIERE
S CIRBEL AR CBRHBF L LT 5,
(FEF0624E 5 H31H %)
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