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SADT Values of Solid Organic Chemicals of the
Pseud-autocatalytic Decomposition Type*

by Takashi KOTOYORT**

Abstract: Chemicals which are solid at the normal temperature are classified into the following
three groups according to the difference in their self-heating behaviour;

Group I.  Solids to which the Frank-Kamenetskii’s equation is applicable to calculate their critical
temperatures for the thermal explosion, T'c values. When exposed to the surroundings maintained
at a temperature equivalent to the starting temperature T's, a solid chemical of this kind warms up
to the T's within one hour. It then continues to self-heat as a solid with a rate varying as a function
of the ambient temperature in accordance with the Arrhenius equation;

Group II. Solids to which the Semenov’s equation is applicable to calculate their T'c values.
When exposed to the surroundings maintained at a temperature equivalent to 7's, a solid chemical
of this kind fuses at once (if the T's is above the melting point of the chemical). The resultant liquid
then warms up to the T's within one hour, then continues to self-heat with a rate varying as a
function of the ambient temperature in accordance with the Arrhenius equation;

Group III.  Solids to which neither of the two equations of the thermal explosion theory is appli-
cable to calculate their T'c values. When exposed to the surroundings maintained at a temperature
equivalent to T's, a solid chemical of this kind warms slowly up to the T's, remains at the T's over a
long period of time, in due time begins to fuse little by little, and commences a rapid self-heating,
once the fusion has been accomplished.

Solids in Groups I and II are referred to as the thermal decomposition or TD type. Both groups
have the same characteristic that their decompositions are not accompanied by any phase changes,
so that their rates of thermal decomposition, which are observed as adiabatic temperature rises of
chemicals, vary as functions of ambient temperature in accordance with the Arrhenius equation.
Therefore, the application of either equation used in the thermal explosion theory becomes possible.

On the other hand, solids in Group III are called the pseud-autocatalytic decomposition or pseud-
AC type, because their self-heating behaviours resemble closely those of chemicals of the true AC
type. The characteristic of chemicals of this type is that their decomposions are accompanied by
a phase change, fusion. That is, a molecule of solid chemicals of this type begins to decompose
exothermically once it is released from the fixation composed by the surrounding crystal structure
by fusion. Therefore, their apparent rates of thermal decomposition, which is observed as an adiabatic
temperature rise of the system, is not in accordance with the Arrhenius equation. Accordingly, the
Tc of solid chemicals of the pseud-AC type is not calculable by applying either equation of the
theory.
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Instead, it is known that, when a solid chemical of this type is exposed to surroundings maintained
at a temperature equivalent to T's, an empirical formula, In At = a/T's + b, holds between the the
elapsed time, A¢, from the start of the exposure till the commencement of the self-heating of the
chemical and T's, where a and b are constants.

In this work, the above empirical formula was established for chemicals of the pseud-AC type,
using an isothermal storage testing device equipped with an aluminum block. The accuracy of
temperature control of the block is + 0.05~0.08K. A glass closed cell, the reference cell, containing
a definite quantity of an inactive reference material, silica (silicon dioxide) powder, is first placed
on the bottom of a hole bored in an aluminium block maintained at a temperature T's. Then, the
T's value of each run is determined as an arithmetic mean of digital outputs of the T's recorded for
two days. After the reference cell has been removed, another closed glass cell, the sample cell, in
which a known quantity of sample is contained, is inserted into the hole, while the aluminium block
is maintained at the same temperature, T's. Then, the time, At, is measured. The measurement is
automatically interrupted once the sample temperature has risen by 0.3K above the T's to prevent
the cell exploding,

The Self-Accelerating Decomposition Temperature or SADT is then calculated as a T's value
corresponding to a At value of 7 days, based on the empirical formula established above.

SADT values thus calculated for five solid chemicals of the pseud-AC type showed, in general,
rather good agreement with a few corresponding reported values. However, these SADT values are
in most cases 20~30K lower than the corresponding temperature values such as the decomposition
temperature, the melting points listed in some catalogs of fine chemicals, or the exothermic onset
temperatures measured by thermal analysis. This fact indicates that the latter temperature values
are not adequate as criteria for the thermal instability of, at least, solid chemicals of the pseud-AC
type.

Keywords; SADT, Solid organic chemical, Pseud-autocatalytic decomposition type, Thermal in-
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Fig. 1 TG-DTA curves of four solid chemicals of the
TD type.
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Fig. 2 TG-DTA curves of four solid chemicals of the
pseud-AC type.
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Table 1  The four solid chemicals of the TD type.
TD B 4 BOBERERSE

OBSH 95%  4,4’-Oxybis(benzenesulfonyl hydrazide)

TCSH 98%  2,4,5-Trichlorobenzenesulfonyl hydrazide

NQC 98%  1,2-Naphthoquinone-2-diazido-5-sulfonyl chloride
AIBN 98%  a,o’-Azobis(isobutyronitrile)
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Fig. 3  Simultaneous occurrence of the chemical phe-
nomenon of exothermic decomposition and the
physical phenomenon of endothermic fusion in
the case of ABCN as an example of solid chem-
icals of the pseud-AC type.
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Fig: 4  Correlation among the thermal analysis curves, the self-heating types of thermally unstable chemicals and the two

critical conditions for the thermal explosion.

BN TRELELEAOHRS/TEIRE ¥ DECRAEHBR U 2 DORRRRARGROMOBERR

BECBWTHRED, ERFEZGICEWCEEM L
BARAHATE L T 3 ISR IS B W TRB O RES R
TREBEEZ LN,

22 BNICARELEROBSMBRE XOACHE
%¥ﬁﬂ&vzow§&%mﬁﬁﬁﬁwﬁwm
B B®%

HEDACHOEZFH LR BEOVARELH B
REBEH O TIIBH I NS BEREMGRIL, Fig. 4
D—EBRIC L -T, Z2noDBREEEYIT T
H—IcEBETI LR TE S,

Thbb, ZNENDOREEDOREEBERE LHSAD
AL E S FHBBIMR R RET b key L 2 B2 E0%h
75, BRI, BBCBOYCERTH ) SELS
WTHERE L THBGRT 2 R SEOBGRIERIE
B (TK] &8&¥, cld critical ; & DIRERREFHOR
Bl E L EENNDORBBEEDFENAICL>TEE
D, FREUVEBRICHES TEEIT 525, BEOBEKT
CBRv) BFKRAEEATLIILICLY, FAERIC
BOWTHRETH ) BEITBWTLRE L LTRES R
T AN Te l3F L  Semenov RZE@HT L 2 &
KEDEIRETE 5, HTEATT NI, TD B E K
mThHN, BUACEHNERERTHNL, —HE2NH
—IBEICE»IND L 61, ELRBERRIZITD BITH
D, #D Tc®KHB7DIZIL Semenov RAEHE S 1L
5lllied, i, BBRBOWIKETHIERD
Bhel, VRO Ehh s, BEUTRDZERLT
CENTE D,

HBEITNE, TD BOEFRER DS FIEEMIZE T
EREENCEEI N RETHRTI2OTHY, T
U< TD HOBEERZDZ NI HEMBIcB - THRSF
ELTaETE LB, UL, WERIENLD

SHRHE S DB D EDL W iasd, ZFILH DR
|3 Arrhenius RICEWEBSEEOBEEE L TE(L
T 5P, I NrOBFRREBEREGXEHTSE
bt iEi b,

ST, WBZATFNVR= | vt m e
Bwli{HMmonTnwd Liic, »HRBENFHRICHK
BLTOUEDICRBEZHGT 5 2 Lk REEMZ DR
BIZBEY, ZOMEMELD LT 2ER LEREI Y
THTE, RDPTNOT VAND L G 7 BIENBE D
RAMEICET 5 ERIBICACREZEKBL, ZoO%K
BICHORBEZMESI T CEREIED ACEIT
»b, —F, Fig. 3i1TmRmLckdic, SEIctE-> Tl
L ) MBALHE S 20502, HARBEOBERICHE
FLIEA, BRESHFE L eWwicdbsd, BbIC
RBERMGT 52 L%, BBR»®RT T 5 £ TREFHE
ZOBREICEE BB E L HOREEMET 5 EIE
FRESHI L) OBATHAET LY, TNLDE
BIFERRICE T 5 8 CREEH (Fig. 7) 2P EET
FENDACEDFN (Fig. 6) P TWB R, 2D
BOEZEEPEL ACE X w5, Fig. 6 XU 7 RITR
L2BRicoWnTiE 2) REBHEEN0,

R, BICARECRBHIIZENLDECHEE
X, VWTEHBBEZEITEREENER (Tc
¥ 7213 SADT (Self-Accelerating Decomposition Tem-
perature, H CIESHRE [°C] DRET, EmbHTE
7 BIRICREE AT 2 FHTIRE ; COREIZAL &
Ts O—BEEROP T, X2 LkHic, THE
WIAERBET DA LICL->TEZ B TsHETH Y,
BRI E LTERNEITITERRTH ) DEN, ITh-
T Table 2 iZ7RT X ICTD # X ACEIZRAINEI NS
b,

FRICBWTEGKDOESFIIZN 60 B CREERH



EEA B i s AR T B AT MR A dH D SADT fE — 39 —
Table 2 A classification of thermally unstable chemicals.
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Fig. 7 A diagrammatic self-heating behaviour of chem-
icals of the pseud-AC type.
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Fig. 11 Results of the isothermal storage test for LPO.
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Table 3 The five solid chemicals of the pseud-AC type tested.
RS N-ECACED S BOEGKESE

AMVN  95%  2,2’-Azobis(4-methoxy-2,4-dimethylvaleronitrile)
LPO 99% Lauroyl peroxide

BSH 98%  Benzenesulfonyl hydrazide

TSH 97%  p-Toluenesulfonyl hydrazide

ABCN  98% 1,1’-Azobis(cyclohexanecarbonitrile)
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Table 4 Comparison of the SADT values determined for five solid chemicals of the pseud-AC type with corresponding
reported measured values and other reference temperatures.
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Solid SADT Reference temperatures
organic present results other reports Catalog6) E.O.T. by DSC?)
chemicals (°C) (°C) (°0) (°0)
AMVN 28.4 50(dec.) 63
LPO 48.4 499 54(mp) 67
BSH 81.2 102(mp) 113
TSH 82.0 865) 108(dec.) 124
ABCN 86.3 115(mp) 118
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Fig. 12 Two T's values of LPO at the two At values of Temperature
30 days and 60 days. Fig. 13 A typical thermal analysis curve of organic solid
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u V A liquid of the TD type
L. — Semenov equation
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Fig. 14 The subtle difference between a liquid of the
TD type and a liquid of the pseud-AC type.
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