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Abstract; Evaluation of chemical hazard is important in the chemical industries because explosions
or fires occasionally occur in chemical processes where fine-chemicals including pharmaceuticals
or functional resins are treated. If the evaluation of these chemical hazards is possible by easy
calculation, this may save chemical industries money and time. Thermal hazards of chemical
substances must be evaluated from the two aspects; sensitivity, which shows how easily chemicals
may decompose or ignite, and severity, which shows how much or how fast energy is liberated
when chemicals decompose. One of typical methods for the evaluation of thermal hazards is
DSC, which gives information on the sensitivity (exothermic onset-temperature) and the severity
(decompositon heat) at the same time with easy operation. This report consists of the results
of prediction, which were obtained in our laboratory, of the exothermic onset-temperature of
benzene derivatives with fuzzy reasoning, using the 141 DSC data. If this result could predict
chemical hazards accurately enough, it might be used for the direct evaluation of thermal hazards
from chemical structures which are easily known without any experiments.

In the analysis of fuzzy reasoning in this study, linear model was used as the membership
function. We used dissosiation energy index (DEI), functional group index (FGI), and inter-
molecule reaction index (IRI) as variables for the fuzzy reasoning. The membership function of
the exothermic onset-temperature was divided into 3 steps namely safe, the intermediate, and
danger. The other indexes were divided into two steps (safe and danger). The fuzzy reasoning
rule used is shown below.

1. if DEI, FGI, and IRI are danger, then exothermic onset-temperature (Temp.) is low.
if DEI and FGI are danger, and IRI is safe, then Temp. is the intermediate.

if DEI is safe, FGI is danger, and any IRI, then Temp. is the intermediate.

if DEI is danger, FGI is safe, and any IRI, then Temp. is the intermediate.

if DEI and FGI are safe, and IRI is danger, then Temp. is the intermediate.

if DEI, FGI, and IRI are safe, then Temp. is high.

The reasoning results didn’t sufficiently show a good relationship between the experimental

S o W

values and the predicted values, so the improvement of the membership function and the index

value may be necessary in future.
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Table 2 Evaluation of chemical hazards by calcula-
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Fig. 1 Dissociation energy and Activation energy.
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Table 3 Examples of Atoms.
EFEnH
S00cLE L P - - sC (WARFRT)  CHz—,CHp—,CH—,C—
® 500 uC (FEAREET) C=CH—,C=C—N=C—Ph—
f; sN (MAZERKET) NHz— NH-
o 400 .. uN (FEAIEREF) C=N— N=N—,0=N-,02N—
= 300 3 sS (ATBEIIET) S—HS—
}g B fx . US (Z:ﬁ@*uﬁﬁﬁ%) O=S_; Ozs—
(°C) 200
100 L.
Table 4 Dissociation energy, indexes (DEI) among
0 : - ' - C,N,0.
100 200 300 400 500 600 CN.O DEDEEEBRETANF - Ty s
BB T R IV F —(keal /mol) A (DEI)
Fig. 2 Relationship  between exothermic =~ onset- H sC (sCuC) uC (0=C) sN uN O
temperature and minimum dissociation en- H 21
ergy. sC 24 30
FHBIRIRE & R/VBEET L — X O4ERS (uCsC) 28 36 43
uC 22 26 30 22
(0=C) 26 33 39 27 34
sN 23 29 33 24 30 31
ulN 35 49 60 38 53 34 60

ZERIC—A 721 H 5K BN b5 FROEE/ERD
<) T, A FHROMDERIE L DONEN, &
FRIZAHAER b vl v ) BENLZREN D & T,
ORI T VA IIVITHEEE L T b RN % 53 A
ETT B L HAIIE, B bR L F—35F
NOBEFREADHHEIAN X ——KTILEZDL
b, L2 LI XRTOGHRRIDOEELT RNV F—
PRI AN IS TEERZ DL, LYK
FVELYTH 5, EE, REGIHBEEOBEME L7
BMIANX —DR/AMEL DEBEZ A 5 L2 7 )R
(Fig. 2). L2 L, LENRIPOEL DEMEEMIE
THRFZRMERTFELTEMLTWIFE, LA E
PTFRFRETIE L WP EEZTUTORT2ED
cricl7, BRI ED L ) /EEZMZTwo
Torld, ROBETHNS,

HO 21 25 29 22 26 29 48 50
sCO 24 29 34 25 31 35 60 60
uCoO 28 36 44 30 38 47 60 60
sNO 25 31 37 26 33 40 60 60
uNO 30 40 50 32 43 53 60 60
00 27 34 41 28 36 43 60 60

Table 5 Dissociation energy indexes (DEI) among
' C,N,0, Halogen, and Sulfur.
CNO &/nn¥sy, HREFLOEOBE
BETIRLE—1 Ty s X (DEI)
sS uS F Cl Br I
H 26 - 20 24 28 33
sC 32 - 22 29 36 45
uCsC 38 - 24 34 43 59
uC 27 - 20 25 29 36
O=C 34 - 22 31 38 49
sN - 40 - - - -

S 32 - - - - -




7 7 VA HERRIC & B XX FHFEED REGHRIEE O TR

FOEERNEHIANT -2 HEICRO LN S &
I, BRARBZEDHHIANT —DREER L1,
I, —RICE LN T WA REAREI AL —O
EAUE % A OBENIC 7NV —"741} (Table 3) L
TZ*DEEEERKDI2HDTH B (Table 4, 5) .

Table 3 T, Table 4, 5 TN —7531F&NT
WAREIN—TIEINERFENREFZ D
PEITTH D, 2T, LHEDEKRIE, uC IR
REK, sCIIBFIRE, uN IARMER, N (T
223, oS (IBAMBEE, uS IIAMABEE 2R, Hl2
i, uCsC IIABMEEIFHEA LTV 2BAKFENE
RTH b, '

Table 4, 5 DA 7y 7 ADWFEDNEWKRIL, AR
BT RV X — i (keal/mol) ™ x 10000 TH 2,
b, RPOBFFRECEAIZEREEZ AL X —
FRNILLBNE W, ThbbERTHLILERT,
BECZANX—DEBFR2ZDZEHEDLT, TNDLE
REE LD, BFEOKRNEERENKADDFIE
PRIV oETH D,

K2, HEABBIANE—A Ty 7 2ADRDK
PRARD, BTN UERICNOyE COOH »9%E
ALTWwBELT, FNTROBRELRVEVER
DIRFEE DIFBEL AN K —L Ty 7R bLHb
CEEEZTADE, FTTRUVEVROREIIAR
FRFETHY, Table 3DFIZ R B L, RVEVRD
RE (Ph-) BuC DI N—TIHEEN TS, KT,
NO2?» N BEFIZFFIC uN D7 — 728 EhTw
5 bbb, #FLT, SHCEFE NEFNRE
BETANX—4 7w 7 ZlT Table 4 ® uC & ulN
DEBOMEE RIUT I v, ZDEIZ 38 &7 5, [ERE
12, COOH & INA N —7%8ET L, ZhiEFR
BFRE/AH, O=C o ClFuC LiIFHIN—712
ToTwsd (0=CI7NV—7) T, O0=C &£ uC»
RRERDEZDEILZ 2T LB D,

CHDEHIRLT, BFPITEINEBHBADIEE
IANKE—AL Ty 7 ADERRD BN TE D, §
4 BEBOWRTIE, THLHITLTKRDIA Ty 7R
DERE (ThbbETANFX— & L TIdHRIME)
EFIE L7, |
312 REEAMEESCFY IR (TN

REEIBIEE BT R L X — LR U IR FE D
RKEVIEBREFE LD L) RERLRIZIH
RBWOT, MBIV —D L) THEKTERT S
CElZT 3, FOBADEEDBAMIIGHEEEL LD

-127 -

Table 6 Functional Group Indexes (FGI).
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Fig. 4 An Example of molecule for the fuzzy reason-
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Table 7 Estimation of maximum dissociation en-
ergy index
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Fig. 5 Fuzzy Reasoning Process in Rule 1.
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Fig. 6 Fuzzy Reasoning Process in Rule 2—4.
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Fig. 7 Result of Exothermic onset-temperature with

fuzzy reasoning for the chemical in Fig. 4.
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Fig. 8 Estimation of exo-thermic onset-temperature
with Fuzzy Reasoning (1).
HEBAREE OEANE & #ERE (1)
Table 8 Intermolecule Reaction Indexes.
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