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Systematization of Spontaneous Ignition Temperatures of
Organic Compounds (2 nd Report)
—Spontaneous Ignition Temperatures of Alkyl Esters and Alkyl Acids—

by Shozd Yacyo*

Abstract ; Ignition temperatures of combustible substances have ever been determined mainly by
experiments. However, only a limited number of substances has been considered in this
connection in the past, among a wide variety of combustible substances. Therefore, still more
sufficient number of data should be accumulated from the practical safety eéngineering point of
view. '

The author has intended since some years ago to systematize ignition temperatures of
combustible substances, mainly organic compounds, in order to estimate the ignition temper-
ature of a compound without actual experiments on the bench. For this aim, it may be
necessary in the first place to investigate the relation between ignition temperatures and
molecular structures of various organic compounds.

M.G.Zabetakis? reported a relationship between the ignition temperature and average
carbon chain length for the paraffin hydrocarbon homologues.

In the previous report?, the application and improvement of his method to alkyl alcohol
homologues was described. In this report, the method is applied to the alkyl esters and alkyl
acids. As the result, similar correlations to those of the alcohols and hydrocarbons are given,
as shown in Figs.11 to 13 which show that the relation between the spontaneous ignition
temperature and average carbon chain length (index-number) is plotted on a reverse-S pattern
curve. The estimation of the spontaneous ignition temperatures of the alkyl esters and acids
would now be possible with aids of those figures.

Keywords ; Spontaneous ignition temperature, Alkyl acids, Alkyl esters.
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Table 1 A summary of ignition temperatures of esters
IXFAEOREKBEOUERE—K
Average | Average Index Minimum ignition
Molecular No. of|No. of carbon carbon number temperature Temp. of | Momentary
No. of carbon|carbon| chain chain for . 2 sec ignition
Ester structure A Sample | Time | .
Sample (R-COO-R') atoms|atoms| length length showing T . | time lag temp.
of R |of R’ of R of R' molecular eomp. quantity ) lag (c) c)
(L3 (L) structure | (C) | (mD) | (sec)
Methyl
1 CO0-C 0 1 0 1.0 1.0 450 | 0.275 11 520 575
formate
Ethyl
2 v CO0-C-C o | 2 0 2.0 2.0 |435 |02 | 24 | 535 585
formate
n-Propyl
3 CO0-C-C-C 0 3 0 3.0 3.0 435 | 0.15 16 530 575
formete
iso-Propyl -C- :
g |SOTTYORY Co0-¢-C 0o | 3 0 3.0 3.0 |440 | 0.2 | 50 | 575 630
formate (o}
-Butyl
I s coo-c-C-cC | o | 4 0 4.0 4.0 |28 | 0.1 22 | 370 425
formate
iso-Butyl CO0-C-C-C
6 I 0 4 0 3.0 3.0 425 1 0.1 9 500 560
formate C
n-Amyl
7 COO-C-C-C-C-C 0 5 0 5.0 5.0 265 | 0.1 23 355 415
'formate
iso-Amyl | COO-C-C-C-
g |0 CCCC 1 o | s 0 3.7 3.7 | 320 | 0.1 8 420 505
formate c
n-Hexyl
9 COO0-C-(0)+-C 0 6 0 6.0 6.0 250 | 0.1 34 325 370
formate
Methyl
L C-C00-C 1|1 1.0 1.0 1.0 | 475 | 0.175 | 13 575 630
acetate
Ethyl
11 Y C-COO-C-C 1 2 1.0 2.0 2.0 455 | 0.125 15 560 610
acetate
-P 1
12 MO ccoo-ccC | 1 | 3 1.0 3.0 3.0 | 435 | 0.1 7 520 600
acetate
iso-Propyl -COO-C-
13 [[soFropt C-COO-GC 1| 3 1.0 3.0 3.0 | 425 | 0.1 22 | 600 660
acetate Cc .
-Butyl
14 | | ccoocccc| 1| 4 1.0 4.0 4.0 |38 )01 |[23]| 395 500
acetate : A
iso-Butyl -CO0-C-C-
15 [SorButyl | CCOO-C-GC oy 1.0 3.0 3.0 | 420 | 0.1 4 495 590
acetate c
sec-Butyl -CO0-C-C-
16 [secBul | CCOO-GCCo 1.0 4.0 4.0 | 410/ 0.1 12 530 600
acetate C
tert-Butyl ¢
17 ¥ C-C00-C-C 1| 4 1.0 3.0 3.0 | 435 | 0.15 | 50 610 660
acetate |
C
-Amyl
i8 n 4 C-CO0-C-(C)s-C 1 5 1.0 5.0 5.0 290 | 0.1 3.2 325 390
acetate
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Table 1 (#i&—1)
Average | Average Inbex Minimum ignition
Molecular No. ofjNo. of carbon carbon number temperature Temp. of | Momentary
No.of | carbon{carbon| chain chain for . 2 sec ignition
Ester structure . Sample | Time |
Sample (R-COO-R' ) atoms|atoms| length length showing T it ) time lag temp.
of R lof R’ of R of R molecular |+ €0 (quantity | lag (c) (c)
199 () structure | (C) | (ml) | (sec)
jg |isorfmyl | CCOO-CCE-C oy g 1.0 3.7 3.7 137001 4.3| 450 545
acetate C
_Amyl | C-COO-C-C-C-C
20 [T - 1 | 5 1.0 5.0 5.0 |39 | 0.1 4.0| 455 540
acetaté C
tert-Amyl (I:
21 Y1 c-coo-c-c-c 1| s 1.0 3.7 3.7 | 410 | 0.1 10| 510 570
acetate |
C
n-Hexyl
22 C-C00-C-(C-C | 1 | 6 1.0 6.0 6.0 | 255 | 0.075 9| 310 370
acetate
C-C0O-C-C-C-C
g3 [FEthylhexyl ¢ 1 6 1.0 4.3 4.3 285 | 0.075 5| 350 430
acetate !
c
n-Octyl .
24 C-Co0-C-C-C | 1 | 8 1.0 8.0 8.0 |22 | 0.1 28| 275 305
acetate
C-COO-C-C-(Os-C
2_ ¥
o5 |2 Ethyibutyl C 1 | 8 1.0 5.7 57 |23 |o0.075| 10| 275 330
acetate Cc
n-Decyl
26 C-C00-C-(Cs-C | 1 | 10 1.0 10.0 10.0 | 215 | 0.1 40| 265 295
acetate
Methyl
27 |V C-C-C00-C 2 | 1 2.0 1.0 2.0 | 455 | 0.15 50| 555 600
propionate
Ethyl
28 |tV C-C-C00-C-C 2 | 2 2.0 2.0 2.0 | 445 | 0.125 | 32| 560 600
propionate
~Propyl
29 || cccooccc | 2 | 3 2.0 3.0 3.0 | 430 | o0.125 | 20| 540 580
propionate
iso-Propyl | C-C-COO-C-
g0 [SoFroevl) CCCOO-GC o, 2.0 3.0 3.0 |425|0.125| 21| 575 630
propionate C :
n-Butyl
31 : C-C-C00-C-(Cr-C| 2 | 4 2.0 4.0 4.0 | 38| 0.15 | 2.5| 420 570
propionate
iso-Butyl | C-C-COO-C-C-
gz [SOPU | CCCOOCEC 2.0 3.0 3.0 |435|o0.125| ‘16| 535 580
propionate C
iso-Amyl | C-C-COO-C-C-C-
g3 [07AmYL I CCCO0-CCECh | g 2.0 3.7 3.7 | 305 0.15 | 3.4| 470 560
propionate C
-Hexyl
3¢ [TV lcc-coo-c-oCl 2 | 6 2.0 6.0 6.0 | 260 | 0.075 | 7| 325 400
propionate :
Methyl
35 ey C-C-C-C00-C 3 |1 3.0 1.0 3.0 | 455 | 0.125 | 24| 550 600
n-butyrate
Ethyl
36 v C-C-C-Co0-C-C | 3 | 2 3.0 2.0 3.0 | 440 | 0.1 15| 545 600
n-butyrate
~Propyl '
37 |TTPY lcc-c-coo-ccc| 3 | 3 3.0 3.0 3.0 | 420 0.1 9| 525 585
n-butyrate
iso-Propyl | C-C-C-C00-C-
gg |'soFropl] C-C-C-000-C-C | o | 3.0 3.0 3.0 | 435 | 0.1 12| 550 605
n-butyrate C
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Table 1 (#&—2)
Average | Average Index Minimum ignition
Molecular No. of|No. of carbon carbon number temperature Temp. of | Momentary
No. of carbonicarbon]  chiin chain for ] 2 sec ignition
Ester structure i Sample | Time | .
Sample (R-COO-R' ) atoms|atoms| length length showing T t' ) time lag temp.
of R|of R'| ofR of R | molecular |~ ™| 9Uam ity| lag c) )
w () | structure ()| (ml) | (sec)
-Butyl
30 |77 |cc-ccoo-c-cec| 3 | 4 3.0 4.0 4.0 |35 ]0.15 | 3.0 400 525
n-butyrate
go |SoAmyl | CCECOOCCEC o o 3.0 3.7 3.7 335 0.1 40| 410 520
n-butyrate C
-Hexyl
a | e ccoocou-cl 3 | 6 3.0 6.0 6.0 | 255 | 0.075 | 16| 320 380
n-butyrate
n-Octyl ) ’
42 C-C-C-C00-C-(C)-C| 3 | 8 3.0 8.0 8.0 | 230 | 0.1 55| 290 320
n-butyrate
g3 |Methyl C-g-coo-¢ 3 |1 3.0 1.0 3.00 | 450 | 0.15 30! 540 585
iso-butyrate C
gq BV cgeoo-cc 3 2 3.0 2.0 3.0 | 440 | 0.125 | 25| 545 590
iso-butyrate C :
g5 |iso-Propyl|  C-G-COO-C-C 3 | 3 3.0 3.0 3.0 |465|0.075 | 16| 540 590
iso-butyrate| c C
g |SoAmyl | CGCOO-CCECl o) o 3.0 3.7 3.7 | 390015 | 3.0 435 540
iso-butyrate| C C
Methyl
a7 | Mty c-(©-c-cooC | 4 | 1 4.0 1.0 40 | 420 0.1 10| 5% 575
n-valerate
Ethyl
48 C-(Ce-C-COO-C-C| 4 | 2 4.0 2.0 4.0 {395 | 0.1 2.8| 425 535
n-valerate
~Propyl
g VPPV o, ccooccc] 4 | 3 4.0 3.0 4.0 |37 |o0.1 2.4] 3% 485
n-valerate
50 (Pl ceeoce |, 2 3.0 2.0 3.0 |420| 0.1 6| 515 590
iso-valerate C
51 [so-Amyl | CECC0-CCCC 3.0 3.7 3.7 |310]0.075| 8| 400 500
iso-valerate] C C
-Octyl _C-C-CO0-C—(C)e -
52 |POW | C-C-C-COO-CHCRCl , | 3.0 8.0 8.0 | 235 |o0.1 95| 305 335
iso-valerate] C
Methyl
53 | c-Cu-coo-c | 5 | 1 5.0 1.0 5.0 | 255|0.075 | 28| 300 480
n-Caprate
Ethyl ,
54 C-(Cu-C00-C-C | 5 | 2 5.0 2.0 5.0 | 255 | 0.075 8| 320 400
n-Caprate
-Butyl
55 |PB | on-cooccnc| 5 | 4 5.0 4.0 5.0 | 240 |0.075 | 25| 295 345
n-Caprate
Methyl ~
56 ey C-(C)s-CO0-C 6 1 6.0 1.0 6.0 | 245 | 0.075 | 40| 325 375
n-heptanoate
Ethyl
57 C-(Cs-Co0-C-C | 6 | 2 6.0 2.0 6.0 | 250 | 0.05 6| 290 340
n-heptanoate
Ethyl _
58 C-(Cs-C00-C-C | 7 | 2 7.0 2.0 7.0 | 235 | 0.075 9| 275 315
n-Caprylate
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Table 1  (#%-—3)
Average 'Average Index Mntlimurr;;‘ir:etlon - ¢ | Momenta
Molecular No. of|No. of| a0 carbon number empe emp. o omer Ty
No. of carbon|carbon|  chain chain for . 2 sec ignition
Ester structure i Sample | Time | ) t
Sample , atoms|atoms| length length showing Tem antit Jag time lag emp.
(R-COO-R') of R |[of R'| of R of R’ molecular |~ ™ P-4 y (c) (c)
n) ) structure | (C) | (ml) | (sec)
so "Bl e on-cooccuc| 7 | 4 7.0 4.0 7.0 {230 | 0125 26 | 280 310
n-Caprylate
go |'SoBuwl | CQe-co0CGCl 7.0 3.0 7.0 | 240 0075 | 30 | 300 330
n-Caprylate C
g1 |F! c-(Cp-coo-cc | 9 | 2 9.0 2.0 9.0 | 220 | 0.075 | 31 270 295
n-Caprate
62 "B e oncoo-c-nc| 9 | 4 9.0 4.0 9.0 | 225 | 0.125 | 47 270 290
n-Caprate
63 |2 | omcoo-comc| 9 | 10 9.0 10.0 10.0 | 240 | 0.1 13 265 285
n-Caprate
Ethyl 0] 0.125 | 33 265 290
64 C-(Cpo-COO-C-C | 11 | 2 11.0 2.0 1.0 | 22 X
laurate
65 "B\ o owcoo-coec| 11 | 4 11.0 4.0 11.0 | 225 | 0.125 | 48 270 295
laurate
g6 ['somAmy [C-Ow-CO0-CCCCl )| o 11.0 3.7 1.0 | 230 | 0.125 | 45 280 300
laurate C
Methyl 125 | 90 275 300
67 C-(Onz-co0-¢ | 13 | 1 13.0 1.0 13.0 | 225 | o.
myristate
Ethyl 2 15 | 25 260 285
68 Cc-(Cnz-coo-c¢c | 13 | 2 13.0 2.0 13.0 |22 | o.
myristate
go | Methyl C-(0nu-Co0-C | 15 | 1 15.0 1.0 15.0 | 225 | 0.3 95 275 295
palmitate
70 |FY C-(Ou-coo-CC | 15 | 2 15.0 2.0 15.0 | 230 | 0.3 23 260 280
palmitate :
Ethyl 0| o0.25 | 45 265 285
71 C-(Cne-cO0-C-C | 17 | 2 17.0 2.0 17.0 | 23 )
stearate
72 |"BYY e o-coo-c-p-c| 17 | 4 17.0 4.0 17.0 | 240 | 0.35 | 55 265 285
stearate
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Table 27 A summsry of ignition temperatures of acids
BEORXBEONESR-%
Average Index Minimum ignition
Molecular No.of | carbon number temperature Temp. of | Momentary
No. of . carbon chain for X 2 sec ignition
Acid structure . Sample | Time X
Sample (R-COO-H) atoms length showing . time lag temp.
of R of R | molecular | T€mP- |quantity | lag c) c)
(L) structure | (C) (ml) (sec)
1 Formic acid CO0 0 0 0 510 | 0.2 3.0 545 605
2 Acetic acid C-CO0 1 1.0 1.0 480 | 0.175 11 570 620
3 Propionic acid C-C-CO0 2 2.0 2.0 440 0.15 36 545 585
4 n-Butyric acid C-C-C-CO0 3 3.0 3.0 445 | 0.125 32 545 590
5 iso-Butyric acid c—g—coo 3 3.0 3.0 | 460 | 0.125 | 17 | 535 580
6 n-Valeric acid C-C-C-C-COO0 4 4.0 4.0 390 | 0.125 20 510 570
-C-C-CO0
7 iso-Valeric acid ¢ g o 4 3.0 3.0 425 | 0.1 28 530 570
¢
8 Pivalic acid C-C-CO0 4 3.0 3.0 450 | 0.1 75 550 590
C
9 n-Capronic acid C-C-C-C-C-CO0 5 5.0 5.0 330 0.075 5 415 520
C—C-Q—COO
10 2~-Ethyl butyric acid c 5 5.0 5.0 390 | 0.075 9 510 560
C
11 n-Heptanoic acid C-(C)s-CO0 6 6.0 6.0 275 0.075 11 350 405
12 n-Caprylic acid C-(C)-COO0 7 7.0 7.0 245 | 0.1 28 315 360
13 n-Capric acid C-(C)s-CO0O 9 9.0 9.0 230 | 0.175 54 295 330
14 Lauric acid C-(Cho-COO 11 11.0 11.0 230 | 0.15¢g 60 285 315
15 Myristic acid C-(Ch2-COO 13 13.0 13.0 235 | 0.2g 45 280 315
16 Palmitic acid C-(Chs-COO 15 15.0 15.0 240 | 0.2¢g 16 285 320
17 Stearic acid C-(Chs-COO 17 17.0 17.0 245 | 0.2g 55 275 320
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Fig.2 Relation between L’ of esters of lower acids and
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Fig.4 Relation between L’ of esters of lower acids and
their momentary ignition temperatures.
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Fig.5 Relation between index-number of esters of higher
acids and their minimum ignition temperatures.
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Fig.6 Relation between index-number of esters of higher
acids and their ignition temperatures of 2 sec time

lag.
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Fig.7 Relation between index-number of esters of higher
acids and their momentary ignition temperatures.
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Fig.8 Relation between L of acids and their minimum
ignition temperatures.
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Fig.10 Relation between L of acids and their momentary
ignition temparatures.
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Fig.9 Relation between L of acids and their ignition
temperatures of 2 sec time lag.
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alkyl acids and their minimum ignition tempera-
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Table 3 Effect of variation of L' on ignition

RRBELRETL OZXCOHE (LHF—EOHE)

Average | Average Index .
carbon carbon aumber Minimum | Temp. of | Momentary
. chain chain for ignition 2 sec ignition
Acid and : ;
length length showing temp. time lag temp.
Ester of R of R molecular (c) (c) (c)
w R structure
n-Butyric acid 3.0 0 3.0 445 545 590
Methyl n-butyrate 3.0 1.0 3.0 455 550 600
Ethyl n-butyrate 3.0 2.0 3.0 440 545 600
n-Propyl n-butyrate 3.0 3.0 3.0 420 525 585
n-Capronic acid 5.0 0 5.0 330 415 520
Methy!l n-Caproate 5.0 1.0 5.0 255 390 480
Ethyl n-Caproate 5.0 2.0 5.0 255 320 400
n-Butyl n-Caproate 5.0 4.0 5.0 240 295 345
n-Capric acid 9.0 0 9.0 230 295 330
Ethyl n-Caprate 9.0 2.0 9.0 220 270 295
n-Butyl n-Caprate 9.0 4.0 9.0 225 270 290
Palmitic acid 15.0 0 15.0 240 285 320
Methy!l palmitate 15.0 1.0 15.0 225 275 295
Ethyl palmitate 15.0 2.0 15.0 230 260 280.
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Fig.12 Relation between index-number of alky! esters and
alkyl acids and their ignition temperatures of 2 sec

time lag.
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Fig.13 Relation between index-number of alkyl esters and
alkyl acids and momentary ignition temperatures.
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Fig.14 Distribution chart of ignition temperatures of alkyl
esters and alkyl acids. .
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