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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 YAGY(*

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.1l 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.

1. #&

I

Aoz 2Tk, WEOEREDSES RS

Pz LIELIERASh, BELEERKETD 5,

CBIKBEIMBEDR KN T A ORBERIBED
RETEDLTHET, WEZNEEOFKXERGIEI

UL, SREMESRICOWTIE, ZOBEDS S
AR TEAESE 5> T BB I BRENTH

* {hEHF7eE8  Chemical Safety Research Division



—122 —

D, El@EUETERES RWOT, BRTIRERNE
VBT 2 20FHIz—BicEETHZ, Lod,
FKBREIZAEEOEEC L 2BEBRKRE VDT, E
HEZ LR T 21548 TY, RUAEEC L2 b0 TR
RIS OBERDE L L S HR1H 2,

ZD LD RBREE Z UL, HLOUEDOFRKKBE
T RRANC L VEMLTOL Z Ly NETIEH 2
B, TNEY HAREMEOEETH 2 5L WS
ROFEKBEDERLEIHE I EDHBEETH2
EEZD, TOHMBWL, SHTHRT DIz, ZE
& TERNYE O R KEE 2R — 5 TR E
HIL, zzreBoni7y—s2RELT, WEOES
BB B Z S FHERNCFEIBE & OREE 2 ERT
DIERAST, TOXIRWROERL LT, FX
BELSEO—RIESEEYL 75 7 FIcBERS T o
729, B30 I37% A S P ORERENERN B H & Lhig,
KUEDL K OMEIZH T 2 BKBEDFHIES I
2B RS, iz, BKBREOERELFAIZRET,
RICHNICIIERICES L LTh, HLEREOTFETE
BHNEERBDOFEMENLRVEL I LNTES, 85
W, BKEBEPEREZHICRESEELZTIZ LD
ETNE, BoNTHAEEORZYE R LA SHDHE
TTFzy 7Lz w3 FES 42, EEEENH
BEIR & MEAT 217 — 5 OBIE[IE, BIESE
BEFEOREANC b £ D BEISEORERTR > 2 L hE
STREBICZ>TVS (2L 2 TSEEET— 5 7
E)oe INSOHMDI=DIT Y, FKBECHEET 2 &
BRI R T Z L8R AREE NI TH S,

oL, COFBCBIAMREIMREE LD TR
<, ELdDIMEDIT Zabetakis 5VD b D2H 278
ETho7-,

bbb ERAKBEIMMOYMELOBEZ L &
N, 72k 2 3MEOYIEERIOEIE & FXGRE RS
DULBIERE S, 1272, RILKFEORBEREKICD
W, REBELRAXBEEOBEGESELBREIATY
58, OB, BHED/ST T 4 4L 7 4 HEST
ERIEFKRE L REBOWE T oy V5 &, 5
ZEDMBLICFELD, QOB 2 HDIFZ g
BoRELINGB, 2T, Zabetakis & VITE/ S
74 EDDH B85 7 4 OSE—RETHEZ 3 &
IRT B0, REBORY CFEHREEEL v
EXFTRBA L Fig 1 CZ0BGRERT, 2 2 TF
PRBRERLIZ, (AORERFS b OREHEOKE
8 AT NVE(REFEREORERETF) OBEM(M=2)

] I I I
O Normal paraffin
hydrocarbon
® Branched paraffin
o hydrocarbon
P
[} .
E
«
8
g ]
3
o
8] _
£ )
.5 CH
= " 21’(L)—C10H22 n~CieHazs |
#n-CeHis—0 #-CizHae
#-CrHis 7n-Ci1sH3zo
200 . L v

ERTEMEFHEHE RIS-RR-86

1 3 5 7 9 11 13 15 17
Average carbon chain length

Fig.1 Minimum ignition temperatures of paraffin hydro-
carbons in air as function of average carbon chain

length.
NZT 1 P REALKROFIREBEE & BERNEE
NEBR

cvhid, RATEZ o2 8ETH 3,

Zgzz'-g,-
L=wmor—1 )

Fig 1 T4% &5, B/ %5 7 4 > CRIEEROHE
ICONTRIERKBESRBICETL, REK M
ETIEIF—E D, MRSk E LTl S EReR
LT3, HIEDH 2,35 7 4 VIZF—RERDOES
N7 74 VX DRBRKBEP—RIIHEDEL R 3,
Zabetakis 512 ZDEZ F /35 7 4 VRRAKERT
T, Al#EHzE b OFEHERIAZCVERLT, /3
74 YEEELOBRRBH LI LERLTNSEY,

EFEIZFig.licRons &> gBES, 2 Ld
HAEW TN 7 4 YU O T VI —LHE, T
AT NER EDMORIBRAEM T RILTETHS &
Rl 22T, 3THEEAMIET V3 —VORE
IZDWTIRET LR, 7ra— 2V oSS
TNENEOFYRBER RO T Z Lic kv, Fig.
1 DBk LB S TR TRENS Z L 2B
iz L7z9,

SENZ R SEREN 1 flio X 7 )L L BB EEY,
RUTRIFKRE LA FREEDBEBRERN L-0T,



FRICEHNFEKBENERLIZOWTOHRE (E2H)

T ZIWHRET B,
2. EEHZE

FKBEOHTEEES L VHIEFEZESDOMOH
ENHERLTHBDT, 2 2 TREIEEZEHEIIANR
Bz ros,

BERFRTERECMALZ 200ml D7V Y 7R
HIABMEZAT7 A —EEDRMNEZEALT,
RKOBREZEEL, RKTIBETEFHKB S NEF
MEsHIT %, FORER2E(IETIORFELED
RL, 32 —E0RBICBT2HKOBEEDREFE
EE2RD2, >¥RAPEELZ CTRAKRTEY, &
B HRABRFBEORFEERD TSI 7 LI T
%, 203 bOREDRFREEZDRDOREFRX
BELEDR, 28I, TORERKEELYS 255,
BEICXD, BELRABLNEMOBRERD TS
77 LicEsRT %,

SEFTHROEHRE - 1 FFAEL2ZOL FHAL
72

3. RERRER

NEOTAT VB LU 1TEOBIZOWT, EHTE
SNIRARE-FHARFBRERNK, BXRE-FKS
< NEFRIEE 2 5, BRIERKREL ZOROHBES
L UFK B N, B NEER 2sec DBE, BL U
B KBERZHALD, IRODEREZ LD T,
I AF VIR DWW Table 112, BB3EIZ D\ T Table 2
WRLz, B8, EXOMEOHIECBIF 25 LWT
— 7%, BB L 3MoHmE 2RIz, ZTho
DFEFIZ, BOWETTHEL-®, BAWEOS T
s, 7LVvEVEORERER, STFEEERDT
B8¥Ue EOBE b FRFICEEA L 72,

4. DFHELRKEENRERNOEE

4.1 FFEESOLMEL

SFEE L HRKBEOHFREEENIILS5XRE2D
i, TS FESEERAOIPOFETHEELL 2D
niEz sl v, BUHRKIZATFNVEZODWTEZLTH

2 b, SREFN1 iz A7z R-COO-R RBEU

R E7NsVvEBE)D#EERR O, COOZERZHBTH
305, F ORIEEEOMEROECVZRBEIUR O 2
BoO7LFNEOEEDECICERT 2, 22T, Z
o7 NVEVEOEEERDT DI, 3EDHAM

— 123 —

17 Vg —VETITR - 0 L EFY, Zabetakis
SOIRE LI VHREHREEAVEI LT LT, &
DFE, TVENVEOFEET 5 CO0 E%, Bfibo7:
DIZARERET L &2 E, RILKRLEUHROHBTE
3, Bz, 2-=F AT FAEE

C—C
y
c—C
[ \C—c}

Thihrs, ZOFYRFERI I EO(1)ALY

X
Y3, 20E3 LT RBIVUR OFEHRRERED
BLBLOL 2HEL, ZW50 2EOEMETIAT
NVEB L UBEOH THEEERERS ¥z ERId Table
18L& U Table2 iz RLTH 3, 1273, H-COO-R’
DBELZBOFBI AT VORI 7 VF vEN 1 {E
Dz, L=0r%3, —HizBWT, R-COOH 0
EREBEOBORIL T X VEIR 1ET, L =0 %5,

EPQ LBIVL OERZRENEDZ X5, BHO
TLFNETRRER L FHRKFREROERE-TH
25, HIBEDH 2 TNV FNETRRERE D FHKRE
BEINERD, ULerb /NG T RS D %
BH 5,

4.2 R OFEHRTFEH (L) DEXOFE

B, R OBEOEIcfEE > RAREOKE %
"7, RACIZRER1~10 DYE, T2bbH A
FNELSTFTYNVEETE, $72 RICIIERROHE
BIb Tz 0~2 DYE, Thbb ¥ B, BiEB L U7 0
EAVBOIATNVEES, Z0 2HER5T MU E
DT AT N (Tablel FOEHEEFS 1~34) D»T,
R OEHREHEE L R KBEOREFRERE LT,

Z 2T, R DR EHEE L & ki 0~2 DR
THER/NEWOT, LD HZ2TREOEE L EHL,
R OEHREHEE L DA TIAT VDS FREEERERD
THOELT, L' L HRKBEOEFES 7770y

YL, ZDEER% Fig.2,Fig.3 8 XU Fig.4 Rl 7,

FENREE L LT RBRIEFEKIBE, B 1R 2 sec DR

* Wi CBKRET -5 (B 1 5) EEL U RATSI
¥}, RIS-TN-75-3 (1975) FOHEIEHEE=Z 33
~66 ; M “FEKBET -5 (52 8) EERETR
FEEfigRl, RIIS-TN-75-7 (1976) RO BIEVEES
101~155



— 124 — EELEWFEIRRSRE RIIS-RR-86
Table 1 A summary of ignition temperatures of esters
IZATFNVEOEKBEONEER—%
Average | Average Index Minimum ignition
Molecular No. of|No. of carbon carbon number temperature Temp. of | Momentary
No. of carbonicarbon!  chain chain for . 2 sec ignition
Ester structure R 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 CO0O-C-C 0 2 0 2.0 2.0 435 | 0.2 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
5 [P0 coo-cCc-cC | 0 | 4 0 4.0 4.0 |28 |01 | 22| 370 425
formate
iso-Butyl COO-C-C-C
6 T 0 4 0 3.0 3.0 425 | 0.1 9 500 560
formate C
7 P2 cooccccc | o | s 0 5.0 5.0 | 265 | 0.1 23 355 415
'formate
iso-Amyl -C-C-C-
g [sofmvl) COOCCGC | 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
T nd C-C00-C 1|1 1.0 1.0 1.0 |475 0175 | 13 | 575 630
acetate
Ethyl
11 ¥ C-COO-C-C 1 2 1.0 2.0 2.0 455 | 0.125 15 560 610
acetate
-P 1
12 TRy c-coo-c-c-Cc | 1 | 3 1.0 3.0 3.0 | 435 | 0.1 7 520 600
acetate
iso-Propyl -COO-C-
13 |soFropvl) C-COO-G-C 1| 3 1.0 3.0 3.0 | 425 0.1 22 600 660
acetate C .
-Butyl
1 [P ccoo-cccc | 1| 4 1.0 4.0 4.0 |38 0.1 |23]| 395 500
acetate - .
iso-Butyl -C00-C-C-
15 fisoBul ) CCOO-CG-C )y 1.0 3.0 3.0 | 420 0.1 4 495 590
acetate c
sec-Butyl -CO0-C-C-
16 [FeBul ) CCO0-GCCo 1.0 4.0 4.0 | 410 0.1 12 | 530 600
acetate C
tert-Butyl ¢
17 4 C-CO0O-C-C 1 4 1.0 3.0 3.0 435 | 0.15 50 610 660
acetate )
C
-Amyl
18 "™ ccoo-cosCc | 1| 5 1.0 5.0 5.0 | 20]0.1 |32]| 3% 390
acetate
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Table 1 (#E&—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 btv| 1 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-CoO-C-s-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-CO0-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 |"TPY |ec-c-cooc-cc| 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)

Minimum ignition

Average | Average Index
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 Rlof R of R of R molecular e;mp. quantity | 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 4.0| 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
VA il C-(Cp-C-COO-C | 4 | 1 4.0 1.0 40 | 420 0.1 10| 52 575
n-valerate
Ethyl
48 C-(Cr-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
Ethyl -C-C-C00-C-
50 |oHW CECo-CC |, |, 3.0 2.0 3.0 |420| 0.1 6| 515 590
iso-valerate C
iso-Amyl |C-C-C-CO0-C-C-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 -
sp VO |CCCLOO-CCCl 4 | g 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-(C-CO0-CC | 5 | 2 5.0 2.0 5.0 | 255 | 0.075 8| 320 400
n-Caprate
-Butyl
55 "o | c-Cu-co0-C-CrC| 5 | 4 5.0 4.0 5.0 | 240 | 0.075 | 25| 295 345
n-Caprate
Methyl ~
56 ey C-(C)s-COO-C 6 | 1 6.0 1.0 6.0 | 245 | 0.075 | 40| 325 375
n-heptanoate
Ethyl
57 C-(C)s-Co0-CC | 6 | 2 6.0 2.0 6.0 | 250 | 0.05 6| 290 340
n-heptanoate
Ethyl _
58 C-(Cs-COO-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 Minimum ignition
Molecular No. of|No. of[ ., hon carbon number temperature Temp. of | Momentary
No. of carbon|carbon|  chain chain for ] 2 sec ignition
Ester structure i Sample | Time | |
Sample (R-COO-R') atoms|atoms| length length showing T ity | 1 time lag temp.
of R |of R| of R of R molecular |+ 7P| quantity fag () (c)
w w) structure | (T) | (ml) | (sec)
n-Butyl
59 C-(C)s-CO0-C-(C):-C| 7 4 7.0 4.0 7.0 230 | 0.125 26 280 310
n-Caprylate
iso-Butyl | C-(C)s-COO-C-C-
60 Y s 0-C (': ¢ 7 4 7.0 3.0 7.0 240 | 0.075 30 300 330
n-Caprylate C
Ethyl
61 C-(C)s-CO0-C-C 9 2 9.0 2.0 9.0 220 | 0.075 31 270 295
n-Caprate
n-Butyl
62 C-(C)s-COO-C-(C)2-C 9 4 9.0 4.0 9.0 225 | 0.125 47 270 290
n-Caprate
n-Decyl
63 C-(C)s-CO0-C-(C)s-C 9 10 9.0 10.0 10.0 240 | 0.1 13 265 285
n-Caprate
Ethyl
64 C-(Cho-COO-C-C 11 2 11.0 2.0 11.0 220 | 0.125 33 265 290
laurate
-Butyl
65 |"" |c-0w-coo-c-Oe-C| 11 | 4 11.0 4.0 11.0 | 225 | 0.125 | 48 270 295
laurate
iso-Amyl  [C-(Cho-COO-C-C-C-
gg |sorAmyl [CEOWCO0CCCC ) o 1 11 3.7 1.0 | 230 | 0.125 | 45 | 280 300
laurate C
Methyl ’
67 € ) v C-(Ch2-CO0-C 13 1 13.0 1.0 13.0 225 | 0.125 90 275 300
myristate
Ethyl
68 . C-(Cn2-CO0O-C-C 13 2 13.0 2.0 13.0 220 | 0.15 25 260 285
myristate
Methyl
69 | C-(Ou-Co0-C | 15 | 1 15.0 1.0 15.0 | 225 | 0.3 95 275 295
palmitate
Ethyl
70 y. C-(0)14-CO0O-C-C 15 2 15.0 2.0 15.0 230 { 0.3 23 260 280
palmitate -
Ethyl
71 C-(C)16-COO-C-C 17 2 17.0 2.0 17.0 230 | 0.25 45 265 285
stearate
-Butyl )
72 "B e one-coo-c-cpc| 17 | 4 17.0 4.0 17.0 | 240 | 0.35 | 55 265 285
stearate
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Table 2° A summsry of ignition temperatures of acids
BEORXBEONERE—R
Average Index Minimum ignition
Molecular No. of carbon number temperature Temp. of | Momentary
No. of . carbon chain for 2 sec ignition
Acid structure . Sample | Time .
Sample (R-COO-H) atoms length showing T . | time lag temp.
of R of R molecular | *SMP- [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-COO 4 4.0 4.0 390 0.125 20 510 570
7 iso-Valeric acid C_E_C-COO 4 3.0 3.0 | 425 | 0.1 28 530 570
¢
8 Pivalic acid C-C-Coo 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)-CO0 6 6.0 6.0 275 0.075 11 350 405
12 n-Caprylic acid C-(C)-CO0 7 7.0 7.0 245 0.1 28 315 360
13 n-Capric acid C-(C)s-CO0 9 9.0 9.0 230 0.175 54 295 330
14 Lauric acid C-(Che-COO 11 11.0 11.0 230 0.15g 60 285 315
15 Myristic acid C-(C12-CO0O 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 0.2¢g 55 275 320
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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.
o L L RBAE hBER 2 sec MIRE DR

17r—RAELTH/KR B LIZR B,

BB, MEORKERERHKL:EE, B—HEfc
HUTBOABIRAT VLD ELRICRRVE D, 20
BEISEZZATVERSLIEAT, Bich i
EFRE&NZEThot, Thbb, L>L OEFE,
FKBEXEC L cXEsNn3, LaFE~—Td L' 3
B 2YWERTIE, L’ OBRIZONTERKEE K
WEPDOETT 2ERABH 206 THB, FOHEH
% Table 31CRL7z, BBIZ L' =0Th 255, —fRIC
AFNVIATNVEY SERXERKBEBPLPEL X 5E

® Ester

500f- {
X Acid

Minimum ignition
temperature

' Ignition temperature (°C)
T

0 2 4 6 8 10 12 14 16 18
Index-number

Fig.11 Relation between index-number of alkyl esters and
alkyl acids and their minimum ignition tempera-
tures.
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temperatures (L= const.)

Table 3 Effect of variation of L' on ignition

RAEECRETL OLECLORE (LHF—EDHEES)

Average Average Index .
carbon carbon number 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
Methyl 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
Methyl 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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