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Systematization of Spontaneous Ignition Temperatures
of Organic Compounds (1st Report)

——Spontaneous Ignition Temperatures of Alkyl Alcohols——

by Shoézé Yagyta*

Ignition temperatures of combustible substances have so far been determined mainly by experiments.
However, only a limited number of substances was taken up in this connection in the past, among a
Widé, variety of combustible substances. So, still more sufficient experimental data must be accumula-
ted from the standpoint of safety engineering.

. The author has intended from some years ago to systematize the igintion temperatures of combusti-
ble substances, which are mainly organic comipounds, to estimate the ignition temperature of a co-
tmpound without expdrimental determination. For this purpose, it is necessary in the first place to in-
#estigate the relationship between ignition temperatures and molecular structures of orgnic compounds
of various kinds.

.Now, a relationship between the ignition temperature and the average carbon chain length
has been already reported by Zabetakis for the paraffin hydrocarbon homologs®. In this paper is de-
scribed the result of application of his method to alkyl alcohol homologs, as the first report of this
series of study.

« Ag a result, a similar relationship to that in the case of paraffin hydrocarbon was obtained also in
alkjrl alcohol homologs. Further, a very similar relationship to both mentioned above was also found

between the boiling points and the ignition temperatures of alkyl alcohol homologs.

* {t¥mrZ#s Chemical Engineering Research Division
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Tabl_e 1 A summary of ignition temperatures of alkyl alcohols

(Fwdr7ra—2rEHoRKBEOWESR)

Average Revised Minimum ignition T _
. carbon |®EVISC temperature emp. Momentary
. No. : _ No. of | Boiling | chain |average of {onition
' i
 of Alcohol Melecular structure | carbon| point | length | carbon Sample |Time| 5sec £
o ‘ . Temp. . temperature
Sample atoms | (°C) 1Of . chain ) quantity | lag [time lag °C)
- alky ° o
radical length (ml) |(sec)| (CC)
1 Méthyl alcohol C-0OH 1 65 1.0 2.0 440 0.25 35 480 565
C 2 Ethyl alcohol C-C-0H 2 78 2.0 3.0 400 0.15 28 460 540
: 3 n-Propyl alcohol C-C-C-0H 3 97 3.0 4.0 400 0.15 30 460 550
. . C-C-C
4 iso-Propyl alcohol (I)H 3 82 3.0 3.0 430 0.175 18 460 555
5 n-Butyl alcohol C-C-C-C-0H 4 117 4.0 5.0 . 340 0.125 25 415 530
. C-C-C-OH «
6 7s0-Butyl alcohol (1: 4 108 3.0 3.7 405 0.175 22 455 540
C-C-C-C
7 sec-Butyl alcohol (l) o 4 100 4.0 3.7 395 0.175 19 445 540
¢
8 tert-Butyl alcohol C—(')—C 4 82 3.0 3.0 460 0.125 15 490 625
OH
9 n;Amyl alcohol C-C-C-C-C-0H 5 138 5.0 6.0 300 0.125 70 350 520
. C-C-Cc-Cc-oH
10 iso-Amyl alcohol ('3 5 132 3.7 4.3 340 0.125 15 405 525
c-C-C-C-C
11 sec-Amyl alcohol Om 5 120 5.0 4.3 330 0.125 18 390 530~
? .
12 tert-Amyl alcohol C—C—(IZ—C 5 102 3.7 3.5 410 0.15 17 485 585
s : ~HO.
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pentanol

C
13 | Neopentyl alcohol c-C-C-OH 113 3.0 3.5 420 | 0.125 22 | 460 570
. I
C
) c-c-c-C-C
14 | Diethyl carbinol o 116 5.0 4.3 365 | 0.125 21| 450 545
15 | n-Hexyl alcohol C-C-C-C-C-C-0H 158 6.0 7.0 285 | 0.125 150 | 335 465
) ) Cc-C-C-C-C
16 Methyl-iso-butyl carbinol é (')H 132 4.3 4.3 340 0.125 9 375 530
¢
17 | 2-Metyl-2-pentanol Cc-C-C-C-C 121 4.3 4.0 415 | 0.125 19| 475 570
OH
18 | n-Heptyl alcohol C-(C);-C-OH 177 7.0 8.0 275 | 0.15 290 | 330 435
Cc-C-C-C-C-C-C
19 | 4-Heptanol, o 155 7.0 5.7 205 | 0.125 50 | 350 510
Di-i 1 carbinol C-C-C—C-C 140 4.3 4.2 395 | 0.175 21| 450
—_ — | i
20 i~iso-propyl carbino & (IJH & . . . 555
21 | n-Octyl alcohol C-(C)¢-C-0H 195 8.0 9.0 260 | 0.175 320 | 315 390
C-(C)s-C-C
22 | sec-Octyl alcohol o 180 8.0 6.3 265 | 0.15 350 | 320 420
C-C-C-C-C-C-0H
3
23 | 2-Ethylhexyl alcohol c 183 5.7 6.3 270 | 0.15 260 | 335 490
C
2,2, 4~-Trimethyl-1 (I:
o4 | P v C-C-C~C-C-0H — 4.2 4.6 | 395 | 0.15 20| 455 550
C

(ETH) B2 NCANKEGOoFHRY R oUS VY



Average

Minimum ignition

. carbon Revised temperature Temp. Momentary
No. No. of | Boiling| c¢hain |average of ignition
0 Alcohol Molecular structure carbon | Point lgngth carb.on Tosmp Sample |Time . sec temperature
Sample atoms | (°C) 1of . chain o) " | quantity | lag [time lag] C)
a ky ° o,
radieal | EPEtH (ml) |(sec)| (O
25 n-Nonyl alcohol C-(C),-C-0H 9 213 9.0 10.0 260 0.175 400 310 375
.. . C-C-C-C-C-C-C .
26 wamMHﬂcmbmd é 6H é 9 — 5.7 5.4 mov 0.1 16 335 520
27 n-Decyl alcohol C-(C)g-C-0H 10 233 10.0 11.0 250 0.175 350 310 355
28 Lauryl alcohol C-(C)4-C-0H 12 257 12.0 13.0 250 0.175 250 300 350
29 Myristyl alcohol C-(C),,-C-0H 14 291 14.0 15.0 240 0.175 180 290 340
) ~(C);~-C~(C),~C-C-C-C
7-Ethyl-2-methyl-4- C-(C | Che (1: I
30 C OH C 14 — 8.3 7.6 250 0.1 170 305 415
undecanol !
C
31 Cetyl alcohol C-(C) 14‘~C—0H 16 344 16.0 17.0 245 0.15¢ 160 290 335
32 Stearyl alcohol C-(C)-C-0H 18 350 18.0 19.0 245 0.2g 160 290 335

[e}]

SN S ZRE

- §-93-¥d-SITd



HBEAWORABEOARLREDWTORE (55 1%H)

1 {o Normal alkyl aleohol
® Other alkyl alcohol

ook, C
] oo
»;: 400 Ba ‘-

& .

= »
8 350 &

g *
:E 300+ ‘\' .
._59 2 \8Mm1mum ignition

temperat
ol e lempesiire
200l S

TR RN NN SN SN B
0 2 4 6 8 10 12 14 16 18 20
Average carbon chdin length

of alkyl radical
Flg 2 Relatmn between average carbon
chain length of alkyl radical and
minimum ignition temperatures

(7 n F A EEOFIRFHE & RlE

FKIRE OB
0 Normal alkyl alcohol

500} o Other alkyl alcohol
e o\.‘.
g wop ° L
g }
2400 |- .
|
£ \
:E 350~ N . Ignition temperature
g \8\ of 5 sec time lag
-

300 \o__o_c

250 [T T T SO N R S B S

0 2 4 6 8 10 12 14 16 18 20

Average carbon chain length
of alkyl radical

Fig. 3 Relation between average carbon
chain length of alkyl radical and
ignition temperatures of 5sec
time lag .

(7W#W§®¥%ﬁ§ﬁﬁ&%k
R 5sec OREEDBAMR)

mmbbahao gb&’ F1g3 %J:U\ F1g4 73}'5, D
X5 BRI RIER KRERD TR, A—DHKE
SRR TMOBEC BT S &b b,

5.0 WMETHREMEERNEEOHFR.

HIfio Fig.2~4 s, EHEE 1RT V=~
FofMoTr2—

NERFEEZ LT[\ eDTH B A,

— 7 -
650}
. 0 Normal alkyl aleohol
600 e Other alkyl alcohol
— 3
S_) o e &
T 550 .2, /
= o &
2 5&
g \' .
9 500~ \,
-
= 450
=
b= \ o,
En 400 Momentary ignition
°\° temperature
350 - °
, &°§'o—o
300 11

W N N IR M I |
0 2 4 6 8 10 12 14 16 18 20
Average carbon chain length

of alkyl radical

Fig. 4 Relation between average carbon
chain leagth of alkyl radical and
momentary ignition temperatures

(7 V& NMED TP RFFER LR
R KIREDOBIR)

MEEEAEMBO B hTEY, Zohies
KBEOTHCHAT A, WK LBERENE
B3, L AT, 7TAa—AO5FEELELTOL,
FifiTix OH A& KERETELRLTT V& VED
SEHREHEETEDLLEY, COFETRLIELED
EOREEN B »Teo Tiobb, BEFE7Lra—-LD5
BT, HIET A3 — A LE2RT A= — LOKFI
TERWE ETHBH, fcekxlE, n-FFA7az
— A [C-C-C-C-OH] & sec-FF AL 7 A % — 1L

[Oéﬁg]ﬁm,%hﬁo7»#»§@¥%ﬁ$
BRI 4.0 THBD, HEOYHEITHEL MM
ERHD, Zhit OH Eo ol REFEFOMEN1
L 2MDEVWHDEL TS,

FTT, TOXOEBEORFETRE T DI,
DX OH #Hx 2 :rHE 27 UCEORIEHERS
kpBE, n-FFATA2—NIX 5.0, Sec-FFNT
A= 87 b, TDX 3R LTRDIFHHE
EHEEVUTEBEFHREHER LT T, Z OfFd
Table 1 iRl OFR, ZOMFHEFEREH
ERAWT RAKEBE LOBRER LS OH Fig.5,
Fig.6 3 X O Fig.7 Th B, Fig.b ik X & o Fig.2kK,
Fig.6 | Fig.3 ir, Fig.7 & Fig.4 ©XET %0
ChbomERAERFRERMIH L THRB E, BIETFHR
FEEELACIHD, HEEIET Vv — A REET



— 8 — ERLLVIRFMIERE  RIS-RR-26-5
5001 © Normal alkyl alcohol 650 - '
“77 - 8 |'e Other alkyl alechol | {ommmam“““MI
5:450— '/ | 6001 ® Other alkyl alcohol
X o, .
@ \{! 8. tert-Butyl alcohol 5 **
2 R . : £ B50- e
§ 4001 " o%, 22.sec-Octyl alcohol 3 N 8.tert~Butyl alcohol
2 \ .30 7-Ethyl-2-methyl :,—.:: % 22.sec-0Octyl alcohol
B i —4-undecanol & 500 *
8 3501~ AN 5 30.7-Ethyl-2-methyl
5 .\ g« —-4-undecanol -
2 b »
é} 300 & = 450 g
— _ Minimum ignition 2
250 22— \ °L ,  temperature ‘H 4001
30 - S = Momentary 1gn1tlon
ool o0 B/OE . g LTI
0 2 4 6 8 10 12 14 16 18 20 N I
Revised average carbon chain length 300 ettt 1
ng 0 2 4 6 8 10 12 14 16 18 20

Fig. 5 Relation between revised average
carbon chain length and minimum
ignition temperatures

(REFHREHR L RERKBED

BI£R)
500 0 Normal alkyl alcohol
% ® Other alkyl alcohol
o\.

B e
' \

4001~

o

350
0 . oo o lIgnition temperture

* e of 5sec time lag

Ignition temperature(°C)

300

Qe OO

250 o 3143t 1
0 2 4 6 8 10 12 14 16 18 20

Revised average carbon chain length

Fig. § Relation between revised average
carbon chaiu length and ignition
temperatures of 5 sec time lag

(MBIEFHRFHER L LB hEE
fe] S5sec DIREEDBILR)

LEHBRDLDIELDEINNI DT, TAFATA
- VEOGTHERFELTHRESL LU, LS
REFEEOFH BN THB X 5 ThbB, Tihbd, &
DX 5hEETE TaAzx-—-AEO OH HbykEE
FeHETIDDAFARELZNTHNLDSEHT
BB EERLT WA,

2T, OBEOHMBENLOREEL, 32 HEDOS
B, RkENNDB 2, 3 OWE (Get-FF1T
a—), Sec-F I FNTAa—N, T-TFN-2-2
FNA-D VT —NEE) BRE, UxvTFhi

Revised average carbon chain length

Fig. 7 Relation between revised average

‘ carbon chain length and momenta-
ry ignition temperaturs
(HIETFHRERHERE LBHREXRED
Bi4R)

[

24

=
i

Ignition temperature(°C)

300 -
10sec time lag
250
Minimum
| AR NSO DA NSNS SO (L ENR DS W |
2000 2 4 6 8 10 12 14 16 18 20

Revised average carbon chain length

Fig. 8 Distribution chart of ignition tempe-
ratures of alkyl alcohols

(7rFeEr7ria—nBEHoRKkEEDS
Ei=0)

+25°C OB ETH B, Ldlis T, FRigb~7 O
Mg EFAT I LRI D, REeBHOEE LIeEX
ZDNWEEHENT, 7TAFATA2—AHEDEK
BEXFHTHICLNTESLEL D, LKL



ABREAEDORKBEOERRILEDWCTOWE (1K) - g =

CEBERREFZXKREN, ZoOFKkiEhERIEY
BE¥ EHTHLIC EnbEY, HBEMEL &
HIEVERERLTWA . LINFHRE TH Do
G ThbOMBEDRMERRF LIS i
ST 1 OOEBRE L TELTZ EHATE RN
o

ok, Fig. 8 RRERKEE R I 0%kl
RERAY, FhLhe 10, 5 2, lsec piRE%RR T
-7 7 ECRALIEDTHE B, & ORMBIE
BRIERKERE L BHRKEE OREE I REHEE
T XT3 Ll E R bivE, Ty, ME
FHRFHEEN 3 TR % DIEEEILH 130°C €5
53, BIBERBEEEIRE A 200C. FTEhELC T
eI/ N & &I, BIEA 13 Bl hiTins L5
FE00CEBE R IvE, BT5K, Fig 8 m7rs
WA= RGO RKEE ORESAENT 0
& BT I E 5

5:3: HhR.&FEKEEDORR

LROFHRFZHERIPBEOBERI LB R
HHNBDT, BUHER I ETFEL R THHAE
EOFRMNTE S L ACERNLMEND 5, L
U, YWEOWHED S BT ERTUMET— 2n
JEL filn T .0 5 RREL KR ESBERST bh
nE, TRILTPBRESRRE I OEKRT, BREL
DroffifEAYD B L% Do T T EREBEETHD,
L 5 2 HREISEIE L Tl B o DM PEfE
ERKBEDBEFPREAL Thi,. FORE, HEs
F& R EDO RN BB DBHRNHD;. S OBIRILTE
 BRFHERERAKBEOMFRCELDTI LELULT
WHZ EERHBLIDT, FhRL TN,
%9, Tablel 1 X » CFEHREHER L HEOBGR
FLBRTARDL, BHEFE 1RT Va2 — A TIRRERH
BIeohTHAzERL, chboMacitizgEg
BARHIITI T B0 MDD 2 D DT, FURERD
E%@%@lb%£ﬁﬁ< EIMGEOHAHE Lz,
FOHENEMC 1513 L, —ICFDERRE L

Bo —HRBWT, FHREFREMUESH B0,

FUCRBEOEHFHDO DD X /XL, Fh(IghrniEs
v;t:z;&& EXDERMIE V. ThbDZ EuE2ED
¥DHE, FTHREERLBSOMTIEDDEEDEFR
BHBEFHEENB, thx 7 ry P L DN
Fig. 9 Th 5, Ticbb MHLGEERBEGEYE

350k {O & Normal alkyl alcohol .
' le & Other alkyl alcchol iy
300
& 2501- y;
'E gx’"’o
& A’I’(’;/
2200 9,/;:/
O L
m- X 'Il a
' 150 2
sl nz/“ o/
. aet / o ® Revised. average. carbon:
100 :ég chain length
) /A;a ~ A Average carbon chain
Y Tength-of alkyl. radical:
50 1 ! ] ! R
0 2 8 100 12° 14* 16 18 20°

Averaxge carb‘.on' chain: length.
Fig. 9 Relation between average carbon
chain length and boiling points

CFERFR & PR DBER)

650.% “0. &« Normal’ alkyl® alcokol:
a ® a Other alkyl.alcohol

600} '

550F  ~g. *

o
E~3
(=3
T
»

Ignition tempertyre("C)
5
[=-3
T P R wre
2
/
L ]
e

00F o N .\

. SN quentary,

\u. A‘\ ingition~téemperature

350 . v, A\B\

0.' [ 3 e AS
300 b . :

3 \ \ Minimum:
¢~ ingition temperature

250~ e - B ° 00
200

1 1 ! L | !
50 100 150 200 250 300 350
Boiling point(°C)

Fig. 10 Relation between boiling points and
ignition temperatures

(BhR & FEKREDBIFR)

o2 Thd, 2D L, FFEELYELT 1O0EE
ELTHANFIATERZ LERLTCWS, BBETH
o, ABRGECBRETSE, BRXSTFEETbD
RER DK/ X ORISR s &% B ERE 12
ETHHMEE LD, Fig. 9 POFHRBEHERERIT,
TAFAEOPHREER LHETBREFEEOWS



— 10 —

Rt ThbOERECAERE .
ok L P REHEE O T © X 5 I ERHIBIRA
&hﬁ,%ﬁk%kﬁﬁoﬁﬁm,$%ﬁ§ﬁﬁk%
KR QBRI L 1o S R T2 2138 TH
%, Fig. 10 k= OBBEERT. COHEOHKRLE
psE 1T 2 — AR LTS, FOMOT v
— AR o EHs R Tw 5.

==, Fig. 10 LX&p Fig. 5 % X 8 Fig. 7
BRELTERS L, BABEOTFHOLDITIL, EH
SEQETES LD SHETEREHEREAV2HTH
BLTWb, UL, BALBEXKBEEORRIOLS
HEERHDEH Y, —BEELTIWS &R
rE3, COBRILT AFAT A3 — A LSOO
BASHOREECLHEATESTHA IND, XD
ﬂ%ﬁﬁ@ﬂ%@é%mg<@%EKﬂ?éﬁﬁ%&
DB REINBRETHH Do

6. #5

£

B E e B OS FiEE L BIREOBREHRN
BE—HELELT, ERLEPOTAFALT V2 —NE
COWTHRE LR, ¥z i BL R
Fo

1) FAFEALT A=A FEER T VFALED
EHREEETEDLL, - OREELRKREOBRY
rsrkesey v 5, Fig 2~4 RALGRS X
51, Zabetakis B33 7 4 v RFILKFTRLIC
Tig.1 ORI & NS FRABIE DRI

2) FTAFATLa—AOSTHEEERRDTOR,
RO 7 AFAEOFHREERCHER ML IHE
SEHRREE RS L, Fig 5~7T KRDhB XD

EELEWRATERS

RIIS-RR-26-5

w7, S EREEN DO L OENI DRADIEIR
HELR, LichisT, CoBRREFMBLTT V.
Sa7 A VEDRKEEYR £ 25°C LPIOKET
FRTHZENTESTHS D0

3) TaEALTA—AOWRERKBEOHC S,
Fig. 10 R Abh5 X5k, kit 28OS TR
CEUNLEEND BT L RH LI, T T, B
HDXDTnh o & bEROEE L BKREDN DS
BERGST bhics LEEHENS B EEbh b,
L) 32 BOTAFATAI—AORKERE DR
L, FhboF— & LA FREDBROBRNORBR,
Fig. S wRAbI A XS L, TAFLT= —
DRKBEORESMEITETHT LM TEI,
%@Dﬁﬁ@%%,7w%»7»:—»ﬁ@%kﬁ
Eie oW koMBEME bR, =0k Bk
ORI Ao REARC S EET S ETFESN
BT, SBir=A T AER BV TR REET,
Ly bz TR awoRKBRECKREEIND L
WEEZ T (A 53 4 3 A 21 HRED

O

1) M.G. Zabetakis, . A. L.Farno, G, W.Jones:
Ind. Eng. Chem. 46, 2173 (1954)

9) f-& %iF L.C.Gibbons, H.C.Barnett : Ind.

, Eng. Chem., 46, 2150 (1954)

3) M. G. Zabetakis : “Flammability Characteri-
stics of Combustible Gases and Vapors”,
_U.S.Bur. Mines, Bull. 627, p.64 (1965).

@’Wiﬂzﬂ%Kﬁﬁfwﬁ(%lﬁy;E¥
féﬁ%ﬁﬁﬂﬁﬁﬂ, RIIS-TN-75-3 (1975)



ERRELVIEFTHILHE  RIS-RR-26-5

PBfn 53 £ 6 B 10 B R
RITAT VO EEXERLSWER
$ 108 REMEXE5TEBELE

B B (03) 453—8441 ()
FIRIFT # B & H Bl &% R & #




UDC 66 61 61T

UDC 662 612 : 661. 72
L ANORICREDHRLIZOLTORRE (8 15)

—— xR BT ILA—LEORKEE—
W o4& B = |
o FHEHE RIS-RR-26-5, 1~10(197s. .
Eﬁ#iiﬁ;};%kiﬁﬁfx@%{b? 5 iebicly, ¥ TEOSTHEES %kﬁ@ﬁo)lﬂa??:@é
ﬁfﬁ;ﬁﬁb S LRBETHH Y, TDIL T\ TiE, 3CKk Zabetakis BT Lo
%ﬁfi? 7 4 */%ﬁ1bﬂ<iﬁ®¥%ﬁii‘éﬁk%kﬁfﬁ%@%&%ﬁﬁ%&%%ﬁhhz ;)‘:E ;?‘ oy
= pIETIL, LEROBRETAFAT AT NMBEEHER L TR =R,
e A ) al

3 Z “CH D bR
\ - S 7}1/%}1/7/1/3—1]/%.‘0\1 Vci)u‘m
4 v RBRALAROEE EBULIRED @10, £1 &9

O

Systematization of Spontaneous Ignition Tem
(1 st Report)

——Spontaneous Ignition Temperatures of Alkyl Alcohols——hy S.Yagyi
Rerearch Report of the Research Imstitute of Industrial Safety, RIIS-RR-26-5
1~10(1978)

« For the systematization of ignition temperatures of organic compounds, it is
necessary in the first place to investigate the relationship between ignition te-
mperatures and molecular structures of substances. In this connection, a relatio-
nship between the ignition temperature and the average carbon chain length has
been already reported by Zabetakis for the paraffin hybrocarbon homologs.

The present paper describes the result of application of his method to alkyl
alcohol homologs. As a sesult, a similar relationship to that in the case of para-
fin hybrocarbon was obtained also in alkyl alcohol homologs.

(10 figures, 1 table, 4 references)
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