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ABSTRACT

The autoignition temperature (AIT) of a materia is the lowest temperature at which the material will spontaneoudy
ignite. The AIT is important index for the safe handling of flammable liquids which congtitute the solvent mixtures. This
study measured the AlTs of n-Decanetsec-Butanol system by using ASTM E659 apparatus. The AlTs of n-Decane and
sec-Butanol which constituted binary system were 212°C and 447 °C, respectively. The experimental AlTs of n-
Decanet+sec-Butanol system were a good agreement with the calculated AlTs by the proposed equations with a few

A.A.D. (average absolute deviation).
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Table 1. Comparison of Experimental and Calculated Igni-
tion Delay Time by the AIT for n-Decane

No. T [K] Texp. [9] INTexp, Tes. (EQN. 14)
1 48515 | 8057 | 4.38913 80.57
2 488.15 | 7159 | 4.27096 66.25
3 49315 | 47.75 | 3.86598 48.05
4 498.15 | 37.02 | 3.61146 35.08
5 503.15 | 2445 | 3.19663 25.77
6 508.15 | 1557 | 2.74535 19.04
7 513.15 | 1378 | 2.62322 14.16
8 51815 | 10.73 | 2.37304 10.58
9 528.15 6.40 | 1.85630 6.01

10 538.15 4.04 | 1.39624 3.49

1 543.15 343 | 1.23256 2.68

12 548.15 151 | 041211 2.07

A.AD. - - - 126
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6 76315 | 278 | 1.02245 2.82
7 77315 | 210 | 0.74193 2.18
8 78315 | 191 | 064710 1.70
AAD. - - - 0.54

ol
o

s

2(16)2 logreh (UT)= R 4(17)3% 22},

logr=-8.15+6546.31( 2 (17)
Semenov7t AAgE 2] (6)2 2l(17)0ll WYt A3 &3t
R (E)= <F 124.6 kI¥mole] Ft}.

Table 2& A&7} 2] (16)0] 23 o =8 WaA] AA|7F
< YR A dSke] B A= 0.54 s,
ARAF(PyE 09284 &gkt Ao mAge =2

Al WEbst

513 £FEA 0] A wse s v

2 AFolM = ol Rl IS AAEF=2] n-Decanet
sec-ButanolAl 7338k= 27l9] ol thste] Hax
AWl E SA o, SAE IS 7= &
E&1223) ) wsle] Table 30| LFERN T

n-Decane®| | AA}AHs =SS 212°CEA,
NFPA, Sigma, Hilado, SFPE, Zabetak|34 AR E =
oF 2~11°C A A=A}, Ignitions} Jacksonk th=
20°C, Scotte] =37k EE}% 38°C vt 4= 2

r_{
r&’L‘l-
EEgRS

Hu 7| B3 Eo] giHE 210°CE A HIL Jorg,
2 AN A ARE 014‘16‘}043 Elgaitia B},
sec-Butanol®] F AWl em SHFLS 447 °C2A,

NFPA, Simga, SAX, SFPE 5ol & 405°CEA 7+e &
§1g 9183 Zeg IATEY, Hilado?t Scotts 414 °C,
Ignitione 427°C 8]3L Yagyus W3} AA7F 5 secoll
A 445°CE Z43I9itt. wEtA] 4ol uheh oF 40°Ce
2ol E Kol Jom, B AFoA= sec-Butanol] H4A
AAsle = = 7he 447 °Ce Yagyuel 445 °Ce} H]s:
gk AFE Holal it

5.2 n-Decane+sec-Butanol A|2| Xjeitsl2= 13t

5.2.1 n-Decane(0.7)+sec-Butanol (0.3)A4] 2] z}oikslew

E Ao A= Table 33} 7Z2°] n-Decane2] —’F?%Z‘ 2}
AuEle w2 7 sle] 212 °C, 230 °C, 240°ColA = M|
syt =lojA], 250 °CollA A3e A3} 45.09 secoll A 2
sl=lo], 2~-3°C¥ WA A3} 243°C, 87.34 secollA] FH A4}
Awrsle s Zoth HaAdHse =gl 243°CE A%
HoZ slo] 5°C &2 10°CH Al Lele s s &4
3t A=, 270°CollA= 10.51 sec, 290 °CollAlE 3.73 sec

Table 3. Comparsion of Autoignition Temperatures (AlT) Between Experimental Data and Severa Reported Data for Pure Sub-
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AlTs (°C)
Compound - " — : .
Thisstudy | NFPA | Sigma | SAX | Ignition | Hilado | Jackson | SFPE | Scott | Zabetakis Yagyu
n-Decane 212 210 210 210 232 201 232 210 | 250 208 -
sec-Butanol 447 405 405 406 427 414 - 405 | 414 406 445 (5sec)
S shaf et =4, Al26d A3%, 20129
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Table 4. Experimental and the Predicted AlTs for n-Decane+
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Mole fractions AITS()
X1 X, Exp. Eqgn. (18) Eqgn. (19)
0 1 212 226 210
03 0.7 243 216 254
05 0.5 253 241 243
0.7 0.3 265 290 257
0.9 0.1 325 363 347
1 0 447 409 435
A.AD. - 2554 10.79
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Figure 1. Comparison of AIT prediction curves with experi-
mental data for n-decane(X)+sec-butanol (X,) system.
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J. of Korean Ingtitute of Fire Sci. & Eng., Vol. 26, No. 3, 2012



90

(0.3)°1X+= 243°C, n-Decane(0.7)+sec-Butanol(0.3)°14=
253°C, n-Decane(0.3)+sec-Butanol (0.7)011 & 265°C 18]
3 n-Decane(0.1)+sec-Butanol (0.9)°1 4= 325°CZ2 e}
ot

4) n-Decanet+sec-Butanol Aol A A1 W3lo) <3 A
AAdshe 5 o 5242 o3 A

¥
o

kS

1. F P Lees, “Loss Prevention in the Process Industries
Vol. 1", 2nd ed., Oxford Butterworth-Heinemann (1996).

2. M. G Zabetakis, A. L. Furno and G W. Jones, “Mini-
mum Spontaneous Ignition Temperature of Combusti-
bles in Air”, Industrial and Engineering Chemistry, Vol.
46, No. 10, pp. 2173-2178 (1954).

3. C. F Cullisand C. D. Foster, “Studies of the Spontane-
ous Ignition in the Air of Binary Hydrocarbon Mix-
tures’, Combustion and Flame, Vol. 23, pp. 347-356
(1974).

4. D. M. Haand S. K. Hong, “Measurement of Prediction
Autoignition Temperature of n-Butanol+n-Decane Sys-
tem”, Journal of Korean Institute of Fire Sci. Eng., Vol.
25, No. 6, pp. 184-189 (2011).

5. ASTM, “Test Method E659-78 (2000) Standard Test
Method for Autoignition Temperature of Liquid Chemi-
cas’, American Society for Testing Materias, Philadel-
pia, PA (1994).

6. 1. Goldfrab and A. Zinoviev, “A Study of Delay Sponta-
neous Insulation Fires’, Physics Letter, A, Vol. 311, pp.
491-500 (2003).

7. G E. P Box and N. R. Draper, “Empirica Model-Build-
ing and Response Surface’, John Wiley and Sons, Inc.
(1987).

8. D. M. Ha, “Measurement and Prediction of Autoignition
Temperature (AIT) of Flammable Substances - Methanol
and Ethanol - ", Journal of the Korean Society of Safety,
Vol. 19, No. 2, pp. 54-60 (2004).

. D. Drysdde, “An Introduction to Fire Dynamics’, 2nd

©

3k 42Hets] =8X], #2678 #1335, 20124

o
o

oL

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

ed., John Wiley & Sons (1998).

N. N. Semenov, “Some Problems in Chemical Kinetics
and Reactivity, Vol. 2", Princeton University Press, Princ-
eton, N.J. (1959).

D. M. Haand S. Lee, “The Prediction and Measurement
of the Lower Flash Points for the Flammable Binary
Solutions by Using Setaflash Closed Cup Tester”, The
Korean Journa of Chemica Engineering, Vol. 28, No. 5,
pp. 1161-1165 (2011).

NFPA, “Fire Hazard Properties of Flammable Liquid,
Gases, and Volatile Solids’, NFPA 325M, NFPA (1991).
R. E. Lenga and K. L. Votoupal, “The Sigma Aldrich
Library of Regulatory and Safety Data, Volume ~”,
Sigma Chemical Company and Aldrich Chemica Com-
pany Inc. (1993).

R. J Lewis, “SAX’s Dangerous Properties of Industrial
Materials’, 11th ed., John Wiley & Son, Inc., New Jer-
sey (2004).

V. Babrauskas, “Ignition Handbook”, Fire Science Pub-
lishers, SFPE (2003).

C. J. Hilado and S. W. Clark, “Autoignition Temperature
of Organic Chemicals’, Chemica Engineering, Vol. 4,
pp. 75-80 (1972).

J. L. Jackson, “ Spontaneous Ignition Temperature - Com-
mercid Fluids and Pure Hydrocarbons-”, Industrial and
Engineering Chemistry, Vol. 43, No. 12, pp. 2869-2870
(1951).

A. M. Kanury, “SFPE Handbook of Fire Protection Engi-
neering; Ignition of Liquid Fuds’, 2nd ed., SFPE (1995).
G S. Scott, G W. Jones and F. E. Scott, “Determination
of Ignition Temperature of Combustible Liquids and
Gases’, Anaytical Chemistry, Vol. 20, No. 3, pp. 238-
241 (1948).

S. Yagyu, “Systematization of Spontaneous Ignition Tem-
peratures of Organic Compounds (1st Report)”, Research
Report of the Research, Ingtitute of Industrial Safety, RR-
26-5, Japan (1978).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


