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Abstract :

The flash point is an important indicator of the flammability of a chemical. In this study, the flash points for the n-propa-

nol-+n-butanol and n-propanol-+acetic acid systems were measured by Tag open-cup apparatus. The experimental data were compared with the
values calculated by the Raoult's law and optimization method based on van Laar and UNIQUAC equations. The calculated values by opti-
mization method were found to be better than those based on the Raoult's law.
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Table 1. The Antoine coefficients of the components

Coefficients|

Components A

B

7.8380
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7.5596
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Table 2. Experimental and predictive flash points of n—propanol+ n—
butanol system

(n-Prol\;/)[;ri(e)l f:raflt-lgztanol) Flash point (°C)
X1 X2 Exp. [Raoul’s law| van Laar |UNIQUAC

1.000 0.000 28.5

0.904 0.096 30.5 2943 29.40 29.41
0.700 0.300 31.5 31.62 31.51 31.51
0.499 0.501 34.0 34.11 33.89 33.80
0.295 0.705 35.0 37.08 36.70 36.46
0.093 0.907 40.0 40.61 40.00 40.00
0.000 1.000 42.5

A.AD. 0.80 0.58 0.55

Table 3. Experimental and predictive flash points of n—propanol+
acetic acid system

(n—ProI};/ell(r)lfl f:ra/‘igggz acid) Flash point (°C)
X X2 Exp. Raoul’s law| van Laar | UNIQUAC

1.000 0.000 28.5

0.900 0.100 29.0 29.50 29.56 29.25
0.702 0.298 32.0 31.76 31.99 31.91
0.497 0.503 36.0 34.64 35.14 36.00
0.298 0.702 38.0 38.29 39.22 40.46
0.096 0.904 45.0 43.51 45.00 44.98
0.000 1.000 47.0

A.AD. - 0.78 0.53 0.56

Table 4. The optimized binary parameters of the van Laar and
UNIQUAC equations for each binary system

Parameters| van Laar UNIQUAC
Systems An Ay An A
nfg’&iﬂ‘;ll(é); 1.9018 00466 | -336.156 | 517.817
il:;ﬁ‘c’a’;gllg}; 10523 | 01042 | 1305754 | -654.690

37



5t
45
D
O :Experimental data g
6 40 1 O:Raoult's law
o Acivan Laar
et #* :UNIQUAC
g @
2
ﬁ 35 - O
=
: a
5
o &
E x|l O
B
0}
25 T T T T T T T T T
0 01 02 03 04 05 06 07 08 08 1

The mole fraction of n-butanol ( x,)
1. The comparison of the lower flash point prediction curves with
the experimental data for the n—propanol(1)+n—butanol(2) sys—
tem,

Fig.

50

0]
%7 O :Experimental data f
N O:Raoult's law O
S Acivan Laar
e ¥ :UNIQUAC
5 404 ¥*
g A
g 5
]
= @
5 ¥ &
S
2
> 8
30 A @
0
2% T T T T T T T T T
0 01 02 03 04 05 06 07 08 09 1

The mole fraction of acetic acid ( x,)
Fig. 2. The comparison of the lower flash point prediction curves with
the experimental data for the n—propanol(1)+acetic acid(2) sys—

tem,

44

Tag 7NW4] A2 & ]85} n-propanol+n-butanol A2} n-
propanol+acetic acid #|¢] s}&- Q1&H-& &4 L, Ra-
oult®] M3} 43} 7|H-E Bl sHE QIS A5
A3, o 22 ZES 49tk

1) n-Propanol+n-butanol #Joj| 4] Raoult®] H2lof 2]t A
NG} AREgEe] BREE Aol 050°CoIoT, HH3)

38

71WS 283 A4t Adgke] Hat2%E Aoli= van
Laar 4]9] 7J9-0]&= 0.58°C, UNIQUAC 4] 2] 7J-9-of|l:= 0.55
°Col it

2) n-Propanol+acetic acid #|o]|4] Raoult®] {20 <]5k
AR AR gel B Aol 078Co|9n, 43}
e BeT AN Agie] HELE ol van
Laar 4]9] A-$-o]= 0.53°C, UNIQUAC 2]2] 7-%-of = 0.56
°Col it

3) AAD.OIA o 4= QE0], Raoulte] 2ol ot o %
2wk 225} 7S Bee ojEgo] Aol 25
Art.

A 2 A7) 4

EAFE=2011EE FAOE
Lol &gt A+ Ayt
References

1) A.Z.Moghaddam, A. Rafiei, and T. Khalili, “Assessing Pre-
diction Models on Calculating the Flash Point of Organic
Acid, Ketone and Alcohol Mixtures”, Fluid Phase Equilibria,
Vol. 316, pp. 117~121, 2012.

E. M. Valenzuela, R. V. Roman, and S. Patel, “Predition Mo-
dels for the Flash Point of Pure Components”, J. of Loss Pre-
vention in the Process Industries, Vol. 24, pp. 753~757, 2011.
R. C. Lance, A. J. Barnard, and J.E. Hooymanm, “Measure-
ment of Flash Points : Apparatus, Methodology, Applica-
tions”, J. of Hazardous Materials, Vol. 3, pp. 107~119, 1979.
L. Catoire, and S. Paulmier, “Estimation of Closed Cup Flash
Points of Combustible Solvent Blends", J. Phys. Chem. Ref.
Data, Vol. 35, pp. 9~14, 2006.

W. A. Affens and G. W. Mclaren, “Flammability Properties of
Hydrocarbon Solutions in Air”, J. of Chem. Ind. Eng. Chem.
& Eng. Data, Vol. 17, No. 4, pp. 482~488, 1972.

J. Gmehling and P. Rassmussen, “Flash Points of Flammable
Liquid Mixtures Using UNIFAC”, Ind. Eng. Chem. Fundam.,
Vol. 21, No. 2, pp. 186~188, 1982.

H.J.Liaw and Y. Y. Chiu, “A General Model for Predicting the
Flash Point of Miscible Mixtures”, J. of Hazardous Material,
Vol. 137, pp. 38~46, 2006.

S.J. Lee and D. M. Ha, “The Estimation of Lower Flash Point
for n-Pentanol+n-Propionic Acid and n-Pentanol+n-Butyric

2)

3)

4)

5)

6)

7)

8)

Acid Systems Using Optimization Method”, J. of the Korean
Institute of Gas, Vol. 11, No. 4, pp. 73~78, 2007.

D. M. Ha and S. J. Lee, “Estimation of the Flash Points for n-
Propanol+Formic acid System Using the Binary Parameters
Optimization Method”, J. of Korean Institute of Fire & Eng.,
Vol. 22, No. 4, pp. 65~69, 2008.

G. M. Wilson, “Vapor Liquid Equilibrium, XI. A New Expres-
sion for the Excess Free Energy of Mixing”, J. Am. Chem.
Soc., Vol. 86, pp. 127~130, 1964.

D. S. Abrams and J. M. Prausnitz, “Statistical Thermody-
namics of Liquid Mixtures : New Expression for the Excess

9)

10)

11)

Journal of the KOSCS, Vol. 28, No. 1, 2013



olg=A

Gibbs Energy of Partly or Completely Miscible Systems”,
AIChE J., Vol. 21, pp. 116~128, 1975.

12) H. Le Chatelier, “Estimation of Firedamp by Flammability
Limits”, Ann. Minmes, Vol. 19, pp. 388~395, 1891.

13) C.R.Reid, J. M. Prausnitz and P. E. Poling, “The Properties
of Gases and Liquids”, 4th Ed., McGraw-Hill, New York,
1998.

SR E| K|, 287 M1, 20134

14) J. Gmehing, U. Onken and W. Arlt, “Vapor-Liquid Equili-
brium Data Collection”, 1, Partl-Part7, DECHEMA, 1980.

15) J. L. Kuester and J. H. Mize, “Optimization Techniques with
Fortran”, McGraw-Hill, New York, 1973.

16) D. M. Ha, “The Investigation of Compatibility of Combustible
Characteristics for n-Tridecane”, J. of the Korean Society of
Safety, Vol. 27, No. 3, pp. 83~88, 2012.

39




<<
  /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


