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Abstract - For the safe handling of aniline, this study was investigated the explosion limits of
aniline in the reference data. And the lower flash points, upper flash points and AlTs(auto-ignition
temperatures) by ignition delay time were experimented. The lower flash point of aniline by using
Setaflash and Penski-Martens closed-cup testers were experimented 66 C and 73 C, respectively.
The lower flash point aniline by using Tag and Cleveland open cup testers were experimented
72 C and 78 C, respectively. Also, this study measured relationship between the AITs and the
ignition delay times by using ASTM E659 tester for aniline. The experimental AIT of aniline was
590 C. The calculated LEL and UEL by using the measured low flash point and upper flash point
were 1.16 Vol.% and 8.36 Vol.%, respectively.
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Table 1. Physical properties of aniline

propetin Component Aniline
CAS number 62-53-3
Molecular formula CsHsNH,
Boiling point 184.4C
Melting point -5.98C

Vapor pressure 0.3mmHg(20°C), 1mmHg(34.8C)

Viscosity 4.35¢cp(20C)
Solubility(Water) 34¢/1L(20C)
Critical temperature 426C
Critical pressure 48.9 atm
Critical volume 287cm’/mol
Vapor density(Air=1) 322
Specipic gravity(Water=1) 1.02171
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Table 2. Comparison of explosion limits of ani-
line in air by several references
Explosion Limits [Vol.%]
References
Lower Upper
NFPA[S] 13 11.0
SFPE[9] 1.2 83
Sigma[10] 13 11.0
Ignition[11] 12 8.3
Lange[12] 13 -
SAX[13] 13 -
KOSHA[14] 1.3 11.0
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Table 3. The lower flash point of several reported data for aniline

Flash points [TC]
Compound NFPA SFPE Sigma Iginition Lange SAX Fluka KOSHA
(81 91 [10] [11] [12] [13] [15] [14]
i 76(CC),
Aniline 70 91(0C) 70 70 70(CC) 70(CC) 76(CC) 70
Table 4. The autoignition temperature of several reported data for aniline
AITs[TC]
Compound | NppA | SFPE | Sigma | Ignition | Lange | SAX | Hilado | Scott | Zabetakis KOSHA
(81 1 [10] [11] [12] [13] [16] [17] [18] [14]
Aniline 615 617 615 530 615 615 615 530 617 615
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Table 5. Comparison of several flash point test methods
Tt 1 Test vessel Test vessel Heatin
ASTM D93 For odinary liquids,
Pensky-Martens 5.085 5.6 100 the temperature of the specimen is
closed-cup increased at 5-6°C/min
ASTM D3278 Sample cup is electrically

5.0 1.0 2 or4 heated or chilled and sample

Setaflash closed-cu .
P temperature is kept constant

ASTM D1310 53 50 70 The temperature of the specimen is

Tag open cup ’ ’ increased at 1+0.25°C /min.

ASTM D92 64 34 20 The temperature of the specimen is
Cleveland open cup ’ ’ increased at 5-6°C /min
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Table 6. Estimated explosion limits by experimental flash points for aniline

Experimental (C) Estimated(LEL) (Vo.1%)
Setaflash(CC) 66 104 1.16 8.36
Pensky-Martens(CC) 73 1.68
Tag(OC) 72 1.59
Cleveland(OC) 78 2.16
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Table 7. Comparison of experimental and calculated ignition delay time by the AIT for aniline

No. TIK] T explS] Int T est.(BEq. 3)
1 863 2.98 1.09192 3.03
2 873 242 0.88377 2.49
3 893 2.01 0.69813 1.71
4 903 1.27 0.23902 1.42
AAD 0.14
34 A (3)& A (60 st Atka FdsjeliA
32 + 137.75 kJ/mol°|t}.
3.04 X
2.8 A Exptl. AIT V. 7E4 E
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g7 £ oy 257 Mn 2 g 2o Ae
5 16 ~ & a3tk
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L2 s 1) ohdele) ZudAE 1A A3, TR
1.0 —— + 1.2 Vol.% 52 1.3 Vol.%, 33+ 8.3 Vol. %<}
860 870 880 890 900 910

Temperature[K]

Figure 1. A comparison between the experimental
and calculated delay times for aniline.

AAD. = Zl est. TG‘Xp.l (4)
N

1/2
(s 0

A7V Tea = TR 2l b AEA AN
)AL, Tep = AFFOIH, N2 A5, r2 487
<, SSR 37 ol 27t A 5FH(Sum of Squares due
to Regression), SST+ SSR¥ Zkxjel| o) &k AlF&
(Sum of Squares due to Residual Error)9] 3ot}

2} (3)°ll o7k ASHI AAFk Abell iﬂ%ﬂétﬂ
QA= 0.14seco] A, FBAIT(r)= 0.9284 AAH
Fe] BAMY At

g4 slol| A (BE) = Semenov[22]7} A A 2] (6)

< o] &34 JEsid.
logr= 524‘;5E+B ©)

- 49 - Elad e

11.0 Vol.%7} AFE=E 2 Qltt

2) obd @] sHEIstd S =A% A, L4l
Setaflashi= 66 C, Pensky-Martens= 73 T2 &4
= a1, 782121 Tags 72 C, Cleveland:= 78 CE
ZAF AT 18] Setaflashol] 23+ JH2lshd
104 CZ A=A

3) Setaflahol] ©]3] A% 372U 66 Tk 4
131 104 CTE F71% Aol o] 83t Ak =
&}3HA| = 1.16 Vol.%, 437A1= 8.36 Vol. %At

4) ZAE oldY ] HAAALS R == 590 C
24 71&0] BHEQI 530 T~ 617 Co] F3Hg o=
== A

5) ohd o AAduslerel Wk AAgke] &
Ae o3 2o

1
logr:f6.92+7238.65(?)

6) Semenov2]-& o] 83t Al4bE opbdd e &4

3ol U A|(E)= 137.75 kJ/mol®]th.

7) obd AL P ERATAE HolA AUFHAEE
o] Al 3 FFE AAFH Yo}, B AFoA <l
shdol 66 TE SAHE wet AFEE &/l g

AHEZ}F Zasit

s3] Al18¢ Al4s 2014 8€



ol

o
9

=]

[1] Lees, E.P., Loss Prevention in the Process Indus-
tries, Vol. 2, 2nd ed., Butterworth-Heinemann,
(1996)

[2] Bjerketvedt, D., ].R. Bakke and K. van Winger-
den, “Gas Explosion Handbook", J. of Hazar-
dous Materials, 52, 1-150, (1997)

[3] Stephson, RM. Flash Points of Organic and Or-
garnometallic Compounds, Elsevier Science Pub-
lishing Co. Inc., (1987)

[4] Montemayor, R.E., ]J.E. Rogerson, J.C. Colbert
and S.B. Schiller, "Reference Verification Fluids
for Flash point Determination”, J. of Testing
and Evaluation, 27(6), 423-427, (1999)

[5] Britton, L.G., "Two Hundred Years of Flam-
mable Limits", Process Safety Progress, 21(1),
1-11, (2002)

[6] Hilado, C.J. and S.W. Clark, "Discrepancies and
Correlations of Reported Autoignition Tempe-
ratures", Fire Technology, 8, 218-227, (1972)

[7] Lide, D.R,, Handbook Chemistry and Physics,
76th ed., CRC Press, (1996)

[8] NFPA, Fire Hazard Properties of Flammable
Liquid, Gases, and Volatile Solids, NFPA 325M,
National Fire Protection Association, (1991)

[9] SEPE, SFPE Handbook of Fire Protection Enginee-
ring, 2nd ed., Society of Fire Protection Engi-

neers, (1995)

[10] Lenga, RE and Votoupal, K.L., The Sigma
Aldrich Library of Regulatory and Safety Data,
Volume I ~1II, Sigma Chemical Company and
Aldrich Chemical Company Inc., (1993)

[11] Babrauskas, V., Ignition Handbook, Fire Science
Publishers, Society of Fire Protection Engineers,
(2003)

KIGAS Vol. 18, No. 4, August, 2014 - 50 -

[12] Dean, J.A., Lange’s Handbook of Chemistry, 14th
ed. McGraw-Hill, (1992)

[13] Lewis, R]., SAX’s dangerous Properties of Indu-
strial Materials, 11th ed., John Wiley & Son,
Inc., New Jersey, (2004)

[14] KOSHA, /www.kosha.or.kr/msds/msdsMain.
do?menuld=69

[15] Fluka Chemie AG., Catalog 1986-87, CH-9470,
Bucks/Switzerland.

[16] Hilado, CJ. and S.W. Clark, "Autoignition Tem-
perature of Organic Chemicals", Chemical En-
gineering, 4, 75-80, (1972)

[17] Scott, G.S., G.W. Jones and F.E. Scott, "Deter-
mination of Ignition Temperature of Combus-
tible Liquids and Gases", Analytical Chemi-
stry, 20(3), 238-241, (1948).

[18] Zabetakis, M.G., A.L. Furno and G.W. Jones,"
Minimum Spontaneous Ignition Temperature
of Combustibles in Air", Industrial and Engi-
neering Chemistry, 46(10), 2173-2178, (1954)

[19] Ha, D.M.,“The Evaluation of Hazard by Mea-
surement of Combustible Characteristics of n-
Tetradecane", J. of the Korean Society of Safe-
ty, 27(5), 70-76, (2012)

[20] Gmehing, J., Onken, U., and Arlt, W., Vapor-
Liquid Equilibrium Data Collection, Deutsche
Gesellschaft fur Chemisches Apparatewesen,
(1980)

[21] Ha, D.M., “The Measurement of Combustible
Characteristics of n-Undecane", J. of the Kore-
an Institute of Fire Sci. & Eng., 27(2), 11-17,
(2013)

[22] Semenov, N. N., Some Problems in Chemical Kine-
tics and Reactivity, Vol. 2, Princeton Universi-
ty Press, Princeton, N.J., (1959)



