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The Measurement and Prediction of the Flash Points for the
Water+2-Propanol System Using Open-Cup Apparatus
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Aol M= water+2-propanol Al9] A3HH-E Tag 7N AX(ASTM DI1310-86)8 ©l-&3st] 243}
Ak, AE3S Raocultd] H=], Van Laar 2927 NRTL T4 &3] Al4E #E vla=Adnt.
2 A3}, Van Laar 24924{#} NRTL(non random two liquids) Fd24o] €3 o ZFo] Rauoltd]
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EEE A-E, Van Laar @ NRTL 294]o| Raoult®] HA BT HEs1A A4lEl7] wiolo), =
3}, Van Laar 2d@2]9] &gt tjgk 2AMdo] NRTL 2949 2R Brh 31t

ABSTRACT

The knowledge of the flash point of the mixtures is very important for prevention and protection
of fire in the industrial field. The flash points for the water+2-propanol system were measured by
using Tag open-cup apparatus(ASTM D1310-86). The experimental data were compared with the val-
ues calculated by the Raoult's law, the Van Laar equation and the NRTL(Non Random Two Liquids)
equation. The calculated values based on the Van Laar and NRTL equations were found to be better
than those based on the Raoult's law. It was concluded that Van Laar and NRTL equations were more
effective than the Raoult' law at describing the activity coefficients for non-ideal solution such as the
water+2-propanol system. And the predictive curve of the flash point prediction model based on the
Van Laar equation described the experimentally-derived data more effectively than was the case when
the prediction model was based upon the NRTL equation.

Keywords : Flash point, Tag open-cup apparatus, Water+2-Propanol system, Van Laar equation, NRTL
equation
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Table 1. Antoine constants for water and n-propanol

Properties A B C
Components
Water 8.07131 | 1730.63 | 233426
2-Propanol 8.87829 | 2010.330 | 252.636
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Table 2. The binary parameters of the Van Laar and NRTL equations for the water+2-propanol systems

Parameters Van Laar NRTL*
System Ap Az Ap Ag 2
Water+2-propanol 1.0937 2.4807 1642.6737 306.7771 0.4915
*NRTL : Az = gi2— g1, An = g — g22 [cal/mol]
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Table 3. The comparison of the experimental and calculated
flash points by the Raoult's law, Van Laar equation and
NRTL equation for the water(X;H2-propanol(X,) system

Mole fractions Flash points (°C)

X, X Exp. | Raoult [Van Laar{ NRTL
0.9480 | 0.0520 | 41.00 | 78.89 | 33.07 | 28.21
0.9000 | 0.1000 | 31.00 | 60.72 | 28.21 | 2643
0.7000 | 0.3000 | 27.00 | 3697 | 2558 | 25.98
0.4990 | 0.5010 [ 23.00 | 27.71 | 2381 | 23.64
0.3030 | 0.6970 | 21.00 | 22.19 | 21.15 | 20.90
0.1090 | 0.8910 { 1850 | 1828 | 18.18 | 18.13
0.0000 | 1.0000 | 1650 | - - -
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Fig. 2. The comparison of the experimental flash points
and the estimated flash points for water(X;)+2-propanol
(X,) system: The calculated values based on the Raoult's
law (------ ): The calculated values based on the Van Laar
equation (——): The calculated values based on the NRTL
equation (- - -): The experimental lower flash points by this
work (O O).
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A; :the binary parameter of the NRTL equation or
Van Laar equation

N :the number of data

AH;: the enthalpy of vaporization at the flash point(kJ/
mol)

pi : the partial vapor pressure of i component (mmHg)

p; :the vapor pressure of i component (mmHg)

pg o : the saturated vapor pressure of i component at Ty

R :the gas constant, 8.314( J/mole/K)

T :the flash point of the liquid mixture(K)

Ty : the flash point of pure flammable component(K)

Tes.: the estimated flash point of the liquid mixture(K)

Teyp: the experimental flash point of the liquid mixture
X)
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x; :the mole fraction of i component

%: :the mole fraction of 1 component(water)

%2 :the mole fraction of 2 component(2-propanol)
o; :the activity of i component

v; :the activity coefficient of i compoent
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