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Abstract — Estimation of process safety is important in the chemical process design. Prediction for flash
points of flammable substances used in chemical processes is the one of the methods for estimating process
safety. Flash point is the property used to examine the potential for the fire and explosion hazards of
flammable substances. In this paper, multivariate statistical analysis methods(partial least squares(PLS),
quadratic partial least squares(QPLS)) using experimental data is suggested for predicting flash points of
flammable substances of binary systems. The prediction results are compared with the values calculated
by laws of Raoult and Van Laar equation.
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Table 1. Comparison of flash point [°C] for M.E.K.(X1) + toluene(X2) system.

Mole fraction
Sample Ex. Raoult Van Laar PLS QPLS
X1 X2
1 0.0 1.0 5.0 1.98 1.98 5.65 5.43
2 0.1 0.9 6.0 0.79 0.01 4.56 4.88
3 0.2 0.8 3.0 -0.33 -1.60 3.48 3.60
. 4 0.4 0.6 1.0 -2.40 -3.97 1.32 1.19
Regression
5 0.6 0.4 -1.0 —4.26 -5.61 -0.84 -1.05
6 0.8 0.2 -3.0 —5.95 —6.74 -3.01 -3.10
7 1.0 0.0 5.0 -7.49 —7.49 ~5.17 —4.97
Average of root square error 3.38 4.20 0.46 0.36
8 0.3 0.7 2.0 -1.39 -2.90 2.40 2.38
9 0.5 0.5 0.0 -3.35 —4.86 0.24 0.05
Prediction 10 0.7 0.3 -2.0 -5.13 -6.23 -1.92 -2.10
1 0.9 0.1 —4.0 -6.74 717 —4.09 —4.06
Average of root square error 3.15 4.29 0.20 0.15
Table 2. Comparison of flash point [°C] for n-propanol(X1) + n-propionic acid(X2) system.
Mole fraction
Sample Ex. Raoult Van Laar PLS QPLS
X1 X2
1 1.000 0.000 21.0 21.36 21.36 21.00 21.11
2 0.910 0.090 21.0 22.53 22.61 19.52 20.90
. 3 0.710 0.290 25.0 25.58 26.03 25.79 24.85
Regression
4 0.301 0.699 36.0 35.46 37.34 38.62 36.96
5 0.000 1.000 50.0 53.67 53.67 48.07 49.18
Average of root square error 1.34 1.60 1.36 0.43
6 0.510 0.490 30.0 29.54 30.64 32.07 30.11
. 7 0.109 0.891 42.0 44.48 46.35 44.65 4441
Prediction
8 0.045 0.955 44.0 49.24 50.38 46.66 47.18
Average of root square error 2.73 3.79 2.46 1.90
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Fig. 1. Comparison of flash point for M.EK. + toluene
system.
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