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� �

���� ��� ��� �� � ��� ������ ����� �	 ��� �� ��� ��� ��
�. ��
�� ��� ��� �� ��� �� �� � ��� ��� ����. � ���� n-butanol+n-propionic acid��,
n-propanol+n-propionic acid�� ��� ���� Tag� ��� 	�(ASTM D 1310-86)� 
��� �����. �
��� ��� ��� van Laar�� �� ��� �� �����. � ��, van Laar�� �� ���
 ��� ��
� �� ��� �� ���� �	 ���� �����.

Abstract − The flash point is one of the most important combustible properties used to determine the potential for fire
and explosion hazards of industrial material. An accurate knowledge of the flash point is important in developing appro-
priate preventive and control measures in industrial fire protection. The flash points for the n-butanol+n-propionic acid
and n-propanol+n-propionic acid systems were measured by using Tag open-cup apparatus(ASTM D 1310-86). The
experimental data were compared with the values calculated by the laws of Raoult and van Laar equation. The calcu-
lated values based on the van Laar equation were found to be better than those based on the Raoult’s law.

Key words: Flash Point, Tag Open-Cup Apparatus, n-Propanol+n-Propionic Acid System, n-Butanol+n-Propionic Acid
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1. � �

������� �� ��, ��, �� �� �� �� ��� �

��, �����, ��� � ���� ��� � ��� ��, �

��, �� �� ���� �� ���� ����. ����� �

�� ��� ��, ��, ��, ��� � �� ���� �� � �

�� ��� � ��. ��� ��� ��� ��� ��� ���

� �� ��� ��� ���	 ���� 
�	 	��� ��

��� ��� ��.

	��� ��� 	�� �� ���� ���� ����, ��

� 	�� 	� ���� 	�� � ��� ��� ���� 	�

� ����� ����. 	���� ��	��� ��	����

��� ���, 
���� ��	��� 	���� ��[1, 2]. 	

�� �� ���� ASTM D 56� Tag ���, ASTM D 1310� Tag

���, ASTM D 92� Cleveland ���, ASTM D 93� Pensky-Martens

���, ASTM D 3278� Setaflash ���, ASTM D 3828� Small

Scale ��� �� �� ��[3]. �� Yagyu[4]� ��� ��� 	

�� �� ��� ��. � ��� ASTM D 1310� Tag� ��� �

�� � ���� ��� 	�� ��� ��� ���� �
�

���� � ���� ��� 	�� ��� ����� � � �

� ��� ��� ��.
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�	 ����� ���� ��� �����. ������
�

(MSDS, material safety data sheets) ��� ���� �� ���

�� ���� ��	��� ��� ���� ���. ��� ��

� ���� ��� ������
�� ��� 
�� ��� �

�� 	� ���� �� ���� ���� �� ����. ��

� ����� �� ���, ��� �� �� ��� �����

��� ��� 	� ���� ��� ��� � 	���� ��

���, �� ������� �� �� ��� 	� 
� ���

�. ��� ���� ������ ���� �� ��� ��� �

���� ���� ���� �� ��� ���.

���� ��� ����� �� ���	 	�� ��� 
�

��, Affens� Mclaren[5]� �� ����� ���� ����

	�� ��� 
� ��� �	�, Wu� Finkelmen[6]� setaflash

��� ��� ��� 	��� ��� �� ��� ���	��,

Gmehling� Rassmussen[7]� ��� 3���� �� �����

(group contribution method)	 UNIFAC�� ���� �����

� ����, �� ���� 	��� ���� �
�� ���	

�. ��, Walsham[8]� Tag� ��� ��� ��� 	�� ��

��� ���	�.

��� Ha� Kim[9]� RSM(response surface methodology)� �

��� ��� 3���� �� 	�� �� ��� ���	��,

Hanley[10]� ���� ��� 	�� ��� �� ��� ���

	�. Mitchell �[11]� ������ �� ���� ���� 	

��� ���	�, Jones� Godefroy [12, 13]� formic acid� ��

�� 	�� ���� ���� ���	��, Ha �[14, 15]�

2��� ��� 	� ���� �� � �� 	��� �� � �

��	�.

� ����� ��� ��	 n-butanol+n-propionic acid��,

n-butanol+n-propionic acid�� ���� �� Tag� ��� ���

���� ��� 	��� ���	�, �� �
� ��� van Laar

���� ��� ���� �� ���	�. ���, �� 
��

�� � ��� ���� �� 
�� ����
 ��, ��� �

��� 	��� ���� ���� ����� ����.

2. ��� ����� Tag� ��� ��� ��

��� ����� Tag� ��� 	��� ���	(ideal solution)

	 �� Raoult� ��� ���� ����, ����	(non-ideal

solution)� ���� �����(activity coefficient) ��� ���

� ��� � ��.

��, ��� ��� 	���� ��� �� ����[8].

(1)

���, Ii� i��� 	���, Mi� i��� �
�, PFi� ���

	���� ��� �����.

��, ��� ����� ��� 	��� ��� �� ��� �

	��� ��� ����.

(2)

���, N� ���, xi� i��� 	��, Pi� � ���� i��

� ���, γi� i��� �����, Mr� ���
���.

���, � (1)� � (2)� ���� ����, ��� ��.

(3)

���, ��� 	��� ��� ���� � (3)� �	���

��� ������� ���� ��. ��, � (3)� Pi� ���

� ��� � ����� Antoine�� ���	�[16].

����	�� ��� ��, van Laar�[17]� ���� ���

��� ���	��, ���� ���� ����� ��� ��.

(4)

(5)

��� A12� A21� ���� ������, ��� 
� �
�

� �� � ��[18].

��, ���	�� ��� ���� �
� ��� ���	�.

3. � �

3-1. ����

� ��� ��� ���� ��� 	�� ��� ��� ���

� �� ���� ���, ��
�� ASTM D 1310-86(standard test

method for flash point and fire point of liquids by tag open-cup

apparatus)� ���� ��[3].

��� ��� Tag� ��� �� ��� Fig. 1� �����.

��� �� ���, �� ���, ��, ��� �� �� ���

���� ���, �� ���� ���� �� ��� �
� �

�� ���� ����(level device)� ��.

3-2. ����

� ����� ������ �� ���� �� n-propanol, n-butanol

� n-propionic acid� ���� �	�. n-propanol� Carlo Erba�

(99.5%), n-butanol� Junsei�(99%)� ��� ���	�, n-propionic

Ii
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Fig. 1. Photograph of the experimental apparatus.
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acid� Acros�(99%)� ��� ���	��, � ��� ��� �

���� 	�� ���.

3-3. ����

����� ASTM D 1310-86� ��� �� ���	��, �


�� ��� ��.

1) ��� �� ����
 �� 	�(mole fraction)� ���	�.

2) �� 70 ml� ���� ��, �� 	���� � 20 oC ��

���� ���	�.

3) ����� 1�0.25 oC/min� ��� �
�	�.

4) ��� 0.5 oC ��� ��� ���� ��� 	� ���

1� �� �����.

5) ��� ���� ��� 	���� �	��, �
� ���

���	� � 	�� ��� ���� ���� 
� 
�� ��

���.

4. �� � ��
 

� ����� ���� ��� ���� �	��� ��� �

��� �� ���	�.

n-Propanol+n-propionic acid��, n-butanol+n-propionic acid��

��� 	�� ��
�� ���	� ��� �	� �� ���

�� �	� ��� ��� ��� 
��� ��� ���	��

��� �� Raoult� ��� ���	�, ��� �		 ����

������ ��� ���� ���	�.

��
�� ��� ��� �� ��� �		 �� �����

� ��� ����, � ��� �� �	�� 
�� ��� ��.

n-Propanol+n-propionic acid��, n-butanol+n-propionic acid�� �

	�� 
�� DECHEMA �
[18]�� ����, van Laar��

���� ������ ��� 	 	��� ���	�. Table 1�

� 	�� ��� ��� � ����� Antoine ��� ����

�[18, 19].

��, 	�� �� ��� ���� �	�� ��� � ���

� ��� ����(n-propanol, n-butanol, n-propionic acid)� ���

	��� ��� �
�[20]� ��� ���. n-propanol, n-butanol,

n-propionic acid� �
�� �� 29 oC, 42 oC, 57 oC� ����

���, �� � ��� ���� 	� 
���, � 0.5-2 oC ��

� ��� �� ��� �� ��� �	��. ��� �� ���

��� ��� ����.

Table 2� 3��� ���� �	�(Raoult� � van Laar�)�

�� ���� ���� �����, ���� ���� ��� �

�� �� �� A.A.P.E.(average absolute percent error)� A.A.D.

(average absolute deviation)� ���	�, �� �� ��� ��

����� ��
���� ���	�[21, 22].

(6)

(7)

��� S� ����, yi� ��, � ����, n� ����, r2

� �� 
���, SSR� 
�� �� ���(sum of squares due

to regression), SST� SSR� ��� �� ���(sum of squares

due to residual errors)� ���.

���� Raoult� � van Laar�� �� ���� ��� 
�

� 	
 �� � � ��� Fig. 2� 3� �����.

n-Propanol+n-propionic acid��� ��� 	��� ��, Raoult

� ��� �� ��� �� ���� A.A.P.E.� 6.12%��, ��

�� ��� 2.18 oC��, ����� 2.56 oC ��� 
���(r2)

� 0.95� ����. van Laar�� �� ��� �� ����

A.A.P.E.� 5.41%��, ���� ��� 1.96 oC��, �����

2.38 oC ��� 
���(r2)� 0.96�� ����. ��� � ��

����, van Laar�� �� ��� �� Raoult� ��� �� �

�� ��� ���� 	
 ���	�.

n-Butanol+n-propionic acid��� ��� 	��� ����,

Raoult� ��� �� ��� �� ���� A.A.P.E.� 1.91%��,

���� ��� 0.93 oC��, ����� 1.19 oC ��� r2� 0.96

�� ����. van Laar�� �� ��� �� ���� A.A.P.E.

� 1.65%��, ���� ��� 0.76 oC��, ����� 1.17 oC �

�� r2� 0.97� ����. ��� n-butanol+n-propionic acid��

����, van Laar��� ��� �� Raoult� ��� �� ��

� ��� ���� 	
 ���	�. ��, � ���� ��� 	

S
yi ỹi–( )2∑
n 1–

-------------------------=

r2 SSR
SST
-----------=

ỹi

Table 1. Antoine constants for n-propanol, n-butanol and n-propionic
acid

Properties
Components 

A B C

n-Propanol 7.84767 1499.21 204.64

n-Butanol 7.838 1558.19 196.881

n-Propionic acid 7.99064 1929.300 236.430

Table 2. Comparison of the experimental and calculated flash points
for n-propanol(X1)+n-propionic acid(X2) system

Mole fraction Flash point (oC)

X1 X2 Exp. Raoult van Laar

1.000
0.916
0.813
0.710
0.509
0.306
0.081
0.000

0.000
0.084
0.187
0.290
0.491
0.694
0.919
1.000

28.5
30.0
30.5
34.5
36.5
42.5
53.0
59.0

25.99
27.17
28.76
30.56
34.90
41.17
53.55
61.86

25.99
27.25
29.02
31.06
36.00
42.83
54.87
61.86

A.A.P.E. - 6.12 5.41

A.A.D. - 2.18 1.96

Table 3. Comparison of the experimental and calculated flash points
for n-butanol(X1)+n-propionic acid(X2) system

Mole fraction Flash point (oC)

X1 X2 Exp. Raoult van Laar

1.000
0.916
0.824
0.714
0.507
0.306
0.098
0.000

0.000
0.084
0.176
0.286
0.493
0.694
0.902
1.000

42.5
42.5
45.0
47.0
50.0
53.0
56.0
59.0

42.24
43.07
44.05
45.33
48.13
51.57
56.36
59.35

42.24
45.05
46.25
47.53
50.09
53.07
57.02
59.35

A.A.P.E. - 1.91 1.65

A.A.D. - 0.93 0.76
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�� ���� n-propionic acid� 	�� ���� �� ��� �

�� ��� ��, Walsham� ��� � (3)� ��� �, � ��

�� �� �
� ���� �	� 
���.

��� � ���� ��� ��	� ������ ���� �

�� 	�� ����� ��� 	���� ��� � �� ���

� ����� ����.

5. � �

n-Propanol+n-propionic acid��, n-butanol+n-propionic acid��

�� Tag� ��� ��� ��� ��� 	�� ���� 	� �

� ��� ��� �� ���� �� ���� ��� �� 
	

� ���.

(1) n-Propanol+n-propionic acid�� ���� Raoult� ���

�� ��� �� ���� A.A.P.E.� 6.12%��, ���� ��

� 2.18 oC� �	�, van Laar�� �� ��� �� ���� A.A.P.E.

� 5.41%��, ���� ��� 1.96 oC� �	�.

(2) n-Butanol+n-propionic acid�� ��� Raoult� ��� ��

��� �� ���� A.A.P.E.� 1.89%��, ���� ��� 0.93 oC

� �	�, van Laar�� �� ��� �� ���� A.A.P.E.�

1.65%��, ���� ��� 0.76 oC� �	�.

(3) ���� 2��� ���� �� ��� 	�� �� ���

���	��, A.A.D. ��� � � ��� van Laar�� �� �

�� �� Raoult� ��� �� ��� ��� ���� 	
 �

��	�.

����

A, B, C : antoine constant

A12, A21 : parameter in the equation of van Laar

Ii : flashing index 

Mi : molecular weight 

PFi : vapor pressure of component i at its flash point 

Mr : calculated mean vapor molecular weight 

Pi : actual partial pressure of component i in vapor-air mixture

[mmHg]

Pi
s : vapor pressure of component i [mmHg]

xi : mole fraction of component i

S : sample standard deviation 

yi : sample 

: sample mean

n : sample number

SSR : sum of squares due to regression 

SST : sum of squares total

������

γi : activity coefficient of component i

r2 : sample coefficient of determination

����
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