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ABSTRACT

The flash points of DMF based organic solvent mixtures used in the synthetic leather manufacturing process were
measured. The test group was composed of seven types of solvent mixtures, which included DMF, toluene, and MEK. Each
flash point was tested according to the international standard test methods of KS M 2010. The flash points were then
predicted using some prediction models and compared with the measured data. From the analysis results, the binary
mixtures with a mole ratio of less than approximately 0.7 showed that the measured values were under 25 C. This showed
that the expectation for the flammable risk lowering effects due to the mixing of high flash point materials was reduced.
In addition, the predicted values were evaluated using the average absolute deviation (A.A.D). The results showed that the
Le Chatelier’s models had an “A.A.D” of 1.95 C and were the closest to the measured values.
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Table 1. Summary of Characteristics of the Raw Materials for Solvent Mixtures
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. M.W. Boiling Melting Flash Pvap LEL AIT
M | AS No. o o o o
ateria CAS No [g/mol] point [C] | point [C] | point [C] [kPa] [%0] [C]
DMF 68-12-2 73.09 153 61 58(c.c) 0516 22 445
. . @25 C .
Toluen 108-88-3 92.14 110-111 93 4(c.c) 291 1.2 535
oluene . c.c @20 C .
MEK 78-93-3 72.11 80 87 3(c.c) 9:3 1.8 516
. . @20 C .

Table 2. Sample Name and Formulation Ratio

Sample Name Mixing Ratio of Solvent Mixtures (Vol. Ratio)

OSM-1 DMF : Toluene = 1.0 : 0.5

OSM-2 DMF : Toluene = 1.0 : 1.0

OSM-3 DMF : Toluene = 0.5 : 1.0

OSM-4 DMF : MEK = 1.0 : 0.5

OSM-5 DMF : MEK = 1.0 : 1.0

OSM-6 DMF : MEK = 0.5 : 1.0

OSM-7 DMF : Toluene : MEK = 1.0 : 1.0 : 1.0
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Table 3. Summary of Boiling Point Test Results for the Seven Types of Organic Solvent Mixtures

Value [C]
Sample Name

I 2 3 Mean S.D
OSM-1 128.0 127.8 127.9 127.9 0.10
OSM-2 123.9 123.9 1233 123.7 0.35
OSM-3 118.0 118.5 118.6 118.4 0.32
OSM-4 114.9 114.2 114.1 114.4 0.44
OSM-5 102.9 102.9 102.9 102.9 0.00
OSM-6 93.8 93.7 94.0 93.8 0.15
OSM-7 103.6 103.4 103.5 103.5 0.10

Table 4. Summary of Test Method (KS M 2010) and Equipment Specification

Item Remarks
Range Under 93 C of Flash Point
A Sample has an over 5.5 mi’/s of Dynamic Viscosity at 40 C
Except A Sample in Which the Oil Film is Formed Under the Test Conditions
A Sample Containing the Suspended Material
Heating Rate
Method - 1 C/min for Expected Flash Point (EFP) < 60 C
- 3 C/min for Expected Flash Point (EFP) > 60 C
Test Interval for Pilot Flame Application
Cond. - 0.5 C for Expected Flash Point (EFP) < 60 C
- 1.0 C for Expected Flash Point (EFP) > 60 C
Repeatability : 1.0 C (1 C < Measured Flash Point < 60 C)
Reproducibility : 3.5 C ( Measured Flash Point < 93 C)
Maker Anton Paar (Germany)
Equip. Model Fully Automated Flash Pointer TAG4
Spec. Range (30 ~ 110) C
Sensor Multi-head Sensor with Flame Indicator
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Table 5. Summary of Flash Point Test Results

94 - o] 29

Measured Value [TC]
Sample Name " . .
1° 2" 3 Mean S.D
OSM-1 21.0 21.0 21.0 21.0 0.01
OSM-2 18.0 17.5 18.5 18.0 0.47
OSM-3 13.5 13.5 13.0 13.3 0.32
OSM-4 12.0 12.5 12.5 12.3 0.30
OSM-5 6.0 6.5 6.0 32 0.30
OSM-6 2.0 1.5 1.5 1.7 0.27
OSM-7 6.5 6.0 5.5 6.0 0.52
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Figure 1. Effect of DMF mole fraction on the flash point of DMF/toluene
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Table 6. Summary of the Predicted Flash Point by the Le-Chatelier’s Rule

. Predicted Value [C]
Sample Name Measured Value [C]
Ideal UNIFAC NRTL
OSM-1 21.0 254 23.7 242
OSM-2 18.0 18.0 17.0 24.8
OSM-3 13.3 12.4 12.0 25.1
OSM-4 12.3 11.5 8.2 8.2
OSM-5 6.2 3.9 1.9 9.4
OSM-6 1.7 -1.5 2.5 10.4
OSM-7 6.0 3.93 - -
AAD - 1.95 2.94 6.30
Table 7. Regression Coefficients and Enthalpy of Vaporization for Each Chemical
A , a AH,,
DMF 59.355 647.0 0.381 46.91
Toluene 50.139 591.79 0.383 38.34
MEK 50.652 535.0 0.45 35.12
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Table 8. The Measured and Predicted Flash Points of the DMF based Organic Solvent Mixtures

. Predicted Value [C]
Sample Name Measured Value [C]
Model-1 Model-2 Model-3
OSM-1 21.0 254 24.2 243
OSM-2 18.0 18.0 20.2 21.6
OSM-3 13.3 12.4 15.4 18.2
OSM-4 12.3 11.5 23.4 15.6
OSM-5 6.2 3.9 14.2 83
OSM-6 1.7 -1.5 6.3 2.6
OSM-7 6.0 3.9 10.9 8.7
AAD - 1.95 5.15 2.98
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Figure 2. Absolute difference between the measured and predicted flash points.
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