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Abstract. According to the method of turbidity titration and 63 cloud point data
minimum volume closure ellipsoid fitting, the solubility parameter of polyester resin
DM-700 was determined to be 22.84(MPa)'?, and the three-dimensional solubility
parameter was (8¢=17.15 (MPa)'?; §,=9.97(MPa)"?; 6y=11.32(MPa)'"?). This value is
close to the result calculated by the group contribution method (22.68(MPa)'?), which
further proves that the method is accurate and reliable.

1. Introduction

With the continuous improvement of people's environmental requirements, the development of
environmentally friendly coatings has become an inevitable trend. Powder coating is composed of solid
resin and pigments, fillers and additives [1]. It has become the fastest growing coating product due to
its resource saving, energy saving, pollution-free and high production efficiency. Polyester powder
coatings are considered to be the most productive and versatile powder coatings. The polyester resin as
the main film-forming substance mainly determines the properties of the coating [2-4]. In other words,
the compatibility between the polyester resin and other components has a direct influence on the
performance of the powder coating. Poor compatibility results in reduced film formation, mechanical
and protective properties of the coating.

The solubility parameter is the square root of the cohesive energy density, which is an important
indicator to measure the compatibility of materials. The closer the solubility parameters are, the better
the compatibility between the substances is. There have been many scholars who have carried out related
work on solubility parameters. Hildebrand [5] used a formal solution theory to determine the solubility
parameters of a non-polar liquid mixture. Bagley [6] used the internal pressure of the liquid instead of
the cohesive energy density to determine the solubility parameters of the polar system. Small [7] used
the molar gravity constant of the group to determine the solubility parameter of the material. This
method can also be used to estimate the solubility parameters of a polymer. As we all know, the polymer
solubility parameter cannot be directly measured. Hansen [8-9] determined the three-dimensional
solubility parameter of the polymer by using the dispersion parameter (284) and the polarity parameter
(dp) and the hydrogen bond parameter (dn) as a means of fitting the sphere into three-dimensional
coordinates. This theory is considered to be the most accurate and applicable theory. However, there are
still some shortcomings in Hansen theory. the workload is too large and it takes a long time for a lot of

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



2019 International Conference on Oil & Gas Engineering and Geological Sciences IOP Publishing
IOP Conf. Series: Earth and Environmental Science 384 (2019) 012069  doi:10.1088/1755-1315/384/1/012069

solvent used. Positive spheres are artificially fitted with twice the value of the dispersion force, and so
on.

In the previous work [10], the method of estimating the three-dimensional solubility parameter of
the polymer by turbidity titration [11] was established, and was used to obtain the HSP value of the
PPEN. In this paper, the three-dimensional solubility parameters of DM-700 polyester resin were
determined by the above method, and the reliability of the previous method was further verified.

2. Experimental part

2.1. Experimental material

DM-700 polyester resin is from Jiangsu Delta Polyester Technology Co., Ltd., which is obtained by
polymerization of terephthalic acid and neopentyl glycol as main raw materials. The good solvent of
DM-700 pure polyester resin selected includes: N-methyl-2-pyrrolidone(NMP), Chloroform(CF),
1,1,2,2-tetrachloroethane(TCE), Acetone, Chlorobenzene(CB), Methyl isobutyl ketone(MIBK), N,N-
Dimethylformamide(DMF), N,N-dimethylacetamide(DMAc), Ethyl acetate(EA); The poor solvent of
DM-700 pure polyester resin selected includes: Methanol, Formamide(FA), Benzene, Xylene, Dimethyl
sulfoxide(DMSO), Dodecane, Hexane, Perchloroethylene(PCE), Water. The three-dimensional
solubility parameter values of the above reagents can be obtained from the literature[12]. In order to
prevent the fitting data from being biased, some solvents with large differences in three-dimensional
solubility parameter values were selected.

2.2. Experimental process

The DM-700 polyester 0.150g is uniformly dissolved in 100ml of good solvent. The volume of the poor
solvent consumed was recorded by titration with a poor solvent until precipitation occurred and the
precipitate no longer disappeared. The final result is the average of 5 titration experiments.

3. Results and discussion

The three-dimensional solubility parameter of the cloud point is calculated by the method of literature
[10]. The calculation results are shown in Table 1. The calculation model is based on the theory that the
internal energy of the system is unchanged before and after the system is mixed. However, the actual
internal energy will change due to the solvent association and the exclusion of the repulsion, resulting
in a certain systematic error in the fitting result. The fitting method is consistent with the method
described in the literature [10]. The 63 sets of data were fitted as ellipsoid spherical coordinates by
Matlab program, and the fitted ellipsoid is shown in Fig. 1. In the figure, "o" indicates a settling agent
(non-good solvent); "+" indicates a good solvent; blue "*" indicates a cloud point (mixed solvent); and
red "*" indicates an ellipsoid center point. The fitted ellipsoidal sphere can be considered as the three-
dimensional solubility coordinate of the mixed solvent of several cloud points and the interface between
the polymer soluble/insoluble. The fitting vector 6d=17.15, 6p=9.97, 6H=11.32 is the spherical center
of the ellipsoid, which is the three-dimensional solubility parameter of the DM-700 polyester resin.
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Figure 1. The ellipsoid fitting graph of cloud points
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Table 1. The three-dimensional Solubility parameters of Cloud Point (MPa)'?

doi:10.1088/1755-1315/384/1/012069

solvent parameter

Methanol

FA water Benzene Xylene DMSO Dodecane Hexane PCE

b s/%
NMP

CF

TCE

Acetone

CB

MIBK

DMF

DMAc

EA

30.82
16.05
12.30
18.97
36.34
16.13
9.99

18.12

S~ T~ ~ ~

89.67
15.46
10.61
9.76
35.42
16.59
10.21
17.96
63.41
15.23
8.89
13.88
50.89
16.31
13.03
17.58
41.77
15.83
11.97
18.25
59.90
15.52
8.80
15.18

58.44
17.67
19.33
13.43

e T

91.49
15.65
12.54
8.69
/

S~ T~ T T S

78.29
17.36
17.20
13.35
71.28
16.92
17.07
13.34
66.52
16.28
15.76
12.46

62.2
17.10
13.82
26.62

S~ S~ T~ T Y Y

/
92.4
15.50
10.93
13.46

S~ T T~ S Y Y

80.49
17.05
14.18
21.26
74.48
16.48
12.80
23.11

~ T~ ~ ~

1.97 1.68  15.06 / /
18.39 17.61 18.34 / /
1.73 1.88  15.85 / /
2.22 3.21 9.81 / /

55.56 6637 46.41 75.08 55.90
18.07 1773 18.12 17.37 16.58
231 259 1219 2.69 2.32
4.45 4.98 8.42 4.94 4.26

4545 5454 11.24 / /
18.58 1826 18.45 / /
3.44 3.83 1555 / /
3.87 4.44 9.77 / /

9.15 14.08 36.95 86.07 77.38
18.15 17.32  17.38 15.57 15.37
3.15 4.01 14.48 9.65 9.15
2.85 3.89 9.15 6.49 6.16
61.55 4581 11.26 95.18 91.05
18.77 18.25 18.47 18.87 18.67
3.37 3.00 1552 4.20 4.10
2.00 2.65 9.63 1.95 1.91
7174 71.54  7.11 87.20 79.89
16.24 1599 18.20 15.39 15.22
5.17 519  15.89 5.70 5.45
3.63 3.84 9.89 3.83 3.66
0.77 2.09  25.17 / /

18.39 17.60 18.15
1.20 221 15.76
2.22 348 1049
0.24 132 17.14
18.40 17.59 18.14
0.56 1.65 15.67
2.06 329  10.20
12.22 20.55 12.09 84.47 75.51
18.10 17.25  18.11 15.83 15.58
1.85 2.56 1549 4.87 4.61
3.14 4.28 9.89 6.62 6.26

~ ~— ~— ~— ~— ~— ~—
S~ T T~ Y Y Y

5.92
18.28
6.29
1.75
14.02
18.23
5.41
2.13
34.30
18.47
5.50
3.10
7.00
18.12
6.15
1.85
16.54
18.42
5.49
0.81
9.14
18.05
5.74
1.24
12.13
18.19
7.16
3.94
5.19
18.23
6.14
2.32
8.46
18.10
5.67
2.09

"/"Solvent phase separation

Table 2. The mathematical expression of ellipsoid

Vector ¢ Positive definite matrix

04=17.15 0.2199 -0.0023 0.0004
0,=9.97 -0.0023 0.0137 -0.0068

op=11.32 0.0004 -0.0068 0.0068
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The closer the solvent is to the center of the sphere, the stronger the ability to dissolve the polymer.
The calculation results of the distance from the solvent to the center of the sphere are arranged from
small to large as follows:

DMAc DMF Acetone NMP EA DMSO TCE MIBK CF CB Methanol PCE Xylene Benzene Dodecane Hexane FA  Water

193 374 465 481 637 665 792 840 890 11.06 1141 1215 12.17 13.70 15.13 1525 1726 3161

Among all the good solvents, DMAc was found to be closest to the center of the sphere. In the
dissolution experiment, the DMAc was also found to have the fastest dissolution rate and the largest
amount of dissolved per unit volume. CB is the solvent most distant from the center of the ball.
Dissolution experiments have also found that polymers of the same quality require more solvent to
dissolve, slower dissolution rates and even require proper temperature rise. The above experimental
phenomena further verify the reliability of ellipsoid fitting.

According to the above HSP value, the solubility parameter can be calculated as:

5 =67 +82+62 =17.152+9.97* +11.32* =22.84

In this experiment, the above total solubility parameters were verified by the group contribution
method.

_ _PYF
5=)FIV,= 7 ()

p --- represents the relative density of the polymer;

M, ---represents the relative molecular mass of the structural unit.

According to the query data, the molar gravity constant of group were as follows: -CH,-=272.0, p-
phenylene=1350, -COO-=634 [(J/cm*)"?/mol]. The relative density of DM-700 was 1.33 g/cm?, the
relative molecular mass of the structural unit is 192 g/mol, then the solubility parameter is calculate ed
according to formula (1) is:

5_PLF _133x(634*241350+272%2)
M, 192

Their calculation results are very close, which proves the accuracy of the experimental data.

=21.90(J /cm?)"?

4. Conclusion

The three-dimensional solubility parameter value of the sample polyester resin was determined to be
8:=17.15(MPa)"?; 3,=9.97(MPa)"?; 3y=11.32(MPa)'? by fitting 63 sets of data obtained from turbidity
titration experiments into ellipsoids. HSP value was successfully verified by group contribution method,
which further proved the reliability of the fitting results. This method can be considered as a general
method for the estimation of various polymer solubility parameters.
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