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Development of a solvent selection guide for CO2 spray coating
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C02 painting method was developed for reduction of volatile organic
compounds emission. However, due to the addition of C02, a polymer which is a coating film
component in the paint may precipitate, and countermeasures are urgently required.

To solve this problem, the applicant showed that it is possible to prevent precipitation of polymer
by changing the true solvent, while keeping the film forming component (polymer) as it is, and
suggesting a solvent selection guide using Hildebrand solubility parameter. In order to further
improve accuracy and ease of prediction the precipitation pressure, the applicant proposed a solvent
selection guide using Hansen solubility parameter (HSP).
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Fig. 1 Phase behavior observation apparatus.
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Table 1 Polymers used in this work

Sample*= Mw Structure
Polymethyl a CH, ]
15 .
methacrylate % CH, ?
(PMMA) kg/mol COOCH, |n
Poly(Bisphenol 40 o
A-epichlorohydrin J[O’ oo e CHZ‘CHC”J
P ydrin) kg/mol CHs o
PBE)
Polyacrylonitrile 150 ul CH,—CH ——
PAN kg/mol CN I,

*all chemicals were obtained from Sigma-Aldrich Co. LLC.
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Table 2 Solubility parameter and solubility radius of polymers
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Fig. 2 Experimental results of the precipitation test
for polymer (acrylic resin) + solvent (butyl acetate)
+ diluent + CO, (40 °C), o: dissolution; ><:
precipitation.
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Fig. 3 Solubility parameter of mixture of CO,
saturated liquid and shaded precipitation region
for solvent selection guide for CO, spry coating
system.

Polymer: acrylic resin; A: methanol; e : butanol;
¢: diethyl ketone; open symbols: extrapolated
solubility at precipitation pressure
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PMMA 17.9 14.0 53 12.7 0.062
PBE 19.6 10.4 10.3 8.4 0
PAN 17.3 15.0 10.5 5.3 0
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Fig. 4 Solubility sphere of PMMA.
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Table 3 Precipitation pressure and Dy, of PMMA solution at
40°C

Dprec. [MPa"’]

Solvent Pre[.]:\;[;’:]:ss.
Case 1 Case 2
butyl acetate 5.0 15.1 12.6
diethyl ketone 5.5 14.6 13.2
toluene 6.5 16.1 9.4
methyl ethyl ketone 5.0 13.8 11.3
tetrahydrofuran 5.5 15.6 9.3
cyclohexanone 7.0 14.6 13.3
acetone 4.5 14.6 12.5
acetic acid 6.0 16.4 11.4
acetonitrile 5.5 14.1 10.3
dimethylformamide 7.0 14.3 12.6
_ dimethyl sulfoxide 80 - 132 81
I average 147 ue __
Ro 12.7




Table 4 Precipitation pressure and D,.. of PBE solution at
40°C
Prec. Press. Dprec. [MPa0‘5] [8]
Solvent -
[MPa] Case 1 Case 2
butyl acetate,
chloroform 2.0 10.8 10.5 cyclohexanone, dimethyl sulfoxide CO,
dichloromethane 1.0 7.6 8.5 PMMA30wt%
tetrahydrofuran 2.5 11.8 10.4
0,
cyclohexanone 4.5 12.2 9.7 6%
idi 5.0 10.9 8.2 PMMA
pyridine . . . Fig. 5
benzaldehyde 5.5 10.4 9.1 Case 1 v 25
nitrobenzene 4.5 7.6 7.3 CO, 25
dimethylacetamide 45 11.6 8.4 Case 2
N-methylpyrrolidone 6.0 112 77 CO;,
v
dimethylformamide 4.5 11.7 8.4
Y PC-SAFT PR
g-caprolactone 7.0 8.8 3.8
y-butyrolactone 5.5 10.1 11.7
_dimethyl sulfoxide 60 . 11 76
_______ average 104 86 ®)
Ro 84 CO,
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D;Z)rec = 4(5d,polymer _5d,m'x)2 +(5p,polymer _5p‘mix)2 (5)
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solutions, Solid symbols; pure solvents
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