%ﬁ?ﬁé%%\ 268 \

Development of Evaporation and Drying Modeling Techniques for High-
Performance Coating Materials
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Polymer—inorganic composite coatings with high filler content are widely applied; however, solvent evaporation behavior during the
drying process has a significant influence on surface roughness and void formation, thereby directly affecting coating functionality and
durability. In this study, an evaporation and drying model was developed using a heat-insulating coating material for engine combustion
chambers as the model material to predict the temporal evolution of the coating state from the initial wet film stage to the completion of
drying.

As a result, the following findings were obtained.

(1) The proposed evaporation and drying model incorporated the coupled relationship between time-dependent filler configuration and
solvent behavior in the wet film (Fig. 1), thereby reproducing the temporal evolution of solvent concentration during drying. The
predictions showed good agreement with the experimental data (Fig. 2).

(2) The developed model enabled quantitative evaluation of surface roughness after drying and successfully predicted void formation
behavior, as characterized by the C* values (Fig. 3).

(3) By applying coating conditions derived from the model, surface roughness was reduced while void formation was simultaneously
suppressed (Fig. 4).

These results indicate that the proposed evaporation and drying modeling techniques are effective for high-filler-content coating
materials and useful for efficiently deriving appropriate coating conditions.

Initial Wet Film State 30%
+ Coating thickness - O Experiment (total)
- Solvent concentration .
Paint properties 259 i

l-— Deying conditioiis ; %o Calculation (total)
Filler Transport . T a .
(DBrownian motion Coating thickness reduction = 509 ~-Calculation (surface)
2)Sedimentation (Stokes settling) — — “é
(3Filler-filler contact prevention treatment 2Sedimentation = Oé\ Dot shineig | D

‘ (Stokes settling) - - P ) E 15% F Black : Case A

d g : Cas
Solvent Transport AT e °
;g\ L]““ lrd‘n'spo cati 3Fillerfiller contact ,% - S ]
g.‘SO]:L:l Z};po.mnlﬂn prevention treatment O tﬁ (S)Solvent diffusion ‘ 2 10%
JSolver 1ffusiol -—_ -
revesion vt | o @ g E >
- - = - 1]

Coating Thickness Update (DBrownian motion 5% Red : Case B

]
PO:::-]?‘:‘;;:%k'l::i“a[c Z-Direction discretization 0% B S RN
* Surface roughness 0 100 200 300
- Residual solvent concentration=>Void formation Time after film formation (q)

Fig.1 Schematic of the Evaporation and Drying Model Fig.2 Comparison of Calculated and Experimental
Solvent Concentration during Drying

4 6 25 35
target:=3pm
= . o target:S2 3
5] 2
3 . 4 25
E ~ B
£ ' N .
S L g 15 E2t
g ¢ £ . b :
E 5_2 . | 215
21 + i
3] 1
05t
0 L L 0 . . 0.5
0 I 2 3 4 0 2 4 6 0 0
Calculation Ra (um) Calculation C* Experimental Calculation Experimental Calculation
Fig.3 Comparison of Calculated and Experimental Fig.4 Reduction of Surface Roughness and Void Formation
Surface Roughness (Ra) and Void Content (C*) by Applying Model-Derived Coating Conditions
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