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Abstract 

Spinodal Phase separation (SPS) in technologically and scientifically important sys-

tem of thin liquid films supported on homogeneous and heterogeneous solid substrates 

was studied based on numerical simulations of the thin film equation in 2 — d as well 

as 3 — d. The numerical simulations reveals that an unstable thin liquid films under 

the influence of antagonistic forces leads to formation of two phases namely, a thinner 

(true) flat-film phase and a thicker (pseudo) circular-defect phase. The formation 

and growth of these phases is explained based on evolution of film morphology and 

dynamic tracking of five simple markers viz., number of defects, total free energy and 

its components, maximum and minimum film thicknesses, fractional flat area and 

fractional completion of SPS. Fourier and Minkowski functional analysis was also per-

formed to characterize the film morphology. Vastly different morphological pathways 

ranging from circular-defect based to circular-hole based were seen in 3 — d SPS. A 

universal curve between the number density of defects and rescaled time describes the 

kinetics of the early stage in 2 — d and 3 — d films. The Lifshitz-Slyozov exponent of 

—1/3 describes the kinetics of the late stage in 2-d even in the absence of coexisting 

equilibrium phases. The study presents a detailed framework of SPS and arrives at 

three morphological stages of SPS using a simplified marker based approach. 

It is also shown that quenched chemical disorder has a pronounced effect on the 

early and intermediate stages of SPS in thin liquid films. However, the late stage 

kinetics is universal and follows the Lifshitz-Slyozov (LS) growth law. These findings 

are in sharp contrast to the effects of quenched disorder seen in usual phase-separation 

processes, viz, the early stages remain undisturbed and domain growth is slowed 
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down in the asymptotic regime. The early-stage kinetics shows different qualitative 

behavior, depending on the relative sizes of disorder patches and the spinodal length-

scale. Thus, the inverse problem of estimating disorder by thin-film experiments was 

also addressed. 

vi 



Contents 

1 INTRODUCTION 1 

1.1 Applications of supported thin liquid films 	. . . . . . . . . . . . 	. 	. 	. 	2 

1.2 Spinodal phase separation (SPS) . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	5 

1.2.1 	Spinodal phase separation in binary mixtures 	. . . . . . 	. 	. 	. 	5 

1.2.2 	Spinodal phase separation in thin liquid films 	. . . . . . 	. 	. 	. 	16 

1.3 Earlier Works 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	28 

1.4 Open questions and objectives . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	36 

1.4.1 	Limitations 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	39 

1.5 Methodology 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	39 

1.6 Organization 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	40 

2 THEORY AND NUMERICS 43 

2.1 General system of study and governing equations 	. . . . . . . . . 	. 	. 	43 

2.2 Similarity between Cahn-Hilliard and thin film equation 	. . . . . 	. 	. 	45 

2.3 Excess intermolecular forces 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	47 

2.3.1 	Estimation of Spreading Coefficients 	. 	. . . 	. . 	. . 	. . 	. . 	. 	. 	51 

2.4 Nondimensionalization 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	54 

2.5 Numerics 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	55 

2.5.1 	Linear analysis 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	56 

2.5.2 	Initial and boundary conditions 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	60 

2.5.3 	Numerical Scheme 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	61 

2.5.4 	Parameter Values 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	64 

vii 



3 HOW TO TRACK SPINODAL PHASE SEPARATION IN THIN 

LIQUID FILMS? 	 69 

4 SPINODAL PHASE SEPARATION IN THIN LIQUID FILMS ON 

HOMOGENEOUS SUBSTRATES 81 

4.1 Marker based description of PS 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	82 

4.2 Grid density and system size . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	97 

4.2.1 	Grid density 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	99 

4.2.2 	Effect of system size 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	101 

4.3 Effect of mean film thickness . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	112 

4.4 Universality in early stage 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	122 

4.5 Scalings in the late stage 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	130 

4.6 SPS results for 3-d films 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	138 

4.6.1 	Typical 3-d SPS . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	139 

4.6.2 	Effect of film thickness on film morphology in 3-d SPS 	. . . 	. 	147 

4.6.3 	Evolution of markers in 3-d 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	168 

5 SPINODAL PHASE SEPARATION IN THIN LIQUID FILMS ON 

HETEROGENEOUS SUBSTRATES 181 

5.1 	Incorporating heterogeneity 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 182 

5.2 	Effect of deviation from the mean Patch size . . . . . . . . . . . . . . 184 

5.3 	Effect of disorder strength and its lengthscale on morphology and var- 

ious markers 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 187 

5.3.1 	Morphology 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 187 

5.3.2 	Number of defects, N . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 189 

5.3.3 	Total energy and its components 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 203 

5.3.4 	Hmin  and Hmax 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 206 

5.3.5 	Fractional flat area, Id 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 207 

5.3.6 	Fractional SPS, f p 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 208 

6 CONCLUSIONS 
	

211 

viii 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

