
Accepted Manuscript

Simulations of the dynamic deposition of colloidal particles from a volatile ses-
sile drop

Anna Zigelman, Ofer Manor

PII: S0021-9797(18)30439-9
DOI: https://doi.org/10.1016/j.jcis.2018.04.054
Reference: YJCIS 23519

To appear in: Journal of Colloid and Interface Science

Received Date: 14 February 2018
Revised Date: 10 April 2018
Accepted Date: 12 April 2018

Please cite this article as: A. Zigelman, O. Manor, Simulations of the dynamic deposition of colloidal particles from
a volatile sessile drop, Journal of Colloid and Interface Science (2018), doi: https://doi.org/10.1016/j.jcis.
2018.04.054

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jcis.2018.04.054
https://doi.org/10.1016/j.jcis.2018.04.054
https://doi.org/10.1016/j.jcis.2018.04.054


  

Simulations of the dynamic deposition of colloidal particles from a volatile
sessile drop

Anna Zigelman and Ofer Manora

aWolfson Department of Chemical Engineering, Technion-Israel Institute of Technology, Haifa, Israel 32000. E-mail:
manoro@tx.technion.ac.il

Abstract

Hypothesis
The deposition of particles from a volatile liquid drop atop a substrate is primarily governed by the ad-
vection and diffusion of the particles in the liquid. Colloidal particles may further coagulate and adsorb
to the substrate during the deposition process. The external geometry and the internal composition of the
particulate deposit are then determined by an interplay between these four mechanisms.

Simulation
We simulate the process of deposition by solving the governing transport equations. We explore the interplay
between the different mechanisms mentioned above. In particular, we study the contribution of the diffusion
of colloidal particles and aggregates to the morphology of the deposit, which was neglected in a previous
study.

Findings
The rates of diffusion and coagulation of each specific aggregate are dependent on its size. Hence, the
transport equation uniquely correlates to each population of aggregates. The overall transport problem,
alongside the rates of particle and aggregate adsorption and liquid evaporation, determines the geometry
of the deposit. Moreover, the local rate of particle coagulation determines the internal composition of the
different aggregate populations in the deposit. Our results appear to be in qualitative agreement with
previous experimental findings.
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1. Introduction

Deposits of colloidal particles from a drop of
volatile carrier liquid appear in different qualitative
shapes. The main mechanisms, contributing to the
shape of the deposits, are associated with the flow
in the drop which is caused by the volatility of the
carrier liquid. The flow advects the particles toward
the edge of the drop [1–3], opposing the particle dif-
fusive flux that regulates variations in the particle
concentration. Here we use simulation to examine
the deposition of colloidal particles that may fur-
ther coagulate and adsorb to the substrate.

There are several studies on the contributions
to the shape of the deposit from particle coagula-
tion and particle adsorption onto the substrate or
onto the free liquid surface by using different meth-
ods to alter surface forces in volatile suspensions.

More specifically, Bhardwaj et. al., [4], Dugyala
and Basavaraj [5], Moraila-Mart́ınez et. al., [6],
and Maŕın et. al., [7] studied the connection be-
tween the pH of colloidal suspensions in a volatile
liquid, and thus the connection between the zeta
potentials on particles and on the substrate, and
the shape of the deposit. Anyfantakis et. al., [8]
employed charged surface active species to alter the
zeta potential of the particles and hence the shape
of the deposit. Moreover, Nguyen et. al., [9] and
Kuncicky and Velev [10] varied the electrical dou-
ble layer forces in colloidal suspensions by adding
electrolytes. Bhardwaj et. al., [4] and Crivoi and
Duan [11, 12] further employed theoretical models
to study the contributions to the shape of the de-
posit from surface forces and particle aggregation
in volatile suspensions.

Accounting for the volatility of the liquid, that
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