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abStract

Halite crystal growth was conducted within a polydimethylsiloxane (PDMS) microfluidic device 
to understand the mineral deposition behavior in a confined environment as well as the properties 
and evolution of the crystallization pressure. Supersaturation was induced by cooling a NaCl solution 
from 35 to 25 °C, and time-lapse images of halite crystal growth in the PDMS channel were collected. 
Halite crystal growth caused the PDMS to deform when the crystal faces reached the PDMS channel 
walls. The interface between the halite crystal and the channel wall changed over time and showed 
non-equilibrium behavior. Deformation of the PDMS wall was evident from the photoelastic effect 
within the PDMS material. The crystallization pressure in the laboratory experiments was quantitatively 
evaluated through numerical models of microscopic PDMS deformation due to halite crystal growth. 
Halite indentation observed in the laboratory experiments was reproduced in the model based on the 
retardance observed by the photoelastic effects of the PDMS. The crystallization pressure, defined 
as the normal stress acting to the PDMS wall surface from the halite crystal, was inhomogeneously 
distributed along the interface, with a maximum value of 2.0 MPa at the crystal corner. PDMS 
microfluidic devices are useful for understanding the behavior of mineral precipitation in confined 
environments. Deformation analysis of the photoelastic stress, along with numerical modeling, may 
be used to examine the nature of the crystallization pressure and to shed light on the mechanism of 
deformation due to the crystallization pressure.
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introduction

The mechanical interaction between a crystallizing mineral 
and the boundaries of a confined environment produce a crys-
tallization pressure. Crystallization pressure is a major cause 
of damage to structures made from porous materials, such as 
concrete and sedimentary rocks, because salts that precipitate in 
the pores exert a tensile stress that exceeds the tensile strength of 
the host material (Winkler and Singer 1972; Zehnder and Arnold 
1989; Scherer 1999; Flatt 2002; Steiger 2005). Mineral growth 
in confined environments is widespread in the Earth’s crust. 
Crystallization pressures significantly influence the textural 
characteristics of rocks, mass transport in subsurfaces, and rock 
deformation (Taber 1916a; Fletcher and Merino 2001; Means 
and Li 2001; Wiltschko and Morse 2001; Noiriel et al. 2010).

Crystallization pressure has been studied experimentally for 
many years (e.g., Taber 1916b; Means and Li 2001; Flatt et al. 
2007). The mechanism by which salt deteriorates a porous host 
structure has been investigated through laboratory experiments 
of salt precipitation in porous media, which demonstrated the 
bursting, dilation, and fracturing of porous materials due to 
crystallization pressures, indicating the development of crystal-
lization pressures strong enough to rupture the materials (La 
Iglesia et al. 1997; Flatt et al. 2007; Ruedrich and Siegesmund 
2007; Steiger and Asmussen 2008; Noiriel et al. 2010). The 

manner of crystal growth has been also studied to infer potential 
damaging process of crystallization in a confined environment 
(Taber 1916b; Zehnder and Arnold 1989; Rodriguez-Navarro 
and Doehne 1999). However, it has not been well demonstrated 
how crystals growing in a confining environment mechanically 
interact with the surroundings. Crystal growth occurs within 
microscopic spaces in a material, meaning that mechanical inter-
actions essentially develop on the scale of individual grains. An 
understanding of the deterioration mechanism of crystal growth 
requires direct quantitative observations of the crystallization 
pressure exerted by crystals growing in a confined environment.

In this paper, we report experimental evidence for the forma-
tion of crystallization pressure through in situ observations of 
halite crystals growing in a microfluidic channel. Time-lapse 
images of halite crystal growth were collected to investigate 
halite crystal precipitation in a polydimethylsiloxane (PDMS) 
channel and the mechanical interaction that produced crystal-
lization pressure. Stress in the surroundings caused by crystal 
growth was quantitatively determined on the microscopic scale 
for the first time.

methodology

Halite crystal growth experiments using a PDMS 
microfluidic device

Halite crystal growth in a confined environment was investigated using a 
microfluidic device comprising a single flow line formed by a transparent fluid 
channel in a PDMS microfluidic device on a glass substrate, two syringes as fluid * E-mail: ksekine@ifs.tohoku.ac.jp


