
Sintering of micrometer-sized water-ice particles

Bastian Gundlach (1) and Judy Ratte (1) and Jürgen Blum (1) and Joachim Oesert (2) and Stanislav N. Gorb (2)

(1) Institut für Geophysik und extraterrestrische Physik, Technische Universität Braunschweig
(2) Zoologisches Institut, Christian-Albrechts-Universität zu Kiel

Abstract
Inside granular materials, the sinter process leads to
the growth of a neck between connected particles
and, therewith, to an increase of macroscopic physi-
cal properties, such as the mechanical strength, or the
thermal conductivity of the granular packing. Here,
we report on novel experiments conducted to investi-
gate the sinter process of micrometer-sized water-ice
particles. Based on the experimental results, we de-
veloped a model that is capable to describe the sinter
process of granular materials. This model can be used
to study icy surfaces of Solar System bodies, such as
comets, or icy satellites.

1 Introduction
Sintering is a process that transports material from par-
ticles in contact into their neck region. This mass
transport is mainly driven by the temperature of the
material and by the need of the system to minimize
its surface energy. The transport of mass into the
neck region leads to an increase of the neck area and,
therewith, to an increase of the bonding strength (ten-
sile strength, compressive strength) and of the thermal
conductivity of granular materials.

In the context of particle sintering, six material
transport mechanisms are known [1]. For water ice un-
der astrophysical conditions (low pressures and tem-
peratures), the vapor transport process, driven by the
sublimation of water-ice molecules from the surface
of the particles and recondensation of these molecules
inside the neck region, is the dominant mechanism
[1, 3, 5].

The understanding of the sinter process of small
(micrometer-sized) water-ice particles is important to
predict the thermal evolution of icy regolith on the sur-
faces of Solar System objects. Modelling of the sinter
process in the context of cometary activity has been
carried out [3, 4], but no experiments have ever been
performed to study sintering of water-ice under realis-

tic astrophysical conditions.
Fortunately, technical improvements of the cryo-

genic scanning-electron microscope technique (cryo-
SEM) in the past years provides the possibility to study
the sinter process in-situ between micrometer-sized
water-ice particles.

2 The experiments

The experiments were conducted by observing the
neck areas between micrometer-sized water-ice par-
ticles with a cryo-SEM (see Fig. 1). The parti-
cles were produced by spraying water particles with
a pressurized-air driven droplet dispenser directly into
liquid nitrogen [2]. After that, the ice particles were
transferred into the pre-cooled microscope. Images
were taken during the experiment runs to observe the
degree of thermal alteration of the ice sample at differ-
ent temperatures.

The images were analyzed with respect to particle
size and sinter-neck size. At the beginning, the sinter

Figure 1: Example of a granular ice sample observed
with the cryo-SEM. The acquired images were used to
derive the temporal evolution of the sinter neck radii
at different (constant) temperatures.
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Figure 2: Temporal sinter neck evolution. The pluses
are showing the experimental results and the dashed
curve visualizes the result of the sinter model. The
temperature of the ice samples was 163 K. The bot-
tom panel shows the residuals between measured and
modelled data. The gray region around zero denotes
one standard deviation error of the measurements.

Figure 3: Schematic visualization of the different pro-
cesses important for the sinter neck evolution of two
particles in contact.

process leads to the formation of a neck between the
particles (see Fig. 2). However, the formation of the
sinter neck is accompanied by mass loss of the par-
ticles in contact due to sublimation, with the conse-
quence that the mass transport efficiency decreases. At
later stages, the sinter neck shrinks, because sublima-
tion removes more molecules than replenished by the
mass transfer.

3 The sinter model
The sinter model developed in the framework of this
project is based on three main concepts (see Fig. 3):
1) the mass transport from the particles to the neck re-

gion leads to the formation and growth of the sinter
neck (classically known as sinter process), 2) subli-
mation leads to shrinkage of the particles in contact,
which decrease the effectiveness of the mass transport
into the neck region, and 3) the neck area also loses
mass due to sublimation. These three concepts define
the basis of the developed sinter model (details can be
found in our upcoming paper; Gundlach et al., submit-
ted to MNRAS).

4 Results and Conclusions
Advances in the cryo-SEM technology enabled the
possibility to study the sinter process between
micrometer-sized water-ice particles. Based on the
obtained experimental results, we developed a sinter
model that takes, not only the importance of the mass
transfer, but also of the sublimation process, into ac-
count. This model can be used to study the thermal
evolution of icy Solar System objects, such as comets,
or icy satellites. Details of the model results will be
presented during the EPSC 2018 in Berlin.
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