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2-D sizing of sodium oxalate crystals by automated optical image analysis
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a b s t r a c t

A new automated static optical image analysis (SOIA) method was developed for characterising the shape
of sodium oxalate crystals by separately measuring their length and width. The automated size analysis
combines crystal image acquisitioning with a custom-developed numerical algorithm for morphological
analysis of crystals. The automation of the two main measuring steps enables characterisation of a large
number of crystals ensuring statistically meaningful results. As part of the numerical algorithm, a
rectangularity-based morphological filter was implemented to eliminate overlapping crystals and crystal
networks. The developed optical sizing technique has a low detection limit of 0.25 lm, which is close to
the theoretical resolution of optical microscopy. It is demonstrated that the new automated SOIA sizing
technique is very sensitive in identifying oxalate crystals of different shape. The measured crystal size
distributions are compared to those obtained by an AccuSizer sizing instrument to confirm that they
are consistent with the measurements obtained by a conventional crystal sizing instrument.
Crown Copyright � 2012 The Society of Powder Technology Japan. Published by Elsevier B.V. All rights

reserved.

1. Introduction

In alumina refineries around the world, sodium oxalate emerges
as a common impurity that needs to be appropriately managed to
ensure efficient and stable operation of the Bayer process. Com-
monly, 5–10% of the organic carbon, which mostly enters Bayer
process liquors in the form of humic substances [1], decomposes
to sodium oxalate during the digestion stage [2,3]. When dissolved,
sodium oxalate has no significant effect on precipitation yield or
product quality [4]. However, through recycling of Bayer liquor
the oxalate liquor concentration builds up resulting ultimately in
precipitation of solid phase oxalate (SPO), which does affect the
process in an undesirable manner [5]. Alcoa’s nine refineries alone,
for example, produce nearly 200 metric tonnes of SPO each day [6].
Sodium oxalate crystals in the Bayer precipitation circuit com-
monly exhibit an elongated needle-like shape as a result of differ-
ent crystal growth rates of various oxalate crystal faces [7]. To
enable an effective control of SPO in the Bayer process, it is essen-
tial to have available an accurate and efficient technique for char-
acterisation of the size and shape of sodium oxalate crystals.

Measuring oxalate particle size by traditional methods, such as
laser light scattering Malvern Multisizer or AccuSizer instruments,
only provides information on the diameter of an equivalent sphere.
Due to the irregular shape of SPO crystals, this information is insuf-
ficient, as it does not provide information about the crystal geom-

etry. A 2-D sizing method, at least, is required in order to
characterise crystal aspect ratio, and crystal length and width.

A 2-D technique for measuring crystal size was applied previ-
ously by Wang et al. [8] using an optical-microscopy in situ dy-
namic image analysis approach. This method, which is also
described by ISO 13322-2:2006 standard [9], is mostly suitable
for measurements in very dilute crystallisation systems with con-
sistent and stable background. In addition, the in situ 2-D imaging
suffers from problems associated with the random orientation of
irregular crystals in a 3-D space [10]. This can significantly distort
actual dimensions of needle-like suspended crystals. To avoid
some of these issues, a 3-D in-line digital holographic microscopy
was developed for crystal characterisation [11,12]. However, this
method is restricted by a minimum size limit of 4–10 lm due to
the holographic diffraction effects becoming prominent at that
crystal size. Although potentially very powerful, this technique is
currently not suitable for measuring a large number of crystals,
as required in the case of SPO.

To overcome some of the restrictions mentioned above, a new
automated static optical image analysis (SOIA) based sizing tech-
nique for measuring a 2-D size of individual oxalate crystals was
developed. The novel crystal sizing technique, which is based on
the analysis of optical microscopy images of oxalate crystals, has
a low detection limit of 0.25 lm, which is close to the theoretical
resolution of optical microscopy. The automated SOIA technique
combines acquisitioning of optical images with a numerical
algorithm for the morphological analysis of crystal images. The
automation of the two main steps, image acquisitioning and image
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