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ABS TRACT

MgCl2-supported Ti catalyst is usually used in commercial propylene polymerization process. Morphology 
is a key performance determination parameter for polymer resins produced by commercial olefin 

polymerization process. Higher resin flowability and bulk density (greater than 0.38 g/cm3) are demonstrated by 
‘good’ morphological resins (sphericity close to ‘1’). Polymer resin morphology is controlled by morphology of the 
catalyst used as well as polymerization conditions. The industrially accepted approaches to control polymer resin 
morphology are by controlling catalyst morphology through various approaches like pre-polymerization of the 
catalysts. Morphology of the catalyst is dependent on precursor (support) morphology and process parameters for 
making the catalyst. In this work, we have developed magnesium alkoxide precursor, a Ziegler-Natta catalyst using 
the precursor and studied its performance in gas phase propylene polymerization process. Further, morphology of 
different precursor and catalyst samples is evaluated and correlated with using a “computer vision” based approach. 
The approach involves modeling the circularity (as an analog of sphericity) of a catalyst and precursor particle. It is 
observed that the circularity of catalyst particles is lower than that of precursor, due to attrition in the process, and 
it is also reflected in the increase in the particle size distribution span from 0.83 to 1.32 while synthesis of catalyst 
from precursor. This approach provides a tool to evaluate and screen the catalysts for using in polymerization. 
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INTRODUCTION

Polymer resin with spherical morphology is ideal for 
smooth operation of gas phase polyolefin reactor due 
to good fluidization, enhanced heat and mass transfer, 
improved bulk density and improved resin flowability 
[1,2]. Non-spherical particle shows poor fluidization 
behavior as compared to that of spherical particles. For 
particles with the same volume-equivalent diameter, non-
spherical particles show lower minimum fluidization 
velocity and fluidizing coefficient [3]. 

Various parameters determine the polymer resin 

morphology e.g., catalyst morphology, polymerization 
conditions and molecular organization [4-12]. Amongst 
all these parameters, catalyst morphology is the biggest 
contributor in determining polymer resin morphology 
[13]. Other factors such as catalyst surface area, pore size 
and particle size distribution affect the rate of reactants 
transport inside the growing particle [14-16]. It also affects 
overall polymerization rate and molecular architecture 
of the polymer such as chain length distribution, 
comonomer content, etc [17-18]. Morphology of the 
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Ziegler-Natta catalyst is also dependent on precursor 
morphology and catalyst manufacturing process. Thus, 
control over final polymer particle morphology can be 
achieved by the way of tuning precursor morphology 
and catalyst manufacturing conditions. Precursor 
morphology is controlled by precursor manufacturing 
process.

Broadly, there are three main approaches for 
synthesis of magnesium dichloride supported Ziegler-
Natta catalyst i.e., ball-milling [4-6], alcohol-adduct 
[7-10] and magnesium alkoxide [11-12]. In the first 
method, magnesium chloride is used as support, it 
is mixed with internal electron donor by ball milling 
technique and is further treated with TiCl4. In the other 
two methods, morphological precursor (i.e., alcohol-
adduct and magnesium alkoxide) is reacted with TiCl4 
in presence of an internal donor, to have well-shaped 
MgCl2 supported catalyst. 

Mori et al., in 1999 reported evolution of MgCl2 
structure in supported Ziegler-Natta catalyst, and 
observed through high resolution transmission 
electron microscopy [19]. They reported the effect of 
catalyst synthesis process on MgCl2 crystal structure 
deformation. Ball milling approach was adopted for 
catalyst synthesis. Presence of an organic solvent 
during catalyst synthesis resulted into spherical catalyst 
with nearly uniform particle size distribution.

Arabi and Abedini in 2013 studied effect of reaction 
temperature and amount of titanium tetrachloride 
on the morphology of Ziegler-Natta catalyst and its  
polymerization performance [20]. They observed optimum 
catalyst activity and morphology when catalyst 
synthesis is carried out in two stages. They used 
MgCl2.C2H5OH adduct for catalyst synthesis. Spherical 
morphology of the catalyst particles was retained by 
gradual increases in reaction temperature. The reaction 
initiated at -5°C and was gradually heated to 90°C. Rapid 
increase in reaction temperature is reported to promote 
fragmentation of catalyst particles. Fragmentation leads 
to non-spherical and small size catalyst particles, with 
broader particle size distribution. Chumachenko et al., 
in 2017 studied Ziegler-Natta catalyst synthesis using 
solid Mg(OEt)2 precursor [21]. A similar observation 
i.e., breakage of initial solid Mg(OEt)2 leading to a 
broader catalyst particle size distribution, has been 
reported.

Ziegler-Natta catalyst can be represented by 
multigrain model since it is made up of many crystals 
of identical orientation. Redzic in 2016 studied 
preparation of catalysts for ethylene polymerization 
by precipitating MgCl2 by EtAlCl2, followed by 

subsequent treatment with TiCl4 [22]. Experiments were 
carried out at precipitation temperature in the range 
of 40 to 120°C.  Precipitation temperature was found 
to alter the thickness of the MgCl2 crystal size, and 
characterized by XRD. They obtained largest crystals 
at a synthesis temperature of 60°C. Smaller crystals at 
higher precipitation temperature were obtained due to 
faster reaction rate. Whereas lower crystal size can be 
elucidated by slower chlorination reaction of Mg(OR)2 
by EtAlCl2 leading to an insufficient crystal growth. 
The catalyst produced at lower temperature was having 
irregular morphology. Bigger catalyst particles with 
spherical morphology were obtained at higher catalyst 
synthesis temperatures. Reaction conditions in initial 
stages of polymerization plays key role in determining 
the polymer particle morphology. This can be overcome 
by pre-polymerization of the catalyst under milder 
conditions [23]. 

Several models have been reported over the years 
to explain the polymer particle growth mechanism. 
Solid core model, flow model and the multigrain model 
are the most popular amongst them. Polymerization 
reaction occurs on the solid catalyst according to the 
solid core model. According to the flow model, the 
growing polymer flows outward and accumulates 
outside the particle. Whereas the multigrain model 
assumes a catalyst composed of microparticles. 
Reactants diffuse inside the catalyst pores, polymerize 
on the microparticles, and form a polymer layer 
around it, leading to expansion of particle as 
polymerization progresses [24-25]. These models can 
be used for describing polymerization rate as well as 
property distributions by providing rate of initiation, 
propagation, termination, and diffusion coefficients. 
Such models are useful for revealing performance at an 
identical set of operating conditions, but it is difficult 
to extrapolate it for varied reaction conditions. Since 
morphology of a catalyst has a strong influence on 
polymerization performance, the model response varies 
for different catalyst batches, although produced under 
similar reaction conditions. This is because of variation 
in rates of intraparticle mass transfer inside varied 
morphology catalyst batches. Different particle internal 
morphologies are developed due to even small variation 
in reaction conditions over a short time, especially in 
initial stages. Predictive models need parameters tuning 
for fitting to specific set of reaction conditions [23]. 
Polymer morphology development from a catalyst is 
widely studied and reported, but studies on morphology 
replication from precursor to catalysts are rare.

Our interest in understanding the polypropylene 
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polymer using magnesium dichloride catalyst 
has led to a depth understanding of synthetic 
methodology, characteristics of magnesium dichloride 
supported catalyst process, catalyst characterization, 
polymerization process and also established correlation 
[26-28]. Our group earlier reported polypropylene resin 
flowability improvement through catalyst morphology 
[29]. Flowability of the polypropylene resin produced 
using morphological and non-morphological catalyst 
was quantified by flow time and angle of repose. 
Spherical catalyst yields polymer resin with good 
morphology, which gives better flowability. Since 
morphology data are in qualitative form, there is 
difficulty in correlations development at industrial 
scale. There are limited tools to convert qualitative 
morphology results into quantitative numbers. In 
the current studies, morphological variations from 
precursor to catalyst are quantified by computer vision 
approach.

Computer vision approach for particle morphology 
determination
Computer vision is a field of Artificial Intelligence 
(AI) applied to interpret and understand the visual 
world, with trained computers. Using digital images 
from cameras and videos, deep learning models can 
accurately identify and classify objects and react to 
what they “see”. 

Computer vision includes methods for acquiring, 
processing, analyzing, and understanding digital 
images. Understanding in this context means the 
transformation of visual images (the input to a human 
eye) into attributes from the real world that make 
sense to thought processes and can elicit appropriate 
action. This image understanding can be seen as the 
extraction of information from image data using models 
constructed with the aid of geometry, physics, statistics, 
and learning theory. The image data can take many 
forms, such as video sequences, views from multiple 
cameras, multi-dimensional data from a 3D scanner, 
etc. The discipline of computer vision is concerned 
with the theory enabling artificial systems to extract 
information from images. 

A simplified illustration of how a smiley face (image) 
may be transformed to binary form (data) prior to be 
being processed is shown below:
Some areas where Computer Vision (CV) can be 
applied
* Image processing (e.g., Image enhancement, image 

reconstruction, image-based measurements) 
* Object detection (e.g., Identify and recognize 

objects, faces, surveillance, etc.) 
* Object tracking (e.g., track a moving object – soccer 

ball, car, etc.) 
* Handwriting and signboard reading (e.g., convert 

handwritten notes into digital format, read vehicle 
number plates, etc.) 

* Search engine image search (e.g., Google Lens)

EXPERIMENTAL 

Materials
Magnesium alkoxide is used as precursor for synthesis 
of Ziegler-Natta catalyst. Catalyst was produced by 
treating it with titanium tetrachloride and diisobutyl 
phthalate internal donor in multiple steps. Precursor 
and catalysts were produced at commercial scale as per 
process described in patents [30-32]. These catalysts 
were used for gas phase propylene polymerization. 
Four different batches of precursor and catalysts 
synthesized under identical conditions were selected 
for morphological investigations.

Particle size distribution
Particle size distribution (PSD) of the precursor and 
catalysts was analyzed by CILAS-1190 instrument. 
Mineral oil was used as circulating media for analyzing 
the PSD. Catalyst slurry of desired concentration 
was prepared in mineral oil. All the samples were 
sonicated for 2 min for de-agglomeration, before 
characterization of the particle size. Distribution of 
particle size is reported at 10%, 50%, 90% of the 
population and the mean particle size is also reported.

Span of particle size distribution (Dspan) can be 
calculated as:

90 10

50

( )
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D DD
D
−

=

Figure 1. Image representation for analysis.
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Where, D10 refers to the particle size where 10% of the 
particles in that sample (by weight) are smaller, D50 
refers to the particle size where 50% of the particles 
in that sample (by weight) are smaller and D90 refers 
to the particle size where 90% of the particles in that 
sample (by weight) are smaller. 

Morphological characteristics
Scanning electron microscopy (SEM) of catalyst 
particles was performed on Inspect S (D8419) model 
make FEI instrument at an operation voltage of 10-15 
kV at magnifications of 1000 ×. Mineral oil slurried 
catalyst was washed multiple times with dry hexane 
to make it oil free, followed by drying under inert 
atmosphere. The SEM images of catalyst particles 
were then used for analysis.

Circularity distribution analysis
We have already discussed that the sphericity of 
the resin particle has a bearing on the flowability of 
the polymer resin. In this study, since we used only 
two-dimensional SEM images of particles, we have 
assumed and studied the “circularity” of particles as 
an analogous but approximated property instead of 
particle “sphericity”. 

As can be seen in Figure 2, the first step was to 
identify each particle in the SEM image uniquely 
for which contour detection techniques were used. 
Subsequently, the center of each contour was detected 
followed by enclosing the contour in a close circle. 
The ratio of area of the object to the area of the 

enclosing circle served as a metric for circularity in 
two dimensions which can be notionally assumed 
(extrapolated) as being a metric of sphericity in 
three dimensions. A computer vision technique 
called watershed method was commissioned where 
overlapping objects posed a difficulty. The computer 
vision algorithm was designed to dynamically handle 
various zoom levels, noise as well as images that were 
too large or too small which could have been outliers 
and skewed the results. A distribution of circularity 
measures was drawn up from the analysis for better 
understanding. Statistics of the circularity distribution 
were computed and compared for morphologically 
similar particles.

RESULTS AND DISCUSSION

Magnesium alkoxide precursor, Ziegler-Natta catalyst 
using it and polypropylene using resultant catalyst 
were produced at commercial scales as per process 
described in patents [30-32]. The characteristics of 
precursor, catalyst and polypropylene are mentioned 
in the following section:

Precursor, catalyst, polypropylene synthesis and 
performance
Magnesium alkoxide precursor (Pre-1) was 
synthesized as per reaction scheme mentioned below:

2y3x52
I

352 H ] )HCO()HCO([ gMHOHCy  HOHCx  gM              

2 +→++

Figure 2. Steps followed in circularity of particles analysis as indicated by arrows linking the images before and after processing.
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where, molar ratio of x and y is in the range of 10-12.
It is characterized for composition and physical 
characteristics. The results are mentioned in below 
in Table 1. It is having 76.8% alkoxy and 22.3% 
magnesium. Its narrow particle size distribution is 
indicated by span of 0.83.

Catalyst (Cat-1) synthesized using above mentioned 
magnesium alkoxide precursor by the process mentioned 
in Figure 3, was characterized for its composition and 
physical characteristics. The results are mentioned in 
Table-2. Titanium is active component of the catalyst, 
incorporated by treating magnesium alkoxide with 
titanium tetrachloride. Diisobutyl phthalate is used as 
an internal donor in the catalyst. The produced catalyst 
is having 2.9% titanium and 10.1% internal electron 
donor. Similar catalyst composition is also reported by 
Chumachenko et al., [21] while synthesizing Ziegler-
Natta catalyst at 110°C in chlorobenzene solvent. The 
internal donor (diisobutyl phthalate) and Ti content 
have been reported to vary with reaction temperature 
and solvent used.

There is broadening of particle size distribution, as 
compared to that of catalyst. This is due the change in 
morphological orientation while transition of particles 
from precursor to catalyst. It is a function of precursor 
as well as catalyst synthesis process. Our current study 

is about correlating this transition. Performance of 
the above catalyst (Cat-1) is evaluated for propylene 
polymerization in gas phase fluidized bed reactor. 
Polymerization conditions are temperature of 68-70°C 
and pressure of 32 kg/cm2. Triethyl aluminum is used 
as a co-catalyst and cyclo-hexyl-methyl-dimethoxy-
silane based external electron donor is used as a 
selectivity control agent.

The catalyst shows activity of 14.5 kg.PP/g.cat 
for propylene polymerization. Catalyst productivity 
is a function of catalyst characteristics as well as 
polymerization conditions like temperature, pressure, 
polymer residence time, etc. The resultant polymer 
with a stereoregularity of 96.8% was characterized 
as xylene insoluble fraction. It was controlled by the 
way of adding selectivity control agent. The melt 
flow index (MFI), which is an indication of molecular 
weight was characterized at 230°C temperature and 
2.16 kg load. The synthesized polypropylene showed 
an MFI of 10.6g/10min. Hydrogen was used as a 
chain terminating agent. The MFI of polymer was 
controlled by its concentration in a reactor. The data 
in above table shows increase in MFI with increase in 
hydrogen concentration in the reactor, due to enhanced 
chain termination rate. Isotactic index increases with 
increase in external donor concentration (reduction in 

Table 1. Composition and characteristics of precursor.

Composition Particle Size Distribution

Alkoxy content (Wt.%) Mg content (Wt.%) D10, (Micron) D50, (Micron) D90, (Micron) Dmean (Micron) Dspan

76.8 22.3 16 24 36 25 0.83

Figure 3. Process flow diagram for catalyst synthesis.

Composition Particle Size Distribution

Ti (Wt.%) Mg (Wt.%) Cl (Wt.%) DIBP (Wt.%) D10, (Micron) D50, (Micron) D90, (Micron) Dmean (Micron) Dspan

2.9 17.6 59.6 10.1 5 25 38 24 1.32

Table 2. Composition and characteristics of catalyst.
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Al/D ratio). External donor blocks atactic sites, but 
some of the isotactic sites also gets blocked at higher 
concentration. It results into reduction in catalyst 
activity, as can be seen in above table. Isotactic 
index and catalyst activity are inversely related. The 
polymer resin showed an average particle size of 
560 microns and a tapped bulk density of 0.39g/cc. 
Polypropylene resin bulk density is one of the critical 
performance parameters in gas phase polymerization 
process. It governs the throughput of reactor and is 
strong function of catalyst particle size distribution.   

Precursor to catalyst correlation development
The magnesium alkoxide precursor, the Ziegler-Natta 
catalyst, and the polymers that use it are produced on a 

commercial scale. Four batches of respective precursors 
and catalysts are chosen for studies on morphology 
correlation while transition from precursor to catalyst. 
Understanding morphology replication from precursor 
to catalyst is attempted through evaluation of particle 
size distribution, circularity distribution and statistical 
analysis of data, and are mentioned in the following 
section.

Particle size and its distribution
Particle size of precursor, catalyst, and quantification 
of its distribution at 10%, 50%, 90% of mass, average 
particle size and span of particle size distribution are 
revealed in Figure 4. The catalyst particle size (Dmean, 
D50 and D90), and Dspan are higher than that of precursor, 
which is consistent with the results of Taniike et al., 
(2013) [33]. Particle size distribution of precursor 
and catalyst follows similar pattern in all the four set 
of experiments. Distribution of catalyst particle size 
broadens as compared to that of precursor, as can be 
seen from increase in Dspan. The broadening of particle 
size is due to fragmentation and agglomeration in 

Table 3. Propylene polymerization performance.

 Al/D,
 Molar
Ratio

 Isotactic
 Index
(Wt.%)

 H2/C3,
 Molar
Ratio

 MFI
 (g/10
min)

 Activity
 (kg PP/g

cat)
2.5
2.8
2.7

97.0
96.9
96.5

0.006
0.013
0.014

3.3
10.1
11.5

15.4
15.8
16.4

Figure 4. Particle size distribution of precursor and catalyst.

   (a)            (b)

   (c)            (d)
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catalyst synthesis process. Increase in particle size (i.e., 
D50 and D90) is due to formation of (MgCl2)n(TiCl4)m 
(DIBP)o complex and also agglomeration [34].

Decrease in D10 is due to fragmentation of precursor 
and could be due to exothermicity of the reaction, 
as well as shear induced in catalyst manufacturing 
process [35]. Extent of variation in D90 and Dspan in 
Example 4 is higher, signifying more agglomeration. 
On the other-hand Example-3 shows smaller variation. 
Similar results are also reported by Klaue et al., [36]. 
They reported increased catalyst fragmentation at 
enhanced shear in catalyst manufacturing process, as 
can be seen from increased polymer to catalyst particle 
size ratio.

Morphology determination of precursor, catalyst, and 
polymer
Figure 5 shows particle morphology of precursor, 
catalyst, and polymer. Precursor particles are found 
to have near to spherical morphology, distinctly 
separated particles from each other and contains no 
agglomerates or fines. Visually, the catalyst produced 
using these precursors also shows spherical shape 
particles, with marginally higher size. But there are 
some small particles (fines) around catalyst, indicating 
fragmentation while catalyst synthesis. This is also 
confirmed by reduction in catalyst particle size at 10% 
population (i.e., D10) compared to precursor. Extent 

of fragmentation and agglomeration in catalyst is 
more in case of Example-4, same is also confirmed 
by increase in Dspan to 1.41. Similar observations are 
also reported by Zohuri et al., [37-38] for the synthesis 
of SiO2/MgCl2 catalyst for synthesizing of ultra-high 
molecular weight polyethylene. They investigated 
morphology of these catalysts by SEM and observed 
broken particles in the catalyst. The spherical 
morphology of the support was deteriorated during 
the catalyst preparation due to strenuous reaction 
between the supports in reaction conditions. Jamjah 
et al., [39] reported synthesis of MgCl2.nEtOH adduct 
(precursor) through emulsion process, supported TiCl4 
catalyst using it for ethylene polymerization. They 
evaluated morphology through SEM, and reported 
morphology replication from precursor to catalyst, but 
this process is different from the one adopted in the 
current studies.

The impact of catalyst fragmentation and 
agglomeration is clearly visiblfe on the polymer 
morphology. It is lesser in case of Example-2, as 
can be seen from closer catalyst particle size at 10%, 
50% and 90% population (i.e., D10, D50 and D90) 
compared to precursor. The polymer produced using 
catalyst of Example-2 shows spherical morphology 
resin. Whereas few flakes like polymer morphology 
particles are observed in case of Example-1, 3 and 4, 
which is the result of agglomerated catalyst particles. 

Figure 5. Morphology of precursor and catalyst by SEM.
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This agglomeration is indicated by increase in catalyst 
particle size at 90% population (i.e., D90) compared to 
precursor. Munoz-Escalona et al., [40] reported similar 
observation of replication of polymer morphology 
to that of catalyst. They observed improvement in 
morphology after grinding of the catalyst, due to 
deagglomeration. It resulted into morphological 
polymer, as compared to that of non-grinded catalyst.

Circularity of precursor and catalyst batches
Morphology of the precursor and catalyst particle 
can be determined from two-dimensional shape by 
circularity analysis, where we assume circularity to be 
an analogous metric of sphericity in three dimensions. 
Although we realize that this is a severe simplifying 
approximation which in reality would not be true, 
our objective here is to examine the usefulness of 
circularity as a metric for studying particles. Since 
this is statistical investigation, correctness of the 
results depends on sample size. For more accuracy, 
the maximum number of samples should be selected.
If an enclosing or circumscribing circle that just touches 
the outermost edges of the particle is drawn from the 
center of each catalyst particle as shown in Figure 
6 for Example 1 (Catalyst), the ratio of area of the 
precursor/catalyst particle to the area of the enclosing 
circle is calculated and reported as circularity. Figure 
6 also shows a sample image of particle overlaid with 
a rectangular grid. The circularity computed from 
the computer vision program for specific particles 
was compared with circularity that can be manually 

computed by counting the individual grid block areas 
that are covered by particular matter (in the image) 
and suitably approximating the boundaries where 
the grid block is partially covered by particulate 
matter. The grid block areas thus counted and added 
can then be divided by the enclosing circle area to 
obtain a manually determined circularity value, that 
is compared with the machine determined circularity 
value for validation. Table 4 shows this comparison 
for selected particles from the image.

Statistics of the circularity distribution in terms of 
median circularity is shown in Figure 7. 

As can be seen from Figure 7, the median circularity 
of the precursor is found to be consistently higher, in 
the range of 0.7±0.03. The median circularity of the 
catalyst is found to be lower than that of respective 
precursors in case of all the batches. These observations 
are in line with visual observations of the particles 
(from Figure 5) and from our experience as well we 
note that the precursor particles consistently display 
a more spherical morphology as compared to catalyst 
particles at a preliminary level, these results show the 
possibility of developing circularity distributions as 
a useful quality parameter to characterize sphericity 
of catalyst particles produced. Our observations are 
also in line with Taniike et al., in 2013, who reported 
decrease in circularity in catalyst as compared to 

Figure 6. Circularity of selected particles from image 
(Example 1/catalyst) overlaid with a rectangular grid.

Table 4. Circularity of selected particles from Figure 6 
determined manually and by program.

 Particle No. in
Figure 6

Particle Circularity

Manual  Computer Vision
based Tool

8
9
12
16
18

0.768
0.729
0.728
0.593
0.479

0.760
0.790
0.747
0.638
0.500

Figure 7. Median circularity of precursor and catalyst.
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precursor [40]. The decrease in morphology during the 
transfer of particles from the precursor to the catalyst 
may be due to the aggregation conditions (i.e. higher 
reaction rate, shear inside the reactor and shear during 
the transfer of the catalyst from one vessel to another 
vessel) in the catalyst synthesis process. Further 
studies are planned to verify these observations.

Figure 8 shows circularity distribution of the 
precursor and catalysts, wherein the frequency of 
occurrence is plotted against circularity distribution. 
The circularity distribution curve of catalyst shifts 
to left side of the X axis in the Figure, indicating 
deterioration of morphology towards lower values 
of (less perfect) circularity as compared to that of the 
distribution curve for the corresponding precursor. 
The extent of variation in catalyst circularity is higher, 
which may be due to batch-to-batch variation in process 
conditions. Circularity analysis through computer 
vision approach gives a useful approximation to study 
SEM images and the circularity can be regarded as 
a first approximation to the particle sphericity. The 
circularity changes as detected by the computer vision 
technique can be used as a basis to quantify in future the 

replication of morphology from precursor to catalyst 
and screen the batches for using in polymerization.

CONCLUSION

A complete process from precursor and Ziegler 
Natta catalyst from developed precursor is studied. 
This catalyst used propylene polymerization through 
gas phase process, and the effect of polymerization 
conditions on polymer characteristics was evaluated. 
Morphology variation studies are carried out upon 
transitioning precursor to catalyst. Precursor and 
catalyst morphology was characterized through SEM 
at similar resolution level. A simplified approximation 
of sphericity (3-dimensional) to that of circularity 
(2-dimensional) is assumed in this study. Computer 
vision approach is used for converting qualitative data 
(i.e., morphology) to the quantitative number (i.e., 
circularity). Also, particle size distribution variation 
studies are carried out to endorse the observations.
Particle size distribution studies shows that there 
is a reduction in D10 and an increase in D90 in 

Figure 8. Circularity distribution of precursor and catalyst.

   (a)            (b)

   (c)            (d)
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catalyst synthesis process. It is due to fragmentation 
and agglomeration of catalyst particles. Particle 
fragmentation and agglomeration can also be observed 
from the changes in morphology. The synthesized 
catalyst showed a reduction in circularity, which was 
correlated with its morphology. These studies show 
that circularity can provide a quantitative reflection on 
morphology. 

The quantification of morphology and its correlation 
with process parameters in the manufacturing process 
is important. Thus, computer vision-based tool can 
become important in the quantification and correlations 
development, as well as screening catalyst batches for 
commercial usage.
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