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INTRODUCTION
In Ziegler-Natta catalyzed olefin polymerization, poly-
mer morphology is one of major concerns in plant 
production efficiency. For instance, polymer with nar-
row particle size distribution and high bulk density can 
enhance the production throughput, while inappropri-
ate morphology can cause transportation and plugging 
problems [1]. It is widely accepted that the morphology 
of polymer replicates that of catalyst particles [2]. 

Polymer is generated at active sites located inside 
catalyst pores and accumulates hydraulic pressure, 
leading to particle fragmentation and exposure of new 

active sites. This process repeatedly proceeds in cata-
lyst particles to yield polymer particles that imitate the 
catalyst morphology. To achieve well-controlled poly-
mer morphology, intensive consideration must be paid 
on the catalyst design. 

Nowadays, a variety of techniques have been estab-
lished to control the morphology of Zielger-Natta cata-
lysts, whose details depend on employed precursors. 
For instance, if adduct solution of MgCl2 and ethanol 
is used, the solidification into desired morphology is 
done either by quenching after forming emulsion in in-
ert solvent [3] or spray drying [4] prior to contacting 
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with TiCl4. In the cases of adduct solution of MgCl2 
and longer alcohol (such as 2-ethyl-1-hexanol)[5] and 
solution of magnesium-titanium alkoxide complex 
[6], the solidification is often done by reaction-in-
duced precipitation using TiCl4 or other halogenating 
reagents, in which the morphology is tunable main-
ly through the reaction rate and shear force. When a 
pre-formed solid precursor is used, the solidification 
that is an essential step to obtain good particle mor-
phology can be omitted, giving rise to a production 
advantage in terms of the ease of morphology con-
trol. Mg(OEt)2 powder with spherical morphology 
is frequently selected owning to relatively high and 
stable activity of resultant catalysts. The morphology 
of catalysts is known to duplicate the morphology of 
Mg(OEt)2 as long as the pre-formed precursor is not 
fragile [7]. Thus, achieving well-controlled morphol-
ogy of Mg(OEt)2 with sufficient particle strength is an 
essential step for the production of Mg(OEt)2-based 
Ziegler-Natta catalysts.

Generally, Mg(OEt)2 is synthesized from the reac-
tion of metallic Mg and ethanol in the presence of 
a halide initiator. The control of particle morphol-
ogy is done by optimizing synthesis conditions in an 
empirical way with prerequisites of narrow particle 
size distribution, no fine particles, sufficient particle 
strength and high circularity degree. It was reported 
that kinetics of the reaction is crucial in controlling the 
particle morphology, in which too fast kinetics tends 
to cause particle breakage and fine generation [8]. To 
control kinetics using Mg with an appropriate size [8], 
stepwise heating [9] or gradual addition of precur-
sors [10-12] is a typical way to refine the particle size 
and particle size distribution. The presence of organic 
halide or alkaline earth metal halide produced irregu-
lar particles, while I2 and magnesium halides yielded 
spherical particles [13, 14]. According to Tanase et 
al., I2 increases the solubility of Mg(OEt)2 by forming 
quasi-stable complex before precipitating into plate-
like building units [13]. These building units further 
grow and aggregate in a hierarchical manner to form 
spherical macro-particles. Minor presence of certain 
alcohols (in addition to ethanol) can alter the shape 
of building units from usual plate-like to rod-like or 
irregular shape, affecting the sphericity of resultant 
macro-particles [15, 16].The particle size distribution 
and sphericity of Mg(OEt)2 are also influenced by the 
morphology of Mg, in which plate-like Mg morphol-
ogy leads to more spherical Mg(OEt)2 particles [7]. 

Likewise, many ways have been empirically devel-
oped to control the morphology of Mg(OEt)2 particles, 
while systematic understanding is still lacking on the 
origin of the particle morphology in the synthesis of 
Mg(OEt)2: The majority of researchers examined the 
influences of certain parameters by observing the mor-
phology of final particles without paying attention on 
how particles are formed and shaped in the synthesis. 

In this study, the morphological development of 
Mg(OEt)2 particles and building units was observed 
in the course of the reaction and the influence of Mg 
sources was studied in detail on the morphological de-
velopment. It was found that Mg(OEt)2 particles were 
formed through i) seed generation on surfaces of Mg, 
ii) isolation of growing seeds as separate macro-par-
ticles, and iii) further growth with the increase of the 
sphericity. The Mg sources affected the reaction rate, 
by which the growth and isolation processes were sig-
nificantly altered. Especially, slower reaction enabled 
the continuous growth of both macro-particles and 
crystals of Mg(OEt)2. Structural characteristics and 
ethylene/1-hexene copolymerization performance of 
resultant Ziegler-Natta catalysts were also studied.

EXPERIMENTAL

Materials
Ethanol (purity > 99.5%) was purchased from Wako 

Pure Chemical Industries Ltd. and dried over 3Å mo-
lecular sieves with N2 bubbling for 2 h prior to use. 
Two types of Mg sources, denoted as MgA and MgB, 
were donated from Yuki Gousei Kogyo Co., Ltd. and 
obtained from Merck Co., Ltd., respectively. The par-
ticle size and particle size distribution from light scat-
tering measurement were 87.8 µm and 1.48 for MgA 
and 278.0 µm and 0.98 for MgB. Iodine (I2, purity > 
99%) was used as an initiator in the Mg(OEt)2 syn-
thesis. Titanium tetrachloride (TiCl4, purity > 99%) 
and di-n-butylphthalate (DnBP, purity > 98%) were 
used without further purification. n-Heptane (purity 
> 99.5%), toluene (purity > 99.5%) and 1-hexene 
(purity > 97%) were dried over 4Å molecular sieves 
with N2 bubbling for 2 h prior to use. Triethylalu-
minium (TEA) used as an activator for polymeriza-
tion was supplied from Tosoh Finechem Co. Ethylene 
of polymerization grade was donated from Sumitomo 
Chemical Co., Ltd. 
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Mg(OEt)2 synthesis
Mg(OEt)2 was prepared based on a patent [10] in a 
500 mL jacket-type glass reactor equipped with a me-
chanical stirrer. After sufficient N2 replacement, the 
reactor was heated to 75 °C. The amount of 0.67 g of 
flake I2 and 32.0 mL of ethanol were added into the 
reactor. The mixture was stirred at 180 rpm for 10 min 
to assure the complete dissolution of I2. Then, 2.5 g of 
Mg and 32.0 mL of ethanol were introduced for nine 
times at an interval time of 10 min. After the last addi-
tion, the mixture was kept stirring for the desired ag-
ing time. The resultant solid was washed with 190 mL 
of ethanol twice before drying in a rotary evaporator. 

The morphological development of Mg(OEt)2 par-
ticles was tracked by collecting samples according to 
the sampling scheme in Scheme 1. 10.0 mL of suspen-
sion was taken from the reactor, and then immediately 
quenched in 20.0 mL of heptane at 5 °C before dry-
ing in vacuo. The samples were denoted as A (or B)-
MGE010-320, in which the numeric value indicates 
the residence time of samples in the reactor while A or 
B indicates the Mg source. 

Catalyst synthesis
Mg(OEt)2-based Ziegler-Natta catalysts were pre-
pared based on a patent [17] in a 500 mL three-neck 
round bottom flask equipped with a mechanical stirrer 
rotating at 180 rpm under N2 atmosphere. The amount 
of 15.0 g of Mg(OEt)2 and 150 mL of toluene were 
added into the flask under N2 atmosphere. TiCl4 (30.0 
mL) was tardily dropped, where the temperature was 
kept at 3-5 °C. Followed by the gradual increase of 
temperature to 90 °C, 4.5 mL of DnBP was added. 
Thereafter, the reaction mixture was heated to 110 °C 
and stirred for 2 h. The product was washed with 150 
mL of toluene twice at 90 °C and further treated with 
30.0 mL of TiCl4 in 150 mL of toluene at 110 °C for 
2 h. Finally, the product was repetitively washed with 
heptane at 70 °C and at room temperature to obtain 
the final catalysts. Two catalyst samples, denoted as 
A-CAT200 and B-CAT200, were prepared from the 
corresponding Mg(OEt)2 samples. 

Copolymerization
Copolymerization of ethylene with 1-hexene was per-
formed in a 1 L autoclave equipped with a mechani-
cal stirrer rotating at 750 rpm. First 500 mL of hep-
tane and 30.0 mL of 1-hexene were introduced into 
the reactor under N2 atmosphere. 1.0 mmol of TEA 

was added into the reactor, and then the solution was 
saturated with 0.8 MPa of ethylene at 70 °C. Then 15 
mg of a catalyst was fed into the reactor to initiate the 
reaction. The copolymerization was conducted for 30 
min at 70 °C and 0.8 MPa with the continuous feed of 
ethylene. Finally, the monomer was vented off and the 
polymer was collected and dried at 60 °C for 6 h. 

Characterization
The particle morphology of Mg(OEt)2 and catalyst 
samples was observed by scanning electron micros-
copy (SEM, Hitachi S-4100) at an accelerate voltage 
of 20 kV. The samples were prepared under N2 atmo-
sphere, and then subjected to Pt-Pd sputtering for 60 s 

Scheme 1. Mg(OEt)2 synthesis and sampling procedure, 
where the numeric values after “MGE” refer to residence 
time (min) in the reactor. 
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before the measurement. The particle morphology in 
SEM micrographs was quantified using an image pro-
cessing software [7]. The relative span factor (RSF) 
and the circularity were respectively calculated based 
on Equations (1) and (2), 

Relative span factor = 90 10

50

D D
D
−

     (1)

Circularity degree = 2

4
( )

× ×area
boundary length

π
  (2)

where, D10, D50, and D90 correspond to the cumulative 
number-based particle sizes at 10%, 50%, and 90%, 
respectively. The area and boundary length for a two-
dimensionally projected particle were determined over 
500 particles. The crystal structure of Mg(OEt)2 was 
analyzed by X-ray powder diffraction (XRD, Smart 
Lab., RIGAKU) using CuKα radiation at 40 kV and 
30 mA. The measurement was performed based on a 
stepwise scanning in the range of 6-14 degree with the 
step of 0.1 degree per 30 s. A sample was loaded onto 
a glass holder under N2 atmosphere, and then covered 
by a Mylar film to prevent the contact with moisture. 
The crystal size was estimated based on the Scherrer’s 
equation [18] for each specified diffraction peak. 

The pore architecture of catalysts was determined by 
N2 adsorption/desorption measurement (BELSORP-
max) at 77 K. A pyrex tube was heated at 200 °C over-
night in vacuo for eliminating moisture. The amount 
of 50.0 mg of a catalyst was added in the pyrex tube 
under N2 atmosphere. Then, the sample was outgassed 
at 80 °C for 3 h. The micropore volume (D< 2 nm) was 
calculated based on the previously proposed equation 
[7]. The mesopore volume (2 nm <D< 50 nm) was 
analyzed by the INNES method [19]. The chemical 
compositions of catalysts were measured based on 
previously reported procedures [7]. The Ti and donor 
contents were determined by UV/vis spectroscopy 
(JASCO V-670) and IR spectroscopy (FTIR-4100, 
JASCO), respectively. The n-butyl branch content in 
copolymer was determined by 13C NMR (Bruker 400 
MHz) operating at 100 MHz at 120 °C. 1,2,4-Trichlo-
robenzene and 1,1,2,2-tetrachloroethane-d2 were used 
as solvent and an internal lock, respectively.

RESULTS AND DISCUSSION
Morphological evolution of Mg(OEt)2 synthesized 
using different Mg sources was tracked.  Both of the 

Mg sources, denoted as MgA and MgB, have similar 
platelet morphology with smooth surfaces (Figure 1). 
However, the particle size of MgA was in the range 
of 30-100 μm, much smaller than that of MgB, whose 
size was in the range of 100-300 μm, in accordance to 
light scattering measurement. Figures 2 and 3 show 
SEM micrographs for A- and B-MGE, respectively. In 
the case of A-MGE, huge chunks having surfaces ful-
ly covered by aggregated small seeds were observed 
at the first 10 min of the reaction (Figure 2a). Con-
sidering the size of MgA, it was reasonable that the 
chunks were MgA particles with the reaction product 
formed on the surfaces. After the repetitive addition 
of the reagents, the small seeds continued to grow and 
transform into spherical-like particles on the surfaces 
(Figure 2c), followed by breakage of the chunks into 
clusters of spherical-like particles as well as single 
spherical-like particles (Figure 2e). As the reagent ad-
dition progressed (from 50 to 90 min), the spherical-
like particles continuously grew and the clusters broke 
up into single particles (Figure 2g). The aging of re-
action products (from 90 to 320 min) did not have a 
significant effect on the particle characteristics, except 
the improvement of the particle sphericity (Figures 
2g,i,k,m). 

In the case of B-MGE, the needle-like rods, whose 
presence was not detected in A-MGE, were observed 
at the first 10 min (Figure 3a). These rods (with the 
longer dimension around 30-60 μm) were mainly at-
tached on the MgB particles. Along the repetitive 
addition of the reagents, these needle-like rods trans-
formed into aggregated seeds with irregular shapes 
(Figure 3c). It was notable that smooth surfaces, char-
acteristic for MgB, were still observable.  At 50 min, 
clusters of Mg(OEt)2 seeds with irregular shapes ap-
peared (Figure 3e) as separate particles. Judging from 
the persistence of original MgB particles (not shown 
here), these clusters resulted from the detachment of 
aggregated seeds from the MgB surfaces. The growth 

Figure 1. SEM micrographs of Mg powder: (a) MgA (x100) 
and (b) MgB (x100).
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of the detached clusters continued even in the aging 
(from 90 to 200 min) to reach the maximum particle 
size (Figure 3g,i,k). Further extension of the aging 
from 200 to 320 min improved the sphericity of par-
ticles without significant change in the particle size. 
However, fractures on the particle surfaces started to 
appear, which is not promising in catalyst preparation 
(Figure 3m). 

The characteristics of Mg(OEt)2 particles were ac-
quired from SEM micrographs (Table 1). It should be 
noted that the image analysis was not conducted on 
A- and B-MGE010-030 samples, because the co-pres-
ence of irregular particles on the Mg surfaces largely 
misled the analysis results. In Table 1, the D50 value of 
isolated (or detached) particles was found to be simi-
lar for both of A- and B-MGE050. Even though huge 
chunks were still observed in B-MGE050, their frac-
tion was too small to affect the particle size calculation 
based on number average. The particle size increased 

with the increase of residence time and converged at 
90 and 200 min for A- and B-MGE, where the maxi-
mum D50 values were 27 and 39 µm, respectively. 
The convergence of the particle sizes for A- and B-
MGE indicated the complete consumption of metal-
lic Mg, where A-MGE required shorter time to reach 
the consumption and to stop the growth. The smaller 
particle size and faster convergence for A-MGE could 
be ascribed to the faster reaction rate: MgA accom-
panied faster seed formation, thus generating a larger 
number of particles. In addition, MgA was more rap-
idly consumed, and consequently the particle growth 
converged at an earlier timing than that for MgB. The 
RSF value for both of the samples decreased with the 
increase of the residence time and became stable when 
the particles stopped obvious growth. The circularity 
degree increased over the addition and aging period 
for both of the samples, indicating that morphological 
shaping occurred in a continuous manner [7]. 

Figure 2. SEM micrographs of Mg(OEt)2 samples: (a,b) 
A-MGE010 (x1000, x10000), (c,d) A-MGE030 (x1000, 
x10000), (e,f) A-MGE050 (x1000, x10000), (g,h) A-MGE090 
(x1000, x10000), (i,j) A-MGE140 (x1000, x10000), (k,l) A-
MGE200 (x1000, x10000), and (m,n) A-MGE320 (x1000, 
x10000). 
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Whilst the morphological development of Mg(OEt)2 
particles was more or less similar for the two Mg 
sources, the morphology of building units was quite 
unique, especially during the reagent addition peri-
od. The large micron-sized platelets were firstly ob-
served for A-MGE (Figure 2b) before converting into 
much smaller building units having irregular shapes 
and sizes (Figures 2d,f,h). In the case of B-MGE, 
the needle-like rods were firstly formed (Figure 3b) 
and subsequently experienced several morphological 
transformations (Figures 3d,f,h). Finally, the plate-
like building units, which are typically observed for 
Mg(OEt)2, were formed during the aging period (at 
140 min) for both of A- and B-MGE and persevered 
upon extending the aging time (Figures 2i,l,n and 
3j,l,n). These observations revealed that the evolution 
of building units into the stable form went through 
several metastable forms, whose pathway was depen-
dent on the Mg sources.

Figure 3. SEM micrographs of Mg(OEt)2 samples: (a,b) B-
MGE010 (x300, x500), (c,d) B-MGE030 (x300, x10000), 
(e,f) B-MGE050 (x1000, x10000), (g,h) B-MGE090 (x1000, 
x10000), (i,j) B-MGE140 (x1000, x10000), (k,l) B-MGE200 
(x1000, x10000), and (m,n) B-MGE320 (x1000, x10000).

Table 1. Particle characteristics of Mg(OEt)2

D10
(a) 

(μm)
D50

 (a)

(μm)
D90 

(a)

(μm) RSF(b) Circularity(c)

A-MGE050 12.4 18.3 38.9 1.448 0.746

A-MGE090 21.7 26.8 41.8 0.750 0.822

A-MGE140 22.4 27.2 42.9 0.754 0.833

A-MGE200 21.8 26.3 41.1 0.734 0.849

A-MGE320 20.5 25.3 40.2 0.779 0.893

B-MGE050 12.9 19.8 29.5 0.838 0.683

B-MGE090 15.9 27.3 38.0 0.809 0.774

B-MGE140 16.8 30.6 46.2 0.961 0.761

B-MGE200 27.5 39.3 48.5 0.534 0.823

B-MGE320 23.2 38.3 47.5 0.634 0.855
(a) D10, D50, and D90 are the particle diameters at 10%, 50% and 
90% in the cumulative number-based particle size distribution ob-
tained by the analysis of SEM micrographs over 500 particles. 
(b) Determined based on Equation (1). 
(c) Determined based on Equation (2).
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From the SEM micrographs, the particle evolution 
was found to be consistent with a scheme previously 
proposed by Tanase et al. [13] Mg(OEt)2 seeds were 
initially formed on Mg surfaces and subsequently de-
tached due to the collision and other shear force. The 
isolated particles continued to grow further from the 
precipitation of quasi-stable nMg(OEt)2.MgI2.mEtOH 
soluble complex. This mechanism holds regardless Mg 
sources (ribbon or powder form). However, it is inter-
esting to address that the isolation of seeds was greatly 
affected by the Mg sources. A-MGE was mainly iso-
lated as single particles, while B-MGE was predomi-
nantly isolated as clusters (Figures 2e and 3e). This 
difference was believed to be relevant to the reaction 
rate. MgA offered a higher reaction rate, thus seeds 
could be rapidly developed as single particles before 
the isolation. On the contrary, the seed formation and 
growth of B-MGE particles were much slower and 
seeds were detached as clusters. The subsequent aging 
helped to gradually improve the circularity. However, 
the final circularity was still influenced by the mor-
phology of initially isolated particles, in which higher 
circularity was obtained when the seeds were isolated 
as single particles. Our findings are summarized in 
Scheme 2. 

The crystal structure of Mg(OEt)2 during the reac-
tion was observed by XRD and the results are shown 
in Figure 4. A-MGE010 exhibited a single broad peak, 
demonstrating that the initially formed seeds were 
poorly crystalline. Thereafter, several diffraction peaks 
appeared in the 2θ range of 8-12 degree, indicating the 
formation of crystal phases. As designated in Figure 4, 
the intensity of peaks in the regions I, III, V, VI, VIII 
and IX decreased with the increase of the residence 
time and the peaks finally disappeared at 140 min. At 
the same time, the intensity of peaks in the regions 
II, IV and VII gradually increased and became domi-

nant during the aging period. In the case of B-MGE, 
the XRD patterns in the initial stage were different 
from those of A-MGE. B-MGE010 exhibited a sharp 
main peak positioned in the region V. At 30 min, this 
peak completely disappeared, while the broad peak 
between the regions I and II started to develop. The 
co-existence of several peaks between regions III-VIII 
was also recognized for B-MGE030-090 samples. The 
XRD patterns of B-MGE eventually became similar 
to those of A-MGE at 140 min, where the three main 
characteristic peaks in the regions II, IV and VII be-
came dominant. The appearance and disappearance of 
several peaks along the residence time specified the 
co-presence of different crystal phases, especially dur-
ing the repetitive addition of the reagents in the initial 
stage. The transformation of XRD peaks synchronized 
well with the transformation of building units in SEM 
micrographs. It was deduced that the unique morphol-
ogy of building units in the initial stage might cor-
respond to the metastable forms (MGE010-090). Ac-
cordingly, the plate-like building units with the crystal 
structure typical for Mg(OEt)2 plausibly corresponded 
to the stable form (MGE140-320). The difference in 
the reaction rate between MgA and MgB was believed 
to alter the composition of nMg(OEt)2.MgI2.mEtOH 
soluble complex, resulting in the formation of differ-
ent metastable forms [20]. The formation of the stable 
phase induced the undersaturation of solution with re-
spect to the metastable phases, which resulted in the 

Scheme 2. Mg(OEt)2 particle formation and evolution.
Figure 4. XRD patterns of Mg(OEt)2: (a) A-MGE and (b) B-
MGE.
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gradual disappearance of metastable phases [21]. 
The crystal size of the stable phase was calculated 

from the three main peaks (in the regions II, IV and 
VII) using the Scherrer’s equation (Figure 5). Even 
though the crystal phase was similar, the dimension of 
crystal was different. The crystal size of A-MGE ex-
hibited significant difference for the three peaks, while 
B-MGE exhibited similar sizes. The aging increased 
the crystal size for both of the samples. However, the 
crystal size for A-MGE converged at the residence 
time of 200 min, while no convergence of the crys-
tal size was found for B-MGE within 320 min of the 
reaction. It should be noted that the particle size was 
converged earlier than the crystal size (at 90 min for 
A-MGE and at 200 min for B-MGE), suggesting that 
the repining process continued even after the particles 
stopped obvious growth.

According to our previous works, the pore architec-
ture of Mg(OEt)2-based catalysts was essentially de-
cided by the structural characteristics of Mg(OEt)2[15, 
16]. Therefore, the influence of the Mg sources was 
investigated on the pore characteristics of catalysts. 
Mg(OEt)2 samples with the residence time of 200 min 
were chosen to ensure not only the complete conver-
sion of Mg, but also the best balance in terms of the 
Mg(OEt)2 morphology. A- and B-MGE200 samples 
were converted into catalysts and denoted as A- and 
B-CAT200, respectively. SEM micrographs in Fig-
ure 6 exhibit that the morphology of both catalysts 
replicates that of original Mg(OEt)2 except the mol-
ten edges and smoother surfaces, which are generally 
observed for Mg(OEt)2-based Ziegler-Natta catalysts 
[7]. Note that no fine particles were observed after 
catalyzation for both of the samples, indicating the ad-
equate physical stability of both samples.

The N2 adsorption/desorption isotherms of the cat-
alysts are shown in Figure 7. Both of the catalysts 
exhibited similar adsorption isotherms, classified as 
type II in IUPAC for macroporous solid [22]. The 
hysteresis loop of type H3 in IUPAC classification 
indicated slit-shape mesopores, whose size and shape 
were non-uniform [22]. The pore size distributions are 
shown in Figure 8. In both of the catalyst samples, 
the pore distribution exhibited bimodal characteristics 
typically observed for Mg(OEt)2-based Ziegler-Natta 
catalysts [15]. The micropore volume was found to be 
similar for both of the Mg sources. This is in accor-
dance with our previous work, where the micropores 
were believed to derive from the volumetric shrinkage 

during catalyzation and insensitive to the variation of 
Mg(OEt)2 synthesis conditions [15]. Meanwhile, the 
meso-pore volume was found to be smaller for B-
CAT200. The suppression of meso-pore volume of 
B-CAT200 is yet unknown. However, in considering 
characteristics of B-MGE compared to A-MGE, this 
difference might be relevant to the smaller and more 
uniform crystal size for B-MGE. 

The compositions of catalysts are reported in Table 
2. B-CAT200 contained the lower Ti and donor con-
tents compared to A-CAT200, while the molar ratio 
between donor and Ti was similarly kept at 1.6. This 
result indicated the competitive adsorption between Ti 
and donor [23], which was not affected by Mg(OEt)2 
structural differences. Thus, the lower Ti and donor 
contents in B-CAT200 was believed to originate from 
the smaller pore volume, i.e. smaller surface area of 
original B-MGE200. 

Ethylene/1-hexene copolymerization was performed 
to investigate the performance of catalysts, especially 
for the insertion ability of relatively large monomer. 
The catalytic activities and n-butyl branch contents 
are reported in Table 2. The activity per Ti-mol was 
found to be similar for both of the catalysts. Contrary, 
the 1-hexene incorporation efficiency for B-CAT200 
was slightly lower than that for A-CAT200, which at-
tributed to the suppression of mesopore volume [7].

Figure 5. Calculated crystal sizes based on specified dif-
fraction peaks for A- and B-MGE.
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CONCLUSION

The influence of Mg sources on the evolution of 
Mg(OEt)2 particles was investigated by observing the 
morphology of Mg(OEt)2 particles during the synthe-
sis. We found that Mg sources influenced not only the 
growth of initially formed seeds, but also the detach-
ment behavior of growing seeds. The smaller size of 
Mg offered a higher reaction rate, resulting in the rap-
id development of seeds into spherical-like Mg(OEt)2 
particles on Mg surfaces, which were afterward iso-
lated as single particles. The morphology of the iso-
lated particles determined the sphericity of Mg(OEt)2 
particles, even though subsequent aging gradually 
improved it. Mg sources also influenced the morphol-
ogy of Mg(OEt)2 building units as well as the crys-
tal growth, differentiating the pore size distribution 
of catalysts (mainly for meso-pores). The mesopore 

Figure 6. SEM micrographs of catalyst particles: (a,b) A-CAT200 (x1000, x10000) and (c,d) B-CAT200 (x1000, x10000).fibers.

Figure 7. N2 adsorption/desorption isotherms for catalyst 
samples.
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volume of the catalysts became larger when Mg(OEt)2 
was prepared using the smaller size of Mg, and caused 
enhanced comonomer incorporation in ethylene/1-
hexene copolymerization. Thus, the present study has 
successfully clarified the origin of the morphology of 
Mg(OEt)2 particles in a comprehensive manner, which 
must contribute to finer design of the morphology and 
performance of Ziegler-Natta catalysts.
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