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The Effect of Magnesium Particles Size and Reaction
Conditions on Morphology of the Synthesized
Magnesium Ethoxide

S. Hakim', A.S. Pirayeshfar?,M. Nekoomanesh*

1Iran Polymer and Petrochemical Institute (IPPI)
2 Sharif University of Technology, Tehran, Iran,Technology Park (SUT)

Research subject: Magnesium ethoxide is a metal alkoxide used as
a support for preparation of Ziegler-Natta catalyst. This important
material which is used in HDPE production plants is not produced in
Iran. It forms a complex with the catalyst that results in increase of the
number of the reacting transition metal atoms inside it. Therefore the
catalyst activity increases. The chemical reaction between magnesium
and ethanol, in presence of iodine, results in magnesium ethoxide
production.

Research approach: In this work, by performing analyses such
as thermal gravimetric analysis (TGA), BET and scanning electron
microscopy (SEM), the effects of reaction conditions such as iodine/
magnesium, ethanol/magnesium, temperature and mixer speed
on morphology and characteristics of magnesium ethoxide were
investigated.

Main results: By using lodine, proper morphology of product was
obtained. The mixer rotation speed didn»t affect the reaction time. The
particle size of the product was dependent on the magnesium amount
and particle size and mixer speed. Increasing the rotation speed of the
mixer at high amount of magnesium (low ethanol/magnesium) led to
more collision of the particles and therefore finer product particles.
Reaction at temperatures as low as 60 °C led to formation of fine
particles with undesirable flake-like morphology. Magnesium with
two average particle sizes (420 and 840 pm) was used. It was shown
that synthesis with magnesium of 840 pm (FW40) led to a sample
similar to the commercial one with appropriate specific surface area.
Lowering the temperature from 110 to 100 °C and reflux of ethanol at
boiling point resulted in higher specific surface area.
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Table 1. Materials used for synthesis of Mg(OCZHs)2

. . Molecular | Purity Particle
Chemical Commercial . .
Name . weight (%) mean size | Manufacturer
formulation name
(g/g mol) (um)
FW20 24 99.2 841 Ning bo
Magnesium Mg
FW40 24 99.2 420 Ning bo
Ethanol C,H.OH 46.07 99.8 - - ROMIL H314
Double Industrial
Heptane CH,, 100.21 distilled - - grade
lodine L 126.9 - - Merck
Nitrogen N, 28 99.9 - - Roham Gas
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Figure 1. FTIR spectrum of a synthesized sample
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Table 2. Compared composition of the synthesized and commercial samples

Synthesized sample

Commercial sample

Elemental analysis (Mg (%)) 21.89 21.65

Elemental analysis (Fe (%)) - -
TGA/DTG (Ethanol (%)) 0.58 1.
TGA/DTG (Mg(OH), (%)) 2.83 2.55

TGA/DTG (Mg(C0), (%))
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Table 3. Conditions for investigating the effect of lodine to Mg mole ratio

Consumed | Ethanolto | Iodine to Rotary .
. o Reaction
Sample | magnesium | Mg mole Mg mole T (°C) speed .
. . time (h)
(mole) ratio ratio (rpm)

L, 0 8

I 0.617 12.58 0.0031 110 350 5

I 0.0095 5
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Figure 4. a) SEM image of a commercial Mg(OC,H

,(5; b) SEM image of a synthesized sample with

1,/Mg=0.
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Figure 5. SEM images of samples synthesized with I,/Mg equal to a) 0.0; b) 0.0031 and c¢) 0.0095
(the experimental conditions are given in table 3).
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Table 4. a. The conditions of experiments with Mg FW20; b. The conditions of experiments with FW40.

(a) (AN
Consumed | Ethanolto . Rotary Reaction
: lIodine to Mg o .
Sample magnesium Mg mole : T (°C) speed time
. mole ratio
(mole) ratio (rpm) (h)
R1 0.617 12.58 0.0095 110 200 5
R2 350 5
R3 700 5
() (@)
Consumed | Ethanolto . Rotary Reaction
: lodine to Mg o .
Sample magnesium Mg mole . T (°C) speed time
. mole ratio
(mole) ratio (rpm) (h)
R4 350 4
1.29 6.0 0.0095 110
R5 700 35

© () () ()

s R2)Yo. rpm (0) «R1) ¥+ - rpm (l) ;o508 590 s LFW20 o500 Jso /81 L oads i glo diged sl SEM mls & JSs
(Cool ¥ Jgaz sillae iolej] byl ) (R3) V- rpm ()
Figure 6. SEM images of the samples synthesized with 0.617 mole of Mg FW20 under different mixer
rotation speeds: a) 200 rpm; b) 350 rpm; d) 700 rpm (the other conditions are given in table 4).
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Table 5. The specific surface area of sample synthesized with Mg FW40 at 350 rpm and 110 °C &
commercial sample

Sample Specific Area (m?/g)
Commercial 4.16
R4 3.8

®) (&)

(a) ()

Yoo rpm (0) 5 (R4 4505) YO TPM () 10y502 590 ;0 9 V)V + °C slos ;o FW40 (o500 b ooy i slo 4350 SEM mls ¥V IS
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Figure 7. SEM images of the samples synthesized with Mg FW40 at 110 °C and a) 350 rpm(R4) and b) 700
rpm(R5) (the other conditions are given in table 4).
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Table 6. The conditions for experiments with Mg FW40

Consumed | Ethanolto . Rotary Reaction
Test : lIodine to Mg o .
: magnesium Mg mole . T (°C) speed time
Specimen . mole ratio

(mole) ratio (rpm) (h)

R8 350 5.5
1.29 6.0 0.0095 100

R9 450 5.5
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Figure 8. SEM images of the samples synthesized with Mg FW40 at 100 °C and a) 350 rpm (R8) and b)
450 rpm (R9) (the other conditions are given in table 6).
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Table 7. The conditions for investigating the effect of temperature on product morphology with Mg FW40.

Consumed Ethanol to . Rotary Reaction
: lIodine to Mg o .
Sample magnesium Mg mole . speed T (°C) time
. mole ratio
(mole) ratio (rpm) (h)
T1 60 21.75
T2 80-110 7
T3 0.617 12.58 0.0095 350 100 5
T4 110 4
T5 120 3
T6 100 5:5
1.29 6 0.0095 350
T7 110 4
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Figure 9. SEM images of the samples synthesized at a) 60 °C (T1) and b) 100 °C (T3) (the other conditions
are given in table 7).
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Figure 10. SEM images of the sample synthesized at 100 °C with 1.29 mole of Mg FW40 (T6) (the other
conditions are given in table 7).
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Table 8. The conditions for investigating the effect of Ethanol/Mg with Mg FW40.

Consumed | Ethanolto | lodine to Rotary s .
. o Specific Reaction
Sample | magnesium | Mgmole Mg mole speed T (°C) Area(m?/g) time(h)
(mole) ratio ratio (rpm) &
E1 0.617 12.58 5.8
E2 0.987 7.83 0.0095 350 110 5.01
E3 1.29 6 3.8

Ol ahd o3lassl g a i adgl Jlacie 2l ol jlode
0ol s o e O3 olasl ialS oren ol
Ols—e a o Biz a S cwl ool L3 SEM gl
i 3 Jomame JLBu ) (g9, LSy 00 S g4, 0
Sl oo Lo assls facds gl aslds 4 yonie g 4 ildS

=S ey o 5 (Ysb esl 5 (T Bi

Ve a D) asge) A °C slws o celw ¥ 5l les
Js=bl =39 9oy (D, asgei) £+ °C cles o cel
N g VA il oals 15 i diged jo ousle 8L
Ol s (el Ve 9 ¥ (gl s (i 9o
=l am (b Cmwd gl S ey a s al a
o L Leo 0ol s iz loy iall U LS

=t

e Olaj e 1

\ Evaporation time : 10 hr
Commercial

bl

Evaporation ti me : 4 hr

g a8 Rr8RE

Qs el ot (%6)

55

|

]

1
)
|

50

45

a0
35

20

%

- v -

Bz 0aliS S 50 50,5 S Glitie o) 59 50 oold i QS g5l o3 juie 5 (6,18 dnS 51 (o s )y (B (39 loged VY USCE
Figure 11. TGA/DTA curve of a commercial sample and two synthesized Mg(OC,H,), dried at two different
drying times using vacuum rotary evaporator.

6;—*” Mos (o) o la 03 5 (iR 50 gl (oo
u)_o.a» 490 il 53U g Cwl Al STy e o
=50 pae samo i wilyy o iiSTy o) o
sl piesSly bop > JLasl sla coaglio o )]
O 593 03 Yo g 55 Gl e el esliiul
oildl ials 5 ;R0 L oS 15 i )55 5 crge
AoV e lles aals )b sl crwlon s Jg—axe

S5 Az ¥
bl 25 9008 5l A 3l oy ke St 5 I
Sl i Gl i e lee 4 (loiw)
ol Sl onal i 5l ey g 0 oolai il STy
O—.’.‘J:’L;‘.’ W BA > ui‘._;.ﬂe )l JW )L’J.éq) J_{QT
=9 Js—ame ) o (i 6l L o]

Yo Q ool - oo (st 2, sl Ao (sl Ak o (Shpg R (oole aolilad


https://arcpe.modares.ac.ir/article-38-37162-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-04-28 |

ey STy Ll g e )3 3l il

ol dimwgy g ) LB, 8 5l Sel s 70 °C
oab ATy ploes il Sel oo g Jomaze (ot
Al (b e 9 Ol e il ol b o]
Jo—aze JLiBu, 95 o2 5 0d 0,5 Sl Lo ol
)‘@@Qﬁlﬁdj—“ﬁ)ﬁﬁsﬁ—b‘\—!%—&w
Sl o3lasl izmen 5 T Al oslal g et 4l
D yg—o ) 9= oLl anl Jemame gl 15 555
P o e 590 e 5l i Jlaie 352
Ol 0l oo D)3 ol - laill g ot o5 ccl
ohg=> adads o W SV bl ksl ol ul 4 ST ol sols
S e g olad g 18,V Eeely Joibl

o L5 i 1 ,b) S ‘J)_w BIESS w—41
oils S g a il sage p 1) 7 ydb o] ral_@’l}rll.o

oy = (oo (oo 60,15 G (Agls ol Ay G (LB gR (oole alilad (Y,


https://arcpe.modares.ac.ir/article-38-37162-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-04-28 |

&=l

[1] Galli P, Vecellio G., Polyolefins: The Most
Promising Large-Volume Materials for the 21st
Century, J. Polymer Science, Part A: Polymer
Chemistry, 2004 ,415-396 ,42.

[2] Tanase h., Katayama K., Inasaw S., Okada
F, Particle Growth of Magnesium Alkoxide
as a Carrier Material as for Polypropylene
Polymerization Catalyst, Applied Catalysis A,
2008 ,206-197 ,350.

[3] Jomichan ]., Saurabh C., Virendra K.,
Gupta, Morphology Controlled Magnesium
Ethoxide Influence of Reaction Parameters
and Magnesium Characterizations, Particulate
Science and Technology, 2009 ,541-528 ,27.
[4] Tanase, S. Tsuda T.,, Ohta T,, Funabashi H.,
Magnesium compound, olefin polymerization
catalyst, and method for producing olefin
polymer, USPat 2004 ,6777365.

[5] Nobuhiro Y., Takanori S. Hideo F,
Idemitsu Kosan, Solid catalyst component for
olefin polymerization, USPat 2006 ,7081427.
[6] Kabayashi H., Beppu A., Production of
Spherical Fine Particulate Magnesium Ethylate,
Patent: JP 2006 ,3772331.

[7] Turova NY, Turevskaya EP;
Alkoxymagnesium Halides. ]. Organomet Chem
1972 ,17-9 ,42.

[8] Funako T, Chammingkwan P, Taniike T.
and Terano, M., Addition of a Second Alcohol in
Magnesium Ethoxide Synthesis as a Way to Vary
the Pore Architecture of Ziegler-Natta Catalysts,
Polyolefins ], 2015 ,71-65 ,2.

[9] Thoms H., Epple M., Viebrock H., Reller
A., Magnesium alcoholates as precursors for
magnesia, ]. Mater. Chem. 1995 ,594-589 ,5.
[10] G. Socrates, Infrared Characteristic Group
Frequencies, Wiley, Chichester, 2001.

[11] Lopez T, Garcia-Cruz 1. and Gomez
R, Spectroscopic study of PtMgO catalysts
prepared by the sol-gel method, Materials
Chemistry and Physics, 1994 ,230-222 ,36.
[12] Zaremba T., Dukowicz A. Hehlmann
], Mokrosz W. Kujawska E., Application of
Thermal Analysis in a Phase Composition
Study on Byproduct From Semi-Dry Flue Gas
Desulfurization System, ]. Thermal Analysis and
Calorimetry, 2003 ,510-503 ,74.

[13] Dongare M.K. and Sinha A.PB,
Thermal Analysis of  Some Metal
alkoxides,Thermochimica Acta, ,45-37 ,57

1982.

1YY roed - oo i 505 e g3 (ol Ay (o (B9 R (ade aoliliad

eyt STy Ll g e )3 o3l il


https://arcpe.modares.ac.ir/article-38-37162-fa.html
http://www.tcpdf.org

