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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(OC,H,),

. . 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

gh— 59, Jobl Jotoe SIMBOED), S=55 (501
e Aslol 0y g it e g 00 A yoly e juine

S P i S8 Jpmame L5 anly

Jomarmo jLizhy )y o 95 9 3o 590,51 P

ot o 0310 i Ly of o
o 9= Jgmazme iy saalin Ly (e j50 ]
55 9y = L plmlojl jelate em 4y 035
G—b bl i o s slsul glaie 0,3 ojlasl L v juio
S8 g5l oy jrie SEM sl & ISl ol ¥ Jgu >
olas |y (@) FJgos Giolesl bl i Ly oo
Sl jae i SEM jglas (0 4S jab len aas s
e e Lo Ve rpm g YO a s Voo 5l i o o0 s
oealS el SWIFW20 g9 o juie Jo—ot /FVY

i d o (Hge S L ool s a Sl
Hye S s a Lo e aglal O S0 5 o
)#ul—@“é@ul—m—") ~/H‘\As~/*~\”\ e)_‘.ba
S5, g9y v BAs il me s FO Sl 04 S
La asls o gl asld an yomie g 4 2l0S 5 Jomameo
99— dged SEM o ol j oglay Jdo ag .culoa
S 099 bl 5 Jlsany sle asses Ll Loy
7=l s S o alssl ) S5 cdbiges ol (9, 0

el Jol> bl
Ol mhwa S o at il p e A 3 Toe

w_alfl_aﬁooy)_'du5)_;p_la.~a~/“‘\&¢_')m

Yo roek = (ooad owiiten 602,15 Lo gy sl A oo (A9 (oode dolidiad



gt STy agl 25 g e Sl o5l i1
ol (6,55 £ 45 A0 s Tl (6 40 0]
o3l &8 58 5l 55 SzoS o3l s o e SLSel 4y
Jso= 3=llae e 595 30 5 0L FWA0 ol Ly

oo dmnlio Loxul jo (F ooz o byl ) 0l )

rpm B

030l L o e oLl U aecislas , sbve -

) ()

B e 90 b 5l sai Sl ojla]
odpy ylis egi dn 4 S Cwla il n STy ol

sl p > Jlal sl Cnglio 05U pae
Slade (20 Jemamo 50, YU gl ald> o ol 5l sy
i oolaiwl el Joibl Hlade sl am oy juie 5 i
A Jeame O3 oe s C b asd > L oy ien

Skt
Bl
Barermisy 126870 gued Pasitrna e i ~ammgie

o e 4 % (Jge S b o i diged SEM 50 (0) 16l 0unS 31 a3 e a9 4y bgy e SEM g (L) ¥ S

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

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

I,/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).

oy = (o (w59, So Giagh (sl ah) o (A9 (oole aolidlad |, F



095 5l (A6 (B sl e 5 0SS
laz sl (Slhow ojlasl os s oo los v i mau
lyd e bile (b p g9 oo am Jy—ame 0
ez e O (S STy S 5 55T, (0950
009 5SS Jdo an il 5 S5 e pete D)3
S STy S o D3 S e S
L SNPANITE VS DL I JUEE | BTN W WS g B
A S ) Sl - San i 5 00 sy STy
9 98 9,3 D)3 3,55 (A Fagad Seel aS 09
ale ol CSl jo a8 09 b (s oy IS g
A A oy AIY Jgaz an azg Lol ool
S=55 Shd oslail o Jgao 045 K a0
O el sl (oo il oo Yo 5 00 55

vy STy Lol L g o e 153 05l 31

S ol e ol STyl 5SS B)S
=2 oo STy oles (5 i wlod mlaw Jdo
o paie SEM el V STl ol isS vy il3l
J—doan cul (as i a S o b les aes o lid
00 YU (oo VIYA) 55 i o oo Llaie 5l oolan ol
9 e L ohd 5 i )55 ez ge (e 590
Al Jgmazme DI ool B leS sae g ol )
S eoliiwl Ve o g0 5l amm o iolesl jo ol i
R4 aSgei 5 5 )l 0 63l o 50 BET g5 O Jgoo

A o las |y
Sb) w2 e b (59 S 5l e (S j5boasy
A Sl laome o DlS 05 Jdoas g0

FWA40 50 ble Giolesl buls (o) FW20 e ble iolej] oyl () F Jsos
Table 4. a. The conditions of experiments with Mg FW20; b. The conditions of experiments with FW40.

(a) ()
Consumed | Ethanol to . Rotary Reaction
. lodine 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 Ethanol to . Rotary Reaction
. Iodine 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

© (@)

®) (&)

(a) ()

s R2) Y0 rpm (o) «R1) Yoo rpm () :py500 590 5 L FW20 500 Joo +/2VY L osds jiw slo digei 510 SEM mls # S
(cl ¥ Jgaz sllae iolej] bayl,2) (R3) Voo Tpm ()
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) ()

Yeo rpm (©) 9 (R4 a5405) Y0+ TPM () 25502 590 ;0 g V) °C glos 10 FW40 4500 b ooy 5w sla 43903 SEM mls vV S
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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 : Iodine to Mg o .
Specimen | Magnesium Mg mole mole ratio T (°C) speed time
p (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
. Iodine 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 | Mgmole speed T (°C) Area(m?/g) time(h)
(mole) ratio ratio (rpm) &
Ig}il 0.617 12.58 5.8
E2 0.987 7.83 0.0095 350 110 5.01
18:3) 1.29 6 3.8
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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.
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