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ABSTRACT

properties of isotactic polybutene-1, including high creep and environmental

stress cracking resistances, excellent elastic reversibility and good chemical
abrasion resistance, there is a need to localize it in Iran.
Methods: Polybutene-1 was synthesized with an industrial Ziegler-Natta catalyst. To
do this, polybutene-1 was synthesized by coordination polymerization of butene-1
with the help of triethylaluminium (TEAL) cocatalyst in n-hexane. By changing the
monomer pressure from 1 to 1.7 bar and hydrogen amount from 0.01 to 0.13 L a wide
range of polybutene-1s with different properties was obtained.
Findings: The highest values of activity and isotacticity for 0.06 L hydrogen and
1.4 bar monomer pressure were 24.76 kgl,].:‘_l/gTi_barB_1 and 97%, respectively. An
increase in hydrogen led to a decrease in weight average molecular weight. Using
cyclohexylmethyl dimthoxysilane as external electron donor, samples with weight
average molecular weight from 149500 to 913000 g/mol, polydispersity index from
2.49 to 4.29, MFR from 0.19 to higher than 100 g/10 min, density from 0.876 to
0.911 g/cm’ for crystalline form I, and isotacticity from 81% to 97% were synthesized.
The highest polydispersity index was obtained for the sample synthesized under 1.4 bar
monomer pressure and 0.01 L hydrogen. The lowest isotacticity index was related
to the sample synthesized under 1 bar monomer pressure and 0.13 L hydrogen. This
catalyst has the ability to produce polybutene-1 with a narrower molecular weight
distribution compared to those reported in other works. Comparison of mechanical
properties with those reported by other researchers showed an increase in elongation-
at-break for the sample. With the expansion of operational conditions, variety of
products and their commercialization will be possible.

l l ypothesis: Butene-1 is in excess in the polyolefin plants of Iran. Considering the
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Table 1. Effect of hydrogen on the activity and physical properties of product (polymerization conditions: hexane 500 mL,

catalyst 60 mg, Al/Ti molar ratio 150, Si/Al molar ratio1/20, reaction temperature 50°C, reaction time 90 min, monomer pressure

1.4 bar, and sample* without external electron donor).

H, Density (g/cm?) M, II MEFR? Activity
No. PDI )
(L) I II (kg/mol) (%) (g/10min) (kg,,.,/g -bar, )
1 - 0.911£0.01 0.893+0.01 913 3.48 87 0.19 1.41
2 0.01 - Lack of sample 841.7 4.29 89 1.06 2.09
3 0.06 0.897+0.01 0.879+0.01 485.8 2.49 97 10.5 24.76
4 0.13 0.876+0.01 0.858+0.01 219.9 3.10 92 31 16.54
5% 0.06 0.883+0.01 0.865+0.01 - - 75 12.3 18.33

(a) 2.16 kg, 190°C.
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Fig. 1. Molecular weight distribution of samples synthesized with different amounts of hydrogen: (a) 0, (b) 0.01 L, (¢) 0.06 L, and

(d)0.13 L.
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Fig. 2. Molecular weight distribution of samples synthesized with monomer at different partial pressures: (a) 1 bar, (b) 1.1 bar, (c)

1.4 bar, and (d) 1.7 bar.
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Table 4. Melting temperature and crystallinity of form II and I
of polybutene-1 synthesized at different pressures of butene-1
(T, and T , are melting temperatures related to initial
melting history. The data for form I was obtained one month

after formation of form II).

No Tml Tm2 Tm (In) Xc (In) Tm 0 Xc ()
CC) | CO | O | ) | O | O
6 98 114 111 20 121 54
7 98 116 113 24 122 57
8 99 117 114 26 124 58
9 99 116 114 23 123 52
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Table 2. Melting temperature and crystallinity of form II and I
of polybutene-1 synthesized with different amounts of hydrogen
(T, and T_, are melting temperatures related to initial melt-
ing history. The data for form I was obtained one month after
formation of form II).

No U T T | X0 | Too | X
CO | CO | CO | (» | €O | CO

1 98 115 112 16 121 41

2 98 113 111 16 119 36
3 97 113 109 20 121 49
4 99 117 114 26 124 58

5* 96 109 106 24 107 32

oetld il sl enls QLA e g g calis Lol 55 el
5 oI e 50 A 5 e (S s gl eSS
T B FARRT A { ESR P g PR VPR A B PO
ety V] s o 55l ol ol L i Sl i T
s mis o s Culd 5 Oiapder b sy J &)
LIl s (S5k 5 s slas ¥ s 50 35 gy IS0 50
el ool 5 m) Cilisee glaslis L3 el (055 )) b
Clde O s 4Kl U P gl 3 el Lasiiae oS Olowes

('/\V L ij).l?n )‘.,\.3.4 9 4+ min U.L.Sb dLﬂ) O°C u.l'mfb 6“: N/Ye Si/Al Lfb" CM..\..:
Table 3. Effect of monomer pressure on the activity and physical properties of product (polymerization conditions: hexane 500 mL,

catalyst 60 mg, Al/Ti molar ratio 150, Si/Al molar ratiol/20, reaction temperature 50°C, reaction time 90 min, and H, 0.13 L).

P (B-1) MFR* M, 11 Density (g/cm?) Activity
No. ) PDI
(bar) (g/10min) (kg/mol) | (%) | II (kg,,. /g bar, )
6 1 High value 3.378 149.5 81 } Lack of sample 4.83
7 1.1 115 3.163 175.1 83 0.907+0.01 0.889+0.01 12.04
8 1.4 31 3.102 219.9 92 0.876+0.01 0.858+0.01 16.54
9 1.7 21 3.105 255.9 90 0.901+0.01 0.882+0.01 16.81

(*) 2.16 kg, 190°C.
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Fig. 5. Tan delta vs temperature of sample 8 just after

preparation and 28 days later.
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Fig. 6. Calculation of C3 stereospecificity for sample 3 from

synthesised polybutene-1.
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Fig. 3. Tensile tests for sample 8 taken just after forming the

pressed film and 28 days later.
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and 28 days later.
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