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ABSTRACT

polarity with different functionalities expands their application. The structure,
number and size of the branches of the main chain affect the properties and
design of new macromolecules. Active groups in a-olefin chains improve their
interaction with silica nanoparticles. Furthermore, the amount of crosslinking changes
the adsorption properties of hydrocarbon solvents.
Methods: The free radical copolymerization of 1-hexene and 1-decene with maleic
anhydride was performed under different conditions. The structure and thermal
properties of a-olefin (6 and 10 carbon) -maleic anhydride comb-like copolymers
with different numbers and sizes of branches were investigated by Fourier-transform
infrared spectroscopy (FTIR), proton nuclear magnetic resonance (‘H NMR),
gel permeation chromatography (GPC) and thermogravimetric and differential
thermal analysis (TGA/DTGA) methods. The effect of functionalized monomers
of 2-ethylhexyl acrylate (2-EHA) and 3-chloro-2-methylpropene (3-C2MP) on the

copolymerization reaction and their final structure was investigated. Polymerization

l l ypothesis: Poly(a-olefins) have non-polar structures and the development of

a-olefine, . . . .
o reactions of styrene, maleic anhydride and 1-hexene were performed in the presence
functionalization, of'silica nanoparticles. New hydrogels were synthesized with esterified poly1-hexene/
comb-like copolymer, maleic anhydride with 2-decanol. The steps of nanohybrid and hydrogel synthesis and

their thermal properties were characterized by FTIR and TGA/DTGA methods.

Findings: Various functionalized 1-hexane and 1-decen/ maleic anhydride comb-like

hydrogel copolymers with different molecular structures were synthesized and characterized.
The results showed that by increasing the branch size of a-olefin from 4 to 8§ carbons,
the reaction conversion percent decreases and the branched of 2-EHA comonomer
increases the reaction conversion. In the obtained nanocomposite, there is an
interaction between maleic anhydride monomer and silica nanoparticles. Styrene/1-
hexene/maleic anhydride nanocomposites containing 4 and 5.6% by weight of
nanosilica were also synthesized. Structural design including functionalities and
branch size, and also reaction conditions have a great influence on the properties of
synthesized macromolecules and hydrogels.

silica nanohybrid,
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and I-decen (n=7) with maleic anhydride under different

conditions.



YT 33015 9 39 35l Suillo—( (s 35\ 9 7) (gl (slailid (S paslssS O 3515 Jole 9 jidass

sl Sl 5 05K O ek S U;;S\U;jmg,m;}@;;\_\ Jsd=

Table 1. Effect of type and concentration of initiator on copolymerization reaction of 1-hexene and maleic anhydride.

Reaction No* Initiator 1],/ M1, Solvent (v/v%) T(C) Time (h) Conversion (%)
1 AIBN 0.02 MEK, 30 70 4.35 79.7
2 AIBN 0.05 MEK, 30 70 4.45 89.6
3 AIBN 0.01 MEK, 30 70 4.40 62.1
4 BPO 0.02 MIK, 25 95 1 75.8

“The amount of maleic anhydride in all reactions is 2 g, amount of 1-hexene in reactions 1-3 is 3.5 mL (molar ratio of 1-He to MA is 1.4) and in reaction 4 is

5.1 mL (molar ratio of 1-He to MA is 2).

SV 5l Sl O s S STy Ll 3 Y U

Table 2. Reaction conditions of maleic anhydride/1-decene copolymerization.

Reaction No* Initiator 1]/ [M], Solvent (v/v%) T(C) Time (h) Conversion (%)
5 AIBN 0.02 MEK, 30 70 4.40 48.8
6 AIBN 0.1 MEK, 30 70 4.45 89.7
1 AIBN 0.02 MEK, 30 70 4.35 79.7
7 BPO 0.04 MIK, 30 95 1 68.9

“The amount of maleic anhydride and 1-decene in all reactions is 2 g and 3.9 mL (molar ratio of 1-decene to maleic anhydride in feed is 1).

I 3 il Sl 5335 g s S 05 S 4 bgs e saSy
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L
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1
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]
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05a=) (b) 5 S3-) e ,eib S (@) (FTIR glacal - I
sl Sl
Fig. 1. FTIR spectra of (a) 1-decen and (b) 1-hexene copolymers

with maleic anhydride.
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anhydride copolymers with 1-hexene and 1-decene.
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Table 3.Copolymerization of 1- hexene and maleic anhydride in the presence of 2- ethylhexyl acrylate and 3-chloro-2-methylpen-

tene comonomers.

Reaction No* Comonomer Comonomer (mole %) Solvent (v/v%) Time (h) Conversion
1 - 0 MEK, 30 435 79.7
8 2-EHA 6.1 THEF, 30 4.40 76.8
9 2-EHA 11.6 THEF, 30 4.40 84.8
10 3C2MP 14.1 THEF, 30 4.50 78.6

“The amount of 1-hexene and maleic anhydride in all reactions is 2 g and 3.5 mL (the molar ratio of 1-hexene to maleic anhydride in feed is 2), the molar ratio
of AIBN initiator to monomers is 0.02 and the temperature in all reactions was 70°C
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Fig. 5. FTIR spectra of 1-hexene/maleic anhydride copolymer

(1) and their copolymers containing 2-ethylhexyl acrylate

(8 and 9) and 3-chloro 2-methylpropene (10).
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Fig. 6. '"H NMRspectrum of 1-hexene/ maleic anhydride

copolymers containing 2-ethylhexyl acrylate (8 and 9) and

3-chloro 2-methylpropene (10).

Table 4.Polymerization reaction conditions of styrene, 1-hexene and maleic anhydride and synthesis of nanocomposite (NC) in

the presence of nanosilica (NS).

_ St 1-He MA Nanosilica Time Conversion NS in NC
Reaction .
(mol %) (mol %) (mol %) (Wt%) (min) (%) (wt %)
1 90 10 0 0 185 59.4 0
2 80 10 10 0 170 60.1 0
3 70 10 20 4 120 57.5 5.6
4 50 40 10 2 120 43.6 4

Tetrahydrofuran solvent is 30%v/v of the reaction components. The reaction temperature is 120°C and mole ratio of benzoyl peroxide to initial monomers is
8.3x10*. Nanosilica was added with the weight ratio of the monomers.
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Scheme 2. Steps of hydrogel synthesis based on 1-hexane/

maleic anhydride copolymers.
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in Table 4).
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Table 5. Conditions of the esterification reaction of 1-hexene/maleic anhydride copolymer with 2-decanol and synthesis of hydrogel.

Hydrogel | [Cat]/[2-De]," | [Cat]/[HD],™ | [HD]/[MA], | T(°C) | Time (h) | Gel fraction (%) | Swelling (%)
1 0.3 0 0.08 100 25 34 45
2 0.3 0 0.16 100 12 100 67
3 0.06 0.12 0.75 120 1 100 0

“The esterification reaction was done with molar ratio of 2-decanol to maleic anhydride of 0.7, 40 v/v% of xylene (hydrogel 1-2) and toluene (hydrogel 3) at

95°C for 3 h.

“ The synthesis of hydrogels was done in the presence of the 1,6 hexanediol crosslinking agent (HD). For hydrogel 1 and 2, 20v/v% of xylene was added at

this step.
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Fig. 9. FTIR spectra of (a) maleic anhydride/1-hexene and (b)

branched copolymer with 2-decanol.
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Fig. 10. (a) TGA and (b) DTGA thermograms of maleic anhydride/1-hexene, branched copolymer with 2-decanol and synthesized

hydrogel (sample 2 in Table 5).
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