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Abstract: The copolymerization of propylene oxide (PO) with styrene (St) catalyzed by Maghnite-H+ 

(Mag-H+) was investigated. Mag-H+, a nontoxic catalyst for cationic polymerization of vinylic and 

heterocyclic monomers, is a montmorillonite silicate sheet clay. This catalyst was prepared through a 

straight forward proton exchange process. It was found that Mag-H+ initiates the copolymerization in 

bulk at room temperature. Various techniques, including H1NMR, 13C-NMR, FT-IR spectroscopy, and 

Ubbelohde viscometer, were used to elucidate the resulting copolymers' structural characteristics. The 

effects of the amount of Mag-H+ and propylene oxide were studied. The yield of copolymerization 

depends on the amount of Mag-H+ used and the reaction time. 
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1. Introduction 

Copolymerization is one of the important techniques adopted in effecting systematic 

changes in commercially important polymers' properties. Polyether elastomers are used in 

automotive and industrial applications that require materials with low gas permeability, 

retention of flexibility at both low and high temperatures, and stability upon extended exposure 

to heat, hydrocarbons, and ozone [1]. A variety of reagents will catalyze the ring-opening 

oligomerization or polymerization of epoxides [2], including metal alkoxides [3], and neutral 

and cationic aluminum complexes supported by chelating ligands such as porphyrins [4], 

hydrolyzed zinc, and cadmium alkyls [5], diamido amines [6], calcium amide–alkoxides [7]. 

The preparation of graft copolymers by use of macromonomers has been extensively 

investigated. This method provides an excellent means of designing graft copolymers of 

controlled structure [8-11]. Poly (propylene oxide) methacrylate, poly(ethylene oxide) 

methacrylate, and poly(propylene oxide-b-ethylene oxide) methacrylate were used to prepare 

graft copolymers by reaction with methyl methacrylate. These syntheses were reported 

previously [12,13]. Styrene has been copolymerized with various types of macromonomers 

[14-17]. Styrene's reaction with the poly (ethylene oxide) methacrylate is a useful preparative 

method for an amphiphilic graft copolymer [18]. Recently, H. T. Cunha et al. synthesize 

copolymer from the reaction of styrene with poly (propylene oxide) methacrylate observe the 

effect of the zinc chloride on incorporating the macro-monomer in the copolymer [19]. Many 

of these catalysts' inconveniences include high cost, poor polymerization activity, and 

generally, they are toxic. Montmorillonite, a class of inexpensive and non-corrosive solid acids, 

have been used as the reactions catalyzed by montmorillonites are usually carried out under 
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mild conditions with high yields and high selectivities, and workup of these reactions is very 

simple. The only filtration to remove the catalyst and evaporation of the solvent are required. 

Montmorillonite catalysts are easily recovered and reused [20]. Mag-H+ is a green catalyst; it 

was successfully used in the cationic polymerization of vinyl monomers and heterocyclic 

monomers [21-33]. In this article, propylene oxide (PO) was selected for ring-opening 

copolymerization with styrene (St), using Maghnite-H+ as a catalyst. 

2. Materials and Methods 

2.1. Materials.  

Maghnite-H+ was prepared according to the process similar to that described by 

Belbachir et al. [33]. Raw-Maghnite (20 g) was crushed for 20 minutes using a pro labor 

ceramic balls grinder. It was then dried for 2 hours at 105°C. The Maghnite was placed in an 

Erlenmeyer flask together with 500 ml of distilled water. The Maghnite/water mixture was 

stirred using a magnetic stirrer and combined with 0.25 M sulfuric acid solution until saturation 

was achieved over 2 days at room temperature; the mineral was then washed with distilled 

water to become sulfate-free and then dried at 105 °C. Propylene oxide (PO 99%), ethanol 

(99%) were used as received. Styrene was purified by stirring over CaH2 for about 24 h and 

then distilled under reduced pressure over CaH2 and was finally stored under nitrogen 

atmosphere.  

2.2. Procedure and polymer characterization.     

The catalyst was dried in a muffle at 120°C  overnight and then transferred to a vacuum 

desiccator containing P2O5. After cooling to room temperature under vacuum, the mineral was 

added to the Propylene oxide 4.82g (0,083 mol). Styrene 8.64g (0,083 mol) mixture was 

preliminarily kept in a stirred flask. At the required time, an aliquot of the reaction mixture was 

then taken in such a manner as to exclude any clay mineral and slowly added to ethanol with 

stirring. The precipitated copolymer was filtered off and dried under vacuum, and weighed. 

Intrinsic viscosity (η) measurements were performed at 25 °C in acetone using a capillary 

viscometer SEMATECH (VISCOLOGIC TL1). The sample concentration was 1 mg/ml. 1H–

NMR and 13C-NMR spectra were recorded on an AM300 FT Bruker instrument using 

deuterated chloroform as a solvent and tetramethylsilane (TMS) as an internal standard. FT-IR 

measurements were performed using Alpha –FTIR-Spectrometer BRUKER optics Diamond 

ATR. 

3. Results and Discussion 

3.1. Characterization of products.  

The IR spectrum of the copolymer (Figure.1) showed bands due to PSt: bands at 3025 

cm -l (aromatic C-H stretching), at 2970 cm -l (symmetrical stretching band -CH2-), at 1599 cm 
-l (C-C stretching within the ring) and at 753 and 695 cm -l (out-of-plane C-H bending vibrations 

of the monosubstituted aromatic). The spectrum of PPO showed bands at 1096 cm-l 

(asymmetrical C-O-C stretching). Similar results are reported elsewhere                                     [19, 

34, 37, 39-40]. 
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Figure 1. FTIR spectrum of Poly (OP –co-St). 

 
Figure 2. 1H-NMR spectrum of Poly (OP-co-St). 

 
Figure 3. 13C-NMR spectrum of Poly (OP-co-St). 

Figure 2 the 1H NMR (CDCl3) spectra show The absorption peaks at 6.60, and 7.08 

ppm (taken together) originating from the aromatic protons of the styrene and those at 1.49 

ppm and 1.91ppm for the methylene and methine groups of PSt reveals characteristic resonance 

lines for the methyl groups of the POP (CH3) repeating units at δ=1.1ppm and the absorption 

at 3.49 and 3.99 ppm due the methylene and methine groups of the POP. [19,41-42].  

The 13C-NMR (CDCl3) spectrum Figure 3 shows the signals for the POP unit at δ = 

16.27-18.05 (CH3), 73.33 (CH2) and 75.48 (CH) ppm respectively, and others attributed to PSt 

at [145.35-146, 127.68-128, 125.67 (aromatic carbons of PSt) 40.45, 44.23-46.43 (aliphatic 

carbons of PSt) ppm. [34,42]. 

3.2. Effect of the amount of Mag-H+ on the copolymerization.  

The effect of the amount of Maghnite-H+ on the copolymerization was examined (Table 

1). It can be noted that the yield increases with increasing “Maghnite- H+ 0.25 M proportion. 

Indeed, using various amounts of  Mag-H+, 2.5, 5, and 10 % by weight, the polymerization was 
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carried in bulk at 20 °C. The polymerization rate increases with the amount of Mag-H+. In 

contrast, the intrinsic viscosity (η) is inversely proportional to the amount of Mag-H+. The 

effect of Mag-H+ as a catalyst is clearly shown. This phenomenon is probably the result of the 

number of “initiating active sites” responsible for inducing polymerization; this number is pro 

rata to the catalyst amount used in the reaction. Belbachir obtains similar results and al [22, 35-

37] and Njopwouo et al. [38] in the polymerization of N-vinyl pyrrolidone and THF by Mag-

H+ and the polymerization of styrene by montmorillonite, respectively. 

Table 1. Copolymerization using different amounts of Maghnite-H+. 

MagH+0.25%) Yields (%) [η] (dl/g) a 

2,5 35,42 1,42 

5 68,44 1,65 

10 70,55 1,54 

[OP] = 0,083 mol; [St] = 0,083 mol; Reaction time =8h;  T=20°C, aDetermined acetone at 25 °C. 

3.3. Effect of the reaction time on the copolymerization.  

Polymerization using 10 % of  Maghnite- H+ 0.25 M was carried in bulk at 20 °C, and 

the reaction was monitored at various times. The results are given in Table 2, showing the 

evolution of the yield and the copolymer's intrinsic viscosity with reaction time. The intrinsic 

viscosity increases with polymerization time. On the other hand, the yield increases with time, 

and it can be noted that initially, the polymerization proceeds very slowly; this can be 

considered as an induction period (6 h). At the end of this period, the polymerization process 

becomes faster. 

Table 2. Kinetic evolution of the copolymerization of OP with styrene en catalyzed by Maghnite-H+ 0.25 M. 

Time(h) Yield(%) [η](dl/g)a 

1 

3 

22,21 

29,53 

0,52 

0,65 

5 34,91 0,76 

6 44,65 1,13 

7 59 ,56 1,32 

8 70,55 1,54 

[OP]= 0,083 mol; [St] = 0,083 mol; 10% of Maghnite -H+ 0.25 M; T=20°C; aDetermined acetone at 25 °C. 

4. Conclusions 

 In conclusion, it was proved that Mag-H+ could be used to induce the copolymerization 

of propylene oxide with styrene. A very simple procedure obtained the products via cationic 

transformation in one step at room temperature. Actually, the efficiency of the 

copolymerization reflected the Lewis acidity of Maghnite-H+. Two main advantages were 

shown in the copolymerization system using solid acid Maghnite-H+. The catalyst could be 

removed from the mixture of the products by simple filtration and recycled without a loss of 

catalytic activity. 1H-NMR, 13C-NMR, and IR confirmed the structure of copolymers. 
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