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RINGKASAN: Monomer vinil aromatik telah dicangkukkan kepada polipropilena isotaktik 

komersil dengan menggunakan peroksida organik.Peroksida alifatik, 2,5-dimeti/-

2,5-di-t-butilperoksi heksana telah digunakan di dalam tindak balas cangkuk yang mengambil 

masa se/ama 1 O minit dalam keadaan lebur pada suhu 180°C. Tindak balas cangkuk ini 

telah disahkan mela/ui spektra FTIR yang menunjukkan wujudnya benzena aromatik 

dalam kopolimer cangkuk pada gelombang infra merah. Manakala peratusan berat monomer 

yang dicangkuk pada polipropilena dan peratusan cangkuk monomer yang diperolehi 

melalui pengukuran penyerapan gelombang infra merah pada polimer cangkuk ada/ah 

pada dua puncak yang berbeza (752 cm1 dan 690 cm1), sebelum dan selepas proses 

penyarian. Nilai-nilai yang diperolehi adalah munasabah dan konsistan. Pengaruh terhadap 

sifat-sifat termal juga menunjukkan bahawa lengkuk DSC mempamirkan dua puncak /ebur 

semasa ubahbentuk berlaku. Kesan pemula dan kepekatan monomer terhadap takat lebur 

dan kehabluran polipropilena cangkuk juga dilaporkan. 

ABSTRACT: An aromatic vinyl monomer was successfully grafted onto a commercial 

isotactic polypropylene (PP) by the use of an organic peroxide. An aliphatic peroxide, 2,5-

dimethyl-2,5-di-t-butylperoxy hexane, was employed in the grafting reactions that were 

carried out for 1 O minutes in melt at 180°C. The grafting reaction was confirmed through 

FTIR spectra showing infrared bands which conformed to aromatic substi.tuted benzene 

in the grafted copolymer, while weight percentage of monomer grafted to polypropylene 

and percentage grafting of monomer were obtained through the measurements of infrared 

absorbance bands of grafted polymer at two different peaks (752 cm-1 and 690 cm-1), 

before and after extraction. These values were found to be agreeable and consistent. 

Influence on the thermal properties was also investigated, where DSC melting curves 

showed the formation of double melting peaks. Effects of initiator and monomer concentration 

on the melting peaks and crystallinity of the grafted polypropylene were also reported. 

KEYWORDS: Aromatic vinyl, free radical, melt grafting, polypropylene, quantitative FTIR, 

DSC. 
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INTRODUCTION 

The search for new and interesting polymeric materials with complementary properties has 

recently intensified. The main direction of development of polymers with the aim of imparting 

specific desirable properties in modern polymer chemistry is by chemical modification (Bipin 

et al., 1993). Commercial isotactic polypropylene (PP) is a semi-crystalline polymer with 

many diversified desirable properties that have made it one of the most widely used 

thermoplastics since the Ziegler-Natta discovery in 1955 (Wang et al., 1996). However, PP 

has inadequate compatibility with other polymers and has been limited in applications 

requiring high melt strength caused by its low surface energy due to crystallinity, lack of 

chemical functionalities, low melt strength and linear chain structure (Chung et al., 1993). 

Its compatibility with other polymers and performance properties can be further enhanced 

via post reactor chemical modification through reactive processing. Current modification 

techniques for PP involve controlled rheology · (or controlled degradation) , crosslinking, 

functionalization and branching (Brown and Orlando, 1986). 

Among the various methods available for effecting modification of PP, graft reaction by peroxide 

radicals during controlled rheology process appears to be highly attractive (Bipin et al., 1993). 

Attempts at using vinyl monomer grafting constitutes as a major step to modify PP to improve 

its characteristic (Skula and Athalye, 1993). In this investigation, a mono-functional aromatic 

vinyl monomer (VM1 ), as shown in Figure 1, was used. The monomer was grafted onto PP 

to produce a grafted copolymer (PP-g-VM1) with the aim to produce a PP graft copolymer with 

balance properties which will function as an excellent compatibilizer for PP based blends and 

also as a potential replacement for styrenic polymers such as acrylonitrilbutadienestyrene 

(ABS). However, this paper is focused on the characterisation and quantitative evaluation by 

FTIR techniques and the thermal properties of the grafted polypropylene . 

oO~CH=CH2 

Figure 1. Structure of VM1 Monomer 

EXPERIMENTAL 

Materials 

lsotactic polypropylene, "Propelinas 200 D, MFI 2 g/1 Omin" was supplied by Polypropylene 

Malaysia Sdn. Bhd . Peroxide initiator Trigonox 101 (2,5 - Dimethyl - 2,5 - di-t

butylperoxyhexane) was obtained from Akzo Nobel Chemicals. Acetone and xylene were 
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obtained from Fluka and Merck, respectively. All reagents and materials used in this work 
were used as received. 

Grafting 

The grafting of VM1 monomer to polypropylene (PP) was performed in a Brabender mixer 
at 180°C with constant mixer speed (40 rpm) in the presence of a peroxide initiator, Trigonox 
101 . All samples were prepared based on 35g of PP. Samples containing different concentration 
of peroxide (1.0 to 6.0 wt% of PP) were mixed with a fixed amount of VM1 (1 %) in each 
portion. Four other samples containing different amount of VM1 (1, 3, 5 and 7 wt%) with 
6 wt% of the peroxide in each portion were also prepared. PP was allowed to melt in the 
mixer and appropriate amounts of VM1 and peroxide initiator were added in simultaneously. 
After 10 minutes the mixing was stopped and samples were collected and cooled. 

Extraction of graft polymer (PP-g-VM1) 

The crude graft PP-g-VM1 were dissolved in xylene in order to remove the unreacted 
monomer and initiator by refluxing for 4 hours. After cooling to ambient temperature, acetone 
(1 OOml) was added in order to precipitate the product. The resultant graft polymer was 
collected by filtration, washed with excess acetone and xylene (3 x 200ml) to further enhance 
the removal of residual monomer. The polymer was dried at 70°C in a vacuum oven for 
7 hours. 

Fourier Transformed Infrared (FTIR) Spectroscopy 

A Perkin Elmer 1610 Fourier Transform Infrared spectrometer was employed for this 
investigation. Infrared (IR) spectra were obtained from samples of constant (250 µm) thickness 
film which were prepared at 180°C using a Specac Constant Thickness Film Maker. Each 
sample was scanned 16 times with a spectral resolution of 4 cm·1 over the wavenumber 
range of 4400 cm·1 to 450 cm·1. 

Differential Scanning Calorimetry 

Thermal analyses were performed with Netzsch DSC 200 under a nitrogen purge. Initially, 
the temperature of the sample was raised from 30°C to 200°c at a rate of 10°C/min in order 
to erase its thermal history. Then, the sample was cooled down and reheated from 30°C 
to 200°c at a rate of 10°C/min. The crystallisation and the second melting curves were 
recorded. 
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RESULTS AND DISCUSSION 

The grafting of VM1 to PP performed in a batch mixer can serve as a model equipment for 

commercial processing as the results obtained can frequently be scaled-up for continuous 

reactive extrusion. An aliphatic peroxide initiator (i.e. 2,5 - Dimethyl - 2,5 - di-t-butylperoxyhexane) 

was used in the grafting reaction ; thus the aromatic substituent in the PP-g-VM1 copolymer 

can be more easily identified. The grafting reactions are thought to occur through abstraction 

of the tertiary carbon- atoms of PP by peroxide radical to form a polymer radical followed by 

addition of the monomer to the radical site (Xanthos, 1992; Huang et al. , 1973). The VM1 

monomer may be grafted either onto the backbone of PP or attached to the end of the PP 

chain as shown in Figure 2 (Huang et al., 1973). By using solvent extraction and infrared 

spectral analysis the formation grafting of VM1 onto PP was analysed. 

Radical attack 

ROH 

J -:,,, . r,- graft onto PP backbone 

graft to chain end of PP 

Figure 2. The grafting reaction of VM1 onto PP 

Evidence of grafting by FTIR 

A typical IR spectrum of PP-g-VM1 (extracted) and PP-g-VM1 (unextracted) compared with 

that of the unmodified PP is shown in Figure 3. The differences in the absorption bands, 

which were noted at approximately 1600, 752 and 690 cm·1 indicated the presence of the 
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aromatic constituent of VM 1 in the graft copolymer. The absorption band at 1600 cm-1 is 
due to the aromatic carbon-carbon(C-C) skeletal vibration, while the bands at 752 and 
690 cm-1 can be assigned to the carbon-hydrogen (-CH) out of plane deformation for a mono
substituted benzene (Vogel, 1997). The presence ·of these bands also indicated that the 
product was not contaminated with any residual xylene that is a di-substituted benzene. 

The effects of varying peroxide initiator (at 1 wt% of monomer) and varying monomer 
concentrations (at 6 wt% of peroxide initiator) are shown in Figures 4 and 5, respectively. 
An increase in the intensity of absorption peaks at 690 and 752 cm-1 is shown. This indicates 
increased grafting reaction as the concentrations of the initiator and the monomer increases. 

Figure 3. JR spectra of (A) PP, (B) Extracted PP-g-VM1 and 
(C) Unextracted PP-g-VM1 · 
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Figure 3(a). JR spectra of (A) PP, (B) Extracted PP-g-VM1 and 
(C) Unextracted PP-g-VM1 at 850 to 600 cm-1 
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Figure 3(b). IR spectra of (A) Unextracted PP-g-VM1 and 
(B) Extracted PP-g-VM1 at 850 to 600 cm·1 (Absorbance) 
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Figure 4. Effects of initiator concentrations (at 1% monomer), 
JR spectra of PP-g-VM1 
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Figure 5. Effects of monomer concentrations (at 6% initiator), 

JR spectra of PP-g-VM1 
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Quantitative Analysis by FTIR 

The quantitative analysis to quantify the unknown amount of VM1 grafted to PP and the 

percentages of grafting were performed on the two absorption peaks (690cm-1 and 752cm-1) 

of each sample. Four samples containing 1, 3, 5, and 7 wt% of VM1 with a constant amount 

of initiator (6 wt%) in each sample were analysed. The absorbance before and after extraction 
of the peaks for each sample were measured using the FTIR software. Computer plotted 
regression calibration curve of weight% against absorbance - obtained from the absorbance 
of the unextracted samples (M1) at two different peaks i.e. 690 cm·1 and 750 cm-1 - are 

shown in Figures 6(a) and 6(b), respectively. Thus by obtaining the infrared absorbance of 
each extracted sample (M2), the actual amount of VM1 grafted (in wt%) may be calculated 

using the equations derived from the calibration curve of the particular peak (Ahmad Fuad 
et al., 1995). The wt% grafted to PP and percentage grafting of monomer are shown in Table 

1 and 2 for the infrared absorption peak at 690 cm-1 and 752 cm-1 , respectively. The results 

derived from both peaks are consistent and therefore the quantitative analysis for this 
investigation should be acceptable. The percentage weight grafted to PP increases with 
increased monomer content showing maximum values of 1.94 wt% and 1.93 wt% for peak 

690 and 752 cm-1, respectively (at 7 wt% of monomer feed) . An opposite effect was observed 

for both peaks with respect to the percentage grafting. The percentage of monomer that 

undergoes grafting decreases with increase in monomer concentration. This results in an 

increase to the amount of unreacted or residual monomer in the reaction . There may be 

an 'optimal amount' of monomer feed required to achieve a maximum grafting percentage 
(at a particular reaction condition). The 'optimal amount' may be determined from the 
investigation of reactivity ratios and kinetics of the reaction . 

Peak 69 0 cm -1 I 
8 
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Figure 6(a). Weight % versus absorbance of infrared absorption 
peak of 690 cm·1 
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Figure 6(b). Weight % versus absorbance of infrared absorption 
peak of 752 cm-1 

Table 1. Values of quantitative analysis obtained for absorption 
peak of 690 cm·1 

wt% of 
monomer Peak 690 cm·' Results 

(M) 
feed 

Absorbance (A) 
wt% % grafting 

Y=-0.2077x2 + (M/ M,) x 100 
2.4584x 

Before After 
Extraction Extraction 

(M') (M2) 

1 0.36 0.17 0.41 47.2 

3 1.55 0.59 1.39 38.1 

5 2.44 0.84 1.92 34.4 

7 4.83 0.85 1.94 17.6 

Table 2. Values of quantitative analysis obtained for absorption peak 
of 752 cm-1 

wt% of 
monomer Peak 752 cm-1 Results 

(M) 
feed 

Absorbance (A) 
wt% % grafting 

Y=-0.0717x2 + (M/ M,) x 100 
1.4371x 

Before After 
Extraction Extraction 

(M') (M2) 

1 0.77 0.37 0.53 48.1 

3 266 1.11 1.51 41 .7 

5 4.12 1.37 1.84 33.3 

7 8.51 1.45 1.93 17.0 
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Thermal Analysis by Differential scanning calorimetry (DSC) 

DSC provides a measure of heat capacity. The signal received from DSC is proportional 

to the difference of heat capacities between the sample and the reference. Thus, the DSC 
I measurements were carried out to analyse the changes in the thermal properties (i.e. melting 

behaviour and degree of crystallinity) of the grafted polypropylene that are affected by the 
variable concentration of initiator and monomer. 

Heating and cooling traces of the DSC thermograms of PP-g-VM1 indicating the effects of 

varying peroxide initiator and monomer concentration are shown in Figures 7 and 8, 
respectively. In general , a double melting behaviour appeared in all the melting traces of 

the samples. The double endothermic peaks that can be clearly distinguished are due to 
crystal imperfections (Ryu et al, 1991 ). The appearance of this phenomenon has been 

attributed to such factors as two different crystal structures and sizes, recrystallization and 
perfection during melting which may be brought about by the use of relatively high dosage 

of initiator (Janimak et al, 1992). It has been reported (Ryu et al, 1991) that peroxide initiated 
PP degradation - which occurred during the grafting reaction as shown in Figure 2 - has 

been known as a random chain scission reaction. The reaction reduces the molecular weight 
and broadens the molecular weight distribution of PP significantly that resulted in less 

entanglement and higher mobility of the molecules. Thus, recystallization and reorganisation 
of the different molecular weight and molecular weight distribution of PP molecules had 
caused the double melting peak behaviour. 

Tern perature, (0C) 

6.0% 

4.5% 

3.0% 

1.5% 

Exo 

Endo 

Figure 7. DSC thermograms of PP-g-VM1 : Effects of initiator 
concentration from 1.5 to 6 wt% of PP (at 1 % of monomer) 
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Figure 8. DSC thermograms of PP-g-VM1 : Effects of monomer 
concentration from 1 to 7 wt% of PP (at 6% of initiator) 

The values of the thermal properties (cooling peaks, melting peaks and crystallization) of 

PP-g-VM1 are given in Table 3 and 4. It can be seen that the location of melting and cooling 

peaks decreases with increase in the concentration of peroxide initiator, where in varying 

the concentration of the monomer no significant effects were noted. These effects are clearly 

shown in Figures 7 and 8. In the case of crystallinity, no effects were observed; the values 

of the heat of crystallization of all samples are approximately the same. 

Table 3. Values of thermal properties of PP-g-VM1: Effects of variable 
initiator concentrations 

Initiator Cooling Peak Melting Peaks Heat of Crystallinity 

(wt% of PP) (OC) (OC) Crystallization Ratio 
(J/g) (%) 

1.5 107.4 149.0 158.1 86.89 62.96 

3.0 105.9 145.1 154.3 81.46 59.02 

4.5 104.6 142.3 151 /9 84.91 61.52 

6.0 103.7 140.0 149.8 76.90 55.72 
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Table 4. Values of thermal properties of PP-g-VM1: Effects of variable 
monomer concentrations 

Monomer . Cooling Peak Melting Peaks Heat of Crystallinity 
. (wt%. of PP) . (OC) (OC) Crystallization Ratio 

(J/g) (%) 

.,, 1.0 104.5 140.9 150.7 77.73 56.33 

3.0 103.5 141 .2 150.4 73.48 53.25 

5.0 104.3 140.6 150.4 75.25 54.53 

,.:,. 7.0 , 103.9 141.5 151.1 73.05 52.93 

' 

CONCLUSION 

The FTIR technique has been shown to be a viable tool for qualitative (characterisation and 
identification) and quantitative analysis for the grafting reaction. The confirmation of grafting 
reaction, effects of variable initiator and monomer concentration, and characterisation of 
grafted monomer through absorption bands of specific chemicals group is satisfactory. The 
quantitative analyses on the infrared absorption bands (690 cm-1 and 752 cm-1 ) for the 
determination ofthe percentages of grafting is accurate and consistent. In the investigation 
on the thermal properties it is observed that initiator concentration is the only factor affecting 
the n:telt behav.iour of PP-g-VM1 . 
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