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T
he modified chlorinated polypropylene (CPP) was prepared upon chlorination of

PP, initiated by benzoyl peroxide (BPO), grafted with methyl methacrylate

(MMA), butyl acrylate (BA) and methacrylic acid (MAA) as graft monomers by

tetrabasic graft copolymerization. The modified CPP was characterized by FTIR. The

effects of reaction temperature, reaction time, initiator concentration and monomers

concentration on the graft degree were investigated. The optimum reaction condition

was determined as follows: reaction temperature 105ºC, reaction time 5 h and the

mass ratio of CPP/monomers/BPO = 1:0.3:0.03. The adhesive power of graft copoly-

mer on polypropylene sheets was 100%. The solubility parameter and solvent proper-

ties of CPP and modified CPP were systematically studied to characterize their polar

change. The solubility results of CPP and modified CPP in various solvents indicated

that the polarity of CPP gradually increased with grafting monomers onto its chain,

which would cause the moderately hydrogen bonded solvents for polymers improving

more with an increase in monomers graft content, whereas that of poorly and strong-

ly hydrogen bonded solvents for polymers show no clear change. This is consistent

with the results of their dilution ratio and solubility parameter.

INTRODUCTION

Polyolefins are among the most

important polymers widely used in

household and industrial fields,

which occupy pride of place in

plastic industry. However, it is dif-

ficult to adhere to the surface of a

polyolefin substrate because of

their non-polar property. Many

investigations have been conducted

to overcome this problem; one of

the most practised methods is to

apply a layer of adhesion promoter

[1]. Chlorinated polypropylene

(CPP) is the product of polypropy-

lene’s chlorination modification

which is often used as an adhesion

promoter. It has excellent adhesive

strength to thermoplastic poly-

olefins such as polypropylene

and polyethylene [2,3]. In order to
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improve its adhesion performance between

polypropylene and other materials and exploit a best

emulsion adhesive composition, chemical modifica-

tion of CPP through grafting copolymerization is

often used, which offers an effective way to increase

the polarity of CPP [4,5]. In recent years, binary or

ternary graft copolymers of CPP are synthesized to

improve adhesion of polyolefin systems [4-7].

However, there are no reports on tetrabasic graft

copolymers of CPP. Hence we attempt to synthesize

tetrabasic graft copolymer of CPP/MMA/BA/MAA in

solution. On the one hand, the introduction of ester

group and carboxylic group can increase cohesive

force, adhesion property, water resistance, age resist-

ance and heat age resistance of CPP; and on the other

hand, carboxyl group provides the modified CPP with

ionization group which is effective for allowing the

modified chlorinated polyolefin to form an aqueous

dispersion in an appropriate process.

In this paper, grafting MMA/BA/MAA onto CPP

by free radical polymerization process was carried

out. The effects of reaction temperature, reaction

time, initiator and monomers concentration on rela-

tive graft degree were systematically studied. The

effects of graft content of modified CPP on their solu-

tion properties and their molecular polarity were also

investigated. As far as we know, there was no report

on this modified CPP and their solution properties.

The results obtained will provide a group of founda-

tional data for the graft reaction of polar monomers

onto polyolefines, which is of important value for the

molecular design of graft reaction and application in

coating industry.

EXPERIMENTAL

Materials

Chlorinated polypropylene (CPP), which contains

30% chlorine by weight, is a commercial product pur-

chased from Jin Zhu Jiang Chemical Factory in

Guangdong (China). Reaction initiator of benzoyl

peroxide (BPO), methyl methacrylate, butyl acrylate,

methacrylic acid and solvents, e.g., toluene, methanol,

n-hexane, and other reagents, are of AR or CP grades.

Synthesis of Modified CPP

CPP was dissolved in toluene in a four-neck reactive

flask equipped with condenser, thermometer, drop-

ping funnel, nitrogen blanket and a stirrer. The initia-

tor (BPO) and monomers (the mol ratio of

MMA/BA/MAA was fixed at 1/1/1) mixture was dis-

solved in toluene and was added dropwise to the reac-

tion mixture. The reaction temperature was from 90ºC

to 110°C, and the reaction time was from 2 h to 6 h.

After completion of the reaction, the reaction mixture

was purified to determine the relative graft degree and

solvent solubility. 

Purification and Characterization of Modified

CPP

The reaction mixture was dissolved in toluene at a

concentration of 1% (wt/wt), and excess methanol

was then added to precipitate it. The precipitates were

collected and Soxhlet-extracted to remove homopoly-

mers and copolymer of monomers. Since the

homopolymer poly(methacrylic acid) is soluble in

methanol and homopolymers of esters are soluble in

acetone and copolymers of monomers are soluble in

methanol and acetone, a methanol:acetone of 1:1 mix-

ture was used as extraction agent. The extraction time

was 48 h. By this procedure all homopolymers and

copolymer of monomers were separated from the

reaction mixture and the purified product was dried at

60ºC until a constant weight was reached. 

The sample obtained was then dissolved into a

solution of toluene and coated on KBr film and ana-

lyzed by a FTIR 8300 spectrophotometer. The molec-

ular characterizations (molecular weights and molec-

ular weight distributions) of CPP and modified CPP

were determined by gel permeation chromatography

(GPC) LC-10Avp under the conditions of solvent:

tetrahydrofuran, solvent flow rate: 1.0 mL/min.

Dilution Ratio and Solubility Parameter

It is known that toluene is a good solvent and hexane

or methanol is non-solvent for CPP and modified

CPP. Hexane and methanol were each dripped into

toluene solution to the point of turbidity. In order to

accurately determine turbidity of the solutions, the

laser-turbidity method was adopted in the experi-

ments, where the toluene solution of 30 mL was

exactly taken and its concentration was 8-10 mg/mL.

The dilution ratio (non-solvent volume/toluene vol-

ume) and the volume fraction, φi (toluene volume or
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non-solvent volume/sum volume after titration) were

calculated. The solubility parameter, δsm of mixed

solution could be calculated by means of the follow-

ing formula, δsm=  φ1δ1+ φ2δ2, where  φ1, δ1, φ2, and

δ2 were the volume fractions and solubility parame-

ters of toluene and non-solvents, respectively.

According to the reference [4], the solubility parame-

ter of mixed solvent of toluene and hexane is the

lower limit of the sample. The solubility parameter of

mixed solvent of toluene and methanol is the upper

limit of the sample. The mean value of the lower limit

and the upper limit is the point estimation value of the

sample.

Measurement of Relative Solubility

0.3000 g of CPP or modified CPP and 2 mL of solvent

were fed into a test tube and sealed. It was put in a

constant temperature oven at 298.15 K for three days

and was shaken for a certain time. After three days,

the solution was filtrated and the polymer content in

the clear solution was determined by weighing

method. The polymer solubility was obtained by cal-

culating the dissolved polymer quantity for every 

10 mL of solvent.

Because of the polymer molecular structure and its

complex dissolution process in solvent, it is difficult

to exactly determine the polymer solubility.

Therefore, the solubility determined under the

same conditions in this text is referred as “relative sol-

ubility”.

Adhesive Power

The purified modified CPP was dissolved in toluene

(30 wt/wt%) and coated on polypropylene plate, then

the plate was dried at 80ºC for 30 min. A cross-cut test

was carried out for the coated product in accordance

with Chinese standard. First, 100 cross-cuts of 

2×2 mm were prepared to carry out the cellophane

tape peeling test, and the adhesive power was made

on the following evaluation standard: adhesive power

percentage is the ratio of no peeling-off cross-cuts to

100. 

RESULTS AND DISCUSSION

FTIR Analysis

FTIR Spectra of the pure CPP and modified CPP are

Figure 1. FTIR Spectra of CPP and modified CPP.

shown in Figure 1. In the cases of modified CPP, new

absorption bands at 1701.1 cm-1 and 1733.9 cm-1

were observed, which can be assigned to the absorp-

tion of the carbonyl groups (-C=O) of acid and ester.

The absorption bands observed at 2600~3500 cm-1

are due to the hydroxyl group (-OH) of the acid and

confirm the graft of the monomer on CPP chains. The

absorption band at 1458 cm-1 can be assigned to the

absorption of the methylene group (-CH2) of CPP

skeleton [10]. For determination of graft content using

FTIR spectra, absorption band which was not changed

before and after reaction was often selected as an

internal reference. For example, absorption band of

methylene or methyl of PP skeleton was selected as

internal reference in the graft reaction of PP [8-10]. In

the same way, the absorption band at 1458 cm-1 was

not changed before and after the graft reaction, thus

the absorption band at 1458 cm-1 was selected as an

internal reference. The amounts of grafted MMA, BA

and MAA were determined by FTIR. The absorption

bands at 1701.1 cm-1 and 1733.9 cm-1 were used for

determining the relative amount of grafted MMA, BA

and MAA onto CPP. The ratio of the sum of the areas

of the bands at 1701.1 cm-1 and of the band at 

1733.9 cm-1 to the area of the band at 1458 cm-1

shows the relative graft degree of MMA, BA and

MAA, (A1701+A1733.9)/A1458. The results of these

calculations are discussed in detail later.

Effect of Monomers Concentration on the Relative

Graft Degree

Figure 2 shows that the graft degree increases to a  
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Figure 2. Effect of monomers concentration on graft

degree.

maximum with the increase of initial monomers con-

centration, then decreases. Similar results were also

obtained from MAH-g-CPP [11]. The higher initial

monomers concentration increases the probability that

monomers react with CPP macroradicals to graft, but

also causes phase separation into two distinct phases

of monomers and CPP phases, which are disadvan-

tage to the grafting beyond a critical concentration of

monomers. The graft degree increases fast within the

monomers concentration of 30 wt/wt%, and shows a

maximum at about 30%, when the concentration of

monomers exceeds 30%, the graft degree decreases. 

Effect of Initiator Concentration on the Relative

Graft Degree

Effect of initiator concentration on graft degree is 

Figure 3. Effect of BPO concentration on graft degree.

Figure 4. Effect of reaction time on graft degree.

given in Figure 3. It was observed that with the

increase of concentration of BPO, the graft degree ini-

tially increases and then passes through the maxima.

This is a typical behaviour observed in grafting

processes occurring via chain transfer mechanism.

With the increasing amounts of BPO, more CPP radi-

cals are formed, leading to a higher graft degree, a fur-

ther increase in BPO does not improve the extent of

grafting. Instead of generating more free radicals,

higher BPO concentration may cause the cross-link-

ing of polymer molecules due to radical growth and

recombination reactions and hence decreases the rela-

tive graft degree.

Effect of Reaction Time on the Relative Graft

Degree

Figure 4 illustrates the effect of reaction time on the

graft degree. It can be observed from Figure 4 that

with the increase of reaction time, the graft degree

increases fast before 5 h, and after 5 h it decreases.

The reason is that before 5 h the polymerization reac-

tion is at the step of chain initiation and chain growth,

at which the main reaction involves the formation and

growth of free radicals, and therefore concentration of

the free radical increases fast and there are more free

radicals reacting with CPP. After 5 h, the reaction

enters the step of chain termination, in which there are

less free radicals reacting with CPP. Moreover, longer

reaction time might cause the cross-linking reaction

and other side reactions, therefore resulting in lower

graft degree.

Iranian Polymer Journal / Volume 16 Number 9 (2007)648
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Figure 5. Effect of reaction temperature on graft degree.

Effect of Reaction Temperature on the Relative

Graft Degree

Figure 5 shows that as the temperature increases, the

graft degree increases fast at first but beyond 105ºC it

decreases. This can be attributed to the increased

number of free radicals generated and to the increased

mobility of the free radicals at higher temperatures.

An increased rate of grafting was also observed with

increasing temperature. Further increased temperature

will cause side reactions and lowers the graft degree.

Dilution Ratio and Solubility Parameter

Samples were dissolved in toluene, and the solutions

were respectively titrated to turbidity with hexane and

methanol. The experimental results of the dilution

ratio and solubility parameters are listed in Table 1. 

From Table 1, it is noticed that the dilution ratio of

hexane to toluene is gradually decreased with the

increase in relative graft degree, although the dilution

ratio of methanol to toluene is gradually increased.

Because hexane is a non-polar solvent and methanol

is a strong polar solvent, it is clear that molecular

polarity also increases with the increase of graft con-

tent of monomers onto CPP.

Point estimated values of solubility parameters of

the polymers (CPP and modified CPP) were calculat-

ed according to the method reported by the reference

[4]. The data listed in Table 1 showed that the solubil-

ity parameters of modified CPP increased a little with

the increase of the relative graft degree.

Relative Solubility

The experimental results showed that CPP and modi-

fied CPP in poorly hydrogen bonded solvents, such as

toluene, carbon tetrachloride, chloroform and 1,2-

dichloroethane were completely soluble. The solubil-

ity boundary applied by Hansen is 0.5 g/5 mL in rela-

tion to solvent. According to this standard [12] the

above solvents are good solvents for CPP and modi-

fied CPP. But in the moderately hydrogen bonded sol-

vents, such as ether, butyl acetate, ethyl acetate,

butanone, and methylpyrrolidone were partly soluble.

In the strongly hydrogen bonded solvents, such as 

isobutanol and isopropanol, the results of relative 
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Resin CPP 1# Modified CPP 2# Modified CPP 3# Modified CPP 4# Modified CPP

Mw

Mn

Mw/Mn

Relative graft degree

Hexane (mL)

Dilution ratio

Methanol (mL)

Dilution ratio

δlow

δhigh

δaverage

183400

93010

1.972

00.00

73.30

02.44

07.30

00.24

15.89

20.37

18.13

208450

108450

1.922

00.29

49.10

01.64

07.60

00.25

16.18

20.45

18.32

/

/

/

00.57

17.60

00.59

07.90

00.26

17.00

20.51

18.76

/

/

/

00.85

12.70

00.42

08.10

00.27

17.23

20.54

18.89

267150

170450

1.567

00.91

12.20

00.41

08.40

00.28

17.27

20.62

18.95

Table 1. The results of the dilution ratio and solubility parameters (MJ/m3)1/2 of polymers at 298.15 K and solution vol-

ume of toluene: 30 mL.



solubility of CPP and modified CPP were all zero,

which indicated that the solvents were very poor for

them. The results of relative solubility are listed in

Table 2. From Table 2, it was found that the solubili-

ty of CPP and modified CPP in the moderately hydro-

gen bonded solvents increased with the increase of the

relative graft degree of monomers. CPP and modified

CPP were still insoluble in isobutanol, isopropanol

etc., which indicate that the modified CPP did not still

form strong hydrogen power in the strongly hydrogen

bonded solvents which was consistent with the results

by Funasaka et al. [13]. The result showed that the rel-

ative solubility of poorly and strongly bonded sol-

vents for polymers have no clear change with an

increase of the monomers graft content. The reason is

that the free radical grafting activities of most polar

monomers onto CPP backbone were low and the

increase of the polarity of modified CPP was small

[4,13], which cannot obviously influenced the solubil-

ity of modified CPP in poorly and strongly hydrogen

bonded solvents. So the solubility of CPP and modi-

fied CPP in moderately hydrogen bonded solvents

which changes with the relative graft degree, is also

used as a means to characterize their molecular polar-

ity and hydrogen bonded power. 

Adhesive Power

According to the mentioned above method, the adhe-

sive power of the modified CPP was determined. The

results showed that the adhesive power of all the mod-

ified CPP was 100%. This indicated that the graft

reaction using acrylic resin was not influence the

adhesive power of CPP but increase their molecular

polarity.

CONCLUSION

Tetrabasic graft copolymer of chlorinated polypropy-

lene/methyl methacrylate (MMA)/butyl acrylate

(BA)/mathacrylic acid was prepared in toluene solu-

tion. The optimum processing conditions were that

the reaction temperature was 105ºC, reaction time

was 5 h, based on 100 parts CPP, 30 parts of

monomers mixture (the molar ratio of MMA/BA/

MAA was fixed at 1/1/1) and 3 parts BPO were used.

The relative solubility of CPP and modified CPP in

various solvents shows that the relative solubility of

the modified CPP in the moderately hydrogen bonded

solvents increases with the increase of the relative

graft degree of monomers onto CPP, which is consis-
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Solvent Solubiity parameter CPP 1# Modified CPP 4# Modified CPP

Poor hydrogen bond

Toluene

Carbon tetrachloride

Chloroform

1,2-Dichloroethane

Moderate hydrogen bond

Ether

Butyl acetate

Ethyl acetate

Butanone

Methylpyrrolidone

Strong hydrogen bond

Ethanol

Dimethyl sulphoxide

Isobutanol

Isopropanol 

18.21

17.70

19.85

20.05

15.57

17.39

18.62

19.03

22.86

26.39

26.66

22.10

23.53

Soluble

Soluble

Soluble

Soluble

0.19

0.80

0.11

0.39

0.17

0.00

0.00

0.00

0.00

Soluble

Soluble

Soluble

Soluble

0.21

0.98

0.40

0.50

0.26

0.00

0.00

0.00

0.00

Soluble

Soluble

Soluble

Soluble

0.33

1.02

0.42

0.53

0.27

0.00

0.00

0.00

0.00

Table 2. Solubility of CPP and graft CPP in different solvents at 298.15 K (g/10mL solvent).



tent with the result of their dilution ratio. But the sol-

ubility of the modified CPP in poorly and strongly

hydrogen bonded solvents has no clear changed. So

their solubility in moderately hydrogen bonded sol-

vents, which changes with the relative graft degree of

monomers onto CPP, is also a quantitative means to

characterize their molecular polarity.
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