
Polyolefins Journal, Vol. 8, No. 1 (2021)
IPPI DOI: 10.22063/poj.2020.2774.1163

Comparison of grafting of maleic anhydride onto 
linear low density polyethylene with hexene-1 and 
butene-1 comonomers and prediction of optimum 

ingredients by response surface methodology 

Mohammad Shahbazi and Yousef Jahani* 

Faculty of processing, Iran Polymer and Petrochemical Institute, 14977-13115, Tehran, Iran

Received: 1 August 2020, Accepted: 24 October 2020 

ABSTRACT

In this work, the grafting of maleic anhydride onto two types of linear low density polyethylene with hexene-1 
comonomer (LLDPE-H1) and butene-1 comonomer (LLDPE-B1), in the presence of styrene monomer (St) and 

dicumyl peroxide initiator (DCP) has been studied. The combined influences of MAH, St and DCP on the grafting 
efficiency via a melt reactive mixing process have been investigated using response surface methodology and the 
central cubic design has been employed for experimental design and data analysis. IR spectroscopy, contact angle 
measurements and adhesion test have been used to evaluate the extent of grafting reaction. The results showed that 
LLDPE-H1 with a 2.2% maximum grafting content showed more grafting content than the LLDPE-B1 (1.86%). 
This effect could be attributed to the type of comonomer in LLDPE-H1 which made it more prone to chain scission 
than LLDPE-B1, and a higher level of grafting was achieved. The gel content measurement showed that lower 
cross-linked structure was formed during the grafting process in the LLDP-H1 than that in the LLDPE-B1. The 
optimum conditions of maximum grafting and minimum gel content were statically investigated. The optimum 
percentage of grafting for LLDPE-H1 was 1.82% and it was 1.74% for LLDPE-B1, with the minimum gel content 
of 6.5% and 9%, respectively. It was found that the amount of grafted percentage was sensitive to the concentrations 
of the MAH, DCP, and St, while the extent of the gel content was more sensitive to the percentage of DCP.
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INTRODUCTION

The grafting process is a technical way to overcome 
the nonpolar limitation of polyolefins [1, 2]. In recent 
decades many kinds of researches were conducted to 
add polarity to polyolefin’s structure [3, 4]. From a 
scientific point of view, monomers have been grafted 
onto polyolefins by various methods, like melt state 
and solution, which among these manners melt state 
is admirable because of simplicity, economic and mass 

production. These factors can cause the manufacturer 
to pay attention to this method [1, 2].

Some reports showed that many parameters includ-
ing temperature, mixing elements in the extruder, poly-
mer structure and instrument’s torque are effective 
during reactive melt process [5, 6]. Linear low-density 
polyethylene (LLDPE) is a well-known polyolefin with 
acceptable properties in many applications especially 
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plastic wrap, food packaging, pipes, covers, toys, etc. 
LLDPE is usually made by copolymerization of eth-
ylene monomers and comonomers. Indeed comono-
mers are long chain olefins like butene-1, hexene-1, 
and octene-1 that are usually used for polymerization 
of polyethylene [7]. It may be necessary to be noted 
that depending on which type of comonomer is used 
in the polymerization of ethylene, different properties 
achieve for final products. Researches have shown 
that different monomers were grafted onto polyolefins 
successfully but among them, maleic anhydride (MA) 
due to a reasonable price, accessibility and desirable 
product has been more commonly used for grafting. 
There have been a relatively large number of experi-
ments studied with focusing on successful grafting 
MA onto polyolefins. Some studies have reported a 
significant positive effect for styrene (St) toward the 
enhancing the grafting degree [1, 8].

The impact of initiator type and processing condi-
tion on the grafting onto some polymers was the sub-
ject of some past research works [5, 9]. Nevertheless, 
it has been found no study on the influence of como-
nomer type of linear low density polyethylene on the 
grafting reactions. 

This work is an effort to understand the influence of 
the length of side chain in the two grades of LLDPE-
H1 and LLDPE-B1, one with butene-1 comonomer 
and the other with hexene-1 comonomer, on the graft-
ing process and to determine the optimum operating 
conditions by using response surface method (RSM) 
[10]. Our goal here is to understand how the amounts 
of peroxide initiator, maleic anhydride and styrene 
monomer affect the grafting process in competition 
with gel formation.

The reactive mixing process is carried out in the 
presence of peroxide initiator, maleic anhydride and 
styrene monomer as graft assistant agent. The grafting 
percent for each formulation was calculated and the 
effect of the comonomer type on the grafting process 
was also determined.

EXPERIMENTAL

Materials 
The LLDPE 0209-AA containing butene-1 comono-

mer from Shahzand (Arak-Iran) Petrochemical Co., 
with a MFI of 0.9 dg/min (190°C, 2.16 kg), and LL-
DPE SP3010 containing hexene-1 comonomer from 
Evolue Company (Japan) with a MFI of 0.8 dg/min 
(190°C, 2.16 kg) were used in this work. Dicumylper-
oxide (DCP) and maleic anhydride (MAH) were pur-
chased from Merck, and an industrial grade styrene 
was used.

Sample preparation  
The MAH grafting onto LLDPE-B1 and LLDPE-H1 
in the presence of styrene was carried out in the in-
ternal mixer (Brabender, Germany) at 170ºC and 55 
rpm rotor speed for 7 min. Formulations were selected 
based on experimental design, which are listed in Ta-
ble 1. It is necessary to note that for each raw of this 
table, two samples were prepared, one with LLDPE-
H1 and the other one with LLDPE-B1. It means the 
total number of samples was 30.

Sample purification 
For quantification of MAH grafted onto LLDPE, the 
unreacted MAH and its byproducts were removed 
from samples. In the melt grafting process, the possi-
ble byproducts of MAH oligomers and styrene-maleic 
copolymers (SMA) are soluble in cold xylene and the 
grafted LLDPE and pure LLDPE are solely soluble in 
hot xylene. To purify samples out of unreacted materi-
als, 2 g of each sample was dissolved completely in 
hot xylene at 130°C and then cooled down to room 
temperature. The precipitated LLDPE and MAH-g-
LLDPE were filtered and washed with acetone two 
times and vacuum dried for one hour at 70°C. The pu-
rified samples consequently were converted into film 
by hot press and used for contact angle measurement 
and spectroscopic analysis.

Gel content determination
The gel content (GC) is determined by:

100b a

s

W WGC
W
−

= ×       (1)

Where, Wb is the total weight of stainless steel wire 
mesh and sample after extraction, Wa is the weight of 
stainless steel wire mesh and Ws represent the exact 
weight of the sample before extraction.
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Fourier transform infrared spectroscopy (FTIR) 
Fourier transform infrared spectroscopy (FTIR) of 
different samples was performed by FTIR spectrum 
RXI, Perkin Elmer, USA. The carbonyl absorbance 
was measured at 1784 cm-1 and the carbonyl index 
(CI) was calculated by: 

1784

720
MA

ACI
A

=         (2)
 
Where, A720 is the area under the absorbance band of 
C-H group of polyethylene at 720 cm-1.

Contact angle measurement 
To evaluate the surface chemistry of grafted samples 
and verifying the received results from FTIR, the con-
tact angle was measured. The films made of purified 
samples were used for contact angle measurement 
(ISO15989) with placing distilled water on the surface 
for each of specimens. 

Adhesion test 
The adhesion strength of grafted materials to steel is 
evaluated in two various mode of an applied load: lap 
shear testing according to ASTM D1002, and peel re-
sistance (T-Peel test) according to ASTM D1062. The 
steels were properly surface treated and cleaned be-
fore test. The samples were applied at 200ºC with a 
thickness of 100 microns.

Design of experiment planning and analysis
The design of experiment was performed by Design-
Expert 10.07.  The surface response method (RSM) 
and analysis of variance (ANOVA) were used to eval-
uate the results. Three variables of maleic anhydride 
(MAH), styrene (St) and dicumyl peroxide (DCP) per-
centage were used in this analysis. The effect of these 
parameters on the graft percentage and gel content 
was determined. 

RESULTS AND DISCUSSION

Graft content and quantification
The extent of grafting is determined by using FTIR test 
results. The area under the peak at 1784 cm-1 (A1784) 
for maleic anhydride and the peak area of C-H bond 
for polyethylene A720, with a predetermined amount 
of maleic anhydride content are calculated and a cali-
bration curve for carbonyl index CI (A1784/A720) 
against MAH wt.% is obtained [11]. The experimen-
tal data for the samples with certain amount of maleic 
anhydride are tabulated in Table 1. The best fit in  the 
experimental data of CI against maleic anhydride con-
tent is achieved by the following linear type equation 
(Figure 1):

The grafting percentage of MAH is estimated by us-
ing the calibration curve of Figure 1 and the obtained 
results are surveyed in Table 2. By comparing the for-
mulations pairwise, it can be seen that the amount of 
graft onto LLDPE-H1 is higher than that on LLDPE-

Table 1. Samples formulations according to the design of 
experiment. 

ResponseIndependent variablesSample
Polymer (%)St (%)DCP (%)MA (%)Run

96.35
96.325
92.9
94.8
95.95
94.85
93.875
95.35
95.9

97.825
97.85
92.95
97.8

95.388
94.45

0.1
0.1
2

0.1
2

0.1
1.05
1.05

2
0.1
0.1
2

0.1
1.05

2

0.05
0.075
0.1
0.1
0.05
0.05
0.075
0.1
0.1

0.075
0.05
0.05
0.1

0.0625
0.05

3.5
3.5
5
5
2
5
5

3.5
2
2
2
5
2

3.5
3.5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Figure 1. The correlation between MA content and A1784/
A720 ratio.
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B1 for all formulations. The peroxide at high pro-
cessing temperature can abstract hydrogen more eas-
ily from the backbone chains of LLDPE-H1 and it is 
more prone to participate in the grafting reaction than 
LLDPE-B1.

It seems necessary to note that, LLDPE-B1 used in 
this work is produced by using Ziegler-Natta catalyst 
and the LLDPE-H1 is produced by metallocene cata-
lyst. The type of catalyst used in the coordination po-
lymerization of LLDPE and the type of comonomer 
and its percentage have strong effect on the micro-
structure and consequently on the properties of syn-
thesized polymer [12–14].

The compositional uniformity is a feature of LL-
DPE synthesized by metallocene catalysts that due to 
its selectivity leads to evenness in the distribution of 
alpha olefin along with macromolecules of polymer 
chains. The overall mechanism for preparing each of 
the grades is proposed in Figure 2 [15, 16]. It has been 
proven that the number of comonomer and its distri-
bution along the backbone chains of alpha olefins syn-
thesized by metallocene and Ziegler-Natta catalyst are 

different [17].
The test method described in ASTM D6635 was 

used to determine the comonomer content of alpha 
olefin polymers based on FTIR test results and a 
calibration curve based on NMR measurements. The 
number of comonomer (per a thousand atoms of car-
bon) directly is related to the peak area of 1378 cm-1 
over 2019 cm-1 (A1378/A2019) in the neat sample of poly-
olefin. The A1378/A2019 ratio for LLDPE-H1 was 3.13 
that was higher than that for LLDPE-B1 (A1378/A2019 
=3.03). In addition to the types of comonomer, the 
number of comonomers and their distribution along 
the chains also affect the graft efficiency. It is believed 
that the higher graft percentage refers to the longer 
side chain in LLDPE-H1 than LLDPE-B1. Nonethe-
less the number of 
comonomer/1000 carbon atoms on the grafting pro-
cess is also an important factor that needs further 
study.

Contact angle measurement
Polyolefins are none polar polymers with low surface 

Figure 2. The mechanism proposed for grafting of MA onto: (a) LLDPE-B1, and (b) LLDPE-H1 in the presence of styrene [21].
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energy.  By grafting functional monomers such as ma-
leic anhydride onto these polymers, the surface free 
energy increases. The measurement of contact angle of 
liquids in contact with polymers is a common method to 
characterize the surface chemistry of solids. The mea-
surement of contact angle can be carried out by several 
different methods [18]. The most widely used method 
is sessile drop technique. It is a convenient method with 
reasonable accuracy of ±2° with acceptable reproduc-
ibility. In this method a droplet of a known liquid such 
as water, places on the surface of a solid and the contact 
angle of tangent to the drop curvature measures at the 
crossing point of the interface of solid substrate, liquid 
droplet and surrounding air. The contact angles of water 
on the films prepared by neat LLDPE-B1 and LLDPE-
H1, measured here in this work were about 91±2° for 
both samples. The surface polarity of LLDPE increased 
by increasing the grafting percentage and its contact 
angle with water droplets decreased and diminished at 
high polarity [19, 20]. The contact angle of water for a 
number of samples is measured and surveyed in Table 2. 

Adhesion test
The adhesion test results are collected in Table 3 and 
Table 4 for lap-shear test and T-peel test, respectively 
[22]. It is seen that by increasing the graft percentage, 
higher values for the adhesion force is achieved. This 
trend for the increase in adhesion forces is observed 
for both modes of an applied load which return to en-

hanced polarity of grafted LLDPE. The adhesion test 
result approved the contact angle measurement and 
the graft percentage calculated by FTIR method.

The quadratic model is used for the statistical 
evaluation of the grafting reaction. Figure 3 shows 
the predicted against actual data for LLDPE-H1 and 
LLDPE-B1. This shows that this model can match 
well on actual data and can be used for estimating. 
The coded parameters shown in Table 5 which are al-
located between the range of -1 and 1, reveal the influ-
ence of MAH (A), DCP (B) and St (C) percentages on 
the extent of grafting. The higher value for the coef-
ficient of MAH is the evidence of its higher reactiv-
ity in LLDPE-H1 than that in LLDPE-B1. The coef-
ficient of DCP is also higher for LLDPE-H1 that leads 
to the higher grafting percentage for this grade. The 
results show that DCP initiator and MAH monomer 
simultaneously have strong effect to increase the graft 
percentage. The DCP also promote the crosslinking 
reaction in polyethylene and increase the gel content. 
This is why determining the optimal amount of DCP is 
important for the maximum grafting and minimum gel 
content. Due to the byproducts, each factor is expected 
to have the optimal value shown in the 3D-plots, at a 
constant St of 1.05 % for LLDPE-H1 and LLDPE-B1 
shown in Figures 4a and 4b. 

The quadratic equations with actual parameters for 
the extent of grafting for LLDPE-H1 and LLDPE-B1 
are as bellow:
Grafted LLDPE-H1 (%) = 1.84+0.79A-65.55B+1.2C-
1.75AB-0.007AC-6.27BC-0.086A2+544.6B2-0.31C2
Grafted LLDPE-B1(%) = 0.064+0.97A-28.9B+1.22C-
0.44AB-0.029AC-8.0BC- 0.125A2+284.1B2-0.21C2

Table 2. Contact angle, gel content and graft percentage of 
samples.

Parameters
Graft%  Gel content  Contact angle
(±0.1) (±3%)  (±2 degree) 

Sample no LL-B1 LL-H1 LL-B1 LL-H1 LL-B1 LL-H1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

1.23
1.38
1.26
1.55
1.46
1.26
1.32
1.86
1.26
0.87
0.79
1.55
1.41
1.67
1.38

1.38
1.46
1.55
1.67
1.58
1.49
1.44
2.18
1.44
1.20
1.00
1.80
1.70
1.70
1.55

10
15
25
28
15
17
23
25
25
16
10
16
30
14
9

6
11
20
26
11
15
20
20
23
12
9
14
26
11
7

82
76
80
72
73
80
79
66
79
85
89
72
73
66
78

78
72
74
68
67
71
75
58
72
80
85
67
65
65
76

Table 3. Lap-shear test results of grafted samples. 

Sample LLDPE-B1 LLDPE-H1

no Graft % Force N Graft % Force N

8
15

1.86
1.38

2200
1400

2.18
1.55

2400
1900

Table 4. T-peel test results of grafted samples.

Sample LLDPE-B1 LLDPE-H1

no Graft % Force N Graft % Force N

5
6
14

1.46
1.26
1.67

0.80
0.65
1.02

1.58
1.49
1.70

1.00
0.81
1.05
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A:MAH, B:DCP, C:St
Gel content 
In the grafting process by using peroxide initia-
tor, grafting and crosslinking are two main reactions 
which may simultaneously happen in the polymer 
melt. The crosslinking is an undesired reaction that 
may lead to diverse effect on the process ability. The 
pendant groups attached to the repeat unit in polymer 
backbone affect the physical and mechanical proper-
ties and also thermal behaviour [23, 24].

It is proved that during reactive extrusion of poly-
propylene with methyl pendant group, the β-scission 
reaction is more significant than crosslinking and the 
gel content decreases [24] while for polyethylene, gel 
content increases and crosslinking is the dominant re-
action. 

It is the question that while longer side chain in LL-

Table 5. Statistical data for maleation of LLDPE-H1 and 
LLDPE-B1.

Factor
Coefficient estimate

LLDPE-H1 LLDPE-B1

Intercept
A-MA
B-DCP
C-St
A*B
A*C
B*C
A2

B2

C2

Std.Dev.
R-squared
Adj R-squared
Pre R-squared

1.71
0.062
0.11
0.1

-0.036
-0.028
-0.20
-0.35
0.29
-0.17

       0.031
0.9912
0.9799
0.9130

1.66
0.050
0.089
0.09

-0.024
-0.035
-0.21
-0.38
0.20
-0.19

          0.024
0.9953
0.9893
0.9353

Figure 3. Plot of predicted vs. actual data for two grades (a) LLDPE-B1 (b) LLDPE-H1.

           (a)                    (b)

Figure 4. 3D-plot for grafted percent of (a) LLDPE-H1and 
(b) LLDPE-B1.

                 (a) 

   (b) 
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DPE-H1 structure leads to higher grafting efficiency, 
how it will be the gel formation during the grafting 
reaction? It is expected that longer side chain in LL-
DPE-H1 leads to lower gel content. As is seen, the gel 
content of the LLDPE-H1 is lower than that of LL-
DPE-B1 (Table 2). It is found that the gel content is 
significantly under the influence of peroxide initiator, 
and a slight increase in DCP content leads to a com-
prehensive increase in gel content.

Analysis for variance (ANOVA) resulted for the gel 
content of LLDPE-B1 is carried out by using a qua-
dratic model. The sample analysis results of LLDPE-
B1 are summarized in Table 6. A similar table exists 
for LLDPE-H1 with the same model. The amount of 
p-value specifies the significance of regression coeffi-
cient. When p-value of a variable is less than 0.05, its 
influence on response model is significant. The ANO-
VA analysis data of Table 6 validate the desired accu-
racy of a model used in the analysis of experimental 
data in this study [25].

The influences of effective coded factors on the gel 
content are shown in Table 7. It can be seen that the 
independent variables differently affect the gel con-
tent and are not the same. The influence of DCP is 
most significant on the gel content with a coefficient 
of 5.58. Meanwhile, the coefficient of St and MAH 
is -1.31 and 1.52, respectively. The negative sign im-

plies the inverse and negative effect of the styrene on 
the gel content while the effect of maleic anhydride is 
positive and additive. 

The quadratic equations with actual data for the pre-
diction of gel content are: 
Gel content (%) LLDPE-B1 = 19.4-8.25A-115.2B+10C-
52.7AB-0.045AC-41.8BC+1.9A2+4053B2-3.84C2  
Gel content (%) LLDPE-H1 = 26.4-11.4A-247.1B+ 
10.6C-48.7AB-0.32AC-44BC+2.3A2+4615.8B2-
3.45C2

Optimum contents
Grafting and crosslinking, in addition to some other 
possible reactions, are the main phenomena in the 
functionalization of polyethylene with MAH. The 
grafting is the most desired reaction while the mini-
mization of crosslinking also is vital for the sake of 
process ability. The range of variables of MAH, DCP 
and the optimal values for LLDPE-H1 and LLDPE-
B1 are shown in Table 8. The optimal values and the 
predicted results were estimated by the model used 
with the desirability of 0.884.

CONCLUSION

In this work, two types of LLDPE containing butene-1 

Table 6. ANOVA results for analysis of the gel content of 
LLDPE-B1.

Source Sum of 
squares df Mean 

square F value p-value

Model
A-MA
B-DCP
C-St
AB
AC
BC
A2

B2

C2

Residual
Lack of Fit
Pure Error

938.82
22.44
399.92
16.95
35.20
0.20
7.75
32.96
12.91
17.30
6.84
4.84
2.00

9
1
1
1
1
1
1
1
1
1
8
3
5

104.31
22.44
399.92
16.95
35.20
0.20
7.75
32.96
12.91
17.30
0.86
1.61
0.40

121.95
26.23
467.55
19.82
41.16
0.24
9.06
38.53
15.09
20.23
4.04

< 0.0001*
0.0009

< 0.0001
0.0021
0.0002
0.6381
0.0168
0.0003
0.0046
0.0020

0.0836**

 * Significant,    ** not Significant

Table 7. Statistical coefficients of LLDPE-H1 and LLDPE-B1.

Factor
Coefficient estimate

LLDPE-H1 LLDPE-B1

Intercept
A-MA
B-DCP
C-St
AB
AC
BC
A2

B2

C2

Std.Dev.
R-squared
Adj R-squared
Pre R-squared

12.41
1.52
5.58
-1.31
-1.96
-0.60
-0.83
5.76
2.96
-3.65
0.92

0.9928
0.9846
0.9317

16.59
1.53
6.53
-1.37
-2.07
-0.14
-0.90
4.46
2.63
-3.47
1.53

0.9770
0.9515
0.8841

Table 8. Optimal values of MAH, DCP and St variables.

Parameter MAH DCP St
LLDPE-B1 LLDPE-H1

Graft% Gel% Graft% Gel%
Range (%)
Optimal Value (%)

2-5
3.445

0.05-0.1
0.05

0.1-2
1.975

0.79-1.86
1.74

9-30
9

1-2.18
1.82

6-26
6.5
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and hexene-1 comonomers were used and the influ-
ence of alpha-olefin comonomer types on grafting of 
maleic anhydride onto these two polymers were in-
vestigated.
The results revealed that the percentage of grafting 
considerably is under the influence of the length of 
comonomer and it is higher for the LLDPE grade with 
hexene-1 comonomer.

The grafting of MA onto LLDPE containing longer 
comonomer hexene-1 led to lower gel content (due to 
lower crosslinking) than its shorter chain counterpart 
butene-1 comonomer. LLDPE-H1 with longer chain 
hexene-1 comonomer is more prone to beta scission 
than crosslinking in comparison with LLDPE contain-
ing butene-1 comonomer.

The measurement of grafting percentage by FTIR 
analysis and the change of surface chemistry of graft-
ed samples were approved by contact angle mea-
surement and adhesion test. The enhance polarity of 
grafted samples led to lower contact angle of water 
droplets on the surface of samples and a higher adhe-
sion strength to metal was achieved.

Response surface methodology was applied to study 
the effects of MAH, DCP and St, concentration on the 
grafting efficiency. Predicted models with adequate 
fitness for grafting percentage of LLDPE-H1 and 
LLDPE-B1 were proposed and the optimal variable 
percentages were determined for maximum grafting 
and minimum gel content.
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