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Abstract: 

    Polyethylene was known as an inactive polymer and cannot compatible or 

reacted with other polymers.  In this paper proved that the inert linear low-

density polyethylene (LLDPE) was converted to chemically active polymer by 

grafting with maleic anhydride moiety. The grafted polymer can be reacted with 

different amines in order to prepare the imides of LLDPE .To prepare 

polyamides of grafted LLDPE two types of amines were used (ammonium 

hydroxide and isobutylamine).The thermal properties were investigated. FTIR 

were used to study the chemical structure of the amide polymers and show 

enhancement different thermal characteristics according to the types of the 

amines used.The prepared polyamides show different crystalline regions with 

different crystals volume of the two types of amides  according to XRD analysis. 
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: يعُزف الثىلي إيثيليي تأًه تىليوز غيز خاهل ولا يوكي أى يزتثظ أو يتفاعل هع الثىليوزاخ الملخص

إلً تىليوز   (LLDPE) الأخزي. تن في هذا الثحث  تحىيل الثىلي إيثليي الخطي الخاهل هٌخفض الكثافح

الواليك. يوكي للثىليوز الوطعن اى يتفاعل هع أهيٌاخ  ًشظ كيويائياً عي طزيق تطعيوه توجوىعح أًهيذريذ

الوطعن تالاهيذاخ  تن استخذام ًىعيي هي الأهيٌاخ  LLDPE لتحضيز .LLDPE هختلفح ليٌتج إهيذاخ

)هيذروكسيذ الأهىًيىم وأيزوتىتيل الاهيي(.  تن دراسح الخىاص الحزاريح للثىليوزاخ الوحضزج و 

اظهزخ الذراسح تعزيز للخىاص الحزاريح تٌسة  هختلفح  FTIR. يحالتزكية الكيويائي تاستخذام تقٌ

للثىلي اهيذاخ الوحضزج  XRD  حسة أًىاع الأهيٌاخ الوستخذهح, كوا اظهز تحليل حيىد الاشعح السيٌيح

  .هٌاطق تلىريح هختلفح هع اختلاف حجن تلىراخ  لٌىعي الأهيذاخ

Introduction:  

Polyethylene (PE) is the most used and essential polymer in our daily life. PE 

consists of several types, the major classes are: High- density polyethylene 

(HDPE), Low-density polyethylene (LDPE), Linear low- density polyethylene 

(LLDPE), and Cross- linked polyethylene (XLPE). This classification is 

according to different densities and degree of branching (1-3). LLDPE was grow 

globally in the market in the recent years (4). LLDPE has  short branches ( 

butane, hexane and octane) more than  HDPE. This structure of LLDPE make its 

molecular arrangement not too tight and low crystallinity (1-3), so that it have 
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good elasticity, flexibility, transparency, toughness and good ability for molding 

(5). However, they can stay many years in the environment and contributing to 

environmental pollution due to their exceptional inert hydrocarbon backbone 

(6).The grafting technique were practiced to improve the morphology, chemical, 

and physical properties of the polymer.An insoluble polymer becomes soluble 

This modification is required to provide special properties to the modified PE, 

such as increased thermal stability, multiphase and physical responses, 

compatibility, flexibility, and rigidity. Through modification. It also improves 

the conditions for polymer processing (7). Maleic anhydride (MAn) grafted 

polyethylene is very important technique for application as a copolymer 

precursor in polymer blends(8,9). The MAn grafted to PE can improved the 

electrical resistance and dielectric break down strength (10). Thermoplastic 

polyurethane form with PE immiscible blends with an extremely low 

compatibility. In order to overcome this problem an improve the dispersion and 

properties of these blends, PE was grafted with MAn(11). The results show that 

the morphological properties of the blends was improved.  LDPE was known as 

a thermoplastic material, renders processing flexibility and high chemical 

stability, but has poor thermal resistance and low  mechanical strength(12). The 

mechanism of grafting MAn to LLDPE was studies by many researchers (13- 

15). They suggest that MAn can form branched graft or bridge graft with the 

polyethylene chain. The fraction of the bridged graft  is less than that of the 

branched graft.   Within the frame of this work, the solubility and thermal 

properties of LLDPE was improved through grafting with MAn. The grafted 

MAn moiety was amidified with different type of amines to get soluble polymer 

at room temperature in organic solvents. 

 Experimental:  

All the used chemicals are used as received from the sources  except MAn was 

purified by heating the molten row MAn in dry space at 120
0
C for 15 min.  

Equipment: 

FT.IR spectra were accomplished by using (BRUKER FT.IR Infrared. Thermal 

analyses were measured by using Q 600 /TA Thermo gravimetric Analysis (the 

temperature range was 25-800
0
C the heating speed of measuring TGA and DTA 

of the prepared samples was 20
o
C \ min. X- ray diffraction was carried out by 

using XRD- 6000 Shimadzu. CHN was carried out by using Perkin-Elmer 2400 

II. 

Methodology: 

Grafting of LLDPE by MAn: 

10g of LLDPE with certain amount of MAn, 0.1 g of initiator dicumyl peroxide 

in 50ml dry xylene was reflexed for 2hrs.The produced grafted polymeric was 

precipitated from methanol, filtered, washed with acetone and dried under 

vacuum at 50
0
C. Another experiments were followed by adding two portions of 
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the initiator. The second portion (0.1g) was added after a period of 2hrs.(16) 

(Table 1).                  

Table 1: grafting of LLDPE with MAn 

MAn/ gm 

Grafted 

LLDPE/g

m 
Dicumyl peroxide/g 

MAn/ gm   

    added 
NO. 

1.8 10 0.1 5 1 

4.2 10 0.1 10 2 

7.4 10 0.1 15 3 

8.8 10 0.1+0.1 15 4 

12.2 10 0.1 20 5 

15.3 10 0.1+0.1 20 6 

15.2 10 0.1 25 7 

15.3 10 0.1+0.1 25 8 

Evaluation of grafting degree: 

The degree of grafting of LLDPE with MAn was determined by titrating the 

acid groups with   NaOH according to the published work (17). 

Amidification of the grafted polymer: 

Dissolving 1g of the grafted LLDPE (sample 6)  in 50ml of toluene and 

equivalent mole of amine to the grafted Man was added .The mixture was 

refluxed for a period of 2hrs. 

 The  resulted product is soluble in the toluene until even at room temperature.  

Half amount of the solvent was distilled off under vacuum and the resulted 

polymer was precipitated from methanol. 

  

  

 

 

 

 

 

 

Results and discussions:  
FTIR,TGA,DTA  and XRD were measured for the grafted LLDPE with MAn 

and all their amic acids. According to table (2), it was shown that  the maximum 
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grafting of LLDPE with MAn was observed with the sample 6. This result  was 

confirm  with the previous  study that shows  the maximum grafting degree can 

be obtained when the initiator was added as two  portions (16,17). The 

amidification of sample 6  (table 1)with amines was proved by elemental 

analysis, whereby the results approved the success of amidification process and 

revealed  that every 12 carbon atom on the polyethylene chain can be bonded 

with one MAn moiety (table 4). Table 3 shows the signs of the  LLDPE  and the 

their imides(18) 

 

Table 2: Signs of the prepared recipes 

Table (3): CHNS elemental analysis of prepared polymers. 

Measured Calculated Sampl

e   

H% C% N% H% H% C% N% 

9.11 78.1 2.82 

  

11.18  74.53  4.43 

  

I 

8.4 60.92 8.41 10.96 63.78 9.3 M 

FTIR analysis: 
Figure 1 shows the  IR spectrum of LLDPE, whereby  the bands appeared at 

2914 cm
-1

 and 2847 cm
-1

   are related to the stretching vibration of aliphatic CH 

group, while the vibrations appeared at 1462cm
-1 

and 1472 cm
-1

 are belong to 

the bending vibrations of aliphatic CH group. The peak at 718 cm
-1

 is belong to 

C-C vibration. 

Figure (2) represent the IR spectrum of sample 6.  In addition to the main 

frequencies of MP, new  bands were appeared  at 1707cm
- 1

 and 1632 cm
-1

 

which are belong to the stretching vibration of carbonyl  group and the bands at 

1170-1219 cm
-1

 attributed to C-O-C vibration. These observations prove the 

success of grafting. 

The modified samples  show broad  bands at 1735 and 1732cm
-1

 indicating the 

presence of amic acid. In addition   M sample show weak band  at (3424  cm
-1

) 

Recipes Sign 

Linear low density Polyethylene Pure            P 

Maleic anhydride grafted Linear low density Polyethylene MP 

polyimide with iso butyl amine                      I 

Polyimide with ammonium hydroxide            M 
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which are attributed to the probability of  primary and secondary amine groups 

of the amic acid (18). The reaction of the MAn- g- LLDPE with different amines 

produce the imides. Figures  (3)  represent the IR spectra of the imides  I, M. 

Table (4)  indicates the absorption bands of the different groups of the prepared 

imide.   

. This explain the reaction of the grafted  MAn with one molecule of amine to 

form imide and the other part of MAn produce the carboxylic acid (18). 

 

Table (4):  Assignment of the IR-absorption of different ester of LLDPE 

Thermal analysis: 

The DTA, TGA and DSC of the prepared polyamides are accomplished at a 

heating rate of 20
0
C/ min. The results show different thermal behaviors of the 

prepared imides  than the origin polyethylene.  

DSC Thermogram of the amide  I shows Tg at 442.2 
0
C, while the TGA and 

DTA reveal the thermal history. The sample lose5.811% of its weight at  125
0
C . 

The start  pyrolysis loss 86.821%  of  its weight  260C
0
 and complete 

decomposition at 505
0
C (figure 5). 

In the other hand, the polyamide of M  gives small different  thermal 

characteristics than I. TGA and DTA (figure 6) indicate that the sample lose 

about 14.44% of its weight at 225
0
C, and start complete decomposition at 

505
0
C. while the DSC shows the TG is about 136.89

0
C 

X-ray diffraction analysis: 

It is well known that the LLDPE is an amorphous material; its degree of 

crystallinity can be changed when grafting with some different moieties. Figure 

(7) illustrate the XRD diagram of E1. It shows six  region of crystallinity. 

Table(5) explain the analysis of these region where by the main region appeared 

at 2θ= 21.9309 

 

      

Groube

s 

 

Sample 

O−H 
C─H 

Stretche 

C─H 

Bend 
C═O C─O C─C 

OTHER

S 

I 
 

2915 

2848 

1463 

1471 
1735 

1010 

 
719 

C-N-C 

(1166) 

M 3424 
2916 

2848 

1461 

 
1732 

1087 

1003 
719 

N-H 

(3216) 
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Table (5): XRD analysis of I 

V  (value) λ 
FWHM  

(20Th.) 

d-spacing 

(A) 
2θ 

1.449 1.54 0.9741 4.04958 21.9309 

2.6872 1.54 0.5278 3.65848 24.3094 

0.9883 1.54 1.4779 2.44882 36.6684 

1.202 1.54 1.2279 2.23757 40.2729 

1.01 1.54 1.4706 2.08853 43.2861 

0.951 1.54 106295 1.71998 53.212 

M imide with ammonium hydroxide  have eight region of crystal, two more than 

imide of iso butylamine but still the major region at the same place (figure 8 and 

table 6). 

Table (6): XRD analysis of M 

V  (value) ) λ  value) 
FWHM 

(2
0
Th.) 

d-spacing 

(A) 
2θ 

0.352 1.54 4.0000 4.08478 21.7396 

2.88 1.54 0.4920 3.68766 24.1141 

4.13 1.54 0.3496 2.72527 32.8369 

1476.18 1.54 0.0010 2.24462 40.141 

16.606 1.54 0.0900 2.06338 43.8410 

16.808 1.54 0.0900 1.92634 47.1410 

17.232 1.54 0.0900 1.71911 53.2410 

17.395 1.54 0.0900 1.65875 55.3410 

Conclusion: 

1-Different polyamides are prepared from grafted LLDPE by used as reactive 

compound. 

2-By using grafting LLDPE with MAn can be converted to reactive compound. 

3-Grafted LLDPE has less thermal stability than polyamide. 

4- The LLDPE can be converted to  soluble polymers in organic solvent 

(toluene)  at room temperature. 



 

88 
 

Acknowledgements:  

The authors wish to thank the chemistry department/collage of science / 

University of Mosul for their supporting us to complete the research. 

Reference: 

1-An, M., Cui, B., & Duan, X. (2022, March). Preparation and applications of 

linear low-density polyethylene. In Journal of Physics: Conference Series (Vol. 

2229, No. 1, p. 012009). IOP Publishing. 

DOI 10.1088/1742-6596/2229/1/012009 

Gilbert, M. (Ed.). (2016). Brydson's plastics materials. William Andrew. 2- 

3-Zhang, X. M., Elkoun, S., Ajji, A., & Huneault, M. A. (2004). Oriented 

structure and anisotropy properties of polymer blown films: HDPE, LLDPE and 

LDPE. Polymer, 45(1), 217-229( https://doi.org/10.1016/j.polymer.2003.10.057) 

4-An, M., Cui, B., & Duan, X. (2022, March). Preparation and applications of 

linear low-density polyethylene. In Journal of Physics: Conference Series (Vol. 

2229, No. 1, p. 012009). IOP Publishing( DOI 10.1088/1742-

6596/2229/1/012009).  

 Wagner Jr, J. R. (Ed.). (2016). Multilayer flexible packaging. William 

Andrew 5- 

6-Zou, C., Liao, D., Pang, W., Chen, M., & Tan, C. (2021). Versatile PNPO 

ligands for palladium and nickel catalyzed ethylene polymerization and 

copolymerization with polar monomers. Journal of Catalysis, 393, 281-289. 

https://doi.org/10.1016/j.jcat.2020.11.023 

7-Pesneau, I., Champagne, M. F., & Huneault, M. A. (2004). Glycidyl 

methacrylate–grafted linear low‐density polyethylene fabrication and application 

for polyester/polyethylene bonding. Journal of applied polymer science, 91(5), 

3180-3191. https://doi.org/10.1002/app.13487   

8-Heinen, W., van Duin, M., Rosenmöller, C. H., Wenzel, C. B., De Groot, H. 

J., & Lugtenburg, J. (1998, March). 13C NMR Study of the grafting of 13C 

labeled maleic anhydride onto PE, PP and EPM. In Macromolecular Symposia 

(Vol. 129, No. 1, pp. 119-125). Basel: Hüthig & Wepf Verlag( 

https://doi.org/10.1002/masy.19981290111) 

9-Yang, L., Zhang, F., Endo, T., & Hirotsu, T. (2003). Microstructure of maleic 

anhydride grafted polyethylene by high-resolution solution-state NMR and FTIR 

spectroscopy. Macromolecules, 36(13), 4709-4718 

https://doi.org/10.1021/ma020527r 



 

011 
 

10-Gao, J. G., Liu, L. W., & Sun, W. F. (2023). Dielectric Characteristics of 

Crosslinked Polyethylene Modified by Grafting Polar-Group Molecules. 

Polymers, 15(1), 231.  

https://doi.org/10.3390/polym15010231 

11-Pötschke, P., Wallheinke, K., & Stutz, H. (1999). Blends of thermoplastic 

polyurethane and maleic‐anhydride grafted polyethylene. I: Morphology and 

mechanical properties. Polymer Engineering & Science, 39(6), 1035-1048 

https://doi.org/10.1002/pen.11492 

12-Montanari, G. C. (2011). Bringing an insulation to failure: the role of space 

charge. IEEE Transactions on Dielectrics and Electrical Insulation, 18(2), 339-

364 

https://doi.org/10.1109/TDEI.2011.5739438 

13-He, X., Song, M., Liang, H., & Pan, C. (2001). Self-assembly of the 

symmetric diblock copolymer in a confined state: Monte Carlo simulation. The 

Journal of Chemical Physics, 114(23), 10510-10513.( 

https://doi.org/10.1063/1.1372189 ) 

14-Liang, H., Li, F., He, X., & Jiang, W. (2000). Monte Carlo simulation for the 

modification of polymer via grafting. European Polymer Journal, 36(8), 1613-

1617. 

https://doi.org/10.1016/S0014-3057(99)00234-7 

15-Zhu, Y., An, L., & Jiang, W. (2003). Monte Carlo simulation of the grafting 

of maleic anhydride onto polypropylene at higher temperature. Macromolecules, 

36(10), 3714-3720 

https://doi.org/10.1021/ma0342168 

16-Khattab, A. F., & Sedeeq, S. H. Removal of Cu, Zn and Cd from Aqueous 

Solution by Using Ion Exchanger Derived from Sack Polypropylene Grafted 

with Maleic Acid and its Derivatives 

Khattab, A. F., & Ismail, H. K. (2010). Synthesis and study of ion exchanger -71

The Iraqi J. Mechanical and Material  derived from low density polyethylene.

Special Issue.Engineering,  

18-Webster, F. X., & Kiemle, D. J. (2005). Spectrometric identification of 

organic compounds. John Wiley & Sons. 

 

 

https://doi.org/10.1021/ma0342168
https://doi.org/10.1021/ma0342168


 

010 
 

Figures: 

 

 

 

 

 

 

 

 

 

Figure(1): FTIR spectrum of P 
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  Figure (2): IR spectrum of MP (sample 6 

 

 

 

 

 

 

 

 

Figure (3): FTIR spectrum of I 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4): FTIR spectrum of M 
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Figure (5): Thermograme of I 

 

 

 

 

 

 

 

 

 

 

 

Figure (6): Thermograme of M 
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  I Figure (7): XRD of 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (8): XRD of M 


