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Abstract. With Itaconyl chloride and m-phenylenediamine as raw materials, poly(itaconic 
acid- m-phenylenediamine) was synthesized by the low temperature solution polycondensation 
we reported. The effects of initial temperature and reaction time on polycondensation were 
investigated. And the product was characterized by 1H-NMR, FT-IR and TGA. The results 
showed that the polycondensation should carry out at a low temperature. The initial 
temperature should be lower 0 ºC. The polycondensation time was 90-100 minutes. Under 
these conditions, the thermal stability was good and its inherent viscosity was about 1.4. The 
spectra of FT-IR and 1H-NMR confirmed its structure. 
Keywords: low temperature solution polycondensation; itaconyl chloride; polymer; inherent 
viscosity; characterization. 

1 Introduction 
Polyamide (PA) is a widely used engineering plastic. It has excellent physical and mechanical 
properties because of its special structure and the role of the crystal [1, 2]. The most important PAs are 
Polyamide 6fibers and Polyamide 66 fibers. They are essential products of daily life and industrial 
circle [3]. 

There are various methods of PA preparation, such as low temperature solution 
polycondensation[4], gaseous polymerization[5], interfacial polymerization[6] and emulsion 
polymerization. The usage of solvent is the general feature of low temperature solution 
polycondensation. With the solvent, the polymerization could proceed at low reaction temperature and 
mild condition. Moreover, there are several advantages, such as good for heat exchange and solution 
of indissolvable solutes. Low temperature solution polycondensation was used widely because of low 
consumption of solvent, high efficiency. The product, resin solution, could be used directly to 
spinning, pulping or filming without precipitation, water washing and dissolving of resin. So, it was 
more economical [7]. Interfacial polycondensation was a method that two monomers dissolved in the 
water and solvent not miscible with water, respectively. The reaction was carried out at the water and 
oil interface. It has several advantages, such as simple devices, high reaction speed and the product 
with high molecule. Polyamide, polyarylester, makrolon and polyurethane were prepared usually by 
this method. Otherwise, the consumption of solvent was very large, and the efficiency of devices was 
low [8, 9]. With emulsion polymerization, the product was the emulsion with insoluble polymer 
dispersed in continuous phase. By the emulsion polymerization, the insoluble polymer was dispersed 

a Correspondence author : wuyumin005@163.com 

International Conference on Innovative Material Science and Technology (IMST 2016)

© 2016.  The authors – Published by Atlantis Press 18



stably in the continuous phase. And, the main chain could be modified by altering feeding sequence 
with comonomer[10]. 

Poly (itaconic acid-m-phenylenediamine), as a new resin material, was reported in few articles. As 
an organic plasticizer for poly (butylene succinate) (PBS)[11] and polyvinyl chloride (PVC)[12], it has 
a good plasticizing effect. In this paper, poly (itaconic acid-m-phenylenediamine) was prepared by 
low temperature solution polycondensation. The reaction mechanism and condition were analyzed. 
And its structure was characterized. 

2 Experimental 

2.1 Materials 

Itaconic acid (industrial product) was purchased from Qingdao Langyatai Group Co., China. 
Dimethylacetamide(analytical reagent, AR), m-phenylenediamine(AR) and Ca(OH)2(AR) was 
purchased from Sinopharm chemical reagent Co., Ltd.. 

2.2 Synthesis of polyamide 

Anhydrous m-phenylenediamine was dissolved with moderate dimethylacetamide in the reactor. 
Itaconyl chloride was dropped into the reactor with agitating at 0 ºC. Then, the reagents were heated 
to reactive temperature. When the reaction was completed, Ca(OH)2 powder was added and kept 
agitating for 30minutes.The crude product was obtained. And then, impurities were filtered out by 
distilled water. Water was removaled by vacuum drying oven, and gave the pure product. 

2.3 Characterization 
1H-NMR Spectroscopy: Chemical structures of PA were characterized by 1H-NMR, which was 
implemented on a BRUKER AV 500 MHz spectrometer at ambient temperature, using dimethyl 
sulfoxide (DMSO) as the solvent and the internal standard, respectively. 

FT-IR: Fourier Transform Infrared Spectrometer was carried out with a BRUKER TENSOR-27 
infrared spectrometer using KBr pellets to confirm the structure. 

Thermal properties: Thermo gravimetric Analysis: The thermal stabilities of polymers were 
determined through Thermo gravimetric Analysis (TGA). The thermograms were recorded on a 
STA409PCLuxx thermo gravimetric analyzer from room temperature to 600 ºC at a heating rate of 15 
ºC/min under N2atmosphere. 

3 Results and discussion 

3.1 Effects of reaction temperature 

The polymerization was very strong because of high reactivity of both monomers. So, several side 
reactions would occur. The effects of initial temperature were discussed to control the side reactions to 
do not affect the main reaction. 

Figure 1 showed the effects of initial temperature on the inherent viscosity. When the initial 
temperature was lower than 0 ºC, the inherent viscosity was about 1.4. When the initial temperature 
increased, the inherent viscosity of the product decreased sharply according to Figure 1. The inherent 
viscosity was similar when the initial temperature was -5 ºC and 0 ºC. But the energy consumption 
with the initial temperature -5 ºC was greater than that of 0 ºC. So, 0 ºC was the best initial 
temperature.  
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Figure 1. The relationship of initial reaction temperature and the inherent viscosity 

3.2 Effects of reaction temperature 

The effects of reaction temperature and reaction time on the inherent viscosity were studied at the 
same initial temperature. During the reaction, the sample was taken out to measure the inherent 
viscosity every 20 minutes. The date was showed in Figure 2. 

According to Figure 2, inherent viscosity of the product was high at low temperature. With the 
increasing of reaction temperature, inherent viscosity decreased constantly. The inherent viscosity was 
highest at 0 ºC. So, it was the best condition. 

The inherent viscosity increased sharply in the first 20 minutes. Then, it changed slowly in the 
50-90 minutes. After 90 minutes, it was beginning to stabilize. At the beginning of the reaction, 
reagents’ concentration was high. So, the reaction speed was high. As the reaction was carried out, the 
materials were consumed and the concentration decreased. So, the reaction speed slowed down. When 
the most materials were consumed after about 90 minutes, the reaction ceased. Therefore, the suitable 
reaction time was 90-100 minutes. 

 
Figure 2. The relationship of reaction time and inherent viscosity 
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3.3 1H-NMR of product 

The structure of poly (itaconic acid-m-phenylenediamine) was below: 
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Figure 3. The structure of poly (itaconic acid-m-phenylenediamine) 

1H-NMR spectrum of the product was showed in Figure 4. In the 1H-NMR spectra, the peak 
around 2.45 ppm was assigned to the underlined protons in -CH2-. The peaks around 5.96 and 5.61 
ppm were attributed to the protons signal of the group C CH2. The ratio of these peaks area was 1:1. 
The continuous peaks from 6.22 to 7.18 were attributed to the protons of benzene ring. The 
continuous peaks around 4.07 and 7.18 were attributed to the proton of -NH-. The most intense peak 
around 3.27 was to residual water. 

 
Figure 4. 1H-NMR spectrum of the product 
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3.4 FT-IR spectrum of product 

 
Figure 5. FT-IR spectrum of product 

The FT-IR spectrum of poly(itaconic acid-m-phenylenediamine) was shown in Figure 5. In the 
spectrum of the polymer, the intense absorption at 3367cm-1 was assigned to the stretching vibration 
of N-H in the amide group. Four absorption peaks from 1605 cm-1 to 1442 cm-1 was attributed to the 
amide group. Three small peaks from 1166 cm-1 to 1310 cm-1 was assigned to the stretching vibration 
of C-N in amide group and in-place bending vibration of N-H. Five peaks from 689 cm-1 to 1002 cm-1 
were to in-place bending vibration of C-H in aromatic ring. 

3.5 TG and DTG 

Thermogravimetric analysis could confirm the decomposition temperature, decomposition speed and 
weight loss ratio of the polymer. Then, its thermostability could be evaluated. In this article, 
thermogravimetric analysis was made at N2atmosphere, 50 mL/min of gas stream and 15 ºC/min of 
heating rate. TG and DTG curves were shown in Figure 6. 

From Figure 6, the beginning weight loss was due to the water in the product. When the 
temperature was above 245 ºC, poly (itaconic acid-m-phenylenediamine) decomposed slowly. When 
the temperature was to about 300 ºC, the decomposition was fast. The peak of decomposition was 
-20.37 % / min at 370 ºC. The final weight loss was -96.54 %. 
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Figure 6. TG and DTG curves of product 

4 Conclusions 
With itaconyl chloride and m-phenylenediamine as raw materials, poly(itaconic 
acid-m-phenylenediamine) was prepared by low temperature solution polycondensation. The reaction 
conditions were studied. And the structure and thermal properties were characterized. The results 
showed that the polycondensation should carry out at a low temperature. The initial temperature 
should be lower 0 ºC. The polycondensation time was 90-100 minutes. Under these conditions, the 
thermal stability was good and its inherent viscosity was about 1.4. The spectra of FT-IR and 
1H-NMR confirmed its structure. 
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