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Abstract. A series of nanocomposites consist of organic polyimide 
and organo-modified clay content varying from 0 to 5 wt%, were 
successfully prepared by in situ polymerization. Polyimide used as a 
matrix of nanocomposite was prepared through the reaction of 1,4-bis 
[4-aminophenoxy] butane (APB) and 3،3΄،4،4΄-benzophenone tetra 
carboxylic dianhydride (BTDA) in N,N-dimethylacetamide (DMAc). 
The resulting nanocomposite films were characterized by FT-IR spec-
troscopy, X-ray diffraction (XRD), scanning electron microscopy 
(SEM) and thermogravimetric analysis (TGA).
Key words: Polyimide, nanocomposite, organoclay.

Resumen. Se preparó una serie de nanocompuestos consistentes en 
poliimidas y arcillas modificadas con grupos orgánicos, en los que se 
varió el contenido de arcilla modificada, de 0 a 5% en peso; La polii-
mida utilizada como matriz del nanocompuesto se preparó mediante 
la reacción de 1,4-bis [4-aminofenoxi] butano y el dianhídrido car-
boxílico 3,3,4,4-tetra benzofenona en N,N-dimetilacetamida (DMAC). 
Las películas de nanocompuestos resultantes se caracterizaron por 
espectroscopía FT-IR, difracción de rayos X (XRD), microscopía elec-
trónica de barrido y análisis termogravimétrico.
Palabras clave: Poliamida, nanocompuestos, arcilla orgánica.

Introduction

Polyimides (PI) are used extensively in microelectronics, opti-
cal, automotive and aerospace applications because of their 
excellent thermal stability and mechanical properties [1]. In 
particular, the aromatic polyimide has been used as dielectric 
layers in the multi-chip packaging for semiconductors [2]. Last 
researches are devoted to further improving the performance 
of (PIs) in some specific applications [3-5]. In last decades, it 
was found that the introduction of well dispersed clay layers 
such as montmorillonite (MMT) into a polymer matrix has been 
proved to be completely effective in the improvement of me-
chanical, thermal and barrier properties of the polymers [6-12]. 
Pure MMT is difficult to mix with hydrophobic polymers due 
to its nature. It is necessary to modify MMT by replacing the 
metal cations in the intergallery of silicate layers with various 
organic cation molecules [13]. The surface modification of the 
layered silicates increased interlayer spacing and became more 
uniform after intercalation with organic molecules. This surface 
treatment with organic molecules made MMT more miscible 
with polymer molecules. Thus, polymer molecules are allowed 
to enter the enlarged interlayer of organoclay for further inter-
calation or exfoliation [14-16]. Different synthesis methods 
have been proposed to obtain nanocomposites: intercalation of 
polymer from solution, in situ intercalative polymerization, or 
melt intercalation.

In the present work, nanocomposites of polyimide and 
organo-modified clay have been synthesized using in situ po-
lymerization of 1, 4-bis [4-aminophenoxy] butane (APB) and 
3،3’،4،4’-benzophenone tetra carboxylic dianhydride (BTDA), 
between the organoclay layeres, through thermal imidization 
reaction. Nanocomposite films containing 0.5, 1, 3, 5 wt.% of 
organoclay obtained by thermal imidization were character-

ized by Fourier-Transform infrared (FTIR) spectroscopy, wide-
angle powder X-ray diffraction (XRD) and scanning electron 
microscopy (SEM).

The effects of material composition on thermal stability of 
pure PI and PCN materials were studied by thermogravimetric 
analysis (TGA).

Experimental

Materials

All chemicals were purchased from Fluka Chemical Co. (Swit-
zerland), Aldrich Chemical Co. (Milwaukee), Merck Chemi-
cal Co. (Germany) and Across Organics N.V/S.A (Belgium). 
MMT, with a cation exchange capacity (CEC) of 95 meq/100g 
was supplied and have been modified with 4،4’-oxydianiline 
(ODA) to preparation of nanocomposite films. Diamine (APB) 
(mp = 152-154 °C) was prepared according to our pervious 
work [17].

Techniques

1H NMR and 13C NMR spectra were recorded on a Bruker 300 
MHz instrument (Germany). Fourier transform infrared (FTIR) 
spectra were recorded on Galaxy series FTIR 5000 spectropho-
tometer (England). Spectra of solid were performed by using 
KBr pellets. Vibration transition frequencies were reported in 
wave number (cm-1). Wide angle XRD study of the samples 
was performed with an X-ray diffractometer with a copper 
target at a scanning rate of 4°/min. The morphologies of the 
fractured surfaces of the extrusion samples were investigated 
using a LEO 1455 VP scanning electron microscope (SEM). 



134   J. Mex. Chem. Soc. 2013, 57(2) Khalil Faghihi et al.

Thermal Gravimetric Analysis (TGA) data for polyimide and 
nanocomposites were taken on a Perkin-Elmer TG/DTA Sys-
tem under N2 atmosphere at rate of 10 °C/min until 800 °C. 
Thermal process was done on a Memmert vaccum oven.

Synthesis of PEI through thermal imidization

A typical procedure to prepare polyetherimide (PEI) by thermal 
imidization was as follows: Amounts of 3،3’،4،4’-benzophe-
none tetra carboxylic dianhydride (0.32 g, 1 mmol) (flask A) 
and 1,4-bis [4-aminophenoxy] butane (0.27 g, 1 mmol) (flask 
B) were dissolved separately in 1 mL of DMAc stirring for 
1h under N2 atmosphere at room temperature. Subsequently, 
the solution contained in flask A was added to the solution of 
APB in DMAc (flask B). This reaction mixture was stirred at 
room temperature for 24 h to form the poly(amic acid), PAA. 
The resulting PAA solution was cast onto a petrri-dish, and 
placed in an oven for a programmed heat treatment: 2 h at 80 
°C, 2 h at 110 °C, 2 h at 170 °C, 4 h at 200 °C.

Preparation of ODA-MMT

Organophilic MMT was prepared by cation exchange of so-
dium ions within MMT clay with alkylammonium ions of the 
intercalation agent. Typically, 5 g of MMT clay with a CEC 
value of 95 mEq (100 g)-1 was stirred in 600 mL of distilled 
water (beaker A) at room temperature overnight. A separate 
solution containing 1.18 g of ODA in 30 mL of distilled water 
(beaker B) was prepared with the aid of magnetic stirring and 
the addition of a 1.0 mol L-1 HCl aqueous solution to adjust the 
pH value to 3-4. After stirring for 3 h, the protonated amino acid 
solution (beaker B) was added to the MMT suspension (beaker 
A) at a rate of approximately 10 mL min-1 with vigorous stir-
ring. The mixture was stirred overnight at room temperature. 
Organophilic MMT was recovered using ultracentrifugation 
(9000 rpm, 30 min) and filtering using a Buchner funnel. The 
resulting organophilic MMTs were washed and filtered at least 
four times to remove any excess ammonium ions.

Synthesis of PCNs by in situ polymerization

A procedure for the preparation of PCNs by thermal imidization 
is shown in Scheme 1. An appropriate amount of organophilic 
MMT (0.5 wt %, 1 wt %, 3 wt % and 5 wt %) was dispersed into 
3 g of DMAc with the aid of magnetic stirring for 24 h under N2 
atmosphere at room temperature (flask A), and 1 mmol of di-
anhydride (BTDA) was dissolved into 1.5 g of DMAc with the 
aid of magnetic stirring for 30 min at room temperature (flask 
B). The solution contained in flask B was poured into flask A 
and stirred for 24 h under N2 atmosphere at room temperature. 
In the separate beaker, 1 mmol of diamine monomer was dis-
solved in 1.5 g of DMAc with the aid of magnetic stirring for 
30 min at room temperature (flask C). The content of flask C 
was added to the content of flask A + B and was stirred for 24h 
under N2 atmosphere at room temperature to form a PAA/clay 
nanocomposite solution. The resulting solution was then cast 

onto a glass plate, and heat treated in a high temperature oven 
with the same program as that for the polyimide film.

Results and Discussion

Characterization

Figure 1 shows the representative FTIR spectra for organclay 
(Fig. 1a. ), polyetherimide (Fig. 1b.) and PCN3 (Fig. 1c.), 
respectively. The spectrum shown in Figure (1b) at 200 °C is 
from the polyimide (after imidization). The polyimide prepared 
from thermal imidization of diamine (APB) and dianhydride 
(BTDA) exhibited an obvious carbonyl asymmetric stretching 
of C=O located at 1782 cm-1 and symmetric stretching of C=O 
located at 1718 cm-1 in imide groups, and the band at 1377 cm-

1, which is characteristic of C-N stretching in imide groups, and 
the band at 715 cm-1, which is characteristic of C=O bending 
in imide groups, respectively.

Figure (1a and 1c) shows the FTIR spectra for organoclay 
and PCN3. The characteristic vibration bands of organoclay 
are shown at 1047 cm-1 (Si-O), 526 cm-1 (Al-O) and 462 
cm-1 (Mg-O), and the characteristic vibration bands of PCN3 
with the same as that for the polyimide, only different there 

Scheme 1. Synthesis of PCNs.
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was a peak appearing at 1097 cm-1 (Si-O). This indicates that 
organoclay layers disperse in polyimide.

X-ray diffraction (XRD)

Figure 2 illustrates the wide-angle powder XRD patterns of 
clay, organoclay and a series of PCN materials. Raw clay was 
found to show a diffraction peak at 2θ = 9.3° (d-spacing: 1.05 
nm). For organoclay, this peak shifted to 2θ = 6.6° (d-spacing: 
1.34 nm) that indicate spacing between silicate layers have 
been increased. For PCNs there were a diffraction peak at 2θ = 
3.5° implying the possibility of interclated organoclay platelets 
embedded in the PI matrix. As shown in Figure 2, the peak 
appeared at 6.8° ( PCN5) indicates that there may be a small 
amount of organoclay that cannot be interclated in PI and exists 
in the form of an agglomerated layer structure.

Scanning electron microscopy (SEM)

In the SEM Figure 3a, 3b and 3c, shows clay phases within the 
nanocomposite films with organoclay contents of 0.5%, 3% 
and 5%. The PCN0.5 was well dispersed in a continuous PI 
phase (Fig. 3a.). In contrast, the PCN3 (Fig. 3b.), shows some 
deformed regions that can be attributed to the coarseness of 
the fractured surface. A comparison of the micrographs reveals 
that the fractured surfaces of the hybrid films with higher clay 
contents were more deformed than those of the films with 
low clay contents, likely because of the agglomeration of clay 
particles.

Thermogravimetric analysis (TGA)

Thermal stability of the nanocomposites was determined by 
thermogravimetric technique under N2 atmosphere at a heating 
rate of 10 °C min-1. Thermograms obtained for these materi-
als are shown in Figure 4. The TGA results of PEI, PCN1 and 
PCN5 are summarized in Table 1. The increase in char yield 
and thus thermal stability of these hybrids with an increasing 
clay loading was likely due to two factors [18]: (1) the signifi-

cant effect of small amounts of dispersed clay layers on the 
free volume of the PI and (2) the confinement of intercalated 
polymer chains within the clay galleries, which prevented the 
segmental motions of the chains. Similar results have been ob-
tained in other studies of polymer nanocomposites [19, 20].

Thermal decomposition temperatures of the PEI, PCN1 
and PCN5 are between 350-450 °C. TGA results indicated that 
these materials were found thermally stable, which increases 
with the addition of clay content in the polymer matrix. This 
increase PCN1 in the thermal stability may result from the high 
thermal stability of organoclay network and the physical cross-
link points of the organoclay particles, which limited the move-
ment of the molecular chain of polymer. PCN5 thermal stability 
decrease a little in beginning, because of agglomeration of 
organoclay particles. The weight retained by these samples at 
800 °C was roughly proportional to the amount of organoclay 

Fig. 1. FT-IR spectra of (a) MMTclay, (b) pure PEI and (c) PCN 3.

Fig. 2. Wide-angle powder X-ray diffraction patterns for PCN1, PCN3, 
PCN5, Organoclay and MMT/Na+.

Fig. 3. Scanning electron micrograph image for (a) PCN 0.5, (b) PCN 
3 and (c) PCN 5.
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in the nanocomposites. Organoclay was found to increase the 
thermal stability presumably due to superior insulating charac-
teristics of the layered silicate acting as mass transport barrier to 
the volatile products generated during decomposition. The char 
yield can be a decisive factor to estimaite the limited oxygen 
index (LOI) of PEI, PCN1 and PCN5 according to the Van 
Krevelen-Hoftyzer’s equation [21]:

 LOI= 17.5 + 0.4CR

That CR is the char yield. Polyimide, PCN1 and PCN5 
had LOI values 31, 35.4 and 36.7 respectively, which were 
calculated from their char yield. On the basis of the LOI values 
such macromolecules can be classified as self-extinguishing 
polyimide and PCNs.

Conclusions

A series of PEI and PCNs consisting of organoclay were pre-
pared by effectively dispersing the organoclay in an organic 
PEI matrix by an in situ polymerization. The synthesized PEI 

and PCNs were characterized by FTIR, wide-angle powder 
XRD and SEM. The effects of material composition on thermal 
stability of PEI and PCNs, were studied by TGA curves. Dis-
persal of organoclay into the PEI matrix was found to boost the 
thermal stability, as by the enhancement of thermal properties 
of the PEI based on the TGA studies.
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Fig. 4. TGA thermograms of PEI, PCN 1 and PCN 5.

Table 1. Thermal behavior of PEI, PCN1 and PCN5.
Feed Composition 

(Wt %)
Thermal Properties 

(°C)
Compound PEI MMT T5(°C)a T10(°C)b Char yield (%)c LOId

PEI 100 0 420 455 33.8 31
PCN1 99 1 420 448 44.9 35.4
PCN5 95 5 300 430 48.1 36.7

a,bTemperature at which 5% or 10% weight loss was recorded TGA at a heating rate of 10°C/min in N2.
cWeight percentage of material left after TGA analysis at maximum temperature 800°C in N2.
dLimiting Oxygen Index.


