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Abstract 
 

The Dynamic mechanical analysis (DMA) and Atomic force microscopy (AFM) studies were conducted and evaluated on polypropyl-

ene/kaolin (P/K) nanocomposite treated with maleic anhydride (MA) and dicumyl peroxide (DCP) as additives in an in- situ process.  

Two-roll mill was used in compounding of the nanocomposites while moulding were done by injection moulding machine. Investigation 

in to the effect of K and MA/DCP on the nanocomposites (NCs) indicates that interfacial interactions between PP and K as filler was 

eminent. DMA analysis reveals an increase in the storage modulus which was at maximum significantly in P/K NC with 3 wt% and de-

crease in damping factor tan δ also at P/K NC of 3 wt%. The AFM study indicates that there was uniform and smooth surface roughness 

among the NCs. Thus, addition of MA/DCP on to P/K NC improves the reinforcing influence on the nanocomposites for better im-

provement. 
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1. Introduction 

In the preparation of polymer nanocomposites, nanoscale fillers 

are integrated into a pure polymer matrix to improve its properties 

if compared to that of the conventional polymer matrix. Subject to 

this characteristic transformation, two-dimensional platelet nano-

fillers are known for their interfacial interaction and dynamic me-

chanical improvement as well as dimensional stability [1]. Modi-

fied clay is extensively used as platelet nanofillers [2]. Kaolin 

used in this context is widely used in variable applications, such as 

filler in plastics, ceramics, paint extenders, paper coating and fill-

ing [3].  

Research trends acknowledge the fact that degree of dispersion; 

either intercalation and/or exfoliation of organoclay into polymer 

matrices solidly impacts on the properties of the polymer/layered 

silicates nanocomposites [4]. In the recent time, scientific instru-

ments used in characterization of polymer nanocomposites are 

either destructive in principle due to particles emission (radiation) 

like X-ray diffraction (XRD) or successive sample treatments like 

transmission electron microscopy (TEM) owing to sample prepa-

ration procedure involved. Alternatively, scarce research work has 

been conducted using a non-destructive techniques (AFM) which 

is similar to XRD [5]. To this effect significant discoveries yielded 

the fast development of PP production amid its thermoplastic 

equivalents inspired by its attractive combination of acceptable 

properties which allowed easy processing and diverse applica-

tions. These properties include outstanding chemical resistance, 

low cost and density, above all it accommodates heat distortion 

temperature (HDT) above 100 oC. To this end, when PP is com-

pounded with clay (kaolin) in the presence of additives (MA sim-

ultaneously with DCP) to prepare nanocomposites; improvement 

in HDT, dimensional stability, toughness and strength were 

achieved. PP, a multipurpose polymer being extensively involved 

in packaging, technical automotive parts, telecommunication ca-

bles and injection moulded products and compounds. The option 

to improve its properties can uncovered new prospects of applica-

tion [6]. 

Dynamic Mechanical Analysis is basically employed to measure 

the transition in polymer layer nanocomposites that challenge 

detection using other types of techniques. The modification of 

materials are recorded via cyclic deformation. Three major param-

eters are core to DMA techniques. These include storage modulus 

(E′), which measures the elastic deformation of material. While 

the loss modulus (E″), is accountable for plastic response to de-

formation and the Tan delta damping factor (tan δ) [7]. The ratio 

of the loss modulus to the storage modulus indicates transitions 

involving the motion in glass transition temperature of the nano-

composites. High value of E`, corresponds to improvement in 

compatibility and dispersion of nanocomposite as regards to the 

pristine PP [8, 9].  

This work attempts to investigate the P/K nanocomposites pre-

pared using kaolin incorporated simultaneously with MA & DCP. 

The P/K NCs obtained where then characterized by DMA and 

AFM for possible improved interfacial interaction and an upgrad-

ed material for superior application. 
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2. Experimental 

2.1. Materials 

Kaolin in a white powder form was supplied by Kaolin (Malaysia) 

Sdn. Bhd. with chemical formula Al2[Si205](OH)4 and chemical 

composition in wt % as SiO2 57.633, Al2O3 37.766, Fe2O3 0.86, 

MgO 0.596, CaO 0.346, K2O 1.801, TiO2 0.605, P2O5 0.311. Pol-

ypropylene (PP) copolymer Titan pro SM-240 resin grade which 

is in pellet shape with density of 0.894 gcm-3, melt flow index 

(MFI) 25 g/10 min measured at 230 °C/2.16 kg was used in this 

research and is supplied by Lotte Chemical Titan (M) Sdn. Bhd., 

manufacturer by Songhan Plastic Technology Co Ltd, Shanghai 

city, China.  Both   MA with molecular formula (C4H2O3) and   

DCP, chemical formula (C18H22O2) were obtained from Quality 

Reagent Chemical (QReC) Asia Sdn Bhd. Selangor Malaysia. 

 
2.2 Preparation of P/K Nanocomposites 

 
The P/K nanocomposites were produced by In-situ process using 

range of different aggregates of kaolin (1, 3 & 5 wt.%) as desig-

nated in Table I. by means of two roll mill model PW 3000 made 

in U.S.A. Independent addition of MA alongside DCP was made, 

also at similar ratio (1, 3 and 5 wt. %). These gives us Polypropyl-

ene (PP), polypropylene/kaolin (PK), polypropylene/kaolin/maleic 

anhydride/dicumyl peroxide (PKMDCP) at 1 wt.%, 3 wt.% and 5 

wt.% as indicated in Table 1. The processing temperature was kept 

at 190 °C throughout the compounding, with the processing rotor 

speed maintained at 50 rpm for 10 min. The nanocomposite pro-

duced was cooled down to ambient temperature. These were later 

crushed with the aid of plastic crusher machine into pellets of 

nanocomposites.  The pellets were then moulded into dumb-bell 

shaped of 2 mm thickness by injection moulding machine model 

109S050 obtained from Japan, at 190 C and 20 MPa per 10 

minutes intervals, followed by cooling to room temperature at 5 

MPa. The dumbbell samples prepared were utilized for the charac-

terizations of the nanocomposites involving DMA measurement 

and AFM probing [10]. Dynamic mechanical analysis was per-

formed using DMA Q800, of TA instruments, -waters LLC U.S.A. 

while the result analysed with the aid of TA instruments universal 

analysis 2000 software. The testing was conducted on a single 

cantilever bending mode at a vibration frequency of 1Hz in a tem-

perature ranging from 25-150 °C with heating rate at 5 °C /min on 

a temperature ramp. The validation of surface roughness and to-

pography of samples were done by AFM Bruker multimode in-

strument and NanoScope Analysis 1.50 r2 at 1Hz frequency. 

 

3. Results and Discussion 
 

3.1 Dynamic Mechanical Analysis   

 
The DMA analyses performed on different NCs was to help study 

the PP & P/K dynamic mechanical properties. It also provides 

evidence for the disposition behaviour of energy dissipation of the 

NCs [11]. This behaviour will uncover the effect of K and the 

compatibilizers on the heat distortion temperature as presented in 

Fig. 1(a), (b) and (c) which are storage modulus, (E′), loss modu-

lus (E″), and the damping behaviour (internal friction)  tan delta 

(tan δ) respectively.  The results of E′ curves as a function of tem-

perature for PP and all the NCs are given in Fig. 1(a). The values 

of E′ below 75°C are higher than that of pure PP, but surprisingly 

the E′ of untreated NC falls lower at temperatures above 75°C. 

This effect could be attributed to the absence or deficiency of 

compatibilizer which supports interfacial interaction between the 

PP matrix and the kaolin filler or possible agglomeration [12]. 

Thus, from this report, it can be deduced that the NCs with com-

patibilizer have better compatibility and are stronger  than the 

untreated P/K. Closer observation of the curve indicates that 

PKMDCP 3 reveals better compatibility and stiffness [13], since it 

possess higher E′ than PKMDCP 1 and PKMDCP 5.  Loss modu-

lus is proportional to the energy dissipated during one loading 

cycle. It represents, for example, energy lost as heat, and is a 

measure of vibration.al energy that has been converted during 

vibration and that cannot be recovered [14]. Fig. 1(b) displays the 

E″ as a function of temperature for PP and the NCs both treated 

and untreated.  In the curve representing E″, the E″ of untreated 

P/K has the least value among them, even lower than the pure PP. 

But in the case of treated NCs the one at 3 wt % i.e. PKMDCP 3  

have higher E″ directly flow by that of PKMDCP 1 which is high-

er than that of PKMDCP 5, while PP has no sharp curve rather its 

cut across the entire curves [7]. Fig. 1(c) represents tan δ which is 

the ratio of E′ & E″ in a viscoelastic system and denotes the me-

chanic damping or internal friction as a measure of energy lost. 

High tan δ value reflects material with high non-elastic strain 

components while low value of tan δ signifies more elastic con-

stituent. As revealed by the curves in Fig. 1(c) the NC PKMDCP 3 

has lowest value of tan δ indicative of higher elastic components 

with respect to other NCs. This is closely followed by PKMDCP 1 

and PKMDCP 5 respectively, while the untreated P/K still misbe-

have cutting across the treated NCs from low tan δ at lower tem-

perature to high at high temperature. These characteristics present 

the untreated P/K as lack of uniform interactions between PP and 

kaolin fillers [15]. However, pure PP has the highest tan δ value as 

depicted by the curve with a wide difference through the tempera-

ture ranges. Thus it is evident that addition of kaolin filler with 

compatibilizer to PP have improved the elastic component of the 

PP which divulge the enhanced interfacial interaction. 

 

3.2 Atomic Force Microscopy 

 
AFM in its force modulation mode reveals a qualitative infor-

mation about the local sample surfaces [16]. This test was use to 

probe the topography of all the NCs including the PP and P/K. 

The topography mapping results as shown in the images in Fig. 2. 

(a)-(c) for the captured surfaces for P/K NCs give highlights be-

tween the differences in the topographic images which ranges 

from smoothness to roughness on the captured surfaces. The 

height and depth of the phase images as the basic morphology are 

also informed. The morphology as observed generally reveal dif-

ferent phases as indicated by uniformity of smoothness in Fig. 2(a) 

for PP. This smoothness is an indication of a low stiffness [16] 

due to the semi crystalline nature of pure PP i.e. presence of 

amorphous character. All the other P/K NCs has different rate of 

roughness higher than that of PP. In all the P/K NCs as illustrated 

above in the 2D & 3D images the PKMDCP 3 NCs with 3 wt% in 

Figure 2 c has higher roughness which have showed that the asser-

tion above as having better adhesion interactions.  

 
Table 1: Formulation for Composite preparation 

Composite 

/Substrate 

Polypropylene 

(PP) wt.% 

Kaolin 

(K) 

wt.% 

Maleic 

anhydride 

(MA) wt.% 

Dicumyl 

peroxide             

(DPC) 

wt.% 

PP 100 - - - 

PK 97 3 - - 

PKMDCP 1 95 3 1 1 

PKMDCP 3 91 3 3 3 

PKMDCP 5 87 3 5 5 
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Fig. 1: DMA spectra of PP, treated and untreated nanocomposites (a) 

storage modulus (E′) (b) loss modulus (E″) (c) tan δ 

 

 
 

 
 

 

 

 

 
Fig. 2: AFM Topography images of (a) PP (b) PK (c) PKMDCP 3 
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4. Conclusion 
 
This investigation accentuated the use of filler (kaolin) and com-

patibilizer (MA & DCP) as additives in the reinforcement of the 

nanocomposites which boosts the dynamic mechanical properties 

of the NC as indicated in all treated NCs (PKMDCP 1, PKMDCP 

3, & PKMDCP 5) but at its best in PKMDCP 3. The storage mod-

ulus increases with addition of additives and decrease in tan δ both 

of which improves the elastic behaviour of the P/K NCs. These 

findings indicate benefit for future development and applications. 
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