
  
Abstract—The aim of this research was to study the effect of 

the coupling agents, HI-LUBETM and LicowaxTMOP on, 
rheology properties, thermal properties, mechanical properties 
and self-cleaning properties of PBT-nanowire ZnO composite 
fibers. Variation of the nanowire ZnO contents in the PBT 
composite fibers resulted in self-cleaning properties of the fibers. 
With increase in the amount of nanowire ZnO in PBT 
composite fibers, the self-cleaning properties of the PBT 
composite fibers gradually increased. The ZnO/PBT composite 
fibers in presents of ZnO 5wt% showed the best results of 
self-cleaning less than 30 hours of the sunlight which the similar 
results were found less than 54 hours of 20 watts of UV 
radiation. Both coupling agents were not affected the 
self-cleaning properties of the fiber. The Melt Flow Index of the 
LicowaxTMOP-series sample (L-series) slightly higher than 
HI-LUBETM-series sample (E-series) due to the lubricant 
additive agent increasing the process ability. SEM micrographs 
showed the fracture surface of the nanowire ZnO composite 
fibers at different ratios. The mechanical properties of the 
ZnO/PBT composite fibers results provide further evident to 
proof that this composite fibers was able to make textile 
products. Moreover, the HI-LUBETM additive was presented 
the well mixing between nanowire-ZnO and PBT due to 
HI-LUBETM is a coupling agent and lubricant while 
LicowaxTMOP is a lubricant. 
 

Index Terms—Nanocomposite, coupling agent, 
nanowire-zinc oxide, poly(butylene terephthalate), 
self-cleaning.  
 

I. INTRODUCTION 
Many attentions have been focused on the 

polymer-inorganic nanocomposite materials (PINCs). The 
use of inorganic nanoparticles into the polymer matrix can 
provide high-performance novel materials that find 
applications in many fields such as fuel cell, flammability 
resistance, biomedical, semiconductor, polymer blend 
compatibilization, textile [1], [2]. However the retention of 
homogeneous dispersion of nanosize particle in the 
preparation process of nanocomposites is very difficult 
because of strong tendency for nanoparticles to agglomerate. 
To prevent the formation of agglomerated nanoparticles in 
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polymers, the combination of inorganic particles with 
polymers is usually accomplished by surface modification 
[2]-[4] and by coupling agents [5], [6]. It is know that 
coupling agents such as Silane and polypropylene grafted 
maleic anhydride are an effective way to improve its 
dispersibility in polymer matrix as well, and hence ameliorate 
the polymer matrix, thus enhancing the properties of the 
resulting composites. 

Poly(butylene terephthalate) (PBT) is one of the most 
widely used in automotive, electric, consumer application 
and textile industry. Beside, PBT also enhances the 
comprehensive properties of semicrystalline engineering 
thermoplastic including a high rate of crystallization, good 
solvent resistance, thermal stability, and excellent processing 
properties and hence finds its applications in despite its 
exquisite properties; PBT is very often modified with other 
polymers and particulate fillers [7]. 

Nano zinc oxide (nano-ZnO) is well-known 
environmentally friendly and multifunctional inorganic 
fillers which exhibits low dielectric constant, large 
electromechanical coupling coefficient, high luminous 
transmittance, high catalysis activity, intensive ultra-violet 
and infrared absorption, self-cleaning ability and etc. 
However, ZnO nanoparticles are prone to aggregate due to 
the large surface area and high surface energy. In order to 
improve the dispersion, it is necessary to modify the surface 
of ZnO nanoparticles [8]-[10] and/or to use coupling agents 
[5], [6]. 

Recently, much interest in new materials that can 
demonstrate photocatalytic behavior under the proper 
illumination conditions for applications in semiconductor 
industrials and textile industrials [11]. For this reason, nano 
zinc oxide (nano-ZnO) has attracted great attention as a 
semiconductor photocatalyst due to its widely used materials, 
low cost, good stability, and ease of preparation [12]. One of 
an interesting application of nano zinc oxide is self-cleaning 
ability [8]. 

There has been increased interest in development of 
permanent self-cleaning on textile materials by the 
framework of new products classified as technical textiles 
[13], [14]. However, to date, no research has presented the 
PBT- nanowire ZnO fibers which designed with special 
end-use properties. Therefore, in this research we designed 
an inorganic nanocomposite fibers which have self-cleaning 
effect. For this purpose, we have prepared nanocomposite 
fibers using PBT and nanowire ZnO with varying the 
concentration of ZnO nanoparticles. Two type of coupling 
agents, HI-LUBETM and LicowaxTM OP were used to 
improve its dispersibility in polymer matrix. 
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II. EXPERIMENTS 

A. Materials 
Poly (butylene terephthalate) (PBT) IQ315 was purchased 

from Sabic. ZnO nanowire is CAS#1314-13-2.HI-LUBETM 
was supplied by SINWON chemical Co. Ltd. LicowaxTMOP 
powder (LOP, L) was purchased from Clariant. HI-LUPETM 
and LOPTM were used as a coupling agent. All samples were 
used as received. All other chemicals were used as supplied 
by the companies. 

B. Preparation of ZnO Compound 
The PBT pellets were dried at 80°C overnight prior used. 

The 500 g of PBT pellets was mixed with 1wt%, 3wt% and 
5wt% of ZnO containing HI-LUBE(E) 0.5wt% or LOP (L) 
0.5wt%.The glycerol 3 drops were added into the mixture. 
The ZnO was blended with PBT using Twin Screw Extruder. 
The extruder barrel-temperatures zones were set at 240°C, 
250°C, 260°C, 270°C and 270°C, respectively. The screw 
speed was 80 rpm. The obtained ZnO/PBT composites were 
cut into pellet size (Table I). 

TABLE I: FORMULATION OF COMPOSITES MATERIALS 
Sample Materials Filler Additive PBT 

%(W/W) 
ZnO 

%(W/W) 
Additive 
%(W/W) 

A PBT - - 100 - - 
E1 PBT ZnO EBS 99 1 0.5 
E2 PBT ZnO EBS 97 3 0.5 
E3 PBT ZnO EBS 95 5 0.5 
L1 PBT ZnO LOP 99 1 0.5 
L2 PBT ZnO LOP 97 3 0.5 
L3 PBT ZnO LOP 95 5 0.5 

C. Preparation ZnO Fibers 
The ZnO/PBT composite pellets were mixed using 

ThermoHakePolyDrive (Single Screw Extruder). The 
barrel-temperatures zones were operated at 240°C, 250°C, 
260°C, 270°C and 270°C, respectively. The screw speed was 
4 rpm. The melting composite exit from the spinneret was 
draw into the fiber shape. The ZnO/PBT fiber was obtained.  

D. Characterizations 
The morphology of the specimens was observed using 

scanning electron microscope model JSM-5410LV from Jeol, 
Japan. The cross sectional fracture was obtained by breaking 
the specimens after freezing in liquid nitrogen. All samples 
were coated with gold or palladium prior used. 

The XRD patterns were measured on PANalyticalX´Pert 
Pro MPD model pw3040/60 with Cu-KRαR X-ray source from 
PANalytical, the Netherlands. The diffractometer was 
scanned from 2θ=5°-80°. 

The melt flow index of the polymer composite compound 
was evaluated using melt flow indexer model XRL-400A 
according to ASTM D1238.  

The tensile test (tenacity) of the fiber composite was 
performed on Instron 5569 universal testing machine 
according to ASTM D3822. The speed of the cross head was 
30mm/mm.  

Thermal properties of the polymer compound were 
investigated using 8Tdifferential scanning calorimetry 8T model 
DSC 200 F3 from Netzsch, Germany. The scan were 
performed from 30°C to 300°C with heating rate and cooling 
rate 10°C/min under nitrogen atmosphere.  

Moreover, the self-cleaning characteristics of fiber 
composite were examined under UV-light and Sun light. The 

coffee stains were created on the samples. Aqueous solution 
of coffee stain was prepared by mixing 5.5g of coffee in 
50cmP

3
P of deionized water. Stained samples were irradiated 

under sunlight and UV-A lamp 20 watts (Philips, the 
Netherlands), with 365 nm wavelength and light intensity of 
11.6 mW/cmP

2
P. The self-cleaning property was evaluated 

based on the coffee stain removal from the fibers. 
 

III. RESULTS AND DISCUSSIONS 

A. Melt Flow Index Properties 
The polymer composite compound were prepared by 

mixing PBT pellets and ZnO nanowire 1wt%-5wt% in the 
present of HI-LUBE(E-series) or LOP (L-series) using twin 
screw extruder. The ZnO/PBT composite compound was 
obtained. To understand the melt properties, the melt flow 
rate of the polymer composite compound were measured. It 
was found that the melt flow rate (MFR) were trended to 
increase with raised the amount loading of ZnO, as seen in 
Figure 1. The MFR of the L-series samples slightly higher 
than E-series samples due to the lubricant additive agent 
increasing the processability. However, MFR at 280°C were 
decreased with increasing the ZnO (in both of additive 
E-series and L-series). It was concluded that the melt flow 
rate at temperature 270°C was selected due to its high enough 
for fiber forming(MFR about 18-22) in the next process.  

 
Fig. 1. Melt flow rate of pristine PBT and ZnO/PBT composite of E-series 

and L-series with various loading amount of ZnO from 1-5%wt. 

B. X-Ray Diffraction (XRD) 

 
Fig. 2. XRD spectra of pristine ZnO, PBT and E3 and L3. 

To understand weather the coupling agents or ZnO affect 
to the structure of the polymer composite compound, XDR 
technique was employed. Fig. 2 presented the XRD spectra 
of the pristine ZnO and ZnO/PBT composite with 5wt% 
loading amount of ZnO (E3 and L3). As seen in Figure 2, 
peaks of pristine ZnO are presented at 2θ= 31.7°, 34.4°, 36.2°, 
47.5°, 56.6° and 62.8° [15]. The results show that both of L3 
and E3 spectra presented the combination of ZnO and PBT in 
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each spectrum. Moreover, E3 spectrum was slightly higher 
than L3 spectrum. It was concluded that E-coupling agent 
gave the better coupling agent than L-coupling agent. 
Additionally, both of coupling agents did not affect the 
structure of the ZnO/PBT composite compound.    

C. Thermal Properties  
The thermal properties of the ZnO/PBT composite 

compound were determined using differential scanning 
calorimetry. Table II shows thermal properties of the 
ZnO/PBT composite compound. The melting temperature 
was obtained from heating cycle while the crystalline 
temperature was obtained from cooling cycle. It was found 
that the Tm and Tc of the composite sample E1-E3 were not 
change when increasing the amount loading of ZnO from 1wt% 
to 5wt%. The %crystallinity was decreased at 5%wt loading 
of ZnO, as presented in Table II. It indicated that high amount 
loading of ZnO affected the crystalline structure. 
Furthermore, Tm and Tc of the composite sample L1-L3 were 
slightly increased when raising the amount loading of ZnO 
from 1%wt to 5wt%. However, the %crystalline was slightly 
decreased with 5wt% ZnO loading. It was concluded that 
E-coupling agent did not affect the Tm and Tc compare with 
L-coupling agent. The high loading amount of ZnO may 
affect the %crystalline of the composite compound.   

TABLE II: THERMAL PROPERTIES OF ZNO/PBT COMPOUND COMPOSITE  
Sample Tm (°C) Tc (°C) Crystallinity (%) 

A 216.2 182.0 31.38 

E1 216.0 185.6 26.69 

E2 216.3 185.3 28.14 

E3 215.9 185.9 24.23 

L1 216.1 184.6 30.47 

L2 215.4 183.2 30.16 

L3 218.4 189 29.84 

D. Morphology 

 
Fig. 3. The SEM images of ZnO/PBT (a) The longitudinal of L2 with 3wt% 
ZnO (b) The fracture surface of L1with 1wt% ZnO (c) The fracture surface 
of L3with 5wt% ZnO (d) The longitudinal of E2 with 3wt% ZnO (e) The 

fracture surface of E1with 1wt% ZnO and f) the fracture surface of E3with 
5wt% ZnO.  

The morphology of the ZnO/PBT composite fiber was 
investigated using scanning electron microscope. The 
longitudinal study were presented in Fig. 3(a) and Fig. 3(d). 
The fracture surface of the fiber composite was showed in Fig. 
3(b), Fig. 3(c), Fig. 3(e) and Fig. 3(f). It was found that the 
morphology of the ZnO was nanowire, as presented in Fig. 3. 
For longitudinal images, the E2 (Fig. 3(d)) presented the 
smooth surface comparing to L2 (Fig. 3(a)). As seen in Fig. 
3(f), most of the ZnO nanowire (E3) was located underneath 
PBT matrix (white dot) while most of ZnO nanowire (L3) 
was found on the surface, as seen in Fig. 3(c). It indicated that 
E-coupling agent was better coupling agent than L-coupling.  

E. Mechanical Properties 
The mechanical properties of the ZnO/PBT with ZnO 

1wt%-5wt%fiber composite were examined using Instron 
5560 universal testing machine. The tensile strength of a 
fiberistenacity as demonstrated in Fig. 4. The results showed 
that both of couplings gave similar result. The tenacity of the 
ZnO/PBT fiber composite increased slightly with raised the 
loading amount of ZnO 1wt%-3wt%. However, the tenacity 
of L3lower than E3 with 5wt% loading amount of ZnO. This 
result was supported by good bonding between ZnO 
nanowire and PBT in Fig. 3(f) (E3). It concluded that 
E-coupling agent offer the better coupling agent over 
L-coupling at higher loading amount of ZnO.   

F. Self-cleaning 

 
Fig. 4. Tanacity of PBT fiber and ZnO/PBT fiber composite from 1wt%-5wt% 

of ZnO. 
 

 
Fig. 5. The photography of the self-cleaning test of the pristine PBT fibers 

and ZnO/PBT composite fibers containing 1wt%-5wt% of ZnOof 
unstained-coffee and stained-coffee under sun light and 20 watt UV 

radiation. 
 

The self-cleaning properties of the nanowire ZnO/PBT 
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composite fibers which coffee-stained were examined under 
sunlight and 20 watts of UV radiation. The result shown that 
the coffee stained on the ZnO/PBT composite fibers was 
decreased when increased loading amount of ZnO from 1wt% 
to 5wt%. The coffee-stained on the composite fibers 
containing 5%wt of ZnO was relatively removed under UV 
radiation for 54 hours which similar results was found under 
30 hours of Sun light. Both of coupling agents were not affect 
the self-cleaning properties of the composite fibers, as seen in 
Fig. 5 (E3 and L3). 

 

IV. CONCLUSION 
The polymer nanocomposites had been successfully 

investigated. The effect of the coupling agents, HI-LUBETM 
and LicowaxTMOP on the, rheology properties, thermal 
properties, mechanical properties and self-cleaning 
properties of polymer nanocomposite were also studied. The 
nanowire-Zinc oxide (nanowire-ZnO) were blend with the 
poly(butylene terephthalate) (PBT) at 1wt%, 3wt% and 
5wt%. The nanowire-ZnO/PBT composite fibers were 
obtained from single screw extruder by using melt spinning 
technique. The results showed that the melt flow rates (MFR) 
were trended to increase with raised the amount loading of 
nanowire ZnO. Furthermore, The MFR of the LicowaxTMOP 
-series sample (L-series) slightly higher than 
HI-LUBE™-series sample (E-series). Both of coupling 
agents did not affect the structure and thermal properties and 
self-cleaning properties of the ZnO/PBT composite fibers. In 
additionally, the high loading amount of nanowire-ZnO may 
affect the %crystalline of the polymer nanocomposite. The 
morphology of the nanowire ZnO/PBT composite fiber were 
also investigated by using SEM. It was noticed that fine 
nanowire-ZnO dispersion were observed with respected to 
the loading amount of ZnO. However, the HI-LUBETM 
additive was presented the well mixing between 
nanowire-ZnO and PBT. Variation of the nanowire ZnO 
content in the PBT composite fibers resulted in self-cleaning 
properties of the fibers. With raised the amount of nanowire 
ZnO in PBT composite fibers, the self-cleaning properties of 
the PBT composite fibers gradually increased. The ZnO/PBT 
composite fibers in the presents of ZnO 5wt% showed the 
best results of self-cleaning fewer than 30 hours of the 
sunlight which similar results were found under 54 hours of 
20 watts of UV radiation. The mechanical properties of the 
ZnO/PBT results provide further evident to proof that this 
composite fibers was able to make a textile products. 
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