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At first step polymer optical fibers (POFs) are used in short distance for
optical data transmissions. At second step SiO, nanoparticles were prepared
by sonochemical-assisted method. Finally silica nanoparticles were added
to polymer matrix to prepare polymer based nanocomposites. Most of
the POF applications are in the medical and electrical devices. There are
several methods for fabrication of POFs, description of which are given in
this paper. We have designed a special co-extruder system for fabricating
POF. The POFs fabricated by this device are very homogeny and their core
and cladding have good viscidity.
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INTRODUCTION

Optical fiber communication systems are now
matured systems for data transmission using light
signals rather than electrical signals. In optical
fiber higher capacities and bandwidths can be
transmitted with less chance of interference [1].
In the last few years, interest in polymer optical
fibers have increased significantly because of
their ease of handling, flexibility, lower price, and
applicability due to their large core diameter and
high numerical aperture. In addition POFs have
very low processing temperature than that of glass
optical fibers [1-3]. Attenuation of commercial
polymer fibers is very higher than that of glass
fibers. Therefore, they are expected to be used as
a short distant optical communication medium,
such as computer-to-terminal data link in office
automation systems, local area networks, signal
links in medical devices, illuminating systems, air
craft, fiber sensors and amplifiers [2-10].

* Corresponding Author Email: behrouz.heidari@gmail.com

MATERIALS AND METHODS
Material properties of polymer optical fibers

In practice, the step index POF, composed of
the known core and cladding polymers. Since high
transparency is required for the fiber core, the
polymer should be amorphous. Table 1 shows the
possible high quality polymer materials for cores. Poly
methyl methacrylate (PMMA) and polystyrene (PS)
are normally used as core materials, because these
polymers are easily purified at the monomerlevel and
no condensation reaction is necessary in obtaining
transparent polymers. Certain polycarbonates (PC)
have higher amorphous characteristics and thermal
resistance. Therefore application of these materials
for the core is increasing gradually. The refractive
index of the cladding material should be 2-5% less
than that of the core material [11].

Material choice for POFs fabrication
Optical power acceptance and light guidance
of POFs depend on the choice of the core and
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Table 1. Optical Properties of Transparent Polymers

Polymers*
Property PMMA PS SAN PC CR-39 TPX
Refractive index, (np) 1.491 1.590 1.579 1.504 57.8 1.466
Abbe number (vq) 57.2 30.9 353 30.3 57.8 56.4
Optical transmission, % 92 88 90 89 90 90
Usable temperature, °C 80 70 90 120 100 80
Thermal expansion Coef., 10%/°C 63 80 70 70 90 117
Specific volume 1.19 1.06 1.08 1.20 1.32 0.84

*SAN, styrene-acrylonitrile copolymer ; CR-39, diethylene glycol bisallyl carbonate ; TPX, Poly-(4-methylpentene-1).

cladding materials. The refractive index of the
core material limits the choice of the necessary
cladding material to create better waveguiding
characteristics. However, refractive index is not the
only intrinsic property that has to be considered.
The other certain parameters that have to be
considered when choosing the core polymer
material are: morphology, molecular weight,
molecular weight distribution, glass transition
temperature, branching, cross linking, additives,
repeating unit, and tacticity [1].

Methods of fabrication of polymer optical fibers

Several methods have been used to prepare
glass optical fibers, e.g., ion-exchange, sol-
gel leaching, and chemical vapor deposition.
However, these methods are quite expensive and
the production rate is low. Polymers have the
advantages of excellent mechanical properties
and good processibility compare to the glasses.

The most important fabrication of POF
methods are: preform drawing, batch extrusion,
and continuous extrusion [1,3,4,11,12].

In preform drawing method, the preform is
produced and drawn to fiber, as shown in Fig. 1.

POF fabrication through batch extrusion is
an efficient method to eliminate the extrinsic
loss factors as organic impurities, water, dust, or
bubbles from the POF core. A block diagram of
an apparatus for POF fabrication is shown in Fig.
2. The method consists of a closed system, from
monomer purification to fiber drawing [11].

In the continuous extrusion process, monomer
containing polymerization initiator and chain
transfer agent is continuously fed to the reactor
and cladded fiber is continuously withdrawn from
the die, as shown in Fig. 3. Since high production
rates are possible, this is an ideal commercial
process [11].

We have fabricated a simple apparatus for
continuous fabrication of polymer optical fiber by
co-extrusion method.

Design of an appratus for simple and fast
fabrication of the POFs

We designed a special co-extruder for
fabrication of POFs. This co-extruder produces
the core and simultaneously coats it with cladding
material. Due to the best of our knowledge, this is
the first attempt for fast and simple fabrication of

temperature control

preform

feeding motor

drivers & elactronics

PC control

Fig. 1. Schematic diagram of fabrication rig for polymer optical fiber
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Fig. 2. Apparatus for POF fabrication by batch extrusion
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Fig. 3. Continuous extrusion process for fabrication of POFs

the POFs. The most critical part of the co-extruder is
the design of nozzle die head. In the other words, a
deep knowledge of the techniques of synchronous
coating of the core with a certain amount of
cladding materials is required. At the beginning
the POFs were fabricated by polystyrene for core
and Ethylene Vinyl Acetate (EVA) for cladding.
These POFs are homogeneous and the core is :
completely in the center of the POF. The viscidity i
of the core and cladding is excellent. Fig. 4 shows
the homogeneous and soft boundary of the core
and the cladding of a sample of the manufactured
POFs. This homogeneity and soft boundary is very

important in fabrication of the POFs. Fig. 4. Homogeneous and soft boundary of the core and the
The loss of some fabricated samples was cladding of a sample of the fabricated POFs
612 J Nanostruct 9(4): 610-615, Autumn 2019
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Fig. 5. Experimental setup for measurement of the POF loss by cut-back method
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Fig. 6. XRD pattern of the SiO, nanostructure

measured by cut-back method with the
experimental setup, shown in Fig. 5.

The light source was He-Ne laser with 632.8 nm
of wavelength, but at the moment the available
power meter can only detect light with 850 nm
wavelength. The measured loss of a sample was
about 32 dB/m. This value is much higher than that
of commercial POFs, but for the beginning of the
fabrication with a nearly designed and fabricated
apparatus is acceptable. The next attempts will
be for reducing the loss by choosing pure low loss
materials and keeping the apparatus and fabrication
environments clean as much as possible.

For Synthesis of spherical SiO, nanoparticles 25
ml of methanol and 10 ml of distilled water were
sonicated. 4.5 mmol of TEOS was dissolved in 5 ml
of methanol were added under stirring. 0.1 ml of
ethylenediamine was then added into the mixture
as precipitating agent, under ultrasonic. After 30
min, the precipitate was isolated by centrifuging
and washed with methanol and water several
times. The as-obtained products were dried at 80
°C under vacuum for 2 hours, then calcinated at 400
°C for another 2 hours.

At second step SiO, nanoparticles were
prepared by sonochemical-assisted method. Silica
nanoparticles were added to polymer matrix
to prepare polymer based nanocomposite. For
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preparation of nanocomposite various percentages
of silica nanoparticles were added to the polymer
matrix and optical properties of amorphous silica
were investigated.

The XRD pattern of spherical SiO, nanoparticles
is shown in Fig. 6. The pattern of the as-prepared
SiO, nanoparticles is indexed as an amorphous
phase which is very close to the literature
values (JCPDS No. 82-1557). The crystallite size
measurements were also carried out by using the
Scherrer equation,

Dc=K\/BcosO

Where B is the width of the observed diffraction
line at its half intensity maximum, K is taken about
0.9, and A is the wavelength of X-ray source used
in XRD. The average crystallite size is estimated to
be around 6 nm [13-15].

SEM images of SiO, obtained at different
ultrasonic powers 100 and 150W are illustrated in
Figs. 7 and 8 respectively. At 100W nanoparticles
with average particle size less than 50 nm were
synthesized. At 150W nanoparticles with mediocre
size about 40 nm were prepared.

The purity of the nanostructures was also
confirmed by energy-dispersive X-ray spectroscopy.
EDS analysis of SiO, nanoparticles is illustrated in
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Fig. 7. SEM images of the SiO, nanostructure prepared at
100W

Fig. 8. SEM images of the SiO, nanostructure synthesized at
150W
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Fig. 9. EDS analysis of the SiO, nanostructure

Fig. 9. The lines of Si and O are obviously observed.
FT-IR spectrum of as-synthesized product is
depicted in Fig. 10. Absorption peak at 1063 cm™
is related to stretching vibrations of Si-O bond. The
result shows that the product does not have any
major IR-active impurity.

CONCLUSIONS

An apparatus for fast and simple fabrication of
the polymer optical fibers-SiO, nanocomposite by
co-extrusion method was fabricated. A series of
step index polymer optical fibers were successfully
fabricated. Due to the author’s knowledge, this is

614

the first attempt for the fabrication of the POF
in Iran. The loss of these POFs compare to the
commercial ones is high. At the moment, we
believe that the homogeneity of the core and
cladding and their soft boundaries and specially
lack of bubbles in them is much more important
than their loss. However, optimization of the
polymers use for fabrication of the POFs and clean
lines of the device and environment will improve
the characteristics of these fibers. Polymer granolas
contaminants is one of the most important factors
that dominate the attenuation loss, that must
be improved. The best wavelength range for low
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Fig. 10. FTIR analysis of the SiO, nanostructure

loss POFs is 400-800 nm, but due to the lack of
a tunable source, the loss measurements have
carried out by He-Ne laser. The measurement
of the loss spectrum will show the low loss
wavelength range of the fabricated POFs. The
improvement of the apparatus, purifying the
suitable polymer materials and clean lines of the
apparatus and the environment will improve the
characteristics of the fabricating POFs.

CONFLICT OF INTEREST

The authors declare that there are no conflicts
of interest regarding the publication of this
manuscript.

REFERENCES

1. Ziemann O. Polymer Optical Fibers. Specialty Optical Fibers
Handbook: Elsevier; 2007. p. 617-50.

2. Takezawa Y, Tanno S, Taketani N, Ohara S, Asano H. Analysis
of thermal degradation for plastic optical fibers. Journal of
Applied Polymer Science. 1991;42(10):2811-7.

3. Chaplin RM, Town GE, Withford MJ, Baer D. Fabrication
Conditions for Randomly Microstructured Polymer Optical
Fibers. Integrated Photonics Research and Applications/
Nanophotonics: OSA; 2006.

4. Gang Ding P, Chu PK, Zhengjun X, Whitbread TW, Chaplin RP.
Dye-doped step-index polymer optical fiber for broadband
optical amplification. Journal of Lightwave Technology.
1996;14(10):2215-23.

5.Peng GD, Chu PL, Xiong Z, Whitbread T, Chaplin RP. Broadband
tunable optical amplification in rhodamine b-doped step-
index polymer optical fibre. Optics Communications.

J Nanostruct 9(4): 610-615, Autumn 2019
[Sler |

1996;129(5-6):353-7.

6. Tagaya A, Teramoto S, Yamamoto T, Fujii K, Nihei E, Koike
Y, et al. Theoretical and experimental investigation of
rhodamine B-doped polymer optical fiber amplifiers. IEEE
Journal of Quantum Electronics. 1995;31(12):2215-20.

7. Sasaki K and Koike Y, “Polymer Optical Fiber Amplifier,” US
Patent, No. 5450232, 1995.

8. Ishiharada M, Chikaraishi T, Kaneda H, and Tomita S, “Method
of Producing a Flexible Optical Wave Guide,” US Patent,
No. 4937029, 1990.

9. PolymerSensors and Actuators. Springer Berlin Heidelberg;
2000.

10. Selected Topics in Advanced Solid State and Fibre Optic
Sensors: IET; 2000 2000/01/01.

11. Neher D. Polymers for lightwave and integrated optics.
Edited byLawrence A. Hornak, Marcel Dekker, New
York 1992, xiv, 714 pp., hardcover, ISBN 0-8247-8697-1.
Advanced Materials. 1993;5(4):311-2.

12. Chang Y-M, Hu Y-mM, Bi Y. Drawing plastic optical fibers
with 36-nozzle die head. Optoelectronic Devices and
Applications; 1990/11/01: SPIE; 1990.

13. Masjedi-Arani M, Salavati-Niasari M, Ghanbari D, Nabiyouni
G. A sonochemical-assisted synthesis of spherical silica
nanostructures by using a new capping agent. Ceramics
International. 2014;40(1):495-9.

14. Esmaeili-Bafghi-Karimabad A, Ghanbari D, Salavati-
Niasari M, Nejati-Moghadam L, Gholamrezaei S. Photo-
catalyst tin dioxide: synthesis and characterization
different morphologies of SnO2 nanostructures and
nanocomposites. Journal of Materials Science: Materials
in Electronics. 2015;26(9):6970-8.

15. Masjedi-Arani M, Ghanbari D, Salavati-Niasari M, Bagheri
S. Sonochemical Synthesis of Spherical Silica Nanoparticles
and Polymeric Nanocomposites. Journal of Cluster Science.
2015;27(1):39-53.

615


http://dx.doi.org/10.1016/b978-012369406-5/50022-9
http://dx.doi.org/10.1016/b978-012369406-5/50022-9
http://dx.doi.org/10.1002/app.1991.070421019
http://dx.doi.org/10.1002/app.1991.070421019
http://dx.doi.org/10.1002/app.1991.070421019
http://dx.doi.org/10.1364/nano.2006.nfc4
http://dx.doi.org/10.1364/nano.2006.nfc4
http://dx.doi.org/10.1364/nano.2006.nfc4
http://dx.doi.org/10.1364/nano.2006.nfc4
http://dx.doi.org/10.1109/50.541210
http://dx.doi.org/10.1109/50.541210
http://dx.doi.org/10.1109/50.541210
http://dx.doi.org/10.1109/50.541210
http://dx.doi.org/10.1016/s0030-4018(96)00217-9
http://dx.doi.org/10.1016/s0030-4018(96)00217-9
http://dx.doi.org/10.1016/s0030-4018(96)00217-9
http://dx.doi.org/10.1016/s0030-4018(96)00217-9
http://dx.doi.org/10.1109/3.477749
http://dx.doi.org/10.1109/3.477749
http://dx.doi.org/10.1109/3.477749
http://dx.doi.org/10.1109/3.477749
http://dx.doi.org/10.1002/adma.19930050424
http://dx.doi.org/10.1002/adma.19930050424
http://dx.doi.org/10.1002/adma.19930050424
http://dx.doi.org/10.1002/adma.19930050424
http://dx.doi.org/10.1117/12.22976
http://dx.doi.org/10.1117/12.22976
http://dx.doi.org/10.1117/12.22976
http://dx.doi.org/10.1016/j.ceramint.2013.06.029
http://dx.doi.org/10.1016/j.ceramint.2013.06.029
http://dx.doi.org/10.1016/j.ceramint.2013.06.029
http://dx.doi.org/10.1016/j.ceramint.2013.06.029
http://dx.doi.org/10.1007/s10854-015-3316-5
http://dx.doi.org/10.1007/s10854-015-3316-5
http://dx.doi.org/10.1007/s10854-015-3316-5
http://dx.doi.org/10.1007/s10854-015-3316-5
http://dx.doi.org/10.1007/s10854-015-3316-5
http://dx.doi.org/10.1007/s10854-015-3316-5
http://dx.doi.org/10.1007/s10876-015-0897-3
http://dx.doi.org/10.1007/s10876-015-0897-3
http://dx.doi.org/10.1007/s10876-015-0897-3
http://dx.doi.org/10.1007/s10876-015-0897-3

	Fabrication of Polymer-SiO2 Nanocomposite Optical fibers with a New Method 
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION
	MATERIALS AND METHODS 
	Material properties of polymer optical fibers 
	Material choice for POFs fabrication 
	Methods of fabrication of polymer optical fibers 
	Design of an appratus for simple and fast fabrication of the POFs 

	CONCLUSIONS
	CONFLICT OF INTEREST  
	REFERENCES


