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Abstract Nowadays polymer applications have been a vital issue in the digital world. Their main sources are both natural
and synthetic. A wide range of polymers are available those have physical, chemical and biological properties to match the
requirements of specific applications. Besides initial bulk properties of the polymer or materials, their surface finish
properties which have paramount importance for surface-living system interactions such as surface chemistry, tension,
roughness, wettability. We have taken PEEK filament polymer in this study for surface modification via wet-chemical,
plasma & Diazonium chemical treatment. Nowadays plasma treatment (corona plasma) for surface modification of
materials is being more popular to various fields for various applications for its easier & promising technique. We have
described the modification of the polymer (PEEK filament) with the purpose of surface preparation to improve the adhesion
between PEEK and silver particle also. First of all, the main target of this works is the modification through plasma than
wet treatment by coating or metalizing by cationic Ag particle on high performance filament as PEEK surface. Finally, our
targets are observation the effect of Acetic acid on modified PEEK surface, observation of filaments Surfaces via electro
microscopic tester (SEM) and observation of Ag coated PEEK filaments effect on physical properties or observation of
properties of Ag coated surface. Observation the wettability, surface free energy and roughness on the surface morphology
of metallic filament conductivity or electrical resistance. Another approach has been included in this study which is
modification of PEEK materials via Diaz onium chemistry and purpose of this is polymer surface (PEEK) modification for
hydrophilic, biocompatible properties to use PEEK as biomaterial, electrical fields e.g. orthopedics implants, electrical
circuits purposes.
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increase of voltages compare to time it has effects on
polymer surface properties e.g. conductivity, contact angle
etc. We have been studied 2kw to 5kw voltages & 2-5min
which reduced water contact angle & produced roughness
also on the surface. Roughness or surface properties also
have been investigated via Microscopic tester whereas
conductivities measured by conductive tester machine,
Water contact angle has measured using the sessile drop
technique with a video-based contact angle measurement
device. There are many techniques can be used to modify or
alter the surface properties of materials by addition of

1. Introduction

High performance polymers are hydrophobic in nature
and the main purpose of this study is modification of high
performance polymer (PEEK) two different ways surface
modification via plasma method & another is surface
modification by Diazonium chemistry but this study
includes biocompatibility, contact angle, conductivity &
surface energy measurement. After surface modification
PEEK surface is coated by Ag particle with the help of wet

chemical process [1] where ionic silver is fixed on the
surface of filaments then reduced to metallic silver. Solvents
as Acetic acid has no significant effects on PEEK surfaces
but acetone reduce the contact angle. On the other hand,
plasma voltages have significant effects because with the
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particles; coatings and functional groups [2-7], pulsed
vacuum arcs initiated on the surface of a consumable
cathode [8-10], and laser [11] are liable to alter the surfaces
also. It has been also developed to operate at near ambient
temperature and atmospheric pressure eliminating the
expensive vacuum systems [12, 13]. Most of polymers have
outstanding physiochemical properties & easier to process
depending on requirements of applications e.g. polymeric
materials in recent years like surface modification of
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biomaterials [14-17] but due to the disadvantage of chemical
treatments, physical surface treatments are preferred to
modify the surface of polymeric materials [12] such as
orthopedic and dental implants, heart valves, joint
replacements, bone plate/cements, blood vessel prostheses,
coronary  stents, artificial ligaments/tendons,  skin
replacements and contact lenses [18]. whereas silver coated
PEEK possible to build complete switching circuits to
construct  textile- based sensors and to produce
self-luminous textiles where textile solar cells are under
way [19]. Metallic modified materials e.g. E-textiles,
intelligent clothing is the part of development of wearable
technology but enable to compute digital components and
electronics embedded because these are allowed
technological elements in everyday textiles and clothes [20].
Therefore it depends on the physical or mechanical
properties (such as viscosity, hardness), permeability,
optical, tensile/compression strength, properties, corrosion
resistance, wear resistance, elastic modulus, process ability,
fatigue resistance, weight and costs [21] e.g. (PEEK) as hard
material for orthopedic application [22]. To treat the
surfaces by Plasma is often preferred way as it offers longer
lasting and more stable surface energy increment than any
other treatments [13]. Therefore, atmospheric plasma
treatment has been employed to modify the polymer and
composite surfaces. To enhance the efficiency of cell
production and maintenance.

PEEK is Non-biodegradable polymers but only limit its
inertness, due to inertness no adhesion occurs with bone
tissue but perfect to substitute load bearing metallic
orthopedic implants for biomedical applications. Diaz onium
chemistry methods which can modify the plastic used in
biomedical applications e.g., cell culture plates to.

2. Experimental Parts

In these experimental parts we have been studied contact
angle, surface free energy, conductivity etc. via various
techniques and mentioned discussion part.

2.1. Material

PEEK is a semi-crystalline thermoplastic polymer [23]
possessing the service temperature -250°C to +300°C,

tensile strength 90 to 120 MPa [24] and elongation of 16%
to 80% [25] for that it can be applied in textiles, medical,
aerospace and automotive etc. industries also. It’s
hydrophobic & has chemical structure which containing aryl
rings and interconnected via ketene and ether groups located
at opposite ends of the rings. It has excellent thermal,
chemical & mechanical properties. PEEK dimensions
20x20x1.5 mm have been prepared by cutting from a square
shaped PEEK bar (2x2cm) by using an IsoMet 5000 linear
precision saw (BUEHLER, Whit by, ON, Canada) [26].

2.2. Methods

Plasma is a treatment that happened with current flows
from an electrode with a high potential into a neutral fluid
or air, via ionizing that fluid for creation a region of plasma
around the electrode. On the other hand, wet- chemical
process has been produced metallic surface on the PEEK
filament polymer surface via various chemical reactions such
as AgNO:; + 2NH,OH [Ag (NHg)g] +NOs- + 2H,0 (1) then
ionic silver are reduced to metallic silver 2Ag* + CgHgOs
2Ag0 + CgHgOg+ 2H" [27]. Plasma is very popular methods
for modification surfaces of materials by containing various
reactive groups, ions & radicals, electrons but functional
groups also formed. On the other hand, reactions of polymer
chain degradation occur on polymer surfaces and produces
ions by generation high kinetic energies from electrical field
in the plasma but functional groups & degrading reactions
of polymer chain happened on the surfaces when irradiated
with plasma because ions always present with radicals in
plasma [28]. The surface treatment on PEEK improves
adhesion properties which is attributed due to the formation
of polar groups on the polymer surfaces [29]. Hopefully the
polymer (PEEK) filament surfaces has been become more
hydrophilic & wet ability after modification. Diaz onium
chemistry which is able to graft organic compounds to the
surface & this technique has been used to bender many
different groups to materials surfaces; General chemical
structure of aryl Diaz onium salt is R—N2 X, R stands for a
variety of functional groups, which are organic or
organometallic substituents, and X is the counter anion
groups including halides, carboxylic acid groups, nitro and
alkyls [30], redox species [31], even dendrimers [32], and
per fluorinated chains [33].

Table 1. Result of Study

SL.NO. Have been used Have been used Result
1 Organic solvent Acetic acid, Acetone etc. Effect on surface (Reduce contact angle etc.)
2 High performance PEEK (HYDROPHOBIC) Conductivity, biocompatibility.
polymer
3 Wet process Reductions to modify silver (Ag) Produce metalllc silver on PEEK surface
(conductive

4 Diaz onium chemistry Grafting Modification surface (Biocompatible surface)

5 Plasma treatment \{arlogs voltages: M 2-5(kw); odification surface (contact angle, surface
Times: 2-5 minutes energy etc.)
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3. Result & Discussion

Acetic acid has been used to modify PEEK filaments to
increase adhesion between the surface of filaments & silver
(Ag) which has been done at room temperature and near
about 18/20minites then washed by fresh water & finally has
been dried at room temperature. It shows that there is no
effect of plasma treatment on breaking force & elongation
at various Kw for 2/5 minutes on both treated & untreated
PEEK filaments surfaces with acetic acid. So, less influence
on tensile properties of modified surfaces filaments also.

Through SEM tester has been investigated both single
and monofilament & multifilament for determination plasma
treatment effects on these filaments surfaces & to
determinate water contact angle on surfaces. We have been
studied to finding out the contact angle of water on materials
surfaces by SEM but failed to take images. The SEM images
clearly shows no obvious things on undesized PEEK
multifilament surface but on the desized or modified surface
shows uneven & rough surface compare to undersize. On
the other hand, Monofilament PEEK undesized shows clear
but cling on some particles to the surface. After plasma
treatment via various powers it shows grooves & bulges to
the surface of PEEK monofilaments also.

Water Contact angle & surface energy have been studied
from PEEK filament surfaces. Several samples (8-10) have
been taken to investigate or finding out the surface
properties. The finding of this study is acetone wash reduces
the contact angle of water which also produces hydrophilic
surfaces but this change is insignificant during acetic acid
treatment. On the other hand, surface modification of PEEK
filaments via atmospheric pressure plasma the contact angle
decreases undoubtedly & resulting lower contact angle as
surface become more oxidized & finally produces wetting
properties. Plasma treatment with different power on
undesized materials that boosting or increasing polar part &
surface energies as polar part and dispersive parts including
with surface free energy. Further plasma treatment has been
done on desized materials but resulting less increased polar
parts compare to undesized materials. Polar parts/dispersive
parts/surface free energy can be increased by plasma
treatment by changing power that means reduce water
contact angle through this way. Water contact angle has
measured using the sessile drop technique with a video-
based contact angle measurement device (OCA 25, Future
Digital) equipped with an auto dispenser. A sessile water
droplet (30 ul) was placed on the surface of PEEK samples;
the image of droplet was recorded after 30 seconds and the
tangent angle at the point of contact between water, PEEK
and air was measured by the software. The test was
conducted on three spots on the surface of six samples for
each condition [26].

We have been investigated that surface modification of
PEEK with Diaz onium chemistry methods & by this way
has been strongly enhanced biocompatibility, hydrophilic
which possible for grafting e.g. propionate groups on the

surface of PEEK.
Table 2. Coated surfaces resistivity
Silver (%) on filament surface | Electrical resistance in ohm (15 cm)
44 0
1.6 100
11 300
0.9 900

Ag coated PEEK shows Electrical resistance compare to
various percentages of silver on filament surfaces. The
change of electrical resistance with the increase of coating
content of PEEK filament. The table has been shown that
Electrical resistance is co-related with silver (%) on PEEK
surface because increasing of cross sectional area due to the
coating, resistivity decreases fund by investigation. Silver
coated PEEK filament can be applied to various purposes
such as sensors, circuit’s etc. But from this study we have
been observed this that modified materials how much
conductive as electrical materials purposes. Finally, from
this study we can say that plasma treatment liable to reduce
water contact angle of PEEK filaments by producing
unpaired electron & new polar groups on the surface which
boosting surface energy and a decreased in water contact
angle.

After modification of PEEK filament surface becomes
more hydrophilic or conductive, biocompatible, rough etc.
then before.

4. Conclusions

Modified PEEK has been introduced having conductive
& hydrophilic Properties (low water contact angle) by wet
& plasma treatment. Coating gives good surface resistivity
and improved mechanical or physical characteristics.
Plasma treatment has developed the properties of the surface
such as wettability or surface free energy, roughness but
roughness caused no problem to get conductive surface and
can be used in various applications e.g. E-textile or smart
textile, medical textile etc. according to demand. Surface
roughness has been analyzed by SEM on the filament
surface morphology. Diaz onium chemistry produced
biocompatible modified PEEK material surface for medical
applications e.g. perfect to substitute load bearing metallic
orthopedic implants for biomedical applications [26].

ACKNOWLEDGEMENTS

We would like to thank Mr. A.B.M FAISAL, Senior
lecturer of Department of Textile Engineering, Southeast
University for his motivation, especially grateful to almighty
ALLAH for helping us to complete this study.




Md. Rasel et al.:

Surface Modification of High Performance Polymer

and Analysis of Surface Properties. -A Brief Review Article

REFERENCES

[1]

(2]

3]

[4]

(5]

(6]

[7]

(8]

[°]

[10]

(11]

[12]

[13]

[14]

(15]

A.B.M Faisal, 2014 Conductive Coating of Polyether Ether
Ketone (Peek) Filament Yarn.

Briem D, Strametz S, Schréoder K, Meenen NM, Lehmann W,
Linhart W, et al. Response of primary fibroblasts and
osteoblasts to plasma treated poly ether ether ketone (PEEK)
surfaces. Journal of Materials Science: Materials in Medicine.
2005; 16:671-7.

Henneuse-Boxus C, Duliére E, Marchand-Brynaert J.
Surface  functionalization of PEEK films using
photochemical routes. European Polymer Journal. 2001; 37:
9-18.

Rabies A, Shanduka’s S. Processing and evaluation of
bioactive coatings on polymeric implants. Journal of
Biomedical Materials Research - Part A. 2013; 101 A:
2621-9.

Noiset O, Schneider YJ, Marchand-Brynaert J. Surface
modification of poly (aryl ether ether ketone) (PEEK) film by
covalent coupling of amines and amino acids through a
spacer arm. Journal of Polymer Science, Part A: Polymer
Chemistry. 1997; 35:3779-90.

Han C-M, Lee E-J, Kim H-E, Koh Y-H, Kim KN, Ha Y, etal.
The electron beam deposition of titanium on poly-ether-
ether-ketone (PEEK) and the resulting enhanced biological
properties. Biomaterials. 2010; 31:3465-70.

Hahn B-D, Park D-S, Choi J-J, Ryu J, Yoon W-H, Choi J- H,
et al. Osteo conductive hydroxyapatite coated PEEK for
spinal fusion surgery. Applied Surface Science. 2013; 283:6-
11.

Box man RL, Goldsmith S, Greenwood A. Twenty-five
years of progress in vacuum arc research and utilization.
Plasma Science, IEEE Transactions on. 1997; 25:1174-86.

Yushkov GY, Oks EM, Anders A, Brown IG. Effect of
multiple current spikes on the enhancement of ion charge
states of vacuum arc plasmas. Journal of Applied Physics.
2000; 87: 8345-50.

Oks EM, Yush kov GY, Anders A. A summary of recent
experimental research on ion energy and charge states of
pulsed vacuum arcs. Discharges and Electrical Insulation in
Vacuum, 2008 ISDEIV 2008 23rd International Symposium
on 2008. p. 314-7.

Amoroso S, brazes e R, Spinelli N, Valletta R.
Characterization of laser-ablation plasmas. Journal of
Physics B-Atomic Molecular and Optical Physics. 1999; 32:
R131-R72.

Petrie, Edward M., Hand book of adhesives and sealants, 2nd
edition, McGraw Hill, Higher Education (1.2007) ISBN 0-
07-147916-3.

Jordan Rotheiser, Joining of Plastics, Handbook for designers
and engineers, ISBN 344617418-4.

Jiao YP, Cui Fz. Surface modification of polyester
biomaterials for tissue engineering. Biomed Mater. 2007; 2:
R24-37.

Vasita R, Shanmugam IK, Katt DS. Improved biomaterials
for tissue engineering applications: surface modification of
polymers. Cur. Top Med Chem. 2008; 8:341-53.

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Ma ZW, Mao ZW, GAO CY. Surface modification and
property analysis of biomedical polymers used for tissue
engineering. Colloids and Surfaces B-Bio-interfaces. 2007;
60:137-57.

Jacobs T, Morent R, Geyter N, Dubruel P, Leys C. Plasma
Surface Modification of Biomedical Polymers: Influence on
Cell-Material Interaction. Plasma Chem Plasma Process.
2012; 32:1039-73.

A. Ta the, M. Ghodke, and A. Nikalje, “A brief review:
biomaterials and their application,” Int. J. Pharm. Pharm. Sci.,
vol. 2, no. 4, pp. 19-23, 2010.

http://www.imbut.de/en/products/special-threads/(10.10.201
2. http://en.wikipedia.org/wiki/E-textiles (13.10.2012).

http://en.wikipedia.org/wiki/E-textiles (13.10.2012).

Ebne sajjad, Sina and Keyon Mod Jarrad. Handbook of
Polymer Applications in Medicine and Medical Devices. 1st
ed. Elsevier Inc., 2013. ISBN: 978-0-323-22805-3.

S.M. Kurtz, J.N. Devine PEEK biomaterials in trauma,
orthopedic, and spinal implants Biomaterials, 28 (2007), pp.
4845-4869.

Patel P, Hull R, Lyon RE, Stolia rov Sl, Walters RN,
Crowley S, Safronava N (2011) Investigation of the thermal
decomposition and flammability of PEEK and its carbon and
glass- fiber composites. Polymer Degradation and Stability.
96, 12-22.

Jha, S. Bhowmik, S.; Bhatnagar, N.; Bhattacharya, K. N.;
Deka, U.; Igbal, H. M. S.; Benedictus, R.: Experimental
investigation into the effect of adhesion properties of PEEK
modified by atmospheric pressure plasma and low-pressure
plasma. Journal of Applied Polymer Science, VVol. 118(2010),
pp. 173-179.

Freudenberg, C.: Textile Faserstoffe. In: CHRIF, C. (Hrsg.):
Textile Werkstoffe fir den Leichtbau; Springer Heidelberg
Dordrecht London New York; ISBN 978-3-642- 17992-1, S.
104.

Hesham eddin Mahjoubi, 2015, Surface Modification of
Synthetic Polymers for Orthopedic Applications via Diaz
onium  Chemistry: A  Simple, Biocompatible and
Nondestructive Route.

Onggar, T.; Cheng T; Hund H; Hund R. D; Cherif C.
Metallization of inert PET textile materials: Wet chemical
silvering with natural and synthetic polyamine, Part I. Textile
Research Journal 81(2011)19, S. 2017-2032.

Narushima K, Tasaka S, Inagaki N (2002) Surface
modification of Poly (aryl ether ether ketone) by pulsed
Oxygen plasma. Jn. J. Appl. Phys. 41, 6506-6516.

LA bay C, Canal C, Garcia-Celema MJ (2010) Influence of
Corona plasma treatment on polypropylene and polyamide
6.6 on the release of a model drug, Plasma Chem. Plasma
process. 30, 885-896.

Bernard M-C, Cha ussé A, Cabet-Deliry E, Chehimi MM,
Pinson J, Podvorica F, et al. Organic Layers Bonded to
Industrial, Coinage, and Noble Metals through
Electrochemical Reduction of Aryldiazonium  Salts.
Chemistry of Materials. 2003; 15:3450-62.

Ghod bane O, Cham oulaud G, Belanger D. Chemical



American Journal of Materials Science 2018, 8(1): 1-5 5

reactivity of 4-bromophenyl modified glassy carbon [33] Chausse A, Chehimi MM, Karsi N, Pinson J, Podvorica F,

electrode. Electrochemistry Communications. 2004; 6:254-8. Vautrin-Ul C. The electrochemical reduction of Diaz onium

) . o salts on iron electrodes. The formation of covalently bonded

[32] Kumar VKR, Gopi das KR. Synthesis and Characterization organic layers and their effect on corrosion. Chemistry of
of Gold-Nanoparticle-Cored Dendrimers Stabilized by Materials. 2002; 14:392-400.

Metal-Carbon Bonds. Chemistry-an Asian Journal. 2010;
5:887-96.



	1. Introduction
	2. Experimental Parts
	3. Result & Discussion
	4. Conclusions
	ACKNOWLEDGEMENTS

