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Age Estimation of Polymeric Insulation in Absorption of Chemical Components

Abstract
The investigation of the lifetime execution of polymeric insulator is frequently in light of
deficient information. Specialists confront difficulties of not having long perception time
to accumulate finish lifetime information so as to make forecast with conviction. In this
paper, we are proposing to utilize the best fitting polynomial interpolation method to deal
with decide the lifetime show and extrapolate data towards the period of polymeric
insulators. To assemble the data, for example, the change of convergence of substance
component of polymeric insulation because of various anxiety conditions, high
temperature vulcanized (HTV) silicone rubber examples were subjected to quickened
debasement utilizing an Accelerated Weathering Tester (QUV). Every example was
subjected to quickened maturing cycle in agreement to ASTM G154 cycle 4 for an
aggregate of 3000 hours. The maturing cycle experiences a cycle of 70 °C and bright
introduction at light power of 1.55 W/m2 for eight hours taken after by four hour buildup
at 50 °C. Chemical component focuses, for example, Carbon, Oxygen, Silicon and
Aluminum were acquired and assessed utilizing a Scanning Electron Microscope (SEM)
with energy dispersive xray (EDX). The convergences of chemical components are broke
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down utilizing polynomial interpolation strategy for different requests. In the first place
request to fifth request polynomial interpolation techniques are examined to decide the
best fitting bend without essentialness difference from the genuine esteem or genuine
esteem. The interpolation curve is utilized to gauge the age of an obscure matured
specimen. This examination has uncovered a novel technique for deciding a model that
could portray the lifetime of polymeric insulators and extrapolation strategy for
evaluating the age for polymer insulator.
Key Words: Polymeric Insulation, Chemical Components, high temperature vulcanized
(HTV), Scanning Electron Microscope (SEM), energy dispersive xray (EDX),
Accelerated Weathering Tester, polynomial interpolation strategy.
Introduction
Outdoor and indoor insulation frameworks that are introduced within the sight of high
mugginess, extraordinary temperature, halfway releases (PD) and mechanical
overemphasize prompt lifetime lessening [1]. As of late, encasings made of polymeric
materials have been utilized broadly around the globe [2]. When contrasted with the
customary porcelain material, polymer has a few preferences, for example, lightweight,
simple establishment and high imperviousness to extraordinary climate conditions [3].
For example, high temperature vulcanized (HTV) silicone rubber is developing in
significance as a high voltage cover material [4]. HTVs Silicone rubber has high
dielectric quality and magnificent thermo-mechanical properties [5]. It is a standout
amongst the most utilized materials because of its electrical, mechanical and concoction
execution with prevalent maturing time [6]. Numerous analysts have concentrated the
concoction centralization of examples assembled from the field utilizing Attenuated Total
Reflectance (ATR-FTIR), X-ray Photoelectron Spectrometer (XPS) and SEM [7].
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Nonetheless, the maturing of examples in field is subjected to numerous wild weathering
components and no two specimens are indistinguishable [8].
The aim of this examination is the estimation of the time of silicone rubber in light of the
chemical components fixation and polynomial interpolation approach. Matured examples
of HTV silicone rubber insulator are set up under controlled ecological condition utilizing
an Accelerated Weathering Tester (QUV) in light of ASTM G154. Examples are
subjected to stresses, for example, warm, ultraviolet radiation and condensation. The rate
amount for chemical components in the surface was measured and registered utilizing
Philips XL-30 SEM with EDX. The outcomes from SEM with EDAX are then used to
perform bends fitting utilizing distinctive request of polynomial. The polynomial
capacities depict the adjustment in the convergence of concoction substance of HTV
silicone rubber over the entire life cycle. Correlation between polynomials of various
requests is performed to decide the best fitting curve. The polynomial capacity can be
utilized to extrapolate the concentration of chemical components over the entire life
cycle.
Proposed System
The objective of this paper is to build up a lifetime model of HTV silicone rubber
example in light of polynomial interpolation technique. Three examples were corrupted
inside QUV weathering analyzer utilizing cycle D (ASTM G154 cycle 4) in QUV/splash
display. This cycle contains two stages. Right off the bat, the examples were matured
under a steady temperature of 70 °C and an UVA-340 nm bright source with a radiation
level of 1.55 W/m2 for 8 hours with various introduction times (1000h, 2000h and
3000h). Also, the examples were matured under buildup for 4 hours with a consistent
temperature 50 °C with no bright source.
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To assess the adequacy of the proposed lifetime demonstrate utilizing polynomial
interpolation strategy, a harm example of obscure age is readied. To accomplish this,
another example was subjected to an abnormal state of simulated surface contamination
and various flahsovers. The contaminant comprises of a blend of 10g of NaCl with 40 g
of Kaolin for every 1L of refined water. The arrangement conductivity was 61 µS and the
temperature of the contaminant was 24.6°C, which was measured utilizing a conductivity
meter (HANNA HI8633N). In agreement to IEC507 and AS4436, the contamination
level was named overwhelming (>50 µS). The sullying was showered over the surface of
the new specimen and the example was set in the middle of two electrodes invigorated
with high voltage as appeared in Fig. 1. Flashover was delivered between two electrodes.
This procedure was rehashed for fifty times to guarantee that the example surface was
seriously corrupted. The electrical testing of the example displayed demonstrates that the
aftereffect of the breakdown voltage of the specimen was decreased by 17 % contrasted
with the new specimen. On the off chance that this measure of debasement is to happen
in general 22 kV protectors, the separator won't ready to manage the working voltage.

Fig.1 Flashover on silicone rubber specimen
Estimation of the chemical concentration was performed on the examples after the
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quickened maturing procedure was connected. The atomic rate was resolved utilizing
EDS (Energy Dispersive x- ray Spectroscopy) inside the SEM. A Philips XL-30
furnished with an EDAX Silicon Drift Detector X- ray finder demonstrate 500 Apollo X
was utilized, which has a strong state identifier. This kind of locator has contributed a
lower force mistake for measurement comes about, which implies a relative statistical
error for the component peak intensity. XL-30 filtering electron microscopy was worked
in spot estimate 6.0 at speeding up voltage 5 KV in high vacuum. To expel test charging,
the examples were covered with carbon before examination, utilizing Accuracy Etching
and Coating System show 682 with Thickness Monitor demonstrate 681.2. Before
examination all examples were cleaned in an ultrasonic cleaner for 180 seconds utilizing
ethanol.
Conclusion
The outcomes in this paper recommend that the proposed approach could be connected to
anticipate the age for an obscure matured example in view of the normal of chemical
concentration examples. These examples were matured for 0, 1000, 2000, 3000 hours
inside QUV utilizing cycle D (ASTM G154). Normal of the chemical concentration was
gotten from XL-30 SEM with EDS. Interpolation polynomial strategy with various
request were connected to the chemical concentration to decide the coefficients elements,
which is imperative to evaluate or anticipate the age for an obscure matured example.
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Abstract
The inhibition of the corrosion of mild steel in citric acid and solutions was studied using
aqueous extract of Allamanda Blanchetii (AB). Weight loss, and potentiodynamic polarization techniques
was studied using this inhibitor. Inhibition was found to increase with increasing concentration of the
AB. The effect of temperature, immersion time and acid concentration on the corrosion behaviour of
mild steel in 1M Citric acid with addition of this derivative was also studied. The inhibition was assumed
to occur via adsorption of the inhibitor molecules on the metal surface. The predicted results shows
better performance of the AB natural inhibitor could serve as an effective inhibitor of the corrosion of
mild steel Citric acid media.
Keywords: Mild Steel;; Allamanda Blanchetii; Polarization; Weight loss measurment
Introduction
The corrosion resistance of mild steel was used in a huge area. Their application has deepened
the research in terms of corrosion resistance of it in various aggressive environments 1-3. A number of
researchers have dedicated their attention to develop more effective and non-toxic inhibitors to reduce
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both acid attack and protection aspects in Mild steel. There are various methods available in preventing
corrosion; the use of inhibitors is one of the most useful methods for the protection against corrosion
especially in acidic media 4-6.
Organic based compounds were used as corrosion inhibitors against metal suspension. It is often
associated with chemical and/or physical adsorption, involving a variation in the charge of adsorbed
substance and a transfer of charge from one phase to other 7-9. A very care attention was paid to the
effect of electron donating on the atom, electron withdrawing or groups responsible for adsorption
mainly depends on sterric factors, aromaticity, the structural properties of the organic compounds
studied such as the presence of π- electrons and heteroatoms, which induce greater adsorption of the
inhibitor molecules onto the surface of mild steel 10. Therefore, in this study, the corrosion inhibition of
mild steel in 1M Citric acid was studied in the absence and presence of the inhibitor for two hours at
room temperature.
Experimental
Material preparation
Mild steel strips were cut into pieces of 5 cm  1 cm which has the following composition (in
percentage) % C=0.015; Si=0.009; Mn=0.193; S=0.016; P=0.009; Ni=0.013; Mo=0.015; Cr=0.040 and
Fe=99.689 were used for this study. The samples were polished using emery sheet and degreased using
Acetone according to procedure of ASTM 11.
Preparation of flower extract
The plant was collected, shaded dried and powdered. The material was dried in shade to enrich
the active principle in them, by reducing its
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moisture content. An aqueous extract of Purple Allamanda blanchetii was prepared by boiling
20 g of dried flower petals, with distilled water and making up to 100 mL, after filtering the suspending
impurities.
Preparation of Solutions:
Weight loss measurement:
Mild steel specimens were immersed 1M Citric acid for 2 h at room temperature (28 ± 2 ºC) for
each inhibitor concentration. Then the specimens were removed, rinsed in double distilled water,
acetone and the loss in weight of the specimen was determined. From this, the inhibiton efficiency (IE
%) was calculated using the formula

IE % = Wo–Wi x 100 ----------------------

(1)

Wo
Where, WO and Wi (in g) are the values of the weight loss observed of mild steel in the absence
and presence of inhibitor respectively.
Electrochemical Studies:
All the electrochemical measurements were performed using the Electrochemical Workstation
Model No: CHI 600D, CH Instruments, USA) at a constant temperature of 28 ± 2 ºC maintained with 1M
citric acid as an electrolyte Potentiodynamic polarization studies were carried out at a scan rate of
0.01mV s-1 and at a potential range of -800 to -200 mV for optimum concentration of the inhibitors. The
electrochemical impedance studies were carried out in the same setup as that of potentiodynamic
polarization studies and the applied ac perturbation signal was about 10 mV within the frequency range
1Hz to 1 KHz. All the electrochemical impedance measurements were
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carried out at open circuit potential. The percentage of the inhibition
efficiency is calculated from the values of the current density (Icorr) with aid

of the following formula

IE % = I corr – I corr(i)

X 100 ------------- (2)

I corr

I

corr

Icorr(i)

=
=

Corrosion current density in the absence of inhibitor
Corrosion current density in the presence of inhibitor.

Results and Discussion
Weight loss method
The graph of corrosion behaviour and inhibitor efficiency of mild steel in 1M citric acid with AB
which was studied by weight loss method at 2 h at room temperatures was given in Figure 1 (a) & (b).
From the graph, it was observed that the weight loss of mild steel in the acid decreases with increasing
concentration of additives and the values were tabulated in Table 1 from which it was clear that the
corrosion rate has decreased with increasing concentration of inhibitor and inhibition efficiency
increased with increasing the concentration of the inhibitor. In addition, the maximum corrosion
inhibition efficiency of AB was 46.99 % at 1M citric acid respectively at 52.05 mM concentration of the
inhibitor solution for two hours at room temperature.
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Table -1: Corrosion rate and inhibition efficiency of mild steel in various acids in absence and
presence of inhibitor (AB)

S.NO

Difference in
weight (g)

Corrosion
Rate (mmpy)

Inhibition
efficiency (%)

1.

Conc. of
inhibitor
mM
Blank

0.0466

51.9358

---

2.

10.41

0.0402

44.8030

13.73

3.

20.82

0.0354

39.4534

24.03

4.

31.23

0.0315

35.1068

32.40

5.

41.64

0.0278

30.9832

40.34

6.

52.05

0.0247

27.5282

46.99
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Figure 1(a) - Corrosion rate (CR) with concentration of AB (in %) in
1M Citric acid solution at two hour.
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Figure 2(b) - Inhibition efficiency (IE) with concentration of AB (in %)
in 1M Citric acid solution at two hour.
Potentiodynamic polarization studies:
Potentiodynamic polarization results obtained for the inhibitory effect of AB on mild steel
corrosion in 1M Citric acid are depicted clearly in Figure 2. The various polarization parameters such as
corrosion current (Icorr), corrosion potential (Ecorr), anodic and cathodic Tafel slopes (-βa and -βc) were
derived from potentiodynamic polarization studies on mild steel in both acid media.
It was, therefore inferred that the inhibitive action of AB is of anodic type. The corresponding
results of potentiodynamic polarization parameters are represented in Table 2.
Table 2 - Polarization parameters of mild steel electrode immersed in the absence and presence of the
optimum concentration of the
inhibitors.
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Name of

βc

βa

(V dec-1)
Blank
AB

Inhibition

Rate

Effeciency

(mmpy)

(%)

6.245

30.01

---

3.346

16.08

46.42

ICorr

(V dec-1)

(V)

x10-4 (A)

4.917

5.326

-0.542

3.686

6.518

-0.444

Inhibitors

the Acid

1M Citric

Corrosion

ECorr

Figure 2 Potentiodynamic polarization curves of mild steel in
1M Citric acid in the absence and presence of the inhibitors.
The non-constancy of Tafel slopes of AB at optimum concentration reveals that the inhibitor
action due to the interference in the mechanism of the corrosion processes at cathode. AB shows the
maximum inhibition efficiency of 46.42 % in 1M Citric acid. This result suggests that the addition of
inhibitors retards the hydrogen evolution reaction. Hence the AB acts as better inhibitor system.
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Conclusions:
The present study leads to the following conclusions in controlling the corrosion of mild steel by AB
in 1M Citric acid medium.
1.

Allamanda Blanchetii (AB) shows better inhibiton efficiency in acid medium.

2.

The efficiency in AB was found to be 46.99 % in 1M Citric acid at optimum concentration.

3.

Polarization measurements demonstrate that the compound under investigation in 1M Citric acid
using AB natural inhibitor inhibits in anodic side when compare with blank solution.

4.

Results obtained from weight loss measurements and electrochemical measurements are in better
agreement.
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ABSTRACT
The corrosion inhibition of Mild steel in sodium chloride solution by Bismuth oxy chloride has
been studied using weight loss method & adsorption parameters techniques. The obtained result
revealed that Bismuth oxy chloride performed well as corrosion inhibitor in both the materials. The
inhibition efficiency increased with increasing inhibitor concentration .The maximum inhibition occurs
through adsorption of the Inhibitor molecule on metal surface without modifying the mechanism of
corrosion process. The adsorptions parameters were used to evaluate the inhibitive property of bismuth
oxy chloride.
Keywords: Mild Steel; Corrosion; Adsorption; Bismuth oxy chloride; Antimicrobial agent
I. INTRODUCTION
Mild steel (MS) and its alloys are widely used in technology because of their low density,
agreeable appearance, and corrosion resistance. This relevance usually induces serious corrosion effects
on equipments made up of iron and its alloys. The use of the inhibitor is most possible approaches for
protecting engineered materials against corrosion, especially in basic media. For these reasons, the
corrosion inhibition of MS in aqueous solution has been attracted the attention of many investigators
[1].Corrosion can be defined as the degradation or destruction of a metal or metal alloy due to
electrochemical reactions with the environment [2]. Basically, corrosion involves three components: an
anode, a cathode and an electrolyte. Oxidation reactions and metal dissolution occur at the anodic site
while cathodic reactions are reductive [3]. Equation 1 displays the anodic dissolution of a
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metal.
Me → Men+ + ne- ---(1)

Due to the interplay between anode, cathode and electrolyte, it can result in a variety of corrosion
forms including uniform or general corrosion, pitting corrosion, galvanic corrosion, and crevice
corrosion, cracking and dealloying (jones 1996). Corrosion is of enormous economic concern, and it has
been estimated that corrosion-related issues cost approximately 3-4 percent of GNP of industrialized
nations [4-5]. These costs include replacement of materials, monitoring costs, maintenance and repairs,
insurance to guard against failures, redundant equipment and costs associated with remediation of
spills caused by corrosion failures (javaherdashti 2008). Most of the commercial inhibitors are toxic in
nature; therefore, replacement by environmentally benign inhibitors is necessary. Many studies have
been carried out to find suitable non-toxic compounds to be used as corrosion inhibitors for these
metals in different aqueous solutions [6,8]. The use of pharmaceutical compounds offers interesting
possibilities for corrosion inhibition due to the presence of hetero atoms like nitrogen, sulphur and
oxygen in their structure, and they are of particular interest because of their safe use, high solubility in
water and high molecular size. Some of the azosulpha, piperazine derivative and antimalarial drugs have
been reported as good corrosion inhibitors [9, 10 &11].In the present work mainly focussed to find the
environmentally safe, non-toxic inhibitor that would be used for inhibiting the corrosion of Mild Steel.
The use of such substances will establish, simultaneously, the economic and environmental goals.
Bismuth has an atomic number 83 and a molecular weight 208.9 Daltons. It is a white crystalline nature
and occurred in two valencies (+3 and +5) [12-16]. Bismuth oxy chloride had O-atoms in its structure,
regarded as important factors for good inhibitor. Therefore; Bismuth Oxy Chloride is tested as an
inhibitor for the corrosion of Mild Steel in basic media. Adsorption mechanisms were deduced through
adsorption isotherms using data obtained there from.
EXPERIMENTAL
A. Material preparation
According to ASTM method as reported already [12-15], Mild steel strips were cut into pieces of 5 cm x
1 cm having the following composition (in percentage) % C=0.017;
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Si=0.007; Mn=0.196; S=0.014; P=0.009; Ni=0.013; Mo=0.015; Cr=0.043 and Fe=99.686 was used. The
samples were polished, drilled a hole at one end and numbered by punching.
During the study the samples were polished with various grades of SiC abrasive papers (from grits 120
to 1200) and degreased using Acetone.
B. Preparation of Solutions
All the solutions were prepared using NICE brand analar grade chemicals in double distilled water and
bubbling purified by nitrogen gas for 30 minutes to carry out de-aeration of the electrolytes.
C. Preparation of Inhibitor
Various concentration of inhibitor was prepared on the basis Le Chatlier’s principle.
Weight loss measurement
Mild steel specimens were immersed 1M NaCl and 2 M NaCl for 2 h at room temperature (28± 2 ºC) for
each inhibitor concentration. Then the specimens were removed, rinsed in double distilled water,
acetone and the loss in weight of the specimen was determined. From this, the inhibition efficiency (IE
%) was calculated using the formula
IE % = Wo–Wi x 100 ----------------------

(1)

Wo
Where, WO and Wi (in g) are the values of the weight loss observed of mild steel in the absence and
presence of inhibitor respectively.
RESULTS AND DISCUSSION
Weight Loss Method
The comparison graph of corrosion behaviour and inhibitor efficiency of Mild Steel in 1M NaCl &
2M NaCl with bismuth oxy chloride which was studied by weight loss method at 2 h at room
temperatures was given in Figure 1 . From the graph, it was observed that the weight loss of Mild steel
in the aqueous solution decreases with increasing concentration of inhibitor and the values were
tabulated in Table 1 from which it was clear that the corrosion rate has decreased with increasing
concentration of inhibitor and inhibition efficiency increased with increasing the concentration of the
inhibitor. In addition, the maximum
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corrosion inhibition efficiency (BiOCl) for Mild Steel in 2M NaCl was 86.7% in 1M NaCl and 89.8%
in M NaCl respectively at 47.86 mM of the inhibitor solution for 2 hours at room temperature.

MEDIUM

1M NaCl

2M NaCl

CONCENTRATION OF

CORRSOION RATE

INHIBITON

INHIBITOR

EFFICIENCY

(mM)

(%)

Blank

21.4

--

9.57

14.16

33.8

19.14

11.37

46.8

28.72

8.94

58.2

38.29

7.56

64.6

47.86

2.41

86.7

Blank

21.8

--

9.57

13.3

38.6

19.14

9.67

55.6

28.72

7.60

65.1

38.29

2.86

79.6

47.86

2.20

89.8

TABLE 1 : Corrosion parameters in absence and presence of BiOCl of with 1M NaCl & 2 M NaCl
in Mild steel
It can be seen from Table 1 that, the addition of inhibitors to the aggressive solution reduces the
corrosion rate of mild steel. The corrosion rate decreased and inhibition efficiency increased with
increasing inhibitor concentration suggests that the inhibitor molecules act by adsorption on the metal
surface. From the values of Table 1, it is clear that the BiOCl effectively inhibits the corrosion rate of MS
in both 1M NaCl and 2M NaCl with higher inhibition efficiency in 2M NaCl medium.
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Figure 1 - Comparison of inhibition efficiency of BiOCl in 2 M NaCl solution on Mild steel at two
hour
The obtained results indicated that BiOCl performs a good inhibition for the corrosion of Mild
Steel in basic media .From the Figure 1 the Inhibition efficiency of inhibitor the Mild steel metal
increases as the concentration of inhibitor increases. For Mild Steel, the highest inhibition efficiency is
obtained.
Adsorption Isotherm
In aqueous solution, the metal surface was always covered with absorbed molecule. Therefore,
the adsorption of inhibitor molecule from an aqueous solution is a quasi substituted process and the
inhibitor that have the ability to adsorb strongly on the metal surface will hinder the dissolution reaction
of such metal in the corrosive medium.[17] The degree of surface coverage is considered as the
determining factor which plays the main role in inhibition efficiency[18-20].The extend of adsorption
depends on many factors, such as the nature of metal, condition of metal surface ,the chemical
structure of inhibitor molecule , the nature of its functional groups, pH and type of corrosion medium
[21].Basic information on the interaction between the inhibitor and the Mild steel metal surface can be
proved by the adsorption isotherm and in general, inhibitor can function either by physical
(electrostatic) adsorption or chemisorption with the metal surface . Actually, the adsorbed molecule
may cause some difficulty for the surface to adsorb further molecule from neighbouring sites. To acquire
more information about the interaction between the inhibitor molecules and the metal
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surface, a number of mathematical adsorption expressions have been developed to fit the
degree of surface coverage through different adsorption isotherms in order to provide some knowledge
on the nature of interaction of the adsorbed molecule *22+. The fractional surface coverage θ at
different concentrations of inhibitors in 1M NaCl and 2M NaCl solutions were determined from the
weight loss measurements data [19] using the formula,

()

=

Wo  Wi
Wo

-------------- (2)

Where, Wo and Wi are the values of weight loss of uninhibited and inhibited
specimens, respectively.

Kc  
1 

--------------------------- (3)

Where, c is the concentration of the inhibitor, θ is the fractional surface coverage. The Langmuir
isotherm, Eq. (4), which is based on the assumption that all adsorption sites are equivalent and that
molecular binding, occurs independently from the fact whether the nearby
sites are occupied or not, was verified for all the studied inhibitors. The adsorption equilibrium constant
K is related to the free energy of adsorption ΔGads as,

1

K 

C

solvent

G

exp 


ads



 RT




----------------- (4)



Where, Csolvent represents the molar concentration of the solvent, which in the case of water is 55.5 mol
dm−3, R is the gas constant and T is the thermodynamic temperature in K. The Langmuir isotherm, Eq.
(5), can be rearranged to obtain the following expression,

c

1


 K

 c ------------------------- (5)

so that a linear-relationship can be obtained on plotting c/θ as a function of c, with a slope of
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unity. The thermodynamic parameters K and ΔGads for the adsorption of the studied inhibitors on Mild
steel is obtained by Langmuir’s adsorption isotherm are plotted in Figure 2 and the obtained values are
given in Table 2. The negative values of ΔG0ads for the addition of inhibitors indicate that the process of
adsorption of studied inhibitors is spontaneous in nature [23-26]. The free energy of adsorption of
(ΔGads) for Mild steel, in 1M NaCl was found to be -4.913 kJmol−1 while for 2M NaCl it was found to be 5.602 kJmol−1 respectively.It is well known that the values of ΔGads in the order of −20 kJ mol-1 or lower
indicate a physisorption while those about −40 kJ mol−1 or higher involve charge sharing or transfer
from the inhibitor molecules to the metal surface to form a co-ordinate type of bond[27].
The calculated adsorption values for the studied inhibitor show that the adsorption is of physical in
nature, and there is no chemisorption between the inhibitor molecule and the metal surface. This
indicates that the adsorption of BiOCl at 2 h takes place through electrostatic interaction between the
inhibitor molecule and the metal surface. Hence it indicates that the interaction between the inhibitor
molecule and metal surface is physisorption

(mM)

(θ)

∆Gads
KJ / mol-1

1M NaCl

47.86

0.86

-4.913

1.82

2M NaCl

47.86

0.89

-5.602

1.81

Medium

Concentration

Surface coverage

K x 10

-2

.
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TABLE 2 : Thermodynamic parameters for the adsorption of BiOCl in (1M NaCl and 2 M NaCl) on
the Mild steel.

Figure 2- Langmuir isotherm for adsorption of BiOCl on Mild steel surface studied at (1M
NaCl and 2M NaCl).
CONCLUSIONS
Based on the above evaluation, it has shown that Bismuth oxy chloride inhibited the Mild steel
more effective. Nevertheless the inhibition efficiency of Bismuth Oxy chloride is more in 2M NaCl than
1M NaCl. The corrosion rate decreased with increased inhibitor concentration. The inhibition efficiency
increased with increased inhibitor concentration. The adsorption of the bismuth oxy chloride on Mild
Steel is exothermic spontaneous as suggested by the negative values of ΔG ads & obeys Langmuir’s
adsorption isotherm. The adherence of the data to Langmuir’s adsorption isotherm support physical
adsorption process
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BRISK MECHANIZED OF OSTE POLYMER RF-MEMS COMPONENTS
ABSTRACT
This paper reports the first RF-MEMS component in OSTE polymer. Three
OSTE-based ridge gap resonators were fabricated by direct, high aspect ratio,
photostructuring. The OSTE polymer’s good adhesion to gold makes it suitable for RFMEMS applications. The OSTE ridge gap resonators differ in how they were coated with
gold. The OSTE-based devices are compared to each other as well as to Si-based, SU8based, and CNT-based devices of equal design. The OSTE-based process was performed
outside the cleanroom, and with a fast fabrication process (~1 h). The OSTE-based
device performance is on par with that of the other alternatives in terms of frequency,
attenuation, and Q-factor.
I.INTRODUCTION
The rapid development of wireless technology increases the need for highfrequency components. Higher frequencies tender wider bandwidths and are needed for
technologies such as elevated data rate wireless media communication [1], and
automotive car radars [2].At lower frequencies, electromagnetic components are typically
made with micro-milling, which is an expensive serial manufacturing process. However,
when designing these components at higher frequencies, above 100 GHz, micro-milling
is lacking in resolution. Microfabrication of RF-MEMS components with structure sizes
larger than 100 μm are typically manufactured with relatively slow and expensive
processes, such as silicon etching, or SU8 lithography
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[3], and the processes have long design cycle iteration times, Tab. 1. There is a
need for a fabrication method that can offer high aspect ratios, short design cycles, and
low-cost processing.

In 2011 a new polymer the Off-Stoichiometry Thiol-Ene (OSTE) polymer was
designed for fabrication of microfluidic devices [4]. The OSTE polymer’s reactive
surface allows easy manufacturing of multilayer devices with low stress and low
deformation [5]. The material allows fast prototyping by high aspect ratio direct
photostructuring [6]. OSTE components can be reaction injection molded with short
cycle times [5], allowing for scaling up of component production. Compared to the
polymer SU8, the OSTE polymer’s mechanical properties can be tuned to be stiff or
flexible [4], and contains sulfur, which enables easy bonding of gold to OSTE.
In this paper the first RF-MEMS component in OSTE polymer has been fabricated
and evaluated. The OSTE polymer is used to fabricate a ridge gap resonator operating at
280 GHz [7]. The OSTE-based resonator is compared to previous Si-based [7], SU8based [8] and carbon nanotubes (CNT) -based [9] ridge gap resonators of equal design.
II.DESIGN
The ridge gap resonator is based on gap waveguide technology. By using a
metamaterial that forms an artificial magnetically conductive (AMC) surface, together
with a perfect electrically conductive (PEC) surface less than a quarter wavelength
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apart, a stop band for a certain frequency range can be achieved [10]. Here, the
AMC surface is a “bed of nails” [11]. By incorporating a guiding structure in between the
AMC, in this case a ridge, the waves can propagate along the ridge without leaking away.
The resonator consists of a conductive ridge surrounded by an AMC surface. On
the long sides of the ridge, two rows of pins are present to create the stopband, and on the
short sides of the ridge (the connecting sides), only one row of pins is present. The
conductive lid is placed 167 m above the ridge. The pins and the ridge are 329 m high.
The ridge is 2059 m long and the pins are167 m wide.
III.FABRICATION
The 280 GHz ridge gap resonator is fabricated in two layers of OSTE polymer
followed by a gold coating. The fabrication process is presented in Fig. 2.

Figure 2: Manufacturing process, showing the process steps and respective process time.
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The entire device is formed using two different OSTE polymers. An unstructured
base layer is

made in Ostemer 221, that provides good bonding properties to the

microstructured layer and a relatively high Young’s modulus. The microstructured layer
uses Ostemer 220 Litho, in order to obtain good lithographic definition. For the
base layer, 240 m spacers are placed on a microscope glass slide and Ostemer 221
(Mercene Labs AB, Sweden) is poured onto the microscope glass, Fig 2a. The polymer is
squeezed by a top lid consisting of another microscope glass and a transparency film in
between. The layer is UV cured (Collimated Hg-lamp, OAI, Millpitas, USA) for 60 sec at
10 mW/cm2 at 365 nm. Fig. 2b. The top transparency film and microscope glass is
removed, leaving a flat UV cured Ostemer 221 surface. 390 m thick spacers are placed on
the Ostemer 221, and the polymer Ostemer 220 Litho (Mercene Labs, Sweden) is poured
on top, Fig. 2c. Both layers are now squeezed by a photomask consisting of a microscope
glass with a repro- printed transparency film. The photomask is protected by a Teflon film
to avoid stiction of the polymer to the mask. The entire stack is placed on top of black
paper during UV exposure (365 nm) to avoid reflection. The stack is UV exposed for 60
sec, Fig. 2d. The photomask is removed and the polymer stack is developed in an acetone
bath with ultrasonic agitation for 3 min, Fig. 2e. The OSTE stack is sputtered with a seed
layer of 180 nm Au from the top. Unlike all polymer alternatives, OSTE contains sulfur
that enables direct covalent bonding to gold, resulting in very strongly attached gold
layers, therefore no adhesion layer such as Ti or Cr is needed. The OSTE stack, including
the microscope glass, is electroplated in a gold ion solution (Enthrone Neutronex) for 5
min at 38 °C, still attached to the microscope glass. The bottom microscope glass is
removed and the OSTE- based resonators are diced with a diamond saw into separate
chips. Three OSTE chips (A, B, and C) was processed with slightly different coating
parameters. Each chip is sputtered with a seed layer of 180
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nm Au from the back. OSTE chip A and OSTE chip B were electroplated for 5
min, at 43 °C and 40 °C respectively.
III.MEASUREMENT RESULTS
The OSTE-based resonators were compared to previous resonators of the same
design in Si, SU8 and CNT, the attenuation was extracted from the resonances as in

[12].The three OSTE-based ridge gap resonators were measured between 220-325 GHz.
Two resonance peaks were detected for all three devices, the measurements together with
the simulated data of an ideal ridge gap resonator, is presented in Fig. 6.

Figure 6: Measurements results of the three OSTE resonators and the simulations
at 270-300 GHz.
The loaded Q-values (QL) were extracted from the measured resonances. QL is defined
as the ratio between the center frequency of the resonant cavity and its 3-dB bandwidth,
Eq. 1, [13].
QL = fc
Where the is the propagation constant. The calculated QU-values and attenuation
values for the OSTE-based resonators, together with measured values for the previous Sibased, SU8-based and CNT-based resonators, are presented in Tab. 2.
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IV.CONCLUSION
The first RF-MEMS component in OSTE polymer has been presented. The
attenuation of the OSTE resonators differ somewhat from each other, due to differences
in the gold-coating process step, but they are as good as previously reported resonators in
other materials. The OSTE resonators with the lowest measured attenuation performed
better than previous reported resonators at values comparable to simulations of an ideal
ridge gap resonator. The OSTE process is fast compared to other know processes.
Additionally, no cleanroom is needed to perform the process, the process is mass
producible, and OSTE’s good adhesion to gold offers many applications for RF MEMS.
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