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Abstract−The electrically conducting and partially porous graphite based adsorbent (called NyexTM 2000) was tested
for its adsorption capacity and electrochemical regeneration ability for the removal of phenol from aqueous solution.
NyexTM 2000 was tested in comparison with NyexTM 1000, which is currently being used for a number of industrial
waste water treatment applications. NyexTM 1000 exhibited small adsorption capacity of 0.1 mg g−1 for phenol because
of having small specific surface area of 1 m2 g−1. In contrast, NyexTM 2000 with specific surface area of 17 m2 g−1 de-
livered an adsorption capacity of 0.8 mg g−1, which was eight-fold higher than that of NyexTM 1000. NyexTM 2000 was
successfully electrochemically regenerated by passing a current of 0.5 A, charge passed of 31 C g−1 for a treatment
time of 45 minutes. These electrochemical parameters were comparable to NyexTM 1000 for which a current of 0.5 A,
charge passed of 5 C g−1 for a treatment time of 20 minutes were applied for complete oxidation of adsorbed phenol.
The comparatively high charge density was found to be required for NyexTM 2000, which is justified with its higher
adsorption capacity. The FTIR results validated the mineralization of adsorbed phenol into CO2 and H2O except the
formation of few by-products, which were in traces when compared with the concentration of phenol removed from
aqueous solution. The electrical energy as required for electrochemical oxidation of phenol adsorbed onto NyexTM 1000
& 2000 was found to be 214 and 196 J mg−1, respectively. The comparatively low energy requirement for electrochemi-
cal oxidation using NyexTM 2000 is consistent with its higher bed electrical conductivity, which is twice that of NyexTM

1000.
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INTRODUCTION

Phenol is used as a precursor for many useful compounds. It is
highly toxic compound which can affect aquatic life [1]. It is dis-
charged through effluent streams in significant amounts (200-600
mg L−1) and has many adverse effects on human health even in small
concentrations [2]. The intake of water contaminated with phenol
into the human body causes protein degeneration, tissue erosion,
paralysis of the central nervous system and also damages the kid-
ney, liver and pancreas [2]. The level of toxicity of phenol was re-
viewed and found to be associated with hydrophobicity of free radi-
cals [3]. 

The removal of phenol from water has been extensively investi-
gated. Activated carbon is a well known adsorbent for the removal
of organic pollutants from water. However, it has some limitations
from environmental and economic perspective when executed for
regeneration in order to recover its adsorption capacity [4]. Ther-
mal regeneration may cause economic and environmental restric-
tions, and dumping is never been considered an environmentally

friendly option [5]. Therefore, extensive research was carried out
on alternatives such as chemical or solvent regeneration [6], elec-
trochemical regeneration [7-12] or development of synthetic adsor-
bent materials [13]. Several commercial and synthetic polymeric
materials were studied (acrylonitrile, 1,3 butadiene, styrene, PVC
and poly (methyl methacrylate) to evaluate their ability to remove
phenol from an aqueous solution. The results showed that styrene
and 1,3 butadiene provided the highest adsorption capacity of 2.5
and 3 mg g−1 for phenol removal [13]. The activated carbon was
employed for the adsorptive removal of phenol and o-cresol from
aqueous solutions. Adsorption capacities of 74 and 64 mg g−1 were
reported for phenol and o-cresol, respectively. The Freundlich, Lang-
muir and Redlich-Peterson models were tested to simulate the equi-
librium isotherm data [14]. A study was carried out to investigate
the liquid phase adsorption of phenol from water using silica gel,
activated alumina, activated carbon, filtrasorb 400 and HiSiv 1000
[15]. Although activated carbon has remarkably higher specific sur-
face area, it could not be characterized amongst electrically con-
ducting adsorbent materials and, therefore, exhibited a significantly
higher drop in voltage leading towards longer regeneration times
when executed for adsorption followed by electrochemical regen-
eration studies [12].

To eliminate comparatively higher thermal regeneration cost of
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activated carbon coupled with material losses (5-10% on thermal
regeneration), Brown et al. developed an electrically conducting
bisulfate intercalated graphite material (reported as NyexTM 100)
and tested for a number of adsorption-electrochemical regeneration
studies [8-11]. NyexTM 100 showed significantly lower specific sur-
face area (0.75 m2 g−1) that resulted small adsorption capacities for
various organic pollutants [8-11]. The small adsorption capacity of
NyexTM 100 was considered to be compensated with its fast elec-
trochemical regeneration obtained in minutes compared with acti-
vated carbon. NyexTM 2000 showed a significant increase in adsorp-
tion capacity for acid violet 17 and humic acid. It also exhibited
the ability to restore the same adsorption capacity through electro-
chemical regeneration [16,17]. The adsorption of phenol from aque-
ous solution onto carbon black was studied and it was found that
the amount of adsorbed phenol increased with a decrease in num-
ber of oxygen compounds on the carbon surface [18]. 

The adsorptive removal of phenol from aqueous solution using
partially porous graphite material (as developed and called Nyex
2000) has not been reported till date. The aim of this study is to com-
pare the adsorption performance (Kinetics, isotherms and regener-
ation parameters) of NyexTM 1000 & 2000 when employed for the
removal of phenol from aqueous solution. In addition, surface inves-
tigations revealing the role of surface functional groups towards
phenol adsorption have been carried out.

MATERIALS AND METHODS

1. Materials
The standard solution of phenol was prepared in the laboratory

using de-ionized water. Phenol of 99.5% was supplied by Sigma
Aldrich, U.K. Adsorbent materials, called, NyexTM 1000 & 2000
were supplied by the Arvia Technology Ltd. U.K. These were used
without further treatment. The characterization of both adsorbent

materials consisting of Boehm surface titration revealing surface
functional groups, SEM for surface morphology, laser particle size
analysis for average particle size measurement, bulk density, bed
electrical conductivity and BET specific surface area have already
been reported in [17].
2. Phenol Analysis

The quantitative analysis of phenol was conducted by high per-
formance liquid chromatography (HPLC, Macclesfield, UK) by
comparing the retention time of the standard solution of phenol. A
Gemini C6 phenyl column, supplied by Phenomenex was used. The
mobile phase was 30% methanol of analytical grade and 70% ultra-
pure water at a flow rate of 0.75 ml min−1 through the column. The
column temperature was maintained at 25 oC. A UV detector was
used at a wavelength of 210µm. All aqueous phenol samples were
filtered through a 0.45µm filter before their injection into the col-
umn.
3. Adsorption Kinetics and Isotherms

Adsorption kinetics and isotherm data were obtained by mixing
a fixed mass of adsorbent with known concentration of phenol solu-
tion prepared in de-ionized water. The mixing was provided using
a magnetic stirrer at 700 rpm in 1 L beaker for kinetic study and
250 ml flask for isotherm experiments. After adsorption the samples
were collected for isotherm study, whereas for generating kinetic
data, 5 ml samples were collected at regular time intervals and ana-
lyzed using HPLC after vacuum filtration using (VWR 413 grade).
4. Electrochemical Regeneration

Electrochemical regeneration of known mass of adsorbent loaded
with phenol was carried out using a sequential batch electrochemi-
cal cell (Fig. 1). It was divided into anodic and cathodic compart-
ments by a micro-porous Daramic 350 membrane (supplied by the
Arvia Technology Ltd. UK). The cathode was made of perforated,
316 stainless steel and anode was a graphite plate. Each run of re-
generation was started by filling a fresh aqueous solution of catholyte

Fig. 1. Schematic diagram of sequential batch electrochemical cell used adsorption followed by electrochemical regeneration for a no
adsorption-regeneration cycles [16,17].
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containing 0.3% w/w NaCl, whose pH was adjusted at 2 using HCl
[16]. The procedure to determine the regeneration efficiency of both
adsorbent materials when loaded with phenol was as follows;

i. Initial adsorption: A known mass of adsorbent material was
added to 1 L phenol solution of known concentration. The mixture
was agitated for 30 min by sparging with air. After adsorption, the
air flow was stopped and allowed to settle into the anodic compart-
ment of the cell. A sample of phenol solution was collected after
adsorption and then analyzed for obtaining initial phenol loading
(qi) onto the adsorbent material.

ii. Electrochemical regeneration: When the adsorbent had settled
in to the anodic zone, a DC current was supplied to the cell. After
regeneration, the treated phenol solution was drained off.

iii. Re-adsorption: Regenerated adsorbent without further treat-
ment was mixed by air sparging with fresh phenol solution of same
concentration and volume as used in (i). After adsorption, the equi-
librium phenol concentration and thus regenerated loading (qr) were
determined.

From the initial and regenerated adsorbent loadings, the regen-
eration efficiency was obtained as:

R=qr/qi * 100 (1)

For multiple adsorption regeneration cycles, steps ii and iii were
repeated.

RESULTS AND DISCUSSIONS

1. Adsorbent Characterization
The investigations revealing characteristics of both the adsor-

bent materials have already been reported in [16]; however, for the
sake of quick reference, these results are summarized here. NyexTM

2000 was found to have almost double average particle size (784
µm) to that of NyexTM 1000 (484µm). The BET specific surface
area for NyexTM 2000 was found to be 17 m2 g−1 and it was improved
by a factor of 16 folds when compared with 1 m2 g−1 for NyexTM

1000. The significantly higher BET specific surface area and almost
double average particle size of NyexTM 2000 made it suitable ad-
sorbent material for adsorption followed by electrochemical regen-
eration process. The increase in specific surface area of NyexTM 2000

is associated with its rough surface morphology as evident in SEM
image (Fig. 2).

Fig. 3 presents a significant change in surface chemistry in terms
of surface functional groups for both adsorbent materials, which
has already been reported in [16]. The new surface chemistry was
emerged as a result of chemical, thermal and physical steps under-
went for the development of NyexTM 2000 as originated from NyexTM

1000. NyexTM 2000 was found to have enriched with lactonic groups
and about half the amount of phenolic groups when compared with
NyexTM 1000. The concentration of total acidic functional groups
was found to be decreased from 0.25 mol g−1 (NyexTM 1000) to 0.138
mol g−1 (NyexTM 2000). However, still the particle surface of both
the adsorbent materials was found to be dominating with acidic func-
tional groups with no detectable basic functionality [16]. The pro-
portion of phenolic groups was reported to be dominant at around
78 and 68% of the total surface functionality of NyexTM 1000 &
2000 adsorbents, respectively.

The surface elemental analysis was conducted using X-ray (EDS)
technique which showed C being a major constituent of NyexTM

1000 with considerably higher concentration of O and S when com-
pared with NyexTM 2000. Traces of Mg, Al, Si and P were also de-
tected as evident in Fig. 4. It is important to note that thermal process-
ing of NyexTM 1000 at 900 oC significantly altered the surface chemis-
try and caused to increase the proportion of C from 78 to 95% of

Fig. 2. SEM images at 200x magnifications for NyexTM 1000 & 2000 adsorbents.

Fig. 3. Concentration of surface functional groups as determined
by Boehm surface titration [16].
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NyexTM 2000. The rest of the components were eliminated in the form
of oxides as a result of thermal processing at such a high temperature.

The bed electrical conductivity of NyexTM 2000 was found to be
1.6 S cm−1 which is twice compared with 0.8 S cm−1 for NyexTM

1000. The higher bed electrical conductivity predicts reduced energy
requirements for electrochemical regeneration [16].
2. Adsorption Kinetics & Isotherms

Kinetic study revealed an approximate time required to achieve
equilibrium conditions for the removal of phenol onto both adsor-
bent materials. Results are shown in Fig. 5. Adsorption was found
to be fast enough with 90% of the equilibrium being achieved within
5 minutes for each adsorbent. A gradual decrease in phenol con-
centration was observed during next 15 minutes as evident in Fig. 5.
Therefore, a mixing time to achieve equilibrium was observed to
be around 20 minutes for each adsorbent material. However, in view
of the experimental errors, a contact time of 30 to 40 min can be
speculated for achieving equilibrium conditions. Initial phenol con-
centration for both adsorbents was maintained at 100 mg L−1. Brown
et al. reported a mixing time of 30 minutes for achieving 90% of
the equilibrium using starting phenol concentration of 250 mg L−1

using NyexTM 100 adsorbent [11]. The same equilibrium time was
reported by Hussain for the removal of phenol with an initial con-
centration of 100 mg L−1 using NyexTM 1000 adsorbent [19]. It is
worth considering that NyexTM 2000 with an average particle size
of 784µm showed almost the same kinetics that of NyexTM 1000

with an average particle size of 484µm.
Fig. 6 shows an isotherm data obtained for the adsorption of phe-

nol onto both adsorbent materials using a mixing time of 30 min. It
is evident in Fig. 6 that NyexTM 2000 delivered an increased adsorp-
tive capacity of 8 folds (0.8 mg g−1) for phenol being an adsorbate
when compared that of NyexTM 1000 (0.1 mg g−1). Thus, it can be
concluded that NyexTM 2000 is an effective adsorbent with com-
paratively large average particle size (784µm) for the removal of
phenol from its aqueous solution. This increase in adsorptive capacity
can be explained with an increase in specific surface area of NyexTM

2000 from 1 to 17 m2 g−1 which induced as a result of various chemi-
cal, thermal and mechanical treatments of NyexTM 1000. In view of
kinetic and isotherm data obtained for the removal of phenol using
both the adsorbent materials, NyexTM 2000 can be considered as a
preferential adsorbent material due to its large average particle size
and improved adsorption capacity. High bulk density and large aver-
age particle size can contribute to achieve rapid solid-liquid separa-
tion. The adsorption capacity of Nyex 2000 can be compared with
Nyex 100, which also showed an adsorption capacity of 1 mg g−1.
Nyex 100 was characterized with an average particle size of 127
µm, which is significantly lower that of Nyex 2000 [11]. Brown et
al. reported adsorption isotherms for mono, di and tri-chlorinated
phenol compounds and observed that increasing the degree of chlori-
nation strongly influenced the adsorption capacity of Nyex 100 [11].
A similar effect of improved adsorption of chlorinated phenols onto
granular activated carbon has been reported by Streat et al [20,21].
Such a small particle size restricted its use in continuous adsorp-
tion-electrochemical regeneration process due to poor settling and
it was, therefore, replaced with Nyex 1000 with an average particle
size of 484µm and adsorption capacity of 0.1 mg g−1 for phenol. It
is notable that adsorption capacity of Nyex materials is much lower
to that of activated carbon as reported to be around 74 mg g−1 by
Nadia et al. [15].

Surface investigations of both adsorbent materials as evident in
Figs. 3 and 4 revealed a significant difference in oxygen containing
surface functional groups. The role of surface chemistry for the ad-
sorption of phenol has prime importance as water molecules are
expected to have electrostatic interaction with oxygen containing
functional groups which were found to be dominant on the surface
of NyexTM 1000 compared with NyexTM 2000 [18,22]. It is specu-

Fig. 6. Adsorption isotherms for the adsorption of phenol onto
NyexTM 1000 & 2000 obtained using a contact time of 30 min
to achieve equilibrium.

Fig. 4. X-ray (EDS) spectrum for elemental analysis of NyexTM 1000
adsorbent.

Fig. 5. Adsorption kinetics for the adsorption of phenol from aque-
ous solution using NyexTM 1000 & 2000 adsorbents using
initial phenol concentration of 100 mg L−1.
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lated due to polarity of hydrogen bonding in water molecules, which
is considerably larger than phenol, and therefore strong polar mole-
cules will induce affinity towards electrostatic interaction with sur-
face functional groups of NyexTM 1000 by suppressing the adsorption
of phenol molecules [18,22]. The similar effect has already been
reported in [18] for the adsorption of phenol onto the surface of car-
bon black used as adsorbent material. In view of the surface chem-
istry, NyexTM 2000 is expected to be a more suitable material for
the adsorption of phenol as it contained significantly lower concen-
tration of oxygen containing surface functional groups as evident
in Fig. 3. However, in addition to improved electrostatic interaction
with phenol molecules, increased specific surface area of NyexTM

2000, definitely, contributed as a leading factor to increase the ad-
sorption capacity by a factor of eight-fold [22].

Adsorption isotherm data were analyzed using the Freundlich
and Langmuir models. The Freundlich and Langmuir constants KF,
n, qm and KL indicating the adsorption capacity and intensity are

summarized in Table 1. The Freundlich isotherm model was found
to be in best-fit with higher values of coefficient of correlation, i.e.,
R2=0.99. The Langmuir constant qm ensured the relatively low ad-
sorption capacity of phenol onto both adsorbent materials [22].
3. Electrochemical Regeneration

Fig. 7 shows electrochemical regeneration efficiency obtained
for a number of adsorption/regeneration cycles for both adsorbent
materials. The regeneration efficiency remained consistent at around
100% for both adsorbents except first two cycles where a slight in-
crease in adsorptive capacity was observed for NyexTM 2000 unlike
NyexTM 1000, which was slightly lower than 100%. The increase
in adsorption capacity during first two cycles for NyexTM 2000 is
consistent with the increase in adsorption capacity observed for the
electrochemical regeneration of both NyexTM 1000 and 2000 adsor-
bents when loaded with acid violet 17 [16] and humic acid [17].
The improved adsorption as a result of two adsorption-regeneration
cycles can be attributed to lower pH (at around 2) existing in the
anodic compartment of the electrochemical cell during regeneration
process. The electrochemical parameters corresponding to an approx-
imate 100% regeneration efficiency of NyexTM 1000 and 2000 adsor-
bents were found to be 20 and 45 minutes being regeneration time
at 7 and 10 mA cm−2 current density and charge passed of 5 and
31 C g−1, respectively. The actual charge passed of 5 and 31 C g−1

for both adsorbents is comparable with theoretically calculated charge
of 4 and 23 C g−1 (using Eq. (2)), respectively.

C6H5OH+11H2O 6CO2+28H++28e− (2)

The charge passed can be compared to the charge of 36 C g−1 with
a current density of 10 mA cm−2 as reported in the literature for the
electrochemical regeneration of NyexTM 100 with a similar adsorp-
tive capacity to that of NyexTM 1000 when loaded with phenol [11].

Comparatively less charge was found to be required for regener-
ating NyexTM 1000 compared with NyexTM 2000 as it had much lower
loading of phenol. The electrical energy in accordance with charge
consumed was found to be 214 and 196 J mg−1 of adsorbed phenol
onto NyexTM 1000 and 2000 adsorbents, respectively, as shown in
Fig. 8. The low energy consumption required for achieving 100% re-
generation efficiency for NyexTM 2000 is due to its higher bed- electri-
cal conductivity of 0.16 S cm−1 which is twice to that of NyexTM

1000 at 0.8 S cm−1 [16,17].
The FTIR spectrum as evident in Fig. 9 obtained for gas sample

Table 1. The Freundlich and Langmuir constants for both NyexTM

adsorbents

NyexTM 1000 & phenol
Freundlich constants Langmuir constants
n 02 qm (mg g−1) 0.10
Kf (L g−1) 63 KL (L mg−1) 0.14

NyexTM 2000 & phenol
Freundlich constants  Langmuir constants
n 01.6 qm (mg g−1) 00.71
Kf (L g−1) 19.9 KL (L mg−1) 15.20

Fig. 7. Electrochemical regeneration efficiency over five adsorp-
tion-regeneration cycles for the removal of phenol from aque-
ous solution as carried out in the electrochemical cell shown
in Fig. 1

Fig. 8. The comparison of electrical energy consumed for oxidiz-
ing 1 mg of phenol adsorbed on the surface of NyexTM 1000
& 2000 adsorbents.
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collected during the electrochemical regeneration of NyexTM 1000
adsorbent material verified the formation of CO2 and H2O as main
oxidation products. However, further investigations dealing with
oxidation products and by products as a result of electrochemical
regeneration are in progress and will be reported in future as not
being the scope of this paper [19].

To find the concentration of break-down products as were as-
sumed to remain in the solution during electrochemical regenera-
tion of NyexTM 1000 saturated with phenol for which investigations
were carried out.

As evident in Fig. 10, benzoquinone, hydroquinone, catechol,
oxalic and maleic acids were identified as being intermediated oxida-
tion products. These oxidation products were found in low concentra-
tions compared to the concentration of phenol removed [19,23,24].

CONCLUSIONS

NyexTM 2000 was used as an adsorbent material for the removal

of phenol from aqueous solution for which an increase in adsorp-
tion capacity of eight-fold was observed when compared with NyexTM

1000. The increased surface area of Nyex 2000 (17 m2 g−1) was found
to be a contributing factor for its improved adsorption capacity. The
Freundlich isotherm model was found to be in best fit with experi-
mental isotherm data. NyexTM 2000 showed electrochemical regen-
eration efficiency at around 100% for which a current of 0.5 A and
charge passed of 31 C g−1 during a treatment time of 45 min were
applied. NyexTM 2000 consumed electrical energy of 196 J for elec-
trochemical oxidation of adsorbed phenol which is comparable with
214 J as required for NyexTM 1000. The lower electrical energy re-
quired for NyexTM 2000 is attributed with its bed electrical conductiv-
ity, which is twice that of NyexTM 1000. The electrochemical oxidation
products were found to be CO2 and H2O in gaseous phase with small
concentration of benzoquinone, hydroquinone, oxalic and maleic
acid as by products. However, the concentration of these by products
was found to be much lower when compared with phenol removed
from aqueous solution.

ACKNOWLEDGEMENT

The work presented in this paper was sponsored by the Arvia
Technology Ltd. UK. We are thankful to Arvia technology Ltd. UK.,
the University of Manchester, UK and University of the Punjab for
extending their financial and logistic support for this project.

REFERENCES

1. D. S. Mishra and D. L. Bhattachara, M. J. Chem., 9(1), 51 (2008).
2. R. Qadeer, Turk J. Chem., 26, 357 (2002).
3. J. Michalowicz and W. Duda, Pol. J. Environ. Stud., 16(3), 347

(2007).
4. G. M. Walker and L. R. Weatherley, Environ. Pollut., 99, 133 (1997).
5. Y. C. Sharma, U. S. N. Upadhyay and F. Gode, J. Appl. Sci. Tech.

Environ. Sanit., 4, 21 (2009).
6. C. C. Leng and N. G. Pinto, Carbon., 35(9), 1375 (1996).
7. B. K. Korbahti, J. Hazard. Mater., 145, 277 (2007).
8. N. W. Brown, E. P. L. Roberts, A. A. Garforth and R. A. W. Dryfe,

Fig. 9. FTIR spectrum of gas collected during electrochemical regeneration of NyexTM 1000 loaded with phenol [19].

Fig. 10. Concentration of electrochemical break down products of
phenol in water after a serried of phenol adsorption cycles
using NyexTM 1000 at 10 mA cm−2, regeneration time of 20
min with initial phenol concentration of 100 mg L−1 [19-23].



840 H. M. A. Asghar et al.

May, 2014

Electrochim. Acta, 49, 3269 (2004).
9. N. W. Brown, E. P. L. Roberts, A. Chasiotis, T. Cherdron and N.

Sanghrajaka, Water Res., 38, 3067 (2004).
10. N. W. Brown, E. P. L. Roberts, A. A. Garforth and R. A. W. Dryfe,

Water Sci. Technol., 49, 219 (2004).
11. N. W. Brown and E. P. L. Roberts, J. Appl. Electrochem., 37, 1329

(2007).
12. R. M. Narbaitz, J. Cen, Water Res., 28, 1771 (1994).
13. A. H. Muhanned, K. A. Ibrahim, A. H. Muhtaseb, R. I. Yusuf, A. A.

Surrah and A. Qatatsheh, J. Appl. Polym. Sci., 117, 1908 (2010).
14. A. E. Vasu, Electron. J. Theor. Chem., 5(2), 224 (2008).
15. R. Nadia and F. H. Tezel, J. Environ. Manage., 70, 157 (2004).
16. H. M. A. Asghar, E. P. L. Roberts, S. N. Hussain, A. K. Campen

and N. W. Brown, J. Appl. Electrochem., 42, 797 (2012).
17. H. M. A. Asghar, S. N. Hussain, E. P. L. Roberts and N. W. Brown,

Korean J. Chem. Eng., 30(7), 1415 (2013).

18. T. Asakawa, K. Ogino and K. Yamabe, The Chemical Society of
Japan, 58, 2009 (1985).

19. S. N. Hussain, Water treatment using graphite adsorbents with elec-
trochemical regeneration, PhD Thesis, The University of Manches-
ter, Manchester, UK (2012).

20. M. Streat, J. W. Patrick and M. J. C. Perez, Water Res., 29(2), 467
(1994).

21. R. S. Juang, R. L. Tseng, F. C. Wu and S. H. Lees, Sep. Sci. Tech-
nol., 31(14), 1915 (1996).

22. H. M. A. Asghar, Development of graphitic adsorbents for waste-
water treatment using adsorption and electrochemical regenera-
tion, PhD Thesis, The University of Manchester, UK (2011).

23. S. N. Hussain, E. P. L. Roberts, H. M. A. Asghar, A. K. Campen
and N. W. Brown, Electrochim. Acta, 92, 20 (2013).

24. S. N. Hussain, H. M. A. Asghar, A. K. Campen, N. W. Brown and
E. P. L. Roberts, Electrochim. Acta, In Press (2013).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


