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ABSTRACT

Physico-chemically activated coconut shell-based carbon electrode was fabricated to treat anthraquinone dye.
Electrode was moulded using specific solvent according to following formula : 54% activated carbon (100 or 200
mesh), 43.3% water, and 2.7% polyvinyl alcohol. Performance of electrode was investigated based on UV-Vis
spectra data of RB19 dye degradation on varied carbon particle size (100 and 200 mesh), type and concentration of
electrolyte (NaCL and Na,S0O,), applied potential (5, 6, 7 V), and electrode doping (PbO, and B). The absorbance
peak at /sg0 and Ay Was decreased for 67-75% and 38-42%, respectively, using fabricated electrode. Type and
concentration of electrolyte as well as applied potentials were not related to the increasing of efficiency of
degradation process. PbO, and Boron doping showed conflicting behaviors; boron-doping was able to increase the
performance of electrode, but on the other hand, PbO, doping shows no effect.
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INTRODUCTION

Nowadays, electrochemical technologies have gamegteat interest due to their effectivity as a sofuto
environmental problems related to industries[l,2gpecially wastewater contamination.In view of this
electrochemical method has the advantages of emvieatally compatible, highly efficient and compd8i
compared to conventional chemical technologieschvhiill produce subproduct and incure removal 6]

Electronic conductor (electrode)is the main anddrtgmt material in electrochemical system, asiaenfrionic
conductor (electrolyte solution).[6]It must thusvBasuperior characteristics, such as, physicocladlyistable and
robust (resistant to corrosion and passivatiorgcsge, has a high oxidative capacity, electricahductivity and
oxygen overpotential, and low cost/life ratio.[TGC8Fbon is a much cheaper electrode material cordpgarmetal or
metal oxide, like Pt, Au, PbOSnQ, and boron-doped diamond (BDD).

Carbon has a conductive characteristic with affrugiorosity and has been widely used as electfdd€)] Guohua
[3] reported that phenol removal efficiencyof carlmlectrode was about 70% with 5 months duratiombéistness.
In addition, the high carbon content of coconutlls{8%) obtained by pyrolisis was reported by poe study

[11], despite the drawbacks of having high resistihigh energy consumption, and low intensity][¥2mada[13]

mentioned that physical-chemical activation and liog process might enhance the activation of caddectrode
related tonanoporous formation (less than 100 rivigtal or metal oxide deposition will further impmthe

electroactivity properties of electrode.[14]Dopedphite electrode is becoming an interesting fadldesearch due
to their applicability as fuel cell by methanol dation.[15]
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In this work, the anodic oxidation of remazol baifit blue r (antraquinone dye) has been investigaséng coconut
shell-basedcarbon electrode in salt electrolyteQINend NaSQ,). UV-Vis spectroscopy was used to investigate the
activity of carbon electrode on oxidation procesdar different experimental conditions.

EXPERIMENTAL SECTION

2.1. Materials and instrumentation

Carbon electrodes were prepared using coconut cikdbn char (physical-chemically activated), paly alcohol
(Merck), Pb(NQ), (Merck), HNG;, (Merck), NaF (Merck), EBO; (Merck), and distilled water. Remazol Brilliant
Blue R (Sigma) was used for preparing synthetic dgstewater. NaCl (Merck), NaQ, (Merck) and distilled
water were prepared to investigate the electrodiegian capability of fabricated electrode.

Studies of dye electrodegradation were executell kdth cathode and anode of by coconut shell-lcasbdn
electrode and Ti electrode (commercial plate), alistance of 2.0 cm between themselves.The expetimas
performed with a power supply of dc current (GW MK sps-3610).Spectrophotometer UV-Vis double beam
(Shimadzu UV-1800) was used to evaluate the effayieof treatment.

2.2. Procedure

2.2.1. Fabrication of carbon electrode

Carbon electrodes were fabricated by using spesificent. A 0.25 g of polyvinyl alcohol (PVA) wasgsdolved into
4 mL of distilled water at 8T and stirred for 30 — 40 min. Then, 5 g of carlpanwvder (activated following
procedure described by Aris et.al [16]) was proyn@ttided using rotator drivestry to ensure homoggresid

subsequently dried at room temperature overnighé Sample was further prepared in a cylindrical lchg@ mm

diameter) using 10 ton of one way compression famca TarnoGrocki. Moulded carbon char was theediat

room temperature for 24 h and followed by ovenmyyat 116C for 4 h.

Carbon electrode doping with Pp@as executed by electrodeposition process usihg Bl Pb(NQ),, 0.886 M
HNO; and 0.02 M NaF. It was done at potential of 3.8K3.5 h using dc power supply (GW INSTEK sps-3610
Afterwards, Pb@doped carbon electrode was rinsed and soakedstillei water into neutral pH. It was then
doped by boron by adding 0.5 gBO, to precursor mixtureof PVA, carbon and distilledter before the moulding
process.

2.2.2. Electrodegradation of anthraquinone dye

Electrodegradation was done with a single elecsislgell (see Fig.1) with 50 mL working volume. Ale(coconut
shell-basedcarbon electrode) with 5.65%active surface area was placed vertically in pathwhe cathode (Ti
plate) at a distance of 2.0 cm. Remazol brilliattebr (anthraquinone dye) with molecular formula of
CxH16NoNaO41S; and molecular weight of 626,5 g/mol was used astdinget of experiment. An investigation of
degradation efficiency was carried out on variedboa particle size (100 and 200 mesh), electraplation (NaCl
and NaSQy), electrolyte concentration, potential (5, 6, 7 &)d doping (Pb©or Boron).

Fig. 1. Electrodegradation cell of Remazol Brilliant Blue R dye; (1) Anode (coconut shell-based carbon electrode), (2) Cathode (Ti), (3)
Magnetic Stirrer, and (4) DC power supply
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RESULTSAND DISCUSSION
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Fig. 2. The UV-Vis spectrum data representing dye degradation using (a) graphite, (b) 200 mesh, and (c) 100 mesh carbon

UV-Vis spectrum data of Remazol Brilliant Blue rgidadation shows the effect of electrolysis runillastrated in
Fig. 2. The occurence of dye degradation is eviftemh the decreased intensity of absorbance peakssile and
UV area, as tabulated in Table 1.

Tablel.Absor bancereduction per centage of maximum peaks of RB 19 on varied electrode after electrolysis

No Wavelength| Absorbance reduction percentage (%) after electi®l
) Graphite 100 mesh carbor 200 mesh carbon

1 590 nm 49 67 75

2 226 nm 54 38 42

Electrodegradation performance of coconut shelebasarbon electrode is quite similar to commergiaphite

electrode, especially of 200 mesh carbon, wheliglgeh reduction of intensity on visible wavelen¢f90 nm) was
obtained. This in turn ensures the capability aftegsized electrode on degrading dye and is fleasilbe further
studied. The 200 mesh carbon electrode shows @hjggrformance; it is possibly caused by: (1) highaface

area, (2) higher value of electrical conductiviat will facilitate electron transfer and (3) gerastability in respect
of rigid form.

It was interesting to note that coconut shell-baadibn electrode shows high performance on dye
electrodegradation, thus the optimum design pamnmseteed to be further investigated. Electrolyteitesn and
potential are two affecting parameters to the perémce of electrochemical process. NaCl angdS®a solutions
were used to study the effect of electrolyte, aswshinFig. 3.

UV-Vis spectra shows no effect of NaCl concentratim performance of degradation. It is proven lat HclO,

or CIO generated by chloride ion (Tloxidation are not responsiblefor dye degradapiossibly because it is
carried out by specific oxidator or by direct oxida process. Several studies mentioned that tigeadation of
organic compounds occurred at the anode by adsdmmrdxyl radicals OH) or chemisorbed active oxygen at the
surface of anode, commonly known as anodic oxiddBl5,17]The mechanism of direct oxidation isa®w :

M+ H,0 — M(-‘OH) + H + e 1)
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Fig. 3. UV-Vis spectra of RB 19 degradation using coconut shell-basedcarbon electrode on varied NaCl concentration (a) initial, (b) 2400
mg/L, (c) 3600 mg/L and (d) 4800 mg/L for 60 min

The mechanism explains that pollutant is adsorbiethe surface of anode and degraded by electrarsfea
reaction.

Similar trend was observed when using8{@, electrolyte, as seen in Fig. 4. Higher concertratif N¢SO, do not
necessarily lead into reduction of absorbance gitgnThis indicates that anion generated by ebdgtie has no
active role in forming dye oxidator.However, itkeown that cation-anion generated solely act asgehaarrier
between electrodes.
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Fig. 4. UV-Vis spectra of RB 19electr odegradation using 200 mesh carbon electr ode and Na,SO.electrolyte of (a) 1000 mg/L and (b) 2000
mg/L
Degradation mechanism by forming hydroxide rad{caH) is as follows :
C+HO—->C(OH)+H +e 2
C(OH) + R— C+ mCQ + nH,0 )

Based on those reactions, it is obvious that hyideosadicals are generated from water molecul®lgst. Peralta-
Hernandez[18], reported another reaction of oxy&eiution of C(OH), as follows:
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C(OH)— C+1/2Q+H +e (4)

However, some researchers reported that pollutaete completely mineralized by generat€@H species on
theincineration process by carbon anode at higarpied.[19]

The effect of potential on the performance of dyecteodegradation was evaluated using measurededppl
potentials(5, 6, and 7 V).The observed effect mnghin UV-Vis spectra in Fig. 5
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Fig. 5. UV-Vis spectra of RB 19degradation using fabricated carbon electr ode and Na,SO, electrolyte at varied applied potential:
(a) initial, (b) 5V, (c) 6V and (d) 7V for 60 min
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Fig. 6. UV-Vis spectra of RB 19electr odegradation using fabricated carbon electrodein (a) NaCl 2400 mg/L at 5V, (b) Na,SO, 2000 mg/L
at 5V, (c) NaCl 2400 at 7 V, and (d) Na;SO, 2000 mg/L at 7V

The increase of potential from 5 to 6 and 7 V whsardy not linked to the improvement of performarafe
electrodegradation. Hence, applied potential of &,\more or less, sufficient in order for the #lede reaction to
proceed. Based on the observation that increagptiea potential will not enhance oxidation, theref, it can be
concluded that the limiting parameter of electroeaction of electrochemical system is highly dependn the
surface area of electrode, instead of applied piateithis conclusion is supported by spectra digt@iled in Fig. 6.
The increase of applied potential and type of ebdyte show no significant impact on the decreasabsorbance.
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This trend corroborates that (1) surface areaaxftadde is the limiting electrode reaction, (2)calelyte only has a
main role as charge carrier.

The performance of carbon electrode was expectbd enhanced by doping active material into eleletro

PbG, and boron, as highly electroactive and cheap riaésewere doped into carbon electrode by applydhg
electrodeposition method. Fig. 7 shows the perfomaaf aforementioned doped carbon electrode.

Abg
4_0—:]
3_5.? initial
] a

b
C

3.0

25

0.0

053
7 T T T T T T T T | T T T T I T T T T | T T T T T T T T | T T T T T T T T | T T T T I T T T T | n
200 300 400 500 50D 700

Fig. 7. UV-Vis spectra of dye electrodegradation using (a) 100 mesh car bon, (b) PbO, doped carbon, and (c) Boron doped carbon
electrodes

m

PbO-doped carbon electrode was evidently not able¢oeasethe performance of dye electrodegradattosean
in Fig. 7. On the contrary, it shows negative dffgsuch as: (1) lower performance, and (2) lowatueance of
electrode, which are evident by a higher peak sbaimance at UV region and higher intensity of abance at 200
— 220 nm when using doped electrode compared talopad electrode.

It should be noted that a different trend was olestiwhen using boron-doped carbon electrode. Thenpeance

of electrodegradation was increased significantly, shown by the absorbance data on UV region (286 n
wavelength). However, it was found that the dissofuof carbon will lead into instability of elecudle, which is
unfavorable in respect of material. The dissolutiam be attributed to the acidic condition due & gblvation or
oxidation of boric acid as the main precursor dyitime electrodegradation process.

CONCLUSION

Coconut shell char is a suitable precursor for fherication of carbon electrode. The performancedgé
electrodegradation is comparable to those of gtaplectrode, with 49% and 75% removal efficienayld/ and
visible regions. Pollutants are degraded by dioxidation and are not affected by either type arcemtration of
electrolyte and potential. Doping of PbO2 and bavarelectrode shows a conflicting effect on thefqremance of
electrodegradation process.

Acknowledgments

This research was possible by financial contributimm Center of Industrial Pollution Preventionchaology,
Indonesian Ministry of Industry. This work is supgeal by Laboratory of Technical Raw Material, Gédada
University; Laboratory of Center of Science and @éecation Technology, BATAN; and Indratma Sahitagun
Industry.

698



Aris Mukimin and Hanny Vistanty J. Chem. Pharm. Res,, 2016, 8(3):693-699

REFERENCES

[1] CA Martinez-Huitle; S Ferro; A De Battistt]ectrochim. Acta., 2004, 49(22-23), 4027—-4034.

[2] IM Peralta-Hernandez; S Mejia; LA Godinez; Y dd4e/ong; M Palomar; SG Pandaléippl. Anal. Chem.
Environ. Res., Research Signpost005, 101-130.

[3] G Chen,Sep. Purif. Technol., 2004, 38, 11-41.

[4] K Juttner; U Galla; H Schmieddg|ectrochim. Acta., 2000, 45, 2575-2594.

[5] C ComninellisElectrochim. Acta., 1994, 39, 1857-1862.

[6] AJ Bard, LR Faulkner, Electrochemical Metho&sindamentals and Applications, Secon Edition, Jafiey,
2001, 2-9.

[71 W Zucheng; Z Minghua; H Zhizuo; W Dalondj,Zhejiang Univ. Sci., 2002, 3, 194-198.

[8] A Anglada; A Urtiaga; | Ortiz,). Chem. Technol. Biotechnol., 2009, 84, 1747-1755.

[9] M Noack; P Kdlsch; R Schéafer; P Toussaih€aro, Chem. Ing. Tech., 2001, 73, 958-967.

[10]H Oda; Y NakagawdaCarbon N. Y., 2003, 41, 1037-1047.

[11]MJ Rampe; B Setiaji; W Trisunaryaniindo. J. Chem., 2011, 11, 124-130.

[12]1D Zhang; L Shi; J Fang; K Dai; J LiMater. Chem. Phys., 2006, 96, 140-144.

[13]J Yamada; Y Ozakiém. Sci. Publ., 2004, 7.

[14] F Montilla; E Morallon; | Duo; C ComninellisiL VazquezElectrochim. Acta., 2003, 48(25-26), 3891-3897.
[15] F Montilla; PA Michaud; E Morallon; JL VazqueZ€ Comninellis; E Morallén,Electrochim. Acta., 2002, 47,
3509-3513.

[16] A Mukimin; H Vistanty; F Crisnaningtyasnt. J. Appl. Chem., 2015, 11(5), 553-565.

[17]M Panizza; PA Michaud; G Cerisola; C Comniisgll. Electroanal. Chem., 2001, 507, 206—-214.

[18]IM Peralta-Hernandez; M Méndez-Tovar; R Gu&aachez; CA Martinez-Huitle;JL Navant. J.
Electrochem., 2012, 1-18.

[19]M Panizza; G Cerisoland. Eng. Chem. Res., 2008, 47, 6816—6820.

699



