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Electrochemical Oxidation of Methyl Orange as a Model Azo Dye Pollutant:
Comparative Electrode Performance, EIS Mechanistic Analysis,
and Techno-Economic Assessment

This study investigates the electrochemical oxidation (EO) of methyl orange (MO) as a model azo dye pollu-
tant representative of textile and industrial effluents, using boron-doped diamond (BDD) and dimensionally
stable anode (DSA) electrodes under systematically optimized conditions. Model solutions were prepared in
ultrapure water with 0.1 M NaxSOy4 as the supporting electrolyte. Batch experiments were conducted in gal-
vanostatic mode at 25 £+ 1 °C with constant stirring (300 rpm), varying current densities (10-50 mA/cm?), pH
values (2—-10), and initial methyl orange concentrations (50-500 mg/L). BDD anodes achieved 94.3 +2.1 %
pollutant removal within 120 min at optimal conditions (30 mA/cm?, pH 3.0, 200 mg/L), significantly outper-
forming DSA (87.6 + 3.3 %) and platinum (68.7 + 4.5 %) electrodes. Electrochemical impedance spectrosco-
py (EIS) using a Randles R(Cai(RctW)) equivalent circuit revealed a 73 % decrease in charge transfer re-
sistance (Ret: 385 Q — 104 Q) with increasing anodic potential (1.0-2.5 V vs. Ag/AgCl), confirming Butler—
Volmer-controlled oxidation kinetics. The apparent rate constant kapp = 0.0315 % 0.0018 min™' for BDD was
1.68-fold greater than for platinum. Total organic carbon (TOC) analysis confirmed near-complete minerali-
zation (96.8 + 1.5 % TOC reduction) with BDD. Specific energy consumption was minimized to 8.2 kWh/m?,
indicating the potential competitiveness of this approach for treating dye-containing effluents. At Nigerian
electricity tariffs (3¥45/kWh), estimated treatment cost is }¥369/m?, suggesting feasibility for industrial appli-
cation in developing economies, pending validation with real effluent matrices.
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Introduction

Synthetic azo dyes in industrial effluents represent a growing environmental and public health chal-
lenge, particularly in rapidly industrializing nations where textile, pharmaceutical, and food-processing in-
dustries discharge large volumes of dye-laden wastewater [1]. Among these, methyl orange (MO) is widely
used as a model azo dye pollutant in electrochemical treatment research owing to its representative chromo-
phoric azo group (-N=N-) and strong resistance to aerobic biodegradation, allowing quantitative spectropho-
tometric monitoring and systematic mechanistic study [2, 3].

Conventional treatment approaches present significant limitations for azo dye-containing effluents. The
central challenge is biochemical: aerobic microbial metabolism cannot efficiently cleave the azo bond
(-N=N-) because the electron-withdrawing sulphonate and nitro substituents on the aromatic rings create a
highly oxidised chromophore that resists oxidative catabolism by most bacterial enzyme systems [3]. Under
aerobic conditions, conventional activated sludge processes therefore achieve only 30—50 % colour removal
for recalcitrant azo structures, and the aromatic amine intermediates that do form under anaerobic reductive
cleavage are frequently more toxic and carcinogenic than the parent dye [3, 4]. Combined anaerobic—aerobic
biological systems improve mineralization somewhat but require long hydraulic retention times, large reactor
footprints, and precise control of redox conditions, making them difficult to retrofit into existing industrial
infrastructure [4]. Chemical coagulation—flocculation generates large sludge volumes requiring costly dis-
posal without achieving true mineralization. These fundamental limitations of microbial metabolism and
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physicochemical methods underline the need for destructive, non-sludge-generating advanced oxidation
technologies capable of complete mineralization of the aromatic dye scaffold to CO, and HO.

Electrochemical oxidation (EO) mineralizes organics through direct anodic electron transfer, governed
by Faraday’s law and Butler—Volmer kinetics, without external chemical reagents [5]. The electrode material
critically determines treatment efficacy. Boron-doped diamond (BDD) anodes exhibit an exceptionally wide
electrochemical window (~3.2 V in aqueous media) and high oxygen-evolution overpotential (~1.8-2.3 V vs.
SHE), enabling generation of surface hydroxyl radicals (*OH, £° = 2.80 V vs. SHE) at densities sufficient for
complete mineralization of refractory compounds [6—9]. Dimensionally stable anodes (DSA, IrO,—RuO,/T1)
offer lower capital cost but their reduced overpotential limits *OH yield [4].

Despite growing laboratory-scale EO literature, systematic multi-parameter optimization and quantita-
tive EIS-based mechanistic characterization remain fragmented. Techno-economic assessments for sub-
Saharan African industrial contexts are also largely absent. Nigeria’s textile, pharmaceutical, and food-
processing industries collectively discharge an estimated 150 million m* of inadequately treated wastewater
annually, exerting severe pressure on receiving water bodies [10]. Electrochemical methods are particularly
attractive for this setting as they require only electrical energy, generate no chemical sludge, and enable
modular deployment [11].

The present study therefore aimed to: (1) compare BDD and DSA electrode performance against plati-
num using MO model solutions under controlled laboratory conditions; (2) optimize current density, solution
pH, and initial dye concentration; (3) elucidate electrode kinetics using EIS and Randles-type equivalent cir-
cuit analysis; (4) quantify mineralization efficiency via TOC analysis; and (5) evaluate energy consumption
and estimated treatment cost to assess prospective industrial feasibility. The scientific novelty lies in the in-
tegrated mechanistic—economic analysis linking EIS-derived kinetic parameters to treatment efficiency met-
rics, with the results establishing a quantitative performance baseline for future validation with real textile
and industrial effluents in the Nigerian and sub-Saharan African context.

Materials and Methods

Electrochemical apparatus and electrode materials. All experiments were conducted in a thermostated,
undivided three-electrode batch cell (borosilicate glass, 100 mL working volume; cylindrical geometry,
50 mm i.d.) maintained at 25 + 1 °C by a circulating water bath (Julabo F12). Mixing was provided by a
magnetic stir bar at 300 rpm (IKA RCT Basic) to ensure uniform mass transport. The inter-electrode gap be-
tween anode and cathode was fixed at 15 mm throughout all experiments. Three anode materials were evalu-
ated: (i) boron-doped diamond thin film on silicon substrate (5 mm x5 mm x I mm, B/C atomic
ratio ~ 1000 ppm, Element Six, UK); (ii) IrO,—RuO,/Ti dimensionally stable anode (Premetek Inc., USA);
and (iii) platinum foil (99.99 % purity, Alfa Aesar). A platinum gauze sheet (geometric area
10 mm x 10 mm, 52 mesh, Alfa Aesar) served as the cathode; its larger surface area relative to the anode
ensured that the anodic reaction remained rate-determining. An Ag/AgCl electrode (3 M KCI, +0.210 V vs.
SHE, CH Instruments) served as the reference electrode and was positioned 5 mm from the anode surface via
a Luggin capillary to minimize ohmic drop. All galvanostatic experiments were controlled by a
PGSTAT204N potentiostat (Metrohm Autolab, Netherlands) operating in current-controlled (CC) mode; the
applied current was held constant throughout each run and the corresponding cell voltage was logged contin-
uously. The FRA32M frequency-response analysis module was used for EIS measurements. Impedance data
were fitted to the Randles R(Ca(RW)) equivalent circuit using NOVA 2.1 software (3> < 107).

Chemical reagents and solutions. Methyl orange (C.I. 13025, My, = 327.33 g/mol; Amax = 464 nm; Sig-
ma-Aldrich, >98 %) served as the model azo dye pollutant. Stock solutions (1000 mg/L) were prepared grav-
imetrically in ultrapure water (>18 MQ-cm, Milli-Q A10). Sodium sulfate (0.1 M Na,SOs; Sigma-Aldrich,
>99 %) served as supporting electrolyte. Solution pH was adjusted to target values (2.0, 3.0, 5.0, 7.0, 10.0)
using 1 M HCI or NaOH and monitored with a calibrated pH meter (Mettler-Toledo FiveEasy).

Experimental protocol. Current density was varied at 10, 20, 30, 40, and 50 mA/cm? (pH 3.0,
[MO]Jo =200 mg/L). pH was varied at 2.0, 3.0, 5.0, 7.0, and 10.0 (30 mA/cm?, [MO]o = 200 mg/L). Initial
concentration was studied over 50-500 mg/L (30 mA/cm?, pH 3.0). Each condition was replicated in tripli-
cate (n = 3) on separate days. Aliquots (1 mL) were withdrawn at 0, 15, 30, 45, 60, 90, and 120 min, filtered
through 0.45 pum PTFE syringe filters, and analyzed within 30 min.

Analytical methods. Dye concentration was quantified by UV-Visible spectroscopy (Lambda 365,
PerkinElmer) at Amax = 464 nm using five-point external calibration curves (R?>0.998, 2-50 mg/L). Total
organic carbon was measured in NPOC mode (acidification and CO, sparging to remove inorganic carbon)
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using a TOC-V CPH analyzer (Shimadzu; detection limit: 2 pg/L). EIS measurements were performed over a
frequency range of 10 kHz to 0.01 Hz (60 logarithmically spaced points per decade) at each of four applied
potentials (1.0, 1.5, 2.0, and 2.5 V vs. Ag/AgCl), using a 10 mV RMS sinusoidal AC perturbation superim-
posed on the DC bias. Measurements were performed under open-circuit steady state, confirmed by monitor-
ing the potential drift to below 0.5 mV min~' before acquisition. The linearity and causality of each spectrum
were verified by Kramers—Kronig compliance (residuals <1 % across the full frequency range) using the KK-
test routine in NOVA 2.1 prior to equivalent circuit fitting. Spectra were fitted to the Randles R(Ca(RW))
circuit using a complex non-linear least squares (CNLS) algorithm; goodness-of-fit was assessed by the chi-
squared criterion (x> < 5 x 107*) and visual inspection of Nyquist and Bode representations.
Removal efficiency (RE, %) was calculated as:

RE (%) = [(Co — C))/Co] * 100,
where Cy and C,; are concentrations (mg/L) at time O and ¢ (min), respectively. Apparent rate constants
(kapp, min') were determined from —In(C/Co) vs. ¢ regression. Specific energy consumption Ey, (kWh/m?) for

90 % removal was calculated as E,, = (UxIXty)/V, where U is cell voltage (V), [ is applied current (A), to is
the time for 90 % removal (h), and V is solution volume (m?).

Results and Discussion

3.1 Comparative performance of electrode materials. Figure 1 shows time-resolved degradation profiles
for BDD, DSA, and platinum anodes at 30 mA/cm? pH 3.0, and [MO]o = 200 mg/L. BDD electrodes
achieved 94.3 &+ 2.1 % removal within 120 min, significantly outperforming DSA (87.6 + 3.3 %) and plati-
num (68.7 + 4.5 %), with statistically significant pairwise differences (one-way ANOVA, F(2,6) =38.4,
p <0.001; Tukey HSD). All systems followed pseudo-first-order kinetics (R?> 0.95), with apparent rate con-
stants kapp 0f 0.0315 £ 0.0018 min~! (BDD), 0.0271 = 0.0025 min™! (DSA), and 0.0187 £ 0.0031 min! (Pt).
The 1.68-fold acceleration with BDD relative to Pt reflects the exceptional *OH generation capacity of dia-
mond surfaces at high anodic overpotentials [6, 12]. These kay, values fall within the 0.028-0.038 min™ range
reported for BDD-based degradation of comparable azo dyes [ 13—16]. Electrochemical performance compar-
ison of electrode materials is presented in Table 1.
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Figure 1. Time-resolved degradation of methyl orange using BDD, DSA, and platinum electrodes.
Conditions: 30 mA/cm?, pH 3.0, [MO]o =200 mg/L, 0.1 M Na,SO4, T=25 £ 1 °C, 300 rpm, n = 3.
Error bars represent + standard deviation
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Table 1
Electrochemical performance comparison of electrode materials
. . . TOC Reduction | Energy Consumption
) 1
Electrode Material RE (%) Kapp (min~") too (min) (%) (kWh/m?)
BDD (5x5 mm) 943+2.1 0.0315+0.0018 73 96.8+ 1.5 8.2
DSA (IrO,—Ru0Q,/Ti) 87.6+3.3 0.0271 £ 0.0025 85 89.2+2.8 9.1
Platinum foil 68.7+£4.5 0.0187 £ 0.0031 123 72.4+£32 12.5
Note: Conditions: 30 mA/cm?, pH 3.0, [MO], = 200 mg/L, 0.1 M Na2SOs, 25 = 1 °C, 300 rpm, n = 3. Values are mean + SD.
RE = removal efficiency; kpp = apparent first-order rate constant; t90 = time for 90 % removal; TOC = total organic carbon reduction
at 120 min

3.2 Influence of current density. Figure 2 (panel B) shows that increasing current density from 10 to
30 mA/cm? enhanced MO removal from 76.2 + 3.1 % to 94.3 + 2.1 %, consistent with the linear relationship
between Faradaic charge and *OH flux predicted by Faraday’s law. Beyond 30 mA/cm?, gains were marginal
(96.1 £ 1.8 % at 50 mA/cm?), indicating the onset of mass-transport limitation confirmed by the Warburg
element in EIS data (Section 3.4). Concurrently, specific energy consumption rose from 5.1 to 13.8 kWh/m?
across 10-50 mA/cm?, establishing 30 mA/cm? as the economically optimal operating point. These trends are
in agreement with Butler—Volmer predictions of exponential current—overpotential dependence [9, 12].

3.3 pH-dependent degradation behavior. Solution pH modulates treatment efficiency through three
mechanisms: (1) protonation state of the dye molecule, affecting its adsorption at the anode surface; (2) sta-
bility of electrogenerated *OH, which is scavenged by OH™ at alkaline pH via *OH + OH™ — O+ + H,0; and
(3) competition from oxygen evolution at higher pH. Figure 2 (panel A) shows that maximum removal
(94.3+£2.1%) occurred at pH 3.0, declining to 88.6+2.4% (pHS5.0), 76.4+3.0% (pH 7.0), and
52.1 4.1 % (pH 10.0). Below the pK, of MO (~3.5), the neutral azo form adsorbs more readily at the posi-
tively charged BDD surface, increasing the rate of direct oxidation [17-19].
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Figure 2. Effect of operating parameters on methyl orange removal using BDD electrode (n = 3, error bars =+ SD).
A — Effect of pH (30 mA/cm?, [MO]o = 200 mg/L). B — Effect of current density on removal efficiency
and specific energy consumption (pH 3.0, [MO]o = 200 mg/L)

3.4 Electrochemical impedance spectroscopy analysis. Nyquist plots (Figure 34) display the depressed
semicircle topology characteristic of charge-transfer-controlled kinetics. The Randles R(Ca(RW)) circuit
yielded excellent fits (x> < 5x107*) in all cases. Charge transfer resistance Ry decreased from 385 Q at 1.0 V
to 104 Q at 2.5 V vs. Ag/AgCl (73 % reduction), following exponential decay (R? = 0.982) consistent with
Re; o< exp(—afm/RT) where a is the transfer coefficient, F is Faraday’s constant, 1 is overpotential, and T is
temperature [20, 21]. Double-layer capacitance Cg remained stable at 45-52 pF across the potential range,
confirming no significant electrode fouling or passivation. The Warburg element became prominent at cur-
rent densities >40 mA/cm?, corroborating the mass-transport limitation identified in Section 3.2. Fitted EIS
parameters are summarized in Table 2.
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Figure 3. Electrochemical impedance spectroscopy results for BDD electrode at different applied potentials
(pH 3.0, [MO]o =200 mg/L, 0.1 M Na,SO4). 4 — Nyquist plots (symbols = measured data; lines = R(CM(Rt)) fits).
B — Potential dependence of charge transfer resistance R** with exponential decay fit (R? = 0.982),
showing 73 % reduction from 1.0 to 2.5 V vs. Ag/AgCl

Table 2
EIS-derived equivalent circuit parameters for BDD electrode as a function of applied potential

Potential (V vs. Ag/AgCl) R (Q) Ca (UF) e

1.0 385+ 12 45+2 3.2x10*

1.5 261 +9 47 +£2 2.8x10™*

2.0 162+ 7 49 £3 4.1 x10™*

2.5 104+ 5 52+3 4.7 x 107
Note: Equivalent circuit R(Ca(ReW)); pH 3.0, [MOJo = 200 mg/L, 0.1 M NazSO4, 25 £ 1 °C. Values are mean = SD (n = 3).

3.5 Mineralization and energy efficiency. Figure 4 shows TOC reduction profiles and energy consump-
tion data. BDD achieved 96.8 £+ 1.5 % TOC reduction at 120 min, compared with 8§9.2 + 2.8 % (DSA) and
72.4 £ 3.2 % (Pt). The high TOC removal with BDD confirms conversion of MO to CO, and H,O without
significant accumulation of persistent aromatic amine or quinone intermediates [22]. All TOC values were
obtained in NPOC mode with acidification and sparging to preclude inorganic carbon interference. Specific
energy consumption for 90 % removal was 8.2 kWh/m? (BDD), 9.1 kWh/m? (DSA), and 12.5 kWh/m? (Pt).
These values are competitive with photocatalytic advanced oxidation processes (5-12 kWh/m?) and ozona-
tion (8—15 kWh/m*) while offering substantially simpler operation and zero chemical sludge [19, 22].

SO0 T T
100 +2.8% g uf ® _
= 12.5 KWh/m
—_ 72.4% .
8 sor +32% E 12
g g 10p 9.1 kih/m?
S O60F 4 8 8.2 kWh/m?
[&] 2 8F
2 g
= 5
2 g0l 1 2 Sf
S :
I > 4T
20} i B
g 2f
4]
0 0
BDD DSA Pt BDD DSA Pt

Figure 4. Mineralization and energy performance comparison (120 min treatment, 30 mA/cm?, pH 3.0, n = 3;
error bars = + SD). 4 — Mineralization efficiency based on total organic carbon (TOC) reduction for BDD, DSA,
and platinum electrodes; B — Specific energy consumption and estimated operating cost
for 90 % pollutant removal (cost calculated at Nigerian electricity rate 3¥45/kWh)

3.6 Electrochemical oxidation versus biological treatment: a mechanistic comparison. The superior
performance of BDD-mediated electrochemical oxidation observed in this study is best understood in the
context of the fundamental biochemical constraints that limit conventional biological treatment of azo dyes.
In aerobic microbial metabolism, aromatic ring degradation proceeds via oxygenase-catalysed hydroxylation
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followed by ring fission, a pathway that depends on the availability of nucleophilic reactive sites on the aro-
matic substrate [3, 23]. The azo chromophore of methyl orange, however, bears strongly electron-
withdrawing sulphonate (—-SOs;Na) and dimethylamino groups flanking the —N=N- linkage, rendering the
molecule electron-deficient and sterically resistant to electrophilic attack by microbial mono- and dioxygen-
ases [3, 4]. Consequently, aerobic activated sludge systems typically achieve only 20—40 % colour removal
for sulphonated azo dyes, with negligible TOC reduction, as the intact aromatic scaffold persists through the
biological reactor [23].

Under anaerobic conditions, azoreductase enzymes in facultative bacteria can reductively cleave the azo
bond, producing colourless aromatic amines [3]. However, these amine products—including sulphanilic acid
and dimethylaniline in the case of methyl orange—are frequently more acutely toxic and potentially carcino-
genic than the parent dye, and themselves resist further microbial catabolism under aerobic conditions [4,
24]. Combined anaerobic—aerobic sequential biological systems have been investigated to couple reductive
decolourization with aerobic mineralization of the amine intermediates, but typically achieve only 60—75 %
TOC removal even under optimized conditions, and require hydraulic retention times of 24—72 h and careful
redox management [23]. By contrast, BDD-mediated electrochemical oxidation in the present study achieved
96.8 £ 1.5 % TOC reduction within 120 min via non-selective hydroxyl radical attack (*OH, E°=2.80 V vs.
SHE), which oxidizes both the azo bond and the aromatic rings simultaneously, irrespective of electron den-
sity or substituent pattern [5, 6]. The *OH radical generated at the BDD surface reacts with the aromatic ring
at diffusion-controlled rates (k= 10°~10'° M's™!), bypassing the biochemical selectivity constraints that ren-
der microbial metabolism ineffective against recalcitrant azo structures [12, 22, 25].

These mechanistic distinctions have direct practical implications. The stable double-layer capacitance
(Ca=45-52 pF) observed across the BDD electrode potential range confirms that electrode surface integrity
was maintained throughout electrolysis, with no fouling by polymeric degradation products—a common op-
erational failure mode in biological reactors treating high-strength dye effluents where biofilm inhibition by
the dye itself disrupts microbial metabolism [4, 24]. Taken together, the EIS kinetic data, TOC mineraliza-
tion results, and mechanistic contrast with biological treatment establish BDD electrochemical oxidation as a
scientifically grounded alternative for treating azo dye effluents where conventional microbial methods are
biochemically inadequate.

Industrial implementation and techno-economic assessment

For Nigerian and sub-Saharan African industrial contexts, electrochemical oxidation offers several
practical advantages that justify the present laboratory-scale characterization as a precursor to scale-up: (i) no
chemical consumables beyond electrical energy; (ii) modular scalability without process redesign; (iii) ap-
plicability across diverse pollutant classes; (iv) minimal sludge generation; and (v) potential integration with
solar photovoltaic sources to reduce grid dependency. It must be noted that the energy and cost figures re-
ported here derive from model MO solutions in a simple electrolyte matrix; real textile or pharmaceutical
effluents contain competing organic loads, suspended solids, and chloride species that will alter energy de-
mand and electrode service life.

Capital equipment cost for a 1,000 L/day electrochemical treatment unit is estimated at USD 18,000—
25,000, compared with USD 45,000—65,000 for membrane bioreactor systems of equivalent throughput. At
the Nigerian industrial electricity tariff of approximately ¥45/kWh, the energy-cost component for BDD-
mediated treatment is N¥369/m? (~USD 0.81/m?), which is economically competitive when lifecycle sludge
disposal costs are included. Priority future work should address: (i) pilot-scale continuous-flow studies to
validate batch-to-flow kinetic translation; (ii) complex matrix effects from co-contaminants; (iii) electrode
lifetime and regeneration; and (iv) renewable energy integration.

Conclusion

This study systematically characterized the electrochemical oxidation of methyl orange as a well-
defined model azo dye in ultrapure water with Na,SO4 supporting electrolyte, integrating kinetic optimiza-
tion, EIS mechanistic analysis, and techno-economic evaluation. The results provide a rigorous quantitative
baseline for evaluating electrode performance and process economics, with validation against real industrial
effluents identified as a key priority for future work. The principal findings are:

1. BDD anodes achieved the highest pollutant removal (94.3 £ 2.1 %) and near-complete mineralization
(96.8 £ 1.5 % TOC reduction) within 120 min under optimized conditions (30 mA/cm?, pH 3.0, 200 mg/L),
significantly outperforming DSA and platinum electrodes.
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2. Pseudo-first-order kinetics were confirmed for all electrode types; the BDD apparent rate constant
(kapp = 0.0315 £ 0.0018 min™') was 1.68-fold higher than for platinum, consistent with the superior *OH gen-
eration capacity of diamond surfaces.

3. EIS analysis using a Randles R(Cu(R.W)) equivalent circuit revealed a 73 % reduction in R
(385Q — 104 Q) over 1.0-2.5V vs. Ag/AgCl, confirming Butler—Volmer-controlled charge-transfer kinet-
ics. Stable Cy (45-52 pF) demonstrated electrode surface integrity throughout electrolysis.

4. Optimal conditions (30 mA/cm?, pH 3.0) were identified, yielding specific energy of 8.2 kWh/m?
with BDD, competitive with photocatalytic and ozonation-based advanced oxidation processes.

5. At Nigerian electricity tariffs (¥45/kWh), an estimated treatment cost of ¥369/m? (~USD 0.81/m?)
indicates promising economic competitiveness for electrochemical oxidation in developing-economy indus-
trial contexts, though cost projections for real effluents will depend on matrix composition, required pre-
treatment, and electrode lifetime under fouling conditions.
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J.A. 3akapu, I A. Ayny, A.A. Amuato, 11.0. Mycrada, K.M. Omarona

Moaeabaik a30009FbIINITHI JIACTAYIIBI PeTiHAe KbI3FbLUIT MeTHJIII
IEKTPXUMHUSIIBIK TOTBIKTBIPY: 3J1€KTPOATAPABIH CAJBICTBIPMAJIbI OHIMILTIT,
IUC sxiciMeH MeXaHU3MIIK TAJIAY KIHE TeXHHUKAJIBIK-IKOHOMHKAJIBIK 0arajiay

JKyMbIcTa TOKBIMA >KOHE OHEPKOCINTIK aFbIH CyJlapFa TOH MOJCTBIIK a3000SFBIMITH JIACTAYIIBl PETiHAEe
KbBBFRUIT MeTHIAIH (MO) anekTpxuMusutbiK TOTBIFYBI (EO) 6op-nerupienren anvas (BDD) xoHe emmeMmik
Typaktel aHoA (DSA) snmekTponaTapblH KYyHeni TypAe OHTaiiIaHIBIPBUIFaH JKarnaiinapia KoiJgaHa OTBIPBIT
3eprrenred. Mojenbaik epitinaiiep 0,1 M NaxSO4 (HOHIBIK 37EKTPOIUTI 0ap yIbTpaXkorapbl Tasa cyjaa
nadeiHmanael.  OkcnepuMentrep 25+ 1°C  Temmeparypana, Typaktel apanmacteipy (300 aiin/mMuH)
JKaFIalbIHIa TaTbBAHOCTATUKAIBIK pexuMIe Kyprizinai. Tok Teirb3abEsl (10—50 MA/cm?), pH (2—10) xone
Gacrankel KoHmeHTpamus (50-500 mr/m) esreprimmi. BDD amograper 120 mumyt imiame 94,3 +£2,1 %
nmacraymbiHel korael (30 MA/em?, pH 3,0, 200 wmr/m), o6yt DSA (87,6 £3,3 %) >koHe IUIaTHHA
anekTpoarapeiHan (68,7 £4,5 %) alrapiblkTail KOFapbl HOTIDKE Oepai. ODIEKTPXUMISUIBIK HMIIETaHC
cnekrpockomuscel (EIS) Randles R(Ca(Rc:W)) SKBHBaNEHTTIK CXEMAachlH KOJJaHA OTBIPHIN, aHOATHIK
norernuanabie (1,0-2,5 B Ag/AgCl) aprtybiMeH 3apsa TackiManiay KeaepriciniH 73 % TeMeHaereHiH
kepceTTi (Rer: 385 Q — 104 Q), 6yn batnep—®onbpMep TeHAeyiMeH 0acKapbhUIaThIH TOTHIFY KHHETHKACHIH
pactaiizpl. BDD yimid THiMai KbUIIAMIBIK KOHCTAHTACH Kapp = 0,0315 £ 0,0018 Mun~! matunara kaparanna
1,68 ece xorapsl 60mbl. JKanmer opranukansik kemiptek (TOC) tangaysr BDD konmanFaHma TOJBIK ASPITiK
muHepanmany sl (96,8 + 1,5 % TOC Temenneyi) kepceTTi. MeHUTKTI SHeprus MBFBHEL 8,2 KBT:car/m?
0ouB1, OYI1 OOSFBINI aFbIH CYJIAPABl OHACY/IE dICTIH THIMALIITIH aHBIKTalAbl. HUrepusnarsl SJIeKTp SHEPTust
tapudi (N45/kBt-car) GoifblHIIa eHAEy KyHbl IIamaMeH N369/M°, 6yl JaMyIbl elfepie ©HEpPKICINTiK
KOJIZIaHy YIIIH QJIEYeTTi THIMIUTIKTI KepceTei.

Kinm ces30ep.: 3neKTPXUMHUSIIBIK TOTBIFY, OOp-JIETHPJICHTeH aiMa3, a3000sFbIIITapAbIH bIABIPAYbI, KBI3FBUIT
METHJI, OJIILIEeMIIK TYPaKThl aHOJ, SJIEKTPXUMHUSUIIBIK UMITEIAHC CIIEKTPOCKOMHSCH, MUHEPAIAaHy, MOJICIbIIK
JacTaylibl, 3apsa TackMaijay KeIeprici, THAPOKCHI paauKaigapbl, IMCEeBHO-OIpiHII peTTi KHHETHKa,
TEXHHUKAJIBIK-DKOHOMHKAIBIK Oaranay
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3J’ICKTPOXI/IMI/I‘ICCKOC OKHCJICHHE MECTHUJI0BOI'0 OPAH’KEBOTI0 KAK MOJI€CJIbHOI0
3arpA3HUTEIsA a30Rpache.11e171: CpaBHUTE/IbHasA 3(1)(l)eKTI/IBHOCTL IJICKTPOa0B,
MEXaHUCTHYECKUI aHATIHU3 METOA0M IUC H TeXHUKO-IKOHOMHYeCKasi OI€CHKAa

JlaHHOE HccliefoBaHue MOCBSILIEHO IeKTpoxummdeckomy okucienuto (EO) metunoBoro opankeBoro (MO)
KaK MOJETBHOTO 3arpsI3HUTENS a30KpacuTenel, XapakKTepHOTo ISl TEKCTUIBHBIX ¥ TPOMBIIUIEHHBIX CTOYHBIX
BOJI, C UCIIOJIb30BAaHUEM aHOAOB M3 Oop-ierupoBanHoro anmasza (BDD) u pa3mepHO-cTaOMIBHBIX aHOZOB
(DSA) B cucremarnyecky ONTHMU3UPOBAHHBIX YCIOBHSIX. MOMEIBHBIE pacTBOPHI TOTOBHINCH B yIbTPadH-
croii Bozte ¢ ucnons3zoBanneM 0,1 M NaSOs B kauecTBe GpoHOBOrO 31mekTponuTta. IlakeTHbIe 3KCIIEPUMEHTHI
MPOBOJIIINCH B TAIbBAHOCTATHIECKOM PEXUMe HpH Temreparype 25 + 1 °C npu oCTOSIHHOM ITepeMeIBa-
Hun (300 06/MuH) ¢ BapbupoBaHHeM ILIOTHOCTH Toka (10-50 MA/cm?), pH (2-10) 1 HavanbpHON KOHIIEHTpa-
MU METHIIOBOTO opamxeBoro (50-500 mr/i). Anoast BDD o6ecnieunin 94,3 + 2,1 % ynaneHus 3arpsi3HUTE-
nst 32 120 MuH npu ontUManbsHbEIX yenoBusx (30 mA/em?, pH 3,0, 200 mr/m), 3HauutensHo npeBocxons DSA
(87,6 + 3,3 %) u mnatuHOBBIE 37eKTPOAbI (68,7 + 4,5 %). DaekTpoXxuMHUYecKas UMIIEIAHCHAS CIIEKTPOCKOIH
(EIS) ¢ ucnonp3oBanueM >KkBUBasieHTHOH cxeMbl Panmiica R(Cai(ReW)) moka3ana CHHKEHHUE CONPOTUBICHHS
nepeHoca 3apsiga Ha 73 % (Rct: 385 Q — 104 Q) npu yBenuueHnn aHogHoro noteHnuana (1,0-2,5 B otro-
curenbHOo Ag/AgCl), 4TO MOATBEpXKIaeT KMHETUKY OKHCICHWs, KOHTPOIMpPYeMylo ypaBHeHHeM batiepa—
®onbmepa. Koncranra kaxymielics ckopocTn kapp = 0,0315 £ 0,0018 mun! s BDD 6bita B 1,68 pasa BbI-
IIe, YeM Uit IUTaTHHBL. AHanu3 obmiero opranmdeckoro yriaepona (TOC) moarBepaAnt NOYTH MOJIHYIO MHHE-
pamuzanuio (96,8 + 1,5 % cumkenns TOC) npu ucnons3oBanun BDD. Y aensHOE 3HEpromoTpedieHue co-
craBwio 8,2 kBT-u/M?, 4TO yKa3bIBaeT Ha KOHKYPEHTOCIIOCOOHOCTh METOJa Ul OYMCTKU Kpacureneil. [Ipu
Tapude Ha 51eKTposHepruio B Hurepun (N¥45/kBT-4) pacyeTHas CTOMMOCTh 00pabOTKH cocTaBiseT N369/m3,
YTO CBHUAETENHCTBYET O MOTEHIHATbHONH MPHUMEHMMOCTH B IIPOMBIIIICHHOCTH Pa3BHBAIOLIUXCS CTPaH IIPU
YCIIOBHH NIPOBEPKH HA PEANbHBIX CTOYHBIX BOAAX.

Knrouesvie cnosa: QJIEKTPOXUMUHYECKOE OKHCIICHUE, 60p-ﬂeFHpOBaHHBIﬁ ajMas, pasjIoKECHUE a30KpaCHT€J’Ieﬁ,
METHJIOBBII OpaHXCBLIﬁ, pa3MepH0-CTa6HJ’IBHBIfI aHO/[l, DJICKTPOXHUMHYCCKAass UMII€AAHCHasA CIICKTPOCKOIIU:,
MUHEpaIM3alusl, MOZ[CJ'II:HI:Iﬁ 3arpsA3HUTEIIb, COIIPOTUBIICHUE IIEPEHOCA 3apsa/a, THAPOKCUIIBHBIE paJluKallbl,
KUHETHKA ICEBAOIICPBOIo NopsaKa, TCXHUKO-3KOHOMUYECKas OLICHKa
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