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Abstract

Chromium is a significant and hazardous pollutant found in wastewater generate

industries such as electroplating, dye production, and leather manufacturing. Dug Keywords:

high toxicity, carcinogemwity, and negative impact on human health and ecosyst  gjectrocoagulation
chromium removal from water sources is essential. Electrocoagulation has emerg Chromi Life C Il
highly effective technology for treating water and wastewater pollutants. This romium, Lite Cycle
assesses the effectivenessd sustainability of this procedure in removing chromi Assessment, Electrode
using three conventional electrode materials: iron, aluminum, and stainless ste Material, Wastewater
analysis was conducted on the effects of two qualitative parameters: electrode mate Treatment
surface quality. Irthis study, a novel parameter (surface quality) that includes both
and rough textures was introduced. The results indicated that iron and stainless ste
superior chromium removal efficiencies in comparison to aluminum. Aluminum
found to beinefficient for chromium removal because of its low removal efficie
(14.4%) and high energy consumption (3.739 kwl/iBurface roughness demonstra
diverse impacts on different materials, enhancing aluminum removal efficiency by &
and decreasing energy consumption for stainless steel by 10iAd¥ating rough
surfacescan bea functional energgaving approachHowever, roughness also h
disadvantages on steel and iron, increasing electrode consumption by 15.3% and
respectively, and increasing the bulk of the passivation layer by 182% and
respectivelyTo assess the environmental impacts of thisgss, three electrode materiz
were defined as distinct scenarios. These were evaluated through life cycle assess
accordance withSO 14040guidelines. The impactsete evaluated by the CML baselin 8L
method, taking into accotithe electrode and ener%y consumption. Results revealec | (©peN
stainless steel had considerable environmental burdens on impact categories in .\ Aecess
ODP, POCP, EP, HTP, GWP and ADP (F), accounting ford3% across thes y
categories. In comparison to the @thmaterials, iron had minimal effects . Vd -
environmental performancecontributng only 9% to FAETP, whereas Al and & Received Sep2 2024
contribute 58 and 33%, respectively. Consequently, solid iron is recommended as tt ~ Revised:Oct. 19, 2024
environmentally sustainable electrode, whereaghostainless steel continues to be | Accepted Nov. 22, 2024
most efficient electrode material
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1. Introduction 2. Methods and materials
Chromium is a toxic pollutantthat poses A 1000 ml beaker was filled with a 100 ppm
significant risks to humans and the environment chromium solution. Three types of electrodes
The widespread use of this substance in were used to remove chromium: stainless steel,
electroplating, tanning, andteel manufacturing  aluminum, and iron. Each electrode had two
industrieshas resulted in increeddischarge into  distinct surface typessolid and rough. For
aquatic systems, making it a lotgm designing the experiment in thisidy, the classic
environmental problem. There are two main types onefactoratatime* method was used, focusing
of chromium: trivalent ctomium (Cr(lll)) and on two qualitative parameters: electrode material
hexavalent chromium (Cr(VI)). Hexavalent and surface quality. Each test was repeated four
chromium is highly toxic, carcinogenic, and times, resulting in a total of 24 experiments
capable of causing significant harm to aquatic (Kumar et al., 223).
life, human beings and organismiufmar and Various materials and equipment were utilized
Basu, 202R The elimination ofchromium from to conduct the experiments. Potassium
wastewater is an urgent priority for sustainable dichromate salt purchased from Merck was used
water management and environmental to make the 1000 mg/L chromium stock solution.
conservation. Electrocoagulatiohas emerged as  Sodium chloride from Merckvasadded into the
a efficient technique for the elimination of heavy solution to increase its agical conductivity
metals, such as chromium, due to its operational (Kumar et al., 2028 Furthermore, as indicated in
flexibility and environmental adaptability Table 1, chromium concentrations were
(Hakizimana et al., 2037 quantified utilizing a spectrophotometer in
Electrocoagulation works by generating accordance with the EPA 8023 standard. Other
coagulants in situ during the process. When anessential instruments used this study, along
electric current is applied to the electrodes, the with their specific applications, are also listed in

anode starts to dissolveleasing metal iondike Table 1
iron or aluminum into the solution. Metal ions
interact with hydroxyl ions to produce coagulants, Table 1 Devices used in this study
which are essential for pollution removal. The
process is determined by three essential reactic Device Model Application
(Nidheesh and Singh, 20} 7 Hatch Chromium
o . Spectrophotometel DR6000  determination
- Oxidation reaction at thanode: TwinTex .
M(s)» M+ne DCpower supply  gp'1395p  Electricity
'2 Ezeglftzlog ieac;g;n ftztrgal_trhode. Magnetic stirrer LabTech Mixing
- Hydrolysis reaction in theolution: Precision balance  Kern- Mass
M™+nHO - MO 0.001 gr PLS3603 measurements
o _ Scheppach Electrode
Life Cycle Assessmehtis a key tool for  Grinding machine Tiger 2500 surface
evaluating the environmental impacts of products roughnedss

and services throughout their entire life cycle,
from raw material extraction to final disposal. A comparative environmental assessment was
LCA offers a reliable approach to identifying conducted on threel&trocoagulatiorprocesses,
major environmental impacts and measuring following the guidelines oflISO 14040 and
reource usage efficiency and emissions to employing the LCA methodology. The LCA
optimize the processes and support policymakersprocess is structured into four key stages: Goal
in understanding the complexity of their decisions and Scope Definition, Inventory Analysis, Impact
(Goyal and Mondal, 2032 Assessment, and Interpretation. The
In electrocoagulation.CA is essential for electr@oagulation reactor unit volume (750 ml)
improving operational settings, reducing energy was used as a functional unit with a cramigate
and material consumption, making the process attitude. Based on the system boundary, inventory
more sustainable. It also supports the data was collected and assessed via the CML
development of better electte materials and 2001 baseline method in Simapro software
surface characteristics, improving pollutant (Choudhary et al., 2034
removal while reducing environmental impacts.
Overall, LCA provides a clear framework for 3. Results and discussion
making  electrocoagulation more eeflicient  Fig, 1 illustrates the normalized responses of the
(Safwat et al., 2023 electrocoagulation process. For solid electrodes,
the results show that iron and stainless steel have
higher removal efficiencgompared to aluminum,
making them better options for chromium

! Electrocoagulation (EC)
2.
Life Cycle Assessment (LCA) 3 One Factor at a-Time (OFAT)
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Fig. 2. Contribution of each seanario in impact categories

removal. However, stainless steel consumes Increasing surface roughness reduces energy
nearly 16.3% more energy than iron, and consumptionSs, Al and Fe have 11, 8 and %5
aluminum, despite having a lower removal reductions in energy consumptiomaking it a
efficiency (25% iron remasd efficiency), valuable alteration for improving
consumes more energy than iron. This makeselectrocoagulation efficiency. The environmental
aluminum the least desirable material for impacts of threelectrocoagulatiorscenarios are
chromium removalMoreover, wile iron has a  shown in Fig. 2. Based on the results, steel
good balance of removal efficiency and energy electrodes contribute significantly to the 11
consumption, it has higher electrode consumption studied impact catgries. In ODP, POCP, EP,
and passivationlayer bulk, which increases HTP, GWP and ADP (F), steel accounts for 37,
operational costs. Among solid electrodes, 35, 38, 43, 35 and 3b of the total contribution,
stainless steel provides the best overall respectivelyThis is the result of itextensive use
performanceNouedhen et al., 2009 of electricity during the electrocoagulation
When comparing solid and rough electrodes, process in GWP and ADP (FAdditionally, in
surface roughness has a significaetformance the EP and HTP, material extraction and
gain. Rough electrodes improve the removal processing had a dominant effect. Aluminum
efficiency of stainless steel and hava &ven electrodes contribute mainly to FAETP and
greater effect on aluminum, with5.2 and 58.2%  MAETP, along with ADP (E) and EP, by 58, 45,
increag, respectively, by enhancing the active 51 and 3%, respectively Aluminum electrode
surface area. However, this causes increasedmaterial extraction angrocessing was the major
electrode coosion and passivation layer bulk, contributor to its environmental impacin
particularly for iron, raising operational costs FAETP, MAETP and ADP (E) by 93, 88 and
(Yasri et al., 202p 78%, respectively. Furthermore, iron electrodes
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have a minor effect in the studied categories, with when considering environmental implications,
the exception of TEP, which could be attributed the life cycle assessment found that stainless steel
to the weaknesses in the material extraction andhas a larger environmental footprint and emits
processing technologies. Consequently, the ironmore pollutants than iron. Furthermore, whereas

electrode could be presented as an acceptablesolid

stainless steel had inferior

scenario in terms of environmental impacts for electrocoagulation efficiay, surface roughness

use in theelectrocoagulatiorprocess to remove
chromium from wasteater @hangarnokolaei et
al., 2021.

4. Conclusions

In this investigation, stainless steel and ieme
introduced as the most
materials for chromium elimination, with
stainless steel outperformingron. However,

Water and Wastewater

Vol. 35, No.5, 2025

effective electrode

significantly = enhanced its  performance,
particularly by minimizing energy consumption.
As a result, rough stainless steel performed better
than iron in electrocoagulation process efficiency.
Nonetheless, when considering environmental
factors, solid irorwasshown to be the most eeo
friendly and sustainable electrode material for
chromium removal, but rough stainless steel
remained the begterforming alternative in the
absence of such considerations
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Table 1.The most relevent studies in chromium removal by electrocoagulation and LCA

Researchobjective Parameters Key results LCA Source
Chromium removal Curr(_ant_dlensity, Hig_h efficiency :;(1jbov<=T 90% at 2@ (Reziaei
by electrocoagulation initial pH=4.5, current density 11.75, etal.,
concentration, pH 50 minutes. 2013)
Magnesium removal Current density, = Removal efficiency of .5% at Safwat
by electrocoagulation electrode distance pH=7, current density 10, W i—et al
and life cycle electrolyte electrode distance 2 cm, NaCl m
assessment concentration, pH concentration 2 g/L. 2028)
Initial chromium ~ Chromium removal 983% with
Chromium removal concentration, BR-ANN model at chromium (Kumar
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Table 3. Different electrode material performance in various nwdel

Removal %?]ngﬁé?gy Electrode Passivation Roughness effectiveness
Electrode efficiency /g Consumptior  layer  Removal Energy  Electrode Passivatior
(%) Cn) (%) (9 efficiency consumption consumption layer
Stainless 93875 3.802 0.31 0.042 Low  High Low High
Aluminium  18.6 3.596 0.1195 0.008 High Medium Low Medium
Iron 96.175 3.51 0.381 0.1075 Low Low High High
Rgmoval
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Fig. 7. Electrodes performance in electrocoagulatirsolid electrode and b) rough electrode
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