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Abstract

The electrolysis process is an easy alternative for the treatment of textile dyehouse wastewater. To study the effectiveness of the carbon electrode
electrolysis method in dyehouse effluent treatment is the main objective of this research. In most cases, the metal electrode used in the electrolysis
system becomes decayed and needs to be replaced after a certain time. In this study, an inert carbon electrode has been chosen to treat the cotton
dyehouse wastewater that can function longer than a metal electrode. Hence, the process is named as Carbon Electrode Electrolysis (CEE) method.
In this method, a combined effect of electro-coagulation and electro-reduction has occurred. Electro-coagulation happens by direct charge supplied
from a carbon electrode and then neutralizing negative effluent charges using positive charge. The color chromophore becomes broken down by
a reduction in the cathode. Through electrolysis of sodium chloride in the effluent, sodium hypochlorite is produced, which later oxidizes organic
compounds and reduces BOD. The effects of different treatment parameters of the CEE method like salt concentration and operating time have been
studied and found that higher salt concentration and around 65 minutes operating time is effective. The results are analyzed based on four criteria:
Color change, Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD) and Total Dissolved Solids (TDS). Results show that the CEE
method minimizes effluents’ color and reduces BOD and COD within the acceptable limits of the Department of Environment (DoE), Bangladesh.
Moreover, the CEE Effluent Treatment Plant (ETP) needs less space than the other existing biological and chemical ETP. However, this method is

failed to remove TDS from wastewater.
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Introduction

Textile dyeing is a necessary wet chemical process to finish
textile goods in different forms. Textile dyehouse consumes a huge
amount of water for chemical treatment and washing of textile
materials. One Kilogram of the material requires about 150 L of
water [1]. Around 40% water is used in pretreatment and 25% for
dyeing and printing [2]. Estimation of 1000-3000 m? of wastewater
is produced after processing 12-20 tons of textiles [3]. Scouring and
mercerizing processes use maximum water in pretreatment [1].
Among various dyes, sulphur and reactive dyes’ fixation to Fibre is
poor and come out with effluent in a large amount [4].

Textile wastewater increases the effluent load by increasing

organic materials and decreasing available dissolved oxygen.

@ @ This work is licensed under Creative Commons Attribution 4.0 License | JTSFT.MS.ID.000690.

Pretreatment processes such as scouring and bleaching release
more effluents than dyeing. With respect to BOD, Desizing bears
30-50% load, scouring 30%, bleaching 5%, mercerizing 1%, dyeing
6%, printing 20% [5]. About 15% of total dyes are lost during
processing [6]. Basic and acid dyes exhaust most, and Sulphur and
reactive dyes show poor exhaustion and become lost in effluent
[6]. The azo chromophore is more dangerous than anthraquinone
as azo can change to toxic amino acids [7]. Basic and diazo dye
shows maximum toxicity. Dyes can interact with the photosynthetic
system in water life [8].

During preliminary treatment of effluents, suspended solids,
oils and grease, gritty materials are removed [9]. At first, large
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suspended materials like yarns, parts of the fabric, Fibres, rags are
screened using a bar and fine screens [10]. Then sedimentation is
done to settle suspended particles like clay or slits. Neutralization
is done using NaOH or H,SO,. To increase efficiency and to remove
colloidal particles, chemical coagulation is required [10]. Ferrous
sulphate, lime, alum, ferric sulphate, and ferric chloride are
common coagulants [11]. In secondary treatment, BOD load is
reduced from dissolved organic matter by converting these matters
into CO,, water and ammonia by oxidation of aerobic or anaerobic
bacteria. This can be achieved by aerated lagoons, trickling filters
and aerobic activated sludge system. The aerated lagoon is just a
holding tank with airflow to allow oxidation by natural micro-
organisms, but it is time-consuming and requires huge space [10].
In the trickling filtration method, the effluent is sprayed or trickled
over a filter where a thick film made of micro-organisms has been
formed. This system requires less space, but it is costly and emit a
huge odor. The activated sludge method involves regular aeration
of effluent to allow aerobic bacteria to metabolize organic matter to
oxidize into CO,, and rests are synthesized into new microbial cells
[12]. Some of the produced sludge is returned to the aeration tank
as a source of microbes. About 90-95% BOD removal is achieved
by this process [13]. Then a tertiary treatment like electrolysis,

Table 1: Specification of effluent materials.

reverse osmosis, ion exchange is done to reduce TDS value [14].

Electrolysis involves chemical change results from electron
transfer reaction in electrode-solution interface by introducing a
driving force from voltage source [15]. The electrochemical process
can be used in an aqueous effluent treatment where no chemical
addition is required. Here electrons, effluents, salt released from
dyeing are only reactants. Electro-coagulation and electro-oxidation
occur here. This process destructs toxic and non-biodegradable
organics through direct or indirect oxidation and reduction [16,17].
To destroy the chromophoric group, the electrochemical process is
effective [18-22]. An experimental trial was done at NITER Lab to
minimize salts used in cotton dyeing by applying a direct charge
on cotton through a carbon electrode. Then a huge amount of dye
aggregation as a flock like substance was observed. The idea of
using carbon electrode in effluent treatment was generated from

this observation.

Experimental

Materials

Wastewater was collected from GMS Knit Composite Ltd,
Kashimpur, Gazipur. Four effluent samples were collected. Their
characterization is as follows (Table 1):

Sample 1 341 230 3450 11.5

Sample 2 320 210 3540 12

Sample 3 360 240 3220 11

Sample 4 365 225 3550 12
Methods Generation of hypochlorite

Cotton dyeing wastewater contains a high amount of salt along
with alkaline pH. Sodium (Na) atom becomes free at the cathode
and Cl, gas at the anode by using a sodium chloride solution. The
sodium immediately reacts with water and produces sodium
hydroxide, and if the anode and cathode are sufficiently close to each
other, the chlorine will react with sodium hydroxide, and the result
will be a sodium hypochlorite solution. The temperature should not
be over 50 oC. Otherwise, sodium chlorate will be formed instead of

hypochlorite [23].
Nacl — Na* +CI”

H,O—>H"+0H"

Cathode Reaction

Na"+e — Na
Na+H,0 — NaOH

Color Chromophore + e -> Discolored color molecule

Anode Reaction

201 —e >,

NaOH +Cl, - NaOCl

As carbon is chemically inert to electrolysis, it gives no reaction
with organic effluent and electrolyte. Electro-coagulation occurs by
neutralizing the anionic nature of the organic substance in effluents.
Color removal happens by the reduction of a chromophore in the
cathode. Another explanation of the removal of color is oxidation
by produced sodium hypochlorite. Also, this sodium hypochlorite
oxidizes organic compound present in effluents and thus reduces
BOD load. Here, two carbon electrodes are used. The electrodes are
placed inside the beaker at a distance of 40-50mm. The electrodes
are 150mm in length, and the shape is round, having 6mm
diameter. 60 ml scouring effluent is taken, 60ml dyeing effluent
is taken, and 60ml after wash effluent is taken and mixed to get a
composite effluent. Then electrolysis is carried out at 6V and 1.25
A direct current. Separately a chemical coagulation treatment with
lime-ferrous sulphate and polyelectrolyte is carried out on a similar
effluent. Results of qualitative color removal, BOD, COD, TDS and pH
of both the treatments are then compared.
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Results and Discussions

Qualitative analysis

4 N\
CEE weated
effluent
Figure 1: After 5 min electrolysis slight color change.
N J
4 N\
Figure 2: Reaction continues and after 20min a good color difference.
N J

Itis noticed that cathode produces a high amount of gas bubble
with foam. Anode also produces gas babble but lower than the
cathode (Figure 1). As discussed in theory, the produced gas in the
anode is chlorine, and in the cathode, sodium hydroxide is formed.
After 20 minutes of electricity passing, it seems good color change,
as shown in Figure 2.

Then, 1gm salt is added. The reaction becomes intensified.
After 28-minute a remarkable amount of shade variation is found

as Figure 3. After 45 min, significant shade variation is found, but
the reaction is slower, as shown in Figure 4. After 45 min, 1gm salt
is added.

After 55 min, it is found that something reddish-violet is
coagulating on the upper surface of the solution, as shown in Figure
5. Then 1gm salt is added more, and the reaction continues for 10

min. Finally, a Crystal-clear solution appears, as shown in Figure 6.
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CE Unwreated
effluent effluent

Figure 3: After 28 min remarkable color difference.
\ J

4 A

Figure 4: After 45 min significant removal of color.

Figure 5: After 55 min some coagulant an upper surface.
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Figure 6: At last crystal-clear solution appears.

Comparison between the solution before and after an acceptable range of DoE, Bangladesh, except the TDS load. The

electrolysis effect of treatment time effect on each COD test, BOD, and TDS is

lyzed for f ffluent les in Table 2.
The four effluent samples are treated following the CEE B e i

technique for 65 minutes. The effluent load reduction is within

Table 2: Comparison of solution before and after CEE treatment.

Sample 1 341 249 230 88 3450 3490 11.5 9
Sample 2 320 230 210 70 3540 3550 12 8.5
Sample 3 360 250 240 90 3220 3250 11 9
Sample 4 365 210 225 95 3550 3580 12 9

Chemical Oxygen Demand (COD) and Biological Oxygen percentage increase with the increase of treatment time. This is due
Demand (BOD) to the production of an oxidant such as hypochlorite ion in solution.
Increasing generation of oxidant is proportional to treatment time,
Carbon electrode electrolysis treatment and chemical . . .
which eventually increases the pollutant degradation.
treatment with ferrous sulphate were investigated at different
treatment time on the COD and BOD removal of textile industrial From figure 7 and 8, it can be analyzed that BOD & COD removal
wastewater. Figures 7 and 8 show that COD and BOD removal by carbon electrolysis is less than the chemical ETP, but the result is

within the acceptable limit.

e N
COD Analysis among untreated, Chemical treated and CEE
treated
A0
s L5
& 300
= im0 '___‘—-—-—-__--_._______“"---_______
3 100 —_—
= 1%0
a5 100
o L1
L]
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——Linfreat CEE  ———Chemical
Figure 7: COD analysis among untreated, chemically treated, and CEE treated sample.
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BOD Analysis among untreated, Chemical treated and CEE
treated
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Figure 8: BOD analysis among untreated, chemical treated, and CEE treated samples.
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Total Dissolved Solid (TDS)

From Figure 9, itis observed thatin the CEE method, TDS is more

chemical effluent treatment. Higher TDS value is beneficial in CEE
method it increases electrolyte concentration and thus increases

or less equal than raw effluent by the CEE method but reduced by electrolysis.
s 2\
Comparison of T.D.S of 1st Sample
b Raw Effluent
E 3000 —
2 T e i — =cChemical ETP
v 2000 Treated
a
" 1000 = = = = CEE Treated
0
1] 20 40 60 80
TIME (1IN MIN)
Figure 9: Comparison of TDS result between CEE treated sample and chemical ETP.
\ J

Effect of electrolysis time

The effect of electrolysis time on COD removal under the
optimal conditions was investigated. The COD removal percentage
rapidly increased with the increase of electrolysis time up to 65
minutes Figures 7 & 8. The COD removal efficiency depends directly
on the concentration of electrochemically generated hypochlorite
ion in the bulk solution. When the electrolysis time is longer, more
hypochlorite ion is produced in solution under fixed current density.
Therefore, color and COD value in the solution were reduced in a
higher concentration of hypochlorite. The electrolysis time at 65
minutes is considered the optimal electrolysis time due to only a
slight difference in COD removal percentage compared to further

treatment.

Effect of salt concentration

The effluent was collected from a cotton dye house. So, the

effluent inherently contained salt concentration. Moreover, added

salt was used during experiment execution. Salt addition increased
TDS value. The more the salt addition, the more efficiency of

wastewater treatment obtained, as shown in Figure 10.

Conclusion

The research outcome is that the CEE method removes COD,
BOD, and color of dyehouse effluent within an acceptable range
according to the Direction of the Department of Environment,
Bangladesh. The Investigation has shown that the CEE method
removes organic effluent load by three mechanisms. One is charge
neutralizing flocculation, and the others are electro-reduction
and electro-oxidation. The major limitation of this research is the
difficulty of TDS removal from dyehouse effluent. TDS cannot be
removed within an acceptable range. Moreover, higher TDS value
results in Moreover, a higher TDS value results in more removal
of BOD and COD load. Investigation on the reduction of TDS is

recommended for future research.
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