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Abstract

The dye waste treatment has been carried out using the coagulation method with
Aluminum Sulfate and Poly Aluminum Chloride (PAC) as a coagulant to reduce
the concentration of Chemical Oxygen Demand (COD). The purpose of this study
is that the dye waste contains a high enough concentration of COD so that it will
be very dangerous if it is directly discharged into the environment. This research
was conducted using the coagulation method with variations in pH and variations
in coagulant mass to determine its effect on decreasing COD concentration,
considering that pH and coagulant mass are factors that affect coagulation.
Coagulation was carried out with variations in pH 5, 6, 7, 8, and 9 while the mass
variations were 0.2; 0.4; 0.6; 0.8; and 1 g. The results of the coagulation process
were analysed using a UV-Vis Spectrophotometer with a calibration curve
method. The results showed that the best pH and the best mass for Aluminum
Sulfate and PAC in reducing the COD of the dyestuff industrial wastewater was
pH 9 and a mass of 1 g with a percentage efficiency reduction of COD
concentration of 90.04%.
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1. Introduction

The dyes industry has developed in the last few decades. Dye waste from the
industry has a high value of Chemical Oxygen Demand (COD), turbidity, and
various high concentrations of organic chemical contaminants. Organic and
inorganic contaminants cause health risks for humans and living things. Dyes and
pigments are a large group of dye waste pollutants. This substance is usually used
in industrial fields such as textiles, plastics, leather, paints, cosmetics, printing, and
paper [1, 2]. Dyestuff wastewater comes from printing and colouring, bleaching,
and finishing processes. This wastewater contains high concentrations of dyes, high
salinity, and organic matter that is difficult to degrade [3].

Based on their chemical structure, dyes can be divided into various types,
namely nitroso, azo, stilbene, diphenylmethane, triphenylmethane, indigoid, amino
quinone, indophenol, acridine, amine, and quinoline dyes. Dyes are classified into
two, namely synthetic and natural dyes [4]. Approximately 10,000 types of
synthetic and natural dyes are produced annually worldwide which weigh
approximately between 7.10°-1.10° tons, and a large amount of dye is wasted
during the manufacturing and application processes. Many chemicals and dyes that
are not used during the dyeing, printing, and textile processes are disposed of as
waste into the environment [5, 6].

According to Roussy et al. [7], the most frequently used processes for the
treatment of coloured waste are adsorption, for example using activated carbon [8,
9], resins [10], agricultural waste [11-13], microorganisms [14] and biopolymers
[15-17]. However, this process usually consists of a simple transfer of pollutants
from the dispersed phase to the concentrated phase. The use of expensive materials
and the need to control material disposal make this technique not cost-effective.
However, processes such as coagulation and flocculation have proven to be simpler
and more cost-effective [18-23].

Coagulation/flocculation is one of the most widely used physical-chemical
processes to remove dyes in wastewater [24-29]. The advantage of this technique
is that the dye can be completely removed from wastewater [25]. Alum
coagulants have been reported by Parmar et al (2011) to reduce solid organic
compounds and nutrients contained in dairy industry waste [30]. It was also
reported by Rui et al (2012) that alum coagulants were more effective in
removing COD in leachate than ferric chloride coagulants [31]. The effectiveness
of the use of alum coagulants has been reported by Gandhimathi et al. [32] that
at an alkaline pH the solution produces a higher COD reduction efficiency than
ferric chloride coagulant. This is caused by differences in the coagulant
hydrolysis mechanism which is influenced by pH, coagulant dose, and colloid
concentration. In the use of alum, the equilibrium that occurs is controlled by
Al(OH); and AI(OH)4 at pH>7.2 and AI(OH); and Al;3(OH)3.°* at pH 5.6-7.2.
Adesoye et al., (2014) stated that Al>(SO4)3.18H,0 was able to lower phosphate
levels better than FeSO4.7H20. Alx(SO4)3.18H,0 has the advantage in
wastewater treatment that it covers a wide pH range, namely pH 2-9 unless the
effluent has extreme acid or alkaline conditions [33].

This paper presents the results of research on processing dye waste using two
chemicals, namely aluminum sulfate, and PAC. This research also treats dye waste
with a combination of aluminum sulfate and PAC. This paper also presents data on
the effect of pH and coagulant weight on COD reduction. The COD value is a

Journal of Engineering Science and Technology Special Issue 2/2022



40 Riyanto and L. P. Hanindyta

measure of the success of the dye waste treatment process because it generally
contains organic compounds.

2. Material and Method
2.1. Instrumentation and material

The tools used in this research are UV-Vis double beam spectrophotometer (Hitachi
UH5300), Scanning Electron Microscope-Energy Dispersive X-Ray (SEM-EDX).
The chemicals used in this study were industrial dyestuff ink waste, Potassium
Hydrogen Phthalate (KHP), Potassium Dichromate (K:Cr207), Sulfuric Acid
(H2S0.), Mercury (1) Sulfate (HgSO.,), Silver Sulfate (Ag2SO.), Aluminum
Sulfate (Aluminum Sulfate), Poly Aluminum Chloride (PAC), Sodium Hydroxide
(NaOH). The chemicals used have a pro analysis grade from Merck.

2.2. Method

Amount 50 mL of the dye waste sample was put into a beaker then the pH of the
waste was measured first. 1IN H.SO, was added to adjust the acid pH, namely 5,
6, and 7. 1N NaOH was added to adjust pH 8 and 9, then a pH buffer was added.
Then the coagulant Aluminum Sulfate was added as much to as 0.4 g. After that,
it was stirred using a magnetic stirrer for 60 minutes and allowed to stand for 1
day. Then filtered using filter paper. The coagulation filtrate was then analysed
with a UV-Vis spectrophotometer and sought the best pH for decreasing COD
values. This study also varied the weight of the coagulant to decrease the COD
concentration. COD analysis was carried out according to the APHA 5520 D
method [34].

3.Results and Discussion
3.1. Characterization of Aluminum sulfate and PVC

Before being used as a coagulant Aluminum sulfate was analysed for morphology
and elemental content using Scanning Electron Microscope-Energy Dispersive X-
Ray (SEM-EDX). The morphological structure of Aluminum Sulfate and its
elemental content is shown in Fig. 1.

Figure 1(a) is the morphological structure of Aluminum Sulfate with 1000
times magnification. At 1000x magnification, the surface is rough, irregular, and
has no pores. Figure 1(b) with a magnification of 2,000x shows that the surface
is rough, uneven, irregular, and has no pores. Aluminum Sulfate contains
lumps of various sizes. Figure 1(c) shows the composition of elements in
aluminum sulfate, namely Al, O, S, and C with masses of 5.92, 76.55, 5.82, and
11.71%, respectively.

Figure 2(a) shows the morphological structure of PAC at 1000x magnification.
At a magnification of 1000, the surface is irregular, consisting of elongated thin
sheets and heterogeneous in size. Figure 2(b) shows the morphological structure of
PAC with a magnification of 2,000x showing an uneven and irregular surface.
Figure 2(c) shows that the PAC coagulant contains elements O, ClI, Al, and C with
amass of 54.91, 12.87, 15.74, and 16.49%, respectively.
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Fig. 1. SEM image with magnification (a) 1.000x,
(b) 2.000x, and (c) and EDX spectra of aluminum sulfate.
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Fig. 2. SEM image with magnification
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(a) 1.000x, (b) 2.000x, and (c) EDX spectra of PAC.
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3.2. The effect of pH and weight on decreasing COD concentration
with aluminum sulfate as a coagulant

The dye waste is purple and viscous, after the processing is carried out by the
coagulation method. Waste after being processed changes colour to clear white and
decreases in viscosity. The colour change of the waste is shown in Fig. 3. Figure 3
shows that there has been a significant colour change. Aluminum Sulfate coagulant
with variations in pH can bind organic substances in dye waste into sludge/floc.

Figure 4(a) shows the effect of pH on the COD concentration reduction process
by coagulation method using Aluminum Sulfate. Based on Fig. 4(a) aluminum
sulfate can work well as a coagulant for liquid waste dyes at pH 9. This happens
because, in an alkaline atmosphere, AI** in water is hydrolysed to form positively
charged complexions that can bind suspended particles that are negatively charged.
The addition of an Aluminum Sulfate coagulant tends to lower the pH of the
solution because Aluminum Sulfate produces H* ions after reacting with water
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Fig. 3. Changes in the colour of the dye wastewater after
being treated with aluminum sulfate using different pH, where
(a) before treatment (b) pH 5, (¢) pH 6, (d) pH 7, (¢) pH 8, (f) pH 9.
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Fig. 4. The effect of pH (a) andWeight (b) to the
reduction of COD in dye wastewater using aluminum sulfate

The reaction for hydrolysis of Al in water is as follows:
Aly(SO4)3 + 6H20 <> 2AI(OH); + 6H* + SO4*
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This reaction causes H+ ions to be released and causes the pH of the solution to
become more acidic. The higher the concentration of aluminum sulfate, the more
H+ ions are released so that the pH of the water decreases. Figure 4(b) shows that
the addition of aluminum sulfate weight effects decreasing the COD concentration.
The addition of coagulant weight causes the coagulant concentration to increase so
that the frequency of collisions also increases.

3.3. The effect of pH and coagulant weight on COD reduction in dye
wastewater treatment using PAC

Figure 5(a) shows the effect of pH on reducing COD in the treatment of dye waste
with PAC. pH 9 showed the greatest decrease in COD concentration among other
pHs. The coagulation process using PAC reaches the highest efficiency at pH 7-10.
At a pH below 7, PAC will experience charge neutralization, because PAC has a
high enough positive charge so that it maintains its charge neutralization capacity.

Figure 5(b) shows the effect of PAC weight on COD reduction. Coagulant
weight is an important factor that can affect the decrease in COD concentration.
The appropriate weight of the coagulant affects the floc formation process so that
it runs well and optimally. The more coagulant added will increase the collision
frequency of the positive charge of the coagulant with the negative charge of the
colloid. However, if there is an excessive addition will result in saturation and will
interfere with the COD reduction process.
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Fig. 5. The effect of pH (a) and weight
(b) to the reduction of COD in dye wastewater using PAC.

Table 1 shows that a mixture of Aluminum Sulfate and PAC can reduce the COD
concentration by 90.04%. This decrease in COD concentration occurs due to the addition
of Aluminum Sulfate and PAC coagulant into the waste, resulting in the addition of
cations to neutralize the negative charge of the waste colloid particles and Van der Waals
forces occur so that the particles will collide and form larger particles and settle to the
bottom of the solution. (floc). The mixture of Aluminum Sulfate and PAC in reducing
COD in dye waste is not beneficial because there is no synergistic effect

Table 1. Decreasing COD Concentration
in the treatment of dye waste with mixed coagulant

Sample COD Reduction of
P (mg/L) COD (%)
Dyes wastewater before treatment 36.566,67 90.04

Dyes wastewater after treatment using aluminum sulfate + PAC 3.641,67
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4, Conclusions

The effect of pH variations on Aluminum Sulfate and PAC coagulants showed that
the best pH for reducing the COD concentration of dyestuff industrial waste was
pH 9, which were 95.13% and 94.2%, respectively. The effect of weight variation
on Aluminum Sulfate and PAC coagulant showed that the best mass to reduce the
COD concentration of dyestuff industrial waste was 1.0 g with a decrease in COD
concentration of 91.71% and 92.53%, respectively. Coagulant mixture of
Aluminum Sulfate and PAC with an optimum weight of 1.0 g and pH 9 can reduce
the COD concentration of dyestuff industrial waste by 90.04%.
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