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ABSTRACT 

Batik waste can increase water characteristics, such as turbidity, color and total suspended 

solids (TSS). Thus, an efficient technique for separating Batik from the liquid to decrease these 

characteristics is needed. The aim of the current study was to understand the results of flotation 

using electrolysis and to investigate the bubble characteristics that influence the results of the 

flotation of Batik waste. Flotation studies have been conducted using electrolysis to produce 

bubbles to separate batik synthetic dye from the liquid. Research conducted with 316L stainless 

steel electrodes, inside a 100 cm tall acrylic pipe with an inner diameter of 8.4 cm and a voltage 

variation of 10, 15 and 20 V. Batik waste was mixed with distilled water. Commercial alum 

powder [aluminum sulfate, Al2(SO4)3.14H2O, that is 17% Al2O3] as the reagent was added to 

coagulate Batik waste in a ratio of 1 gram per 10 ml of Batik waste. The results showed that 

flotation of Batik waste can be used to separate Batik waste with the addition of alum. Alum 

was shown to be capable of acting as a collector in this type of waste separation. The results 

showed that flotation using electrolysis could be an effective method for reducing turbidity, 

color and TSS. 
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1. INTRODUCTION 

Bubble flotation using electrolysis is also known as electroflotation or electrolytic flotation 

(Kyzas & Matis, 2016). Electroflotation is an alternative traditional technique for wastewater 

treatment that can be applied on a small, medium or large scale (Baghban et al., 2014; Choi et 

al., 2013; Shakir & Hussein, 2009; Kurniawan et al., 2006; Casqueira et al., 2006; Mouli et al., 

2004). In the electroflotation method (EFM), ions or solid particles that are suspended or 

dissolved in a liquid phase are floated. The method uses the adhesion on very small bubbles of 

hydrogen and oxygen produced by electrolysis that moves upward in a flotation cell (da Mota et 

al., 2015). Flotation efficiency is affected by three parameters: the probability of collision 

between the bubbles and the particles, the probability the particles will stick to the surface of 

the bubbles and the probability the particles will be carried by the bubbles (Matis, 1995). The 

higher the probability, the higher the efficiency of the flotation. A higher number of smaller 

bubbles can increase the surface area per volume so that the efficiency can be improved 

(Coward et al., 2015). A microbubble is defined as bubble that has diameter between 50200 

µm (Deendarlianto et al., 2015).  In wastewater treatment, devices to produce microbubbles are 
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called microbubble generator (MBG) (Budhijanto et al., 2015). Electrolysis can also produce 

microbubbles (da Cruz et al., 2016; Lobo et al., 2016, Hashaikeh et al., 2014, Sarkar et al., 

2010).  Electrolysis produces hydrogen bubbles on the cathode and oxygen bubbles on the 

anode (Nanseu-Njiki et al., 2009; Saksono et al., 2012). 

Meanwhile, Batik is an Indonesian cultural tradition. The rise in demand for Batik has increased 

the waste generated. Batik waste can degrade water quality by increasing its turbidity, color and 

total suspended solids (TSS). Several methods have been used by Indonesian researchers to 

solve this problem, such as coagulation, sedimentation, adsorption, filtration and flotation. The 

methods have been used in combination. For example, Setyaningsih (1995) combined 

coagulation, sedimentation and adsorption. The most frequently used method is adsorption 

(Darmawanti, 2009; Rahmawati, 2009; Basuki, 2011). Another method is flotation by 

electrolysis (Riyanto, 2011). However, Setyaningsih (1995) investigated several methods, 

including flotation, and found that the combination of coagulation, sedimentation and 

adsorption was more effective than coagulation and flotation. However, in the studies 

conducted by Riyanto (2011) and Setyaningsih (1995), a review of the flotation parameters did 

not include a discussion of the flotation method used. As a result, the cause of the low 

efficiency was hardly investigated in the study conducted by Setyaningsih (1995). The aim of 

the current study was to examine the result of flotation using electrolysis and to investigate the 

bubble characteristics that influence the flotation of the Batik waste. 

 

2. METHODOLOGY 

There are three main components in this experiment including apparatus, materials and 

experimental procedure that are explained as follow. 

2.1.  Apparatus 
The equipment setup is shown in Figure 1. 

 

 
 

Figure 1 Experimental setup 

 

The pipe was 100 cm long and 0.6 cm thick with an inside diameter of 8.4 cm. At about 25 cm 
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from the bottom of the pipe, a hole was drilled, and then a faucet was mounted and connected 

with a hose for sampling. Bubbles were generated with electrolysis. Thus, the bubbles were 

hydrogen and oxygen. The electrode used was 316L stainless steel. The 316L stainless steel 

was selected due to its resistance to wear in electrolysis. The electrodes consisted of five plates 

that had the same width and thickness, 5 cm and 0.1 cm, respectively. The electrodes were 

different lengths; two were 5.4 cm, two were 6.9 cm, and one was 8.2 cm. The electrode design 

was adapted to the size and the profile of the cross section of the round pipe. The plates were 

mounted parallel to the pipe on Styrofoam to maintain the position and the interplate distance. 

The interplate distance was about 1.5 cm. The middle (longest) plate and the edge (the two 

shortest) plates were the cathode with a total area of about 116 cm
2
. The others were the anode 

with a total area of approximately 98 cm
2
. 

The camera was a complimentary metal oxide semiconductor (CMOS) camera with 12 

megapixel resolution with a lens with 18–55 mm focal length. The bubbles generated by 

electrolysis were micro-sized (except bubbles that had merged with other bubbles). The lens 

made it hard to see the movement of bubbles. To overcome this issue, a technique called macro-

photography was used. It uses an extension tube to create the magnification required to see the 

bubbles clearly. Extension tubes (ETs) were mounted between the lens and the camera. The 

fluid and the form of the pipe, which was cylindrical, could cause optical distortions. A ruler 

was inserted into the liquid to calibrate the distance and bubble diameter measurements.  

The camera setup acted like a microscope. The lamps used to collect data on the velocity of the 

bubbles were two 9 W lamps. The backlighting technique was used by placing a diffusive 

screen on the back of the pipe in front of the camera to spread the light throughout the area. To 

collect data on the bubbles, high camera shutter speed was needed, which made the camera lack 

light. As a result, a 1500 W halogen lamp was used without an attached diffusive screen behind 

the acrylic pipe area. If the diffusive screen had been attached, only a black image would have 

been visible on the camera’s liquid crystal display (LCD). The high-powered lamp generated 

heat. To overcome this issue, a transparent glass was placed between the pipe and the lamp. To 

keep the temperature constant, air was blown in the acrylic pipe near the lamp. 

2.2.  Materials 
The acrylic pipe was filled with a mixture of 3500 ml of distilled water, 50 g of alum 

[aluminum sulfate, Al2(SO4)3.14H2O, that is 17% Al2O3], and 500 ml Batik staining waste 

produced by the Batik Production Center (Yogyakarta, Indonesia). A summary of the test 

conditions is presented in Table 1. 

 

Table 1 Summary of the test conditions 

Parameter Remarks 

Pipe material Acrylic 

Pipe dimension 8.4 cm diameter × 100 cm length 

Electrodes Stainless steel 316L 

Anodes area 98 cm
2
 

Cathodes area 116 cm
2
 

Voltage variation 10, 15, 20 V 

Batik waste volume 500 mL 

Aquades volume 3500 mL 

Alum mass 50 g 

Flotation time variation 2, 4, 6, 8, 10, 12 mins 

Total flotation time 12 mins 

Sample taken 150 mL 

Lamp/power Halogen/1500 W for bubble size measurement 

 Fluorescent/18 W for bubble velocity measurement 

Diffusive screen only for bubble velocity measurement 
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2.3.  Experimental Procedure 
The liquid mixture was poured into the pipe. Experiments were performed with voltage 

variations of 10, 15 and 20 V. The flotation experiment lasted for 2, 4, 6, 8, 10 and 12 min. 

Samples were collected to examine the turbidity, color and TSS. Each sample taken was 150 

ml. 

Measurements have shown that the pH of the liquid mixture after flotation is not very different 

from that before flotation, which is about 5. This was the effective pH value based on a flotation 

study using electrolysis carried out by Hanotu et al. (2012) for algae separation. In the present 

study, data were collected on the bubble characteristics (diameter and velocity) were collected 

after the Batik waste was floated. Thus, the liquid used for data collection of the bubble 

characteristics was the liquid of the flotation results. 

 

3. RESULTS 

3.1.  Initial Experimental Results 
According to Setyaningsih (1995), the synthetic dye waste from Batik staining can be directly 

floated without a reagent. Thus, the first experiment conducted was generating the bubbles to 

float the Batik waste directly. The sample was mixed with distilled water in a ratio of 2:3, 

respectively. Hydrochloric acid (HCl) was added to lower the pH value of the liquid mixture. 

The pH value was reduced to 8 for optimum results based on the study conducted by 

Setyaningsih (1995). 

Experiments were carried out 2 times with electrolysis with 15 and 20 V, respectively, and 30 

min flotation time. The results showed that with either 15 or 20 V there was no change in the 

fluid. This is shown in Figure 2 and Figure 3. 

In Figures 2 and 3, from left to right are the initial samples, the sample after 5 min flotation, 

after 10 min flotation, after 15 min flotation, after 20 min flotation, the after 25 min flotation, 

and after 30 min flotation. No change was observed in the liquid. The analysis is discussed in 

the Discussion section. 

 

   
 

Figure 2 Fluid samples after flotation with 15 V voltage 
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Figure 3 Fluid samples after flotation with 20 V voltage 

 

3.2.  The Influence of Voltage on Turbidity, Color and Total Suspended Solids  
Figure 4, Figure 5, and Figure 6 show the flotation results for the samples using electrolysis. 

From left to the right are the sample before flotation, after 2 min flotation, after 4 min flotation, 

after 6 min flotation, after 8 min flotation, after 10 min flotation, and after 12 min flotation. 

There is no sample before flotation in Figures 5 and 6. 

 

 
 

Figure 4 Samples of flotation with 10 V voltage 

 

 

 
 

Figure 5 Samples of flotation with 15 V voltage 
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Figure 6 Samples of flotation with 20 V voltage 

 

The decreases in the three parameters for each applied voltage are presented in Table 2. 

 

Table 2 Flotation results 

Voltage 
Percent reduction of: 

Turbidity Color Total suspended solids (TSS) 

10 V 69.62% 83.28% 93.96% 

15 V 63.80% 78.56% 95.98% 

20 V 56.29% 72.06% 93.96% 

 

4. DISCUSSION 

Setyaningsih (1995) suggested that Batik waste can be floated directly without the addition of a 

reagent. However, in that initial study, the Batik particles were not floated. The Batik waste 

particles may have had low hydrophobicity, which means it did not easily stick to the bubbles. 

In additional experiments, the addition of alum made the Batik waste particles lifted. Figure 7 

shows Batik waste inside an acrylic pipe before and after flotation.  
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Batik waste before (left) and after (right) 10 V flotation 

 

For the samples, the turbidity, color and TSS reduction (or which were lifted) for the 10 V 

voltage were 69.62%, 83.28% and 93.96%, respectively. The turbidity, color and TSS reduction 

for the 15 V voltage were 63.8%, 78.56% and 95.98%, respectively. The turbidity, color and 

TSS reduction for the 20 V voltage were 56.9%, 72.06% and 93.96%. The highest decrease in 

color and turbidity occurred when the 10 V voltage was used. The bubbles generated using 10 

V voltage were smaller. The smaller the bubble, the lower the terminal velocity. Additional 
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discussion is provided in the analysis of the bubble characteristics section. However, the TSS 

decrease was slightly different as the highest reduction was reached with 15 V voltage. 

Before flotation, the particles from alum adhered to the Batik waste particles which made the 

particles combined into larger sizes (floc). Nurrohman (2012) showed that the bubble terminal 

velocity in drinking water with alum was lower than in drinking water without alum. This result 

suggests that the alum particles attached to the bubbles and prevented the bubbles’ internal 

circulation. The alum had high hydrophobicity that made it easy for the alum to stick to the 

bubble. Thus, in the current study, alum acted as a collector. It seems to have “two arms.” One 

“holds” the bubbles, and the other “holds” the Batik waste particles, which lifts and separates 

them from the liquid. The result may suggest the cause of the low efficiency in the study 

conducted by Setyaningsih (1995). 

In addition, after the flotation, the flocs separated back into smaller particles when the flotation 

was completed. The bubble lifted the alum along with the Batik waste particles. The water 

became a little green after 12 min flotation because of the chromate produced during 

electrolysis.  

4.1. Bubble Velocity Analysis 

Measurement results of the top-level swarm bubble are shown in Figure 8. Thirty bubbles were 

measured for each voltage used. The upper limit of the line is the value of the bubble with the 

highest velocity, and the lower limit of the line is the value of the bubble with the lowest 

velocity. The uncertainty was 6.70%, 4.56% and 8.62% for the 10, 15 and 20 V voltage, 

respectively. The confidence level was 95%. 

 

 

Figure 8 Comparison of bubble velocity with different applied voltages 

 

Figure 8 shows that the average velocity of the bubbles are larger as the voltage used increases. 

The higher the voltage applied, the bigger the bubble diameter. The bubble diameter analysis is 

presented in the next section. All the bubble velocities were between 0.5 and 2.5 cm/s. These 

results are in accordance with experimental results found by Haapala et al. (2010), who 

conducted flotation with a sintered aerator to produce microbubbles in the presence of 

carboxymethyl cellulose (CMC), n-buthanol and wood fibers. The authors found that the 

velocity of microbubbles between 100 µm and 300 µm ranged from 0.3 cm/s to 2.5 cm/s.  
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4.2.  Bubble Diameter Analysis 
Figure 9 shows bubbles rising inside the acrylic pipe. The distance between the two lines is 1 

mm. The bubble diameter data were grouped by classes, and then the bubbles were counted. 

The measurement uncertainty was 5.16%, 10.08% and 8.82% for the 10, 15 and 20 V voltage, 

respectively. The confidence level was 95%. For each applied voltage, the measured bubbles 

were grouped into 11 classes: 50–75, 75–100, 100–125, 125–150, 150–175, 175–200, 200–225, 

225–250, 250–275, 275–300 and 300–325 µm. The median of each class was then plotted 

against the frequency. The results are presented in Figure 10. 

 

 

Figure 9 Bubbles rising inside the acrylic pipe 

 

 

Figure 10 Frequency of bubble size generated 

 

Figure 10 indicates that the 10 V voltage had a dominant bubble size of 75 to 120 µm. For the 

15 V voltage, the dominant bubble was between 125 and 150 µm, but some bubbles were 200 
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to 250 µm. For the 20 V voltage, the dominant bubble was between 125 and 250 µm. The 

average bubble size for the 10, 15 and 20 V voltage was 93.63, 158.99 and 197.28 µm, 

respectively. The higher the voltage used, the larger the average bubble generated. This result 

clarifies the previous discussion which said that the higher the bubble diameter, the higher the 

bubble terminal velocity. In general, the method used produced microbubbles which is in 

accordance with other experiments by da Cruz et al. (2016), Lobo et al. (2016), Hashaikeh et al. 

(2014) and Sarkar et al. (2010). Al Shakarji et al. (2011) explained that the final bubble size 

changes slightly with increasing current density. Thus, bubbles larger than the average bubble 

could exist because smaller bubbles unify, and the bubbles generated were unstable.  

One of the biggest bubble in the current study had a diameter of 250 µm, and the velocity for all 

bubbles was below 2.5 cm/s whereas Huang et al. (2011) found that bubbles with a diameter of 

250 µm had a velocity of 3.4 cm/s in pure water. Mei et al. (1994) predicted that bubbles with a 

diameter of 250 µm would have a velocity higher than 2.5 cm/s in pure water. It may be 

because the alum surfactant and the Batik particles disturbed the bubbles’ internal circulation. 

The bubbles tended to have an immobile surface. Fan and Tsuchiya (1990) confirmed that 

surfactants can contaminate the bubbles, which creates an immobile surface. Bubbles with an 

immobile surface have lower terminal velocity compared to bubbles with a mobile surface as 

indicated by Clift et al. (1978). Manica et al. (2014) stated that, in ultra-clean water, bubbles 

attain larger velocity which is related to a mobile (stress free) boundary condition at the bubble 

surface whereas the presence of surfactants makes the surface immobile and results in lower 

velocity. 

4.3.  Batik Waste Particle Size 
Measurements were performed using scanning electron microscopy (SEM). SEM is used to 

analyze the surface of a sample by firing electrons with high energy. The electrons interact with 

atoms on the sample so that signals that contain surface topography information are produced. 

The measurement results are shown in Figure 11.  

 

 

Figure 11 Batik waste particle size 
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Testing was performed after the liquid mixture was stirred for the particles floating in the liquid 

mixture surface. The particle size was in the nano scale. Thus, the flotation of Batik waste in the 

current study separated particles in the range from about 70 nm to about 120 nm. 

 

5. CONCLUSION 

The important result of the current study is that Batik waste cannot be floated directly using 

bubbles. A reagent is needed for the Batik waste to easily attach to the bubbles. Alum can be 

used. Flotation by electrolysis is an effective method for separating typical Batik waste. The 

most efficient color and turbidity reduction occurred with the lowest voltage, 10 V. However, 

the decrease in TSS reached more than 90% for all voltages applied. Thus, bubble dynamics 

had an important role in the separation process. 
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