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Abstract  
Chemical reduction with sodium thiosulfate is commonly used to 
dechlorinate chlorinated waste. U.S. Environmental Protection Agency 
recommends sodium thiosulfate (Na2S2O3) as a dechlorinating agent for 
waste samples containing residual chlorine before being released into the 
environment or entering the distribution system. However, sodium 
thiosulfate's efficiency and chlorination kinetics at different concentrations 
are still unknown due to a lack of information on chlorination kinetics. The 
study was conducted by determining the number of efficient doses of sodium 
thiosulfate and observing chlorination kinetics using sodium thiosulfate as 
a dechlorination agent observed at different stoichiometric ratios (1x, 1.5x, 
and 2x). Sodium thiosulfate at a stoichiometric dose of 2x can reduce 
chlorine residue by up to 0.4 ppm. The regression analysis of and constant 
rate are used in the kinetic analysis of sodium thiosulfate dechlorination 
processes. The kinetics of the chlorination process employing sodium 
thiosulfate is first order to the total concentration of chlorine in solution at 
a stoichiometric dosage of 2x, according to the findings. 
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1. Introduction  

Indonesia is one of the largest producers and exporters of agricultural products globally. In recent years, the 
agricultural industry has also been the largest employment sector in the country [1]. Indonesia's economic growth 
is primarily driven by increasing household consumption and one of the rapidly growing industries in the food 
industry. One of the food sectors that have high demand in the South East Asia region is the nata de coco industry 
[2]. This industry, which uses agricultural products as its principal raw material, is one example of an agro-
industrial. The increasing public need for nata de coco products provides benefits to the economy, but on the other 
hand, causes various side effects due to its waste.  

Waste generated from nata de coco production, that utilizes microbes in the process, is the emergence of 
environmental problems, namely increasing the value of biochemical oxygen demand (BOD) [3]. The high BOD 
value indicates that the wastewater contains a lot of pollutant organic substances. Pollution by organic substances 
will result in the death of aquatic biota because oxygen needs are used for the decomposition process, and water 
conditions that lack oxygen levels (anaerobic) will cause a bad smell [4]. The high level of pollutant content in the 
waste causes the nata de coco industry not to be able to dispose of its waste to the environmental agency directly. 
Appropriate technology is needed to treat the waste so that the treated water can meet the acceptable environmental 
quality standards. So to reduce the environmental impact, it takes a proper way to treat waste before it is discharged 
into the environment, which will later be passed on to water bodies to prevent water pollution that can harm to 
environment.  

In general, the waste treatment system consists of the primary process stages, namely coagulation, flocculation, 
sedimentation, aeration, filtration, and disinfection [5]. The process of disinfection processing that is often used is 
the establishment of chlorine into waste, or called the chlorination process. Chlorination is a disinfection process 
used in water and wastewater treatment to control the amount of microbial contamination in water [6]. The 
chlorination process is often used as an alternative to the processing process because of (i) relatively low cost, (ii) 
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high efficiency, and (iii) ease of use [7]. The efficiency of chlorination largely depends on the chemicals used. In 
the process, chlorine is usually used in the form of chlorine gas (Cl2), sodium hypochlorite (NaOCl), and Calcium 
Hypochlorite (Ca(OCl)2) [8]. 

Because of its strong disinfectant power and inexpensive cost, chlorine is a commonly used as disinfectant 
agent for waste treatment process [9]. However, the amount of chlorine added varies significantly depending on 
the organic content of the water to be treated [10], [11]. In wastewater treatment processes, chlorine is often given 
beyond the theoretical dose needed to ensure the disinfection process meets industrial needs [12], [13]. Due to the 
process of disinfection of the resulting water consistently producing chlorine residues, the high levels of chlorine 
residues cause a special odor produced from chlorine and will interfere with the respiratory system when inhaled 
in large quantities. The resulting water always produces chlorine residues and byproducts that are toxic to aquatic 
organisms and cause the death of organisms that will damage the aquatic ecosystem and loss of species diversity 
[14]. Accumulating evidence about the toxicity of residual chlorine in wastewater effluent has led to the 
implementation of stronger regulations or guidelines to minimize the discharge of residul chlorine in the final 
effluent stream. Higher amounts of residual chlorine can be reduced before effluent water is discharged into the 
environment and distributed to distribution systems [15].  

In this regard, to minimize excessive chlorine residues in wastewater before the wastewater is released into the 
environment for system distribution, high levels of chlorine residue can be reduced by the addition of reducing 
substances that will convert chlorine into less harmful chloride [16]. The process of removing residual chlorine 
from disinfecting waste before it is discharged into the environment is referred to as dechlorination. The goal of 
the dechlorination process is to reduce all chlorine-produced oxidants to a non-reactive halide form through a 
chemical reaction [17]. Sulfur dioxide, sodium bisulphite (NaHSO3), sodium metabisulphite (Na2S2O5) and sodium 
thiosulfate (Na2S2O3) have been use as dechlorinating agent (DA) in the chemical dechlorination process [18]. 

Dechlorination agents are used to decrease chlorine's impact on aquatic life. As a result, a dechlorination agent 
that is least harmful to aquatic life is chosen [19]. The selection of methods and dechlorination compounds will 
affect the removal of chlorine residues. Several studies have used sulfur compounds as chlorine removal media in 
wastewater treatment. Several DA have been studied for their effectiveness for aquatic life, Nweke et al. suggests 
that dechlorination of liquid waste with S-IV compounds may be incomplete [17]. This incomplete dechlorination 
can leave high chlorine residues and threaten aquatic ecosystems if discharged into the environment. Another study 
conducted by Basu et al. showed that the use of sodium thiosulfate in dechlorination would decrease the value of 
TOC or Total Organic Compound to not cause the death of the water ecosystem. It suggests that sodium thiosulfate 
is not toxic or toxic to aquatic organisms [20], [21]. Oh, et al. used sodium thiosulfate in the dechlorination of 
wastewater containing several chlorine residues in their study [22]. The dechlorination procedure in flowing water 
using sodium thiosulfate capable of eliminating chlorine up to 0.5 ppm was also documented in Adeyemo et al's 
work [23]. Furthermore, another study found that using sodium thiosulfate in the dechlorination of wastewater 
might minimize the toxicity of metals present [24]. Also, sodium thiosulfate is one of the most commonly used 
dechlorination agents [25]. The results show that sodium thiosulfate as a dechlorination agent has good potential 
in efforts to handle chlorine-containing waste in high concentrations. Research conducted in the 1950s 
recommended using sodium thiosulfate into waste samples to be dechlorinating because it effectively neutralizes 
residual chlorine derived from pipeline distribution [26]. Its availability in tablet form makes sodium thiosulfate 
have a shelf life of about one year. 

The effect of sodium thiosulfate in dechlorinating effluent from the Nata de Coco waste will be investigated in 
this study. Residual chlorine concentration target after treatment using Na2S2O3 is 0.5 ppm following the Decree 
of the State Minister of the Environment of Indonesia [27]. The numerous additions of dechlorination agents, pH, 
and the final concentration of the sample after dechlorination all impact the efficiency of sodium thiosulfate. 
Furthermore, there is a limited publication on the kinetics of dechlorination agent-chlorine reactions at varied 
dosages and pH levels. Especially in the use of sodium thiosulfate as a dechlorination agent. In order to undertake 
this research, laboratory experiments will be used to explore and evaluate the reaction rates of numerous 
dechlorination agents with chlorine in municipal wastewater. Under a variety of dose and pH conditions, these 
tests looked at the pace and efficiency of dechlorination in terms of reaction time. 

 

2. Experimental  

2.1. Monitoring of Dechlorination 

Waste samples were obtained from the nata de coco industry at Banten, Indonesia. The measurement using 
Dulcometer DIC shows that the waste sample has chlorine residue levels of 50 ± 0.2879 mg/L. All experiments 
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were conducted in the pH range of 6, 7, and 9. Sulfuric acid (H2SO4) was used to lower the pH, and sodium 
hydroxide (NaOH) was used to increase the pH of the sample solution. For instance, to control pH at 6, 0.20 mL 
H2SO4 was added into the solution while pH 9 was achieved by 0.15 mL NaOH addition. This pH range was 
selected to meet the common pH value in most treated wastewater effluents, whereas the pH range 9 was chosen 
to simulate the scenario where the pH is slightly over the higher margin of the typical pH range of wastewater. 

  The amount of chlorine residue is checked periodically every 15 min to ensure the amount of chlorine residue 
has met the minimum requirement. The waste samples used for one experiment amounted to 50 mL. The test 
solution is mixed with a magnetic stirrer to mix the dechlorination agent sodium thiosulfate. Dechlorination 
process is considered to be completed after the total chlorine level is below 0.5 mg/L. Each dechlorination 
experiment is divided into several variations of the Na2S2O3 addition method, that is addition according to 
stoichiometry (1 × 𝑆𝑇𝑆 or1x), 1.5 times the stoichiometric addition (1.5 × 𝑆𝑇𝑆	or1.5x), and 2 times the 
stoichiometric addition (2 × 𝑆𝑇𝑆 or 2x).  

Reaction equations during dichlorination process are given as follows [28]:  

2𝑁𝑎!𝑆!𝑂" +𝐻𝑂𝐶𝑙	 → 	𝑁𝑎!𝑆#𝑂$ +𝑁𝑎𝐶𝑙 + 𝑁𝑎𝑂𝐻                     (1) 

The required stoichiometric dosages for Sodium Thiosulfate (STS) were calculated according to the chemical 
reaction equations. Calculation of the number of Sodium Thiosulfate (STS) [28]:   

     %&'.%	*+	,-!.!/"		
!	*01	,-!.!/"

	× 	!	*01	,-!.!/"	
%	*01	2/31		

× %	*01	2/31		
&!.#$	*+	2/31		

= 3.013	𝑚𝑔	𝑆𝑇𝑆	 𝑚𝑔	𝐻𝑂𝐶𝑙6                    (2) 

Stoichiometric dosage required of dechlorination agent to neutralize 1 mg of HOCl residual in solution for each 
variation stoichiometry (1x, 1.5x, and 2x) was 3.012 mg, 4.516 mg, and 6.026 mg. 

2.2. Linear Regression 

Linear Regression or graphical method was done to determine the kinetic reaction with regard to the reactant 
concentration, three plots are made. The first is concentration of the dechlorinating agent versus time. The second 
is the inverse concentration versus time, while the third is of the natural log of concentration versus time. These 
graphs, respectively, show zero, first, and second order dependence on the specific reactant. We can observe that 
the plot according to any of these plots is linear and it shows the order of reaction [29]. 

The coeffcient of determination is the portion of the total variation in the dependent variable that can be 
explained by variation in the independent variable. The multiple correlation coefficient, which is often denoted by 
R, is the square root of the coeffcient of determination. Those coefficient has the value  between 0 and 1. When 
R2 is close to 1, there exists a perfect linear relationship between x and y of the variation in y is explained by 
variation in x. When it is 0< R2 <1, there is a weaker linear relationship between x and y. In the linear regression 
with only one explanatory variable (x), R is equal to the absolute value of the correlation coefficient r between x 
and the objective variable (y) [30]. 

2.3. Dechlorination Rates  

There are two types of analysis of kinetic data; the differential rate law shows how the reaction rate depends 
on concentration, while integrated rate law shows how the concentration of species in reactions depends on time 
[31]. In this experiment, the concentration of reactants was measured as a function of time, so this data helped 
determine the integrated rate law (concentration vs. time) for each stoichiometric ratio. The integrated rate law 
used for each reaction depends on the type of reaction being considered. The data is analyzed using integral 
methods because this method is proper when adjusting a simple type of reaction that corresponds to an elementary 
reaction and depends on the kinetic shape of the reaction [32]. Integral approaches are very straightforward to 
apply and are recommended when assessing rates that are quite simple. Because differential approaches need a 
huge quantity of data, they are hardly employed. The model regression approach will be utilized to determine the 
response rate using previously collected data. To explore the sequence of the reaction, a plot was produced for 
each from a dosage of stoichiometry. 

2.3.1 Zero order kinetics : −𝑟 = 𝑘 
      𝐶4 =	−𝑘𝑡 +	𝐶5                           (3) 
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Thus, 

      𝑡 = 	 %
6
(𝐶5 − 𝐶4)                           (4) 

Where 𝑘 = rate constant; 𝑡 = times; and 𝐶4 = concentration of the free chlorine species.  

Total chlorine (𝐶) concentration versus time was plotted, and if it yields a straight line, the slope (𝑘)  represents 
the rate constant. For zero-order reactions, the rate is constant, and it does not change with concentrations as it 
does for first-order or second-order reactions [28].  

2.3.2 First-order kinetics: −𝑟4 = 𝑘𝐶4 
     [𝐶4] = [𝐶5] × 𝑒76 × 𝑡             (5) 

     − ln 3#
3$
= 𝑘𝑡              (6) 

Thus, 

    		𝑡 = 	 B%
6
C ln 3#

3$
              (7) 

In this case, the plot of ln B𝐶4 𝐶56 C versus time gives the straight line, where the slope (−𝑘) represents the rate 
constant. 

2.3.3 Second-order kinetics : −𝑟4 = 𝑘𝐶4! 
   	𝐶4 = −𝑘	 × 𝑡           (8)   

   	 %
3#
= 𝑘𝑡 +	 %

3$
           (9) 

Thus,  

      𝑡 = 	 %
6
B %
3#
− %

3$
C          (10) 

In this case, the plot of 1 𝐶6  versus time gives a straight line where the slope (𝑘) represents the rate constant. 

The R2 value for the line is best suited for all data points compared between plots to infer the sequence of 
reactions for each dechlorination agent. The plot is also visually investigated to assess the most suitable. The plot 
with the highest R2 value is selected to produce the best match, and the reaction order is precisely assigned.  

 

3. Result and Discussion 

3.1. Chlorine Residual Analysis 

Indonesia regulation require that wastewater discharged by the environment must meet environmental quality 
standards, especially the number of chlorine residues state in Liquid Waste Quality Standards for Industrial 
Activities of the maximum allowed chlorine residue levels of 0.5 mg/L (Decree of the State Minister of the 
Environment no KEP-51/MENLH/10/1995) [27]. This regulatory makes its standard for each industrial activity in 
the waste disposal regulation with the recommended chlorine limit. In Indonesia, dechlorination is not yet 
commonly used, so there is no adequate literature in determining chlorine residue levels before being discharged 
into the distribution system. Thus, the maximum limit used following the rules of the Ministry of Environment, 
which is 0.5 mg/L [33].  The condition of the waste dechlorination process (pH and temperature) in this study are 
kept constant at pH 6, 7, and 9 and temperatures of 25oC. The selection of the pH range used during the 
dechlorination process is based on the rules of the Ministry of Environment which explains that the maximum pH 
value allowed in waste disposal is 6 – 9 [27]. 

Sodium thiosulfate (STS) dechlorination is not complete utilizing 1x stoichiometry, and reaction time is slower 
than sodium bisulfite (SBS) with ascorbic acid (AA), according to previous research [34]. Another research has 
found that dechlorination is a relatively long period (1 hour reaction) [24]. Inconsistent data in existing literature 
may be partly due to different expectations of residual chlorine from water and wastewater treatment plants. 
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Therefore, the study of the completeness of the reaction can be different due to the target amount of chlorine 
residue to be achieved in the wastewater. Furthermore, past studies of the quantity of chlorine contained in waste 
differed, affecting reaction timeframes and the desired residual levels of chlorine, as well as the reaction's 
completeness [15], [24]. 

Fig. 1 compares all dechlorination reactions at 1x, 1.5x, and 2x stoichiometric dosage. This figure shows that 
in the case of STS the raction is not complete. Compared to previous studies by Weerasinghae et al., using STS as 
a Dechlorination Agent (DA), the use of STS is complete on reaction at 2, 3, and 10x stoichiometric dosage 
reactions complete in 40 - 60s [28]. However, this study on reaction 2x stoichiometric dosage was incomplete 
because it did not reach residual chlorine levels up to 0.5 mg/L.  Some previous studies conducted experiments on 
wastewater samples with levels of 1.5-2 mg/L with a reaction time of 180 seconds [28], other study, using running 
water with chlorine residue levels of 0.5 mg/L and mentioned the reaction using STS as a DA occurred quickly 
[34]. The complete removal of total residual chlorine was achieved using a 3x stoichiometric dosage of STS and 
the reaction time was 75 – 100 seconds on the study  using trial sample concentration of 2 mg/L [15], [28]. This 
difference can be due to different types of waste, and the amount of initial chlorine residue levels are different. 
The amount of chlorine residue remaining in the waste will take more time and more DA. 

The total chlorine residual illustrated in Fig. 1 suggests that the residual chlorine decreases a stoichiometry 
dosage increases. A high amount of reagent increases the dechlorination rate so that the residual chlorine is less. 
Treatment of the dechlorination process using Na2S2O3 in acidic, neutral, and alkaline conditions reduced residual 
chlorine from a concentration of 50 ppm to less than 1 ppm. The decrease in chlorine residue levels for 180 min 
was at most achieved by samples with a pH of 6, while at pH 7 and 9 the decrease in chlorine residues was less 
than the maximum because it was still above the concentration of 0.5 ppm. In figure 1(a) of a sample with a pH of 
6, chlorine levels at the initial concentration of 50 ppm drop to 3 ppm within the first 15 min. It then drops 
significantly every 15 min until it reaches a concentration of 0.5 ppm. In addition, at pH 9 in the first 15 min the 
concentration of chlorine residues did not decrease in pH 9.  

 

Figure 1. Comparison of dechlorination result profiles at (a) 1x, (b) 1.5x, (c) 2x stoichiometry  

At a ratio of 1.5x stoichiometry sodium thiosulfate as a chlorinated agent in a 50 mL waste sample showed less 
chlorine residue than 1x stoichiometry. The effect of increasing the amount of sodium thiosulfate into the sample 
against the decrease in chlorine levels greatly affects the maximum amount of chlorine residue that can be produced 
during the 180 min process time. The more sodium thiosulfate added, the less chlorine residue remains in the 
sample. It can be seen in Figure 1(b) above, for 180 min all samples in different pH ranges produce residual 
chlorine residue levels below 1 ppm. When compared to the remaining chlorine residue levels of 1x stoichiometry 
results above are much better. However, pH 7 and pH 9 still do not meet environmental quality standards. So it 
has not reached the process of dechlorination properly.  

In the treatment of 2x stoichiometry of sodium thiosulfate, the results obtained from the addition of 2x  
stoichiometry are better than the addition of 1.5 times stoichiometry, the more Na2S2O3 added, the less residual 
chlorine contained in the waste. The effect of the addition of Na2S2O3 on decreasing residual chlorine is shown in 
Figure 1 (c) for 180 min the remaining chlorine residue reaches 0.4 ppm in acidic conditions and in alkaline 
conditions it can reach 0.7 ppm. The graph shows a very significant decrease every 15 min compared to the 
stoichiometry of Na2S2O3 1x and 1.5x at pH 9, the first 15 min was able to reduce residual chlorine from 50 ppm 
to 3.5 ppm. When compared with the previous treatment, in the first 15 min of the sample with a pH of 9, there 
was no decrease in the residual chlorine. The more the amount of sodium thiosulfate added, the less residual 
chlorine content is left in the sample. 
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Results from laboratory experiments indicate that chlorine concentration decreased upon addition 
Stoichiometric dose and decreased when the pH sample was 6. Research conducted by Basu et al., showed that the 
reaction in the dechlorination process using Na2S2O3 in acidic conditions reduced the residual chlorine up to 0.12 
ppm faster [34]. The lower the pH, the less residual chlorine content, on the contrary, the higher the pH, the higher 
the residual chlorine content. This is due to the presence of organic and inorganic components in the sample. The 
presence of organic and inorganic components in the waste will inhibit the dechlorination process so that the 
dechlorination process is not optimal [34]. The process of chlorinination basically will increase the pH of the water 
to a neutral pH, but it is possible that there will still be organic and inorganic components remaining. The presence 
of organic and inorganic components allows the presence of bacteria in the waste, the pH is effective for killing 
bacteria at low pH (acidic) conditions. Therefore, in the dechlorination condition, the acid pH treatment has very 
little residual chlorine content and meets the environmental quality standards. 

The reaction of calcium hypochlorite (Ca(OCl)2) in water will form hypochloric acid (HOCl), where 
hypochloric acid will decompose into H+ and OCl- ions. This reaction is very dependent on the pH of the solution, 
when the pH of the solution is alkaline, the reaction will shift to the right so that more hypochlorite ions (OCl-) 
will be formed, so that in alkaline conditions the dechlorination process is less effective due to bacteria or 
microorganisms or organic and non-organic components. still in wastewater. In addition, bacterial cells are 
generally negatively charged, if in an alkaline state they form hypochlorite ions (OCl-) then bacteria will not 
interact with hypochlorite ions because they have the same charge. Conversely, if the pH of the solution is acidic, 
the reaction will shift to the left so that more hypochloric acid is formed. The strength of hypochloric acid is 
generally stronger and faster in the process of removing microorganisms and organic and non-organic content in 
the waste than the hypochloric ion. So that the dechlorination process will achieve a complete reaction at an acidic 
pH. 

The addition of a dose of Na2S2O3 in this study resulted in the least residual chlorine residue. Alternatively, 
other words, by adding Na2S2O3, the dechlorination process became more effective than without the addition of 
Na2S2O3. This result follows an experimental study in the literature [35]. It was found that the addition of a 
dechlorinating agent dose of 2x the stoichiometric dose was able to reduce the residual chlorine level more. In 
addition, STS in his research to achieve complete dechlorination was minimally carried out by adding 1.5x the 
dose of Na2S2O3. Theoretically, increasing the dose of Na2S2O3 is more effective than without addition. These 
results have good agreement with previous studies result. In his study, Worley et al. mention that STS can remove 
chlorine at twice the dose of stoichiometry. The experiment was conducted in a solution with an acidic pH. In 
addition, in his study, STS reportedly required several times the stoichiometric dose (at least 1.5x) to achieve 
complete dechlorination [36]. 

3.2. Dechlorination Reaction Rate Analysis 

Three different regression models, zero-order, first-order and second-order reaction, were applied to each 
stoichiometric ratio to determine which order is appropriate by comparing the dechlorination profile, i.e., time and 
specified concentration. Theoretically, the order will shift from high order to a lower order or a zero-order reaction 
rate along with an increase in the dose of stoichiometry. It should be noted that this analysis is based on the best 
fit.  

 

Figure 2. Regression curves for STS at 1x stoichiometry (a) zero-, (b) first-, (c) second-order kinetics  

Fig. 2 showing the results of regression patterns for STS at 1x stoichiometry, the zero-order reaction chart 
shows the value of R2 0.9547 with a constant reaction rate of 0.0159 M.s-1. On the first-order reaction chart, the 
value of R2 is more excellent, which is 0.9925. This value is close to 1, and the reaction rate is 0.113 s-1. While on 
the second-order chart, the value of R2 is 0.8305 with a reaction rate of 0.0098 M-1.s-1. The value of R2 at 1x 
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stoichiometry is close to 1 on the first-order reaction chart, indicating that regression is suitable against the first-
order reaction. The results reported in the results of previous studies showed that STS at a stoichiometric ratio of 
1x did not reach zero-order [28]. At DA doses of 1.5x stoichiometry (Figure 3), zero-order, first-order, and second-
order reaction charts show consecutive R2 values of 0.8969, 0.9836, and 0.9206. Judging from the value of R2 in 
the first-order reaction, showing at DA 1.5x stoichiometry, the results are suitable for a first-order reaction. 

Similarly, a DA dose of 2x stoichiometry,  Fig. 4 shows the most suitable R2 value in the first-order reaction 
of 0.9524. When the dose is raised by 1.5x stoichiometry, the results match the first-order reaction. At 
stoichiometric doses of 1.5x and 2x in previous studies reported that at doses of more than 1x, the reaction would 
indicate first-order reaction, with the doses used being 2x, 4x, and 10x stoichiometry [28]. 

In first-order reaction, the reaction rate of 1x and 1.5x stoichiometry doses decreases from 0.113 to 0.0122 s-1. 
Similarly, at a dose of 2x stoichiometry, the R2 value indicates that a stoichiometric dose of 2x fits against the first-
order reaction. Similarly, the reaction rate constant in stoichiometry 2x decreased to 0.0106 s-1. This suggests that 
increasing the amount of added sodium thiosulfate does not increase the reaction rate substantially. Generally, the 
overall reaction rate constant will increase with the increase in the number of DA doses added. Deviations, in this 
case, may be caused by the presence of dissolved oxygen in the sample and chlorine for reduction by the 
dechlorination agent because sulfite is a source of electrons for the reduction of hypochlorite compounds in waste 
[15], [37]. Table 1 shows k-values and Corresponding R2 obtained for all stoichiometry dosages. 

 

 

Figure 3. Regression curves for STS at 1.5x stoichiometry (a) zero-, (b) first-, (c) second-order kinetics  

 

Figure 4. Regression curves for STS at 2x stoichiometry (a) zero-, (b) first-, (c) second-order kinetic. 

 

 

 

 

 

 

 

 



Journal of Emerging Supply Chain, Clean Energy, and Process Engineering  
Vol. 1, No. 2, December 2022, pp. 107-116 

p-ISSN: 2963-8577 
e-ISSN: 2964-3511 

 

 114 

 

Table 1. k-values and Corresponding R2 obtained for all stoichiometry dosages (1x, 1.5x, and 2x) 

Dechlorination 
Chemical Dosages 

Zero-order 
Regression 

First-order 
Regresion 

Second-order 
regresion 

k (M.s-1) R2 k (s-1) R2 k (M-1.s-1) R2 

1 × 	𝑆𝑇𝑆 0.0159 0.9547 0.113 0.9925 0.0098 0.8305 

1.5 × 	𝑆𝑇𝑆 0.0191 0.8969 0.0122 0.9836 0.0099 0.9206 

2 × 	𝑆𝑇𝑆 0.0144 0.9337 0.0106 0.9524 0.0099 0.7693 

4. Conclusions 

This study focused on the rate and the efficiency of dechlorination, concerning reaction time, under a range of 
dosages and pH at three different stoichiometric ratios. Under the conditions of this research, one of the three 
dechlorination dosages was found to be reducing chlorine residue levels in industrial liquid waste nata de coco 
from 50 ppm to 0.4 ppm in waste conditions with a pH of 6. So it deserves to be thrown into the environment 
because it has met the environmental quality standards. Other test parameters have been examined in this study, 
namely the reaction order at three different stoichiometry, these results have confirmed that the most suitable 
reaction order at stoichiometric doses of 1x, 1.5x, and 2x is the first-order reaction. 
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