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Rubber industries are sufficiently developed and widely spread countryside as well as in
m;::t:anno some big cities in Indonesia. An Increasing number of rubber industries have also increased
50 rubber wastewater. However, the rubber industry development should pay attention to the

impact on the environment. The rubber wastewater is problematic, because of high
Chemical Oxygen Demand (COD) content. So far, the methods that have been used to
remove COD in the waste water have been proven to be costly and time consuming. The
research objective is to treat the rubber wastewater by using a combination of Fenton
reagent and activated carbon adsorption. In this study, effect of molar ratios of Fenton
reagent, pH, and reaction time on COD degradation were studied. After treating with
Fenton reagent, the wastewater was passed into an adsorption column of 20 cm height of
100 . activated carbon granules. The maximum COD degradation of 95% were found by using a
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£ " combination of Fenton reagent and acfivated carbon, with a molar rafio of reagent
§ Fenton 1:250 and a reaction time of 45 minutes. The final COD of 71 mg/I, TSS of 70 mg/I,
E ] and pH of 7.8 were found which fulfilled the environmental quality standard regulation for
5o industrial wastewater in Indonesia.
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1.0 INTRODUCTION

Nowadays, 70-80% raw rubber produced in the world
sfock in South East Asia, originates primarily from
Thailand, Malaysia and Indonesia [1]. Rubber
industries play an important role for human life,
because the role of these industries fo meet the
many needs of human beings. Rubber products such
as rubber tires, rubber bands, rubber thread, eraser,
and so on, was produced from the rubber industry.
Rubber industry will be increasingly necessary given
the growing human population and the increasing
human need, the production activities will increase.
Industrial activities in addition to provide a positive
impact for the economy, also has an impact on the
environment.

Even though very much profit of natural rubber
latex manufacture, its production discharges a

considerable amount of effluent info environment
from several treating stages i.e. coagulation, grinding,
centrifugation, washing, dehydrating, and other
mechanical manufacturing. A significant amount of
effluent is produced, which is contain sfrong color
and very poisonous, a great volume of suspended
solids, a very unstable pH, high temperature, COD,
BOD, etc. [2]. If the wastewater is place straight info
water bodies such as surface waters wells, any
streams, ponds or even the ocean without treatment
at all, it will essentially contaminate the water. The
disposal of these effluents info community water
region can contribute fo thoughtful reduction of
dissolved oxygen, thus disturbing the standard
environmental condition for supporting the aquatic
system [3].

Rubber manufacturing industries consume large
volume of water and chemicals for processing of
rubber. Mostly, there are three main pollutants
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originating from the natural rubber latex production
created in the wastewater effluents: latex, organic
mafter and nifrogen-containing substances [4].
Characteristics of process effluents from rubber
processing industries were reported by [3], as can be
shown in Table 1.

Wastewater collected from rubber manufacturing
industries was characterized for their pollution by
another researcher in 2014. The results of the analysis
reported that the fotal dissolved solids (TDS) were
2240 mg/l, total suspended solids (TSS) were 3512
mg/l, ammonia and phosphate were 94 and 48
respectively, which were high when related fo
effluent discharge quality standard for industrial
wastewater. The biochemical oxygen demand (BOD)
and chemical oxygen demand (COD) were 1340
and 2834 mg/I respectively, which showed that the
wastewater was high in contamination potentials
and requisite to be freated before discharged to the
environment [5]. Discharge of the wastewater in a
straight line info the environment without any suitable
process freatment will have a severe influence to the
environmental stability. That's why the rubber industry
wastewater have to properly treat before release to
the environment.

Table 1 Characteristics of process effluents from rubber
processing industries [3]

Parameter Typical range
pH 3.5-5.5
Biological Oxygen Demand 1500-7000
Chemical Oxygen Demand 3500-14000
Suspended Solids 200-700
Total Nitrogen 200-1800
Sulphate 500-2000

All units are mg/I, except pH

There are various techniques approached can be
applied in handling of rubber wastewater in several
industries, however, a number of boundaries sfill
happen. In common, the technologies of wastewater
treatment of natural rubber manufacturing in South
East county are based on conservative biological
processes, for example: lagoon system, oxidation
ditch, anaerobic digestion and activated sludge [4].
The pond system costs least particularly due to the
misplaced operation costs. But, this process involves
a large assembly space, has vigorous smell and is
dangerous to the ground water without carefully
layer and waterproofing the pond. This process is fit
for less polluted wastewater and it should not be
functioned near domestic regions. Oxidation ditch
process is stable, highly efficient for the removal of
Nifrogen-containing pollutants and organic matter in
rubber processing wastewater. This process is useful
to treat a high concentration pollutants of
wastewater, especially the one with high content of

ammonia. However, put on and functioning this
method require special situations such as high
qualified manual labor, a high operation costs and
periodic maintenance were needed. Another
methods widely practical are anaerobic digestion
and activated sludge freatment because of the low
operation cost and their efficiency in treating
organic matter. However, these processes require
considerable time of treatment.

The highest problematic of wastewater freatment
of rubber handling manufactories in South East
region, including in Indonesia, is the inefficiency of
the fechnologies applied [4]. For example, the
biological based tfechnologies including up-flow
anaerobic sludge blanked (UASB), activated sludge,
oxidation ditch etc. do not have sufficient capability
to eliminate Nitfrogen-containing contaminants
entirely. Also in such biological method, the
microorganism’s community maintenance is not easy
and the microorganism generally decease because
of the great organic content of rubber industrial
wastewater. Additionally, the conservative
decantation method is typically burdened, thus the
concenfration of uncoagulated particles in rubber
wastewater effluent is very high. This matter will
generate problems for the next handling processes.
The typical biological freatment do not have
satisfactory capacity to come across the quality
standard for the effluent of natural rubber
manufacturing. To date application of biological,
physical and chemical combination method for
eliminating of mayor contaminant in rubber industry
wastewater has not been reported. As a result, many
advanced tfechnologies are being investigated fo
achieve befter effluent standard such as
coagulation-flocculation,  flotation, membrane,
ozonation, etc. in order to arrange for cost-effective
resolutions and high elimination efficacy.

Currently, the membrane bioreactor (MBR)
technology can overcome the disadvantages of
biological systems. This technology had been
researched for the treatment of rubber latex
processing wastewater. The results of the research
done by [6] exposed that the optimum flux of
method was attained at 0.009 m3/m2xh and at this
flux rate, the method could be continuously
functioned more than one month without the
chemical substance washing of membranes. At the
initial concentration of 3,500 mg/L COD, the
elimination efficiency of COD 96.99%, BOD 96.78%,
total-N 65.17% and NH3 61.35% were accomplished.
On the other hand, innovative advanced oxidation
processes (AOPs) demonstrate great potential in
various wastewater treatment application areas.
AOPs have many benefits in wastewater treatment
because they can be useful for general organic
content decrease, particular contaminant
desfruction, sludge freatment, increasing
bioavailability of refractory organics and color &
odor reduction [7]. The ozonation, as one of AOPs
technologies, able to breakdown non-biological
organic substances which have a large molecular
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weight intfo smaller organic substances. Additionally,
ozonation method can reduces oxygen demanding
matter, eliminate odors, turbidity and surfactants;
increases dissolved oxygen and increases suspended
solids reduction. Ozone is one of the most active,
readily available oxidizing agents, which can
fransform ammonia info the nitrate. Ammonia found
in wastewater as nitfrogen pollutant. However, a high
capital costs, high electricity consumption, and

highly corrosive were the disadvantages of ozonation.

A major limitation of the ozonation method is the
moderately high cost of ozone generation, course
coupled with a very short half-life period of this
oxidation agent. And one solufion to overwhelmed
the those disadvantages is fo apply ozone in
combination with other methods such as hydrogen
peroxide, uliraviolet irradiation/ultrasonic, etfc. [8].
Thus, ozonation method is considered as an
advanced method for handling of rubber latex
freatment. Reference [?9] reported by using ozonation
process combined with batch activated sludge
process (BAS), the optimal conditions for the removal
of pollutants are 66.44 mg Osz/l O2 of ozone
concentration, pH 9 and the contact fime of 30
minutes, in their study on the removal of biological
maftter and ammonia.

AOPs have revealed great potfential in treating
contaminants at low and high concenfration and
have been employed for ftreatment of water,
wastewater, odors, and sludge [10]. These AOPs
ufilize the very strong oxidizing power of hydroxyl
radicals (HO®) to oxidize organic substances to the
preferred end products of carbon dioxide and water.
One method of AOPs also widely used in wastewater
freatment is Fenton reagent. Fenton's reagent
oxidation is a homogeneous catalytic oxidation
process using a mixture of hydrogen peroxide and
ferrous ion. The overall reactionis [11]:

Fe?* + H202 — Fed +HO* + HO- (1)

Fenton reagent is an attractive oxidative method for
wastewater freatment due to the fact that iron is very
abundant and nonfoxic and hydrogen peroxide is
easy to handle and environmentally safe. The
leading advantage of the Fenton’s reagent is ifs
simplicity. The chemicals are readily available at
moderate cost and there is no necessity for special
equipment [8]. This method could be a good option
for treating the rubber wastewater. Fenton reagent is
expected to reduce the content of COD and BOD of
wastewater. Due to the high content of solids in
rubber wastewater, activated carbon was used as
an adsorbent in this research to achieve TSS and pH
values that meet environmental quality standards.
The objective of this research is to study the
freatment of rubber industry wastewater by using
combination of Fenton reagent and acfivated
carbon adsorption. Effect of molar rafio of Fenton
reagent, pH, and reaction time on COD degradation
were also examined.

2.0 METHODOLOGY
2.1 Chemical and Materials

Sample of rubber industrial wastewater was taken
from raw rubber or latex washing process at second
unit of washing process in one of rubber factory in
Palembang, South Sumatera, Indonesia. Hydrogen
peroxide (H202 30% w/w), Ferrous sulphate catalyst
(FeSO4 7 H20) and other chemicals were purchased
from Sigma Aldrich. Granular activated carbon was
supplied from distributor in Jakarta.

2.2 Procedures

Experiments were carried out in batch mode in an
oxidation reactor. For every experiment performed,
the reactor was inifially loaded with rubber
wastewater sample solution, adding Ferrous sulphate
catalyst, following by adjusting pH value of 3.5 with
0.1 or 0.01 M of H2SO4 and 0.1 M of NaOH solution.
Concentration of Hydrogen peroxide was varied
while the Ferrous sulphate concentration was kept
constant to make the [Fe?*]/[H202] molar ratio of
1:150-1:250. Continuous stirring speed of 200 rom was
maintained by means of mechanical stirrer. The
samples were withdrawn periodically for pH, TSS, and
COD analysis. After reacting sample of rubber
wastewater in the reactor, the sample then
contacting with 20 cm height of activated carbon in
an adsorption column for an hour. The remained
samples solution were collected for final analysis.

2.3 Analytical Methods

The samples were taken periodically for analysis of
pH, TSS, and COD degradation. Measurement of pH
was obtained from a Hanna instrument pH meter. TSS
degradation was determined by gravimetric method
while COD degradation was determined by
fitimetfric method [12]. The COD degradation
percentage is define as follows:

COD degradation (%) = (COD+-CODg)/CODo x 100%
(2)

Where CODyg is inifial concentration of COD (mg/I)
and CODt is the concenfration of COD (mg/l) at
reaction time t (min).

3.0 RESULTS AND DISCUSSION

The rubber wastewater sample was examined before
handling with Fenton Reagent and activated carbon
adsorption. The analyses results were compared to
maximum level of national regulation standard and
tabulated in Table 2. As can be seen in the Table 2,
all parameter exceeded the maximum level
permitted, except pH. Therefore it is important to
freat the rubber wastewater in order to meet the
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environmental quality standard before discard to
water body.

The rubber wastewater treatment was carried out
by Fenton reagent oxidation method, and followed
by activated carbon adsorption. In this study, Fenton
reagent molar ratio and reaction time were varied,
whereas pH and COD parameters were observed. In
order to accomplish maximum removal with
minimum doses, effect of Fenton molar ratio should
be given importance [13].

Table 2 Results of rubber wastewater sample analyses

Maximum Level
(South Sumatera

Parameter Value Provincial Regulation No.
8/2012 for Rubber

Industry)

PH 6.38 6-9

COD 5613 200

BOD 2925 60

TSS 4290 100

NH; - N 202.2 5

N - Toftal 404 10

All units are mg/I, except pH

Effect of Fenton molar ratio on COD degradation
in freatment of rubber wastewater by using Fenton
reagent illustrated in Figure 1. As can be seen in the
figure, Fenton oxidation method can reduce COD
content in wastewater sample. This explains the
stfrong oxidizing agent (HO®) can degrade organic or
inorganic pollutants from rubber wastewater close to
the water quality standards of rubber industry.
Degradation of COD increase with increasing Fenton
molar ratio applied in this research. Because the
higher Fenton molar ratio, more hydroxyl radicals
were generafted. The best results from the use of
Fenton reagent is when using Fenton molar ratio of
1:250 in which the rubber wastewater COD could be
lowered to 260 mg/l. Reference [13] reported their
work on importance of molar Fenton ratio in Fenton's
freatment of a carpet dyeing wastewater that the
least amount of Fenfon's reagent requisite was for
the ratio of 1:192 which up to 95% of COD removal
was reached.
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Figure 1 Effect of Fenton molar ratio on COD degradation in
freatment of rubber wastewater by using Fenton reagent

To make an economically wastewater treatment
plant, it is need fto utlize a lower reactant
concenfration and a shorter reaction time. Effect of
reaction time on COD degradation in various molar
Fenton ratio was demonstrated in  Figure 2.
Percentage of COD degradation increase with
increasing reaction time. This result is in agreement
with [14], which is in their study by using synthetic
wastewater, COD removal of 95% was obtained
within 10 minutes of reaction. However, after 30
minutes of reaction, COD degradation was not
significant anymore for all Fenton molar ratfio applied
in this study. It is clear from the figure, that the Fenton
molar ratio of 1:250 is the best, indicated by the
highest COD degradation of 82% can be achieved
within 45 minutes of reaction.
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Figure 2 Effect of reaction time on COD degradation in
treatment of rubber wastewater by using Fenton reagent

It is well known that Fenton reactions were pH
sensitive and acidic condition was necessary for iron
solubility. Therefore, the initial pH value has to be in
the acidic range (2-4) to generate the maximum
amount of HOe to oxidize organic compounds [13].
Significant reaction on Fenton process occurring at
pH 3 was informed in many articles [15]. In this study,
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initial pH of 3.5 was adjusted to unfreated rubber
wastewater before running. However, COD reduction
process using Fenton reagent alone was not meet
standard of regulation, in which the final COD of 260
mg/l, and pH of 3.7 was detected as shown in Figure
3. Thus in order to meet environmental quality
standards for COD and pH values, the wastewater is
still need to be further processed in this case by using
activated carbon adsorption.

Figure 4 presented that the use of activated
carbon as second treatments was essential for
lowering the COD to meet the standard of rubber
industrial waste. The combination of Fenton reagent
and activated carbon treatment was able to lower
the value of COD less than 200 mg/I.

4 -

3 - reaction
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52 =0

m15

- 30
=45
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1:150 1:200 1:250
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Figure 3 Evaluation of pH in freatment of rubber wastewater
by using Fenton reagent

By using combination of Fenton reagent and
activated carbon adsorption, the highest COD
degradation of 95% was reached by means of
Fenton molar ratio of 1:250 as displayed in Figure 5.
The role of activated carbon can adsorb pollutants
which were difficult degraded by HOe hydroxyl ions,
therefore can decrease COD value until 71 mg/I.
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Figure 4 Effect of Fenton molar ratio on COD degradation in
freatment of rubber wastewater by using Fenton reagent
and activated carbon adsorption

The use of activated carbon not only contribute to
lower the COD value of rubber wastewater but also
to raise the pH value, where a pH range of 6.8 to 7.8
was identified after adsorbed as described in Figure 6.
The increase in pH indicated that the acid
compound of pollutants can be adsorbed by
activated carbon hence the pH of final products
meet the need of wastewater effluent quality
standard.
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Figure 5 Effect of reaction time on COD degradation in
freatment of rubber wastewater by using Fenton reagent
and activated carbon adsorption

In this study, the final COD value of 71 mg/I, TSS of
70 mg/l, and pH value of 7.8 were found by using a
combinatfion of Fenton reagent and acftivated
carbon adsorption, with a molar ratio of reagent
Fenton 1:250 and reaction time of 45 minutes. These
results has fulfilled the provincial regulation for rubber
wastewater in South Sumatera, Indonesia. Other
study conducted by [16], has been investigated the
use of combination of Fenton's reaction and
anaerobic treatment of Fenton process for the
pretreatment of olive mill wastewater. In their
research, COD removal up to 83% was achieved, at
pH values ranging from 2 to 3 (initial COD of 23400
mg/l, reaction time of 90 min, H2O2/Fe?* of 10). In
another study, Fenton's oxidation has been applied
for the pretreatment of landfill leachate [17].
Reference [17] reported that under optimal
conditions (initial COD of 10915 mg/I, reaction time of
120 min, H202/Fe?* of 13 w/w, pH of 3.2) almost 50%
COD removal was observed.
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Figure 6 Evaluation of pH in freatment of rubber wastewater
by using Fenton reagent and activated carbon adsorption

It is advisable to use Fenton methods as pre-
freatment to reduce the foxicity to a certain level
beyond which biological freatment can be
employed. These combined methods expected to
reduce the reactor size and decrease the operating
cost [18]. However, various Fenton-based methods
may be combined in various manners to obfain
maximum efficiency either in pre-tfreatment or post-
freatment.

So far, Fenton’s reactions have been extensively
used for the removal of COD, TOC, dyes, phenolic
compounds, endocrine disrupting chemicals and
other recalcifrant organic chemicals from various
industrial and municipal wastewater. The major
factors affecting these processes including initial
concentration of the target compounds, amount of
oxidation agents and catalysts, time process, and the
nature of the wastewater’s solution (pH, presence of
solids and other ions) [19]. Therefore different
optimum operational conditions can be recognized
for various Fenton's wastewater treatment applied in
the study.

4.0 CONCLUSION

Treatment of rubber industry wastewater was done
by using combination of Fenton reagent and
activated carbon adsorption. The effect of molar
Fenton ration and reaction time were evaluated in
term of COD degradation. A Fenton molar ratio of
1:250 is the best, indicated by the highest COD
degradation of 82% can be achieved within 45
minutes of reaction when utilzihg Fenton reagent
freatment alone. By using a combination of Fenton
reagent and activated carbon adsorpfion, the
highest COD degradation of 95% was reached by
means of Fenton molar ratio of 1:250. The addition of
activated carbon adsorption freatment can increase
the percentage of COD reduction of wastewater
rubber. The final COD of 71 mg/I, TSS of 70 mg/I, and

pH of 7.8 were found which meet environmental
quality standards in Indonesia.
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