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Abstract
The adsorbent is a solid substance that can absorb certain components from the liquid phase. Most of the adsorbents are 

porous materials and the adsorption process takes place, especially in the porous wall or certain location inside that particle. The 
main objective of this research is to study the influence of the adsorbent’s surface area based on shape variation from corn stalk 
with adsorption ability to reduce the water river’s turbidity, the influence of time with adsorption capacity in reducing river water’s 
turbidity, the influence of adsorbent with water river and adsorption capacity, and defining adsorption kinetics from corn stalks. 
The shape of corn stalks that have been used such as spherical, half of spherical shape, and quarter of spherical shape. The volume 
of the sample is 250 mL. The measurement time is 300 minutes. The mass variations that have been used are 10 g, 15 g, and 20 g. 
The variation of sample takeover in the morning, afternoon, and evening. The measurement of adsorbent adsorption capacity in 
term of decreasing the turbidity of Babura River’s water is done by inputting the adsorbent into the sample, then the measurement 
of the water’s turbidity proceed by using a turbidity meter. The analysis result for the influence of the adsorbent’s surface area in 
decreasing Babura River’s water in the shape’s variation from spherical, half of spherical shape, and quarter of spherical shape is 
obtained in quarter of spherical shape. The highest amount of adsorbent in decreasing the turbidity of Babura River’s water is 20 g. 
Adsorption kinetics that has been used in the measurement of decreasing Babura River’s water turbidity is second order kinetics.

Keywords: Adsorbent, Corn Stalks, Adsorption, Babura River, Kinetics, Solid Substance, Particle, Surface Area, Turbidity, 
River Water.
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1. Introduction
The river is filled with water, including non-biological nature resources, and a water stream 

network from the water source to the ditch, confined to the right and left of the street, along the 
streamline by line [1]. Inside the river contains suspended solid substances, usually brown color, 
which cause a high level of turbidity that contains a high level of pH [2, 3]. One of the resources 
that are needed by humankind to accompany their daily life is water. One of the water resources 
that have always been used by Indonesian citizens is river water and clean water. However, ac-
cording to the Ministry of Environment, in 2014, river water located in 33 provinces in Indonesia 
was contaminated by 70–75 %. Those water rivers are contaminated because of household waste.  
To fulfill the clean water consumption of Indonesian citizens, it needs proper technology by  
advanced level of technical mastery from the city itself [4]. Easy handmade technology with  
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a cheap cost is a simple technology that has been waited by citizens to overcome that issue. There 
are a few methods that can be used to overcome that water processing, one of them is by using  
an adsorbent that can fulfill the parameters of water content [5].

The adsorbent is a solid substance that can adsorb certain components from the liquid phase. 
Usually, adsorbents are made up of very porous materials and adsorption continues, especially in 
the porous wall [6]. Adsorption is a general procedure that has been widely used because having  
a simple concept and is quite economical. The one that plays the most role in the adsorption process 
is called the adsorbent. Few examples of adsorbents that have usually been used are zeolite, corn-
cob, diatomic soil, sand, and active charcoal. The adsorption method has been developed by using 
plant biomass, which can be called fitofiltration. Fitofiltration is by using dead plant biomass as  
a metal ion binder [7]. The plant can be used as a natural purifier because the plant is biodegradable 
and the plant also saves human life because it not contaminating the environment [8].

Adsorption is a process of adsorbing substances, ions, and molecules that are attached to the 
surface of the adsorbent. Water purifying process and materials purifying process from adsorp-
tion, in which colloid particle that has surface area cause a high level of adsorption. Adsorption 
on the solution surface occurs because of the pull and push force on the surface of the solution [9].  
Table 1 shows the previous research related to adsorption on various water turbidity.

Table 1 is the result of research conducted by several researchers on the adsorption ability 
of several materials in water purification applications. Based on the results of Table 1, there are 
similarities in the testing tools used, namely based on turbidity. In natural adsorption studies, 
turbidity may be an appropriate parameter [12, 13]. In addition, these studies in Table 1 used acti-
vated carbon as the adsorbent. This is considered excessive effort. Corn stalks are rarely used, so 
it was chosen because of the need to use local potential sources that are around and can add value.  
Fig. 1 show the corn stalks that used in this research.

Table 1
Previous research on adsorption and water turbidity

Source Research result Reference

Activated  
Charcoal

Raw water before filtration had a turbidity level was 39.0 NTU, the color 22 TCU, and total dis-
solved solids (TDS) 796 mg/l to turbidity level 2.02 NTU, the color 18 TCU, and TDS 227 mg/l 
in the first filtration and turbidity level 7.64 NTU, the color 2 TCU, and TDS 176 mg/l in the 
second filtration.

[10]

Corn Cob as  
Activated Carbon

The average turbidity level before treatment was 75 NTU, and after filtration using activated 
carbon obtained an average turbidity level of 19.84 NTU on a 12 g. [5]

Shell Activated 
Carbon Oil Palm

The water turbidity has a turbidity level of 100.04 NTU. After filtering by adding activated 
charcoal of oil palm shell (Elaeis guineensis) 10 cm, there was a decrease in turbidity with an 
average of 40.04 NTU.

[11]

Fig. 1. Corn stalks raw materials for the production of the adsorbent

Corn Plant Corn Stalk

Corn used usually as food 

Dry corn stalks 
used in this study 
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The Babura river’s water sample are taken in the morning, afternoon and evening with its 
turbidity value. Therefore, the objective of this research is to define the influence of the corn stalks 
raw materials for the production of the adsorbent in shape and amount comparison to adsorption  
in decreasing the turbidity along time of Babura river’s water. In this research, also provide the 
kinetic adsorption modeling from corn stalks.

2. Materials and methods
2. 1. Materials
Materials that have been used in this research are corn stalks as raw materials for the 

production of the adsorbent, obtained from corn farmers in Medan, Indonesia, Babura River’s 
water flow in the Medan section, Turbidity meter (ORION AQ4500) for measuring Babura ri-
ver’s water turbidity and Oven which used in Chemical Engineering Operation Laboratory, Uni-
versitas Sumatera Utara, Medan, Indonesia, Scanning Electron Microscope-Energy Dispersive  
X-Ray (SEM-EDX) for analyzing adsorbent surface which interacting with dirt in Babura river 
water that located in Politeknik Negeri Batam, Batam, Indonesia.

2. 2. Sampling of Babura River’s Water
Babura River’s water has taken 5 liters in the morning (09:00 AM), afternoon (13:00 PM), 

and evening (17:00 PM) conditions. All times used are based on Western Indonesian Time (GMT+7). 
Water that wants to be analyzed is brought to Chemical Engineering Operation Laboratory, Univer-
sitas Sumatera Utara, Medan, Indonesia. Measure the initiated turbidity level of the Babura river’s 
water every 20 minutes for 300 minutes. The research is conducted in the laboratory at ambient 
temperature and standard pressure. Babura river’s water was then contained in the bottle and stored 
at a temperature ±2 °C for analysis using adsorbent.

2. 3. Corn stalks as adsorbent preparation
Corn stalks are cleaned from dirt and other components, such as leaves or roots that are at-

tached to the stalks. Then, corn stalks are washed with clean water and cut with shape variation of 
spherical, half spherical, and quarter spherical with a thickness of 0.3 cm and diameter of 1–2 cm. 
Then, it dried in the oven at 55 °C until a constant amount of mass (achieve 3 weight measurements 
of at least constant weight).

2. 4. Adsorption process
The Adsorption process has been done by batch process. First, Babura river’s water in 100 mL 

is poured into the Erlenmeyer flask. Then, the corn stalks with shape variation (spherical, half sphe-
rical, and quarter spherical) and mass variation of 10 g, 15 g, and 20 g are added into the erlen- 
meyer flask. A net is attached to entangle the adsorbent. This prevents the adsorbent from floating.  
Finally, the turbidity level was measured by taking 5 mL samples every 20 minutes for 300 minutes. 
The whole scheme of batch adsorption using different shapes is shown in Fig. 2. 

Fig. 2. Batch adsorption scheme using different shapes of adsorption of Babura river’s water 

Babura river’s water 
before adsorption process 

Batch adsorption 
process   

Turbidity 
measurement

Babura river’s water 
 after adsorption process 
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Use Scanning Electron Microscopy and Energy Dispersive X-Ray (SEM-EDX) to analyze 
the adsorbent.

3. Results and discussion
3. 1. Defining initial water river turbidity in the morning, afternoon, and evening
The process of defining initial water turbidity is executed to know the Babura water ri-

ver’s turbidity level before it has been adsorbed by using an adsorbent. The process of measuring 
the initial Babura River’s water turbidity level executed when river water sampling in the morn-
ing, afternoon, and evening is shown in Fig. 3.

Based on Fig. 3, the highest turbidity of the Babura River water is reached in the morning. 
Turbidity describes the clarity of water based on optical properties as a parameter for Babura 
River water to lose transparency. Water turbidity is influenced by river activities through sus-
pended solids. Water turbidity is caused by various types of dissolved and suspended substances 
such as silt, tripton, organic and other mineral compounds [14].

Fig. 3. Initial Babura River’s Water Turbidity Level in the Morning, Afternoon, and Evening

3. 2. The influence of the corn stalks adsorbent on river water’s turbidity
Surface area is one of the factors that affect the adsorption process. The surface area of the 

adsorbent is defined by particle size and the amount of the adsorbent [15]. Surface area is inverse-
ly proportional to the size of the particle. Therefore, the surface area will increase along with the 
decrease in particle size [16]. Many substances that have been adsorbed are inversely proportional 
to the size of the particle. The more substance is adsorbed, the less of the particle’s size [17]. This 
research uses corn stalks as one of its materials with shape variation of spherical, half spherical, 
and quarter spherical and also the variation in adsorbent’s mass, which are 10 g, 15 g, and 20 g. 
The result of the adsorbent surface area can be seen in Table 2.

Based on Table 2, it can be concluded that the increasing mass of the adsorbent will affect 
the adsorbent’s surface area. Therefore, the highest adsorbent surface area is achieved by 20 g  
in every shape variation. Turbidity results over time with 20 g adsorbent mass with every adsort-
bent shape with the Babura river’s water samples taken in the morning shown in Fig. 4. 

Table 2
Corn stalks adsorbent’s surface area with the variation in mass and adsorbent’s shape

Adsorbent Shape Adsorbent Mass (g) Adsorbent Surface Area (cm2)

Spherical
10 429.4
15 644.1
20 858.8

Half Spherical
10 581.522
15 872.328
20 1,162.952

Quarter Spherical
10 915.952
15 1,373.928
20 1,831.904
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Fig. 4. Turbidity results along time with the mass of adsorbent for 20 g  
and river water’s sample in the morning

Fig. 4 is the relation result between turbidity and time in various adsorbent shapes with the 
adsorbent mass of 20 g, which is the sampling time of river water in the morning. Although there is 
a significant difference in the variation of the adsorbent’s shape with treatment without adsorbent, 
it can be seen from the Fig. 4 that along time for 300 minutes, the turbidity becomes 45.9 NTU  
in spherical shape, 37.2 NTU in half spherical and 30.4 NTU for quarter spherical.

Fig. 5 shows the relation between turbidity and time in various adsorbent shapes and the 
adsorbent mass of 20 g, which is the sampling time of river water in the afternoon. There is a sigr-
nificant difference in the variation of the adsorbent’s shape with treatment without adsorbent, it can 
be seen from the graphic above that along time for 300 minutes, the turbidity becomes 30.2 NTU  
in spherical shape, 27.1 NTU in half-spherical and 19.3 NTU for quarter spherical.

Fig. 5. Turbidity results along time with the mass of adsorbent for 20 g  
and river water’s sample in the afternoon

Fig. 6 shows the relation between turbidity and time in various shapes of adsorbents and the 
mass of adsorbent of 20 g, which the sampling time of river water in the evening. There is a signife-
icant difference in the variation of the adsorbent’s shape with treatment without adsorbent, it can 
be seen from the graphic above that along time for 300 minutes, the turbidity becomes 37.8 NTU  
in spherical shape, 20.1 NTU in half spherical and 16.7 NTU for quarter spherical.

Fig. 6. Turbidity results along time with the mass of adsorbent for 20 g  
and river water’s sample in the evening
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Based on Fig. 4–6, the turbidity results decrease with time. These are due to the adsorption 
process of the corn stalks as adsorbent material can effectively adsorb the particles responsible  
for turbidity, remove them from the water and reduce the turbidity levels [18].

3. 3. The influence of adsorbent’s amount comparison to adsorption ability in decrease-
ing the turbidity of river water

Determining the adsorbent’s weight needs to be executed to know if adding weight can in-
crease adsorbing capacity from adsorbent to pigment. Substances that are adsorbed are increased 
along with the rise of the adsorbent’s weight. These phenomena occur because with the addition 
of the adsorbent’s amount, then there is an addition of active side that can be found on the surface  
of the adsorbent [19].

Fig. 7 shows the relation between turbidity and time in the variation of the adsorbent’s mass 
and the shape of the adsorbent is quarter spherical for the sampling time of river water is in the 
morning. Although there is a significant difference in the variation of the adsorbent’s shape with 
treatment without adsorbent, it can be seen from the graphic above that along time for 300 minutes, 
the turbidity becomes 34.5 NTU in the adsorbent’s mass of 10 g, 32 NTU in the adsorbent’s mass 
of 15 g and 30.4 NTU in the adsorbent’s mass of 20 g.

Fig. 7. The turbidity result along time with the variation of adsorbent’s mass  
with quarter spherical as the adsorbent’s shape and river water sample in the morning

Fig. 8 is a relation graphic between turbidity and time in the variation of the adsorbent’s 
mass and the shape of the adsorbent is quarter spherical for the sampling time of river water is in 
the morning. There is a significant difference in the variation of the adsorbent’s shape with treat-
ment without adsorbent, it can be seen from the graphic above that along time for 300 minutes, the 
turbidity becomes 25.4 NTU in the adsorbent’s mass of 10 g, 23.2 NTU in the adsorbent’s mass of 
15 g and 19.3 NTU in the adsorbent’s mass of 20 g.

Fig. 8. Turbidity result along time with the variation of adsorbent’s mass  
with quarter spherical as the adsorbent’s shape and river water sample in the afternoon

Fig. 9 is a relation graphic between turbidity and time in the variation of the adsorbent’s 
mass and the shape of the adsorbent is quarter spherical for the sampling time of river water is 
in the morning. There is a significant difference in the variation of the adsorbent’s shape with  
treatment without adsorbent, it can be seen from the graphic above that along time for 300 minutes, 
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the turbidity becomes 19.1 NTU in the adsorbent’s mass of 10 g, 17.6 NTU in the adsorbent’s mass 
of 15 g and 16.7 NTU in the adsorbent’s mass of 20 g.

Fig. 9. Turbidity result along time with the variation of adsorbent’s mass  
with quarter spherical as the adsorbent’s shape and river water sample in the evening

3. 4. The determination of adsorption kinetics modelling 
Adsorption kinetics is one of many aspects which usually been researched to evaluate the 

characteristic of adsorbents that have been used, especially in environmental rehabilitation [20]. 
Many other models from various complexity have been developed to predict the rate of adsorbate’s 
adsorption to adsorbent [21]. The study of adsorption kinetics pictures how the rate of solute ad-
sorption and this rate controls the contact time of adsorbate on the solution’s interface. This is the 
most important rate when designing an adsorption system and this rate can be calculated from 
a kinetics study [22]. The characteristic of the adsorbent’s adsorbing ability to adsorbate can be 
seen from its rate of adsorption. The rate of adsorption can be obtained from the rate of adsorption 
constants (k) and reaction order produced from an adsorption kinetics model. The testing phase 
of the adsorption rate can be executed by assuming the reaction’s order [23]. Adsorption charac-
teristics can be studied with various types of theoretical approaches, which are kinetics model 
pseudo-first-order and kinetics model pseudo-second order. The kinetics model first-order adsorp-
tion rate of the Lagergren plot explains adsorption in the solid-liquid system based on the solid’s 
capacity for adsorbing [24]. The Lagergren kinetics model equation shown in (1). This kinetics 
model explains the limit of the adsorbate’s ability that is adsorbed by the adsorbent who controls 
the equilibrium time:

 log log
.

,qe qt qe
k

t−( ) = − 1

2 303
 (1)

where qe is the concentration of adsorbate in equilibrium, qt is the concentration in time,  
k1 is the adsorption constant rate and t is the adsorption time (minute). The condition for t = 0, 
then qt = 0 and when t = t, then qt = qt. The value of k1 can be obtained by making a relation  
of (qe–qt) and time as shown in Fig. 10.

The kinetics model of the second order depends on the ability to adsorb each solid phase. 
The kinetics model of the second order can be expressed in (2):

 
t

qt k qe qt
t= +

1 1

2
2 . (2)

Fig. 10 is the result of first order pseudo modeling and Fig. 11 is the result of second order 
pseudo modeling that uses a variation of the adsorbent’s shape, which is quarter of spherical and 
the sampling time in Babura’s River is in the morning. Fig. 8 shows the value of the correlation  
coefficient (R2) for adsorbent 10 g, R2 = 0.5672, adsorbent 15 g with R2 = 0.6461 and adsorbent 
20 g with the value of R2 = 0.521. Fig. 9 shows the value of the correlation coefficient (R2) to 
adsorbent 10 g, R2 = 0.9665, adsorbent 15 g with R2 = 0.9814 and adsorbent 20 g with the value  
of R2 = 0.9859. These two graphics show that the second order of pseudo modeling causes adsorp-
tion data to become more exact. This thing can be seen from the value of the correlation coeffi-
cient (R2) of the second order is higher than the first order.
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Fig. 10. The modelling of first order pseudo in the variation of adsorbent’s mass quarter spherical 
and river water sample in the morning

Fig. 11. The modelling of second order pseudo in the variation of adsorbent’s mass quarter 
spherical and river water sample in the morning

Fig. 12 is a graphic of first order pseudo modeling and Fig. 13 is a graphic of second order 
pseudo modeling that uses variation of the adsorbent’s shape, which is quarter of spherical and 
the sampling time in Babura’s River is in the afternoon. Fig. 10 shows the value of the correlation 
coefficient (R2) to adsorbent 10 g, R2 = 0.7364, in adsorbent 15 g with R2 = 0.4433 and in adsor-
bent 20 g with the value of R2 = 0.6435. Fig. 12 shows the value of correlation coefficient (R2) to 
adsorbent 10 g, R2 = 0.9801, to adsorbent 15 g with R2 = 0.9791 and adsorbent 20 g with the va- 
lue of R2 = 0.9919. These two graphics show that the second order of pseudo modeling causes 
adsorption data to become more exact. This thing can be seen from the value of the correlation 
coefficient (R2) of the second order is higher than the first order.

Fig. 14 is the result of first order pseudo modeling and Fig. 15 is a second order pseudo 
modeling graphic that uses a variation of the adsorbent’s shape, which is quarter of spherical and 
the sampling time in Babura’s River is in the evening. Fig. 14 shows the value of the correlation 
coefficient (R2) to adsorbent 10 g, which is R2 = 0.7597, in adsorbent 15 g with R2 = 0.8044 and 
adsorbent 20 g with the value of R2 = 0.8133. Fig. 14 shows the value of the correlation coef-
ficient (R2) to adsorbent 10 g, R2 = 0.9672, to adsorbent 15 g with R2 = 0.9774 and adsorbent  
20 g with the value of R2 = 0.9862. These two graphics show that the second order of pseudo mo-
deling causes adsorption data to become more exact. This thing can be seen from the value of  
the correlation coefficient (R2) of the second order is higher than the first order.
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Fig. 12. The modelling of first order pseudo in the variation of adsorbent’s mass quarter spherical 
and river water sample in the afternoon

Fig. 13. The modelling of second order pseudo in the variation of adsorbent’s mass quarter 
spherical and river water sample in the afternoon

Fig. 14. The modelling of first order pseudo in the variation of adsorbent’s mass quarter spherical 
and river water sample in the evening
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Fig. 15. The modelling of second order pseudo in the variation of adsorbent’s mass quarter 
spherical and river water sample in the evening

3. 5. The Result of scanning electron microscope (SEM) and energy dispersive x-ray (EDX) 
Surface morphology and elements content in corn stalks adsorbent to knowing before 

and after adsorption process in this experiment use SEM (Scanning Electron Microscope) and 
EDX (Energy Dispersion X-Ray) shown in Fig. 16.

Fig. 16. SEM testing enlargement 500x in:  
a – adsorbent before adsorption; b – adsorbent after adsorption 

It can be seen in Fig. 16, a, b from the result of SEM testing that the shape of the adsor-
bent’s surface before and after treatment are not showing any significant difference. This thing 
happens because there are no activation or base washing to an adsorbent that want to be treated 
with treatment. An adsorbent with base washing has a more porous surface and is rough [25]. Ad-
sorbents after treatment have a bigger size and volume compared to those before treatment [26]. 
The porous material is a material that has an adsorption ability [27].

As for the analysis result of EDX from corn stalk adsorbent before treatment in Fig. 17, a 
shows that there are chemical elements which are O for 79.6 %, C for 9.7 %, and N for 10.7 %. 
EDX analysis of corn stalks adsorbent after treatment in Fig. 17, b shows that there are che-
mical elements, which are O for 81.6 %, C for 8.4 %, and N for 10.0 %. EDX result of analy-
sis in Fig. 17, a, b shows that the adsorbent before and after have the same elements, which are  
C, O, and N. The content has a different weight of element percentage. Adsorbent after treat-
ment has a higher weight of Oxygen element.
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Fig. 17. EDX testing on the surface of adsorbent:  
a – adsorbent without treatment; b – adsorbent after treatment

3. 6. Limitations of the research and directions of its development
This research is about to study on the adsorption capacity of corn stalks in reducing the 

turbidity of Babura river’s water with batch operation. The main concern of this research for the 
turbidity experienced in the Babura river’s water. Fig. 18 shows the map of the study area. 

Water pollution is a major problem that hinders Sustainable Development Goal (SDG) 6: 
Clean water and sanitation. The limitation that can occur during the adsorption process using 
batch experiments conducted in a laboratory at ambient temperature and standard pressure. The 
results obtained under these specific conditions may not be directly applicable to real world sce-
narios, such as factors like water flow rates may vary significantly. Fig. 19 shows the condition of  
the Babura river’s water. 

Fig. 19 shows the condition of the Babura river’s water. It can be seen in Fig. 19, a, the Ba-
bura river’s water has its own flow. Fig. 19, b, shows that the turbidity of the Babura river’s water 
is impaired and the location is near the residential area. The flow may change due to flooding in 
the rainy season or increased organic/particle content in the river’s water. Therefore, the appli-
cability of the results to practical situations should be carefully considered. The study focuses 
on corn stalks as an adsorbent material. Corn stalks were chosen because of the need to utilize 
local potential sources that are available and can add value. It’s important to note that the effec-
tiveness of adsorption can depend on various factors such as surface area, porosity and chemical 
composition of the adsorbent. Based on this research, the surface area is taken into account using 
adsorbent surface area. The specific characteristics of the corn stalks used in this study may  
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not be representative of all corn stalks, and results may vary with different sources. The research 
focuses primarily on turbidity reduction as an evaluation parameter of adsorption efficiency. While 
turbidity is an important aspect of water quality, it is not the only factor to consider. Other pa-
rameters such as pH, dissolved solids, and organic contaminants may also play a critical role in 
the adsorption of river’s water. To further develop this research, the following directions could 
be considered in the future, such as optimizing adsorbent properties by creating a fundamental 
model, kinetic modeling, and mechanism studies. Expanding the analysis to include water quality 
using High Performance Liquid Chromatography (HPLC). This would provide a more complete 
understanding of the performance of the river’s water. Finally, validate the results of the labora-
tory-scale study by conducting pilot-scale experiments. This would involve testing the adsorbent 
under more realistic conditions, taking into account factors such as varying flow rates and longer 
operating times. Therefore, the effectiveness of corn stalks as an adsorbent could be investigated.

Fig. 18. Map of the study area:  
a – map of Indonesia; b – map of Medan city; c – map of Babura river’s water

Fig. 19. The condition of Babura river’s water:  
a – Babura river’s water flow; b – Babura river’s water location near residential area
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4. Conclusions
After executing this research, then it can be concluded that adsorbent with quarter spher-

ical has bigger adsorption power compared to the spherical adsorbent and half-spherical because 
quarter spherical adsorbent has a bigger surfa area, so it maximizes the adsorption process, the 
optimum mass of corn stalks adsorbent in decreasing Babura River’s water turbidity (sample) in 
300 minutes and the variation of shape from spherical, half spherical, and quarter spherical is 20 g. 
The suitable adsorption kinetics modeling based on correlation coefficient is second order equa-
tion, which in adsorption mechanism that involves interaction chemically (chemisorption) between 
adsorbate and adsorbent after rough treatment compared to adsorbent before treatment and EDX 
result in adsorbent shows that there is increasing phenomena in weight of Oxygen element. 
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