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Abstract: One of the chemical parameters in the requirements of clean water is water hardness. Hardness is a term used in water 

containing cations that cause hardness. Generally, hardness caused by the presence of metals or cations which have a valence of 2, 

such as Fe, Sr, Mn, Ca and Mg. The purpose of this research is to determine the effect of banana stem charcoal as an adsorbent in 

reducing water hardness. The process of charcoal banana stem adsorbent dried under the sun for one week, and in the oven at 110°C 

for 24 hours to reduce moisture and moisture content. Next, to remove volatile materials, the hydrolyzed sample was heated at 400°C 

to become charcoal with 30 minutes in the furnace after which it was sieved with 106 µm and 250 µm sieves and stored in a desiccator. 

From the results of the study, it found that the banana charcoal adsorption process can reduce the water hardness level to reach 

43.56% for the contact time of about 240 minutes with the thickness of the charcoal used around 5 cm. Then from the t-test analysis 

showed a significant difference before and after using banana stem charcoal as an adsorbent medium. Banana stem charcoal can be 

an alternative to adsorbent media to reduce the level of water pollution in addition to other media that commonly used. 
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1. Introduction 

Water needed by humans is not just any water but the 

water that is truly healthy and does not interfere with 

human health [1]. The importance of the role of water for 

human life, not only for life processes, but also for other 

processes such as industry, agriculture, and others. 

Good water quality determined by several parameters 

including physical, chemical and biological parameters [2]. 

One of the biochemical parameters that define good water 

quality is the content of mineral salts. The content of 

mineral salts in groundwater varies from one region to 

another due to the different layers of soil in each area. For 

example, groundwater in calcareous soils have high Ca 

(HCO3)2 and Mg (HCO3)2 mineral salts. Due to the high 

content of mineral salts Ca (HCO3)2 and Mg (HCO3)2 which 

causes hardness of water. The hardness of water is used to 

show the salt content of calcium and magnesium dissolved 

in water expressed in (mg/L) calcium carbonate [3]. 

According to [4], hard water will have a health impact such 

as heart blood clots (cardiovascular disease) and kidney 

stone disease (urolithiasis), where consuming high levels 

of hardness can cause kidney failure, and cause movement 

in the equipment cooking and waste in the use of soap due 

to the froth produced little. In the Regulation of the 

Minister of Health of the Republic of Indonesia Number 32 

the Year 2017 regarding the requirements for quality of 

clean water, it implies that the maximum level for hardness 

in water is 500 mg/L. 

Provision of clean water, in addition to its quantity, 

the quality must meet applicable standards. In the case of 

fresh water, it is common practice that in determining the 

quality and characteristics associated with certain water 
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quality standards (water quality standards) [5]. To obtain a 

clear picture of the characteristics of raw water, it is often 

necessary to measure the properties of water or commonly 

called water quality parameters, which are diverse [6]. 

Total hardness is hardness caused by Ca and Mg ions 

related to Cl2SO4 and NO3, for example, CaCl2 and MgSO4. 

The nature of hardness cannot remove by boiling water 

but the softening process through the process of lime, 

soda ash, zeolite process, and absorption process [7]. Total 

resistance mainly caused by calcium and magnesium 

secondary to carbonate and bicarbonate (carbonate or 

temporary hardness which can be removed by heating) 

and calcium sulfate, calcium chloride, magnesium sulfate 

and magnesium chloride (noncarbonate or permanent 

hardness, which cannot be released by heat) [7], [8]. Total 

hardness expressed as calcium carbonate. 

One method for treating water is through the 

adsorption process. The adsorption process can be carried 

out with activated carbon made from carbon-containing 

waste fuel. The adsorption process is one of the waste 

treatment techniques which is expected to be used to 

reduce excessive metal concentration. An alternative 

application of the adsorption method with activated 

carbon chosen because of the large surface of activated 

carbon, high adsorption ability, easy application, and 

relatively low cost. Adsorbents that have been used in 

adsorption research by utilizing agricultural waste include 

adsorbents from coconut shell [9], [10]. Several activated 

carbons from biomass can be used as an adsorbent namely 

bagasse [11], [12], cocoa skin [13]–[15], and banana stems 

[16], [17]. 

The banana stem has the potential to be used as an 

adsorbent because many banana stems contain carbon or 

carbonic hydrate. The research conducted by [18], for the 

first time using electro-chemical nitrite sensor application, 

obtained HAC surface area of about 1465 m2g-1 then from 

its contents there was about 61.12% carbon, hydrogen 

around 2,567%, nitrogen around 0.4315 and Sulphur 

around 0.349 %. The structure of activated carbon contains 

polar functional groups namely carboxyl, hydroxyl and 

carbonyl groups which can interact with compounds or 

ions in gas or liquid media [19], [20]. 

Indonesia is one of the largest producing countries of 

banana plants in the world. Tropical climate conditions and 

fertile soil support this. Banana plants are natural materials 

that are cheap, easy to obtain and can be renewed. The 

part of the banana plant that is widely used by the 

community is banana and banana leaves. The city rarely 

uses other parts of banana plants such as banana stems. A 

small portion of the population only uses banana stems as 

animal feed, while in large quantities it becomes garbage. 

So far, research on activated carbon from banana 

stems is still limited to proving the possibility of banana 

stems used as raw material for making activated carbon as 

well as determining effective process conditions to make 

banana stem activated carbon that meets international 

quality standards. There are still not many studies that 

examine the use of activated carbon in banana stems from 

being applied to industrial or environmental problems. 

Activated carbon is a very good and widely used 

adsorbent because the surface area and micropore volume 

are huge [21], the adsorption capacity is substantial, the 

adsorption kinetics rate is very fast and relatively easy to 

regenerate [22]. Activated carbon is one of the most 

popular adsorbents for removing metal ions from solution 

[23], [24]. Because the price is rather high commercially, 

the activated carbon is somewhat limited by developing 

countries. Therefore, activated carbon needs to produce 

from cheap local agricultural raw materials [25]. 

Activated carbon can be produced from various 

carbon-containing materials. Interest in the selection of 

raw materials (precursors) for large quantities of activated 

carbon is due to availability, affordable prices, and does 

not cause pollution, besides the process of making and 

using products is also considered [19]. 

Realizing the potential of banana stem charcoal as an 

adsorbent, it is necessary to develop further research on 

the utilization of banana stem charcoal as an adsorbent in 

reducing water hardness.  

 

2. Research Methods 

2.1. Materials 

The banana stem (Musa acuminate) used in the study 

obtained from the environment around the study area, 

which is around Makassar City. The banana stems used 

obtained in the yard, the edges of another cropland and 

the river bank. The technique of taking water samples was 

carried out using a 1.5 Liter polyethylene bottle. The bottle 

is then immersed through the water surface when the 

bottle filled, then lifted tightly closed and then stored in an 

ice flask. The sample obtained was then measured for total 

hardness by complexometric titration. 

 

2.2. Procedure 

Processing is done to reduce hardness in the water by 

using banana stem charcoal media and processing that 

done chemically. Before processing banana stems that will 

be used as a medium in decreasing hardness, it has been 

activated first and then examined with high contact 

variations. After the inspection has done by chemical 

means, we will find out whether the charcoal media with 

influential contact duration decreases hardness or not. 

Activated charcoal can be made through two stages, 

namely carbonization (casting) and activation. 

Carbonation is a process of indoor casting without the 

presence of oxygen and other chemicals [26]. 

Preparation of charcoal banana stem adsorbent is cut 

into small pieces and dried in the sun for one week, and 

then heated at 110°C for 24 hours to reduce the moisture 

content and moisture of the sample. Next, to remove 
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volatile materials, the sample is hydrolyzed by heating at 

400°C to become charcoal with a time of 0.5 hours in the 

furnace. The furnace cooled for 1 hour to room 

temperature; then charcoal is removed from the furnace 

and then crushed with mortar after it sifted with a sieve of 

106µm and 250 µm and stored in a desiccator. This 

adsorption method has advantages over other methods 

because the process is more straightforward, the costs are 

relatively cheap, environmentally friendly [27], [28], and 

there are no side effects of toxic substances [29]. 

The variation of contact time for banana stem 

charcoal as an adsorbent range from 30, 60, 90, 120, 150, 

180, 210, 240 minutes with the thickness of the banana 

stem charcoal at the test site about 5 cm. 

 

2.3. Data Analysis 

TDS meter (Water Hardness Tester) is used to 

measure the level of hardness of water. This meter applies 

the electrode method to test and has the same accuracy 

as the EDTA titration method with mg/L unit output. From 

the output, the analysis was then carried out to see a 

decrease in water hardness from before to after using 

banana stem charcoal as a filter medium. IBM SPSS is used 

to determine the level of difference in measurement 

results from before to after using banana stem charcoal. 

 

3. Results and Discussions 

Adsorption is a physical or chemical event on the 

surface that is influenced by a chemical reaction between 

the adsorbent and the adsorbate. Adsorbents are solids 

which can adsorb while adsorbates are solids, liquids, or 

adsorbed gases. Thus, the adsorption process can occur 

between solids and solids, gases with solids, gases with 

liquids, liquids with fluids, and liquids with solids [30]–[32] 

 
Table 1. Adsorption of Banana Stem Carbon at Variations in 

Time of Contact With a thickness of 5 cm. 

Contact Time 

(minutes) 

Total hardness (mg/L) Decreased Levels 

(mg/L) Before After 

30 396.2 255.3 140.9 

60 396.2 249.5 146.7 

90 396.2 242.1 154.1 

120 396.2 233.4 162.8 

150 396.2 229.7 166.5 

180 396.2 225.8 170.4 

210 396.2 224.1 172.1 

240 396.2 223.6 172.6 

 

The process of banana charcoal adsorption using a 

time variation of 240 minutes with a thickness of 5 cm on 

average decreased 160.8 mg/L. This study uses variations 

in contact time with the same media thickness. The longer 

the contact time of the water sample and the charcoal of 

the banana stem, the higher the level of decrease in total 

hardness. Because the longer the contact time of the water 

sample and banana charcoal, the higher the ability of the 

media to reduce hardness, because of the attractive 

strength of absorbent molecules, the adsorption process 

occurs from the material used, the banana charcoal 

produces soft and suitable charcoal to purify the water. 

Namely the process of absorption of substances that will 

be removed by the surface of the active charcoal of banana 

stems, including CaCO3 which causes hardness. 

The amount of adsorption ability of activated carbon 

produced does not depend on the specific surface area 

determined according to Brunauer-Emmett-Teller (BET) 

[33]. The quality of the active charcoal surface produced is 

very dependent on the raw material, activating material, 

temperature, and method of activation [34]–[36]. 

Adsorption is the process of collecting soluble 

substances that are present in the solution by the surface 

of an absorbent object where there is a physical-chemical 

bond between the substance and its absorbent [37]. In 

general, liquid adsorption with carbon adsorbent used for 

color bleaching, water purification, solution. Bhattacharyya 

and Gupta [38], states that the adsorption of liquid with 

carbon adsorbent is used to remove odor, taste, and color 

in the water. More specific applications in the industry 

include bleaching of colors in sugar factory wastes, 

elimination of contaminants for sulfur, phenol, and 

hydrocarbons from liquid waste. 

Activated charcoal which is an adsorbent, is a porous 

solid which consists mainly of free carbon elements and 

each of them bonded covalently [39]. Thus, the surface of 

activated charcoal is non-polar. In addition to composition 

and polarity, the pore structure is also an essential factor 

to consider [40]. The pore structure is related to the surface 

area, the smaller the active pores of charcoal, the higher 

the surface area [41]. Thus, the adsorption speed increases. 

To increase the adsorption speed, it is recommended to 

use mashed activated charcoal. The most critical active 

charcoal properties are absorption. 

The time of contact with banana stem charcoal in the 

study also affected the percentage decrease in hardness 

level. These results can be seen in Figure 1 below. 

 

 
Figure 1. Decrease in Total Hardness Level with Banana Stem 

Charcoal as an Adsorbent. 
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Figure 1 shows that there is an increase in the 

percentage decrease in the length of time that banana 

stem char contact takes place. From the 30 minutes of 

contact time, a decrease of 35.56% to 240 minutes of 

contact time obtained at 43.56%. If averaged at every 30 

minutes the contact time will decrease by around 1.14%. 

The process of adsorption of banana stem charcoal in this 

study was able to reduce the total hardness level by using 

a variation of about 30 minutes and a thickness of 5 cm 

with an average percentage reduction of about 40.58% 

and an average decrease of around 160.8 mg/L. 

The ability of banana stem charcoal to reduce total 

hardness is caused by having a chemical composition in 

the form of cellulose. Cellulose is an organic compound 

[42], [43]. According to [44], banana stems contain 

cellulose around 60-65%. Cellulose has considerable 

potential to be used as an absorber because the OH group 

that is bound to cellulose when heated at high 

temperatures will lose hydrogen and oxygen atoms so that 

the carbon atom is located at each angle [45]. Another 

study conducted by [46], using head fiber, was obtained 

that the material is very potent as an adsorbent because it 

also contains cellulose which in its molecular structure 

contains phenolic acid which takes part in the binding of 

compounds such as metals. The ability of banana stem 

charcoal to absorb chemically is suspended into sample 

water so that the suspended banana stem charcoal affects 

the binding of Mg and Ca ions. The chemical reaction 

process is as follows: 

 

CaCl2 + Na2CO3   →  CaCO3 + 2NaCl 

 

With the formation of CaCO3 deposits, it means that 

the water has been free of Ca2 + and Mg2 + ions or in other 

words the water has been free from hardness. So, it can be 

said that the adsorption with banana stem charcoal media 

can absorb substances dissolved in water because banana 

stem charcoal has pores that are adsorbent, meaning that 

they can absorb some smaller molecules shown from the 

results of laboratory tests after treatment.  

Increased porosity also caused by the amount of 

impregnating agent used; the more activators used will 

increase the formation of pores on activated carbon [47]. 

Then according to [48], that with increasing surface area of 

the pores of activated carbon, the absorption of the 

dissolved substances will be higher. 

Generally activated carbon is in the form of granular 

(granules) and powder. Fine powder-shaped activated 

carbon has a particle size distribution of 5-10 µm. While 

granular shaped activated carbon has a size of 0.8-1.2 mm. 

The porosity of activated carbon formed during the 

carbonization process. On activated carbon, there are 

three pore sizes, namely micropore (<2 nm), mesopore (2 

nm - 50 nm), and macropore (>50 nm) (Marsh, 2006). In 

addition, there are also supermicropore (0.7 nm - 2 nm) 

and ultra-micropore (<0.7 nm) sizes [49]. The adsorption 

process only occurs on the surface, not in the bulk phase. 

The adsorption process mainly occurs in micropores (small 

pores), whereas the adsorbate transfer from the outer 

surface to the surface of the micropore is macropore. 

Commercial activated carbon applications can be 

used as deodorizers and resins, a distillation of raw 

materials, purification of wastewater, water purifiers, and 

can be used as adsorbents to adsorb materials derived 

from liquids or gas phases [50]. The absorption of 

activated carbon itself is determined by the particle surface 

area, and this ability can be higher if activated carbon is 

activated by chemical activators or by heating at high 

temperatures [51]. 

Table 2 shows the results of the T-Test statistics to 

determine the level of the difference obtained before and 

after using banana stem charcoal as an absorbent material 

in water. 

Hypothesis: 

• H0: There is a difference between before and after 

treatment. 

• H1: There is no difference between before and after 

treatment. 

Basic Decision Making: 

• If the value is Sig. or Probability Value <0.05, then H0 

is accepted. 

• If the value is Sig. or Probability Value >0.05, then H0 

is rejected. 

 
Table 2. Paired Samples Test Use of Banana Stem Charcoal. 

 Mean t Sig. (2-tailed) 

Before - After 160.763 37.390 0.000 

 

From these results indicate that the value of sig. 

obtained <0.05 from before and after using banana stem 

charcoal as an absorbent medium in reducing water 

hardness. There is a significant difference which means 

that the treatment carried out is beneficial in reducing 

hardness levels in sample water. 

This research conducted as an effort to reduce water 

hardness so that it can improve the quality of clean water 

for the community so that it no longer causes health 

problems caused by consuming water containing hardness 

that exceeds the allowable threshold value. Through this 

research, it is expected to be an alternative in treating 

water containing hardness levels as well as being an 

alternative for solving problems faced generally for people 

whose water sources include hardness. Therefore, these 

efforts need to be accompanied by the implementation of 

proven forms of processing to provide optimal and 

sustainable results; it hoped that this form of processing 

could be applied in the community. 
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4. Conclusions 

The activated carbon charcoal from the banana stems 

was able to reduce the water hardness level significantly. 

By using simple equipment that can easily make and 

produced, it hoped that it could be applied to 

environments that have high levels of hardness in clean 

water. There is still a lot of agricultural waste that can 

become activated carbon which is useful in reducing 

pollution levels. Other studies still need to be carried out 

to obtain the best materials and processes for activated 

carbon. Making activated carbon is expected to produce a 

high surface area and can then be used in general. 
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