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ABSTRAK: Nitrogen, Fosfat, dan Kalium adalah elemen nutrisi penting yang terkandung 
dalam pupuk untuk tanaman tetapi kehadiran mereka di tanah dapat dengan mudah larut 
tercuci oleh air hujan. Biochar, berasal dari sekam beras dengan kemampuan menyerap tinggi, 
mungkin dapat digunakan untuk menghambat pelepasan nutrisi tersebut. Penelitian ini 
bertujuan untuk menyelidiki pengaruh ukuran biochar dan aktivasi kimia HCl. Biochar, yang 
telah dipirolisis, diayak dan disaring untuk mendapatkan bubuk dengan ukuran rata-rata setara 
dengan 0,2735 mm; 0,4485 mm; 0.725mm; dan 0,925 mm. Ukuran optimal biochar kemudian 
diaktifkan menggunakan HCl dengan konsentrasi 3%; 9%; dan 15%. Proses pencucian pupuk, 
yang bertujuan untuk meniru pencucian air hujan, dilakukan dengan menuangkan air setiap 
hari pada kolom pasir dengan adanya biochar jenuh dengan pupuk berwarna. Solusi yang 
diperoleh kemudian dianalisis menggunakan Spektrofotometer. Hasil penelitian menunjukkan 
bahwa perkiraan waktu rilis untuk kasus dengan tidak adanya biochar adalah 36 hari, berbeda 
dengan 55 hari untuk kasus dengan adanya biochar. 
Kata Kunci: biochar, spektrofotometer, aktivator kimia, pupuk lepas-lambat, pencucian 
 
ABSTRACT: Nitrogen, Phosphate, and Potassium are important nutritional elements 
contained in the fertilizers for plants but their presence in the soil could be easily wash out by 
rain water. Biochar, originated from rice husks with a high absorbance ability, might be able 
to be used to inhibit the release of those nutrients. This research aims to investigate the 
influence of biochar size and the HCl chemical activation. Biochar, which has been pyrolyzed, 
was ground and sieved to obtain powder with the size average equivalent to 0.2735 mm; 
0.4485 mm; 0.725mm; and 0.925 mm. The optimized biochar size were opted for later being 
activated using HCl with a concentration of 3%; 9%; and 15%. The leaching process of 
fertilizer, aiming to imitate the rain water washing, was performed by pouring water on a 
daily basis on a sand column with the presence of biochar saturated with colorized fertilizer. 
The obtained solution were then characterized using Spectrophotometer. The results show 
that the estimated release time for the case with the absence of biochar is 36 days, in contrast 
to 55 days for the case with the presence of biochar.  
Keywords: biochar, spectrophotometer, chemical activator, slow-release fertilizer, leaching 

 

 
1. Introduction 

 
Agricultural land conditions in Indonesia might be 
considered in on a poor health due to the excessive use of 
inorganic fertilizers, possibly. Damaging the soil structure. 
For such case, Zhong et al (2018) states that combining 
biochar with inorganic fertilizers can not only increase the 
efficiency of using inorganic fertilizers but also improve soil 
environment and encourage plant growth, which shows great 
significance for the development of our agriculture. Biochar 
is thermally decomposed charcoal by pyrolysis process in the 
absence of oxygen. It could be originated from the 
agricultural waste such as wood, rice husks, oil palm shells, 
cocoa pod husks and other wastes. (Grycová et al., 2016).  
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     Addition biochar to soil can affect physicochemical and 
biological processes such as adsorption and desorption, 
complexation/dissociation, oxidation/reduction and 
mobilization/immobilization that control mobility and 
availability of macro and micro nutrients for plants. (Glaser 
et al., 2015). Research from Ademiluyi (2012), activation of 
biochar material will affect specific surface area, pore 
structure, and surface chemical functional groups of 
specified porous carbon applications determined by acid 
pretreatment using HCl, H2SO4, and C2H4O2 results in a 
significant reduction in bioadsorption. Biochar, is indicated 
to be used to inhibit the release of these nutrients by means 
of the fertilizer washing process, which aims to mimic the 
washing of rain water. (Indarto and Hartanto, 2019). The 
washing of rain water is in principle a leaching process of 
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the fertilizer on biochar. Leaching process is defined as mass 
transfer of material into the solvent that initially penetrates 
the solid or get into the pore of the solid. One of factors that 
determines the value of mass transfer coefficient is the 
particle size. Value of mass transfer coefficient determine 
the speed of diffusion of a substance that is dissolved into a 
solvent.  
     The results of this research is expected not only to reduce 
the amount synthetic fertilizer used and wasted, so as to 
save operational costs but also to restore quality of 
agricultural land and improve environmental friendliness 
by slowing down the release of fertilizer saturated on a 
biochar. This research aims to investigate (1) the influence 
of rice husk biochar size by varying its average sizes of 
0,2735 mm; 0,4485 mm; 0,725mm; and 0,925 mm, and (2) 
the effect of chemical activation by using hydrochloric acid 
(HCl) with a concentration of 3%, 9%, 15%. 

2. Experimental Method 

2.1 Materials 
Sand size -18 mesh +50 mesh, timee for activation is 24 
hours at 110°C, adsorption process takes 4 hours and 6 hours 
without stirring, adsorption temperature.  
     The material used in this research is fertilizer containing 
blue dye. The rice husk biochar which is made from rice 
husk with sand supporting material of a certain size, 
hydrochloric acid (HCl) (3%;9%;15%), and aquades. 
 
2.2. Sample Preparation and Analysis 
2.2.1. Biochar Saturation 
Initially biochar was grounded and sieved to obtain the 
average size of 0.925; 0.725; 0.4485 and 0.2785 mm for 
investigating the influence of size. Saturation was performed 
in a beaker by means of soaking 2.5 gr of biochar in 3.2 gr 
of fertilizer for approximately 24 hours with the purpose of 
allowing fertilizer to saturate it. After a day, the saturated 
biochar was separated from the remaining fertilizer, if any. 
Similar procedure was done for the case of chemical 
activation, except for the used size of 0.725 mm and 
chemically activated using 3%; 9% and 15% of HCl. 
 
2.2.2. Leaching Process 
Prior to leaching process, a set up was prepared to imitate 
the rainfall washing. The set up consists of a PVC pipe with 
a dimension of 3 x 30 cm (diameter x height), installed 
vertically to a structure. Its top end was set open, while the 
other end was sealed with a wiremesh of 100 mesh, 
connected to a container. This leaching experiment was 
initially designed and reported by Chen et al., 2018. Inside 
the pipe, sand with the size range of +18 mesh to –50 mesh 
were inserted prior to putting the biochar to provide structure 
as such disallow small biochar particle to being wash out and 
block the mesh. 
     To simulate the rainfall, 100 ml of distilled water was 
added slowly every 24 hours. Fertilizer content in leach 
solution was measured by spectrophotometry with a 
wavelength 450 nm in absorbance value. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Experimental Procedure Flow Diagram of 
Leaching Process 

3. Result and Discussion 

3.1. Qualitative Assessment and Standard Curve for 
Quantitative Approach 

In this research, the analysis of the effect of rice husk biochar 
size and the influence of chemical activation on the release 
of fertilizer has been studied. The experiment consisted of 
two steps of processes which were the fertilizer saturation 
and leaching process. The goals were achieved by 
determining the amount of fertilizer with embedded colorant 
being released upon several sequential solvent washing 
processes during 16 days.  

Qualitative assessment on the water, used as the leaching 
solution for washing, has shown such difference in their 
color, as  presented in Figure 2. For instance, the “first day” 
leaching samples in the presence of biochar produced a 
lighter blue color as compared to the samples without 
biochar showing a darker blue. On the second and 
subsequent days, all leaching sample produced a clearer 
color after several washings. 

Aiming to provide further quantitative information, a 
standard curve was developed by plotting the absorbance 
data in y-axis against the concentration data represented as 
fertilizer/water volumetric ratio in x-axis, as shown in Figure 
3. In this sense, concentration data of released fertilizer in 
the leaching solution could be easily converted by utilizing 
this curve.  

 

To study the influence of biochar 
size 

Grinding and screening to 
0.925; 0.725; 0.4485 and 
0.2785 mm 

Biochar Saturation for 24 
hours by mixing 2.5 gr of 
biochar and 3.2 gr of fertilizer  

Leaching process by pouring 
water into set up every 24 
hours for 16 days 

Spectrophotometry with a 
wavelength of 450 nm 
through solution containing 
fertilizer 

Additional steps to conduct the 
effect of chemical activation 

 Select the size of 0.725 mm 

Chemical activation by 
mixing with 3, 9 or 15 % of 
HCl 

Wash and thermal 
treatment for carbonization 
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(b) 
 

Figure 2. Qualitative Assessment on the Leaching Solution 
on : a) the First Day (a) and (b) the 16th day 
 

 

 
 
Figure 3. Standard Curve, Presenting the Absorbance vs 
Concentration (Fertilizer : Distilled Water ratio)  
 
3.2. The Influence of Biochar Size 

Table 1 presents the absorbance data of leaching solution 
passing through various sizes of biochar, which are 0.925 
mm; 0.725 mm; 0.4485 mm and 0.2735 mm, and the sample 
without the presence of biochar. 
 
 

Tabel 1.  Absorbance Data of Solution Passing through 
Saturated Biochar on its Various Size for 16 Day 

 

Day 
Without 
Biochar 

0,925 
mm 

0,725 
mm 

0,4485 
mm 

0,2735 
mm 

1 0,318 0,134 0,156 0,0955 0,055 
2 0,166 0,096 0,054 0,051 0,038 
3 0,135 0,084 0,043 0,038 0,037 
4 0,040 0,041 0,038 0,037 0,035 
5 0,035 0,037 0,034 0,030 0,034 
6 0,030 0,033 0,028 0,027 0,031 
10 0,024 0,026 0,026 0,022 0,028 
13 0,017 0,026 0,025 0,024 0,027 
16 0,008 0,015 0,023 0,024 0,019 

 
After having the first washing, the presence of biochar 

with the size of 0,925 mm is able to inhibit the fertilizer 
release as much as 55,32% as compared to the sample 
without biochar. This percentage is obtained based on the 
fact that the absorbance is proportional to the concentration, 
hence such decrease could be directly observed. 
Additionally, similar trend of inhibiting the release of 
fertilizer is also shown in the case of biochar with the 
smallest size of 0,2735, showing as much as 82,71% 
referring to the same baseline. The reduction in size causes 
the surface area in biochar pores to become larger, as such is 
able to yield the higher pore volume to capture nutrients 
from inorganic fertilizers, or else, said to increase the ability 
of adsorption. This is in accordance with the discussion from 
(Fengfeng, 2015) which explains the biochar surface area is 
a key factor influencing adsorption capacity.  
     For biochar mass units, the smaller particle size, the 
greater surface area, and the clearer surface energy. Aiming 
to perceive better the evolution of desorption of the released 
nutrients, the converted absorbance data was plotted against 
time. Figure 4 shows the evolution of fertilizer concentration 
in the solution passing through saturated biochar on its 
various size for 16 day. It could be observed that the 
desorption is severe in the absence of biochar. However, the 
amount of fertilizer release slowed down over the time for 
all the cases, as shown by negative linear fitting line slope in 
logarithmic plotting. Smaller size of biochar tended to hold 
better the fertilizer than that of the one with the bigger size, 
as indicated by the degree of inclination. 

The adsorption and desorption rate also depends on the 
surface area, the smaller the particles, the greater surface 
area will be, to cause the dispersion pathway to become 
narrow. Biochar adsorption capacity is not only related to the 
specific surface area, but also the pore volume, and pore size 
distribution (Li et al., 2008). However, raw biochar material 
(without further treatment) has limited capacity to absorb 
pollutants due to less pore space (Tan et al., 2016). Based on 
this result, grounding the biochar, associated with providing 
more surface pore and volume,  have shown positive result 
in holding the release of fertilizer. Additionally, chemical 
treatment might also be seen as an effective method for the 
same purpose of increasing the capacity. 
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Figure 4. The Evolution of Fertilizer Concentration in the 
Solution Passing through Saturated Biochar on its Various 
Size for 16 Day. 

 
3.3. The Effect of Chemical Activation and its 

Concentration 
Chemical activation, where char is treated with chemicals, is 
the most common method for modifying surface functional 
groups, although the mechanism is not well understood. 
During this process, chemical agents dehydrate the sample, 
inhibit the formation of tar and volatile evolution 
compounds, and therefore increase the yield of the 
carbonization process. El-Hendawy 2009 said that the 
distribution of chemical agents in biochar before 
carbonization plays a key role in the development of porosity 
and functionality of the final product. Thermal treatment of 
the char functional group at high temperatures, fully 
carbonized organic matter, results in the formation of new 
nanopores, and a subsequent increase in surface area (Nair 
and Vinu 2016). 

Table 2 presents absorbance data of solution passing 
through saturated biochar previously treated by chemical 
activation of 3, 9 and 15 % of HCl. It is indeed there are 
differences between activated carbon prepared by various 
activation agents as well (Liqing Li, 2017). 

 
Table 2. Absorbance Data of Solution Passing through 
Saturated Biochar Previously Treated by Chemical 
Activation of 3, 9 and 15 % of HCl 

Day 
Without 
Biochar 

Physical 
activation 

Chemical activation 
HCl 
3% 

HCl 
9% 

HCl 
15% 

1 0,318 0,156 0,059 0,032 0,043 
2 0,166 0,054 0,025 0,029 0,039 
3 0,135 0,043 0,022 0,025 0,020 
4 0,040 0,038 0,027 0,021 0,022 
5 0,035 0,034 0,030 0,027 0,028 
6 0,030 0,028 0,028 0,032 0,030 

10 0,024 0,026 0,023 0,021 0,026 
13 0,017 0,025 0,021 0,019 0,025 
16 0,008 0,023 0,014 0,028 0,023 

 
Biochar activated by HCl can inhibit fertilizer release, 

and obviously better perform than biochar without HCl 
activator or said merely being physically activated by heat. 
In the absence of biochar, the measured concentration on the 
first day is 4,354% in total volume. Whilst, the one with 

activators results a concentration of 1,616% which is better 
than the physically activated biochar with 2,642%. Once 
activated, the chemical activators causes free radical 
interactions on the surface of carbon with atoms such as 
oxygen and nitrogen. Such that, activation with HCl is able 
to make biochar to release the attached component slower. 
According to Peiyua et al., 2016, HCl make the surface 
functional groups of chemically activated carbon reactive 
and affect the adsorption properties. The stronger the 
oxidizing acid, the more oxygen acid groups are on the 
surface of the biochar, which increases the hydrophilicity 
and carbon cation exchange capacity. 
 

 
 
Figure 5.  The Evolution of Fertilizer Concentration in the 
Solution Passing through Saturated Biochar Previously 
Treated by Chemical Activation of 3, 9 and 15 % of HCl 
 

The data in Table 2 is converted into a logarithmic scale 
of concentration vs time, shown in Figure 5. Based on this 
figure, it is presented the slope with negative value is smaller 
for the case of biochar with chemical activation. This is also 
in accordance with results shown by Sizmur et al., 2017 
where it explain that acid treatment provides a more 
oxygenated functional group on the surface of biochar and 
increases the potential of biochar to chemically bind 
positively charged compounds through specific adsorption. 
Chemical modification of biochar can increase the ability to 
absorb compounds by creating additional and abundant 
absorption sites in increased surface areas, making biochar 
surfaces more conducive to electrostatic attraction, surface 
complexation, and / or surface precipitation, and allows 
greater absorption affinity through greater interaction strong 
and strong with certain surface functional groups (Chen et 
al., 2019) 

 
3.4. Prediction of the release duration 
The prediction could be achieved by fitting the data shown 
in Figure 4 and 5 to the equation. Referring to the curvature 
in the linear axis form, fitting process applied y = a exp-bx 
equation, in which the fitting parameters data are shown in 
Table 3. Once the fitting parameters obtained, the data were 
used to estimate the day of which the leaching solution do 
not contain any fertilizer anymore, or said to be having 
nearly zero concentration in y axis. 



 
Eksergi, Vol 17, No. 2. 2020 
ISSN: 1410-394X 

 

77 
 

Table 3. Fitting Parameter of the evolution of concentration 
of leaching solution with time (in days) or the number of 
washing cycles. 
 

Sample a b r2 
x 

(Days) 
Without 
Biochar 

0,1833 -0,206 0,8146 36,47 

Influence of biochar size 
0,925 mm 0,0992 -0,124 0,811 55,64 
0,725 mm 0,0681 -0,085 0,5529 76,75 
0,4485 mm 0,0548 -0,069 0,5895 91,39 
0,2735 mm 0,0459 -0,051 0,8495 120,18 

Effect of chemical activation and its concentration 
HCl 3% 0,725 
mm 

0,037 -0,055 0,5481 107,52 

HCl 9% 0,725 
mm 

0,0282 -0,015 0,1594 376,13 

HCl 15% 0,725 
mm 

0,0321 -0,023 0,2158 232,48 

 
     Based on the estimated release duration, it is obvious that 
the use of biochar physically or chemically activated can 
hold better the fertilizer after sequential washing. While 
studying the influence of size, biochar at 0.2735 mm is 
estimated to be able to release the fertilizer with the longest 
duration, up to 120 days. As such, the influence of biochar 
size seems to play role, where the smaller the biochar, the 
longer the release duration. The chemical activation also 
seem to exhibit further the slower release mechanism, 
despite the requirement of some more data replication. 
Additionally, it has to be noted that the slower the release 
rate means the smaller quantity of nutrients being release 
over the time of investigation and does not necessarily in line 
with the plant nutrient requirement. Further investigation is 
required to validate the efficacy of such methods. 

4. Conclusion 

This investigation aims to study the influence of rice husk 
biochar size and the effect chemical activation on the release 
of fertilizer. Based on the analysis result, it can be reported 
that the presence of biochar is able to inhibit the dissolution 
of fertilizers. Moreover, this has been shown that both 
physical (by means of thermal involvement) and chemical 
activation play role for such purpose. Smaller size of biochar 
tends to positively affect the slow release process, due to the 
greater approximated pore surface area and volume 
extension. Such phenomenon is supported by previously 
shown data where smaller degree of inclination (in 
logarithmic axis) is shown for smaller size biochar. The use 
HCl as chemical agent to chemically activate biochar also 
exhibit positive results as shown by the longer estimated 
release duration than any other treatments applied upon this 
investigation. 
     Therefore, this research project is able to turn biochar, 
initially considered as agricultural waste, into a potential 
product. The addition of biochar as a medium to delay the 
release of fertilizer has been shown to reduce the rate of 

nutrient release through the observed absorbance data. The 
addition of chemical activators in biochar is better at holding 
the release of fertilizer compared to biochar, only activated 
by physical means. 
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