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 Acacia bark powder (Acacia crassicarpa) is a biomass containing cellulose 
compounds as active sites for adsorption. This study aims to optimise the 
adsorption parameters of Rhodamine B by acacia bark powder. The method 
used in this study is batch adsorption. The adsorbent is prepared in powder 
form with a particle size of 100–200 mesh. SEM-EDS characterisation results 
showed a porous surface morphology of the adsorbent, dominated by carbon 
(C) and oxygen (O) elements. BET analysis revealed a specific surface area of 
0.460 m²/g, pore volume of 4.361×10⁻³ cc/g, and pore diameter of 379.008 Å. 
FTIR results indicated the presence of functional groups N-H, -OH, C-H, 
C=O, C=C, and C-O. Optimal adsorption conditions were obtained at an 
adsorbent dose of 0.5 g, pH 2, contact time of 50 minutes, stirring speed of 
200 rpm, adsorbate concentration of 40 mg/L, and temperature of 50°C, with 
an adsorption efficiency of 99.04% and adsorption capacity of 3.9326 mg/g. 
The results of this study indicate that Acacia crassicarpa bark powder has 
good performance in adsorbing Rhodamine B dye. 
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Introduction 
          Acacia bark (Acacia crassicarpa) can be 
used as an adsorbent to absorb dyes because it 
has lignin and cellulose content, where the 
cellulose content of this bark reaches 50% [1] 
that have the potential to bind adsorbate like 
dyes [2]. Availability of bark Acacia crassicarpa 
quite abundant, especially in the industrial 
environment Pulp and paper. This acacia bark is 
a by-product of industrial raw materials Pulp 
and paper that is widely used as fuel, wood 
adhesive and handicrafts [3]. A new aspect of 
this research is the use of acacia bark adsorbent 
in raw material form because it is 
environmentally friendly, easily obtained, cost-
efficient, and easy to use in the adsorption 
process. Based on its chemical composition and 

abundance, acacia bark (Acacia crassicarpa) has 
the potential to be used as an adsorbent in the 
adsorption process. 

Rhodamine B including one of the dye waste 
produced by the textile industry. Its existence 
that exceeds the threshold and is difficult to 
degrade naturally in waters makes this dye 
harmful to living beings and the environment. 
Number of concentration thresholds Rhodamine 
B What is allowed in the waters is about 5–10 
mg/L [4]. Rhodamine B including cationic dyes 
that have N-ethyl groups on both sides of the 
ring so that they are toxic and carcinogenic [5]. 
Rhodamine B may cause irritation of the skin, 
eyes and respiratory tract disorders in humans 
[6]. Therefore, it is necessary to carry out further 
handling to reduce the pollution of dye waste 
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Rodhamine B Ini. 
The adsorption method is known to be one 

of the effective methods for removing color in 
dye waste, due to its simple method and low 
cost [7]. Adsorption is influenced by several 
factors, including adsorbent dose, solution pH, 
contact time, stirring speed, adsorbate 
concentration and temperature. Increased 
adsorbent dosage is positively correlated with 
the efficiency and performance of dye removal. 
The pH value affects the activity of the 
functional group in the adsorbent, the surface 
charge and the surface properties of the 
adsorbent and adsorbate [8]. Contact time 
optimization is used to determine the optimum 
stirring time during the adsorption process, so 
that the adsorbent can latch the adsorbate to the 
maximum [9]. The stirring speed plays an 
important role in increasing the adsorption rate, 
as it helps to spread the adsorbents evenly in the 
solution and magnifies the adsorbate molecular 
interactions [10]. Adsorbate concentration 
optimization is important to determine the 
capacity of adsorbents to absorb various 
adsorbite concentrations [11]. Temperature 
plays an important role in the adsorption 
process because it affects the kinetic energy of 
the adsorbate molecule and the interaction 
between the adsorbate and the adsorbent [12].   

Previous research has used several 
adsorbents such as bark Neem Wood 
(Azadirachta indica), jatoba bark and durian bark 
in adsorbing dyes Rhodamine B and optimum 
conditions were obtained at an adsorbent dose 
of 0.1 g, pH 6, contact time of 60 minutes, 
stirring speed of 200 rpm, adsorbate 
concentration of 30 mg/L and temperature 50°C 
[12], [13], [14]. 

The research characteristics of Acacia 
crassicarpa bark powder adsorbent against the dye 
Rhodamine B were analyzed using Fourier 
Transformed Infrared (FTIR), Scanning Electron 
Microscopy – Energy Dispersive X-Ray 
Spectroscopy (SEM-EDS) and Brunauer-Emmett-
Teller (BET). 

Materials and Methods 
Tools and materials  

The tools used in this study are choppers, 
grinders, 100 and 200 mesh sieve sieve analyses, 
oven (Stericell), analytical scales (Kern ABJ-

NM/ABS-N), spray bottles, stirring rods, 
spatulas, pH meters (Hanna), hotplates (Corning 
PC-420D), magnetic stirrer (IKA C-MAG MS10), 
centrifuge (IEC Centra CL2), Scanning Electron 
Microscopy-Energy Dispersive X-Ray Spectroscopy 
(SEM-EDS) (JEOL JBM-6510LA), Brunauer-
Emmet-Teller (BET) (Quantachrome 
Quadrasorb-Evo), Fourier Transform Infra-Red 
(FTIR) Spectroscopy (IR Prestige-21, 
Shimadzu),  UV-Vis Spectrophotometer 
(Agilent Cary 60 UV-Visible 
Spectrophotometer) and other laboratory 
glassware equipment according to working 
procedures. 

The materials used in this study include 
Rhodamine B powder (C28H31N2O3Cl), acacia 
bark (Acacia crassicarpa) samples taken from PT 
RAPP's Industrial Park Forest (HTI), sodium 
chloride (NaCl), sodium hydroxide (NaOH), 
hydrochloric acid (HCl), ethanol (C2H6O), aqua 
demineralized (H2O), aquadest (H2O) and 
aluminum foil. 

Method 
Adsorbent preparation 

Samples of acacia bark  
(Acacia crassicarpa) adsorbents from RAPP's 
Industrial Park Forest (HTI) were taken and 
cleaned by washing, then cut into small pieces 
and dried in the sun until the acacia bark dried. 
The sample is crushed using a grinder so that a 
fine powder is obtained. The obtained powder 
is dried in the oven for ± 2 days. Dried acacia 
bark powder is sifted using a sieve with a 
particle size of 200< x <100 mesh. Samples are 
stored inside plastic zippers. 

Characterization of adsorbents 
Samples of acacia bark  

powder (Acacia crassicarpa) before and after 
adsorption were characterized using Fourrier 
Transform Infrared (FTIR) to determine the 
functional group of the adsorbent, Scanning 
Electron Microscope - Energy Dispersive X-ray 
Spectroscopy (SEM-EDS) was used to determine 
the surface morphology and chemical element 
composition of the adsorbent and also 
characterized before adsorption using the 
Brunnauer-Emmett-Teller (BET) to determine the 
pore surface area of the adsorbent. 
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Adsorbent dose optimization 
The Rhodamine B  solution is prepared at a 

concentration of 30 mg/L and the pH of the 
solution is set at pH 6 as much as 50 mL. 
Adsorbents with a dose variation of 0.1; 0.25; 
0.5; 0.75 and 1 g are added to each solution. The 
mixture is stirred using a magnetic stirrer for 60 
minutes at a stirring speed of 150 rpm at room 
temperature. The mixture is centrifuged for 15 
minutes at a speed of 3500 rpm. Supernatant is 
taken and its absorbance measured using a UV-
Vis spectrophotometer at the optimal 
wavelength. The adsorption efficiency  of 
Rhodamine B in the solution and the adsorption 
capacity at equilibrium are calculated using 
Equation 1 and Equation 2: 
Efisiensi	adsorpsi	(%) = !!"!"

!!
× 100%  ............ (1) 

𝑞# =
(Ϲ&	"	Ϲ()		×	+

,
  ………………………………..(2) 

Information: 
qe = Adsorption capacity (mg/g) 
Co = Initial concentration of adsorbate (mg/L) 
Ce = Adsorbate end concentration (mg/L) 
V = Solution volume (L) 
m = Adsorbent mass (g) 

Solution pH optimization 
The Rhodamine B  solution is prepared at a 

concentration of 30 mg/L as much as 50 mL and 
the pH of the solution is regulated at pH 
variations of 2, 4, 6, 8 and 10 with the addition 
of NaOH 0.1 M and HCl 0.1 M solutions. The 
mixture is stirred using a magnetic stirrer for 60 
minutes at a stirring speed of 150 rpm at room 
temperature. The mixture is centrifuged for 15 
minutes at a speed of 3500 rpm. Supernatant is 
measured for absorbance using a UV-Vis 
spectrophotometer at the optimal wavelength.  
The adsorption efficiency  of Rhodamine B in the 
solution and the adsorption capacity at 
equilibrium are calculated using Equation 1 
and Equation 2. 

Determination of pHPZC 
A solution of NaCl 0.1 M is prepared as 

much as 50 mL and the pH of the solution is 
regulated at pH 2, 4, 6, 8 and 10 using HCl 0.1 M 
and NaOH 0.1 M. Adsorbents are added as 
much as the optimal dose of 0.5 g to each 
solution. The mixture is stirred using a magnetic 
stirrer for 60 minutes at a stirring speed of 150 

rpm. The mixture is left to sit for 24 hours then 
the final pH value is measured. The results of 
the measurements obtained made a relationship 
curve between the initial pH as the x-axis and 
the ∆pH (early-final pH) as the y-axis.  

Contact time optimization 
Rhodamine B solution is prepared at a 

concentration of 30 mg/L and an optimal pH 2 
of 50 mL. The adsorbent is inserted into each 
solution at an optimum dose of 0.5 g. The 
mixture is stirred using a magnetic stirrer with a 
variation of contact time of 30, 40, 50, 60 and 70 
minutes with a stirring speed of 150 rpm at 
room temperature. The mixture is centrifuged 
for 15 minutes at a speed of 3500 rpm. 
Supernatant is measured for absorbance using a 
UV-Vis spectrophotometer at the optimal 
wavelength. The adsorption efficiency  of 
Rhodamine B in the solution and the adsorption 
capacity at equilibrium are calculated using 
Equation 1 and Equation 2. 

Optimization of stirring speed 
Rhodamine B solution is prepared at a 

concentration of 30 mg/L and an optimal pH 2 
of 50 mL. Adsorbents are added to each solution 
for an optimal dose of 0.5 g. The mixture is 
stirred using a magnetic stirrer for 50 minutes 
with a variation of stirring speed of 100, 150, 
200, 250 and 300 rpm at room temperature. The 
mixture is centrifuged for 15 minutes at a speed 
of 3500 rpm. Supernatant is measured for 
absorbance using a UV-Vis spectrophotometer 
at the optimal wavelength. The adsorption 
efficiency  of Rhodamine B in the solution and the 
adsorption capacity at equilibrium are 
calculated using Equation 1 and Equation 2. 

 

Adsorbate concentration optimization 
Rhodamine B solution is prepared at 

concentration variations of 10, 20, 30, 40, and 50 
mg/L and an optimal pH 2 of 50 mL. An 
adsorbent of an optimal dose of 0.5 g is added 
to each solution. The mixture is stirred using a 
magnetic stirrer for an optimum contact time of 
50 minutes with an optimum stirring speed of 
200 rpm at room temperature. The mixture is 
centrifuged for 15 minutes at a speed of 3500 
rpm. Supernate is taken and its absorbance is 
measured using a UV-Vis spectrophotometer at 
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the optimal wavelength. The adsorption 
efficiency  of Rhodamine B in the solution and the 
adsorption capacity at equilibrium are 
calculated using Equation 1 and Equation 2. 

Temperature optimization 
Rhodamine B solution is prepared at an 

optimal concentration of 40 mg/L and at an 
optimal pH of 2 of 50 mL. Adsorbents are added 
to each solution at an optimal dose of0.5 g. The 
mixture is stirred using a magnetic stirrer for  an 
optimum contact time of 50 minutes with an 
optimum stirring speed  of 200 rpm at 
temperature variations of 30, 40 and 50°C. The 
mixture is centrifuged for 15 minutes at a speed 
of 3500 rpm. Supernatant is measured for 
absorbance using a UV-Vis spectrophotometer 
at the optimal wavelength. The adsorption 
efficiency  of Rhodamine B in the solution and the 
adsorption capacity at equilibrium are 
calculated using Equation 1 and Equation 2. 

Results and Discussion  
Characterization of SEM-EDS 

Surface morphological analysis of acacia 
bark powder (Acacia crassicarpa) before and after 
adsorption was analyzed using the Scanning 
Electron Microscope (SEM) instrument at 5,000x 
magnification can be seen in Figures 1 (a) and 1 
(b). 

Figure 1 (a) shows the surface shape of 
acacia bark powder before adsorption at 5,000x 
magnification. The surface morphology of the 
adsorbent before adsorption has open or hollow 
pores that will later become the place where the 
adsorbate is bound. The surface of acacia bark 
powder before adsorption appears relatively 
rough, this is a picture of the typical texture of 
woody plant fibers [14]. Figure 1 (b) Showing 
the surface shape of acacia bark powder after 
adsorption, it can be seen that the previously 
open and still empty adsorbent pores have been 

filled and covered by dyes Rhodamine B who 
were seduced. This shows that the adsorption 
process has indeed occurred in this study. 

Analysis of the chemical element 
composition of acacia bark powder (Acacia 
crassicarpa) before and after adsorption was 
analyzed using EDS instruments. EDS spectrum 
results can be seen in Figures 2 (a) and 2 (b).  

Figure 2 (a) shows the EDS spectrum of 
acacia bark powder before adsorption, where 
acacia bark powder contains mostly carbon (C) 
and oxygen (O) elements that indicate the 
cellulose contained in the adsorbent. The 
elements Na, Mg, Al, Ca, K and Fe are found in 
small amounts in adsorbents, because these 
elements are soil nutrients that can be absorbed 
by plants. Therefore, the presence of such 
elements in the bark is the result of natural 
biological processes [15].  

Figure 2 (b) showed the spectrum of EDS 
of acacia bark powder after adsorption, where 
an increase in the composition of element C can 
be seen indicating that the dye Rhodamine B has 
been adsorbed, since most of the dyes 
Rhodamine B also consists of element C so as to 
increase the total number of element C after 
adsorption. The mineral elements Na, Mg, Al, 
Ca, K and Fe after adsorption are no longer 
detected, due to the exchange of ions between 
cations of the Rhodamine B with mineral ions on 
the adsorbent having the same charge, so that 

(a) (b) 

Figure 2. Surface morphology of adsorbents at 
5,000x magnification (a) before 
adsorption and (b) after adsorption 

(a) 

(b) 

Figure 1. EDS spectrum (a) acacia bark 
powder before adsorption (b) 
acacia bark powder after 
adsorption 
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these mineral ions are detached from the 
adsorbent surface and their intensity is lost in 
EDS analysis after adsorption [16]. The 
appearance of Cu and Zn elements in the EDS 
spectrum after adsorption is due to electrostatic 
interactions between Cu2+ and Zn2+ ions in the 
adsorbent with Cl ions- and COO- from 
Rhodamine B during adsorption [17]. 
 
BET Characterization 

Analysis of surface area, volume and pore 
diameter of acacia bark powder adsorbent 
(Acacia crassicarpa) was analyzed using the BET 
instrument which can be seen in   Table 2. 

Table 1. The results of the analysis of the surface 
area, volume, and pore diameter of 
acacia bark powder adsorbents 
(Acacia crassicarpa) 

Surface area and pore volume of adsorbent 
are 0.460 m2/g and 4.361×10, respectively-3 cc/g, 
the value is relatively small due to the use of 
adsorbents in the form of Raw material without 
activation either physically or chemically. The 
average diameter of the pore of an adsorbent is 
379.008 Å or equivalent to 37.9008 nm which is 
included in the size of mesopori, because 
according to IUPAC materials classified as 
mesopories have a diameter between 2 to 50 nm. 
The mesopory structure provides a large 
enough space that allows adsorbate molecules 
to easily diffuse into the adsorbent pores and 
improves adsorption efficiency [18]. 

FTIR Characterization 
The analysis of the functional clusters of 

acacia bark powder (Acacia crassicarpa) before 
and after adsorption was analyzed using the 
Fourier Transformed Infrared (FTIR) instrument 
which can be seen in Figure 3. 

 
Figure 3. Spectrum FTIR of acacia bark powder 

(Acacia crassicarpa) before and after 
adsorption 

Peak absorption at wave number 3574.25 – 
3605.11  cm-1 shows the presence of a functional 
group of N-H amines both derived from organic 
compounds in acacia bark and from amine 
groups in dyes Rhodamine B after adsorption 
[19]. Peak at wave number 3284.57 – 3275.27  
cm-1 indicates the presence of -OH vibrations or 
hydroxyl groups of alcohols, phenols and 
carboxylic acids found in acacia bark adsorbents 
or dyes Rhodamine B [20]. Absorption at wave 
number 2917.46 – 2903.96  cm-1 arises from the 
presence of many organic compounds in the 
biomass of acacia bark, such as lignin cellulose 
and hemicellulose, which are rich in aliphatic 
alkyl and methylene (CH2) group and 
represents the C-H bond stretch vibration [14].  

The peak that appears at wave number 
1743.72 – 1736.01 indicates the vibration of the 
C=O bond or carbonyl group of carboxylic acid 
compounds, aldehydes, ketones and esters 
cm-1[21]. The peak of the wave number 1617.38 
-1457.28 indicates the presence of a C=C bond in 
the aromatic ring of the compound found in 
both adsorbents and adsorbates. cm-1[22]. The 
peaks that appear at wave numbers 1077.29 – 
1042.57 indicate the presence of C-O bond 
vibrations from ester groups, alcohols, ethers, 
carboxylic acids and phenols cm-1[23]. 
Adsorbent dose optimization 

The effect of adsorbent dose on the 
adsorption  of Rhodamine B  dye was obtained 
with an optimal adsorbent dose of 0.5 g with an 
adsorption efficiency of 95.65% and an 
adsorption capacity of 2.8728 mg/g as shown in 

Surface Area 
(m2/g) 

Pore 
Volume 

(cc/g) 

Average  
Pore 

diameter (Å) 
0.460 4.361 × 10-3 3.790 × 10- 
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Figure 4. 

 
Figure 4. Graph of the relationship between 

adsorbent dose and adsorption 
efficiency and adsorption capacity 
Rhodamine B 

Dose optimization of acacia bark powder 
adsorbents (Acacia crassicarpa) in absorbing dyes 
Rhodamine B studied at a dose variation of 0.1; 
0.25; 0.5; 0.75 and 1 g. Figure 4 showed an 
increase in the dose of adsorbents from 0.1 g to 
0.5 g, so that the adsorption efficiency also 
increased from 83.86% to 95.65%. This is due to 
the increase in the dose of the adsorbent, the 
surface area will also increase, so that the active 
side of the adsorbent will also increase to bind 
the adsorbate which causes the adsorption 
efficiency to increase. However, after reaching 
optimum as the adsorbent dose increases from 
0.5 g to 1 g, it decreases the adsorption efficiency 
from 95.65% to 93.86%. This is because a larger 
dose of adsorbent will cause overlap or 
aggregation of the adsorption site resulting in a 
decrease in the total surface area of the 
adsorbent and the adsorption efficiency [24].  

Adsorption capacity decreases further as 
the adsorbent dose increases as shown in Figure 
4. The adsorption capacity decreased from 
2.8728 mg/g to 1.4096 mg/g as the adsorbent 
dose increased. This decrease in adsorption 
capacity is caused by The mass factor of the 
adsorbent is inversely proportional to the 
adsorption capacity [25]. Thus, the adsorption 
capacity per gram decreases due to too many 
adsorbents and too many active sites for the 
number of adsorbents available, so the number 
of adsorbate bound in each gram of adsorbent 
becomes less.  

 
Solution pH optimization 

The study of the effect of pH of Rhodamine 
B dye solution  in adsorption obtained the best 
pH at pH 2 with an adsorption efficiency of 

98.39% and an adsorption capacity of 2.9500 
mg/g shown in Figure 5. 

 
Figure 5. Graph of the relationship between the 

pH of the solution and the 
adsorption efficiency and 
adsorption capacity Rhodamine B 

pH optimization is studied at pH 2, 4, 6, 8 
and 10. In general, in electrostatic interactions, 
the increase in adsorption efficiency occurs at a 
higher pH or alkaline pH because Rhodamine B 
is a cationic dye. However, in this study, the 
increase in adsorption efficiency occurred at a 
lower pH or acidic pH. This can be explained by 
the presence of a change in the shape  of the 
Rhodamine B  molecule which depends on the pH 
of the solution. 

Molecular shape changes Rhodamine B is 
influenced by the pKa value of the dye, where 
the pKa value Rhodamine B is 3.7 [26]. If the pH 
of the solution is lower than the pKa value, then 
the molecule Rhodamine B has a cationic form as 
shown in Figure 6(a). However, if the pH of the 
solution is greater than the pKa value, then the 
aromatic carboxyl group will be deprotonated 
and negatively charged, resulting in a molecular 
shape known as Whitening ions such as in 

Figure 6(b) [27]. 
 

The adsorption efficiency is highest at pH 
2 because at that pH it is pH below the pKa 
value so that the molecule Rhodamine B cationic 
in form. The shape is a monomer Rhodamine B 
which has a molecular size of 1.8 nm so that it 
can easily penetrate the porous structure of the 
adsorbent. In addition, at a pH higher than pKa, 

Picture 6. Molecular structure Rhodamine B  
(a) cationik (b) zwitter ion 

 

!
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namely at pH 4, 6, 8 and 10, Rhodamine B 
deformed into Whitening ion. This shape 
increases the aggregation of dyes which leads to 
the formation of larger dye molecules making it 
harder to enter the pores of the adsorbent and 
reducing the efficiency of adsorption [28]. The 
adsorption capacity also decreased as the pH of 
the solution increased, from 2.9500 mg/g to 
2.8299 mg/g. It is also caused by changes in the 
shape of molecules Rhodamine B which depends 
on the pH of the solution. 

Determination of pHPZC 

         The pH value of acacia bark powder 
(Acacia crassicarpa) was determined by the pH 
variation of the NaCl solution of 0.1 M at pH 2, 
4, 6, 8 and 10. The pH pHPZC acacia bark  
powder (Acacia crassicarpa) is at pH 4.3. A graph 
of the relationship between the initial pH and 
the ∆pH (early pH-final pH) as well as the 
pHpzc point is shown in Figure 7. 

 
Figure 7. Graph of pHpzc value adsorbent of 

acacia bark powder (Acacia 
crassicarpa) 

Determination of pHpzc It is carried out to 
obtain a pH condition that makes the surface of 
the adsorbent neutrally charged. If the pH of the 
solution > pHpzc then the surface of the 
adsorbent will be negatively charged and vice 
versa if the pH of the solution is < pHpzc then the 
surface of the adsorbent will be positively 
charged [29]. pH valuepzc of adsorbents) in this 
study is 4.3.  

  Based on the general concept of pHpzc 

Adsorption Rhodamine B will be more beneficial 
at a higher pHpzc, which is above pHpzc 4.3 
because at that pH the adsorbent will be 
negatively charged, causing electrostatic 
interaction with dyes Rhodamine B which are 
cationic or positively charged. However, the 
results of this study are not in accordance with 
the concept of pHpzc where more favorable 

adsorption occurs at low pH or below pHpzc. 
This indicates that the pH is below the pHpzc as 
in optimum pH 2 there is a possibility of other 
interactions such as hydrogen bonds, 
hydrophobic-hydrophobic interactions or π-π 
interactions and van der Waals forces that are 
more dominant than electrostatic interactions 
[28], [30].  

Several interactions can occur between 
Rhodamine B with active groups in acacia bark 
powder adsorbents including hydrogen bonds, 
electrostatic interactions and π-π (hydrophobic-
hydrophobic) interactions or van der Waals 
forces [29]. Hydrogen bonding occurs when the 
hydrogen atom of a molecule bonds with more 
electronegative elements such as oxygen and 
nitrogen present in other molecules. 
Electrostatic interactions occur between N+ ions 
in molecules Rhodamine B with negatively 
charged adsorbent groups such as COO-groups. 
The π-π interactions occur in benzene rings 
Rhodamine B with a benzene ring present in the 
adsorbent of acacia bark powder which causes 
the van der Waals style.  

Contact time optimization 
The effect of the variation in the adsorption 

contact time of Rhodamine B dye was obtained 
with an optimal contact time of 50 minutes with 
an adsorption efficiency of 98.37% and an 
adsorption capacity of 2.9478 mg/g as shown in 
Figure 8. 

Figure 8. Graph of the relationship between 
contact time and adsorption 
efficiency and adsorption capacity 
of Rhodamine B  

  

Effect of contact time on adsorption 
Rhodamine B Using acacia bark powder 
adsorbent (Acacia crassicarpa) was studied at a 
variation of contact time of 30, 40, 50, 60 and 70 
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minutes. The efficiency and adsorption capacity 
increase at 30 minutes to 50 minutes, but at 60 
and 70 minutes efficiency and capacity 
decrease, as shown in Figure 8. The longer the 
contact time, the more adsorbate is adsorbed. 
This is because more adsorbent particles come 
into contact with the adsorbate, so that many 
adsorbs are bound in the pores of the adsorbent 
particles. However, if the contact time lasts too 
long, the number of active surfaces available in 
the adsorbent will be reduced, resulting in the 
efficiency and capacity of the adsorbent in 
adsorbing the dye molecules Rhodamine B 
Decreased[31]. 

The optimal contact time reached at 50 
minutes indicates that the equilibrium of the 
reaction has been achieved and the maximum 
adsorption process is experienced, where the 
adsorption time is less than 50 minutes there are 
still many active sites from the adsorbent that 
have not bound to the dye Rhodamine B So that 
there is an increase in efficiency and adsorption 
capacity. Meanwhile, adsorption of more than 
50 minutes does not increase in efficiency and 
adsorption capacity because the active site of 
the adsorbent has been met by dyes Rhodamine 
B and has reached a saturated state. Saturation 
condition is achieved when the adsorbent is no 
longer able to absorb the adsorbate [32]. 

Optimization of stirring speed 
The effect of the adsorption stirring speed 

of Rhodamine B dye was obtained at 200 rpm 
with an adsorption efficiency of 98.78% and an 
adsorption capacity of 2.9564 mg/g as shown in 
Figure 9. 

Figure 9. Graph of the relationship between 
stirring speed and adsorption efficiency and 
adsorption capacity of Rhodamine B 

Variation in stirring speed in dye 
adsorption Rhodamine B It is studied with 
stirring speeds of 100, 150, 200, 250 and 300 rpm. 
By Figure 9, optimum stirring speed at 200 rpm 

with an adsorption efficiency of 98.78% and an 
adsorption capacity of 2.9564 mg/g. If the 
stirring speed rate is too slow, then the 
adsorption process runs slowly so that the 
interaction and distribution of adsorbate in the 
adsorbent is not optimal [10]. 

The efficiency and adsorption capacity 
increase with the increase in stirring speed from 
100 to 200 rpm. The greater the stirring speed, 
the greater the capacity and efficiency of 
adsorption, this is because the fast stirring rate 
causes greater contact between the adsorbate 
and the adsorbent, so that the adsorbent 
adsorbent can work optimally. However, at 
stirring speeds that are too high at 250 to 300 
rpm, there is a decrease in efficiency and 
adsorption capacity, this is because the stirring 
speed affects the adsorbent structure so that the 
adsorption process is less than optimal. 
Molecule Rhodamine B adsorbent pores can be 
released again due to high stirring speeds. After 
reaching the equilibrium point, the increase in 
stirring speed no longer increases the efficiency 
and adsorption capacity [33].  

Adsorbate Concentration Optimization 
The study on the effect of the adsorbate 

concentration of Rhodamine B  dye obtained an 
optimal adsorbate concentration of 40 mg/L 
with an adsorption efficiency of 98.42% and an 
adsorption capacity of 3.9358 mg/g as shown in 
Figure 10. 

 
Figure 10. Graph of the relationship between 

the concentration of the 
adsorbate and the adsorption 
efficiency and the adsorption 
capacity  of Rhodamine B 

Adsorbate concentration optimization was 
studied at concentration variations of 10, 20, 30, 
40 and 50 mg/L. Based on the data presented in 
Figure 10, the optimal adsorbate concentration 
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is 40 mg/L with an adsorption efficiency of 
98.42% and an adsorption capacity of 3.9358 
mg/g. A graph of the relationship between 
adsorbate concentration and adsorption 
efficiency and capacity can be seen in Figure 10. 

The adsorption efficiency increased from 
10 to 40 mg/L, from 95.93% to 98.42%. This 
increase in adsorption efficiency is due to the 
greater the concentration of adsorbate in the 
solution the greater the number of adsorbate 
molecules available and can be absorbed by the 
adsorbent surface [34]. After reaching the 
optimum concentration at 40 mg/L, the addition 
of a higher concentration at 50 mg/L led to a 
decrease in adsorption efficiency to 98.29%. This 
is because after the equilibrium is achieved, the 
active site of the adsorbent will become 
saturated because the amount of adsorbate in 
the solution is not proportional to the number of 
adsorbent particles available so that the 
adsorbent is no longer able to adsorb Rhodamine 
B and the adsorption efficiency will decrease 
[35].  

Temperature Optimization 
The effect of temperature variation of the 

adsorption  of Rhodamine B dye is obtained as the 
temperature increases, the efficiency and 
adsorption capacity increase by 99.04% and 
3.9326 mg/g as shown in Figure 11. 

 
Figure 11. Graph of the relationship between 

temperature and adsorption 
efficiency and adsorption capacity 
of Rhodamine B 

Temperature optimization in the 
adsorption process was studied at temperature 
variations of 30°, 40°, and 50°C.  Based on 
Figure 11, that increasing temperature increases 
the efficiency and adsorption capacity. The 
efficiency and adsorption capacity obtained 
were 99.04% and 3.9326 mg/g, respectively. The 
increase in temperature from 30°C to 50°C 

increases the percentage  of Rhodamine B  dye 
removal so that the capacity and efficiency of 
adsorption increases as the temperature 
increases. 

An increase in temperature causes the 
efficiency and capacity of adsorption to 
increase, which indicates that the adsorption 
process is chemical and takes place 
endothermicly. So that in the chemical 
adsorption process, the adsorption rate 
increases with increasing temperature. Higher 
temperatures increase the adsorbent's ability to 
attract and bind dyestuffs. This is also due to the 
increased mobility of dye molecules in the 
adsorption process. On the other hand, if the 
adsorption capacity decreases with increasing 
temperature, then the adsorption process is 
exothermic [36]. Temperature affects the 
adsorption process because it can increase the 
rate of displacement of material to be adsorbed 
into the pores of the adsorbent surface. 

Conclusion 
Acacia bark powder adsorbent (Acacia 

crassicarpa) has porous and relatively rough 
surface morphological characteristics. The 
composition of adsorbent elements is mostly 
composed of carbon (C) and oxygen (O). The 
characteristics of BET indicate adsorbents 
including mesoporial materials. FTIR analysis 
showed that the adsorbent function groups 
included N-H, -OH, C-H, C=O, C=C and 
 C-O. Adsorption of Rhodamine B using acacia 
bark powder (Acacia crassicarpa) obtained 
optimal conditions at a dose of 0.5 g, pH 2, 
contact time of 50 minutes, stirring speed of 200 
rpm, adsorbate concentration of 40 mg/L and 
temperature of 50°C with an adsorption 
efficiency of 99.04% and an adsorption capacity 
of 3.9326 mg/g. 
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