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 The presence of Reactive Black 5 (RB5) dye in wastewater poses significant 
environmental concerns due to its toxicity, stability, and resistance to conventional 
treatment methods. Since pH has a significant influence on adsorption effectiveness, it is 
crucial to investigate its effect on RB5 dye removal using activated carbon derived from 
banana stem. This study aims to examine the influence of pH on RB5 adsorption using 
activated carbon banana stem and to determine the optimal pH condition for maximum 
color removal. To accomplish this, sample preparation and batch adsorption studies were 
conducted. The result show that pH 7 was the best condition for RB5 removal using 
banana stem activated carbon with 99.31% of dye removal and 16.55 mg/g of adsorption 
capacity. This finding indicates that pH is significantly affects dye removal efficiency. 

 
 
1. INTRODUCTION 
 
Reactive Black 5 (RB5) is an anionic azo dye utilized in 
the textile sector, characterized by its durability, vibrant 
hue, and resistance to biodegradation, which complicates 
its removal from wastewater [1]. The release of RB5 into 
aquatic habitats results in water pollution and introduces 
hazardous that endangering both ecosystems and human 
health [2]. Adsorption of activated carbon generated from 
banana stems has proven to be an efficient treatment 
method due to its cost-effectiveness, elevated porosity, 
and plentiful surface functional groups, rendering it 
appropriate for dye removal applications [3]. 

 
The pH of the solution has a significant impact on 
adsorption because it regulates both the surface charge of 
the adsorbent and the ionization state of dye molecules. 
Understanding its role is critical to maximizing dye 
removal efficiency. The purpose of this study is to assess 
the influence of pH on RB5 adsorption using activated 
carbon banana stem and to establish the optimal pH level 
for maximum dye removal. By determining this ideal 
state, the researchers seek to obtain considerable 
knowledge into the adsorption mechanism and contribute 
to the development of cost-effective wastewater treatment 
solutions. 
 
 
2. EXPERIMENTAL PROCEDURE 
 
2.1 Materials and Chemicals 
 
The sample preparation followed the procedure reported 
by [4]. With few modifications, banana stems were 
collected at Jeniang, Kedah, thoroughly washed with 
distilled water, cut into small pieces and dried at 105 °C 

for 24 hours. To achieve fine powder shown in Figure 1, 
dried banana stem samples were crushed and then 
ground using a grinder and sieve. Reactive Black 5 (RB5) 
dye was purchased from Sigma-Aldrich, while phosphoric 
acid (H₃PO₄) was used for chemical activation, 
hydrochloric acid (HCl) and sodium hydroxide (NaOH) 
were used for pH adjustment. 
 

 
 

Figure 1. Banana stem powder. 
 
2.2 Preparation of Activated Carbon 
 
The dried banana stem powder was impregnated with 
H₃PO₄ solution at a ratio of 1:3 (w/v) and left 24 hours. 
The impregnated sample was subsequently carbonized at 
400 °C for 1 hour in a muffle furnace. The produced 
activated carbon was rinsed with distilled water until 
achieving a pH 7, dried at 105°C, and preserved in an 



FKTA POSTGRADUATE COLLOQUIUM 2025 
 

18 
 

airtight container for adsorption analysis. The activated 
carbon powder is shown in Figure 2. 
 

 
 

Figure 2. Activated carbon banana stem. 
 
2.3 Batch Adsorption Experiments 
 
Batch adsorption was conducted to determine the 
influence of pH on RB5 removal. In 250 mL conical flasks, 
100 mL of dye solution (200 ppm) was mixed with 0.6 g 
of activated carbon. The solution was modified using 0.1 
M of HCl or NaOH to get initial pH of 3, 5, 7, 9, and 11. 
Samples were shaken at 100 rpm for 2 hours at room 
temperature. Following adsorption, the solutions were 
filtered and then was quantified utilizing a UV-Vis 
spectrophotometer at a wavelength of 597 nm. 
 
2.4 Data Analysis 
 
In wastewater treatment, dye removal from aqueous 
solutions is an essential step, particularly for industries 
that release colored effluents. The equation of dye removal 
percentage that use to measure how well dye removal and 
adsorption capacity works is represented by Equations (1) 
and (2): 
 
Dye Removal % = (Co − Ct)

Co
 × 100%                              (1) 

 
Adsorption Capacity = (Co − Ct) V

m
                                  (2)          

 
where Co represents the initial concentration of the dye 
solution (mg/L), Ct is the concentration of the dye solution 
at a specific contact time, t while V is the solution volume 
(L) and m is the weight of adsorbent (g). 
 
 
3. RESULTS AND DISCUSSION 
 
The adsorption of RB5 dye at different initial pH values 
are presented in Table 1 and Figure 3. The results clearly 
show that pH exerts a significant influence on dye removal 
efficiency. Previous investigations also shown that 

adsorbents' adsorption capability varies with pH [5]. At 
acidic pH (3 and 5), dye removal efficiencies were 98.20% 
and 98.48%, with adsorption capacities of 16.37 mg/g and 
16.41 mg/g, respectively. A considerable increase was 
found at neutral pH (7), where the maximal dye removal 
(99.31%) and adsorption capacity (16.55 mg/g) were 
measured. This may result from hydrogen bonding or 
weak interactions between dye solution and activated 
carbon [6]. The increased adsorption at neutral pH is due 
to favorable electrostatic interactions between the 
functional groups on the activated carbon banana stem 
surface and dye molecules [7] Beyond this threshold, at 
alkaline circumstances (pH 9 and 11), the adsorption 
capacity dropped to 16.40 mg/g and 16.30 mg/g, with dye 
removal efficiencies of 98.43% and 98.02%, respectively 
which contribute to the increased competition between 
hydroxyl ions (OH⁻) and dye anions for adsorption sites 
leads to reduced dye uptake [8]. These results show that 
pH 7 was the best condition for RB5 removal with banana 
stem activated carbon. 
 
Table 1 Dye removal and adsorption capacity at different pH  

 

pH Dye removal 
(%) 

Adsorption 
Capacity (mg/g) 

3 98.20 16.37 

5 98.48 16.41 

7 99.31 16.55 

9 98.43 16.40 

11 98.02 16.32 
 
 

 
 

Figure 3. Visual comparison of RB5 dye removal at different 
pH. 

 
 
4. CONCLUSION 
 
This study found that the solution pH has a significantly 
influence the adsorption of Reactive Black 5 (RB5) dye 
onto activated carbon derived from banana stem. Among 
the investigated circumstances, pH 7 exhibits the highest 
dye removal efficiency and adsorption capacity indicating 
neutral condition was more favorable than acidic and 
alkaline settings. The fluctuation in performance across 
pH levels can be related to changes in the surface charge 
of the adsorbent and the dye molecules' ionization state, 
both of which have a direct impact on electrostatic 
interactions and binding affinity. 



FKTA POSTGRADUATE COLLOQUIUM 2025 
 

19 
 

ACKNOWLEDGEMENT 
 
The authors acknowledge the financial support provided 
by Ministry of Higher Education Malaysia through the 
Fundamental Research Grant Scheme (FRGS) under grant 
number of FRGS/1/2023/WAB02/UNIMAP/02/5. 
 
 
REFERENCE 
 
[1] M. R. J. Sarvestani and Z. Doroudi, “Removal of 

reactive black 5 from waste waters by adsorption: A 
comprehensive review,” Mar. 01, 2020, Iranian 
Environmental Mutagen Society. doi: 
10.22090/jwent.2020.02.008. 

[2] L. Feng et al., “Reactive black 5 dyeing wastewater 
treatment by electrolysis-Ce (IV) electrochemical 
oxidation technology: Influencing factors, synergy 
and enhancement mechanisms,” Sep Purif Technol, 
vol. 285, p. 120314, Mar. 2022, doi: 
10.1016/j.seppur.2021.120314. 

[3] I. A. Mohammed, F. Mohamad, and N. Salamun, 
“Activated Carbon Derived from Banana Stem 
Waste for Adsorption of Crystal Violet,” 2022. 

[4] E. Misran, O. Bani, E. M. Situmeang, and A. S. 
Purba, “Banana stem based activated carbon as a 
low-cost adsorbent for methylene blue removal: 
Isotherm, kinetics, and reusability,” Alexandria 
Engineering Journal, vol. 61, no. 3, pp. 1946–1955, 
Mar. 2022, doi: 10.1016/j.aej.2021.07.022. 

[5] N. Atikah, E. Wanja, N. Othman, and N. Abu Bakar, 
“Optimisation of pH and Dosage of Banana Peel 
Activated Carbon in Removing Colour From Textile 
Wastewater,” Recent Trends in Civil Engineering 
and Built Environment, vol. 1, no. 1, pp. 115–123, 
2020, doi: 10.30880/rtcebe.2020.01.01.010. 

[6] N. K. Mondal and S. Kar, “Potentiality of banana 
peel for removal of Congo red dye from aqueous 
solution: isotherm, kinetics and thermodynamics 
studies,” Appl Water Sci, vol. 8, no. 6, p. 157, Oct. 
2018, doi: 10.1007/s13201-018-0811-x. 

[7] D. O. Ozcan, M. C. Hendekcı̇, and B. Ovez, 
“Enhancing the adsorption capacity of organic and 
inorganic pollutants onto impregnated olive stone 
derived activated carbon,” Heliyon, vol. 10, no. 12, 
p. e32792, Jun. 2024, doi: 
10.1016/j.heliyon.2024.e32792. 

[8] C. Debamita, N. Rampal, J. P. Gautham, and P. 
Vairavel, “Process optimization, isotherm, kinetics, 
and thermodynamic studies for removal of Remazol 
Brilliant Blue-R dye from contaminated water using 
adsorption on guava leaf powder,” Desalination 
Water Treat, vol. 185, pp. 318–343, May 2020, doi: 
10.5004/dwt.2020.25395. 

 


