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a b s t r a c t
This study aims to investigate the potential of integrating water treatment sludge and rice husk 
(RH) as a low-cost adsorbent for Remazol red (RR) dye removal. In the first stage of the study, a 
comparison was made for thermally-treated conventional water treatment sludge and desalination 
water treatment sludge (DWTS) in terms of the characteristics and potential of the adsorbents in 
removing RR dye. DWTS seemed to be a better adsorbent and was selected to be integrated with 
RH for better properties and performance. The RH was treated with sodium hydroxide solution. 
The integrated adsorbent (RH-DWTS) was characterised using scanning electron microscopy, 
Fourier transform infrared, and X-ray diffraction. The performance of the adsorbents to remove 
RR dye was evaluated by carrying out batch adsorption experiments at different adsorbent dos-
ages, initial dye concentrations, and pH. The highest removal rate of RR (81.2%) was achieved 
through adsorption using RH5%-DWTS at 1 g/L adsorbent dosage, 30 mg/L initial dye concen-
tration, and pH 3. The adsorption study fitted well the Freundlich isotherm model, indicating 
heterogeneous adsorption. The results of this study can provide an essential pathway for developing 
sustainable and cost-effective dye wastewater treatment in the future.
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1. Introduction

The demand for clean water supply is growing in line 
with population growth and the economic sector’s devel-
opment. In Malaysia, the water production and consump-
tion recorded in 2019 were 17,763 million L/d (MLD) and 
11,540 MLD, respectively. Water consumption for the 
domestic category (household) accounted for 59.1% com-
pared to 40.9% for the non-domestic (industrial) category. 
Three states recorded the highest water consumption: 
Selangor (30.1%), Johor (12.4%), and Perak (8.3%) [1]. 
Water pollution by the dye industry in Malaysia is not as 
critical as in other developing countries, but the growth 
of the textile industry due to consumer needs can contrib-
ute to severe pollution problems of water sources [2]. The 
most extensive textile industry in Malaysia is in Kelantan 
and Terengganu, with about 320 registered ‘batik’ factories. 
The wastewater discharged from ‘batik’ manufacturing is 
the primary source of water pollution in Kelantan due to 
lack of pre-treatment before discharge to water bodies [3].

About 2 million wastes are produced yearly worldwide 
to meet industry demands, such as plastics, food, paper, 
fabrics, cosmetics, medicines, inks, and paints [4]. The high 
demand for dyes in the textile industry has produced more 
than 8,000 chemicals in dyeing and printing processes. Dyes 
are naturally plant-based materials. However, synthetic dyes 
used in the fabric industry require many dyes. The textile 
industry is the largest user of dyes. More than 10,000 types 
of dyes and about 7 × 105 tonnes of dyes are produced annu-
ally due to the increasing demand from industries and con-
sumers [5]. About 80% of the dye used will remain in the 
fabric, and the rest will be removed as the waste material in 
water. Continuous discharge and accumulation in water bod-
ies for a long time result in high chemical oxygen demand 
and turbidity, and increase the total suspended solids. The 
characteristics of an intense coloured dye are a high degree 
of aromaticity and low biodegradability due to high molecu-
lar weight components, which can endanger aquatic organ-
isms [6]. This phenomenon can cause the inhibition of UV light 
penetration through water, decrease the dissolved oxygen, 
and affect the photosynthetic activity of aquatic plants [7,8].

Dye molecules are chemical compounds that interact 
on fabric surfaces with the functional groups to impart 
colour and withstand detergent action [9]. The most widely 
used group is azo dyes, approximately 60%–70% with one 
or more azo groups (–N=N) attached to aromatic systems. 
Azo dyes can cause water pollution in the textile indus-
try if these pollutants are not treated appropriately. The 
chromophore structure of azo dyes can chemically change 
through reduction, oxidation, acetylation, and chlorina-
tion reactions. Compounds that are more mutagenic and 
relatively more harmful to the environment can also be 
produced from the dyes [10]. Remazol red (RR) dye is an 
example of azo dyes that have been used in the textile 
industry due to its low cost and easy to give bright colours 
[11]. Remazol dyes have phytotoxicity, carcinogenicity, 
genotoxicity, and teratogenicity effects on frog embryos 
and are toxic to enzyme degradation metabolites [12].

Several treatment technologies for treating waste water 
from the textile industry include physical and chemical 

treatment methods, such as adsorption, flocculation, coag-
ulation, chemical oxidation, membrane separation, and bio-
degradation [13]. Some of these methods have significant 
drawbacks, such as high cost, low efficiency, and generate 
extra wastes. Ozonation treatment method does not com-
pletely break down dyes, requires high costs due to the 
short half-life (20 min), and demands continuous supply 
[14]. Electrocoagulation can remove dyes via precipitation 
or floatation but produces a large volume of sludge [15].

Adsorption is also an essential technology to treat dye 
wastewater. Adsorption is the adhesion of ions or mol-
ecules from a gas, liquid, or dissolved solid to surfaces 
[16]. The method is effective in treating industrial effluent. 
It is used in dye removal and effectively removes dissolved 
pollutants, such as organic or inorganic substances. In 
general, activated carbon is used to treat dye wastewater. 
It has a high adsorption efficiency but costly, especially 
for large-scale treatment. Furthermore, the efficiency of 
dye removal depends on the type of dyes.

Low-cost adsorbents for wastewater treatment have 
attracted much attention, and many researchers have stud-
ied the feasibility of using low-cost materials to produce 
adsorbents, such as copra, coffee husks, fruit wastes, seeds, 
and rice husk (RH). RH is a by-product of rice production, 
whereas water treatment sludge is the residue that accumu-
lates in water treatment plants, and both materials are prom-
ising adsorbents that can remove dyes efficiently due to their 
low cost and high adsorption capacity. The chemical compo-
sition of RH consists primarily of cellulose (35%), followed 
by lignin (31%), hemicellulose (21%), soluble material (4%), 
and moisture (1.1%) [17]. The high content of carbon (C) and 
silica (Si) in RH makes it very suitable to be used as an adsor-
bent of contaminants present in water [18]. RH has demon-
strated good potential after modification by isolating certain 
compounds, such as Si [19,20], C [21], or cellulose [22,23]. 
Furthermore, dye adsorption capacity has been improved 
by adding other compounds, such as alginate [24], Ag/AgBr 
nanoparticles [25], and many more.

Wastewater treatment sludge (WTS) is a typical by-prod-
uct formed from clean water processing using aluminium 
or iron-based salts as a coagulant. Aluminium salts (e.g., 
Al2(SO4)3·18H2O), ferric ion salts (e.g., FeCl3·6H2O), and 
ferrous iron salts (e.g., FeCl2, FeSO4·7H2O) are among com-
monly used coagulants. Sludge also includes organic com-
pounds, suspended matter, and microorganisms. Sludge 
contains different oxides (e.g., CaO, MgO, Na2O, K2O, P2O5, 
and TiO2) in small concentrations with SiO2 as the main com-
position, and the composition also depends on the source 
of raw water [26]. Previous studies reported that the reuse 
of WTS as a coagulant associated with adsorbents could 
improve pollutant removal capacities, such as particulates, 
arsenate, boron, phosphorous, and heavy metals [27].

Therefore, this study aims to enhance the performance 
of RH as an adsorbent for RR removal by integrating with 
WTS. Two potential WTSs were utilised for comparison 
purposes: conventional water treatment sludge (CWTS) 
and desalination water treatment sludge (DWTS). Different 
sources of raw water produce different physicochemical 
properties of sludge. Therefore, the morphology, func-
tional groups, and crystalline structure of RH, CWTS, and 
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DWTS were characterised using scanning electron micros-
copy (SEM), attenuated total reflection-Fourier transform 
infrared (ATR-FTIR), and X-ray diffraction (XRD). The per-
formance of the adsorbents for different formulations of 
RH/WTS based on contact time, adsorbent dosages, 
pH, and different initial concentrations was evaluated.

2. Methodology

2.1. Materials

RH was collected from a rice mill in Besut, whereas 
CWTS was obtained from Kepong 2 water treatment plant in 
Kuala Terengganu, and DWTS was collected from a desalina-
tion water treatment plant in Bachok, Kelantan. Meanwhile, 
the dye wastewater was obtained from a ‘batik’ factory in 
Kelantan. Sodium hydroxide (NaOH) and hydrochloric 
acid (HCl) were purchased from Honeywell FlukaTM and 
were not of analytical grade.

2.2. Preparation of adsorbents from RH and WTS

RH was cleaned with distilled water and dried at 
110°C for 12 h and sieved. Then, RH with an average par-
ticle size of 1.0 mm was collected and calcined at 400°C for 
90 min. NaOH solution with a weight ratio of 1:3 was used 
to treat the RH. The RH treated with NaOH was dried at 
120°C for 12 h and then calcined at 400°C for 20 min. The 
furnace temperature was increased from 400°C to 800°C 
and kept constant for 60 min to treat the RH. Finally, the 
pre-treated RH was ground and sieved. The treated RH 
was neutralised using 0.1 M HCl solution and washed 
several times with distilled water until the pH was con-
stant (6.6–7.0). The washed and treated RH was then dried 
under vacuum at 120°C for 24 h. The WTS was dried at 
110°C for 24 h in a laboratory oven and crushed into a 
particle size of less than 0.1 mm. The performance of RH, 
DWTS, and CWTS was evaluated by batch adsorption 
experiments for RR dye removal.

To integrate the RH and WTS, 5 wt.% of treated RH 
was mixed well with DWTS and distilled water to ensure 
the mixture homogeneity. The mixture was dried at 95°C 
for 24 h and placed in a furnace for 3 h at 900°C, and then 
denoted as RH5%-DWTS.

2.3. Characterisation of adsorbents

A scanning electron microscope (JSM P/N HP475 
model) was used to study the adsorbent morphology. The 
samples were coated with a thin gold layer to improve the 
imaging of the RH samples. The surface functionalities of 
the adsorbents were determined using FTIR and recorded 
in the range of 4,000–400 cm–1. The crystalline structure of 
the adsorbents was identified through XRD using 18 kW 
Cu-Kα radiation. The voltage and intensity applied were 
45  kV  and  40 mA,  respectively.  The diffraction  angle  (2θ) 
was varied from 0° to 80° to identify any crystal mor-
phology changes and intermolecular distances between 
the polymer’s inter-segmental chains, and the counting 
time was 1 s at each angle step [28]. All adsorbents were 
ground into powder form prior to characterisation.

2.4. Batch adsorption experiments

Batch adsorption tests were performed to determine the 
best conditions for the adsorption of RR onto the adsorbents, 
including (i) the effect of type of adsorbents, (ii) the effect 
of adsorbent dosage, (iii) the effect of initial concentration, 
and (iv) the effect of pH.

For the first stage of the batch experiment, the pre-
pared adsorbent with a fixed dosage of 1 g/L was mixed 
with 50 mL of RR dye solution (initial dye concentration 
of 30 mg/L at pH 3) in a conical flask and shaken at room 
temperature at 130 rpm for 15–180 min. The solution and 
residue were centrifuged at 3,000 rpm for 10 min (Model 
5702 R). The suspension was filtered using Whatman fil-
ter No. 42 and the obtained filtrate was analysed using an 
ultraviolet-visible (UV-vis) spectrophotometer at 518 nm 
for the RR dye content. All experiments were repeated 
three times. The mentioned techniques were also used for 
adsorption studies at different adsorbent dosages (1–4 g/L), 
initial dye concentrations (5–30 mg/L), and initial pH values 
(3–11). The NaOH solution (0.1 N) and nitric acid solution 
(0.1 N) were used for pH value adjustment. The efficiency 
of adsorption capacity was calculated using Eq. (1):
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where C0 and Ce (mg/L) are the initial RR dye concentration 
and equilibrium concentration of dye solution, respectively, 
V (L) is the volume of dye solution, and W (g) is the mass 
of adsorbent.

2.5. Adsorption isotherm

Langmuir and Freundlich’s models were used to cor-
relate the experimental equilibrium adsorption data of dye 
adsorption with the integrated adsorbent (RH5%-DWTS). 
The Langmuir equation [29] is expressed in Eq. (2):
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where Qm is the monolayer adsorption capacity (mg/g) and 
b is the Langmuir isotherm constant related to the binding 
sites’ affinity and adsorption energy (L/mg).

The Langmuir equation assumes that the maximum 
adsorption of an adsorbate matches a monolayer formation 
by the adsorbate molecules or ions on the adsorbent sur-
face, which is homogeneous. Also, the Langmuir isotherm 
forecasts that the intermolecular forces decrease rapidly 
with the distance. The existence of a monolayer of adsorbate 
at the adsorbent’s outer surface is consequently predicted 
by the model. The Langmuir model better fits monolayer 
adsorption on the adsorption sites with uniform energy. It is 
more applicable at low concentration ranges as compared to 
the Freundlich model.

The Freundlich isotherm [29] is presented in Eq. (3):

log log logq K
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where qe is the amount of dye adsorbed (mg/g), Ce is the 
equilibrium concentration of dye in solution (mg/L), and 
Kf and n are the constants incorporating the adsorption 
capacity and adsorption intensity, respectively.

The Freundlich isotherm model is an empirical equa-
tion that accomplishes the heterogeneity of the surface. 
It is based on the exponential distribution of active sites and 
their energies. The Freundlich model is better in simulating 
the adsorption on a heterogeneous adsorbent surface, where 
the lower value of 1/n will produce high heterogeneity of 
the adsorbent’s surface [30]. The model is more applicable 
for adsorption at high concentration ranges [31]. The graph 
of logqe vs. logCe will give a straight line with a slope of 1/n 
and an intercept of logKf.

2.6. Statistical analysis

Isotherm model equations can be used to visualise the 
effect of experimental factors on adsorption. Statistical 
data analysis is a crucial procedure for performing various 
statistical operations. In this research, analysis of variance 
(ANOVA) and the sum square error (SSE) of prediction were 
used to analyse the data obtained.

ANOVA is a statistical tool that segments the total vari-
ation in a set of data into parts associated with specific 
variation sources for testing hypotheses on the model’s 
parameters. The null hypothesis for an ANOVA is that there 
is no significant difference among the selected groups, while 
the alternative hypothesis assumes that there is at least one 
or more significant difference among the selected groups. 
F-values represent the most variation in response that can 
be explained by the empirical model. When the p-value 
associated with the F-value is smaller than 0.05, then the 
null hypothesis is rejected. In other words, the alternative 
hypothesis is supported. If the null hypothesis is rejected, 
it can be concluded that the means of all the groups are 
unequal. In this research, ANOVA was used to interpret 
the significance of the adsorbent’s performance.

The SSE is the sum of the squared differences between 
each observation and its group means. In general, it can be 
used as a measure of variation within a group. If all cases 
within a group are identical, then the SSE will be equal 
to 0. The fit will be more useful for prediction when the 
SSE value is closer to 0, indicating that the model has a 
minor random error component.

3. Results and discussion

3.1. Characterisation of adsorbents from CWTS and DWTS

The morphology of the adsorbents was characterised 
using SEM and FTIR. SEM is a useful and powerful 
magnification tool for observing and examining the sur-
face structure and morphology of a material and iden-
tifying its chemical composition. Fig. 1 shows the SEM 
images of CWTS and DWTS. From the micrographs 
obtained (Fig. 1a), the surface texture and pore develop-
ment of the adsorbents are visible and exhibit a rough 
surface where large quantities of agglomerates are dis-
tributed. The dried flocs of DWTS in Fig. 1b are flakier 
and largely fragmented [32]. The surface image of the 

sludge is also affected by the composition of chemical 
compounds that exist on the surface. The presence of alu-
minium, sulphur, calcium, and silicon can also produce 
needle-shaped crystals and cubic-shaped sludge surfaces 
[33]. Different salinity concentrations of water sources 
suggest different frameworks of dried sludge produced.

The surface functional groups determined from the 
FTIR analysis predominantly influenced the adsorp-
tion characteristics of the adsorbents. The FTIR anal-
ysis spectrum provides information about the molec-
ular structure of the functional groups present on the 
samples. A complicated spectrum usually gives more 
adsorption bands than a simple spectrum with few IR 
active covalent bonds. The FTIR spectra of CWTS and 
DWTS are shown in Figs. 2a and b, respectively. A sharp 
band in the spectra of CWTS at 3,428 cm–1 represents the 
OH stretching group, whereas the band at 1,637 indi-
cates the presence of the CO group [34], which can assist 
in the adsorption process [35]. For DWTS, the peak at 
1,423 cm–1 represents the existence of C–C–H asymmetric  
stretching [34].

 
(a)  

 
(b) 

Fig. 1. SEM micrographs of (a) CWTS and (b) DWTS.
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3.2. Performance evaluation of CWTS and DWTS 
for RR dye removal

A comparison was made for both adsorbents in RR dye 
removal in the early stage of the study, and the results are 
shown in Fig. 3. DWTS demonstrated better adsorption 
capacity as the adsorbent successfully removed 80.5% RR 
dye compared to CWTS, which could only remove 75% 
RR dye at the saturation time of around 90 min.

The finding shows that the presence of OH, CO, and 
C–C–H asymmetric stretching assists the adsorption of 
RR dye onto the adsorbent, which consequently improves 
the percentage removal. Therefore, DWTS was chosen to 
be integrated with RH for the subsequent experiments.

3.3. Characteristics of the integrated adsorbent RH-DWTS

Based on the SEM micrographs of the integrated adsor-
bent RH-DWTS in Fig. 4, RH was successfully deposited 
with DWTS. The irregular shapes of the flakes represent 
the successful deposition of DWTS, which coated the rough 
surface of RH.

The porosity of adsorbents can be increased by treat-
ing RH with an alkaline solution of NaOH to produce 
rough surfaces [36]. The modification of RH using WTS 
will increase adsorption capacity due to increased sur-
face porosity. Besides, thermal treatment using high 
temperatures can also potentially increase the porosity of 

WTS [37]. Fig. 5a represents the FTIR spectra of RH-DWTS. 
The spectrum of RH-DWTS shows a broadband at around 
3,447 cm–1, indicating the hydrogen bonding interac-
tion combined with available silanols and the presence of 
physisorbed water on the sludge surface.

The strong band at 1,097 cm–1 can be attributed to 
the stretching of Si–O–Si of silica, while the band around 
1,637 cm–1 is considered the bending vibration of water 
molecules bound to the Si matrix. The increase of trans-
mission intensity in Fig. 5b is also due to the presence of 
a peak at 1,098 cm–1 of DWTS, suggesting the increase of 

 

Fig. 2. FTIR spectra of (a) CWTS and (b) DWTS.

Fig. 3. The percentage removal of RR dye by CWTS and DWTS.
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the Si content of RH with the presence of the deposited 
DWTS. Both spectra display the O–H stretching vibration 
(3,400–4,000 cm–1), indicating water, alcohol, and phenol 
compounds. The peak at 795 cm–1 shows that hydroxide 
groups are bound to one iron and one aluminium or mag-
nesium neighbour [35].

The mineral composition of the adsorbents was iden-
tified through XRD analysis, and the results are shown 
in Fig. 6. The ignition of samples at high temperatures 
suppresses the interference of clay peaks with quartz, 
reduces the initial matrix variation of samples, and 

increases quartz peaks’ relative intensity [35]. The nar-
row and sharp peaks shown in the graph indicate that 
the adsorbents possessed high crystallinity with high 
surface charge density, which enhanced the electrostatic 
attraction with the dye molecules.

3.4. Performance of the integrated adsorbent 
RH-DWTS for RR dye removal

3.4.1. Effect of adsorbent dosage

Fig. 7 presents the percentages of RR dye removed 
at different adsorbent dosages. The adsorbent dosage 
of 1.0 g/L demonstrated the highest adsorption capac-
ity, with 81.4% RR dye removed, while only 77% RR dye 
was removed upon introducing 4.0 g/L of RH5%-DWTS. 
The effect of adsorbent dosage for RR dye removal by 
RH5%-DWTS decreased with increasing adsorbent dos-
age. A possible explanation for this finding might be that 
the increase in the amount of adsorbent reduced the total 
surface area available for adsorption due to aggregation or 
overlapping of adsorption sites [38].

The time required for decolourisation increased from 
0 to 5 min of contact time, showing rapid adsorption of RR 
dye on adsorbent’s surface with different dye concentra-
tions (1–4 g/L). The use of RH (10 g/L) as a supplement in 
Bushnell-Haas medium for Galactomyces geotrichum MTCC 
1360 enhanced RR dye’s decolourisation to 86% over 72 h 
at pH 11 [39]. Adsorption efficiency depends on a large 
number of active sites, high surface functionality, and a 
porous structure [40].

 
Fig. 4. SEM morphology of the integrated adsorbent RH-DWTS.

Fig. 5. FTIR spectra of (a) DWTS and (b) RH5%-DWTS.
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3.4.2. Effect of initial concentration

One of the most significant factors affecting the adsorp-
tion capacity of an adsorbent is the initial concentration 
of a solution. 50 mL of RR dye solutions ranging from 5 
to 30 mg/L (pH 3) were prepared for the batch adsorption 
study using 1.0 g/L of the integrated adsorbent at room tem-
perature with an agitation speed of 150 rpm. The obtained 
results are displayed in Fig. 8.

Fig. 8 shows two different regions of the adsorption in 
this study. The adsorption’s initial stage is fast and rapid, 
and the second stage is relatively near the equilibrium. It is 
expected that the number of active adsorbent sites is higher 
during the initial stage, leading to better adsorption per-
formance. However, the number of active sites decreased 
over time and becomes insufficient for the adsorption of 
dye molecules to occur [38].

Based on the figure, the initial concentration of 30 mg/L 
showed the highest percentage removal in this study, 
which is 81.4%. Meanwhile, the initial concentration of 
5 mg/L showed the lowest percentage of removal, which 

is only 77%. The results indicated that the adsorption of 
dye molecules depends on the initial concentration of the 
solution. More ions or molecules are available in the dye 
solutions with higher initial concentrations than the dye 
solutions with low initial concentrations.

3.4.3. Effect of pH

Fig. 9 shows that the maximum removal of RR dye 
occurred at pH 3 (81.4%). A further increase in the pH value 
(pH 5 and pH 7) reduced the percentages of dye removal 
to 77.7% and 78.0%, respectively. Only 77.5% and 74.9% of 
dye removal occurred for alkaline dye solutions with pH 9 
and pH 11, respectively. Therefore, the optimum pH 3 was 
selected for further studies in this research.

The adsorbent’s maximum adsorption capacity can be 
affected by the pH of RR dye solution by modifying the 
ionisation of the binding groups, either by decreasing or 
increasing the competition between dye molecules and 
positively-charged species for active sites [41]. The pH val-
ues (pH 3–pH 11) are chosen by considering the electro-
static attraction between the adsorbent’s positively-charged 
surface, mainly due to the anionic dye (e.g., RR dye).

In this case, the adsorption capacity decreased by 
increasing the pH value of the aqueous solution. A dye solu-
tion with a low pH value has higher H+ ions, thus increas-
ing the number of positively-charged adsorbent active sites 
and promoting adsorption. Positively-charged active sites 
probably favoured the adsorption of a negatively-charged 
dye, such as RR dye. The functional groups of RH waste, 
such as hydroxyl, carboxylic, and amide, are involved 
in the adsorption of dyes [41]. Furthermore, electrostatic 
attraction increases with decreasing pH, thus increasing 
dye adsorption.

3.5. Adsorption isotherm

The adsorption isotherms give an equilibrium 
relationship between the amount of adsorbate adsorbed on 
the adsorbent’s surface and its concentration in solution at 
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Fig. 6. XRD patterns of RH5%-DWTS.

Fig. 7. The percentage removal of RR dye for different adsorbent 
dosages (adsorption condition: room temperature; initial dye 
concentration of 30 ppm; pH 3).

Fig. 8. The percentage removal of RR dye for different initial con-
centrations of dye solutions (adsorption condition: room tem-
perature; adsorbent dosage of 1 g/L; pH 3).
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a constant temperature. Numerous adsorption models are 
available to fit the experimental adsorption data.

In this study, Langmuir and Freundlich isotherm mod-
els were chosen to fit the data. The linearised mathematical 
equations of the isotherm models were applied to fit the 
equilibrium data as they are convenient and more ordi-
narily used by previous researchers. The applicability of 
these isotherm models to fit the equilibrium data was com-
pared by observing the correlation coefficient (R2) values. 
The closer the R2 value to 1, the better the fit. Besides, the 
SSE value closer to 0 indicates that these two models have 
a minor random error component and the fit will be more 
useful for prediction. Table 1 shows the Langmuir and 
Freundlich isotherm constants of RR dye adsorption onto 
the adsorbent.

Based on Table 1, the RH5%-DWTS shows rela-
tively better linearity for the Freundlich isotherm model 
(R2 = 0.973) compared to the Langmuir isotherm model 
(R2 = 0.435). The R2 value of the Freundlich model exceeds 
0.9, suggesting that the model fits well with the experimen-
tal results. The adsorption of RR molecules onto RH5%-
DWTS is multilayer adsorption. In multilayer adsorption, 
the adsorption space usually contains more than one 

layer of molecules and not all adsorbed molecules are in 
contact with the adsorbent surface layer. The maximum 
adsorption capacity (Qm) and the Langmuir adsorption 
equilibrium constant (b) calculated from the Langmuir 
model are 1,495.12 mg/g and 371.17 L/mg, respectively. 
From Table 1, the 1/n value for the Freundlich isotherm 
is larger than 1 which indicates cooperative adsorption, 
where the adsorbed solute attracts the solute in bulk, 
whereas the 1/n < 1 denotes an ideal Langmuir isotherm 
for the study. Fig. 10 shows the equilibrium adsorption of 
RR predicted by the Freundlich and Langmuir isotherm 
models, respectively. The finding is similar to a previous 
study reporting that coconut mesocarp used as an adsor-
bent for RR showed an adsorption capacity of 3.97 mg/g 
[42]. Different origins and modification methods of RH 
produce modified RH with different physicochemical 
structures. The integration of DWTS and RH seems to 
have the potential to enhance the performance of RH. 
Variety adsorption models need to be considered to study 
the suitable adsorption mechanism of modified RH.

The adsorption of brilliant green dye using RH ash 
fitted the Langmuir isotherm model [43]. Modified RH 
treated with HCl for the adsorption of Direct Orange-26 
(DO-26), Direct Red-31 (DR-31), Direct Blue-67 (DB-67), 
and Ever-direct Orange-3GL (EDO-3) dyes fitted well to 

Fig. 9. The percentage removal of RR dye for different pH val-
ues of dye solutions (adsorption condition: room temperature; 
adsorbent dosage of 1 g/L; initial dye concentration of 30 ppm).

Table 1
Langmuir and Freundlich isotherm constants of RR dye 
adsorption onto RH5%-DWTS

Isotherm model Adsorbent RH5%-DWTS

Langmuir isotherm Qm (mg/g) 1,495.12
b (L/mg) 371.17
R2 0.435
SSE 0.00547

Freundlich isotherm n 0.875
Kf ((mg/g)(L/mg)1/n) 3.395
R2 0.973
SSE 0.117

(a) (b)

Fig. 10. Equilibrium adsorption of RR dye predicted by (a) Freundlich isotherm model and (b) Langmuir isotherm model.
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the pseudo-second-order and Elovich kinetic models. 
Various functional groups attached to the biomass surface 
of hydroxyl, carboxylic, and amide groups have been iden-
tified using adsorption mechanisms [44]. Modified RH/mag-
netic alginate biocomposite demonstrated that the methy-
lene blue (MB) adsorption fitted well to the nonlinear model 
described by the fractal Brouers-Sotolongo formalism with 
varied temperature [24]. The finding suggests the nature 
of the adsorption mechanism of anomalous diffusion to 
multi-site sorption of MB on biocomposite surfaces.

3.6. Analysis of variance

One-way ANOVA test was used in this study to 
validate the experimental data of the effect of adsor-
bent dosage, pH solution, and initial dye concentration. 
The ANOVA test was accomplished by determining the 
amount of dye adsorbed (mg/g) for each parameter. The 
null hypothesis denotes no significant difference between 
the data. If the observed F-value is higher than Fcrit and 
the probability (p-value) is smaller than 0.05, then the 
null hypothesis is rejected. It means that the data has a 
significant difference between the means of groups. 
Table 2 shows the ANOVA of the amount of dye adsorbed 
for different adsorbent dosages. From the ANOVA com-
parison for different adsorbent dosages, it can be noticed 

that the F-value is larger than the Fcrit and the p-value is 
less than 0.05, which means that the null hypothesis is 
rejected. Thus, there is a significant difference between the 
data for different adsorbent dosages for RR dye removal.

Table 3 presents the ANOVA of the amount of dye 
adsorbed at different pH for RR dye solutions. It shows that 
the amount of dye adsorbed increased with the decrease 
of the pH value of the adsorbate. The adsorption capacity 
is higher at a lower pH value. The ANOVA test shows that 
the F-value is higher than the Fcrit and the p-value is higher 
than 0.05, indicating that the null hypothesis is rejected. 
Hence, there is a significant difference between the data for 
different pH values of dye solutions.

From Table 4, the amount of dye adsorbed increased 
with an increase in the initial dye concentration. The 
ANOVA of the amount of dye adsorbed for different ini-
tial dye concentrations obtained an F-value smaller than 
the Fcrit, suggesting that the null hypothesis is accepted. 
This result indicates that there is no substantial variation 
between the data for different initial dye concentrations.

4. Conclusions

A modified adsorbent by combining RH and DWTS 
has a promising future as a low-cost adsorbent to remove 
RR dye. The R2 values demonstrated satisfactory agreement 

Table 2
ANOVA of the amount of dye adsorbed for different adsorbent dosages

Amount of dosage (g/L) Amount of dye adsorbed (mg/g) F-value p-value Fcrit

1.0 21.847 854.0233 1.06E-07 5.987378
2.0 21.504
3.0 21.417
4.0 21.504

Table 3
ANOVA of the amount of dye adsorbed for different pH values of dye solutions

pH value Amount of dye adsorbed (mg/g) F-value p-value Fcrit

3 21.704 104.0004 7.33E-06 5.317655
5 21.544
7 21.712
9 21.744
11 20.882

Table 4
ANOVA of the amount of dye adsorbed for different initial dye concentrations of dye solutions

Initial dye concentration (mg/L) Amount of dye adsorbed (mg/g) F-value p-value Fcrit

5 3.892 0.53705 0.480483 4.964603
10 7.919
15 11.667
20 15.750
25 19.729
30 24.410
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and fitted the Freundlich adsorption isotherm model. This 
model reveals multilayer adsorption for the adsorption of RR 
molecules on the adsorbent, which means that the adsorp-
tion space accommodates more than one layer of molecules. 
Based on the ANOVA study, the adsorbent dosage affects the 
efficiency of the adsorbent in removing RR dye. Therefore, 
the modified adsorbent is a promising adsorbent for dye 
removal in wastewater treatment due to the abundance of 
native adsorbent (RH) and good performance in dye removal.
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