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Abstract 
In the reported study, biochars were prepared from almond, coconut, and mustard oil cakes by chemical activation with 
phosphoric acid followed by low-temperature pyrolysis. The ball milling technique was employed to reduce the particle size 
of the biochars below 300 nm. The synthesized biochars were characterized by various analytical techniques like Fourier 
Transform Infrared Spectroscopy, Scanning Electron Microscopy, X-ray diffraction spectroscopy, BET surface analysis, 
porosity measurement, methylene blue value and further employed for the removal of color from the acid dye effluent from 
the wool dyeing unit. The results showed that very small quantities (2.0 %) of biochars are sufficient to remove around 92% 
color from the dye effluent. The adsorption properties of the synthesized biochars were found to be greatly depending on 
the type of oil cake used. Among the three selected oil cakes, viz. mustard, coconut, and almond, the later was found to be 
performed well in terms of color removal. The batch adsorption and kinetic studies indicate the second order pathway of 
color removal for the synthesized biochars.

 * Seiko Jose 
 seiko_jose2005@yahoo.co.in

1 Textile Manufacturing and Textile Chemistry Division, 
ICAR - Central Sheep and Wool Research Institute, 
Avikanagar, Malpura 304501, India

2 Department of Textiles and Apparel Design, Assam 
Agricultural University, Jorhat, Assam 785013, India

3 Department of Chemistry, PSNA College of Engineering 
and Technology, Dindigul, Tamil Nadu 624622, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s10098-021-02253-2&domain=pdf


1600 S. Jose et al.

1 3

Graphical Abstract

Keywords Acid dyes · Biochar · Dye removal · Effluent treatment · Oil cakes

Introduction

During the dyeing of textiles, depending upon the class of 
dye and the nature of the textile fiber, it is estimated that 
15–20 % of the dyes remained in the dye bath and discharged 
as effluent. The dye house effluents may contain heavy met-
als, ammonia, acids, alkalies, salts, and large amounts of 
pigments, many of which are toxic and low bio-degradable 
materials (Crini 2006; Mohan and Karthikeyan 2004). The 
textile industrial effluents are subjected to various treatments 
before discharging into the water bodies or land. The main 
methods used to treat colored effluents are oxidation, acti-
vated carbon, coagulation, flocculation, biological treatment, 
advanced oxidation process (AOP), and membrane filtra-
tion. The disposal of improperly treated dye house effluent 
may cause a menace to the quality of the receiving water 
bodies, the aquatic eco-system, and humans due to objec-
tionable color, odor, high biological oxygen demand (BOD) 
and chemical oxygen demand (COD), total dissolved solids 
(TDS), and other toxic compounds (Jose et al. 2020). In 
particular, acid dyes are widely employed in wool and silk 
dyeing industries. Such textile dyes are typically very stable 

with half-lives of 2–13 years in the environment, and they 
have been detected in several rivers, lakes, and terrestrial 
soils, causing toxicological problems to the aquatic environ-
ment (Copaciu et al. 2016).

Oil cakes as an agro-residue are obtained after the extrac-
tion of oil from dried kernels. Early days, oil cakes had not 
acquired much commercial value except as feed for cattle 
and poultry. However, new technologies open up enormous 
potential for oil cakes and it is reported to have the poten-
tiality in the production of enzymes, antioxidants, antibiot-
ics, vitamins, biopesticides, etc (Ramachandran et al. 2007). 
Pyrolysis is the conventional method of preparation of acti-
vated carbon and biochar. During this process, the lingo 
cellulosic biomass is converted into solid carbon particles 
by the release of volatile matter. The yield and properties 
of the activated carbon and biochar greatly depend on the 
raw materials, activating chemicals, and pyrolysis conditions 
(Yuan et al. 2020; Jandačka et al. 2017). The high cost of 
activated carbon restricts its use as a commercial adsorbent. 
Biochars prepared from agro-residues such as rice husk, rice 
straw, hazelnut shell, pine needles, wheat straw, and sun-
flower straw could find potential applications in pesticide 
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and heavy metal removal (Dawood et al. 2017), fertilizers, 
porous carbon catalysts (Wang and Wang 2019; Panahi 
et al. 2020; Vaughn et al. 2018), etc. In particular, phos-
phoric acid  (H3PO4) treatment of biochar has been reported 
to improve the surface area, micropore structures, carbon 
retention without increasing energy and sorption capacity 
(Zhao et al. 2017; Chu et al. 2018). The carbon rich biochar 
was already explored as soil enhancer and the phosphoric 
acid treated biochar finds its application as an eco-friendly 
P-rich fertilizer.

Today activated carbon derived from petroleum products 
is commonly employed for the color removal of textile dye 
effluent. The main objective of the study is the exploration 
of oil cakes, which is a bio-waste, for the color removal from 
the industrial dye effluent. As of today, a dearth of literature 
is available on the preparation of biochar from oil cakes 
and its further use in the removal of real dye house effluent. 
Further, most of the reports are focused on study of adsorp-
tion properties of biochar synthesized from a single oil cake 
and a comparative study with a number of biochars synthe-
sized from various oil cakes are not reported. In the present 
attempt, biochars were prepared from almond, coconut, and 
mustard oil cakes through chemical activation followed by 
pyrolysis. The physical and adsorption characteristics of the 
biochars were investigated. The synthesized biochars were 
employed for the removal of color from acid dyes of real tex-
tile dye effluent from the wool processing pilot plant using 
batch adsorption experimental studies.

Materials and methods

Oil cakes used for the study were collected directly from 
oil mills from various locations of India and used without 
further purification. Optilan Turquoise (acid dye) was pur-
chased from local dye suppliers, Jaipur, India. Chemicals, 
viz. orthophosphoric acid (assay–98 %) and acetic acid 
(assay–99.5 %), were purchased from Merck, India.

Collection of dye effluent

The effluent used for the study was taken from the 
wool dyeing pilot plant at M/S Central Sheep and Wool 

Research Institute, Avikanagar, Rajasthan, India. The dye-
ing of wool fabric with acid dye (10 g/l Optilan Turquoise) 
was performed by maintaining 1:20 material to liquid ratio 
(MLR) keeping the pH 5.0 using acetic acid. This particu-
lar pH is maintained in the dye bath since it is the opera-
tional pH of acid dyes in the aqueous medium. The dyeing 
was carried out at 90 °C for 30 min without using any 
auxiliaries, except 0.5 g/L nonionic wetting agent (Ultra-
von, JU). After dyeing, the effluent was collected, filtered, 
and used for the characterization and batch experimental 
studies.

Preparation of biochars

The oil cakes of almond, coconut, and mustard were pul-
verized in a grinder. The finely powdered oil cakes were 
filtered through 200 mesh size nylon filter to get particles 
of almost the same size. Three hundred grams of each 
powder were individually triggered to acid activation using 
1.0 N and 2.5 N orthophosphoric acid for 24 h, with con-
tinuous stirring in a mechanical shaker. The impregnation 
ratio of acid to oil cakes was kept at 4:1. After acidifica-
tion, the oil cakes were squeezed to remove the acid and 
dried at 105 °C for 60 min. The dried oil cakes were then 
charred and further pyrolyzed in a muffle furnace at 350 ℃ 
for 2 h with a heating rate of 20℃/min in air atmosphere. 
The biochar thus obtained was washed with hot and then 
cold water to attain neutral pH and dried. The yield of 
biochar was calculated using Eq. (1),

The particle size of the biochars was further reduced 
by 2 h of ball milling in Pulverisette (model-6 Classi-
cLine, Fritsch, Russia). To narrow down the experiment, 
a preliminary exercise was conducted. The dye effluent 
was treated with a 0.5 % weight percentage of each adsor-
bent for 30 min and the absorbency values were noted 
(Table 1). Based on the absorbency value, the best one 
from each oil cake was selected for further characteriza-
tion and batch adsorption studies, namely 2.5 N PAB, 1.0 
N PCB, and 2.5 N PMB.

(1)
Yield of Biochar = (Weight of biochar/weight of oil cake) × 100

Table 1  Absorbency values of 
biochar prepared from oil cakes

S. No Biochars Abbreviation Absorbance

1 1.0 N  H3PO4 treated almond oil cake biochar 1.0 N PAB 1.20
2 2.5 N  H3PO4 treated almond oil cake biochar 2.5 N PAB 1.15
3 1.0 N  H3PO4 treated coconut oil cake biochar 1.0 N PCB 1.27
4 2.5 N  H3PO4 treated coconut oil cake biochar 2.5 N PCB 1.32
5 1.0 N  H3PO4 treated mustard oil cake biochar 1.0 N PMB 1.22
6 2.5 N  H3PO4 treated mustard oil cake biochar 2.5 N PMB 1.10
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Characterization of biochars

The particle size of biochar was analyzed using the Mal-
vern Mastersizer (model – 3000) particle size analyzer. FTIR 
analysis was performed for the identification of functional 
groups present in the bare oil cakes and the synthesized 
biochar using the Brucker double beam spectrophotom-
eter (Model—Alpha). The spectra were measured from 
4000–500  cm-1. Dispersion (0.1 %) of biochar in water was 
sonicated before feeding to the particle size analyzer to 
deter agglomeration. The morphology of the biochar was 
analyzed by SEM analysis using Nova Nano FESEM-450 
(Netherland) with suitable magnification. X-ray diffraction 
analysis was conducted using a Panalytical X’pert powder 
diffractometer. The surface area analysis of the powdered 
biochars was performed using Nova Touc LX2 b Quan-
tachromme instrument under nitrogen atmosphere to obtain 
the adsorption isotherm and the surface area was calculated 
by Brunauer–Emmett–Teller (BET) method.

Analysis of physical and adsorption properties 
of biochars

About 0.1 g of the biochars was added to 30 ml distilled 
water and boiled for 10 minutes. The solution was brought 
to room temperature and filtered. The pH of the solution 
was measured with a pH meter (Hanna- HI98130). For the 
analysis of bulk density, 3.0 g of adsorbent was taken in a 10 
ml measuring cylinder and tightly packed without voids. The 
density was determined from the ratio of mass to volume. 
Adsorbent (0.5 g) was kept at 105 °C for 6 h. The moisture 
content of the adsorbent was analyzed from the difference in 
the weights before and after drying. For porosity measure-
ment, 2.5 ml distilled water was added to 1.5 g adsorbent 
in a 10 ml measuring cylinder. The volume of the cylinder 
was recorded  (V1) initially and after one hour  (V2) (Ponge-
ner et al. 2015). The methylene blue value was determined 
by dissolving 1.2 g methylene dye in a 1000 ml standard 
measuring flask with the aid of 0.25 % (v/v) acetic acid. The 
absorbance of the solution was then adjusted to 0.84 at 620 
nm by dilution. Added 0.1 g of the biochar sample with 25 
ml of the methylene blue test solution in a volumetric flask 
and shaken until decolorization has occurred. The addition 
of methylene blue in the step of 5 ml was continued till the 
saturation point, i.e., the color persists. The amount of meth-
ylene blue added was noted (Nunes and Guerreiro 2011).

Batch adsorption experiments

The Optilan Turquoise acid dye effluent was treated with 
the selected biochars in a mechanical shaker with 200 rpm. 
The color removal efficiencies were recorded in terms of 
absorbance value. The experiments were conducted at 27 °C 

keeping the actual pH (6.9) of the acid dye effluent. The 
weight percentage of the adsorbents (0.5, 1.0, 1.5, and 2.0 
%) and the duration of treatment (30, 60, and 90 min) were 
kept as variables. After each experiment, the solution was 
centrifuged, filtered and the absorbency was measured using 
UV–visible spectrophotometer (Make- Systronics). The 
reactions were repeated thrice for its reproducibility.

Kinetic studies

Upon performing the batch adsorption studies, it was 
observed that 2.5 N PAB is giving the maximum color 
removal. Thus, the kinetic study of 2.5 N PAB was carried 
out at different adsorbent dosages. The pseudo-first-order 
rate Eq. (2) was used to calculate the adsorption capacity of 
the synthesized biochar given by equation,

where qe is the amount of dye adsorbed on adsorbent at equi-
librium (mg/g), qt is the amount of dye adsorbed at any time 
(mg/g), and k1  (min-1) is the rate constant of the pseudo-first-
order adsorption which can be calculated from the slope of 
the linear plot of ln(qe-qt) against time. The pseudo-second-
order expression used to describe the rate of adsorption is 
presented by equation (3),

where k2(g/mg/min) is the rate constant of the pseudo-sec-
ond-order adsorption. k2 and qe can be calculated from the 
slope and intercept of the plot of t/qt vs time.

Results and discussion

Properties of biochars

The physical properties of the selected biochars are shown 
in Table 2. The yield of the biochar was found to be a maxi-
mum for 2.5 N PMB (9.6 %), followed by 1.0 N PCB (9.4 
%), and 2.5 N PAB (8.1 %). During the charring process, the 
oil cakes undergo shrinkage and the weight loss may due to 
the loss of moisture content followed by decomposition of 
cellulosic material and removal of inorganic impurities as 
ash (Ding et al. 2014). The bulk density of the prepared 2.5 
N PAB (0.652 g/cc) was found to be slightly higher than the 
others. The value of the bulk density of the prepared bio-
chars is between 0.50 and 0.75 g/cm3, which indicates that 
the prepared biochars are suitable for decolorization applica-
tions (Downie et al. 2012). Further, in the later adsorption 
studies, it is observed that the biochar (2.5 N PAB) with a 
highest bulk density (0.652 g/cm3) was found to have the 

(2)ln
(

qe − qt
)

= ln qe − k1t

(3)
t

qt
=

1

k2q
2
e

+
1

q2
t
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highest color removal efficiency and methylene blue value. 
The pH values of all synthesized biochars were found to 
be near neutral because of thorough washing with distilled 
water.

The dye adsorption capacity of biochars can be well 
expressed in terms of methylene blue value. Among the 
three biochars, the highest methylene dye adsorption capac-
ity (130 mg/g) was registered with 2.5 N PAB. One of the 
governing factors that determine the adsorption capacity of 
biochar is its porosity. The pores are formed in the biochar 
due to the release of volatile organic matters. The highest 
porosity (0.369 %) was observed with 2.5 N PMB followed 
by 2.5 N PAB (0.349 %). The least porosity (0.323 %) was 
observed with biochar prepared from 1.0 N PCB. Ball mill-
ing is the common method adopting for the reduction of 
the size of particles through grinding. Even after the same 
chemical treatment followed by the same period of ball 
milling, it is observed that the size of the biochar varies 
significantly depending on the source. The lowest particle 
size (113 nm) was observed in the case of 1.0 N PCB and 
the maximum was observed in the case of 2.5 N PAB (310 
nm). From the particle size analysis of various biochars, it 
is observed that among the three biochars, 2.5 N PAB and 
1.0 N PCB showed 100 % distribution intensity and the 2.5 
N PMB showed more than 90 %. This indicates that the ball 
milling process was done perfectly, and as a result, all the 
particles in single biochars showed almost the same particle 
size (Partlan et al. 2016). Thus, the physical and adsorption 
studies reveal that the properties of biochar greatly depend 
on the type of oil cake and concentration of activating acid.

FTIR analysis

Since in the batch adsorption studies of acid dyes, the 
biochar prepared from 2.5 N PAB gave the best perfor-
mance, the FTIR study is being reported for the same in 
comparison with its source oil cake (Fig. 1). The chemi-
cal activation of biochar might promote the surface func-
tional groups and hence influence the adsorption property. 
In the case of pristine almond oil cake, the sharp peak 
at 3736  cm–1 corresponds to the –OH hydroxyl stretch-
ing, probably due to the presence of moisture in the oil 
cake. The band near 1736  cm–1 is assigned to stretching 

vibrations of the C=O of the ester and aldehydic groups 
present in hemicelluloses and lignin (Basu et al. 2015). 
The bands around 2908  cm–1 are attributed to aliphatic 
C-H asymmetric stretching present mainly in cellulose, 
which is the major component of the lignocellulosic 
biomass (Adel et  al. 2011). The broad peak at 1024 
 cm–1 region ascribed to C=O, C–H, C–O–C, and C–O 
deformation or stretching vibrations of different groups in 
cellulose, hemicellulose, and lignin (Pandey et al. 2019). 
The sharp, but slightly broad peak at 1511  cm–1 indicates 
the C=C vibrations of the aromatic rings of lignin (Jose 
et al. 2017). The C=O stretching vibration in conjugated 
carbonyl of lignin is shown at 1638  cm–1 and the aliphatic 
part of lignin at 1446  cm–1 (Shi and li 2012). In the case 
of biochar, after chemical treatment followed by pyrolysis, 
most of the peaks were disappeared in comparison with 
pristine oil cake. The peak at 1638  cm-1 attributes to the 
removal of oxygen functional groups and the peak at 2908 
 cm-1 shows the decomposition of cellulosic structure and 
the appearance of a new peak at 1267  cm-1 may be due 
to the phosphorous–oxygen-carbon stretch (Yakout and 

Table 2  Physical and adsorption 
properties of biochars

* Figures in the parenthesis indicates the percentage of intensity of particle

Biochar Yield (%) Bulk 
density (g/
cm3)

Moisture 
content %)

pH Methylene blue 
value (mg/g)

Porosity (%) Mean 
particle size 
(nm)

2.5 N PAB 8.1 0.652 21.34 6.6 130 0.346 310 (100)*
1.0 N PCB 9.4 0.625 12.13 6.7 105 0.323 113 (100)*
2.5 N PMB 9.6 0.625 14.21 6.5 120 0.369 140 (92)*

Fig. 1  FTIR spectra of raw almond oil cake and 2.5 NPAB
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El-Deen 2016). Due to the poor moisture adsorption of 
the biochar, the peak corresponding to hydroxyl group at 
3747  cm–1 is slightly visible.

XRD analysis

The X-ray diffraction pattern of the 2.5 N PAB is displayed 
in Figure 2. The broad peak reveals the presence of amor-
phous structure of the biochar with low crystallinity. The 
peak at 29° perhaps due to the presence of amorphous car-
bon with the diffraction pattern of (002), which indicates the 
graphite like structure. Due to the low pyrolysis temperature 
(350 ℃), the oil cakes are not fully converted in to carbon, 
and as a result, the XRD peaks show a small crystalline 
nature. This is further supported by EDX analysis. The peak 
at 43° indicates the formation of atomic order with the dif-
fraction of (1 0 0), respectively (Girgis 2007).

SEM and EDX analysis

The SEM and EDX analysis was performed with the 2.5 N 
PAB, since it showed best color removal efficiency among 
the selected biochars (Figures 3, 4).

The surface of the biochar with irregularly shaped pores 
(2-50 nm) is visible in the SEM images. During the pyroly-
sis process, the acids react with oil cake and create pores Fig. 2  XRD pattern of 2.5 N PAB

Fig. 3  Scanning electron micrograph images of 2.5 N PAB at various magnifications
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due to the evaporation of volatile gases (Yue 1995). The 
number of pores per unit area produced by  H3PO4 treated 
almond is high as confirmed by porosity studies. The size 
and shape of the pores are found to be non-uniform. The 
highly porous structure of the biochar can account for the 
higher methylene blue value and color removal efficiencies. 
The EDX analysis depicted that the 2.5 N PAB is rich in 
carbon content (83.67). In addition to carbon and oxygen, a 
negligible quantity of P, Mg, Ca, and Si was also detected.

Table 3 depicts the elemental analysis of 2.5 N PAB 
biochar. It shows 83.67 % carbon and 14.85% oxygen. The 
presence of higher concentration of oxygen may be due to 
low temperature pyrolysis (350℃), which didn’t convert the 
whole oil cake into carbon. Other elements like Si, Mg, P, 
and Ca are present in negligible quantities.

BET analysis

One of the critical parameters of biochar is its BET sur-
face area to characterize the adsorption phenomenon. The 
surface area of the biochar is a key factor in determining 
the efficiency of color removal. In general, the surface area, 
pore volume, and average pore size increased with residence 
time and pyrolytic temperature (Tushar et al. 2012). The 
BET analysis of 2.5 N PAB was performed as described 
earlier, and the results are tabulated in Fig. 5. There is a 
robust association exists between the carbon content of the 
biochar and BET surface area. Pyrolysis leads to the deg-
radation of organic material of oil cakes and improves the 
surface area of 85.78  m2/g. There have also been plausible 
studies of similar findings elsewhere (Thangalazhy-Gopaku-
mar et al. 2015). The surface area of biochar produced from 
biomass is less than that of activated carbon produced from 

the same sources due to low temperature pyrolysis (Batista 
et al. 2018). The pore radius and pore volume (0.70 nm and 
0.056 cc/g) indicate the presence of herbaceous biochars. 
The relatively good pore radius and pore volume may have 
a key role in the adsorption of the acid dyes from the efflu-
ent. The specific surface area, pore volume and pore radius 
of biochar are highly depend on the raw material, activating 
chemical and pyrolysis temperature due to the variation in 
the decomposition of organic matters (Tomczyk et al. 2020).

Batch adsorption studies

An attempt has been made to investigate the adsorption 
capacity of biochars derived at low temperature (350 °C) 
and feasible conditions. The adsorption studies are directly 
observed with wool dye house effluent by following the 
absorbance of the acid dye effluent. Immediately after dye-
ing, the absorbency of the acid dye effluent was found to be 
1.27. In all the selected biochars, there observed an increas-
ing trend in the color removal with respect to time and con-
centration of adsorbent. Poor color removal efficiencies were 
recorded with all biochars at a low weight percentage of 
0.5 and 1.0 % due to saturation of the adsorption at the sur-
face of the adsorbent and no further decolorization occur. 
Increasing the weight percentage of adsorbent from 1.5 to 
2.0 % resulted in better color removal and attains equilib-
rium near 90 min, while, among three biochars of 1.5 % 
concentrations, the efficiency was found to be the highest 

Fig. 4  EDX spectra of 2.5 N PAB

Table 3  Elemental composition 
of 2.5 N PAB though EDX 
analysis

Sample C (At wt %) O (At wt %) Si (At wt %) Mg (At wt %) P (At wt %) Ca (At wt %)

2.5 N PAB 83.67 14.85 0.13 0.11 1.16 0.08

Fig. 5  BET analysis image of 2.5 N PAB
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in the case of 2.5 N PAB than the other two biochars as 
demonstrated in Fig. 6a. The adsorption studies on color 
removal from acid dye bath using various concentrations of 
2.5 N PAB are shown in Fig. 6b. Among the different weight 
percentages of biochars (0.5, 1.0, 1.5, and 2.0 %) used for 
the adsorption studies, the 2.0 % biochar found to be more 
effective in removing the color in all selected oil cakes. The 
2.5 N PAB at the weight percentage of 2.0 % resulted the 
highest color removal with an absorbency value of 0.1.

Kinetic studies

The experimental and calculated values of k1,k2,qe, and 
regression coefficient values (R2) for acid dyes are given in 
Table 4. Pseudo-first-order kinetic model fit linearly up to 
30 to 40 minutes with regression values of 0.99 and devia-
tion occurs beyond this time. This shows that the adsorp-
tion process is fast initially, and after that the attainment 
of saturation of active sites takes place depending upon the 
amount of adsorbent. The pseudo-second-order kinetics fit 
well with rate expression with  R2 values showing that the 
rate of adsorption equilibrium capacity increases with the 
amount of adsorbent (Fig 7). The results revealed that the 
saturation of adsorbent attained at a lower adsorbent percent-
age and the rate of adsorption augment with an increase in 

weight percentage of adsorbent. The amount of acid dye 
adsorbed on 2.5 N PAB is found to be quite high may result 
from high methylene blue value as in Table 2.

Conclusion

An attempt was made to prepare biochars from oil cakes and 
used for the removal of the color of the acid dye from wool 
dye effluent. Phosphoric acid treatment followed by a low 
temperature pyrolysis converted the oil cakes into biochars. 
We concluded the study with the following inferences.

• SEM images confirmed the pore structure in the biochar, 
which helps in the adsorption of the acid dyes.

• The adsorption process was found to be rapid in the ini-
tial stage of adsorption and gradually became stable after 
attaining the saturation of active sites.

• Among various biochars prepared from different oil 
cakes, the biochar developed from almond (2.5 N PAB) 
was found to have better color removal efficiency than 
others with 92 % color removal.

• The batch adsorption and kinetic studies indicate the 
second order pathway of color removal with the highest 

Fig. 6  a Batch adsorption studies on acid dye removal using 2.5 NPAB, b Batch adsorption studies on acid dye removal using 1.5 weight per-
centage of phosphoric acid treated bichars

Table 4  Pseudo-first-order and 
pseudo-second-order values 
for acid dye adsorption by 2.5 
N PAB

Adsorbent in 
weight (%)

Experimental 
qe (mg.g-1)

Pseudo-first-order Pseudo-second-order

qe (mg.g-1) k1 (min-1) R2 qe (mg.g-1) k2 (g.mg-1min-1) R2

0.5 8.06 9.87 0.0654 0.99 13.11 0.0025 0.99
1.0 5.03 4.37 0.0700 0.99 05.99 0.0179 0.99
1.5 4.04 3.96 0.1151 0.99 04.28 0.0607 0.99
2.0 3.12 1.16 0.1285 0.99 03.18 0.2999 0.99
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efficiency of the biochar derived from almond oil cake, 
followed by mustard and coconut.

• This may be due to the high surface area (85.78  m2/g) of 
the biochar. The XRD studies reveal the high amorphous 
structure of the biochar.

• Irrespective of the source, in all cases of biochars, the 
color removal efficiency was found to be directly propor-
tional to the concentration of adsorbents.

Thus, it may be concluded that the biochar derived 
from oil cakes can effectively be utilized for the 
removal of color from real acid dye effluent.
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