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ABSTRACT

In this study, we developed modified biochars and assessed its use for enhancing the adsorption capac-
ity of Acid Orange 7 (AO7) dye. The removal of AO7 dye using unmodified (Pea-B) and modified (Pea-
BO-NH, and Pea-BO-TETA) biochars derived from the pea Pisum sativum peels were investigated at
room temperature using batch adsorption method. The adsorption behavior of biochars toward AO7
dye was studied using different parameters such as dye concentrations, biochar dosage, contact time,
and pH. The results reveal that the optimum conditions for the maximum adsorption of AO7 dye are
at pH 2 and contact time 3 h. The adsorption capacity at equilibrium (g,) of the modified biochar was
significantly enhanced from 78.18 to 523.12 mg g™'. Pea-BO-TETA biochar had the largest adsorption
capacity (523.12 mg g™) at initial concentration 300 mg L and dosage 0.50 g L. The percentage
removal of AO7 dye reached 99% for Pea-BO-NH,, 98% for Pea-BO-TETA, and 96% for Pea-B biochars.
The structure of the prepared Pea-peel biochars was characterized by Brunauer-Emmett-Teller and
Barrett-Joyner-Halenda methods, scanning electron microscopy, Fourier-transform infrared spectros-
copy (FTIR), thermogravimetric analysis and energy-dispersive X-ray spectroscopy (EDAX) analy-
ses. The enhanced of AO7 dye adsorption by modified biochars could be attributed to the increasing
surface NH, group content which was confirmed by FTIR spectra and EDAX analysis. The results
obtained from batch experiments were analyzed by various isotherm models and the error function
equations were applied to find the best-fit isotherm model. Freundlich model reported the best fit for
the experimental data. The experiment data was primarily obeyed by pseudo-second-order rather
than the other studied kinetic models.
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1. Introduction

Today, the pollution and the scarcity of freshwater have
become pressing issues and required urgent worldwide
concern. Therefore, the treatment and reutilization of water
are becoming essential for facing water stress problems in the

* Corresponding author.

world. Wastewater effluents of highly charged with pollut-
ants produced from dyeing, printing, and textile industries
are representing a serious threat to the environment [1,2].
Among these pollutes, organic dyes are considered as the
most toxic, carcinogenic, and mutagenic compounds even
at low concentrations [3,4]. Recently many industries were
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used synthetic organic dyes in their production, such as tex-
tiles, pharmaceuticals, plastics, printing, paper, food, leather,
and cosmetics [5,6]. The textile industry is responsible for
15% to 20% of worldwide water pollution [7,8]. Nowadays,
globally there were about 10,000 different dyes are produced
and the annual global dyes production is approximated
at 7.105 tons [9,10]. Almost 10% of these dyes are rejected
directly in the natural environment without treatment to
reduce their polluting components to the surrounding
environment, and these liquid wastes cause serious health
problems for humans such as skin irritation, eye irritation,
mucous membranes irritation and irritation of the upper
respiratory tract, as well as nausea and headache. Diseases
caused by this polluted water include skin infections and
anemia as a result of bone marrow loss [11,12].

Most azo dyes are tending to be quite persistent in the
environment and resistant to biodegradation due to the
presence of one or more azo bonds (-N=N-), a large number
of aromatic groups, and auxochromes (e.g., SO, and -OH)
[13]. Plenty of attempts for the treatment of organic azo dyes
from industrial effluents have been extensively developed
to mitigate their threat to the environment [14]. However,
conventional methods such as coagulation, precipitation,
photocatalytic degradation, ozonation, desalination, etc. for
the treatment of dye-containing wastewater are found to be
limited and ineffective [15-23]. The adsorption method has
been currently widely used to be of better quality to other
wastewater handling methods because it is owing to many
advantages such as low cost, simple design, easy handling
property, high efficiency, and less susceptibility to poison-
ous substances [24]. Biochar can be used with a range of
applications such as an agent for soil improvement, an ave-
nue for greenhouse gas mitigation, and remediation of the
particular environmental pollution. Biochar can be used as
an efficient adsorbent for the removal of many pollutants
such as dyes [25,26], chromium [27], heavy metals [28], and
pentachlorophenol [29]. Amberlite Ira-938 resin was used to
adsorb of rose bengal dye from aqueous solution [30], argi-
nine modified activated carbon was tested for removing of
cationic dye from aqueous medium [31], and degradation
of congo-red dye using gamma radiation was reported [32].

It is worth mentioning that there is a relationship
between feedstock structure, processing conditions, and
physical characteristics of biochar. Density, surface area,
micro- and macro pores formation, particle size, and pore
size distribution are important biochar physical characteris-
tics. The most commonly observed feature in processed bio-
char is a pore structure. To enhance the removal efficiency
and adsorption capacity of biochar, the modification can
take place by loading biochar before, during, or after prepa-
ration with reluctant, minerals, functional groups, nanopar-
ticles, and activation with basic solution [33]. However, the
original adsorption capacity of unmodified biochar is low
and enhancement is thus urgently required. Modernity in
this work is the use of Pea-peels in the preparation of bio-
char for the first time and then treating biochar produced
with ozone followed by ammonium hydroxide to form
amine groups on the surface of biochar to increase its abil-
ity to absorb dyes from water. The high nitrogen content
introduced into the new biochar prepared from Pea-peels
as a worthless waste has resulted in the production of new

good quality materials that have a great ability to absorb
dyes from water.

The present study was aimed at producing novel mod-
ified biochars (Pea-BO-NH, and Pea-BO-TETA) adsorbent
from Pea-peels and using them to remove the Acid Orange
7 (AQO7) dye from water. The characteristics of the modi-
fied biochars were analyzed by Fourier-transform infrared
spectroscopy (FTIR), scanning electron microscopy (SEM),
energy-dispersive X-ray spectroscopy (EDAX), Brunauer—
Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH)
analyses. The thermal stability was examined by thermo-
gravimetric analysis (TGA), differential thermal analysis
(DTA), and differential scanning calorimetry (DSC) analyses.
The adsorption properties of the obtained biochars to AO7
dye, including the adsorption kinetics and the isothermal
properties, were also investigated.

2. Materials and methods
2.1. Materials

Pea-peels raw material was collected from a local mar-
ket for the preparation of biochar. Acid Orange 7 (Orange
) (CIL 15510) (CH, N,NaO,S) (Mwt = 350) was pur-
chased from Sigma-Aldrich (USA). Sulphuric acid (H,SO,,
M.W. = 98.07 g, assay (acid-metric) 99%), ammonia solution
(NH,OH, M.W. = 35 g, assay 25%) and triethylenetetramine
(TETA) were purchased from Sigma-Aldrich (USA).

2.2. Preparation of biochars
2.2.1. Preparation of Pea-peel biochar (Pea-B)

Pea-peels were thoroughly washed with tap water to
remove dust and the cleaned Pea-peels were dried in an
oven at 105°C for 48 h, and the dried Pea-peels were milled
and crushed. The crushed Pea-peels (25.0 g) was boiled in
a 100 mL solution of 50% H,SO, in a refluxed system for
2 h, then the reaction mixture was filtered and washed with
distilled water until the filtrate become neutral followed
by washing with ethanol. The final product of biochar was
dried in the oven at 70°C overnight, and then its weight
is determined. The obtained biochar from this reaction
was labeled as Pea-B biochar. In this preparation method,
the carbonization and sulphonation processes occurred.

2.2.2. Chemical surface modification of Pea-B biochar

Dried Pea-B biochar was subjected to a two stages mod-
ification. At the first stage, the Pea-B biochar which pre-
pared as mentioned above was ozonized in water for 2 h.
Then the ozone activated biochar was allowed to dry in an
oven at 70°C overnight after washing with distilled water
and ethanol and the product was labeled as Pea-BO biochar.
This stage is urgent to increase the surface oxygen content
for increasing its ability for grafting with amine functional
groups.

In the second stage, two amine-functionalized biochars
were prepared by grafting with ammonium hydroxide
(NH,OH) and TETA. For functionalized Pea-BO biochar with
NH,OH, the Pea-BO biochar (25 g) was boiled in a 100 mL
solution of 25% NH,OH in a refluxed system for 2 h, followed
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by filtration, then washed with distilled water and ethanol.
The final product of biochar was dried in the oven at 70°C
overnight, and then its weight is determined (~32.50 g yield).
The product was labeled as Pea-BO-NH, biochar. For func-
tionalized Pea-BO biochar with TETA, the biochar Pea-BO
(25 g) was boiled in 100 mL solution of TETA in a refluxed
system for 2 h, then the reaction mixture was filtered and
washed with distilled water and ethanol. The final product
was dried at 70°C overnight, then its weight is determined
(~36.2 g yield). The product was labeled as Pea-BO-TETA
biochar.

2.3. Batch adsorption experimental

A stock solution containing 1,000 mg L™ of Acid Orange
7 dye prepared by dissolving 1.0 g of AO7 dye in 1,000 mL
of double-distilled water. The adsorption experiments were
carried out by the batch equilibrium method. 100 mL of
the adsorbate solution was agitated with different doses of
the prepared adsorbent in a shaker (JSOS-500, Korea). The
solution was analyzed for the residual AO7 dye concentration
using a visible-UV spectrophotometer at adsorption wave-
length of A__ 483 nm. The adsorption capacities (g, mg g™')
of the adsorbent at time ¢ were calculated using Eq. (1).

xV )

where the initial concentration of dye is C, (mg L™); the
residual concentration of the dye at time t is C, (mg L),V
(L) is the volume of dye solution and W (g) is mass of biochar
in gram. The removal percentage of AO7 dye from aqueous
solution is computed using the following equation.

Removal (%) = (COC_ c) x100 (2)

0

The effect of pH on AO7 dye removal was studied by
adding 0.5 g of the adsorbent to 100 mL of 100 mg L™ of
AQO7 dye solution for pea biochar with initial pH values
2,4,55,7 and 9. The pH values were adjusted with 0.1 M
HCI and NaOH solutions. The reaction mixture was shaken
at 200 rpm for 15, 30, 45, 60, 90, 120, and 180 min at room
temperature and sampled for AO7 dye color analysis.

The isotherm study was performed using various con-
centrations of AO7 dye solutions 75, 100, 150, and 200 mg L
for Pea-B, 100, 150, 200, and 300 mg L™ for Pea-BO-NH,
and Pea-BO-TETA biochars. Mixtures of 0.2, 0.3, 0.4, 0.5, and
0.6 g of the Pea-B, mixtures of 0.05, 0.1, 0.125, 0.15, and 0.2 g
of the Pea-BO-NH, and Pea-BO-NH, with 100 mL AO7 dye
solutions of various initial concentrations were shaken at
200 rpm for 180 min at 25°C.

The effect of biochar dose and contact time on AO7
dye adsorption was studied by shaking 100 mL of 75, 100,
150, and 200 mg L™ of initial dye concentration for Pea-B
and 100, 150, 200, and 300 mg L™ for Pea-BO-NH,OH and
Pea-BO-TETA biochars with Pea-B different adsorbent doses
of 0.2, 0.3, 0.4, 0.5, and 0.6 g and Pea-BO-NH,OH and Pea-
BO-TETA doses of 0.05, 0.1, 0.125, 0.15, and 0.2 g at different
interval times of 0, 15, 30, 45, 60, 90, 120, and 180 min at 25°C.

2.4. Characterization
2.4.1. Nitrogen adsorption measurements

The adsorption—-desorption isotherm of nitrogen gas on
biochar was determined at the boiling point of N, gas. The
BET surface area (S,,,) measurements of the biochar were
made by nitrogen adsorption at 77 K using surface area and
pore analyzer (BELSORP - Mini II, BEL Japan, Inc., Japan)
[34,35]. Analysis of the isotherm was carried out by apply-
ing the BET plot to obtain monolayer volume (V) (cm? (STP)
g™), the surface area (S,;;) (m? g), total pore volume (p/p,)
(ecm? g), (C) energy constant and mean pore diameter (nm).
The average pore radius was calculated by using the follow-

ing Eq. (3).

2V, (mL g
r(nm)= H_((ngl)) 3)

The t-plot and BJH methods were used to measure the
micropore surface area (S_) and micropore volume (V) as
well as the mesopore surface area (S, ) and mesopore vol-
ume (V__) of biochar using the BELSORP analysis program
software. Pore size distribution is calculated from desorption
isotherm by applying the BJH method [36].

2.4.2. Microscopy

The surface morphology of the biochar samples was ana-
lyzed by the SEM (QUANTA 250, Czechoslovakia) which
was coupled with EDAX to carry out an elemental analysis.

2.4.3. FTIR spectroscopy of the biochar

The surface functional groups of the biochar were
estimated by FTIR spectroscopy (Platinum ATR) model
V-100 VERTEX70 (Germany) to detect the IR-observable
functional groups on the biochar surface, in the wavenumber
400-4,000 cm™.

2.4.4. Thermogravimetric analysis (TGA), differential thermal
analysis (DTA) and differential scanning calorimetry (DSC)

Thermal analyses were performed using an SDT650-
simultaneous thermal analyzer instrument in the range from
60°C to 1,000°C using 5°C per min as ramping temperature.

2.5. Theoretical background
2.5.1. Theory-equilibrium isotherms

The Langmuir model [37] assumes uniform energies of
adsorption of a solute from a liquid solution onto a surface
containing a definite number of identical sites as monolayer
adsorption and no transmigration of adsorbate in the plane of
the surface [38]. The linear equation of the Langmuir model
was reported as Eq. (4):

Coo_L .l @)
7. Ko, 'O,

where Q reflected complete monolayer adsorption (mg g™);
K, is a constant (L mg™) related to the energy of adsorption.
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The linear equation of the Freundlich model [39] can be
written as Eq. (5):

logg, =logK, + 1log C, (5)
n

where K, is the relative adsorption capacity and 1/n is the
intensity of the adsorption constant referring to surface het-
erogeneity which becoming more heterogeneous as its value
gets closer to zero. A value for 1/n < 1 indicates a normal
Langmuir isotherm while 1/n > 1 is indicative of cooperative
adsorption. The maximum adsorption capacity can be calcu-
lated according to Halsey [40] Eq. (9). The maximum adsorp-
tion capacity of Freundlich (Q , mg g7) can be measured
from Eq. (6).

Qm = KFC(IJ/M (6)

The linear equation of the Temkin isotherm model [41]
which assumed that the heat of adsorption of all the mol-
ecules in the layer decreases linearly with coverage due to
adsorbent-adsorbate interactions [42] can be presented as
Eq. (7) [43-45].

g, =BInA+BInC, (7)

where = (RT)/b, T is the absolute temperature in Kelvin and
R is the universal gas constant, 8.314 ] mol™ K™'. The constant
b is related to the heat of adsorption [46,47].

2.5.2. Adsorption kinetics

The linear equation of the Lagergren first-order model
[48], which is the earliest known equation studied the
adsorption rate based on the adsorption capacity, is generally
expressed as Eq. (8).

kl
t 8
2.303 ®)

log (g, —q,)=10g(q,)-

The relation between log(q, — q,) and ¢ should give a lin-
ear relationship if the reaction rate is first-order and from the
slope and intercept of the plot, respectively, we can measure
k, and predicted g,.

The pseudo-second-order model given by Ho et al. [49]
as linear Eq. (9).

(t] 1 +1(t) )

q.) ka .

The initial sorption rate, 4, may be calculated from
Eq. (10).
h=kg: (10)

If the second-order kinetics is applicable, then the rela-
tion between t/g, and t should show a linear relationship from

which the values of k, and g, respectively, can be calculated
from the intercept and slope.

The linear form of the Elovich kinetic model is generally
expressed as Eq. (11) [50-52].

q, :%ln(aﬁ)wtéln(t) 11)

If the Elovich model is applicable the relation between
g, and In(t) should give a linear relationship with a slope of
(1/B) and an intercept of (1/B) x In(xf3).

The possibility of intraparticle diffusion [53,54] is
explored by using Eq. (12).
q: = Kdiftl/z +C (12)
where C is constant give information about the thickness of
the boundary layer and can be measured from the intercept.
K, is a constant directly calculated from the slope of the
regression line and refers to the intraparticle diffusion rate.
The resistance to the external mass transfer increase as the C
value increase.

3. Results and discussion
3.1. Characteristics of biochars
3.1.1. Fourier-transform infrared spectroscopy

The FTIR spectra of raw Pea-peel and the four pea bio-
chars are presented in Figs. 1 and 2. The strong band at
3,224-3,378 cm™ represents the O-H stretching vibration,
and existed in Pea-peel, Pea-B, and Pea-BO biochars, while
the broad adsorption peak around 3,169 and 3,221 cm™
is inductive of the existence of the -OH group of glucose
and the -NH of the amino group in Pea-BO-NH, and Pea-
BO-TETA biochars (Fig. 2). The appearance of this new
band indicated the introduction of an amino group into
the surface of the biochars. The peak at 2,919-2,929 cm™
is assigned to —CH stretching vibration and existed in
Pea-peel and the four pea biochars. The adsorption peak
at 1,701 cm™ can be assigned to C=O stretching of the car-
boxyl group which was existed in Pea-B and Pea-BO and
it is completely disappeared in Pea-peel, Pea-BO-NH,, and
Pea-BO-TETA (Figs. 1 and 2). However, the strength at
17,01 cm™ of Pea-BO biochar was enhanced when compared
with Pea-B biochar, indicating the C=O functional group
might be increased by O, treatment. The band at 1,620 cm™
implies the C=O stretching vibration and almost existed in
Pea-peel, Pea-B, and Pea-BO biochars. Similarly, Pea-peel
represented a strong peak at 1,620 cm™ than Pea-B and
Pea-BO biochars, suggesting the sulfuric acid and ozona-
tion might induce less C=0 functional group than raw Pea-
peel. N-H stretching vibration in fatty amine or aromatic
secondary amine was only appeared at 1,561 and 1,567 cm™
in Pea-BO-NH, and Pea-BO-TETA, respectively, indicating
NH,OH and TETA modification might increase the N-H
functional group of Pea-BO-NH, and Pea-BO-TETA. The
peak at 1,414-1,436 cm™ represents that the C-O functional
group was weak and appeared only in Pea-peel, Pea-B,
and Pea-BO. The adsorption band at 1,360-1,378 cm™ was
assigned to the -N=C=0 group stretching vibration. These
new band resulting from nitrogen-containing functional
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Fig. 2. FTIR analysis of Pea-BO, Pea-BO-NH,, and Pea-BO-TETA.

groups appeared on Pea-BO-NH, and Pea-BO-TETA, proved
that the new amino groups were successfully introduced to
the biochar surface after the treatment. The presence of oxy-
genated carbon chains peak at 1,239-1,155 cm™ represents

an increase of C-O-C asymmetric stretching functional
group for Pea-B and Pea-BO, while it is decreased in Pea-
peel, Pea-BO-NH, and Pea-BO-TETA biochars. The band
at 1,032-1,037 cm™ represents that the C—-O-H functional
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group existed in all biochars while it is strong in raw Pea-
peel. Furthermore, it seems there was a notable difference
between Pea-peel and the four prepared biochars in the
band strength at 1,032-1,037 cm™, indicating NH,OH and
TETA modification could have effect on the C-O-H func-
tional group of biochars.

3.1.2. Determination of textural properties

The textural properties were calculated by the BET and
BJH methods including the surface area, total pore vol-
ume, mean pore diameter, monolayer volume, mesopore
area, mesopore volume, and mesopore distribution peak
for the Pea-B, Pea-BO, Pea-BO-NH,, and Pea-BO-TETA
biochars and are presented in Fig. 3. As shown in Fig. 3,
the BET - specific surface area of biochars declined as
Pea-B (21.63 m? g') > Pea-BO (12.87 m? g') > Pea-BO-TETA
(11.86 m* g™') > Pea-BO-NH,, (11.02 m? g™). It was noted that
the ozonation and amination reactions reduced the specific
surface area of Pea-BO, Pea-BO-NH,, and Pea-BO-TETA
biochars. The monolayer volume values of Pea-B, Pea-BO,
Pea-BO-TETA, and Pea-BO-NH, biochars were 4.97, 2.96,
2.73, and 2.53 cm® g7, respectively, which showed a simi-
lar trend with the specific surface area. The total volume

30

Pea-B

Pea-BO
Pea-BO-NH2
Pea-BO-TETA

v, fem*(STP) o'

P/py

(2)

values of Pea-B, Pea-BO, Pea-BO-NH,, and Pea-BO-TETA
biochars were 0.025, 0.026, 0.024, and 0.029 cm® g7, respec-
tively. The mean pore diameters of Pea-B, Pea-BO, Pea-
BO-NH,, and Pea-BO-TETA biochars were 4.56, 8.17, 8.67,
and 9.88 nm (mesopores), respectively. This result proved
that the modification process enlarged the pore size of
Pea-BO, Pea-BO-NH,, and Pea-BO-TETA, especially Pea-BO-
TETA biochar. The meso surface area of biochars declined as
Pea-B (20.47 m* g™') > Pea-BO (15.43 m? g™') > Pea-BO-TETA
(14.32 m* g') > Pea-BO-NH, (13.05 m* g™). It was also noted
that the modification reactions reduced the specific surface
area of Pea-B biochar. The mesopore volume values of Pea-
BO-TETA, Pea-B, Pea-BO, Pea-BO-TETA, and Pea-BO-NH,
biochars were 0.031, 0.029, 0.028, and 0.026 cm® g7, respec-
tively. The mesopore distribution peak values of Pea-B was
1.66 nm while it was 1.22 for Pea-BO, Pea-BO-NH,, and Pea-
BO-TETA biochars, respectively. The specific surface area,
total pore volume was decreased after functionalization
may be due to the blockage of the pore. The empty pores
available in un-modified Pea-B biochar have been blocked
by the amine functional groups in Pea-BO, Pea-BO-NH,,
and Pea-BO-TETA biochars. However, there is an increase
in the mean pore diameter after the amine modification
process, which may be explained by filling the small pores.
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Fig. 3. (a) Adsorption desorption plot, (b) BET analysis plot, and (c) of Pea-B, Pea-BO, Pea-BO-NH,, and Pea-BO-TETA biochars.
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3.1.3. Scanning electron microscopy Pea-BO biochar shows, there was no deformation of the

SEM micrographs of raw Pea-peel, Pea-B, Pea-BO, Pea-  pores have occurred after ozonation. Figs. 4d and e show
BO-NH,, and Pea-BO-TETA biochars were examined (Fig. 4).  the surface morphology of Pea-BO-NH,, and Pea-BO-TETA
Fig. 4b shows the porous structure of Pea-B biochar with  biochars, respectively. SEM images of Pea-BO-NH, and Pea-
different size indicating relatively high surface. Fig. 4c of =~ BO-TETA biochars show that most of their pores and caves

Fig. 4. SEM image of Pea-peel (a), Pea-B (b), Pea-BO (c), Pea-BO-NH, (d), and Pea-BO-TETA (e).
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had been blocked after the introduction of the amine to cre-
ate active sites for adsorption.

Chemical compositions of the samples were analyzed
with EDAX. This analysis was carried out for the pea mod-
ified and unmodified biochars. The chemical composi-
tions of Pea-B and Pea-BO biochars are reported in Table 1.
Table 1 shows the absence of nitrogen before the modifica-
tion by NH,OH and TETA reagents. The EDAX analysis of
Pea-BO-NH, and Pea-BO-TETA biochars proved the pres-
ence of about 12.48% and 19.24% sample weight for nitrogen
element, respectively.

3.1.4. Thermal analysis

Fig. 5 illustrates the thermogravimetric profile of the
raw material Pea-peel, Pea-B, Pea-BO, Pea-BO-NH,, and
Pea-BO-TETA biochars, respectively, as a function of tem-
perature. As seen in Fig. 5, the decomposition of raw mate-
rial Pea-peel, Pea-B, and Pea-BO takes place in three steps
while the decomposition of the Pea-BO-NH, and Pea-
BO-TETA biochars occurred in two steps. The first step
occurred at temperatures between 50°C and 150°C due to
the loss of surface-bound water and moisture present in

Table 1
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the sample with weight loss of 4.04%, 8.78%, 3.95%, 6.13%,
and 3.97%, respectively, for raw material Pea-peel, Pea-
B, Pea-BO, Pea-BO-NH,, and Pea-BO-TETA biochars. The
second step with weight loss of 63.68% at 150°C-350°C,
20.53% at 150°C-275°C, 37.79% at 150°C-1,000°C, 34.97% at
150°C-1,000°C and 38.51% at 150°C-1,000°C, respectively,
for raw material Pea-peel, Pea-B, Pea-BO, Pea-BO-NH,, and
Pea-BO-TETA biochars. The third step with the weight loss
of 5.014% at 350°C-1,000°C and 25.70% at 275°C-1000°C,
respectively, for raw material Pea-peel and Pea-B biochar. The
weight remained with an order of Pea-peel < Pea-B < Pea-
BO-TETA < Pea-BO < Pea-BO-NH, biochars and the percent-
ages of 27.27%, 45.10%, 57.53%, 58.26%, and 58.98% were
obtained which reflect more stability for oxidized and amine-
modified samples than raw Pea-peel and Pea-B biochar.
DTA can be used as a method for the determination of
phase diagrams, heat change measurements, and decom-
position in various atmospheres (Fig. 6). The DTA curve
of the Pea-peel sample exhibits two peaks at a tempera-
ture of flow T, (76.67°C and 342.45°C), and the DTA curve
of Pea-B sample exhibits two peaks at lower T, (75.95°C
and 213.84°C), which reflect that the Pea-peel maybe have
higher stability than Pea-B biochar. However, the pyrolysis

EDAX analysis data of Pea-B, Pea-BO, Pea-BO-NH,, and Pea-BO-TETA biochars

Biochar Pea-B Pea-BO Pea-BO-NH, Pea-BO-TETA
Elements Wt.% At % Wt.% At % Wt.% At% Wt.% At.%
C 50.57 60.44 59.28 65.74 51.24 57.59 51.16 57.07
(@] 34.24 30.73 40.20 34.00 35.75 30.16 28.24 24.26
N ND ND ND ND 12.48 12.03 19.24 24.26
S 11.68 5.23 0.52 0.21 0.53 0.22 0.64 0.27
ND: not detected.
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Fig. 5. TGA analysis of raw Pea-peel and Pea-B, Pea-BO, Pea-BO-NH,, and Pea-BO-TETA biochars.
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Fig. 6. DTA analysis of raw Pea-peel and Pea-B, Pea-BO, Pea-BO-NH,, and Pea-BO-TETA biochars.

of both of Pea-peel and Pea-B samples show two well-re-
solved degradation peaks. The degradation peaks remain
two peaks after treatment with sulfuric acid. These results
imply that the degree of degradation of the Pea-peel is
decreased after acid treatment dehydration. The DTA anal-
ysis of the Pea-BO, Pea-BO-NH, and Pea-BO-TETA samples
showed manly similar two well-resolved degradation peaks
at a temperature of flow T, (76.60°C and 400.97°C), (76.73°C
and 408.76°C), and (83.47°C and 374.25°C), respectively,
and onset points at (56.17°C and 271.13°C), (56.23°C and
253.11°C), (56.35°C and 260.33°C), respectively. This proved
that the stability of Pea-B biochar samples increased by
modification with ozone and amine.

DSC can be utilized to compare materials via thermal
transitions. Fig. 7 shows the DSC of raw Pea-peel and Pea-
B, Pea-BO, Pea-BO-NH,, and Pea-BO-TETA biochars. All
samples showed their crystallization temperatures T . before
100°C which are attributed to crystallization of water mol-
ecules. The DSC of the raw material of Pea-peel showed a
crystallization temperature T. at 348.29°C and 758.59°C.
The DSC of Pea-B showed a crystallization temperature T, at
219.84°C. Pea-BO, Pea-BO-NH,, and Pea-BO-TETA biochars,
respectively do not exhibit other phase transitions.

3.2. Adsorption of AO7 dye
3.2.1. Effect of pH

Adsorption process for the removal of dyes from waste-
water is pH-dependent in which the pH plays an important
and influencing factor in the adsorption process. The pH
effect on the AO7 dye adsorption capacity of Pea-B, Pea-
BO-NH,, and Pea-BO-TETA biochars was studied at varied
pH range from 2 to 9. From Fig. 8a, it is observed that the
highest efficiency of removal was obtained at pH 2 as per-
centage removal of AO7 dye ranged between 96% and 99%.
By increasing pH from 2 to 5.5, the percentage removal of dye

is dramatically reduced from 99% to 80% for Pea-BO-NH,
from 98% to 78% for Pea-BO-TETA and from 96% to 75% for
Pea-B biochars. After reaching to neutral pH value, percent-
age removal was highly reduced. The percentage removal
was 65% for Pea-BO-NH,, 63% for Pea-BO-TETA, and 60% for
Pea-B biochars. The percentage of removal has a low reduc-
tive trend with increasing pH values from 7 to 9.

Fig. 8b shows the relationship between the amounts of
AQ7 dye adsorbed at equilibrium (g,) (mg g') and the pH
values variation from 2 to 9. The results indicated that, at
different pH values, the g, for the Pea-BO-NH, and Pea-BO-
TETA biochars were nearly similar. By changing pH values
from 2 to 9, the g, decreased from 98.5 to 63 mg g™ for the
Pea-BO-NH, and Pea-BO-TETA biochars. For Pea-B biochar,
the g, at pH 2 was 19.23 mg g™ and decreased to 11.45 mg g™
at pHO.

After treatment of Pea-BO biochar with NH,OH and
TETA, the percentage of removal and the amounts of dye
adsorbed at equilibrium obviously enhanced, although the
adsorbent dose of Pea-B biochar is four times greater than
the adsorbent doses of Pea-BO-NH, and Pea-BO-TETA bio-
chars (Fig. 8). The results indicated that the NH,OH and the
TETA can be used as reagents to modify Pea-BO biochar to
produce highly efficient adsorbents to remove AO7 dye from
wastewater. However, it must also be mentioned that the
adsorption process of AO7 dye onto the surface of an adsor-
bent is primarily influenced by the charge on the adsorbent
surface, which actually is influenced by the solution pH. The
enhanced of AO7 dye adsorption by modified biochars could
be attributed to the increasing of surface NH, content which
was confirmed by its FTIR spectra and EDAX. Firstly, acid
dye gives negatively charged ions when dissolved in water.
At the acidic medium, the number of positively charged sites
on the sorbent increase due to the presence of an excess of H*
ions which tended to absorb onto the surface of biochar, then
the dye anions will be adsorbed on the surface of adsorbent
due to electrostatic attraction. While at the alkaline medium,
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Fig. 8. Effect of solution pH value on the (a) removal % and (b) g, (ng g™) of AO7 dye (100 mg L™) using Pea-B, Pea-BO-NH,, and Pea-
BO-TETA of adsorbent dose (5.0, 1.0, and 1.0 g L, respectively) at 25°C + 2°C.

there was an excess of HO™ ions which competing with the
dye anions in the solution for adsorption sites. Also, in the
alkaline medium, the surface sites on the biochar were nega-
tively charged which did not favor the adsorption of anionic
AO7 dye due to electrostatic repulsion. The above results
showed that the formation of charge on the biochar surface is
the main factor that affects the dye removal from its solution.

3.2.2. Effect of contact time

The contact time required achieving a specific removal
of AO7 dye and it is important for applying biochar to AO7
dye adsorption applications. Fig. 9a shows the percentage
removal of AO7 dye at different initial dye concentrations
ranged from 75 to 200 mg L at pH 2 using Pea-B adsorbent
biochar dose (2.0 g L) at different contact times (5-200 min).
As can be observed from Fig. 9a, the percentage of removal
of AO7 dye at an initial concentration (75 and 100 mg L)
was about 50% after 15 min. The percentage of removal of

AO7 dye increases with an increase in time and reaches a
maximum (90 %) after 3 h. At initial concentration (150 and
200 mg L), within the first 15 min, about 70% of AO7 dye
was removed and after that, the uptake of AO7 dye became
slower and does not make a high change with increasing
time. The optimum time to attain the equilibrium was 3 h.
Fig. 9b shows the percentage of AO7 dye removal at
different initial dye concentrations ranged from 100 to
300 mg L' and pH 2 using Pea-BO-NH, adsorbent dose
(2.0 g L) at different contact times (5-180 min). With the
beginning of adsorption contact time, the removal of AO7
dye increases quickly and reaches about 85%, after 15 min,
most of the AO7 dye is removed and reaches nearly a
complete removal at 3 h. The effect of contact time on the
percentage of removal of AO7 dye using Pea-BO-TETA
(2.0 g L") was illustrated in Fig. 9c. It is clear from Fig. 9¢c
that, the percentage of removal trend of AO7 dye on Pea-
BO-TETA biochar for all cases was speedy within the first
15 min. The removal of the dye was 90% just after 15 min.
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Fig. 9. (a) Removal of AO7 (75-200 mg L) using Pea-B adsorbent dose (2.0 g L™); removal of AO7 dye (100-300 mg L™) using
(b) Pea-BO-NH, adsorbent dose (2.0 g L), and (c) Pea-BO-TETA adsorbent dose (2.0 g L™) at 25°C + 2°C.

The percentage of AO7 dye removal slightly increases with
time for most cases except for AO7 dye at 200 mg L where
the percentage of removal became nearly constant (about
90%). Complete removal was achieved using 2.0 g L of
adsorbent dose at 180 min for AO7 dye.

From Fig. 9, we can observe that there was rapid adsorp-
tion occurred at initial contact time (15 min) by using Pea-
B, Pea-BO-NH,, and Pea-BO-TETA biochars, but the most
notable difference between the three biochars was the sig-
nificantly higher removal of AO7 dye using small doses
of Pea-BO-NH, and Pea-BO-TETA biochars at short time.
After modification of Pea-B biochar by treatment with O, in
H,O for 2 h followed by reflux in 25% NH,OH solution or
reflux in TETA, the surface area, and pore size distribution
may not be the functions of AO7 dye adsorption because
they were slightly changed than would be expected based
on BET analysis. The significant difference between the
three biochars could be attributed to surface modification.
One hypothesis is the amine sites formation on the sur-
face of biochars during the modification process. Amine
sites produced a great chemical affinity between the AO7

dye and the modified biochar. The slow rate of dye adsorp-
tion reported after the first 15 min may be attributed to the
slow pore diffusion of the dye ions into the bulk of biochar
adsorbents.

3.2.3. Effect of initial concentration

The influence of the initial dye concentration on the
percentage of removal and adsorption capacity at equilib-
rium (q,) was investigated. The process was carried out at
adsorbent doses using Pea-B biochar (2, 3,4, 5,and 6 g L) in
the test solution, pH 2 at a different initial concentration of
AO7 dye (75, 100, 150, and 200 mg L) for 3 h at room tem-
perature (25°C + 2°C) (Fig. 10a). The results indicate that the
percentage of removal of AO7 dye decreases as the initial
concentration of dye increased. The percentage of removal
of AO7 dye decreased from 94% to 79%, 97% to 89%, 98% to
93%, 99% to 96% and 99% to 97% with an increased in the
initial dye concentration from 75 to 200 mg L™ using differ-
ent Pea-B doses of 2, 3, 4, 5, and 6 g L™, respectively. Fig. 10b
shows that, the values of g, decrease with an increase of
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Pea-B doses at the same initial concentration of AO7 dye,
while it increases with an increase of initial dye concentra-
tion for all studied doses of Pea-B as adsorbent.

The adsorption experiments at an initial concentra-
tion of AO7 dye from 100 to 300 mg L™ on its removal %
using different Pea-BO-NH, doses (0.5-2.0 g L) were also
performed for 3 h at pH 2, 25°C + 2°C and the results are
represented in Fig. 10c. It is observed that the percentage of
removal increased with increasing of mass concentration of
Pea-BO-NH, adsorbent from 0.5 to 2.0 g L. The percentage
of removal decreased from 91 to 81% for an increase in the
initial concentration of AO7 dye from 100 to 200 mg L
using 0.5 g L™ of Pea-BO-NH, biochar, then, the percentage
of removal increases to 84% at an initial concentration of dye
300 mg L™ using 0.5 g L™ of Pea-BO-NH, biochar, whereas
the percentage of removal of dye decreases as the initial con-
centration of dye increased. The percentage of removal of
dye decreased from 98.5% to 90% for an increase in the ini-
tial concentration of AO7 dye from 100 to 300 mg L™ using
absorbent dose 1.0 g L™ of Pea-BO-NH, adsorbent. Also, the
percentage of removal of AO7 dye decreased from 99 to 95%
for the same increase in the initial concentration of AO7 dye
from 100 to 300 mg L using the absorbent dose 1.25 g L™ of
Pea-BO-NH, adsorbent. The percentage of removal of dye
decreased from 99% to 98% and from 100% to 99% for the
same increase in the initial concentration of AO7 dye from
100 to 300 mg L using Pea-BO-NH, absorbent doses 1.5
and 2.0 g L7, respectively. From Fig. 10d, the results indicate
that the g, increased from 181.42 to 505.47, 98.47 to 268.76,
79.18 to 226.19, 66.09 to 193.32 and 49.67 to 146.20 mg g
with an increase in the initial dye concentration from 100
to 300 mg L™ using Pea-BO-NH, doses 0.5-2.0 g L™, respec-
tively. The adsorption experiments at initial concentration
ranged between 100 and 300 mg L using different Pea-BO-
TETA adsorbent doses (0.5-2.0 g L) were also performed
for 3 h at 25°C + 2°C, at pH 2 to study their effects on the
removal percent of AO7 dye and the results are represented
in Fig. 10e. It is shown that the percentage of removal of dye
decreased from 98.5% to 91.5% for an increased in the initial
concentration of dye from 100 to 200 mg L and after that,
there was a slightly increased to 92% at an initial concentra-
tion of dye 300 mg L, using 0.5 g L Pea-BO-TETA adsor-
bent dose, where the percentage of removal of AO7 dye
slightly increases from about 97.5% to 98.5% with increased
of mass concentration of adsorbent from 1.0 to 2.0 g L.
From Fig. 10f, the results indicate that the g, increased from
196.92 to 523.12, 97.75 to 293.17, 78.12 to 237.09, 64.84 to
197.16 and 48.64 to 147.81 mg g™ with an increase in the ini-
tial dye concentration from 100 to 300 mg L™ using Pea-BO-
TETA doses 0.5, 1, 1.25, 1.5, and 2.0 g L7, respectively.

The g, onto the three different biochars (Pea-B, Pea-
BO-NH,, and Pea-BO-TETA) at a lower initial concentration
of AO7 dye were smaller than the corresponding g, at higher
initial concentrations. The decrease in g, value was probably
due to the concentration gradient between the adsorption
vacant sites of the solid adsorbent and the concentration
of dye solutions gets decreased with increasing adsorbent
mass leading to decrease in g, value or during the sorption
process, there was an aggregation took place to lead to a
reduction in surface area of the adsorbent. The increase
in the g, although using small doses of Pea-BO-NH, and

Pea-BO-TETA (0.5 g L) and at a high initial concentra-
tion of dye was significant. The g, increased to about seven
times by using Pea-BO-NH, and Pea-BO-TETA as adsorbent
than using of Pea-B as adsorbent. This notable result may
be attributed to the formation of reactive amino groups on
the surface of biochars during the modification process that
efficiently increased the negative surface charges.

3.2.4. Effect of adsorbent dosage

The experimental conditions are represented in Fig. 11.
The experimental results revealed that the percentage of
removal of AO7 dye increased gradually with increasing
doses of the adsorbent, while the g, decreased with increas-
ing of the adsorbent doses for all studied Pea-B doses.
Increasing the quantity of Pea-B doses from 2 to 6 g L™ sig-
nificantly enhanced the percentage of removal of AO7 dye
from 94% to 98%, 86% to 97%, 77% to 96% and 78% to 95% for
an initial dye concentration of 75, 100, 150, and 200 mg L,
respectively. On the other hand, the g, decreased from 35
to 10, 45 to 20, 60 to 30 and 80 to 35 mg g with increasing
of the quantity of adsorbent from 2 to 6 g L™ for initial dye
concentration of 75, 100, 150, and 200 mg L, respectively.

The effect of different adsorbent dosages (0.5-2.0 g L™)
on AQ7 dye removal and the amount of adsorption at
equilibrium by using Pea-BO-NH, and Pea-BO-TETA bio-
chars under similar conditions (initial concentration of dye
100, 150, 200 and 300 mg L, adsorption time 3 h, pH 2 and
25°C + 2°C) were studied and reported in Figs. 11c—f. The
results obtained revealed that the percentage of removal of
AQO7 dye increased gradually with increasing doses of the
adsorbent, while the g, decreased with increasing of the quan-
tity of adsorbent for all studied doses of the two adsorbents
(Pea-BO-NH, and Pea-BO-TETA).

Increasing the quantity of Pea-BO-NH, biochar from 0.5
to 2.0 g L significantly enhanced the percentage of removal
of AO7 dye from 91% to 99%, 83% to 98%, 81% to 97.5% and
84% to 97% for an initial dye concentration of 100, 150, 200
and 300 mg L7, respectively (Fig. 11c). On the other hand,
the g, decreased from 190 to 50, 250 to 100, 320 to 120 and
525 to 190 mg g~ with increasing of the initial dye concentra-
tion from 100 to 300 mg L~ using adsorbent doses of 0.5, 1.0,
1.25, 1.5, and 2.0 g L7, respectively (Fig. 11d). The maximum
percentage of removal and minimum g, value was achieved
using 2.0 g L of adsorbent dose (Figs. 11c and d).

Also, increasing the quantity of Pea-BO-TETA biochar
from 0.5 to 2.0 g L™ enhanced the percentage of removal of
AQ7 dye from 93.5% to 98.5%, 92% to 98%, 91.5% to 97.5%
and 85% to 97.5% for initial dye concentration at 100, 150, 200
and 300 mg L7, respectively (Fig. 11e). The q, decreased from
200 to 60, 290 to 100, 370 to 120 and 545 to 190 mg g with
increasing of the quantity of adsorbent from 0.5 to 2.0 g L™
for initial dye concentration 100, 150, 200 and 300 mg L,
respectively (Fig. 11f). The maximum percentage of removal
and a minimum amount of adsorption at equilibrium was
achieved using 2.0 g L™ of Pea-BO-NH, and Pea-BO-TETA
adsorbent doses. These results can be attributed to the
increased availability of active adsorption sites for AO7 dye
ion binding. The higher removal of dye by Pea-BO-NH,
and Pea-BO-TETA than Pea-B biochars were caused by the
synergy of amino functionality introduced by the chemical
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Fig. 11. Effect of Pea-B different doses (2-6 g L™) on (a) removal %, (b) g, (mg g™) of different initial concentration (75-200 mg L™);
effect of Pea-BO-NH, different doses (0.5-2.0 g L) on (c) removal %, (d) g, (mg g') of different initial concentration (100-300 mg L™);
effect of Pea-BO-TETA different doses (0.5-2.0 g L™') on (e) removal %, and (f) g, (mg g™') of AO7 dye at 25°C + 2°C.
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modification of ozonized biochar surface with ammonium
hydroxide solution and TETA. The percentage of removal
of AO7 dye increased to about 99% with the increase in the
adsorbent dose to 2.0 g L. This finding suggests that the
efficiency of the proposed modification to remove AO7 dye
from its water solution.

3.3. Adsorption isotherms

Modeling of isotherm data is an important step to design-
ing adsorption systems for dye removal. There are many
well-established models that can be employed to investigate

Table 2

adsorption data of an experiment. Equation parameters of
these models often provide some insight into the adsorption
mechanism, the surface properties, and the degree of affinity
of the adsorbents. The correlation with the amount of adsorp-
tion and the liquid-phase concentration in this work was tested
with Langmuir, Freundlich, and Temkin isotherm models.

3.3.1. Langmuir isotherm

Values of Langmuir constants, the saturated monolayer
sorption capacity (Q,), and the equilibrium adsorption con-
stant (K,) are represented in (Table 2) for the sorption of AO7

Isotherm study data of adsorption of AO7 dye of different initial concentration (75-200 mg L) onto Pea-B of different adsorbent
doses (2-6 g L' dye solution), isotherm study data of adsorption of AO7 dye of different initial concentration (100-300 mg L") onto
Pea-BO-NH, and Pea-BO-TETA of different adsorbent doses (0.5-2.00 g L") at room temperature 25°C + 2°C

Isotherm Pea-B doses (g L™) for AO7 dye solution
Isotherm parameter
model 2.0 3.0 4.0 5.0 6.0
Q, (mgg) 88.49 68.49 51.55 42.74 40.98
Langmuir K, 0.09 0.16 0.41 0.66 0.56
R? 0.915 0.961 0.998 0.998 0.989
1/n 0.338 0.359 0.335 0.338 0.430
K =t LU g1 19.46 17.12 18.14 17.56 14.94
Freundlich + (Mg g
Q, (mgg™) 92.34 89.37 84.78 83.43 108.22
R? 0.922 0.980 0.987 0.986 0.996
A, 1.21 2.07 5.13 8.38 5.60
Temkin B, 17.76 13.61 10.14 8.38 8.90
R? 0.851 0.934 0.999 0.995 0.981
Pea-BO-NH, dose (g L)
0.50 1.0 1.25 1.50 2.00
Q, (mgg) 416.67 303.03 263.16 238.10 185.19
Langmuir K, 0.07 0.203 0.31 0.40 0.45
R? 0.945 0.979 0.991 0.982 0.981
1/n 0.545 0.324 0.374 0.415 0.435
K - L1 g1 49.84 86.28 79.23 74.77 60.42
Freundlich - (M8 g
Q, (mgg™) 612.07 384.15 443.91 504.54 448.33
R? 0.827 0.994 0.998 0.976 0.998
A, 0.27 3.42 3.82 4.29 4.84
Temkin B, 161.50 54.54 52.49 49.67 38.88
R? 0.699 0.962 0.983 0.977 0.975
Pea-BO-TETA dose (g L)
0.50 1.0 1.25 1.50 2.00
Q, (mgg) 588.24 344.83 303.03 312.50 333.33
Langmuir K, 0.19 0.070 0.05 0.03 0.02
R? 0.997 0.998 0.993 0.991 0.980
1/n 0.294 0.944 0.955 2.26 1.82
K =t LY g1 170. 47.54 40.07 3314 7.
Freundlich  (mg g 0.65 5 0.0 6.33 80
Q, (mgg™) 561.46 2,343.92 1,953.70 3,154.69 2,039.47
R? 0.987 0.985 0.963 1.000 0.987
A, 4.0479 0.7716 1.1235 0.452 0.4925
Temkin B, 96.289 168.640 105.510 254.100 149.870
R? 0.993 0.996 0.961 0.984 0.987
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dye onto Pea-B biochar. By blotting C /g, vs. C, (Fig. 12), the
1/Q K, and 1/Q  of the Langmuir model are, respectively,
obtained from the intercept and the slope of the line plot of
Fig. 12. The results obtained from the Langmuir isotherm
model for the removal of AO7 dye onto Pea-B biochar indi-
cated that the Q (mg g™) obtained are 88.49, 68.49, 51.55,
42.74, and 40.98 mg g™ using different Pea-B biochar doses
of2,3,4,5,and 6 g L7, respectively (Table 2). The correlation
coefficients for the linear form of Langmuir model (R?) are
ranged from 0.915 to 0.998, which showed positive evidence
on the adsorption of AO7 dye onto Pea-B biochar follows
the Langmuir model isotherm (Fig. 12a). Also, the applica-
bility of the linear form of the Langmuir model was pro-
vided by the high correlation coefficient (R?) > 0.998 at 4.0
and 5.0 g L Pea-B dose. The Q, was 88.49 mg g™ of AO7
dye onto 2.0 g L™ Pea-B biochar dose. Table 1 in supplement
material, represented the relation between g, (mg g™') of
AO7 dye at different initial concentrations (75, 100, 150, and
200 mg L) obtained by batch experimental and g, (mg g™)
calculated using data from different isotherm models at
different doses of Pea-B (2.0 to 6.0 g L™) at room temperature
(25°C + 2°C). Table 1 in supplement material, showed there
was a great agreement between the g, of AO7 dye adsorption
obtained by batch experimental and g, calculated using data
obtained from the Langmuir isotherm model. Figs. 12b and
¢ represented the linear relationship of the Langmuir iso-
therm model for Pea-BO-NH, and Pea-BO-TETA biochars,
respectively. Table 2 represented the values of Langmuir
constants, the Q, and K, for the adsorption of AO7 dye onto
Pea-BO-NH, and Pea-BO-TETA biochars, respectively. The
results obtained from the Langmuir isotherm model for the
removal of AO7 dye onto Pea-BO-NH, and Pea-BO-TETA
biochars indicated that the Q  values obtained are ranged
from 416.67 to 185.19 for Pea-BO-NH, and from 588.28 to
303.03 mg g for Pea-BO-TETA biochars, respectively.
From Table 2, the maximum correlation coefficients for the
linear form of Langmuir model (R?) > 0.991 for Pea-BO-NH,
and 0.998 for Pea-BO-TETA biochars which showed fitting
and positive evidence on the adsorption of AO7 dye onto
the two adsorbents biochar follow the Langmuir model
isotherm.

Tables 2 and 3 in supplement materials, represented the
relation between g, of AO7 dye obtained by batch experi-
mental at different initial concentrations (100-300 mg L)
and g, (mg g™') calculated using data obtained from the dif-
ferent isotherm models using different doses (0.5-2.0 g L)
of the Pea-BO-NH, and Pea-BO-TETA adsorbents. There
was a significant agreement between the experimental g, of
AQ7 dye and calculated g, obtained by modeled Langmuir
isotherm on the various dose of both adsorbents biochar.

3.3.2. Freundlich isotherm

Freundlich isotherm model was applied to analyze
the adsorption characteristics of AO7 dye on Pea-B, Pea-
BO-NH,, and Pea-BO-TETA biochars. The linear fitting
parameters from the model of Freundlich isotherm are listed
in Table 2. Fig. 12 represents the plot of log (g,) vs. log (C)
with the intercept value of logK, and the slope of 1/n,, where
K, is the Freundlich constant (L g™), related to the bonding
energy. In general, as the K, value increases, the adsorption

capacity of the adsorbent, for the given adsorbate, increases.
It is worth to mention that the K increases for Pea-BO-NH,
and Pea-BO-TETA than that for Pea-B biochars (Table 2). In
the Freundlich model, it is relatively easy for adsorbent to
adsorb solute when 1/# is less than 1. In Table 2, all 1/x val-
ues were less than 1, which indicated that the three adsor-
bents biochar were good at adsorbing of AO7 dye. Also, n,
value indicates the degree of non-linearity between solution
concentration and adsorption process. The values of n, > 1,
indicating that adsorption of AO7 dye on the three tested
biochar is a favorable physical process and the adsorption
mechanism may be controlled by the physical adsorp-
tion within pores and electrostatic attraction with amine
groups. The maximum correlation coefficient obtained from
the Freundlich model was R? > 0.9961 for Pea-B, >0.998 for
Pea-BO-NH,, and 1.000 for Pea-BO-TETA. Based on R* val-
ues, the Freundlich model isotherm fitting and agree with
experimental data for all prepared adsorbents. Table 2
reported the Q  108.22 for Pea-B, 612.07 for Pea-BO-NH, and
3154.69 mg g™ for Pea-BO-TETA, respectively. The higher the
Q,, value, the better the adsorption of AO7 dye. It is worth
mention that the Q for Pea-B is less than the Q  for the Pea-
BO-NH, and for Pea-BO-TETA.

Tables 1-3 in supplement material represented the rela-
tion between g, of AO7 dye obtained from experimental
and g, obtained from modeled Freundlich isotherm on the
various doses of Pea-B, Pea-BO-NH,, and Pea-BO-TETA,
respectively. A reliable value of calculated g, was founded
in accordance with the Freundlich isotherm model for all
data collection. It could be concluded that the linear fits
Freundlich equation was comparable with those for the
Langmuir equation. Therefore, the adsorption processes of
dye on three biochars were complicating and the probabil-
ity of multilayer adsorption was comparable with that of
monolayer adsorption.

3.3.3. Temkin isotherm

The Temkin constants were determined (the slope A, is
Temkin isotherm equilibrium binding constant (L g™) and
intercept B, is constant related to heat of sorption (J mol™))
from the linear correlation between the g, against InC,. From
the Temkin plot shown in Fig. 13, the following values
were estimated and listed in Table 2: A = 1.21, 2.07, 5.13,
8.38, and 5.60 L g and B, = 17.76, 13.61, 10.14, 8.38, and
8.90 J mol™! for Pea-B of different adsorbent doses 2, 3, 4,
5, and 6 g L7, respectively. A, = 0.27, 3.42, 3.82, 4.29, and
4.84 L g"'and B, =161.50, 54.54, 52.49, 49.67, and 38.88 ] mol™
for Pea-BO-NH, of different adsorbent doses 0.5, 1.0, 1.25,
1.5, and 2.0 g L7, respectively. Also, A, = 4.04, 0.77, 1.12,
0.45, and 0.49 L g*' and B, =96.28, 168.64, 105.51, 254.10, and
149.87 ] mol™ for Pea-BO-TETA of different adsorbent doses
0.5,1.0,1.25, 1.5, and 2.0 g L7, respectively.

The value of the heat of sorption indicating a physical
adsorption process occurred. The heat of AO7 dye adsorp-
tion B, is directly related to coverage of AO7 dye onto three
biochars due to adsorbent-adsorbate interaction. It was
decreased with increasing adsorbents doses, as listed in
Table 2. The correlation coefficients values obtained from
Temkin isotherm R*>0.999 for Pea-B, >0.975 for Pea-BO-NH,
and >0.996 for Pea-BO-TETA biochars. The values of R?
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Fig. 12. Linearized Langmuir adsorption isotherm for AO7 dye of initial concentration (75-200 mg L) on (a) Pea-B (2-6 g L™); AO7 dye
of initial concentration (100-300 mg L) on (b) Pea-BO-NH,, (c) Pea-BO-TETA doses (0.5-2.0 g L) at 25°C + 2°C. Freundlich adsorp-
tion isotherm for AO7 dye of initial concentration (75-200 mg L™) on (d) Pea-B doses (2-6 g L); Freundlich adsorption isotherm for
AQ7 dye of initial concentration (100-300 mg L) on (e) Pea-BO-NH,, and (f) Pea-BO-TETA doses (0.5-2.0 g L) at 25°C + 2°C.
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Fig. 13. Temkin adsorption isotherm for AO7 dye of initial concentration (75-200 mg L) on (a) Pea-B (2-6 g L'); AO7 dye of initial
concentration (100-300 mg L) on (b) Pea-BO-NH,, and (c) Pea-BO-TETA doses (0.5-2.0 g L) at 25°C + 2°C.

proved that the Temkin model fitted well with experimental
data of the AO7 dye adsorption on three biochars. Tables 1-3
in supplement material reported the values of experimental
and calculated g, by using the Temkin model. In addition,
from the results, we can deduce that the experimental and
calculated g, data are more applicable to increasing in adsor-
bent doses for the three biochars.

3.3.4. Error function studies for best-fit isotherm model

The best-fit isotherm model for the experimental data
was studied by several different error functions. The applied
error functions are the average percentage errors (APE) [55],
Chi-square error (x?) [56], the root mean square errors (RMS)
[55], the hybrid fractional error function (HYBRID) [57,58],
the sum of the absolute errors (EABS) [55], and Marquardt’s
percent standard deviation (MPSD) [55] were applied to
study the error distribution between the experimental and
predicted data. The calculated isotherm parameters for

Pea-B, Pea-BO-NH,, and Pea-BO-TETA biochars using the six
error functions are given in Table 3. From Table 3, it can be
observed that the three isotherm models are comparable and
applicable to the experimental equilibrium data. Also, from
Table 3, it is clearly indicated that the error functions APE,
x% RMS, HYBRID, EABS, and MPSD do not take much effort
in considering the theoretical limits of Freundlich isotherm,
because it is the best-fit isotherm model for the experimental
data.

3.4. Adsorption kinetic studies
3.4.1. Pseudo-first-order kinetic model

Adsorption reaction model, pseudo-first-order rate equa-
tion Lagergren [48] presented a first-order rate equation to
describe the kinetic process of liquid-solid phase adsorp-
tion, which is believed to be the earliest model pertaining
to the adsorption rate based on the adsorption capacity.
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Table 3

345

Represent the best-fit isotherm model to the experimental equilibrium data by several different errors functions for Pea-B, Pea-BO-

NH,, and Pea-BO-TETA at 25°C + 2°C

Pea-B APE% X2 HYBRID MPSD EABS RMS
Linear-Langmuir 0.42 0.36 0.46 2.45 2.83 2.33
Freundlich 0.22 0.13 0.24 1.21 1.85 1.14
Temkin 0.29 0.22 0.32 1.73 2.21 1.64
Pea-BO-NH,

Linear-Langmuir 0.54 0.60 3.34 3.17 19.59 3.00
Freundlich 0.25 0.28 1.83 1.79 12.58 1.70
Temkin 0.44 0.48 2.98 2.57 18.39 2.44
Pea-BO-TETA

Linear-Langmuir 0.68 0.75 6.35 4.38 23.74 4.15
Freundlich 0.19 0.21 0.42 121 2.71 1.15
Temkin 0.54 0.60 2.24 3.09 16.74 2.93

Straight-line plots of log (g, — g,) against t were used to deter-
mine the rate constant, k,, and g, as shown in Fig. 14. Based on
the values of R? obtained from the plots of pseudo-first-order
rate equations (Tables 4-6), it is obvious that with increasing
an initial concentration of the adsorbate, the correlation of
experimental data to the pseudo-first-order model decrease.
The theoretical values of g, also not agree very well with
the experimental ones. Both facts suggest that the adsorp-
tion of AO7 dye onto Pea-B, Pea-BO-NH, and Pea-BO-TETA
biochars, did not follow pseudo-first-order kinetics.

3.4.2. Pseudo-second-order

The pseudo-second-order kinetic constant, k, (g mg™
min™), and the amount of dye adsorbed at equilibrium g,
(mg g) can be calculated from the intercept and slope of the
plot between t/q, vs. t. Fig. 14 shows pseudo-second-order
kinetic plots for the sorption of AO7 dye over untreated and
treated Pea-peels biochars. The calculated kinetic constant,
k, the experimental, and theoretically predicted g, as well
as the corresponding R? values were shown in Tables 4-6.
The relatively higher R? values for pseudo-second-order
kinetics which are near equal to unity suggested that pseu-
do-second-order expression as a best fit kinetic model. In the
present study, from Tables 4-6, the g, values predicted using
the pseudo-second-order plot are very close to the exper-
imental g, values, which confirms the applicability of the
pseudo-second-order kinetic model. From Tables 4-6 it can
be observed that, no definite relationship between the initial
dye concentration and reaction rate constant, k,.

3.4.3. Elovich model

The Elovich equation is a rate equation based on the
adsorption capacity, generally expressed as reported in the
theoretical background of this study. The data obtained from
applying the Elovich equation to the experimental data of
AQ7 dye adsorption using Pea-B, Pea-BO-NH,, and Pea-BO-
TETA biochars are reported in Fig. 15 and Tables 7-9. The
Elovich constants o and 3 were calculated from the intercept
and slope of the straight line (Tables 7-9). It can observe that

the correlation coefficients R* are disturbing without a defi-
nite role. The Elovich model provided a low degree of cor-
relation with the experimental data for most of the sorption
process. There was a discrepancy at the higher initial AO7
dye concentrations and different absorbent doses, which
suggested that intraparticle diffusion may be involved in
the sorption process. Results show that chemical adsorp-
tion processes were not the rate-limiting in the adsorption of
AQO7 dye onto the three biochars during agitated batch con-
tact time experiments. The wavy value of R* obtained in the
present study indicates that the adsorption of dye seems to
involve physisorption as mention before.

3.4.4. Intraparticle diffusion model

Weber and Morris provided the intraparticle diffusion
model equation as reported in the theoretical experimen-
tal section of this study. Webber and Morris thought that
if the g, and t*° have a linear relation that passes the ori-
gin, the adsorption is controlled by intraparticle diffusion,
however, if the line does not pass the origin, a larger C
indicates that film diffusion greatly influences adsorption
rate. Figs. 15d-f show the Weber-Morris adsorption line of
AO7 dye adsorption onto the three biochars at different ini-
tial dye concentrations and different adsorbent doses. The
values of C and K, are calculated from the intercept and
slope of the plot of g, against t°°, respectively, and repre-
sented in Tables 7-9. From Figs. 15d—f, we can deduce that
the straight lines are not pass through the origin and the
intercept C is quite large indicates that within time, the
adsorption rate was faster and mainly does not controlled
by the intraparticle diffusion, but the film diffusion was the
dominant step that controlled the adsorption rate. This may
be attributed to the surface area and pore volume which
slightly reduced after treatment which shows intraparticle
diffusion-based mechanism cannot account for dye adsorp-
tion enhancement. The values of C increased significantly
for Pea-BO-NH, and Pea-BO-TETA than that for Pea-B bio-
chars. Itis speculated that it could be due to the electrostatic
attraction between amino groups on the absorbents surface
and the anionic AO7 dye.
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Fig. 14. Pseudo-first-order kinetic of adsorption of AO7 dye of initial concentration (75-200 mg L) by (a) Pea-B; of initial concen-
tration (100-300 mg L) by (b) Pea-BO-NH,, and (c) Pea-BO-TETA adsorbent dose (2.0 g L) at 25°C + 2°C. Pseudo-second-order
kinetic of adsorption of AO7 dye of initial concentration (75-200 mg L) by (d) Pea-B, (e) of initial concentration (100-300 mg L)
Pea-BO-NH,, and (f) Pea-BO-TETA adsorbent dose (2.0 g L™) at 25°C + 2°C.
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Pseudo-first-order and pseudo-second-order results of adsorption of AO7 dye of different initial concentration (75-200 mg L) onto
Pea-B of different adsorbent doses (2-6 g L dye solution) at 25°C + 2°C

Parameter Pseudo-first-order Pseudo-second-order
Pea-B doses AQ7 dye yexp. Docal k, x10° R? Docal, k, = 10° h R?
(8L (mg L)
75 35.03 19.66 13.127 0.991 34.84 1.67 2,030 0.997
20 100 43.49 19.90 9.442 0.997 39.84 2.24 3,550 0.996
150 58.11 8.94 2.073 0.627 51.55 15.81 42,017 1.000
200 78.18 3.61 1.152 0.260 75.19 58.96 3.3E5 1.000
75 24.21 10.39 16.351 0.389 24.51 3.81 2,289 1.000
100 31.29 15.54 13.357 0.623 30.96 2.35 2,256 0.997
30 150 44.56 13.20 5.988 0.741 39.37 4.70 7,289 0.997
200 58.08 8.56 0.921 0.636 50.76 29.63 7.6E4 1.000
75 18.45 6.86 18.654 0.941 18.90 6.06 2,166 1.000
40 100 24.44 9.39 14.509 0.774 23.87 4.84 2,759 0.988
150 35.85 12.18 4.376 0.977 29.50 6.28 5,464 0.997
200 45.61 8.75 1.842 0.871 38.91 17.43 2.6E4 1.000
75 14.87 3.68 17.963 0.887 14.99 12.98 2,917 1.000
50 100 19.72 6.38 18.885 0.935 20.08 6.94 2,797 1.000
150 29.26 12.25 15.200 0.983 29.33 3.20 2,750 0.997
200 37.82 9.43 5.988 0.904 34.13 6.34 7,380 0.997
75 12.40 1.87 14.509 0.786 12.27 29.47 4,437 1.000
100 16.44 3.96 17.733 0.849 16.56 12.00 3,289 1.000
6.0 150 24.51 9.26 18.194 0.939 25.06 437 2,748 0.998
200 32.31 9.85 10.364 0.948 30.77 4.66 4,409 0.996
Table 5

Pseudo-first-order and pseudo-second-order results of adsorption of AO7 dye of different initial concentration (100-300 mg L") onto

Pea-BO-NH, of different adsorbent doses (0.5-2.0 g L™ dye solution) at 25°C + 2°C

Parameter Pseudo-first-order Pseudo-second-order
Pea-BO-NH, AO7 dye Dyp. Docal k, x10° R? ecal k, = 10° h R?
doses (g L) (mg L)
100 181.42 87.78 8.29 0.995 161.29 0.50 12,936 0.994
0.50 150 247.84 51.71 1.84 0.929 208.33 3.11 135,135 1.000
200 322.68 23.79 0.00 0.000 303.03 5.12 156,175 1.000
300 505.47 8.58 0.00 0.000 500.00 -5E13 -1.2E19 1.000
100 98.47 25.21 16.12 0.884 98.04 1.92 18,484 1.000
1.00 150 145.42 50.91 16.12 0.986 144.93 0.87 18,315 0.999
200 187.47 45.97 6.45 0.931 172.41 1.26 37,593 0.998
300 268.76 20.63 0.46 0.565 250.00 26.67 1.6E6 1.000
100 79.18 11.49 14.05 0.774 78.13 492 30,030 1.000
195 150 117.68 36.08 19.11 0.986 119.05 1.29 18,248 1.000
200 155.52 45.79 14.74 0.995 153.85 1.01 23,923 0.999
300 226.19 29.19 1.84 0.872 204.08 5.11 2.1E5 1.000
100 66.09 8.33 13.59 0.790 65.36 6.99 29,850 1.000
150 150 98.97 17.87 17.50 0.855 99.01 2.87 28,169 1.000
200 130.60 34.95 19.11 0.975 131.58 1.40 24,271 1.000
300 193.32 35.93 8.75 0.925 185.19 1.47 50,505 1.000
100 49.67 4.62 13.36 0.755 49.26 13.04 31,645 1.000
150 74.25 11.33 17.27 0.805 74.07 4.61 25,316 1.000
2.00 200 98.41 27.28 19.81 0.976 100.00 1.76 17,636 1.000
300 146.20 29.62 11.98 0.975 142.86 1.67 34,013 0.999
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Table 6
Pseudo-first-order and pseudo-second-order results of adsorption of AO7 dye of different initial concentration (100-300 mg L™) onto
Pea-BO-TETA of different adsorbent doses (0.5-2.0 g L' dye solution) at 25°C + 2°C

Parameter Pseudo-first-order Pseudo-second-order
Pea-BO-TETA AQ7 dye Dpenp. Decal k, x10° R? Decal k,x10° h R?
doses (g L) (mg L)
100 196.92 77.62 5.99 0.976 193.93 0.83 2.24E+04 0.998
0.50 150 288.14 71.53 0.46 0.709 282.22 15.58 7.69E+05 1.000
200 366.40 50.59 0.46 0.706 362.58 19.22 2.00E+06 1.000
300 523.12 8.73 0.00 0.000 526.32 4E+13 1.25E+19 1.000
100 97.75 10.75 12.44 0.458 96.15 4.89 4 52E+04 0.999
1.00 150 146.96 33.05 15.43 0.773 147.06 1.40 3.02E+04 0.998
200 195.33 45.84 11.05 0.950 198.68 1.13 4.02E+04 0.999
300 293.17 37.53 0.01 0.000 296.41 76.05 5.00E+06 1.000
100 78.12 5.68 4.61 0.745 75.19 18.62 1.05E+05 1.000
125 150 116.64 8.60 3.68 0.229 109.89 69.01 8.33E+05 1.000
200 156.32 29.52 17.50 0.896 156.25 1.76 4.29E+04 1.000
300 237.09 32.79 0.09 0.011 234.08 80.03 3.33E+06 1.000
100 64.84 3.06 -0.92 0.011 60.61 -19.17 —7.0E+04 0.999
150 150 97.46 7.03 6.91 0.822 95.24 11.03 1.00E+05 1.000
200 130.87 12.50 10.82 0.812 128.21 5.16 8.47E+04 1.000
300 197.16 27.64 0.46 0.350 195.41 13.46 4.00E+05 1.000
100 48.64 3.80 4.15 0.351 46.51 20.64 4.46E+04 0.999
150 73.22 5.41 3.45 0.700 69.93 25.25 1.23E+05 1.000
2.00 200 97.74 5.32 4.84 0.571 95.24 21.20 1.92E+05 1.000
300 147.81 27.93 9.21 0.784 145.85 1.72 3.41E+04 0.997
Table 7

Elovich and intraparticle diffusion models results of adsorption of AO7 dye of different initial concentration (75-200 mg L) onto
Pea-B of different adsorbent doses (2-6 g L™ dye solution) at 25°C + 2°C

Pea-B dose AQO7 initial Elovich Intraparticle diffusion
(&L conc. (mg L) B a R K, C R
75 0.16 7.26E+00 0.988 1.80 11.82 0.979
20 100 0.19 5.16E+01 0.963 1.52 20.58 0.995
150 1.34 3.17E+27 0.718 0.23 48.49 0.843
200 6.87 3.90E+220 0.343 0.05 74.44 0.456
75 0.26 1.39E+01 0.983 1.07 11.74 0.923
30 100 0.21 1.26E+01 0.992 1.42 13.12 0.986
150 0.41 7.75E+04 0.843 0.76 29.52 0.939
200 2.98 4.47E+62 0.540 0.11 49.20 0.681
75 0.36 1.65E+01 0.959 0.77 9.97 0.874
40 100 0.31 3.05E+01 0.856 0.90 13.16 0.788
150 0.54 5.81E+04 0.843 0.57 22.14 0.939
200 1.62 5.12E+24 0.643 0.20 36.29 0.779
75 0.61 1.16E+02 0.914 0.45 9.97 0.806
100 0.38 3.56E+01 0.946 0.73 11.72 0.853
>0 150 0.26 3.96E+01 0.931 1.12 15.36 0.954
200 0.61 4.85E+06 0.720 0.52 27.15 0.848
75 112 6.62E+03 0.847 0.24 9.67 0.720
100 0.54 1.11E+02 0.900 0.50 10.99 0.786
60 150 0.30 3.31E+01 0.920 0.96 13.59 0.891

200 0.43 4.87E+03 0.813 0.72 21.37 0.918
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Elovich and intraparticle diffusion models results of adsorption of AO7 dye of different initial concentration (100-300 mg L) onto
Pea-BO-NH, of different adsorbent doses (0.50-2.00 g L™ dye solution) at 25°C + 2°C

Pea-BO-NH, AO7 initial Elovich Intraparticle diffusion
dose (g L) conc. (mg L™) B a R2 K, C R2
100 0.047 1.54E+02 0.944 6.39 78.39 0.988
0.50 150 0.267 1.65E+22 0.723 1.18 192.65 0.849
200 2.5E+12 2.65E+22 -7E-15 0.00 298.89 0.000
300 2.5E+12 4.65E+22 0.000 0.00 496.89 0.000
100 0.093 7.22E+02 0.932 2.95 65.02 0.832
1.00 150 0.057 4.14E+02 0.992 499 86.00 0.960
200 0.117 1.45E+07 0.763 2.67 135.75 0.883
300 3.164 2.45E+09 0.343 0.11 247.83 0.456
100 0.185 8.56E+04 0.859 1.46 62.49 0.735
195 150 0.072 4.77E+02 0.971 3.89 74.42 0.897
200 0.070 3.69E+03 0.974 4.16 103.39 0.985
300 0.472 4.40E+39 0.646 0.68 195.09 0.782
100 0.267 1.13E+06 0.879 1.01 54.25 0.760
150 150 0.119 8.42E+03 0.882 2.29 74.12 0.764
200 0.078 2.33E+03 0.980 3.63 89.96 0.921
300 0.131 7.93E+08 0.763 2.40 153.30 0.883
100 0.458 1.12E+08 0.840 0.59 42.89 0.712
150 0.174 1.98E+04 0.900 1.54 57.65 0.708
2.00 200 0.100 1.38E+03 0.981 2.82 67.06 0.924
300 0.129 3.45E+06 0.874 2.35 113.15 0.954
Table 9

Elovich and intraparticle diffusion models results of adsorption of AO7 dye of different initial concentration (100-300 mg L) onto
Pea-BO-TETA of different adsorbent doses (0.50-2.00 g L™ dye solution) at 25°C + 2°C

Pea-BO-NH, AO?7 initial Elovich Intraparticle diffusion
dose (g L) conc. (mg L) B a R2 K,, C R2
100 0.06 1.81E+03 0.968 4.83 105.54 0.983
0.50 150 0.63 4.90E+58 0.886 0.44 215.02 0.809
200 1.02 1.13E+138 0.000 0.29 314.80 0.727
300 1.25E+12 N/A N/A 0.00 514.39 N/A
100 0.21 3.31E+07 0.648 1.31 81.79 0.609
1.00 150 0.08 5.27E+03 0.812 3.77 103.14 0.772
200 0.07 8.88E+04 0.927 3.95 140.69 0.949
300 -227.27 0.00E+00 0.000 0.00 255.65 0.000
100 0.87 1.69E+26 0.846 0.32 71.33 0.786
125 150 0.44 4.17E+19 0.561 0.56 105.30 0.408
200 0.08 2.08E+04 0.919 3.49 117.65 0.817
300 3.50 N/A 0.036 0.06 204.00 0.021
100 7.30 2.31E+192 0.010 -0.01 61.52 0.001
150 150 0.54 1.54E+20 0.895 0.53 88.77 0.844
200 0.21 1.09E+10 0.867 1.33 113.90 0.758
300 1.92 6.17E+139 0.173 0.18 169.03 0.255
100 2.18 1.33E+41 0.203 0.15 44.52 0.245
150 1.17 1.61E+33 0.809 0.24 66.97 0.773
2.00 200 0.73 2.07E+28 0.735 0.36 90.98 0.617
300 0.19 4.79E+09 0.513 1.74 117.10 0.651
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Fig. 15. Elovich kinetic of adsorption of AO7 dye of initial concentration (75-200 mg L) by (a) Pea-B, of initial concentration
(100-300 mg L) by (b) Pea-BO-NH, and (c) Pea-BO-TETA adsorbent dose (2.0 g L™) at 25°C + 2°C. Intraparticle diffusion of adsorp-
tion of AO7 dye of initial concentration (75-200 mg L) by (d) Pea-B, of initial concentration (100-300 mg L) by (e) Pea-BO-NH,,
and Pea-BO-TETA adsorbent dose (2.0 g L) at 25°C + 2°C.
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4. Conclusion

In this research work, Pea-peels was chosen as the feed-
stock of biochar, based on which amino groups were suc-
cessfully loaded by ozonation followed by reaction with
ammonium hydroxide (NH,OH or TETA). These biochars
reveal remarkable removal efficiency and adsorption capac-
ity for controlling water pollution by dissolved azo dyes Acid
Orange 7 due to amino-containing functional groups on their
surfaces. The excellent performance for the treatment of the
AQO7 dye was achieved via the batch adsorption method.
Lower pH value favored AO7 dye removal by modified and
unmodified Pea-peel biochars was evaluated to be pH 2.
The other optimized process parameters for the maximum
adsorption of AO7 dye were adsorbent dosage of 0.5 g L7,
initial concentration of dye 300 mg L™, and contact time of
180 min. The equilibrium data for this study fitted very well
to Freundlich isotherm. As for the order of the reaction, the
rate of adsorption for the AO7 dye was found to comply
with the pseudo-second-order kinetic model. These unique
behaviors of modified and unmodified Pea-peel biochars
may be considered as feasible waste resource utilization that
converts the agricultural solid waste into stable, cheap, and
multifunctional bio-resource.
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Supplementary information

Table S1
Relation between g, (mg/g) of AO7 dye at different initial concentrations (75, 100, 150, and 200 mg/L) obtained by batch experimental
and g, (mg/g) calculated using data obtained from different isotherm models using different doses of Pea-B (2-6 g/L) at 25°C + 2°C

Isotherm Langmuir Freundlich Temkin
AQ7 initial Goexp. (MB/8) oo (ME/B) 0o (ME/B) 0o (ME/B)
Pea-B dose (g/L) conc. (mg/L)
75 35.03 27.28 33.42 31.72
100 48.07 47.78 46.36 4891
20 150 58.11 66.61 63.99 65.84
200 78.18 70.55 69.76 70.38
75 24.21 18.89 23.32 21.61
30 100 31.29 34.00 32.81 34.56
150 44.56 49.59 46.62 47.87
200 58.08 55.17 54.93 54.09
75 18.45 16.78 19.20 18.28
40 100 24.44 24.58 23.76 24.73
150 35.85 37.58 34.13 35.71
200 45.61 45.23 47.37 45.63
75 14.87 12.98 15.24 14.31
100 19.72 20.73 19.78 20.76
>0 150 29.26 30.32 27.30 28.74
200 37.82 37.55 39.43 37.85
75 12.40 10.74 12.26 11.25
100 16.44 17.62 16.95 17.95
60 150 2451 25.56 23.78 24.95

200 32.31 31.80 32.64 31.51
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Table S2

Relation between g, (mg/g) of AO7 dye at different initial concentrations (100, 150, 200, and 300 mg/L) obtained by batch experimen-
tal and g, (mg/g) calculated using data obtained from different isotherm models using different doses of Pea-BO-NH, (0.5-2.0 g/L)
at 25°C +2°C

Isotherm Langmuir Freundlich Temkin
Pea-BO-NH, AQ7 initial Goexp. (ME/8) Gocar, (MB/8) Gocar, (MB/8) Goca (MB/8)
dose (g/L) conc. (mg/L)
100 181.42 142.61 167.79 149.39
150 247.84 299.88 294.38 316.11
050 200 322.68 374.17 364.76 379.68
300 505.47 412.77 406.95 412.14
100 98.47 71.54 98.95 90.18
1.00 150 145.42 145.80 141.31 150.11
200 187.47 217.34 195.85 204.99
300 268.76 261.66 263.40 254.83
100 79.18 63.35 80.00 71.70
1.25 150 117.68 124.26 117.94 126.15
200 155.52 166.83 151.01 160.83
300 226.19 221.61 230.05 219.88
100 66.09 61.36 70.50 65.34
150 150 98.97 91.23 89.73 94.23
200 130.60 147.98 134.27 142.51
300 193.32 190.57 194.43 186.87
100 49.67 42.60 50.36 45.01
150 74.25 75.02 72.08 77.05
200 200 98.41 109.46 100.02 106.31

300 146.20 143.60 146.10 140.16
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Table S3

Relation between g, (mg/g) of AO7 dye at different initial concentrations (100, 150, 200, and 300 mg/L) obtained by batch experimental
and g, (mg/g) calculated using data obtained from different isotherm models using different doses of Pea-BO-TETA (0.5-2.0 g/L) at
25°C +2°C

Isotherm Langmuir Freundlich Temkin
Pea-BO-TETA AO7 initial Gorp. (M8/8) 9ocar (ME/8) 9o (MB/B) Qocar. (ME/8)
dose (g/L) conc. (mg/L)
100 196.92 185.57 193.77 186.27
0.50 150 288.14 310.75 287.92 286.01
200 366.40 373.30 371.04 376.30
300 523.12 517.03 518.73 526.00
100 97.75 92.30 102.10 92.80
150 146.96 139.16 135.77 143.72
1.00 200 195.33 189.49 203.51 201.03
300 293.17 277.15 291.52 289.23
100 78.12 70.19 75.14 80.62
150 116.64 113.75 133.43 114.85
12 200 156.32 145.22 146.30 163.75
300 237.09 231.88 230.17 234.79
100 64.84 60.43 64.84 64.49
150 150 97.46 87.93 97.35 102.51
200 130.87 121.22 131.01 131.02
300 197.16 187.21 197.04 192.38
100 48.64 44.94 51.32 45.71
150 73.22 70.61 70.18 76.86
200 200 97.74 92.69 95.86 101.80

300 147.81 144.71 151.76 147.78




