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Abstract

Exposure to BTEX concentrations may have a remarkable influence on human health because of their existence in indoor
air. It is the only solution to remove BTEX from the environment by either ventilation or filtering. Activated carbon is the
primary carbon-rich material for the BTEX pollution control strategy. In this study, Digitalis purpurea L. biomass as lig-
nocellulosic materials was selected as a common substance in nature and carbonization-appropriate processing. The acti-
vated carbons (DpAC1-60) were prepared from the pyrolysis of Digitalis purpurea L. biomass at 500-900 °C by chemical
activation with Zinc chloride (ZnCl,), Potassium carbonate (K,CO5), Sulfuric acid (H,SO,), and Phosphoric acid (H;PO,),
respectively. The DpACs structure enrichment was targeted with several conditions (temperature, chemical reagents, etc.).
Under the same conditions, the order in which the compared chemicals increased the surface area of DpACs was as follows
H;PO,>H,SO,>ZnCl, > K,CO;. The large surface area was contrived with D ,AC58 (1753.5 m?%g) at 700 °C by H,PO,
activation. The adsorption capacity of BTEX was reached 162 mg/g at 25 °C and 1500 ppm. Consequently, the study revealed
that the prepared D,AC58 from Digitalis purpurea L. biomass is suitable for the removal of BTEX from indoor air. The sug-
gestions and prospects for future research were proposed carbon-based materials for indoor air pollutant-removal applications.

Keywords Biomass - Carbonaceous material - Gas phase - Lignocellulosic - VOCs

1 Introduction

In recent years, technological developments in the indus-
try have been rapidly adapted to our current life, including
environmental issues [1, 2]. With the usage of advanced
industrial products in indoor environments, some air pol-
lutants are formed, the emission of which increases rapidly
[3-5]. There are growing concerns about indoor air pol-
lution because people spend more time indoors [6]. They
may expose to excessive indoor air pollutants, which have
released many sources [7, 8]. One of the most hazardous
indoor air pollutants is volatile organic compounds (VOCs)
that are threats to human health [9]. Benzene, toluene, eth-
ylbenzene, and xylene, known as BTEX, which evaporate
quickly at room temperature (~25 °C) from residential
indoor environments [10]. The high concentrations of
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BTEX reveal toxic effects, even carcinogens to humans.
Intake of BTEX comes true from computers, photocopiers,
cigarette smoke, cooking activities, various chemical-based
dyestuffs, some detergents, insecticides, and plastic-based
industrial items in indoor air [11-13]. Exposure to high
BTEX levels can cause leukemia, aplastic anemia, bone
marrow disorders, and some cancers [14]. In the peripheral
blood smear test in leukemia patients, exposure to vary-
ing concentrations of BTEX shows that there are chromo-
somal aberrations in lymphocytes and that sister-chromatid
exchanges and micronuclei increase the sparseness, and it
causes carcinogenicity due to its genotoxic effect [15, 16].

People from many disciplines worldwide are making
efforts to improve and enrich indoor air quality. Firstly,
it is essential to manage the known sources of indoor
air pollutants, freshen the contaminated indoor environ-
ment, or remove air pollutants using active or passive air
cleaners [17, 18]. Air cleaning systems have been tried to
be developed because active air cleaners are not chosen
due to their high cost and operational costs. Some indoor
cleaning methods, such as biofiltration and adsorption
with activated carbon, preferred passive removal systems

@ Springer


http://orcid.org/0000-0003-1850-7515
http://crossmark.crossref.org/dialog/?doi=10.1007/s13399-022-02558-2&domain=pdf

4172

Biomass Conversion and Biorefinery (2022) 12:4171-4181

[19]. The common feature of these systems, which can
easily adsorb and reliable technology for volatile organic
compounds such as BTEX. Activated carbon has been
found in numerous tests to remove BTEX at various lev-
els with high yields [20, 21]. As a result, many materi-
als have been investigated to increase the surface area
of activated carbons [22, 23]. It has produced excellent
results in BTEX adsorption at various concentrations by
highly porous activated carbons, although there is limited
research on BTEX removal [24, 25].

Carbonaceous material has been conducted with agricul-
tural waste due to evaluating and recycling waste biomass to
the environmental cycle [26, 27]. Studies have been reported
that use the lignocellulosic biomass such as Phragmites aus-
tralis [28], Gossypium malvaceae [29], Casuarina equisetifolia
[30], Artocarpus integer [31], Citrus sinnensis [32], Hymenaea
Courbaril L. [33], and Leucaena [34] for activated carbon and
their environmental application [35, 36]. Digitalis purpurea L.
used in this study is widely distributed, particularly in Anatolia,
and all of its components are soft tissue. This plant dies after
growing in the nature. Therefore, it cannot be classified as a lig-
nocellulosic waste. The study’s main purpose was to investigate
usability activated carbon derived from Digitalis purpurea L. for
adsorption of various concentrations of BTEX. Furthermore, the
obtained activated carbon’s physicochemical abilities were also
characterized and the production conditions. This research was
further intended to investigate and compare BTEX molecules
on activated carbon under high concentrations.

2 Materials and methods
2.1 Materials
The activated carbon was synthesized by the stem of Digi-

talis purpurea L. (foxglove), and it was collected from
nature in Kastamonu, Turkey. Prior to the experiment, it was

washed with pure water (Milli Q water, Millipore) several
times because it is intended to remove the dust impurities.
The lignocellulosic biomass was dried in an oven at 55 °C
for 10 days until it gets rid of the moisture content inside
and it was sieved to the size range <500 pm. The powders
of the lignocellulosic biomass were put into the oven to
dry for the last time at 105 °C. Zinc chloride (ZnCl,, assay
99.5%), potassium carbonate (K,CO;, assay 98% +), sulfu-
ric acid (H,SO,4, 98%), and phosphoric acid (H;PO,, 85%)
purchased from Merck Millipore Ltd. were applied as the
activation agent. BTEX liquid solution (99.5%) was bought
from Sigma-Aldrich, USA, and VOC standard solution was
taken from Ultra Scientific Inc. All these chemicals were
utilized without any further purification in the present study.
Samples were weighed by Adam PW 214 brand.

2.2 Production of the activated carbon

Twenty grams of Digitalis purpurea L. powders were acti-
vated at various impregnation ratios by ZnCl,, K,COj;,
H,;PO,, and H,SO,, respectively. To assure homogeneity of
the mixture (biomass-activating chemicals), they were thor-
oughly mixed with a manual hand grinder. They were var-
ied from 1:0.5, 1:1, and 1:2 w/w (feedstock ratio/activating
agent) for 24 h at ambient temperature. D,AC was used in the
coding of activated carbons. The D AC was dried at 105 °C
overnight and stored in a desiccator for characterization. The
next step was carbonized at 500-900 °C (heating rate was
5 °C/min) for 1.5 h under purified nitrogen gas (N, flow rate
was 30 mL/min) using high-temperature resistant fixed bed
design steel (with 7-cm diameter and 21-cm height.) in a pro-
grammable furnace. The produced activated carbon (weight
of D,AC) was washed with 0.3-M HCI solution to remove
any remaining chemicals and ash from the carbon structure.
Then D,ACs used hot deionized water (80-85 °C) several
times until chloride ions were not appointed. The D, ACs
were dried at 110 °C for 24 h, and their yield was determined
by following Eq. (1).

Yield of D AC = (weight of D AC/weight of Digitalis purpurea L. biomass) X 100 D

2.3 DPACs characterization

The physicochemical characterization of D,ACs samples
was employed to define the surface area and pore size
distribution by the adsorption of N, at 77 K using
Brunauer—-Emmett-Teller NOVA 2200e Quantachrome
Autosorb surface analyzer (Quantachrome Instruments,
Florida, USA). The functional groups on the surface of
the D,ACs and their raw material in 400-4000 cm™!
were analyzed using PerkinElmer Spectrum 100 Fourier
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transform infrared (FTIR) (PerkinElmer, Waltham,
MA, USA). Thermal degradation of the D,AC58 and
raw material was conducted on the Perkin Elmer Brand
Diamond. The morphology of the prepared D ,ACs was
analyzed by SEM (FEI Quanta FEG 250) and to advance
conductivity. All samples were metalized with gold.
All analyses are applied to the D,ACs and performed
to the raw material. The Digitalis purpurea L. biomass
was identified by the American Society for Testing and
Materials (ASTM) standards E872-82 [37], E871-82
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[38], and D1102-84 [39] for volatile matter, moisture,
and ash (XRF Xepos II, Spectro). Also, fixed carbon was
calculated with Eq. (2).

(Rotronic, Zurich, Switzerland). The experiments were
operated with initial concentrations of 5, 50, 150, 500,
1000-1500 ppm of gas BTEX in times ranging from O to

Fixed carbon % = 100 — (volatile matter % + moisture % + ash %) 2)

Elemental analysis was performed by Euro EA 3000
series, EuroVector, Milano, Italy. Also oxygen content was
found from Eq. (3).

0% = 100 — (C% + H% + N% + Moisture% + Ash%) (3)

2.4 Experimental design

The batch reactor for adsorption of BTEX onto the D ,ACs
was performed with N, gas flow (50 mL/min). Also, it
formed a vacuum pump (SKC The AirChek XR5000), a gas
flow meter, and Tenax TA sorbent tubes used as controls
without any contamination. Approximately 0.1 g of D, ACs
were placed into the batch reactor at a midpoint of mecha-
nism in Fig. 1.

Firstly, the BTEX solution was prepared and diluted for
several initial concentrations (C,). These experiments were
carried out under constant humidity (45-55% RH) and tem-
perature conditions (25°C) using a gravimetric hygrometer

MFC MFC
=
%.DPACS
BATCH
REACTOR
BTEX
N, WATER BATH

270 min. In this system, in the determination of D, ACs
adsorption capacity was investigated the effect of tempera-
tures (carbonization time: 5 °C/min and totally 90 min),
activation agents, and impregnation ratios were under inert
environment (N, flow rate: 100/min), which were tabulated
in Table 1.

2.5 Analysis of BTEX

BTEX samples were collected from the batch reactor,
which was used 100mg Tenax® TA (60-80 mesh) sam-
pling sorbent tubes and Tenax® TA/Carbotrap/Carboxen
569 (20/45 mesh) by thermal-desorption GC-MS (Agi-
lent 6890 N Network Gas Chromatograph and Agilent
5975 Series also Markes Unity-2 TD), according to EPA
Methods, Method TO-17 [40]. The used column was A
DB-1 series 123-1063 gas column (Agilent Technologies,
Santa Clara, CA, USA). BTEX standard solution (200 pg/
mL) purchased from Ultra Scientific brand Aromatic
Hydrocarbons Mixture DWM-550-1. The injected sample

MEC TENAX TUBE VACUUM
- s D ——— AIR
: PUMP

v

Fig. 1 Experimental design for theoretical removal study of BTEX onto D,ACs
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Table 1 The identifications of DPACs in terms of carbonization and
activation process

Activating reagent Sample ID Impregnation  Activation
ratio wt% temperature
°C
ZnCl, DpACI 0.5:1 500
D,AC2 0.5:1 600
D,AC3 0.5:1 700
D,AC4 0.5:1 800
D,AC5 0.5:1 900
D,AC6 1:1 500
D,AC7 1:1 600
D,AC8 1:1 700
D,AC9Y 1:1 800
D,AC10 1:1 900
D,AC11 2:1 500
D,ACI12 2:1 600
D,AC13 2:1 700
D,AC14 2:1 800
D,AC15 2:1 900
K,CO; D,AC16 0.5:1 500
D,AC17 0.5:1 600
D,ACI8 0.5:1 700
D,AC19 0.5:1 800
D,AC20 0.5:1 900
D,AC21 1:1 500
D,AC22 1:1 600
D,AC23 1:1 700
D,AC24 1:1 800
D,AC25 1:1 900
D,AC26 2:1 500
D,AC27 2:1 600
D,AC28 2:1 700
D,AC29 2:1 800
D,AC30 2:1 900
H,SO, D,AC31 0.5:1 500
D,AC32 0.5:1 600
D,AC33 0.5:1 700
D,AC34 0.5:1 800
D,AC35 0.5:1 900
D,AC36 1:1 500
D,AC37 1:1 600
D,AC38 1:1 700
D,AC39 1:1 800
D,AC40 1:1 900
D,AC41 2:1 500
D,AC42 2:1 600
D,AC43 2:1 700
D,AC44 2:1 800
D,AC45 2:1 900
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Table 1 (continued)

Activating reagent Sample ID Impregnation  Activation
ratio wt% temperature
°C

H;PO, D,AC46 0.5:1 500
D,AC47 0.5:1 600
D,AC48 0.5:1 700
D,AC49 0.5:1 800
D,AC50 0.5:1 900
D,AC51 1:1 500
D,AC52 1:1 600
D,AC53 1:1 700
D,AC54 1:1 800
D,AC55 1:1 900
D,AC56 2:1 500
D,AC57 2:1 600
D,AC58 2:1 700
D,AC59 2:1 800
D,AC60 2:1 900

volume was 1 pL, and the detector temperature was
250 °C. Hydrogen gas (40 mL/min) and pure helium gas
(20 psi) were used as fuel and carrier gases, respectively.
The utilized temperature program began at 35 °C min
and then increased to 300 °C with a rate of 5 °C/min for
30 min. Before experiments, all the Tenax tubes were
cleaned for 20 min at 330 °C under a nitrogen flow rate of
100 mL/min in a thermal conditioner. The cleaned tubes
were closed with brass caps and stored at— 10 °C for a
maximum of 2 weeks without any contamination. After
that, they were stored at 4 °C for one day then analyzed
the day after the BTEX sampling.

2.6 QA and QC of experiments

The reliability of the experiments can be evaluated with
quality assurance (QA) and quality control (QC). The
QA and QC for adsorption experiments were applied in
field blanks and triplicate sample measurements. In the
replicate analyses of the reference conditions, discarded
limits were found as + 10.63% for sensibility. They are
all repeated until a result was obtained for the empirical
blank. Limit of detection (LOD) and limit of quantification
(LOQ) were calculated for BTEX concentrations which
ranged from 0.00 to 0.41 ppb.
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3 Results
3.1 Yield of DpACs

In the production of activated carbon, less loss is desired
to get more samples. Therefore, the beginning of the fac-
tors affecting the yield, the pyrolysis time, and the applied
temperature are directly effective. These effects can keep
the high or low yield, ranging from 18.2 to 37.9% after the
pyrolysis process as the final product.

3.2 Characterization

The BET surface area and pore structure parameters of
the produced activated carbons were carried out by NOVA
Touch LX4 nitrogen adsorption—desorption analysis
(Quantachrome Instruments, South San Francisco, CA,
USA). Also, they were coded DPAC(1—60), according to
the impregnation chemical used ZnCl,, K,CO;, H;PO,,
and H,SO,, respectively (Fig. 2). The raw material was
determined by the acid detergent fiber (ADF), neutral
detergent fiber (NDF), and Klason method [41]. Cellulose,
a glucose polymer, 22.5%, hemicellulose 20.8%, another
biopolymer consisting of polysaccharide mixtures, lignin,
a polymer of phenylpropane monometric units randomly
and non-linearly linked by ester bonds, 28.2%, and ash
3.3% were found in Table 2.

According to the International Union of Pure and
Applied Chemistry (IUPAC), the adsorption isotherms of
D,AC58 show Type IV isotherm is a typical characteristic
of mesoporous materials in the classification of adsorption
isotherms [42].

Among the chemicals used, the highest surface area was
with H;PO,. Therefore, several DPAC was chosen for high
micro and total pore volumes in Table 3. Although D, AC53
had the highest surface area with 1753.5 m?%/g, the highest
micropore volume was found to be 0.388 cm?/g in D,AC58.

Figure 3 shows the scanning electron microscopy (SEM)
images of Digitalis purpurea L. biomass and D,AC58 as
produced activated carbon. The Digitalis purpurea L. bio-
mass presents irregular structures and inhomogeneous sur-
faces with niggardly small cavities while activating with
H,PO,; it consisted of big cavities with large holes and was
observed with relatively higher homogeneity by SEM at a
magnification scale of 5000 X . The Digitalis purpurea L.
biomass has a negligible number of pores although D,AC58
demonstrates pores on its structure due to activating agent
H;PO, which helped to release volatile compounds in the
raw material. Their surface area was calculated by the BET
method [43].

FTIR spectroscopy is used to describe a material's
surface functions with functional group between 400
and 4000 cm™~!. The Digitalis purpurea L. biomass and
DpACS58 were measured absorption spectra and shown
in Fig. 4. The band at 3568 cm™! comes across to O-H

Fig.2 Sppr values of D,ACs 1600 ZnCl, 1600 K2COs3
samples at different carboniza-
tion temperatures and using
. 1200 1200
activating agents c) c)
& g -
& s00 & 800
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Table 2 The contents of Digitalis purpurea L. biomass

Cellulose wt%  Hemicellulose wt%  Lignin wt% Ash %  Moisture %  Volatilematter % FixC% C% H% N% O%
22.5 20.8 28.2 3.3 10.1 729 13.71 453 6.2 1.3 33.8
stretching hydroxyl groups in the Digitalis purpurea L. bio-
mass structure (lignin, cellulose, and hemicellulose struc- — DpACS8

: : . e \/\/\/W
tures) available in alcohol and acids [44]. The band located JEBNNSN /V N
at 2978 cm™! is bound to sp2 C-H and sp* C—H stretching / f
[45]. The peak at 1422 cm™! is connected to the alkanes [‘ l874
and alkyls. The bands at 1056 and 1000 are in a combi- / /

1422

nation with C-O stretching of hydroxyls in the structure
of cellulose and hemicellulose [46]. The bands between
900 cm™! and 700 cm™ are aromatic C—H stretching inor-
ganic forms. Compared with raw material and DpACSS,
the Digitalis purpurea L. biomass has more absorption
peaks. However, DpACS58 has fewer peaks because chemi-
cally activated with H;PO, and has annihilated most of
the organic structure from the lignocellulosic raw material.

The thermogravimetric (TGA) curves of the Digi-
talis purpurea L. biomass and D AC58 were acquired in
25 °C —800 °C with a heating rate of 10 °C min~'. They
were heated as a solid mass of 7 mg under the gas flow
of N,. Figure 5 shows the thermal stability of samples, in
which three main stages was seen in both samples. The Digi-
talis purpurea L. biomass exhibited that first stage which
occurred between 40 and 185 °C with 8.96 wt% loss. The
second stage presented between 185 and 370 °C with 22.18
wt% loss, and the third stage from 370 to 800 °C with 19.22
wt% loss. Decomposition of organic volatiles was observed

Table 3 The pore structures of D,ACs

Samples Sper (m%g) Viiero (cm*/g) Vit (cm*/g)
D,AC14 1005.2 0.137 0.238
D,AC43 1521.7 0.241 0.382
D,AC44 1387.4 0.234 0.377
D,ACS8 1753.5 0.388 0.497
D,AC59 1487.3 0.311 0.399

Fig.3 SEM micrographs at
30 um (a: Digitalis purpurea L.
biomass, b: DpACSS)
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Fig.4 FTIR spectrum of the Digitalis purpurea L. biomass and
D,AC58

in the steps with rapid loss and lignin decomposition in the
other steps [47]. The first stage of D,AC58 was monitored
between 35 and 165 °C with 17.65 wt% loss. The second
stage was seen between 165 and 570 °C with 14.33 wt% loss,
and the final stage was gained between 570 and 780 °C with
8.64 wt% loss which took place. The D,AC58 was showed
excellent adsorptive properties due to its micro-porous struc-
ture [48].
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Fig.5 TGA curves of the Digitalis purpurea L. biomass and D,AC58

3.3 Adsorption of gas-phase BTEX

For the steady-state conditions, the experimental setup was
carried out without adsorbate, including gas-phase BTEX
into the system due to the detecting of the BTEX gas adher-
ing to the wall. The efficiency of adsorbents varies depend-
ing on initial concentration and contact time. The adsorption
capacity of an adsorbent is the milligrams of adsorbate per
1 g of D,ACs. The highest surface area was obtained with
H;PO,. Therefore, DpAC14, DPAC44, DpACSS, and DpAC59
were used in BTEX removal experiments. Before starting the
investigation, it waited for about 30 minutes to stabilize for
each experiment.

3.3.1 Initial concentration

The experimental study performed different initial BTEX
concentrations which ranged from 5 to 1500 ppm. While

Fig.6 Effect of initial concen- 180
tration and amount of adsorbed

BTEX 160

140
120
100
80 o

60

Amount adsorbed (mg/g)

20 &
(]

the lowest value studied was 35.6 mg/g at 5 ppm, 162 mg/g
was obtained at 1500 ppm. As the concentration amount
increases, the filling of the pores of the activated carbon
increases in Fig. 6.

The stabile in removing the amount adsorbed was found
when the initial concentration increased to 500 ppm. In this
context, a high amount of adsorbed is found with high con-
centration because the pores are sufficiently filled.

3.3.2 Contact time

The effect of contact time on the BTEX adsorption study
was examined until 300 min. After that, each measurement
was made at 30-min intervals. The removal efficiency of
BTEX was shown that rise slope in 90 min, then increase
slowly until 210 min, and finally, the saturation point was
reached at 270 min in Fig. 7.

The movement of BTEX molecules first became fast
and then slow. Adhering molecules caused the pores to fill
rapidly and then the rate of attachment to slow down. The
adsorbate speed before the pores are filled, and the bond
speed of BTEX molecules after they are filled affects the
adsorption capacity. As the pores fill, the BTEX molecules
need more time. The maximum BTEX concentration was
1500 ppm and reached 270 min at a saturation level of
162 mg/g.

4 Discussion

The D,ACs were performed and compared with several
initial concentrations which ranged from 5 to 1500 ppm
at 25 °C. The maximum adsorption capacity values were
obtained from synthesized with H;PO,-activated carbons.
Although the BET surface area of DPAC58 is large, it
has been observed that the micropore volume is more
prominent in D AC59. Hence, the holding capacity of
BTEX molecules is higher in the experiments. D, ,ACs

® - DpAC14
& DpAC44
DpAC58
DpAC59

0 250

500 750
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Initial concentration (ppm)

1250 1500
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compared to studies in the literature show that the surface
area seems fine for a lignocellulosic-based activated carbon
by Nor et al. [49]. Despite the removal of BTEX gases in
the aquatic environment with activated carbon, it is seen that
the number of studies on the reduction of BTEX in the gas
phase with activated carbon is quite limited. Especially at
the same time, it is difficult to remove these simultaneous
gases. Nam et al. [50] experimented on the TMA and H,S
gas purification with activated carbon from rice husk as a
biomass waste. Using KOH, they performed carbonization
in a fixed bed reactor using argon (inert environment). Also,
they investigated adsorption isotherms, including Langmuir
and Freundlich, and adsorbents found as effective for TMA
and H,S gas removal. Wang and Sheng [51] revealed that gas-
toluene (initial toluene concentration: 1-10 ppm) adsorption
with activated carbon for gas—solid mass transfer and its
behavior. They used a model that Grand Canonical Monte
Carlo (GCMC) explained the toluene adsorption process with
molecules. Liu et al. [52] were derived from bamboo (Anhui,
China) by chemical activation using KOH/CB of 4:1. ACB-1
maximum surface area found 2133.2 m?/g and pore volume
of 0.94 cm®/g. They tried the adsorption of dye from RhB
solution and reached adsorption capability as > 1200 mg/g.
Saha et al. [53] produced powdered activated carbon (PAC
has 2250 m?/g, total pore volume 1.1 cm*/g) and investigated
BTX (benzene, toluene, xylene) adsorption. Initial BTX
concentrations were 100 ppm, and 0.025 g activated carbon
for each solution, and adsorption capacity was determined
at 600 mg/g. Kang et al. [54] have experimented with solid
waste from biomass for activated carbon production via the
chemical (H;PO,) method. The samples were analyzed by
SEM, FT-IR, XRD, BET, and TG for texture characteristics.
Adsorption of methylene blue was performed with AC400
and found 1125 mg/g. Oh et al. [55] used RAC-2 and
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commercial activated carbon from coconut shells (CAC).
RAC-2 (1286 m?/g) and CAC (1153 m?/g) had almost
similar surface areas and tried for the removal of VOCs. They
searched performance of them under humidity conditions
and that the capacity decreased benzene adsorption with the
increase in humidity. Isinkaralar et al. [56] investigated gas-
phase BTEX removal with activated carbon (AC-KN) from
Aesculus hippocastanum L. biomass by ZnCl,. The AC-KN
was eliminated BTEX range simultaneously from 638 to
1114 pg/g for several concentrations.

In some studies, HEPA filters have been tried instead of
activated carbon-based filters. However, the efficiency of
VOC retention of HEPA filters is very low and difficult to
clean, according to Chen et al. [57]. Therefore, they may not
be used only but need to be added with activated carbon as
a supplement. Zhang et al. [58] synthesized three different
MOF adsorbents and HEPA, which were evaluated simul-
taneously with PM, 5 and toluene. The MOF was found to
better perform for toluene removal. In addition, the carbon
and lignin contents of the lignocellulosic biomass used were
effective. Generally, adsorption was effective method on dif-
ferent molecular sizes and affinities for pollutants and volatile
organic compounds [59, 60]. All these removal studies were
carried out through a reactor and that the level and duration of
BTEX have been adapted to indoor conditions (high or low).
Also, simultaneous removal of multi-air-pollutant is a crucial
issue with other VOC:s in the real indoor environment [61].

5 Conclusion

In summary, activated carbon from the Digitalis purpurea
L. biomass was successfully prepared for the effective and
economical removal of BTEX from indoor air by chemical
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method. As an adsorbent, DpACSS is a talented low-cost and
eco-friendly carbonaceous material for annihilating BTEX
from indoor air. The characterization of D ,AC58 results
shows that they were well done synthesized with similar
morphology (SEM, BET, FT-IR). The carbonization of its
biomass occurs in well-developed pores on the surface mor-
phology. Therefore, it seems more appropriate to investigate
optimum conditions with dwell time and activation agents.
The effective removal of BTEX is the most important indoor
air quality management issue due to posing a severe threat
to human health. The highest concentration of the BTEX
adsorption process reached equilibrium within 150 min of
contact time at room temperature. The D,AC58 was used
as critical sorbents for BTEX removal from indoor air. The
superiority of D,AC58 is inexpensive and has a high hold-
ing capability to remove BTEX from indoor air. However,
future studies could explore investigating the removal of
other indoor air pollutants with real field applications.
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