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Abstract. Phosphorus is important in the environment and its recovery and recycling is necessary. Sewage wastewater
is one of the substances in which a high amount of phosphorus and its compounds are found. Phosphorus in water is
one of the causes of environmental problems such as eutrophication. The utilization of sewage sludge is a main prob-
lem in both large and smaller towns. This research investigates how much and how to use sewage sludge biochar as an
adsorbent to remove phosphorus compounds from wastewater. This article highlights the sorption capacity of the filler

to absorb phosphorus compounds.
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Introduction

Sewage sludge is formed by treating different types of
waste water. One of them is household water and waste
which comes from households, while the other, so-called
industrial wastewater, is collected from industrial facili-
ties. In the United States of America, China and India
every year around 12.7, 7.8 and 4.0 million dry tonnes
of municipal sludge must be properly disposed of by the
requirements (Liu et al., 2021). Sewage sludge contains
a number of harmful substances such as heavy metals,
petroleum products, and chemical detergents. Recently,
waste-related questions to sewage sludge treatment have
become a major concern, whereas their disposal in land-
fills is undesirable and the management of this waste is a
prohibited practice. Lithuania has already begun to apply
good practices for the return of sewage sludge to the cir-
cular economy. However, only small amounts of sludge
are composted in Europe and more energy-efficient uses
are applied, such as the production of biofuels or incine-
ration (Lietuvos socialiniy moksly centro Ekonomikos ir
kaimo vystymo institutas, 2020). Lithuania follows this
use, clearly understanding that sludge composting is not
the best practice.

The utilization of sewage sludge is the main prob-

lem in both large and smaller towns. In larger cities, the

sludge is treated in sludge treatment facilities located in
the same areas as water management companies, while
smaller cities are forced to transport the resulting sludge
to designated locations. Probiotics, which are unfor-
tunately expensive, must be used regularly to prevent
odours from spreading.

Stricter requirements for wastewater are the protec-
tion of the environment from pollution and the fight
against the main natural problem - eutrophication. The
efficiency of the treatment of water contaminated with
nitrogen and phosphorus in small wastewater treatment
plants is limited. The result of the biological treatment of
wastewater contaminated with phosphorus compounds
is excess sludge with high phosphorus content. As the
efficiency of wastewater treatment improves, the amount
of sewage sludge increases and accumulates; for example,
the amount of sludge per 100,000 inhabitants in a sewage
treatment plant can reach about 1825 t of dry matter per
year (Lietuvos socialiniy moksly centro Ekonomikos ir
kaimo vystymo institutas, 2020). One of the methods is
to perform experimental studies that would evaluate the
possibilities of using sewage sludge biochar in the treat-
ment of wastewater from phosphates so that incomplete-
ly treated wastewater does not harm the environment.
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A high concentration of phosphorus in water is one
of the causes of environmental problems. Due to this,
the political and economic sectors created a phosphorus
recovery and recycling strategy that was considered to
be able to meet future phosphorus demands. Therefo-
re, environmental requirements are tightened, and the
Wastewater Management Regulation came into force in
2006. According to which phosphorus compounds from
wastewater (up to 5 mgP/l) are mandatory in small
wastewater treatment plants (which treat up to 5 m? of
wastewater per day) (Lietuvos Respublikos aplinkos mi-
nisterija, 2006). The removal of phosphorus from waste-
water is possible by combining phosphates into a solid
phase that can be separated from water. Such processes
include chemical precipitation and biological phosphate
removal. Both methods can achieve 80-90% phosphorus
removal (Sincero, A. P, Sincero G. A., 2003).

In most of studies, sewage sludge biochars were used
as in the agricultural and energy industries (Callegari
etal, 2018; Fang et al., 2018; Figueiredo et al., 2017; Karim
et al,, 2019; Nobaharan et al., 2021; H. Wang et al., 2020;
Yang et al., 2018; Yin et al,, 2019). However, more scien-
tists started to investigate the opportunities of biochar
from sewage sludge as secondary material and gain a more
important role as an absorbent (Gopinath et al., 2021; Sin-
gh et al., 2020). The following properties of sewage sludge
biochar are being studied around the world: composition
of elements (Figueiredo et al., 2017), distribution of trace
elements in biochar (Chen et al., 2020), and sorption pro-
perties (Callegari et al., 2018; Ma et al., 2020).

The experiment performed and the results of it allow
us to determine whether biochar from sewage sludge can
be produced as biochar and used to remove phosphates
from wastewater. The efficiency of biochar adsorption of
phosphates will be determined by using different initial
concentrations.

The aim of the study was to investigate the applicati-
on of sewage sludge biochar to the removal of phospha-
te from wastewater and the parameters influencing its
efficiency.

Methodology

The experimental research work was performed with ar-
tificially contaminated deionized water by different con-
centrations of phosphate.

The aim of the experimental research was to determi-
ne the phosphate adsorption on biochars. Experimental
studies were performed with different phosphate concen-
trations and fixed sewage biochar mass.

The adsorbent was sewage sludge ash that was pyro-
lyzed. Municipal sewage sludge was taken from a muni-
cipal wastewater treatment plant which was located in
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Vilnius city (Lithuania). Biochar was prepared by pyro-
lysis in a tube furnace method (Janusevicius et al., 2022).
The pyrolysis was chosen to temperatures of 300 °C,
400 °C, 500 °C, and 600 °C.

The potassium dihydrogen orthophosphate
(KH,PO,) was dissolved in deionized water to make the
desired phosphate stock solution. Two different adsorp-
tion solutions of phosphate concentrations were pre-
pared: 50 mg/l and 100 mg/l. These phosphate concen-
trations were selected based on previous research (J. Li
etal., 2019; Z. Wang et al., 2021; Yin et al., 2019). All test
substances, chemical reagents, and mixtures used in the
experiment were analytical grade.

A 1 g portion of each type of sewage sludge biochar
sample was added into each prepared solution. After
mixing, the bottle cap was closed and rotated end-to-
end at 11 rpm for 2 h.

After that, the samples were filtered using gravity fil-
tration. Furthermore, the determination of pH of filtered
samples has been measured using a pH meter.

The samples were then measured using the colorime-
try method to determine the concentration of phosphate
after the process of absorption. The amount of adsorbate
adsorbed by biochar equilibrium was calculated accord-
ing to Equation (1):

(c, —¢p)
—

g, =Vx 1)

Where g, (mg/g) is the equilibrium adsorption ca-
pacity which is the amount of adsorbate adsorbed per
gram of biochar, V is the volume of solution, ¢, and ¢,
represent the concentrations at the initial and final time
(mg/1), respectively, and m is the weight of biochar (ab-
sorbent (g).

By using the initial and final phosphate concentra-
tions in solutions was used to calculate the removal ef-
ficiency (%).

The experimental results were indicated as mean +
standard deviation. The average was calculated from
three replicates of each experimental treatment. The
analysis of the variance of data was performed and only
acceptable values were chosen when the p-value was less
than 0.05.

Results

To characterize the relationship between the adsorption
capacity of biochar and the concentration of the adsorp-
tion solution, a comparison between two different initi-
al phosphate concentrations and four biochar pyrolysis
temperatures were chosen to analyze.

The porous structure and specific surface area of
biochar play an important role in adsorption (Agrafioti
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et al., 2013; Hossain et al., 2011; JanuSevicius et al., 2022;
Lu et al,, 2013; Yin et al., 2019). On this basis, the varia-
tion of the chosen sewage sludge biochar pyrolysis tem-
peratures was used to determine the effectiveness of ad-
sorption.

The removal efficiency of phosphate by different bio-
char pyrolysis temperatures varies, as shown in Fig. 1,
Fig. 2. The equilibrium adsorption capacity of phos-
phate by different biochars pyrolysis temperatures vary,
as shown in Fig. 3, Fig. 4.

The results of biochar 300 °C absorption of phosphate
at 50 mg/1 were lower than dry sludge granules. The per-
formance of biochar 300 °C may have been affected by
the fact that during the pyrolysis process at 300 °C, not
all organic compounds were turned into carbon. Fur-
thermore, most researchers conclude that sewage sludge
biochar produced at low temperatures (300 °C, 400 °C)
may have a higher chance of total and total organic car-
bon and nitrogen content, but a lower total Na, P, and K
contents (Khanmohammadi et al., 2015). Furthermore,
by increasing the pyrolysis temperature, the percentage
of C, O, H, and N generally decreases (Gopinath et al.,
2021). It should be noted that this result will not be dis-
cussed or analyzed in this article due to previously men-
tioned factors.

The highest adsorption efficiency of phosphate was
recorded in samples: at a concentration of 100 mg/l,
the equilibrium adsorption efficiency of 6 mg/g was re-
corded and a concentration of 50 mg/l, the equilibrium
adsorption efficiency of 2,6 was observed.

It should be noted that in solutions with a concentra-
tion of 100 mg/l of phosphate ions with biochar 400 °C,
500 °C, 600 °C temperature the equilibrium adsorption
capacity and removal efficiency were slightly changed by
increasing only from 5 mg/g to 6 mg/g and 50 % to 60 %
values, was recorded in all samples.

Previous studies have confirmed that the biochar ef-
ficiency can reach up to 20 mg/g (J. Li et al,, 2019) or
using co-pyrolysis 50 mg/g adsorption of phosphate (Yin
et al., 2019). In this research the existence of low absorp-
tion values in most of the samples could have been due
to a large amount of organic elements left in the bio-
char, this also has been shown in other studies (Chen
et al., 2020; Khanmohammadi et al., 2015) or it could
have been due to the amount of biochar used. On the
other hand, some researchers even used lower amounts
of biochar to absorb other ions (Yang et al., 2018; Yin
et al,, 2019).

Meanwhile, when evaluating and comparing the
equilibrium adsorption capacity (mg/g) of the control
samples between two different phosphate initial concen-
trations, it was observed that at 50 mg/l the adsorpti-
on efficiency slightly decreased compared to 100 mg/l.

37

600
S o
£ 500 G
S g
o >
S2 00—
5 & 300 —
55
£ = Drysludge [l
0 20 40 60 80

Removal efficiency, %

Figure 1. Graph of the the dependence of phosphate removal
efficiency on the different sewage sludge biochar pyrolysis
temperatures when the initial concentration of phosphate is
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Figure 2. Graph of the the dependence of phosphate removal
efficiency on the different sewage sludge biochar pyrolysis
temperatures when the initial concentration of phosphate is
50 mg/l
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Figure 3. Graph of phosphate equilibrium adsorption
capacity dependence on the different sewage sludge pyrolysis
temperatures when the initial concentration of phosphate is
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Figure 4. Graph of phosphate equilibrium adsorption
capacity dependence on the different sewage sludge biochar

pyrolysis temperatures when the initial concentration of
phosphate is 50 mg/1
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Figure 5. Graph of the pH value after adding sewage sludge
biochar and removal of phosphate

Therefore, the comparison when evaluating and compa-
ring the removal efficiency (%) of control samples be-
tween two different phosphate initial concentrations, it
was observed that at 50 mg/I the adsorption efficiency
decreased by double compared to 100 mg/lL. It can be
assumed that using sewage sludge ash, sewage sludge
biochar made at 300 °C temperature is not sufficient to
ensure larger changes in adsorption efficiency.

As mentioned before the pH values were determined
after phosphate sorption to determine the effects of sew-
age biochar on water and identify possible initial pH
values for another upcoming research. The results are
shown in Fig. 5. The initial phosphate solution pH value
was 6.8. In all samples, the pH value increased after add-
ing sewage sludge biochar to solutions.

Studies have shown that with an increase in pH in
samples, higher values of equilibrium adsorption capac-
ity and removal efliciency were recorded (one exception
was observed). Meanwhile, when comparing the differ-
ent initial phosphate concentration of pH values, it was
found that the higher the pH value, the higher the sorp-
tion capacity values were recorded (highest values with
600 °C pH = 8.2, g, = 6 (at 100 mg/l) and g, = 2.6 (at
50 mg/1)). The pH of the solution increases because sew-
age sludge pyrolysis at 600 °C increases the concentra-
tion of alkali metals (JanuSevicius et al., 2022). Therefore,
the higher the temperature of the pyrolyzed sludge, the
higher its pH.

Based on the data presented in Fig. 1, Fig. 2, Fig. 3,
and Fig. 4, it can be concluded that, with increasing sew-
age sludge pyrolysis temperature, a significant increase in
adsorption efficiency is observed. In conclusion, sewage
sludge biochar makes it a promising sorbent for phos-
phate removal from wastewaters.

Based on the results of the performed experimental
studies and the data presented in scientific publications
(Figueiredo et al., 2017; Hossain et al., 2011; Khanmo-
hammadi et al.,, 2015; M. Li et al., 2018; Yang et al,,
2018), it would be practical and effective to carry out
further studies only with biochar made at 600 °C and
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analyze furthermore the effect of different initial pH va-
lue ie., 7.5.

Conclusion

1. Experimental studies have shown that the sludge ashes
pyrolysis temperature has a significant effect on the
phosphate adsorption efficiency. Maximum adsorp-
tion efficiency was recorded when the biochar was
prepared at 600 °C.

2. It was observed that the highest values of equilibrium
adsorption capacity (efficiency) were recorded for bio-
char prepared at 600 °C (at 100 mg/] initial solution
q. = 6 mg/g, at 50 mg/l solution g, = 2,6 mg/g). The
lowest efficiency was recorded for dry sludge granules
(at 100 mg/1 initial solution g, = mg/g, at 50 mg/l solu-
tion g, = 1,2 mg/g) for both phosphate concentrations.

3. It was observed that the highest values of removal ef-
ficiency were recorded for biochar 600 °C (at 100 mg/1
initial solution was 60 %, at 50 mg/l solution was
52 %), and the lowest efficiency was dry sludge gran-
ules (at 100 mg/1 initial solution was 10 %, at 50 mg/l
solution was 24 %) for both phosphate concentrations.

4. 4With an increase of pH in samples, higher values of
equilibrium adsorption capacity and removal efficien-
cy were recorded. Meanwhile, while comparing the
different initial phosphate concentration pH values, it
was found out that the higher the pH value the higher
the sorption capacity values were.
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NUOTEKU DUMBLO PELENU NAUDOJIMAS
FOSFATAMS IS NUOTEKU VALYTI

J. Paulionyté, R. Vai$kunaité, A. Mazeikiené
Santrauka

Fosforas yra svarbus aplinkoje, todél butinas jo atgavimas ir
perdirbimas. Nuotekos yra viena i§ viety, kur randamas didelis
fosforo ir jo junginiy kiekis. Dél to vandenyje esantis fosforas
yra viena i§ aplinkos problemuy, tokiy kaip eutrofikacija. Dide-
lis nuoteky dumblo kiekis ir jo naudojimas yra viena i§ proble-
my, su kuria susiduriama tiek dideliuose miestuose, tiek ma-
7zesniuose miesteliuose. Siuo tyrimu siekiama nustatyti, kiek ir
kaip naudoti nuoteky dumblo pelenus kaip bioanglj, siekiant
fosforo junginius pasalinti i§ nuoteky. Galiausiai $iame straips-
nyje pabréziamas bioanglies sorbcijos gebéjimas absorbuoti
fosforo junginius, kurie buvo apskaiciuoti ir palyginti su kity
tyréjy gautais rezultatais.

Reik$miniai ZodZiai: bioanglis, dumblo pelenai, fosfatas, ad-
sorbcija, nuotekos, nuoteky dumblas, fosfato valymas, fosforas.
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