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Abstract

Sewage sludges produced from wastewater treatment plants continue to create environmental problems in terms
of volume and method of valorization. Thermal treatment of sewage sludge is considered as an attractive method in
reducing the sludge volume, which at the same time produces reusable by-products.

Produced sewage sludge from wastewater treatment plants is carbonaceous in nature and rich in organic materi-
als, therefore it has the potential to be converted into activated carbon. Converting sewage sludge into activated carbon
based on its high content of organic components not only solves the disposal problem of sewage sludge, but also turns
solid waste into useful material in producing adsorbent for wastewater treatment.

In this study, the sludge-based activated carbon was obtained using the sewage sludge from the Volkovo waste-
water treatment plant in Skopje by chemical activation using 25% ZnCl, solution and carbonization at a temperature
of 600°C for 50 minutes. The prepared sludge-based activated carbon was characterized using a scanning electron
microscope, an X-ray diffractometer and well-known standard methods, such as ash and moisture content, and adsorp-
tion capacity through the iodine number method.

The obtained sludge-based activated carbon has a macro-porous structure and exchangeable cations that makes
it suitable as adsorbent for wastewater treatment.

Key words: WWTP Volkovo, sewage sludge, adsorbent, macro-porous structure, wastewater

INTRODUCTION

Sludge is a byproduct during the process of sewage treatment [1]. It is difficult to handle because it is
characterized by high water content, loose structure, a large amount of organic matter, and poisonous and
harmful substances (such as microorganisms, heavy metal, and poisonous organisms) [2]. The sludge has
become an important environmental issue and needs to be treated through an effective pathway. One of the
important methods for sludge disposal at present is to utilize sludge and carbon in sludge by converting
the sludge into activated carbon with adsorption. The sludge-based activated carbon is cheap and easy to
obtain, and its adsorption ability to some pollutants is better than that of the commercial activated carbon
or other potential adsorbents [3].

The Republic of North Macedonia is rich in inorganic materials with a wide range of potential applica-
tion as adsorbents, including trepel [4,5], diatomaceous earth [6,7], perlite [8] and zeolite-bearing tuff [9],
but using sludge-based activated carbon as adsorbent also achieves the goal of waste utilization. In the past
few years, the European Union promoted ecological management of such wastes by introducing directives
regarding sewage sludge management and therefore classical methods, such as storage, are being replaced
by methods leading to waste stabilization and safe recycling [10]

The aim of this paper is preparation of activated carbon from sewage sludge from Volkovo wastewater
treatment plant in Skopje, the Republic of North Macedonia, its characterization, and possibility of using
the material as adsorbent.

PREPARATION OF SLUDGE-BASED ACTIVATED CARBON
Sludge-based activated carbon can be prepared by direct pyrolysis method [11,12], physical activation
process [13,14], chemical activation process [15,16], physical-chemical activation process [17], microwave
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activation [ 18] etc. These methods can be used to produce porous carbon-adsorbing materials. This material
is a black amorphous carbon material made by activated sludge that came from water treatment, which is
made by blending, carbonization, activation etc. It has the characteristic of a dense pore, a complex pore
structure, and a large specific surface area, and it has high absorbability [3].

In this study activated carbon was obtained using the sewage sludge from the Volkovo wastewater
treatment plant in Skopje, the Republic of North Macedonia. The characteristics of the used sludge are
presented in Table 1 and are obtained as an average value from four separate analysis from different periods
in the year.

Table 1. Physico-chemical properties of the sewage sludge

Dry matter | Organic matter Inorganic matter | Relative density Electrical H
content, % content, % content, % kg/m? conductivity ps/cm p
23 48,66 51,34 9,325 160,5 7.81
Mn Ni Co Pb Cd Fe Zn
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
0.342 0.076 0.012 0.020 0.0014 2.088 0.860

The sewage sludge contained around 51% inorganic matter 49% of organic matter. The contents of
heavy metals in the sewage sludge of the municipal wastewater treatment plant are presented in Table 1.

The sludge-based activated carbon was prepared according to the procedure described by Mugqing et
al. [19]. The raw sewage sludge was dried at 105°C for 24 h, to achieve constant weight, then comminuted
and sieved into a uniform size of 80 mesh (0.175 mm). The 50 g of dehydrated sewage sludge was soaked
stilly with 100 mL 10% HCI solution in a 2000 mL laboratory beaker for 24 h at room temperature. Then, it
was soaked again stilly with 100 mL 25% ZnCl, solution in a 2000 mL laboratory beaker for 24 h at room
temperature. Then, it was dried again at 105°C for 8 h to constant weight and was carbonized at 600°C in
a muffle furnace for 50 min. The obtained product, sludge-based activated carbon, was used for adsorption
experiments.

CHARACTERIZATION OF THE SLUDGE-BASED ACTIVATED CARBON

Scanning electron microscope

The surface morphology of the sludge-based activated carbon was studied using a scanning electron
microscope VEGA3 LMU. This particular microscope is also fitted with an Inca 250 EDS system. EDS is
an analytical technique used for the elemental analysis of a sample based on the emission of characteristic
X — Rays by the sample when subjected to a high energy beam of charged particles such as electrons or
protons.

Micrographs of the sludge-based activated carbon samples obtained from SEM analysis are given in
Fig. 1. The micrographs clearly show a number of macro-pores in the sludge-based activated carbon struc-
ture.

~62 -
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VEGA3 TESCAN

SEM HV: 20 kV SEM MAG: 3.20 kx | 1
WD: 15.00 mm Det: SE 10 pm
View field: 59.2 ym Date(m/dly): 03/29/22

Figure 1. Micrograph of a sample obtained from SEM analysis

An electron beam was directed onto different parts of the samples in order to get a more accurate
analysis (Fig. 2) and the elemental composition of the sludge-based activated carbon is presented in Table 2.

Table 2. Elemental composition of the sludge-based activated carbon

Weight (%)
Element
Sample 1 Sample 2 Sample 3 Average
C 0,00 7,54 9,99 5,84
o 36,64 39,80 33,10 36,51
Mg 0,71 1,03 0,00 0,58
Al 2,80 2,20 2,24 2,41
Si 5,21 5,07 5,32 5,20
P 2,28 2,04 1,04 1,79
Cl 23,79 16,36 18,79 19,65
K 0,63 0,82 0,68 0,71
Ca 8,53 7,94 10,60 9,02
Fe 2,16 4,31 4,23 3,57
Zn 17,25 12,59 14,01 14,62
Ti 0,00 0,30 0,00 0,10
Totals 100,00 100,00 100,00 100,00

Results of EDS analysis showed a high concentration of Zn and Cl in all studied samples, but that was
expected because the activation of the samples was made with ZnCl,. Also, the obtained results showed
that the predominant exchangeable cations in the sludge-based activated carbon structure were Ca?", Mg*

and K.

~63 -
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Foum Electron Image 1 20um Electron Image 1 T0um Electron Image 1

Figure 2. Micrographs of a sample for EDS analysis

X-Ray Diffraction

X-Ray Diffractometer 6100 from Shimadzu was used to investigate the mineralogical structure of
the natural raw material samples. This technique is based on observing the scattering intensity of an X-ray
beam hitting a sample as a function of incident and scattered angle, polarization, and wavelength or energy.
The X-ray diffractometer was equipped with a Cu anode with a radiation wavelength of CuKa = 1.54178 A.
The operating voltage was U = 40.0 kV and the current intensity I = 30.0 mA. The samples were examined
within 10.0-80.0 with 2.0 s on each step in a controlled rotational mode at 60.0 rpm. The data were com-
pared to the International Centre for Diffraction Data database, to identify the material in the solid samples.

The XRD results, (Fig. 3) as expected, confirm that the sludge-based activated carbon is an amorphous
material with a low concentration of portlandite and graphite.

ey
P - Portlandite
. G-Graphite

M

Figure 3. X-Ray diffraction of the sludge-based activated carbon

Iodine number, moisture, and ash content

The iodine number is the most fundamental parameter used to characterize the activated carbon per-
formance. It is a measure of the activity level (Higher degree indicates higher activation), often reported in
mg/g (with a typical range of 500 — 1200 mg/g). It is a measure of the microspore content of the activated
carbon (values > 0 to 20 A°, or up to 2 nm) by adsorption of iodine from solution. It is equivalent to the
surface area of the activated carbon between 900 m*/g and 1100/m?g. It tells of the carbon that preferen-
tially adsorb small molecules [20]. The iodine number is determined according to the ASTM D4607-94
method. The sample of the sludge-based activated carbon was analyzed by the iodometric method where
the obtained iodine number shows the ability of its adsorption power. The results obtained gave values of
the iodine number of 571,3 mg/g and this value of the iodine number is in a normal range.

The calculation of the moisture content aims to determine the hygroscopic properties of the activated
carbon, where generally the activated carbon has a very large affinity for water. This hygroscopic property
causes the activated carbon to be used as adsorbent. The moisture content of the sludge-based activated car-
bon was obtained according to the ASTM D2867 and was measured as weight loss after heating at 150°C
and allowed to dry to a constant weight (usually after 3 hours).

Total ash is a measure of the mineral oxide content of the activated carbon on a weight basis. It is
measured by converting the mineral constituents to the respective oxides at 800°C. The ash consists mainly
of silica and aluminum and the amount is dependent on the base raw material used to produce the product.
Total ash analyses are also a good indicator for the spent carbon quality used in groundwater sanitation or

—64 -
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drinking water applications. High ash content can be an indication of calcium, aluminum, magnesium or
iron deposition on the activated carbon or the presence of sand. The ash content of activated carbon is a
measure of the inert, amorphous, inorganic, and unusable part of the material. The ash content should ide-
ally be as low as possible. The quality of the activated carbon increases as the ash content decreases.

A precisely weighed sample of dried activated carbon is roasted in an annealing crucible of known
mass in the atmosphere air at 700°C for 8 h. After that, the crucible was cooled to room temperature and

weighed on a digital analytical balance. The total ash content was calculated by equations:
weight of ash

o Ash temt e 100
)% Ash conten weight of dry activated carbon ¥ |

The produced sludge-based activated carbon has a higher ash content. It can influence the adsorptive
capacity of the prepared sludge-based activated carbon as it is linked directly to the pore structure of the
sludge-based activated carbon. In other words, when the value of the ash content decreases, the efficiency
and adsorptive capacity of the prepared sludge-based activated carbon increase. High concentrations of
activators that are too high can also cause damage to the structure of the activated carbon, which resulted in
the increase of the ash content [21].

The results of the obtained physical properties, such as ash and moisture content, bulk density and
adsorption capacity through the iodine number method are presented in Table 3.

Table 3. Physical properties of the produced activated carbon

Moisture content, % Total ash Bulk density Iodine number
% mg/ml mg/g
7,8 48,7 909,7 571,3
CONCLUSION

This study was encouraged because sewage sludges produced from wastewater treatment plants con-
tinue to create environmental problems and because the European Union promoted ecological management
of such wastes by introducing directives regarding sewage sludge management, such as recycling.

The sewage sludge produced from the Volkovo wastewater treatment plant in Skopje, the Republic
of North Macedonia was successfully converted to the sludge-based activated carbon using the method of
chemical activation.

The obtained sludge-based activated carbon was characterized by using a scanning electron micro-
scope, an X-ray diffractometer, the iodometric method and ash and moisture content. The results show
that the sludge-based activated carbon has a macro-porous structure and exchangeable cations that makes
it suitable as an adsorbent for wastewater treatment. The results also show that the sludge-based activated
carbon has higher ash content, bulk density and moisture content while the value of the iodine number is
in normal range.

REFERENCES

1. Mingming Du, Tao Yu, Feifei Wang, Chengtun Qu, Study on Preparation of Activated Carbon from
Sludge, IOP Conf. Series: Materials Science and Engineering 484 (2019) 012013, doi:10.1088/1757-
899X/484/1/012013

2. T.Li, Y. L. Wang, J. Feng, M. Xu, Relationship between physicochemical characteristics of activated
sludge and polymer conditioning dosage, Huanjing kexue, vol. 33, no. 3, pp. 889—-895, 2012.

3. Yongning Bian,Qian Yuan, Guocheng Zhu, Bozhi Ren, Andrew Hursthouse, Peng Zhang, Recycling of
Waste Sludge: Preparation and Application of Sludge-Based Activated Carbon, International Journal of
Polymer Science, Volume 2018, Article ID 8320609, 17 pages, https://doi.org/10.1155/2018/8320609

4. Hamdije Memedi, Katerina Atkovska, Kiril Lisichkov, Mirko Marinkovski, Stefan Kuvendziev, Zoran
Bozinovski, Arianit A. Reka (2016) Removal of cr(vi) from water resources by using different raw
inorganic sorbents, Quality of Life, 7(3-4): 77-85

5. Arianit A. Reka, Blagoj Pavlovski, Egzon Ademi, Ahmed Jashari, Blazo Boev, Ivan Boev, Petre
Makreski (2019) Effect of Thermal Treatment Of Trepel At Temperature Range 800-1200°C, Open
Chem., 17: 1235-1243

- 65 -



Vesna Pancevska, Afrodita Zendelska

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Arianit A. Reka, Todor Anovski, Slobodan Bogoevski, Blagoj Pavlovski, Bosko Boskovski (2014)
Physical-chemical and mineralogical-petrographic examinations of diatomite from deposit near
village of Rozden, Republic of Macedonia, Geologica Macedonica, 28 (2): 121-126

Arianit A. Reka, Blagoj Pavlovski, Petre Makreski (2017) New optimized method for low-temperature
hydrothermal production of porous ceramics using diatomaceous earth, Ceramics International 43:
12572-12578

Arianit A. Reka, Blagoj Pavlovski, Kiril Lisichkov, Ahmed Jashari, Blazo Boev, Ivan Boev, Maja
Lazarova, Volkan Eskizeybek, Ayhan Oral, Gligor Jovanovski and Petre Makreski (2019) Chemical,
mineralogical and structural features of native and expanded perlite from Macedonia, Geologia
Croatica, 72/3: 215-221

Zendelska A, Golomeova M, Golomeov B, Krstev B (2019) Removal of Zinc ons from Acid Aqueous
Solutions and Acid Mine Drainage Using Zeolite-Bearing Tuff, Mine Water Environ 38: 187-196
https://doi.org/10.1007/s10230-018-0560-y

Bogdan Adrian Militaru, Rodica Pode, Lavinia Lupa, Winfried Schmidt, Agnes Tekle-Réttering 2 and
Norbert KazamerUsing Sewage Sludge Ash as an Efficient Adsorbent for Pb (II) and Cu (II) in Single
and Binary Systems, Molecules 2020, 25 (11), 2559; https://doi.org/10.3390/molecules25112559

Y. Hong, Z. Shichao, S. Yan, and Y. Xin, “Preparation and characterization of sludge activated carbon,”
Chinese Journal of Environmental Engineering, vol. 6, pp. 2138-2142, 2012.

V. M. Monsalvo, A. F. Mohedano, and J. J. Rodriguez, “Adsorption of 4-chlorophenol by inexpensive
sewage sludge-based adsorbents,” Chemical Engineering Research and Design, vol. 90, no. 11, pp.
1807-1814, 2012.

Y. Zhu, J. Gao, Y. Li et al., “Preparation of activated carbons for SO2 adsorption by CO2 and steam
activation,” Journal of the Taiwan Institute of Chemical Engineers, vol. 43, pp. 112-119, 2012.

Z. Wang, X. Ma, Z. Yao, Q. Yu, Z. Wang, and Y. Lin, “Study of the pyrolysis of municipal sludge in
N2/CO2 atmosphere,” Applied Thermal Engineering, vol. 128, pp. 662671, 2018.

T. Boualem, A. Debab, A. Martinez de Yuso, and M. T. Izquierdo, “Activated carbons obtained
from sewage sludge by chemical activation: gas-phase environmental applications,” Journal of
Environmental Management, vol. 140, pp. 145-151, 2014.

M. Hunsom and C. Autthanit, “Adsorptive purification of crude glycerol by sewage sludge-derived
activated carbon prepared by chemical activation with H,PO,, K,CO, and KOH,” Chemical Engineering
Journal, vol. 229, pp. 334-343, 2013.

A. Ros, M. A. Lillo-Rédenas, E. Fuente, M. A. Montes-Moran, M. J. Martin, and A. Linares-Solano,
“High surface area materials prepared from sewage sludge-based precursors,” Chemosphere, vol. 65,
no. 1, pp. 132-140, 2006.

M. J. Puchana-Rosero, M. A. Adebayo, E. C. Lima et al., “Microwave-assisted activated carbon
obtained from the sludge of tannery-treatment effluent plant for removal of leather dyes,” Colloids
and Surfaces A: Physicochemical and Engineering Aspects, vol. 504, pp. 105115, 2016.

Mugqing Qiu, Shuiying Xiong, Huazheng Xin, Removal of copper ion in aqueous solution by activated
carbon from sewage sludge, Int. J. Environmental Technology and Management, Vol. 18, No. 1, 2015,
pp 83-94

Itodo A.U., Abdulrahman F.W., Hassan L.G, Maigandi S.A., Itodo H.U, Application of Methylene
Blue and lodine Adsorption in the Measurement of Specific Surface Area by four Acid and Salt Treated
Activated Carbons, New York Science Journal, 2010, 3(5)

Sumrit Mopoung, Phansiri Moonsri, Wanwimon Palas, Sataporn Khumpai (2015) Characterization
and Properties of Activated Carbon Prepared from Tamarind Seeds by KOH Activation for Fe(III)
Adsorption from Aqueous Solution, The Scientific World Journal https://doi.org/10.1155/2015/415961

66 -



PREPARATION AND CHARACTERIZATION OF
SLUDGE-BASED ACTIVATED CARBON

MHOATOTOBKA U KAPAKTEPU3AIIMJA HA AKTUBEH JAIUVIEH JOBUEH O/ TUIbA O/
INPOYUCTUTEJIHA CTAHULA

Becna IlanueBcka', Appoaura 3engencka”

'TICOB Bosnkoso, JTT ,,BomoBox u kananuzaija‘, Ckormje, Pemyonuka CeBepra Makeonuja
*Vuusep3suter ,,l omie Jlemdes®, @akynrer 3a MpUpOIHN U TEXHUUKU HaykH, [1ITum, Penyonuka CeBepHa
Makenonuja
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Pesume

OtnaznHara Tuba J00MeHa Of] TPEINCTUTETHN CTAaHHUIM U TIOHATaMy CO3/1aBa €KOJIOIIKH IPOOIeMH BO OHOC Ha
BOJIYMEHOT U Ha4MHOT Ha BaJIOpH3anyja. TepMUUKNOT TPETMAH Ha THHbA O OTNAJIHA BOAA CE€ CMETa 3a aTpPaKkTHBEH
METO]] 332 HaMaJlyBamke Ha BOJYMEHOT Ha THHA, CO KOj BO HMCTO BpPEME CE CO3/[aBa HyCIIPOM3BOA 32 MOBEKEKpaTHA
ynotpeoa.

Jlobuenara oTnagHa THHa O IPSYMCTUTEIHU CTAaHUIIM 10 IIPUpo/a € Oorara co jariepos] 1 OpraHCKH MaTepuH,
T1a 3aT0a MMa MOTEHIIN]jajl 1a ce IPETBOPH BO aKTHBEH jariieH. KoprucTemeTo Ha THIbA 32 I00MBAk-¢ HA aKTUBEH jaryieH
HE caMo WITO IO pelaBa MpoOJIeMOT CO OTCTPAHYBABETO HA OTIAHA THbA, TYKY U TO IIPETBOPA LIBPCTHUOT OTIAJ BO
KOpHCEH MaTepHjall 3a JoOMBamke Ha aTCOPOEHT KOj Ke ce KOPHCTH 332 TPEeTMaH Ha OTIaJHU BOJIH.

Bo oBaa ucrpaxyBame Oemre 100MeH aKTHBEH jalIeH cO yIoTpeda Ha OTHajHa THHa Of NPEUUCTHUTEITHATA
CTaHHMIIA 3a OTMAIHK BogH BomkoBo Bo CKollje cO IIOMOII Ha XEMHCKO aKTHBHparbe KopucTejkun 25% pactsop Ha ZnCl,
u kapOornm3anuja pu 600°C Bo Bpemerpacwme o 50 muHyTH. J[0OMEHHOT aKTHBEH jariieH Oelie KapaKTepH3upaH co
TIOMOIII HA €JIEKTPOHCKH MUKPOCKOII, peHTeH TU(PPAKTOMETap U JOOPO MO3HATUTE CTAHAAPIHN METO/H, KaKO IITO Ce
COZIp’KMHA Ha TIETIeNT M BJIara ¥ METo/a Ha jozieH Opoj 3a 100MBambe Ha aTCOPIIIMOHMOT KalaluTeT.

Jlo6MeHHNOoT aKTHBEH jaryieH MMa Makpo-TIOpPO3Ha CTPYKTYPa M pa3MEHJIMBH KaTjOHH IITO I'O MPABH ITOTOAEH KaKO
arcopOeHT 3a TPEeTMaH Ha OTIIaHHU BOJIH.

Kayunu 360poBu: //COB Bonxoso, omnaona mursa, amcopoenm, Makpo-noposHa CmpyKkmypda, Omnaora 600a

—67 -



