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Abstract. One of the most important factors limiting the development of industrial processes is
the consumption of large amounts of clean water and the generation of large amounts of wastewater.
Pigments are available in a wide range of colors, consisting of small molecules practically insoluble in
the medium and known to be unique compounds for many industries. They are widely used in dye-
stuff, cosmetics, food products, pharmaceuticals, manufacturing processes, etc. This study focuses on
the removal of pigments and other components from wastewater discharged from pigment plants. The
separation process was carried out in two stages: the first was to use prepared activated carbon as an
adsorbent to separate the pigment, and then the separation process by electrodialysis to remove other
components such as salts, acids, and others. This study considers prepared activated carbon (AC) as
an effective separating adsorbent. The preparation process mainly included two-stage pyrolysis and
activation using potassium hydroxide (KOH) and sodium hydroxide (NaOH).
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ArnHomauyusi. O0HumM u3 Hauboree 8axXHbIX hakmMopos, o2paHuHU8aroWUX pa3gumue rnpPoMbiLU-
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cmosim u3 HebobWUX MOSIEKY1, NPaKMUYeCKU HepacmeopuMbix 8 cpede, U U3BECMHbI KaK YHUKallb-
Hble coeQuHeHuUs1 Onsi MHoaux ompacrnel rpombiuwineHHocmu. OHU WUPOKO UCMOMb3YHMCsl 8 Kpacu-
mernisix, KocMemuke, nuuiesbix nNPodykmax, ¢hapmauesmuke, npou3eo0CmMeeHHbIX npoueccax u m.o.
3mo uccriedogaHue cocpedomoyeHo Ha yoaneHuu nuaMeHmos u Opyaux KOMIOHEHMO8 U3 CMOYHbIX
800, cbpacbkieaeMbix ¢ nuaMeHmMHbIx 3as80008. Npouecc paszdeneHusi nposodurics 8 08a amana: nep-
8bill 3aK/1t04arscsl 8 UCoMb308aHUU M0020MOoBIEHHO20 aKmuUBUPOBaHHO_0 yerisl 8 Kayecmee adcop-
beHma dnsi omOenieHUs1 nuameHma, a 3amem 8 npouyecce pasdeneHuss anekmpoduanu3om 055 yoa-
JNieHus1 dpyaux KOMIOHEHMOB8, makux Kak cOonu, Kucrnomsl U Opyeue. B daHHOM uccriedoeaHuu pac-
CMampueaemcsi 20mosbili akmusuposaHHbIl y2orb (AC) 8 kadecmee aghghekmueHo20 pasdesnsoue-
20 adcopbeHma. lpouecc npueomoessieHUss 8 OCHOBHOM 8KiltoYasl 08yxcmyneH4Yambil Nupou3 U ak-

mueauyuro ¢ ucrnosib3osaHuem audpokcuda kanus (KOH) u eudpokcuda Hampusi (NaOH).
Knroveeble cnoea: akmueuposaHHbIl yeorb, adcopbuyus, anekmpoduanus, UOHOOOMeHHas

MmembpaHa, 8bI1X00 M0 MOKY.

Anst yumupoearusi: Dxybapu M. K., Taxa B. C. OuncTtka CTOYHbIX BOA 3aBOAOB MO NPOM3BOACTBY
NArMEHTOBB [Ba 3Tana: NPUroToBMEeHNe akTUBUPOBAHHOIO YrAsi 1 nNpoLecc anektpoananusa // Monsy-
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INTRODUCTION

The lack of fresh water is currently a global
problem [1]. Less than 5% of the waters covering
the surface of the planet are suitable for drinking
[2]. If at the beginning of the 20th century, about
15% of the world's population lived in areas with a
shortage of fresh water, then after 100 years, al-
most 60% of the population falls on the share of
such a population. Another problem is the quality
of fresh water. According to the World Health Or-
ganization (WHO) [3], more than 2.1 billion people
now live in conditions of lack clean drinking water.

Wastewater from textiles, cosmetics, printing,
dying, food processing, and paper-making industries
is polluted by dyes. Discharge of these colored ef-
fluents presents a major environmental problem for
developing countries because of their toxic and car-
cinogenic effects on living beings [4]. Therefore,
many methods such as activated carbon sorption,
chemical coagulation, ion exchange, electrolysis,
and biological treatments [5, 6], have been devel-
oped for removing dye pollution from wastewater
before being discharged into the environment. Of
these methods, activated carbon sorption is highly
effective for the removal of dyes and pigments as
well as other organic and inorganic pollution [7, 8].

There are two basic processes to activate
carbon materials, physical and chemical. The
temperatures used in chemical activation are
lower than that used in the physical activa-
tionprocess. As a result, the development of a
porous structure is better in the case of the
chemical activation method. Chemical activation
can be accomplished in a single step by carrying
out the thermal decomposition of raw material
with chemical reagents. Chemical activation pro-
cesses have been carried out with acidic rea-
gents, that is, ZnCl2 [9], H3PO4 [10], HCI [11],
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and H2SO4 [12], or with basic reagents KOH
[12], K2CO3 [13], NaOH [10], and Na2COs3 [14].

Porosity, penetration, surface area, adsorp-
tion capacity, and regeneration processing are
important properties of eco-friendly adsorption
materials such as activated carbon prepared
from different waste sources. These low cost-
environmental materials can be produced
through various methods. One of these is che-
mical activation that its base is human, agricul-
tural, or food waste companies by thermal de-
composition and chemical reagents [15, 16]. Ac-
tivated carbon prepared from consumed black
tea and characterized by following different steps
besides the adsorption steps of different chemi-
cals [17, 18].

Previous work [19] concluded that ED pro-
cesses are suitable for treating pigment industri-
al wastewater. Therefore, this study aimed to
improve the removal efficiency by investigating
the effect of the prepared activated carbon as
pretreatment for pigment industrial wastewater
followed by the electrodialysis process.

1. Activated carbon
1.1. Preparation of Activated Carbon

Eco-friendly adsorption material was pre-
pared from waste-cooked tea and characterized
by spectroscopic techniques. This work aimed to
use activated carbon as an effective adsorbent for
removing dyes and pigment pollution and then filter
it with microfilter paper. All stages of preparation of
activated carbon from waste black tea are shown
in Figure 1.
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Figure 1 — Activated carbon preparation steps
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1.2. Characterization methods

In this study, the methods including N2 ad-
sorption/desorption, SEM, XRD, and XPS were
used to determine the main physicochemical
properties related to the adsorption characteris-
tics of AC samples.

1.3. Adsorption Experiments

Adsorption equilibrium and kinetics were
determined by the batch method. The action of
the multi-adsorption was evaluated through the
UV-Vis measurements for various adsorbed or-
ganics. This activated carbon is prepared from
waste-cooked tea with KOH or NaOH. The re-
moval percentage (R%) and adsorption capaci-
ties (Q) values will be calculated for all repeated
times using the following equation:

Removal % = [(Cy, —C.)/Co]*x 100, (1)
where Co: initial concentration (ppm) and C: con-
centration after adsorption (after a specific time).

. . [(CO - Ct)

Q( Adsorption capacity ) = — xv, (2)
where Co: initial concentration (ppm) of adsorb-
ate, Cu concentration of adsorbate after adsorp-
tion (after a specific time) (ppm or mg/L), m:
weight of adsorbent (g); v: volume of solution (L),
Q: Adsorption capacity of adsorbent after a spe-
cific time (mg/g).

Actually, the adsorption of any material es-
pecially dye is affected by the presented mi-
cropores and the functional chemical groups in
the activated carbon surface. The particle size of
the prepared material in its nanoscale is an ex-
cellent indicator of its quality, especially, in the
adsorption process.

2. Electrodialysis process

Electrodialysis is widely used for the desal-
ination of natural waters, saline solutions, and
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the separation of organic acids and their salts
[20]. In experiments related to the study of the
processes of wastewater desalination by elec-
trodialysis, an experimental electrodialysis unit
(EDU) was used [21]. Electrodialysis (ED) is an
electrical process. Typically, an ED stack con-
sists of an alternating arrangement of anion ex-
change membranes (AEM) and cation exchange
membranes (CEM). Polymer gaskets inside be-
tween them. In the complex of membranes filled
with electrolytes, the cells of desalination and
concentration alternate successively. Electrodes
of different polarities are connected to the oppo-
site sides of the complex, to which a constant
voltage is applied (see Figure 2). The general
view is shown in Figure 3.
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Figure 2 — Schematic flow diagram
of the electrodialysis process

PucyHok 2 — MNpuHuMnnanbHas TexHonornye-
cKasl cxema npotiecca anekrpoavanmsa

Figure 3 — General view of the electrodialysis unit

PucyHok 3 — O6Lwmin BUA, 3NeKTpoananmnaHom
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The anions contained in the purified water
move to the positively charged anode, and the
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cations to the negatively charged cathode. Anion
exchange membranes allow anions to pass
through but cations to pass through. Cation-
exchange membranes have the opposite effect -
they allow cations to pass through, but prevent
the movement of anions. Thus, during the opera-
tion of the EDU, the concentration of ions in the
desalting cells decreases, and in the concentra-
tion cells, it increases. To achieve maximum se-
lectivity, cell size, membrane chemistry, and op-
erating conditions must be optimized for the
properties of the treated water and the ions to be
separated.

2.1. Current Efficiency in Electrodialysis pro-
cess

The efficiency of the separation process
was determined by the actual utilization factor -
the current output n, which was found as the
ratio of the actual amount of the component
transferred under the action of electric current to
the theoretical one.

Tea Residue
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Preparation of
Activated Carbon

|

Activated carbon

} |

Adsorption of Organic Pigments

Wastewater

P ——

Membrane Filtration
(ME)

— Conceatrate
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Electrodialysis
Process

Concentrate

Permeate

Figure 4 — Schematic diagram of the two-stage
separation process
PucyHok 4 — lMNpuHuunuansHas cxema
OBYXCTYMNeH4YaToro npowecca pasgeneHus

The current output for each component was
calculated using Equation 3.

(coVo=V-c)- F

-~ i-S'n-t ’ ®

Where: C, (M) and V, (L) are the concentration of

the electrolyte and its volume at time O, respective-

ly; C(M) and V (L) are the concentration of the

electrolyte and its volume at time t (s), respectively;
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F is the faraday constant (96485 C.mol?); | (A) is
the applied current; nis electrons transferred per
ion; and t (s) is a time of electrolysis.

However, parameters that can improve se-
lectivity in ED can also have an adverse effect
on overall performance. Carrying out the elec-
trodialysis process of separation of solutions
containing ions of different valence, an increase
in the separation efficiency for ions with a higher
valence and a decrease in the overall efficiency
of ion removal are observed [22].

The efficiency of electrodialysisis affected by the
concentration of ions in the initial solution, the volume
of the treated solution, current density, membrane
properties, and section geometry [23, 24].

Figure 4 presents a methodical diagram of
a two-stage process for the separation of
wastewater from the production of pigments con-
taining various impurities.

CONCLUSIONS

This study showed the modernization of a
two-stage process for the treatment of
wastewater from pigment industrial plants. The
first is an adsorption process using prepared
activated carbon, and the second is an electro-
dialysis process. It is proposed to prepare acti-
vated carbon from tea residues by adding chem-
ical reagents such as KOH and NaOH. Activated
carbon is usually effective in removing pigments.
On the other hand, Electrodialysisis mainly used
to desalinate saline solutions as well as organic
acids. The removal efficiency and adsorption
capacity of ED membranes for various solutions
were studied.
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