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Abstract: In the municipal wastewater treatment technololgg,liological method based on the activated sludge
process is most commonly used. The activated sledgsists of small flocs, which mainly include .
During the purification process, the growth of m@mganisms and their multiplication occurs. Wherébis
necessary to discharge the excess sludge out®dethnological system to maintain the concentatibthe
activated sludge in bioreactor at the appropriatell Currently, the excess sludge is subjectetetabilization
process (usually biologically) and then it is diegtto e.g. agricultural use as fertilizer. In r&cgears, research is
conducted on the use of excessive sludge in thptisorprocess as a waste sorbent. During the studie
experiments on the use of a chemically modifieceegcsludge (as an sorbent) to remove two dyes dqueous
solutions (Acid Red 18 and Acid Green 16) were cmbed. Excessive activated sludge was thickeneed dit
105 °C and ground to a grain size < 0.49 mm. Thdgd was then chemically treated using Fenton@erda
Next, the adsorption process was carried out. Tleeteof pH, the effect of reaction time and saoptisotherm
was determined. Parameters of three models of esoth were calculated: Freundlich, Langmuir and
Dubinin-Radushkevich.
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Introduction

Synthetic dyes have been used in numerous indsisteech as: textile, paper,
cosmetic, dyestaff, carpet, wool, plastic and leatfTheir characteristic enable effective
covering the surfaces, on which they are appliedng them required colour. For this
reason, dyes are resistant to action of e.g. d=tesdl, 2]. Production processes generate
wastewater, which to a smaller or larger extentaios dyes used in the production. Most
synthetic dyes are complex organic compounds, wbaritain aromatic rings. Therefore,
dyes often are of toxic, carcinogenic and mutagemigperties [3]. The symptoms of
harmful effect of dyes on humans include: dysfiorctof kidneys, reproductive system,
liver, brain and central nervous system [4]. Momwlyes discharged into the water
ecosystems affect unfavourably on the photosyrdh@sicess through decreasing the light
penetration into water reservoirs and rivers.

To protect aqueous ecosystems and human healtlgctieff treatment of
dye-containing wastewater is necessary. Variousfying methods are implemented,
including biological processes [5], chemical oxidat[6-8], precipitation and coagulation
[9, 10], membrane techniques [5], or adsorptiorcesses [3, 11, 12].

The phenomenon of adsorption occurs when surfacedp located on the interface,
contribute to changes in the number of moleculelsofption then occurs on the boundary
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surface. The number of surface contacts that cadserption is defined as the probability
of adhesion. This process occurs in two ways: glaysir chemical. In the case of physical
adsorption, van der Waals bonds as well as hydrdgenls occur. However, chemical
adsorption, also called chemisorption, can takeepla high temperatures different from
the critical temperature of the adsorbate.

Methodology
Dyes

In the study two acid dyes were used: Acid Redréefred as AR 18) and Acid Green
16 (referred as AG 16).

The Acid Red 18 dye belongs to the azo dyes gradnich contain one or more azo
bonds in their structure. This is an example ofosdted dye and is used in many food
product and textile products. It is also charaztatiby relatively high resistance to light
and oxidant reagents, which results in less effeqtiurification using biological methods
and conventional treatment processes [13, 14].

The Acid Green 16 dye is an example of triphenylrapé group. This dye is
characterized by genotoxic and mutagenic effectamine [15]. In its structure such
functional groups as aryl-amino-dimethyl and sulfogroups and also naphthalene ring
[16]. Acid Green 16 is mainly used in industriestsas: textile industry, especially for the
dyeing of wool and silk [17].

Sorbent

Excessive activated sludge from a municipal seviag@ment plant adapted to remove
nutrients (using aerobic activated sludge) was usélde research. The sludge was initially
dried at 105 °C, ground to grain size < 0.49 mm #&th chemically modified by Fenton
reaction. For this purpose, the following doseseafgents were used: reaction pH equal to
3, 0.4 g HO,/Qsjuage 0.5 g FESPUsage CONtact time of 24 hours. After this time, thedgle
was separated from the reagent solution, washdd digtilled water (to remove residual
Fenton reagents), dried at 105 °C and ground ogam &0 a grain size < 0.49 mm.

Experiments procedure

The experiments were conducted in three phases:
» the effect of pH value,
» the effect of contact time of dye solution with adsent surface,
» the estimation of sorption isotherm.

To determine the influence of pH on the effective@nef the adsorption process, five
different pH values were used: 2, 4, 6, 8 and 1dr. this purpose, 50 chof dyes at
an initial concentration of 700 mg/drwere introduced into 250 énErlenmeyer flasks.
Sludge (sorbent) was added in the amount of 0.dogcgentration of sludge was 2 gfym
and the pH adjusted to the appropriate value udiig% HSO, or 5 % NaOH.
The samples, prepared according to the describezkgure, were shaken for 60 minutes.
After this time, the sludge was separated fromdjpe solutions by centrifugation. In the
dye solutions obtained in this way, the remainiryg doncentration was determined by
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spectrophotometry method using calibration curvesthe appropriate wavelength
(A =506 nm for AR 18 and = 631 nm for AG 16). The amount of dye adsorbed than
calculated using equation:

(CO - Ce)

— 07 Ce) 1
de e 1)

where:qe - the amount of dye adsorbed at equilibrium [mg@); the dye concentration at
equiligrium [mg/dni], C, - the initial dye concentration [mg/dmmy - amount of sludge
[g/dnT].

In the case of determining the effect of adsortmamtact time with dye solutions on
the efficiency of the adsorption process, the pseagas carried out at the most favourable
pH value obtained in the first stage of study asthg an initial concentration of dyes of
700 mg/dm. The concentrations of sludge in the samples Reg&int. Increasing contact
times from 5 minutes up to 180 minutes were appidter an appropriate contact time, the
samples were subjected to an analogical procedudetermine the final concentration of
dyes in the solutions, as described in the fitages of the study. The amount of dye
adsorbed was also calculated according to eq. (1).

The final stage of the study served to determime atisorption isotherm = f(C,).

To this end, for the designated contact time (deitged on the basis of the second stage of
testing) and the pH of the solutions (obtainedhim first stage of testing), the adsorption
process was carried out using increasing valudbeoinitial concentration of dyes (from
100 to 1600 mg/df for the sludge concentration (adsorbent) equalgédnd.

Based on the results obtained in the third stagé&utations were carried out to
determine the parameters of adsorption processes as: mean adsorption energy,
adsorption capacity, adsorption type. Three lifeans of two-parameter isotherm models
were used: Freundlich, Langmuir and Dubinin-Radesfdh (equations (2)-(7)).

Freundlich model:

1
logqg, = logKF'ElogCe 2)

Langmuir model:
c, C, 1

de Am KL-qm
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—= —+— (4)
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Dubinin-Radushkevich model:

(3)

Ing, = InQs — Kpg - &? 5)
1
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where:q. - the amount of dye adsorbed at equilibrium [mg@]; the dye concentration
at equilibrium [mg/dmj, my - amount of sludge [g/dth K. - Langmuir constant related to
the free energy of adsorption [&mg], g - maximum adsorption capacity in Langmuir
model [mg/g],n - Freundlich equation exponents [K}; - Freundlich constant indicative of
the relative adsorption capacity of the adsorbentg[*™dm*“Vg], Q. - theoretical
monolayer  saturation capacity in  Dubinin-Radush&levi model [mg/g],
Kpr - Dubinin-Radushkevich model constant [faF], E - mean energy of sorption
[kd/mol], ¢ - Polanyi potential [-], R - gas constant [8.314ndVK], T - the absolute
temperature [K].

Results and discussion
Effect of pH

The conducted experiments showed a significant ainpathe pH value of solutions
on the efficiency of the adsorption process. Mudyhér adsorbed charge values were
obtained at a pH of 2 for both dyes. The use dfidtigpH values contributed to a significant
reduction in the efficiency of adsorption (Fig. This phenomenon is associated with the
nature of the molecules of the dyes used. Bothl&Rnd AG 16 belong to the group of
acid dyes. Therefore, the charge of dye moleculédir aqueous solutions is negative.

The use of low pH contributes to the presence mfelamounts of positive hydrogen
ions in the solution, which cover the adsorbenfama thus causing the attraction and
binding of dye molecules on the surface of the gdughdsorbent).
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Fig. 1. Effect of pH for dye: a) AG 16, b) AR 18

Effect of contact time

During the study, the impact of contact time ondksorption efficiency was checked.
Based on the results of this stage, the most faaervalue of contact time was
determined. The experiments showed that for bg#s dhe adsorption process was the
fastest in the first minutes of the process. In ¢hee of AG 16, the largest increase in
adsorbed charge took place in the first 5 minufeke@process, while extending the contact
time to 45 minutes contributed to an increase & efficiency of the adsorption process
(Fig. 2). However, in the case of the AR 18 dye, ldrgest increase op. was noted in the
first 30 minutes of the reaction, after which theqess efficiency remained relatively
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stable. Therefore, in the case of AG 16, contawe tof 45 minutes was considered as the

time after which the adsorption equilibrium occdirand in the case of AR 18 - the time of
30 minutes.
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Fig. 2. Effect of contact time on sorption efficdtgna) AG 16, b) AR 18

Sorption isotherm

The final stage of the study was to determine tlge ddsorption isotherm on
chemically modified excessive sludge. For both dtles shape of the adsorption isotherm
graph € = f(Ce)) suggests that multilayer adsorption occurrethermaximum capacity of
the monolayer was not been achieved. For both d&yR<.8 and AG 16, in the range of dye
initial concentration values applied, the plot ¢fetadsorbed amount of dyes the
equilibrium concentration shows an almost linetatienship (Fig. 3).
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Fig. 3. Sorption isotherm for dye: a) AG 16, b) AR

Freundlich model

Based on the results obtained in the third stageheftests (associated with the
determination of adsorption isotherms), the parametf the Freundlich isotherm model
were determined based on the linear form describe@quation (2). For this purpose,
a graph of logye = f(log Ce) was made and, based on linear estimation, vaiiearameters
Kr and 1h were calculated (Fig. 4). For both dyes, the valfid/h was obtained lower
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than 1. This indicates that physical and not chalmsorption occurred. The correlation
coefficient value was also determined. For bothsdyts value was 0.99 and above, while
better matching of results to the Freundlich mosia$ obtained for dye AG 16 (highBf

value was achieved).
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Fig. 4. Linear form of Freundlich isotherm modet:fa) AG 16 and b) AR 18
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Fig. 5. The first linear form of Langmuir isothemodel according to eq. (3) for: a) AG 16 and b) 2R
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Fig. 6. The second linear form of Langmuir isothemodel according to eq. (4) for: a) AG 16 and

b) AR 18
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The parameters of the Langmuir model were alsoutatied using the test results
obtained in the last phase of the experiments. d@ifferent linear forms of this model were
used, described by equations (3) and (4). Thetseshbwed that better matching of the test
results to this isotherm model was obtained for A@ 16 than AR 18. The values Bf
were equal to 0.997 and 0.953 for AG 16 (Fig. 6e) AR 18 (Fig. 5b) respectively.

The maximum sorption capacities for both dyes wae® calculated. Much higher
values of this parameter were obtained for the AGgl = 833.3 mg/g) than for the AR 18
(gm = 116.3 mg/q).

Dubinin-Radushkevich model

In the case of the Dubinin-Radushkevich model, bdybs showed a slight match.
The correlation coefficien® values reached small levels, 0.599 and 0.541 tpi@ and
AR 18, respectively (Fig. 7). Adsorption ener@y was calculated (based oOKpr
parameter), its value for both dyes being lowent8&J/mol (Table 1). This indicates that
physical sorption occurred. The sorption capacitidsthe monolayerQs were also
calculated. The results showed that much higheaadpwas noted for the dye AG 16
(Qs = 345.4 mg/g) than for AR 1&X = 60.2 mg/g), similar to the,, values calculated from
the Langmuir model.

Table 1
The parameters of sorption isotherm models
Isotherm model Dye Parameter Unit Value
1/ [] 0.521
AR 18 Ke [mg®Mdm*¥yg] 1.970
) R [ 0.990
Freundlich n [ 0807
AG 16 Ke [mgMdm*@yg] 3.991
R [-1 0.999
Om [mg/g] 116.3
AR 18 KL [dm%¥mg] 0.00171
Langmuir is bl 0.953
d Om [mg/g] 833.3
AG 16 K. [dm*mg] 0.00271
R [-1 0.997
Qs [mg/g] 60.2
Kor [mol/kF] 933.9
AR 18
E [kd/mol] 0.0231
Dubinin-Radushkevich Z [m[;;]/g] 25541
Kor [mOlZ/sz] 144.3
AG16 E [kd/mol] 0.0594
R [ 0.599
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Fig. 7. Linear form of Dubinin-Radushkevich isottmemodel for: a) AG 16 and b) AR 18

Conclusion

Based on the results of the studies including #terdhination of effect of pH, contact

time and the estimation of sorption isotherm, tfving may be concluded:

1.

2.

The most favourable pH value of adsorption wasrdfih dyes; when pH was greater
than 2, the effectiveness decreased significantly.

In the case of dye AG 16, much higher amounts sbdibd dyes were observed in
comparison with dye AR 18.

In the case of AR 18, the most favourable contimoe tof the sorbent and the dye
equalled 30 min. And in the case of AG 16, it wagwin.

The highest value of correlation coefficient wasaited for Freundlich model for both
dyes.

Both dyes were subject to physical sorption - thia@s of mean energy of sorptidg) (
were lower than 8 kJ/mol. Moreover, for both dyedpes of Freundlich parametenl/
were lower than 1, which also indicates that ptaissorption process occurred.

Much higher value of maximum sorption capacity,)(was obtained for AG 16 in
comparison with AR 18.
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CHEMICZNIE MODYFIKOWANY OSAD NADMIERNY
JAKO SORBENT BARWNIKOW

Katedra Irtynierii Wody i Sciekéw, Wydziat Irtynierii Srodowiska i Energetyki
PolitechnikaSlaska, Gliwice

Abstrakt: W technologii oczyszczaniéciekow komunalnych najegciej stosowana jest metoda biologiczna
wykorzystupca osad czynny. Osad czynny sklada simalych ktaczkow, ktére gtownie zawiegapakterie.
Podczas procesu oczyszczania ma miejsce wzrostoonganizméw i ich nammanie. W zwizku z tym
konieczne jest odprowadzenie nadmiaru osadu poleal ukchnologiczny w celu utrzymania na odpowiednim
poziomie s¢zenia osadu czynnego w bioreaktorze. Obecnie osdalieeny poddawany jest procesowi stabilizacji
(zwykle biologicznej), a nagpnie kierowany np. do wykorzystania rolniczego jalawédz. W ostatnich latach
prowadzone gbadania nad nitiwoscia wykorzystania osadu nadmiernego jako sorbentudmipago w procesie
sorpcji. Podczas bafla przeprowadzono eksperymenty zyciem chemicznie modyfikowanego osadu
nadmiernego (jako sorbentu) do usuwania dwoch bkémnz roztworéw wodnych (Acid Red 18 oraz Acid
Green 16). Nadmierny osad czynny gagzono, wysuszono w 105 °C i zmielono do wigtkaiarna < 0,49 mm.
Nastpnie osad poddano obrébce chemicznepyriem odczynnika Fentona, po czym przeprowadzomcgs
adsorpcji. Okrélono wptyw pH, czas reakcji i wyznaczono izotersorpcji. Ponadto obliczono parametry trzech
modeli izoterm: Freundlicha, Langmuira i DubininadRishkevicha.

Stowa kluczowe:osad nadmierny, sorbenty odpadowe, proces sogstiwanie barwnikow, izoterma adsorpcji



