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ADSORPTION OF PHENOL AND BIOREGENERATION OF
GRANULAR ACTIVATED CARBONS

A removal of phenol from water by granular activated carbons WD-extra and WG-12 was investi-
gated. The results of phenol removal were estimated based on adsorption isotherms and then interpreted
based on the Freundlich and Langmuir equations. Our test prove that carbon WG-12 is characterized by
a greater adsorption capacity than WD-extra. Both activated carbons tested were regenerated in oxidizing
atmosphere in the presence of bioproduct. Concentration of bioproduct ranged from 1 to 4 g/dm®. The
results obtained show that the degree of regeneration depends heavily on the time of contact of activated
carbon with bioproduct, and in a small degree on its concentration.

1. INTRODUCTION

Phenols in surface water come from both natural humification processes and an-
thropogenic activities. Phenols as well as their secondary derivatives can be effec-
tively removed by activated carbon. After saturation of activated carbon the problem
of its regeneration arises. In literature, the process of biological regeneration is widely
described and has fundamental significance in the case of activated carbons used in
water conditioning and wastewater treatment [4], [7]. During water purification bio-
logical film is formed on the surface of activated carbon. Microorganisms inhabiting
beds with activated carbon are able to biodegradate partially organic compounds. This
process considerably prolongs operation of a filter with activated carbon. Among
microorganisms inhabiting surface of activated carbons predominantly occur bacteria
belonging to Pseudomonas, Acinetobacter, Flavobacterium as well as Bacillus spp.
(11, [3].

CHUDYK and SNOEYINK [2] studied bioregeneration degree of granular activated
carbon during water conditioning. They observed an improvement of adsorption prop-
erties of activated carbons saturated with phenol as a result of microbial activity.
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2. MATERIALS AND METHODS

Two types of activated carbons, i.e. WD-extra and WG-12, produced by
GRYFSKAND in Hajnéwka were used in the experiment. Technical characteristics of
both carbons are presented in table 1. The values of the coefficients given were esti-
mated according to norms [8], [10].

Table 1
Characteristics of the activated carbons tested
Parameters WD-extra WG-12
Bulk density, Ib/cu ft 25.8 26.1
Specific surface, m*/g 756 1000
Mechanical resistance, % 91 95
Methylene number, LM 24 30
lIodine adsorption, mg/g 927 1050
Phenol adsorption, % 4-5 4

In the first stage of investigations, the time of dynamic equxhbnum for model wa-
ter was established at the phenol concentration of 1000 mg/dm’ and the dose of car-
bon of 5 g/dm’® (1 g per 200 cm %). The process was carried out in oxidizing atmos-
phere at the temperature of ca. 25 °C. When the time of contact of model water with
activated carbon was fixed, the adsorption isotherms were determined. They were
plotted as follows: 200 cm’® of phenol solutions of different concentrations were
mixed with 1 g of activated carbon previously dried at the temperature of 145 °C [6].
The content of phenol in solution after adsorption was measured spectrophotometri-
cally by monitoring the absorption at 254 nm on the basis of the standard curve pre-
pared earlier [9].

The bioproduct labelled as BIO ACTIV PH was used for the biodegradation of
phenol present on the surface of activated carbon. The bioproduct used in the treat-
ment of industrial wastewater is selective in biodegradation of phenols.

When phenol adsorption from its solution of the concentration of 1000 mg/dm’ on
activated carbons was completed, the bioproduct solution of different concentrations
(1, 2 and 4 g/dm’) was poured into the samples. All samples were kept at room tem-
perature. The time of contact of activated carbons with bioproduct was different (2, 4,
8 and 24 h). In order to determine the number of microorganisms, the measurements
after 4 h and 24 h of the sample contact with bioproduct were carried out selectively.
The number of microorganisms inhabiting activated carbons was counted as follows:
samples of activated carbons were mixed with 20 cm’ of distilled water, then shaken
and heated in water bath at 40 °C for 30 min, and 1 cm’ of suspension was taken. The
solution of suspension was diluted in the solution of physiological salt, transferred to
Petri dishes covered with agar medium and incubated for 24 h at the temperature of
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37 °C. The results of counting are given as a number of microorganisms in 1 cm’® of
suspension [5].

Regenerated samples of carbon were rinsed with 200 cm’ of distilled water. Then
they again adsorbed phenol from solution, also in concentration of 1000 mg/dm®. Ad-
sorption capacity of regenerated active carbon was determined. The degree of regen-
eration was expressed as the ratio of adsorption capacity of regenerated carbon to
adsorption capacity of fresh carbon.

3. RESULTS AND DISCUSSION

The time of attaining an equilibrium dynamics for model water is shown in figure 1.
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Fig. 1. The effect of contact time of water
with active carbon on phenol adsorption

At a 0.5 h contact of water with carbon, 45.8% of phenol were removed from wa-
ter on carbon WG-12; however, only 34.6% on carbon WD-extra. After 4 h, the de-
gree of removal increased to 80.1% and 71.1%, respectively. Further lenghtening of
the contact time resulted in insignificant phenol removal, which after 24 h was equal
to 83.8% for WG-12 and for 71.6% WD-extra. For estimation of adsorption isotherms
24 h contact time was accepted in further investigations.

The experimental data fit the Langmuir and Freundlich equations. Isotherms of ad-
sorption representing carbon WD-extra and WG-12 are presented in figure 2. The
constants estimated of these equations are shown in table 2.

The isotherms show that carbons WG-12 and WD-extra differed in their ability to
adsorb phenol under static conditions. The higher the initial phenol concentration, the
greater the difference in the adsorption efficiency of both carbons.
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Fig. 2. Isotherms representing adsorption of phenol on carbons WG-12 and WD-extra

Table 2

The constants of the Freundlich and Langmuir isotherms representing phenol adsorption

Freundlich isotherm Langmuir isotherm
Carbon
Kr, mglg n R? qm» Mglg K, R?
WG-12 26.64 0.365 0.99 208.30 0.013 0.98
WD-extra 20.14 0.296 0.95 142.85 0.029 0.99

On the basis of the Freundlich constant K and the constant ¢, (estimated from the
Langmuir equation), it is possible to conclude that carbon of WG-12 adsorbed phenol
better than WD-extra, which was expressed by its maximal adsorption capacity of

208.3 mg/g. Adsorption isotherms of both activated carbons show a good correlation
with the Freundlich and Langmuir equations.

Table 3

The number of bacteria in the samples of activated carbons (in 1cm? of suspension),
depending on biodegradation improvement

Sample 4h 24h

WG-12 WD-extra WG-12 WD-extra
Concentration of bioproduct, 1 g/dm® 5.8-10" 4-10" 7.5-10° 0.5-10*
Concentration of bioproduct, 2 g/dm® 5.2:10 2:10" 9-10° 4-10°
Concentration of bioproduct, 4 g/dm® 4.1-10° 5102 1.59-10° 4.510°

Quantitative analysis of microorganisms inhabiting activated carbons is presented
in table 3.
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The highest number of mxcroorgamsms (9- 10°in 1 cm® of suspension) was measured at
the biocompound concentration of 2 g/dm’ and 24 h contact time for carbon WG-12.

Regeneration degree of activated carbon determined as a rate of adsorption capac-
ity of regenerated activated carbon to adsorption capacity of fresh carbon is presented
in table 4. The highest degree of bioregeneration was obtained for carbon WG-12
after 8 h contact of carbon with bioproduct solution at the concentrations of the latter
of 1 and 2 g/dm’. The values obtained were similar and equal to 56.4%. The degree of
WD-extra regeneration was the highest after 4 h and approached 55%. The differ-
ences in regeneration degrees between both carbons were insignificant. However, at
the bioproduct concentration of 4 g/dm® bioregeneration was the weakest, which
could be caused by an intensive overgrowth of carbon pores with microorganisms.
Also adsorption of metabolic products of microorganisms on carbon can negatively
affect the process of bioregeneration.

Table 4
Bioregeneration degree of activated carbons [%],
depending on their contact time with bioproduct
Time Concentration of bioproduct
" 1 g/dm® 2 g/dm® 4 g/dm’
WD-extra WG-12  WD-extra WG-12 WD-extra ~ WG-12
2 50.00 44.77 48.07 42.44 51.92 41.27
4 55.77 44.18 54.80 43.02 53.84 40.70
8 46.15 56.39 50.00 56.40 50.00 52.90
24 50.00 51.74 50.00 53.48 42.31 50.58

In previous investigations, bioregeneration of carbon WD-extra was carried out at
considerably longer contact time. The best regeneration, i.e. 44%, was obtained after
21 days at the concentrations of phenol and bioproduct equal to 2 and 5 g/dm’,
spectively [6]. Comparing the results of experiments, we can conclude that more ef-
fective is shorter time of contact of carbon with bioproduct.

4. CONCLUSION

Based on the results obtained we can state that carbon WG-12 shows better ad-
sorption abilities to remove phenol from water in comparison with carbon WD-extra.
Carbon WG-12 displays the adsorption ability on average by ca. 40% higher.

The efficiency of regeneration depends on the contact time of carbon with biopro-
duct solution, and in a small degree on biopreparat concentration. The best values of
phenol adsorption from water on regenerated carbons were equal to 97 mg/g for WG-
12, and 58 mg/g for WD-extra.
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The most promising time of carbon regeneration at bioproduct concentration of
1 g/dm® was 4 h in the case of WD-extra and 8 h for WG-12.
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SORPCJA FENOLU I BIOREGENERACJA GRANULOWANYCH WEGLI AKTYWNYCH

Badano usuwanie fenolu z wody na granulowanych wegglach aktywnych WD-extra i WG-12. Rezul-
taty usuwania fenolu oceniono na podstawie izoterm adsorpcji, a zinterpretowano je, korzystajac z réw-
nan Freundlicha i Langmuira. Stwierdzono, ze wegiel WG-12 ma wigksza pojemnos¢ sorpcyjng niz we-
giel WD-extra. Przeprowadzono regeneracj¢ badanych wegli aktywnych w warunkach tlenowych
z wykorzystaniem biopreparatu. Zastosowano rézne st¢zenia biopreparatu w zakresie od 1 do 4 g/dm’.
Okazalo sig, ze stopien regeneracji zalezy przede wszystkim od czasu kontaktu wegla aktywnego z bio-
preparatem, a tylko w niewielkim stopniu od jego st¢zenia. Najkorzystniejszy czas regeneracji dla wegla
aktywnego WD-extra wynosi 4 h, natomiast dla wegla aktywnego WG-12 - 8 h.



