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Introduction

Polyethylene glycol (PEG) is a water-soluble, waxy 
solid that is used extensively in the cosmetic, textile and 
toiletry industries. As the molecular weight of PEG in-
creases, viscosity and freezing point increase. Therefore, 
polyethylene glycols are presented in wastewater as a 
surfactant constituent [1-3] or as catabolic products of 
these [4].

There are two principal processes for physico-chemi-
cal removal of PEG in water and wastewater: destructive 
processes such as ozonation [5, 6], ozonation/UV [7] or 
H2O2/UV oxidation, and processes such as adsorption into 
activated carbon [8, 9]. Chang et al. [9] examined the ad-
sorption equilibrium of PEG with large molecular weight 
(average 6000) from copper electroplating solutions on 
activated carbon at 288-313 K, and investigated the feasi-
bility of removing the organic additive from the bath.

In particular, adsorption of polyethylene glycol with 
different molecular weights (MWs) in the aqueous solu-
tions on activated carbon reported by Zhao et al. [10], 
indicated the large adsorption capacities of PEG on the 
activated carbon,

Polarity of PEG weakens and the affinity of PEG to wa-
ter molecules decreases with the increase of its molecular 
weight [10]. There is no universal activated carbon which 
is ideal for every application, so it is important to match the 
properties of the activated carbon with the performance re-
quirements of the process. This paper presents the charac-
terization of the adsorption process of PEG onto activated 
carbon to evaluate its applicability with wastewater.

Materials and Methods

Materials

Commercial-activated carbon GAC 207 EA with the par-
ticle size 12x40 supplied by B.M.D. S.r.l., (Bagni di Tivoli, 
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Abstract

The present study looks at the adsorption of polyethylene glycol onto activated carbon with the differ-
ent molecular weight. The amount of PEG adsorbed on activated carbon depends on temperatures and pH. 
The adsorption capacities were determined through the adsorption isotherms. The results of the adsorption 
isotherm and kinetic studies show that the adsorption process can be well described with the Langmuir 
model. After linearization of the Arrhenius equation the activated energy had been estimated.
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Italy) has been used after washing by distilled water to re-
move the crushed carbon. Polyethylene glycol standards for 
adsorption experiments were purchased from Aldrich. The 
general formula of PEG is H(OCH2CH2)nOH and in par-
ticular experiments were performed with 1450, 3350 and 
8000 molecular weight, respectively. For pH, 0.1 M and 1 M 
NaOH and 0.1 and 1 M HCl were used.

Methods

The adsorption equilibrium of PEG was attained by 
using a fixed solution volume (0.1 dm3) with the differ-
ent initial concentration of PEG ranging from 0.2-3.0 g·L-

1 and mixed with 500 mg of adsorbent. Filtration of the 
samples through 0.45 µm pore-diameter filter has been 
performed to remove the activated carbon before PEG 
concentration determination by a VARIAN TECHTRON 
DMS 200 spectrophotometer at 192.4 nm wavelength. 
The calibration curves have been prepared for all types of 
PEG in the range 0.2 g·L-1 to 3.0 g·L-1.

Results and Discussion

Effect of Initial Concentration

To elucidate the times needed to reach adsorption equi-
librium with different PEG initial concentrations, tests 
were performed with different MWs at 20°C (Fig.1.). For 
PEG-1450 smaller initial concentrations took longer to 
reach equilibrium. For-PEG 3350 the time to reach equilib-
rium was almost the same for all initial concentrations and 
for PEG-8000, higher concentrations took longer to reach 
equilibrium, but not much more material was adsorbed.

Adsorption Isotherm

To determine the maximum adsorption capacity of PEG 
onto activated carbon, a study of adsorption models (Fig.2.) 
was achieved comparing the commonest models, therefore 

data were analyzed using the Langmuir (1) and Freundlich 
(2) model [11]. The Langmuir isotherm is as follows:

qe = Q0bCe/(1+bCe) or, linearized  
	 1/qe = (1/Q0b)(1/Ce) + 1/ Q0�

(1)

where qe is the amount of element adsorbed per unit weight 
of adsorbent, [mg·g-1]
Q0 – is the solid phase concentration corresponding to 
complete coverage of available sites (limiting adsorption 
capacity) [mg·g-1]
Ce – is the residual liquid phase concentration at equilib-
rium [g·L-1]
b – adsorption coefficient

Linearized Freundlich equation in logarithmic form:

	 log qe = log Kf + 1/n log Ce� (2)

where Kf [mg·g-1] and 1/n are characteristic constants 
determined, respectively, by the intercept and slope of 
the Freundlich equation on logarithmic plot and repre-
senting sorption capacity and adsorption intensity, re-
spectively.

According to the Freundlich model, slope 1/n, ranging 
between 0 and 1, is a measure for the adsorption intensity 
or surface heterogeneity, becoming more heterogeneous 
as its value gets closer to zero. A value for 1/n below one 
indicates a normal Langmuir isotherm while 1/n above 
one is indicative of cooperative adsorption [11]. A plot 
of log qe vs log Ce susceptible to determine the empirical 
constant Kf and 1/n from the intercept and slope of lin-
ear regression. Table 1 presents the Langmuir and Freun-
dlich parameters. The results obtained from the Lang-
muir model give a satisfactory correlation between the 
model predictions and experimental data. According to 
the Langmuir model a maximum uptake of 188.68 mg·g-

1 for PEG-1450, 126.58 mg·g-1 for PEG-3350 and 81.30 
mg·g-1 PEG-8000 was achieved. The values of exponent 
1/n are for all studied PEG’s below zero to confirm for 
better description of polyethylene glycol adsorption suits 
the Langmuir model.

Fig.1. Kinetic curve for PEG at the various initial concentration 
at the pH = 5.2 – 5.5 and at the temperature 20°C.

Fig.2. Sorption isotherms of PEG-1450, PEG-3350 and PEG-
8000 in water solution on the activated carbon at the pH = 5.2 
and at the temperature 20°C.
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The breakthrough curve obtained with the PEG-1450 
at the initial concentration 3.0 g·L-1 and pH 3.55 shows 
that 26-28 bed volumes (BV) can be treated before reach-
ing the breakpoint (Fig.3.). The adsorption in the fixed 
bed reactor (FBR) was designed to operate in down-flow 
direction. Factors which affect the actual shape of the 
breakthrough curve include the adsorbate concentration, 
pH, rate-limiting mechanism for adsorption, nature of 
the equilibrium conditions, particle size of the adsorbent, 
depth of the column or the bed, and flow rate. In general, 
the time of breakpoint for a specific type of adsorbent 
and a given adsorbate is decreased by increased particle 
size of adsorbent, increased concentration of adsorbate 
in solution, and increased flow rate [11].

Effect of the pH on the Adsorption PEG

Adsorption of the PEG with the different molecular 
weight at the pH range of 2 to 11 was studied and the 
results are reported in Fig. 4.

According to the obtained results we achieved the 
adsorption of polyethylene glycol is strongly dependent 
on the pH and the best pH for adsorption process with 
activated carbon is in the range 2-3 and 10-12. How the 
properties of the activated carbon change with pH have 
not been studied.

Effect of Temperature on Adsorption of PEG

The amount of PEG adsorbed on activated carbon de-
pends on temperature and for the PEG with the lower mo-
lecular weight, the effect of temperature is smaller than 
for the PEG with the higher molecular weight, probably 
due to the diffusion control mechanism. 

The activation energy is the amount of energy required 
to ensure that a reaction happens. According to the Arrhe-
nius equation:

	 log k = -Ea/(2.303*R*T) + cost � (3)

where k is the rate coefficient, A is a constant, Ea is the ac-
tivation energy, R (8.314 J.mol-1.K-1) is the universal gas 
constant, and T is the temperature (in degrees Kelvin), 
we found activated energy for PEG-1450, PEG-3350 and 
PEG-8000. 

After linearization of the Arrhenius equation we 
achieved the values of the activated energy for PEG-8000 
17.23 J.mol-1, PEG-3350 12.95 J.mol-1 and for PEG-1450 
7.93 J.mol-1 (Fig. 5).

According to the results, the amount of PEG ad-
sorbed on the activated carbon increased with an in-
crease of temperature. As is widely agreed, the adsorp-
tion is a spontaneous exothermic process but according 
to the results PEG adsorption increase with the increase 
of temperature and moreover the effect is higher for the 
PEG-8000. Has been suggested that in aqueous solution 
PEG forms a hydrated complex containing till six water 
molecules attached to each ethylene glycol unit [12] and 
therefore a decreasing in PEG-water hydrogen bonding 
with increase of temperature can explain the higher ad-
sorption capacity.

Table 1. Isotherm model parameters for adsorption process of PEG onto activated carbon. See Fig. 2 for the curve explanation.

  Langmuir Freundlich

Curve Q0 [mg/g] b R2 Kf [mg/g] 1/n R2

PEG-1450 188.68 5.33 0.9836 144.97 0.3396 0.7328

PEG-3350 126.58 3.16 0.9744 79.82 0.5905 0.7801

PEG-8000 81.30 24.60 0.9849 81.99 0.2104 0.7826

Fig.3. Breakthrough curve for PEG-1450 passing through GAC 
in the fixed-bed reactor with the dawn-flow direction. Initial 
concentration of PEG-1450 3.0 g·L-1, pH = 3.55, flow rate 0.6-
0.8 ml.min-1 and BV = 50 ml.

Fig.4. PEG adsorption with different molecular weight at dif-
ferent pH.
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Five temperatures were conducted for the experi-
ment and the results show that the amount of PEG ad-
sorbed on the activated carbon is markedly affected by 
temperature.

After comparing the deviation of mg PEG adsorbed 
on the activated carbon at the lowest (20°C) and highest 
(65°C) temperatures we can predict behavior of polyeth-
ylene glycols with different molecular weights. Deviation 
between the mg of PEG adsorbed on GAC at the high-
est and lowest temperature is almost two times higher for 
PEG-8000 than for PEG-1450.

Conclusions

This work shows that polyethylene glycols at differ-
ent molecular weights can be effectively removed from 
the water solution by adsorption onto activated carbon. 
The adsorption process in particular fits the Langmuir iso-
therm model as reflected by correlation coefficients which 
ranged from 0.97 to 0.98. The time for reaching equilib-
rium at lower initial concentrations of PEG is less than 
that with the higher initial concentration for all PEGs. Ad-
sorption of polyethylene glycol is strongly dependent on 
pH, the best results of adsorption have been achieved in 
the range of pH 2-3 and 10-12.

The effect of temperature is also significant for the 
adsorption process of PEG and depends on the molecu-
lar weight of PEG (with the lower molecular weight the 
effect of temperature is smaller than for the PEG with 
higher molecular weight). Activated energy for PEG with 
the higher MWs are higher. The results of this research 
were found to be in agreement with those for similar ad-
sorption systems, e.g. the PEG-zeolite system [13].

References

	 1.	SCHR ÖDER H.Fr. High Performance Liquid Chromatogra-
phy with Tandem Mass Spectrometry – fast and advanced 

		  analytical method for drinking water and wastewater (Ho-
chdruckflüssigkeitschromatographie gekoppelt mit Tandem-
massenspektro-metrie – Eine schnelle und zukunftsweisende 
Analysenmethode in der Wasser- und Abwasseranalytik; 
Vom Wasser), 73, 111, 1989.

	 2.	SCHR ÖDER H.Fr. Identification of Non-Biodegradable, 
Hydrophilic, Organic Substances in Industrial and Munici-
pal Waste Water Treatment Plant-Effluents by Liquid Chro-
matography-Tandem Mass Spectrometry (LC/MS/MS); 
Wat. Sci. Tech., 23, 339, 1991.

	 3.	SCHR ÖDER H.Fr. Surfactants – non-biodegradable, sig-
nificant pollutants in sewage treatment plant effluents. Sepa-
ration, identification and quantification by LC,FIA/MS and 
MS/MS. J. Chromatogr., 647, 219, 1993.

	 4.	SCHR ÖDER H.Fr. Determination of the surfactant – specific 
determination method in comparison with the liquid chroma-
tography/mass spectrophotometry (SubstanceBestimmung 
von Tensiden – Substanzklassenspezifische Bestimmungs-
methoden im Vergleich mit flüssigkeitschromatographischer 
/ massenspektroskopischer (substanzspezifischer) Bestim-
mung). Vom Wasser, 79, 193, 1992.

	 5.	 ANDREOZZI R., CAPRIO V., INSOLA A. Kinetics and 
mechanisms of polyethyleneglycol fragmentation by ozone 
in aqueous solution. Water Res. 30(12), 1996.

	 6.	LI H., CHANG C.Y., YU Y.H., CHIANG P.C., CHEN 
Y.H., LEE S.J., KU Y., CHEN C.N. Kinetics of Ozona-
tion of Polyethylene Glycol in Printed Wiring Board Elec-
troplating Solution. J. Chin. Inst. Envr. Eng., 10(1), 69, 
2000.

	 7.	CH ANG C.Y., CHEN Y.H., LI H., CHIU C.Y., YU Y.H., 
CHIANG P.C., KU Y., CHEN J.N. Kinetics of Decomposi-
tion of Polyethylene Glycol in Electroplating Solution by 
Ozonation with UV Radiation, Journal of Environmental 
Engineering, ASCE, 127(10), 908, 2001.

	 8.	 ARBUCKLE W.B., OSMAN M.Y. Polyethylene Glycol Ad-
sorption Equilibrium on Activated Carbon. Environmental 
Engineering Science, 17(3), 147, 2000.

	 9.	CH ANG C.F., CHANG C.Y., TSAI W.T., WU S.C. Adsorp-
tion Equilibrium of Polyethylene Glycol in Electroplating 
Solution on Activated Carbon. J. Colloid and Interface Sci-
ence, 232, 207, 2000.

10.	ZHAO X., URANO K., OGASAWARA S. Adsorption of 
polyethylene glycol from aqueous solution on montmoril-
lonite clays. Colloid and Polymer Science, 267(10), 899, 
1989.

11.	SLEJKO I., FRANK L. Adsorption Technology – A step 
by step approach to process evaluation and adsorption. 
Chemical industries; v.19, Marcel Dekker, New York, 
1985.

12.	Duncan Q.M. Craig, A review of thermal methods used 
for the analysis of the crystal form, solution thermodynam-
ics and glass transition behaviour of polyethylene glycols. 
Thermochimica acta 248, 186, 1995.

13.	CHANG C.Y., TSAI W.T., ING C.H., CHANG C.F. Adsorp-
tion of polyethylene glycol (PEG) from solution onto hy-
drophobic zeolite. Journal of Colloid and Interface Science, 
260, 273, 2003.

Fig.5. Adsorption of PEG’s at the different temperatures, pH = 
5.2 –5.5. Linearization of the Arrhenius equation.


