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ABSTRACT

The ability of ion exchange resins ( Merck Ion Exchangers I and III)

and granular activated carbon (GAC) to remove some detergents from

aqueous solutions was investigated. The classes of these detergents

included one anionic detergent (alkyl benzene sulfonate -ABS) and a non-

ionic one (nonyl phenol ethoxylate-NPE).The highest adsorption capacity

for ABS was shown by Merck III, while GAC was the best adsorbent for

NPE. The complete destruction of ABS was achieved at 5 kGy and at 60

kGy for NPE. It was observed that more adsorption of these pollutants

as well as more degradation occurred in the acidic medium ( pH 3 ) than

in the neutral and alkaline media. Also, after the complete saturation of

the adsorbents and at the end of steady state, they were irradiated with a

dose of 20 kGy for GAC and 10 kGy for the ion exchangers resulting in

an increase in the protection time due to radiation regeneration. The

adsorption process continued for even longer times.
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INTRODUCTION

All natural waters contain varying amounts of pollutants in different concentration

range. After excellent conventional primary, followed by the best possible conventional

aerobic secondary and then chemical disinfection, significant quantities of contaminants are

still present in wastewater especially toxic or toxicity causing long chain-molecular

forms A ' These contaminants are generally encountered in wastewater. Many of these

chemicals become toxic to man and animals even in concentration of a few parts per

thousand million. A great deal of energy is required when using radiation techniques for

removing a large portion of these contaminants. Gamma radiation used in wastewater

treatment combined with adsorption purification was proved to be successful.*• " }

This study was conducted to evaluate using gamma-irradiation, Granular Activated

Carbon and ion exchange resins for the removal of detergents present in wastewater. Two
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detergents were used in the present work: one anionic detergent ( alkyl benzene sulfonate)

and one non-ionic detergent ( nonyl phenol ethoxylate ). The application of gamma

radiation for the treatment of detergent aqueous solutions will be carried out as well as in

the presence of some additives ( oxygen and nitrogen for synergistic effect).Equilibrium

isotherms and intraparticle diffiisivities will be. investigated through batch experiments.

The radiation adsorption purification method represents one of the new directions in

radiation purification. Gamma irradiation doses affect at the end of steady state region

prolonging the protection time of the sorbent materials. Regeneration by gamma radiation

is tested and compared with other techniques of adsorption regeneration.

EXPERIMENTAL

Materials:

Two detergents were used in the present work; one anionic detergent type, alkyl

benzene sulfonate, and one non-ionic detergent type, nonyl phenol ethoxylate. Three

adsorbent materials were used in the adsorption studies: Granular Activated Carbon, one

strong cation exchanger, Merck I and one strong anion exchanger, Merck HI- Germany.

Detergent:
A white paste contains 48% active material alkyl benzene sulfonate (ABS) was

supplied by Amrya petrochemical Co., Amrya, Egypt. Nonyl Phenol Ethoxylate (NPE)

was received as liquid from Petroleum Research Institute- Cairo, and it's aqueous solutions

were used without further purification.

Adsorbents:
a. Granular Activated Carbon:

BACM Granular Activated Carbon was supplied by Mitsubishi Company, Japan. It

is spherical beads with surfase area 1100m2/g, density in dry state 0.992 g/cm3 and the

particle size fractions were 0.3-0.42mm The moisture content in the BACM activated

carbon was 5.8 %.

b. Ion-Exchange Resins:
Strong Cation Exchanger Merck I, was supplied by Merck Laboratories, Germany.

It is a highly acidic sulfonated cation exchanger of the polymerization type based on

styrene-divinylbenzene (DVB) copolymers, meshO.4-O.6mm, an exchange capacity of 4.5m

m.eq/g and nomial divinylbenzene content of 8% Strong Anion Exchangers Merck III, was

supplied by Merck Laboratories, Germany. It's is a highly basic anion exchanger, based

on a polystyrene derivative with anchored ammonium groups, mesh 0.3-0.6mm, and an

exchange capacity of 2.9 m eq/g. the resins were prepared for use as described in

previous studies. ^ ' '
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Detergent Concentration Measurements:
The anionic and nan-ionic detergent samples were determined on the basis of

the method outlined in standard methods for the examination of water and

wastewater^ '"

Experimental Techniques:
Gamma Irradiation Source:

Irradiations were carried out using a Co gamma source with a dose rate that

ranged from 0.46-0.5 M rad / h. Gamma cell 220,Atomic Energy of Canada Ltd.,

Canada, was used for irradiating the ABS samples, while gamma chamber 4000 A type

of Atomic Energy of India, was used for irradiating the NPE solutions.

U.V. and pH Meter Measurements::

The concentration of detergent solutions was determined spectrophotometrically by

measuring absorbance at wave-length 652 and 620 n.m for anionic (ABS) and non-ionic

detergent (NEP), respectively by using double-beam U.V. visible Sp. 200,PYE Unicam,

England. The pH of the solutions was measured by a Hitachi-Horiba M-5 pH meter ,

Hitachi Co, Japan.

Methods used for adsorption studies (equilibrium and kinetic) were described in previous

studies. < 1 2 " 1 4 )

RESULTS AND DISSCUTION

Adsorption purification of wastewater from detergents:
Column studies:

A column of diameter 3 cm and height of 2 cm was used and the detergent's

concentration was maintained at 3mg/l with a flow rate 22.2 ml/min. at room temperature

(s 25°C). The results are illustrated in Fig.l for the adsorption of Alkyl Benzene

Sulfonate, and Nonyl Phenol Ethoxylate on Granular Activated Carbon, Anion Exchange

Resin Merck III and Cation Exchange Resin Merck I, respectively. It was observed that,

Merck III and GAC showed the highest adsorption capacity for alkyl benzene sulfonate,

while the cation exchanger Merck I showed the least adsorption. The same observation was

reported by Abrams and Lewon ^ ^ who used a strong base resin in the chloride form

and found that it had a higher capacity than did a typical activated carbon and noted that a

weak base resin was preferred to the strong base resin because it was easier to regenerate

and that, the higher adsorption capacity of anion exchanger Merck III than cation

exchanger Merck I may be due to the formation of more anionic species than cationic

species of alkyl benzene sulfonate. Also, GAC showed the highest adsorbitivity for the

non-ionic detergent (NPE) followed by Merck I and the least adsorption capacity was

showed by Merck III. Van Vliet et al. ^ ' reported that generally, the activated carbons

307



O)

0.0
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

Volume of influent ( I )

0.0
8 12 16 20 24 28 32 36 40 44

Volume of influent ( I )
• Merck III
• GAC
A Merck I

Fig. ( 1 ) : Relationship between the adsorption capacity in (mg/g) of different

adsorbents and the volume of influent in liter for Alkyl Benzene Sulfonate ( a )

and Nonyi Phenol Ethoxylate ( b ) under constant adsorption conditions.
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performed best, followed by the carbnaceous adsorbents, and finally by the polymeric and

resinous adsorbents. The high adsorption capacity ofGAC may be attributed to it's very

high surface area (1100m2/g).^ 1 7"1 9 *

Radiation regeneration of adsorbents after complete exhaustion:
Adsorbents such as GAC and ion exchange resins must be removed by fresh or

reactivated adorbent after the complete exhaustion of their adsorption capacity. Economic

considerations determine the choice between fresh or reactivated adsorbent material.

Processes such as steam, thermal and physicochemical regeneration are associated with

loss of adsorption capacity and loss of adsorbent weight. In this study of radiation-

regeneration of adsorbents, the results showed that there is almost no loss in adsorbent

mass. Also, the adsorption capacity loss after regeneration with gamma radiation was

minimized appreciably compared with other regeneration processes. After the complete

saturation (exhaustion) of the adsorbent, it was irradiated with gamma radiation (10-30

kGy) for regeneration. From Fig.2 and 3, it can be seen that almost complete regeneration

of the different adsorbents was attained. Better adsorption capacity of the detergents onto

the different adsorbents was observed which may be due to the fact that gamma-irradiation

in small doses leads to the formation of new active sites available for adsorption. These

irradiation doses were sufficient enough to degrade the detergents from the adsorbent and

regenerate it.

Radiation-adsorption purification at the end of steadiness:

The adsorbents were subjected to gamma-irradiation at a dose of 20 kGy for GAC and

a dose of 10 kGy for the ion exchange resins at the end of the steady state of the adsorption

process. The relationship between the adsorption capacity of the adsorbents and the volume

of influent for the non-irradiated and irradiated adsorbents are shown in Fig.(4) . The first

part of the curves in the figures showed the adsorption capacity of the non-irradiated

adsorbent till the end of the steady state and after irradiation the protection time of the

adsorbent increased and was prolonged in the steady state region. Brusentseva et alA '

in their work for the removal of some organic pollutants onto GAC using the method of

radiation adsorption purification reported a protection time of 156 days with continuous

irradiation, but adsorption purification without irradiation was 93 days. The adsorption

process may have continued for even longer times with adsorbent regenerated by radiation

continuously. This may be due to the radiation destruction of the contaminants adsorbed on

carbon surface and its regeneration and that the process may have continued for longer

times.

Radiation degradation yields:

Effect of concentration and pH on the degradation process:

Fig.5 shows the effect of the initial concentration of the different detergent solutions on

the radiation degradation process as a function of gamma radiation dose (kGy) for ABS
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Fig. ( 2 ) : Relationship between the adsorption capacity in ( mg/g ) of gamma-

irradiated GAC (a ) , Merck I ( b ) and Merck 111 ( c) adsorbents and the volume

of influent in liter for Alkyl Benzene Sulfonate (ABS).
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Fig. ( 5 ) : Relationship between the residual concentration (mg/!) of aikyl

benzene sulfonate ( a ) and nonyl phenol ethoxylate ( b) and

gamma irradiation dose (kGy) at different initial concentrations.
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Fig. ( 6 ) : Relationship between the residual concentration (mg/l) of alkyl

benzene sulfonate ( a) and nonyl phenol ethoxylate ( b) and

gamma irradiation dose ( kGy) at different pH values.
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and NPE. It can be seen that high concentration of the non-ionic detergent needed relatively

high gamma radiation dose about 60 kGy, while ABS with a concentration between 2.5

and 10 mg/1 needed only 5 kGy for it's degradation. The mechanism of the radiation

degradation process taking place in our studied system was suggested by many authors

^ ' and shows that the detergent molecules are degraded effectively by the primary
O i o

active species formed from the radiolysis of water such as OH , flr , HO 2 afld the

solvated electron ( e" aq ) . The effect of the pH of the detergent solutions at various

irradiation doses leading to the degradation of the detergent molecules to lower moleculer

weight compounds and consequently the concentration of the detergent decreases. Results

of pH effect are shown in Fig. 6. Also, secondary products formed due to recombination

or transformation of the primary species also takes part in the degradation process. The

reactions occurring in this system can be amplified by the use of a combined treatment of

gamma irradiation and additives such as oxygen and nitrogen.

Synergistic effects( N2 and O2 -saturated detergent solutions ):

It can be seen from Fig. 7 that nitrogen -saturation did not lead to more destruction of

the detergents, on the contrary the destruction was somewhat less than when the air -

saturated solutions were subjected to irradiation. Oxygen - saturated detergent solutions

showed more destruction of the detergents. The addition of oxygen did not result only in

almost the complete destruction of the detergents, but also resulted in a remarkable

reduction in the total irradiation dose needed to achieve complete destruction( dose was

almost halved ). Table ( 1 ) shows the optimum condition of the removal of the detergents

from wastewater using different processes and shows that radiation degradation is the best

method for removal of these pollutants.

Table ( 1 ) : Optimum conditions of the different processes in the removal of the

detergents from wastewater.

Processes

Adsorption

Irradiation
at the end of
steadiness

Radiation
degradation

ABS

Removal %

76%

71 %

99%

NPE

Removal %

66.3 %

52%

99%
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