
CONTENTS

Page

1. INTRODUCTION I

2. REVIEW OF LITERATURE 3

2.1. Copper in soil 3

2.1.1 Available copper 7

2.1.2 Exchangeable copper 9

2.1.3 Organically bound copper 10

2.1.4 Carbonate bound copper 12

2.1.5

2.1.6

2.2.

2.2.1

2.2.2

2.2.3

2.2.4

2.3.

2.3.1

2.3.2

2.3.3

2.3.4

2.4.

3.

3.1

3.1.1

Copper occluded on minerals oxides ...............

Residual copper ......

Reactions of copper in soils.. .. ..... .... .. .. .... .. .. .. ....
Copper adsorption by soil ....

Sorption of copper by clay minerals .....

Sorption of copper by iron and aluminum oxides........

Sorption of copper by organic matter.. .. .. .. . .. .. .. .. .. ...

Adsorption of copper and zinc ...........................
Sorptionof copper and zinc in soil ......

SorptionofCu and Zn by clayminerals ... .....

SorptionofCu and Zn by hydrousoxides ................

SorptionofCu and Zn by organicmatter ...

Competition of copper and zinc in soils .................
MATERIALS AND METHODS ........................

Experimental work 36

Experiment I (Adsorption isotherms ) .. 36

12

13

14

16

20

20

22

24

24

26

29

32

34

36



3.1.2 ExperimentII (Copper desorption).........................

3.1.3 ExperimentHI(CompetitionbetweenCu and Zn).. . .. ....

3.2 Application of adsorptionisothermequations.. . . . . . ..

3.2.1 Langmuir equation.. ...

3.2.2 Ferundlich equation ... ...

3.3 Methods of analysis '.' '..................

4.
4.1

4.1.1

4.1.2

4.1.3

4.1.4

4.1.5

4.2.

4.2.1

4.2.2

4.2.3

4.3.

4.3.1

4.3.2

4.3.3

5.

6.

7.

RESULTS AND DISCUSSION .....................

Adsorption isotherms of copper on soil, clay minerals
and Fe and Al oxides ....
Soils .

Clay minerals. .. .. .. .. .. .. . .. .. .. .. . .. . .. .. . . . . . . . .. . .. . . . . . ...

Effect of pH on Cu adsorption by clay minerals. .. . .....
Adsorption of Cu on aluminumand iron oxides. ........
Effect of pH. ...................................................

Desorption of copper ...

Soils .....................................................

Clayminerals .................................................

Iron and aluminum oxides ..................................

Competitiveadsorptionof Cu and Zn.....................

Soils.............................................................

Clay minerals .......................

Iron and aluminumoxides .....
SUMMARY...................................................

REFERENCES ...

ARABIC SUMMARY

Page
38

39

40

40

40

41

42

42

42

61

63

82

84

84

84

98

99

106

106

109

112

120

124



5- SUMMARY
Three experiments were conducted to (i) evaluate adsorption

isotherms of copper by two soils (varied in their texture and
calcium carbonate content), pure clay minerals and oxides of Fe

and Al,(ii) investigate the effect of pH on adsorption and desorption

of copper from the adsorbent materials, and(iii) assess the

competitive adsorption of copper and zinc on the tested materials.

Experiment 1:

This experiment was carried out to evaluate adsorption of

copper by tow soil samples (sandy loam and sandy clay loam with
11.84 and 21.15%CaC03,respectively) clay minerals (kaolinite

,bentonite,atapolgite and montmorillonite) and oxides of Fe and Al
with and without back -ground of calcium nitrate.

A portion of one gram of each soil sample and 0.1 gram of

clay minerals and oxides of Fe and Al were equilibrated for an hour
in a 50-mL reaction vessel with a solution of CU(N03)2having 0-50

Ilg Cu mL, in presence ofCa(N03)2 ranging from 0-0.1 M as a back

ground.

The pH of clay minerals and Fe and Al oxides was adjusted
to 4 and 6. After equilibrium, Cu content in the filtrate was

determined using atomic absorption spectroscopy (AAS) and
calculations of adsorbed Cu were done.

Experiment 11:

To investigate the desorption of Cu from the adsorbent

materials the second experiment was conducted. A portion of one

gram of each soil sample was equilibrated with 40 mL of Cu

solution having 0-50 Ilg mL-1in presence of 0.1 M Ca(N03h ionic

strength buffer for 24 h. However, 0.75 gram of each clay mineral

and Fe and Al oxides were equilibrated with 300 mLCu solution
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having 10flg mL-1in presence of Ca(N03)2as aforementioned after

adjust,ingthe pH to be in the range of 4 to 8 with 0.5 unit increment
.After shaking sainples (IOmL each) for 24h, they centrifuged and
filtered, 20 mL bfO.005M DTPA solution were added to the settled

sample in the centrifuge tubes, shaken for an hour, centrifuged,
filtered and Cu concentration in the filtrates was determined using
AAS.

Experiment ill:

To study the competition between Zn and Cu on the surfaces

of soils, clay minerals and Fe and AI oxides, one gram

portion ITom each soil sample and 0.1 gram ITom each clay

mineral and Fe and Al oxides were shaken, after adjusting the
pH to be in the range of 4.0 to 7.0 , with 40mL of distilled

water containing three different ratios of Cu to Zn

concentration (25 flgCu mL-1: 0 flg Zn mL-1,25 flg Cu mL-1:

25fJg Zn mL-1, 50fJg Cu mL-1: 25 fJgZn mL-1and 25fJg Cu
mL-1 :50fJg Zn mL-1) , as well as O.lM of Ca(N03)2 .The

samples were centrifuged at 3000 rpm for 15 min and the

supematants were collected for determination of Cu and Zn by
the atomic absorption.

The obtained results could by summarized as follows:

Experiment I :

- Adsorption of Cu on sandy loam and sandy clay loam soils

increased as a result of increasing the initial Cu from 0-50flg mL-1

under all different concentrations of back -ground Ca(N03)2 ,

which were in the inverse direction of Cu adsorption.
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-Adsorption maxima of Cu on sandy clay loam soil under different

concentrations of Ca(N03)2 were higher than the corresponding
values obtained with sandy loam soil.

- Significantly, all values of adsorbed Cu on the soil sample were
fitted to both Langmuir and FreundIich isotherms for back-ground

electrolyteof 0.0,0.001,0.01 and O.IM Ca(N03h-

-In the tested soils there was an increase in Cu adsorption (flg g-I

)with increasing the equilibrium pH from 4.0 to 7.0 with 0.5 unit
increment.

- Adsorbed Cu on kaolinite , bentonite, atapolgite and
montmoriIIonite, to great extent, was gradually increased with

increasing initial concentrations of Cu from 0 to 50 flg mL-1,such

increasewas more pronounced at pH 6.0 as compared to pH 4.0 .

- Adsorption of Cu on both kaoIinite and bentonite did not fit

Langmuir isotherms at pH 4.0. However, at pH 6.0, data were fitted
to Langmuir isotherms with r2 values of 0.537** and 0.904***

respectively. But in case of atapolgite and montmoriIIonite, the
adsorption data were not fitted.

-Adsorption of Cu on all clay minerals significantly obeyed
Freundlich isotherms at pH 4.0 and pH 6.0. However, in case of

montmoriIIonite, a poor relationship was observed between

adsorption isotherms and FreundIichequation at pH 4.0.

-Adsorbed Cu on AI and Fe oxides gradually increased with

increasing the initial concentration of Cu at all tested pH values,

especiallypH 6.0 where highest adsorptionwas encountered.

-Adsorption data of Cu on AI oxide at pH 6.0 obeyed Langmuir
isotherms contrary to that obtained at pH 4.0. However, in case of

Fe oxide, poor relationships were observed between equilibrium
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concentration and adsorbed Cu, as well as data did not obey

Langmuir isothenns."

-Copper adsorption on Al and Fe oxides was significantly fitted to
Freundlich equation at both pH 4.0 and 6.0.

-The maxium desorption percentages of Cu with DTPA solution

were 62 and 73 for sandy loam and sandy clay loam soils,

respectively.

-Increasing pH values of DTPA solution> 6.5 significantly

increased the amount of desorbed Cu from clay minerals.

-Increasing pH values of the DTPA solution from 4.0 to 6.0

decreased the desorbed Cu from Al and Fe oxides. With increasing

pH> 6.5, the amounts of desorbed Cu were increased.

-The preference of the soil adsorbent to Cu over Zn was indicated

when they added together as Cu adsorbed % was increased

gradually with increasing pH with slight difference as compared
with no Zn addition. However, the adsorption of Zn was more

affected by Cu.

-The affinity of atapolgite to Cu was affected largely by pH and by

Cu concentration in the equilibrium solution.

-Less amounts of Zn were adsorbed on montrnorillonite and

bentonite .as compared to Cu indicating the preference of
montrnorillonite to Cu.

-ThehighestCu adsorptionon Al andFe oxideswas achievedwith
2:1 Cu: Zn ratio and Cu adsorptionon suchoxideswas increased
with increasingpH andits initialconcentration.
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