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ABSTRACT

Studies of sulphate adsorption, phosphate sorption and
surface charge on soils of varying anion sorption ability which had
been incubated, each with several rates of calcium hydroxide, have

indicated that:

(1) The amounts of both sulphate and phosphate sorbed from
0.1M NaCl can be correlated with surface positive charge, but
whilst there is a 1:1 relationship between the amounts of
sulphate adsorbed and surface positive charge phosphate is
sorbed in amounts well in excess of the amounts of positive

charge present.

(ii) Although there is a requirement for some positive charge on
the surface before sulphate adsorption can occur in both
0.1M NaCl and 0.025M CaCl,, there is a strong selectivity for

sulphate over non-specifically adsorbed ions such as chloride.

(iii) Sulphate is adsorbed from 0.025M CaCl, in excess of the
amounts of surface positive charge initially present
(y = 1.51x + 1.45), an observation which is consistent with
a closer approach of sulphate to the surface in the presence

of calcium such that the actual surface charge is modified.

These findings point to a predominantly electrostatic link
between sulphate and the surface, with the changes in sulphate
adsorption with pH being dependent on changes in surface positive
charge. Sulphate adsorption was strongly reduced (10 - 60%) by
increasing pH, and in a study of competitive sorption was also
significantly (10 - 30%) reduced by addition of phosphate. An
investigation with one soil showed that the measured charges in sulphate
adsorbed on phosphate addition were highly correlated with measured
changes in surface positive charge, and there was some evidence for

phosphate having a larger effect on surface positive charge at low pH.



if

ACKNOWLEDGEMENTS

I am grateful to many past and present members of the
Department of Soil Science for the stimulating, friendly, and relaxed
atmosphere they have provided over the last few years, and would
particularly like to express my appreciation to Russell Tillman,
whose patient, logical and perceptive approach guided the development

of this thesis.

I am indebted to Professor Keith Syers for support, encouragement

and assistance during all phases of this study.

I would also like to thank Drs. Paul Gregg, Dave Scotter, and
Max Turner for helpful discussion, and for the personal and professional

interest they have shown in my progress.

Thanks to Martin Lewis for help with computer analysis of
results, to Sally Roughan for assistance with laboratory procedures,
and to Dianne Syers for her efficiency and skill in typing this

manuscript.



ABSTRACT .

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

TABLE OF CONTENTS

CHAPTER 1. INTRODUCTION

CHAPTER 2. REVIEW OF LITERATURE

2s

1

2.1.1

il

oLoid

Anion Sorption by Soil
and Soil Components .

Soil components important
in anion sorption .

The soil colloid/soil solution interface.

2.1.2.1 Constant charge surfaces
2.1.2.2 Variable charge surfaces

Non-specific adsorption and the
measurement of surface charge .

Specific sorption and the
definition of the surface .

Modelling anion sorption

Phosphate sorption by soil components
SHd Bodl o 4 o o e w8 oo

2.1.6.1 The surface-phosphate complex
2.1.6.2 Phosphate sorption studies

Sulphate adsorption by soil
components and soils . . . . . . . .

2.1.7.1 The surface-sulphate complex .
2.1.7.2 Sulphate adsorption studies

iii

Page

ii
iii
vi

viii

w & & W

12
15

20
20
21

27
27
28



Page

2.2 Implications cf Adsorption to the
Mobility of Sulphate in Soils . . . . . . . . . 34
2.2.1 Sulphate refention « ww ww « ww @ ¥ 5 % % = 39
2.2 o]l MEABUREMEAE .« o o » w oo & s s & e o 3D

2.2.1.2 Sulphate retention of

New Zealand €03Ils . w0 e w » = 9 = = w 30
2:2.2 Sulphate movement . + & & & » S W 5 o5 8 % e 3
2.2.3 The plant availability of
adsorbéd sulphate o . & & & % @ & & & & % & % @ 38
CHAPTER 3. MATERIALS AND METHODS . . . + + v 4 + 4 o o o« « o« « o o« 4l
3.1 Soil Collection and Chemical Characterisation . 4l
| Extractablessulphate : z ¢ & w5 & = 5 & & == Gl
3.1.2. Extrdactable-phosphate . s & s =« « & & & s & @ & &l
FolvZel OLSEASP w v v % = w o v ¢ % 41
FalsZe?d NaQHEP o o 5 & 8 0 @ o0 ®oow w0 & & i oo B3
3.1.3 Sulphate-retention . « ¢ s 2 5 w & ¢ ¢ 5 5 @ @ &3
Jublih. PHoSPhATE=TEEENEION « « o 5 o » @ o & % » @ w53
3.1 2 2 m B8 & 5 55T B B A e o g2 o8 B o we DU
3:1ub: Ofganif CATDON ¢ 2 5 & w e ® & & & & Wa & W ow 44
3.2 Soll Trneubatdom 5 o & o % 9 2 & o @ & @ » & wa Gl
3.3 Surface Charge Characterisation of Soils . . . 44
3.4 Phesphate Sorption . « o & 2 @ wm & & w % @@ 40
339 Sulphate Adsorption : & & 5 % 4 % & s & « s« =+ 4Lb6
3.6 Competitive SOXpLion . » i o o = @ = o s = w e 48

3.6.1 Sorption of phosphate and sulphate . . . . . . 46

3.6.2 Effect of phosphate on sulphate
adsorption and surface charge . . . . . . . . . 48

CHAPTER 4. RESULTS AND DISCUSSION o « s s s & o o o = ¢ o » = & = 30

4.1 Chemical Properties of Unincubated Soils . . . 50

4.2 Effect of Incubation on Soil Chemical
Propertles = i 5 v 4 & @ e & ¥ 5 & ¢ 5 v wew 53
4.2 Extractable sulphate and phosphate levels . . . 53

4.2,2 Phosphate and sulphate retention . . . . . . . 56



CHAPTER 5.

CHAPTER 6.

APPENDIX T.

ET.

ILTL.

IV.

BIBLIOGRAPHY .

4.3 Surface Charge Characterisation of Soils

4.3.1 Measured pH in water and
potassium chloride

4.3.2 Surface charge by sorption
of electrolyte ions

4.4 Phosphate Sorption in Incubated Soils

4.5 Sulphate Adsorption by Incubated Soils
4.5.1 Sulphate adsorption in 0.I1M NaCl
4.5.2 Sulphate adsorption in 0.025M CaCl,

4.6 Competitive Sorption of Phosphate
and Sulphate .

4,6.1 Effect of phosphate on surface
charge in Patua subsoil

GENERAL DISCUSSION .

SUMMARY AND CONCLUSIONS

Extractable sulphate and phosphate
levels in incubated soils . . . . . « « . .

Sulphate retention values of incubated soils .
Surface charge properties of incubated soils .

Phosphate sorption in some incubated soils .

. . . = s - . . . . . . . . . . . . LI

Page

59

59

61

68

7
77
91

96

98

102

110

113

117

118

122

123



Figure

4-4

4-=5

4-6

4-7

vi

LIST OF FIGURES

Page
Models for the distribution of ions and
potential close to the surface/solution interface . . . . 5
Determination of the point of zero charge of
oxide surfaces by potentiometric titration . . . . . . . 11
A unified definition of the sorption surface 14
An example of 'a sorption isothexm 5 i v % a2 @ & & & & L5
The jsorptlon. SULEACE » o » « m w o & e ie e & % = & 17
Distribution diagram for phosphoric acid . . . . . . . . 23
Effect of phosphate on surface charge . . . . . . . . . . 24
A general mechanism for sulphate sorption B R 30
Effect of other anions of sulphate adsorption . . . . . . 33
Phosphate sorption and sulphate adsorption in
unincubated soils, (a) phosphate (b) sulphate . . . . . 52
The relationship between phosphate retention
value and pH in several incubated soils . . . . . . . . . 57
The relationship between sulphate retention
value and pH in several incubated soils . . . . . . . . . 58
The relationship between net charge in 0.1M
NaCl and net charge in 0.025M CaClL, . . . . . . . . . . . 63
The relationship between positive charge in
0.1M NaCl and positive charge in 0.025M CaCl, . . . . . . 64
The relationship between negative charge in
0.1M NaCl and negative charge in 0.025M CaCl; . . . . . . 65
The relationship between surface charge and pH
in Tokomaru and Patua soils after incubation . . . . . . 67

Phosphate sorbed from 0.1M NaCl by several soils
with a range of capacities to sorb anions . . . . . . . . 69



vii

Figure Page
4-9 Phosphate sorbed from 0.IM NaCl by

incubated soils, each at a range

of pH walues . s s & 5 som o & & 5 & %% & & 8 5 5 8 s 70
4-10 The pH range in which apparent minima for

phosphate sorption occurred in incubated soils . . . . . 73

4-11 Sulphate adsorbed from 0.1M NaCl by several soils
with a range of capacities to sorb anions . . . . . . . 78

4-12 The amounts of phosphate and sulphate on the_
surface at an anion concentration of 20 mg 1
in three incubated soils, each at a range
of pH WElUES v s % % u wo o & & % & @0 & @ & % 6 G e @ 80

1

4-13 The relative amounts of sulphate and phosphate
on the surface at an anion concentration of
20 mg 1 lin three incubated soils each at a
range of pH values, where the results are
expressed as a percentage of sorption at
thHe TOWeEsE PHE < « s % mwrte & @ 5 @ s & & & & % 8 S % & 81

4-14 Sulphate adsorbed from 0.1M NaCl by soils
incubated with calcium hydroxide or
calediniehlordads. « « o o, & 8 o b @B B oE b & % owoEE % 82

4-15 Sulphate adsorbed from 0.1M NaCl by soils
after incubation with calcium hydroxide to
give a range of pH values (5.0 - 7.0) . . . . . . . . . 85

4-16 The relationship between sulphate on the
surface, at 40 mg 1 ! S in solution, and
surface positive charge, both measured
I OEMENECL o 6 & wooame o w m o over ot B o @ W S e e s 90

4-17 Sulphate adsorbed from 0.025M CaCl, by soils
incubated with calcium hydroxide to give a
range of pH values (5.0 =~ 7:0) v & & « & & 5 5 & & ® &5 5 92

4-18 The relationship between sulphate on the
surface at 50 mg 11 sulphate and surface
positive charge, both measured in 0.025M
CaCls % u o @ v & © & §F 8w @ % B w0 I N ® § B W 95

4-19 The relationship between changes in the amount
of sulphate on the surface, and changes in
surface positive charge on phosphate addition
in: ‘the Parud SubsoIYs . o w w0 m « o 5 5 & wwie w0 o« 1OL



Table

2-1

4-4

4-5

4-6

LIST OF TABLES

The point of zero charge values of several

hydrous oxides found in soils
Classification of soils collected . . .

Additions of phosphate applied to different

soils during competitive sorption studies
Chemical characterisation of unincubated soils

Extractable sulphate levels in several

incubated soils

Extractable phosphate levels in several

incubated soils

A comparison of net surface charge and pH

values in H,0 and KC1 for the Patua soils .

A comparison of pH values for some incubated soils
prior to and during charge measurement in
0.1M NaCl and 0.025M CaCls . « « & « = o 5 oo o s

Calcium concentrations of 0.1M NaCl extracts
of some incubated soils after different

levels of calcium addition .

Solubility calculation for calcium and phosphate
concentrations in the sorption media of Kumeroa

and Tokomaru soils . . . . . . .

The relationship between sulphate adsorbed by
soils and surface positive charge (both
measured in 0.IM NaCl) . . . + & ¢ &« v 4 o o o

The relationship between sulphate adsorbed by
soils and surface positive charge (both
measured in 0.025M CaCl,) . . « v &« « ¢ o o & . .

viii

Page

51

54

25

60

66

75

76

89

89



Table

4-10

o
|

11

5-1

Effect of equimolar additions of phosphate
on the amounts of sulphate adsorbed in

incubated soils . . . . . .

Effect of phosphate additions on surface
charge and sulphate adsorbed by

Patua subsoils . . . .

The relationship between phosphate sorbed
and sulphate adsorbed respectively, and

surface positive charge .

Page

97

99

102

ix





