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ABSTRACT

The adsorption of pentachlorophenol (PCP) from water onto granular activated
carbon (GAC) was studied. Equilibrium and kinetic behaviour was studied, and the

results used to predict fixed bed adsorber behaviour.

Batch equilibrium tests showed that the adsorption capacity of activated carbon for
PCP is best represented by the Freundlich isotherm, with constants of K = 95 and
1/n = 0.18. Batch adsorption kinetics experiments were conducted in a spinning
basket reactor. Surface diffusion and external film transfer coefficients were
determined by fitting the homogeneous surface diffusion model (HSDM) to the
experimental batch adsorption data. A surface diffusion coefficient value of 2.26 x
10° cm/s was calculated using this method, which was similar to surface diffusion

coefficients for similar compounds found by other investigators.

Using equilibrium and kinetic parameters, the HSDM was used to predict bench
scale fixed bed adsorber breakthrough curves at varying flow rates. A correlation
was used to calculate the film transfer coefficient. There was a good agreement
between the experimental breakthrough curves and those predicted by the model.
By varying parameters in the model it was found that the adsorption rate in the
PCP-activated carbon system was primarily limited by surface diffusion. The
homogeneous surface diffusion model was shown to be effective in predicting
breakthrough of PCP and could conceivably be used to predict full scale adsorber

performance or to aid pilot plant studies.



ACKNOWLEDGEMENTS

I would like to thank my supervisor, Professor Rao Bhamidimarri for his advice, Don
McClean and John Alger for their help in the workshop, and Shridar Sursala and
Vijay Bhaskar for their assistance with the computer programs. Last but not least

I would like to thank my friends and family for their support and encouragement.



CONTENTS

Abstract
Acknowledgements
List of Figures
List of Tables
1. Introduction
2. Literature Review
2.1 Activated carbon: Applications
2.2 Types of Adsorbent
2.3 Contacting systems
2.4 Adsorption in Fixed Beds
2.5 Adsorption System Design
2.6 Adsorption Phenomena
2.7 Equilibrium Isotherm Models
2.8 Equilibrium Studies
2.9 Adsorption Kinetics
2.10 Modelling Fixed Bed Adsorbers
3. Materials and Methods
4. Equilibrium Studies
4.1 Preliminary Studies
4.2 Equilibrium Isotherms
5. Adsorption Kinetics
5.1 Homogeneous Surface Diffusion Model
5.2 Model equations

5.3 Results and Discussion

11
12
13
15
17
20
21
23
24
29

32

36

37

5

&



6. Column Studies
6.1 Fixed Bed Adsorbers
6.2 Fixed Bed Adsorber Operation
6.3 Fixed Bed Adsorber Design
6.4 HSDM Applied to Fixed Bed Adsorbers
6.5 Model Parameter Determination
6.6 Experimental and Predicted Breakthrough Curves
6.7 Applications of the Model
7. Conclusions
List of Symbols
References
Appendix 1: Isotherm Experimental Data
Appendix 2: Kinetic Experimental Data

Appendix 3: Column Experimental Data

55
56
57
58
62
65
72
74
76
78
87
91

93



Figure 1.1:
Figure 1.2:
Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 2.4:
Figure 2.5:
Figure 2.6:
Figure 3.1:
Figure 3.2:
Figure 4.1:
Figure 4.2:
Figure 4.3
Figure 4.4:
Figure 4.5:
Figure 4.6:
Figure 5.1:
Figure 5.2:
Figure 5.3:
Figure 5.4:
Figure 5.5:
Figure 5.6:
Figure 5.7:

Figure 5.8:

LIST OF FIGURES

Physical Characteristics of an Activated Carbon Particle
Downflow Fixed-Bed Pressure Adsorber

Batch Adsorption Configurations

Breakthrough Curve for a Fixed Bed Adsorber

Bed Depth Service Time Curve for a Fixed Bed Adsorber
Types of Adsorption Equilibrium Isotherm

Transport Steps in Adsorption by Porous Adsorbents
Material Balances in a Fixed Bed Adsorber

Rotating Wire Basket Adsorption Batch Reactor

Adsorption Column Experimental Setup

Equilibrium Time Test

Equilibrium Isotherm, Initial PCP Concentration = 250 ppm
Equilibrium Isotherm, Initial PCP Concentration = 500 ppm
Equilibrium Isotherm, Initial PCP Concentration = 250 ppm
Equilibrium Isotherm, Initial PCP Concentration = 500 ppm
Equilibrium Isotherm, Initial PCP Concentration = 500, 250 ppm
Mechanisms and Assumptions Incorporated in the HSDM
Solute Uptake Curves for Various Stirrer speeds

Initial Solute Uptake for Stirrer Speed of 180 rpm

Initial Solute Uptake for Stirrer Speed of 390 rpm

Initial Solute Uptake for Stirrer Speed of 560 rpm

Initial Solute Uptake for Stirrer Speed of 760 rpm

Solute Uptake Plot and HSDM Solution, Stirrer Speed 180 rpm

Solute Uptake Plot and HSDM Solution, Stirrer Speed 390 rpm

14

16

18

21

30

33

36

37

38

39

48
48
49
49
51

51



Figure 5.9:
Figure 5.10:
Figure 6.1:
Figure 6.2:
Figure 6.3:
Figure 6.4:

Figure 6.5:

Figure 6.6:

Figure 6.7:

Solute Uptake Plot and HSDM Solution, Stirrer Speed 560 rpm
Solute Uptake Plot and HSDM Solution, Stirrer Speed 760 rpm
PCP Breakthrough Curve, Flow Rate = 2.80 ml/min

PCP Breakthrough Curve, Flow Rate = 5.07 ml/min

PCP Breakthrough Curve, Flow Rate = 6.15 ml/min

Effect of Flow Rate on the Breakthrough Curve

Effect of Hydraulic Loading Rate on Breakthrough and
Exhaustion Throughputs

Effect of Different k; Correlations on the Breakthrough Curve

Effect of D, on the Breakthrough Curve

52

52

67

67

68

69

71

72



Table 4.1:
Table 4.2:

Table 5.1:

Table 5.2:
Table 5.3:
Table 6.1:

Table 6.2:

LIST OF TABLES

Freundlich Isotherm Coefficients
Freundlich Coefficients for Phenolic Compounds in Water

Film Transfer Coefficients Calculated From Initial Slope
Data

HSDM Input Parameters and Surface Diffusion Coefficients
Literature Values of k; and D,
HSDM Dimensionless Groups

Fixed Bed Model Input Parameters

40
41

47

50

53

61

65



