
 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 

THE KINETICS AND MECHANISM OF LEAD (II) ADSORPTION 
IN DIFFERENT TYPES OF CONTACTOR 

BY POWDERIZED RHIZOPUS OLIGOSPORUS 
 
 
 
 
 
 
 

MAIZIRWAN MEL 
 
 
 
 
 
 

FSMB 1998 17 
 
 
 



THE KINETICS AND MECHANISM OF LEAD (II) ADSORPTION 
IN DIFFERENT TYPES OF CONTACTOR 

BY POWDERIZED RHIZOPUS OLIGOSPORUS 

By 

MAIZIRW AN MEL 

Thesis submitted in fulfillment of the requiloements for the Degree of 
Master of Science in the Faculty of Food Science and Biotechnology, 

U niversiti Putra Malaysia 

March 1998 



Alha.md ulLila.h 



ACKNOWLEDGEMENTS 

I would like to express my sincere appreciation and thanks to my 

chairman, Assoc. Prof. Dr. Arbakariya Ariff and members of the supervisory 

committee Prof. Dr. Mohamed Ismail Abdul Karim and Assoc. Prof. Dr. 

Mohamad Ali Hasan for their ideas, suggestions, advice, and guidance throughout 

this study. 

My appreciation and gratitude go to Prof. Dr. Yaakob Che Man of the 

Department of Food Technology- UPM for his advice and assistance in FTlR 

examination, and Mr. Hoo Oi Kuan, Mrs Aminah and Miss Azila Abdul Jalil of 

Electron Microscope Laboratory for their help during the making of TEM and 

EDXA examination. 

Sincere thanks and gratitude are also extended to all staff of Bioprocess 

EngineeringiFermentation Technology Laboratory, Mr. Rosli Aslim, Mrs. Latifah 

Husin, Mrs. Renuga alp Panjamurti, Mrs. Aluyah Marzuki, all my postgraduate 

mends: Mr. Zulhisyam Nazri, Mr.Yunus Shukor, Miss Madihah Md Saleh, Miss 

Rosfarizan Mohamad, Mr. Sobri Mohd. Akhir, Mr. Azizul Ibrahim, Miss Anisah 

Hasan, Jame'ah Hamid, Miss Nor'aini Abd. Rahman of the Department of 

Biotechnology-UPM for their help towards the success of this project. 

111 



I gratefully acknowledge the financial support by Universiti Putra 

Malaysia and Government of Malaysia under IRP A-RM7 Programme for this 

study. 

My deepest appreciation is recorded to my late wife almarhumah 

Netriana Nasir and my daughter Zana Wihdah Nabilah, my parents Mohammad 

Mel and Nursiah and all my brothers and sisters for the enormous amount of love, 

support and sacrifice they have given. 

lV 



TABLE OF CONTENTS 

Page 
ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. III 
LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . .. . . . . . . . . IX 

LIST OF FIGURES . . .. . . .  ....................... .............. .... ............... ................ Xl 

LIST OF ABBREVIATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XIV 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvi 
ABSTRAK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xix 

CHAPTER 

I INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . .. . . . . . . . .  1 

11 LITERA TURE REVIEW 

Lead: Sources, and Toxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Remediation of Wastewater Containing Heavy Metals . . . . . . 9 

Chemical/Physical Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Biological Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

Biosorption and Biosorbents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Bacteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
Yeast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . 20 
Fungi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  2 1  
Algae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 28 

Mechanism of Metal Ions Biosorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Factors Affecting the Metal Ions Biosorption . . . . . . . . . . . . . . . . . . . . .  33  

Time Course of Metals Adsorption . . . . . . . . . . . . . . . . . . . . . . . . . 33  
Effect of Biosorbent Pretreatment . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Effect of Bios or  bent Concentration . . . . . . . . . . . . . . . . . . . . . . . . 38 
Effect of Metal Ions Concentration . . . . . . . . . . . . . . . . . . . . . . . . .  39 
Effect ofpl-I . .......... ............... . ................................. 3 9  
Effect of Temperature . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . .. 4 1  
Effect of Agitation Speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

Process Arrangement and Equipments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Batch-Stirred tank Contactor . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . 44 
Continous-Flow Stirred Tank Contactor . . . . . . . . . . . . . . . . . 45 
Fixed-Packed Bed Contactor . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 46 
Pulsating-Bed Contactor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48 
Fluidized-Bed Contactor . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
Multiple- Bed Contact Arrangements . . . . . . . . . . . . . . . . . . . . . .  49 

Concluding Remarks .. . . . . . .... .. ... .... . . . ....... .. ... ........ .. . . . . . . .. . . . . 49 
V 



III ADSORPTION CONCEPT AND KINETICS 

Adsorption Phenomena . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
Adsorption Equilibria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 
Adsorption Isotherm Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 

Langmuir Adsorption Isotherm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 
Freundlich Adsorption Isotherm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
BET Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
Scatchard Plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 

Adsorption Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
Adsorption Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
Thermodynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 

IV GENERAL MATERIALS AND METHODS 

Microorganism and Production of Biomass . . . . . . . . . . . . . . . . . . . . . . . .  76 
Preparation of Lead (II) Ion Stock Solution 
and Standard Curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
Preparation of 1% (w/v) Stock Solution of 
Carboxymethylcellulose (CMC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
Experimental Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Analytical Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

Determination of Rheology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Determination of Reynolds Number . . . . . . . . . . . . . . . . . . . . . .  8 1  
Analysis of Lead (II) Ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 
Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 

V THE KINETIC CHARACTERISTICS AND 
MECHANISM OF LEAD (II) ADSORPTION 
BY POWDERIZED RHIZOPUS OLIGOSPORUS 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

Preparation of Bios or  bent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
Preparation of Lead Solution with 
Different Viscosities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
Rheology Determination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
Study of Lead Adsorption Kinetics . . . . . . . . . . . . . . . . . . . . . . . . .  88 
Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 
Study of Lead Adsorption Mechanism . . . . . . . . . . . . . . . . . . . .  89 

VI 



Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 1  
Time Course of Lead Sorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91  
Effect of Biomass Concentration . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
Effect of Solution pH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 
Effect of Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
Effect of Solution Viscosity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 
Modelling of Adsorption Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
Comparison of Lead Adsorption by 
R. oligoJ]Jorus with other Microorganisms 
and Biosorbents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 12 
Adsorption Mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 

VI THE INFLUENCE OF CONTACTOR DESIGN 
ON LEAD (II) ADSORPTION 
BY POWDERIZED RHIZOPUS OLIGOSPORUS 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 19 
Materials and Methods . . . . . . . . . . . . . . . . . . . . .  .. . . . .. . . . .. . . . .. . . . . . . . . . . . . .. . 121 

Preparation of Biomass and Lead Solution 
with Different Viscosities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
Contactors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
Sorption Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 

Results and Discussions . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 
Lead Sorption in Shake Flask . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 
Lead Sorption in Stirred Tank Reactor . . . . . . . . . . . . . . . . . . .  126 
Lead Sorption in Airlift Fermenter . . . . . . . . . . . . . . . . . . . . . . . . . .  143 
Comparison of Lead Adsorption in Different 
Contactor Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  152 

VII LEAD (II) ADSORPTION BY POWDERIZED 
RHIZOPUS OLIGOSPORVS 
USING A FIXED PACKED-BED COLUMN 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  154 
Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  155 

Biosorbent and Wastewater . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  155 
Sorption Experiment in Packed- Bed Column . . . . . . . . . .  156 

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  159 
Effect oflnitial Lead Concentration . . . . . . . . . . . . . . . . . . . . . . .  159 
Purification of real Effluent Containing Lead 
Using Packed-Bed Column . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161 

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  164 

Vll 



VIII GENERAL DISCUSSION, CONCLUSIONS AND 
SUGGESTIONS FOR FURTHER WORK 

General Discussion and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167 
Suggestions for Further Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .  174 

APPENDIXES . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  188 

VITA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  192 

Vlll 



LIST OF TABLES 

Table Page 

1 Heavy Metal Accumulation by Microorganisms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

2 Heavy Metal Accumulation by Fungi . . . . . . . . .. . . .... . . .. . ... . . .. . . .. . . .. . . . . .. ... 22 

3 .  Macromolecular Components of Fungal Cell Walls . . . . . . . . . . . . . . . . . . . . . . . .  25 

4 Lead Uptake Capacity by Various Fungi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

5 Lead Uptake by Different Types of Sorbent Materials . . . . . . . . . . . . . . . . . . . .  3 1  

6 Some Parameters Used for Removing Absorbing Metals . . . . . . . . . . . . . . . 42 

7 Comparison between Physical and Chemical Adsorption . . . . . . . . . . . . . . .  56 

8 The Composition of Liquid Medium for Cultivation of 
R. oligosporus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 

9 Kinetics Parameters of Lead Sorption by Powderized 
R. oligosporus in Different Volumes of Shake Flask . . . . . . . . . . . . . . . . . . . . . .  94 

10 K and n Values for Different Viscosities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 

1 1  Characteristics Data for the Freundlich and Langmuir 
Sorption Isotherms and Correlation Coefficient (R 2) for 
Lead Sorption by R. oligosporus at Different Initial 
Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 

12 Characteristic Data for Langmuir Isotherm and Correlation 
Coefficient (R2) for Lead Adsorption by R. oligosporus 
Biomass at Different pH Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 10 

13 Characteristic Data for Freundlich Isotherm and Correlation 
Coefficient (R2) for Lead Adsorption by R. oligosporus 
Biomass at Different pH Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111  

14 Maximum Lead Uptake Capacity by Various Microbial 
CellslBiosorbents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 12 

IX 



15 Lead Adsorption Kinetics Parameters at Different Agitation 
Speeds in Stirred Tank Reactor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129 

16 Lead Adsorption Kinetics Parameters at Different Particle 
Sizes in Stirred Tank Reactor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 34 

17 Lead Adsorption Kinetics Parameters at Different Solution 
Viscosities in Stirred Tank Reactor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 

18 Lead Adsorption Kinetic Parameters at Different 
Temperatures in Stirred Tank Reactor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143 

19 Lead Adsorption Kinetic Parameters Values at Different Air 
Flowrates in an Airlift Fermenter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  146 

20 Lead Adsorption Kinetic Parameters Values at Different 
Particle Sizes in an Airlift Fermenter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148 

2 1  Lead Adsorption Kinetic Parameters Values at Different 
Solution Viscosities in an Airlift Fermenter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150 

22 Lead Adsorption Kinetic Parameters Values at Different 
Temperatures in an Airlift Fermenter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  152 

23 Maximum Lead Uptake Capacity with Different Contactor 
Types at the Same Condition . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153 

24 Metals Content of Wastewater from Watta Industry Sdn. Bhd . . . . . . . .  162 

x 



LIST OF FIGURES 

Figure Page 

1 Diagram of the Structure of Septate Fungal Hyphae with 
a Cell Wall and others . . .... . . . . .... . . . . . . . . . . . . . . . . ......... . . . . . . .... . . .. . ......... . .. . . 23 

2 Typical Pattern of Metal Accumulation by Microorganisms .... . .. . . .  34 

3 Batch-Stirred Tank Contactor . .. . . ...... . . . . . .. . . . . . . . . . . .. . .... . . . . ..... . . ..... . . . .  45 

4 Fixed-Packed Bed Column Contactor . . . . . . . . .... . . ........... . . . .. . . . . . .. . . . . ... 47 

5 Common Types of Adsorption Equilibrium . . .. . . . .. . . . . . . . . . . . . . . . . . . .. . . .. . . .  58 

6 Diagram of Batch Biosorption Process .. . . . ... . . .. . . ... . . . .. . .... . . . ...... . . . . . .  60 

7 Non-Linear (A) and Linear (B) Isotherm of Langmuir 
Adsorption for Two Different Types ofBiosorbent . . . . . . . . ...... . . . . ...... 64 

8 Non-Linear (A) and Linear (B) Isotherm of Freundlich 
Adsorption for Two Different Types of Bios or bent . . .... . . . . . .... . . . . ..... 67 

9 Mass Transport Steps in Adsorption by Porous Adsorbent . ...... . . .... 7 1  

1 0  Adsorption Dynamic of Metal Adsorbed by the Biosorbent 
at Different Particle Sizes .... . . . . . ... . . . .... . . . . ... . . . . . . ... . . . .. . . . . . . ..... . . . . . . . . . . .  74 

1 1  General Plan of Experimental Work . . ..... . .... . . . .... . . . . . ... . . . ...... ..... . . . . . .  80 

12 General Characteristics of Power Curve ... ..... . . .... . ........ . . . .. . . . . . .... . . . . 82 

1 3  Effect of Different Volumes of Shake Flask on the Rate of 
Lead Adsorption by Powderized Rhizopus o/igosporus .... ........... 92 

14  Adsorption of Different Initial Lead Concentrations by 
Different Concentrations of R. o/igosporus . . . . .... . . .... . . . . . .. . . . . . .... . . . ... 96 

1 5  Influence of Initial Lead/Biomass Ratio upon Lead 
Adsorption by Powderized R. o/igosporus . . . . . .... . . . . . .. . . . . . . . . . . .. . . . ...... 98 

XI 



1 6  Lead Adsorption by R. oligosporus at Different Initial pH 
Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 00 

1 7  Lead Adsorption by R. oligosporus at Different 
Temperatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  102 

1 8  Lead Adsorption by R. oligo.\]Jor1ls at Different Solution 
Viscosities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 

1 9  Langmuir (A) and Freundlich (B) Sorption Isotherm at 
Different Initial Lead Concentrations . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  1 07 

20 Langmuir (A) and Freundlich (B) Sorption Isotherm for 
Lead at Different pH Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 09 

2 1  Typical TEM Micrographs of Native (A) and Lead 
Exposed Cell(B), (lO,OOOX) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . .  1 14 

22 Typical EDXA Spectra of Native Biomass (A) and Lead 
Exposed Biomass (B) . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. 1 15 

23 Photoacoustic IR Spectra of the Native Cell (top line) and 
Lead Exposed Cell (bottom line) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 17 

24 Schematic Diagram of Stirred Tank Reactor (Biostat E, 
B .  Braun) . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . .  . . . . . . . . . .  . . . . . .  . . . . .  . . . . .  . . . . . .  . . . . . . . .  . . .. . . . . . . . . . . . . . .  1 22 

25 Schematic Diagram of Airlift Fermenter 
(LH Fermentation, UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .  125 

26 Lead Adsorption at Different Agitation Speeds by 
R. oligosporus in Stirred Tank Reactor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . 127 

27 Reynold Number at Different Agitation Speeds on 
Maximum Lead Adsorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 30  

28 pH Profile during Lead Adsorption by R. oligosporus 
Biomass at Different Agitation Speeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .  1 32  

29 Effect of Different Particle Sizes on Lead Adsorption by 
R. o/igosporus in Stirred Tank Reactor . . . . . . . . . . . . . . .. . . . . . . . . . . . . ... . . .. . . . . . . 1 3 3  

Xli 



30 Effect of Different Solution Viscosities on Lead 
Adsorption by R. oligosporus in Stirred Tank Reactor .................. 136 

3 1 Effect of Different Solution Viscosities on 
Equilibrium pH of Lead Adsorption in Stirred Tank 
Reactor .. . . . . . .. . . .... . . . . .... . . . . . . . . . . ... . . . . . ....... ..... . . ....... . . . . . . . ............. . ..... 137 

32 Effect of Different Temperatures eC) on Lead 
Adsorption by R. oligosporlls in Stirred Tank Reactor . . . . . . . . . . . . . . . . . . .  140 

33  Lead Adsorption at Different Degrees of Turbulence 
Created by Air Flowrate by R. oligosporus in Airlift 
F ermenter .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . ..... . . . . . . . ................ . ........ .......... ... 144 

34 Effect of Different Particle Sizes on Lead Adsorption 
by R. oligosporlls in Airlift Fermenter . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . .  147 

35  Effect of Different Solution Viscosities on Lead 
Adsorption by R. oligmporus in Airlift Fermenter .... ........ ...... . . .. 149 

36 Effect of Different Temperatures eC) on Lead 
Adsorption by R. oligo5porus in Airlift Fermenter . . ....... ............. 15 1 

37 Schematic Diagram of Fixed Packed-Bed Column . . .......... ........ . . ... 157 

38  Relationship between Influent and Effluent Flowrate . . ......... . .. . . . ..... 158 

39 Breakthrough Curves for Adsorption of Lead at 
Different Initial Lead Concentrations by R. oligosporus 
in Packed-Bed Column . . . . . . . . .. . . . . . . . . . . . . .... . . . .. . . . . . . ...... . . . . . ... . . . . . .......... 160 

40 Breakthrough Curves for Adsorption of Lead from 
Real Industrial Emuent by R. oligosporus in 
Packed-Bed Column . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . .............. ....... 163 

XlIl 



B 

LIST OF SYMBOLS AND ABBREVIATIONS 

BET isotherm coefficient relating adsorption energy (JIg. mol) 
Adsorbate concentration (residual) at equilibrium (mg/L) 
Initial adsorbate concentration (mg/L) 
Saturation concentration (solubility limit) of the solute (mg/L) 
Final concentration of solution (mglL) 
Pore diffusion coefficient (m2/min) 
impeller diameter (m) 
Polanyi potential 
Activation energy (caVmol). 
Heat of adsorption 
Heat of condensation 
enthalpy 
Fluid consistency coefficient (Pa.S") 
Constant in Arrhenius equation; rate constant 

Kad Constant in Lagergren equation; equilibrium rate constant of sorption 
(l/min) 

Kd Constant in equation for Langmuir Isotherm; energy of adsorption (L/g) 
Kf Constant in equation for Freundlich Isotherm; adsorption capacity (mg/g) 
Kp Intraparticle diffusion rate constant. (mg/g/mino.S) 
log (x) logarithm (x) to the base 1 0  
In (x) logarithm (x) to the base e 
N impeller speed, rpm (S-1) 
pH Hydrogen potential 
Q Experimetal maximum metal adsorbed (mg/g) 
Q Constant in equation for Langmuir Isotherm; maximum metal 

q 

R 

t 

adsorbed (mg/g) 
Amount of adsorbate adsorbed at time t (mg/g) 
Amount of adsorbate adsorbed per unit weight of adsorbent 
at the beginning of adsorption process (mg/g) 
Amount of adsorbate adsorbed per unit weight of adsorbent 
equilibrium (mg/g) 
Universal gas constant (8 .3 1 J/mol/K) 
Correlation coefficient 
Reynolds Number, ND/ pip 
Radius of sorbent (m) 
entropy 
Absolute temperature eK = 273 + DC) 
Time (minute) 
Volume of solution in the contactor (L) 
Amount or weight of adsorbent in the contactor (g). 

XIV 



Greek 

P Absolute liquid viscosity (kg/m. s.) 
Papp Apparent liquid viscosity (cP) 
A. Shear rate (S·l) 
p Liquid density (kg/m3) 
r is the shear stress (D/cm2) 

Subscripts 

max maXImum 
ad adsorption 
app apparent 

Superscript 

n Constant in equation for Freundlich Isotherm; adsorption intensity 
(dimensionless) 

n is the flow behaviour index (dimensionless) 

xv 
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THE KINETICS AND MECHANISM OF LEAD (II) ADSORPTION 
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The effect of sorption conditions on the rate and capacity of lead uptake 

by powderized biomass of Rhizopus oligosporus was first carried out in shake 

flask experiments. Lead sorption by Rhizopus oligosporus was also investigated 

in different types of contactor such as stirred tank bioreactor, airlift fennenter and 

packed-bed column. The experimental data of lead adsorption in different sorption 

conditions (pH, temperature, solution viscosity, lead and biomass concentration) 

and different operating variables of the contactor (agitation speed and air flowrate) 

were analysed using Langmuir and Freundlich sorption isotherm models. The 

mechanism of lead uptake by the cell was examined using TEM micrograph, 

EDXA and FTIR photoacoustic. 
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The experimental data of lead sorption by Rhizopus oligosporus fitted well 

to Langmuir and Freundlich sorption isotherm models, indicating that the sorption 

was similar to that for ion-exchange resin. This means that the sorption is a single 

layer metal adsorption which occured as a molecular surface coverage. This 

assumption was confirmed by the examination of lead sorption using TEM 

micrograph, EDXA and FTIR photoacoustic, which showed that during sorption 

most of lead was adsorbed on the surface of cell. 

From shake flask experiment, it was found that the biomass concentration 

and initial solution pH optima for lead sorption at initial lead concentration 

ranging from 50-200 mglL was 0.5 giL and pH 5, respectively. In term of the 

ratio of initial lead concentration to biomass concentration, the optimum value for 

lead sorption was 750 mg/g. In all types of contactor investigated, maximum lead 

uptake capacity increased with increasing temperature and drastically decreased 

with increasing solution viscosity. Lead adsorption kinetic parameters values, 

calculated using Langmuir and Freundlich models, were significantly varied with 

sorption condition. Intraparticle diffusion rate constant (Kp) and equilibrium 

adsorption rate (K� decreased with increasing solution viscosity, while diffusion 

coefficient (D) increased with increasing solution viscosity. On the other hand, 

D was decreased with increasing temperature while Kad was not significantly 

different at different temperatures. When 5 L stirred tank bioreactor was used as 

a contactor, the highest lead uptake capacity was obtained at agitation speed 

ranging from 50- 1 50 rpm (Re = 3,900 - 1 1 ,700). On the other hand, the optimum 
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air tlowrate for lead sorption in 2 L airlift fermenter was obtained at 2 vvm. 

Increased in the degree of turbulence as created by increased in degree of agitation 

(stirred tank bioreactor) and air flowrate (airlift fermenter), significantly reduced 

Kad and D but has no effect on Kp-

The maximum lead uptake capacity obtained in shake flask, stirred tank 

bioreactor and airlift fermenter at optimum sorption conditions was 126, 79 and 

74 mglg, respectively.  Absolute removal of lead ions from solution was achieved 

when fixed packed-bed column was used as a contactor. However, the maximum 

lead uptake capacity (24 mglg) was 3 times lower than that obtained in stirred 

tank bioreactor or an airlift fermenter. 
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KINETIK DAN MEKANISMA PENJERAPAN PLUMBUM 
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MAC 1998 
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Fakulti : Sains Makanan dan Bioteknologi 

Kesan keadaan serapan keatas kadar dan keupayaan pengambilan 

plumbum oleh serbuk Rhizopus oligosporus pada permulaannya dijalankan dalam 

kelalang penggoncang. Penjerapan plumbum oleh Rhizopus oligosporus juga dikaji 

menggunakan pelbagai jenis kontaktor seperti bioreaktor tangki pengaduk, 

fermenter turus-udara dan turus 'packed-bed'. Data-data eksperimen penjerapan 

plumbum pada keadaan serapan yang berbeza (pH, suhu, kelikatan larutan, 

kepekatan plumbum dan biojisim) dan pembolehubah operasi kontaktor yang 

berbeza (kelajuan pengadukan dan kadar alir udara) dianalisa dengan 

menggunakan model isoterm serapan Langmuir dan Freundlich. Mekanisma 

pengambilan plumbum oleh sel ditentukan dengan menggunakan mikrograf TEM, 

EDXA dan fotoakustik FTIR. 
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Data eksperimen penjerapan plumbum oleh Rhizopus o/igosporus cekuk 

(bersesuaian) terhadap model isoterm Langmuir dan Freundlich, membuktikan 

bahawa penjerapannya adalah sarna dengan resin penukar ion. Ini menunjukkan 

bahawa penjerapannya adalah penjerapan oleh lapisan tunggal yang dikenali 

sebagai penutup permukaan molekul. Anggapan ini dibuktikan oleh penentuan 

penjerapan plumbum dengan menggunakan mikrograf TEM, EDXA dan 

fotoakustik FTlR yang menunjukkan penjerapan plumbum adalah terjadi pada 

permukaan sel. 

Dari eksperimen menggunakan kelalang bergoncang, kepekatan biojisim 

dan pH optimum larutan awal pada selang kepekatan plumbum awal 50-200 mg/L 

adalah diperolehi masing-masing pada 0.5 giL dan pH 5. Nisbah kepekatan 

plumbum awal kepada kepekatan biojisim, yang optimum untuk penjerapan 

plumbum adalah pada 750 mg/g. Untuk semua jenis kontaktor yang dikaji, 

keupayaan pengambilan plumbum maksima adalah meningkat dengan kenaikan 

suhu dan menurun secara drastik dengan kenaikan kelikatan larutan. Nilai 

parameter kinetik penjerapan plumbum yang telah dikira dengan menggunakan 

model penjerapan Langmuir dan Freundlich, menunjukkan perbezaan yang nyata 

dengan keadaan serapan. Angkatap kadar difusi antara partikel (Kp) dan kadar 

penyerapan pada keseimbangan (Kad) adalah menurun dengan kenaikan kelikatan 

larutan, sedangkan angkali difusi (D) adalah meningkat dengan kelikatan larutan. 

Disamping itu, D adalah menurun dengan kenaikan suhu sedangkan perbezaan Kad 
tidak nyata pada suhu yang berbeza. Apabila bioreaktor tangki pengaduk 5 L 
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digunakan sebagai kontaktor, keupayaan pengambilan plumbum tertinggi 

diperolehi pada kelajuan pengadukan diantara 50 hingga 150 rpm (Re = 3,900-

11,700). lni bermakna, kelajuan pengaliran udara optimum untuk penjerapan 

plumbum di dalam fermenter airlift 2 L diperolehi pada 2 vvm. Peningkatan kadar 

gelora yang dihasilkan dengan peningkatan kadar pengadukan (bioreaktor tangki 

pengaduk) dan kadar a1ir udara (fermenter turus-udara) menurunkan Kad dengan 

nyata tetapi tidak mempengaruhi Kp. 

Keupayaan pengambilan plumbum maksima yang diperolehi di dalam 

kelalang pengguncang, bioreaktor tangki pengaduk dan fermenter airlift pada 

keadaan penjerapan optimum adalah masing-masing 126, 79 dan 74 mg/g. 

Pengasingan mutlak ion plumbum dari larutan diperolehi jika turus 'packed bed' 

digunakan sebagai kontaktor. Bagaimanapun, keupayaan pengambilan plumbum 

maksima (24 mg/g) adalah tiga kali lebih rendah daripada yang diperolehi dalam 

bioreaktor tangki pengaduk dan fermenter airlift. 
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CHAPTER I 

INTRODUCTION 

Environmental pollution due to wastewater containing lead has recently 

become a serious problem. Lead has been known for its toxicity and hazardous 

effect to human for a long time. The main indicator of lead poisoning in humans 

is the content of this element in whole blood (Volesky, 1990a). Toxicity of lead 

usually affect the gastrointestinal track, or the nervous system and sometime both 

(Orumwense, 1996). The presence of lead in the environment possess a significant 

health risk to human, especially to children (Mielke et at, 1983; Lajis, 1996; 

Hynes and Jonson, 1997). 

Lead is widely used as an industrial raw material for storage battery 

manufacturing, printing, pigments, fuels, photographic materials, matches, 

explosive manufacturing, lead soldered cans, and water pipes (Akzu and Kutsal, 

1991; Niu et aI., 1993; Kuyucak et aI., 1994; Kim et at, 1995; and Orumwense, 

1996). The accelerated rate of industrialization has positively increased the 

number of polluting sources in effluent. This form of industrial effluent is 

discharged into the environment annually, directly or indirectly. Department of 

Environment in Malaysia has estimated that 109,906 tons of wastewater 

containing heavy metals are discharged yearly. The Federal Territory and 

Selangor accounted for 39,302 tons and 46,348 tons per annum, respectively 
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(Leng, 1997). Unlike organic pollutants which are susceptible to biological 

degradation, lead and other heavy metals released to the environment can be toxic 

because it will not be degraded into harmless products. Therefore, the treatment 

of wastewater containing soluble heavy metals is important for public health. 

Traditbnal physical and chemical treatment methods have been proven to 

be inefficient in the removal of metal pollutants from hazardous waste and does 

not generally allow strict regulatory requirements to be met. These methods 

include chemical precipitation, electrode deposition, and ion exchange (Niu et aI., 

1993). The need for economical, efrective and save methods for removing heavy 

metal from wastewater has resulted in the search for unconventional materials 

that may be useful in reducing the level or accumulation of heavy metals in the 

environment. The failure of conventional methods to overcome the problem of 

heavy metals pollution has prompted people to turn to bio-treatment. In the last 

few years, biosorption of heavy metals has been recognized as a potential 

alternative to existing technologies for removing heavy metals from their external 

environment. Application of biosorption technology for the treatment of 

wastewater containing heavy metals has been given significant attention recently 

by the research community. 

The newly discovered metal sequestering properties of certain types of 

microbial biomass and algae offer considerable promise (Vole sky, 1990b). The 

accumulation of metals by fungal biomass had received more attention in recent 

years because of its potential in environment protection (Tsezos, 1984). The 
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potential use of fungi such as Penicillium chrysogenum (Niu et aI. , 1993), 

Aspergilus niger (Kim et aI., 1995), Aureobasidium pullulans (Suh et aI., 1996) 

as biosorbent for lead adsorption from effluent have been investigated. New 

biosorbents for toxic lead, cadmium, zinc and uranium based on cell biomass have 

been in the focus of interest and should be tested in detoxification of metal

bearing industrial effluents. The use of dead residues of microorganism produced 

by the fermentation industries, can be economical alternative method to depollute 

the effluents from heavy toxic metals. Reports on the potential use of other 

industrial fungi such as Rhizopus oligo.\porus, A.\pergillusflavus and Aspergillus 

awamori in removing lead and other metals from the solution is scarce. 

Quantitative evaluation is essential for comparison and evaluation of the 

performance of biosorbents in a metal-sorption process. Better understanding of 

metal biosorption mechanisms is essential for process optimization which can be 

achieved through meaningful and pragmatic modelling of the biosorption system. 

Several generations of original mathematical models of biosorption processes 

have been proposed and are further tested for their potential to predict the uptake 

of metal ions. For example, the evaluation of continuous-flow sorption column 

systems requires combination of hydraulic, mass transfer and reaction aspects. 

Technologically meaningful models of these systems become very sophisticated 

and represent a powerful tool in process engineering. 


