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Investigations of Biosorption Capacity Histories with
Temperature and Other Parameters in a Given Fuzzy
Universe of Discourse

Zahid H Khokhar”, Mamdouh A Al-Harthi, and Abdulazeez Abdurraheem

Abstract—In this study construction of an input space with
output space is done using measured histories of phenol
biosorption capacity at different temperatures at initial
concentration, pH and at specific adsorbent dosage creating a
universe of discourse using fuzzy logic approach and modelling
the results for various conditions. Co, pH and adsorbent dosage
result in different behaviour of adsorbent capacity. The relation
between adsorption capacity, pH and temperature is of concern.
Further studies can be done using own experiments to verify
our modelling approach and to setup new optimized experiment
series.

Index Terms—Fuzzy Model Optimization, Biosorption,
Capacity, Histories, Temperature, Health, Quality Sciences

. INTRODUCTION

Successful example to control imprecision is fuzzy logic. It
is used to take imprecise observations for inputs to arrive at
crisp and precise values for outputs. Fuzzy Interface System
is a simple commonsensical and logical way to build a system
without using complex analytical equations [1].

Many VOCs are risk to our environment offering
hazardous to human health. Because of their toxicity and
possible accumulation, phenols are high priority concerns
pollutants. Phenols are introduced into surface water from
plastic, pharmaceutical, steel, coal tar, gasoline, rubber
proofing, and disinfectant, and chemical spills industries,
domestic wastewaters and agricultural run-off.

Adsorbents have been under development in recent years
to improve adsorption performance [2]. Phenolic compounds
are produced in the industrial processes such as coking,
gasification, oil refining, paint stripping and phenolic resin
manufacturing [3].

Worldwide, phenol is produced at a rate of about six
million ton/yr with a significantly increasing trend.

Phenols are rapidly absorbed through human skin and can
cause skin and eye burns upon contact. Comas, convulsions,
cyanosis and death can result from over-exposure to it.
Internally, phenol affects the liver, lungs, kidneys, and
vascular system. A one gram ingestion of phenol is deadly for
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humans [2]-[4].

Adsorption is being used extensively for the removal of
inorganic and organic micro-pollutants. Adsorption is being
used extensively for the removal of organic and inorganic
micro-pollutants. Research developments and interests into
production of alternative adsorbents to replace costly
activated carbon and synthetic resins have intensified [2].

Biological treatment of phenol is generally favored over
other processes in terms of lower cost as well as the
possibility of complete mineralization [3] — [5]. Many
biological problems are assumed that those can be discussed
within nonbiological discussion framework. Biochemistry is
important and fast moving areas of research and development
and a prudent of this field should make all efforts to get
acquaintances with it. A major activity is to develop useful
models, their organization, data sorting and result
implementation  then  optimization of all  these
accomplishments.

Il. PROCEDURE

A. Problem Statement

Recently, some natural and cheap adsorbents have been
developed in the laboratory. It is very difficult to compare
adsorption performance of various adsorbents. Adsorption
capacities were evaluated at different pHs, concentration
ranges, temperatures, and adsorbents. Some adsorption
capacities were reported in batch experiment and some in
continuous column mode. Due to this inconsistency of data,
comparison of adsorbent performance with each other is a
major work if done by parts. Optimizing pH finding will also
be a good task to serve further this field. This may be found
for all types of these data applying some recent data handling
technique.

B. Objective and Scope

In this study our objective is to fuzzyfy the data scattered in
literature for adsorption of phenol which is highly concerned
hazard material for environment. Optimization of its
production, use, recycling and reuse is a science which needs
quality studies for its quantitative production modeling and
control in various industries.

Firstly in this work our aim is to fuzzyfy a case study that
will be better to understand the process going on and it will
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to form some typical correlation for different adsorbates to
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study qualitatively. A material property may be found in this
regard for the bases of this predictable relation to control and
enhance process quality.

C. Background

As the case study selected for to apply fuzzy logic
approach will be discussed, it is well worthy to present
following case studies discussions in this section regarding
fuzzy logic or any relative fuzzy logic applied to control the
adsorption related process. References [6] - [8] study
constant surface pressure penetration Langmuir balance
development based on axisymmetric drop shape analysis.
These combine pendant-drop surface balance and a fuzzy
logic control algorithm for the purpose. Reference [9] uses
the fuzzy logic method improving it by adaptive learning of a
fuzzy interface system based on anfis. This also demonstrates
a software analyzer design for parameters evaluation of
removal of heavy metal ions (ternary). Reference [10] studies
a fuzzy logic based expert system. This uses it to control and
for diagnosis of an integrated waste water treatment.
Reference [11] studies heats of immersion on activated
carbons. This estimates the value by fuzzy methods.
References [12], [13] study non-exponential relaxations in
sensor arrays. Both analyze considering the use of the cluster
analysis method in the fuzzy logic concept for the
optimization of the cross-selective sensor arrays. References
[14], [15] study fuzzy modeling estimation of mercury
removal by wetland components. The majority of work
discussed is not directly related to fuzzification of data
mining but some of studies show that the method is useful
and can be used for any case data study [16] - [19]. For
numerous processes and applications fuzzy logic directly or
indirectly is used. The above studies are few to mention.

Before going to particular studies few adsorption studies
are necessary to preface and elaborate the different
parameters which are important in this type of study. Using
Posidonia oceanica fibrous biomass [20] studies adsorptive
removal of textile reactive-dye. Reference [21] discusses
developments in the bioprocessing of minerals which may be
revised now. Using an agricultural by-product olive pomace,
[22] reports that total-phenol removal from olive-mill waste
water increases with increase of solution's pH. This observes
higher sorption rates at pH 10. Reference [3] reports that the
adsorption amounts of phenol onto PAC increased with
decreasing the solution pH for 3, 7 and 10, respectively. The
maximum adsorption amount of phenol onto AAC bead is
1.24, 1.02, 1.01 (mol / kg) respectively at pH 3, 7, and 10. It
should be checked for more limits before and after pH 7.
Reference [23] reports effect of pH for phenol removal as
well as nitrophenol. Reference [24] does experiments in
batch mode for optimization of the adsorption parameters on
soil based adsorbents for wvarying initial phenol
concentrations. It might be checked for different temperature
ranges for different optimum pH. Reference [25] investigates
the adsorption of phenol by clays at pH 2, 6.5, and 10 and
reports that the adsorption of phenol increased by increasing
value of pH onto clays. With increase in initial pH upto 6,
[26] shows that biosorption on algae increases. With further
increase in initial pH it drastically decreases.

To select the optimum pH, [27] conducts batch
experiments at different pH ranges from 2 to 10. With

223

increase in the solution pH, this observes that the removal is
decreased. This observes the maximum adsorption at the
acidic pH. Due to fall in solution pH, [28] observes a region
of relatively less substrate removal rate. Reference [29] uses
the Haldane model experiments to model in a batch reactor
between 25 and 1450 mg/l. This determines the kinetics of
phenol removal of mixed culture to reduce the phenol
concentration at 25° C and pH 6.9. In relation to phenol
exhaustion, [30] observes that pH value drops until it reaches
a minimum value then it gradually increases. It remains
below its initial value during the course of experiments. For
concentration of phenol higher than 250 mg/I this reports that
the value of pH decreases to 3.5.

This study shows that pH is a major contributor to phenol
research. Many processes and the material used in these
processes have different optimum values of pH to get better
results. A little change in pH of system varies the results a lot.

Optimum pH is different for different systems leading
towards the classification of this huge area of research into
different subclasses. A case study [26] is fuzzified in which
phenol biosorption capacity is measured at Co (100 mg/l)
with time at different temperatures, at pH (5.7-6.1), and
adsorbent dosage of 6 gm/I and another with varying pH for
lower temperatures. pH studies are surfaced in three
dimensions showing that this approach is good and it can be
further extendable to other results as well as including the
similar studies found in the literature on the basis of
adsorbent or process or any other suitable parameter.

Reference [31] studies acetone adsorption on
hydro-xylated silica gel. They established a correlation of IR
spectra and sorption isotherm. Reference [32] studies
adsorption characteristics of chloroform, acetone, and
aceto-nitrile on fiber activated carbon, commercial granular
activated carbon and adsorbent derived from sludge, whereas
by a langasite crystal resonator, [33] monitors adsorption of
acetone vapor to a room temperature ionic liquid
1-octyl-3-methyl-imidazolium bromide.

These studies are mentioned to further development to
apply our method of explorations to these studies. Other
methods and assessment techniques with different scales are
available similarly. In this effort the intention is to fuzzyfy
above mentioned case study to better understand the phenol
biosorption process going on using fuzzy rule base modeling
that will present the future lines to work out this problem in
some comprehensible way. Different levels in turn may be
organized to optimize solving the problem at hand and to
proceed further.

I1. METHODS

A. Al Fuzzy Logic Approach to Model from Experimental
Data

A successful example to control imprecision is fuzzy
logic. It is used to take imprecise observations for inputs to
arrive at crisp and precise values of outputs. It is a simple
commonsensical and logical way to build a system
interfacing fuzzy without using complex analytical
equations.

From above studies majority are agreeing with each other
and discussing the parametric study showing similar trends of
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capacity for temperature and pH. A recent study is selected as
basis for our fuzzy model. Reference [26] has worked with
green algae for different process. Based on this study a
universe of discourse is created considering other studies for
similar input spaces.

B. Fuzzy System Rules

From selected results of the study following rules are
established for fuzzy system at adsorbent dosage =6 g/, and
Co =100 mg / I. More complex system may be established
after including the other results presented in the study.

At lower temperatures, at medium pH, biosorption is
higher

At medium pH

At lower time,

At lower temperature, biosorption is lower

At Medium temperature, biosorption is lower

At higher time, biosorption is lower

At Medium time

At lower temperature, biosorption is higher

At Medium temperature, biosorption is higher

At higher temperature, biosorption is higher

At Higher time

At lower temperature, biosorption is higher

At Medium temperature, biosorption is higher

At higher temperature, biosorption is higher

At lower temperatures, at lower pH, biosorption is medium

At lower temperatures, at higher pH, biosorption is lower

Matlab is a power full tool which is used to run fuzzy logic
programming. Type of fuzzy input system was chosen as
Mamdani. Defuzzification was done by centroid method.
Membership functions were selected trimf for each FIS.
Rules were made and supported by data produced from
research experiments.

TABLE I: THE RANGES USED FOR DATA INPUTS AND OUTPUT

Variable Type m Minimu Maximum
Biosorption Capacity, Output 0 29

mg/g
Time, min Input 0 310
Temperature, oC Input 30 60
pH Input 2 10

IV. RESULTS AND DISCUSSION

There are two basic fuzzy interface systems i.e. mamdani
and sugeno. Former type is selected and pH time, temperature
are set as input variables whereas biosorption capacity as out
put variable. Membership functions of type timf are defined
for all inputs using centriod defuzzification. Ranges are
defined for all variables as shown in Table 1. Rules are
defined on the basis of data mining from preliminary case
studies. Those rules are implemented with full weight given
to each rule. Ranges are set for all inputs and out put as mined
from case study to establish fuzzy rules.

Fig. 1 shows the block diagram of system followed. Three
input variables are fed to mamdani FIS and output is received
at the other end. Any variable can be changed, modified and
its range can be set to a different number at any time to study
the effects of range change on out put. This range change step
is a validation step to check the rules fed to system. It is found
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that range change resulted in good agreement with set rules. It
is also noted that causal importance is highly involved in this
system.

Fig. 1. FIS system, universe of discourse of inputs and output

arfip-l Temp-m

input variabla "Temparatuns”

BC-m

output vanabées "BioCap™

Fig. 2. Fuzzy IS input universe of discourse (temperature, similar of pH,
time) and output variable range setup for constructing and verifying rules.

Rules are implemented and their membership functions
plots are shown in Fig 2. It is also an interesting part of this
system that setting the lower, medium and upper part of
ranges in these plots can be done. This facility makes the
problem setting more accurate and near to actual situation
and state of solution. Range of pH, time and temperature is
set into lower, medium and upper. The biosorption capacity
range is also set into lower, medium and higher
correspondingly. These divisions of input variables then use
to create rules combing with output variable lower and higher
range distribution. Numerous possibilities played on these
plots to satisfy the data and theory and to find acceptable link
between them.

These fuzzy performances also show that the rules set are
acceptable and there's no mess up to go for results. The rules
made are shown in Fig 3 which also has a benefit of studying
the system of rules on screen. It is also observed that after
numerous performances of validation checks of data and
rules the system formed is better to understand the problem.
The produced result by fuzzy logic is shown in Fig 4. Results
are plausible with Fig 1 of selected study. Time and
Temperature are variables included in fuzzfication of results
and has full influence in the following results. pH surface
studies from two different plots including their respective
conditions are shown with constant Co; pH and adsorbent
dosage.
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Fig. 3. A partial show of rules on fuzzy mamdani FIS system, at lower and
higher pH if other inputs are constant, biosorption has very little change in its
value showing optimization trend towards medium pH.

Results show that this approach is good and it can be
further extendable to other results as well as including the
similar studies found in the literature on the basis of
adsorbent or process or any other suitable parameter. At
higher and lower pH the biosorption capacity has little
change. Fig 4-5 show the surface plot results which explain
the trends implemented from data to fuzzy system. These
results are plausible with the experimental results and
promising to study for new data system with other
experiments of same parameters.

At larger time biosorption is always more and at lower
temperature pH is important factor. At any temperature
initially biosorption is lower. Range analysis of the surface
plots agreeing the experimental results. Further extension and
application to other systems is a promising task to do. Fig 6
shows the fuzzy logic rule based flow chart for further
implications and complementary studies setup formation
building an inference model. Also it will be good guide to do
any experiments of adsorption for same or different system.

V. CONCLUSION AND RECOMMENDATION

Abridgment of following few points is concluded to draw
further lines to explore different phenomena to start the
projection phase.

1) These preliminary studies have explored the
problem a little bit more.
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2) The study can be used for further implementation
to real and actual system without doing and
repeating costly experiments in the laboratory.
Experiments can be done on different ranges
following the results for other bigger or smaller
ranges in the laboratory.

Further set of experiments can be designed
accordingly to explore deeply the other solvent or
absorbent system.

Other methods along with fuzzy logic may give
some complementry understanding of the system.
The procedural findings can be translated to other
variety of chemical and physical processes to
enhance and revise quality optimization.

3)

4)

5)

6)

Fig. 4. Fuzzy logic surface results: Biosorption Capacity (mg / g) with time
(min), and temperature oC.

Fig. 5 Fuzzy logic surface results: Biosorption Capacity (mg / g) with pH,
and time (min).

Experiments

Compiled
Experiments

Transformed
Fuzzy Model

Complementary
Studies

Fig. 6. Inference model chart for further implications and complementary
studies setup flow formation
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