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PREFACE

This is the fourth conference of the series of regional conferences in chemical
engineering under AUN/SEED Net. The first conference was held in Manila,
Philippines in 2009 and was hosted by De La Salle University (DLSU). The
second was held in Ho Chi Minh City, Vietnam and was hosted by Ho Chi Minh
City University of Technology (HCMUT) in 2010. Then, the conference was held
in Manila again in 2011 and was again hosted by DLSU.

This CD contains the full papers presented in this conference. The papers are
categorized into the following topics: Biofuel/Bioprocess, Material Science,
Reaction Engineering, Environment, Process System Engineering, Separation
Technology, Membrane Technology, Various Chemical Engineering Disciplines.
In the conference there are 60 papers for oral presentation and 17 papers for
poster presentation. Some of these papers will be considered publication in the
Asean Journal of Engineering and Asean Chemical Engineering Journal.

Our deepest appreciation to all authors and co-authors for their excellent
contribution and cooperation in preparing their papers on time. Although we
did our best to prepare the proceedings properly, we would like to apologise to
the authors for any possible errors during the editorial process.

The editorial effort would be difficult without the help of the technical
committee, comprising of the staff of the Department of Chemical Engineering,
University of Malaya. Special thanks to them all and in particular to Dr. Brahim
Si Ali, Mr.Mohd Fauzi Zanil, Ms.Nurul Hazizah, Ms.NorHuda, Ms.Ezalia for their
valuable assistance in the preparation of the proceedings and technical
programs.

Thank you.

Editorial Board
The 4th AUN/SEED-Net Chemical Engineering Conference
Technical Committee
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TOPICS
NO TITLE PAPER ID
BIOFUEL / BIOPROCESS
1 A SYSTEMATIC STRATEGY FOR THE CO-LOCATING OF A NEW BIO- BIO 01
REFINERY INTO AN EXISTING OIL REFINERY USING MILP MODEL
) A STUDY ON THE ANAEROBIC DIGESTION OF POTENTIAL IN BIOGAS BIO 02
PRODUCTION BY USING LOCAL SEWAGE SLUDGE IN MALAYSIA
3 USING WOOD WASTES FROM PULP AND PAPER INDUSTRY FOR BIO 05
BIOETHANOL PRODUCTION
4 EFFECT OF SALINITY ON GAS HOLD-UP, BUBBLE RISING SPEED AND BIO 06
MASS TRANSFER IN SPLIT-CYLINDRICAL AIRLIFT BIOREACTOR
MATERIAL SCIENCE
ORDERED MESOPOROUS METAL OXIDES SYNTHESIZED BY
5 NANOCASTING STRATEGY FOR GAS SENSOR APPLICATIONS: A MAT 03
REVIEW
6 COMPOSITE OF 3D TIO, NANOSTRUCTURE AND REDUCED MAT 06
GRAPHENE OXIDE FOR PHOTODEGRADATION OF ANTIBIOTIC
7 DEVELOPMENT AND PERFORMANCE OF SnO, - CATALYTIC FILM IN MAT 07
DETECTION OF VOLATILE ORGANIC COMPOUNDS
3 PREPARATIVE TECHNIQUES AND CHARACTERIZATION OF MAT 08

POLY(VINYL ALCOHOL)-CLAY NANOCOMPOSITE HYDROGELS
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CHARACTERIZATION AND ADSORPTION KINETICS STUDY OF

9 | IMMOBILIZED CANDIDA RUGOSA LIPASE ONTO PURE SBA-15 REA 02
MESOPOROUS SUPPORT

10 | RECYCLING OF MANGANESE DIOXIDE FROM SPENT ZN-MNO2 REA 03
CELLS

11 | DECOLORIZATION OF ACID RED B BY PHOTO-FENTON PROCESS REA 04
USING LOCAL CLAY AS CATALYST

1, | POLYANILINE-TITANIUM DIOXIDE HYBRID CATALYTIC PELLET FOR REA 06
DETECTION OF ACETONE

13 | THE EFFECT OF SURFACE MODIFICATION OF COCONUT SHELL- REA 08
BASED ACTIVATED CARBON ON METHOMYL ADSORPTION
THE EFFECT OF THERMAL TREATMENT ON THE ITDI ACTIVATED

14 | CARBON FOR THE THERMOCATALYTIC DECOMPOSITION OF REA 09
METHANE

15 | MG/HYDROXYAPATITE CATALYST FOR TRANSESTERIFICATION OF REA 10
PALM (ELAEIS GUINEENSIS) OIL
A KINETIC STUDY ON THE ADSORPTION OF REACTIVE YELLOW 145

16 | (RY 145) DYE ONTO ACTIVATED CARBON PREPARED FROM REA 11
THEOBROMA CACAO PODS

17 | ACID-CATALYZED ESTERIFICATION OF WASTE EDIBLE OIL (WEO) REA 12
ASSISTED BY MICROWAVE HEATING

1g | COMPARATIVE STUDY OF PHOTOCATALYTIC DEGRADATION OF REA 13

DIURON ON TITANIUM DIOXIDE AND ZINC OXIDE NANOPARTICLES
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REMOVAL OF REACTIVE BLUE 19 DYE FROM SYNTHETIC

19 | WASTEWATER USING CHEMICAL-ACTIVATED HEAT-TREATED FLY ENV 03
ASH
ULTRASOUND-ASSISTED ELECTRO-FENTON DEGRADATION OF

20 | REACTIVE YELLOW 145 DYE IN SIMULATED WASTEWATER: USE OF ENV 04
RUO2/IRO2-COATED PLATE ELECTRODES

,; | MODELING OF COOLING OF HOT VOLCANIC DEBRIS TO IMPROVE ENV 05
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22 ENV 06
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ARSENIC ADSORPTION IN A FIXED BED COLUMN USING A
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MANILA, PHILIPPINES

,5 | INPUT SELECTION FOR RIVER WATER QUALITY PREDICTION USING ENV 09
CANONICAL CORRESPONDENCE ANALYSIS

b | QUANTITATIVE RISK ASSESSMENT FOR HAZARDOUS ENV 10
MATERIAL STORAGE IN A PROCESS PLANT

57 | LIFE CYCLE ASSESSMENT OF CASSAVA STARCH PRODUCTION IN ENV 11

LAO PDR
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DESIGN AND SIMULATION OF MULTICOMPONENT DISTILLATION
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SIMULATOR

MOD 01

29

RUN-TO-RUN ITERATIVE LEARNING CONTROL WITH UPDATED
MODELS APPLIED IN BAKER’S YEAST FED-BATCH FERMENTATION
PROCESS
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30

SIMPLIFIED MATHEMATICAL MODEL FOR QUANTITATIVE ANALYSIS
OF THE PERFORMANCE OF ANAEROBIC CO-DIGESTION OF
STILLAGE AND COW MANURE
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31

A COMBINED MODEL CONSIDERING PORE BLOCKAGE AND
COMPRESSIVE CAKE LAYER FOR ULTRA FILTRATION OF DAIRY
WHEY SUSPENSION
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32
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SYSTEM

MOD 07

33

IMPROVED HYDRODYNAMIC MODELING OF PROPYLENE HOM
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34
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MOD 11

35
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36
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MOD 13

37

REVIEW ON GAS-LIQUID MIXING ANALYSIS IN MULTISCALE
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MOD 15

38

ADAPTIVE FUZZY LOGIC CONTROLLER BASED ON HYBRID ANFIS
MODEL FOR PH NEUTRALIZATION

MOD 16

39

LONG TERM DYNAMIC SIMULATION OF METHANOL SYNTHESIS
REACTOR IN THE FACE OF CATALYST DEACTIVATION
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PRELIMINARY STUDY

SEPARATION TECHNOLOGY
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45 ESSENTIAL OIL EXTRACTION FROM GINGER USING FOCUSED SEP 04
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49 MODIFICATION OF POLYSULFONE ULTRAFILTRATION MEMBRANES MEM 03

WITH PVA AND TiO2 FOR BETTER ANTIFOULING




I R 15
SRR 4B Omnrszen-nﬂ jica/

The 4™ AUN/SEED - Net Regional Conference on Chemical Engineering

NO

TITLE

PAPER ID

50

SYNTHESIS AND PERFORMANCE OF THIN FILM COMPOSITE
NANOFILTRATION POLYESTER MEMBRANE FOR REMOVAL OF
NATURAL ORGANIC MATTER SUBSTANCES

MEM 04

51

BATIK INDUSTRY SYNTHETIC WASTEWATER TREATMENT USING
NANO FILTRATION

MEM 05

52

A COMPARISON OF CARBON MOLECULAR SIEVE (CMS)
MEMBRANES WITH POLYMER BLEND CMS MEMBRANES FOR THE
GAS PERMEATION APPLICATION

MEM 06

53

A REVIEW OF PARAMETRIC DETERMINATION FOR SIMULTENEOUS
FACILITATED TRANSPORT BY HFSLM SYSTEM-CASE STUDIES

MEM 07

OTHER DISCIPLINES

54

NITROGEN ISOTOPE SEPARATION
IN LOW PRESSURE GLOW DISCHARGE (LPGD) AND ATMOSPHERIC
PRESSURE GLOW DISCHARGE (APGD)

OTH 02

55

SYNTHESIS AND PROPERTIES OF MICROENCAPSULATED COCONUT
OIL AS PHASE CHANGE MATERIAL FOR COOLING LOAD REDUCTION

OTH 03

56

MICROENCAPSULATION OF PHYTASE BY SPRAY DRYING:
DIFFERENT FORMULATION OF FEED LIQUID

OTH 04

57

POTENTIAL APPLICATIONS OF SOLID OXIDE FUEL CELL
TECHNOLOGY

OTH 05

58

PREDICTION HEAT OF VAPORIZATION FOR ANTIFREEZE AGENT
BASED ON THREE-PARAMETER LAW OF CORRESPONDING STATES
FOR FUEL, COOLANT AND REFRIGERANT SYSTEMS

OTH 06

59

AN EXPERIMENTAL STUDY OF HEAT TRANSFER IN TURBULENT
FLOW THROUGH A TUBE WITH PERFORATED RECTANGULAR STRIP
INSERTS

OTH 07

60

REVIEW OF FENTON OXIDATION TECHNICAL LIMITATION SLUDGE
GENERATION AND MINERALISATION EFFECIENCY

OTH 08

61

INVESTIGATION OF SOME PHYTOCONSTITUENTS AND SOME
BIOACTIVITIES OF CYDONIA CATHAYENSIS HEMSL AND
TRACHYCARPUS FORTUNEI WENDL

OTH 09




RECALCITRAN CIBACRON RED DYE ADSORPTION BY
LOCALLY SOURCED DOLOMITE ADSORBENT

M. Auta, M.A. Ahmad, B.H. Hameed*

School of Chemical Engineering, Engineering Campus,
University of Science Malaysia, 14300 Nibong Tebal, Penang, Malaysia

*Corresponding author: e-mail: chbassim@eng.usm.my (B.H. Hameed)

Fax: +6045941013

ABSTRACT

Restorative step towards serene environment collapse was attempted by harnessing potentials of
locally available dolomite material from Perak state in Malaysia. The dolomite material was
crushed, sieved and then calcined. The calcined dolomite’s adsorptivity was tested on treatment
of synthetic textile waste-waters containing reactive Cibacron Red dye (CBD) through batch
adsorption studies which yielded a maximum adsorption capacity of 100 mg/g. Pseudo-first-
order and pseudo-second-order kinetic models studies administered on the adsorption process
data revealed that both models described the process very well with pseudo-second-order model
having an edge over pseudo-first-order model. Langmuir and Freundlich isotherms were
suitable representation of the process more than Temkin isotherm model. Thermodynamic
studies revealed that the adsorption process was spontaneous and endothermic in nature; and
also, entropy of the process increased with increase in temperature of the system. Boundary
layer and intra-particle diffusion steps were necessary for the adsorption of CBD on the
adsorbent. The locally sourced dolomite adsorbent was found to be very good for removal of
CBD from waste-waters and can be used adequately as a cheaper alternative to expensive
commercial activated carbon.



Keywords: Dolomite; Calcination; Adsorption; Cibacron Red dye; Characterization.

1.0 Introduction

The insurmountable human activities which are mostly accompanied with discharge of waste
pollutants into the ecosystem has prompted researchers to look for cheaper alternative means to
salvaging it in an attempt to sustain good environment with ease. Dyes discharge into the
environment comes from different sources with high roots like textiles, leather, paper, printing
industries etc. Among methods used to tackle this menace, adsorption process is one of the
methods that have an edge over others, but expensive commercial activated carbon adsorbent
often used in the system negates its desiring applicability. Several alternatives to commercial
activated carbon adsorbents used for adsorption processes has been reported which includes
agricultural waste materials [1], clays [2], silica [3], sewage sludge [4] and so on.

An important natural material dolomite, has found applications in industries such as chemical
and ceramics, food, pharmaceutical, fertilizer, glass, trans-esterification and adsorption of
metals; there are very few reports on its applicability on dyes adsorption [5]. The potentials of it
are usually harnessed when it has undergone thermal treatment leading to structural realignment
of the material. Calcinations of dolomite compound leads to ample increase in specific surface
area and pore volume of calcium carbonate (calcite) and magnesium oxide which are
constituents of its decomposition [6].

This study is aimed at harnessing potentials of locally sourced dolomite material to investigate
its usefulness for treatment of synthetic textile waste-water containing recalcitrant reactive
Cibacron dye.

2.0 Materials and methods

Cibacron Brilliant Red 3B-A with 50% dye content was obtained from Sigma-Aldrich,
Malaysia. It has an empirical formula (Hill notation) of C3;,H,4CINgNasO,4Ss molecular weight
0f 1000.25 and color index number of 18105. The dye was used without further purification and
its structural formula is shown in Scheme 1. Dolomite pebbles were ground into 63-75 um and
calcined in furnace at 850 °C for 5 h. The calcined dolomite was packaged in an airtight
container for use.



Scheme 1 molecular structure of CBR

2.1 Batch equilibrium studies

The study was conducted in a set of 250 mL Erlenmeyer flasks containing 200 mL of various
initial dye concentrations (50-350 mg/L) where 0.4 g of calcined dolomite (CD) was added to
each flask. This mixture was placed in an isothermal water-bath shaker at 30 °C with shaker
speed of 135 rpm for 24 h until equilibrium was attained. Samples of the solution were
withdrawn at equilibrium and CBR concentration residue determined with the aid of UV-Vis
spectrophotometer (Shimadzu UV/Vis 1700 spectrophotometer, Japan) at the maximum
wavelength of 541. The procedure was repeated at different isothermal shaker temperature of 40
and 50 °C. The amount of CBR adsorbed Q. (mg/g) at equilibrium was calculated using:

— (Co_ce)V

Qe = ozt (1)

where C, and C, (mg/L) are the liquid-phase concentration of the CBR at equilibrium and at
initial, respectively; V (L) is the volume of the solution; and W (g) is the mass of the CD used.

2.2 Batch Kkinetic studies



Similar to steps taken during equilibrium adsorption studies was the method used for kinetic
studies with determination of CBR concentration at time intervals. The amount of CBR
adsorbed at time t, Q, (mg/g) was evaluated by

— (Co_ct)v

Q= Lol @)

where C, and C, (mg/L) are the liquid-phase concentration of the CBR at the initial and any time
t, respectively; V (L) is the volume of the solution; and W (g) is the mass of CD used.

3.0 Results and discussion

3.1 Effect of initial CBR concentration and time

The Fig. 1 clearly revealed that rapid adsorption took place at the initial time of the process and
gradually slowed down until equilibrium was attained at all the various initial concentrations
investigated. This was attributed to the abundant yearning active vacant sites present at the
initial time of the adsorption process. Higher adsorption of CBR on CD was also observed when
the concentration gradient in the system was increased; this was due to increased in mass
transfer of the system as the concentrations were increased. The adsorption capacity calculated
at 50 and 350 mg/L were 24.65 and 94.98 mg/g, respectively. This is in accordance with results
obtained result for anionic dye removal by naturally untreated clay material [7].
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Fig. 1 Effect of initial concentration of CBR adsorption on CD at 30 °C

3.2 Adsorption isotherms

Three isotherm models namely Langmuir, Freundlich and Temkin were investigated to study
interaction between CBR and CD and as a step to enhance the design of the adsorption process.

Langmuir in 1918 on his theory proposed for description of gas molecules onto metal surfaces
was based on the following assumptions: fixed numbers of sites on the adsorbent adsorb the
adsorbate; a molecule is adsorbed on each site; every site has equivalent energy of adsorption;
that no interaction whatsoever between adsorbates adsorbed on different sites. Non-linear
Langmuir model equation is given as:

— QoCeb
Qe = vy ®)

where C, (mg/L ), is the equilibrium concentration of CBR adsorbed, Q. (mg/g), is the amount
of CBR adsorbed, Q,, and b (Langmuir constants), the monolayer adsorption capacity and



affinity of adsorbent towards adsorbate, respectively. A plot of Q. against C. gave a fitted curve,
and the Langmuir constants were generated from the plot of sorption data shown in Fig. 2.

The non-linear form of the Freundlich model empirical model used to give information on how
heterogeneity can be expressed as:

Qe = keC/™ )

where Q. (mg/g), is the amount of dye adsorbed at equilibrium; C. (mg/L), is the equilibrium
concentration of the adsorbate; k¢ and n are the Freundlich equilibrium coefficients. The value of
n gives information on favourability of adsorption process and k¢ is the adsorption capacity of
the adsorbate.

Temkin isotherm which describes adsorbent-adsorbate interaction on the assumptions that
decrease of heat of adsorption of molecules in a layer is due to increase of coverage from

adsorbate-adsorbent interaction and, that about some maximum binding energies of adsorption

is uniformly distributed [8]. Non-linear Temkin model equation is given as:

Qe = BIn(K1Ce ) (6))

where Kr is the equilibrium binding constant corresponding to the maximum binding energy, B
is related to the heat of adsorption, Q. is the experimental adsorption capacity (mg/g), C. is the

concentration of the CBR adsorbed at equilibrium position (mg/L);

RT
B=1 (6)



where 1/br indicates the adsorption potential of the adsorbent; R is the universal gas constant

(8.314 J/kmol); and T is the temperature in Kelvin (K).

The result for Temkin isotherm investigation showed that the model did not fit well with the
CBR adsorption on CD as evidenced by the low correlation coefficient R* values obtained

(Table not shown), the Temkin isotherm model plots is shown in Fig. 2.

The results of the parameters of the three models (Table not shown) revealed that Langmuir and
Freundlich models both described CBR adsorption on CD while Temkin model did not. This
was adjudged by the high values of their correlation coefficient R? values and the fitness of their
plots as shown in Fig. 2. Similar result were obtained when both Langmuir and Freundlich
isotherms described the adsorption process when comparative studies were carried out for
adsorption of Methylene Blue by commercial activated carbon and locally prepared activated

carbons from bamboo dust, coconut shell, groundnut shell, rice husk, and straw [9].
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Fig. 2 Langmuir, Freundlich and Temkin models plots for CBR adsorption on CD



3.3 Adsorption kinetics

Pseudo-first-order and Pseudo-second-order kinetic models were used to evaluate the rate of
CBR adsorption on CD.

3.3.1 Pseudo-first order model

Non-linear form of pseudo-first order equation [10] is given as:

Qc = Qe(1—e7™1t) (M

where Q. and Q, are the amount of CBR adsorbed (mg/g) at equilibrium and at time t (min)
respectively; k; is the rate constant of adsorption (h™). Values of Q, against Q. at various

temperatures studied were plotted (Fig. not shown).

3.3.2 Pseudo-second order model

The non-linear form of pseudo-second order equilibrium adsorption model [11] is given as:

_  KpQdt
U = Grican ®



where k; (g/mgh) is the rate constant of second order adsorption. Plots of Q; versus t at various

temperatures studied gave very good curves as shown in Fig. 3.

The parameters for the two models as shown in Table 1 revealed that pseudo-second-order
kinetic model fitted better to the adsorption process as compared with Pseudo-first-order model.
This was evidence by the correlation coefficients R* of the model which were all above 0.900
and the better fitted curves. This model fitness predicted the whole of range of adsorption of
CBR on CD unlike Pseudo-first-order model which is only applicable at the initial part of the
adsorption process. Pseudo-second-order model was also found to be the fitted model that best

described cationic dye adsorption by novel biosorbent (Canola hull) [12].
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Fig. 3 Pseudo-second-order kinetics of CBR adsorption on CD at 30 °C



Table 1 Kinetics and mechanism of adsorption parameters of CBR adsorption on CD at 30 °C

Qexp Pseudo-first-order Pseudo-second-order Intra-particle diffusion model
Dye (mg/g) | parameters parameters
Z’;“j'L) K | Qu R K. [Qu | R Ka C [R [Ka C R’
¢ (0 (10%) (mg/gmin®?) (mg/g.min"?)
x10°

50 24.65 821 | 53.94 0.89 6.10 | 54.23 0.98 3.78 872 | 0.85 | 0.775 35.98 0.97
100 42.41 9.30 | 86.77 0.83 2.06 | 117.34 | 0.96 5.57 6.30 | 0.80 | 2.046 46.79 0.98
150 58.72 8.84 | 12148 | 0.92 1.20 | 149.72 | 0.97 7.26 544 | 0.81 | 2.291 74.81 0.99
250 82.44 6.59 | 185.41 0.90 1.08 | 207.89 | 0.98 11.30 26 0.84 | 3.282 104.2 0.99
350 94.98 8.01 | 20246 | 0.85 1.08 | 249.06 | 0.99 12.40 18 0.89 | 2.579 141.8 0.99

3.4 Mechanism of adsorption

Adsorption process involves series of steps which includes external film diffusion, internal
particle diffusion and surface adsorption; this becomes paramount to predict the rate limiting
step of the process. An investigation into whether intra-particle diffusion model or film

diffusion was rate-controlling step was tested on CBR adsorption by CD even though the former

is often associated with batch reactor and the later with continuous flow processes. The intra-

particle diffusion model equation is given as:

Qt = klptl/z + C

©

where, ki, (mg/(g.min"?)) is intra-particle diffusion rate constant (slope) and C (intercept) is
boundary thickness. The plots of Q; against t (Fig. not shown) revealed that boundary layer
diffusion and intra-particle diffusion represented by the steepy and gradual slopes portions,
respectively of the plots were all involved in CBR rate-controlling adsorption by CD. The

10




results of slope and intercept shown in Table 1 indicated that boundary layer slope had larger
diffusion rate constants (k;;) and smaller boundary thickness (C). Therefore, since the intercept
and the boundary layer thickness of the intra-particle diffusion had greater boundary layer effect
and also had the least rate constants (kj,); intra-particle diffusion was the rate limiting step on
CBR adsorption on CD.

3.5 Adsorption thermodynamics

The actual application of the adsorption process was investigated by determining the Gibbs free
energy (AG, kJ/mol) which is also known as chemical potential, from entropy (AS, kJ/mol K)
and enthalpy (AH, kJ/mol). This study was carried out at various temperatures of 30, 40 and 50
°C and the parameters were evaluated using the following equations:

AG = —RTIn K, (10)

where R is the universal gas constant (8.314 J/Kmol); T, the absolute temperature (K); and K, is
the distribution coefficient expressed as K,=Q./C..

Van’t Hoff equation was used to determine the average standard enthalpy change, the equation
is expressed as:

—-AG _ AS AH
IHKO_F_E_E (11)

By plotting a graph of In K, versus 1/T, we can estimate the values AH and AS from the slopes
and intercepts (Fig. not shown).

The thermodynamics parameters obtained are summarized in Table 2. Negative values of AG
and positive values of AH were obtained signifying that the process was spontaneous and
endothermic in nature. The Gibbs free energy of the CBR adsorption on CD was classified as
physisorption since the AG values obtained were between 0 and -20 kJ/mol unlike
chemisorption reactions whose values ranges from -80 to -400 kJ/mol [13,14]. In the adsorption

11



of cationic dyes using kaolin adsorbent, the process thermodynamic parameters obtained were
similar to this CBR adsorption on CD [15].

Table 2 Thermodynamic parameters of CBR adsorption on CD

AH (kJ/mol) AS (kJ/mol) AG (kJ/mol)
303 K 313K 323 K
19.28 0.063 -2.441 -3.333 -4.139
Conclusion

This study has further proven that some solutions to our problems are just a stone throw from us
which takes research to access. The CD gave good removal of CBR from aqueous solution with
an adsorption capacity of 100 mg/g. The rate of the adsorption was best described by Pseudo-
second-rate kinetics whose mechanism revealed that the process rate-limiting step was
controlled by intra-particle diffusion and not boundary layer diffusion even though it
participated. The process was also found to be spontaneous and endothermic, with the level of
dispersion increasing with temperature. Results of this study revealed that the locally sourced
dolomite is an adsorbent to reckon with in adsorption of reactive dyes.
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