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Abstract—The kinetics of Cu(II) transport through a bulk liquid 

membrane with different membrane materials was investigated in this 
work. Three types of membrane materials were used: fresh cooking 
oil, waste cooking oil and kerosene, each of which was mixed with 
di-2-ethylhexylphosphoric acid (carrier) and tributylphosphate 
(modifier). Kinetic models derived from the kinetic laws of two 
consecutive irreversible first-order reactions were used to study the 
facilitated transport of Cu(II) across the source, membrane and 
receiving phases of bulk liquid membrane. It was found that the 
transport kinetics of Cu(II) across the source phase was not affected 
by different types of membrane materials but decreased considerably 
when the membrane materials changed from kerosene, waste cooking 
oil to fresh cooking oil. The rate constants of Cu(II) removal and 
recovery processes through the bulk liquid membrane were also 
determined. 
 

Keywords—Transport kinetics, Cu(II), bulk liquid membrane, 
waste cooking oil. 

I. INTRODUCTION 
IQUID membrane is a prospective separation technique 
due to its salient features such as simultaneous removal 

and recovery of solutes in a single unit, non-equilibrium solute 
transport, high selectivity, high recovery and low energy 
consumption [1]. There are many types of liquid membrane, 
among which, bulk liquid membrane (BLM) is the simplest 
type, easy to manipulate, while offering good membrane 
stability [2]. It has been used in various applications such as 
precious metal recovery [3], toxic metal [4], non-metal [5] and 
organic pollutant [6] removal from wastewater, and so forth. 

Typical materials used to formulate the membrane phase of 
BLM are the petroleum-based organic solvents such as 
kerosene, hexane, heptane, toluene, and chloroform [2]. In 
spite of their efficiencies in many separation processes, these 
solvents are invariably poisonous and their disadvantages to 
human health and environment often far outweigh their 
advantages to the society. Therefore, green solvents like ionic 
liquid and vegetable oil have drawn significant interest of 
numerous researchers in recent years as the potential materials 
to replace the classical toxic solvents in formulating the 
membrane phase of BLM. For instance, Chakraborty and Bart 
[7] studied the transport of toluene across an ionic liquid-
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based BLM, while Chang et al. [8] investigated the removal 
and recovery of heavy metals from wastewater through a 
vegetable oil-based BLM. Ionic liquid is generally considered 
‘green’ because of its negligible vapor pressure and high 
boiling point [9]. Nevertheless, it has been reported by several 
researchers that ionic liquid tends to pose different degrees of 
toxicity to living organism [10] and its price is relatively more 
expensive than the conventional petroleum-based organic 
solvents [11].  

As yet, all vegetable oils that have been used to formulate 
the membrane phase of liquid membrane are of pure and fresh 
(unused) ones, and the impure and waste (used) ones have not 
been reported yet. Therefore, in this work, different membrane 
materials like fresh cooking oil, waste cooking oil and 
kerosene were used to prepare the membrane phase of a BLM. 
The transport kinetics of Cu(II) through the BLM with 
different membrane materials were outlined and discussed. 

II. KINETIC MODELS 
The kinetic models for the facilitated transport of solutes 

through BLM are derived from the kinetic laws of two 
consecutive irreversible first-order reactions. They are 
expressed as: 

 
ܴ௦ ൌ expሺെ݇ଵݐሻ                                (1) 

 
ܴ௠ ൌ ௞భ

௞మି௞భ
ሾexpሺെ݇ଵݐሻ െ expሺ‐݇ଶݐሻሿ             (2) 

 
ܴ௥ ൌ 1 െ ଵ

௞మି௞భ
ሾ݇ଶ expሺെ݇ଵݐሻ െ ݇ଵexpሺ‐݇ଶݐሻሿ     (3) 

 
where Rs, Rm and Rr are the reduced solute concentrations in 
the source, membrane and receiving phases, respectively, k1 
and k2 are the apparent first-order rate constants of the 
removal and recovery processes, and t is the time elapsed. The 
derivation and detailed explanation of these models can be 
found in Chang et al. [8]. 

III. MATERIALS AND METHODS 

A. Materials 
The fresh cooking oil was bought from a local department 

store, while the waste cooking oil was collected from a local 
restaurant. The former was used without further purification, 
whereas the latter was pretreated to remove solid particles and 
excessive water. Copper sulfate pentahydrate (R&M 
Chemicals, ≥99.6% purity), kerosene (Sigma-Aldrich, ≥99% 
purity), di-2-ethylhexylphosphoric acid (D2EHPA) (Acros 
Organics, ≥99% purity), tributylphosphate (TBP), acetic acid, 
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