Pertraction of Acetaminophen through Bulk Liquid Membranes
Kinetic aspects
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In the present paper a model for the pertraction of acetaminophen through bulk liquid membrane based on
consecutive irreversible first order reactions was studied. The membrane system consisted in: feed phase-
an aqueous solution of acetaminophen at different concentrations, membrane- a solution of tri-n-butyl
phosphate in chloroform, stripping phase- an aqueous solution of NaOH. Under this model the fallowing
kinetic parameters were assessed. the maximum reduced concentration in the membrane and the time
when this concentration is obtained, the membrane entrance and exit flux, as well as apparent mass
transfer coefficients. The influence of acetaminophen concentration from the feed phase upon these

parameters was investigated
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Membranes, depending on their morphology, divide in
to two major categories: liquid membranes or solid
membranes (polymeric) [1]. Liquid membranes were
intensively studied since their discovery by Li [2] at the
separation of chemical species such as: metal ions [3, 4],
nitrophenols [5-8], active principles from drugs [9-14] or
amino-acids [15, 16] in scientific purpose or at their
removal and recovery from waste waters. Three types of
liquid membranes: liquid membranes, emulsion liquid
membranes and supported liquid membranes are known.
The most intensively used types of membrane by a large
number of scientists due to the simplicity in operation are
the bulk liquid membranes [17]. This type of membranes
is preferred due to multiple advantages such as: high
separation selectivity, fast mass transfer that can take
place in the presence of carriers, facilitated transfer that is
in favor of product concentration, the fact that you do not
need an expensive pretreatment concentration before the
membrane transport and also a high energetic efficiency
[18, 19]. A liquid membrane can be easily obtained by
dissolving the carrier into the membrane matrix [1]. In this
case the carrier plays an important role for expressing the
permselectivity of the membrane. Several carriers can be
used such as: di-(2-ethylhexyl) phosphoric acid (D2EHPA),
trioctylphosphine oxide (TOPO) and N-Methyl-N,N,N-
trioctyloctan-1-ammonium chloride (Aliquate 336). A
carrier often used in the membrane transport is tri-n-butyl
phosphate (TBP). TBP has been showed to be an effective
carrier for the separation and purification of a number of
metals and organic acids due to its excellent chemical
stability, high boiling point and low solubility in water [20].

The description of the pertraction through bulk liquid
membranes is very useful because of the necessity to
determine physical and chemical parameters that can
explain the laboratory experiments or that can be used to
design a pilot or industrial pertraction process [6]. A
common mathematical model used by many researchers
to describe the pertraction through bulk liquid membrane
is the model of consecutive irreversible first order reactions.
A characteristic of this model is that when the time is
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tending to infinity the concentration in feed and membrane
tends to zero, while the concentration in the stripping phase
tends to a limiting value depending on the initial
concentration in feed phase [21-31].

Acetaminophen or paracetamol as it is commonly
known is used as an antipyretic and a drug used for
headache and minor pains relief [32] and it is used as a
major ingredient in numerous cold and flu remedies [33].
Ingestion of an overdose of acetaminophen can cause
hepatic necrosis or renal failure [34].

In the present study the influence of the feed phase
concentration upon the pertraction kinetic parameters was
investigated.

Experimental part
Reagents and apparatus

All the reagents used were analytically grade and were
used without further purification. Acetaminophen was
purchased from China. The feed phase was formed 20
cm? of 10-- 102mol/L aqueous solution of acetaminophen.
As liquid membrane was used a solution of TBP dissolved
in chloroform, saturated previously with water. The volume
of the membrane was of 50cm?. The NaOH was used to
prepare the aqueous stripping phase. The volume of the
stripping phase was of 7 cm®. Chloroform and NaOH were
purchased from Merck. Distilled water used to prepare the
feed and the stripping phases was previously saturated
with chloroform.

The transport experiments were realized in a wall in
wall type of cell presented in previous papers [7, 9]. The
transport experiments were realized at room temperature
(t=22+1°C) with a stirring speed of 180 rot/min. At the
end of the transport the content of acetaminophen in the
aqueous phases was analyzed using a LAMBDA 45 Perkin
Elmer spectrometer. The content of acetaminophen was
realized at characteristic wavelength for acetaminophen
in aqueous phases at A=241 nm for the feed phase and at
A=256 nm for the stripping phase. The content of
acetaminophen from the membrane phase was
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determined using the mass balance of the three phases of
the membrane system.

Results and discussions

The behaviour of acetaminophen (A) through bulk liquid
membranes demonstrated that the pertraction process
from a feed phase (FP) through an organic membrane (M)
into a stripping phase (SP) takes place according to a
consecutive irreversible first order chemical reaction
according to the kinetic scheme [21-30]:

AFP —kl——)AM —kz—)ASP (€))]

described by the equations:
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where:

k , k,-represent pseudo-first-order apparent membrane
entrance and exit rate constants, s.

R, R, and R, represent the un-dimensional reduced
concentrations from the feed phase, membrane and
stripping phase and are calculated with the fallowing
relationships:

Rep = Crp-VEp )
CFR) *VF}B
R Cm -V
M = 6
Crp, VEp, ©
Cep -V
Rgp = —SP"/SP o
Crp,-Vrp
where:
Cpp Cyp Cy, represents the feed phase, membrane and

stripping phase concentration, mol/L,

Cypp Tepresents the initial concentration from the feed
phase, mol/L,

Vie, V,p Vs, represents the feed phase, membrane and
stnppmg phase volume, cm?,

The pseudo-first- order apparent membrane entrance
and exit rate constants can be correlated with the mass
transfer coefficient using the relationships (8, 9):

k; =kpp =2 ®)

ky =kgp = )

where
and K’g, represent the apparent mass transfer
coeff'P cients, cmys.
A, A, represent the area of the interface feed
phaselmembrane and the area of the interface
membrane | stripping phase, respectively, cm?.
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V., V, represent the feed phase and membrane volume,
respectlvely, cm’,

The maximum solute concentration in the membrane
is calculated from the dependence R _ = f(t) when dR /dt
=0.

RMax _ ﬁ ky =k, 10)
M k2
ki
“‘(kz] an
max — k] —k2

where:
R,,"*- maximurmn solute concentration in the membrane
t_..- time when maximum solute concentration in the
membrane is obtained

Pseudo-first-order apparent membrane entrance and
exit rate constants can be used at the determination of the
maximum flux according to the equation (10):

k

k K

Tk —k k ki —k

Jmax ==k T =ky A 2=_JSPmax=JRPrnax (12)
kz ky

where:

Jspmax— membrane entrance flux

J = membrane exit flux

The & experimental data demonstrated a good correlation
with the kinetic model proposed according to figure 1, the
correlation coefficient being higher than 0.99 for all the
presented dependences.

The solid lines in figure 1 represent the values the
reduced concentrations calculated using relationships 2-
4. These data were obtained using the fallowing conditions:
feed phase-20 cm? solution of acetaminophen 10 mol/L,
membrane-50 cm? solution of TBP 102mol/L in chloroform,
stripping phase-7 ¢cm?® NaOH 1 mol/L. At higher
concentration of acetaminophen in the feed phase some
discrepancies between the model and the experimental
data were observed, but the correlation coefficient was
higher 0.98.

The kinetic parameters were assessed by varying the
acetaminophen concentration from the aqueous feed
phase. The effect of acetaminophen concentration from
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Fig. 1. Time depending variation of the acetaminophen
reduced concentration in the phases of the membrane system
feed phase(e): 25cm? solution of acetaminophen 10 mol/L,
membrane(®): 50 cm? solution of TBP 102mol/L in chloroform,
stripping phase(4): 7 cm® NaOH 1 mol/L; continuous line
represents the values calculated using the kinetic model,

transport - 24 h
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Concentration of
. K’pp K'sp
a‘cetfanzn(;phen R e Jrpmax | Jspmax x105, x10°, ble 1
m ice p ase, 5 -1 5 -1 able
X10°%57 | x10%s cm/s cm/s KINETIC PARAMETERS OBTAINED AT
mol/L THE FACILITATED TRANSPORT OF
10* 0.48 | 3h28 min 2.73 2.73 6.71 1.05 ACETAMINOPHEN
WHEN USING TBP AS CARRIER
4x107 061 | 5n15min 136 136 3.40 0.72
107 070 | 8h 20 min 0.47 2047 138 0.43

the aqueous feed phase upon its transport through an
organic bulk liquid membrane was realized using the
following concentration of acetaminophen: 10, 4 x10,
10 mol/L.

The kinetic parameters depend on the concentration of
the acetaminophen from the aqueous feed phase. In the
studied concentration range the values of the kinetic
parameters decrease with the increase of the concentration
of acetaminophen.

Conclusions

The transport of acetaminophen through an organic bulk
liquid membrane can be assessed using a kinetic
pertraction model described by consecutive irreversible first
order reactions. Kinetic parameters such as maximum
solute concentration in the membrane, time when
maximum solute concentration in the membrane is
obtained, membrane exit flux, membrane entrance flux
and mass transfer coefficient. A correlation between the
studied kinetic parameters and the concentration of
acetaminophen from aqueous feed phase was established.
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