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Abstract: The cation exchange chromatographic separation of pyridine, monoethanol amine (MEA) and tri-
ethanol amine (TEA) have been explored from source to receiving phase through a fiber supported solid mem-
brane (FSSM). The FSSM were prepared by chemical modification of cellulose fibers with introducing the car-
boxylic acid ion exchanging groups. The experimental values explored were concentration of pyridine, MEA and
TEA (10−2 to 10−6 M) in the source solution, HCl (0.01 to 0.20 M) in the receiving phase and stirring speed (50-
130 rpm) of the bulk source and receiving phase. The efficiency of FSSM has been evaluated for the transport of
pyridine, MEA and TEA from the source to receiving through membrane phase. The enrichment factors (EF) for
pyridine, MEA and TEA from the dilute solutions such as 10−6 M observed were 1.62, 2.26 and 1.7, respectively.
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1. Introduction

The amines are used, as a solvents and intermedi-
ates, in agricultural chemicals, drugs, dyestuffs, paints,
rubber products, polycarbonate resins, textile water re-
pellents and laboratories. Pyridine, MEA and TEA are
found to be contaminated in several materials. There-
fore, there is need to develop the separation methods
for these amines.

The porous solid polymers and inorganic support
materials have gained additional advantages in the
selective separations by molecular recognition based
on template imprinted mechanism [1–5]. The mono-
lithic stationary phases are used in the high perfor-
mance liquid chromatography (HPLC) due to their
ease of preparation, reproducibility, versatile surface
chemistries, selectivity and fast mass transport [6–10].
A novel method preparation of chromatographic sta-
tionary phases of polymeric or fibers eliminates the
polymeric material grinding, sieving, column pack-
ing and the high back pressures [11, 12]. The chem-
ically modified fiber of synthetic polymer or of nat-
ural made could be directly used as solid membrane
phase. Through porous solid fibers, the transport
mechanism is very fast, selective and effective for
the separation and detection purposes. The fibers
have been used as stationary phase in the capillary
electro-chromatography for the separations [13]. The
direct coupling of the extraction process with liquid
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chromatography has been used for the analysis of n-
butylphthalate in wastewater [14]. The different agri-
cultural residues such as wheat straw, bagasse, cot-
ton stalks, and saw dust have been chemically mod-
ified to prepare cation exchangers [13–17]. The cel-
lulose ion exchangers were prepared by attaching sub-
stituent groups to the cellulose fibers, usually by ether-
ification or esterification reactions. Although, chem-
ically modified cotton fibers are similar to ion ex-
change properties of resins, they are much fine, porous
fiber, have larger surface area and the capillary ac-
tion of the fine fibers have the enhanced absorbing
power of liquid The modified cotton fibers porous
structure permits the rapid entrance and diffusion of
liquid phase [18–23]. The porous fibers of polyester
or polyamide (nylon) or cellulose depending on the
chromatographic applications can be used. The cel-
lulose porous micro fiber can absorb up to seven times
its weight in fluids [24]. The cellulose porous micro
fibers are also extremely durable can be washed up
several times and maintain their effectiveness. The cel-
lulose fibers have hydroxyl groups with low dissociat-
ing power and weak in acidic properties. Therefore,
the fixing of solid or liquid membrane phase over cel-
lulose fibers is an essential for the selective transport
of the ions through the cellulose fibers. Citric or tar-
taric acid could be esterified over the cellulose fibers
which could be used as FSSM [18–23]. In these in-
vestigations, FSSMs were used for the transports of
amines from the source to receiving phase. The ad-
vantages of FSSM are no loss of solvent, flow rate of
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Figure 1: The schematic presentation of FSSM cell

source and receiving phase could be controlled, de-
sired solid membrane phase could be chemically at-
tached to the fibers for the selective separations. The
FSSM technique is useful for selective removal of the
desired product from the reaction mixture by using se-
lective receiving phase. In this paper, the transport
mechanisms of amine have been illustrated through
the FSSM. The research studies included the experi-
mental variables as concentration of amine in source
and acid in the receiving solutions.

2. Experimental

2.1. Reagents and apparatus
The aqueous acid solution was prepared from con-

centrated acids (Merck, India Ltd.,) in distilled and de-
ionized water. Cellulose porous solid fibers obtained
from Aldrich Chemicals were used. TEA, MEA and
pyridine were used (Aldrich Chemicals CO, USA).
The dilute solutions of TEA, MEA and pyridine were
prepared from their stock solutions. The concentration
of amine (TEA, pKa= 7.8, MEA , pKa= 9.5 and pyri-
dine pKa= 5.21) in the solution was analyzed by acid
base titrations or spectrophotometer determinations or
HPLC or gas chromatography (FID) [25–33] depend-
ing on the concentrations. The FSSM experimental
apparatus used to measure the permeability coefficient
(P) (Figure1). The amine ion concentration with re-
spect to time was determined from the samples drawn
from the source and receiving solutions.

2.2. Synthesis
The cellulose fibers with dimensions of diameter

0.027 cm (270µm) and porosity 30 to 50 % were used.
The cross section area of porous fibers was 5.73×10−4

cm2. The adsorbed amount of solution in the fibers
was estimated by weighing the fibers before and af-
ter the soaking in the aqueous solution. The cellulose
fibers were modified by the reaction.

The cellulose fibers were modified by treatment
with 0.5M citric acid in the ratio of 1:12 (cellulose
fiber: acid, w/v). The reaction mixture was stirred for
30 min. The acid/cellulose fiber slurry was dried in
a stainless steel reactor at 50◦C in a forced air oven
for 24 h. The thermochemical esterification was car-
ried out between acid and cellulose fiber by raising
the oven temperature to 120◦C for 90 min. Then, the
esterified cellulose fibers were washed with distilled
water until free from citric acid (Tested for turbidity
with 0.1M lead (II) nitrate solution). The dried es-
terified cellulose fibers product was treated by stirring
with 0.1M NaOH at suitable ratio for 60 min. Then,
it thoroughly washed with distilled water to remove
free alkali. Then the wet modified cellulose fibers
were dried at 50◦C for 24 h. The modified fibers were
preserved in desiccators for further use. Before use,
if necessary, the modified cellulose fibers were con-
verted into acidic form with the acid treatment [15–
17]. The chemically modified fibers are termed as the
fibers supported solid membrane (FSSM).

2.3. Procedure

The solutions were used of a source solution with
a suitable amine concentration in 15 ml in the source
compartment of the cell, and the receiving phase 15 ml
with appropriate concentration of acid in the receiv-
ing compartment of the cell. The source and receiving
solutions were connected with FSSM (supported in
teflon tube with 0.4 cm od, id 0.2 cm) (Figure1). The
samples of the source and receiving solutions were
withdrawn and analyzed.

3. Results and Discussion

3.1. Mechanism of amine transport

The cellulose fibers due to its hydroxyl group with
low dissociating and weak in acidic properties slowly
transport the ions through the fibers. Therefore, cel-
lulose fibers were modified by fixing the supported
solid or liquid membrane phase for the selective trans-
port of the ions through the source to receiving phase
through fiber supported solid membrane. Figure2 il-
lustrates the transport of amine from source to receiv-
ing through FSSM. There is no continuous flow of
mobile phase either from source or receiving phase
through the FSSM, but, there is a transport of amine
from the source solution through the membrane phase
to receiving phase. However, the ion exchange mech-
anism was used during the process of ion transport
through the FSSM. The capillary action mechanism
in the porous fibers is helpful to maintain the liquid
in the fibers during the transport of amine. The fiber
supported solid membrane phase is used as the mem-
brane barrier in between source and receiving phase.
The transports of amine are occurred through the fiber
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Figure 2: The amine transport through FSSM

supported solid membrane phase because of the dif-
ference in gradient concentrations in between source
and receiving phase, and also the driving forces of the
acid in the receiving phase. The reactions of amines
with the fiber supported (fiber supported citric acid)
acidic groups and the hydrochloric acid in the re-
ceiving phase have been explored for their transport
through FSSM.

3.2. Determination of permeability coefficient

In the FSSM cell, the rate of change of concentra-
tion of amine (Cs) in the source phase with respect to
time (t) through a cross section area (A), volume of
source phase (Vs) and fibers column membrane phase
length (l) can be given by the Equation1, where,k is
a rate constant.

− dCs/dt = k.A/(Vs.l).Cs
0 (1)

After integrating the Equation1, the permeability
coefficient (P) of transport of amine is obtained by the
Equation2. In the FSSM system, membrane supports
can be used with the design of cross section area to
length ratio (A/l), where length,l, is increased, while
the cross section area,A, is decreased. Therefore, in
the proposed FSSM system, by increasing the length,
l, and decreasing the cross section area,A, the mem-
brane support becomes a fiber with a long length,l,
and small cross section area,A, (As a fiber with long
length and low cross section areaA). The permeability
coefficient of transport of amine is expressed by Equa-
tion 2.

ln(Cs
t /C

s
0) = −(A/Vs).(P/l).t (2)

where,C0 is the value ofCt at time zero. The perme-
ability coefficient (P) is calculated from the plots of
log(Ct/C0) vs t (time) by using membrane cross sec-
tion area 5.73× 10−4 cm2, l cm length of fibers and
source phase volume 15 ml. The calculated permeabil-
ity coefficient (P) is used to interpret the data of trans-
port of amine through porous solid FSSM at different
experimental conditions. Porous solid FSSM was used
in a teflon tube (with od 0. 4 cm and id 0.2 cm).

The fibers supported solid membrane cation ex-
changer transport amine (TEA, pKa= 7.8, MEA, pKa

Figure 3: The plot of logCt/C0 vs. time, amine= 0.001 M, HCl=
0.1 M

= 9.5 and pyridine pKa= 5.21) through quaternary
ammonium salt formation mechanism from source so-
lution through membrane phase to receiving phase as
presented by following reaction.

Qs + R− COOH,m→ (R− COO−)HQ+,m (3)

(R− COO−)HQ+,m+HL,r→ R− COOH,m+QHL,r
(4)

3.3. Amine concentration variation

The experiments were carried out with the porous
solid FSSM. The amine concentration was determined
with respect to time. The plots are shown of logCt/C0

vs time (t) in the Figure3. The P values were calcu-
lated using the slope of the straight line, cross section
area (A, 5.73×10−4 cm2), and (l, 4 cm) length of fiber.

3.4. Fibers length effect

The plot of log P against the length of porous solid
FSSM is shown in the Figure 4. The log P value de-
creases with the increase in the length of the porous
FSSM. The cause of increased in the path length of
the amine transport through the FSSM is the increased
length of FSSM.

3.5. Stirring speed effect

Stirring of source and receiving bulk solutions is
essential in order to achieve the effective diffusion of
amine through bulk solution. The source and receiv-
ing phases were independently stirred at 50 to 130
rpm. The permeability coefficient (P) was estimated
for these stirring ranges. The increase in the P value
was observed for the 50 to 110 rpm. This shows that
the decrease in the thickness of diffusion layer at the
bulk liquid solution and also at the interface of liquid
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Figure 4: The variation of logP with respect to FSSM length, amine
= 0.001 M, HCl= 0.1 M

Table 1: The logP values with respect to stirring speed of bulk
phases, amine= 0.001 M, HCl= 0.1 M

Sr. No Stirring speed logP
(rpm) Pyridine TEA MEA

1 50 0.18 0.34 0.7
2 75 0.22 0.45 0.8
3 100 0.32 0.65 0.9
4 110 0.51 0.85 1.25
5 120 0.52 0.88 1.27
6 130 0.54 0.89 1.28

in the porous solid FSSM. The P value nearly remains
the same for 110 to 130 rpm (Table 1). This stirring
range represents the achievement of minimum diffu-
sion layer thickness at the interface of liquids in the
FSSM. Further, research studies were explored at 120
rpm. It was observed that the pyridine was trailed to
MEA and pyridine.

3.6. Acid concentration effect

The transport of amine through the porous solid
FSSM depends on the gradient concentration in the
source and receiving phase. The effect of driving
forces of acid is explored for the transports of amine
from source to receiving phase through the FSSM. The
acid concentration in the receiving solution strip out
the amine from the carboxylic acid groups from the
FSSM (Equation 4). The acid concentration in the re-
ceiving solution was varied for 0.01 to 0.2 M (Table2).
The increased acid concentration increases the log P
values for the concentration range 0.01 to 0.20 M. The
relative sequence of transport of amines in the receiv-
ing phase was observed in the increased concentration
as MEA> TEA > pyridine

3.7. Effect of solvent

The solvent effect has been studied on the cation
exchange chromatographic separations of amine. The
Figure 5 shows the transport of amines with the vari-
ation of solvent in the receiving phase. It was ob-
served that the hydrochloric acid is more efficient than

Table 2: The logP values with respect to hydrochloric acid concen-
tration in receiving phase, amine= 0.001 M

Sr. No HCl, mol/l log P
Pyridine EA MEA

1 0.01 0.16 0.44 0.82
2 0.05 0.32 0.65 1.02
3 0.1 0.51 0.85 1.25
4 0.2 0.76 1.1 1.48

Figure 5: The relation betweenP and solvent, amine= 0.001 M,
HCl = 0.1 M

water or methanol- phosphate buffer for the transport
of amines from the source to receiving through mem-
brane phase. MEA travelled more rapidly than TEA
or pyridine.

3.8. Hydrophobic and hydrophilic surface effect

The transports of amine were explored through the
porous solid fiber supported in hydrophobic surface of
teflon tube (id 0.2 cm) and hydrophilic surface of glass
tube (id 0.2 cm). The results show that the transports
of amine through the FSSM in teflon tube are higher
than that of glass tube FSSM. The effect hydrophobic
surface of teflon and hydrophilic surface of glass tube
have on the transports of amine.

3.9. Enrichment of amine

The initial concentration of amine in the source so-
lution was varied in the range 10-6 to 10-2 M. The ob-
served enrichment factor (EF is a ratio of amine con-
centrations at time in the receiving to source phase)
with respect to initial amine concentration in source
solution is shown in Table3. The enrichment fac-
tor (EF) decreases with increase in the initial amine
concentration in the source phase. The enrichment of
amine is more effective from its low concentration so-
lution. However, MEA was found more advanced in
the receiving phase than TEA or pyridine

4. Conclusion

The transports of pyridine, MEA and TEA were in-
vestigated FSSM from source to receiving phase. The
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Table 3: The EF (enrichment factor) values with respect to amine
concentration, HCl= 0.2 M

Sr. No Log [Amine] EF
Pyridine TEA MEA

1 -2 1.15 1.21 1.37
2 -3 1.22 1.25 1.49
3 -4 1.27 1.31 1.62
4 -5 1.41 1.51 1.83
5 -6 1.62 1.7 2.28

transports of pyridine, MEA and TEA depend on the
hydrochloric acid concentration (0.01 to 0.2 M) in the
receiving phase and stirring of bulk phases (50-130
rpm). The enrichment factors observed for pyridine,
MEA and TEA were 1.62, 2.26 and 1.7, respectively.
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