
 

 

1. Introduction 

Porous metal–organic frameworks (MOFs) 

functional materials have great potentials in 

various applications [1-2]. The equilibration and 

transport properties are important of different 

gases mixtures in a bio-metal organic framework 

(bio-MOF). Metal organic framework materials are 

useful for storing and separation of gases [3-4]. 

Metal organic framework (MOF-74) of cobalt, 

magnesium, nickel, and zinc metal centers had 

been tested for the removal of ammonia, cyanogen 

chloride, and sulfur dioxide from air under humid 

conditions [5-6]. Supported amine or ionic liquids 

materials and metal-organic framework materials 
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were highlighted for CO2 capture [7-8]. Metal-

organic framework compounds after chemically 

modifications were used to capture gases. 

Incorporated metal organic framework in fibers by 

covalent bonding and then using the chemistry of 

the fiber surface were used to capture gases. A 

metal–organic framework (MOF) having ability of 

hydrogen-bonding donor and acceptor were proved 

to be effective for selective sorption [9-12]. Anion 

separations were carried out with metal–organic 

frameworks (MOFs) [13-14]. Chemically modified 

cellulose fibers were used for the separation and 

pre-concentration of metal ions [15-16].  Generally, 

metal organic framework (MOF) was used for the 
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sequestration or storing and transportation of 

chemical species. In plants, the metal organic 

framework is used to transport and convert the 

chemical species by using capillary action 

mechanism. Thus, metal organic framework 

(MOF) chemically fixed (attached) on polymeric 

materials could be used to transport and 

chemically convert the chemical species. In this 

paper, the explored idea is adsorptive transport of 

CO2 through cellulose fiber supported solid 

magnesium metal ion organic framework 

membrane.  However, there are some reports on 

the chemically conversion of chemical species 

through metal organic framework [17-18]. The 

synthesis of metal organic framework and also 

the designs of the systems are the important 

aspects to explore.  

β- diketones of magnesium form 1:1 complexes 

with bidentate ligands such as 2 2’-bipyridine, 

ethylene glycol and 1, 10 phenanthroline. 

Tris(bipyridine)ruthenium(II) dichloride, 

[Ru(bipy)3]Cl2 hexahydrate, red crystalline salt 

with distinctive optical properties, was explored 

in point of view all of the properties of interest of 

the cation [Ru(bipy)3]2+. The chlorides of these 

complexes can be replaced with other anions. 

Photoredox catalysis [Ru(bipy)3]2+ with visible 

light had been used as a tool for preparative 

organic chemistry [19-20]. Bipyridine complexes 

absorb in the visible region. The electronic 

transitions were attributed to metal-to-ligand 

charge transfer. In the tris(bipy) complexes, three 

bipyridine molecules are coordinated to a metal 

ion, [M(bipy)3]n+ (M =  Cr, Fe, Co, Ru, Rh and bipy 

= 2,2'-bipyridine). These complexes have six-

coordinated, octahedral structures. Under 

strongly reducing conditions, most tris(bipy) 

complexes can be reduced to neutral derivatives 

containing bipy- ligands (viz. M(bipy)3 where M = 

Al, Cr, Si). The related N-heterocyclic ligand 

phenanthroline does not have the same 

conformational flexibility and tends to bind metal 

ions more strongly [21]. The compound, 

[Mg(C10H8N2)(H2O)4](C7H4FO2)2, consists of a 

bivalent [Mg(C10H8N2)(H2O)4]2+ cation and two 4-

fluorbenzoate anions. In the complex cation, the 

Mg(II) atom is coordinated by two N atoms from a 

2,2'-bipyridine ligand and four water O atoms in a 

distorted MgN2O4 octa-hedral geometry [22-23]. 

The formation constants for the complexes of 

Mg2+, Ca2+, Sr2+ and Ba2+ with 2,2'-bipyridyl and 

1,10-phenanthroline had been determined from 

pH measurements in aqueous solution, at 10, 25 

and 40 degrees and various ionic strengths in the 

range 0.05 — 0.95 M [24]. The complexes Cp2ML2, 

with M = Ti, Zr and Hf, and L2  = bipyridyl, 

biquinoline and 4,4′-dimethyl-2,2′-bipyridyl, were 

prepared in excellent yields via magnesium 

reduction of the respective group 4 metallocene 

dichlorides in THF solution [25]. Since, the metal 

organic framework has high surface area and 

porosity, so far, the developed metal organic 

framework was used to capture and sequester the 

gases such as hydrogen, CO2, methane, etc. 

However, here, the idea is to immobilize the 

metal organic framework on cellulose fiber and its 

utilization for the transport of chemical species 

through it especially for transport of carbonate 

ions. Such studies are lacking. 

For the separation and recovery of cation and 

anions, the different methods such precipitation, 

gravimetric, ion exchange, solvent extraction, etc. 

are used. However, these methods have the 

disadvantages such as phase separation 

problems, time consuming, loss of costly reagents 

and solvent, multistep processes, etc. Membrane 

technique eliminates all such problems occurred 

during the operations. Supported membrane 

technique is an on line and continuous process 

can be carried out several hours. Therefore, fiber 

supported solid membrane technique is an 

emerging technique for the separation and 

recovery of metal ions, cations and also anions. 

Porous polymer fibers such as cellulose 

containing amine groups with porous metal 

organic framework chemically attached could be 

used for adsorbing and transporting the acidic 

gases such as CO2, SO2, NO2, etc. Therefore an 

attempt has been made to attach the 2′2-

bipyridine through magnesium complex to the 

cellulose citrate framework. In this work, the 

kinetic of carbonate ion was explored through 

fiber supported solid membrane containing 

cellulose citrate, magnesium ion, and 2′2-

bipyridine. Adsorptive reactive transport of CO2 

was explored by bubbling CO2 in source solution 

from source to receiving phase through cellulose 

fiber supported solid magnesium metal ion 

organic framework membrane.  Fiber supported 

solid membrane technique could be used for the 

transport or selective removal or recovery or 

separation of metal ions and also anions from the 

geological sites such as in mining industries. By 

keeping these aspects front side, in this paper, 

the basic studies of kinetic of transport of 

carbonate ions were explored the cellulose fiber 

supported solid membrane.  

 

2. Materials and Methods 

2.1 Chemicals 

The acid solutions were prepared from 
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concentrated acids (MERCK, India Ltd.,) by using 

distilled and de-ionized water. The pretreated 

cellulose porous solid fibers were (Aldrich 

Chemicals) used for their chemical modification. 

The standard solution for the analysis of 

carbonate was prepared from the sodium 

carbonate (MERCK Chemicals) .  The 

standardization of carbonate ion was done either 

by acid-base titration or ion selective electrode 

depending on the carbonate ion concentrations. 

Carbonate ions were prepared by bubbling CO2 in 

aqueous solution and then carbonate ions were 

standardized by standard methods. Magnesium 

was determined by EDTA titration, precipitation 

and flame photometry depending on 

concentration. Citric acid was estimated by acid-

base titration. 1,10 phenanthroline or 2,2’ 

bipyridine was determined acid-base titration or 

spectrophotometry depending on concentration. 

The fiber supported solid membrane cell was used 

to measure the permeability coefficient (P) 

(Figure 1). The carbonate ion concentration was 

determined with respect to time from the source 

and receiving solutions. 

 

2.2 Chemically modification of cellulose 

Fiber 

The porous solid fibers were used with 

dimensions, the diameter 0.027 cm (270 µm), 

porosity 30 to 50 % and cross section area 5.73 x 

10-4 cm2. The cellulose fibers were modified 

chemically by the scheme.  

The modified cellulose fiber supported solid 

membrane was prepared [26-29]. The pre-treated 

cellulose fibers were treated with 0.5 M citric acid 

in the ratio of 1:12 (cellulose fiber: acid, w/v) 

under stirring for 30 min, and then keeping in a 

stainless steel reactor and dried at 50 oC in a 

forced air oven for 24 h. The thermo-chemical 

esterification of citric acid and cellulose fiber was 

carried out in the oven at 120 oC for 90 min. The 

esterified cellulose fibers were washed with 

distilled water until the filtrate is free from citric 

acid (Tested as no turbidity with 0.1 M lead (II) 

nitrate solution). The combined complex of 

magnesium with esterified cellulose fibers and 

2′2-bipyridine were formed with the treatment of 

magnesium salt by stirring. The excess 

magnesium carbonate and 2′2-bipyridine were 

removed by washing thoroughly with distilled 

water and then ethanol. The wet modified 

cellulose fibers were dried at 50 oC for 24 h, and 

then preserved in desiccators for further use.  

 

2.3 Procedure 

In the source phase compartment of the 

cellulose fiber supported solid membrane cell, a 

suitable carbonate ion concentration in 15 ml was 

used. In the receiving phase compartment of 

cellulose fiber supported solid membrane cell, 15 

ml of aqueous solution containing the appropriate 

concentration of sodium hydroxide was used. The 

source and receiving phases were connected by 

fiber supported solid membrane through a teflon 

tube. The transport of carbonate ions through 

cellulose fiber supported solid membrane was 

studied by varying the experimental parameters 

such as cellulose fiber membrane length, 

carbonate ion concentration in the source phase, 

stirring of bulk phases, NaOH concentration in 

receiving phase, etc. The transported carbonate 

ions per unit membrane length, cross section area 

and time were estimated.  In order to test the 

adsorptive transport of CO2 through cellulose 

fiber supported solid membrane, the permeability 

of carbonate ions were determined with/without 

bubbling CO2 with  a flow rate 0, 1, 2, 4, 6, 8, 10 

ml/min in the source phase. The samples of the 

source and receiving phases were analyzed for 

carbonate ions with respect to time.  

 

3. Results and Discussion 

3.1 Mechanism of transport of carbonate 

ions 

In the carbonate ion transport mechanism, the 

transport of carbonate ions from source to 

receiving through fiber supported solid membrane 

is illustrated in the Figure 2. There is no 

continuous flow of mobile phase either from 
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 Fiber supported solid membrane  
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phase 

Teflon 
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Fig.  1: The schematic presentation of fiber sup-

ported solid membrane cell  



 

source or receiving phase through the fiber 

supported solid membrane. The capillary action 

mechanism in the porous fiber helps to maintain 

the liquid in the fiber during the transport of 

carbonate ions. However, there is a transport of 

carbonate ions from the source through the 

membrane to receiving phase due the driving 

forces of receiving phase. Moreover, the ion 

exchange and diffusion of chemical species 

through the fiber supported solid membrane are 

the important parameters responsible for the 

transport of carbonate ions. In the fiber supported 

solid membrane phase, chemically bonded citric 

acid, magnesium metal ion and 2′2-bipyridine to 

cellulose fibers are used as the membrane 

barriers in between source and receiving phases. 

The driving forces of alkali concentration in the 

receiving phase enhance the transport of 

carbonate ions from source to receiving through 

membrane phase. 

For the calculation of permeability coefficient 

(P), the rate of change of concentration of 

carbonate ion (Cs) in the source phase or 

receiving phase with respect to time (t) through a 

cross section area (A), volume of source phase (Vs) 

and fiber supported solid membrane phase length 

(l) can be given by the Equations (1, 2), where, k 

is a rate constant [30]. 

 

-dCs/dt  =  k. A/(Vs . l) . C0s    (1) 

 dCr/dt = k .A/(Vr.l). Cor           (2) 

 

After integrating the equation (1) or (2), the 

permeability coefficient (P) of transport of 

carbonate ions is given by the equations (3, 4).  

 

Ln (Cts/ C0s) = - (A/Vs ). (P/l).t   (3) 

Ln (Ctr/ C0r) =  (A/Vr). (P/l).t   (4) 

 

The calculated permeability coefficient (P) is used 

to interpret the data of transport of carbonate 

ions through porous solid fiber supported solid 

membrane at different experimental conditions.  

 

Kinetic curves for carbonate ion  

The carbonate ion concentration variation with 

respect to time was determined in source and 

receiving phases. In Figure 3, the kinetic curves 

for carbonate ion concentration in the source and 

receiving phases are given. The results indicate 

that the transport of carbonate ions was observed 

with respect to time. 

The reactions occurred in the fiber supported 

solid membrane system are the anion exchange of 

carbonate ions from source solution through 

membrane  (R –N, citric acid through magnesium 

and 2′2-bipyridine bonded to cellulose) to 

receiving phase (NaOH) are given by following 

equations: 

 

HHCO3,s + R-N ,m  → R-N-H-HCO3 ,m  (extraction)

            (5) 

 

R- N-H-HCO3,m + 2 NaOH ,r → R-N,m +Na2CO3,r + 

2H2O,r    (stripping)      (6) 

   

 

3.2 Determination of permeability 

coefficient  

The transport of carbonate ions through fiber 

supported solid membrane from source to 

receiving solution was explored. To estimate the 

permeability coefficient (P) of carbonate ions, the 

carbonate ion concentration in the source and 

receiving phase with respect to time was 

determined. From the slope of the plots of log 

(Ct/C0) vs. t, the permeability coefficient (P) was 

determined by using the values of A (5.73 x 10 -4 

cm2, cross section area), V (15 ml, volume) and l (2 

cm, length). The plots of log (Ct/Co) with respect to 
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Table 1: Effect of rpm stirring speed on log P values 

for carbonate ion, carbonate ion = 0.001 M and NaOH 

= 0.01 M  

 Fiber supported membrane 

length, cm 

Log P 

Carbonate ion, 

 40 1.33 

60 1.53 

80 1.74 

100 1.95 

110 2.12 

120 2.19 

130 2.20 

140 2.21 

Fig.  2: Illustration of transport of carbonate ions 

through fiber supported solid membrane  
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time are given in Figure 4. 

 

3.3 Effect of stirring on permeability 

coefficient  

In order to achieve the effective transport of 

carbonate ions from source to receiving phase 

through membrane phase, the stirring of bulk 

source and receiving phases are essential to 

minimize the diffusion layer in between the 

interfaces of the chemical species in bulk solutions 

and also in solutions in fibers . Source and 

receiving bulk phases were stirred in the range 

from 50 to 140 rpm. In Table 1, the log P values 

with respect to stirring (in rpm) of bulk phases are 

given. The permeability coefficient P is increased 

with the increased in rpm until 120. In the range of 

rpm 120 to 140, there is no change in log P values. 

However, further experimental studies were 

carried out at 125 rpm. 

 

 

 

3.4 Effect of fiber membrane length on 

permeability coefficient 

The travel path of carbonate ions depends on 

the fiber supported membrane length, cross section 

area of fiber supported solid membrane, 

concentration in source and receiving phase, 

stripping agent in receiving phase. The length of 

fiber supported solid membrane determines the 

time required for travelling of chemical species. 

Therefore, the length of fiber supported solid 

membrane is an essential parameter to explore. 

The fiber membrane length is varied in between 1 

to 10 cm (Figure 5). Log P decreases with 

increasing in length of fiber supported solid 

membrane. 

 

3.5 Effect of NaOH on permeability 

coefficient  

Stripping agent NaOH concentration in 

receiving phase is an effective parameter to 

transport the carbonate ions from source solution 

through membrane to receiving phase. Therefore, 

Copyright © 2012, BCREC, ISSN 1978-2993 

Table 2: Effect of carbonate ion concentration in 

source solution on EF values, NaOH= 0.01 M  

Log 

[Carbonate] 

EF 

Carbonate  ion 

 -6 2.63 

-5 2.14 

-4 1.95 

-3 1.62 

-2 1.59 

Table 3: Effect of CO2 flow rate on log P,  carbonate 

= 0.001 and NaOH = 0.05 M 

CO2, ml/min  Log P 

Carbonate  ion 

0 2.21 

1 2.31 

2 2.39 

4 2.51 

6 2.63 

8 2.78 

10 2.99 
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Fig. 3: The concentration of carbonate ions in 

source and receiving phases versus time  
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NaOH concentration in receiving phase was varied 

from 0.0001 to 0.01 M. In Figure 6, log P against 

concentration of NaOH is given. With the 

increased in NaOH concentration in receiving 

phase, the transport of carbonate ions from source 

phase to receiving phase is increased. 

 

3.6 Effect of citric acid-Mg-2′2-bipyridine 

complex on cellulose fiber on permeability 

coefficient 

Citric acid-Mg-2′2-Bipyridine is a solid 

membrane phase on cellulose fiber. Chemically 

bonded citric acid was varied by means of chemical 

reaction over cellulose fibers. In Figure 7, 

transport studies of carbonate ion with variation of 

loading of citric acid-Mg-2′2-bipyridine over 

cellulose fibers were shown. The observed results 

show that log P value increases with the increase 

in loading of citric acid-Mg-2′2-bipyridine over 

cellulose fibers. 

 

3.7 Enrichment of carbonate ion 

The enrichment of carbonate ion from dilute 

solution was carried out with variation of 
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Table 4: Effect of citric acid-metal ion- 2′2-

bipyridine and citric acid-metal ion- 1,10 phenan-

throline loading on log P, carbonate = 0.001 and 

NaOH = 0.05 M  

Cellulose-citric acid-metal ion- 

2′2-bipyridine orCellulose- cit-

ric acid-metal ion- 1,10 phe-

nanthroline,  loading 2.15 

mmol/g 

Log P 

Carbonate  

ion 

Cellulose-citric acid-iron- 2 2’ 

bipyridine 

2.31 

Cellulose-citric acid- magnanese -2 

2’ bipyridine- 

2.13 

Cellulose-citric acid–cobalt-2 2’ 

bipyridine 

2.09 

Cellulose-citric acid–copper-2 2’ 

bipyridine 

2.27 

Cellulose-citric acid -zinc-2 2’ 

bipyridine 

2.34 

Cellulose-citric acid–ruthenium- 2 

2’ bipyridine 

2,39 

Cellulose-citric acid -rhodium -2 2’ 

bipyridine 

2.37 

Cellulose-citric acid -platinum -2 2’ 

bipyridine 

2.38 

Cellulose-citric acid-iron-1,10 phe-

nanthroline 

2.18 

Cellulose-citric acid-maganese -

1,10 phenanthroline 

2.09 

Cellulose-citric acid-cobalt-1,10 

phenanthroline 

2.16 

Cellulose-citric acid -copper-1,10 

phenanthroline 

2.21 

Cellulose-citric acid -zinc-1,10 phe-

nanthroline 

2.34 

Cellulose-citric acid-ruthenium-

1,10 phenanthroline 

2.37 

Cellulose-citric acid –rhodium- 

1,10 phenanthroline 

2.38 

Cellulose-citric acid-platinum-1,10 

phenanthroline 

2.37 

0 2 4 6 8 10 12 14
1.0

1.5

2.0

2.5

Fig. 5
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Fig. 5: Effect of fiber membrane length on log P, 

carbonate = 0.001 M and NaOH = 0.05 M 
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Fig. 6: Effect of NaOH concentration in receiving 

phase on log P 
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carbonate ion in source solution. In Table 2, the 

enrichment factor (EF) with respect to carbonate 

ion concentration in source solution is given. The 

EF was observed higher when the low 

concentration of carbonate ion was used in source 

solution. 

 

3.8 Permeability coefficient for carbonate, 

sulfate and nitrate ions 

Permeability coefficient of carbonate, nitrate 

and sulfate ion was explored through fiber 

supported solid membrane. In Figure 8, the results 

of permeability coefficient of carbonate, sulfate and 

nitrate ions are given. The results show that 

carbonate ions travel faster than that of sulfate 

and nitrate ions.  

 

3.9 Effect of bubbling of CO2 in source phase 

on permeability coefficient 

In order to test the adsorptive reactive 

transport of CO2 through fiber supported solid 

membrane, some experiments were carried out by 

bubbling CO2 through source solution with 

different flow rates such as 0, 1, 2, 4, 6, 8, and 10 

ml/min. The permeability coefficients of carbonate 

ions with and without bubbling of CO2 were 

determined. In Table 3, log P values were given 

against the carbonate ion concentration in 

presence or absence of bubbling CO2 through 

source phase. The results show that the bubbling 

of CO2 in source phase increases the log P values of 

carbonate ions. These results indicate that the 

adsorptive reactive transport of CO2 was observed. 

 

 

3.10. Log P values for the different metal –

ligand complexes 

Different metal complexes such as 2 2’ 

bipyridine-iron, 2 2’ bipyridine-magnanese, 2 2’ 

bipyridine –cobalt, 2 2’ bipyridine –copper, 2 2’ 

bipyridine-zinc, 2 2’ bipyridine-ruthenium, 2 2’ 

bipyridine-rodium, 2 2’ bipyridine-platinum, 1,10 

phenanthroline-iron, 1,10 phenanthroline-

maganese, 1,10 phenanthroline-cobalt, 1,10 

phenanthroline-copper, 1,10 phenanthroline-zinc, 

1 ,10  phenanthro l ine -ruthen ium,  1 ,10 

phenanthroline-rodium and 1,10 phenanthroline-

platinum were attached to the cellulose citrate. 

The log P values of carbonate ion transport were 

determined (Table 4). The results indicate the 

cellulose citrate-metal ion-2’2 bipyridine or 

cellulose citrate-metal ion-1,10 phenanthroline 

complexes transport the carbonate ion from source  

through membrane to receiving phase 

 

4.  Conclusion 

Kinetic studies of carbonate ion were done 

through fiber supported solid membrane. 

Transport of carbonate ions were studied with 

variation of different experimental parameters 

such as fiber supported solid membrane length, 

stirring of bulk phases, concentrations of carbonate 

ions in source solution, NaOH concentration in 

receiving phase, etc. Kinetic shows that the 

carbonate ions travel faster than that of sulfate 

and nitrate ions. The adsorptive reactive transport 

of CO2 was observed through fiber supported solid 

membrane. The proposed fiber supported solid 

membrane technique has advantages over the 

other techniques such as precipitation, 

Copyright © 2012, BCREC, ISSN 1978-2993 
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gravimetric, solvent extraction, ion exchange, etc. 

The advantages include the on line process, no loss 

of solvent or extractant, less time required, no 

involved multiple step, etc. Fiber supported solid 

membrane technique could be used for the 

transport or selective removal or recovery or 

separation of metal ions and also anions from the 

geological sites such as in mining industries  

 

Nomenclature 

P Permeability coefficient of carbonate ions  

V Volume in ml (mL) 

l Length of cellulose porous solid fiber, cm 

A Cross section area of the cellulose porous 

solid fibers, cm2 

C Concentration, M (mol/l) 

t          Time, min 

EF Enrichment factor 

 

Subscripts 

m  membrane phase 

s source phase 

r receiving phase 
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