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Abstract Cellulose acetate membrane was prepared using calcium carbonate and sodium carbonate as pore-forming 

agents to reach to the optimal condition for preparing CA membrane. The production of the membranes based on 

phase inversion techniques and FTIR was utilized to identify the surface functional groups on the prepared 

membrane. A scanning electron microscope (SEM) was used to observe the outer surface morphology of the 

membranes obtained by different pore-forming agents. The surface areas and the pores distribution were discussed 

using nitrogen adsorption isotherms. X-ray diffraction analysis was performed on the prepared membranes to 

determine their degree of crystalline or amorphous nature. The XRD patterns for all the prepared membranes were 

similar to each other. The membrane prepared by calcium carbonate as a pore-forming agent shows the highest 

surface area (SBET) of 27.249 m2g-1 and a mean pore diameter of 8.1211 nm with a porous structure. 

Keywords Cellulose acetate, membrane, calcium carbonate, sodium carbonate, phase inversion technique, nitrogen 

adsorption isotherm, SEM, XRD 

1. Introduction 

Membrane water treatment is a low-cost technology for water resource expansion and contaminated water treatment. 

Membrane water treatment has superior performance in the removal of particles, microorganisms, and turbidity in 

natural and wastewater [1]. Membrane technology has received the most attention due to its simple process, low 

energy consumption, and compatibility with the environment. Phase inversion is a process of controlled polymer 

transformation from a liquid phase to solid phase. The phase inversion process occurred based on the reduction of 

the solubility of the membrane-forming polymer in the solvent [2]. There are four basic techniques used to create 

phase inversion membranes (Figure 1). 

Precipitation from the Vapor Phase where once a solvent-polymer mixture is cast on the film; it is placed in a vapor 

atmosphere that contains a nonsolvent saturated with the same solvent. Due to the high concentration of solvent in 

the vapor atmosphere, the solvent from the cast film stays instead of evaporates into the atmosphere. Membrane 

forms by diffusion of nonsolvent into the cast film. Precipitation by Controlled Evaporation where the evaporation 

of the solvent due to high volatility occurs, causing the composition to have a higher nonsolvent and polymer 

content. 
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Figure 1: Techniques used to create phase inversion membranes 

The polymer eventually precipitates and forms a skinned membrane. Thermally Induced Phase Separation in which 

a mixed or single solvent polymer solution is cooled down to achieve phase separation. Solvent evaporation induces 

membrane formation. This method is often used in preparing microfiltration membranes. Immersion Precipitation 

phase inversion via immersion precipitation is the most widely-used membrane preparation method. A polymer plus 

solvent (polymer solution) is cast on a proper supporting layer and then submerged in a coagulation bath containing 

nonsolvent. Due to the solvent and nonsolvent exchange, precipitation takes place. The polymer must be soluble in 

solvent mixture. The combination of phase separation and mass transfer affects the membrane structure. Out of the 

four, immersion precipitation is the most widely-used technique for preparing polymeric membranes. The schematic 

of the membranes production in our work was presented in Figure (2).  

 
Figure 2: The schematic of the membranes production 

   
Figure 3: Chemical structure of cellulose acetate polymer 

Cellulose acetate Figure (3) is one of the most widely used polymer types for the production of filtration membranes 

due to its high hydrophobicity, good toughness, high biocompatibility, and resistance to solvents (3). CA is a 
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semicrystalline insoluble in water but swells due to hydrophilic -OH moieties and acetyl groups on the polymer 

backbone [4]. Plasticizers are described as low-volatility fluids used to increase the flexibility and extensibility of 

films by reducing the intermolecular forces between polymer chains to generate the pores such as glycerol, Ni 

(NO3)2.6H2O and Zn (NO3)2.6H2O [5-7]. 

 

2. Experimental 

2.1. Materials 

Cellulose acetate powder (Mw 50,000; 39.7 wt% acetyl content), acetone (99%), calcium carbonate (CaCO3), 

sodium carbonate (NaCO3) and hydrochloric acid HCl (37%), all the above-mentioned chemicals were purchased 

from EL-Naser for chemical and pharmaceutical (Egypt). Distilled water was utilized for solution preparation and 

glassware cleaning. All chemicals used in this work were of analytical grade, they were used as received, without 

further purification. 

 

2.2. Preparation of cellulose acetates membranes 

To reach to the optimal condition for preparing CA membrane, four membranes were prepared with different 

contents to make comparison between them. The first one contained 5% CA was prepared by dissolving 1 g of the 

powder CA in 19ml acetone (5% wt/v) and stirred for 1 h until homogeneous solution formed. The casting solution 

was static for 1/2 h then poured onto a clean glass plate and dispersed using a glass rod then evaporated in the air for 

15 s, finally dried and stored for another use. The second one 1 g of the powder CA was dissolved in 19ml acetone 

(5% wt/v) and stirred for 1 h. The pore-forming reagent calcium carbonate CaCO3 (1.5gm) was added to the solution 

and stirred for 1/2 h.  The casting solution was static for 1/2 h. The prepared casting solution was poured onto a 

clean glass plate and dispersed using a glass rod. The nascent membrane was evaporated in the air for 15 s and 

immersed in a bath of HCl (0.02M) for 1/2h. Then it was being immersed in a deionized water bath several times to 

eliminate all the calcium carbonate and residual acid. The third one, 1 g of the powder CA was dissolved in 19ml 

acetone (5% wt/v) and stirred for 1 h. The pore-forming reagent sodium carbonate NaCO3 (1.5gm) was added to the 

solution and stirred for 1/2 h.  The casting solution was static for 1/2 h. The prepared casting solution was poured 

onto a clean glass plate and dispersed using a glass rod. The nascent membrane was evaporated in the air for 15 s 

and immersed in a bath of HCl (0.02M) for 1/2h. Then it was being immersed in a deionized water bath. The fourth 

one containing 10% CA, 2 g of the powder CA was dissolved in 18ml acetone (5% wt/v) and stirred for 1 h. The 

pore-forming reagent sodium carbonate NaCO3 (1.5gm) was added to the solution and stirred for 1/2 h.  The casting 

solution was static for 1/2 h then poured onto a clean glass plate and dispersed using a glass rod. Finally, it 

evaporated in the air for 15 s and immersed in a bath of HCl (0.02M) for 1/2h then it was being immersed in a 

deionized water bath. 

 

2.3. Characterization 

The membranes thicknesses (µm) were obtained with the aid of a digital micrometer and the measurements were 

taken at ten points for each membrane. The textural properties of prepared membranes were determined by physical 

adsorption – desorption of nitrogen gas at -196oC using BEL MASTER High pressure adsorption analyzer 

(BELSORP-HP, Japan) at National Institute of Oceanography and Fisheries. Before each adsorption measurement, 

the samples were degassed under vacuum at -150oC and 10-5 Torr overnight to ensure adry clean surface. The 

specific surface area (SBET, m2/g) was determined by applying the adsorption isotherm using the Brunauer-Emmett-

Teller (BET) equation. The adsorption isotherm was constructed as the volume adsorbed (V cm3/g) versus the 

equilibrium relative pressure P/Po, where P is the equilibrium pressure and Po is the saturation pressure. 

Determination of SBET by the first part of isotherm (0.05 < P/Po< 0.3) using 0.162 nm2 as the cross-sectional area of 

the adsorbed nitrogen molecules. The total pore volume was calculated from the amount of nitrogen adsorbed at a 

relative pressure (P/Po) approximately 0.98. The pore size distribution was calculated using the Barrett – Joyner-

Halenda (BJH) model. The surface morphology and topographic analysis of the prepared membranes were examined 

by Scanning Electron Microscope (SEM) JSM-5300 (JEOL Ltd., Japan) instrument with a 30 kv accelerating 

voltage. Prior to the measurement, the samples were dried at 110 oC for 4 h. The samples were coated with a thin 
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layer of gold for charge dissipation to clear visibility of the surface morphology [8]. Fourier transform infrared 

spectra (FTIR) were recorded in the range between, 4000 and 400 cm-1 on a Perkin Elmar FT-IR (FRONTIER 

OPTICA + SP10 STD, L1280032, USA) at National institute of Oceanography and Fisheries in Alex. X – ray 

diffraction analysis was performed on the prepared samples to determine the degree of crystalline or amorphous 

nature of the prepared membrane. Powder diffractometry (XRD) was detected via (Shimadzu 7000) diffractometer 

with Cu-Kα radiation beam (λ= 1.5406 Ao). 

 

3. Results and Discussion 

Four membranes were prepared (M1, M2, M3 and M4) with different contents to reach to the optimal condition for 

preparing CA membrane Table (1). 

Table 1: The contents of the prepared membranes 

Membrane Solvent CA(%) CaCO3(g/100ml) Na2CO3 

M1 acetone 5% _________ _________ 

M2 acetone 5% 7.5 _________ 

M3 acetone 5% _________ 7.5 

M4 acetone 10% _________ 7.5 

 

3.1. Thickness 

It was noted that the addition of glycerol contributed to increasing the thickness of the cellulose acetate membranes 

[9,10]. The prepared membrane thicknesses are displayed in Table (2). In this approach, the plasticizer's presence 

may have triggered a certain disarray and breakdown of the intra- and intermolecular connections of the polymeric 

material, which led the chains to disperse and resulted in an increase in membrane thickness. 

 

 

 

Table 2: Average values of the thickness of the cellulose acetate membranes 

Membrane Thickness (µm) 

M1 40.34  

M2 43.16 

M3 43.32 

M4 44.67 

 

3.2. N2 adsorption isotherm 

Figure (4) shows nitrogen adsorption-desorption isotherms of M1, M2, M3 and M4 membranes. The four samples 

exhibited adsorption isotherm of type IV, showing a hysteresis loop at relative pressures above 0.3. The similar 

shapes, i.e. with a steep curve at the low-pressure range, then parallel to the relative pressure axis at the high-

pressure range. The adsorption and desorption branches followed nearly the same path with a relatively narrow 

hysteresis loop. The observation of a hysteresis loop indicates the presence of wider pores, which may be related to 

the effect of Na2CO3, CaCO3 and glycerol. This type of hysteresis loop is attributed to cylindrical pores and or the 

'ink bottle' pores [11]. According to the IUPAC recommendation hysteresis classified into types H1, H2, H3 and H4 

as shown in Figure (4). All the studied membranes gave isotherm with type H4 in which parallel and almost 

horizontal branches and this is often associated with narrow slit pores. The values of surface area SBET (m2/g), total 

pore volume VT(mL/g) and pore radius(nm) are summerized in Table (3). The BET constant is considering a 

measure of the heat of adsorption or in other words the strength of the interaction in the first adsorbed layer. the 

surface area of M1 membrane (18.919 m2/g) and total pore volume (0.02434 mL/g) are low due to the absence of 

pore forming agents. In case of M2 membrane on using CaCO3 as pore forming agent the surface area was increased 

to 27.249m2/g with 44.03 % increases in relative to M1 membrane and total pore volume of 0.038411mL/g. For M3 
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membrane on using Na2CO3 and glycerol the surface area was (21.745m2/g) and total pore volume also was 

(0.02779mL/g) with 14.94 % increases in relative to M1 membrane. This fact is due to its ability to form more pores, 

which increase the surface area of the membrane due to the interruption of the polymeric structure of cellulose 

acetate on adding Na2CO3 as pore forming agent. M4 membrane was showing the lowest surface area of 10.698m2/g 

with total pore volume of 0.016878mL/g due to increasing the cellulose acetate percentage from 5 to 10 % which 

difficult the role of the pore forming agent. The mean pore diameter of M1(3.5734nm) and M2 (8.1211nm) consists 

basically of mesopores, which are defined by IUPAC as pores has a radius from 2 to 50 nm. In case of M3 and M4 it 

was found that there pores radius were 5.1120 and 6.3109nm respectively, which related to the mesopores formed 

according to the IUPAC classification. The results show that the pore forming agents were efficient in terms of 

generating pores and increasing the specific surface area of the membranes. 

 

Table 3: The comparison between the prepared membranes M1, M2, M3 and M4 

Membrane Mean pore diameter (nm) SBET (m2g-1) Total pore volume(cm3g-1) 

M1 3.5734 18.919 0.02434 

M2 8.1211 27.249 0.038411 

M3 5.1120 21.745 0.027790 

M4 6.3109 10.698 0.016878 
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Figure 4: The Nitrogen adsorption /desorption isotherms for of the prepared membranes M1, M2, M3 and M4. 

 
3.3. Scanning electron microscopy analysis (SEM) 

Figure (5a and 5b) shows a smooth and homogeneous membrane surface for M1 where the cellulose acetate was 

used without any pore forming agent. In case of M2, M3 and M4 membranes already show surface containing pores 

of different diameters and depth. This is related to the effect of the pore forming agents (Na2CO3 and CaCO3) that 

they disrupt the cellulose acetate chains and breaking the microfibrillar structure. It is highly observed that M2 

membrane has smaller pores with homogeneous distribution on the membrane surface Figure (5c and 5d). M3 and 

M4 membranes have bigger pores with heterogeneous distribution on the membranes surfaces Figure (5e,f and 5g,h). 

M4 membrane showing smaller pores than M3 due to the increase in the cellulose acetate percentage in case of M4 

membrane which decrease the effect of Na2CO3 on generating large pores. Hence, the presence of the pore forming 

agents (Na2CO3 and CaCO3) and glycerol modified the polymer network and causing internal morphological 

changes which reflected with the appearance of pores with different size [12]. 
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Figure 5: The SEM micrographs of the prepared membranes (M1 (a and b)); M2 (c and d); M3 (e and f) and M4 (g 

and h)) at different magnification 

 

3.4. FTIR spectroscopy 

The surface functional group of the CA membrane (M2) was evaluated by FTIR Figure (6). For CA membrane (M2), 

the obtained spectra showed peak at 3480cm-1 representing –OH stretching [13]. The band at 2935 cm-1 represents 

the aliphatic of C-H group. The band at 1750 cm-1 is attributed to the stretching vibration of C=O bond, the band at 

1616 cm-1 related to c=c aromatic and a band at 1400 cm-1 shows O-H group. The characteristic bands around 1475 

cm-1 represent the bending vibration of CH2. The bands at 1373 and 1230 cm-1, corresponding to the characteristic 

band of C–O and C–H of acetyl group (CHCOO), respectively. 1226 cm-1 assigned stretching vibration of the C-O 

(g) (h) 

(f) (e) 
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group and the band at 900 cm-1 corresponding to the out-of-plane C-H bend [14]. Moreover, the bands located in 

1038 cm-1 is caused by hydroxyl ring of cellulose ether. The peaks around 1050cm-1 correspond to the stretching of 

the C-O bond. These features were signature peaks of lignocellulosic material [15]. 

 
Figure 6: FTIR – spectra of cellulose acetate membrane (M2) 

 

 

3.5. X–ray diffraction (XRD) 

 
Figure 7: The XRD for of the prepared membranes M1, M2, M3 and M4 

 

4. Conclusions 

The present work provides a simple and easy production process for the fabrication of polymeric membranes. The 

uses of pore forming agents were effective on creation of pores with the possibility to adapt pore size and 

morphology. The use of CaCO3 as pore forming agent was preferred that it providing a high surface area of 
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27.249m2/g with 44.03 % increases in relative to cellulose acetate only without pore forming agents and total pore 

volume of 0.038411mL/g. 
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