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ABSTRACT: Polymeric membranes are widely used for treatment of  lean 

stream in chemical process industries. These membranes are used in 

different configurations such as tubular, plate & frame, disc-tube, spiral 

and capillary/hollow-fibre. Membrane modules with capillary/hollow-

fibre configuration appears promising in ultrafiltration applications due to 

its relatively higher packing density, ease of  backwashing, ease of  cleaning 

and lower pressure drops since it can be operated at laminar flow regime 

with high cross-flow velocity. Hence, efforts are being made by researchers 

to make capillary/hollow-fibre membrane modules from various polymers, 

ranging from most hydrophilic polyacrylonitrile (PAN) to super-

hydrophobic polypropylene (PP) and polytetrafluorethylene (PTFE). Here, 

we discuss the qualifying properties of  the polymeric materials suitable to 

spin into capillary/hollow-fibre ultrafiltration membranes. Selection of  

polymers for making fibres requires in-depth knowledge of  properties 

of  base polymer and its processability/fabricability. The important 

properties to be considered for making capillary/hollow-fibre membrane 

are intrinsic structural properties of  the base polymer like degree of  

crystallinity, tensile strength, tensile modulus, etc. The functional 

properties such as permeability, hydrophilicity/hydrophobicity etc. also 

plays role in selecting polymer for a given application. The polymer should 

also have appreciable dissolution in available solvents or should have 

degradation temperature higher than melting point so that it can be 

processed through appropriate membrane preparation process. 

KEYWORDS: Polymers; membranes; capillary; hollow-fibre; 

ultrafiltration 

1. Introduction 

A membrane is a physical barrier that allows preferential transport of  one or more specie over other, 

thus causing separation. The main advantages of  membrane separation systems are its compact size, no 

additives requirement, ambient temperature operation, low specific power consumption, etc. In addition, 

owing to its modular nature, it can be easily scaled up and scaled down, as well as it can be easily 

integrated with other separation or reaction processes[1]. The polymeric membranes are widely deployed 

in industrial applications such as water treatment, gas separation, pretreatment of  seawater, desalination 

using reverse osmosis membrane, fruit juice concentration using forward osmosis membrane and in 

separations process of  the dairy, paper, textile industries, etc.[2]. It can be used in different module 
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configurations such as tubular, plate and frame, disc tube, spiral and capillary/hollow-fibre. The 

capillary/hollow-fibre module configuration has the highest packing density and thus offer more contact 

area per unit volume for the separation. Other advantages of  capillary module are ease of  backwashing 

and cleaning, operation in laminar flow regime to give lower pressure drop with high cross-sectional 

velocity. 

The capillary/hollow-fibre membranes are cylindrical supportless membrane with diameter in the 

range of  0.5 mm to 5 mm[3]. As these are supportless membrane, it requires good mechanical strength so 

as to deploy in the pressurised environment when compared to the supported membranes used in other 

membrane module configurations. The mechanical properties of  the capillary/hollow-fibre membrane 

depend on the mechanical properties of  the polymer from which it is prepared. Polymer selection is 

therefore one of  the important criteria for preparation of  the membrane. Intrinsic structural properties 

of  base polymer help in imparting mechanical strength to the final capillary membrane. These properties 

are degree of  crystallinity, tensile strength, tensile modulus, etc. Polymer should also be processable i.e., 

it should be easily soluble in common solvents or melt before degradation. It should be chemically stable 

with the process fluids, that is, it should withstand operating pH condition and should not undergo 

degradation or oxidation. It should be thermally stable and work without degrading at required 

temperature condition. In addition, hydrophilicity, adsorption characteristics to avoid 

fouling, biocompatibility plays crucial role depending on the field of  application. Systematic approach to 

polymer selection for development of  capillary/hollow-fibre membrane for practical applications is not 

available in the literature. 

Several polymers namely, polysulfone (PSf)[4,5], polyethersulfone (PES)[6,7], polyethylene (PE)[8,9], 

polyvinylchloride (PVC)[10,11], polyvinylidene difluoride (PVDF)[12,13], polypropylene (PP)[14,15], and 

polyacrylonitrile (PAN)[16] are presently used for making capillary/hollow-fibre membranes. Different 

processes viz. Non-Solvent Induced Phase Separation (NIPS), Vapour Induced Phase Separation (NIPS), 

Thermal Induced Phase Separation (TIPS), etc. are used for making capillary/hollow-fibre membranes. 

2. Prerequisites of polymer to form a capillary/hollow-fibre membrane 

Selection of the proper polymer is the first step of development of any useful membrane. A polymer 

should have membrane forming properties and fibre forming properties so that it can be used to make 

capillary/hollow-fibre membrane. In addition, also it is important to understand the polymer properties 

that can affect the membrane characteristics and performances. Figure 1 gives the summary of the criteria 

for polymer selection to prepare capillary/hollow-fibre membranes. 

 
Figure 1. Criteria for polymer selection to prepare capillary/hollow-fibre membranes. 
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2.1. Membrane forming properties 

Polymer forms a membrane film and one of  the physical properties of  the film formed is its 

mechanical strength to withstand the operating pressure. This is especially required for support-less 

capillary/hollow-fibre membranes. Also, the polymer chosen must be compatible and have desired 

properties required for the application where membrane, prepared from such polymer, is deployed. This 

restricts the selection of  the polymer for preparing a membrane. The capillary/hollow-fibre membrane 

can be open porous membrane, primarily used in Ultrafiltration (UF) and Microfiltration (MF) or non-

porous membranes which find application in pervaporation and gas separation[3]. For the porous 

membrane, the pore size of  the membrane determines membrane performance. The polymer material is 

selected based on membrane manufacturing requirement, its mechanical strength, fouling tendency, 

chemical inertness, and thermal stability required in the final membrane. The selection of  polymer 

material is not determined by separation characteristics of  the membrane as the separation characteristics 

are tuned by the process parameters by which membranes are prepared. For example, porous membranes 

that are prepared by non-solvent induced phase separation (NIPS) method whose separation property is 

determined by the choice of  solvent/nonsolvent, the rate of  phase separation, presence of  additives, etc.[3]. 

2.2. Fibre forming properties 

Capillary/hollow-fibre membranes can be made from polymers having the fibre forming properties. 

Fibres are built up by crystallites and less ordered or amorphous regions of the polymer. The crystallites 

are oriented in such a manner that the molecules from which they are built are parallel with the fibre 

axis[17]. This orientation can also be imparted during and after the spinning of the capillary/hollow-fibre 

membrane. The crystallites can be regarded as the high softening reinforcing filler for the disordered 

regions of the drawn fibres[18]. The entropy factor presents in the macromolecules of the polymer favours 

return to maximum randomness, however, in the case of fibres, the forces opposing retraction are greater 

which causes the macromolecules to remain in the extended form which otherwise would have retracted, 

as in case for rubbers[18]. 

The polymer crystallinity determines the physical and mechanical characteristics of a fibre which is 

turn depends on the chemical structure of the polymer and on the manner in which the fibre is built up 

from the polymer[17]. The chemical structure greatly influences the intermolecular forces. Hydrogen 

bonding systems, strong polar groups, readily ionisable segments are responsible for inter chain attraction 

to further increase the crystallinity[18]. Branched-chain in the polymer may result in reducing the packing 

efficiency, thus reducing crystallinity and departing from fibre properties. Molecular weight also 

influences the properties of the final fibre formed. The molecular weight of the polymer is usually 

characterised in terms of intrinsic viscosity (η). Value of η should be 0.5 for most of condensation 

polymers for achieving fibre forming properties[17]. It should be even higher for better physical properties. 

Crystalline melting point is another important factor in the fibre forming properties and can be considered 

as a measure of the stability. Higher crystalline polymer shows higher crystalline melting point[17]. 

However, it may be noted that higher crystallinity of polymer will lead to difficulties in converting the 

polymer satisfactorily into the fibre as it may not be easily soluble in solvents for wet spinning and will 

require higher temperature for melt spinning. Hence, an optimum crystallinity is required for preparation 

of membranes with desired separation characteristics. 

3. Polymer properties affecting membrane characteristics 

A brief  review of  polymer properties affecting the characteristics of  the membrane is mentioned in 
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this section. 

3.1. Position of the repeating units of the polymer 

A polymer with the same repeating units is said to be a homopolymer, whereas a polymer with 

different repeating unit is said to be a copolymer. However, a copolymer is considered random if  it has 

sequence of  the irregular structural units. Due to the fact that many synthetic rubbers are random 

copolymers, they cannot be used to prepare capillary or hollow fibres. In a block copolymer, each 

monomer blocks are linked together to form the chain. The free volume and thus the permeability of  

produced membranes will increase if  the main chain is rigid and the side chains are bulky. Crosslinking 

of  chains of  polymers causes reduced solubility of  the polymer. Additionally, melt casting will be 

challenging since it will be more difficult to slide one chain over another, resulting in mobility reduction 

during membrane preparation as compared to linear chain polymers. Increase in free volume brought 

on by chain length result in increased permeability. Linearity tends to increase close packing in the 

polymer material and hence tend to increase the crystallinity. The increase in close packing increases the 

density. Thus, higher chain length suggests higher density of  the polymer and higher crystallinity[19]. The 

polymer’s molecular weight may be used to express the chain length pretty well. Because polymers 

contain several chains of  various lengths, their molecular weight is not uniform. The molecular weight 

of  the polymer is expressed using the number average molecular weight (Mn) and the weight average 

molecular weight (Mw). The polymer’s molecular weight distribution is given by its polydispersity index 

(PDI), which is Mw/Mn[3]. The optimum molecular weight with narrow molecular weight distribution 

is desired for preparation of  capillary/hollow-fibre membranes with desired properties. 

3.2. Position of side groups and chain flexibility of the polymer 

The polymers viz. PVDF, PP, PVC, PE, PAN are basically vinyl polymers having chemical formula 

[–CH2–CRRꞌ–] repeat units with side group −R and −Rꞌ being different for different polymers as shown 

in Table 1. The position of  the side group R and R’ plays an important role in polymer properties. Based 

on the arrangement on the side group, the polymer can be classified as isotactic, atactic, syndiotactic[3]. 

Isotactic arrangement in a polymer is a configuration in which the main chain and the side groups are in 

the same side, which leads to the formation of  crystalline polymers. Isotactic arrangement in a polymer 

is desired for making capillary fibre. In atactic arrangement in a polymer, random arrangements of  side 

groups are present along the main chain and thus it is non-crystalline in nature. In case of  syndiotactic 

polymer, the configuration is such that main chain and side groups are on the alternate side[3]. This kind 

of  arrangement also gives rise to crystallinity in the polymer, making it suitable to be used in capillary 

fibre making. However, it must be noted that higher crystallinity reduces permeability in the membrane[20]. 

Table 1. Vinyl polymers with different side groups. 

Polymer –R –Rꞌ 

PE –H –H 

PVC –Cl –H 

PVDF –F –F 

PP –CH3 –H 

PAN –CN –H 

The chain flexibility is one of the important characteristics of polymer which affects the membrane 

mechanical property. Character of main chain and the side chain, if present, decides chain flexibility and 
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thus the membrane mechanical property. Flexibility in the polymer is attained because of oscillation of 

atoms about its equilibrium position and because of rotation of certain parts of molecules with respect to 

each other. The rotation is possible in single covalent bond[21] present in the polymer. Additionally, side 

groups affect whether rotation around the main chain is easily achievable or difficult due to steric 

hindrance. Presence of aromatic or heterocyclic groups in the main chain reduces the flexibility but 

increase chemical and thermal stability[3] as in case of polysulfone and polyethersulfone. Higher flexibility 

in polymer will impart higher impact strength of the membrane but tensile strength will be lower as 

compared to the membrane obtained from rigid polymer[19]. The chain interaction and flexibility in the 

polymer determines its glass transition temperature (Tg). It is the temperature at which the polymer 

changes its state of amorphous polymer changes glassy to rubbery state. In glassy state, the polymer has 

high tensile modulus (E) whereas in the rubbery state the polymer has three to four order lower tensile 

modulus[3]. The polymer chain has restricted motion in glassy state and increase in temperature cause 

increase in motion and hardly any change in the specific volume of polymer. However, after Tg, the 

polymer gets converted into rubbery state in which the segments of polymer chain can rotate freely and 

there is increase in free and specific volume of the polymer, increasing the polymer permeability. Glassy 

polymers are preferred for capillary/hollow-fibre membrane preparation and most of the time the 

polymer casting solutions are prepared at higher temperature. 

4. Common polymers used for capillary/hollow-fibre membrane 

preparation: Properties, preparation methods & applications 

A list of polymers with their properties/characteristics used for development of useful membranes 

are given in Tables 2 and 3 based on several literature search. A summary of the solvents used for 

dissolution of selected polymer to cast membranes and the methods used for their preparation are given 

in Figures 2 and 3 respectively. Schematics of common fibre preparation techniques like nonsolvent-

induced phase separation (NIPS) and melt spinning-cold stretching method (MSCS) are given in Figure 

4. 

 
Figure 2. Solvents used for dissolution of  selected polymer to prepare casting solution. 
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Figure 3. Summary of  the methods used for preparation of  membranes from selected polymers. 

Figure 4. Schematic of (a) nonsolvent-induced phase separation (NIPS) and (b) melt spinning-cold stretching (MSCS) 
techniques for fibre preparation. 

Table 2. Properties/characteristics of  PSf, PES, PVC, PVDF & PAN polymers used to make porous membranes. 

Polymer property PSf PES PVC PVDF PAN 

Structure 

Molecular weight 17,600–58,000 26,000–49,000 43,000–126,000 300,000–

                       700,000 
70,000–400,000 

Density, g/cm3 1.24 1.37 1.388 1.675 1.184 

Solubility parameter, 

(MPa)1/2 
23.7 23.12 19.6 19.2 26.2 

Water absorption, 
(24 h), % 

0.2–0.8 0.1–1.7 0.2–1 0.03–0.05 0.3 

Tensile strength, MPa 69 82.8 55.5 43 35 

Tensile modulus, MPa 2600 2777 276–75,884 1194 350 

Thermal expansion 

coefficient, 10−5 K−1 

21 5.5 47–62 7–15 6–7 

Glass transition 
temperature Tg, K 

459 498 344 239 382 

Melting point Tm, K 458–468 493–503 473–573 443–473 593 
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Table 3. Properties/characteristics of  PE & PP polymers used to make porous membranes. 

Polymer 
property 

PE PP 

 LHDE LLDE LDE MLLDE Elastomeric Syndiotactic Atactic Elastomeric Isotactic 

Structure 

  

Molecular 
weight 

1000–
8,000,00

0 

50,000–
200,000 

30,000–
40,000 

40,000–
110,000 

- 127,000– 
290,000 

- - 12,000–
585,000 

Density, g/cm3 0.92–0.99 0.912–

0.930 

0910–

0935 

- - 0.91–0.989 0.855 0.868–

0.8787 

0.85–

0.946 

Degree of  
Crystallinity, 

% 

35–90 33–53 33–53 33–53 9–21 21–29 Some/none 9–27 50–70 

Solubility 
parameter, 

(MPa)1/2 

16.7 16.7 16.7 16.7 16.7 16.2 16.2 16.2 16.2 

Water 

absorption (24 
h), % 

0.005–

0.01 

0.005–0.01 0.005–

0.01 

0.005–

0.01 

0.005–0.01 0.01 0.01 0.01 0.01 

Tensile 
strength, MPa 

10–60 9–20 9–15 30–48 - 10.85 1–2 3.2–39 23–36 

Tensile 
modulus, MPa 

60–290 137–520 102–310 4–700 1.5–12.5 483 - 23–359 482.6 

Glass 
transition 

Temp. Tg, K 

140–155 ~193 140–170 ~193 221–244 ~263 260 265 275.5–
283.7 

Melting temp. 
Tm, K 

391–419 378–383 & 
394–398 

378–388 363–398 322–349 398–421 6.1 × 10−3–

9.3 × 10−3 

316.5–433 452 

4.1. Polysulfone (PSf) 

Polysulfone is a thermoplastic and slightly hydrophilic polymer [water absorption (24 h) <0.3%][22]. 

It has excellent properties such as good solubility in a wide range of aprotic polar solvents like 

dimethylformamide (DMF), dimethylacetamide (DMAc), dimethylsulfoxide (DMSO), nitrobenzene etc. 

It has good mechanical stability of the films (tensile strength: 69 MPa, tensile modulus: 2482 MPa), good 

stability in oxidative environment (hydrogen peroxide 3%–5%, hypochlorite 5%–7%), good chemical 

stability, high thermal resistance property with glass transition temperature ‘Tg’ = 459 K[22] and moderate 

reactivity in aromatic electrophilic substitutions reactions (sulfonation, nitration, chloromethylation, 

acylation, etc.[23]. The aromatic ring in the chain of polysulfone gives rigidity to the polymer chain which 

is reflected in its higher tensile strength. PSf also has high impact strength (80.4 J/m)[22], indicating higher 

flexibility, and has high tensile modulus. The mechanical properties of PSf make it more resistant to fibre 

breakage/bursting. As a result, it can withstand higher operating pressure condition. The glass transition 

temperature ‘Tg’ is also high owing to presence of aromatic group. The operating temperature can be 

kept higher because of higher Tg value. However, the thermal expansion coefficient (2.1 × 10−4 K−1[22]) 

of the PSf is relatively higher. This may decide the operating temperature while using the polymer in 

capillary/hollow-fibre membrane configuration. Polysulfone membrane can be prepared in fibre form 

both by non-solvent-induced phase separation (NIPS)[4] & vapor induced phase separation (VIPS)[5]. 



Materials Technology Reports 2023; 1(1): 103. 

8 

Common applications of PSf capillary/hollow-fibre ultrafiltration membranes are in pretreatment 

of seawater desalination, waste water recovery, food and beverage processing, support for thin-film 

composite membrane preparation etc.[24]. 

4.2. Polyethersulfone (PES) 

Polyethersulfone is a thermoplastic polymer and is relatively more hydrophilic as compared to PSf 

polymer [water absorption (24 h): 0.43%[22]]. It is widely used as a membrane material for liquid and gas[6] 

separation processes. The polymer has aromatic ring in its chain giving rigidity to the polymer chain and 

it is reflected in its mechanical properties. PES polymer is soluble in N, N-dimethylformamide (DMF), 

N, N-dimethyl acetamide (DMAc), 1-methyl-2-pyrrolidinone (NMP), and dimethyl sulfoxide (DMSO) 

and also in some of the “green solvents” like Dihydrolevoglucosenone (Cyrene), triethyl phosphate etc. 

The mechanical properties of PES are better than PSf polymer. It has high very high tensile strength (82.8 

MPa), higher tensile modulus (2482 MPa)[22], higher impact strength (85.7 J/m[22]) which will increase its 

ability to withstand higher operating pressure condition. The glass transition temperature (498 K) is also 

high due to the presence of aromatic group. It also has lower linear thermal expansion coefficient (5.5 × 

10−5 K−1[22]). Thus, operating at higher temperature is possible with PES capillary membrane as compared 

to PSf membrane. The solubility parameter of PES is 23.12 (MPa)1/2[22] and hence it can be processed 

with more ease than PSf. 

Polyethersulfone membrane are being prepared in fibre form by non-solvent-induced phase 

separation (NIPS)[6,7]. Common applications of PES capillary/hollow-fibre ultrafiltration membranes are 

in pretreatment of seawater desalination, hemodialysis, biomedical applications, food and beverage 

processing, support for thin-film composite membrane preparation etc. 

4.3. Polyethylene (PE) 

Polyethylene is a hydrophobic polymer (water absorption (24 h) <0.02%) and has an advantage 

of  being cost effective polymer, flexible and tough. It offers high impact strength and chemical resistance 

to acids and aqueous solvents[22]. Polyethylene can be classified based on density and branching as 

elastomeric/linear high-density (LHD)/linear low-density (LLD)/low-density (LD)/metallocene linear 

low-density (MLLD). Elastomeric PE is highly branched[22]. It has low packing density and poor tensile 

modulus (1.5–12.5 MPa). The degree of  crystallinity (9%–21%) is also low for elastomeric PE. It has low 

melting point (322–349 K) and thus cannot be operated at higher temperatures. Hence, it should not be 

preferred for making capillary/ hollow-fibre membrane. LHD PE has large range of  molecular weight (1 

× 103–8 × 106 g/mol) and large range of  PDI (1.07– > 107). It has density of  0.92–0.99 g/cm3 and has 

lower melting temperature (391–419 K) restricting its operational temperature range. The degree of 

crystallinity (35%–90%) is very high indicating very good fibre forming properties. However, the 

processing of  the polymer is difficult. It is soluble only above 353 K in hydrocarbons such as, aromatics, 

ketones, halogenated hydrocarbons, higher aliphatic esters, di-n-amyl ether, etc. It shows moderate 

mechanical properties with average tensile modulus (60–290 MPa), average tensile strength (10–60 MPa) 

and excellent impact strength (30–200 J/m). LLD PE has molecular weight range of  5 × 104–20 × 104 

g/mol and narrow range of  PDI (4–35). It has density of  0.912–0.930 g/cm3. It has lower melting 

temperature (378–398 K) restricting temperature range of  operation. The degree of  crystallinity (33%–
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53%) is very good for forming fibre. The processing of  the polymer is difficult. It is soluble in decalin, 

toluene at 368 K, xylene at 369 K, tetralin at 371 K, cyclohexene at 341 K, n-tetracosane at 374 K. It 

shows moderate mechanical properties with good tensile modulus (137–520 MPa), average tensile 

strength (9–20 MPa) and very good impact strength (53.0 J/m)[22]. 

Low density PE has molecular weight range of  3 × 104–40 × 104 g/mol and narrow range of  PDI 

(4–30). It has density of  0.910–0.935 g/cm3 and lower melting temperature (378–388 K) and thus 

restricting temperature range of  operation. The degree of  crystallinity (33%–53%) is very good for 

forming fibre. The processing of  the polymer is difficult. It is soluble in decalin, toluene at 368 K, xylene 

at 369 K, tetralin at 371 K, cyclohexene at 341 K, n-tetracosane at 374 K[22]. It shows moderate mechanical 

properties with average tensile modulus (102–310 MPa) and average tensile strength (9–20 MPa). MLD 

PE has molecular weight range of  4 × 104–11× 104 g/mol and narrow range of  PDI (2–2.5). It has density 

of  0.910–0.935 g/cm3 and has lower melting temperature (363–398 K), thus restricting temperature range 

of  operation. The degree of  crystallinity (33%–53%) is very good for forming fibre. It shows moderate 

mechanical properties with average tensile modulus (4–700 MPa), average tensile strength (30–48 MPa) 

and excellent impact strength (2500 J/m)[22]. 

As solubility of  LHDPE, LLDPE and LDPE is only at higher temperature near to their melting 

point, hence melt spinning (melt-extrusion/cold-stretching methods) should be preferred to avoid any 

involvement of  solvent or additive. LHDPE and LDPE can be used together or separately to make PE 

membrane in fibre form by melt spinning process or thermally induced phase separation (TIPS) 

method[8,9]. PE membranes are used in organic solvent filtration, sea water desalination by membrane 

distillation (MD), alkaline fuel cells, air filtration, environment monitoring, biomedical 

and biotechnology applications[25–27]. 

4.4. Polyvinylchloride (PVC) 

PVC is a thermoplastic polymer having molecular weight in the range of 33 × 103–67 × 103 g/mol, 

with PDI of 2.01–2.44. It is a slightly hydrophilic polymer (water absorption (24 h) 0.03%–0.45%) and 

has a density of 1.26–1.5 g/cm3[22]. It is a cheap polymer having very good mechanical strength and 

excellent chemical resistance towards halogens, inorganic acids, alkalis, and some of the organic 

solvents[10]. Some of the solvents that are used for making PVC solution are DMF, DMSO, NMP, DMAc, 

etc.[10,22]. Nonsolvent of PVC include alcohols, hydrocarbons, acetone, non-oxidizing acids, etc.[22]. PVC 

has low to very high degree of crystallinity (11.3%–84.2%). For making fibre of PVC polymer, a higher 

degree of crystallinity must be selected keeping processability factor in consideration. PVC has a very 

high melting temperature (473–573 K) but lower Tg value (344 K) and relatively high thermal expansion 

coefficient (4.7 × 10−4–6.2 × 10−4 K−1)[22], so the operating temperature should be limited so as to avoid 

fibre failure. It shows good mechanical properties with average to excellent tensile modulus (276–75,884 

MPa) and good tensile strength (55.5 MPa) making it suitable to deploy in applications requiring 

relatively high operating pressure[22]. 

PVC membrane in fibre form is prepared by non-solvent-induced phase separation (NIPS)[10,11]. PVC 

membrane in fibre form can be used in water treatment, oil-water separation and gas separation 

applications[11,28–30]. 

4.5. Polyvinylidene difluoride (PVDF) 

PVDF is a thermoplastic fluoropolymer. The molecular weight of  the polymer is 3.4 × 104–40 × 104 

g/mol and PDI is 1.62–2.14. It is slightly hydrophollic polymer (water absorption (24 h) <0.04%; contact 
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angle with water 82°)[22]. It is highly resistance to chemicals with no effect of  inorganic acids; halogens; 

oxidants; weak bases; chlorinated solvents, etc.[22]. Common solvents of  PVDF include benzaldehyde, 

DMF, THF, NMP, DMAc, etc. PVDF has high degree of  crystallinity (50%)[22] which is desirable for 

making fibre. PVDF has high melting temperature (443–473 K) with low thermal expansion coefficient 

(0.7 × 10−4–1.5 × 10−4 K−1) and so operating at relatively higher temperature is possible. It shows good 

mechanical properties with moderate tensile modulus (1194 MPa) and average tensile strength (43 MPa). 

Thus, use of  PVDF should be limited to applications requiring moderate operating pressure. 

PVDF membranes in fibre form are prepared mostly by non-solvent-induced phase separation 

(NIPS)[12,13], and sometime using melt spinning method[31]. PVDF membrane in fibre form are used in 

vacuum membrane distillation (VMD)[12], water treatment, non-aqueous ultrafiltration applications, 

etc.[32,33]. 

4.6. Polypropylene (PP) 

Polypropylene is a thermoplastic & hydrophobic polymer (water absorption (24 h): 0.01%, 

advancing contact angle for isotactic PP: H2O; 116° at 298 K). It is a low-cost polymer having moderate 

mechanical strength and excellent chemicals resistance[22]. No common solvent can dissolve PP at room 

temperature and hence melt spinning process is usually used to prepare PP capillary/hollow-fibre 

membrane. PP can be of syndiotactic, atactic, elastomeric or isotactic macromolecular configuration. 

Atactic PP has some/none crystallinity and has poor mechanical properties with tensile strength: 1–2 

MPa[22]. Hence atactic PP can’t be used as it is to prepare membrane in fibre form but can be used along 

with syndiotactic or isotactic PP[14]. Atactic PP has a density of 0.855 g/cm3 whereas syndiotactic PP has 

density in range of 0.91–0.989 g/cm3. Syndiotactic PP has moderate degree of crystallinity (21%–27%) 

and hence can be used to prepare membrane in fibre form. It has melting temperature in the range of 

398–421 K and has average tensile modulus (483 MPa). Thus, it can be operated at moderately high 

temperature and at moderate operating pressure. Elastomeric PP has density in range of 0.8683–

0.8787g/cm3 with low to moderate degree of crystallinity (9%–27%). Elastomeric PP has melting 

temperature in the range of 316.5–433 K which is low to moderate range and is influenced by the degree 

of crystallinity (as the degree of crystallinity increases it increases melting temperature of the polymer). It 

has average tensile modulus (23–359 MPa) and average tensile strength (3.2–39 MPa). Hence a proper 

choice of elastomeric PP having relatively higher degree of crystallinity should be made so as to obtain 

membrane in fibre form having good mechanical properties. Isotactic PP has density in range of 0.85–

0.946 g/cm3. It has very high degree of crystallinity (50%–70%) and hence is best suited for making 

membrane in fibre form but the pore sizes created will be expected to be smaller as compared to 

elastomeric or syndiotactic PP membrane. It has melting temperature in the range of 433–439 K which 

is quite high and has low thermal expansion coefficient (6.5 × 10−5–14 × 10−5 K−1). Thus, the membranes 

can be operated at higher temperature range. It has average tensile strength (23–36 MPa) with very low 

impact strength (23–36 J/m) and thus operating pressure has to be limited for applications involving PP 

membrane in fibre form. 

At present, PP capillary/hollow-fibre membranes are prepared by the melt spinning-cold stretching 

method (MSCS) and thermally induced phase separation method (TIPS) methods[34,35]. PP membranes 

in fibre form are used in membrane contactors, supported liquid membranes, gas separations, 

pervaporation, ultrafiltration, and microfiltration etc.[14,25,36]. 
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4.7. Polyacrylonitrile (PAN) 

Polyacrylonitrile is a thermoplastic and semi crystalline organic polymer. Although it is a 

thermoplastic polymer, it degrades before melting and hence melt spinning can never be used for 

preparing PAN membrane in fibre form. Common solvents of  PAN include NMP, DMF, dioxanone, 

ethylene carbonate, DMSO, sulfuric acid, nitric acid, etc. PAN has moderate degree of  crystallinity (18%–

30%)[37] which is desirable for making fibre. PAN has high melting temperature (593 K)[22], but it degrades 

at lower temperature and hence operation temperature is restricted by degradation temperature of  PAN. 

It has average tensile modulus (350 MPa) with average tensile strength (35 MPa)[27] and thus operation of  

the fibre made of  PAN should be limited to moderate operating pressure. Due to the presence of  highly 

reactive-CN group, the synthetic modification via post functionalization of  PAN is an additional freedom 

for incorporation of  improved properties in the membrane which can increase the number of  targeted 

applications. The synthetic modifications can be the reactions such as nucleophilic addition, 

cycloaddition, and hydrolysis using various reagents. 

PAN membrane in fibre form can be prepared by non-solvent-induced phase separation (NIPS)[16]. 

As polyacrylonitrile membranes are more hydrophilic compared to common polymeric membranes such 

as PVDF, PE, PP and PSf, they are less prone to fouling in aqueous solutions. PAN membrane in fibre 

form is used in pervaporation process, treatment of industrial wastewater, fabrication of the substrate of 

composite membranes and air filtration[38]. 

5. Summary & conclusions 

Even though it was developed as early as 1960 s, but capillary/hollow fibres membranes have been 

prepared using a limited number of polymeric materials as on today. Various polymers namely, 

polysulfone (PSf), polyethersulfone (PES), polyethylene (PE), polyvinylchloride (PVC), polyvinylidene 

difluoride (PVDF), polypropylene (PP) and polyacrylonitrile (PAN) that are commonly used for 

preparing capillary/hollow-fibre membrane were reviewed with respect to their properties which qualifies 

them to be selected for making useful membrane along with their process of making and application areas. 

The membrane forming and the fibre forming properties of the polymer are essential for qualifying a 

polymer to be selected for making capillary/hollow-fibre membranes. The mechanical and physical 

properties of the polymer which are essential for forming fibre are directly influenced by crystallinity of 

the polymer which in turn is dependent on the chemical structure of the polymer. A general observation 

from the ‘degree of crystallinity’ data of selected polymers, which are presently used for preparing 

capillary membranes, suggests that the degree of crystallinity should be between 20%–50%. Lower value 

of degree of crystallinity may not lead to fibre formation while higher value may cause difficulties in 

fabrication. Higher values of tensile strength and tensile modulus of a polymer suggest better mechanical 

properties, which is desirable for making capillary membrane. From the observation of data of selected 

polymer, it can be concluded that the gross values of tensile strength should be more than 30 MPa and 

tensile modulus should be more than 150 MPa for making capillary/hollow-fibre membrane useful to 

operate at high pressure range. In addition to mechanical and physical properties of the polymer, thermal 

stability, chemical stability, hydrophilicity, etc. are also important parameters to be considered before 

selecting a polymer for making capillary/hollow-fibre membrane for a particular application. Based on 

the properties of the polymers, different methods are used for preparation of capillary/hollow-fibre 

membranes. Non-solvent-induced phase separation (NIPS) method is used for PSf, PES, PVC, PVDF & 

PAN membranes whereas PSf & PES membranes are prepared by vapor induced phase separation (VIPS) 
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methods also. Thermally induced phase separation (TIPS) and melt-stretching method (MS) methods are 

used for PE & PP membranes. 
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