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ABSTRACT 

Synthetic membranes have gained an important place in chemical technology and are used in a broad range of applica- 
tions. UV irradiation is an age old process used for disinfection as well as for sterilization purposes. It is used for steril- 
izing equipment in which polysulfone (PSf) membranes are used. As a result, short time UV irradiation of polymer 
membranes has acquired importance in recent times. In the present study, microporous polysulfone membranes with 
0.108 mm thickness have been prepared using phase inversion method. Effect of UV irradiation on the membranes for 
short time intervals (0 - 60 minutes) has been investigated using UV-Vis and FTIR spectrophotometer, and SEM. The 
performance of the membranes has studied by filtration techniques. UV-Vis and IR spectra analysis and SEM images 
obtained suggest that chains scission and crosslink have occurred simultaneously in the irradiated membranes by UV 
radiation in a dose dependant manner. The pure water flux (PWF) values of irradiated membranes obtained from filtra- 
tion studies were higher compared to that of the control membrane. These results show that a very short UV irradiation 
(2 minutes) affected the physicochemical characteristics of microporous polysulfone membrane which it increases with 
increase in time. 
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1. Introduction 

Membranes processes are becoming more and more im- 
portant in chemical technology and are used in a broad 
range of applications. In a separation process, the goal is 
to allow one component of the mixture to permeate the 
membrane freely, while hindering permeation of other 
components. The main factors determining the mem- 
brane behaviour in a filtration process are the structure, 
chemical composition and the operation conditions. 
Structure involving pore size distribution or pore density 
and the active layer thickness are the main factors in de- 
termining the flux and retention [1,2]. 

Radiation is widely used in the materials science espe- 
cially polymers for surface modification, to improve bulk 
properties and sterilization. As such, UV radiation has 
long been used as a disinfectant as well as for steriliza- 
tion of polymer-based medical devices and water purifi- 
cation [3-6]. It has been long known that many important 
physical and chemical properties of polymers can be 
modified with radiation. Among those are the molecular 
weight, chain length, polydispersity, branching and chain 
termination [7-9]. In this regard, understanding of how 

and to what extent these characteristics can be altered in 
relation to performance and utility of irradiated polymers 
is very important.  

Many studies have been carried out in order to under- 
stand the mechanism of the basic processes of radiation 
effects on polymer membranes [1,10]. Chemical changes 
by UV exposure result in a complex set of processes in- 
volving a combined effect of UV and oxygen, in which 
formation of a complex mixture of products is observed 
[2]. Bond dissociation is initiated by the absorption of 
UV radiation, resulting in chain scission and/or cross- 
linking; subsequent reactions with oxygen result in the 
formation of functional groups such as carbonyl (C=O), 
carboxyl (COOH), or peroxide (O-O). The effects of UV 
exposure, or photo-degradation, are usually confined to 
the top few microns of the surface (50 - 100 microns) [7]. 
The effect of UV radiation is also compounded by the 
action of temperature, moisture, wind-borne abrasives, 
freeze-thaw and other environmental components. All 
UV light irradiation studies reported are mostly about the 
effect of long time interval exposures in the range from 
an hour to thousand hours.  

Based on this background, it becomes clear that the 
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studies carried out so far are related to the effect of long 
time exposure using spectroscopic analysis and surface 
structure imaging without considering the membrane 
performance. Therefore, study of short time interval UV 
irradiation of polymer membranes has acquired impor- 
tance in recent times. The present study aims at giving a 
systematic overview of how and to what extent a very 
short UV irradiation (0 - 60 minutes) can alter the char- 
acteristics of PSf membrane, seen from the point of spec- 
troscopic and imaging techniques and membrane per- 
formance. For this, membranes with 0.108 mm thickness 
were prepared by the phase inversion technique. The 
minimum and maximum time of exposure was fixed 
based on the surface structure image observed using 
SEM; they were below and above sterilization exposure 
time (10 minutes) [4-6]. The photo-degradation effects 
were studied and changes were observed using spectro- 
scopic i.e. UV-Vis and FTIR and imaging i.e. SEM tech- 
niques. The performance of membranes was investigated 
in terms of flux i.e. pure water flux (PWF) using filtra- 
tion technique. These irradiation studies were carried out 
to see the possible effects on the flux related characteris- 
tics of the microporous PSf membrane which is irradi- 
ated within very short time. 

2. Experimental 

2.1. Preparation of the Membranes 

Polysulfone (PSf) resin was purchased from Aldrich 
(18,224 - 3). The average molecular weight is 22,000. 
The solvent, N,N-dimethylacetamide (DMAc) was pur- 
chased from Kemphasol (K04640); the molecular weight 
is 87.12. A solution of PSf in DMAc was prepared by 
mixing PSf and solvent and stirring the mixture for 24 - 
48 hours to get a clear solution (dope solution). Dope 
solution was cast using phase inversion technique [11]. 
The flat sheet formed membranes were cut into different 
forms and sizes and were dried before being used as a 
sample. 

2.2. UV Irradiation Treatments 

Dried PSf membranes in the form of squares with area 
approximately 1 cm2 were irradiated by UV radiation in 
air at room temperature. Membranes were exposed to UV 
source (15 Watt Philips germicidal lamp) by keeping the 
distance between the source and sample constant at 10 
cm where the intensity was 0.28 W·m−2. Membranes 
were exposed in varied times such as 2 minutes, 10 min-
utes, 15 minutes, 45 minutes and 60 minutes.  

2.3. Membranes Characterizations 

2.3.1. UV-Vis and Fourier Transform Infrared (FTIR) 
Spectrophotometer 

Membranes in the form of squares with area approxi- 

mately 1 cm2 were cut from a flat sheet of dried mem- 
brane. UV-Vis absorption spectra of control (unirradiated) 
and irradiated membranes were recorded using a Perkin- 
Elmer spectrophotometer, model-330. The spectra were 
recorded in the 300 to 600 nm range. Similarly, IR spec- 
tra were recorded using a FTIR-8400 spectrophotometer 
(Shimadzu). The spectra were recorded in the 400 to 
4000 cm−1 range.  

2.3.2. Scanning Electron Microscopy (SEM) 
Measurements were carried out using scanning electron 
microscopy (SEM, JEOL JSM-6360A) to characterize 
surface structure of the membranes. Dried membranes in 
square form and of area approximately 1 cm2 were coated 
with platinum for 45 s under vacuum condition by auto 
fine coater machine to make the membrane conducting 
and then were examined with SEM.  

2.3.3. Performance of the Membranes 
Dead-end filtration method was used to characterize the 
performance of control and irradiated membranes in term 
of pure water flux (PWF). Membranes in the form of 
circles with diameter approximately 6 cm were cut from 
the dried membranes (flat sheet form). They were kept in 
DW for around 1 hour before being used as a filter. The 
PWF was calculated using Equation (1). 

   
   2

volume of permeate L
Flux J =

membranearea m time h
    (1) 

3. Results and Discussions 

3.1. Study of Chemical Changes in Polysulfone 
Membranes by Spectroscopic Techniques 

In the presence of air, the irradiation of PSf membranes 
by UV leads to important modifications in the UV-Vis 
and IR spectra of the exposed samples. The following 
changes were observed in the UV-Vis and IR spectra. 

Figure 1 shows UV-Vis absorption spectra of control 
(unirradiated) and irradiated PSf membranes by UV ra- 
diation for different time intervals (0 - 60 minutes). For 
control membrane, it was observed that the absorbance 
increased with decrease in the wavelength. It increased 
sharply at wavelengths below 360 nm. This is consistent 
with what has been reported earlier [12-14]. For the irra- 
diated membranes, the absorption spectra show a marked 
increase in the absorption without any defined maximum 
extending from the near-UV region to the visible region 
(300 - 500 nm). The yellowing color was observed in 
irradiated membranes with increase in exposure time (0 - 
60 minutes). 

Figure 2 shows IR absorption spectra of control and 
irradiated membranes for various exposure times (0 - 60 
minutes). The spectra obtained were similar to the spec-  
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Figure 1. UV-Vis absorption spectra of control (unirradi- 
ated) and irradiated polysulfone membranes by UV radia- 
tion in air at room temperature with various exposure times 
(0 - 60 minutes). 
 

 

Figure 2. FTIR spectra of control (unirradiated) and irra- 
diated polysulfone membranes by UV radiation in air at 
room temperature with various exposure times (0 - 60 min- 
utes). 
 
tra that have been reported by other studies [14]. The 
characteristics of IR spectra for control membranes are 
described as follows. A peak at ~1583 cm−1 (strong) is 
characteristic of C=C stretching vibrations of aromatic 
rings, the peaks at ~1148 and 1294 cm−1 (strong) indicate 
the presence of sulfone (SO2) groups. A broad band be- 
tween 1500 - 1900 cm−1 indicate the presence of car- 
bonyl (C=O) groups and the peaks at ~2873, 2966 and 
3094 cm−1 indicate the presence of CH3-symmetric ali- 
phatic stretch, CH3-asymmetric aliphatic stretch and C-H 
aromatic stretch respectively. The broad band in 2500 - 
3700 cm−1 region indicate the presence of hydroxyl 
groups (alcohol, phenol, acids) and the band in 1100 - 
1350 cm−1 region is characteristic of C-O single bond. A 
peak at ~699 cm−1 is characteristic of -C6H5 (phenyl 
groups) [2,8,12,15-17]. For irradiated membranes, the 
absorbance shows increase with increase in exposure 
time (0, 2, 10, 15, 45 and 60 minutes). 

The changes occurred in different regions of IR spec- 
tra in case of the irradiated membranes. The subtraction 
of the spectra recorded from the control samples from 
that of irradiated samples permit the characterization of 
the modifications in the different regions (Figures 2-4).  

After irradiation, following changes were observed in 
the IR spectra:  

1) In the hydroxyl region 3100 - 3800 cm−1 (Figure 3), 
the difference in the absorbance increased with increase 
in exposure time. The formation of two maxima at ~3120 
and 3730 cm−1 were observed as time increased which 
were attributed to the formation of phenolic groups. 
These observations suggested that the scission of the C-O 
bands or rearrangement of the ethers occurred due to 
exposure to UV radiation [8,13,18]. 

2) In the carbonyl region 1500 - 1900 cm−1 (Figure 4), 
the formation of four maxima i.e. at ~1540, 1700, 1755 
and 1830 cm−1 were observed. These maxima were at- 
tributed to the formation of carbonyl groups such as: 
carboxylate ion (RCOO−), the C=O strectching vibra- 
tion of an amide group, carboxylic acids and derivative 
aliphatic carboxylic acids [8]. 

3) Figure 5 shows the difference in absorbance in the 
range 700 - 1500 cm−1 with increase in time. It was ob- 
served that many evolutions have been developed i.e. at 
~770, 900, 985, 1040, 1128, 1195, 1275, 1310, 1350, 
1385 and 1430 cm−1. These were the main evolutions 
observed which were related to the formation of ben- 
zenesulfonic acids [8,14]. 

3.2. Kinetic Study of Photooxidation 

Figure 6 shows increase in absorbance at ~400 nm of 
 

 

Figure 3. Subtracted FTIR spectra in the hydroxyl region 
(difference between irradiated and control) of polysulfone 
membranes for various exposure times (0 - 60 munites). 
 

 

Figure 4. Subtracted FTIR spectra in the carbonyl region 
(difference between irradiated and control) of polysulfone 
membranes for various exposure times (0 - 60 minutes). 
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Figure 5. Subtracted FTIR spectra in the 700 - 1500 cm−1 
region (difference between irradiated and control) of poly- 
sulfone membranes for various exposure times (0 - 60 min- 
utes). 
 
PSf membranes as a function of UV irradiation time (0 - 
60 minutes). It was observed that the absorbance in- 
creased gradually as time increased from 0 to 45 minutes 
and increased sharply after 60 minutes exposure indicat- 
ing greater damages to the membrane. This effect can be 
described as follows. The absorption of light by chro- 
mophoric phenylsulfone groups resulted in chain scis- 
sions. The scissions occurred in the first steps of the 
photodegradation leading to the formation of low mo- 
lecular weight photoproducts [8,12]. This change can be 
attributed to the formation of carbonylated species in the 
irradiated membranes. Physically, this was observed by 
the increase of yellowing color in the irradiated mem- 
branes with increase in exposure time [15]. 

Figure 7 shows decrease in the absorption intensity at 
~1325 cm−1 with increase in exposure time (0 - 60 min- 
utes). It was observed that the intensity decreased sharply 
from 0 to 45 minutes and remained stable at 60 minutes. 
The band at ~1325 cm−1 was assigned to a convolution of 
backbone ether and sulfone which have been adopted for 
reliable kinetic investigation for the PSf polymer [8,12]. 
Such an observation confirmed that the photodegradation 
of PSf membrane involves the cleavage of the C-S and 
C-O bonds. 

Figure 8 shows increase in the absorption intensity at 
~1725 cm−1 (carbonyl region) with increase in exposure 
time. It was observed that the intensity increased sharply 
from 0 to 2 minutes then gradually increased from 2 to 
45 minutes and showed a slight decrease after 60 minutes 
exposure. This indicates increase in the amount of car- 
bonyl formations and saturation occurred after 60 min- 
utes exposure. Similar trend was observed in the hy- 
droxyl region at ~3250 cm−1 as shown in Figure 9.  

Figure 10 shows decrease in the absorption intensity 
at ~1385 cm−1 (hydrocarbon i.e. CH3, CH groups) with 
increase in exposure time. The intensity decreased gra- 
dually from 0 to 45 minutes and then abruptly decreased 
from 45 to 60 minutes. This indicates that dehydrogena- 
tion such as loss of hydrocarbon (CH3, CH) groups and 
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Figure 6. Increase in the absorbance at 400 nm of polysul- 
fone membrane as a function of UV irradiation time (0 - 60 
minutes). 
 

 

Figure 7. Decrease in the absorbance at ~1325 cm−1 of poly- 
sulfone membrane as a function of UV irradiation time (0 - 
60 minutes). 
 

 

Figure 8. Increase in the absorbance in the carbonyl region 
(~1725 cm−1) of polysulfone membrane as a function of UV 
irradiation time (0 - 60 minutes). 
 
degradation process of the paraffinic tails (loss of hydro- 
gen) has occurred in irradiated membranes [12]. 

3.3. Scanning Electron Microscopy (SEM)  
Images 

Figure 11 shows the surface structure of control and ir- 
radiated PSf membranes using SEM technique. It was 
observed that after 2 - 15 minutes exposure (Figures 11 
(b)-(d)), the pore size increased and were more in num- 
ber. After 45 minutes exposure (Figure 11(e)), ablations, 
cracks and debris were observed. The damage observed 
was more after 60 minutes exposure as shown in Figure 
11(f). 
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Figure 9. Increase in the absorbance in the hydroxyl region 
(~3250 cm−1) of polysulfone membrane as a function of UV 
irradiation time (0 - 60 minutes). 
 

 

Figure 10. Decrease in the methyl absorption band at ~1385 
cm−1 for polysulfone membranes as a function of UV irra- 
diation time (0 - 60 minutes). 
 
3.4. Performance of the Membranes 

Figure 12 shows the PWF values of PSf membranes as a 
function of exposure time. It was observed that PWF 
values of irradiated membranes were higher than those of 
control membranes. The increase has been found to be 
about 225% - 370%. This result showed that the pore size 
of the irradiated membranes increased as compared to the 
control membranes. Also, ablation and cracks occurred 
for the higher exposure time from 45 to 60 minutes. 
However, the PWF values slightly decreased with in- 
crease in exposure time from 2 to 60 minutes.  

3.5. Discussions 

The UV-Vis spectra of control membranes showed that 
the light absorbed by the diphenylsulfone chromophoric 
units extends up to 325 nm. Shorter wavelengths (300 - 
320 nm) are totally absorbed by the membrane. This ab- 
sorption property makes PSf membrane directly accessi- 
ble to UV light which is present in terrestrial solar radia- 
tion.  

UV-Vis and IR spectra analysis and SEM images ob- 
tained suggested that chains scission and crosslink had 
occurred simultaneously in the irradiated membranes by 
UV radiation which depends on the exposure time. The 

  
(a)                       (b) 

  
(c)                        (d) 

  
(e)                        (f) 

Figure 11. Effect of very short time of UV irradiation (0 - 60 
minutes) on surface structure of polysulfone membranes 
observed using SEM. (a) Control and irradiated mem-
branes; (b) 2 minutes; (c) 10 minutes; (d) 15 minutes; (e) 45 
minutes and (f) 60 minutes. 
 
photoproducts observed involve the formation of carbon- 
ylated species which are resulted from the oxidation and 
opening of phenyl rings [8,12], the convolution of the 
backbone ether and sulfone, the oxidation of benzene 
rings and the increase in methyl groups.  

The decrease observed in the absorption at ~1325 cm−1 
which is assigned to bond scissions of C-O and C-S 
(Figure 7) is in accordance with the formation of preva- 
lent photoproducts resulting from the photodegradation 
of the diphenylethersulfones units such as carbonyl and 
hydroxyl products (Figures 8 and 9). It is also supported 
by IR spectra analyses for the hydrocarbon groups 
(~1385 cm−1) that show the significant decrease in the 
absorption intensity (Figure 10) which reflected substan- 
tial damages.  

These spectroscopic observations were supported by 
pore size and study of surface structure images of irradi-
ated membranes observed using SEM. The changes oc-
curred depend on the exposure time, Figure 11. Also, the 
interpretation is supported by the PWF values obtained 
from filtration studies. The PWF values of irradiated 
membranes were higher compared to the control mem-
brane (Figure 12). For the shortest exposure time (2 
minutes), the increase of PWF value was ~370% and for 
the longest exposure time (60 minutes), it was ~225%,  
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Figure 12. Effect of very short time of UV irradiation (0 - 60
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4. Conclusion 
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