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Abstract 

The enantiomeric and racemic effect of tartaric acid (TA) was studied on the properties of polysulfone (PSn) ultrafiltration 
membranes. Dextro-tartaric acid (D-TA) and DL-tartaric acid (DL-TA) were used as additives in the present study. 
Investigation was done in terms of permeation and rejection behaviour of fabricated membrane for brilliant green dye 
(BGD), with and without an anionic surfactant sodium dodecyl sulphate (SDS) from aqueous media. Morphological study of 
the prepared membranes was done by field-emission scanning electron microscope and scanning electron microscope. 
Permeability method was used for determining the pore number, area of pores and average pore size for all the prepared 
membranes. Whereas, contact angle, equilibrium water content, hydraulic resistance, porosity and ion exchange capacity 
were measured for finding the hydrophilicity (HPCT) of these membranes. The measurements of water contact angle provide 
evidence that the HPCT of PSn membrane increases by addition of the D-TA in the casting solution. This study shows that 
addition of D-TA in membrane results in enhanced pure water flux and rejection as well as higher permeation compared to 
ordinary PSn membrane. We expect that hydrophilic PSn membrane modified by D-TA has a capability to be used in 
separation field. 
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Introduction 
Dyes are integrated part of different industries such as paper, 
paints and textile. These industries release effluent which is 
contaminated with harmful dyes and subsequently it is 
responsible for many ecological problems. So, proper treatment 
and handling of coloured wastewater is necessary before 
throwing away. Even small amount of dye present in the water 
is able to be seen which affects the clearness of water and also 
the aquatic life since it hinders the path of sunlight via water1. In 
the last decades many decolourization methods which include 
physical, chemical and biological processes have been 
reported2,3 but, there is no single process capable of adequately 
treating a dye effluent. Its complex nature made it difficult to 
satisfactorily treating a dye effluent. 
 
Micellar enhanced ultrafiltration (MEUF) is one of the potential 
methods for the removal of organic dyes from coloured effluent. 
MEUF have certain advantages over other membrane based 
separation processes which includes higher removal efficiency, 
lower operating cost and higher permeate flux4. PSn is widely 
used polymer for membrane fabrication. Hydrophobic character 
of PSn is its major drawback because it is responsible for the 
adsorption of organic molecules on the membrane surface; this 
fact is known as membrane fouling. There are many ways to 
protect the membrane from fouling. Surface modification of 
PSn based membrane is a common technique for increasing the 
HPCT of membrane, consequently reducing the fouling. 

Literature shows that even a small amount of organic acid can 
change the HPCT of polymeric membrane. So, blending of 
different organic acids with PSn can be used for surface 
modification and consequently increasing the hydrophilic 
properties of the membrane. Kumar et al.5 prepared polysulfone-
chitosan blend ultrafiltration membranes with 1 % acetic acid. 
Their observation resulted with improved antifouling property 
of bovine serum albumin (BSA) rejection through modified 
membrane. Xenobiotics removal at different solution pHs was 
studied by Ghaemi et al.6  
 
They investigated the effect of various concentrations (0.25 to 1 
wt %) of three different organic acids on the morphology and 
performance of PSn membrane. They observed that citric acid 
offered highest retention efficiency of the solutes compared to 
other two acids (i.e. ascorbic acid and maleic acid). 
 
It appears from the literatures review that although lots of works 
have reported on several organic acids to increase the HPCT of 
PSn membrane, but no work has been reported on the 
investigation of enantiomeric and racemic effect of organic acid 
on the HPCT of PSn membrane; i.e. blending of D-TA and DL-
TA in PSn membrane and their performance in the removal of 
brilliant green dye (BGD) from aqueous solutions. Therefore, in 
the present study an attempt was made to investigate the effects 
of addition of D-TA and DL-TA into the casting solution of PSn 
membrane. 
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Materials and Methods 

Materials and reagents: Polysulfone (average molecular 
weight of 30,000 Da) was procured by Sigma-Aldrich Co. USA, 
and was taken as base polymer in the membrane casting 
solution. Dimethyl acetamide (DMAc) (supplied by LOBA 
Chemie, India) was used as solvent. PVP (average molecular 
weight of 40000 Da), D-tartaric acid (pKa = 2.98) and DL-
tartaric acid (pKa = 3.03) with average molecular weight of 150 
Da for both TAs; were supplied by Otto Chemie Private Limited 
India. BGD with molecular weight of 482.6 Da was purchased 
from CDH Laboratory, India and surfactant SDS (MW 288.38) 
has been procured from SISCO Research Laboratories, India. 
 
Membrane preparation: Wet phase inversion technique was 
used for the fabrication of flat film PSn membranes. PVP with 
D-TA and DL-TA were used as additives and DMAc (79-80 wt 
%) was used as solvent. A constant concentration 18 wt % of 
the PSn was taken for all the membrane casting solutions. 
Membranes with varying compositions were defined as M1, M2 
and M3. 
 
The casting solution was stirred (at 350 rpm) at room 
temperature with the help of a magnetic stirrer for 8 h. Detailed 
preparation procedure is explained in our previous work7. 
Thickness of the film was maintained as 100 μm. Finally, the 
sheets were air dried for 24 h at room temperature. After that, 
membranes were cut in the circular shape of required diameter 
0.03 m and placed inside the membrane cell for filtration 
experiments. 
 
Characterization of membranes: All the fabricated 
membranes were characterized through permeation experiments 
as well as morphological analysis. Morphological analysis of 
the prepared membranes was done by microscopic observations. 
The permeation and rejection capacity of each membrane was 
studied in terms of compaction factor (CF), pure water flux 
(PWF), percentage rejection (% R) of BGD, ion exchange 
capacity (IEC) of the membranes, water contact angle (for 
finding the HPCT of membrane) and hydraulic resistance (Rm). 
All the characterization techniques are explained well in 
literature 7. 
 
Results and Discussion 
SEM image analysis: SEM images shown in Figure-1 (a) 
depict the cross-sectional view of the fabricated membranes. 
Images clearly show that prepared membranes were porous 
structure which was asymmetric in nature. They depict a dense 
top layer and a porous sub-layer. The porosity of the prepared 
membranes increases by the addition of D-TA this information 
may be explained by the fact (i) interactions between polymer 
chains got reduced, because of the TA molecules and polymer 
came into contact and further interacted with each other and also 
(ii) solvent (DMAc) outflow decreased and non-solvent (water) 
inflow increased due to the HPCT of TA added to the casting 

solution6,8. Hence, membranes with higher porosity were 
formed. Increased demixing rate of the casting solution may be 
the reason of thinner top-layer in addition to the larger groove-
like pores in the sub-layer compared to plain PSn membrane 9. It 
was confirmed that the D-TA containing membrane has better 
pore structure than DL-TA containing membrane. This fact can 
also be explained by the concentration of DMAc in coagulation 
bath. The amount of DMAc was found about 152 µg/L and 84 
µg/L for M2 and M3 membrane, respectively. The porous sub-
layer seems to possess finger-like structure. Since, DMAc is 
highly soluble in water and shows high interactive affinity with 
water, instantaneous demixing occurs during membrane 
preparation by wet phase inversion method which further results 
in the creation of finger like structure in the sub-layer of the 
fabricated membranes10. Throughout the process, the 
concentration of non-solvent in the polymer solution slowly 
increases until the demixing gap is reached 11. With reference to 
the phase separation theory, in a ternary system three modes of 
phase separation can occur: (i) nucleation and growth of the 
polymer lean phase (ii) spinodal phase separation and nucleation 
and (iii) growth of the polymer rich phase8.  
 
FESEM analysis: FESEM images for the top surface (air-side) 
of fabricated membranes are depicted in Figure 1 (b). Spinodal 
demixing may be the cause of formation of dense top surface. 
This is attributed to the fact that during formation of top layer 
the diffusion process between coagulation medium i.e. 
deionized water and casting or polymer solution was so fast to 
become unsteady and go across the spinodal curve12. This gives 
a top surface with a large extent of interconnected pores. 
FESEM images were analyzed for determining the pore size on 
the membrane surface, using Image J software13. Mean pore size 
was measured as 27.96 nm, 21.17 nm and 36.43 nm for M1, M2 
and M3, respectively. These pore size values made it confirm 
that all the membranes were in UF range. It was confirmed that 
addition of DL-TA increased the pore size whereas; addition of 
D-TA reduced the pore size of the membrane. However, both 
TA’s gave better results than PSn membrane in terms of 
rejection.  
 
Fabricated membranes were checked by permeation behavior 
for observing the effect of the addition of D-TA and DL-TA. 
The membranes were tested in terms of CF, PWF and hydraulic 
permeability. Effects of solubility of both the tartaric acids and 
applied pressure were studied on EWC and porosity. Lastly, the 
membranes were checked for its rejection in addition to 
permeate flux performance with BGD at different pHs. Research 
outcomes have been discussed in subsequent sections. 
 
Effect of chirality of TA on CF: Racemic mixture of the 
enantiomers is less soluble than the pure enantiomer14. It may be 
due to the fact that racemic forces reduce the solubility of 
racemic mixture. Both the enantiomers show same solubility in 
a particular solvent at constant temperature. Compaction factor 
(CF) is a significant factor for describing the membrane 
structure, especially for the membrane sub-layer. Increasing CF 
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shows that the membrane more about to be compressed due to 
the presence of substantial number of macro sized cavities in the 
sublayer. Initially all the membranes were compacted for 1h at 
414 kPa and after that pure water flux was collected for next 1h 
at the operating pressure of 150 kPa. Figure-2 shows the flux 
after compaction, it was noticed that flux was highest for D-TA 
containing membranes whereas flux was least for DL-TA 
containing membranes. Flux was found as 84.76 L/m2h, 161.03 

L/m2h and 53.19 L/m2h for M1, M2 and M3, respectively. This 
was due to less solubility of DL-TA than D-TA. Racemic forces 
reduce the solubility of DL-TA in coagulation bath which 
results in delayed demixing and consequently less porous 
membrane. Since, Levo-TA (another enantiomer of TA) has 
same solubility in water as D-TA shows; it gave the same 
permeation and rejection behavior with a particular molecular 
weight of PVP in a PSn based membrane. 

 

  
 

  

(a)            (b) 
Figure-1 

SEM and FESEM images of membrane cross section. M2 and M3 
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Figure-2 

Flux profile during compaction at 414 kPa. 
 

Effect of the addition of anionic surfactant sodium dodecyl 
sulfate (SDS) on the flux and rejection of BGD: SDS is used 
for the micellar-enhanced ultrafiltration (MEUF) in the present 
study. In this technology surfactant micelles help to solubilize 
organic or inorganic contaminants from aqueous stream. Figure-
3 depicts the effect of the addition of SDS in BGD removal. 
BGD concentration was 20 mg/L and SDS was taken at its 
critical micellar concentration (CMC) 8.2 mM 15. In aqueous 
solutions surfactant-dye interaction has been studied in the 
literature16-18. Spectral studies has shown that both electrostatic 
and hydrophobic forces play important role in association 
between ionic dyes and ionic surfactants19. In the case of 
oppositely charged dyes with surfactants interaction is 
responsible mainly by coulombic force. If hydrophobic 
interaction can dominate electrostatic repulsion then only inter-
action between surfactants and dyes of same charge happens17. 
Figure-3 shows that the rejection of BGD is less in absence of 
surfactant. Since the size of BGD molecules is lesser than the 
pores of membrane. On the other hand, when surfactant SDS 
was mixed in dye solution, the retention of BGD increased up to 
97.9%. Hence, it is clear that the dye molecules were solubilized 
on the surfactant micelles and afterward retained by the UF 
membrane19. 
 
Figure-3 also shows the variation of the permeate flux with and 
without surfactant. Flux was found more without SDS. It may 
be because of the fact that during UF, the micelles were formed 
by surfactant molecules are obviously bigger in size and hence, 
retained and accumulated on the membrane surface, 
consequently resulted in an elevated surfactant concentration 

near the membrane surface than the bulk surfactant 
concentration19, Purkait et al. also reported similar 
observations20. Several factors, for instance concentration 
polarization, fouling of membrane and gel layer formation on 
the membrane can be responsible for reduced permeate flux. 
 
Effect of pH on the flux and rejection of BGD: Figure-4 
depicts the effect of pH on flux and rejection of BGD. 
Increasing rejection trend observed with respect to the increased 
solution pH; it seems reasonable since the solute molecules 
(SDS) are negatively charged and because of the electrostatic 
charge repulsion between micelles and negative charges on the 
membrane surface which made it difficult to BGD molecules to 
move toward and adsorb on the membrane surface and BGD 
molecules are rejected. Micelles formed by the surfactant 
molecules were rejected during the UF, had net negative charge 
and membrane surface also have negative charge hence these 
micelles were rejected and accumulated near the surface of 
membrane and this trend increased with increasing pH since, 
negative charge increases in the feed solution. For instance 
rejection was increased from 86 % to 99 % for M2 by increasing 
pH from 3 to 8. The effect of pH on the permeate flux has been 
also studied. Figure-4 shows that the flux decreased gradually 
when pH increased from 3 to 8. Flux was declined from 18.2 
L/m2h to 11.9 L/m2h by increasing the pH from 3 to 8. This can 
be attributed to the fact that more micelles were there on the 
membrane surface at higher pH and consequently reduced flux 
achieved. Since recovery of surfactant is possible21 additions of 
D-TA and DL-TA in PSn membrane can be useful for the 
removal of BGD. 
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Table-1 
Values of some characterization parameters of all the 3 membranes: 

Membrane EWC (%) Rm×10-12 (m-1) CF IEC Contact angle (o) 

M1 65.0 2.38 1.28 1.47 68 

M2 69.0 1.46 1.32 1.85 55 

M3 63.0 3.89 1.21 1.80 71 
 

 
Figure-3 

Effect of pH on the flux and rejection of BGD 
 

 
Figurer-4 

Effect of pH on flux and rejection 
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Conclusion 
Enantiomeric and racemic effect of tartaric acid on the PSn 
membranes for BGD separation was investigated in detail and 
following observations were made: i. Size of pores on the 
membrane surface was reduced 24.3% by the addition of D-TA 
but increased 23.34% with DL-TA which was confirmed by the 
FESEM images. ii. IEC of the membranes were improved 
20.5% by the addition of both D-TAs and DL-TA. iii. Effect of 
pH on the membrane permeation and rejection behavior 
revealed the fact that flux was increased with decrease in pH. 
Whereas, rejection was found to be increased by increasing the 
pH from 3 to 8. 
 
Finally, it may be concluded that enatiomeric and racemic 
effects play an important role in the morphology, HPCT and 
rejection behavior of membranes. 
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