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Membrane Filtration of Methyl Orange 

 

Levent Semiz 1* 

 

ABSTRACT: In this work, the filtration of methyl orange by polyacrylonitrile-co-poly(2-

ethylhexylacrylate) copolymer and polyacrylonitrile-co-poly(2-ethylhexylacrylate)/polyaniline 

membranes were utilized. It was observed that the filtration performance was improved as acrylonitrile 

amount in the copolymer increased. Also, functionalizing membrane with polyaniline further enhanced 

the dye rejection rates. Moreover, this enhancement was proportional to polyaniline amount. 

Furthermore, the performance of polyaniline containing membranes was pH dependent. They showed 

higher filtration performances at acidic mediums and they further increased as pH decreased. 

PAN(92)-co-P2EHA(8)- PANI(10%) membrane provided 99.3% dye rejection value for 25 ppm dye 

concentration at pH 2. Also, this membrane demonstrated good resistance to permeate concentration. It 

had 97.6% and 90.1% dye rejection rates for 50 and 100 ppm, respectively. 
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INTRODUCTION 

Clean water is an important issue for the environment and human health. Water pollution is a 

growing problem due to the decrease in clean water resources and increase in industrial progresses 

leading to higher wastewater. Among pollutants, dyes are one of the most water polluting waste. Dye 

utilizing industries such as textile, paint, leather, pharmaceutical, cosmetics and plastics cause more 

than 7x105 ton wastewater annually (Li et al., 2015; Chen et al., 2015; Han et al., 2016; Karthik et al., 

2014; Ahmad et al., 2015; Xing et al., 2015). These wastewaters are a severe threat for the 

environment, especially aquatic enviroment, and so for human health (Thong et al., 2018; Manimaran 

et al., 2018; Kumar et al., 2015). Dyes in water decreases the transmittance of light into the water and 

dissolved oxygen amount in aquatic environment which are essential for aquatic life (Luo et al., 2010). 

Moreover, azo dyes like methyl orange are carcinogenic (Kumar et al., 2018). Hence, the removal of 

dyes for the wastewater treatment is an important issue that should be held seriously for the 

environment and human health (Xu et al., 2018). 

There are various methods for the removal of dyes from wastewater. Primary ones consist of 

oxidation, extraction, adsorption, biological treatment, ozonization, floatation, degredation, 

electrophoresis, coagulation, flocculation, ion-exchange, and membrane filtration (Kertesz et al., 2014; 

Wang et al., 2015; Ou et al., 2015; Panthi et al., 2015; Chen et al., 2018; Gao et al., 2013; Nabil et al., 

2014; Liu et al., 2017; Jiang et al., 2015; Zhang et al., 2017). However, these removal methods include 

drawbacks such as high operation costs, low efficiency, high energy necessity, poor selectivity, 

technical application problems, On the other hand, membrane filtration lead to low energy 

requirement, low cost, lower seondary pollution, high removal efficiency, good selectivity, 

environmentally friendly application advantages (Chen et al., 2018; Foorginezhad and Zerafat, 2017; 

Aouni et al., 2012; Ong et al., 2014; Xu et al., 2016; Liu et al., 2017; Lin et al., 2015; Yao et al., 2016; 

Nayak et al., 2018 ; Zhang et al., 2019). In literature, different membranes have been utilized in methyl 

orange filtration from wastewater such as graphene oxide (GO)-nylon 6 (Chen et al., 2018), 

polyacrylonitrile (PAN)-tannic aci-cupric acetate (Chakrabarty et al., 2017), PAN-diamino piperazine-

trimesoyl chloride (Perez-Manriquez et al., 2015), polyvinylidene difluoride (PVDF) (Mertens et al., 

2018), polysulfone-polydopamine (PDA)-chitosan-SiO2 (Ding et al., 2017), polyamide 6-GO (Chen et 

al., 2018), poly(arylene ether sulfone)-polyacrylic acid (Zhu et al., 2016),  PAN- magnesium silicate-

GO (Liang et al., 2016), PDA-polyethyleneimine-FeOOH (Lv et al., 2017), polyurethane-humic acid-

chitosan (Yang et al., 2017), PAN-GO (Fathizadeh et al., 2017) and chitosan-carbon nanotube (Shi et 

al., 2016). 

 

 

 
Figure 1. Chemical structures of (a) methyl orange, (b) polyacrylonitrile-co-poly(2-ethylhexylacrylate) and (c) polyaniline 
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In this study, methyl orange, an azo dye, filtration were utilized by polyacrylonitrile-co-poly(2-

ethylhexylacrylate) copolymer and polyacrylonitrile-co-poly(2-ethylhexylacrylate)-polyaniline blend 

membranes (Figure 1). Effects of copolymer composition and polyaniline addition on the filtration 

performance were evaluated. Furthermore, pH and dye concentration effects on the dye rejection 

values also analyzed in this study. 

MATERIALS AND METHODS 

Materials 

Isopropyl alcohol (99,9%), ammonium persulfate (98%), sulfuric acid (95-97%), 1-

dodecanethiol (98+%), magnesium sulfate (99+%), 1-methyl-2-pyrrolidonone (99+%) and N,N-

dimethyl formamide (99+%) and polyaniline (PANI) were obtained from Sigma-Aldrich and used 

directly without purification. 2-ethylhexylacrylate (Sigma-Aldrich, 98%) and acrylonitrile (Sigma-

Aldrich, 99%) were distilled before utilization. DOWFAX 8390 and methyl orange were also used as 

received. 

Copolymer Synthesis and Membrane Preparation 
Acrylonitrile and 2-ethylhexylacrylate were copolymerized by emulsion polymerization route in 

order to synthesize polyacrylonitrile-co-poly(2-ethylhexylacrylate) (Bozkir et al., 2012): 

20% of monomers, 1-dodecanethiol, DOWFAX 8390, 60% of ammonium persulfate and water 

were put into a three-naked flask having termocouple, condenser, dropping funnel, stirrer and nitrogen 

inlet. Temperature was raised to 660C and the solution was purged with nitrogen for 1 h before the 

compounds were mixed. The monomer mixture left was poured into the flash in 2 h. Then, the 

remaining ammonium persulfate was added to the flask and the solution was stirred at 660C.  After 1 h, 

the copolymer was precipitated via 10 wt % aqueous MgSO4 solution and washed with distilled water 

several times. The obtained copolymer was vacuum dried at 600C overnight. Copolymers were 

denoted as PAN(x)-co-P2EHA(y) where x and y indicate molar percents of acrylonitrile and 2-

ethylhexylacrylate in the copolymer, respectively. 

For the membrane preparation from copolymers, 1.2 g copolymer was dissolved in 7.7 g 

dimethyl formamide overnight and casted on a smooth surfaced glass. After the solution was levelled, 

it was put into isopropyl alcohol. After 1 h, it was immersed in distilled water and kept for overnight. 

In order to obtain PANI containing membranes, PANI and PAN(92)-co-P2EHA(8) copolymer were 

dissolved in dimethyl formamide. Then, membranes were produced via similar route described as 

above. For 10 wt% PANI including membrane, 0.12 g PANI and 1.08 g PAN(92)-co-P2EHA(8) were 

used and it was denoted as PAN(92)-co-P2EHA(8)/PANI(10%). 

Membrane Characterization, Water Flux and Dye Rejection Tests 
The infrared spectra of membranes were utilized by Perkin Elmer Spectrum100 FTIR 

spectrometer. Water uptakes were evaluated by the equation: 

𝑊𝑈 =
𝑚𝑤−𝑚𝑑

𝑤𝑑
      (1) 

where WU, md and mw are weight percent water uptake, dry and wet weights of membranes, 

respectively. 

Filtration tests were conducted by a dead end filtration method under the pressure of 1 bar. 

Permeate pH and concentrations were varied between 2-10 and 25-100 ppm, respectively. Filtration 

performances were utilized by Perkin Elmer Lambda 35 UV-Vis spectrometer at 465 nm (Zhu et al., 

2016). Active area and thickness of membranes were about 8.0 cm2 and 200 μm, respectively.  

Flux (J) values were calculated by the following equation: 

𝐽 =
𝑉

𝐴𝑡
      (2) 

where V, A and are the volume (L) of the filtrate, the active membrane area (m2) and the time 

interval (h), respectively. 

The percent rejection of methyl orange (R) was calculated by the following equation: 

𝑅 = (1 −
𝐶𝑓

𝐶𝑖
) 𝑥100     (3) 
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where Ci and Cf are initial and final concentrations of methyl orange solutions before and after 

filtration, respectively. 

The membrane morphologies were evaluated by Quanta 400F Field Emission SEM scanning 

electron microscope. 

RESULTS AND DISCUSSION 

Infrared spectra of copolymer membranes and PANI containing membranes can be seen in 

Figure 2. Signals at 2254 and 2925 cm-1 were contributed to C≡N and aliphatic C-H stretchings of 

PAN-co-P2EHA copolymers, respectively. Moreover, the signal at 1455 cm-1 was associated with C-H 

bending. Furthermore, peaks at 1724 cm-1 and 1064-1273 cm-1 were related to C=O and C-C-O, O-C-C 

stretchings, respectively. Also, signals at 1644 and 1598 cm-1 were pertinent to quinoid and benzoid 

rings of PANI. Additionally, the signal observed at 1324 cm-1 was related to C≡N angular deformation. 

 
Figure 2. FTIR spectra of (a) PAN(84)-co-P2EHA(16), (b) PAN(92)-co-P2EHA(8), (c) PAN(92)-co-P2EHA(8)-

PANI(5%) and (d) PAN(92)-co-P2EHA(8)-PANI(10%) membranes 

PAN(92)-co-P2EHA(8), PAN(92)-co-P2EHA(8)-PANI(5%) and PAN(92)-co-P2EHA(8)-

PANI(10%) membrane morphologies in Figure 3 showed that they had similar morphologies without 

any phase separation. Also, membranes seemed to have porous structure and pore features were 

estimated smaller than 100 nm. These small features provided relatively low fluxes and enhanced the 

filtration performance of membranes. Also, since the functionality of membranes is another important 

effect for effective filtration besides the small pore size, functionalization of membranes by PANI 

incorporation was expected to further improve the filtration performance. 

In Table 1, it can be seen that water uptake values of PAN(84)-co-P2EHA(16) and PAN(92)-co-

P2EHA(8) were alike. Since PANI provides hydrophilicity, PANI addition into membranes gave 

higher water uptake values. Also, water uptakes increased with the PANI content in the membrane. 

Thus, PAN(92)-co-P2EHA(8)- PANI(10%) provided the highest water uptake value of 8.89% which 

was 3.3 times of the water uptake of PAN(92)-co-P2EHA(8). Moreover, increase in hydrophilicity led 

to higher water permeation. Thus, both water and permeate fluxes increased with PANI content in the 

membrane. As a result, while water fluxes of PAN(84)-co-P2EHA(16) and PAN(92)-co-P2EHA(8) 

were calculated as 62.8 and 56.6 L m-2 h-1, they were measured as 90.4 and 113.5L m-2 h-1 for 

PAN(92)-co-P2EHA(8)-PANI(5%) and PAN(92)-co-P2EHA(8)-PANI(10%), respectively. It can be 

seen that water fluxes were enhanced by PANI content in the membrane proportionally. Furthermore, 

alike results were obtained for permeate fluxes and were calculated as 44.5 and 37.8 L m-2 h-1 for 

PAN(84)-co-P2EHA(16) and PAN(92)-co-P2EHA(8), 68.1 and 77.3 L m-2 h-1 for PAN(92)-co-

P2EHA(8)-PANI(5%) and PAN(92)-co-P2EHA(8)-PANI(10%), respectively. 
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Figure 3. SEM morphologies of (a) PAN(92)-co-P2EHA(8), (b) PAN(92)-co-P2EHA(8)-PANI(5%) and (c) PAN(92)-co-

P2EHA(8)- PANI(10%) membranes 

 

Table 1. Membrane features (The permeate concentration and pH were 25 ppm and 7, respectively.) 

Membrane Water uptake 
(weight %) 

Water flux  

(L m-2 h-1) 
Permeate flux  

(L m-2 h-1) 

PAN(84)-co-P2EHA(16) 2.61 62.8 44.5 

PAN(92)-co-P2EHA(8) 2.70 56.6 37.8 

PAN(92)-co-P2EHA(8)-PANI(5%) 5.88 90.4 68.1 

PAN(92)-co-P2EHA(8)- PANI(10%) 8.89 113.5 77.3 

The filtration performances of copolymer and PANI including membranes can be seen in Fig. 4. 

It shows that the filtration performance increased as the acrylonitrile content increased. This may be 

the result of the decrease in 2-ethylhexylacrylate amount that may lead to branching. Thus, this 

resulted in smaller pore features due to lower branching unit amount. In Table 1, it can be observed 

that both water and permeate flux values showed decrement as 2-ethylhexylacrylate amount decreased. 

The membrane resistance through permeation increased. This increase was also applied to dye 

molecules. As the acrylonitrile amount increased and fluxes decreased, the filtration performance of 

membranes increased. Lesser dye molecules could pass through the membrane due to the increase in 

membrane resistance towards permeation. The dye rejection values were measured as 38.4% and 

52.8% for PAN(84)-co-P2EHA(16) and PAN(92)-co-P2EHA(8), respectively. 

Since pore features and fluxes are not the only parameters that affect the filtration performance 

of membranes, membrane pores should be functionalized in order to enhance the rejection rates 

(Bozkir et al., 2012). For this purpose, PANI was added to PAN(92)-co-P2EHA(8). Figure 4 showed 

that PANI addition enhanced the filtration performance and this enhancement was proportional with 

PANI amount since higher PANI amount provided higher functionalization. Consequently, dye 

rejection values were calculated as 77.2% and 82.0% for PAN(92)-co-P2EHA(8)-PANI(5%) and 

PAN(92)-co-P2EHA(8)- PANI(10%), respectively. 

In order to analyze the pH dependency of membranes towards dye rejection, pH was varied from 

2 to 10. The pH of permeate adjusted to 10 for the evaluation of basicity effect on the filtration 

performance of membranes. It was seen that both copolymer and PANI including membranes were not 

sensitive to basic medium. The filtration performances at pH 10 were comparable with the ones at pH 
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7. On the other hand, when pH was set to 5 and medium became acidic, although the filtration 

performance of copolymer membranes did not showed significant changes, PANI containing 

membranes showed enhanced filtration performance. This may be the result of the functionality of 

PANI in acidic mediums. It was turned from emeraldine base form to emeraldine salt form and 

positively charged in acidic environments. Thus, the interaction between the positively charged 

membrane and negatively charged dye molecules increased. As a result, the dye rejection rates of 

PANI containing membranes increased with decreasing pH. Also, it was seen that this increase was 

proportional to PANI amount in the membrane. Dye rejection values were calculated as 84.4% and  

91.1% for PAN(92)-co-P2EHA(8)-PANI(5%) and PAN(92)-co-P2EHA(8)- PANI(10%), respectively 

when pH was set as 5. Furthermore, when pH was dropped to 2, the filtration performance of PANI 

containing membranes was further improved. Also, it increased with the PANI content in the 

membrane and this increase was sharper when compared the one at pH 5. The filtration performance 

became more dependent on PANI content pH further decreased. Dye rejection values at  pH 2 was 

found as 88.3% and  99.3% for PAN(92)-co-P2EHA(8)-PANI(5%) and PAN(92)-co-P2EHA(8)- 

PANI(10%), respectively. 

 
Figure 4. Dye rejection rates of PAN(84)-co-P2EHA(16), PAN(92)-co-P2EHA(8), PAN(92)-co-P2EHA(8)-PANI(5%) and 

PAN(92)-co-P2EHA(8)- PANI(10%) membranes at pH 2, 5, 7 and 10 (The permeate concentration was 25 ppm) 

In order to analyse the concentration effect on the membrane filtration performance, PAN(92)-

co-P2EHA(8)- PANI(10%) was utilized for the filtration of permeates having 25-100 ppm dye 

concentration at various pHs. As can be seen in Figure 5, dye rejection rates were strongly influenced 

by the permeate concentration at pH 7 and 10. This may be due to behaviours of copolymer and PANI 

in basic ant neutral mediums. The membrane was not functional and positively charged at these 

mediums. Thus, the interaction between dye molecules and the membrane was not strong and the 

filtration performance depended on pore features of the membrane. As a result, the resistance of 

membrane towards permeate concentration was poor. Dye rejection rates were calculated as 82.0%, 

70.1%, 49.3% at pH 7 and 76.2%, 62.1%, 38.4% at pH 10 for 25, 50 and 100 ppm, respectively 

(Figure 5). On the other hand, when pH decreased to 5 and the environment was made acidic, the 

membrane showed more resistance to increase in the permeate concentration. This may arise from the 

conversion of PANI from emeraldine base to emeraldine salt that led to positively charged membrane. 

Thus, the interaction between negative dye molecules and the positive membrane enhanced. Therefore, 

in addition to pore features, this attraction improved the filtration performance. 

Hence, dye rejection rates at pH 5 were found as 91.1%, 85.3%, and 75.3% for 25, 50 and 100 

ppm, respectively. Furthermore, when pH further decreased to 2, the membrane demonstrated higher 
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filtration resistance towards the permeate concentration. This may be the result of the increase in the 

acidity of the environment and its increased effect on the functionality of PANI. The dye rejection rate 

was obtained as 99.3% when the permeate concentration was 25 ppm. Moreover, when the permeate 

concentration was increased to 50 ppm, the filtration performance of the membrane was conserved and 

the dye rejection value was found as 97.6%. Furthermore, even though the permeate concentration was 

further increased to 100 ppm, the membrane showed good resistance to this increase and its filtration 

performance did not show significant decrease. The dye rejection rate was measured as 90.1%. 

Moreover, when the rejection rates were compared with values in literature, it was observed that 

PAN(92)-co-P2EHA(8)-PANI(10%) could exhibit satisfactory dye rejection performance (Table 2). 

 
Figure 5. Dye rejection rates of PAN(92)-co-P2EHA(8)- PANI(10%) membranes against permeate concentrations of 25, 

50 and 100 ppm at pH 2, 5, 7 and 10 

Table 2. Methyl orange rejection rates of various membranes 
Membrane Permeate Concentration (ppm) Dye Rejection (%) Reference 

PAN-tannic acid-cupric acetate 10 65 Chakrabarty et al., 2017 

Polyamide 6 @GO@PA 6-TiO2 10 99.36 Chen et al., 2018 

PS-PDA-CS-SiO2 20 97.6 Ding et al., 2017 
Nanoclay-zeolite 20-70 10 Foorginezhad and Zerafat, 2017 

Zirconia-ceramic 3000 61 Kumar et al., 2015 

MgSi@RGO/PAN 100 73.4 Liang et al., 2016 
PDA-polyethyleneimine-β-FeOOH 20 69.9 Lv et al., 2017 

PVDF 11 80 Mertens et al., 2018 

PAN-polyamide 11 30 Perez-Manriquez et al., 2015 
Carboxylated MWCNTs-Chitosan 5 83.6 Shi et al., 2016 

Polyurethane foam-humic acid-chitosan 5 99.7 Yang et al., 2017 

GO- isophorone diisocyanate 10 97.7 Zhang et al., 2017 

PAN(92)-co-P2EHA(8)-PANI(10%) 

25 99.3 

This study 50 97.6 

100 90.1 

CONCLUSION 

In this study, the filtration of methyl orange by PAN-co-P2EHA and PAN-co-P2EHA/PANI 

membranes were utilized. It was observed that the filtration performance increased as 2-

ethylhexylacrylate amount in the copolymer decreased. Furthermore, PANI addition enhanced dye 

rejection rates and they were proportional with PANI amount in the membrane. Also, the filtrate,on 

performance of PANI containing membranes further increased in acidic mediums. When pH 

decreased, their filtration performances improved significantly. PAN(92)-co-P2EHA(8)- PANI(10%) 

membrane showed the highest dye rejection rate of 99.3% at pH 2 and 25 ppm. Moreover, this 
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membrane demonstrated good resistance to the permeate concentration. The dye rejection rates were 

found as 97.6% and 90.1% when the permeate concentration increased to 50 and 100 ppm, 

respectively. Consequently, PAN(92)-co-P2EHA(8)- PANI(10%) may be regarded as a good 

alternative for the filtration of methylene orange. 
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