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Abstract 
 

Total alkalinity is one of the important parameter in the regulation of seawater 

carbonate chemistry system to determine the capacity of water to neutralize acid.  

In this paper, a new proton pump membrane was successfully modified using 

polyvinylpyrrolidone (PVP) as a supporting material due to its excellent chemical 

properties. The surface morphology of the membrane was thoroughly studied using 

Scanning Electron Microscope (SEM), which showed the presence of pore 

structure, ascribed to the presence of low molecular weight of PVP. The absorption 

of membrane was studied using Ultraviolet-Visible (UV-Vis) spectrophotometer, 

where the peak appeared at 539 nm-1. The functional group of the modified 

membrane was analyzed using Fourier Transform Infrared Spectroscopy (FTIR), and 

the spectra showed almost similar between modified membrane with PVP and 

without PVP. The electrochemical behaviour of the membrane was evaluated by 

cyclic voltammetry (CV) using gold (Au) electrode and the resulting 

voltammogram showed that the modified membrane with PVP has higher current 

reading compared to the membrane without PVP, indicating that there is redox 

reaction occured during the immobilization. The condition and perfomance of 

modified proton pump membrane with PVP was compared and analyzed.  
  

Keywords: Total alkalinity, proton pump membrane, polyvinypyrrolidone, modified 

electrode, characterization  

 

Abstrak 
 

Jumlah kealkalian adalah salah satu parameter yang penting dalam peraturan 

sistem kimia karbonat air laut untuk menentukan kapasiti air bagi meneutralkan 

asid. Dalam kertas kerja ini, membran pam proton yang baharu telah berjaya 

diubah suai menggunakan polivinilpirolidon sebagai bahan sokongan kerana sifat 

kimianya yang sangat baik. Morfologi permukaan membran telah dikaji dengan 

teliti menggunakan mikroskopi elektron pengimbasan (SEM), yang menunjukkan 

kehadiran struktur liang, yang dikaitkan dengan kehadiran PVP yang mempunyai 

berat molekul yang rendah. Penyerapan membran dikaji menggunakan 

spektrofotometer ultralembayung-nampak (UV-Vis), di mana puncaknya muncul 

pada 539 nm-1. Kumpulan berfungsi membran yang diubah suai telah dianalisis 

menggunakan spektrsokopi inframerah jelmaan Fourier (FTIR), dan spektrum 

menunjukkan hampir serupa antara membran diubah suai dengan PVP dan tanpa 

 
 
 
 
 
 
 

 

 

 
Electrochemical cell setup 

 

 

 

PVP, PVC,  

KTFPB, CI, 

NPOE, 

THF 

The mixture was 

transferred into 

glass ring and 

air dried 
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1.0 INTRODUCTION 
 

Since industrial revolution, carbon dioxide (CO2) has 

driven in increasing the global ocean’s average 

temperature about 40%, thus the concentration of CO2 

in earth atmosphere has rapidly increased from 280 

ppm to over 400 ppm today [1].  The composition of the 

ocean is changing dramatically as a result of increased 

atmospheric CO2 dissolving in seawater, making it more 

acidic and known as ocean acidification [2]. Ocean 

acidification is a reduction in the pH of the ocean and 

it occurs when the CO2 reacts with seawater and forms 

a weak carbonic acid [3].  This phenomenon led to a 

lowering pH, making the ocean more acidic as well as 

reducing carbonate ion concentration [4] and 

saturation states of other biological important minerals. 

The effects of seawater acidification are really 

threatening to marine life [5] and reduce the 

productivity of marine ecosystems [6].  

There are four parameters to determine the ocean 

acidification in seawater which are pH, partial pressure 

carbon dioxide (pCO2), dissolve inorganic carbon (DIC) 

and total alkalinity (TA) [7]. TA determination is the best 

among the variables to measure the sensitivity of the 

stream acid data [8] as it can decide the seawater’s 

ability to neutralize the acid [9]. 

Confronted with this issue, researchers are aware 

that they need to monitor the condition environment of 

seawater in order to protect the marine environment as 

well as the marine ecosystem. Previously, TA was 

measured using the conventional standard titration 

method as it was found to achieve high precision [10]. 

However, this method is time-consuming and can only 

be applied for a single measurement at one time for a 

sample. Recently, Afshar in 2017 developed a new 

approach using polymeric functional membrane [11], 

as the utilization of polymers has been of interest and 

there are high demands for more advanced functional 

materials. In this approach, the proton pump 

membrane was synthesized using porous 

polypropylene (PP) membrane as a supporting material 

[11].  
Proton pump membrane in TA measurement 

application acts as a hydrogen ion generator that 

change the concentration of hydrogen ions in the thin 

layer sample by generating the hydrogen ions from the 

proton pump to the thin layer gap. It is a hydrogen ion-

selective membrane with a rapid diffusive property that 

serves as a working electrode. The resulting pH is 

recorded at the pH probe placed directly opposite the 

proton pump [12].  

For this reason, as one of the common polymeric 

materials, polyvinylpyrrolidone (PVP) has been 

attempted to be provided as one of the supporting 

materials replacing PP in the preparation of proton 

pump membrane in order to increase the reusability of 

the proton pump membrane for further application of 

TA measurement. As the hydrophilic polymer, the 

addition of PVP to the cocktail component can 

increase the permeability of membrane, indirectly 

leading to membranes less prone to fouling [13] due to 

the formation of well-defined pores [14, 15]. Moreover, 

PVP is easy to use, has no or low toxicity [16] and good 

environmental stability, make it suitable to be used as 

supporting material for producing polymeric 

membranes [17].  

In this research, the polymeric functional membrane 

for proton pump was modified with PVP that was acted 

as supporting material together with polyvinyl chloride 

(PVC), ionophore, plasticizer, and additive. The 

membrane was characterized to study the physical, 

chemical and electrochemical behavior for potential 

measurement of total alkalinity in seawater. This proton 

pump membrane acts as a hydrogen ion generator 

[12] for further electrochemical cell setup.   

Previously, we have reported the preparation and 

characterization of pH probe membrane for 

determination of total alkalinity in seawater using PVC, 

chromoionophore I (CI), 2-nitrophenyl octyl ether 

(NPOE), potassium tetrakis[3,5-bis(trifluoromethyl)pheny

l]borate (KTFPB) and tetradodecylammonium 

tetrakis(4-chlorophenyl) borate (ETH 500) [18]. However, 

for the preparation and set up of electrochemical 

system for total alkalinity measurement requires proton 

pump to be coupled with pH probe to produce the 

effective system for the total alkalinity measurement. 

Hence, this study is important to obtain the optimum 

condition for proton pump membrane. The proton 

pump membrane with high porosity and high thermal 

degradation is required to increase the performance of 

total alkalinity measurement.  

 

 

 

PVP. Kelakuan elektrokimia membran dinilai dengan kitaran voltametri 

menggunakan elektrod emas (Au) dan voltamogram yang terhasil menunjukkan 

membran yang diubah suai dengan PVP mempunyai bacaan arus yang lebih 

tinggi berbanding membran tanpa PVP, menunjukkan bahawa berlakunya tindak 

balas redok semasa imobilisasi. Keadaan dan prestasi membran pam proton yang 

diubah suai dengan PVP telah dibandingkan dan dianalisis.  

 

Kata kunci: Jumlah kealkalian, membran proton pam, polivinilpirolidon, elektrod 

yang diubah suai, pencirian   
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2.0 METHODOLOGY 
 

2.1 Chemicals and Reagents 

 

Polyvinyl chloride (PVC) with high molecular weight, 

polyvinylpyrrolidone (PVP), chromoionophore I 

(CI), potassium tetrakis [3,5-bis(trifluoromethyl)phenyl]-

borate (KTFPB) and 2-nitrophyl octyl ether (NPOE), were 

purchased from Sigma-Aldrich, Singapore. 

Tetrahydrofuran (THF), potassium ferricyanide 

K3Fe(CN)6, and potassium chloride (KCl) were 

purchased from Merck (Germany). All materials used 

were analytical grade and better.  
 

2.2 Preparation of Proton Pump Membrane  

 

Two different compositions of proton pump membranes 

were prepared which were Membrane 1 (M1) without 

PVP and Membrane 2 (M2) with PVP were synthesized 

together with PVC, chromoionophore I, 

nitrophenylocytlether (NPOE), and potassium 

tetrakis[3,5 bis(trifluoromethyl)phenyl]borate (KTFPB) 

with THF as solvent to dissolve the cocktail component 

in order to find out the behavior of the PVP polymer in 

this application. The membrane was prepared, as 

described by modifying the method reported by [12] 

with the replacement of PP to PVP with different 

composition of the chemical components. Both of the 

mixtures were poured into glass ring, resting on a glass 

plate and being covered with aluminum foil to prevent 

the excessive evaporation. The solutions were aired 

dried at room temperature for 24 hours until completely 

dry. The membranes thickness were controlled by 

volume of the prepared solution and size of the glass 

ring. Table 1 shows the composition of the each 

prepared polymer solution for proton pump 

membrane.  

 
 

 
Table 1 Different composition of proton pump membrane for M1 and M2 

 

 

2.3 Characterization of Proton Pump Membrane  

 

The polymeric functional membranes were 

characterized to study the physical, chemical and 

electrochemical characteristics that occurred on the 

membranes surface. Physical characterization 

method used were Scanning Electron Microscope 

(SEM) and Thermogravimetric Analysis (TGA), 

chemical characterization involved are Fourier 

Transform InfraRed Spectroscopy (FTIR) and 

Ultraviolet-Visible Spectroscopy (UV-Vis) while 

electrochemical characterization involved is Cyclic 

Voltammetry (CV).  

SEM analysis were employed to study the surface 

morphology of the membrane and to predict the 

surface texture, homogeneity and cracks in the 

prepared composite membranes [19]. The surface 

morphology of membrane was investigated using 

Scanning Electron Microscope (SEM) (JEOL JSM-6360 

LA). Before the analysis, the membrane was mounted 

on SEM stub before coated with gold and analyze 

using different magnification.  

The functional group of membranes were studied 

using Fourier Transform InfraRed Spectroscopy (FTIR) 

(Shimadzu/IRTRacer-100). The samples were placed 

on a sample holder (ATR cell) and spectrum was 

measured in the wavelength ranges of 600 to 3600 cm-

1. 

TGA analysis was carried out to study the thermal 

stability [20] of polymeric functional membranes for 

degradation and decomposition temperature. This 

study was carried out using TGA in argon atmosphere  

at a heating rate of 10˚C/min and the membranes 

were scanned from 30˚C to 900˚C.  

Absorption of polymeric functional membranes using 

UV-Vis region were observed by dual beam UV-Vis 

Spectrophotometer (Shimadzu), equipped with UV 

Probe 2.43 software. Absorbance was measured in 

the range of 300 nm to 800 nm through 1 cm quartz 

cuvette.  

The redox behavior of the modified proton pump 

membrane was studied using cyclic voltammetry [21]. 

The voltammetry measurement was measured using 

AUTOLAB PGSTAT204 (AUT51243) from Metrohm, 

Singapore. The membrane was deposited on gold 

(Au) working electrode and measured using 2.5 mM 

K3Fe(CN)6 in 0.1 M KCl electrolyte.  

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Scanning Electron Microscope 

 

The membranes were investigated using SEM with 

magnification 1000x and 30x as a visual verification on 

how the combination of PVC and PVP polymers 

influences membrane morphology. Figure 1 shows the 

modified proton pump membrane without PVP while 

Figure 2 shows the proton pump membrane modified 

with PVP.  

The homogenous mixture of PVC, plasticizer, 

additive, and ionophore without PVP indicates 

smooth surface with non-porous structure and without 

any visible cracks for the morphology of the M1 [22]. 

Based on Figure 2, the morphologies of M2 that 

consists of PVP showed the formation of pores on the 

membrane. The higher concentration of PVP resulted 

in increased of the pore size of the membrane [23]. 

Membrane PVC (%) PVP (%) NPOE (%) CI (%) KTFPB (%) THF (mL) 

M1 31 0 67.5 1 0.5 1000 

M2 32.5 16 50 1 0.5 1000 

(b) (b) 
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Hence, the addition of PVP has been benefits of 

improving the membrane performance with 

increased permeability as agreed by Wu et al., in 2021 

[24].  
 

 
 

 
 

Figure 1 SEM images of M1 (a) and (b) presents surface 

morphology tested at 1000x and 30x magnification, 

respectively 

 

 
 

 
 

Figure 2 SEM images of M2 (a) and (b) presents surface 

morphology tested at 1000x and 30x magnification, 

respectively 

3.2 Fourier Transform Infrared Spectroscopy   

 

The Fourier Transform Infrared Spectroscopy (FTIR) 

spectra of the membranes are shown in Figure 3.  

According to Figure 3, peak appeared at 2924 cm-

1 were assigned to alkane (C-H) stretching, which 

might come from NPOE, CI, and PVC. The peaks 

located at 2345 cm-1 which signifies the existence of 

C-O bond which might come from NPOE, CI and the 

bands at 1519  cm-1 correspond respectively to the 

stretching asymmetric and symmetric modes of N=O 

(in NO2) bond [25]. The aliphatic ether C-O stretching 

(carboxylic acid) was characterized at 1273 cm-1, 

might came from NPOE.  

M1 and M2 showed almost similar FTIR spectra, with 

the presence of functional groups at the same 

wavenumbers except at wavelength 3410 cm-1. The 

appearance of peak at 3200-3600 cm-1 due to the 

stretching vibration of CH-N or O-H stretching [26], and 

the absorption bands at 1643 cm-1 correspond to C=O 

stretching from PVP [27] and the spectrum proving 

that it contains PVP compound, as reported by 

Behboudi et al., in 2021.  
 

 
 

Figure 3 FTIR spectra of M1 and M2 

 

 

3.3  Thermogravimetric Analysis   

 

Thermogravimetric analysis (TGA) was carried out to 

study the thermal stability of polymeric functional 

membranes for degradation and decomposition 

temperature. The thermograms of M1 and M2 are 

depicted in Figure 4. According to the graph 

presented, the non-single step degradation curve 

confirmed the presence of more than one 

component in the synthesized membranes. Analysis 

shown that both membranes thermal degradation of 

temperature were started at approximately 200˚C. M1 

has two degradation stages [28] while M2 has three 

degradation stages. Further analysis revealed that 

after heating to 900˚C, addition of PVP reduced the 

percent weight loss in the membrane.  

The first degradation temperature for M1 was 

between 200˚C to 300˚C with a weight loss of 76% due 

to chain stripping by elimination of HCl molecule from 

PVC [29]. The second degradation of M1 was 

occurred in range of 430˚C to 800 ˚C with the weight 

loss about 24%. This might due to low molecular weight 

(a) 

(b) 

(a) 
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oligomers, loss of moisture and residual solvent in this 

range temperature [30].  

The first weight loss of M2 was in the range of 200-

300˚C with 70% weight loss due to the elimination of 

HCl molecules leaving behind linger polyene chains 

[28]. The second decomposition of M2 occurred at 

approximately 414˚C to 546˚C, corresponding to the 

constituent polymers with a weight percentage loss of 

approximately 13%. This is probably due to the most 

organic materials of PVP have been disintegrated 

[29]. The third degradation involved the weight loss of 

17% in the range of 500˚C to 800˚C, due to 

degradation of some residual solvent.  

 

 
Figure 4 Thermogravimetric curve of M1 and M2 

 

 

3.4 Ultraviolet Visible Spectrophotometer    

 

Absorption of polymeric membranes were studied 

using UV-Vis spectrophotometer at wavelength 410 

nm-1 to 800 nm-1. The spectrum obtained from UV-Vis 

spectrophotometer is shown in Figure 5. 

The absorption spectrum of M1 exhibit one strong 

and one weak absorption peaks in the UV region, with 

absorption at 532 nm-1 (λ1) and 657.5 nm-1 (λ2) 

respectively, due to the presence of CI [30]. The 

distinct characterized peaks for CI in the visible regions 

has generally interpreted in term of n - π* excitation 

between bonding and antibonding molecular orbital. 

M2 exhibit excitation peak at 539 nm-1. Thus, resulting 

in lower absorption peak compared to M1. The 

excitation band of M2 at 539 nm-1 is attributed to the 

electronic transitions in PVP molecular orbitals. The 

radiation relaxation of electrons from the lowest 

energy unoccupied molecular orbital (LUMO) to the 

highest energy occupied molecular orbital (HOMO) 

levels in PVP [31]. Moreover, the peak on M2 was 

slightly shifted to the right. This might be because of 

the formation of charge transfer complex between 

the tertiary nitrogen atoms that attached to the PVP 

amide bond with the PVC chloro groups as stated by 

Radhakrishnan in 2007 [32]. In this reaction, the oxygen 

atom from THF attacks the carbon atom in PVP, 

breaking the bond between carbon atom and 

nitrogen atom. The PVP acts as nucleophile. The 

nitrogen atom consists of lone pair when break off with 

carbon atom in PVP, attacks the carbon atom of PVC, 

resulting elimination of the leaving group halogen (Cl). 

Thus, the nucleophile replaces the leaving group and 

forms a product and byproducts. The chemical 

reaction of PVP and PVC are illustrated in scheme 1.  

 
 

Figure 5 UV-Vis spectrum of M1 and M2 

 

 
Scheme 1 Illustration of chemical reaction of PVP and PVC  

 

 

3.5 Cyclic Voltammetry    

 

The electrochemical behavior of the proton pump 

membrane was thoroughly studied by Cyclic 

Voltammetry (CV) technique with gold (Au) electrode 

using 2.5 mM K3Fe(CN)6 in 0.1 M KCl electrolyte, from 

potential of -0.2 V to +0.8 V. Figure 6 shows the CV of 

bare Au electrode and modified with M1 and M2 

using 2.5 mM K3Fe(CN)6 in 0.1 M KCl electrolyte. The 

voltammogram response of bare Au, showed well-

defined peaks for the redox reaction of these 

electrolyte [33].  

M1 showed that after the modification on the 

electrode surface, the current reading was 

significantly decreased. The values were extremely 

small, implying that almost no current was recorded 

during the measurement [18]. This is in agreement with 

Jusoh et al., (2020). In the immobilization process, the 

surface electrode was successfully occupied with 

membrane, prevent any form of electron transfer to 

occur [34]. Meanwhile, the M2 voltammogram 

showed the decreased redox peak current due to the 

presence of PVP molecule on the electrode surface. 

The electrochemical response of K3Fe(CN)6 in KCl 

electrolyte to M2 is significantly enhanced, compared 

to other membranes which reflects the porous 

structure in SEM image in Figure 2. 
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Figure 6 Cyclic Voltammogram of modified electrode with 

different membranes using Au electrode with 2.5 mM 

K3Fe(CN)6 in 0.1 M KCl 

 

 

4.0 CONCLUSION 
 

In this research, M1 and M2 were successfully 

prepared and compared. Owing to the high 

physiological compatibility, applying PVP to the 

membrane as the supporting material can be used for 

different applications not only for water monitoring. 

Based on the preparation of membrane M1 and M2, 

the physical, chemical and electrochemical 

characterization was carried out to study the behavior 

of the membranes. The SEM result showed that M1 is 

denser compared to M2 that consist of pores. 

Moreover, SEM analysis shows the compatible data to 

the CV analysis as the redox reaction occurred at M2 

as the SEM analysis shows the porous morphology of 

membrane. According to FTIR spectra, M2 is 

composed of a blend of a PVC and PVP polymers. 

According to FTIR spectra, the peaks of the 

membranes were clearly seen. M1 and M2 has slightly 

difference in the peak presence due to the presence 

of functional group in PVP compound. TGA analysis 

shows that the spectrum thermograms reflects to the 

involved component. Both of the membranes showed 

the active excitation peak in the UV-Vis 

spectrophotometer due to the presence of CI.  Based 

on this findings for preparation and characterization of 

membranes, it showed that M2 membrane can be 

potentially use for the selective proton pump 

membrane due to its excellent properties of the 

membrane. 

 
 

Acknowledgement 
 

This work was supported by the Ministry of Education, 

Malaysia through Fundamental Research Grant 

Scheme FRGS/1/2017/WAB09/UMT/02/4 (FRGS Vote 

59487) as well as the Centre of Research and Field 

Service (CRAFTS) and Faculty of Science and Marine 

Environment (FSME), Universiti Malaysia Terengganu 

for providing laboratory facilities and instrumentation.  

 

 

References 
 
[1] Xue, L., & Cai, W. J. 2020. Total Alkalinity Minus Dissolved 

Inorganic Carbon as a Proxy for Deciphering Ocean 

Acidification Mechanisms. Marine Chemistry. 222: 103791. 

https://doi.org/10.1016/j.marchem.2020.103791. 

[2] Panchang, R., & Ambokar, M. 2021z. Ocean Acidification 

in the Northern Indian Ocean: A Review. Journal of Asian 

Earth Sciences. 219: 104904. 

https://doi.org/10.1016/j.jseaes.2021.104904. 

[3] Ollier, C. 2019. The Hoax of Ocean Acidification. 

Quaestiones Geographicae. 38: 59-66. 

https://doi.org/10.2478/quageo-2019-0029. 

[4] Foo, S. A., & Byrne, M. 2021. Forecasting Impacts of Ocean 

Acidification on Marine Communities: Utilizing Volcanic 

CO2 Vents as Natural Laboratories. Global Change Biology. 

27: 1995-1997. https://doi.org/10.1111/gcb.15528. 

[5] Priasetyono, Y., Suseno, H., & Prajitno, P. 2021. Desain for 

Ocean Acidification Experiment Related to Radioecology 

in Indonesia. AIP Conference Proceedings. 2374: 1-6. 

https://doi.org/10.1063/5.0061427. 

[6] Shah, J., Patel, V., & Shukla, R. 2021. Use of Artificial Sea 

Acidification to Reduce Emission from Gasoline Powered 

Engine. 10: 2525-2542. http://www.modern-journals.com/. 

[7] Gonski, S. F., Horwith, M. J., Albertson, S., Bos, J., Brownlee, 

A. S., Coleman, N., Maloy, C. F., Keyzers, M., Krembs, C., 

Pelletier, G., Rauschl, E., Young, H. R., & Cai, W. J. 2021. 

Monitoring Ocean Acidification within State Borders: 

Lessons from Washington State (USA). Coastal 

Management. 49: 487-509. 

https://doi.org/10.1080/08920753.2021.1947130. 

[8] Gregor, L., & Gruber, N. 2021. OceanSODA-ETHZ: A Global 

Gridded Data Set of the Surface Ocean Carbonate System 

for Seasonal to Decadal Studies of Ocean Acidification. 

Earth System Science Data. 13: 777-808. 

https://doi.org/10.5194/essd-13-777-2021. 

[9] Afshar, M. G., Crespo, G. A., Xie, X., & Bakker, E. 2014. Direct 

Alkalinity Detection with Ion-selective 

chronopotentiome-try. Analytical Chemistry. 86: 6461-6470. 

https://doi.org/10.1021/ac500968c. 

[10] Seelmann, K., Aßmann, S., & Körtzinger, A. 2019. 

Characterization of a Novel Autonomous Analyzer for 

Seawater Total Alkalinity: Results from Laboratory and Field 

Tests. Limnology and Oceanography: Methods. 17: 515-

532. https://doi.org/10.1002/lom3.10329. 

[11] Ghahraman Afshar, M., Tercier-Waeber, M. L., Wehrli, B., & 

Bakker, E. 2017. Direct Sensing of Total Alkalinity Profile in a 

Stratified Lake. Geochemical Perspectives Letters. 3: 85-93. 

https://doi.org/10.7185/geochemlet.1709. 

[12] Afshar, M. G., Crespo, G. A., & Bakker, E. 2015. Thin-Layer 

Chemical Modulations by a Combined Selective Proton 

Pump and pH Probe for Direct Alkalinity Detection. 

Angewandte Chemie. 127: 8228-8231. 

https://doi.org/10.1002/ange.201500797. 

[13] Milescu, R. A., McElroy, C. R., Farmer, T. J., Williams, P. M., 

Walters, M. J., & Clark, J. H. 2019. Fabrication of PES/PVP 

Water Filtration Membranes using Cyrene®, a Safer Bio-

based Polar Aprotic Solvent. Advances in Polymer 

Technology. 2019: 1-15. 

https://doi.org/10.1155/2019/9692859. 

[14] Al Malek, S. A., Abu Seman, M. N., Johnson, D., & Hilal, N. 

2012. Formation and Characterization of Polyethersulfone 

Membranes using Different Concentrations of 

Polyvinylpyrrolidone. Desalination. 288: 31-39. 

https://doi.org/10.1016/j.desal.2011.12.006. 

[15] Vaysizadeh, A., Zinatizadeh, A. A., & Zinadini, S. 2021. 

Fouling Mitigation and Enhanced Dye Rejection in UF and 

NF Membranes via Layer-by-layer (LBL) Assembly and 

Altering PVP Percentage as Pore Former. Environmental 

Technology and Innovation. 23: 101698. 

https://doi.org/10.1016/j.eti.2021.101698. 

[16] Badawi, A. 2021. Enhancement of the Optical Properties of 

PVP using Zn1-xSnxS for UV-region Optical Applications. 

-0.00008

-0.00006

-0.00004

-0.00002

0

0.00002

0.00004

0.00006

-0.4 -0.2 0 0.2 0.4 0.6 0.8 1

C
u
rr

en
t 

(i
)

Potential (V)

bare

M1

M2

https://doi.org/10.1016/j.marchem.2020.103791
https://doi.org/10.1111/gcb.15528
https://doi.org/10.1063/5.0061427
http://www.modern-journals.com/
https://doi.org/10.1002/lom3.10329
https://doi.org/10.7185/geochemlet.1709
https://doi.org/10.1002/ange.201500797
https://doi.org/10.1016/j.desal.2011.12.006
https://doi.org/10.1016/j.eti.2021.101698


181                             Mariani Ahmad et al. / Jurnal Teknologi (Sciences & Engineering) 85:2 (2023) 175–181 

 

 

Applied Physics A: Materials Science and Processing. 127: 

1-9. https://doi.org/10.1007/s00339-020-04157-2. 

[17] Mallakpour, S., & Naghdi, M. 2016. Fabrication and 

Characterization of Novel Polyvinylpyrrolidone 

Nanocomposites having SiO2 Nanoparticles Modified with 

Citric Acid and L(+)-ascorbic Acid. Polymer. 90: 295-301. 

https://doi.org/10.1016/j.polymer.2016.03.029. 

[18] Jusoh, N. S., Ahmad, A., Ariffin, M. M., & Zuki, H. M. 2020. 

Preparation and Characterisation of pH Probe Membrane 

for Determination of Total Alkalinity in Seawater. Malaysian 

Journal of Analytical Sciences. 24: 1-10. 

https://mjas.analis.com.my/mjas/v24_n1/pdf/Sheryna_24_

1_1.pdf. 

[19] Azam, R. S. B. 2021. Enhancing the Fouling Resistance and 

Rejection of Cellulose Acetate [CA]/MXene [Ti3C2Tx] 

Nanocomposite Membranes. 13: 5. [Qatar University], 

https://doi.org/10.22141/2224-0721.13.5.2017.110020. 

[20] Natali, M., Torre, L., Puri, I., & Rallini, M. 2022. Thermal 

Degradation of Phenolics and their Carbon Fiber Derived 

Composites: A Feasible Protocol to Assess the Heat 

Capacity as a Function of Temperature through the Use of 

Common DSC and TGA Analysis. Polymer Degradation and 

Stability. 195: 109793. 

https://doi.org/10.1016/j.polymdegradstab.2021.109793. 

[21] Okpara, E. C., Ogunjinmi, O. E., Oyewo, O. A., Fayemi, O. 

E., & Onwudiwe, D. C. 2021. Green Synthesis of Copper 

Oxide Nanoparticles using Extracts of Solanum 

Macrocarpon Fruit and Their Redox Responses on SPAu 

Electrode. Heliyon. 7: e08571. 

https://doi.org/10.1016/j.heliyon.2021.e08571. 

[22] Bhran, A., Shoaib, A., Elsadeq, D., El-gendi, A., & Abdallah, 

H. 2018. Preparation of PVC/PVP Composite Polymer 

Membranes via Phase Inversion Process for Water 

Treatment Purposes. Chinese Journal of Chemical 

Engineering. 26: 715-722. 

https://doi.org/10.1016/j.cjc -he.2017.09.003. 

[23] Tan, X. M., & Rodrigue, D. 2019. A Review on Porous 

Polymeric Membrane Preparation. Part I: Production 

Techniques with Polysulfone and Poly (Vinylidene Fluoride). 

Polymers. 11: 1160. 

https://www.mdpi.com/20734360/11/7/116-0. 

[24] Wu, Y., Zeng, J., Zeng, Y., Zhou, H., Liu, G., Jian, J., & Ding, J. 

2021. Polyethersulfone-polyvinylpyrrolidone Composite 

Membranes: Effects of Polyvinylpyrrolidone Content 

Andpolydopamine Coating on Membrane Morphology, 

Structure and Performances. Chinese Journal of Chemical 

Engineering. 38: 84-97. 

https://doi.org/10.1016/j.cjche.2020.09.012. 

[25] Kamaruddin, Edikresnha, D., Sriyanti, I., Munir, M. M., & 

Khairurrijal. 2017. Synthesis of Polyvinylpyrrolidone (PVP)-

Green Tea Extract Composite Nanostructures using 

Electrohydrodynamic Spraying Technique. IOP 

Conference Series: Materials Science and Engineering. 202: 

012043. https://doi.org/10.1088/1757899X/202/1-/012043. 

[26] Rahma, A., Munir, M. M., Khairurrijal, Prasetyo, A., Suendo, 

V., & Rachmawati, H. 2016. Intermolecular Interactions and 

the Release Pattern of Electrospun Curcumin-

Polyvinyl(pyrrolidone) Fiber. Biological and Pharmaceutical 

Bulletin. 39: 163-173. https://doi.org/10.1248/bpb.b15-

00391. 

[27] Behboudi, A., Ghiasi, S., Mohammadi, T., & Ulbricht, M. 

2021. Preparation and Characterization of Asymmetric 

Hollow Fiber Polyvinyl Chloride (PVC) Membrane for 

Forward Osmosis Application. Separation and Purification 

Technology. 270: 118801. 

https://doi.org/10.1016/j.se- ppur.2021.118801. 

[28] Cruz, P. P. R., da Silva, L. C., Fiuza-Jr, R. A., & Polli, H. 2021. 

Thermal Dehydrochlorination of Pure PVC Polymer: Part I-

thermal Degradation Kinetics by Thermogravimetric 

Analysis. Journal of Applied Polymer Science. 138: 1-18. 

https://doi.org/10.1002/app.50598. 

[29] Liu, Y., Li, R., Yu, J., Ni, F., Sheng, Y., Scircle, A., Cizdziel, J. V., 

& Zhou, Y. 2021. Separation and Identification of 

Microplastics in Marine Organisms by TGA-FTIR-GC/MS: A 

Case Study of Mussels from Coastal China. Environmental 

Pollution. 272: 115946. 

https://doi.org/10.1016/j.envol-2020.115946. 

[30] Ishii, N. 2009. Monomolecular Layer Formation of 

Amphiphilic Chromoionophore I at the Air/Water Interface. 

Trans Mater Res Soc Japan. 34(1): 13-8. 

[31] Thi, T. M., Tinh, L. Van, Van, B. H., Ben, P. Van, Trung, V. Q. 

2012.  The Effect of Polyvinylpyrrolidone on the Optical 

Properties of the Ni-Doped ZnS Nanocrystalline Thin Films 

Synthesized by Chemical Method. J Nanomater. 1-8.  

http://www.hindawi.com/journals/jnm/2012/528047/. 

[32] Radhakrishnan Nair, M. N., Thomas, G. V., & Gopinathan 

Nair, M. R. 2007. Thermogravimetric analysis of PVC/ELNR 

blends. Polymer Degradation and Stability. 92: 189-196. 

https://doi.org/10.1016/j.polymdegradstab.2006.11.014. 

[33] Alibe, I. M., Matori, K. A., Sidek, H. A. A., Yaakob, Y., Rashid, 

U., Alibe, A. M., Zaid, M. H. M., Nasir, S., & Nasir, M. M. 2019. 

Effects of Polyvinylpyrrolidone on Structural and Optical 

Properties of Willemite Semiconductor Nanoparticles by 

Polymer Thermal Treatment Method. Journal of Thermal 

Analysis and Calorimetry. 136: 2249-2268. 

https://doi.org/10.1007/s10973-018-7874-7. 

[34] Pasternak, G., Ormeno-Cano, N., & Rutkowski, P. 2021. 

Recycled Waste Polypropylene Composite Ceramic 

Membranes for Extended Lifetime of Microbial Fuel Cells. 

Chemical Engineering Journal. 425: 130707. 

https://doi.org/10.1016/j.cej.2021.130707. 

 

 

https://doi.org/10.1007/s00339-020-04157-2
https://doi.org/10.1016/j.polymer.2016.03.029
https://mjas.analis.com.my/mjas/v24_n1/pdf/Sheryna_24_1_1.pdf
https://mjas.analis.com.my/mjas/v24_n1/pdf/Sheryna_24_1_1.pdf
https://doi.org/10.22141/2224-0721.13.5.2017.110020
https://doi.org/10.1016/j.polymdegradstab.2021.109793
https://doi.org/10.1016/j.cjche.2020.09.012
https://doi.org/10.1248/bpb.b15-00391
https://doi.org/10.1248/bpb.b15-00391
https://doi.org/10.1016/j.seppur.2021.118801
https://doi.org/10.1002/app.50598
https://doi.org/10.1007/s10973-018-7874-7

