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ABSTRACT. One of the important roles of the kidneys is to excrete the residues of the body's metabolism, for example urea, 
uric acid, and creatinine. If these metabolic residues are allowed to accumulate, they can become toxic to the body, especially 
the kidneys. Hemodialysis has a process related to the disposal of metabolic residue particles in artificial kidneys which 
currently use a membrane that functions as a separator for metabolic residues with the patient's blood which is then circulated 
on its own. This study used Molecularly Imprinted Membrane (MIM) and Non-Imprinted Membrane (NIM) with cellulose and 
cellulose acetate polymers. The results of this study, the cellulose acetate MIM membrane has the highest value compared 
to other variation membranes, because the cellulose acetate MIM membrane is rich in –OH (hydroxyl) groups so that it 
makes the membrane more hydrophilic. The percentage of cellulose acetate MIM membrane porosity test was 86.75%, the 
percentage of water absorption test was 91.09%, the highest flux test value of cellulose acetate MIM membrane with 
demineralized water solution was 5.78 L/m2.hr. while the tensile test of the cellulose acetate NIM membrane was 12.141 
N/mm2. The increase in the percentage value of porosity is directly proportional to the percentage value of water absorption 
and flux, but inversely proportional to the results of the tensile test which has a lower Young's modulus value compared to 
cellulose. 
 
Keywords: Cellulose, Cellulose Acetate, Hollow Fiber, MIM, Hemodialysis. 

 
INTRODUCTION 

One of the important roles of the kidneys is to 
excrete the residues of the body's metabolism, for 
example urea, uric acid, and creatinine. If these 
metabolic residues are allowed to accumulate, they 
can become toxic to the body, especially the kidneys. 
Thus, if the kidneys fail, this important role will cause 
problems.The results of metabolites such as urea and 
creatinine will be higher (Suryawan et al., 2017). 

Based on data from the Ministry of Health for 
2022,  acute  kidney  failure  in  children in 2022 is 
the most  common in Indonesia with a total of 118 
deaths, which exceeds the number of deaths in 
Gambia which amounted to 50 deaths. Chronic 
kidney  disease  (CKD)  is  a  threat  to  patients 
because of the high morbidity and lack of medical 
expenses  (Azhar et al.,  2021).  Chronic   kidney 
failure  is a  disorder  that   occurs  in   progressive 
and  irreversible   kidney   function  in  which  the 
body's  ability  to  maintain fluid and electrolyte 
balance and excretion of metabolic waste is lost, 
causing uremia. (Djunaidi et al., 2021) and can cause 
complications and even kidney transplant if 
hemodialysis is not done. 

Hemodialysis has a process related to the removal 
of metabolic residue particles in the artificial kidney. It 
takes place in a dialysis machine, in which the patient's 
blood is removed from the blood vessels and then 
cleaned through diffusion and ultrafiltration processes. 
Substances that are filtered in the form of water, 
ammonia, salt, urea, and creatinine. Dialysate 
solutions contain chemicals that are similar to those 
found in the body, such as acetate, acetic acid, and 
glucose (Raharjo et al., 2017). In hemodialysis, 
currently many use a membrane that functions as a 
separator for metabolic residues with the patient's 
blood which is then circulated itself.  

The membrane in general, is defined as a 
semipermeable thin layer that has a function as a 
special filter that can separate the components of a 
mixture   (Raharjo et al., 2017).   According  to 
(Raharjo et al., 2017) membranes have several 
advantages, namely: (i) they require a small amount 
of energy, which does not include changes in the 
molecular  structure  of  the substance being 
separated;  (ii) can be performed at room 
temperature; (iii) and does not require additional 
chemical substances during the separation process. 
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Physicochemical properties, such as porosity, 
hydrophilicity, hemocompatibility, and mechanical 
properties;  then  the  morphology  and  surface  of 
the  membrane,  such  as the concentration of 
polymer, solvent, and additives in the hemodialysis 
membrane  prepared   with  the  polymer  mixture  
must be good (Azhar et al., 2021). Most of the 
membranes used for hemodialysis use hollow fiber 
membranes, they are preferred compared to flat 
membranes, because they have a relatively small 
surface area.  Meanwhile, hollow fiber membranes 
can  provide  better  performance  due to the larger 
flat surface area (Raharjo et al., 2017). 

This study used Molecularly Imprinted Membrane 
(MIM)  and  Non-Imprinted  Membrane  (NIM).  MIM 
is a membrane that has the ability to recognize 
molecules due to its template which is achieved 
through  cross-linking  between  the functional 
polymer and  the target molecule. MIM has several 
advantages,  namely:  high  stability and specificity, 
the impression material has greater flexibility in 
choosing the appropriate functionality due to the 
availability  of  a  large number of compounds that 
can  be  polymerized  (Djunaidi  et al.,  2021).  One 
of the polymers  used  for the preparation of 
hemodialysis membranes, namely cellulose and 
cellulose   acetate  which  has  the  advantages  of 
good toughness, biodegradability, sustainable 
characteristics, biocompatible, and cheap compared 
to other polymers (Azhar et al., 2021). Several 
previous researchers have developed hemodialysis 
membranes based on cellulose acetate and 
polysulfone using the phase inversion method, 
including studies on membrane porosity, 
hydrophilicity, and selectivity for uremic toxins such as 
urea and creatinine (Hayder et al., 2018).  

The development  of molecularly imprinted 
polymer (MIP) and molecularly imprinted membrane 
(MIM) technologies for hemodialysis has also been 
reported as a promising approach for selective 
removal  of  uremic toxins (Djunaidi et al., 2021; P. 
Fan & Wang, 2009a).  Earlier foundational work by 
the research group demonstrated selective MIP 
synthesis  for glucose using polyeugenol as a 
functional polymer (Djunaidi & Astuti, 2019), 
separation of metal mixtures using a novel eugenol-
derived carrier by bulk liquid membrane (Djunaidi et 
al., 2017) and synthesis of Fe(III)-imprinted 
polyeugenol using PEGDE as a crosslinker for selective 
Fe(III) sorption (Djunaidi et al., 2015). Further 
advances include hollow fiber MIM membranes based 
on eugenol functionalized with di-(2-ethylhexyl) 
phosphoric acid (D2EHPA) as a hemodialysis 
candidate (Djunaidi et al., 2024), polysulfone-
cellulose hollow fiber membranes with urea imprinting 
via varied crosslinkers (Djunaidi et al., 2026), and 
eugenol-based hollow fiber membranes for seawater 
desalination (Djunaidi et al., 2025). 

 

EXPERIMENTAL SECTIONS 
 Materials 

The materials used in this research were Cellulose 
(Sigma Aldrich), Cellulose Acetate (Sigma Aldrich), 
Polysulfone (PSF) (Sigma Aldrich), Poly (ethylene 
glycol) 6000 (Merck), N-Methyl-2-Pyrolidone (NMP) 
(Merck), NaOH pa (Merck ), Urea (Merck), Creatinine 
(Merck), Vitamin B12 (Merck), 4-(Dimethylamin-
Benzaldehyde) (Merck), Picric Acid (Merck), Na2HPO4 
(Merck), NaH2PO4 (Merck), demineralized water 
(Brataco)  

 Instrumentation 
The instrumentation used in this research were 

Equipment laboratory glassware (Pyrex and Herma), 
Analytical balance (Ohaus), Stirrer, Magnetic bar, pH 
meter (Senz pH), Casting machine, Caliper (Digital 
Caliper), UV-Vis Spectrophotometer (B-One), FTIR 
(Shimadzu Prestige 21 ASTM), HT-2402 universal 
testing machines, SEM-EDX. 

Contacting Cellulose and Cellulose Acetate with Urea 
1000 ppm 

Cellulose and cellulose acetate are contacted with 
1000 ppm urea which aims to insert the urea molecule 
(template) into the membrane. Contacting was carried 
out using a ratio of 1:20, namely between cellulose 
and cellulose acetate with a concentrated urea 
solution of 1000 ppm. A total of 1 gram of cellulose 
and cellulose acetate was added to 20 mL of 1000 
ppm urea solution and then stirred using a stirrer for 
24 hours in a tightly closed container, filtered, and 
dried at room temperature. 

MIM (Molecularly Imprinted Membrane) Synthesis of 
Cellulose and Cellulose Acetate-Urea 

Cellulose and cellulose acetate which have been 
contacted  with  urea  concentration  of  1000 ppm 
are  added  polysulfone (PSF) and Poly (ethylene 
glycol) 6000 (PEG 6000) with a ratio of 1:4:1 
dissolved   with   N-Methyl-2-Pyrolidone   (NMP) 
solvent  and catalyst using 0.1% NaOH solution. A 
total  of  0.833 grams  of cellulose-urea powder, 
3.333  grams  of  PSF,  and  0.833  grams  of  PEG in 
12 mL of NMP and 0.25 mL of 0.1 M NaOH solution 
in a two-neck flask was refluxed by heating at 90-
100℃ in a two-neck flask. The mixture was 
homogenized using a stirrer for 10 hours, then 
transferred to a 100 mL vial. After membrane 
spinning,  the  template  (urea)  must  be removed 
from the membrane by a leaching process to create 
molecular recognition cavities. The membrane was 
soaked in a 0.1 M HCl solution for 24 hours with 
stirring to elute the urea template, then washed 
thoroughly with aquademin until the washing solution 
showed no absorbance at the urea detection 
wavelength (UV-Vis spectrophotometer). The complete 
removal of the template was confirmed by FTIR 
analysis,  indicating  the  disappearance  of  the urea 
N-H stretching peak. 
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NIM (Non-Imprinted Membrane) Synthesis 
The steps of NIM synthesis were carried out in the 

same way as MIM membrane synthesis, but cellulose 
and cellulose acetate were not brought into contact 
with 1000 ppm urea. 

Hollow Fiber Membrane Spinning 

The schematic diagram of the hollow fiber 
membrane spinning device is presented in Figure 1, 
which illustrates the main components: (1) the dope 
solution tank (Tube 1), (2) the bore fluid tank (Tube 2) 
containing distilled water as bore fluid, (3) the 
compressor connected via hose equipped with a 
flowmeter, (4) the spinneret (die) through which both 
solutions are co-extruded, (5) the air gap of 30 cm 
where initial solvent evaporation occurs, and (6) the 
coagulation bath filled with water at temperature 
below 50°C where solidification of the hollow fiber 
membrane takes place via non-solvent induced phase 
separation (NIPS). The solidified hollow fiber 
membrane is then collected on a take-up roll. The 
membrane dope solution was spun into hollow fiber 
membranes using a laboratory scale dry wet spinning 
apparatus via the non-solvent induced separation 
(NIPS) method. 

Characterization of the Physical Properties of the 
Membrane 

Characterization of the physical properties of the 
membrane includes SEM-EDX test, porosity test, 
absorption test, tensile test, and flux test. For SEM-EDX 
analysis, the membrane samples were freeze-
fractured in liquid nitrogen to expose the cross-
sectional morphology, then sputter-coated with gold 
prior to imaging. Membrane cross-sections and 
surface morphologies were observed at 200× and 
3000× magnification, respectively, using a scanning 
electron microscope equipped with an energy-

dispersive X-ray (EDX) detector to determine elemental 
composition. For the tensile test, membrane samples 
were cut into strips and subjected to uniaxial tensile 
loading using an HT-2402 universal testing machine 
at a constant crosshead speed of 10 mm/min. Young’s 
modulus (MPa) was calculated from the initial linear 
region of the stress-strain curve. 

 
RESULTS AND DISCUSSION 
MIM synthesis 

The synthesis of MIM (Molecularly Imprinted 
Membrane) involves precontacting the functional 
polymer with a template molecule in this case urea to 
create specific binding sites within the polymer matrix. 
After membrane fabrication, the template is removed 
by leaching with 0.1 M HCl for 24 hours, leaving 
complementary cavities that selectively recognize and 
transport the target molecule during hemodialysis 
application. 

From the results of the FTIR analysis of Cellulose 
and Cellulose-Urea, analysis was carried out using the 
Fityk software in the range of wave numbers 1600-
1700 cm-1. This is to determine the peak 
deconvolution that occurs between cellulose and 
cellulose-urea which is shown in Figure 2. The results 
obtained after using the Fityk software on the FTIR 
results of cellulose show that there are 7 absorption 
peaks  below  the  actual peak. This is possible 
because of the overlapping of these peaks. Allegedly, 
peak I at absorption of 1,611 cm-1 as an aromatic 
stretching vibration(C=C), peak II at absorption of 
1,636 cm-1  as  C=C  stretching vibration  (C=C), 
peak III at absorption of 1,656 cm-1, peak IV at 
absorption of 1,673 cm -1, the V peak at 1,686 cm-1 
absorption  as  a C=N stretching vibration, the VII 
peak at 1,648 cm-1 absorption as a C=N amide 
stretching vibration. 

 

 

Figure 1. Schematic diagram of the hollow fiber membrane spinning device 
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Figure 2. FTIR graphics of cellulose and cellulose-urea 
 

 

Figure 3. Cellulose fityk graphic 
 

 

Figure 4. Graph of cellulose-urea Fityk 
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The results obtained after using the fityk software 
on the FTIR results of cellulose-urea, showed 8 
absorption peaks. Allegedly, peak I at 1,611 cm-1 
absorption as aromatic (C=C) absorption, peak II at 
1,619 cm-1 absorption and peak III at 1,638 cm-1 
absorption as NH absorption (Manivannan & 
Rajendran, 2011), peak IV at absorption of 1,658 cm-

1, peak V at absorption of 1,669 cm-1, peak VI at 
absorption of 1,682 cm-1 as C=N absorption, peak 
VII at absorption of 1,693 cm-1 as absorption of 
carboxylic acid (C=O) , and peak VIII at 1,644 cm-1 
absorption as amide absorption (C=O). Thus, the 
presence  of  peak  II in the absorption analysis of 
urea-contacted cellulose concluded that the cellulose 
was successfully contacted with urea (template) 
through hydrogen bonding interactions, as illustrated 
in Figure 5. 

The resulting weight of cellulose contacting was 
obtained at 11.859 grams. Furthermore, to measure 
the percentage of urea contacted on the polymer, 
namely cellulose, an analysis was carried out using a 
UV-Vis spectrophotometer of 1000 ppm urea solution 
before contacting and the filtrate after contacting. The 
results obtained showed that the amount of urea 
adsorbed on cellulose was 559.85 ppm with a 
percentage of 45.26%. The amount of urea that 
interacts with the polymer is one of the important 
things to determine the performance of the membrane 
later when applied to transport. 

From the MIM synthesis, a white solution mixture 
was  obtained  with  a  thick  physical solution. 
Research  conducted  by  (Fan & Wang, 2009) that 
with increasing concentration of PSF, the membrane 
surface  will thicken. The addition of PEG to the 
solution  apart  from  being a crosslinker, also 

functions   to  improve  the  structural   morphology 
and properties of the membrane (Fan & Wang, 2009).  
The number of compositions in the synthesis of 
cellulose-urea  MIM  aims to obtain the best 
membrane results in order to increase the ability of 
membrane transport. Approximate interactions 
between cellulose-urea, PEG, and polysulfone are 
shown in Figure 6. 

The resulting weight of cellulose contacting was 
obtained at 17.153 grams. Furthermore, to measure 
the percentage of urea contacted on the polymer, 
namely cellulose acetate, an analysis was carried out 
using a UV-Vis spectrophotometer of 1000 ppm urea 
solution before contact and the filtrate after contact. 
The results obtained showed that the amount of urea 
adsorbed on cellulose acetate was 432.45 ppm with a 
percentage of 37.45%. The amount of urea that 
interacts with the polymer is one of the important 
things to determine the performance of the membrane 
later when applied to transport. 

As a result of the MIM synthesis, a slightly clear 
white solution mixture was obtained with a thick 
physical solution. Research conducted by (Fan & 
Wang, 2009)that with increasing concentration of PSF, 
the membrane surface will thicken. The addition of 
PEG to the solution apart from being a crosslinker, 
also functions to improve the structural morphology 
and properties of the membrane (Fan & Wang, 2009). 
The number of compositions in the synthesis of 
cellulose acetate-urea MIM aims to obtain the best 
membrane results in order to increase the ability of 
membrane transport. Approximate interactions 
between cellulose acetate-urea, PEG, and polysulfone 
are shown in Figure 9. 

 

 

Figure 5. Estimated interaction of cellulose with urea 
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Figure 6. Estimates of cellulose-urea, PEG, and polysulfone interactions 

 

Figure 7. FTIR graph of cellulose acetate and cellulose acetate-urea 
 
NIM synthesis  

NIM is synthesized in the same way as MIM, but the 
functional polymers used are different. The functional 
polymers used in the synthesis of NIM are cellulose (C) 
and cellulose acetate (CA) which are not contacted 
with 1000 ppm urea solution (template). Approximate 
interactions between polysulfone, PEG and cellulose 
are depicted in the Figure 10. Then the approximate 
interaction between polysulfone, PEG and cellulose 
acetate is depicted in the Figure 11. 

As a result of the synthesis of NIM cellulose and 
cellulose acetate, a white solution mixture was 

obtained with a thick physical solution. Research 
conducted by(P. Fan & Wang, 2009)that with 
increasing concentration of PSF, the membrane 
surface  will thicken. The addition of PEG to the 
solution  apart  from  being a crosslinker, also 
functions  to   improve  the  structural  morphology  
and   properties   of   the   membrane   (Fan & Wang, 
2009).  The  number  of  compositions  in  the  
synthesis  of  NIM  cellulose  and  cellulose acetate-
urea  aims to obtain the best membrane results in 
order to increase the adsorption capacity of the 
membrane. 
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Figure 8. Estimated interaction of cellulose acetate with urea 

 

 

Figure 9. Estimates of cellulose-urea, PEG, and polysulfone interactions 



Hollow Fiber Imprinted Membranes   Muhammad Cholid Djunaidi,et al. 

191 

 
Figure 10. Estimated interactions of cellulose, PEG, and polysulfone 

 

 
Figure 11. Estimated interactions of cellulose, PEG, and polysulfone 

 
Characterization of the Physical Properties of the 
Membrane 
SEM-EDX 

SEM-EDX analysis was conducted to determine the 
morphology, pore size, surface, and elemental content 
of the membrane. SEM results show the effect of NIM 
membrane variation on membrane morphology with 
200 times magnification shown in Figure 12 and a 
cross section of the membrane with 3000 times 
magnification shown in Figure 13. 

The figure shows that the cross-sectional results of 
NIM cellulose membrane are asymmetric, meaning 
that the membrane has a dense top layer and a sub-
layer in the form of finger-like pores (Fathanah et al., 
2021) and NIM cellulose acetate in the form of 
sponge-like pores. This can be attributed to the 
sponge-like pore shape, due to slow deposition (Kim 
et al., 2015). In addition, the addition of PEG functions 
as a pore-forming agent (Khayet et al., 2010), namely 

the greater the molecular weight of PEG, the larger the 
resulting pore size (Khoiroh et al., 2019) and a 
solution with a higher PEG content will produce an 
amorphous phase without eliminating the small 
crystalline phase, thus a membrane with better 
transport properties is obtained due to the presence of 
PEG (Kim et al., 2015). PEG in the membrane causes 
the bond between polymers to be weak. Its hydrophilic 
nature causes the solvent exchange process to be 
faster and the macrovoid size to be larger. In addition, 
when spinning the hollow fiber membrane, the 
membrane is immersed in a coagulation bath 
containing aquademin, making the membrane settle 
and pore formation occurs due to the weak solubility 
of polysulfone mixed with cellulose-cellulose acetate or 
NMP solvent exchange with water much faster to form 
finger-like macrovoids. 

The figure shows that the morphological results of 
NIM cellulose acetate membrane have larger pores 
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and tend to be more tenuous than NIM cellulose. The 
more  hydrophilic  groups,  the more permeate that 
can be  passed  by  the  membrane. Solutions that 
have a lower concentration of cellulose acetate have a 
lower viscosity value and a greater dissolving capacity 
(Fan et al., 2015). 

The SEM results show the effect of MIM membrane 
variation on membrane morphology with a 
magnification of 200 times shown in Figure 14 and a 
cross section of the membrane with a magnification of 
3000 times shown in Figure 15. 

 

 
(a) 

 
(b) 

Figure 12. SEM results of cross-section of NIM membrane (a) cellulose NIM (b) cellulose acetate NIM. 
 

 
(a) 

 
(b) 

Figure 13. SEM results of NIM membrane morphology (a) cellulose NIM (b) cellulose acetate NIM. 
 

 
(a) 

 
(b) 

Figure 14. SEM results of cross-section of MIM membrane (a) cellulose MIM (b) cellulose acetate MIM 
 

 
(a) 

 
(b) 

Figure 15. SEM results of MIM membrane morphology (a) cellulose MIM (b) cellulose acetate MIM 
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In the Figure 14, it shows that the overall cross-
sectional results of the membrane are asymmetric, 
meaning  that  the  membrane  has  a  dense   top 
layer and a finger-like pore-shaped sub-layer 
(Fathanah et al., 2021). However, the pores in the 
cellulose  acetate  MIM  membrane  are not visible, 
due  to  its  very fragile physical form, so that when 
cut,  the  SEM  results  of  the  cross-sectional  shape 
and  morphology  of  the  membrane  are  not visible. 
In  this  case,  the  performance  of  the separation 
layer is caused by poor moulding of the hollow fibre 
membrane and sometimes the membrane structure is 
not easy to form (Fan et al., 2015). 

In the Figure 15 , it is possible that the 
morphological results of the cellulose acetate MIM 
membrane have larger pores and tend to be more 
tenuous than cellulose MIM. The more groups that are 
hydrophilic, the more permeate that can be passed by 
the membrane. In addition, immersion of the 
membrane in the coagulation bath during the dry wet 
spinning process promotes solvent non solvent 
exchange, resulting in large pore cavities. Complete 
removal of the urea template was confirmed by UV-
Vis spectrophotometry (no absorbance at λ = 425 nm 
using Ehrlich reagent) and FTIR analysis 
(disappearance of N-H Stretching at ~3340 cm⁻¹). 
Polymer-urea hydrogen bonding between C=O and 
N-H groups of urea and -OH groups of 
cellulose/cellulose acetate is confirmed by FTIR 
deconvolution in Figure 2-4. 

Membrane Porosity Test 
 The porosity test aims to quantify the void volume 

fraction of the membrane. Porosity (ε) was calculated 
using Equation (1): ε (%) = [(Ww – Wd) / (ρw × A × 
l)] × 100%, where Ww = wet membrane weight (g), 
Wd = dry membrane weight after oven-drying at 
100°C (g), ρw = density of water (0.998 g/cm³), A = 
membrane area (cm²), l = membrane thickness (cm). 
Higher porosity values are directly related to greater 
water flux performance. 

The figure shows that the MIM of cellulose acetate 
has the greatest percentage of porosity, which is 
86.75%. This is possible due to the influence of the 
inclusion of the urea molecule, namely the –OH group 
which is hydrophilic which can make the membrane 
more hydrophilic. So that the phase inversion process 
in the solvent can facilitate the increase in membrane 
porosity. 

Water Absorption Test 
 The water absorption test evaluates the membrane 

capacity to take up water, reflecting its hydrophilicity 
and available void space. Water uptake (WU) was 
calculated using Equation (2): 

𝑤𝑢 (%) = [ 
(𝑊𝑤 − 𝑊𝑑)

𝑊𝑑
 ] × 100%,  

where Ww = weight of the wet membrane (g) and 
Wd = weight of the dry membrane (g). The water 
uptake  results for each membrane variation are 
shown in Figure 17. 

 

 
Figure 16. Membrane porosity chart 

 

 
Figure 17. Membrane water absorption graph 
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The figure shows that the cellulose acetate MIM 
membrane has the greatest percentage of water 
absorption, which is 91.09%. This is due to the large 
number of –OH groups in cellulose acetate which are 
hydrophilic and it is possible that the influence of the 
inclusion of urea molecules, namely the –OH groups 
which  are  hydrophilic  can  make the membrane 
more hydrophilic. So as to be able to increase the 
hydrophilicity value of the membrane which can cause 
increased water absorption. 

Flux Test 
The flux test measures the volume of solution 

permeating through the membrane per unit area per 
unit time. Flux (J) was calculated using Equation (3): J 

(L/m²·hr) = 
𝑉

𝐴 ×𝑡
,  where V = volume of permeate 

collected  (L),  A  =  effective membrane area (m²), 
and t = time of permeation (hr). The feed solutions 
used were  aquademin,  urea,  creatinine,  and  
vitamin B12.  The  volume of the solution that drips or 
does not pass  through the membrane is then 
calculated; the  more  feed  solution that permeates, 

the larger and more numerous the pores in the 
membrane (Juniarzadinata, 2011). 

The figure shows that the MIM cellulose membrane 
with aquademin solution has the largest flux value, 
namely, 3.74 L/m2.hour, while the NIM cellulose 
membrane with vitamin B12 solution has the smallest 
flux value, namely, 0.04 L/m2.hour. The MIM cellulose 
membrane with aquademin solution has the greatest 
flux value due to the presence of urea molecules in the 
membrane, namely the hydrophile -OH group, which 
can cause the membrane to be more hydrophilic so 
that the membrane has a tendency for liquids to enter 
the pores faster than membranes that are 
hydrophobic. In addition, due to the molecular weight 
of aquademin which is only 18 g/mol (Brewer & 
Peltzer, 2019), while the molecular weight of vitamin 
B12 is 1,355 g/mol (van de Lagemaat et al., 2019), so 
the molecular weight of aquademin is the smallest 
compared to other solutions, such as urea, creatinine, 
and vitamin B12. Then, the results of the flux value of 
MIM and NIM cellulose acetate membranes with 
various solutions are shown in Figure 19.

  

 

Figure 18. Graph of cellulose membrane flux test 

 

  

Figure 19. Graph of cellulose acetate membrane flux test 
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The Figure 18 and 19 shows that the cellulose 
acetate MIM membrane with aquademin solution has 
the largest flux value, namely, 5.78 L/m2.h, while the 
cellulose acetate NIM membrane with vitamin B12 
solution has the smallest flux value, namely, 1.36 
L/m2.h. Due to the presence of acetate groups, namely 
ꟷOH groups, on cellulose acetate and the influence 
of the entry of urea molecules, namely ꟷNH groups, 
which are hydrophilic, the membrane is more 
hydrophilic. 

When compared between MIM cellulose and MIM 
cellulose acetate, each of which uses aquademin 
solution, the one with the largest flux value is the MIM 
cellulose acetate membrane. This is due to the 
presence of acetate groups on cellulose acetate which 
makes the MIM cellulose acetate membrane more 
hydrophilic than MIM cellulose. 

 
CONCLUSIONS 

The performance of the cellulose acetate MIM 
membrane in this study, with a porosity of 86.75%, 
water absorption of 91.09%, and flux of 5.78 L/m²·h, 
demonstrates superior hydrophilicity compared to 
previously reported polysulfone-based hollow fiber 
MIM  membranes,  where  flux  values were lower due 
to the absence of acetate functional groups. This 
finding is consistent with earlier reported that the 
incorporation of hydrophilic groups in cellulose 
acetate composite membranes significantly enhances 
water permeability and selectivity for uremic toxins. 
Furthermore, the urea-imprinted cavity formation 
confirmed by FTIR deconvolution provides evidence of 
a more selective transport mechanism compared to 
non-imprinted polysulfone membranes reported by (P. 
Fan & Wang, 2009), supporting the effectiveness of 
the molecular imprinting strategy for hemodialysis 
applications. 

 In this study, the hollow fiber membrane was 
fabricated using a dry wet spinning apparatus via the 
non solvent induced phase separation (NIPS) method. 
The porosity test, water absorption test, and flux test 
on the cellulose acetate MIM membrane had the 
highest values compared to other variation 
membranes. This is because the cellulose acetate MIM 
membrane is rich in –OH (hydroxyl) groups, making 
the membrane more hydrophilic. The increase in the 
percentage value of porosity is directly proportional to 
the percentage value of water absorption and flux, but 
inversely proportional to the results of the tensile test 
which has a low Young's modulus value compared to 
cellulose. 
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