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Abstract: Kidney failure is a kidney function disorder that occurs in more than
90.00% of people in the world, especially in developing countries. In 2013, around
12.50% of the 25 million population experienced kidney failure and 78.00% had to
undergo dialysis for life. In this research, a hemodialysis method was developed,
namely molecularly imprinted membrane (MIM), which has high selectivity for urea
molecules with high binding capacity using a membrane in the form of hollow fiber.
Variations in research use urea transport concentrations such as 50, 200, and
300 ppm. The analysis using UV-vis spectrophotometry on HFHIM with a solution
mixture of 50 ppm showed that the receiving phase by the membrane was 70.48%
urea, 12.97% creatinine, and 9.42% vitamin B,,. Meanwhile, the feed phase is 28.25%
urea, 85.41% creatinine and 88.64% vitamin B;,. When using HFHNIM, the
receiving phase is urea 44.78%, creatinine 58.51%, and vitamin Bj; 31.00%.
Meanwhile, the feed phase is 54.55% urea, 40.57% creatinine, 68.29% vitamin Bi..
The selectivity of HFHIM for urea is better than creatinine and vitamin B, compared
to HFHNIM, in the order of selectivity urea > creatinine > vitamin B
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m INTRODUCTION

of urea in the blood into a series of dialyzer devices

Kidney failure is a disease often experienced by
some parts of the world community, especially developing
countries, where the kidneys experience a permanent
decline in function of more than 90.0% [1]. The kidneys
experience a decrease in the ability to filter sodium,
potassium, urea, and creatinine in the blood [2]. Based on
data from the Indonesian Nephrology Association, around
12.5% of the 25 million population experienced kidney
failure in 2013 [3]. About 78.0% have to be under dialysis
for the rest of their lives. Factors that cause kidney failure
are too often consuming preservative drinks, drinking tea
and coffee, smoking, energy supplement drinks, age,
hypertension, and diabetes [4]. Several methods that have
been carried out to overcome this problem while
preserving the patient's life, one of which is kidney
transplantation and hemodialysis by separating 66-75%

(artificial kidney) using a semi-permeable membrane
until kidney function recovers [4-5]. The membrane
used must be strong, porous, not leaky, selective, using a
simple method, cheap and, of course, not rejected by the
blood (hemocompatible) and able to separate urea and
creatinine in the blood [6]. The threshold value for urea
in the body is around 15-40 mg/dL while creatinine is
around 0.7-1.5mg/dL. If it exceeds the limit, it will
become toxic. This therapy is usually done 2 or 3 times a
week for 4-5 h. However, this therapy is very expensive,
takes a long time, and the tools are few, while the patients
are many, so it is necessary to develop better analytical
methods, have high sensitivity and selectivity, as well as
better separation and preconcentration technology [7].
One of the developments of the hemodialysis
method is the molecularly imprinted membrane (MIM)

Muhammad Cholid Djunaidi et al.



1254

method which has high selectivity because it involves
molecular imprints. The MIM is a method or technique
for making templated membranes, so they are selective for
target molecules with high binding capacity and excellent
permeability [8-15]. Djunaidi et al. [16] conducted research
using eugenol derivative as a functional polymer with
polyethylene glycol (PEG) for the synthesis of MIM glucose
for selective transport of glucose. In 2020, Djunaidi et al.
[17] conducted further research on membrane selectivity
from eugenol derivative to determine the effect of
adsorption on Au(IIT) metals in polysulfone solutions in
NMP solvents. In addition, Djunaidi et al. [18] have
conducted research using eugenol derivative as a
functional polymer with PEG 6000 in NMP to get the best
results of MIM for the selective transport of urea. From
the various problems that have been studied regarding the
matters above, it is necessary to synthesize hollow fiber
hemodialysis imprinted membrane (HFHIM) with a
polyeugenol component as a functional polymer with
polysulfone and PEG 6000 which is expected to be able to
adsorb urea and creatinine properly. To determine the
adsorption selectivity, a comparison was made with
performance HFHIM based on eugenol and the selectivity
of urea adsorption on other components such as
creatinine and vitamin Bi,.

m EXPERIMENTAL SECTION
Materials

Materials used in this study are eugenol (Sigma
Aldrich), BFsO(C,Hs), (Sigma Aldrich), anhydrous
Na,SO, (Merck), Na,HPO, (Merck), NaH,PO, (Merck),
HCl (Merck), NaOH (Merck), methanol (Merck),
chloroform (Merck), ethanol (Merck), urea (Merck),
(Merck), (Merck), 4-
(dimethylamino)benzaldehide acid

vitamin Bjp
(Merck),
(Sigma Aldrich), aquabides (Brataco Chem), polysulfone
(PSF, Sigma Aldrich), N-methyl-2-pyrrolidone (NMP,
Merck), and PEG 6000 (Merck).

creatinine
picric

Instrumentation

The instrumental used in this research were analytical
balance (Mettler-200 and Ohaus), stirrer, pH meter (Trans
Instrument), casting machine, UV-vis spectrophotometer
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Fig 1. Hollow fiber printing equipment range [13]

(LW-V-200-RS), FTIR (Shimadzu Prestige 21), ASTM,
SEM-EDX (JEOL JSM 6510 LA), thickness meter
(Digilife), Ubbelohde viscosimeter, TGA/DTA (Exstar
SIT  7300), HT-2402
machines, reflux apparatus, T3 pots, digital caliper,

computer universal testing
ovens (Faithful FCD-300 Serials), peristaltic pump and
hose, and an instrument for making hollow fiber (Fig. 1),

pestle and mortar.
Procedure

MIM-urea synthesis

Polyeugenol (PE) synthesis. An amount of 5g of
eugenol was put in a three-neck flask and then 1 mL of
BF;0O(C,Hs), was added. The mixture was stirred and
0.25 mL of BF;O(C;Hs), was added every 1 h. After 4 h,
the polymerization was stopped by adding 1 mL of
methanol. The gel formed was dissolved with chloroform
and washed with distilled water until the pH was neutral.
The solution is dried by adding anhydrous Na,SO4 and
evaporated at room temperature. The precipitate formed
was then dried, weighed, and analyzed by FTIR.

MIM-urea contact

PE synthesized as much as 1 g was contacted with
a urea concentration of 1000 ppm with aquabidest in a
25 mL volumetric flask. This aims to include a molecule
(template) of urea. Then it was stirred for 24 h and then
filtered and dried to form PE-urea.

HFHIM based on eugenol
PE-urea was added to polysulfone and PEG 6000 in
a 1:4:1 weight ratio with 0.25mL of AIBN catalyst

Muhammad Cholid Djunaidi et al.



Indones. J. Chem., 2024, 24 (5), 1253 - 1267

dissolved in 12 mL of NMP solvent, stirred and refluxed
for 10 h at 90 °C. After being homogeneous or united, the
dope membrane is printed using the phase inversion
method on a membrane printing device. A coagulant bath
filled with water that is at room temperature is placed
under the spinneret as far as 30 cm above the water
surface. The dope solution is put in tube 1 (dope tube). In
tube 2, distilled water is flowed by adjusting the flowmeter.
Tube 1, which contains a dope solution, is connected to
the compressor using a hose. Then, the water and
compressor are opened to start the formation of hollow
fiber membranes. After passing through the spinneret, the
dope solution enters the coagulant bath to form a dense
hollow fiber. The dense hollow fiber membrane is washed
with running water to remove residual solvent. After that,
it was put in a bath containing sodium azide solution until
the hollow fiber was characterized. Synthesis HFHNIM
(control) was also performed but the synthesized PE was
not contacted with 1000 ppm urea.

Transport urea, creatinine and vitamin B;; HFHIM and
HFHNIM

Membrane transport is performed on HFHIM and
HFHNIM as follows. First, HFHIM and HFHNIM were
used to transport urea solution with various
concentrations of 50, 200, and 350 ppm using a series of
transport devices. This transport was carried out by taking
2 mL of the sample every 1 h for 6 h, complexed (DAB)
and measured by a UV-vis spectrophotometer at a
wavelength of 430 nm. Second, HFHIM and HFHNIM
were used to transport 50 ppm creatinine solution using a
series of transport devices. This transport was carried out
by taking 2 mL of sample every 1 h for 6 h, complexed
(picric acid) and measured wusing a UV-vis
spectrophotometer at 486 nm. Third, HFHIM and
HFHNIM were used to transport of 50 ppm vitamin By,
solution using a series of transport devices. This transport
was carried out by taking 2 mL of sample every 1 h for 6 h
and was measured by a UV-vis spectrophotometer at

361 nm.

Characterization

Flux Test. A total of 10 strands of HFHIM and HFHNIM
were strung (Fig. 2), which were flowed with a peristaltic
pump using various solutions, i.e., distilled water, 50 ppm
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urea, 50 ppm creatinine and 50 ppm vitamin By, as much
as 1L in 1 bar pressure for 1 h. The flux value (J) is
calculated using Eq. (1):

\Y%
J= At (1)
where, V is permeate volume (L), A is surface area of the
membrane (m?), and t is time (h)
Biodegradable test. The initial weight of the
membrane was measured, then placed in the fertilizer or
soil and observed every week to find out the final weight
produced.
Membrane Porosity Test. The membrane was soaked
with 10 mL of aquadamine in a petri dish for 24 h at
room temperature, dried and weighed so that the value
of Wi (g) is obtained. Furthermore, the membrane was
dried in an oven at 100 °C for 6 h, then cooled and
weighed again so that the value of W, (g) was obtained
as the dry weight of the membrane.
Water uptake test. The membrane was weighed to
obtain the membrane’s initial weight, then immersed in
10 mL of aquadamine for 6 h and weighed again after
immersion. All of the tests were repeated 3 times.

m RESULTS AND DISCUSSION
PE Synthesis

PE can be synthesized from eugenol because it has
3 functional groups, namely allyl groups, hydroxy
groups and methoxy groups. This allyl (propenyl) group

1. Feed
3. Pressure value 4. Drop of permeate
5. Pemeate

2. Peristaltic pump

Fig 2. Hollow fiber flux test equipment series [13]
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can be polymerized cationically into a B-styrene group
derivative. Polymerization usually uses Friedel-Craft
catalysts such as AlCls, AlBrs;, BF;0(C,Hs),, TiCly, H,SO,
and other strong acids [15-16]. Polymerization occurs
through 3 stages (Fig. 3).

First, through the initiation stage, with the addition
of the BF;0(C,Hs); catalyst, it functions as an initiator in
the cationic process (a compound that accepts electrons).
The allyl group of eugenol undergoes a gradual addition
reaction, which is often called a cationic addition process
[16]. The propagation occurs in the formation of covalent
bonds in the cation chain of the eugenol monomer,
resulting in a long monomer chain. The termination
stage, with the addition of methanol, functions to stop the
polymerization process so that the carbonium ion bonds
with its partner anion (CH;O group) and the end of the
PE polymer is a methoxy group [16-17]. The PE produced
was in the form of an orange powder with a yield of
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98.85%. The molecular weight of eugenol is 164.20, so
the degree of polymerization of PE synthesis using the
BF;0(C,Hs); catalyst produces a relative molecular mass
of 6323.65g/mol and a degree of repeatability of
38.51 (~ 38 monomers).

Fig. 4 shows the results of the FTIR analysis of PE.
It appears that there is no spectral formation of the allyl
group (C=C) at 1643.351 cm™ and vinyl groups
(C=CH,) at 995.269 and 910.401 cm™
concluded that there has been a polymerization reaction.

. So, it can be

The group undergoes an addition reaction upon
polymerization [16], and the polymerization reaction
can be an addition reaction. Thus, the process of making
PE was successfully carried out.

Contact with Urea Solution

The urea solution used for contacting was at a pH
of 7.4 (same as blood pH) with a concentration of around

(a) H2 +
CH CH2 FsB—C (IZH
CH,
N e — .
BF3Q(C2Hs), + O(CzHs)2
9 7
CHs; OH CHj
Eugenol Carbocation
(b)
FEC —CH I S N i
3 H2C CH FsB— C —C —C —(IZH
CH,
i i 9 i 7
Carbocation Polymer Bond
(c) — _ — —
- H2 H H2 + H2 H2 H
FsB—C —(ID —C —CIIH FsB—C —C Cc —(ID OCH3
CH, CH, . CH2 CH,
CH30H
_— + BF;
i i i 7
OH CH; [ OH CHj; 0 OH CHj; [ OH CHs N
Polymer Bonds Methanol Polymer end bonds

Fig 3. Polymerization mechanism of eugenol: (a) initiation, (b) propagation, and (c) termination stages [16]
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1000 ppm. Table 1 shows that the contact urea on the
polymer reaches 74.38% with a concentration of
720.27 ppm. This is due to the non-covalent interactions
that occur repeatedly in the printing process with PE
because the interactions that occur have relatively weak
bonds, such as hydrogen bonds. The possible reactions
are shown in Fig. 5 [18].

The FTIR results show a comparative analysis as
shown in Fig. §1, S2, and 6. From the results of the analysis
of Fig. S1 using the Fityk software, it shows that there are
5 absorption peaks below the actual peak. Five absorption
peaks were found at 1585.42, 1600.86 (C=C aromatic),
1653.25 (N-H) [16], 1677.26, and 1712.39 cm™" (C=0 of
amides).

Fig. S2 shows that there are 4 absorption peaks
below the actual peak. Four absorption peaks were found
at 1575.54, 1603.82 (C=C aromatic), 1642.48, and
1673.34 cm™" (C=C alkene). Thus, peaks 3, 4, and 5 (in Fig.
S1) in the uptake analysis of urea-contacted PE. So, it can
be concluded that the PE has been successfully templated
with urea. Fig. 6 shows the results of the FTIR analysis that
there is absorption of OH groups at 3415cm™, C=C
aromatic at 1582 cm™, C-sps at 1488.25cm™, S=O at
1243.25cm™, C-SO,-C at 1104 cm™, and C-O at
1151.25 cm™ (at magnification) [16]. The OH group in
PE-urea showed an increase in intensity compared to PE,
but when it was used to bind to polysulfone and PEG
6000, the intensity of the OH group decreased greatly in
HFHIM and HFHNIM. This is because crosslinking
occurs using the OH group of PEG while the CO group
increases. These results are in accordance with previous
researchers [17]. The cross-linking reaction maintains the
optimal alignment of the functional groups that bind to
the template molecule. The conjugate structure is locked
in a three-dimensional network of polymers such as PE-
urea cross-links, polysulfone and PEG 6000, as shown in
Fig. 7.

Fig. 8 shows the results of TGA analysis using the
thermal analysis method on variations of HFHIM and
HFHNIM, which aims to determine the level of
membrane stability that varies with the influence of
temperature. HFHIM T,_s, mass decrease occurs in the
temperature range 141.17-365.33 °C and HFHNIM T sy
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mass decrease occurs in 98.58-316.61 °C due to the
escape of water molecules. HFHIM mass decrease Ts_os%
occurs in 378.4-762.98 °C and HFHNIM mass decrease
Te-08% occurs in 337.6-709.22 °C due to depolymerization

Eugenol
Polyeugenol
995.269
1643.351|
5 2047.23
> 910.4
< “\3415.86
[+]
(%)
c
(1]
h=1
£
[7]
c
[
= L|
“\2947.23
"\ 3415.86

T T T T T T 1
3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig 4. FTIR comparison results of eugenol and PE

Table 1. PE-urea contact result data

Synthesis ~ Before  After Adsorbed
Pe-urea contact contact concentration
Urea (ppm) 968.32  248.05 720.27
~ HaH Ho H H2 H Ho H -
—E e~
H> Hz Ha Hz

o G g Gmg om o o
L ; ; A
H\ng H\ﬁfH ANPLEL N
/ A / _ 7
o=C__ 0=C_ 0=cC_ 0=C_
: N: N:
I T I I
SHy O CHs O Hy O Hy O
O\© o\© O\© O\©
CH CH CH C
I %H, I °Hy I 2Hy I °Hy
—g—c c—C c—C c—c'—|

Fig 5. Estimated interaction between PE and urea
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Fig 6. FTIR results comparison between HFHIM and HFHNIM
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Fig 7. Estimation interaction between PE and urea

of the benzene ring and the process of imprinting the
molecule produces many cavities in the membrane, and
the chemical stability increases. Chemical stability is
influenced by intermolecular bonds, which require more
energy for degradation [19-20]. We can conclude that
with the addition of a template urea has a lower
degradation temperature, which has the potential to
disrupt polymer chains, especially hydrogen bonds, so

that they tend to be unstable and more brittle [21-22].
SEM results show the effect of imprinted urea on
membrane morphology using 5000x magnification. The
cross-section of the membrane uses a magnification of
60x. Fig. 9 and Table 2 show the results of surface
morphology and cross-section using SEM. The
morphology of the HFHNIM membrane has pores that
are not uniform in size compared to HFHIM in the form
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Fig 8. TGA comparison results between HFHIM and HFHNIM

of composite asymmetry. The cross-section of the
HFHIM membrane forms a finger-like macrovoid
compared to the HFHNIM image [7,18]. This is because
when the hollow fiber membrane, after being printed, is
then immersed in a coagulation bath containing
aquabidest the membrane will precipitate and the
formation of membrane pores occurs due to the weak
solubility of the three materials in water, causing the

<

.o ’ /.
SEILI0KY D1 1me 3540 yoo Sy
LPAT UGM % » _

exchange of NMP solvents with water much more

quickly to form macrovoid finger like.

Table 2. Comparison of pore size between HFHIM and

HFHNIM membranes with Image |
HFHIM HFHNIM

Counted number of pores 259687 173395
Total areas 159.011 78.608
% Area 36.314 14.483
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Fig 9. Membrane SEM results of (a) HFHNIM, (b) HFHIM, (c) HFHNIM with Image J, (d) HFHIM with Image J, the

cross section of (¢) HFHNIM, and (f) HFHIM

Flux Test Using HFHIM and HFHNIM with Urea
Creatinine and Vitamin B2 Solution

Fig. 10 shows the results of the flux test due to the
influence of urea molding, that is, the result of flux
measurements on HFHIM and HFHNIM, which aims to
determine the size of the pores in the membrane using
various types of solutions that have different molecular
weights such as water, urea, creatinine, and vitamin B,. If
the higher the value of the membrane flux describes the
pores in the membrane (macrovoid) the solution can pass
through [23-24]. The HFHIM has a water flux value of
531.10 L/m*h, urea of 517.73 L/m*h, creatinine of
101.89 L/m?* h, and vitamin By, 0of 47.76 L/m* h. HFHNIM
has a percentage of water flux value of 519.64 L/m* h, urea
0f493.53 L/m? h, creatinine of 493.53 L/m? h, and vitamin
B> of 560.40 L/m* h. This is due to the presence of a
template molecule of urea of around 60 g/mol in the

membrane so that the target molecule only recognizes
urea and water (as solvents) compared to creatinine and
vitamin B,. The size of the creatinine and vitamin B,
molecules is larger than urea, around 113.00 g/mol
(creatinine) and 8.50 A or 1350.00 g/mol (vitamin Bi,)
[13,18].

Porosity Test on HFHIM and HFHNIM

Fig. 11 shows the results of porosity measurements
on HFHIM and HFHNIM, which aim to determine the
number of interactions that occur between the
membrane and water molecules (how much the
membrane can adsorb), the higher the porosity of the
membrane, and the number of empty space (macrovoid)
in the membrane [25-26].

From the data, HFHIM has a bigger percentage

(89.04%) than HFHNIM (68.24%) due to the addition of
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Fig 11. Membrane porosity of (a) HFHIM and (b)
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a urea template, which has a hydrophilic OH group so that
more water molecules are absorbed into the pores of the
membrane because it can form physical interactions such
as intermolecular hydrogen bonds between the functional
groups of membrane constituent compounds (OH) and
water that is able to pass through the pores of the
membrane [27].

Water Absorption Test on HFHIM and HFHNIM

Fig. 12 shows the results of measuring water
absorption on HFHIM and HFHNIM, which aims to
determine the ability of the membrane to absorb water (the
number of empty membrane cavities that interact with
water) the higher the water absorption of the membrane,
and the number empty space (macrovoid) in the
membrane [28-29]. HFHIM has a bigger water absorption

Variation Membranes
Fig 12. Membrane water absorption of (a) HFHIM and
(b) HFHNIM

percentage (96.50%) than HFHNIM (68.42%) due to the
addition of a urea template, so that increased water
absorption [13].

Biodegradable Test on HFHIM and HFHNIM

Fig. 13 shows the results of the biodegradable test
on HFHIM and HFHNIM, which aim to determine how
long the membrane constituent material can be
completely degraded. The faster the membrane mass
decreases, the better the material
decomposes quickly and is safe for the environment
[30]. The percentage value of biodegradable in HFHIM
(18%) is smaller than HFHNIM (23.4%) due to the
addition of a urea template, making it easier for

membrane

microorganisms to decompose [31]. The increase in the
biodegradable test is directly proportional to the results of
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Fig 14. Membrane tensile test of (a) HFHIM and (b)
HFHNIM

Table 3. Comparison of Young's modulus values between
HFHIM and HFHNIM membranes

Membranes Strains  Stress  Young's Modulus
variation (%) (N/M?) (N/M?)
HFHIM 3.044 2005 0.6587
HFHNIM 3.366 0.905 0.2689

the porosity, water absorption and flux test.
Tensile Test on HFHIM and HFHNIM

Fig. 14 and Table 3 show the results of tensile test
measurements on HFHIM and HFHNIM, which aim to
determine the strength of the membrane constituent
material (mechanical properties of the membrane), which
can be seen from the large Young's modulus value. The
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greater the Young's modulus value, the better the
membrane material decomposes quickly and is safe for
the environment. The Young's modulus value of
HFHNIM is decreased (0.2689 N/M?), compared to the
HFHIM value (0.6587 N/M?) due to the addition of a
urea template with hydrophilic OH groups so that the
strength needed to destroy the membrane. The increase
in the tensile test is directly proportional to the results of
the biodegradable test [30].

Urea Transport with Urea Concentration
Variations using HFHIM and HFHNIM

Urea transport uses 3 concentration variations (50,
200, and 350 ppm) which aims to determine the
optimum concentration of transport in HFHIM and
HFHNIM. Fig. 15 shows the results of urea transport
with a concentration variation of 50 ppm, that the
percentage of urea transport in HFHIM is 70% in the
receiving phase and 28% remaining in the feed phase.
Whereas in HFHNIM, it is 45% in the receiving phase
and the remaining in the feed phase is 55%. At a
concentration variation of 200 ppm, the percentage of
urea transport in HFHIM was 69% in the receiving phase
and 30% remaining in the feed phase. Whereas in
HFHNIM it is 35% in the receiving phase and the
remaining in the feed phase is 63%. Meanwhile, at a
concentration variation of 350 ppm, the percentage of
urea transport in HFHIM was 72% in the receiving phase
and 26% remained in the feed phase. Whereas in
HFHNIM, it is 37% in the receiving phase and the
remaining in the feed phase is 62%. Thus, the transport
of HFHIM is much larger than that of HFHNIM.

Creatinine Transport Using HFHIM and HFHNIM

Creatinine transport was carried out by comparing
HFHIM and HFHNIM membranes. Fig. 16(a) shows the
results of 50 ppm creatinine transport in HFHIM, the
percentage of transport is 13% in the receiving phase and
85% in the feed phase. Meanwhile, in HFHNIM the
percentage of transport in the receiving phase is 59 and
41% is in the feed phase. Based on data, optimal results
are obtained using HFHIM due to the presence of a
printed molecule (template) urea in the membrane so
that the target molecule only recognizes urea compared
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Fig 15. Percentage of urea transport results with concentration variations in HFHIM and HFHNIM
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Fig 16. Percentage of (a) creatinine and (b) vitamin B, transport in HFHIM and HFHNIM

to creatinine, and the size of the creatinine molecule
(113.00 g/mol) [32] is larger than urea (60.00 g/mol) [18]
so HFHIM is more selective than HFHNIM.

Transport Vitamin B4z Using HFHIM and HFHNIM

Vitamin By, transport is carried out by comparing
HFHIM and HFHNIM membranes. This compound was
chosen because it is the main compound in the blood,
besides urea and others. Fig. 16(b) shows the results of the
transport of 50 ppm vitamin By,. In HFHNIM the optimal
percentage results were 31% in the receiving phase and
68% in the feed phase. Meanwhile, HFHIM obtained
optimal percentage results of 9% in the receiving phase
and 89% in the feed phase. So, with an imprint on the
percentage results, results that should be optimal using
HFHIM are obtained. This is due to the presence of a
template molecule of urea in the membrane so that the

target molecule only recognizes urea compared to
vitamin By,, which is larger than urea [33]. Determining
the selectivity of the membrane on vitamin By, is an
indicator for hemodialysis because of its binding to
plasma proteins, but the indicators of urea and
creatinine are much more important [14].

Mixed Transport Using HFHIM and HFHNIM

Measuring the levels of urea, creatinine, and
vitamin By, in mixed solutions aims to determine
HFHIM ability to analyze urea in samples of mixed
solutions. Fig. 17 shows the results of transporting a
mixed solution of 50 ppm each using HFHIM, the
optimal percentage of urea was 70.48% in the receiving
phase and 28.25% in the feed phase. Creatinine was
12.97% in the receiving phase and 85.41% in the feed
phase and vitamin B, was 9.42% in the receiving phase
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and 88.64% in the feed phase. On HFHNIM, the optimal
percentage of urea was 44.78% in the receiving phase and
54.55% in the feed phase, creatinine was 58.51% in the
receiving phase and 40.57% in the feed phase, and vitamin
Bi; 31% in the receiving phase and 68.29% in the feed
phase. This is due to the presence of a printed molecule
(template) of urea in the membrane so that the target
molecule will be better recognized in transporting urea.
The selectivity of urea for creatinine and vitamin By,
shows that HFHIM is better at transporting urea than
creatinine and vitamin By, so the order of selectivity is
urea > creatinine > vitamin Bi..

HFHIM and HFHNIM Selectivity for Urea, Creatinine
and Vitamin B1

HFHIM and HFHNIM selectivity for urea vs. creatinine

The membrane selectivity test was carried out by
comparing HFHIM and HFHNIM membranes in
transporting urea and creatinine at 50 ppm each in
separate solutions. HFHIM will be more optimal in
transporting urea than HFHNIM due to the presence of a
printed molecule (template) of urea in the membrane so
that the target molecule will be better recognized in
transporting urea.

Fig. 18 and 19 show the selectivity between HFHIM
and HFHNIM. The results show that HFHIM is more
selective for transporting urea than creatinine, so with an
imprint on the transport percentage results, optimal
results are obtained using HFHIM with the best transport.

w
"
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N

5 6

Tine (h)
Fig 18. Selectivity of HFHIM and HFHNIM in feed phase
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Fig 19. Selectivity of HFHIM and HFHNIM in the
receiving phase

This is due to the presence of a printed molecule
(template) of urea in the membrane, so that the target
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molecule will be more recognizable in transporting urea
(the same) compared to creatinine.

HFHIM and HFHNIM selectivity for urea vs vitamin B

The membrane selectivity test was carried out by
comparing HFHIM and HFHNIM membranes in
transporting urea and vitamin By, at 50 ppm, which was
carried out in separate solutions. HFHIM will be more
optimal in transporting urea than HFHNIM. This is due
to the presence of a printed molecule (template) of urea in
the membrane, so that the target molecule will be better
recognized in transporting urea. Fig. 20 and 21 show that
HFHIM is more selective for transporting urea than
vitamin By,, so with an imprint on the transport percentage
results, optimal results are obtained using HFHIM with
the best transport. This is due to the presence of a printed
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Fig 20. Selectivity of HFHIM and HFHNIM in feed phase
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Fig 21. Selectivity of HFHIM and HFHNIM in receiving
phase
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molecule (template) of urea in the membrane, so that the
target molecule will be more recognizable in transporting
urea (the same) compared to vitamin By, [33]. It can be
concluded that HFHIM is said to be selective for urea
molecules compared to creatinine and vitamin By,, so
the order of selectivity is urea > creatinine > vitamin By,.

m CONCLUSION

The transport and selectivity of HFHIM are better
than HFHNIM. This is influenced by the template of urea,
making the pore size more uniform, stronger, (increased
flexibility), and resistance to high temperatures causing
hydrophilicity, selectivity, and the performance of the
membrane is better, so the order of selectivity is urea >
creatinine > vitamin Bi,.
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