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Ionic imprinted membrane (IIM) was successfully synthesized using sulfonated 
polyeugenol, a derivative of eugenol as a functional polymer, with PVA as a base 
membrane and PEGDE as a crosslinker. IIM Au(III) is a membrane with an Au(III) 
ion template. This study aimed to determine the pH effect of a feed phase for 
selective transport of IIM Au(III), comparing it with a non-imprinted membrane 
(NIM) against Au3+ metal ions from motherboard waste. It also aimed to compare 
the membrane selectivity of Au3+ metal ions to Cu2+ metal ions, which are also 
found in motherboard waste. Gold samples were prepared using H(AuCl4) 
standard and leaching solutions from motherboard waste. The leaching of the 
motherboard used aqua regia and the assistance of a microwave to accelerate the 
leaching process. The optimum transport of Au3+ metal ions was when using IIM 
Au(III) at pH 3. This proved that the presence of a template affected IIM Au(III) to 
recognize Au(III) ions. IIM Au(III) showed higher selectivity than NIM, as 
evidenced by the percentage in the receiving phase of the Au3+ metal ions, which 
was more significant than the Cu2+ metal ions from the motherboard leaching 
solution. 

 

1. Introduction 

Gold is a precious metal that can be applied in various 
fields, one of which is electronics. Gold is used as a coating 
for electronic goods because it has a very high electrical 
conductivity [1] and excellent corrosive resistance [2]. 
Electronic waste can be used as an alternative source of 
gold, such as motherboards with a gold content of around 
80–100 ppm [3]. The costs and environmental impact 
appear from efforts to recover gold metal from electronic 
waste due to its complex composition. The chemicals that 
lead to environmental issues, such as cyanide and 
mercury, are still used in the amalgamation process [4]. 

The technique most frequently used to separate gold 
is leaching using cyanide solution. Cyanide is a leaching 
agent due to its high efficiency and cost-effectiveness, 
but it is highly toxic [5]. The gold separation technique 
requires an environmentally friendly and more affordable 

method. One method that meets these requirements is 
molecular imprinting. This method can result in a 
polymer with cavities due to the removal of the template, 
with the cavity serving to recognize molecules with the 
same size, structure, and physicochemical properties [6]. 
Molecular imprinting has been used in many fields, such 
as solid-phase extraction, membrane separation, and 
sensors [7]. 

The previous research conducted a synthesis of the 
ionic imprinted membrane (IIM) using polyeugenoxy 
acetyl thiophene methanol (PEATM) as the functional 
polymer, which showed that IIM PEATM was more 
selective than NIM towards Au(III) metal ions [8]. IIM was 
also synthesized using sulfonated polyeugenol (SPE) as a 
functional polymer and polysulfone as a membrane base 
for the selective separation of Au(III) metal ions. Another 
study revealed that the addition of SO3H during the 
sulfonation process gave excellent results because it was 
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very suitable for the metal ion Au(III). This occurred 
based on the HSAB (Hard Soft Acid Base) theory, as 
evidenced by the membrane selectivity to a mixed 
solution of binary metal ions and the presence of 
imprinted ions in the IIM, causing the membrane to be 
more selective towards Au(III) [9]. 

In this study, synthesized IIM was applied as a 
selective transport membrane for Au3+ metal ions from 
the leaching solution of the motherboard. Furthermore, 
when the feed phase was a leaching solution with a pH of 
1.3 and 5, the influence of the pH of the feed phase would 
be examined. In addition, the selectivity of IIM Au(III) 
when transporting Au3+ metal ions was compared with 
Cu2+ metal ions from the results of the leaching solution. 
IIM can be synthesized using sulfonated polyeugenol as a 
polymer and PVA (polyvinyl alcohol) in 1-Methyl-2-
pyrrolidone (NMP) solvent as a membrane base. The 
synthesized IIM Au(III) transport performance was 
compared to that of the Non-Imprinting Membrane 
(NIM). This study will explain the function of IIM as a 
method for the recovery of Au(III) metal ions from 
motherboard waste. 

2. Materials and Methods 

2.1. Materials 

Eugenol, polyvinyl alcohol, polyethylene glycol 
diglycidyl ether (Mv 500 g/mol), NMP (Sigma Aldrich), 
NaOH, KCl, HAuCl4, chloroform. All those chemicals were 
analytical grade. BF3-diethyl ether, anhydrous Na2SO4, 
methanol, H2SO4, HNO3, HCl, and thiourea were 
purchased from Merck (Jakarta, Indonesia). The 
motherboard was purchased from e-commerce. Double-
distilled water (ddH2O) was purchased from Bratachem 
(Semarang, Indonesia). 

2.2. Polymerization of eugenol 

In a three-necked flask, 5.8 g of eugenol was 
polymerized using BF3-diethyl ether as a catalyst under 
stirring for 16 hours. The polymerization then ended by 
adding methanol. The result was dissolved with 
chloroform and neutralized by adding water. Afterward, 
anhydrous Na2SO4 was used to remove the water and then 
filtered. Chloroform was evaporated at room 
temperature. Polyeugenol was crushed, weighed, and 
then analyzed by FTIR. 

2.3. Synthesis of sulfonated polyeugenol 

Sulfonated polyeugenol (SPE) was synthesized by 
adding 0.5 g polyeugenol to 7.5 mL H2SO4 (99%) and 0.05 
g PbSO4, then heated under reflux condition for 15 
minutes. The mixture was allowed to cool to room 
temperature. After that, 50 mL of H2SO4 2 M (cold) was 
added to the mixture, then filtered and neutralized with 
distilled water. The resulting polymer was characterized 
by FTIR. The synthesized SPE was contacted with Au(III) 
at pH 3, with a composition ratio of 1:20 (1 g SPE:20 mL 
Au(III)). The SPE-Au(III) was analyzed using AAS and 
XRD (Shimadzu Corporation, Kyoto, Japan). 

2.4. Synthesis of IIM Au(III) and NIM 

IIM Au(III) and NIM were synthesized using the in-
situ method by mixing 0.25 g SPE-Au(III) (for IIM Au(III) 
synthesis) and 0.25 g SPE (for NIM synthesis), 0.5 g PVA, 
0.25 mL of NaOH 0.1 M, 0.3 mL PEGDE, and 2.5 mL NMP. 
The mixture was refluxed for 30 minutes at 110–130°C 
until a hydrogel formed. Once cooled, 1.75 g gel was mixed 
with 3 mL NMP, then refluxed for 30 minutes at 110–
130°C. After homogenization, the mixture was poured 
into a mold and dried at 110°C in the oven. A 2 M KCl was 
poured into the membrane mold until the membrane was 
submerged and allowed to stand until it could be removed 
from the mold. The membrane was washed using distilled 
water to remove excess KCl and dried at room 
temperature afterward. The membrane was washed using 
a solution of 0.8 M thiourea in 0.1 M HCl for two days. The 
membranes were characterized by FTIR and SEM-EDX 
(JEOL Ltd., Tokyo, Japan). 

2.5. Transport time optimization 

The HAuCl4 standard solution was used as the feed 
phase solution, while the receiving phase solution used 
was 0.8 M thiourea in 0.1 M HCl. Transport was conducted 
at pH 3 for 48 hours by taking the feed phase filtrate and 
receiving phase filtrate every 8 hours. The filtrate was 
analyzed using AAS to determine the Au3+ concentration 
transported by the membrane. 

2.6. Microwave-assisted leaching gold from 
motherboard waste 

The yellowish pins of the motherboard were 
dissolved using aqua regia made by combining HCl and 
HNO3 (3:1 v/v) solution, inserted into a hydrothermal 
tube, and heated using microwaves for different times (0, 
5, 10, and 15 seconds). The leaching solution was then 
analyzed using AAS to determine the metal content of Au 
obtained. 

2.7. Application of IIM Au(III) and NIM for Au3+ 
transport from motherboard waste 

The leaching solution with optimum yield was 
conditioned at pH 1.3 and 5, which were used as the 
transport feed phase for IIM Au(III) and NIM 
chronologically. The transport receiving phase was 0.8 M 
thiourea in 0.1 M HCl. The receiving phase filtrate was 
taken every 8 hours for 40 hours. The membrane 
selectivity can be determined by comparing the Au3+ 
metal ions with the Cu2+ metal ions transported from the 
leaching solution. The receiving phase was measured 
using AAS to determine the concentration of transported 
metal ions. 

3. Results and Discussion 

3.1. Eugenol polymerization 

Polyeugenol was made using BF3-diethyl ether as a 
catalyst and 5.8 g of eugenol. The polymerization process 
was performed for 16 hours and stopped using methanol. 
The polymerization process begins with the initiation 
stage due to the presence of an initiator, BF3-diethyl 
ether, which will add to the double bond to form a 
carbocation. The initiator can work effectively with vinyl 
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monomers having an electron-donating group from a 
stable carbocation intermediate [10]. The second stage is 
propagation, forming bonds between eugenol monomers 
and carbocations. Lastly, the termination stage ends the 
polymerization process by removing protons, which was 
accomplished using methanol to add the nucleophilic side 
to the propagation side. Methanol also provides a 
methoxy group at the end of the polymer chain, allowing 
for polymerization at room temperature. Polyeugenol in a 
gel was dissolved using chloroform and washed using 
ddH2O until neutral. The remaining ddH2O in the 
polyeugenol was removed using anhydrous Na2SO4, and 
the polyeugenol was then left at room temperature for 
solvent evaporation. The resulting polyeugenol was a 
pink powder of 5.3 g (89.65%) with a 6578.32 g/mol 
molecular weight. Eugenol and polyeugenol that have 
been synthesized were analyzed using FTIR, and its result 
can be seen in Figure 1. 

The absorption bands at 995 cm-1 and 910 cm-1 
indicate a vinyl group owned by eugenol but not owned by 
polyeugenol because the vinyl group has undergone an 
addition reaction during the polymerization process. The 
absorption at 817 cm-1 indicates the presence of ortho-
substituted aromatic compounds, which are methoxy 
groups, and 753.61 cm-1 indicates the presence of 
CH2=CH-CH2- groups, thus strengthening the presence 
of aromatic compounds in polyeugenol and eugenol [9]. 

 

Figure 1. FTIR graph of eugenol and polyeugenol 

3.2. Sulfonated polyeugenol synthesis 

SPE was made using concentrated H2SO4 and 0.5 g of 
polyeugenol, producing SPE in a black powder of 0.4 
grams (80%) with a molecular weight of 8385.4 g/mol. 
Sulfonated polyeugenol will have a –SO3H group, thereby 
increasing the selectivity of the polymer against Au(III) 
based on the HSAB (Hard Soft Acid Base) theory. The 
synthesized sulfonated polyeugenol was analyzed using 
FTIR, as shown in Figure 2. 

Figure 2 reveals the presence of a novel group –SO3H 
on sulfonated polyeugenol, which was not present in 
polyeugenol. In sulfonated polyeugenol, the –SO3H group 
exhibits absorptions at 1036.01 cm-1 and 1209.06 cm-1, 
indicating a vibration from the S=O range, while 
wavenumber 626.75 cm-1 suggests an absorption from 

the C-S group. The results show minor differences from 
previous studies, the absorption of the C-S group is 
depicted at 632.75 cm-1, the absorption band at 1213.59 
cm-1, and 1036.41 cm-1 is a vibration of S=O from 
– SO3H [9]. 

 

Figure 2. FTIR graphs of polyeugenol and 
sulfonated polyeugenol 

3.3. Synthesis of IIM Au(III) and NIM 

IIM Au(III) and NIM synthesis used the in-situ 
technique. The template ion-bound functional polymer 
was refluxed with the base membrane, crosslinker, and 
solvent until thickened and chilled to form a gel [11]. The 
membrane that has been successfully synthesized has a 
black color with an average thickness of 0.185 mm (NIM) 
and 0.187 mm (IIM Au(III)). 

 

Figure 3. XRD analysis of SPE-Au 

This study used SPE-Au as a functional polymer to 
synthesize IIM Au(III), while SPE was used for NIM. The 
results of SPE-Au can be proven using the XRD analysis 
results shown in Figure 3. The contact between Au(III) has 
a concentration of 300 ppm. Polyeugenol sulfonate can 
occur because the –SO3H acts as an electron-withdrawing 
group, compared to the -OH and -OCH3 groups, which are 
electron boosters. Therefore, the bond between O in the -
SO3H group is easier to interact with Au(III) [9]. Several 
new peaks of 2theta 38.26, 44.46, 64.52, and 77.78 
appeared in the SPE-Au diffractogram. These peaks are 
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similar to the standard Au(0) diffractogram obtained 
from RRUFF with ID number R070279, proving that SPE 
has successfully contacted Au(III). 

 

Figure 4. Comparison of IIM Au(III), NIM, SPE-Au, and 
SPE FTIR spectra 

PVA was used as a base membrane because of its 
chemical stability, hydrophilic, non-toxic, and 
biodegradable [12]. The PEGDE has a role as a cross peanut 
agent and a plasticizer that increases the membrane’s 
mechanical strength [8]. 

The data acquired from the FTIR proved the success 
of the IIM Au(III) dan NIM synthesis process, as shown in 
Figure 4. According to Figure 4, the OH group absorption 
band is broadening on NIM and IIM Au(III). Based on the 
estimated structure (Figure 5), -OH plays a role in cross-
linking by PEGDE during the formation of NIM and IIM 
Au(III). The wavenumbers in the S=O absorption region at 
SPE, SPE-Au, NIM, and IIM Au(III) are 1207.18 cm-1, 
1209.95 cm-1, 1320.99 cm-1, and 1328.24 cm-1 respectively. 
The wavenumbers of NIM and IIM Au(III) in the S=O 
absorption region experience a shift that is assumed to be 
caused by the interaction of SPE cross-links with PEGDE. 

The presence of cross-links causes the S=O group to 
require significant energy to experience vibrations. 
According to the Planck constant, energy is inversely 
proportional to the wavelength, while the wavenumber is 
proportional to the energy. Thereby increasing the energy 
leads to an increase in wavenumber [13]. 

SEM-EDX results (Figure 6) revealed a broad 
percentage difference between NIM and IIM Au(III). IIM 
Au(III) had a more significant percentage of the area than 
NIM, indicating the influence of template ions in the 
synthesis process of IIM Au(III) (Table 1). Therefore, a 
larger area was obtained, and the ability to detect Au(III) 
ions was improved over NIM. The difference between NIM 
and IIM Au(III) was also identified from the elemental 
composition of C, O, and S, as shown in Table 2. 

Table 1. Pore measurements using ImageJ 

Parameter NIM IIM Au(III) 

Count 26495 256335 

Total Area 256.335 1013.941 

Area (%) 59.033 68.441 

Table 2. EDX results of NIM and IIM Au(III) 

Element 
NIM IIM Au(III) 

Mass (%) Mass (%) 

C 62.35 59.75 

O 35.7 36.87 

S 0.76 2.60 

The obtained SEM-EDX images were further 
analyzed using the ImageJ software. The difference in the 
percentage area results indicated the influence of the 
template ion in the synthesis process of IIM Au(III). 
Therefore, a larger area was obtained, and the ability to 
detect Au(III) ions was improved over NIM. 
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Figure 5. The estimated reaction of IIM Au(III) synthesis 

 

Figure 6. Surface morphology of (i) NIM and (ii) IIM Au(III) with 5000× magnification 

3.4. Transport time optimization 

The optimization of transport time results can be 
seen in Figure 7. The optimum transport time was reached 
at 40 hours, as evidenced by the receiving phase transport 
percentage and the remaining feed phase transport 
percentage being at one point (overlapping). The 
percentage of Au3+ metal ion transport increases when 
measured against the value of the receiving phase but 
decreases when measured against the value of the feed 
phase. This indicates that the concentration of 
transported Au3+ metal ions increases with increased 
transport time. The IIM reveals that Au3+ metal ion 
transport is more rapid than NIM, as seen by the gap 

between the residual percentage of feed phase transport 
and the denser percentage of receiving phase transport at 
each time variation. This demonstrates that imprinted-
Au3+ metal ions in IIM Au(III) promote more efficient Au3+ 
metal ion transport. 
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Figure 7. The curve of transport versus time 

3.5. Microwave-assisted leaching gold from 
motherboard waste 

A microwave was used to shorten the time and reduce 
the amount of solvent during the leaching process. In this 
method, the heat was generated internally due to 
microwaves vibrating target molecules. Microwave 
heating occurs concurrently due to the ability of 
microwaves to penetrate target molecules. As a result, 
microwave heating may be done in a short amount of time 
[14]. The fundamental difference between conventional 
heating and the microwave method is that conventional 
heating requires more time to heat the sample core due to 
the heat transmission process that proceeds by 
conduction or convection. In contrast, microwaves 
conduct the procedure across the sample, reducing the 
time required and lowering the temperature gradient [15]. 

The optimum leaching time with the highest Au 
concentration was 10 seconds, resulting in a 38.9 ppm Au 
concentration. This optimum time was employed for the 
following leaching process. In a previous study, a 
microwave leaching method with a 52.8 ppm Au 
concentration achieved an optimum time of 
5 seconds [16]. The difference in optimum leaching time 
with previous studies is probably due to different types of 
microwaves and motherboards, causing differences in the 
concentration of Au produced. 

Table 3. Influence of leaching time motherboard using 
microwave 

Time (seconds) Au (ppm) 

0 22.01 

5 24.31 

10 38.9 

15 36.85 

3.6. Application of IIM Au(III) and NIM for Au3+ 
transport from motherboard waste 

The leaching solution was first conditioned at pH 1.3 
and 5 before being transported. Conditioning the leaching 
solution using NaOH caused the formation of a white 
precipitate. The precipitate was analyzed using XRD, and 
the results can be seen in Figure 8. According to the 
diffractogram, the sediment samples had similar peaks 
with the standard at 2theta 31.73, 45.46, 56.47, 66.25, 
75.28, and 83.99. The standard diffractogram was NaCl 

obtained from RRUFF with ID number R 070292. The 
white precipitate can be identified as NaCl salt based on 
the resemblance of the peaks. Because the pH of the 
solution was very acidic, excess NaOH caused the 
formation of NaCl salt. The following reactions may 
occur. 

HCl(aq) + NaOH → NaCl(s) + H2O 

 

Figure 8. XRD analysis of NaCl salt 

According to Figure 9, the optimum condition of Au3+ 
transport was formed by the IIM Au(III) membrane at 
pH 3. The concentration transported in the receiving 
phase was the highest, 58.68%, within 40 hours. The 
transport performance of the IIM Au(III) membrane was 
more excellent than NIM, indicating that the template 
influences IIM’s ability to detect Au3+ ions. The pH 
conditions also affected the transport performance. 

 

Figure 9. Percentage of ion Au3+ transport with 
variation pH 

In the presence of competitor metal ions in the 
leaching solution, selectivity comparisons of IIM Au(III) 
and NIM membranes for transporting Au3+ metal ions 
were performed. According to the HSAB hypothesis, none 
of the metals on the motherboard have the same 
characteristics as the metal ion Au(III); hence the 
selectivity is compared to the most abundant metal on the 
motherboard. Cu2+ was chosen as a comparative metal ion 
since it had the greatest concentration in the waste 
motherboard. 
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Figure 10. Comparison graph of IIM and NIM selectivity 

Figure 10 shows that IIM Au(III) has a higher 
selectivity than NIM at pH 1.3 and 5, with the highest 
selectivity at pH 3. This indicates that the IIM Au(III) 
membrane transports Au3+ metal ions more efficiently 
than Cu2+ metal ions. It also proves that the presence of an 
Au3+ template on the IIM Au(III) membrane allows the 
membrane to detect Au3+ metal ions rather than Cu2+ 
metal ions. Meanwhile, the selectivity of the NIM 
membrane, which does not contain an Au3+ metal ion 
template, is lower because the NIM membrane is unable 
to detect Au3+ metal ions efficiently. 

The selectivity of IIM Au(III) and NIM is similarly 
affected by pH, with pH 3 being the optimal condition for 
transporting Au3+ metal ions and IIM Au(III) at pH 3 
having the most excellent selectivity value. In addition, 
according to the HSAB theory, the Cu2+ metal ion is an 
intermediate acid, and the Au3+ metal ion is a soft acid, as 
it is known that soft acids tend to form bonds easily with 
sulfur or nitrogen-containing groups [13]. The -SO3H 
group in sulfonated polyeugenol allows the membrane to 
be more selective for metal ions Au3+ than for Cu2+. 

4. Conclusion 

Polyeugenol with a molecular weight of 6578.32 
g/mol was successfully synthesized, whereas sulfonated 
polyeugenol had an 8385.4 g/mol molecular weight. The 
synthesized membranes had an average thickness of 
0.185 mm (NIM) and 0.187 mm (IIM Au(III)). This study 
proves that the presence of SO3H groups caused by 
polyeugenol sulfonation leads NIM and IIM Au(III) to be 
more selective for Au3+ following the HSAB theory. IIM 
Au(III) has a higher selectivity for Au3+ ions than NIM due 
to the presence of template ions in the synthesis process. 
The most effective condition for Au3+ metal transport was 
at pH 3, and the most optimum transport time was 40 
hours. 

Acknowledgment 

The authors would like to thank Diponegoro 
University and the Indonesian Government for Funding 
Support in Projects from 2021 to 2022. 

References 

[1] Susana Ibáñez, Macarena Poyatos, Eduardo Peris, 
AD 3h-symmetry hexaazatriphenylene-tris-N-
heterocyclic carbene ligand and its coordination to 
iridium and gold: preliminary catalytic studies, 

Chemical Communications, 53, 26, (2017), 3733-3736 
https://doi.org/10.1039/C7CC00525C 

[2] Sandy Klengel, Robert Klengel, Jan Schischka, Tino 
Stephan, Matthias Petzold, Motoki Eto, Noritoshi 
Araki, Takashi Yamada, A new reliable, corrosion 
resistant gold-palladium coated copper wire 
material, The 2019 IEEE 69th Electronic Components 
and Technology Conference (ECTC), Las Vegas, NV, 
USA, 2019 https://doi.org/10.1109/ECTC.2019.00034 

[3] Ricson Rinaldi, Yusnimar Yusnimar, Drastinawati 
Drastinawati, Pemisahan Emas pada Motherboard 
Komputer dengan Metode Elektrolisis, Jurnal Online 
Mahasiswa Fakultas Teknik, 4, 1, (2017) 

[4] M. Torre, D. Bachiller, M. Rendueles, C.O. Menéndez, 
M. Díaz, Cyanide recovery from gold extraction 
process waste effluents by ion exchange I. 
Equilibrium and kinetics, Solvent Extraction and Ion 
Exchange, 24, 1, (2006), 99-117 
https://doi.org/10.1080/07366290500388657 

[5] Ayşenur Tuncuk, V. Stazi, Ata Akcil, Ersin Y. Yazici, 
Haci Deveci, Aqueous metal recovery techniques 
from e-scrap: Hydrometallurgy in recycling, 
Minerals Engineering, 25, 1, (2012), 28-37 
https://doi.org/10.1016/j.mineng.2011.09.019 

[6] Idha Royani, Widayani, Mikrajuddin Abdullah, 
Khairurrijal Khairurrijal, Pembuatan Polimer MIP 
(Molecularly Imprinted Polymer) Atrazin Untuk 
Diaplikasikan Sebagai Material Sensor, Prosiding 
Seminar Nasional Material 2012 Fisika, Institut 
Teknologi Bandung, 2012 

[7] Jian Hua Chen, Guo Ping Li, Qing Lin Liu, Jian Cong 
Ni, Wen Bing Wu, Jin Mei Lin, Cr(III) ionic imprinted 
polyvinyl alcohol/sodium alginate (PVA/SA) porous 
composite membranes for selective adsorption of 
Cr(III) ions, Chemical Engineering Journal, 165, 2, 
(2010), 465-473 
https://doi.org/10.1016/j.cej.2010.09.034 

[8] Muhammad Cholid Djunaidi, Pardoyo Pardoyo, 
Didik Setiyo Widodo, Retno Ariadi Lusiana, Anggun 
Yuliani, In-Situ Ionic Imprinted Membrane (IIM) 
synthesis based on acetic polyeugenoxy acetyl 
thiophene methanolate for gold (III) metal ion 
transports, Indonesian Journal of Chemistry, 20, 6, 
(2020), 1323-1331 
https://doi.org/10.22146/ijc.49941 

[9] Muhammad Cholid Djunaidi, Nor Basid Adiwibawa 
Prasetya, Arini Khoiriyah, Pardoyo Pardoyo, Abdul 
Haris, Nabilah Anindita Febriola, Polysulfone 
influence on Au selective adsorbent imprinted 
membrane synthesis with sulfonated polyeugenol as 
functional polymer, Membranes, 10(12), 390, (2020), 
1-13 https://doi.org/10.3390/membranes10120390 

[10] John McMurry, Organic Chemistry, 7th ed., Graphic 
World Inc., California, 2008 

[11] Zarra Miantina Putrie, Sintesis Membran Hibrida 
Kitosan-Silika Grafting Sulfonat sebagai Proton 
Exchange Membrane, Teknik Kimia, Institut 
Teknologi Sepuluh Nopember, Surabaya, 2013 

[12] Brian Bolto, Thuy Tran, Manh Hoang, Zongli Xie, 
Crosslinked poly (vinyl alcohol) membranes, 
Progress in Polymer Science, 34, 9, (2009), 969-981 
https://doi.org/10.1016/j.progpolymsci.2009.05.003 

https://doi.org/10.1039/C7CC00525C
https://doi.org/10.1109/ECTC.2019.00034
https://doi.org/10.1080/07366290500388657
https://doi.org/10.1016/j.mineng.2011.09.019
https://doi.org/10.1016/j.cej.2010.09.034
https://doi.org/10.22146/ijc.49941
https://doi.org/10.3390/membranes10120390
https://doi.org/10.1016/j.progpolymsci.2009.05.003


 Jurnal Kimia Sains dan Aplikasi 25 (4) (2022): 161–168 168 

[13] Peter W. Atkins, Julio de Paula, Atkins' Physical 
chemistry, 10th ed., Oxford University Press, Oxford, 
2014 

[14] Nur Rosid Aminudin, Sungging Pintowantoro, Studi 
proses ekstraksi mineral tembaga menggunakan 
gelombang mikro dengan variasi daya dan waktu 
radiasi, Jurnal Teknik Material dan Metalurgi, 1, 1, 
(2012) 

[15] Sabrina Moret, Chiara Conchione, Ana Srbinovska, 
Paolo Lucci, Microwave-based technique for fast 
and reliable extraction of organic contaminants 
from food, with a special focus on hydrocarbon 
contaminants, Foods, 8, 503, (2019), 1-20 
https://doi.org/10.3390/foods8100503 

[16] Rahmiani Rahmiani, Sri Juari Santosa, Bambang 
Rusdiarso, Pemanfaatan magnetit Mg/Al-NO3 
hidrotalsit (MHt) sebagai adsorben [AuCl4]¯ dalam 
larutan hasil pelindian printed circuit board (PCB) 
dengan bantuan microwave, Berkala Ilmiah MIPA-
UGM, 25, 2, (2018), 129-139 

 

https://doi.org/10.3390/foods8100503

	Synthesis of Ionic Imprinted Membrane (IIM) Based on Sulfonated Polyeugenol for Selective Transport of Gold (III) Metal Ions from Motherboard Waste
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Polymerization of eugenol
	2.3. Synthesis of sulfonated polyeugenol
	2.4. Synthesis of IIM Au(III) and NIM
	2.5. Transport time optimization
	2.6. Microwave-assisted leaching gold from motherboard waste
	2.7. Application of IIM Au(III) and NIM for Au3+ transport from motherboard waste

	3. Results and Discussion
	3.1. Eugenol polymerization
	3.2. Sulfonated polyeugenol synthesis
	3.3. Synthesis of IIM Au(III) and NIM
	3.4. Transport time optimization
	3.5. Microwave-assisted leaching gold from motherboard waste
	3.6. Application of IIM Au(III) and NIM for Au3+ transport from motherboard waste

	4. Conclusion
	References


