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* Corresponding author: Abstract: In this research, Polyeugenoxy Acetyl Tiophen Methanolate (PEATM)-Au
ionic imprinted membrane (IIM) was synthesized. IIM is a PEATM based -membrane
that has Au(III) ion molds. The PEATM synthesis was analyzed using FTIR spectroscopy,
and its relative molecular weight was determined by theviscometry method. To find out
Received: September 23, 2019 the presence of Au(Ill) templates on LIM, FTIR spectroscopy and SEM-EDX were used.
Accepted: February 3, 2020 The results of FTIR spectroscopy ¢ SEM-EDX analysis prove the existence of Au(IIl)
metal ion templates at IIM. Through FTIR spectra, it could be seen that the absorption
area of the -OH group was widening. In the IIM, the CS group wave number (702.9 cm™)
also shifted to a larger wavenumber (848.68 cm™ ), this is likely due to the presence of
PEGDE as a crosslinker agent and PVA as a plasticizer on the membrane that interacts
with PEATM-Au, which influences the shift of vibrational wavenumber of CS bonds. It
was also found that the most effective pH of the feed phase for the transport was at pH 3,
and the most optimum transport time was 24 h for IIM and 48 h for NIM. The transport
of Au in‘binary mixture of Au/Cd, Au/Fe, and Au/Pb also proves that the presence of
Au(IIl) ions in IIM makes IIM more selective to Au(III) metal ions than NIM when used
for the transport process as it transports Au more than the other metals. These results
were as expected by using the HSAB theory as its groundwork.
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= INTRODUCTION [2]. The process of recovering (recovering) gold from

. . s . C 1 electronic waste is often done using hazardous materials,
Gold is a precious metal thatis widely applied in ) i ] ‘36 salt of nitric acid and h
various fields. In the electronics field, gold is used as a Sue las was. 1ng using cyam. ¢ salt ol nitric a;ll an3t4e
: . . . amalgamation process using mercur -4].
coating material for electronic components because of its i & _ .p u e _ ury (Hg) [3-4]
) : . . U Besides requiring relatively high costs (for the
corrosion-resistant properties, and its conductivity is

almost 100%. During this time, gold can be obtained from management of secondary waste generated from the

. . . ) recovery process), this process is certainly dangerous. In
ore contained in nature with relatively small amounts, yp ), p ¥ 8

namelyin 1 ton of gold ore, containing only about 5-30 g acidic water, mercury can be converted to methyl
of gold metal [1]. Given the high demand for the gold

metal, various attempts were made to find new sources of

mercury and can harm the fetus and can cause damage
to the brain. Therefore, various attempts were made to
gold apart from panning for gold ore in nature. One find an environmentally friendly alterna‘.uve method for
the recovery of gold metal from electronic waste.
Supported Liquid Membrane (SLM) is one of the

environmentally friendly methods that can be used for

promising source of gold is from electronic equipment
waste. When compared with the concentration of gold in
the ore, the concentration of gold in electronic waste is

relatively higher at 200 g in each ton of electronic waste gold metal recovery from electronic waste. The
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advantages of this SLM method are that it has high
selectivity, a broad spectrum of separation, and is easy to
do. The SLM method still has weaknesses, namely low
stability against leakage of carrier compounds during the
transport process, causing the source and receiver phases
to mix; besides, SLM also has a short lifetime. One effort
to overcome SLM weaknesses is by mixing a carrier
compound with plasticizer and supporting polymer to be
made into a solid membrane in the form of thin, stable,
and flexible films. The separation mechanism of target
compounds on this solid membrane is almost the same as
the SLM method [5].

Ionic imprinted membrane (IIM) is a membrane-
based on a functional polymer that has an ionic mold. The
printed ion is used as a template that acts as a group to
recognize the target ion. The existence of ion templates aims
to make the membrane selective to the target ion when
used for the transport process through a simple static
adsorption mechanism of permeation [6-7]. Selectivity in
transport can be achieved because during the process.of
removing template ions from the polymer matrix will
cause the arrangement of ions printed polymer [8].

The ester derivative of the eugenol compound has
been proven to be used as a liquid membrane carrier with
selectivity, which can be adjusted depending on the
functional group included [9]. In previous studies, esters
of sulfur (E) functional group eugenol, namely thiophene-
2-methyl-2-eugenoxy acetate as carrier compounds in
liquid membranes for the recovery of soft metal Ag*
(silver ions) [10]. The research is based on the theory of
HSAB (Hard Soft Acid Base), so that sulfur functional
groups-in soft carrier compounds will bind soft metals
(such as Cd**, Ag*, and Au*¥) [11-10].

In this research, PEATM ionic imprinted membrane
(IIM) synthesis was used using eugenol derivative
polymer base, in the form of polyeugenoxy acetyl
thiophene methanolate (PEATM). The PEATM IIM was
applied as an Au(IIl) ion-selective transport membrane
whose selectivity would be compared to NIM (as a
control). PEATM was chosen as the base for IIM and NIM
in this study due to its sulfur-containing functional group,
2-thiophenmethanol. The carrier used in this membrane
was chosen according to the HSAB theory (grouping of

acid-base based on hardness and softness), in which
gold(III) as the targeted ion could be categorized into a
soft acid metal ion that forms a stronger complex with
soft base donor atoms (such as sulfur from 2-
thiophenmethanol). The presence of the Au template on
IIM synthesized in-situ is expected to increase
membrane selectivity for the recovery of Au ions in
solution. This research is the first research to use
PEATM as an ionic imprinted membrane for selective
transport of Au(III) known. Previous research about
PEATM synthesis has been done as a new selective
carrier using the bulk liquid membrane method. The
PEATM was then used as a BLM carrier to separate a
mixture of Cd**, Cr’*, and Cu*[12]. Through this
research, it is proven that PEATM-Au ionic imprinted
membrane could be used to selectively remove Au(III)
from its binary metal ions.

m. EXPERIMENTAL SECTION
Materials

The materials used in this research were Eugenol p.a.
(My 169 g/mol), polyvinyl alcohol p.a. (Mv 130,000 g/mol),
Na;SOy p.a., Thionil chloride p.a., polyethylene glycol
diglycidyl ether p.a. (Mv 500 g/mol), NMP p.a. from Sigma
Aldrich, HCl p.a., Methanol p.a., NaOH p.a., BF:0(C,Hs),
p.a., 2-thiophenmethanol p.a., NaHCO; p.a., KCI p.a.,
HAuCl, p.a., Fe(NOs)s p.a., Pb(NOs); p.a., Cd(NO3); p.a.
from Merck and double-distilled water from Bratachem.

Instrumentation

The equipment used in this research were Standard
research glass equipment, petri dish, analytical balance
(Mettler-200), furnace, stirrer, desiccator, thickness
meter, pH meter (HACH E C20), reflux apparatus, and
pH indicator. AAS (Perkin Elmer Analyst 400), SEM-
EDX (Phenom Pro X Desktop with EDX), and FTIR
(Shimadzu Prestige 21) were used to analyze the PEATM
ionic imprinted membrane.

Procedure

PEATM synthesis

PEATM was synthesized from polyeugenoxy acetic
acid (POA) with 2-thiophenemethanol through an
esterification reaction. A total of 3 g POA was refluxed
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with 3 mL of thionyl chloride for 240 min at a temperature
of 40 °C. 2 mL of 2-thiophenemethanol was then added to
the mixture and reflux was continued at 40 °C for 6 h.
After chilled, washing was done with chloroform and
double-distilled water. The synthesized product was dried
at room temperature.

Synthesis of PEATM-Au

PEATM-Au was synthesized by contacting 1 g of
PEATM with 20 mL of 1000 ppm HAuCls. The contacting
procedure was done by mixing the mixture for 24 h.
Afterward, filtering was performed, and it was then
analyzed with AAS. The sediment (PEATM-Au) was later
dried and then analyzed using FTIR.

Synthesis of IIM and NIM

IIM and NIM were synthesized by in-situ method,
by mixing 0.25 g PEATM-Au (for IIM synthesis) and
0.25 g PEATM (for NIM synthesis), 0.5 g PVA, 0.25 mL
NaOH 0, 1 M, 0.3 mL PEGDE, and 2.5 mL NMP. The
mixture was refluxed for 30 min at 90-110 °C until a
hydrogel was formed. Once cooled, the gel was weighed
and taken 3 g, mixed with 3 mL of NMP, then was refluxed
for 30 min at a temperature of 110-130 °C. After it was
homogeneous, the mixture was then poured into a mold
and then heated at 80 °C until dry in the furnace. 2 M KCl
was poured into the membrane mold until it was
submerged and then allowed to stand for 15 minuntil the
membrane could be removed from the mold. The
membrane was washed using distilled water to remove
excess KCl and was dried at room temperature afterward.

PEATM characterization

Synthesized PEATM-=Au was characterized by FTIR
to identify the functional group and using AAS to detect
the ‘remaining levels. of Au** in the filtrate (after
contacting).
Characterization of PEATM. The synthesized PEATM
was FTIR to identify the functional group characterized
by and molecular weight (Mv) measurement was done
using the viscometry method.
Characterization of PEATM-Au. Synthesized PEATM-
Au was characterized by an FTIR spectrophotometer to
identify the functional group and using AAS to detect the
remaining levels of Au’" in the filtrate (after contacting).

Feed phase pH optimization

To determine the optimum pH of the feed phase,
the transport was carried with yariations of pH
conditions in the feed phases, whicharepH 1, 3, 5,7, and
9. Transport was carried out for 24 h. 0.8 M thiourea was
used as the transport receiving phase: The feed phase
and the receiving phase after the transport were analyzed
using AAS to determine the levels of Au’* metals.

Transport time optimization

To determine the optimum time of the feed phase,
the transport was carried out with variations in transport
time of 0, 4, 8, 12, 16, 20,24, and 48 h. Transport is
carried out at the optimum pH that has been obtained.
0.8 M thiourea was used as the transport receiving phase.
The feed phase and the receiving phase after transport
were analyzed using AAS to determine the levels of Au*
metals.

Selectivity test

Membrane selectivity (IIM and NIM) was tested
through a binary metal ion transport (Au/Fe, Au/Cd,
and Au/Pb). Transport is carried out at optimum time
and pH conditions. 0.8 M Thiourea was used as the
transport receiving phase. The feed phase and the
receiving phase after transport were analyzed using AAS
to determine the levels of Au’* metals to prove the
membrane selectivity.

m  RESULTS AND DISCUSSION

The synthesized IIM and NIM have a physical
shape of a round flat sheet with a diameter of + 4.5 cm,
brownish-yellow color, an average thickness of 0.037 mm,
not easily torn, and in a dry state are rigid. IIM is
synthesized by an in-situ method. In-situ is a membrane
synthesis method that begins with the manufacture of
hydrogel polymers from a functional polymer mixture
that has a metal ion template as a membrane base with
cross-linker agents and solvents refluxed together until
it thickens (formed sol), followed by cooling at room
temperature until it forms gel solids [13].

In this study, PEATM-Au is used as a functional
polymer of the Au®" ion template. PVA was chosen as a
polymer base membrane support and as a plasticizer
because PVA is a polymer that is chemically stable,
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hydrophilic, elastic, non-toxic, biodegradable, and not
carcinogenic [14]. PEGDE is applied as a crosslinking
agent as well as a plasticizer, which will increase the
mechanical strength of the membrane. Based on previous
studies, PEGDE crosslinked PVA based membranes have
been shown to have good mechanical strength as
indicated by the results of tensile strength tests [15-16].

Characterization of IIM FTIR

The success of the IIM synthesis was analyzed from
the FTIR spectra in Fig. 1. The IIR FTIR spectra showed
that the absorption area of the -OH group was widening;
this indicates the increasing number of hydrogen
interactions that made the vibration of the -OH group
weaker [17]. In the IIM the CS group wave number
(702.9 cm™) also shifted to a larger wavenumber

"
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ﬂ

(848.68 cm™), this is likely due to the presence of PEGDE
as a crosslinker agent and PVA as a plasticizer on the
membrane that experience interaction with PEATM-Au
which influences the shift of vibrational wavenumber of
CS bonds [17-18]. Based on the plank equation theory,
which is the basis in the FTIR analysis, explains that
energy is directly proportional to the wavenumber (E =
h v), the greater the vibrational energy, the greater the
peak of the wavenumber [19].

From the FTIR analysis data, the approximate
chemical reactions that occur in IIM synthesis can be
described, as shown in Fig. 2. To reassure whether the
PEATM has been formed or not, 'H-NMR spectroscopy
could be done and is determined by the appearance of a
new peak at § 6.83-7.40 ppm (A) which indicates the
presence of thiophene compounds and also at peak
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Fig 2. The estimated reaction of IIM synthesis
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§ 4.46 ppm (D) and § 4.89 ppm, which indicates the
presence of a methylene (-CH2-) group [12]. PEATM
molecular weight determination was also performed, and
the results showed that PEATM synthesized has a
molecular weight of 7333,791 g/mol with a polymerization
degree of 23.

The crosslink reaction in the IIM manufacturing
process here, in addition to adding polymer chains and
increasing the mechanical strength of the membrane, also
plays a role in locking the Au’* metal ion template on the
PEATM polymer, so that an appropriate imprint will be
formed [16].

Analysis of SEM-EDX IIM and NIM

SEM-EDX results in Fig. 3 shows the porous
membrane morphology, with an average NIM pore size of
1.80 um and IIM of 1.29 um. The pore size at IIM is more
uniform and smaller, and this is presumably due to the
influence of the printed Au metal ions on the membrane.
In the state of the hydrated Au’* ion species has a radius of
275 nm [20]. The presence of these Au metal ion.molds is
expected to increase the membrane affinity for Au’* ions:

The EDX result for NIM and IIM before and after
Au release could be seen in Table 1. From the EDX results

obtained, the composition of elements in the membrane
and its mass percent. Based on these results, since the Au
on IIM before the release is 75.45% and after the release
is 67.75%, it proves that the gold content (Au) on the
membrane is reduced by 7.7% after removing the
template.

Feed pH Optimation

The feed phase pH optimization can be determined
from the transport percentage curve, as seen in Fig. 4.

The graph shows the optimum pH of transport
with both IIM and NIM is pH 3. Optimization of this pH
in terms of the feed phase. At pH 3, the remaining
percent concentration of metal ions in the feed phase is
the least when compared topH 1, 5,7, and 9. This proves
thatatpH 3, more Au’* metal ions are being transported.
When viewed from the receiving phase, the greater the
pH, the ability to transport Au** metal ions will decrease.
In a previous study, it was explained that transport to the
membrane could occur if the phenolic component is in
a dissociated state (the feed phase) and as a phenolate
ion (the receiving phase). The acidity conditions in the
feed phase affect the phenol transport process. The same
thing happens with Au’" ion transport. In the feed phase,

Fig 3. SEM morphology and pore size: (a) NIM, (b) IIM

Table 1. EDX results of NIM, IIM before Au release, and IIM after Au release

Elements NIM IIM before Aurelease  IIM after Au release

C 44.025% 16.75% 1.74%

O 28.875% 2.275% 2.725%

N 24.47% 2.6% 6.9125%

S 2.3% 1.575% 17.5125%
Au - 75.45% 67.75%

K <1% <1% -

Cl <1% <1% -
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the Au’* ion species that will be transported to the
receiving phase, in the receiving phase in the form of a
thiourea solution in acidic pH of the Au*" ion species are
unstable but will be reduced by becoming Au'* ions.
Thiourea solution under acidic pH conditions was chosen
as the catching phase because based on previous research
showed that thiourea in acidic pH is effective for gold
extraction and has several advantages, such as low
environmental impact, easier reagent treatment, greater
selectivity to gold and faster gold dissolution kinetics [21].
The thiourea solution will then react with Au'* to produce
cationic complexes or aurous ions.

Au* +SC(NH,), — Au[SC(NH, ), **

The reduction reaction of Au’* ions to Au* in the
receiving phase (thiourea) occurs because the Au*
complex with thiourea is more stable. The stability of the
Au[SC(NH,),]** complex decreases as the pH of the
solution increased, so that the pH conditions of the feed

Trans port %)

phases 1 and 3 will make the driving force of the transport
of Au’* metal ions become greater and will decrease with
increasing pH (pH = 5, 7, and 9). Complex species changes
if the pH of the solution is more than 3 also affects the
transport of Au’" metal ions. As described by Paclawski
and Fitzner [22] in the distribution of Au’* species under
various pH conditions, at pH more than 3 the presence of
hydroxyl ligands begins to replace Cl ligands so thatat pH
above 3 species will exist [AuCl;0H]5, [AuCL(OH)|,
[AuCl(OH);], and [Au(OH).] > The difference in Au*
metal ion species influences the stability of the complex
and causes the transport percentage to decrease as the
pH of the feed phase increased.

Transport Time Optimization

The results of the optimization of transport time
can be described from the transport percentage graph in
Fig. 5. Based on the graph in Fig. 5, it showed that the
longer the transport time, the transported percentage of
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Fig 4. Curve of transport versus pH
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Fig 5. Curve of transport versus time
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Au’* metal ions increased when viewed from the receiving
phase and decrease when viewed from the feed phase.

This means that the longer the transport time, the
greater the concentration of Au’* metal ions transported.
The optimum IIM transport time is achieved at 24 h and
NIM at 48 h, which is indicated by the percent of the
transport phase of the receiver, and the remaining percent
of the transport phase of the feed is in one point
(overlapping). At 24 h, the concentration of Au metal ions
in the feed phase is almost the same as the concentration
of Au metal ions in the receiving phase, so there isno
driving force due to the effect of different concentrations
of the feed phase and the receiving phase. After more than
24 h to 48 h, there was no change in transport percentages;
this indicated that there was no longer a driving force for
transport due to differences in the concentration of the
feed phase and the receiving phase.

IIM Selectivity to Au®* lons

IIM transport selectivity to 'Au’* metal ions is
obtained through the transport of binary metal ions. The
selectivity value is obtained from the ratio of the
transported percentage of the target metal ion to the
transported percentage of the competing metal ion. The
membrane is said to be more selective about the target
metal ion if the percentage of the transport of the target
metal ion is greater than that of the competing metal ion,
so the membrane selectivity value is more than 1
(selectivity > 1). According to the HSAB theory, Fe’* is a
hard acid, Pb?** is a borderline while Cd** and Au** is a soft
acid. Since the IIM was made to recognize Au’* (a soft
acid), so the IIM during transport will tend to draw a soft

acid rather than those which are not. The results were as
expected and can be seen in the graph in Fig. 6 that
compares IIM and NIM selectivity values.

The graph in Fig. 6 showed that the selectivity of
IIM transport for Au** metal ions in all competing metal
ion mixture solutions is greater than NIM PEATM. In a
solution of a mixture of Au**/Cd*, the selectivity IIM
was 1.10, and NIM was 1.03. In a solution of a mixture
of Au’*/ Ee’'; the selectivity of IIM was 1.39, and NIM
was 1.26. In a solution of the Au’*/Pb** mixture, the
selectivity of IIM was 1.17, and NIM was 1.02. Supported
by the selectivity data from the receiver phase in Fig.
6(b), the same thing is also shown. In a solution of a
mixture of Au**/Cd *, the selectivity of IIM was 1.18,
and NIM selectivity was 1.02. In a solution of a mixture
of Au’'/Fe**, the selectivity of IIM was 1.37, and NIM
was 1.26. In a solution of the Au**/Pb* mixture, the
selectivity of IIM was 1.07, and NIM was 1.03. Previous
research on ionic imprinted membrane based on
polyeugenol derivates also showed similar results, such
as the same optimum pH condition of 3 and higher
adsorption capacity towards Fe** when compared to its
competitive metal [16]. Through this study, it is proven
that IIM is more able to transport Au from its binary
mixture selectively.

CONCLUSION

This research proves that the presence of S groups
in PEATM makes NIM and IIM selective to Au’* metal
ions in accordance with the HSAB theory. The presence
of ion templates on the membrane makes IIM have a
higher selectivity to Au** metal ions compared to NIM.
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The most effective condition for Au** metal transport was
in pH 3, and the most optimum transport time for IIM is
24 h, while for NIM, it was 48 h. The results showed that
IIM has better selectivity towards Au’" in all mixtures of
metal ions compared to NIM. Future studies will probably
discuss the membrane applicability for extraction of Au**
from real wastewater that contains Au’* and also for the
development of gold metal sensing devices.
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