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Abstract Nickel(ll) ions are carcinogenic water pollutants. To increase the accuracy of
instrumental analysis of Ni(ll) content, several analytical preparation methods have been developed,
including solid phase adsorption extraction. The development of magnetic solid phase extraction
adsorbents for metal ions is required, to support the application of magnetic solid phase adsorption
as a method of separating metal ions in aqueous samples. This research describes the synthesis
of Magnetic Solid Phase Extraction adsorbents as Ni(ll) ion adsorbents, nano
magnetite/carboxymethyl kappa-carrageenan (CMKC) crosslinked bisphenol A diglycidyl ether
(BADGE) imprinted Ni(ll)-IIP ion composites. This research was carried out in several stages,
synthesis and characterization of hano magnetite (NM), synthesis and characterization of CMKC,
and synthesis of NM/CMKCNI(Il)-1IP adsorbents. The results of the synthesis were analyzed for
morphological characteristics, magnetic strength, spectral characteristics, crystallinity, and
composition using SEM, FTIR, XRD, and XRF instruments. The adsorption ability of Ni(ll) of the
adsorbent was tested. Determination of Ni(ll) ion content in the sample before and after adsorption
was carried out using a flame atomic absorption spectrophotometer (FAAS). Based on the results
of spectral character analysis, crystal diffraction patterns, magnetic strength, and morphology, it is
confirmed that nano-magnetite has been successfully synthesized. The diameter of the nano
magnetite grains is 21.8 nm, the adsorbent NM/CMKCNI(Il)-IIP has magnetic properties and wavy
surface morphology. The optimum adsorption ability of Ni(ll) for the NM/CMKCNi(Il)-1IP composite
was 2.44 mg Ni(ll)/g adsorbent. To evaluate the tendency of the adsorption ability of the adsorbent
towards Ni(ll) ions in the presence of competitor ions, the adsorption ability of the adsorbent to
adsorp Ni(ll) ions in samples containing Ni(ll) ions, Pb(ll) ions and a mixture of Ni(ll) ions. and Pb(ll)
were determined, based on the results of the analysis, the ability of the adsorbent to adsorb Ni(ll)
ions was higher than the ability of the adsorbent to adsorb Pb(ll) ions, in all types of samples.

Keywords: Nano magnetite, Adsorption, NM/CMKCNI(II)-1IP, Carboxymethyl k-Carrageenan, Ni(ll) ion.

Introduction

Nickel(ll) ion is a carcinogenic water pollutant [1]. Developing an analytical method for determining the
content of Nickel(ll) in water to improve the accuracy of the analysis results is one of the interesting
studies. Difficulties are often found in the analysis of metal ion levels in water if the metal ion content is
very low or the composition of the sample is complex, selective ion adsorption methods and solid phase
adsorption are often used to increase the concentration of metal ions in samples and remove non target
ions [2]. Today, magnetic solid phase extraction has been developed to separate metal ions in a mixture
by adsorbing metal ions on the surface of the adsorbent in the form of modified nano magnetite and then
attracting the adsorbent using an external magnetic field. The advantages of magnetic solid phase
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extraction are (1) faster procedures, (2) easy analyte separation, (3) easy recycle and reuse [3]. Magnetic
solid phase extraction (MSPE) has been used to separate metal ions in mixtures [4]. The surface of the
magnetic adsorbent absorbs metal ions in the mixture and then the adsorbent is localized and pulled out
of the sample vessel directed by an external magnetic field. MSPE has been widely applied in several
fields, such as biomedical [5]; [6], environmental science [7]; [8], forensic science [9] and food analysis
[10]; [11]. The advantages of the MSPE technique are speed and ease in separating the adsorbent
material from the sample matrix [4].

MSPE adsorbent, a magnetic composite consisting of magnetic parts, and other composite materials
that carry out certain functions. The function of magnetic composites is engineered through modification
of composite materials. The MSPE principle is to bind the analyte in the sample solution to the surface
of the magnetic adsorbent, then the adsorbent is separated from the sample solution by the attraction of
an external magnetic field. The analyte is then eluted from the adsorbent with a suitable solvent, so that
the eluate containing analyte is ready to analyzed [12]. The most commonly used magnetic material is
nano magnetite (FesO4), which has superparamagnetic properties [13]. Nanomagnetism combined with
various coatings or composite materials, designed to adsorb metal ions which can then be desorbed
again using a desorption solvent [14].

The previous researchers has developed the use of nano magnetite/carboxymethyl k-
carrageenan(CMKC) composite as an adsorbent for Cr(lll), Cu(ll), Ni(ll) and Co(ll) metal ions[15],
biomaterial adsorbent [16], metal ion preconcentration media in samples containing single ions Cu(ll),
Co(ll), Ni(ll) and Cr(ll) [17], a mixture of metal ions Ni(ll) and Cr(lll) [18], a mixture of Pb(ll) and Cu(ll)
[19]. Some previous research results show that nano magnetite/CMKC can adsorb various metals
simultaneously.

Adsorption of metal ions on the nano magnetite/CMKC surface is likely due to the interaction between
CMKC carbonyl anionic groups with cationic metal ions, and polymer pore entrapment. CMKC polymer
can swell so that the size of the gaps between polymer chains increases during the swelling process, so
that metal ions become difficult to be trapped into the pores, and then the ability of the polymer as an
adsorbent decreases. Attempts to develop reusable nano magnetite-based adsorbents requires an
adsorbent with stable adsorption capacity. Nano magnetite/CMKC has been used as an adsorbent for
metal ions; their adsorption capacity reaches 99.72% for Ni(ll) ions [20] and 0.1 g Pb?*/ 1 g Nano
magnetite/CMKC [21]. Unfortunately, CMKC has a high swelling ability [22]. So that the adsorption ability
of nano magnetite/CMKC decreases when exposed to contact for a long time or repeated use in aqueous
media [23].

Various techniques carry out polymer modification. The crosslinking technique strengthens the polymer
structure due to the formation of bonds that link between polymer chains [24]. Cross linking also allows
the formation of a pattern of polymer chain arrangement. The printed polymer technique produces
polymers with specific templates, which are recognized by the ion/similar molecules contacted after ion
imprinting [25]. [26] carried out cross-linking of carboxymethyl chitosan with bisphenol A diglycidyl ether
(BADGE); this cross-linking brought the carboxymethyl chitosan carbonyl groups closer together which
allowed the carbonyl lone pair to form a covalent bond to bind to the Pb(ll) metal ion. The binding of
metal ions is followed by the release of Pb(ll) ions which are bound to the polymer, resulting in the
formation of gaps printed by Pb(ll) ions, on polymers. Imprinting ion holes on the polymer surface
produces ion imprinted polymer (lIP) which have specific receptor sites for target ions [27]. This
technique can be used to make selective adsorbents. Polymer cross-linking also increases the
mechanical strength of the polymer. CMKC is a biopolymer that is able to adsorb metal ions, but CMKC's
swelling power is high, so its adsorption ability decreases and its morphology is damaged when it is
reused. Crosslinking is an alternative to increase mechanical strength and reduce swelling. Crosslinking
also affects the process of ion mold formation. This method has not been studied for CMKC. This article
presents the results of a research on the synthesis of nano magnetite/carboxymethyl kappa-carrageenan
adsorbents cross-linked with bisphenol A diglycidyl ether (BADGE), Ni(ll) ion imprinted as Ni(ll) ion
adsorbents.

Materials and Methods

Apparatus

Apparatus used: FTIR (Prestige 21 Shimadzu), SEM (FEI, Type: Inspect-S50), Flame-Atomic Absorption
Spectrophotometer (AAS), XRD (AAP analytical, Type: Expert Pro), XRF (PANalytical, Minipal 4), ovens
(Memmert), shaker, universal indicators, filter paper, standart laboratory equipment and glassware.
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Material

The material used: kappa-carrageenan powder (food grade, local market), NaOH p.a, 96% ethanol,
isopropyl alcohol (IPA), glacial acetic acid, nitric acid, monochloroacetic acid (MCA), bisphenol A
Diglycidyl Ether (BADGE) p.a, HCI p.a 37%, distilled water, aqua demineralization, FeCls.4H20 p.a,
FeS04.4H20 p.a, NiCl2.6H20 p.a and Pb(NOs)2 p.a. All reagents from Merck.

Nanomagnetite Synthe5|s

A mixture of 25 mL of 0.125 M FeS04.7H20 solution and 0.25 M FeClz.6H20 solution (1:1 v/v) was added
dropwise into 50 mL of 0.5 M NaOH while stirring using a magnetic stirrer for 30 minutes. The black
residue obtained was filtered using fine filter paper, then neutralized using distilled water, dried in an
oven at 50-60°C for 5 hours, then sieved through a 100 mesh sieve. The synthesized nano magnetite
powder was characterized using SEM, FTIR, VSM and XRD instruments.

CMKC Synthesis

One gram of k-carrageenan was suspended in 25 mL of isopropanol, the suspension was stirred at room
temperature for 15 minutes, 3 mL of ethanol was added, then stirred for 10 minutes. The suspension was
added 2.4 grams of NaOH 3 times every 15 minutes, after stirring at 70°C for 1 hour, and a solution of 2.5
grams of MCA was added in 10 mL of ethanol while still being heated at 50-60°C for 4 hours. The
suspension was then filtered, and the residues obtained were suspended in 10 mL ethanol, and neutralized
with a glacial acetic acid solute. The suspensions were filtered using filter paper, and their residues were
washed with 10 mL ethanol until the washing water was neutral. The residue CMKC was then dried at
60°C for 24 hours. CMKC were characterized using FTIR instrument.

Synthesis of Nanomagnetite/bisphenol a Diglisidil eter (BADGE)
Crosslinked Ni (II) Imprinted Composite (NM/CMKCNI(IDIIP) and
Nanomagnetite/bisphenol a Diglisidil Eter (BADGE) Crosslinked
CMKC Composite (NM/CMKCNiI(II))

One gram of nanomagnetite and 4 grams of CMKC were suspended in 100 mL of aqua DM, and stirred
for 1 hour at room temperature. Then the mixture was added to a glass flask containing 500 mL of 0.02
M NiClz solution and stirred for 20 hours to adsorb Ni(ll) ions. The product formed is a NM/CMKCNI(ll)
composite. The NM/CMKCNi(Il) obtained was put into a round flask containing 150 mL of distilled water,
5 mL of 1 M NaOH, and 4.029 g of bisphenol A diglycidyl ether (BADGE), refluxed for 6 hours. The
product is filtered, washed with ethanol and distilled water until the pH is neutral. The product formed is
NM/CMKCNI(Il)-BADGE. The release of Ni(ll) process from NM/CMKCNI(ll)-BADGE was carried out by
soaking NM/CMKCNI(ll)-BADGE in 50 mL 0.1 M HCI solution for 4 hours, then filtered and washed
repeatedly with 0.1 M HCI, 50 mL/each repetition the washing filtrat is dripped with NaOH 2 M until the
pH of the filtrat is > 9, dimethyl glyoxim solution (DMG) 0,001 M dripped onto the washing filtrate, if a
red precipitate is still formed in the filtrate after DMG is dropped, the adsorbent is washed again with
HCI, the process is repeated until no red precipitate forms when DMG is dropped, the last adsorbent
washing filtrate was stored and tested for Ni(ll) ion content with AAS. Then the adsorbent was washed
with distilled water until neutral and dried in an oven at 60°C for 48 hours. The final product is a hano
magnetite/BADGE cross-linked CMKC Ni(ll) imprinted composite (NM/CMKCNiI(I)1IP) was characterized
by VSM, FTIR, SEM and XRF. Synthesis of (NM/CMKCNI(ll)) carried out with the same method as the
synthesis method of NM/CMKCNI(I)IIP without the leaching process of NM/CMKCNi(I1)-BADGE.

Synthesis of Nanomagnetite/CMKC Composite

One gram of nano magnetite and 4 grams of CMKC were suspended in 100 mL of agua DM, stirred for 20
hours at room temperature. The product formed is a NM/CMKC composite. The NM/CMKC obtained
soaked in 0.1 M HCI solution for 4 hours, filtered, and repeatedly washed with aqua DM until the wash
water was neutral and then dried in an oven at 60°C for 48 hours. The final product is NM/CMKC composite
characterized using FTIR and SEM Instrument.

Synthesis of Nanomagnetite/bisphenol a Diglisidil Eter (BADGE)
Crosslinked CMKC Composite (NM/CMKCBADGE)

Nano magnetite/BADGE cross-linked CMKC composite non ion imprinted was synthesized as a
comparison material. One gram of nano magnetite and 4 grams of CMKC were suspended in 100 mL of
aqua DM, stirred for 20 hours at room temperature. The product formed is a NM/CMKC composite. The
NM/CMKC obtained was put into a round flask containing 150 mL of distilled water, 5 mL of 1 M NaOH
and 4.029 g of bisphenol A diglycidy! ether (BADGE), refluxed for 6 hours. The product is filtered, washed
with ethanol and distilled water until the pH is neutral. The product formed is NM/CMKCBADGE.
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NM/CMKCBADGE was soaked in 0.1 M HCI solution for 4 hours, filtered, and repeatedly washed with
aqua DM until the wash water was neutral and then dried in an oven at 60°C for 48 hours. The final
product, BADGE cross-linked NM/CMKC composite, was characterized using FTIR, SEM and XRF
instrument.

Adsorption Capacity Test of NM/CMKCNIi(ID)-IIP as Ni(ll) Metal

Adsorbent

Prepared two part of each 40 mL of sample solution containing 1 ppm of Ni(ll) ions in two different
Erlenmeyer. After that, 15 mg of NM/CMKCNI(Il)-IIP adsorbent was added to Erlenmeyer A and 15 mg
of NM/CMKC-BADGE (NIP) adsorbent to Erlenmeyer B. Shaken with a shaker for 40 minutes at room
temperature, then the adsorbent was withdrawn with an external magnetic field and the content of Ni(ll)
contained in the adsorbate is determined by SSA. Repeat these steps by changing the adsorbent mass
to 5; 7.5; 20; and 30 mg to determine the maximal adsorption capacity. The adsorption capacity was
determined by means of graphical analysis of plots of % Ni(ll) adsorbed against the mass of the
adsorbent, at the optimal point of adsorption. Adsorption selectivity was analyzed based on a comparison
of the adsorption ability of NM/CMKCNI(I)IIP as adsorbent Ni(ll), Pb(ll) in sample solutions Ni(ll), Pb(ll)
and a mixture of Ni(Il)-Pb(ll), a test carried out at a concentration of Ni(ll) close to the adsorption capacity
of the adsorbent on Ni(ll) which was determined in the experiment to determine the adsorption capacity
of NM/CMKCNI(II)IIP previously.

Results and Discussion

Synthesis and Characterization of Nanomagnetite (Fe3Oa)
Magnetite material FezO4 has been synthesised by the coprecipitation method. A mixture of FeSO4.7H20
solution and FeClz.6H20 solution was reacted with NaOH solution, so the following reaction occurred.

Fe?*(aq) + 2Fe®*(aq) + 80H(aq) — Fes0a(s) + 4H20(1) (@)

The synthesis result in a solid black material that is attracted by an external magnet. The
physicochemical character of the synthesis result was characterized by the morphology (SEM image),
FTIR spectral characteristic (FTIR), and crystallinity (XRD) of the synthesis result. The results of the
FTIR analysis in Figure 1 shows that there are absorption peaks at wave numbers 569 cm and 640 cm-
1 indicating the presence of Fe-O vibrations from ferrous oxide, 631 cm™ and 639 cm [28]; [29]; [30].
There are peaks at wave numbers 3435 cm! and 1634 cm™ which correlate with the stretching and
bending O-H bonds, as the results of nano magnetite characterization reported by previous researchers
[28]; [29]; [30], O-H bending and stretching nano magnetite vibrations appear at 1621 cm, 1628 cm-?,
1631 cmt, 3408 cm, 3423 cm™* and 3431 cm™.

The XRD diffractogram pattern for a type of compound crystal is typical, each compound crystal has a
different pattern. Therefore the XRD diffractogram pattern is used to identify the type of compound.
Based on JCPDS database No 19-0629 (Joint Committee For Powder Diffraction Standard), the peaks
of the nano magnetite XRD diffractogram measured at an angle of 26 are 18.2°, 30.1°, 35.4°, 37.1°,
53.4°,56.9°, 62.5° 65.7°, 70.9°, 73.9°. Figure 2 shows the synthesized XRD diffractogram measured at
an angle of 26 with peaks at 29.93°, 35.43°, 43.40°, 57.41°, and 62.74°. The synthesized XRD diffraction
peaks showed close to the magnetite diffractogram peaks in the JCPDS database. Previous researchers
stated that the magnetite XRD diffractogram have peaks at 30.31°, 35.92°, 43.6°, 57.38°, and 62.96°
[31]. The other researchers also stated that the peaks of magnetite XRD pattern are 18.01° , 30.284° ,
35.662°, 43.289°, 53.5°,57.173°, 62.844°, 71.351° , and 74.284° [32]. Based on the XRD diffractogram
pattern synthesized which is close to the peak pattern of the JCPDS diffractogram and the XRD
diffractogram pattern of previous researchers who have characterized magnetite, it can be concluded
that the synthesized material is magnetite.
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Figure 1. FTIR Spectrum of Nanomagnetite (FezOa)
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Figure 2. Diffractogram of synthesized nanomagnetic (FesOa)
Based on the results of XRD analysis, the size of nano magnetite crystals can be determined by the

Scherrer equation as follows:

kA
D_BCOSQ 2)

Equation (2) calculates the average particle diameter of 21.8 nm. The Scanning Electron Microscope

(SEM) is used to analyse the morphology of the magnetite synthesised material, Figure 3(a) is an SEM
image of the magnetite material at 50,000x magnification.
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Figure 3. Morphology of Nanomagnetite (FesOa4)

Magnetism was studied using the VSM instrument, obtaining hysteresis curve data [33]. The hysteresis
curve shows the relationship between the magnetisation (M) and the external magnetic field (H). Based
on Figure 4, it appears that the area of the hysteresis curve is narrow, indicating that the synthesised
nano magnetite (FesO4) is a soft magnet. The magnet saturation value is M 56.92 emu/gr, while the
coercivity field value is 0.01174 (KOe), shows that the synthesized nano magnetite is a weak magnet,
the remanent magnetization value is 3.66 emu/gr. This magnetic force can attract the paramagnetic
metal ions, leading to a magnetic adsorbent. When the magnetic force acts on the paramagnetic metal
ion, there will be an increase in the intensity of the magnetic field which attracts the ion towards the
center of the field [34]. Nickel will be pulled towards the composite adsorbent by the magnetic
components contained in the adsorbent.
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Figure 4. Hysteresis Curve of Nanomagnetite (FesO4)

Synthesis and Characterization of Carboxymethyl Kappa-
carrageenan (CMKC)

Carboxymethyl k-carrageenan (CMKC) is a kappa-carrageenan derivative made by carboxymethylation
of the hydroxyl groups on the k-carrageenan polymer chain, k-carrageenan is reacted with NaOH, to
produce alkoxy k-carrageenan which is then reacted with monochloroacetic acid (MCA), follow the
reaction in Figure 5.
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Figure 5. Steps of Alkalization reaction (a) and Etherification reaction (b)

The conversion of the k-carrageenan hydroxyl group to a carboxyl group causes a change in the FTIR
spectrum. The difference in the FTIR spectra of k-carrageenan and CMKC can be seen in Figure 6. The
main absorption bands of k-carrageenan and CMKC and their correlation with functional groups are
presented in Table 1. Typical absorption bands of k-carrageenan appear at wave numbers 1278 cm-!
and 844 cm indicating a symmetrical O=S=0 vibration and a C-O-S stretching vibration. The absorption
band at wave number 931 cm! shows C-O-C from the 3,6-anhydrogalactose group. The absorption band
at wave number 1077 cm! and widening of the absorption band at 2915 cm-! indicate C-O strain and C-
H strain. The carboxymethylation reaction converts the hydroxyl group on k-carrageenan to a carboxyl
group.

The CMKC FTIR spectrum shows absorption bands at wave numbers 1604 cm™ and 1443 cm™
correlated with the strain of the carboxylate anion (-COO-), besides that absorption bands, appear at
wave numbers 1773.12 cm! indicating the presence of stretching vibrations on the carbonyl group. The
absorption band shift occurred in the —OH group absorption band, in k-carrageenan it was seen at wave
number 3480 cm™* while in CMKC it appeared at 3447 cm™, indicating that some of the -OH groups in k-
carrageenan had been converted.

\ 1 1604

"'\ /ﬁ’ ' I‘\ / \. | \q‘,_,-’\

wanrll / “u\.

Transmitance (%)

k- carageenan

1278 §31

T L B B
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm)

Figure 6. FTIR spectrum of CMKC and k-Carrageenan
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Table 1. FTIR Spectrum Peak Correlation on k-Carrageenan and CMKC

Wave Number (cm)

Functional Kappa- Reference
groups Carrageenan CMKC
O-H 3480 3447 3300 cmY[35][35][35] [36]
C-H 2915 2910 2929 cm[35][35][35] [36]
Cc=0 - 1772,58 1746 cm? [37]
CoO - 1604; 1443 1597 cm; 1424 cm™? [16]
0=S=0 1278 - 1224-1228 cm'?t [16]
C-O0 1078 1077 1024 cm? [38]
C-0-C 931 - 925-928 cm? [16]
C-0-S 844 878 850 cm* [16]

Synthesis and Characterization of NM/CMKCNIi(I)IIP

The adsorbent, NM/CMKCNI(II)IIP composite was synthesised in several steps. In the first step CMKC
and nanomagnets were suspended in distilled water, nanomagnetite is bound to CMKC through the
interaction between Fe?*/Fe3* with O- from the hydroxyl group, binding of nanomagnetite through the
interaction between Fe?*/Fe3* nanomagnetite and hydroxyl groups has been described by other
researchers [39]. Figure 7 illustrates the bonding between NM and CMKC

050, 0504
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OCH5COOH g HO &/ Aﬁu

OCH,CO0H HOOCH,CO

NH4,OH

nmzcnn

&/ ﬁx
. Fe; 04/ Nanomagnetite DCH, mmw

HOOCH,CO

Figure 7. The bonding between NM and CMKC

Ni(ll) ions were bound to produce NMCMKCNI(ll), Ni(ll) is bound by the CMKC carboxyl group, the
product was crosslinked with bisphenol A diglycidyl ether (BADGE). Cross-linking causes the polymer
chains to closer each other compared to the uncross-linked polymer [3]. This position allows the free
electrons of the carbonyl groups of the CMKC polymer chains interact with metal ions that have been
bound by the carbonyl groups of the other CMKC polymer chains, as shown in Figure 7. The third step
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was the release of Ni(ll) ions. The ion release process is a step to form a hole according to the ion printer.
The holes selectively bind to the same metal ions as the printer ions. The resulting product is a composite
NM/CMKCNI(IDIIP which is attracted by a magnet. Nanomagnetite is bound to CMKC through the
interaction between Fe2*/Fe3* with O" from the hydroxyl group. Figure 8 illustrates the synthesis scheme
of the NM/CMKCNI(I)IIP adsorbent through several steps. CMKC, which has bound Ni(ll), was cross-
linked with BADGE, this binding model has been proposed by previous researchers, who conducted
cross-linking experiments of carboxymethyl cellulose polymers with BADGE [26]. The CMKC cross-
linking reaction in this study proceeded as the reaction is shown in Figure 9.
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Figure 9. Crosslinking reaction of NM/CMKCNi(Il) with BADGE
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The FTIR spectrum of the CMKC, NM/CMKC composite (Figure 9) shows that the crosslinking, metal
ion binding and ion releasing processes cause the CMKC’s carboxyl group absorption band wave
number shift. The asymmetric —COO absorption band of the CMKC carboxyl group of the nano
magnetite-CMKC composite (NM/CMKC) appears at wave number 1644 cm™, whereas the —COOQO'’s
bands peak of the uncrosslinked NM/CMKC composite which binds Ni(ll) appears at wave number 1615
cm?, the asymmetric —COQ’s absorption band of the cross-linked NM/CMKC composite that binds Ni(ll)
(NM/CMKCNI(Il)) appears at 1638 cm™ and after Ni(ll) ion was released, the asymmetric —COO
absorption band of (NM/CMKCNI(II))IIP appears at 1625 cm™1, the wave number shift of the absorption
band correlates with the changes of the carboxyl group bond’s rigidity.

TN A NMICMKCNRIIP
\ L XA ™ -
i ] PRy
i 1625 )
s "’:“ e NM/CMKCNi(Il)BADGE
§ R - —
5 1638
L V NM/CMKCNi(Il)
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Figure 10. FTIR spectrum of NM/CMKCNI(IDIIP, NM/CMKCNI(I)BADGE, NM/CMKCNiI(ll) and
NM/CMKC Composites

The interaction between the CMKC’s carboxyl group with Ni(ll) reduces the electron density in —COO
group of NM/CMKC, because the electrons are attracted towards Ni(ll), so the energy for vibrational
absorption decreases. The —COOQ absorption peak’s wave number of NM/CMKC is higher than the —
COOQO absoption peak’s wave number of NM/CMKMNI(Il) that has the lower electron density.
NM/CMKCNI(Il) cross-linking causes an increase in the rigidity of the structure around the carboxyl group
due to the attraction of the cross-links, because of that the vibrational energy of —-COO on NM/CMKCNIi(ll)
is higher than that of NM/CMKC, so that the absorption band shifts to a lower wave number, higher. The
release of metal ions from NM/CMKCNI(ll) causes the rigidity of the structure to decrease, because the
metal ions bridging the two polymer chains are released, the vibrational energy decreases, therefore the
—COOQ vibrational energy on NM/CMKCNI(IDIIP is lower than the —-COO vibrational energy
NM/CMKCNI(Il), -COO NM/CMKCNI(I)IIP absorption band appears at a lower wave number than the -
COO NM/CMKCNi(ll) absorption band.

The synthesis process of the NM/CMKCNI(I)IIP adsorbent was preceded by the synthesis of
NM/CMKCNi(ll)-Badge, Ni(ll) ions were released from NM/CMKCNiI(ll)-Badge, then the
NM/CMKCNI(I)IIP was resulted. XRF analysis data were used to analyze the quantity of Ni(ll) ions bound
to the surface of NM/CMKCNi(ll)-Badge and Ni(ll) remaining on the surface of NM/CMKCNI(I)IIP after
the Ni(ll) ions as an ion mold former were leached from NM/CMKCNi(ll)-Badge. The nickel percentage
of NM/CMKCNi(Il)-Badge, is 15.3%, indicating that a certain amount of nickel is bound to
NM/CMKCNIi(ll)-Badge, after the leaching process, the nickel percentage of NM/CMKCNi(Il)-Badge
decreases to 0.95%. Table 2 show the percentage of the NM/CMKCNIi(ll)-Badge and the
NM/CMKCNI(IIP.
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The nickel concentration of leaching process’s washing filtrate was determined using AAS to monitor the
reduction of Ni(ll) present in NM/CMKCNi(Il)-Badge which is being leached. Table 3 show the nickel
concentration of the washing filtrate.

Characterization using SEM is used to see the surface morphology of the composite. The morphology
of the NM/CMKCNI(ll) composite without crosslinking, the NM/CMKCNi(Il)-Badge composite before the
release of Ni(ll) ions, and the composite after the process of releasing metal ions or called
NM/CMKCNI(INIIP is shown in Figure 10.

Table 2. Percentage of NM/CMKCNI(Il)-Badge and the NM/CMKCNi(INIIP

Metal Elements

NM/CMKCNi(Il)-Badge ~ NM/CMKCNi(II)IIP

Ca
Ti
Y
Cr
Mn
Fe
Ni
Br

0,76%

0,49%

0,02%

0,16%

0,26%
80,47%
15,30%
0,35%

0,26%

0,53%

0,03%

0,22%

0,34%
92,30%
0,95%

0,39%

Table 3. Nickel Concentration of Leaching Process’s Washing Filtrate

Washing process

Nickel concentration (ppm)

15t washing
2 washing
3dwashing
4% washing
water

16,57
8,75
2,20
1,01
0,09

S 3 o o ar— mwr

b

Figure 11. Surface Morphology of NM/CMKCNi(Il) (a), NM/CMKCNi(Il)Badge (b), NM/CMKCNI(I)-1IP (c)

o e P L R

Figure 11(a) shows the surface morphology of the NM/CMKCNi(ll) composite, the surface folds of the
nanomagnetic-CMKC composite bound to Ni(ll) without crosslinking have larger waves than the
NM/CMKCNIi(ll)-Badge composite (Figure 11b) and Crosslinked NM/CMKCNi(IDIIP (Figure 10c). When
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contacted with the dispersing medium, the polymer in the composite swell, the non-crosslinked polymer
swell more than the crosslinked polymer, therefore the folding wave on the non-crosslinked
NM/CMKCNI(Il) composite surface is larger than the polymer folding wave. The morphology of the cross-
linked polymer composites shows that, in addition to the folds that occur due to the swelling process, the
cross-links cause the distance between the polymer chains at the point of the cross-link knot to be smaller
compared to the other parts, so that the distance between the polymer chains is tighter and knots are
formed at several points. Cross-linking increases the mechanical resistance of the material, changes the
morphology and porosity of the material [40]. Figure 11 (c) shows the morphology of NM/CMKCNi(I)IIP
adsorbent surface, folding occurs due to swelling and crosslinking processes, as in
NM/CMKCNiI(Il)Badge, but the folding in NM/CMKCNI(IIIP is more small, because after the release of
Ni(ll) ions from the cross-linked CMKC, the bond tension of the carboxyl groups that originally bound the
Ni(ll) is reduced and the polymer is folded.

NM/CMKCNI(IDIIP adsorbents are designed to bind Ni(ll) specifically through ion template
adsorption.NM/CMKCNI(IIIP  can adsorb Ni(ll) ions more selectively than Pb(ll), this might happen
because geometrically there has been a unique arrangement of the ligand groups to coordinate with
Ni(ll) ions, when Ni(ll) ions interact with carboxyl groups involving the d® orbital, while Pb(ll) has a
completely filled d orbital and an incomplete p orbital. Thus printing adsorbent can cause adsorption
selectivity leading to Ni(ll) binding. Previous researchers stated that this explanation was to explain the
selectivity of [IP adsorbents for Co(ll). Non-ion imprinted binding sites can also be formed during IIP
imprinting, the free carboxyl and hydroxyl groups have almost the same tendency to bind various metal
ions, resulting in non-selective binding [41]. Non-specific adsorption can also occur due to pore
adsorption, pores are formed when CMKC swelling.

Analysis of the adsorption ability of Ni(ll) was carried out to determine the ability of the adsorbent to bind
the targeted adsorbate and other metal ions. Adsorption ability is calculated through the calculation
formula as follows.

Adsorbed Concentration (mg/L)

Adsorption ability(mg/g) =

XV (L) 3)

Adsorbent mass (g)

The adsorption ability for Ni(ll) was determined by adsorption of a sample solution of Ni(ll) with a constant
concentration and the amount of adsorbent increased. The adsorption ability was determined when the
adsorption percentage stagnated on the addition of the adsorbent. The maximum adsorption percentage
of NM/CMKCNI(Il)-IIP adsorbent on Ni(ll) metal ions was 89.6%, with the adsorption ability of Ni(ll)
adsorbent being 2.44 mg Ni(ll)/g adsorbent. As a comparison material, an adsorption ability test was
carried out using a comparison material NM/CMKC-Badge (Non Imprinted Polymer / NIP) at the same
adsorbent mass, the percentage of NIP adsorption to Ni(ll) ions was 49.89% and NIP adsorption ability
to Niions (Il) is 1.65 mg/g.
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Figure 12. NM/CMKCPb(II)-IIP Percent Adsorption Ability Curve
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The selectivity of the NM/CMKCNI(I)IIP adsorbents was tested by measuring the ability of the
adsorbents to bind Ni(ll) and Pb(ll) in samples which were a mixture of Ni(ll) and Pb(ll) dissolved in
water. The results of the experiment are shown in the Table 4.

Table 4. Test result of NM/CMKCNI(IDIIP as Ni(ll) and Pb(Il) adsorbent

Adsorbent Kads Kads

Before Adsorption Process After Adsorption Process Mass (mg) Nill] [Pb]
. [Pb(N]  [Ni(IN] [Pb(IN] % Ni(ll) % Pb(Il)
[Ni(ID] ppm ppm ppm ppm Adsorbed Adsorbed
2,2802 0 1,1402 0 49,99 0 500 2,280 0
0 1,8760 0 1,6105 0 14,15 500 0 0,531
1,8300 1,9217 1,9260 1,6075 90,40 16,35 500 1,808 0,628

NM/CMKCNI(INIIP adsorbents bind more Ni(ll) than Pb(ll). Pb(ll) binds to an adsorbent designed to
selectively bind Ni(ll). It is suspected that the adsorption of metal ions on the adsorbent occurs due to
ion trapping and adsorption by the gaps between the polymer chains, when the adsorbent polymer swell
contact with water. The hydrated ionic radius of Pb(ll) is lower than that of Ni(ll), the values of hydrated
ionic radius are 0.40 °A for Pb(ll) , and 0.63 “A for Ni(ll).The smaller the hydrated ionic radius the greater
will be the affinity to penetrate into smaller pores , this was also explained by previous researchers [42].

Conclusions

Nanomagnetite (NM), CMKC, and Ni(ll)/nanomagnetite, (NM/CMKCNI(I)IIP) cross-linked CMKC
composites have been synthesized. The adsorbent in the form of a cross-linked kappa-carrageenan
(CMKC) composite and imprinted Ni(ll)/nanomagnetite (NM/CMKCNI(I)IIP) ion has magnetic characters
and wavy surface morphology, the beads diameter is 21.8 nm. The adsorption capacity of the
NM/CMKCNI(I)-11P composite adsorbent for Ni(ll) ions was 2.44 mg/g adsorbent, the adsorption capacity
of the NIP comparator material for Ni(ll) ions was 1.65 mg/g adsorbent. The adsorption selectivity was
compared to the adsorption ability of Pb(ll) ions, the adsorption ability of the adsorbent to Ni(ll) ions in
samples containing Ni(ll) ions, Pb(ll) ions and a mixture of Ni(ll) and Pb(ll) ions, higher than the
adsorption capacity of Pb(ll).
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