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ABSTRACT This study aimed to synthesize iron sand-based Copper Ferrite (CuFe,O,4)
using the coprecipitation method. The iron sand was taken from South Cianjur and used as
a Fe cation source to synthesize CuFe,O4 nanoparticles. Three composition variations of
CuCl,.6H,0 and iron sand (Fe;04) were employed, i.e., 1:1, 1:2, and 2:1. Samples were
characterized using X-Ray Diffraction (XRD), Scanning Electron Microscopy - Energy
Dispersive X-Ray (SEM-EDX), and Atomic Adsorption Spectroscopy (AAS). The XRD
analysis exhibits three synthesis-phase results: CuFe,04, Fe,0O3, and CuO. The produced
CuFe,04 has two crystal structures: t-CuFe,O, in 1:2 variation and c-CuFe,0, in variations
1:1 and 2:1. Adding Cu resulted in smaller crystal size and higher lattice parameters. SEM-
EDX analysis of 1:2 sample variation showed a round-shaped particle of 102.57 nm. AAS
analysis showed that the increased mole of Cu decreases the heavy metal, including Pb and
Mn, adsorption capacity. The largest adsorption capacity was found in the 1:2 (60.698

mg/g).
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1. Introduction

Technology development has resulted in various material-producing innovations, including
magnetic nanoparticle materials. One of the magnetic nanoparticles that become the subject of
continuous development is the spinel ferrite-based magnetic nanoparticle. [1]. The magnetic
nanoparticle helps remove toxic metal ions from water through their magnetic properties, high

chemical stability, facile synthesis, and good recyclability.

Heavy metal has caused serious environmental problems [2]. It harms human health when
consumed in large amounts for a long time. Long-term consumption of Pb-polluted food can
damage one's health and learning ability, hampering Hemoglobin synthesis and damaging bone

marrow, liver and kidney functions, and nervous systems [3].
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Existing metal ion removal methods from water primarily include chemical, biological, and
physical approaches. Common approaches to removing and recycling heavy metal ions from
wastewater include chemical precipitation, coagulation, ion exchange, filtration, reverse
osmosis, biological maintenance, and physical adsorption. The last-mentioned approach is one

of the most efficient and economical methods [4].

In this study, iron sand-based CuFe,O, was used to process waste through the adsorption
method. Iron sand is known to contain magnetic minerals like magnetite (Fe;O,4), hematite (o-
Fe,03), and maghemite (y-Fe,03), which can be applied to various fields [5] [6]. Spinel ferrite is
represented as MFe,O, (M = Ni, Mn, Co, and Cu), showing a unique catalytic efficiency in the
oxidation method. Copper Ferrite (CuFe,O4) nanoparticle plays an important role in various
heterogeneous catalytic purposes due to their simple isolation from treatment solution, high

chemical stability, and decreased metal leaching [7].

2. EXPERIMENTAL
2.1 Material

Materials used in this study were natural iron sand is obtained from Southern Cianjur Coast
(200 mesh), copper chloride (CuCl,.2H,0), 37% of hydrochloric acid (HCl), 2M of sodium
hydroxide (NaOH), lead (II) nitrate (Pb(NO;),), manganese chloride (MnCl,.6H,0), DI water

and ethanol.

2.2 Synthesis of CuFe,O,Nanoparticle

Iron sand-based-CuFe,O, nanoparticle was synthesized using the coprecipitation method.
CuCl,.2H,0 was dissolved with HC1 37%, while the iron sand was dissolved using DI water.
The variations of CuCl,.2H,0O: iron sand were 1:1 (0,017 mole: 0,017 moles), 1:2 (0,017 moles:
0,034 moles), and 2:1 (0,034 mole: 0,017 moles). NaOH 2M was added to the sample and
stirred for 120 minutes at 500 rpm. After that, samples were deposited using a permanent
magnet, separated from the contaminants, and washed using aqua dest and ethanol to reach pH

7. The deposits were dried out using an oven and calcining furnace, generating CuFe,O, powder.

2.3 Characterization Test

XRF Test was performed to find the elements in the iron sand. Next, it was done to determine
the crystal structure and size of the CuFe,O, nanoparticle samples. Then, SEM-EDX was
performed to see the particle size and the main constituents of CuFe,O4 nanoparticle Lastly,
AAS was performed to determine the heavy metal (Pb and Mn) ion adsorption capacity of the

CuFe,04 nanoparticle.
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3. RESULT AND DISCUSSION

3.1 X-Ray Fluorescence (XRF) Test

Table 1 displays the elements of South Cianjur iron sand, following the XRF test result. It
contained 22 elements, and Fe was the most dominant element (70.548 %). High Fe content

asserts that iron sand has magnetic properties as a natural oxide [8].

Table 1. XRF Analysis on elements of South Cianjur iron sand

Element Content Percentage (%)
Fe 70.548
Ti 10.537
Mg 6.985
Si 4.389
Al 2.727
17 other components 4.816

3.2 X-Ray Diffraction (XRD) Analysis

Figure 1 displays XRD characterization result Figure 1(a) shows that 1:1 and 2:1 CuFe,O,4
variations exhibit a cubic crystal structure with the space group Fd3m, which is in line with
ICDD 01-074-8585. The main peak at 35,5711° - 35,5971° is the field's peak (311). Other peaks
in CuFe,04 sample were at the field (220), (400), (422), (440), (531), and (622). This is in line
with a previous study [9].

Meanwhile, the 1:2 variation has the same pattern as ICDD 00-034-0425. The XRD result
shows the tetragonal crystal structure. The main peak at area 2 was around 35,8051°, which was
the field's peak (211). This is in line with [10] 1:2 stoichiometric comparison using the sol-gel
method. Other peaks in CuFe,0, sample were at (103), (112), (202), (220), (312), (106), (321),
(224), and (400). Impurities, i.e., Fe,O; and CuO, were present in the 1:1 and 2:1 sample

variations, while in the 1:2 sample variation, only Fe,O; was present.

Figure 1(b) exhibited the highest peak among the three samples. The highest 26 peak position
(311) for 1:1 and 2:1 variations exhibited a slight peak shift. The difference in 26 peak and shift
may be attributed to the samples' different Cu and Fe composition variations. Sample variation

of 1:1 exhibits the highest intensity among other sample variations.
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Figure 1. (a) XRD pattern of CuFe,O4 nanoparticle (b) Magnified

The crystal size was calculated using the Scherrer formula, and the FWHM value of XRD data
was presented in Table 2. The average crystal size of the CuFe,O4 nanoparticle with
concentration variation of 1:1, 1:2, and 2:1 was 22.330 nm, 26.656 nm, and 22.133 nm,
respectively. The crystal size of iron sand-based copper ferrite with coprecipitation ranges

between 23 and 90 nm [11].

As shown in Figure 2, the sample variation of 2:1 has the smallest crystal size (22.33 nm),
which may be attributed to the amount of atomic Cu in the sample. On the other hand, sample
1:2 has the largest crystal size (26.656 A) among other sample variations due to the high amount
of Fe.
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Table 2. CuFe,0, crystal size calculation result

Sample 20 (deg) FWHM (deg) Crystal size (nm)

A (1:1) 30.1472 0.307 26.79925672
35.5638 0.307 27.1754449
53.8748 0.614 14.51323866
66.3388 0.307 30.91447093
75.2088 0.8187 12.24819105

Mean 22.33012045

B (1:2) 29.951 0.307 26.78694367
34,7884 0.307 27.1172171
35.769 0.307 27.1911046
37.0813 0.307 27.29375531
43.686 0.307 27.8786595
53.9927 0.307 29.04167628
55.478 0.4093 21.92967671
57.7684 0.4093 22.16708806
62.2287 0.307 30.22546866
63.465 0.307 30.42536175
74.5379 0.614 16.25854834
79.0909 0.307 33.55790359

Mean 26.65611696

C(2:1) 30.1075 0.4093 20.09920523
35.542 0.307 27.17378743
43.256 0.307 27.83698475
53.8705 0.614 14.51296193
62.397 0.307 30.25231921
66.1195 0.614 15.43795294
75.343 0.5117 19.61433301

Mean 22.13250636
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Figure 2. Graph of CuFe,0, crystal size

Lattice parameter calculation using the Cohen method is presented in Table 3. Following the
XRD data, CuFe,0, nanoparticle with 1:1, 1:2, and 2:1 variation composition has a lattice
parameter value of 8.355 A, 6.796 A, and 8.368 A, respectively. In [11] study, the lattice

parameter value of coprecipitated iron sand-based Copper Ferrite was 8.37 A.

As shown in Figure 3, sample 1:2 exhibited the lowest lattice parameter (6.796 A) among other
variations, which may be attributed to the high amount of atomic FE. Sample 2:1 has the highest
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lattice parameter value (8.368 A) among other sample variations due to the high amount of

atomic Cu.

Table 3 CuFe,0, lattice parameter calculation result

Sample hkl 20 (Deg) Lattice Parameter (A)

A(1:1) 220 30.1472 8.377838081
311 35.5638 8.365559995
422 53.8748 8.330120266
531 66.3388 8.329411205
622 75.2088 8.373552711
Mean 8.355296451
B(1:2) 112 29.951 7.301850771
103 34.7884 8.148351872
211 35.769 6.144080152
202 37.0813 6.851862695
220 43.686 5.855804871
312 53.9927 6.34938196
105 55.478 8.438758722
321 57.7684 5.966779245
224 62.2287 7.30275799
400 63.465 5.858305064
413 74.5379 6.486215624
404 79.0909 6.843949262
Mean 6.795674852
C(2:1) 220 30.1075 8.38862929
311 35.542 8.370525331
400 43.256 8.35967588
422 53.8705 8.330735459
440 62.397 8.41203861
531 66.1195 8.353886112
622 75.343 8.360845919
Mean 8.368048086
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Figure 3. Graph of CuFe,0, lattice parameter

3.3 Scanning Electron Microscope-Energy Dispersive X-Ray (SEM-EDX) Analysis

Figure 4 displays SEM-EDX characterization results. As shown in Figure 4, CuFe,O,
nanoparticle forms resemble sand grains, consistent with the previous study [12]. Sample 2:1

exhibited agglomeration that caused difficulty in measuring the grain size.
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Figure 5 displays the histogram of CuFe,O4 nanoparticles. Figure 5 shows a sharp and wide
increase with an average grain size of 102.57 nm. Thi et al. report that the average grain size of
Copper Ferrite was 80-200 nm [13]. In this study, the calculation result shows that each grain of

CuFe,04 nanoparticle contains about four crystals (XRD results) with a crystal size of sample

variation 2:1 was 22.133 nm.

Figure 6 displays the mapping result of CuFe,O; nanoparticle. CuFe,O, nanoparticle's
constituents were Cu, Fe, and O, with a composition of 17.63%; 66.10%; and 16.27%,

respectively. In other words, the sample contains only Cu, Fe, and O. The presence of Cu shows

that Cu can bind Fe and O.

Figure 4. Morphology of 2:1 CuFe,0, variation (30,000 of magnification)
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Figure 5. Histogram of 2:1 CuFe,0, variation (Sample C)
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3.4 Atomic Adsorption Spectroscopy (AAS) Analysis

The AAS test result is presented in Table 4. The sample with 1:2 concentration variation
adsorbs lead Lead with a removal efficiency of 31.718% and an adsorption capacity of 60.632
mg/g. Taleb et al. found that the adsorption capacity of CuFe,O, on Pb was 17.83 mg/g with pH
4.5, a temperature of 289 K, and an adsorbent weight of 0.02 grams [14].

As shown in Table 5, the sample with a 2:1 concentration variation exhibited the highest ability
in adsorbing Mn, indicated by a removal efficiency of 0.6637% and an adsorption capacity of
0.196 mg/g. Tu et al. report that SiO/CuFe,O4/PANI composite adsorbent has an Mn adsorption
capacity of 454.55 mg/g [15].

Table 4. Removal Efficiency and Pb adsorption capacity of CuFe,O, nanoparticles

Pb ion concentration

Absorbed Pbion Pb removal Pb ion
Sample (mg/L) . . .
concentration efficiency adsorption

(0.05 g) Before After (mg/L) (%) capacity (mg/g)

adsorption adsorption € ° pactly (ing'g
A1:1) 477.8947 428.631 49.2637 10.3083 19.70548
B (1:2) 477.8947 326.3158 151.5789 31.7180 60.63156
C (2:1) 477.8947 406.8947 71 14.8568 28.4

Table 5. Mn ion removal efficiency and adsorption capacity of CuFe,O, nanoparticles

Mn ion concentration  Absorbed Mn Mn Mn ion
Sample (mg/L) ion removal adsorption
0.05 g) Before After concentration efficiency capacity
adsorption adsorption (mg/L) (%) (mg/g)
A (1:1) 73.7615 73.4101 0.315 0.4754 0.14056
B (1:2) 73.7615 73.5945 0.167 0.2264 0.0668
C (2:1) 73.7615 73.2719 0.4896 0.6637 0.19584

As shown in Figure 7, the concentration variation of 1:2 is the best concentration to adsorb Pb
and Mn with an adsorption capacity per adsorbent weight of 60.698 mg/g, which may be
attributed to the high Fe moles.
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Figure 7. Pb and Mn ion adsorption capacity of CuFe,O4nanoparticle
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4. CONCLUSION

This study synthesized CuFe,O4 nanoparticles from iron sand in Cianjur Coast with mole
variations of 1:1, 1:2, and 2:1. The result of XRD analysis shows that the crystal size decreases
as atomic Cu increases and atomic Fe decreases. The SEM-EDX analysis result shows that the
concentration variation of 2:1 has an average particle size of 102.57 nm with a sand grain shape.
AAS analysis shows that Fe increase leads to higher Pb and Mn ion adsorption capacity. The

highest adsorption capacity was found in the concentration variation of 1:2.
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