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Abstract. Lathe waste contains 97% iron, which has the potential as a raw
material for producing hematite pigment (a-Fe;03). Guava leaf extract contains
tannin, a reducing agent in synthesizing hematite. In this study, hematite was
synthesized using the hydrothermal method at temperatures of 120, 140, and
160°C, then calcined for 3 hours at a temperature of 750°C. XRD, Color reader,
FTIR, and SEM characterized the resulting products. The XRD characterization
shows that the product before and after calcination was hematite with a
rhombohedral structure. Hematite before calcination resulted in an amorphous
phase and formed high crystallinity and purity after calcination. The crystal size
of hematite ranges from 24.8-34.2 nm. The Color values such as the degree of
redness, yellowness, brightness, chroma, and hue are by the hematite pigment
standard. The results of FTIR identification on samples before and after
calcination have formed hematite with a typical Fe-O group at wave numbers 471
and 575 cm-l. SEM results show that the resulting morphology was not uniform,
and aggregate occurs, the necessity for further research to optimize the material's
properties, thereby improving its functionality for applications as a pigment and
in other relevant fields.
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1. Introduction

Lathe waste is one of the wastes from iron craft industry that is thrown away to the environmental
usually. One way to overcome this pollution is to manage it into materials with economic value,
including pigment material. Lathe waste contain 97% of iron that has synthesized to be hematite
potentially [1]. According to several research studies, lathe waste can be synthesized to be
hematite[2][3]. Khoiroh [4] shows that iron lathe waste may be converted into hematite pigment
with dark red color but still there was agglomeration.

Hematite nanoparticles can be synthesized using a hydrothermal technique. This method
offers various advantages, including rapid heating, easy reaction, improved outcomes, purity,
affordable, save for environmental, and high transformation efficiency [5]. Kongsat [6] explain in
their research that hematite was obtained using hydrothermal method were purity hematite with
nanoparticle size and spherical morphology. In line with Kongsat, Talibawo [7] was synthesizing
hematite using hydrothermal resulting nanoparticle hematite with nanoroad morphology.
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The green synthesis of hematite can use natural resources as reductor. In the green
synthesize, the using of plant part, such as leaves, branches, roots, and seeds can result the
nanoparticle of iron oxide [8] [9] [10]. Plant extracts contain secondary metabolites such as
phenolic acid, lignin, flavonoids, and tannins, [11] which can serve as capping agents [12]. The use
of plant extracts in synthesis can have an impact on nanoparticle size, shape, and morphology
[10]. Guava leaves are one of the plants rich in polyphenols. Active compounds in red guava leaf
extract (Psidium guajava) include saponins, flavonoids, tannins, eugenol, and triterpenoids,
however, flavonoids and tannins are the dominant components. Tannins can operate as
precipitating agents because they contain OH groups, which can bind to metals [12], and tannin
content in guava leave extract was 150,05+4,76 % [11] has the potential to be a reducing agent.
Synthesize hematite use guava leaf extract produced hematite nanoparticles with a diameter 20-
50 of nm in irregular shape[13].

The synthesis temperature significantly impacts the crystal structure and crystallinity
[5][14]. The degree of crystallinity is controlled by the nucleation process and rapid crystal
growth. Iron oxide synthesized using the hydrothermal method at a temperature of 180°C,
resulting in hematite (a-FeOOH) structure and (-FeOOH structure at 120°C [5]. At 160°C,
resulting in a crystal size of 22 nm, cubic and spherical particle morphologies, and a typical Fe-O
group at wave numbers 550 and 434 cm-L. Tadic [14] synthesized hematite at 140°C, achieving a
crystal diameter of 20-80 nm and a cubic particle form. In this study, hematite pigment was
synthesized from lathe waste using guava leaf extract as a reducing agent which was carried out
by the hydrothermal method at various temperatures to test the effect of temperature on
structure, color value, functional groups, and shape.

2. Material and Methods

2.1 Material and Instrumentation

The materials used in this investigation are lathe waste, distilled water, HNO3 p.a (Merck), acetone
p.a, NaOH p.a, and guava leaf extract. The instruments used include X-Ray Diffraction (Bruker D8
Advance X-ray diffractometer), Scanning Electron Microscope (Zeiss), Fourier-transform Infrared
Spectroscopy (Varian) and a Color reader (Konica Minolta).

2.2. Methods

The precursor solid Fe(NO3)3 7.5 grams was dissolved in 75 mL of distilled water (ratio 1:10),
agitated until homogenous using a magnetic stirrer, and the pH of the solution was determined.
After the mixture was uniform, 100 mL of guava leaf extract was gradually added, ensuring it was
evenly distributed and swirled with a magnetic stirrer. Next, the pH was measured. The autoclave
was heated for 8 hours at 120, 140, and 160°C synthesis temperatures. After the yield and filtrate
were formed, the solution was decanted and washed with distilled water to pH 6. Then, it was
rinsed with acetone and filtered through a Buchner funnel. Furthermore, the yield was allowed to
dry completely at room temperature, resulting in powder. The powder was then calcined in a
furnace at 7500C for three hours [4].
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3. Result and Discussion

The hydrothermal characterization of the synthesis product before calcination revealed the
presence of goethite impurities at 20(0): 23 (JCPDS No. 29-0713) with low intensity and large
peaks at 120 and 140°C. At a temperature fluctuation of 160°C, the goethite peak diminishes,
indicating hematite formation. The demonstrates how the synthesis temperature can influence
the degree of crystallinity. The obtained peaks show that the synthesis product has poor
crystallinity before calcination, as indicated by the lack of sharp and wide peaks as Figure 1.
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Figure 1. Diffraction Pattern (a) goethite standard (JCPDS No. 29-0713), (b) hematite standard (JCPDS
No. 33-0664), (c) hematite at 120°C, (d) hematite at 140°C dan (e) hematite at 160°C

After calcination, the synthesis sample was analyzed by comparing the 20 peak location to
the hematite standard (JCPDS No. 33-0664), as illustrated in Figure 2. The diffraction pattern
shows that the synthesis product's three peaks are equal to the standard peak of the hematite
compound at the 26 (0): 33 and 35, with sharp and narrow intensity compared to the synthesis
result before calcination. This implies that the heating step influences the crystallinity of the
synthesis product. The diffraction pattern's resemblance to the standard demonstrates that the
sample is pure hematite, with no additional phases formed. Crystallite size of hematite is
ranging from 24.8 to 34.2 nm. These results demonstrate that the synthesis temperature has
no major effect on crystallite size.

The hematite sample at 120°C is red. Hematite turns orange-reddish when heated to
140°C. As shown in Figure 3, hematite at 160°C is dark red. Table 1 shows the L*, C*, and He
values of hematite standards and the color analysis results of synthetic hematite samples.

doi:10.1088/1755-1315/1439/1/012006
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Figure 2. Diffraction pattern of the synthesis results after calcination, (a) hematite standard (JCPDS No.
33-0664), (b) 120, (c) 140, dan (d) 160°C

Table 1. The Color Value of hematite pigment

Temperature (2C) Color Value

L* C* He a* b*
Hematite standard 25-45 9-42 21-57
120°C 40.48 25.92 57.60 13.53 22.11
140°C 37.63 26.94 59.80 12.77 23.71
160°C 41.07 20.20 57.80 9.87 17.6

According to Table 1, the hematite pigment produced during the synthesis falls within the
typical range of hematite pigment colors. These findings show that temperature fluctuations have
no major effect on the (brightness level) L* value of the synthesis outcomes. At the He value, the
synthesis results surpass the usual hematite range, but not rough, so they remain consistent with
the hematite standard. As the synthesis temperature rises, the (green-red degree) a* and (blue-
yellow degree) b* values will decrease.
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Figure 3. Hematite pigment after calcination (a) 120, (b) 140 dan (c) 160°C
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Figure 4. FTIR Spectrum (a) hematite before calcination (b) hematite after calcination

Figure 4 identifies synthesis outcomes at 120°C before and after calcination. At a temperature
fluctuation of 120°C before calcination, the absorption of typical hematite compound groups was
identified at wave numbers 471 and 575 cm-!, indicating a low-intensity Fe-O stretching vibration
mode. Absorption at 797 and 895 cm-! indicates the FeOOH bending vibration in the goethite
compound (a-FeOOH) [15]. Absorption at wave number 1637 cm! suggests the presence of a
group of O-H bending caused by water molecules. Absorption at 2361 cm-! suggests that the
functional group C=0 extends in CO; in the atmosphere. The presence of a group at wave number
3418 cm! denotes the O-H stretching vibrations of polyphenol stretching group [13]. Strong OH
group absorption suggests strong OH bonding with the available cations. The synthesis results
after calcination revealed that some absorptions were lost, and the intensity increased in the
primary molecule compared to before calcination, as shown in Figure 4. The absorption of the
usual hematite compound group, Fe-0, showed greater intensity at 471 and 541 cm-! [16]. The
normal absorption of secondary metabolites from guava leaves appeared lost due to the high
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heating temperature. However, the spectrum in Figure 4 shows that the guava leaf extract has a
low concentration. This indicates that the reaction mechanism of hematite formation by guava
leaf reductant requires further investigation to identify the true effect.

ue SEM of hematite at 120°C after calcination

SEM characterization of 120°C temperature fluctuations yields round and uneven shapes.
Agglomeration is evident at this temperature. The nanometre-sized synthesis products make
them easily agglomerated when subjected to excess heat/energy during the calcination process
[17]. Furthermore, the synthesis products' XRD diffractograms indicate aggregation due to low
crystallinity and noise as Figure 5 depicts the SEM results at a magnification of 25,000x.

4. Conclusion

The synthesis product after precipitation is hematite with goethite impurities, but after
calcination, it is hematite with a rhombohedral structure. The size of the generated hematite
crystals ranges from 24.8 to 34.2 nm. The color values at various synthesis temperatures align
with the hematite pigment standard. Hematite identification using FTIR at 120°C produces typical
hematite group absorption, specifically the Fe-O vibration bond at wave numbers 471 and 541
cm-1 with acute and strong intensity. The SEM results demonstrate that the morphology is varied,
the particle form is mostly spherical, and agglomeration still occurs. Analysis of SEM data
indicates the necessity for further research to optimize the material's properties, thereby
improving its functionality for applications as a pigment and in other relevant fields.
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