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Abstract. Lathe waste from iron craft industry encompassed high iron that potential to
be ferric precursor to synthesize maghemite pigment. In this research work, maghemite
pigment was synthesized by the precipitation-calcination method using the variation of
temperature: 300, 350, 400 and 4500C. The XRD data indicated the formation of
magnetite at precipitation stage and then transformed into maghemite after calcination.
X-ray diffraction data showed that maghemite has a tetragonal structure with space group
P43212. The result showed that the particle size of maghemite increase with increasing
temperature. Based on the color parameter, maghemite synthesized at 3500C has the
highest lightness. From the SEM-EDS data shows that maghemite has the distribution of
particle size was not a uniform and still have impurities, such as carbon and Manganese.
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1 Introduction

Lathe waste is solid waste that generated from iron craft industries. Every day the
quantity of 3-4 kg of lathe waste per industry was resulted [1]. The lathe waste has 97.11%
iron content that contribute to environmental pollution [2]. One of the process to reduce these
waste with treatment efficiency, low cost, and improve added value of waste is the synthesis
of maghemite.

Maghemite (y-Fe,O3) is a brown iron oxide with cubic or tetragonal structure [3][4] that
rarely used to be pigment [5]. Maghemite pigment is a widely useful used in coating,
construction materials [6][7] and other application, because have advantage including
chemical stability, biocompatible, nontoxic, biodegradable, stable, and resistance at high
temperature [2][8]. Many methods have been developed in synthesizing maghemite, such as
hydrothermal [9], microwave-assisted reduction [10], ferrihydrite reduction [11], reduction-
precipitation method [12], co-precipitation [13,14] precipitation-calcination [7][15], thermal
decomposition [16], and sintering treatment [17]. Precipitation-calcination method is
reproducible, simple, low cost, and large yield quantity of product [13][14]. In the calcination
route, the structure, phase, particle size, and morphology of iron oxide depend on temperature
[18][19][20][21].

In this work, maghemite was synthesized using the precipitation-calcination method using
the variation in calcination temperature, in order to establish the composition of iron oxide
pigment. The products are well characterized by various characterization techniques such as
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the X-Ray Diffraction (XRD), color reader, and Scanning Electron Microscopy-Energy
Dispersive Spectroscopy (SEM-EDS).

2 Materials and Methods

2.1 Materials

All reagents used to synthesis were analytical grade and without further purification.
Sulfuric acid (H2SOs), nitric acid (HNOs3), ammonium hydroxide (NH4OH), and sodium
hydroxide (NaOH) were purchased from Merck, Germany. Iron lathe waste used to synthesize
were from Malang, Indonesia.

2.2 Methods

Ferrous (Fe2+) and Ferric (Fe3+) Precursors Preparation

In ferrous precursor (Fe?") preparation, 30 gr of a sample was mixed with 150 mL of
dilute sulfuric acid for 24 hours. The greyish white slurry heated until dry.

The ferric precursor (Fe*") prepared by mixing 30 gr of sample with 300 mL of dilute
nitric acid for 24 hours. The deep brown slurry heated until dry.

Synthesis of Maghemite Pigment (y-Fe203) with Calcination Temperature
Variations.

The synthesis was prepared by precipitation of ferrous and ferric precursors. Ferrous and
ferric precursors (60 gr:30 gr) were dissolved into 540 mL of distilled water by stirring. After
the pH + 11 by adding NH4OH, the reaction system kept 60°C for 90 minutes under vigorous
stirring. After 24 hours, the black precipitates were separated and washed until the ammonia
odor disappeared. The relevant chemical reaction below:
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Fig. 2. XRD pattern of magnetite and maghemite
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Then, the black precipitate was oxidized to maghemite in the furnace at 300, 350, 400 and
450°C for 3 hours. The reaction of maghemite formation was:



2Fe304() + 72 Oz 3y-Fex03) (2)

2.3 Characterizations

The X-rays diffraction (XRD) analysis were performed using a Cu Ka (1,5418 A)
source (40 kV, 40 mA) from Philip X-Pert to know structure and phase of the product.
Crystallite size determines by Scherer formula. Color characteristics were analyzed using
white Xenon lamp with D65 illuminate from Minolta CR-10. The Lightness (L*), green-red
(a*) and blue-yellow (b*) parameters were analyzed using a color reader. Chroma (C*) and
hue (H°) data calculated from a* and b*. The morphology of particle and composition product
at an optimum temperature in this research was analyzed by the EVO® MA 10 BRUKER
scanning electron microscope-energy dispersive x-ray.

3 Results and Discussion

3.1 A. X-ray diffraction

Figure 1 shows the XRD pattern of magnetite that obtained at precipitation stage. They
matched well with the standard patterns of magnetite (/CSD 158505). The reflection of
magnetite can be indexed in agreement with the expected cubic crystal with space group FD-
3M has unit parameter cell a= 8.310964 (A) with cell volume 574.055847 A3,
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Figure 1. XRD pattern of maghemite (Fe3O4) obtained at precipitation stage
Magnetite transformed into maghemite after calcination (Fig. 2). Maghemite was

successfully synthesized using this method and was highly crystalline. This result in
accordance with reference [22] that magnetite can be transformed into maghemite after



calcination 300°C. The reflections of all the variation temperature have an agreement with the
standard pattern of maghemite (/CSD 87121). The reflection of maghemite revealed with
tetragonal structure with space group P43;2,2 as predominant phase.

In addition, the differentiation between magnetite and maghemite were showed by crystal
lattice data (Table 1). Magnetite has the lower lattice than maghemite. The lattice of
magnetite has similar to magnetite’s result on reference [23] that magnetite has a spinel
structure. Based on refinement data by Le Bail refinement method, the increased temperature
caused the lattice crystal decreased. Maghemite at 350°C has Rp, Rwp and x? (<4%) value
lower than others, that indicated maghemite using calcination 350 °C the most similar with the
standard.

Table 1. Difference Between Magnetite And Maghemite

Product Crystal lattice (A
A b c
Magnetite 8.3109 8.3109 8.3109
Maghemite 300 °C 8.3453 8.3453 25.009
Maghemite 350 °C 8.3393 8.3393 24.977
Maghemite 400 °C 8.3241 8.3241 25.036
Maghemite 450 °C 8.3338 8.3338 25.033

Magnetite and maghemite have similar peaks position at 20 with reflection peaks at 220,
311, 400, 422, 511 and 440. The most intense peaks were observed at 220, 311 and 440,
which were compared with ICSD values. At the maghemite sample, there was a peak appears
at 20 (33) that correspond to hematite phase, that indicated using calcination with high
temperature can affect nucleation of hematite. Hematite phase established is affected possible
thermodynamically less stable due to the higher surface energy of the particle.

Table 2 shows the average crystallite size that evaluated by Scherrer’s equations at the
highest intensity peak (311 planes). Increasing temperature caused the increased crystal size,
in contrast to crystal lattice was decreased. Increasing temperature causes the loss of grain
boundaries when nucleating so that the crystallite size increases.

Table 2. Crystallite Size Of Products

Products rystallite
kl :
size (nm)
Magnetite 11 4.94
Maghemit
e 300 °C 11 7.72
Maghemit
e 350°C 11 1.20
Maghemit
e 400 °C 11 9.92
Maghemit
e 450 °C 11 1.20

Fig. 5. Value of a* and b* color space of

Figure 3. Visual aspect of Maghemite obtained at



3.2 Color Parameter

The visual aspect of maghemite has dark brown colored. The color parameter of
maghemite in Fig. 4 have high positive of lightness. Maghemite synthesized at 350°C has the
highest lightness level which occurs due to the highest particle size. The particle size
decreases as increase the lightness (L*) level. The* (green-red) and b* (blueness-yellow) of
maghemite have a positive value that shows maghemite have red and yellow composition. Fig.
5 shows maghemite obtained at 350°C has highest b*.

Figure. 4. Parameter of lightness of Maghemite
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The chroma of maghemite at 350 and 400°C overly identically, due to the narrow
differentiation of temperature. Based on hue (Fig. 6), maghemite products were not hue range
of standard, but on hematite range, which occur due to hematite phase present, influenced by
acid type at a formation of precursors process, and increased of temperature at calcination.
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Figure 5. Value of a* and b* color space of Maghemite
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Figure 6. Color parameter (Chroma and Hue) of Maghemite

3.3 SEM-EDX

The shape and particle size distribution of maghemite were analyzed by scanning electron
microscopy (SEM) as shown in Fig. 6. It is clearly observed maghemite particle have shape
and size were not uniform. There are few large particles which are found to be aggregated,
which may due long-range magnetic dipole-dipole interaction between particles.

The composition of maghemite was observed using EDS. The EDS data presented (Table
3) that maghemite from lathe waste has high iron and oxygen content. These results indicate
the purity of the synthesis product. Although, there are impurities such carbon and manganese.

Figure 7. SEM Micrograph of Maghemite 350°C

Table 3. Composition of Maghemite 350°c
| Element | Content (wt%) |




Fe 74.5
C 3.06
Mn 1.19
(0] 21.16

4 Conclusion

Maghemite was synthesized from lathe waste using precipitation-calcination route have a
tetrahedral structure with space group p43;2,2. Maghemite has identically brown color and the
highest lightness achieved at 350°C. The morphology of maghemite was not uniform and there
were impurities such as carbon and manganese.
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