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1. Introduction

Home lathe industry contributes in generating lathe waste of high iron content. One of the methods available to reduce
iron content is by processing the waste into iron oxide pigment [1]. Nowadays, the interest on the production of iron oxide
nanoparticle as pigment has increased considerably due to its advantageous properties such as non-toxicity, durability,
relative inertness and various colors [2, 3, 4].

The world consumption of yellow pigment has reached 69,000 tons in 2015 and it continues to increase annually [5].
The highest consumption arises from its use as a widely applied colorant in construction products, paint, coating, animal
feed, glass, ceramic and other uses [6]. Yellow iron oxide is composed of goethite (a-Fe-OOH) with orthorhombic crystal
system. The standard goethite exhibits color values as follows; L* ranges from 51 to 71, C* from 41 to 61 and H® from 72
to 84. The colour of a pigment is affected by its structure, particle size and shape [7].

Several variables known to influence iron oxide synthesis including type of precursor [8, 9], temperature [10] and
synthesis method [6] which will affect the structure, morphology, colour and particle size [11]. Legodi and de Waal
succeeded producing goethite with mill scale precursor [8]. Muller et al. [12] carried out goethite synthesis at 60°C that
resulted in goethite with particle size of 0.36 pm. Meanwhile, goethite synthesis at 70°C produced particle size around
0.318 um with octahedral structure. Bilalodin et al. [6] performed goethite synthesis by precipitation method, producing
goethite (Fe-OOH) of orthorhombic structure with uniform shape about 0.35 um and the colour test result came out as L* =
66.76, a* = 14.84, b* = 49.95 [6]. The aim of this research was to find out the effect of synthesis temperature on the structure,
colour and morphology of product synthesized through precipitation method.
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2. Materials and Methods
2.1. Materials

The materials used in this experiment were lathe waste attained from an industry in Malang, HNOs p.a (Merck), distilled
water, NaHCOs p.a (Merck), and NaOH p.a (Merck).

2.2. Preparation of Goethite (a-Fe-OOH) with Temperature Variation

Precursors were prepared by dissolving lathe waste in HNO3 3.5 M. The mixtures were allowed to sit for 24 hours in
order to completely dissolve and then heated to form paste [8]. Each precursor was subsequently dissolved in 250 mL of
distilled water and added with 25 mL of NaHCO3 0.5 M, the pH was adjusted to 6. Afterwards, the solutions were heated
with temperature variations of 60, 70, 80 and 90°C for 1 hour and stirred using mechanical stirrer at 750 rpm. After
precipitate of yellow iron oxide was obtained, it was rinsed several time using distilled water and then dried at room
temperature.

2.3. Characterization of Goethite Pigment

Crystal structure of synthesized goethite pigment was characterized through powder X-Ray Diffraction using PAN
Analytical Experiment Pro Type. Crystal size can then be calculated from X-Ray Diffraction data using Scherer equation.
Pigment colour was measured with colour reader using Minolta CR-10. The morphology and composition of sample were
analysed with scanning electron microscopy-energy dispersion spectroscopy (SEM-EDS) (EVO @ MA).

3. Results and Discussion

3.1. X-Ray Diffraction

The XRD pattern of goethite in Figure 1 shows low intensity peaks which indicate a low crystallinity. The peaks
correspond with those of the orthorhombic phase of Fe-OOH (ICSD no. 159960). Based on the X-Ray diffraction pattern,
temperature variation holds no significant effect to crystal structure. The highest peak is obtained at 26 around 21°. This
result is in compliance with that of Muller and Garcia, which reported goethite exhibits highest peak intensity at 26 (21°)
[10, 12]. The difference on the diffraction pattern was observed on the products of 60°C and 90°C synthesis temperature,
which display a smaller slight shift towards 26, compared to that synthesized at 70°C and 80°C with a larger slight shift
towards 20. This 20 shifts are possibly due to shifting parameters of crystal lattice cells and some types of defects in goethite

crystal lattices [9]. Refinement result of goethite shows unit cell dimensions match with those of standard a = 9.9450 (A), b
= 3.0268 (A), ¢ =4.6101 (A) (Table 1). Based on refinement data, products of all temperature variations have Rp, Rwp,

and x2 value < 4%.
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Figure 1. X-ray Diffraction pattern of Goethite with Variation in Synthesis Temperature

The determination of crystallite size of goethite was carried out based on the line broadening in x-ray diffraction and
calculated with Debye- Scherer equation displayed in Table 2. The crystal size of goethite obtained at synthesis temperature
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of 70°C exhibits largest crystal size (12.32 nm) among the others, whereas the smallest crystal size addressed to goethite
of 80°C synthesis temperature (11.17 nm). The crystal size of the product obtained ranges from 11-12 nm.

Table 1. Crystallographic Data of Product
Unit Cell Dimensions (A)

Compound Crystallographic system Z a b c
Goethite 60°C Orthorhombic 4 9.936939 3.016905 4610142
Goethite 70°C Orthorhombic 4 9.958837 3.027141 4407518
Goethite 80°C Orthorhombic 4 9.934693 3.018082 3.018082
Goethite 90°C Orthorhombic 4 9.965591 3.027335 4610007

Table 2. Crystallite Size of Product

Goethite hkl Crystallite size (nm)
60°C 101 11.49
70°C 101 12.32
80°C 101 117
90°C 101 11.97

Figure 2. Goethite obtained at (a) 60°C (b) 70°C (c) 80°C (d) 90°C of synthesis temperature

3.2. Color Reader

Figure 2 shows the colour of the obtained goethite pigment which is yellowish and turns darker with the increase in
synthesis temperature. The colour of product at 90°C synthesis temperature is redder, as in the Muller's research which
was obtained at identical synthesis temperature using Fe(NOs)s precursor, producing pigment of red colour which indicates
the presence of impurities hematite [12]. The difference in pigment colour is accounted to the presence of impurities [12],
particle structure and particle size [7]. Smaller size of crystal results in more reddish pigment colour. The highest crystal
size in this study was attained at 70°C synthesis temperature, influenced by the value of b* which leads to the highest
lightness among the others (Figure 3 (a)). Based on Figure 3 (b), the pigment exhibits yellow colour values. According to
the value of a* (green-red) and b* (blueness-yellow) data, the highest b* value retained by the product of 70°C synthesis
temperature, indicating it has more yellow colour properties than the others.
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Figure 3. (a) Lightness level of the product and (b) Value a*b* of the products
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Figure 4 shows that the hue and chroma or colour intensity of product of all temperature variations does not exhibit
significant difference, except for the product of 60°C synthesis temperature. The colour value of the products is out of range
of standard goethite. The colour coordinates of pigment tend to be dark. The values of L*, C*, H", a*, b* of product of all
temperature variations are not in accordance with those of standard, indicating the presence of impurities. It is most likely
caused by the precursor used in the synthesis process was originated from lathe waste which possibly contains other
metals.

80

Figure 4. Chroma and Hue of products of © 60°C, ®70°C, ® 80°C and ®90°C synthesis temperature

3.3. SEM-EDX

Based on the SEM data (Figure 5), the morphology of the product is agglomerates and ununiform. The agglomeration
of product will affect pigment colour, turning it dark. According to Cornell and Schwertmann [7], particle shape influences
the orientation of particles to incident light as absorption spectrum and the crystallographic orientation affecting pigment
colour. The composition of the product indicates high iron and oxygen content with traces of impurities such as Na and C
(Table 3). The impurities presumably come from the use of NaHCO3 which is a precipitation agent used in synthesis process.

Table 3. Elemental Composition of the Pigment

Element Fe 0 C Na Total
Content 4454 % 40.65 % 577 % 0.97 % 100 %

Figure 5. SEM result of goethite synthesized at 60°C (6000x magnification)
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4. Conclusion

Goethite synthesis from lathe waste was conceivable to carry out through precipitation method. Crystal structure of

the products of all temperature variations is orthorhombic with nanocrystal size. The colour value of the pigment is out of
range of the standard goethite pigment. The morphology of the product is not uniform and forming agglomerates. Pigment
composition indicates the presence of impurities such as Na and C.
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