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Abstract. This work aims at the extraction of nanosized α-Fe2O3 particles from hematite raw material

widespread in south Libya using simple classical wet chemical method. The extracted iron oxide and the
insoluble residue were investigated using XRD technique. Scherrer’s equation was used to calculate the grain
size of the extracted particles using the XRD data. The morphology of the extracted iron oxide was tested
using SEM. About 96.80 % of the total iron oxide present in the raw sample could be extracted in the form of
α-Fe2O3. The average particles size of the extracted α-Fe2O3 were less than 100 nm. The extracted nanosized
α-Fe2O3 particles are considered as a promised material with great technological importance in the field of
ceramic humidity sensors, catalysts, pigments, ferrofluid, recording systems…etc.
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1. Introduction
In recent years the synthesis of nanosized α-Fe2O3 (hematite) is a matter of great interest of several
research works[1-14] because of the use of this material as ceramic humidity sensors, [15-17] catalysts, [18,
19] pigments, [20] and as the raw material for the synthesis of γ-Fe2O3 (maghemite). This latter material has
great technological importance as a ferrofluid and for its use in magnetic recording systems and magnetic
pigments. [21-25] It is well known [19, 26] that maghemite is commonly synthesized through two
consecutive steps of reduction and oxidation of hematite according to the following reactions:
α-Fe2O3 350 oC Fe3O4 350 oC γ- Fe2O3
H2
O2
According to a scientific research report carried in the Libyan Industrial Research Centre, [27] huge
deposits of hematite ores are widespread throughout Libya especially in the south area (Sebha and
surroundings e.g., Wadi Elshatti …etc.), According to the recommendations of the Libyan Industrial
Research Centre, these raw materials at these areas needs further research studies to evaluate their suitability
for various possible industries.
This research work aims at studying the extraction of nano-iron oxide particles from local hematite ore
using simple chemical method.

2. Materials and Experimentals
2.1.

Materials

A hematite rock (about 5 kg) was selected from Wadi El-shatti area, South Libya for this investigation.
Some laboratory chemicals namely dilute hydrochloric acid, and ammonia solutions were used for iron oxide
extraction process.

2.2.
+

Processing and Investigation of the Raw Hematite
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The selected hematite ore batch was processed through crushing in a jaw crusher, then ground in a
porcelain ball mill with porcelain balls as grinding medium until they completely passed through a 75micron standard sieve. To obtain representative samples, the batch was thoroughly hand mixed then divided
into four equal portions; two of them from the opposite sides were removed while the two other portions
were taken, hand mixed and quartered repeatedly until we finally obtained 50 g of the hematite ore batch.
The representative sample was investigated for its mineralogical compositions using Infrared (IR) and X-ray
diffraction (XRD) technique. IR spectra were recorded on a Perkin Elmer Model 337 Grating
Spectrophotometer using KBr as the matrix. A Phillips PW1710 diffractometer with Ni filtered Cu-Kα
radiation operating at 30 mA and 40 kV was used for XRD testing. The chemical composition of the
hematite ore batch was investigated through X-ray fluorescence technique using a BRUKER XRF 3400
instrument. The thermal behavior including thermogravimetric (TG) and differential thermogravimetry
(DTG) of such sampl was also investigated using a thermogravimetric analyzer (Brand: Mettler Toledo,
model: TGA/SDTA 851e), over a range of temperatures from room temperature up to ≈ 1000°C.

2.3.

The Iron Oxide Extraction Process

To 10 gm of the representative hematite ore sample about 100 ml of dilute HCl (1:9) were added with
quiet stirring and gently heating for 30 minutes. The solution was filtered, washed several time with distilled
water. The insoluble residue was fired at 700 oC for 1hr and investigated using XRD technique. To the
filtrate 1:1 ammonia solution was added until the PH reaches 7 at which a brown precipitate is obtained. The
precipitate was left aside to settle down then filtred, washed and fired at 700 oC for 1hr and investigated also
using XRD technique. The extraction process is summarized in Fig 1. [28] The grain size was calculated
from the broadening of the XRD peaks using Scherrer’s equation:
D = (k · λ) / (β· cos θ)
Here β is the full width at half maxima of the XRD peak in radiant, θ is the reflection angle of the peak, k is a
constant nearly equal 0.90, and λ is the wavelength of the diffracted X-rays.
The morphology of the extracted particles was tested using scanning electron microscope (SEM) (A
Philips XL30 scanning electron microscope attached with an EDX unit with accelerating voltage 30 kv and
magnification up to 20.000 x). The polished surfaces were then cleaned under water by ultrasonic before
coating under vacuum with thin layer of gold for SEM investigation.

Fig. 1: Flowchart of the iron oxide extraction process

3. Results and Discussion
3.1.

Mineralogical and Chemical Compositions of the Starting Raw Material

The mineralogical and chemical investigations of the selected hematite sample was studied in detals in a
previous work , it was concludes; the hematite ore present in Wadi El-shatti, South Libya is composed
mainly of hematite mineral with some impurities of quart and kaolin. Nano-sized α-Fe2O3 could be
extractacted from this hematite ore using simple chemical method, the efficiency of extraction was 96.80 %.
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The extracted nano-sized α-Fe2O3 is considered as a promised material in the field of nano-technological
applications.

3.2.

Chemical Detection of Ferric Ion in Solution

Table 1 indicates the classical chemical tests for qualitative detection of ferric ions in the filtrate
resulting from dissolving the raw sample in dilute HCl and separation of the insoluble residue. All tests give
were positive detection for ferric ions.
Table 1: Detection of Ferric Ions in Solution

Detection

Result

Filtrate + Sodium hydroxide.

Red precipitate

Filtrate + Pottasium ferrocyanide.

Dark blue Prussian color

Filtrate + Pottasium ferricyanide.

No precipitate, but green color with dilute soln.
and black color with concentrated one.

Filtrate + Potassium thiocyanate.

Bloody red color soln.

The positive detections are explained by the following chemical reactions. [18]
1. Fe3+ + 3OH− → Fe(OH)3
2. 4Fe3+ + 3[Fe(CN)6 ]4− → Fe4[Fe(CN)6]3
3. Fe3+ + [Fe(CN)6 ]3− → Fe[Fe(CN)6]
4. Fe3+ + 3SCN− → Fe(SCN)3

3.3.

Solid Phase Compositions of the Insoluble Residue and the Extracted Material

Fig 2 shows the insoluble residue XRD pattern in which only the main peaks characterizing quartz
mineral could be detected while the peaks characterizing hematite mineral have disappeared, the reverse is
true in Fig 3 showing the XRD pattern of the extracted material in which all peaks characterizing α-Fe2O3
could be detected i.e., no peaks characterizing quartz or any other impurities could be detected which
indicate the complete extraction of pure iron oxide (α-Fe2O3 form). The percent of the extracted iron oxide
was 45.60 wt. %, taking in consideration the its total percent in the raw sample (47.25 wt. %), the efficiency
of α-Fe2O3 extraction reaches 96.80 %.

Fig. 2: XRD pattern of the insoluble material.
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Fig. 3: XRD pattern of the extracted material.

3.4.

Grain Size of the Extracted Ferric Oxide

Table 4 indicates the crystal size data of different particles of the separated α-Fe2O3. The average crystal
size does exceed 100 nm which means that the extracted α-Fe2O3 particles belong to the field of nanomaterials. Fig 4 shows the very small crystals of α-Fe2O3 that crystallize in the hexagonal form. iIndividual
particles coalesced as a result of an increased area of contact between the particles. Pores between the
particles diminished in size, and some of the pores completely disappeared as the region of contact between
the particles enclosing a pore grew on heating. [29]

(a) Crystal form

(b) SEM Photomicrograph

Fig. 4: Crystallography and SEM photomicrograph of the extracted α-Fe2O3.

4. Summary and Conclusion
Nano-sized α-Fe2O3 could be extractacted from this hematite ore using simple chemical method, the
efficiency of extraction was 96.80 %. The extracted nano-sized α-Fe2O3 is considered as a promised material
in the field of nano-technological applications.
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