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Research subject: The pure Goethite nanoparticles were synthesized
successfully with solution oxidation method and by using raw materi-
als Iron (II) sulfate heptahydrate (FeSO,.7H,0) and sodium hydroxide
(NaOH).

Research approach: In this study, the simulation of experiment was
implemented by Minitab software, with complete factorial method, at
40°C, the variation of two parameters including the flow rate of entered
gas in the solution reaction (Q) and mass percent ratio of raw materi-
als (R) (mass percent of iron (II) sulphate to mass percent of sodium
hydroxide), in two levels (Q=2 and 13.3 Lit/min) and (R=1 and 3) were
evaluated. The qualitative analysis of results was performed by X-ray
diffraction (XRD), synthesis of Goethite phase (a-FeOOH) confirmed
Iron oxyhydroxide and the Energy-dispersive X-ray spectroscopy (EDX),
illustrated that the synthesized Goethite has high purity percentage
(299.8%). The field emission scanning electron microscopy (FESEM)
for Goethite reported a bar-shaped crystal structure, with an average
particle Cluster size between (23-43nm), based on R and Q and by an-
alyzing the oxidation-reduction potential(ORP) results, it was seen that
the reaction time of Goethite formation is between 635-2210s.

Main results: The statistical analysis of results with Minitab software
can create Correlation relations for Goethite, between two parame-
ters(Q and R) and two response (reaction time(t) and average particle
Cluster size(d)) at the temperature of reaction solution 40°C. regarding
the relations, it was seen that at the temperature of reaction solution
40°C, with an increase in air flow rate(Q) and decrease of the mass per-
cent ratio of raw materials(R), the reaction time and average particles
Cluster size of Goethite decrease generally and vice versatile. Also, the
percentage change (R) has a higher impact on average particles Cluster
size and reaction time than changes (Q).

*To whom correspondence should be addressed:

stavangar@mut.ac.ir
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Table 1. Design of experiment for research, for synthesis goethite

Variant Parameters Stable Parameter
Sample
Number Air flow Mass percent ratio Temperature
Q (Lit/min) of raw materials (R) T (°C)
S-1 13.3* 1
S-2 2% 3
40
S-3 2 1
S-4 13.3 3

g% o oadoslaiwl gled iy daS g aliion oles
*Maximum and minimum power for air pomp in the research
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Figure 1. Experimental equipment and the method to record and draw ORP data during the reaction (photographed in the
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Figure 3. The results of Energy dispersive X-ray spectroscopy (EDX)

Compound and | Percent | Percent | S= percent | Impurity | Total percent | Total percent of
Sample | mainelements | of (Fe) | of (O) | ratio of percent of | of impurities | local purity of
in samples % % (Fe/0) samples, (%) samples (%)
Stan- .
Goethite (Fe, 0) | 63.57 | 36.43 1.744 0 0 100
dard
S-1 Goethite (Fe, 0) | 67.4 32.5 2.074 Na:0.1% | 0.1 99.9
S-2 Goethite (Fe, 0) | 71.8 28.0 2.564 Na:0.2% | 0.2 99.8
S-3 Goethite (Fe,0) | 67.5 324 2.083 Na:0.1% | 0.1 99.9
: Na:0.1%
S-4 Goethite (Fe, 0) | 62.1 37.7 1.647 S :0.1% 0.2 99.8
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Figure 4. The pictures of field emission scanning electron microscopy (FESEM) from samples with magnification of

(a) 50000 and (b) 100000X
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Figure 5. The plot of particle cluster size distribution in samples: (a) Relative frequency, (b) Cumulative frequency
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. . The maximum The average

The minimum parti- . .
Samples . particles particles cluster | Compound

cles cluster size (nm) . .

cluster size (nm) size (nm)
S-1 13.416 35.111 23.260
S-2 23.570 64.982 43.140 Goethite
(a-FeOOH)

S-3 16.734 43.725 29.306
S-4 19.653 43.705 28.923
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Figure 6. Section of oxidation-reduction potential of samples, for determining the reaction time
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Table 4. The reaction time of samples (determined with ORP based on time)

Sample number | Reaction time | Total number of ORP recorded data based on
t(s) £ 20(s) time, by instrument, for plotting the curve
S-1 635 811
S-2 2210 2818
S-3 1240 1360
S-4 1215 1446
=320 o . s . L . B B T T T T T T T
ﬁ i C = Jump finish time
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Figure 7. The plot of complete trend of oxidation-reduction potential change (ORP) in sample S3-, from the beginning
to the final process of the experiment
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Figure 8. The oxidation-reduction plot (ORP) (M) and soluble oxygen(DO) (A) in terms of time, in the experiment
with oxidizing solution method and with precursors of NaOH and FeSO4, by Encina and coworkers [20]
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Table 5. Summary and categorization of research results

Variable parameters Responds
) . The average Local Type of
Temperature Mr:tsisop;efr::vr;t Air flow Thelsez;m L ;f::gtlon particles purity of | synthesized Sg;ilcsttjie
(°Q) materials Lit/min mfmber t(s) + 20(s) cluster size products material of product
= (nm) (EDX) (%) (XRD) P
Q=13.3 S-1 635 23.260 99.9
R=1
Q=2 S-2 2210 43.140 99.8 Goethite Bar-
40 (a-FeOOH)
shaped
Q=13.3 S-3 1240 29.306 99.9
R=3
S-4 1215 28.923 99.8
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Figure 9. The correlation plot between air flow and mass percent ratio, with reaction time of goethite in synthesis
temperature 40 °C
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Figure 10. The correlation plot between air flow and mass percent ratio, with average particles cluster size of goethite
in synthesis temperature 40°C
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