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Abstract:-

In fly ash of thermal power plant, there are
plenty of valuable metals, such as nickel, cobalt,
iron. Recovery of valuable metals from fly ash
not only protects the environment but also
improves the utilization of resources. This study
investigates the leaching process of cobalt from
fly ash. A two-level three-factor full factorial
design  was  successfully  employed for
experimental design and analysis of the results.
The combined effects of type of solvent,
concentration of solvent, time of stirring and
temperature on the removal of cobalt were
assessed using response surface methodology.
The results showed that the maximum yield of
cobalt 93% was obtained using 6 M hydrochloric
acid as leaching solvent, at time of 68 min. and
45° C temperature.

Keywords:-Cobalt, hydrochloric acid, fly ash,
time, temperature

Introduction:-

Disposal of a growing amount of waste from
thermal power plant such as fly and bottom ash
creates environmental problems due to the
leachability of their heavy metals contents.
However, fly ash is major components make it a
potential agent for the adsorption of heavy metal
contamination in water. It becomes more and
more important to partly satisfy the world demand
for metals through recovery of metals from
secondary resources such as fly ash.

Many methods are applied for this purpose
such as leaching with sulphuric acid (Pietrellii
and Bellomo, 1999% and Li et.al., 2008®), mixed
acid (Yanting et al., 2005)®, electrolysis method
(Lupi and Pasquali , 2003),

Fruergaard,2013® stated that The leaching
behavior of fly ash from a Co smelter situated in
the Zambian Copper belt was studied as a
function of pH (5-12) using the pH-static
leaching test. Various experimental time intervals
(48h and 168h) were evaluated. The largest
amount of Co was leached at pH 5, generally with
the lowest concentrations between pH 9 and 11
and slightly increased concentrations at pH 12.

Norris, et al., 2010® focused on determining
the leachability of selected elements sequentially
leached in four extraction solutions: water, 1M
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ammonium acetate, 3 M hydrochloric acid and
50% hydrofluoric acid. They evaluated the steps
evolved in the leaching process with the mass
recovery for each element being the basis for
evaluation. The total amount of each element that
leached out under the given extraction condition
was presented as a fraction of the total present in
the material. They evaluated NIST cool and fly
ash standards. They measured different elements
such as aluminum, calcium, cobalt, iron.

Sanllyuksel  etal.,, 2009, measured
adsorptions of heavy metals using inductively
coupled plasma atomic emission spectroscopy.
They showed that the particle size and surface
area of the ash are the most important factors
affecting the extent of metal removal. They
determined the adsorption capacity of fly ash as
following: Cd>Cu>Cr>Pb>Zn>Ni>Co>Mn.

Evans et.al., 2010®, they studied the use of
South African coal fly ash, an industrial by
product, has been investigated as a potential
replacement for the current costly adsorbents use
for removing heavy metals from wastewater. The
adsorption was carried out in the presence of
phenol and other heavy metal ions using the batch
technique. The applicability of the Freundlich and
Langmuir models to the equilibrium data was
tested. Consequently, the equilibrium data was
found to confarm more favourably to the
Freundlichisotherm than Langmuir isotherm; in
this study, the coal fly ash had a maximum
adsorption capacity of 0.401 mg/g for cobalt (11).

Jinhui Liet.al.,2009®, they used hydrochloric
acid as lixivantfor the extraction of Ni, Co, Mn
from spent battery material with characteristics of
faster leaching rate and being recycled easily. The
optimal conditions are that hydrochloric acid
concentration is 6 mol./L, reaction time is exactly
60 C, (L/S) ratio is 8:1, (H202)mo/(MeS)mo=2,
leaching time is 2hr the results show that the
dissolution yield of Co, Ni, Mn can be 95 wt.% at
least.

Shang-Lin Tsai, Min-shing Tsai (1998)10),
they discussed the experimental extraction of
vanadium and nickel from oil-fired fly ash. The
results indicated that the leaching of oil-fired fly
ash in 2 N sodium hydroxide solution, the
extraction of nickel was negligible. If leached in
an ammonia water, the extraction of nickel
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increased, along with an increase in the
concentration of ammonia in water.

The aim of this study was to investigate the
leaching conditions of cobalt from fly ash. The
effects of type of solvent, concentration of
solvent, extraction time, temperature on the yield
of cobalt were studied using an experimental
design technique.

Materials:-

Fly ash which was collected from (reheaters)
of Al-Dora thermal power station in south of
Baghdad, the composition of cobalt found to be
(110 ppm). The composition found by atomic
absorption spectrometry. Ammonium hydroxide
NH.,OH was used as leaching agent, which is
prepared from (25 %) NHs.Also hydrochloric acid
HCl was used as leaching agent, which is
prepared from (35%) HCI.

Experimental Design:-

Central composite rotatable design (CCRD)
was used to design the experiments and study the
effect of three variables on the yield of cobalt.
Surface response methodology was used to
optimize the response surface and to determine
the optimal conditions maximizing the cobalt
yield. CCRD gives as much information as two —
level factorial design but with a minimum number
of experiments and also allows the user to analyze
the interaction between parameters®. The solvent
concentration (Xi), time (Xz), temperature (Xs)
were the three parameters investigated in this
work.

The range of selected variables was chosen
based on preliminary experiments. The range of
solvent concentration, time and temperature were
(3-6 M), (15-120 min.) and (30-80 °C)
respectively. The coded levels and the actual
values of the three parameters for ammonium
hydroxide solvent are shown in the following
table:-

Design factor 2| -1 ] 0 | +1 ]| +2
X1: NH4OH (M) 3135|455 | 6
Xa: time (min.) 15| 40 | 68 | 95 | 120
X3 : temperature (°C) | 30 | 40 | 55 | 68 | 80

The coded levels and the actual values of the
three parameters for hydrochloric acid solvent are
shown in the following table:-

Design factor 2| -1] 0 | +1] +2
X1t HCI (M) 3135455 | 6
Xo: time (min.) 15| 40 | 68 | 95 | 120
X3 : temperature (°C) | 30 | 37 | 45 | 55 | 60

The response factor (Y) was yield. The number of
experiments required for CCRD was 20 with 2k
factorial points, 2k axial points and 2k
replications at the center, where k is the humber
of factors ©.

198

Ali, pp.197-202

Experimental Procedure:-

All cobalt leaching experiments were
carried out in batch mode. 200 ml. beaker was
loaded with solvent which was (NHsOH) or (HCI)
with a specified concentration (3-6) M, placed on
a hot plate with magnetic stirrer. After reaching
the desired temperature which was varied (30-80)
° C for ammonium hydroxide and (30-60) °C for
hydrochloric acid, the ash was added with a solid
to liquid ratio of (20g/100 ml.)® Which was the
optimum ratio for the ammonium hydroxide
solvent, or with a solid to liquid ratio of (5g/40
ml.)® Which was the optimum ratio for
hydrochloric acid and then turning on the stirrer
for mixing. After a specified time (15-120) min.
of stirring. After leaching, the filtrate was
determined for cobalt with the atomic absorption
spectrometer

Results and Discussion:-
Table 1 leaching using ammonium
hydroxide (PPMinitiaFllO)

Run X1, Xa, Xs, Y,
No. | Concentration time temperature | Y%cobalt
(M) (min.) (© leached
1 5 95 68 47.8
2 35 95 68 38.3
3 5 40 68 45.2
4 5 95 40 48.1
5 3.5 40 68 36
6 3.5 95 40 394
7 5 40 40 435
8 35 40 40 34.9
9 6 68 55 50.44
10 4.5 120 55 43.7
11 4.5 68 80 40.6
12 3 68 55 313
13 4.5 15 55 34
14 4.5 68 55 41.3
15 4.5 68 30 40.2
16 4.5 68 55 42.1
17 4.5 68 55 395
18 4.5 68 55 41.1
19 4.5 68 55 414
20 4.5 68 55 41.5

Table 1 shows the experimental values of
the three variables and percentage yield of cobalt
leached by NH4OH solvent in each run. As can be
seen, 31.3% of 110 ppm of cobalt was leached
with 3M solvent at time of 68 min. and
temperature of 55 °C. The percentage yield
increased with increasing NH4OH solvent
concentration. It is clear that for the same
concentration the yield increases with increasing
in time until equilibrium reached. It also seen that
the temperature has no effect on the yield.

That experimental plan enables to obtain the
following second order polynomial model for
percentage yield (Y) of cobalt leached (by
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ammonium hydroxide solvent) in coded values by
applying multiple regression analysis:

y = 20.7966 + 0.86725X, +
0.15721 X, — 0.1073 X5 + 0.00845 X, X, +
0.01488 X, X5 — 0.001298 X, X5 +
0.412599 X2 — 0.000344 X3 +
0.00126 X2 (1)

Coefficient of determination is high,
R?=0.9504, which means that the correlation is
representative, because it clarifies 95.04% of all
deviations.

The effect of different operating variables
on leaching of cobalt by ammonium hydroxide
(NH4OH) is shown in 3-dimensional plots (figs.1,
2).
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Figure (1): Response surface predictions of
percentage cobalt leached by NH4OH: effect
of NH1OH concentration and temperature.

Fig.1 showed the effect of ammonium hydroxide
concentration and temperature on percentage
yield of cobalt leached at a time of 68 min. the
percentage yield of cobalt leached increases with
increasing ammonium hydroxide at a fixed
temperature. It is also observed that for a given
value of ammonium hydroxide concentration, an
increased in temperature dose has not significant
effect on percentage yield.
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Figure (2: Response surface predictions of percentage
cobalt leached by NH4OH: effect of NH4OH concentration

and time of mixing

Fig.2 showed the effect of ammonium hydroxide
concentration and time on percentage yield of
cobalt leached at a temperature of 55 °C. The
percentage yield of cobalt leached increases with
increasing ammonium hydroxide concentration at
a fixed time. It is also observed that percentage
yield increases with increasing in time until the
optimum value (95 min.).
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Figure (3): Comparison between the observed
and the predicted percentage yield of cobalt leached by

NH.OH using the second order response model
(equation 1).

Table 2 shows the experimental values of
the three variables and percentage yield of cobalt
leached by HCI solvent in each run. As can be
seen, 86.3% of 110 PPM of cobalt was leached
with 3M solvent at time of 68 min. and
temperature of 45°C. The percentage Yyield
increased with increasing in HCI solvent
concentration, time and temperature, but
temperature affects more than time.
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Table 2: leaching using hydrochloric
acid PPMinitiaFllO)

Run X1, Xa, X, Y,
No. | Concentration | time | temperature | %cobalt
(M) (min.) (©) leached

1 5 95 55 92.3
2 3.5 95 55 89.6
3 5 40 55 91.7
4 5 95 37 90.3
5 3.5 40 55 88
6 3.5 95 37 86.7
7 5 40 37 88.7
8 3.5 40 37 85
9 6 68 45 93
10 4.5 120 45 92
11 4.5 68 60 92.7
12 3 68 45 86.3
13 4.5 15 45 81
14 4.5 68 45 90.3
15 4.5 68 30 89.7
16 4.5 68 45 90.8
17 4.5 68 45 90.64
18 4.5 68 45 90.5
19 4.5 68 45 91.2
20 4.5 68 45 90.71

That experimental plan enables to obtain the
following second order polynomial model for
percentage yield (Y) of cobalt leached (by
hydrochloric acid solvent) in coded values by
applying multiple regression analysis:

Y

= 70.8419 + 1.9467 X; + 0.004478 X,
—0.271354 X5 + 0.087234 X, X,

+ 0.73386 X; X5 + 0.004314 X, X,
—0.01624X,X,X; — 4.42157X2 — 0.001428 X2
+ 0.002967 X3 (2)
Coefficient of determination is high, R?=0.9431,
which means that the model is representative,
because it clarifies 94.31% of all deviations.
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Figure (4): Response surface predictions of percentage
cobalt leached by HCI : effect of HCI concentration and

time of mixing

Fig.4 shows the effect of hydrochloric acid
concentration and time on percentage yield of
cobalt leached at a temperature of 45 °C. The
percentage yield of cobalt leached increases with
increasing hydrochloric acid concentration at a
fixed time. Also the yield of cobalt leached
increases with increasing time.
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Figure (5): Response surface predictions of percentage
cobalt leached by HCI : effect of HCI concentration and

temperature

Fig.5 showed effects of acid concentration and
temperature on the yield of cobalt leached at time
of 68 min. The yield increases with increasing in
the hydrochloric acid concentration at fixed
temperature. Also increasing in temperature
increasing the yield of cobalt leached.
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Figure (6): Comparison between the observed and
the predicted percentage yield of cobalt leached by
HCI using the second order response model
(equation 2).

Conclusions:-

1- The hydrochloric acid gives results better than
ammonium hydroxide.

2- The maximum yield of cobalt was found to be
93% using 6 M hydrochloric acid as leaching
solvent, at time 68 min. and temperature 45
°C.
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