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Abstract
Two types of leaching solution namely; aqua-regia and 1MH2SO4 were investigated for the leaching of K(I)
from incineration ash of chicken dropping (IACD), in this study. SOJR and Na(I)-SOJR adsorbents were
prepared from orange juice residue for the adsorption of K(I) from IACD leached liquor, which was compared
with READF-(PG) and 200CT resin. The characterization of IACD leaching was done in EDX and FTIR
spectroscopic techniques. Aqua-regia solution completely dissolved IACD and all the adsorbents. One molar
sulphuric acid (1MH2SO4) solution was optimized for effective leaching of K(I) from the IACD sample. SOJR,
Na(I)-SOJR, and 200CT adsorbed K(I) from leached liquor whereas K(I) was insignificantly adsorbed onto
READF-(PG). The desorption of adsorbed K(I) could be successfully done by H2SO4 solution for recovery
and adsorbent regeneration for further usage. From comparisons, Na(I)-SOJR investigated in this study was
found to be equally effective with a commercially available cation exchanger (200CT resin). Therefore, a new
method of H2SO4 leaching of IACD followed by adsorption using Na(I)-SOJR investigated in this work can be
an economic, environmentally benign, and promising technique for the recovery of K(I) ion from leach liquor
of IACD.
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Introduction

used as manure after composting with waste biomass
such as rice straw, rice husk, wasted leaves of plants,
etc, or for direct application to croplands after drying
and de-ordering.
From the scientific point of view, nitrogen (N),
potassium (K), and phosphorus (P) are recommended
to be separately supplied on agricultural lands
according to the growing requirement of each plant
instead of supplying all components together [4].
The application of the right amount of nutrients
potentially improves the health of plants and finally
increases crop production. Because of this reason, it
is necessary to recover P, K, and N separately from
chicken dropping. The incineration technique is one
of the common methods used to reduce the volume
of chicken dropping worldwide [5-7]. The organic
components of chicken dropping are completely
gasified into H2, CH4, CO2, and C2H4 [8]. The chicken
dropping is not only composed of organic matter

The manure of poultry and animals is widely applied
to agricultural lands as a source of potassium,
phosphorus, and nitrogen to improve soil fertility and
increase crop production [1,2]. Nowadays, poultry
farming is one of the popularly used agricultural
activities all around the world including Nepal. The
numbers of poultry farmers are increasing day by day
and poultry farming is becoming a potential source
of income due to the consumption of huge quantities
of chicken meats and eggs all around the world.
The poultry dropping is rich in potassium, nitrogen,
phosphorus, calcium, and other useful minerals
which are essential components for the growth and
development of the plants [3,4]. Although chicken
dropping is rich in various essential nutrients for the
plant, however, the farmers dislike its application
directly in their cropland because of unpleasant smell
or bad order. The majority of these chicken dropping is
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but also inorganic matter, water, and gas, resulting
in the production of not only gas but also solid and
liquid byproducts during incineration. The organic
gas generated during incineration is used as fuel gas
whereas incineration ash of chicken dropping (IACD)
remains as waste residue, which can be a potential source of
potassium, phosphorus, and nitrogen after recovery.
In our previous study, phosphorus was recovered
from IACD by leaching with a citric acid solution
followed by adsorption using READF-(PG) resin
[4]. The P exists in the forms of its oxoanions such
as H2PO4-, HPO42-and PO43- in leaching solution so
that anion exchange resins such as READF-(PG)
are effective to recover these anionic species from
leached liquor but recovery of cationic species such
as Ca(II), Zn(II), K(I), etc are quite difficult by anion
exchange resins, which needs cation exchanger for its
effective recovery. Potassium plays a very important
role in cellular homeostasis, plant growth, and crop
production [9-11]. The application of potassium
fertilizer in cropland is increased every year. More than
40 million tons of potassium fertilizer are consumed
in 2018 [10]. The major source of potassium in
nature is potash minerals obtained from underground
brine, carnallite (KCl·MgCl2·6H2O), and seawater
[12,13]. Therefore there is an urgent need to recover
potassium from insoluble potash ore such as Biotite
(K(Mg,Fe)3AlSi3O10(OH)2), K-feldspar (KAlSi3O8),
and other potassium-rich waste material [14].
Potassium is one of the major components in IACD
[4]. From our experience, the pectin enriched
biomass of orange juice residue (OJR) after chemical
modification was found to be effective for the
adsorption of metal ions and recovery of phosphorus
anion from aqueous solution [15-18]. In the present
investigation, two types of natural cation exchangers
namely SOJR and Na(I)-SOJR were first prepared
from waste biomass of OJR by simple chemical
modification and employed to recover K(I) from
leach liquor of IACD. The method involving the
leaching of a metal ion such as K(I) from IACD by
H2SO4 solution followed by adsorption using 200CT,
SOJR, and Na(I)-SOJR. The performance of K(I)
recovery by orange waste-based adsorbents were also
compared with two types of commercially available
ion exchange resin, namely READF-(PG) and 200CT,
in this work.

Materials and Methods

Materials
The sample of IACD employed in this study was
supplied from NANGOKU-KOSAN Co. Ltd.,
100

Miyazaki, Japan, free of cost. The orange juice residue
(OJR) used to prepare adsorbent for the recovery of
potassium was donated by JA. Saga Beverage Co.
Ltd., Japan. The sample of READF resin (READF(PG)) and 200CT resin were supplied from Nihon
Kaisui Co. Ltd., Tokyo, Japan, and ORGANO
Corporation, Tokyo, Japan, respectively.
Chemicals and instrumentation
In this work, the pure analytical grade chemicals
purchased from Wako Chemical Co. Ltd., Japan were
used directly without further purification. The pH of
the solution was measured by a pH meter (HM-30R,
TOA DKK Corp.). The existence of various elements
in the IACD sample before and after leaching was
measured by using an energy dispersive X-ray
spectrometer (EDX, Shimadzu model, Rayny EDX800 HS). The functional group changes in IACD
by leaching reactions were measured by recording
spectra using Fourier transform infrared spectrometer
(FTIR, JASCO FTIR-410). The concentration
of potassium was determined using an atomic
absorption spectrophotometer (AAS, Shimadzu
model AAS 6800) whereas other metal ions silicon
(Si), magnesium (Mg), calcium (Ca), phosphorus
(P), aluminum (Al), iron (Fe), and zinc (Zn) were
measured by using inductively coupled plasma atomic
emission spectroscopy (ICP-AES, Shimadzu model
ICPS 8100).
Total dissolution of IACD sample by aqua-regia
solution
A sample of IACD was completely dissolved in aqua
regia and used to determine the total amounts of
various elements as follows. One gram of IACD was
mixed with aqua regia (30 mL) and stirred for 24 h
at 30ºC to ensure complete dissolution. Then, it was
filtered and the concentration of K(I) was measured by
AAS whereas the concentrations of Mg, Ca, P, and Si
were measured using ICP-AES. The leached amounts
of various elements were calculated according to the
following mass balance equations
QL =

LC × V
W

(1)

where LC is the concentration (mg/L) of the target
element leached using a citric acid solution, W is the weight
(g) of IACD used for the total dissolution experiment and
V is the volume of test solution in liter. A similar procedure
was adopted for the complete dissolution of READF-(RG)
resin in a previous study [19].
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Leaching test of IACD by sulphuric acid solution
The leaching test of IACD was carried out by using
a sulphuric acid solution. One gram of IACD and 30
mL of 1MH2SO4 and H2SO4 solution at pH ranging
from 1 up to 5. Then the mixtures were stirred for 24
h at 30ºC at speed of 150 rpm. Then, solutions were
filtered and the concentrations of potassium and other
elements were measured by using ICP-AES and AAS.
The percentage leaching (% L) of various elements
was calculated according to the following equations.

where QSA and QAQ are the leached amounts (mg/g)
of the targeted elements using H2SO4 and aqua regia,
respectively.
Preparation of leached liquor of IACD
For this, 3.34g of IACD was mixed with 500 mL of
1MH2SO4 solution and stirred for 24 h at 30ºC at speed
of 150 rpm. Then the mixture was filtered by double
filter paper and the filtrate was stored in a 1L plastic
bottle. The leaching solution obtained in this way is
termed sulphuric acid leached liquor and abbreviated
as SALL hereafter.
Adsorbents for the recovery of K(I) ion
Preparation of SOJR and Na(I)-SOJR adsorbents
The saponified orange juice residue (SOJR) was
prepared according to the procedure described in else
ware only difference is that 0.1M NaCl solution was
used instead of multivalent metal ions solution as
follows [16]. First of all 100 g of OJR was washed
with distilled water then mixed with 4g of Ca(OH)2
and pulverized into a fine powder with the help of
juice mixture for 5 minutes. Then it was shacked for
24h at 30ºC to complete the saponification reaction
of methyl ester part of orange pectin into carboxyl
groups as shown in Scheme 1.
In addition to this, some pellet of NaOH (3 or 4) was
also added to the reaction mixture to enhance the
saponification reaction. After 24h, the solid-liquid
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separation was made by decantation followed by
filtration several times until the pH of washing water
became neutral and dried in an oven at 70ºC. The
white material obtained in this way is the saponified
product of orange juice residue and abbreviated as
SOJR hereafter.
The SOJR was converted into Na(I)-SOJR by loading
Na(I) as follows. Since, the SOJR is Ca(II) salt of
orange pectic acid i.e calcium pectate, which contains
exchangeable Ca(II) ion, where loading reaction of
cationic species such as metal ions occurs by cation
exchange reaction with the release of calcium ion also
shown in Scheme 1. The loading of Na(I) in saponified
orange juice residue is similar to the adsorption of
Pb(II), Cd(II), Zn(II), and Fe(III) onto saponified
apple juice residue [19]. For this, five gram of SOJR
was mixed with 500 mL of 0.1M NaCl solution at pH
6.5 and stirred for Na(I) loading reaction. After 24 h
shacking, it was washed several times with distilled
water until neutral pH dried at 70˚C for 24 h. The final
product obtained in this way is known as Na(I) loaded
SOJR and abbreviated as Na(I)-SOJR hereafter.
Commercial ion exchange resins
The 200CT resin is a sulphonic acid type cation
exchange resin (structure a) containing exchangeable
Na(I), where metal ions were absorbed by cation
exchange reaction with Na(I) ion. READF-(PG)
resin is produced by impregnating the micropores of
ethylene vinyl alcohol (EVOH) beads with a Zr(IV)
solution (structure b), followed by hydrolysis using an
alkaline solution to form the fine powder of hydrated
zirconium oxide (Hy-ZrO2) inside the pores.
Adsorption test of K(I) from leached liquor of IACD
The recovery of potassium from leached liquors was
carried out by using two types of cation exchanger
SOJR and Na(I)-SOJR prepared from orange juice
residue and compared with commercially available
READF-(PG) and 200CT resins. The adsorption test
of potassium was performed batch-wise at different
pH values ranging from 1 to 5, where 15 mg of

Scheme 1: Synthetic route of SOJR and Na(I)-SOJR from orange juice residue
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(a) Structure 200CT resin

(b) Structure READF-(PG) resin

adsorbents were mixed with 10 mL of leached liquor
followed by shaking for 24 h. Then it was filtered
and concentrations of potassium before and after
adsorption were measured by atomic absorption
spectrophotometer. The percentage removal of
potassium from IACD leached liquor was calculated
by using the following equation.

shows the amounts of various elements leached out
using aqua--regia, and 1MH2SO4 solution. It is clear
from the result of this table that Zn, Fe, Al, and Na are
in minor amounts whereas K, P, Ca, Mg, and Si have
existed in major quantities in IACD. After leaching
by 1M H2SO4 solution, less than 50% of P, Ca, and Si
was leached out whereas more than 95% of leaching
was observed in the case of Na, K, Al, and Fe, which
strongly suggest that 1M H2SO4 solution can be
employed as an effective leaching solution.
Table 1: Amount of various elements leached from IACD
using aqua-regia, and 1M H2SO4 solution
Element

Zn

where, Ci and Ce are the concentration of potassium
(mg/L) before and after adsorption, respectively.
Desorption of K(I) using H2SO4(SA) solution
It was observed from the results of a batch experiment
that the Na(I)-SOJR was equally effective with
200CT resin, sulphonic acid type commercial cation
exchange resin containing exchangeable Na(I) ion, for
the adsorption of K(I) from leached liquor of IACD
in batch mode. Therefore, the desorption experiment
was done only using K(I) adsorbed Na(I)-SOJR using
a varying concentration of sulphuric acid ranging
from 0.005 to 1.5M at a solid-liquid ratio of 5 g/L at
30ºC. After stirring 24 h at a speed of 150 rpm, the
solid-liquid separation was done by filtration then the
concentration of K(I) ion in the eluted solution was
measured by using AAS. The % desorption of K(I)
was calculated according to the following relation.

where and are the adsorbed and desorbed amount of K(I)
(mg/g), respectively.

Results and Discussion

Evaluation of various elements in leached liquor of IACD
The aqua-regia is one of the very strong leaching
agents among the acidic solution. The leaching test
using an aqua-regia solution shows that nearly the
entire solid sample of IACD was dissolved in aquaregia solution after 24h shaking. Therefore the total
amount of elements that exist in the sample of IACD
was determined by measuring the amounts of these
elements leached using aqua-regia solution. Table 1

Leached amounts (mg/g) of various
elements from the IACD sample
Aqua-regia
H2SO4
%L
leaching
leaching
(mg/g)
(mg/g)
2.43
1.79
73.66

Fe

4.39

4. 4

98.86

Al
Si
Mg
Ca
P
K

1.91
10.69
43.91
126.76
91.57
85. 14

1.90
4.30
29.11
62. 23
41.01
82.32

99.47
40.22
66.29
49.09
44.78
96.68

Na

1.97

1.94

98.47

Spectroscopic characterizations by FTIR and EDX
The dissolution of various functional groups in
IACD after leaching with 1MH2SO4 was tested by
comparing the FTIR spectra of IACD before and
after leaching and the results are shown in Table 2.
It is clear from the results of this table that the strong
peak observed at around 3375 in the FTIR spectrum
of IACD before leaching is due to the stretching
vibration of OH groups. The peak at around 1417.87,
1116.65, and 1079.97, 1046.56 cm-1 are due to the
stretching vibration of C-O (calcite compounds),
P-O (oxides of phosphorus-rich compounds) and P=O
(different phosphate compounds), and C-O-C groups,
respectively. After leaching with the H2SO4 solution,
the peaks observed at around 1417.87, 1116.65,
1079.97, and 621 cm-1 were completely disappeared
which is attributed due to the leaching of different
elements by breaking the chemical bond that exists
in the various functional groups in IACD. The peak
observed at 621 cm-1 which is due to K-O stretching
vibration in IACD was also disappeared after H2SO4
leaching suggesting that the leaching of potassium
effectively occurred by H2SO4 solution. Further
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Table 2: FTIR spectra of IACD before and after H2SO4
leaching showing the variation of absorption frequencies
of various functional groups
Functional
groups

OH stretching
C-O stretching
P-O stretching
P=O stretching
C-O-C stretching
K-O stretching

Peaks observed at different absorption
frequencies (cm-1) in FT-IR spectra
Before leaching
After leaching by
by H2SO4 solution
H2SO4 solution
3460.58
3460.87
1417.87
1116.65
1079.97
1046.56
621.78

1059.42
-

evidence for the leaching of potassium and other
elements will be confirmed by elemental analysis.
Fig. 1 shows the energy dispersive X-ray (EDX)
spectra of IACD before and after H2SO4 leaching. EDX
spectrum of IACD contains the peaks corresponding
to carbon (C, 0.28 keV), oxygen (O, 0.32keV), sodium
(Na, 1.03keV), magnesium (Mg,1.26keV), aluminum
(Al, 1.48keV), silicon (Si, 1.72keV), phosphorus
(P, 2.01keV), sulphur (S, 2.32keV), chlorine (Cl,
2.62keV), potassium (K, 3. 32keV), calcium (Ca,
3.68 and 4.12 keV), manganese (Mn, 5.84 keV), iron
(Fe, 6.41 keV), and zinc (Zn, 8.64keV). The intensity
of some elements such as P, Ca, and K were found
to be higher than other elements indicating that these
elements are the major elements in the IACD sample.

H. Paudyal et al., 2021

2.01 keV were found to be greatly decreased after
leaching reaction. The intensity of peak corresponds
to K observed at binding energy around 5.84keV was
0.48 cps/μA in IACD, which was decreased to 0.08
cps/μA after H2SO4 leaching. The result confirms the
successful leaching of potassium from IACD during
H2SO4 leaching.
Optimization H2SO4 solution for IACD leaching
The percentage leaching of different elements by
using a varying concentration of H2SO4 (1M to pH
5) is shown in Fig. 2. From the result of this figure,
it is clear that the leaching of Mg, Si, P, K, and Ca
was found to be increased with increasing acid
concentration. At a lower concentration of H2SO4 (pH
5), the leaching of Mg, Si, P, K, and Ca is insignificant
(<5%) whereas maximum leaching was observed
using 1M H2SO4 for all the elements tested. The
maximum leaching of Mg, P, Si, and Ca was found to
be 66.27, 53.95, 40.24, and 62.23%, respectively by
using a 1MH2SO4 solution. The percentage leaching
of K was only 4.94% at pH 5 which was observed to
be increased and reached 29.85% at pH 2 whereas it
was higher than 95% (96.68%) by using 1MH2SO4.
The increase of potassium leaching efficiency while
increasing the acid concentration is due to the acid
concentration effect on increasing the H+ activity that
results in further dissolution [20,21].

Figure 2: Leaching of various elements by varying the
concentration of H2SO4 solution from IACD
Figure 1: Energy dispersive X-ray (EDX) spectra of IACD
before and after H2SO4 leaching showing the variation of
intensities of various elements by leaching reaction

After leaching, the peak due to O, Na, and Mg were
completely disappeared at binding energies values
around 0.32, 1.03, and 1.26 keV, respectively.
The intensities of peaks due to Zn, Fe, Cl, and P at
binding energies values around 8.64, 6.41, 2.62, and

The leaching of K was not significantly improved
with a further increase in acid concentration (not
higher than 97% even at 5M H2SO4, not shown in
the figure). Owing to these results, the 1M H2SO4
solution is recommended for effective leaching for
K(I) from IACD. By contrast, the insignificant or
negligible leaching of all the elements including K(I)
was observed in the case of using only distilled water
as a leaching solution.
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To prepare the model sample of leach liquor of IACD,
3.34 g of dried IACD was dissolved in 500 mL of 1M
H2SO4 taking account of the result shown in Fig. 2.
The concentrations of all species present in this leach
liquor were measured by ICP-AES as shown in table
1 in the earlier section. The recovery of K(I) ion was
carried out by using this leach liquor which will be
described in detail in section 3.4 below.
Adsorptive recovery of potassium from leached
liquor of IACD
Adsorption of potassium onto different adsorbents
From the preliminary experiment, the adsorbents
such as SOJR, Na(I)-SOJR, READF-(PG), and
200CT resin were completely dissolved in leached
liquor prepared using aqua-regia solution so that it
is difficult to recover K(I) from aqua-regia leached
liquor of IACD by using these adsorbents. Therefore
the leached liquor was prepared using a 1MH2SO4
solution for the recovery of K(I) in the subsequent
experiment. The recovery of K(I) from sulphuric acid
leach liquor (SALL) of IACD was carried out using
SOJR, Na(I)-SOJR, READF-(PG), and 200CT resin,
and the results obtained are shown in Fig. 3. It is
clear from the result of this figure that the READF(PG), which is marketed for the removal of fluoride
ion, was not effective for the removal of K(I) ion
in all the tested pH ranging from 1-5. In an acidic
medium, potassium exists as a cation, i.e., K+ ion,
which was hardly adsorbed onto the anion exchange
site of READF-(PG) resin. The SOJR, Na(I)-SOJR,
and 200CT resins effectively adsorb K(I) from leach
liquor. The adsorption efficiency of Na(I)-SOJR and
200CT resin were found to be higher than SOJR.
The Na(I)-SOJR and 200CT resin contain exchangeable
Na(I) ions whereas SOJR has exchangeable Ca(II)
for cation exchange reaction with K(I) exist in
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leach liquor. The exchange of monovalent Na(I)
is energetically more favored than divalent Ca(II)
during the adsorption process so that Na(I)-SOJR and
200CT more effective for the adsorption of K(I) than
SOJR by cation exchange mechanism (Scheme 2).
200CT is a commercially available cation exchange
resin which is synthesized by series of a chemical
reaction using different chemicals. On the other hand,
the synthetic route of Na(I)-SOJR is very simple and
low cost because the feed material for this adsorbent
is orange waste itself. Therefore, the application of
Na(I)-SOJR investigated in this study can be used as
an alternative material for the recovery of K(I) from
the leach liquor of IACD. A similar observation was
reported by Paudyal et al. 2020 for the adsorption of
rare earth metals onto SOJR adsorbent [22].

Scheme 2: Mechanism of K(I) adsorption from leach
liquor of IACD onto (a) Na(I)-SOJR, (b) 200CT resin, and
(c) SOJR adsorbents by the cation exchange mechanism

Desorption of K(I) from K(I)-SOJR using H2SO4
solution
Since Na(I)-SOJR was found to be equally effective
for the adsorption of K(I) (earlier section) compared
with commercially available cation exchange resin
containing exchangeable Na(I) ion so the desorption
experiment was carried out only using Na(I)-SOJR.
Before the desorption test, K(I) adsorbed Na(I)-SOJR
was prepared by shaking 5g of Na(I)-SOJR and 500
mL of leached liquor for 24h at pH 4. After filtration,
it was filtered washed, and dried, which is termed as
K(I)-SOJR. The preliminary desorption experiment
of K(I) was carried out by using NaOH, NaCl, and
H2SO4 (1M each), from which 1M H2SO4 was found
Figure 3: Adsorption of K(I) ion from leached liquor of
to be effective among three desorbing solutions.
IACD using different types of adsorbents
Therefore, a further desorption experiment was
https://www.nepjol.info/index.php/JNCS
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performed by using a varying concentration of H2SO4
and the result is shown in Fig. 4.
The result shows that the desorption of K(I) increased
with increasing H2SO4 concentration at lower

Scheme 3: Desorption of K(I) from K(I)-SOJR by H2SO4
and adsorbent regeneration by NaCl for further usage

Conclusions

It is concluded from this study that H2SO4 leaching
followed by adsorption onto Na(I)-SOJR is a very
good option for the recovery of K(I) from IACD.
READF-(PG) hardly adsorbs K(I) ion whereas Na(I)SOJR shows good potential for the removal of K(I)
from leach liquor. Efficient leaching of K(I) from
IACD was achieved using a 1M H2SO4 solution.
Na(I)-SOJR adsorbent prepared from orange waste
was successfully adsorbed 98.68% of K(I) from
leached liquor of IACD at pH 4. It is inferred that
the adsorption mechanism occurs through a cation
exchange reaction between the K(I) ion from IACD
leached liquor and Na(I) ions from Na(I)-SOJR and
200CT resin. Adsorbed K(I) from K(I)-SOJR was
successfully desorbed in a high concentration using
a 0.75M H2SO4 solution. The concentrated solution
of potassium is suitable for the effective precipitation
of desorbed K(I) as a useful material. Therefore, the
leaching of IACD by H2SO4 solution followed by
adsorption using orange waste gel can be a promising
technology for the recovery of K(I) from leach liquor
of IACD.
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