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Abstract Ligand exchange of ammonia with ammine-complexing transition metals loaded on the

substrate has received more attention for removing ammonia from solutions containing high salin-

ity. However, the stability between transition metal and substrate was destroyed by the desorbent in

the process of the ligand exchanger recycling and ammonia ligand decomplexation, leading to metal

elution and reducing the adsorption competency of the ligand exchanger. Herein, metal(ion)-loaded

resins (Me(ion)-LR) were prepared and the stability of metal ions during the three-round ammonia

adsorption–desorption process was studied. The results showed the ammonia adsorption capacity

of Cu2+-D751, Cu2+/Ni2+-D751 and Cu2+/Zn2+-D751 resin were 5.39, 5.80 and 5.65 mg/g,

respectively and the shedding percent of Cu2+ is lower than that of Ni2+ and Zn2+. Aimed for

the high ammonia selectivity and low metal ion dissolution, metal(ion)-loaded resins were modified

with NaOH to obtain metal(hydroxides)-loaded resins (Me(hydroxides)-LR). The stability of metal

ions during the three-round ammonia adsorption–desorption process was also investigated. Mean-

while, the mechanism of the Me(hydroxides)-LR for ammonia removal was explored. The results

suggested that the Cu(OH)x-D751, Cu(OH)x/Ni(OH)x-D751 and Cu(OH)x/Zn(OH)x-D751 resin

have higher ammonia adsorption capacity and reached 5.79, 8.25 and 7.94 mg/g, respectively.

The shedding percent of Cu2+ and Zn2+ decreased obviously. Experimental and characterization
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results show that the ammonia removal by Me(hydroxides)-LR was primarily due to coordination

complexation and electrostatic interaction.

� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ammonia is considered as the most commonly occurring nitrogenous

pollutant in wastewater and is widely derived from municipal and

industrial sources (Koon et al, 1975; Fu et al, 2012; Atkins Jr et al,

2013). Ammonia concentration in water is an important indicator of

the water quality, and the permitted level of ammonia in drinking

water in China and European Union is set at 0.5 mg/L (Qin et al,

2011). Due to the potential drawbacks of ammonia release in the river

basins that could cause eutrophication, harm aquatic ecosystems and

human health (Zhang et al, 2018), the removal of ammonia from

wastewater is thus mandatory.

In some cases, salinity commonly coexists in ammonia-rich wastew-

ater (Wang et al, 2016), and high salinity means that the total salt mass

fraction (calculated by NaCl) is not less than 1% (Lefebvre and

Moletta, 2006). Although currently the main treatment technology

for ammonia from water is biological process, it is inefficient to remove

ammonia from high salinity wastewater because the high salinity inhi-

bits biological activity by inducing cell plasmolysis due to rapid

increase in osmotic pressure (Liu et al, 2014; Li et al, 2018). Therefore,

many great efforts and techniques including ion exchange (Leyva-

Ramos et al, 2010; Huang et al, 2010; Al-Sheikh et al., 2021), struvite

precipitation (Zhu et al, 2016; Rahman et al, 2014), reverse osmosis

(Keyikogluab et al, 2021) and electrochemical oxidation methods

(Lahav et al, 2015) have been explored to remove ammonia from water

containing high salinity. Among these listed technologies certainly, ion

exchange method has received considerable attention for the treatment

of ammonia in water due to its simple and effective process, high effi-

ciency, and easy recycling of the exchange substrate (Mohd et al, 2019).

However, the performance of exchangers is weakened by the salt envi-

ronment with high concentrations of other common cations (e.g.,

Na+, K+, Mg2+, Ca2+) in wastewater, resulting in the decline of efflu-

ent quality (Berrin, 2012; Epsztein, 2019). This is because the selectivity

of ion-exchange materials is dictated by differences in ion valence,

hydration radius, and hydration energy (Huang et al, 2018). Generally,

a large hydration radii and high energies lead to poor affinity for ion

exchange functional groups, while a high valence leads to high affinity.

Compared to ammonia in the solution, its hydration radius and hydra-

tion energy were roughly equal to K+ but smaller than Na+, and the

divalent cations (Mg2+, Ca2+) exhibit higher affinity. When ammonia

wastewater contains these high concentrations of competitive cations,

the exchange rate of exchangers for ammonia drops significantly.

Therefore, there is a need for high-capacity, environmentally-

friendly, ammonia-selective adsorbents that can be easily and econom-

ically synthesized to achieve ammonia removal from wastewaters con-

taining high salinity.

To improve the selectivity of the ion exchanger towards ammonia,

the first report ammonia-selective ligand exchange was in 1962 by Helf-

ferich in which ammonia was adsorbed to carboxylic acid cation-

exchange resin Amberlite IRC-50 loaded with Cu2+, Ni2+, Zn2+,

Ag+, Co3+, and Fe3+ through the formation of complexes with the

metal ions (‘‘ligand sorption”) or through the displacement of other

ligands that have previously complexed the metal (‘‘ligand

exchange”)(Helfferich, 1962). Typical ‘‘ligand exchange” reaction can

be described in Eq. (1).

R� Cu H2Oð Þ2þ4 þ 4NH3 �R� Cu NH3ð Þ2þ4 þ 4H2O ð1Þ
Based on this concept, more attention has been paid to the applica-

tion of metal-loaded adsorbents in the removal ammonia from water.

Clark and Tarpeh (2020) prepared metal(ion)-loaded polymer ligand

exchange resins by loading Zn, Cu on carboxylate resin (WAGG)

and sodium iminodiacetate resin (SIR) individually to removal ammo-

nia from wastewater containing other cations (Na+, K+, Ca2+,

Mg2+), and found that metal ion binds to polymer ligand exchange

resins via electrostatic attraction and complexation, while ammonia

binds to the metal ions through ligand exchange with metal-aqua

ligands. The presence of divalent cation (Ca2+, Mg2+) severely

reduced ammonia adsorption and increased metal elution because of

its stronger affinities to carboxylate/iminodiacetate resin and non-

negligible ion exchange with transition metals. Mahata et al (2021) pre-

pared Cu-loaded amino-functionalized SiO2 and weak-base-anion-

exchange resin containing primary and secondary amino groups,

respectively for NH4
+ removal. The results showed that a high NH4

+

adsorption capacity was obtained and the adsorption of NH4
+ went

through endothermic deprotonation followed by exothermic complex-

ation. Meanwhile, coexistence of high concentration (above 5.0 mM)

of chloride-based salts (NaCl, KCl, CaCl2, MgCl2) inhibited the

NH4
+ adsorption and caused partial metal dissolution. Although Cl-

reduced positive charge on the resin surface, high ionic strength drove

cations from the salts to replace the protons of NH4
+ and combine with

NH3 to form ion pairs, thus suppressing the interaction between the

NH4
+ and the loaded Cu2+ ions (Jiang et al, 2010; El-Bayaa et al,

2009). The ability of the salts on the inhibition was in the order of

MgCl2 > CaCl2 > KCl > NaCl (Mahata et al, 2021). Zhou et al

(2015) investigated the adsorption capacity of Cu2+-loaded chelating

resin for ammonia in the adsorption–desorption process. It was found

that the desorption percent of ammonia reached 93% under the condi-

tions of 0.75 mol/L HCl as the desorption agent, desorption time

80 min and the circulating flow rate 12 L/h. In addition, Cu2+ content

was detected in the desorption solution and the Cu2+ shedding percent

increased with the increasing of HCl content. Wu (2017) prepared four

kinds of metal-loaded resins through loading transition metal ions

(Cu2+, Co2+, Ni2+, Zn2+) on the macro-porous weakly acidic cation

exchange resin (D113) respectively. The comparison results indicated

that the copper-loaded resin had the best ammonia adsorption capac-

ity, reaching 6.49 mg/g, but the problem of metal ions falling off

existed in desorption and regeneration process. According to the above

researches, although the prepared metal-loaded adsorbent certainly

achieved high selectivity and adsorption capacity for ammonia, there

is still a common problem, that is, metal ions are prone to dissolve

from the adsorbent into the solution during the adsorption–desorption

process, causing metal pollution and reducing the adsorption perfor-

mance of the adsorbent for ammonia. Therefore, how to ensure a high

ammonia desorption percent while avoiding the desorption of metal

ions is necessary.

In this paper, metal(ion)-loaded resins (named Me(ion)-LR) were

prepared through loading metal ions (Cu2+, Zn2+, Ni2+) as the active

species on a cation exchange resin chelating amine-carboxyl-group

(D751). The stability of metal ions on the Me(ion)-LR for ammonia

removal from water containing high salinity during adsorption–des-

orption process was studied. On this basic, aim for the high ammonia

selectivity and low metal ion dissolution, metal(hydroxides)-loaded

resins (named Me(hydroxides)-LR) were prepared through impregna-

tion the Me(ion)-LR in NaOH solution. The adsorption capacity of

the Me(hydroxides)-LR for ammonia removal from solution contain-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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ing high salinity under different NaOH concentration and modification

time were determined. The stability of metal ions on the Me

(hydroxides)-LR during adsorption–desorption process was also inves-

tigated. Meanwhile, the interactions among the resin, metal ion, and

ammonia were explicitly characterized with scanning electron micro-

scope (SEM), N2 adsorption–desorption analysis, infrared spectro-

scopic (FTIR) and X-ray photoelectron spectroscopy (XPS). In

addition, the mechanism of the Me(hydroxides)-LR for ammonia

removal has been discussed with respect to different desorbents, NaCl

concentration and desorption time.

2. Experimental

2.1. Materials

The virgin macro-porous chelated styrene ion exchange resin

D751 containing iminodiacetic acid as ligand used in this study
was taken from Shanghai Macklin Biochemical Co., Ltd.,
China. Its properties as reported by the suppliers are listed

in Table S1.
Copper nitrate trihydrate (Cu(NO3)2�3H2O), zinc nitrate

hexahydrate (Zn(NO3)2�6H2O), nickel nitrate hexahydrate

(Ni(NO3)2�6H2O), ammonium chloride (NH4Cl), sodium chlo-
ride (NaCl), sodium hydroxide (NaOH) and hydrochloric acid
(HCl, 36%) were received from Shanghai Sinopharm Chemical

Reagent Co., Ltd., China. All the chemicals were analytical
reagents, and deionized water with a resistivity of 18.2 MX�cm
was prepared by a water purification system (TE-S20, Hitech
Instruments Co., Ltd, China) for the preparation of all aque-

ous solutions.

2.2. Preparation and characterization of adsorbent

To remove non-adhesive impurities and small particles, the
origin D751 resin was washed repeatedly with deionized water,
and then dried in an oven at 323 K for 24 h. Subsequently, the

Na-form modified D751 resin (Na+-D751), which was used as
the substrate for metal ion loading, was obtained using 1 mol/
L NaOH and 1 mol/L HCl solution. The first step is to

immerse the resin in 2 bed volume (BV) of NaOH for 4 h
and then wash it with deionized water until the effluent is neu-
tral. The second is to immerse the resin in 2 BV of HCl for 4 h
and then wash it with deionized water until the effluent is neu-

tral. The third is to immerse the resin in 4 BV of NaOH for
12 h, then wash it with deionized water until neutral, and by
drying in an oven at 323 K for 24 h.

After that, the Na+-D751 resins (1 g) were dispersed in
200 mL of Cu(NO3)2 solution (concentration of Cu2+ was
0.005 mol/L), Cu(NO3)2/Zn(NO3)2 solution (concentration of

Cu2+ and Zn2+ were 0.05 mol/L) and Cu(NO3)2/Ni(NO3)2
solution (concentration of Cu2+ and Ni2+ were 0.05 mol/L)
under stirring at 120 r/min for 90, 120 and 180 min, respec-
tively. After adsorption equilibrium, the resin was collected

by filtration and rinsed with deionized water for several times
and then dried in an oven at 323 K for 5 h. The resulting Me
(ion)-LR were called Cu2+-D751, Cu2+/Zn2+-D751 and

Cu2+/Ni2+-D751, respectively.
The Me(hydroxides)-LR were prepared using an impregna-

tion method as follows: 1 g Me(ion)-LR (Cu2+-D751, Cu2+/

Zn2+-D751 and Cu2+/Ni2+-D751) was added into 100 mL
of NaOH solution with the desired concentration (0, 0.001,
0.005, 0.0075, 0.01, 0.02 mol/L) and stirred at 120 r/min for
a certain time (0, 5, 15, 30 and 45 min). Afterward, the resin
was collected by filtration and rinsed with deionized water
for several times and dried in an oven at 323 K for 300 min.

The obtained samples were called Cu(OH)x-D751, Cu(OH)x/
Zn(OH)x-D751 and Cu(OH)x/Ni(OH)x-D751, respectively.

Surface morphological characterizations of the above-

mentioned resins were analyzed by a scanning electron micro-
scopy (SEM) analyzer (MLA650F, FEI, US) under an acceler-
ation voltage of 15 kV. The microstructural characterization

and chemical compositions of the resins were characterized
with an X-ray photoelectron spectroscopy (XPS) spectrometer
(ESCALAB 250, Thermo-VG Scientific, US) and a fourier-
transformed infrared (FTIR) spectrometer (NEXUS 670,

Nicolet, US). The specific surface areas, pore volume and pore
diameter of the resins were determined from N2 adsorption–
desorption isotherm measurements at 77 K according to the

Brunauer Emmett-Teller (BET) method, using an analyzer
ASAP 2020 made by Micromeritics.

2.3. Adsorption experiments

The sorption of ammonia in water was performed in a 250 mL
batch reactor with sealing plug at room temperature

(298 ± 2 K). The adsorption experiment process is as follows.
Firstly, a 1.0 g/L NH3-N stock solution was prepared by dis-
solving 3.819 g NH4Cl solid into 1000 mL deionized water,
and then diluted to the desired initial concentration of 0.1 g/

L. Secondly, the batch reactor was filled with 100 mL of
0.1 g/L NH3-N solution and then alkalized to a set pH value
of 11 with 1 mol/L NaOH. Thirdly, 0.4 g NaCl solid was intro-

duced in the reactor and then fully dissolved. Subsequently,
0.6 g adsorbent was added to the reactor and then covered
the sealing plug. Finally, the mixture was stirred in a SHA-C

temperature-controlled water-bath oscillator at 120 r/min for
90 min.

In addition, a blank experiment, in the absence of any

adsorbent, was carried out under the conditions of an initial
ammonia solution pH of 11, dosage of NaCl 4 g/L, stirring
speed 120 r/min and reaction time 90 min. After the reaction,
the concentration of ammonia in the liquid samples was mea-

sured by Nessler’s reagent spectrophotometry method (HJ
535–2009). The results show that ammonia adsorption capac-
ity is less than 0.5 mg/g.

2.4. Desorption experiments

The spent adsorbent (0.4 g) was soaked in 100 mL 1 mol/L

NaCl solution under shaking at 120 r/min for 60 min. After-
wards, the resin was collected by filtration, rinsed by deionized
water, and dried at 323 K for 5 h for the next run of ammonia

adsorption.

2.5. Analysis

After adsorption, the resin was recovered from the suspensions

by filtration and the remaining concentration of ammonia in
the liquid samples was measured by Nessler’s reagent spec-
trophotometry method (HJ 535–2009). The adsorption capac-

ity (Q, mg/g) of ammonia was calculated by Eq. (2), where C0

and C1 are initial and residual concentration of ammonia (mg/
L) in the liquid phase, respectively, V0 is the volume of ammo-
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nia solution (L) and m is the mass of adsorbent used (g). The
metal-ions concentration in the liquid samples was quantified
by Atomic absorption spectroscopy (AAS). The loading capac-

ity (q, mg/g) of metal ions was calculated by Eq. (3), where W0

and W1 are the concentration of metal ions in the metal salt
solution before and after loading (mg/L), respectively, and

V1 is the volume of metal salt solution (L). The metal ions
shedding percent (g, %) of the metal-loaded resin was calcu-
lated by Eq. (4), where M is the concentration of metal ions

in the liquid samples after reaction (mg/L), and V2 is the vol-
ume of the liquid samples after reaction (L). All experiments
were performed in triplicate, and only the mean values have
been reported.

Q ¼ C0 � C1ð Þ � V0

m
ð2Þ

q ¼ W0 �W1ð Þ � V1

m
ð3Þ

g %ð Þ ¼ M � V2

m � q � 100% ð4Þ

The ammonia desorption percent R (%) was obtained
according to Eq. (5), where N is the ammonia concentration
in the eluent after desorption (mg/L), N0 is initial ammonia

concentration in the liquid phase before adsorption (mg/L),
and N1 is residual ammonia concentration in the liquid phase
after adsorption saturation (mg/L).

R %ð Þ ¼ N

N0 �N1

� 100% ð5Þ
3. Results and discussion

3.1. Ammonia removal by Me(ion)-LR

3.1.1. Reusability and stability of Me(ion)-LR

In this experiment, three resins (Cu2+-D751, Cu2+/Ni2+-
D751 and Cu2+/Zn2+-D751) were used to adsorb ammonia
Fig. 1 The performance of ammonia removal for Cu2+-
from solution containing high salinity. Subsequently, these
spent resins were regenerated by 1 mol/L NaCl solution. Three
runs of ammonia saturated Cu2+-D751, Cu2+/Ni2+-D751

and Cu2+/Zn2+-D751 resins were performed and the shedding
percent of metal-ions during the adsorption–desorption pro-
cess were investigated. The corresponding results are shown

in Fig. 1 and Table 1.
From Fig. 1, after three rounds of adsorption–desorption

process, the ammonia adsorption capacity of Cu2+-D751 resin

decreased slightly and remained at roughly 81% of original
value. However, the ammonia adsorption capacity of Cu2+/
Ni2+-D751 and Cu2+/Zn2+-D751 resins at the second and
third rounds were significantly higher than that of at the first

round. Such an increment could be attributed to the conver-
sion of Me(ion)-LR to Me(hydroxides)-LR after being des-
orbed by NaCl solution. For Me(ion)-LR, the ammonia

adsorption mechanisms have been identified as the electrical
interaction and coordination complexation. In an ammonia
nitrogen solution under alkaline conditions, the metal adsorp-

tion sites on Me(ion)-LR absorbed portion of OH– in water to
make the resin surface showed electronegative, which was con-
ducive to the adsorption of NH4

+ in the form of ionic bonds

through electrostatic interaction. On the other hand, the metal
adsorption sites on Me(ion)-LR and N atom in NH3 form a
coordination bond by sharing the lone pair of electrons pro-
vided by N, O atom, thus forming a metal ammonia complex

loaded resin. The Me(ion)-LR R�Me2þ
� �

becomes an

ammonia-saturated resin R�Me NH3ð Þn OHð Þm
� �

after reach-

ing equilibrium in ammonia adsorption process. When NaCl

solution is used as a neutral salt for the desorption of
ammonia-saturated resin, it plays a role in reducing the stabil-

ity of, which promotes the shift of R�Me NH3ð Þn OHð Þm into

R�Me OHð Þm and then NH3 be eluted from the resin. There-

fore, partial metal ion adsorption site on Me(ion)-LR have
been converted to Me(hydroxides)-LR after the first desorp-

tion process. Comparing with Me(ion)-LR, Me(hydroxides)-
LR has better ammonia bonding ability probably because of
the inhibition of aeolotropic metal hydroxides that is formed
D751, Cu2+/Ni2+-D751 and Cu2+/Zn2+-D751 resins.



Table 1 The loading capacity and shedding percent of metal-ions in the adsorption and desorption process for Me(ion)-LR.

State of

resin

Cu2+-D751 Cu2+/Ni2+-D751 Cu2+/Zn2+-D751

Cu2+ Cu2+ Ni2+ Cu2+ Zn2+

Loading capacity of metal

ion

/ 54.36 mg/g

(0.85 mmol/g)

140.25 mg/g

(2.19 mmol/g)

52.75 mg/g

(0.90 mmol/g)

124 mg/g

(1.94 mmol/g)

17.25 mg/g

(0.27 mmol/g)

Shedding percent of metal

ion (%)

1st

adsorption

0.04 ND 0.17 0.02 0.64

1st

desorption

0.09 0.04 1.65 0.06 4.08

2nd

adsorption

ND 0.05 ND ND ND

2nd

desorption

0.09 0.04 1.29 0.04 0.18

3rd

adsorption

ND 0.03 ND ND ND

3rd

desorption

0.08 0.04 1.25 0.04 0.34
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by the resin and the well-dispersed metal hydroxides (Dong
et al, 2017).

Table 1 shows that the loading capacity of Cu2+ on Cu2+-
D751 resin was 54.36 mg/g, while the loading capacity of Cu2+

and Ni2+ on Cu2+/Ni2+-D751 resin and Cu2+ and Zn2+ on

Cu2+/Zn2+-D751 resin were 140.25, 52.75 mg/g and 124,
17.25 mg/g, respectively. In conjunction with Fig. 1, it can
be seen that the ammonia adsorption capacities of Cu2+/

Ni2+-D751 (5.80 mg/g) and Cu2+/Zn2+-D751 (5.65 mg/g) in
the first adsorption process were slightly higher than that of
Cu2+-D751 (5.39 mg/g), which is attributed to the bimetallic
ion loaded resins have a higher metal loading, so it can provide

more effective ammonia adsorption sites.
On the other hand, as shown in Table 1, the Cu2+ shedding

percents in the three adsorption–desorption process of ammo-

nia removal by Cu2+-D751, Cu2+/Ni2+-D751 and Cu2+/
Zn2+-D751 resin were detected not to exceed 0.09%. For
Cu2+/Ni2+-D751 resin, the Ni2+ shedding percent was

detected only in the first adsorption process and the Ni2+

shedding percent was 0.17%. Three-round desorption process
in ammonia removal by Cu2+/Ni2+-D751 resin, the maximum
Ni2+ shedding percent was 1.65%. For Cu2+/Zn2+-D751

resin, the Zn2+ shedding percent was detected only in the first
adsorption process and the Zn2+ shedding percent was 0.64%.
However, the maximum Zn2+ shedding percent reached

4.08%.
From the above results, it can be found that when using Me

(ion)-LR to remove ammonia from water containing high

salinity during the adsorption–desorption process, there is
indeed a problem of metal ions dissolving from the Me(ion)-
LR into the liquid phase. However, the shedding percent of

Cu2+ is lower than that of Ni2+ and Zn2+, because the stabil-
ity order of the chelate formed by metal ion and iminodiac-
etate moieties on D751 resin is: Cu2+>Ni2+>Zn2+ (Zhang
et al, 1990).

3.1.2. Characterizations of Me(ion)-LR

The SEM images (a-j) of the Na+-D751 resin (a), Me(ion)-LR

(b � d), and Me(ion)-LR after first adsorption and desorption
(e � j) are shown in Fig. 2. As indicated in Fig. 2 (a), the Na+-
D751 resin clearly exhibits a skeleton structure connected by
small particles. After metal(ion) loading, it contained film-
like species coating on the resin skeleton structure, and the

coating degree of the film-like species on the Cu2+/Zn2+-
D751 resin (Fig. 2 (d)) was highest, followed by Cu2+-D751
(Fig. 2 (b)) and Cu2+/Ni2+-D751 resin (Fig. 2 (c)). After

ammonia adsorption, the film-like species was more evenly
coated on the resin surface, as shown in Fig. 2 (e)�(g). Mean-
while, compared to Me(ion)-LR (Fig. 2 (b)�(d)), the surface

morphology of the Me(ion)-LR after first desorption (Fig. 2
(h � j)) changed insignificantly.

Fig. S1 shows that the N2 adsorption and desorption iso-
therms of the seven resins exhibited typical type IV with H1

hysteresis loop according to IUPAC classification (Saha and
Deng, 2010). The initial part of the type IV is attributed to
monolayer–multilayer adsorption according to Nawrocki

et al (1993). This H1 hysteresis loop probably arises from the
agglomerates loading to narrow pore size distribution. The
specific surface areas, pore volume and mean pore diameter

of the Na+-D751 resin, Me(ion)-LR after first adsorption
and Me(ion)-LR after first desorption were summarized in
Table 2. It can be seen that after metal ion loading, the specific
surface area and pore volume of the resins were increased,

while the mean pore diameter decreased. This changes in
BET surface area and pore textural properties can be explained
by the formation of bridge complex between metal ion and the

iminodiacetate moieties. It was worth noting that the specific
surface area of three Me(ion)-LR after the first adsorption
decreased obviously, especially the latter two resin, from 18.2

to 14.8 m2/g and 18.3 to 15.4 m2/g, respectively, which could
be interpreted by the formation of complex between ammonia
and transition metals. Moreover, the BET surface areas, pore

volume and mean pore diameter of Me(ion)-LR after first des-
orption were smaller than the Na+-D751 resin, Me(ion)-LR
after first adsorption, which further indicates that the proper-
ties of Me(ion)-LR after regeneration have changed.

FTIR analysis was used to provide evidence of comparable
difference between the (a) Na+-D751, (b) Cu2+-D751, (c)
Cu2+/Ni2+-D751(c) and (d) Cu2+/Zn2+-D751 resins (Fig. 3

(A)). The adsorption peak at 3457 cm�1 assigned to the –OH
stretching vibration peak with respect to –COOH groups
(Prabhu et al, 2014). After loading metal ion on D751, the



Fig. 2 SEM images of (a) Na+-D751, (b) Cu2+-D751, (c) Cu2+/Ni2+-D751, (d) Cu2+/Zn2+-D751, (e) Cu2+-D751 after the first

adsorption, (f) Cu2+/Ni2+-D751 after the first adsorption, (g) Cu2+/Zn2+-D751 after the first adsorption, (h) Cu2+-D751 after the first

desorption, (i) Cu2+/Ni2+-D751 after the first desorption, (j) Cu2+/Zn2+-D751 after the first desorption.

Table 2 N2 adsorption–desorption analysis data of Me(ion)-LR.

Different types of Me(ion)-LR State of Me(ion)-LR Surface area (m2/g) Pore volume (cm3/g) Mean pore diameter (nm)

D751 resin Unused 10.7 0.012 4.51

Cu2+-D751 resin Unused 12.5 0.014 4.40

After first adsorption 12.4 0.014 4.41

After first desorption 12.4 0.014 4.42

Cu2+/Ni2+-D751 resin Unused 18.2 0.020 4.46

After first adsorption 14.8 0.016 4.30

After first desorption 14.6 0.016 4.32

Cu2+/Zn2+-D751 resin Unused 18.3 0.020 4.45

After first adsorption 15.4 0.017 4.37

After first desorption 14.8 0.016 4.36
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intensity of peak was obviously weakened and shifted to 3453,
3468, 3475 cm�1. It might be that the forming of coordination

bond between the O atom on the –OH and metal ion, as shown
in Fig. S2 (Chen et al, 2017). The peaks appeared 3025, 2924
and 2849 cm�1 belonged to the C–H stretching vibrations of
saturated alkyl groups (Yuan et al, 2006). After loading metal
ion, the peaks were changed insignificantly, probably because

saturated alkyl groups were not participated in the adsorption
reaction. The absorption peak at 1630 cm�1 and 1402 cm�1

attributed the vibration absorption peak about the carboxylate



Fig. 3 FTIR spectra of (A) Me(ion)-LR ((a) Na+-D751, (b) Cu2+-D751, (c) Cu2+/Ni2+-D751 and (d) Cu2+/Zn2+-D751), (B) Me

(hydroxides)-LR ((a) Cu(OH)x-D751, (b) Cu(OH)x/Ni(OH)x-D751, (c) Cu(OH)x/Zn(OH)x-D751).
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on iminodiacetate moieties (Prabhu et al, 2014), and the peaks

after loading metal ion were also shifted to 1625, 1615 cm�1

and 1395, 1388 cm�1, respectively. It could be classified to
the formation of a coordination bond between metal ion and

O from carboxylate on iminodiacetate moieties, as shown in
Fig. S2 (Chen et al, 2017; Zhang et al, 2020). In addition,
the C-N peak at 1191 cm�1 was shifted to 1215, 1218 and
1224 cm�1 may be due to the binding of metal ion to N-

donor atom for iminodiacetate-type exchangers. (Igberase
et al, 2017; Sengupta et al, 1991).

3.2. Ammonia removal by Me(hydroxides)-LR

In order to solve the problem of metal ions shedding in adsorp-
tion and desorption process, three kinds of Me(ion)-LR were

modified by NaOH solution to obtain Cu(OH)x-D751, Cu
(OH)x/Ni(OH)x-D751 and Cu(OH)x/Zn(OH)x-D751 resin.
The effects of Me(hydroxides)-LR prepared under different
NaOH concentrations and modification time on the treatment

of ammonia solution containing high salinity and the stability
of Me(hydroxides)-LR were also investigated.

3.2.1. Effect of NaOH concentration

Fig. 4 (a) shows the effect of Me(hydroxides)-LR prepared
under different NaOH concentrations (from 0 to 0.02 mol/L)
on ammonia removal. It can be seen from Fig. 4 (a) that the

adsorption capacity of Cu(OH)x-D751 resin for ammonia
increased firstly and then decreased with the increasing of
NaOH concentration, and reached maximum at 0.005 mol/L.

The results can be interpreted as follow: initially, the partial
of metal adsorption sites on Me(ion)-LR absorbed OH– to

form Me(hydroxides)-LR R� Cu OHð Þx
� �

, which makes the

resin surface showed electronegative, thus facilitating the

adsorption of NH4
+ in the form of ionic bonds through electro-

static interaction. Meanwhile, the other partial of metal
adsorption sites on Me(ion)-LR absorbed NH3 in the form



Fig. 4 Effect of (a) NaOH concentration and (b) changes of pH

value of solution after ammonia adsorption by Me(hydroxides)-

LR, (c) modification time on ammonia removal by Me(hydrox-

ides)-LR.

Fig. 5 The adsorption capacity of Cu(OH)x-D751, Cu(OH)x/Ni

(OH)x-D751, Cu(OH)x/Zn(OH)x-D751 resin for ammonia after

three times of adsorption–desorption process.
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of coordination bond through coordination complexation to
form copper ammonia complex. When the NaOH concentra-
tion was 0.005 mol/L, the synergistic effect of electrostatic
interaction and coordination complexation on ammonia

adsorption reaches the maximum. Further increasing the con-
centration of NaOH, the metal adsorption sites on Me(ion)-
LR were more occupied by OH–. The adsorption capacity of

Cu(OH)x/Ni(OH)x-D751 and Cu(OH)x/Zn(OH)x-D751 resin
for ammonia increased with the increasing in NaOH concen-
tration, and attained maximum at 0.01 mol/L. Compared with

Cu(OH)x-D751 resin, bimetallic hydroxide loaded resin has a
higher metal loading, so it can provide more effective ammonia
adsorption sites. Fig. 4 (b) exhibits the changes of pH value of

reaction solution after ammonia adsorption by Me
(hydroxides)-LR prepared under different NaOH concentra-
tions (the corresponding pH value of modifier at each concen-
tration from 7 to 12.3) on ammonia removal. The results

suggested that the pH values of solution after ammonia
adsorption by either Me(ion)-LR or Me(hydroxides)-LR were
lower than that of the initial solution (pH = 11). On the one

hand, when the pH of the initial solution was 11, most of
ammonia was presented as molecular NH3(aq) (Eq. (6)) (Yu
et al., 2021; Chen et al., 2018). The coordination complexation

between NH3(aq) and metal adsorption sites on the resin were
carried out continuously, which reduced the content of NH3(-
aq) in the solution, promoted the proportion of NH3(aq)/
NH4

+(aq) to shift towards NH3(aq), thus leading to the

decrease of the pH value of the solution.

NH þ
4 þ OH - �NH3ðaqÞ þ H2O ð6Þ
On the other hand, it can also be found from Fig. 4(b) that

the adsorption of ammonia by Me(hydroxides)-LR would also
provide OH– and promoted the conversion of NH4

+(aq) to

NH3(aq), resulting in a further increase in ammonia removal.
Consequently, the change in solution pH values should be a
trade-off between above two effects.

3.2.2. Effect of modification time

Fig. 4(c) shows that the influence of Me(hydroxides)-LR
obtained by varying modification time on ammonia removal.

The adsorption capacity of Cu(OH)x-D751, Cu(OH)x/Ni
(OH)x-D751 and Cu(OH)x/Zn(OH)x-D751 resin for ammonia
in solution increased firstly and then decreased with the
increasing of modification time, and reached maximum when

the modification time was 15 min. One reasonable explanation
is that a combination of OH– and metal ions on Me(ion)-LR
formed metal hydroxide in a relatively short time. The existing

form of the loaded metal ion on resin changed, which was con-
ducive to the adsorption of ammonia. With the extension of
NaOH treatment time, the metal ions on Me(ion)-LR fell

off, resulting in the decrease of the ammonia adsorption
performance.

3.2.3. Reusability and stability of Me(hydroxides)-LR

In this experiment, three resins (Cu(OH)x-D751, Cu(OH)x/Ni
(OH)x-D751 and Cu(OH)x/Zn(OH)x-D751 resin) were used
to adsorb ammonia. Subsequently, these spent resins were des-

orbed using 1 mol/L NaCl solution and used to treat ammonia
again. Three successive desorption and regeneration processes
were carried out. The performance of ammonia removal for
Me(hydroxides)-LR and the shedding percent of metal ions

during the adsorption and desorption process were investi-
gated. The results are shown in Fig. 5 and Table 3,
respectively.

Fig. 5 indicates that the adsorption capacity of three resins
for ammonia decreased gradually after three times of desorp-



Table 3 The Me(hydroxides)-LR loading capacity and shedding percent of metal-ions during adsorption–desorption process.

State of

resin

Cu(OH)x-D751 Cu(OH)x/Ni(OH)x-D751 Cu(OH)x/Zn(OH)x-D751

Cu2+ Cu2+ Ni2+ Cu2+ Zn2+

Loading capacity of

metal ion

/ 54.36 mg/g

(0.85 mmol/g)

140.16 mg/g

(2.19 mmol/g)

52.51 mg/g

(0.89 mmol/g)

123.92 mg/g

(1.94 mmol/g)

16.98 mg/g

(0.26 mmol/g)

Shedding percent of

metal ion (%)

1st

adsorption

0.05 0.02 0.30 ND ND

1st

desorption

0.06 0.03 4.81 0.02 0.71

2nd

adsorption

ND 0.08 0.28 0.02 0.24

2nd

desorption

0.06 0.03 3.82 0.03 0.24

3rd

adsorption

ND 0.05 0.36 0.02 0.24

3rd

desorption

0.05 0.02 3.44 0.02 0.24

ND: the concentration of metal ions in solution was not detected by the atomic absorption spectroscopy.
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tion and regeneration. The third adsorption capacity of Cu

(OH)x-D751, Cu(OH)x/Ni(OH)x-D751 and Cu(OH)x/Zn
(OH)x-D751 resin for ammonia were 4.04 mg/g, 6.05 mg/g
and 6.14 mg/g, respectively, which remained at 70%, 73%
and 77% of the first adsorption capacity, respectively.

Compared with Me(ion)-LR (Table 1), the loading capacity
of metal ions on the Me(hydroxides)-LR (Table 3) were not
changed obviously. In addition, it can be observed from

Table 3 that for Cu(OH)x-D751 resin, the leakage of Cu2+

was detected only in the first adsorption process and the
Cu2+ shedding percent was 0.05%. The Cu2+ shedding per-

cent in three desorption processes were lower than that of in
the Cu2+-D751 resin. In addition, compared with Cu2+/
Zn2+-D751 resin, the Zn2+ shedding percent of Cu(OH)x/Zn

(OH)x-D751 resin in first desorption process was significantly
Fig. 6 SEM images of (a) Cu(OH)x-D751, (b) Cu(OH)x/Ni(OH

desorption, (e) Cu(OH)x/Ni(OH)x-D751 after desorption, (f) Cu(OH)x
reduced from 4.08% to 0.71%. However, the Ni2+ shedding

percent of Cu(OH)x/Ni(OH)x-D751 resin in three adsorption
and desorption processes were higher than that of Cu2+/
Ni2+-D751 resin.

3.2.4. Characterizations of Me(hydroxides)-LR

Fig. 6 presents SEM micrographs of Me(hydroxides)-LR
(a � c) and desorption process (d � f). As seen in Fig. 6

(a � c), the film-like species coating on the surface of Cu
(OH)x-D751, Cu(OH)x/Ni(OH)x-D751, Cu(OH)x/Zn(OH)x-
D751 resin and it still has obvious porous structured. Com-
pared Fig. 6 (a � c) with Fig. 2 (b � d) reveals that a large

number of small blocks were dispersedly distributed on the
surface of Me(hydroxides)-LR. After the first ammonia des-
orption, the porous structured on the resin surface was
)x-D751, (c) Cu(OH)x/Zn(OH)x-D751, (d) Cu(OH)x-D751 after

/Zn(OH)x-D751 after desorption.
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reduced, and the distribution of film-like species was more
evenly compared Fig. 6 (d � f) with (a � c).

As depicted in Fig. S1(b), the N2 adsorption and desorption

isotherms of six resins also shown typical type IV with H1 hys-
teresis loop. This result was indistinguishable from that in
Fig. S1(a). The specific surface area, pore volume and mean

pore diameter of the Me(hydroxides)-LR were decreased as
compared to Me(ion)-LR due to the reaction between OH–

with metal ion loaded on D751 resin, as shown in Table 4.

The FTIR spectrum of Cu(OH)x-D751, Cu(OH)x/Ni(OH)x-
D751, Cu(OH)x/Zn(OH)x-D751 resin are shown in Fig. 3 (B).
Compared with Me(ion)-LR (Fig. 4), the –OH stretching
vibrations of –COOH groups was shifted from 3453 cm�1 to

3449, 3468 to 3448 cm�1 and 3475 cm�1 to 3451 cm�1, respec-
tively, suggesting that the –OH were participated in the metal
hydroxide loading process. The X-ray photoelectron spec-

troscopy (XPS) measurements were also conducted to further
probe the possible ammonia adsorption mechanism onto Me
(hydroxides)-LR. The results of XPS spectra of Me

(hydroxides)-LR and ammonia saturated Me(hydroxides)-LR
are exhibited in Fig. 7 (A � F), respectively. As shown in
Fig. 7 (A), two main peaks at 934.2 and 953.8 eV can be

assigned to Cu 2p3/2 and Cu 2p1/2, which were corresponding
to Cu(OH)x and CuO, respectively (Ivanova et al., 2020, Li
et al., 2020). And there are two satellite peaks located at
941.0 and 944.0 eV. For the N 1 s region, the peak at

400.0 eV proves the –NH2 groups coming from D751 resin
and the peak located at 402.0 eV is attributed to the metal-
nitrogen bonds (-N-Cu) coming from the complexation of

the –NH2 groups to the Cu ions (Min et al, 2012; Mahata
et al, 2021). Furthermore, The O 1 s spectrum of Cu(OH)x-
D751 resin is composed of three peaks, with a main peak at

531.5 eV and two short peaks located at 530.5 and 532.6 eV.
The peaks at 531.5 and 530.5 eV, which are activated by O
atoms in C = O bands (Ou et al, 2006) coming from D751

resin and the -Cu–O bonds (Liang et al, 2018) coming from
Cu(OH)x, respectively. Besides, the peak at 532.6 eV, which
could be attributed to the absorption of O2 (Xu et al, 2017).
In the case of Ni 2p (Fig. 7(B)) on Cu(OH)x/Ni(OH)x-D751

resin, two main peaks located at 855.9 and 873.8 eV are
observed assigned to Ni 2p3/2 and Ni 2p1/2 (Álvaro et al,
2019), confirming the existence of Ni(OH)x and NiO, respec-

tively (Pan et al, 2019). And there are two satellite peaks
located at 861.2 and 879.6 eV. In the case of Zn 2p (Fig. 7
(C)) on Cu(OH)x/Zn(OH)x-D751 resin, the binding energies

existed at 1022.3 eV is corresponding to Zn(OH)x (Xie et al,
2020). In addition, after ammonia adsorption, the Cu2p spec-
Table 4 N2 adsorption–desorption analysis data of Me(hydroxides

Different types of Me(hydroxides)-LR State of Me(hydroxides)-LR Su

Cu(OH)x-D751 Unused 12

After first adsorption 12

After first desorption 12

Cu(OH)x/Ni(OH)x-D751 Unused 15

After first adsorption 14

After first desorption 14

Cu(OH)x/Zn(OH)x-D751 Unused 15

After first adsorption 14

After first desorption 14
trum at Cu 2p3/2 and Cu 2p1/2 in Cu(OH)x-D751-NH3 (Fig. 7
(D)), Cu(OH)x/Ni(OH)x-D751-NH3 (Fig. 7(E)) and Cu(OH)x/
Zn(OH)x-D751-NH3 (Fig. 7(F)), respectively have a chemical

shift toward higher binding energy. And the O1s peak at
530.5 eV was disappeared. Thus, it can be inferred that a coor-
dination exchange has occurred between NH3 and OH– on Cu

adsorption sites R� Cu OHð Þx
� � ! R� Cu NH3ð Þx

� �
. More-

over, it can be seen that the Ni2p peak in from Fig. 7(E) shifts
0.3 eV (from 855.9 eV to 856.2 eV) and the Zn2p peak in from

Fig. 7(F) shifts 0.4 eV (from 1022.3 eV to 1022.7 eV) to higher
binding energy, indicating that a coordination exchange of
NH3 and OH– on Ni, Zn adsorption sites were also achieved

(R�Ni OHð Þx ! R�Ni NH3ð Þx ,
R� Zn OHð Þx ! R� Zn NH3ð Þx .

3.3. Ammonia desorption of Me(hydroxides)-LR

3.3.1. Effect of different desorbents

A static desorption experiment was performed on ammonia-

saturated resins using HCl, NaCl, and NaOH as desorbents
to investigate the desorption effects of different desorbents,
determine the shedding percent of metal ions, and analyze

the stability of metal ions in the process of ammonia ligand
decomplexation, as shown in Fig. 8 (a) and Table 5. The
adsorption condition: room temperature (298 ± 2 K), concen-

tration of ammonia solution 100 mg/L, initial pH of solution
11, dosage of NaCl 4 g/L, dosage of resin 6 g/L, stirring speed
120 r/min and reaction time 150 min.

Fig. 8 (a) shows that the desorption percent of HCl and

NaOH as desorbents was higher than that of NaCl. When
the concentration of HCl increased from 0.01 mol/L to
1 mol/L, the desorption percent increased. Combing with

Table 5, a large amount of metal ions loaded on the resin dis-
solution. Using HCl as the desorbent of ammonia-saturated
resin, its desorption mechanism is that the NH3 adsorbed on

the resin first reacts with H+ to convert into NH4
+ and then

dissociates from the coordination with metal ions. To further
increase the HCl concentration, the metal ions loaded on the

resin were replaced by H+, which were subsequently released
into the solution, causing heavy metal pollution. Moreover,
the desorption percent and metal ion shedding percent of
NaOH as desorbent were slightly lower than those of HCl.

Using NaOH as the desorbent of ammonia-saturated resin

(R�Me NH3ð Þn OHð Þm ), it reduces the stability of

R�Me NH3ð Þn OHð Þm , which promotes the shift of
)-LR.

rface area (m2/g) Pore volume (cm3/g) Mean pore diameter (nm)

.2 0.013 4.37

.9 0.014 4.47

.0 0.013 4.40

.2 0.016 4.28

.5 0.016 4.34

.5 0.016 4.31

.3 0.016 4.29

.0 0.015 4.32

.2 0.015 4.35



Fig. 7 XPS spectra of Me(hydroxides)-LR before and after ammonia adsorption (A) Cu(OH)x-D751 (B) Cu(OH)x/Ni(OH)x-D751, (C)

Cu(OH)x/Zn(OH)x-D751, (D) Cu(OH)x-D751-NH3, (E) Cu(OH)x/Ni(OH)x-D751-NH3, (F) Cu(OH)x/Zn(OH)x-D751-NH3.
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R�Me NH3ð Þn OHð Þm into R�Me OHð Þx and then NH3 be

eluted from the resin. In addition, when the concentration of
NaOH increased to 1 mol/L, the resin appears to blacken

according to naked eye observation (Fig.S3), which probably
caused by combination of the Me(hydroxides)-LR and exces-

sive OH– to form black CuOx (R� Cu OHð Þx ! R� CuOx).

Meanwhile, as can be seen from the data in Table 5, the phe-
nomenon of metal ion shedding is still obvious. When 1 mol/L

NaCl solution was used as a neutral salt for the desorption of
ammonia-saturated Me(ion)-LR, the ammonia desorption per-
cent of Cu(OH)x-D751, Cu(OH)x/Ni(OH)x-D751 and Cu

(OH)x/Zn(OH)x-D751 resins were 67%, 64%, 70%, respec-
tively. The ammonia desorption percent of NaCl as desorbent
is lower than that of the other two desorbents, but those resins
maintained good stability and low metal shedding percent.

3.3.2. Effect of NaCl concentration

The desorption experiment was conducted on ammonia-
saturated adsorbents (Cu(OH)x-D751-NH3, Cu(OH)x/Ni

(OH)x-D751-NH3 and Cu(OH)x/Zn(OH)x-D751-NH3 resins)
using NaCl as desorbents to investigate the influence of NaCl
concentration on ammonia desorption. The results can be seen

from Fig. 8(b) that the ammonia desorption percent increased
with the increasing of NaCl concentration. When NaCl con-
centration was 1.5 mol/L (87.66 g/L), the maximum desorption

percent of Cu(OH)x-D751 resin for ammonia was 67.29%. For



Fig. 8 The ammonia desorption effects of (a) different desor-

bents, (b) NaCl concentration, (c) desorption time.
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Cu(OH)x/Ni(OH)x-D751 and Cu(OH)x/Zn(OH)x-D751 resin,
the maximum desorption percents were 69.53%, 76.54% when

the NaCl concentration was 2 mol/L (116.88 g/L). The concen-
Table 5 Effect of different desorbents on stability of Me(hydroxide

Concentration of desorbents (mol/L) Metal ion

/

Cu(OH)x-D751 shedding percent (%) Cu(Ⅱ)
Cu(OH)x/Ni(OH)x-D751 shedding percent (%) Cu(Ⅱ)

Ni(Ⅱ)
Cu(OH)x/Zn(OH)x-D751shedding percent (%) Cu(Ⅱ)

Zn(Ⅱ)

ND: the concentration of metal ions in solution was not detected by the
tration of NaCl solution as desorbents was much higher than
the initial concentration of NaCl in the reaction solution
(4 g/L), indicating that the Me(hydroxides)-LR has a good sta-

bility and is suitable for the treatment of ammonia wastewater
containing high salinity.

3.3.3. Effect of desorption time

In this experiment, the ammonia-saturated Cu(OH)x-D751
resin (0.6 g) was soaked in 100 mL 1.5 mol/L NaCl solution
and Cu(OH)x/Ni(OH)x-D751 and Cu(OH)x/Zn(OH)x-D751

resins (0.6 g) were soaked in 100 mL 2.0 mol/L NaCl solution,
respectively, under shaking at 120 r/min for desired time
(30 min, 60 min, 90 min). The results presented in Fig. 8(c)

shows that the desorption percent of Cu(OH)x-D751, Cu
(OH)x/Ni(OH)x-D751 and Cu(OH)x/Zn(OH)x-D751 resin
for ammonia in solution increased firstly and then decreased

with the increasing of desorption time, and the maximum des-
orption percent of three resins reached the maximum at
60 min, which were 67.29%, 69.53% and 76.54%, respectively.
A probably reason is that when NaCl solution is used as des-

orbent for the desorption of ammonia-saturated resin, the

maximum transition from R�Me NH3ð Þn OHð Þm into

R�Me OHð Þx is achieved, and then NH3 be eluted from the

resin. And further prolonging the desorption time, the des-
orbed ammonia was re-adsorbed on the resin.

3.4. The adsorption pathway for ammonia in solution in the
metal ion/metal hydroxide loaded resin

According to the above experimental and characterization

results, the adsorption pathway for ammonia in solution in
the metal ion/metal hydroxide loaded resin can be inferred,
taking Cu2+-D751 and Cu(OH)x-D751 resins as example, as

shown in Fig. 9. Under alkaline conditions (pH = 11), ammo-
nia mainly exists in a free state (NH3(aq)). The adsorption sites
on metal ion loaded resin (Me(ion)-LR) and metal hydroxide
loaded resin (Me(hydroxide)-LR) absorbed portion of OH–

in solution to make the resin surface showed electronegative,
which was conducive to the adsorption of NH4

+ in the form
of ionic bonds through electrostatic interaction. On the other

hand, the metal adsorption sites on Me(ion)-LR and Me
(hydroxide)-LR resin form a coordination bond with N atom
in NH3 by sharing the lone pair of electrons provided by N,

O atom, thus forming a metal ammonia complex loaded resin.
In summary, the ammonia removal by metal ion/metal
hydroxide loaded resin was primarily attributable to coordina-
tion complexation and electrostatic interaction.
s)-LR.

NaOH HCl NaCl

0.01 1.0 0.01 1.0 0.01 1.0

0.04 3.37 0.06 84.62 ND 0.06

0.02 1.12 0.99 81.57 ND 0.03

ND 1.59 3.29 22.69 0.10 4.81

ND 2.56 0.77 95.76 0.02 0.02

1.35 25.52 4.71 45.15 ND 0.71

atomic absorption spectroscopy.



Fig. 9 The adsorption pathway for ammonia in solution in the metal ion/metal hydroxide loaded resin.
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4. Conclusion

In order to improve the stability of metal ions on the Me(ion)-LR dur-

ing ammonia ligand decomplexation, a novel Me(hydroxides)-LR was

prepared to efficiently remove ammonia from solutions containing

high salinity. Based on the results of this study, we draw the following

conclusions.

1). the optimal ammonia adsorption capacity was obtained by

using Cu(OH)x-D751, Cu(OH)x/Ni(OH)x-D751 and Cu(OH)x/Zn

(OH)x-D751 resin prepared under the conditions of NaOH concentra-

tion 0.005, 0.01, 0.01 mol/L, respectively and the modification time

15 min.

2). the stability of metal ion during ammonia ligand decomplexa-

tion could be improved by NaOH modification.

3). the ammonia desorption percent of Me(hydroxides)-LR with

NaCl solution as desorbent was lower than that of the other two des-

orbents (HCl and NaOH), but resins maintained better stability and

lower metal shedding percent. The corresponding maximum desorp-

tion percent of Cu(OH)x-D751, Cu(OH)x/Ni(OH)x-D751 and Cu

(OH)x/Zn(OH)x-D751 resin for ammonia was 67.29%, 69.53% and

76.54%, respectively under the condition of the NaCl as desorbent,

NaCl concentration 1.5, 2, 2 mol/L, respectively and the desorption

time 60 min.

4). the ammonia removal by Me(hydroxides)-LR was primarily

attributable to coordination complexation and electrostatic

interaction.
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