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Developing an efficient absorbent for selective ammonia capture is of significant importance in the recovery and
utilization of ammonia resources. Herein, a series of supramolecular-based ternary deep eutectic solvents (DESs)
was designed and prepared using per-hydroxy pillar[5]arene (OHP[5]) and ethylamine hydrochloride as the key
components. It is found that the supramolecular-based ternary DES EaCl-Gly (1:2)-6% OHP[5] could be
employed as an efficient absorbent for reversible absorption of NHz. The NH3 uptake capacity reached 2.39
mmol/g and 10.84 mmol/g at 298.2 K under the pressure of 10 kPa and 100 kPa, respectively. Meanwhile, a
higher NH3/CO;, selectivity (84) was obtained at 298.2 K and 100 kPa owing to the low solubility of CO; in EaCl-
Gly (1:2)-6% OHP[5]. The results of 'H NMR and FTIR spectra further clarified the absorption mechanism of NH;3
by EaCl-Gly (1:2)-6% OHP[5]. Accordingly, the chemical absorption and physical dissolution capacity of NH3 in
EaCl-Gly (1:2)-6% OHP[5] were calculated on the basis of isotherm data and thermodynamic equations. This
study offers a promising application of pillar[5]arene to form supramolecular-based DESs for efficient NH3

absorption.

1. Introduction

As an important industrial raw material, ammonia gas (NH3) is
widely used in industry production. For example, nitrogen fertilizer,
urea, sulfonamide and ammonium salts are synthesized using ammonia
gas as raw materials [1-3]. In addition, the content of hydrogen atoms in
NHj can reach 17.6 wt%, and NHs is easier to liquefy than Ho, making it
a great advantage for storage and transportation. Therefore, NHs may
have better application prospects than Hy in the energy field [4-6]. On
the other hand, NHj is one of the main atmospheric pollutants. A large
amount of NHj released in the process of chemical production has
caused serious environmental pollution. For example, a large amount of
NHj emissions will cause the problem of exceeding the standards for
PM2.5, and NOy produced by NHj3 in the oxidation process will further
lead to the occurrence of nitric acid rain. These would cause great
damage to the environment and human physical health [7,8]. Therefore,
it is important to develop a type of new absorbent or adsorbent with high
efficiency and selectivity for NHs separation.

At present, NHs in the tail gas is usually removed by scrubbing with
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water or water solution of inorganic acid [9-11]. However, a large
amount of ammonia wastewater is produced during the NH3 removal
processes, and the treatment of ammonia wastewater is very complex
and tedious. In order to efficiently separate and purify NH3 from the tail
gas, various novel liquid solvents such as protic ionic liquids [12-15],
hydroxyl-functionalized ionic liquids [16-18], metal-based ionic liquids
[19,20], and metal-based DESs [21-23] have been reported for efficient
absorption and purification of NHs. For example, Ma et al. designed an
ImCl + Gly DES for reversibly capturing NHs with a capacity of 12.93
mmol/g at 298.2 K and 101.3 kPa through a hydrogen bonding inter-
action. However, the performance of the ImCl + Gly DES for NH3 ab-
sorption was down 16 % after five NH3 absorption—desorption cycles
[24]. Wang et al. also developed a metal-based ionic liquid [Bmim]s[-
CuCly] for achieving a NH3 uptake of 10.1 mmol/g through a coordi-
nation interaction, but about 20 % captured NHg could not be desorbed
and released from the complex of [Bmim]s[CuCl4] + NHj3 after 5 cycles
[19]. These progresses show that the interaction of metal-based ionic
liquids or DESs with NH3 molecules seems a bit strong. Therefore, the
screening of advanced absorbents with good reversibility for efficient
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absorption and purification of NHj is still in high demand.

Pillar[n]arenes are a class of macrocyclic supramolecular com-
pounds with columnar structures and multiple modifiable chemical sites
[25,26], which exhibit good performance in gas adsorption. In partic-
ular, per-hydroxy pillar[5]arenes (OHP[5]) possessing many phenol
hydroxyl groups have a good potential to capture NH3 via a acid-base
interaction. Moreover, the use of liquid absorbents for NH3 capture
have the advantages of considerable solubility, continuous operation
and low cost. It is a good strategy to dissolve OHP[5] in DES and
reconstruct a type of new liquid absorbents. [27,28] Then the design and
preparation of liquid absorbents composed of OHP[5] are helpful and
expected to achieve the effective capture and recovery of NH3.

In this study, a series of supramolecular OHP[5]-based ternary DESs
were designed and applied for reversible and efficient absorption of
NHs. The NH3 absorption capacity and reversibility could be controlled
by adjusting the species composition and molar ratio. Moreover, the
proton nuclear magnetic resonance (*H NMR) spectra and Fourier
transform infrared (FTIR) spectra of supramolecular OHP[5]-based
ternary DESs before and after NH3 capture were tested to study the
interaction mechanism. The thermodynamic analysis was further car-
ried out to realize the NH3 absorption behavior. In addition, the recy-
clability of supramolecular OHP[5]-based ternary DESs in the NHj
absorption—desorption process was also investigated.

2. Experimental section
2.1. Experimental materials

Ethylamine hydrochloride (EaCl, 98 %), urea (99 %), acetamide (AA,
99 %), glycerol (Gly, 99 %), 1,4-dimethoxybenzene (99 %), boron tri-
bromide (99 %), boron trifluoride diethyl etherate (98 %), para-
formaldehyde (95 %), chloroform (99.5 %), 1,2-dichloroethane (99.5
%), and dichloromethane (99.5 %) were purchased from Shanghai
Macklin Biochemical Co., Ltd. Ammonia (NHg, 99.99 v/v%) and carbon
dioxide (CO2, 99.99 v/v%) were purchased from Jiangxi Huahong
Special Gas Co., Ltd. All reagents were used directly without further
treatment.

2.2. Synthesis of OHP[5]

The synthesis procedure of OHP[5] was carried out according to the
method previously reported [29]. The first step is the synthesis of pre-
cursor dimethoxypillar[5]arene (DMP[5]). 1.38 g of 1, 4-dimethoxy-
benzene and 0.93 g of paraformaldehyde were added to 20 mL solu-
tion of 1, 2-dichloroethane. After stirring at room temperature for 30
min, 1.25 mL of boron trifluoride ether was added to the reaction so-
lution. The reaction solution was stirred for 30 min at 303.2 K. After
that, water was added to quench the reaction. Finally, DMP[5] was
separated and obtained by column chromatography (petroleum ether:
dichloromethane = 1:3).

For the synthesis of OHP[5], 0.5908 g of DMP[5] and 5.010 g of
boron tribromide were added into 30 mL of chloroform. Then the so-
lution was stirred continuously at room temperature for 72 h. After that,
30 mL of water was poured into the reaction solution to remove excess
boron tribromide and thereby to obtain white precipitate. The white
precipitate was washed with chloroform and HCl (0.5 M). As a result, the
white powder OHP[5] was dried and obtained under vacuum for 12 h.
The yield of OHP[5] was 54 %.

2.3. Preparation of OHP[5]-based ternary DESs

As shown in Scheme 1, all the OHP[5]-based ternary DESs were
prepared by mixing OHP[5] and EaCl with one of Gly, Urea, and AA. In a
typical run, EaCl and Gly were mixed with a molar ratio of 1:2 to obtain
the EaCl-Gly (1:2) DES at 353.2 K for 1 h. After that, 6 wt% OHP[5] was
added to the EaCl-Gly (1:2) DES and stirred for another 1 h. As a result,
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Scheme 1. Schematic illustration for the synthesis of supramolecular OHP[5]-
based ternary DESs.

the homogenous liquid was obtained and denoted as EaCl-Gly (1:2)-6%
OHP[5]. The synthetic procedures of EaCl-AA (1:1)-6% OHP[5] and
EaCl-Urea (1:1)-6% OHP[5] was according to that of EaCl-Gly (1:2)-6%
OHPI[5].

2.4. Characterizations

The 'H and 3C NMR spectra of supramolecular OHP[5]-based
ternary DESs were obtained from 400 MHz Bruker Avance III spec-
trometer. The density of supramolecular OHP[5]-based ternary DESs
were determined by Anton Paar DMA 4500 M densitometer. The vis-
cosity of supramolecular OHP[5]-based ternary DESs were tested on
Brookfield DV II + Pro viscometer. The thermal stability of supramo-
lecular OHP[5]-based ternary DESs were examined by thermogravi-
metric analyzer (PerkinElmer Diamond TG/DTA) under N, atmosphere.
The FTIR spectra of supramolecular OHP[5]-based ternary DESs were
recorded by A Nicolet 6700 spectrometer.

2.5. NHjs absorption

The experimental data of NHs absorption were obtained using a self-
made experimental device, which is consistent with our previous work
[30]. The specific experimental devices and processes are described in
the supplementary data (Figure S1). The gas absorption capacity of su-
pramolecular OHP[5]-based ternary DESs were obtained by calculating
the pressure changes in the two gas chambers before and after NH;
absorption. For the cycle performance test, the OHP[5]-based ternary
DES loaded with saturated NH3 was desorbed for 2 h under vacuum at
353.2 K, and then the regenerated OHP[5]-based ternary DES was used
for the next NH3 absorption experiment.

3. Results and discussion
3.1. Characterization

The structure of DMP[5] and OHP[5] were verified by 'H NMR and
13C NMR spectra, as shown in Figures S2-5. The results confirmed the
successful synthesis of OHP[5], which is consistent with the structure
reported in the literature. Moreover, Fig. 1 shows the thermogravimetric
curves of OHP[5]-based ternary DESs in the temperature range from
323.2 to 1073.2 K under N; atmosphere. Thermal decomposition tem-
peratures sequence of OHP[5]-based ternary DESs were as follows: EaCl-
Urea (1:1)-6% OHP[5] > EaCl-Gly (1:2)-6% OHP[5] > EaCl-AA (1:1)-
6% OHP[5]. The thermal decomposition temperatures of the three OHP
[5]-based ternary DESs were all above 400 K, showing that they have
good thermal stability in the NH3 absorption—-desorption cycles. And the
melting points of three OHP[5]-based DESs were tested, as shown in
Figure S10. The melting point of EaCl-Urea (1:1)-6% OHP[5] is about
278.5 K. But EaCl-Gly (1:2)-6% OHP[5] and EaCl-AA (1:1)-6% OHP[5]
have not found their melting points, which may be due to their
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Fig. 1. TGA curves of OHP[5]-based ternary DESs.

amorphous structure.

3.2. Physical properties of OHP[5]-based ternary DESs

The density and viscosity of OHP[5]-based ternary DESs are the
essential basic data of NH3 absorption process. Fig. 2 shows the density
and viscosity test results of three OHP[5]-based ternary DESs at different
temperatures. It is obvious that the density of three OHP[5]-based
ternary DESs decreased linearly with increasing temperature ranges of
293.2 ~ 353.2 K, while their viscosity values showed an exponentially
decreasing trend at 313.2 ~ 353.2 K. And the viscosity of EaCl-Gly (1:2)-
6% OHP[5] was lower than 75 cP at 313.2 K, which means that the mass
transfer resistance of its absorption process is extremely low. Moreover,
the density and viscosity values of three OHP[5]-based ternary DESs
were fitted according to equations 1 and 2. The corresponding fitting
parameters are listed in Table S1 in the supplementary data.

p=A+BT (@]

(2)

R
n=1

3.3. NHj3 absorption performance

Firstly, the content of OHP[5] in the absorbent was screened. With
the increase in OHP[5] content from 2 % to 6 %, the NH3 absorption
capacity of EaCl-Gly (1:2)-6% OHP[5] also increases. When the mass
percentage of OHP[5] is greater than 6 %, a homogeneous liquid cannot
be formed. Therefore, the mass percentage of OHP[5] was selected as 6
%. In order to evaluate the absorption performance of NHs, the ab-
sorption isotherms of NH3 on three OHP[5]-based ternary DESs were
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measured at 313.2 K, as shown in Fig. 3. The results indicated that EaCl-
Gly (1:2)-6% OHP[5] exhibited higher NH3 absorption capacity (6.87
mmol/g) compared to EaCl-Urea (1:1)-6% OHP[5] (4.95 mmol/g) and
EaCl-AA (1:1)-6% OHP[5] (4.64 mmol/g). The difference in NH;3 ab-
sorption capacity on three OHP[5]-based ternary DESs may be attrib-
uted to the fact that glycerol (Gly) contains more hydroxyl functional
groups than urea and acetamide (AA). A more stable hydrogen bond
network in EaCl-Gly (1:2)-6% OHP[5] contributes its higher NH3 ab-
sorption capacity.

Subsequently, the NH3 absorption rate of EaCl-Gly (1:2)-6% OHP[5]
was investigated using pseudo-first-order kinetic (Eq. S1) and pseudo-
second-order kinetics model fitting (Eq. S2) were further performed on
the relevant NH3 experimental data [31]. As shown in Fig. 4a, the NH3
absorption equilibrium in EaCl-Gly (1:2)-6% OHP[5] can be reached
within 5 min. This fast NHg absorption rate results from the low viscosity
value of EaCl-Gly (1:2)-6% OHP[5] along with a relatively low gas mass
transfer resistance during the absorption process. Furthermore, the
fitting curve showed a high correlation (R2 > 0.98) with the NH3 ab-
sorption data. However, the pseudo-second-order kinetic model used to
describe the NHg absorption process has an obvious deviation. For
example, the fitting values and experimental values of NHg absorption
capacity at 1 min are 6.9 and 8.1 mmol/g, respectively. And the fitting
value of the NH3 absorption capacity is significantly greater than the
experimental value after 5 min. Compared with the correlation coeffi-
cient (R? = 0.98) of the pseudo-first-order kinetic model, the correlation
coefficient (R2 = 0.96) of the pseudo-second-order kinetic model is
smaller. Therefore, pseudo-second-order kinetic models are not suitable
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Fig. 3. NHj; absorption isotherms in EaCl-Gly (1:2)-6% OHP[5] (l), EaCl-Urea
(1:1)-6% OHP[5] (@), and EaCl-AA (1:1)-6% OHP[5] (a) at 313.2 K.
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to describe the absorption process. The relevant kinetic model fitting
parameters are also shown in Table S2 in the supplementary data.

The influence of temperature and NHj3 partial pressure on the NH3
absorption performance of EaCl-Gly (1:2)-6% OHP[5] was further
studied, as shown in Fig. 4b. When the temperature increased from
298.2 to 313.2 K, the NHs-saturated absorption capacity in EaCl-Gly
(1:2)-6% OHP[5] decreased from 10.8 to 6.9 mmol/g. This implies
that the absorption of NHs by EaCl-Gly(1:2)-6% OHP[5] is an
exothermic process. Moreover, the NH3 absorption capacity of EaCl-Gly
(1:2)-6% OHP[5] enhanced with the increase of NH3 partial pressure,
indicating that a higher pressure is beneficial for NH3 capture. Notably,
the NHj absorption isotherm of EaCl-Gly (1:2)-6% OHP[5] had an
obvious nonlinear increase at the lower partial pressures of 0 ~ 20 kPa,
whereas a linear increase in NH3 absorption uptake was observed in the
partial pressure range of 20-100 kPa. This suggests that there might
exist two kinds of absorption interaction (chemical absorption and
physical dissolution) between OHP[5]-based ternary DESs and NHj3
molecules.

3.4. Comparison of OHP[5]-based DESs with other absorbents in the
literature

The NHj absorption performance of supramolecular OHP[5]-based
ternary DESs and other liquid absorbents in the literatures were
collected and listed in Table 1. It is found that the addition of OHP[5]
can obvious improve the NH3 absorption performance by comparing
supramolecular-based ternary DESs (entries 1-3) and binary DESs (en-
tries 4-6). For example, the absorption capacity of EaCl-Gly (1:2)-6%
OHP[5] on NHj3 could reach as high as 2.39 (10 kPa) and 10.84 mmol/g
(100 kPa), while the NH3 absorption capacity on EaCl-Gly (1:2) was only
1.59 (10 kPa) and 9.34 mmol/g (100 kPa) at 298.2 K. Moreover, the NHg
absorption performance of supramolecular-based ternary DESs are su-
perior to tradition ionic liquids and DESs (entries 10-14). Although
some functionalized ILs and DESs (entries 7-9 and 15-17) show higher
NHj absorption capacity, the NH3 absorption performance loss in their
absorption—desorption cycles cannot be ignored. For example, ChCl +
TetrZ + EG (3:7:14) DES lost 24 % of the saturation NH3 capacity after 6
cycles. 3,4-DHBA + EG (1:3) had a 13 % loss of the saturation NHg
absorption capacity after five cycles.

3.5. NH3/CO; absorption selectivity

It is known that the NH3-containing exhaust gas often contains COy
and Nj. Therefore, the absorption of CO, and Ny by EaCl-Gly (1:2)-6%
OHP[5] were measured to calculate the IAST selectivity, as shown in
Figure S7-8. The absorption capacities of EaCl-Gly (1:2)-6% OHP[5] for

Table 1
Comparison of NH3 absorption capacity for OHP[5]-based DES and other ab-
sorbents in the literature.

Entry  Samples Temperature ~ NHj absorption Ref.
(K) capacity (mmol/
g)
10 100
kPa kPa
1 EaCl-Gly(1:2)-6% OHP 298.2 2.39 10.84 This
[5] work
2 EaCl-Urea(1:1)-6% 313.2 0.99 4.95 This
OHP[5] work
3 EaCl-AA(1:1)-6% OHP 313.2 0.99 4.64 This
[5] work
4 EaCl + Gly (1:2) 298.2 1.59 9.34 [32]
5 EaCl + AA (1:1) 313.2 0.63 4.00 [33]
6 EaCl + Urea (1:1) 313.2 0.61 4.52 [34]
7 ChCl + TetrZ + EG 298.2 6.79 13.69 [35]
(3:7:14)
8 [Emim]2[Co(NCS)4] 303.2 3.06 10.59 [20]
9 [Bim][SCN] 303.2 2.12 13.63 [36]
10 ChCl + PhOH + EG 298.2 2.63 9.62 [371
(1:5:4)
11 Tri + Gly (1:3) 313.2 - 6.71 [38]
12 [DMEA][Ac] 298.2 - 5.87 [39]
13 [EtOHmim][BF,] 313.2 - 2.64 [16]
14 [Bmim] [PFe¢] 298.2 - 1.23 [40]
15 [Li-TEG][Tf,N] 313.2 - 7.69 [41]
16 3,4-DHBA + EG (1:3) 298.2 5.64 11.69 [42]
17 [DEA]CI 298.2 5.64 10.77 [43]

Ng and CO5 were 0.035 mmol/g and 0.129 mmol/g at 298.2 K and 1.0
bar, respectively. This shows that EaCl-Gly (1:2)-6% OHP[5] has a good
selectivity of NH3/COy and NH3/Nj. Moreover, the comparison results
of EaCl-Gly (1:2)-6% OHP[5] with other absorbents are also listed in
Table 2. It is found that the absorption capacity of CO5 on EaCl-Gly (1:2)-
6% OHP[5] was extremely low, and the selectivity of NH3/CO; could
reach 275 at 313.2 K and 100 kPa. The NH3/CO> selectivity of EaCl-Gly
(1:2)-6% OHP[5] exceeded those of many DESs and functionalized ionic
liquids. Therefore, EaCl-Gly (1:2)-6% OHP[5] showed a good applica-
tion potential for recovering ammonia in waste gas containing COx.

3.6. NHj3 absorption mechanism

In order to better describe the NH3 absorption mechanism, the
interaction between EaCl-Gly (1:2)-6% OHP[5] and NH3 molecules was
further analyzed by 'H NMR and FTIR spectra characterization. As
shown in Fig. 5, EaCl-Gly (1:2)-6% OHP[5] showed proton peaks at
4.49, 7.96 and 8.48 ppm, which were attributed to the hydroxyl group of
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Table 2
NH3/CO, selectivity on supramolecular-based ternary DESs and other
absorbents.
Absorbent T (K) Absorption NH3/CO4 Ref.
capacity (mmol/ selectivity
8’
NHj CO,
EaCl-Gly(1:2)-6% 298.2 10.84 0.129 84 This
OHP[5] work
EaCl-Gly(1:2)-6% 313.2 6.87 0.025 275 This
OHP[5] work
[Emim]5[Co(NCS)4] 303.2 11.70 0.223 52 [20]
[Bmim],[CuCly] 303.2 10.10 0.202 50 [19]
[EtOHmim][PFg] 313.2 2.48 0.039 63 [16]
[EtOHmim][BF,] 313.2 3.07¢ 0.050 61 [16]
NH4SCN/CL (1:3) 313.2 1.73 0.060 29 [44]
[Im][NO3]/EG (1:3) 3132 3219 0.023¢ 140 [12]
Im/Res (1:1) 313.2 9.06 0.189 47.9 [45]
Im/Gly (1:3) 313.2 5.81 0.156 37.3 [38]
[Bmim][MeSO3]/Urea 313.2 0.55° 0.059 9.3 [46]
1:1)

a: at 100 kPa. b: at 107.91 kPa. d: at 115.56 kPa. d: molar ratios. e: the ab-
sorption capacity is calculated according to the Henry’s constants in original
publication.

Gly, the protonated amine group of EaCl and the phenol hydroxyl group
of OHP[5], respectively. These three types of proton peaks were together
shifted to 5.19 ppm, while the other proton peaks of OHP[5]-based
ternary DESs did not change significantly after absorption of NHs.
This suggests that the active proton hydrogen (4.49, 7.96 and 8.48 ppm)
is the site of interaction with NHs, which has been reported in previous
reported literature [24,37]. Moreover, Fig. 6 shows the FTIR spectra of
EaCl-Gly (1:2)-6% OHP[5] before and after NH3 absorption. After the
absorption of NHs, the absorption peak at 1426 em™! for the in-plane
bending vibration of hydroxyl group (-OH) disappeared, which is
probably because the interaction between Gly and NH3z molecules would
destroy the hydrogen bonding network in Gly. Also, the absorption peak
at 1513 cm ! for the benzene ring skeleton vibration in OHP[5] obvi-
ously weaken after NH3 absorption, confirming the interaction between
OHP[5] and NH3 molecules [19].

a
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3.7. Thermodynamic study

In order to further analyze the thermal effect of supramolecular OHP
[5]-based ternary DES on NHj3 absorption, the thermodynamic analysis
of EaCl-Gly (1:2)-6% OHP[5] was carried out. The absorption data were
fitted according to the empirical formula, as shown in Egs. 1-3 [47].

KP

= Ychem =4nT T o T 7 1
9= Geren +Gpiy = I pp T (€]
KP
chem = 4m~¥ o p 2
Ger 9n T Kp (2)
P
9oy = 7 3

Where q is the total NH3 absorption capacity (mmol/g), qeuenm iS the
chemical absorption capacity (mmol-g™1), Qphy is the physical absorp-
tion capacity (mmol-g™1), K is the chemical absorption equilibrium
constant (kPa’l), H is the Henry coefficient (kPa-g-mmol’l), and qp, is
the maximum absorption capacity of chemical absorption (mmol-g ™).
As shown in Fig. 7, the isotherm data of NH3 absorption by EaCl-Gly
(1:2)-6% OHP[5] fitted very well with the empirical formula, and the
relevant thermodynamically fitted parameters are listed in Table S3. It
can be seen that the absorption capacity of NH3 was mainly contributed
by chemical absorption in the pressure range of 0 ~ 20 kPa and the
chemical absorption capacity can be negligible in the pressure range of
20 ~ 100 kPa. By contrast, the physical absorption capacity was linearly
related to the NHj partial pressure. Subsequently, the enthalpies of
chemical absorption and physical dissolution were calculated from Egs.
S3 and S4, respectively. As shown in Figure S9, the enthalpies value of
/AHchem and AHppy were —30.13 kJ/mol (Figure S9a) and —12.69 kJ/
mol (Figure S9b), respectively. This finding demonstrate the presence of
two kinds of interactions between EaCl-Gly (1:2)-6% OHP[5] and NHs.

3.8. Cycle performance of OHP[5]-based ternary DES

Cycle performance is another important parameter for evaluating the
property of absorbents. Therefore, the cycle performance of EaCl-Gly
(1:2)-6% OHP[5] was tested for nine NH3 absorption-desorption cy-
cles as shown in Fig. 8. It can be seen that EaCl-Gly (1:2)-6% OHP[5] lost

Before NH, absorption s . OH A
3 p <N Cl H(\,‘_/f\_‘.OH ( u = /’)
b
|
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AN L \_ U JL
After NH; absorption
atb+e
‘ \.l -CH:-
i N oo I
8 7 6 5 3 2 1

‘fl (ppm)

Fig. 5. H NMR spectra of EaCl-Gly (1:2)-6% OHP[5] before and after NH3 absorption.
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Fig. 7. Total, physical and chemical adsorption capacity of NH; on EaCl-Gly (1:2)-6% OHP[5].

approximately 5 ~ 7 % saturated NH3 absorption capacity after 9 cycles.
This may be because the residual NHj is hard to desorb and release at the
desorption temperature of 353.2 K. Except for the residual fraction, the
available NH3 absorption capacity of EaCl-Gly (1:2)-6% OHP[5] can
remain stable and have no obvious decrease during 9 absorp-
tion—desorption cycles, indicating a relatively good reusability of EaCl-
Gly (1:2)-6% OHP[5].

4. Conclusions

In conclusion, three supramolecular-based ternary DESs were suc-
cessfully prepared to realize efficient and selective absorption of NH3.
The results showed that the supramolecular-based ternary DES EaCl-Gly
(1:2)-6% OHP[5] had an excellent NH3 absorption capacity of 10.84
mmol/g and an NH3/CO3, selectivity of 275 at 313.2 K and 100 kPa. And
the NH3 absorption behavior and mechanism on EaCl-Gly (1:2)-6% OHP
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Fig. 8. Recycling of NH3 absorption-desorption by EaCl-Gly (1:2)-6% OHP[5].

[5] was clearly illustrated by the characterizations of 'H NMR and FTIR
spectra and thermodynamic study. In addition, EaCl-Gly (1:2)-6% OHP
[5] showed a good cycle stability during nine NHs absorp-
tion—desorption cycles. The supramolecular-based ternary DESs show
excellent application prospects for recovery and utilization of ammonia
resources.
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