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Abstract: Ammonia is a typical toxic pollutant and also one of the main causes of the formation of PM, 5. The emission

of industrial tail gases containing a large amount of ammonia not only seriously affects the environment and health of

human beings, but also results in serious waste of ammonia sources if directly discharged into the atmosphere. Because
of their abundant pore structures and large specific surface areas, good adsorption characteristics and mechanical
stability, porous materials have attracted a lot of attention in gas adsorption, especially in ammonia removal. Different
porous materials can effectively absorb ammonia through the physical or chemical interaction between ammonia and
their special pore structures or action sites. The adsorption method for ammonia removal has the several advantages,
such as high selectivity, easy recovery and low energy consumption, so it is widely used in many industrial processes.

In this review, the recent research status and progress of ammonia removal using different porous materials were

reviewed, mainly focused on the research around the ammonia adsorption performances of zeolite, silica gel, activated

carbon, graphene oxide, porous organic polymer, covalent organic frameworks (COFs), metal-organic frameworks

(MOFs) materials before and after modification, and the research progress of supported ionic liquids materials for

ammonia separation in recent years was also introduced. Ionic liquids, as a class of green medium, have several unique

advantages for ammonia removal, such as low vapor pressure, high gas selectivity, high thermal stability, tunable
structures and properties. Supported ionic liquids materials can combine the characteristics of both ionic liquids and

porous materials, which can break the traditional restriction of ionic liquids in industrial applications and providing a

novel pathway for ammonia removal applications. Finally, given the main problems of the current development on

ammonia removal and recovery using porous materials, the future research directions and solutions had been put
forward.

Key learning points:

(1) Different porous materials can effectively absorb ammonia through the physical or chemical interaction between
ammonia and their special pore structures or action sites.

(2) Supported ionic liquids materials can combine the characteristics of both ionic liquids and porous materials,
breaking the traditional restriction of ionic liquids in industrial applications and providing a novel pathway for NH3
removal applications.

(3) Given the main problems such as the unknown adsorption mechanism and the difficulty of large-scale preparation
of the current development on NH3 removal and recovery using porous materials, the future research directions

and solutions had been put forward.
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Fig.1 NHj3 adsorption capacities of different zeolites at
298.15 K and different pressures®]
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Table 1 NHj3 adsorption properties of artificial zeolite before
and after modification!'3]

Time of Saturation Adsorption
Sample breakthrough time of capacity/(mg/g)
adsorption  adsorption Before After
column/min  column/min modification modification

Z-D 15 20 1.86 0.91

Z-M 60 80 7.43 3.64
Z-20wt%HCI-D 50 80 6.64 3.38
Z-20wt%HCI-M 180 230 20.93 10.67
Z-20wt%ZnCl,-D 120 140 11.48 6.77
Z-20wt%ZnCl,-M 550 580 49.9 29.42

Z-20wt%NiCl-D 110 140 11.31 6.51
Z-20wt%NiCl,-M 570 610 53.37 30.72
Z-20wt%CuCLA-D 150 200 14.92 9.11
Z-20wt%CuCLA-M 620 650 54.13 33.06
Z-10wt%CuCl,B-D 140 170 13.44 8.07
Z-10wt%CuCl,B-M 390 450 36.41 21.87

Note: Z. Atrtificial zeolite, D. Dry, M. Moisture.
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Fig.3 NHj3 adsorption capacities of active alumina modified
materials at 100 kPa and different temperatures!'8]
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(b) After calcination
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Fig.5 SEM images of graphene oxide before and after calcination*4!
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Fig.6 NH; penetration and desorption curves of graphene oxidel3¥

7 2 NH: BRRRMERE R A RLERE pH LB
Table 2 NHj3 removal capacities and the changes
of pH values on surface of materialsi*¥

NHj breakthrough capacity pH value

Sample Adsorbent/(mg/g) Adsorbent/(mg/cm®) Initial Exhausted
GCB 0.40 0.20 8.66 8.70
GO-D-ED 27.8 12.0 3.40 6.64
GO-ED 61.0 29.9 3.15 7.66
GO-EM 384 18.4 3.15 7.40
GO-C-ED 16.8 1.85 6.35 7.45
GO-C-EM 15.5 1.70 6.35 7.20

Note: GCB. Graphitized carbon black, GO-D. The GO was dried at 120 C,
GO-C. Graphite oxide calcined at 300 ‘C, ED. In dry air,
EM. In moist air (70% humidity).
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Table 3 NHj3 breakthrough capacity of adsorbent, amount of
water pre-adsorbed, the initial surface pH values!®!

NHj; breakthrough

Initial surf: H
capacity/(mg/cm3) nitial surface p

H,O pre-adsorbtion

Sample Brodie Hummers capacity/ ..
method method (mg/g) Initial Exhausted
1 44 0.7 - 4.96 5.02
2 16.1 153 - 2.46 3.02
3 29.1 26.9 - 2.46 4.67
4 18.8 17.6 94.0 2.46 3.34
5 42.6 40.2 90.3 2.46 6.39
6 65.0 61.5 137.0 2.46 6.90
7 78.1 74.0 168.4 2.46 7.97
8 30.8 27.2 - 2.45 4.58
9 453 39.6 - 2.45 5.93
10 36.1 31.5 105.7 2.45 5.64
11 53.0 46.4 105.0 2.45 6.87
12 60.9 53.8 157.0 245 7.18
13 65.2 56.7 185.0 2.45 7.46

Note: Samples 1. G-ED, 2. GO-B-ED, 3. GO-B-EM, 4. GO-B-EPD,
5. GO-B-EPM-2 h, 6. GO-B-EPM-6 h, 7. GO-B-EPM-14 h,
8. GO-H-ED, 9. GO-H-EM, 10. GO-H-EPD, 11. GO-H-EPM-2 h,
12. GO-H-EPM-6 h, 13. GO-H-EPM-14 h, G. Graphite, GO. Graphite
oxide, B. Oxidation methods by brodie, H. Oxidation methods by
Hummers, ED. In dry air, EM. In moist air (70% humidity),
P. Pre-humidification.
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Framework, PAF)%, C#EANZFL05 MR T4k
NH;P¢), Van Humbeck 537N H T W B & IR IR B NH;
Tk BRI E A B RS, AR AR S —
MM EAER, 46 2 M BAE & S0 I e 24 B
NH; ) FZi@ . A1t 17— PR IR B s Ak sl 1Y
ZAAENERSHE, WE 7 H RIS S,
W FH TR ZR M, 95 B A AR IR FE B R A 20
MR, FRRTE T BE BB PAF-1 LR TH B35 B
(4240 m?%/g), 1M 2-ZIEBEA(BBP-1). 2-Z LB LR #h
(BBP-2) Al 2-fiff iR 3 X 7% (PPN-6-SOs H) ) LL 2 [ A5 43+ 31l
N 1400, 965 F11 1200 m*/g, MBI REEEILE 7. 78
298 K Al 100 kPa F, X} NH; W& BBP-1 (5.975
mmol/g), BBP-2 (11.221 mmol/g)#1 PPN-6-SO;H (12.133
mmol/g)¥) 5T PAF-1 (2.828 mmol/g), 7 BRI % 4] %}
W Mt NH; A JGF W OE E M AE A . [(CeHap-
CsHa(CO,H),CHa)o(C)] (BPP-5) B A FLA2/NT 0.6 nm K
FMZ EH LN, £ 100 kPa T NH; WA 17.7

mmol/g, H MM EA. U EZRRY, RIEA SH2
A HEZI R NH WA e 21

Ni(cod),

2.2'-bipy
DMF, 80 °C
Br

PAF-1: Platform for introduction
of isolated functional groups
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Fig.7 The synthesis paths of three kinds of porous organic
materialsB7]
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AN EHLE 22 (Covalent Organic Frameworks, COFs)
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298 K i1 100 kPa T Bt &#E1E 15 mol/kg, mTHEZ AL
FHENBFLAARE 13X 9549 9 mol/kg, KALIAE-15 9 11
mol/kg, /fL Si0, MCM-41 A 7.9 mol/kg), = nFAZ
473.15 K, WRPHAI NHs rTJBER . ERAR NH IR B — it Bt
MRy BRI B0E ), SHLERIBGRH N, H
BT R} 32 B d i % 5 TR BAH FLVE P B NH,
I 2 LR FIRT NH3 FR B 14 BELE 22 20 BRI B )5 475
RFFAAE . Kim U5 R T COF-10, HRMEAIA
1708.55 m¥g, “FH#£L42 K 2.17 nm, X} NH; F IEH 411
W B RE 73(9.79 mol/kg), B IR FPFHIR LI | £L4ME 1S5S
SIRTIR AL, RIS I TR AE N Lewis B3
P A5 NH; 455 .
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Fig.8 Schematic representation of supported ionic liquid phase
materials for removal of NH30%
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