Advances in Environmental Protection FME{E37 I, 2025, 15(8), 1181-1189 Hans X
Published Online August 2025 in Hans. https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2025.158132

BRIKERAEFREIR AW MR : B
i

X &
P BN S AR E B S R TREEBE, BRI P&

5
=
S
M

Weks H . 2025474 FHBEM: 20254F8H7H; KA HI: 20254F825H

wm B

BT RREG DR — MGG Y, REEFRUANEFBOKEES RGN, BXFAR
REMA SRR . ERNRRLE—-EE—EE, BERNER—MIRAINSKNGET %, EIFR
REFE AR TR FREREARR— AR, TR KRR B BB X SRS
FRKHTREMRBEREE. AEHANBEL. RAWA . HARSEAREE R SAR AR R H Bt
PR BRE R R BT ST T BOA TR AR TR, BB NRIHALR . TR &R &E R (W Langmuir
MFreundlich7572). i) #ER (WEE—% . HE_FART Ny BOTR) A RR MR A ZETE R T E
ATRIR LR . SR 38 AR T MR SR X 32 = B R AR VR HEAT A R R 3 B R R AR K
*kx. BjE, BRETRREMAERRERRT RS A ITRMG S M.

Xiid

BK, BE, REBHAEL, BREHLH

Natural Adsorbent Materials for Ammonia
Nitrogen Removal from Wastewater:
Research Status and Progress

Pan Liu

School of Aviation Maintenance Engineering, Xi’an Aeronautical Polytechnic Institute, Xi’an Shaanxi

Received: Jul. 4%, 2025; accepted: Aug. 7t", 2025; published: Aug. 25", 2025
Abstract
Ammonia nitrogen in wastewater is a difficult-to-treat pollutant and its eutrophication not only
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deteriorates aquatic ecosystems but also poses a serious threat to human health. Efficient treatment
of ammonia nitrogen has always been a challenging issue. Solid adsorption method is a promising
approach, but finding suitable adsorption materials that are resource-abundant, low-cost, environ-
mentally friendly, and highly efficient remains a challenge. Developing low-cost ammonia nitrogen
adsorbents is crucial for the long-term sustainable development of both the environment and econ-
omy. A detailed review of research on natural adsorbent materials as well as their modified counter-
parts for removing ammonia nitrogen was provided, including bentonite, natural zeolite, and other
viscous materials. Then, the adsorption mechanisms were discussed from the perspectives of NH; ad-
sorption sites, adsorption isotherm models (such as Langmuir and Freundlich equations), Kkinetic
models (such as pseudo-first order, pseudo-second order, and intraparticle diffusion equations),
and adsorption thermodynamics. Employing appropriate surface modification strategies on abun-
dant natural resources will greatly enhance the efficient removal of ammonia nitrogen in wastewater.
Finally, the prospects and research directions of natural adsorbents in ammonia nitrogen removal
were also proposed.
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Figure 1. Modification methods of natural adsorbent materials
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e E B AR B VERTRMEL . VER I T AR W RIE R KA B AR N . R B
REIERER I PERELF . AR AR TR, AT DASEEIA O R BB LBk o XMIRBAS B TR A k3t
ATEUE LIS SR S NH, 87 A A A — A B A SRR N TSR N5, WS B W 1 .

SR P AL AR B 7 ) 26 T2 R AN SCPR5 18, A SCE i B AR T iz 70 A 1 i
o WA MR A SRR AR IR B AR A HL S T 2O B TR K T U A IR B PR RE SRS AR IR A T 2
BRI L B g AR T DL R B I8 73 2 55 D5 T e MR B AL
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0 b — T A2 BE R S S A AR T, e — AR A AR 9 2 ek S Y A, A DA
1:2 (17 Fo B Je 7 — L 4 R AR R R B A RE o JEE - ol T 3 R A 90 B A 25k s ANt R BBl P 1) 5 A3 P T 48
FAPEMR B AR K. RIRAE LB JE AR SR AR, bW E AL S St G, R BAA T S & stk
AR B (PR PR RE 770 AT L6 N, AR5 R Bt 8 0 5T JHL 3 THI 179 54 70 P P R 7 BH B8 7 22 #e 25 7 (CEC), —
# N 40~130 cmol/kg. Abdelfattah 55 N\ R I 1 2 BRI K H NH, BRI T A [14].

T B L NH, YR, 52 0 22 B S O R o S R M RE T . Sun 58 AT
T UL IR ORI AR ALY/Na B BB R0 S IR e . RIS, AR A R R,
APY/Na" B 703822 0], PORIR I =458 2 FLBR, (2 U0 B KW P 25 51 N £ 46.90 mg/g [5]-
DAL, A B e P g b o] DA I FEFUBR 2R A 2 5 AL A, B s U I B 2% 38 . Cheng 5570 R AT H
TR R AT X O, R R I T R B R R T ) £ A, R A NH, R RSOR . &g S ik
FHAEPEIR, AR R BUE KM EBRRANEE] 70%, T RIRIZE 110 LR R 30%441[6]. Yadi %A [7]K
DL RN T AW AR 11.6 mg/g (150K NH, W2, 10 R SR L 1 NH;, W 75 20N
0.75 mg/g. Xi NG T A 2 FLEAB 2= LE W /i LAk T 17120 2 B 9 (IS 7K A NHL 25 - A
FRER, oot NH; 185 KR 25 RIA 39.5 mg/gs  JEATSEPRIE /K ARERRS, NH; LBRZFIE 35.6% [8]
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P, Zielinski 55 N\ R D) 2% LN 5 Wiem? [ S BTV B, K NH, ERRZF45EE 174 30% [9].
@ BINIHEERZ DA 35 5 W B A9 B2 33 98 NH, FI45 6551 7, Zhang 25 ABEFE R, A 122
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I B R SR BRI PR AT 24 A FE P AR E R o Yin SR RAR B 45 M5 47 5 NaCl A MgClo TR
B TR JEAE 800°C NBURE, 153 ] [ i Ik B SURN B8 DR U B FHI(NCAPNM) [ 1] SEBGES IR,
NCAPNM % NH,, W ik 3= 252 DA B E O 3, NH, 25l 5 Mg il Na 1584 dE H 258

TR R L R o i R ARG R = R T LR B e, R S e AT
TTZ B At SCHER B SO E A B O Bt . Bt A VLSS . Wang SRIEIT R B
o RERRAEASHEST LU 7T, R B oA SOk T VR AR B, Bt IR A 4 v O IR B R R &
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BEATRL, JEIRE, NCM R B e R (5 20 5. Kk, WF ORISR NCM BT g g3k % B2,
Sanguanpak 55 AFF & T —Fh A i 04 = JEORH ) 22 FLH SR 0RL F T [R100 NH, 5 I 15% A i 5 47
K RI AT A TRAL 3 S5 (8 3 B 7K 25 B 80% [ NH, , ek NH, Wt 45 B Al ik 47 mg/g [13]. Jing 55 A [14]
R, BRIGAIEYILE NH, WA 600 mg/L B 2R H 1.66 mg/g 1) NH, Wt 58 71(pH = 5.6, 303 K), FF
HLFE#E NH, WIUEWREE . pH BRI EE (288~313 K)HIHE I i .

VP2 NGRS LA RHE O 8 AR = kAT T A OGRS, (HAR 2 ARG Ak ) NH, TP 2 715 NCM A
Y, HEZLT NCM. Valentina 25 ANA 7 —Fhimd 58 KB H SRR R B 751 AR ST B0 7K HR [
R T, RIS R B A I R B, L2 2 OB/ P AEAE R i, M SRR M RE TG 9 15] - Cheng
FEN[16]E K T BT, RIHXT NH, B EE 718 22.61 mg/g. Zhang 58 \[17]#kiIE T XHERN—
T b AR 30 1D PR VR AT R AL, R IR IR = A AE R KR R I WA, 7E 298 K. 6.5
g/L HINE TR, WEEERRRE KL 155.4 mg/g. ZIEAM AT I /b wHE7 1 —ki5Ye, T HiEReS
BB

R LERTIR, SRR AR T RSk S5HRHIE S Ao S B MEA I e T i ek g%
RIS, St BmEe iR 2 . IRIEIE SCIRPR, ARGt — D (R 2R K
IR T FC SOV BRARE T B e S OGBS H (AR 1), ARG SRt — e S H A 4.

3. R FHERRILIE

Table 1. Comparison of the performance among several natural adsorbent materials

1. JUBERPRWR B A 1O M RERTEE
R P PIEERRRE /mg L PR FE/min - RARMRAE/meg  ZBRE/%  SER

PR 200 60 46.90 71.7 [6]
28] 200 100 30.10 84.95 [18]
Y 200 100 28.17 85.92 [18]
EH 1000 30 50.06 ~90 [19]
WA 1000 30 40.84 ~58 [19]
RikHa 600 30 1.66 ~17 [19]
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Figure 2. Mechanism of high-concentration NH; adsorption by the natural zeolite
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3.2. WMMEREZ

B2 A O B A 2 /2 Langmuir (20(1)) M1 Freundlich (GRS, {35 A B 2 2B FE W B A4
BRI R E I, WO ER M. J5E AR AR R AN &) BAR AN R W B A7 05 B AN A
HIM B BE. eIt E R BRI T

c, 1 ¢

Langmuir J7f#: —¢=——+-—< (1)
qe qsk] qs
Freundlich J7f£: Ing, = Ink, +lln c, 2
" m
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ge——FHTH NH, FIR 258, mg/g
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PERBORR, 2 Un KT 2 0, WRFGEFEAEDUR A

V2 W 9NN, 5 Freundlich BUAHEE, Langmuir #5274 n] DLSE 47 fe B 5256 25 . Ismadji 56 A IEIAJE
LW, Wi A KRR B ARG Langmuir #5786 R2 B H Freundlich BB 1 [21]. 4R
1M, Freundlich A0 AT DUEFGHIR Bd FR SRt — 26T %45 B . Cheng %6 A\ [6]K 3 Freundlich J7#2H[1) 1/n
HZ75 0.2, RFSHERZE X NH, IR R A R0 BERERT S, Un 2K, 5800 P FE 2
PO Ak, Xu 5 AR PER AN NH, WIS FRR) Un 8 <1, INRZEFRRRFA LR 22].

3.3. BMIEhHE

HE— N Sy L E T s ) s R DU R UL A 7 B g s R )2 A T A = A sl ) SRR
R =R R 7 R s R W T

WAL g, =q,(1- ™) 3)

e e, Lo L L @)
4 ka. 4q.

R A BN J R g, =k, 4 m )

Hrp:

qr——{EATARIA 8] ¢ (min)i NH;, PP &, mg/g

Ge——FEATARTISS 8] £ (min) FA-F-7 I AT NH, W B &, mg/g

ki ——1E— BN D) F IR R R, 5 E AR IR, min!

ko——1E BN D) F TR MR R A, E R SR L, g/(mg-min)

ks——RUKL N3 1B T E DT AR IR A AL, FOR Y U R B RHIESEL, mg/(gmin ). m = 0 FIR
WS B ER URL A B T, 7 T ER A BRI BURL A O . BRI m RN B R O AR

HE— 2R 5 1A RN W B RE W R B, U g S TR S Y B 3 A B AR SR A T )
ML, AR TFINE, BTSRRI S, RSl S NH R B A
. Xu S8 N[22 8, otk A R 255k NH; A1 PO} FIRCR B 3E & T F v =i sh 115 i fEkathid
A NH; F1 PO, 5 M A7 2 A7 7 i FEL I PR B BC AR AS He /e, H B8k N, 26 B F22 eh T e A 2
TEFHFTE. AR B AT BE A R vk 20 B, L rpod s W B o 25 7 5 W PR sk 2 T ) - R 2 Bl s e 5N
M A B

M3 G R BORRIORL (] B2 B D BRI, 5NN 9 B2 T DA IR R I F2E . Putra AT Lee
PO T 3 BIURL(ZP) Wb A0 BR(ZBs) I 5 IR BN IR #h-ZPs (PAZ) WL Pt it #2, &3 NH;, Wit %] ZB L
FEZ R A Y B, M ZPs Al PZA (138 R YL 25 IR & T2 ORI R 9 (23]

3.4. WHiRAE

W B 0 7 2 AP 06 T TR B LB 2 b AT B, SR B R e I 250, W1 AGO (kJ/mol).
AH® (kJ/mol)5 AS® (kJ/mol), W T 5E W Bl RE 157 & P B B ik 22 R B - AGO W HH Van’t Hoff J7 21t
HMRULR(6)), A AHO A ASC & 1 Bh=(7) % sz 56 25 Rk T 2 MR & 15 [24]

AG’ = AH® —TAS"° (6)
_ 0 0
nK . = Al x%+% @)

/\EP:
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0~—20 kJ/mol)F1{L 2= 0% F(AG {4 80~400 kJ/mol). ¥FZ M 70 M 22 B i FE AR < 0, KB NH; %
B B, AR R . Wang 25 N[25TRKIIAS NIEAE, [ T 120 it s 7 (0 BEATL: B 3 e
TGN, B AR B FIA R NH FISER B0, SR, B TR R A R B A R4 TR B AR
WIVFBHERM, R RS AR B R0, W PR 2R A R R A T T B, R R TR B
MITRRME R [26] 5% LRTR,  WRBR BRI B A4 L T IR AR A [F R 15247 M

4. &
4.1. &ig

AR R NH, W RYOK TR R R ARG SRIFw R RAR Iz . P M
FARE PR RS HEAT NH, WO — A R Ae, ENTRA RERRR . AR, BRI R LA
BRI A o IX BRI R LR IRWR B AT LR IR SR T2 470, 95 7T Z KN

e AW PR S5 TR 2 AR A L Bl g A AR DA R P R T 2 S T T AT VR B AL BRI R A
FEMR B 25 B NH; B RE b, AlIER A28 7 ac e, o IR M sl R S L ORE A RS O O AT
AL BN PR A BRI B A 2 R B B8 A AP B R 2 S5 IR B F b TR B A ARk 45 A A 3 R A [
W TR R AT A AT A MR AN, — R B0 T B NH R 20 AR

4.2. RE

(1) AR T AR R R . HAT, WRBRADRHR S 8 DL B 7F 78 3= 24 rh A2 S0 S MR B,
BARCERT T — RV EZ R, (ERE I LR AR AR N - T A T 75 7K AR B AT T s 1 22 Bk ik
AR VR i BUR FEVIE N ECRE, IR AT B AR S B R P I AR R o T RS A KRR A
IR A RLE BB, R ARAETROR A P R R rh AR RE AR 2 PR AT — Bl

(2) W PRI A2 2 SEBL L AT P S F B ORBERA T o H AT, WM AP RI B AT ik B 280, (HiEE
BRI Rt ARKIBT T ZH R RE LT LA T : © RATERZ AT A IR PRI i b1k
HAETZ, WM mEEAET EANL AR AT E: @ IR FUR A RHE AR R AR (RO Z5 A2 1
AN L S VR B AL @ RGTPPAL B A AR KRB PR BE . MU REANIA SRR E 155, B IR LR
Z R E R RE ORF R 4F (s PR RE

(3) WRLBRF R NH 55 WR B AR R P A0 AL B2 2 BRI FE T I ) 3 — B BBl g N AR IR B 571
MOEMEOSIERHE RN, AL RE S 3R 5T, IR RE e LR RUE Y R A L IRIE (27]. M T AR50t
BT, FAEPREE AU A B IR RSO 7 P B 2 LSS, B — RS R T 0 T R b B 5
Wgo SR, H AR A BT IR I NH, KR DU IR BT -

(4) KW R, HAHITERE . [alUSc 5 FERAERE S XE AT o RT3 s A0, 55 S o 82 FH R T HE A
SUNR By 7 B R ISR AR RCR . o, AT A B 3G [ 3t 5 R A R R ) PHREEQC R R, I A4
THEANVEAL S RME Z 2 h RS . IR B R BN AR, AT TR AR e

E&UH

PO 22 S RO A R 22 B i 2 [ AR B2 — i I H (22XHZK-10).
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