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Adsorption performance of asymmetric tertiary amine-based strong basic resin for nitrate ions in water
CHEN Yugiang"?, LI Xiaojun"?, CHEN Yang"?, CHEN Sirui’, LAN Shida’, WANG Xudong’
(1. Xi'an Engineering Research Center for Industrial Water Conservation and Wastewater Treatment, Xi'an TPRI Water-Management & Environmental
Protection Co., Ltd., Xi'an 710054, China;
2. State Key Laboratory of High-Efficiency Flexible Coal Power Generation and Carbon Capture Utilization and Storage, Beijing 100031, China;
3. School of Environmental and Municipal Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract : Nitrate, as the major form of dissolved inorganic nitrogen in aquatic environments, easily exceeds permissible levels
in water due to its high mobility and chemical stability, and long-term ingestion poses serious risks to human health. In this study,
chloromethylated polystyrene microspheres (CMPS) were used as the substrate and were quaternized with N, N-dimethyloctylamine
(DMOA) to synthesize a novel strong-base anion exchange resin, CMPS/DMOA, aiming to enhance its adsorption efficiency and
selectivity toward nitrate. The characterization results of the structural features of CMPS/DMOA show that after modification, the
resin exhibits markedly increased surface roughness, pore diameter, and larger specific surface area, providing more active sites for
nitrate adsorption. Adsorption experiments indicate that under conditions of pH of 6.7, temperature of 288.15—308.15 K, and resin
dosage of 0.4 g, adsorption time of 25 min, the optimal adsorption performance of CMPS/DMOA resin is achieved. The resin also
demonstrates excellent selectivity for nitrate even in the interference of coexisting anions. The adsorption kinetics analysis results
indicate that the adsorption process of the resin on nitrate follows the pseudo-second order kinetics model, suggesting that the

process was dominated by chemisorption, while the thermodynamic analysis results show that the adsorption behavior conforms to
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the Langmuir isotherm model and is a spontaneous exothermic process. Compared with commercial resins D201 and LSI-106,

CMPS/DMOA maintains the highest selectivity toward nitrate in complex aqueous systems containing coexisting anions. Regenera-

tion tests reveal that a 4% NaCl solution achieves the best desorption efficiency, and the resin retains high adsorption capacity after

five adsorption-desorption cycles. In summary, CMPS/DMOA exhibits excellent nitrate removal performance and good regeneration

stability, providing a promising material and technical reference for the advanced treatment of nitrate-contaminated water.

Keywords : anion exchange resin ; nitrate ; selectivity ; adsorption mechanism ; adsorption kinetics
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Tab.1 Basic parameters of CMPS materials

Particle Moisture  Chlorine  Crosslinking
size/um content/% content/%  degree/%
CMPS Polystyrene 250~830  40~60 =17 <10

Name  Skeleton
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Fig.2 FTIR spectra of CMPS/DMOA and CMPS

(d) CMPS/DMOA aggregates

(e) Surface morphology of
CMPS/DMOA
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Fig. 3 SEM images of CMPS/DMOA and CMPS

2.1.3 BET 47
] 4 S eie eSS AEE N, -8 B 1 BET &1, 4]
KHESHOLFR 2, NE 4T LA S an s
I R - 58 S Rl 2R 2 )8 T TUPAC 2 i T R 253 28

TEARAANT 7 (p/po) X 38 (p/p,<0.4) , W B 8t Fifi 5
(T TG I, B R A R . AE = p/
Po X I (p/p>0.8) , W Fff i 2] b T, I bl B S 1)
H3 AU S 36, i 2 fLADBH SRR . (AT



Wi B, 25 A FRORURE AL B A X K P R AR 1 P M 161

—e— Adsorption
-o- Desorption

Quantity adsorbed/(cm?*-g™' STP)

0 012 014 0.‘6 0.‘8 1‘.0
Relative pressure (p/p,)
(a) Adsorption-desorption curves of CMPS

0.002 00
0.001 75
0.001 50
0.001 25
0.001 00
0.000 75 F
0.000 50 +
0.000 25 +

Pore volume distribution/[cm?*-(g-nm)~]

75 100 125 150 175 200
Pore diameter/nm
(b) Size distribution of CMPS pores

0 25 50

80 - —e— Adsorption
70 - -o- Desorption

Quantity adsorbed/(cm?®-g™' STP)
&~
S

0 0.2 0.4 0.6 0.8 1.0
Relative pressure (p/p,)
(c) Adsorption-desorption curves of CMPS/DMOA

0.0035 -
0.0030
0.0025
0.0020
0.0015
0.0010

0.0005 |

Pore volume distribution/[cm*(g-nm)™']

75 100 125 150 175 200
Pore diameter/nm
(d) Size distribution of CMPS/DMOA pores
€14 CMPS/DMOA FI CMPS F N, 1% Bff- It B i £ R AL A2 53 A
Fig. 4 N, adsorption-desorption curves and pore size distribution of
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Tab.2 Physicochemical parameters of CMPS/DMOA and CMPS

Items Resin
CMPS CMPS/DMOA
Skeleton Polystyrene Polystyrene
Functionalized reagent DMOA

Specific surface area/(m’+g ") 14.06 18.99
Pore diameter/nm 31.20 41.96

Pore volume/(cm’+g ") 0.13 0.28

Total exchange capacity/(mmol-g ") - 223
Moisture content/% 41.61 49.36
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Fig. 5 Influences of different factors on adsorption of NO; by CMPS/DMOA
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Tab. 3 Kinetic parameters of CMPS/DMOA adsorbing NO;

Model Parameters Values
q/(mg-g™") 37.69
Pseudo-first order reaction kinetics ky/min ‘71 0118
Q/(mg-g) 20.12
R 0.819
k,/min”" 0.004
Pseudo-second order reaction kinetics 0 /(mg* gh 39.42
R 0.999
a/(mg+g '*min") 17.00
Elovich model b/(g'mg™") 0.1197
R 0.947
K, /(mg-g'+min"*%) 12.062
[ —-14.422
. L R 0.999
Intraparticle diffusion kinetics S os
K, /(mg-g -min™") 1.513
[ 29.482
R 0.8107

Notes: ¢, is experimental equilibrium adsorption capacity; k, is
pseudo first-order rate constant; Q, is predicted equilibrium adsorption
capacity; R* is coefficient of determination; k, is pseudo second-order
rate constant; « is initial adsorption rate constant; b is surface coverage
resistance constant; K., and K, , are intraparticle diffusion rate
constants for the first and second stages, respectively; ¢, | and c, , are
constants related to surface characteristics of adsorbent for the first and
second stages, respectively.

RE— RS T R AW, UKL N BN )
UG MR R A IR B NOS IF AN & 52 N HCER
— P, W B A 1 B AR A A R
2.4 BRWEFBEAKNFHR

16 I & 288.15~308.15 K~ , B 0.4 g CMPS/
DMOA 43 5l i1 A 100 mL NO3 (50~250 mg/L) & i
W MR TR pHAE A 6.7, W BFHERE ] 24 25 min, #4858
CMPS/DMOA W fff NO Ji i~ F- S et , 48 715 W B
YERWVEFEALEE . 8 F Langmuir A1 Freundlich 257
W ABE AL S e A AR HEA TG, WK (T) AT (8)
gk S ULIE 7 F1 2 4, Langmuir 2898 5 BEAE G 5E
B 4 S R IR AP AROR , e R R IR
T 0.997, TiF B W B 2 B2 5 2 DL )2 A 2 0 B A
FR.

— quLCc
T+ KC, 2
Ing, = InK, + llnCH ®)
n

Krbr: g R VAW BT, B0 me/g; g, L E A
FE BiE i, B me/gs K, 5 W BfERE AH DG 1Y Lang-
muir % 50, P07 L/img ; CONFE vk B, P47 mg/L; K,
Shy 5 % B 7% A G 1Y Freundlich 585 5 n A W i 7
FREL
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Tab. 4 Fitting parameters of isothermal model of CMPS/DMOA
adsorbing NO;

Langmuir Freundlich
Tempera- ; X/
ture/K I B v R Un K, R
(mg-g) (L-mg)
288.15 47.2 0.179 0997 037 682  0.9%
298.15 442 0.165 0998 038 638 0.993
308.15 42.6 0.149 0999 040 591  0.993

Notes: g is monolayer saturated adsorption capacity; K, is Lang-
muir constant related to adsorption energy; n is adsorption intensity
parameter; K. is Freundlich constant indicative coefficient of adsorption
capacity.

SIS 1R EE X CMPS/DMOA W NO; 2% 5 1Y
520, B 0.4 g CMPS/DMOA Jill A 100 mL 100 mg/L
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308.15 K i@ B T W Bt 25 min, 25 5 40 & 8a BT 7 .
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R X AT RS TR i T 2 e & 2R o i
fift 1y B 5 1A 3 1 B A, 2R T 11 55 0 AR 1 R A
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Fig. 8 Adsorption effect of CMPS/DMOA at temperatures of 288.15—
308.15 K and fitting curve of InK; versus 1/T
&5 CMPS/DMOA KR N2 &S

Tab. 5 Fitting parameters of adsorption thermodynamics of

CMPS/DMOA
AG/ AS/ A/ )
K (kJ-mol™") J-mol™K™"  (kJ-mol™) R
288.15 —12.43
298.15 -12.66 19.47 —6.84 0.999
308.15 —12.81

Notes: AG is Gibbs free energy change; AS is entropy change; AH
is enthalpy change.

kJ/mol 5 [F PN , & IR HE W B BE ) 5o AR XS RS o
AS>0 R B i} NO; J& i W 2 46 v i TR L AR 4
i, AS 4 19.47 J/(mol - K), W34 0 1 2, X il g &
W B 3k A KA 7K 4 IR BE R T R 2K i
Koo AH<OJIEIA U Bkl RS IO SZ E , T v 1 B
ANFI T W 1T . AH 41-6.84 kJ/mol , AN,
S IRTE N
2.5 L5 AR R R A

FEARTR) 0SB0 451 (B BR B 14 0.4 g, pH
{84 6.7, W B ASF 1] g 25 min, A K A7 B 85 1 e Ji
1000 mg/L), X} bt 2% %< W # g A i (D201 Al
LSI-106) 5% CMPS/DMOA # fig X NO; [ B & 1, 3
TR I £ BRAL S 80 0L 26 6, W PR &65 SR G R 9 s, AT
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Tab. 6 Physicochemical properties of CMPS beads and

modified resin

Resin
Items CMPS/
DMOA D201 LSI-106
Skeleton Polystyrene  Polystyrene  Polystyrene
Functionalized reagent DMOA Trlmejthyl- Triethylamine
amine
ifi f /
specific 52ur ;}::e area, 18.99 2852 _
(m™g™)
Pore diameter/nm 41.96 41.44 333
Pore volume/(cm®+g ") 0.28 0.11 -
Total exch ity/
ot exchange capactty >3 >3.7 >1.9
(mmol-g)
Moisture content/% 49.36 55.91 45.94
100 . [CID201 EILSI-106 [EECMPS/DMOA
80 - T [
< g
)
g 60f
=
3
g 40t
Q
=4
20
0 L . I L - - - -
NO;  SOX+NO; CI+NO; HCO,+NO;
Anions
Fl9 P R IE 22 CMPS/DMOA ## [l Xt
K NOS W FFCR Y e

Fig.9 Comparison of NOj adsorption effect of two commercial resins

and CMPS/DMOA resin in water
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Fig. 10 Comparison of desorption efficiencies of different types and
concentrations of desorbent and regeneration cycle of CMPS/DMOA
resin adsorbed NO,~ by 4% NaCl
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