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Abstract

A new type of polyacrylamide/sodium alginate imprinted polymer gel spheres (referred to as La-
SA@PAM) was developed by using lanthanum alginate as the matrix material, combined with ion im-
printing technology and lanthanide ion cross-linking treatment, and modified by polyacrylamide. The
material showed excellent performance in terms of adsorption efficacy, separation and enrichment ef-
ficiency, recycling durability and recycling convenience. We analysed the structure of the substance by
SEM, XRD and Uv-vis. The specific effects of starting pH, adsorption time and temperature on the ad-
sorption performance of La-SA@PAM were thoroughly investigated in the study of La(III)-containing
wastewater treatment. The experimental data showed that the maximum adsorption capacity of 75.6
mg/gwas achieved at pH 7.0 and room temperature. In addition, the adsorption kinetics of La-SA@PAM
followed the proposed L2 model, and its isothermal adsorption characteristics were in accordance with
the Langmuir model, with the maximum adsorption capacity up to 75.6 mg/g. In five consecutive ad-
sorption-desorption cycling experiments, the adsorption capacity of the material was 99.21%, 98.04%,
97.5%, and 80%, which fully demonstrated that the material could at least remove La(IIl) efficiently
and effectively. It is fully demonstrated that the material can be efficiently recycled at least four times.
In conclusion, the La-SA@PAM polymer gel spheres have great potential and promising application in
the treatment of La(III) wastewater.
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Figure 1. Figures 3~5 SEM images of SA (a), La-SA@PAM imprinted polymer gel spheres (b, c and d)
1. [& 3~5 SA (a)F1 La-SA@PAM ENIFEE & 4EEBRFk (b, c F1 d)BY SEM
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Figure 2. a: XRD spectra of SA, PAM and La-SA@PAM; b: UV-vis absorption spectra of SA and La-SA@PAM
& 2.a: SA. PAM #1 La-SA@PAM HJ XRD i&®&l; b: SA 1 La-SA@PAM HJ UV-vis IRULHIE

3.3. pH XX B2
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Figure 3. Effect of pH of the solution on adsorption
B 3. FBEVIER pH E xR TR RZ 0

3.4. BMIBIDEHR
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Figure 4. Nonlinear Fitting curves of the Pseudo-first-order and Pseudo-second-order adsorption kinetic models
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Table 1. Analysis of kinetic models applied to the adsorption data of La(lll) ions onto La-SA@PAM gel spheres
= 1. La-SA@PAM B EYIEERREKIRMS La(lll) B FRIRMEBIRN S N FR BN S ER

Pseudo-first-order Pseudo-second-order

Adsorbate TIK  Geexp (Mglg) ki q ka 9’
R? R?
(h™) (mg/g) [9/(mg-h)] (mg/g)
298 75.6 2.06 70.4 0.940 0.0331 76.3 0.985
La 313 77.1 2.63 73.1 0.964 0.0449 77.3 0.982
328 77.6 412 73.7 0.932 0.0787 77.8 0.964

3.5. NMIFRLE

KH Langmuir F1 Freundlich &5 A5 A6 P i B Bt 13647 1 #1815 R TEAFIEE R, La-
SA@PAM ENIZESE GBI ERAT La(l) & Tt 55 iR 2k . Langmuir 1 Freundlich AR IA K T7
FE(5)F1(6):

X
4

®)
(6)

A Ke(L/mg)Jy Langmuir W FH 548 Ke AT n A3 Freundlich £50 % 40: Ce (mg/L)Jy La(ll) B T3
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Figure 5. Non-linear fitting of Langmuir isothermal model fitting curves and Freundlich isothermal model fitting curves
[& 5. Langmuir ZERIAELL M HAE BEZE TN Freundlich ZRIEL 4 INE Hhik
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TR, ZEbiE

%2 PHARL MM A B R, La-SA@PAM B S W BE A ERAE I La(li i, HoPAg 8 5
Langmuir A7 (DGR B = (R? > 0.984), AHLLZ T, Freundlich #5783 A 2 R b (2.(R? > 0.956) .
Langmuir FERYHES H A = MAS R L T A9 KB A B g 5 SERIIE (Qexp) ) LT — 3, X—KILE T
HSZHF T La-SA@PAM BV 58 G 0 BT La(II) 525 5 W5 RERE 4G 52 20— S LA I P RS 2 Ak 22 Bt
BeAh, BB TR, Langmuir IR (KO 20 ETHESS, B 2PIESE T La-SA@PAM X La(ll)i)
W 3o A T AR A
Table 2. Outcomes of fitting isothermal models and parameters governing the thermodynamics of La(l1l) adsorption onto La-

SA@PAM at varying temperatures
Fz 2. La-SA@PAM ENEEBE S 4EERRERIRM La(ll) B FEAERE TFRENEHER

Langmuir Freundlich
Adsorbate T/IK Qe.exp (MQ/Q)
gm (Mg/g) KL (L/mg) R? n Kr R?
298 75.6 73.0 0.685 0.984 5.72 44.9 0.964
La 313 77.1 76.0 0.549 0.988 5.83 46.7 0.956
328 77.6 76.6 0.804 0.985 5.94 46.9 0.981

4, 4Eip

B R, FATSIh & T R IR R B La-SA@PAM BV R AW ER, ZA R
Al E N T La(l) B PRI R KA .. 76 298 K H. La(ll)E 17 pH {8 7.0 %1, La-SA@PAM
VR FRE IR La( I (i B 75 B A 2 4 2R 43 33 735 75.6 mg/g A1 84.3%. Z IR ER I it it A S5 40— 25
S HORB S W) A o BhAh, LSRR IR PR AR U HUE G T Langmuir B8 o 22505 8 HIR A A AR S
AR A R AR N 99.52%. 99.21%. 98.04%. 97.5%F1 80%, W] La-SA@PAM /b i S G fi
VYR ECA b B w2z 0 pHOERN Y 5 T B RIS R AL La-SA@PAM 1Ry —F e 2L (1) 4E
VI AR, AR AU, 1 HBA SO, R A& EAE R 7 T R B T R R

E&WE

[ 5 B AR G 0T H (21167011) ;. N5 HIA X E B2 G00 H (2020LH02009); A5 AR X
FKINIE 22 A= Pp[R) B 3 R0 00 H (XTCX003) s 4 5 iV K 2% 3 AR 45 9% % % 42 101 H (2022JBTD009) .
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