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Preparation of fibrous magnetic titania composites and their adsorption behavior for La**

ZHENG Jiahui', PENG Chenliang™?, WANG Guanshi?, LUO Jin', QIN Lei"?
(1. School of Civil and Surveying & Mapping Engineering, Jiangxi University of Science and Technology, Ganzhou 341000,
China; 2. Jiangxi Provincial Key Laboratory of Environmental Geotechnical and Engineering Disaster Control, Jiangxi

University of Science and Technology, Ganzhou 341000, China)

Abstract: In order to enrich and recover rare earth resources in low-concentration mine tail water, a fibrous shell
magnetic titanium dioxide composite Fe;0,@fTiO, was prepared by using sol-gel method and hydrothermal
methods. The material was analyzed by SEM, TEM, XPS, FTIR and XRD. The adsorption behavior of Fe;0,@fTiO, for
rare earth La* was investigated. The results show that Fe;0,@fTiO, is a core-shell magnetic composite with a
fibrous shell. The adsorbent has good superparamagnetic properties, and the saturation magnetization is as high as
30.81 emu-g™'. At pH=5 and 15°C, Fe;0,@fTiO, reaches the adsorption equilibrium for rare earth La** within 15 min,
and conformes to the pseudo-first-order kinetic model. The Langmuir isotherm adsorption model can describe the
adsorption process of La** well, with the theoretical adsorption capacity of 142.88 mg-g™'. With NaOH solution as the
regeneration reagent, the adsorption capacity of Fe;0,@fTiO, is 110 mg-g ™" after cyclic adsorption/desorption for 5
times, which is 73.8% of the initial value, showing the good cyclic utilization.

Keywords: fibrous; magnetic; titanium dioxide; adsorption; rare earth

Mo LA RBE M A AT B sk B mA R, IR EE TARMTH LT L, FRTZ
LA O (RO B2 B L B AR ZHFEHRY T, T L RAEW 1B

YrimE A 2022-05-16; fEE B H#A: 2022-07-04; KA BH: 2022-07-08 ; M EKATE: 2022-08-01 08:55:57

MK E & Hdk: https://doi.org/10.13801/j.cnki.fhclxb.20220729.001

ESWE: EEHARFES (52004108; 52164008); 11748 T2 i 1T #4304 3 HITTH (JXUSTQIYX2020009); 1T P 44 15 452 1 X 2 3 i
RIS IT H ; TTPE A8 2 T 200 1 E IR e (00 e 55 e (BRI P 1 2 T S 25 1 1R (20194 AFD44003); VT4 48 BIF 52 A B8 % 9% 4 551 H
(YC2021-S558)
Natural Science Foundation of China (52004108; 52164008); Program of Qingjiang Excellent Young Talents, Jiangxi University of Science and
Technology (JXUSTQJYX2020009); Distinguished Professor Program of Jinggang Scholars in Institutions of Higher Learning, Jiangxi Province;
Cultivation Project of the State key Laboratory of Green Development and High-value Utilization of Ionic Rare Earth Resources in Jiangxi
Province (20194 AFD44003); Jiangxi Province Postgraduate Innovation Special Fund Project (YC2021-S558)

BIEEE . S, W, YW, B4 S0, BF58 0 10 0 B FRIRG +4¢ (4R L E-mail: pengchenliang@jxust.edu.cn

SIS A, s, TULA, 5. 4RIV SRR G AR A SR La®™ W7l [1]. 2 AP EAIR, 2023, 40(5): 2804-2817.
ZHENG Jiahui, PENG Chenliang, WANG Guanshi, et al. Preparation of fibrous magnetic titania composites and their adsorption behavior for
La*[]J]. Acta Materiae Compositae Sinica, 2023, 40(5): 2804-2817(in Chinese).



https://doi.org/10.13801/j.cnki.fhclxb.20220729.001
mailto:pengchenliang@jxust.edu.cn

S T ARG — AR S BB R 58 B X La® i 10 W4T A

- 2805 -
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Hrb: AG K&l A gy 2216 (-mol™); AS
FAH 53 531 Ry W B B2 1o B4 4 22 (KJ-(mol-K) ™) Fi kS
28 (K-mol™); R s AR 4L, 8.3144]-(mol-K)™';
T Ry 4 %R B (K); N 55.5 J2 & T 4l 7K 1 B2 /R
0 (1000g L7 Bk LI 18 gmol™); 138.91 g-mol™ J&



S T ARG — AR S BB R 58 B X La® i 10 W4T A - 2807 -

La(¥ T ) B B8 JR i & 5 Koy /& FI ] Langmuir % 40 Fe;0,@fTiO, AW Fff 1 .
Ky il (1) THEAG B T NS AL

1.6 Fe;0,@fTiO, K& FI B 2 BREHW

% 42 Fe,0,@ITIO, 11 1 56 FI ji kg, e 21 Fea0.@fTiO, BORFER S &t

10 mL ¥ & 2 0.05 mol-L™ f HCL % W Bt ~F- 1 5 11 K H1 SEM Hl TEM £ fE Fe;0,. Fe;0,@TiO,
Fe,0,@fTiO, fft AL B 60 min, P/ 20mL¥kfE W FesO.@fTi0, MM BORLTH . WK 1 JivR . i@
0.5 mol-L" ) NaOH ¥ ¥ ¥} Fe;0,@fTiO, Fi /L 4b 3 id SEM R ] LI & 5 Hh Fe,0, UKL & ¥ 5 iy 2K
120 min, 1§ ¥ W B /% W 50, W E AR BR S IRES R (18] 1(a)), RIEHLES, P B A2 7E 280 nm

z
k= Ti-L
Fe-L Ti-Ka Fe-Ka
C Cu-Kp
Cu-L
[ e U |
0 5000 10 000
Energy/eV

d—Interlayer spacing
1 Fe;0,((a), (d)). Fe;0,@TiO,((b), (e)) Fil Fe;0,@fTiO, ((c), () 4 SEM & TEM [Elf%; (g) Fe;0,@1TiO, ) HRTEM &% ;
(h) Fe;0,@1TiO, [1J EDS &l
Fig.1 SEM and TEM images of Fe;0,((a), (d)), Fe;0,@TiO, ((b), (¢)) and Fe;0,@fTiO, ((c), ()); (g) HRTEM image of Fe;0,@fTiO,;
(h) EDS pattern of Fe;0,@fTiO,
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ik &l Tio, 2 E )G, Fe;0,@TiO, 4 ik ks
FEW/N (B 1(b)), XF#E TEM K% (& 1(e)) AT & 3K
HEW—E WA Et, Ho e i 2
Fes04 #% , AMEBIk B3R 734 TiO, 522, TiO, )21
PR BETE 10 nm 2247 o 3 3 5 o B A G i B A
(HRTEM) 1l 4% 75 8 3 40 /9 B ki 45 W 15 & .
Fe;0,@fTiO, i) HRTEM E& W& 1(g) Fiw, i3k
B TiO, 2 Ml k454, HI)Z MR d=0.213 nm, 7£
NaOH 4b ¥ it J5 , 2 1 n] WL 2% 2] £F 4k 4R TiO, 43 #i
1€ Fe;,0, A% R B (18 1(f), £F 44K TiO, 2 1 )5
9 50 nm e A, X B EF i 5 Re) AR K b 14 i iRz B 5
) H AL, AT BT 2 f I 5 [ 1(h)
1 Fe;0,@fTi0, 75 3 1H 7¢ )= i & AL ) EDS &, i
B C. Ti. Fe. O. Cu X, Hi&AH Cuit
RUEJEH T RA Culll, 4546 850 LR AE 2 W7 %
Ty b il 28 T 25 4R A0 52 W G v — A ALk A A R
Fe;0,@1TiO,.

Kl 2 4 Fe;0,. Fe;0,@TiO, il Fe;0,@fTiO, 1Y
XRD i . Fes04 1 XRD [l 3% 5 #2071 b 1 &1
TE—E, RBARRIEIE N 35.3°(311) . 62.6°(440),
J& T AL R A S R LR T 7E 35.3°
1) 5 1T 2 B8 A9 A3 i 1 3 BH FeyO4 HLAT AR 55 1) 485
£ . Fe;0,@TiO, [ XRD i % A TiO, M FFF I ,
T TiO, M I L5, 45 A K 1(f) TP Y SAED
P10, AT 15 B SR FH ¥ e 56 Je 12 A 2 1) THO, J2 /2 e
JE IR o M Fe;0,@fTiO, 1Y XRD [ i H b 7] DL |
b B BBk PO BT R A AR AR 1%, 7E 26=37.7°
(101). 53.7°(105) 11 62.9°(204), XRD & i 73 tr %
] Fe;0,@fTiO, ¥ K1) Fe,0, A% HA 1w 145 fh
RNL TR AL, TiO, 78 )2 2 DL G E T B 45 M AT

Fe,O (311)
34 (21%0) F

440
5 % 1)(440)

(2%0)(3' ) 511) (414:10)

Fe,0,@Ti (4%0) N “
@01,
Fe,0 W ﬁ ﬁo¥4)(490)<105)(5%1;(442, %04)

w T—Anatase PDF21-1272

F—Magnetite PDF79-0419

10 20 30 40 50 60 70 80 90
20/(°)
2 Fe;0,. Fe,0,@TiO, Fil Fe,0,@fTiO, ) XRD [Eli

Intensity

Fig.2 XRD patterns of Fe;0,, Fe;0,@TiO, and Fe;0,@fTiO,

e, HEWE i EKR U TR AE A% R B R AT IR A
KA R, T8 SR b B K A AR ECRLF (Ti(OH),
PR E AW ). BT Bk § A Tio, Ml Fe;0,
SE T AH AT S0, I A 8 B Al AR = A I A
Shige , FH Fe,0, % F TiO, 75 75 Fi 1 FI% A K1k
AR . 454 Fes0,@fTiO, EH 5 YKHG XRD [&liik
(11 3), AT LA B sth 0L 320 W% B} 570 406 38 5 K5 Hh 9
B A A e, 3 EL WG Bk AR AT 04 T o R AL
BB 25 F R e 1

Before adsorption

A
I

After cycle 5 times

ﬂ

Magnetite PDF79-0419

Intensity

Anatase PDF21-1272

. i | . [ I
10 20 30 40 50 60 70
20/(°)

3 Fe;0,@fTi0, G35 KHiJ5 XRD Klifk
Fig.3 XRD patterns of Fe;0,@fTiO, before and after cycles 5 times

Kl 4 2} Fe;0,@fTiO, 1Y & < WL I FFF 45 L £k .
Fe;0,@fTi0, [ W [} 55 i £k 77 & TUPAC 43 2K 1 iy
IV RS20 2R BT AE 0.4~1.0 B9 AE X 58 31 [ 9 AT A
MR OULER B H3 B 5 36, X & N, ZEA L =4
) B A0 EE R B P e g AR i, nT DAE 52 & B
Kb B LA M . Fe,0,@Ti0, Fl Fe;0,@fTiO,
BR300 A1 e 26 1T AR 914 72.12 m2.g ™! il 86.81 m2.g ™!,
S FL4E Ky 8.46 nm 1 8.75 nm, L EE I KT
20%. M\ B 500 A9 FL AR 23 A 18 (K 4(b)) 7T LLE i,
W 5510 %) FL A A R 8 5 A%, R R 4 L AR 43 A T
3~40nm 2 ] , £ it NaOH At 3 J5 ¥ K T 2~
20 nm A FLZE R o A FL&5 A8 SR b Rl 2 T 4R It K
IR BN A, DA AR R AR 1 B R Y

K FH 2151 S 15 X5 W B 15 S %) Fes0,@fTiO, 43
WA AR, SR WE 5 TR . WM La® R, 7F
3373 e Ab A5 AT Y BE AT O 4 A 7K —OH . 2 A1 1y
Weda B 20 ; 1630 et b AT B S A g i, Xt
i f) Ti—OH (1 f 45 9% 2h 1 ®*5 £ F 1 405 cm™
Ti—O—Fe # % 45 14 1Y) Fe—O 4§ 2 W W s 0, 7
640 cm™ 1 551 cm™ &b 43 5l & Ti—O—Ti A fif 45 ¥k
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(a)
180 [ —=—Fe,0,@TiO, adsorption ‘f
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Fig.5 Infrared spectroscopy of Fe;0,@fTiO, before and after

adsorption of La**
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Fig.7 Adsorption effect of Fe;0,, Fe;0,@TiO, and Fe;0,@fTiO, on La**
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Fig.8 Kinetic model fitting curve of Fe;0,@fTiO, adsorption of La*
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KI9 AT UL, W Bff ok R AT 4k 3 B Be: 28— BB
FR N La*7E Fe;0,@fTi0, 3 [fil i1 F4 )2 M 47 51 5Y;
55 B B W SRR N ORI N B T R, XA
Fe;0,@fTiO, 3% [ %) 1% PE A7 S 9 La® sl 5485, i
T Fe;0,@fTiO, s M- LA BF, & A KRB FLI,
La®* 2% W7 ] JUURL A FS 10, o5 2 P90 0% 16 P 67 6
Wi & Fe;0,@fTiO, 19 W B A7 8 4 ¢ 4= i s, W FfT
BB WA T 0, WERHAREATRY B (5 =)
WOkL N HORBE R BEAR 4 8l Fe;0,@fTiO, X La*
FOW R, RN U Fe;0,@1fTiO, W La® 1 FR
WA RZ —,

VSV pH Y AR X T W B R 2 TR g T M
JT KoK B B AR IR B B
1E15°C, pHZM A 1.6, 2. 3, 4. 5. 6, 7. 81
M, H 10mg Y Fey0,@fTiO, W fff 10 mL

R 1 Fe;0,@fTi0, Rt La>* B hF A RIS SE

Table 1 Fitting parameters for kinetic models of La*
adsorption onto Fe;0,@fTiO,

q./(mgg') R

Pseudo-first-order 0.3036 104.001 0.957
Pseudo-second-order  0.0036 112.663 0.912

Model k/min™"

Notes: k—Pseudo-first-order kinetic and Pseudo-second-order
kinetic constants; R>—Correlation coefficient.
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Fig.9 Fitting curve of Weber-Moris particle diffusion model for

Fe;0,@fTiO, adsorption of La*
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& 2 Fe;0,@fTi0, T La** Bifif) N BE R A& S5

Table 2 Intra-particle diffusion model parameters of
adsorption La*" on Fe;0,@fTiO,

Parameter
Model

ki/(mgmin'*.g™") cq/(mg-g™") R
Boundary layer 67.12 -49.99 0.980
diffusion stage
Intragranular 9.01 67.01 0.962
diffusion stage
Equilibrium stage 0.33 101.30 0.870

Notes: kijg—Intraparticle diffusion rate constant; c,—Constant
related to boundary layer thickness.

300 mg-L™" Y La(NOg); i W , W 1& 10 fF 7m o 24
pH/NT 2 8f, Wl &1L K 40 mgg”", XEH T
—OH TESRIRTESM T &4 T B4k (=MOH+
H'e=MOH,"), M H i 4 J& MH 2+ i+
b J5 T IE H Ay B IR R 59 22 1) = A e H ), B
5 pHE A3, R B 500 X La® W B 38 K, 7
pH=5 i} 15 3] 150 mg-g™', RF@T ¥, XEH
WA pH 3N, La*& 5K FH%EGIEBUKE &
F [La(OH)T ™, 33X i F& E 77 7E (1) La(OH) ¥ 25 5
55 W BRI K B —OH BL i 45 A o BbAh, BT
BT L Ak, M AR, N5 48
B 5] R, 4 pH N 8~9 1}, H
T La®* 7 pH=7.8 By 2 & AETIVER N, 4= La(OH),
fef g B i PR R R, IRLBL RS pHL 7E 5 b A fE pHL.
SPRHE R K WA pH N 3~5 ZE 47 BT, W 5
£ pH=3 B}, W% B %5 & Of $5 7F 100 mg-g™', K W

6, MF 5T WL B MR e . AN pH R
Fe;0,@fTiO, W [l La*J5 i SEM L A&l 11 fif /i .
FTLLE S, N A I B R 2 A A R A 2R R
AN ZER, HREIAUR . 4 pH=2 B, % Bff ) 50
B B ARG, R B D i Fet ORI TiM Y
(5 3), XULIATEM MR M 4 1F F Fe;0,@fTiO, A
YRR . T pH g 4 F16 I, R Fe*iy
VR, H TN R BB AR, I 3% B W R Y A%
FEAEM R R AR, R BRI T B A
TR e .

.
K11 AJF pH F Fe;0,@fTiO, WMt La®/5 i) SEM %
Fig. 11 SEM images of Fe;0,@fTiO, after La* adsorption at different pH

%3 Fe30,@fTiO, ZEAE pH T LB RMBEFAS

Table 3 Ionic components of supernatants of Fe;0,@fTiO,

Fe,0,@fTi0, W B 31 76 52 b + FE K I Btk £ 1 at different pH —_
A BAT B0 T B — - - - —
180 E 2 0.93 1.72 25.40 259.82
) it 5 o s e
én 140
3 120 f 2.3 Fe;0,@fTiO, XF La® W Pt & ;5 45 8 43 47
2 100 | Fe;0,@FTi0, X La® il W B 465 V6L 2% 455 780 400 45 il
£ w0l LANE 12 TR, B (6)-(8) o M B4 i 45 7
E ool A4 45 50 % 4 BT R, Langmuirki B B 4 B
2 ol (R*=0.979) [t. Freundlich il & & (R?=0.937) F & ,
ol % B 52 7 T A 4 B4 T U I RS Y. Lt

pH
€10 ¥ pH Xt La™7F Fe;0,@fTiO, LW F A5 IH
Fig. 10 Effect of pH on La* adsorption by Fe;0,@fTiO,
% H 30mg Fe;0,@fTiO, ¥ 30 mL 300 mg-L™
) La(NOs); #EATMEFfF, 38 HCLM Y pH Ry 2, 4,

Fe;0,@fTi0, I 19 ¥ & & K W Ml &5 & g, N
142.88 mg-g™', W i % K, 4 0.01846, 7E A [F] %)
R EE R Ry {HAF 0.0279~0.896 11 il P, X i B %
[fil La* /£ Fe;0,@fTiO, LW MHEA FIFEATHY . LLoh,
R 4 Freundlich # H # & Z 4 n W9 {HH 3.276, n
(B B 7E 1~10 P9 AR 3 W32 W T o 2 A R HE AT
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A EE R Fey0,@fTiO, WL La® fit M b 46 it
0 SRR A 2 R 13 R 2 AL (9)-t (11),
] i HA i B Ky AGY. ASHI AH {45 15 % 5
S 00 . HAET A B AEAE AGT N i, R LaHE
40 | Fe;0,@fTi0, I I W fff 2 B & 4710 . 45 248 AR
20 | —— Langmuir: ¢.=2.638¢,/(1+0.0185¢,) 71488 kjmol ", L {1 U] La™ {E: Fe;0,@fTiO,
ol - - Freundlich: ¢.=18.665¢.*"° T RO R R RS R, T e R 23 AR La®t iy I
0 200 400 600 800 1000 fif o W22 AS" Jy 14982 Jmol 'K, AVIE, &
Equilibrium concentration c, /(mg-L) La™1E Fe;0,@fTiO, 7K [ 5 i Ak Ay i B /& — >
12 Feq0,@PTIO, % La™ MM Mi4E 4L MR AL A 1 2 WA, TR R A R T R 3R A
Fig. 12 Fitting curve of adsorption isotherm model of TR AR JZ G5 R R I 7 A B A R TS AR R
Fe,0,@ITiO, for La* TR W2 6 B 77 A 7 8 Dk o
£ 4 Fey0,@fTi0, WM La® &R RIS S
Table 4 Fitting parameters for isotherm models of La** adsorption onto Fe;0,@fTiO,
Langmuir Freundlich
K;/min™ qn/(mg-g™) R? K;/(mg-g™) n R
0.01846 142.88 0.979 18.6652 3.276 0.937

Notes: K;—Langmuir coefficient of distribution of the adsorption; g,,—Langmuir adsorption maximum; Ki—Freundlich coefficient of
distribution of the adsorption; n—Freundlich constant related to adsorption strength.

160 | Froundlich fitting &t 318 K pyoyngiich fitting at 303 K

Langmuir fitting at 31
140 & ¢ z -

angmuir fitting at 303 K|
120
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60 r
40 r
20
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¢/(mg-L™)
K13 A[REEEE T Fe;0,@fTiO, MM La® iyt MFF I L #0152k
Fig. 13 Fitting curve of adsorption isotherm model of Fe;0,@fTiO,

adsorption La** at different temperatures

2.4 Fe;0,@fTi0, Xt La* IR Bt BT /7 XPS 247

14 4y Fe;0,@fTiO, ¥ La® W Fff /i J5 (1 4= 1%
K, WBHAT & A Nals, NaKLl, Ols, Ti2p. Cls
H1 Fe2p RETE I, 455 3L 5 A LUVE W09 & B¢
MR RTTEEENC, O, Ti, H Feli ¥
SRR, AT Tio, 2a B e, #ig)Rg

&AM Feld FHOLH FLES . HmA
La(NO,), J5 i BLHA 58 Y La® i 45 & RE W o7, HE b
Fe;0,@fTiO, X La* B A — & 1Y W B4 o i 08 Ff iy
Na Jf P& m 8 m, WHE Na i FiHk, W
B A 25 T34 ) g 1 AT — 4> Na#l La* 284 T
K, — o B KIS P DL R R

%5 La®7E Fe;0,@fTi0, LIRMIRIR NS
Table 5 Thermodynamic parameters of adsorption of La**

on Fe;0,@fTiO,
Temperature ;- AG'/ AHY/ ASY/
T/K T (-mol™) (kJ-mol™) (J-mol™.K™)
288 1.42x10°  -28.41
303 1.59x10°  -30.18 14.88 149.82
318 2.57x10°  -32.94

Notes: Kr—A dimensionless parameter calculated using the
Langmuir constant K according to equation (11); AG'—Gibbs free
energy; AH'—Enthalpy; AS’—Entropy.

& 15 4 Fe;0,@fTiO, W Bt La*Hi J5 B9 XPS [
o H A O1s Y RE T W dr 43 S P08, H A3 )l
4 TiO, ) Ti—O 4 K TiO, % i (1 3 3 (—OH),
TE 458.57 eV il 464.24 eV 4k 1 45 & BE 4 B XF hf
Ti2ps;, F Ti2P, ), 19 BE 35 W ™Y, R TiJf + 1
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Fig. 14 Fe;0,@fTiO, full spectrum before and after adsorption of La*
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(b) Fitting curve of Ols peak after adsorption
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(e) Fitting curve of Ti2p peak before adsorption
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(f) Fitting curve of Ti2p peak after adsorption
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15 Fe,0,@ITiO, WMt La* )5 1 XPS i

Fig. 15 XPS spectrum of Fe;0,@fTiO, before and after La®>* adsorption

% 6 Fe;0,@fTi0, WM La* BIEREATENEFHESH

Table 6 Atomic fraction of elements on the surface of Fe;0,@fTiO, before and after La** adsorption

Element La/at% Ti/at% O/at% C/at% Fe/at% Na/at%
Before adsorption 0.00 16.60 41.30 26.04 4.00 12.07
After adsorption 2.79 17.34 44.54 31.84 3.49 0.00

2.5 Fe;0,@fTiO, # # B9 TEIAFI A

| - 7552 B TR TR, A 90 T T T L
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50 | Jil, Fes0,@fTiO, XF La™ /I ¥ W B 14 Al 3 ¥ 1% AIC
R AP 1 32 22 i R 2 P T W R0 A T 2D, HE SRR
o A A TR G 2 il ORI A RE AR R R Y o
i o W B 7 0 A 2 D B VR i 1 Ao R
La* oK Bl i W 5¢ 4 5 35 La®* 3% 28 W% B 57 2 i 19 4 £L

40 |
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oL, . . . . B 5 Y % B 25 A A ik 5 110 mgeg™ A B (K
1:0.2 1:04 1:0.6 1:0.8 1:1

W B 75 4 Y 73.8%), TIE B Fe,0,@fTiOL A & B U1
TEI A HMERE . 45 & & 7RI A, Fe;0,@fTiO, Xf
La® 1) $5c KW B ok BH S8 o8 LA W BfE A RE, O B
NEEED . TCis Y FEA #EME, X115 Fe;0,@fTiO,

Concentration ratio
E 16 24 TXT Fe;0,@fTiO, Wk + La® Hh:REAYFE I
Fig. 16 Effects of impurity ions on the adsorption of rare earth La*

by Fe;0,@fTiO,
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Fig. 17 Comparisons of results for 5 cycles of La* adsorption/desorption
by Fe;0,@fTiO,

R 7 FEIBRMIFIXT La® 0B B 1 b8
Table 7 Comparison of La*" adsorption capacity
among different adsorbents

Materials Gw/(mgg") t/min pH  Ref.
PAMAM 50.12 240 7 [45]
LA-TIP 62.80 30 4 [46]
ZnO NPs 58.80 70 5 [47]
Sn0,-TiO, NPs 65.60 60 5 [48]
Activated carbon 175.40 60 3.5 [49]
Fe;0,@fTiO, 142.90 15 5 This work

Notes: t—Reaction time; PAMAM —Straw grafted with polyamide
LA-IIP—Novel  La(III)
imprinted polymers; NPs—Nanocomposite.
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