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 E . i2a (VE) VERREHEA TR AR JE 1k 2 B F2c#efie f1, IMARIREE . £E 515, XHEXFE. fF
K, LT iR Aa WM RS IRAS HTE , (H K 55 LR = T A S AR R I R O T R AN
A4 T Le-Fe X4 J@ BUE IR A1 42 FH X W RR 2R A0 W BE R R . 45 RE W] . La, Fe JiF IR 1 : 2 Bk thiz s
(La-Fe/VE-2) BA (L5 MW M 6e Jy, S R 45 5 4 185.09 mg P/g, H. 7 pH=3~9 38 [l P4 il S5 30 /= A4
. La-Fe/VE-2 BABIRMPIBAE FTHVERE, 78Rk BB B2 E %W (50~100 mg P/L) 4511 T A SRR 73
F IR 2 (590%). MORFRIESS R BN, La Fl Fe I EAEA [, # MR EHFIEC (R SS40 2 2R BEBLE]
g BArR, XA U A X R R R S5 AN 15, R — PR AR R a8 1 R A I B R

KEIR - WA B BRERREL; B SehEpbR

FE 43S X524; TB332 XEKFRERE: A XEHE:  1000-3851(2024)10-5412-11

Performance and mechanism of La-Fe modified vermiculite adsorbent for

efficient phosphorus removal

LI Ling', MO Chuangrong™ , DENG Dongzhu', LIAO Danling' , CAO Chuangi', XU Xuetang®
(1. School of Resources, Environment and Materials, Guangxi University, Nanning 530000, China; 2. School of Chemistry
and Chemical Engineering, Guangxi University, Nanning 530000, China)

Abstract: Vermiculite (VE) as an adsorbent had strong adsorption and the capability of ion exchange, which was
inexpensive, abundant, available and environmental friendly. In recent years, many studies on vermiculite adsorp-
tion have been reported, but the weak hydrophobicity and lack of active sites made it perform poorly in phosphate
adsorption. In this paper, Le-Fe bimetallic modified vermiculite (La-Fe/VE) was prepared to enhance the adsorp-
tion performance of phosphate. The results shows that vermiculite at the atomic ratio of La and Fe of 1 : 2 (La-
Fe/VE-2) has excellent phosphorus adsorption capacity with a maximum adsorption capacity of 185.09 mg P/g and
it can achieve highly efficient adsorption in the pH range of 3 to 9. La-Fe/VE-2 has highly resistant to interference
from anions, and maintains high adsorption rate (>90%) at low and medium concentrations of phosphates (50-
100 mg P/L). Characterization analyses of the materials conclusively establishes the successful deposition of La and
Fe onto the vermiculite substrate. The primary adsorption mechanisms are identifies as electrostatic attraction and
ligand exchange. In summary, bimetallic-modified vermiculite has a pronounced affinity for phosphate and is a
promising adsorbent for phosphorus removal.

Keywords: vermiculite; lanthanum; phosphate; adsorption; modified materials
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WA SRR TR, KERSORL, XE A
WA B R, AT — ELECh T
Rk . AR BAR 0 AR St Fs ol R0 AR K TP A v
B BT, BREER FEE A RFETIEEY. B
BT B BE T MR E S R A Ak, H
Hr, BRI A A BROR R L B AT ARG L R
VERRT B . R o, BN R SR P e
B Ry ik 2 —

N T HREIA N E BRSO, A8 48
RTVEZEM B, BHAT, F T 0Bl 2 £k 0 i ff
FELGBER . RKT W, £V, &EA
L. 40 HLE S (MOFs) ™ 45 % £7 J& — b
ARG K GBI Y, HA TR
8 Fac e fie ) W R RE, s mEE, M
KRR 2 k4%, WAL ED, BaM—Y1k¥ KR
IR I R T T A A S IR PSR 7 B R0k
PEAL BRI Y Re R 54 Burh iy & 50 1 kR
WERR L AR 45O DL R AR R, HET, &
T 0 A7 AR SRy W B A AR AUF 5T R X K AR R )
4 @ W BRI BE A E ST, 1 R A R A B 5
O] 6 U, 4% 3

Jir 0 A7 AR Sy I Wl ) WG R6 ), G K P 55 EL
Z I, S AEAR KRR L R T XA 5 A
W5 2 WA 4 TR 45 2 mT LA v 0 A X 1) SE AN T
FENT IR A, B — Rl PR 855 A 4 B AR A1 R
AR EE SR, BREAE TR,
X K AR A R W R A ER T W R R T
PR AR AR LR B L, A VFE R E
B 55 AS R B b REES G, A T 22 R R I AR el
BEFR . AR, AP HRGE, SR 4 JE Z 1 P
[ 5% 7 1T AR D B — 4 TR B 2 4 R B i Ak
by G R AR B (L O R S PR 05 . #I, Liu
45 91 6 % 1Y) Fe-Zr-La — 4 J@ A 1L ¥ (FZLO) B &
A AR X 1 R BT B i Rk A 8 pHL T L P IR i A%
B, e B 28 5T 38 101.0 mg/g.  Yuan 450
#if T La-Ca/Fe-JZ2 R W 4 J& A A /b9 (LDH) 1) 8

PR 5 W B 5 HC Ca/Fe-LDH A9 W B 45 55 11.4%, 28
B S5 SR FH LT 1 ) 4 B TR) A R R R 2 I UK
PP B TR R RN JRUIT) Ce-La XU 4 i 48016 4 40 K W% ff
# (CLBOs), f K8 . W B 5 43 0 W] 3k 59.14.
19.25 mg/g. X J= PH 25U 38 T — F 2 Bk K b
12 #h 1Y) Fes0, 7 8 AE M A4S (B iR ) A A& & & bk
(MZCO), 7EHT 120 min ) W B 2 7T DLk B9Z 00
W o Sk 1) 87.2%. A% A A U S ok AR 2 A T T K
PR TG B RS 0T B 2 R 1 R S P O B g )t 3 0
S, BREREE IR HL oA 1+ 4 sz IR D R o 3 R
e, A FfF B 35 10.34 mg/g. H 2 i 28 0 it 5
il 2 T B T — AN R AR, I HLOR R AT
SR IO B — Tl AR, T e g B s ) K
PIL, o S g o 500 38 52 o 1 FHATS R AR i HE 5

S B A8 R AR A 0 M SR e La dR AR,
B¥EHE, 7F Lafb 59 Fe N3 5EE% 1L La
HHLF-25 44, (o La 936 PR A0 o5 8 /=5 50OF] R
W RS, FEILET SRR, AR SR La A1 Fe &1
e, R FHILUTE k) 48 X4 8 &2 A M OB La-Fe/
WA (VE)o R I AR R HL Y La-Fe/VE 1 i1 % &
W BRI AR AL s SR Ta] . pHL. W B BT vk B AL
P75 55 R 20 i IRk W B A s el 5 T 3l ) A
TR IR BT 45 Il SR A R 3 T R B R . R, A
it XPS, FTIR, SEM-EDS %5 £AF )5 ¥k L3 & 00T,
RV} T La-Fe/VE-2 W2 £5 W B L]

1 EBR#HBRAE
1.1 JE#8

il IR B 7K &4 (La(NO3),-6H,0)), A e AR
AR B A R A R s ALK (FeCly) . BERR —
B (KH,PO,), J AR M IRAFR; DL
Bikortid., FigamahEIR G ST,
R AR E N 0.014 mm, PHE FARAHA S
80~150 meq/100 g, fk2# K4 W45 1, FIB 4K
P R T A B RR ER VAR, ARIEVA R P TR W
R AR IR R U L

x1 BARUFES

Table1 Chemical composition of vermiculite

Oxide Sio, ALO;, K0  Na,0  Fe,0,

FeO  Ti0, MgO CaO MnO  P,0; H,0

Content/wt% 37.46 14.19 1.83 0.25 13.07

0.8 1.51 11.42 3.47 0.14 0.043 7.00

1.2 La-Fe MM AR H &
AR SR L GOVE B 6 5 T La-Fe Bt IE A,
BABEK (2.0 g) BB A 50 mL L5 T /K gL

FE1h, BREABREIYS). A5, K o0.2872g
La(NOs);-6H,0 Fl A [f] £ 1 FeCly-6H,0LA A [F] La.
Fe JF. 7t (La/Fe=1: 1, 1:2, 1:3, 1:5) 1A
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LREw T, ik eh, MieEE 5L PR T
SHERUS . 1 mol/L NaOH % 2212 A ik &
T, HEKZR 8<pH<9EI], 4kZedi$k 3h,
& BUTRE T, HmareiE a&m, ReK 2
MIVITE AR W o B ok, BRI 4tk
Lok, THREMESMEH. RIEARE La,
Fe JE-FLb (435 A La/Fe=1 : 1, 1:2, 1:3, 1:5),
1 il £ 10 B2 B M BHZ T 4353 i 45 47 La-Fe/VE-1.
La-Fe/VE-2, La-Fe/VE-3 fil La-Fe/VE-5, ¥ffhfiv44
BRI 2,

%2 La-Fe/VE EQ#HIHGE
Table 2 Naming of La-Fe/VE composites

Sample Atomic ratio of La and Fe

La-Fe/VE-1
La-Fe/VE-2
La-Fe/VE-3
La-Fe/VE-5
La-Fe/VE-2-P

—_ e e

1
2
:3
4
2

: 2 (After phosphate adsorption)

1.3 MK RAE

F| | SEM-EDS (SU5000, H 4~ HITACHI /A #])
WEE T MR RS, FF B T WM R T &R
B AR Ak o SR A B 410 4h % 3% (FTIR, Thermo
Scientific iIN10, 3 & F Bk G /R A &) W T 44k
W BRE RS R E RE AT, SR X5 AT B (XRD,
Rigaku D/MAX 2500V, H 73 2% /0 &]) £ T 4
AE R AN, FH X 5Ot R T RE TS (XPS,
Thermo Scientific K-Alpha, 32 [# 3¢ 2k &t /R A A])
Mo T MR T K 45 A A . Zeta HL A 4 BT X
(Zetasizer Nano ZS90, 32 [ i & 52 /A w] ) X W fff i
W J5 W Zetat {7 #F 47 T 4 #t o R M BET
(MicromeriticsTristar 3000, 3¢ [ %7 7 {X A% A F)) 41
B A BE A FLAR 50 A o
1.4 BEIRBHX TG

3 o TR R S 50 PP R 1 Tl A
fig. —M, # 01gk & KK A 100mL ¥ i
50 mg P/L B MR Eh W P, 7E (25+0.5)°C A5 T 4k
¥ 2h, RS E % %K La/Fe o IR £h 4 35 19
M, A4 A W B BE R AR R RE S, IR TR &2
WEIE . EAH R GR VR BE N, 25 4% W B 5510 48 o it
(0.1~0.5g). W LA E (50~200 mg P/L) LA S %
VB G TR R G W R BE A RE R . FE pH=2~12 B3
B, PFAG TR0 4G pH X RR SR i AR 01, OF
PEAG T ANE BB F R EE (0. 5. 10 A1 20 mmol/L)
TH WHIEF (CI'. NO3 ., HCO;. SO; 1 F)

WEAE T 4. #E 50 mg P/L ¥R R 4T TS50 .
Wz 3l 11 24 7E (25+0.5)°C . 2 )i B[] 7 0~120 min .
WA R 5 e ¥ S 50 mg P/L 4 R AT, Wt 4
T £ S 55 1) 9 R £R ¥R A 0~500 mg P/L. A< S5
R R BB o0 0 B I v W h B I . AR
S v At B BT W R AR v B AR R L T P TR T
B, WS AP EES 3k, T EWE T

2 #RE5T
2.1 La-Fe/VEE&#BHWMMHEERSITAH
2.1.1 La/Fe JiL~ Lt 8 1% 5 W B 68 71 A 52

N T AR AR R ), Hl S TOANE La s
FeJf FLbL (1:1, 1:2, 1:3, 1:5)AFES . XF
AN ) LU B A i R AT T W R Eh 25 BR AR 1 PR A
mE 1(a) s, FTRAE Y, A SO B8 A i g B
RERCAN, FEEH TEAWMA SAER, Zadek
PE, BI85 A La, Fe e WGEHEN S5, H
W B R T R, AR 40 La Uk 4R 47 (La/VE)

60
@) 1100
50 ¢ A S
40 | \. 180 2
o AN 5
o0 =
230t {60 B
20 T {40 §
[
10
1 20
‘ L) L R Y.
< NS (o e o
< ‘?GN \J"N @x\»?l\ge\\]%e\\l%dq?}ge\\]e
e NPT AT et Ty
100 |
g
>
2 90 |
L
2
5
5 807
£ 0.1
S 50l _._022§
——03¢g
60 ——05¢g

10 20 30 40 50 60 70 80 90 100110120
Time/min
g.—Equilibrium adsorption amount
B 1 (a) AFIFESIWEFERE; (b) La/Fe JF R 1 0 2 BBk A
(La-Fe/VE-2) Fl 5 X W i 1 RE (4 5
Fig.1 (a) Adsorption capacity of different samples; (b) Effect of
vermiculite (VE) at the atomic ratio of La and Fe of 1 : 2 (La-Fe/VE-2)

dosage on adsorption performance
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1 Fe U P 4% 41 (Fe/VE) WL Fff {57 s ATS SR A1 BR o
La/VE 5 Fe/VE W B A WM Z J5 , WCR e AT
P4, (E M BERCRAD AS BRAR . 20 L4 JE ek
Ji A i D 3R R U S A I B PR BB . La S 44K HR 1
PERE, B &S 5| A R FE LB, (B
ST 2R WOtE A i A P AR La R T
Pl 1RZS, T8 28 Fe BY 5T FE X R REIEAT T
Ak, bt ARE La, Fe B2 LBl A4 M, AR
W B 25 0 R0 25 B FE B W 3G &, Y4 La/Fe=1: 2 i}
(La-Fe/VE-2), FF il i W% B} 45 4 (49.96 mg P/g) Fll
ZBR 3 (99.23%) ik B KfH . 4 La. Fe B¢t
PR, R A R R 2 R W B BE 0 R R
BERR AL BRI R EREAIR, XATREEH Tk 2
M4 )m OKA) S 8T fe 5| E A 2 Ky [ %
R, s AT W B . La-Fe/VE-2 [ )5
BRI A7 W B 25 5 (9.48 mg P/g) 42 T 5% 44,
7 b A i L DR ) I A R o T 3
LZefio Ik, X4 La/Fe=1: 224, F¢a 0
PEREIR AT, ZJ5 S50 R H La-Fe/VE-2 K S 17 .
& 1(b) ff7x, La-Fe/VE-2 ¥ M 0.1g
W% 0.5 g W, BERRER 2 R 3 B A W B B 1] £ 3
T T o 48 T A 3R X Ml R W R B IR A
SR, BEE BRI, A B ok R PR R A

] A\ 60 min % ¥ ik 2> ] 30 min, £ 4 DL 145
TEWI BB IR £ VR 2 50 mg P/L (9 5518 T, £ n5)
M 0.1g % 0.5g [ La-Fe/VE-2 J5 i iR £h 2= & &
B AT Gk F] 99.9%, W MR b N Wk B 7E 0.48-
0.01 mg P/L, ik 2 HEHC % /K v ol 1R R vk BE i) A o
(GB/T 8978—1996)" £ & W ik fsf 1] A1 28 55 Pk %
B, PR 0.1 g BB AR SE T IR A SE R . AR SO
La-Fe/VE-2 & & M BHEAT T LUF PERETEAR -
2.1.2 [A] R 2 A5

AN R H0) B 7% Tk BE X La-Fe/VE-2 W ik 5% i 4n
Kl 2(a) It 7s o 7E W R R 7 W W) 1R 5 2 43 0l Ry
50mg P/L, 100mgP/L, 200mg P/L %+ T, La-
Fe/VE-2 [t W& fff 7% 52 76 /1 40 min N 208 L7+, 78
60~90 min W B & TP . fe Jm 38 B de KK Ff 25
19~ 49.81 mgP/g. 99.50 mgP/g. 122.34 mgP/g.
PR, Wi R £8 90 4R vk BE #E KT 100 mg P/L A}, La-
Fe/VE-2 [ W i R #F A 35 51 99% LA L, Ik F b ik
JE B W R £ IR WA La-Fe/VE-2 [ W B AS 7= A 5 0
ol I 2 R 700 X6 22 50k BT A B R R VS R LA S
NEE, TR SEBRAKAA R R T B T .

] 2(b) HE5T T AS 7] ek i o) B e 5 175 Y 0% B 174
R, al LA W, 5 X} La-Fe/VE-2 iYW [ A
EVERRZ R, B R A 4R Tk 3 B R W A

55
120 Ha) 50 | (b) 50 |(c) 3,194.105.176207.198239.20
100 45t —~ 40 +
o oo 40 | )
& 80 &0 o 30 -
E £ 350 E 10.10
= 60 ¢ = 30 ¢ = 20 {2212
I : =50 mg/L 25 | —13C .
W =100 e/l —25C o |
20 ) ) ) ~200 mg/I 20 + ) ) —-—.35 C . . . .
20 40 60 80 100 120 0 20 60 80 100 0O 2 4 6 8 10 12
Time/min Time/min pH
60 -
100 _(e) (f) [IBlank 2235 mmol/L 310 mmol/L 838 20 mmol/L
% 80 50 TR 7 b ] 7
e L
= & = 40 |
E) g H.PO, H,PO. HPO} PO} %ﬂ 30 f
I g 40 Z 20|
5 a8}
N 20 10
: 0 / AE | 7

1234567 8910I1112
pH

0 2 4 6 8 10 12 14
Solution pH

NO; HCO; SOF F

Co-existing ion

pzc—Point of zero charge
B2 YA (2). TR (b). pH A (c) XTI AYFZM ; (d) La-Fe/VE-2 FEfh Y Zeta HLALZMHT; (e) BERATRAEARIH pH F A EZIEAIMi
(F) A7 B T X R R R B ) 200

Fig.2 Effect of initial solution (a), temperature (b), pH (c) on phosphate adsorption; (d) Zeta potential analysis of La-Fe/VE-2 sample;

(e) Distribution of phosphate species at different pH; (f) Effect of co-existing ions on phosphate adsorption
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{9 I 8] 20 9 b . 7E 35°C SR, W BE R 7E
30 min ik B T e KW T2 &, 7E 30 min Z 5 JF
WHH T, H 15°C Fl 25°C S5 8 F 3k 31 B K
FAF 2 2 R0 W B ST T A 0 B PR 90 T — 2 L L
R TFREAE, BT, #Rihs La-
Fe/VE-2 [ filf 15 450 5 38 fin, - DA T 5 1R B 4503 488 v

T B AIF 5 R 2 B R AR VA 1) pHE XTI
WA &5 3 . AR SCTE pH=2~12 75 Bl N 04l T
i R £h B9 W Bff M BE . 4 pH=2~3 i}, La-Fe/VE-2
Xof T 2 1% TR B R B, #E pH=3~9 B, W%
B i DR R, MR R I AE 99% LI . 24 pH > 9
B, Rk W AR SRR R X — S5 SRR,
TEWR Pk F b Pk 45 FF La-Fe/VE-2 % 8 % £k (19 1 [
PERE A AN (B 2(c)). 3% —F 5% 3 A DL FE 11
38 Th A A TR AR I B o

VSRR pH XS B R AT H B W 5 1Y £F AE TR 2R
Fw A A EEH . 4 pH=2 i}, La-Fe/VE-
2 W B AR, S bR T B A R P R Ak e
PLR A HL ff 19 HaPO, JE A7 AE (K 2(e))®, A
T bt WA, fESRER %% F N 11 2 /¥ La-Fe/VE-2
Y La & R, X ik —2 5 BOL W R
REFEMK . 7E pH=3~9 i}, % Z 1Y H'{{i15 La-Fe/VE-
2 R MM —OH i T, ¥ —oH™>, HitxH
Hr — A~ LA 1 Ho PO, R 5 | 1 FH A8 , i
W BFFASCR G pH AR R, IR R 2 T T Ak,
B R S B R AR, [, VR OR & OH
L5 HPOZ™ 35 4 W BF 407 A5, 3kt L Wi B B ot — 25
FEAK o AR Zeta Ho 07 B (18 2(d)), AT DLW 2% 5
pH,,. (pzc A & HL fif 1 )=9.1, i ] pH<9 i} La-
Fe/VE-2 it IE HLfif o X —Z5 ik — B EHIE T
£ pH=3~9 55 4 T , iR #h i 3K & 5 2l &% K
(49.7 mgP/g), 1H:4 pH>9, Wil ik 2w LAk,
WA, #E pH=3-6HI, BEMREHM EZEHIE XN
H,PO,, i FH WK REEAR, 5 F W™, ¢ b
fiFik, La-Fe/VE-2 7 Bg P flp v &0 T ¥ B %
U 1 s T R R B PERE . 7E L3R pH(3~9) Y M 3
AE PR TR FSE 10 BRI Ik B A R O BRI RE 1, TT LU
e KBS B K () pH AL B A4

R T VA il £ A R AR SEBR K AR e i T
WEE T TP I B 7 X BB A 52 i . AR SCak BT 52
I S NI R U I v B R TS T Sl (O N \ (O
HCO; . SO7 R F), 455tanrd 2(f) firs . nf LW
2<%, 7F 5mmol/L. 10 mmol/L F 20 mmol/L £

fFF CI'. NOj . HCOj . SO3™ XMl 2 £k i W fft JL
PRFEA R R FE TR R EE R, B
iR b 47 AR B W2, AE 20 mmol/L 45 14 F oK W
R 3 30 R 0 R iA B 4.36%, X 2 T TR R
T SRR R e v o5 4 A B TG PR TP ROk
La-Fe/VE-2 & & # B X} i R £ 2R B 4 A0 2
VEREME, AT 95% 1L F A AR S AR TP B T
LA, SRRV, TS F AN
#.F , La-Fe/VE-2 n] UUfo e Ml s &k, HA
152 25 R K R v (8 52 B g TS 0
2.1.3 PAEASLE

R T VAL AR AR T, R RS2 50 S 1Y La-
Fe/VE-2 W [ 570 AW R 3h v W rh 64T 0 88, R U5
A 1 mol/L NaOH ¥ | # 17 f# W . & T WAl La-
Fe/VE-2 (1) FROG FRMERE , IEAT T 5 W% 252 1) W f -
ffe WS B, 25BN 3 in . Zead AT 3 U W T - i
WAE I 5, La-Fe/VE-2 W FfF 50 X B2 45 i) W B 2%
PRFEAE 90.89% LA L=, 22 Ji5 Wi o 50 %o Ak i 56 1) i e
eIz W k. 20 5IKPER S, La-Fe/VE-2 1
AW IR LR R N 83.49%, A5 ELA 8w 1 2 5
K, F W La-Fe/VE-2 1] LIA & B F T, HA
L 1y o T 5%
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Fig.3 Removal efficiency of La-Fe/VE-2 in 50 mg P/L solution in five

adsorption desorption cycles

2.1.4 WEFRER WL B) 12

Bl J1 25 W 58 SR W 5 S I B A5 R B L ) 7
Bk R —S8h 1% . B8 J) R
FIURL T P4 B30I 0 006 W R S 0 i, G f&] 4
F3., RAPIR, HESIMNNT

In(ge —g1) = Inge — k1t (1)
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30 min, R Eh DI VR r T8 A R 0 W R Y Ah
M, SRIE PO b 85 5 TG B . 2,
/b F T TR B DAV VR 8 1 3 1T A % 381 PN T I B
P, B — BB R4 29 20 min, A & L R 1 AN
e T BH T (3 i, W B R A AR Y
e, WRSCTN %) T A W RO S o i, R o o A
WV, T g5 07 PG HL AT FAS, U
¥ La-Fe/VE-2 L [BRREL T4 58 4 th A% g P,

so | ®

45 |

40 |
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35 +

30 +
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2/min

4 La-Fe/VE-2 WHBHRREL: (a) #—ZUAMU = GARL; (b) kT PR

Fig.4 La-Fe/VE-2 adsorption of phosphate: (a) Pseudo-first and second-order model; (b) Introparticle model

%3 La-Fe/VE-2 LB EIRMBIBI N FESH
Table 3 Kinetic parameters of phosphate adsorption
on La-Fe/VE-2

Kinetic equations q./(mg-g™) ki/k, R
Pseudo first-order 48.73 0.0668 0.985
Pseudo second-order 56.23 0.0015 0.995

Notes: g,—Phosphate adsorption capacity inequilibrium; k;,—
Seudo-first-order kinetic con stant (min™); k,—Pseudo-second-
order kinetic constant (gmg'min™); R*—Determination
coefficient.

4 La-Fe/VE-2 KIFAY HAESH
Table4 Parameters of the intra-particle diffusion equation
for La-Fe/VE-2

ka1 R kqo R ka3 R
5.01 0.99 3.43 0.98 0.18 0.98

Note: kqy, kgo, kqs—Phase I, phase II, phase III intra-particle
diffusion rate constant (mg-min®®/g).

2.1.5 BRI ER I B A5 L

MK By 25 i £ A A 1 2 B R0 A ] 0 4y e 8 UK

R RE ST o S T2 T A N T B IL AR

>k Fl Langmuir 1 Freundlich A5 Y X 52 56 %5 4 5 17

WG, WK 5 iR, IR mT
_ qmKLC:

= AmBLTe 4
e 1+ K1 Ce (4)

ge = KFCe% (5)
Kb C BRI TR FE (mg/g); qm NWERR
e K WM R (mgg"); KoM Ke o BN
Langmuir 1 Freundlich £ %! 1y W Fff 7 £ % %C
(L.mg™"; (mgg")(mgL")""); n>k Freundlich 1%
RIAZEPEFE 5K

W& 5 fi7R , La-Fe/VE-2 X F& £k () W B fik
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180 %5 La-Fe/VE-2 fj Langmuir #A Freundlich #{ &£
160 - P Table5 Langmuir and Freundlich fitting parameters
140 | - for La-Fe/VE-2
120 L Langmuir Freundlich
= qn/(mgg") Ki/(Lmg") g2  Kp/(Lmg') 1/n  R?
x 100 | 185.09 0.0089 0.977 9.53 0.456 0.907
\E@ 80 Notes: ¢g,—Maximum adsorption capacity; K;—Adsorption
= 60 L equilibrium constants of Langmuir; Ky—Freundlich Adsorption
equilibrium constant; n—Constant related to the adsorption
40 - capacity and affinity.
20 N Langmuir
" - - - Freundlic! N
: : : : : A4 R PEJS . La-Fe/VE-2 1K1 B T K i
° D ALY R AOR IR, B A B 0 ARG 4
J(mg g

C.,—Equilibrium concentration of phosphate
¥l 5 La-Fe/VE-2 W Bt ##2ER 1 Langmuir #1 Freundlich 157
Fig.5 Langmuir model and Freundlich model for phosphate adsorption
by La-Fe/VE-2

77 6 3 V5 VR U TR BE B ni B, e &l R
o LA, La-Fe/VE-2 X ik & (5~100 mg P/L)
HA M5 0B RE, RBRF T 90%, 453
W], La-Fe/VE-2 &b B b IG v & 5 Wl 22 /K HLA 1R
K1 o AP A S5 2 5 s, Langmuir
AL R® 15 T Freundlich #57% | iX % 0 Langmuir
A B B4 IR La-Fe/VE-2 0 W [ft47 %, La-Fe/VE-
2 08— AP 51 PR WL B R, R A W R
4y 417 La-Fe/VE-2 7E 25°C I 1 i K B iR
£R W% B 7% = 35 #) 185.09 mg P/g (Langmuir 5 1),
5 JHC Al 1) 28 W B 500 K EE AR X B (6 6), KM La-
Fe/VE-2 ELA7 W [l 1 45 0 DL 34 o
2.2 La-Fe/VE £ & 1 # i U Bft ¥ 45 4E
221 fOWIE S BET 43 H

¥l 6 &y VE. La-Fe/VE-2[f) SEM & 1% . VE
THOWLIE 265 45 A6 52 B0 1 L 80 () R 0 U] /g iR, T
BONJEW, X5 ZATGE R s R -8, &

AT B L3 D m AL, X 4 A R R
R B . TEBERRER VS M M S, LR B
TEURUIRE . 454 EDS 4531, WAl ik 1k
I 8. F4h, e £ 1Y) La-Fe/VE-2 ¥ i
F, Lafl Feot %= 09 11 2k & 73 7l y 1.88wt% Fil
3.67wt%, SLfn La, Fe i oA 0.51,

K FH N, W2 B - Jd B 45 9L 26 ¥E WF5E T La-Fe/VE-
2 5 A M OB BET b3 1w BURFLBR 40 AR, &l 7
fFim. WTLAEH, La-Fe/VE-2 X N, YW fff 2 B0
AR IV AR SER 2, R 2 g B, N, 47
PLBR 2 3 22 2 W8 S B AE A FLA N R THT . H B
Hir M1 T 1 T AH XS R 5% p/pp>0.4, F W] La-Fe/VE-
2 JRn DL BRORFLBR O 32, LRSS # AR F I
MALFE 5> A5 B oh ] LLF Y La-Fe/VE-2 iy #1714 fL,
45Ky, H La-Fe/VE-2F-¥4L1#2 M 5.6223 nm, 3
1 F1°h 34.7556 m*/g, fLERIARFH 0.049897 cm®/g.
222 ZifYERE ot

€ 8(a) 4 VE. La-Fe/VE-2 1K} F1 0 5 1 £h
J& 1) La-Fe/VE-2-P #1 £L19 XRD &35, Jrig A 322
M A1 95 (QZ) Mg A (VE) A4l A, 1 B 24 0 2
VE fi1E—S6 2 i, &l oebe)n, JB T g 454 1Y
WERH B, LT — R IR, MR Rl LU

%6 FI&M La-Fe/VE-2 S EAMMTRIAYERELLE

Table 6 Performance comparison of prepared La-Fe/VE-2 with other materials

Adsorption capacity/

Material ! pH Temperature/C Ref.
(mg-g')

Fe;0,/La-MOF 58.70 5-7 25 [28]
Lanthanum modified natural zeolite (LZ) 122.70 6 05 [29]
Lanthanum-modified magnetic zeolite (LMZ) 109.17

La/Fe engineered bentonite (LFB) 82.02 2-6 20 [19]
NaLa(COj3),/Fe;0, composites (MLC) 77.85 4-11 25 [27]
La/bi-hydroxyl double salts (HDS) 168.12 2-12 25 [30]
La-incorporated ternary (hydr)oxides nanocomposite (MALZ) 80.80 4-10 25 [25]
Lanthanum/aluminum engineered bentonite (LAB) 93.61 3-6 25 [31]
La(OH);-modified exfoliated vermiculites 79.60 3-7 25 [32]
Le/Fe bimetallic-modified vermiculite (LFV) 185.09 3-9 25 This work
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Fig. 6 (a) SEM image of VE; ((b), (c)) SEM images of La-Fe/VE-2; (d) EDS spectra of La-Fe/VE-2 before and after phosphate adsorption
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Fig. 7 N, adsorption-desorption isotherm of La-Fe/VE-2 composite and

its particle size distribution derived from BET analysis
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