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W FE LSRR OB AR, SRAILTOREE B8 T T4 m S B P K BE IR LB 7] (M-La-CS/PVA), #R%5E T
XK PR (Y B R EPE AL, M-La-CS/PVA HUFBEALIRE N 6.14 emu-g ', 7E 25 °C AHEFIEH &R 4527 mgg™'s
TEVIEABEFRER BV 0.5 mg' L™ F, pH=3~10 FE 5 Bl A BERR 2R 2 M R A5 61.40%~92.37%, 75 pH=4 I 22 [ F &t
o M-La-CS/PVA Fef% & 2.0 g L', HAEHIET NO, . Cl K SO,> XIBERREL R L-F-Tesmi, CO,2 7E 10 mmol-L™!
B 2RI B TR W BT, BAMRER =R IRIK T 11.34%, M-La-CS/PVA W FRBETR £ (103 #2448 1 2% 5 J1 2% H1 Freundlich
SRBRL, NAEBIMZ 4> TR A . P-O 5 La-O-P 22 8] 1 fb A5 AN i v W BAHVE P 7E B I b W B vt s VB . DA
3 mol-L™' NaOH il 1.5 mol-L™' NaCl MMk, Zeid 5 -G 3A 5, M-La-CS/PVA I5LRFF 73.03% ML 1,
Je— PP AT REPE TR, P RERRE (1 R R R R IR B 51

KEEIR) B OKEREC; WRBH; mERAEh; mEbEmg

BHE R —F T oTER, ERAI B AEE P REATERRNER, (Hid i S ok s
BRGWIR, FHERKIEEEFRA, XKL MR SE g 3R EXKAR A BES G HERh R H ™
Moo (RIS KA V5 HERbRE GB 18918-2002) i, H/KMEE (TP, i P it) vl i ik & —
P A(TP<0.5 mg-L ") b, JERTiiZRopr (M, §7) EEiE =KL B HEA SR 11, T KA H /K TP ik
WHEPUIT A<0.2 mg L™ ZRE, L, KT TP Bk BT 0.02 mg L™ ] Bexs sk 4 & 5 5%
AP,k — R B (LR B T R AR AR S R G T U, DA SR B K AR TP IR B MR R A e . IR
5 (PO, -P) J2oKh TP M FZEM Sy, Hm BRI T POKIRh 8 e R BRaxEREY . ik, ISR A
AR E SR AR P R R SR (PO, -P<0.5 mg L") #F— LR REIAR (PO, -P<0.2 mg-L ") /K
RREAPRERMERY, SRR ERAOKT, RO IAE SRR AR E L,

HHET, 15K FZE R TREER AR B TR AN, 18T P ZREE R R I . Frsh e
&, HFFEZGHIEE . KIS i, AR m H o AR Ak, MR R E R
i, RAAS . SRR TS UL S Ga TR R iz B 3 I . WA AN REA R B A T 1
W, BB AR, B HA ISR 77, PR IS Sy ik B e R, AR ki
VR ARG v A A 2 B 2 B 55 A i B R M B F S B . B (La) SRS, (M La 5 PO, -P Z MU
BERUR UL (K, =3.7x107%), BMEAEIREIKOT-XS PO, -P RELHARBRIGFEAT), B T 4R,
{HERTER La FENEFFE AR, AERN, I 28 AUEURCR 2 A 6 4 20 La R, 7 R0
(CS) NHREF & . i SRR, A FE R ILEERER, X PO, -P EA MR E A I /1,
EOHEEARMSTH, SR CS 25278 pH BRAEY, W AFAMAEL, WROIGEE (PVA) 55, JTERUKEER
(CS/PVA) VENEMARME . Ak, Mg s I ) @t, 5 AREELSH, i w7 RO E—FEs T 7
TrEe . REMEARIRI UL =8k (M-Fe,0,) s&—FPL AT BISREAT RN, AT LIS SR RIES A, e
W BT o 52505, IS B A FH AR A 15 2
s BHE: 2024-04-28 FFAHHE: 2024-09-26
EEWE: Wit E SH A RIS E (19273601D, 21323802D)
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ABFFELL CS/PVA NEA, 7348 La, HBA M-Fe,0,, 45 17—l 25 M At R m e 157
(M-La-CS/PVA), HIFMIAKIEPEBRRFR R PO, -P, it/ M-La-CS/PVA 4. TESH . 45H%:
TEN 48 La RakiGOLAE, 256755 pH. SEBIE 45 T2 SH0K IR PO, -P M IERERSZIN , A5
HAFIMEHMERE, IFE5 A LR R ARAEEE R FIALEE, LSS M-La-CS/PVA MR FIFESEFR H e
HEHE
1 MRS EE
1.1 SCIedRy

SEG T B RAR AREY  HT 4. CS(MZBEEE S 90%) . Biffié (CH,COOH) ., #hfiZ (HCl), &5
fb4H (NaOH) FIR — S8 (KH,PO,) Il A R R AA0) . PVACGRGEEN 124) . fiSERI7S/KEH)
(La(NO,), 6H,0) il M-Fe,0, W A _L-i22 sa MRAEABRHE DA PR F] . SEREEESR 257K (D) Bl .

F KH,PO, Biiil ik BN 50 mg L' BERELE &, AR PO, -P itV BE R K FH B RR LB 25 Vs
B, VAT pH=7 J5 . MRBEIREE (0.5 mg L) BEERERE /K, FH 0.1 mol-L™' HCI il NaOH #8717, =ik
WRIE (10~100 mg L) BERREREZKH 5 mol- L™ HCI 11 NaOH /75,

1.2 M-La-CS/PVA HJ$I%&

M-La-CS/PVA il &t FEUn & 1 s . B =
3 g CS ¥R T 50 mL 2%CH,COOH ', 7] / s P
B e AT # 6 g PVAIA 100 mi DI sy || (N Y —
PIHAZE 95 °C FFAWHIEE, 1 PVA FEOMEMF. “ \
EAPIRERAR A S, EmRAR T IA P EOMIRCS  NRRPVA - A Ee
6.5 g La(NO,),6H,0 [EIfA, $iHE2), Bk La 4 ! T y ql.
SIMEAER TS, FRIA 1 g M-Fe,O, BiR, 1 — i — .

FEAS), JHEBA 5 min RS Bn, BRI
RIGATETEA 1 mol-L™ NaOH W+, TEMER
25 5 mm (ERIVKERIRE, B8 3 hJH DI gz ORIk DRI AN
PE, BT—20 °C Rk 12 h FHASET 1 M-La-CS/PVA TKRIZEIS AT
MU TR 24 h, 5% M-La-CS/PVA W[t Fig. 1 Preparation process of M-La-CS/PVA hydrogel
o Hil&dAR, AN LaNO,),-6H,0 [EfA, NIFEE] M-CS/PVA W5, A M-Fe,0, By, N3
La-CS/PVA WEHI5; # AN La(NO,),-6H,0 FEAEAN M-Fe,O0, #i7, WIFEE] CS/PVA #hfk.
1.3 A

1) W FHAERERFSY . 7RI IRIR A N FEATSCE, PO, -P MR 0.5 mg- L™, WRHEEN 25 C, il
150 rmin's HEEER pH, WSRO, AR B 155 X M-La-CS/PVA W [ BR BSR4 52 .
pH ZEGERIN 1~12, BUSKHE., S5 KIKIAE pH(pH=6.8~7.2), eI, B pH=7 i}, %%¢ M-La-
CS/PVA X BHERBESCR AR, M-La-CS/PVA #A1HE43510 0.5, 1.0, 1.5, 2.0, 40 6.0 gL',
1£ pH=7 i}, M-La-CS/PVA fefEfhna:, B2 gL' B, HZEERFEWE (1 mmol-L™" Al 10 mmol-L™") HA7RH
BT NO, . CI'. COy 1 SO,> %F M-La-CS/PVA WEBHBREAMERENFZM . 725 ZNE BRI 7, HEFT T 5K
¥, SEREW], 7F M-La-CS/PVA i 2 gL', pH=7 &M F, ¥ 60 min J5, PO, -P JEEWKEMT
0.1mgL", Bk, FHIIFMIIELESE 60 min,

F T —H45E M-Fe,0, 74X M-La-CS/PVA W BREERCR AR, #£ pH=7 if, M-La-CS/PVA
1 La-CS/PVA sl 2 g L7 B, X HUAH RIS IsHE] S 7K PO, P Bk

2) Wt sh F12E i . EEIRIRAAANIE T, ERILR PO, -P BRI R 0.5 mg- L, HE R 25 C,
HN 150 rmin', pH=7, M-La-CS/PVA #hiife 2 gL' M4, FEAEWRHEtfEl, BY 5. 15, 30, 45,
60. 75. 90, 120, 150, 180 Al 240 min FHUEE, W% PO, -P Fidik . 4Bk AIE—%sh Ji2gor e (X
(). =Szt (X (2) R Ny BOTRE (5K (3)) RHIRRN 2127 S B T G
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g =q.(1-¢™) (1
S e @

U= 15 gkt
q,zkdi tl/2+C (3)

Kr: g, AT S, meg's g, b ¢ BIZIRTIRT i, mg-g™s ¢ AWRFIEFE, min; & HHE—ZE)
J1I2FEEG Lomin's &k, MHEZ S22 08, g (minmg) s kg AR BECREE, mg-min g
C AHEL, PR NY B R #IE.

3) WALk . FEEIRIR A N EAT, RIS 25, 35 Fl 45 C Y, ARRWIEG PO, -P IR E
(10~100 mg-L™") T M-La-CS/PVA I W Bt M 68 . S 5514 : %% 3 150 rmin”', M-La-CS/PVA & il &
1g'L™", pH=7, [WHf[E] 24 he R Langmuir %8 (3X (4)) F11 Freundlich #7Y (X (5)) XPEHEHEF TG

c, 1 C.

=+ “
qe KLqm qm

q. = K:C,'" 5)
K. C, PN BTREE , mg L™ g AP R BRI i, meg's g, BRI B s R
i, mgg'; K, A Langmuir %40, L-mg'; K, A Freundlich % %%, mg-g"-(L-mg™")""; n N5WoREA
KL
4) W 7o g ((6) 2 (7) A=K (8)) TS AT A AR . KRR 3 IS

Kc=4q4/Cy (6)

AG® = —RT In(K¢) 7
AS° AH°

In(Kc) = 2 " RT )]

K Ko WA 5 8, meg L AGP R E M A R AEAS, kI-mol™; R il HIIKH %, 8314
J-(mol-K)™'; T WM AR, K; ASCAEAS, kI-(mol-K)™'; AHCMKEAS, kJ-mol™,
14 FRMISRE

SHESE M-La-CS/PVA W PO, -P MBI FIERE, 7EB ORISR, I, PEFT 5 R pHEes
SEH . WAL 6 B, 43 2 AP EE (0.1 mol-L7 I 1 mol-LY) By HCl ¥ . 3 FPyk BE (0.1, 1 A0l
3 mol-L™") ) NaOH & &% 3 mol-L'NaOH 5 1.5 mol-L 'NaCl iR AW, V4. PO, -P EWIE N
100 mg-L™", A 25 °C, #3150 rrmin', WA M-La-CS/PVA i 1 gL', VEE] 24 h,
1.5 SHNETSE

a4 Bh R AR A ALBR Y (BET, Micromeritics ASAP 2460, USA) iillE M-La-CS/PVA LI
SEFIFRE ;s R HWZY (Anton Paar MCR 302, AT) Jlf5E M-La-CS/PVA FUGERERCE:; SR o 7 W is
(SEM, Tescan Mira Lms, CZ) 7f M-La-CS/PVA il M-CS/PVA (IR ML ; KA X ST
(XRD, Rigaku Ultima IV, JPN) Jll%E M-La-CS/PVA ) iR Z s R HE B 20406 (FTIR, Thermo
Scientific Nicolet iS20, USA) Il M-La-CS/PVA HJ'HREH]; RHME 1L (TG, Netzsch STA 449 F5,
DE) il & M-La-CS/PVA Mg EM:; RAIRSNE 45811 (VSM, LakeShore 7404, USA) il M-La-
CS/PVA [P FIREA LR 3 R FH Zeta B4 HT{X (DLS, Malvern Zetasizer Nano ZS ZEN3600, UK) &
M-La-CS/PVA [ Zeta Hifii; RH X SIEOGHFREREY (XPS, Thermo Scientific K-Alpha, USA) X} M-La-
CS/PVA T 00Ts RAEHIRE /3O LEETE (GB 11893-89) e K PO, -P BTk .

2 HR5TH

2.1 M-La-CS/PVA K{FZER
1) e S FI4FLA% . gt BET #£4E, %< CS/PVA. M-CS/PVA 1 M-La-CS/PVA - K F
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WHAR KN, S5 A, ik CS/PVA R 0.925 6 m*>g !, BFLAN 0.006 5 cm’ g !, FHFLieN
28.049 5 nm; ¥ M-Fe,0, J5, M-CS/PVA HARHEFHEME] 1.909 0 m* g™, SSLAHEE 0.011 3 cm™g ',
{HF-EfLARIRE 23.587 7 nm. M-La-CS/PVA MY LLRTEFL . BALE . “FHFLE L M-CS/PVA 43535 1
52.90% . 64.58% Fl 25.00%, “F-HHLIR AR CS/PVA HHIT 10.82%, B HE R AR DL A B R FLZAS AN
PR LA TR AR AL N R BRI B

2) WA . 18l 2 S M-La-CS/PVA Ry 10° ¢
B P FE A BB R BT 2 o M-La- | e e —
CS/PVA Ryfiie i T HA R R R T - /
A B R, FE A MR, M-La- S e
CS/PVA [W#RERBT AL E NS FBEIRIE K% % ol
R8I, 7E 23~45 kPa P, HAT RIFHIHLEE ®
B, TERZAN IR A B Igae . &

AP CS A PVA 22 [l 153 24 45 A 1245 R -
FHUS, PVA SRS, AL s
55 CS BMLS S, TWAREIFIALH, e o - 1 - .
¥ M-La-CS/PVA H I TEHLALS La A 550 R -
H, AR MALa-CSIPVA RORGERERIBLOREE 2 M-La-CSIPVA MfaLEERIRFEE BRI
v T

3) REMAHPH. & 3% M-LaCSPVA Fig.2 Changes in the storage modulus and loss modulus of
F1 M-CS/PVA i) SEM Elf% . M-La-CS/PVA 7MNE M-La-CS/PVA with frequency

EIRIERIE (B 3(a)), T M-CS/PVA JEARAHLN

(I 3(b)). IXIEF A M-La-CS/PVA IR L M-CS/PVA IR EA TR AR A sk )y, Wiy
T Z RN R &S, F3 M-La-CS/PVA ¥ W% 76 NaOH %5 W % il 1 58 Al ] i 8R4 . M-La-
CS/PVA W B ) 2L A5 (18] 3(c)). BEMRER PTZEINERALIE TP AL, JF5 5 M 4
ik, PEAEMFFRL AR

(a) M-La-CS/PVAE %51 (b) M-CS/PVAE HiZ5H (¢) M-La-CS/PV A # fi
3 M-La-CS/PVA #1 M-CS/PVA HJ SEM F=IF4ER
Fig.3 SEM images of M-La-CS/PVA and M-CS/PVA

4) RS K A . &l 4 2 M-La-CS/PVA W Jff 8% 2 #2175 19 XRD &l . W Hir, 78 20=15.78°.
27.74°, 39.66°., 48.34°, 56.39°F1 58.94°4b BRI SE La(OH), 454 [JCPDS 65-0585], X J&H 1
M-La-CS/PVA Byl £ #E v i ] 7 NaOH ¥, La LA La(OH), & 71 T M-La-CS/PVA |-, ¥E
20=30.23°, 35.65°, 43.27°, 53.57°. 57.26°F 62.83°4L) 6 AT UGS X FE KA M (220), (311),
(400). (422). (440) F1 (511), SEARMALEIN Fe,0, fARILHL B4 [JCPDS 00-019-0629], FEIARER:
TS S Fe,O, 19 45 A4 U9 W [ #i iR 26 )5 8 B LaPO, 4 5 4F A7 51 1% [JCPDS 04-009-6183],
14.78°(100). 19.46°(101), 29.87°(200). 31.22°(211). 43.22°(212) Fl 48.55°(312), FE M/ w5
La(OH), FIWFILEA: T 3cHh , AEMMR HIER T LaPO,™,

5) EREH T, Bl 5 28 M-La-CS/PVA MNBERRERTITS FTIR JGik&l. M-La-CS/PVA WM ELITE
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3303 cm' AMAIR B, JHTF M-La-CS/PVA

« La(OH),
Fh SRR RS S R, RS 72 v E?P%

FEW A RS T 3391 em ! AL, R H THER
EhA M-La-CS/PVA &4 T RS ER, S5
TEENME RS T, 1423 cm™ 402K La-
OH Wil 649 em™ AbAYEFIFIE S Fe-O HIHL
PR A LY, UL La il Fe g R 2 2k T
CS/PVA #/& I, M-La-CS/PVA W [fisRREL 5 1F
535 cm' Wb BUBTIEE, ZIEH R P-O BEAGHIfH
P, FH] M-La-CS/PVA T\ A% U)W [ T
@ﬁ%ﬁo 20/(°)

6) B8 FE /7. [l 6 %9 M-La-CS/PVA AT El4 M-La-CS/PVA B XRD
%*ﬁl#[éf@o Eﬁ%%ﬁ?ﬁﬁ TG ﬁ:}'*ﬁ M-La- Fig. 4 XRD patterns of M-La-CS/PVA
CS/PVA HyFaEYE, M-La-CS/PVA B e
AR AT PR RS, NEIR S 200 °C,
M-La-CS/PVA BBk T 10.91%, XEH T
WEB K A3 2RI s 7E 200~350 °C B, Jof ¥ ! a
BN 33.18%, EEFEREFE CS 1= H § N
YERIEKAE L B, CS AT C-O-C WP i W
02— B RFAE T RER, QA — T ST oo
3 40 R ET; 350800 °C f 5 i B R 2 ISR RS V4 N

*
MR
'M
40 50 60 70 80 90

10 20 30

— WA
1423~ B

3391 3303

21.61%, FEHERIIAET PVA 45 FHRIERH)
3P 800 °CAJNA 34.30% FREE . X Lbgh R
B, M-La-CS/PVA HA RAFm#gaett, nraR
T CS fil PVA 2 [a)3d i i K e SR 4 LA K 4311

4000 3500 3000 25002000 15001000 500
PeH/om™
5 M-La-CS/PVA KJ FTIR i
Fig. 5 FTIR spectra of M-La-CS/PVA

RO FINESEA EAER, TR THIXTECE RS
YIMZEEER) ) (fi75 La Al M-Fe,0, fazife i b,
T L 2 R I T ARC %0
7) WM. B 7(a) N M-La-CS/PVA FT 80
ArmIZR Al . M-La-CS/PVA RO AIREILSRE N 6.14 70
emu-g ' WEALSR R SN INRE 08 B R K %
WiTlEn, F2H M-La-CS/PVA X4 MIREZ 0 1 2 =
T RGBT R Il 2k e 0 5 R SRR S T,
Ui M-La-CS/PVA MIREACIRZASRENSHGH H ATk ;
BRBHRESAIAEAL, WA R R IS, TR o
’fﬁﬁ)ﬁ\jjiijﬂ\j 0’ %‘%Eﬁ M-La-CS/PVA E%%flsffﬁ 0 100 200 300 43;.0& 500 600 700 800
RAREEREE, AR GE RN RN e ‘
B ELREMEEY. T, M-La-CS/PVA Bl i 6 M-La-CS/PVA BURE ML
PEREL. SRS IR ([75_[ 7(b)), M-La-CS/ Fig. 6 Thermogravimetric analysis curve of M-La-CS/PVA
PVA BERSHRA MR, ST BRI AR PR e 400 B
8) FHLfar i /M. Bl 8 & M-La-CS/PVA TEAA] pH 454 N 1Y Zeta FAf7ZEFLE] . M-La-CS/PVA HIZKTH
AR KRR IR TR0 pH™Y . M43 M-La-CS/PVA (& £HLAT pH,.=9.22, M-La-CS/PVA 7EARTERY
pH {EFINEA K AIE R, XFR A E AR TR T La B AN T M-La-CS/PVA FIEHMEPY,
HeAh,  CSHPVA Z AR AHEAE A (& i) WAe o T IE M A PR FF . V8 W pH<pH,,. I}, M-La-
CS/PVA FEifii—2n] Fi AL E R &0 T 5% H'as G, ImAA b, SEERMA AT ;

100

60

50

40
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(= S -

WAL EE /(emu - g7)

2+t
4t
-6t

-20 000 -10 000 0

Mg Oe
(a) M-La-CS/PV AR 612 [&]

10000 20 000

(b) M-La-CS/PV ARG/ BRI

BE7 M-La-CS/PVA W5 EHHESHR
Fig. 7 Magnetic separation effect of M-La-CS/PVA

MYFW pH>pH,,,, if, M-La-CS/PVA FIfE i T
R BB SR O KA Y, BEUR T,
IR R SR A TR
2.2 WRHHERERRS

1) ¥ pH 520 [ 9 BRIV pH X M-
La-CS/PVA WE BB 2 £k (52 . 24 pH 2 1/
2 BF, JCURRIEOR. R (pH=3~7) T, K
#F pH N, PO -P Bk G JCH NG hs /N
. FF pH=4 If, M-La-CS/PVA W& Fi R R fe i,
PO -P £ E N 92.37%, TEmMESAF (pH=8~
12) &, K% pH K, PO -P EBRFZHTIF
ik, £ pH=10 i}, PO, -P ER&HEN 61.40%, It
if PO, -P & W E R 0.19 mg-L™'. pH=12 i},
PO, -P KER#HH 36.11%.

PO, -P LBRFES5 AN pH FHEMAAAEILAS KX
M-La-CS/PVA I pH,,, )¢, 7E pH<3 i}, 7K{K
T 3% DL H,PO, il H,PO, TR S AELERY, T
M-La-CS/PVA #1fi La LA La-OH," IE FUIEAATAE,
Xffi#5 La-OH, 5 H,PO, 454 HUMERZHEM™Y, A
FITBER . 24 pH=4 I}, sKAKrh 321
H,PO, TEFHET, By T-5fEHAY M-La-CS/PVA
RAFAMEAEN, SRR mcs, Y
T pH 4k2Et K, OH MRS, 5 PO, -P sa4t
W, H M-La-CS/PVA FIPHFIERLffL, #
FAEFIESCY . YIS pH>T B, BERRERAAIEIEAS
T2k HPOS 1 PO, 55— H,PO, #HLL,
HPO, Fl PO, HYMZKT 1 FREdc =D, AT #ERY
WE B, HM % pH>9.22(pH,,.) i, M-La-CS/

40 -

30 |

20

Zetafi {ii/mV

pH
8 M-La-CS/PVA A[E] pH THJ Zeta BT
Fig. 8 Zeta potential of M-La-CS/PVA at different pH

100
80 | 77

60 7377

40 |

TP /%

20 -

3 4 5 6 7 8 9 10 11 12
pH

9  #%4 pH Xt M-La-CS/PVA WRBiEREL RIS/
Fig. 9 Effect of initial pH on phosphate adsorption by
M-La-CS/PVA

PVA K ZFi A iy, SUERERIE 7 e, 330 M-La-CS/PVA W PERESE—EREIT.

2) B, Kl 10 J& M-La-CS/PVA AR BN AT BERRER W MBCR 5 . fi%E M-La-CS/PVA
NI R, PO, -P KBRS I s 48 T 5 B TR i, 4 M-La-CS/PVA i )\
0.5 g- L' #n%] 2.0 gL' B, PO -P ZfR i 39.60% TH= 81.03%, {H M-La-CS/PVA X} PO, -P
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100 0.40 -
7 0%
035
80 7%
~ 030}
;:; 60 7 ;.ﬁ 025}
_‘% ﬂi\ﬂi/’r 0.20 |
40 =
= 0.15
20
0.10
0 0.05 L L L L L L L L L ]
1.5 20 4.0 60 6.5 0 1 2 3 4 5 6
Bomti(g - L) Befst/i(g - L)
() ARSI X AR i 22 BR (b) ANTFIBE T2 R AR £ ) 5

E 10 #HMEX M-La-CS/PVA IRHERELAIEZNE
Fig. 10 Effect of dosage on phosphate adsorption by M-La-CS/PVA

15 0.396 0 mg-g! FREZE 0.202 6 mg-g (K 10(b)), MBI N, B M-La-CS/PVA £t m, wJ
FIFH R B 7 s rE n, PO,-P RBRaRpEZ 8N, SR, 7KKk PO, -P Wit BARRAY, st
PO, -P i BN E — @ R, M-La-CS/PVA WIS AREA A, (153547 M-La-CS/PVA Wi}
FIXE PO -P W B T B . SRR 2.0 g LTSN E] 6.0 gL HF, PO-P EBRFRAUI N T
16.57%, M-La-CS/PVA W[l =% % 0.081 3 mg-g', HIL, 7ESLEF M-La-CS/PVA # i & 4 77 % H
20gL",

3) HAFHIE M. P 11 AR AR 100 - 240 mmol - L™
BT M-La-CS/PVA WRHBEIEERAOANA., 7E5CkR ol <L
WK, HAFAEZ AR E 740 NO,~, CT, st T B g5
COy J SO» iR h A1, X S A7 s ) ?f ] :
[4FAEFTRE X M-La-CS/PVA W PO, -P 17 Tl
BRI, I 1 ATE N, SR T %
NO, . CI'} SO, %} M-La-CS/PVA ¥, Ff} i iR £ S|
JUPBEAT

CO,> Xt 24| M-La-CS/PVA R ER (1K . L
B, 2 CO” ¥R 1 mmol-L™" A1 10 mmol-L™ NO,- cr cox S0,
i, PO, -P LB FRET 4.36% H1 11.34%. GIEERIES
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Fig. 13 Fitting curves of phosphorus adsorption kinetics
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Fig. 14 Fitting curves of phosphorus adsorption isotherm
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Table 1 Isotherm fitting parameters
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Fig. 15 Thermodynamic fitting curve
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Table 2 Thermodynamic parameters

RBE/K  AG/(kJ-mol™)

AH/(KT'mol ™) AS®/(kJ-(mol'K)™)
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Table 3 Adsorption and desorption of M-La-CS/PVA with
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Fig. 16 Schematic diagram of phosphate adsorption
mechanism by M-La-CS/PVA
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phosphate adsorption
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Adsorption performance of magnetic lanthanum-loaded hydrogel towards low-
concentration phosphorus
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Abstract The magnetic hydrogel adsorbent loaded with lanthanum (M-La-CS/PVA) was prepared using the
co-precipitation method with chitosan and polyvinyl alcohol as carriers. The adsorption characteristics and
mechanisms of M-La-CS/PVA to phosphate in water were investigated. The saturation magnetization of M-La-
CS/PVA was 6.14 emu-g ', and the saturated adsorption capacity to phosphate was 45.27 mg-g ' at 25 °C. When
the initial phosphate mass concentration was 0.5 mg-L™', the phosphate removal efficiency remained
61.40%~92.37% within the wide range of pH=3~10, and the highest removal efficiency occurred at pH=4. The
optimum dosage of M-La-CS/PVA was 2.0 g-L™'". The coexisting anions, i.e. NO; . CI” and SO,” had slight
effects on phosphate adsorption. CO,> anions at 10 mmol-L™" could inhibit phosphate adsorption, and the
phosphate removal rate decreased by 11.34%. The process of phosphate adsorption by M-La-CS/PVA
conformed to the pseudo-second-order kinetics and Freundlich isotherm model, which was a type of
heterogeneous and multi-molecular layer chemical adsorption. The chemical bonds between P-O and La-O-P
and electrostatic adsorption played leading roles in phosphate adsorption. The desorption solution was selected
as 3 mol-L™ NaOH and 1.5 mol-L™" NaCl, and after five adsorption-desorption cycles, 73.03% P adsorption
capacity of M-La-CS/PVA still remained. M-La-CS/PVA was a type of highly efficient phosphate adsorbent
with magnetic recovery and stable performance.

Keywords lanthanum; hydrogel; adsorption; phosphate; magnetic recycling
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