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Abstract: Lanthanum hydroxide [La(OH),| cross—linked chitosan (CS) microspheres (La—CS—M) were prepared
based on microfluidic technology. The compositions and structures of La—CS-M were characterized by various
means. The performance and mechanism of its adsorption and removal of phosphate in water were explored. The
results showed that La(OH), was successfully loaded within La—CS-M. Compared with the cross—linked chitosan
spheres (La—CS) prepared by traditional dropping method, the surface and interior of La—CS—M were porous with an
volumetric mean particle size of 415.8 wm, porosity of 89.22%, average pore size of 960.0 nm, and pH , of about
6.5. La—CS—M maintained a high adsorption capacity in a wide pH range from 3.0 to 10.0, and the presence of CO;"
had a more negative effect on phosphate adsorption compared to Cl7, NO;, SO} and humic acid (HA). The
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adsorption kinetic data and isotherm results were well fitted with pseudo—second—order model and Langmuir model,

achieving a maximum adsorption capacity of 56.48 mg/g at pH 6.0. Combined with XPS characterization and

adsorption data, it could be deducted that the adsorption mechanism of La—CS—M involved electrostatic adsorption

and formation of inner sphere complex (through coordination exchange or Lewis acid—base interaction). After

phosphate adsorption, La—CS-M could be desorbed by 2.5 mol/. NaOH solution, exhibiting good reproducibility

and adsorption stability.
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Fig.1 Schematic diagram of microfludically—generated

lanthanum hydroxide cross—linked chitosan microspheres
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Fig.3 XRD pattern of La—CS—M (a), FTIR spectra of CS and La—CS—M before and after phosphate adsorption (b), particle size
distribution of La—CS—M (c) and the pH at point of zero charge (pH,,) of La—CS-M (d)
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Table 1 The pore characteristics and La loading

capacities of chitosan microspheres
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Fig.4 Effect of pH on phosphate adsorption onto La—CS (a), effect of pH on phosphate adsorption onto La—CS—M (b), and species of

phosphate in different pH (c)
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Fig.5 Effects of co—existing ions (a) and humic acid (HA) (b) on phosphate adsorption
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Fig.6 Fitting curves of kinetic models (a) and intraparticle diffusion model (b) for phosphate adsorption onto La—CS—-M,

and adsorption isotherms (c)
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Table 2 Kinetic and isotherm modeling parameters for

phosphate adsorption onto La—CS-M

H5E ZH K

HE— 28l 12 AR q/(mg/g) 50.95
k /min™" 6.75x107

R 0.923

i 25 Pl q./(mg/g) 57.43
k,/(g/(mg - min)) 1.52x107™

R 0.969

URL A TR k, /(mg/(g- min"?)) 1.89

c, 4.82

R 0.989

k, [(mg/(g+min®?)) 0.57

c, 33.97

R 0.918

Langmuir q,,,/(mg/g) 56.48

k,/(L/mg) 0.40

R 0.980

Freundlich £& 7 kl,/(mg/g)(L/mg)”" 23.15

n 4.11

I's 0.962

by < kyy)o B VR TR VI VR T B (ol TR k) vk B 3
I, P i R e 2R B . PR, La—CS—M W Fff
BT A o 2 e 1 38R T i P R T ORI Ok g 4
e EEATE
2.5 WRBHEIRE

La-CS-M 7E 2 5 T (25°C) % B 12 £ 1 W Jh 45
LA E 6(c) I o w] LU H , Bl 5 B 2 6 v P 1Y
HAh0, La—CS—M 1% W B £ 52 328 b 9 8 351 78
1 Uf W Gk B 40 me/l J5 B8 TR M5 . R
Langmuir £ 2 F1 Freundlich £ 81 X 2 56 K4 4 25 17
UG, AR LR 2. IR AT, Langmuir £ 78 (1Y AR

Kotk ZH(R=0.980) %5 T Freundlich 15 5(R*=0.962),
W] Langmuir £ 8 5155 5 H 38 La—CS-M XJ 2 £
FR) 25 kR o e A, DRV , La—C.S—M X B 1% 6 114 % o
Shy BRI, W 6 e R A ) A2 B
i Langmuir 77 #2 71 5 15 2] 89 & K W B & 4
56.48 meg/g, 53¢ 3 v — BB L {7 1) 25 5 W A Rk
AH L, La—CS—M 7 i H 4 25 44 T AT 3045 48 fmg W ofY
i, R La-CS-M & — P B 84 1 W 1 1 B
T I B A L
2.6 WMIFIBERBENE

T VEH La—CS-M 11 5 &2 A 1 fg L >R H
2.5 mol/L NaOH ¥ ¥ %F H: 34 47 W B 15 4=, &5 2% I
Bl 7(a). H1 AT 50, B 25 06 24 1) A Ok B0 8
La—CS—-M 19 W BiF PR BE A B B A . SR M, 76 96 26 ]
FH 5 W5, W B 1 AR SR 4 5 5 — OO BT AR
72.7% , H WM RCR AR A K . X 1B La—CS-M 1]
VL o B PR S S B A R 22 Yk R A2 R FE RN
MRER I RE . A T F— 20 25 S0 R T B AR e
PEBRIE T W Bl R R 10 R Y La—CS-M 76 £ & 1
KR BB R ER W T O, 25 SR K 7). A
A, BIfH 4R % 10 d, La—CS—M % 9K 4k 37 93.0% L)
R BEW B, O ELAE 7 d S BERR £R AY ik U LT
PRFFREE , R La—CS-M EL AT KL 4 1 W B e 1k
T B 0, R4 B 2R KR 1 pH Y L R 6.0~
8.0°", [HI1fif La—CS—M A] i - FI SR K PR35 rh e i &
F14) W R} 1T [ 5
2.7 WEBRALEE

R TR La—CS—M X 6 12 5 1 W R HLEE , i —
MK FH XPS 20 M T La—CS—M W B i 2 58 7 )5 o R
e RS AR AIE B o 1] 8(a)hy La—CS—M W B i
ERHT IS 09 XPS 35K, WAl LIE Y, FUEWC s,
O 1s.N Is.La 3d ¥Jf77E, I H RS 8L T P 2p, %
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Table 3 Comparison of maximum phosphate adsorption capacity (g, ) based on Langmuir model between La-CS-M

and other La—-loaded adsorbents

2 BF57] IR RV S /(mg/LL) pH IR C 4, /(mglg) SCHR
La—CS-M 5~50 6.00.1 25 56.48 AW
A I AR5 P P RR B B I 2.5~50.0 4 25 16.034 [5]
IR SE AL B Y feE i 10~100 5.60 25 58.70 [25]
A LRSS A W ¢ 5~100 6.6 25 41.22~45.62 [24]
MgFe, 0, ) 17 B 15 L R B R 5~50 5.30.3 25+1 27.68 [29]
A G AT ) 2R 0 T 1 T B R s Bk 0~50 4.0 25 7.86 [10]
5 5 EUE A Y T 1 o 4T 2 10~70 — ! 15.3 [26]
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Fl7  La—CS—M [P PR R (a) R [ A E 1 (b)
Fig.7 The regenerability (a) and adsorption stability (b) of La—CS-M
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9 15.0% , F IR ER UL T —OH 2L A1 5 La il i
AVEMAR T WZIED™ . B 8(c)h , Wk
85, La 3d,, Al La 3d,, B 25 4 B8 I % 21 5 = 19 47
B IX 5 SRR G 2 SR — 2RSS T A
HL T % B8 Fl La—0-P PJZ LA W 8 )™, 1#] 8(d)
WP 2p UGS A BEAL T 133.06 eV, 5 b5 i 1Y 4l

K8 La-CS—M M BFRA R ER AT Y XPS 4238 () S O 1s (b).La 3d (c)H1 P 2p (d)BY 5 43 BRI 4]
Fig.8 XPS full spectrum of La—~CS—M before and after phosphate adsorption (a), and the high resolution spectra of O 1s (b),
La 3d (c) and P 2p (d)
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Fig.9 Adsorption mechanisms of phosphate adsorption on
La—CS-M in different pH conditions
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