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Lanthanum-modified carbon fibers for enhanced phosphorus adsorption. CHEN An-tong', ZHANG Peng'?, XIA Jiang-nan',
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limnology, Chinese Academy of Sciences, Nanjing 210008, China; 3.University of Chinese Academy of Sciences, Beijing 100049,
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Abstract: A novel efficient phosphate adsorbent (CF-La) was synthesized by treating activated carbon fibers using lanthanum with
impregnation method. The adsorption isotherms, adsorption kinetics, one-way experiments, and actual water sample tests were
carried out. The adsorption isotherm studies demonstrated that the adsorption process conforms to the Langmuir model, indicating
monolayer adsorption, with the maximum adsorption capacity of 5.78mg/g at 333K. Kinetic analyses revealed that the adsorption
process follows the pseudo-second-order kinetic model, involving both physical and chemical adsorption mechanisms. The pH and
competitive ions experiments indicated that the best adsorption effect was achieved under neutral environment, and the best
adsorption result was achieved under neutral condition. The effects of five anions on CF-La were in the following order: S* > SO,*
>C04>> CI'~NO;. The recyclability assessment through five adsorption-desorption cycles showed that CF-La retained >80%
adsorption and desorption efficiency. By conducting characterization with SEM and BET on the modified material before and after, it
is confirmed that lanthanum has been successfully loaded onto the surface. Analysis of the materials before and after adsorption using
XPS and FTIR indicates that the synthesized material features a mesoporous structure, and the presence of lanthanum in two different
oxidation states on the surface is beneficial for enhancing the adsorption efficiency. The experiment on sample water verified that
CF-La showed excellent adsorption performance on inorganic phosphorus and organic phosphorus in Chaohu Lake, Anhui Province,
and the water samples from Chaohu Lake in summer and winter could be reduced to within the threshold of cyanobacterial bloom
after adsorption for 10h.

Key words: eutrophication; carbon fibers; lanthanum modification; phosphate ions
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Table 1  Specific surface area and pore structure parameters of
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ekl Seer(m”/g)  fLERH(emYg) 4L {EOm)
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0 2 4 6 8
0. P—RF) Iy F AR e i it £95(min®5)
(mg/g) kh) R ga  kh) R qe T
CF 0.37 0.36 0.92 0.36 1.13 0.99 0.38 o UKL A 4 U
CF-La 42 0.31 0.98 4.12 0.41 0.99 422 Flg.g Particle internal diffusion model dlagram
ORISR 4 RTE] 9)n] %N,CF
CF-La ARG 3 BW A AL AW B e R o, oy A
AL A 2 T W B 7y B B VB A R B b 40 5 S o
B vy, K 7 R DAy W S 0] g e MR B 490 o 2 T A7 A S8 Zo9
, s \ . . . L]
(ISR NS 2 W B VAL P O B B T =, .
0 SR P A, PO i 0L e s K
fI€.55 3 WrBURBRALY HOM BE BB B T i "l — LangmuirkLo it
"/—Q«’DEJ':‘ ‘,,_\\;é:‘g;j: S A S - ] . . L . ) ) . .
T, GRS S5 L Tk 0K P 7 S My s
ALK P I R 93 A 3 AN B, 26 W] CF 1 CF-La X FHERBE (me/L)
PR W o e R A DAy 2 20 MR R 3 3 32 A0 3 T 9 SR QY et
L4 B UTE S st S
@4
4 THATWEENASH .l
Table 4 Fitting parameters of intraparticle diffusion model §
- 2 = 298K
ki R c e 313K
M kit ki ki3 R R> R G &) (& 1r ‘ iiil;muirﬁ(%ﬁhi%
CF 0.2 0.04 001 099 08 059 001 017 030 - - —Freundlich#l & 4%
CFLa 055 0092 -0.01 099 098 099 001 103 153 - : 4 6 8 10
PR BE (mg/L)
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Table 5 Adsorption isotherm parameters

W [N Freundlich
K) (mgg Kh") R Ke  ln R
298 1.52 0.0011 0.95 1.44 0.05 0.71
CF 313 1.47 0.0008 0.96 1.34 0.09 0.86
333 1.41 0.0323 0.91 1.25 0.12 0.73
298 5.31 0.0022 092 4.70 0.09 0.87
CF-La 313 5.55 0.0079 0.98 5.31 0.03 0.82
333 5.78 0.0006 0.98 5.54 0.03 0.88

Langmuir

FEH

2.3.3 W WRARR A S HER 6)W
7~ CF. CF-La #41 i A AR AGS/N T,
XKW CF. CF-La X RRR£R W bt i #5A2 B ik
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T A TBCAR S I, [i) R B o o a2 1 T o T B AT
DRI Ay v il 2 A8 43 -3 Sl I Rl AR T W B 40 ot A
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3 $88 o R T U /AN PR R v, 1 R v B
CF-La XS B PR oot R a2 — A 39 e 2 ek 252 18 o,
T2 B A 2R D VR L FSE 2 A 184 o, W it Bt 2
LTt

*6 WMRNFESH

Table 6 Adsorption thermodynamic parameters

FE T(K) AG°(kJ/mol)  AH°(kJ/mol)  AS°[J/(mol-K)]
298 -0.523
CF 313 -0.471 -2.88 -7.98
333 -0.157
298 -0.850
CF-La 313 -0.869 -0.57 0.91
333 -0.892

2.4 R[EPEZEXS CF-La W FHERE I 520

2.41 pHEHMEMW K 11 BoR74E pH A 7 1,0
52 5| CF-La WR A R0 21 5 AR, D 82 84wt ik /1) 175
0 R A T R AR, L AR 60 14 15 0 %o R 2
FIR) 356 W) R 2 W] p VB B 711) 5 W o 49 2 T ) A

AR D R AR AR pH /N T 70 O PR I
I 7500 5 T 1 L A ) A R 22, T W 9 19l 2 56 )
HKFEE HsPOy Fl HoPOy L 1E H fif 5 HoPOy 2 [H]AF
LA #HLR S | AR T R AR IO ¥ b 10 TE L 1k
pH KT 7 2 J5 R H A7 A1 OH AN 23 AR B 771
2 T 1 PR AT 92D 17 A7 R A 186 0, ek 59 T iR S 1T
FLAFAER) OH B8 1PV £ oy i W B 571) 2 T 149 WS B

R AR B R 985S T B B 510068 28 12 6 1y WA ot

100 [ .|

80 |-
4;.‘\;60 =
S
=
40 H / \.\

20 H N

S
0 1

6 7 pHE 8 9

BT pH IR B2 BE 14 52 1)
Fig.11 The effect of pH on adsorption performance
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