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Abstract

In the study, La-doped biochars (La-BC) were prepared by the coprecipitation method and the
phosphate adsorption on La-BC in water was investigated. The experimental results showed that
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La-BC had a good removal effect on phosphate in water. XRF results indicated that lanthanum was
successfully loaded on the surface of La-BC. Batched experiments showed that phosphate adsorp-
tion on La-BC met the pseudo-second-order kinetics model. The Langmuir isotherm adsorption
model could better describe the isothermal adsorption process of La-BC towards phosphate. The
equilibrium adsorption capacity of La-CBC and La-WBC was 15.86 mg-g-! and 13.31 mg-g-1, re-
spectively. The lower pH contributed to the adsorption of phosphate on La-BC. The study sug-
gested that La-BC was a suitable adsorbent to remove phosphate from water.
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B9 S5 - TR AT U AR AR B 8 15 e R 0 5 BRASCR, RT HI ORGP 1 B[ 101 (HAZ, H5%
P AE K A — BB LI ACIRAEAE, A CLIRISCRI AT, I BB RS ths o HERR S BUE B [ 11]. §Hxf B
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PIEASCR B 1) SRASSTUE TR ERM B W Lo s Gk, JFk— Ml &5 5
AR FCAS A i R RE (K B A= 0 3R W PR 7FU(La-BC) o 2) 04T La-BC (ERALRSYE, JF IR BEAKIWE L i)
pH, HIRIFAT La-BC B PHEE /7. 3) adid & MR Ak 73 AR 2 v s A R B AL )

2. B EFE
2.1. FHERERABIE

PN IEFFWFRFEFF . LRI TR E BT X, & X 8F 2 J00KEERT, HH
TV ENLR JEA R SIS 100 B, iR RME RS T, 18 500°C A& FHhE 4C
‘min” PRI E S00°C, BATIHIEAA 2 h, FREEAMRNEEE B S0°C IR A TR 4 B4 R
KAWHR(CBC). M AW R(WBC).

SR GBI ST ik S R A ) K (La-BC), 40K 1 g LaCly i E] 250 ml /K 7808515,
FAIIN 50 ml ZEEE OB AT FREL 10 g B La-BC BNIE &M, 485 LL 30 rmin~' AU HERE 30
min. [P N 2 mol-L ™' #) NaOH, Z pH > 11 {51k, # 8 —BAl)E, 76 90°C 4 T ik
TR T . 19203 La TR R(La-CBC) # La MR EY) % (La-WBC).
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2.2. RMISCLE
2.2.1. WBiEhFI%

it 50 mg L' OB L VAR, 25 mL 2HE42 54 0.1 g /9 La-CBC 11 La-WBC & . T 25C, 150
rmin ' FEREG . 162, 4. 6. 120 24, 48 h BUH Iy 5 I vk B .

2.2.2. RMIEFRE

Bt 5. 10 20, 30, 40. 50 mg-L™' AUBERR ShVAWL, B 25 mL ANENREBRES WA 0.1 g
ff) La-CBC #1 La-WBC .0 . F25C, 150 rmin' 24F7E % 48 ho B I U8 Jo I o2 MR £k B .
2.2.3. A& pH K&

Pt 50 mg- L' FUBERR L7, B 25.0 mL 35343 54 0.1 g () La-CBC Al La-WBC K&, 5%
pH, AW pH JEEZE 2~10 ], F 25°C, 150 rmin~' 24 N2 48 ho B I8 i ) 58 R Bh vk I
2.2.4.

KRB DU 6 BEVE A AT R £ IR B2 < 38 43 B SEM 1 0E La-BC R TEAS K 451 (JSM-6360LA,
JEOLCorporation). #H17 X 8F 2875 J6(XRF) 781 LL4E 7€ La-BC HI1L %4843 (S8 Tiger, Bruker Corporation).
AT X HERATH (XRD) 4T LA4E 7€ La-BC H 1) #f A 45 #4) (D8 Advance, Bruker Corporation). & HL AR 421
A HE(FT-IR) G T % 58 400~4000 cm™' (IS50 FT-IR, Thermo Corporation)y% %7t F N La-BC [¥1H fiE
Eij8
2.2.5. BUESHT

F SPSS 19.0 A ab 3 #5451l KR A Origin 8.0 #4414
3. &R5itie
3.1. La-BC HUFRAE

XRF L3R, BR7T C. Oy Nv H4b, La-BC REFIEMFT & s, H 48.45%~54.5% (1 1).
TE AR R AR BRI R T 2 RO R, AR R B S 45 S 2t La-BC
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Figure 1. XRF of La-BC
1. La-BC B9 XRF
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Figure 2. XRD of La-BC
[& 2. La-BC BJ XRD
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Figure 3. FTIR of La-BC
B 3. La-BC BLISMIE
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3.2. WHIEhDE
XN B Bl 3 5 BEAT R AT ST, W 58 73 X W IR TL B BEAT B, VBB 2 70 200 B W RS 771 36 34 Jr P 3k ¢
[12]e 9 7 MR IR, A P HE— B T R AN e B T AR AT S R 7T

W g, =q, (1) ; (1)
2
Kyt )

W TR g, = Kol
g R g A ¢ B R BP0 RO B B, B mgeg s ¢ PR A, BAAEA ming Ky Ry T
B 5 FERIE B 5 R R B BN min ' AT gmg ' min .
La-CBC 1 La-WBC 335} il A B 2 W B2, {HJ2 LA-BC WP RE B 2% . La-BC £ {56 §i (AT 2
h)Xf BERR ERR B e, IRAE 4 h B ke (B 4).
XAREFAR AT, La-BC SRR M, BEIREER, KPR SH KINHENJI7=, BEIR
59 La-BC RITW AL, 4@k N La-BC KALEAME, SiddfLaFdt N/ L, fEIIE 2 P g #h
WREERRAG, WP 2N Tt bE 2 BRAIG, T 2B e 2 e
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Figure 4. Adsorption kinetics
[ 4. La-CBC #1 La-WBC X EREL BRI F & sk

BG4 R A BT BRI LS LA-BC X BERR SR AT Ay, UG A REL(R)

SRR 1, BRSP4 O Bt 5 SEIG - T IR BT R R, BE SE AR HA LA-BC X BERR ER AR AT 8% 1)

Table 1. Adsorption kinetic parameters
# 1. La-CBC # La-WBC B ELIRMIZh h ¥ S H

WA Ei ZH LA-CBC LA-WBC
pseudo-first-order fy/min”! 1.3435 1.1967
gJ/mg-g! 11.2879 11.0299
R? 0.9791 0.9746
pseudo-second-order ky/g-mg min™! 0.3135 0.968
go/mg-g’ 11.6702 5.5798
R 0.9876 0.9993
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R4 La-CBC Al La-WBC BEEFREWREE, FEXTE LRl S 2k, w5 fros, La-CBC Al
La-WBC XM B S BER AR ARk, IR R, W ERM 2 AR, H9REAS—eEE, &
THase.

K] Langmuir Ml Freundlich 77 FE#EATILA13]:

. . b
Langmuir Equation: ¢, = b0,¢. ; 3)
1+bc,
Freundlich Equation: ¢, = K¢ ; (4)
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Figure 5. Adsorption isotherm
[ 5. La-CBC #1 La-WBC %42 3h #9I% f 58 2%

La-BC X (1] 2 B 22 B IR BESE NI AL K, 2 BH iy ik FE B FE SR W PR A R M HES 77 BHIEL 6 IERT
BEIREEI K, La-BC XITRERR EL 10 L BRI &, IFAE SR EE A T T . iXZFN La-BC 241
W PR T AR — B B, RIS S5 N W B 25 4%, B IR b e At W PR )5 mT AR R B o BEIR EE R I, =8
BN ORI, WA SIMAI14] [15].

PR A 2635 0] DU IF A4 La-CBC #il La-WBC B i A2 . Ho Langmuir IR G EH 5, &
B IR o 3o 2 2 R IR B B S R 16

La-CBC 1 La-WBC [ fI Bt & 0y, 4371 15.86 i1 1331 mgg ' (% 2).

Table 2. Adsorption isotherm parameters
% 2. La-CBC # La-WBC M #BER RN MRS

Langmuir model Freundlich model
Biochars
On/mg-g ! b/L'mg ! R Ky/mg! Vg L n R
La-CBC 15.8571 0.4221 0.9758 4.4769 1.7511 0.9731
La-WBC 13.3122 0.5741 0.9637 4.5878 2.1956 0.8929
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VP2 TR, 7K A4 pH 2 R PR 7RG B 25 B ORI B BR IR 3R [17] [18] B AV S M W B 77 2 T 14 5
R E IR ER I KR IE A o ASCIF AR pH R LA-BC X 25 B RCR IR 9256 (1 6) 45 R R PSS
pH (EARSCHE S 3, BERREEAE LA-BC LW PH fifir b pH 4 I B AIC, 7€ pH = 2, La-BC X B ZEFRFIA
FER, HBEpH MK, ZERERD.

KA A pH A R A, 1 A 2507 La-BC R HAEH, M SCE 3l fl La-BC &
M B[19] [20]. >4 pH {3 2 8, La-BC H iR i )5 4] 3= 2 LA La-OH; # La-OH JEXAFAE, sk b
La-BC KM IEHAT. 4 pH B 3 M| 8, H/eRIA HPO, & & F M H,PO, &N, b5 RN
N H,PO, & i MR HPO, & #iZ Wit . HyPO, AFI T 5 La-BC K04 # IR SI{/ERI[21]. H,PO;
FIHPO> WAEFIT 5 La-BC KAFHBEEA. 15 H,PO, th, HPOX f i g E Ak, {2k E i
La-BC FrWePf. DRt pH 3 3 8, BHEAES B La-BC W, f# La-BC XA LBRMERE 5. Y
pH 1 8~12 i}, La-BC A SALBIFRH I3 FLL La-OH;, Al La-O {77, AfkE La-BC £ E 7, Kk
X pH 7£ 8~12 I}, La-BC KM ANWEER £k ()5 b 7 FJ 340K, i i A6 2 #h A0 BB 1 B o e b i pHL S
OH 5AAIESE 4+, 18 La-BC XF 1) L B2 BRI
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Figure 6. Effect of pH
& 6. pH X% MHE R 8920

4. &g

1)l ILPTUE 751 ] i A% A7 B P B A2 1) IR (La-BC).o

2) La-BC AR 48 UL IR 2 sttt I TR It B2, JFFE 4 h ik BP 4

3) W27 R K Langmuir S538£5 AT 756 La-BC XM KILEN . 515050 T K E MR (La-CBC) F kb
BEER (La-WBC) FI KR I 0, 723179 15.86 A1 13.31 mgrg '
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