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LDHs) M#k, SRR & B AR /KIE A EME (Mg/AI-LLDHs@BC), FHHIF 7% 7K A i 2k 1 W B 4
PEo SKH X BHRATH. iR T BB Zeta FAAIAX. I AMEIEACR X SR BT RS X kT RAE . S5 RER,
MR Mg/Al-LDHs F3h ik 24 M & i L. Mg/Al-LDHs@BC S Wl £h (W B 5h 7 2 3 R 58 744 v — ) 5h ) s i,
SRR P FE S A Langmuir BADRHGE, AR BI00& KK &1L 71.37 mg/g, T Mg/Al-LDHs, [F YR 12
T2 9 fif. Mg/Al-LDHs@BC 2 fi i N 539, TERR S5 X 05 R 3k 1 W B 14 e A T 0 25 14F . CIF NOs ™t
Mg/Al-LDHs@BC W FiH i R 2k TP/, WA 43 51 R BE 3.66 il 5.93 mg/g; CO5 Ml SOZ X ILT ALK, W 43 5
TFET 19.64 F1 15.93 mg/g. Mg/Al-LDHs@BC R &5 1R LR 5 205 e [T 8 728 4. B rRI 5| RO AR A 4. T 9045
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Ml R, BREFIRRRTSS) , &R 2 B Hx
TR AR S5 B B8 775 S R B PR R ek, B4
VIR BEN Zi 1, TE IR LT AW BE o3 1) 526 MRHE i
Pt 7510 DA 8 5 %o K H 9 0 G (R IR B B RS T AT %
. FKIKEAMEL, TRRREIRE B A ALY (Layered
Double Hydroxide, LDHs) , B &HKH R K& R 4T
(FRA B FAs et e, 2t R BA B 35 Y b )
H i, ©A W 7L LDHs XK AR g &5 i W B R 30 o 4%
2 PO B - Kim 2504 % )] Mg,Fe-LDH F1 Mg;Fe-LDH
P HER ) BERR Eh W P R 77, BIFE 3 h IN{EIAF) 24 h
I B 2% 2B 90%LA b Yang Z51V% Bl Mg/Al-LDH
HIELT Zn/Al-LDH B85 755 %8 1 pH VG A 23 H
W R AT P RE J1. A1, LDHs 2% 1% EHESRES
I )Xok g s PR PR BB 1O Dl T T R B — A AR R
IR R 1 Jmy PR, AHIT TR A M AR A % B AL
MR R BERRKIEAE AR (Mg/AI-LDHs@BC)
DA 384 T 7K A F R 2 P R o 12

AR TR RS RS, URFE BB A N
IR IFARL, il 8 AT RO R £ Y Mg/AI-LDHs@BC 26
MRl R X B4474F (X-Ray Diffractometer, XRD) .
72558 (Scanning Electron Microscope, SEM) .
Zeta WAL, X SFZGH T A1 (X-ray Photoelectron
Spectroscopy, XPS) FIH 2L /M 14X (Fourier Transform
Infrared spectroscopy, FT-IR) FAFHAMIFRAL AT, W5
HXT IR R (1) 5 77 W R S S IR B AT A, BB
WIUh pH (EFIFEAERA 2 1% Mg/Al-LDHs@BC W B i R
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AR, 50T Mg/Al-LDHs@BC %R £5 IR
HLER,  CAHI ARV R 754 SRR SOk & 8 R
PSR —E S H AR

1 MR57EE

1.1 R 51

WAl ANAKREELBE. JUKEEE. AR,
TOKBRER AN BEER &80 . WA RREAH. PUA R, 4
FREL . SALEN. RSERER. BRERYH. WRORER, /rbral, B
PTG (Rl FRAF. RIHACHEETK.

I0EE: T6 Bt BUEAMAT WAy W B T, bRt AT
WA E R TUE AT, KHW-D-2 B B A E R K4,
TN RRE AR AR AR ; SG68 AL pH i, Hpfri)-
R % (hED AF; D8 Advance B X HFRATHMY, 45
Bruker AXS ‘A#]; Autosorb-iQ2 %Y SEM-EDS H#l4
ik, ZE[EFEIE{UEEAT]; Bruker Tensor 27 BI{# B 2T
AMETEAL, fH[E Bruker AXS 2A7]; AXIS Ultra DLD £ 1)
AE X SO TRENEA, H AR /Kratos A H]; Zeta HL
fi%, JEE MALVERN A5 SX2-10-12TP Y5 ik,
Bifg—tEAA,

12 MRl

AR EE FKESEREERT 105 CT4: 24 h,
RIGET LI L 10 °C/min BIERFETHRZE 550 CK:
2 h, AHZEREWEDT 0.3 mm 9T, HREF
FEREYIR, eAE BC (Biochar)

B R nMg?)n(AP)=3/1, FRE—E &
MgCl, 6H,0 Fl AICL;-9H,0 ¥ T 100 mL 25 & T /K il 3
G R VE T . TR R ) & LE n(NaOH)/n(Na,CO5)=4/1 it
] 100 mL JB &I . BL 2 g BC IS 200 mL 5
TKEIRERF A, B 10 min 5, {EHREESEMH FR SRR
R T [P BT 3 N Joe b v, 308 e s o Bl R o ek
HEEFIAAR R pH E~10, IR KRG, KHEEF
WHT 65 CEAb 16 h, IRJEILIEFFZRPER:, 80 CF
# 12 h 5T 0.3 mm M50, 19214V R K
F[EAMEL 0E Mg/AI-LDHs@BC . KW i iR 25 5 1)
VIR R A Z A B, 1d/E Mg/A-LDHs@BC-P.

X2 SRS EIRE A MRUHEEI T2 IR, i
BEERKIE A MR, BRI BC KIS IE, B
Mg/Al-LDHs. 4k, bikBEH & r) BC AR yxs
TR
1.3 #RERIE

KAMESL AR AT A (FT-IR) RAFM B R TH
BREFIME R, HIEVEE 4000~500 cm™; fEA X BT
B (XRD) M B SAALE R, Cu Ko 5148, &K
40 kV, EHI 40 mA, H#TEHE 5~90°; {4 SEM-EDS
H 5h 3 AR AE A Y % Al Mg/Al-LDHs@BC (1) 3 1
Fis KA X HHEIe T RS SGRAE =PI 76 R BRIk
SRS, RERM IR <0.45 eV, BURE =25 000 mPa- s,
HAE< 5%107 MPa, Z[A4#HR <20 um. K
MALVERN 4 #] Zeta FLALACI E Mg/Al-LDHs@BC % £,
HLA o

1.4 IRFHALE
1.4.1 HEM SRR
FH 53 BT 48 KH,PO, A1 2% 25 - /K i il A ) Jo A< (BA
TR MR AW (BL P iF, LUN AW a1
FRHR AV o HL 9 37 50 mL B0, BN 25 mL ¥
JE5 0. 5. 102 25, 50, 100. 150. 200. 300 mol/L ]
WEIR ER ¥4, F 0.1 mol/L FRSERIAAN 0.1 mol/L AR
BN pH fEH~6, A 0.025 g I, T 25 C
FIfEIRIR 24 h, B EIEREZE 0.45 um /K RIEMELJE S,
K AR BT 2 e 6 B VI E VR R BB AR IR B, i 3
APAT R, BCHCPEME .. FF 2Q SE R £ 10 T
B
gz(po_pe)'V (D
m
K O, N BT AT BEER AR B, me/gs po NERER SR
WILETRRIREE, mg/L; p, W PP B B R 26 R vk
mg/L; V NBERRERIEWAARL, L m ARMEFIG R, g.
AN, R IRAT I S5 R T B £ s 73 A Langmuir
Freundlich 1 Temkin BT LA, 3 P Y (1) 55 35331
=l (2) ~xX 4 Fir

pe — pe — 1 (2)
Qe qmax K3 'qmax

Qe :Kf.pel/” (3)
0,=Blnp,+BInk, 4

K G WK, mg/gs Koy K NS EER K
HIE G Un Z2NERMRE NSRS E: B 25RIA
KIHHG K, 72 Temkin TR & H L, L/mg.
142 RW3)HFRE

FRE0.5 g W Bt 57 B 500 mL A, hn A\ 500 mL
WEEN 50 mol/L MITEIR VAW, WHT¥AW pH {EH~6, 1E
B3 150 r/min W26 FREIiHE, SV HE 5. 104 15,
30, 45, 60. 120, 180. 240 min 523 AEL 1 mL V9%,
W 5E MR L v P R 0 (D) B &, it 3 27T
&, BCPIE.

I3 ) R P BRL N I BB L o — 2R SR 2
Bl 1 2R BT RAS IR 2, 3 A B 1y 45 543 il
sk (5) ~X (D Fir

q, =K, +C (5
K
(0 —g)=InQ ——1_ 6
Q. ~4) =0 —5353
LAV S 7
qz KZ'Qe Qe

K g, R ¢ WEZIRR ) B ER A B i, mg/gs ¢ IR
BRHRFIED, ming K AHE— R FHERE L, min's K A
PR MHE AT, g/(mg-min); K, AR A BT S BIE
REH, mgmin®/g; CREHIHTEIREER M.
1.4.3 A& pH FR M A8 &Sl

B9 3 50 mL MIEOE, 25NN 25 mL #KEHRN
S0mol/L MR SR Wi, A 0.1 mol/L [ AH R ¥ W A1
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0.1 mol/L [E S AANVE ORI AT pH B2 318 3. 4. 5.
6+ 7+ 8+ 9+ 10+ 11, ZRJEMIA 0.025 g Wb, fEIEIR
Vi 24 h, M HR P RERR AR A pH {E. i 3 447K
5, BUOLTIME.
144 A5 TREMG A

53 BB 25 mL BERR £ IR B 50 mol/L VAT 12
ELE R, EESCEOE RN E R SO
COs". NOsHI CIEFHI G iEE:, FESHIKREDHN
100 200 #1300 mol/L f#] SO+ CO;*. NOy Al CI'E 1
(IR ARV, S B O EXT B 1 Rh AR B 1 SR,
PR ST B OB RN 0.025 g WM, 25 ClHEIEIRG
24 h, W BE P BERR IR FE I THE R M & . i 3
TR, BULFME.

2 BRERH

2.1 X078 (XRD) FAE

1 N BC K Mg/Al-LDHs@BC "% Ff il 2 £ 517 )5 19 X
PHEEATH (XRD) . BC FEFHTE 20 9 15°~40°H Bl
) B 19T S WX AR e, 2R B AR )R DA TG 58 B RS A7
fE. WAk, £ BC #anit LA JE T KCI A KHCO; AT
g, HcErikiE 8", Mg/AI-LDHs@BC #f & s
SR (R KV A GE R RRE D, 20 D 11.22°.22.82°.34.71°,
39.03° 46.19°. 60.54°. 61.78°4b43 HilXF B (003) « (006) «
(009) . (012> « (015> « (1100 « (113) F4TH
Frsig™ R BRI A PR Th FER B R T WP
1% 5 J5 i Mg/Al-LDHs@BC (Mg/Al-LDHs@BC-P) 1/34%
AR T KW A T, B HAb R AT g B,
I BERR £ IS A 2 1R Mg/AI-LDHs@BC _E 7K
WA,

003 o
009012 015 110113
= 003Mg/A16(I).%)HS@£(93-P
S 012 015
s 110113
% |Mg/A-LDHs@BC *
5]
=
f +KCl1
o *KHCO,
¢
N A A

20/%)

B 1 A4k (BC) Feiadh R4E4KIE B T A4
(Mg/Al-LDHs@BC ) & M BEE% £ 77 /5 49 XRD B 3%
Fig.1 XRD patterns of biochar (BC) and magnesium-aluminum
hydrotalcite biochar composite material (Mg/Al-LDHs@BC)
before and after phosphate adsorption

22 FHBFEMIE (SEM) RIE

2 >4 BC Hl Mg/Al-LDHs@BC 434 i 7 5 s
(SEM) DL K X 2k BE 1% (Energy Dispersive Spectrometer,
EDS) K. MK 2a af LRI, W% 280 H 204k
REIARNTES . A 2b AT LR H, o5 Ak
AR T B HERRT B ZRIE IR AR, R

Mg/Al-LDHs # il 2h 8k 2 A=) ik K T . EDS 43 #7 45
Pt e i — 2B AIE St Mg/AL-LDHs #3551 73 A5 78 A4 90 3
eI

a. BC (SEM) b. Mg/Al-LDHs@BC (SEM )

MgKal_ 2  AlKal MgKal 2  AlKal

c.BC (EDS)

d. Mg/Al-LDHs@BC(EDS)
A 2 BC #=2 Mg/Al-LDHs@BC #4244 % F 24#4% (SEM) #= X
HexAeEn (EDS)
Fig.2 Scanning Electron Microscope (SEM) and Energy

Dispersive Spectrometer (EDS) mapping images of BC and
Mg/Al-LDHs@BC

23 RMIEhhFIREER

K| 3 Jy BC. Mg/Al-LDHs 1 Mg/Al-LDHs@BC 7EA
[ B T X B TR R W B B . PE %) 20 min DAPY, WY PHIE
R B E R . 20 min SRR PR IRGE, N
P4, BC. Mg/Al-LDHs fil Mg/Al-LDHs@BC A F°F
TS S L B B 43 A 419+ 33.63 A1 34.33 mg/g. T
TR B 2 R, AR R 618 Mig/AL-LDHs J W P & 2 5 4
The TEWME BRI B, TR IR Eh R BB, R
RN AN PR SRR FEZZ K, PR MME 3 1,
W PR 28I o o PR PR R PR AT, R o 7] T ) O
AL BEIR ERIZ W S 4E, ARSI IRRAG, TR AR B
B,

35k
g
Sor
S .
_}25 - = Mg/Al-LDHs@BC
i 8 Iy e BC
=520}/ A Mg/Al-LDHs
= 1 --- it ‘é’}irl).J}J";ﬁ
=2 I5F 3 4 Pseudo first-order model
N2 i4 VB g7 - »e,
B 5 i - fEZ IR B J) %
2 101 & Pseudo second-order model
-] il
w
= obae”
S _5 1 1 1 1 1 1 1
0 40 80 120 160 200 240

i ] Time #/min
TE: BERRERIRIE N S0 mg-g!, pH =6, SSIM AN 4 h,

Z\I;)lte: The phosphate concentration is 50 mg~g", pH=6, and the reaction time is
B 3 Mg/Al-LDHs. Mg/Al-LDHs@BC #= BC 55 B2 AR 49 R H
A F
Fig.3 Adsorption kinetic curves of phosphate on Mg/Al-LDHs,

Mg/Al-LDHs@BC and BC

Rt — 2 o i P I AR BRI R R, SR RO N 3
HIUBIR X Mg/AL-LDHs@BC 3l /1 2 I Bl AT &
LN 4 s . Mg/Al-LDHs@BC X} 2 £ W B i i vy
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N2 AME E5 1B, Mg/Al-LDHs@BC 3R JZ W)
B S 7, CBRIEUD RO . 7RSS 2 PR,

b Mg/Al-LDHs@BC R JZMW AT s X BITAN, BERRAR 25
TS EZE Mg/Al-LDHs@BC A B 47 25 58 B i 72,

W AR 2%, IR PR ALY L, X 5G4
BRI (Kp>Kp, Ko EBORW FE ) PO,

34+
32+
30
28 +
26+
24 +
22+

20 K,=13.94

T4 R B
Equilibrium adsorption capacity O,/(mg-g")

3/min®3

Vs Ko 95— TBOBURLA SO R, Ko 1958 — W BB
WO R S H

Note: Ky is the reaction rate constant of the first-stage intra-particle diffusion
equation, K, is the reaction rate constant of the second-stage intraparticle
diffusion equation.

B 4 Mg/AI-LDHs@BC Y& H AER 35 Bk i) LAY 204 wh 2%,
Fig.4 Fitting curve of Mg/Al-LDHs@BC adsorption phosphate
particles

T 1 RN sh J SRR 8 S AR
GR . X THEVIRWIHF], #E— R 3 ) B A
POE R (R KT HE s 18R, Rk —%sh 7
ST B T B R AR ) R o R AR PR R B R . SR
%fF Mg/Al-LDHs 1 Mg/Al-LDHs@BC, # — 2% 5)) /1244
A R7=0.99 SEHZIT 1, HANAS B KV i iR 2
W B (O, =34.52 F1 35.39 mg/g) T 4T LRt (0,=33.63
F134.33 mg/g) , il Mg/Al-LDHs 1 Mg/Al-LDHs@BC
W o Tk i 6 0 A B A P T v 30 ) AR R AR
I FE DAL SR B Ay P,

% 1 Mg/AL-LDHs, BC H Mg/Al-LDHs@BC X} ESE: i IR Fft
BHENESH

Table 1 Fitting parameters of phosphate adsorption kinetics of
Mg/Al-LDHs+ BC and Mg/Al-LDHs@BC
HE— R zh )R it A R
2 B 551) Pseudo first-order model Pseudo second-order model
Adsorbent . ) 0 K, )
¢ Ki/(min” R - a . R
[mggh Ki/tmin) /{(mg'g") Agmg" min")
BC 4.15 0.10 0.99 4.70 0.01 0.97
Mg/Al-LDHs
@BC 32.51 0.29 0.97 34.52 0.01 0.99
Mg/Al-LDHs 31.61 0.11 0.97  35.39 0.01 0.99

24 WMFRRLLER

5 N Mg/Al-LDHs. BC il Mg/AI-LDHs@BC X} iR
R AR B 2 . Mg/AI-LDHs. BC 1 Mg/Al-LDHs@BC
Xof B8 TR 6 00 B A 8 340 2 2 Bl TR 5 AR F5 M ) 388 T iy 34
I, TEMILEHREE 0~300 mg/g Y lE N, BC WRFEM 0 34n
#17.12 mg/g, Mg/Al-LDHs W Ff & M\ 0 31151 56.87 mg/g,
Mg/Al-LDHs@BC " Bt &\ 0 34/ E] 65.09 mg/g, 1X/2& H

T R UK B g B A R R AE T B B i i, 53K
B 22 IR R AR 5 1 MR B 1) B . Mig/AL-LDHs X i B AR
BRI BRI BE /1. Mg/AI-LDHs@BC X B2 £
) B ez vy T AR R, R AR 1% Mg/Al-LDHs
EPRCR LA NENA R TE S Y

70F

6or

= Mg/Al-LDHs@BC

50F
¢ BC
= 8 40k e Mg/Al-LDHs
= — Langmuirfi !
= 5 30f Langmuir model
B - - - Freundlich## %!
B 5 o0k Freundlich model
----------- Temkin i

Temkin model

- * =9

Equilibrium adsorption capacity Q./(mg-g™")

1 50 100 150 200 250 300
% 3P 45 94< &£ Adsorption equilibrium concentration p,/(mg-g™)
VE: pH fH=6, KRIKIIAA 24 he
Note: pH=6, reaction time is 24 h.
B 5 Mg/Al-LDHs. BC #= Mg/Al-LDHs@BC 1 548 2 44 58
R M ol 2%
Fig.5 Adsorption isotherm curves of phosphate Mg/Al-LDHs.
BC and Mg/Al-LDHs@BC

#* 2 A Freundlich. Langmuir 1 Temkin 3 Fp&5iE M
P A 208 St M o 1) 8 U B PR R b i AR O S A SR . X T
Mg/Al-LDHs@BC. Mg/Al-LDHs fl BC 3 Ffsif (4l &
YeE R (R 347 0.93 LA E. Freundlich #8491 n fE 2
NI BRI R SS, 2 1<n<2 ARERWIHEFEA Z) KA,
4 n>2 AEW LS T K e HIE S KT A n>2.7,
R T FE 2 5 K A . Temkin 5578 R™>0.95, 2 WL
ERUR PR R A R F S 5 3R, R B TR IR
T P IE R A 5707 7 PR PR B R AR B8 1 2 ) 7 A T —
HIE S| . Langmuir S5 2R 2B e 75 I B 771 2
IR A i B R AR I ST By 1 R B . S ERWT, AH
tt T Freundlich A1 Temkin £ 7% (1 #1 & Langmuir £ 78 [)
WA R 1, R IE R DU 27 B0y R R B
F, 1 Langmuir £84401 4573 51 1) Mg/Al-LDHs@BC #x
KB &4 71.37 mg/g, =T Mg/Al-LDHs £ 58.75 mg/g,
1 BC 1 7.87 mg/g, 419 BC 1 9 5. BiH Mg/Al-
LDHs@BC & & #EHH b T 5 — BP0 Rk i A 0 i
12 h HA 5 R B e
2 Mg/Al-LDHs. BC 1 Mg/Al-LDHs@BC W B84 £h 9 S
BIRMHREE XS
Table 2 Parameters of isotherm adsorption model for
Mg/Al-LDHs. BC and Mg/Al-LDHs@BC adsorption phosphate

B Freundlich 5% Langmuir 57! Temkin F£7
s Freundlich model Langmuir model Temkin model
Adsorbent > N > >
Ky n R gm/(mgg) K; R B K R
BC 0.97 2.75 0.96 7.87 0.03 0.99 1.48 0.43 0.97

Mg/Al-LDHs@BC 10.44 2.78 0.93 71.37 0.05 0.99 11.90 1.09 0.95
Mg/Al-LDHs 9.67 295 0.94 58.75 0.06 0.99 10.75 0.92 0.99

VE: Gmax & Langmuir B8 )i KR, n J2 Freundlich A58 i SR B 711
W B 55 55 S R

Note: gmay is the maximum adsorption capacity of the Langmuir model, and the n
value is a constant related to the strength of adsorption in the Freundlich model.
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2.5 #1%A pH {E X BAEREL IR B 52 Mg

6 AANF pH '~ Mg/Al-LDHs@BC X i R & 11
PR . I 6 wlan, BERRERVERIYIA pH (A X
Mg/Al-LDHs@BC 1 W B P 68 B & & % W .
Mg/Al-LDHs@BC i i FR AR W bt &2 B pH (B A3 iz
B, 7E pH{EAN 5~6 JuFEIPRE N %, thah, R
AR PRSP ST (10 pH{FLTE 8~ 11.5 2 [R] LR B i (3%
0 pH {7, Ui W] Mg/Al-LDHs@BC X ¥V i B A ik L AT
—E M E R,

—a—Q,592l1{fi Measured value of Q, S115

—o— [z % pH{f Final pH value

=~ 34F ®

b T {11.0
E & s N 2
£E& 33 105 €
= Q T
2232 1005
H g 5
=Y 95
BB 90 E
& 2 30 &
}._ E‘ B

2 8.5 I¥

B 29f e—o——a T

1 1 1 1 1 1 1 . 1 8.0
2 3 4 5 6 7 8 9 10 11 12

WIEpHAE Initial pH value

A6 & pH A% Mg/Al-LDHs@BC #o& i 14 58 69 %0
Fig.6 Effect of solution pH value on the phosphate adsorption
performance of Mg/Al-LDHs@BC

NT 25 T @ pH (B EER ER W R R 52, e T
ANE pH 1 F Mg/Al-LDHs@BC ] Zeta B A48, Wikl 7
Fr7~. Mg/Al-LDHs@BC ] pHy,. (FriHAL) 9 5.39,
MV pH (EIKT pH,, B, WGP EH IEH, 171 pH
fHET pHpge B, WRBRFRIZR T L . Mg/Al-LDHs@BC
o T R AR PR B 12 BEAE pH LN 3~5 Y [ LE pH {E N 6~
11 Jul R . XA pH AE/NT 539 BF, IR 7SR
PRI IEF, A T30 0 i E A P B A L FL
AR RSN ER R T4 5120 4R, pHL (H KT 5.39 B,
W Bt 7R R T A FFR, S SRR R R AR 2 TR P i LT
ok, SEORME . tkAh, BEE pH BN, Bk
OH MK EEAWIIG N, SRR ™ 55 e b, AT — 25
41 T Mg/Al-LDHs@BC i B AR A W B 126

353
[=}
T

[=}
T

(=}
T

[=}
T

[3%3
[=}
T

,Zate HLf{# Zeta potential value/mV

w
(=}

3 4 s 6 7 8 9 10 111
pHAf pH value
B 7 AF pH{LATF Mg/Al-LDHs@BC #) Zeta ®.{5fd
Fig.7 Zeta potential value of Mg/Al-LDHs@BC under different
pH values

2.6 HEEABEFIBEREIRMIEIRM
8 N 4 P WL B 1% Mg/Al-LDHs@BC W it i
Fe EhPERE R . JEAF BB I F AR 2 BRR Mg/AL-

LDHs@BC X R R & o 43LAF B FIRFEM 0 1
TnE] 300 mg/g i, CIAT NO3 W B FERZ M N, I B
B 5 T B 3.66 mg/g A15.93 mg/g, 1M CO:* 1 SO,*
X W B ik A R me B OK . WRCBE Ay ) T B 19.64
15.93 mg/g. W BB T AR S, 6 R 5
F 2 B EE R TP PR A, DRI R R A5 BH & 7 1 S
BRPT, FMAERAETH, Crigfmk+ NOy, COs™
QI RT SO7 . RSB FKEETEEER, HE
TAREBE T LA, B o ilb, 5B oe
iR, BT CrIKE B T/ T NOy, COs™ K
EEFEEANT SO, RULEFM B 74, Crfl
CO;” %t Mg/Al-LDHs@BC Wi FF i 12 & (49400 861 £ P 5 5

A7 BS 1< )% Coexistent ion concentration/(mg-g)

Clo EZioo KS200 E3300
= 35— — — _
EPELRZN N
Hggost %
SRS
X=Qi20f N 7
B2 = 5|
=230 N
= & -
2510
&2} 5+
0 5 ;
NO; Cl- SO CO>

FAF B 128 Coexistent ion type

B8 4% F3 Mg/Al-LDHs@BC "B M B84 2 M 48 49 %57k
Fig.8 Effects of coexisting ions on the adsorption performance of
phosphate on Mg/Al-LDHs@BC

2.7 Mg/Al-LDHs@BC Wy Mi#ER £h #1138 43 i
2.7.1 FT-IR &4

& 9 2 BC } Mg/Al-LDHs@BC Wy [ & 5 11 J
LLAMGEER . 4T BC, #E 3 400 em™ HELE B 069 B T
YR PRI COHD) MRS 1 630 cm™ AbUgXT
N C=0 HIB4E4RE), 1398 em™ J& O-C=0 IMHZEIRS) ™
AP, 980 em™ L P=0 HIE #h RSN~ 4EPY, 831 em™
A1 702 em™ AMEATIE 2 H 95 I C-H T4 #h R 3h
SHPT, XFF Mg/AI-LDHs@BC, 3 475 cm™ b 58 0455t
N-OH B Z4EIRS), 1582 cm™ AbIgX} N H-O-H K75 #hiiz
1, 1367 cm™ 4bi&RT N MgAI-LDH JZ[7] CO5> FIARNT
FRAF4EIRS . 416 cm™ A1 662 cm™ PHHUT HY F A S5 WG ) 7
M-O MR MRS (M 8% Mg 5k AD HIIRBIPY.
1050 cm™ A4bU&ITJEF P-O HR3NIE. Mg/Al-LDHs@BC
W BB R 6 2 S5, FTRAR B 1 050 em™' B #£ % 1 060 cm™
IF HUgsRER R, R Mg/Al-LDHs@BC &2
WF . 7€ 1 366 e ALfH COSZWEBREEIRTS, 1IE W BERRIR
KA Z R CO™RAE T BB 722 #e, M-O iRz
WM 662 ecm™ F1 416 ecm™ ML E 654 cm™ Al
409 cm™', RUABEAR T RES &8 Ak YR B T AL
A M=0-P. A, 3461 e’ Ab0g s B W Bk 55, IF
B SRR TR S 5 T W FERe,
272 XPS 5 #t

AT PR Mg/Al-LDHs@BC X2 £ W% b
BLA, X W B R 25 1T Ji5 1 Mg/Al-LDHs@BC #2471 XPS
T, WE 10 fis. ME 10a i E T LURIL,



%2 3]

TR R Me/Al-LDHs & &0 Bt il 10 W 45 1tk A AL

231

Mg/Al-LDHs@BC Wit B2 #h )5, P 2p HIHRFAE I
132.51 eV #6513 132.93 eV, 7% B ER £h 9l 13 Th W B 21l
7 E . Mg/AI-LDHs@BC [f] O 1s XPS W4 it 5 FH il &5
EHENLT 530.98 eV, 531.80 eV Al 532.61 eV ] 3 Mg,

S 5EJE T M-O. CO> MI-OH (%) (& 10b) .

Mg/Al-LDHs@BC "R BEIR Eh )5, M-O WEMZE & Rebs(k
% 53045 eV, HiZWEH L CHRIE S FTa 0GR I E
SrEEBD M 31.31%ME % 43.34% (B 10¢) , X2AHT
W BRI E R R AR VA P R AR T AR M . COsT IR &
BEFK A 531.28 eV, H COs™ WM 43 L 40.85% T %
F) 39.04%, FWIFE LDH JZ[I COs» 5B AL E T
T, -OH WML REMMZE] 532.11 eV HAXT LLizl A
27.84% NFER] 17.62%, KRR B AW SRR gk
HECT, XA FT-IR (404745 5 — 3. Mg/Al-LDHs@BC
1) Al 2p XPS WEN P AREEFIRLE &R T 73.69 eV
74.56 eV 2 NM&, 4357HJE Al-OH F1 Al-O (& 10d) ,

Wb S AL-OH WERIAR XS LU A 57.20% %K 2] 45.47%,

AL-O W KRR EL A M 42.80% 7131 54.53% (& 10e) ,
FE TR S A-O-P K45 ik &Y. Mg 1s
XPS WG A R4S A REAL T 1303.44 eV A1 1305.55 eV [
2 Mg, S RIxE R Mg-O Al Mg-OH (& 106) o MR B il iz
HE, AERemEmaaneT R EmE (B 10g) , X2

132.51eV
Cls
P2pal2p

BT P AR (219 KT HMHBEAMEE 2.0,
5 Mg-O-P H Mg JH BT =% E KT Mg-O-H #
Mg JH BB F =%, SEg A6, ik, Mg-0
43 EE A 29.91% ETHE] 40.06%, Mg-OH & 43 HE M
70.09% R P&EF] 59.94%, RABRIR 540 LREER T
TR &) e R AE O AL R R T N ERFR T 2% & 41

|
3461 158013665 g0

Mg/Al-LDHs@BC-P 654409

3475 1582 1050
Mg/Al-LDHs@BC 1367 662 41

% # Transmittance/%

831702
3400 BC 163036 950

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
% Wavenumber/cm™!

##: Mg/Al-LDHs@BC " fi 5% #5 J5 #5129 Mg/Al-LDHs@BC-P.
Note: Mg/Al-LDHs@BC-P is marked as Mg/Al-LDHs@BC after phosphate
adsorption..
B 9 BC #= Mg/Al-LDHs@BC & W # 8 2 7] /5 #9 FT-IR it
Fig.9 FT-IR spectra of BC and Mg/Al-LDHs@BC before and
after phosphate adsorption

Ols

Mg Is N ~
- 132.93eV ~ R -
= Cls 3 3
4 P2pA1ops co,? < co,?
Z Mg/AI-LDHs@BC-P O 1s Z 531.806V "\ mon 2 N
E| Mgls = A 532.61eV = A\ -
= i M0 /] = /
= A 530.98eV// | =

Mg/Al-LDHs@BC
1400 1200 1000 800 600 400 200 0

447 Binding energy/eV LEOR

a. WP A5 42 i 4]

a. Full spectrum before and after

26 528 530 532 534 536 538
454 ¢ Binding energy/eV

b. WHAT O Is 9 XPS mi/hHk i

b. High resolution XPS O 1s spectra

L L L L L L L
526 528 530 532 534 536 538

4545 f¢ Binding energy/eV
c. WEHIE O 1s ¥ XPS 143 #¥ Il it
c. High resolution XPS O 1s spectra

adsorption before adsorption after adsorption
) g Mg-OH

i A | } won \
3 / 5 / 3 130555V 3 / /[ \1305.62ev
S ALoH | \ S x H ) [\
B 3 /o 3 =S z /| \
2 7369V ] | £ AIOH |\ A\ A0 2 3 - /
i‘a’ Al-O i‘a’ 73.69V|/ |/ \| 74.55¢V 5‘5’ =
= / \ 74.56eV = /l \ = o TN
m [\ =l J J\ N 2 e 7 I\
. / / \ ) a ’ ) / \

W&A— o \,\~,,, /\”a// \\‘7 -

68 70 72 74 76 78 68 70 72 74 76 718 1298 1300 1302 1304 1306 1308 1310 1298 1300 1302 1304 1306 1308 1310

4k A

#i 77 fié Binding energy/eV/ #5147t Binding energy/eV

e. WLHHE Al2p [ XPS w4t

e. High resolution XPS Al 2p spectra
after adsorption

d. AT AL2p (¥ XPS i 5 HH Il
d. High resolution XPS Al 2p spectra
before adsorption

#5147t Binding energy/eV

g WLHHE Mg 1s [ XPS 7 i
g. High resolution XPS Mg 1s spectra
after adsorption

4545 ¢ Binding energy/eV

£ WRHERT Mg 1s 9 XPS w43 L
f. High resolution XPS Mg 1s spectra
before adsorption

A 10 Mg/Al-LDHs@BC #) XPS £ #E % O 1s. Mg 1s A Al 2p &M AT & 51 B
Fig.10 XPS full spectrum of Mg/Al-LDHs@BC and O 1s, Mg 1s and Al 2p spectra

MR EIREER, AT CUHENIRR 25 (KW B AL R . WERR Eh
£ Mg/AI-LDHs A9 52 A1k L fRWE P i e A2 30 1
2 th 5 210 COs™ [Ae e, 5 IE HLI 4@ S A M e T Ay
R R B TR AR 20 1 2 T 1 i FEL I 5 DA R e e Ak 5 e 7
A BRI LS 5 -

3 &% i

1) 847K A (Mg/Al-LDHs) FIAM 848 K8 A
AWK (Mg/AI-LDHs@BC) Wt 5 11 245 A HE — 245
JIAERL, AWk (BC) W B J1 255 6 il — s 112



232

Fk TREZAR Chttp://www.tcsae.org)

2021 4

7, Mg/Al-LDHs. Mg/AI-LDHs@BC 1 BC % i W bt
REFEY R Langmuir 255 % B8, Mg/Al-LDHs@BC
B KW B2 FE AT IA 71.37 mg/g.

2) Mg/Al-LDHs@BC 1% 55 i 5.39, TERRMES

AR T I BB RR 25, 473 7% Mg/Al-LDH@BC W b
WBRERIR THRREEE MR B/NA: COs» . SO CI'v NOs

30 &5 W Bk RE BB AN R AL 45 2R 0 T A,

Mg/Al-LDHs@BC WK PH i 2 #h 1ok F2 8 S e AR 2s 4, el
W51 B s A8 U I A A

(1]

[10]

(& £ X #
Chen L, Li Y Z, Sun Y B, et al. La(OH); loaded magnetic
mesoporous nanospheres with highly efficient phosphate
removal properties and superior pH stability[J]. Chemical
Engineering Journal, 2019, 360: 342-348.
Peng L H, Dai HL, Wu Y F, et al. A comprehensive review
of phosphorus recovery from wastewater by crystallization
processes[J]. Chemosphere, 2018, 197: 768-781.
Loganathan P, Vigneswaran S, Kandasamy J, et al. Removal
and recovery of phosphate from water using sorption[J].
Critical Reviews in Environmental Science and Technology,
2014, 44(8): 847-907.
Zong E M, Huang G B, Liu X H, et al. A lignin-based
nano-adsorbent for superfast and highly selective removal of
phosphate[J]. Journal of Materials Chemistry A, 2018, 6(21):
9971-9983.
Zhang Z H, Wang Y, Leslie G L, et al. Effect of ferric and
ferrous iron addition on phosphorus removal and fouling in
submerged membrane bioreactors[J]. Water Research, 2015,
69(1): 210-222.
Liu F L, Zuo J N, Chi T, et al. Removing phosphorus from
aqueous iron-modified corn straw
biochar[J].
Engineering, 2015, 9(6): 1066-1075.
Luengo C V, Volpe M A, Avena M J. High sorption of
phosphate on Mg-Al layered double hydroxides: Kinetics and

solutions by using

Frontiers of Environmental Science &

equilibrium[J].  Journal of environmental chemical
engineering, 2017, 5(5): 4656-4662.
Mateo W, Lei H W, Villota E, et al. Synthesis and

characterization of sulfonated activated carbon as a catalyst

for bio-jet fuel production from biomass and waste plastics[J].

Bioresource technology, 2020, 297: 122411.

Singh B P, Cowie A L, Smernik R J. Biochar carbon stability
in a clayey soil as a function of feedstock and pyrolysis
temperature[J]. Environmental Science Technology, 2012,
46(21): 11770-11778.

W, TR, AW, & TR RAMEURLE 5
Wik & A SRR PRI R (], ARk T AR 4%k, 2020,
36(15): 227-234.

Xie Teng, Wang Yajun, Cong Hongbin, et al. Experiment on

combustion characteristic and densified biomass pellets from

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

maize stalk char mixing typical agricultural wastes[J].
Transactions
Engineering (Transactions of the CSAE), 2020, 36(15):
227-234. (in Chinese with English abstract)

Mohan D, Sarswat A, Ok Y S, et al. Organic and inorganic

of the Chinese Society of Agricultural

contaminants removal from water with biochar, a renewable,
low cost and sustainable adsorbent: A critical review[J].
Bioresource Technology, 2014, 160: 191-202.

Tan X F, Liu Y G, Zeng G M, et al. Application of biochar
for the removal of pollutants from aqueous solutions[J].
Chemosphere, 2015, 125: 70-85.

Zhou J Z, Xu Z P, Qiao S Z, et al. Enhanced removal of
MgCaFe-CI-LDH:
precipitation with intercalation and surface uptake[J]. Journal
of hazardous materials, 2011, 189(1): 586-594.

Kim T H, Lundehgj L, Nielsen U G. An investigation of the

triphosphate by Synergism  of

phosphate removal mechanism by MgFe layered double
hydroxides[J]. Applied Clay Science, 2020, 189: 105521.

Yang K, Yan L G, Yang Y M, et al. Adsorptive removal of
phosphate by Mg-Al and Zn-Al layered double hydroxides:
Kinetics, isotherms and mechanisms[J].
Purification Technology, 2014, 124: 36-42.

RN, B, 2B, & @A R 73 Mg-Fe KIE A
By o) 2 e ELIRCBt K B CA(TD)AT Ni( DR RE[T]. AL L3R
%, 2019, 39(5): 574-580.

Separation and

Fu Jiangang, Jia Yang, Li Zheng, et al. Preparation of Mg-Fe
hydrotalcite supported on magnetic biochar and its adsorption
capacity to Cd(1I') and Ni(II') from water[J]. Environmental
Protection of Chemical Industry, 2019, 39(5): 574-580. (in
Chinese with English abstract)

Zhang H Y, Li Q Y Zhang X, et al. Insight into the
mechanism of low molecular weight organic acids-mediated
release of phosphorus and potassium from biochars[J].
Science of The Total Environment, 2020, 742: 140416.
Cheng F L, Guo H Q, Cui J J, et al. Coupling of methanol

and ethanol over CuMgAIO; catalysts: The roles of copper

species and alkalinity[J]. Reaction Kinetics, Mechanisms and
Catalysis, 2019, 126(1): 119-136.

Yang G D, Tang L, Lei X X, et al. Cd(Il) removal from
aqueous solution by adsorption on a-ketoglutaric
acid-modified magnetic chitosan[J]. Applied Surface Science,
2014, 292(15): 710-716.

Ifthikar J, Wang J, Wang Q L, et al. Highly efficient lead
distribution by magnetic sewage sludge biochar: Sorption
and bench Bioresource

mechanisms applications[J].

Technology, 2017, 238: 399-406.

PEREL, JTVE, R, S BIMEJRAR ST B 2 Bk TR
FRPE[T). P EPREERIE, 2019, 39(5): 1928-1933.

Liang Yuegan, Fang Tao, Li Wei, et al. Characteristics of



2 3]

FEAE A Wk Mg/Al-LDHs 5 & 0480 ot (1) W5 B 4 e AL B

233

(24]

(23]

(27]

(30]

phosphorus adsorption by magnetic lobster shell[J]. China
Environmental Science, 2019, 39(5): 1928-1933. (in Chinese
with English abstract)

Kushwaha S, Soni H, Ageetha V, et al. An insight into the
production, characterization, and mechanisms of action of
low-cost adsorbents for removal of organics from aqueous
solution[J]. Critical Reviews in Environmental Science and
Technology, 2013, 43(5): 443-549.

W, Mg, IR, 4 BRIEE R A ] K o
JK VA I IR R (D], AL TR, 2019, 38(2):
409-417.

Gong Xinhuai, Xin Meihua, Li Mingchun, et al. Preparation
of magnetically responsive tea waste and it's adsorption of
methylene blue from aqueous of methylene blue from
aqueous solution[J]. Progress in Chemical Industry, 2019,
38(2): 409-417. (in Chinese with English abstract)

Bolbol H, Fekri M, Hejazi-Mehrizi M. Layered double
hydroxide—loaded biochar as a sorbent for the removal of
aquatic phosphorus: Behavior and mechanism insights[J].
Arabian Journal of Geosciences, 2019, 12(16): 503.

Jung K W, Hwang M J, Jeong T U, et al. A novel approach
for preparation of modified-biochar derived from marine
Dual  purpose
improvement of surface area and metal impregnation[J].
Bioresource Technology, 2015, 191: 342-345.

Kong L, Tian Y, Pang Z, et al. Synchronous phosphate and

macroalgae: electro-modification  for

fluoride removal from water by 3D rice-like
lanthanum-doped La@MgAl nanocomposites[J]. Chemical
Engineering Journal, 2019, 371: 893-902.

Jung K W, Jeong T U, Hwang M J, et al. Phosphate
ability  of  biochar/Mg-Al

nanocomposites prepared by aluminum-electrode based

adsorption assembled
electro-assisted modification method with MgCl, as
electrolyte[J]. Bioresource technology, 2015, 198: 603-610.
Volkov A G, Paula S, Deamer D W. Two mechanisms of
permeation of small neutral molecules and hydrated ions
across phospholipid bilayers[J]. Bioelectrochemistry and
Bioenergetics, 1997, 42(2): 153-160.

XA, K, KE, F ARRIEE Fe/C ZEM B
AR I B R AE (], PR EERL SRS, 2019, 32(7):
1239-1249.

Liu Jie, Zhu Zongqgiang, Zhu Yinian, et al. Adsorption
characteristics of phosphate in water by the porous
biomorph-genetic composite of Fe/C with ginkgo shell
template [J]. Environmental Science Research, 2019, 32(7):
1239-1249. (in Chinese with English abstract)

Yin Q Q, Ren H P, Wang R K, et al. Evaluation of nitrate and
phosphate adsorption on Al-modified biochar: Influence of

Al content[J]. Science of the Total Environment, 2018, 631:

[31]

[33]

[36]

[40]

895-903.

QuJJ, Song T, Liang J S, et al. Adsorption of lead (II) from
aqueous solution by modified Auricularia matrix waste: A
fixed-bed column study[J]. Ecotoxicology and Environmental
Safety, 2019, 169: 722-729.

Li R H, Wang J J, Zhou B Y, et al. Recovery of phosphate
from aqueous solution by magnesium oxide decorated
magnetic biochar and its potential as phosphate-based
fertilizer substitute[J]. Bioresource Technology, 2016, 215:
209-214.

Zhang M, Gao B, Yao Y, et al. Phosphate removal ability of
biochar/MgAl-LDH ultra-fine
liquid-phase
1042-1047.

Li R, Wang J J, Zhou B, et al. Simultaneous capture removal

composites prepared by

deposition[J]. Chemosphere, 2013, 92(8):

of phosphate, ammonium and organic substances by MgO

impregnated biochar and its potential use in swine
wastewater treatment[J]. Journal of Cleaner Production, 2017,
147(20): 96-107.

Li F H, Jin J, Shen Z Y, et al. Removal and recovery of
phosphate and fluoride from water with reusable mesoporous
Fe;04@ mSiO,@mLDH composites as sorbents[J]. Journal
of Hazardous Materials, 2020, 388: 121734.

He H, Zhang N, Chen N, et al. Efficient phosphate removal
from wastewater by MgAl-LDHs modified hydrochar derived
from tobacco stalk[J]. Bioresource Technology Reports, 2019,
8:100348.

Yang F, Zhang S S, Sun Y Q, et al. Assembling biochar with
various layered double hydroxides for enhancement of
phosphorus recovery[J]. Journal of hazardous materials, 2019,
365: 665-673.

Gao M, Wang W, Yang H B, et al. Efficient removal of
fluoride from aqueous solutions using 3D flower-like
hierarchical  zinc-magnesium-aluminum ternary  oxide
microspheres[J]. Chemical Engineering Journal, 2020, 380:
122459.

Lin J W, He S Q, Wang X X, et al. Removal of phosphate
from aqueous solution by a novel Mg(OH),/ZrO, composite:
Colloids
Surfaces A: Physicochemical and Engineering Aspects, 2019,
561:301-314.

FRE, FUH, REK, L OERTUEWRBMEEM
W H S UL AR B HLER (D). 1L T2, 2020, 71(4):
1683-1695.

Li Anyu, Li Shuangli, Yu Bige, et al. Adsorption of ammonia

Adsorption behavior and mechanism[J]. and

nitrogen and phosphorus by magnesium impregnated biochar:
Preparation optimization and adsorption mechanism[J].
CIESC Journal, 2020, 71(4): 1683-1695. (in Chinese with
English abstract)



234 Ak TR (http://www.tcsae.org) 2021 &

Phosphorus adsorption characteristics and mechanism of biochar loaded
Mg/Al-LDHs composites

Cheng Fulong, Nie Fangui, Zhao Changxin, Wu Xiaoqun, Lu Juan, Jiang Demin, Pan Jie*

(Chonggqing Key Laboratory of Water Environment Evolution and Pollution Control in Three Gorges Reservoir, Chongqing Three Gorges
University, Chongqing 404100, China)

Abstract: In order to effectively control the eutrophication of water bodies, and further realize the resource utilization of
agricultural wastes. Taking the biochar as the carrier of hydrotalcite-like (LDHs), the biochar loaded magnesium-aluminum
hydrotalcite composites (Mg/Al-LDHs@BC) were prepared using a co-precipitation approach. An attempt was also made to
explore the adsorption characteristics of Mg/Al-LDHs@BC to phosphate in water. The crystal structure, morphology, and the
zero charge point of Mg/Al-LDHs@BC were characterized by XRD, SEM, and Zeta potentiometer, respectively. FT-IR and
XPS were selected to analyze the surface functional groups and the surface element properties of Mg/Al-LDHs@BC before
and after the adsorption of phosphate. An investigation was also made to clarify the adsorption mechanism of phosphate on
Mg/Al-LDHs@BC. The intraparticle diffusion model, quasi-first-order kinetic model, and quasi-second-order kinetic model
were used to fit the kinetic experimental data. The Freundlich model, the Langmuir model, and Temkin model were selected to
analyze the adsorption isotherm process. The results showed that the petal-like Mg/Al-LDHs was successfully loaded on the
surface of biochar. The XRD results showed that the layered structure of LDHs on Mg/Al-LDHs@BC composite material was
not destroyed after the adsorption of phosphate. The FT-IR results showed that the characteristic peak of phosphate at
1 060 cm™ appeared after the adsorption of phosphate, indicating that the phosphate has been successfully adsorbed on
Mg/Al-LDHs@BC. Furthermore, the phosphate adsorption kinetics of BC followed the quasi-first-order kinetic model,
whereas, the phosphate adsorption kinetics of Mg/Al-LDHs and Mg/Al-LDHs@BC were accorded with the quasi-second-order
kinetic model. The isotherm adsorption processes of BC, Mg/Al-LDHs, and Mg/Al-LDHs@BC were all suitable to be
described by the Langmuir model. The maximum adsorption capacity obtained from the Langmuir equation reached
71.37 mg/g, which was nearly 10 times higher than that of biochar, and was also higher than Mg/Al-LDHs as well. The zero
point charge (pHy,) of Mg/Al-LDHs@BC was 5.39, indicating the positive charge on the surface of the material was
beneficial to the adsorption of phosphate, as the pH of phosphate solution was lower than the value of pH,,.. When the pH of
phosphate solution was higher than the value of pH,,., the negative charge on the surface of the material inhibited the
adsorption of phosphate. The adsorption capacity of Mg/Al-LDHs@BC for phosphate decreased gradually with the increase of
pH. It infers that the phosphate adsorption performance of Mg/Al-LDHs@BC under acidic conditions was better than that
under alkaline conditions. CI" and NOj had little influence on the adsorption of phosphate on Mg/Al-LDHs@BC, where the
adsorption amount only decreased by 3.66 mg/g and 5.93 mg/g, respectively, while, CO;> and SO, showed distinct
interference on this adsorption process, where the adsorption capacity significantly decreased by 19.64 mg/g and 15.93 mg/g,
respectively. The XPS results showed that after the phosphate adsorption of Mg/Al-LDHs@BC, the percentage (the percentage
of the area of a single peak to that of all peaks) of CO;” peak in Ols spectra decreased from 40.85% to 39.04%, indicating that
CO-* located in the LDH layers exchanged with phosphate. In addition, the percentages of Mg-OH peak in Mg s spectra and
Al-OH peak in Al 2p spectra both declined, indicating that the phosphate coordinated with the surface metal atoms by the form
of inner-sphere complexes. Combining results of FTIR, XPS, Zeta potential, and pH experiment, it infers that the adsorption
mechanism of phosphate on Mg/Al-LDHs@BC involved in the anion exchange, electrostatic attraction, and ligand exchange.
The findings can provide a promising theoretical contribution to the utilization of agricultural wastes and the scientific
management of water eutrophication

Keywords: composite materials; adsorption; phosphates; biochar; hydrotalcite
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