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N TR TR, SRS W, R, B RS
LDO #h &t —FRA ar st 7Bl — 51, S
ML BRAR A SRR R 55— 510, 51
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ko Yang S S0K TORREFT A (BC) SRR
LDH (Zn/Al. Mg/Al il Ni/Fe) 41%E7E—ile, HAIEEK
2 & Mk BC/Zn/AI-LDH H 5 11 8 (1) B W Bt 68
(152 mg/g) AMOERIR AR (5925 mg/(g'h)) -
WFE-LDO & & AR il 4 7510 2 B T piie vk, /K
PRl TR, LR A IR SE-LDO
SRR T 18 X 0 T A P BT, T L e B MR R 3
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7 55 58 2 e e B F R A & B A, B—
TR FE T e A W ok b 2 T AR s RS, A ) T st 2 1
B, M= RE . DRI, ASHIF 70 R FH SL 3R 2,
TEFSFERY AR R A AL T & B mi ik (Mg/La) 47Tk
B, A HLDO Ja JEAT #E T BORES FT 2R B 500 X4 A AL )
HEMEL (BC-LDO) , #iff 5 BC-LDO Il M B R K i
BRATLEL, DA [ET AR v U 37 43 1) 80 P B 5 B, 4R
FIRBHIEACR AR A A W B AR s 4, (ki
M RETE T FEER R .

1 MRIFAE

1.1 RMIFISIERE

AW Z W K I, MgLay,-LDO (¥ J# i) & Lt
n(Mg®"):n(La*")Jy 10:1) SRR R R R o 58 3,
AT T AL L AT 1 2% o RIS VAR B AR A
CSTR T ZMHA THE, REEERNAFERAEFT, B
g, RBRRBRA . HEPUE 7d, HRRERR
SE F FH B AR I D8 451 0 B 14D 4% I R S V7 A ) DA B %o 38
BT, AR RHAMFERT OKBEREF. R
b rE. EvE. AT, i 0.15 mm fRJE MBS, R
NGRS S/

1) ¥R B n(Mg™)in(La’ )l 10:1 ZEHE T
#1145 Mg(NO;),-6H,0 Hll La(NO,)y6H,0 JREVER, HE
3.5 mol/L ] NaOH ¥ F1 0.94 mol/L [f] Na,CO; &, LA
Mg/La #h 55 &1 S% PRI, FEFEL 0.2 g/mL &5
BT EEFAKTEA 30 mn, 5% HE A
Mg(NO5),-6H,0 Fll La(NO;);6H,0 JRATERH, IHkE
90 C, JIZUFE 10 min J5, HIHFE 2 he 2) K Nay,CO;
A NaOH VA I HUIZT I 2] FRFEF Mg/La TR &)
o, B HINIGE] (65+5) CladksdidE 16 h LE, 5k
HEOIFEETE. BT, TIEENSERRIET 0.15
mm K515, 158555 -Mg/Lay,-LDO E &%, 3) #is
F-Mg/La, ;-LDO & &5 WAEA FIREE (400, 500
600 C) FTE AN HIE N, 254 FEEIRA 2 h, [FIRT
1 i BAS RS AT % -Mg/La, ,-LDO & & 44}, ic/E BC-LDO,
FEAMBERNE 1 FioR. ok, EMFESET,
% 500 CHEKFEFF®R (YBC) FUKFERFF# (SBC)
X R

R IRMFIRER R AR
Table 1 Absent materials and pyrolysis temperature
PRI

e PR 0] et . Frid
Sorbets material Pyrolysis . Mark
temperature/'C
FARFEFE 400 4YBC-LDO
Mg(NOs)> 6H;0+ 500 5YBC-LDO
La(N03)3'6H20\ NaOH
1 Nay,CO; 600 6YBC-LDO
IKFEREFT 400 4SBC-LDO
Mg(NOs)> 6H;0+ 500 5SBC-LDO
La(N03)3'6H20\ NaOH
1 Na,CO; 600 6SBC-LDO

1.2 MRFTIESHAE
K A S S TR R 6 (ICP-OES,

Shimadzu, Japan) &K MERMBE R (P) « BEE T
(Mg™) R ES T (La®) W FE . N, WRHI/BE b (BET, ASAP
2020, MICROMETER, USA ) {5 W B} 771 b 2 T AR AN~ 35
L%, JTCESHHL (PE2400, USA) 5EMRHE TG &
L SRS T BT (SEM, SUS010, HITACHI,
Japan) FiZ& 4 H ¥ 28 (TEM, H7650, HITACHL,
Japan) WS FEFRIRE SR IHTES, R {X (EDS, EDAX
Octane Plus, AMETEK, USA) #4431 7t & 20 A »
JE I Tmage J FAFTHEAM BB 74 I X SR AT 5
1% (XRD, X-Pert3 Powder, PANalytical, Netherlands) 4T
Bl R4, IFH MDI jade6.0 A0 k4 BHE S Y 454,
B2 4h 6384 (FTIR, Spotlight200, USA) FALFE F
RIMPFEERER . BMEAEL 3 &k, BURRRL R M
FIME . RISEE R Microsoft Excel 2016 #E4T48 11T
S, {8 SPSS 20.0 (SPSS Inc., Chicago, USA) #HAT 7047,
BEMERBEN P<0.05. FTEKREAMA Origin 9.0
(Origin Lab, Northampton, MA, USA) %,
1.3 ORFfEEEIFEMN

ULV T R B 350 SR FH B TR AR, 00 s W B R
WREAIIUR IR BRI FE . #4 0.02 g TRBR TN 50 mL
HIR 2T, 28T 40 mL i) KH,PO, (100 mg/L) ¥
Wi, 180 r/min 1HIR (25 C) &% 24 h. WP-F4i)5,
I 0.45 pm B IEAF B LIS, AR
1.3.1  3hh R ki

F2EH 0.02 g 6YBC-LDO [1) 50 mL % 20 8500
BON 40 mL ¥ FEEN 100 mg/L () KH,PO, VAT, IR B A 1]
235249 04 54104 30 60+ 120+ 240. 360~ 720 A1 1 440 min,
SE I SR DU R B TR SR 75 BT 36 W P A ) () W B 30 7
o BT R SR HE— sl R A (R (D) )
W A (R () ) SHRBEIE TS

HE— R ) 1

(0, ~¢) =10, ——1_; (D

2.303
HE 7)) ) R
LA S 2

q9, kO, 0O,
X 0, T PN 2RI, me/gs g R ¢ BFZIH
W B AR IO AE, mg/gs kA — BN ) R
min™; & NHE R R E R, g/(mgrmin).
1.3.2 AWERKE

F%EH 0.02 g 6YBC-LDO [1) 50 mL 2 20 85008
I 40 mL ANEYIGHBEKRE (0~350 mg/L) [ KH,PO,
. SRR SRA (3) ~ (5) =A R &R
T FERHA IS B AT B A

Langmuir J5 2
KLCe

— (3
1+K,C,

Qe = Qmax

Freundlich 75 7%
0 =K,C'" (4
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Redlich Peterson /7 f%
K,C.

Q‘n%q

K Grax RN KB &, mg/gs Kiv Kp N5
WS B 4 BEA DS B £, K A1 ag 4 Redlich Peterson -4
MEE, C RN B8R, me/Ls g =1E 0
1 Z A FEEL.
13,3 WA K

7E 25 C R4l pHAE N 3.00 5.0, 7.0, 9.0, 11.0
) 50 mL ) 100 mg/L B4 R SV S AR 28 00 i1l 2% (1) I
B350 0.02 g, W 24 h £F R NIE BT, SR ICP-OES
T3 25 BBLAAR 22 IR B 7 Mg Rl La™ 55
1.3.4 R A4 K

0.06 g M B 5K Fff 60 mL f¥] KH,PO, (100 mg/L) ¥
MR IERBPAT (120, W7, ARG L

(5

Ko AE 60 CHF T, PREFAXHEEEN 3%~5%,

HRAF. BLEWERN 0.1 mol/L ) NaOH ¥, B 0.1 ¢
RN B 7 2 T NaOH ¥, 40 AITE 25, 45 Fil 65 C
ZAF R, LA 180 r/min FE IR BLFT 2 h, BB 5 FH 4Kk
BEUG T, AT N IR RS, ELAT 3 IR
Pl -t PO 3A

B se e, tHEB R O B 5, W (6)
A=K (7). H ICP-OES HUBHE A% & 1 R HHEIs4,
2R B & B TR E AR Ak

v )

0,=C,—

¢. 6YBC-LDO (SEM)

A1
Fig.1

A% Signal intensity/>10° cps

{5 Y5 9% Signal intensity/<10° cps

9

n, ==x100% YD)
Q

Xt O, Lo AL BN PR B E, my/g; C, i
MR SRR, me/Ls vV OABBBIAR, Ly m 9
B T BT TR, g5 AR O DAMRBRFRIRS )
PIaE P B, me/gs AR (8) , Co NP AT
HBRIIIREE, me/L; GNP IR BERRE, mg/L.

Q:Muoo% (8
m
1.3.5  SFEIRGRAEMAR

R FRIEIE 0.5~10.0 g/L ISR 24 h,
W PR i v R L DCUE D00 W PR I Y VRIS WU Ok A
br: BE[E % (Total Solid, TS) 2.3%, M%7 A &
(Chemical Oxygen Demand, COD) 2 590 mg/L, &A%
(Ammonium Nitrogen, NH,'-N) 1207 mg/L; & (Total

Phosphorus, TP) 147.66 mg/L, pH 1 6.9.
2 HRE5HH

MR B 37 RO FR L 451
KA H5E (Scanning Electron Microscope, SEM)
FEEIE{Y (Energy Dispersive Spectrometer, EDS) X /N [F]
IRE A~ BC-LDO &M BHI R I TR 70 3 43 A i
1T 7 RAE. HE 1a F1 1c MBI, W1 FEFRE,
Mg/La, -LDO ¥ 5 3 AR fEREFT k-, H Mg/La,,-LDO 1/
TRFFE ARG

2.1

171 Me L
Element mass ratio
152F
C:2545%
13.3}F 0 0:36.50%
114F Mg: 22.00%
La: 9.49%
9. L

5 Na: 3.03%
7.6F Si: 0.31%
57k Ca: 0.42%

g
3.8F

N4 La
1.9+ Pt L
Si CaCa )3
0 A o ‘LI:a L ! |Pt L I I
13 26 39 52 65 78 91 104 11.7 13.0
fig it Energy/keV
b. 5YBC-LDO (EDS)

991 Mg T L

L Element mass ratio
88 o
- C: 45.06%

' 0:3437%
6.6 Mg: 8.00%
551 La: 4.12%

Na: 5.48%
a4r Si: 0.13%
33+
2 Pt La
1.1 k4N L
S lAaLa Pt

0 13 26 39 52 65 78 9.1 104 11.7 13.0
fie it Energy/keV
d. 6YBC-LDO (EDS)

AR /Z YBC-LDO £ 44494244 & F 4 (SEM) i (EDS)
Scanning Electron Microscope (SEM) and Energy Dispersive Spectrometer (EDS) of YBC-LDO at different temperatures
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W 1a. 1b s, 8L EDS W0 & ARG 3=
BRSNS C O Mg, La. Na. Ca 1 Si, 5 YBC-LDO
F6YBC-LDO K FEIu e Ak Eii &Lk C 25.45%
A1 45.06% Mg 9 22.0%A1 8%. La N 9.49%AH1 4.12%, K
AR (600°C) J5, EAHE Mg, La L& &4
FEf%, O/C LLFEMR, [FIET, JTEmAITaE SRR (K2 , B
HRMEE TR, TR R MR A LA kAR

F2 MRIEYEERER.

fif, HF O Sl KEHFE, ZI RS IR mFEFR 75 &L
FEREUT, n g Ky B An ™, 358 600 “CH 6YBC-LDO
W B 77 B i o AR DL P AT B oA ORI RE I R S

4YBC-LDO. 5YBC-LDO Al 6YBC-LDO 7 2 i il FE ) 7+
R BRAR, 7331 49.50% 42.91%H11 40.48% . 6YBC-LDO
L £ AR (123.65mP/g) AHEL 500 C ) 5YBC-LDO
(50.78 m*/g) #1400 CHJ 4YBC-LDO (36.56 m*/g) HIAEK .

FERMTTRS

Table 2  Specific surface area, production rate and elemental analysis of the material

- LE R FLBEE FEE TG 2Rk Chemical compositions
A(lllj;szoﬁi’:rjlts Specific surface ~ Average pore Production Me/% La/% PI% % % N/% S/% HC
area/(m*g™") diameter/nm rate/% g ° ° ° ° ° ° :

YBC / / 31.33 0.42 0.002 0.186 35.73 4.11 2.10 0.71 0.12

SBC / / / 3.58 0.001 0.778 32.92 4.11 2.88 1.03 0.12

4YBC-LDO 36.56 12.63 49.50 17.03 10.88 0.130 6.39 0.58 1.59 0.22 0.09

5YBC-LDO 50.78 9.51 4291 16.85 10.70 0.049 5.44 0.14 0.10 0.23 0.03

6YBC-LDO 123.65 7.70 40.48 15.49 10.08 0.139 5.02 0.28 1.51 0.33 0.06

4SBC-LDO / / / 15.59 12.44 0.225 5.49 0.08 2.51 0.31 0.01

5SBC-LDO / / / 18.55 11.51 0.240 4.46 0.07 4.53 0.10 0.02

6SBC-LDO / / / 14.99 10.36 0.153 3.89 0.13 7.30 0.07 0.03
2.2 BHRESBUERANESES WD BRI 1B, B0 230 25 1 B IR AR B 7 1t A FLALTE B N
TR A AL SR 2 h )G, W R O R B AT SR o
2.2.1 R AARRIR R ) 6 B BORAT P BN R AR B AR AS o B ) A S

7 100 mg/L FIBERRERIAW, #m 0.5 g/L FEFT 2%
BERE A MR UL 95% LA R T R, MR AT ROk R
FFm (16.02%) FI/KFEFREFT R (10.33%) AR, ik
2 itz . 5 Feng SO 50—, FEFT ¢ 5 AN /& W PR 9
BT BRI AR A RO B 7R, PR S AR o 3 T B A L e
ALY, ARBFRAEM AT 600 CHR 6YBC-LDO
F1 6SBC-LDO &7~ H4F B B PERE, P ISR 4300 A
98.72%%11 98.69%. M4, HH T IKFERE Ao i L 3R TH RN
FLBGEEAH XS 0N, 52 M K B RO B 2R, TR L R R T
IR E MBI LLK FERE A B A BH 2 A B AR 35

100

AEL &
Recovery capacity of phosphorus / %

00 O

O o0

AP AP DA

REPNC RGeS S
1% i} 77 Adsorbents

’\,OOC AP

B2 R RS B 7 64 BRI R 2T bk

Fig.2 Comparison of phosphorus adsorption by adsorbents with
different pyrolysis temperatures
2.2.2 RWMHAFHESAH

T — ORI E — 20 5y 77 2 A58 o Sl FH T S T A R
PR R 7510 RH I B 42 2 D P AT 3 5 90 AR 2 B,
FH R PEAG W B SR W B 2%, il 3a Birow,  BEAN IR B
AR N 3 AN B, 0~30 min A PUE B, 1%l
T2 EFONAN RN, &R ER, EWRHET 30 min
WP IR IBE R T 90%LL o 2 J5 30~120 min M1
W B B B, PR B 710 3R T A 22 40 5 B R AR B8 1 7= A A L

SRR 3, xSzl B YE Y B B LA A e b
(R*>0.99) , W B 771 Fo i W, B 52 2 4 A 6 YBC-LDO>
5YBC-LDO>4YBC-LDO, M Bff ~F 18 i X [ ) e ot 2 9
BN 46.90. 45.30 Al 44.36 mg/g.

50 -k . .
W " - - - - - - - - - — - - - - - — H
=x TT P 2
40+
ok § = 6YBC-LDO
g T 4 ® 5YBC-LDO
= A 4YBC-LDO
20 * 6SBC-LDO

Rl (it &5 AR
Pseudo-first-order

{5
Equilibrium adsorption Q /(mg-g")

1oy e o
Pseudo-second-order
oF &
1 1 1 ]
0200 400 600 800 1000 1200 1400
[t} [ Time #/min
a. WRPfah )2 ih 2k
a. Adsorption kinetic curves
200 o
. 4 |
180+ a
160 ‘ $
_/
140 - .

120+

R 0
‘./ B 6YBC-LDO

100 A 5YBC-LDO

O 4YBC-LDO

8or & 6SBC-LDO
60k Langmuirfs !
Langmuirmodel

401 — = Freundlich !

T R B
Equilibrium adsorption Q /(mg-g™)

Freundlich model
- - -Redlich Petersonf¥: !
g ) . . Redlich Peterson model
50 100 150 200 250 300 350
W BRI e 1
Initial adsorption concentration C /(mg-L™")
b. SRR 2R
b. Adsorption isotherm curves
B3 R #ARIREL S BC-LDO 4B ) /) 5 Fe
E AR
Fig.3 Adsorption kinetic and isotherm curves of phosphorus on
BC-LDO with different pyrolysis temperatures

20+




198 Ll THE2AH (http:/www.tcsae.org)

2022 4

iR KW, BT 6YBC-LDO IR~ 4b T AL
Yo, W BCE N A, SEEREA 38 1R i
A7, RIS, e T o IR 3 m) W B A R A% s I A 2
6YBC-LDO #1 RIS W] RE4E K | BEIR £ 5 W Iz i 2
I RIREE RS, [RUER BT A A RE

KH] Langmuir. Freundlich ! Redlich Peterson /5 #%
o W o S5 i AT AE LR R A, W 3b, RS
Bk 280 (R WE 4. W LLRIL, BEEFHRARIE
J5E R R B AT I K. 3K T IR I e, A
BHERIAIE K, L Mg/Lay-LDO %28 7E A KL K TH
FLIBP, fERERERITIN . MU R% R KA, Langmuir
JitEBKT Freundlich 7572, U] BC-LDO E &M EHK
A O B R T R Z S T . 3 PP AL R AL

4YBC-LDO. 5YBC-LDO. 6YBC-LDO Fll 6SBC-LDO "
B FR RS0 KAl 08 IO (¥ VL AR PR 55 23990 9 249.93
293.62+ 366.39 fll 244.89 mg/g.

=3 BHEBAEEH

Table 3  Kinetic parameters calculated for phosphorus adsorption

EeEy | 5 Bt 71 oy k/(minT) &y 2

Fitting models Sorbents Qmge’) (gmg " 'min™) R
o 1 6YBC-LDO 46.90 k1=0.208 0.965
AE—HAIF sypeLpo 4530 k=0.147 0997

Pseudo-first-
order 4YBC-LDO 44.36 k1=0.156 0.996
6SBC-LDO 43.62 ki=0.171 0.997
R 6YBC-LDO 4797 k>=0.299 0.997
HE— 2030 1% SYBC-LDO 45.43 k=0.302 0.999
Pseudo-second-

order 4YBC-LDO 4445 k»=0.316 0.998
6SBC-LDO 43.92 k=0.307 0.999

x4 FEWMEXUESH

Table 4 Adsorption isotherm curve fitting parameters for phosphorus adsorption

R B 751) Langmuir 178 Freundlich #&%Y Redlich Peterson A&7

Sorbents Langmuir model Freundlich model Redlich Peterson model
6YBC-LDO Grax=366.39; K;=7.91x10™*; R*=0.996 Kr=0.702; 1/n=0.951; R>=0.993 g=0.574; Kz=3.136x10""%; R*=0.997
5YBC-LDO Gmax=293.62; K;=8.86x10™*; R*=0.995 K#=0.730; 1/n=0.937; R*>=0.988 2=0.570; Kx=3.780x10"%; R*=0.997
4YBC-LDO Grax=249.93; K;=5.34x10"*; R*=0.999 Kr=0.673; 1/n=0.958; R>=0.992 g=0.555; Kz=6.130x10""%; R*=0.999
6SBC-LDO Grax=244.89; K;=8.04x10™*; R*=0.999 Kr=1.025; 1/n=0.868; R>=0.991 g=0.556; Kz=6.724x10"; R*=0.999

W Gmax 2 Langmuir B8 1R R, (mgrg™"); 1/n 24 Freundlich B th 286 %%, K; . K 2> H19 Langmuir #8F1 Freundlich A7 50 4 RE A <103 %K,

K F1 ox ¥ Redlich Peterson P Bt # 440, g /&4E 0 A1 1 Z (Al 5.

Note: ¢max is the maximum adsorption capacity of the Langmuir model, (mg-g"); and the 1/n is an empirical constant in the Freundlich model. K; and K are the
constants related to the adsorption performance of the Langmuir model and the Freundlich model, respectively. Kz and a are the equilibrium adsorption constants in the

Redlich Peterson model, and g value is an exponent between 0 and 1.

2.2.3 BMAGE M

NS TEMAEFT 7 584k Mg/La, ,-LDO K58 5E PERE,
7E pH {H 3.0~11.0 FIZ&AF T XM BT 7 PrBRms i fE ik
55, Wl da. NIPEASARMIR S, B S 2
TEWR M7 L T, Wil 4b f 4c Bk B
dc ToRBE pH HMTHE L R 2 RS, K
6YBC-LDO fE pH 1E>5.0 J5 R R, w7 K IkE
% pH E N TFE, WRH OHH %, AR M £
B DL A AT La-OH Al La-O TERAE(E, $55 PO,
(B EELHE R 3852, T 1 0 e A B o R e
Wt T pHAEXT £ Y% Mg/Al-LDHs & &8 RHI B i % 25

Ty 380 C
o ——4YBC-LDO 25 ¢ a
E 375} ——5YBC-LDO
ST —=— 6YBC-LDO
> 370t = 207
£ %5
@%36,5- =3 15t
§ = a0l I If 5
= = : I = 2
£ 35 G2 1.0F
B @ 355}¢ s g
s 3s0f = 05
E 345 1 1 1 1 1 1 1 1 ] 0
=} 2 3 4 5 6 7 8 9 1011
g pH{ pH value

a. P

a. Equilibrium adsorption capacity

pH{ pH value

b. Mg i 412k
b. Mass loss of Mg

B, 45 REoR, pH>5.39 I, WLFFRIRm /i fE, 5
BERRAR 2 (M ) e e o3, SEURM = R R, H5A
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Enhanced phosphorus recovery from biogas slurry by biochar of straw
with Mg/La oxide

Ma Yanru'?, Meng Haibo?, Shen Yujun?, Ding Jingtao?, Zhou Haibin?,
Zhang Pengyue?, Zhu Ming"*, Niu Zhiyou®, Ai Ping*

(1. College of Engineering, Huazhong Agricultural University, Key Laboratory of Agricultural Equipment in Mid-lower Yangtze
River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China; 2. Institute of Energy and Environmental Protection,
Academy of Agricultural Planning and Engineering, Key Laboratory of Technologies and Models for Cyclic Utilization from
Agricultural Resources, Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: Phosphorus has been widely used as the essential component in the fertilizer and feed of agriculture, but it is a
non-renewable resource. Biogas slurry rich in phosphorus can serve as a recyclable agricultural waste resource. Phosphorus
recovery from the biogas slurry can be widely expected to realize nutrient management and utilization, particularly for the
green and sustainable development of circular agriculture. Therefore, it is necessary to recover the phosphate from the biogas
slurry for sustainable agriculture. Alternatively, adsorption is one of the main technologies in nutrient recovery. Different types
of adsorbents have been developed to capture phosphate, including biochar, metal-based materials, minerals, functionalized
silica, and various modified wastes. Among them, the layered double oxides (LDO) can often be coupled with the
biochar-based materials, which are taken as an adsorbent and as a host substance, due to the multiple parent materials. The
introduction of biochar materials can improve the recovery rate of phosphorus in a cost-saving way. More importantly, the
biochar-based materials with unique pores and abundant surface functional groups can greatly contribute to the pore structure
and surface functional group density of composites, where the ions can be highly concentrated in recycled materials. Herein, a
new composite adsorbent of biochar-LDO was proposed to recover the nutrient elements from the biogas slurry using
adsorption, in order to effectively recover the phosphorus for better resource utilization. The synthesis temperature of
composite material was also evaluated to improve the adsorption performance of phosphorus. It was found that the layered
bimetallic oxide (Mg/La,;-LDO) synthesized by the quantitative control of magnesium and lanthanum presented rich
interlayer ions and nanoparticles in the early stage, indicating an excellent performance in the phosphorus adsorption. However,
the dispersion of nanomaterials in the solution and the high cost of raw materials relatively reduced the value of material
recycling and application. Therefore, the straw of crops (rice and corn) was added to fix and strengthen the Mg/La, -LDO,
where the biochar-magnesium/lanthanum bimetal oxide nanocomposite (BC-LDO) was prepared for the phosphorus recovery
from biogas slurry using the co-pyrolysis at different temperatures (400°C, 500°C and 600°C). The resulting BC-LDO was then
characterized to determine the recovery capacity by the SEM-EDX/TEM/FTIR/XRD techniques. The results showed that the
pyrolysis at a high temperature (600 C) was more conducive to the fixation of nanoparticles on the straw biochar
(6YBC-LDO), which was rich in meso- and micro-porous materials. The particle size of the nanocomposite decreased
significantly (between 12 and 20 nm), with the increase in pyrolysis temperature. These nanocomposites were also easier to
combine with the phosphate to form LaPO, precipitation and Mg;(PO,), inner-sphere complexation. According to the
Langmuir equation, the maximum phosphate uptake of 6YBC-LDO was estimated to be 366.39 mg/g, which was significantly
higher than that of S5YBC-LDO and 4YBC-LDO. The kinetic investigation showed that the 6YBC-LDO effectively adsorbed
the high phosphorus (69 mg/g) within 30 min, and strongly enriched the straw biochar, indicating an excellent phosphate
adsorbent. The 6YBC-Mg/La, ;-LDO presented a high selective adsorption capacity for the phosphate, which was reused many
times after desorption. The 6YBC-LDO rapidly removed more than 90% phosphate in the biogas slurry, where the phosphate
concentration was reduced to less than 8.25 mg/L within 1 h. Consequently, the 6YBC-LDO has an excellent application
prospect in the nutrient recovery from the biogas slurry.
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