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B OE XGRS R IR AR A IR, DUE SR AT BT U8 Sk SRR A 15 B S U S AR R IR OB,
W /4 W B¢ (MgAl LDO@biochar) & & M B, 456 S5 #ZRAE - 25 W B A1 20 25 0% B 55 40 & 48 #5817 LDO@biochar
RO BRI R A R ML . 45 SR SR, ERBEREJR L R 1:2 b, FF il £ LDO@biochar F Lt 3 T AR A kL R f i ok,
TR TS Y My W) SR 2T A W B R s o AR R B AR R LDO T 5T <0 I B B A J2 R XS A B ) (LDH) 259 A
T % B B8 7= AR R B AE A, biochar Y 380 A 35 AN 15 460 B R AL TT LUVE R V5 e W) 45 A0 i o 15 S i 55 W 351 2 1]
A AR non LT SEAEH RS S A, SHE PRGOS B (11.30 mg-g ™) AILELA
— e PR S5 A4 (19 B B (20.25 mg-g ") A LE L BTS2 JLORL R MRS 1T (181.30 mg-g ") PR AT 2 IR B IR L5 4 Y DU R R
(39.49 mg-g™") M T H R Bh 28 | B A, T EL A 22 L0 SR A 1 I 5 7 25 e W SR 2 10 T A R o 25 2 v 35 477.46 mgrg '
AT FE 25 T Ry 25 R T 0TS U 4 S B (AR SR T e A RHR IS5

KR WEOSI; ERWE Y Y 2R E Y WL

TG K AL B A {5 e thos S R AL . T . e JE AU R AR ge s e Ak T
WS B Ba RN A b ) A5 A7 A0 v e T HOE U G ARG, AT 223 Ak S e 7 B A R
Iz TR . W5 Je A ok D RE AU AR ) 5 (biochar) & 52 R TS U8 W IR AL B9 A &k 5P, XIAO
S5 U4 1) ] el 0 A B 75 0 ek [ A, 3 BAGE T 45 1Y biochar X B B 21 X-GRL iz = W B 75 2 7] 3k
46.70 mg-g'; ATHALATHIL %55 i@ i1 7K #4728 biochar/TiO, 44 K JEfEfL ], 48416 IR I 60 min
Jei AT 2K BR AT 36% HIWLIEH A,

JZMRAE AL P (layered double hydroxides, LDH) i — i 1 = 1 4x J& B9 480 /\ I A4 B A4 417 0F H,
A —ZEARZ SR B YA E M H,0 #H. LDH ffb~# X —Em o [(M™), (M), (OH),T(A™),,-mH,0,
Hofr, MPSR M B (0 Zn® . Cu™E Mg¥ ), MO =M (0 Fet. APTEL CrAE) , AT )R
[A] B3 B (W CI'. NO, 8¢ SO,7%5) , x iy M*/(M* +M*™) iy e, MM 0.17 £ 0.33. LDH £ 4
Ab PR 15 2 5 2 R XE ALY (layered double oxide, LDO) A 26 i FR g 2 10k g5/ As e, ni
H AR KW i o e 2200 "l Yk & 2 LDH Z5 49157, JX45 LDO HA 5+ 1 BH B 732 ¥ 14 g Al
R T AR, (HAKIE W P A R e A A T i R, JU O MU M pH /N T 4 1) LDO K]y 75 il i
s BHEE: 2023-04-12; FAHHEA: 2023-06-25
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SO M RE AR 22, AWk S LDO B4, W LA SR LDO HfkF ke, [FRF LDO S5 4:4)
w22 (8] ) U LA T AT B = B E PR A A, 48 i AR B 5 R LDO Ry M BfF g U, &Fh LDO 5
AR B A W R E 28I T AR A WL G, WANG S50 SR U0 v A TR A 7
P KRS Sy JEURE I 1k AN 4 T8 AR 3 AN 4R £R 1 & MC/NIAL-LDO W FfE 5, 50 °C T X a-mets iY fe K
Rff 25 116.30 mg-g™'c MEILIA %512 38 i #4 6 A2 151 725 il £ A J biochar-ZnFe,0, & & #4 #L, Frik
JEE TR HG R 14 25T I i 2% 10 B2 W R 70 X I BORU0R 1 I B 2 R OR 17.66 mgg . HET, A1 G
LDO/biochar & 5 #1425 2L B o, AR AR 75 BEAR AN AN i 42 J&8 Eh /8 4 LDO W J5UkE , i i J 47 1) A
Yy i vh Y 4 @ B T 8 LDO/biochar & A 4 K r] A # AR 1l 5 A .

BRFRIREE R AE 15 e P /K A B AN T s Je M B AR R R AR, RS et R SRR .
B, RS U R B R AR O R [ TR R IR m s e IR SR A ST B . AR LS RIS e
JRORE, i I AN IR R AL U TE L 45 A PO B T TR A B A TR R BLAE L W /4 W ke (MgAl
LDO@biochar) &2 & # K ; FE T X LDO@biochar 1) 25 #4) FVZH 5 434, 24 A A W Bt 500 A4 B H T
BLTS YL e B 2 6, O B R LI BT AIL B, AU S i ST e 0 R A0 R LS o 12 8 A 5% 1) BB A L il
HBiRES %

1 #Rl5RE*%
L1 RS

LKA EREE MgSO, 7H,0) . JL/KikR 1 (Na,CO;) . E A fbih (NaOH) Flfief i (CHN,O,8)
Ko Mral ;s WISRLT . WIS . DU PR RN AR PR 1T A4l S )k 95% . 82% . 98% K 85%. SLE:
KR EBEFIK,

JIT G e A e AR 7S & T A 15 K AR 3 T F KR 60% B KI5 e, B L E T 120 C MR T
H 24 h i o 0 WS R AR /N T 0.125 mm Y £

_ . x1 SRBAOEREBUMER
T SR e AR B T e W TR S ¢

Table 1 Basic physical and chemical properties of sludge

B E s, SR X B K61 L powder

(XRF, XRF-1800, HA%) Xt {5 A Al Fe Al WS Tt SRR TR H0%
\aRITRMITERE N BRI RN IEAR pH #58/ (mmol-g")  4u Bomom W |
BAEAE AN 1 TR 6.90 0.77 1155 2038 051 044 0.13 0.07 0.04

1.2 MRIRIESE
SR L2 T AR 20 M A3 (Kubo-1 108, b 5t 4% J 78l 1 R A B B2 AT 20 |)) X RE i L 2 i ALt AT
Mrs RH X B4 510 (PANalytical Empyrean, faf = M 20 8L 23 5] IERE 5 1) SRR 254 5 SR X B4k
o B F BE %A (Thermo ESCALAB250Xi, %8 Bk & it /R Bl £7 28 &) Fd Bk 48 4 21 40 33 {L (Thermo
Nicolet IS50 iN10, FEBR & AH /R BL 42 28 1) 23 0 WA i 28 )2 T 5 7 A 28 A sl ofR 245 R 26 1 Y g
Al R A 8 (Nano-S450, FEER R /R BHEL 24 /) RAEFE S OWIE 5 ;R FH oL B 5 55
B PR R G IS (AGILENT 725-ES, ZHEMR B A PR R Kl K A b (9 38 4 J ot it o i, 7E kAT
G FAEZ R, EARESTE 60 C R T, DLEBREHK.
1.3 MgAl LDO@biochar £ & IR i #71 #} #1 &

BRI —E BT (4. 6. 8. 16 A 32 g) 15K AR A 50 mL £ & F /KB & iR, HHEY
50 mL ¥ FE R 1.47 mol-L™' ) MgSO, 7TH,O I MR &, H B EE/R L3k 1:8, 1:4, 1:2, 1:1.5
M 1:1, ¥ 2.56 g NaOH il 1.71 g Na,CO, ¥ T 100 mL 2= 55 T /K it B IR S A, JF 283 b
WG R IF WP, AR E MU pH 7 9.00 2 10.00 Y5 F Y, K B s B F 7R HE 3 2 400 romin !,
IR BE A 60 °C R R 12 h JE i U8, b R R AR A AR S M AE 60 C R A SR MRAK 12 h 5 LB EE 1S 2



2718 o T OB MR %17 %

TR 2R R A ALY A5 TR B K (LDH@S) o % LDH@S A S E T, L5 Comin' B9 THR 3R
K F] 480 C J5 Ak AL 2 W', B EIEEE, 1455 B 6 LDO@biochar # A o KI5 Y A& 4 A [F] #dh
BT A5 2 A Wy AR Skt R
1.4 FRASINMEsLIE
HX 200 mL 250 mg-L ™' 75444, JnA 0.1 g LDO@biochar, 7E 30 °C Fl pH 7.0 B IA i th de A8 25
WS 5 . AE MR AR v, DL 600 romin™t 9 BE HEAT R ) 15 B B R) 505 e e oy B k. B
HURE I3 4 0.22 pm B2k 8 0 0 35 e vk B o R AT UL 43 6 FE I (VIS-723N, Jbot i A 73 B AL 2%
AR XIS YR LT FRYERS 1L, % PFI] B HI DU BR K A e B R AT I, SR A | R A
I, % FF0 B Y e K W% K43 i B 500, 484 F1 553 nm, DU K% i 5 0.20 mol-L™" £5 B2 2 (A 1
B B B RO S 355 nm. it i (1) ¥ B SR ] Waters = ROBAH €385 AN 22, L 3l A R 7K N
I (RFREEA 40:60) 9, i 1.00mL-min™', 35K SunFireTM C18 A (150mmx4.6 mm, 5.00 pm).
(1) P (2) TR Gl B R B R S BRASOR
q:=(Co—C)V/m ()
T = (Cy - C,)/Cox 100% )
K g b eBEZI W, megs C, M C 53 5 i 15 Y W 00 UG IO Wk ORI ¢ B 220 1) O A R
mg L'y VREBAKE, Ly m W R, g0 XFTi5 YL ¥ 09 me B i 75 50 )R FH i — SRk — 2%
W ik 3l 2R TG, ALK (3) A1k (4)s
In(g. —gs) = Ing. — ki (3)
1/qi=1/(kaq2)+1/qe )
Ak RE— B R R, mins k, MHE T R R, g (mgrmin) 'y g, T A I B
A, mgg's
3 o A I 2 B S 5 B 5 AN RN B R AR T G 1 I R 2100 4 B VR B2 R LDO@biochar fY W B P
fit. 23 3FE 20, 30 F1 40 °C H5.0.1 g W FiF 5] in A 200 mL A [5] 49 46 JiT & 3 B (50~500 mg-L™") # RIS 41
VS AT RS, SRAFAS IR RS54 T 0 SF- i I B 45 o g AR E R 3R, HRCFE
FIbR 7 D 2% -
1.5 FRASIR M sLIg

¥ A LDO@biochar 55 FR R FH 2R, 14 ——
S A Al R 5 75 0 B 2 A 20 °C IR A A T X B~ =

ISR 21 47 3l 25 W B S 56, W B2 G A
1R o TR AL R R #% 0 im A 2.00 g W% [

LDO@pbiochar

F, WL 006G it W B (C)) M 50 mgL, AR

WO 250 mL-min', &5 K W #E A 0.10 L
Lomin .5 4 i J BLWKC I (C) v 5 merL IO L e
B CYC,=0.1, JITHE M 13Ty 2 i i il R =t

2 FERE5TE 1 RWESSRMEE

, Fig. 1 Fluidized-bed dynamic adsorption device
2.1 ‘MgAl LDO@biochar i) 45 #% 1E £ Y ®

&l 2(a) J& A ] 45 BE BE IR Hb 4% 1 F il % 15 21 1) LDH@S ) XRD 3% & o 24 45 86 BE IR H 4300l
1:1, 1:1.5F01:28F, AN XRD 3R 2 6=11.3°, 22.8°, 34.5°, 38.6°, 45.5°, 60.0° il 61.9°4k i ¥
B9 4 I A3 55 08 43 0 I T K B AT B9 (003) . (006) . (012) . (015) . (018) . (110) I (113) & Ifi
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LDO@biochar
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: e X

s :
RN v #§
CPDST 22Tty R 6%
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20/(°) 20/(°) HREEREIKLL
(a) LDH@SHIXRDij% (b) LDO@biocharf{)XRDi% & (¢) LDH@SFILDO@biocharfy kb 22 i f

B2 LAFREE#EREEFI %A LDH@S # LDO@biochar #) XRD i & 71 bk 3= H 72
Fig. 2 XRD profiles and specific surface areas of LDH@S and LDO@biochar prepared at different AI-Mg molar ratios

(JCPDS 22-0700) o FHF 1:4 F1 1:8 [ FREEEE /R LU AN RE WG /& LDH 5 ¥ 198 i 45 44, BR1 ok o il 4% A ek
() XRD 3% & %A &K KM A EENE . P45, LDH@S % 7% 3 LDO@biochar, 11 1#] 2(b) it
/v, LDO@biochar ] XRD % & & 47 & LK I A FR R4 310 . 5 BE[E B, MgO (JCPDS 45-0946) Fil
ALO; (JCPDS 04-0878) ¢ iE A7 5 4 9 t L B LDH 04 5% 8 Wi LDO.  I64F, 26=21.0°~26.0°f i
HR IR B AR A Bl (002) i THT B AT S TS, R BH S Ue b A A BILJE AE A B R v R AR R AL . Rl
il 28 Ao A AR B EE R LL 3 I, MgO Il ALO, [ RRAEART 5 e 2 06 wE 22 B SE /N e 3 K ka5, 4
FREEEEIRLL R 1:2 B, MgO Fl ALO, 1iT 5 W i P05 Fe /DN FLA AR b RS B K, ATTE T 211
W B AU T 2(c) S AN ) B BE JBE JR bE 254 T il %5 ) LDH@S Fit LDO@biochar [ Lt 2 T AR XT LL &
LA, S5HT9A LDH@S #H 1, LDO@biochar H k2% ifi LB 58384 i

Kl 3(a) MERBEBE R HE oM 1:2 451 il 4 19 LDH@S . LDO@biochar i1 biochar /Y FTIR i 4] .
X} F biochar, H7E 1640 con™ B FRAE I JE T 0-E 2209 C=C 45 I 3l, 3 430 Fl 1040 cm ™" Ab (A FRAIE
G35 O—H Fl C—O B, ik 285 URE AR We B o A% rhml DU o SRR S5 e a5 617, Xt F
LDH@S, H.A7F 3430 cm™ A7 A 9806 A J2 K FI¥R 5L 00 O-H M 4 PR sl 1482, 1420 #1857 cm™
b 08 05 & T2 18] COZ AR R 3, 1040 em ™ Ab Sl C—O M 4E R 3%, 800 Al 777 cm™" Ab it U]
HJE T M—O Wi 4z 20 "0 b Ah, 595 em™ Ab iy 7K 5 A Y Bl AR AIE 6O, 428 T 418 em™ 4b
[y XL I ) & LDH M 2 [Mg, Al]\ T K & #% O-M-0 48 JE ¥k 2h 45 1F 0 P10 2 #0042 J5 (1)
LDO@biochar, H FJZME CO™, 7K FIFRHE 0 &R 40 Wi Bk, HAE FTIR 35 ] v 0 A 0 A7 & A 4R AiE 06 i 8
YR W55 5 T 595, 428 F1'418 em ™' Kb LDH 4 AIF I 5 JEE A ik 55 W) 3¢ B LDH &5 #4 75 $4 4 P 3 i
KA T3 (a) JAEEZR T B RIR 205 69 LDO@biochar (1) FTIR 3% &, 7T LA & B 595
em ', 428 FI 418 e Lh UK I A A R AE W AT T HE AR o 4N &l 3(b) 19 XRD 3% B s, xR
LDO@pbiochar,  11.3%22.8°, 34.5°4b | & B2 MR IK ¥ A (JCPDS 22-0700) (003) . (006) Fl (012) & I
M FEAERTSF 6 . 454 FTIR Al XRD RAEL5 8, W] 1 LDO@biochar 7 7K ¥ Wl F <10 12 850 0 H 44
T/LDH ZAREEH . & 3(c) %F b T W it WIS 21 /i J5 LDO@biochar 4 C 1s XPS %8 . 5 A fli A H4kHAH
Eb, W2 B IS A4 o T3 0 P P X 5 32 4 A, 3 P R R vl O I 50 55 IR B B 22 181 R AR T mem
Bu; C=0 1 C-O U 5% FE 1) Jal /1N W) 2 pl T JH: 7 W B ok A% vh A Sk 3% R 67 T AE P, BT 3(d) O 1s
XPS i [ 3% 0 W B I SR 21 3 72 o LDO@biochar H B &b 4% S84 BT /b, [k Mg 1s F1 Al 2p {5 5 # 4%
BN S 455 he (K 3(e) A (D) , RWI4JE B+ 8 [l i 7% B N R . X & T LDO [n] LDH %%
b1 B4 A A i B T R B BY L Ny, B B L SR AR Y AR ) i 2 LDO 1Y AR 2 AR
U014 1& 3(g) Fin, LDO@biochar® & 44 8FFh, biochar i 1H 7 15 1 K& LDO 40k . i )5 (&
3(h)) , AHXTSHELE LDO 94K Fr %% Ak il LDH 78 biochar | 1B i A1 # 45 #
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Fig. 3~ Structure characterization of LDO@biochar before and after adsorption of congo red
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4hifEeleV

(e) Al 2p XPSi¥% (h) W[t LDO@biochar i) SEM[X]|

2.2 LDO@biochar ¥t Rl 5 21 # IR Bt 4 &

S i A LDO@biochar & A A B #5 1 #2 , XA [R] 48 86 B K L 4548 il % i) LDO@biochar X K
RISl A3 200k A7 T 5E . QIR 4(a) FioR, BEESREEEE /R LU HR 1:8 B hnE 1:2 iF, LDO@biochar
XoF DI S 21 S iy T B 75 AN BT RS K, ARSI N ERBEEE AR b, ARE A ST R BN A i RO R R . 4R
BEBEIR L M 1:2 B, RS ARG g, R AT 3L 2 477.46 mg-g ™o LA AS [ W B 500 ok B SR 21 1) 22 BR Al %
R (B14(b)) , SRBEEEIR L 1:2 BT il 45 9 LDO@biochar Xif W S £L (1% W i A8 a5 e, 78 1 h )
L PR 2R IR 5 93% . X T AN [FI A4 R W BT 21y 77 22 100G 45 SR ] 4(c) A1 (d) B, HE et 3l
SRR A O R B (R & T UE— S sh i 2E AL B LDO@biochar X WIS 21 LI Ak 2% W i 31,
SR ) 5 B8 JBE R BE 2% 14 T BT ) 4 B 6 B g ELAR T, (HARBEEE IR EL oA 102 B T I A AL R K,
(3.87x107%) Fefmy, WX W SR 20 BAG e ny W Bl 6. BT 2 A0, SRBEEEJR LU R 102 B T il 4%
(1) LDO@biochar HA7 5 K (14 Hb 3R BRI SR RS, W] TR WG 22 1) R B 67 a0, 81 0t A5 e A 114 2 A
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a 538 450 + 7 / 7\
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. 5 : /“ - - % \ 160 s
2 @ 3501 \ !
E 200} O Y3 ¥ %Y I ¥ £ \ {50 =
= 5 ©l S 300 ) i
9& o o 18 \ 140
100 F o 1:4 250 \ 430
A 12 . g’
ol & v 1:1.5 200 - 120
< 1t
1 1 1 1 1 1 ] 150 10
0 200 400 600 800 1000 1200 1:8 1:4 12 1:15 111
i ] /min RABERER 1L
OYGEIRIES S (b) YRANNE B L p
6 R 6L o 1:8 R=0.997 °
aa o 1:4 R*£0.996 e
4 S& 8 o SEa 12 R=0.999 oL
Aﬁi .3 3 = v 1:1.5 R=0.997 ol
a3 e 4 i1 R= -
_ 2 a9 B 2 4o 1:1 R=0.999 L8l v
7o e e 0 g
S V\‘x\ \~\ (P\ 5 ,’V/ _;;ﬁ
S 25 @ 118 R=0.923 . £ 2 B a__;r’ﬁ
AL © 14 R=0917 DT RS S o g
[ A 12 R=0915 ¢ o AN ﬁ ?"gg&’&s
6| v 115 =090 1 ol ﬂﬁ
® 111 R=0.914 31,
-8 L L L L L L Il -1 L L L L L L Il
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Hif ] /min Hi} 8] /min
(c) HEZ LW I3l 324 100 i 2% (d) MR Bh Sy A4 it 2k

Bl 4 LUTEE % EREL#) % 89 LDO@biochar Xt 250 mg-L™ R 5 41 4 I B %4 1 %
Fig. 4 Adsorption kinetics of 250 mg-L" congo red on LDO@biochar with different Al-Mg molar ratios

&l 5(a) &7 T LDO@Dbiochar Jif e 3¢ B X W SR 2T 1) - 7657 1 o6 725 2 R0 25 [ R A S 00 214 R o 5] I
VR 0.1 g L7 3 E] 0.5 gL B, MIEPREZLAY 2 BR 38 2.78% 38 K 2] 94.70%, V-1 W 45 it 4 1
TSN . X2 B T LDO@biochar i B, 2 5 WA TE RO A R, S BONIR 21 5 Br A4
IR, Ak L3 i B 0T v B, MR L) L BRACR S A AN 1P I B A R AN . SR
W 6 255 R A28 % AR, LDO@biochar 4538 1) 0T 1 e B4 0.5 g L™ WSV pH 2 5% M) I8 B 500 14 i 1 ¢
FEIZRD, &l 5 (b) Az, pH 7 i) LDO@biochar ZR A% 5 i V-1 W i 75 42y 477.46 mg-g ™', HL I K1
FLLT AT . TR A R IR 1 pH (R A R B B, SR R R K o ik i 5
21 pK, P ML S(c) Al pH o 3 F 11 {uFE AR E 2 LI B F IR A AR T . RS
W, HORT SRR R AR A BB A A, DA BELAS T RIS AT B B R SRR T A R VR
W, K OH 5 SR 21 BF 5 7 5 4 W B 500 3 1T (1% BH 225 7 R BRFAS 0, AT 3 S50 1R R 003 PR A
OH vk FEdi i, LDH MJZ & 2 (9 FR 3, ] 3 2 SURE I BRI SR 21 27 IR 24 %5 pH e 9 T
R E) 1L, WA R RGN . SR, R TSR RN AR, B SRR B R R AR A . R
Sy FoR, RfEFE pH WIBGIN, &, (558385 BEARr a3y, WS pH o 7 B 3R A5 55 i W B 0%

hFiEkh &R, 8. WEELSEITR, WRIFRMBRBAFEESERERRY, IHR
pH 2 3 F1 11 554 W B S 36 Jm K A v 32 B2 43 8 o it vk B EA T T AR, AT SR AN 36 2 s . At
T AT 4 B A T d vk 449t 2 2B TR AR R K LA B (GB 5749-2022) .

A3 BIAE 20, 30 F140 °CKf 0.1 g MBI A 200 mL 7 [R] 49 4 5 5 € B (50 2 500 mg-L") A K AR
LR R AT IR SE G . AN E 6(a) Frs ., q R Co Z AL R R, R R &>
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1000 486 100
%/ 199
200 480 | %é
474 %//»4 198
4%
o 600 e 468 %’ 17
50 50 i / 196 A%
g E / &
B B / o X
200 456 ,', % 94
450 / 93
0 Z 92
0.10 0.25 0.50 0.75 1.00 3 5 7 9 11
R o 50 o R v /(g - L) pH
(a) N[R) o f e B R B 55 WAL g PN BRas e (b) RIEFEHPpH T RIFLL g 2B (0.5 g - LR BRI

1.6F —0- 586 nm
—0O- 490 nm

k/(x10° g - mg™' - min™")

_0‘4 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 1011 12 13
pH
() WISRLTpKaffyiilse (d) AR HpH T HIRATIYE,

5 7 [E] LDO@biochar R 2K E A& pH %4+ T LDO@biochar %1 250 mg- L™ FII 58 £1 &Y IR Bt 14 &t
Fig. 5 Adsorption of 250 mg-L"' congo red on LDO@biochar at different dosages of LDO@biochar and solution pH

815.10 mg-g”' (40 C). LR VMRt Lang- %2 RHRAIROCEKGHIBLRETRERE

muir (5). Freundlich (6). Dubinin-Radushkevich Table 2 Mass concentration of metal ions in water samples
LN o /0 fter ad: ti f d
(D-R) (7) il Tempkin (8) St SE R 1 after adsorption of congo re
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Fig. 6 Fitting results of isothermal adsorption models and dynamic adsorption curve of congo red on LDO@biochar
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Table 4 Comparison of adsorption capacities of the adsorbents towards congo red
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In-situ fabrication of layered double oxides/biochar composites from municipal
sludge and adsorption mechanism elucidation
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Abstract Improving the metal utilization efficiency from municipal sludge is encouraged to achieve pollution
mitigation and resource recovery. In this work,- MgAl magnesium-aluminum layered double oxide/biochar
(MgAl LDO@pbiochar) composite was fabricated from an Al-rich municipal sludge. The adsorption performance
of LDO@biochar and the involved adsorption mechanism were investigated in terms of structural
characterization, static adsorption, and dynamic adsorption experiments. The results indicated that the
LDO@biochar sample obtained at an Al-Mg molar ratio of 1:2 possessed the highest specific surface area and
grain size, and as a result it exhibited the highest adsorption capacity towards the model pollutant congo red.
During the adsorption process, LDO- collapsed and reconstructed the layered double hydroxides (LDHs)
structure due to the “memory effect”. In addition to the LDHs with specific affinity to anions, the conjugated
carbon ring and oxygen-containing functional groups in biochar also served as the adsorption sites. Pollutants
could be bound to the adsorbent through multiple interactions including ion exchange, m-m conjugation,
hydrogen bonding and electrostatic attraction. The anionic dye Acid Orange II and tetracycline with multiple
conjugated rings were adsorbed with equilibrium adsorption capacities of 181.30 and 39.49 mg-g™', respectively,
which were higher than the values for the cationic dye rhodamine B (11.30 mg-g™") and sulfonamide with single
conjugated ring (20.25 mg-g"). The highest adsorption capacity was found on the anionic dye congo red with
the largest conjugate structure, which was up to 477.46 mg-g~'. The results of this work provided a reference for
the fabrication of value-added environmental functional materials from municipal sludge.

Keywords  municipal sludge; layered double oxides/biochar; layered double hydroxides; adsorption

mechanism
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