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Preparation of magnetic sludge-based biochar and

its adsorption of methylene blue
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Abstract: To enhance the adsorption performance and recovery efficiency of sludge-based biochar for methylene blue
(MB) , this study proposed a doping strategy using waste polystyrene (PS) and developed a magnetically modified
composite ( PS-MSSBC).The material was prepared via high-temperature carbonization of municipal sludge and FeC,, -
6H,0 at a solid-liquid ratio of 1:8(m:v) and temperatures ranging from 350 to 750°C , with a focus on investigating the
synergistic enhancement mechanism of PS doping. Characterization results indicated that PS-MSSBC., , fabricated at
750°C , exhibited the optimal performance:it possessed a specific surface area of 56. 57 m’>/g, a saturation magnetization
of 24.439 7 emu/g, and a surface abundant in Fe;O, crystal phases as well as functional groups such as —OH and
—COOH. After optimization via orthogonal experiments, the MB removal rate reached 99.25% under the following
conditions ; adsorbent dosage of 2 g/L, temperature of 318 K, initial MB concentration of 20 mg/L, and pH = 5. The
adsorption process followed the pseudo-second-order kinetic model and Langmuir isotherm model ( Q. = 154.766
mg/g) ,while thermodynamic parameters confirmed it to be a spontaneous endothermic process. After three adsorption-
desorption cycles, the material retained 82.07% of its initial adsorption capacity, outperforming the undoped control
sample.This study provides a magnetically recyclable and highly efficient adsorbent, establishes a universal strategy for
organic-inorganic synergistic modification, and offers new insights into the coupling technology of solid waste resource
utilization and wastewater treatment.
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MB 2 53 2 o 45 T8 (%) 34 o s T s, T R S 4 i 2
TREH S, 24 PS-MSSBC,, # i #id 0.5 g/L
B, W B2 e T AR , U I Bt T W7 s I
UG ETTAY™) W B P 18 IR AT it A 15 3] 58 4 ]
FH o BEAN 2o d A W BREFR198 on dk mT 5 S5O0k A 3
B2 TR SRR
2.4 EXKBMUER

F 1 IEAT LI R AR, 45 R 2R W R 1 5
Wi HESF 4 : PS—=MSSBC,5 B 1 it >MB # 4 e F > 1k
>pH , W BRI BN JE 5 MB LBR% M £ R &,
B E T T MB LR T TS A
SUBCE G IR R T A R R T (RS R
BINATRE 5| A& ok A R, § 8 R AR R T
B AL, MIB A0 B e B A 348 o ) ek L 25 B R AF
FESNHIAE L, 75 A& Langmuir 5843 - J2 W B A1 R0
B RS E B R A5 . T=318 K,
pH=5_PS—MSSBC,, # il & 2 ¢/L MB 4] 4f ¥k J&
20 mg/L, BT ,MB £BRF N 99. 25% , & F ik
I BRI TR R MB (14 97. 199% F2ffet

1 EXTIRER

ek PS-MSSBCz5p  J&/K MB B R,
” VE IEESS
e T A U T
pH ¢ ’
(mge17!)  (mgel )

1 5 1.0 20 298 95.99
2 5 1.5 30 308 97.03
3 5 2.0 40 318 98. 81
4 6 1.0 30 318 89.59
5 6 1.5 40 298 91.85
6 6 2.0 20 308 98. 63
7 7 1.0 40 308 85.23
8 7 1.5 20 318 98.74
9 7 2.0 30 298 97.91
K, 0.973 0.903 0.978 0.952
K, 0.934 0. 959 0. 948 0.936
K, 0. 940 0. 984 0.920 0. 957
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2.5 WMizshh=z FRE . HBAZE

8(a) /R T PS—=MSSBC,, %F MB AR [ 5 75
FRHIE . WML R AT 2 SR DR W B (0~ 30 min) (27
P21 (30~ 180 min) A4 (180 ~ 230 min ) B EL,
A R A 22,317 me/g., W BN Bl ) S U 2 1
—Z%(R>=0.988 49) I — 2 (R*=0.989 28) fxi I
PG R E PSR BRI T4 H 4 5 PS—-MSSBC.5,
XF MBS R st A, TE 52 B et A DA SRR 45 A
TFHRS AW AL 32 5 PS-MSSBC,5, %
Il B BEHA ( —CO0— ,—OH) %} MB A9 2 [4: ] fig &
HEATZME- ., B 8(b) . (c) JBxn T AR
B2 B W B S IR L R ik, ] 8 (b) Langmuir A8 7E

s

XET
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- 191 -

298 ~318 K i i 35 Fil Py 44 R B0 i A S 40 B (R >
0.99) ,f£F Freundlich ##4[ & 8(c) JHIAJE (R <
0.95) , F BT BFF R W ARG B2 43 T8 s FE1) |
£t Freundlich FERI TN | PS-MSSBC,,, % MB Y HiS
BRI 24 (g, ) M 154.766 mg/g, B F AT H
5 P BLRE T A W e XF MB B T RE ) (R 2) .
Freundlich RIS 25 L0 (3£ 3) W AISHL 1/n
H.(0.427) AbF 0.3 ~0. 5 Z 8], $& 73 b1k & 1 771
iR AR Y SR, AR TR B R ATl R,
YUE A BE, R, fETE 298 K(0.153 4~0.915 8) 308 K
(0.177 0~0.928 1) 318 K(0. 191 2~0.934 1) ji5Hl
PRI A O<R, <1, UESEIR B RRAG I 2l A 3k

x2 FREEYRIT MB B M EE S 3T EE
F5 2 i 551 v G/ (mgeg™") R EE DTN
1 PS—MSSBC5, AT S e +PS 154. 766 Freundlich 1 4% 8 1A% 1 AT
2 SMB 05 e+ R YRk 47. 44 Langmuir #f — 4% 5 72445 [13]
3 SCK700 MBS 56. 1 Ak i [11]
4 SB M5 ke 19.21 Langmuir 7 — 4% 3 72445 [48]
5 MP-10 P& B Rk ki e 99.4 Langmuir( R3E 5% ) [49]
6 SRHB Fase+ i B5 22.59 Langmuir+Freundlich #fi: —4 5} J 2451 [50]
7 NC wWEAUE R 50 Langmuir #E 2% 5l 244500 [51]
I 8(d)Z5A 3k 3 M %S5 /R, PS- AG/  AH/ AS/(K-
MSSBC.,5, W fff MB i3 F2/) AS” fH+0. 04 kJ/(mol -K) > W% Vant Hof /K K, (K- (K- mol -
0, 22 WM 3o 52 [ g 4 1 4 HE 91 ) T e B 39 mol”) mol™) K7
D, BRI AT RE R T MB 43 A s L b 28 2378 72149 97690040
PR 1 Eh B T A 0 2 G o
AH’=+9.769 kJ/mol (R TE (B IIE T %105 1 M s ——
TS5 b FL TS e S 5 MR A% T o B et o ,
B AR PR 4 Sl A A Tl e T
AG’=AH"-TAS® 351 % B, 76 298 ~ 318 K i Bl 14 2
AG’ A -2.149 kJ/mol &2 -2.949 kJ/mol, £ T} 5 ;"g“"
10 K, PS—MSSBC., W ff MB {90 B 3K 2l 7 45 7 24 g 7
0. 4 kJ/mol , 3P A7 B IR 14 1 338 5 T VR 2 W0 B O—"S0 100 _ 150 200 250
LRI ) 2 IR I T 5 70183, T 5 0B R0 e
JE IR B MBS A A 1407 (a) WM B A
Fx3 WMEhHE RHERERRH A AFEIINESH 140
A e 2 P
WS F1%% W E I k (ky)/minT' ¢/ (mg-g™') 0.98849 Ef 80}
0. 024 18. 599 Eﬁ 60p
WS 0.001 22,317 0.98928 - :g:
W45 IR4E Langmuir ¢,/ (mg-g™') K./(L-mg™') 0.9953 ol , , . . .
154.766 0.014 ° Slgimlqgomgé/(ig?k?)m .
Freundlich 1/n Ky 0. 9495 1—298 K;2—308 K;3—318 K
0. 427 11. 499 (b) Langmuir %!
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o] AL PR 7. 61 nm) HOE 55 HA TR 6. 57
00l m?/g) , B ) 1 A4 i (B R 4, 24. 439 7
£ wl emu/g) . TEACSLHEs FAR MY, 45 1H 2 0T WL I 35 ) B
g iﬁ: WAHERE 7 : PS—MSSBC.,o, I >MB W) 1A VR B > T >
¥ g} pH, TRALZEME T (2 /L ik (318K 20 mg/L ¥
0

0 50 100 150 200 250 300
5 B 4G o B/ (mg - L)

1—298 K;2—308 K;3—318 K

(¢) Freundlich 5%
1.15
1.10F
fﬁ 1.05F
= 1.00f
%‘ 0.95}
~ 0.90f
0.85}
315 320 325 330 335
1/TI(x10° K1)
(d) F Iy Ay
K8 Wzh 1% BHMEEERBBHAF
A A

2.6 ATEEFAN

PS—-MSSBC,,, 1Y 8 & | HIPEREUN & 9 Frz, £
D3 3 W B~ A A I, X MB B 25 BRI PR+
88.5% LA I, °F fiif W Fff & M 22.317 mg/g [ &
18. 125 mg/g( FFIRAIE 18%) , MILL RFE™ W 5ThY
IKFEREFEAE Y , AR AR R 3 B X ] g
PS B2 X M R 5 H 3R A A O, PS #8244 i 7= A= 1Y)
25 Jis PN I RS AS AU 38 T A4 R A b 3R 1T AR [RD B
WA S 2% L BRI 3, 1 I 48 T T R A 1 2 R

)| P
HHRE
1 2 E
180
160
440
4120
2 3 0

20+
TEAR B
LBt s 2—F R
9 &I E £ X PS-MSSBC.,, I f % v

—_ —
[ =)
T T

MR B/ (mg - g7")
» _*®
EBR%E /%

=]

3 #£ig

ABIEFER I B - I i 5 PS-MSSBC.5, , &
T AR BE” SR 8 5 BRK i MB, BE5E R,
JIr il 5 ) PS—MSSBC 5, LA 5 (93K 1M RE M 4544
(C—0.C=C,C=0,—C=C—H ,0—H %), s+

U B pH = 5) , PS—MSSBC,, Xt MB 2[R R 1] 35
99. 25% , BRI KB 5 4y 154. 766 me/ g, Wit
TG 243h J17% (R* = 0. 989 28) M Langmuir 1
RI(R*=0.995 3) , W B 7 DL SR 2 Ak 2 W o
A AR, 5 TS Je SElRAe S gk
KR PP O T e L W B A | Ry B I A
PAFERI BB B DRI 28 o T A, X W R 3k 2 A AL
A FRFRAMSE , [R] B X324 L 7 B YL A7l 3k — & 4
KB TR FH e AR P R A BE A R E— 2B AR
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