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Fig.1 Comparison of morphology of sludge biochar before and after modification (a: before and b after)
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Fig.2 Comparative characterization of sludge biochar before and after modification
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Fig.3 Effect of ratios on Cd( Il ) removal by
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Fig.4 Effect of dosage on Cd( II)

removal by sludge biochar
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Fig.7 Kinetic analysis of PBC adsorption of Cd( Il ) in solution
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Table 2  Fitted parameters for adsorption kinetics of
Cd( II ) removal by PBC

A AR S8 4
V-t
(léﬂ;ﬁ‘m;z“}ﬂ 720 min) ooy’ (mgeg™") 9.88
Goca/ (mg-g™") 8.14
W—Fsh f1% k/(1+min~") 0.713 x10 2
R 0.985
Goca/ (mg-g™") 10. 02
U SIS ky/(gemg™ emin™") 0,092 x10 "2
R 0.998
Ky/(mgg™" +min™"?) 0.474
C 0.198
R} 0.991
TR ETT
Kp/(mg-g™" +min ") 0.010
G, 9.539
R; 0.970

Cd (T ) Aoz B 55 22 18 48 i s i e T - . e
A, 20 B it B N 15 °C T) i 1) 35 °C i, PBC X
Cd (1) Aoy Rz i etz g, 26 W T RE f% 2 1F PBC
Xt Cd (1) F BT o otk — 25 40 B 2 ) o3 55 B
Cd( 1) py s A, i Langmuir £ 7 (5 (6) ) Fl
Freundlichf5 84 (X (7)) X 3 56 £ 8 k47 0 & 73
B 2 RN 8 (b) IR 3 B /R, AV R A 0L 45
ZE8 Kk /b = & & Langmuir > Freundlich, iX 3 Hj
Langmuir #78 A] DT A7 b 548 PBC W B 7K 5 Wk
CA( IU) it 7% , ] it e B W B A7 S o B — HLE5 )
(st A7 MR Langmuir £5% PBC 7£15 °C 25 C
Je35 C R R Cd (1) 1 d5e K B8 W B 55 23 53]
121.13 mg-g_1 132.77 mg-g_lﬂll39. 44 mg-g_1 , UiAA
THEiELEE REAE S 58 PBC X Cd(11) My R BREES ,
W PBC Xt Cd( 1) Ay BRad FJa T i
2.5 HEH

N TRSE PBC XKW Cd( 1T ) EBRAIETE
HLEE, R ] FTIR XRD F1 XPS $ A X6F W Bt 7 )5 119
PBC A7 3RAE M, 45 R UL 9 (& 10,



2025 4E 8 A5 4 ) XI5 e5E: BRRERIPETS A R SRR S CAAD ok CAAD pisadiye - 135 -
150 150
120 120+
W 90t W 90
5 ¢
= ol = o 15C
= 60 L o= o 25
THT ST
30r —=35%C 0 _II:raéluglIlrg]l_llrr:h
0 4I() SIO 1 I20 1 ‘60 2(I)0 0 iO 4lO 6I() 8I0 1 60
C/(mg-1") C/(mg-1.)
(a) FRLIR AN CAD) i BEXT EBRCAID A5 1R (b) T5URAE B Bk CA(IT) A W B A5 TR R AT DL
8 PBC WRHAWH Cd( 1) BSFiR S
Fig.8 Isotherm fitting of PBC adsorption of Cd( I ) in solution
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Removal of Cd( Il ) from acidic wastewater by phosphate-modified sludge biochar
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Abstract: Acidic Cd( Il )-containing wastewater is commonly treated by adsorption for the removal of Cd( II ).
Biochar exhibits a strong affinity for heavy metals; however, raw biochar generally has a relatively low specific
surface area and limited active sites. Activation can enhance the pore structure of biochar. In this study, municipal
sludge was used as the precursor for biochar synthesis, and potassium dihydrogen phosphate (KH,PO, ), a low-cost
and environmentally friendly agent that causes no secondary pollution, was co-pyrolyzed with the sludge to produce
phosphate-modified sludge biochar ( PBC). The effect of the mixing ratio on the adsorption performance of PBC was
investigated. In addition, single-factor experiments, adsorption kinetics, isotherm studies, and FTIR analyses were
conducted, leading to the following main conclusions; PBC possesses a well-developed pore structure and a high
degree of graphitization. When the mass ratio of KH,PO, to municipal sludge was 1: 1, PBC exhibited the highest
Cd( I ) removal efficiency, maintaining a removal rate above 98% within a solution pH range of 4 —7. Under
conditions of 25 °C , an adsorbent dosage of 1 g-L ™", and an initial Cd( Il ) concentration of 10 =200 mg-L ™", the

C 2
The coexisting ions Na*, Ca”", and

maximum adsorption capacity of PBC for Cd( I ) reached 132.77 mg-g ™.
Mg** had negligible effects on Cd( I[ ) removal by PBC, whereas Pb>*, Zn’*, and Cu’*

effects. The adsorption behavior of PBC toward Cd( I ) followed the pseudo-second-order kinetic model and the

exhibited inhibitory

Langmuir isotherm model, indicating that the removal process was dominated by monolayer chemical adsorption.
The mechanisms involved in Cd( Il ) removal by PBC included complexation, Cd( Il )-mr interactions, and co-
precipitation.

Key words: acidic Cd( I )-containing wastewater; cadmium removal; municipal sludge; potassium dihydrogen

phosphate ; pyrolysis; phosphate-modified sludge biochar (PBC) ; adsorption performance; adsorption mechanism



