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Abstract;  Biochar was prepared from sludge modified by bioleaching in order to explore the
feasibility of removing Pb** and Cd** from wastewater, and the material characteristics and adsorption
properties were measured. The effects of pH and biochar dosage on the adsorption properties of Ph** and
Cd** were studied by single-factor experiments, and the adsorption mechanism was revealed by
adsorption kinetics and thermodynamics experiments. The results showed that the heavy metal content of
sludge-based biochar decreased after modified by bioleaching. The optimal pH of Ph** and Cd*"
adsorbed by biochar was 5 and 6, respectively, and the optimal dosage of biochar was 2 g/L for both
heavy metal ions. The adsorption of Pb’" and Cd** was in good agreement with the quasi-second order

kinetic equation and Langmuir isotherm model. The saturated adsorption capacities of Ph>* were 30. 68
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mg/g (25 C) , 39.95 mg/g(35 C) and 43.93 mg/g (45 °C), and the saturated adsorption capacities
of Cd®" were 19.82 mg/g (25 °C) , 28.58 mg/g (35 °C) and 32.29 mg/g (45 °C) , respectively. The

adsorption process was mainly physical adsorption and endothermic process.

Key words: sludge-based biochar;
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Heavy metal content in sludge-based biochar prepared without and with leaching pretreatment
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Tab.2 Measurement results of specific surface area and pore

diameter of biochar
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Tab.3  Fitting parameters of adsorption kinetic equation
it I B — L7 oy g Mg Bangham Elovich 3
g h 2k 1] =4 2% R _ o oy
T R R s 125 e Ty e | Dle
A = -
(mg - L D) (mg - g 1) 2 ky/ qu/ 2 ky/(g - T/ 2 2
R .-l -1 R -1 .o _1 R kz R k,
min~ |(mg-g") mg~ -min"") |(mg-g” )
ph2° 30 10.63 |0.865| 0.002 8.03 0.998 0.236 0 10.69 [0.671]0.951 |0.888|0.014
’ 100 30.11 |0.868| 0.002 26.23 0.981 0.000 7 30.07 ]0.916|1.316|0.939 |0.326
i 30 9.98 10.844| 0.003 8.03 0.998 0.236 0 9.69 10.9910.951|0.671|0.014
100 33.52 ]0.859| 0.002 26.23 0.980 0.000 7 33.27 |0.986|1.316|0.916|0.326
2.3.2 WLBHH#R T PyHAS Ph " Cd™ " A B AR S A 45 Langmuir W

% Langmuir W% ff 458 28 772 Fl Freundlich 1%
BEAEIRER Jy R Xt Ph?  Cd** W BHAR 2 AT LA
BERANZR 4 7R (K, on W B850, K R 55 T B 2
AR ED) . ATLUE 1, Langmuir W fH 25 15 26
TG MM R R FREF 1, H I, M
Freundlich W {454 7 2 , AE DR etk 5 e B4R

SR R . UL B AR ) R S T V8 S A ) e
Ph? " Cd®* 4% B R {0 1) - 8050 J2 W A, 6 1R
LR 25 35 F145 C M, RS0 P15 f5 %)
Ph> " A7 1 i 3 1) 2 30. 68 .39. 95 43. 93 mg/
g, X Cd** LI B 4355 19. 82 28. 58 .32. 29
mg/g,

* 4 Langmuir 5 Freundlich g P& 8 L& S5

Tab.4 Parameters of Langmuir and Freundlich adsorption isotherm model

Langmuir 1% B} 25 1 4% f8) Freundlich IJ% FFH45 i 2k 75
YL/ G
Iﬁ E oC ( o 71) Rz K[/ qm/ R2 K
mg . g _ _ f n

(L-mg™)| (mg-g™) ‘
25 30. 68 0.995 0.086 30. 84 0. 887 17.279 6.089
Ph** 35 39.95 0.999 0.236 39.96 0.877 19.033 6.325
45 43.93 0.999 0.282 43.95 0.850 24.201 6.298
25 19.82 0.996 0.040 35.84 0. 891 17.283 6.194
Cd** 35 28.58 0.999 0.061 38.93 0. 880 19.031 6.389
45 32.29 0.999 0.082 47.95 0.853 24.012 6.258
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Tab.5 Adsorption effect of Pb** and Cd** by prepared

biochars under different conditions

ey | TeE q/"@f?zw? NES
el EZ : ?(9) Zi R
Ve EZ k(1]
DR ik 14]
H,S0, {&LAF#%% | Ph’* 21.38 BCHRLLS ]

FEAN TR BE T W B Y E R PR A A 28 R B A
N 6 iR, I LLE £ 25.35 .45 C 54
TLAGY >0, W] Ph* T Cd>* 7 A 4y 100 R ik R
T e BB AR B R AT, R T AR
T AT T B EH AR/ , 16 I I B T e AN R R R
HEAT o ARUEKSAE AH® >0, 356 B H % JhF 4y 052 4
— 524 AH® <40 kJ/mol IS, By 3% [ 5 24 84 kJ/
mol < AH® <420 kJ/mol i, fb2Emg " . H Ik,
A R B 5 0 I A R W Cd® T RN PBP Y LU

B ISR
x6 RMHAFSE
Tab.6  Parameters of adsorption thermodynamic
g gl Ink, AG’/ ) AH’/ ]
C (kJ - mol™) | (kJ + mol™")
25 -2.453 8 6.082 6
PL** 35 -1.4450 3.702 1 47.2
45 -1.2649 3.3457
25 -3.213 4 7.965 4
Cd** 35 -2.789 0 7.1452 27.9
45 -2.506 9 6.631 1
3 4w

@ A=W i WAL B S JE BT A 00 A W o,
A AR R ELA A R 2 FL s B

@ A=Y Wi e TS e kA W e W K
Pb?* 1 Cd** 42 0 i pH BRI (9 52
ARt Ph? R Cd® [ B B pH (I Y3 K
I E TR B TR e i Aa S, W P> A Cd Y
st pHAES R 5 1 65 5 IR IEA Yk I & 5
Ph?* 1 Cd®* ) Wiz o 2 25 5 GG, Bre A 4
wR2 gL,

@ YU Rk TG UE S AR Wy R X PhY A
Cd®* 1 W% B o 72 35 4 & e = G sh 1 2% 7 e
Langmuir WY {45 5 2 B 80 BB 4 7 48 A8 A= 9 0 12 24
PEVS YRS W% %) PH> Y 1 Cd* " B 5 . ZEIR
B E A 25 .35 145 C 4514 T, %F Pb>* 1 A
43502 30. 68 39.95 F143.93 me/g, %t Cd>* iy
PRI R0 50 19. 82 .28, 58 i1 32.29 me/g, —
R PR R S TR ARG R, LA R R 2
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