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Abstract

sewage-derived biochar, especially the kinetic and isotherm characteristics of such,was investigated in this study.

Carbonization is an important pathway for sludge resource utilization. The adsorption of Cd** on

The kinetics showed that adsorption of Cd*" on sewage-derived biochar could be fitted to a second-order kinetic
model. Adsorption data weredescribedby the Freundlich isotherm equation. With an increase in temperature , the
adsorption amount increased. The thermodynamics results showed that the adsorption process was not spontaneous
at 35 °C. However, with an increase in temperature ,the adsorption could be spontaneous. Chemical adsorption was
predominant. The adsorption of Cd** on sewage-derived biochar was controlled by various mechanisms interac-
tions. Sludge-derived biochar could be used effectively as an adsorbent to remove Cd from wastewater.
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Table 1

2.1

Change of heavy metal content and

pH in sludge and sludge-derived biochar

=Ly 5k 15 Je KR W ok

pH 6.24 6.39
Zn/(mg - kg™") 438.4 544. 4
Cu/(mg - kg™") 334.2 310. 4
Ni/(mg - kg™") 164.5 146. 8
As/(mg - kg™") 123.8 159.3
Pb/(mg - kg™") 67.6 49.5
Cd/(mg - kg™") 8.1 10. 6

2.2 Rz HEF
KW =R Ik . MR T
WURL AN BIOM Elovich J7 R X0 15 98 5 A= ) s W i Cd
WS g 4E R AT ING S 2 D AR R PR .
W—Hh 1T e
Q.= 0.(1-e™)



5 10 4

T 1045 9 9 B A W AR MR B R R Cd B 3l ) 2 R T 22

5973

Rl 1T AR

Ok
o=y Q. kyt
WURL N /O 2 -
0, =Kj”+¢C

Elovich 3l Jj22 2 .

Q. = (1/B)In(ap) + (1/B8)In(t)
Ko Q, A Q, 435 A o B Z R0 B P A B Cd )
B mg - g 7" 5o Ry W BRI U], min gk, k, kS350
Ph—G . P GO BORL P OIS R Y R R,
fiir3l& h™ \mg - (g - h) " \mg- (g-h"),
a FPIEV I R, mg -+ (g - min ") ;B8 Bt B R
WAL g mg

B 1R A S 5 e 3 AR W aR 6 Cd® T A W
i st 8] 1) A2 A0 A B0 DL SO 6] 3l g 2= i e i 5 .
K B] 0, 200 min Hij W% Bff &8 e, £ 600 min B # T
A

0/(mg-g™)
S N B O ®

— B I
& W _gksh 1
i = = ORI HL
] C—— Elovich
0700 200 300 400 300 600 700
t/min
B 5 AR A xd Cd W R % 3l g =7 ith 45
Fig. 1 Kinetics of Cd** adsorption onto sludge-derived biochar
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Fig. 2 Sorption isotherms of Cd**

ions on sludge-derived biochar
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Table 2 Parameters of kinetics models for adsorption of Cd’* on sewage-derived biochar
IV EUSEwN 2R 1 ZH 2 R
Pseudo-first-order Jj 2 Q,=14.610 2(1 —e 00830 Q,=14.6102 k, =0.003 0 0.963 8
Pseudo-second-order J7 Q,=0.045 8:/(1 +0.002 0¢) Q. =22.9000 k, =8.733 6 x 10 -3 0.983 2
L A/ i Q,=0.609 1:°° -2.264 6 K;; =0.609 1 0.958 7
Elovich 75 2 Q,=3.780 1In(¢) -12.796 7 @=0.1281 B=0.2645 0.922 0
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Table 3 Isotherms parameters for Cd** adsorption onto sewage-derived biochar
W I 45 i 2% g/ A I B BESH WASH2 R
35 Q.=0.2517¢%%%¢ K;=0.2517 1/n=0.998 6 0.894 8
Freundlich 45 Q,=2.704 1¢%*2*2 K;=2.704 1 1/n=0.412 2 0.757 6
55 Q, =5.662 6C%3" K;=5.662 6 1/n=0.301 4 0.854 9
35 Q,=0.216 1C,/(1 -0.003 5C,) — — 0.900 1
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Table 4 Thermodynamic parameters for
adsorption of Cd** onto sewage-derived

biochar evaluated at different temperature

InK/ AG/ AH/ AS/
T/K
(kJ + mol™") (kJ-mol™") (kJ-mol™") (J+ (mol-K)™")
308.15 -1.3795 3.534 2
318.15  0.994 8 -2.6313 131.54 417.48
328.15 1.733 8 -4.730 2
W’

ARSCHESE T 15 Ve e 4 W 5 %d Cd 19 W% B A 5
Nt Cd g % B LB A O 2, AR R 5T 9 5t B
12 A FAE S LTS Ve e 5k Cd % 2 £ i
HUB S RV, 2 DI 2 /R o . Rt i
AEUUREE T RE AT AR W R X Cd I B A & AL
0% WP ) B R 3 T Rk (—C—OH) Ak A
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R R E A AE B T VI BLE . R, 5 U
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EHRMFBEVCIES , t FAHE I b s e 5 A4 1 5 4%
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Table S Biosorption capacities of Cd of various biosorbents

URIES %%ﬂ% o Skl ik
Tt g/ C (mg-g™") R/ C pH W/ (mg - L")

K 250 49. 50 25 NA 0 ~1 000 [20]

K 350 69. 00 25 NA 0 ~1 000 [20]

K 450 70. 31 25 NA 0 ~1 000 [20]

K 550 34. 00 25 NA 0 ~1 000 [20]

T 300 11. 40 25 7.0 1~50 [21]

i 400 11. 99 25 7.0 1 ~50 [21]

B 500 13. 24 25 7.0 1~50 [21]

L 600 12. 96 25 7.0 1~50 [21]

A 72 A W e 300 14. 93 25 6.0 5~100 [19]

A7 350 15. 52 25 6.0 5~100 [19]

o 24 i A R 400 13. 36 25 6.0 5~100 [19]

w2 i A o 600 9. 55 25 6.0 5~ 100 [19]

A7 e 500 28. 99 NA 5.0 10 ~ 800 [25]

FORFEF A % 550 ~ 600 18. 49 15 5.0 5 ~40 [17]

FORFEFF A=W ¢ 550 ~ 600 23. 51 25 5.0 5 ~40 [17]

FORFEFFHE W % 550 ~ 600 23. 59 35 5.0 5 ~40 [17]

PR 550 ~ 600 24. 43 45 5.0 5 ~40 [17]

ARG LR % 700 52. 90 25 7.0 5~80 [18]

2 3 A 200 31. 90 NA NA 0 ~560 [26]

4 Y 350 51. 40 NA NA 0 ~560 [26]

TR NA 8. 00 25 6.0 5~80 [11]

V5K TV U K A 300 15. 29 45 6.0 10 ~ 60 EREH

V5K R A 300 34. 65 55 6. 0 10 ~ 60 ARBFFE
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