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The adsorption of Cd** and Zn* in aqueous solutions by dairy manure and walnut shell biochar
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Abstract: In order to remove Cd** and Zn* from aqueous solutions efficiently, using dairy manure and walnut shells as raw materials, bio-
char was prepared at different pyrolysis temperatures. The adsorption equilibrium method and dynamic adsorption method were used to
study the kinetic characteristics of biochar and the adsorption effect of biochar on Cd** and Zn** in aqueous solutions. The adsorption mech-
anism was investigated by detecting biochar before and after adsorption using X-ray diffraction and Fourier transform infrared spectrosco-
py. The results showed that biomass materials and pyrolysis temperature were two major factors affecting the adsorption effect of biochar.
The adsorption effect of dairy manure biochar was greater than that of walnut shell biochar, and the adsorption effect of biochar prepared at
700 °C was greater than that of biochar prepared at 300 °C. Langmuir isotherms were more suitable for describing the Cd*" and Zn*" adsorp-
tion mechanisms of biochar. Dairy manure biochar prepared at 700 °C (DM 700) was the most effective adsorption material for Cd** and
Zn*, with maximum adsorption capacities of 117.5 mg- g™ and 59.4 mg- ¢, respectively. The adsorption kinetics of DM700 fit better with
pseudo—second order kinetics and included the rapid stage and slow stage. lon exchange and the complex reaction between hydroxyl and
carboxyl groups in biochar with Cd** and Zn** were the main adsorption mechanisms. CdCOs and Zn; (PO, ), precipitates were formed after
Cd* and Zn** were adsorbed. Therefore, DM 700 has great potential as an adsorbent for Cd** and Zn*".This study provides a theoretical ba-
sis and application reference for biochar removal of heavy metals from water and soil.
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Table 1 Physical and chemical properties of biochars

FE i FEH % K53 1% C/% H/% N/% H/C pH BET/m?-g”!

DM — 20.7 47.660 5.82 2.08 1.46 6.04 3.153
DM300 67.7 30.0 36.425 5.74 1.69 1.89 9.42 5.183
DM700 37.9 43.4 33.125 5.55 1.09 2.01 11.06 143.511

WS — 1.3 47.665 5.97 0.2 1.50 5.70 1.631
WS300 59.8 4.1 67.205 5.71 0.36 1.02 5.32 0.944
WS700 30.5 5.5 85.665 2.33 0.73 0.33 10.31 362.118

PR 5 AT 317, WS300 i pH (B 5.32, S 85 ik 5 I
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a. Single—metal adsorption equilibrium to Cd* ;b. Single-metal adsorption equilibrium to Zn* ;c. Bi-metal adsorption equilibrium to Cd*';
d. Bi-metal adsorption equilibrium to Zn*
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B2 M3t Cd™ s Zn* B iR IR B o 2%

Figure 2 Adsorption equilibriums of biochars to Cd* or Zn**
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Table 2 Parameters of Langmuir and Freundlich models for Cd* or Zn* adsorption of biochars

Langmuir Freundlich
R G /g g b R 1/n K

Cd DM 0.999 50 63.6 1.339 67 0.964 18 0.361 51 1.07
DM300 0.992 74 93.5 0.736 64 0.916 54 0.434 15 6.91

DM700 0.996 12 117.5 0.069 93 0.989 39 0.133 49 54.97

WS 0.994 33 4.5 7.280 30 0.827 65 0.240 13 1.07

WS300 0.95771 42 17.469 89 0.843 27 0.294 18 0.57

WS700 0.989 02 59.6 0.805 27 0.992 78 0.044 92 8.95

Zn DM 0.992 78 22.3 2.868 01 0.888 42 0.311 00 3.09
DM300 0.998 63 34.5 0.128 95 0.490 90 0.020 85 29.74
DM700 0.998 96 59.4 0.043 92 0.980 20 0.039 86 46.99

WS 0.987 27 32 3.299 88 0.130 62 0.038 56 2.43

WS300 0.993 28 3.8 3.087 86 0.346 09 0.127 57 8.35

WS700 0.986 07 17.9 0.225 47 0.129 69 0.129 69 8.57
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Figure 3 Cd* or Zn** equilibrium kinetics of DM700
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Table 3 Kinetic parameters for adsorption of Cd and Zn on DM700

2 5 S 2
g W—FBh 172’

WG 2 Ui i

Gei/mg-g” Fi/min™ R Geo/mg-g”! k/g-mg ™ +min™ R
Cd 84.2 1.961 80E-3 0.982 53 114.8 8.518 44E-4 0.993 03
Zn 40.8 2.081 80E-3 0.992 53 57.1 1.407 45E-4 0.994 64
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HLEE . DM700 % Cd> Fl Zn> F4 /85 W A1 BE F1AS BT 5%
JIT ol FH 24 26 T P T AR ) Y Al % g A RO,
FTIR V216 A WA ALY B RE A 097778 B4 B 45 14
A5 Ak 5 T B v , DM700 W% [fF Cd> 1 Zn® Hif i #Y
FTIR &5 K40 5 fros , ol LR A 24035 & A 0r
% Ul Z R E RE A S5 2% Cd> I Zn® B W B o
B 831 em ™ 11020 em™ &b Ry HUAR 35 38 C—H Wi
1400 em™ F12920 em™ 4k HY L B3 B L W2 50, Wi
BffJ5 1420 em™ #2803 1400 cm™', 1620 cm™ &b Ky 8
1% C=0 fharfR sl , W 5 81%] 1650 em™ . 3200~
3500 cm™ B W IS A F2 5k — OH it 45 4% 3l 0, W o I
Hy 3400 em™ AR 53] 3430 em™ b, 1B DM700 437
SERY TP E R R IE AR AL R MR I
Cd™ Zn™ R Az B F 28 0 S ORISR, SR LN
FRIE T RE A 2 b T B0 W JoT R T R HL A, AT

10 20 30 40 50
26/°

Q: 1Y€ quartz; K: KCI; F: K £ Feldspar; C: CaCOs; W :
(Ca,Mg)s(P04)2;chas(PO4)z;T:CdCOJ;Z:an(PO4)z

4 DM700 R B Cd>* 0 Zn* B 5 XRD B ZE4L
Figure 4 XRD images before and after Cd* and Zn**
adsorption of DM700

WA 4 i

T1%

3430

1o 1400

500 1000 1500 2000 25I00 3()'00 35I00 40I()0
olem™
5 DM700 B B Cd* 1 Zn™ B /5 FTIR A9 ZEL
Figure 5 FTIR images before and after Cd*" and Zn**
adsorption of DM700
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ARG AE Py et Cd> e W B AIL ] Ry 28 - A2 46 i FH
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T CACOsF Cds (PO ULTE o

3 %

(1) 24 3 S A Ak A A 10 P8 2 52 i A= ) i PR
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H/C i F Fb o pHAE S e R AR S FRAR PR T 22 S B K

(2) 222 ) e RS AR SE 2 W e R 7K W W Cd™
1 Zn> B W% B 455 Langmuir R, CA* Fl Zn> Z 8] 1%
T 4 W R38R , X Cd> e 3 B2 i R F 5 Zn 14 ¢
DM700 X Cd* 1 Zn™ [ W B PE B 5 A3, FLXT Cd™  Zn™
RS AR AN 53 310 117.4 .59.4 mg-g ™. DM700
(A2 7727 W B 2ot 2 43 S B i g RN B gl A, I F A
W )12 R
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