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Abstract: A novel adsorbent ( DDTC-MNPs) was prepared by modifying magnetic nano-Fe,0,
with sodium diethyldithiocarbamate ( DDTC) , which was employed to adsorb heavy metal Cd**. The
properties of DDTC-MNPs were characterized by SEM, XRD, FTIR and TG, and Cd** adsorption
capacity of the material was investigated by batch adsorption experiments. The results showed that the
particle size of DDTC-MNPs was about 20 nm. The removal efficiency of Cd*>* by DDTC-MNPs increased
with the increase of pH, and effective adsorption was achieved in a wide range of pH (3.0 -7.0). The
presence of K* 'Na® Ca’" and Mg’" had a certain impact on the adsorption of Cd**  but it could still
keep good adsorption effect. Adsorption kinetics showed that the adsorption of Cd** by DDTC-MNPs
reached equilibrium within 10 min, which was in line with the pseudo-second-order model. Isothermal
adsorption conformed to the Langmuir model (R® >0.97) with the maximum theoretical adsorption

capacity of 21.74 mg/g, indicating that the adsorption was a monolayer chemical adsorption. The Cd**
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adsorption thermodynamic parameters of DDTC-MNPs, namely AG’, AH® and AS’, were all less than

zero, indicating that the adsorption reaction was spontaneous thermal reaction. The removal efficiency of

Fe; 0,3

cadmium

Cd*" was still larger than 70% after four times of adsorption and desorption.
Key words: sodium diethyldithiocarbamate;  magnetic nanomaterial ;
adsorption;  modification
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Fig. 1 SEM images of MNPs and DDTC-MNPs
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Fig.2  XRD patterns of MNPs and DDTC-MNPs
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Fig.3 FTIR spectra of MNPs and DDTC-MNPs
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Fig.4 Thermogravimetric curves of MNPs and DDTC-MNPs
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Fig.5 Effect of pH on adsorption performance of MNPs
and DDTC-MNPs
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Fig. 6 Effect of coexisting cations on adsorption performance
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Tab.1 Kinetic adsorption parameters obtained using pseudo-first-order and pseudo-second-order models
- HE—sh )12 W RS
It e w K./ al/ h/(g - ins?
i H o ) qe.wlil Ag¢/% .171 qe.calil A¢/% K (g. . 0.5 R
(mg-g ) min (mg-g ) mg~ - min ) min
MNPs 3.69 3.17 0.52 0.18 |0.900 7 3.66 0.03 0.23 1.57 0.998 1
DDTC — MNPs|  9.81 9.43 0.38 0.34 |0.978 6 9.82 0.01 4.18 2.35 10.9999
i Ag = ‘ Ge.cal ~ Q. exp | /. e X100% ;h =K, x qi. wiitos = /(K Xq, ) 2] o
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Freundlich , Langmuir 45 i W% ffif 45 5 59 AH 5 2R 308 5
(R°=0.976 5), fig ¥ &f #b #1 & DDTC — MNPs X}
C®* oM B 3 i, 158 T 32 R B ot T i O 2 J2 R
Bt o Freundlich S if W FFFASE B 08 B 5 B2 A8 5 1/n <

1, A% B AR Cd® ™ B B B 2 5 AT AR
P Langmuir FEAEIZE B DDTC — MNPs %f 7k Ht Cd** 114
PR iR K it i (g,,) 4 21. 74 mg/g, DDTC — MNPs
1l 8 D7 12 1 B AR, W B BCR AT R

% 2 Langmuir #0 Freundlich 258 T M #E 2V & S 1

Tab.2  Fitted values for constants of Langmuir and Freundlich models

Langmuir Freundlich
I / K./ K./
iH W v R o e 1/n R
(mg-g™) (L-mg™) [(mg-g  )(L-mg” )]
MNPs 6.32 0.07 0.820 4 0.51 0.09 0.673 8
DDTC — MNPs 21.74 0.88 0.976 5 8.68 0.32 0.902 4
2.6 IR SZFE RAET HCL, LA EDTA — Na, Jyfi# 51 #4858 DDTC ~

DDTC — MNPs ¢ [ff Cd** i #4124 S 50 W 3% 3
(AS” W R AE Ak s AH® W BHRS A5 1k AGY SRyt
Filr A B REAETL) o FERFREEE ST, AG Bkt
{8, UEBHIZ I 2 R AT, AG® | AL 2 1 3 i
/), 2 W] Kl S F) T DDTC — MNPs ) W% fff 45
s AH” FAS® 35 R R I B SO b A R
N7, BB T E A T i, TR A T 4R 12

%3 DDTC - MNPs BRff Cd** # H1 2254
Tab.3 Thermodynamic parameters for Cd** adsorption

by DDTC-MNPs

H/ S0/
T/K |AG*/(kJ - mol ") (k]émol_l) (J_mj_l CK)
298 -10.14
308 -10.02 -13.79 -12.25
318 -9.89

2.7 MRMESERAERE
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4% 5 77.88% (46.32% , 3 WJEDTA — Na, fif 1% 5%
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Fig. 8 Reusability of DDTC-MNPs
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Tab.4 Langmuir sorption capacity of Cd** by various adsorbents

= AR, NI ok

"N VMR | GRS g | DR SRR gy

DDTC - MNPs 1.0 1~50 6.0 10 21.74 PN
LB /S0, /Fe, 0, 1.0 20 ~550 5.0 360 63.29 SCHR[28 ]
24 Fo b — 2~30 5.0 360 3.46 SCHR[29 ]
F s ek 5 5% 10.0 10 ~55 — — 3.63 SCHR[30]
Fe,0,@ Si0, - PEI - SH 1.0 20 ~ 200 5.0 3 40.23 SCHR[31]
Fe,0,@ FePO, 4.0 1 ~200 7.0 15 13.51 SCHR[32 ]
Fe,0,@ APS@ AA - co - CA 1.0 20 ~ 450 5.5 45 29.60 SCHR[33 ]
Fe,0,@ Si0, — EDTA 0.5 40 ~280 7.0 120 79. 40 SCHR[34]

3 it

@ il # T — BB B 948 K 0 B 44k DDTC -

MNPs,, jaiid SEM XRD FTIR % AL, # & % 45
SEBRRES M, BIA2LE 20 nm /24y, DDTC Ikt 1
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