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Adsorption performance of cadmium onto shell powder

LUO Wen-wen'?, XU Ying-ming'?, WANG Nong', CAI Yan-ming', SUN Yue-bing"*"

(1.Key Laboratory of Original Agro—Environmental Pollution Prevention and Control, Ministry of Agricultural, Agro—Environmental Protec—
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Abstract: To study the adsorption mechanisms and the optimum adsorption conditions of Cd** onto shell powder, batch experiments were
conducted to investigate the effects of initial Cd** concentration, adsorbent dose, pH, temperature, time, and ionic strength on Cd* adsorption
onto the shell powder. The results showed that the adsorption of Cd** onto the shell powder rapidly increased and then decreased gradually
with the increase of sorption agent under different initial Cd** concentration, and the adsorption fitted well to pseudo—first—order and pseu—
do—second—order kinetics. The isothermal adsorption was well described by the Temkin isotherm and the Langmuir isotherm. The adsorption
process of Cd** was a spontaneous and endothermic reaction that achieved adsorption equilibrium in only 30 min, and the maximum equilib—
rium adsorption capacity was 161.75 mg+¢™'. The adsorption of Cd** onto the shell powder increased with increasing pH, and then stabilized
when the pH was =5. With increasing concentrations of Ca?* and Mg?*, the adsorption properties of the shell powder gradually decreased,
with maximum reductions of 15.19% and 14.44%, respectively, compared with the control group.

Keywords: shell powder: cadmium; adsorption capacity; influence factor

W #s HEA . 2017-04-20 FFH BH#1:2017-07-05

TEEE N B 3030(1992—) , 2, Hl KoK - 5E A, NF B4 a5 B S B RIISE . E—mail : 1737415873@qq.com

*BIEIEE . MY E-mail: sunyuebing@aepi.org.cn

EEWA : F{&XE AU HRIBREN(2017YFD0801402) ; Kt H SRR 564 5 s 30T H (17JCZDIC34200) ; v [ AR BB e AR 55 9% % T e e 45t
Z1H (2017-syb-1)

Project supported: The National Key Research and Development Program of China (2017YFD0801402 ) ; The Key Program of Natural Science of
Tianjin (17JCZDJC34200 ) ; The Basic Funds for Research and Development of Chinese Academy of Agriculture Sciences(2017-syb-1)



B30 DU CACTD) B B RE 5

2241

B (Cd) 2R —Fiik HAEY Rt E 4R, FE0k
BT EIRGHE T AR Gig ey Mg,
P EA IR AR fR, S e E iR Er g
JIE B AR I R 3 R G AL RRIE X R R
I8 B N el S R gy . A, A PR 5 R T
YLK B 5 1 BB A 2R g R AR Rk T
A AT AR R R AR R o PR
HLAT kTR BRI A S O S Rz T R
LRI YL KA b B R IR X MIRHR B iR ek,
HoAth 5 v X IS S8 b PR A 4 S R K IR
AR A (S S AR, AR A o S
CPE I AR o6 5 e P T 4 B 15 U R K I A B
A Bt R SERME R R G AR Z R
SR, BRERER S W T = AR Y B A TR B A
FREL R Tz, AR R iRmRER s Y]
53 R PR ISR R ER A WA IR R R SR o AR S5O
IR, 7 a0 A A X PRI R R % Cd>
AR A B 535108 7.71 mg - g™ 1 10.55 mg-g™'s L
v MESEV RIS BH , O A X R AR SR 200 mg -
L () Ph> b4 [ 52 %0 99.93%, 1 0.01 mol -L™ iy
CaClL,~NaCl L ff i RO ) i MMS I8 T e
[ Ph2 & 52 2R 43 14 99.63%F1 99.83%, T 7 vz
BIBIFFE 2 IH , KA HR 8 SCF R A e TRT ) Ca2 ] 5
Cd* Mn* Ph* B A B FACH N, 535 A U FR 5
i TR i AR PR S TTCE o S8 22 S5 PSR R, B 4
@ BT 5 A R 2R TS hy 5 58 48k R TTC 167 W
B AR R THITTE S5 280047 o Cu™ Zn* (Cd™ Ni*7E
M B (<107 mol - L") B Ay 52 46 W8 B, 70 45 e VA 32
(107°~10 mol - L") Hsf Ay A2 6 T THI L A7 R oA
RIAF, AEERIE (5107 mol - L) B Ry F mivisE . H
HI, BRERELW P0% &R W 25 oy
S YRR TR £ , T A= 9 A VR A Bk I i ot 4 i A W R
WFFE R o DL FEH VR Ry A R R k1 S R R, B
TR EB B F & e TR S At i ATl
A, IHB o34 it A 53, AE TR 0 BT IR A (R B 3 AR T
IREE V5 YL BRI IS R B, DLSER RE K
20 g+ L' Zn* [ Cd™  Cu™ (WK fh R 1213551 90% ., D
SO 4R TS o —E B R AR, WS 10% 5]
W OLFERY G, 5 Pb A Zn 332 5 AT 4 BIFEAR 1%
~91%F1 16%~65%", PRI , A< SC LA DL 5845 SR W B
BEWFFE IR Cd* W B 8l 1 2% Je 301 2R AE , TR
VT ARTRI R A 25 14 35 5k i 45 DR X DL 52 3 o
Cd* [ Ml

1 #RlERE

1.1 SEIgHHHY

S LS e A e TR HERE 2w L SR T RERY RRAIL
WG 200 B, £ .
1.2 W B SE3

W R B 1245256 4% 1 g DIFERYE T 1 L Cd*)
TR E A 50 mg- L™ () CA(NOs), % 1, 7 25 °C,
700 rmin” Z50F T, (E R BEFERR R 24 he 43001
F1.2.5.10.15.20.30.40.60.120.180.,240 300360 .
480,600,720 min F1 1440 min BHUFE, 3 0.45 pum 7K
FRUERE, R R W W 43 6 B 1 (ZEERit 700P )
FEDEIR T Cd> kB

W B ARG SE 5 4 0.050 g DLSEH & F 50 mL
WIhE CAHEH 50 mg- L' 1) CA(NO,), FEH , 43 51
1E10,25.40 °C, 180 r-min™ 244 F , [HIREE T2 R 1% 4%
PR35 2 h, B O A E R CAP e

W BFHZ IR PR 2 S 06 - (1) DL SR B % Cd> i
B BB, 43 5% 0.005.0.010.0.025.0.050.,0.100
g D58k & F 50 mL P)f Cd> V& 50 mg-L™ [
CA(NOy), ¥, 1E 25 °C 180 remin™! 254, i
fE IR FR IR A R % 2 h, 0 5 I T T
Cd* e &, (2)pH Xof DL 5E3 0 i RESZ MR K 0.050 g
DGR ET 50 mL PItE C* ¥ 50.80.100 mg- L
i, pH 43313 Bk 2.0.3.0,4.0.5.0.6.0.7.0.8.0.9.0
F110.0,7F 25 °C 180 r-min™ 50~ , ffi F 1 3% 55
Wiy 2 h, @EELENE FFE®R Ce ik
o (3)ILAEE XS VISR iR SZ MR o 4 0.050 g
D328 B F 50 mL #1hE CA* ¥Rk 50 mg- L', Ca®*
Mg™ &5 -4 B 4 5l 52 B R 20,50,100 150 mg - L™ Fll
200 mg- L7, 7E 25 °C 180 remin™ 50 °F , i FIE IR B
FIR G IR 2 h, ml 0 5 E iR Cd vk
.
1.3 HEabIE

USSR KRR Cd> it AR 5

go= {GrC"V (1)

m
K Co F1 G o IR RES Wb Cd> W w04 Tk B I
W Bt BsF 8] ¢ Cmin ) B 98 CA>* A9 MR, mg - L'V
AR AARTR, Ly m ACRE R T i, g0
FIA R BB B 3 Uk, T A A B A 3y T
523 W, NHAEIENE I E 455 , i Microsoft Excel
2010 AT FIHATIZH, Origin 8.0 fEE]



2242

YRSt Y £ 36 EFE 11

2 HR5HE

2.1 DISE#pE CA™ By R B 3 J1 2245 1iE

A 1 AT, DUSERT CA™ M RFZE T T 2 48K
Sk BH S 1A B, BB 114 P 3T o 3 AR sk g %
BB FERIAG Y 1~30 min P, DUSEART Cd> (1R I b i
Wi 5 B 0 174 S0 A T AN T, S IR B E] 8 30 min
IF, DUFERy R R E A 50 mg - L Cd™ 5 Cd™ i
B EIR B 43.12 mg- g™, TKE W BT RI R+ 28 24 h, DI
SERXT Cd> (MR B it 3 PR SB 38 n o 332 TR
B EIRILRBYEL, e SR MAEAE R S T RS, L
CA*WIIRHR I &7, W BHZ Bl 1 o, BIr LA G iy i B
R A A i, A IR AR A T, DL e A 2% v i) O B
A7 Ok B/, H CA™ R JBERRAIR , W B 4% S5t 8 7 3
/N DLSER R Cd* 1R B F 30 min B3k E4R A,
W B TR E B BT RBH S R, DLSeAs
FBRAKIAEE T CA ISR M BB R] 2 30 min., WFFYER
LEIEIP S 28 87y PN e SN d A = S b O
CA> M 45 BI7E 120,120 .60 min 532 3 W% -1

5 Z R, DLFE 53 0 S5 I BRF et ) 5, i B Pk 3 1
B, A S A FIR
507
| momeeEasE Iy
40? [ ~ 505'
¢ \?‘; 405‘ ) s £
h 1 LI
7 30§ L
oo 20t
£ P T = P
ﬁ 20? : = 10 1+
X 10F A 0 10 20 30 40
i N o st ] /min
o — Preudo—first—order
0 - Pre_udo—second—_order ) )
0 400 800 1200 160!

8 ST 8] /min

1 RE#x CI*MR MBI E T ERE
Figure 1 Fitting of kinetic data of Cd* on shell power
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Table 1 Kinetic parameters of Cd* sorption

Pseudo—first—order model

Pseudo—second—order model

Co/mg-L! Goon/mg g’
l Geca/mge g’ k1 /min™

R? qecalmge g™ ky/ge mg'min™ R?

50 43.12 44.10 0.081 99

0.9950 46.38 0.002 77 0.969 5
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Figure 2 Isotherm fitting of Cd* on shell power
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Table 2 Parameters of Langmuir, Freundlich,, and Temkin isotherm

fitting for Cd*, separation factor of Langmuir isotherm

fitting for Cd*
B o W W S B TR E

283 K 298 K 313K

Langmuir Ou/mg-g” 14939 16175 171.58
K /L-mg™ 030725 0.74273 1.360 51

R? 0.869 8 0.952 9 0.977 2

Freundlich Kymg+g(L-mg™)"  44.15 49.77 54.40

I/n 0.234 4 0.174 3 0.174 1

R? 0.889 5 0.702 2 0.628 4

Temkin a 20928 7  23.623 4 25.574 3

b 543770  69.569 7 80.040 9

R? 0.954 3 0.990 6 0.962 8
20 mg- L R, 0.139 958 0.063 073  0.035 448
;g 50 mg- L R, 0.061 115 0.026 222 0.014 487
g 100 mg-L™ R, 0.031 521 0.013285 0.007 297
200 mg-L™ Ry, 0.016 013 0.006 687  0.003 662




2244

YRSt Y £ 36 EFE 11

® 3 FEWMFF CHBRMAE
Table 3 Comparison of adsorption capacities of various

adsorbents for Cd*
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Figure 3 Effect of temperature on coefficients
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Table 4 Thermodynamic parameters of Cd* sorption

TRE/K In K, AG/k] -mol™ AH/kJ-mol™  AS/J-mol™-K™!
283 1.677 -3.946 1.789 23.298
298 1.757 —-4.353
313 1.783 -4.641
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Figure 4 Effect of shell power contents on Cd* sorption
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Figure 5 Effects of pH and concentration of Ca*, Mg* on Cd*

sorption on shell power
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