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Adsorption Characteristics of Chestnut Inner Shells to Heavy
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Abstract: This study reported the feasibility of adsorption of heavy metals from acidic solution using
chestnut inner shells (CIS), an environmentally-friendly natural adsorbent. The adsorption characteristics
of CIS for heavy metals were studied by a series of lab scale experiments. The result of adsorption test
shows that CIS gives effective removal of heavy metals from acidic solution (pH 2), attaining Cd 98. 9%,
Pb 99.6%, Zn 98.9%, Cu 98. 7% with addition of 30 g/L CIS within 1 h. Thermodynamical test shows
that the adsorption capacities of CIS for four kinds of heavy metal are Cd 3.2, Pb 90.8, Zn 27. 3, Cu 52.4 mg/g.
A kinetic test shows that the adsorption equilibrium is attained within 1 h, and the kinetic behavior of adsorption
could be described by Elovich Model. The relationship between the adsorption rate and reaction time is in
adverse proportion. At the same time, the adsorption of CIS on Cd, Pb, Cu, Zn is followed by specific
order, Pb*" >Cd*" >Cu*" >Zn*".

Keywords: chestnut inner shells; adsorption; kinetic; thermodynamics; heavy metal

BEE Tl AL AT AL BERE B W bR, RS LA S W AR A R N A B AT DUAR O B
B AES KB H 58 K i T =R R 4 X A W 6 b 5 26 A4 Wy k 21 20 Rg
HEBCT 51 /K PR 4 V5 Y [l T P KO R AR AR RN R
B R TR PRI A P S SUAS BE A A Wy I A i L AT FI A [ PS03 545 R 15 2% IR 7K R 8 Y ) Ak B

W AS B A :2008-11-12
AR B LT H HRBAHEE S (20072014) 5 B 5 H AT FE R 58 & SR A (973 11 %1 2004CB418506)
AR A AT A978-) I P B S Tk 2 g B 2047 18 L 8 A 38 KoK IR 227 T 9T . (E-maiD) kex@iae. ac. cn,

http://gks.cqu.edu.cn



% 24

TR R R R R ST R E K E AR 6 R 139

J7 ik E B S R LU L B U8 L B 1 S 0 P IR
W BE 45 AE AR 2 Ak BE TS R TR i — Rl R ) 1R
Y BB nl 47 B T7 3k » DI R R 500 ey 36 2 1% B R
AIAT S A R o BB D0 PR 22 T
KRR AW A AT ARy B2 R LR L 7e
W A 0 J5 55 TR 118 R R 0 38 ¥ B AT DT S
ET LIRS, AT T 48— Bl KR 04 35 85 A b
TR R R R S U e A B R IR
R A WY IRk FiT AT 25 SR AR T AR S B —

LT R W) B R A R P W BRI

AT (e i = AL S AT D AR A
B AN TR A S8 36 R A 1 9 B 4 S 2 B R R
2) B P B W B T 4 Ui T B AR T s M Bl ) A A
s 0 FE SR P B 3 — E BRI KA

1 #MHE57%

1.1 B4 H

B S PA B2 199 00 15 77 12 SR A AR 900 164 g xR a0 i
L3 5 S B PN B FAM B 1) 7 1 5 A TR A B B e
H— U KURE 1 i X% 2 20 GBI 8 i 45 A B il
R T 1 ORE T HEBR ARSI K OB T R 7E 70 AL
JIE TR A FERE . AT S AR S P B RO B Y 23

L

| [
6 / ’ //—2
=
™~ 4
~ 5
7
8

VAR AL 2 feghflh 3 —KBERUELT 4 MR 5 HpikE
6EKBO 7T DGR E 8 EEM,
B1 AZRRREranesmrsE Rl

K ER Ay B AR I 2 F 60~75 °CfE A
W T 20~30 h BERE L, 1 10 HIORAE T 4 CRES%
PR
1.2 S¥Fi*
1.2.1 MEARMNENSALRS EEEERY
B R BB WA S K 0. 25 mM
PbNO, ,CuNO, ,CdNO, ,ZnNO, —EHEF 1 L 1%
Tk A 0.1 M HNO, B8R 15 2 pH 2. 0(F 4
JR AW SMS £71) .

ANEE 7 250 ml = A, 4 0 B A 4
JE VAT T 03 s A 3 A B A9 ARS8 9 B2 B B
B2y A 43 3R :5,10,15,20,30,40 g/1, 4% iR TR
BVEIF 20 CHRY 24 h J5 .5 000 %5 .0510 min, i
0.45 um 5, A1 ICP & b 35 W Hh o 4 Jm e B

1.2.2 REARBWEL BB THRAFHR
PR EIRAL RIS AR FE N K 2 ¢ F—F 51 250 ml =
BB A 100 ml AR EECC, HCd* \Pb*"
Cu*" . Zn* VW H IR (251 “CO¥EY 24 h,5 000%%
B0 10 min, £ 0. 45 um JE, A ICP il % b W+
HEEBRECC ).

LR AR R R

Cd** :28.1.56.2.84.3,112.4.224. 8 mg/L

Pb?" :51.8,103.6,155.4.207.2.414. 4.828. 8,
1657.6.3315. 2 mg/L

Cu®" :15.9.31.8.47.7.63.6.127. 1 mg/L

Zn>" :16.3.32.7.49.0.65.4.130. 8.261. 5 mg/L

i 2R 4 T T

Y = V(C, —C)H/W

AP Y B (mg/g) . Co hE &/ & 511
WItGH B (mg/ L), C B35 W 5 4 8 3 F 1 ik
JE (mg/L) . V T 4 & 7 W AR AR (mD WSk W it
FIE TN (g) .

FH Langmuir J5 F XF H 52 P B W B o 4 )8 28
(IR 24T R R AT 4 3R

1Y = 1/(X,, X b X C) +1/X.,

A, Y it (mg/g) s Co P i v 4
JEWE (mg/L) s X, Wi KW %4 & (mg/g); b R
WL
1.2.3 REARBRWELEE FTHHNFZHR
PR ERAE PSSR ZE N 3 ¢ T— &5 250 ml =£f
M. 4 Bl m A 100 ml E 4 B % . H R
(2541 OG- F 0.5,1,2.4,10,24 h BLRESy
. BIREFESNT 5000 #E5.0 10 min, it 0. 45 um
fE L ICP Wi Bl b E 4wk .

Ry RS R R

Cd*™ ;33 mg/L;Pb?t .50 mg/L;Zn’t :16.5 mg/L;
Cu*" ;18 mg/L

DL ESCm i EE 3 K

Fi Elovich J7 88 %z S5 4 J 0% Bt 5 4 @ 85+ 1)
Bl 125 AT TR R

Y = A+ Bln¢

K Y HW &Y AR ERRKE.AB R
HHC ¢ HEFE .

1.2.4 %4 A Sigmaplot 8. 0 #4754 40 ¥
T 2 0 22

2 ZRL5H®

2.1 RAMEARIMENBRREERTFTELES
F oy KRR

1A AS T M 5 P Rz A X6 R 2 3 R P T 4
Ja W BRI . NI AT LU S B A I B R
PR, 4 PR E 4R B T 0 AR R B,
30 g/ LAk B XA 4 FhEE 48 B 1 0 ok Bk

http://gks.cqu.edu.cn



140 P REFHR YL KB LTE

% 31 %

A4k Cd 98. 9% . Pb 99. 6%, Zn 98. 9%.
Cu 98. 7% o H PN B 1 B 570 FH X6 4 b 2 42 I 5 1
MR BRECR BB A SIS AR B R 5 5 g/ L B &L
KA HERD . B8RS FERERE) .

1107
1001
s 907
3% 801
% e
H 70 —th
—-Cu
60
50 . . . .
0 10 20 30 40 50
M SENEZ /(gL

B2 BRAERRANENEESTEBERAMZAR

BEAMEAS S8 v o W BRF 5 Xk 35 98 P 4 B 1 Y IR
WEFASER i LU B R R AN B . SR X — &5
R IR R AT REAE T AR N B 4 b ) R Bk
PEPEDL B . Gaballah 25 F st i B B A S 0%
BEE5R) S P T R PR I P B R T R R BR L LA B 2R
L2528
2.2 REARBMELER THRAFAR
A1 BRENEFZRELEBEWFREIMNEGHIE/L(25C)

Langmuir J5 7 {6l 15 &5 1

HEE e W B e A s
UES r b Xm BB 2 A/ (mgeg )
/(mgeg™)
Cd 0.97%% 0.71 2.89 3.2
Pb 0. 99% % 0.03 92.22 90. 8
Zn 0. 99%* 0.07 29. 30 27.3
Cu 0. 99% % 0. 04 55.99 52.4

% % P<<0. 01, % P<C0.05

W oF 225 e 114 e AR PEAN I BT SR A R 5 75 1) i B
ZRZ—. R 1 RBREN BRI Z L EH SR & T 1R
FAE R L P& MR IEE. NERrh A DLAE &,
Langmuir J7 F2 10 ] & AR 5E 9 J2 % Cd*F L Pb*'
Cu’" \Zn" 4 FEE & J8 25 T 19 S5 KR B 25 4 43 3 oA
% 2.89 mg/g. 4% 92. 22 mg/g.FF 29. 30 mg/g. i
55.99 mg/g., X5 4 FE L8 & 115 B KW n e
Hf ) 52 B W% B R H A . Meunier 25 BF 5% T 4%
VAT P Q=0 /N e A ANCT I
b R SR BRSSP e B R BE SR E S R T
BB 2 D AR EN RN ESRE T
PR R B 5 B S o b A W B R R B A .
I AR S P B — i LA A SRR T 1 e R
2.3 BENEKEAWELEE FHHANFAR

Scheidegger 4§ (1996) B 58 1A Sy » W B 5] % 15 e
Py B PR W o6 B B T U R A2 e R RN 2R T AL
il 5 TP W B Y B 5 T G W 1) N g A AR A A

PO B R UTVE A . B3 HARIEN K
XfCd* \Pb*" \Cu’" Zn" " 4 FhE 4R B T B R R ol
J1% . NEI AT LE T N X 2R 4 FP R 4
Ja& B A W B e FE AR AR R AE 60 min D PR FEAS K ]
W oS- o A S P B T B S ] B 2 60 min S5 . T B
o I B () 38 i AR AR AR /N . PR A P Bk 4 e
B3k A AT 43 S 4 B B 60 min DA P g B % B B B
60 min F| 1 440 min, & 28 T k0 5 0% B B B .

1.8

e PO O s Qe 2 2O
. —e—Cd
14 & e O Ph
T : ——-vy—==17n
G.D 1.2 — C“
&0 —e
£ 1.0
& 08 v T B
=
= o0 R .
= 04
0.2
0.0

0 200 400 600 800 1000 12001400 1600
i 6] /min

A3 RREAEMELEETHAMSAF

MF 2 Rl LA . Elovich J7 #2 Al DUAR 4F 1
il R B R P B W B R < e B T B AT O .
i S P B WS Y B < e o A R AR B A R 9
A AR B R — 45 Y D TE T AR R —
IR R B R S8 Hoh AU B 2% 3 A T R
P2 S AR

% 2 Elovich 72 A48 % 2K r fo 47 iR £ Se

Elovich J7
EREME EWRE/ (mg- L1
r Se
Cd 33.0 0.81%% 0.22
Pb 50. 8 0. 80%** 0.21
Cu 18.0 0. 88%% 0.15
Zn 16.5 0. 86%% 0.08

% P<C0.01,%P <0.05

X} Elovich J5 B 705 >R kol LIS H] In V =
In B—1In ¢, RPA ] A1 B %R 2 R 1 6 R (F D,

0

B4 WEANEST PO CET Cu?t Zn?T B ik &4
AR (In V)5 atiEeg A R4 (In ) Z 86X £

http://gks.cqu.edu.cn



%2

TORKF AR N BT R R KT E AR R 141

V'R AT P R R R M P T A R S T 0 W
WA BOERL A DEE T B G  RoR A, ¢ R
S5 7 B 1

NG N i i R R T A A
AN TR By BE » W B 3 S22 N [R] A s 2t B B IR ) A K
R R N AR B 4 & InV S Ine Y
HZAG 7 B HAH 2 R - (E 135 B B 35K
(p<<0. 01) , RER I LI — 1, BLBH AR 5 P Bz % Cu®
Zn®" (Pb*T (Cd™" WG B il RS 0] )R R 2R 2 3 A [
o T4 JE I S A0 b6 TR R AR KT R e R 2
R RE W, AR WF 5 76 ) Ui vk B R JR ¥R B8 A )
T T A JE P 2SN ) A S N R Ok L R A 3 R A1
ANTR] S 2 B R Al SE PN B2 AE A TR] B 200 XoF B 1) R R 5 R
FERFHE 3 MELEE T H AR &K
R A Pb*" >Cd*" >Cu*" >Zn*" , Fl#E X —45 %
) D PR 1 7 - W 590 A B 6 4 b R 4 T BT I BE
A@I&I}ﬁ»[lﬁ]o

3 & »

D Ui SN my i A2 30 g/ Ly Je i) 1 h,
REIS BRI T 4 FhE 4R B I B KR L BR L 4 il
g Cd 98.9% .Pb 99.6% .Zn 98.9% .Cu 98. 7% ;

DT R 25 R T XS 4 FhE 4
J& BT I A 4y 9k Cd 3. 2.Pb 90. 8.Zn 27. 3,
Cu 52. 4 mg/g;

3) W {ff 2 i AE 60 min N B] DLk fif, Elovich
5 R B A i AR MR S O R W B B ) B 1 Bl ) 2
A5 20 BB PN B X 4 0 A R 4 R 4 T I R
2 T R i 1) e L R — B 2% 4 Fh G )R R
W B 2 R/ Ph*T >Cd* " >Cu®" >Zn""

B Lk

[1]SCHEIDEGGER A M. SPARKS D L. A critical
assessment of sorption-desorption mechanisms at the
soil mineral/water interface[ J]. Soil Sci, 1996, 161
(12). 813-827.

[ 21 HONG K. J. Evaluation of remedation process with
plant-derived biosurfactant for recovery of heavy metals
from contaminated soil [J]. Chemosphere, 2002, 49
(4) . 379-387.

[3]STUMM W, MORGAN, ] J. The solid-solution
interface, aquatic chemistry chemical equilibria and
rates in natural waters[ C]//Wiley interscience, USA,
1995, 711-715.

[4]WULH, LUO Y M, CHRISTIE P, et al. Effects of
EDTA and low molecular weight organic acids on soil
solution properties of a heavy metal polluted soil [J].
Chemosphere. 2003, 50 (6): 819-822.

[ 5 JPATTERSON, J W. Industrial wastes reduction []].
Environ. Sci. Technol, 1989,23 (9): 1032-1038.

[ 6 ] KUMAR A, RAO N N, KAUL S N. Alkali-treated
straw and insoluble straw xanthate as low cost
adsorbent for heavy metal removal-preparation,

characterization and application [ J ]. Bioresour.
Technol, 2000,71 (2). 133-142.

[ 7] VOLESKY B, HOLAN Z R. Biosorption of heavy
metals [ J]. Biotechnol. Prog, 1995, 11 (2): 235-250.

[ 8 ] BAILEY S E, TRUDY J O, BRICKA R M, et al. A
review of potentially low-cost sorbents for heavy metals
[J]. Wat. Res, 1999, 33 (11): 2469-2479.

[ 9] AASHEH S, DUVNJAK Z. Binary metal sorption by
pine bark: study of equilibria and mechanisms [J].
Env. Sci. Technol, 1998, 33 (9). 1303-1329.

[10] MEUNIER N, LAROULANDIE J, BLAISJ F. et al.
Cocoa shells for heavy metal removal from acidic
solutions [J]. Bioresource Technology, 2003, 90 (3):
255-363.

[11] GABALLAH 1, KIBERTUS G. Recovery of heavy
metal ions through decontamination of synthetic
solutions and industrial effluents using modified barks
[J]. J. Geochem. Explor, 1998, 62 (1-3): 241-286.

[12] MEUNIER N, BLAISJ F, TYAGI R D. Selection of a
natural sorbent to remove toxic metals from acidic
leachate produced during soil decontamination [ ] ].
Hydrometallurgy, 2002, 67 (12): 19-30.

[13] SCHEIDEEGER A M, SPARKS D L. A critical
assessment of sorption-desorption mechanisms at the
soil mineral/water interface [ J]. Soil Sci, 1996, 161
(12). 813-827.

[14] AHRLAND S 1 GREUTHE, NOREN B. The ion
exchange properties of silica gel | , the sorption of
Na®, Ca’t, Ba®", UO**, Gd&*", Zr(IN) + Nb, U
(IV) and PuClV) [J]. Acta Chem Scand., 1960, 14
(14): 1059-1076.

CI5] WK 5K BY 2R 3G 45, 55, MRS N B2 2R BR R PR I Wi h 8 &

JE UL L) ] WK 2= 2% 4 BT RR L 2009, 26
(1):72-76.
KE XIN, ZHANG YUN, LI PEI-JJUN, et al.
Mechanism of chestnut inner shells removal of heavy
metals from acidic solutions [J]. Journal of Shenzhen
University: Science and Engineering, 2009, 26 (1):
72-76.

[16] WASAY S A, BARRINGTON S F, TOKUNA-GA S.
Efficiency of GAC for treatment of leachate from soil
washing process [J]. Water, Air and Soil pollution,
1999, 116(3-4), 369-380.

(HmE % D

http://gks.cqu.edu.cn



	0902-tm 138
	0902-tm 139
	0902-tm 140
	0902-tm 141



