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Adsorption of Pb’* and Cd** from Aqueous Solution Using Vermicompost

Derived from Cow Manure and Its Biochar

DU Wen-hui, ZHU Wei-qin * , PAN Xiao-hui, SHEN Xu-yang, CHEN Si-yuan, CHEN Ke-le, Mushala Kanjihan,
ZHANG Hang-jun, DING Ying

(Key Laboratory of Hangzhou City for Ecosystem Protection and Restoration, College of Life and Environmental Sciences, Hangzhou
Normal University, Hangzhou 310036, China)

Abstract; Using vermicompost (CV) as raw material, its biochar ( CVC350) was prepared at 350°C and then their physio-biochemical
properties were characterized. Furthermore, adsorption studies were performed in a batch system for removing Ph>* and Cd** ions from
solution. The characterization results revealed much higher surface area, smaller pore size, greater aromaticity and nonpolarity of
CVC350 as compared to CV. Batch adsorption experiments revealed that both the adsorption of Ph** and Cd** onto CV or CVC350
fitted Langmuir isotherm model very well, and the maximum adsorption capacity of Ph>* was in the order of CVC350 > CV, but no
difference was observed for the adsorption capacity of Cd** between CV and CVC350. The desorption studies showed that both CV and
CVC350 had much higher adsorption rate for Pb>* than that for Cd** , and the Cd** adsorbed could be more easily desorbed from CV
and CVC350 compared with that for the Ph** adsorbed. Both the dynamic adsorption process of Ph>* onto CV and CVC350 was a rapid
process , however, the adsorption process of Cd** onto CV and CVC350 could be separated into the first rapid step and the second
slower step. The adsorption capacity of Pb*>* or Cd** onto CV and CVC350 was only affected by the much lower initial pH of the
solution, besides, the adsorption capacity of Cd** onto CV and CVC350 was relatively more influenced by the initial pH compared with
that of Ph**.

aliphatic alcohol, aliphatic acid, carbonates as well as phosphate while that on CVC350 mainly relied on aromatic alcohol, aromatic acid

Moreover, FTIR analysis showed that the adsorption of Ph** and Cd** on CV depended on the active sites such as

and carbonates.

Key words ; vermicompost ; biochar; adsorption;Ph** ;Cd**
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PRI FE W K T AL E A | (BRig h CV) |
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AR S ARG AR, KA CV BRI HER R T
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1.2 538 K A Wy e RAE

PHIGIZE (CV) B AW ik (CV350) 4% [ EE 1
20 5B ai KRS (m/V, g-mL™"), #I JH pH it
(METTLER TOLEDO) % pH"™) . K43 B3 5E J5 4
ZHCHk[16], FREL 0.5 ¢ HE5 T/NH I & F
AT 750°C N#A 6 h, BREUER B3 9 i, AT 3
BRIy S, LRI LR T b
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. I ST onE AR e 20 Ah % 3% AY ( Thermo
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i EL.
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S B, Hode P2 A Pb (NO,),, Cd*F RN
Cd(NO,),. #RIFEMEIR (25°C) &% 4% 2L 200
r-min ' [A]ERAR S 24 h, B0, WA 0.22 pm il
AL B S U8 S, H OHE TR RO 43 O O B O
(Shimadzu AA-6800, Japan) I 52 , 44 S £ 1 fh
HQ,) MR (AR). BMFERER 3 K. i —
A% M Henry [ 3 (1) ], Freundlich [ 3L (2) ] Al
Langmuir[ 3X (3) ] & 5 W B A5 789 4016 S5 L 0 B 2o
Sy Y 1

Q. = A +K,c, (1)
Q. = Krceb (2)
¢/Q. =c/Q, +1/(K xQ,) (3)

e, R W BRE S 8 B, mg - L1 QSR W B 5
PH** il Cd 0 B ik, mgeg ™" 5 K, Ay U BAY 5 ik
mg-g ™', b FRom W SR EE RN Q, A R R R B
mg-g 'K, F o W B R0 4 R BT R SR AT,
L-mg ™' ;A F1 K, J2 W H L.

SRJG HE— D AE O AR A B B8 A T A B A
8 mL 0. 01 mol-L~" NaNO, I## , 3T 25 CHHIEIE
Ll 200 remin AR 24 h SEAT AR IR G,



2174 2N 5%

Bt 2% 38 &

SRIG LRS5O , 108, A IR I o3 St B I
W ESE SR, R (DR).
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Yied4 g-L7" [ ELRRBUBIZE (CV) S H A=) i
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0.05. #RJE K RE S & T 25°C 1H IR IR 3% % 1 L 200
remin ' GEEEIR Y, FEPR GBS RIA 1 ~ 1440 min B
FE B, FIEW 0. 22 wm AL IR S ok
S IR A3 G BE D BB R Ph?* AT Cd* T 1Y
W IR Q, (mg-g™").

#—2EFH Elovich [ (4) ], #WE—%3h 1%
[(5) VA= ah o[ 3K (6) | 02 K A
BB PH> T A Cd* Y BB F1 AT A TS .

Q, =a+bxlnt (4)
Q= Q.x (1 -e™") (5)
t/Q, = (1/K, x Q.”) +1/Q, (6)

Ko, Q, AL Q, 4351 ¢ B Z R B S sE B> A
CA** YK Bffie , mg- g =" 5 AEFTE], min; K, F1 K, 435
R U — G I UE G AR R () R B, min T Al
g+(mg-min) ~';a. b A Elovich J7FEH %L

1.3.3  pH EnlitL:

P P2 AP VMRS pH M 2.0, 3.0,
4.0,5.0,6.0,100.01 mol-L~" NaNO, i 5
f 5T, Ph2* L Cd®* WA VR 2 2 700 mg-L~", % 4
g- L7 B WL FR BB 2 (CV ) K H AR ok RE
(CVC350) 710 mL WM E.OE T, T 25°CHHIR
PG as o T LA 200 remin R FEHR 240 JEHURE | 4R
i« B, FH KA R IR 6 B 0 7 v
Ph>* il Cd> e, FF I B Q, (mg-g™").
2 HR5H®

2.1 W51FE R HA Y e R AR AR L
2.1.1  EEAHALRE AL
R 1 n] W, CV K &N 44.75% | 3X

515 R B 2 i Ak AR W i b R IR oy A
Hic & T — M R R4 48 Z 20w, m
CVC350 K431l ik 59.28% . #E— 43 Hr &8, CV
) pH 2k 7.25, 1fii CVC350 19 pH & 8.79, /T CV
. TR 3 s 26 A0 pH 2 Ak S H
R IRAY AT 5 ; Shinogi %50 IR & BUH REV | /KRR
FE L VU FI AR 2S5 AE MR JE pH 3 IF
A AT RE SR AR W) 00 SR HE P o R R Bk 2
B8, R, CVC350 (1) pH & F CV Al g5 Ko K H:
B ER 286 OC. [, CvE350 g4 K|
Na. Ca Fll Mg & 405120 15. 63, 13.23 , 42. 84 #l
13.91 mg-g~', 5 CV #{ L, CVC350 H 45 K, Na,
Ca, Mg F ¥ & B 40 BT 6.63% |
3.02% . 11.12% ., 3.47% , X 7R ] GES& CVC350 [
pH AR T = A R R BT FE. Ah, OV H 3 T AR AL
Bk 4.92 m? g™ 56. 11 nm, &3 A5 H
CVC350 MR FAUEHN T3 4%, Fik 15. 8 m* g !,
T HALARFEAR 2 48,39 nm, A HFFEIN N, AW 9% He
FHARIG I AT BE 2 H A Wy AR Al B vh 4% %
B3 % 0 TS, AR Bl AL B A T s 2R ) Bk )
(R FLEE ) B 2 2 VEREA, FLAR AR /N IR ] 3 H e
T ARG I AT LA L B 4 R AR &
FRIR B A 6212 AT DL 5 eV A EE, CVE350 14 pH .
KAy, R AR (HE K, Na, Ca, Mg) fIHLF
TR (S ) Y2 BH S 388 0, 35 L6 3 P SO 45 5 i) Rz A
I 4 8 B9 R BRACR. A E 1 I, wEh
Pb Al Cd & & 4 5l & 15.97 mg-kg™' 1 0.34
mg-kg ™", HE XSRS A KBRS A HLAR AL
Pb & HILE N 0.7 ~1352.0 mg-kg™',Cd 1y &
N 0.2 ~256.0 mg-kg ', AT WL, ASHF 7 k4t
AR 2R Ph R Cd A9 A X AR, X 1T BB
5 A0 ) 35 D) R T I A O S A D i 4
& B B RDRHAS IR A 5 DR, A 2R U ] 2
MM HETEEETSHTHEES BT EMNER
kL.

®1 CVHCVC3so BUMRRT WAS
Table 1  Physio-biochemical properties and mineral composition of CV and CVC350

A8 &/ mg g ! Sper H4 R &R/ mg-kg ™!
% jfs 51 TRy % H = L/ =
% B 551 K53/ % p K Na Mg /m?eg! e Pb Cd
CV 44.75 7.25 9.00 10. 21 31.72 10. 44 4.92 56. 11 15.97 0.34
CVC350 59.28 8.79 15.63 13.23 42. 84 13.91 15.8 48. 39 — —

2.1.2 JUEHNA
M2 2 Fn,CV i C. H, O FI N & 8505
1 20.40% . 3. 18% . 30.03% F1 1. 65% , 1iii CVC350

e, H, OF N &EIYE TR, 0 EIET
4.57 1.68.7.80 Fll0.49 N 40k, Ty als)
T H B | 2 b A B S A AR AR RN DS A Ak
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R C H, O MIN & FENERE. JTF Wk, X5 Kim 2 #F 5745 A0 — 2, H#fse &
M g 152 W B A RLPE B A 45 A, Horb H/C I O/C B SRR B AR W R B9 H/C T O/C L AR Bl 25 P At 1
FHUAZRAE W2 Bt 700 79 57 2 P R0 R AR 1 T8 0y KD, (B IS REARR , S R T A2 4 A I A 2l i v OB
H/C OB/ A Ml sy . O/C FR(E R B M B BN o8 &5 19 05 A e 454 ELRCHE B e A i e TR i
w5 v AL, CVE350 B BMRAY H/C F1 O/ RS AL, ZERALJE 9 CVE350 5 CV AL C
CE(F2), ULH CVC350 H A 8 iy 57 & Pk fdkE H, O FI N &3 TR, 5 B i AEEN G 08

&2 CVHCVC350 TR
Table 2 Elemental analysis of CV and CVC350

WS 551 C/% H/% 0/% N/% H/C 0/C
cv 20. 40 3.18 30. 03 1.65 0.16 1.47
CVC350 15.83 1.50 22.23 1.16 0.09 1.40

2.2 W2 K H AW R XF Ph T Cd® T A TR W R M 4.6 m*-g " BEINF] 136 m*-g ", AT fl

{2 HOXF Cutt CdBt L NPTz B S T
2.2.1 SR AR Ph? T A TR 4.5% . 62.7% . 86.3% ,23.1%. WA, K53 mI L

FI1 W 0L, Bl Ph* PR BE 38 m, v AL SREESEZ M YRS a0 K Na, Ca, Mg 55, 1M W Fff
CVC350 X Pb** (Mg B i T S i s ke #4. thak IR A0 WAL 5y 2R ml LAk 76 4 T S A 1T 22 11 iz o
3 A1, CV Fl CVC350 Xt Ph>* A FFFZE Langmuir #5552 FTR A 2% FAE P n] 1, CVC350 K
RIA LA R B R 43900, 992 8 F110. 963 5, ¥4 A IR B W4 43 & f B AR i, AT 5 SO
KT Henry I Freundlich BBIAGILE R %, i vV AL P> AMRRIHE 2 T CV. dteml I, e R mfR L Ky
CVC350 %I Pb** By 45 ik W B il 6 A0 X 58 45 & KWW AE CV R CVC350 MR Ph? i s rp k4
Langmuir #%! JRFE B CV il CVC350 %t Ph>* 45 FE/ER.
5k R 2 R Ay B2 A I W 8 ) 9 T 3494 [ i L
W A5 A 22 1B S A7 AE A B AR T g — 2 e
Langmuir 38 5 R B @, AT %0, CV XF Ph**
e R JF IR T €VE350, Q. 43 51 4 170. 65
mg-g ' F1227.27 mg-g~'. Langmuir #EAIFP Y K, AT
JFH T 158 B 52 86 700 TR B 5 22 TR 9 S R T, K RO
SEA MR 2 3 Al eV ORI CVC350 Y K,

30 —4—CV-Pb
SR 0.167 Lemg ™" | 1. 117 L-mg ™', 28 CVC350 —a— CVC350-Pb
XF Ph* HA TSR R AT, 4341 CVC350 X Pb** (14 0 T 50 100 150 200 250 300
Wi B 2 A T R B SR T g e fb e oA Pk fi/mg L
BERI B 1T AR T B2 (48 0 22 1) W 7 A . 44 1 CV 7 CVC350 3 Pb** Ky im IRt
ill] , Lima%m] Eﬁ%i{ i 2 {ﬁ ’pC)ﬁ lz\‘—,l X%iji&ﬁi%ﬁ Fig. 1 Adsorption isotherms of Ph>* adsorption onto CV and CVC350

®3 CV#CVC350 3f Pb** 1 Ca** FiRWMIME RS
Table 3  Isotherm parameters for Pb>* or Cd>* adsorption onto CV and CVC350

250

— [
wh =
(=] =

F- i i/ mg g

Henry Freundlich Langmuir

TiH Az B 5510 Q. =4 +K,c, Q. =K xe,' c/Qc=c./Qu +1/(K, x0,)

A K, R Ki/mg-g~! b R Qu/mg'g” K /L-g™! R
Pp2+ (% 68.49 0.427 0.6320 62.71 0.176 0.7657 170. 65 0.167 0.9928
CVC350 65.52 8.323 0.8458 101. 44 0.254 0.9116 227.27 1.117 0.9635
e (% 34.09 0.013 0.2956 27.09 0.073 0.7653 43.01 0.139 0.9980
CV(C350 29.41 0.018 0.786 4 22.68 0.089 0.944 8 42.75 0.045 0.9924

2.2.2 UG\ RHAEY B Cd** YRR I BT W& Cd** -l v B2 A 384 i 38, 7 Cd®* P ik

W 2 frzs, CV A CVC350 X Cd®* i i B FE R 100 ~ 200 mg-L ™" B, 3 Fb 1% B6F 570 Ay % o6 8 it
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& Cd** Ak B 3mSRy BA 5, 1 I R R e AR AL AR
XN BRI S B g FH A 2 784325 1 Cd* T ik
JEIK. i H Henry | Freundlich g Langmuir & y=!
BRI LG R B R® S5 0T A1, CV XF Cd** 19 55 i %
i FEAF A Langmuir #5570 HL G R E0H0. 998 0,
Ifii CVC350 Xf Cd** Ay &5 i W B ok F 0) R) B 5
Freundlich 1 Langmuir &% 1 & 72 B & &, 1A &
3 B80. 944 8F10.992 4. HE— 5 L #K Langmuir
B b () Je W B 2 Q,, AT 1, CV R CVC350 Xf
Cd>* 114 5 W B 243591k 43. 01 mg-g ™' 1 42.75
mg-g ' AR, K, 25108 0,139 Lemg ™' Al
0.045 L-mg™', £ W cvV ¥ cd®** M h & F
CVC350. MeAbh, AHFHI 4 T, CV 1 CVC350 X
Cd®* 1AW B et 247 S A T L% Ph? ) W B 2, 5k ]
e S 4R & T 1 m o R 56 — s ol
T, A PR A 4 T8 T 2R 5 W% o ) 3 o R A
AR TR A I B B | Ph> T AT A A B )
Bk 2.33 A1 0.69" ) B cd** Y H B A A T
Pb** FTLL Cd* A5 T 5 8RR A i g D i [
FECA BT RN, AP KA IR L R B R
A KB RRER G > DRI ME AR R B8 ]
L5138 1) 2% 1 A 4 e S Ve B S B i X ca®t
R B, T LA 3 et o ] 28 e HG A 4 i 0 A7 % T
PSR IF T XS Cd® * Al 4 T 2 B

40

Tl B it /mgeg ™!

——CV-Cd
—&— CVC350-Cd

m L 1 1 L
0 200 400 600 800
i /mg L

2 CV # CVC350 3F Cd>* HIHY%i8 R it

Fig. 2 Adsorption isotherms of Cd>* adsorption
onto CV and CVC350

2.3 IR RHAEYRIMIES Ph** Hl Cd** AR

W3 4 fios, A CV F CV350 X Ph>* 1 ik it
AL, 24 Ph>* WG HEE R 100 ~ 500 mg-L~' A,
CV X Ph>* (R B R 24135 90% LA, Ho B 55 il
4 93.71% ~99. 88% , MLJ5 kil Pb* " PR IR IE LI =
800 ~1 000 mg-L "I}, CV XF Ph** (%) W i % 5 B i3

FREFA A WX CVC350 M5, 24 Ph> " W HR e N
100 ~ 1000 mg-L~"if, HXF Ph>* Y R 98 I 1 5
ik 97.81% ~99.97% , YtH CVC350 XA Ph**
MIEBRRCRIET CV. #E—2 M B2 Ph™ T A9
WA L Y, GV, CVC350 g R 25 Ph>* (It
REAHRAL, Hod oV PR A Ph7 T AR IR
il 0.088% ~0.302% ,CVC350 KRS Pb** Ay
fif W 5 5 A 0.000% ~ 0.010% , P W CV Al
CVC350 gt Ph>* ¥4 HEff e, H CVC350
W BFFAS Ph>* AHXF CV MBS Ph** T RS e A7 AE. A
JINBIR AR VRIS S TR, TR R0 1T 4 A 6 A R Y
DL FNZE A REAR IR 5 A, 24 4 i W B A 7 v BB
PEF , ARG, SIKRE SN 45 G I &R 45 A R
[, S Wl . Lot v o R A A Ak v 2 B 2 b2 8%
MERRIR T RE S CV FI CVC350 X Ph* * W Fff & A= 7
1= RE IR B3 A5 A K.

=43 Hr & BL, CV Fl CVC350 XF Cd** AW
BRFR I R A R], 290 17.55% ~98. 12% , HAX
M Cd* W HE W EE N 100 ~ 150 mg-L~' i}, CV FlI
CVC350 11 W Bt >R 4 nl 35 2] 90% 42 47, B, Bl
Cd>* WL BE T+, CV A CVC350 X Cd>* B W B
KRB TR IWRRUCRE B Cd>* R 4A Uk B 1
B, CV A1 CVE350 Mg B2 Cd®* 1 fife U 236 1) 52 1
hnaF, H CV Al CVC350 g Fff 2 Cd®* il it %
FAR— g, Ho, OV P FREAS CdP B i R R
0.000% ~2.510% ,CVC350 H 0.356% ~ 2.140%
FXT 5T CV AT CVC350 Hmg BfF 25 Ph>* B fif I .
— ARG, L O o A T 4 S A ) B ) Bk 4 B
= 4 T 6 7 R A O L e O SRR A TR T A A R
BB ABEERA DM R, bl 2 & I
PR Cd* " HAT B i sk 4% & W VR R A1,
AIRE M B A B A F R AE L T, cv oM
CVC350 Xf Cd** HAG AHHBL A W B 5 R fige Wi %, ELAH
XTI, CV Al CVC350 X Cd>* B W kR B I T
X PO 1A B 3T U B A Gt R G SR
Pb** B 5 TR
2.4 IR HAEYHNT PH T AP RN B o
2.4.1 W R ILAEY T Ph? T B Bl 2

WK 3 frzs, CV Fl CVC350 %F Ph>* (9 W fif 78
30min ZE A7 BEAR TR B4, B CV FT CVC350 Xf Ph**
(R i 347 Ay R s i B ok 7. BE CV AT CVE350 Xt
Ph* " (R ik 3h 1 4 3k B2 5 1t 8] 2 97 2% 05 R iR AT 40
A GERANER 5 R, CV XF Ph? T B [ 3 ) 2 i 7R
5 Elovich )5 FE LA FE I8 K, P& 2R N
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&4 CV 7 CVC350 # Pb’* F0 Cd** WM FREIRE" /%
Table 4 Rates of adsorption and desorption for Ph** or Cd** onto CV and CVC350/%

sz + Cd2 +
s cv CVC350 cv CV(C350
AR DR AR DR AR DR AR DR
1 99.13 0.302 99.94 0. 000 97.72 0.088 98.12 0.356
2 99. 44 0.185 99.95 0. 000 91.93 0. 000 87. 63 0.787
3 99. 48 0.131 99. 96 0. 000 79. 54 0.216 63.90 1.127
4 99. 88 0.219 99.97 0. 000 60. 41 0.626 47.30 1.109
5 93.71 0.088 99.39 0. 002 32.47 1.415 30. 15 0. 888
6 80. 71 0.174 97.91 0. 007 20. 82 2. 068 19.91 1.527
7 69. 43 0.237 97.81 0.010 17.59 2.510 17.55 2.140

1)Pb2* Fl CA>* (I LAY BE G5 1 B 7 43514 100, 150, 200, 300, 500, 800, 1000 mg-L~"; AR fCF L2, DR FLFAHIE R

0. 9134, ifii CVC350 X Ph>* [ WK B 2 g 21 2 ) o
AR Ji2E i, KGR B R 4 0.9173.

WFSEINR , HE G Bl g 2 FH T 3 W 5 g 2 4 ol

F1 5 B A DG 2R, HL L B I AR LA Ak 24 W B
F A BE ALY AR o s R A S
2 0 R B R B K, AT D e e AR A L K
TR R o 3 R A A 7 A e, EC R o 3ok 23R o h fh ;
W Bt ). AT L, CVC350 M B 7K 35 3 H i) Ph2 T 2t

W it /mg g !

o T AP FLOEER B 2 1 25 08 W . 't T vesso
25 b PRI BRE R Ph® AW B Bl g 2 2 R b s 000 200 400 600 800 1000 1200 1400
BT, CVC350 Xt P> I I 3h F1 2% 08 o — St P l/min

sh 12 7 R, W CV X PhYY B9 W B 3% FE Elovich 3 CV #1 CVC350 3f Pb>+ By IR Mt 5h =
I Fig. 3 Kinetics of Pb*>* adsorption onto CV and CVC350

5 CV 7 CVC350 3t Pb?* W B AR Bt 3h 1 22 45
Table S Constants and correlation coefficients ( R*) for the kinetic adsorption of Pb?* onto CV and CVC350

Elovich 777 B 1505 HE B 155 i
% Q,=a+bln Q0,=0.(1- e fity /Q,=(1/K, x Q%) +1/Q.
a b R? Q./mg-g! K,/min ! R? Q./mg-g! K,/g+(mg-min) ~' R?
Cv 44.74 0.011 0.913 4 44.79 6.774 0.2195 44. 80 1.571 0.4182
CV(C350 40. 65 0. 654 0.8255 44.11 2.265 0.739 1 44.37 0.177 0.9173

2.4.2 W2 HAYIHRNT CA> T B IEEh 2%

Wi 4 fir7s, CV F CVC350 % Cd** Al % Fff 3= 32t
BALFE A B B, 26— A~ By B Ok R W B B Bt
360 min LN Cd** A58 PR B i i, X AT AE S AT
WA B A7) JEH O A 790 2 T £ R o 4 AR W o sl A A §
DRI, B B 8 g 2 T R 5 585 &ﬁ&ﬁwm -0
SR, Cl®* I IR P ) 2 K 17 52 208 48 4 =
kAT RES L Cd®* ri I 5 IJB’J%‘LV\PW%W 8
RS C* B Gl S T 5. o ovesso
A HAE 4 RS IR) 3l ) 2% 07 R A LA 2R 0T (% T TR YT
6),CVC350 Xt Cd** By At Ia] 3h J12# i AT A Elovich Hf /min
JRE I B R? 40. 852 6,11 CV X Cd>* (1] El4 CV I CVC350 3F Ca>* B izhh=

ij]jj it *IJ%{E‘/'FF jSlj]jj ﬁ*} :H:j:jAgg& R Fig. 4 Kinetics of Cd** adsorption onto CV and CVC350
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0.994 6. BLAN, HIE 4 JRAT UL, #E 1 ~ 1080 min
P, CVC350 X Cd** (W B & A F CV, {H7E 1 080
min )5 ,CVC350 MRt CV AT g 530
WEFERF ] CVC350 XF Cd>* il W i 3 15 £ 1 3] o
KB 56, Kim 25 B 98 4 05 A2 9 ¢ ( BC)
XF Cd** Wy B ) 8 g 2 45 R 3R B, BC300 Al BC400
XF CA* B W B AE 24 o3k B0 RE S AR 2
BC500 £ BC600 X} Cd** f) W it i 7 24 h J5 415 #E

AR, T2 T W & PR A 5 A W N
HR i A ) e kE CAP T IR AE 60 hJE FE AR AN
Ar DR 3 T — 25 gl TR e (] ) 5] 2 A g e
W B Cd*t Y B R B ) 2 B AR B2, VA
CVC350 Xt Cd** (14 W B B[] 2l g 2 fih 2 52 B0 e i
WG 66 AR08 o6 791 B B, CV.C350 X6 Cd® ™ ) i f
Bl 128G HE Elovich JrF2, T CV XF Cd>* 11 W Bt
WG HE G sh )12 .

£ 6 CVFCVC350 3t Ca’* KRBz HE S5

Table 6 Kinetic constants and correlation coefficients ( R?) for the adsorption of Cd** onto CV and CVC350

Elovich 77 WE—sh 120 e WEZ s 12 i e
% 551 Q,=a+blnt Q0,=0,(1-e k1) /Q,=(1/K, x Q%) +1/Q.
a b R? Q./mg-g! K,/min ! R? Q./mg-g™!  K,/g-(mg-min) ~! R?
(% 8. 758 3.466 0.8826 30. 04 0. 040 0.9415 28.72 0. 009 0.994 6
CV(C350 5. 456 3.463 0.8526 29.998 0.014 0.768 3 20. 89 0. 037 0.4858

2.5 4G pH XF Pb** | Cd** MBI

ME 5 (a) ATLUE Y, fEAHTF] pH &, CVC350 Xf
Pb** (B R4 T CV, 24 pH M 2.0 ~3.0 i, CV
A CVC350 X Pb>* (I B 3476 pH A3 in &2 7+
#H HY pH KT 3.0 5, CV Ml CVC350 Xf Pb*”
R Iz B AR AR . CVE350 XF P> () % 52
pH ZEALSZ AR X B/, & 5 (b) IR AT UL 78 pH -l
2.0 ~4.0 i, CV 1 CVC350 XF Cd** By fi#BE pH
WEhNmRE AN, 24 pH M 4.0 ~ 6.0 B, FEF)4h pH 3

200

(a)
B 150 f o
E ¥ ¥ *
E
B®
=
& 100
& .
—4— CV-Pb
—=— CVC350-Pb
50 1 1 L 1 1
2 3 4 5 6
50
(b)
- 40t
oo
[=11]
E
=
= 30
=
g
20 | —— CV-Cd
—h— CVC350-Cd
10 1 1 1 L 1
2 3 4 5 6
pH
B 5 AE#E pH T CV 1 CVC350 Xt Ph2+ |
Cd** HENT L

Fig. 5 Effect of initial pH value on adsorption of Ph?*
and Cd** onto CV and CVC350

T, CV A1 CVC350 X Cd>* Ay W B A8 fb ke 2% HL &2
/NS, BT pH R, CV A CVC350 XK
Ph>* 1 Cd®* 14 W B o 2 AR/ 35 3 25 e i
WIS A — 3 nT UL, M, pH 90 LA v B 38
GBS, CV A1 CVC350 X Pb** F1 Cd** W BffE 7 pH 5
MR, X5 2 /i IR R E 2 REDY s R
PRI REAE T . 24 pH B AT, W B 500 08 B HL* 7 1E
ff ,H* 54 8 81 35a 4 /E o, HL 25 o 48 58 2 W
JESE AT BELAF: T < W RS 5 B pHL T, 2 S 550 18
B OH ~ fofi L3R TR Bl 67 R g 1 TR 86 v, DT i
Ph** Il Cd** B B B pHL 0L 8 i 8
2.6 FTIR 74T

6 XFHL T CV A1 CVC350 MR Ph>* AT Cd** Rl
JEBILT AN G, AR A SC R B B A A
3600 ~3200 cm ' H LAY TEUE R e | WERG | EEAE T
FH—NH, —OH i 45 & 3 e Wi e, 141 5 v CV Al
CVC350 W Fff 5 4 Jm il Jm b A i 48 4ig Sl e 7% 4% | 16
Bt b 35 A th—NH, —OH "l fiE 25 1 Pb**
Cd>* By W Ff 52920 ~ 2850 em ™' G Wi 12 b
—CH,—, /I8 5 C—H., 1H I 3= 5 3k 5 T W
MR A LU CV 752 918 om ™' A %
Wl H CV-Ph Fl CV-Cd 75 It Ak B 0540 B 43531 5% 7
F2919 em ' H12922 em ™", LA W R kA 1T B S
I R T CVC350 78 % B Bl 4 A
Wi, B A% At B2 B8 —CH, 5578 R 15 % 43 ol [
SER. 1636 em ™' 1614 em ™ WL IR U4 S 35 7
FC =0 (i—COOH ) B C =C 4 >, CV-Pb
Al CV-Cd 78 BEAR S B2 M1 636 om ™' 5455 &
1635 ecm ™', CVC350-Pb 1 CVC350-Cd A1 614 cm ™



5 4] RSO A FIREIE RIS RS PO | Cd** B BRI

2179

B E1616 cm ™, RUIFHEHILA Y II—COOH 1]
AEA BT CV Fl CVC350 X} Pb>* il Cd** i 1 .
1465 ~1340 cm ™ AW IS Rt R ERC =0F1 C—O
i4E % 30, CV-Pb Fl CV-Cd H11427 em ' $% &
1424 em ™' CVC350-Pb A1 CVC350-Cd Hil 431
em ' EERL E 1420 em T A1 430 em ™', [A) A
KGN T 1 384 em ™ A A R IACUG , A5 B IR SE T Bk R
P AYC =0F1 C—O0 7E CV 1 CVC350 X Pb** Al

Cd>* 11 W B 3 b i 7 B AR . bk Ak, 1080
em " Ab Y W% W O W R £R P—O R 31, CV-Pb
M CV-Cd 1080 cm ™' #4421 077 em ™", #fEM 7]
e/ Pb* " Al Cd** SRR EE G X UTIE. 25 1oy
B, CV XF Ph>* Fl Cd>* A W B 7 A 32 B2 4 h 7R IR
Ui I B A 0 R . ok R R AN B R £, 1T CVC350 X
Ph** Fl Cd® * 118 W R a2 2 A % A e o8 0 75 R A

3446 CVC350-Cd

10801 034
384

CVC350

3419 CVC350-Pb

1424

1 635

1
3 500 3 000 2500

1
2000 1 500 1 000 500

e H/em™
6 CV #1 CVC350 Bt Pb** F1 Ca** BISSLLSM RIS
Fig. 6 FTIR spectra of CV and CVC350 which free or completely adsorbed Ph?* or Cd**

3 it

(1) 5 CV # L, CVC350 BA T mE K4y . pH,
R A Y 55, C. H, O FI N & ¥R [E 2
VI M RRALG, 25 A P AR AR MR .

(2)CV Fl CVC350 % Pb>* 1 Cd®* B 465 Tk W% Fft
M #74 Langmuir BE%) GV X Ph** B 0% B A T
CVC350 , H f5 KW Bt & 43 90 4 170. 67 mg-g ™" I
227.27 mg-g " I X Cd** A% S KR B 4l oy
43.01 mg-g ' F142.75 mg-g ™", 22 FH/N. Ay
PESGEFE W], CV FI CVC350 X Cd>* By W Fff % B
ICTF XS P> (A B T B &S Cd®* 5 B
Ph** M FLAH XS 5 T g .

(3)CV £ CVC350 X P> * At Wiz B 2 ke o8 187
TR, CVC350 X Ph** Ay W B 2 g 2 o A S A o —
G 1205 T CV X Ph? B 44 Elovich J7
&, CV H CVC350 XF Cd>* YW ik 5 g 27 th 28 52 31
PRSI BTN 35 0 5 R B B, CV.C350 X Cd** 1)
W B 30 g 2 384G UE Elovich 582, 1 CV XF Cd** fI
B HE 2 sh J1 2 R

(4) #fl[7] pH '~ ,CVC350 XJ Pb** iYW B &t iy T
CV , HFE X Cd>* 405 B0 TG B . 22 5 5 S 0 TR )
& pH BHAKEF , CV F1 CVC350 X Ph>* 1 Cd® * W ff
5 pH IR ; H 5 Ph** 76 CV H1 CVC350 LAk
BEFAHEL, CV R CVE350 X Cd** AR 32 pH A2 1K1
I L.
(5)FTIR &5 58 CV X%} Pb>* F1 Cd>* (1) 0% Bff
7 A v L U B R |k Rk M B TR
£ T CVC350 X Ph2* H1 Cd>* AW FRH A5 32 2 Ry 5%
B2k
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