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Study on kinetics and thermodynamics of Pb?* ,Hg?* ,Cd?* ,
and Ni** adsorption onto castor straw

Ql Jingkai', ZHANG Yufen*, YU Xiuying®, JIANG Haixia®
(1. Life Science College, Inner Mongolia University of Nationalities, Tongliao 028043, China;
2. Analysis Center, Inner Mongolia University of Nationalities, Tongliao 028043, China;

3. Agricultural College, Inner Mongolia University of Nationalities, Tongliao 02804, China)

Abstract Castor straw was used to remove Pb, Hg, Cd, and Ni from aqueous solution as an adsorbent by bath
adsorption experiments. The effect of solid-liquid ratio, pH and initial heavy metal concentrations on the removal of heavy
metals was investigated. Isotherm adsorption and kinetic characteristics were also discussed. The results showed that
the adsorption parameters of Pb well followed Langmuir model, Freundlich model and Temkin model. The adsorption
parameters of Hg and Cd well followed the Langmuir model and Temkin model. And the adsorption parameters of Ni well
followed the Langmuir model; The adsorption kinetics of heavy metal ions could be described by the pseudo-first order
model, pseudo-second order model and Elovich model; The maximum adsorption onto castor straw capacities were
209.60 mg/g Pb®" ,129.41 mg/g Hg*" ,62.78 mg/g Cd’" ,25.86 mg/g Ni** , respectively. In conclusion, the castor
straw was effective for the removal of heavy metals from multi-metallic mixture aqueous solutions.

Keywords castor; straw; adsorbent; heavy metals; adsorption efficiency; kinetics
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Wk 4r b, T 400 r/min FERED 24 h, 7850 K
R Fe s B VG WL 0. 45 pm B BE AR, FH ICP-AES 43
S0 BRI Pby Hg Cd Al Ni B8 ¥k B H A B
JRFEFF R AR X Pb. Hg Cd #l Ni 5+ 19 W B %, 13
IEFRE A 3K,
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5 33

FE LA BERRAS AT 0 AY L3R BRI AR Y VR B AR AR 87

F 400 r/min FEER 24 h, THWHE I
Wit 0,45 pm UERE, 1] ICP-AES 43 51| I 22 18 W
Pb.Hg.Cd I Ni B ¥ B, 153 B BR A5 FF 8 oK XF
Pb.Hg.Cd 1 Ni 5 1 0 B 232 F0 0% B &, £ 40 31 6
3,

Ql» _ (Co _CL) ><V
m

A Q. VA W M i mg/ s C, P I G2 B
TR mg/ L Co W) 06 8 45 i 2 i W
mg/ LV AR Lym 2 BORFS AR A BT i, g0
1.2.3 RWEA

1) 25 i Wl Y A2 75

KA 4 A2 i 55 IR WG B AR A Langmuir,
Freundlich, Temkin 1 Henry # % 3 40l & B BR A FT
By AN A4 b L 4 1 () 45 Sl IR B R
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Fig. 1 Effect of solid-liquid ratio on the removal of

heavy metals of castor straw
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Fig.2 Effect of pH on the removal of heavy
metals of castor straw
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Fig. 3 The effect of the initial heavy metals concentrations

on the removal ofheavy metals of castor straw
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Fig. 4 Isothermal adsorption curve of the heavy metal ion and fitting curve of castor straw
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Table 1 Fitting parameters of Langmuir, Freundlich, Temkin and Henry equations
IR VR O A 2 JtZ Element
The parameters of isothermal
adsorption model Pb Hg Cd Ni
K. /(L/mg) 0. 004 0.007 0. 009 0.019
Langmuir 1 %) Q,/(mg/g) 209. 60 121. 94 62.78 25. 86
R? 0.974 0.949 0.948 0. 864
3BT R, 0.024~0.917 0.417~0.877 0.357~0.847 0.305~0. 703
Kr(L/mg)'" 5.374 4.692 3.515 3.261
Freundlich £ %Y 1/n 0. 487 0.563 0. 644 0. 343
R? 0. 940 0. 889 0. 868 0. 818
B/ (J/mol) 13. 240 19. 492 52. 855 202. 362
Temkin % %Y A/(L/g 1. 397 1. 419 1.462 1. 659
R? 0.973 0.964 0. 960 0. 824
B Ky/(L/2) 0.703 0.524 0.292 0.099
Henry 5 %1
R? 0. 780 0.715 0.577 0.098
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% 2 Langmuir,Freundlich, Temkin #0 Henry 1 & gyl & & £

Table 2 Fitting parameter of Langmuir, Freundlich, Temkin and Henry equation

SIPIES SISt 765 Element
The parameter of kinetics model Pb Hg Cd Ni
K,/(1/min) 0. 099 0.071 0. 036 0.052
e — R 3 J1 % Q./(mg/g) 94. 122 80. 764 32.622 13.874
R* 0. 948 0. 937 0. 985 0.938
Q./(mg/g) 102. 089 94. 181 44,559 15.672
W= R 1% K, /(g/(mg/min)) 0. 001 0.000 5 0. 000 9 0.004 5
R? 0. 984 0. 989 0.979 0. 964
K,/(mg/(g + min®)) 0. 285 0. 359 0.170 0. 055
URL 9 AT C 61.599 33.385 14.913 7.059
R? 0.719 0. 688 0. 707 0. 686
a/(mg/(g/min)) 81. 497 15.022 6.653 4. 869
3% 4 25 J7 18 B/ (g/mg) 0. 064 0.061 0.130 0.393
R? 0.948 0. 941 0.922 0. 949
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T AT A AR 1 9 W BT S Langmuir #5212 4 34 BE RR A% #T
HE ARG N 12 B 1 S AR A5 A, 150 1Y B JRR A P By A
XF Pb B 1 W B G A5 2 W B s A U2 I RA L X
FEAY 3 Tl -1 110 W R 2 )22 R RS L R BA 5 2 T Y
W BT AR R Bt 7 o A3 e M T e

AF 5 3 WY WA BT 700 7 955 2 i 141 5 1 W, 7 R
4| T 4 FhE S BB b Pb B T i
PR R N B 1 97 1 e /) o DR G B JRR AR A A
XF Pb B B W B X NI A I B /) e
ST
3.3 EKizh HEEE

B RRARS AT Ry AR X 4 o 0 4 J 1 1 WS 3 e
BGRB8 I e T, 280d 2 h IR R SR AR ik
AT o 33X R R A W B B B B RR RS R oK 3R 1 AE

Langmuir,Freundlich, Temkin Fl
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2017 4F 58 22 %

TE R 18 W B A7 ) 5 R S B IR R T B R A
TE B JRRAS FIR0 A B 2 100 W B 75 5 0B 4T 5 A1 IR R R
b5 IR 5 90 R 4% T TR S ) o vk R R R A
JPRAR A R 1) B i 1 e R 2 O W T ) 9K Bl
T3 ol 45 087 B DR 5 it 0% BT B (] 69 22 L T
W BAE 57 s R T4 A L 2% T 4 i B 1 R A B RR A AT Y
TWCFL PR BEL T 1 5 00 R £ 8 i 1

AT FE R FE— Bl 0y 5 e sl T 2 R
PR T 39 A4 73 A5 TR o 8 JRR A A A WA I o < TR
BT I8 )2 il B AT U L DL BT Bl ) 2 A
HE— Bl 7 2B L B T MR 52 ) B R s vE
G 1 A RUBRE W B 32 A =7 I8 B ML B 42 i 5 S0
PN IR TR T i o TR R 5 A R A S B
T AN T G 0 3 TR 2 T L AR I TN A 7RI 3 4
TR A IR TG AL R AL B R S i A X 4
el A5 TR 5 B AL 3 0 T 5 ep A5 B 0
B PR AT A5 A 4 b B 5 i 000 WO R o A 10
— B 15 HE G S A R SRR O R S R
WHF 3282 3 8 0 BRI AL~ W8 R T 47 o o L W B e
S MR e N

TR R

D [E W L pH AV 43 J8 25 1) 4 5T & ik B2 5P
Wiy B JRR AR AT A R X P He . Cd 1 Ni B 5~ # W B 2%
W MEWES 1 1.1.75 = 1 1 1.5 = 1 B}, B #K
FEFF R AR XS Pb B ¥ Hg 8 7 # Cd 87 LA M Ni &
F Y M R B K pH S 4.5 B, BERRAS FF Ry AR X
Pb.Hg.Cd 1 Ni £+ 1YW B % 5 K s Pb 825 ¥k JiE
4 100 mg/L Hg &+ Cd & F¥JE -~ 80 mg/L.
Ni 8§ 7Y 60 mg/L I, B BRAE AT 83 KX Pb i
T Heg & 7f Cd £ 7 LL K Ni g 7 19 I A e K

2) EERFE A B R X Pb.HgCd 1 Ni & (1 %
By B2 i 20 min AR BE S A2 18, 2 h BE A I8 3] 7
5 s E— BN T2 7 R HE BN ) 2 Ty R R
Al 7 R R AR G M R B RR RS AP X 4 M E SR

3) ZE TR W B4 B €0 , Langmuir . Freundlich FI
Temkin #5258 58 T 4 Wi 4 38 Pb 2§ + 78 B K Ak
AR BB, Langmuir F1 Temkin 557 58 57 47 Hb
W Hg M Cd B 1 75 B R R FT 8 R b 5y me B
Langmuir #5586 0 4 1 f A Ni 5775 B RS ATk
ARV B IR R 5 4 ol R B SR S A R ORI B R O i) R
209.60,129.41.62. 78 Fl 25. 86 mg/g.
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