41 1 Vol 41,No 1
2004 1 ACTA PEDOLOGICA SINICA Jan. , 2004
*
NI 1 # =2 2
FoEM RS FKAEK
(1 400716)
(2 400716)
pH pH 300 350 Freundlich , pd 400~ 650
Langmuir ; pH 300~ 650 ,
pH L pH pH . pH
6 50
Elovich
S153. 622 A
. , 0.1 mol L™ 'NaOH \
. LL1HCI pH 20
m , , HA HA,
(99.99%), HA 4.76 mg ml™ ',
) 6. 85 mmol gfl, 2.92 mmol g "
, , 3.93 mmol g~ ', 0. 40 mg mI" ',
, , 0. 98%,
; 12
o 12.1 HA5ml 56
: (HA) 8 (7 )100ml ,
40ml00.10.2 0.4 0.8 1.020mmol L™'
HA cdcL LOmol L™ NaCl
pi ; 5 ml 0.1mol I-' HCI(  NaOH)
’ pH, 8 pH 3.00
3.50 4.00 4.5 5.00 5.50 6.00 6.50 8 ,
1 HA( pH ) ,
24t1°C 12 h,
1.1 s pH
(HA) 1l () ( 0.5ml),
( ) (307
* (40071049)
(1963~ ), N
:2002- 10- 05; :2003- 03- 31



1 75
: pH 3.0~ 10.0, Cd™ 10 *mol L™ '~ , pH  pH HANNA
10" "mol L™, 0.1 mol L™ " NaCl , 15°C pH 211
24C 35°C Emest s 1.2.3
cd* , I5C 24C 35C, pH 4.50
) s 5.50 6.50 1.2.1
cd™* ( ) WMZK , HW- 8B
Freundlich Lang-
muir  Linear s r 1.2.4
0.1 mol L ' NaCl ,24f1C
1.22 pH HA 5 ml 5 ml HA pH
Imoll.,” ' NaCl 5ml 40 , 5 8 ) 4.50 5.5 6.50 45ml (CdCl2
100 ml ) CdCh, 0.2 mmol L. 1) ,
CdCl, 0.1020408 1.0 mmol L™ 1, 02468 10 16 32 64 128 256 512
0ml  0.1molL™" HCI( NaOH) 1024 min Cd* ,
pH, pH 3. 00 pH
3.50 4.00 4.50 5.00 5.50 6.00 6.50 8 s 1 , r
HA , 24t1°C ,
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Table1 Kindics equation used
Name of equation Equation The simplified equation
One-level kinetic equation Log(1-s/s,)= - K+ A Y=a+ h
Twe- corstant equation Logs= loga+ blogt Y= a+ bbgt
Elovich Elovich equation Si= a+ blnt Y= a+ bht
Parabolic diffusion equation S/S,= R+ C Y=a+ h'?
1S Adsorption; S : Utmost adsorption;t: Reaction time; Ka R a b A C: Constant
, pH )
pH  HA—Cd*
2 HA [6]
,pH
2.1 pH cd - pH , HA
24F1°C 0.1mol L™ |
ol ) HA  cd” pH 1
pH 351 3.02  Linear Fre- » pH ;
undlich HA (r= Cd” pH
P P 2+
0.9832" "~ 0.9967" " ); pH  4.00~ 6.52 Cd pH :
Langmuir cd®  HA pH
(r=09%88 "~ 09984 ") Langmuir : H*
pH 3.51~ 6.52
, pH , Cd* 45.17 mg g ' pH 3 B pH
Cd** 154.29 mg ¢~ ! , (b ) pH (r=09707 ~ 09954 )
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2 pH
Table2 Adsorption isothems of cadmium on humic acid at various pH (24°C, I= O Imol L™ ')
Linear equation Freundlich equation Langmuir equation
pH r r r
S=KC+ a S= KCn S= SmC/ (C+ 1/b)
3.02 S= 0.389 3C+ 0.002 7 0.983 8 ~ S= 0 320 4" 805 0.967" " S= 0 134 48C/ (C+ 1/4. 49 5) 08203
3.51 S=0.1969C+ 0.002 6  (.983 2" * S= 0 1331C°733  0.965" " S= 0045 17C¢/ (C+ 1/8. 589 6) 0958 8"
4.02 S=0.446 1C+ 0.013 0 0.94 5 S= Q0 212 5¢> 507 0.9886" " S= 0.052 &C/(C+ 1/38.944 2) 0988 8 *
4.52 S= 0.4337C+ 0.021 1 0.853 2 S= 0 187 2C0- 479 0. %62 8" S= 0.0619 1C/ (C+ 1/72.532 6) 0984 0"~
5.01 S= 0.957 8C+ 0.028 4 0.803 1 S= 0 351 3C0-4795 0. 921 8* S= 0.1041 9C/ (C+ 1/77.090 8) 099 1**
5.53 S= 1.1554C+ 0.0%4 7 0.800 1 S= 0 386 1464 0. 959 7* S= 0. 1128 7C/(C+ 1/117.349 7) 0997 7"
6.01 S= 1.3997C+ 0.041 0 0.766 3 S= 0400 7C*©18 0. 921 3" S= 0.1212 5C/ (C+ 1/ 145.436 0) 09974 "
6.52 S= 2.5797C+ 0.046 5 0.721 9 S= 0546 1C>®87  0.9025 S= 0. 1542 9C/ (C+ 1/ 171.903 0) 09%4""
# % 0<0.001,*P< Q0L n=6
~160F ¢ Cca*0.1mmol L' <200
w140} 2 4 =
&0 B Cd*0.2mmol L [y
g 120} E 150
& A Cd*0.4mmol L} &
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E % .8mmol L g 100 *
T X Cd*1.0 1L )
£ ol mmol L - ——35°C
3 w —8—24°C
w 40F & —h—15°C
£ 20} = L 1 I
g - 0 0.5 1.0 1.5 2.0
2 3 4 5 6 7 Cd* ¥ Cd*content (mmol L)
pH
2
1 pH Fig 2 Adsorption sothemns of cadmium on humic
Fig 1 The relaons between the amounts of cadmium absorbed and pH acid at various temperd ure
3 pH
Table 3 The regression equaion of cadmium alsorbed and the medium pH ( 1) ( 2)
InK= — AH®/T+ AS/R - (3)
C+ o o
D) A G ] AH
Initial Cd2+ content r
Regression equation AS°® R
(mmol L- 1) ’ s
Q1 S= 5.46pH- 11 09 09707 ° o
, AH° A , Ik UT
Q2 S= 11 00pH- 24 08 09831" "
mK T 3 pH
a4 S= 20 9pH- 49 26 09920 "
.k UT , pH
08 S= 32 GopH- 76 49 09950" "
pH HA
10 S= 34 81pH- 85 73 0 9954" ¢
cd* : InK /T
# % 0<0.00l,n=8 4
2.2 4 ,
15C 24°C 35C pH 4.5 5.50 6.50 pH S
HA cd* pH 5.3 . ,
2 ,HA cd* , pH AH°
, , HA
Gibbs
AG°= - RThK, --. (1) Vonopen B

AG= AH°=TAS ...
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sar 1
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Fig.3  Influence of ternperaure on cadmium adsorption on 2
o - HA Cd
humic acid at equilibrium
4
Tale 4 The adsorption capaciy of cadmium on humic acid and the thetmodynamic parametes
Temperature Temperature Temperature
288K 297K 308K AP
H LiK= - A /RT+ AS/R
Qm Qm Qm (kJ mol- 1)
k
(Cd* mg g™ (Cd* mg g™ ) (Cd** mgg™ ")
4.51 87 26 825 61.91 4.49 40 72 2 51 LnK= 1449 I/T- 1. 61 - 120 0.998 8"
5.52 163. 51 17. 89 120. 26 12.50 100 18 10. 82 InK= 212 0/ T- 4. &3 - 18 38 0.992 3
6.50 190. 59 2. 96 154.29 26.52 134 52 21. 66 LnK= 5288 2/T- 16.24 - 43 9% 0.9% 6
5
Tale 5 The energy of somption from different forces (kJ mol™ 1)
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Table 6 The relation between adsorption wefficient and pH in halance liguid E
E1o
Cd* 2
< —&—HA pH=6.51
Sl o 5
Tnitial C& logK = npH+ logk . ] —®—HA pH=5.52
cont ent b —A—HA pH=4.50
& o L I 1
(mmol L™ 1) 0 1000 2000 3000
& [ Time (min)
01 logK= 0.584 1IpH- 2.414 1 0 964"
5
logK = 0.560 4pH- 2.408 2 o
02 e a 0959 Fig.5 Adsorption amount of Cadmuum on HA vs time
04 logK= 0.468 7pH- 2. 1858 (944"~
08 logK = 0.357 IpH- 1.8808 (0 988 7" " (7)., Eovlich
L0 logK = 0.327 IpH= 1.9020 0 987 8" * ’
(r ) pH ,
* # 0<0.001,n=8
2 2
2.4 , (b )
HA 5, pH 65 s Elovlich , pH
HA 256 min , .b R
7 pH (n=12)
Table 7 Kinetics equations of cadmium adsorption on humic acid at various pH ( n= 12)
Elovich
HAS pH Firs-order equation Parabolic equation Ebvich equation Twe-constant equation
a b r a b r a b r a b r
450 -02580-00002 0.5958 O9E-05 3E-0 0706 2E- 05 3E-050.9299"" - 40704 0.250 0.711 9
HA 552 -02481 — SE- 04 0.4013 0.0001 3E-06 0.711 0° 3E- 04 4E—- 05 0.8979"" - 3.9920 0.3014 0.8910""
6.51 - 02613 - 8E-05 0.3756 0.0002 4E-06 05135 00001 4E-050.85%0"" - 4552 0347 0.821 ('

* %k P< 0. 001, * P< 001
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KINETICS AND THERMODYNAMICS OF CADMIUM ADSORPTION ON HUMIC ACID

Li Guanglin' Wei Shigiang® Qing Changle?
(1 College o Basic Sdence and Techrology, Southwest Agricultural University, Chongqng 400716 China)
(2 College f Resources and Erwironment, Southwest Agricultural University, Chongqing 400716  China)

Abstract Kine ic and thamodynamic charaderistics of cadmium adsorption on humic acid were studied using ior- selective
electrode. Results show that the charaderistics of cadmium adsorption on humic acid differed with the medium pH: the adsorp-
tion data were best described by Freundlish equation at pH 3.0~ 3.5 and by Langmuir equation at pH 4. 0~ 6.5, resped ively.
Significant correlations existed between cadmium adsorption amounts and the medium pH at the range of pH 3.00~ 6. 50 under
the experimental conditions. The increase of temperature resulted in a decrease of the cadmium adsorption amount on humic acid,
suggesting a heatrelease reaction between humic acid and cadmium ions. The adsorption heat was pH-relevant with an increased
adsorption heat at higher medium pH. The adsorption forces of cadmium on humic acid varied substantially with the change of
medium pH, with ligand exchange being dominating at pH 6. 5 and hydrogen bond and dipole force being the main forces at pH
5. 5. The adsorption processes involved partly eledrostatic force without the release of hydrogen ions. The logaritm of the ad
sorption distribution wefficient ( log K¢) positively correlated with the medium pH at low cadmium concentration. An initial fast
reaction stage followed by as slow readion between humic acid and cadmium ions were observed and it took at least 500 min for
the reaction equilibrium to be established. The reaction rates were accelerated with the increase of medium pH and the adsorption
kinetics were best described by Elovich equation followed by double- constant equation.

Key words Cadmium; Humic acid; Adsorption; Kinetics; Thermodynamics



