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A study of heavy metal adsorption on montmorillonite/humic acid complexes

XU Yu-fen, WU Ping-xiao and DANG Zhi
(College of Environmental Sciences and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: This paper studied the absorption of three kinds of heavy metal ions (Cu?*, Cd**, C£*) on mont-

morillonite/humic acid complexes. The result shows that the montmorillonite absorbed humic acid can improve

the absorption capacity of three heavy metal ions, and the improvement is increasingly remarkable with the ris-

ing concentration of absorbed humic acid. The Langmuir constants of adsorption isotherm can reach over 0.99.

The adsorption amount of the three kinds of heavy metal ions increases with the rise of pH, but the adsorption

amount decreases with ionic strength. Based on an investigation into kinetic characteristics of the three kinds of

heavy metal ions on montmorillonite/humic acid complexes, the authors have found that the Elovich equation

and the two constant equation can describe the kinetic characteristics very well.
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HEAE/BEL RN NPFRE LD, EILER,
HW s —REEFRTEAK LT /ESR
FE BT, Abate 1 Masini(2005) i#17 T ZEA R K
- pHEMAFRME FRERXETHERBENEA
Xt Cd** \ Pb** BB B 47 B L B BF 5o Cornu %
(199 R EBHHER /R L ESRAEERNE
., Zachara %(1994)F1 Spark % (1997) HIBFFT R
R ERRRHAED PER L EEMERE FHR
e 1. AXARKE LT W HBRE S KX
Cu* .C#* .Cr* 3 MESRBE FHRBRMITH, Hit
HEBR 5T Y /DOM &4 AR E RN KR
eyl Sy R

1 £

1.1 XB@HE

FRARGRATET AEENSEREA L
BB 7R HAE(CEC)N 78.3 mmol/100 g £,
HRER(BET) N 120 m?/g, SASBRMEBCR ALK
AR ERECH , o HE AL, J5 Bl
FE(0.45 pm) 338, WG I 3 RZ RN BRN pH
HRAZE<L.S, WA AMBRUTENR S, £28.0 XK E
HH, ARBKERE—K, RE X HEE/LHBER,
# pHERZE 8 £F, 5 HAMFLIEREK0.45 pm) T
W, ERBLAFANHERER. EE3RKZE
FHREFESA

R aiidR Cu(NO;), . Cd(NO; ), .Cr(NO;)3
57808/K o ) % Mt TR, SE R H B 7R 320
mg/ L B8, B TAERESBRAELRAHERE
BITRWE . TR BRI NaNO, (4
¥réak) o
1.2 ¥EAR/PERESENE&E

FREL 0.500 g JE+F 250 mL &M, FMA
5 mL FCE I B R W 3k B BB R R, B R 50
mL(RR 50 mL EEFK#R), HEBILN 1:
100, Fi—E W B #Y HCl 8% NaOH ¥ pH &0 6,76
30C F{EE L 150 r/min #}R % Z V4, & 20 min
JaB5>(4 000 r/min), B L EBZERHEBE F/K
¥k 3 LB, iF 200 B, RBIHEREHER
—MESTRELR.
1.3 ES&RAYBHKe

WM SRR 100 mL |- OB P #T. 25
RO.5 g ARMEHETHER D, REMA 0.1

mol/L ) NaNO, H#FE ARG ES BER,
BRI e & i HCl F1 NaOH 3% %13 pH 18,
BANRY 28 _L7E 30C &4 T i 2 R HHE 2P
. BAELCIERATEC, R EEBAREF
B HAET R EEBFESRE FHERRKE
B TEMARITE R & (mg/g) MIEBRE(%):
q=V(C,~C)/1000 m,Y=100(C,- C)/C,, ¥
F g NELBRBETHRHE, V A ESRBRBEBNE
B(mLl),m LT YRR (), Y ARME,C,.
CAEMAIGESRE FHREKRE (mg/L).

2 ZR5iTe

2.1 HAEER AR E S R T R AR
Cu?* .C&* .CP ML BB RERER N 64
mg/L, ME 1 TPAFE H, Cu?* .C* Wk Bt R bl & 4
HRR BTN, T C?*, EEEBRR
BB 2 mg/L B, IRBHFER KK 60 % ; T 24 53 AR
WM B8R 12 mg/L B, BRI LB 2%, X TF
Cd®" , HEAMPRR M & N 2 mg/L B, R R KL K
56% ;T M4 EMRE N 12 mg/L, B EEE 66%.
FF Co* , FESA SRR M 5 i3 , IR B R R RS
Hahn , 0% B R ERTE 95% LA L, ATREEX MR BEE T
MFEFH Co* HAPF IR A 2 6 FH B F 32 5B M
(fTEF%,2001) , SHBBR AT HE BXS CP ™ MR
WA K. Liu Fl Gonzalez(1999) KB FT & L, 1/ i
IR AR BTSEB A X C* (Ca R 2R
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Fig. 1 Effect of absorbed humic acid on the adsorption of

Cu?*,C#*,CA* on monunorillonite/HA complexes
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WA, X5AXMHRERAR—B, XTRERH
FRALB P, ESRETHAILEYDETOR
R ERARRE, S B SRt AR AR,
2.2 pHEMNNIT H/ARRISUBRHESRE
BWFHIRM

Cu?* .Cd* .CP* LRI MBI A 32
mg/L, Fi— BB HCl f1 NaOH B A% H pH
HK 3~8, M 2 HJA, A . FhAa /SAERE
Gt 3HELSRE FHRMBEZHE pH HEH
KA, B KAAME LB EHER—
B pH X Cu?* R MR g K, Xt CE* .CrY I’k
MW/, T HY 5 CE2* .CA* IR M 48
55, AR A LB A Cu*t K, pH EEMBRE
S EAR R TR B, ¥ T R RE AR
T , AT A5 KG 0y e IF R 767 A R R B 0 % 38, i
BEESREFORBERSEMDITRER L7 Y
W, %4 pH {E BT, B0 BB %t 58 i A W M Cu®*
BIUEHEAE A BT 59 , VT fE-5 % 8k P —COOH 1
—COH BRI BMRRIRBR AP HEB AT SR
WESBRETE X, Y pH EBKE, HERAK+
TYENTHANBERANEENE, FEHER
Xi5¢ Bt 0 T M E 4 TR B T A9 AR 1E R ER B R
Wu %(2003) B 55 th X BL7E pH EERHIE R T (pH
<AHBEBX C* BMNEHIERAERE. T
pH=7 4 Cd** MR MA N T B, BIIRILE (2004)
WA R THRMNE FTHE LR FENEES
BT & A LI AR A, SRR e L 30 1 5 e L 3%
Ap | T A T B s & A

3.5r
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Fig. 2 Effect of initial pH value on the adsorption of Ci2* ,
c&*,cet

2.3 ATRBFRENBHEENER

Cu** .C* .Co* MR BRE NN 64 mg/L,
AYBIZE 0.05 mol/L.0.25 mol/L NaNO; BIE B+,
W pHEN SR 7. AER1FAUES FEpHHENR S
7B Ct .CEY .Co MR BEE R FIRERN
W nmiEsN, M pH EBARRB/MIIEEER, X
FIE Sb ¥ & BB 5 & — B (Abate and Masini,
2005), MARBTFHRERE, Na*' WEBE, XHF
7E Na* fl C* .CE" .CA* XM FE A FEE R
BHBAES, M H AR Na* N2 AR
W, AT R Cu?* (Cd?* .CP* IRKF RIS, T
pH B H3 K, 318 Na* fl Cu?* .Cd* .Cr* HES
BN, XA ERENERE TFSREMBRETERA
HIE AT

£1 FEpHENEFRERGTESRERBKA /4

PN EE EHBHE mg/g
Table 1 The absorption amount of heavy metals on the montmo-
rillonite/HA complexes as the function of pH and ionic strength
Cu?* cd** crt
0.05 0.25 0.05 0.25 0.05 0.25
4.26 1.687 4.08 1.6 6.252 6.148
6.114 5.166 5.974 4.58 6.384 6.216

BT /mol L}

pH=35
pH=7

2.4 WMIERLE

BESRBRESRERMNE. ARL KRB AER
K& 3 HAFRMES RS FIEARFWEER 1T
W, BB R R R E R MR X RE(E 3)ER
H:E+MEARNELRE FRRMBHAHE
SREFNRRERENABTAR, X 3 HAM
HELRETHRMENNBRFELE COT >Cl >
CE* , BAEM RN A TR :. HIEEMSH
SHESRBETFHAERKEGERENMSE R AR
KEBTFEEB/N MBEEEN, B FREEDHA
Mo YR 5K L5 WHITE TR g FEAR LT
YR EE/\HENRENE R LT IR
M EF4%,1999), BHR,3 HEEBHFEK
BB FEZ4PIHN:C?t 0.206 5 nm,CL* 0.230 5
nm, C2* 0.195 nm(R¥B%,1999). &E5 Rk
ERNIT Y ENHERES. CC ZEBR, W
Cu®* fil C " B RME AR EHRR, BlE LM
WA AERESEST CE2 % HHR B/, Xt
CPY MR ER K,

ME3ET LIE M, Z &K REaE N E X, W
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Fig. 3 Adsorption of Cu?** ,C#*,C** on montmo-
rillonite/HA complexes
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B RMaPSMERESRE FER LT Y LR
B R B AR AR B R — Y S0 o 767 1 K OB A
i, 3R I E R B T AR RA N, A S
X Cu®* \Cd* \CP* PR M, HERTREAEX
BN AR RBRE BRE REE BEE
DREE BAES HPESERAMESEAR
HETSESRABTERESUNESY, AT
RER, AT RRRER LS N YER . (R A 8 SRR R
BI7ER: L9 YIRS TE )G , T 8B4 0 T 3R 7 s A 1
RO B AL, AT BB LT W S5 &R F 2 A
HEEHTR, IR T BARE AR, AT b0 &
REFHRM KRG WETENESNHEBRETE

ARBE/HUB

000 004 008 012 016 020
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4 Cu** .Cd* .Co* RF AR Langmuir BI#
Fig. 4 Linearized Langmuir plot for Cu** ,C#* ,Ce** ion adsorption

SR B AN ) (A5 BR SR AT o 4T A4 Y TR R o
BERBBEFREA

kA Langmuir B Mt F B RAFTEE:C,/q, =
C./qn+1/bq,,(C, M q, 53 H AV EKRE S5V ER
W&, q, ARFRHE), SRLE 4, HEXES -
#HAE0.99 UL, FHAMATUREE SR ESES
THBRRRM &, HPH g, RBETH T YRR
MEES1. ME2 8 g, AT EE&HEN CA MR
MHRE S BTR , X Cd?* RO M BE 55 o
2.5 ERA/AERSSEBRHESBRE FHAH

FRR

PRFERASABRE BN I HELBET
BIRMsh 1%, C* .CEY.CP MM R Bk E
9% 32 mg/L, EAF MR ANBRESBE
BB FRRERE, AT THE AR R ke &8 +
) R B B o B R B R B s ) AR AL (LS ) 7R

£2 RBEA/MAYRASEBRHEBMETFBEN
Langmuir % #
Table 2 The Langmuir constants obtained for adsorption of
metal ions on montmeorillonite/HA complexes

Langmuir 3
SERHET
r gn/mgrg”t | b/mg!
Cu?* 0.9972 10.56 0.499
cer 0.994 95 14.23 3.691
Cd2* 0.9957 10.14 0.375

A, B SR BT B RS R AT LS A AR B
1B BON RS R NB B, KBEFERT 10 min BEAT
sk, X B e R T RSN L7 Y
WA 5B 2 A B O A8 R R B B, B I [F] i AR
b, BB EEMB AR, EEXBELV4,
KB PRI RIZIR 30 min. FIFIR WA 4 3 5
FHBGIN¥E R T Elovich T,
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Fig. 5 Adsorption amount of heavy metal with time

WL R ) (R IES, 2002 ) X 1% Bt K2 B B BT 60
min KB I E A BTG, SR (R 3)FEH. WHE
KA A 7R XT 3 7 2 W 5 R i 08 30UR
% ,Elovich TR EO BB, T—%3hh
FHBRZ, MUK TREE, NSRBI
RB)WUEH, FBRAHHKE G&S C2* f
Cr ™ R IR i BE AR 18 % Cd? ™ B IR Bf o

3 g
(1) 54 oo i 10 0 0Bt X 2 1 R

Cu®" \CE* BT R M8 K, 24 WA 458 BR B % FfF 8E 3% fin
10 mg/L, W R AT E 10% A4, TiXs CE+ Mg

R3 ERA/PAERBRHIMESRETFHOINEFTEOUE
Table 3 Kinetics equations of the three kinds of heavy metal on montmorillonite/HA complexes

1R HR WHE BT Elovicb 72 MR LB
a b r a b r a b r a b r
Cu?* -0.366 -0.026 -0.89 0.099 0.175 0.96 1.260 0.301 0.97 0.512 0.064 0.88
Cd?* -0.319 -0.028 -0.91 0.071 0.173 0.97 1.182 0.279 0.95 0.523 0.064 0.87
cr* -0.370 -0.038 -0.95 0.210 0.177 0.97 1.630 0.393 0.98 0.519 0.065 0.88

a HEMEHBHELY, o ASRMEES XN, - HEAEHENAXEE.

AR,

(2) pHEBAER , FFIFREMELBE T
WEM 1B pH B 5 SR B 7= AR UL , B T A A A
Wi pHAEK 5~ 6 [, {5 10 R B F kKK, B
pH {EHE 2 A 5 i I B A BE

(3) WA ABME AKX C2* .Cd* .CA”
IR B BB L B+ R, B S B B AR R B
VR HE R, W B A 4R BB K, T Langmuir 1%
WEREME 3 HESBEFHWRMITY, &4k
XERREIE R 0.99 Lk,

(4) B Elovich F BRI ¥ 72 Al LUBEAT #e 4)
SRUBA/MERESR 3 HESBE TN
20 R
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