VI :t iﬂ % *& Vol. 32, No. 2

1995 &£ 5 A ACTA PEDOLOGICA SINICA May, 1995

{TERERIXS Co,Cu Pb F11 Zn
e )l
4% AEE 1 B

(hEF R R L ST, 210008)

] =

AT BB R ACH MR L MRS Co,Cu Pb.Zn BI-F UMK MY R HE o MR B HRERTE AR, IR
WHE 0 RARR ot EETHE THINEMRE LB MR RN RN B LR X
B, BN E SRR T EE M Fo Al HLMATiEhl. &/MEF X LER KM EN
FRL pHye FROEBERETE TASIMFERE, FMALL Cu>=Pb>Ze>Co lFF D,
SRS TRIERR R, RO WZ MBS REREREERE, & Fe Al Hiys
MR RENREEERER SEBETHRMAKER. BIRARNTELRK- o0
HISREOHER M R ARMSRITIR, RRHEME T S4B RN EH AR, Cu, Pb
ATULTHERMENAEZ0,Co MIEH#EI M di—EH Pl 3 & B PLEE, RILLA 9 MK
pH N EGEC AL PR W - BLER S AR B 6 00 & pH I 07K R - R AL E R G H o

XA MEIHE.ESRE, WM, WA, RECFEER

HYRMBRNRETERISRNESRE L BRI EE I8 H LS
EBRRETANREINS RASA BN R E. THN&BEE FHRNHEZH %
MNRREW, 518H 5 RAREMLFEER. L3 oH SHETYRR D, T s
ERETHRRNEMAOREZNORITE L. WA MEROEADN & BE TR
FRMAERTIFEWR, EAAADRRE RS R NHRE, B LTIES R+ 5%
ERETHRNEN . ZHEEBEARKNERENASARNIESRES Y, BX
S EETHRMSEL S — + SASNERFEEE ., MDA EHNER L
T B MDA A LR E Lo Po- LRI B B T B M s R 2 (e g
wof 5 AF AR AR OR 1 35 AR M E S T EEE R AR o

A RPEETLROK RN ESIE Co.CuPb i Zn KIRMI SRS, 0%
MAREMNEEZWER, R4 BB AF RS & BE TR RENR R,

—. MR 5 FH %

(=) S MBS
RAEHTAFRIAFASRAREXTREOOARRLT A, BESALCLELE (BATY

Y BARAKBFESREIRM, AWK EIRRT SR8 3 5t R0 R 08, EEOH R,



32 %

i

168

M TH T (z

°rigrz=HT¥ (1

BZWE— T

67°¢ 6°C vy £8°¢ LogsT 68 96°¢ | zL'¥ 44
BT e FEy ¥8°g 0°z 0b°9 AR 0°8¢€l €01 |80y |zl o1
DB — TN Twy 98°1 $'T vi'o 89°¥ 181 9°b1 | 67°v | 98°¢ 8
DN -EZ—IBHERH T HE 1AL o€ 79°S L6°1 8°59 L°€T | bO"H | 95°¥ L
DN EEG B — Dy 9% €1 97°¢ 1971 8 bzl vzl | 667€ | 88°F 9
DEY=HZINEI T $9°€ [ p°s £8°¢ €°1g 8¢z | s0°v | 69°¥ ¥
R BIVNE— TN 6b ¥ 61 4AL L'z 9° 941 9 11 | 01°% | z0°¢ 1
9 83/8 Q° 8%/8 ot
sjesautw Lepo urepy (83/(+)10m9) (%) aam o) (/7 "o%d) (B3/2) | 153 | 0'H | -oN sjdweg
joXcbe X Pag SIPIXO |y ‘10WYISIP(X0 TOI] "JoWy| SIpPIXo UWOIT 231g ‘W O
G-BTHET CHEE LR | . o ’ s | s
ad | C1v) BAZE | (g BZEAX (Pod) BEY oH
suoildoery Ae[d [los a3 jo sdansadoid siseg g o[que],
YR RARAEF z %
0 < H¥EET FL5EI% w 71
0s—o% gk _( =R 0k Kz 01
0L—cg FEHE B FHEZ B 8
Sv—0¢ T =k ¥ X L
05— 0% N _( =44 Rz 50 9
0s—0¥ W ( =414 T ¥
09—0+ & Edhd T =4k ® 1
(ws) qidaqg uot1es07] [erIaleW Judiey ad£) [rog ‘oN apdweg
H ¥ YO ¥ @ | wm O W T & ¥ #

sajdwes ros sy jo uondirdsag 1 efqup,

UREROLHET 12



2 EHES. LR Co, Cu, Pb A Zo RIFFMAMIAR 169

BRERASERORR"), ZERBRFITR 1 o BEWLEKRDY <1Bm, i Cs A1, L IMET B
it 60 B, RNERAERATE 2. BANF VAR ETEREEEEARNEN A8, B8 LB
LR 21 BERGT P
(=) RBFH*E

R—7AF] 0.20008 FRT soml WEELE, IEREZHEFKMARER 0.1mel/L HNO, &
WA Ca:(OH), LIATHESERN oH, M—RFISHNEAREHEEETF (Co,Cu,rd, Zn) F1 Ca(NO,),
FHRBROBR 1, BNETEAEE TREXSERY 25ml, B E S 514 Co 0.85Wmol/
ml, Cu 0,79lkmol/ml Pb 1.45kmol/ml, Zn 0.76Amol/ml,Ca(NO,), 324 0.05mol /L, FEEFE25+1°C
&35 2 /N8 22 /N L RIGED, A EER. FHERPESERFREREFREOGEENE, &
BETHOMABRTBMERZZENRE, RNESMARNE BRI E S Mo WEEHHKPH,
# 2 FREAERERE AT EWERSBXE o
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TRHREK), WIFHHERPLME FRRMER oH SAHHE, BEEE—FENYD
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BRI ER pH FEKKA CuPb.Zn.Co, HIEBHRMIEEKR/NY Cu>=Pb>
Zn > Co, X—F 5444 BERX XUAE FRIERENITF —%, M5k,
RETRERLDVRE AR, XL YR Pb AREHER £, kR ES
FRIERI R MIEERS Fe Al EAYMERELBOBARELG G5B S THKEHE
ML, REMERE oH S R#ES,
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Fig. 1 Effect of pH on adsorption of Cu, Pb, Zn, Co by soil clays
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Fig. 2 Percent adsorbed agsinst pH curves for four heavy metal cations by red earth clay
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Table 3 Fitting parameters of adsorption equation (3) of metal ion adsorption by clays

BAS N b
Sample No.
n r n r
1 1.04 0.996%%(4) 0.87 0.920%%(8)
4 1.00 0.992%%(4) 0.84 0.939%%(8§)
6 1.01 0.999%**(4) 0.88 0.942**(7)
7 1.00 1.000%%*(4) 0.82 0.938%%%(8)
8 1.08 0.992%*(4) 0.86 0.964*%*%(8)
10 1.03 0.992%%(4) 0.82 0.971%**(8)
12 1.17 0.998%*(4) 0.57 0.971%*%(8)
£+, 1.0540.06 0.81+0.11
c.v.(%) 5.7 13.6
Z C
RAS i °
Sample No.
n r n r
1 1.11 0.892%(5) 0.88 0.913*(5)
4 1.68 0.944*(5) 0.86 0.826-*(5)
6 0.93 0.904*(6) 0.70 0.865"°(5)
7 0.94 0.930%%(6) 6.76 0.890*%(5)
8 0.75 0.868*(6) 0.70 0.866"*(5)
10 0.84 0.872%(6) 0.70 0.8142:%(5)
12 0.81 0.876%(6) 0.68 0.859%:%(5)
F4S, 0.90£0.13 0.7540.08
c.v.(%) 14.4 ' 10.7

& FESPBFEARALS 0.5 HREE,

ME 3R 3 A, KLMERX Cu, Pb RMIH logKd #5 pH BEEEREHELX
F, T Zn 1 Co (MELXFZHBAIM CuPb EXRFHT, r HRKR/IRREK K
RFE(D—G)REBE, FEQGEETEEE FEKAEAYRFE L ETHRMKES
NLETEIIR, REFARELZ ST ERNRNILE, £ Ca MmAnfka T4tk
EHS5LBEFRARMAAEN HY HEERBRERENRR, IRRAFERI, T
B LT HY B, NI LIED CuPb R FE EEZETHRM,M Zn,Co By
B a&E —ERENARK HY WIEEHRM . FrRI4L SRR M B 1A R B 38
EEYS Cu=Pb > Zn > Coq

M 3 EAIEHL, logKd &5 pH XABDA LIS N AR(ERR)FM BR(MAER).
WM SRR ARH CuPb RHH AR, WHEFIE/NG Zn, Co HBH, HHEEFH
Cu.Pb.Zn.Co JIIF, PiZERXAMMA ARG ORI BRIAYHE, ARBWELE B K
pHI [ P I S 2 B DA Q3R TR S IR B LB 9 20 B BUMIZRBANLIER L A BRI B 2%, 1l
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KEDA AN BARPIHIXER, XEPEARE pH EE, BRENRNILERR, L&
BRMAOLLABR R ¥E—18%,E8RF oH N, ARTENIEREK (Kd) KE,Hit
H Kd Wa] DUHEr o R SRR o

o ZORENRNEERRE— MY TRRE HY MEVEHE, T n kR
BARN SRETRINNEE, TER-—TRERAMNR T B EH (R3), T4
Cu(1.05) &K, Co(0.75) H/N,RH Co MR RA M AR HY #9#E R M, R
FAS) Cu> Co,PbZn HJEINMEY 0.81 F10.90, REFEMMMFEMIIL Cu /N, KT
Co, SETRZRMM. nEHBRESETFHEERIN, SLEBRNREERBAER, 4%
A UK AR 0 R, nEEBUN, SREEALU TSR N, nERRY, AKX
BB USREANE, §—ERFEWM 2:1 Hy 9, ERNEK LW ERARERAE, B
DETRERNARDA nBRNEEAK (c0.% £ 5—15), KB TR OB M
ESRHTHEEZWATFEE FAOMEER, TR A E—ERE LEEM,
(=) I M Co.Cu,Pb.Zn HYRH RIS

FNTHERY WAL ES BB R E AR o, (BIREHIR i 55 £
AR 50% i) pH H)™o Kinniburgh Z(1975)IN4 % B E&—EHt, pH, 5K
BEP B BA R, LN SERH E HEEHE X pHy #/NUIEREX %8 T AR A

TR BN BN E SBERMANBE pHy,y FITE 4, pHs, ME 288, 2K
XS A F A pHy, fH39249 Cu<Pb < Zn < Co, E—BFLE AR L 45 47 8] pH,,
NERAMEME TEE - HRANZEREE, wll—NEFIREA pH, BT 3
BEEHBHEMHNERE, NEM D A/NA Cu(5.33)>Pb(5.50)>Zn(6.55)>Co0(6.88),
RERPLERN N OB FRRMERMDEERETE TR FOLER M, Fe Al B
B pHy, ESKRAY pHy IR BUE F, (HE/ N T MM RN S, B ES
BETFHRIRMALL Fe Al BRI/ BOOMRLhE L R R E A E AR R B 7 9

B4 IREANOREFORMERH (pH.)

Table 4 Adsorption affinities of Cu. Pb, Zn and Co for different red soil clays

BAS
Sample No. Cu Pb Zn Co
1 5.42 5.62 6.45 6.65
4 5.50 5.62 6.65 6.95
6 5.35 5.65 6.55 6.97
7 5.27 5.55 6.50 6.80
8 5.20 5.25 6.55 6.82
10 5.40 5.40 6.57 7.00
12 5.20 5.40 6.55 7.00
i+S, 5.3340.12 5.50+0.15 6.554+0.06 .88+0.13
Fe (@R 4.4 3.1 5.4 6.0
Al (BR)Y 4.8 5.2 5.6 6.5
p*K, 8.0 8.0 9.0 9.5

1) oHs SIAXER(10); 2) p*K, & BEFHIH— KB B BB B XMA3),
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Fig. 4 Comparisons of heavy mectal ions sdsorption by soil clays with diffcrent properties

WM SRR R NSRRI 3k (Feo), T B 2k (Fe,) M Tamm’s 7 ¥ 12 B 48
(Aly) EEEL—BCLS),AAESESFRHEHENERREEKGEAYRET,
L5 & Rk FT 48 o B b MR AL A REAE RO AT e BREE AN ] T E R R RNET AR AE 5
&R T REM KB INEERK N, BTLIRHsRRIfE s TR #EBRE R

ERER A RSN EIRLNNXR, 5AIEBEEEIERE Cu
R IAZBH R BN, DR L0 3R g LT R SR LA T Fe Al EALMIRSE To FRAIH
SRFRERAAMBANA GBS 7R (ECEC) HEMBXHR. M ERTIRFIAL,
4T 8 BT R E TR SRR M E R R B BEAL Y, B L5 R RR T A R R
HENZARI. b, s BRI BRPIRN LR GE A DERE R AR TSR,
2:1 RERT WO ERARKR
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5 BOTERIEMOFTEER

Table 5 Some properties of selected red soil clays

o] EE " =] 2 BRE
BAS Feyq Fe, Al, Titratable Titratable ECEC" GEYA
acidit. alkalinity 0. M.
Sample No. ‘ T i (g/kg)
(Fe,0,g/kg)(ALO g /ko)) (emul(+)/kg)
8 184.1 | 4.68 | 6.14 3.94 | 6.07 ' 1.86 i 14.6
12 133.7 | 3.83 | 6.47 2.16 l 4.00 5.29 8.9
6 124.8 | 1.61 | 3.26 | 1.41 ? 1.81 | 4.62 12.4
4 51.3 | 3.83 | 5.48 - 0.77 | 2.45 3.65 23.8

1) Ax60 BEMmmE M.

—EHRAAT BN RIS E SR ST SHKAREN ARV, & 4 IFIEE TP
¥ pHy, EEHRMENNE—K®REHK (*K) BERREFEMER, OET E X pH, =
—2.66 + 1.01p*K,(r = 0.991**,n = 4), HERAI b= 1.01 £BY pH,, B p*K, # 1
RIERAKIE, BABROEEET (p*K, /NESHRHBRE SRR, s ERH L (&
DBEEBEFKBHEZNEREBU, XBRPLERHELRE T 5KBRKIEEE
Ko REl 2= —2.66 EREBEZBRFH TRMENBEEFHRABERN, T2 R
RENBFERNEN, e RAXHPEMAOEE, HTRENEL, BET/KEN pH X
KRR,

R T EE RSN R KRR TX s R = W 2 R
F, WAEBWITEN oty B ENSHEETEN Ap*K, EHFY, RAEF,~H
MBI ApH,, BT 6, SRTRE pHyPb = pHyCu #h, K4 ApH,, HEEHH B
§ Ap*K,, REARMIRMNHBSE FHKRAER. B ApHy, F1 Ap*K, [HIAY2E B h &
BN ESBEFRRN KN LB B R, FHARRRS AR 4 A B T /K BB g i &
EXH, BRI EEE L ERHNILE,

# 6 AMENEH Cu,Pb,Zn,Co ffj ApH,,
Table 6 Differences (ApH,,) in adsorption affinities of Cu, Pb, Zn and Co for clays

BAS ApH,,
Sample No.

pie No Cu-Pb Pb-Zn Zn-Co
1 -0.20 —-0.83 —-0.20
4 -0.12 —1.03 —0.30
[ —0.30 —0.90 —0.42
7 —0.28 —0.95 —0.30
8 —0.05 —1.30 —0.27
10 —0.00 —1.17 —0.43
12 —0.20 —1.15 —0.45

Ap*K, 0.9 —-1.0 —0.5

(2) IABHESABRT IR F
MEHBRE R ETHEREMYEE SRR (3) S RIE A L R
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PARE (1) MEHR—BAE FRENFS HY ¥ (o) ST TRAIB T A K i
SEMAWINEE 1:1 70 2:1 By ¥, FUBRMAEFrha s 2R R ST
BRME, BT St Bl SE FRACEERAER, R TARERRESENE LA, 8
RTBEMEAEE &%, BEANLEh e BE TFHOFERSNE —E BT ZHBIER,

EREFERMAMBERETHERRONBEZMEN, TEF: (DFEESBEETS
FE HY BEFRBORMIE, (2) £EREZSYSRER TR EAKFE— BRI
#, (3) MY oH EWEERMLEDFEENRELESES, ARIENERE f1 & B
EFSE5RMNAEE, ZEBEMRENERN HY 3AH, HEMRTHRISIERSA
HIRMLFRE Xo

ME&EBETH pHy f p*K, BIEARS, UK ApH,, S Ap*™K, M5, &AL
BRSO T A A2 M 5 < B S T O K R P DR T T I RLRO /K - ML B A 3%,

SOH + M?** + H,0 — [SO — MOH] + 2H* (4)

b R R Ry 2HY, —ARBERE, B—1KE HO,

{BRMNFESEMTEREHN EHEE 1 £46,H7FH, BELB RS M™* KE1% it

f oM Eh KA oH, HfE [M(O[‘:d);]][“” —*K,, F4, pHy=p*K, —2, B

R pH,, < pHy, BN &EEFEEXRRERE 50% K, HEKBBRPER “FHE"K
R, XERERMNIF BN E TR EEN M* BAEE, IEXERATHERNSHES &
BErFAEERFURMIERNER,

SOH + M* —» [SO — M]* + H* ()
ROMERG M* RERE HY RKEERME,

WA X RAARRNSER? Mzl ,(2)RMGIRBER R4, G)RFRILE
FBEE . ACG)RHREREBHN nER2ERAE oH BEANE N nEHFHHE, i
LT 1 HAKPEA pH BEM EN 1, —ERREZRRKR—IEEETRKN HT
WAL 1—2 7], 3R pH LIFEREEMC Y B0, LN &F A ABRNRE, X&E
n EHA/N, BIRRERE HY 72 24 /NN BE ST PR M MEE RS, KBy 5
SPHARR 24k Mckenzie (1979) INAME FEE (1) #X, nEHRER/N, 2H
SR 129 0.15mol/L, KX n EHRNFEMARRRN T, LEEARE 7 & n{f 35
N, Bon H3REEH

B—HH, B pHy < pHy, #HZSM Cu.Pb, Zn, Co ¥ pH,, A1 p*K,(F 4),

MR R pH 9 RKRI & RET Y pH,, M, %\%= LOCPR | 2

RE 748124 Cul0™39,Pb1072%,Zn10723%,Col 07382, #£7F 1/300—1/500, HnEuEh
SRR, KRR AR RIS R B FRE MY BKEE, (KR ol thal A hERRuY,
FrRUK-Midr kAR [M(OH)TY/IM™] thEN BN AN B &, B M(OH)*
.M E M(OH)* th M ESBREETHBM™, X6 pH th p*K, RESHBEKE
Bl R A K- LB IR IR R, TREE AW oH 124, KB-TILE S0t B
SH¥Ho
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Fo £ pH BEN, BUNENKE-RRIEXEFE, od BHASEE, NEUKE-
LI £

£ % X &
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STUDY ON ADSORPTION AFFINITIES OF Co,
Cu, Pb AND Zn FOR DIFFERENT
RED SOIL CLAYS

Wang Weijun, Shao Zongchen and He Qun
(Inszitute of Soil Science, Academia Sinica, Nanjing, 210008)

Summary

An experiment on the characteristics of Co, Cu, Pb and Zn adsorption by seven
highly weathered acid soils derived from different parent materials in different areas
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of southern China was conducted to study affinity characteristics and factors affect.
ing affinity as well as the mechanism of adsorption reaction by using shapes of adsorpti-
on curve, pH,, values and competitive adsorption equations and distribution coeffici-
ents. Clay fractions (< 1lpm) separated from red soils with different properties were
allowed to react with solutions of Co, Cu, Pb and Zn in 25 ml 0.05 mol/L Ca(NOy),
as supporting electrolyte containing the desired amount of adsorbate ion, respectively.
The pH values of suspention were adjusted by adding appropriate amounts of 0.1
mol/L HNO, or saturated Ca(OH), solution prior to metal addition to obtain a series
of suspentions with various pH values.

The results showed that the adsorption-pH curves of metal ions by red soil clays
have very similar sigmoidal shapes which differ mainly in displacement along the
pH axis, suggesting that adsorption reactions of heavy metal cations with the clays
were largely controlled by Fe or/and Al oxides, namely common adsorption surfaces.
Adsorption affinities (represented by pH,, values) of metal ions for all red soil clay
samples, which were mainly dependent upon the chemical properties of heavy metal
cations, decreased in the following order: Cu>> = pb>>Zn>>Co. The easily hydrolysed
metal cations of relatively smaller p*K, have a higher affinity than those of larger
p*K,. On the other hand, adsorption affinity was also influenced by soil constituents
and their surface properties. Surfaces of the clays dominated by Fe and Al oxides
strongly adsorbed metal cations because of much higher reactivity, so these clays
showed a greater affinity for metal ions. Among properties of red soil, the principal
factors affecting adsorption affinity of heavy metal cations on one adsorbent were
the content and form of Fe and Al oxides, etc..

Through fit and description of competitive adsorption equation to the adsorpti-
on-pH curves and discussion of distribution coefficients, it was revealed that there
were a little differences in the mechanism of reaction of the four metal cations wi-
th red soil clays to some extent. Adsorption of Cu and Pb cations appeared to be
mainly controlled by specific adsorption mechanism, while Zn and Co were thought
to be adsorbed by mechanisms involving specific and non-specific adsorption, such
as electrostatic adsorption. As to the specific adsorption mechanism, it was reasona-
ble to consider that there was a change from adsorption of the unhydrolysed metal
ion and mono-hydroxo complex ion at low pH to the adsorption of the mono-hydro-

xo complex at higher pH.

Key words Acid red soil, Heavy metal ions, Adsorption affinity, Adsorpti-
on Characteristics, Surface chemical properties



