DOI:10.13758/j.cnki.tr.2007.05.003

+ 1 (Soils), 2007, 39 (5): 726~730

HEFREEMY SR LT YT EERANARER"

BXiE, XY, X

R, B, FHE

CHEHRARD R 2 AR P JAGHT AN BRI S PR BT EE T S0 %, il 430070)

i OE BRERAAYSE LT LR R BRI ALY 2 s B LR 90% DAL, AT WAL
G L PR P B BURUIL RO ASCCLRBR AL AN R 1 W SR 4 1 R o B SRR AR A6 H K A
TR T AT AR B0 LBV SR N, BLR MR LB OR AT FAE B PLEE, RS T IR s =2 A8 A P S i
FRrhs ARRIE R RIEHE I RS RITTT, DR LR BERMIEE. JURIRE SR L3S R i 45 Lk

A RIE

KR HHE S RIREERRERSY); Bt BIRE

PEISES: SI153

TR NFO LA (BRI . IR A
SR F AP SE N SGE S AR, L3RR
R TR FRBUEATS Je i R A0 1R 8 H
M, BRI RO RS R, i -3
SURARTTE B L 2 AL AR HAE I Z5 0L, AR
SEPEXT LSRN e AR A . 1o SR
PRI B R 7y — RS (ARSI, AR i
gAY AR A ) SR
AR R R4y 2 B, e 4
JE B SR E YRR R A 7S, HRARL IR
4575 3 S5O R A 3 RO IR VR 2 B R Cln
BER AR E R m . B Lot B, s 13
LR g s e . b A4 1 i
EANTE L HURARRIZi 5, AT R 2 ALK A
SETERIRE, SR LRk, W om g2
PERE™. DAL, eI Sh (KON A 42 i 45 L3 5
R, AT S IR, (o AR R S
JRARE L CRF R R T R R SN AR
E

ate BV TR TR 7/E o TR A7 NS N T SR 7/ Ko
e, HUHPEREA RS, TR RS R o R
AN B S0 G0 O 5 A BE T g g, AT
e R K e B I s G ) K BRBE DT, ek
LSS SZ8 TR 1) 500 N O NP B AT ek 56
NH,' K" PO A T i 8 R0 R AR I35 o .
ESNI: AP (RIS e we e - T/ B RN A 7 R (B

MR LB, AT N RS Qe SR B IR
MAETE 2 07 1 F TSR IR B

1 SREUNSHITYMRZEERPRIERN 5
fiE

1.1 AEZXEERMTIBELFEROENE

THER R 4R (E) At R IE H A i 32
Tk, AR FURER . B R TR B TP
HIF AR, 20E WA -FT IR AR (DCB)
AOFRE A, BBk BRI ZE K A S LA
P SRR O, A L (1 B i N R A A
(ZPC) P#AIK, IL ZPC HIFRAEY 148 DCB $2HU1
Fe. Al &S0 8 3% EAHEN B, Sumner Y57 3%
W], ms A R AR BT SR E, H
MR (1 S F T e S A R P PR, LR T 47 HL
PR BEAAAR B s A ) = e A AR E S I
HL 7 o B A S A N S P38 i B s A Kk
W HEA Si/Fe ELAEIIINTT ZPC FRAKIS. £k, %
XPAS RIS T 358 ) () Hl far P SURN SR TR R AN ]
RIMBBKI LYY (EA . FHRG)D g8
ARG, Hagr a2 5 (PZNC) T LR (SSA)
B, MR AN IR Y (RS, A0
LA RE, EATI PZNC. SSA BEAK; (B
LA )E, PZNC. SSA #B T ile 8,

s R A LRI LA B S T
RO, eI S e A T KAk RE

ORAETH . FERARBIEIES “Bk A 55 0 A8 BAE T R X 20 S MR K500 7 (40471071) FIE SREEBREAH (103141)

B

YEH A

e (1971—), 55, WIHEEARAN, WL, FZNF SS9, E-mail: tanwf@mail.hzau.edu.cn



%5

SRR HIEh BRI SR S EAR AT S 727

TGP E . AT RAT A 5 ek
AN E AT L2 OH . OH,. OH;"%5:[], 14
BeAERE L RIS, ARl L0 MR A K]
SN YL 7R BRI S . BERR I, 5
A il PR R S, X Cd™ . P
LB T RE 5, rp AR LR T
AL P (IR PR 22 /DA P24 A BT g A
Pb*" S AL T T A RO A s 55 AT BE S A
IRCATAE 5 A0 8 ™ A0 2 T P A7 A AL
MNTTAE AR RT— 28R A0 PO W B BE 7 L — 2807 A 10
. (EREALES T, PO AR I B R A I
U, SRR SRR A W R AR
W T ASFF: R, 0% PR At 220
Fe WEEAHIAIN, T8 R K BRA S8 A R AT - 52 B
FEAYT, N ARG BT R, R WKL
WS WA W B g s gk R4 5 L i
B WA EAE S, T R R KOER T e SR
T 5% KAE A 8t
1.2 AEXZEEAN TIEMIEMERANEIE

B B IE I BRI SRR IS (CFC 8.
CCC) VAR ERLFI 2 7K 23 s AN (4 I
MR i IR R KR, 9N R ARR
B OORE) MRS, LB bsrh k. AR
WG, SRR 2 BvE R sl A KR N
BN (0 ~ 33.6 mg/hm?), FRYELIEANBETT
s A g e k>, R IR NS =
WD A IR R . AT, AR A
[ 2R - ST AE R R], KR fERR YA E R Tty
5 S R IR RLRE WA 25 4, I RTERAERT: 7R
PSR, R A e FH P,

PR A ELAE OGS - S38 A SR AR T A e MR A I
Wi AR PO RS R (WDC) b 3R B
(0 DR, 6] 33 AR it P 5 T LU A MR Rl R 2
TR, AHAFE R T Ak b 3R i Ik L it 2k
fILLAE (Feo/Fed) 5 WDC. -3 i 5 2 M
KBS KRR e T A R R R T Y R E A
(MWD) 5845 (Tamm’s) YRR 55 5 ek
A SR R EAOC, s DCB I i
Bk BREA S A S TEAR I, RS IR (K
BRATD SR AE F R KT a R GRS ARk
) 230 R ML, B R A AR 2 R
5, HO R AET S-S, o IR S ER T
TR R RE s i -3 SRS (0 i 45 e B ARk
5, XATRES AR FALERTE T IS LK
T LA 25 AN ) 6, Fed 15 <<20 pm A1 BB 454

SETE SRR EADG, 1) Feo M 5<0.2 pum ) HIZRAAF
SEPESE WA ARG, AR BRI /INBITRE - 33 1 1 2%
PEFISE RO . (R ABAT 4 R W LT 8 b it TSR A R I
A L R AR s MR R, Oades™ Ay itk
W L RVRCE R PR AR BRSO RS 45 - B AT LR
MR L R A . — R B nS
PR A REPERIPLE RS . BRERAE W h 78 2 2R 5
SR S F R LA S IO G55 AR D B A R R
FRIPTHEST e AR, APy 10 4 p0xd T R kR s
WA, DA w0k T PR AR R R e
Pefseok, HLOOEA LIRS BRI R R, e/
(19 A2 LAAr S A 3 11 LA A1 3R A1),

2 EEEYYSHITYTEERANES
ESESEIR:

2.1 pHREMAEXEERNERRE

Greenland F1 OadesP7ERI9T 4k (5D S5 m
WA EAEYIE RS RE R I pH 3.0 B, £ LL
EFRERITIEE R A R, R e A R 4 R K
WURL; pH 8.5 BF, VIUE RIS mé a2 M LT
HYEH 1, ZFACANIBRS « X/KERFE, pH 3.0
I, ZKERAT S A A /D K A AT R A )
Beri b pH 6.0 I, “FHEATIERAH: pH 9.0 I,
TETE G BB kR WL, pH R AR
SR T 1 PT AR WA R R T, B e A A
AR 5 iU A7 2 T A BAEHT o IS pH I, R 4R
Ak A IE LA, B Sl (AT RS LA G
TE R E 45 = pH I, S AL BRI T 60 L
AN 5w AR R T g S, BRI eEf 1z Eim
g B — A B TERR M AR N AT

Ak, R Z pH K FEE ) -FE 0 M E S
H 28— 8. EALEEAE pH>9.5 I AEA R EE 10
Y, AL pH 6.0 ~ 8.2 M H2UE >, Bl A R
pH $& 751, ZUELH P, B TE BT i T A A
KW ZEY), 4KR pH 2k ZPC I, /KT Bigs
AR, i Fe (TTD WL FHREBE pH
Frrmsg i, REES pHEHELM LR ZaXT
e R A Bt A7 AL 45 S B,
22 HIEPESESAMER T RERHRIALSR

g b SRR IR SR AT A LT 1 K A A7 HE A e K
T e AR AT R, O A B — AR R
LRSS s (ERE pH B4k, AR IRE g A
BRI 4 DY Th A R B A\ T B IR B PR e T AN
Greeland™ i1 Follett™ 3 8 v 1 B 148 (TEMD Wi %2
FI7E pH 2 ~ 4 IR - ZE AT S0 A7 Hh



728 +

1 o539 %

TEAREET b (RS DY AR T B, T RekR e s
WA M-I R S L= KA S RIS A .
BB A AR LR 5, A A2t &b
YR TSP = KA A, A8 e A 3R T LA T R
N, T B A 2 T AR TR B T T
W, A FNR T A DK ) LA AN [
H LWL B m = RS . AEAR B E R i T
Fi LR IR IR AR, AT AR R W] RERE AL
[E) S A E T AT e IR B Ab B im0y, H A2
Wik /R4 (Mossbauer Spectra, MS) [MllE /[ %0, —
i B R AN AE J2 ) BRI R AT Jr, 3B [ e
TR A PR A
23 TIEPSEEUMERLIT MR EIERBRMRE

AAh

A LI O AR FERT 9T T AR S 4 A 1)
WREEA T — 7 HE 2 W k1% (MS). HLFRgiE
(ES). TAVPSi RSt (NMR) /i, R4
04> TEUIEYE (CNDO/2) 5 sl A FVE e (1)
JH, S o RS £ R S R ARLALL T R T (1 Ji
g, RIMILEESE SR Siv Al B TFIS3RE
YIS, FE BN UR AL S50 ) % 5 3 T e
SEHTE BN R R SO B ) S, IS R I
AR LA H i, RIIE RS i R b e
WA Z B RR T AL 2R . IR 5 HSUE T g+
S50 R UEEA E, 1 AN R RS
1N A AR A TR TE A 2 N2, 35 1
A A b b R AR DY TR B R 1 AN, P 2
AR 2 AN A A 3 NSO i
e &5 I Bk R AR I S RS B 18, Sis AL BRI
2P LIS A REFRAC. B A2 v B 0 e & i i 3
W TR, #WR T T3 WA i S ou
i g 5 R 1,

3 RE

i bprid, CATROR EESR R AOCT. LEAR
TIRAE R BRI AT S AR A, RO
By A S R T A T A R SR ) 5
Mgt 24 27290 AN 3 A U 3 A 5
Aife JIRIELENS 15 90 R BB A N (2D %A
- Ly S VA T A U P i T R 5%+
O, BT AEIER R g v, A
PR EH AT TR L ERES, JpAl e e DL 1
R, BA SR R 2 SRR, B Z O
REANTRRA R, 55 LBt 00 ] BEAFAE— € 2280,
AE LU BB s S R L R gt A

Jite BRI, A 4 73582 (molecular environmen-
tal science) F B, HEI i B RIS X Sl
FEANEERETE (XAFS). Bt (NMR), X §2k
JEHL TR (XPS). JRT I BEE (AFMD. fmi5r#f
FESHLEE (HRTEMD SFHARIINAEAR, BT 5R 1k
A%y FEEEATT AR ST ST A B R, MR
SERRNRE R, RO TRV RS 35 M 4 1 AT 5
T AEAN S 5 3O - S S S L A R AR R e
(RIS, AEROU R 72 W IR 1 3308 fh F3A
BE T AR 1) P B

e

[1] K, MRk, IR T set Jig. suBRAl 2z BERE, 1996
11(4): 396-401

[2]  Z=EpkiE. hE . Jbnt BRI, 1983

[3] BILE. FRELHE LS. 13, 1995, 27(6): 281-285

[4] ORICE. A E AR A e X L BRI i AR LT .
Jent: BRaE e, 2000

[5] Duiker SW, Rhoton FE, Torrent J, Smek NE, Lal R. Iron (hydr)
oxide crystallinity effects on soil aggregation. Soil Sci.Soc. Am.
J.,2003, 67: 606-611

[6] TEEW, R R, REM. EHEI 5 w4 B as A T o
WFRVIER. 512, 1992 (13): 122-127

(7] P, 535 SR A 2 RIS ST SR B O R .
595 Y i B R 5 B 4%, 2003, 4(5): 38-41

[8] RFH. FILBAHESMA Keggin STHIMRGENE. W 1%
i, 1999, 19(2): 132-138

(9] BV, BifEml AR HERIEE, 2000, 29(4):
397-400

[10] Zhuang J, Yan J. Virus retention and transport through Al-oxide
coated sand columns: Effects of ionic strength and composition. J.
Contam. Hydrol., 2003, 60: 193-209

[11] 228 YTt B I il b A8 J LA - S 26 0 AL i
VLB WIAERIERLE, 1999 (6): 27-30

[12] XI&38, BELIE, XN, 2ot g b LA L 3E i R im
SRRl IX. A B B X S T VR R T B . AR AR
2001, 38 (1): 123-127

[13] TR, FES, TEB wARRa g hs:. Jest: B
S RAE, 1996

[14] Sumner ME. Effect of iron oxides on positive and negative
charges in clays and soils. Clay Miner., 1963, 5: 218-226

[15] Saleh AM, Jones AA. The crystallinity and surface characteristics
of synthetic ferrihydrite and its relationship to kaolinite surfaces.
Clay Miner., 1984, 19: 745-755

[16] Hendershot WH, Lavkulich LM. Effect of sesquioxide coatings



EY

53

SRR HIEh BRI SR S EAR AT S

729

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

on surface charge of standard mineral and soil samples. Soil Sci.
Soc. Am. J., 1983, 47: 1252-1260

Sakurai K, Teshima A, Kyuma K. Changes in zero point of charge,
specific surface area, and cation exchange capacity of kaolinite
and montmorillonite, and strongly weathered soils caused by Fe
and Al coatings. Soil Sci. Plant Nutr., 1990, 36: 73-81

Zhuang J, Yu GR. Effects of surface coatings on electrochemical
properties and contaminant sorption of clay minerals.
Chemosphere, 2002, 49: 619-628

Liu C, Huang PM. Atomic force microscopy and surface
characterisitics of iron oxides formed in citrate solutions. Soil Sci.
Soc. Am. J., 1999, 63: 65-72

Spadini L, Manceau A, Schindler PW, Charlet L. Structure and
stability of Cd*" surface complexes on ferric oxides.l.Results
from EXAFS spectroscopy. J. Colloid Interface Sci., 1994, 168:
73-86

Green-Pedersen H, Pind N. Preparation, characterization, and
sorption properties for Ni(I) of iron oxyhydroxide-montmoril-
lonite. Colloids and Surfaces 2000, 168: 133—145.

Goldberg S. Interaction of aluminum and iron oxides and clay
minerals and their effect on soil physical properties: A review.
Commun. Soil Sci. Plant Anal., 1989, 20: 1181-1207

Goldberg S, Glaubig RA. Effect of saturating cation, pH, and
aluminum and iron oxide on the flocculation of kaolinite and
montmorilloinite. Clays and Clay Miner., 1987, 35: 220-227
Shanmuganathan RT, Oades JM. Modification of soil physical
properties by manipulating the net surface charge on colloids
through addition of Fe(IIl) polycations. J. Soil Sci., 1982, 33:
451-465

Stoylov SP. Relation between stability of oxide and clay disperse
systems and the electric properties of their particles. Adv. in
Colloid and Interface Sci., 1994, 50: 51-78

Goldberg S, Kapoor BS, Rhoades JD. Effect of aluminum and
iron oxides and organic matter on flocculation and dispersion of
arid zone soils. Soil Sci., 1990, 150: 588-593

Rhoton FE, Rémkens MJM, Bigham JM, Zobeck TM, Upchurch
DR. Ferrihydrite influence on infiltration, runoff, and soil loss.
Soil Sci. Soc. Am. J., 2003, 67: 1220-1226

Rhoton FE, Lindbo DL, Romkens MJM. Iron oxides erodibility
interactions for soils of the Memphis catena. Soil Sci. Soc. Am. J.,
1998, 62: 1693-1703

Arduino E, Barberis E, Boero V. Iron oxides and particle
aggregation in B horizons of some Italian soils. Geoderma, 1989,

45:319-329

Barral MT, Arias M, Guérif J. Effect of iron and organic matter on

(311

(32]

(33]

(34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

the porosity and structural stability of soil aggregates. Soil &
Tillage Research, 1998, 46: 261-272

Barberis E, Ajmone MF, Boero V, Arduino E. Aggregation of soil
particles by iron oxides in various size fractions of soil B horizons.
J. of Soil Sci., 1991, 42: 535-542

KB, 2L A SRR 5 P A A P AR ELAE F LB R O
AR 22 A8 30 - I bRl R, 2003
Oades JM, Waters AG. Aggregate hierarchy in soils. Aust. J. Soil
Res., 1991, 29: 815-828

Igwe CA, Akamigbo FOR, Mbagwu JSC. Physical properties of
soils of southeastern Nigeria and the role of some aggregating
agents in their stability. Soil Sci., 1995, 160 (6): 431-441
Wakindiki IIC, Ben-Hur M. Soil mineralogy and texture effects
on crust micromorphology, infiltration, and erosion. Soil Sci. Soc.
Am.J., 2002, 66: 897-905

Greenland DJ, Oades JM. Iron hydroxides and clay surface.
Adelaide: Trans 9™ Int. Congr. Soil Sic., 1968, I: 657-668

Yong RN, Ohtsubo M. Inter-particle action and theology of
kaolinite-amorphous iron hydroxide (ferrihydrite) complexes.
Appl. Clay Sci., 1987, 2: 63-81

Schwertmanm U, Fredel J, Stanjek H. From Fe(Ill) ions to
ferrihydrite and then to hematite. J. Colloid Interface Sci., 1999,
209:215-223

Oades JM. Interations of polycations of aluminum and iron with
clays. Clays and Clay Miner., 1984, 32(1): 49-57

Greenland DJ. Charge characteristics of some kaolinite-iron
hydroxide complexes. Clay Miner., 1975, 10: 407-416

Follett EAC. The retention of amorphous colloidal ferric
hydroxide by kaolinites. J. Soil Sci., 1985, 16: 334-341

McAtee JL, Wells LM. Mutual adsorption of clay minerals and
colloidal hydrous aluminum oxide. An electron microscopy
investigation. J. Colloid Interface Sci., 1967, 24: 203-210
Herbillon AJ, Mestdagh MM, Vielvoye L, Derouane E. Iron in
kaolinite with special reference to kaolinite from tropical soils.
Clay Miner., 1976, 11: 201-219

A, BB, MR BRE. me LSRR A R
TALL PSINMR %5 H 5 U S R Wk, 1997, 143):
241-244

TEEN, WREE, B RAE. BRI A s A S BRI
IRGEAJR. Peilizp I8, 1995, 12(6): 593-598

FEEM, MR, SR, il YSi MRS m e L S
FIRSEEAR . P2 A4, 1996, 13(5): 459-462

FREWA, BREG, R b e g sm B MO 7E. ferh kol
KEEER, 1998, 17(2): 143-149

Schwertmann U, Taylor RM. Iron oxides//Dixon JB, Weed SB.



730 + b= 39 &

Minerals in Soil Environments. USA, Madson WI: SSSA Book [50] Sparkes DL. It’s about Scale and Interfaces: Frontiers in Basic

Ser.1, 1989: 379-438 Soil Science Research. 17" World Congress of Soil Science.
[49] Liu F, Xu FL, Li XY. Goethite morphologies of some soils in Thailand: Keynote lectures, 2002: 26-51

south of central China. Pedosphere, 1994, 4 (3): 193-200

Advancement in the Study on Interactions between Iron-aluminum

(Hydro-) Oxides and Clay Minerals in Soil

TAN Wen-feng, ZHOU Su-zhen, LIUFan, FENG Xiong-han, LI Xue-yuan

( College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China )

Abstract: Iron-aluminum (hydro) oxides and phyllosilicates are two most important and active solid components in soil, accounting for over
90 percent in soil mass. Interactions between the two in the soil directly affect interface activity, physico-chemical properties, and fertility of the soil.
Based on variation of some apparent characteristics displayed during the process of cementation of iron-aluminum (hydro) oxides with clay minerals
in soil, effects of their interactions on physico-chemical properties of the soil were elucidated, and mechanisms of the interactions in both macro- and
micro-scales discussed. It is proposed that more efforts be made to study interface characteristics and process of the transformation from non-crystal
to crystal, in an attempt to further understanding of some soil basic problems, such as soil degradation, aggregate formation, element adsorption and
desorption, control of soil pollutants, etc..

Key words:  Soil, Oxides, Clay minerals, Phyllosilicate, Aggregate



