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BEE HKZY

(PEMZERAR L RRRAT)
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SRR LNEAY, b8 L BRIy AR ., EXEL P10
SRSV ML AL, ENBFUSRNMIBNBEEE, RUBBERERERLE
FHBARSNE , BR R RE R, HRAGHOR W, A RERENEE, FNFEL
BB AEEREEEENEN, XEESCERTRREGRYHEA T RENEIHRA
1750, B 3Z W rh E L SRRV R

- BRBRERHAAMEERERA, TEERBEN, KEEBRFRE pH NEHRR,.
WEMEFH MOH” BTHXEN, BA%KRELHRAGNNE, &R pH EHRGH
LB E A (ZPC), ¥ pH KT ZPC Y, FAGREWERM, NAFFuCl- M
NO; BT R&EFEHEN, ME—ERGT, AKX TESHBRNEE THTRAK
R, RENAFTFHOEERK,. XRHRITECAHRS AAXBRAMKNOETR
I}ﬁ»;ﬁﬁEua—lS.Iﬂo

TR GRETAS 2 TR EEERER, BRSNS kE AT
XARZHBHNNTREREN, Rit, EHEREERERAMS BULBOR ER
G REASKELERER, ARRERSRECGRREU L BRENEA KSR
EPRBESYHIRME, WEHKE NHCl 71 NoF FRPORMIAR, THRACKORER
T AL IR 5 O A 2T 1 SR S S T B - B0 T M MR R 4R AR 43 BB AN DT 2o

. REEHIE AR

(—) REHE ' ‘

REX=EH, Hbh—AHERELERE, HATANSUTBERNAXDaLDRLENRE
B ARSI 100 fLF,.

LAREAERER, (1) 80 (RS G), & Atkinson (1967 G EREHEkH HI T B #o(2)
ERH B &S A) A 0.2 M Fe(NO,), KM EKE pH 7.0 FUIETIR. JLIEMAAMKBITE
T Noy BF,30C FHho (3) Wi AH WEE L HITRRIAM A, EXRBITE,BILRERK—H
BARGEH,7E 100°C BAF B, FURHER TR (4) FEF (RS H), w kiR, PRERER
% 160C, Bt 2 R, HILHBRATR, WTBHRE " RITRLERBORET SR TEHL R
ft8ko (5) HEEH (V5 L) BH Greenland F1 Oades (1968)'"*7 &GHRET&RE Tkl %o

2.EEPBREALRARE, HE&T 4, F1E8RRA%EBERE, ¥ ANRK. AXgHd
100 FLi&Fo

B 1 ABRSRERBEAD: KB ERWEH ST (C), TEE S/ (A), REkF (H) MAEE (L)
Rk o BERREMAEZA, MA—ERWARY, WLEABRTERERT. HERERTER



154 + - % ¥ i 21 %

BERLKBEROA XD NEARNRERE, HEKE GO-1, AQ-1, HQ-1 i LQ-1 ¥RS, B
# Borggaard(1976)™! J5iLHI& T $HE0 MR RAR(RE GHQ-1),

%2 ARAREREA: Sk GQ-2 # Atkinson %H (1967)™7 HEHBF HkME, AQ-2-1,
AQ-2-2, AHQ-2 {1 HQ-2 SR A NLATE HI & 1AM A 958k, TR 4 BIZE 30°C, 60°C, 100°C F01 160C
ELTHRTR. BT KRB, REGE X HETHEE.

SHBMAGRBEAEAERLE 1o BANEEK R/ (Feo) R Schwertmann (1964) MR
BRBGERER T, 24 (Fe) A 1:1 HC BAER, BROGENASETREL EERE,

1 KAESRFOEFER

Table 1 Basic properties of iron oxides

| TEERE | &I B
¥ X pH Total iron ‘ Amorphous Degree of FERLBAR
Sample (H,0) Fe, iron oxide . activity Main iron oxides
: Feo Feo[Fe,
Fe,0,%
G 6.71 84.3 0.39 0.0046 $+4:5° Goethite .
A 3.68 55.9 54.8 © 0.980 xR Amorphous
iron oxide .
AH ~ 3.1 75.3 61.5 0.817 EEHE G REd
: : Amorphous iron oxide,
Hematite
H 3.06 83.0 32.8 0.395 #FEEF" Hematite
L 3.82 82.8 43.3 0.523 Fe5" Lepidocite
GQ-1 7.12 9.02 0.157 0.0174 45" Goethite
AQ-1 3.88 9.84 9.52 0.967 EEH B Amorphous
. iron oxide .
HQ-1 ‘ 3.16 9.28 6.56 0.707 FE&y s LEH RIS Hema-
_ tite, Amorphous iron oxide
LQ-1 4.20 5.23 4.03 | "0 4B Lepidocite -
GHQ-1 6.95 9.48 0.114 0.012 D RER"
‘ Goethite, Hematite
GQ-2 7.29 3.40 0.051 0.015
AQ-2-1 3.75 2.77 2.74 0.989 . .
AQ-2-2 3.62 3.10 3.17 1.02 F*EBE N. D.
AHQ-2 3.59 2.67 2.57 0.962 B
HQ-2 3.84 2.31 2,13 0.922

* HBBBRAET X HEFHER,

BBMTELE (Feo/Fe.) RBRAENRAENLERBEOANEE", Schwertmann F Ta-
ylor (1977)%% QiR SR BT RRET BB TRERRBEBHPOR0.1%, FHI BERNLY
68% i KB (EEHRALBONTLER. &1 FIARNEREHAEN—Bo
(Z) BRI ‘

LKL NHC BB prRHAR 500 MuER/IBEERMA 100 EF AR pH y0.01 N
NHCl i3k 3 /LI BB, 30 WE LEMBN oH &, C" BFRNA] BT8R, AEXR
R BBRAE B TG, pH EANBMRBENE, C° BT RHBBRREELNE, AXPRE
RUR{ERTA o NHY BT ARMEENE,

@

*

N
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BB ETRERKENAE &R Huang M Jackson (1965) HEYUO,BHBR, £8EH
L BRA 100 BREMHKEA(R 1 REAKSAEPRERZE), M 50 BFPik 1 N NaF B, R
W 3/ D BRI TEEERUSER R R FEHER BRGNS N TR E A

B—E R BRE R, T BHY HCl GREFMERER), R/EHACRIKER NaOH RiE, FEEL
fEfRR N RANBERSHUKERKRG 1N NaF S5k, MAES KR HCl, #HTSARNE. KFH
FEfy NaOH B2 2RI ERERKEE. '

RSN TRIENAE ZERERRENERRY, HOTHEENIRE, A 25 BAHX
BAKY 2 R R 95% TREZE 4 IR, EALEWHEBLY. REABLERNTREM20 EF0.05N
HNO,, ¥R 30 53, BTN 20 FF 0.1 N KOH, {R¥F 30 5351, Bl FIME FAFRR WERK
hEETE. NERTEETORTIIEE AN EE TFORKE. |

TOHRMER

(=) RESEELEHS pH IXRERKBHER (ZPC)

ENEABREALE 0.01 N NHCL Biha CI7 f NHY B FHRE R &R, £11
pH i, BALBREFERT, DIEBHRM O BT, RN EEE KRR oH B &k
%, EE—5 pH EI, WK BXF, b AR £ NH B FHRM, BIEAERES
BIEAE. oH B &, WA ERMMEN NH B TROBRM, RAREHF AR, ME oH

60,

50 ‘ o AH

e
o

n3
t=]

Amount of Cl~ adsorbed (mea/100g)
(o -£2:37 0 ,
()
=3

10

Ly
(’§~: ,344

2 3 4 5 5 7 q )
pH
- ¥ Bt G, Ay, Hy, AH, LAJIRRERS LR RBE(TRD
‘ la SEfbgpyclm BFRMHE S pH 193X R (0.01 ¥ NH,CI 5#%)

Fig. la The relationship between amount of Cl~ adsorbed and pH
(in 0.0IN NH,CI solution)
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A&, NHY BT RMRS 2 #Mmn,

g Cl- BFHNRINR SR o H ZHERBENTHEX (B 1), XA
(EEFEEILE), HGRED ), AH (BB EATMARET) ML (8% REXRY
rRIRG —0.972%%%, —0.994%**, —0.997*** f1 —0.992***, X G ($1%p"),HiAK
PAE— pH R&X ClI” EFHRN, REEBHLZE, HAEXY NHY EFHORNES
eH BERIFRIIEMR(E 1-b), HAAX RN 0.984%,

SR RHRA (ZPC) HAEH — R AR A EHEY», fEAREFR
MiZERE ZPC™, AW, EASKNEAEFY H* RoH BT, MUHEHRMNS
B4R Cl- BFRK, MBARINN NHY BFRRM. S&RM pH HEYTRELX
B ZPC B}, CI" BFAINH) EFHRKMEHIN AT, KZ, C° BT NH =FRE
BATH pH E B e[EAZ R BHERN ZPC, Hit, REBEE1BHFER, B Y =0
B, X EBIAE Y T AR ZPC, XBE,H34K G, A, H, AH M1 L9 ZPC {&kk>% pH 8.01,
772, 7.21, 7.12 R 4.01, XEHEREXBPREH G RV SIIGOHEET, RIHE AL
R¥ER—&, A ERAYLTRENEBEALEIHE X,

10
G «—=t
9 A o—
8t H —
—~ : 8 AHo—o
™)
£ 7 b
g o £
£ o g £%5
x 2 6
% Ll 17 Eg
& 5p S
tE N 2%
N~ A 5
+e 8 4 & g
%»-, / s 4
z - x
s 3 N 2 3
- /
i) > 2
<
T !
ol . . N - . A 2 . N
ol — 1 2 3 4 s 6 7 8 8 10
7 8 9 0 A BINHLCI¥ B ¥ pH
pH ' pH of NH,Cl solution added
B 1b S {Lgkiy NHY SRR S oH AIX R B2 mARNHC BN pH fIE & RE
(0.01 N NH,.CI 5¥%) M pH ZJEXR
Fig. 1b The relationship between amount of NH} Fig. 2 The reclationship between pH of
adsorbed and pH (in 0.01N NH,CI solution) NH,CI solution added and pH of equilib-

rium solution

(=) Rib&adipieae

MHE 2 5fPLE W, AR NHCIBRRE—ER oH B TR, B/ BERZIHXE
W pH AR KRG, 75% oH 1T 8.0 Bf, BRI XK, 1EZBERREMBEIRAN
0.01 N KNO, 7 i T Bif it b 2 B 28 LU B
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BB REX NHCL % pH ZIHAZ e T SHMERE X, FMGEE
MBERFHER, ~HBEEREN, 55— L REENY, BT ST WS HE TR
¥, X BB ERAIAEW, Flin, Russell Z(1974) 42 B T 487 % iE (100) @ LA
A, CHIBRI=XRE, BMNDHE 14, 24K 34 P TR XYEfINBR—R
TARAREM, K EERRK A RNZERRBEN, LSS RmEREER
R UMY (H 89) BHPER. HERNSKEKERERP, ATREREL, hE%
Pl R E L W RE K Wfi bR AW E ik,

() EAEHREFRIFRAOZERHRE

A% 5 NaF BB E RN, E/ASEE LBoEME (RUBREAEMAKERE) 5
F- B FATRAARRH, KEF §FEHREC ", ANERE AR o 8F, 88Kk
A pH EAMREERTRORABRTHEM, HE 270, EAEEARSHHE 1 N NaF
B Ve A, BREK oH SE/ABIRAR ZPC ik, BASEE/ILERFHEETRE M
B, ENEAHMEETFORM, ANSRY OH BTk oH £, AETFHR
WESRERKREERBENIEHRSX, ARERTE LN FEE FHORNERMSERK
BYHSHEATTEREAGEREREEERR(EK I, ABETRFESEERKEN
b (F/OH) W 5 EH AN &S RERBEEMR LR L, LR REM R AL
BERAEN, MEEREAGEBA R T AR E]ELE/, Huang 1 Jackson
(1965)1, Bracewell % (1970)'K1 Perrott Z£(1976)U¥ 1'%k Bl S5& /L ¥tE B, X &

%2 FASHERFRHRAOREREE
(ZE1N NaF JEHEH)

Table 2 The F~ adsorbed and OH~ released of iron oxides
(in IN NaF solution)

. pH
B A U (F;; wl“g(fl) (()r}:— ;ﬁi(%ﬁ% F/OH
Sample Narlj]a?m Eﬁ,ﬁiﬁfm F~ c:ld/sorbgd OHi?clcasgt] /
solution solution

G 7.55 8.24 17.5 9.25 1.89

A 7.55 8.45 75.3 13.8 5.46

AH 7.55 8.18 57.3 11.5 4.98

H 7.55 8.17 55.7 9.20 6.05

L 7.55 - 8.1 57.8 7.69 7.52
GQ-1 7.64 8.27 1.28 0.93 1.37
AQ-1 7.64 8.54 7.10 2.23 3.18
HQ-1 7.64 8.21 5.56 1.36 4.09
LQ-1 7.64 8.15 3.66 0.82 4.46
GHQ-1 7.64 8.31 1.28 0.88 1.45
GQ-2 7.69 8.22 1.24 0.97 1.57
AQ-2-1 7.69 8.51 3.26 1.52 2.14
AQ-2-2 7.69 8.39 4,29 1.56 2.75
AHQ-2 7.69 8.40 3.00 1.57 1.91
HQ-2 7.69 8.39 2.16 1.04 2.08
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SR EEHORERAR DR SRR IFOF =80 o BT, Wb, BT
UESEETRMEE (V) RSEBEE (Y,) (Bl meq/ 100g Fe,0; FoRit) H5% I
RIBLE (X) BB EOBIERR.,BI Y, = 20.8(5.54%), r = 0.918***, n = 15; Y,=
10.0(3.16%), r = 0.703**, n = 15, XH1E—H T H T E 0Lk 5 H:7 JS T R MR
ERBTEHESER,

%3 ERTRER (F) Xk (OH) 5EEHAL&ER (Fo) ZEMER
Table 3 The correlation of F~ adsorbed (F) and OH- released (OH) with content of
amorphous iron oxide (Fe,)

r &
Variable H x 2 B A #& .
) : X Sample @HEFER
Correlanonr coefficient number Regression equation
Y X n .

F Fe, 0.952%*» 15 Y =2.2541.17X
OH Fey 0.856%»* 15 Y =1.57 +0.18X
F /OH Fe, 0.805%** 15 Y = 2.33 + 0.072x
OH CF 0.930%s 15 Y =1.12 + 0.16X

v B 0.1%,

Significant at 0.19% level.

() ERREFREAAREREEFORT

BALMEB SRS+, BERRMEAYERR, RESE TR, ANBRHX
BoOH BT, AR o HAR, XY5ELMAETEEONE, ROARRT 5RLD
ERRHE, —EBXANNZERRMEN, RKEREH O 5 F BHT#THFEY
Bz, 585 AR EBRAERFNAE DA EREE S Y- IRIKE
AUS BT MERBRE OH BF, BEXBIMRRETEERET M ERLE
S5&mifEH. MR S%SHAMERNBREMRD,

B Hingston % (1967, 1968, 1972)® 1 R T4 4k RERE AL AR R HEIRELE,
HHTUSLS&XERMEASEBETORERBBEMEIREFROETHERM, Russell
g (1974)5) HRPTH S REHOBER, B Pafic %F(1976)"H Parfin 5 Russell
(1977)FTEL, HINH AR OH XE B REMA T R —EH, UL FFETHR5A
B OH %R ERM AT, IAEERBREMCH O ¥, —M AR Fe—OH E5—4
F~ P #E R E &%, \

A A 1 N NaF 3%, 8% oH B3R 8k ZPC, B KREJLF PR
VEAER, B OHXS5F B FR#MT RN
/OH, o _/OH, o

+F~ == Fe + OH~ Q))

Fe
\oH \F
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Fc/OH /OH
\OH \F
MERERIKE, F- TS5 ol BFNHITEYEZH, F/OH YBILEMBERET Lo
MR ER(E 2DEH, F/OHIEN AT 1o Fibl, FF BFRT SRARER ERA
435 BT B 41 , 5B R SRR R 7K A 5 4 A BT Alr A 3 e T e B2,
Fc:/OE[2 }0 -+ F~
\OH
XBE, F/OH Y BHEES R KT 2, BRR#ERE F/OH LEEANER.
Rajan % (:1974)% A%, 7ERL ¥ pH fE R, B KB SRR & AL RAL K3 MR
WEEHNEAKEESREUBESHERLE, ERLY SRS RERAKIETRAK
AT, B TR AR X R I, BRI P BT e SRAK SR RT R, AB/NB
FERMABERTRS. UK EER, fn 100 4 F BF5 90 MRr—O0oH, £ 10 4
fif, —OH H&Z A3 #:, XM F/OH MERRT 100 MR, XMBE—SHmUH
ﬂEo
‘Rajan & (1974)*7E B L EAL B BEER BT IR I, VU7 S 0 B BR 30 OR BE R

pory -1
] + F~ = Fe ] + OH~ 2)

}- + H,0 (3)

‘ : H
TEEEBREAREMEAKEZER ERMIN, ERBFERE (Al—0—Al) BIHH
i EFRRMTALRIYLER, SRERBMBRENENEN. NEAKSELDOIERAPRR
R ARFERMRE(INTRRR), MR EEM N BH TR,

Fe\ ¢ Fe—F]i~
OH| +F = 4)
Fe/ Fe—OH J4-

Huang F0 Jackson (1965)U% gt & ib¥ 5EM Bk A BkBL 20 4% & MU R R HL
H, RIVANESEATHLE NoF BBEOKET, XRERKTREN. FE 19524,
Turner §1 Rice®® BRERA, ¥ IN NHF BB SH E RN Al(OH), R=/KEVIERfE
A RAEVE HE (NH,), AlF,, i #EAY 1 N NHF %5 5 Fe(OH), RE&1EM, (NH,);- FeFy
NEBERETRRBEN, EhERBERG THEBIARER Fe(OH),  Brydon F1 Day
(1970)® B EEH, HRHRN: , :

M(OH), + 6F~ === MF™ + 30H"

- FEHE 1IN NaF e, SME AR R RIA T, TiME Fe™ B, Fe(OH): RRBE

B, AKEIBRAE RN A BB L, T8 (1981) BERA RS (B A G) £tk 1 N NaF
B 72 /MR, RALEATER X HERFTHRAFAEN, HBRE LB NaFeFs B4
o :
EERDERE, SETHRKE (F) URESTRNESRERKERE (F/
OH) HE5RANBRATEEHRMHUGBERDEFEMR(ER 2, 3)0 MR 2RI, K
LA ST A EMEE LA M KRS BRMENEAD G, GQ-1, GHQ-1MGQ-2 %
B F/OH LhEMESET 1, MEEEALKERRNEAD A, AH, H, L, AQ-1, HQ-1
M LQ-1 FWHMK, ZRESLEEXEMGERANWLRERMEKR & % F Xo
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Perrort % (1976)%) Bi3: T pH % NaF S5EEH B LF B EW, RIE pH 7.5 &
fL4kt OH MR IRE R pH 6.0 RBREN % FrLAZEARTZR oH RERN (pH

17.55—7.69), BiKH OH BERDM, XRBDERERLEEHLEALGSBEORLN F/
OH ttfﬁkﬂ@—-/l\ﬁo

RITRAEASS 0.01 N NHC! B PHk TR TRAGHNREER. EREW,
B EERN SHAR oH BHHERX, BAENESHK (B C BFRHERT) 5o
BARIFRIAUR%, AR N BFRBERR)S oH BRIFINEMEX, HAEHK
SALEKR R, R B TR & 0 B oH 838 ZPC HEE T AR KT LB 2ZPC
B, RAGRERENRELE NHC RNBERRD I HM HY BT 08,
. FAcGRAE R I N NoF BRPTHOEETFRNE, BERKBURKENOLE
(F/OH) HERREPEEH B LGS RBRBEERE, HALEHELERE /LSS
BREENE S, SAETRHEHLSREBRRERRANELER. SETFRREATRE
BNERTUEEY. (1) EAEKRTHREMRESEEFRERMATRIN, BiK

H
BEHURFANRETRESHETRER S (DAMKEARDHERE (Fe—0—Fe)
R, P EFN F—F 84, REAMKNEETHRK. 3) EEREALKNEE
BRI EENER.
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STUDY ON ION ADSORPTION CHARACTERISTICS
OF SOME IRON OXIDES

Shao Zongchen and Chen Jiafang

(Institute of Soil Science, Academia Sinica, Nanjing)

Summary

The present paper deals with the surface properties of some iron oxides by means of
the equilibrium of iron oxides with 0.01N NH,Cl solution. The results showed that surface
charge of iron oxide was closely related with the pH. Positive charge of iron oxides (repre-
sented by Cl- ion adsorbed) was significantly negatively correlated with the pH, but nega-
tive charge (represented by NH4* ion adsorbed) was positively correlated with the pH. For
synthetic iron oxides, the zero point of charge (ZPC) obtained when the adsorption capa-
city of counterions was equal to zero approximated that obtained from the potentiometric
titration. Basic property of surface hydroxyl of iron oxide showed buffering effect on the H+
ions in acid NH,CI solution.

Adsorption capacity of fluoride ion (F), amount of hydroxyl released (OH) and the ra-
tio of F to OH (F/OH) of iron oxides were significantly positively correlated with the con-
tent of amorphous iron oxide in neutral 1 N NaF solution. It indicates that amorphous iron
oxide is a very active faction of iron oxides. F adsorbed was positively correlated with the
OH released. The phenomenon of F adsorbed more than OH released in some iron oxides
may imply that in addition to ligand exchange between hydroxo-groups of iron oxide and
fluoride ions, there occures simultanecusly or previously the ligand exchange between

H
aquo groups of iron oxide and fluoride ions; breaking of Fe— O—Fe and linking of new

Fe—F may also be responsible for the additional adsorption of fluoride; in addition, amor-
phous iron oxide content is also a important factor.
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