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Abstract

The oxygenation of Fe?' ions is accelerated by the Fe (IIl)-oxyhydroxides (amor-Fe
(OH); and a-, $-, -FeOOH) in neutral solutions. For constant pH and [O,], the reaction
rate is expressed by

—d[Fet*)/dt = {k+/e' [Fe (IH)]} [Fe?*]

where Fe (I1I) represents the oxyhydroxides; % is the rate constant for the “homogeneous
reaction” occurring in the solution and % is the rate constant for the “heterogeneous
reaction” catalysed by Fe (III). The value of %' decreases in the order of amor-Fe (OH);> a-
FeOOH >7-FeOOH>3-FeOOH. The catalytic effect is due to the fact that Fe?* ions ad-
sorbed on Fe (III) are more reactive to O, than the free Fe?* ions in the solution. For
a given pH and [O;], ¥ is equal to the product of the equilibrium constant for the adsorp-
tion (K) and the specific rate constant for the oxygenation of the adsorbed Fe?* (k). The
values for K and ks were determined as functions of pH and [O,] for each Fe (III) species.
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(OH)y) & ZIiea 2 L BETHZ L AL, GEEMD amor-Fe (OH); Ll Uiz Fe?* o
FYOENEIGHIC LA 0L LTEB LT 5Y,
BT, KEbgk D 3 FOAREBRCIEEN TH-cE LT, FROREE &SI
A AL E = b o % ook ke (D (FeOOH) 28kt 5, & O & vk ik gk A1) D58
e ds DO 42 pH, S BUE, BB, BB E D&M X D ERShE 2 LT A
Ehd, fEziE HROL & TR 55 E i pH ofiic X v, i CU A+ v O
DEMIT L HRD X 5 foh + v KBk (D) AT 5 THA 5970,
pH 4~7 7-FeOOH
i pH 7~9 7-FeOOH + a-FeOOH
" pH 9~12 Fe;O,+ a-FeOOH
pH>12 a-FeOOH
ClI” 4 pH 2~8 3-FeOOH
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B RA T, amor-Fe (OH) o4 & g+ 52 & & L,
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amor-Fe (OH),, a-, 8-, 7-FeOOH 13% W it - T, FNFHKRD L 5 7t CHE UL,
amor-Fe (OH);: Fe (ClO.); 8 (Fe & LT 30 ppm & LU 50 ppm) % HREEEETKIC
X0 pH7 @ LTk iR+ 5, 4 ok ik gk (L) ok B & K

CHEBE L CRE LMD MNI 20 B L,

a-FeOOH 06 MFel' (SO B IMNaOH w2 2T pH %13 £ L,

50°C T30 v & 85, SO 44 vaidbhic /b ¥ Tl

WA ke LicOb o hziE#B L, 100°C Gl L,

B-FeOOH : 01M Fe™ Cly I8 % 70°C € 1R MBI 5 Lico b B # % 20
W SR E T 5, B KA Lico b 100°C TR Lz,
7-FeOOH : 02MPFe"CL&BHKI 2M v b » ¥ VS A M2 T Fe (OH), Ol

B0 b, B HCBERKSOmI & 1M NaNO, B % Nz
60°C CHML T %, TR % KIEIE LicD b 60°C TR L,
b DA RIS AL oG, XREYhe X o RERRE L,
2-2 EREB{EEORE
ERED A vk L gk (1) % Fe & LC 0~90 ppm T#¥s 0.01 M NaHCO; ~0.1 M NaClO,
B (25°0) WL, Zhic OrCO RAE# A (LRE) K EiA&R, CO, pEXMHATH &
WX 0 pH %M« 0—EHICHED, DX\, pH o flf H,COyHCOT D#glifE HaFAH L
Tw5b, pH & Poo, Po, [0,] DRtR% Table 1 iwi,
AL G = D Fet 4 4 % 3 ppm OMEEE TN CHET 5, X4 /e MR Y B
WO R 15ml TR0 L, 5mé ® 1M H,S0, Bk & RE LTRGBS e, KETS
4 okEpbgk U RS ER LIS F A+ vz CFe 44 vik~x2r745%5, 1, 10-
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Table 1 Concentrations of dissolved oxygen
in carbonic acid/bicarbonate solutions at
various pH’s

[HCO5]1=0.01 M, Pgo,+ Po,+ Pi1,0 (0.03 atm)

9%

Fel* 41 F 2 OWMBERDRE =1 atm, 25°C
ZOWERENET Aoy, & pH Peo,, atm Po,, atm [Og] X103, M
W O, BMFEEE LTIL e b oy, 2 N
T, b L 0.0l M NaHCO,—0.1 M 6.00 0.661 0.308 0.391
NaClO, & i (25°C) sl L7 N 6.10 0.525 0.444 0.563
CO, i 7 A (L) % 2 I i %k_ 6.20 0.416 0.552 0.700
% OvtfETsrrbies gm0 L0 Dl
DI, e % 2 Kbk () 6.50 0.209 0.760 0.964
% Fe & L7C100 ppm, Fet™ A A > & 6.60 0.166 0.803 1.02
10 ppm DR TNz CREFIG % 1T 4 6.70 0.132 0.837 1.06
o WEITILIHYHE < T L, 10 i 6.80 0.105 0.864 1.10
FETiREAEFHCIETS, BREY 6.90 0083 0.886 112
5~20mlHH LTy b=vHI A 7.00 0.066 0.903 1.15

HAEIEHE GF/C e X hilad L, WP
D Fe? A4 VRE [Fet] & 1, 10-7 = 7 v AR Y YR X DWET B, Fert 4 4 v ORMEE
w [Fe e &3S Lic Fe?™ oA A v ol [Feill K OBRNORDHI D,

[Feit] = [Fe®*Jr—[Fe**] (1)
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Fig. 1. Effect of the addition of Fe (III)-oxyhydroxides

on the reaction rate.

pH =65, Po,=0.760 atm, [Fe (III)] =30 ppm.
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RTHOTH%B, iak, WEOH Fe (Il) # RN L WBEOKELITFTH 5,
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VIRBLT1IRTHDh, HEXKRD XS5 EHEIh5,
—d [Fe?*))dt = koxy [Fe?] (2)
22T, kexp V3 Fe?™ BT Rk BEEEHTH D, ROBEHROEHE % 2.3 TH - i L,
7235, kesp L pH B L (O] DA TH BH, 22 TRINGDZOORFIIBEELTH B,
Mo BB ST L 510, kop tE Fe (D) oM L D EHE LM KRTS, LiLl, WRKOBEIR
Fe (III) offffHc X h #ig > T 5
3-2 ERMLEEICHWT B pH & Po, DR
Fig. 2 X pH & UTC log (kexp/Po,) 27 2 » P LI DTHBH, ZOL5Kk7ey + %
THDIRD LS IeBbiic X5, KEBICK T pH RBEWC REBEHAEZEHALCVW5DT,
pH & Po, D&ha My BET5 2 X TER, LKL, O RBETAHARIEAIT L TH S0
BY koxp & Po, THI DOV, Po,=1 KEOEMFCHEHBILTIZ ENTED, TOTHIE, #E
MO EIRIED pH KEMERT Z Ll d, Mhbbnd X5, WTFhoBaw dlE
pH&&%KWk?% L, Fe(lD # ML B ECEBROEZII217cbH, -0
BN kexp & LTHTE I NS & OIMBEHBILRKICOEEER £ Y T5, ki
k= ky[O,] [OH™P (3)
ky = 2.3 x 10" M2 sec™! (25°C)
DE B[O & [OH 1L X » CTET B, A TILEERERCH S,
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k at m_1 mi
exp/ Poz : n.
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Fig. 2. Change in log kexp/Po, with pH.
[Fe (1I1)] =30 ppm.
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Fig. 3 13[f~ pH (6.4) &MET BT B AL KIS D K kexp/Po, & Fe (1) i £ & OB %
fE 4D Fe (D) DWW TR LT 5, kexp/Po, DL [Fe (IID)] & & $IERANTIERL, EHRO
VTR —OfH &/ Po, i —8T 5, Licdio T, EMOEEE L &3 HUE ke 12
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kexp = k+F [Fe (III)] (4)
EFEh, )5k
_d[Fert)dt = {k+k/ [Fe (111)]} [Fe?*] (5)
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0.2+ amor-Fe (OH) 3
» a~FeQOH
"l‘ . o
[y -
E =
- L
£ r y-FeOOH
- L
O 01
o~ F
© B-FeOOH
—
Q.
]
X
1 1 | ] ] 1 ]

|
0 50 100
Fe(ll) concn.,, ppm as Fe

Fig. 3. Change in kexp/Po, with the concentration of Fe (III).
pH=6.4, Po,=0.706 atm.
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Fig. 4. Change in log #’/Po, with pH.



98 ’ R RRSE - B — - kg 6

fi 2 Fe (III) fEic 2T+ 0 pH R X O [Fe (1ID] G F T kexy & £ &MIE L, (4) 2
LTk OfivEE L, ¥/Po,* pHZH LT my» + Lz Fig. 4, ¥ offizvFho pHic
BT

amor-Fe (OH}), > a-FeOOH >7-FeOOH > 3-FeOOH
DI T B 2 EDvdon b
3-4 MERICO#E

bl ok F ook BEk (1D @ X A KIGREERL, ZORBCEE Lic Fe*™ 14 v{ich
b Fell MIBLERLT W2 LR iDL LTRD LS TE S, FKiEKIGH Fe2l ihl
LTCIRTHBET5HE, EBGEERERECHEE R LOFRRRIGEEOMTH DD

—d [Fet*]/dt = k[Fe?*]+k, [Felf] (6)

TC, ks EERRKIED Felf B+ % - kEETEH THD, pH IO [0l ZEESh T3
DT, EFEBIC b, OFCEENRT NS,

Fe?* A o v W RIS EEALIT W b Tl uE, BE KISk K Iises L
TFMFEHeh b

Fert +Fe (L) ==Felf, K = [Fed{l/[Fe**] [Fe (ILD)] (7)
Lz C
[Feitl = K [Fe* ] [Fe (III)] (8)
ZZC, [Fe (IID)] 1. Fe?* 4 4 v 3E LCu ey Fe (1) 0 ﬁ‘%:;%m% Fefd 2% Fe (I1)
HRIEC S BRTILS T ehigl, [FedlD] % Fe (I OFEMEBECELVWEBL, 8
K& (6) R & v ELEE I
—d [Fer*)jdt = {k+/es K [Fe (HI)]} [Fe?*] (9)
FEHRAGULoo I s LETcESL, G)RE QX a5 L
B=kK (10)
9 X A&FBET 25 &\ Fe?t 1 o v Fe (1) i3 2 W5 B 250 & & R IE Lt
1.0 107
: '_' Q amor-Fe (OH) 5
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Fig. 5. Changes in log [Fed§)/[Fe?*] and K with pH.
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Fig. 6. Change in log %s/Po, with pH.
!]’5?’:!:)\'%\:(/~§\/ LIA( o L-_"@H 77777 1’]”’ 'fk‘fxn"’\f\_ﬂn i, [ Vﬂkho) pH 0\-—3”0\4 Ci) @{B{/\Lﬁl ’\UVC

BB LD ot i, Feii 23 Fe (1) i < B’\°'C PO NE &0 S EDIE E ¥Rk ©
I

X351 LCHEE L, Fig 5 3B RO Ernd [Felll/[Fef 1 8 IO K #5F#H L, pH X
LT ey b LIchDTHLEH, BALSISHE G pH 44 (<7.0) Tt [Felf)/[Fe* ] iz uvFi
D Fe (IID) I >WTCH 02T TH O, L2 bt [Felr=3 ppm, [Fe (III)}=30 ppm D44
1L [Felfl<25% (Fe (1ID) &%, Tihbb, EROFER LI TS, ik, Fig.5
bbb X 51 amor-Fe (OH)y OB& X & 1 #5 E # K 28 pH k455, a-, p-, 7-
FeOOH Cix pH KEFEMEE R S 700,

LS LT K BIUV K Offins pH DB E LTRDENRIDT, Zhdhbd bk Ofiy
BH L, k/Po, & pH OBth%E 7= v b L7 (Fig. 6), TFe (I1I) OFEIC X D ks/Po, Dt L O
o pH (EFEHIZRID 2 EDdbh b

P EotEdnt, Fe (D) off) rwwt BAMERT DAL b RS X 0K 23875 2 bl
T5HEBLTI, ks BERBIGORZ V2T I2RTL0THDNE, YARFEROIGRT
DG LB AR b ORTTH B, ¥, KR T5IGHEORERDORELEIT L
DTHBMS, RECKT HRIGERT, TihbbiE oL HY LSBT THsB, Fe(ll)
Hm.,t TG MR A D AR, W LAY BETHAII LRI VRO L SRBMTE

B, WBER OB E LB &, 4 F ok gk UID) 2B 2 2w Fe* A ok vRBG7 A
BV E - THRL, ECIRE CREREK T 213E, RFPkEd GREMENEL) iy,
BRGSO BA DI TESIET) 705, K ERIH £ Fe 011 o filiii:
e (Fig. 6) (ko0 X 57— AN e - Tl b, SERE QR b IRy FIEEEOREE IVE <
BB & 48\ ) amor-Fe (OH)s WiGME2 R b v, a-, 8-, 8 LU 7-FeOOH T i BLEF o 1F
ZAIBER - THBA, M LIeT v h Y 3 T pH G{FAR TR o T 5 O CRUBEAE 36 Bt
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Ebhhb, Ticbb, HO KX Fel™ 14 v ks gL TEi f-FeOOH Ot R K <
7 s ) NaOH Bl ©o< 57 a-FeOOH (1 IRy iBE A E Y, 772 L, 7-FeOOH i1,
BWTAH)VDOEEFTTFe A4+ vub L THM LI DT, B OEBRLEE ORI X
DEDMWRTEBLE ST B EEZ LD,

Fe(ll) fEic £ 5 K OV DOWTHFEHEABENOHBTEDZ THA I, LvL, BFEK
5o pH #FMS amor-Fe (OH); i oW TCOLRD LN AH HEZ DWW TULRIEARABETH H, &
o ELE LTS,
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