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Table 1 Basic properties of the soils tested

HHLR pEscs | BEERLE | mEwis Pyt
g | BE|GEFED sy | GUTED | G/FRD) | GUTFEL)
Parent Organic | pH Amorphousiron |Free manganese [Easily reducible
Soil . Free iron oxide . . .
material matter : oxide oxide manganese oxide
(g/kg soil) (8/kg soi) 1 (g kg soil) | (g/kg soil) | (g/kg soil)
a4
ok W 4.9 5.2 42.4 1.6 4.6 1.1
Ferm | ZRE 10 5.3 112 2.8 1.6 0.88

B\ 3,5- R A HE, 3, 5- TR K BT BREE KR,

REAREA eH45 (REEHEE pH) #70.05mol/L NaAc ZEriRik, ERNATE pH XAF
FRE,

(=) &

TEPHLENATE AR RA—REEE " RES B: K 5g AT+ Tsoml B H
A 30ml pH4.5 (FRHEEHEE PH) /Y 0.05mol/L #) NaAc ZWi, BMA—2BE—EMLE
M ERIREE A 1 x 107 mol /L, %% 2 /NNLERTIRE 24 /MEE, H 0.65pm PRTLEERSIE,
gty Mot RILL@BRE .

TP EE SBI S YR EZARNR N B S FERMITR A Batch 3o § 300ml 0.05 mol/L iy
NaAc ZiyEinA 400ml Bepfh 78 g o mBe e 28 b nuabi s, ERERE(REIR N 200N &
Lk in#G STRUANA 308 KT 4, R SRR R MA S E —BREE, AN EHBRICH, eNRE—s&
(29 10ml) B3, 2T MRRBK . MR Mo™, SN KR M. EEILERRBMRE T
R, SX_BMTMEROMEREN | X107 mol/L, DIRIEHEEAKBEIFELAENELE
B EEMEMRBEEHEFRES, HRETERARNECERTATERE, REBMONBKEX
4% 107 mol/L, ZEXRIBRHHLIE N, R 0 BEEHERF.

SIS EROTE: SEBEREMSEREHENE, HBERKHA 24500, FIREEE MO,
SRS RN FHR, REETMEXN XE, NTEENEEE. TREREN, ARRENERESR
LB X FER IS, 2 ANE B 2450m L BT H B B L SRR A B 7 2900m L0 MiE X85 B
HEBYXFHRENE T ERARN FTEESREENERNBERE . SRFERENHER,E 5ol ki
EhimA 0.2gMnO, Fl pH4.5 7 0.05mol/L # NaAc ik ZRIE T, REMARRRDERE, &
BEAIE A 0.5 X 107 mol/L—5 X 107*mol/L, EXEIRY 2 MR ML, HSid ik, BKE 2450m
2 E R ICE, BN AT 44 R S ERAU AR HE R 4R o

EHTEE SR EAGEZANRNE NFERAN, EREREDYHEROR, RENA
0.2g MnO, &% 2 /I, S REH T REE 245om RORGE, HNMEEIBERDPHEXERD
SENEE, REHERB, N REBREPHANERER,

THEPEAENEAEN S EREANRANRMERS KBRORS. AASE: HeRT L+ T
50ml Z,0VE T, fA 30mt pH4.0 BY 0.05mol/L fy NaAc ZrEMENNE L S, IRE A1X
107" mol /L, $R75 2 /B, IR 24 /NGBS, IS A 250ml BT, ARG EERL LTS
ZRGEE, EEZRGER, FUMA 20ml NaAc Zrhi, |R%¥E/DH, BURBEEFASTRE &
BE50mlL,HE Mo BHHER 3¢ LA RFENELE R,
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IGF%: SE_BM>SE > AEZR > REXZ-E. 3, 5-“REHE>2,4,6-=Z=8 %
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B EANESERA—E" NER LSV, AR MERBRAER, XTE
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BTFHELEA, EREER LA FFERN BN TR TFEY, WRtRHETEED
BiBo MBI BERE, XMEMEABRS A LLBUREICL A E /L ETEIR, Blmsd
X_BAMESREGEBRSERIENLEAREARN M BREAIEXE_BRES, 7%
HEM3—6 % MERLEBRRENHE.BRE EREN, NETRSE FROMLER, £
BEEEDRF X APk B BRSPS X A L BRI A R 4l b £ A B8R, B an 4R e 2 K G
BB RNEIOVRR.

F2 BUADSIREAEEREBRE Mo’ B (1 x 107°mol/L)
Table 2 Reducing disssolved Mn®** in soil by phenolic compounds (1X 10 ’mol/L)

By EA - | RN ]

Phenolic compound Red soil Latosol
PBE_B 83.9 63.9
4% = B (2R 69.9 49.9
HE=& 15.1 15.9
BE_% 7.0 7.1
3,5-—REEFE 7.1 6.5
2,4,6-=H KR 4.7 5.1
¥ B 3.5 3.5
2,4-—FER 2.7 2.7
3,5- = R K B HR AR
4B E X R HE HE

HAENBRLAMOEMERERZNTR oH BIEW, X 3E=ZMBLEWER
A pHHY NaAc Zrnih S ME RN ERBERN Mot B, SREM, & ocH TS,
Mo** BEAE R, W cH AN TH R MY E T Eh A G ZHER, XM M
ARTRIZ RE—BY, & 3 ERERYL, ZMBAEYE ol EMHHER B K — 8, M
pHG.0 I #AY Mn'" 5 pH4.0 RIARE Mo HNESLERE, $X_B. AEX_ B R
3,5-“RERELSHN 153%.11.5%M 7.4%, HARRERMEHERT, WS HEEMLD
B L& 3Z pH EME KR,
(Z) PRI TR ERRDHS
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%3 pHURMCEERBRIIEE (Mo*+:1 x 107°mol/L)
Table 3 Effect of pH on reductive dissolution of manganese oxides in soils by
phenolic compounds (Mn?+:1X10™>mol/L)

Biay RE (mol/L)

Phenolic ;mpound Concentration pH4.0 pH4.5 pH5.0 pH6.0
BE—E 1%10-* 116.7 83.9 62.8 17.8
AE=F 1%107* 27.0 15.1 12.9 3.

3,5-—PBEEE 1X1073 19.9 7.1 5.4 1.5

£ pHEE AIERFASE _BS)IBRAIBAT, LRIEMENBRAERAS
— L KR HFFED, BB — R R, 7 FTRAER:
d[Mn?*],/dt = k([MnOx], — [Mn**],) (1)
R [Mn?t], 2 ¢ K% Mot B9IRE, [MoOx]l, BRAIREE/AENRBKE, BN
pH THIERMERFEE, ¥ LXRDE:
In([MnOx], — [Mn®*],) — In{MnOx], = —kt )
B ERIBEESE_BANESES NEARERER Mo N—R3 h¥EHBOHALE
B, £ 0—10 435N, Wn(IMnOx], — [Mn?*],) 5t (D)BEEHLMHEX, HX ZBALE 0.99
Pllbo MELZMSERENMEEBN K EX 2.1xX107487, WmEEN 1.6X107247, X
R F 3% T — R ST 7 2 4 SR T HE 51 RO e A e 25 N P A — B
XRT oH WE R B EEZWMBEX R, "TRIM oH SR k ERHER L b K
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Fig. 1 Fitting of reducing dissolved Mn®t in Fig. 2 Fitting of reducing dissolved Ma’+ in
latosol after reaction with catechol or hydro- latoso! after reaction with catechol at different

quinone to the first-order kinetic equation pH te the first-order kinetic equation
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Table 4 Apparent rate contants of reductive dissolution of manganese oxides

B3 logk 5 pH g%k
Fig. 3 Relationship between logk and pH

in soils at different pH

- [AgE I LN |
B8 pH PE_BIRE (mol/L) Latosol Red soil
s . .
uspension pH Concentration of catechol k(min."") logk k(min."") logk
4.0 1%10-? 4.2%x10-? —~1.38 2.82%10°? —1.55
4.5 I1x10-? 3.7x107? —1.43 2,54%10-? —1.60
5.0 1X10-* 2.5%107? ~1.6 2.26X10"? —1.65
5.5 1%10-? — — 1.60% 102 —1.80
6.0 1%10-? 2.1%x107? —1.68 e —

DRI B [H,Ql,,x HIFER M HIE/N, RSB 5L S ESE R EE IR
b, BRI SHERAFENRNSENREER, B LR LENERER, [HQ, %
W ERE « (FEELRBEX, TRTRER:

[HQl, s = [H,Qly + Rt (5)
A [HQl, RESENWHEE, RREZSDEMHR RN /EHE, BEETWER, 7
DIRESER SO BRI BERGRE 4 5 25 7.4X10™ mol/L « min 1 8.1 X 10 *mol/
L - min, fEZBREBEVE RN ) 11F0, A2 REARFEER N ZHORKMSE
AR, e SEN BB AN B s, EXMEEFET B S BN —%&ahi¥
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Fig. 4 Curves of reactant and product changes Fig. 5 Fitting of oxidation of hydroquinone
with time after reaction of hydroquinone with soils to the first-order kinectic equation

FRENRAER, RHSENENELERBRE — RN NFEHBUR— KD,
1[\([H2Q]z/[H2Q]B) '—::l t (ﬁ)%ﬁ%ﬁ%yﬂ%%)@:

In([H,Q1,/[H,;Q1y) = kyyut (6)
X [H,Q), £ t HuSmIKE ¥ LRAKRFE,
—d[H,Q],/dt = d[Q1./dt = ket [H,Q], (7

Krh [Q1, & t Hu =Y ERKE. knREMALNORMERTEE,NE 5 hKE
SER ST AR E RO W R E B 510 0.19/min R10.17/min, WL B, SRE
TR T SEAEZ MR ERLEFE RSN, EE BIMOER, T, SERERRIE
LR BER T BA TR T:

—d[H;Q]./dt = ke, [H;Q], + R (8)
FRAMSSADNE—TEHEhEAMEAAFERNTR, ETHERKSRKEER
BT #R o
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OXIDATIVE DEGRADATION OF PHENOLIC COMPOUNDS
BY MANGANESE OXIDES IN SOILS

Xu Renkou and Liu Zhiguang
(Institute of Soil Science, Academia Sinica, 210008)

Summary

Oxidative degradation of 10 phenolic compounds by manganese oxides in latosol
and red soil and the kinetics of redox reaction between manganese oxides in soils
and phenolic compounds were studied. The reactivity of phenolic compounds with
manganese oxides in soils depended on their nature and structure and increased with
decreasing pH. Both reductive dissolution of manganese oxides in soils by phenolic
compounds and oxidation of hydroquinone by manganese oxides in soils followed the
kinetic equation of the first order reaction. The order of the reaction of reductive
dissolution of manganese oxides in soils with respect to [H*] was 0.16. Besides
oxidation by manganese oxides in soils, hydroquinone was possibly adsorbed by soils
and so on, and total reaction rate of hydroquinone was composed of two terms, i.e.
the oxidative rate and other reaction rate.

Key words Manganese oxides, Phenolic compounds, Oxidative degradation,
Kinetics



