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BileA Ak, 7o 7= VEKLREICEE LT, B REREEMEICL, £, MR A OB RET D
ZEREMBLRTWS. LaL, FOREBEITHSHLNICR o TORN. RBFETIE, Ny FEIZLY, pHY4, 5,
6, TICBT BT T = VEKIURE~OREEA 4 REREZREL, TOREERRD DHEEA A OREHELE
B, COpHICBWTY, Bl e ORHLEBICE - - WESRRIT, TAIARRE 0. 5mmol, -1t 0JEFD THREX
Key, BRARBET R EESWEY A FOFENTBREN. K pH 122 DIFEWREFTRVXORE 2REY
AL FPOEEWKEL B EEZ BN, FHEIRKEEEN 50mmol 1 EELL LT, pHICLBEMEILAERLI D,
BE SRRV B BN LT 5 2 & 2 50T Lz, ARIER TOWRBERIRE X 0 B L NEREICIS VT, T

B s HRITFRE TR END Z ERFR ST,

¥—U—F: 77 VEAKLUKE, pH, FiEgA A4y, RESRR BE 707327K, Kk

1. [XLBHIC

7 a7z EAUREE, pH KTFEHERELFDL, 7=
I EHBEBKNCIVRET D, BMEE TR - 15
BEME L LTA- TR 80421, T 7= U EAILUK
+i2E &N B, S042 DRET, EEE DR (Ishiguro and
Nakajima, 2000) < NO, 1 # > OB &L (Ishiguro et
al., 2003) ZDOEELY KIFTZ EBHMHNTVD.

LL, pH EEEHRE LR LM ~D S042 W
BRI Shanign, 2 OBREDR, 7=
LKEE(E® (Rajan, 1978) + 7 1t 7 = > (Rajan, 1979) -
FVF A RNET AT 1 YL (Agbenin, 1997) « $KER{L Y

(Parfitt and Smart, 1978) + ~~ %1 ~(Hug, 1997) « 7
SVE KBk (Yamaguchi et al., 1999)3 &I NESE K
& LTS Ok FRREA A L REOBISHFEE LRV
45L& L CW5. —F, Zhang and Sparks (1990),
Maneepong and Wada (1991), He et al. (1997)1Z4} S
1K UKD THEREA AL EREORICHFET D) ITLH%
EH%FEELTW5. Gebhardt and Coleman (1974)i3,
SO42)ME& pH T7 1t 7 = VEKILR IR Bk 5 5 0
pH5.8~6.3 TIIASITA A 2H$ % Z L %R L, Marsh
et al. (1987)1X SO42 DFEFMEIL Cl™ L W M HERNITL
HETHEATE 5L LTW5. Ishiguro et al. (2003)1,
AT 5 pH T, KUK E~DHEEA 4 DFf
BRRENEFETRLZ D Z L %RL T, Curtin and Syers
(1990a, 1990b)i%, EALEAH; L~ SO WE I LFHE

B LR 230 (72-2)

ATV EEE LTV, Peak et al. (1999), Ostergren

etal. (2000)1%, 7" —Z A h~D SO42 WFH T ITNESE A &
NEPEEDE HF 2R H Y, pH DETIZHEORIEDI XD Z
LERLTVS.

ARG TIE, Ny FIECIBRET, Tuzx EKIL
JKEt~D SO42BERBEZHEL, TOREZFERRND
SO42 DR EHEEL BETD.

2. WEER

W& T IR —EDOWE YA Moxtd 2WEERRIL,
HEFENLENNDAKRDT T I 2T ORTERENRS.
g = x (1)

1+CK
ZIZT, OIXREDEDORER, CrIREWE ORIRIEE
KIIE# T,

¢ +a
InK = (2)
kT
ZITC, ¢ IEREMEORETRNE, kKIIARNVY < URE

¥, TIIHExHERE, allEik.

TER, Kk KRt 5 2 BEOWE T RV EFOR
EVA MEZEROLT DL, BE COXMBMEERBENC L
TEREFRRIL, Figl OX 57 2 B L s (K3
5, 2000a, 2000b, K3, 2003).

3. WERRAEL
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Figl 7073270 & DRESRR.
Adsorption isotherm calculated with Langmuir equation (1).

3.1 M

W2 EBRICIE, TR < 1T o BB BT ZE BT
B5 D 4Bwl B HEE (RIK 90cm) LizT a7 =
BAUKEERAWE., ZOHBOERT ARBEERICE DI
FKEMIE, 2113 m?2-g7 ' Th o7~ (QUANTACHROME
#: AUTOSORB-1). HHEDE{rZEMEZ Table 1IRT. =
DOXBEOIF AL TREE - T oA U RBREL pH A
A REOBMRIZ, Ishiguro et al.(1992)23#IE LT\ 5.
2mm fF Cli- 7=+ %, WEERICH .

3.2 RERR
Ny FIEITEY, HEEA AL OWERZRIE L7-. pH4,

pH5, pH6, pHT7 OFFMHIZRBNT, Fx OREEA 4

#E (0.003 mmol-1'' ~1700 mmol . -1'*) &K & L

TR DOREEA A DRERZHE L. BERORAEIL,

1 ODERMEIZHONT 3EE Lz, ERIE, KOFIETIT-

7.

O FEILBEDHEBLZHETS. BtLH-0# 0.5¢ D HER
B &2 E L F ICERIRT 5. 1 mol, -1'NaNOs #ik% 30
cm3 AR, WEHRO pH A 8 FBEEIZ/25 X 51T 1mol -1
NaOH #¥{N4 5. B<HEL, 3RHULFET 5.
BEOSHEL, FBIRAZETS. Z0BMEL b EIYIRT.
pHIX, #EHIEL, FETS.

@ pH4 B XV pHS DOEMHIZBWTIIFTE pH @ HNOs
30cm® %, pH6 B XV pHT DE&MITBWTIRENRTH
0.001 mmol 1'% £ 70 0.0001 mmol, -1'' NaNOs ¥%&#&
30cm?® %, FIEOK T #% O LEREE O A o T@ L& I
z, pH2 H%\iZ pH3 ® HNOs CHBEHREDOpH %
FAIEEICEbES. B<HBL, 3FFHLLE#HETS.
BOLSBEL, EBIKEETS. Z0BEL 6 BV IRT.
EOSHEE, 1500~16200g (g IXESIMEE) OME
ETIToT-. BREDOpH P, FAEpH*X02 THAHZ
LEERT D, ZORBICEITNIE, ZO#RHBICRDE
TREOEBIELZBVIET. REICLEBREETRED

GEILE+ HERBHER) EREHET 5.
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Table 1 HIROBLFEME. (RFERELINIIZENT, 1984)

Physical and chemical characteristics of the soil.

Soil characteristics

Coarse sand 17 g kg™
Fine sand 112 gkg!
Silt 375 g kg™
Clay 495 gkg’!
Amorphous material 414 g kg™
(with allophane + imogolite)
Organic C 11.6 gkg?!
Texture class Heavy clay
Porosity 0.824 m’ m”
Bulk density 510 kg m?
Cation exchange capacity
pHS 5.7 cmol, kg™
pH7 10.6 cmol, kg™!
Anion exchange capacity
pHS 10.3 cmol, kg™
pH7 0.6 cmol kg

@ FTE p HIZFAFEE LT SO42¥AMK (NazS04 & HaS04 05
1E%) 30cm® & FIEQK T % O LR DA - Tk E
AR, B<HEHL, MU EHE®RO pH 2HET
5. pH MFTE pHE0.2 D#EETHNIE, D LER
D SO BEZRETS. pHIHBANICETNE, %
DFFIZ 72 HARIZ HeSO4 THAFIR, ZOWHKD S04%
BEZAETS. EBEX, 02um BAELIOD—RT
ANV E—TAHBEDIIHE LT,

WILEFICMZ 72 SO WROEREEREND, Mx iz
SO+ BARDT=. FEGD LEKD SO+ REX, 1A
su< 257 (A LaChrom) THIEL. 2L T,
MA Tz SO42 8, LD SOL2 ¥k & HIBRIRAHE, +
HBOEENDS, FAEpH (TR 54 S0s2 EED S04
BERELRD., FIEQTHRM UL HT & L& L.

228, pHA L FTRET VI =0 ADOBRMEHR—ARITERD S
N5, pHA LB B FIEQOEK EBIEROT AV I=Y
LB E% ICP E &5 (Maxim 11, Applied Research Lab.)
THIE L7ZFT, 0017 mmol 1''IBETHY, Htimosk
HRRBICKE BTV EB XL LS.

F77, NaSOs ODEBEERIE T, SO0421% Natbk A4
URTEEY, HIZIE 25 mmol 1V RTE THEEA 4D
18.5%7% NaSOs DFHETTFET DM, AR P OHEEA
FUREREB I OBEEPREA A VBEX, TN
SO42 (2 #aB L 72 B mol, -kg ' ¥ X 1} mmol, -1'' TR
5.

4. REERLER

SO4 2 EHFERIR IS 100 mmol -1 LLTF O F BHIE
ER%E Fig2ll, £2CoHlERHR%Y Fig3 IRy, Tur
= VEKURED pHIEEHHMETH D L 2B LT,
50 mmol , -I' 'FEELL T O HGIR E C pH BMEWVIE ERE B
BRELRoTWS (Fig.2). Lo L, FHEIEED 50
mmol - I'BEZBX 5L, pH KKAZRIIBH LR
X 72v (Fig.2, Fig.3), TBMREE LITRL DGR
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Fig.2 ERYEFIRR L HEREFRR. KRIT K1=60
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Thick lines
are derived with Langmuir equation for K;=60. Thin lines

Measured and calculated adsorption isotherms.
are given with two step Langmuir equation.

ZoTWVWAEIRRINS.

Fig2 #RCH D &, 2FMIZ, FHERE 01~05
mmol - 1'' 7 ¥ TESHRAAEL & 72 D BEBR DU 55 dhig
Lo TWS., 22T, 2BEOREYA MNBRFET DL
RELT, v73=270K (1) #@EHAL, Ef#EcY
4T 4T EE. EOERE Fig.2 ICHHR TR UL,
Fig.2 OX#RIL, TNENDO p HOWEERBIZT 73
27 OXDEYUTEDHZ 1EBOHERKRETHY, K,=60
Thb. Z0O1BREOHBEICKT HERKkERIL, pH4 T
0.28 mol,-kg', pH5 T0.19 mol_ -kg', pH6 T 0.06
mol, -kg', pH7 T 0.017mol . -kg' ! Th-o7-. Fig.2 Dl
#1%, pH4 T K,=0.1, pH5 T K,=0.06, pH6 T K,=0.04,
pH7 T K,=0.03 & LCHHELEKERL, K =60 THE
LI-BREBEORHE, Tbb2B0I 727X TE
HLEHETHD. 22T, HEICBARARERIL, £
HRERELHEBEDOT 4 v T 4 U TRENS, £E8TOpH
T0.59 mol_ kg L{RELT.

KBEMO K, =60 ICxinT 2 EFBRLEEABRIR
SHIELTWD., ZHICHIET H2RER S ELEC LIZRE
RBE I, L LTRRLET L, Figd 2185, Z0OT777h
BHOaNnBEoIZ, EOpH OFRSR—D#E CIEIEE
e g, 2B bMXHERZRE Y Fig.2 O
& ERIE Y, EHRE 10 mmol  ckg ' Y4720 ¥ TIHIEIE
BO—HKEZRLTWS. 20 Xk>57%, FHEE 0.1~
0.5mmol, -1'' &7 ) CHRIOVDRAE L RDTFT T IaT
K CELTE DEEROWEHBRIT, BRARZEETILX
EEOREYA POFEERLTVE EEXBNRS.

7 a7z EKIUKR T, pHIEEERELZH -0, Ko
WXHET D|EBEZRNVXD/PEIRYA FOBE AT =R A

BLERE 230 (72-2)

25 @ ]
o]

20| ® pH4 a
T oo O pH5 A
X
o O pHS6 A
E 15 | A pHT o®
c o©
o
210 °*+
o
o

5 J

N P |

0.001 0.1 10
Concentration (mmol, )

Fig.3 SREFIROEZNTEZRE.

Measured adsorption isotherms under all concentration

conditions.
14 | E;
® pH4 A D.
iy 1.2 | O pH5
g 1} (0] pH6 @ B |
'g A pH7
3 08 | Langmuir
s
c 06 |
K]
B
5 04
3
< 02}
0 1 L I L
0.0001 0.001 0.01 0.1 1 10

Solution concentration (mmol, I”')

Figd Ki=60 DT> 7 I 27 RICKHIGT 2RERG | T
& U T AR B BRI O W A8 SR AR
Adsorption  isotherms under lower concentrations

corresponded with adsorption proportion 6 ; of Langmuir

equation for K;=60.

i, FEINCEIDEWELEZIOND. KT 3%kE
TRVEDRE2YA NOWBFEA D=2, TDL574
HEINCEIAREFL IR bDERDbhS. 22T,

HECAWE K L Kb, QROBREZAWT, ki
RNVKDEN ¢ =kInk-kTInk, %3R3 &, pHa T6. 44T,
pH5 C 6. 947, pH6 T 7.347, pH7 T 7.6kT & 72 5. (L34
BDOTRIVFE, 205TUULEEND, WETIXLFOKRX A
YA MZBITD SOZDREFETINAVXE, LFEHEEDOEN
FV/NEINWZ ERRREND. LL, SEsEEE LT
ELTWD S04 DAKFIAS T RNBEN THRESEEIZ 2B L
EB2DE, KDTHHENDBRE TR RLENLEL RS,
SO4* DKFEAT R AKX (KFaz L ZLE— ; KiEE, 1990)
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100
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Fig5 SOs2RERE, WERICHE pH RO OIZE

L7z HHR &
S042" adsorption amount and H" added amount for adjusting
pH during the adsorption.

1, 430kT-ion ' ThHB. ZOHEA, A ¢ MoIE, KFAks
FOTRNVFEHEELTETELS DN TS, A Dt
BED 2047 LV /NEL T, ZOWEMEFREETRNE
WrET S 2 LITHRR . $EoT, A ¢ DEEMEOZ)E
BKETRNXDOKERY A NORBRREN, NERNIE
BIANIEA S 2> TAV. Peaketal. (199913, &AMz
— U = RSN K (ATRFTIR) £#AWTH—# 1 b
~O S04 2 RFIITNESEE L A BSEAO® TN v, pH
DIETICEOATEN 25 2 L 2R LTS, Fig2 R
L7cfERiZ, pH OETIZHEVEE T RALXORE 25
PEKTHZLEEZTRLTEY, 2% Peak et al. DfEdH
&5 L, METRALXDOKRE YA MINER,
WETRNANEONS IRV A MISBR LR SND.
AR EE 50 mmol I M7= D RRELL LA S pHIC L 5%
EROEZERPBEDHOLNT, BMARREREDO LA NED LN,
WERIC EBARD N2 (Fig2, Figd). 2%bv, 7
U2 a7 ORTILEUREETH Y, Naz SOs DILERRIG
RNEZ-oTWHEIbOLHERINDE. FEEBE 50
mmol, - 1'' %72V TiX, BEENK 0.5 mol, kg' Lo
TW5. BIELREEND, Z0LEXDORMA A 1Y
0 DOEDHEREEL, 1.4nm?2 L7 5. SO42 DA F ¥
&L, 13 0.242nm THD (Marcus, 1988). Wik 4
1D E® B EREIL, 0.2422X 7 =0.184 nm?2 T, §- T,
I BRI FRE O 13% % 5 DWERIEIC - T
BY, DRVREICEBL WD Z LMD, ThEE
500 mmol 1" %70 TZD 10 fFDOWEE 5 mol kg &
RoTEY, UL, SO2DHThH HH FRiEyFHH
WADES ZLOHKRAIBRTHS. TuT = BAUKE
X, AWMBLEBETHID, BREICARDE, Natd
SO42 L HIZHBEANC L W REIIHFECEHE IS, TH
FEREIFEREE E UTER (LR, 2003) L7272 ®, NazSO4

190

DWME 219wt% (SO4% REICHE L T 3080
mmol _*kg'!) X VIKEEICRBWNT, REAEREINED
DEHRESNS.

Fig.5 12, FEH| SO42RER L, SO WRMIFICIAN % BT
E pH ICHERFT 572D ICE LEH Y RINEORBRZ R~
2T, HYE, HaS0s & LTHAT. 1% pH KT L,
WEBOKEIRMEET, RERLHTEMENE Lo
TW5., BEBRFEIZWMZ 5L, pH #—EICESHD
HYWINXIE LA EMBERLS o2 B0 5. BbLE
W pH7IZBWTIE, B/NEERICBWT, BERELISIE
UBROHYZMX =250, pH FAI D720 OB ME
Rhoiz.

SO42 R L HHRMBOENFRIY, KOWERET
MATE B, [RBE CHNESEEEKT D RIGE,

M]—OH M0 0
+ S04* — /s\ + 20H 3
M]—OH Ml-0” Yo

22T, MUIZM A HRFO—THBEZ 2R, M
Al Fe ThHD. ZORIGIZEBWNT, pH 2—FI2T 31
WX, BE LT SOs2 L UEDODH BNLERZ EXbM5. £
7z, AR DB E CHEHERE 0.1lmmol -1 H 0V bR S
EEZ DNDFHEINC L DRERISNT,
Ml—-OH M]—OH,*
+2H"+804%" — S042 €Y
Ml—OH MI—-OH,*
TEREN, ZOHAED pH 2 —TEICHRDIZIX, BELZ
SO4Z Y BEOHYERMTA2LERH . TR OO
L0, BHEROERESRMC, Figh DL 572 SO RER
=H {RMEL o EZXLND. 1B, VIHICHER
HTHEL TS NOs & DA FURHIZE D SO2 W%
KIS TE, SME pH ICELIZE T RN EEZBND R, F)
D NOsHEBRENEL, /> T NOsIREEL/MS W
W, ZOAFURBRIEEE), @ORIGITH_RDbF N TH
Sl EEZLNS.

—J7, ERERCHME pH (CB W T, HRICRBRT A
MBE~DOIFF L ORBERISHEI D, AERTIX
Na2S04 & A=) h, KD NaWERGHEL TS,
Ql-OH + Na* — Q]—-0"Na* + H* (5)
ZZTQIESIREMTHD. E-T, ZORIERERIC
B)H B VX@WORENE Z X, p HIxZE L L2\, Figh
CRWNT, ESEERLHM pH I2BWT, SO REREDH
IS HY B MZE—ETH oV FRETH -7
DX, TOHEEZLND. SHICEEBELRY, BE
KAz LB Natl SO2DRENETTH L, b L- X
iz, bBRFREIMEREE LUTERL, REEMRCIY
Na2SO4 IEBREH SN b LRI END. DK
Itk pH Bk b7,

5. &R

Wi pH4, 5, 6, TO45%MHT, Turz= VEXKLKL
~D SO2WEREREL, ZDOREZFRHEID S042°D
WA A ER L. WESIRMRIE, 50 mmol -1 RELL

Trans. JSIDRE Apr. 2004



WEZERC L2707 = VEKUKEADREA A~ BERBOEE 73

T OFHGEEEIZIHBVNT, 0.1~0.5mmol -1 H7z 0 TEXR
IR AR L T2 HISBR OB E AR E 72 Y, 2BDT 73
2 7R TEEITX 7. Peak et al. (1999) DHFFEAE R & <t
EHT, Z0HbOKMEFSRITNBESEE, miRERIRIT
HESHC L WS LHE SN, K pH 12 K NESEE L
HESHIBERNKTH T,

A 50 mmol 1 RELL BB pHIC X D RAEED
ERPBADLNT, FHTREERIM ORI R E RO
Kugm Lz, BRFREARKESEZEE UTHERAL, NaSOs
DWBERIENEZ o= LIS NS,

G 72T ORERNT, BREORERELHE
L7-. WMESRBOBRS, BETINFOMELZRLT
W5 L R ERTHRICT B oiciE, REBRIE»AF R
LEZLND. Fi, REDSNEEERDNESEED, LB
RISENEZ o TWAHENE I PHEICT DD,
ATR-FTIR R XKL A7 b AR E(EXAFS)E R
CIC X pEHEENLETHD.
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Adsorption Isotherm of Sulfate on an Allophanic Andisol

ISHIGURO Munehide*, HATTORI Yasunobu** MAKINO Tomoyuki*** and AKAE Takeo*

*Faculty of Environmental Science and Technology, Okayama University, 3-1-1 Tsushima-naka, Okayama 700-8530,
JAPAN '
**Tenrikyo Church Headquarter., Mishima-cho, Tenri, Nara 632-8852, JAPAN
***National Institute for Agro-Environmental Sciences, 3-1-3 Kannondai, Tsukuba, Ibaraki 305-8604, JAPAN

Abstract
Amounts of SO4?" adsorption on an Allophanic Andisol at pH4, 5, 6, 7 were measured with batch method.
Adsorption mechanisms were considered with the adsorption isotherms with the axis of a logarithm of concentration.
Under equilibrium concentration of 50 mmol -1'!, the isotherms fit two step Langmuir equation. Inner-sphere
surface complexation was supposed to be formed at lower concentration and electrostatic adsorption was expected at
higher concentration. Adsorption amount with inner-sphere complexation became larger as solution pH decreased.
Over equilibrium concentration of 50 mmol -1, no difference among isotherms of different pH was observed and

the steep increase of adsorption amount with concentration was derived. Surface induced precipitation of Na2SO4
was supposed to occur over that concentration.
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