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WS R FHRBEEAF., HERAREHESENHRSREN, L RBBPREETH
254 7B pH BT B4k, BE pH FEAK, AP " 5 BB BOTHLE M LB, T A-FE &Y
SRR ELEY, EFRFRY pHIEEM, AIFOH B SR/ HF, — A #1388 Al
B 5%, RERZMBHMEGBEMEHKEE FRANG A, EEEENREEK GHRHEN
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o ST B BE pH B R TT R /. TERRHME EIRMME R T (pH<4.5), BAKEN S
HERAD, MBI REREY, RE TR EOBFRE I RZEHBNENY
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XA MR, RHEHE. S THES, pH

BEA A T oAbk i & R, MMk HE B H 28 38 0, BR OB R O — N E R 3R
FIE, ERETRL AWK, RIIHEMET TR R KM HRE. DR —
MEERRRIBRTAEEBHNSEEN BHBEX A TFEEEEH. BF
MBI RRN  BEETHAEAYENREHSENRNE XN EEHESAFEIHAX
AU AT pHARER Y RELEIENBEHAN IRERTERTRESS A
M m,
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Table 1 Basic properties of the soil samples tested

T 5 RS 8 M pH . 3] FEHLITY

Soil Location Parent material Exchangeable Al (mmol/ Kg) Predominant clay minerals
oW IR BNULgearkt 474 103 R, Ko, 84
HeH MR ERE 5.4 118 R A, =KkB4, PRKEE
BaOg  JNRE XRE 5.44 0.14 RiEAH, ZKER
a ®  JHEET FEHCRRY 4.45 19.1

A IE] pH KB HE TR W 4%, 276 100m! BRECEPMA 12g R+ 1M 60ml ¥ B4 Immol/ L
FH R HCH M ERE pH 89 KCI B, BAERY 2 /e, B 24 /N E 80t 28, SR e A

TR pHA BB PEB FEAN R M, LS5 R 5EE5 85, BH HO H R WA ZE AR pH, 4
R R 5 B AT RE

ALEHAESMEEARELERRTHEE. HEEHER, #3358 A 0.5mol/ LK HCI Bk
% pH1O™, JEACE 1 /BTSSR B A N E, BAM pH &R 6.1-6.2%, FA K H R UM
BC# pH S .

WE R PR R TR, R HEE AT 5 x 10 'mol / L, ARBEBREERAENE,
REEEMT Sx 10" "mol / L, W AKE FIAKRRE. BE B8P K8 met, B 2sml 538, A
2ml TISABZ WM (87 TISAB B 14.6g NaCl, 34g NaAC -+ 3H,0, 105g 7l 40g NaOH), 1%
SIRE 20 5P ERECERNE. RRPEBTEANEARARS FEfEFETY, LHBRPHER
BREESF SEN&BENF 5 H BANF , BNTXE.

[Fl,, = [F"] + [Al-F] + [Fe - F] + [HF] (1)
— MR ME B P Fe’ T M ARAE, T P’ 5 BB MU 48 & WA E % BUR/D, BTl () XY [Fe-F]— it
BZARAR, WA
[Al-F] = [Fly — [F~] - [HF] ()
HEREB R [Fly,. W BB [F A pHE, ATR8 54344 M RAMEE (Al - Fl. BAETH
Al - FEAPBREREMLETRILY —RFILEGY. 4:
[AI-F] = [AIF**] + 2[AIF} ] + 3[AIF}] + -+ + 6[AIF; "] )
B B e A
(AP*) = [AI-F] / [K,(F7)/ ¥ et 2K(F7)*/ Yar: + 3K (F7)/ Yaps + o0 + 6K(F)*/ Yap-l @
HPY gp Yo Yape Ya- ST FIH AIFT T AIF T AIF] oo AIF, " )15 BE R %( 7T Davies(1962)
BN T RITEY.
logy, = AZI[1*°/ (1 +1°°) - 0.31]
Hey BT INEEREC I FRE, Z VBT i 8L A ¥ % 0.509.

B3R 1 /AR 4% Griffin #1 Jurinak B XA R BT, 1= 0.013EC, K4 EC N G K, #4
HJmS /em. E25CTFRBMEFRYEER 2SCHMEMA. RENBBESAE 1T, R FREK 2%
HEl,

M EARE] R, WE IR AY pH. B SR BB F RIS, T R P AP T Y B, AT
REAFFETHTREBERT S RELNEESERE, TEFHANTERER TE 2. #E25CT
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Table 2 Equilibrium constants used to compute the aluminum species activities

R R logk®

Reactions
AP +H,0 =Al(OH)" +H" -50
AP +2H,0=AI(OH) +2H -10.1
A" +3H0=AI(OH)+3H" -16.8
A +F =AIF* 7.0
Al +2F =AIF} 12.7
Al +3F =AIR 16.8
AP +S0:i ™ =AISO% 3.5
*HF=H +F -3.17

‘sl B SHXM12], KRG HSHXR(13]
R3 BEXNTEEHEHAOER

Table 3 Relationship between equilibrium constants and temperature

® & THEHSRENRXR

Species Relatonship between logK and T
AIOH™ logK=—38.235—656.27/ T+14.327logT
AKOH): logKk=88.5-9391.6/ T—27.121ogT
Al(OH); logK=226.374—18247.8/T—73.597logT
AIF* logk=—232/T+7.778
AlF; logK=—432.65/T+14.15
AIE logKk=~472.13/T+18.384

W RTERTHAREREEEYXEI ASEIMI3], HARBALHR.

¥z, AREREEROTHERXEOIRE. PHETHSEEWUXRNTE S,

TR RARY TR AR F 1 A0 05 B K T R AR A0 T BR, ZE W X 3 AR F M
B, AT BB IMA — RN PR, RS F B THEERTRANEM TR, AEHA
EXFR EHERMAEATMEFHENRERE PR THES. MBI B R pH SA AR, 7
A HC W, 2 FEAE, KIS EE FORARREN F ERERPEETRESITHES,
M F S RGBS S ICHLE R IEM F - WERF S FASRENKE, BREN F- EHEET
AP * BFK R =) 2 R AR o HOB LB 55 pH FIK AR 8 308 %), AT R I A RE S B T Ea R E
CXEZBT AFSO LAY, W HBPH AR THEEEN ALFEEY. AP BEUKRTY). FHEB
t1 AI-F %AW RN E S BOE AT R . S0H F AEBE/NT 1 x 10 "mol / L B, A-F%
AYEER AIF Q5SCTHAT 95%). Mt Al-F 4 & Y8BT M% TME M BB S oK T (B
TF M HF A REMTR). YHEBFWE F B FRISEE 1 X 10" 'mol / L—5 % 10" 'mol / LEHM
i, RABEREH#IT IR, WAEBRSEBRET AFFASYR2TN AR JFHHE N AU F K,
EREF WEEFEHITEE A-FASWOEE, JTE S A’ F MIEE, EFMESHKIHEN AP 15
BEEEE NI, 2T RE FIA KRR SRA X TR,
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2 ZiRMTe

2.1 pH X LI EAE HAK W

THRSEREL BRERENE TN, &1 ME 2 05 MR EE R ER
BOKH pH 5 AP B ERM pH 5 S BB K EN X R, WERAHUK T EE. BE
pH HIFRAE, M P SRk B . 7E8CH pH T, pH X 4R HI7E B R 1R/, M ZE4K pH
T, pH B BEZ R A, pH X =F 18P HEKE B EEARR, KX/
PR 4L > AR>S R4, AR DEBHBRH BN XMENEMR pH TENHE. RE
THENBELENERNS DROAEA X, R | TH =1 pH 8 K/MNRF R . FE 0%
SRS, AR A BB B R T RAMAGEIE, TYHBRNENBR LIRS
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Fig. 1 Relatonship between Al'" concentration and pH in the soil solution
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Fig. 2 Relationship between concentration of total monomeric inorganic aluminum and pH in the

soil solution
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BTHEH— N EEFE. ROEMELEALL, BE pHHEAK, BRAERE TR X
BHITHFHMELTREBRLRAFTFO TR PIHES THEL. AEESRENBELENE
B, G LAE AR RIS R 43 48 Y VA 2o AR Sk B i R B A L.
22 IMPRNERELEFER

— R, THEPENERETEZEAY BT OME IS, £ 4 R2BETH
FEILNTETYMEYORERTENTEE R, WNEE L, log(AP) 5 pHEE
AR, HAEN 3. B 3 ARELEMRE A RBUEY log(A) 5 pHRYXFE., WERTRL,
LUSRAE SRR AT Y pHA.65-4.0 KT EE , FE 41488 7E pH4.6-3.7 1EE M, log (A *) 5 pH 2 H 4k HH
*, BAEA 510 2.9 M 32, 5HEREEEL. WL RGO FEEH ogK RE, LMEL
RFEE A, logK 7E 7.88-8.23 Z [H], i 413 & 7F 6.93-7.38 Z ], 54RE AW logK I (£ 4
FimR). MBI MAHRE, KRERLEMRLE, FEN T Y IRKBRA. =KEA
A, MBENLAEM T AENAEFERITYIRGA. PRKAEMNER, HRMENEL
MERYE L RPRTZHEEN. 88 ERJIANMER, TRHUANXBE HEP AN EREFE
FZ HE R B ALY T .

R4 VT UNBERTFHEY

Table 4 Equilibrium constants of dissolution reactions of aluminum-—bearing minerals

R B logk®
Reactions

Al(OH)(FE ) +3H =AI" +3H,0 9.66

AIOHW( =B B ) +3H =A" +3H0 8.51

AlOOH(— K48 7)+3H'=AT"" +3H,0 8.51

AIOH)(Z KB E)+3H =AI" +3H:0 8.04

AIOOH (— /KB 5) +3H =AI'" +3H0 792

ALSi,05(OH): (B # 77) + 6H =2A1 " + 2H:Si0%+H.0 5.45

E: RPHIRS A SER14]

B3 log (A" ) 5pHHI X &
Fig. 3 Relationship between log(Al’* ) and pH
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Fig. 4 Distribution of inorganic aluminum species in the soil solution

23 pH ¥ TR EEFHAN RN

pH A B -4 v 48 1 v o 4R, T LA
v R E R TS A A . T 4 R =R
b0 B 3R BB SR S R R T LR 5 A
BLERE B, SRRV, B#H pH I FE,
AP o5 B BRI E A BCE W TR, T AL-F %
AT SR ESREGEIE, EBANTRN s s e as s
pH 75 [ 79, AL-OHFT 5 HL BB/, B & it oH
HEETIEN 5%. A=/ TENTRER WS THREUR M EE . M SpHE A
E.EBBEERAET, THEAEARSH AL EE Fig. 5 Relationship between total aluminum, total
ERAMRBEANE, EhERERERER Fand pHin the xed soil soluon
BT, AFFE SR E B AN AR TS, MREBT I RE LRI 5 &R

=5 pHHIMMN T B AP EE TRSELOER

Table 5 Effect of pH on the transformation of Al species in the soil solution

g

—— BB
Y

w
[=1

=)
3

5
<
T

Total monomeric Al and Total F
BEBEERE F (umolll)

(=]

REES pH A AIF” AlF; AlFS AIOH* Al(OH);

Location

TR 474 0.034 0.97 1.36 0.049 0.013 0.004
4.08 0.037 0.99 £.31 0.044 0.003 0.0002

# B 3.87 0.054 1.35 1.67 0.052 0.003 0.0001

[ 454 0.61 4.68 1.79 0.002 0.15 0.03
429 0.67 4.83 1.74 0.002 0.094 0.009

BT 40 0.75 5.0 1.67 0.001 0.054 0.008

T R W B BT R pumol/ L
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BT — R BEEHER AR pH BOX M EAAES T RPRMENREBRERX. B S
R AT R AR BB P B B T LS A S RS pH 89 B L %, BARE WP 9 S H LRE pH
i AR T 38 0, {ELHCSEE B B/ T B B LR,

TR AR R T TR ARE pH B9 SRR AL, X R L RERR MR H, R
SR B S REAR S B, pH AR P EE TSR EE, ARFERE,
BEH pH WIFEMK A" RAL-F&-S YA B, Al-OHMK B/, HATLIE A LB,
FEZFA FpH THE AFFESY AN ERES. LEEH 4R, SERMELEN, BE
pH FEA&, SR B m, B S A BT G LGB W0, AP & Y BT 5 B &
W/, IL Va3 pH<4.41 B, AP * U FEIEA.

24 REXMENBEHMNBETRSSHRIKR

BENSRERm WP ENFELR, H 6 B 7 2517 =44 RHE T 20838 BUB Y
AP R —pH R A MR BB TOHLEEH B -—pH X & .y B o] B, 45 i 7 ) B R B vy o8 1K 7 484
m, BAESER pHIEE N HIEE R, BEREWE BEEE PSR FROBELA, B8R=A
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~ 400%+
=
Q
5
2 300
< a00f
100
0
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3
Ee RBEXTE AL B M
1+
Fig. 6 Effect of temperature on the dissolution of Al
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Fig. 7 Effect of temperature on the dissolution of total monomerc Al
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ARBET, H[F pH 8 20 HR BOK = b
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Fig. 8 Effect of temperature on the dsitribution of
aluminum ionic species
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Fig.9 Effect of pH on polymeric Al species
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INFLUENCE OF pH ON DISSOLUTION OF ALUMINUM IN ACID
SOILS AND THE DISTRIBUTION OF ALUMINUM ION SPECIES

Xu Ren—kou Ji Guo-liang

(Institute of Soil Science, Academia Sinica, Nanjing 210008)
Summary

The influence of pH on the dissolution of aluminum in acid soils and the distribution
of aluminum ion species in soil solution were studied. The results indicated that the
dissolved aluminum increased with the decrease in pH. The effcet of pH on the
dissolution of aluminum varied with the soil type. The extent of pH influence on the
dissolution of aluminum in three acid soils was in the order red soil>latenitic red
soil>latosol. It suggested that the sensitivity of aluminum dissolution to external acid was
different among the three soils. The distribution of aluminum ion species in soil solution
varied with pH. The proportion of AI’* to total monomeric inorganic aluminum increased
with the decrease in pH, but that of Al-F complexes increased with the increase in pH.
Within the range of studied pH, the proportion of Al-OH species was not higher than 5
percent. Temperature affected the aluminum dissolution and the distribution of aluminum
ion species in soil solution. Both the dissolved aluminum and the proportion of Al'*
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species increased with the drop in temperature, but the proportion of Al-F complexes
varied with temperature in an opposite trend. A decrease in pH resulted in a decrease in
the proportion of polymeric aluminum ion species in soil solution. Therefore its
proportion was very small in acid to strongly acid soils (pH<4.5). The results obtained
from the red soil and latosol indicated that the solubility of aluminum in soil solution
was controlled by aluminum oxides in soils.

Key words Acid soil, Dissolved aluminum, Aluminum ion species, Effect of pH



