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R. M. WEAVER AND P. R. BLOOM
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ABSTRAC'F 
)Solution activities of nlumiounl (AF:" and inooosilicie acid 

(SI(OII)4) in dilute acid suspeislons.,of six Ilrailian Ox.isols were 

measured o\ver a period of 145 da)s. The stead, atcIitl func'toi 

orpl -ApAI2.9' t~ ".2" 'ih.i''."h f' t si Ir.t,.tfl !ltfofr'.a;l 	 .:d! t.rranged from 1.86 to 2.69, while'i that~tsor pSi(( 11 ,il•rangedilr 

gihlosite, tihe ohserctd solute aclisily functions Of pt-ilpAl and 
pSi(01), destiated consilerthl) I'iom Iline expeletdci for a thertiiody-

inanli equilibrium heweiein giitiie and kilinile. It \sas found Itlud 
thle solution activitles of Al anrd Si( O13)4in te ssoilsappeared Ito 

result from tilethissilution of'. surrarc aluninosllieate 'oponecut nt tkI 
or variable conlosillon.{ fAl(OIl .1_.,IlSiOJ,],, rather than gibhsite 
and kaolinite. 

Additional Index Wordis: soil mineral dissoltlion, lcalimd equloilih-
ium. 

,. 	. r ,- nhyh igi rm: f' ii c pii i oilwethrdoluils tih .to 
lelvloly weathered soillsolhl Itlid Itropic"s toxic 

Alo . mill-thttIt resuilli dis ,olltll soil 
erail tinder acidit intlil ilscotndit ions. () l), the inll t'ri p 
parentl) lndergoiing dissolution in I i lily \veat hered siliIs 

gl'"libhsit";mlnk:tolinile. LOtW ieIlt lt t hlti2sOil theL c ati kai ii. 1.at? g bb1i te tU... ." .11Witlt.it -?.51r•IiLSOliiI 

is I I ' "litt ' t samilles (it' eibbsi (Il 
t .k, I900Malilid ki iit c ( illlrick, I1)651h iltli)t 

'Atiilsitihip 
it' lill 

aveiV 	 t'i,(conllmllld 0oltiolI inS hIi\ II'Ii ided able soltiecittle 

piducns ih01i 0sh tl l) "ih1wpi'edi of lie ,ltoila ltion solutiin 
at.livitv ,ailues if' A : andid Sit l,iat i yen lvikletipol 


ile
these miltetI s ile preselt. I IiwCye r. he1i tppli eabiliity oft 
la tl sk Iihal 

-
ibbsite atnd kailtt e llt b,1si cotlailn 	 ,,, as ... 

_______'_______0 "'tiCp.'ctt.s 
tAgriliilt> Iisa,p i titin t .' . \ ,o ,.no. ('iil ii Ili,- i. li 
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, ilAt'''yfil I .i atitt l A*, it t tde '.*.t t t ' t'.t 2It'l -'24'.i". 
iel't ied eort' Ili%. S-.9 Soil SA. Sot. t. I i Tti1A tli io\\ . r, -7 

i 17,i kit0 8 Marct 6l l Mmth ,A1i h. At'ptt il; 
Cirollc s 6 ri1111I .Le ,i. R'S,, t.ti . ('lay I . l. . CoNll'..'turp . 

IItifier. (L i i 0. 1dril UReitc At.':D.sit I ' ii't Am'oitltl ('Ii ltIo:s¢itgh 1, 
tUni,. Ilhac;i. 1 .0os\0lh. 

cxtensively tested or demonstrated. Hence, the purlose
 
this i vestigationl wis to examine ,llS(~)t~t'IOISo
hilocrililllle
AI1 	 the solution a livitiie's 
API and Si(0l I)., that occur in acidified suspensiow; of 
some highly weathered soils tht conitlin gihsile and kao
litiie. " 'mitt ;I' 

INICI'-IIALS ANt.) MET 1i0))S
 
Stllles o' ,tiltee hoton. ii)-20 cil" st.s S(iIs. eurrentl
 

usiox. 	 ilctissitied as 'kpie Ipl fron the ('ir.d Platel of [Ir;t
siied inth i tli p'tj 	 li lltias (ifVC tl . itof. i'rcviou . 'Cen ia/e. 

19751 have shown that .ibbsite ;aid kaolnil' cint ititut! a imlor 
porio tit" the c¢lail fractions (<2 .till) these soil, I I.ti1' T''ahle 
Other coniuii In tileclay fraction. conii led ilfi it os ide'. 

?.V Na)IlI-exlttacleanlorploLtls ii alsi (lash into idi 
Jatckst'li. 19601. tmaces of' nlica. Al-chlorie. and TiO. ,ninerkal,. 
Otte inlere'siti featlre nloted f'or the clay 'raitions ('rabl I3)\!,a' 
the presen'e of :iur1iace reactive componllent. selectivelh clra.'d 

0.5.11 C.tC" ot' f I .5 'rwent'loaihctal I 197) thai hid i otit
. lt ion that . lltst:ilV i Ni 4 t'ril .'tl li he bit oltc 

i ton ' S i ¢tent 11"Ithis .surface*reacti ve cotupieil t .ti',i-t'ed i 
Itavi on nittcd I'iilliiniwd dIssotitt it . the t'tcddo!I ua o'itat 
imit ililhltr1i il lioIn. Ihere uli rcl.t the %:ld fri ;is "as e\t.lCt11i 

ihllhil t1'-i between tile ¢Cllnt. oh ill
4 	 0,1)6 react'iv. Si(. ill' 1..% 

fi S l kilill,T"11iopplai''il e mlilu l ill ,,*.61si/c~ilandlhli,
ttIill rt21iti i 

iisstltit' ol qr eer. did not occtr to the e it
 
rt 	 iltI thll 5.9 l~d~, itt t lI tt ¢\1 pnl'ili 

" " • l.'Iliilh d 	 :it 1 :t1111ed li' "" " " " " toil%\It katiI i I 1as t': a ti li,i .t tC 'i - bti\ t th il.l c.titilt li itte 
p"* ' 0I021 1c ile ul/eoei Il h k;,olto

il/,,ibsite + iatios cliI.tra ims.kLhinile i"'tihle 

I'lle sotie,:almt siitt.di.es oiltIle .,i,k,,l, carietflti it1dCii 

"enti t\ionsiollt11! 10i: 4iI lillii/c 1the.tt 1IIIICI'ft e.\hibiea
 

AI iniliall' litsrtiit: (ii) itlainl I t ,ii"stll,
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Table l-(,ibbsitc, knolinlts., and reactive fractio~n (0.511 CaCI,, Ill[ 3.0 _ 

1.5) content of the clay fractions (<2 phi) or iBrazilian Oxisols..- KO .rF1 -

Reacive
 
Solt no. (lay Gibbslte KaOlnite Kiolinite 4 (itbb SI At SlIAI.S. ** ./ 0.09
 

E 2.5Gbbl
2 fi9 27 ,36 0.57 0.70 5.65 0.11 IOB
 

16 9 40 0.82 2.52 6.67 :. 27 . , 0.62
 
'8 29 58 5 0.08 . 1.50 '9.31 0.14 0.56
 
11. 68.' 24 '39 0.62 " 0.50 6.53 0.07 	 0-5 
1456 50 5 0.09 '0.5010.1 0.05 r
17 '3 1 27 '34 0.56 1.58 8.73 0.15 1 .


3: 	 2.0 i Knolinite.. 
. P...room (251C i). The hottles.were shaken by hand daily. Periodi-


cally aliquots of the suspensions were taken and aiifcr centri'u- " . . Quartzl
 
gation, the pH of the super.atat. was determined with a Leeds I
 
and Northrup pll- nelee; aluninuri1 by) the Aluminon method of'
 
McLean ( 965); Si(OH), tieprcedureof'W\",e r et al. (1968); . .
 
and iron by iheOrthophenanthroline method (Jackson. 1969). Ac. . . 5 4 3
ty o,,rl .,et.s or Al weni calculated by using the e tndd pSi(OH) 4
 
ll)ebyc ickcl Cquation (Butler, l(4. p. 423). The activities of'l.4 -- , , 

Al ,werecalculated from the analytical conccntrations of Al by tie Fig. I-Steady statesolut achtivty functions orpSl(OH), and pIH-'1/ pAl
 
method of Wlin and Robersoil (1967), The activity coefficient of' of suil suspvnsions in relatIonshli) to those of well-erysllizvd glbb-


Si(OHt 4 bew~ uity.siteassued and knolinite at 25C'C and I at. ' . 

S... AND solute activity functions, pH-/spAI and pSi(OH) 4. The 
RESULTS AND DISCUSSION diagram in Fig. I was constructed from the dissoltitio 

The solute activity values (Tabl, 2) were characterizcd by eao 

initial rapid increase in pH (decreasing H+ activity), while
 
A13 1 and Si(OH)4 activities increased which is to be Ax-I..... ++
 
pected for dissolution of an aluminosilicate phase fo tl (Gibbsite)
 
dlersaturnted conditions. The amounts of Fe released (< I p. -]
 

ig Fe/ml) were insignificant in comparison to Aland there- p -l/3pAl= /3 t, [2]
 
fore, measurements of Fe were discontinued after the first
 
two samplings. The variation anongthe soils in regard to
 

2Al3aluninum activities was slight compared to those of pH and AISiO.5(OH) + 6H+ + '2Si(OH),1 I-1.O [3]
Si(OH). The'e vts little relationship between pH and Al (Kaolinitc)
 
activity as regression anal)sis gave pAl = 0.0164pH.+
 
3.52 (r-2 = 0.0S). Obviously, 'pH alone would not be agood pH - I /3pAl = I /6pKK,,,q +1 I /31pSitOH) 4 (4]

indication of the expected Al activities of these soils.


Interpretation of the po.ssible solid phase control oti solute .and ,,K,,,, 	 ( were I ter
activities was initially made by plotting the observed values m.ined usin standatrd tlermodynanic relatiotnships and
 
maphasean stability diagram (Fig. I) that dc-scribes ihe stabil- AG', values- ,iven in Table 3. Esent iallv . the..ti...
 
it) of/well-crystalized gibbsite and kaolinite in terms of the shows that 4isite will be stabk re!:ti. Lto aolinite at
 
Table 2-p41. pAl, and psilOlli, nrmlitsaispensions hf rzliIian 0\. AI = 4.8 or less IfI
fl I -HV1q; =2.67 or grictrand pSi(O1il), 
T. diboth 	 kaolitilte and gihisit are )esnlt il i ,olte acli\ il 

Time d.y".d valtes should cluster aroutind i iven point at IllIt - .%
 
Soilno. 14 " ' 60 106 145 . 2.67 and pSi(OH)., =4.8. Included in tihe diagiam is tihe
 

S 2r ' J. . .... .. stability line 'corresponding to the dissolution and precipia

2 3.05 3.56 3.70 3.0 -ion of qualz (pSi(OlH1)., 3.74, Siever. 1962). The posi
' 5 - 2.50 2.90 3.00 3.05 tion of the line indicates that quartz prcence should c;rse 

8 2.75 3.41 3.60 3.60 	 hat ur p.. .nce 
tI 2.90 3.44 358' 3.60 St(Ol-i). aclivities greater than that of cillhsitc-kaolinitc 
14 ' 3.10 3.G81 3.82,, 3.ti5 elquilibrium amd suggests Illat gibbsite \wolld be tnstable 
17 	 2.60 '3.25 3.40 3.45 , . ' 

p~~t .. 	 Tlel 3-Sislaivi frs energz foriiatiiin.- I.%(;,) lo"is'M t iiisaf 	 (It!d
~'leipment 	 diagram.3.59.ss .	 sir tile slatsilit 

5 ' 3.81 3.19 3.53 351 Species
8. , 3.51 3.45 .3.43 - Speetes .s. . ' ' .ource
 

I11 ' 3.47 3.42 3.41 ' 3.41 ' .r"s u
 
14 	 3.47 3.418 ' 34 349 
17 	 3.54 ' 3.46 ' .. 3.45 3.43 AI " q - -116.0 . Robhiv Watdbaluin. 1911 . 

r4 -- ' ' & ' GibhsiiL" A1(O I), -22. :2 ick 196t; 

2i .0 I ( " " Si4.19f llt6 . .. -31H.0 '9 t k, 9t60i
 
5 i T 4.14 3 .80 ' 3.74 3r') - l. . -5 .7 1,it&i'hrmil. 19i
 

77:•118 .... 4.22 . 1.03 r ' 4.00 306• 4.3 157 4 .21', <4 .18 " .17 	 '5 " 5C I2514 '4.39 4.27 4.25 4 2 t ms.lA(; Atll' o :'values for citib~ite 31 solutotHit : . .|oripinrilty tepw.tvdrt the11haos of
 
17 ' . _ . 1.007" * ' ' A -1l r i rsmul l lae, ben ec l ui i ig Ih li llirO .
' 4.31 ',4.01 3 'f'" <i-9 l ' r lat d 	 r1 	 rv n value tif -1 16.0 Kcalorisuulv. 
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relalive to kaolillite in tile presenice of qulrlz. Ilowever, as 10 
discussed by Kiltick (1969), (tic kinetics ol tluallz, dis.olu- L 1C. * 82 
itInind precipitation are extreicly slow ait carh-s.i..c a log KR -1s.7 X .2 

templieratures ad prcssures and Ihls quartz may have - togKz / ,rt:O.98 
ligil)le inflilence ol geibsile-kaohlle quilibri-umi."

The steady state solute activity Iunctioiisa (Table 2), 4
 
when plotled in the stabilily diagram. showed a consider
alIe variation ronm that expecled Iir~gilhsile-kaolinite equi- 2
 

* librium. Generally speaking. (he pPI- A aluesvI& were 
less (indersattiratcd) ,' .0.1than,. that expectCd for gibbsitC aild the 0._ 0.20.2 .30.3 ,
pSi(OH) 4 values aie greater than tlat associated with gibb
sie I1 alllr FIurhermore, . t.Sand/or slablhl. the relative
site .t , stability . 2--letatinship t titimilar fraction of SiflO.r, , .Pu .,Fig. ltog Kit valuesftaIounts ofli bsite and kaoliIIe pre'sent inthe clay, rue- t... ... .r,, succ 
tions have only a.very general' relatilnship Iothe (isplace
ment of the solute activity functions Iowards either the gibb- equilibrium conditions, there is yet another factor that could 
site or kaolinite stability regions. The steady- state, olute have a significant influence on the observed solute activi

tiavlltes of Si(O) 4 with tle exception of soil no. :iwere ties. This would be tie nature of the solid phase surfaceallless thIan that of quartz. Although previous results with which the solute activities are presumably in equilibri
(Wleaver, 1975) have suggested that some dissolution of uir1. Surprisingly, this f'actor has received scant attention 
quailz has occurred in these soils during their development from soil scientists, hut it has been plointed out ly lilege
as reflected in the relationship between the sand-size quartz son (1968) that geochemical translorniations such as kaolin
and the reactive Si) content of the clay fractions, it is -in- ite - gibbsite most likely occur through a.seiies of partial
likely that tle dissolution of' quartz is of' sufficient rate to equilibriumi states, each reversible t the next. hut aill irre
make ainy .ignificantl contribution Illtilesteady stale acti vi-, versibly related to the initial or final state of the systmill. 
ties t ..IlzIn su pwc t skol ImiIilIl iot til s ohl- Those succe.ive paa dnihI loi states illiav resu lt in a 
tained in thislIaoratory o oii"te Irazilian OxlisolIs siciIa condition oflocalied eqxuiibrium lilr i.e.,the systei, a sit
to the present ones have shown that lite presence or absence 1ation in which vealltlierinl processes Produce a surface 
of quartz (suspensions of soils vs. suspensions of quaIlz-i coatin or "reaction rim onla crystalline mineral, of a dif
frie, separaei clay fractions) hadiI%o ferent1f influence onlSi( 1I) composition from thatof the hullk mineral phase.
solute activities over a I-ear pericid of time. Studies cur- tonssequently, the solute activities are in equilibrium with 
tent y in hronoxe.cir, shtk"t tlittilt!e fies01C c- ad- tile surf.-ice pha~se rallierdiahaile hulk mineiai . Accoidinviv 
size quartz can influence solution activiiecs i soilSispn h-even though it has been demionstrated that mlluires of ib
iis..an..oe f sare sii ,and kaolinite, tindet care'uI controlled laboratory con

co1,inousla agitated. litions, canl atie thle expected equilibrium state (Kitrick.
The apparent failute of' the solution activities to agree '1967), it OLild scen not unlikely that soils which contain 

is thi gisite give solute activities APl.wit what expected from e crysiallinc clay minerals and kaolinite could o 
Present is inre the rule tltile ex ception esp.cially inl and"Si(Oli )Uithat i11ct in intermediate state ollelocalized 
regard o activities of"Al Iurner SiOgh. 171 , equilihrium rather than that of gibsite ;t kiolinite. Alongtilhe and 
Biache, 1974). Such discrepancies have usually been aitrib- this line of reasonitig-, it has been shown (Paces. 1973) that 
tited to incomplete description of the Alt pecis in solution solute activities ofAPl: and Si(OH).1 in the -round waters oand failure to' teach) equilibnun11i (Richburg and Adams, teSemr c ,i 'ere controlled by tie solubilit\ of' ani
1971. Misral et al. . 1974). Ini thle present case, uncertaity amo11rphlous aluinlosil icate of variable composition. T'o
about thle nature of'the Al species in s~olution should hardly apply the latter interpretatiion to the Brazil ian soils,, atdis"o
ble acomplicating factor. The steady state pill values were lotion equation I'r ani aluminosilicate intermediate phasl.e

Aall r:-I and lite hxaxmquo spec:ivs AI(Il 1,O),,:" should pre- (R)oif vaiabile composition was written ats: 
dontinate aothhe mnall amountm of, thle flit hydroly'sis p~rod
ticI-AiItU.(O).-(Oi l can be readily calculated. The lilies- I(OH)lt]1, O + (3 - 3.i)H = (I ,.x)lA, 
Im in regard Itoequi librit is more diflicult to . .ns.--er.

lielegeson (1971) has p:esltel allC\ nsive tlhcorelical '+SiO11) 4 + (3 - 5.)01 [5]' ;lic~lln ii01 l I ;S. ilall.s,,
r < lad ill " , . ,• ;,- ; "O ls ii' \' alllit " , ,.

reatime lnth ili le actl is il t i it' where x rresets th.molar faction o1 sic.t in the in"r
,tosilictetransfolmation. but actual d.ta on the rates of re- milediate riatal, The eluilibrui condition for Iho' latter 

cip itallion and disolution ol gi bbsite ;tilt] kaollinte are lack
i I. ltmevet,, thle tl' (19(7) '
I jiding fi'o results itrick reaCtitin be rite ai:
 
qiilibratlitn of gibhsite and kllinite underi ' ' acidic condi-
 log K, , (I v) log (Im )+ 1-lo",(Si (Oft.) 

S liolls 101 see''ral nIonilhs appeills to res.ult Ili a near equi lib
rilil State. '" 
 -(3 - 3,%)log(H ). [6] 

Alt i ulimr iablui i o can al'out < hetll' r"1ailn e aicrtintv is .IC 

i1ilI ht (Table 2) act ial I .'pi-'krcilt It w.s asiiilC tha Ile iiId-eixltaciablC reacti'e It liihle tady-st~ilC values 

muIcoii t , I ) Could thala-l' %idiii;--~'~'i.. ,,om ~ , . " ..: , (Table Ict i ,'lit pp1 xi i ate l hlue 0' r 
. . .... ach soil. 1is ti Imo' were c l htic11 I,ii ;It' ill iih ivv;lr W,k\ I A: th111 tCU SL|'Nti% I i% - l m'.lml% lciItil .'uiiilhut ictil it.' lr1+t •Clcl.e. o I n, % . 

i11icCm i ,llmidm he val. iIli t di lo l, . li dl\ t,, 1l11\e 1.1i-i1., lttoll ofll ald tche teaidy-state Soi,,ellvil; .tlieVIIi 



I -I
 

WEAVERR& III 0I0l: 8OI.UiI ION AC'I IIES OF AI & St IN I IIGI I.Y VIWA II IE RED S] L.S 817 

(Tilbh, 2) into 4i.1(6I. A plot (iflot, A'.1r s a inc or . 

K X.7. W ! ilidCCtl(Fir-. 2) Ca\'C l I 18.7h' - 8.2 (r" (1.98) l 
it does alppear that tlie .and ), inl lhfactivities oI' Al 1 Si(( )l 
sU.spensions of lhesc 13razilian swil, call hledscrihd by tile 
disolution ol an aluI silicat 1 variable composition. 

'he rClat ionship i n Fig. 2. shows that at ft = 0 or %% he
hen 

colpositioll of thil rflace component would correspond it) 
=
AI(Ol ), logKIt Iog'i - r . log (IP 8.2. Thi(API) 3 

V;ilue is remarkably close to what would he expected fl-
Ihc.se soils. It is VICJ ter (mtore solubl) thaln that of1well-
crystallized gibbsite (log Aif --3 fo, I 'I 8Ajillrick... Ki 
I 9(itt0),. Ittit lowser ( Solihlc') li1111 l i['aill4r.llllli .less 
pItitus AI(OIt )- .7. illn. IW . l at: 7.ii lhete,,iittither l and. 

---.0 or a coliipllio ition of' Si .,, tile relat inshipl ij. 2 


PSL5 IvL Kii . It.l T \ I. l ili11 lh Sr LI-luhis IC. I hiw 
lility) tiln thiliat SiO.,lo-" Si(( .-2.7,i ll• orphous " 1),-: 
KlatlUskpfl', 1I9 5(6) and t that mattICIhr Iepoteed Viltic 101,Ir Illi\ 

SiO, ninel ls. I lowever, thle observcd stlliace Co p osi-
lions (rahle I) \\crc predoi inantlyV alun1lnou.s, and all-

pati n Ily ie reflationship in Fig. 2.caiit iet heCxI ided Itoat 
h'polliellical Si 02 compois itieon "\hich would be illulil ke l 
,tccilli lice in these hiilly weallired soils. Itdoe', Ioi'o w 

though. l'oini-oq. 161 and Fio. 2, that with inc'reaiin, 
l Io r o,,inI l 

"~~ 
iOl ell l, at i t .it il SiC).,il stiftcecoi.O Ipme withinam 	 ims the i t, t la lilii'nhtu 

the ralle x = (.05 to ).25, tihet solution acli\it\ of Al 
becomes lessI ha ilil xpectcdrI'rntlhe stoiclhiollcriC alld 
th llniidn llaoic lis. ltitiLni l allAh(III,,1 incral. A ll-
parentIv. si nall aiiount of' SiO., I,% \k :h n iisociated i, h 
pretdion i nily alunmini usulrfl' COlpillel,C.all'e ll;irkcdl) 
reduce ll'- solbhility (t t ie hlse It liaIialuliiii!i 	 heen 
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