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—  The lnfl}]ence of Exchangeable Cations on the Fixation
of Phosphate by Colloidal Clays

'H. Sun

The fixation of phoiphates by soils i3 one of the interesting probleins of malor impor-
tance in tho realin of colloidal ehomistry of soils. It was formerly believed that the
fixation-of phoiphate in S0ils is a sinple ehomieal reaction (ehomical theory). The phos-
phates may be reacted with hydrated seigmioxides or with caleium earbonate in Soils.
Ghani ( 6 ) was able to show that the power of phosphate fixation of aeid s0ils could be
considerably reduced b desctivating iron and alwninurn oxides in tho soil with 8—hjdroxy1
quinoline. fufficioni evidences, however, have shown that the phosphite fixation was due
to anionie adsorption. Davis, Ford, Ravikovitch and others (I, 3, 4, 5, 10, 11, 13)
found thit tho amount of phn-phates adsorhod by soil colloids inainly dopends on it3 anion
exchange capacity. The fixation i3 thuy believed to he an oxchanyzo reaclion hetwven the
phosphate jons of the solution and ths OH group on the surface of th> clay Isttice.
Phosphate may enter the clay lattice as an acidoil constituent analogous to silicie acid
(14). Monoecaleinn phoiphate, for example, may he fixed by soil eolloids in the manner
represented by the following eguation:

.OH 1O\ / l O\ p s Y
soil |.OH Ho,» P\ o~ TN
eolloid + o Ca-—>)  s0il O /Ca +4HaY)
.OH HO\ , ~ 77 colloid [.ON\ .~
;OH HOAZ "N\ RO YN

Agcording to the :nechanis:n saggested in the above equatmn, phosphate fixation will also
bring an ineresse of base exchange eapacity. The purpose of this paper i3 to stady the
degree of phosphate fixation in colloidal elay hiving saturatod hy difforent cations, Tho

eharactoristies of fixed phoaphato are algo explained.

-—

Bxperimental Methods

Samples for purple brown 30il and yellow earth taken from Peipei, Ohunking, were
ugsed in this study. Oolloidasl elays, having diameters less than 35 mier-w{xs were igolated
form each of the above Soils by means of the Stokes’ law. Sodinm~—, potassiom-, caleium-,
ammobdimn-, nagnesiaum-—, barium-, and hydrogen—cla'ys wers prepared by leaching
10-gram 80il sample with 500 inl. normal chloride solution of the corresponding salf, A
dilate HCI golatin haviug a pH valus of 3 was uved for pre;;aring the H-elay. The

oxced’ of fres salt whieh was rotained in the soil was washed out with 80% aleohol, until
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the leachate was free from chloride. Analysis ‘were then made for exchanzeable hydrogen,
exchangeable hases and total exchange capacity.

Determination of the phosphate fixation hy the prepared e'ays were made by the
following methoda (2), (7).

(1) 4 50 ml. solution of KHgPO4 containing 50 mgm. of phoiphate was shaken with
one gram of eclay for 24 hoirs, The pH valae of tie mixed smspension was determined,
and the clays were flocenlated with 0.5 gm. NH4CI, The iloeculated olay was then
separated from tho ligmid portion Py filtration, To insure that no phoisphate ions other
than those fixed by the eolloidal elay were present in the floceulated residue, the floe-
enles wero washed thoroughly with 70% aleohol on the filter paper. The amount of
phosphate retained in the clay waS ta'en as s measure of the extent of phosphate
fixation. For H-clay, studies were also made on the effeet of the Vremova.l of the free
sesquioxides by repeatedl7 washing of the floceulsted residue on the filter' papor with
dilute HOl (adjusted to a pH valmo of 2). It was gonerally bolioved that the operation
made no destraction on the erystal lattice of the clay mihera.ls. ()

(2) 50 ml, of KHyPO4 solution, containing 400 p.p.m. phosphorud, to 0.5 gram
of elay sample in al 502 ¢.c. Erlenmeyer flask was added, Tho flask was gently heated
to dryness, To ths dried residne 200 e.c. of 0,002 N,H304 buffered to pH 3 were added.

After shaking for 32 minutes, the phosphorns content in the filtrate wai dotermined by
Troug’s methad.

Chemical Composition of Soil Colloids

~

Thke chemical ecomposition of the two clays isclated from purple brown and yellow
earth are tabumlated in table 1,

Table I, Chemieal e-mpusition of soil e>)laids (<.002 mm.)

90il group  Soil series Si04 AlyOg Fea0g Si02 8i0gp SiOg
% % % RyOg AlgOg FkegOg

Yellow earth Hsi-van-ping 53.77 33.41 12.41 2,19 2.70 11.51
clay loam '
Purple brownHn i—shang-fang 57.53 30.47 12.00 2.56 2.20 11.90
earth silt clay loam

W S

Exchangeable Bas:s and Base Exchang: Capacity

The individnal and total cxchangealile bases, the exchangeabls hydrogen, and the
total exchange capacity are presented in tablo 2,
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Table 2. Exchavgeable hydrogen, individual and total exchangeable -
bases in varioug prepared clays

Exchangeable | Exchangeable

Exchangeable— . | .
Kinds of elay] Os Mg Na K Ba NHyg 11 capacity ‘VE——GL“—KT—=— x 100
| Exchangeable

. . . s. i
m. e, per 100 gm m. e./1008ms. ' eapaeity

o | Ca-clay 13,65+ sreereivronasanmies < resenematennren 18.04 ! 76.22
% | Mgeclay 87,8 cntemronnen - cermemeanenaiicnce 18.01 48.75
$ | Na-clay 15,40 secremenomonmeromsnoa | 17.87 ’ 86.17
g | K-olay | . 18,05 +omevnranemanes 18.05 72.30
2 | Ba-clay 15,31 +ooeecee 18.31 83.69
3 | NHy-clay {2.87 +eseee 18.40 | 69.95
™ | H-clay 16.21 17.36 | 92.80
g | Oa—elay [26,TT-+wseermememenmemmsmoriansomsmmenes 29.11 | 81.09
g Mg-clay 12,04 cvsvevmomoerssacies coronrioonien 29. 00 41.52
&4 Na—cluy 0D, {(Jree smoorostosoassseneonan 29,1 ] 75.92
o &| K-alay 19,10 rereememmemmaressnes 29,33 65, 12
'E. ¢ Ba-clay 27,12 eremrocarones 29.12 93.13
)3 NH4-clay - . 25.02 sonees 29.01 86.24
& | H-elay 25.17 28.78 | - 1 87.45

Results and Discussion

The data fron Table (3) and Fig. (1) indicate that the eclay from yellow earth
which has a lower ¥i02/R30g ratio fixed mors phosphate thain that fro.n the purple
brown soil, 1t was formerly found (9) that the phosphato fixation pewer of snils varies

" inversely with the ratio of SiO2/R20g of the s0il enlioids, For eclays with the same
8i02/Ry03 ratio, th» devree of fixation of phisphate varies with the characteristies of
exchangeable bases, In present expariment. the deirce of phoiaphate fixation in various
clays follows tho following order:

Ca—olay > Mg-clay > H-:lay > Ba—alay > NHi-clay > K—clay > Na—clay
Table 3, The fixation of phosphate hy eolloidal elay as affectad by

th? exchangeahle bases
(First method)

Yellow earth , f ‘ Porple brown soil
Kin N ’ i
mds of | By, in [Fixed PO, |FixOd FO4 Y04 in Fixed POy Pixed POs
clay . mgm, per . mgm.per
solation lmgmn./gn 100 gm pH | salation mgm./gm.] 190 2m pH
mgm, clay clay * mgm, clgy ‘ VGI-’a.y.
Ca—clay 47.58 | 2.42 o2 | 750  47.74 ‘ o.26 ‘ 226 7.72
Mg~clay 48.04 1.98 196 §01| 4861 | 129 129 7.78
Na-olay 49,22 0.73 78 $.42 | 49.34 0.66 68 8.60
K~clay 43.95 1.05 105 8.00 | 49.21 | 0.79 79 8.12
Ba-Clay | 48.60 | 1.50 150 | 7.85| 48.65 | 1.35 135 7.91
NHg4-clay| 48.90 1.10 110 7.80 1 48.98 | 1.02 102 | 7.85
H—clay 48.02 1.98 193 | 3.20| 48.90 | 1.10 110 | 4.1
*Heslay | 49.65 | 0.35 5 | 283 9.5 | o045 | 45 | 298

*The free iron ani aluwninam oxides were removed
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Fig 1, Fixation of POy by Vareous Olays

-Ca—c]ay and Mg-clay showed th3 highest fixation power of phosphate, the next was
H-clay, while the K—clay fixed the least.

Ag the KHyPOy4 solution was mixed with the c¢olloidal eclay, a part of the oeations
originally adsorbed on the colloidal clay wai liberated as a result of the base exchange
reaction, I1n Oa— and Mg- clay systams, the liberated cationy were Ca and Mg, at
equilibrium . such systemns had pH values ranging from 7.50 to 8.01. Aececording to
MeGeorge (12), little HgPO4™ will exist in soils at such a pH range, Most of the phosphate
ions are in the for.n of HPD4~ which forms inmsoluble compounds with caleinm and

magnesinm.

In the case of Na— and K-glay systems, fixation of phosphate is at minimum level,
beeanie of the greater solubilities of the Na— and K-salts with phosphate. The high pH
value in the equilibrium solution indicates the predominance of OH ions. These OH ions
in the solntiéu may induce anion exchange with phosphate ions in case the latter were
adsorbed on the "colloidal surface, 1f tha O'l ions exceed the.P.’; iond, little phosphate

cr nnne of it ean bo fixed,

In H-clay, bezause-of the strong acidity of the solntion, free iron and aluminum oxides
are present in rather high coneantration. Thae .phosphate fixation wunder sumeh econditions
was believedrprimarily due to the ehomieal combination of tho oxides and phosphates,
Removal of the fres sesymioxide oxides therefore markedly reduced the phosphate fixation.
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Table 4. The fixation of phosphate of different clays (Second method)
(506 e.e. KHyPO4 solniion, containing 400 ppin. P. shaked with 0.5¢m. clay)

Yellow earth Purple brown soil
Kllnds of clay | Fized T Availab'e P Fixed P Available P

PopP. 1M P P., P.pP.12, P.Pem,
Ca-clay 43.5 336.5 38.7 ’ 361.3
Mg-clay 57.3 342.4 41.5 358.5
Na-clay ; 39.0 361.0 ) 32.9 ] 377.1
K-clay ; 47.3° 352.7 36.2 | 383.8
Ba—clay ; 43.4 346.6 | 40.1 ] 359.9
NHy-clay 34.5 365.5 ! 45.1 354.9
H-clay 113.4 288.6 1 87.4 | 3128

The amodnt of phosphate fixed In thy diffienltly available form by yellow earth was
mare than that of purple brown soils as shown in Table 4. The gréaiest amount of
phosphats fixation was fouwnd in H-clay, while phosphate fixed bry Ca—clay was much
less aund might be reliberated by treating with dilute aeid ( 0.002N HaeSO4) ., It
indioatad that the combination of phosphaty on soil eollnidal complox and t'he exchangeable
ealeimn a3y nnstabls, and it only represents a form of temporily iixed phosphaie analo—
gous in the nature to Heck’s “readily available fixed phesphate”. (8)

’ Summary

! .
1. Homo-ionie colloidal eclays ( <5 mieron) isslated from purple brown soil and gellow

earth iaken from Poipei (JL3%) wore used to study the effect of exchangeable eations on

the phosphate fixatio. by soil colloids,

2, The degree of phosphate fixation by colloidal clays having different exchangeable
eations varies according to following order:

Ca—:1a§> Mg-clay > H-—-c]a.y>i33-—clay>NH4—e]ay> K-c¢lay > Na—clay.

3. The eslleidal clays from yollow earth having lower SiOa/Rg0Og ratios fix wore
phrsphate than that fromn purple brown soil,

4. Tha phosphate fixatina power of H—clay i3 markedly radaced after the removal of
free irm and aluminnm oxides.

5. In Qa-slay, tha fixed phosphite was mnstable. The assoeiation of phodphate with

thy exchangeabls ealeinm is easily libsrated by a very dilute seid solation.
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