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Abstract Theinfluence of pH and alumi-
nium on soil clays’ negative charge was investigated for
clays separated from acidic soils of different origin. It
was observed that aluminium caused a negative charge
decrease due possibly to nonexchangeable Al polyca-
tions adsorption in the 4-6 pH range. Aluminium com-
plexing by organic matter can diminish soil negative
charge in a broad range of pH.

INTRODUCTION

Chemically active aluminium may occur
in soils in different forms [11] which are gov-
erned mainly by the pH of the soil solution
and the soil mineral composition [2,6,8). Tri-
valent aluminium ions are present in soils at
low pH values and they hydrolyse and poly-
merize as pH increases [1,4,5]. Because of the
high mass and charge of the polycations, they
are preferentially adsorbed by negatively
charged soil surfaces [11] and are weakly ex-
changeable or nonexchangeable which
causes blocking of the soil negative char-
ge [7]. As pH increases further, when the
OH/Al ratio reaches 2.2-2.4, the polycations
are transformed into polymers of high
molecular weight and low charge per Al
atom, leading to the formation of amor-
phous or crystalline aluminium oxide [10}.

. Soil aluminium is strongly bonded on

soil organic matter mainly by the organic
matter’s strongly acidic functional groups [9].
This leads to the decrease of negative charge

for the organic matter. Soil organic matter
fully saturated with aluminium exhibits an
apparent point of zero charge [3].

The purpose of the present work was to
observe the influence of pH-aluminium re-
lations on soil clay fraction negative charge.

MATERIALS AND METHODS

The material studied consisted of six
clay fractions separated from acidic soils of
different origin. The characteristics of the
soils and their clay fractions are given in a
previous paper [12].

From clays, the organic matter, iron ox-
ides and aluminium oxides were removed
and subsequent samples were converted
into homoionic sodium forms with the
methods presented in a previous paper [12].

Suspensions of natural clays as well as clays
after completion of the removal procedures
were adjusted to pH 3 with 0.01 N HCl and
after two weeks they were converted into alumi-
nium forms, by duplicate equilibration with a N
AlCl3 solution following by centrifuging and
equilibrating the sediment five times with a 0.005
N AIC130.005 N NaCl pH 3 solution. A final day
1o solution ratio of 1:10 was established. Samples
of clay suspensions obtained were adjusted to
different pH values with a 4N NaOHNO.01 N
NaCl solution and after two weeks the
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exchangeable ions were extracted with a N
BaClz solution. After exchangeable ion
removal, the sediments were equilibrated
five times with 0.01 N BaCl; solutions of
pH’s equal to the pH values of the given sam-
ples followed by exchangeable barium ion
determinations (N LaClz extraction, AAS mea-
surements).

RESULTS AND DISCUSSION

Measured herein quantities of exchange-
able barium were taken as the values of ne-
gative surface charge of clays in aluminium
forms and they are presented in Table 1.
These values were different from the values
measured for clays of the same samples in
sodium form which were presented in a pre-
vious paper [13].

Comparing the above mentioned data it
can be seen that the charge of aluminium
form clays is lower than that of sodium form
clays for natural clay samples over the en-
tire pH range. This is probably caused by
the strong adsorption of aluminium by soil

organic matter leading to blocking of part
of the organic matter charge.

For the samples containing no organic
matter (with the exception of 3D and 5D
samples), the following tendency is ob-
served: below pH 4, surface charge for both
aluminium and sodium forms is equal; in
the pH range from 4 to 6, aluminium form
charge is significantly lower than the charge
of sodium forms; and above pH 6, the
charge of aluminium form tends to be
slightly higher. For 3D and 5D clays, alumi-
nium form charges are lower then sodium
form charges up to pH 6.

This phenomena may be explained by
taking into account the pH dependent be-
haviour of aluminium. Below pH 4, alumi-
nium occurs as exchangeable trivalent ions.
They can be totally desorbed by barium ions
and the measured barium adsorption does
not depend on the ionic form of the given
sample. In the pH 4 to 6 range, the decrease
of aluminium form charges in comparison
to sodium form charges may be due to nonex-

Table 1. Quantities of negative surface charge, (cmol n'lkg'l), on aluminium forms of the clays investigated,

at differen:t pH values

pH 1A 1B 1C 1D 2A 2B

2C 2D 3A 3B 3C 3D

3.0 225 240 247 26.1 21.9 202 225 252 464 45.1 490 542
35 243 252 268 283 224 204 230 255 493 475 511 55.9
4.0 29.0 278 29.0 30.1 238 211 232 260 558 488 535 57.7
4.5 326 259 2712 289 252 201 222 243 585 464  50.1 554
5.0 344 241 258 272 217 194 216 234 630 451 48.9 528
6.0 473 313 321 328 36.7 224 243 268 803 540 602 646
7.0 59.5 338 334 34.1 431 238 250 279 915 595 641 66.6
8.0 721 35.5 349 354 491 267  25.7 28.6 101 632  66.7 68.7
8.5 798 362 356 352 531 284 269 29.0 107 649 682 695
pH 4A 4B 4C 4D 5A 5B sC 5D 6A 6B 6C 6D

3.0 229 220 230 243 361 403 442 467 16.1 15.5 17.6 21.9
35 239 223 234 244 389 416 451 471 172 15.5 180 220
4.0 285 226 243 249 418 425 457 489 17.9 159 185 228
4.5 311 21.5 232 235 42.6 412 436 486 183 15.0 179 223
5.0 336 20.4 2217 225 444 399 416 450 194 144 171 214
6.0 44.3 25.1 26.8 259 563 446 472 514 27.0 17.1 206 248
7.0 575 276 281 28.9 62.5 469 494 533 312 180 217 258
8.0 711 29.7 294 30.1 69.2 488 521 549 338 216 234 2.3
85 80.8 315 30.5 303 717 50.7 528 56.1 36.5 226 248 272

Explanations: 1-Mollic Gleysol; 2- and 3- Eutric Cambisols; 4-Stagnogleyic Phaeozem; 5-Orthic Luvisol; 6-Podzo-
luvisol. A-natural clays; B-after organic matter removal; C-after Fe removal; D-after Al removal.
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changeable aluminium polycations adsorp-
tion, leading to negative charge blocking.
The increase of aluminium form charges
over sodium form charges above pH 6 may
be attributed to the input of newly precipi-
tated aluminium oxides to the total negative
sample charge. The presence of smectites in
clays 3and 5 (see [12]), and the entering of
Al into interlamellar spaces can explain the
lowering of charge in aluminium forms of
the 3D and 5D samples at low pH values.

CONCLUSIONS

1. Aluminium caused a negative charge
decrease due to nonexchangeable Ai poly-
cations adsorption in the 4-6 pH range.

2. Aluminium complexing by organic
matter can diminish soil negative charge in
broad range of pH.
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WPLYW GLINU NA UJEMNY EADUNEK
POWIERZCHNIOWY GLEBY

Badano wplyw pH oraz glinu glebowego na wiel-
kos$¢ ujemnego tadunku powierzchniowego na wybra-
nych frakcjach ilastych wydzielonych z gleb o charakterze
kwas$nym. Zaobserwowano, iz obecno$¢ glinu powoduje
obniZenie ujemnego tadunku powierzchniowego w za-

~ kresie pH od 4 do 6, co motze by¢ spowodowane niewy-

mienna adsorpcja polikationéw glinu. Kompleksowanie
glinu przez glebowa materi¢ organiczng powoduje obni-
Zenie jej fadunku w szerokim zakresie pH.



