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Abstract. The effect of Na,CO, and Na,80, solulions on the transformation
of elay substances has been investigated. It has been found thal in the kaolin sample
well erystallized aluminium hydroxide forms at the cost of amorphous substances.
In the structure of monimorillonite, mixed layers of the hydromica type arise. In
the case of clay fraction of soil, an increase in Lhe content of minerals with mixed-
-layer illite/monimorillonite structures has been noted.

INTRODUCTION

Soil-forming processes oceurring in a salinized, alkaline environment
may involve changes in the structure of clay minerals (degradation, trans-
formation) or their neoformation. Na-salt solutions play a significant role
in those processes, and their effect on the soil clay minerals has been in-
vestigated by several authors. The formation of new minerals (Barnishel,
Rich 1965; Gupta, Malik 1969), their destruction (Arnold 1960; Correns
1961), or substantial transformation of their structure (Gerei et al. 1966;
Gerei 1965; Laatsch 1954; Michailova, Gradushov 1969) have been obser-
ved under those conditions. To have a better insight into the secondary
salinization processes caused by irrigation, the present authors investiga-
ted ,in vitro” the transformations of clay minerals effected by Na-salt
solutions. |

EXPERIMENTAL

The investigations were carried out on the following samples:

— Zettlitz kaolin (GDR),

— Flzérradvany illite (Hungary), containing 15—20% of swelling
layers in its structure,
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RESULTS

As appears from the chemical composition of the filtrate (Table 2), the
treatment of samples with sodium carbonate solution is generally more
effective than that with sodium sulphate since more Al,0, and SiO, pass
into the solution. Iron has been found in the filtrates obtained upon treat-
ment of bentonite and soil clay fraction; it is missing, on the other hand,
in the filtrates after kaolin or illite, During treatment with Na,80, so-
lution more Fe is dissolved than during treatment with Na,CO; The
amount of soluble silica in the filtrates increases in the sequence: kaolin —
illite — bentonite — clay fraction of meadow soils. In the latter, also the
highest Al content has been noted. The Mg content is the lowest in sul-
phate-treated kaolinite and the highest in the filtrates after bentonite and
soil clay fraction.

Filtrate analyses have revealed that salt solutions of relatively low
concentration affect visibly the structure of clay minerals only after
a longer period of fime. Kaolinite is the most resistant to treatment, illite
is less so, whereas the most profound chemical and structural changes
have been noted in bentonite and soil clay fraction, Yet, it must be taken
into account that the number of cations ascertained by analysis in the
filtrate does not fully reflect the effect of alkali solutions on clay substan-
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D — dried, ¥ — frozen, D—F — dried-frozen.
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Mg, 1. X-ray diffraction pat-
terns of kaolinite after T0-ti-

C‘-’f:'jbt@}fai-;ﬁﬂ both the fixe_ttion of dissolved components by these substances mes treatment with: a — 2n
and the formation of new compounds are possible. As appears from in- Na,SOg-solution, b — 2n
r}e}:st:fgat;o?s, dau'mlrp}muﬁ and weakly crystallized oxides are presumably Na,CO,-solution &
e first to di ) . : 1 — dried-frozes, § — drled, 3 = st ik B2 SIS (i
1ssolve, and only then does the crystal lattice of minerals lu;ﬁ_’,le“m, G0 3/ A2 W 2w 20 K 12 B 4 0

slowly collapse. This is evidenced by a change in the dissolved Si: Al
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Fig. 2. X-ray diffraction patterns of illite Fig. 3. X-ray diffraction patterns of

after 70-times treatment with: @ — 2n montmarillonite after 70-times treat-
Na,S0,-solution, & — 2n Na.CO,-sclution ment with: @ — 2n NaQSO,,‘—snlutmn,
1 — dried-frozen, 7 — dried, 2 — untreated b — 2n Na,COy-solution

1 — dried-frozen, # — dried, 3 — un-
treated

ratio as the treatment of clay substances is prolonged, as well as by an
increasing Mg content in the filtrates.

X-ray examinations have shown that Na,CO; solution has no visible
effect on kaolinite (Fig. 1), whereas well crystallized aluminium hydroxide
has been recorded in Na,SOj-treated samples. Its presence seems to be
due to the crystallization of amorphous substances occurring in kaolin
since the erystal lattice of kaolinite remained unchanged. Neither has illite
shown any significant changes apart from slight broadening and increased
intensity of its basal reflections (Fig. 2). These facts may be accounted for
by a change in the fineness of this mineral and an increase in the degree
of its crystallinity.

X-ray powder patterns of oriented bentonite preparations (Fig. 3) have
revealed that the basal line of montmorillonite is asymmetrical. Its incli-
nation in the high-angle range is gentle. Upon glyceration, the basal re-
flection of montmorillonite is displaced to 16 A, the reflection 10 A being
visible as well. This is readily noticeable in the case of samples that were
treated 70 fimes with Na,CO,. In the authors’' opinion, it points te the
presence of mixed layers of the hydromica type in the crystal lattice of
montmorillonite. In the case of soil clay fraction, 70 treatments result
in an increase in the degree of its crystallinity, which is evidenced by
greater sharpness of the reflections. In those samples small amounts of
mixed-layer illite/montmorillonite are present. From the basal reflections
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on the X-ray diffraction patterns it may
be inferred that treatment with Na-salt
solutions results in an increase in the
content of mixed-layers structures. In
the samples treated with Na,CO; solu-
tion and then dried and frozen alterna-
tely, products of intermediate character
have been noted (Fig. 4).

To summarize, it may be stated that
treatment with Na-salt solutions invol-
ves the following transformations of
clay minerals:

1. The removal of weakly crystal-
lized oxides and hydroxides is followed
by slight opening of the crystal lattice
of clay minerals.

2. In kaolin, well crystallized alumi-
nium hydroxide forms at the cost of
amorphous substances (Fig. 1), . P S s .

3. Mixad “lavers of the hidromiogl i iep et a0 h 87t E e Hiks e 6
tYPe {11"13(; in the structure of montmo- Fig, 4, X-ray diffraction patterns of
rillonite. clay fraction from A-horizon in solo-

4. In the case of soil clay fraction nized soil after 70-times treatment
there is an inerease in the content of Withi @ — 20 Na,SO,-solution, b —

2 : : e ] 2n Na,CO,-solution
minerals with mixed-layer illite/mont- ; — uried-frozen, 2 — dried. 2 -
morillonite structure (Fig. 4). treated
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PRZEOBRAZENIE MINERALOW ILASTYCH W ROZTWORACH
WODNYCH SOLI SODOWYCH :

Streszczenie

Przeprowadzono badania zmian zachodzacych w mincra;latrh ilastych
pod wplywem roztworow Na,CO; i Na,S0s. Stwierdzono, ze w kaolinie
utworzyl sie dobrze wylkrystalizowany wodorotlenek glinu kogztem sub-
stancji bezpostaciowych. W strukturze montmorillonitu powstaty prze-
rosty typu hydromiki. W przypadku frakcji ilastej gleb nastapito zwigk-
szenie udzialu mineraléw o strukturach mieszanych illit-montmorillonit.

OBJASNIENIA FIGUR

Fig. 1. Dyfrakiogramy rentgenowskie kaolinitu po 70-krotnym traktowaniu: a
2n roztworem Na,50,, b — 2n roztworem Na,COy

Fig. 2. Dyfraktogramy rentgenowskie illitu po 70-kro
roztworem Na,50,, b — 2n roztworem Na,COy

Fig. 3. Dyfrakiogramy rentgenowskie montmorillonitu po 70-krotnym traktowaniu:
a — 2n roztworem N2,80,, b — 2n roztworem Na,COy

wie frakeji llastej z horyzontu A gleby zasolone]

Fig. 4. Dyfraktogramy renigenows
po 70-krotnym traktowaniu: & — 2n roztworem Na,80, b — 2n roztworem

NaLO,

tnym traktowaniu: o — 2n
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UIMEHEHME TAMHUCTBIX MUHEPAJIOB B BOJAHBIX
PACTBOPAX HATPOBBIX COJIEH

Pezwome

Mpoweaeso HCCACAOBAHAA HIMEHEHHH NPOHCXOMAIUMX B IMIMHACTLIX MHMHE-
paiax Noj BO3JEHCTBHEM DacTBOPOB Na,CO,; # Na,80, Obuapymeno, 4To0
2 xaoapse w2 2mopdHoNo BEllecTBA XOPOUIO KPHCTAILIM30BANach TH/APOOKHCE
amwmuEEA. B CTpYETYDE MOHTMOPHIJIONMTA 00pA30BaIUCh BKNIOUEHHA THIA
rraApocanl B cayuae rausnctodl Ppakiky nodB NPOHSOULIO YREIHIeHHEe HOJIH
WHHEDP2A0S 00 CMEIZHHLINE HIAUT-MOHTMOPHIIOHHTOBEIMH CTPYKTYPAMH.
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