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Swelling (or sedimentation) volumes (SV) of materials prepared by treating
fine fractions of bentonites from Jelsovy Potok (Czechoslovakia). Clay Spur
(Wyoming, USA), and Belle Fourche (South Dakota, USA) with HCl were
stabilized by the subsequent treatment with sodium salt (NaCl, NaNO; or
NayS0y4) solution. The anions of these salts had negligible effect on the SV.
Louer SV achieved after HCl + Na,CO; treatments are supposed to be caused
by the reaction of surface protons and CO%~. Only moderate differences in the SV
were found between the sodium salt treated samples without previous HOl treat-
ment. That confirms no negative effect of NaCOj; alone on the SV. High SV
achieved with the HCI treatment were not achievable without it.

INTRODUCTION

Smectites are aluminosilicates with an expardirg layer structure. Beirg widely
spread in clays arnd soils they are responsible for their various properties. The most
unique and important properties of smectites are the high negative surface charge
and the ability to separate the layers in contact with water to various spacings,
i. e. to swell. Smectites are of great practical importance axd utilization in the
agriculture and industry.

Swelling of montmorillonite depends on the interlayer cation. Norrish [1] reported
good swelling for Na-, Li- and fresh H-forms, and poor swelling for K-, NH,- and
Cs-forms. The decrease in the uptake of water with ageing of H-montmorillonites
was ascribed to the release of aluminium from the structure. Low stability of
H-montmorillonites and their autotransformation to (H, Al)- or (H, Al, Mg)-forms
is known [2—5]. Polyvalent cations in exchangeable positions cause lower water
uptake by the smectites, although hydration of the interlayers takes place [1, 6].
Both the interlayer cations and the layer surface affect the structure and the
properties of the interlayer water [7—9]. Low [9] reported poor dissociation of
Na* cations in Na-montmorillonites ar.d concluded the swelling of clays is prim-
arily due to hydration of their surfaces. The reduction of octehedral Fe(III) to
Fe(II) increased the negative charge of the layers ard decreased swelling [10, 11],

In our earlier papers [12, 13] the preparation of high swelling materials was
described. The SV values were found to be dependent on the clay and the acid
used, on the temperature and duration of the reaction, and on the ageirg of the
activated materials. The aim of this study was to investigate the possibilitics of
stabilizing high SV using HCI 4- sodium salt treatments of three smectites.

MATERIALS AND METHODS

Materials

Under 2 pm fractions of the bentonites from Jel3ovy Potok, Czechoslovakia
(JP 2), Clay Spur, Wyoming, USA (CS) and Belle Fourche, South Dakota, USA
(BF) were used. They were Ca?* saturated, dialysed, air dried at 60 °C and ground
to pass through a 0.2 mm sieve. Their composition is given in [13].
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Methods

Acid treatment. Five grams of the sample were added to 500 ml preheated
(96 °C) 1.5 mol. dm—3 HCl. The mixture was kept at a constant temperature for
15 minutes being stirred every five minutes. The suspension was filtered and washed
with 50 cm3 H,0, 300 cm3 of 1 mol.dm3 sodium salt solution (NaCl, NaNOs;,
Na,S0,; or Na,CO;), 50 cm3 H,0 and 150 cm—3 C,H;OH. The filter cake was dried
at 60 °C and ground as to pass through a 0.2 mm sieve.

Swelling volume. Swelling volume (SV) was determined by pouring successively
400 mg of the sample into 25 cm3 of H,0 in a graduated cylinder (25 cm3). The
néxt batch of the sample was added always after the previous amount sank to the
bottom. The volume of the gel (SV) was measured two hours after the first part
of the sample was poured in. The SV at time ¢ = 0 was determined 3—4 hours
after the acid treatment had been finished. The powder samples for investigation
of ageing were stored at room temperature in sealed flasks. Two parallel measure-
nients were made which did not differ more than 410 9%, from their average value.

RESULTS AND DISCUSSION

The changes in SV due to the ageing of HCI treated montmorillonites JP 2,
CS and BF without and after natrification are given in Fig. 1, 2 and 3, respectively.
The SV values of HCl + H,0 treated samples on the 35th day after the preparation
were 67 9, of the value at t = 0 for JP 2, 66 9, for CS and 80 9, for BF. The fresh
HCl + H,O0 treated BF sample produced lower SV values than JP or CS samples
but the decrease of SV upon ageing was slower for BF than for the other two clays.
This decrease was found to be the result of two simultaneous processes, namely
spontaneous conversion of H-montmorillonite to (H, Al, Mg)-montmorillonite, and
equalization of the originallyinhomogenous surface charge distribution of adsorbed
anions [13].
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Fig. 1. Changes in swelling volume upon ageing for Ca-montmorillonite JP 2 trested with
1.5 mol . dm—3 HCI and H,;0 or sodium salt solution.
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The anions in the system saturate mainly the broken bonds on the edges of the
crystallites, the cations compensate for the negative charge of the layers. Compens-
ation by cations prevails on the faces, and that by anions on the edges of the
crystallites. The volume of the sediment is affected by both cations and anions
present in the system. No considerable differences in the cation population are
supposed between the clays after a HCl + sodium salt (NaCl, NaNO;, Na,SO, or
Na,CO;) treatment. The exchangeable Ca2* cations of the original clays were
exchanged for H;0+ cations in the course of a short (15 min.) reaction with
1.5 mol . dm—3 HCl. Some octahedral cations from the edges of the clay particles
were leached out and unsaturated oxygens were protonated, but no substantial
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Fig. 2. Changes in swelling volume upon ageing for Ca-montmorillonite CS treated with
1.5 mol . dm—3 HCI and H,0 or sodium salt soluts
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Fig. 3. Changes in swelling volume wupon ageing for Ca-montmorillonite BF treated with
1.5 mol . dm~3 HC! and H>0 or sodium salt solutu
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decomposition of clay layers could occur under these conditions. Protonation of
unsaturated oxygens on the edges of the particles affects the surface charge of clay
particles and the texture of the sediment in water. The subsequent treatment
with a sodium salt solution forced the next exchange of interlayer H3;0+* cations
for Na*.

The sodium forms of smecctites are known as stable materials, which do not
undergo any autotransformation. The higher stability in the SV of HCl + sodium
salt treated samples compared to that of HCl + H,0 treated ones is shown in
Fig. 1forJP 2andin Fig. 2 for CS. According to the slow decrease of SV of HCl +
+ H,O0 treated BF upon ageing, little effect of NaCl, NaNO; or Na,SO4 treatment
was observed for this sample (Fig. 3). The SV of JP 2, CS and BF after a HCI + so-
dium salt (NaCl, NaNO; or Na,;SO,) treatmient weie within the first 35 days
42 4+ 5, 43 + 6 and 36 4 4 cm3 . g1, respectively (Fig. 1—3). Consequently, the
anions of tltese sodium salts had a negligible effect on swelling of these mont-
morillonites.

Investigating the effect of various acids on SV, high valucs were reported
for HCl and HNOs, and lower ones for H,SO4 treated JP 1 [13]. That means Cl-
and NOj have not affected the SV substantially neither in the form of acid, nor
in that of a sodium salt. The treatment with H,SO, lowered the SV compared
to those after HCl + H,O or HCl + Na,SO, treatments. This could be explained
by the presence of Ca2* ions in the clay used for H,SO, treatment. Low soluble
calcium sulphate hydrate produced in the intcrlayers could affect the texture
of the swollen sediment and the SV. No substantial decrease in SV was observed
with any montmorillonite used after a HCl + Na,SO, trcatment, when the Ca2*
ions were first exchanged for H30+ (Fig. 1—3). Thus the presence of SO3- ions
is insufficient to decrease the SV of HCI treated montmorillonites.

All three clays produced low SV after the HCl + Na,;CO; treatments (Fig. 1—3).
The authors suppose the main reason is the rcaction of surface protons with CO%~
and the consequent lower concentration of protons on the clay particles. This
change of surface charge affects negatively the SV values. Further investigation
is necessary to prove this assumption.
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Fig. 4. Changes in swelling volume upon ageing for Ca-montmolonite JP 2 treated with & eodium
sals solution.
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Only moderate diffcrences in the SV were observed bstween the JP 2 mont-
morillonite treated with various sodium salt solutions without previous HCI treat-
ment (Fig. 4). The exchange of Ca2+ for Na* increased swelling in all the cases
and the differences caused by various anions were low. That confirms Na,CO;
alone has no negative effect on the SV.

Comparing the SV with (Fig. 1) and without (Fig. 4) previous HCI treatment
higher values were obsarved for NaCl, NaNO; and Na,SO, treated materials
with HCI and for Na,CO; treated oncs without it. The SV of HCl 4+ NaCl, NaNO;
or Na,SO, treated JP 2 were within the first 35 days after the treatment 42 +
4+ 5cm3. g1, while those of Na,CO; treated JP 2 were 23 4 2 cm3. g-1. This
suggests the high SV achieved with the HCl treatment are not achieveable with-
out it.

CONCLUSIONS

The ability to produce voluminous sediments of HCl treated montmorillonites
could be stabilized by a subsequent treatment with NaCl, NaNO; or Na,SO, so-
lution. Lowsr SV values after HCl + Na,CO; treatments are supposed to be the
consequence of a reaction of surface protons with CO3-. High SV values achieved
with the HCI treatment are not achievable without it.
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SEDIMENTACNE OBJEMY H-MONTMORILLONITOV
III. NATRIFIKACIA

Peter Komadel, Blahoslav Citel
Ustav anorganickej chémie SAV, 842 36 Bratislava

Z jemnych frakcii bentonitov JelSovy Potok (JP 2), Clay Spur (CS) a Belle Fourche (BF)
sa pripravili reakciou s 1,5 mol . dm=3 HCl materidly s vysokym sedimentaénym objemom (SV).
Tieto sa stabilizovali naslednym premytim roztokom sodnej soli (NaCl, NaNO; alebo Na;SO4).
Aniény tychto soli mali zanedbateIny efokt na hodnoty SV (obr. 1—3). Predpoklad4 sc, Ze niZsie
hodnoty SV pozorované po aktivéicii montmorillonitov s HCI a Na>CO3 su ddsledkom reakcie
povrchovych proténov a CO3Z~. Iba malé rozdiely sa nasli medzi SV materidlov pripravenych
zo vzorky JelSovy Potok premytim roztokmi sodnjch soli bez predchadzajtcei reakcie s HCI
(obr. 4). Tym sa potvrdilo, Ze samotny Na,CO; nem4 negativny vplyv na SV. Vysoké hodnoty SV
dosiahnuté po aktivacii s HCl a NaCl, NaNO; alebo Na,SO4 nemozno dosiahnut bez pouzitia
kyseliny.
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Obr. 1. Zmeny sedimentaéného objemw pri starnuti pre Ca-montmordlonit JP 2 po akkvdcii
v 1.5 mol . dm=3 HCI a premyti vodou alebo roztokom sodnej soli.

Obr. 2. Zmeny sedimentaéného objemu pri starnuti pre Ca-montmorillonit CS po aktivdcii v 1.5 mol .
.dm=3 HC| a premyti vodou alebo roztokom sodnej soli.

Obr. 3. Zmeny sedimentaéného objemu pri starnuti pre Ca-montmorilonit BF po aktivdci
v 1.5 mol . dm=3 HCl a premyti vodou alebo roztok sodnej sols.

Obr. 4. Zmeny sedimentaéného objemu pri starnuti pre Ca-montmorillonit JP 2 po premyti roztokom.
sodnej soli.

CEJUMEHTAIONNOHHBIE OBLEMbB H-MOHTMOPHWJIJIOHUTOB
II. HATPHOUKALNA

ITerep Komapes, BaarociaB UYuses

Hucmumym neopzaruseckoi zumuu CAH, 842 36 Bpamucaasa

U3 Tokux ¢paxnuii 6eaTorNTOB EMmoBst 1lotok (JP 2), Clay Spur (CS) u Belle Fourche
(BF) npuroroBuian myrem peaxnuu ¢ 1.5 mod. jmM—3 HCl MaTepnaJibl ¢ BHICOKMM ceJIMMeHTa-
OnOoHHBIM 00BeMoM (SV), KoTOopble cTaONMIM3MPOBaJIM IOCJIeLyIollel MPOMBIBKOM pacTBOPOM
BatpueBoif conmu (NaCl, NaNO; uim Na,SO,). AHMOHN npPHUBOIMMEIX COJIeil OKA3LIBAJIA I pe-
HeOperare/bHOE BiMsAHMe Ha BeJMuuHL SV (puc. 1—3). Ipeanoasracres, uro 6oee au3kne
BeJHYMHE SV, ycTaHOBJIeHHHIE TOcJIe akTHBanun MoEMO puiutoEMToB HCl 1 Na,CO4 aBasoTcA
pe3yJIbTaTOM PpeaKIMHM MOBePXHOCTHHX mpoToHOB M CO3-. Tonbko He3HauYMTeNLHhHE pa3-
JIM9MA YCTAaHOBMIIM MeXAy SV MaTepnajioB, HPHIrOTOBJIeHHnX M3 mpobm Esmosn ITorox
IPOMKIBKOJ? pacTBOpaMyu HATpHeBhIX coJleil 6e3 mpenmectBylomieii peaxuun ¢ HCl (puc. 4).
Taxum o6pa3oM 6LuI0 10Ka3aHO, 9T0 oT/leasHud Na,COs He OKAa3HBaeT OTPHIIATEJILHOE BIINA-
Hue Ha SV. Bucokne Besmanasl SV, morydernasie mocite akruBauu HCl u NaCl, NaNOs nan
Na,SO4 HeIb3A mOMYydYuTh 6€3 MCIOJIL3OBAHMA KHCJIOTHI.

Puc. 1. Hamenernusn cedumenmayuorrozo o6vema npu cmaperuu ¢ caywae Ca-monmmopuaao-
numa JP 2 nocae akmucayuu ¢ 1.5 moa. dm=3 HCl u npomwieru ¢0doii uau pacmsopom
Hampueeoti coau.

Puc. 2. Hamernernus cedumenmayuonrozo o6vema npu cmapenuu ¢ cayvae Ca-moHmopuaro-
numa CS8 nocae axkmueayuu ¢ 1.5 moa. dm=3 HCl u npomwieru 60doit uau pacmeopom
Hampuegoit coau.

Puc. 3. Hszmenenua cedumenmayuonnozo 06vema npu cmaperuu ¢ caywae Ca-monmmopuano-
numa BF nocae akmusayuu ¢ 1.5 moa.-0m=3 HCl u npomwesu 6000ii uasu pacmeopom
Hampuegoil coau.

Puc. 4. Hamenenua cedumenmayuonrozo o6svema npu cmapenuu ¢ caywae Ca-monmmopuano-
numa JP 2 nocae npombiesu pacmeopom Hampuegoii coru.
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