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Dissolution of <20 pm fraction of bentonite from Jel$ovy Potok, Czecho-
slovakia, in 6 mol .dm3 HCl and 2 mol .dm=3 H3;S04 7s compared. The
sequence of the smectite structure decomposition, the shapes of the dissolution
curves, and the changes in XRD patterns and IR spectra in the course of acid
dissolution are similar. Differences in the structural formulas calculated from
the dissolution data are attributed to the uncertainity introduced by a slow
dissolution of volcanic glass in H;S04. Structural formula calculated from the
dissolution in HCI expresses more correctly the montmorillonite composition
as the formula calculated from the bulk chemical analysis or from the dissolution
than H,S04. About one third of the mass of the sample was found to be extra-
neous to the montmorillonite and s supposed to be bound in feldspar and
mainly in a volcanic glass.

INTRODUCTION

Decomposition of montmorillonites by acids is a complex of simultaneous proces-
ses. They can be described in terms of the montmorillonitic structure as an exchange
reaction between interlayer cations and the surrounding acid solution, succesive
dissolution of octahedral sheets, and succesive dissolution of tetrahedral aluminium
ions. The mechanism and kinetics of smectite dissolution in HCl have been described
by various authors, e.g. [1—10]. Literature dealing with smectite dissolution
in H,S0, is less frequent than the former, e.g. [11—14]. The data given are consistent
with those of HCI as regards the mechanism of the processes. According to our
knowledge, no data about dissolution of one and the same smectite in both HCI
and H,S0,4 have yet been published. Both these acids are used in bleaching earths
production.

Decomposition of a smectite structure by an acid can be divided into the follow-
ing steps: contact (wetting of the surface by the acid, filling of the interlayer
space), chemical reaction, transport of the reaction products from the reaction
zone and transport of fresh components to it. In the course of contact, the acid
covers the dry surface of the smectite and fills the inerlayer space of the mineral.
Simultaneously, an ion exchange reaction proceeds. This reaction is very fast.
At least 70 Y% of the exchangeable cations are exchanged within the first five
seconds at 25 °C [15].

H-smectites are known as unstable materials, undergoing autotransformation
to (H, Al)-smectites. This process starts immediatly. According to the data by
Barshad and Foscolos [16], the half-time of smectite autotransformation varies
between 1.103 and 8.10% seconds for different smectites.

The dissolution of octahedral cations is much faster compared to tetrahedral
aluminium [3—35, 17]. Since the dissolution of smectites in acids is a reaction
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of a polydisperse system of solid particles with a liquid, its rate is also influenced
by particle size distribution and defects in the structure [17].

The purpose of the present study was to investigate the differences between
the HCI and H,S0,4 treatments (1) with respect to the dissolution process of the
fine fraction separated from JelSovy Potok bentonite and (2) with that to the
structural formulas of motmorillonite calculated from the bulk chemical analysis
and from the dissolution data.

EXPERIMENTAL
Material

Under 20 pm fraction of bentonite JelSovy Potok, Czechoslovakia, was used.
Montmorillonite, feldspar and mica were identified by X-ray diffraction. The che-
mical analysis is given in Table I, and the formal structural formula calculated
here from in Table II. The calculation was performed in the way usual for the
monomineral montmorillonite. The high Si coefficient suggests some extraneous
Si in the sample. Magnesium is present in both octahedral and exchangeable posi-

Table 1

Chemical analysis (CA) of the sample and the distribution of SiO2, Al,0;, Fe,0;, MgO and C+O
calculated from the dissolution data in 2 mol.dm=3 H,SO4 and 6 mol.dm=3 HCl (exch. =

= exchangeable, oct. = octahedral, tetr. = tetrahedral, extr. = extraneous)
! | 2 mol . dm=3 H,S0, | 6 mol . dm=3 HCl
f i |
I cA exch. | oct. ' tetr. ‘ extr. | exch. ' oct. ’ tetr. 1 extr.
| - mass 9, ‘1
| | ]
SiO, ‘ 62.59 — - 3078 | 2281 | — . - 37.47 | 25.12
Al,O; l 19.65 — 14.3¢ | 2.12 3.19 — 11.99 | 1.24 6.42
Fe,0; ‘ 2.61 — 1.28 — 1.33 — 1.30 — 1.31
MgO | 4.29 0.60 2.19 — 1.50 0.60 2.92 — 0.77
Ca0 1.94 1.40 — -~ 054 | 142 | — - 0.52
K,O 0.34 ‘ 0.34 | | 0.34 |
Na,0 ! 0.28 i 0.28 | 0.28
| | . |
Table 11

Structural formulas of Jelsovy Potok motmontmorillonite calculated for Oz(OH), from the bulk
chemical analysis (CA)! and from the dissolution data in 2 mol . dm=3 H,SO4 and 6 mol. dni #

HCl

! . | | | | | ' _ "

. Si | Al [ Al | Fe . Mg ' Ca | Mg | K Na

| | | 4 ! ‘. |
CA 8.01 - 2.97 0.25 ! 078 | 0.27 | 0.04 . 0.06 | 0.07
H,Se, 7.56 | 0.44 | 3.25 0.18 0.57 | 0.28 | 0.2
HCl 7.74 | 0.26 | 295 0.20 0.85 | 031 | 0.23 ‘

|

! This formula shows the statistical distribution of atoms only since it was calculated as for
monomineral montmorillonite.
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tions. Its distribution was calculated using the condition of electroneutrality
(the negative charge of the layers compensates for the positive charge of the ex-
changeable cations).

Methods

Acid dissolution. 500 m1] of acid in a 1000 ml glass reaction vessel with a reflux
was placed in a constant temperature water bath and heated to 369 K. Five
grams of the sample were added. The reaction mixture was occasionaly stirred
and allowed to react for the desired time. After that it was filtered, the filter cake
was washed twice with 200 ml water, dried at 333 K, ground to pass through
200 pm sieve. The filtered liquid combined with the washing solutions was analysed
for Al, Fe, Mg and Ca using standard methods UV—VIS spectroscopy and AAS.
The data reported in Fig. 1 and 2 are the mean values of duplicates. « is the relative
amount of the cation dissolved at time ¢ (0. = w¢ /wp, Wt is the amount of the cation
dissolved at time ¢ and wy is its amount in the untreated sample).

A modified method of Osthaus [3, 4, 17] was used for the calculations of fast
soluble, octahedral, tetrahedral, and extraneous aluminium, ferric iron, magnesium
and calcium from dissolution curves. Unsoluble (under the conditions of treatments)
portions of A3+, Fe3*, Mg2+ and Ca?* were considered to be extraneous to the
montmorillonite structure.

X-ray diffraction. A Philips X-ray set, model PW 1050, Cu—Ka, 40 kV, 18 mA,
and randomly oriented samples were used.

IR spectroscopy. A Perkin-Elmer 983 G spectrometer, and KBr pressed disk
technique (0.3 mg sample 4 200 mg KBr) were used.

RESULTS AND DISCUSSION

The dissolution curves of the 20 um fraction of JelSovy Potok bentonite in
6 mol . dm™3 HCI] ard 2 mol . dm™3 H,SO4 at 369 K are given in Figs. 1 and 2,
respectively. The curves in both figures are extrapolated to ¢t = 0 to obtain the
distribution of cations in the untreated sample. The distribution of Si, Al, Fe,
Mg, and Ca, as calculated from both dissolution data, is given in Table I. The
shapes of the respective curves are similar with both acids, showing the similar

o5t .
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Fig. 1. Dissolution curves (extrapolated to t = 0) of Jeldovy Potok bentenite in 6 mol .dm=3 HCl
at 369 K. a — relative ameunt of the cation dissolved. o Al, a Fe, ¢ Mg, a Ca, o double point.
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course of the dissolution process. The fastest part of this process is the exchange
of interlayer cations, mainly calcium and magnesium in this sample. Both HCI
and H,SO, treatments showed about 72 9, of total calcium, and about 14 9,
of total magnesium to be soluble very rapidly. These Ca2*+ and Mg2?* ions are consi-
dered to be bound in the montmorillonite interlayer.
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Fig. 2. Dissolution curves (extrapolated to t = 0) of JelSovy Potok bentonite in 2 mol . dm—3 H,SO,
at 369 K. ¢ — relative amount of the cation dissolved. o Al, a Fe, ¢« Mg, a Ca, a double point.

The rest of Ca2t (0.54 wt. 9, CaO) is insoluble in both acids under these condi-
tions, and not a part of the montmorillonite structure. The amount of extraneous
Mg depends on the acid used. The dissolution of Mg in HCI is concluded after
about 12 hours, but the dissolution in H,SO4 proceeds at a slower rate even after
this time (Figs. 1 and 2). Since no magnesium is supposed to be bound in the tetra-
hedra, the slow dissolution in 2 mol . dm—3 H,SO, is that of some other, nonmont-
morillonitic phase, probably feldspar and/or volcanic glass. This different solubility
results in the different amounts of extraneous and octahedral magnesium calculated
- from dissolution curves. Extrapolation of the straight lines (¢ > 12 hours) of the
curves to t = 0 gave the extraneous magnesium, and the difference between the
total, exchangeable and extraneous Mg corresponds to octahedral magnesium
(Figs. 1 and 2, Table I).

The differences in the share of fast soluble iron, 16 %, of total Fe in HCl and
11 %, in H,SO4 (Table I), are not significant according to the standard deviation
of the method used (+3 9, of the total Fe content). Iron oxide phases were recently
identified in various size fractionated smectites [18—20].

According to Mossbauer’s investigation, no iron is bound in the tetrahedra.
Neither the octahedral nor the extraneous iron, calculated from HCI and H,SO,
dissolutions, differ significantly (Table I).

Fast soluble aluminium was found neither in HCl, nor in H.SO,4. Extrapolation
of both dissolution curves to t = 0 led to « = 0. The amounts of tetrahedral and
extraneous aluminium differ according to the different solubilities in the acids
used. The higher solubility in H,SO, gave 27 %, of total Al as tetrahedral plus
extraneous aluminium, while the respective result in HCl was 39 9%,. Using a mo-
dified method by Osthaus [3], more tetrahedral and less extraneous Al was calcu-
lated from H,SO, dissolution data than from the HCIl data (Table I).

As expected from the CA structural formula (Table 1I), extraneous SiO, was
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found using both H,SO, and HCI data. The respective result from dissolution
in HCI was 25.12 9, (Table I).

Calculation of the montmorillonite content in the sample from the montmoril-
lonitic and extraneous parts of the oxides yielded 68 9%, of montmorillonite in the
sample using the H,SO, dissolution data, and 63 9%, from the HCI data.

The structural formulas of the montmorillonite were calculated using the data
of Si, Al, Fe, Mg, and Ca distribution from the dissolution in 2 mol . dm—3 H,SO,
and in 6 mol . dm—3 HCI (Table I). K,0 and Na,O are considered to be components
of feldspar and mica, and therefore are not included in the calculation of the struc-
tural formulas. The results are given in Table II.

Both formulas calculated from acid dissolution differ from that calculated
from bulk chemical analysis mainly in the tetrahedral population. This difference
is mostly due to the rather high extraneous SiO, content in the sample. The
tetrahedral substitution also influences the negative charge on the montmorillonite
layer, associated with the calculation of the interlayer cationic population. This
is indicated by the low coefficient of exchangeable magnesium in the structural
formulas (Table II).

No substantial differences were found in the coefficients of exchangeable cations
and octahedral iron in H,SO, and HCI structural formulas (Table II). Solubility
of these parts of smectite, and the distribution of Fe and Ca is about the same
in both acids used (Table I). The slow dissolution in 2 mol . dm~3 H,S0, of extrane-
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800 600 500 ¥ 400
e’

Fig. 3. IR spectra of JelSovy Potok bentonite. Untreated — 1, treated with 2 mol .dm=3 H,SO,
at 369 K for 4 hours — 2, 8 hours — 3, 12 hours — 4.
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ous components, which are insolublein 6 mol . dm—3 HCI, is reflected in the different
coefficients of octahedral Al and Mg, and tetrahedral cations. In view of these
facts, the structural formula calculated from the dissolution data in 6 mol . dm—3
HCl is considered to express most correctly the real composition of this montmoril-
lonite.

The IR spectra and XRD patterns of the untreated and H,SO, treated samples
are given in Figs. 3 and 4, respectively. The changes in the course of HC] treatment
were very similar. The R,0H (R = Al, Fe, Mg) absorption band intensities
in 800—950 cm—!region decrease with the prolongation of the acid treatment. A new
absorption band of free SiO, appears at 805 cm™!.

T T T
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Fig. 4. X-ray patterns of Jel§ovy Potok bentonite. Untreated — 1, treated with 2 mol . dm~3 H3S0,
at 369 K for 4 hours — 2, 8 hours — 3, 12 hours — 4.

The absorption band at 623 cm~! attributed to R—O—R vibrations, as well
as the band at 520 cm™1, attributed to Si—O—R, gradually disappeared as the
decompostion of octahedral sheets proceeded. The gradual changes in absorption
band intensities associated with the decomposition of octahedral sheets by HCI
are given in [6, 17]. ]

The dissolution of octahedral sheets can be considered complete if no more
bands are detectable at 623 and 520 cm™1. In our case this occurred after 12 hours
of digestion in H,SO, (Fig. 3) or HCL

Intensities of both the 001 and hk diffractions are influenced by the leaching
of octahedral layers, but the 001 are more sensitive (Fig. 4). The 001 diffraction
disappears nearly completely in the course of 12 hours of treatment, and the 005
diffraction at 14.5 degrees theta is not distinguishable after four hours. The ordering
in the direction Z (perpendicular to plane 001) is more dependent on the degree
of the octahedral sheet decomposition. The diffuse diffraction band between 9
and 14 degrees theta, visible in XRD pattern N° 4, indicates the presence of an
amorphous matter.

46 Silikaty &. 1, 1990



Dissolution of the Fine Fraction of JelSovy potok Bentonite ...
CONCLUSIONS

A high degree of similarity has been found in the dissolution of Jelsovy Potok
montmorillonite in 6 mol . dm~3 HCI] and 2 mol . dm~3 H,SO, at 369 K. Similar
were sequences of the smectite structure decompostion, the shapes of the dissolu-
tion curves, and the changes in XRD patterns and IR spectra. Differences were
found in the structural formulas calculated from the dissolution data in both
acids. With respect to the slow dissolution of volcanic glass in sulphuric acid, the
structural formula calculated from HCI dissolution is considered to express more
correctly the real composition of this montmorillonite. The montmorillonite
content in the sample amounts to about two thirds. Most of the extraneous mass
is supposed to be bound in volcanic glass and feldspar.
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ROZPUSTANIE JEMNEJ FRAKCIE BENTONITU JELSOVY POTOK
V KYSELINE CHLOROVODIKOVEJ A SIROVEJ

Blahoslav Cigel, Peter Komadel, Jan Hronsky*

Ustar anorganickej chémie Centra chemického vyskumu SAV, 842 36 Bratislava
*Rudné bane, n. p., 974 32 Banskd Bystrica

Porovniva sa rozklad v 6 mol.dm=3 HCl a v 2 mol . dm=3 H,S80,, frakecie pod 20 pum, sepa-
rovanej z bentonitu Jelsovy Potok. Pre obe kyseliny je podobny postup rozkladu &truktiry
smektitu, tvar rozpustacich kriviek (obr. 1 a 2), a zmeny infradervenych spektier a réntgenovych
difrakénych ziznamov (obr. 3 a 4) v priebehureakecie. Pomaly rozklad vulkanického skla v H,SO,4
ovplyvnuje vypoéet rozdelenia jednotlivyeh katiénov na &ast viazani v oktaédroch a tetraédroch
smektitu a na ¢ast viazani mimo Struktury smektitu (tab. I). Krystalochemicky vzoree vypoéi-
tany zrozpustacich kriviek v HCl vyjadruje presnejsie realne zlozenie montmorillonitu ako vzorce
vypoéitané z chemickej analyzy alebo z rozpudtania v H,SO, (tab. IT). Priblizne tretina hmotnosti
frakeie pod 20 pm nie je viazand v montmorillonite. Jej éast je viazana v Zivei a predpoklada sa,
%e vilsina tohto materidlu je sicastou vulkanického skla.
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Obr. 1. Rozpustacie krivky (extrapolované k t = 0) bentonitu Jel§ory Potok v 6 mol . dm=3 HCI pri
369 K. o — rozpustené relativne mnoéstvo daného kationu

Obr. 2. Rozpudtacie krivky (extrapolované k t = 0) bentonitu Jeldovy Potok v 2 mol .dm=3 H3S04
pri 369 K. o0 — rozpustené relativne mnofstvo daného kationu

Obr. 3. Infralervené spektrd bentonitu Jel§ovy Potok. Pévodny — 1, po rozklade v 2 mol .dm—3
H;SO, pri 369K 4 h —2,8h. —3a12h — 4

Obr. 4. Rontgenové difrakéné zdznamy bentonitu JelSovy Potok. Pévodny — 1, po rozklade
v2mol.d.3 H,SO, pri 369 K 4 h — 2, 8h — 3 a 12h — 4

PACTBOPEHHE TOHKON ®PAKIIUM BEHTOHHTA
EJIII®BHEl ITOTOK B XJOPOBOJOPOOAHOM H CEPHON HKHUCIIO TAX

BiarocraB Unues, Ilerep Homaner, flH I'poHcku*

Hucmumym neopzaruveckoli rumuu
Lenmpa xumuueckeeo uccaedosnus CAH, 842 36 E pamucaaca

*Pyone Gawne, nay. npednp., 974 32 Bancka Bwcmpuya

B npenaaraemoit paGore cpaBHHBaeTcA BhlllieslaynBaHue gparnun Hiske 20 uM, BBIjeSICH-
Hoit u3 Genronura E:mnmosrnt Ilotok, B 6 Mot aM~3 HC1 u B 2 Mmour. jM~3 H2S0,. [[i19 o0Genx
KHUCJI0T 110;{00HA I10CJle/loBaTeIbHOCTh Pa3/I0MKeHNA CTPYKTYPHI CMEKTHTa, opMa KPHBBIX
pacTBopeHus (puc. 1 u 2) n uameHeHNs MHPpAKPACHLIX CIIEKTPOB M PEHTTeHOBCKUX JUPpaK-
(UUOHHBIX 3anuceit (puc. 3 m 4) Bo Bpema xoja peaxnuit. CBHleTelIbcTBOM MC/;ICHHOI'O pa3-
JloKeHU: BYJIKaHMYecKoro crekila B H,SO4 siBiisieTcs pacueT pasiieseHusI OTAEJILHBIX Ka-
THOHOB Ha 4YacTh, (BA3AHHYI0 B OKTAadJpax M TeTPas;|pax CMCKTHTa M HA yacTb, CBA3AHHYIO
BHC CTPYKTYpHl ¢MeKTHTa (Talir. 5). Kpucrauioxmmuyeckasi ¢opmy.la, pacyHTaHHas Ha
ocHOBaHuM KpuBBIX pacTBopeHusa B HC1 Gosice Touno oTpaskaeT peasipHBIN ¢OCTaB MOHTMO
pHILIOHHTA, 4YeM (OPMYJIbl, pAacUMTAHHBE DA OCHOBAHMHM XMMHYECKOI'0O aHAJIM3a HIH HA
ocHoBaHun pactBopeHnss B H2SO,4 (taGur II). ITpuGiusuresisHO oJHa TpeTh Beca (ppariiMu
Himske 20 uM He cBfA3aHA B MOHMOpMJLIOHHMTE. Ee yacTh cBA3aHA B 10:IeBOM IUINIATe M IIPEIIO-
Jlaraetcs, 4TO OOJBINMHCTBO jIAHHOI'O BelUecTBA siBJISETCH COCTABHOH “acTLI0 BY.IKaHH4Yec-
KOI'0 CTer.Ia.

Puc. 1. Kpuswie pacmeopenus (skcmpanoauposarnsie k t = 0) Germonuma Eawoev. ITomor
¢ 6 moa. Om~ HCI npu 369 K; oo — omrocumeavno pacmeopeHHoe KoAUNECINGO
danHo20 KamMuowa.

Puc. 2. Kpusvie pacmeoperusa (axcmpanoauposanmvie k t = 0) 6enmonuma Eawosnr ITomok
6 2 moa. Om~3 H2SO4 npu 368 K; oo — omHocumeabno pacmeopennoe Koadecmeo
0aHH020 Kamuowa.

Puc. 3. Unggparpacrsie cnexmpur 6enmonuma Eawoewr ITomok. Hcexodnwi — 1, nocae pas-
aoxncenun 6 2 mon. Om=3 H,SO4 npu 369 K nocae 4 wacos — 2, nocae 8 wacos — 3
u nocae 12 wacos — 4.

Puc. 4. Penmeenoskue dugparyuonrbie sanucu 6enmonuma Ivawoswr ITomok. Hexodmuwii — 1,
nocae pazaorcenus 6 2 moa. 0m=3 H2S04 npu 369 K nocae 4 wacos — 2, nocae 8 wacoe —
3 u nocae 12 uacoe — 4.

NOVE DRUHY KERAMICKYCH MATERIALU byly vyvinuty pracovniky Uni-
versity of California v Los Angeles. Jde o tzv. amorfni kovalentni keramiku — nekrystalickou
verzi znamych druhtt keramiky na bézi nitridu Si nebo karbidu W. Vyhodami této keramiky je
snizeni teploty vypalovani z 1650 °C na 425 — 760 °C, zkraceni doby vypalovani z nékolika hodin
na 20 minut a velmi snadna tvarovatelnost. Amorfni keramika neni tak tvrdd a zdruvzdorna
jako jeji krystalické protéjiky, ale je mozné ji tvarovat vstfikovanim i nanidet stfikanim narazné
povrehy pred vypalovanim.

High Techn., 9, 1989, &. 3, s. 5
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