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Effects of sulphuric acid dissolution on the physal and chemical properties
of a natural and a heated vermiculite

Ilhan Ehsani', Erika Turianicov&, Matej BalaZ and Abdullah Obut

The effects of high-temperature (90°C) sulphurid aissolution on the physical and chemical projgsrbf a commercial vermiculite
sample, in natural and heated forms, were inveitigjaising chemical, X-ray diffraction, Fourier tsform infrared spectroscopy and
thermal analyses, and specific surface area measemts. The X-ray diffraction analyses showed tleamiculite and mixed-layer mica-
vermiculite structures in the natural sample wesenpletely destroyed following dissolution in 4 b8E, whereas the basal peak related to
mica, which exist in minor amounts in the naturainple, was observed in the X-ray diffraction patteeven after the dissolution in 8 N
H,SQ,. As a result of the destruction of main clay stmges in both samples by acid dissolution, hydraom®rphous silica phases were
formed. The maximum specific surface area values algained after dissolution in 4 N8O, solution, where the increases in surface area
values were approximately 150 (from 3.3 up to 49%/§) and 24 (from 14.0 up to 335.Z/g) times in the natural and heated samples,
respectively. The results of all experiments ingidathat the heated sample had higher resistancactd dissolution than the natural
sample, probably due to its dehydrated and colldpséca-like layer content, which was formed by fiating process at 900°C applied
before the dissolution experiments. Besides, & shidy, the changes in some of the magnetic pgrepaf the heated sample, before and
after dissolution, were also determined.
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Introduction

Vermiculite, as a mineralogical term, is the nanfeaogroup of hydrous 2:1 layer planar hydrous
phyllosilicates with a layer charge between smecatihd mica and having hydrated exchangeable caiions
interlayer spacings (Guggenheim et al., 2006). Cerurally, vermiculite is a term used to describeaneous
minerals exhibiting exfoliation when heated quickty elevated temperatures. The exfoliated vernieub
lightweight, chemically inert, fire-resistant, odtass and finds use in various construction pragjugriculture,
horticulture and other industrial applications (R4@85; Hindman, 1994; Harben, 1995; Cuillo, 1998dher
than thermal exfoliation method, dissolution inrg@nic acids, i.e. sulphuric (Okada et al., 20a8u8el et al.,
2009; Su et al., 2011; Chmielarz et al., 2012),rbghloric (Suquet et al., 1991; Ravichandran andszinkar,
1997; Temuuijin et al., 2003; Temuujin et al., 200Bqueda et al., 2009; Chmielarz et al., 2012; tval.e 2012;
Ritz et al., 2014) and nitric (Chmielarz et al. 180Alves et al., 2014; Santos et al., 2015) acatsbe used as
a modification technique to alter the propertiev@fmiculites. In our previous study (Ehsani ef 2014), we
investigated the leaching behaviour of a vermiedlitl M HSO, at 20°C and 90°C, and it was found that high-
temperature leaching was the most effective waaftey the properties of vermiculite.

As a continuation of our previous study, in thisrkyowe investigated the effects of dissolution ighh
temperature (90°C) sulphuric acid solutions atedéht concentrations on the physical and chemicgigsties
of a commercial vermiculite sample, in natural dehted forms, using chemical, X-ray diffraction @XR
Fourier transform infrared spectroscopy (FT-IR) @hdrmal (TG/DTA) analyses, and specific surfaceaar
measurements. In this work, the magnetization cuofesome of the selected samples were also oltaine

Materials and methods

The natural vermiculite sample is micron-grade Pada vermiculite, which was supplied kindly by
Palabora Europe Ltd. The heated vermiculite (H\hgl@ was prepared by heating of the natural veriitécu
(NV) sample for 1 hour at 900°C in a muffle furnastrting from the room temperature. The chemical
composition of the natural sample can be foundhsagi et al. (2014).

In a standard dissolution experiment, 50 g of théural or heated vermiculite sample was added into
500 mL of 1, 4 and 8 N hot (90 °C) aqueous sulghagid under intensive mixing. After one hour, the
undissolved solids were separated by filtrationshveal, dried at 105 °C and then stored in sealeiebdbr
further characterization. The chemical compositioBsE.T. specific surface area values (Quantachyome
nitrogen adsorption, after degas for 2 hours at X5 XRD patterns (Rigaku, CuKradiation, measured after
equilibrating with room atmosphere), FT-IR spe¢Bauker, KBr pellet method, in the frequency ramg&000-
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400 cm) and TG/DTA curves (Setaram, heating rate of 16fi/ static air atmosphere, measured after
equilibrating with room atmosphere) of the natwadl heated vermiculites, and the undissolved solidained
after the dissolution were determined. The magattim curves (Quantum Design, vibrating sample
magnetometer module of Physical Properties Measeme®ystem) of the selected samples were alsaeegfis
for the characterization purposes.

Results and discussion

The amounts of the main chemical components oh#teral and heated samples following dissolution in
sulphuric acid were given in Fig. 1. It can be st the structural aluminium, iron and magnesaamtents of
both samples after dissolution drastically decréasi¢h the increasing acid concentrations from 4. For
example, AJO;, FeO; and MgO contents of the natural sample decreasad 8.90, 8.36 and 19.91 % to 7.93,
7.91 and 17.60 % following the dissolution in 1 NS&),, and to 0.44, 1.44 and 3.07 % following the disgoh
in 4 N HSO, respectively. The O content of the natural sample, which indicated ffresence of
interstratifications (Muiambo and Focke, 2012; idillet al., 2013), was also decreased from 4.68828 % after
the dissolution in 1 N 580, and to 0.26 % after the dissolution in 4 NSy, respectively. Above 4 N 130,
concentration, the dissolution was leveled off hoth samples, and XD;, F&Os;, MgO and KO contents of
the undissolved solids became 0.21, 0.93, 2.76 ah® %, respectively, after the dissolution of tietural
sample in 8 N EBO,. On the other hand, the heated sample, which @rasefd from dehydrated and collapsed
mica-like layers due to the applied heating processs found to be more resistant to the acid disisol.
The ALO;, Fe0;, MgO and KO percentages of the heated sample decreased f8a08,19.31, 21.69 and
5.20 % to 0.49, 1.31, 2.95 and 0.48 %, respectifellpwing the dissolution in 8 N §$0,. Due to the
dissolution of interlayer and the main structuramponents, the amounts of Si@ the undissolved solids
increased. The SiCrontent of the natural sample (41.02 %) incredase®R.00 and 84.39 %, and of the heated
sample (44.39 %) increased to 79.85 and 83.78 &t di$solution in 4 and 8 N80, respectively. It was also
observed that the colours of the undissolved salltained from both samples after dissolution iN 81,SO,
turned to white and the single flakes, being thigioal morphology of both samples were also presgrv
following acid dissolution.
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Fig. 1. Changes in the main chemical componentiseohatural and heated samples following dissofutiosulphuric acid at indicated
concentrations (full markers: natural samples, gmptrkers: heated samples).

Because of the dissolution of structural componéats the clay layers, the specific surface areaath
samples increased (Tab. 1). The maximum speciffacel area values were reached following the dis®al in
4 N H,SO,, where the increases in specific surface areaesalere approximately 150 and 24 times for the
natural and heated samples, respectively. Theldigso in acid solutions at a higher concentrat{8rN) leads
to the decrease of the specific surface area vallgsh was also observed in the related litera¢lieenuujin et
al., 2003; Yu et al., 2012; Santos et al., 201%).aAcomparison with the similar experimental caadd in the
literature studies using micron-grade South Africetural vermiculite, Temuujin et al. (2003) reatisairface
area values of 581 and 50F/mafter the dissolution in 4 M HCI at 80°C for Gafd 2 hours, respectively, and
Okada et al. (2006) reached 265 and 47@mafter the dissolution in 1 M 480, at 70°C for 1 and 2 hours,
respectively. Again, as a comparison, Temuuijinlef2008) reached 547 and 55/gafter the dissolution of
the 600 °C-heated vermiculite in 2 M HCI at 80 %€ ©.5 and 2 hours, respectively. Besides, withitkcecase
in the specific surface area values, the moistorgent of the undissolved solids was observed ¢oease, as
expected (Fig. 2).
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Tab. 1. Specific surface area values of the natanal the heated vermiculite samples following diggm in sulphuric acid.
Specific surface area

H,SQ, conc. [N] [m%g]
Natural vermiculite Heated vermiculite
0 3.3 14.0
1 79.4 4.7
4 494.6 335.2
8 451.9 302.4
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Fig. 2. The relationship between specific surfaeaasalues and moisture content of the natural laedted samples following dissolution in
sulphuric acid (full markers: natural samples, eynptarkers: heated samples).

The XRD patterns of the natural and heated saniplesving dissolution in sulphuric acid were givan
Fig. 3. The XRD peaks ai23.48°, 6.22°, 7.18°, 7.48°, 8.80° and 10.54° i@ gattern of the natural sample
(Fig. 3, NV) indicated that this sample containednthantly mixed-layer mica-vermiculite and vermitay and
minor amounts of mica phases (Bassett, 1959; Matwal., 2011; Muiambo et al., 2015). On the othand)
the XRD peak at 8.86° in the pattern of the heatuple (Fig. 3, HV) indicated that this sample fa@ased
from the dehydrated and collapsed mica-like lay&re clay layers in the natural sample can be olstr
totally by heating at 1200°C (Turianicova et aD12). The dissolution process in 1 N3®, drastically reduced
the intensity of vermiculite basal peak and thedligtion in 2 (Ehsani et al., 2014), 4 and 8 pB, completely
destroyed the vermiculite structures in the natsehple, as can be concluded from the disappearince
the peak at 6.22°. Although the dissolution proéess N HSO, greatly reduced the peak intensities (Ehsani et
al., 2014), the dissolution in 4 and 8 NS®©, completely destroyed mixed-layer mica-vermicusitaictures in
the natural sample, as can be observed from ttappisrance of the peaks at about 3.5°, 7.3° arkf. 1.
contrast, even after the dissolution of the natsaahple in 8 N K50, the basal peak belonging to mica at about
8.8° could still be seen in the XRD pattern of timelissolved solids (Fig. 3, NV-8N), although it$einsity was
reduced. In addition to the changes dealing with lihsal peaks, the dissolution of clay layers calsd be
observed, due to a formation of a hump-type XRDkpetaabout 22-23° belonging to the hydrous amorphou
silica phases. Especially, this effect could benseethe case of the dissolution of both sampleadids with
the concentrations 4 and 8 N (Fig. 3, NV-4N, NV-8N/-4N and HV-8N).
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Fig. 3. XRD patterns of the natural and heated demfpllowing dissolution in sulphuric acid at tmelicated concentrations.
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The intensity of the basal peak at about 8.8°,a@sgmting the dehydrated and collapsed mica-likerfan

the heated sample decreased with the increasédic@ucentration. As was also observed for therahgample,
even the dissolution in 8 N,B0,, the basal peak belonging to mica at about 8.&inagould be seen in
the XRD pattern of the undissolved solids (FigH¥:-8N) obtained from the heated sample. On theratiaed,
a new peak of very low intensity at about 6.1-6:2% observed in the XRD patterns of the undissobaditls
obtained after the dissolution of the heated sanmpéeid solutions. This probably indicated theaduction of
hydrogen and/or other cations released from theokamto the exchange sites of undissolved clagriayguring
the dissolution experiment (Jozefaciuk and Bowa2k®?2).

The FT-IR spectra of the natural and heated saniplisving dissolution in sulphuric acid were givén
Fig. 4. Because, the FT-IR identification of veralites can be found in the related literature (dadeca et al.,
2007; Kehal et al., 2010; Mgka et al., 2010; Muiambo and Focke, 2012; Maraws$ Rodriguez, 2014; Ritz et
al., 2014; Turianicova et al., 2014), only impottamanges created by acid dissolution were merdioire
accord with the results of XRD analyses, the adsbkalution caused dissolution of the clay layersl an
the formation of hydrous amorphous silica phasdsichvcould be observed mainly by the disappearanice
absorption bands near 1000 tiand between 600-750 €mand the appearance of new bands especially at 800
951, 1086 and 1200 (shoulder) tior both samples.
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Fig. 4. FT-IR spectra of the natural and heated ga® following dissolution in sulphuric acid at timglicated concentrations.

The TG/DTA curves of the natural and heated sanfplesving dissolution in sulphuric acid were givan
Fig. 5. The natural sample showed characteristiydi@tion peaks of magnesium vermiculites, butoater
temperatures, the first peak at about 121°C and skeond one at about 232°C, probably due to
the interstratification (Boettcher, 1966; Justoakt 1993). The mass loss values obtained from Tfwec of
the natural sample between 20-200°, 200-400° ar@1900°C were 3.88, 0.55 and 4.90%, respectively.
The destruction of vermiculite structures can &lsmbserved by the disappearance of double delyadaks
in DTA curves of the undissolved solids obtaineddissolving natural sample in 2 (Ehsani et al.,£04 and 8
N H,SO,. At the same time, the formation of hydrous amogshsilica phases can also be observed by
the appearance of a broad and single low-temperandothermic dehydration peak. The weight lossesl
obtained from TG curves were also in a good caiicalavith the experimentally determined moisturéues.
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Fig. 5. TG/DTA curves of the natural and heated gamfollowing dissolution in sulphuric acid at indted concentrations (a: TG curves,
b: DTA curves).

113



ilhan Ehsani, Erika Turianicova , Matej Balaz andAbdullah Obut: Effects of sulphuric acid dissolution on the phgsiand chemical
properties of a natural and a heated vermiculite

The magnetization curves of the heated sample tandndissolved solids obtained by dissolution iN 8
H,SO, were given in Fig. 6. The maximum magnetizatiofugaof HV sample, 0.56 emu/g, was higher than
the HV-8N sample, 0.13 emu/g, at a magnetic figldie of 20 kOe, probably related with the®gcontents of
the samples, which were 9.31 % for HV and 1.31 #4Hd-8N. Besides, the magnetization curve of the 3V
sample showed a very slight negative slope at higtegnetic field values, probably due to the inseehSiQ
content of this sample, which was 83.78 % (in§iad4.39 % in HV). On the other hand, the magndtipat
curves indicated that both samples had very lowaiaigy values.
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Fig. 6. Magnetization curves of the heated sampteits undissolved solids obtained by dissolutioB N sulphuric acid.

Conclusions

In this study, the influence of high-temperatur® (€) sulphuric acid dissolution on the physicat an
chemical properties of a commercial vermiculite natural and heated forms, was investigated usiffigrent
techniques. It was found that the dominant clayucttires, namely mixed-layer mica-vermiculite and
vermiculite, in the natural sample could be conglletlissolved in 4 N E50O,. On the other hand, as a minor
constituent, mica in the natural sample resistedalution even if 8 N }$0O, was used. Due to the dissolution of
main clay structures in both samples, especiallghim case of the application of 4 and 8 N acid,royd
amorphous silica phases were formed. The maximuwmifép surface area values reached for the naamdl
the heated samples were 494.6 and 333/, mespectively, both obtained after the dissohiin 4 N HSO,.
The experimental results indicated that becausth@fdehydrated and collapsed mica-like layer cdnten
the heated sample resulting from the heating psoegplied before the dissolution experiments, tbatdd
sample exhibited higher resistance to dissolutibantthe natural sample. In this study, the resafts
the magnetic properties of the heated sample, dedad after dissolution, were also compared. Binaigh
surface area and adsorptive solids can be prephasedhigh-temperature sulphuric acid dissolution.
The preliminary tests indicated that some of thedissolved solids, especially those obtained after
the dissolution of the natural sample in hot sufhacid could be potentially used in oil bleachprgcesses.
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