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TITRATION OF SOME CLAY MINERALS ACTIVATED
WITH SULPHURIC ACID

Abstract. Acid properties of beidellite and kaolinite activated with sulphuric acid were deter-
mined from titration curves. It has been found that activation of beidellite leads to the formation
of acid centres of different strength on its internal and external surfaces. The number of strong acid
centres does not depend on activation time, while the amount of weak acid centres diminishes with
prolonged activation time. Activated kaolinite has only weak acid centres, and their number increa-
ses with prolonged activation. The “ageing” of beidellite and kaolinite is reflected by the decreased
amount of acid centres.

INTRODUCTION

The action of inorganic acids on clay minerals causes the disarrangement of
their structure and modifies their surface properties. The structural changes involve
the exchange of interlayer cations for hydronium ion and the selective dissolution
of octahedral and tetrahedral sheets (Mering 1949; Osthaus 1954, 1956 Granquist,
Sumner 1959; Miller 1965; Tiller 1968; Fijat, Kiapyta, Zietkiewicz, Zyla 1975;
Stoch, Bahranowski, Budek, Fijat 1977; Bahranowski, Stoch 1978; Bahranowski
1980; Stoch, Bahranowski 1981). The changes in surface properties consist in the
increase of acidic properties of clay minerals (Mills, Holmes, Cornelius 1950; Tamele
1950; Brindley 1952; Stoch, Bahranowski, Gatarz 1979; Fijat, Kiapyta, Zabinski,
Zyla 1980). One method of determining acidic properties is to titrate clay suspensions
with appropriate bases. On the basis of titration curves it is possible to estimate
indirectly the number of protons and the energy of their bonding to the surface of
clay minerals.

An equilibrium titration curve is obtained by measuring the pH of suspension
after each successive, specified amount of base is added and the system reaches an
equilibrium state. It usually takes a long time, from several hours to a few days,
to attain equilibrium (Samiullah Khan, Singhal 1967; Jackson 1974), and it is often
questionable whether the system has reached an equilibrium state.

Considering this, the method of non-equilibrium titration curves was used in
this paper. The curves are plotted on the basis of continuous measurements of the
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pH of suspension during its titration with a base. This method was pmployed to
compare the acidic properties of beidellite and kaolinite actlvated.WI‘t‘h sulphuric
acid for different lengths of time, and to determine the effect of “ageing* of the acti-
vated minerals on their acidic properties.

MATERIALS AND METHODS

Studies were carried out on the Poznaf clay (<1 pm fraction) from thp “Kazi-
mierz* strip mine in Konin, and on kaolin from Kalno (< Z.pm fraction).

The <1 pm fractions of the Poznan clay from Konin contains about 80 wt. A
of smectites and admixtures of kaolinite, illite and quartz. Among smectites, bgldel-
lite and mixed-layer illite/smectite were identified. This mineral association will be
referred to further on as beidellite.

The < 2 pm fraction of kaolin from Kalno contains kaolinite with a well ordered
structure and some illite.

The samples were activated with 15% H,SO, on a water bath at a constant
reaction temperature of 95°C for 0.5 and 14 hours. Then they were washed with
distilled water, dried and stored in weighing bottles.

The acidic properties of samples were studied immediately after their activation
and five years after activation.

To obtain titration curves, each sample was dried at 105°C, where upon 250 mg
was weighed and a small amount of distilled water was added. After dispergation
(15 s) with ultrasounds, the suspension was transferred to a beaker, filling up to
a volume of 150 ml, carefully stirred and titrated with 0.05 N NaOH. Titration
curves were plotted in the system: pH of suspension — milligram-equivalent of
NaOH added per 100 g sample.

RESULTS AND DISCUSSION

The titration curves illustrate the dynamic, non-equilibrium process of neutrali-
zation of suspension. The inflexion point (equivalent point) on the curves determine
the complete neutralization of acid centres. The corresponding amount of added
NaOH depends on the number of acid centres, whereas the corresponding value
of pH is related to the strength (kind) of acid centres.

The results are listed in Table 1. Titration curves, each being the mean of two
parallel determinations, are shown in Figures 1 and 2.

The titration curves for beidellite, obtained immediately after its activation (1982),
haye two equivalent points (Fig. 1). One corresponds fo the neutralization of strong
acid centres (I), i.e. protons present in the interlayer spaces of beidellite, weakly
bound to the surface of mineral. The other equivalent point determines the complete
neutralization of weak acid centres (IT), mainly protons located at the edges of layers.
Such behaviour of titration curves is typical of the hydrogen forms of beidellite
(Wllgat 1982). The small amount of strong acid centres may be attributed to the
rclatlvely. strong bonding of protons in the interlayer spaces of beidellite. In this
case, their exchange for sodium during titration with 0.05 N NaOH is a slow and
gradual process.

The prolongation of activation time from 0.5 to 14 hours does not affect the
amount or strength of centres with strong acid properties but reduces the number
of weak acid centres. Prolongcd, 14-hour acid activation disarranges appreciably
the stiucture of beidellite (Bahranowski 1980). Its dissolution begins at the peri-
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Fig. 1. Titration curves obtained for beidellite from Konin and kaolinite from Kalno
immediately after their activation
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Fig. 2. Titration curves obtained for beidellite from Konin and kaolinite from Kalno five
years after their activation

pheries, proceeding inwards (Bahranowski 1980). It appears, therefore, that the
exctraction of metallic cations from the octahedral sheet into solution may lead
to the reduction in the number of weak acid centres connected with the edges of
layers.

Titration curves obtained for beidellite five years after its activation (1977)
have a different shape (Fig. 2). They show only one inflexion, corresponding
to the neutralization of weak acid centres. Samples activated for 14 hours have
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Table 1

Data characterizing equivalent points on titration curves obtained for beidellite from Konin and
kaolinite from Kalno activated with 15% H,SO.4

Equivalent point
| 11
Sample —_— /
meq NaOH/ meq NaOH
PH /100 g - /100 g
Beidellite nat. — — 8.0 515)
Beidellite act. 0.5 h (1982) 52 6.0 8.2 45.0
Beidellite act. 14 h (1982) oL 6.0 8.2 33.0
Beidellite act. 0.5 h (1977) — - 8.5 39.0
Beidellite act. 14 h (1977) — — 8.5 28.0
Kaolinite nat. — — 8.2 315
Kaolinite act. 0.5 h (1982) — — 8.3 8.5
Kaolinite act. 14 h (1982) — — 8.4 10.5
Kaolinite act. 0.5 h (1977) — — 8.3 7S
Kaolinite act. 14 h (1977) —_ e 8.3 IQER

fewer acid centres than the ones activated for 0.5 hr. The same has been found
for samples titrated immediately after their activation (1982).

A comparison of titration curves obtained for beidellite immediately after its
activation (1982) and five years after activation (1977) shows that the process of
“ageing” of H-beidellite results in the disappearance of strong acid centres but does
not change the amount of weak acid centres. Since the proton is highly reactive, the
“ageing” of beidellite can be considered as a slow process of its further “dissolution”.
Protons that remain in the interlayer spaces may migrate inside the layer, being repla-
ced by metallic cations from the octahedral and tetrahedral sheets. It is feasible that
owing to this process, no centres with strong acidic properties, i.e. no protons in
the interlayer spaces of beidellite, have been detected in samples titrated five years
after their activation (the absence of inflexion I on titration curves).

From titration curves it is difficult to say whether non-activated beidellite has
any acid centres. The inflexion on the curve may as well be attributed to the neutrali-
zation of acid centres as to the exchange of Ca for Na cations with the formation of
weakly dissociated Ca(OH),.

Titration curves for kaolinite from Kalno show one inflexion only (Figs. 1, 2). The
corresponding equivalent point characterizes weak acid centres (II). The sample
activated for 0.5 hr has twice as many acid centres as the untreated sample. On the
other hand, 14-hour activation causes a nearly 20% increase in the number of acid
centres compared with 0.5-hour activation (Table 1). The disarrangement of the struc-
ture of kaolinite during activation with sulphuric acid is considerably less than in
beidellite. In this process, mainly aluminium is extracted from the structure of
kaolinite (Bahranowski 1980). The activation of kaolinite proceeds at a slower rate
than the activation of beidellite, hence samples activated for 14 hours have a grea-
ter number of acid centres than the ones activated for 0.5 hr.

Tr}e “ageing” of activated kaolinite manifests itself in the decrease in the number
of acid centres.
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CONCLUSIONS

The activation of beidellite with sulphuric acid leads to the formation of acid
centres of different strength on its internal and external surfaces. Strong acid cen-
tres (I) are associated with protons in the interlayer spaces of this mineral. Their
number does not change in response to the prolongation of activation time from
0.5 to 14 hours. Weak acid centres (II) are mainly located at the edges of layers, and
their number decreases with prolonged activation time. The “ageing” of beidellite
results in the disappearance of strong acid centres (I) but does not affect the amount

of weak acid centres (II). Thus, the process of “dissolution” continues but is less
intense.

Kaolinite activated with sulphuric acid has a small amount of weak acid centres
(IT). These centres are located entirely at the corners and edges of layers. The prolon-
gation of activation time from 0.5 to 14 hours increases their number. The “ageing”
of kaolinite consists in the reduction in the number of weak acid centres.
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Krzysztof BAHRANOWSKI

KRZYWE MIARECZKOWANIA NIEKTORYCH MINERALOW
ILASTYCH AKTYWOWANYCH KWASEM SIARKOWYM

Streszczenie

Aktywacja beidellitu kwasem siarkowym prowadzi do powﬁania na jego we-
wnetrznej i zewngtrznej powierzchni centrow kwasowych o réznej mocy. Silne centra
kwasowe (I) zwiazane sa z protonami w przestrzeniach migdzypakietowych. Tlos¢
ich nie ulega zmianie przy wydtuzaniu czasu aktywacji od 0,5 do 14 godzin. Centra
o stabych wiaéciwoséciach kwasowych (II) zlokalizowane sa gléwnie na krawedziach
pakietu. Iloé¢ ich maleje z wydtuzaniem czasu aktywacji od 0,5 do 14 godzin. ,Sta-
rzenie” sie beidellitu prowadzi do zaniku centréw o silnych wiasciwosciach kwaso-
wych (I) i nie powoduje zmiany ilosci centréw o stabych wladciwoéciach kwasowych
(II). Proces ,,roztwarzania” mineratu przebiega wigc nadal, lecz z mniejsza intensyw-
noscia.

Kaolinit aktywowany kwasem siarkowym posiada mata ilo§¢ centréw o stabych
wlasciwosciach kwasowych (II). Centra te zlokalizowane sa wylacznie na narozach
i krawedziach pakietu. Wydtuzanie czasu aktywacji od 0,5 do 14 godzin powoduje
wzrost ich ilo$ci. “Starzenie” si¢ kaolinitu przejawia si¢ zmniejszaniem ilosci centrow
o stabych wlasciwosciach kwasowych.

OBJASNIENIA FIGUR

Fig. 1. Krzywe miareczkowania beidellitu z Konina i kaolinitu z Kalna wykonane bezpo$rednio
po ich aktywowaniu ]

Fig. 2. Krzywe miareczkowania beidellitu z Konina i kaolinitu z Kalna wykonane pi¢¢ lat po ich
aktywowaniu

Kuwuwmogpp BAXPAHOBCKHU

KPUBBIE TUTPOBAHMS HEKOTOPBIX T'JIMHUCTHIX
MUHEPAJIOB AKTUBUPOBAHHBIX CEPHOM KHUCJIOTOMN

Pe3rome

AXTHBaNUS O€HIeITa CEPHOM KMCIOTOM BEIET K 06pa30BAHMIO HA €r0 BHEIIHEH
M BHYTPEHHEH IIOBEPXHOCTSIX KUCIOTHBIX LEHTPOB DA3JMYHOM MHTEHCHBHOCTH.
CunbHble KUCITOTHBIE TEHTPHI (I) CBSI3aHBI C MPOTOHAMM B MEXITAKETHBIX TPOCTPaH-
crBax. Ko/m4ecTBO MX He IIOABEPraeTCs W3MEHEHUIO IIpH YIIMHEHHH BPEMEHH
akTuBaua ot 0,5 mo 14 gacos. LIeHTpBI 0 ciraGbix KMCIOTHBIX cBoiicTBax (II) pacmo-
JIATarOTCs NPEMMYLIECTBEHHO Ha pebpax makera. VX KOJMYECTBO COKPALIAETCS
¢ yauuHenneM Bpemenu akTuBamuu oT 0,5 mo 14 wacoB. «Crapenme» Oenmerura
NIPUBOJUT K MCUYE3HOBEHHM LEHTPOB C CHJIbHBIMHM KHCIOTHBIME cBoicTBamu (I)
U HE BBI3BIBACT M3MEHEHMS KOJMYECTBA LEHTPOB CO CIAOBIMHM KHCIOTHBIMU CBOM-
ctBamu. IIpouecc «pacTBOpeHMs» MHHEpaja IMPOXOAUT OTHAKO MO-IPEKHEMY HO
¢ MEHbLIEH MHTEHCUBHOCTBIO.

AKTHBAPOBAHHBIA CEPHOM KHMCIIOTOH KAOJMHUT MMEET HEOOJIBIIOE KOJTHYECTBO
LEHTPOB CO cIabbIMK KUCIOTHBIMH cBoiicTBamu (II). DTu HEHTPHI pacrmosararoTcs
MCKJTFOYATENILHO B Yrilax ¥ Ha pedpax makera. YBEIHMYEHHE BPEMEHM AKTHBALMHK
¢ 0,5 mo 14 4acoB BbI3bIBACT yBeIMYCHUE WX KoimyecTBa. «CTapeHye» KaOJMHUTA

TNPOSIBIIICTCSI B COKPAILICHUU KOJIMYECTBA LEHTPOB CO CJTAOBIMM KUCJIIOTHBIMHU CBOM=
CTBAMM.

OBBSICHEHUSA K OUI'YPAM

®ur. 1. Kpusble TurpoBanus Oeiinerumra u3 Konmna m xaomueuTta w3 KanbHa, MOJyYeHHBIE He-
TOCPEACTBEHHO ITOCIE MX aKTHBALMM

®ur. 2. Kpussle TuTpoBaHus 6eiineumra n3 Konnna 1 xaomusnTa u3 KambhHa, IONy4eHHbIE 5 JIeT
CIYCTSI ITOCIIC MX AKTUBALMU
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