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STUDIES ON THE ACID ACTIVATION OF BRAZILIAN SMECTITIC CLAYS. Fuller’'s earth and

acid activated smectitic clays are largely used as bleaching earth for the industrial processing of

vegetable, animal and mineral oils and waxes. The paper comments about the nomenclature used for
these materials, the nature of the acid activation of smectitic clays (bentonites), activation laboratory

procedures and presents a review of the acid activation of bentonites from 20 deposits from several
regions of Brazil. The activated clays were tested and show good decolorizing power for soybean,

castor, cottonseed, corn and sunflower oils.

Keywords: acid activation; bleaching earth; smectitic Brazilian clays.

INTRODUCTION not always simple and other properties, such as cation exchange
capacity (CEC), as well as acid and catalytic properties must be

Brazil is a large producer, consumer and exporter oftaken into account. The acid properties are responsible for
vegetable oils and of other types (animal, fish oils; waxes); forremoval of soaps, in addition to the unwanted increase of free
their industrial processing, decolorization is made by two typesfatty acids by splitting trygliceride molecules. The catalytic
of clay materials: (a) fuller's earth(b) acid treated smectitic properties are responsible for the decomposition of peroxides.
clays or acid activated bentonites. The later receives a varietFiner particle sizes of clays, having greater specific surface areas,
of names: acid treated or acid leached smectitic clays; acigroduce better bleaching results, but filtration rate and oil
activated clays or bentonites; adsorbent clays; decolorizingetention can be adversely affected. Therefore it is necessary to
clays; bleaching clays or, even, activated fuller’s earth. Thermahave tight control of particle size distribution of the bleaching
treatment is used to activate bauxites and palygorskite- sepiolitelay to allow an adequate filtration rate, thereby reducing, as
clays to develop decolorizing ability for lubricating oils and much as possible, the level of ultrafine particles.
other similar materials. The bleaching process can be carried out after degumming

The Brazilian vegetable oil industries use imported acidand deacidifying the vegetable oil, in the case of chemical
activated clays (bentonites) and Brazilian fuller's earth; onlyrefining, and after acid degumming in the case of physical
in recent years a pair of Brazilian industries started therefining. The bleaching process is carried out under vacuum,
production of acid activated bentonites for bleaching vegetableyith typical contact temperature in the range of 80-120 °C and
oils. However, along the years studies on the acid activatiorzontact time ranging from 20-40 minutes. The dosage of
of Brazilian smectites from various bentonite deposits havepleaching earth is variable depending on both the process and
been conducted by several research groups and their resulte oil type. Chemical refining uses 0.5-2 % on a weight basis,
have appeared in papers and thesis. Araujo and Yelledied  while physical refining consumes about 0.25-2 %. However
the adsorption of several compounds in oxidised lubricatingdarker oils and fats may require as much as 2-4 % to meet
oils using a fuller's earth and an activated bentonite. final color requirements.

The aim of this paper is to present a review of the more Bleaching clays in either powder or granular form are used
recent studies on the acid activation of Brazilian smectitic claySor the refining of petroleum products using two main proces-

for decolorizing vegetable oils. ses: contact and percolation. In the contact process, the
recovered oil, paraffin wax or liquid paraffin is previously
BLEACHING CLAYS treated with sulphuric acid to remove acid tar, and after its

decantation the bleaching earth is added. In the percolation

The best known property of bleaching earth is its highprocess, the solvent to be treated is passed through a tower
adsorption capacity, which can be enhanced by acid treatmengontaining a bed of bleaching clay granules. The particle size
The increase in specific surface area and pore volume improvegistribution of the granules is important to minimize the
the adsorption capacity of metal impurities, phosphatides angressure loss of the fluid, avoiding the “closing” of the tower.
color bodies. However, the mechanisms of impurity removal are  Some industrial oils and chemicals that can be treated with
bleaching clays afe industrial triglycerides used in the
" manufacture of paint varnishes and soaps; mineral oils for
In Brazil, the used definition of fuller's earth is the one given by gpecial applications including transformer oils, turbine oils and
Ladoo and Myers “Fuller's earth is an inexact term applied to pegicinal white oils; paraffin and waxes for use in the food
certain natural clays that have a marked ability to adsorb coloring,q, gty waste oils regenerated for re-refined lubricating oils;
materials from oils of animals, vegetable and mineral origin”. . . . - h s
According to Robertsdn the first recorded use of fuller's earth rolllng oils used as |ubricants; solvents, mainly consisting of
(then called cymolean earth) was in Cyprus Island 5000 B.c.chlorinated hydrocarbons and surfactants, used for dry
Robertsof also reproduced the following given by the U.S. Bureau €leaning; mined crude sulphur that is treated in a refining
of Mines when asked by James J. Fallon (formerly from Engelhard)process to remove bituminous substances; and aromatic
for a precise definition: “Fuller’s earth is the kind of material which hydrocarbons such as benzene, toluene, and xylene that are
is used in application where fuller's earth is traditionally used”. treated in a percolation process to remove olefin hydrocarbons.




346 Diazet al. Quim. Nova

NOMENCLATURE intercalated inorganic polyhydroxicatids (f) pillared
. o . smectite&€'?2 (g) thermally activated kaolinité$2% and
Acid-Activation vs. Acid-Treatment of the Clay palygorskite-sepiolité®; (h) thermally activated bauxit&s

. o » (crystalline aluminium hydroxides).
Which term would be recommended? The first is traditionally © Tpe following classes group the methods to enhance or to

and most commonly used, but it involves the terms “active solid",ctivate the properties of a natural clay or clay mineral for
(or active clay) and “activation of a solid” (or of a clay). The several industrial usé&

second is purely operational: the clay is treated by an acid, lik . . . . i
sulphuric or hydrochloric, under specific experimental conditions?a) E]g)ézlgﬁilc-m%l/teratlon of particle size (specific surface area)

It is part of the more general term “chemical treatment”. b) Th | lterati ¢ chemical it d/
It is possible to suggest some definitions for “active” and (P) Thermal - alteration of chemical composition and/or
crystalline structure by the effect of temperature.

“activation” based on the literature on the subject even if it is a . o o o=
) (c) Chemical - This is usually limited to ionic exchange:

little bit old. Accordingly to Professor I. B. Cutfetthe term theref it d t includ : hemical destructi
active powder may mean different things to different people. In erelore, 1t does not include massive chemical destruction
of the clay mineral structure.

termds ochheramic poyvderls it generallg/ meadns E;,]Sin%\e,rable(d) Pillaring -This may be regarded as using chemical and
owder”. The term “active alumina” may be used in v : . ;
P y be used in three ways physical restructuring of the clay mineral structure to

In catalyst technology it typically means aluminas with high ! ity f d " i K th
specific surface area (larger than 108/gh and considerable Increase capda0| yt' or af sorp !](c_)n or to maFe. spacles at
chemical activity. Active alumina in the second sense means an €Ncourage adsorption of specific ions (see Figure 1).

alumina that exhibits a propensity for adsorbing water and other

components from gases and liquids. Third: in the ceramic

industries (including refractories), active alumina may be used _ R N\N— 7
as a contraction for the term “reactive alumina”. Reactive  Smectite layer I

aluminas are aluminas that can be sintered more easily than . + — P> OO
. I > Interlayer cation Na
common alumina powders. The phrase “activated alumina” was N\N—

a registered trademark of ALCOA in 1940; although these =
aluminas are primarily known as “activated”, they are sometimes i
referred to as “active alumina”. Today the phrase applies to any Cation cxchange ll

solid” tend to appear when the surface area is at least about
1 mf/g”. Natural kaolinites and smectites have BET nitrogen
surface areas varying from 10 to 2&/gnand from 16 to 97 fy,

alumina crystal morphology that is porous in structure and

produced by thermal dehydroxilation of alumina hydroxides

According to Prof. S.J. Gregg, in the chapter he wrote entitled .

“Active Solids™, “the characteristic properties of an “active Metal-hydroxy cluster cation =>

respectively, without any chemical treatn{&ht’ so, they have Calcination ﬂ
values of surface areas that correspond to active solidsﬁ

The English fuller’'s earth is a calcium montmorillonjte N—m
the American Oil Chemist Society standard of fuller's earth is =
a calcium montmorillonite and has a BET surface area of 33 Pillar —> g-g
m?g'2. Therefore, they are naturally “active clays”. The name
of the clay mineral component of the clay is smectite and that I

type of clay is named bentonite.

“Activation”, according to Lamadf, is the chemical or Figure 1. Schematic diagram for the preparation of pillared clay
physical treatment applied to certain types of clays to developninerals (adapted from Moore and Reyn%%is
a capacity to adsorb coloring matter and other impurities in
oils (vegetable, animal, and petroleum). According to Prof. S.J.

Gregga, the term *“activity” denotes (surface) chemical and Other Types of Activation of Bentonites

physico-chemical reactivity, whose increase is usually traceablend of Different Minerals

to an increase in the surface area of the solid. The preparation

of an active solid or the activation of the solid is carried out The chemical reaction of inorganic cation exchange of
for a variety of purposes: for use as an adsorbent for gases smectites may be considered an activation of the clays. So, the
for substances in solution; for use as a catalyst; or in order tésynthetic” sodium bentonite, industrially processed by the
obtain a high rate of reaction or dissolution in some industrialreaction between polycationic-bentonite and sodium carbonate, is
chemical processes or chemical reactions. called in Germany “soda activated bentorit&®?. By analogy,

According to Prof. Gregg’s concepts, the acid treatment ofother intercalated compounds of smectites, many of them with
smectites or bentonites is an “acid activation”, because it isndustrial application, such as quaternary ammofil#® and
used to adsorb the coloring matter dissolved in oil. Also, thepolyhydroximetal catior®, with polar and neutral organic
surface area is several times larger after the acid-activationnolecules and the pillared smectites may also be considered as
reaching values of 200 to 300%g**>%) in acid-treated clays. activated smectites or bentonites.

Presently the expressions “activation of a clay or a clay The thermal dehydroxilation is the chemical reaction
mineral” and “activated clays” cover a wide range of chemicalrepresented by the equation: 2 OHH,O(g) + &. The solid
treatments, most of them aimed at producing modifications orproduced is crystalline, but with defects; it is, usually, called
the surface of the clay mineral crystals. Besides the acican active solifl Bauxites, kaolinite, halloysite, palygorskite-
activated smectites or bentonites the following are some of theepiolite and vermiculite clays are usually thermally activated;
treatments used: (a) sodium exchanged smet€fitd§ (b)  the industrial product from bauxite is named “activated
guaternary ammonium exchanged smectites (organophilibauxite”; from kaolinite/halloysite is puozolan and from
bentonites)”: (c) organic clad kaolinites (oleic acid; silanes; vermiculite is exfoliated vermiculite. In this paper, only the
organic polymersf; (d) surface modified kaolinitéd (e) acid activation of smectites or bentonites will be considered.
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NATURE OF THE ACID ACTIVATION The Effect of the Acid Treatments on the
OF NON-SWELLING-SMECTITES Crystal Structure of the Smectites
Crystal Structure of the Smectite Clay Mineral$® A number of characteristics determines the efficiency of a ma-

terial as a bleaching earth. These properties are: adsorption capacity,

The clay minerals of the smectite group (previously calledacid properties, catalytic properties, ion exchange capacity and
montmorillonite group) are composed of layers (called 2:1particle and pore size distributions. The acid treatment, besides
layers) made up of two silica tetrahedral sheets with a centraeaching cations from octahedral and tetrahedral sheets, dissolves
alumina octahedral sheet (Figure 2). Common oxygen atomgmpurities such as calcite and replaces the exchangeable cations
bind these sheets. The layers are continuous in the a and thewith hydrogen ions. The acid treatment also opens the edges of the
axis directions and are stacked one above the other in the glatelets and as a consequence of all these changes, the surface area
direction, with the degree of order depending on the kind ofand the pore diameters increase. Usually 80 % or more of the
smectite clay mineral. There may be moderately isomorphicavailable surface area correspond to pores with diameters ranging
substitutions varying on the kind of smectite clay mineral, forfrom 2.0-6.0 nm, and the surface area can be increased with acid
example, A¥* for Si** in the tetrahedral sheets and ¥dor  treatment to 200-400 %y, although optimum bleaching results are
Al%* in the octahedral sheets. Due to these substitutions thgenerally obtained below this maximum.

2:1 layers are not electrically neutral (they have a negative Models of the acid attack on Ca-smectite and of the final
charge), with a deficiency of about 0.66 monovalent cationsstructure/texture of the acid activated smectite were proposed by
per unit cell. That negative charge is balanced by interlayemrhomas et &f and by Taylor and Jenkifs According to Lagaf§,
exchangeable cations. That is the origin of the cation exchangghe acid activated smectite is X-ray amorphous, but highly
capacity of the smectitic clay minerals. disordered tetrahedral layers still persist which are no longer lying
parallel to each other (Figure 3 shows powder XRD patterns of
some commercial acid activated bentonites). Adsorption of organic
compounds can cause a certain parallel orientation of the layers; it
is also called a “degraded bentonite” Dombrowsky and
Hendersof?, from Engelhard, gave the following list of the changes
that the smectite crystal suffers after the acid activation: (a) the
edges of the crystal are opened and th& ahd Md* cations of

the octahedral sheet (from the 2:1 layers) are exposed to the acid
and become soluble; (b) the surface pore diameter expands; (c) the
“degree of crystallinity” of the clay mineral, as tentatively evaluated
by the peak intensity and the width of the (001) peak is reduced,;
(d) the specific surface area of the smectite increases to a maximum,
then it is reduced by additional treatment.

Therefore, the following facts are experimentally well established
(Christidig®, Ackermanf, Winef?; Novak and Greggédt, Grim*;
Taylor and Jenkit4, Dombrowsky and Henders&h for the
products of the acid (HCI or43Qy) activation of a Ca/Mg-smectite:

(a) as the intensity of the acid treatment is increased, the
decolorizing ability for a given oil or fat increases up to an optimum
value, but with further treatment there is a decline in that ability;
(b) as the intensity of the acid treatment is increased, the specific
surface area measured by &tisorption (BET methotf)increases
o0 R . ) ) up to a maximurtf value, which decreases with further treatment;

- m’;ygens @ g{dmxyls . ® Aluminum, iron, magnesium (c) the optimum decolorizing ability of an activated smectite (for a
¢ ° ilicon, occasionally aluminum given set of activating conditions) may or may not coincide with
Figure 2. Schematic diagram of the structure of smectites (adaptedits maximum value of the surface area attained under those
from Grim'°) conditions (see Figure 4); (d) acid activated clays with good
decolorizing ability have specific surface areas larger than
120 nf/g; (e) the smectite structure is not completely destroyed
either at the optimum decolorizing value or at the maximum surface
The Cation Exchange Capacity ~CEC- and the Exchangeabl@rea value; (f) the evaluation of an activated clay is determined by

& comparative test of its decolorizing power against a proved

Cations —EC- are important properties of the smectite clay > ffective commercial activated clav: the pore Sidistribution
and have great influence on their technological applications v ' v y; (9) pore Si loutl

because they are fundamental control factors of the physica‘?f an acid activated clay is also a very important property for in-

and chemical properties of the smectite clay minerals. TheréjuStriaI bleaching of oils. This property, .known as mesoporosity,
are two kinds of industrial bentonites: a) water swelling can be measured by the mercury porosimeter. The microporosity

bentonites, with sodium as the main exchangeable cation ang?" be calculateq in more sophisticated eq_wp-ment fo_r surface area
b) non water swelling bentonites, with calcium and/or rr}etﬁsuremetnt ;J%ng ||°W| ttterr&p_er?rt]uwgg_?_orptlortl., also, h'glh ;/acliutesl
magnesium as the main exchangeable cation. The swellin@ | econsr,]an ~ cajculate mh efa (Tqua |o|n are re a§|480 ow
bentonites give highly thixotropic viscosity to water-clay alues of the microporosity of the cldyvalenzuela Diaz et'al™
dispersions at low clay concentrations. The non-swellingswd'ed. the effect of some physical properties of the original
bentonites do not have that high thixotropy property and aréoentonlte on the porosity of acid-activated smectites from Campina

floculated (precipitated) in water. The acid activation of Grande, PB.
smectitic clays is usually made on no-swelling smectites. There

is no direct evidence that the swelling bentonites do not furnish
bleaching clays, but they may present processing difficulties * according to IUACpores are classified by their sizes: (a) pores which
(as high viscosity dispersions, which difficult mass transport) exceed 50 nm (0.05 mm) are call@écropores, (b) between 2 nm and
on the activation with acid. 50 nm are callednesopores and (c) under 2 nm are catfécropores.

The Importance of the Interlayer Exchangeable Cation¥®
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Figure 3. Powder DRX patterns of commercial acid activated bentonites: a) Tonsil Otimum 210 FF; b) Tonsil Supreme; c) Filtrol 1Gld) Fil
160; e) Fulmont RP; f) Fulmont Premiere; g) Alclor Tipo 2; h) Tonsil (México); i) Alclor Tipo 1; j) Tonsil Optimum. The pattera measured

on Philips X’PERT MPD diffractometer using Cu K radiation (40kV —40mA; scan speed ®@202@&nd time per step 2s). Thgydpeaks at about

5.4° 20 (dgo1 = 16.4A), whose intensities and widths could be used to evaluate the “degree of crystallinity” varied from almost imperceptibl
peaks (Tonsil Optimum sample) to good defined peaks (Alclor Tipo 2 sample). The sample Tonsil México and Tonsil Optimpealhatel &.6°

20, (possibly gypsum) and the sample Alclor Tipo 1 at 12@%bssibly kaolinite). All the samples have peaks at 25@&quartz).

B0 : 30,

Clay C

mzfg

Surface area

Relative bleaching efficiency

Relative intensity of attack Relative intensity of attack
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Figure 4. a) Surface area of some bleaching clays versus intensity of attack, b) bleachlng efficiency of those claysevsisuofirdattack.
Observe that the maximum of surface area does not necessarily correspond to the maximum for bleaching efficiency. Ad&ptehiaod.

The most important variables affecting the properties of thewashing procedure, and drying temperature of the activated
acid activated smectites are: temperature, treating time, andlay (110 °C)15:41:49-51)
dry acid/clay ratio. Other variables are: acid concentration, Dombrowsky and Hendersdh from Engelhard, summarized
nature of the inorganic acid (HCI or,80y), initial humidity the properties and applications of acid activated non-swelling
or moisture content (12 %-18 %), particle size of the smectiteCa-smectites: they have an exceptional capacity to adsorb
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impurities and are used principally for the purification and most used absorbent clay for wine clarification is bentonite. It
modification of organic chemicals; they are used as catalystss added in quantities ranging from 1-2 per 1000 to remove
because of their large pore size and surface acidity that offerproteins, colloidal particles and to reduce acidity. Bentonite is
unique properties in strong acid-catalysed reactions. Thesearticularly efficient in wines which are difficult to clarify such
features allow a large variety of applications, the most traditionalas port and moscafel

being: fat and oil bleaching or decolorizing; mineral oil

bleaching in contact/filtration processes; fixed bed adsorbents ABORATORY METHODS FOR THE ACID

and many other catalytic applications. Since the decolorizingACTIVATION OF BENTONITES

action is very specific, the companies producing activated clays

and fuller's earths publish data sheets in which they list the The activation tests conducted on Brazilian clays in our
types of commercial clays that they offer and for which oils, Laboratory were conducted according the following procedures.
fats and waxes they are recommended for industrial

decolorization (Fuller's Earth Unidf Siid-Chemi&*5%) Sample Preparation and Characterization

CECA®S, Filtrol®”, ALCLOR®S, Fulmont®, Engelhard?).

Several hundreds of thousands of tonnes of acid activated The smectite clay was dried at 80 to humidity between 12
clays are used every year for filtering and decolorizing% and 18 %. Then it was ground and passed in USS sfeve n
vegetable and animal oils and fats. For the industrial processe®00 (74 mm) and examined by powder X-ray diffraction to
acid activated bentonite more evaluation tests are needed faonfirm the presence of the smectite group by the conventional
each type of oil, glyceride or hydrocarbons, solvents, andprocedures (ethylene glycol; glycerol on the Mg-form; 800
chemicals treatéld heating), described by BroWwf and used to differentiate clay

Most vegetable, animal, and fish oils require refining to minerals of the 14 A group, for example smectites from
remove impurities such as phosphatides, gums, trace metalgermiculites. Foster's swelling in water was made to check for
and free fatty acids which may produce oxidation productsnon-swelling Ca/Mg-smectit®& Chemical analysis, CEC and EC
leading to degeneration and short shelf life of the final productdeterminations were made when required for other purposes.
Bleaching clays adsorb many of these products and also reduce
the red, yellow, and green coloration produced by compound®reliminary Activation Test
such as carotene, caroteinoids, xanthophyll, and chlorophyll to
more acceptable levels. This test is conducted when the amount of sample is small

In vegetable oil refining, the principal goal of the use of (100 g-200 g: piece of a drilling core) or a first evaluation was
bleaching clays is the elimination of a series of contaminants, thatequired. The following procedure is used, based on papers by
can be grouped in function of their nature, into: primary, Ackermanfi! and Winef% 100 grams of the ground clay (dry
secondary, and tercigfy The primary contaminants are oil soluble basis, 110°C) are placed in a 1 litre, 3-neck round bottom flask
components originated from vegetal organisms: proteins, sterold)eated by an electrical mantle; 400 mL of 1:1 (v/v) hydrochloric
tocoferols, hydrocarbons, and natural pigments (chlorophyll,acid (d = 1,16 g/mL; 32 g HCI/100 mI 9 mol * dm~) solution
carotenoids-carotene, lutein, gossipol, or xanthophyll). Theare added; so that the HCI concentration is 16 % (w/v) or 4.5
secondary contaminants are organic compounds formed inside theol * dm® and the dry acid/clay ratio (w/w) is 0.64.
oil seeds by chemical degradation during their storage: free fattffhermometer, stirrer and reflux condenser are attached to the
acids, peroxides, ketones, aldehydes, pigments, and norflask; the temperature is maintained at°®0for 3 hours with
hydrolysable phosphatides. The tertiary contaminants are chemicabnstant stirring. While hot, the clay suspension is transferred
compounds left or aggregated during the growth, developmento a two litre beaker and washed by decantation with distilled
and processing of the oil seed; those coming from the deterioratiowater for at least 5 times until it is ‘Cind/or F&" free (pH =
of the equipment used in the process or by thermal degradatio,5-4,0). The acid activated clay is filtered in a Blchner funnel,
solvents, biocides, free fatty acids, soaps, heavy metals iés Fedried at 110°C and reground to pas$ 800 sieve (74 mm) for
and C@#*), phosphoric and citric acids, and others. Degummingthe decolorization test. This test, being conducted under
reduces 70 % to 80 % of the phosphatides by 1 %-3 % waterelatively moderate conditions of activation, generally does not
addition to the oil heated at 60 °C-70 °C for 20-30 minutes. Aslead to the optimum value of decolorizing power (or the
an example, soybean oil contains 1 % - 3 % of phospholipidsmaximum value of specific surface area), which can be reached
Reducing phospholipids to acceptable low levels is a necessafyy more intense treating conditions (higher temperature, longer
requirement before hydrogenation or deodorization. times of activation and higher acid ratios, even using higher

Besides a good decolorizing ability, an acid activated clay, inacid concentrations). However, the decolorization test being
order to be an industrially/commercially adequate product, mustonducted according the AOCS metfdusing 6.0 % of
also satisfy a set of requirements, which are needed to be evaluatadtivated clay (the industrial contact process for vegetable oils
experimentally. These requirements are listed in detail by Souzases 0.5 to 3.0 #), usually gives a good indication if the acid
Santo&! and examples are given by Taylor and JerRins activation is developing or not a decolorizing ability in the clay.

Recently, it has been shown that the acid activation ofSuch information helps to determine if further acid activation
sodium-smectites produces acid activated clays with goodstudies are worthy or not for that clay.
decolorizing ability, in contrast to the traditional idea that the
acid activation would decompose completely the Na-smectiteFactorial Model of Two Levels
into silicic acid®? 3. Besides the acid activation on Ca-
smectites, the acid activation can be conducted on organic If we have 1.5/2.0 kg of clay and at least ten days to conduct
cation exchanged-smectites in order to produce activated clayall the evaluation, an alternative option to prepare a small
with specific or tailored properties; an example is the acidnumber of samples of activated clay to be tested for
activation of quaternary ammonium smectites for catalystdecolorizing ability is to conduct the activation procedures
production (an example: alpha-pinene to campfferie com- according a statistical test named factorial model of two levels;
pares favourably with the activation of pillared cl§ys®®). it has: (a) two levels, a maximum and a minimum; (b) three

Adsorbent clays have been traditionally used to clarify wine,variables: temperature; time of treating; and acid concentration
beer and cider. The so-called Spanish earth, composed mainlyr acid/clay ratif*?. So, 2 = 8 samples of activated clay
by an attapulgite, from the area of Jerez de la Frontera wawill be prepared. Constant: weight of clay; final volume or the
used for centuries for the clarification of wine in Spain. The concentration of the acid solution; nature of the acid.
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Examples: (A) 60°C and 80°C; ¥ and 3 hours; 7.5 % (0.75 TYPICAL ACTIVATION TEST OF A BENTONITE (7374
mol * dm®) and 15 % (1.5 mol * dif) H,SO, concentration;  (From Palmeira District - Lages County - State of
weight of bentonite: 50.0 g (dry basis; 12 %-18 % humidity); Santa Catarina)

and final volume = 400 mL. (B) Another example of ‘atest: 1) Clay size = finer than n® 200 ABNT sieve (74 mm); 2)
weight of clay: 100 g; hydrochloric acid 1:1 (16 %; 16 g HCI/ Humidity (105 °C/110 °C) = 14 % w/w; 3) Weight of the
100 mL; 4.5 mol * drff); temperatures: 58C and 90°C; time: dry clay = 100 g; 4) Acid used = HCI (d = 1,16 g/mL) =
2 h and 6 h.; volume of acid: 150 mL and 250 mL. The 33 g HCI/100 mL; 5) Ratio of weight clay : volume (mL)
verification of the effect of these variables is made by a  of a¢id = 1:4 = (100:400); 6) Temperature = 90 °C + 2 °C;
decolorizing test of an oil in comparison with a well-known 7) Treatment time = 3 hours; 8) Variable: HCI
commercial acid activated clay (Tonsil; Filtrol, Engelhard), concentration = 5 %, 10 % to 30 % (g/100 mL).
according to a standard procedure like from AOCS. Thaeg
generally may indicate which are the values of these trePp
variables that must be considered together to obtain the highe {
bleaching values of the oil from the acid treated clay sample

However, it must be noted in the examples that the two levels, - : .
smaller and higher, of each of tree variables is arbitrary and i ree), dried 105 °C/110 °C -reground finer than n° 200 sieve.

many times chosen either from previous experience or from he activated clay is ready for tests of characterization and

literature on other smectites. Therefore, the maximum aciaevaluat[op of decolorizing power. The next step is 1o test the
bleaching activity of a given clay may not be obtained by thedecolonzmg power for vegetable oils produced in the State of

use of only one test with 3 * 2 values of the most important.sama Catarina. Only vegetable oils will be studied since there

activation variables is no production of lubricating oils in that State.

Number of samples to be tested: 6 activated bentonites plus
ank (non-treated bentonite) plus sample of commercial acid
activated bentonite (Tonsil Optimum NFF) as reference.

" Filtered and water washed (pH = 3,5/4,0 - @id/or F&

TYPICAL DECOLORIZATION TEST OF A VEGETABLE
OIL - SOYBEAN BY ACID ACTIVATED BENTONITE

Now, the following standard activation test is used in our (Palmeira, scy®
Laboratory: (a) constant weight of clay (100 g); (b) constant
volume of the acid solution (400 mL); (c) acid used: HCI;
d = 1.16 g/mL; 32 % (w/v); (d) constant dry acid/clay weight
ratio = 1,0 (25 %; 330 mL HCI in 400 mL as the final volu-
me); (e) constant temperature = 9C. Variable tested:
treatment time: 1 h; 2 h,... 8 h; 9 h; 10 h; (total number of
samples: 10). Minimum weight of clay: 2 kg; period needed to
evaluate the clay: two weeks.

Decolorizing vs. Treating Time

Experimental Conditions:

Spectrophotometer model 1051 -CACIEN; (b) Wavelength used
= 440 nm; (c) Soybean oil absorbance (diluted 1.4x in n-hexane) =
0,904, (d) Reference activated bentonite:Tonsil Optimum NFF; (e)
Percentages tested-clay:oil (w/w = 0.5 %; 1.0 %; 1.5 %; 2.0 %); (f)
Temperature of test =90 °C + 2 °C; contact time = 30 minutes. The
Thi tivat d ; th | f the decolorizi experimental conditions were chosen based on the AOCS bleaching

IS activation procedure gives the value of the decolorizingy,po using temperature and clay/oil ratios similar to those used by
powero of the activated cIay. as a function of the treatment UM&pe Santa Catarina’s Company “Ceval” for the bleaching of soybean
at 90°C for a 10 hour period. In general, the curve shows ay; the soybean oil is the same used by “Ceval’ Company. The
maximum value (optimum decolorizing power, see Figure 4 forresults obtained are shown in Table 1
examples of bleaching efficiency versus intensity of attack for ’
various bleaching clays) for a given color which may be
compared with the one obtained from the standard commercialable 1. Absorbances of the decolorized “Ceval” soybean oil.
activated clay, under the same experimental conditions. If the

L - Acid Clay (%)
values of the decolorizing power are similar, then the BET )
nitrogen surface areas of the samples, near those optimum concentration (%) 0.5 1.0 1.5 2.0
values, are measured to check if the minimum of 12@(1&;
reached and to verify if the sample with the greater surface area 5 0.615* 0.418* 1.854 1.678
has the optimum decolorizing power. Also, X-ray powder 10 0.511* 0.317* 0.508 0.318
diffraction is conducted in these samples to check if the smectite 15 0.641 0384 0291 0.251
structure is not completely destroyed and the pore sizes are 20 0.787 0.410 0.300 0.218
calculated, if the equipment for BET can supply data for that. 25 0.794 0419 0351 0.261
The amounts of activated clays prepared by the activation 30 0.801 0512 0.766 0.230
procedure described above are enough to test 4 or 5 different Reference
types or samples of oils or fats or waxes. activated 1.248 0.308 0.232 0.222
The criteria for choice, either sulfuric or hydrochloric acid clay

or even nitric acid in the industrial process, is of economical — -
nature; therefore, it must not be considered as a variable in &) Oil diluted 3x in n-hexane
bench scale study. It is recommended that the research group

uses, for all studied clays, the same acid (or both acids) irbONCLUSIONS FOR THE BLEACHING TEST
order to compare the experimental results for different clays.

It must be pointed out that the initial acid concentration iS  The smaller the value of the absorbance, the larger or better
frequently used as a variable in several published papershe decolorizing power of the acid activated bentonite. The
However, it must always be kept in mind the fact that the acidgference clay, used in the industrial process at 2.0 %

concentrati_on, whatever its initial value, will always decr_easeconcentration, gives the same absorbance as the Palmeira
along the time of treatment due to the attack and dissolution Ofanionite at 2.0 % activated by 20 % HCI.

the octahedral layer. Besides, since higher temperatures wil

increase the rate of that reaction, temperature is sometimes usngE RESULTS OF STUDIES ON ACTIVATION

as a variable for the activation; but the real “activation” variablegr BRAZILIAN SMECTITES

that should be considered in the control process, for all initial

acid concentrations and temperatures of reaction, is the time of Bentonites and also some fuller's earths exist in several places
treatment. Based on this idea the following example is presentedif Brazil; acid activation of the bentonites and oil decolorization
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studies with these clays have been made and several publication$ these clays produces bleaching clays which are good
exist. The studies on Brazilian clays, especially fuller's earth,decolorizing agents for cottonseed, castor, soybean and
for decolorization of oils and fats published until 1959 were lubricating 0il$%1:82)

reviewed by Souza Sant8sThe results which are going to be The Franca County, SP, is the second diamond producer in
presented are organized by the State where the clay deposit Brazil; large deposits of smectitic clays exist in three areas:

starting from the northeastern region. Restinga (Auxiliadora Farm); Pedregulho and Serra da
Faquinhé“. The clays, activated by J80,, give excellent
Northeast bleaching materials for cottonseed, soybean, castor and

_ _ _ o ~lubricating 0il$®%82) These clays are under consideration for
The Ca/Mg bentonite deposits of Boa Vista district, Campi-industrial production by Fulmont.
na Grande County, State of Paraiba may be activated with 5
mol * dm? of H,SO, at 80°C for 7 hours and have good gguthern States
decolorizing power for castor, soybean and cotton“Sil§)
These bentonites were used later as raw material for the indus- The Parana State has several deposits of smectitic clays in
trial production of HCI activated clay by ALCLOR in the Counties of Carlopolis; Siqueira Campos, Curitiba, Lapa,
Camagari, Bahia and in Marechal Deodoro, Aladoas Campina Grande do Sul, Castro, Ponta Grossa (associated to
Ferreird® studied the activation in the same conditions, of the large talc deposits), Colombo and TomaZm¥.
a Ca-smectite, from Riach&o Farm, Equador County, State ofinfortunately, no published study of activation of these clays
Rio Grande do Norte; the activated clay had very goodis known.
decolorizing power for castor, soybean and cottonseed oils The Rio Grande do Sul State also has several deposits of
produced in the region. _ smectitic clay®’. However, the only study on,80, activation
Baralnd’ characterised the Ca/Mg bentonite beds thatof the smectitic clay from Arroio Bretanha, Jaguardo County
overlay the gypsum deposits of the Santana Formation in thgyas made by Figueiredo and ScarBn¢he activated clay is
State of Pernambuco. The bentonites from Lagoa de Dentraa fairly good decolorizing agent for soybean oil.
Araripina, PE were activated by HCI in & factorial planning, Characterisation as smectites of clays from the Lages County,
as described before. The decolorization power was evaluated f&tate of Santa Catarina was made by Souza Santos?et al
8 samples and compared to Tonsil (from Tonsil Mexicana S.A.preliminary studies on some technological properties of a green
Puebla, Mexwo) using local soybean oil, with vere/ good resultssmectitic clay from the Palmeira District, Lages County were made
for the higher levels of temperature and treating %ihfé7® A and published by Schardong and Morg&doMorgado e
similar 2 factorial planning study was conducted by Palza, atMoreira™, Morgado et &P, Morgadd®, Morgado e Souza San-
the Chemical Institute of the University of S&o Paulo, on a Catos”. The dark-green iron-rich smectitic clay (from a 5 meters
Mg smectite from Chile (Sociedade Minera Condor) witS€, thick bed) has aluminium and potassium as the majority of the
with good results on decolorizing Brazilian soybearf®oiThe  exchangeable cations. Its CEC value is 80 mEq/100 g of clay and
green Ca-smectite from the Vitéria da Conquista County, Statghe N, BET surface area is 542g. The acid activation was
of Bahia, activated by HCI 12 mol * dfnat 80°C for 6 hours  made with HCI; the temperature: 0. Treatment time; 3 hours;

is a good decolorizing agent for castor®®il clay/acid ratio = 1:4 (constant) weight of clay = 100 g; mirfus n
200 sieve; the acid concentrations (w/v) were 5 % to 30 % using
Minas Gerais and S&o Paulo HCI (d = 1.16 g/mL); oils tested: soybean; corn and sunflower at

a temperature of 96C for 30 minutes. The best results were
The large calcite deposit in Ponte Alta County, State of Minasobtained for three oils with 20 % HCI concentrafforStudies
Gerais contains a thick bed of light-grey Ca-montmorillonite; gre under course to optimize the treatment time.
H,SO, activation produces excellent bleaching clay for
cottonseed, castor soybean and lubricating (Péi%é)- The  CONCLUSIONS
Counties of Sacramento and Carmo do Paranaiba, Minas Gerais
have large deposits of deep green nontronitic smectiteSOH Studies have shown that acid activation by HCI eB®
activation of these nontronites produces very good bleachingf smectite clays from the States of Paraiba, Rio Grande do
clays for decolorizing cottonseed and soybean oils and they arRorte, Pernambuco, Bahia, Minas Gerais, Sdo Paulo, Santa
fairly good bleaching agents for lubricating &it€2) Catarina and Rio Grande do Sul, Brazil produce good bleaching
The valley of the Paraiba river (Taubaté Basin) has an oilclays, comparable with some well known foreign commercial
shale deposits in the Counties of Taubaté and Pindamonhangahgid activated clays. The decolorizing power of these activated
in the State of S&o Paulo. The green sedimentary clays associatethys was shown to be efficient for the following vegetable
to the shale contain smectites, illite and kaolinite. Severabils: soybean, cottonseed, sunflower, corn, and castor produced
companies produce these clays as an excellent fuller's earth fgn the regions of the bentonite deposits and some also for
decolorizing vegetable oils: Mineracdo Santa Fé (Tremembeé)iubricating oils.
Aligra and Argos (Taubaté) and Eucatex (Pindamonhangaba).
The HSO, activation of the fuller's earth produces a good AckKNOWLEDGEMENTS
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