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3entonite is used at present in meny indusirial branches
and its localities may be found in almost ail vartis of the

world.

The aim of this lecture is to set out bentonite
cheracteristics and to show possibilities of bentonite
for industrial use. Properties of bentonite are described
and m@gethods for their determination are shoxrtly mentioned.
A review of world bentonite localities is given togetluer

witn basic inTormation about them.

Bentonite extraction and its veneliciation is decrived,
00« The extraction and the beneficiatior is discussed from

tae point ol view of different mecnanization grades,

The industrial use of bentonite is based above all
on its adsorbing and rheological properties. The adsorbing
prOpérties of ventonite are applied in oil refinery - use
of tentonite in natural conditio.. or in activated state is

discussed as well,

Thne application of bentonite in chemical industry is
mentioned - oentonite is used either as a carrier of catalysts

or as a catalyst itself,




A packing technique exploits the good adsorption

adility of bentonite for drying of air and indusirial gases.

Further application of bentonite is known in agriculture
- bentonite helps improving soil structure or it iswed as

a2 carrier of pesticides and insecticides.,

A Tood industry uses bentonite in breweries, sugar and

wine production.

Rneological properties of bentonite are axploited chieily
in foundries, for so called "green moulding process",
Requirements on bentonite for foundry purposes are given

here, too.

The application of bentonite irn furtner industrial bdrancaes
i,e, in civil engineering, drilling processes and cosmetic

and pharmaceutic industries is describved, too.

A minor application of bentonite is known in peper
industry, paint and varnish industry, textile industry,

water treatment ond others,

L ”
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Definition and Provnerties of Benvonite

Bentonite is a clay rock with a dominant content orf
mineral montmorillonite. Big specific surface, colloidal
properties and an ebility to interchange ions are

characteristic for ventonite,

Bentonite was found out and used at first in Zngland
for cleaning of woolen cloth after iulling and for de-

colorizing or oils and fats.

Liew deposits of bentonite were found at the end ol
19%h century in USA, One of the deposits was near

For: 3enton that has given the name to this clay rock.

Bentonites arised from volcanic rocks like basalt,
diabas and from volcanic ash., The conversion of these
materials into bentonite took place under alkalin conditions,
The level of conversion influenced properties of bentonite,
content and kind of concomitant substances, Concomitant
substances are clay minerals i.e, illitg beidellity non-
tronite kaolinite, further quartz, limestone, organic matters

and otners,

The most important mineral present in bentonite is
montmorillonite, Its formula A1203.43102.H20.nH20 is not

absolutely accurate, The ratio of Si to Al may fluctuate,




Silicon in a structure may be substituted oy aluminium,
alunminiun by naznesium or by irom. It results into free
velences where furvher ions may be bonded. The elastic
bond vetween structural units enables substantial swelling,

hniga viscosity and thixotropy of diluted suspensions.

Conconitant substances and possibilitiy of substitution
of ions produce a very wide variety of kinds of bentonites
not only from different deposits but sometimes from the

sane one.

Chenmical comfosition of bentonites s variable, The
content qf‘individual oxides usuelly lies between following
limits: -

A1203 IR R X R N NN NNNN] 11 to 22?‘3
3102 e0evo0c0000e 4-8 to 56% (Sometimes even more)

F8203 eceesccescese 0O to 5%

g0 coosvessecee 4 to 9%

Ca0 ceecevecsees 0,8 to 3,5%

H,0 eeessvecrese 12 to 24%

£,0 cecsessesses Upto 1%, very rarely upto 5%
NB.ZO Teosseeseees UpPto 6%

Depending on thae chemical composition Ca-bentonites,

iig-bentonites and rarely ila-bentonites can be distinguished,

Basic properties of bentonites‘are strengtn and im~
permeability even at a high moisture content, plasticity
in a wide moisture range, high viscosity and thixotropy of
suspepsions and absorption ebility.

- -— — e
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Identiiication of ventonite is done on the basis
of qualitative and quentitative identification ¢f minerel
ronizorillonite, For this purvose the following metnods
are used:

a) X-ray analysis

b) differential thermal =nalysis

c) quantitative chemical analysis

é) determination of exchange capacity of ioas

e) determination of optical properties

f) determination of specific surface

g) determination of shape and crientation oi particles

oy electron micfoscopy

X-ray analysis is the most accurate method for the
identification of élay minerals at present. it enables
relatively accurate quantitative deternination-of clay
minerals, Differential tanermal analysis may be used in
such a case only if montmorillonite is present in the
tested sample in doming? amount emong other clay minerals.
If this condition is not met, the determination is
practicélly impossible. DTA gives tie picture of the
character of the semple (endo- and exeothermic reaction
in dependence on thne temperature, etc.)

Quantitative chemical analysis, exchange capacity of
ions, determinetisn of specific surface are the metnod
tnat relp to evaluate the suitability of bentomnite for
different industrial uses, T.ese metnods are combined
vith the tests suggestad and used in individual industrial

bra iches,

o




Senvonitic socis ore very closely cornmecvod Wit
» 3rocucss o volcanic acviviiy. The localilitios ol Lenvoaives
ge I9sU oIvel 07 secanaary nature with dillerent convenls
angd s0Tvs or conconlitany natters%
Tae world s pigzest localities ¢y dventonites occur
in vae Oovietv Union. Regerves of Lentonites ave egtimaied
<2 aiount millierds or tons. They are sprecd alnmost in all
areas ol the Sovietv Union. Tue taickness o layers diifers
ivom 1 o 27 netres, ine arvca of deposits in tens of squere
Xilomeires,
Taoush tile reserves are sSo enornous iaey are cxdloited
’ only varily, noweve:r the exiractiioa aos on increazing
Tendencye.
v
3entonives in the Soviet Union are used mainly in
¢rilling proccés and for refining of nineral oils. Smaller
vaxrv of bentonites finds their use in foundries as 2 binder
aid in anotizer indusirial vrancheg.
Cacnmical composition or Soviet Union ventonites varies
i diflerent deposits, tie composition of one oi the wogt
important depocitc in Jveorpia iz az Zollows:
510, .+ e 0. 56,94
. blp03+130, 15,460
£3203 o o 0 o 2,57,
L4

Cad ¢ o o & 1,36%
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u{,'o o o o o 295‘3’3-'
Iezc e o o o 0,450
R0 w o 0 1,08%
.*:.U e o o o 13,4'55.;

LeIo o 0o o o 6,095

his benicnite, similerly as iae bentonites from alsiost
ell the other deposits, is a Ca-ilg bentonite.

Bentonites in tae USA are found in meny places. Deposits
02 ventonites are almost all of secandery nature witn tie
exception of the deposits From %yoming and Arkanses wnica
are primarily sedimented. Tne gquality of these depositis is
excellent.

The layer tinickmess of dentomiie deposits varies
several centimeires to 4 meires, The colour o nentanives
iz yellow or red="rotm, It cianges depending on tie depia
Tron ligat grey vpto lizat green. Coucomivant ninerals are

calcite, quortz and pyrite.

Caenical comnposition of some imericen ventonites is

ziven in tavle lio. 1.
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ays and oiler dranches o1 Iindusiry.

n Zurone widely inovm oonuon‘be Genosits are In
German Jederal Repudlic, Italy, ruagery, Colond, Iujocliavia,
Zunenie, lustria, Czeclwoslovaxia, Spain and less mnovm
denositzs are in sone ovier Duropean coqantries, too,

e )] . o da L = pe e o R K]
cie ozt loporitant benvoniie localiiies i deimion

-

s

Joderal depudlic are neoxr iunicii, Jleose veatonites ave
enloited neinly as vleacnin, clays. Thie taicineoss of
sentonite layors changses Jron several centinetres vo

-

2 meores, Sonctimes the thicimess nay pe eveil 3 - 4 Lioures.
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mizo, caicite, Golomise, Zeldspaor cnd cloy alnelwls suc oz
Ziltize and Keolinite ccecouir as conconmiivanie minelals,
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Ca=is Rensonit

Ple colour oF hentomnites Trom Thwcce locaLrivies 1 Cews
erveny i,c, Jivclr 1ijnat yellow To yellow, red-—drovwm uplo

seeen, blue and dark purple,

Jdungarion venconites are concenvratved into two areas

2he bentonite deposits near Hungarian cepiiel Budepect

cre the product ol weataering of volcanic ccohes wnile in

v

vile ovaer acel t.e deposive wriged srou rayolivic lave

'3

ez a recult o Taeimal water asgresciviiy.

Industirial uge is in the production of bleaciin,; clsoyrco,

foundriec and in drilling procesas.
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In Zolond snere aore geveral localitios oF Lsavcuisas

tne mo3v important one veing at dadsioxniow. Jentornite IIoni

snig locality contains Ifrom 25 - oU,: o monimorillonite,

- 2

and exploited Tor tiae productioa of bleaciing cleys and

no~dentonite,

s4aple deposits and procuctilon of ventonlie cmist iz

Ztaly., 3Sentonite is dressed mecinanicdly and caenicall.

~ -

rtaly is one of the world exporvers o. dentonlies.

3entonites ave ween located in Czaciosciovasia at
2 nuwaver 01 places. The deposiveg, indusvrially usabdle,

ave il tne noivil=vest parv ol L.l couniitv.

-
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Chemical composibtion of ventonite Irom the locelity

near DBranany sanows .he rollowing values:

Ce.O o o o o 2’8 - b, 3‘:';-;
KEO e o o o 2,3 had 3,7‘,:1;
L. Io e o o o ll » 4 - 14 ) O‘,’S

Average tnickness of ventonite layer is & metres,
maximum thickness reaches as mucn as 27 metres. Bentonites
from this'locality ere light green to brown green, The
content of Fe2 3 is relatively high nevertheless the

quality is fully suitable for Ioundry purvoses

ample deposits occuralso in eastern Slovakia wnere
P I

ventonite for foundries and food industry iLs produced.

Besides Europe bentonites have been located in ilorin
LPrica in Algeris and ilorocco, in Souin Alrica near
Jonannesburg, further in India, China, Japan, Austrelie,

Zpypt and in some other countries.

Dentonite ig used today in about thirty iields ol tle

industry and its importance still keeps srowing.

As 1t can be seen from tinis short review {indings




or bentoniie clars are exiended all over the world.




IV. Extrection and Refining of Bentonites

The method of bentonite extraction depends on
geological conditions of a deposit. Bentonites are mainly
extracted from open quarries., The extraction of bentonites
from shafts is less usual,

Bentonites in some deposits may contain sand and small
3tones. Removing sand and stones is necessary in such a case,
It is done directly in the mining place by means of washing.

Bentonites are extracted by different kind of excavators
such as shovel excavator or digging wheel excavator,

The quality of bentonitie in the deposit very often
varies, It is therefore necessary to guarantee a homogenization
of raw material either at the extractionlor at the stockyard.

A selective way of bentonite extraction can be used
if the quatity of mined bentonite is not too high and/or '
i the mined bentonite is of a very good quality. The degree |
oY a mechanization of extraction works is not too high in
this case., The manual way of extraction mey be also used,

The extracted bentonite is transported at the stockyard

by lorries cr by e system of conveyor belts.,

Purther beneficiation of bentonites depends on the
kind of use, Crushing,drying and milling is used often as a
sgtisfactory way of bentonite beneficiation.

Bentonites are beneficiated by a chemical way such as

natrification by sode solution or by perco’ation with acids.
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Bentoniie is mechanically processed by pan mills, clay
crushers or rolls.

Drying of bentonite is very important part of bentonite

beneficiation. There &are ¢ifferent kinds of driers, such as
drum driers, rotary driers, belt driers. Bentonites can also be
dried in the form of suspension in spray driers.

The temperature of the drying medium at the inlet must
not exceed SOOOG, otherwise a dehydroxylation of the lattice
of bentonite could happen. The outlet temperature is not
nigher than 110 - 120°C.

The dried product is milled at the required fineness,
The milling equipment used for milling of bentonite are
harmer mills, rolls and disintegrators oxr other types when
drying and milling is comoined in one operation as for
example in vibrating mills or attrition mills.

Bentonite dried in spray drier from solution need not
be milled., The fineness of dried product 7 2nient,

A frequent way of the beneficiation .. .entonite is
natrification. The process of the natrification may take
place in a dry or wet way. The natrification in the wet
way is preferred because the process of cation exchange
is more effective than in the case of dry way. Sodium
carvonate is used as & natrification agent., its advantages
are low cosi and a considerable reaction rate.

The wet natrification is carried out usually at a

temperature range from 40 to 100°c,

The bentonite in the pasty state with sodium carbonate
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solution is kept at the above mentioned temperature and
kneeded. The wet natrification is rather more expensive
than the dry one, nevertheless, the quality of wet
natrificated bentonite is substantially increased and its
- price may be double,

Purther, an example of modern plant for the processing
ol bentonite is given.

The capacity of plant considered is 200,000 tons of
milled bentonite per year, out of whici 150,000 tons is
activated i.e. natrificated bentonite and 50,000 tons
non-activated bentonite. The consumption of raw bentonite
ranges from 260,000 to 270,000 tons per year, extraction
capacity being 300,000 tons of raw bentonite per yesr,

Bentonite is extracted by hydraulic shovel excavatox
ead irensported by lorries to a feeder, which batches the
bentonite cver conveyor belt to cutter clay crushing rolls,
Bentonite partially beneficliated in the cutter clay |
crushing rclls goes further to the stockyard.

The stockyard is situated very close to the plant.
The capacity of the stockyard is 120,000 tons that is
sufficient stock for the production.

Raw material is taken out from the stockyard by bucket
ladder excavators and by conveyor belts transported for
further processing. It is ~iso possible, if necessary,
to take out the raw materjal from different places of the
stockyard and to mix it together,

further processing of bentonite is divided into two
production lines, The first line produces non-activated
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oentonite and consists of milling equipment i.e. attrition
mills. Bentonite is milled and dried at 2 to &% moisture.
The rest on the sieve with openings ©,06 rm must not be
higher than 5%. Bentonite beneficiated this way is transported
Yo ine bins and filled to the paper bags weighing 40 kg each.
Activated i.e. natrificated bentonite is prepared in
tne second production line, The hot solution of sodium
carbonate is used as & natrification agent. The solution
is prepared in the blungers, powdered soda is dissolved in
water by means of water vapour. The concentration of soda
in the solution is 12%, temperature of thne solution
80 - 90°C. all tanks end pipelines with the solution are heated.
Raw bentonite determined for the preparation of
natrificated bentonite goes at first to harmer crusher
with rolls, then to box feeders and to the milling equipment,
where bentonite is milled to 2 mm grain size and dried
from the inlet moisture approximateiy 30% to the outlet
moisture of 15%., The milled and predried bentonite is
transported by a system of warm conveyors and by bucket
elevators to a blender with two shafis. The solution of soda
is added to this blender and simultaneously the water vapour
is admissed. Bentonii: is kneaded and heated, then pushed
through grates to anotaer blender. Hot water is added and
bentonite is properly kneaded again. The mess of 80 - 90°C
temperature ‘s transported to a worm deairing extruder

where it is intensively lkmeaded and pushed through
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. a verforeted moutn. A cut'er placed just efter the mouth
cuts tae mass into pieces of 10 to 15 cm lengin. The pieces
izllio the conveyor belt and are filled to further worm
extruder waere the last kneading operation takes pléce.

Bentonite mass has now the temperature irom 80 to 90°C,
noisture from 33 to 36%. The mass is pushed throughk the
mouth , cut into pieées and by a system of conveyor belts
transported for drying.

Eatrificated bentonite is dried in velt driexrs cut
into noodles. The dried noodles heving the moisture from
8 to 125 are transported by a system of conveyor belis
and elevators to the hoppers at the mills. The noodles
ere milled to the fineness corresponding to tne rest on
the sieve wita the openings 0,06 mm 5% maximum,

An efficient dust exhausting system is installed in
ithe plant. The supposed number of workers is 110, toial
nuniber of employed people is 135, Out of that tnere are
two shifts at the extraction process and tnree shifts in
the technological process i.e. in natrification, drying
and nilling processes,
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foundries, ceracics, ciaemisiry, cgriculture, ouilding

indqusiry, prarmaceuiicals and meny otiers.

The use o bentonite depends on i%s adsording and

rieolozical propeities.

Zxploitation of ausorbing properties of bentonive

will ce dealt -HAtn first.

1. Usinz or ventonite ixn oil —elineries

Senvonites ars used as a very innortant ggeni
Jor rerinecry o edible, indusirizl and ninerali olls
as sv celled bleacaing cleyrs. 3leaciwiig clays lweve
el 2vility if taey are in cven smell quensisy (2 - 0..)
to tnese oils to adsorv dark colouring suvsiances
and nulemy aatters, Zie oils afver adsordiion veconie
lishe and pellucid, “leir guality is osuvgiantially

inproveda

Sleaciiliyg clays can bve divided ia two groupns:
a) ®leaching cleys witn jcod bleading properties
in natural condivion only,

v) vleaciing clays acviveted by recction of mineral
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acvivity ol taese iypes ol clays is outen

aigher then ol the uneciivaved ones.

The determinetion of suitabie clay Zor bleading
purdC32s on vne vase ol diysical ond cieuical properties
0oZ intended clays is very coaplicated, Tlere does nov
e.zist an exact and unilfor criterion applicadlie Cor
2ll kinds or ventonites and oils., The vest ceterminavion
o7 ventonite suitability is empirical testing of sbili

to0 decolorize a cexriein oil.

The bdleaching clays velonging vo tae ?irst CTOUD,
usadle without activetion aie dressed only mec.anically
oy orusaing, drying and milliing,

The vleaching clays irom tie second sroup rwusi be
activated and the activation is usuzlly done dy liydro-

cialoric ecid or sulphuric acid, ,

Technology of thne activation is following:

7he bleaching clay stored For a longer time to
improve desiantegretion is washed into a rud. 3y
sedimentation sand and small stones are vaorioved and
te mud is numped to wooden vessels. The conteny ol
vessels is neated by stean, e vessels are - v led
witn paddle wheel-givirrers and acid-prooi linings,

A certain amount of acid iz added to the mud in the




& stendstill Fox 24 hours, The acidity Is checsed

and il tae result is satisfacvory the activaved mud
soes vhroush filtex vress wiere it is Turther was:ied.
the finsl acidity must ve very low, Bleacalng cioy

iront Tilter press is taen dried t0 5 - o 0 waier

content and milled.

Firzness of pilling depexnds on a zort ol oil

wiiien is to ve processed, Jor relirning of aineral oils
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bleacning clays with particles under
Tox otiner oils the parvicles of bleacunin; clay o de
used are rTiner nesimum 25 et on & sieve wis:h
106 op/sqecn @id naimuz 125 st on vre sieve WLl
4.900 op/sq.cme i.2. pariicies under C,6rm axd

0,0%mn respeciively,

Por a production ol 1 von ol vleacliiang; clay
apniroximately 2 tons of raw clay end 1,3 - 1,5 tons

oi ayarocialorid acid ic necded.

Tue activafion substantially improves Ddleaching
proveriies, 1t is supposed thnet nisiner activity ol
ventonite elter trcatmeant witih acid iz caused vy
ennancing of caiion e:chansze of acid alumosilicate

coiipound,




- 22 -

The refining of ainerzl oil and poreifing is done
by two difTerent ways so cazlled pexcolatvion metiaod and

ontacs metiod.

The percolation meticd nmay ve described as
filtraiion at the temperatuzre oI 35 - 95%¢, I% ic
carried out in a cylindrical vessel where tne dleaching
clay is placed on the sieve bottom, The refined oil or

-

arafTin Tlows through by its own graviiy. Firss

o

i

2 ions oF refined oils nave a better gquulity walle

tae last ones are of a lower guality.

The contact method is a process in which oils end
{ine-greined bleaching clay are mixed together and heated
upto the temperature of 85 - 110 °C, then cooled dovm
and filtered,

Th: percolation method is used for high qualiiy

oils and it is made wita neturel vleacaing clays.
The oils and paraifins of standard quality are
processed by contact method in which activated bentonites

are uszed,

Dota processes can we discontinuous or continuous,

;u
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Deicinination of bleaciing clay avility o

decoloricze oil is usually done by comparisci ol W

-

sleacning clayse “ue Tfirst clay

s N s ——
S A6 LegTLel Ond ILvil

|-+

J=te

en unkuown ebilily aand tiae otaer is o siandard one.

It is to ve found out vaai quantity ol odleaciaing;

clar is needed to achieve tTne same decoloriziny crirfect
as wisi: the standard one. The calour of oils is neasured

ty a colorinmeter,

Decolorizing of edible oils is mede by coxntact

o

etihod only. The piinciple of bleacuin; does not dlifer

-

too mucl fron the decolorizing of minergi oils,

The quanticy of dleaching clay needed for proper de- ‘
colorization veries Trou: 0,3 - 2,0 of clay in relasion '

vo tihe weixht of oil,

The activeted bleachins clays are mostiy uscd
Tor decolorizing o2 edidle oilg, Jometinies 2 small

1 ¢ activated chaircoal is added to vleacaing

'd
|_a.

clays when a periect reifining ol oil is to ve reacned.

Sleaching cleys nave substituted caemical de-

colorizing agents and at present time tiuey are cssenvial

in the oil refining processes,




Ze 3n; 0o ventonite in cleniical indusiry

—extonives pilgy an mporiant ole in cheuical
~Jocesses. Tney are used eiiner as carriers ol cabalrsis

or directly as catalysts.

The oentorites apply mestly in petroleun ovrocessing
indusiiy. There is a wide zange ol process2s wuaere jine

-

benvonites are used vut tae diggest quantity of ventonites

(0]

£0:s o cavalytic cracking. 3entoanite acts here zs a
catalyss and the product of this reaction i3 a2 hijli~ocisne

pesrol,

ce Tox tae Fuuevion o o
cavalyst cexrrier is assesged oan the vasisz ol cleaical
anelyeis (very impoirtant is low coantexnt of Lagé, sinea
the a0 decreases tle aciivity o tle caltaiyst).

(VAR

3crniion cadacity

=2y dilrection

e mosy reliadle dezerminnilon or suliowility
13 vsite tesving of a cavelysy on dlexperiacutal equipnment
Laving sinilar conditions as in production. i, Crperinent

taousa veing very expensive stays o fae wosi dGepencable
ore and praciicelly vae uain criferion Jor tne drbeimii-

zavion ov ventonice suitedility,
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Ficlein ol petrol must oo Lig.
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sotivisy of catalyst is o be kKepty on coiustanv levelr
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catalyst must be thermelly stadle - temperajture av

- Ta v PR * a - - - = 2"
iz craching is 4607C, regenerciion ol Ll
O

-t

it Pd - S - o o. B - e - R o | . D e A
josses oF catalyst muist 0t exceed 0,3 per welijzaw

cata-j"“ sus?t not riuctuate,

B
X

a

e

zood regeneratioan ability iz reguired ond Tinglly

in the last time venvonite iz suvsiiiuted Oy Zoolin

a5 o ciresiing catalyst. Koolins wave o zaiasy lower
catelyvic aciiviiy dutv on tnc ouler zZaiud lower v,

- S
conbtens in Xoolins nolie fuen nore sultovic Yor npoolessingg

or

Cc

o

P

mide peitrolewy with ndoh sulpaur conient waleh Ig

nreoveliling in the world nariet.




anotiier example oi tre use o bentonize is in Tae

pregaration o GreasesS. ¢reases are used in nany
masiines aad equipzent worlling under demanding conditlious
- high senmperatures, aigh speed, eic. - requiring

sreases wita better piroperties.

'he preparation of greasces for extreme conditvions

is based on properties of nydroprobic bentonite to meke

a statle gels when mized witz oils.

Benton 1te for these purncses nust be free irom
all nhard mineral particles and. furhermore. i is
2cessary to cunange a nydropnilic caaracier of ventonite
0 a hydrophobic one. Iydrophovization of bentonite is
- i o md 4 ot ety o
made oy exckizaging of anorganic cations (I, liz7) Ior

. CAX "a.-_v oONeS..

Senvonite greases are prepared ox vie vasis of

2 bentcn-ue veneficlated in sucn a way. nes2 [Ieases
are kunovn under the neme ol ventons. Luey ave a very

sood sreasing property witihin tae itemperaiuire an;e

Or'

vom 60°C o 200°C, inm aone cess 00

g up to 3GGTC, They

u‘

zave 2 pood mechanicel and osidizing stebilily,

Je Sentonite in peckin; technique

seatonites have a ;ood vapour adesorption abiliiy

‘ vhat enavles to uge ventonites ifor drying or aix
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aad industrial seses,

Zeviaor drying ebility nas tie ventonite tae clay

minerel g waica is Ca-moninorilleniste then mentonive

witin a-montmorillonite

sngineering and electrical producis are transportied

overseas packed in plastic Foils and into vals paciing

sizall cloth bags wita drying agent aie put. A cornmon

R

drying esent is silice gel.which is very cxpeasive an
expenses on silica gel mey react even 50i, of the total
pocking cost.

A1 esSsorniion capaciiy is a very imporitant pronerty.
3ilica el chows acsorpiion capacity ol 20 gramnies of
vepour per 100 zrammes oI drying arzent wihile venionite
nas tiae adscrpiion capacitj rataer lower 13 - 14 grau:es
per 1C0 grammes. All values are zgiven at 50t relative

auwnidity of eir and av the vemperature ov 25°¢.,

The cost of ventonite as drying agent il compared

witn silica el makes & - 10w only

2he avsorption cepacily of a suitedble bentonise

ig xeclatively stavle even aficr regzeneratio:n,

In Czechoslovaikia ventonite 1s pioduced as drying
esent unde" tne name DIIYDROCIL the nroperties of waich

are as Zollovic:

okt s
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parsicle sise (noodles) 2 = 10 = |
minus aesl. mavesial LI '
bull weizli 0, - 1,0 3/cz’ '?
pexinun moistur : i5 . i
cbsorption capacity - 14/100: E

Using o ventonites im asriculiure

Zentonites are applied in agriculture iz WO ys

depending on taeir p"ogurti S. Tney are procucis ol

-~ - : 3 - v

weatiaering of rocks and creat active componsnis & scil

colloids, Zroperiies of vemionive as cavion erclangs,
iy surlace eves, rneologicel »rcpeirtiesg, cozillarivy

and others play an impoitant role uere,

The preszence of ventonite .z suvil aclps Improving

s0il structurce, Sentonite iz vaerelore added prisarily

to o zandy zoil, thai means into goil witi: lecik ol cley

e second way oi use of bentonite- in agriculiure
zploivs its dispersion ability and survace aciivity
Zor a preparation ol zuspencions of waiters Zor tae

protection oI plants.

as 1t nas alieady veen seid ventonite ic added

iz solls wiaere it binds sand gralinc and tozetner with




roenic colloids a serpiion complex is Jomued. Somlonliile
is alie to comdine weier, i.e. 1 gimime of toatonive =ay
tind as aucz as 20 gremmes oI waler in a Jorm OU scaole
gel, ater vound this sy foras a siock 07 s0il water
needed for :.ants. Beatonite teing aydropailic in conthct
with waver it releascs 21 calories of neat of weitinge
3entoniia may thus be a thermel reguletion orf soil

and ray also influence an assimiletion~process in

plan‘ﬁs ®

desearch as well as p.aciical experiesnce :lave szoun

taat bentoniie rot only maxes The yield oi planis aigrer

but a2lso in meny ceses iuproves ever their gualiiy.

iddition of bentonite proved successZul in iae

arowing of cotton and tea in dry areas of time Soviet{
Union. Good results in the use of bentonite were aciieved 1
in growing ol cereals, vegetables, potatoes, corn and

iruit trees.

Bentonite Jor agricultural purposes is being
defined as: Bentonitic rock with certain content ol
montmorillonitic clay minerals of total sorption
cepacity from 20 mva%{loo 3 to 40 mval/l00 g.

Bentonites of this, a little low»» quality, are

available in many countries.
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Increasing oi cepillery voids in soil‘cansed by
sweliing vroperties ol bentouile as tne main eflect
o tenioniie im agricaliure con ve mentioned., Hizaer
nunver of capillary voids enables oinding o aigher
cuentiiy qf water whicih sudsvaniially imaroves vater
resime 23¢ microbial processes in soil, The gquantity
oz bentonite needed Ior Tvais purpose is rnotv very high
and reletively s00d resulis mey be achieved at-
reasonable cosis.

Trne cornsunpiion of dentoanite aenend on the pro-

o

perties o soil - thc more sandy SOll the more ventonite

is recessary to be added.

3envonit: moy be applied directly mized with

scrtilizers eitiner soiid or liguid.

Jro2 an economical point of vicw tac use of beniomniie
i3 very ellective, It results in aigner aarvest what
advove all is impcrtant'for countries witia laci or Ilood
and noreo7exr a proiit from aigher yicld out-valances

t2e expenses on ventoaile scverel times.

Sexntonites are also ueged ags carriers o agents
foz plait nrotection suci as pesticides and inseciicide-~,
Tae cezriers aust ve indilrerent agzinst taecse ggente,
surTiciently mechanically stable during handling, moisture
saould not exceed Ui, grain size is required to be lronm
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Pouliry fazming uses beatonite Zor tie preperaiion

ol srenulated Todde: wnerc vinding properiies ol

denionite are applied.

Bentonite in Tood indusiry

e us¢ of ventonite in produciion o edible oils
has alreads veen discussed. Bentonite applies inlfur%her
brancies of Zood indusiry e.g. iz sushr'nannfecture,
brewing indusiry, canning industry ard nazely in wae
production of wine,

Bentonite was used fox clarilicatior exd decolori-
zation of sugar cane juices., This process was success-
fully implemenied in sugar aamuraciure in Soutl: axc

Central America.

Pae production oi sugar irom sugsar veet ags it

ié Iknovm :einly in Zurope nowacays does not practically
use venionite. The use of ventonite Zor decolorizaiion
02 sucer veet Juiceg orougat some techanical provlems

to tne -ucar production process and was practically

witnglout successe

Proulems alzo ocurred when bentonite was used Ior
vhe ctabilization of beer, There are agents oxisting
in scome countries produced on the bacis of ventounite




v

- 32 -

o:it adsoruing properties - thery decrease iovel conuenw

cr piirogen navier. uUse 91 benvonive agemnis o

szavilisavion is not widely spread, ils applicaiion

has found plece in scie breweries only,

ine production of wine is tane food indusiry bdrenca
wnere ventonite has found iis widest applicetion.
Bentonite is comsidered to be the vest azent against
ursidily of wine caused by proteins. In meny couniries
waiere vae raiurel wine is produced ventoniie Is

essential,

It applles its colloidal propertiecs axné auiiiliy o
excnenge cations. .ioreover, veaitonite ic iner: and
digssoludble and does no% invluence iize ciharecserisiic

vaste o7 wvrine.

.- determinetion ol suitevility o dentonite iz
nade in the following way:

5 graizaes o? ventonite iz edded iato 100 nl or
water and mixed properly. Bentonite swells, roims
ayérogel waich is leZt at a standstill foir approx,.

2 nours, Znen 20 nl of tinis gel ig added into measusing
cylinder containing 1000 ml or distilled water and
aixed, aizied suspension must ve stevle and must not

settle dovmn at leest For 10 days, e sclution i.e,
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20 i oS el in 1000 i of waler is given inlo anguier

osesuring cylinder, accvic acid iz codded vo reac: 3,3 i

-

2esf TeimuenT, a- % P T 2 eamye Les? ATy cyeald 3 > 3 o~ Sl 3
A Jurvaer 20 = ol Iren ericaiorid is gdédod o IV is

3;0pexiy ;ixed 100, oseveral minuves loter preciniiszed
pariicles seitlie down to the voiton, The licuid zdove
e precinitated particles pecomes clear afler 12 hours;
I ooih ike descirib=d tests weve positive it reans

tnat tne oentonite is suitable for the treaimeai of

wines.

The quantity bf ventonite needed for the clgrifi-
cation of wine is determined experimentiaily. It varies
Trom 50 - 150 /100 1 of wine and depends on the sort
o7 wine and on the quentity of proteins present in

wine,

The effect of ventonite denends on the way ol

application, The application may ve following:

a) The ventonite is dosed into thae wine throush a sieve
end the wine is properly mixed with the dentonizte.

b) “ne oventoniie isspread et the surfacc of wins and
proper mixing takes place after 1 or 2 hours.

c) A 5% suspension of ventonite ir wine iz prepered
and left at a standstill for 12 - 24 nours ané then

it iz added to the correspordin; amount of wiae,

The mizing of wine with bentonite must be done

very carelully otherwise iv cculd neppen that an un-
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Mriier e use of venitonite vased on ils
rheological orope *ties will ne deolv wis:i.
5, Bentonite in Foundries
Benvonite in foundries is considered Vo be &=
essential rew material fae cu=licy of waicia could
infiucnce tne quality of castiazs, Proner aitenivion must
be ihereZorz given to o checiing of vervonitve itg2l?
and to the moulding matericls prepered Iroil vewnciiiive,
[

?ne use of tenitonive in Joundries mgy ve divided

according to tiae purpose as “ollows:

-

e2) JSentonite as an esscential viuder Yor Tle so called

v.eeen noulding process',. oand noulds annd cores ere

.

[utelogc

Lt

from bentonite mixitures viat lay e cast WiTioud

Aryinge —oleivimes 1T it may de nececsary tiie gullece

oi%nould acy ve gligavly predried vy a flen@s Dlicse
venvornice nixtures ave commonly used i steel dundries,

crey ivon Joundrics ond rolr Tue casting or on-suvlrous

. metal elloys, too,
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s g olacer

o

U) _enwonlte togetaer wiih watol gxass
in misiures celled Yoinding nixture with waier glassY.
id ectvive Mminding” chows Tiial These miutures posses

certvain gréen compression cirengia usually Iron 350

vo 550 p/sg.cn in conirast To mixiures wiil waiter

;lass that aave green compression sirengta very low

(100p/sq.cn maximum) and must ve hardened by carvon

¢ioxide, A combination of dinders - that oi dverionite

end water glass - enables to utilize advanteges of v0%h

ihe matters. :oulding nixiures oi bentonite and viever

fe))

1D vaiie

;la3s herden spontarneously in the a2ir, 0 spee
asrdening tae moulds may de dy-dried, These nmiztures

are used in sieel foundries, less corlten in grey iron

~oundries.

¢) loulding mixtures of natursl clayey cand waici are
uscd in grey iroa Poundries exist, Iliive is tae clay
nineral present in these neiturel mixtures uost oiten,
The contant of cley mineral vories, taerelore dentonl
iz orten uged in addition of 1 - 3 to iupiove and
stavilize properties o mnatural sand., e moiliir;
(

3 uged sand Fironm :ouldzs and cores casi)

<y
Lo
-
[P
<
E

circulating in CToundries loces purtially iss vianding
properiies, viic addition of bentonite helps keecping
the jreein compiession stiengtih a3 well ac permeanility

on tae recquired level,
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&) 3mell gquantity o bentonite is addec to mixtures
oF orzanic vinders agein to improve thelir surensi
Ia zzeen siate, The addéizion oF ventomive usually

doez not exceed U,8we

e) Senionite is also applied in paints tanat protect
sarTace of moulds and cores ageinst effecis ol

nolten metal. Paints are wmter suspensions of silica

cr
1]
-
G
iy
s
%
ot
®©
-

povrder, ?ine milled corundum, chenot, nagnesi

eic. lentcnite is addeé to tiis paints in the guaniity

od
sl
P
"
(3}
I
(¥}
=t
[¢7]
(O]
O
>
C:
'.o‘l
s

02 2 - 5, it prevenvs relatvively neavy
Toom sedimentavion.

‘e wide application =l venmtoniie in Toundiics

-

has enasied the Toundiymen To prepare mouliding sands of

required properiies.

Zentonite used as a »inder inZluences more Oor less
tie Tollowin; properties:

sreen compression stirengin

tendency vo drying of surface

permeadility

developnent of pases and Duwumes

dimensional stability of a mould

Green compression strengtn iz the nmost important

property of moulding sand and depends on plestic properties
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oY vinder, i.e. o7 vGentoniie., Green conpression sirengii
is expressed in pounds per sSq.cilte Values o green

compression streagth must be so igh %o enable casiing
in green ssaie. In most foundries sucn values ol

woulding sands lie in a range o7 700 - 1100 pounds/sg.ca.
4 determination of sirengtih is made with specimens of
cylindrical shepe prepared from a tesved moulding sand
vy ramming. Dimension of specimen are: 50 mm diameter,

50 rm neight,

Green conpression strengtih of bentonite moulding

mixtures varies depending on moisiure. From the

relations among moisture, Ireen compfession streﬁgth

ané permeaonility ensues & irule comnonly imowm in Toundries
- %ne mosf suitable ventoniioc micture iz that wilth ne-
Zinum permeavilitye. Houldin; nixture witit tae aigiest
sreen conpression strengtit ctSa-mavle with given

bentonite nas rotiuer low permeavility and low moiztuxc.
Juch a nixzture iz unusavle Tor foundry nurposes., it is

-

%00 dry and its use could cauze o casting derect,

0]

iiouldas and cores prepared Iron vais miniure dry very
auickly at the surfece, edses and corners arc riaovle,
Jand praine Trom moulding material et looseiled eid

enter a cesiing,

Proper determination of moisvure plays an inpouiant

role otaerwise even good veantonite nay get deteriorated,
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it casting geses and Twres occur whose quaxnitivy

dcnends ox she kind and count of Yinders. Bentonite
does not zive iise to ecxcessive guantiiy oi gases

what is its further advantage.

ind, finally, the last propexty which nay e
inlluenced by oventonite is a dimensional stabilily
of noulds at casting process. 3inders et casting
process shxrink, on the othner hahd silice sand changes
its dinensZons positi#ely. These Tacts aie of principle

siznilicance at preveniion o1 scacs foimation.

Scabs are serious castings defects that occur
in Joundzy orectice. “ne Iurmavion of scads occur
within a temperature range 300 - 600°C. Irrezular
and quick expansivility o cuartz at 573°C supporis
scata foiming. An explanation aad Turiier causes
g o2 scabs forming are Zar beyond tne scope ol Tiuis

lecture tnerelfore it cannot be diccusscd aere, on te
tner hand iT foundrymen want oprevent scading ventonite
witn the‘hiahest possible green compression strengiin
is to bc uzed. The most suitable is Ie-venionite
or Ca~venionite natrified witi sode.
At tae vegianing ol tTuis caapvesr wouldily
. adture Zrom ventonite and waver zlass as viuaderc was

senticned and it was nald taat groen compression strengta




L ]
-
vy v
5 .
Z
ﬁ..
=
i
V3
&
2
>
;:i L
i
Py
Sy
o
;
L

lies in Ghe range Trom 350 to 590 p/sgecn, Tnis mixiure

may ve aried in tie ooen 2ir or by-dried with a flane.

pio ¢ - O kp/eqe.cns a2 rioulds

a &

2he suponsuhr 1s eahenced

.
~

PN

teatad such & way arter casting pirocess produce casivings

without scads. Thaese moulding mixiures may ve vely

casily trested in such counttries wiiere a relaiive

aunidity ig low., On the other nand during tae rainy

season ior instance in India all eiforits to herden
bentoniie failed - water glass mixtures were uasatislachory
wing to the nigh humidity waich did not allow dArying of
the nizture andéd tacreby Zormation of hydrated Slass

viaich is the precondition o hardening.

Recuired properties ror bentonite nixiure are
diffTerent “oxr steel castings, grey iron castings exd

non-ierrous meval castings.

Steel castings - for machine moulding grecn compression
strength should be approx., 00 p/sgecu
- for nand noulding a nigher green
compression’ strensth is required
ranging from 00 - 1100 p/sqe.cm
Ceatings irom grey iron, non-ferrous metel axnc
iron iignt alloys = for machine moulding of small
castings 500 - 700 p/2q. cn
- vor nmacinine rioulding ol wigger

castings 600 - 800 p/sqe.cm
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- Jor hend mouldiag 600 - 1100 pfege.cm

Permeavility is anotiher properiy o e checked

moulding sands. 3entonite nas no iniluence on Jue

perneabiliity i ils contc2t is in thc renge Trom

o 105 wanat is tae range used in foundriecs.

Permeability may be defined as an ebilitvy of

raumed ioulding mixiure to let gases Tar~ugn iv.

Permeabiiity is given in normal unit o permeavility

and tie values are to %e irom 20 n. u., ». Tor the smallest

cas

are

tings up to 300 for sicel castings.

Let us now make a review of reguirements how they
specified by foundry experts.

Bentonite snould have the following properties

b

for the green moulding:

a)

b)

d)

hign green compression strengtn (good plasticity,
high content of montmorillonite and high soxpiion
capacity)

lcw sensibility to an excess of moisture (i.e. green
compression strength must not decrease substantially
if the moisture is even two times higher than the
optimun value

resigance against friapvility at the drying;
resistance against repeated heating at temperature

ranze from 300 to 600°C
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e) low content of Fe203 (mo.sinmum 12%,) and no carvoneies

) nigh Tineness of milling

It is not possivle to express all these properivies
in standards because suitavle tesis do not exist for
sone oF ihe above mentioned reguirements. The standards
o bentonite For foundry purposes usually speciiy
a value of cation cxchange, nminiuum 0T green compression
strenzth deteimined ai standard bentonite moulding
nixture, permeavility of the mixture, {ineness of
milling and moisture of the supplied bentonite, i1l
these properties do not cover all tThe coaditions to
waich e pentonite and moulding nmiciures are exposed.
liorever, Ghere are noi Girect relacions auong properties
o bentonite.-The bentonite wita catidn exchiange oz
o0 mval /100 y may have the green compression strengih
subgstantially lower than bentonite witii cation exchance
of 40 mvel/100 g only, The same considerably variéd
relations were found between cation exchange chi de-
colorizing efficiency., It is tuereZorc rescommendable
end in practice very offen applied to evaluat-:
ventonites under the conditions corresponding as
clogsely as possible to the oonditions in the production.
It means to stimulate in Toundries the conditions of
casting process which is dif7icult and thougi a number
of methods were tried a met.nod reliably evaluating

the bentonite for foundry use does not exist untill now,
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Thevbcntonite, nevertheless, is and will be an

. indispensavle binder used in Foundries. i1l eiforis
are paid to bentonite benaficiaiion wita the aix to
Sive to the Foundries a bertoaite or suca properties

$aat would enable a reliable cashing process,

7. Use of bentonite in ceramics

Bentonite is applied as a plastiification admixzure

in a form of a fine dispersed clay irn ceramics.

' Bentonite if added in e quantity from 3 to 5

= only enhances plasticity to improve workedility and

mechanical strength of products in green siate.

Systematic research in tnre Soviet union shows

the following possibilities of use of bentonite:

a) A certain type of bentonite may substitute as many as
20% of keolin in an earthenware body and 65 of kaolin
in China clay body without the white colour of vodies
being influenced. -

b) The bentonite decreases the temperature of sintering

4 hence it decreases the *iring temperature, too.

’ c) A wide interval between sintering temperature and

body refractoriness enables a production of ware with

a low or nigh porosity.




* a2 similiar erpporience nez veon net wisii in other couniri=s,

N

J00. These aavantageous proverties of denitonises

)
cnanle eithner To uge rav meterials of low gualisy Jox
ingsance less plasiic clays or variially they nay
suosiiitute nign vlestic clays.
e use of Jdentvonite orings o course soile Gis-
advaniazes, 100, 3entonite for instance worsens
Tiltration of slﬁrry, increases sarinkage énd viscosivye.
These problems could be solved with e use oI snrad
drying in place ol Iilter ovresses or with addition
ol deflocculants., all advantages ané aisgdvante;;c
are tc be jaken into account oand it is imporiani o
‘ cioose an opivimun alternative from bota Secanicel
A end econoniical point of view,
= .
é%; Tae content of oxides of iron, xan anese and
g? titenium rust not exceed 3% otherwise tile colouxr
g; ol vody could bve affected adversely.
%f
; These facts siow that the use of Leantonite in
ceramic iIndustry deserves proper atiention,
3. Zeutoniie_in civil enpgineerin;;
'
spplication of bentonite in bulding industry
’

is vased on its hydrophilic, thnixotropic and swelling
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nrove>ties. Dentonites afe used in a “orm oi suspensions

and pasivese.

Tater suspensions of bentonites enadle vo seal
rocis or nuge objects built veneatin the subsoil waver
level, The sealing of rocks end civil engineering
works ig mede in different ways.

Groutinz is a process when the suspension ol
ventonite wita watexr epplied to tiae pervious rock

prevenis water Trom seepage.

A cement suspension is used for the sane purpose
the adventiege of bentonite suspension is that it ia
a better seeling medium than cement suspension.
Paiticles o ventonite ere Iiner than taose acernent
and in voids and leakages they swell preveating tiaus

tue seepage o7 water,

s resistance of bentonite againet weater wita
deleterious ellects is aigher glso taan tue wesictance
n{ cement. lentonite suspensions on s¢ac otier acnd aave

a smaall sirentin and may ve wasiaed oy vy Swbsoil woier,

A furtier way of hentonite suspension application
is a sealing ol bottom and slopes ol canals and dams,

This application nas a big significance at the tizghtcning



- 45 -

of irrigating cespals where it prevents the leakage of

water,
There are some other technologies of bentonite

suspension application but their description is out
of the scope of this lecture.

Use_of bentonite in drilling orocesses

Colloidal and rheological pioperties of bentonite
suspensions have found a very important application in
geological survey.

Drilling fluid is prepared from bentonite and is
used for drilling of crude oil, coal, ore, natural gas
and mineral rea materials.

The mein tasks of drilling fluid are:

1, to consolidate walls in the drill at a time
of drilling

2. to slow down the sedimentation of drilled earth

3. to help to transfer the drilled material from the
drill to the surface

4, to create a thin, impermeable and elastic leyer
on the drill surface that prevents the natural gas
and water from intruding into the drill
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R 5. to cool a drilling pit and to lubricate dxrill rods

2ne drilling fluid conteins from 6 to 8% of bertonite
if it is sodium bentonite., Calcium bentonite is less
suitavle for the preparation of drilling fluid. It is
necessary, for the preparation of drilling fluid from
calcium bentonite, to use substantially higher amount of
this type of bentonite to obtain drilling fluid with
suitable prbperties. This influences very infavourably

: the use of calcium bentonite in drilling technique and,
hence, it is preferred to use natrium bentonite instead.
%;;

%; The consumption of bentonites for drilling purposes
%:ﬁ, . is rela.tively high; in the USSR it amounts to almost one
.“'_,’5 half of toial bentonite production and in the USA one third

of the total bentonite production.

The amount of drilling works grows and simulteneously
grows tine consumption of the drilling fluid containing
bentonite and the requirements on the properties of drilling

fluids are higher,too.

10, Bentonite_in pharmaceutic_and cosmetic_industry

3entonites may be used in pharmacy and cosmetics
. either directly or as auxiliary agents., The direct use

of bentonite is based on its adsorbent and antacidic
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oroperties., 3entonite is a component of some oinixents,

pills, pastes,

YWater suspensions of bentonite with bentonite
content higher than 10% create a gel that enables
using such gel as a base for a preparation of ointments,
The advantage of bentonite is that bentonite is a very
well compatible with almost all other components,

It is also known that for X-ray diagnostic of
stomach water suspension of barium sulphate is used.
Bentonite is added to this suspension in the amount
of 5% what prevents the sedimentationof heavy particles

of barium sulpnate.

Bentonite is a frequent component of different
cosmetic products such as soaps, pastes, creems, etc,
Bentonite replaces the part consisting of fats in taese

productse.

The consumption of bentonite in pharmaceutic
and cosmetic industries, of course, is not bige. The
requirements for the quality of bentonite for these

purposes, on the other hand, are high,
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Use of bentonite in other industrial brancies

So called organoventcnites what are products
of reaction between bentonite and suitable organic

matter, have found an application in paint and

varnisa indusirye.

Bentonite as auxiliary filler may be used
for the production of paper for technical purposes.
The addition ol bentonize'enables to increase the

apount o filler, i. e, kaolin in the paper mass.

3entonite in textile incdustry is used as
e wasning and degreesing agente.

There are many otaer examples and possibilities
wnere bentonite may be used and tasy all identily

ventonite as a very important and useful materiel.







