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The tmbibograph consists of (1) a sorption part, (2) an analytical
balance adapted for an electrical weighing of liquid absorbed in the
course of time, and (3) a recording system. T'he sorption part consists of
two small glass vessels containing the liquid used (most often distilled
water), connected with flexible tubing. In the first vessel, fixed on a
holder outside the analytical balance, the liquid reaches wp to a fritted
glass which is overlain by a dense filter carrying a pressed sample. T'he
second vessel, resting on the left pan of the balance, contains a sufficient
reserve of feeding liquid. The tmbibometric curve expresses the ratio
sorption weight/time. T'he 200 mm range of the recorder scale may be
adjusted for the required sensitivity between 20 mg and & grams, which
permits the different tmbibition rates and capacities for various sub -
stances to be followed. ach batch of clay materials (or any insoluble
powder) s most often 0.500 g, the temperature of the liquid being
20°C + 2°C.

Laamples of imbibition curves and a survey of imbibometric data of
various clay minerals and clays from well known localities are presented.

INTRODUCTION

Imbibometry is a method for following the soaking up of a suitable liquid
into an aggregate consisting of clay minerals and/or various powdered materials
[KoNTA, 3, 4]. What is being examined and evaluated is either the behaviour
of a water drop and an ethylene glycol drop on evenly ground section of dry
clay or the imbibition of a liquid into clay or other material in a sorption
apparatus. FREUNDLICH, ScHMIDT and LiNDAU [2] and FREUNDLICH, ENSLIN
and LINDAU [1] used a sorption apparatus in which the sorption of water by
powdered material was examined; according to their method the material
studied is piled into the shape of a small cone on a porous even surface. KoNTa
[5] used dry clay cut into a solid prism whose base, of area 100 mmz2, was
flush with the bedding; he showed that for imbibometry it is most suitable
to press powdered material — under constant conditions —into the shape of a
small cylinder whose circular imbibition base is 100 mm2. The introduction of
pressed cylinders instead of cones of a loose material, whose non-constant
shape cannot be precisely defined, led to an improvement in the reproducibi-
lity of results. In addition, the application of Enslin’s sorption apparatus
required the attention of one worker observing and recording the decrease of
the liquid in a pipette at certain time intervals. The authors of this paper
endeavoured to design and construct an apparatus which would automatically
and continuously record the soaking of a liquid with reliable precision and
reproducibility.

An evaluation of the behaviour of a drop of liquid on a ground section of
clay, or of the imbibometric curves of diverse powdered and pressed materials
is useful in investigating some physical properties such as specific surface area,
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swelling intensity, porosity, orientation of anisometric particles, influence of
sorbed ions, relative geological age etc. [KonTa, 5, 6; KonTa and BoSevska, 8].
In many cases, imbibometry may be applied for a 1ap1d identification of clay
minerals or admixtures occurring in clays and soils. Imbibometry has also
been a decisive method aiding the solution of problems in industrial production
[KoNTa, 6, 7].

AN ELECTRONIC IMBIBOGRAPH BASED ON THE
PRINCIPLE OF AN ANALYTICAL BALANCE

The basic components of the apparatus

A basic part of the apparatus isan analytical balance adapted for electrically
recording the weight of liquid sorbed in relation to time. The sorption part
of the apparatus is composed of a small glass vessel 4 (fig. 1) fixed on a holder
outside the analytical balance, with a horizontal fritted glass (#) to which
the liquid reaches. The fritted glass is overlain by a wet dense filter on which
is laid a pressed tablet (C) of the material studied. A thin flexible tube (P)
connects the liquid in the sorption vessel with a reservoir of liquid in another
glass-vessel (B) resting on the left pan of the balance. The circular reservoir
vessel has a diameter of 50 mm so as to render the error due to falling liquid
level as small as possible. The thin flexible tube of silicon rubber does not move
during measurement and does not influence the result of measurement. The
necessary height difference between the upper surface of the fritted glass and
the level of the liquid in the vessel B is shown in fig. 1.
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Tig. 1. Scheme of the imbibograph.

Recording system

This system is based on the principle of balance beam deviation compensa-
tion; the beam remains practically stationary during the different loading
of the balance plates. This secures a stable position of the liquid level in the
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vessel B in relation to the vessel 4, as well as a more linear dependence be-
tween the output voltage and the force acting on the stirrup and the influence
of the thin tube P connecting both vessels is substantially decreased. The
decreasing weight of the vessel B during the liquid’s imbibition by the sample
examined is continuously measured electrically and recorded by a line recorder.
In this procedure a MEOPTA analytical balance was used, supplemented by
a sensor, which followed the position of the balance beam, and by a compensa-
tion device.

The balance beam position sensor is located in the left damper of the analyti-
cal balance and consists of two parts (fig. 1): (1) a coil fixed on the firm lower
part, (2) a ferrite core attached to the left stirrup of the balance. An oscillator
and auxiliary electronic circuits (fig. 2) are located outside the balance box.
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Irig. 2. Schematic diagrem of the sensing device.

The resulting direct-current signal is fed into the control amplifier, whose
set-up is very simple. It consists mainly of an integrated operational amplifier
of the #A 709 type with a power stage and damping circuit. A simplified dia-
gram of the control amplifier is presented in fig. 3. Under the right-hand
stirrup of the balance is attached a control coil into which a permanent ferrite
magnet is inserted, extending to about half the coil’s length. This secures a
inear proportionality of the current flow in the coil to the load of the balance
beam. When the load of the beam changes, the ferrite core’s position changes
slightly and the sensor delivers a signal to the control amplifier. The change of
current in the coil causes a change in the strength of the magnetic field of
the control coil, which acts upon the permanent magnet so as to induce the
balance beam to return to its original position. In order to avoid any oscilla-
tion of the beam due to its delayed action, there must be a suitable damping
device. The choice went to electric damping, produced by connecting a suitable
circuit of negative feedback to the control amplifier (resistors R,, B3 and I
and a condenser C; — fig. 3

The magnitude of the current through the control coil is taken as the voltage
across the serial resistor Iy (fig. 3). This voltage is measured and registered by
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a ZEISS line recorder. The 200 mm range of the recorder scale may be varied
by resistors R, changes at amounts from 20 mg to 5 g of the liquid sorbed;
this is important in investigating substances of very different imbibometric
capacities.
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Fig. 3. Schematic diagram of the control amplifier.

Measuring procedure

Before commencing imbibometric recording it is necessary to check whether
the temperatuve of the liquid used is 20 °C 4+ 1 °C. This secures a nearly con-
stant viscosity and surface tension of the liquid. First, the system of balance
and recorder is switched on and the zero time is recorded. The pressed cylinder
is laid on a filter paper resting on the fritted glass of the sorption vessel. The
reservoir vessel B contains an amount of liquid many times exceeding the
amount of liquid sorbed. If before the end of the analysis the sample has soaked
up an amount of the liquid whose weight exceeds the chosen range of the
recorder scale indicated in grams (from 0.02 g through 0.05g, 0.1g, 0.2 g,
05g,1g,2gto5g), a certain accurately measured amount of the liquid of
temperature 20 °C 4 1 °C and weighed with accuracy of 0.001 g may be added
to the reservoir vessel B, so that the recording stylus can return to the registrat-
ion paper and record the further imbibition of the liquid as desired.

In most samples and for common purposes the imbibition is usually followed
for 15 minutes, while at other times imbibition may be prolonged to 8 hours
and in some cases to several days. When the recording is intended to be long-
term it is possible either to slow the course of the paper or after a normal
recording during the first 15 minutes of soaking the apparatus may be switched
off and then switched on a suitable predetermined intervals.

Pressing

About 1.5 g of each representative sample is powdered in the dry state in
an agate or porcelain crucible, laid on a watch-glass and put in a desiccator
above a layer of granulated Ginovei bentonite having a high montmorillonite
content and capability of intensive sorption. After 24 hours of maturing in the
desiccator, a batch of exactly 0.500 g of the powdered sample is pressed in
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a cylindrical mould at a pressure of 3 MPa (30 kp/em?) for a standard time
of 5 minutes or under other constant conditions. The pressing operation is
arranged so as to produce uniform bulk density throughout the whole sample.
The base of the pressed cylinder is 100 mmz2.
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Iy, 4. Imbibometric curves of several smectite materials with indication
of chosen percentiles.

IMBIBOMETRIC CURVES OF CLAY MATERIALS
AND VALUES CHARACTERIZING THESE CURVES

The imbibometric behaviour may be investigated on any kind of powdered
material which is insoluble in the liquid used. Clay minerals in unconsolidated
agegregates are ideal for the purpose of imbibometry, even when minute grains
and particles of non-clay minerals are present. The size and shape of the crystals
in such aggregates, the crystallochemical composition, liability of some mi-
nerals to swelling, the nature of the ions sorbed, the character of flocculation
and coagulation or aggregation may influence significantly the shape of
imbibometric curves if the investigation is carried out under the other con-
stant working conditions. When the clay material does not contain swelling
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minerals or when they are accessory only, then during the initial 15 minutes
of sorption, the course of an imbibometric curve is the result of penetration of
water (or other suitable liquid) into pores in dependence on the size and shape
of the crystals and their arrangement in the aggregate pressed under constant
conditions [KonTa, 7]. For instance, KonTa [7] has shown that imbibometric
curves may be correlated with dry strength and with the apparent viscosity of
washed kaolins. In the Karlovy Vary washed kaolins the dry strength values
increase with decreasing imbibition, while the apparent viscosity values of
thickened suspensions rise with increasing imbibition, as shown by the imbibo-
metric curves. The degree of imbibition may be most simply expressed as the
average of three suitably chosen time percentiles given in milligrams of water
soaked, when the initial 15 minutes of imbibition are regarded as 100 per cent
of time, i.e. as (Pis + Pso + Psa) : 3. But in evaluating an imbibometric
curve it is necessary to take into account not only the mean measure but all
the three percentile values, and also the resulting value for the chosen 100 9/
imbibition time. The significance of these values is evident from figs 4 and 5
and table I.

Fig. 4 illustrates a short-term imbibition of various clays with a high smectite
content. The character of an imbibometric curve depends not only on the
crystallochemical composition, size and shape of crystals but, in montmorillo-
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Iig. 6. Imbibometric curves of clay materials rich in
kaolintte with indication of chosen percentiles.

nites, especially on the nature of sorbed cations which are hydrated to different
degrees during penetration of water. For this reason, the short-term (15 minute
soaking) imbibometric curves of montmorillonite materials are so different,
irrespective of the influence of some further mineral admixtures.

Fig. 5 shows the shapes of imbibometric curves at an eight times wider
range of mg values of soaked water; the time range on the horizontal axis
remains the same. _

In clays where kaolinite prevails and in washed kaolins in which kaolinite
is crystallized to different degrees and where the distribution of pores also is
non-uniform, the imbibometric curves display a more uniform course (fig. 6).
In most cases the differences between the curves may be interpreted by the
fact that the finer the material, the slower is its soaking up of water during
the initial few minutes of sorption. Kaolins and clays containing coarser
kaolinite crystals, such as those from Georgia or Kaznéjov, or non readily
disintegrable aggregates of a clay mass or those with a somewhat coarser
clastic admixture display a more rapid imbibition rate, especially at the
beginning of sorption. Blue bonding clays containing kaolinite pM and a consi-
derable proportion of mixed illite-montmorillonite clay material are characteri-
zed by slow initial sorption.

The presentation of a great number of imbibometric curves expressing
sorption after a short-term and an optimally chosen long-term soaking would

greatly extend this paper, so the curves were evaluated and their characteristic
values are given in table I.
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CONCLUSION

The imbibograph, an apparatus for automatically recording the amount of
water or other liquid soaked up in relation to time by a suitably prepared
clay material or any other kind of insoluble powdered material yields reliable
reproducible results. Clay minerals, clay rocks and other materials closely
related to them represent systems displaying characteristic physical and
physico-chemical properties which are primarily due to the crystal structure
of the mass particles present, their surface energy, the various ions bound by
electric forces on their surface and in interlayer spaces, as well as to the size
and shape of crystals and their state of aggregation. During imbibition of water
into a pressed aggregate, free pores between crystals are filled, ions on the
surface as well as in interlayer spaces in some clay minerals are hydrated,
and sorption of individual water molecules takes place; all this may lead to
swelling and to enormously intensive soaking of the liquid phase. Animportant
prerequisite for optimal interpretation of imbibometric curves is knowledge
of the material composition of the samples studied, obtained for instance by
X-ray and microscopic studies, and the theory of their physical and chemical
properties.
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AUTOMATICKY PRISTROJ PRO IMBIBOMETRICKE
STUDIUM JILU

Vladimir Tolar, Jifi Konta
Katedra petrologie, Universita Karlova, Praha

Imbibograf se skladda ze (1) sorpéni éasti, (2) analytickych vah upravenych pro
elektrické vazeni kapaliny vsdklé v ¢asové zavislosti, (3) zapisovaciho systému. Sorpéni
éést se sklddd ze dvou malych sklenénych nddob, obsahujicich kapalinu (nejdastéji se
uzivd destilované vody), spojenych pruznou hadié¢kou. V prvé nddobce, upevnéné na
drzaku mimo prostor analytickych vah, sahd kapalina az k frité, pokryté hustym
filtrem (modrg pdska), na néjz se poklddd vylisovany vzorek jilové hmoty. Druhd
ndadobka, spoéivajici na levé misce vah, obsahuje dostateénou zasobu uzité kapaliny.
Imbibometrickd kiivka vyjadiuje vztah vdhy sorbované kapaliny k dobé vsakovéni.

itka zdpisu je 200 mm, avsSak pozadovanou citlivost lze upravit v rozsahu od 20 mg
az do 5 gramu, coz umoziuje sledovat rtizné imbibiéni rychlosti a kapacity v zdvislosti
na povaze studovanych latek. Navdzka jilového materidlu (nebo jakéhokoliv neroz-
pustného prdsku) je nejéastéji 0,500 g, teplota kapaliny béhem vsakovéni 20 + 2 °C.
Jsou uvedeny piiklady imbibometrickych kiivek a piehled imbibometrickych dat
raznych jilovych minerélii a jila ze znamych zahraniénich i 8eskoslovenskych lokalit.
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Obr. 1. Schéma imbibografu.

Obr. 2. Schematicky diagram snimaciho zaiizent.

Obr. 3. Schématicky diagram regulaéniho zesilovade. - .

Obr. 4. Imbibometrické kitvky nékolika smektitovych minerdld s wvedenim zvolenych
percentil.

Obr. 5. Imbibometrické kiivky krdatkodobé sorpce a oznadent dlouhodobé sorpce rdzmyjch
jtlovych minerdli.

Obr. 6. Imbibometrické kiivky jilovych minerdld bohatych kaolinitem s wvedenim zvo-
lengjch percentil.

ABTOMATHUECKUWII TIPUBOP MJIA UMBUBOMETPUYECKOTO
NCCJEIOBAHHUA I'JIITH

Baagumup Tonap, Mpaar Korta

Kagbedpa nempoaoezuu, Paryavmem ecmecmeennvix nayr Hapaosa ynusepcumema, Ilpaza

InGnGorpad) cOCTONT 118! NOMIIOTHTEILHON YacTit (1), aHAJNTIIECKUX BECOB (2), mpucmo-
COOJICHHBIX JPIA DIIEKTPHUECKOr0 H3BEIIHBAHHS JKIJIKOCTH, BIINTHIBAIOIEIiCsI B 3aBHCHMOCTI
0T BpeMeHH, perucTpupyiomeii cicreMsl (3). IlorioTuTeNLHAS YaCTH COCTONT H3 IBYX HEOOIIL-
WX CTEKIAHHLIX COCY/IOB, COMEPKANIMX KIJIKOCTD (YaIre BCero JUICTHJIINPOBAHHYIO BORY)
1 COGUIHEHHBIX THOKMM IiaHroM. B mepBoM cocyje, HaXojdiicMcsi BHE aHAJIMTHIECKHX
BECOB Ml YRPEILIEHHOM K JICPKATENI0, YPOBEHL KHAKOCTH JIOCTHrAaeT (PPHTTHI, MOKPLITOI
IZIOTHBIM (DILIBTPOM (CHHAA IOJIOoca), Ha KOTOPGLIH KJIAJYT IPecCOBAHHLIH 0Opa3er, Macchl
raael. BTopoii cocy, HaXoAIMmiics Ha JIeBOIl JaIlKke BECOB, COAECPKHT JIOCTATOUHOE KOJIIH-
4ecTBO TMPHMEHEHHOI »xuarocTH. IMOnOoMeTpIvecKas KpmBas BhIpasaeT OTHOIIEHIE Beca
poriIonraeMolf SKIJIKOCTH K BpemcHH BiuThiBaHHA. [Ilmpmua 3ammen 200 MM, OfHAaKO Tpe-
OyeMyI0 UyBCTBHTEILHOCTh MOKHO IIOJIYIHTL B Ipejesnax or 20 My jio S H TakuM obpasoM
J14aHA BO3MOKHOCTDL HCCJEOBAHIA PA3HOI CKOPOCTH IMMOHOMITMH I MOITHOCTH B 3aBHCHMOCTH
OT Xapaxrepa HcclefyeMbIX BellecTB. J[03a rilMHICTOro MaTepmnalia (M J1000ro HepacTBO-
puMoro mopouika) uame Bcero cocrasiser 0,500 r, Temmeparypa skmaxoctn 20 4 2 °C.
Jdazee npuBojiATCSE MpHMepsl MMOHOOMETPIUeCKIIX KPHBGBIX I B 0030ope nMOibomeTpiraeckie
JAHHDIC PAa3HLIX [VIHHICTLIX MIHCDAIOB I IVIIH U3 UEXOCIOBAIKIX HIH H3BECTHHIX 3arpa-
HIYHBIX MECTOIIaXOMICHMIT.

Puc. 1. Cxesma umbubozpaga.

Puc. 2. Cxemamuneckas Ouazpamsa pesucmpupyloweil YycmaHosru.

Puc. 3. Cxemamuueckan duazpasmma pesysayornozo ycuiumeas. ;

Puc. 4. Hmbubomempureckue kpugble HECKOALEUT CAEKMUMHLIEY MUHEPAR0E C N0P0O PAHHLIAL
nepyermuLasL.

Puc. §. Hsmbubomempuneckue Epusvle EpAmEOSPEMEHIOE CopOYUU U  NPoOOAICUMEALHOL
COPOYUL PAZHLIX AUHUCINLIE MUHEPAL0G.

Puc. 6. Hyububomempuueckue Kkpusble 2AUHUCINLIY MUHEPAL0S, 602aMBIT K&OAUHUINOM € NO-
900 parHblMU NEPYEHINUAAMU.
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