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The imbibograph consists oj (1) a sorption part, (2) an analytical 
balance adapted for an electrical weighing oj liquid absorbed in the 
course oj time, and (3) a recording system. The sorption part consists oj 
two small glass vessels containing the liquid used (most often distilled 
water), connected with flexible tubing. In the first vessel, flxed on a 
holder outside the analytical balance, the liquid rnaches iip to a f ritted 
glass which is overlain by a dense fllter carrying a pressed sample. The 
second ves sel, resting on the lef t pan oj the balance, contains a suf flcient 
reserve oj feeding liquid. The imbibometric curve expresses the ratio 
sorption weight/time. The 200 mm range oj the recorder scale may be 
adjusted for the required sensitivity between 20 mg and 5 grams, which 
permits the cliff erent imbibition rates and capacities for various sub -
stances to be followed. Each batch oj clay materials (or any insoluble • 
powder) is most often 0.500 g, the temperature oj the liquid being 
20 °0 ± 2 °0. 

Examples oj imbibition curves and a survey oj imbibometric data oj 
various clay minerals and clays from well lcnown 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 powclered materials 
[KONTA, 3, 4J. What is being examined and evaluated is either the behaviour 
of a water drop and an ethylene glycol drop on evenly grouncl 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, EN'SLIN 
and LINDAU [l] used a sorption apparatus in which the sorption of water by 
powclerecl material was examinecl; accorcling to their methocl the materia.l 
tuclied is pilecl into the shape of a small cone on a porous even surface. KONTA 

[ó] usecl clry clay cut into a solicl prism whose base, of area 100 mm2, was 
flush with the beclcling; he showecl that foť imbibometry it is most suitable 
to press powclered material - under constant conditions - into the shape of a 
ma.11 cylinder whose circular imbibition base is 100 mm2 . The introduction of 

pressecl cylinders instead of cones of a loose material, whose non-constant 
hape cannot be precisely clefined, led to an improvement in the reproducibi

lity of results. In addition, the application of Enslin's sorption apparatus 
requirecl 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 
endeavourecl 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 
i useful in investigating some physical properties such as specific surface area, 
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swelling intensity, porosity, orientation of anisometric particles, inflttence of 
sorbed ions, relative geological age etc. [KONTA, 5, 6; KONTA and BošEVSKA, 8]. 
In many cases, imbibometry may be applied for a rapid 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 AN ALYTICAL BALANCE 

The bas ic  comp onen ts  of  the  apparatus  

A basic part of the apparatus i s  an 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 A (fi.g. 1) fixed on a holder 
outside the analytical balance, with a horizontal fritted glass (F) to which 
the liquid reaches. The fritted glass is overlain by a wet dense filter on which 
is laid a pressed tablet (O) 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 rub ber 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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F'ig. 1. Scheme oj the imbibograph. 

Recording  system 

This system is based on the principle of balance beam deviation compensa
tion; the beam remains practically stati01ia.rý 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 A, 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 liquiďs jmbibition by the sample 
examined is continuously measured electrically and recorded by a line recorder. 
In this procedure a M:EOPTA 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 lbcated outside the balance box. 
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Fig. 2. Schematic diagram oj the sensing clevice. 

The resulting direct-current signal is fed into the control amplifier, whose 
et-up is very simple. It consists mainly of an integrated operational amplifier 

of the µA 709 type with a power stage and damping circuit. A simplified dia-
2Tam of the control amplifier is presented in fig. 3. Under the right-hand 
tirrup 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 
linear proportiona.lity of the current flow in the coil to the load of the balance 
beam. vVhen the load of the beam changes, the ferrite core's position changes 
::liohtly and t4e sensor delivers a signal to the control amplifier. The change of 
cmTent 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-
ion 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 
circllit of negative feedback to the control amplifier (resistors R2, R3 and Rs 
and a condenser 01 - fig. 3). 

The magnitude of the current through the control coil is taken as the voltage 
across the serial resistor Ri-(fig. 3). This voltage is measuted 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 1 changes at amounts from 20 mg to 5 g of the liquid sorbed; 
this is important in investigating substa.nces of very different imbibometric 
capacities. 

c.c 

F'ig. 3. S chematic diagram oj the control amplifier. 

Measuring  procedure  

Before commencing imbibometric recording it is necessary to check whether 
the temperature of the liquid used is 20 °C ± 1 °0 .. 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 tlu·ough 0.05 g, 0.1 g, 0.2 g, • 
0.5 g, 1 g, 2 g to 5 g), a certain accurately measured amount of the liquid of 
temperature 20 °C ± 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 itnbibition 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 dm:ing the first 15 minutes of soaking the apparatus may be switched 
off and then switched on a suitable predetermined intervals. 

Press ing  

About 1.5 g of each representative sample i s  powdered in the dry state in 
an agate or porcelain crucible, laid on a watch-glass and put in a desiccator 
abo_ve a layer of granulated Ginovci 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 rnould at a pressure of 3 MPa (30 kp/cm2 ) 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 mm2 . 
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Fig . .4. Imbibometric ciirves oj several srnectite rnaterials with indication 
oj chosen percentiles. 

IMBIBOlVIETRIC 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 
aa11regates ar,e ideal for the purpose of irnbibometry, even when minute grains 
and particles of ncm-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 fl.occulation 
and coagulation or aggregation may influence significantly the shape of 
imbibometric curves if the investigation-is car:izied out .under the other con
� ant working conditions. Wheh the cl/;1,y. 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, whilé 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 (P16 + P50 + P84) : 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 % 
imbibition tiine. The significance of these values is evident from figs 4 and 5 
and tahle I. 

Fig. 4 illustrates a short-term imbibition ofvarious clays with a high smectite 
content. The character of an imbibometric cuťve depends not only on the 
crystallochemical composition, size and shape of crystals but, in montmorillo-
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F'ig. 6. I mbibometric curves oj clay materials rich in 
kaolinite with indication oj 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 wat.er; the time range on the horizontal axis 
remains the same. 

In clays where kaolinite prevails and i11 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 cluring 
the initial few minutes of sorption. Kaolins ancl clays containing coarser 
kaolinite crystals, such as those from Georgia or Kaznějov, 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 boncling clays containing kaolinite pM and a consi-. 
derable proportion of mixed illite-montmorillonite clay material are characteri
zecl 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 tahle I. 
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CONCLUSION 

The imbibograph, an apparatus for automatically recording the amount of 
waj;er 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 individua! water molecules takes place; all this may lead to 
swelling and to enormously intensive soaking of the liquid phase. An important 
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 che:inical
properties.
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AUTOMATICKÝ PŘÍSTROJ PRO IMBIBOMETRICKÉ 
STUDIUM JÍLŮ 

Vladimír Tolar, Jiří Konta 

Katedra petrologie, Universita Karlova, Praha 

Imbibograf se skládá ze (1) sorpční části, (2) analytických vah upravených pro 
elektrické vážení kapaliny vsáklé v časové závislosti, (3) zapisovacího systému. Sorpční 
část se skládá ze dvou malých skleněných nádob, obsahujících kapalinu (nejčastěji se 
užívá destilované vody), spojených pružnou hadičkou. V prvé nádobce, upevněné na 
držáku mimo prostor analytických vah, sahá kapalina až k fritě, pokryté hustým 
filtrem (modrtí páska), na nějž se pokládá vylisovaný vzorek jílové hmoty. Druhá 
nádobka, spočívající na levé misce vah, obsahuje dostatečnou zásobu užité kapaliny. 
Imbibometrická khvka vyjadřuje vztah váhy sorbované kapaliny k době vsakování. 
Šffka zápisu je 200 mm, avšak požadovanou citlivost lze upravit v rozsahu od 20 mg 
až do 5 gramů, což umožňuje sledovat různé imbibiční rychlosti a kapacity v závislosti 
na povaze studovaných látek. Navážka jílového materiálu (nebo jakéhokoliv neroz
pustného prášku) je nejčastěji 0,500 g, teplota kapaliny během vsakování 20 ± 2 °C. 
Jsou uvedeny příklady imbibometrických khvek a pfohled imbibometrických dat 
různých jílových mineréJů a jílů ze známých zahraničních i československých lokalit. 
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Obr. 1. Schéma imbibografu. 
Obr. 2. Schematický diagram snímacího za-řízení. 
Obr. 3. Schématický diagram regulačního zesilovače. 
Obr. 4. I mbibometrické křivky několika smektitových minerálu s uvedením zvolených 

percentil. 
Obr. 5. Imbibometrické křivky krátkodobé sorpce a označení dlouhodobé sorpce ruzných 

jílových mineráli°I,. 
Obr. 6. Imbibometrické křivky jílových minerálu bohatých kaolinitem s uvedením zvo

lených percentil. 

ABTOMATHqECHI11ii ITPHBOP ,D;JIH HMBJ;IBOMETPW-IECHOro 
HCCJIE,D;OBAHHHrJIJ;IH 

Brrap;Himp Torrap, Mplim HoHTa 

Ka<j3e8pa nempoJ1,oeuu., <J3ai.yJ1,b,ne,n ecmecmaennbix nay1;: R:apJl,Olla ymwepcumema, Ilpaea 

J,b1fo16orpacp COCTOHT H3: I IOrJIOTHT0JibHOH 'IaCTH (1), aHamITH'IeCIUIX necon (2), np11crro
co6JieHHblX AJill :JJI0I<TpH'I0CKOro M3B0illHBUHilll >KHAIWCTH, BI IHTbIBaro111eiic11 B 33BHCHMOCTH 
OT npeMeHH, perHCTpHpyro111e.ií: CHCT0Mbl (3). IlorJIOTMT0JlbH311 qacTL COCTOHT HS p;nyx He60Jib
IIJIIX cTermnHHbIX cocyp;on, cop;epma11111x m11p;1wcTb (qa111e ncero p;rrcT11Jim1ponannyro nop;y) 
II C00AHH0HHbIX rH6m,1�! illJiaHrOM, B rrepnoM cocyp;e, HaXOAlll1\0MCfl BHe aHam!TH'I0CKHX 
necon R yr<perrrreHHOM I< p;epmaTemo, yponeHb nrnp;1wcTr,r p;ocnrraeT cppHTTbI, rror<pbITOŘ 
IIJIOTHblM cpHJibTpOM (CHHl1ll IIOJIOca), Ha IWTOpbIŘ I{JIUAYT npecconaHI-Iblli o6paaea; MaCCbl 
rm!Hbl. BTopoi":í COCYA, HaXOA111:0:HliCl1 Ha JI0BOH qamr<e B0COB, cop;épmHT AOCTaTO'IHOe I{QJIH
qecTBO rrpaMeHeHHOli nmp;I<OCTH. J,b161160MeTpH'I0CI<af! I<prrna11 BbrpamaeT OTHOill0HHe Beca 
IIOrJIOl.I(aeirnii nrnp;IWCTII I{ npeMeHH BIIHTbIBUHHl1. IIIHpHHa aamrcH 200 MM, op;HaI{O Tpe
óyeMyro 'IYBCTBHT0JlbHOCTb MOnrno I lOJIY'IHTb B rrpep;eJiax OT 20 Mr AO 5 r H TaI<HM o6pa30M 
.:úrna B03M0iI{HQCTb HCCJiep;onaHIUI pa3HOŘ crwpocTH HM61I6HD;HH H MOID;HOCTH B 3aBHCHMOCTH 
0T xapaHTepa HCCJiep;yeMbIX B0I1\0CTB. ,D;oaa rJIHHHCTOrO MaTepHaJia (amr mo6oro HepaCTBO
pmwro noporrma) tJa111e ncero cocTaBJif!eT 0,500 r, TeMrrepaTypa nrnp;KOCTH 20 ± 2 °C. 
,J;aJiee rrpHBOAf!TCl1 rrpHM0pbI HM6H60M0TpH•rncrmx r<pHBbIX H D o6aope HM6H60M0TPH'I0CKH0 
:laHHbie pa3HbIX rJIHHHCTblX MHHepaJIOB H rmnr ll3 'I0XOCJIOBaD;KHX HJIH H3B0CTHT,IX aarpa
Hil'IHblX M0CTOIIaxomp;emrii. 

Puc. 1. Cxe.1ia u,116u6oepa<j3a. 
Puc. 2. Cxe,1iamwieci.a.11, 8uaepa,1i.1ia peeucmpupy10Ufeií ycmanoai.u. 
Puc. 3. Cxe.Aiamwiecnan 8uaepa,11Ma peeyJ1,.R,l{,uo1-weo ycuJ1,u,neJ1,.11,. 
Puc. 4 . .fI.At6u60,11empu<iec1rne 1,puabie 1-1ec1,0J1,bnux c.111ei.mumHblX .AtuHepaJl,Oll c no806paH1-1b1.Am 

nepl{,eHmUJ1,a.Am. 
Puc. 5. M,116u60.Aiempu11ec1rne 1,puabie npanuwape.Awn1-ioií cop6l{,uu u npo80J1,:Jtcu11ieJ1,bÍ-toií 

cop6lf,Ull paaHblX 8J1,UHUClnblX .AmnepaJl,O(I. 
Puc. 6. M.116u60.Atempu1iec1rne i.puabie 8J1,UHUClnblX .AtUHepaJl,O(I, 6oeamb!X J.ll0Jl,UHU11W.At C no-

806pa1-1Hbl.Aill nepifeHmuJ1,a.Am. 
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