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Cover Picture

NortH Fork oF SaLr CREEK CANYON

In this southeastward view of the North Fork of Salt Creek
Canyon, the Shimer Gypsum is shown capping the northeastern (left)
wall, with the Nescatunga and Medicine Lodge gypsum beds forming
ledges below. These three units are members of the Permian Blaine
Formation and produce, or have produced, a major part of the gypsum
and anhydrite (rom this arca. Both the Blaine and the Cloud Chief
(also Permian) contain vast reserves of high-purity gypsum and
anhydrite quarried primarily for use in construction materials.

This photograph is from Oklahoma Geological Survey Guide
Book X, Common Minerals, Rocks, and Fossils of Oklahoma, by W. E.
Ham and N. M. Curtis, Jr., and was taken from the top of the Blaine
escarpment in Blaine County (sec. 23, T. 18 N, R. 12 W.). The Fergu-
son Salt Plain, covered with precipitates [rom salt-saturated solutions
from springs in the underlying Flowerpot Shale, lies between 200 and
250 feet below this escarpment.

—P. W. W.
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ApstrACTS OF OKLAHOMA GEOLOGY PAPERS GIVEN AT
Mip-CoNTINENT A. A. P. G. MEETING

September 28 and 29

Scven of the nineteen. papers presented September 28 and 29 at
the Mid-Continent Regional Meeting of the A. A. P. G. in Wichita,
Kansas, dealt either directly or indirectly with Oklahoma gcology.
With the exception of that by F. H. Manley, Jr., the abstracts of those
papers, printed here, also appeared in the August issue of the A. A.
P. G. Bulletin.

Permission of the authors and of N. C. Smith, Executive Director
of the A. A. P. G., to publish this material is gratefully acknowledged,
as is the cooperation of G. W. Pike, convention co-chairman, who pro-
vided copics of the abstracts.

Early Paleozoic Overlap, Southern Mid-Continent

P. A. CHENOWETH, Sinclair Oil and Gas Company, Research Center,
Box 7190, Tulsa, Oklahoma.

Cambrian volcanics and Precambrian basement rocks produced
an irregular topography in the Mid-Continent during intermittcnt
Late Cambrian-Early Ordovician inundations. Large islands rcmained
until Roubidouxian time; highest pcaks persisted until Mississippian.
The Early Palcozoic sequence is thickest in interisland channels of
northeastern Oklahoma and in the more rapidly and uniformly sub-
siding basinal area of southern Oklahoma.

Dreshachian (ransgression, spreading westward, northward, and
possibly southward, [ailed to reach most of Kansas and northern Okla-
homa. During Franconian time, only southern Oklahoma and Missouri
rcocived sediments; ‘I'rempealeauan inundation covered all but central
Kansas and the islands of northeastern Oklahoma. Sandstone and
carbonate comprise the Cambrian.

Following post-Cambrian regression, Ordovician seas spread a
blanket of carbonate over most of Oklahoma and Kansas. Sundstonc
is most abundant at the base of the Gasconade in eastern Oklahoma.
It is also common in Roubidouxian rocks.

Paleogeographic maps and a worm’s eye view map illustrate the
intermitient naturc of the transgressions and emphasize the inherent
problems of time correlation.

Some Interesting Aspects of Carbonate Oil Accumulation in the
Mid-Continent Area

J. F. HARRIS, 2617 East Second Street, Tulsa, Oklahoma.

Close sample studies are necessary to evaluate properly the
porosity and permeability characteristics of carbonate rescrvoirs. The
depositional porosity fabric and resultant permeability are varied in
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carbonates and may range from highly porous, impermeable chalks to
somewhat less porous, but highly permeable, intergranular porosity
present in carbonatc banks, which may be composed of pellets, o6lites
or admixtures of fragmental debris. The presence of fossil cavities,
calcispheres, and occasional reefoid deposits may modify the overall
fabric. In addition to these depositional characteristics, tectonism can
alter the basic porosity-permeability rclationships through fracturing,
recrystalization and/or tectonic dolomitization.

Cases arc known where several of these various types of porosity
are present in a single deposit and influence log analysis in either a
negative or positive manner. A nonpermeable chalk or calcisphere
porosily carrying high watcer saturation may produce oil if the fracture
fabric or associated intergranular permeability is oil-bearing. Likewise,
the reverse may be true if non-producible oil is trapped in the high
porosity-low permeabilily deposits and the more permeable fracture
and/or intergranular porosity is water-bearing.

The presence of these varied porosity fabrics can be recognized
in samples, and a method of logging and estimating the importance
of the different types is suggested. Ulilization of well-sample data
coordinated with realistic log analysis can lcad to successful comple-
tion in zones which might be overlooked in a cursory log analysis.
Examples of these sedimentary types from the Mid-Continent area
are discussed and illustrated.

Use of Clay Mineralogy in Determining Source of Basin Sands

F.H. MANLEY, JR., Pun American Petroleum Corp., Box 50879, New
Orleans, Louisiana.

In some areas, the usual methods of geological interpretation of
possible source areas using conventional subsurface techniques, petro-
graphy, bulk mineralogy and conventional heavy-mineral studies have
yielded inconclusive results. A relatively new method is the utilization
of clay-sized matcrial, in particular the clay minerals and clay-mineral
assemblages, present in shale, carbonate, and sandsione samples. This
is of special interest to petroleum exploration becausc the usual kind
of subsurface sample retrieved, while not of sufficiecnt quantity or
quality for standard studics, yiclds an abundant supply of readily
identifiable clay minerals and other clay-sized material which, with
supporting subsurface information, can unravel some of the most com-
plex provenance studies.

Clay-mineral assemblages not only aid in determining source
areas, but they also can be used reliably to help covrelate, zone, and
interpret the depositional history of sedimentary sequences. Such is
the case in the Lower Cretaceous Trinity Group, southern Oklahoma.
Approximately 95 percent of the 200-mile exposure trend of the
Trinity Group, consisting of bedded to poorly indurated clays, loosely
cemented fine to coarse sands, conglomeratcs, both coarse and fine,
and locally, marl and limestone, contains no persistent marker units
or diagnostic fossils. In this study, interpretation of the clay-mineral
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assemblages and distribution and provenance clay petrology indicate
that the areal and stratigraphie distribution of the clay minerals (1)
is related to their paleogeographic positions in the original basin of
dcposition, (2) reflects variations in contributions from various source
areas, (3) indicates that the clay minerals are primarily detrital in
nature, and (4) can be used to dctermine the source of basin sands.
Further clay-mineral studies, supported by gravel-orientation studics
and subsurface information, also indicate (1) the nearshore site of
active sedimentation transgressed northwestward with a northwestward
sea advance; (2) the rocks at the base of the Trinily Group become
younger toward the northwest by successive onlap; (3) the general
shoreline trend during deposition of the 'T'rinity Group was southwest-
northeast, not east-west as generally considered.

The assumption that the clay minerals are primarily detrital in
origin and are related to their original paleogeographic position in a
basin reflecting the composition of the source area is a practical work-
ing hypothesis on a “first-approximation” basis. This assumption is
practical for all clay-mineral studies for all basin sands uniess there
is evidence (such as diagenesis, size sorting, etc.) to the contrary.

Stratigraphic Applications of Dipmeter Data in the Mid-Continent

R. L. CAMPBELL, JR., Schlumberger Technology Corp., Ridgefield,
Connecticut.

Dipmeter techniques recently devcloped to solve Mid-Continent
stratigraphic problems use short-correlation-interval dip compuiations
and a statistical approach to interpretation. These techniques cxtend
dipmeter interpretation methods first introduced in Mertiary forma-
tions along the Gulf Coast.

Paleozoic sands, as in the Pennsylvanian seclion of the Anadarko
basin, often are deposited on surfaces of low dip and low topographic
relief. Lithologic unit boundaries usually are nearly parallel, providing
litlle information with which to predict the direction of improved sand
development. Here, cross-stratification anomalies produce most of the
dips computed.

To detect cross-bedding and describe its orientation within thin
sedimentary units, correlation intervals must be short, yiclding com-
puted dips for every few feet of hole. Correlations are influenced by
many factors, including the attitude of the underlying surface at the
time of deposition and subscquent tilting. Many of the dips computed
are due to current-bedding, and indicate the dircction of sediment
transport.

Random varialions in sedimentation tend to confuse a superficial
study of the data. T'o cmphasize trends and minimize random events,
statistical methods are used. Azimuth frequency diagrams and modificd
Schmidt plots reveal the direction of sediment transport, the direction
of interval thickening, and present structural dip. These methods pro-
duce greater accuracy and confidence in orienting and extrapolating
sand isopachs.
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The Depositional Environments of the Spiro Sands in the Arkoma Basin
R. H. POTTS, 1100 Petroleum Club Building, Oklahoma City, Oklahoma.

Isopach maps, electric log cross-sections and Kodachrome slides
of the Spiro sands in Wilburton, Kinta, and Milton-Cartersville fields
are used to illustrate the author’s interpretation of the depositional
environment of these sands in the Arkoma basin.

At least three sands, differing genetically and in age, have all
been termed the Spiro sand in the Arkoma basin.

In the Wilburton field, the Spire sand appears to be a marine
facies of the Wapanucka lime and possibly Morrowan in age.

Such characteristics as geometry of the sandstone bodies, sedi-
mentary structures, composition, nature of the boundaries and other
features, lead the author to believe that in the Kinta and Milton-
Cartersville areas the Spiro sands were deposited in an environment
likely to produce channel, as well as transgressive, unconformity sand
deposits.

Application of Trend Analysis to Pre-Morrow Surface, Southeastern
Hugoton Embayment Area

M. W. SCHRAMM, JR., Cities Service Oil Company, Exploration and
Production Research, Tulsa, Oklahoma.

Trend analysis is a technique used to distinguish between trends,
such as regional dip or thickening, which may influence a whole region
under consideration, and small-scale effects (anomalies) which are
locally influential. Insofar as oil and gas ficlds arc nearly always as-
sociated with anomalies or departures from the regional trend, whether
governed by structural, thickness or lithologic factors, trend analysis
should prove (o be an important prospecting tool.

The elcctronic computer has permitted the application of trend
analysis and numerous other techniques to large areas by the oil in-
dustry. A procedure involving the computer has obvious advantages
in that it provides a degree of rigor that more elementary methods
lack and reduces considerably the amount of time involved in com-
putation.

Application of the technique to the pre-Morrow surface in the
southeastern part of the Hugoton embayment using few control wells
reveals objectively the combined topographic and structural relief
that existed prior lo Pennsylvanian deposition. With few exceptions,
Morrow sandstones, and hence production, are found empirically to
be related to the flanks of structures or in depressions.

A Basis for Red Fork Sand Exploration in Northwest Oklahoma

P. C. WITHROW, 1341 First National Bank Building, Oklahoma City,
QOklahoma.

The Red Fork Sand produces oil and gas over a large area of
north-central Oklahoma. There are indications that several oil fields
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comparable to the Burbank field (0.5 billion barrels) can be found
in northwestern Oklahoma during the next few years by using available -
well control for detailed reconstruction of the depositional environ-
ments of the Red Fork Sandstone.

The Red Fork Sand was deposited west of the Nemaha ridge
during “Cherokee” (Desmoinesian) time in a large embayment called
the Enid embayment. There were two early phascs of offshore bar
deposition, followed by a brief period when the sea receded from the
area and channel sands were deposited. Using this interpretation,
several unusual problems can be explained.

The Oakdale field in southeastern Woods County has oil reserves
of over 20 million barrels from the Red Fork Sand. The sand in this
field is in two separate linear bands. The Southwest Wakita field in
Grant County produces from two fairly distinct Red Fork Sand bodies
that correlate with the sand at Oakdale. The Wakita trend in Grant
County produces from a thin Red Fork Sand slightly higher strati-
graphically than that at Oakdale and Southwest Wakita, In the
Cheyenne Valley field in Major County, the Red Fork is interpreted
as being a channel deposit, and it is higher stratigraphically than in
the previously mentioned fields. This channel-type deposit is produc-
tive and fairly widespread over the Enid embayment, and it has
several distinguishing characteristics.

By rcconstructing the depositional environment of the Red Fork
Sandstone and by interpreting this interval as representing three
fairly distinct phases, the Red Fork is seen to be a reservoir with great
potential in the Anadarko basin. There are several good indications
where major producing areas are located, and they can be found by
basing an exploration program on detailed reconstruction of deposi-
tional cnvironments to explain the problems that arise, and to make
interpretations necessary to find prospective Red Fork Sand trends.
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DETERMINATION OF CATION-EXCHANGE CAPACITY
By CoNTINUOUS TITRATION

Raymonp L. Kerns, JR.*

INTRODUCTION

The surfacce chemical properties of clays are of great interest to
clay mineralogists, and numerous studies on clay surface chemistry
have been conducted in order to characterize, identify, classify, and
better understand the properties of clay minerals. Some of the more
economically and industrially oriented uses of clay materials are di-
rectly rclated to these properties. One of the more striking manifesta-
tions of the surface chemistry of a clay is its cation-exchange capacity,
that is, the degree to which some of the chemically bonded ions may
be removed or reversibly exchanged by treatment with various reagents.

Volk and Jackson (1964) demonstrated that clay minerals have
several definite types of surface sites to which ions may become at-
tached with varying degtees of tenacity. Some of these sites are on the
crystallite edge and others in the so-called interlayer positions; some
may accommodate positively charged ions, others, anionic constituents.
The source of the charges which supply the bonding energy are not
peculiar to clay minetals or colloidal sized particles. These unsatisfied
structural charges are due to broken bonds at the crystal surface,
vacancies or defects in the lattice, charge deficiencies resulting from
the isomorphous substitution of ions with different charges, and/or
exposed H+ ions of lattice hydroxyls. These are properties of macro-
scopic and microscopic sized materials as well as those of sub-micro-
scopic and colloidal sized particles. The effect of these properties is
enhanced, however, by the extremely small size of clay-mineral par-
ticles, that is, by the increased ratio of total surface area to volume,
which accompanies a reduction in particle size. However, simple
physical reduction of clay particle size does nol necessarily produce
a direct lincar increase in surface chemical reactivity. Other factors
such as the accessibility of interlayer sites must also be considered.
Surface properties do become more significant, though, when dcaling
with clay-sized particles rather than with more coarsely crystalline
substances.

Table I contains data on the variations of cation-exchange capaci-
ties of a kaolinite (Harman and Fraulini, 1940) and three illites (Grim
and Bray, 1936) as a function of the particle size. It is clearly illustrat-
ed that a decrease in the particle size of these matervials results in an
increased cation-exchange capacity.

There have been several methods devised for measuring the total
cation-exchange capacity of clay minerals, among them the titration
technique presented in the following pages. After converting the clay
to an H* form, it is then titrated with a standardized basc, and pH
readings are taken after successive additions of rcagent. The cation-
exchange capacity is then extrapolated from a titration curve plotied

* Utah Slafe University, Logan, Utah.
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from the resulting dala. The advantages and disadvantages of the
technique are also discussed.

TaBL I—VARIATION OF CATION-EXCHANGE CAPACITY
As A FuNcTiON OF PARTICLE SIZE

et e KAOLINITEF

ESD* cec** Eso* cec*¥

Sample 1 01 -1.0 18.5 10 -20 24
0.06-0.10 21.6 5 -10 2.6

0.06 33.0 2 -4 3.6

06 -1 3.8

Sample 2 01 -10 130 0.25- 0.50 3.9
0.06-0.10  20.0 0.25- 010 5.4

0.08 275 0.10- 0.05 9.5

Sample 3 0.1 -1.0 20.0
0.06-0.10 30.0
0.06 41.7

4 Grim and Bray, 1936.
4+ Harman and Fraulini, 1940.
* Fquivalent spherical diameter in microns.
** (lation-exchange capacily in milliequivalents per 100 gms dry clay.

THE TITRATION METHOD

Sample preparation.—The cation-exchange information most use-
ful to the clay mineralogist is obtained from size-fractioned samples,
or at least from particle-size classes small enough to eliminate non-
clay constituents. For commercial clay petrological or soil information
it is sometimes desirable to determine the CEC of bulk samples. Be-
cause wet sieving is a necessary part of the procedure outlined here,
bulk samples should be crushed (o 325 mesh. Previously size-fractioned
samples which contain particles less than 43 microns ESD (equivalent
spherical diameter) need not be so finely powdered. In this case, 80
mesh is sufficient. Cation-exchange capacities are usually reporied as
milliequivalents per 100 gms of oven-dried clay (meq/100 gms dry
basis). Samples are usually oven-dried between 105 and 120 °C, as
temperatures in this range are probably sufficient to drive off the
absorbed water from most clay minerals. Differential-thermal-analysis
curves indicate that part of the intcrlayer water of vermiculite and
Mg-interlayered montmorillonite may be retained to-slightly over 200
oC. In order to keep sample treatment as consistent as possible, all
clay samples should be dried at the same temperature, and a {empera-
ture of 220 °C is suggested.

The cation-exchange capacity of a clay may be reduccd after heat
treatment, and although temperatures affecling the CEC are usually
greater than 200 °C, it is better to weigh air-dried eclay samples for
cation-exchange work. The weight of the oven-dried samplc may be
used afler weight losses have been determined at 200 °C on separate
cuttings of the same sample.
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Cation-exchange experiments should be conducted with the great-
est precision possible so that data on different materials may be directly
compared. Some of the factors that atfect CEC and the shape of the
titration curve are the sample concentration or weight-percent of clay
in suspension and the type of base used in the titration. The same clay
material will ordinarily have different exchange capacities with bases
of different cations. The base (usually sodium hydroxide) and the
same clay suspension concentration should be used for all samples.
Gains in volume during titration should also be consistently maintained.
The cation-exchange capacitics of montmorillonites and vermiculites
are more sensitive to concentration variations than are the illites,
kaolinites, and other clay minerals.

The necessary sample weight is controlled by the experimental
system, and the volume of base that may be added, by the size of the
buret being used: A 5-ml microburet permitting direct reading to
0.01 ml and estimation to 0.001 ml is satisfactory; a single titration run
should be completed without refilling the buret.

A 1-2 g clay sample dispersed in 500 ml of distilled water pro-
vides a suspension that is dilute enough (0.20 to 0.40% by weight) to
assure noninterference of the clay particles. Assuming a theoretical
or average CEC for a particular clay mineral, and a volume of 2.5 ml
of base added to reach the end point, a functional normality (N) may
be calculated from the formula:

N<Toov (Eq. 1)

where C is the cation-exchange capacity in meq/100 gm dry clay, W
is the sample weight in grams, and V is the volume of siandard base
to be added. With the above conditions of sample weight (1 gm) and
volume (2.5 ml), and assuming an average CEC of 100 meq/100 gms
for montmorillonite, a normality for the base of 0.4N is obtained. For
illites with a theoretical CEC of 25 meq/100 gms dry clay, a 0.1N
NaOH standard solution is ideal. Table II lists experimental condi-
tions for measuring the CEC of various clays. The range of cation-

TABLE II.—DaTta ror CATION-EXCHANGE TITRATION SYSTEMS

cec* CEC DRY SAMPLE
(THEORETICAL WEIGHT VOLUME NORMALITY
AVERAGE)} (GMS) (ML)
Montmorillonite and
vermiculite 80-150 100 1 2.50 04
Endellite, 4H,0
(Halloysite, 4H,0) 40- 50 45 2 2.25 0.4
Illite and chlorite 10- 40 25 1 2.50 0.1
Sepiolite-attapulgite
-palygorskite 20- 30 25 1 2.50 0.1
Kaolinite 3- 15 9 2 1.80 0.1
Halloysite, 2H,0 5- 10 7 2 1.40 0.1

-*F'rom Grim, 1953 (p. 129); in meq/100 gms dry clay at pH 7.
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exchange capacities, average values, sample weight, and volumne of
base required to reach the theoretical end point are included.

The carefully weighed samples should be dispersed in about 250
ml of distilled water in a 1-liter erlenmeyer flask. This is best accom-
plished with a 15-minute treatment in an ultrasonic generator tank.
If the clay tends to clump, as some montmorillonites do, prolonged
agitation with a mechanical shaker may be more effective.

Conversion to hydrogen form.—After the clay is thoroughly dis-
persed, a suitable acid reagent must be added to remove all exchange-
able cations from the clay. Dowex 50W-X4 resin in the H* ionic form
is ideal for this purpose. A resin weight of 10 times the thceoretical
amount necessary to completely exchange the clay should be added to
the dispersed clay in the flask. Care should be taken not to lose any
of the suspension which may have splashed onto the rubber stopper
or the neck of the container; a wash bottle filled with distilled water
is uscful for rinsing this matcrial back into the flask. The Dowex resin
has an exchange capacity of 5.4 meq/gm dry basis. The resin is
ordinarily in the wet form, however, and has a moisture content of
67.1%,. Therefore, the exchange capacity of the wet resin is 1.8 meq/gm.
The average CEC of montmorillonitc is 100 meq/100 gms (1 meq/gm)
dry basis, so about 6 gms of resin should be added to a 1 gm sample
of montmorillonite. About 1.5 gms of resin will efficiently strip 1 gm
samples of illite which have an average CEC of 25 meq/100 gms dry
basis.

The suspension-resin mixture should be shaken slowly for about
4 hours, after which the suspension may be separatcd from the resin
by sieving into L-liter beakers. A 325 mesh wet sieve is small enough
to eatch the Dowex 50W-X4 resin. Wet-screen analyses report 99.59%,
of the resin beads are caught on a 70 mesh screen. The sieves and
beakers should be thoroughly clcaned and rinsed with distilled water
several times before using. After pouring the suspension through the
screen, remove any remaining clay from the resin and sieve with a
wash bottle. The flask should be rinsed several times with 50 ml of
distilled water and this material also poured through the screen; the
total volume should be increased to the necessary amount (500 ml is
suggested) by adding distilled water. Care should be taken to avoid
losing any of the clay.

Titration.—Cation-exchange data may be obtained by titrating the
hydrogen-clay suspension, prepared in preceding steps, with a stan-
dard base. The method requires measurement of the initial pH of the
H*-clay suspension followed by the addition of a predetermined
amount of standard base, stirring time to allow for equilibration, and
measurement of the resulting pH. Titration is continued through the
end point of the reaction (at a pH around 7) and until the titration
curve begins to level off (usually around a pH of 9 to 11).

The size of the titration aliquot added each time depends on the
normalily of the suspension, the standard base used, the amount of
sample, and the expected CEC of the clay. To obtain a detailed titra-
tion curve, a minimum of 12 measurements should be made before a
pH of 7 is reached. For montmorillonites and illites titrated under the
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experimental conditions outlined in table II, an aliquot of 0.2 to 0.25
ml is small enough. When a 5-ml microburet is used, this ordinarily
amounts to the successive addition of 4 to 6 drops of base. This is
somewhat variable and should be established for each buret.

After the addition of each titration aliquot a minimum equilibra-
tion time of 20 minutes should be allowed before a pH reading is taken.
The suspension may be stirred while waiting with a magnetic stirring
plate and stirring rods immersed in the clay suspension. The rods
should be washed off and rinsed with distilled water before being put
into the suspension. This equilibration time is not extremely long if
three samplcs are processed at the same time.

~ Buret readings should be taken immediately before and after the
addition of base and recorded on a data shest. This serves as a check
for base which might have been lost by leaking of the buret. The time
that each titration step was performed should also be recorded. Table
IIT is a sample data tabulation of a CEC titration of a 0.05-1.0 micron
ESD sample of bentonite, API sample 25 from Upton, Wyoming (Kerr
and others, 1950).

Cation-exchange capacity in meq/100 gms dry clay for each
successive step may be computed by the formula:

CEC = %’ x 100 (Eq. 2)

where N is the normality of the base being used, V is the cumulative
volume of base added in milliliters, and W is the dry sample weight
in grams.

Experimental considerations—The significance of data obtained
using any cation-exchange capacity technique depends upon the re-
producibility of the method. This is directly related to the experi-
mental design, limitations of the method, and the techniques of the
analyst. Acceptable data should not be expected if the various steps of
sample preparation, titration, and pH mcasurements are not performed
with precision. Sample weight and weight-loss determinations should
be as accurate as possible. Kxtreme care should be taken so that none
of the clay sample is lost during dispersion and stripping. The bead
of liquid that usually remains on the tip of the buret after titration
should be added lo the suspension by rinsing the tip with a small
amount of distilled water. The suspension remaining on the pH meter
electrodes should also be washed back into the beaker after each read-
ing has been made. The total gain in volume of the suspension should
be consistent throughout the experiment and the final volume should
always be the same. Titrations should be carried well beyond a pH
of 7 to permit cxtrapolation of the CEC from the resulting curve.

The calibration of the pH meter should be checked occasionally.
If the meter is allowed to warm up for several hours before titration
is begun, drift will be minimal, even through longer experiments. The
pH meter is calibrated to a pH of 7 of the standard buffer solution at
25 oC. Tempcrature of the clay suspension should be measured periodi-
cally so that proper adjustment of the pH meter can be made, as pH
varies slightly with temperature changes. There will ordinarily be a
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temperaturc increase of a few degrees during the experiment from
stirring the sample.

Presentation of data—Data obtained from titration is usually
plotted graphically with pH on the ordinate and values for the CEC
in meq/100 gms dry basis along the abscissa. The cation-exchange
capacity of the 0.05-1.0 micron bentonite from Upton, Wyoming,
(table III) is presented graphically in figure 1. Cation-exchange data
for the 0.05-1.0 micron bentonite, API sample 20, from Lorena, Missis-
sippi, is also included. These analyses were performed in triplicate and
the CEC interpreted from the curves at a pH of 7. These data are
listed in table IV and compared with values from the literature for
these clays.

The total CEC may be taken at one of several points along the
curve, the specific choice depending upon the analyst. Because of the
popularity of the ammonium acetate isotherm technique, the exchange

TasLE III.—DaTta SHEET FOR CATION-IEXCHANGE TITRATIONS*

CUMULATIVE  CECt

TITRATION READING INCREMENT PH VOLUME
TIME NO. INITIAL FINAL (ML) (ML)
1 0141 0141 0 318 0 0

8:15am. 2 0141 0267 0126 329 0126 488
8:40 3 0321 043¢ 0113 331 0239 926
9:05 4 0434 0571 0137 339 0376  14.56
9:25 5 0571 0704 0133 342 0509 1971
9:44 6 0704 0833 0129 348 0638 2471
10:10 7 0833 0955 0122 352 0760 2944
10:35 8 0955 1099 0144 360 0904 3501
11:00 9 1099 1220 0121 370 1025 3971
11:25 10 1220 1.350 0130 380 L155  44.74
11:50 11 1350 1478 0128 390 1283  49.70
12:15 pm. 12 1478 1610 0132 403 1415 5481
12:40 13 1610 1730 0120 420 1535 5947
1:05 14 1730 1865 0135 440 1670 6469
1:30 15 1865 2000 0135 481 1805  69.92
1:50 16 2000 2132 0132 540 1937 7504
2:15 17 2132 2268 0136 587 2073 8031
2:40 18 2268 2891 0123 620 2196 8501
3:06 19 2391 2525 0434 657 2330  90.26
3:30 20 252 2653 0128 701 2458 9521
3:55 21 2653 2785 0132 779 2590 1003
4:20 22 2785 2923 0138 895 2728 1057
4:40 23 2923 3051 0128 935 285 1106
5:00 24 3051 318 0134 970 2990 1158

Plus 4 more titrations to pH 10.5

* Sample: bentonite, Upton, Wyoming, API 25b; .05-1.0 ESD; normality
of base — 0.3938N NaOH; sample weight (air dried) = 1.000 gm; weight
loss at 220 °C = 7.58%,.

+ Meq/100 gms at 220 ©C, oven-dried basis.
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TaBLE IV.—CaT10N-EXCHANGE CAPACITIES FOR Two
API MONTMORILLONITES ( BENTONITES)

APl 20 API 2SB
{LORENA, MISS.) (UPTON, WYO.)

CEC': Titration 1 117 96
Titration 2 114 94
Titration 3 116 98

Mean 1162 96+2

Maximum deviation 1.3% 21%
CEC* API value 117 95

Deviation of experimental
CEC value from API value 1.0% low 2.1% high

t Milliequivalents of NaOH per 100 gms of clay, oven dried at 220 ©C.

zFrom Kerr and others (1950). Values determined by ammonium acetate
isotherm method; milliequivalents per 100 gms of clay, oven dried at 105
°C.

capacity at pH 7 (point A, fig. 1) is frequently reported. Others
reason that the reaction is complete at a point in the vicinity of B in
figure 1, where a steep rise in the curve results from the addition of
nonreacting base, but this point is difficult to define preciscly on
some titration curves. Still others, more familiar with titration curves
for strong acids and bases, choose the inflection point of the curve
(point C). This point is casily defined but is not accurate for the end
point of a reaction involving a weakly acidic H™ clay with a strong
base. The slope of the curve is too small and variable for the inflection
point to indicate the completion of the reaction (near point B). The
curve position chosen is necessary information, however, and should
be reported with the total CEC for the particular material.

For comparison, it is best to report the CEC of some standard
sample which was measured with this same technique; a sample of the
Wyoming bentonite is probably best for this cxperiment, because there
is abundant published data on this matcrial. There are undoubtedly
purer materials which might be used, however.

Titration curves may also provide useful information on different
types of surface reactions of a clay related to the different reacting
sites on the particles. Jonas (1963) has demonstrated that there ave
at least two different reactions which may be observed in closely con-
trolled cation-exchange measurements of H* montmorillonites. One
is due to the acid naturc of the edge sites, and the other is a result of
interlayer exchange positions. The edge sites arc completely exchanged
at a lower pH than the interlayer sites and are responsible for a larger
part of the total CEC as particle size decreases. This property probably
accounts for the midrange hump (point D) in the titration curves of
figure 1.

Advantages and disadvantages of the titration method —A distinct
advantage of the titration technique is that a reaction history of the
material is provided after the data have been plotted. There is a definite
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Figure 1. Cation-exchange capacity titration curves for two 0.05-1.0 micron
ESD montmorillonites (bentonites): API 20 from Lorena, Mississippi, and
API 25b from Upton, Wyoming.

disadvantage in that the exchange reaction takes place over a wide
pH range, and though it is not known at this time what effect this
has on the cation-exchange capacity, the effect is considered significant.
The isotherm technique using ammonium acetate is carricd out at a
constant pH which effectively eliminates this factor.

The conversation of the clay to the H* form effectively removes
all the surface cations, particularly when treatments are fairly rigorous.
In the isotherm method, however, it is believed that K- ions are non-
exchangable even in the case of expendable clays, and an extremely
rigorous acid treatment of clays may result in an alteration of the
structural lattice chemistry, such as selective removal of Al** ions
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from the tetrahcdral layer. This would vesult in CEC data for a
material that is structurally different from the original.

The titration method also provides information on the partial
exchange capacities of the edge and interlaycr-cation sites, However,
for a detailed study of this sort, a large number of data points must
be established. Longer equilibration times than ordinarily required
for standard titration experiments may also be desirable. Due to the
length of time involved in performing this experiment, it is more
expedient to follow a revised program of sample treatment. A large
number of samples of equal weight may be converted to the hydrogen
form with some uniform stripping technique, after which the samples
may be titrated with varying amounts of standard base and the total
volume of suspension brought to the same level for all samples. These
samples may then be allowed to equilibrate for as long a time as is
convenient and pH readings made at some later date. The only dis-
advantage to this technique is that some of the samples remain for
extended periods in an acid environment and others undergo a strong
base treatment. The difference and significance of these cxtreme con-
ditions are not fully known.
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