USE OF CLAY IN DRILLING FLUIDS

By DELMAR H. LARSEN *

INTRODUCTION

The rotary method of drilling wells for oil and gas is
now the most widely used system in point of footage
drilled, and is the only presently available method for
very great depths. In the rotary system of drilling, a
drilling fluid or ‘‘drilling mud’’ is maintained in the
hole at all times while the hole is being drilled, and is
circulated in such a way that the cuttings produced by
the action of the bit are removed from the hole con-
tinuously, thus permitting uninterrupted drilling, ex-
cept for shut-downs occasioned by the necessity for
changing bits, adding new lengths of drill pipe, setting
casing, and by occasional drilling accidents. The essen-
tial mechanical features of a rotary drilling operation
can be seen from figure 1; the bit is rotated by means
of a hollow drill pipe, down which the drilling fluid is
circulated. Holes in the bit allow the mud to emerge at
the bottom of the well, from which point the mud travels
upward in the eylinder of annular cross section formed
by the drill pipe and the walls of the hole. Both rotary
and vertical movement of the drill pipe are permitted
without interruption of circulation by introducing the
mud at the top of the drill pipe through a rubber hose,
a swivel joint, and a special top section attached to the
drill pipe by means of which the pipe can be rotated.
The mud flows out through the bits, emerges from the
top of the hole, is screened to remove sand and cuttings,
and enters a pit, from which the mud pumps ean pick
up the mud for recirculation.

In the very early days of drilling wells by circulating
fluid methods, water was used as the fluid. The advan-
tages of using a slurry of clay and water, however, soon
became apparent, doubtless through clay adventitiously
incerporated in the fluid as a result of drilling through
argillaceous strata, and in time it became the usual
practice to add surface clays deliberately in order to
prepare a mud for circulation. The primary function
of the circulating mud is, of course, to remove cuttings
continuously, and this action is enormously facilitated
by providing a thickened slurry as distinguished from a
liguid of low viscosity and no shear strength, such as
water. Moreover, because subterrancan formation fluids
are generally and normally under a pressure roughly
corresponding to or slightlv exceeding that of a column
of water of equal depth, the density of 1.1 to 1.2 pro-
vided by ordinary clay slurries served to keep the for-
mation fluids confined to their respective formations
during the course of drilling. Another operational ad-
vantage yielded by a clay-water slurry was that of im-
peding the loss of the fluid into permeable low pressure
strata. Whereas water will flow away into such a stra-
tum, clay will generally form a filter pack on the face
of such a formation, thus retaining the mud in the hole.

These benefits imparted by the use of clay are still of
prime importance, and most of the progress in drilling-
mud technology during the last two or three decades
has been directed toward enhancing these advantages, in
some cases by careful selection of clays and other mate-

* Consulting Chemist and Chemical Engineer, Los Angeles, Cali-
fornia.

rials entering into the muds, and in others by the de-
velopment and introduction of new materials and proe-
esses for accomplishing much the same results.

FUNCTIONS OF CLAY IN MUDS
Flow Properties and Density

As has been indicated, the ordinary and common
drilling mud consists of water to which clay has been
added to an extent sufficient to impart a viscosity sev-
eral times greater than that of water as well as an ap-
preciable shear strength and, in the majority of cases,
thl‘{otropy as well. %wh drilling muds are thus plastie
fluids in which the degree of plasticity—that is shear
strength—increases with time of standing of the mud,
but deereases again upon agitation.t An idea’ of the
degree to which these properties are developed, as well
as the density increase resulting from the additicn of
the clay, may be obtained from figure 2. There are
shown in figure 2 the shear strength immediately after
agitation (dashed line), the shear strength developed by
ten minutes quiescence (dot-and-dash), and the so-called
Stormer viscosity (solid line) at 600 rpm, for three
clays used in drilling muds, as a function of the percent
by weight of clay in the mud. The density of the mud
also appears on the figure. The clays used were a ben-
tonite (a) from the Black Hills area (Wyoming-type
bentonite), a Turner Valley, Alberta, surface clay (B),
and a clay (¢) from Rogers Dry Lake, California, one
of the better-known Mojave Desert playas. The viscosity
is shown in centipoises as measured with the regular
Stormer viscometer as specified by the American Pe-
troleum Institute (A.P.1.), although even an approxi-
mation to absolute measurements can scarcely be made
with this instrument. Tt was deemed preferable to give
test results on these slurries made by the standard
American Petroleum Institute method rather than to
use one of the many modifications of the apparatus
which have been proposed because of the wide usage of
the former. Shear strengths, or ‘‘gel strengths,’’ as they
are designated by the A.P.I. Code, are shown in grams
Stormer, again the officially adopted unit; but they may
be very approximately converted to dynes per square
centimeter by multiplying by the factor 2.2. The usual
norm of mud viscosity corresponding to good practice
is about 15 centipoises.

It will be apparent from figure 2 that some range in
density is available by proper selection of clay or by
blending. Moreover, the very considerable thixotropy of
the bentonite and the Mojave Desert clay is shown by
the vertical difference in the two shear strength curves

‘for each slurry, this property being almost negligible

in the Turner Valley clay. 1t may be seen from the
magnitude of the shear strengths shown that cuttings
of appreciable size can be carried upwards by the drill-
ing mud ascending in the hole even at very low fluid
velocities. Moreover, the increase in shear strength dur-
ing standing resulting from the thixotropy of the aver-

+ The earliest clear description of thlxotropy in a clay slurry which
has come to the writer’s attention is that of Weber in 1909.
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age mud is of value in preventing the settling of cuttings
should ecirculation be interrupted for any reason. A
highly plastie, poorly thixotropic mud would be unde-
sirable as high pump pressures would be needed to circu-
late it, the jetting action of the mud as it emerges from
the bit would be diminished, and release of cuttings at
the surface would be impeded. The usual method of
obtaining a higher density in drilling muds than is ob-
tainable by the use of clay and water alone consists of
adding a finely divided dense material such as ground
barite or ground hematite to the drilling mud. If this
is ground exceedingly finely, for example to the 1-micron
range, then mud to which it is added will be excessively
thickened and the increase in density will be relatively
small. On the other hand, if a weighting material is too
coarse, for example around 60 or 80 microns in diameter,
it will tend to settle out or even be removed by the same
mechanism designed to remove sand from the mud.
Weighting materials used in drilling muds are, accord-
ingly, generally in the particle size range of about 5 to
40 microns, and here again at least a slight shear
strength of the mud is desirable and necessary to pre-
vent settling. '

Much work has been done and reported on the
rheology of drilling muds, and much progress has been
made particularly in the last five years. The work of
Evans and Reid (1936), the various papers of Herrick
{1932). Pigott (1942), Cardwell (1942), Beck, Nuss and
Dunn (1948), Hall, Nuss and Thompson (1950), Mel-
rose and Lilienthal (1951), Williams and Bruce (1951),
Métrot (1951) and van Olphen (1950, 1950a, 1950b)
is of note. The monographs of Babbitt and Waldwell
(1939, 1940), while dealing only indirectly with drilling
muds, are also of value. At the presenut time, the flow of
drilling mud in pipes and through orifices can be fairly
well determined and related to measurements made on
small samples of the mud, such as these made with a
rotational viscometer, useful in turbulent flow, and in
plastic flow where thixotropy is negligible. Much work
remains to be done, however, particularly with thix-
otropic muds, even though a significant beginning was
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made as long ago as 1935 by Ambrose and Loomis
(1935). As far as the writer is aware, no one has quanti-
tatively corrclated the measure of thixotropy given by
measurements of shear strength of mud made at dif-
ference lengths of time of standing quiescent with the
obviously related measure of thixotropy obtainable by
measurements made during flow or rotation at different
rate of shear, including transient values as the rate of
shear is changed. The difficulties involved are naturally
formidable, particularly since the anisodimensional na-
ture of the fine particles of most muds leads to flow
orientation which can probably have an effect on thix-
otropie gelation akin to rheopexy (Ilauser and Reed,
1936) ; but many important phases of down-the-hole
behavior, such as channeling of mud flow past enlarged
spots in the hole, the fall of cuttings through a thixo-
tropic mud in which flow has been suspended, and the
like, cannot be adequately handled on the basis of studies
made so far.

SEALING PROPERTIES

Clay was first used in mud to prevent loss of the mud
fluid itself; however, some of the mud is lost as it filters
though the cake that seals permeable formations. The
filter cake on the wall of the hole thus increases in thick-
ness at a rate which depends upon many factors, includ-
ing the thickness of the cake already formed, the viscosity
of the fluid phase of the mud (generally a function
of the prevailing temperature), the pressure differ-
ential across the cake, and, most important of all, the
permeability of the cake itself. Cake permeability in
turn depends upon the nature of the solids in the mud.
their state of flocculation, and to some extent the pres-
sure differential across the cake, some cakes being rela-
tively compressible. In view of the obvious disadvantage
of having a filter cake build up against a permeable for-
mation, reducing the diameter of the hole, it seems
strange that so long a time elapsed between the intro-
duction of the use of clay slurries for rotary drilling
and the first study of caking properties of clays. A study
of the pioneering work of Knapp (1923), in the middle
twenties, followed by that of Jones and Babson (1936)
and Jones (1938) will enable the reader to trace the
development of cake permeability testing, generally
known as filtration testing or wall-building testing. Sev-
eral years ago the industry adopted a method of evalu-
ating the filtration behavior of all types of muds. A
full description is given in the Code for the Field Test-
ing of Drilling Fluids published by the American Petro-
leum Institute. In the test, which determines what is
probably the most important characteristic of mud, mud
is filtered under pressure through a filter paper under
specified conditions of time, temperature, and pressure,
so that the loss of filtrate, rate of cake growth, and the
physical nature of the cake can be determined. Methods
of evaluating the data as well as variations in test pro-
cedures arc given in publications of Tiarsen (1938),
Byek (1940), Williams and Cannon (1939), Prokop.
and others.

Table 1 shows the A.P.T. filter loss, or ‘““water loss,”’
as it is commonly termed, for fifteen different clays made
up into slurries of fifteen centipoises viscosity, ADPI,
in distilled water. Measurements of cake weight and
solids content, made at the same time, permitted the
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Table 1. Filter loss of clay.
Base- Yield in bbls. ﬁslslirdiail?e A.P.IL Filter cake
exchax'xge 15 ¢p mud (Percent water loss pe}'meabxlity pH
capacity per ton by weight) at 15 cp microdarcys

1. Hectorite, pure (California)-..._ .. . .. __.__.. 70 160 6.5 7 0.85 8.6
2, Bentonite (Wyoming) ___ ... ___________ e 77 125 10 11 1.8 8.2
3. Bentonite (Randsburg, California)_.__ ... . _ 56 71 16 15 2.1 8.7
4, “Subbentonite” (Fayette Co., Texas)_ ... _.____ 67 18 50 11 1.5 7.5
5, Illite (Fithian, Winois). . - - ___._ . ___________ 16 13 67 57 38. 7.4
6. Kaolin (Dry Branch, Georgia) _ .. _____.__.__________ 3 14 70 190 285, 7.0
7. Attapulgite (Florida) __ ___________________ U 33 105 23 105 68. 7.1
8. Halloysite (Las Animas Co., Colorado)__.____ I 16 17 60 35 15. 7.7
9. Clay (Frazier Mt., California)__._.___.______________ 51 28 37 22 5.5 8.9
10. Clay (¥l Paso County, Texas) _______.._____ . 32 15 58 20 3.7 7.4
11. Clay (Rosamond Lake, California)___________.________ 39 14 64 27 6.5 8.9
12. Clay (Rogers’ Dry Lake, California, upper layer).._ ... 40 15 63 21 6.6 9.6
13. Clay (Rogers' Dry Lake, California, lower layer)______ 37 914 66 8 1.3 9.2
14, Clay (Coalinga, California) ... _____________________ 28 16 55 43 19, 9.4
15. Clay (MeKittrick, California)_______________________ 12 26 53 28 5.4 7.6

Note: Clays 1-15, inclusive, do not necessarily correspond to clays now marketed for drilling mud use. The names of clays 9-15, inclusive, are geographical localities, and not trade names.

calculation of filter-cake permeabilities, and these are
shown in microdareys in the next column of table 1. It
may be seen that a rough parallelism obtains between
water loss and cake permeability, but it is the latter
which is more important, so that it should be computed
whenever possible as a matter of routine from the re-
sults of the A.P.I. test.* The great variation in filter-
cake permeability among the different clays shown is
striking, and makes it clear why relatively few clays
are suitable for drilling mud use.

Many clay deposits which were extensively used two
and three decades ago as sources of drilling mud have
now been abandoned, since it was found that these gave
muds having poor filtration characteristics. On the other
hand, careful prospecting in known eclay deposits in
many cases has yielded bodies of clay with excellent fil-
tration behavior, and it is common for processors of
bentonite and other clay to make careful filtration tests
as one means of product control. Of course a clay ex-
;For the standard A.P.I. test conditions, the filter cake permeabil-

ity is approximately 0.7 x 10-7 x (water loss in cc) x (cake
thickness in 32nds inch).

Table 2. Clay A (Run-of-mine Hector clay, 5 percent in water)

Perme- Specifie Specifie
Treatment of A.P. L ability of volume of | volume of
suspension viscosity filter cake filter cake? sediment?
Thinned with Graham'’s
Salt .. 15 0.7 6.6 1.6
No treatment____..__._ 25 1.2 7.4 2.4
Thickened with MgO___ 115 8.1 11.6 25.

1 Microdarcys, calculated from A.P.I. filtration test.

3 Ce of cake per gram of clay, A.P.I. filtration test.

8 Ce of sediment per gram of clay, sediment centrifuged from 10:1 dilution of the clay
suspension with distilled water.
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hibiting good filtration behavior does so only under fa-
vorable conditions; any environmental conditions tend-
ing to bring about flocculation of the clay and other
solids in the mud will in general increase the filter-cake
permeability of the mud.

A filter cake is actually a sediment formed under pres-
sure, so that for a slurry of a given clay, the sedimenta-
tion volume should determine filter-cake permeability,
other factors remaining the same. Flocculation and de-
flocculation determine sedimentation volume, however.
This is illustrated in table 2 (1946), which shows how
defloceulation and flocculation of a typieal drilling mud
reduce and increase, respectively, the filter-cake permea-
bility, the ‘‘sedimentation volume’’ of the filter cake,
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and the sedimentation volume of the clay as determined
by centrifuging portions of the diluted mud.

Miscellaneous Functions of Clay in Mud

Tt is of some interest to note that Speller (1936 ; 1938)
several years ago found that bentonite contributed to-
ward the reduction of corrosion fatigue of steel when
used in drilling muds. Of course, the simple type of
clay-water or bentonite-water mud is somewhat less
widely used now than formerly, and data do not appear
to be available for the corrosion properties of the more
highly chemically-treated muds, such as will be dis-
cussed in detail below.

Clays are of importance in emulsion muds, where they
function as emulsifying agents, and they also play an
important part in some types of oil-base muds. Discus-
sion of these funections will be reserved for a later por-
tion of the paper.

SOURCE AND NATURE OF CLAYS USED IN
DRILLING FLUIDS

Clays Encountered During Drilling

Unless special measures are taken, any dispersible
clay encountered during the course of drilling with a
fresh-water mud is generally taken up by the mud and
becomes part of its dispersed solids. This action is of
course modified by such factors as the type of bit used
and therefore the size of the cuttings produced, the
length of time of upwards travel of the cutting in con-
tact with the mud before reaching the surface, the
average temperature of the mud, and the like. Where
a relatively small amount of dispersible clays is encoun-
tered, the over-all effect may be beneficial, as it may
reduce or eliminate the necessity for purchasing clays
and weighting materials. However, when long intervals
of such clays must be drilled through, incorporation of
the clay into the mud can give serious trouble, par-
ticularly if the mud has been weighted with a commer-
cial weighting material such as ground barite. Prior to
about six or eight years ago, one had a choice only of
diluting the mud with water, thereby increasing its
total volume and wasting a portion of any weighting
agents present, or of adding dispersing agents to the
mud so that even though the clays were incorporated
in the mud, gel strength reduction would be brought
about by the addition of such chemical agents. In more
recent years, however, techniques have been developed
which make it possible to drill through colloidal, nor-
mally dispersible shales and either avoid the incorpora-
tion of very much of the shale into the mud or, with
some types of treatment, reduce the normally gelatinous
character of the shales so that they make scarcely any
contribution to the viscosity and shear strength of
the mud.

A detailed account of clays encountered during the
course of drilling and which are taken up by the mud
is somewhat outside of the scope of this paper, and more
properly belongs to a study of the petrography of forma-
tions in oil-producing regions. However, mention should
be made at least of the so-called heaving shales encoun-
tered in the Gulf Coast region of the United States,
particularly in the course of drilling adjacent to salt
domes. Shales of this type have given much trouble in
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the past not only by thickening the mud by dispersion
but also by sloughing or ‘‘heaving’’ into the hole. Grim
reported (personal communication) finding iron-rich
montmorillonite as the chief constituent of Vicksburg
shale from West Columbia, Texas, and of Miocene shale
from the Allen Dome in Texas, and a mixed-layer type of
mineral consisting of intergrown montmorillonite and
illite as the chief clay mineral in Yegua shale from the
Esperson Dome in Texas, and points out that the mixed-
layer type of material would particularly be expected
to be subject to ready dispersion.

Fancher and Oliphant (1943) a few years ago made
a mineralogical study of two natural shale muds used
in Gulf Coast drilling, each of which represented a com-
posite of the shaly strata drilled through. Separate
determinations were made on different particle sizes,
fractionation having been effected by the use of a super-
centrifuge. Illite was found to be the most abundant
of the clay minerals in the muds tested.

Surface Clays

It has been universal practice for many years in
rotary drilling to make use of nearby clay deposits as a
source of drilling mud. The use of such local clays is
probably as highly developed in California as anywhere
else in the world, so that a general description of Cali-
fornia localities and a brief mention of others elsewhere
will be illustrative. Table 1 is intended to give a eross
section of the more or less pure clays used, some typieal
surface clays, and some types of clay minerals, not used
in muds, for comparison. Table 1 also gives for each
clay the so-called yield of the clay (not to be confused
with yield point or yield value), which is generally
taken to be the number of barrels (of 42 U. S. gallons)
of drilling mud of 15 centipoises A.P.I. viscosity which
can be prepared from one ton of the dry clay. This has
turned out to be a most useful index not only in the
use of the various clays, but in their classification.
Naturally, the more highly colloidal eclays, particularly
those containing a substantial proportion of clay min-
erals of the swelling type, will give the highest yield,
as is shown in table 1. Table 1 also shows the percent
solids in the filter cake formed by a slurry of the clay
when filtered at 100 pounds per square inch in the
standard A.P.I filtration test. For normal eclays, at
least, this is an index of what might be called the effec-
tive volume of the clay in water, and it is of considerable
interest that while the swollen filter cake is essentially
a pressure sediment, there is a close relationship be-
tween the volume occupied by the clay in the cake and
the effective volume occupied by the clay in a more
dilute slurry, as judged from its rheological character-
isties. In figure 3, the ratio of the percent solids in
slurries of 15 centipoises A.P.I. viscosity (which may
be computed from the yields figures given in table 1)
to the percent solids in the mud cake formed from the
same slurry {(as given in table 1) is plotted against the
percent solids to give the 15 eentipoise slurry. It will be
seen that this ratio is astonishingly constant at about 0.5,
and is even approximately the same for the very high
vield bentonites on the left-hand side as it is for the
very low yield local clays on the right-hand side of the
figure. The three exceptions will be discussed later. The
fact that this ratio is as constant as it is suggests that
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perhaps the A.P.I. viscosity, as determined at 600 rpm,
is a valid rheological index of drilling muds even
though it combines several independently determinable
properties in a single value.

Clays of Relatively Low Yield. Probably the major-
ity of surface clays used for drilling mud purposes in
the United States are of the so-called low-yield type.
That is, they require 25 to 40 percent clay by weight of
mud to give a workable viscosity, corresponding to a
density in the range of about 1.2 to 1.2 or a yield, as
defined above, of from about 10 to 20 barrels of 15 centi-
poise mud per ton of clay.

Deposits of this type which have been extensively used
include, for example. one near El Paso. Texas, that has
been commercially mined for at least 20 vears, several
California deposits widelv used in the past, but now
abandoned because of poor mud properties, such as
localities north and northwest of Coalinga, west and
southwest of Kettleman ITills, and clays in the surface
layer of some dry lakes in the Mojave Desert region.
Such top layers tend to concentrate soluble salts that
have an adverse effect on the mud. Some of the dry
lakes in the Mojave Desert region, including Rosamond
(Fancher, 1943), Buckhorn, and Rogers (better known
as Muroc), north and northeast of Palmdale, California,
have vielded large tonnages of drilling mud clays. Some
clays from the localities just named are of considerable
interest for their clayv-minerals. Grim (personal com-
munication) has found a clay from a lower lying stratum
from the central part of Rogers Dry Lake to contain a
substantial proportion of a finely divided zeolite and
analcite, together with an interlaminated clay made up
of illite and a hectorite-like mineral. This may well con-
tribute to the rather high base exchange capacity of some
of these playa clays. The inclusion of fine, relatively
1sodimensional, non-swelling particles in this clay (No.
13 on table 1) may account for its unusually compact
filter cake for its slurry viseosity (see fig. 3). Finely
divided zeolites may be more common than generally
suspected in surface clay deposits; Ross (1941) reported
finding analcite as an alteration produet of glassy vol-
canic ash in a deposit near Wikiup, Arizona, and Yovan-
ovich (1936) identified zeolites in smectic clays of Al-
geria and Morocco. Certainly there is a vast field for
future study in the California dry lake clays, and al-
most nothing has been reported on their petrography.
(For a clay mineral analysis of nearby soils, see Brown
and Drosdorff 1940).

J. Endell (1950) has recently reported that clays used
for drilling muds in northwestern Germany for the most
part consist of kaolin and mica-like clay minerals, and
have a quite low yield.

West of McKittrick, California, clay has been exten-
sively taken from a playa-type deposit, one of the con-
stituents of which has been found by Grim to be a
fibrous type of clay mineral. The fibrous clay would be
expected to give a particularly bulky filter cake, quite in
contrast to the zeolite of the Rogers Dry Lake clay.

Surface Clays of Medium Yield. A number of clay
deposits have been worked for drilling mud purposes
which give drilling muds at a moderate yield, of perhaps
20 to 40 barrels per ton. Representative of such deposits
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are Wilmington Slough clay taken from a slough just
north of Wilmington, California; Frazier Mountain
clay, from a deposit at an elevation of about 5,000 feet
on the west slope of Frazier Mountain, just south of the
San Andreas rift in the Tehachapi Mountains of South-
ern California; a surface deposit east of Midland, Texas,
and the extensive deposits of so-called sub-bentonites in
Gonzales and Fayette Counties, Texas. With the excep-
tion of some of the Texas clays which have been estab-
lished to be calcium-type montmorillonite, substantially
nothing appears to have been reported on the petro-
graphijc nature of the other deposits mentioned.

Relatively Pure Clays Used in Muds

Montmorillonite. Montmorillonite of the swelling
type is widely used throughout the world in drilling
muds. Most of the material of this type, generally known
as bentonite, comes from the Black Hills region of
Wyoming and South Dakota, although some European
and North African bentonites are used in Europe and
the Middle East. This type of bentonite will give a
workable drilling mud at concentrations as low as 5% to
7 percent by weight of mud, with water alone, corre-
sponding to a yield of from 80 to more than 100 barrels
of mud per ton of bentonite. Liesser amounts are used as
an additive to muds which have already been made up,
and particularly in connection with the use of weighting
materials. Bentonite is prized for its property of giving
a low filter-cake permeability, as well as for the softness
that it gives to the filter cake and to the thixotropic
character that it imparts to the mud. Its extraordinarily
high yield makes shipment for long distances practicable,
and Wyoming bentonite is actually used in drilling in
substantially all parts of the world.

Some years ago, it was common to add alkaline-earth
alkalis, such as slaked lime or burned magnesite, to high-
grade swelling bentonites, even, as a dry admixture. It
was found that when such a mixture, containing per-
haps one percent of the alkaline earth material, was
added to water, substantially larger gel strengths were
obtained at a given percentage of bentonite. This prac-
tice was abandoned, however, when filter cake permea-
bility tests became generally adopted, since it was found
that the filtration properties of muds made from the
treated bentonites were inferior. On the other hand, it
has been the practice for many years to treat calcium
bentonites with sodium carbonate in an attempt to pro-
duce a sodium bentonite therefrom (Atom . .., 1935;
Deibner, 1951). This has been a common practice in
Europe, where commercial deposits of highly swelling
bentonites are relatively rare.

Some ecalcinm apparently increases the yield of a
swelling type bentonite. This i1s not unexpected, as the
yield depends upon the apparent Stormer viscosity
which in turn depends more on the shear strength in a
bentonite slurry than upon any other parameter. Roth
(1951), working on Wyoming bentonite, points out the
function of caleium ions—at least when not present to
too great an extent—in creating two types of disorder,
which he believes leads to readier dispersion of the ben-
tonite. The first is from exchangeable calecium ions which
give rise to double water layers rather than the single
water layers associated with exchangeable sodium ions,
thus expediting slaking. The second arises from caleium
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ions isomorphously substituted in the octahedral posi-
tions, which distorts the lattice structure; again, the con-
tortion of the layer is believed to facilitate dissociation
of the clay platelets. More recent work directed to a
systematic investigation of the effeet of exchangeable
bases, as between sodium and caleium in montmorillonite
of the Wyoming type, has been reported by Williams,
Neznayko and Weintritt (1952). In this investigation,
homoioniec montmorillonites were prepared, and the drill-
ing-mud properties at different relative saturations of
the bases were determined.

In this country, the naturally occurring caleium ben-
tonite-——chiefly the Texas sub-bentonites—are generally
used with little or no treatment prior to being in-
corporated into mud, for their properties are satisfactory
without beneficiation. Clay 4 of table 1 is representative.
Most clays are adversely affected by the presence of even
relatively small amounts of salt dissolved in the mud,
but the two exceptions are some of the Texas sub-ben-
tonites and clays of the attapulgite type. The former
are widely used where slight salt contamination is en-
countered.

Hectorite. A celebrated and apparently unique de-
posit of a clay, the chief constitutent of which is a
mineral of the montmorillonite, or montmorillonoid,
group in which magnesium appears in place of aluminum
in the center of the lattice (Marshall, 1937), occurs a
short distance south of Hector, California (Foshag and
Woodford, 1936). Large amounts of this clay have been
used in the past in drilling muds. The swelling and
filter-cake permeability properties of hectorite—the clay
mineral constituent of this deposit—are remarkably
good (see Clay 1 of table 1, a hand-picked specimen),
and even though the clay as mined regularly contained
as much as 50 percent finely divided calcite and other
nonclay material, the run-of-the-mine clay produced a
mud of properties that compared favorably with that
of high-grade Wyoming bentonite of much higher clay-
mineral content. The fact that the hectorite platelets are
lath shaped (Shaw and Humbert 1941) apparently is
no bar to a low filter-cake permeability ; this may well be
connected with the tendency of the hectorite to disperse
into flakes of unit cell thickness in a fashion similar to
that of montmorillonite of the Black Hills variety.

Attapulgite. Quite different from other clays used in
drilling muds is attapulgite, which is sold for drilling-
mud purposes in this country from deposits in Georgia
and Florida. Attapulgite has a fibrous structure (Brad-
ley, 1940; Shaw and Humbert, 1941) in contrast to the
platy or at least lath-shaped particles of most other
clays, and the possibility of dispersing in water under
favorable conditions to needle-shaped particles of cross-
sectional dimensions comparable in magnitude to that of
the unit cell gives rise to a type of plasticity which ap-
parently is of the brush-heap type, quite in contrast to
the gels produced by swelling montmorillonite. Attapul-
gite suspensions are only feebly thixotropic, as might be
expected from their structure, and, moreover, have the
interesting and useful property of possessing shear
strength and viscosity quite independent of electrolyte
concentration. A dispersion of five grams per centiliter
of attapulgite in saturated sodium chloride solution has
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about the same consistency when measured in a Stormer
viscometer as a dispersion of five grams per centiliter
in pure water. The suspension in pure water is sub-
stantially unaffected by the deflocculating and degelling
agents commonly used with ordinary clayvs such as the
polyphosphates, tanstuffs, and humic acids. Attapulgite
finds extensive use, therefore, in areas in which rock salt
is drilled through, and in which the mud thereupon be-
comes saturated, or nearly so, with salt. In such a solu-
tion, ordinary clays fail to swell and complete loss of gel
strength is the usual result. Attapulgite is added to such
muds to give the gel strength necessary and desirable
for euttings removal, weighting material suspension, and
the like.

The acicular nature of attapuleite particles causes
them to hehave essentially as filter aids, much in the
fashion of asbestos or diatomaceous earth. One result of
the fibrous structure is that muds made up with attapul-
eite have a very high filter-cake permeability, even
thongh pure water has been used. Where it is necessary
to have low cake permeability with such a mud, organic
colloids that are so completely hyvdrophilic that they are
unaffected by the presence of salt are gencrally added.
Such colloids may be gelatinized starch, generally added
in a thin-boiling, pregelatinized form (Larsen, 1947);
gums such as gum tragacanth (Harth, 1935) and gum
karaya (Kennedy and Teplitz, 1943) ; or cellulose deriva-
tives, such as sodinm ecarboxymethyleellnlose (Wagner,
1947) and hydroxyethyl eellulose (Himel and Lee, 1951).

Illite.  Mueh clay of the illite type becomes incorpo-
rated in drilling muds from shales encountered during
drilling, as has been noted. The only relatively pure
deposit of an illite-type clay mined and sold for drilling
mud use which has come to the writer’s attention is the
clay from Grundy County, Illinois, sold as grundite.
Although this deposit is inactive at the present time,
its properties have been described in a paper by Grim
(1939). The properties of an illite by itself, as repre-
sented by clay from a type deposit, clay 5 of table 1,
are not favorable for a mud because of the fairly high
cake permeability.

Halloysite. Some attempt was made about ten years
ago to market for drilling mud purposes a halloysite
clay occurring in Colorado. No other halloysite, or even
a clay rich in halloysite, 13 known to the writer as cur-
rently used in muds.

Kaolinite. There is no a priori reason to expeect that
either halloysite or kaolinite would be well adapted for
drilling mud use in relatively pure form, an expectation
borne out by table 1. A Tennessee ball clay is currently
being marketed for use in mud for water-well drilling
and for drilling shot holes for seismograplic explora-
tion; the demands on such a mud are not generally
severe.

CHEMICAL TREATMENT OF CLAY MUDS
Addition of Degelling Agents

In the ordinary course of drilling, clay-water muds tend
to inerease in conmsistency, which results is an inerease
in gel strength. The change in consistency may be the
result of drilling through mud-making formations, or
the result of the addition of soluble salts such as sodium
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chloride, calcium sulphate, and the like. In the early
days of drilling with rotary mud, notably in the 1920’s,
attempts were made to treat such thickened muds with
the materials found useful in ceramic slips, particularly
sodium hydroxide, sodium carbonate, and sodium silicate.
Such attempts were largely unsuccessful ; the mechanism
of the production of the gel is still controversial, but
it may arise from quite different causes than are opera-
tive in china clays. For example, the addition of a small
amount of sodium hydroxide to a slip of kaolin in water
will bring about marked thinning, whereas the addition
of a like amount of caustic soda to a bentonite suspen-
sion will cause thickening. Most clay-water drilling muds
tend toward behavior of the latter type, and until the
early 1930’s the problem of degelling drilling muds by
chemical treatment was largely unsolved. Today the
chemical agents used for this purpose fall largely into
two groups: inorganic complex phosphates, and organic
weak acids of generally high molecular weight such as
tanstuffs and humic acids. An early anonymous publica-
tion (1932) of the Shell Laboratories in Amsterdam
lists many organic compounds useful for thinning muds.

The introduction of the molecularly dehydrated phos-
phates as drilling-mud thinners was made by Wayne
(1942) in the early 1930’s. At the present time, sodium
pyrophosphate, both in the tetrasodium and the diso-
dium dihydrogen forms; sodium tripolyphosphate; and
the glassy sodium phosphates of obscure structure but
ranging in composition from the so-called tetraphos-
phate to the hexametaphosphate are widelv used. Anal-
ogous compounds such as the stannates (Wayne, 1951)
and vanadates have been proposed but are not commer-
cially used at the present time because of their scarcity
and high price. Orthophosphates are used scarcely at all,
and other simple sodium compounds which remove cal-
cium, such as sodium carbonate and sodium bicarbonate,
are used only for special treatments and generally in
combination with other materials.

The mechanism of degelling by complex phosphates is
no less obscure than the mechanism of the gelling of
the muds in the first place. Grim (1947) has suggested
that gelling may be ascribable to the building up of
layer upon layer of hexagonally disposed water molecules
on the surface of the elay particles, and that degelling by
complex phosphates may result from the fit of polyphos-
phate chains and rings onto the same surface, thereby
interfering with the building up of oriented water
layers. Van Olphen (1951) has advanced the hypothesis
that the edges of montmorillonite flakelets are at least
in parts positively charged, that the gelation of benton-
ite in aqueous suspensions therefor comes about from
an edge to face orientation which would naturally give
a gel of low solids content, and that accordingly the
action of the polyphosphates is essentially one of adsorp-
tion at the loci of positive charges with the consequent
neutralization or even reversal of charge at these points.*
These are both reasonable proposals, and the most that
can be said at this time is that more work must be
done on the problem. The complete solution will no doubt
involve full cousideration of the structure of polyphos-
phates as compared with those of orthophosphates: the

“_J. Endell (1950) has recently published an electron micrograph
showing particles of a gold sol (presumably negatively charged)
adhering to the edges of kaolinite platelets.
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existence of P-O-P bonds with tetragonal coordination
of oxygen ions about the phosphorus ions, analogous
to silicates; the relatively high ilonization constants of
the polyphosphates (as evidenced, for example, by the
feeble alkalinity of tetrasodium polyphosphate and the
actually neutral pH of many metaphosphates, including
Graham’s salt—the so-called sodium hexametaphos-
phate), which would enable neutralization of the postu-
lated positive charge of the montmorillonite flake by
one portion of the polyphosphate molecule and the pres-
entation of a negative charge by another portion; prob-
ably also the ability of certain polyphosphates to
sequester caleium ion ; and finally the ability of polyphos-
phates to prevent growth of certain crystals where it
is possible for them to fit on the lattice of the growing
crystal, such as on calcite. Cyclic trimetaphosphate
neither thins mud initially, nor prevents the growth of
calcite crystals, but after hydrolysis has taken place and
the ring is split, it becomes an excellent thinner. This
is in complete accord with the findings of Ralistrick
(1949), who found that nucleation of calcite crystals
was not prevented by tri- and tetrametaphosphate at
first, but was after hydrolysis of these ring compounds.
It is significant that the prinecipal effects of the addition
of polyphosphates to a drilling mud is reduction in shear
strength rather than increase in Bingham fluidity (or
reduction of differential viscosity). (Melrose and Lilien-
thal, 1951 ; van Olphen, 1951.)

The organic compounds that have proved most useful
in thinning drilling muds are the several tanstuffs, of
which quebracho extract is the most widely used, and
humic acid, generally derived from certain lignites. The
fact that these materials thin best at an alkaline pH,
and indeed at pH’s high enough so that fairly complete
ionization of the acids can be assumed, suggests that the
mechanism may be related to that which gives the poly-
phosphates their effectivness. Indeed, at pH’s of 12 or
higher, gelatinized starch acts as a thinner for clay-
water muds in a way very like the tanstuffs, and the
higher pH involved is in accordance with the much
lower ionization constant of the alcoholic hydroxyl
groups in starch as compared with the phenolic and even
carboxylic groups in tannic and humic acids. A discus-
sion of some aspects of the behavior of tanstuffs and
polyphosphates in thinning muds is given in several
articles including which may be mentioned those by
Loomis, Ford and Fidiam (1941), Garrison (1940), and
van Olphen (1950 b, 1951). A special usage of tanstuffs
and humic acids, aside from simple thinning in normal,
moderately alkaline pH range is discussed below.

Lime Muds. The term ‘‘lime muds’’ as currently
used needs some explanation. In the early days of
drilling, limestone was often added to mud, occasionally
as ground massive limestone and sometimes as beet-
sugar-factory waste lime, and such muds were occasion-
ally called ‘‘lime muds.”’ Also, caleium hydroxide, as
ordinary slaked lime, formerly was added to mud when
a thickening effect was desired, but the adverse effect
upon filter-cake permeability led to its abandonment.
Within the last decade, the new and almost revolution-
ary technique has been developed of using slaked lime
in clay-water drilling muds at a high pH and in the
presence of a protective colloid, which may be of the
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class of tanstuffs and humic acid derivatives, or gelatin-
ized starch. The term ‘‘protective colloid’’ has been
deliberately used, because the system is quite completely
floceulated without the organic material, and it has only
been through kuowledge of the proper use of these
organic materials In econjunction with lime that the
latter has been usable at all. The pH range of such muds
is high, generally between 12 and 13, and is achieved
generally by the joint use of caustic soda and hydrated
lime. The concentration of the organic material is like-
wise high, ranging upward from 4 or 5 pounds of or-
ganic material per barrel of mud. When clay is added to
sueh a mud, either as a drilling-mud clay deliberately
added or as ground-up cuttings encountered during
drilling, even though the clay would normally readily
become dispersed in water, dispersion in the lime type
of mud is at a minimum, and only a slight contribution
is made to the consistency of the mud. This effect is of
enormous advantage in drilling through long intervals
of mud-making shale, and indeed, with proper mud con-
trol, there seems to be no limit to the footage of normally
dispersible shales which can be so drilled. Such muds
are characterized principally by very low gel strength
both after agitation and after a period of quiescence,
and by quite low filter cake permeability. Substantial
contamination by salt can oceur without harming the
mud, particularly when gelatinized starch is present.
Muds of this type are generally made from a mud al-
ready in use, and the conversion of ordinary muds into
high pH lime muds calls for a great deal of skill on the
part of the mud engineer, since the initial flocculation
which takes place results in great thickening of the
mud, which, however, is temporary. The usual explana-
tion given for the behavior of such a mud is that the
presence of the calcium ion prevents swelling of any
normally swelling clays, as well as collapsing clays of
that type present in a mud undergoing conversion, that
the organic thinner, together with any starch which
may also be present, prevents adhesion between the
particles so treated by the calcium ion. Field technology
of such muds is at the present time still much more of
an art than a science, and although fairly precise con-
trol techniques have been developed, involving for the
most part the reaction of the mud and the filtrate to
chemiecal titrations of several kinds, control and remedial
treatments are largely empirical. However, it appears
that too high a conecentration of calcium ion is unde-
sirable, and in practice the calcium-ion concentration is
carefully controlled, possibly at a level somewhat under
that which would correspond to complete calcification of
the clays present. This is suggested by the ability of
bentonite, when added to such a mud, to behave in a
nearly normal manner as regards filter-cake-permeability
reduction; although the recent work of Gruner and
Vogel (1950) on the swelling of caleium bentonite at
high pH’s suggests a possible mechanism. The quantities
of lime consumed during the course of drilling through
shales are substantial, and obviously considerable base
exchange takes place during the use of such a mud. Lime
muds of this type have been the subject of several re-
cent reviews (Goins, 1950; Lancaster and Mitehell,
1949 ; McCray, 1949).

A recent development in lime-base muds of particular
interest to clay mineralogists is the discovery that cer-
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tain of these muds, when used for drilling at great
depths where unusually high bottom-hole temperatures
are encountered, undergo a solidification to an extent
occasionally so great that the mud resembles set port-
land cement. A laboratory method of reproducing the
various solidification phenomena on a small seale has
been described by Gray, Cramer and Litman (Gray,
Cramer, and Litman, 1951); and an investigation from
the standpoint of the mineralogical changes involved has
recently been published by Gray, Neznayko and Gilke-
son (1952), who found that calcium silicates, among which
analeite and xonotlite could be identified, were formed,
apparently from the clay and quartz originally present.
It was found that retardation of the solidification could
be brought about by the use of organice dispersing agents
of the type which are cffective as portland-cement re-
tarders.

Salinification of Muds

Interstitial clays oceuring in oil sands, either as clays
laid down with the sediment itself or possibly formed
in place, have recently received much attention from the
standpoint of their interaction with fluids intruding
from the well bore (Darley, 1947 ; Griffiths, 1946 ; Grim,
1947; Johnston and Beeson, 1945; Suter, 1948). Prior
to disturbing the reservoir by drilling, such clays are of
course in equilibrinm with any interstitial water present,
which almost universally is substantially saline in char-
acter, and quite generally contains ions of alkaline carth
metals as well as of alkali metals. Unless a drilling mud
is of a special type, the filtrate therefrom is likely to
have a much smaller ionic strength than that of inter-
stitial reservoir waters, an cffect which indeed has been
recognized from the earliest days of eleetrical well-
logging. One must, for a variety of reasons, prevent
intrusion of drilling-mud filtrates in the producing for-
mations as much as possible, not only for the reason dis-
cussed here, but also because of the possibility of redue-
ing the permeability of the sands to oil from purely
capillary effects. However, with practically all muds
having an aqueous base, some loss of filtrate is nearly
unavoidable, and severe reduection in permeability of
oil-bearing strata to the flow of fluids of any kind has
been shown to be the result of intrusion of relatively
fresh water filtrates, particularly when the sands contain
appreciable amounts of clay. Even where the clay is not
of a swelling type, undoubtedly a reduction in adhesion
of the clay or other minute particles to the surface of
the sand grains can be brought about by the intrusion
of fresh water in accordance with the principles of ad-
hesion capability investigated by von DBuzigh (1930).
Table 3, taken from von Buzagh (1937), shows the
reduetion in adhesion of quartz particles to a quartz
plate, in the presence of distilled water and of inercasing
concentrations of NaCl and CaCl.. The sine of the angle
of tilt necessary to dislodge the quartz particles by
gravitational action is shown for different concentrations
of the salts. The great increase in adhesion for even (uite
dilute electrolyte concentrations as ecompared with fresh
water is clearly seen, as well as the difference between
sodium and caleium chlorides at the same concentrations.
The possibility of the dislodgement of fine particles
normally adhering to the surface of sand grains by the
interposition of fresh water or weak hrines of alkali-
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Table 3.
Concentration in NaCl CaCla
millimols per liter

Percent sina Percent sina
0 0.095 0 0.095
R - 0.055 0.317
0.058 0.165 0.111 0.414
0.117 0.342 0.222 0.573
0.233 0.43 ——- -

metal salts alone, whereby such very small particles can
move to block the fine openings in the capillaries, is
evident from table 3, so that swelling clay or even
clay of any kind does not have to be present to explain
many of the results obtained in fluid-permeability in-
vestigations. Investigation of the swelling of miero-
samples of the fine fraction obtained from oil-sand cores
subject to permeability reduction by fresh-water fil-
tration by means of the Enslin (1933) apparatus, carried
out in 1947 by Foster (Foster, 1947), showed a relatively
feeble swelling, yet the core was from a formation par-
ticularly subject to permeability reduction from fresh-
water intrusion. (It is not intended here to minimize the
importance of clay swelling in formation permeability,
but merely to call attention to another factor which has
perhaps been overlooked in the past, and may be found
to be of some importance.) Recent work by the research
group of the Union Oil Company of California has in-
cluded the investigation from a very fundamental and
very thorough standpoint of the clay-mineral content
of the fine fractions of California oil-sand cores (Nahin,
et al,, 1951; Nowak and Kruger, 1951).

The treatment of drilling muds so that their filtrates
will fail to have a swelling or dislodging effect or both
upon interstitial clays and other fine particles has been
given much attention in recent years. The usual expedi-
ent, as one might deduce either from clay-swelling data
or adhesion data of the von Buzigh type, is to salinify
the mud, particularly with salts of di- and trivalent
cations (Cross and Cross, 1937 ; Darley, 1947 ; Griffiths,
1946 ; Sherborne, 1951 ; Temple, 1951). Caleium chloride
has been used in concentrations of several percent by
weight of the fluid phase of the mud, and even soluble
aluminum salts have been used. Naturally, the effect
intended for the interstitial clays is not without a like
effect on the clays in the drilling muds themselves, and
unless special measures are taken the mud properties
will be adversely affected by the addition of such salts.
Fortunately, gelatinized starch is fully effective to ob-
tain low filter-cake permeability in such cases, and is
generally used with such a mud. The filtrate from a lime
mud such as has been discussed in the previous section
falls somewhat short of ideal performance in this con-
nection, partly no doubt because of its very high pH.

Reversal of Charge

Some have suggested not merely converting a mud to
a calcium-base clay, but reversing the charge to a posi-
tive mieelle. Perhaps the most elaborate work along these
lines is that of Bond (1944), who used such materials
as methylene blue for producing a positively charged
bentonite for use in drilling muds. With such a mud any
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swelling or even dispersion of normally hydratable clay
encountered during the course of drilling is of course
out of the question. Muds of this particular type do not
appear to have been used commercially, however, prob-
ably because of their relatively high cost and also be-
cause of the intervention of the high-pH-lime technique,
which has solved most of the problems in connection with
heaving-shale drilling.

USE OF CLAYS IN MUDS CONTAINING OILS

Emulsion Muds

Within the past decade the use of emulsions as drill-
ing fluids has become fairly widespread. Both types of
emulsion, that is, oil-in-water and water-in-oil, have been
used, but the former is muech more common. Substan-
tially all of the oil-in-water type of emulsion drilling
fluids presently used contain clay, and indeed are most
generally made up by the addition of oil to a clay-water
mud which has already been in use. The ability of
colloidal clays, particularly bentonitic eclays, to act as
emulsifving agents for oil-in-water emulsions is so well
known that little need be said here. In fact, it has been
found that some clays are such good emulsifying agents
in themselves that no additional emulsifiers need be
added, but this property is seldom relied upon in actual
practice, since the use of organic emulsifying agents in
a clay-water mud can readily be made to give great
stability to the emulsion. One function of clays in such
muds which is generally overlooked, but which neverthe-
less is most important, is that of providing a preferen-
tially water-wettable filter cake for the mud to filter
against. The fact that the walls of the pores in such a
clay filter cake are hydrophilie prevents the passage of
the minute droplets of emulsified oil, which presumably
are then enabled to block off the pores and to reduce
the over-all permeability of the cake. The filtrate from
such a mud, when the emulsion is properly stabilized,
is substantially 100 percent water, and all of the oil
is retained by the cake, which is in accordance with the
picture just presented, as is also the very considerable
reduction in over-all fluid loss resulting from the emulsi-
fication of oil into the clay-water base mud.

An interaction of the clay with the emulsifying agent
used in a particular emulsion mud has been studied by
Doscher (1949) ; the particular mud proposed is of in-
terest as it makes use of calcium ions for tying the
emulsifying agent to the clay particle as well as to pre-
vent swelling of clays both in the emulsion and such as
may be contacted by filtrate from the emulsion.

Oil Base Muds

The attempt to keep intruded water entirely away
from oil-bearing formations has led to the development
of drilling fluids made up with oil instead of water, the
so-called oil-base muds. For the most part, such drilling
fluids do not have clay added, and since they are not
ordinarily used for ‘‘making hole’’ as distinguished
from drilling into an oil-bearing formation, clays en-
countered during drilling with such a mud are generally
of little consequence, aside from the fact that they are
generally not dispersible in the fluid in the first place.
(lays are of importance, however, in particular oil-base
muds whiech have been used. Rolshausen and Bishkin


https://doi.org/10.1346/CCMN.1952.0010124

Part VII]

(1937) proposed the incorporation of bentonite in an
oil-base mud in order to take up any free water en-
countered during drilling. A recent article by Lummus
and Dunn (1952) describes a recently developed type of
oil-base drilling fluid made up from oil and a dry con-
centrate, which is stated to consist of ‘‘a chemically
treated mixture of clay and weighing material.’’
Another and most interesting type of oil-base mud in
which mortmorillonitic clays play an all-important part
is that patented by Hauser (1950), which makes use of
the swelling properties in oil of reaction products of
long chain amines and bentonite, also discovered by him
(1950; and Jardan, 1952). Such oleophilic bentonites,
which are substantially completely coated by the hydro-
phobic organic cation through a base-exchange reaction,
impart both gel strength and, because of their platy
character, low fluid loss to oil-base muds, and also enable
the emulsification of any water encountered during use
into the mud as a stable water-in-oil emulsion. A par-
ticular advantage is that the organophilic clay retains
its gelling ability even at very high temperatures, thus
avoiding a difficulty often encountered with other types.

DISCUSSION
H. F. Coffer:

I would like to have further discussion on the reactions of
chemicals in thinning muds.

W. T. Cardwell, Jr.:

The work of Loomis, Ford, and Fidiam (1941) several years
ago is still basic. Their work showed a correlation between the
caleulated surface areas of the clay particles and the amount of
pyrophosphate required in a suspension to attain minimum viscos-
ity. This amount was just sufficient to form a monomolecular layer
of the pyrophosphate on all the surfaces of the clay in the sus-
pension. The adsorption of pyrophosphate on the clay surfaces
presumably prevents the formation of an extended water struc-
ture. Formation of this extended water structure is thought to
account for the viscosity.

H. van Olphen:

Actual adsorption studies indicate that adsorption of the poly-
phosphate is not complete. It is, however, sufficient to be explained
as lateral surface adsorption. A minimum in the ‘“viscosity” curve
occurs owing to a balance between the peptization by the poly-
phosphate anion and the flocculation by the Na* ions; at high
concentrations the Na-polyphosphate finally flocculates the clay
completely (van Olphen, 1951a).

As I see it the phosphate-anion adsorption charges the particle
edges and prevents their edgewise association. Hence no volumi-
nous clay-particle network is built up and the yield stress of the
system is reduced. (The so-called “viscosity” reduction of the drill-
ing fluid is primarily yield-stress reduction.)

30 minutes
s yield stress
7

zero minutes

yield yieid stress

stress
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FIGURE 4.
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The question of the rheological properties of clay—liquid sys-
tems beyond the point of gelation—is of utmost importance in
drilling fluids, ceramic slips, and soils and is quite interesting
from a colloid chemiecal point of view.

If a washed neutral sodium-Wyoming-bentonite sol is concen-
trated by ultrafiltration to a concentration of about 3 percent, a
gel is obtained with a yield stress of about 80 dynes per sq cm.
The gel is non-thixotropic. On addition of very little neutral salt
to this gel, the yield stress is reduced to zero, but with more than
about 3 me./1 of the salt the system gels again, now establishing
a thixotropie gel.

In the uncontaminated system the formation of the non-thixo-
tropic gel is puzzling since the protecting double layers would be
expected to be highly developed. The counter ions, the exchange-
able sodium ions, are there, and the electrolyte content of the
intermicellar liquid is low so that optimum repulsion between the
particles should be realized. Still the non-thixotropic gelation sug-
gests particle association. Admittedly, a yield stress can be devel-
oped in dispersed systems with predominant repulsion, but those
systems show the phenomenon of dilatancy and not that of non-
thixotropie gelation.

Also particle association in the purified gels could occur in the
long range energy minimum owing to the difference in deeay of
the double layer repulsion and van der Waals' attraction as
pointed out by Verwey and Overbeek. However, such an associated
network would show thixotropy due to the shallowness of the
minimum. Moreover, this association would be expected 1o become
more pronounced on the addition of neutral salts hut actually the
reverse is true.

An explanation of the particle association and gelation in puri-
fied systems may be given on the basis of the assumption that
despite the overall negative electrophoretic charge of the elay
particles, the edges bear a positive charge so that the gelation
would be the result of edge-to-flat-surface association, a kind of
internal mutual floecculation. The lack of an energy barrier for
such an association and the rather deep minimum in the attraction
potential curve would explain the instantancous set of the gel
after stirring. Also this type of association would explain the large
gel volume at relatively low clay concentration. The assumption
of a positive edge charge appears to be able to explain quite a
diversity of facts observed in clay suspensions, particularly stabili-
zation by anions as practiced in drilling-mud treatment and
ceramic slips. The origin of a positive edge charge may be sought
in the presence of alumina at the edges where the octahedral sheets
are broken. Also traces of aluminum ions which are present in
the intermicellar liguid may charge the broken silica sheets posi-
tively as they do with a quartz sol. Thercfore the presence of a
positive edge charge would be in line with general colloid chemical
experience,

Turning to the reduction of the yield stress of the pure gel by
addition of ahout 3 me./1 of NaCl, Na.SOQ,, NaOH, or CaCl., this
may be seen as the result of the compression of the double layer
on both flat surface and lateral surface, thus reducing the mutual
attraction of the two. On further addition of these salts, however,
both double layer potentials will be so far reduced that edge-to-
edge or flat-surface-to-flat-surface association is no longer pre-
vented and the system gels again owing to dominant van der Wauals’
attraction. However, this gel is thixotropic and has a completely
different character. Thig is the condition of a virgin drilling fluid
when prepared from impure clay and water. The reduction of gela-
tion by treating chemicals is now achieved by adsorption of anions
to the positive edges, which gives the edges a protective negative
charge, cdge-to-edge association is prevented, and the main contri-
bution to the formation of a voluminous network is climinated. It
may be mentioned that the major rheological effect of treating
agents on the gelled clay suspension is a reduction of the Bingham
vield stress of the system, the differential viscosity remaining es-
sentially the same.

E. A. Hauser:

The development of organic-reacted bentonites has completely
revised the old theory of thixotropy for we are now dealing with
a system where electrokinetic forces are no longer involved. A
thixotropic gel can be formed by reactions such that the indi-
vidual particles develop a balance between the solvated layer and
the van der Waals™ attraction forces. The moment this balunce is
reached, the system sets up as a thixotropic gel.
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