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[57] ABSTRACT

A metal hydroxide-thickened well treating fluid com-
prises an aqueous liquid containing a water-soluble
salt of an amphoteric metal and enough water-soluble

base to form a viscosifying amount of a hydrated oxide
of the metal.

12 Claims, 8 Drawing Figures
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1

ALUMINATE-THICKENED WELL TREATING
FLUID AND METHOD OF USE

BACKGROUND

This invention relates to well treatments for tempo-
rarily plugging and/or fracturing a portion of a subter-
ranean reservoir. More particularly, it relates to a rela-
tively viscous aqueous liquid (useful as well completion
or fracturing fluid) that contains chemically removable
viscosifying and/or fluid loss-preventing materials. In
general, a fluid used for well completion or fracturing
should provide (1) at least enough hydrostatic head to
at least counterbalance the fluid pressure in the subter-
ranean reservoir being treated, (2) liquid components
that cause little or no damage to the reservoir, (3) an
adequate prevention of fluid loss, (4) an adequate ca-
pability of transporting suspended solid materials, etc.

The conventional well-treating fluids that satisfy such
requirements usually depend on organic materials. For
example they contain natural or synthetic polymers (as
viscosifiers and/or fluid-loss preventers) or comprise a
relatively viscous hydrocarbon oil-base or oil-emulsion.
Such organic components are undesirably susceptible
to being entrained, or dissolved and stripped-out, or di-
luted, by gaseous hydrocarbons or light oil components
of fluids apt to be encountered in oil revervoirs.

SUMMARY OF THE INVENTION

The invention relates to a metal hydroxide-thickened
aqueous liquid containing a combination of enough
water-soluble salt of amphoteric metal and enough
water soluble base to form a viscosity-increasing pro-
portion of gelatinous hydrated metal oxide and provide
a pH that is relatively non-corrosive to ferrous metal.

The present invention also provides a well treating
fluid that has a low fluid loss and contains substantially
completely chemically removable viscosifying and
fluid-loss-preventing components. This fluid comprises
a metal hydroxide-thickened aqueous liquid suspension
of particles of a solid material that is soluble in either
a relatively strongly acidic or a basic aqueous liquid.
Such a completion fluid preferably also contains
enough of either, but not both, dissolved calcium bro-
mide or calcium chloride to provide a fluid system hav-
ing a selected specific gravity.

The present invention also provides a metal hydrox-
ide-thickened fluid that contains relatively slow react-
ing pH-reducing reactant that subsequently yields at
least enough acidic material to dissolve the thickening
material. Such a reaction is advantageous in subse-
quently converting the thickened fluid (and any acid-
soluble particles that are suspended in the fluid) to a
liquid having a viscosity substantially as low as that of
water.

The present invention also provides a metal hydrox-
ide-thickened fluid that contains a relatively high pro-
portion of suspended solid particles and is adapted to
be used as a well drilling mud which can be converted
(within the borehole) to a relatively competent ce-
ment-like solid mass by dissolving the thickening mate-
rial and thus reducing the viscosity of the liquid phase
so that the suspended particles are allowed to settle.
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2
DESCRIPTION OF THE DRAWINGS

FIGS. 1,2,3A,3B,3C, 4A, 4B and 4C, each are plots
of data obtained by tests of the present metal hydrox-
ide-thickened fluids.

DESCRIPTION OF THE INVENTION

Prior utilizations of hydroxides or hydrated metal ox-
ides of amphoteric metals in well treating fluids have
involved properties distinctly different from the rheo-
logical properties needed for a well completing or frac-
turing fluid. For example, the E. A. Richardson U.S.
Pat. 3,614,985 describes a process for plugging a sub-
terranean reservoir by permeating its pores with a solu-
tion that contains an amphoteric metal salt and a pH-
increasing reactant that subsequently causes a precipi-
tation within the pores of the reservoir. U.S. Pat. No.
3,603,399 describes a process for treating a water-
sensitive formation by permeating its pores with a “hy-
droxy-aluminum solution” that contains an aluminum
salt and a base in proportions providing a clear and rel-
atively non-viscous solution. And, the G. O. Suman, R.
F. Scheuerman and E. A. Richardson U.S. Pat. No.
3,756,315 describes a process for plugging and/or con-
solidating a subterranean reservoir by permeating its
pores with a strongly alkaline solution of an amphoteric
metal oxide and a pH-decreasing reactant that subse-
quently causes a precipitation that increases the
strength of and/or plugs the pores of the reservoir for-
mation,

In each of such prior hydrated metal oxide-using pro-
cesses it has been important that the solution of ampho-
teric metal salt have both a relatively low viscosity and
a high filter loss, to ensure that the solution penetrates
into the matrix (or pores) of the reservoir. In contrast,
in a well completing fluid or fracturing fluid, it is impor-
tant that the fluid have a viscosity and/or filter loss pre-
vention sufficient to ensure that it does not penetrate
into the matrix of the reservoir.

Applicants have discovered that, by using a combina-
tion of at least one water soluble amphoteric metal salt
and base in the presently specified concentration and
ratio, a substantially non-corrosive and appropriately
thickened fluid can be prepared and utilized in a well
completion procedure in which it is desirable to avoid
the entry of fluid into the matrix of the reservoir. The
composition of such a fluid can be adjusted so that the
fluid (a) contains only materials which are substantially
insoluble in normally gaseous or liquid hydrocarbons
and/or H,S or CO,, etc., that are apt to be encountered
in a petroleum reservoir, (b) is relatively heat-stable;
€.g., can remain substantially unchanged after as much
as 67 hours at 400°F., (c) is adapted to have a selected
specific gravity that can range from about 8.5 to 18 PPE
(pounds per gallon), (d) is adapted to provide little or
no fluid loss into a reservoir of relatively high permea-
bility although it contains only components that are
substantially completely chemically removable by dis-
solving them in a strongly acidic or a basic aqueous lig-
uid, and (e) is adapted to be a self-breaking viscous
fluid which is adapted to revert to a thin fluid having a
viscosity substantially as low as that of water.

Water-soluble salts of amphoteric metal suitable for
use in the present invention comprise individual or
mixed salts of substantially any amphoteric metal, such
as aluminum, chromium, tin, zinc, arsenic, antimony or
lead, etc.,, that are adapted to form an
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aqueous-solution-viscosifying  gelatinous  hydrated
metal oxide. The aluminum salts are particularly pre-
ferred.

Aqueous liquids suitable for use in the present metal
hydroxide-thickened fluids include natural or treated
waters and/or water solutions of substantially any salt
that is relatively inert to or is compatible with the dis-
solving of enough amphoteric metal salt and the forma-
tion of enough gelatinous hydrated metal oxide to pro-
vide the desired viscosity. Suitable inert metal salts in-
clude the alkali metal salts of strong acids, e.g., sodium
chloride, or the like; the water-soluble alkaline earth
metal salts of strong acids, e.g., calcium chloride, cal-
cium bromide, or the like; etc. However, it should be
noted that although various mixtures of such salts are
suitable, some such mixtures may not be suitable. For
example, although an aqueous solution that is saturated
with a mixture of calcium chloride and calcium bro-
mide has an advantageously high density of 15.1 ppg,
the solubility at room temperature of an aluminum
chloride containing 6 molecules of water of hydration,
is less than about 0.05 molar and may be too low to
provide an adequate viscosity or gel strength.

The concentrations of amphoteric metal salt and rel-
ative proportions of base that are suitable in the present
metal hydroxide-thickened fluids may range from less
than 0.1 to more than 1 molar (i.e., moles per liter of
the amphoteric metal salt and/or the metal ion) with a
ratio of foles of base to moles of amphoteric metal ion
of at least about 2.8.

Where solids are suspended in the metal hydroxide-
thickened fluids, the metal content of the final fluid
(e.g. “f,” or fraction by volume of solid in the suspen-
sion) will depend on the solids loading. In such situa-
tions the preferred value is determined experimentally.
For example, in a moderately viscous 18 ppg (pounds
per gallon) suspension having an f; value of 0.3, an alu-
minum concentration of as low as 0.08 molar (in the
liquid phase of that suspension) is suitable. Alterna-
tively, in a similarly viscous solids free fluid, the alumi-
num concentration should be at least 1.0 molar.

The pH, viscosity, gel-strength, and the like, fluid
properties, (or rheological properties) of the metal hy-
droxide-thickened fluids are strongly affected by such
concentrations and relative proportions of the ampho-
teric metal salt and base. It appears that the gel struc-
ture of the gelatinous hydrated metal oxide is, to some
extent, stabilized by incorporating protons within its
structure. For example, with respect to such fluids in
which the amphoteric metal is aluminum, tests have in-
dicated that the magnitude of the rheological proper-
ties decrease with increasing ratios of base to ampho-
teric metal ion. But, for most well treating applications,
molar ratios of at least about 2.8 are desirable in order
to provide a thickened fluid that is relatively non-
corrosive to ferrous metal.

For convenience of language, typical examples of
particularly preferred concentrations and test results
are described herein with reference to metal hydrox-
ide-thickened fluids in which the amphoteric metal salt
is aluminum chloride and the base is sodium hydroxide.
Similar concentration ranges are applicable to such flu-
ids containing substantially any salt of an amphoteric
metal and such test results are generally representative
with respect to fluids containing those salts.

In an aqueous solution, aluminum chloride hydro-
lyzes according to the following equation:
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AICI;.6H,0 + H,O 2 Al,03.xH,O + 3HC!

In such a solution the addition of a base, such as sodium
hydroxide, can neutralize the hydrochloric acid, raise
the pH of the solution, and precipitate enough of the
hydrated aluminum oxide to form a gel structure that
increases the viscosity of the solution. Further addi-
tions of such a base can re-dissolve the hydrated oxide,
by forming a strongly alkaline solution of, for example,
sodium aluminate. Alternatively, an addition of hydro-
chioric acid can dissolve the hydrated oxide by forming
a relatively acidic solution of aluminum chloride. The
relative proportion of base to metal ion has been de-
fined (for the aluminum-containing systems) in terms
of a R, value in which:

R, = Moles of base/Moles of aluminum ion

In the aluminum chloride/sodium hydroxide-containing
system, a particularly suitable aluminum concentration
is from about 0.4 to 0.6 molar. With such an aluminum
concentration, an R, of from about 2.5 to 2.7 has been
found to provide a gel-thickened solution that has de-
sirably high rheological properties. But such a solution
has a pH of from about 2 to 3, which is potentially cor-
rosive and thus is undesriable for uses such as those in-
volving relatively long or high temperature contacts
with metallic equipment. An R, value of about 3 tends
to provide moderate rheological properties (which can
be increased by increasing the aluminum concentra-
tion) and a near-neutral pH (from 6-7) which exhibits
little or no corrosivity.

Chemically removable solids for increasing the spe-
cific gravity and/or decreasing the fluid loss of metal
hydroxide-thickened fluids, can comprise substantially
any relatively water-insoluble carbonate salt of a metal
that is adapted to form a water-soluble salt of a strong
acid, or substantially any solid material (such as metal-
lic aluminum or other metal) that is adapted to be dis-
solved by an aqueous base or an aqueous acid. Typical
examples of preferred solids include alkaline earth
metal carbonates, such as calcium or barium carbon-
ate, ferric or ferrous carbonates or the like.

As known to those skilled in the art, particles size
plays a dominant role in setting the gel strength neces-
sary to keep suspended particles from settling within a
suspension. The density, or specific gravity of the
solids, although of importance, is secondary to particle
size. An increase in the size of the particles causes both
a reduction in the fluid viscosity and an increase in the
gel strength needed to prevent the settling. On the
other hand, decreasing the size of the particles causes
both an increase in the fluid viscosity and a decrease in
the gel strength needed to prevent settling. For exam-
ple, the gel strength necessary to suspend 20-mesh cal-
cium carbonate is almost 25 times greater than that re-
quired for 325-mesh particles.

Reactants for reducing pH that are suitable for use in
self-breaking metal hydroxide-thickened fluids can be
substantially any relatively slowly reacting material that
yields a water soluble acidic product that decreases the
pH of an aqueous liquid. Suitable reactants are exem-
plified by: hydrolytically reactive halogenated organic
compounds such as those described in the R. E. Dilgren
et al. US. Pat. No. 3,215,199, 3,297,090 and
3,307,630, esters of water-soluble acids, such as the
methyl or ethy! esters of formic, acetic, chloracetic, or
the like, carboxylic acids; such esters of phosphoric,
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sulfuric, nitric, sulphonic, sulfamic, or the like acids;
etc. .

FIG. 1 shows a plot of the variations in the specified
gel strengths, plastic viscosities, and yield points with
increases in the moles per liter of aluminum ijons, re-
garding aluminum hydroxide-thickened solids-free flu-
ids having an R, of 3, at room temperature. All fluid
properties referred to herein were measured on a Fann,
Model 50B rotational viscometer. The “Gy 1b./100 ft.2”
(pounds per 100 square foot) values were measured
immediately after the solution has been sheared. The
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mains essentially constant over the temperature range
most commonly encountered in well treating opera-
tions,

Table 1 lists data obtained from tests of the loading
effects of adding calcium carbonate particles to an alu-
minum hydroxide-thickened fluid, having an R, of 3.0,
and enough CaBr, to provide a density of 14.2 ppg. The
properties of solids-free solutions of various aluminum
chloride concentrations are compared to those of solu-
tions containing enough CaCO; to provide a solids vol-
ume fraction of 0.325 and a density of 17 ppg.

TABLE 2

no solids —; solids +
[AI**+] Solids PV YP G, G, [
025 M - 16 1.5 I 4 4
+ 76 9.5 5.5 29 33
percent increase 375 533 550 625 725
050 M - 25 2 1 8 8
+ 87 23 10 68 82
percent increase 248 1050 900 750 925
075 M - 42 55 2 21 25
+ 127 — 37 219 >300
percent increase 202 — 1750 942 > 1100

Gy and Gy, values were measured at the ends of, re-
spectively; 10 and 30 minute intervals during which the
fluid remained motionless.

FIG. 2 shows plots of plastic viscosities, gel-strengths,
and yield points, regarding a metal hydroxide-
thickened fluid containing aluminum chloride and so-
dium hydroxide in an aqeuous solution of calcium bro-
mide having a density of 14.2 Ib./gal. and, respectively,
no solids and enough (f; volume fraction of solids
0.325) 325-mesh calcium carbonate particles to pro-
vide a density of 17 ppg.

During such testing, it was observed that, at a rela-
tively low aluminum concentration (of about 0.125
moles per liter), the hydrated aluminum oxide settled
rather extensively. Such a settling was somewhat less at
0.25 moles per liter. At relatively high concentrations
(such as 0.75 to 1.0 mole aluminum ion per liter) the
solutions, upon standing, set up to rigid semi-solids that
were incapable of being poured. However, on mild stir-
ring or agitation, such rigidly-set gels reverted to easily
handled, but relatively viscous, fluids. Such tests sug-
gest that for many well treating operations, a particu-
larly desirable aluminum concentration is from about
0.4 to 0.6 moles per liter, where the hydroxide-
thickened fluid is used to suspend particles having a
size in the order of 325 mesh.

FIGS. 3A through 3C show plots of variations with
temperature of, respectively, yield points, gel strengths,
and plastic viscosities, of metal hydroxide-thickened
solutions containing 0.5 moles per liter aluminum chlo-
ride, calcium bromide providing a density of 14.2
lbs/gal., and enough sodium hydroxide to provide R,
values of, respectively, 3.0 and 2.7. The plots indicate
that the magnitude of the rheological properties is uni-
formly higher at a lower R, value. An R, of 2.7 provides
a relatively low pH of from about 2 to 3. The pHis 6
to 7 for an R, of 3.0 and, at such a value, the rheologi-
cal properties are moderately high.

FIGS. 4A through 4C are similar except that the flu-
ids tested are, respectively, a freshly prepared fluid,
and one that has been aged for 67 hours at 400° F. The
data indicate that there is little change in the plastic vis-
cosity and gel strengths between such fresh and aged
fluids. The yield point shows a marked increase, but re-
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The data in Table 1 indicate that the presence of
solids has a large effect on rheological properties. A
statistical treatment of such data to determine the ef-
fects of aluminum concentration, solids, and the solids-
aluminum interaction, indicate that at all aluminum
concentrations, the solid effect predominates, and the
aluminum and solids-aluminum interaction effects hay-
ing a similar magnitude that is lower than the solids ef-
fect. Gel-strength values (both initial and later gel
strengths) are most changed. Initial gel strengths are
quite low in the absence of solids, but increase rapidly
in the presence of solids. A possible physical explana-
tion of this phenomena could be as follows: at low alu-
minum concentrations, there are insufficient number of
gel particles to bridge and effectively gel the fluid.
Small particles of a suspended solid help to span the gel
particles so that they can bridge and raise the gel
strength of the fluid.

What is claimed is:

1. A process for temporarily plugging a subterranean
reservoir, which process comprises:
compounding a metal hydroxide-thickened aqueous
fluid containing enough water-soluble salt of an
amphoteric metal and enough watersoluble base to
form a viscosity-increasing proportion of gelati-
nous hydrated metal oxide and provide a pH that
is relatively non-corrosive to ferrous metal;

adjusting the specific gravity and fluid loss preven-
tion properties of the fluid relative to the depth and
fluid pressure of the reservoir to the extent re-
quired to provide a hydrostatic head that at least
counter-balances the reservoir fluid pressure and a
fluid loss prevention property that substantially
prevents loss into the reservoir; and

flowing the so-adjusted fluid into the well to form a

column of fluid extending from a near-surface loca-
tion to the depth of the reservoir.

2. The process of claim 1 in which a substantially sol-
ids-free fluid is formed by adjusting the concentrations
of water soluble salts and base that are dissolved in said
metal hydroxide-thickened aqueous fluid to effect said
adjustment of specific gravity and fluid loss prevention
properties.
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3. The process of claim 1 in which particles of a solid
material that is soluble in a relatively strongly acidic or
basic aqueous liquid are suspended in the metal hy-
droxide-thickened aqueous fluid.

4. The process of claim 1 in which a relatively slow
reacting material that reacts to yield a water-soluble
acidic product that reduces the pH of an aqueous liquid
is dissolved in the metal hydroxide-thickened fluid.

5. The process of claim 1 in which the metal hydrox-
ide-thickened aqueous fluid is compounded by dis-
solving at least one each of a water soluble aluminum
salt, an alkali metal hydroxide and an alkaline earth
metal chloride in an aqueous liquid.

6. The process of claim 1 in which the metal hydrox-
ide-thickened aqueous fluid is compounded by dis-
solving at least one each of a water soluble aluminum
salt, an alkali metal hydroxide and an alkaline earth
metal bromide in an aqueous liquid.

7. A fluid composition that temporarily plugs a sub-
terranean reservoir when it is positioned so that it
forms a column of fluid extending between the reser-
voir and a near surface location, which composition
comprises:

a metal hydroxide-thickened aqueous fluid that con-
tains enough water-soluble salt of an amphoteric
metal and enough water-soluble base to provide,
within said aqueous fluid, both a viscosity-
increasing proportion of gelatinous hydrated metal
oxide and a pH that is relatively non-corrosive to
ferrous metal; and

within said aqueous fluid, a combination of specific
gravity and fluid loss prevention properties that are
correlated relative to the depth and fluid pressure
of said reservoir to provide a hydrostatic head that
at least counter-balances the reservoir fluid pres-
sure and a fluid loss prevention property that sub-
stantially prevents fluid loss into the reservoir when
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8

the aqueous fluid is positioned so that it forms a
column of fluid extending from the reservoir to a
near surface location.
8. The composition of claim 7 in which there are sus-
pended particles of a solid material that is soluble in a
relatively strongly acidic or basic aqueous liquid.
9. The composition of claim 7 in which a relatively
slow reacting material that reacts to yield a water-
soluble acidic product that reduces the pH of an aque-
ous liquid is dissolved in the metal hydroxide-thickened
fluid.
10. The composition of claim 7 in which said salt and
base are respectively an aluminum salt and an alkali
metal hydroxide.
11. The composition of claim 7 in which there is dis-
solved an alkaline earth metal salt of one, but not both,
of such chloride and bromides.
12. A process for temporarily plugging a subterra-
nean reservoir, which process comprises:
compounding a metal hydroxide-thickened aqueous
fluid containing enough water-soluble salt of an
amphoteric metal and enough water-soluble base
to form a viscosity-increasing proportion of gelati-
nous hydrated metal oxide and provide a pH that
is relatively non-corrosive to ferrous metal,

adjusting the specific gravity and fluid loss preven-
tion properties of the fluid relative to the depth and
fluid pressure of the reservoir to the extent re-
quired to provide a hydrostatic head that at least
counter-balances the reservoir fluid pressure and a
fluid loss prevention property that substantially
prevents loss into the reservoir; and

flowing the so-adjusted fluid into the well to form a

reservoir contacting portion of a column of fluid
extending from a near surface location to the depth

of the reservoir.
* * * * *



