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(57] ABSTRACT

A cement slurry of low specific density for cementation
of oil-and gas wells is produced by mixing oil-well ce-
ment with finely divided emission products comprising
amorphous silica dust which has been obtained during
the electrothermal preparation of ferrosilicon and/or
silicon metal, water, and any desirable dispersion com-
ponents, the emission products being added in an
amount in the range of 1-50% of the total weight of dry
material. The emission products can either be mixed
with the cement while both components are in the dry
state whereupon there is added a sufficient quantity of
water in order to obtain a desired specific weight of the
slurry or first mixed with water and any other desired
dispersion components and this slurry is mixed with the
oil-well cement.

9 Claims, No Drawings
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METHOD OF PRODUCING LIGHT WEIGHT
CEMENT FOR USE OF CEMENTATION OF OIL
AND GAS WELLS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,.

This 1s a continuation of application Ser. No. 739, 181
Siled May 30, 1985, abandoned, which is a reissue of Ser.
No. 324,559 filed Nov. 24, 1981 which was a continuation
of application Ser. No. 198,668, filed Oct. 20, 1980,
which was a continuation-in-part of application Ser.
No. 177,872, filed Aug. 14, 1980, both now abandoned.

The invention relates to a method of producing a
cement slurry of low specific weight suitable for use in
the cementation of oil-and gas wells. It also relates to
the composition of the cement slurry.

In the cementation of oil-or gas wells a cement slurry
is pumped into the well through a form pipe. The slurry
will gradually fill the empty space between the wall of

the pipe and the wall of the well. The specific weight of

the cement slurry is of the greatest importance in the
process of cementation of the well. For instance, in
drilling wells through high pressure zones, a cement
slurry with a high specific weight is required in order to
resist and control the flowing during the cementation
process. However, in drilling wells through low pres-
sure zones, as well as zones in which drilling mud may
easily penetrate, it is necessary to utilize a cement slurry
with a low specific weight. An object of the invention is
to produce a cement slurry of low specific weight
which is suitable for the cementation of oil and gas
wells.

It is known that the specific weight of a cement slurry
can be reduced by increasing the amount of water in the

slurry. In order to absorb the increased quantity of

water, other materials such as bentonite, pozzolan, dia-
tomaceous earth, perlite, water glass and/or gilsonite
are‘added. Of these materials, bentonite is today most
frequently used in cement slurries, and usually em-
ployed in concentration constituting from 1-12% of the
weight of the cement. By addition of 12% bentonite,
one will obtain a specific weight of the slurry of 12.6
Ibs./gallons corresponding to 15 kg/dm. When using
water glass, pozzolan and diatomaceous earth, the rela-
tively high content of silica in these materials will tend
to bind that calcium hydroxide which is formed during
the hardening of the cement and transform it to a more
insoluble and stable component. Therefore, the employ-
ment of these materials will result in a relatively higher
strength after hardening than is obtained through the
use of bentonite.

It has been discovered that finely divided amorphous
silica dust which has been obtained as an emission prod-
uct during the electrothermal preparation of ferrosili-
con and/or silicon metal can be used in the cement
slurries for cementation of oil-gas wells.

In the method according to the invention, the amor-
phous silica dust are mixed with an API (American

Petroleum Institute) approved oil-well cement. The
amount of amorphous silica dust (obtained as an emis-
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sion product) which is to be added is in the range of 65

1-50% by weight of the dry materials.
The emission products comprise amorphous silica in
the range of from 82-95% of the total emission product.
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For example, the amorphous silica particles may com-
prise at least 829% by weight of SiO;, will have a real
density of approximately 2.2-2.5 g/cm? and will have a
specific surface area of 18-22 m?/g, the particles being
substantially spherical, and wherein at least 60% by
weight of the particles have a particle size less than 1
micron. It is, of course, well known that variation of
these values is readily possible depending upon the
parameters of the electrothermal processing.

The amorphous silica dust or the emission products
comprising chiefly the amorphous SiO; can either be
mixed in the dry state with the oil well cement to which
there is then added a sufficient quantity of water to
obtain a slurry having specific densities in the range of
10-16 lbs./gallon corresponding to 1.19-1.91 kg/dm3.
As is known, the amount of water can be reduced by the
addition of dispersion materials. Of course, other
known concrete additives may also be used as desired.

It will be appreciated that it is also possible to pro-
duce a slurry of the emission products and any disper-
sion components and to deliver this product as a slurry
to a site where it will be mixed with the oil well cement.
The ratio of mixture in this case and the specific weight
will remain the same as when the emission products are
mixed with the cement in the dry state.

By mixing a ratio of amorphous silica dust/cement of
33:67, there may be obtained specific weights in the
range of 11.5-15.5 lbs./gallon corresponding to
1.37-1.85 kg/dm? and a compressive strength of 3890
psi corresponding to 27.3 kg/cm? with dispersion com-
ponents and 440 psi corresponding to 30.93 kg/cm?
without additives. The compressive strength here re-
ferred to are obtained after 24 hours at 95° F. corre-
sponding to 35° C. at atmospheric pressure. For in-
stance, the addition of a quantity of water amounting to
92.7% of weight of the mixture will give a specific
weight of the slurry of 12.6 Ibs/gallon corresponding to
15 kg/dm?. If a higher specific density is desired a dis-
persion component must be added.

Upon hardening, the above described slurry will
provide a tight concrete with few pores and high com-
pression strength. The density is highly important, par-
ticularly in offshore operations, in ‘order to prevent the
penetration of the oil and gas in one formation into
another formation.

What is claimed is:

1. The improved method of cementing the space
between the interior wall of a well and the exterior wall
of an internal tube therein with a low-density pumpable
slurry of cement used in oil and gas well exploration
which comprises the steps of:

(a) mixing an oil and gas well cement with water and
particulate silica formed by precipitating the fumes
generated by an electrometallurgical smelting fur-
nace for producing silicon or ferrosilicon, said
particulate silica having a surface area from about
18 to about 22 m? per gram, the proportion of said
particulate silica to cement in said slurry being
about one part of silica for each two parts of ce-
ment;

(b) adjusting the density of said slurry by adding
sufficient water to provide a low density pumpable
aqueous slurry of not over about 12.6 pounds per
gallon; and

(c) pumping said slurry into the space between said
tube and interior wall of the well for cementation
thereof.
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2. The method of claim 1 wherein the particulate
silica and cement are mixed in a dry state followed by
addition of water to form the low density slurry.
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6. The improved method of cementing the space between
the interior wall of a well and the exterior wall of an inter-
nal tube therein with a low density pumpable cement slurry

consisting essentially of: oil and gas well cement; water and
S amorphous particulate silica dust formed by precipitating

the fume generated by an electrometallugical smeiting

furnace for producing silicon or ferrosilicon, said amor-

phous particulate silica dust having a surface area from

about 18 to about 22 m? per gram, and a real density of
10 about 2.2 to about 2.25 grams per cm’; said improved
method comprising the steps of:

(@) mixing said oil and gas well cement with water and
said amorphous particulate silica dust, the proportion
of said particulate silica dust to cement in said slurry
being from about 1 to about 50% of the total weight of
dry material;

(b) adjusting the density of said slurry by adding suffi-
cient water to provide a low density, pumpable, aque-
ous slurry of between about 11.5 and about 15.5
pounds per gallon; and

(c) pumping said slurry into the space between said tube
and the interior wall of the well for cementation
thereaf.

7. The method of claim 6 wherein said amorphous par-

25 ticulate silica dust and cement are mixed in a dry state
followed by addition of water to form the low density
slurry.

8. The method of claim 6 wherein said amorphous par-
ticulate silica dust and water are mixed to form an aqueous

30 slurry and thereafter the resulting aqueous slurry is mixed
with said oil and gas well cement.

Q. The method of claim 6 wherein a dispersion compo-
nent is mixed with said oil and gas well cement, water and

said amorphous particulate silica dust.
35 $ %x x & %

3. The method of claim 1 wherein dispersion compo-
nents [chosen from the group consisting of bentonite,
pozzolan, diatomaceous earth, perlite, water glass and
gilsoniteJ are added to vary the density of said slurry
from about 11.5 to about 15.5 pounds per gallon.

4. The method of claim 1 wherein an aqueous slurry
comprising the said silica and water is formed and there-
after the resulting silica slurry is mixed with said oil and
gas well cement.

5. The improved method of cementing the space between
the interior wall of a well and the exterior wall of an inter-
nal tube therein with a low-density pumpable slurry of 15
cement used in oil and gas well exploration which com-
prises the steps of:

(@) mixing an oil and gas well cement with water and
amorphous particulate silica dust formed by precipi-
tating the fumes generated by an electrometallurgical 20
smelting furnace for producing silicon or ferrosilicon,
said amorphous particulate silica dust being about 82
to about 95% silica particulate, said silica particulate
having a surface area from about 18 to about 22 m?
per gram, and a real density of about 2.2 to about 2.25
gram per cm?3, the proportion of said particulate silica
dust to cement in said slurry being from about 1 to
about 50% of the total weight of the dry material;

(b) adjusting the density of said slurry by adding suffi-
cient water to provide a low density pumpable aqueous
slurry of between about 11.5 and about 13.5 pounds
per gallon; and

(c) pumping said slurry into the space between said tube
" and the interior wall of the well for cementation

thereof.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. RE 32,742 Page 1 of 2
DATED . September 6, 1988
INVENTOR(S) ©  Sigve Skijeldal

It is certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:

Columﬁ 2, line 48, cancel beginning with "1l. The
improved method" to and including "thereof." in line 68,
and insert the following claim:

l. The improved method of cementing the space between
the interior wall of a well and the exterior wall of an
internal tube therein with a low-density pumpable slurry
of cement used i1in oil and gas well exploration which
comprises the steps of:

(a) mixing an ©0il and gas well cement with water
and amorphous particulate silica dust formed by
precipitating the fumes generated by an electro-
metallurgical smelting furnace for producing silicon
or ferrosilicon, said amorphous particulate silica
dust being about 82 to about 95% silica particulate,

sald silica particulate having a surface area from
apout 18 to about 22 m® per gram, and a real density

of about 2.2 to about 2.25 gram per cm’, the proportion
of said particulate silica dust to cement in said
slurry being [not over about one part silica for each
two parts of cement] from about 1 to about 50% of the
total weight of the dry material;

(b) adjusting the density of said slurry by adding
sufficient water to provide a low density pumpable
aqueous slurry of not over about 12.6 pounds per
gallon; and




U NITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. RE 32,742 Page 2 of 2
DATED September 6, 1988
INVENTOR(S) Sigve Skijeldal

It 1s certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:

(c) pumping said slurry into the space between
sald tube and the interior wall of the well for
cementation thereof.

Column 4, line 6, change "electrometallugical" to
~~electrometallurgical--.

Signed and Sealed this
Twenty-fourth Day of January, 1989

Attest:

DONALD J. QUIGG

Attesting Officer Commissioner of Patents and Trademarky
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