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CEMENT COMPOSITIONS AND

BIODEGRADABLE DISPERSANTS THEREFOR

Abstract of the Disclosure

This 1invention provides improved cement composition and
biodegradable dispersants therefor. The biodegradable
dispersants are basically comprised of a high molecular weight,

'phenolic hydroxy group blocked, alkali metal lignosulfonate.
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CEMENT COMPOSITIONS AND
BIODEGRADABLE DISPERSANTS THEREFOR
Background Of The Invention
l. Field of the Invention.

The  present invention relates to improved cement
compositions and novel biodegradable dispersants therefor.
2. Description of the Prior Art.

Dispersants are often used in cement compositions utilized
in construction for facilitating the mixing of the cement
compositions. Also, in the cementing of oil and gas wells and
the 1like, dispersants are extensively used to reduce the
apparent viscosities of the cement compositions utilized. The
reduction of the apparent viscosity of a cement composition
allows the cement composition to be pumped with less friction
pressure and utilizing less pump horsepower. In addition, the
lower apparent viscosity often allows the cement composition to
be pumped in turbulent flow. Turbulent flow characteristics
are desirable when pumping cement compositions in oil and gas
wells to more efficiently remove 'drilling fluid from surfaces
in the well bore as the drilling fluid is displaced by the
cement composition being pumped. The inclusion of dispersants
in cement compositions is also desirable in that the presence
of the dispersants reduces the water required for preparation
of the cement compositions. Cement compositions having reduced
water content are characterized by improved compressive
strength development.

A number of dispersing agents have been utilized

heretofore 1in cement compositions, particularly in cement
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compositions used for primary and remedial cementing in oil and
gas wells. For example, certain organic acids such as gluconic
acid and citric acid have been recognized by those skilled in
the art as cement dispersants. However, such organic acids are
also strong cement composition set retarding agents which is
often undesirable. That 1is, the presence of an organic acid
dispersant in a cement composition prevents the cement
composition from setting for a relatively long period of time
which 1s often costly or otherwise detrimental. Other
dispersants which are commonly used in hydraulic cement

compositions include polynapthalene sulfonate which is

commercially available under the trade designation "CFR-2 "

from Halliburton Energy Services of Duncan, Oklahoma, the
condensation product of formaldehyde, acetone and a sulfite

which 1s commercially available under the trade designation

"CFR-3 " from Halliburton Energy Services, poly-B-naphthol

sulfonate, polymelamine sulfonate, and many others. While such
dispersants function very well in cement compositions, they are
not environmentally acceptable, especially in offshore
operations, in that they do not undergo complete biodegradation
in the environment and cause damage to aquatic and other 1life
therein.

Thus, there are needs for biodegradable cement composition
dispersants and improved cement compositions containing such
dispersants.

Summary Of The Invention

The  present invention provides novel biodegradable

dispersants which are useful in cement compositions including
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those used in cementing o0il and gas wells and improved cement
compositions containing the biodegradable dispersants which
meet the needs described above and overcome the deficiencies of
the prior art. The biodegradable dispersants of this invention
are basically comprised of a high molecular weight, phenolic
hydroxy group blocked, alkali metal 1lignosulfonate. While
lignosulfonates normally function in cement compositions as
strong set retarders, the set retarding characteristics of the
lignosulfonates of the present invention are substantially
eliminated by blocking the phenolic hydroxy group content of
the lignosulfonate. That is, in order to minimize the presence
of free phenolic hydroxy groups in the lignin, such groups are
blocked by reacting the lignosulfonate with propylene oxide.

The improved cement compositions containing the
bilodegradable dispersant of this invention are basically
comprised of a hydraulic cement, sufficient water to form a
pumpable slurry and a biodegradable dispersant comprised of a
high molecular weight, phenolic hydroxyl group blocked, alkali
metal lignosulfonate present in an amount effective to reduce
the apparent viscosity of the cement composition.

It 1s, therefore, a general object of the present
invention to provide improved hydraulic cement compositions and
biodegradable dispersants therefor.

Other and further objects, features and advantages of the
present invention will be readily apparent to those skilled in
the art wupon a reading of the description of preferred

embodiments which follows.
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Description Of Preferred Embodiments

As mentioned, the biodegradable cement composition
dispersants of this 1invention are basically comprised of high
molecular weight, phenolic hydroxy group blocked, alkali metal
lignosulfonates. The alkali metal lignosulfonate wused to
prepare a dispersant of this 1invention can be obtained from
various pulping processes where 1lignocellulosic material such
as wood, straw, corn stalks and the 1like are processed to
separate the cellulose or pulp from the lignin.. For example,
in the sulfite pulping process, the lignocellulose material is
digested with a bisulfite or sulfite to obtain a sulfonated
residual pulping liquor 1in which the sulfonated 1lignin 1is
dissolved. Lignins produced 1in the Kraft, soda and other
pulping processes may also be sulfonated with a bisulfite or
sulfite to produce a high molecular weight alkali metal
lignosulfonate product. The alkali metal lignosulfonates
obtained are generally sodium lignosulfonates which contain
phenolic hydroxy groups and other organic and 1norganic
compounds. The presence of these materials causes the
lignosulfonates to retard the setting of cement compositions to
which they are added.

In the preparation of a biodegradable dispersant of this
invention, a variety of 1i1solation methods can be utilized.
Preferably, the base 1lignosulfonate 1s obtained by ultra-
filtration of sulfite 1liquor containing the 1lignosulfonate
through a 20,000 molecular weight cut-off membrane. The

resulting product is a lignosulfonate polymer of high purity

having an average molecular weight 1in the range of from about
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60,000 to about 120,000 daltons, preferably about 80,000
daltons. In order to remove the phenolic hydroxyl groups and
other similar materials (hereinafter collectively referred to
as "phenolic hydroxy groups") from the high molecular weight
lignosulfonate obtained to thereby reduce or eliminate its set
retarding effect when added to hydraulic cement compositions,
the 1lignosulfonate 1is subjected to a blocking reaction.
Blocking reactions are those which render the phenolic hydroxy
groups "blocked", i.e., the groups are rendered nonionizable in
alkaline media. The blocking reaction is carried out by
reacting the high purity high molecular weight lignosulfonate
with propylene oxide under alkaline conditions. For example,
the lignosulfonate can be dissolved in water to form an aqueous
solution thereof, e.g., a 30% by weight solution. The pH of
the solution is then adjusted to about 10.6 using a 45% by
welght caustic solution. About 3 millimoles of propylene oxide
per gram of 1lignin 1in the solution are then added to the
solution and the resulting mixture is allowed to react at
ampient temperature for about 72 hours. Periodically, the pH
1s readjusted down to 10.6 using an about 36% by weight
sulfuric acid solution. During the reaction, the phenolic
hydroxy groups are converted to their corresponding ethers and
the unreacted propylene oxide is converted to propylene glycol.

As a result of the blocking reaction, the phenolic
hydroxyl content of the lignosulfonate is lowered to in the
range of from about 0.01% to about 0.3% by weight of the
lignosulfonate, preferably about 0.05%. Stated another way,

the high molecular weight, phenolic hydroxyl group blocked,
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alkali metal lignosulfonate produced contains in the range of
from about 0.006 millimoles to about 0.06 millimoles of
phenolic hydroxyl groups per gram, preferably about 0.01
millimoles per gram.

The phenolic  hydroxyl group blocked alkali metal
lignosulfonate, preferably sodium lignosulfonate, functions as
an excellent dispersant in agueous hydraulic cement
compositions without substantially affecting the time in which
the cement composition sets into a hard substantially
impermeable mass. Further, the blocked alkali metal
lignosulfonate dispersant is completely biodegradable and does
not cause damage to aquatic and other forms of 1jife in the
environment.

The improved cement compositions of this invention are
basically comprised of a hydraulic cement, sufficient water to
form a pumpable slurry and the above described biodegradable
dispersant comprised of a high purity, high molecular welght,
phenolic hydroxyl group blocked, alkali metal sulfonate present
in an amount effective to reduce the apparent viscosity of the
cement composition prior to when it gels and sets.

A variety of hydraulic cements can be utilized in
accordance with the present invention including those comprised
of calcium, aluminum, silicon, oxygen and/or sulfur which set
and harden by reaction with water. Such hydraulic cements
include, but are not 1limited to, Portland cements, pozzolana
cements, gypsum cements, high alumina content cements, silica
cements and high alkalinity cements. Portland cements are

generally preferred for use in accordance with the present
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invention, and Portland cements of the types defined and

described 1in API Specification For Materials And Testing For

Well Cements, API Specification 10, 5th Edition, dated July 1,

1990 of the American Petroleum Institute are particularly
preferred. API Portland cements include classes A, B, C, G and
H. API classes G and H are preferred with class H being the
most preferred.

The water utilized in the compositions of this invention
can be fresh water, salt water, i.e., water containing one or
more salts dissolved therein, brine, i.e., saturated salt water
produced from subterranean formations, or seawater. Generally,
the water can be from any source provided it does not contain
an excess of compounds that adversely affect other components
in the cement compositions. The water 1s present in a cement
composition of this invention in an amount sufficient to form a
pumpable slurry. More particularly, the water is present in
the cement compositions in an amount in the range of from about
30% to about 50% by weight of hydraulic cement therein, more
preferably in an amount of about 40%.

The biodegradable dispersant of this invention described
above 1s included in the cement compositions of this invention
in an amount in the range of from about 0.25% to about 1.5% by
weight of cement 1in the composition. More preferably, the
dispersant is present in a cement composition of this invention
in an amount 1in the range of from about 0.5% to about 1% by
weight of cement therein, most preferably in an amount of about
0.75%.

A preferred composition of this invention is comprised of
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a hydraulic cement, water present 1in an amount in the range of
from about 30% to about 50% by welght of cement in the
composition and a biodegradable dispersant comprised of a high
molecular weight, phenolic hydroxyl group blocked, alkali metal
lignosulfonate present in an amount in the range of from about
0.5% to about 1% by weight of cement in the composition.

Another preferred cement composition of this invention is
comprised of API Class H Portland cement, water present in an
amount of about 38% by weight of cement in the composition and
a bilodegradable dispersant comprised of a phenolic hydroxyl
group blocked sodium lignosulfonate present in an amount of
about 0.5% by weight of cement in the composition.

A more preferred cement composition of this invention is
comprised of API Class H Portland cement, seawater present in
an amount of about 38% by weight of cement in the composition
and a biodegradable dispersant comprised of a phenolic hydroxyl
group blocked sodium lignosulfonate having a molecular welght
of about 80,000 daltons and a phenolic hydroxyl group content
of about 0.05% by weight present in said composition in an
amount of about 0.5% by weight of cement therein.

In order to shorten the time in which the cement
compositions of this invention set and to accelerate early
strength development, the compositions can include a set time
and strength accelerator such as calcium chloride or sodium
chloride. When used, the accelerator is preferably calcium
chloride and is present in an amount in the range of from about
13 to about 2% by weight of cement in the compositions,

preferably about 2%.
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As will be understood by those skilled in the art, when
the cement compositions of this invention are utilized for
performing primary or remedial well cementing operations, they
can also include other conventional well cement additives. For
example, the cement compositions can include fluid 1loss
additives, weighting materials, set retarding additives and the
like.

In order to further illustrate the cement compositions and
biodegradable dispersants of this invention, the following
examples are given.

Example 1

A number of test cement compositions were prepared using
API Class H cement and fresh water. Some of the test
compositions contain a prior art dispersant, i.e., the

condensation product of acetone, formaldehyde and bisulfite

(Halliburton "CFR-3 ") and others contained the dispersant of

the present invention. In addition, some of the test
compositions were formed with water containing sodium chloride
in amounts of 18% or 37.2% by weight while others were formed
with water containing calcium chloride in an amount of 2% by
weight. The test cement composition components and amounts of

components are given in Table I below.
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' Coment utilized was AP Class i Jopna coment llafarye).
' Fresh water.

' Nallborten "CFR-3 ™.
‘ Nigh melocuiar welght, phenelic hydrexyl group hiecked, sodium Nenosulionsts.

The rheological properties of the test cement compositions

were détermined in accordance with the Recommended Practice For

Testing Well Cements, API Recommended Practice 10B, 22nd

Edition dated December, 1997 of the BAmerican Petroleum

Institute. The results of these tests are set forth in Table

ITI below.
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From Table II 1t can be seen that the biodegradable
dispersant of the present invention imparted properties to
cement compositions which compare closely with the properties
imparted to the same cement compositions containing a highly
accepted prior art non-biodegradable dispersant. Further, the
test results i1n Table II show that the rheological properties
of densified cement compositions (Compositions Nos. 16, 17 and
18) compare favorably with similar slurries containing the

prior art dispersant.
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Example 2
Additional test cement compositions comprised of API Class
H cement and fresh water were prepared. Some of the test
compositions contained the biodegradable dispersant of the
present invention while others contained the non-biodegradable
prior art dispersant described in Example 1 above. One of the
test compositions containing the dispersant of the present
invention also contain calcium chloride. The components in the

test cement compositions and the quantities thereof are set

forth in Table III below.

TABLE I

Water'Content,  Dispersamt’ % by Invention'%by  Caicium Chisride,

%hywt of Wt of Coment Wt of Coment
19 39 03 -
20 39 - 83
21 39 -
22 39 - . 2 163
39 - LR - 163
39 8.5 - - 163
23 39 - ¥ - 183
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' Coment utliized was APl Class N Jeppa coment (Lalarge).

' Frash water.

' Halliburton "CFR-3 ™.

‘High melecular weipht, phenelic kydrexy! groun hiocked, sodium lignesulionats.

The test compositions described in Table III above were
subjected to high temperature, high pressure thickening time
tests in accordance with the above mentioned API Recommended
Practice 10B. The results of these tests are shown in Table IV

below.
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TABLEIV

Thickening Time Test Rosuits

——

Pl . ce—— - —— T S e, = e, B e e A e e — A et L s g P e e i L — e T Vo | e g = 4 Al . e § G S, s = SR ol e e

Gompositien No.

— ¢ ———

From Table IV it can be seen that the biodegradable
dispersant of the present invention retards the cement

composition set time more than the prior art dispersant.

However, the presence of 2% calcium chloride in the cement
composition containing the biodegradable dispersant of the

present invention significantly reduced the set time without

sacrificing other properties.

Example 3
Some of the test compositions given in Table IV above were
subjected to compressive strength tests conducted in accordance
with the above mentioned API Recommended Practice 10B. The

results of these tests are given in Table V below.
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TABLEV
GCompressive Strength Test Resuits

12 Hr. Compressive
mnm psi

CompositionNo. 7gst rn!gemuro,

the present invention increased the set cement compressive
strength.

Thus, the present invention is well adapted to carry
out the objects and attain the ends and advantages mentioned as
well as those which are inherent therein. While numerous
changes may be made by those skilled in the art, such changes
are encompassed within the spirit of this invention as defined

by the appended claims.
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The embodiments of the invention in which an exclusive
property or privilege 1s claimed are defined as follows:

1. A cement composition comprising:

a hydraulic cement;

sufficient water to form a pumpable slurry; and

a biodegradable dispersant comprised of a high
molecular weight, phenolic hydroxyl group blocked, alkali metal
lignosulfonate present 1n an amount effective to reduce the
apparent viscosity of said cement composition.

2 . The cement composition o©f c¢laim 1 wherein said
hydraulic cement 1s selected from the group of Portland
cements, pozzolana cements, gypsum cements, high alumina
content cements, silica cements and high alkalinity cements.

3. The cement composition of <c¢laim 1 wherein said
hydraulic cement 1s Portland cement.

4 . The cement composition of claim 1 wherein said water
1s comprised of fresh water, salt water, brine or seawater.

5. The cement composition of claim 1 wherein said water
1s present in an amount in the range of from about 30% to about
00% by weight of cement 1n sald composition.

0. The cement composition of <c¢laim 1 wherein said
dispersant 1s present 1n an amount in the range of from about
0.25% to about 1.5% by weight of cement in said composition.

7. The cement composition of c¢laim 1 wherein said

dispersant 1s comprised of a phenolic hydroxyl group blocked

sodium lignosulfonate having a molecular weight in the range of
from about 60,000 to about 120,000 daltons.

8 . The cement composition of claim 8 wherein said

' Y Aty e Y CWALVAY a3 8 pr ke o pRR L e G o
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dispersant has a phenolic hydroxyl group content 1in the range
of from about 0.01% to about 0.3% by weight of said dispersant.

9. The cement composition of claim 1 which further
comprises calcium chloride present in an amount in the range of
from about 1% to about 2% by weight of cement 1n said
composition.

10. A cement composition comprising:

a hydraulic cement;

water present in an amount of about 38% by welght of
cement in said composition; and

a biodegradable dispersant comprised of a phenolic
hydroxyl group blocked sodium lignosulfonate having a molecular
weight of about 80,000 daltons present in an amount of about
0.05% by weight of cement in said composition.

11. The cement composition of c¢laim 10 wherein said
hydraulic cement is Portland cement.

12. The cement composition of <c¢laim 10 wherein said
hydraulic cement is API Class H Portland cement.

13. The cement composition of <c¢laim 10 wherein said
dispersant has a phenolic hydroxyl group content of about 0.05%
by weight of sailid dispersant.

14. A biodegradable dispersant for wuse 1in a hydraulic
cement composition comprising a high molecular weight, phenolic
hydroxy group blocked, alkali metal lignosulfonate.

15. The dispersant of claim 14 wherein said blocked
alkali metal lignosulfonate is sodium lignosulfonate.

16. The dispersant of claim 14 wherein said Dblocked

alkali metal lignosulfonate has a molecular weight 1n the range

et SRR ARk AT I S+ SRS SR S S AL | M O P D U A SR A AR A T AN R I EC L AR SN L 1 ELINRHRPRMATLL AP S0 AR L o o e St b b s S b ol e B 6 A KA IR DIMEAMN AL LAYk LRI AR NRORE M aA b et e
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of from about 60,000 to about 120,000 daltons.

17. The dispersant of <claim 14 wherein said Dblocked
alkali metal 1lignosulfonate has a phenolic hydroxyl group
content 1n the range of from about 0.01% to about 0.3% by
weight of said dispersant.

18. The dispersant of claim 15 wherein said blocked
sodium lignosulfonate has a molecular weight of about 80,000
daltons.

19, The dispersant of claim 18 wherein said blocked
sodium lignosulfonate has a phenolic hydroxyl group content of
about 0.05% by weight of said dispersant.

20. The dispersant of <claim 19 wherein said blocked
sodium lignosulfonate contains about 0.01 millimoles of

phenolic hydroxyl groups per gram of dispersant.
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