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Introduction

Portland cements are used for well cementing
throughout the world. They are manufactured by
combining limestone (calcium carbonate) and clay
(silicon oxides + aluminum oxides + iron oxides) in
about a 2:1 ratio and then heating to a temperature
of 2,600°F to 3,000°F. The mixture is heated to ini-
tiate chemical reactions between the limestone and
clay. Several products form as a result of these reac-
tions, and the combined mixture of these products is
called cement clinker. The cement typically encoun-
tered is in powder form. It is made by pulverizing
and grinding the clinker.

The limestone/clay reactions lead to the formation
of four different major products that comprise four
distinct crystalline phases: alite, belite, aluminate,
and ferrite. The alite phase is composed primarily of
tricalcium silicate (C3S), and it makes up 50 to 70%
of a typical cement clinker. Belite consists primarily
of dicalcium silicate (C2S) and makes up 15 to 30%
of a typical clinker. The aluminate (C3A) and ferrite
(C4AF) phases are composed primarily of tricalcium
aluminate and tetracalcium aluminoferrite and
typically constitute 5 to 10% and 5 to 15% of a clin-
ker, respectively. In addition to the four major clin-
ker products, gypsum can be ground with the
clinker to control the rate of setting, and CaSO4,
MgO, Na2O, K2O, and other oxide impurities can be
present in varying quantities, depending on the
composition of the raw materials (limestone and
clay) used for clinker manufacture.

Each of the cement constituents participate in hy-
dration reactions in the presence of water, but the
rate of hydration can differ for each constituent. For
example, C3A hydrates much more rapidly than the
other cement components, and C2S hydrates at a
much slower rate than C3S. In general, the relative
hydration rate follows the sequence: C3A > C3S >
C4AF > C2S. The overall hydration rate for a cement
depends on the relative quantities of each of the

cement constituents. The development of compres-
sive strength is primarily dictated by the two major
cement components, C3S and C2S●C3S is the constitu-
ent primarily responsible for the development of
early (1 to 28 days) compressive strength, while C2S
is responsible for the development of later (28+ day)
compressive strength. The hydration rate for a ce-
ment is also highly dependent on the cement par-
ticle size (controlled during the process of grinding
the clinker) and the temperature experienced by the
slurry during setting. It is possible to control the
hydration rate, to some degree, by using accelerat-
ing and retarding additives.

The hydration of cement is an exothermic process
(i.e., heat is liberated during the reactions), and each
of the cement components has a characteristic heat
of hydration that contributes to the overall heat
liberated on hydration. The overall heat of hydra-
tion depends on the relative quantities of each of the
constituents in the cement. The relative heat of
hydration follows the sequence: C3A > C4AF > C3S >
C2S. Therefore, a cement with a high proportion of
the aluminate and ferrite phases is expected to
generate a great deal of heat on hydration. In prac-
tice, however, it is more important to know the
expected temperature increase within the cement
slurry rather than the total amount of heat liberated
on hydration. In general, the rise in temperature
within the cement slurry will increase with increas-
ing section thickness and increasing quantities of
hydration accelerators. Therefore, cementing nar-
row sections (e.g., slim holes) with retarded slurries
should minimize the temperature increase caused
by hydration. Cementing wide sections with accel-
erated slurries can require additional steps (e.g.,
adding pozzolanic materials to the slurry) to pre-
vent excessive heat up of the slurry during setting.

Additional information concerning this discussion
and an excellent presentation of the process of well
cementing and cement manufacturing can be ob-
tained by consulting the following two books:
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1. "Cementing,"  SPE Monograph Vol. 4

2. "Worldwide Cementing Practices," API, First
Edition, 1991.

Halliburton Energy Services purchases different
classifications of cement from cement manufactur-
ers based on well cementing conditions of a specific
area. The American Petroleum Institute sets forth
specifications for the manufacture of cement in API
Specification 10A, Twenty-first Edition, September
1, 1991.

The different classes of cement used in well cement-
ing are discussed below.

Class A Cement

The product is obtained by grinding Portland
cement clinker, consisting essentially of hydraulic
calcium silicates which usually contain one or more
forms of calcium sulfate as an interground addition.
At the option of the manufacturer, processing addi-
tions* can be used to manufacture the cement if
such materials in the amounts used meet the re-
quirements of ASTM C 465. This product can be
used when special properties are not required. It is
only available in ordinary (O) grade (similar to
ASTM C 150, Type I).

Class B Cement

The product is obtained by grinding Portland
cement clinker, consisting essentially of hydraulic
calcium silicates which usually contain one or more
forms of calcium sulfate as an interground addition.
At the option of the manufacturer, processing addi-
tions* can be used to manufacture the cement if
such materials in the amounts used meet the re-
quirements of ASTM C 465. This product can be
used when conditions require moderate or high
sulfate resistance. It is available in both moderate
(MSR) and high sulfate-resistant (HSR) grades
(similar to ASTM C 150, Type II).

Class C Cement

The product is obtained by grinding Portland
cement clinker, consisting essentially of hydraulic
calcium silicates which usually contain one or more
forms of calcium sulfate as an interground addition.
At the option of the manufacturer, processing addi-
tions* can be used to manufacture the cement if
such materials in the amounts used meet the

requirements of ASTM C 465. This product can be
used when conditions require high, early strength. It
is available in ordinary (O), moderate sulfate-resis-
tant (MSR), and high sulfate-resistant (HSR) grades
(similar to ASTM C 150, Type III).

Class D Cement

The product is obtained by grinding Portland
cement clinker, consisting essentially of hydraulic
calcium silicates which usually contain one or more
forms of calcium sulfate as an interground addition.
At the option of the manufacturer, processing addi-
tions* can be used to manufacture the cement if
such materials in the amounts used meet the
requirements of ASTM C 465. Further, at the option
of the manufacturer, suitable set-modifying agents*

can be interground or blended during manufacture.
This product can be used in conditions of moder-
ately high temperatures and pressures. It is avail-
able in moderate sulfate-resistant (MSR) and high
sulfate-resistant (HSR) grades.

Class E Cement

The product is obtained by grinding Portland
cement clinker, consisting essentially of hydraulic
calcium silicates which usually contain one or more
forms of calcium sulfate as an interground addition.
At the option of the manufacturer, processing addi-
tions* can be used to manufacture the cement if
such materials in the amounts used meet the
requirements of ASTM C 465. Further, at the option
of the manufacturer, suitable set-modifying agents*
can be interground or blended during manufacture.
This product can be used in conditions of high tem-
peratures and pressures. It is available in moderate
sulfate-resistant (MSR) and high sulfate-resistant
(HSR) grades.

Class F Cement

The product is obtained by grinding Portland
cement clinker, consisting essentially of hydraulic
calcium silicates which usually contain one or more
forms of calcium sulfate as an interground addition.
At the option of the manufacturer, processing addi-
tions* can be used to manufacture the cement if
such materials in the amounts used meet the re-
quirements of ASTM C 465. Further, at the option of
the manufacturer, suitable set-modifying agents*

can be interground or blended during manufacture.
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This product can be used in conditions of extremely
high temperatures and pressures. It is available in
moderate sulfate-resistant (MSR) and high sulfate-
resistant (HSR) grades.

Class G Cement

The product is obtained by grinding Portland
cement clinker, consisting essentially of hydraulic
calcium silicates which usually contain one or more
forms of calcium sulfate as an interground addition.
Only calcium sulfate, water, or both can be
interground or blended with clinker during the
manufacture of Class G well cement. This product
can be used as a basic well cement. It is available in
moderate sulfate-resistant (MSR) and high sulfate-
resistant (HSR) grades.

Class H Cement

The product is obtained by grinding Portland
cement clinker, consisting essentially of hydraulic
calcium silicates which usually contain one or more
forms of calcium sulfate as an interground addition.
Only calcium sulfate, water, or both can be
interground or blended with the clinker during the
manufacture of Class H well cement. This product
can be used as a basic well cement. It is available in
moderate sulfate-resistant (MSR) and high sulfate-
resistant (HSR) grades.

In the United States, the primary cements used for
well cementing are Class A, B, C, G, and H. In other
countries, the primary cement used in well cement-
ing is Class A or G.

In the United States, Halliburton Energy Services
defines well cements as Standard, Premium, and
Premium Plus Cements. In most other countries of
the world, Halliburton Energy Services uses the API
nomenclature for well cement descriptions.

The Halliburton Energy Services definitions for the
United States are:

Standard Cement

Standard Cement is similar to, but does not neces-
sarily comply with, the specifications for Classes A
and B and ASTM Types I and II.

Premium  or Premium (fine)
Cement

Premium Cement is similar to, but does not neces-
sarily comply with, the specifications for Classes G
and H. These are sometimes referred to as fine pre-
mium cement and coarse premium cement.

Premium Plus Cement

Premium Plus Cement is similar to, but does not
necessarily comply with, the specification for Class
C.

*A suitable processing addition or set-modifying agent
should not prevent a well cement from performing its
intended functions.

Table 1-1: Cement

Cement Descriptions Part Number

Standard
(Similar to Class A or Type 1)

516.00260 (sack)
516.00216 (bulk)

Standard
(Similar to Class B or Type II)

516.00260 (sack)
516.00263 (bulk)

Premium
(Similar to Class G)

516.00269 (sack)
516.00270 (bulk)

Premium
(Similar to Class H)

516.00271 (sack)
516.00272 (bulk)

Premium Plus
(Similar to Class C)

516.00264 (sack)
516.00265 (bulk)

Premium Plus
(Similar to Class D)

516.00266 (sack)

Premium Plus
(Similar to Class E)

516.00267 (sack)

Standard
(Similar to Class B or Type II)

516.00260 (sack)
516.00263 (bulk)

Premium Plus
(Similar to Class F)

516.00268 (sack)
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If the customer wants a cement that meets all API
specifications, the cement manufacturer will furnish
a quality control sheet providing the testing infor-
mation for that batch of cement.

If the customer wants a guarantee that the cement
meets all API specifications, the cement can be iso-
lated and tested. It does require several days to
isolate the cement, get a sample, and test it for
specifications. The customer is charged for this
service.

Generally, the industry recognizes that the quality
of cement varies from batch to batch. When well
cementing conditions are considered critical, cement
testing is conducted for each job.

In the United States a sack of cement is 94 lb and the
bulk volume is 1 scf. In other countries the weight
and bulk volume for a sack of cement can be differ-
ent and can be in metric units.

For specification testing purposes, the water re-
quirements for the different classes of cement pri-
marily used in well cementing are detailed in Table
1-2.

ment varies (see Lightweight and Heavyweight
Additives).

Another important consideration in field operations
is to provide mixing water that does not change the
properties of the cement slurry. Dissolved chemicals
in the mixing water can change the cement slurry
properties by providing gelation, free water, and
additional retardation or acceleration. When con-
ducting cement tests for a specific well, the tests
should be conducted with a sample of the actual
mixing water used at the location.

The base cement is usually modified with blended
additives or liquid additives so the properties of the
cement slurry are suitable for the various types of
formations encountered in a well. The other sections
of this manual provide information about those
additives.

Table 1-2: Water Requirements
for Different Classes of Cement

Cement
Classes

Water %
of Weight
of Cement

Calculated
Water

(gal/sk)

A 46 5.2

B 46 5.2

C 56 6.3

G 44 5.0

H 38 4.3

In field operations the cement slurry density is
varied, based on well conditions, to provide the
necessary hydrostatic pressure for formation con-
trol. When the cement slurry is designed to provide
the necessary density, the water requirement for
cement can vary from the specification test require-
ment. Additives are generally added to the cement
slurry to control free water when this water require-
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High Temperature Cements

Temperatures in the range of 400°F to 500°F for
deep oil and gas wells are not uncommon. Geother-
mal wells with bottomhole temperatures ranging
from 400°F to 750°F producing flashing brine are
frequently encountered. Cement slurries used in
these operations should remain competent at high
temperatures and pressures for extended periods of
time. Set cement exposed to temperatures higher
than 230°F gradually increase in permeability and
decrease in strength.1 Strength retrogression can
eventually produce inadequate pipe support, and
increased permeability can result in the loss of zonal
isolation.

When Portland cement is mixed with water,
tricalcium silicate (C3S) and dicalcium silicate (C2S)
hydrate to form calcium silicate hydrate (C-S-H) gel
and hydrated lime (Ca(OH)2).

2 At temperatures
higher than 230°F, C-S-H gel converts to  α-
dicalcium silicate hydrate (α-C2SH). Conversion to
the α-C2SH phase results in the loss of compressive
strength and an increase in permeability. Conver-
sion of C-S-H gel to  α-C2SH at 230°F and higher can
be prevented by adding crystalline silica (fine sand,
SSA-1, or coarse sand, SSA-2).3 The concentration of
crystalline silica varies from 35 to 70%, depending
on bottomhole static temperature and water content
of the slurry. Recent work has shown silica flour
(SSA-1) provides maximum benefit for tempera-
tures ranging from 230° to 440°F. For conditions
where density is critical, coarse grade sand (SSA-2)
is preferred for a densified slurry. The reaction
between SSA-2 and cement takes place slower than
the reaction between SSA-1 and cement.4

The conversion to  α-CaSH at 230°F can be pre-
vented by adding either SSA-1 or SSA-2. Adding
SSA-1 or SSA-2 increases the molar ratio of CaO/
SiO2 to one or less, resulting in crystalline
tobermorite formation. Formation of the tobermorite
phase prevents strength retrogression and perme-
ability increase. At temperatures higher than 300°F,
tobermorite converts primarily to xonolite. At 480°F,
truscotlite begins to appear. Above 750°F, xonolite
and truscotlite reach the limit of their stability. At
higher temperatures, crystalline phases xonolite and
truscotlite dehydrate, resulting in the breakdown of
the set cement. To achieve maximum strength and
minimum permeability at high temperatures, a
CaO/SiO2 ratio of one or less should be maintained.

1. Well Cementing, Eric B. Nelson (Ed). Elsener.
New York (1990). 9-1 to 9-14

2. The Chemistry of Cements, H.F.W. Taylor (Ed).
Academic Press Ltd., London (1964). 168-227

3. A Report From The User Subcommittee, API
Standardization Committee 10, Silica Flour -
Mechanism For Improving Cementing Composition
For High-Temperature Well Conditions.

4. Halliburton Research Report, 1989.
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Specifications for Water
Used in Mixing Cement
Slurries

The upper concentrations listed in Table 1-3 are for
the various ions in water used for mixing cement
slurries. It is difficult to give specific values for
allowable levels of those ions since slurry composi-
tion and cement chemistry can alter the influence of
a particular ion. The complexity of estimating the
levels at which various ions cause problems with
combinations and permutations of cementing addi-
tives is demonstrated in the following example.

Most cementing additives are designed to tolerate a
minimum of 3% KCl or NaCl, and the response of
retarded slurries can probably tolerate 30,000 to
40,000 ppm sodium or potassium ion if these ions
are from chlorides rather than carbonates. However,
it has been documented that 3% NaCl or KCl can
accelerate a neat cement slurry. Therefore, the maxi-
mum allowable sodium and potassium ion levels
have been set at a total of 5,000 ppm to minimize
potential accelerating effects.

The presence of organic chemicals from decom-
posed plant life, waste effluents, mud chemicals, or
fertilizers is another consideration. These com-
pounds can have a dramatic retarding effect on low
temperature cements at levels as low as 0.05% by
weight of cement.

The recommended pH for water used in oilwell
cementing compositions is 6 to 8. Sodium hydroxide
acts as a retarder in concentrations up to 0.5% by
weight of cement and as an accelerator at concentra-
tions greater than 0.5% by weight of cement.

+ +

+2

+2

+2

+3

4

-

Table 1-3: Maximum Allowable Limits
for Ions in Mixing Water

Mg 300

Ca 500

Ba 300

Fe 300

SO 2,000

Na , K
5,000

(totals from chlorides)

Cl 7,000

Carbonates 100

Dissolved organics 100

pH 6 to 8
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