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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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This part of ISO 10426 is based on ISO 10426-1:2005 with the intent that the 24th edition of APl Spec 10A will
be identical to this part of ISO 10426.

It is necessary that users of this part of ISO 10426 be aware that further or differing requirements can be
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INTERNATIONAL STANDARD ISO 10426-1:2009(E)

Petroleum and natural gas industries — Cements and materials
for well cementing —

Part 1:
Specification

1 |Scope

Thig part of ISO 10426 specifies requirements and gives recommendations for six classes of well cements,
inclliding their chemical and physical requirements and procedures for physical'testing.

Thig part of ISO 10426 is applicable to well cement classes A, B, C and D, which are the products pbtained by
grinding Portland cement clinker and, if needed, calcium sulfatecas an interground additive. |Processing
addjtives can be used in the manufacture of cement of these classes. Suitable set-modifying agents can be
intefground or blended during manufacture of class D cement,

Thig part of ISO 10426 is also applicable to well cement classes G and H, which are the products pbtained by
grinding clinker with no additives other than one or moré.forms of calcium sulfate, water or chemigal additives
as required for chromium (V1) reduction.

2 |Normative references

The| following referenced documents_are indispensable for the application of this document{ For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO|3310-1, Test sieves —-Jechnical requirements and testing — Part 1: Test sieves of metal wire cloth
ISO[ 13500, Petroleum-and natural gas industries — Drilling fluid materials — Specifications and tests
ISO| 24450, Laboratory glassware — Wide-necked boiling flasks

ASTM C109/C109M, Standard Test Method for Compressive Strength of Hydraulic Cement Mortars
(Uslng 2-in“or [560-mm] Cube Specimens)

ASTM-€115, Standard Test Method for Fineness of Portland Cement by the Turbidimeter

ASTM C465, Standard Specification for Processing Additions for Use in the Manufacture of Hydraulic
Cements

ASTM E1404-94(2008), Standard Specification for Laboratory Glass Conical Flasks
EN 196-1, Methods of testing cement — Part 1: Determination of strength

EN 196-2, Methods of testing cement — Part 2: Chemical analysis of cement

EN 196-6, Methods of testing cement — Part 6: Determination of fineness

EN 196-7, Methods of testing cement — Part 7: Methods of taking and preparing samples of cement

© 1SO 2009 - All rights reserved 1
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
31

additive

material added to a cement slurry to modify or enhance some desired property

NOTE Properties that are commonly modified include setting time (by use of retarders or accelerators), fluid loss,
viscosity, etc.

3.2
atmospherjc pressure consistometer
device used for stirring and conditioning the cement slurry

NOTE The device is not intended to measure thickening time.

3.3
Bearden unit of consistency
BC
measure of|the consistency of a cement slurry when determined on a pressurized consistometer

3.4

cement
Portland cément
ground clinker generally consisting of hydraulic calcium silicates and.aluminates and usually containing one or
more forms|of calcium sulfate as an interground additive

3.5
cement class
designationfachieved under the ISO system for classification of well cement according to its intended use

3.6
cement grgde
designationfachieved under the ISO system for-denoting the sulfate resistance of a particular cement

3.7
cement blgnd
mixture of dqry cement and other dry)materials

3.8

clinker
fused matefials produced in the kiln during cement manufacturing that are interground with calcium sulfafe to
make cemant

3.9
compressiyestrength
force per unit area required to cause a set cement sample to fail under compression

3.10
consistometer
device used to measure the thickening time of a cement slurry under temperature and under pressure

3.1

filtrate
liquid that is forced out of a cement slurry during a fluid loss test

2 © 1SO 2009 - All rights reserved
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312
free fluid
coloured or colourless liquid that separates from a cement slurry under static conditions

3.13

slurry container
slurry cup
container in an atmospheric or pressurized consistometer used to hold the slurry for conditioning purposes or
for the thickening-time test

3.14

-1:2009(E)

thidkening time
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hte-resistant (MSR) and high sulfate-resistant (HSR).

ufacturing compliance with this part of ISO 10426 be based on such field conditions.

ent a well cement from performing its intended functions.

1.2 Class A

product is obtained by grinding clinker, consisting essentially of hydraulic calcium silica
aining one ofymore forms of calcium sulfate as an interground additive. At the option of the m
essing additives may be used in the manufacture of class A cement, provided that such mat
unts used-have been shown to meet the requirements of ASTM C465.

product is intended for use when special properties are not required and is available only

sim

lar4tao ASTM CA1 Rﬂ, +ypo |

after which the consistency of a cement slurry has become so high that the slurry\is|considered
Limpable
E The results of a thickening-time test provide an indication of the length of timeja’cement slurry remains
pable under the test conditions.

Requirements

Specification, chemical and physical requirements
1 Classes and grades
1.1  General

cement shall be specified using classes A, B,'€, D, G and H and the grades: ordinary (O), moderate

ell cement that has been manufactured and supplied in accordance with this part of ISO 10426 may be
bd and placed in the field using water ratios or additives at the user's discretion. It is not intended that

Cessing additives, set modifying agents or chemical additives used to reduce chromium (\l) shall not

tes, usually
anufacturer,
erials in the

in O grade,

4113 ClassB

This product is obtained by grinding clinker, consisting essentially of hydraulic calcium silicates, usually
containing one or more forms of calcium sulfate as an interground additive. At the option of the manufacturer,
processing additives may be used in the manufacture of class B cement, provided that such materials in the
amounts used have been shown to meet the requirements of ASTM C465.

This product is intended for use when conditions require moderate or high sulfate resistance and is available
in both MSR and HSR grades, similar to ASTM C150, type Il

© 1SO 2009 - All rights reserved
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411.4

Class C

This product is obtained by grinding clinker, consisting essentially of hydraulic calcium silicates, usually
containing one or more forms of calcium sulfate as an interground additive. At the option of the manufacturer,
processing additives may be used in the manufacture of class C cement, provided that such materials in the
amounts used have been shown to meet the requirements of ASTM C465.

This product is intended for use when conditions require high, early strength and is available in O, MSR and
HSR grades, similar to ASTM C150, type lll.

41.1.5

This produ

Class D

Ct is obtained by grinding clinker, consisting essentially of hydraulic calcium silicatesy us

containing ¢ne or more forms of calcium sulfate as an interground additive. At the option of the manufact

processing
amounts U
manufactur

This produ
available in

4116 (
This produ
containing
sulfate or W
cement.

This produg

4117 (
This produ
containing
sulfate or W
cement.

This produg

additives may be used in the manufacture of class D cement, provided that such materials in
bed have been shown to meet the requirements of ASTM C465. Further, at the option of
br, suitable set-modifying agents may be interground or blended during manufacture.

bt is intended for use under conditions of moderately high temperatures, and pressures an
MSR and HSR grades.

Llass G

bne or more forms of calcium sulfate as an interground additive. No additives other than calg
ater, or both, shall be interground or blended with the clinker during manufacture of class G

t is intended for use as a basic well cement and:is available in MSR and HSR grades.

Llass H

bne or more forms of calcium sulfate as an interground additive. No additives other than calg
ater, or both, shall be interground or blended with the clinker during manufacture of class H

t is intended for use as a basic well cement and is available in MSR and HSR grades.

4.1.2 Chémical requirements

Well cements shall conform to the respective chemical requirements of classes and grades reference

Table 1. It
ISO 10426
classes and

s not intended that this manufacturing compliance be applicable to field conditions. This pa
is notsapplicable to the use of cements that do not conform to the chemical requirement
grades as set forth in Table 1.

ally
rer,
the
the

d is

Ct is obtained by grinding clinker, consisting essentially_of hydraulic calcium silicates, ustially

ium
well

Ct is obtained by grinding clinker;-consisting essentially of hydraulic calcium silicates, ustally

ium
well

d in
rt of
5 of

Chemical analyses of hydraulic cements shall be carried out as specified in EN 196-2.

NOTE For the purposes of this provision, ASTM C114 is equivalent to EN 196-2.

© 1SO 2009 - All rights reserved
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Table 1 — Chemical requirements

Cement class
A | B | ¢ | p | e | H

Ordinary grade (O)
Magnesium oxide (MgO), maximum, percent 6,0 NA2 6,0 NA NA NA
Sulfur trioxide (SO3), maximum, percent? 3,5 NA 4.5 NA NA NA
Loss on ignition, maximum, percent 3,0 NA 3,0 NA NA NA
Insoluble residue, maximum, percent 0,75 NA 0,75 NA NA NA
Tridalcium aluminate (C3A), maximum, percent® NR°® NA 15 NA NA NA
Moglerate sulfate-resistant grade (MSR)
Magnesium oxide (MgO), maximum, percent NA 6,0 6,0 6,0 6,0 6,0
Sulfur trioxide (SO3), maximum, percent? NA 3,0 3,5 3,0 3,0 3,0
Loss on ignition, maximum, percent NA 3,0 3,0 3,0 3,0 3,0
Insoluble residue, maximum, percent NA 0,75 0,75 0,75 0,75 0,75
Tridalcium silicate (C3S) maximum, percentd NA NR NR NR 58 58

minimum, percentd NA NR NR NR 48 48
Tridalcium aluminate (C3A), maximum percentd NA 8 8 8 8 8
o e aireset o 2o 6] | eS| wr [ e[ os| ] ors
High sulfate-resistant grade (HSR)
Mal;nesium oxide (MgO), maximum, percent NA 6,0 6,0 6,0 6,0 6,0
Sulfur trioxide (SO3), maximum, percent? NA 3,0 3,5 3,0 3,0 3,0
Logs on ignition, maximum, percent NA 3,0 3,0 3,0 3,0 3,0
Insoluble residue, maximum, percent NA 0,75 0,75 0,75 0,75 0,75
Tridalcium silicate (C3S) maximum, percentd NA NR NR NR 65 65

minimum, percentd NA NR NR NR 48 48
Tridalcium aluminate (C3A), maximum, percéntd NA 3 3 3 3 3
e e b " wa | 2 | a | a | o []
Lo et conten exoresseazmecumose 020) s | e | wr | we [ ors|[ oo
@ |NA indicates “not applicable”.
b [When the tricalcium aliminate content (expressed as C3A) of the cement is 8 % or less, the maximum SO3 content siall be 3 %, or
3,5 P for class C cement.
¢ INR indicates “norequirement”.
d [The expressing of chemical limitations by means of calculated assumed compounds does not necessarily mean that the oxides are
actdally or entirely present as such compounds. The compounds are calculated according to the ratio of the mass percentpges of Al,O3
to FpoO3, Where w is the percentage mass fraction of the compound indicated in the subscript:

-+~ When WAI203/WF6203 is greater than 0,64, the compounds shall be calculated as follows:

CzA = 2,65WA|203 — 1‘69WF6203
C3S =4,07wgy0 — 7,60w5io2 - 6,72wAI203 - 1,43wFezoa - 2,85w803
C4AF = 3,04w,:e203

—  When WA|203/WF6203 is 0,64 or less, the C3A content is zero.

— The C5S and C,AF shall be calculated as follows:
C3S =4,07wgy0 — 7,60wSi02 - 4,48wAI203 - 2,86er203 - 2,85w803
C4AF = 3,04w,:e203

e

The sodium oxide equivalent, expressed as Na,O equivalent, shall be calculated by the formula:

NayO equivalent is equal to 0,658wKzo + YNa,0"

© 1SO 2009 - All rights reserved 5
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4.1.3 Physical and performance requirements

Well cement shall conform to the respective physical and performance requirements specified in Table 2 and
in Clauses 6 through 10.

Table 2 — Summary of physical and performance requirements

Well cement class A B C D G H
Mix water, % mass fraction of cement (Table 5) 46 46 56 38 44 38
Fineness t (Qlfarhaﬁ\ln mnl‘hnrlc) (FIQIICQ R)
Turbidimeter (specific surface, minimum, m2/kg) 150 160 220 NR2 NR NR
Air permeability (specific surface, minimum, m2/kg) 280 280 400 NR NR NR
Free-fluid dontent, maximum, percent (Clause 8) NR NR NR NR 5/9 59
Compresslive | Schedule Final curing Curing Minimum compressive strength
strength }st number temperature | pressure MPa (psi)
(8 h curing ime)| Table 6 °C (°F) MPa (psi)
(Clause 9) NAP 38 (100) atm. 1,7 1,4 21 NR 2,1 2,
(250) (200) (300) (300) (30p)
(Clause 9) NA 60 (140) atm. NR NR NR NR 10,3 10,8
(1500) | (1500)
(Clause 9) 6S 110 (230) 20,7 NR NR NR 34 NR NR
(3 000) (500)
Compresslive | Schedule Final curing Curing Minimum compressive strength
strength tpst number temperature | pressure MPa (psi)
(24 h curipg (Table 6) °C (°F) MPa (psi)
time)
(Clause 9) NA 38 (100) atm. 12,4 10,3 13,8 NR NR NA
(1800) | (1500) [ (2000)
(Clause 9) 48 77 (170) 20,7 NR NR NR 6,9 NR NR
(3 000) (1 000)
(Clause 9) 6S 110 (230) 20,7 NR NR NR 13,8 NR NA
(3 000) (2 000)
Thickening- Specifi- Maximum consistency Thickening time (minimum/maximum)
time tesit cation test |~ (15 min to 30 min stirring min
schedule period) B.°
number,
Tablés9
through 11
(Clause 1) 4 30 90d 90d 90d 90d NR NR
(Clause 1) 5 30 NR NR NR NR 90d 9(|)d
(Clause 10) 5 30 NR NR NR NR 120€ 120¢
(Clause 10) 6 30 NR NR NR 1009 NR NR

a

b

c

NR indicates “no requirement”.

NA indicates “not applicable”.

with the same clause.

d

e

Minimum thickening time.

Maximum thickening time.

Bearden units of consistency, B¢, obtained on a pressurized consistometer as defined in Clause 10 and calibrated in accordance

© 1SO 2009 - All rights reserved



https://standardsiso.com/api/?name=5e9f861055e1081934c48d46480929f5

4.2

4.21

ISO 10426

Sampling frequency, timing of tests, and equipment

Sampling frequency

-1:2009(E)

4.2.1.1 For well cement classes C, D, G, and H, a sample for testing shall be taken by either of the following

met
a)

b)

hods:
over an interval of 24 h;

on a 1 000 ton (maximum) production run.

4.2.
met]

4.2.

Eac
sev

4.2,
Equ
and
Dim
4.2,

Equ
the

1.2 For well cement classes A and B, a sample for testing shall be taken by either of it}
hods:

over a 14-day interval;
on a 25 000 ton (maximum) production run.

1.3 These samples shall represent the product as produced. At the choice of the manufac
pling method may be used.

P Time from sampling to testing

h sample shall be tested for conformance to this part of JSO 10426. All tests shall be comp
bn working days after sampling.

B Specified equipment
ipment used for testing well cements shall comply with Table 3. Dimensions shown in Figures

Figures 10 through 12 are for the purposes’of manufacturing the cement-specification test
ensional recertification is not required.

B Calibration

ipment calibrated in accordance with the requirements of this part of ISO 10426 is considereg
calibration is within the specified limits.

Table 3> Specification test equipment for well-cement manufacturers

e following

turer, either

leted within

5 through 7
equipment.

accurate if

Test or preparation )| Well cement | Clause Required equipment
classes reference

Sampling All 5 Apparatus as specified in EN 196-7
NOTE For the purposes of this provision, ASTM C183 is|equivalent to
EN 196-7.

Finéness A’ B’ C 8 Turhidimeter and 9||vi|i9r\ll nqnipmnnf as epnr\ifind n-ASTM C115 or
air permeability apparatus and auxiliary equipment as specified in
EN 196-6.
NOTE For the purposes of this provision, ASTM C204 is equivalent to
EN 196-6.

Slurry preparation All Apparatus as specified in 7.1

Free fluid G, H Apparatus as specified in 8.1

Atmospheric pressure | A, B, C, G, H Apparatus as specified in 9.1, except pressure vessel of 9.1.3.2

compressive strength

Pressure cured D 9 Apparatus as specified in 9.1,except curing bath of 9.1.3.3

compressive strength

Thickening time All 10 Pressurized consistometer specified in 10.1

© 1SO 2009 - All rights reserved
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5 Sampling procedure

One or more of the procedures in accordance with EN 196-7 shall be used to secure a sample of well cement
for specification testing purposes.

NOTE

6 Finen

6.1

Tests for fir
for the turbi

NOTE i

Prociedure

For the purposes of this provision, ASTM C183 is equivalent to EN 196-7.

ess tests

eness of well cement shall be carried out in accordance with either the procedure in ASTM G
Himeter test or the procedure in EN 196-6 by air permeability apparatus for the air permeability

or the purposes of this provision, ASTM C204 is equivalent to EN 196-6.

6.2 Requirements

Acceptancqg requirements for the fineness test are a minimum specific surface“area (expressed in sq
metres per kilogram) as given in Table 2. Classes D, G and H cements have,né_fineness requirement.

At the discretion of the manufacturer, either of the two fineness test methods (turbidimeter or air permea
test) shall be used to determine the fineness.

7 Preparation of slurry for free-fluid, compressive strength and thickening-time
tests

7.1 Apparatus

711 Scales

The indicated load on scales shall befaccurate within 0,1 % of the indicated load. Annual calibratio

required.

7.1.2 Mass of reference weights

The mass
scales whe
givenin 7.1

f the reference\weights shall be accurate to within the tolerance shown in Table 4. On beam-
e the reference weights are on the beam, the indicated masses shall conform to the requirem
1.

Table 4 — Permissible variation in mass of reference weights

115
test.

are

bility

n is

lype
ents

Mass Permissible variation
9 9
1000 +1,00
500 +0,50
300 +0,30
200 +0,20
100 +0,10
50 +0,05

© 1SO 2009 - All rights reserved
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7.1.3 Sieves

A No. 20 wire cloth sieve (openings 850 um), in accordance with the requirements given in ISO 3310-1, shall

be used for sieving cement prior to slurry preparation.

NOTE For the purposes of this provision, ASTM E11 is equivalent to ISO 3310-1.

7.1.4 Mixing devices

The mixing device for the preparation of well cement slurries shall be a 1 | (1 qt) size, bottom-drive, blade-type

mixer.

An example of a mixing device in common use is shown in Figure 1. The mixing-blade assembly|and mixing
conjainer shall be constructed of durable, corrosion-resistant material. The mixing-blade-assembly (see
Figdre 2) shall be constructed in such a manner that the blade can be removed for welighing anf changing.

The| mixing blade shall be weighed initially and thereafter periodically, and replaced-with an u

rlused blade

befgre a 10 % mass loss has occurred. Replace the blade if obvious blade deformation has occprred. If the

mixing device leaks at any time during the mixing procedure, the contents shall be discarded, the
repaired and the procedure shall be restarted.

leak shall be

Thel mixing device shall be calibrated annually to a tolerance of + 200 r/min(z 3,3 r/s) at 4 000 r/nin (66,7 r/s)

rotational speed, and £ 500 r/min (£ 8,3 r/s) at 12 000 r/min (200 r/s) rotational speed.
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Figure 0—- xample of a typical cement-mixing device

N

Figure 2 — Mixing-blade assembly
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7.2 Procedure

7.21 Sieving

Prior to mixing, the cement shall be sieved using the method described in EN 196-7 using a sieve defined in
7.1.3.

NOTE For the purposes of this provision, ASTM C183 is equivalent to EN 196-7.

7.2.2 Temperature of water and cement

The| temperature of the mix water in the container within 60 s prior to mixing shall be<43°C+1°C
(73TF £ 2 °F) and the temperature of the cement within 60 s prior to mixing shall\be 23 °C+1°C
(73FF £ 2 °F).

7.2.83 Mix water

Distilled or de-ionized water shall be used for testing. The mix water shall be weighed directly into p clean, dry
mixing container. No water shall be added to compensate for evaporation, wetting, etc.

7.2.4 Mixing quantities
The| quantities of slurry component shown in Table 5 shall be 4sed for testing. The use of the quantities of

conponents shown in Table 5 results in mix-water percentagés.(based on the mass of dry cement) consistent
withl water percentages shown in Table 2.

Table 5 — Sluiry requirements

Components Classes Aand B Class C Classes D and H Class G
9 9 g 9

Mix water 355+0,5 383+0,5 327 +0,5 349+ 0,5

Cement 772+0,5 684 £ 0,5 860+ 0,5 792 £ 0,5

7.2.6 Mixing cement and water

The| mixing container-with the required mass of mix water, as specified in Table 5, shall be plgced on the
mixer base, the moter turned on and maintained at 4 000 r/min + 200 r/min (66,7 r/s + 3,3 r/g) while the
cement sample is“added at a uniform rate during no more than 15s. After 15 s at 4 000 r/min{+ 200 r/min
(66,]7 r/s + 3,3-/s), place the cover on the mixing container and continue mixing at 12 000 r/min{+ 500 r/min
(200 r/s £ 8,3.r/s) for 35 s +1 s.

8 Free=fluidtest({formeryfreewater)
8.1 Apparatus

8.1.1 Consistometer

The atmospheric pressure consistometer or the pressurized consistometer described in 10.1 (run at
atmospheric pressure) shall be used for stirring and conditioning the cement slurry for the determination of
free-fluid content. The atmospheric consistometer consists of a rotating cylindrical slurry container, equipped
with an essentially stationary paddle assembly, in a temperature-controlled liquid bath. It shall be capable of
maintaining the temperature of the bath at 27 °C £ 2 °C (80 °F £ 3 °F) and of rotating the slurry container at a
speed of 150 r/min £15 r/min (2,5 r/s £ 0,25 r/s) during the stirring and conditioning period for the slurry. The
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paddle and all parts of the slurry container exposed to the slurry shall be constructed of corrosion-resistant
materials. See Figures 3 through 6.

T— | [ i 0 G & E—

—] I
- )
©)
X I
3 \
AN T — —
4
II a ]
Key
1 lid (see figure®)
2 fill indicgting.groove
3 Slurry containet (occ r;yulc 5)
4 paddle (see Figure 6)

Figure 3 — Typical container assembly for an atmospheric pressure consistometer
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1 2
3 — 4
= b= = ' 5
—— 7
7 B
9 10
11
12 ¢
Key,|
1 [cap lock nut 7 eollar
2 rentre lock reverse jam nut 8.\ bearing
3 [dial 9 retaining ring
4  pointer 10 lid
5 [ial and base assembly 11 roll pin
6 Pppring 12 shaft
Figure 4 — Typical lidtiand mechanism for an atmospheric pressure consistometef
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Dimensions in millimetres (inches) unless otherwise indicated
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Typical.

Figure 5 — Typical container for an atmospheric pressure consistometer
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Dimensions in millimetres (inches) unless otherwise indicated
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4,715 £0,13[(0,19 £0,005)

@  Paddle material is 300 series stainless steel 1,0 mm x 7,9 mm (0,04 in x 0,313 in).

b Shaft material is 400 series steel 6,4 mm x 211,1 mm (0,25 in x 8,313 in) annealed and ground.

¢ Typical.

Figure 6 — Typical paddle for an atmospheric pressure consistometer
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8.1.2 Scales
Scales shall meet the requirements set in 7.1.1.

8.1.3 Test flask

A 500 ml conical flask, in accordance with ASTM E1404-94(2008), type I, class 2, or with ISO 24450 shall be
used. See Figure 7.

Dimensions in millimetres

=186

a8  Wall thickness.
b Qutside fiameter (at widest point).

NOTE  Thg conical flask for free-fluid measurement is an ASTM conical flask, type 1, class 2, with a capacity of 500 ml.

Figure 7 — The ASTM conical flask for free-fluid measurement

8.2 Calibration

8.2.1 Tenpperature measuring system

Temperatur-measuring andC-controlling devices shall be calibrated no less frequently than quarterly. TThis
includes thegrmometers, thermocouples and temperature controllers on consistometers, curing chambers [and
ultrasonic devices, and_those that are used separate from or are not an integral part of the instrunent.
Measuremgnts shalk’be made at no fewer than three temperatures spanning the manufacturer- or user-
defined opé¢rating<range of the equipment on or with which the device is used. The lowest tempergture
calibrated shalldoe'ho more than 5 °C (10 °F) above the minimum and the highest temperature calibrated ghall
than 5 °C (10 °F) below the maximum of the user-defined operating range of the instrunient.
as a
heat block) with a thermometer or thermocouple that is certified and traceable to a national standardization
body. Accuracy shall be within 2 °C (3 °F). If the error in the thermometer or thermocouple is greater than that,
it shall be replaced by one meeting the accuracy requirements. Thermocouples mounted in the cylinder wall of
a consistometer, if not used for controlling the temperature in the consistometer, are exempt from calibration.
More detailed information can be found in Annex A.

8.2.2 Slurry container rotational speed

The rotational speed shall be 150 r/min £ 15 r/min (2,5r/s £ 0,25 r/s). The rotational speed of the slurry
container shall be checked no less frequently than quarterly, and corrected if found to be outside this range.
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The timer shall be accurate to within + 30 s per hour. It shall be checked for accuracy no less frequently than

ann

8.3
8.3.
8.3.

8.3.

ually, and corrected or replaced if found to be less accurate.

Procedure
1 Prepare the slurry in accordance with the procedure in Clause 7.

2 Fill a clean and dry consistometer slurry container to the fill groove.

Assemble the slurry container and associated parts, place them in the consistometef-a

motpr according to the operating instructions of the manufacturer. The interval between completid
and|starting of the consistometer shall not exceed 1 min.

nd start the
n of mixing

8.3. Stir the slurry in the consistometer for a period of 20 min + 30 s. Maintain thetemperature pf the slurry
at 2 °C + 2 °C (80°F % 3 °F) and atmospheric pressure throughout the stirring period.
8.3.p Transfer 790 g+ 5g of class H slurry or 760 g+ 5 g of class G slurry directly into thg clean, dry
500|ml conical flask within 1 min of the end of stirring. Record the actual ‘mass transferred. Seal|the flask to
preyent evaporation.
8.3.p Set the slurry-filled flask on a surface that is nominallydeyel and vibration-free. The laporatory air
temperature to which the slurry-filled flask is exposed shall be$23™C + 3 °C (73 °F £ 6 °F). The {emperature
sengor for measuring air temperature shall meet the requirements of 8.2.1. Let the slurry-filled flask remain
undjsturbed for a period of 2 h + 5 min.
8.3.F Atthe end of the 2 h £ 5 min period, remove the-supernatant fluid that has developed with|a pipette or
syringe. Measure the volume of supernatant fluid to~an accuracy of £ 0,1 ml and record it as “millilitres free
fluig.”
8.3.8 Convert the millilitres free fluid to-a_pércentage of starting slurry volume (~400 ml depending on the
recgrded initial mass) and express that value as percent free fluid.
8.4| Calculation of percent free fluid
The| volume fraction, ¢, of free fluid in the slurry, expressed as a percentage, is then calculated using
Equation (1):

Q= Vee-p %100 (1)

ms

whdre

VeE is the volume of free fluid (supernatant fluid) collected, expressed in millilitres;

P is the specific gravity of slurry, equal to 1,98 for class H at 38 % water and 1,91 for class G at

44 % water; if the specific gravity of the base cement is other than the typical value of 3,18 = 0,04,

the actual specific gravity of slurry should be calculated and used;

mg is the initially recorded (starting) mass of the slurry, expressed in grams.

EXAMPLE Calculation of percent free fluid:

ms=791,7g

Veg=15,1ml

p=1,98 glcm?3 (class H)
¢=15,1x(1,98) x 100/791,7

© 1SO 2009 - All rights reserved
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9=3,78

NOTE

Millilitres and cubic centimetres are assumed to be equal for purposes of calculation.

8.5 Acceptance requirements

The free fluid for classes G and H well cements shall not exceed 5,9 %.

9 Compressive strength tests

9.1 Applratus

9.1.1 Cub

Moulds an

e moulds and compressive strength-testing machine

d testing machine for compressive strength tests shall conform to thex'requirementg

ASTM C109/C109M or EN 196-1, except for

a) the beas

b) the besd

c) themo
The mouldg
the break fq
deviate by

greater, at

load indica
according t

9.1.2 Cub

ring block surface dimension requirement;
ring block Rockwell hardness requirement;
ulds, which may be separable into more than two parts.

shall be checked for tolerances at least once every two-years. The load frame used to mea
rce of cement specimens shall be calibrated no less-frequently than annually. Indicated force §

D,0 kKN (2 000 Ibf) load and at a minimum of 25.%, 50 % and 75 % of the range of the load ce

or. With units having multiple indicators for\different ranges, each indicator shall be calibr
b these criteria.

e mould base and cover plates

Generally,
Cover plate

9.1.3 Wa

A curing b
mould(s) in
employed.

9.1.3.2

late glass, brass or stainless steel plates having a minimum thickness of 6 mm (1/4in) are u
may be grooved on the surface that contacts the top of the cement.

r curing bath

th or tapk\having dimensions that allow the complete immersion of a compressive stre
water and-capable of maintaining the prescribed test temperatures within £ 2 °C (£ 3 °F) sha
he two-types of water curing baths are described in 9.1.3.2 and 9.1.3.3.

bure
hall

no more than 2 % of the applied load or one minimum instrument scale division, whichevgr is

Il or
hted

ed.

Ur

ngth
| be

H laabls
vul Illu Ndatli

An atmospheric pressure curing bath is a vessel for curing specimens at atmospheric pressure and
temperatures of 66 °C (150 °F) or less, having an agitator or circulating system.

9.1.3.3

Pressurized curing bath

A pressurized curing bath is a vessel suitable for curing specimens at temperatures up to 110 °C (230 °F) and
under pressure that can be controlled at 20,7 MPa + 3,45 MPa (3 000 psi = 500 psi). The vessel shall be
capable of fulfilling the appropriate specification schedule given in Table 6.

18
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9.1.4 Cooling bath

The cooling bath dimensions shall be such that the specimens being cooled from the curing temperature can
be completely submerged in water maintained at 27 °C = 3 °C (80 °F £ 6 °F).

9.1.5 Temperature-measuring system
9.1.5.1 General
The temperature-measuring system shall be calibrated to an accuracy of £2 °C (+ 3 °F) no less frequently

thartri=monthty—The procedure described Im ANnexX A 15 commonty USed-—1Two commonty USed t@mperature-
measuring systems are described in 9.1.5.2 and 9.1.5.3.

9.1.p.2 Thermometer

A thermometer with a range from 21 °C to 82 °C (70 °F to 180 °F), with minimum scale djvisions not
exceeding 1 °C (2 °F) may be used.

9.1.p.3 Thermocouple

A thermocouple system with the appropriate range may be used.

9.1.p Puddling rod

A corrosion-resistant puddling rod of nominal diameter 6 mm\(1/4 in) is typically used.
9.1.f Sealant

A sealant having a consistency that permits ease of use, good sealing properties to prevent leakage, water

resistance, inertness to the cement, and is*nen-corrosive when subjected to the curing temperatures and
pregsures specified in Table 7, is commonlytused to seal the exterior contact points of the specimen mould.

9.2| Procedure

9.2.1 Preparation of moulds

The| assembled moulds shall be watertight. The interior faces of the moulds and the contact surfaces of the
plates shall be clean anddry, and they may be lightly coated with release agent.

9.2.2 Preparation and placement of slurry

9.21 Slurry

Prepare the cement slurry in accordance with Clause 7.

9.2.2.2 Placing slurry in moulds

Place the slurry in the prepared moulds in a layer approximately one-half of the mould depth. Use the puddling
rod to puddle the slurry in an evenly distributed pattern, 27 times per specimen. Place the slurry in all the
specimen compartments before commencing the puddling operation. After puddling the layer, stir the
remaining slurry by hand, using a puddling rod or spatula to minimize segregation. Fill the moulds to
overflowing and puddle the same as for the first layer. After puddling, use a straight-edge to strike off the
excess slurry level with the top of the mould. Discard specimens in moulds that leak. Place a clean, dry cover
plate on top of the mould. No less than three specimens shall be used for each test determination.
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9.2.2.3 Pressure and temperature schedules

For classes A, B, C, G and H cements, place the specimens in the water bath preheated to the final curing
temperature for tests at atmospheric pressure, within 5 min after mixing (see Table 2).

For class D cement, place the specimens in the pressure vessel in water at 27 °C =3 °C (80 °F + 6 °F), and
within 5 min after mixing, apply temperature and pressure according to Table 6.

Table 6 — Specification schedules for pressurized curing of specimens

Schedule Curing Elapsed time from first application of heat and pressure
number pressurec h: min (£ Z min)
MPa (®s) | 000 | 0:30 | 045 | 1:00 | 1:15 | 1:30 | 2:00 | 2:30 | 3:00 | 3:30-{ o
Temperature
OC (OF)
4S 20,7 27 47 49 51 53 55 59 64 68 72 717
(3 000) (80) | (116) | (120) | (124) | (128) | (131) | (139) | (147) | (185) | (162) | (170)
6S 20,7 27 56 64 68 72 75 82 89 96 103 110
(3 000) (80) | (133) | (148) | (154) | (161) | (167) | (180) | (192)"| (205) | (218) | (280)

@8  The test| pressure of 20,7 MPa+ 3,4 MPa (3 000 psi + 500 psi) shall be applied as soon(as'the specimens are placed in| the
pressure ves$el and maintained for the duration of the curing period. The 4 h temperature €hall be maintained within £2 °C (+ 3§ °F)
throughout thg remainder of the curing period and completion of the test.

9.2.3 Curjng

9.2.3.1  Quring periods

The curing period is the time elapsed from subjecting the“specimens to the specified temperature in the cyring
vessel (or ipitiating the temperature/pressure schedule in Table 6) to testing the specimen for strength. [The
strength of the specimen shall be tested at the appropriate time, as specified in Table 7.

For specimgns cured at atmospheric pressure;-the curing period starts when specimens are initially placgd in
the curing Hath preheated to the test temperature.

For specimens cured at pressures above atmospheric, the curing period starts with the initial application of
pressure arjd temperature.

9.2.3.2 $§pecimen cooling

Specimens|cured at 60°€C (140 °F) and below shall be removed from the curing bath 45 min + 5 min bgfore
the time at|which théy, will be tested. Specimens shall be removed from their moulds and cooled by bging
placed in a|water bath maintained at 27 °C £ 3 °C (80 °F = 5 °F) for 40 min. Do not leave the specimen olit of
water for mpre,than 5 min to avoid dehydration. For specimens cured at temperatures equal to or greater than
77 °C (170 PE);ymaintain the maximum scheduled temperature and pressure specified in Table 7 until 1 h|and
45 min £ 5 fmm priortothe—time—at-wihichthe—specimens—witt-betested,at-wiichpomtdiscontimueheating.
During the next 60 min £ 5 min, decrease the temperature to 77 °C (170 °F), or less, without a reduction in the
pressure other than that caused by the reduction in temperature. At 45 min = 5 min prior to the time at which
the specimens will be tested, release the pressure remaining and remove the specimens from the moulds.
Cool the specimens by transferring them to a water bath maintained at 27 °C+3 °C (80 °F £ 6 °F) for
40 min = 5 min.

9.2.3.3 Specimen acceptance

Cube-test specimens that are damaged shall be discarded prior to testing. If fewer than two test specimens
are left for determining the compressive strength at any given period, a retest shall be made.
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9.3 Test procedure (after ASTM C109/C109M)

9.3.1 Remove specimens from the water bath or the cooling bath that has been maintained at 27 °C + 3°C
(80 °F £ 5 °F). Wipe each specimen to remove any loose material from the faces that will be in contact with
the bearing blocks of the testing machine.

9.3.2 The dimensions of the test faces shall be measured to £ 1,0 mm (£ 1/16 in) for calculation of the
cross-sectional area. Apply the load to the specimen faces that were in contact with the plane (vertical)
surfaces of the mould (not in contact with the base or the cover plates). Place the specimen in the testing
machine below the upper bearing block. Prior to the testing of each cube, ascertain that the spherically seated
block is free to tilt. Use no cushioning or bedding materials.

CAUTION — Employ appropriate safety and handling procedures in testing the specimen.

9.3. The rate of loading shall be 72 kN/min £ 7 kN/min (16 000 Ibf/min £ 1 600 Ibf/mjn) for| specimens
expected to have a strength greater than 3,4 MPa (500 psi). For specimens expected to have sjrength less
than 3,4 MPa (500 psi), a 18 kN/min £ 2 kN/min (4 000 Ibf/min £ 400 Ibf/min) rate shall be used. Dgpending on
the type of compressive strength test machine employed, it can require some time'for the load frame to build
up the required load rate after initial contact with the cement sample.

9.3. Calculate the compressive strength expressed in megapascals (pounds force per square inch).

9.4| Compressive strength acceptance criteria

Thel compressive strength of all acceptance-test specimens made from the same sample and t¢sted at the
same period shall be recorded and averaged to the nearest 50°kPa (10 psi). At least two-thirds of|the original
indiyidual specimens and the average of all the specimens tested shall meet or exceed the minimum
compressive strength specified in Table 7. A retest shall-be made if fewer than two strength values are left for
determining the compressive strength at any given period.

Table 7 — Compressive strength specification requirements

Cement class Schedule Finalcuring Curing pressure® | Minimum compressive gtrength at
number temperature? MPa (psi) indicated curing peériod
O 8 h+ 15 min 24 h+ 15 min

MPa (psi) MPa (psi)

— 38 (100) atm. 1,7 (250) 12,4 (1 800)

B = 38 (100) atm. 1,4 (200) 10,B (1 500)

— 38 (100) atm. 2,1 (300) 13,8 (2 000)

b 48 77 (170) 20,7 (3 000) NRe 6,9 (1 000)

6S 110 (230) 20,7 (3 000) 3,4 (500) 13,8 (2 000)
G H — 38 (100) atm. 2,1 (300) NR
— 60 (140) atm. 10,3 (1 500) NR

a

b

C

NR indicates “no requirement”.

The test pressure shall be applied as soon as specimens are placed in the pressure vessel, and maintained at the given pressure
within £ 3,4 MPa (+ 500 psi) for schedules 4S and 6S.
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10 Thickening-time tests

10.1 Apparatus

A pressurized consistometer (see Figures 8 and 9) shall consist of a rotating cylindrical slurry container (see
Figures 10 and 11) equipped with a stationary paddle assembly (see Figure 12) enclosed in a pressure vessel
capable of withstanding the pressures and temperatures described in Tables 9 through 11.

The space between the slurry container and the walls of the pressure vessel shall be completely filled with a
hydrocarbon oil. The selected oil shall have the following physical properties:

— viscosily range: 6 mm?2/s to 79 mm?/s at 38 °C (100 °F) or 6 ¢St to 79 ¢St at 38 °C (100 °F);or|
45 SSU to 360 SSU at 38 °C(100 °F);

— specifi¢ heat: 1,9 kJ/(kg-K) to 2,5 kJ/(kg-K) (0,45 Btu/lb-°F to 0,60 Btu/lb-°F);

— therma] conductivity: 0,112 W/(m-K) to 0,138 W/(m-K) [0,065 Btu/(h-ft2-°F/ft) to 0,08-Btu/(h-ft2.°F/ft)];
— specifi¢ gravity: 0,83 t0 0,93.

A heating slystem capable of raising the temperature of this oil bath at the rate-of at least 3 °C/min (5 °F/min)
is required. A temperature-measuring system shall be provided fof Ydetermining and controlling | the
temperaturg of the cement slurry (centreline). The slurry container is rotated at a speed of 150 r/min £ 15 rJmin.

The consistency of the slurry (see 10.2.2.1) shall be measured. The paddle and all parts of the slurry
container exposed to the slurry shall be constructed according to the dimensions given in Figures 10 through{ 12.
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Figure 8 — Typical gear drive consistometer for pressurized specification thickening-time test
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Figure 9 — Typical magnetic drive consistometer for pressurized specification thickening-time tests
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Dimensions in millimetres (inches) unless otherwise indicated
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NOTE The material is stainless steel, except the diaphragm and the hub.

Figure 10 — Typical slurry container assembly for a pressurized consistometer
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Dimensions in millimetres (inches)
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NOTE he material is stainless steel, except the diaphragm and the hub.

Figure 11 — Typical slurry container assembly and paddile for a pressurized consistometer

26 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=5e9f861055e1081934c48d46480929f5

I1ISO 10426-1:2009(E)

Dimensions in millimetres (inches) unless otherwise indicated
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NOTE 1 The paddle material is stainless steel 1,6 mm x 9,5 mm (0,062 5 in x 0,375 in).
NOTE 2  Taper all leading edges out and down, and round all trailing edges.

2  Rotate the slurry container table anti-clockwise when viewed from top of paddle.
b The plane of the top of the paddle brace shall be perpendicular to the shaft at all points of contact.
¢ Typical.

Figure 12 — Typical paddle for a pressurized consistometer slurry container
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10.2 Calibration

10.2.1 General

Measurement of the thickening time of a cement slurry requires calibration and maintenance of operating
systems of the pressurized consistometer including consistency measurement, temperature measuring
systems, temperature controllers, motor speed, timer, and gauges.

10.2.2 Consistency

10.2.2.1 Corsistercy of acement sturry isexpressed-im Bearder umits of consistercy, B, 1 s vatue ghall
be determiped by a potentiometer mechanism and voltage measurement circuit that has been calibrated
within one month prior to use, and whenever the calibration spring, resistor or contact arm is adjustefl or
replaced. The calibration method described in 10.2.2.2 shall be used.
10.2.2.2 A reference weight-loaded device (see Figure 13 for a typical potentiometer (€alibrating deyice
and Figure [14 for a typical potentiometer mechanism) is used to produce a series of torque*equivalent values
for consistency for calibration. Reference weights are used to apply torque to the potentiometer spring, using
the radius qf the potentiometer frame as a lever arm. As reference weights are added) the spring is deflefted
and resulting DC voltage and/or B, increases. See Table 8.
NOTE $ee manufacturer's instruction manual for procedures.
The calibrafed torque-equivalent values, T, expressed in gram centimetfes, are defined by Equation (2):
T=78, + 20,028, )
where B is|the consistency, expressed in Bearden units.
Table 8 — Slurry consistency vs. equivalent torque
(for a potentiometerd mechanism with a radius of 52 mm 1 mm)
Torque Mass of reference Slurry
equivalent weights consistency
g-cm g B
+0,1g +5
260 50 9
520 100 22
780 150 35
1040 200 48
1300 250 61
1 560 300 74
1820 350 87
2080 400 100
@  For a potentiometer mechanism with a different radius, an appropriate table with
equivalent tolerances shall be used.
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N

Figure 13 — Typical potentiometer calibrating device
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14
15
Key
1 resistor 6 retainer, shaft bearing spring 11 frame, mount
2 bearing $haft 7 clamp, spring adjustor 12 stop, mount frame
3 arm confact 8 insulator 13 contact springs
4  collar, sgring 9 adjustor, spring 14 bearing, frame
5 sleeve, spring 10 resistor 15 arm, stop

Figure 14 — Typical potentiometer mechanism for a pressurized consistometer

10.2.3 Temperature-measuring system

The temperature-measuring system shall be calibrated to an accuracy of £ 2 °C (£ 3 °F). Calibration shall be
no less frequently than every three months. The procedure described in Annex A is commonly used.
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