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Unit 1

Cement Science (1)

Classification of Cements

Cements can be divided into the following categories:
1. Portland cements which can be subdivided into:
(a) Ordinary Portland cement.

(b) Rapid hardening Portland cement.

(¢) Extra rapid hardening Portland cement.
(d) Portland blast-furnace cement.

(e) Low heat Portland cement.

(f) Sulphate resisting Portland cement.

(g) White Portland cement.

(h) Colored Portland cement.

2. Natural cements.

3. High alumina cement.

4. Supersulphated cement.

5. Special cements:

(a) Masonry cement.

(b) Trass cement.

{(c) Expansive cement.

(d) Oil well cement.

(e) Jet set cement.

(f) Hydrophobic cement.

(g) Waterproof cement.

American Types of Cement

In America Portland cements are divided under the ASTM
.1 -



(American Society for Testing Materials) Standards into the follow-
ing types:

Type I : For use in general concrete construction where the
special properties specified for types [, I, IVand V are not
required.

Type I : For use in general concrete construction exposed to
moderate sulphate action, or where moderate heat of hydration is
required.

Type [l : For use when high early strength is required.

Type IV : For use when low heat of hydration is required.

Type V : For use when high sulphate resistance is required.

In addition, there are Type 1 A, I A and [l A which are ex-
actly the same as Types I, Il , and Il except that they have an air-
entraining agent added.

The Manufacture and Delivery of Portland Cement

The principal raw materials used in the manufacture of cement

1. Argillaceous, or silicates of aluminum in the form of clays
and shales.

2. Calcareous, or calcium carbonate, in the form of limestone,
chalk and marl which is a mixture of clay and calcium carbonate.

The ingredients are mixed very roughly in the proportion of two
parts of calcareous material to one part of argillaceous material.
Limestone and shales have first to be crushed. They may then be
ground in ball mills in a dry state or mixed in a wet state, the latter
being preferable for the softer types of raw material and most com-
monly used by British manufacturers as it permits more accurate
control of the ultimaté composition . The dry powder, or in the case
of the wet process the slurry, is then burnt in a rotary kiln at a tem-
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perature between 1 400 T to 1 500 C, pulverized coal, gas or oil
being used as the fuel. In the wet process the chemical composition
of the slurry can easily be checked and if necessary corrected before
it is passed into the kiln.

The clinker obtained from the kilns is first cooled and then
passed on to ball mills where gypsum is added and it is ground to the
requisite fineness according to the class of the product. The finished
product is generally stored in silos at the works before dispatch, but
in terms of shortage it may be sent to the user straight from the
mills, in which case it will still be hot when used. This has led to
considerable controversy and hot cement has often rejected by the
user. In fact, cement in a hot state can normally be used quite
satisfactorily, as the aggregate and water are sufficient in bulk to
reduce the temperature quickly to a safe value. Cement can be sent
to the user in bulk containers or can be packed in drums, jute sacks or
multiply paper bags, the last now being favored in British practice.

In British practice a bag of cement weighs 1 cwt (112 Ib) giv-
ing 20 bags to the ton. In American practice a bag of cement con-
tains 94 1b of cement giving 24 bags to the ton and a barrel contains
376 1b of cement giving 6 barrels to the ton.

Cement is normally assumed to weigh 90 Ib per cu ft, although
82 Ib per cu ft is perhaps a better average figure. It may weigh be-
tween 75 and 110 b per cu ft according to its state of compaction.
According to the ASTM specifications, cements which have been
stored after testing and before delivery for more than 6 months in
bulk or 3 months if in bags may be retested before use.

Compound Compeosition of Portland Cement

The constituents forming the raw materials used in the manu-

facture of Portland cements combine to form compounds in the
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finished product, the following being the most important.

. ula Usual abbreviated
Compound Chemical form designation
Tricalcium silicate 3Ca0-SiO, GS
Dicalcium silicate 2Ca0-Si0, G,S
Tricalcium aluminate 3Ca0-AL O, GA
Tetracalcium alumino-ferrite 4Ca0+ALO; . Fe, O3 C.AF

These compounds have been called Bogue compounds as it is
largely due to him that they have been identified.

Bogue and others have given formulae by which the compound
composition of cement can be calculated from the chemical analysis
of the raw materials and the formulae adopted by the American
Society for Testing Materials (ASTM) are as follows:

Amount of tricalcium silicate per cent

= (4.07 X per cent CaO) — (7.06 X per cent Si0,)
—(6.72 X per cent AL,O;) — (1.43 X per cent Fe20;)
—(2.85 X per cent SO,)

Amount of dicalcium silicate per cent

= (2.87 X per cent Si0,) — (0.754 X per cent 3Ca0O-SiO, )

Amount of tricalcium aluminate per cent

=(2.65X per cent ALO;) — (1.69 X per cent Fe,O;)

Amount of tetracalcium alumino-ferrite per cent

=3.04 X per cent Fe, O,

In addition, there may be present small amounts of gypsum,
magnesium oxide, free lime and silicate in the form of glass.

A liquid is formed at the burning temperatures and this con-
tains, in addition to other compounds, all the alumina and iron oxide
present in the cement. The alumina and iron compounds present in
the cement are formed by crystallization of this liquid on cooling.

Some of the liquid may however form glass according to the condi-
. 4 .



tions in the kiln and the quantity of alumina and iron compounds
formed will depend on the extent of this action. Variations in the
kilning process therefore affect the properties of the cement. If glass
is formed the quantities of alumina and iron compounds present will
be reduced.

The G;S and G, S constituents form 70 to 80 per cent of all
Portland cements, are the most stable and contribute most to the
eventual strength and resistance of the concrete to corrosive salts, al-
kalis and acids. The C;S hydrates more rapidly than the G,S and it
therefore contributes more to the early strength and the heat geners-
ted and therefore the rise in temperature. The contribution of the
G, S to strength takes place principally after 7 days and may continue
for up to 1 year. The C;A hydrates quickly and generates much
heat. It makes only a small contribution to the strength principally
within the first 24 hours and is the least stable of the four principal
components of the cement. The C,AF component is comparatively
inactive and contributes little at any age to the strength or heat of
hydration of the cement. It is more stable than the C;A component
but less stable than the C;S and C,S. The presence of glass increases
the early strength and the heat generated. The G;A is liable to de-
compose to hydroxides of calcium and aluminum on exposure to air
and water and the ease with which it is attacked by salts and alkalis
renders its presence undesirable for any hydraulic or marine works.
The rates of heat evolution of the four principal compounds, if equal
amounts are considered, would be in the following order: C;A, G;S,
C.AF and G,S.

The difference in the properties of the various kinds of Portland
cement arises from the relative proportion of the four principal com-

pounds they possess and from the fineness to which the cement clin-
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ker is ground. Thus rapid hardening Portland cement is ground finer
than and may possess more C;S and less C,S than ordinary Portland
cement. The difference for any one works is usually in the fineness
of grinding. Sulphate- resisting cement is characterized by an excep-
tionally low percentage of C;A and low heat cement should have a
low percentage of C; A and relatively more C,S and less ;S than or-
dinary Portland cement; it will therefore have a low rate gain of
strength.

The compound compositions of cements of different manufac-
turers and in different countries can vary widely but an approximate
idea of the relative proportions of the various compounds in the dif-

ferent kinds of Portland cement according to Lea is given in
Table 1-1.

Table 1-1 Composition and compound of Portland cements

(After Lea)

Rapid Sulphate
Analysis: per cent Normal Low-heat
Lime 64.5 63.1 60.0 64.0
Silica 20.7 20.6 22.5 24.4
Alumina 5.2 6.3 5.2 3.7
Iron oxide 2.9 3.6 4.6 3.0
g'ﬂmunds: per cent
Tricalcium silicate 50 40 25 40
Dicalcium silicate 21 30 45 40
Tricalcium aluminate 9 11 6 5
Iron compound 9 11 14 9

The salient point demonstrated by this table is the comparative-
ly large variation in compound composition that can apply even with
a very small variation in the chemical analysis of the raw materials.

Summary of Properties of the Principal Cements

The properties of cements can be summarized as in Table 1-2,
.6 -



which is due to Lea.

Table 1-2 Properties of different cements

Rate of Rate of . R Inherent
strength heat shrinkage icracking to chemical
development evolution deterioration
Portland cements
Low-heat Low Low Somewhat High Medium
higher
Sulphate-resisting uL:lvl ‘E] mLc::ivl l:; Medium Medium  High
Cemen taining
blast-fut:n?cz slag
Portland b.- f.slag =~ Medium Medium Medium Medium  Medium
Supersulphate Medium Very low Medium  Inadequate High
information
High alumina cement Very high  Very high Medium Low Very high
Pozzolanic cements Low Low to Somewhat High High
medium  higher
New Words and Expressions
subdivide [ 'sabdi'vaid] hydrophobic[ haidrafobik ]
v. @145 , AX 5, RIS adj. 14KH
blast-furnace [ blazst'fomnis) trass| traes]
n. S, B n. (B 1KILK , E KA
supersulphated | 'supa(r)salfeitid ] jet[ dzet]
adj- gmﬁﬁm,ﬁﬁk% n. ﬁmymﬁylﬁg‘j
oil well WWH waterproof[ ‘wortapruzf ]
alumina[ aljumins] adj. Bi7KM, AiEKH
n. A+ 881, 8k sulphate( ‘salfeit ]
masonry| 'meisnri ] n. FEREL
n. BRARH, #FE, Bk air entraining agent fISA, 51
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argillaceous[ c:d3ileifas]

adj. WK, SR L8
clay[ klei]

n. ¥t
shale] feil]

n. WA, MAAE
calcareous| keelkearias]

adj. HEH, AKEH
R4S
limestone[ 'laimstaun]

n. AKA
chalk[ tfak]

n. BE, KR5S
marl[ ma:]

n. ®KA,BKE
ingredient[ ingri:dient ]

n. R4y, AEER S, BOR
roughly ['rafli]

adv. HEEHL ,FLEE
ball mill EREEHL
slurry( 'slo:ri ]

n. XK
kiln[ kiln]

n. (B, AIREN)E .47,

vi. BRE, ETRPPE

calcium carbonate

rotary cement kiln
B35 w) &/
pulverize ['palvaraiz) ]
.8 -

v. BHEE R
clinker[ klinks]
n. KR, HER
gypsum( ‘dzipssm]
n. AKX
requisite [ 'rekwizit]
adj. LEX, IFREN
drum [dram]
n. %8, BH
jute[ dzu:t sack([ seek ]
FRRLR , B4R
barrel[ ‘beer(a)1]
n. ¥
cwt abbr . = hundredweight
F4H (1/20 mE, FH R
112 B¥, 322 100 B%)
tricalcium| traikeelsiom ]
n. =4
tricalcium silicate EEBE =45
dicalcium[ daikeelsiom ]
n. —58
dicalcium silicate FERR —55
aluminate[ aljumineit ]
n. B8R
tetracalcium| 'tetrakeelsiom |
n. U455
aluminoferrite[ aljuminauferait ]
n. B
formulae ['fomjuls ] (formula K
5230



n. AR, ERX marine[ marimn]
magnesium| meegni:ziom ] adj. ¢, =0

n. % (Mg) salient{ 'seiljont ]
crystallization[ kristolaizeifon | adj. BEN, RHEK, E8

n. &% 3]
corrosive[ karousiv ] lime[ laim]

adj. RIREY, TRy n. £AK,AK
alkali[ 'elkalai ] silical ‘silika]

n. B, R n. A, ZEE,
hydrate( 'haidreit ] fibr

v. 544, 7Kk inherent[ inhisrant ]
decomposel ditkam'pouz] adj. BHK,EXKH

n. 5@ deterioration[ di tiariareifon ]

v. 53R n. B4k, R
aluminum{ aluminam] slag[ slzeg]

n. 8(AD n. ¥,
hydraulic( hai'drolik | pozzolanic potsslamik ]

adj. ZKS189, FIKH) adj. KILIKBHY

Exercises

1. For each of the incomplete sentences below you are to choose one
answer (A, B, C, or D) that best completes the sentence, and fill
the corresponding letter in the blank or blanks of each sentence.

(1) Cements can be divided into _____ categories.

A.8 B.7 C.6 D.5

(2) According to the ASTM specifications, cements which has
been stored after testing and before delivery for more than __
months in bulk or __ months if in bags may be retested before

use.



A.3,3 B.3,6 C.6,3 D. 6,6
(3) The ingredients are mixed very roughly in the proportion of
parts of calcareous material to part of argillaceous materi-

al.

A. 1,1 B.1,2 C.2,1 D.3,1

(4) The latter being preferable for the softer types of raw ma-
terial and most commonly used by British manufacturers it per-

mits more accurate control of the ultimate composition.

A. because B. if C. as D. though

(5) The clinker obtained from the kilns is first cooled and then
passed on to ball mills where gypsum is added and it is ground to the

requisite fineness the class of the product.
A. in terms of B. according to
C. because of D. due to

(6) Cement is normally assumed to weigh 90 Ib per cu ft, _
82 b per cu ft is perhaps a better average figure.

A. although B.evenif C.infact D. though

(7) The alumina and iron compounds present in the cement are
formed by crystallization of this liquid____ cooling.

A. in B. on C. while D. at

(8) The G;S hydrates more _ than the C,S and it therefore

contributes more to the strength and the heat generated and

therefore the rise in temperature.

A. rapid, early B. slow, late

C. rapidly, early D. slowly, late

(9) Rapid hardening Portland cement is ground finer than and
may possess____ ;S and G, S than ordinary Portland cement.

A. more, more B. more, less

C. less, more D. less, less

(10) The order of the stable of the four principal components of
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