CHAPTER 3.

DEVELOPMENT OF EXPANSIVE AGENT

The principal difficulty with the use of concrete is its shrinkage during the
hardening process. Shrinkage compensating cement or non-shrink cement is a cement
which increases in volume after setting and during hardening. It is used extensively to

eliminate or minimize cracking caused rying shrinkage. Normally, shrinkage

takes place between ce ; “wa . duct a ion reaction in hydrated

cement paste are variou - 40 ! perties. rtland cement disperses

The calcium silicate hydrate-ph nakes L -60% of the volume of solids
i/ i

in a completely hydrated cement pasie- €5H i

"|; .."‘5";-"_.'- :fj
the shrinkage and strength of thé paste due

contributes 20-25% of‘the volume of ‘'of calcium hydroxide is much

lower than CSH because of the van der Waals forces which

surface area. And it has an @dverse effect on cheémical durability.
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Calcium “gulphoaluminate (Ettringite) occupies 10-15% of solid volume in

AT T

ordinary portland cement, ettringite takes the form of long slender needles, typically

are limited due to less

10x0.5 micrometer. This needle-like crystal can grow to fill up the space. When this
crystal is impeded_by solid material, ettringite can develop pressures, as high as 240
MPa., at the point where growth has been stopped. This mechanism makes concrete

expansion.
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The expansive mechanism of calcium sulphoaluminate can be used beneficially
to induce a compressive pre-stress of sufficient magnitude to compensate for drying

shrinkage. The expansion can be controlled by adjusting the amount of the expansive

agent in the form of calcium sulphoaluminate.

3.1 CHEMICAL COMPOSITION AS RAW MATERIALS

(C,A) and tetracalcium alumir e (C4AF). Lwpossible to determine the

amounts of each compo e analysis is carried out

instead. The chemical oxide proportions using

equations developed by B

According to A
55%, C,S 20-30%, C,A

composition is plotted in figu

\cemment type | will have C,S 45-
\ ount of the main chemical

gth po nd cement type Il will have

C;S 50-65%, C,S 15-25%, ELL nd C A 3\- 0%. Sulfate resistant portland
cement will have C,S 40-50 s CA 0-4% and C,AF 10-20%. These
chemical composmons contribute-t - .-_*,;:- r
The calcium wf e in \'J most of the strength
development. Tricalcium ?J cate ‘(C provide ost of the [q ly strength and dicalcium

silicate (C,S) provides streggﬁlm later age. Bug, both C;S and C,S contribute equally to
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The expansion of concrete is controlled by the formation of ettringite in set
portland cement which is produced from the hydration reaction of calcium sulfoaluminate
(C,A;S) in expansive agent and tricalcium aluminate (C,A) in portland cement. The
expansive characteristic of C,A;S is shown in fig. 3.3. This expansive agent (calcium

sulphoaluminate) is manufactured under oxidising conditions of ions. The formation of
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ettringite requires calcium, sulphate and aluminate ions as sources of chemical reaction

in an aqueous phase.

Expansion (%)

4

Calcium Sulphoaluminate
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From the basic chemical -m- al ap ICh described in chapter 2 (equation
2.16, p.25), the amount of et e ansate cement shrinkage of OPC
depends on the chemigal composition in portland ceme n-poitland cement type | 100

. e N
g., the maximum C,S is'5 /s'then the amount of CSH
calculated from hydrationmaction Is approximate 26.2 cm (@ g.). The volume of water
adsorbed in the pores ang' E surface of C%that can be removed from paste is

approximately ﬂ Hq Weﬁfﬁ@%ﬁ’ﬂeﬁﬁensmd in equal

magnitude 32 cm). hen the amount of calcium sulphoaluminate required in cement
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If C;S is 45% and C,S is 20% (Minimum content in cement) then the amount
of CSH calculated from hydration reaction is approximately 22 cm’ (54 g.). The volume
of water adsorbed‘in the pores and surface of CSH that can be removed from paste is
approximately 29 cm’. The volume of ettringite must be compensated in equal

maghitude 29 cm’. Then the amount of calcium sulphoaluminate required in cement
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compensation is 4 cm’ (8%). This calculation is based on an assumption of w/c =0.32

at normal condition concrete.

From the chemical calculation, fig. 3.4 shows the upper and lower bound of
chemical compound of ordinary portland cement with an expansive agent. Aluminium and
sulphate in this cement is of greater quantity than in ordinary portland cement because

expansive agent is a source to supply both aluminium and sulphate to form ettringite.
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3.2 CHEMICAL REACTION TO PRODUCE AN EXPANSIVE AGENT AND PROCESS

3.2.1 CHEMICAL REACTION

The expansive mechanism of hydrated cement occurs due to the formation of
ettringite. Calcium sulphoaluminate from the expansive agent and tricalcium aluminate
from portland cement are sources to supply the chemical constituent for the hydration

reaction of ettringite (C,AS,H,,).

From literatures revie “Moaluminte 3(Ca0.A1,0,).Cas0,

or C,A,S is produced from & sulphate ion in an aqueous

phase. Raw materials to bauxite, chalk, kaolin, slaked

lime and gypsum but th

3CaCo, + CaSO0, + BAI ' 5a0/Al,0,)iCas0, + 3C0, + 9H,0  (3.1)

or simple form ;

3CaC0,#£aS0, + BAI( OH), ————>C A S+ 360, 4 OH (3.2)

4
e

Mass 300 g. EGg 468 g. ----> 904 g. m

o 5 4 V)R o ¢ o i

sulphate and 468 g. of alumlmum hydroxide wnll produce 904 g of calcium

”':1 RAINTUURIINYIA Y

hIS reaction requires a high temperature. The temperature for sintering is
1,200-1,400 °C. This temperature is lower than the fusion temperature of High Alumina
Cement (>1,600°C) and lower than the calcination temperature of ordinary portland

cement (1,450°C).
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Mixing calcium sulfoaluminate in portland cement and water will produce a large
amount of ettringite. This hydration reaction is shown in equation 3.3. and it should be

noted that this reaction is quick setting and prone to suffer rapid slump loss.

EXPANSIVE AGENT;  C,A,S + 8CS + 6C + 96H ----> 3C,ASH,, (8.B)
Ettringite

Tricalcium aluminate (C,A) in ordinary portland cement also provides ettringite.

In ordinary portland cement the hy involves reactions with sulfate ions

which are supplied by the diss ion is written in equation 3.4.

PORTLAND CEMENT; (3.4)

Ettringite is a sta ere is a supply of sulfate
available. If the sulfat ; ed (bef 3 k. omplete hydration, the
ettringite will be transfor ' nosulfate-12 hydrate or
monosulfoaluminate (C A.C Drought into contact with a new

Calcium Carbor&, calci ate and auminiuﬁ hydroxide were blended
together in a correct stoichggmetric ratio and pla&sd in a crucible. Then the mixture was

SRR AN
IRABRIAUNRIININE Yoo

raw 'materﬁls, however the moisture in the mixture was removed. When the temperature

increased up to 600°C, a loose paste formed but there was no obvious chemical

changes occurring in the raw materials. But when the temperature reached 800°C,
chemical changes were observed. Gypsum was converted to anhydrate and calcium
carbonate was converted to calcium oxide, continuously heated to a high temperature of

1,400°C, the raw materials became clinker, and pale green-blue clinker was obtained.
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The sequence of the formation of this phase during the sintering process is

shown in figure 3.5"").
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Fig. 3.5 Sealiencg of, rm@tioh 1ases during the sintering.
The sintering prod s‘%‘%@gﬁ eness of 3,700 cmz/g. without any
supplementary addition of un Lok composition of the products was
e ) |
examined by XRD. v ‘f‘ =
LA,

3.3 TESTS RESULTS m m
X-ray diffraction method is a method tosestimate the compound content of the

amrsa srocudo bl b WO YA e W e r actgrom o

a substance conS$ists of many varying mtensnty lines. These results show a trace (peak)

ZZ.‘Z'ZI'? AN ET6 (3 PN 3 1HS b

the quan |ty of substance in a specimen. The output from the diffractometry may be
processed directly by computer and it needs some further refinement to increase
accuracy. The XRD peak of standard C,A,S specimen shows a significant peak at 23.7°

20. The chemical composition of products was qualitatively identified by X-Ray

Diffraction Analysis are shown in Figure 3.6.
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Table 3.1 shows the peak intensities at 23.7° of sintered product. The
intensities are related to the amount of calcium sulphoaluminate compared with standard
intensities. Figure 3.7 shows the peak intensities of calcium sulphoaluminate at
temperatures varying from 1,100°C to 1,400°C. Test results from XRD show that
calcium sulphoaluminate is formed at 1,100°C. And the largest amount of calcium
sulphoaluminate is formed at 1,400°C. Figure 3.8 shows the relation between peak
intensities of calcium sulphoaluminate by sintered time. These results show that after 3

hrs. calcium sulphoaluminate will form rapidly, and starts to gradually form after 4 hrs.

The optimum process; i SUAnd emical reaction, to produce an
expansive agent is to burn rawsmaterials igh tire for 3-4 hours.
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Fig. 3.7 Pe8k Intensities of calcnum sulphoalummate at various temperature
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Fig. 3.10 Crucible
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Fig. 3.12 Philips PW 3020 X-Ray Diffractrometer

(Metallurgy and Materials Science Research)

38



&,

4 \
0 )(-Ra¥ Djffrac‘trometer
¥ ahd. Matéfi;lsgSc\fnce Research)

s W

Fig. 3.14 JEOL JDX 8030 X-Ray Diffractrometer

(Scientific and Technology Research Equipment Centre)
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Fig. 3.16 D8 Advance X-Ray Diffractrometer

(Faculty of Science, Chulalongkorn University)
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Fig. 3.18 SEM Sample
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