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Abstract

Tricalcium aluminate is considered as one of the most important main
inorganic compounds that constitute cement. It plays an important role in
controlling hydraulic characteristics of cement and strength development of
concrete. Although its percent do not exceed (7-12%), of the total essential
compounds constituting cement, but it acquired special importance through its
capability of reserving cement in a form of a paste, since can be handled easily
during construction when water is added to cement. It is responsible of setting
time in cement mixture so can be adjusted according to different whether
conditions. To adjust setting time, organic or inorganic compounds must be
added to cement mix in the presence of water to accelerate or retard hydration
process according to the type of added admixture. The subject of this work is to
study the influence of inorganic and organic admixtures on the behaviour of
tricalcium aluminate hexahydrate (C;AHg) in the hydration process after
different periods of hydration (15 minutes, 1 hr, 3 hr, 7 hr, 1 day, 7days, 14
days and 28 days).The change in phases was studied by infra red spectroscopy
(IR) measurements on solid specimens. The change in morphology and
microstructure was investigated by scanning electron microscopy (SEM)
measurements on some solid specimens. The kinetic of hydration was studied
by measuring pH and conductivity values of solution at different periods.
Tricalcium aluminate hydrate was prepared by the reaction between Al(OH);
and Ca(OH), in aqueous solution and1% by weight of inorganic or organic
admixtures has been added in presence of excess Ca(OH), and/or AlI(OH);
(Imole) to study their effects on the hydration process.The inorganic
admixtures used in this study were calcium chloride, calcium sulfate dihydrate
and the organic admixtures were sucrose, glycerol, and ethylene glycol. From
this investigation we concluded that, calcium chloride (1% by weight) improves
the hydraulic properties of tricalcium aluminate hydrate and the presence of
excess aluminium hydroxide (1mole) gives extra improvements. Also, ethylene
glycol (1%by weight) improves the hydration of tricalcium aluminate hydrate




and the presence of excess aluminium hydroxide (Imole) gives extra
improvements. On the other hand it was found that, presence of excess
aluminium hydroxide(Imole) retards the formation of ettrinigite in the
hydration process of tricalcium aluminate hydrate in presence of calcium
sulfate dihydrate (1%by weight). Finally, glycerol (1% by weight) is the highly
retarding organic admixture for the hydration process of tricalcium aluminate
hydrate, but presence of excess aluminium hydroxide (1mole) decreases its

retarding effect on the hydration of tricalcium aluminate hydrate.




Summary

Tricalcium aluminate (C;A) is a cement mineral, which is important for the
strength development of concrete. A special interest attaches the progress of
C;A hydration, which affects the properties of cement, when cured at elevated
temperatures. This is one of the reasons, why the system CaO-Al,0;-H,0 has
been an object of much research. The subject of this work is to study the effect
of inorganic and organic admixtures on the hydration process of tricalcium

aluminate hexahydrate (C3;AHg) up to 28 days of hydration.

The different hydration processes which applied in this investigation can
be illustrated as follows:

1-Hydration processes of C;AH, using inorganic admixtures:

a- hydration of C;AHg in presence of excess Ca(OH)s.
b- Hydration of C;AHs in presence of excess Al(OH)s.
c- Hydration of C;AHg in presence of CaS0O,.2H,0 and excess of Ca(OH),.
d-Hydration of C;AH¢ in presence of CaSO,.2H,O and excess of both
Ca(OH), and
Al(OH);
e- Hydration of C;AHg in presence of CaCl, and excess of Ca(OH),.

f- Hydration of C3;AHg in presence of CaCl, and excess of AI(OH);.

2-Hydration processes of C;AH, using organic admixtures:




a- Hydration of C;AHg in presence of sucrose and excess of Ca(OH),.

b- Hydration of C;AHg in presence of sucrose and excess of Al(OH)s;.

c- Hydration of C;AHg in presence of glycerol and excess of Ca(OH),.

d- Hydration of C3;AHg in presence of glycerol and excess of Al(OH)s.

e- Hydration of C3;AHg in presence of ethylene glycol and excess Ca(OH),.
f- Hydration of C;AHg in presence of ethylene glycol and excess Al(OH);.

3-Preparation of Tricalcium Aluminate hydrate:

C;AH¢ was prepared by the reaction between AI(OH); and Ca(OH), in
aqueous solution according to the following mechanism:
1- AlI(OH); will be ionized in presence of water forming AI’* + H* + OH ions
and there is appearance of H;O" due to the transformation of Al(OH); to
soluble peraluminate ions
AlO;* due to the amphoteric behaviour of Al and water molecule can act as
proton donor or acceptor i.e.- acidic or basic effect.
2- Accordingly, the upper layer in preparation vessel will contain:
3Ca’" + 60H + 6H" + 2A105™
H,O «H" + OH"
H,O+H" < H;0"
3- The precipitate down layer in vessel will contain unionized Ca(OH), and
Al(OH);.
4- the insoluble C;AH¢ will be formed gradually after the beginning of the

reaction and




the concentration of insoluble Ca(OH), and AI(OH); will be decreased

gradually by

time and the concentration of formed C;AHg will be increased up to the

complete

consuming of Ca(OH), and AI(OH); which was added according to the ratio

3:1 of

Ca(OH),. Al(OH);, respectively and complete formation of C;AH;.

5- The formation of C;AHg is due to the reaction between Ca(OH), and the
peraluminate

acid (H3AlO3) can be illustrates as following equation :

3Ca(OH), +2H3Al0; — 3Ca0.Al,03.6H,0

The hydraulic reactivity of each hydration process at the end of each age of

hydration (15 min., lhr, 3hr, 7hr, 1day, 7 days, 14 days and 28 days) was

estimated with respect to the following measurements:

1- The change in phases by infrared spectroscopic analysis (IR) on hardened
specimens

to provide additional information on the hydration products.

2- The change in morphology and microstructure of hardened specimens

using
scanning electron microscopy (SEM).
3- Kinetics of hydrations by measuring the pH and conductivity values at

various ages




of hydration.

Interesting results were obtained from this investigation and several
conclusions could

be derived and these can be summarized as follows:

A. Hydration of tricalcium aluminate hydrate in presence of inorganic

admixtures:
1- Presence of excess Ca(OH), retards the hydration of C;AH, at the earlier
ages of
hydration, but this retardation disappeared at later ages ( after 7 days).
2- Presence of excess AI(OH); accelerates the hydration of C;AHg at all ages
of
hydration.
3- Presence of excess Ca(OH), in the hydration process of C;AHg in the
presence of
CaS0,.2H,0 causes an increasing in the formation of ettringite (AFt) ,
accordingly,
the hydraulic properties of C;AHg will be decrease.
4- Presence of excess AI(OH); in the hydration process of C;AHg in the
presence of
CaS0,4.2H,0 and excess of Ca(OH), causes a decreasing in the formation of
ettringite, accordingly, the hydraulic properties of C;AHg will be increased

and the




bad effect of formation of high amount of ettringite on the hydraulic
properties of

C3AHg and concrete will be disappeared.
5- Presence of excess AI(OH); in the hydration process of C;AH¢ in the

presence of

CaCl, accelerates the hydration process and increases the hydraulic
properties of
C;AHg at all ages of hydration.

B. Hydration of tricalcium aluminate hydrate in presence of organic

admixtures:

1- Addition of sucrose (1%) in presence of excess Ca(OH), retards the
hydration of

C;AHqg, accordingly it will increase time of solidification (setting time) of

pastes i.e.

decreasing the hydraulic properties of pastes..

2- Addition of sucrose (1%) in presence of excess AI(OH); accelerates the
hydration of

C;AHqg, accordingly, it will decrease time of solidification (setting time) of

pastes i.e.

increasing the hydraulic properties of pastes.
3- Addition of glycerol (1%) in presence of excess Ca(OH), highly retards the

hydration




of C;AHg , accordingly, it will highly increase time of solidification (setting
time) of
pastes i.e. highly decreasing the hydraulic properties of pastes..
4- Addition of glycerol (1%) in presence of excess AI(OH); slightly increases
the
hydration of Cs;AH¢ , accordingly, it will slightly decrease time of
solidification
(setting time) of pastes i.e. slightly increasing the hydraulic properties of
pastes.
5- Addition of ethylene glycol (1%) in presence of excess Ca(OH), increases
the
hydration of C;AH¢ , accordingly, it will decrease time of solidification
(setting
time) of pastes i.e. increasing the hydraulic properties of pastes.
6- Addition of ethylene glycol (1%) in presence of excess AI(OH); highly
increases
the hydration of C;AHg , accordingly, it will highly decrease time of
solidification
(setting time) of pastes i.e. highly increasing the hydraulic properties of
pastes.

Finally, from the present investigation we can concluded that:




1- 1% CaCl, in presence of excess Al(OH); is the highly accelerator inorganic
admixture

for the hydration of tricalcium aluminate hydrate and it highly improves its

hydraulic

properties.

2- 1% ethylene glycol in presence of AI(OH); is the highly accelerator organic
admixture

for the hydration of tricalcium aluminate hydrate and it highly improves its

hydraulic

properties.

3- 1% glycerol in presence of excess Ca(OH), is the highly retarding organic
admixture

for the hydration of tricalcium aluminate hydrate and it highly decreases its

hydraulic properties.

4- AI(OH); act as retarding inorganic admixture for the formation of ettringite in the

hydration of C;AHg in presence of CaSO4.2H,0 and excess Ca(OH),.
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