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Abstract. Aluminate cements are applied mainly in fire-resistant concretes. The use of aluminate cements in con-
struction materials is problematic (and sometimes even banned) because of conversion of aluminates, taking place 
slowly in time. The effect of such conversion is the increase of porosity and reduction of material’s strength. There is 
an opinion that using particular additives the conversion of aluminates can be prevented or significantly slowed. The 
aim of this work is to demonstrate the influence of addition of spent aluminosilicate catalyst on early hydration (up to 
28th day) of white high calcium aluminate cement. Two kinds of the additive were used: a raw material and a thermal 
treated one. Calorimetry, thermal analysis and SEM observations were used as investigation methods. EXO tempera-
ture and setting time were also measured. It was proved that the spent catalyst influences early cement hydration and 
microstructure of hardened material.  
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Introduction 

Calcium aluminate cements are widely used in re-
fractory castables (Doskov at al. 1999) as well as in some 
constructional concretes as Portland cement accelerator 
or expansive additive (Fu at al. 1994; Ramachandran 
2002). High early strength mortars or concretes can be 
produced with high alumina cement. Moreover, alumi-
nate cement concretes can be applied in cases when a 
chloride or acid resistance is required, at concreting in 
temperatures below zero, etc. However, at later ages, 
particularly at temperatures higher than 25 °C, there is a 
strength loss caused by a transformation of hexagonal 
hydrates into the cubic form. A rate of the transformation 
depends mainly on temperature, humidity and pH. One of 
the ways of prevention of the conversion is low wa-
ter/cement ratio (lower or equal to 0.4) (Kurdowski 
1991).  To protect these harmful processes different addi-
tives can be also used (for example zeolites such as cli-
noptilite, chabazite, stilbite, and natrolite) (Ding and 
Beaudoin 1997).  

In recent years, studies were undertaken on the pos-
sibilities to use waste aluminosilicate from petrochemical 
industry in composites made from aluminate cements. 
The studies are carried out in two directions: 1) introduc-
tion of aluminosilicate into fire-resistant concretes (An-

tonovič at al. 2005; Stonys  at al. 2008); 2) possibilities 
of limitation of aluminates conversion (Pacewska at al. 
2009a). In both cases the influence of additive on early 
hydration of the cement is important. 

In this study as the active additive for alumina ce-
ment zeolite waste – oil refinery fluid catalytic cracking 
catalyst residue was used. It is well known that zeolites 
strongly influenced hydration of different cements 
(Pacewska at al. 2002; Yan Fu at al. 1996). So, first step 
in composite material is a know-how about catalyst influ-
ence on hydration of aluminate cement. The hydration of 
cement is depending on water and cement ratio as well as 
on ambient temperature.  

The aim of this study is the investigation of influ-
ence of zeolite waste as well as treated zeolite waste on 
hydration of high aluminate cement.  

Experimental 

In this work the results of studies on early stages of 
high-aluminate cement hydration in the presence of alu-
minosilicate additive and relatively small amount of wa-
ter (water/binder ratio = 0.35, binder = cement + additive) 
are presented. 

The following materials were used in the study: 
– High aluminate cement of grade Gorkal-70 

produced by the Gorka company (Poland). Its 
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chemical composition is (%): Al2O3 70.2, Fe2O3 
up to 0.12,  CaO 28.0. The main minerals are 
CA1 (CaO·Al2O3)  and  CA2 (CaO·2Al2O3), the 
additional phases are C12A7 and α-Al2O3. Its re-
fractoryness is 1690°C, its specific surface area 
0.42-0.45 m2/g, and bulk density 1.1 g/cm3 . 

– Fine-grained spent catalyst waste (sizes of par-
ticles 20-100 µm, average particles size is 
~42 µm). It exhibits zeolitic structure. Its 
chemical composition is (wt.%): Al2O3- 39.4, 
SiO2 – 50.1, Fe2O3 – 1.3, SOx – 2.3, CaO – 0.5, 
MgO – 0.49, Na2O – 0.2, K2O- 0.07, Mn2O3 – 

0.06. Bulk density – 945 kg/m3. Its specific sur-
face area is ~100 m2/g. Calcination loss at 
1000 °C temperature is about 5 %.  

– Spent catalyst fired in 1000oC, 
– Distilled water. 
Cement pastes made with constant water/binder ra-

tio = 0.35 were studied. Spent catalyst was introduced as 
0, 5, 10, 20 or 30 % by mass of binder. Cement pastes 
after their preparation: 

–  samples denoted as K were hydrated in the tem-
perature of 25 oC (K1) and 20 oC (K2) in a 
calorimeters in order to record the amount of 
heat liberated directly after the addition of wa-
ter and the rate of heat emission, 

–  samples denoted as A were stored in hermetic 
plastic bags in the temperature of 18–20 oC. On 
a given day of hydration pastes were removed 
from the bags, ground and studied using 
TG/DTG method after inhibition of hydration 
with acetone or not, 

–  samples denoted as B were poured into cyllin-
dric forms of  1 × 1 cm, after 7 days they were 
removed from forms, broken in order to per-
form SEM analysis, then the samples were 
stored in air in room temperature for ca. 28 
days, after that they were studied with 
TG/DTG. 

The following experimental equipment was used: 
–  BMR calorimeter constructed in the Institute of 

Physical Chemistry, Polish Academy of Sci-
ences (sample mass of 10 g of binder and 3.5 g 
of water, 25 oC), results were calculated by 
computer software (Poznański 2005), 

–  a differential calorimeter TONI CAL III was 
used. The mixes (35 g distilled water and 100g 
of solid substance) were studied at the starting 
temperature of 20 °C and the heat evolution 
curves were registred, 

–  thermoanalyzer TA Instruments SDT 2960, 
sample mass ca. 10 mg, temperature increase 
rate of 10oC/min, nitrogen atmosphere, 

– JEOL JSM-6490 LV for SEM tests. 
Moreover, EXO temperature and setting time were 

also measured. The temperature of exothermic reaction 
(EXO temperature) of freshly placed cement paste was 
determined according to the “Alcoa Industrial Chemicals" 

                                                 
1 abbreviations used in the chemistry of cement:  

C – CaO, A-Al2O3, S-SiO2, H-H2O 

method (Calcium Aluminate Cements. Cement Test 
Methods. Exotermic Reaction (EXO) 16). Paste was pre-
pared by mechanical mixing (for 2 min) and placed in the 
moulds (100×100×100 mm) under light vibration (for 
10 sec). The sample (EXO specimen) weighted 1.5 kg. 
The mould with the paste was put into an insulating box. 
The recording of the exothermic heat development was 
done by a thermocouple stuck into a sample. The tem-
perature inside the mix was recorded with the help of a 
data logger, which was connected with a thermocouple. 
The collected database was monitored in the connected 
PC workstation. 

Setting time of pastes was defined  by automatic 
electronic apparatus VICATAMATIC model 63-
L0027/E.  For the evaluation of pastes setting time, all 
dry material were mixed with water in a Hobart type 
mixer for 5 min and then subsequently filled into a so-
called Vicat ring with a 75mm bottom diameter, a 65 mm 
top diameter and a height of 40mm which was placed on 
a glass plate in the VICAMATIC apparatus glass box  
and measurig started. 

Results and discussion  

Good method for studies on hydration of cement 
during its first stages are techniques based on continuous 
measurements of the amount of released heat or changes 
of sample temperature in time, starting from the addition 
of water into the binder. The advantages of these methods 
are the possibility to continuously observe the physico-
chemical processes taking place in the period of highest 
rate of hydration and the unnecessity of special prepara-
tion of the sample (removal of unbound water, ground-
ing), which can change its composition. 
 

 
Fig 1. Amount of released heat (a) and heat release 
rate (b) during 24 h of hydration of cement pastes con-
taining 1 – 0 %, 2 – 10 %, 3 – 20 % of the additive 
(temperature 25oC, binder mass 10 g, samples K1)  

 
Figs 1 and 2 present the results of calorimetric stud-

ies of cement pastes hydrated in different conditions. The 
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shape of recorded curves of heat release rate is typical for 
pastes made of aluminate cements. In the first moments 
after addition of water into the paste quick release of 
relatively small amounts of heat occurs. This effect can 
be attributed to the wetting of binder grains, their superfi-
cial dissolving and the beginning of hydration processes. 
Ca2+ and Al(OH)4

- ions are transferred into the solution, 
which quickly becomes saturated. The next stage is so 
called induction period, in which the release of heat is 
inhibited. In the induction period the hydration nuclei 
appear and grow and after completion of this period mas-
sive precipitation of hydrates occurs which is accompa-
nied by significant heat release (Smith at al. 2002; Cho-
tard at al. 2003). 

 

 
 

Fig 2. Amount of released heat (a) and heat release 
rate (b) during 24 h of hydration of cement pastes con-
taining  1 – 0 %, 2 – 10 %, 3 – 20 % of raw catalyst 
and  2”- 10 %, 3” – 20 % of fired (in 1000°C) catalyst 
(starting temperature 20 oC, binder mass 100 g, sam-
ples K2) 

 
Intensity of heat release rate related to the progress 

of hydration processes depends on the binder composi-
tion and conditions of hardening. Higher temperature 
causes significant shortening of induction time and simul-
taneous acceleration of heat release in the second period. 
The mass of the sample is also significant (problems with 
diffusion and different distribution of temperature in 
samples of different masses). In the case of reference 
paste of 10 g of binder mass hydrated in 25 oC, release of 
heat in the wetting period is shorter in time and the re-
lease of main amount of heat in the post-induction period 
takes place up to 12 hours of hydration. On the other 
hand, in the case of reference sample with 10 times 
higher mass and in initial temperature 20 oC lower inten-
sity of heat release is observed but the heat release is 
slightly elongated in the wetting period and heat release 
in the product crystallization period occurs until after 
17 h of hydration. 

Introduction of spent aluminosilicate additive in 
both analysed situations causes the increase of the 
amount of released heat in the wetting period and signifi-
cant reduction of induction time which evidences the 
results of earlier works (Pacewska et al. 2009). Similar 
relationships were observed in the measurements of EXO 
temperatures of cement pastes (Fig 3). In the pastes con-
taining the additive the faster increase of temperature is 
observed the higher amount of additive is introduced, 
which proves its action accelerating the hydration of ce-
ment. The presence of aluminosilicate additive causes 
also faster binding of cement paste, which is presented in 
Fig 4. These results confirm the accelerating effect of 
spent catalyst on released heat of hardening and ipso 
facto hydration of cement. This influence is different if 
the catalyst is earlier annealed in high temperatures 
(1000 oC). In this case the heat release related to the wet-
ting period is less intensive and induction period is longer 
by ca. 1h (for 20 % of additive) and 2h (for 10 % of addi-
tive) compared to the samples which were not addition-
ally processed (Fig 2).  
 

 
Fig 3.  EXO temperature of cement pastes:  
a) distribution of cement paste temperatures in time,  
b) time to reach maximum temperature depending on 
the amount of introduced catalyst  

 

 
Fig 4. Final setting time of cement pastes (without in-
sulating box) 
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Several factors influencing the hydration of alumi-
nate cement containing the addition of spent catalyst can 
be taken into account: 

– fine grains and developed specific surface of 
the additive cause higher consumption of water 
for the wetting of the grains and local reduction 
of the amount of water available for the hydra-
tion of cement, 

– release of higher amounts of heat in the pres-
ence of additive in the wetting period causes 
certain increase of temperature compared to the 
reference sample which can result in the accel-
eration of hydration reaction and reduction of 
binding time,  

– fine grains of the additive may act as nucleation 
centers for precipitating products of cement hy-
dration which in effect can reduce the induction 
time, 

– ions washed out from the catalyst grains (pH of 
catalyst-water mixtures is slightly acidic) can 
influence the hydration rate of cement, 

– Ca2+ ions from the solutions can adsorb in the 
catalyst pores (spent catalyst has pozzolanic 
properties) which can also influence the hydra-
tion of cement; 

– calcination of the catalyst causes changes in 
phase composition and structure of its grains 
which makes its influence on the cement sys-
tem lower compared to the raw catalyst. 

Moreover, it has to be noted that temperature has 
significant influence on the hydration of aluminate ce-
ment and the products formed in this process. When the 
hydration is carried out in the temperatures up to 20 oC, 
CAH10 phase is formed, in higher temperatures the mix-
ture of CAH10 + C2AH8 appears, and above 40 oC the 
main product is C3AH6 (Bensted 2004; Kurdowski 1991). 
Independently from the environment temperature in iso-
lated interior of concrete mass the temperature rises sig-
nificantly as an effect of self-heating of the concrete  
(Fige 3). So it can be assumed that in the case of the same 
composition of the binder and apparent constant condi-
tions of hydration (constant ambient temperature) the 
process of hydration will progress with the formation of 
different products depending on the mass of the compos-
ite. Moreover, the composition of the hydration products 
can be different in surface layers, where good release of 
heat to the environment can take place as well as access 
of CO2 from the air is easy, than in the central, isolated 
part of the material. 

Hydration products formed in the pastes made of 
aluminate cement in the presence of spent catalyst were 
studied with the use of thermal analysis. 

TG/DTG thermal analysis allows estimation of sam-
ple composition basing on characteristic effects of mass 
losses. The products of hydration and carbonation of 
cement dehydrate and decompose in different tempera-
ture ranges. Studied system is multicomponent one and 
the effects of dehydration of different products can occur 
often at similar temperatures. DTG curve enables more 
comprehensive differentiation of the effects of mass 

losses compared to the TG curve. In the case of pastes 
made of aluminate cements the use of thermal analysis 
for the studies on the composition allows only to estimate 
the formed products of hydration because during multi-
stage dehydration of hydrates also components which are 
formed during the hydration of cement can arise. 

Studies on mass losses (TG curve) for the pastes 
from A series after earlier inhibition of hydration with 
acetone have shown that the total mass loss increases for 
all tested pastes with the time of hydration. After 1 day of 
hydration the total mass loss is the highest for the refer-
ence sample and decreases with the concentration of ad-
ditive. Starting from the 7th day of hydration, TG curves 
for the reference paste and paste containing 5 % of the 
additive were similar while for 30 % concentration of 
spent catalyst still the tendency of lower mass losses per-
sisted. These results may indicate that despite the accel-
eration of hydration the presence of additive causes the 
formation of smaller amount of hydration products be-
cause of lower concentration of cement in the system. 
Therefore it can be assumed that in the case when the 
catalyst is introduced in small amounts it does not change 
significantly the course of hydration. These conclusions 
should however be treated as hypotheses which require 
more evidence.  

 

 
Fig 5. DTG curves recorded for cement pastes of A se-
ries after 1, 7 and 28 days of hydration (inhibition of 
hydration with acetone)  

 
Fig 5 presents the comparison of DTG curves ob-

tained for A series pastes after the inhibition of hydration 
on a given day. In the first day of hydration for all tested 
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samples the characteristic effects can be observed which 
can be interpreted in the following way: 

– peak maximum at ca. 100 oC – dehydration of 
AH3 gel and CAH10 phase, initiation of C2AH8 
dehydration and for the pastes with the addition 
of aluminosilicate also the dehydration of C-S-
H phase is possible, the mass loss is decreased 
with the increase of additive mass, 

– at ca. 200 oC – dehydration of C2AH8 and pos-
sibly C2ASH8,  

– at ca. 230 oC – dehydration of AH3 (gibbsite), 
– 600 and 920 oC – probably decomposition of 

carbonate phases. 
With the time of hydration, the changes of the ef-

fects located at ca. 200oC on the DTG curve are observed. 
The intensity of the signal at ca. 230 oC increases and it is 
shifted towards higher temperatures (ca. 250 oC after 28 
days of hydration). It indicates continuous formation of 
crystalline AH3. For the samples with 0 and 5 % of addi-
tive after 7 days of hydration a weak effect at ca. 270 oC 
appears, which intensity increases after 28 days of hydra-
tion and a shift occurs towards slightly higher tempera-
tures. It suggests formation in the pastes small amounts of 
C3AH6 phase (with the exception of the paste containing 
highest amount of additive).  

Additionally in Fig 6 exemplary DTG curves are pre-
sented, obtained on a 28th day of hydration of pastes which 
hydration was not inhibited (samples were thermally ana-
lysed directly after their collection and grounding). The 
presence of additional peak for the sample containing 30% 
of additive in low temperatures and more intensive and 
wide effect in the temperature of ca. 100 oC indicate the 
presence of unbound water. Presented results confirm ear-
lier findings. The amount of water bound in CAH10 and 
AH3 phases in the case of paste containing 30 % of catalyst 
is slightly lower. On the other hand, at ca. 200 oC an effect 
is visible which can indicate the presence of C2AH8 or 
C2ASH8 phases. The presence of C3AH6 is not observed in 
case of sample containing 30 % of the additive. 

Fig 7 presents TG and DTG curves recorded for B 
series samples. Compared to earlier discussed results 
there is significant difference in the lack of dehydration 
effect of C3AH6 phase. Probably also in this case the 
influence of mass and hardening conditions on the hydra-
tion processes  is  expressed.  It  is  characteristic  that  no  

 

 
 

Fig 6. DTG curves of A series cement pastes after 28 
days of hydration (without hydration inhibition)  

 

 

 
Fig 7. TG and DTG curves of B series cement pastes 
after 28 days of hydration (without hydration inhibi-
tion); C – sample containing raw additive, TC – sam-
ple containing fired additive   

 
additional effects related to the presence of additive (in-
troduced as both raw and annealed material) are regis-
tered. Observed differences are only of quantitative type. 

SEM tests results (Fig.8), have shown that after 7 
days of curing catalyst particles are covered with small 
hydration products, but do not have a good contact with 
cement matrix. Cement matrix are very dense, glass amor-
phous phases joint and hidden hydration crystals in struc-
ture of matrix.  Though in contact area of catalyst particle 
and matrix small crystals are observed. In cement composi-
tion with treated catalyst waste contact between catalyst 
particle and cement matrix is very good and in their con-
tact’s area we can see nanosized hydration products 
(Fig.9). 

 

      
Fig 8. SEM results for cement pastes (7th day of hydra-
tion) containing spent aluminosilicate catalyst (sam-
ples B) 

      
Fig 9. SEM results for cement pastes (7th day of hydra-
tion) containing fired catalyst (samples B) 
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Conclusions 

The presence of spent catalyst influences early peri-
ods of cement hydration. At initial hours of hydration the 
additive accelerates the rate of binder heat releasing. It 
causes faster increase of temperature of cement paste and 
a shortening of the setting time. Early hydration is accel-
erated in the presence of the catalyst. 

In some degree the presence of waste can influence 
an arising of products of hydration. In cases when C3AH6 
is formed its arising is limited by application about 20% 
of additive. However, it seems that because of self-
heating of cement paste, a mass of the material, not only 
its composition, is essential.  

SEM observations reveal grains of waste in structure 
of composite. It indicates that, in conditions of the studies 
the additive acts as a microfiller. It is possible that the 
waste material can undergo more intensive chemical reac-
tions in a cement paste of higher w/c.  

Thermal treatment of spent catalyst causes insignifi-
cant retardation of heat evolution compared to samples 
containing a raw additive. However, thermal analysis 
does not indicate well-defined quality changes in hydra-
tion products, only quantity changes. Surface changes of 
grains of the modified additive cause probably its better 
incorporation into cement matrix. 
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