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A completely recyclable concrete (CRC) is designed to have a 
chemical composition equivalent to the one of general raw mate-
rials for cement production. By doing so, this CRC can be used at 
the end of its service life in cement manufacturing without the need 
for ingredient adjustments. In one of the designed CRC compo-
sitions, blast-furnace slag cement (BFSC) was combined with 
calcium aluminate cement (CAC), which resulted in fast setting. In 
an attempt to control this fast setting, different retarders and/or the 
combination of lime and calcium sulfate were added to the system. 
The workability (slump and flow), setting time (ultrasonic transmis-
sion measurements and Vicat), strength development (compressive 
strength tests), and hydration behavior (isothermal calorimetry) 
were studied. It was found that the combined addition of lime and 
calcium sulfate results in a workable mixture that becomes even 
more workable if a retarder is also added to the system.

Keywords: calcium aluminate cement; completely recyclable concrete; 
portland clinker; setting control; workability.

INTRODUCTION
Construction and demolition waste represents 12 to 21% 

of the total waste generated in the European Union.1,2 To 
lower these amounts, many researchers are investigating the 
recycling opportunities within the building sector. One of 
the possible routes toward a more sustainable construction 
is the cradle-to-cradle (C2C) principle.3 In C2C production, 
all material inputs and outputs are either seen as biological 
nutrients or technical resources. Biological nutrients can 
be composted or consumed, whereas technical resources 
can be recycled or reused without loss of quality. Applying 
this idea to the production of concrete, a completely recy-
clable concrete (CRC) was designed.4,5 After the demo-
lition of a CRC construction, the material cycle is closed 
as the concrete rubble is given a second life as raw mate-
rial for cement production, without the need for ingredient 
adjustments.

To enable the recycling of CRC within cement production, 
it is necessary that its chemical composition is similar to that 
of cement raw materials.6-9 As portland clinker consists of 
approximately two-thirds (62 to 68%) calcium oxide (CaO), 
limestone aggregate is an indispensable ingredient for CRC. 
Another major oxide in a clinker raw meal is silicon oxide 
(SiO2, 17 to 25%), which is found in sand and fly ash. The 
other components, aluminium oxide (Al2O3, 2 to 9%) and 
iron oxide (Fe2O3, 0 to 6%), are often present in the mate-
rials providing CaO and SiO2, but can also be provided 
by porphyry aggregates, copper slag or calcium alumi-
nate cement (CAC) to optimize the chemical composition  
of CRC.

The quality of the regenerated clinkers, obtained after 
burning of the CRC at 1450°C (2642°F), was studied by a 
mineralogical examination of their production process10 and 
quality4 and a hydration study on the regenerated cements.11 
Both studies showed the feasibility of the CRC concept 
regarding the end product. Additionally, the sustainability 
of the CRC concept was verified12 and found to be depen-
dent on the quality of the concrete and its clinker content. 
The environmental burden related to transport cannot be 
ignored. The main benefit of the CRC concept is related to 
the greenhouse gas emissions, which are strongly reduced 
due to the presence of CO2-free CaO in the cement paste. 
Finally, the choice for certain CRC raw materials can have 
consequences on the concrete quality. The use of fly ash 
will delay strength development and might affect the dura-
bility in a positive (improved chloride resistance) or nega-
tive (increased carbonation rate) way.13 The use of copper 
slag as an aggregate was found to have a limited effect on 
the concrete quality, especially from the low dosages that  
are required.13

Although the idea of CRC is noble, there are some prac-
tical issues concerning CRC, one of them being the long time 
between the manufacturing of the concrete and the regener-
ation of the clinker. The evolution in cement manufacturing 
and, thus, clinker compositions over the next decades will be 
intense. However, the authors do not expect that the produc-
tion of ordinary portland clinker will disappear completely. 
Additionally, the authors expect the composition of poten-
tially new clinkers produced will still have a high CaO-SiO2-
Al2O3 content, and by proper mixing, CRC can still be 
a partial substitution of the (primary) clinker raw meal. A 
well-considered tracking system will be required. It is of 
great importance that after some decades, the information 
regarding mixture design and location of the construction 
elements produced with CRC is still available. This should, 
however, be feasible for integrated cement and concrete 
producers. It is indeed seen that more and more companies 
want to implement the idea of “design for recycling” in 
their production process and they want to take back their 
own waste after its service life. At the moment, a project in 
the authors’ research group, together with a prefab concrete 
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manufacturer, is running whererin the setup of a labeling and 
tracing system is one of the research topics.

This paper presents a study of the deceleration of the 
hydration process of a CRC that combines both blast- 
furnace slag cement (BFSC) and calcium aluminate cement 
(CAC). When combining ordinary portland clinker (OPC, 
present in BFSC) with CAC, the reaction mechanism of 
both systems will interfere, which resulted in this case in fast 
setting and made the concrete unworkable within approxi-
mately 15 minutes. Furthermore, these mixtures are known 
to have a poor strength development in the absence of addi-
tives14 and strength reduction at later ages due to delayed 
or secondary ettringite formation,15 which limits their use. 
The factors affecting the early strength development of these 
OPC/CAC mixtures are the formation of ettringite, the main 
hydration product of these systems,15 and the delayed hydra-
tion of OPC.16,17 The importance of the ettringite formation 
in such systems is explained in detail by Amathieu et al.14 
The formation of ettringite from Al3+, SO4

2–, and Ca2+ ions 
in the solution dominates the early hydration reactions. It 
is furthermore known that the rapid hydration of the alumi-
nate phase in OPC is controlled by adding calcium sulfate. 
When combining CAC and OPC, the SO4

2– ions will react 
also with Al3+ ions from CAC and, subsequently, the retar-
dation mechanism of C3A (calcium aluminate, 3CaO·Al2O3) 
by adding calcium sulfate in the OPC system is reversed.

To slow down the hydration, different retarders were first 
tested. Additionally, the effect of lime and calcium sulfate 
addition was investigated because it was found in literature14 
to affect the setting times of mixtures combining CAC/OPC. 
Finally, the combination of both methods was tried out. The 
experimental work focused on achieving a good workability 
(slump and flow) and setting time (ultrasonic transmission 
measurements and Vicat), but also the strength develop-
ment (compressive strength tests) and hydration behavior 
(isothermal calorimetry) were verified.

RESEARCH SIGNIFICANCE
Much research toward a more sustainable cement and 

concrete industry is ongoing. The approach of completely 
recyclable concrete (CRC), based on the C2C concept, is 
relatively new. The feasibility and potential environmental 
benefits of this concept were already proven; however, when 
developing this new concrete, some difficulties related to 
concrete technology were encountered. One of them being 
the fast setting of a concrete combining calcium aluminate 
cement (CAC) with blast-furnace slag cement (BFSC). This 
paper presents the results of a study on the deceleration of 
the reaction of the binder system focusing on obtaining a 
good workability and setting time.

EXPERIMENTAL PROCEDURE
Mixture design

A CRC was designed to be used as the single ingre-
dient for a cement raw meal.4 Within this CRC, BFSC 
(85%) was combined with CAC (15%), which resulted in 
fast setting. Different additions were studied to slow down 
the fast hydration of the studied CRC. To minimize the  

material cost and effort, the tests were carried out on equiv-
alent mortar mixtures. The compositions of these mortars 
were calculated according to the Mortier de Béton Equiva-
lent (MBE) method.18 To obtain a workability behavior of the 
MBE mortar identical to that of the corresponding concrete 
mixture, the total amount of aggregates was replaced by an 
amount of sand, Δfsand, in lb (kg)

 ∆f
f s f s

ssand
agg agg agg agg

sand

=
⋅ + ⋅, , , ,1 1 2 2  (1)

where fagg,x (lb [kg]) the mass of aggregate x; and sagg,x  
(in.2/lb [m2/kg]) and ssand (in.2/lb [m2/kg]) are the specific 
surface areas of aggregate x and sand, respectively. The 
amount of water was also corrected with Δfwater , in lb (kg)

 Δfwater = –fagg,1 ∙ Aagg,1 – fagg,2 ∙ Aagg,2 + Δfsand ∙ Asand (2)

where Aagg,x and Asand are the absorption coefficient of aggre-
gate x and sand, respectively. In Table 1, the composition 
of the MBE mortar is presented together with the original 
concrete composition. In addition to the CRC mixture, two 
reference mixtures with water-cement ratios (w/c) of 0.50 
and 0.45 were tested: T(0.50) and T(0.45). The chemical 
compositions of the cements and fly ash used in this stud can 
be found in Table 2.

In a first attempt to slow down the hydration process, 
three types of retarders were added to the system, namely, 
a commercial retarder on the basis of gluconate (CR;  
4.53 mL/lb binder [10 mL/kg binder]; liquid), sucrose (S; 
0.10 wt% of the binders; powder), and citric acid (CA; 0.10 
wt% of the binders; powder). It was found that lime and 
calcium sulfate have an influence on the setting of OPC/CAC 
hydration.14 Concurrently, the combined addition of slaked 
lime (Ca(OH)2; 4 wt% of the binders) and calcium sulfate 
(2/3CaSO4·1/2H2O and 1/3CaSO4; 6 wt% of the binders) was 
tested (LCS). Initially, three mixtures of lime and calcium 
sulfate were tested with CaO/CaSO4 ratios of 2.7/4, 3.3/5, 
and 4/6. As the latter gave the best results regarding slump 
and flow, it was the only one used for further testing. Finally, 
both methods were combined and each type of retarder 
was combined with the lime and calcium sulfate addition  
(LCS/CR, LCS/S, and LCS/CA). All mixtures were tested 
for their workability (by slump and flow tests) and their 
hydration heat (by isothermal calorimetry). After these 
first tests, the setting times (by ultrasonic transmission and 
Vicat needle measurements) and the strength development 
were studied for three CRC mixtures, namely, those with 
the commercial retarder (CR), the lime and calcium sulfate 
addition (LCS), and the combination of both (LCS/CR).

Methods
To evaluate the workability of the fresh MBE mortars, 

their slump and flow was determined. The procedure to 
determine the flow is described in NBN EN 413-2.19 The 
slump was measured with a mini cone,18 which is similar to 
the Abrams cone for slump measurements of concrete (NBN 
EN 12350-220).
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Ultrasonic p-wave transmission measurements were 
performed on concrete (T(0.45), T(0.50), and CRC with 
LCS) or MBE mortar (CRC with CR or LCS/CR) samples 
using the FreshCon system developed at the University of 
Stuttgart.21 More details on the used test setup and condi-
tions can be found elsewhere.22,23 The FreshCon system also 
measures the frequency content of the received ultrasonic 
signals, but in this study, the velocity and energy curves 
were considered for determining the initial and final setting 
of the mixtures. The initial setting time using the velocity 
curves was determined by its inflection point.22,24 The final 
setting time was set as the point at which the derivative of 
the velocity curve decreased to 20% of its maximum value.22 

For deducting the initial setting times from the energy 
curves, the thresholds E/Eref = 0.01 and 0.02 were used for 
concrete and mortar, respectively.22 Likewise, the values  
E/Eref = 0.07 and 0.13 were used to determine the final 

setting times for concrete and mortar samples, respectively. 
For the CRC mixtures, the setting behavior was also moni-
tored more traditionally using the Vicat needle, for which 
CRC cement pastes were produced with a standard consis-
tence (NBN EN 196-325).

The hydration behavior of cement pastes was investigated 
using an isothermal heat conduction calorimeter at 68°F 
(20°C). Each paste contained 8.88 × 10–3 lb (4 g) water and 
2.20 × 10–2 lb (10 g) binder (BFSC/CAC/fly ash in the case 
of CRC; CEM I 52.5 N in the cases of T(0.45) and T(0.50)) 
and the studied retarder. To avoid significant temperature 
differences between the paste and the isothermal environ-
ment, the components were kept at a temperature close to the 
measurement temperature before mixing. The components 
were mixed manually. The hydration heat was measured 
over 7 days.

The development of the compressive strength was studied 
by performing compressive strength tests at the age of 2, 7, 
and 28 days. For each age, six MBE mortar samples (1.58 x 
1.58 x 6.30 in.3 [40 x 40 x 160 mm3]) were tested according 
to NBN EN 196-1.26

EXPERIMENTAL RESULTS
Workability

The workability of the mixtures was determined by 
slump and flow tests 20 minutes after mixing; the results are 
presented in Table 3. First, three retarders were used sepa-
rately to slow down the fast setting of the CRC mixtures: 
a commercial retarder, sucrose, and citric acid. As seen in 
Table 3, no slump or flow was measured. As it was found 
that lime and calcium sulfate have an influence on the fast 
setting of mixtures with OPC and CAC, this effect was also 
tested. A slump and flow could be measured, and the results 
improved even more when combining a retarder with the 
addition of lime and calcium sulfate.

Table 1—Overview of MBE mortar compositions together with their original concrete compositions,  
lb/yd3 (kg/m3)

Material

CRC T(0.50) T(0.45)

Original MBE Original MBE Original MBE

Limestone sand 0/4 1433 (850) 2222 (1318) — — — —

Limestone aggregate 2/6 860 (510) — — — — —

Limestone aggregate 6/20 487 (289) — — — — —

Porphyry aggregate 6/20 83 (49) — — — — —

Siliceous sand 0/4 — — 1203 (714) 2400 (1424) 1205 (715) 2405 (1427)

Siliceous gravel 2/8 — — 868 (515) — 868 (515) —

Siliceous gravel 8/16 — — 1131 (671) — 1131 (671) —

Limestone filler 84 (50) 118 (70) — — — —

Fly ash 243 (144) 337 (200) — — — —

CEM I 52.5 N — — 539 (320) 949 (563) 573 (340) 1008 (598)

CEM III/A 42.5 N LA 440 (261) 612 (363) — — — —

Calcium aluminate cement 76 (45) 106 (63) — — — —

Water 303 (180) 398 (236) 270 (160) 440 (261) 258 (153) 420 (249)

Table 2—Overview of chemical compositions of 
cements and fly ash used in present study, wt%

Material
CEM I 
52.5 N

CEM III/A 42.5 
N LA

Calcium aluminate 
cement Fly ash

CaO 63.4 52.7 39.9 4.82

SiO2 18.9 28.0 2.80 50.5

Al2O3 5.77 8.92 39.4 29.1

Fe2O3 4.31 2.67 17.5 4.59

MgO 0.89 4.06 0.42 0.95

K2O 0.73 0.50 — 1.37

Na2O 0.47 0.36 0.06 0.39

P2O5 — — — 1.13

SO3 — 3.05 — 0.82

Cl– — 0.05 — <0.001

Loss on ignition 3.38
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Setting times
The setting times of the reference mixtures and the CRC 

mixtures with the commercial retarder, the combined lime 
and calcium sulfate addition, and the combination of both, 
are presented in Table 4. Regarding the results for the CRC 
mixture with lime and calcium sulfate, it was not possible 
to deduct the setting times from the velocity curves, as no 
inflection point was obtained. For the energy curves, it was 
not possible to deduct the final setting time for the CRC 

mixture with the commercial retarder, as the threshold of 
0.13 was not reached within the first 48 hours. Previous 
research22 showed that the energy curves are preferred over 
the velocity curves to determine setting times if admixtures 
are used. The criteria for the energy ratio still give a good 
indication of the initial and final setting times on the mortar 
mixtures, although more variation is noticed. The shape of 
the velocity curves is sometimes significantly altered and, 
therefore, characteristic points such as the inflection point 
are not discussed. For this reason, only the energy curves are 
presented in this paper (refer to Fig. 1).

In Table 4, it is seen that there is a high variability for 
the results obtained by the different techniques. The setting 
times deducted from the velocity curves did not confirm 
the expectations from the workability and hydration tests. 
Looking at the energy curves, the final setting times are 
significantly longer compared to the ones from the velocity 
curves. The difference in the initial setting times is, however, 
limited. In Fig. 1, it is seen that for all CRC mixtures, the 
initial rise of the energy ratios is much stronger than those 
of the reference mixtures. For the CRC concrete mixture 
with lime and calcium sulfate addition (LCS), it is seen 
that eventually it reaches the same energy ratio as the  
reference mixtures.

As admixtures and supplementary cementitious materials 
(SCMs) are known to influence the velocity and energy 
curves from ultrasonic transmission measurements,22,23,27,28 

Table 3—Slump and flow measured 20 minutes*

Mixture

Slump Flow

in. mm in. mm

T(0.45) 0.39 10 5.41 138

T(0.50) 0.47 12 5.51 140

CRC-CR 0.00 0 4.43 113

CRC-S 0.00 0 3.94 100

CRC-CA 0.00 0 4.04 103

CRC-LCS 1.18 30 6.00 153

CRC-LCS/CR 5.31 135 11.52 293

CRC-LCS/S 5.71 145 11.81 300

CRC-LCS/CA 5.31 135 11.81 300

*After mixing of reference mortars (T(0.45) and T(0.50)) and CRC mortar with 
retarder (CR, S or CA), lime and calcium sulfate addition (LCS), or combination of 
both (LCS/CR, LCS/S, LCS/CA).

Table 4—Overview of setting times, hours*

Mixture

p-wave velocity p-wave energy Vicat

Initial setting Final setting Initial setting Final setting Initial setting Final setting

T(0.45) 3.55 (c) 5.43 (c) 5.44 (c) 10.27 (c) — —

T(0.50) 3.22 (c) 4.56 (c) 5.38 (c) 12.97 (c) — —

CRC-CR 0.70 (m) 1.15 (m) 0.70 (m) NA 1.30 1.50

CRC-LCS NA NA 2.95 (c) 8.70 (c) 4.40 7.58

CRC-LCS/CR 0.18 (m) 0.98 (m) 1.08 (m) 13.90 (m) 6.83 10.33

*As determined from p-wave velocity or energy curve from ultrasonic transmission measurements on concrete (c) or mortar (m) samples or by using Vicat needle on pastes. Reference 
mixtures T(0.45) and T(0.50) were tested besides CRC mixtures with commercial retarder (CR), lime and calcium sulfate addition (LCS), or combination of both (LCS/CR).

Fig. 1—Ultrasonic p-wave energy curves for concrete (left) and mortar (right) mixtures. Reference mixtures T(0.45) and 
T(0.50) were tested besides CRC mixtures with commercial retarder (CR), lime and calcium sulfate addition (LCS), or combi-
nation of both (LCS/CR). Initial and final setting times obtained by Vicat are presented by open and closed bullets, respectively. 
Horizontal lines present energy ratio thresholds for determining initial (lowest) and final (highest) set for mortar and concrete 
mixtures.
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the setting times were determined more traditionally using 
a Vicat needle. For these tests the expected improvement of 
the setting times can be seen for the lime and calcium sulfate 
addition, with or without the commercial retarder. When 
projecting the results of the Vicat measurements on the 
energy curves, it is seen that the thresholds for the initial and 
final setting times as proposed by Robeyst22 and Robeyst et 
al.23,28 do not seem applicable for the study’s CRC mixture 
with CAC and BFSC. It seems, however, impossible to 
propose new thresholds, as the energy ratios corresponding 
with initial and final set have a high variability.

Although the presence of admixtures and SCMs in the 
CRC mixtures will probably have their effect on the velocity 
and energy curves, there might also be another explana-
tion for the differences between the ultrasonic transmission 
measurements and the Vicat needle. In CAC/OPC mixtures, 
ettringite is formed during the first hours of cement hydra-
tion in the shape of stubby crystals or thin needles.14 
Depending on the w/c and the chemical composition of the 
system, ettringite has no or a very small influence on the 
stiffening of the cement paste.29 Nevertheless, in contrast 
to the setting behavior, the p-wave velocity and energy are 
strongly affected by the formation of ettringite. The crystals 
do not create bonds between the cement particles at early 
hydration times, but they fill pore space that was previously 
occupied by water and, thus, the velocity will increase. As 
the formation of ettringite is limited in OPC mixtures, the 
influence on the velocity will also be minimal. In a CAC/
OPC mixture with lime and calcium sulfate added, much 

more ettringite will be formed and this effect is possibly seen 
in the ultrasonic transmission measurements.

Hydration heat
The left graphs of Fig. 2 show the (cumulative) heat 

evolution of the CRC mixtures with a retarder or a lime and 
calcium sulfate addition. It is seen that during the first hour, 
a lot of heat is produced, but after the first hours, all reac-
tions slowed down. Also, the characteristic peak from alite 
hydration around 10 hours is missing from all CRC curves. 
It should be mentioned that the intense heat liberation upon 
mixing might have influenced the results during the first 
hours, and the isothermal conditions are not guaranteed.

The hydration heat during the first hours seems to be better 
controlled for the CRC mixtures that combine the addition 
of a retarder with lime and calcium sulfate addition (refer 
to the right-hand graphs of Fig. 2). For the first 10 hours, 
the cumulative hydration heat of the CRC mixtures is close 
to the curves of the reference mixtures. However, after this 
period, the alite hydration starts for the reference mixtures, 
and this process seems to be slowed down significantly for 
the CRC mixtures.

The mixtures containing the commercial retarder (with or 
without lime and calcium sulfate addition) show a peak after 
approximately 1 hour of hydration, which is missing for the 
mixtures with sucrose and citric acid. It is possible that this 
peak results from the hydration of the aluminate phases of 
the BFSC and/or CAC. One could also think of early alite 
hydration, but this would be rather fast and only a very small 

Fig. 2—Hydration heat and cumulative hydration heat of reference mixtures T(0.45) and T(0.50) and CRC mixtures with 
retarder (commercial retarder [CR], sucrose [S], or citric acid [CA]), lime and calcium sulfate addition (LCS), or combination 
of both (LCS/CR, LCS/S, and LCS/CA).



40 ACI Materials Journal/January-February 2016

amount of the total alite content would have been hydrated 
considering the small contribution to the cumulative heat 
production. In the end, the origin of this peak was not exam-
ined, as it was not within the scope of this study.

Strength development
Besides workability, which is related to the setting time 

of concrete mixtures, the compressive strength is also an 
important parameter for practical applications. Looking 
at the results of the isothermal calorimetry, it is seen that 
after 7 days, the total hydration heat for the CRC mixtures 
is significantly lower than the reference mixtures. Although 
the considered BFSC/CAC binder system is completely 
different from a single binder system, it was nonetheless 
interesting to check the strength development toward prac-
tical applications because hydration heat is known to be 
related to the hydration degree of cement pastes, mortars, 
or concrete. The results of the compressive strength tests on 
2, 7, and 28 days of the CRC mixture with a commercial 
retarder, the combined lime and calcium sulfate addition, or 
a combination of both, are presented in Fig. 3.

From the compressive strength tests it can be concluded 
that, after 2 days, the strength for all CRC mixtures is signifi-
cantly lower compared to that of the reference mixtures. 
Indeed, retarders do not only delay the early hydration of 
the aluminate phases (and thus setting), but are also known 
as strong retarders for alite hydration. For the CRC mixture 
with the commercial retarder, the compressive strength at 
later ages—7 and 28 days—is inferior compared to the refer-
ence mixtures. The results at 7 and 28 days for the CRC 
mixtures with lime and calcium sulfate, with or without 
commercial retarder, are both comparable with the reference 
mixtures, showing that the addition of lime and calcium 
sulfate significantly improves the strength development of 
the CRC mixture.

SUMMARY
The aim of this study was to produce a CRC combining 

CAC and BFSC with an appropriate workability and setting 
time, comparable to the one of OPC concrete. For this 
purpose, different retarders based on gluconate, sucrose, or 
citric acid were added to the mixtures, but without success. 
In the literature, it was found that the addition of calcium 
sulfate, especially in combination with lime, affects the 
setting of such CAC/OPC mixtures. The beneficial effects 
of lime and calcium sulfate addition on the workability 
were proven by slump and flow tests. The results improved 
even more when the lime and calcium sulfate addition was 
combined with a retarder. Notwithstanding these good 
results, the effect was not observed by the ultrasonic trans-
mission measurements using the FreshCon system, possibly 
due to the formation of significant amounts of ettringite 
affecting the p-wave velocity and energy curves. However, 
the latter has no or a very small influence on the stiffening of 
the cement paste at early age. On the other hand, when using 
the Vicat needle to study the setting times of the mixtures, 
the advantageous effect on the setting times was observed.

Although the desired workability was obtained, the cumu-
lative hydration heat of all CRC mixtures measured during 

the first 7 days of hydration was significantly lower compared 
to the reference mixtures. The latter is related to the complex 
binder system containing a low-heat cement (BFSC) and two 
binder types (BFSC and CAC) which influence each other’s 
reactions. Nonetheless, because the strength development 
is related to the hydration heat, the compressive strength 
was checked after 2, 7, and 28 days of hydration. The early 
strength (2 days) was significantly lower for the mixtures 
with lime and calcium sulfate addition, but after 7 and  
28 days, the strength development was comparable to the 
one of the reference mixtures.

Despite the fact that producing a CRC combining BFSC 
and CAC with an appropriate workability was a success, 
the authors cannot ignore the fact that the optimal combi-
nation of calcium sulfate, lime, and maybe also a retarder 
should be selected over and over again. The latter will make 
the entire concept of CRC, which is designed for reincar-
nation in cement production, even more complex. For this 
reason, it was concluded that it is wiser to use such fast- 
setting mixtures only when fast setting is actually one of the 
requirements for application. Indeed, OPC/CAC mixtures 
are often used for flooring installations, rapid wall construc-
tion, and concrete repair (sealing of leaks and road pavement 
repair) due to their unique properties: adjustable setting 
time, rapid hardening and drying, dimensional stability, 
good adhesion and compatibility with existing concrete, and 
corrosion resistance.14,16,17 It should also be mentioned that 
further research on the long-term behavior of such mixtures 
is required. Special attention should be paid to the poten-
tial occurrence of conversion reactions that are known to 
take place in CAC mixtures. The conversion rate of the first 
hydrates (metastable phases) to the final hydrates is depen-
dent on temperature, moisture state, and possibly other vari-
ables such as w/c.

CONCLUSIONS
This paper presents the results of a search toward the 

delay of the setting time of a completely recyclable concrete 
(CRC) that combines blast-furnace slag cement and calcium 

Fig. 3—Strength development of reference mixtures T(0.45) 
and T(0.50) and CRC mixtures with commercial retarder 
(CR), lime and calcium sulfate addition (LCS), or combina-
tion of both (LCS/CR).
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aluminate cement. It was found that the workability cannot 
be improved if a retarder (commercial retarder, sucrose, or 
citric acid) is added, but the addition of lime and calcium 
sulfate results in a workable mixture that becomes even 
more workable if a retarder is also added. The improvement 
of the workability was also deducted from the setting times 
determined with the Vicat needle. The improvement could 
not be detected by the ultrasonic transmission measure-
ments. Although the total hydration heat after 7 days for 
all CRC mixtures was significantly lower compared to the 
reference mixtures, the compressive strength after 7 and 
28 days of the CRC mixtures with the addition of lime and 
calcium sulfate, with or without retarder, was sufficient for 
practical applications.
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