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Abstract
E———

The optimum content of ether polycarboxylate-based superplasticizer, determined by rotational rheometry, and its effects on the environmental
impacts of concretes were studied for cement and limestone filler. To assess the consistency and water reduction, flow-table tests were performed.
Then, cement content reduction and binder and carbon intensity indexes were determined through estimation based on theoretical concretes.
The evaluated pure and blended cements present significant variability of the optimum consumption of the admixture. The fillers consumed less
superplasticizer per area than the other materials and compositions with fillers allowed for greater reduction of water content. The mixtures with
superplasticizer presented lower cement rate and binder and carbon intensity indexes. The usage of this type of admixture in optimal content can
reduce environment impacts, according to the parameters analyzed.

Keywords: superplasticizer, ether polycarboxylate, cement, binder efficiency, environment impacts.

Resumo
E———

Foram estudados, em cimentos e fillers calcarios, os teores 6timos de superplastificante (base policarboxilato éter), determinados através de re-
ometria rotacional, e estimados seus efeitos nos impactos ambientais de concretos. Ensaios de espalhamento de argamassas em mesa de con-
sisténcia foram feitos para determinag&o da reducéo de agua e estimag&o de redugdo do cimento e intensidades de ligantes (IL) e CO, (IC) em
concretos tedricos. Os cimentos estudados apresentaram significante variagdo de consumo de superplastificante. Os fillers consumiram menos
aditivo por unidade de area do que os demais materiais e suas composi¢des apresentaram maior reducao de agua. O uso de superplastificantes
levou a redugéo do consumo de cimento e das intensidades de ligante e carbono. A otimizagdo do teor de superplastificante se mostrou eficiente
para a reducéo de impactos ambientais.

Palavras-chave: superplastificante, policarboxilato éter, cimento, eficiéncia, impacto ambiental.
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1. Introduction

EE

Reducing greenhouse gas emissions is one of the greatest concerns
and challenges today. Among them, the carbon dioxide (CO,) is the
anthropogenic gas that presents the greater responsibility in the phe-
nomenon [1]. The cement industry is the second largest responsible
for the emission of this gas [2] and the production of clinker corre-
sponds to up to 7% of the emissions [3,4]. For this reason, it requires
alternatives for increasing energy efficiency, partial substitution of
clinker for additional cementitious materials, use of coprocessing for
energy generation and optimization of binder application [5]. Another
means of reducing emissions occurs through the minimization of the
volume of cement in the composite mixtures, possibly even by us-
ing plasticizers and superplasticizers that allow the reduction of water
content and the improvement of rheological behavior. Corréa [6], has
shown that the performance of plasticizers and polyfunctional admix-
tures in concretes, can reduce cement consumption in concretes by
up to 10%, maintaining or improving their fluidity.

Admixtures are products added in the cementitious composite mix-
tures in order to modify their properties in the fresh and/or hard-
ened state. They are generically categorized as: (i) plasticizers
and superplasticizers, or water reducers; (ii) air-entraining; (iii) ac-
celerators and (iv) retarders;(v) strength accelerators [7]; and (vi)
viscosity enhancing admixtures [8]. Admixtures that present two or
more combined functions are called polyfunctional.

Plasticizers and superplasticizers are polymers, commonly
naphthalene, melanin, lignosulfonate, polycarboxylate, acids or
esters-based [9]. They are adsorbed on the surface of the par-
ticles, exerting the dispersion function by electrostatic, steric or
electrosteric stabilization [10], making it possible to reduce wa-
ter. They can present compatibility variation in the cements as
a function of the characteristics of the binder and the additions
[11,12] and their efficiency varies according to the molecular
weight and length of the main and lateral chains of which they are
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composed, and the larger these are, the greater their efficiency [13].
These admixtures are expensive products in mortars and con-
cretes. The lower the consumption, the lower the cost of the
composite. However, due to the variations mentioned above, the
dosage suggested by the manufacturers may be imprecise [14],
causing loss of workability, due to insufficiency or excess on dos-
age [15], or an increase in cost by excessive content. Thus, studies
to determine the demand of admixtures for each material are use-
ful for composition optimization.

The objective of this study is to evaluate the admixture demand
and its variation for different types of commercial cements and ce-
ments blended in the laboratory with different contents of limestone
and to estimate the potential to reduce cement consumption and
environmental impacts on concretes.

2. Methodology

[

This study was composed of three steps: (i) determination of the
optimal consumption of superplasticizer admixture; (ii) assess-
ment of water reduction potential; and (iii) estimation of cement
content reduction capacity and environmental impacts. The study
of admixture consumption was performed by rotational rheometry
of pastes and evaluation of their deflocculation curves. Different
types of commercial cements obtained from different regions of
Brazil and two limestone fillers were studied. The potential of water
reduction was analyzed by the consistency data (flow table values)
of the mortars and, in order to estimate the cement reduction ca-
pacity and the efficiency of the binder and CO, emission factor, the
inference was made for concrete using theoretical Abrams curves.
In this last step, the cements blended in laboratory were not used.

2.1 Materials
E——

Cements from different manufacturers were used in the study, in-
cluding: CPII-E (blended with slag), CPII-F (blended with filler); three
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CPII-Z (blended with pozzolan) and CPIV with high pozzolan con-
tent of different natures; CPIIl (blended with high content of slag)
and CPV (high-early strength, high clinker content). The substitution
limestone filler (FS) and the performance filler (FP) had a purity of
94.0 and 98.7%, respectively. For the consistency analysis, made
with mortars, Brazilian normal standard sand was used, as indicated
in NBR 7214 [16]. The mixing water was previously deionized.

The superplasticizer used was a commercial admixture ADVA
CAST 527 (Grace Construction Products), described by the manu-
facturer as “alkaline aqueous polymer solution used as a highly
efficient water reducer”. Its base is polycarboxylate ether, which
acts by electrosteric stabilization and presents solids content of
40% and specific mass of 1.075g.cm™ [17].

The granulometry of the cements and fillers used was obtained by
laser diffraction (Helos - Sympatec). In each sample, 0.20g of each
material was mixed with 50mL deionized water in 1000RPM (IKA
RW 20) for 1 minute. The suspension was then added to the appa-
ratus, subjected to ultrasonic dispersion for 1 minute and analyzed
in deionized water. The curves are shown in Figure 1. It can be
observed that all cements present similar particle size profiles, with
CPII-F the finest fineness. The FS filler has slightly finer particle
size than the CPV, while FP is the minor size material analyzed,
presenting a potential filling function in common cements.

The specific gravity (SG) and specific surface area (SSA,,) of the
materials were obtained by Helium gas pycnometry (Multipycnom-
eter, Quantachrome MVP 5DC) and by adsorption of Nitrogen (BET
method, Belsorpmax — Bel Japan), respectively. The volumetric sur-
face area (VSA) corresponds to the product of ASS, . and SG. The
shape factor (SF) was obtained by the relation between the SSA_;
results and the specific surface area obtained by laser diffraction
(SSA ), which considers the particles as perfectly smooth spheres
[18]. Thus, the further away from 1 is this factor, the more irregular
and/or rougher is the particle. The data are presented in Table 1.
Although the granulometric curves of the cements are similar, there are
significant variations in the specific surface area, especially in CPII-Z
cements, except for CPII-Z (1) and CPIV. The variation becomes clearer
when we analyze the shape factor, indicating that the particles of these
materials are more irregular and/or rougher than the others.

2.2 Compositions

The compositions made include two types of materials: cement
pastes and mortars. The first were produced for the study of super-
plasticizers consumption. The mortars were produced to assess
flow-table spread and water reduction capacity.

221 Pastes

To estimate the optimal superplasticizer consumption, pastes of
100g of powder were prepared. The water/fines ratio (w/f) was
0.35. The superplasticizer admixture content was adjusted for each
sample. The water added in the mixture was corrected to consider
the water present in the admixture and kept w/f ratio constant.
2.2.2 Mortars

In the consistency study, mortars composed of 1: 3 (fines: sand) per
mass, were prepared according to the dosage indicated in the Brazilian
standard NBR 7215 [19] and Table 2, with w/f adjusted for each sample
according to the desired spread for the consistency study, as discussed
in 2.4.2. All mortars had between 76.3 and 78.1% of sand in dry volume
of solids, due to differences of specific gravity of the fines.

In the case of mortars with filler, the fines used are a combination
of CPV, FS and FP, covering a composition with medium content
(CP MF) and a high content (CP HF) of the mineral addition, as in-
dicated in the proportions of Table 3. The superplasticizer admixture
contents used were the optimum contents obtained in the study of
admixture consumption as a function of the mass of the cement and
filler. In compositions containing filler, the admixture was adjusted
proportionally to the content of each type of fine material.

2.3 Mix procedures
231

Pastes

Mixing of the pastes occurred in three steps: (i) adding the wa-
ter in the fines in five seconds; (ii) manual mixing with spoon for

Table 1
Physical properties of the cements used
Material rongth G D10 D50 D90 SSA,. SSA,, VSA s
(MPa) (g/cm?3) (um) (um) (um) (m?2/g) (m?/g)  (m?/cm?)
CPIlE 40 3.04 1.94 13.38 38.05 1.13 0.41 3.43 2.76
CPIIF 40 3.01 2.35 12.66 31.78 1.18 0.38 3.56 3.12
CPIZ () 32 3.10 1.98 12.76 40.72 1.3 0.41 4.03 317
CPIIZ (Il) 32 2.96 2.83 18.91 52.06 1.19 0.31 3.52 3.84
CPIIZ (Il 32 2.98 1.84 12.52 37.15 2.41 0.44 7.18 5.48
CPIIl 40 2.97 2.23 14.71 38.76 0.99 0.37 2.94 2.67
CPIV (I 32 3.03 2.44 19.41 56.49 1.26 0.33 3.82 3.82
CPIV (Il 32 3.15 2.16 13.92 42.79 1.45 0.36 4,57 4.03
CPIV (llly 32 3.11 1.89 12.46 39.35 4.3 0.39 13.37 11.03
CPV 40 3.08 2.72 17.14 46.26 1.64 0.30 5.05 5.45
FS - 2.74 1.46 8.83 23.09 1.16 0.50 3.18 2.32
FP - 2.76 0.73 2.49 7.17 3.73 1.13 10.29 3.30

1262 I —
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Table 2

Composition of mortars used in the study of consistency and reduction of water, in mass and volume

Parts (in mass)

Composition (in volume)

Identification Fines Sand Fine (%) sand (%) Fine/Sand
CPIE 22,6 774 0.29
CPIF 22.7 77.3 0.29

CPIZ (1) 22.2 77.8 0.29
CPIl Z (I 23.0 77.0 0.30
CPIl Z Iy 22.9 77.1 0.30
CPIl : s 23.0 77.0 0.30
CPIV (1) 226 77.4 0.29
CPIV (Il) 21.9 78.1 0.28
CPIV (Il 22.2 77.8 0.28
cPv 223 77.7 0.29
CP MF 23.1 76.9 0.30
CP HF 23.7 76.3 0.31

Table 3

Proportions of the fines composed by CPV and limestone filler and used in the mortars CP MF and CP HF

Fine Composition (in mass) Composition (in volume)
compositions CPV FS FP CPV FS FP
CP MF 0.61 0.11 0.28 0.58 0.12 0.30
CP HF 0.32 0.39 0.29 0.29 0.41 0.30

50 seconds; and (iii) dispersion in a high energy rotating mixer
of 10000rpm (Makita adapted) for 1.5 minutes. When superplasti-
cizer was used, it was added together with water.

2.3.2 Mortars

The mortars were mixed according to the procedures indicated in NBR
7215 [19] and the model of Figure 2. Water is added to the bowl prior to
mixing. The first step corresponds to the addition period of the cement
and the homogenized sand, respectively. The second and fourth levels
correspond to mixing at high speed, while the third step refers to the rest-
ing of the mortar, covered with wet tissue. The admixture, when used,
was added to the water and homogenized prior to the mortar mixing.

2.4 Methods

The study was carried out in three different steps to determine: (i)

300
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100

Rotation around the axis (rpm)
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()

optimum admixture consumption for each raw material; (ii) con-
sistency profile as a function of water/fines ratio and evaluation of
water reduction potential; and (iii) estimation of cement reduction
capacity and assessment of binder efficiency and CO, impact.
241 Admixture consumption

Some studies use standard tests to determine the consumption of
dispersant admixtures, such as Slump and Marsh cone [20-23].
However, these types of tests evaluate the behavior only for a
shear condition, keeping the behavior of the mixture under differ-
ent stresses unknown [24]. Thus, for determination of the optimum
admixture content, it is necessary to evaluate different shear rates.
To analyze the superplasticizer admixture consumption, the pastes
were submitted to the rotational rheometer test (MARS 60, Haake
rheometer) immediately after the paste was mixed. The method
used the stepped flow test, in two acceleration and deceleration

100

Figure 2

150 200 250

Time (s)

Mixing procedure of mortars according to NBR 7215, for study of consistency and water reduction
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60

Figure 3

Time

Stepped flow test step model to determine the rheological behavior of each paste composition.

The duration at each level was 10 seconds

cycles, varying the shear rate () from 0 to 50s™', remaining for 10
seconds in each step, according to the model presented in Figure 3.
The first cycle was performed only for standard conditioning (pre-
shearing) of the paste mixture, while the second cycle was used for
data collection. In this step, for each admixture content, it was ana-
lyzed: (i) shear yield stress (t,), where 1 correspond to the shear
stress in a fixed shear rate that tends to zero in the deceleration
profile; and (ii) apparent viscosity (1), obtained in shear rate equal
to 50s™ [10]. The admixture adjustments occurred arbitrarily after
each test in a new sample until the saturation point was found in
the deflocculation curve, where the two parameters mentioned
above did not vary very much with the admixture addition, charac-
terized in this study as the stabilization in three consecutive points
in the curve. The optimal content was defined as the point imme-
diately after the stabilization of the shear yield stress and apparent
viscosity at 50s™ [25].

By the saturation point analysis, the specific consumption of super-
plasticizer, corresponding to the relationship between admixture
consumption and specific surface area (BET), was evaluated. This

100

&~ [N [e'e]
(e) o o

Compression strength (MPa)
Do
(e)

0,1 0,2 0,3

Figure 4

parameter allows to analyze the specific consumption for the mate-
rial already considering surface parameters.

2.4.2 Consistency of mortar and water reduction
to maintain same rheological behavior

The study of the consistency of mortars occurred using commercial
cements and compositions with filler, with and without admixture.
Immediately after mixing, the mortars were tested in a flow-table,
according to NBR 13276 [26], recording the respective spreads
after thirty table falls in 30 seconds. One mortar was produced for
each w/f ratio. The results were recorded in three spread diam-
eters, which comprised an average. For the cases where there
was segregation, the record was made despising the water exuded
in the peripheries.

The tests for each composition started from the w/f ratio of 0.48,
a value used by the Brazilian standard of strength classification of
cements [19]. For each mortar produced afterwards, the w/f ratio
was determined in order to reach an adoptedaverage spread of

32 MPa - ABCP
32 MPa - ACI
e 32 MPa - average
40 MPa - ABCP
40 MPa - ACI
———— 40 MPa - average
== = 50 MPa - ABCP
— = 50 MPa - ACI
50 MPa - average

0,7 0,8 0,9

Models of Abrams curves obtained by the ABCP and ACI method and the average curve for each

cement class

Wwire
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(265 £ 10) mm. For all compositions, profiles with three or more
points were obtained, except for the CPIll samples, with and without
admixture, CP IV (ll) without admixture and CPII-F with admixture,
which reached the desired spread diameter in the first attempt.

The water reduction was defined as a relation of the w/f ratio of
mortars with the same spreading, without and with admixture, ac-
cording to equation (1).

(7)
f with admix.
w

(f )Without admix.

Where (w/f), represents the water/fines ratio, per mass, of the com-
position and the index i indicates whether the composition has su-
perplasticizer admixture or not.

M

Water reduction = 1 —

243 Cement reduction, binder efficiency, CO, emission

Simplified indices were used to evaluate the performance of ce-
ments: (i) reduction of cement consumption in concrete; (ii) binder
intensity (B/), which relates the total amount of binders in the con-
crete divided by their compressive strength, according to equation
(2); and (iii) carbon intensity (CI), indicating the environmental im-
pact by the relation between CO, mass emitted per the compres-
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Figure 5

sive strength of concrete, according to equation (3) [5].

C
. @
_ Eco2
cl= 3 ®

Where: C_ is the cement consumption for a cubic meter of con-
crete, in Kg.m?; f_is the compressive strength of the concrete, in
MPa; and E_,, is the total CO, emissions generated by the produc-
tion and transport of the materials, in Kg.m.

For all of these analyzes, correlations were inferred about theo-
retical concretes composed of the same mortars of the study of
consistency and estimated compressive strength of 30MPa, pre-
senting slump between 75 and 100mm and maximum aggregate
diameter equal to 20mm [27], based on studies of the Brazilian
Portland Cement Association (ABCP) [28] and American Concrete
Institute (ACI) [27]. To simplify the analysis, the correction of mortar
admixture content for concrete was not considered.

The water/cement ratio (w/c) determination, corresponding in
this case to the wi/f ratio, occurred by correlation of the theoreti-
cal Abrams curve, obtained by the ABCP Abrams curves [28] and
adjustments of the ACI Abrams curve [27], considering the class of
each cement, according to the model presented in Figure 4.
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b) e 1. CPI - Z (Il) — ===ee- Visc.: CPII- Z (1)
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Deflocculation curves, analyzed by shear stress and apparent viscosity, for: (a) cements with slag
and CPII-F; (b) CPII-Z; (¢) CPIV; and (d) CPV, FS and FP
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Table 4

Optimum content and specific consumption of superplasticizer by type of material

Addition type Material

Optimum content

Specific volumetric
consumption

Specific superficial
consumption

(Gaamix/ 100Gine) (Jaamix./ SM3iine) (Mgadmix./ M3fine)
CPII-E 0.45 0.014 4.0
Slag
CPIll 0.25 0.007 2.5
CPIZ () 0.30 0.009 23
CPIZ (Il 0.40 0012 3.4
Pozzolan CPII-Z (Il 1.10 0.033 4.6
CPIV () 0.70 0.021 56
CPIV (I 0.50 0016 3.4
CPIV (Il 1.40 0.044 3.3
Filler CPII-F 0.35 0.011 3.0
CPV 0.55 0.017 3.4
- FP 0.35 0.010 0.9
FS 0.20 0.006 1.7

The cement consumption of the composite without admixture was
determined by fixing the water consumption at 200kg.m= [27]. As
shown in the study of Assaad [29], it was considered that there is
a correlation between the spreading of mortars in a flow-table and
the slump of concrete produced with the same mortar, allowing the
readjustment of cement and water by the spreading in flow-table.
In concrete optimized with admixtures, it was used the same ra-
tio w/f from the dosage of the concretes without admixture. The
volume of water was readjusted by the water reduction capacity
obtained in the consistency study and, thus, the consumption of
cement was corrected. It was considered that even with the reduc-
tion of the paste volume, there was still enough paste to fill all the
voids between the grains and this reduction was compensated by
the addition of the same volume in sand, maintaining the mortar
content. The influences caused by the reduction of paste content
were disregarded for simplification of analyzes.

To calculate the CO, emission factors, simplifications were made.
From 88.6 to 92.2% of the environmental impacts related to con-
crete production refer to cement production [30]. CO, emission fac-
tors for cement were obtained by the study of Oliver [31], where
the impacts of milling, transport and drying of the additions were

0,05
O CPIL-E
g
2004 | OCPLI
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82003 | WCPIV
e
g g XCPV P
g ~ H ,°
2 850,02 1 & CPIL-F .’
e X
>
o @ Fillers Y ,"
H -4
g 001 A
a, ° e
wn _‘_ - - =
0,00
0 2 4 6

neglected. It was also adopted that the impacts related to supple-
mentary cementitious materials (SCM) are allocated to their gen-
erators. From this scenario, the national average emission data
[32] and the normalized clinker contents [31], the emission for dif-
ferent cements was estimated by the emission factor of 821kg,, .
ton-1clinker. For the environmental impacts caused by the admix-
ture production process, it was considered the maximum emission
factor obtained by the technical datasheets of the quoted admix-
tures, equivalent to 1.86Kgco2.Kg‘1admix. Therefore, E_, adopted is
the sum of the products of consumption and emission factor of the
cement and admixture contained in the concretes.

3. Results and discussions
[ —
3.1 Admixture consumption

The deflocculation curves used to determine the saturation point of
the superplasticizer admixture are shown in Figure 5. A Figure 5-a
shows the deflocculation curves of the CPII-E, CPII-F and CPIII
cements. It was observed that CPIIl presents the lowest admix-
ture consumption among the three, with an optimum admixture

R2=10,86
P >
O"'.
"'
"'
r d

A .’

""
"'

R
8 10 12 14 16

Specific volumetric area (m?/cm?)

Figure 6

Optimum admixture content of the materials according to their specific surface areas
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content of 0.259.100g™, , followed by CPII-F, with 0.35g.100g", .
and CPII- E, with 0.45 g. 100g”", .

The curves of CPII-Z cements are shown in Figure 5-b. It is noticed
that there is greater variation of the admixture consumption among

them, being CPII-Z (lIl) the greater one, followed by CPII-Z (II) and
CPII-Z (1), consuming 0.3, 0.4 and 1.1 g.100g™", _, respectively. For
CPIV cements, the results are shown in Figure 5-c. The CPIV (I)
consumed more superplasticizer, while the CPIV (Il) and the CPIV
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Figure 7

Correlation between spreading of the mortars with and without admixture and the relation w/f
(in volume), where they correspond to: (a) and (b) cements with slag; (c) CPII-F; (d), (e). (). (9). (h)
and (i) pozzolanic cements; (j) CPV; and (k) and (I) fillers
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(I) presented significantly lower intakes. The obtained optimum
contents correspond to 1.4, 0.7 and 0.59.100g™, , respectively.

The optimum admixture contents for CPV, FS and FP correspond,
respectively, to 0.55, 0.2 and 0.359.100g™",  and are indicated in Fig-
ure 5-d. All data were compiled and added to the admixture-specific
consumption results in Table 4. It can be observed that CPIV (lll)
was the material with the highest consumption of admixture, but with
a similar specific consumption as the majority. Thus, consumption
was influenced by high specific area and high form factor. The CPIV
(1), although consuming half of the admixture in relation to the CPIV
(11), presents the highest specific consumption among the materials,
showing that the material of this cement demands more admixture.
The variety of pozzolan types, due to their geographic distribution
[33], is one of the factors that can strongly influence this result, along
with clinker substitution content and material production variations.
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Similar phenomena can be observed in CPII-Z cements, which have
a 100% variation between CPII-Z (Ill) and CPII-Z (I).

Comparing all cements, there is a very open range of consumption,
between 7 and 44mg.cm?__, a variation of up to 6.3 times. The use
of excess dispersant admixtures may negatively alter the rheologi-
cal behavior of the composition, affecting the thixotropy and the
viscosity of the mixture [15], indicating the need to control its use.
The fillers presented the lowest specific admixture consump-
tion among all materials studied due to the difference in surface
charges [12,15]. However, for FP, due to its high specific area, the
admixture consumption was similar to the other materials studied,
while the FS, that presents smaller specific superficial area, pre-
sented lower consumption among all materials. Figure 6 shows a
correlation between the specific area (BET) of the materials and
the consumption of admixture, where it is possible to obtain a
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Water reduction in each composition with optimum superplasticizer content as a function of the
w/f ratio (in volume) of the mortar without admixture for the same spreading. Circles represent the
reduction for mortars that presents spread of 265 mm and squares represent reduction o concretes

with 30 MPa, using an average curve of Abrams
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correspondence with R? above 0.85 for the cements. In the analy-
sis considering the fillers, this index decreases to less than 0.60
due to differences in surface nature between materials [12,15].

3.2 Mortar consistency and water reduction

The mortars with cement composed with FS had the optimum
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Figure 9
Water reduction in mortars with spreading, in flow-table, of 265mm in function of the specific
consumption of admixture superplasticizer
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B in mass m in volume
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Figure 10

a) water/fine ratio, in mass and volume, of each theoretical concrete, without admixture,
for estimated compressive strength of 30 MPa; and (o) water consumption for the concrete
of 30 MPa without admixture, 200kg.m=3, and with admixture

Table 5
Superplasticizer admixture consumption for compositions of fines with limestone filler, obtained by
weighting proportionally the raw materials

Specific volumetric
consumption

Specific superficial

Admixture optimum content consumption

Fine compositions

(Gaamix /100Gine) (Yadmix./ SM3ine) (Mgamix./ M3fine)
CP MF 0.455 0.013 2.09
CP HF 0.354 0.010 1.72
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admixture content adjusted proportionally to the content of each raw
material and according to the superplasticizer admixture consump-
tion study. For CP MF and CP HF mortars, superplasticizer dos-
ages of 0.46 and 0.359.100g"" . were used, respectively, according
to. For the other mortars, the admixture contents determined in the
study of the consumption of superplasticizer were used.

The comparison between the spreading profiles of the mortars
without and with admixture is shown in Figure 7. It is noted that
most of the compositions did not show a parallelism to the profiles,
indicating that the water reduction capacity varies according to the
water content.

The water reduction capacity in each composition, maintaining the
spreading corresponding to the respective mortar without admix-
ture, is presented in Figure 8. CPIV (ll) and CPIV (lll) cements,
shown in Figure 8-c, did not vary much as a function of the w/f ratio
of the mortars, whereas, for the others, the cements varied signifi-
cantly. The compositions CPII-Z (Ill), CP MF and CP HF, although
with greater variations, presented the greatest water reductions.
When fixing the mortars to 265mm of spread diameter (rheologi-
cal condition determined as a limit for significant effects of visually
perceptible segregation), it was possible to verify if there is a rela-
tion between the specific consumption of superplasticizer admix-
ture and the respective capacity to reduce water in mortars. As
indicated in Figure 9, it was possible to observe that the increase of
limestone filler content in the compositions increases the capacity
to reduce water (since well dispersed by the admixture), while the
admixture consumption also decreases due to the dilution of clin-
ker by the filler and consequent reduction of the surface charges
of the particles in the suspension. However, there is no clear cor-
relation between these parameters for commercial cements, pos-
sibly due to differences in the nature of the materials. Analyzing the
specific volumetric consumption, it is possible to observe that the
use of limestone filler as a substitute for cement allowed to reduce

the consumption of admixture per volume of fines used, indicating
a possible reduction of costs for these types of composition.

3.3 Reduction of cement consumption in concrete
and environmental impact indexes

The w/f ratio corresponding to 30MPa was determined by the av-
erage Abrams curve. The amount of initial water, equivalent to
200 kg.m, was reduced using the correlations of the water reduc-
tion study, indicated in the markers of Figure 8. Thus, the water
consumption for the theoretical concretes was estimated, accord-
ing to Figure 10, ranging from 124.5 to 173.7 kg.m.

From the new water consumption, the cement consumption could
be readjusted, as shown in Figure 11, considering the minimum
volume of paste to fill the intergranular voids. The application of the
superplasticizer in the mixture was able to provide the reduction
of cement consumption between 13.1 and 37.7%. of the analyzed
theoretical concretes without application of the admixture, the low-
est cement consumption corresponds to 327 kg.m, while with its
use it was possible to predict formulations with 240kg__ . ..musing
CPV. It should be noted that CPII-Z (lll) that, with superplasticizer
use, presents lower cement consumption at 30MPa than class
40MPa cements.

Figure 12 shows the results of the Bl calculations for the theoretical
concretes with different cements. The use in optimum content of
superplasticizer admixture provided reduction of this index, indi-
cating increase of the binder efficiency. When it was not used, Bl
varied between 12.6 and 15 kg.m3MPa-', while with the use of the
admixture the index varied between 9.2 and 13kg.m3MPa™, lim-
its corresponding to CPII-Z (Ill) and CPIV (I), respectively. These
values are commonly found in the literature [5]. The percentage
reduction is equivalent to the reduction in cement consumption.
The impact of the use of the superplasticizer was also positive

B With admix. ® Without admix.
CPV I 50

CPIV (1) | 32
CPIV (11) | 32
CPIV (1) | — 32

CPIIT | 40
CPII - Z (1II) 32
CPII - Z (11) | 32
CPIT - Z (1) | 32

CPII-F | 40

CPIL- E | — 40

200 250 300 400 450

Cement consumption (kg/m?)

Figure 11

Cement consumption for concretes of the same strength and corresponding reduction for each cement
type.The numbers on each bar indicate the strength class of the cements, in MPa
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Figure 12

Binder intensity and their reduction with the use of superplasticizer for theoretical concretes with different
types of cement and theoretical compressive strength of 30 MPa

when the carbon intensity was analyzed, which was reduced for all
concretes studied, as indicated in Figure 13. For concretes without
admixture, Cl varied between 2.6 and 11.6 kgcoz.m'3 When the ad-
mixture was used, the Cl ranged from 2.3 to 10 kgcoz.m’3.MPa‘1, val-
ues commonly found in the literature [5], and provided a reduction
between 10.1 and 36.1%. Although the greatest reduction occurred
for the CPII-Z (l1l) composition, due to its higher reduction of cement,
the lower values are associated to CPIIl, since it presents a high per-
centage of additional cementitious material in its composition.

4. Conclusions

EE

By means of the study to determine the optimum superplasticizer
content, a polycarboxylate ether base admixture, it was possible
to observe significant variation in its consumption by the cements,

reaching values between 7 and 44mg.cm®__, while the specific
consumption varied from 2.3 to 5.6mg.m2. Thus, this kind of study
regarding superplasticizer admixture demand for different cements
allows for the reduction of costs in concrete production. The fillers
were, among all the analyzed materials, the ones that presented
lower specific consumption, indicating that they were supplemen-
tary materials with potential to reduce the admixture consumption.
By the consistency (flow-table) study, it was observed that the
water reduction capacity in mortars with optimum superplasticizer
content varies with the w/fratio used. CPV and CPII-Z (lll) cements
and the compositions with filler in the mortars presented a greater
potential of water reduction. Also, the increase of the filler content
in the compositions with CPV presented capacity to reduce the
admixture consumption due to the dilution of cement concentration
and the superficial charges associated with the binder.

CPV [
CPIV (III) I
CPIV (D) ]
CPIV (I) ]
CPIIl |
CPII-Z (IIT) ——
CPII-Z (IT) —
CPII-Z (I) E—
CPILE Withoutadmix, T —
crilF | M With admix. -
2 4 6 8 10 12
CI (kg.m>.MPa)

Figure 13

Carbon intensity for theoretical concretes, with estimated compressive strength of 30 MPa,

depending on the type of cement
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By inference, it was possible to estimate the potential reduction of
cement consumption by up to 37.7% in concrete, varying with the
reduction of water. With the use of CPV (high clinker), it is pos-
sible to produce concretes,with estimated compressive strength of
30MPa and with 240kg__ . ..m*, provided that the volume of paste
is enough to occupy the voids between the aggregates. CPII-Z (1),
class 32MPa, presented greater capacity of reduction of cement.
These reductions allowed to minimize binder and carbon intensity
by up to 37.7 and 36.1%, respectively, demonstrating that the use
of optimized superplasticizer content has the potential to improve
cement efficiency and reduce environmental impacts.
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