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Influence of the chemical composition of sand and cement 
on the performance of plasticiser admixture for concrete

Asst. Lec . MONTAHA KAZEM SULTAN
Abstract :

In the current study, the chemical composition of sand and cement was examined in relation to 
the plasticiser admixture for concrete. Three types of sand and cement were used, on which addi-
tives from different origins would be dosed and incorporated into various mortars for evaluation. 
This study used three additive technologies to determine the admixture quality. The Methylene 
blue value (MBV) test was performed on five sand samples, and the influence of temperature and 
rheological parameters was also tested for the selected cement and sand samples. From the results, 
it was identified that the Concrete and River sands are those with the highest clay content since 
they have a methylene blue value (MBV) of 10.00 mg/g and 8.50 mg/g, respectively; the mortars 
designed with coarser sands obtained more excellent resistance, both at 7 and 28 days, regardless 
of the type of cement and additive.

The Coarse and Utility sands present an MBV of 7.75 mg/g and 7.50 mg/g, respectively, which 
could also be considered within the range of the maximum permitted limit. When it was observed 
in the rheological investigations, the ambient temperature can easily vary from 5ºC to 30°C without 
causing apparent changes in the behaviour of the mortars. The investigated cement had a C3A con-
tent that varied between 1.5 and 12.6 and a soluble alkali content between 0.48 and 1.44. The influ-
ence of these two parameters can only be compared with different cements or simulated by adding 
similar materials. It can be concluded that when the sand is very fine (its particles almost reaching 
the limit size, close to that of clays), it has a larger surface area and can more easily attract the 
particles to the additive, generating a sand-additive interaction (which does not improve plasticity); 
avoiding the cement-additive interaction, which will subsequently decrease the plasticity of the 
mortar since it is precisely this interaction that generates the increase in fluidity and workability.

Keywords: Chemical composition, sand, cement, methylene blue value, rheological investiga-
tions.
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مستخلص:
ــذ  ــال أخ ــن خ ــانة م ــات للخرس ــط الملدن ــمنت في خلي ــل والإس ــي للرم ــب الكيميائ ــد التركي ــم تحدي ــة، ت ــذه الدراس في ه
ثلاثــة أنــواع مــن الرمــل والإســمنت، حيــث ســيتم إضافــة جرعــات مــن هــذه المــادة مــن مصــادر مختلفــة، وســتكون جــزءًا مــن 
أنــواع المــاط المختلفــة للتقييــم. في هــذه الدراســة، اســتُخدمت ثــاث تقنيــات إضافيــة لتحديــد جــودة الخليــط. أُجــري اختبــار 
قيمــة الميثيلــن الأزرق عــى خمــس عينــات رمــل، كــا تــم اختبــار تأثــر درجــة الحــرارة والمعايــر الريولوجيــة لعينــات الإســمنت 
ــة  ــغ قيم ــث تبل ــن، حي ــوى الط ــى محت ــواءً ع ــر احت ــا الأكث ــر هم ــل النه ــانة ورم ــنّ أن الخرس ــج، تب ــن النتائ ــارة. م ــل المخت والرم
الميثيلــن الأزرق )MBV( فيهــا 10.00 ملغم/غــم و8.50 ملغم/غــم عــى التــوالي. وقــد حصلــت الملدنــات المصممــة برمــال 
أكثــر خشــونة عــى مقاومــة أفضــل، في كل مــن 7 و28 يومًــا، بغــض النظــر عــن نــوع الإســمنتقبق والمــادة المضافــة.  فيــا يتعلــق 
بالرمــال الخشــنة والنفعيــة، فإنهــا تقــدم MBV يبلــغ 7.75 مجــم / جــم و 7.50 مجــم / جــم عــى التــوالي، والــذي يمكــن اعتبــاره 
أيضًــا ضمــن نطــاق الحــد الأقــى المســموح بــه. ومــع ذلــك، فإنهــا تقــدم كميــة أقــل مــن الطــن مقارنــة بالســابقة. عندمــا نلاحــظ 
التحقيقــات الريولوجيــة، يمكــن أن تختلــف درجــة الحــرارة المحيطــة بســهولة مــن 5 درجــات مئويــة إلى 30 درجــة مئويــة دون 
التســبب في تغيــرات واضحــة في ســلوك المــاط. كان للأســمنت المــدروس محتــوى C3A يــراوح بــن 1.5 و 12.6 ومحتــوى 
قلــوي قابــل للذوبــان بــن 0.48 و 1.44. لا يمكــن مقارنــة تأثــر هذيــن المعاملــن إلا بأســمنت مختلــف أو محاكاتــه عــن طريــق 
إضافــة مــواد مماثلــة. يمكــن أن نســتنتج أنــه عندمــا يكــون الرمــل ناعــاً جــدًا )تصــل جزيئاتــه تقريبًــا إلى حجــم الحــد، بالقــرب مــن 
حجــم الطــن(، يكــون لــه مســاحة ســطح أكــر ويمكنــه جــذب الجزيئــات بســهولة أكــر إلى المــادة المضافــة، ممــا يــؤدي إلى تفاعــل 
الرمــل مــع المــادة المضافــة )الــذي لا يحســن اللدونــة(؛  تجنــب تفاعــل الأســمنت مــع المــواد المضافــة، والــذي بــدوره يقلــل مــن 

مرونــة المــاط، حيــث أن هــذا التفاعــل بالتحديــد هــو الــذي يولــد زيــادة الســيولة وقابليــة التشــغيل.
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1. Introduction 
Concrete is a mixture of four ba-

sic materials: cement, fine aggregate 
(sand), coarse aggregate (crushed 
stone), and water. If poured into a mold 
and then left, the mixture will harden 
like a rock. This hardening occurs due 
to a chemical reaction between water 
and cement, which happens over time, 
so the concrete’s hardness depends on 
the mixture’s age [1]. As a structural 
material, it is necessary to know from 
concrete its properties such as strength, 
stiffness, water tightness, durability, 
and weather resistance.

. The compressive strength of the 
concrete can describe some of these 
properties, so the quality of the con-
crete is usually only reviewed based on 
its compressive strength [2].

The development of various types of 
additions or admixtures and additives 
for concrete mixtures, especially water 
reducers or plasticisers and superplasti-
cisers, has made very rapid progress in 
concrete technology, successfully pro-
ducing high and even very high-quality 
concrete, and which improves almost 
all concrete performance into a mod-

ern high-performance material. The 
strength of concrete is also inseparable 
from its constituent materials [3]. It is 
precisely to manufacture high-perfor-
mance concretes (resistances above 
conventional ones), different engineer-
ing solutions have been tested; both 
physical, which involve the use of ul-
tra-fine grinding (with enrichment in 
mineralogical phases such as Alite and 
Belite), and the incorporation of active 
additions (such as Silica Fume, fly ash, 
Metakaolin, rice husk ash and blast 
furnace slag); and chemical, which 
especially involve the use of chemi-
cal products (chemical additives),[4] 
for the optimisation and improvement 
of the quality of cement and concrete; 
which will be precisely the subject that 
this work will detail, since its study 
and influence, on the properties of ce-
ment and sand, are the foundation and 
purpose of this research.

Finally, it emphasises that this work 
makes a novel analysis to understand 
the mechanism through which super-
plasticisers increase the fluidity of 
mortars since previous investigations 
only quantified the adsorption of the 
additive based on the rheological tests 
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found. Still, this work also analysed the 
amount of superplasticiser consumed 
by the cement and the amount retained 
at the cement-additive interface, which 
is the only one that can be used in the 
future to maintain fluidity [5]. This re-
search will seek to identify the influ-
ence of the chemistry of the materials 
(cement and sand) on the performance 
of concrete additives of different tech-
nologies and, thus, find a relationship 
between the performance of these 
chemical additives and the properties 
of the materials that make up the con-
crete.

2. Materials and Method
2.1 Chemicals and Reagents: 

Methylene Blue was obtained from SD 
Fine Chemicals, India, and other chem-
icals and reagents were obtained from 
Merck India, with AR quality and 98% 
purity. All the solutions were prepared 
with double distilled water with a pH 
of 7.02. Diluted Methylene Blue, con-
centration A (For AASHTO specifica-
tions): 1.599g (MB)/100g (H2O) and 
Diluted Methylene Blue, concentration 
B (For ASTM and IS specifications): 
2.500gr (MB)/100g (H2O). 

Three types of cement used in the 
study are (i) Ordinary Portland Cement 
(OPC), (ii) Portland Pozzolana Cement 
(PPC) and (iii) Portland Limestone 
cement (PLC); five sands used in the 
study River sand Pit sand, Concrete 
sand, Utility sand and Coarse sand. 

2.2 Equipment: A&D GH-202 
model Analytical balance, Mettler To-
ledo Platform, Remi Model mechanical 
stirrer with a maximum speed of 500 
rpm, Remi 2 Litre Stirrers Magnetic 
stirrer, with heater 2 MLH, Sunline 45 
Litre Aluminium Hot Air Oven, ‎OU-
 ,1001/2with  a  maximum temperature 
of 150ºC, Hobart mixer N-50, with a 
maximum speed of 100 rpm, and Elec-
tric Laboratory Sieve (PerkinElmer), 
with 4” meshes up to 0.075mm  

2.3 Description and Characterisa-
tion  of the Materials to be Used

•	 Three different additive technolo-
gies, namely Naphthalenesulfon-
ate (SNS) Base, Lignosulfonate 
Base (LS) and Polycarboxylate 
Base (PC), will be evaluated in the 
current study.

•	 The three cements on which the 
additive will be dosed will have 
different types and origins. The ce-
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ment will be characterised accord-
ing to ASTM C150 and ASTM 
C1157 [6].

•	 The three sands, which will be part 
of the different mortars for evalua-
tion, will come from various sourc-
es seeking variety in their physical 
characteristics and chemical com-
position (acceptable material con-
tent, clays, silts, etc.).

2.4 Methods
Test to calculate the natural mois-

ture content: The natural moisture 
of the selected sand samples is deter-
mined by the Precisa Moisture Analy-
ser model 330 XM. Finding the natural 
moisture content of the sands is essen-
tial since this value, together with the 
absorption moisture and the specific 
weight, constitute the three primary 
and determining values ​​to build a de-
sign table, both for mortars and for the 
design of concrete; 

Test Calculate of the Fineness 
Modulus (FM):  The classification of 
sands concerning their fineness mod-
ulus is a critical parameter to be able 
to identify them since it allows us to 
know the average size of the sand 
particles and FM of the selected sam-

ples identified according to the ASTM 
C136 method. 

Test to calculate the percentage of 
fines that pass the #200 mesh: The 
classification of the sands, about the 
“percentage” of fines that pass the #200 
mesh, is also essential since it shows a 
more real indication of the fineness of 
the sands; and even more important-
ly, it shows the content of fines in the 
sands; not wholly, but approximately; 
since analysing the % of fines that pass 
the #200 mesh by washing, allows us 
to see that part of the sand is fine ma-
terial; and from this, and from apply-
ing the other methods (such as MBV), 
it will be possible to calculate the per-
centage of clay in the sand, which is 
what will weaken the concretes and 
mortars manufactured with it.

It should be noted that this method 
will calculate the percentage of all fines 
present in the sands (which includes 
silts clays, among other mainly bitu-
minous particles), while the methylene 
blue value (MBV) method only detects 
clay particles (which are present in the 
sand samples); and although as men-
tioned above, both values ​​(% of fines 
and MBV) generally have the same 
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tendency; for example, a sand with a 
high content of fines could be found, 
but with a low content of clays (in 
these cases, most of the fines would be 
silts), so this sand would have no prob-
lems in forming part of the design of 
a mortar or a concrete mix. The same 
analysis could be done in the opposite 
direction since sands with a low % of 
fines could have a lousy performance 
within a mortar.

2.5 Analysis of the chosen Indian 
cement

As explained above, there are five 
types of cement available on the world 
market (I, II, III, IV, V); in addition, 
there are almost 30 other types of ce-
ment, modified from the other 5; how-
ever, not all of these types of cement 
are available in India (as in different 
countries, some of the cement that is 
present in India are not present either); 
therefore, only those produced here 
will be analysed.

Below, to expand on the above is a 
detailed analysis of the situation of ce-
ment in India, presented by the Port-
land Cement Association (PCA) [7]:

“India has a wide variety of cement 
as follows:

- Type I (Normal), with a 7-day 
strength of 19MPa (190kg/cm2).

- Type II (Moderate resistance to 
sulphates), with 7-day strength 
of 17MPa (170kg/cm2) and max-
imum C3A of 8%.

- Type III (High initial strength).
- Type IV (Low heat of hydration), 

with a 28-day strength of 17MPa 
(170kg/cm2).

- Type V (High resistance to sul-
phates) with a 28-day strength of 
21MPa (210kg/cm2) and a maxi-
mum C3A of 5%.

The Portland Cement Association 
mentions that in India, the added ce-
ments are:

- Portland pozzolanic cement (IP and 
P) can have 15 to 40% pozzolan 
by mass.

- Modified Portland pozzolanic ce-
ment – ​​I (PM) have up to 15% of 
pozzolan.

- Slag Portland cement has 25% to 
70% of added blast furnace slag.

- Modified slag Portland cement – ​​
I(SM) may have up to 25% slag.

- Composite Portland cement (ICo) 
may add limestone or inert mate-
rial of up to 30%, as long as this 
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material has at least 75% CaCO3.
These cements may have a com-

bination of other properties, such as 
moderate resistance to sulphates and 
mild heat of hydration, by adding the 
suffixes MS and MH, respectively. The 
28-day strength requirement for this 
cement is 25MPa (260kg/cm2), except 
for IS(MH) and IP(MH) cement, which 
must have at least 20MPa (200kg/cm2), 
and P cement, which must have at least 
21MPa (210kg/cm2) at 28 days.

The IS 4031 standard contains the 
performance requirements for Port-
land cement for general and special 
applications without restrictions on the 
composition or constituents of the ce-
ment. This standard is based on ASTM 
C1157 [7]. It differentiates modified 
Portland cement (up to 15% additions) 
from additive cement (with more than 
15% additions) and classifies them ac-
cording to their properties.

2.6 Experimental Development
Methylene Blue Value (MBV): 

The methylene blue value test was per-
formed on five sand samples to make 
the final choice of 3 based on the re-
sults. To achieve this, this test was 
performed using two different meth-

ods, first with the AASHTO (Ameri-
can Association of State Highway and 
Transportation Officials) Methodology 
and then with the ASTM Methodolo-
gy; that is, a comparison was made be-
tween 2 of the three known and avail-
able methods for determining the clay 
content. The IS Methodology was not 
performed due to the similarity of re-
sults between ASTM and AASHTO. 
This led us to assume that the results 
obtained were consistent and sufficient 
to classify the sands correctly.

Although the two methods were 
previously described, it is noted that 
the second method (ASTM Method) 
was slightly modified by omitting the 
addition of HCl to the sample since 
this was not necessary, as the sample 
was sufficiently reactive and uniform, 
and could react on its own with meth-
ylene blue (it is only because of this 
small change that the ASTM Method 
is called the Pasquel Method in this re-
search; because Eng. Enrique Pasquel 
was the first to base and validate this 
method without adding HCl.

Mortar and Mini Slump Design: 
Once the three most efficient cement 
and 3 grains of sand were chosen, 
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mortars were designed (mixtures of 
cement, water and sand; only if grav-
el were added would they be called 
“concrete”). Nine white mortars were 
obtained because all possible combi-
nations were made (without additives). 
When the addition of each of the three 
additives to be investigated was made, 
there were 27 combinations represent-
ing 27 different types of mortar, which 
were analysed and studied physically 
and chemically.

In all cases, the absorption humidity 
of the three sands was taken every 21 
days to make the initial designs, and the 
natural moisture every 2 days because 
the environmental conditions can cause 
this value to vary more quickly, which 
would have significantly modified the 
design of the mortars afterwards.

In the case of cement, its specific 
weight was taken directly from the 
technical data sheet of each cement 
provided by each of the three manufac-
turers. In the case of sand, the particu-
lar weight of the three sands was taken 
at the beginning of the project.

The dosages used were those initial-
ly recommended, but they were varied 
as their plasticising power in the mor-

tars was experimentally measured, try-
ing to reach a reference value required 
for the future.

After indicating the general condi-
tions of the materials that make up the 
mortar, the most common process for 
preparing mortars is described below 
[8].

Procedure for preparing mortars 
(Sand Humidity: 9.0 ± 1.0%)

- Choose a manufacturing design for 
the mortar (Previously prepared 
table, where the quantities of each 
material used are specified).

- Modify the volume (m3) of the 
mortar to be worked, and place 
the corresponding humidity of the 
sand on the design sheet.

- Weigh the components of the equiv-
alent mortar, that is, Sand, water, 
cement, filler (if used) and addi-
tive, according to the design sheet 
obtained previously.

- Weigh the water in the bowl and 
separate 10% to 15% of the water 
by weight into a beaker to wash 
the additive container.

- Turn on the Hobart mixer at speed 
1.

- Add the sand to the bowl containing 
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the remaining 80% to 90% water 
and mix for 2 minutes.

- After 2 minutes, add the cement and 
mix for one more minute at speed 
1.

- Add the additive after 3 minutes, 
rinse the bowl with the separated 
water percentage, and continue 
mixing for 1 minute.

- After 4 minutes, turn off and scrape 
the edge and bottom of the bowl 
for a few seconds to ensure that the 
mixture remains homogeneous.

- Turn the equipment back on at 
speed one and continue mixing 
for 2 minutes.

- Turn off the equipment after 6 min-
utes.

- Before carrying out the correspond-
ing tests (fluidity, occluded air 
content, etc.), have the measuring 
equipment ready and wet, such as 
the Vernier calliper, glass plate, 
etc.

- Finally, wash the equipment, glass-
es, and other equipment used in 
this test.

Summarising the procedure, the 
equivalent mortar was prepared, sim-
ilar to the design of standard concrete, 

respecting the order of addition defined 
for such a case. Once the mortar was 
prepared, the mini-slump test was car-
ried out (necessary to see the physical 
characteristics of the mixture), which 
consisted of placing a sample of the 
mortar in a metal cylinder, which, when 
lifted, let the mortar flow in a circular 
shape, whose diameters were recorded.

To finally culminate with this proce-
dure, the mini-slump test was carried 
out, which consisted of placing a sam-
ple of the mortar in a metal cylinder of 
4 cm diameter; rodding, first when a 
third of the volume is placed (1/3), then 
at two thirds (2/3), and finally when the 
entire cylinder is filled, levelling off af-
ter placing the last layer; then in 3 sec-
onds, lifting the cylinder, immediately 
measuring with the Vernier Caliper, the 
largest and smallest diameter of the re-
sulting mortar (whose axis lines must 
be perpendicular to each other).

The larger the diameter of the mor-
tar, the greater the plasticising power of 
the additive can be assumed as a prio-
ri. However, quantifying the additive’s 
power will also depend on the duration 
of this plasticising power and not only 
on the “Plasticizing value or initial flu-
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idity” found with the diameter.
Later, the influence of temperature 

will be analysed, and to achieve a bet-
ter understanding of this section, oth-
er rheological investigations were cit-
ed, which were carried out on cement 
pastes and mortars, which also used a 
Howart rotary mixer machine (Figure 
5a), finding in all cases that by work-
ing the samples at a constant tempera-
ture, approximately 20°C, excellent 
results could be obtained; however, 
in practice, other investigations have 
also shown that the ambient tempera-
ture can easily vary from 5ºC to 30°C, 
without causing apparent changes in 
the behaviour of the mortars.

In this work, the rheological be-
haviour (flow behaviour) of three su-
perplasticisers (polylignosulfonate, 
poly naphthalene sulfonate, and poly-
carboxylate) was intensively studied 
in combination with various types of 
cement. To achieve this, the most crit-
ical rheological parameters were the 
amount of C3A, soluble alkalis (Na+, 
K+), type and number of superplasti-
cisers used, temperature of the mortar 
or cement and w/c ratio. C3A content 
varied between 1.5 and 12.6, and a sol-

uble alkali content between 0.48 and 
1.44. The influence of these two pa-
rameters can only be compared with 
different cements or simulated by add-
ing similar materials. The impact of the 
addition of Na2SO4 on the behaviour of 
the mortar could be explained based on 
a superplasticiser adsorption model.  

Mortar cube design and strength 
test:  Mortar cube design and strength 
test was carried out by Standard ASTM 
C109 [9] and Indian Standard IS 
4031[11].

3. RESULTS
The natural moisture of the fine 

aggregate was carried out by ASTM 
C566-13 [11]. Table 1 shows the clas-
sification of the five chosen sands ac-
cording to the natural humidity found:

3.1 Analysis of the Indian cement 
chosen

It is recalled that the relative content 
of alkalis is defined as the sum of the 
relative percentages of the compounds 
Na2O and K2O. However, some sourc-
es only consider Na2O to be the fac-
tor that influences the behaviour of the 
mortar. The content of C3A (Trical-
cium Aluminate), we remember that 
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its presence is also essential since the 
more significant the quantity of this 
compound, the mortar will have a fast-
er and more powerful initial setting. 

3.2 Methylene Blue Value (MBV)
AASHTO Method: The equivalence 

in determining clay content was vali-
dated with the Methylene Blue Value 
(MBV) Method of the following five 
grains of sand, according to AASHTO 
TP 57-2000 [12]. Results shown in Ta-
ble 4 and Figure 1.

Figure 1: Images with the Watman Filter Papers, 
given to calculate the Methylene Blue Value (AASHTO):
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ASTM Method: The equivalence in 
determining clay content was validated 
with the Methylene Blue Value (MBV) 
Method of the following five sands, ac-
cording to ASTM C03 - 2003 [13]. The 
results are shown in Table 5 and Figure 
2. As a source of additional informa-
tion, it is noted that by comparing these 
two tables (designed with two different 
methods), it was possible to analyse, 
for the last time, the five available are-
nas in a more detailed way, results that 
served for a correct final choice of the 
three sands.

3.3 Mortar Design and Mini 
Slump Testing

In each case, the diameter of the 
mortar is measured once the metal cyl-
inder is lifted for five different dosages 
and five different moments; the table 
with the results obtained and a Diam-
eter vs Time graph are presented for 
each particular case. In addition, three 
graphs are presented, which show how 
the diameter of the mortar varies as 
the dosage of each additive increases, 
taking as a reference the initial instant 
(at 7min); additionally, tabulations are 
presented to see what the dosages of ad-
ditive necessary, to obtain specific ge-

neric diameters; which has as its goal, 
provide a more significant amount of 
data, which can be used in the future, 
for new research.
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3.3.1 Percentage of fines that pass 
the #200 mesh: Table 3 shows the clas-
sification of the five sands chosen, ac-

cording to the % of penalties that pass 
the #200 mesh that was found

Figure 2: Images with the Watman Filter Papers, 
used to calculate the Methylene Blue Value (ASTM):
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5.1.2 Classification of sands, ac-
cording to the Fineness Module: Ta-
ble 2 shows the classification of the five 
sands chosen according to the fineness 
modulus (FM) found. 

Table 1: C
lassification of sands, according to the natural m

oisture found

O
rigin of the Sand

Sam
ple 1

Sam
ple 2

Sam
ple 3

Sam
ple 4

Sam
ple 5

Sam
ple 6

 Average
)%

(

 Sand R
ating

 A
pproxim

ate H
um

idity(
)R

ange
C

oarse
11.84

11.42
11.55

11.67
11.36

11.29
11.522

H
 < 12%

%
 < 10%

U
tility

6.16
6.15

6.27
6.22

6.24
6.18

6.203
H

 < 6.5%
%

 < 5.5%

R
iver 

5.16
5.49

4.56
4.96

N
A

N
A

5.043
H

 < 5.5%
%

 < 4.5%

Pit
1.67

1.69
1.73

1.71
1.65

1.67
1.687

H
 < 2.5%

%
 < 1.5%

C
oncrete

0.9
0.92

0.84
0.96

N
A

N
A

0.905
H

 < 1.5%
%

 < 0.5%

Table 2: C
lassification of the sands, according to their fineness m

odulus
 O

rigin of
the Sand

 Sam
ple

1
 Sam

ple
2

 Sam
ple

3
 Sam

ple
4

 Sam
ple

5
 Sam

ple
6

Aver-
age

Sand C
lassification

C
oarse

3.03
3.06

3.04
3.09

**
**

3.06
 M

edium
Sand

FM
< 3.1 < 2.4

U
tility

3.22
3.19

3.17
3.16

**
**

3.19
 C

oarse
Sand

FM
 < 3.1

R
iver

3.52
3.49

3.49
3.52

**
**

3.51
 C

oarse
Sand

FM
 < 3.1

Pit
3.82

3.82
3.87

3.9
**

**
3.85

 C
oarse

Sand
FM

 < 3.1

C
oncrete

3.82
3.91

3.76
3.89

3.85
3.94

3.86
 C

oarse
Sand

FM
 < 3.1
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3.3.2 Mortar cubes design and 
strength test: With Naphthalenesul-
fonate Technology Additive (Addi-
tive 1)

Table 5: C
lassification of sands, according to the A

STM
 M

ethod, to find the M
B

V
 O

rigin of the
Sand

Sam
ple 1

Sam
ple 2

 Average
)%

(
Sand R

ating

U
tility

1088
**

1088
Tolerable clay content

C
lay C

ontent < 1.2%
 < 0.6%

 Pit
0.576

**
0.576

Excellent low
 clay content

C
lay content < 0.6%

C
oarse

0.768
**

0.768
Tolerable clay content

C
lay C

ontent < 1.2%
 < 0.6%

R
iver

0.833
**

0.833
Tolerable clay content

C
lay C

ontent < 1.2%
 < 0.6%

C
oncrete

1344
**

1344
Possible failure due to clay content

C
lay C

ontent < 2%
 < 1.2%

Table 6: M
ortar w

ith M
inim

um
 D

osage - A
fter 7 days 

and M
axim

um
 D

osage - A
fter 7 days of curing of the M

ortar C
ube - A

dditive 1

 
M

inim
um

 D
osage - A

fter 7 days 
M

axim
um

 D
osage - A

fter 7 days

Type of Sand
 C

em
ent

Type O
PC

 C
em

ent
Type PPC

 C
em

ent
Type PLC

 C
em

ent
Type O

PC
 C

em
ent

Type PPC
 C

em
ent Type
PLC

Type of Sand
252.54

243.09
237.33

261.67
254.99

247.16

Pit Sand
247.76

240.39
233.43

253.85
243.27

237.52

R
iver Sand

241.21
237.27

225.86
249.78

239.35
228.82
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5.2.3.2. With Polycarboxylate 
Technology Additive (Additive 2)
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Table 9: M
ortar w

ith M
inim

um
 D

osage - A
fter 28 days 

and M
axim

um
 D

osage - A
fter 28 days of curing of the M

ortar C
ube - A

dditive 2
 

M
inim

um
 D

osage - A
fter 28 days 

M
axim

um
 D

osage - A
fter 28 days

 Type of
Sand

 C
em

ent Type
O

PC
 C

em
ent Type
PPC

 C
em

ent Type
PLC

 C
em

ent Type
O

PC
 C

em
ent Type
PPC

 C
em

ent Type
PLC

 Type of
Sand

339.04
347.27

360.77
353.09

364.27
373.81

Pit Sand
333.47

343.41
353.94

339.31
347.53

362.64

R
iver Sand

322.66
338.96

344.59
326.89

341.93
356.83

3.4 With Lignosulfonate Technol-
ogy Additive (Additive 3)

Table 10: M
ortar w

ith M
inim

um
 D

osage - A
fter 7 days 

and M
axim

um
 D

osage - A
fter 7 days of curing of the M

ortar C
ube - A

dditive 3

 
M

inim
um

 D
osage - A

fter 7 days 
M

axim
um

 D
osage - A

fter 7 days

Type of Sand
 C

em
ent Type
O

PC
 C

em
ent Type
PPC

 C
em

ent Type
PLC

 C
em

ent Type
O

PC
 C

em
ent Type
PPC

 C
em

ent Type
PLC

Type of Sand
233.73

229.59
221.28

236.17
232.05

225.33

Pit Sand
227.91

222.84
214.29

231.39
226.14

220.58

R
iver Sand

219.63
215.93

210.64
223.48

218.73
215.06
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4. DISCUSSION  
Moisture Content: Here, the clas-

sification of sands is analysed accord-
ing to the natural moisture found. Re-
member that the results shown in Table 
1, referring to the moisture content, are 
for reference since these will depend 
on the environmental conditions in 
which the sand was taken. The study 
was carried out to eliminate the natu-
ral moisture variable; it sought to bring 
all the sands to a natural moisture of 
91%. Therefore, to improve the con-
trol of the mortar design process, all 
the sands were brought to a humidity 
between 8% and 10% to try to homo-
genise these five sands as much as pos-
sible before mixing them.

The Fineness Modulus (F.M.): 
The results shown in Table 2 show us 
that the Utility and Coarse Sands are 
the coarsest since they present an F.M. 
of 3.86 and 3.85, respectively; this is 
a value much higher than that recom-
mended by the standard (3.10) and is 
even higher than the maximum limit 
allowed for use as construction sand 
(3.45). The Pit and River sands have 
a value of 3.50 and 3.19, respectively, 
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which could be considered within the 
range of the maximum permitted limit. 
Still, they are coarse sands compared 
to those used in construction. Final-
ly, the Concrete sand, with an M.F. 
of 3.05, could be considered the only 
one among the five sands which is not 
coarse but intermediate (M.F. between 
2.40 and 3.10), so a priori, one could 
think that it is an ideal sand for con-
struction; but this would have to be 
verified with other physical and even 
chemical tests, which could show a 
more detailed and revealing picture.

The percentage of fines that pass 
the 200-Mesh: The results shown in 
Table 3 show that the Utility and Pit 
sands are those that present the low-
est amount of fines since they present 
a % Passing the 200 Mesh of 2.48% 
and 3.41%, respectively; this is a value 
much lower than that recommended by 
the standard (6.00%) and is even low-
er than the maximum limit allowed for 
use as construction sand (4.50%). The 
Coarse and River sands present a val-
ue of 4.41% and 5.33%, respectively, 
which could be considered within the 
range of the limit recommended by 
the standard. Still, they already seem 

to have very high fines compared to 
those used in construction. Finally, the 
Concrete sand, with a %Pass the # 200 
mesh of 6.89%, could be considered 
the only one among the five sands pre-
senting a confirmed excessive quantity 
of fines. Still, again, this would have 
to be verified with the other physical 
and chemical tests and even with sub-
sequent mechanical tests on the mortar 
cubes, which will show a more accu-
rate picture.

Analysis of the chosen Indian ce-
ment: Analysing the properties of all 
the cement described above and com-
paring their physical-chemical charac-
teristics, the following three types of 
cement were chosen a priori to design 
the mortars because they have the most 
differentiated features (they are at the 
extremes of the characteristics of dif-
ferent properties, such as, for example, 
regarding the alkali content, pozzolan 
content, resistance to sulphates, etc.). 
Still, the parameter on which the choice 
of the cement that is the subject of this 
study was the alkali content since it is 
a factor whose content dramatically 
influences the behaviour of the future 
mortar designed with this cement. For 
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example, cement with high alkali con-
tents will result in mortars with great-
er plasticising sensitivity, and cement 
with low alkali contents will result in 
mortars with more excellent resistance 
to fluidisation [15]. Three types of ce-
ment were chosen: Portland Pozzolana 
Cement (PPC) (with a relative alkali 
content equal to 1.44), Type V cement 
(with a relative alkali content equal to 
0.48), and finally Ordinary Portland 
Cement (OPC) (with a relative alkali 
content equal to 0.80), necessary be-
cause being an intermediate cement in 
alkali content, it can be used to make 
a comparative analysis between the 
three cements.

Remember that cement particles are 
refined grains of irregular shapes with 
positive and negative charges, which 
are located within the layers of crystal 
that are being formed; so, when ce-
ment is mixed with water, the cement 
particles flocculate due to the electro-
static attraction between its particles 
with positive and negative charges; it 
is worth remembering that within the 
flocculated particles of hydrated ce-
ment, there are voids that trap part of 
the mixing water.

At this point, it is essential to make 
a pertinent clarification about the con-
tent of “alkalis” in cement; chemical 
analysis usually reports the content of 
alkalis as the sum of Na2O and K2O; 
however, as previously analysed, many 
alkalis come in the form of Na2SO4 and 
K2SO4; and it is with this structure that 
the alkalis can be quantified in their 
majority since this analysis gives us 
an excellent reference to know how 
much efficiency there will be in the 
cement-additive union; As mentioned 
above, cement with a low alkali content 
(also called cement with a low sulphate 
content) will have a high consumption 
of superplasticiser, but it will be un-
necessarily lost in the co-precipitation 
zone. For this reason, at the same ad-
ditive dose, cement with a high alkali 
content will provide better fluidity and 
workability results; this is because less 
additive will be lost within the co-pre-
cipitation zone (however, as explained 
later, a high alkali content will also 
cause mortars designed with this ce-
ment to accelerate their strength gain, 
so much so that at 7 days, mixtures de-
signed with high alkalis have the high-
est strength, and at 28 days they have 



363 مـجـلـــة الــدراســات التربــويـــة والعلــمــيــة - كـلــيــة التـربـــيــة - الجـامـعـــة العــراقــيــة
الـعدد الـسـابــع والعشـرون - الـمـجـلـد الـعـاشــر - عـلــوم الـكـيـمـيـاء - نـيـسـان 2026 م

the lowest).
Alkalis are also closely related to 

the reactivity of cement. A cement with 
a high alkali content has less chemi-
cal reactivity and vice versa (because 
the alkalis internally balance the ion-
ic zones of the cement, and it is also 
for this reason that all cement is bare 
in nature). Thus, the more reactive 
the cement, the greater the amount of 
additive it will absorb unnecessarily, 
decreasing its fluidising power in the 
long term and preventing the mixture 
from continuing to disperse over time, 
reaching the setting faster.

However, it should be noted that 
these effects are much more noticeable 
in superplasticisers with an electrical 
nature (Naphthalene and Lignosul-
fonates) and not in those with a ste-
ric nature, such as Polycarboxylates, 
where there was practically no differ-
ence when mixing the additive with all 
types of cement (with low and high al-
kali contents); this perhaps due to its 
nature, which does not involve many 
electrostatic ionic forces, which are the 
primary source of action of alkalis; For 
the same reason and consequently, it is 
assumed that there would not be a sig-

nificant change when adding this type 
of additive, directly or delayed, to the 
mixture (unlike other kinds of super-
plasticisers, where it is assumed that 
there will be a relatively significant 
impact).

According to Rao, et al [14], the flu-
idity of the cement paste shows a good 
correlation with the slump of the con-
crete; therefore, in this case, the slump 
of the concrete can be considered to de-
termine the fluidity of the paste. At this 
point, it is worth clarifying that obtain-
ing a good performance in a paste, with 
a specific dosage, does not imply that 
the same good performance will be ob-
tained in a mortar or in the same con-
crete designed with the same character-
istics (this is because the chemical and 
physical properties of the aggregates 
can affect the rheological behaviour of 
the mortar and the concrete); However, 
the opposite is true, that is, if a poor-
ly designed paste is obtained, with an 
incorrect dosage, the mortar designed 
with that dosage, and the subsequent 
concrete that may also be created, will 
also have poor rheological behaviour.

Below is the role played by each ce-
ment component in the rheological be-
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haviour of the different types of pastes, 
mortars and concretes.
•	 C3A content in cement is high, and 

the availability of sulphate is low; 
mortars with or without additives 
experience high fluidity loss ratios; 
this is why cement containing mod-
erate to high C3A (>9%) shows in-
creases in fluidity losses compared 
to reference control mortar; how-
ever, to show one of the benefits of 
C3A, we can state that when there 
is less C3A available in the mix, su-
perplasticisers tend to adsorb high 
amounts of C3S and C2S, resulting 
in a reduction in the future strength 
development of the mortar; despite 
this, many special Portland cement 
is currently used, which contain less 
than 10% aluminates in their inter-
stitial phase (on average, 3.6% C3A 
and 6.9% C4AF.

•	 There is an excellent interaction 
of the calcium cation Ca+2 with the 
additives, especially in the internal 
structure of Naphthalenesulfonate, 
without having a significant influ-
ence on the technologies of the other 
two types of additives; however, it 
has been reported that adding small 

amounts of diluted sodium sulphate 
(Na2SO4) (0.2%) to the additive, 
this additive became much more ef-
fective, interacting with all types of 
cement, even with cement with low 
alkali content; achieving an even 
greater fluidity than that achieved 
by mixing cement with a high alkali 
content, with an additive without so-
dium sulphate [16]. It was found that 
the presence of this type of additive 
can decrease the consumption of the 
additive (it reduces the absorption of 
the additive by the cement), achiev-
ing an improvement in workability 
since there is a freer additive in the 
liquid interface, active to continue 
acting, keeping the paste or mortar 
fluid. Similar results were found in 
the literature [14-17], indicating that 
the Lignosulfonates (LS) form com-
plex salts with Ca+2 more quickly 
than Naphthalenesulfonates. 

•	 Alkalis in cement are essential to ac-
celerate the hydration of C3S; how-
ever, an excess of alkalis could also 
cause adverse effects, one of them 
being the existence of secondary re-
actions that will form alkali aggre-
gates.
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•	 The problem with cement with low 
alkali contents can be compensated 
by adding an optimal content of sol-
uble alkalis, mainly as metasilicate 
or in some other sulphated form. It 
was found that maximum fluidity 
can be obtained with a content of 0.4 
to 0.5% of soluble alkali. At the same 
time, the long-term loss of workabil-
ity of the concrete can be reduced by 
optimising its efficiency [18]. 

•	 Regarding cement fineness, it is well 
known that the finer the cement, the 
larger the specific surface area, and 
consequently, the water demand to 
obtain certain workability will be 
higher. Obviously, and as will be 
analysed later, the dosage and type 
of additive have the most significant 
effects on the cement and, therefore, 
on the rheological behaviour of the 
mixture. In addition, it is also known 
that almost all superplasticisers in-
crease the duration of the inactivity 
period and slow down the cement 
hydration process. This process oc-
curs mainly because high-range 
superplasticisers slow down the 
dissolution of Ca+2 and inhibit the 
crystallisation of Ettringite (which is 

what allows the initial setting). 
•	 Regarding the temperature factor, 

it was found that cements contain-
ing low C3A content (or low C3A/
SO3 ratio) were more sensitive to 
temperature variation in fluidity re-
tention. Comparing with the char-
acteristics of cement with high C3A 
content (or high C3A/SO3 ratio) and 
in the opposite sense, cement with 
high equivalent alkali contents gen-
erated mixtures whose fluidity was 
more sensitive to temperature vari-
ations, this concerning mortars with 
low alkali contents. Also, similar in-
vestigations [22] show that the SO3 
content in cement clinker is highly 
correlated with the content of sol-
uble alkalis, and it can also be de-
duced that the SO3 content in clin-
ker is mainly derived from solid and 
soluble alcohols; it also seems to be 
noted that during the first 30 minutes 
of mixing, the soluble alkalis dis-
solved almost wholly, for w/c ratios 
of approximately 0.50; so it can be 
assumed that up to this point, only 
some of the cement has been hydrat-
ed; To achieve a very high dissolu-
tion rate, the sulphate alkalis have 
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to be preferably as fine as possible, 
so that the chemical reactions pref-
erentially occur on the surface of the 
cement particles (the rheological re-
sults corroborate these interactions).
This analysis of cement and su-

perplasticiser interactions at ambient 
temperatures is the basis of rheology. 
It will help to understand the implica-
tions of the chemical composition of 
each phase in cementitious systems 
[19].  
)Methylene Blue Value (MBV 4.1

AASHTO Method: The results 
shown in Table 4 show that Concrete 
and River sands are those with the 
highest clay content since they have 
an MBV of 10.00 mg/g and 8.50 mg/g, 
respectively; this is a value much high-
er than that recommended by the stan-
dard, to have an excellent low clay 
content (6.00 mg/g), but it is lower 
than the maximum limit allowed, to be 
used as sand for construction (12.00 
mg/g). The Coarse and Utility sands 
present an MBV of 7.75 mg/g and 7.50 
mg/g, respectively, which could also 
be considered within the range of the 
maximum permitted limit. Still, they 
even present a lower amount of clay 

than the previous ones, although they 
need to reach the value of the excellent 
low content. Finally, the Pit sand, with 
an MBV of 5.75 mg/g, could be con-
sidered as the only one among the five 
sands which presents an excellent low 
clay content (less than 6.00 mg/g), so a 
priori, one could think that it is an ide-
al sand for construction; but as with all 
approximate results, this would have to 
be verified with the other tests, which 
will show a more detailed picture, such 
as the physical and mechanical tests.

ASTM Method: The results report-
ed in Table 5 show that the Concrete 
and Utility sands are those with the 
highest clay content since they have an 
MBV of 1.344% and 1.088% respec-
tively; this is a value much higher than 
that recommended by the standard, 
to have an excellent low clay content 
(0.6%); and in the case of the Concrete 
sand, its value is even higher than the 
tolerable limit of clay content (1.2%), 
which would prove its excessive con-
tent of fines, present in its structure. 
However, in the case of utility sand, its 
MBV is lower than the tolerable lim-
it allowed to be used as sand for con-
struction (1.2%). The River and Coarse 
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sands present an MBV of 0.833% and 
0.768%, respectively, so they could 
also be considered within the range 
of the permitted tolerable limit. Still, 
they present fewer clays than the Util-
ity sand, although this value cannot be 
regarded as low content.

Finally, the Pit sand, with an MBV 
of 0.576%, could again be considered 
as the only one among the five sands 
which presents an excellent low clay 
content (less than 0.6%), so a priori, 
it could be thought again that it is an 
ideal sand for construction; but as in 
the previous case, being an approxi-
mate result, this would have to be ver-
ified with the other tests that will show 
a more detailed picture, such as the 
physical and mechanical tests, which 
will reinforce the results.

Finally, from both tests, comparing 
their results, the following three sands 
have been chosen a priori for having 
the most differentiated characteristics 
(they are at the ends of the table):
- Concrete Sand (It has, on average, 

the highest methylene blue value 
(MBV), which means that this sand 
has the highest amount of clay com-
pared to the other 4).

- River Sand (It has, on average, an 
intermediate MBV value, which 
means that this sand has an interme-
diate amount of clay compared to 
the other 4).

- Pit Sand (It has, on average, the low-
est methylene blue value (MBV), 
which means that this sand has the 
lowest amount of clay compared to 
the other 4).
4.2 Mortar and Mini Slump De-

sign
Below is an analysis of all possible 

combinations of additives, cement and 
sand: 3 types of additives*5 additive 
dosages*3 types of cement*3 types of 
sand *2 samples for each combination; 
this makes a total of 270 kinds of mor-
tars with different designs, which were 
analysed immediately after their prepa-
ration, to measure their fluidity and 
see their initial plasticity; subsequent-
ly, measurements were taken after 30, 
60, 90 and 120 minutes, to verify how 
much they can delay their setting, that 
is, it was observed how long they could 
maintain their fluidity and manageabil-
ity.

- A loss of fluidity (plasticising pow-
er) can be observed, depending on the 
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additive content; the more significant 
the additive volume, the more fluid the 
mortar will be.

- A loss of fluidity (plasticising pow-
er) can also be observed, depending on 
the type of additive; that is, depend-
ing on the additive technology (Lig-
nosulfonate, Naphthalenesulfonate or 
Polycarboxylate), the mortar will have 
greater or lesser fluidity, both in the 
short and long term.

- It can be observed preliminari-
ly, from the tables shown above (with 
simple inspection), that the most potent 
additive, at least initially (at 7 min), is 
additive with Naphthalenesulfonate 
technology because it has the most ex-
cellent plasticising power in the short 
term.

- In addition, it can be observed pre-
liminarily, from the tables shown above 
(with simple inspection) , that the ad-
ditive that appears to be the most dura-
ble with Polycarboxylate technology, 
as it maintains its plasticising power 
for a longer time.

- It can also be observed prelimi-
narily, from the tables shown above 
(by simple inspection), that the addi-
tive that appears to be the least pow-

erful and the least durable is the addi-
tive with Lignosulfonate technology, 
as it has the lowest plasticising power; 
however, it is also observed that the be-
haviour of this additive is the one that 
varies the most, depending on the type 
of cement and sand used.

4.3 Mortar cubes design and 
strength test

After designing the cubes, they 
were broken by compression at 7 and 
28 days, obtaining the results that were 
shown in Table 6 to Table 11; and now 
we will analyse how the additive be-
haved inside the mortar (according to 
the characteristics of each cement and 
sand); but no longer in its plastic state, 
but in its final state (after setting and 
hardening), so the strength that each 
mortar cube reaches has been mea-
sured.

Regarding the content or dosage of 
the Additives: At this point, as expect-
ed, the strength at both 7 and 28 days 
increased when the additive dose was 
increased (for all types of cement and 
sand), although only slightly. However, 
it was noted that this slight increase is 
seen with greater intensity in the poly-
carboxylates at 28 days (which can be 
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explained by analysing the nature of 
this additive, which has a late action 
tendency; and that is why, precisely at 
28 days, its effect will be seen, in terms 
of increasing resistance, in a more no-
ticeable way).

Regarding the type of Additive: 
From the tables indicated above, it can 
be observed that the additive based on 
Naphthalenesulfonate is the one that 
presents more excellent resistance at 7 
days (for all types of sand and cement), 
followed by the additive based on Poly-
carboxylate, and finally by the additive 
based on Lignosulfonate; However, 
this trend seems to be reversed when 
the analysis is done at 28 days, where 
the Polycarboxylate is the one that ob-
tains the highest resistances, followed 
by the Naphthalenesulfonate, always 
leaving the mortars with Lignosulfon-
ate at last (The explanation could be 
similar to the one given in the previous 
analysis, that is, due to the late effect 
of the additives based on Polycarbox-
ylate, and the weaker effect that the 
Lignosulfonate additives have).

Regarding the time of the test: 
At this point, it was observed without 
exception, that in all cases at 28 days, 

there was an increase in the resistance in 
all the cement-sand-additive combina-
tions; however, according to what has 
explained above, this increase varies 
according to each combination, reach-
ing the mortars to obtain at 7 days, resis-
tances of between 60 and 80% for the 
final resistances at 28 days; although in 
this case, the increase in resistance de-
pends to a greater extent on the type of 
cement and sand; since even in mortars 
without additives, similar percentages 
of early resistance are observed (which 
is generally around 70%).

Regarding the type of sand: Ob-
serving the tables already indicated, 
it can be stated that in most cases, the 
mortars designed with coarser sands 
obtained more excellent resistance, 
both at 7 and 28 days, regardless of the 
type of cement and additive (this is due 
to the significant damage that the fine 
sands do, especially the clays, in the 
future crystallisation and setting of the 
mortar).

That is why the Pit sand is the one 
that obtains more excellent resistance 
at 7 and 28 days, followed by the River 
sand, and finally by the Concrete sand 
(the finest sand) since even if the best 
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additive in the world is used, with the 
best type of cement; The clay quantity 
factor causes the mortar cube to have 
more significant imperfections, such as 
the presence of fissures, the presence 
of a more substantial number of inter-
nal and external pores (more permeable 
cube), etc., which weakens the cube, 
significantly reducing its resistance.

Regarding the type of cement: Fi-
nally, on the kind of cement, it can be 
stated by observing the tables specified 
initially that the cement with a lower 
amount of alkalis and C3A generated 
mortars with more excellent resistance, 
especially at 28 days, but this trend 
was opposite at 7 days; this is because 
a higher alkali content will develop a 
more excellent absorption of the ad-
ditive at early ages (especially in the 
case of additives with Naphthalenesul-
fonate technology, since essentially, 
alkalis are chemical compounds based 
on sulphates and a more significant in-
teraction is generated with them, even 
concerning Lignosulfonates).

Additionally, a higher C3A content 
generates early hydration of the ce-
ment, which produces a rapid gain in 
resistance, but which then becomes 

balanced until at 28 days, all the C3A 
has been consumed; instead, cements 
with a lower amount of this compound 
(but with a higher number of other 
components) will generate mortars 
with higher resistance (called “late” by 
some research), both at 28 days and at 
later dates.

That is why, at 7 days, the PPC is 
the one that presented the highest com-
pressive strength, followed by the Or-
dinary Portland Cement (OPC), and 
then by the type V cement, although as 
explained above, this trend changes at 
28 days; always leaving the Ordinary 
Portland Cement (OPC) (which is the 
most commonly used) in the inter-
mediate zone, and now obtaining the 
highest resistance the Type V cement, 
which is why it is widely known as the 
“strongest” cement in the Indian mar-
ket; noting that, in contrast to the case 
of PPC, the additive that improves the 
mortar behaviour the most is the ad-
ditive in the form of Polycarboxylate 
(as the scarcity of alkalis in this type 
of cement positively influences the be-
haviour of this type of additive, which 
does not have sulphates in its struc-
ture).
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All this final analysis was support-
ed by multiple investigations related to 
this section, especially by Ramezanan-
por et al., who analysed in detail the 
effect that superplasticisers have on the 
future compressive strengths of cemen-
titious mixtures [20]. In the following 
chapter, conclusions and recommenda-
tions of great importance will be pro-
vided, and perspectives on future top-
ics that could be investigated will be 
shared.

5. Conclusions
Based on all the results obtained, the 

following conclusions are drawn, rang-
ing from immediate to others requiring 
a higher level of analysis.
•	 From the current analysis results, a 

relationship between the intensity of 
fluidity (plasticising power) was ob-
served, and the greater the volume 
of additive, the greater the fluidity of 
the mortar, and the additive content 
was observed. Order of the three ad-
ditives found as additive 01<additive 
02<additive 03.

•	 the gradient of fall will depend on the 
type of additive; that is, depending on 
the technology of each additive, the 

mortars will have a greater or lesser 
loss of fluidity.

•	 it can also be observed from the re-
sults that the most durable additive 
is additive 02, which maintains its 
plasticising power for a longer time, 
from which it can be concluded that 
this additive is the one that holds the 
most significant reserves in the aque-
ous interfaces of the mortars.

•	 on average, the least powerful and 
least durable additive is additive 3, 
which has the lowest plasticising 
power. 

•	 the behaviour of additives is the most 
variable since it is very dependent on 
the type of cement and sand.

•	 the clay content in the sand dramati-
cally influences the behaviour of the 
mortar since the finer the sand, the 
greater the amount of water it ab-
sorbs, and it generates drier mortars 
(working with the same humidity. 

•	 From a chemical point of view, it can 
be concluded that when the sand is 
very fine (its particles almost reach-
ing the limit size, close to that of 
clays), it has a larger surface area and 
can more easily attract the particles 
to the additive, generating a sand-ad-
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ditive interaction (which does not 
improve plasticity); avoiding the ce-
ment-additive interaction, which will 
subsequently decrease the plastici-
ty of the mortar, since it is precise-
ly this interaction that generates the 
increase in fluidity and workability.

•	 Regarding the variation in the type of 
cement in mortars, it can be conclud-
ed that the more alkali and tricalcium 
aluminate (C3A) the cement has, the 
drier mortars will be obtained in the 
long term since the alkalis and C3A 
will cause good absorption of water 
on the surface and a faster setting (at 
two hours); except for the mixtures 
with Concrete sand, where it seems 
that the mortars acquire additional 
fluidity, due to the chemical char-
acteristics of each constituent ele-
ment; and also after 7 and 28 days, 
the mortars designed with these ce-
ment will obtain the lowest compres-
sive strengths, compared to the other 
mortars.

•	 Although a higher content of alkalis 
and C3A generates greater initial flu-
idity and workability.
Finally, regarding the mechanical 

properties that the mortars will gain af-

ter 7 and 28 days, we can conclude that 
even observed in the corresponding ta-
bles, the incorporation of plasticisers 
or superplasticisers does not signifi-
cantly affect the mechanical resistance 
of the mortar (as long as the water-ce-
ment ratio is maintained); according to 
Barabanshchikov et al [21], the essen-
tial mechanical benefit will lie in the 
improvement of the impermeability, 
and in the consequent increase in dura-
bility, of the mortar or equivalent con-
crete, in the long term.
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