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ABSTRACT: The choice of a superplasticiser (SP) for concrete is of great complexity, as it is well known that 

properties of the end product are related to admixture and its compatibility with concrete components. Very few 

studies have been conducted on the compatibility between SPs and the sand of mortars and concretes, however. 

Practical experience has shown that sand fineness and mineralogical composition affect water demand and 

admixture consumption. Clay-containing sand has been found also to adsorb SPs, reducing the amount avail-

able in solution for adsorption by the cement. This study analysed the isotherms for PCE and BNS superplasti-

ciser adsorption on four sands with different fineness and compositions commonly used to prepare mortars and 

concretes. BNS-based SP did not adsorb on sands, while PCE-based admixtures exhibited variable adsorption 

depending on different factors. The adsorption curves obtained revealed that the higher the sand fineness, the 

finer the particle size distribution and the higher the clay material, the greater was PCE admixture adsorption/

consumption.
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RESUMEN: Adsorción de aditivos PCE y BNS en arenas con diferente composición y distribución de tamaño de 

partículas. La elección de un superplastificante (SP) para el hormigón es un proceso complejo, ya que las propie-

dades del producto final se relacionan con la naturaleza del aditivo y su compatibilidad con los componentes 

del hormigón. Sin embargo hay pocos estudios sobre la compatibilidad entre los SPs y arenas utilizadas en 

morteros y hormigones. En la práctica se ha demostrado que la finura y la composición mineralógica de la arena 

afectan a la demanda de agua y al consumo de SPs. Las arcillas que pueden encontrarse en las arenas pueden 

también adsorber aditivos, reduciendo la cantidad disponible en solución para la adsorción por el cemento. Se 

han analizado las isotermas de adsorción para SPs de tipo PCE y BNS en cuatro arenas de diferente finura y 

composicion comúnmente utilizado para preparar morteros y hormigones. El aditivo BNS no se adsorbe en 

las arenas, mientras que los PCE mostraron adsorción variable. Las curvas de adsorción revelaron que cuanto 

mayor es la finura de arena, menor la distribución del tamaño de partícula y mayor el contenido de arcilla mayor 

era adsorción/intercalación de aditivos PCE en las arenas.
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1. INTRODUCTION

The use of superplasticisers (SPs) is known 
to have favoured concrete technological develop-
ment, although practical experience has shown that 
admixtures do not always have the fluidising effect 
expected, often due to incompatibility between the 
SP and the concrete components (1-3). Admixture-
related factors such as formulation and structure, 
molecular weight, charge density and ether chain 
length, together with cement characteristics such as 
C3A, sulfate and alkali content, fineness, the pres-
ence of additions and mineralogical composition, 
are known to impact compatibility (4-13).

Concrete manufacture involves other compo-
nents, however, including sand (fine aggregate) and 
coarse aggregate, whose fineness and composition 
also determine the properties of the end product 
(14, 15). Concrete performance as well as its water 
and admixture demand vary with the nature and 
particle size composition of the aggregate (14, 
16–18). The presence of clay in sand, for instance, 
has been shown to reduce superplasticiser effec-
tiveness due to admixture intercalation by the clay 
(1, 19), a development that depends on the type of 
admixture and the nature of the clay and its cation 
exchange capacity (20–22). Naphthalene derivative-
based admixtures (BNS) appear to be more resistant 
or less susceptible to interlayering in the clay than 
their Polycarboxylate ether admixtures (PCE) coun-
terparts (1, 23, 24). Only surface adsorption takes 
place in naphthalene admixtures, whereas PCEs are 
chemisorbed and intercalated in the clay in a process 
essentially involving their PEO side chains (20, 25). 
A number of new PCE formulations (with hydroxy 
alkyl side chains) without PEO lateral chains, have 
proven to be less prone to clay intercalation (25, 26).

The clay with the most adverse effect on PCE 
fluidising behaviour is montmorillonite, followed 
by kaolinite and muscovite in that order (20, 27). 
Moreover, the interaction of admixtures with mont-
morillonite depends on the charge compensation 
cations in their structure (Na

+
, Mg

2+
 or Ca

2+
). Ait-

Akbour et al. (21) showed that polycarboxylate 
poly(ethylene glycol) (PCP) esters admixtures were 
interlayered in the presence of Na

+
, adsorbed on the 

surface in the presence of Ca
2+

 and interlayered and 
adsorbed both in the presence of Mg

2+
.

Some authors (28, 29), studying the effect of 
sand particle size distribution on the water demand 
and fluidity of concrete, observed that the demand 
for admixture rose when the sand used had higher 
proportions of fines. Nonetheless, very few studies 
have broached the overall interaction between dif-
ferent types of sands and superplasticisers, focus-
ing particularly on admixture adsorption. This 
study consequently explored the adsorption of 
two types of superplasticisers (PCE and BNS) on 
sands commonly used in concrete manufacture but 

differing in composition, surface area and particle 
size distribution.

2. EXPERIMENTAL

2.1. Solid materials

Four sands with different compositions, labelled 
A, B, C and D, and cement CEM I 52,5R (CEM I) 
were used in this study.

2.1.1. Chemical analyses

The chemical composition of the sands and the 
cement was determined on a PHILIPS PW-1004 
X-ray fluore  scence (XRF) spectrophotometer. Loss 
on ignition was found as specified in the applicable 
standard (30). The findings are given in Table 1.

2.1.2. Mineralogical analysis

The sands were characterised for mineralogy on a 
Bruker AXS D8 Advance X-ray diffractometer and 
the results were quantified using the Rietveld method. 
In addition, infrared spectra were recorded for all the 
samples in KBr-compressed wafers on a Nicolet 6700 
Fourier transform infrared spectroscope. The X-ray 
diffractograms and FTIR spectra for the sands are 
reproduced in Figures 1 and 2, respectively.

The diffractograms showed, firstly, that 
whereas the minerals comprising sands A and 
B were nearly entirely crystalline, sands C and 
D exhibited a halo (larger in sand D), indicative 
of  the presence of  amorphous material. Quartz 
was the main crystalline phase in sand A, which 

TABLE 1. Chemical composition (wt%) of the sands and 
cement studied

Oxide Sand A Sand B Sand C Sand D CEM I

SiO2 96.80 89.27 76.20 65.73 18.90

Al2O3 1.51 5.41 12.90 15.20 4.41

K2O 0.56 3.21 5.02 3.68 0.82

Na2O - 0.88 3.87 3.37 0.10

Fe2O3 0.43 0.20 0.72 3.58 3.91

CaO 0.10 0.13 0.41 3.55 63.22

MgO - - - 1.23 1.68

TiO2 - - - 0.56 0.25

P2O5 - - - 0.18 -

SO3 - - - - 3.30

Rb2O - - 0.06 - -

Mn2O3 < 0.1

Cr2O3 < 0.1

ZnO < 0.1

LoI 0.61 0.90 0.70 2.80 3.15

LoI: Loss on Ignition. 
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FIGURE 1. Diffractograms of the sands used. Legend: Q, quartz; M, microcline;  muscovite; K, kaolinite; A, albite; N, anorthite; 
R, rubidium silicoaluminate; C, Cordierite; L, Chlorite; T, Montmorillonite; X, phlogopite; P, NaTiH(PO4)2·H2O.

(c)

u
.a

.

14000

12000

10000

8000

6000

4000

2000

0

10

K
A

Q

Q

Q Q
QQ Q

Q

Q

A+M+R

A+M+R

N
AA A+M

20 30

2θ

40 50 60

40000(a)

Q

Q

Q Q
QQ Q

Q

QM

35000

30000

25000

u
.a

.

20000

15000

10000

5000

0
10 20 30

2θ

40 50 60

(b)

u
.a

.

30000

25000

20000

15000

10000

5000

10 20 30
2θ

Q

Q

Q Q
Q

Q

Q

Q
A

A+M

40 50 60

(d)

u
.a

.

12000

10000

8000

6000

4000

2000

10

L
LT

X
C

P AT T

Q

Q

Q
Q Q

Q
Q

A+M

A

AA
M

A+M
T+A

20 30

2θ

40 50 60

also contained traces of  microcline (KAlSi3O8). 
In addition to quartz and microcline, sand B 
had traces of  albite (NaAlSi3O8). Sand C com-
prised the aforementioned phases as well as 
anorthite (CaAl2Si2O8), a rubidium silicoalu-
minate (RbAlSiO4), muscovite (KAl2(AlSi3O10)
(OH)2) and kaolinite (Al2Si2O5•(OH)4), the lat-
ter two being characteristic of  the presence of 
clay. Sand D exhibited quartz, microcline, albite 
and was the only fine aggregate that contained 
NaTiH(PO4)2·H2O, phlogopite (KMg3(FeSi3O10)
(OH)2, cordierite ((Mg,Fe)2Al4Si5O18), chlorite 
(Mg,Fe)3(Si,Al)4O10 (OH)2·(Mg,Fe)3(OH)6 and 
montmorillonite (NaAl2Si5O14•xH2O) (31, 32).

The quantitative mineralogical composition of 
the sands yielded by Rietveld analysis is given in 
Table 2.

The FTIR spectrum for sand A exhibited char-
acteristic bands at around 1165, 1083 and 1004 cm

−1
 

induced by the asymmetrical Si-O vibrations in 
quartz, and a likewise characteristic double band at 
wave numbers 797 and 778 cm

−1
, along with bands at 

around 690 and 462 cm
−1

, also from quartz (30,32). 
These bands were clearly visible on the spectra for 
sands B, C and D as well. In addition, the spectra for 
sands A and B exhibited a signal centred at around 
669 cm

−1
 and a second in B only at 731 cm

−1
, both 

induced by Al-O bond asymmetrical stretching 

vibrations in the AlO4 groups present in microcline, 
albite or both. Lastly, the IR spectrum for sand A 
contained a band at 940 cm

−1
 attributable to the Al-O 

bond vibrations in microcline. In addition, overlap-
ping and fairly intense absorption bands at around 
1140, 1041 and 1012 cm

−1
, characteristic of T-O and 

Si-O-T (T=Si, Al) bond vibrations, were observed 
on the IR spectra for sands C and D. This, which 
could be attributed to the overlapping among the 
adsorption bands generated by the many mineralog-
ical phases present in the aggregate (such as quartz, 
microcline and albite), rendered the differentiation 
of each mineral’s specific frequencies difficult.

Lastly, the IR spectra for sands C and D exhib-
ited bands at around 536 and 518 cm

−1
 character-

istic of Si-O-Al bond vibrations, and at 428  cm
−1

, 
assigned to the Si-O bond in albite (31, 33, 34).

2.1.3. Physical and surface analysis

The moisture, water adsorption and density deter-
mined for each sand as specified in the applicable 
European standard are given in Table 3 (35). The table 
also lists the Blaine fineness for CEM I (425 m

2
/kg) 

and the BET specific surface for the sands determined 
on a Micromeritics TriStar 3000 analyser.

Sand particle size distribution as found by differ-
ential sieving is shown in Figure 3 and Table 4.
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TABLE 2. Quantitative mineralogical composition of 
sand (wt%)

Mineralogical phase A B C D

Quartz 98.3 66.1 28.7 20.4

Microcline 1.7 26.5 18.9 26.0

Albite - 7.4 35.9 33.5

Anorthite - - 8.3 -

Rubidium silicoaluminate - - 2.2 -

Muscovite - - 4.0 -

Kaolinite - - 1.9 -

Chlorite - - - 5.8

Phlogopite 13.3

NaTiH(PO4)2·H2O < 0.1

Cordierite < 0.1

Montmorillonite 0.8

TABLE 3. Physical characteristics of the sands studied

Sand A Sand B Sand C Sand D

Moisture (%) 0.07 0.04 1.89 4.56

Water absorption (%) 0.08 0.24 0.22 0.34

Density (g/L) 2.64 2.61 2.50 2.60

BET sp. surface (m
2
/g) 0.44 1.10 1.38 4.46

1165

1384

1140
1084 1012

1041

797
778

726

745 698

535

586

653

515

462
428

1400 1200 1000 800 600 400

wavenumber cm–1

1400 1200 1000 800 600 400

wavenumber cm–1

1383

1080

796

778

694

731

648

582

669

514

460

1400 1200 1000 800 600 400

wavenumber cm–1

1141

1087 1041

797 778

1017

727

608

587 518

695
646

430

462

1400 1200 1000 800 600 400

wavenumber cm–1

1083

1004

940

(a) (b)

(c) (d)

797 778

694

669

460

513

FIGURE 2. FTIR spectra for the sands studied.

2.2. Superplasticisers

Two superplasticisers were used: one based on 
polycarboxylate ethers (PCE) and the other on 
naphthalene (BNS). PCE admixture has a high 

side chain length and it is commonly used for pre-
cast concrete application. Their main physical and 
chemical characteristics are listed in Table 5. Their 
dry extracts were determined as European stan-
dard EN  480-8-1997 (36) and elemental analysis 
was conducted on a CHNS PERKIN ELMER 
2400 analyser.

2.3. Tests conducted

• Determination of PCE and BNS adsorption iso-
therm on CEM I and sand in suspension: 20 g 
of cement or 10 g of sand were mixed with 40 g 
of a water solution containing PCE or BNS and 
stirred for 30 minutes at 25 °C. The suspensions 
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were then ultra-centrifuged during 30 min at 
3000 rpm, and the liquid phase was poured off to 
determine the total organic carbon content. This 
analysis was conducted on a TOC Shimadzu 
CSH/CSN analyser fitted with an infrared detec-
tor and platinum catalyst and using synthetic air 
as the carrier gas. Admixture adsorption was 
taken to be the difference between the amount 
initially added to the mix and the amount mea-
sured in the liquid phase (10).

• Determination of PCE adsorption isotherm 
on different sand particle size fractions: the 
four fractions studied were: > 2000 μm, 2000-
500 μm, 500-125 μm and < 125 µm.

• Determination of PCE adsorption isotherm on 
10 g of sand in an cement pore solution prepa-
red as specified in the literature (37). The com-
position of the cement pore solution is given in 
Table 6

The plateau values for each adsorption curve were 
found by exponential fitting of the data, further to 
earlier research (38, 39).

• Determination of fluidity of cement mortars 
with PCE (0.2% weight of cement) and BNS 
admixtures (1.2% weight of cement). Cement 
mortars (prepared as UNE EN 196-1) (40) 
with and without admixtures with cement/sand 
ratio = 1 were prepared to ensure similar con-
sistency. Fluidity without and with admixtures 
were tested according with cone test (41).

3. RESULTS AND DISCUSSION

3.1 Adsoption isotherms for CEM I and sands 
in water

Figures 4a and 4b reproduce the isotherms for 
PCE and BNS adsorption on CEM I and sands A, 
B, C and D in water, and also show the adsorption 
plateau values for each curve.

A comparison of Figures 4a and 4b reveals very 
distinct differences in admixture consumption on 
both CEM I and the sands, depending essentially on 
the composition and structure of both the admixture 
and the substrate. Seventy per cent less PCE than BNS 
was adsorbed by CEM I (plateau values = 5.99 and 
19.40  mg polymer/g cement, respectively). These 
results are consistent with earlier findings, according 
to which cement adsorbed BNS and PMS (melanin 
derivative) admixtures more readily than polycarbox-
ylate ether-based superplasticisers (11, 42, 43).

Considerable differences in PCE and BNS con-
sumption on sand were also observed. Inasmuch as 
the features that distinguished the sands were their 
fineness, particle size distribution and chemical 

TABLE 4. Particle size distribution of the sands studied

Sieve (mm)

% retained

Sand A Sand B Sand C Sand D

4 1.20 7.17 3.96

3.15 1.93 6.74 6.29

2 6.06 13.52 14.15

1 33.47 18.26 21.77 21.80

0.5 32.64 30.66 17.94 17.84

0.212 13.17 35.73 18.06 18.31

0.125 15.48 5.00 8.18 9.16

0.063 4.27 0.73 5.31 6.02

0.045 0.97 0.43 0.74 1.06

< 0.045 - - 0.58 1.42

FIGURE 3. Particle size distribution in sands A, B, C and D.
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TABLE 5. Physical-chemical characteristics of the 
superplasticisers studied

PCE BNS

Solids content (%) 53.80 39.60

Average molecular weight (Mw) (D) 38500 137 000

Side chain length 5800 -

Charge density High -

Carbon 51.08 45.15

Hydrogen 8.99 4.53

Sulfur 1.53 8.83

Oxygen 38.38 41.46

TABLE 6. Ionic composition and pH of the cement pore 
solution

Mol/L

Ca
2+

0.012

Na
+

0.276

SO4
2-

0.1

OH
-

0.1

pH 12.75
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composition. The discussion below is organised 
around the factors that appear to affect consump-
tion: admixture composition and structure, and 
sand specific surface, particle size distribution and 
mineralogy.

a) Admixture composition and structure

Figures  4a and 4b reveal differences in PCE 
and BNS consumption on the sands studied. Their 
consumption patterns were the reverse of the pat-
terns found for CEM I. The BNS-based admixture 
adsorbed on the sand either barely or not at all, 
exhibiting no significantly differential behaviour 
with changes in the composition or particle size dis-
tribution of the substrate. PCE consumption values, 
in contrast, were clearly higher than BNs ones, and 
differed visibly depending on the sand. These find-
ings showed that admixture composition is a deter-
minant key for consumption not only on cements 
and its additions, but also on different types of sand.

b) Sand speci� c surface

One of the fundamental differences among the 
sands studied here was their BET specific surface 
(Table 3). In cements and additions, a higher specific 
surface and consequently greater fineness has been 
shown to raise the amount of admixture adsorbed 
(11, 39, 44).

Admixture PCE consumption (Figure 4a) was 
observed to rise from sand A to sand D, albeit 
non-linearly, with the BET values of the substrate 
(Figure  5). Nonetheless, in sands B and C, with 
very similar BET values (1.10 and 1.38 m

2
/g, respec-

tively: Table  3), the degree of admixture adsorp-
tion/consumption varied widely (1.34 and 2.10 mg 
polymer/g  solid, respectively). The obviously non-
linear relationship between the BET area and 
admixture consumption observed in Figure 5 attests 
to the existence of other factors, including sand par-
ticle size distribution, that affected the plateau value.

c) Sand particle size distribution

The isotherms in Figures 6a, 6b, 6c and 6d, 
showing PCE adsorption on the fractions of sand 
specified above, were used to analyse the relevance 
of sand fineness and particle size distribution in 
admixture adsorption.

The theoretical overall plateau value for each 
sand was computed from the adsorption data for 
each fraction and the fraction’s percentage by weight 
to verify the validity of the isotherms recorded and 
reproduced in Figure 6. The results listed in Table 7 
confirm the suitability and accuracy of the experi-
mental results.

Both Figure 6 and Table 7 show that the finest 
fractions in all the sands (the ones with the high-
est specific surface) adsorbed the most PCE. The 
plateau values for all the particle size fractions also 
exhibited the same ascending order as for the sand 
overall, i.e., A<B<C<D.

The percentage by weight for each fraction and 
the percentage of overall adsorption accounted for, 

FIGURE 4. Isotherms for a) PCE and b) BNS consumption on CEM I and sands A, B, C and D.
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along with the respective plateau value or admix-
ture consumption per sand fraction (red line, in 
Figure 7), were also found (and shown in Figure 7) 
to assess the weight of each fraction in overall 
adsorption and compare the findings in each sand 
and among sands.

An analysis of  Figures  6 and 7 and Table  7 
revealed that sand particle size distribution is 
determinant in PCE adsorption and that, generally 
speaking, the smaller the sand particle the greater 
is its affinity for the admixture. Moreover, in all 
the sands, the proportion of  admixture adsorbed 
by the largest two fractions (2  000 and 2000-
500  μm) was smaller than their respective per-
centage by weight in the sample as a whole. That 
effect was particularly visible in the >2  000-µm 
fraction in sand B, which adsorbed practically no 
superplasticiser.

Other findings included the following.

• Despite having the finest overall particle size, 
sand A adsorbed the smallest amount of 
admixture (1.10 mg polymer/g sand), a finding 
nonetheless consistent with its lower BET area 
(0.44 m2/g) (see Table 4). The finest fraction 

(<125 µm) accounted for 5 % of the total wei-
ght and 9 % of all the PCE adsorbed.

• Adsorption was only slightly higher in sand 
B (1.38 mg polymer/g sand) than in sand A 
(1.10  mg polymer/g sand), despite its three-
fold higher BET specific surface (1.10 vs 0.44 
m

2
/g), due primarily to its coarser particle size 

distribution. The presence of particles of over 
2 mm, accounted for a very small proportion of 
overall adsorption, with a value of just 0.18 mg 
polymer/g sand. Moreover, the fraction under 
125 microns in sand B appeared to account for 
a significant proportion of total adsorption 
and exhibited a much higher value (3.15  mg 
polymer/g sand) than the same fraction in sand 
A (1.80 mg polymer/g sand), despite the subs-
tantially smaller percentage of particles in that 
range in sand B (1.16 %) than in sand A (5.24 %, 
Table 7).

• The plateau value in sand C was 90 and 52 % 
higher than in sands A and B, respectively. The 
adsorption values for the particle size frac-
tions in sand C were likewise higher than the 
respective values for sands A and B. These fin-
dings were particularly significant, inasmuch 

FIGURE 6. PCE adsorption on different particle size fractions: sands A, B, C and D.
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TABLE 7. PCE adsorption on sand particle size fractions 

Sand Fraction Fraction weight (%) Plateau value (mg polymer/g sand)
Theoretical overall plateau value 

(mg polymer/g sand)

A > 2 000 μm - -

2 000-500 μm 66.11 0.90

500-125 μm 28.65 1.24

> 125 μm 5.24 1.80

Experimental overall value 100% 1.10 1.04

B > 2 000 μm 9.19 0.18

2 000-500 μm 48.92 0.98

500-125 μm 40.73 1.61

> 125 μm 1.16 3.15

Experimental overall value 100% 1.38 1.20

C > 2 000 μm 27.43 1.35

2 000-500 μm 39.41 1.60

500-125 μm 26.24 2.69

> 125 μm 6.63 3.91

Experimental overall value 100% 2.10 2.04

D > 2 000 μm 24.40 1.45

2 000-500 μm 39.64 2.09

500-125 μm 27.47 3.53

> 125 μm 8.50 5.38

Experimental overall value 100% 2.65 2.61

FIGURE 7. Percentage of particle size fraction versus PCE adsorption.
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as sand C had a much coarser particle size 
than sands A and B (Table 4 and Figure 3) and 
a specific surface (1.38 m

2
/g) similar to the 

BET area in sand B (1.10 m
2
/g). Consequently, 

as the higher adsorption observed in this sand 
was not justified either by its particle size dis-
tribution or its BET area, it must have been 
due to the differences in its composition, i.e., 
to the clayey materials able to adsorb admix-
tures on or interlayer them into their structure 
(1, 20, 25, 27).

• Sand D adsorbed more admixture PCE than any 
of the other three. The most visible differences 
between sands C and D were the much higher 
values in the two smallest particle size fractions 
(500-125 and <125 μm) in the latter. More spe-
cifically, the plateau value for admixture PCE 
in the under 125-μm fraction in sand D was 
much greater (5.38 mg polymer/g sand) than the 
analogous value in sand C (3.91 mg polymer/g 
sand). Furthermore, as in sand C, both the coar-
sest (>2 000 μm) and the intermediate (2000-500 
and 500-125 μm) fractions accounted for a fair 
proportion of overall adsorption. These fin-
dings were likewise significant, given the simi-
larity in the particle size fraction/proportion 
of adsorption profiles (Figures  7c and 7d) for 
sands C and D. The inference is that in these 
fractions the differences in adsorption appeared 
to be related to the mineralogical differences 
between the two sands.

d) Chemical and mineralogical composition of 
the sands

The quartz content of each sand was plotted 
against its plateau value (Figure  8) to determine 
whether, as the preliminary findings appeared to 
indicate, the sand mineralogy was a significant 
variable.

First of all, Figure 8 reveals that sand D is the 
one with lower quartz content and therefore higher 
clay content, which explains its high BET surface 
(4.46 m

2
/g) (Table 3).

The figure shows that the lower the quartz or the 
higher the clay content in a sand, the higher was its 
admixture consumption due to its adsorption on or 
intercalation in the clay (20).

Overall and fraction-by-fraction adsorption was 
greater in sand C and D than in any of the others. 
That behaviour would be explained by the greater 
clay content (specially in fractions < 125 µm) in 
these sands and the presence of montmorillonite 
in sand D, which has been shown to have a greater 
capacity to intercalate admixtures among its layers 
(20, 21). In order to check this hypothesis, Rietveld 
analysis of the fine fractions (< 125 µm) of sands 
C and D were performed. Results are shown in 
Figure 9 and Table 8.

Table 8 reveals that quartz amount decrease 
substantially in fine fractions of sands C and D, 
whereas clay quantity increases specially in sand D, 
with valuable amounts of montmorillonite.

Nonetheless, while the correlation between 
quartz/clay content and adsorption (Figure 8) was 
high, it was not linear, a further indication that 
admixture consumption by these sands was the out-
come of all the factors analysed.

However, it is important to note that PCE additive 
used in this paper has high side chains (see Table 5), 
which it is determinant in terms of lower intercala-
tion in clays with respect to other PCE admixtures 
with shorter side chains more commonly used in 
practice.

In light of the findings, the factors found to affect 
the adsorption of admixture PCE mixed in water 
on sands of different composition included surface 
area, particle size distribution and the clay content. 
None of these factors was the sole determinant of 
the adsorption values found, however. Two further 
conclusions can also be drawn.

• In sands A and B, admixture adsorption was 
primarily related to the particle size distribution 
of the substrate.

• In sands C and D, the differences in adsorp-
tion  values were attributed more to their 
 composition than to their particle size 
distribution.

3.2. Adsoption isotherms for sands in cement pore 
solution

Figure  10 shows PCE adsorption on sands A, 
B, C and D suspended in an cement pore solution, 
along with the respective plateau values.

As Figure 10 clearly shows, the adsorption values 
were 40-70 % lower when the sands were suspended 
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in an cement pore solution than when they were sus-
pended in water.

The zeta potential of SiO2 and more spceci-
fically of quartz in water is highly negative (45, 46). 
However, despite this negative zeta potential, PCE 
may absorb on to SiO2 particles via hydrogen bonds 
(46). Furthermore, the surface charge of clays in water 
at pH values of around 7 is also negative, ranging from 
-15 to -30 mV (24, 47). As these were the conditions 
at which admixtures PCE and BNS suspended in 
water were adsorbed by the sands (Figures 4a and 4b), 
low adsorption values would be expected. The values 
found for admixture PCE, however, were 1.10, 1.34, 
2.10 and 2.64 mg polymer/g sand for sands A, B, C and 
D, respectively. Despite the negative zeta potential, 
PCE may absorb on to sand particles. Given the large 
specific surface of the sand, physical adsorption may 
have also taken place (11). Lastly, as mentioned earlier, 
part of admixture PCE may have been interlayered in 
the clay structure, raising its consumption. For that 
reason, the higher the clay content in sand, the greater 
was the admixture PCE consumption observed.

Nonetheless, adsorption declined drastically in 
the presence of the cement pore solution, despite 
expectations to the contrary. Ca

2+
 and Na

+
 cations 

provided y cement pore solution may induced a 
change in pH to values of around 13. Under these 
conditions, the zeta potential in the clay and in the 
sand in general would be expected to move to more 
positive values, which would entail a rise in admix-
ture PCE adsorption (25, 27). Moreover, Plank et al. 
(48) shown that silica fume (SiO2) in model pore solu-
tion, adsorbed PCEs via Ca

2+
 ions adsorbed on the 

surface of initially negatively charged SiO2 particles.
The findings revealed the contrary, however. The 

explanation may lie in the fact that it was sand, not 
pure clay, that adsorbed the admixture and that the 
abrupt sag in adsorption would be attributable to 
the differences in ionic composition of liquid phase 
and changes in surface area. In addition to supply-
ing cations, primarily Ca

2+
 and Na

+
, may induce 

changes in basal space of clays which would have 
a negative effect for admixtures intercalation (21). 
Further research is needed in this sense.

TABLE 8. Quantitative mineralogical composition of fine 
fractions of sand (wt%)

Mineralogical phase C D

Quartz 12.6 12.6

Microcline 19.5 23.6

Albite 46.0 38.1

Anorthite 12.0 -

Rubidium silicoaluminate 1.5 -

Muscovite 6.7 -

Kaolinite 1.8 -

Chlorite - 6.1

Phlogopite 11.5

NaTiH(PO4)2·H2O 0.1

Cordierite 1.7

Montmorillonite 6.3 FIGURE 10. Isotherms for admixture PCE adsorption on sands 
suspended in an aqueous cement solution.
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3.3. Effect of admixtures on � uidity of mortars

Lastly, results for fluidity (normalised slump) 
changes in mortars without and with admixtures is 
shown in Figure 11.

As seen in Figure 11, the presence of both types 
of superplasticizers increase the fluidity of mortars 
regardless of the type of sand used, which is an indi-
cation that despite the adsorption / consumption of 
admixtures observed , the effect is not relevant in the 
flowability of mortars.

CONCLUSIONS

The main conclusions to be drawn from the pres-
ent study are as follows.

1. Adsorption of conventional (BNS) and PCE-
based superplasticisers on sands of different 
compositions suspended in water was confirmed 
to depend on a number of factors.
a. Admixture composition was shown to have 

an effect on adsorption, for BNS-based 
superplasticisers did not adsorb on sand, 
whereas the PCE-based admixtures exhib-
ited variable adsorption depending on the 
composition of the substrate.

b. Generally speaking, the higher the specific 
surface and the finer the particle size distri-
bution of the sands, the greater was admix-
ture adsorption/consumption.

c. Lastly, sand chemical and mineralogical 
composition also played a role in adsorp-
tion. The higher the clay material and the 
lower the quartz content, the higher was 
admixture PC adsorption/consumption due 
to its interlayering in the clay.

2. In the presence of an aqueous cement solution, 
admixture PCE adsorption on sand fell dras-
tically as a result of possible changes in ionic 
strength and sand’s surface.

3. The fluidity of the mortars prepared with differ-
ent sands is mainly affected by the the type of 
admixture and its dosage.
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