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Abstract. Durability of cement-like construction materials, as well as durability of cement stone, depends on their
humidity resistance, frost resistance, corrosion resistance. All of these properties depend not only on the composition of
the original clinker, but also on structural organization at micro-and nanoscale level of hydrated portland cement
compositions. In this research the authors used the method of small-angle neutron scattering to define structural
parameters of hydrated portland cement compositions on nanoscale level, distribution of calcium hydrate silicate
nanoparticles in size, medium nanoparticles radius, fractal dimension. It is shown, that introduction of modifying
nanoadditives into portland cement compositions affects structural parameters of a cement stone. The following
nanoadditives were used: of artificial (alpha aluminium oxide, gamma aluminum oxide) and of anthropogenic (carbonate
and alumo-alkaline sludges) origin, as well as integrated nanoadditives containing surfactants. The change in structural
parameters of portland cement compositions with nanoadditives in the process of hydration is investigated. It is shown
that use of nanoadditives allows to control the process of forming the structure of hydrated portland cement composition
on the nanoscale level, directly affect the values of structural parameters and, as a result, modify properties of cement
stone.

Keywords. Portland cement, cement composition, nano additives, surfactants, small-angle neutron scattering, fractal
dimension.

I. INTRODUCTION characteristic features of their influence on the

Hydration of cement clinker leads to formation of properties of resulting building materials, such
complex gel-like frame of calcium hydrate silicate additives can be described as nanoadditives or
particles (C-S-H) [1, 2]. Parameters describing-8-S nanomaterials.
particles structure and as well as parameters ®f th  From the point of view of their effects, raw
cement matrix itself, affect the properties of came sludges, in their turn, can be referred to asnfilli
stone which is formated during the process [3, 4].additives (e.g., carbonate slimes) or as structure-
Strength and durability (which are closely conndcte forming additives (for example, alumoalkaline
with water resistance, frost resistance, corrosionsludges). Sludges are formed as a result of presess
resistance and other properties of cement storee) arof chemical reactions, dispersing and mixing, a we
influenced by shape and size distribution of C-S-Has adsorption, coagulation and sedimentation of
nanoparticles, by the ratio of free and bound water particulate matters from oversaturated sewage
by the presence of pores and their distribution insolutions while their cleaning or water softenimg i
shape and size, that is, structural parametetheof industrial plants of metal industry, oil refining
material at micro-and nanoscales [5-7]. factories, thermal power plants. Slimes are a

Certain specified properties of cement-like suspension, characterized by structure stability,
construction materials can be obtained by usinghomogeneity and consistency of composition [12].
different additives (fillers, modifiers) of artifal Compliance with conditions of sludges by sol-gel
(e.g., carbon materials, other fine and ultra-finetechnology, as well as the existence of nanodisplers
powders) and of man-made (slimes, slags etc.)rorigi components allows to refer them to nanotechnogenic
[5-7]. Additives affect structure formation in the raw materials.
process of initial hydration of portland cement In this paper, the authors used a method of small-
clinker, and thus, affect operational properties ofangle neutron scattering (SANS), carried out aystud
obtained materials [8-11]. This is especially entde of structures formation at the nanoscale of hydrate
when there are nanodispersed components present portland cement compositions, modified with
cement compositions of additives. According to nanoadditives of both artificial (Alpha aluminium
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oxide nanoparticles, gamma alumina) and of man- R2

made (carbonate and alumoalcaline sludges), and (@) =1 (O)ex;{— g). 2)
identified structural parameters of portland cement 3

compositions. The influence of surfactants on

structural parameters was also studied. It wasqutov where Ry is the radius of particles gyration. From
that a combination of nanoadditives of differerdufe  experimental data on low-angle scattering in Guinie
makes it possible to control the process of strestu regime it is possible to estimate the radius ohggn
formation (structural parameters) of portland ceimen Ry of the particles and their characteristic $Re

compositions during the process of hydration. When performing the conditiomR>1 (Porod
regime) for small angle scattering intensity there
IIl. EXPERIMENTAL METHODS exists power-law dependence from transmitted

Hydration of cement clinker leads to formation of neutron pulse.
complex gel-like frame of calcium hydrate silicate
particles (C-S-H) [1, 2]. Parameters describing-8-S I(q) g™ (3)
particles structure and as well as parameters eof th
cement matrix itself, affect the properties of catne I .
Deviation of exponenh from Porod asymptotics

stone which is formated during the process [3, 4]. . : )
Strength and durability (which are closely conndcte (n = 4) points to the fractal properties of the sty
objects and makes it possible to determine their

with water resistance, frost resistance, corrosion

fractal dimension. In the case of bulk or masstéilac
resistance and other properties of cement storee) athe exponent coincides with the fractal dimension
influenced by shape and size distribution of C-S-H P

nanoparticles, by the ratio of free and bound water' Dy and takes a value from the interval Dg < 3.
P » DYy nd bound Watet, \ ihe case of scattering objects with fractal acef
by the presence of pores and their distribution in

i . fractal dimension equalBs = 6 —n and takes a value
shape and size, that is, structural parameterhef t ; .
. . from the interval 2 <Ds < 3. Accordingly, the
material at micro-and nanoscales [5-7].

: ) exponent lies in the interval 3rx< 4.
It is possible to use a method of small-angle . . .
: . Thus, according to the slope of straight-line
neutron scattering (SANS) to determine parameterso__ . : o
! ortions of SANS dependencies, built in a double
over-atomic structure of samples of portland cemen . L ; .
. ; ; ogarithmic scale, it is possible to determine wleet
compositions applicable to distances from 1 nm to . . o
100 nm [13]. This method is quite applicable to thethe scattering objects belong to a specific type of
; el . q app . “fractal (volumetric or surface) and their fractal
investigation of nanoobjects of different physical
d|menS|on [17-19].
nature because of the dependence of the intenkity o .
According to data on low-angle scattering for
SANS from scattering ability of inhomogeneities in : oo .
polydisperse systems, it is possible to restore
the structure of substances and contrast at thrdetsor 7.7 5 % . ; :
) distribution functions of scattering objects for
of phase interface. The method of small-angle

neutron scattering was firstly introduced in 1938 b d|stancgsG (R), on t.he basis of.spectra of pair
A Guinier in his works on over-atomic metallic correlationsy (R), obtained by Fourier transforms of

structure.  In 1950-ies this method was further?hata; for crofss s§c|t|0ns. ('jl'r(;ese fEnCt'onSt.?rf delm;e
developed in the works by G. Porod, O. Kratky and e forms of particles and describe quantitatizehe

V. Luzzati. Now SANS is successfully used for of line segments connecting the elements of the

research at the nanoscale of various materials\/(.)lume of particles, and also depend on the

: : distribution of inhomogeneities within particles.
Ir?;élrjgtlgg Ctgﬁ]ednetfggﬂ(]);osoi;Osr:;uEzltzril(s]parameters © Distribution function by distance$s (R) can be

The intensity of SANSI(q) depends on the presented as follows:
transmitted neutron pulse.

(4)

d
T . 0 G(R):Rzy(R): RI o(a) Sln(qR) o

ar .

=—sin—, 1

q=—-sin> 1)

The functionG (R) shows whether particles of the

where 6 is the scattering angle which carries radiusR exisr in the test material.

information about over-atomic structure of scattgri Processing of SANS experimental data is

particles. _ N o implemented by use software complex ATSAS 2.8.0

When performing the conditiomR. < 1 (Guinier |20, 21].

regime) small angle scattering intensityq) is

defined by a characteristic particles size and stuip . EXPERIMENTS

scattering particles or their inhomogeneities: Spectra intensities SANS from samples of cement
compositions were measured in Petersburg nuclear

physics Institute (the town of Gatchina) with a
diffractometer "Membrane-2" installed on the WWR-

78



Environment. Technology. Resources, Rezekne, Latvia
Proceedings of the Yinternational Scientific and Practical Conferenslume Ill, 77-82

M reactor [22]. Wavelength of neutrons was equal to  From the obtained cross sections of neutrons
A = 0.3nm with linewidth44/4 = 0,25. Range of scattering, by means of Fourier transformationwé)
registered elastic transferred neutron pulgewas  restored the distribution of scattering objectsttir
ranging from 0.03 nrh to 0.8 nmt. Scattered approximation of homogeneous areas.
specimens of neutrons were recorded in the range of When fitting experimental data, the maximum
angle® = +0.017 rad. The detector consisted of forty radius of scattering objects was ranged from 50 to
one 3ne-counter. The intensity of the beam on the100 nm. When the maximum radius was equal to 50
sample was measured while using two countergim, the points corresponding to minimal neutron
(monitors), installed in front of the model aboveda pulses fell through. This part of the test is not
below the axis of the beam of neutrons. described and taken into account. When the
Samples of hydrated portland cement maximum radius was equal to 100 nm, the points
compositions were placed in a target devicecorresponding to maximum neutron pulses fell
representing the cavity in a cadmium plate. Thethrough. This part of the test is not described and
volume of the cavity was 0.52 éniThe thickness of taken into account either. The general descriptibn
the sample was equal to the cadmium plate thicknesscattering data was quite correct, if the maximize s
ds = 2mm. With this thickness of the samples, valuesof the dispersal areas was about 80 nm. The average
of transmission coefficient (transmission) of teatn  radius of the scattering objects for tested samptes
of neutrons werd@ = 0.4-0.9. cement compositions was ranging from 30 nm to 65
The results obtained from the experiment datanm.
were standardized with monitors readings and Samples of cement compositions were made on
transmission values. Background subtraction waghe basis of portland cement DO-500 with no
carried out, as well as the effect of neutronshttiad additives. During the process of of Portland cement
passed through the sample without scattering. Théwydration, nanoadditives in the amount of -5%
obtained distributions of scattering intensitikgq) were put into it. They were nanopowdersAl .0z u
were then standardized with scattering intensitiesy-Al,Os, , carbonate or alumoalkaline sludge, as well
obtained under the same conditidegq) from the  as about 0.5% of surface acting agents. Nanopowder
standard sample, which was a light water layet#i of ¢-Al,O3; was characterized by an average particle size
dst = 1mm thickness Differential cross-sections of of 80 nm with a specific surface area of not lésst
portland cement compositions samples scatterings pe1g n/g. Nanopowder y-Al,Os had average particle
Len? of the volume of the sample in absolute unitssjze of 20 nm and specific surface area of not less

was calculated by the formula than 160 rfig. The composition of the sludge used in
do(q)  1s(q) dgr dogy 5) this work is given in Table 1. As surface acting
40 ler(q) dg  do ' agents superplasticizing agent of brand C-3 wad.use
Table |
Mineral composition of raw sludges
AlLO. CaO MgO FeO SiO, Losses at
A sample of raw [02 : * %] [%] %] ’ [%] steam curing
sludge [%]
Carbonate 10 43 6 2 4 35
Alumoalkaline 52 2 2 2 0 40
Water/cement ratio was ranged from 0.27 to 0.30. IV. DISCUSSIONAND RESULTS

When raw sludges and surface acting agents were Table 2 shows the composition of the samples of
added, water/cement ratio decreased to values dfsted cement compositions. For all samples we
0.18-0.24. observed power dependence of the scattering
Periodically measurement of neutron scatteringintensity from the transmitted neutron pulse . &s a
intensities of manufactured samples was doneexample, Figure 1 presents graphs of the neutron
According to the charts of neutron scattering scattering intensities of three samples after 2gsda
intensities the following calculations were perfean  from the start of hydration. Sample 1 is made
According to formula (2) the average radii of portland cement DO-500 with no additives. Sample 8
scattering objects were calculated; according tois a cement composition with 5% Al O3 additive.
formula (3) —fractal dimensions; according to fofau  Sample 10 is a cement composition with 5% @f

(4) - differential cross-sections of scattering; Al,O; additive.
according to formula (5) — distribution function of  Figure 2 shows graphs of calculated functions of
scattering objects by distances. scattering objects distribution by distances for

Calculated structural parameters of samples wergamples 8 and 10.
compared. The time interval of measurement cycles Characteristics of the tested samples of portland
was 28 days. cement compositions, calculated values of fractal
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dimensionsDs and average particles siZ/& are  nanodimentions of their particles. An importanttéec
shown in Table 2. here is also the target of the impact on the poés
In sample 2 and 3, 4 and 5, 6 and 7 (as shown ithydration. Carbonate slimes and nanopowders
Table 2) added sludges had similar chemicalAl,O; u y-Al;Os are of low chemical activity. They,
compositions. Average particle siRgwas calculated most likely, can be attributed to the filling
on the 28th day aftercement compositions gauging. nanoadditives. On the other hand, alumoalkaline
Table 2 demonstrates that nanoadditives insludges as well as complex nanoadditives containing
portland cement compositions change structuralsurfactants, or two-component (a mixture of carbon
parameters of materials at the nanoscale. Alland alumoalkaline sludges) can be attributed to the
nanoadditives in the range of distances up to 80 nnimodifying nanoadditives. They have a greater
reduce the average size of the scattering objétts. influence on the structural parameters. Targetifipec
the specified range of distances, scattering ofchange of structural parameters of cement
neutrons occurs on fractal surfaces. Increase ®f thcompositions by introduction of surfactants is
fractal dimensions in the process of hydration f®in determined by the absorption mechanism of
to the strength increase in the surface area en thmodification of dispersion systems.
process of portland cement hydration of calcium
silicate particles. Influence of structural paragngtof
nanoadditives is connected not only with
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Fig.1. Experimental spectra of SANS intensities of cenmampositions samples. Sample 1 — cement withoutiaels} Sample 8 — cement
with y-Al,05 additive (5%); Sample 10 — cement witkAl ,O; additive (5%).

Table Il
Structural parameters of samples of portland cem@mpositions

Sample Type of additive PAV Ds, Ds, Ds, Ds, R,
number (raw sludge)/[%] [%0] 1 day 7 days 14 days 28 days nm
1 - - 231 2.35 2.39 249 65
2 Carbonate / 5.0 - 2.35 2.40 2.52 2.55 60
3 Carbonate /5.0 0.25 2.37 241 2.55 2.58 45
4 Alumoalkaline / 4,5 - 244 2.50 2.62 2.76 42
5 Alumoalkaline / 4,5 0.25 2.48 2.58 2.71 2.85 40

Carbonate / 3.0 +
6 Alumoalkaline / 3.0 - 2.40 248 2.56 2.62 52

Carbonate / 3.0 +
7 Alumoalkaline / 3.0 0.25 241 2.52 2.58 2.68 43
8 y-Al,03 /5,0 - 2.40 2.50 2.58 2.60 48
9 y-Al,03 /5,0 0.25 241 2.54 2, 2.68 44
10 a-Al,0;/5.0 - 2.30 2.35 2.36 2.48 52
11 o-Al,0;/5.0 0.25 2.38 2.40 241 2.52 50
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Fig. 2. Distribution functions of scattering objetty distances of samples of cement compositicmsp& 8 — cement withAl,O; additive
(5%); Sample 10 — cement withAl.O; additive (5%).
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i ; nanolevel influence of surfactants on structurenfaion of
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Application of filing and modifying nanoadditives 33, 2003, pp. 1811-1824,

makes it possiblg to purposefully.influence on they Thomas J.J., Allen A.J., Jennings H.M. Density avater
process of hydration , thereby driving the proceks content of nanoscale solid C-S-H formed in alkativated
formation of structural parameters of hydrated slag (AAS) paste and implications for chemical iskeige.

. ; Cement and Concrete Research, Vol. 42, 2012, jp383.
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