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Abstract. The effect of sucrose on the kinetics of cement hardening has been studied. The study
was carried out in two comparative ways, one of which had the organic modifier introduced into cement
as gauging liquid (“water — 2% sucrose solution”), the other — as suspensions “cement — water — 2%
sucrose solution”. The products of sucrose corrosion, synthesized in suspensions, were used as addition
agents in the “cement — water” system. Suspension-based approach is interesting because of cement
modification by introducing the corrosion products of the same cement, which provides setting
acceleration and higher composite density.The structurization role of addition agents, containing products
of sucrose corrosion of cement, is provided by synergetic influence of several factors: intensive growth of
ettringite crystal nuclei — the main reinforcement component of a cement system, reduction of Ca(OH)2 in
solid phase of a rock, CSH-gel densifying and plasticizing. The use of sucrose as gauging liquid results in
adverse effect for isolation of cement particles by adsorption layers, impeding the hydration, growth and
possible coalescence of crystal — the destructurization of the setting system: the rocks, available from
cement gauging with 2 % sucrose solution were not set during the whole trial period. The results were
interpreted by means of physic-chemical approaches: X-ray phase analysis, IR-spectroscopy, differential
thermal analysis.

AHHOTauuA. V3yyeHO BMMsHWE caxapo3bl Ha KMHETUKY TBepAeHus uemeHTa. VccneposaHue
NpoBeAEHO B [BYX CPaBHUTENbHbLIX BapuaHTax, B OAHOM W3 KOTOPbIX OpraHW4eckuin moamudurkatop
BBOAWIICH B LLEMEHT B Ka4eCTBE XMOKOCTU 3aTBOpeHus («Boga—2%-n pacTBop caxaposbl»), B APYroM — B
BUOE CYCNeH3un «ueMeHT—Boaa—2%-n pacTtBop caxaposbl». [lpodykTel caxapHOM Koppo3uu,
CMHTE3MPOBaHHbIE B CYCMNEH3MsX, MPUMEHSANUCb Kak AoBaBkM B CUCTEMY «UEeMeHT—BoAda». HayyHbin
MOAXOA, OCHOBAHHLIN Ha MCNOMb30BaHUWM CYCMEH3UW WHTEpPEeceH TeM, YTO LeMeHT moauduumpyeTcs
BBeJEHMEM TMpPOAYKTOB KOPPO3MM ITOr0 e uemMeHTa u obecneyvMBaeT 3HAYMTENbHOE YCKOpeHue
CxXBaTblBaHUA U YyBENWYEeHWe MpoYHOCTM KomnoautoB. CTpykTypoobpasyowas ponb [ob6aBok,
cogepxalux npoayKTbl CaxapHon KOppo3uu LemeHTa, obecnedmBaeTcs 6narogaps CMHepreTuyeckomy
BIUAHWNIO HECKOSbKUX (pakTOpOB: MHTEHCUBHOMY POCTY 3apOfbllLen KpUCTanmnoB 3TTPUHIUTA — rMaBHOro
apMupyloLLero KOMNoHeHTa LeMeHTHOW cuctemMbl, yMeHblueHuto konudectsa Ca(OH)2 B TBepaon case
KaMHs, ynnoTHeHuto CSH-rens n nnactuduumnpyowemy aenctemio. NpuMmeHeHne caxaposbl B KayecTse
XWOKOCTW 3aTBOPEHMS MPUBOAMT K oTpuuaTenbHOMY 3deKkTy M30NMpoBaHUSA 4YacTuy LemeHTa
aacopOuMOHHbIMK  060MoYKaMK, 3aTpyAQHSIOWMMKY  rmapaTauunio, pocT U BO3MOXHOCTb CPacTaHus
KpucTtannoB — HabnwogaeTca AeCTPYKTypu3aums BSXKYLLEA CUCTEMbI: KaMHU, MOSyYeHHbIe 3aTBOPEHMEM
uemeHTa 2%-M pacTBOPOM Caxapo3bl, He OBHapPYXUINN CXBaTbIBaHWS B TEYEHME BCEr0 UCMbITATENbHOIO
cpoka. MiHTepnpeTaumsa pe3ynbTaToB nNpoBedeHa C MOMOLLbI0 PU3UKO-XMMMYeckux Metonos: PPA, VK-
cnektpockonuu, OTA.

Illenenenxko T.C., Capkuco F0.C., Topaenko H. TII., IIBerkoB H.A., 3y6koBa O.A. IIpomecch
CTPYKTYpOOOpa3oBaHHs  I[EMEHTHBIX  KOMIIO3WIMH,  MOTUMUIHPOBAHHBIX  jgobaBkamu  caxapossr [/
WmxeHepHO-CcTpouTeNbHbIN KypHai. 2016. Ne 6(66). C. 3-11.



Magazine of Civil Engineering, No. 6, 2016

Introduction

Cement concrete is the main construction material in the world, therefore modification of its
properties is under constant consideration of both Russian and foreign scientists. Cement is modified in
the first place, as it is the binding agent that specifies the technological and operational features of
concrete mixtures. P.-C. Aitchin, the author of HPC (High Performance Concrete) conception — provided
rationalization for functional unity of cement and concrete, gaining density with effective addition agents
[1]. In 2014 Russia produced 68424 ths. tons of cement, 48 % of which is Portland cement with addition
agents [2]. A particular value is assigned to organomineral addition agents, effecting rheological and
physic-mechanical properties of cement and concrete [3-7].

In [8] it is shown that structurization processes of cement systems are regulated by introducing
sucrose-containing addition agents. The influence of organic modifier upon kinetics of binding agent
hardening has been studied in two comparative ways, one of which had the sucrose introduced into
cement as a “water—sucrose solution” gauging liquid, the other — as “cement-water—sucrose”
suspensions (“CWS”). Sucrose solutions, aggressive to cement, worked as a corrosive environment. The
products of corrosion, synthesized in suspensions, were used as addition agents in the “cement—water”
system, similarly to [9]. Depending on means of sucrose introduction, solution concentration and the
guantity of addition agent the modification result varies from no setting of cement paste at all to sufficient
acceleration of setting and hardening of cement composite materials.

The present work attempts to explain and prove the results of [8] on the example of modified
samples MS2-0.1 and MS2, which have the polar opposite compression resistance values (Table 1). The
comparison is interesting because of the same concentration of organic modifier in both instances — 2 %,
but different means of sucrose introduction. Thus, rock MS2-0.1 was produced by introduction of an
agent into cement paste, which was synthesized in “cement—water—2% sucrose solution” suspension
(M — modified sample; 2 — concentration of sucrose solution, %; 0.1 — amount of addition agent, wt. %).
MS2-0.1 during the whole period of hardening is distinguished by considerable increase in density
compared to plain cement rock (PCR). The rock MS2, produced by gauging of the binding agent with 2 %
solution of sucrose, was not set throughout the whole trial period.

Methods

Plain cement rocks and modified cement rocks (MCR) were produced of topkinsky cement of
PC400 D20 brand, shaped as cubes measuring 2 cm on edge, within normal hardening conditions;
water-cement ratio is 0,34.

MCR were produced in the following ways:
— MS2 was produced by means of gauging the base cement with 2 % sucrose solution;

— MS2-0.1 was produced by means of introducing the “CWS” addition agent into the “cement-
water” system in proportion 0.1 % to the mass of the dry cement.

The “CWS” addition agent was synthesized through the following procedure:

1. A sample of the base gauging liquid was matured in a 2 % sucrose solution in liquid/solid
proportion 1:5 for 24 hours after thorough mixing of the suspension produced;

2. After the exposure period the solid and liquid parts of the suspension were separated by means
of 2-hour filtering;

3. The solid residue was transferred quantitatively from the paper filter onto the Petri dish, stirred
thoroughly, distributed evenly with a spreading rod, and dried in the air for 3 hours;

4. Thus prepared addition agent was ground in a porcelain mortar, passed through the strainer
008 according to the National State Standard 6613 and dried in a baker until it reached a constant weight
at the temperature of (110 £ 5)° C according to the National State Standard 5382-91.

Table 1 shows the means of modifying the cement systems, as well as the compression resistance
values (R, MPa) and density growth of MS2-0.1 compared to PCR (AR, %).

Compression resistance values of the rocks in the set terms of cement hardening (1-3—7-28) were
determined following 6 separate measurements of every test point. The average density was calculated
on the basis of three closest values, providing a margin of error not more than 5.6 %.
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Table 1 PCR and MCR specification

Period of hardening, days

CR Composition of CR 1 ‘ 3 ‘ 7 ‘ 28

R, Mpa/AR (versus PCR), %

PCR (cement + H20) 6.6 211 38.9 46.2
" 13.2 25.7 42.0 61.9

MS2-0.1 (cement +H20) + addition agent “CWS”
100 22 8 34

(cement + 2%
MS2 i - - - -
sucrose solution)

The physiochemical analysis was carried out on the 28-day samples. The rocks were prepared for
testing immediately after the density test. The samples, broken by the press, were ground in a planetary
mill MP/0.5-4. The dispersion degree was checked by the powder measuring machine PSH-10a up to the
specific surface value of 200 m?/kg. There have been no measures taken to stop the hydration
processes, as the period of time from the grade strength evaluation to the physiochemical analysis lasted
not more than 2 hours for all the cement systems under consideration.

Table 2 shows the results of X-ray phase analysis. Figure 1 shows IR-spectra of the samples in
guestion, Figure 2 — the results of differential thermal analysis.

IR-specters of the samples were registered with Fourier spectrometer Varian Excalibur HE 3600
within the frequency range 400—-4000 cm-?; quality of neoformations composition was measured by X-ray
diffraction meter of Shimadzu XRD-7000 with copper anode in range 5-90 deg. Differential thermal
analysis was carried out by means of derivatograph NETZSCH STA 449 F3A-0010-M.

Results and Discussion

X-ray of MS2, produced by means of gauging a binding agent with 2 % sucrose solution, shows
that the reflex intensity of C3S on 26 scale at angles 29.280 © and 34.155 © versus unhydrated cement is
only 5 % and 8 % lower respectively, of C2S (32.172 %) — 20 % lower (Table 2).

IR-specter MS2 has the typical for unhydrated cement adsorption bands — 920 and 516 cm™*
(stretching and deformation vibrations of Si—-O—-Ca) — preserved and highly intensive (Figure 1). Given
results are proved by reduction of portlandite reflection height in XPA patterns of MS2 versus PCR: 58 to
100 % in the most important reflexes of this phase (Table 2).

According to DTA dehydration endoeffect area of Ca(OH)z at 451 °C on the MS2 thermograph is 4
times reduced versus PCR (Figure 2); adsorption in the IR-specter area with 3640 cm™ max is also
reduced. Low-level consumption of C3S n C2S and sharp reduction of portlandite quantity show that the
use of sucrose as gauging liquid suppresses the hydration of cement silicate phases, similarly to [10-12].

Hydration of C3A un C4AF in MS2 is hindered as well — that is implied by 3 of 4 adsorption bands of
unhydrated cement preserved in IR-specter in the area 600-700 cm (deformation vibrations of (AlO4)~
tetrahedral in aluminates and alumoferrites, with stretching vibrations 1000-1150 cm™). The authors
[10-12] also registered the “aluminates accumulation” in cement composites, modified with sucrose.

Typical for MS2 is exothermic effect, peaking in 333.7 °C (Figure 2), corresponding to oxidation of
organic compositions, allegedly antacidins [11, 13] — products of sucrose reaction to Ca(OH)2.

It is noted in reference literature that small additions of sucrose slow down the hydration and
hardening of cement. Sucrose, with the properties of hydrophilic SAS, peptizes cement particles and
heightens early solubility of a binding agent. However the following “adsorption of sucrose on the
surfaces of initial and metastable hydrate phases, as well as formation and adsorption of complex
composites” [14] contributes to formation of membranes, screening the cement nuclei and hindering the
hydration, growth and possible coalescence of crystals. Modifying effect of sucrose works on both
aluminic and silicate phases of cement and comes from the capacity of OH-groups of organic addition
agent to form hydrogen-bonds [7, 10-19]. Primary stage of CsA hydration is accelerated due to
aluminates involved in complex formation. The following slowdown of hydration is determined by
hexagonal phases stabilization and hindering of their transformation into cubic phase by means of
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sucrose adsorption on the hydrate surfaces and formation of protective membranes. Data concerning
surface complexes with hexagonal phases is obtained by means of DTA [14].

Table 2 X-ray phase analysis results

Reflex intensity of primary crystalline phases of
PCR and MCR versus unhydrated cement, %

Phases 20,0 PCR MS2 MS2-0.1
34.155 -36.0 8.0 -32.0
CsS
29.280 —47.4 5.3 211
C2S 32.172 —54.2 -20.8 —25.0

Reflex intensity of new crystalline phases of MCR
versus PCR, %

Phases 28,0 MS2 MS2-0.1

+40
9.016

Ettringite PCR level +67
15.530

+2

22.962 5

-73 -50
17.978

Portlandite -58 -37
34.061

-100 -33
50.976

Y.E. Young [20, 21] stated that sucrose molecules change the morphology of ettringite and
stabilize it, which conforms to ideas of sugars slowing the transformation of hydrated calcium
sulfoaluminate into monosulfoaluminate [14, 22].

The slowdown effect of organic modifier was related to stabilization of the surface complex,
including surfaces of alite hydration products — CH and CSH, sucrose and water, while complex
stabilization is the higher, the higher is sucrose concentration in gauging liquid [12, 14, 15, 23]. It has
been discovered that sucrose adsorption changes the CSH-phase sufficiently and prevents its nucleation.
X-ray phase analysis has proved that introduction of wt. 0.3 % sucrose causes the deformation of CSH
structure. Disaccaride molecules are adsorbed horizontally on the surfaces of hydrosilicates, creating
steric hindrance during their crystallization and raising inhomogenity of calcium hydrosulfate phases [10].

It is noted that the dosage of sucrose higher than 0.7 wt. % [10] has “catastrophic effect on cement
systems” due to higher role of adsorption membranes [10, 11, 13], hindering the intensity of hydrolized
hydration. In [3] it was shown that with use of 1 % sucrose solution as gauging liquid the binding agent
does not set during 7 days; at the 28t day modified cement rocks show compression strength of 2.6 Mpa.
Raising sucrose concentration in gauging liquid to 2 % spikes the negative effect of disaccharide: cement
system does not set during 28 days (Table 1).

In [8] it was confirmed that aggressive effect of sucrose is diminished if the means of introduction
into “cement-water” system is changed: use of sucrose in addition agent, synthesized in “CWS”
suspension, raises the 1-day density of modified rock MS2-0.1 to 100 % versus PCR, 28-day density — to
34 % (Table 1).

XRD results show that the reflex intensity of hydrated calcium sulfoaluminate in MS2-0.1 at reflex
angles 22.962°, 9.016° un 15.530° on 26 scale versus PCR is higher in 25%, 40% and 67 %
accordingly (Table 2). That may be considered a progressive factor, responsible for intensive

Shepelenko T.S., Sarkisov U.S., Gorlenko N.P., Tsvetkov N.A., Zubkova O.A. Structure-forming processes of
cement composites, modified by sucrose additions. Magazine of Civil Engineering. 2016. No. 6. Pp. 3-11.
doi: 10.5862/MCE.66.1



NH:keHepHO-CTPOUTENbHBII KypHaa, Ne 6, 2016 MATEPUANbI

development of reinforcement net of structural skeleton, forming the density of cement composite [24,
25].
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Figure 1. IR-spectra of PCR and modified samples

One more key factor, contributing to the development of more homogeneous and dense structure
of MS2-0.1 rock versus PCR is a sufficient reduction of portlandite amount — the less stable component of
a cement rock. The reduction of reflex intensity in the crucial reflexes of the given crystal line on 26 scale
is 33 % (50.976 °), 37 % (3.061 °) and 50 % (17.978 °).

IR-specter of MS2-0.1 is specified by sufficiently higher adsorption in every area, typical for cement
systems, except for maximum 1475 cm band, responsible for water molecules vibrations in interlayer
structure of calcium hydrosulphates. Higher adsorption at 3411 cm-! is explained by vibrations of water
molecules in crystallohydrates, as well as OH-groups of sucrose (3150-3600 cm-t). More remarkable
changes take place in the area with the peak of 1080 cm-l, responsible for the formation of lowly
crystallized phases of tobleromorite-like structured calcium hydrosulphate: if considering PCR a
dependent blurred shoulder peak to 953 cm! band is observed, MS2-0.1 specter shows a sharp peak,
higher in 112 % (Pic. 1). In the wavenumbers interval 600-700 cm-! specter MS2-0.1 has only one peak
with 613 cm! left out of the adsorption bands of unhydrated cement (596, 614, 677, and 727 cm-1), which
proves the hydration of CsA and C4F, different from MS2, modified by sucrose solution.

It is known, that up to 70 % of solid phase of completely hydrated cement consists of CSH-gel, with
high density of adhesive bonding with other hydration products, which specifies crucial operative features
of cement rock: density, volume stability, permeability, plastic flow and shrinking properties.
Contemporary approaches of colloid system studies describe CSH-phase as a cluster of particles about 5
nm, on the higher level grouping into units of 30-100 nm. Every base particle consists of united
submicrocrystals of banded structure [26—-30]. It is considered, that “real CSH is a banded hybrid of
natural equivalent minerals — 1.4 nm of tobermorite CasSisOs-2.7H20 and jennite CaosSisO1s-6.8H20"
[28, 31].

The quality of gel — density, homogeneity, adaptability, adhesion capability — is specified by the
guantity and distribution properties of water in calcium hydrosulphate. A significant amount of water is
concentrated “between interlayer sheets, dividing them slightly wider than one water molecule”.
Quantum-mechanic calculations proved the energy of binding superplastifier C3 sulpho-group with alite to
be 540 kJ/mol, which is 2.8 times higher than similar value for water molecule (190 kJ/mol). That means
that C-3 molecules are stronger bound to alite surface and can push water out of interlayer space,
contributing to binding of particles or layers. Every monomerous link of C-3 supplaces up to 30 H20
molecules, providing the plasticization of the cement system [32].

Hardening effect of plasticizers on the structure of a binding agent in concrete, apart from
plasticization procedure, is shown in their influence on the dispersive-crystallite structure of a cement
rock. Real crystal is a coagulate of smaller irregular-shaped crystals — microcrystals (grains). A grain is
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comprised of mosaic blocks, which have their atomic levels, wedged from one another at a small angle of
several minutes [33]. It is proved that CsS hydration with 1 % (wt.) C-3 is followed by higher amount of
CSH () and lower amount of CSH (ll); the size of mosaic blocks is reduced from 20-33 to 15-17 nm.
Such changes lead to sufficient raise in hardening structure density.
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Figure 2. Derivatograms of PCR and modified samples
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The effect of sucrose on cement as a plasticizing agent, while shown sufficiently lower due to
lesser size of disaccharide molecules and lower amount of functional groups, in general is similar to C-3
effect. It is circumstantially proved by abovementioned reduction of adsorption intensity in IR-specter of
the MS2-0.1 rock in 1475 cm! area, specifying the vibrations of interlayer water — 42 % versus PCR and
58 % versus MS2. However the discovered phenomenon calls for more solid experimental evidence.

One can suppose that the products of sucrose corrosion of cement, synthesized in “CWS”
suspensions — microcrystals of ettringite, other crystal phases and neoformations of organomineral
nature (hybrid composites, cognate to both cement and sucrose), being introduced into “water—cement”
system work as active centers of structure development. The addition agent, enriched with cement
corrosion products, according to Le Chatelier principle, inhibits the activity of early destruction of clinker
minerals and catalyses the development of skeletal matrix of a cement rock, realizing the known principle
of self-reinforcing [24], also positively affecting the properties of cement gel and heightening its density.

Conclusions

The conducted studies and interpretation of the results, offered in the article, allow to draw the
following conclusions:

1. Acceleration of setting and hardening of the cement composite MS2-0.1 is realized due to
synergic effect of several factors: intensive growth of ettringite crystal nuclei — the main reinforcing
component of the cement system, reduction of Ca(OH)2 amount in the solid phase of a cement rock,
densifying of CSH-gel and plasticizing effect.

2. The use of sucrose as gauging liquid causes the adverse effect: cement particles are isolated
by adsorption membranes, hydration processes are hindered, destructurization of the binding system
takes place.

Thus the addition of “CWS” suspension carries out the structurization function onto the “water—
cement” system and can be recommended to improve the operational properties of cement composites.
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