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Abstract. Contact surfaces represent the weakest linkcionglomerate structure of materials.
They ensure the diffusion of aggressive agentsiintie material. To reduce the conductivity
of contact surfaces it is advisable to use readiiles, which interact with cement matrix via
certain mechanisms, which in turn, reduces the pahility of the contact layer and fosters
durability of products. The interaction of reactifilbers with calcium hydroxide of a concrete
liquid phase in a contact area leads to the foomabtf hydrated calcium silicates of a
tobermorite group. Such compounds, being settle¢hdres and capillaries of a product,
colmatage and clog them to some extent thus leddidgfusion delay (inhibition) with regard
to aggressive components of external media insieys material, which in turn inhibits the
corrosion rate. The authors studied and comparedctinrosion of cement concrete with a
standard filler (quartz sand) and a reactive fi(fegrlite and urtit). The experiments confirmed
the positive influence of active fillers on conerebrrosion resistance.

1. Introduction
The main approach to increase the strength of cemerconstruction materials is to decrease the
content of aluminates in cement clinker, to introglunineral additives of binding calcium hydroxide
and to decrease the porosity of concrete. The lediedition provides for diffusion delay of aggress
components of external media into the concrete twuélling of transport pores with corrosion
products [1-4]. It is possible to enhance the diffa resistance to propagation of aggressive iads a
gases through the decrease in permeability of tacbarea by introducing active fillers [5-6]. Eils
from slag, volcanic rocks, etc. have chemical @gtiin relation toCa(OH)2 in normal conditions.
However, the slag filler increases water demand afoncrete mixture, which reduces the overall
effect of an active filler [7-8]. Therefore, theudy of a possibility to increase the corrosionstsice
of fine-grained concrete using perlite- and urtiséd fillers is of primary concern.

Quartz sand has very small activity to interachvgalcium hydroxide at room temperature, which
fits with practical experience of using quartz sand quartzitic sandstone as fillers [9].

High-temperature variations of silica e-tridimit, kristobalit and amorphous silica — diffén
higher activity. Consequently, when choosing amawgve fillers it is advisable to select rocks
containing specified variations of silica. Theylime perlite, which is available and serves a large
tonnage raw material for consumption. It mainly sists of silica and acid silicates being in either
glassy or cryptocrystalline state. It is known thatoom temperature, they posess reaction capgacity
relation to calcium hydroxide, present in the ldjyhase of concrete mixtures and the reinforced
concrete.

Nepheline rocks (urtits) are byproducts of apatgpheline field development [10-11]. The
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performed termodynamic calculations [12] indicabene relative activity of various compositions as
concrete filler components: nepheline > vitreoudlagtonite > quartz > microcline > albite > anartit
> crystalline wollastonite. Hence, nepheline habkagiced chemical activity in relation to calcium
hydroxide contained in concrete pore liquid, whjastified the choice of nepheline-containing rock
(urtit) as an active filler of the I type.

The purpose of this work is to conduct a compaeasitudy of corrosion of cement concrete with
standard and reactive fillers.

2. Materialsand methods

Natural perlite of the Mukhor-Talinsky field andtitiof the Hibinsky Massif of apatite-nepheline ore
fields, obtained via crushing on laboratory twirwja@rusher, were used to study the corrosion
resistance of concrete with active fine-grainel@fdl (um=2.5). The chemical composition of perlite,
%: Si0=70.4; ALO;=14.7; Fg0s=0.7; Fe0=0.4; Ca0=0.8; MgO0=0.3; THD.l; K0O=3.9;
Na,0=3.4; H0O=5.3. Nepheline serves a source mineral for witih the content of approximately
71.3%, aegirine — 16.4%, fieldspar — 6.2%, spheBe8%. The SO3 content does not exceed 0.18%;
the soluble silica content on average makes 20 thmBine-grained concrete on quartz sand of the
Nizhneolshansky field (um=1.2) with the followingeanical composition, %: Si996.4; ALO;=0.3;
Fe,05=0.7; Ca0=1.8 %; Mg0=0.2; $60.05; RO=0.3; percentage of other impurities=1.9 was used
as a test sample.

Medium aluminate portland cement CEM | 42.5 N (CJB€lgorodsky Tsement) with the
following mineral structure, %: £=63.2; GS=14.8; GA=6.9; GAF=13.1; n=2.25; p=1.24; KH=0.92
was used as a binding agent.

1% solutions of magnesium sulfate and sulfuric aede used as aggressive environments.
Method. The experiments were conducted using sampfe2.%2.5x10 cm in size and the
composition of portland cement and a filler = 1Cncrete samples were made according to GOST

310.4-81; after solidification on the 28ay in normal conditions, they were tested foersgth and
placed in 1% solutions of sodium and magnesiunatesf The solutions were periodically changed.
After being kept for 1, 3, 6 and 12 months, the [gas were exposed to visual analysis, tested for
flexural and compression strength, the phase coimposof corrosion products (XRF) and the
microstructure of the eroded area (SEM) were ddfine

The study of the phase composition was carried wgihg analytical X-ray diffractometer
ARL9900 IntellipowerWorkstation and ARLX'TRA viagowder diffraction technique in the range of
double angle® 4+56° and 880°. Data handling, calculation of phase concentratinod sequential
analysis of elements was made using the followmigware: UniQuant 5.56, Siroquantversion 3.0,
ICDDDDVIEW 2010, ICDDPDF-2 Release 2010, Difwin,yStallographicaSearchMatch.

The microstructure was studied via scanning elactrocroscope TESCANMIRA 3 LM. All
measurements were fully automatic and made witloigte software.

3. Influence of activefillerson concrete corrosion resistance
Sulfate corrosion
The test results of fine-grained concrete samgiesved that the filler from perlite and urtit incses
strength and resistance of concrete in 1% solut@nsagnesium sulfate. The flexural strength of
concrete with perlite filler was 72.3% higher ahd tompression strength was 38.7% higher in 1 year
of solidification in sulfate-magnesium media thhattof concrete with test composition (Fig. 1). The
reduction of flexural and compression strength 2nnmionths of testing was only noted for samples
with test composition; a noticeable drop of stréngtas recorded after 6 months of testing. This
confirms the fact that the corrosion resistanceoofcrete is mainly defined by permeability of catta
surfaces.

Higher strength of samples with perlite and uitierfs is caused by the fact that already at room
temperature they interact with alkaline componehtsement concrete with further formation of gelly-
like fibrous hydrated calcium silicates of a toberite group (CSH) having good binding properties.
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This leads to colmatation of coarse-capillary paesind particles of coarse- and fine-grainedr§lle
which serve as channels of aggressive solutiongtgion into concrete and reinforced concrete
structures.

Tests of fine-grained concrete with urtit fillerrgad out within 6 months showed that the flexural
and compression strength increased by 46%.(Rnd by 43% (RnJ. Magnesium sulfate showed
high aggression in relation to samples with a quilier, the decrease in flexural strength wit3i®
months, and the compression resistance withinrtesval did not change (Fig. 1).

By the end of one year of tests, the samples ofathpositions had no cracks or other visible
defects. A typical feature of corrosion in magnasigolutions is the presence of a white film of
magnesium hydroxide on the surface of concrete,cliwhg formed during the interaction of
MgSO,cCa(OH), diffusing from concrete.

Strength and resistance do not always providehidevelopment of chemical corrosion, which is
caused by the development of simultaneous desteuetnd constructive processes. In this regard,
corroded surface layers of test samples were studig X-ray phase analysis, fluorescence and
microanalysis.
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Figure 1. Influence of fillers on strength of cement samifes$P=1:3) solidified in 191gSQ,
solution: a — compression strength; b — flexunarsjth.

XRF showed that the main product of corrosion & glgpsum (peaks: 7.56; 4.27; 3.0&9 The
concentration of applied sulfate solutions exerstrang influence on the formation of ettringitedan
gypsum. The gypsum is formed if the concentratibsutfates makes more than 1500 mg/l, and hence
is not commonly used in practice and only in sraaibunts.

The lack of ettringite can be caused by samplendrgit a temperature of more tharf®@nd as a
result of partial dehydration it transfers into mmgen-amorphous state. The X-ray fluorescence
analysis made it possible to state that in surfagers of fine-grained concrete (1-2 mm) with quoart
sand the S©content makes 2.19%, which exceeds a similar atdicfor fine-grained concrete with
perlite filler — 1.84%.

Micrographs of surface chips of fine-grained cotersamples solidified within 12 months in
sulfate solution confirm the formation of contaayérs on active fillers in aggressive environments.
The contact area between quartz sand and a cetnest grows by gypsum crystals; dense twinning
of a filler with a cement stone is observed in getewith a perlite filler (Fig. 2).
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Figure 2. Contact layekept fol 12 in 1% magnesium sulfate solution on a surfa~ quartz
sand; b — perlite filler.

Fig. 3 showghe contact layer of urtit filler and a cement g(The leftimage shows a side, cut of
this layer, filled with a layer ofiydratedcalcium silicatesformed as a result of interaction ofiller
surface withCa(OH), of poreliquid.

The right image (Fig3, b) shows the section of a layer at largesolutior making a fine-
crystalline structure of gel hydracompositions visible. It is see¢hat this layer has cell structure of
triangular shapewhich is typical for autoclavi samples in the Si©@CaO-H,O systen.
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Figure 3. Layer ofhydrateccalcium silicates upon contact of urtit filler witement stone.

Thus, perlite and urtit fillersvith increasedactivity in comparison with quartz sand in relatiwor
calcium hydroxide act aactive filleis ensuring colmatation of coarsapillary pore on the interface
of fillers with a cement matrix of concri, which fosters thécrease in corrosion resistance of cen
concrete.

Acid corrosion

At present, the issue of tlirecreaseof acid resistance of concrete in relatiorsmall concentration
environments [13-16]emains urgent sincacid resisting concrete functionshagh acid strength and
is not efficient at 0.1-10% adcic concentrations. To operate aterage and lovacid strength, it is
advisable to use inorgandoncretesinceorganic materials are very expensive, less teclgicabanc
insufficiently resistant in acidaith oxidizing properties, for instanci nitric andnitrous acids, their
mixturewith hydrochloric acid, et

The studyof corrosion resistance fine-grained concrete with perlind urtit fillers wascarried
out via the developeahethod that implies tl use of materialsith the above listecomposition. Test
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results showed thahe strength of fir-grained concrete samples with perfiteers exceeded samples
with quartz sand both inase of hydraulic settii and in 1% solution of sulfuric acid. The conct
samples with quartz sand kejpt sulfuric acid are characterized by almasimplett loss of both
flexural and compressiatrengtl.

Microanalysisof a corroded zone dine-grained concrete (Fig. B} showed eclear difference
between active and inactive fils. Grains of quartz sand “fall ouvf a cement matrix of concre and
are replaced by rather larggpsumcrystals visible in the void formed (Fid, a).A perlite filler (Fig.
4, b) makes a firm uniowith a cement matrix of concre

4
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Figure 4. Corroded concrete layer— quartz sand; b — perlifier.

In a corroded zonef concrete Fig. 5, a), the contact ar@d quartz sand and its surfaaccrues
corrosion products, at the same ticorrosion products are not obsenadthe surface cthe perlite
filler and in the contact area (Fig, b).
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perlite filler.

In the solution of sulfuric aci, throughout the entire test, flexural andmpressio strength
increased by 36% for concresampleswith the urtit filler, while forconcretesamples with quartz
sand the strength decreasdter 3 month:

The diagrams in Fig. showthat the compression strength of samples with fillers increases in
both environments withi® months of tests. At the same t, in the solution of sulfuric aci, the
strength increaseg; 1 month, and irthe solution of magnesium sulfatein 3 month, which,
apparently, is caused by positive influenca bridging agent (gypsum).
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Figure 6. Influence of fillers on strength of cement samilé$?=1:3) solidified in 1%1,S0,
solution: a — compression strength; b — flexunadrsgth.
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It should be noted that there is a substantiaékfice in strength of concrete with urtit beford an
after tests in aggressive solutions, as well as tefst concrete. After curing in magnesium sulfatd
sulfuric acid solutions, the compression strengds &-3 times higher, while the flexural strengttswa
1.7-2 times higher. The resistance coefficierl}80, solution made&Cse=1.2, in MgSQ solution —
KCss0=1.02, which is 1.3-3.2 times higher than the tasise coefficient of concrete with quartz sand
(Fig. 7).

The comparison of resistance coefficients of fin@ged concrete in 1% MgQQGand H,SO,
solutions is of the utmost theoretical and prattinterest. It clearly shows advantages of a more
active filler (urtit) compared to other low-actie@d inactive fillers in thél,SO, solution than in the
MgSQ; solution.
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Figure?. Influence of fillers on resistance coefficientscohcrete solidified in various aggressive
environments in: a — 1% MgQ6olution; b — 1%H,SO, solution.

The obtained data show that in case of acid camngshe major factor ensuring self-retention of
heterogeneous physical and chemical processesdirdgeraction with cement stone components is
not only colmatation of pores of the latter onet &lso the formation of a thin viscous gel layer of
silica on a surface of product contacting with acdlica, being anhydride dfi.SiO,, silicic acid,
represents an acid-resisting substance soluble ionfjuoric acid. Another factor ensuring self-
retention of acid corrosion of cement concretetiorg acid solutions is the following.

Let us consider the surface of a cement concret@lsacontacting with acid solution (Fig. 8).



MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 032046 doi:10.1088/1757-899X/327/3/032046

gy _o-sidr
7 el
) -0-Ssig"”
-0-sid”

Figure 8. Scheme osilica layer formation.

Within a short time, the gel layer, consisting diten acid and its ions, is formed on a product
surface. It is clear that when hydrogen ions, nepecifically H30+ ions, interact with a gelly suréa
of corrosion products, H+ ions are captured byaiknions: H30 + + thH3SiO4th— H4SiO4 +
H20.

This reaction provides exceptional thermodynamabpgbility due to an extremely low dissociation
coefficient of orthosilicic acid, which is close Kaliss=10-10. This process leads to the fact thagn
layers of partially corroded material contact noithwfree hydroxonium ions, but with weak
orthosilicic acid, which is not aggressive in riat to concrete and has a similar chemical
composition.

Thus, it is found that urtit-based fillers incredlse corrosion resistance of fine-grained condrete
sulfate-magnesium and sulfuric solutions (almodteayvin comparison with the concrete based on
guartz sand, which is caused by the decrease iductimity of a contact area between a filler and a
cement matrix due to specific chemical relationtlsé main rock-forming nepheline mineral to
calcium hydroxide. It is advisable to use nephetioetaining fillers for concrete applied in highly
intense conditions of acid, salt and biologicalact

4. Conclusions

The conducted study of the influence of activeefillon concrete corrosion resistance allows
considering the obtained results as a physicalciednical model able to solve key issues of active
fillers. It is practically viable, however not fan extensive use and only in cases when it is sapgs

to ensure safety of concrete operational propeitiesorrosive media where livestock wastes are
accumulated and when there is contact with indalstri sewage waters, etc. The use of concreteein th
field of corrosion is a relatively small area wh#te use of expensive materials is justified.
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