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Plasma-chemical modification of concrete
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Abstract — Plasma chemical modification (PCM)
improves chemical resistance of a glazed decorative
coating and expands opportunities for designing various
types of the decoration of concrete. However, PCM
exposes the material to a significant thermal shock that
leads to dehydration of hydrosilicates in the cement
matrix followed by loss of strength of the concrete
coating. This results in a reduction in the service
characteristics of the concrete protective and decorative
layer such as adhesion strength and freeze-thaw
resistance and shortens the coating durability.
Therefore, the improvement of the PCM method is a hot
topic of the study and it is one of the most effective and
modern technologies, which will result in enhancement
of serviceability of concrete with the glazed decorative
coating.

This study investigated the effect of incorporation of
calcium aluminate cement as a silicon-based
intermediate layer between the glazed decorative layer
and the concrete surface.

The study demonstrated that the calcium aluminate
cement intermediate layer after plasma chemical
modification was dehydrated. Based on mineral
composition and structural analysis, the dehydrated
layer was visually divided into three zones: the upper
dense layer; an intermediate layer with micro cracks;
and the bottom dense layer. The microstructure of the
dehydrated zone is represented by small non-developed

Vasiliy Stepanovich Bessmertnyi

Department of glass and ceramics technology
Belgorod State Technological University named
after V.G. Shoukhov
BSTU named after V.G. Shoukhov
Russia, Belgorod
308012, Kostukov St., 46
vbessmertnyi@mail.ru

Valeria Valerievna Strokova

Department of material science and material
technology
Belgorod State Technological University named
after V.G. Shoukhov
BSTU named after V.G. Shoukhov
Russia, Belgorod
308012, Kostukov St., 46
vvstrokova@gmail.com

microcracks less than 50 pm. Magnesium spinel was the
main crystal phase in a calcium aluminate cement
matrix. The dense dehydrated zone had a shell-like
fracture, which is typical for spinel with imperfect
cleavage.

This study developed a glazed decorative coating and
a protective calcium aluminate cement-based
intermediate layer with the adhesion strength of 4.1 MPa
and freeze-thaw resistance of more than 50 cycles that
exceed service characteristics of concrete with the
coatings using other materials.

Keywords: Plasma-chemical modification, protective-
decorative coating, plasma jet, face layer.

l. INTRODUCTION

The implementation of the Presidential program
"Affordable Housing for Russian Citizens" considers an
increase in the production of wall building materials,
particularly concrete products. Protective and decorative
coatings on concrete significantly enhance the architectural
and artistic merits of buildings and structures.

One of the most effective modern technologies is the
plasma-chemical modification of protective-decorative
coatings applied on concrete. To expand the color
characteristics and minimize dehydration, various fillers
made of ceramics, glass, expanded clay, chamotte, waste
from the mining or metallurgical industry, etc. are used
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before the plasma-chemical modification in the molding of
concrete "face down" or "face up" [1-9]. Protective-
decorative coatings on concrete have relatively low quality
indicators [10, 11]. The adhesion strength of the coating
with the substrate does not exceed 1 MPa and is 0.1-0.2
MPa, and the freeze-thaw resistance does not exceed 15-30
cycles.

It is proposed to use alumina cement as the basis of a
protective and decorative coating, and as a filler - certain
fractions of colored container glasses and the breakages of
sanitary ceramics. According to a number of authors, when
plasma reflows of concrete products are processed, the
surface treated by the high-temperature jet is heated to a
depth of several millimeters [10-14]. In this regard, the
compositions of mixtures based on alumina cement have
been developed for preliminary application to the front
surface of concrete.

1. Results and discussions

To study the effect of PCM on the formation and
accumulation of fusion, samples of alumina cement were
made with a size of 20x20x20 mm. After hardening for 3
days, samples were reflowed at the speed of the plasma jet
passing through the face at a rate of 2 mm / s. The high-
temperature source was the plasma plant "Gorynych" with a
plasma jet temperature of 6000 K. The plasma torch's
operation parameters were 6 amperes, 140-160 volts (Fig.

1).
i Ay

Fig. 1. Stand for plasma-chemical modification: 1 — sample; 2 — moving
platform with the plasma unit; 3 — plasma jet; 4 — stand for installation of
the sample; 5 — plasma plant "Gorynych"; 6 — unfused protective-decorative
coating; 7 — fused protective and decorative coating

The average chemical composition of the glass
determined by the X-ray fluorescent method is presented in
Table | and differs from the chemical composition of the
alumina cement. The change in the chemical composition of
the amorphous phase is associated with the processes of
evaporation and thermal diffusion.

TABLE 1. CHEMICAL COMPOSITION OF THE AMORPHOUS PHASE
AFTER PLASMA-CHEMICAL MODIFICATION

Chemical composition, mass. %

A|203 CaO MgO Slo: V205 FeZOg MnO TlOZ

64.81 17.02 16.01 2.44 0.41 0.17 0.08 0.06

The thickness of the fused zone is affected by the speed
of passage of the plasma jet over the face of the concrete.
With a decrease in the reflow rate of the sample from 20 to
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10 mm / s, a continuous glassy coating with a thickness of
500 + 25 um was formed on their front surface, and 2500 +
25 um at a velocity of 2 mm/s (Fig. 2).
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Fig. 2. Graph of the dependence of the thickness of the reflow zone on the
face of the hydrated alumina cement matrix from the speed of passage of
the plasma jet: continuous coating; - - - - - discontinuous coating

As can be seen from Fig. 2, with an increase in the rate
of the plasma jet passing over the face of the sample at a
rate of more than 15 mm/s, there was no formation of a
continuous coating on the front surface of samples from
alumina cement.

At a plasma flow rate of 2 mm/s, the temperature of the
fusion heating and the kinetics of its cooling were
determined (Fig. 3). For this purpose, an optical pyrometer
and a platinum-platinum-rhodium thermocouple were used.
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Fig. 3. A graph of cooling kinetics of the fused zone on the sample of
alumina cement at a plasma flow rate of 2 mm/s

As can be seen from Fig. 3, heating to 2000 °C occurred
almost in fractions of a second. Cooling of the facial zone to
300 °C occurred after 5 minutes.

The structure and distribution of elements of the fused
layer of dehydrated alumina cement are presented in Figures
4,5.
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Fig. 4. The tested sample of aluminous cement fused by a plasma jet: 1 —
matrix of alumina cement; 2 — fused zone; 3 — bubbles
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Fig. 5. Distribution of elements Ca, Si, O, Al, Mg, K, Na, Fe by the
thickness of the fused, intermediate and deep layer of concrete

The melted zone was examined by X-ray phase analysis
(Fig. 6).

As can be seen from Fig. 6, the fused layer is
represented by an amorphous phase. The composition of the
amorphous phase is represented by Mg-Ca-Al glass.

The microstructure of the glass phase is shown in Fig. 7;
the fusion is not homogenized and had, in addition to gas
inclusions, an area of microinhomogeneity.
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Fig. 6. A powder x-ray diffractogram of the fused zone

In the investigated protective and decorative coating
below the fused zone, there is a zone of dehydrated alumina
cement with the different phase composition, macro- and
microstructure (Fig. 8).

Fig. 7. A microstructure of the glass phase: 1 — matrix of glass; 2 — areas of
heterogeneity; 3 — gas inclusions
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Fig. 8. A structure of the surface layer sample after plasma-chemical
modification: 1 — matrix of the sample with the size of 20x20x20 mm; 2 —
amorphous zone; 3 — dehydrated zone: a — upper dense layer; b — medium
microfractured; ¢ — lower dense layer

The phase composition of the dehydrated zone (3) and
its sections: a, b, ¢ was studied by X-ray phase analysis. The
phase composition of the upper dense layer (a) is
represented by calcium monoaluminate and spinel (Fig. 9).
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The composition of the spinel Mg 4Al,,O, was identified
by the magnitude of the interplanar distances.
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Fig. 9. Powder x-ray diffractogram of dehydration zone (a — upper dense
layer): O — MgA|204; A— CaA|204

In this layer (a) there were no microfractures (Fig. 10).
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Fig. 10. Microstructure of the dehydration zone (a — upper dense layer): 1 —
crystalline phase; 2 — pores
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The phase composition of layer (b) is represented by
spinels with different substitution of the crystallographic
positions: (Mo e8Alo32)" (Al 82MG0,16)204 and
(Mg esAlo32) (Alg 6sMdo32)204 and calcium monoaluminate
(Fig. 11).
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Fig. 11. A powder X-ray diffractogram of the dehydration zone in a sample
of alumina cement (layer b): o — MgAl,O4; A — CaAl,O4

Spinels with different substitution of crystallographic
positions were identified by the magnitude of interplanar
distances using the computer program "Crystallography"
(Table I1).
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SPINELS IDENTIFIED IN THE PROTECTIVE-DECORATIVE
COATING AFTER PCM

TABLE II.

< “« < “«

S| 5|8 5|8 58] 8

Compositions ‘; s ? s g‘ s ? E

c = c S c I c

I < <5} < I < <5} g

E| §E|E| S |E| §|E| =

|l 2"l & |- | &|-| =

g g ] 5

E = E E

10246 | 20| 4] 15] 3] 46

MOAI-O, 0|3 |5| 2 |5|5|5]| 6
10243201155/ 46

Mo 4Al>.40s 0|3 |2 |2]|7|57 0] 7
(MgogsAloz)(AlossM | 10 | 24 | 5 | 20 | 4 | 15 | 3 | 46
0016)204” 0|38 |0| 20|05 | 0] 68
10| 24 |5 20| 415 4| 46

MOAI s4Fe0104 0|3 | 5| 24|57 |8/ 7

Note: * — spinel with different substitution of crystallographic positions of
Mg> A"

In the layer (b) (Fig. 12), mixed spinels were formed
under the action of a plasma jet.

As can be seen from Fig. 12 (a, b), in this layer in
addition to the crystalline phase and pores, there was an
insignificant number of undeveloped microfractures, the
size of which did not exceed 50 pm.
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Fig. 12. A microstructure of the dehydrated layer (b): 1 — matrix of alumina
cement; 2 — fractures; 3 — pores
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As it was shown by the X-ray phase analysis of the
lower layer (c), the main phases are calcium monoaluminate
and spinel of composition MgAl;oFe;04.  The
microstructure of the layer (c) is shown in Fig. 13 (a, b, c).

The crystalline phase has a conchoidal fracture, which is
typical of spinel having imperfect cleavage.

The formation of spinels contributed to the sintering and
consolidation of the fused layer and, as a consequence, to an
increase in such operational parameters as adhesion strength
and freeze-thaw resistance.

a)

b)

Fig. 13. A microstructure of the dehydrated layer (c): 1 — crystals; 2 —
pores; 3 — elements of a conchoidal fracture
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1I. Conclusion

The conducted research made it possible to establish
regularities in the formation of the structure of protective-
decorative coatings on concrete using color metal salts.
Using a plasma jet, it is possible to regulate the medium that
will make it possible to expand the color scale of coatings.

High microhardness of coatings obtained after
plasmochemical modification of fine-grained concrete will
improve its resistance to scratching and possible shock loads
during operation. This will increase the reliability and
durability of fine-grained concrete with protective-
decorative coatings.
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