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Abstract: The durability of alkali-activated steel electric arc furnace slag (EAFS)
in a marine environment was evaluated with respect to the chemical composition
of the alkaline activator. Two different alkaline activators have been used: a mix-
ture of NaOH and Na,SiO; solutions (Na-activator), as well as a mixture of KOH
and K,SiO; solutions (K-activator). The obtained results gave the insight into the
influence of alkaline activator chemistry on the compressive strength and dura-
bility of alkali-activated slag (AAS), which was exposed to the damaging sea-
water environment. The porosity of AAS was found to be the most important
factor with regards to the strength and durability of these materials in marine
environment. Sodium based alkali-activated slag (Na-AAS) displayed lower por-
osity and higher compressive strength compared to potassium based AAS (K-
-AAS). Lower porosity and thus a lower rate of water uptake by AAS matrix, i.e.,
the lower sorptivity was exhibited by the Na-AAS when compared to K-AAS.
Hence, Na-AAS exhibited better durability in a marine environment.
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INTRODUCTION

The by-products of steel production can generally be classified into three
groups: basic oxygen furnace, electric arc furnace and ladle slag. The compo-
sition of steel slag is highly variable and primarily depends on the raw material
selection and processing conditions. Electric arc furnace slag (EAFS) is mainly
comprised of various oxides such as CaO, FeO, Al,0;, MgO, MnO, P,0:s, etc.,
while the main crystal phases are dicalcium and tricalcium silicates (Ca,SiO, and
Ca;SiO0s, respectively), dicalcium ferrite (Ca,Fe,0,) and wiistite (FeO)." In Eur-
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ope, nearly 12 million t of steel slag is produced each year and about 65 % is
used in qualified fields of application, while the remaining 35 % ends up on land-
fills.? This slag is primarily used in civil engineering®’ but it can have a potential
application as a neutralizing agent in bioleaching® as well as in aiding phospho-
rous and heavy metals removal from wastewaters.” "'

In the past two decades a lot of attention has been paid to the use of a new
class of slag based materials known as alkali-activated slag (AAS). These mat-
erials are currently considered as a possible replacement for the ordinary Portland
cement (OPC) binder due to its enhanced durability and performance in various
environments. The alkali activation process involves a chemical reaction of slag
with the alkaline activator which starts with breaking of the Ca—O, Mg—0, Si—O-Si,
Al-O-Al and AI-O-Si chemical bonds,'* followed by the condensation and the
hardening processes. Aluminium-containing calcium silicate hydrate gel (C—(A)-
—S—H) with a low Ca/Si ratio has been identified as a hydration product of slag
alkali activation.” The structure of C—(A)-S—H gel is similar to the calcium sili-
cate hydrate (C—S—H) structure in OPC, although it is highly amorphous and
characterized by a high aluminum content, indicating a high degree of aluminum
substitution for silicon in bridging positions.'* This substitution of Al for Si**
generates a charge imbalance, compensated by the uptake of Na™ or K' in the
C—(A)-S—H gel."” This gel controls the strength development of AAS similarly to
C—S—H phase, which is the main hydration product of OPC.

The structure and properties of C—(A)-S—H gel are strongly dependent on
the type of alkaline activator present, which greatly affects the properties of
AAS.'® Sodium silicate (Na,Si0;)-activated AAS is characterized by higher com-
pressive strength, lower water absorption capabilities, higher workability, higher
drying shrinkage and lower porosity in comparison to AAS activated with
sodium hydroxide (NaOH).'”'®

Durability of AAS in aggressive environments is the main advantage of
these materials over OPC and thus the behaviour of AAS in a marine environ-
ment is of great importance due to the presence of a variety of harmful species.
Generally, the cement-based construction elements exposed to an aggressive
environment like seawater are at a risk of structural incapability due to the penet-
ration of detrimental elements into the material matrix.'”*° In this sense, the pre-
vention of protrusion of CI” and Mg”" is of great importance. The surface of steel
bars incorporated in cement-based building elements is passivated due to the high
pH of concrete pore solution. Protrusion of Cl ions into the concrete pores leads
to the decrease of pH value of pore solution providing the conditions for the
corrosion of steel bars. Moreover, the presence of Mg>" in seawater influences
the stability of C—S—H gel in cement-based matrix. The exposure of cement
based materials to seawater results in leaching of Ca due to the decalcification of
the C—S—H gel'’ and to the formation of a non-cementing magnesium silicate
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DURABILITY OF ALKALI ACTIVATED SLAG 1 145

hydrate (M—S—H) by an ion exchange (Mg>" and Ca*") in the C—S—H.”" Similar
behaviour is proposed for AAS systems in solutions of medium magnesium chlo-
ride concentration.”'

The durability of alkali-activated binders has been widely investigated, but
there is little data on the durability of these materials in the marine environment.
Previous investigations indicated the high durability of alkali activated slag mor-
tars in seawater from the standpoint of sulphate ions attack.”> However, the dur-
ability issue of AAS is influenced by the chemistry of alkali activator used for the
production of AAS mortars. NaOH activated slag mortars exhibit lower porosity
than those activated with water glass, which is associated with the structural and
compositional differences of the main reaction product. Higher porosity of NaOH
activated slag mortars yields higher permeability and higher ingress of sulphate
ions, leading to the formation of products of expansive character (gypsum and
ettringite) which results in the decrease of the compressive strength.*

Moreover, the beneficial use of seawater in the production of AAS was rep-
orted.” The hardened AAS mixed with seawater has higher strength than the one
mixed with tap water, due to the activation of the alkali salts like NaCl, MgCl,,
Na,S04 and MgSO,4 which accelerate the activation. Besides, the strengthening of
AAS mixed with seawater was observed upon further exposure to seawater for a
period of up to one year, which is ascribed to the continual activation by sea-
water, which resulted in forming more reaction product.”® Although extensive
investigations have been carried in the field of AAS, especially in terms of their
durability, relatively little is known about the influence of alkaline metal ions on
the properties and the durability of AAS in a marine environment. Thus, the aim
of this research was to investigate the influence of alkali activator chemistry on
the durability of AAS in a marine environment with the AAS synthesized by the
alkali activation of EAFS by Na- and K- activators.

EXPERIMENTAL

The EAFS used in this investigation was obtained from the Steel Mill Niksi¢ in Monte-
negro and its chemical composition is presented in Table I. Prior to alkali activation EAFS
was ground down to a fine powder with a mean particle size of dso = 24 um, measured on a
Malvern 2000 laser particle size analyzer.

TABLE I. Chemical composition of EAFS
Component CaO FeO Si0, Fe,O; MgO MnO Cr,0; AlLO; TiO,
Content, % 46.5 235 122 0.9 6.5 1.3 0.8 7.24 1.06

The AAS samples were synthesized using two types of alkali activators at a constant
solid to liquid mass ratio of 4. Na-activator was prepared by mixing 10 M NaOH and com-
mercial liquid Na,SiO; (Si0,/Na,O mole ratio of 3.2), while the K-activator was prepared by
mixing 10 M KOH and commercial liquid K,SiO; (SiO,/K,0 mole ratio of 3.2) solutions. The
Si0,/Na,O mole ratio in Na-activator and SiO,/K,O mole ratio in K- activator were 1 and 1.2,

Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



1146 NIKOLIC et al.

respectively. Accordingly, Na-activator was added as 4.8 and 4.8 mass % of Na,O and SiO,,
respectively, while K-activator was added as 7.6 and 4.4 mass % of K,O and SiO,, respect-
ively.

The paste obtained by the alkali activation was cast in a plastic cylindric mold (28
mmx60 mm), sealed with a lid to prevent the loss of evaporating water and cured for 48 h at
65 °C. Subsequently, the AAS samples were removed from molds and left to rest 14 days in a
laboratory room at the temperature of 2212 °C and 35 % relative humidity before any testing
was performed. Durability of Na-AAS and K-AAS was tested by immersing the samples in
seawater for a period of 14 weeks. For this purpose, two groups of five AAS samples of the
same series (Na- or K-AAS) were exposed to seawater attack. Natural seawater (pH 8.3) was
taken for the experiment. Prior to the experiment, seawater was poured into polyethylene
flasks and left to stay for a period of 7 days in order to reach the temperature of laboratory
room. The volume of seawater was 2 dm’ per five samples of same series. The volume of each
sample was approximately 0.03 dm’. After this time, the samples were dried and subjected to
characterization tests.

Five control AAS samples of each series were tested for compressive strength on an HP-
-400 hydraulic press at room temperature in aerobic conditions (standard test conditions).
Before testing, the surfaces of the sample were polished flat and parallel. The compressive
strength measurements were performed according to the MEST EN 1354:2011 standard, using
five cylinders of each series and averaging the obtained experimental values.

Both Na-AAS and K-AAS samples were subjected to porosity investigations. Pore size
distribution and surface area evaluated using N, adsorption/desorption isotherms were
obtained using the Micrometrics accelerated surface area and porosity (ASAP) 2020 instru-
ment. To ensure the removal of moisture, degassing of Na-AAS and K-AAS was performed at
100 °C for 24 h.

The qualitative phase analysis of Na-AAS and K-AAS before and after exposure to
marine environment as well as EAFS source materials was performed by the X-ray powder
diffraction (XRPD) technique on a Philips PW 1710 diffractometer using monochromatized
CuKo:, radiation (4 = 1.54178 A) and step-scan mode (26 range from 4 to 90°, step 0.02°, scan
speed 0.8 s per step).

Microstructural and chemical investigations were carried out using the FEI Helios
NanoLab 660 SEM/FIB dual beam system, equipped with the EDAX energy dispersive spec-
trometer (EDS). The SEM images were recorded with various electron detectors, including the
secondary electron detector (SED).

The capillary water absorption was carried out according to Hall method* and can be
determined by using the following equation:

=5t (1)
where [ is cumulative water absorption per unit area of the inflow surface, S is sorptivity
coefficient and ¢ is elapsed time. The sorptivity coefficient (S) can be determined from the
slope of the 7 vs. 1 plot. For this purpose of sorptivity test, the surfaces of AAS samples were
exposed to the marine environment. The increase of mass of the samples, measured over reg-
ular time periods, was attributed to the water-intake by the capillary pore effect.
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RESULTS AND DISCUSSION
Characterization of AAS samples

The results of porosity investigation of Na- and K-AAS samples are sum-
marized in Table II. Although a somewhat larger pore size (pore width) was
observed in the case of Na-AAS, the pore volume and specific surface areca were
significantly lower compared to that of the K-AAS (Table II), which indicate that
Na-AAS is less porous in comparison to K-AAS. The results of porosity analysis
are in good agreement with the results of strength investigations, as Na-AAS
exhibits higher compressive strength, 38.8 MPa than K-AAS, 32.3 MPa (Table
II). The similar effect of alkaline activator chemistry on the strength development
of the alkali-activated stainless-steel slag was observed in previous research.”>*®
The higher strength of Na-AAS sample in comparison to K-AAS can be attri-
buted to the higher volume of reaction product formed in Na-based alkali acti-
vated systems.”>® Although the overall activation process is the same, regardless
of the type of activator, there is a difference in the dissolution—condensation
rates. Due to the difference in charge densities, the smaller Na™ ions exhibit
strong attraction to water and retain their hydration layer of water molecules
more efficiently than larger K', which do not have strong association with water
and readily bind with the negative charge on the silicate.”””® Consequently, the
hydrated ionic radius of Na" is larger than K leading to the better dissolution of
starting materials in alkali activator and to the formation of a greater number of
oligomers, larger in size, with strong interaction.”® The increased interactions
between dissolved entities lead to the formation of a higher volume of reaction
products and better mechanical properties of alkali activated materials. More-
over, it has also been reported that the porosity of alkali activated materials can
be varied by the selection of alkali ions, where less porous alkali activated
materials are produced when sodium is progressively replaced by potassium.*

TABLE II. Cumulative pore volume (V,n), specific surface area (Sggr) and compressive
strength (o) of Na-AAS and K-AAS samples; standard deviations are given in parentheses

Sample Sger / ng'1 Voo /| €O g’1 Pore width, nm o/ MPa
Na-AAS 6.5 0.0142 8.7 38.8 (1.6)
K-AAS 17.48 0.0233 5.1 32.3(1.3)

The XRPD analysis results (Fig. 1) have shown that EAFS, Na-AAS and
K-AAS are mostly amorphous materials (broad diffraction hump of 26 from 28
to 38° centered at approximately 33°). No crystalline C-A-S-H phase was det-
ected by XRPD since the reaction product of slag alkali activation exhibits an
amorphous structure in XRPD spectrum. In all samples, the main crystal phases
were: wiistite; a complex nonstoichiometric oxide of Fe with the general formula
Fe; ,O (JCPDS 89-0686); larnite, 4-Ca,SiO4 (JCPDS 77-0388); and gehlenite,
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Ca,Al(AISiO;) (JCPDS 89-6887). There is a possibility that very small amounts
of monticellite, CaMgSiO4 (JCPDS 84-1319), calcite CaCO; (JCPDS 89-1304),
and ilvaite CaFe;O(OH)(Si,0;) (JCPDS 82-1847) were present in all samples as
well as &Fe (JCPDS 89-4186) in Na-AAS, but due to their small amounts,
unambiguous identification based on XRPD measurements was not possible.
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Fig. 1. XRPD patterns of electric arc furnace slag (EAFS) and alkali activated slag

(Na-AAS and K-AAS).

The microstructure of Na-AAS and K-AAS is characterized by the presence
of unreacted slag bonded by the reaction product of AAS, noted as “A” and “B”,
respectively, in Fig. 2. The results of EDS analysis of Na-AAS and K-AAS
(Table III) indicate the presence of C—(A)—-S—H gel, with a high content of alkali

Fig. 2. Microstructure of: a) Na-AAS and b) K-AAS samples; unreacted slag noted as “A”

and reaction product of AAS noted as “B”.
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ions (Na" or K"), as the main reaction product in the alkali activation process.
The data in Table III were obtained from the average of 3 sample areas.

TABLE III. The content of main elements and the average Ca/Si content ratio in the reaction
product of AAS; standard deviations are given in parentheses

Content, wt. %

Sample - Ca/Si
Ca Si Al Na K

Na-AAS 16.31 17.1 3.62 15.41 - 0.95

(0.66) (0.23) (0.4) (0.59) (0.05)

K-AAS 22.25 11.9 4.16 — 6.94 1.87

(0.79) (0.36) (0.12) (0.41) (0.01)

The Ca/Si ratios for Na-AAS and K-AAS (B-region) were found to be 0.95
and 1.87, respectively, while the content of the alkaline metals (Na and K) was
15.41 and 6.94 %, respectively. These results are in agreement with the previous
results where AAS systems with lower Ca/Si ratios were characterized by higher
compressive strength'” and higher uptake of the alkaline metal ions.*® The Ca/Si
ratio in the reaction product of slag alkali activation is closely related to the con-
ditions of slag dissolution in the alkali activator. Since the choice of alkali ion
influences the dissolution of starting materials in the alkali activator, this inevit-
ably leads to the difference in Ca/Si ratio in the reaction product of alkali acti-
vation. Our previous investigations® indicated a more efficient leaching of silica
in the presence of Na' than in K, which is reflected in the lower Ca/Si ratio in
the reaction product of slag alkali activation.

Durability of AAS samples

Durability of Na-AAS and K-AAS exposed to an aggressive seawater envi-
ronment was evaluated in terms of the mechanical and the microstructural pro-
perties, as well as in terms of the crystalline phase formation on the surface of the
samples. The strength of Na- and K-AAS samples after seawater attack were
37.810.8 MPa and 28.8t1.1 MPa, respectively. It is evident that after immersion
in seawater for a period of 14 weeks, both samples displayed certain decrease in
strength. The Na-AAS sample exhibited a slight strength loss of 2.5 % while the
K-AAS sample exhibited a much higher strength loss of 10.9 %. The results
obtained inferred that Na-AAS samples are less sensitive to seawater attack than
K-AAS samples. This is in agreement with the findings of Puertas et al.** who
pointed to the porosity of AAS as an important factor in terms of the stability of
AAS in seawater. Namely, Na-AAS samples have a lower porosity and thus
lower permeability than those made with K-activator. Therefore, Na-AAS
samples are more resistant to seawater attack than K-AAS. Immersing Na-AAS
and K-AAS in seawater generates an alkaline solution (pH 9.6) due to the ion
exchange between the excess Na' or K* from AAS matrix and H;O" from the
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aquatic environment.’> After a period of 14 weeks, a white layer on the surface of
both, Na-AAS and K-AAS, was observed (Fig. 3). The results of the micro-
structural investigations of the Na-AAS and K-AAS immersed in seawater (Fig.
4) have shown that the corroded layer (A) on the surface of AAS (B) is com-
prised of mostly Mg and O. This layer acts as a barrier and slows down the pen-
etration of chlorides inside the Na-AAS and K-AAS, thereby protecting them
from the aggressive environment.

Fig. 3. Sample of AAS before and after immersion in
scawater.
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Fig. 4. SEM micrographs and corresponding EDS spectra of Na-AAS and K-AAS after
immersion in seawater; corroded layer is noted as “A” and AAS is noted as “B” in
micrographs.
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Diffraction analysis of these surface corroded layers of Na-AAS and K-AAS
revealed the presence of brucite, Mg(OH), (about 90 %) and calcite CaCOs
(about 10 %) as the major crystalline phases (Fig. 5) which is in agreement with
the findings of SEM/EDS analysis.
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Fig. 5. XRPD patterns of the surface layer on Na-AAS (a) and K-AAS (b) samples after
immersion in seawater.

Since the AAS samples in a marine environment generate alkaline solutions,
the Mg”" ions from seawater react with the OH™ ions liberated from AAS matrix
and precipitate as brucite, Mg(OH), (Eq. (2)), as shown by the XRPD and SEM/
/EDS analysis. Additionally, the liberated Ca*" from the AAS matrix in alkaline
environment form Ca(OH),, which reacts with the carbonates from seawater
forming calcium carbonate (Eq. (3)) at the surface of the exposed sample, also
confirmed by the XRPD analysis:

Mg”" +20H" — Mg(OH), )
Ca(OH), + H,CO; — CaCO; + 2H,0 3)

Additionally, EDS line scans have been performed on Na-AAS and K-AAS
samples after immersion in seawater, starting from the corroded layer and going
into the AAS matrix (Fig. 6).

According to the line scan profiles for both samples, the amount of Mg in the
corroded layers (A) is high and rapidly decreases at the interface with the AAS
matrix (B). The line scan of both samples indicate the negligible concentrations
of Ca, Si and Al in the corroded layers, which rapidly increase at the A/B inter-
face.

The fluctuation of concentration of these elements at the corroded layer/AAS
matrix interface is a result of the partial decalcification of the C—(A)-S—H gel
when in contact with seawater. From Fig. 6 it is evident that the Na-AAS sample
exhibits better resistance to Cl penetration, compared to the K-AAS sample. In
both cases, the highest concentration of Cl was observed at the A/B interface, after
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(A)/AAS matrix (B) interface for (a) Na-AAS and (b) K-AAS, immersed in seawater.
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which it decreases going into the AAS matrix. When Na-AAS and K-AAS come
in contact with seawater, Cl penetrates into the AAS matrix and remains bonded
inside, while the corroded layer was formed on the surface of matrix. The results
of EDS line scans indicate that the amount of CI in the AAS matrix was higher in
the case of K-AAS than for the Na-AAS. The main factor which influences the
penetration of Cl and other harmful species into the AAS matrix, when in contact
with an aggressive environment, is porosity. As shown by the porosity investig-
ations, K-AAS exhibits a higher porosity than Na-AAS, which enables greater
diffusion of Cl ions into the K-AAS and thus a higher amount of Cl is observed
near the A/B interface of K-AAS. Moreover, the higher amount of Cl ions is also
observed in the surface corroded layer formed of K-AAS, than in the surface
layer of Na-AAS, which indicates the easier penetration of Cl ions through the
corroded layer of K-AAS. This could be attributed to the crystallinity of the cor-
roded layer formed on the surface of the AAS samples, but this assumption
requires more detailed research. As shown by the XRPD analysis (Fig. 5), the
corroded layer on the surface of the sample K-AAS was less crystalline than the
layer formed on the surface of Na-AAS.

Sorptivity of AAS samples

The ingression of Cl from seawater into the AAS matrix is determined by
their sorptivity, i.e., by the rate of water uptake by AAS matrix, when exposed to
seawater. The sorptivity plots for Na-AAS and K-AAS are given in Fig. 7.

3 P
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2.5 S
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9N “ /
= ’
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~ 15 ;
1 / _ Fig. 7. Cumulative water absorp-
- ! _— . . .
' __—— et aia tion per unit area of the inflow
051/ — BoAAS surface (/) of Na- and K-AAS as
/ Na-AAS  ; function of the square root of
0 ; ; ; ; ; . — time, i.e., the amount of abs-
0 5 10 15 20 25 30 35 orbed water per unit area of the
t/ min!’2 inflow surface.

The calculated values of the capillary sorptivity coefficients (S) are 0.103
and 0.261 kg m * s "* for Na-AAS and K-AAS samples, respectively. The results
indicate that the sorptivity of K-AAS is almost double in value than that of Na-
AAS. This finding is in agreement with the lower porosity of AAS binder
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activated with the Na-activator, which actually controls the ionic transport into
the AAS matrix. Higher sorptivity of K-AAS leads to higher Cl uptake and ing-
ression into the K-AAS matrix, as shown by the EDS line scan (Fig. 6).

CONCLUSIONS

The variation of chemical composition of the alkaline activators used for the
alkali activation process leads to the significant disparity in terms of the structure
of the AAS matrix. A less porous AAS matrix was obtained by using Na-acti-
vator, which is associated with higher compressive strength in comparison to the
K-AAS, at ambient conditions. The porosity variations, in regards to the type of
the alkali ion, also play an important role in the durability of AAS in seawater.
The modification of chemistry of the alkaline activator greatly influences the
variation in sorptivity of Na-AAS and K-AAS, due, once again, to the difference
in the porosity of these samples. Lower sorptivity was observed for the AAS
when the Na-activator was used, as the Na-AAS matrix is a less porous structure
than K-AAS. Moreover, the formation of a corroded layer, mostly consisting of
brucite, Mg(OH),, on the surface of both Na- and K-AAS samples was observed.
It was deduced that this layer has a barrier function which hinders the penetration
of CI” inside the AAS matrix, and that in turn protects the AAS from the dam-
aging effects of the aggressive marine environment.

H3BOI

IMTOCTOJAHOCT AJTIKAJTHO AKTUBHUPAHE TPOCKE ¥ MOPCKOM OKPYXEIY:
YTUIAJ AJTKAJTHOT JOHA

WPEHA HUKOJIUR', MUJIEHA TAIMR', UBOHA JAHKOBUR-YACTBAH?, BYK B. PATMUJIOBUR’
¥ BEJIUMUP P. PAIMWIOBUR
Metmanypuxo—exronowxu paxynidei, Yuusepsuiiei Lipue Tope, Llopya Bawuniigona 66, 81000
Iogiopuya, Lipna I'opa, ZTCXHO}IOWKO—MC(ZJIprKu Qaxynitein, Ynueep3uiieii y beoipagy, Kapneiujesa 4,
11120 Feoipag, *UnosaiiueHu uentap, Texnomowko—meanypuxu Gpaxyniieid, Ynusepsuiiein y Beoipagy,
Kapneiujesa 4, 11120 Beoipag u 4Cpumca axagemuja nayxa u ymemociwiu, Knes Muxaunosa 35,
11000 Beoipag
[TocTojaHOCT anKalaHO aKTUBUPAHe eneKkTponehHe yenudyaHCKke TPOCKE Y MOPCKO]j BOAH je
WCNHTHBAHA Y 3aBUCHOCTH OJf XEMHjCKOT cacTaBa alKalHOr akTuBaropa. KopuirheHna cy nsa
pasnuuuTa ankanHa aktuBaropa: cMema NaOH u Na:SiOs pactsopa (Na-akTvBaTop) U cMella
KOH u K:SiOs pactBopa (K-axrtuBaTop). [JodujeHu pesynraTu [ajy YBUA Y YTHIIQ] XEMHjCKOT
cacraBa a/JKaJHOI aKTHBaTOpa Ha NPUTHUCHY 4YBPCTOhy M MOCTOjaHOCT alKallHO aKTHBUDaHe
Tpocke (AAT) m3noXxeHe INTETHOM [I€jCTBY MOPCKE BOAE. YCTAaHOB/BEHO je Aa jeé MOPO3HOCT
AAT Haj3HauajHUjH (PaKTOp KOjH yTHYEe HAa UBPCTOhYy M IOCTOjaHOCT OBHUX MarepHjaia y
MODPCKOM OKpY)Kemwy. Mamwy NOpo3HOCT U Behy IpUTUCHY 4BpCTOhy cy nokasanu ysopuu AAT
Ha Dasu Na-akTHBaTOpa. Mamy IOpPO3HOCT, a CAaMHM THM Mamy Op3HHY yIujama BOAeE, Tj.
Mamy copnuujy, noxasanu cy ysopuu AAT Ha dasu Na-axtuBatopa y nopehemwy ca ysopuuma
Ha 0a3u K-axtuBatopa. Ctora, AAT Ha Oa3u Na-akTvBaTopa Cy Mokasaau ¥ 0osby MOCTOjaHOCT
Y MOPCKOM OKDYKEmY.

(ITpumspeHo 28. mapTa, peBUIHMpaHo 3. jyna, mpuxsaheHo 4. jyna 2018)
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