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This paper reports a study into the effect
of mineral fillers such as ground granulat-
ed blast furnace slag, microsilica, and nano
dispersed alumina on the structure forma-
tion and water resistance of gypsum. The
theoretical models of gypsum stone struc-
ture with mineral fillers have been built and
described, taking into consideration the sign
of the surface charge of gypsum crystals and
filler particles. In accordance with the devel-
oped models, the fillers enable the forma-
tion of a dense structure of gypsum stone as
a compositional material with a large num-
ber of electro-heterogeneous contacts. With
this structure, the gypsum dihydrate crystals
are maximally protected from contact with
water and dissolution. The electron micro-
scopic study of the gypsum stone with min-
eral fillers has been carried out, which has
confirmed that the rational ratio of gypsum
to slag ensures the densest structure of the
stone. The dependences of the strength of
gypsum stone in the dry and water-saturated
condition and a water resistance factor (soft-
ening) on the content of slag, micro-and nano
dispersed filler, a water-hardened ratio, have
been experimentally established. The intro-
duction of a rational amount of microfill-
er with a negative surface charge (micro-
silica) has increased the water resistance
ratio by 0.2-0.4 amounting to a value of 1.
The introduction of a rational amount of
micro-filler with a positive surface charge
(nano dispersed alumina) has improved the
water resistance ratio by 0.8 amounting to a
value of 0.9. The established mechanism that
JSorms the gypsum stone structure with fillers
would make it possible to develop the compo-
sitions for a mineral binder based on gypsum,
which could be used under wet operational
conditions
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1. Introduction

Gypsum-based materials are characterized as environ-
mentally friendly, highly durable, strong enough [1-4].
However, low water resistance limits their use to dry oper-
ating conditions; improving it could significantly expand the
application scope of gypsum materials. Low water resistance
is mainly explained by the solubility of calcium sulfate dihy-
drate, the spreading forces created in pores by the absorbed
water, etc. The water resistance of gypsum binders can be
increased by reducing the water-gypsum ratio, by combining
them with hydraulic binders [5-7], by introducing mineral
additives-fillers [8-13], hydrophobic additives [13], poly-
mers, fibers [14]. As revealed by the analysis of the available
research results, the most effective is the introduction of
mineral additives into the gypsum stone. However, the above
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techniques generally do not increase water resistance to
more than 0.8.

Thus, it is a relevant task to undertake research that aims
to improve the water resistance and extend the application
scope of gypsum materials. In this regard, it is promising to
study the mechanism of the effect of mineral additives-fillers
on the processes of structure formation of gypsum stone,
which could increase its water resistance.

2. Literature review and problem statement

In [5], the water resistance of gypsum from waste is
achieved by mixing it with flue ash and Portland cement.
The authors of [2] introduce mineral and organic modifiers
into gypsum, explaining their effectiveness by a change in



the morphology of crystals and the strengthening at the
atomic-molecular level. The authors of [3] draw similar
conclusions. By studying historical gypsum solutions, they
provide an interesting explanation for the high water resis-
tance of some of them. In their opinion, the edges of gypsum
crystals have different solubility and structures in which the
most soluble faces are closed and the least soluble are open —
more water-resistant. The authors conclude that the decisive
role belongs to the change in the morphology of the crystals
of gypsum dihydrate due to the introduction of additives.

In [3], to form the densest structure of gypsum stone,
the authors use computer simulation methods for the com-
position of the raw mixture; in [7], the authors justify the
optimal proportion, which ensures the maximum strength of
the mixed binder from slag, gypsum, and clinker.

In [6], the increase in the strength of gypsum is explained
by the ordering of the structure through the introduction of
the mineral additives of quartz, diopside, glass, limestone.

The introduction of 14 % of ultra-dispersed zeolite into
gypsum increased its water resistance from 0.31 to 0.84
in [8]. A similar effect of the introduction of zeolite and
carboxylate is explained in [11] by a significant change in
the structure. In [14], the increase in the gypsum strength is
explained by the effect of dispersed reinforcement.

The authors of [9] modify gypsum with metallurgical
dust and multi-wall carbon nanotubes. They explain the
observed increase in water resistance by the formation of
amorphous hydro silicate structures on the surface of gyp-
sum crystals, which bind gypsum crystals and prevent water
from accessing them.

The gypsum is modified with ultra-dispersed metallur-
gical dust and anhydrite in [10]. The authors do not detect
the acceleration of hydration or its new products but note a
change in their morphology, leading to the compaction and
increased strength and water resistance. However, as noted
in [12], as a result of the introduction of a complex chemical
supplement, the hydration was accelerated and a denser
structure was formed.

The SiC silicon carbide micro- and nano-additives that
act, in the opinion of the authors of [13] as crystallization
centers, also accelerate the hydration and structure forma-
tion, leading to the formation of larger crystals.

Papers [15,16] show that the properties of mineral
binder materials, including their water resistance, are pre-
determined by the electrostatic interactions between the
hydration products’ particles, fillers through double elec-
trical layers on their surface. The high strength and water
resistance of hydraulic binders are determined by strong
electro-heterogeneous contacts between particles with the
opposite surface charge, in which the electrostatic attraction
operates. The hypothesis that solid mineral binders achieved
the maximum possible physical and mechanical indicators as
a result of interaction between the active surface centers of
the compositional silicate materials in the contacts between
them has been put forward and confirmed in [17]. According
to this hypothesis, the maximum indicators are provided by
the equality of the total surface areas of the particulates of
the dispersed phase per volume unit, which have opposite
surface charges.

Studies [15-17] are theoretical; the research reported in
them applies exclusively to hydraulic binders. Air binders
consist of particles with the same surface charges, so their
lesser strength and, especially, water resistance is caused by

weak electro-homogenous contacts, in which there are both
intermolecular attraction and electrostatic repulsion. Thus,
there remains an unresolved issue related to forming in the
air binders of electro-heterogeneous contacts, whose maxi-
mum number is possible when the total areas of the surface of
particles with the opposite surface charge are equal. We be-
lieve that achieving this equality is possible by adjusting the
composition of binder hydration products and introducing
highly dispersive inert particles into their structure. This
can be achieved by the introduction of mineral and chemical
additives, mixing several types of binders, etc.

It is known [18-23] that mineral and chemical additives
increase strength, improve other physical-mechanical and
hydro-physical characteristics of materials based on mineral
binders.

By studying the effects of additives, different authors
give different explanations for the reasons to improve these
characteristics. The introduction of highly-dispersed chalk,
according to the authors of [18], leads to a change in the
composition and structure of the Portland cement hydration
products and a decrease in the permeability of concrete for
aggressive substances. An integrated mineral additive, which
includes granulated blast furnace slag, fly ash, and pozzola-
na (zeolite), according to [19], ensures the compaction of
the cement stone structure, the increased strength. In [20],
due to the introduction of Portland cement clinker into the
slag-alkaline binder, control over the natural deformations
of the artificial stone is achieved. The authors of [21], by
modifying the binder substances with clay fillers, take into
consideration the acid-basic properties of their surface and
associate the observed effects with them. Electrolytes, es-
pecially in the form of an integrated additive, provide for an
increase in the water resistance [22] and strength [23] of ce-
ment composites. in [23], this effect of potassium and sodium
sulfates and carbonates is explained by the modification of
the microstructure and the porous structure.

Our analysis of the above studies makes it possible to pre-
dict similar processes in air binders such as gypsum. Adjusting
the structure and properties of gypsum materials is also possi-
ble due to the introduction of mineral fillers and other binders
of different composition and degree of dispersion.

All the studies analyzed confirm the effectiveness of the
use of mineral and chemical additives to improve the phys-
ical and mechanical properties of gypsum stone. However,
all those works do not take into consideration the electro-
surface properties of structure-forming elements, which are
decisive in the formation of a stable structure of gypsum
stone. These properties are taken into consideration in
paper [24], which recommends the introduction of fillers
and micro-fillers with certain electrosurface charges into
gypsum to create strong and water-resistant electro-het-
erogeneous contacts. The authors of [24] developed condi-
tional (idealized) schemes (models) of gypsum structures
with fillers (Fig. 1). They substantiated the increase in the
strength and water resistance of gypsum by the introduc-
tion of filler whose particles have a negative surface charge
and whose average size is larger than the average size of
gypsum crystals. Ground granulated blast furnace slag can
serve such a filler. To protect the end faces of the gypsum
dihydrate crystals from dissolution, it is proposed to in-
troduce micro-fillers, which also have a negative surface
charge and whose average particle size is not larger than 0.2
of the average size of filler particles (Fig. 1, b).
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Fig. 1. Schematic of the structure of gypsum stone G:
a — with filler £; b — with filler Fand micro-filler SF[24]

However, the study of the crystalline structure of the
gypsum dihydrate made it possible to establish in [25]
that the edges of its crystals have a different sign of the
surface charge (the equilibrium electrosurface potential).
The signs of the surface charges of dispersed particles
in water-disperse systems, including solidifying mineral
binders, were estimated using a calculation-experimental
method to determine the absolute and equilibrium elec-
trosurface potential [15], experimental methods for deter-
mining the electro-kinetic potential [26], separation in a
high-voltage electric field [27], as well as the absorption
of color indicators [21, 27]. The longitudinal faces have a
positive surface charge, the end faces — negative. This is
confirmed by the well-known tendency of gypsum to the
formation of spherulites and dendrites (Fig. 2, a) during
hydration, in which the electro-heterogeneous contact
between the longitudinal and transverse edges of the di-
hydrate crystals is implemented. Given this, the schemes
in Fig. 1 do not fully explain the mechanism of influence
of mineral fillers and micro-fillers on the formation of
gypsum stone structure. In addition, the introduction of
mineral fillers only with a negative surface charge and the
formation of a structure corresponding to these condi-
tional schemes, would not provide for sufficient water re-
sistance of gypsum. Those studies can be advanced when
taking into consideration the features of the crystalline
structure of gypsum and investigating the effect exerted
on the processes of structural formation by mineral fillers
with different electrosurface properties and varying de-
grees of dispersion.

Our analysis of the literary data suggests that it is ap-
propriate to conduct a study of the processes of structure
formation of gypsum stone with mineral additives taking
into consideration the electrosurface properties of all com-
ponents and the electrosurface anisotropy of gypsum crys-
talline hydrates.

Thus, the unresolved issue is revealing the mechanism
of influence of mineral fillers and their electrosurface prop-
erties on the structural formation of gypsum stone, which
could significantly improve its water resistance.

3. The aim and objectives of the study

The aim of this study is to reveal the mechanism of in-
fluence of mineral fillers such as ground granulated blast
furnace slag, microsilica, and nano dispersed alumina on the

structural formation of gypsum stone, accounting of which
could significantly improve its water resistance.

To accomplish the aim, the following tasks have been set:

—to theoretically study the mechanism of the effect of
mineral additives on the structure formation of gypsum
stone by modeling its structure taking into consideration the
sign of the surface charge of the particles forming the struc-
ture; to conduct an electron microscopic study to confirm
the results from the theoretical investigation;

—to experimentally investigate the dependences of gyp-
sum stone strength in dry and water-saturated conditions and
a water resistance factor on the content of mineral additives.

4. Materials and methods to study the effect of mineral
additives on gypsum water resistance

In the experimental study, we used gypsum for construc-
tion, brands G-4, G-7 (Fig. 2, a); the ground granulated
blast furnace slag from “Zaporizstal” and “Azovstal”; micro-
silica, nano dispersed alumina, plasticizing additive based on
sodium lignosulfonate.

Ground granulated blast furnace slag from “Zapor-
izhstal” (Fig. 2, b): chemical composition, %: SiO, — 36.5;
FeoO3 — 5.1; AlyO3 — 6.7, CaO — 46.5; MgO — 5.9; SO3 — 4.2;
basicity module, 1.19; true density, 2,810 kg/m?; specific
surface, 3,000cm?/g.

Ground granulated blast furnace slag from “Azovstal™
chemical composition, %: SiO, — 36.9; Al,O3 — 10.5; CaO —
45.9; FesO3 — 5.17; MgO — 2.9; MnO - 2.07; S — 1.59; basicity
module, 1.07.

Microsilica — the dust of gas purification from ferrosilicon
production (Fig. 2, ¢, d): chemical composition, %: SiOy — 95.6;
Fey03 — 0.5; Al,O3 — 0.9; CaO — 0.8; MgO — 0.2; SO3 — 0.5;
NayO - 0.3; KyO — 0.3; granulometric composition, %: up
to 5 um —21; 5-10 pm — 14; 10 to 20 ym — 9; 20-30 um - §;
30-40 um — 6; 40-50 um — 11; 50-100 pm — 26; exceeding
100 pm — 5; true density, 2,400 kg/m?,

Nano dispersed alumina: chemical composition, %:
a-Al,O3 — at least 99.8; Si — 0.15; Fe — 0.009; Mg — 0.001;
Cu—<0.001;Na— 0.008; particle size, 50—-80 nm (Fig. 2, d, ¢).

The slags are dominated by silicates, which have a neg-
ative surface charge, the surface charge of the microsilica is
also negative, that of the particles of nano dispersed alumina
is positive [15].

We elucidated the mechanism of the effect of mineral
additives on the structure formation and water resistance of
gypsum in the theoretical study. The simulation of the struc-
ture of gypsum stone with mineral additives was carried out
taking into consideration the sign of the surface charge of
gypsum crystals, slag grains, the particles of microsilica and
nano dispersed alumina.

To confirm the results of our theoretical research, the
optical-microscopic and electron-microscopic studies of min-
eral fillers and gypsum stone structures with them were
carried out. The gypsum was examined during the hydra-
tion process in an aqueous preparation; the fillers — with the
help of the electron microscope JEOL JSM-840 (Japan) at a
voltage of 5 kV, and in the immersion preparations, using the
light microscope MBI-6 LOMO (Russia). The gypsum stone
was examined on chips using the scanning electron micro-
scope (SEM) Philips XL 30 ESEM-FEG (the Netherlands)
at a voltage of 15 kV, at magnification x300; x1,000; x2,000.



Fig. 2. Dispersed materials: a — gypsum after 20 minutes
of hydration, light microscope, magnification x225;

b — ground granulated blast furnace slag, light microscope,
magnification x225;

¢, d— microsilica, light microscope, magnification x225 (c),
SEM, x10,000 (d);

e, f—nano dispersed alumina, SEM, magnification x2,000 (e),

magnification x3,000 (7)

In addition, we experimentally investigated the depen-
dences of the strength of gypsum stone in the dry f and
the water-saturated f,, condition and the water resistance
factor (softening) K,=f,/f on the content of slag S/(G+S),
micro-filler MF/(G+S), the water-solid ratio W/(G+S).
The study was carried out using prism samples measuring
160x40x40 mm and 40x10x10 mm. We tested each compo-
sition and hardening aging involving: 3 pieces (6 halves) of
the prisms measuring 160x40x40 mm; 10 pieces (20 halves)
of those measuring 40x10x10 mm. In each prism, one half
was tested for compression in a dry state, the other half — in
a state, water-saturated to constant mass. We introduced,
into compositions with a water-solid ratio of less than 0.3, a
plasticizing additive based on sodium lignosulfonate in the
amount of 2 % of the gypsum mass.

5. Results of studying the effect of mineral additives on
the structure and the physical-mechanical properties of
gypsum stone

5. 1. The simulation and electron microscopic exam-
ination of the structure of gypsum stone with mineral
additives

New data on the sign-different surface charge of the
edges of gypsum crystalline hydrates [25] have made it
possible to improve the conditional schemes of gypsum
structure with mineral additives shown in Fig. 1. The
improved patterns of gypsum stone structure with min-
eral additives-fillers are demonstrated in Fig. 3. Fig. 3, a
illustrates a scheme of gypsum stone with a rational ratio
of gypsum to filler content; Fig. 3, b — with a deficiency of
gypsum dihydrate. The distribution of micro-filler parti-
cles would also depend on the surface charge sign, which
is illustrated on the diagrams: Fig. 3, ¢ — the gypsum stone
containing a micro-filler with a negative surface charge,
Fig.3,d - with a micro-filler with a positive surface
charge.

The adequacy of the developed schemes is confirmed
by the results from the electron microscopic study, which
are shown in Fig.4. We examined the surfaces of the
chipped gypsum-slag stone with the relative slag content
S/(G+8)=0.4 and the water-solid ratio W/(G+5)=0.36 with-
out a micro-filler and with a micro-filler — nano dispersed
alumina with the relative content MF/(G+5)=0.02.
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Fig. 3. Conditional scheme of the structure of gypsum stone
G with filler £
a— with a rational ratio of the gypsum to filler content;
b — with a deficiency of gypsum dihydrate;
¢ — with a micro-filler with a negative surface charge (SF—);
d— with a micro-filler with a positive surface charge (SF+)



Fig. 4. Electron-microscopic images (EMI) of the surface of the
chipped gypsum-slag stone, S/(G+S8)=0.4, W/(G+8)=0.36:
a— without a micro-filler, magnification x300;

b — with a micro-filler — nano dispersed alumina
MF/(G+8)=0.02, magnificationx300;
¢ — without a micro-filler, magnification x1,000;

d— with a micro-filler — nano dispersed alumina
MF/(G+8)=0,02, magnification x1,000;

e — without a micro-filler, magnification x2,000;

f— with a micro-filler — nano dispersed alumina
MF/(G+8)=0.02; magnification x2,000

3. 2. The dependence of the strength and water resis-
tance factor of gypsum stone on the content of mineral
additives

Fig. 5, 6 show the results of studying the dependence of the
strength and water resistance of gypsum-slag stone on the rela-
tive content of the mineral filler — slag S/(G+S), the water-solid
ratio W/(G+S), and the relative content of the micro-fillers —
microsilica and nano dispersed alumina MF/(G+S).

Fig. 5 demonstrates that the dependence of strength
and water resistance on S/(G+S) is extreme with highs in
the slag content interval S/(G+5)=0.24-0.4 (Fig. 5, as well
as [24]).

The charts in Fig. 6, a, ¢, e demonstrate that with the
introduction of microsilica up to 0.035, the water resis-

tance coefficient increases by 0.2—0.4 units, from 0.5-0.6
to 0.7-1.0. The charts in Fig. 6, b, d, illustrate that with
the introduction of nano dispersed alumina up to 0.06, the
water resistance coefficient increases by 0.8 units, from
0.1 to 0.9.

It is noted that with the introduction of the mi-
cro-filler, the strength of the gypsum-slag stone in a
dry state does not increase, and even decreases slight-
ly (Fig. 6, a-d). However, its strength in the water-satu-
rated state increases, which provides an observed increase
in the water resistance factor K.

0.3
0.48
02 04 4 ig/(G+S)
S/(G+S) : 0.8
b
Kw
0.8
0.6
0.4
0.2 00326 4
0.0 48

02 04 6
S/(G+S)

Fig. 5. The dependence of the strength and water resistance
of gypsum-slag stone at the age of 7 days on the content of
the filler — slag S/(G+S) and water-solid ratio W/(G+3):
a— the strength at compression in a dry state £
b — the strength at compression in a water-saturated state f,;
¢ — water resistance ratio K,
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Fig. 6. The dependence of strength at compression fin a dry (dry) and water-satura-
ted (wet) condition and the water resistance ratio of gypsum-slag K,, on the micro-
filler content MF/(G+S) at various amounts of slag S/(G+S) and water-solid ratios
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strength and water resistance of
gypsum on the content of microsilica
in it (Fig. 6, ). The chart shows that
with the introduction of up to 0.035
of microsilica the water resistance
ratio increases by 0.2—0.4 units, from
0.5-0.6 to 0.7-1.0.

The introduction of a mi-

W/(G+S): W/(GS): a, c, e— the gypsum of brand G-7, the slag from “Zaporizhstal”,
the micro-filler is microsilica, the age is 7 days; b, d, f— the gypsum of brand G-4, the
slag from “Azovstal”, the micro-filler is nano dispersed alumina, the age

cro-filler with a positive surface
charge (nano dispersed alumina)
leads to filling the pores Py with its

is 2 hours (b, /) and 5 days (d, €)

6. Discussion of results of studying the effect of
mineral additives on the structure and the physical-
mechanical properties of gypsum stone

On the schemes of the structure of gypsum stone with a
filler, having a negative surface charge, shown in Fig. 3, a, b,
the gypsum dihydrate crystals fit the surface of the filler
grains with the longitudinal faces, forming electro-het-
erogeneous contacts with them. This is confirmed by EMI
in Fig. 4, e, f. Such a filler in this work is granulated blast
furnace slag. In the case of a rational ratio of the amount
of gypsum and slag, there forms a fairly dense structure of
the crystals of gypsum dihydrate, adjacent to each other
at large angles and forming electro-heterogeneous con-
tacts (Fig. 3, @). Mostly it is this mutual arrangement of
crystalline hydrates that is seen on EMI in Fig. 4, c—f.
However, in the center of the intergrain voids between the

particles (Fig. 3, d), as well as the

increased water resistance. This is

confirmed by the smaller number of visible pores on the
EMI of the gypsum stone with a filler and a micro-filler.
In addition, the images show aggregates-spherulites from
the crystals of gypsum dihydrate, which could form around
the particles of the micro-filler as the centers of crystalli-
zation (Fig. 4,d, f). This is also confirmed by the results
of studying the dependence of the strength and water
resistance of gypsum on the content of nano dispersed alu-
mina in it (Fig. 6, /). The dependence shows that with the
introduction of up to 0.06 of nano dispersed alumina the
water resistance ratio increases by 0.8 units, from 0.1 to 0.9.
Our experimental results on increasing the gypsum water
resistance by introducing mineral fillers such as slag (Fig. 5),
microsilica, and nano dispersed alumina (Fig.6) can be
explained by the following. Their introduction into the
gypsum mixture leads to the directional formation of gyp-
sum stone structure. The structure-forming filler particles



provide the formation of the structure of gypsum stone as
a compositional material (Fig.3) while micro-fillers ensure
the filling of intergrain voids between the structure-forming
particles with dense aggregates from gypsum dihydrate crys-
tals (Fig. 3, ¢, d). A match between the schemes in Fig. 3 and
the electron-microscopic images in Fig. 4 confirms the cor-
rectness of this representation. This structure is characterized
by a large number of electro-heterogeneous contacts while the
filler and micro-fillers together would provide the maximum
protection of gypsum dihydrate crystals, especially their end
faces, from contact with water and from dissolution.

Fillers and micro-fillers also contribute to changing the
porous structure of artificial stone and reducing its porosity.
First, their dense particles replace a part of the porous gyp-
sum stone. Second, the electro-heterogeneous contacts of the
lateral faces of gypsum dihydrate crystals with the surface of
slag and microsilica particles contribute to the formation of
dendrite-like structures from crystals, and the end faces of
crystals with the surface of the nano-dispersed silica parti-
cles — spherulites, denser than the structure of gypsum stone
without mineral fillers.

Thus, the mechanism of influence of mineral fillers
such as ground granulated blast furnace slag, microsilica,
and nano dispersed alumina on the structure formation of
gypsum stone implies the formation of the structure of the
compositional material, denser than that of the gypsum
without additives, in which the crystals of gypsum dihydrate
form with the filler particles water-resistant electro-hetero-
geneous contacts, and are maximally protected against the
effect of water by them. A given mechanism applies to gyp-
sum only. Its application to other air binders requires a new
analysis of their morphology and electrosurface properties.

In other words, the issue of establishing the mechanism
of influence exerted by mineral fillers and their electrosur-
face properties on the structure formation of gypsum stone
has been resolved. Understanding this mechanism could
improve the water resistance of construction gypsum by
the introduction of a mineral polydisperse filler, which has a
negative surface charge, in a combination with a micro-filler
with a negative or positive surface charge. In this work, we
used slag as a polydisperse filler with a negative surface
charge in a combination with microsilica; we applied nano
dispersed alumina as a micro-filler with a positive surface
charge. Most current studies into the effect of additives
on the physical-mechanical properties of gypsum stone do
not take into consideration the electrosurface properties of
structure-forming elements.

The most effective advancement of our work could be the
research of gypsum stone structure-formation processes in
the presence of filler additives with the established electro-
surface properties.

The developed schemes and models of the gypsum stone
structure with filler additives make it possible to reasonably
approach determining the composition of the gypsum mix-
ture. The proposed mechanism that forms the structure of
gypsum stone with fillers and increases its water resistance
makes it possible to develop the compositions for a mineral
binder based on gypsum, which could be used in wet con-
ditions of operation. This improvement in water resistance
would significantly expand the application scope of mineral
binders based on gypsum. This allows us to expect a signifi-
cant effect in the industrial implementation.

7. Conclusions

1. We have modeled and devised the schemes of the
structure of gypsum stone with the mineral filler and mi-
cro-fillers taking into consideration their surface charges.
The adequacy of the developed schemes has been confirmed
by the results of our optical-microscopic and electron-mi-
croscopic studies. It has been established that the increase
in the water resistance of construction gypsum is possible
through the introduction of a mineral filler with a negative
surface charge and the micro-fillers with negative and pos-
itive surface charges. Such fillers ensure the formation of a
dense structure of gypsum stone as a compositional material
with a large number of electro-heterogeneous contacts, in
which the gypsum dihydrate crystals are maximally protect-
ed from contact with water and from dissolution.

2. The results of our experimental study have established
that the introduction of a mineral filler with a negative
surface charge and the micro-fillers with the negative and
positive surface charges ensures an increase in the strength
of gypsum stone in a water-saturated state. The gypsum
water resistance ratio increases to a value of 1, that is, up to
0.8 units.
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