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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.



bacpengakTtops
3. . 1., mpodeccop, KP ¥FA akanemuri
HN.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pegaxnous ankKacs

AbaxanoB T./. mpod. (KazakcTtan)

Abumesa 3.C. npod., akagemuk (Kazakcran)
Ara6exkosB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (O3ipOaiikan)
Bakupor A.B. mpod., (KsipreicTan)

Becnae X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpod., akagemuk (Kasakcran)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anues U.H. ipod., akanemuk (ToxikcTaH)
I'paBuc P.M. npod. (AKLL)

Epranmues I'.K. npod., akanemuk (Kazakcran)
Kykos H.M. npoo. (Kazaxcran)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. nmpod., akanemuxk (Peceit)
KypckeeB A.K. npod., akagemuk (Kazakcran)
Kypuasos A.M. nipo., (Peceit)

Meney A.P. npod., akanemuk (Kazakcran)
MyxamenxanoB M.A. ipod., kopp.-mymieci (Kazakcran)
HurmatoBa C.A. npod. (Kazakcran)

O3noeB C.M. npod., akagemuk (Kazakcran)
MocTtoaaruii B. mpod., akanemuk (Mososa)
Pakunmes B.P. npod., akagemunk (KazakcraH)
CeiitoB H.C. nipod., kopp.-mymreci (Kazakcran)
CeiitmypaToBa J3.10. nipod., kopp.-mymieci (Kazakcran)
Crenanen B.I'. npod., (I'epmanms)

Xampepu k.. mpod. (AKII)

ITeiinep M. npod. (I'epmanus)

«KP ¥F' A Xa6apaapbl. ['eosiorust MeH TEXHUKAJIBIK FBUIBLIMIAP CEPUSICHD).

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmrikrenymi: «Ka3akctan PecyOnikacsiHbH ¥ ATTHIK FRUIBIM akanemisice» PKB (Anmartsl K. ).

Kazakcran pecrnyOnuKkachiHBIH MoJIGHHET TeH akfapar MHHHUCTDIINiHIH AKHapaT j>KOHEe MyparaT KOMHUTETIHIE
30.04.2010 »x. oepinren Ne10892-7K mep3imIik 0aCbUIBIM TipKeyiHe KOWBLTY Typajibl KyalliK.

Mep3imainiri: XKbuTbiHa 6 peT.
Tupaxsr: 300 naHa.

Penaxiusaneig mekerxkaipl: 050010, Anmats K., [lleBuenko ker., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecrryOnukachiHbIH ¥ ATTHIK FRUTBIM akaneMusichl, 2019

Penaxmmsaein  Kazakcran, 050010, Anmars k., Kaban6aii 6ateipa kerr., 69a.
mekemkaiipl: K. W. CorOaeB aThIHAAFBI TEONOTHS FRUIBIMAAP WHCTHTYTHL, 334 6emme. Tem.: 291-59-38.

Tumnorpadususlg Mekerkaibl: «ApyHa» XK, Anmarsr k., MypatOaesa kemr., 75.

— 3 —



I'maBHBIH penakToOD
I. 9. H., ipodeccop, akanemuk HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO peAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHUH. HAYK
PenakuuoHHas KONNETr U

AbaxanoB T./l. mpod. (Kazaxcran)

Aoumesa 3.C. pod., akagemuk (Kazaxcran)
Ara6exoB B.E. akanemuk (benapych)

Aaues T. npod., akagemuk (AzepOaiimkaH)
Bakupos A.B. mpod., (Keipreizcran)

Becnae X.A. npod. (Kazaxcran)

Bummm6aes B.K. npod., akagemuk (Kazaxcran)
BykrykoB H.C. mpog., akagemuk (Kazaxcran)
Byaar A.®. poo., akagemuk (YkpaunHa)

I'anues U.H. npoo., akanemuk (TamkuKucTan)
I'paBuc P.M. nipoo. (CILIA)

Epranmues I'.K. npod., akanemuk (Kazaxcran)
Kykos H.M. npoo. (Kazaxcran)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akanemuk (Poccus)
KypckeeB A.K. npod., akanemuk (Kazaxcran)
KypuagoB A.M. nipod., (Poccus)

Meney A.P. npod., akanemuk (Kazaxcran)
MyxamemxanoB M.A. nipod., 4i.-kopp. (Kazaxcran)
HurmatoBa C.A. npod. (Kazaxcran)

O3poeB C.M. nipod., akagemuk (Kazaxcran)
MocTtoaaruii B. mpod., akanemuk (MoiioBa)
Pakumes B.P. npod., akagemuk (Kazaxcran)
CeutoB H.C. mpoo., wi.-xopp. (Kazaxcran)
CeiitmypaToBa 3.10. nipod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanwst)

Xampepu Tx. . npod. (CLIA)

ITeiinep M. npod. (I'epmanus)

«HM3BecTusi HAH PK. Cepusi reo/ioruu U TEXHUYECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CoOcrBenHuk: PecnyOnmkanckoe oOmiectBeHHoe oObeanHeHne «HamuwoHnaneHas axajgemus Hayk PecrmyOnuxu
Kazaxcran (r. AnMartsr)

CBHUIETENBCTBO O NOCTAHOBKE HA y4YeT IEPHOANYECKOro IedaTHOro u3nanus B Komurere mHpOpMaLuy U apXuBOB
MunucreperBa KyapTypbl 1 uHpopmarmn Pecrryonmkn Kazaxcran Ne10892-7K, sernannoe 30.04.2010 .

ITeproangaaOCTE: 6 pa3 B rof
Tupax: 300 sK3eMIUIApOB

Anpec pegakauu: 050010, T. Anmarsl, yiu. Llleuenko, 28, kom. 219, 220, Tten.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical.kz

© HammonaneHas akanemust Hayk Pecry6imkn Kazaxcran, 2019

Anpec penakuuu: Kazaxcran, 050010, r. Aimvartsr, yin. Kaban6aii 6ateipa, 69a.
Wnctutyt reonornueckux Hayk um. K. . CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec Tunorpaduu: UIT «Apyna», r. Anmarsl, yin. Mypar6aesa, 75

— 4 —



Editor in chief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.K. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz/geology-technical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2019

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 5 —



ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 435 (2019), 67 — 72 https://doi.org/10.32014/2019.2518-170X.69

UDC 691

B. T. Assakunova', M. A. Jussupova’, G. R. Baimenova®, S. T. Kulshikova*
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UTILIZATION OF HEAT POWER INDUSTRY WASTE
IN THE FORM OF BINDING COMPOSITE MATERIALS
IN KYRGYZSTAN

Abstract. This paper discusses the urgent problem of expanding the raw material base of the construction
industry using fuel slags in cements. The influence of various methods of preparation and introduction of fuel slags
on the basic properties of composite cementing materials was evaluated. It is shown how the properties of the
composite cement-slag binder vary depending on the application method and the activation degree of the slag.

Key words: technogenic raw material; ash and slag mix; mixing; grinding; composite binding material; glass
phase; hydraulic activity; chemical and mineralogical composition; dispersability; water demand; strength.

One of the research priorities in the development of the Kyrgyz Republic is the rational use of natural
resources.

For the construction industry, the most promising resource and energy saving solution is the
integrated use of affordable, cheap local raw materials, which include industrial waste such as ash and slag
of thermal power plants that are in huge quantities accumulated in dumps, causing significant damage to
the environment.

If the use of ash and slag wastes (ASW) in the developed countries is 50-90%, in Central Asian
countries this figure is less than 4%.

In the city of Bishkek a huge stockpiling of ash and slag wastes, as well as wet ash discharge, fly ash
and sulfogypsum were accumulated, which are formed as a result of desulfurization of flue gases.
Utilization of waste from thermal power plants is of considerable interest both in solving the environ-
mental problem and for the economic efficiency of the enterprise.

The research aim: development of gypsum binders from waste from Bishkek TPP.

Materials and methods. Sulfogypsum, which is formed as a result of desulfurization of flue gases,
is characterized by a specific surface area (S = 2800-3000 cm?/g); by the content of CaSOy4 - 2H,O —
93-95%; CaCO; — 1.6-1.7%; pH 4.5-9; pouk — 520—530KF/M3; Ptrue — 2.35-2.37 g/cm3; W = 20-27%. It can
be attributed to high-quality gypsum raw materials of Class I and the production of gypsum binders on
their basis is of undoubted interest.

The chemical composition of the HPP waste is given in the table 1.

Table 1 — Chemical composition of raw materials

Oxide content, %

Ne. SiO, AlLO3 Fe,O; | FeO | CaO MgO SO, Na,0O | KO | ILo.m.
Sulfogypsum 0.09 0.23 0.36 55.72 0.76 0.07 - - 41.55
Fly ash 55.4 23.15 4.30 2.18 1.35 1.08 1.72 | 2.08 | 494
Wet ash discharge 52.0 21.58 0.97 097 | 647 1.14 0.21 0.9 1.7 12.13
Cement of KCSP 22.44 4.65 4.11 65.59 1.75 0.33 - — 0.2
Sand from Vassiliyevskiy 68.72 14.21 3.24 3.25 2.68 2.61 - -
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The laboratory of Kyrgyz State N. Issanov University of construction, transport and architecture
obtained the construction gypsum based on sulfogypsum. Gypsum was cooked at a temperature of 150 °C
with an exposure time of 90 minutes at the indicated temperature; time of temperature rise - 40 min.

The test of construction gypsum was carried out in accordance with GOST (National Standards)
23789-79. According to physical and mechanical properties, the construction gypsum from sulfogypsum
corresponds to grade G-4-B-III (table 2).

Table 2 — Physical and mechanical properties of the construction gypsum from sulfogypsum

Temperature Grinding Standard Setting time, min Sample Strength limit after 2 hours in MPa
of burning, fineness 02, consistency, density,
°C % % start end glem’ Rfiex Riupt
150 0 68 12 16 1.64 1.86 4.2

Since the construction gypsum based on sulfogypsum has a low resistance to environmental
influences and a sharp decrease in strength in moistening, the fillers and additives were modified to
improve the water resistance of gypsum binders. As a basic component of the binder, G-4 gypsum,
obtained from sulfogypsum, was used.

Ash of Bishkek TPP with a specific surface of Sy = 350-400 m’/kg was used as a filler in gypsum
binders. They have pozzolanic activity as they contain clay-firing products: amorphous clayey material
such as metakaolinite, amorphous SiO,, Al,O3, Fe,0; and aluminosilicate glass. High hydraulic activity of
the amorphous clay substance is associated with its high specific surface, which is created as a result of
the decomposition (Al,O; - 2Si0,) into amorphous alumina and silica.

The thermally treated quartz which is contained in the ash, due to increased solubility, interacts with
calcium hydroxide. The higher the concentration of hydroxide in the liquid phase is, the more active the
ash is.

According to the characteristics of the ash activity modulus My, = CaO+MgO/SiO,+Al,0; = 0.045,
the alumina module p = Al,Oi/Fe,0s, the modulus of activity M, = Al,03/Si0, = 0.41, it can be inferred
that for My<1, the ash has increased activity. In this case, the higher the activity modulus is, the faster the
ash hardens in the grinded state. An important feature of ash is its high intensive grinding capacity.

Lime of the 1* grade and portland cement were used to activate low-calcium acid ash. Lime is
characterized by the content of CaO+MgO within 92% and the content of unhydrated, unslaked particles is
0.5%.

The addition of K,SO,4 together with lime in the composition of the binder causes high concentrations
of potassium and sulfate ions. Calcium sulphate and potassium sulfate can be isolated as a double salt, as a
result of recrystallization of which the spatial structure of CaSO,42H,0 is formed. Phase transformations
of crystalline hydrate new-growths stimulate a change in the kinetics of expansion of the system and a
general decrease in deformation.

Research findings and their discussion. During the research, a 4-factor experiment was carried out
according to the B4 plan, consisting of 24 experimental points. Each of the prescription factors performs a
certain role in the formation of the structure of the gypsum binder and changed at three levels: X, - ash
(0..15 ... 30%); Xp-lime (0 ... 2 ... 4%); X3-K5SO04 (0 ... 1.5 ... 3.0%); X4-cement (0 ... 5 ... 10%); the rest is
gypsum-waste of TPP.

As the main parameters of gypsum binder are selected: Y; - Normal thickness, Y, initial setting
period, min .; %; Y3 - end of setting, min .; Y4 - Ryena., MPa; Y's - Reompres., MPa; Y6-Reompress: of wet, MPa;
the softening factor is Y.

Optimization criteria Kp > 0,6 and strength Ryry compres > 10 MPa.
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Table 4 — Experiment plan By

Encoded variables Experiment results
No. Y, Y, ' Y; Y, Ys Y Y, Y
X Xy | X3 X4 HT, Average st?ttlng Average' set Reend. | Rary compr | Ruwet compr. K W,
% start (min) end:min MPa MPa MPa P %
1 + + + 68 6.21 7.75 1.13 5.68 2.89 0.51 345
2 + + - 65 6.33 8.0 1.25 5.76 2.76 0.48 37.9
3 + + - + 67 14.55 20.25 1.67 6.88 3.50 0.51 36.9
4 + + - - 67 19.75 29.25 1.97 5.88 2.64 0.45 38.8
5 + - + 70 2.81 3.60 1.37 5.28 2.48 0.47 42.2
6 + - + - 68 2.25 2.83 1.33 5.12 1.28 0.25 43.9
7 + - - + 67 10.16 17.58 2.55 7.68 4.37 0.57 31.0
8 + - - - 67 10.75 19.16 2.47 7.0 3.92 0.56 30.8
9 + + + 67 5.75 7.41 2.51 10.52 5.04 0.48 349
10 - + - 68 5.75 7.48 2.16 8.72 3.31 0.38 349
11 - + - + 70 15.16 19.50 2.8 10.26 4.51 0.44 38.2
12 - + - - 67 13.50 19.91 2.93 13.24 6.22 0.47 354
13 - - + 67 2.08 3.58 2.45 10.44 5.01 0.48 35.5
14 + - - 65 2.20 2.95 2.65 8.84 4.98 046 | 43.1
15 - - - + 63 8.83 15.08 3.32 10.7 6.54 0.61 33.8
16 - - - - 60 12.66 18.83 2.81 8.56 4.24 0.48 39.6
17 + 0 0 0 70 4.83 8.75 1.69 8.6 5.16 0.6 323
18 - 0 0 0 62 6.50 11.10 2.64 10.32 5.26 0.51 34.0
19 0 + 0 0 63 8.86 13.93 1.84 8.88 4.97 0.56 36.8
20 0 - 0 0 63 3.25 4.58 2.35 22.8 14.82 0.65 342
21 0 0 + 0 68 5.03 6.11 1.9 8.68 5.2 0.60 359
22 0 0 - 0 70 14.08 22.18 2.65 8.72 5.23 0.60 | 40.6
23 0 0 0 + 68 6.86 8.58 2.28 10.12 6.27 0.62 39.5
24 0 0 - 67 6.83 8.33 2.29 11.0 6.71 0.61 323

Based on the results of the experiment, specifying the average error S and significance level o = 0.01,
the mathematical models of the properties of the gypsum binder were obtained.

Y,- Start of the setting, min.
(Yz) =6.48 +0.29 X1 — 0.82)(,'12 + 0.41)(71)(?2 —O.2OX1X3 -0.19 X1X4
+2.27 Xy — 0.43)@2* 0.37X2X3 -0.02 XoXy4 (1)
—4.502 x5+ 3.072 x35° +0.517 x3x4
—0.423 x4+ 0.362 x4°

Y;- End of setting, min.
(Y3).=9.694 + 0.629 x; +0.231 x,> + 0.514 x1,— 0.76 x1x3 — 0.404 x1x4
+2.516 x5 — 0.39 x5°— 0.036 x2x3—-0.363 x2x4 )
—7.335 x5+ 4.451 x3> + 0.989 x3x4
—0.745 x4 — 1.239 x4

Y- Ryens. Bending resistance, MPa
(Y4) = 2209+O491x1 — 0.054X1X2 —0.093 X1X3 —0.052X1)C4
—0.0169x; + 0.064x5x3 3)
— 0357)63-0006 X3X4
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Y. 5'Rdry compr. MPa
(Ys).=12.133 — 1.873 x; — 2.673 x> — 0.317 x1x,—0.085x1x3 —0.05 x1x4
—0.589 X2 +3.707 XZZ— 0.082)(72)(73 -0.302 XoX4 (4)
—0.549 x3 — 3.433 x3% +0.165 x3x4
+0.191 x4 — 1.573x4

YK,z - softening factor
(Y7).= 0.633 + 0.005 x; — 0.078 x;* + 0.022 x1x,— 0.011 x1063 + 0.006 x1x4
—0.014 x5 — 0.028 x5+ 0.034 x53—0.014 x4 (5)
—0.032 x3— 0.033 x3> + 0.012 x3x4
+0.031 x;,— 0.018 x4°

A preliminary analysis of the ES coefficients of the models (1, 2) of the setting time of the composite
gypsum binder showed that the setting time is significantly accelerated with the addition of K,SO,4, which
indicates the crystallization effect. So for model (1) the setting start, the linear coefficient at factor x; was
b; =-4.502. For the model (2), the end-of-setting, the linear effect is by = -7.335.

Linear effects at the factor x, (lime) indicate an increase at the staart and end of the setting of the
gypsum binder. For the model (1), b, =+ 2.271, and for the model (2) b, =+ 2.516, because lime reduces
the solubility of gypsum, thereby prolonging the setting time.

The presence of ash (x;) and cement (x4) does not significantly affect the setting time of the gypsum
binder (b; = 0.289 and by =-0.423) and (b; = 0.629 and b, = -0.745).

Analysis of flexural and compressive strength models of gypsum binder (3, 4) showed that the
presence of ash (x;) and cement (x4) should be at the optimal level (b;; = -2.673) and (bss = -1.573). Their
maximum content leads to a large utilization of ash, but results in a decrease in the strength of the binder.
Increasing the amount of cement is not advisable, because it increases the amount of ettringite, which is
formed during the hydration of cement. The content of lime additives (x;) and K;SO4(x3) should be
optimized, as can be seen from the quadratic effects (b, =3.707 u bs; = -3.433).

The Ks,g factor of the softening agent (Y;) of the gypsum binder is within the permissible range of
Ksor > 0.6, provided that there is an ash additive (b; = 0.005), but in the optimal amount (b;; = -0.078).
This fact shows the formation of insoluble compounds, as a result of the interaction of ash with calcium
hydroxide, which contribute to an increase in water resistance. The optimal cement content also provides
(bgg = -0.018) an increase in the water resistance of the gypsum binder (b, = + 0.031). To ensure the
required Ksoq, the lime (x,) and K,SOy4 (x3) content is a prerequisite and depends on the amount of ash (b,
=0.022, b3 =-0.011, bys=+ 0.006).

The softening coefficient of samples from gypsum as seen from the results of the experiment for all
points of the plan varies between 0.25 < Ky < 0.65. According to the optimization conditions, K> 0.6
is achieved if the optimum formulation of the constituent components is fulfilled: the amount of ash
X1 =15%, lime X, = 1.5 ... 2%, K;SO.X; = 1 ... 1.5%, cement X, = 1.5 ... 3.0%.

In figure, it is clearly possible to observe an area where an increased value of the coefficient
Ksr > 0.6 (an unpainted zone) is provided. Here it is necessary to adhere to the formula mentioned
above.

Thus, studies have shown the utilization possibility of the ash in gypsum binders while maintaining
the required quality indicators. Moreover, with the optimal amount of additive components, the strength
characteristics and the softening factor increase.

To obtain waterproof gypsum binders with K,s > 0.6 and strength Ryry compr. > 10 MPa, the following
formula is recommended: fly ash 15 ... 22%; lime1.5 ... 2%; cement 1.5% and K,SO,4 1.5%.
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The isolines of the softening coefficient of samples from gypsum Y7 (Kor) = f( X2, X3) in nine points of the factor space x; and x4

Conclusion:

- Sulphogypsum was obtained at the Bishkek TPP by desulfurizing industrial gases, which can be
attributed to gypsum raw materials of grade I;

- Construction gypsum G4-B-III was obtained on the basis of sulfogypsum;

- To increase the water resistance of gypsum binders the experimental-statistical modeling has been
conducted which revealed that the use of fly ash as a filler together with lime and K,SO, promotes the
regulation of the setting time (elongation), which is important in the technological plan. Growth of the
Kot and of the water absorption of gypsum stone shows an increase in water resistance of gypsum pro-
ducts due to the formation of insoluble hydrosilicates in the process of hydration of ash and clinker
minerals of cement with lime.

- Waterproof modified gypsum binders can find application for the manufacture of products for
various purposes.

- Within the framework of one enterprise, ash and sulfogypsum are recycled, which is economically
feasible.




N E W S of the Academy of Sciences of the Republic of Kazakhstan

B. T. Accakynosa', M. A. Jlxxycynosa’, I. P. Baiimenosa®, C. T. Kyabmmnkopa*
H. VcanoB aTeiamarsl KeIpFbI3 MEMIIEKETTIK KYPBUTBIC, KOJIK JKOHE COyJeT yHuBepcuTeTi, bimkek, Kelpreizctan

KbIPTBI3CTAHHBIH KbLTY DHEPT'ETUKACBIHBIH KAJIIBIKTAPBIH
KOMITO3UIUAJIBIK BAUJTAHBICTBIPFBIII 3ATTAPJIA AUJTAJAHY

AnHoTanusi. Makanazna UeMEHTTep/eri OTHIH NUIAKTapblH NaiiajaHa OTHIPBIN, KYPBUIBIC MHAYCTPUSCHIHBIH
IIMKI3aT 0a3achlH KEHEHTYIIH ©3€KTi Maceneci Typaibl ailTbuiansl. KoMIO3ZMSIMSIIBIK OaillaHbICTBIPFBIITAPABIH
HETI3ri cUnarTapblHa OTHIH NIJTAKTapbIH JalbIHAAY JKOHE CHTi3y TYpJIepiHiH Tacinpepine Oara sxacannusl. LllmakTsl
€HTI3y TOCUIl MeH OelICeHAIpy AOPEeKECciHe Kapail KOMITO3UIMSIIBIK [IEMEHTTI-IIUTAKTEI OaiIaHBICTBIPFBIIITHIH CHITa-
THIHBIH KaJlail ©3repeTiHIiri aHBIKTaIbI.

Tyiin ce3aep: TEXHOTCHIIK MINKi3aT; KYJI KOCIACHL;, apalacThIpy; YCaKTay; KOMIIO3UIMSIIBIK OalIaHbICTHIP-
FBIII;, MIBIHBI (ha3achl; THAPABIUKAJIBIK OSNCEHIUIIK; XUMHUSIIBIK-MUHEPAIABIK KypaM; IHCIIEPCHS, CYy CYPaHBICHI,
TO3IMIUTIK.

B. T. AccakyHoBa', M. A. Jlikycynosa’, I'. P. Baiimenosa®, C. T. Ky;ibmukona®

KeIpre13ckuil rocyapcTBEHHBIN YHUBEPCUTET CTPOUTENIBCTBA, TPAHCIOPTa U apXuTeKkTypsl uM. H. Mcanosa,
bumkek, Keipreiscran

HNCIIOJIB30BAHUE OTXO1O0B TEIIJIOOHEPI'ETUKU KbIPTBI3CTAHA
B KOMITO3UIIUMOHHBIX BSKYIIUX BEHIECTBAX

AnHoTanus. CTaThs MOCBSIIEHA aKTyaJIbHOHN MpoOJIeMe pacCIIMPEeHUs CHIPhEBOM 0a3bl CTPOUTEIBHON HHITYCT-
pHUH 3a CUET HWCIOJIB30BAHMS TOIUIMBHBIX IUIAKOB B IleMeHTax. lIpoBeneHa OIeHKa BIWSHHS Pa3IMYHBIX CIIOCOOOB
MOJITOTOBKY W BBEJCHHS TOIUIMBHBIX IIIAKOB HA OCHOBHBIE CBOWCTBA KOMITO3MIIMOHHBIX BSKyIIHX. [loka3zaHO Kak
H3MEHSIOTCSI CBOMCTBA KOMIIO3UIUOHHOTO HEMCHTHO-IIJIAKOBOI'O BSXKYIICT'O B 3aBUCUMOCTH OT cnoco6a BBC/JCHUA U
CTCIICHHU aKTHBH3allMH IJIaKa.
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BSOKyIIEee; cTekiIo(dasa; THAPaBIUYECKas aKTUBHOCTh; XMMHUKO-MHUHEPATOTHYCCKHIA COCTaB; NUCICPCHOCTh, BOIO-
MOTPEOHOCTH, IPOYHOCTE.
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