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Abstract

Gypsum-Cement-Pozzolanic binder (GCPB) has been invented in 60-s of last century in USSR by group of scientists
under Mr. A. Volzhenskiy leadership. In that time in USSR and actually in US construction technological processes of
civil and industrial buildings increasing a lot. So demand of cement for heavy concretes as a main component high up day
to day, year to year. But realisation of that idea in practical way wasn’t easy thing because as we know from «Material
science» course — cement is hydraulic binder which hardening in moisture condition or in must cases in water and if
we sae about gypsum is an air binder. That means gypsum is hardening and gets its high compression strength in air
condition and loosing that strength in moisture condition or under influence of water. After analysing knowledge that
have been written above about GCPB we may stay some problems in front of us: 1) First problem connect with modern
theoretical physical-mechanical and physical-chemical researches absence, when GCPB hardening process have been
described by modern X-Ray spectroscopy and mineralogical analysis. All what we have found in internet resources is
basic and theoretical issue with some mechanical tests. 2) Also the main problem when we start see on that researches
and mechanical tests, there are some conflicting things as links for technical requirements of GCPB through ages, storage
conditions before tests. So according by what we have said above we choose some targets of our research: a) How gypsum
binder’s physical-mechanical characteristics going to change as it would be main stuff for GCPB preparing. And also
transition process gypsum binder(GB) in gypsum-cement binder (GCB) and then in gypsum-cement-pozzolanic binder
(GCPB); b) How gypsum binder’s physical-chemical characteristics going to change during transition process in GCB
and then into GCPB with X-Ray spectroscopy analysis.

Key words: gypsum binder, gypsum-cement binder, gypsum-cement-pozzolanic binder, creep factor, softening factor (K ).
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I'NIC-UEMEHTTI TYTKBIPJIBIKKA, AJI1 OJAH THIIC-UEMEHTTI-
HO3HOJAH/ABI TYTKBIPIBIKKA AYBICA OTBIPBIIL, T'HIICTI
TYTKBIPIBIK KATAIOBIHBIH ®U3NKA-MEXAHUKAJIBIK )KOHE
OUBUKA-XUMUAJBIK ITIPOIECTEPIHIH O3I'EPYIH ®U3UKA-MEXAHUKAJIBIK
CBIHAKTAP MEH PEHTTEHO®A3AJIBIK TAJIAAY APKbLJIbI AJIBIHFAH JEPEKTEP
HEI'I3IHAE 3EPTTEY

Anjarmna

l'unconemenT-mo33onan OatmansicTeIpFeIIBIHGIH (I'LIIB) maiina 6omysr eTkeH rFachipasiH 60-xbuinapeiga KCPO-na
A.B. BomxeHckuit 6ackapraH FaasIMAap TOOBIHBIH JKYMBICHI HOTIDKECiHIE maiina Ooommael. KyiiObmmesa (ka3ipri xe3ue
MI'CY um. Kyi#iobimesa). Aiita kety kepek, coi xbuiaapbl KCPO — 1a KapKbIHIbI ©HEPKACINTIK KOHE a3aMaTThIK KYPBUIBIC
Kypai. On mopTIaHALIEMEHTKE 6Te KaKeT OSTOH OHIPICiHIH OailTaHBICTRIPYIITBI HETi31, 01 KeOiHece JKEeTKITIKCi3 OOIBL.
Amnaiina, OYT KBI3BIKTHI WACSHBI iC JKY3iHIE JKY3eTre achlpy MOPTIAHALEMEHT THIPABIAKAIBIK OalTaHBICTBIPFHIII, SFHH
TYTKBIp, BUTFAJIIBI JKaFJai/1a )KOHE TIlTi Cy[a KaTalbIll, TUTIC OAMIaHBICTRIPFBINT (KYPBLUIBIC THIICI HEMece anebacTp Aer
aranabl) oye OailTaHBICTBIPFBIIIBIMEH MEKTeNi. SIFHH, TYTKBIP, TEK KYPFaK aya )KaraalbIHIa MaKCUMAIIbl OepiKTIKKe
re OoJa ajael KOHE BUTFANIBI TAlJaIaHy KaFTalbIHIAa OCBI OCPIKTITIH KOFAITAIbL.

JKorappima KenTipiareH MOIiMETTEpi TaIail OTBIPBII, Ci3 OCHI OAMIAaHBICTHIPFBIMITH 3ePTTEYMEH OalIaHBICTHI Ka3ipri
3epTTEYIIUICPAiH alIbIHAa TYBIHIAUTBIH OipKaTap Mocelenepli aHbIKTai anack3: 1) BipiHmi Mocene Ka3ipri 3aMaHFbI
PEHTreHO(a3aITBIK J)KOHE MUHEPAJIOTHSIIBIK TannayiaapMer pactanra [ LI1b-na karato ke3iHze maiimga 60omaThiH Qr3nKa-
XUMHSIIBIK JKOHE (DM3HMKa-MEXaHUKAJIBIK IPOLECTepAl Kasipri 3aMaHFBl TEOPHSUIBIK 3EPTTEYNCPIiH IKOKTHIFBIMCH
OainmanbicTel. TaOyra OonaTbiH OapibIK HOpce-OyJ1 Heri3iHeH apTypii mspexene ChIFBUIFAH KaJIbl aKmapar Hemece
oenrini Oip sxeprimikri ['IIIIb-HbIH Oipkarap (U3MKATBIK-MEXaHUKAIBIK CHIIATTAMAlIapbl Typaslbl Keilip MamiMerTep
KeJTIPUITeH KOJIIaHOabl CHITATTaFbI )KYMbIcTap. 2) COHBIMEH KaTap, COHFHI JKaFaiaa a, SFHA KOJIaHOAIbl CHITATTaFbl
JKYMBICTapa aBTopiap Oipkarap Mocelenep OOHMBIHIIA ©Te KapaMa-Kallibl MOJTIMETTep KenTipemi. MEBIcalbl: op
Typrmi keupmapaarbl [LI1b-Fa KOMBUTATHIH TEXHUKAIBIK TajlallTapra CUITEMeNep, ChIHAK aJIBIHIA YITUIepAi cakTay
IapTTapbl MEH Mep3iMIepi skoHe T. 0. JKorapbina alTeIIFaHIapFa COlKec, JKOFaphla aTajlFfaH OJKbUIBIKTAP/IBIH OPHBIH
TONTBIPY MaKCaThIHIA OCHI KYMBICTHIH aJIJbIHA KeJieCi MIHAETTep KOHBUINBL: a) THUIICHEMEHTTIK TYTKbIpabikka (['LB)
YKOHE THIICIIEMEHTTIK-1103MoMaHAbIK TYTKeIpabiKKa (['LIIIB)aysica oteipbim, ['LIII6 Heri3i 0oibIn TaOBUIATHIH THIICTIK
TYTKBIpIBIKTHIH (I'B) Keneci Gpu3nkambIk-MeXaHUKAJBIK CUIIaTTaMallapbl Kajaid e3repeTiHiH Kaaaranay; 0) THIICIIEMEHTTI
TyTtKeIpabikKa ([LB), anm omaH rumcremeHTTi-mo3nomanasl TyYTKeIpibikka (I'LIIB) aysica OTBIpBIN, KaTasTHIH TacThI
PEeHTTeHO(A3ANBIK, XUMUSITBIK JKOHE MUHEPAIOTHSUIBIK Tajlay apKbUIbl allbIHFaH JIEPEeKTep HETi3iHIe THICIIEMEHTTI-
mo3noanabl TYTKeIpIbIKKa (I'LI1B) KaTaronsiH pu3nKa-XUMHSIIBIK IPOIIECTEpPi Kallail ©3repeTiHiH Kaiaramay.

Tipek ce3aep: rumnc OaiIaHBICTBIPFBILI, THIIC HEMEHT OaiIaHBICTBIPFBIL, THUIIC LIEMEHT-IIO3LOJIAH OaiIaHbICTBIPFBILL,
ceIFbLTy (creep factor), sxymcapty koaddumuenti (Kx).
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NCCIEJOBAHUE UBMEHEHUA ®U3NKO-MEXAHUYECKUX U
OUBUKO-XUMHNYECKHUX IMTPOUHECCOB TBEPAEHUSA 'MIICOBOI'O BAXKYIIEI'O
C IEPEXOJAOM K THIICOUEMEHTHOMY BAXKYILEMY, A OT HET'O K
I'NMICOUEMEHTHO-ITYHIOJTAHOBOMY BAKYIWEMY HA OCHOBE JAHHBIX,
IOJIYYEHHBIX ITIOCPEJICTBOM ®U3UKO-MEXAHUYECKHX UCITBITAHUM U
PEHTIT'EHO®A30BOI'O AHAJIM3A

AHHOTAIMS

[MosiBnenne rTuTICONEMEHTHO-TTyIIIoTaHOBOro Bspkymiero (I'LIIIB) mpomsomuto B 60-x romax MPOIUIOrO CTOJCTHUS
B CCCP B pesynbrare paOOTHI Ipynmnbl y4eHbIX, BodmiaBiusieMbix A.B. Bomkenckum B MUCH um. KyiiObimesa (B
Hacrosmiee Bpemst — MI'CY um. KyiiObimesa). Heobxogumo ormetutsh, uto B Te roabl B CCCP mmio MHTEHCHBHOE
MIPOMEBIIIICHHOE ¥ TPAXKIAHCKOE CTPOUTEIBCTBO, KOTOPOE OCTPO HYXKIAJIOCh B TOPTIAHALIEMEHTE — BSDKYIIICH OCHOBE JIIIS
MIPOM3BOICTBA OETOHOB, KOTOPOTO YACTO MOMPOCTY He XBarano. OIHAKO pearn3alysi 3TO 3aMaHIHBOM HUIeH Ha TPAKTHKE
OTPaHUYHBAIACH TEM, YTO MOPTIAHAIEMEHT SBISACTCS THUAPABINICCKIM BSOKYIIHM, TO €CTh BSDKYIIHM, TBEPACIOLIIM BO
BJIIKHBIX YCIOBHSAX W JaXXE B BOJC, a TUIICOBOE BSDKYyIIEE (TaK Ha3bIBAEMBIN CTPOUTENBHBIN THUIIC, MK aledacTp, Kak
€ro TOTJa Ha3bIBAJIH ) — BO3MYIITHBIM BsDKYITNM. AHATTU3UPYs BeIIICTIpuBeeHAbIC cBeneHus mo ['T[I1B, MokHO HaMeTUuTh
psia IpobieM, CBA3aHHBIX C UCCIICIOBAHNEM 3TOTO BSDKYIIETO, BOZHUKAIOIINX ITEPE]] COBPEMEHHBIMH HCCIICIOBATCIISIMH:
1) IlepBas mpoOiema CBsi3aHa C MPAKTHYECKU ITOJHBIM OTCYTCTBHEM COBPEMEHHBIX TCOPETHYCCKHX HCCIICIOBAHUI
(hM3UKO-XUMHUYECKHX W (DU3UKO-MEXaHHMYECKUX TMPOIeccoB, mpoTekaronmx B ['LIIB Bo Bpems ero TBepIacHHS,
MOATBEPKICHHBIX COBPEMEHHBIMH PEHTTeHO(A30BBIM H MHHEPAJIOTHYECKUM aHANM3aMu. Bee, 94To yaamoch HaATH, — 3TO
MIPEUMYIIECTBEHHO 00IIas ckKaTasi B pa3HOU CTereHN HH(GOPMALIUS WA paOOTHI MPHUKIIAJHOTO XapaKTepa ¢ IPUBEICHUEM
HEKOTOPBIX JAHHBIX 10 PANY (HU3UKO-MEXaHHICCKUX XapaKTEPHCTHUK TOro wiu mHOro MectHoro ['LIIIB. 2) IIpu sTom
ke B TOCITIETHEM ClTydae, TO €CTh B padoTaX MPHUKIATHOTO XapaKTepa, aBTOPHI MPHBOMAT OYCHb MPOTHBOPCUHBHIC
JTAaHHEIE TI0 sy BOIIPOCOB, HAIIPUMEP, TAKUX KaK CCHUIKH Ha TexHI4YecKue TpedoBanms K ['LIITB pa3HBIX romoB, ycIoBUs
U CPOKH XpaHEHHUs 00pa3IoB Iepel HCIBITAHUSAMH U Jp. B COOTBETCTBHU C BBINIECKAa3aHHBIM C IENIBI0 HEKOTOPOTO
BOCTIOJIHEHHSI BBIIIEYKa3aHHBIX MMpoOenoB B uccienoBannu ['LIIIB mepen maHHOH paboOTOil CTAaBIWIIACH CIICAYIOIINE
3aJa4d: a) MPOCIICTUTh, KAK MEHSFOTCS CIICIYFOIINe (PU3NKO-MEXaHUIECKIE XapaKTePUCTHKH TUTICOBOTO BspKymIero (I'B),
spistronierocst ocHoBoit ['TIIIB ¢ mepexomom B rumcornemenTHoe Bspkymiee (I'L[B) u rHIcomeMeHTHO-ITYIIIOIaHOBOE
BsDKYIIIEe; 0) IPOCIIEINTh, KaK MEHSIOTCS (PU3UKO-XUMHUECKHUE MTPOIECCHI TBEPACHHUS THIICOBOTO BSKYIIIETO C TEPEX0I0M
K THIICOLEMCHTHOMY BSDKYIIEMY, a OT HEr0 K THICOIEMEHTHO-IYIIIOJIAHOBOMY BSDKYIIEMYy Ha OCHOBE JaHHBIX,
MOJYYCHHBIX ITOCPEACTBOM PEHTTEHO()A30BOT0, XHMUIECKOTO U MHHEPAJIOTHYSCKOTO aHAIN30B TBEP/ICIOIIET0 KaMHSI.

KirouyeBble ci10Ba: THIICOBOE BSOKYIIEE, THIICOLEMEHTHOE BSDKYIIEE, THIICOLIEMEHTHO-MYLIIONaHOBOE BSDKYIIEE,
nonsy4ecth (creep factor), koapduumnent pasmaraenus (K ).

Introduction

Gypsum-Cement-Pozzolanic binder (GCPB) has been invented in 60-s of last century in USSR by
group of scientists under Mr. A. Volzhenskiy leadership. In that time in USSR and actually in US
construction technological processes of civil and industrial buildings increasing a lot. So demand of
cement for heavy concretes as a main component high up day to day, year to year. According to that there
were lots of deficiency of many construction materials and cement has been stayed on 1-st place. Being
truth many countries have tried find decision of reducing role of cement in construction industry, and
USSR was one of them and as an idea for some low-floor buildings, which contain one or two floors, was
replace to use cement binder for gypsum binder instead. All the more so that prime cost gypsum stuff is
cheaper at least 5 times comparing with cement. But realisation of that idea in practical way wasn’t easy
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thing because as we know from «Material science» course — cement is hydraulic binder which hardening
in moisture condition or in most cases in water and if we sae about gypsum is an air binder. That means
gypsum is hardening and gets its high compression strength in air condition and loosing that strength in
moisture condition or under influence of water. That negative side of gypsum binder may be explained in
high level of creeping (creep factor) and low range of softening factor in gypsum binder comparing with
cement binders and concretes. For our readers we may remind that creeping (creep factor) is an effect
when hardened binder display high plastic deformations under influence of loading and moisture makes
that process get more fast[1 P.2]. Creeping (creep factor) has private connection with softening as creep
factor also may be explained as loosing strength properties of hardened and dry binder after moisture
influence. Level of softening may be described as softening factor(K ), which may be calculate as strength
of water-saturated binder samples dividing on strength of dry binder samples[1 P.2-3]. Using easy
explanation — ratio of strength sample in high wet condition to strength sample in dry condition. According
softening factor(Ks) we may estimate that factor as water resistance. Water resistance or softening
factor(Ks) gypsum binder stay in range 0,3 — 0,45 and cement binder — 0,6 — 0,8 [2 P.6]. So to find some
decision of that problems as creeping and softening factor(Ks) of gypsum binder Mr. A Volzhenskiy’s
researches and his followers has been dedicated at last century. During 20 years since 60-s to end of 80-s
some scientists have made some researches as Mr. A. Palagin, and Mr. M. Kurotsapov[3] has described
influencing 3-10% of cement by gypsum mass. Also water resistance, softening factor(Ks) and compression
strength has been determined. Increasing water resistance also have been noticed by Mr. P. Budnikov, and
Mrs. L. Gulinova and S. Torchinskaya[4], when 10% of cement have been added in dihydrate gypsum.
Positive side of influence on water resistance after adding cement in gypsum binder may be explained by
low water resistance level in hardening gypsum and its high water-solubility level which stay in range
2g/1[5 P.3]. During hydration process in two-component binder — gypsum-cement binder(GCB) we have
two hydration ways: gypsum hydration from hemihydrate gypsum to dihydrate gypsum; and hydration
cement minerals. That two process comes hand in hand and during that low-soluble compounds start
appear in solution as calcium hydrosilicate and on gypsum dehydrate surface low-soluble film appearing
in same time which prevent gypsum molecules by high solubility. After some researches gypsum-cement
binder’s(GCB) stuff, real results have been taken which shows two things. The water resistance has been
grown up but not so much. The second one — after some time samples of gypsum-cement binder(GCB)
start being under internal deformation, which leads to strength loosing on 1-3 months later after hardening[6
P.462]. In some cases there are crush of samples. And that negative side of GCB may be explained because
a special mineral start appear inside the structure or if we may say like this inside solid body of GCB
sample. According to chemistry is three-sulphate form of calcium hydro-sulphoaluminate but according
to mineralogy that mine calls ettringite. That ettringite appear from calcium hydroaluminate with gypsum
dehydrate reaction. By easy words it may be explained three calcium aluminate from cement plus calcium
sulphate from gypsum equal ettringite in whole hardening system during 1-3 months after hardening[6
P.462]. Here we must remind that we have two types of ettringite: first and secondary. The first one appear
fast in solution after water addition. The secondary start appear in system after hardening, inside of solid
sample. Also the most important thing is concentrations of ions as Ca™ and SO, . In two-component
binder GCB there are high concentration and many of them comes by gypsum side reacting with three
calcium aluminate from cement side and moisture, or extra moisture from atmosphere increase speed of
that process, start from pores of solid sample where ettringite start its way. Appearing ettringite is a
process of crystallization in pores, which comes with volume increasing, and that means increasing of
tension. When that tension inside pores high up day to day cracks start appear in solid body and in the end
of case sample has crushed by tension and cracks. Only that may be explained why we have compression
strength loosing during the time and It’s negative side of ettringite appearing. So to demolish that negative
ettringite side in two-component binder three-component — Gypsum-Cement-Pozzolanic binder(GCPB)
have been invented by Mr. A. Volzhenskiy and his group of scientists. Under Mr. A. Volzhenskiy leadership
some researchers have been made that shows, if we put some pozzolan additives in two-component binder
we would achieve kind of stability of system with strength increasing in air and water conditions without
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any plastic(crush) deformations[6 P.462]. According by Mr. A. Volzhenskiy’s proposal in three-component
binder(GCPB) hardening role of pozzo-lana explained as reducing Ca(OH), concentration in water
conditions to that level when system hasn’t got any circumstances of calcium hydroaluminate existence
as 4CaO*Al,0,*13H,0 and 3CaO*AlL0,*6H,0; which qualify as highly-basic, and start redistribution
process in low-basic consistence. During cement minerals hydration Ca(OH),, or lime, start appearing and
then react with pozzolana additive (SiO,) and in the end of case calcium hydrosilicate forms in system as
CSH(B). By other words low-basic calcium hydrosilicate start appear, which works as protective film for
dehydrate gypsum, covering its, during his hydration from hemihydrate, and prevent his high solubility,
increasing water resistance in whole three-component system. According by Mr. A. Volzhenskiy’s opinion
that kind of processes, which we have described above, demolish circumstances calcium three-sulphate
hydroaluminate form, by easy words ettringite 3CaO*Al,0,*3CaSO,*31H,0, appearing in first and
secondary time. Instead ofthatone-sulphatehydroaluminate formstartappear-3CaO*Al,0,*CaSO,*12H,0,
hydro grenades - 3CaO*Al0,*nSiO(6-2n)H,O, gypsum CaSO,j*2H,O, hydrosilicoaluminate
3Ca0*Al,0,*CaSiO,*12H,0 and theur hard solutions. Transition three-sulphate hydroaluminate form in
one-sulphate form comes with volume decreasing in 1,5 times of original stuff. That situation decrease
critical tension by ettringite appearing. That process comes by reaction: 3CaO*Al,0,*3CaSO,*31H,0—
3Ca0*Al,0,*CaSO,*12H,0 + 2CaSO,*2H,0 + 15H,0. By other words when we demolish any
circumstances of ettringite appearing(cement bacillus) in three-component binder (GCPB) we may
achieve system stability in long-time hardening. Water resistance and hydro-hardening(hardening in
water) may be explained as low-solubility compounds appearance in must cases, calcium hydrosilicate
which protect dehydrate by water soluble action. According by Mr. A. Volzhenskiy’s view that protection
action start with 15-20% cement consistence in three-component binder[6 P.465].

By that author’s work and their researches consistence of gypsum-cement-pozzolanic binder may
consist by percentage of mass(%):

- Hemihydrate gypsum : 75 — 50

- Cement: 15-25

- Pozzolanic additives(with 200mg/g activity): 10-25

Main provisions

Target of research we may see in title and meaning of that is to catch connection physical-mechanical
properties changing as water requirement, setting time, compression strength in 2 hours age, compression
strength after whole natural drying system(7 days, 14 days — depend of ratio actually), compression
strength after steaming chamber, water resistance(Softening factor K ); during transition gypsum binder
to gypsum-cement binder and then to gypsum-cement-pozzolanic binder. Not seeing at this extra target
of research have been X-Ray spectroscopy results examinating by gypsum-cement binder and gypsum-
cement-pozzolanic binder for three-sulphate and one-sulphate calcium hydrosulfoaluminate form which
have been described by Mr. A. Volzhenskiy.

Materials and methods

In that work some materials have been used for ratios preparing:

- Gypsum binder — construction gypsum by “Alinex” KZ company, G-5 according to GOST 125-
2018[7].

- Cement binder — white portlandcement M500-A0 by “ChemTrade”

- Pozzolanic additive — microsilica mark “MKH - 95” by “Tau-Ken Temir” with 100 mgCaO/g
activity.

Gypsum-cement binder(GCB) compound was consist: hemihydrate gypsum — 75%; white cement —
25% as we see here is proportion 3:1. In same proportion have been kept in gypsum-cement-pozzolanic
binder(GCPB) but after pozzolana addition by whole mass percentage: hemihydrate — 62%; white
cement — 20%; pozzolana — 18%. Increasing pozzolana percentage comparing with Mr. Volzhenskiy’s
compound may be explained by its activity 100 mgCaO/g which is half according by Mr. Volzhenskiy’s
compound(200 mg CaO/g). Phisico-mechanical tests of gypsum binder, GCB, GCPB have been based on
GOST 23789 — 2018 «Gypsum binder. Test methods» with changing with few cases. According by GOST

10
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23789 — 2018 some characteristics have been determined as standard consistence, using with Sutard’s
cylinder, setting time, for strength checking beams 160x160x40 mm have been prepared. After 15+ 5
minutes hardening samples have been leaving in air conditions t = 22+2°C. Some pieces have been tested
in 2 hours age, other pieces have been tested after steaming chamber keeping — 2 hours increasing to 75° C
and then 6 hours steaming. Third group of beams have been leaving for 7 days strength tests. Half of piece
have been tested in 7 days, second piece have been put in water for softening factor(softening coefficient
K ) determination, after 2 days keeping in water. Softening factor(K ) have been calculated as proportion
— compression strength 7 days drying plus 2 days lying in water divided by compression strength in 7
days age. That kind of methods have been used in every rations: gypsum binder(GB), gypsum-cement
binder(GCB), and gypsum-cement-pozzolanic binder(GCPB). One turning in GCB and GCPB, we use
two methods of sample keeping — water conditions(moisture 100%) and hydro-both, during 7 days and
then air conditions as in gypsum binder. That kind of methods described in TC 21-31-62-89 «Gypsum-
cement-pozzolanic binder. Technical conditionsy». After tests experiment few grams have been taken for
X-Ray spectroscopy with using «Drone - I1I» machine, for sulphate forms checking.

Results and discussion

Results of research have been shown in table 1 by three rations GB, GCB, GCPB.

As we may see from table 1 results water requirement was the same at each ratio, 52% by mass of
compound. Flow test by Suttard’s cylinder also same for GB and GCB but have been decrease for GCPB,
which may be explained microsilica presence — 18% by mass of ratio. Here we have dependence — if we
increased water we would keep mixture flow and vice versa if we kept water proportion our flow would
change. Comparing setting time of three rations we may see that there weren’t any changings, that ability
have been inherited by gypsum binder.

The second point is setting time in GCB and GCPB totally the same as beginning and ending. For
explaining that effect we must remember that in hemihydrate — CaSO,*0,5H,0 we also have impurities,
as dehydrate - CaSO,*2H,0 and anhydrite - CaSO,.

Table 1 — Mechanical tests

Type of | Water requirement | Setting time Compression strength N/mm? K,
binder Flow begining 2 hours age | After drying | After water | Steaming
ending inf. chamber
1 2 3 4 5 6 7 8
GB 52 % 12 min.
188 — 190 mm. 22 min. 5,08 14,5 4,75 4,2 0,327
GCB 52 % 9 min. 13,21
5,02 5,91 6,21 0,447
185 mm. 14 min. 11,75
GCPB 52 % 9 min. 16,04
4,00 12,84 7,87 0,8
120 mm. 13 min. 12,59

NOTE: According to column 5 for GCB and GCPB rations in numerator have shown results that’s we take after
hydro-both keeping during 7 days and then drying in air conditions. In denominator have shown results which have been
taken after 7 days water keeping(moisture 100%) and then drying in air conditions.

According to this dehydrate phase in that involves for setting time, organise kind of dotes which work
as central of crystallization hemihydrate to dehydrate transformation. So as much dehydrate impurities
in hemihydrate as many crystallization centres would be and as fast setting time would be. In our case
dehydrate quantity have been increased also by dehydrate from cement. As a result of that addition was
central crystallization increasing and setting time of GCB and GCPB became faster than GB. The same
beginning time may be explained as proportion keeping between cement and gypsum. According by
compression strength in 2 hours age we may see gypsum binder influence in every rations. As an example

11



o BECTHMK KA3AXCTAHCKO-BPUTAHCKOIO TEXHUYECKOIO YHUBEPCUTETA, N94 (63), 2022 o

GB - 5,02 N/mm?, GCB — 5,08 N/mm?. Not so big difference, as from cement minerals in that time
only three-calcium aluminate being in reaction with dehydrate. But if we see on GCPB we may notice
4,00 N/mm? strength in 2 hours age which had fallen down and may be explained that mineral additive
— microsilica hasn’t started to work yet. Compression strength which have been shown in 5-th column
almost the same GB — 14,5 N/mm?, GCB — 13,2 N/mm?, and GCPB — 16,04 N/mm?. And that kind of
results may prove theory that properties of GCB and GCPB more close by gypsum which share was 75%
and 62% respectively. According to above paragraphs we may conclude that during application GCB and
GCPB where gypsum and cement stay in 3:1 proportion physico-mechanical properties would’t change so
much as compression strength increasing and others as water requirement, setting time, strength in 2 hours
age also would be inheriting by gypsum binder. Now let’s try to understand differences between GCB and
GCPB according to table 1 results. At first one is storage conditions. As we may know by material science
gypsum is an air binder — a binder which after water addition and hardening increase and keeps its strength
in air conditions — moisture 55+5 % and loose strength in water. But in our research work when we have
prepared GCB and GCPP samples we have combined storage conditions: 1) some samples have been kept
in hydro-both; 2) others have been kept in water conditions — moisture 95+5%(for one sample at each
condition). After 7 days keeping samples was took out and here we have change conditions still keep its
in air condition drying until constant mass(7 days or 14 days — depend to ratio). At conclusion of this we
may notice that GCB and GCPB are not air binders they are hydraulic binders as they may be leaving and
increasing its strength in water. The second point, which may prove that theory, is experiments in steaming
chamber — table 1, column 7-th. Gypsum binder in that case have been shown 4,2 N/mm? which proves
creping factor of that material — after water influence it start loose strength. And here wasn’t only water
influence, it was boiling water — steam and temperature 85+5° C. With GCB and GCPB was vice versa, as
we may see from table 1, 7-th column — GCB — 6,21 N/mm?, comparing with 2 hours age — 5,02 N/mm?.
Gypsum-cement-pozzolanic binder after steaming chamber — 7,87 N/mm? comparing with 2 hours age
4,00 N/mm?. Here we have second evidence which describe them(GCB and GCPB) as hydraulic binders.
The third point of differences between GB on one side and GCB, GCPB on the other side was softening
factor(softening coefficient - K ) — 8-th column. According to gypsum binder(air binder) K = 0,327; to
gypsum-cement binder — K = 0,447 which may qualified as middle water resistance material (K = 0,45-
0,6). Comparing results GCPB where K_= 0,8 and may qualified as water resistance material and also
we may notice here that K_of cement stay in rang 0,6-0,8. Also we may add some observations when our
beams have drying until constant mass, as an example for GB and GCB that process was coming 7 days(7
days in water + 7 days in air conditions for GCB) there weren’t internal moisture at all. Beams from GCPB
which have been half for pieces after 7 dry-days was in 2/3 of internal moisture and drying process have
been finished in 1/3 area of sample only on edges. The others 2/3 have been dried extra 10 days. That mean
for GCPB binder 7 days in water + 17 days in air conditions — t 20+2°C, moisture 55 — 60. That effect
may be explained as — lime Ca(OH),, which appearing from cement hardening start react with pozzolana
additive(Si0,) and organizing calcium hydrosilicates — CSH(I). That element form kind of film which
cover gypsum dehydrate molecules, increase water resistance, decrease diffusion and water molecules
evaporation outside of sample. Also we need notice here some important moments. At first one is that
samples GB, GCB and GCPB as in 2 hours age and as after steaming chamber was in moisture condition
that’s explain numbers of compression strength. During drying process until constant mass, which we
still keep after steaming chamber(steaming chamber process + drying until constant mass) that results
have changed: GB — 10,34 N/mm?; GCB — 13,41 N/mm?; GCPB — 13,83 N/mm?. Comparing with 5-th
column results, which also have been prepared and drying, but without steaming process, we may see one
thing: GB — 14,5 N/mm?; GCB 13,21 N/mm?, GCPB — 16,04 N/mm?, so according to this gypsum binder
loose its strength — 28,7 %. Meanwhile GCB and GCPB after steaming chamber + drying was the same
as normal hardening. According to this we may conclude that hardening process of GCB and GCPB may
come with two ways: 1) normal hardening — moisture 95+5 %, t = 20+2°C; 2) fast hardening — steaming
chamber t = 85+£5° C for 6 hours. The secondary are differences between GCB and GCPB in storage
conditions. As an example 7 days in hydro-both and 7 days in water may explain our results difference
in compression strength. Everything have shown in 5-th column from what we may conclude — the most
effective circumstances of storage conditions wasn’t in water it was in hydro-both as it has shown better
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compression strength. That effect may be explained by one thing — when we keep our samples in water
there is lime Ca(OH), leaching in water, as we may see that our water had became with white powder
around. According to this calcium hydrosilicates in water samples were weaker than in hydro both. The
most noticeable it was in GCPB hardening. By this we may conclude that extra calcium hydrosilicates,
which appearing after Ca(OH), and pozzolana(SiO,) reaction, make a positive effect for GCPB strength.

X-Ray spectroscopy results in gypsum-cement binder and gypsum-cement-pozzolanic binder
compounds. After hardening some samples have been taken for X-Ray analysis. GCB results have
been shown on «GCB 7 + 7» X-Ray Graph (Figure 1) and GCPB results have been shown on «GCPB
steaming» X-Ray Graph. Here we must say that GCPB on X-Ray analysis have been tests after steaming
chamber + 7 days dry process. As we said later the main goal of X-Ray spectroscopy was — calcium
hydroaluminate(ettringite) — 3CaO*Al,0,*3CaS0O,*31H,0 availability. And that’s for GCB but if we say
about GCPB, we have searched for one-sulphate form - 3CaO*Al,0,*CaSO,*12H,0, which have been
described by Mr. A. Volzhenskiy in middle of 60-x.
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Comparing thet graphs we may see same high diffraction maximums with high intensity d, A:
7,65(7,68);4,29(4,30); 3,071(3,075) and more weaker as 3,80(3,81); 2,87(2,88); 2,68(2,68) which explains
dehydrate CaSO,*2H,0 availability(GCPB — number in brackets, GCB number outside of brackets). Our
qualification that mine the same as in resource[10 P.196]. The others diffraction maximums have low
intensity line and may be qualified as cement mines. That low intensity may be explain by concentration
of cement in any compound — GCB(25%)? GCPB(20%). On GCB X-Ray graph (Figure 2) we may
notice low-lines which may be qualify as ettringite(three-sulphate form 3CaO*Al,0,*3CaSO,*31H,0)
d, A: 5,67(5,61); 4,93(4,98); 2,79(2,733); 2,627(2,616); 2,288 (2,230) (ettringite — number in brackets,
GCB graph number outside of brackets) [10 P.285]. GCPB X-Ray graph have shown on picture 2, where
we haven’t see any low-lines intensity which may prove ettringite availability. But here we may see
one-sulphate form (3CaO*Al,0,*CaSO,*12H,0) low-lines as d, A:2,88(2,87); 2,79(2,73); 2,409(2,41);
1,815(1,82); 1,648 (1,66) — one-sulphate form — number in brackets, GCPB graph number outside of
brackets [10 P.284]. According by this Mr. A Volzhenskiy’s theory, one-sulphate form of calcium
hydrosulphoaluminate appearing in GCPB instead of ettringite(three-sulphate form), have been proved in
our research. And also we may highlight one difference between GCB and GCPB graphs. In GCB there
are Ca(OH), low-lines availability d, A: 4,93(4,93); 2,627(2,63); 1,95(1,93) and there aren’t in GCPB
X-Ray graph (Ca(OH), — number in brackets according to[10 P.292], GCB X-Ray graph with Ca(OH),
lines — number outside of brackets) [10 P.292]. According to this we may conclude that we haven’t got
any “galos” by amorphous microsilica as mineral additive and that means there were reaction between
Ca(OH), and SiO, in GCPB, but in GCB Ca(OH), has still stay in three way.

Conclusion

In conclusion we may say in that work we have proved Mr. A. Volzhenskiy’s two theories about
gypsum-cement-pozzolanic binder.

1) Gypsum-cement-pozzolanic binder compound — hemihydrate — 62%; cement(white cement) —
20%; mineral additive with 10 mg CaO/g activity — 18%. Every properties have been inherited by gypsum
binder but it’s not air binder as they increase its strength in water, in steaming process and in air-moisture
conditions — hydro both. That kind of hydro-binder, which hardening process comes in water and in
steaming conditions, have higher softening factor(K ) which same as cement.

2) In GCPB there isn’t any circumstances for ettringite appearing, internal tensile and future system
damage during water and sulphate influence as it comes for gypsum binder.
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