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'HaumonaabHbIi HCCIea0BATENbCKHI MOCKOBCKHIA TOCYIaPCTBEHHbIH CTPOUTEILHBI YHUBEPCUTET

AHHOTAIIUA

Hcnonvzosanue aHzuOpumoBo2o 6axiCyue20 6 Kavecmee daibmepHamuebl YeMeHNHOMY 6sCyujemy mpebyem usyuenue e2o ce0UCme u
603MOIICHOCHIU ONMUMUIAYUU COCINABA AH2UOPUTNOBBIX CMeCel OJIA NOLYYEHUS MAMepuanos ¢ mpeoyemblmu xapaxmepucmuxamu. Hzyvenue
U ONMUMU3AYUL NPOYecca 2uOpamayuy AHUOPUMOBLIX NCYWUX ¢ AKMUBUPYIOWUMU 00basKamu npedcmasisem coboll 8aXiCHYIO 3a0ayy
ona cmpoumenvuoll undycmpuu. Mcnonvzoeanue cynepniacmuukamopos npugooum K YayuuleHuro pabomocnocooOHoCmu aHeuopumogo
cmecu U no360Aen d0Cmutb mpedyemoll NOOSUNCHOCIU 6e3 Y8eudeHUs 8000YEMEHMHO20 OMHOWeHUs. [Ipumenenue akmusupyouux 0o-
6a6oK ¢ cynepniacmuukamopamu no36oasem nogblCUNyb KA4eCmseo U YCKOPUns nPOU3800CHE0 CIMPOUMenbHblX Mamepuaios. Beedenue
AKMUBUPYIOUUX 00OABOK MOXHCEM OCYUECMEIAMBCA KAK COBMECHHO C BAXCYUUM NPU NPOU3B0OCEE CIPOUMETbHBIX MAMEPUANOs, MaK U
nymem ux 66e0eHUs 8 20MoBblll MAMEPUAIL Ha CIMPOUMENbHOI NIOWAOKe, YMO NO3604eNm YRPOCHUNb NPOYecc NPUMeHeHUs, AH2UOPUMOBO20
sadcyujeco.B oannol pabome uccnedyemcs eusAHue aKmMueUPYIOWux 000a6oK pasiuiHol npupoosbl Ha OCHO8e NOPMAAHOYEMEHMA, CYlb-
@ama xanus u cynopama xcenesa (Il) cosmecmno ¢ pasnuuHbiMy CynepuiaCmupuKamopamu Ha GuUUKO-mexaHuieckue ceoucmed aHeuopu-
mogoeo komnosuma. Ilokasano, umo 6v160p cynepniacmu@uKamopa u akmueamopa meepoeHUs uespaem BaiCHyIo poib 6 NOJIYYeHUU CIMpo-
UMENIbHO20 MAMeEPUANad Had OCHOBE AH2UOPUMOBOZO BANCYUIE20 C HEOOXOOUMbIMU Xapakmepucmukamu. Hcnonvzosanue cynepniacmugura-
Mopo8 NPUBOOUM K VIYYUEHUIO paOOMOCHOCOOHOCIU AHSUOPUMOBOLL CMeCU U N0380.1Aem 00CmUudb mpedyemotl NoosuIcHocmu Oe3 ygeu-
ueHus 8000YyeMeHmHo2o omuoutenus. Tlonyuentvle pe3yibmamsl NO380IAIONM COENAMb 8bI600 O BOIMONCHOCHIU YCNEUHOU 3AMEHbL YeMeHM-
HO20 BANCYUE20 6 COCMABe CIMPOUMENbHBIX CYXUX CMecell HA AH2UOPUMOB0e C COXPAHEHUEM UX Kauecmad.
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ABSTRACT

The use of anhydrite binder as an alternative to cement binder requires the study of its properties and the possibility of optimizing the
composition of anhydrite mixtures to obtain materials with the required characteristics. The study and optimization of the hydration process
of anhydrite binders with activating additives is an important task for the construction industry. The use of superplasticizers leads to improved
workability of anhydrite mixture and allows to achieve the required mobility without increasing the water-cement ratio. The use of activating
additives with superplasticizers can improve the quality and speed up the production of construction materials. The introduction of activating
additives can be carried out both together with the binder in the production of construction materials and by their introduction into the
finished material at the construction site, which allows to simplify the process of anhydrite binder application. This paper studies the influence
of activating additives of different nature based on Portland cement, potassium sulfate and iron (Il) sulfate together with different superplas-
ticizers on the physical and mechanical properties of anhydrite composite. It is shown that the choice of superplasticizer and curing activator
plays an important role in obtaining a building material based on anhydrite binder with the required characteristics. The use of superplasti-
cizers leads to the improvement of anhydrite mixture workability and allows to achieve the required mobility without increasing the water-
cement ratio. The obtained results allow us to conclude that it is possible to successfully replace cement binder in the composition of con-
struction dry mixtures with anhydrite binder with preservation of their quality.
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BBEJEHHE

OTnrmunTeNnsHOM 0COOEHHOCTHIO AaHTUAPHTA SABIIAETCS TO, UTO
IpoLece THUAPATANUK 3aHUMAeT JUINTEIBHOE BPEMS, IIPU 3TOM
BpEMsI YBEJIMUUBACTCS MPU HEAOCTATOYHOM H3MenbdeHun. Ilo-
9TOMY Ka4eCTBO M3MEIIbUEHHUS SIBJISIETCS BAYKHBIM (haKTOPOM ITpH
MPOU3BOJICTBE aHT'MAPUTOBOTO BOKYIIEro. B nanHo# paboTe Mbl
paccmarpuBaeM Apyroi (akTop - HCIOJIb30BaHHUE CIIEIHATbHBIX
yckopuTteneld TBepaeHus [1]. BaxxHo obecneynts mpaBumiibHOE
COOTHOIIEHHE KOMIIOHEHTOB U ONTHMAaJIbHBIE YCIOBHS IS TIPO-
necca ruzapartamy [2,3,4]. Hanpumep, cymb¢haThl MEI0IHBIX Me-
TaJlUIOB, TaKue Kak Cyib(aT HaTpus win cyiabdaT Kauus, MOTYT
YCKOPUTbH THAPATALUIO AaHTHAPUTOBOTO BSDKYIIETO 3a CUET HOH-
HOTO OOMEHa C MOBEPXHOCTHIO YACTHUI] BSDKYIIETO C MOCIEIYIO-
muM 00pa3oBaHUEM TPYIHOPACTBOPUMBIX TBOMHBIX coieit [5].
Opranmyeckre 100aBKH MOTYT yBEIWYHTh PACTBOPHMOCTH aH-
THJPUTOBOTO BSOKYILETO U CIIOCOOCTBOBATh 00pa3oBaHMIO Oojiee
CHJIBHBIX XUMHUECKHX CBSI3€H B 3aTBEpAEBILEM MaTepuale [6].

H3yyenue u ontuMuzanys mpouecca ruapaTaldy aHTHIpHU-
TOBBIX BSDKYIIMX C aKTUBHPYIOIIMMH 100aBKaMH MPEACTaBISIET
co00il BakHYIO 3amady ISl CTPOUTEIBHOW HHAYCTPHH, MO-
CKOJIbKY I03BOJISIET MOBBICUTH KaYE€CTBO U YCKOPHUTH MPOU3BOJI-
CTBO CTPOMUTEJBHBIX MarepuaioB [7,8]. BBegeHue akTuBupyo-
MmuX 100aBOK MOXKET OCYIIECTBIIATHCS KaK COBMECTHO C BSDKY-
UM TIPU TIPOU3BOJCTBE CTPOUTEIBHBIX MaTepHAOB, TaK U IIy-
TeM WX BBEICHHS B TOTOBBIH MaTepHal Ha CTPOUTEIBHOM ILIO-
IMaJIKe, YTO IMO3BOJISIET YIPOCTHTH MPOIIECC MPUMEHEHHS aHTHI-
pUTOBOrO BKyLIEro [9].

Jns moBbleHHsT yn00O0YKIIabIBAEMOCTH aHTUAPHTOBBIX
CMecei HCIONB3YIOTCS TUIACTU(UKATOPBI Pa3IMYHOM IPUPOIBI U
coctaBa. [lmacTudukaTtopsl NPUMEHSIOTCS B 3aBUCHMOCTH OT
KOHKPETHBIX YCIOBHH U TpeOOBaHUH, NIPEIbSBIIEMbIX K CTPOU-
TeNbHOMY Marepuany. HekoTopble U3 HUX MOTYT ObITh OpraHu-
YECKUMH, HaTypalbHBIMH, CHHTETHYECKHMH WM MHHEPaJb-
HBIMH. BaskHO npaBHIIbHO MOJ00paTh MIACTH(UKATOP C yIETOM
COCTaBa aHTUAPHUTOBOM CMECH U TPeOyEeMBIX CBOHCTB TOTOBOTO
npoaykra [10].

Hexoropsle mccienoBaHusi MOKa3bIBAIOT, YTO J00aBlICHHE
IUIACTU(HUKATOPOB MOXKET YCKOPUTD IIPOIIECC TBEPACHHS aHTHI-
PHUTOBBIX BSDKYLIHMX M IOBBICHTH UX MPOYHOCTh, B TO BPEeMs Kak
JpyTHe HCCIIeIOBAaHHS YKa3bIBAIOT Ha TO, YTO MUIACTU(HUKATOPHI
MOT'YT 3aMe/JINTh TBEPJCHUE U yXYIIUTh MEXaHUUECKHE CBOM-
ctBa matepuana [12,13].

[TpoTtuBOpeurBbIe pe3ysbTaTbl OOBICHSIOTCS Pa3IHYUsIMHU B
COCTaBe HCIOJIb3YEMbIX IIaCTH()UKATOPOB, UX KOHILEHTpAIHEH,
crocoOoM BBeZeHUs U ApyruMu (akropamu. st TOro 4ToObI
TOYHO OIIPEAEINTh MEXaHW3M BIMSHHS IUIACTH()UKATOPOB Ha
TBEpACHHNE aHTMJPUTOBBIX BSDKYIIHUX, TPEOYIOTCSI HCCIeIOBAaHUS
C UCNOJb30BaHUEM Pa3IMUHbIX METOJIOB aHanu3a [14,15].

[TnacTrguxaropsl MOTYT UIPaTh BaXXHYIO POJIb B YIIyUIICHUN
CBOMCTB aHTHIPUTOBBIX BSDKYILIUX, HO HEOOXOAMMO TIIATEIHHO
noAOGUpaTh MX TUN M KOHLEHTPALHIO Ui JOCTHIXKSHHUS OITH-
MaJIbHBIX PE3YJIbTaTOB.

Iesblo 1aHHOH PadoTHI IBISIOCH U3YyUCHHE BIUSHUE aKTH-
BUPYIOLIMX 100aBOK Pa3IMYHOI NPUPO/IbI HA OCHOBE HOPTIIAH/I-
1eMeHTa, cynbdaTa Kaiaus u cyiabghara xenesa (II) coBmecTHO ¢
pa3MuHBIMK CynepIuiacTuduKaTopaMu Ha (PU3NKO-MeXaHWYe-
CKHE CBOMCTBA aHTUAPUTOBOTO KOMITO3HTA.

MaTepHajibl H METOABI UCCIETOBAHUS

B pabore wncrnonb3oBaics NPUPOIHBIA THIICOBBIH KaMEHb
BecneneeBckoro MecTopoXXIeHMsI, KOTOPBIH 00XKUraJcsi BO Bpa-
maromed neun npu Temmeparype 900 °C  Boponexckoit
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INTRODUCTION

A distinctive feature of anhydrite is its slow hydra-
tion, while hydration period increases with insufficient
grinding. Therefore, the quality of grinding is an im-
portant factor in the production of anhydrite binder. In
this paper, the authors consider another factor - the use
of special hardening accelerators [1]. It is important to
ensure the optimal ratio of components and conditions
for the hydration process [2,3,4]. For example, alkali
metal sulfates, such as sodium or potassium sulfates, can
accelerate the hydration of anhydrite binder due to ion
exchange with the surface of binder particles, followed
by the formation of insoluble double salts [5]. Organic
additives can increase the solubility of anhydrite binder
and promote the formation of stronger chemical bonds
in the final material [6].

The study and optimization of anhydrite binders hy-
dration process with activating additives is an important
task for the construction industry, as it improves the
quality and accelerates the production of building mate-
rials [7,8]. The activating additives can be introduced
into the binder during the production of building materi-
als as well as into the material on the construction site,
which makes the process of using anhydrite binder easier

[9].

Plasticizers of various nature and composition are
used to increase the workability of anhydrite mixtures.
Plasticizers choice depends on the specific conditions
and requirements of the building material. Plasticizers of
organic, natural, synthetic or mineral origin are applied.
It is important to choose the appropriate plasticizer, tak-
ing into account the composition of the anhydrite mix-
ture and the required properties of the final product [10].

Some studies show that the addition of plasticizers
can speed up the hardening process of anhydrite binders
and increase their strength, while other works indicate
that plasticizers can slow down the hardening process
and decrease the mechanical properties of the material
[12,13].

The contradictory data is explained by differences in
the composition of the applied plasticizers, their concen-
tration, introduction method and other factors. In order
to specify the plasticizers, influence on the anhydrite
binders hardening process various analytical methods
are required [14,15].

Plasticizers play an important role in improving the
properties of anhydrite binders, but their type and con-
centration must be carefully selected to achieve optimal
results.

The purpose of this research work was to study the
effect of activating additives of different nature based on
Portland cement, potassium sulfate and iron (II) sulfate
together with different superplasticizers on the physical
and mechanical properties of anhydrite composite.

Materials and methods of research

In this research natural gypsum stone was calcined in
a rotary furnace at 900°C until insoluble anhydrite was
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komnananeit OO0 «'MIICTEX» no momydeHns HepacTBOPUMOTO
aaruapura [10].

B kadecTBe aKTHBATOPOB TBEPACHHS NPUMEHSUIHUCH: MOPT-
nmaggneMeHT mnpousBoactBa OAO «HOBOPOCHEMEHT»
mapku 500 6e3 mobaBok (IIEIOYHOW akTHBaTOp). B KauecTe
CyJb(aTHBIX aKTHBATOPOB UCIIONB30BaNH cybdat kamus KoSO4
u cynbdar xenesa (II) FeSO4-7H,0, koTOpble BBOIMIUCEH B aH-
THJPUTOBYIO CMECh B BHJE XUMUYECKHX PEAKTHBOB 4Y.J1.a U X.4.
(cynbgartHbIil aKTHBATOD).

Jns uccnenoBaHus MOJBIXKHOCTH CMeced 3a/eiicTBOBaNU
IDTACTA(QHUKATOPEl PA3TUYHOW TPHPOIBI MapKu «Melmenty,
«MELFLUX, C-3». [Ing 3Tux neneill UCIoIb30BAIN CyIepIUIa-
crudurarop C-3 Ha ocHOBe cynbhoHadTanMHDOP-MaTBACTHIA;
Melment F10, Melment F 15G, Melment F245 na ocHOBe Cyih-
tdhomenamuupopmansaeruna; Melflux 1641F, Melflux 2651F na
ocHOBe monmdupkapookcmnara, Melflux Select 5691F Ha oc-
HOBE MOJIMIPUPKAPOOHOBBIX KUCIIOT.

B kauecTBe KOHTPOJIHLHOTO 00pa3lia BO BCEX IKCIEPHUMEHTOB
OBLIO aHTHJPUTOBOE BsOKYILEe 0e3 IIacTUPHUKATOPA C TAKHM Ke
KOJIMYECTBOM aKTHUBATOPA.

Pe3yJ’leaTLI H UX oﬁcym)]elme

B kauecTBe aKTUBAaTOPOB TBEPACHUs AHIMJIPUTOBOM CMECU
OBLTH IPUTOTOBIICHBI TPU JOOABKHM, COYETAIOIINE B ceOe IIenod-
HOW U cynb(haTHBIH aKTHBATOP.

IlepBas mo6aBka cocrosua u3 L 500-710-5,0%, K2SO4 —
2,0%, FeSO4:7H20 — 1,0% (Awe-1).

Bropas mobaska comepskama I1L1 500-710 — 3,5 %, K»SO4 —
1,5 %, FeSO4-7H,0 — 0,6 % (Auwc-2). Tpetbs modaska — 111 500-
J10—2,0 %, K2SO4 — 1,0 %, FeSO4: 7TH20— 0,2 % (Awe-3).

[Tnactuduxatopsl pa3iTuyHOI MPUPOIBI BBOAUINCH B AHTHI-
PUTOBYIO CMEChb UCXOAS U3 PEKOMEHJALMH IPOU3BOJIUTEIICH.
[NonyueHHble pe3ybTaThl BIMSHHUS IUIACTU(QHUKATOPOB Ipe-
CTaBJICHBI B Tabnuie 1.

[Tpumenenne miacTuuKaropa MOJINKapOOKCHIATHOTO THIIA
Melflux 1641F He mpHUBOIUT K MOBBIIICHUIO TEXHOIOTHICCKIX
CBOHCTB CBEXKETIPUT'OTOBJIEHHBIX PACTBOPOB aHTHUIPUTOBOTO BS-
JKYIIEr0 C aKTUBATOPaMH TBEPJCHUS. 3aBUCHMOCTDH IIpeAesa
MIPOYHOCTH MPH CKaTUH aHTHIPUTOBOTO BSDKYIIETO C 100aBKaMu
aKTUBaTOpaMu TBepaeHus oT copepkanus Melflux 1641F mpu-
BEZICHBI Ha pUCyHKax [-3.

obtained («GYPSTECH» LLC, Voronezh) [10].

The following hardening activators were used: ordi-
nary Portland cement (OPC) 500 grade (OJSC «NO-
VOROSCEMENTY) without additives (alkaline activa-
tor). Potassium sulfate K,SO4 and iron (II) sulfate
FeS0O4.7H20 were used as sulfate activators, which were
introduced into the anhydrite mixture as chemical rea-
gents of analytical grade (sulfate activators).

To study the mixtures mobility, plasticizers of vari-
ous types and brands were used: "Melment",
"MELFLUX, C-3". For this purpose, superplasticizer C-
3 based on sulfonaphthalinformaldehyde; Melment F10,
Melment F 15G, Melment F245 based on sulfomelamin-
formaldehyde; Melflux 1641F, MELFLUX 2651F based
on polyethercarboxylate, Melflux SELECT 5691F based
on polyethercarboxylic acids were used.

The control sample in all experiments was an anhy-
drite binder without plasticizer with the same amount of
activator as the control sample.

Experiments and discussion

Three additives combining alkaline and sulfate acti-
vator were prepared as hardening activators of anhydrite
mixture.

The first additive consisted of PC 500-D0-5.0%,
K2SO0y4 - 2.0%, FeSO4-7TH0 - 1.0% (Aas-1).

The second additive contained PC 500-DO0 - 3.5%,
K2SO4 - 1.5%, FeSO4-TH20 - 0.6% (Ass -2). The third
additive contained PC 500-D0-2.0 %, K>SO, - 1.0 %,
FeSO4-TH20- 0.2 % (Aas -3).

The plasticizers of different nature were introduced
into the anhydrite mixture based on the manufacturers'
recommendations. The results of the plasticizers effect
are shown in Table 1.

The use of plasticizer of polycarboxylate type
Melflux 1641F does not lead to increase of technological
properties of freshly prepared solutions of anhydrite
binder with curing activators. Dependence of compres-
sive strength of anhydrite binder with additives with cur-
ing activators on the content of Melflux 1641F is shown
in Figures 1-3.

PUCYHOK 1
100%
3ABHCUMOCTbD IPEJIEJIA TIPOYHOCTH
MPU CKATHM AHTHJIPUTOBOTIO BSIKY-
LIETO C JOBABKOI Amc-1 OT COJEP-
JKAHUSI Melflux 1641F

80%
60%
40%

Figure 1 20%

0,
The dependence of the compressive strength of 0%
anhydrite binder with the addition of Aas-1 on
the content of Melflux 1641F

IIpouynocTs npu c:xxkatuu, MIla

B KOHTPOJBHEIA 00paser (28 cyrok) M7 cyrok M 28 cyTok

0,2(-)  0,3(13,5) 0,35(15,5) 0,4(17.0)

cogep:xxkanue Melflux 1641 F, %
( mnacrudpunupyomuii 3gpdexr, cm)
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PUCYHOK 2 s
él 00% |
3ABUCUMOCTbD NPEJAEJIA IPOYHOCTHU = 80%
IIPU CKATUHU AHFMPHTOBOFO BSAXKY- = 0
IIETO C JOBABKOM Amc-2 OT COJEP- g 60%
KAHUA Melflux 1641F g
= 40%
=3
: 20%
Figure 2 =
® g 0%
The dependence of the compressive strength of z ‘3® \Q ‘3® ,\_)9\ ‘09\ %9\
anhydrite binder with the addition of Aas-2 on = Q? Q- QY %\\ O b‘\\
the content of Melflux 1641F = NN\

conep:xanue Melflux 1641 F, %
(maactuduumpyrowmmii 3¢pdexr, cM)

B KOHTPOJBHBIN 00pasen (28 cyrok) M7 cyrok M 28 cyrok

PUCYHOK 3

3ABUCAMOCTD ITPEJEJA TIPOYHOCTH
IIPA CXKATUU AHTHJIPUTOBOIO BSIKY-
IIETO C JOBABKOM Auic-3 OT COJEP-
JKAHUSA Melflux 1641F

Figure 3

The dependence of the compressive strength of
anhydrite binder with the addition of A.s-3 on
the content of Melflux 1641F Q- ~ O
conepsann® Melflux 1631 F, %
(maactuunupyrommuii 3¢ dexr, cm)

IIpounocts npu c:xxkatuu, MIla

B KOHTPOJBHBIN 00pasern (28 cyTox) ™7 cyrok M 28 cyTok

TABJIULA 1. PE3YJIBTATbBI BIUAHUS IIJIACTU®PUKATOPOB HA OCHOBE ITOJIMUKAPBOKCHUJIATOB
HA CBOUCTBA AHI'MIPUTOBBIX BAXKYIIUX
Table 1. Properties of anhydrite binders with polycarboxylic ether-based superplasticizers

Tnacrudukaro Hauano IIpo4yHOCTH NpH CXKATHH,
Tvpe of the addi tgfe CXBATBHIBAHMA Lie- MiIla
No yp PacnabiB (cm) MEHTHOTO TecTa, Compressive strength, MPa
. Bun KommaecTso Spread (cm) MMH 7 cyTKH 28 cyTKH
’ Initial setting time, 7 days 28 days
Type Content, % min
1 2 3 4 5 6 7
1 0,05 - 90 20,2 21,4
2 0,1 - 88 21,0 26,5
3 Melflux 1641F 0,15 - 90 19,9 20,5
4 0,2 13,0 93 18,8 14,0
5 0,3 16,0 93 11,5 14,3
6 0,4 18,0 96 9,3 7,3
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IIpomoxenne Tadauun! 1
1 2 3 4 5 6 7
7 0,2 - 62 21,0 23,8
8 Melflux 1641F 0,3 13,5 67 14,9
9 0,35 15,5 72 8,9 18,3
10 0,4 17,0 77 6,5 9,5
11 0,15 12,0 95 17,3 8,0
12 Melflux 1641F 0,2 13,5 95 15,9 14,8
13 0,25 14,5 100 7,7 14,9
14 0,3 17,0 106 7,5 11,8
15 0,2 14,0 110 6,8 8,5
Melflux 2651F
16 0,3 15,0 115 5,0 5,4
17 0,2 14,5 117 5,0 43
Melflux 5691F
18 0,3 16,0 120 42 7,1

VY cocraBa Ne 2 moBbImaercst MPOYHOCTh HPHU CXKATHH MO
CPaBHEHHUIO C KOHTPOJBHBIM 00pa3loM (aHTMAPHTOBOE BSIKY-
niee 0e3 MmIacTU(PHUKATOpa C TAKUM K€ KOJMYECTBOM aKTHBA-
TOpa), HO He Mojy4eH Iuactuduuupyomuii adpdexr. [Ipu yse-
JMYCHUH KOJIMYECTBA IIaCTU(HUKATOPA YIAaeTCs TOOUTHCS TEKY-
YeCTH CMEeCei, HO 3aTBepleBILUe 00paslbl TEPSIOT MPOYHOCTh
npu cxatuu. Y cocraBa Ne 8 mmacTuduiiupyromui 3pQexT 1o-
CTUTHYT U IPOYHOCTHU NpH cKaTuM coctasisier 18,3 MIla. [leit-
CTBHE JAHHOTO IUIacTH(HUKaTOpa TpeOyeT JONOIHUTENBHO H3Y-
YEHUSL.

Ha pucynke 4 moxazaHa 3aBHCHMOCTH IIpejesia IPOYHOCTH
TpH CKaTHH OT conepykanus Melment F15 G. beuti mpoBepeHs!
COCTaBBbI CO CIIEAYIOIMM coepkanueM aktusaropa: I 500-110
3,5 %, K2SO04 1,5 %, FeSO4-TH20 0,6 % (Awc-2).

Composition 2 has increased compressive strength
compared to the control sample (anhydrite binder with-
out plasticizer with the same amount of activator), but
plasticizing effect wasn’t obtained. With an increase in
the plasticizer content the fluidity of the mixtures was
achieved, but there is a compressive strength decrease.
Composition 8 demonstrates plasticizing effect and com-
pressive strength of 18.3 MPa. The effect of this plasti-
cizer requires additional study.

Figure 4 shows the dependence of the compressive
strength on the content of Melment F15 G. The samples
with the following activator content were tested: PC 500-
3.5%, K2SO4 - 1.5%, FeSO4-TH20 - 0.6% (Aas-2).

PUCYHOK 4

3ABUCHUMOCTDH IPEAEJIA TIPOYHOCTH
TP CKATHUU AHTUIPUTOBOI'O BSIKY-
IIETO C JOBABKOM Auic-2 OT COJEP-
JKAHUSA Melment F15 G

Figure 4
The dependence of the compressive strength of

anhydrite binder with the addition of Aas-2 on
the content of Melment F15 G

IpounocTh npu c:xkatuu, MIla

KOHTPOJBHBIN o0Opaszer (28 cyTok) 7 cyTOK 28 cyToK

conep:xxkanue Melment F 15G , %
(mnaacTupunupyromuii 3gdext, cM)

AHanu3 TONYyYeHHBIX PE3yNbTAaTOB ITOKA3bIBAET, YTO

Analysis of the results shows that the strength character-

MIPOYHOCTH 10 CPABHEHUIO C KOHTPOJIBHBIM 00pa3IioM HIKe, istics are lower compared to the control sample, the plasti-
wiactuuuupyromuid agdekr nocruraercs npu godasne- cizing effect is achieved by adding a plasticizer at 0.8-1.5%,

HUM IUIactudukaropa B KonmuectBe 0,8-1,5 %, HO
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yBEJINYCHUE JO3UPOBKH IUIaCTU(PUKATOPa IPUBOAUT K CHIIb-
HOMY [aJCHHIO IIPOYHOCTH.

V¥ cocraBoB, coxepxamux Melflux 2651F u Melflux
5691F, aHruapuToBOe TECTO MMEET MOBHIIICHHYIO MTOIBHXK-
HOCTb, HO Ha0JIoJaeTcsl OTAeICHHE BOJBI, KOTOPOE MPUBO-
JIUT K TIOBEPXHOCTHOMY ITOPHCTOMY CIIOIO Ha 3aTBEPCBLINX
o0pasiax, u B UTOre HU3KOMY HabOpy MPOYHOCTH.

[Tpu BBenennu cyneprutactugukaropa C-3 B cocraB aH-
THPUTOBOTO BSDKYILETO C aKTUBATOPOM TBEPIACHUS Ay -1
MPOUCXOJIUT MaJICHHE IPOYHOCTH 00PA3IIOB M HET TEKYyYECTH
Yy aHTHOPUTOBBIX cMecell (Tabnmma 2). DTo CBS3aHO C TeM,
4TO TWIacTH(UKATOpP, amcopOupyeTcs Kak Ha 4acTUIAX aH-
THAPHUTOBOTO BSDKYILETO, TaK M Ha YaCTHIAX YCKOPUTEI,
YTO BEAET K OJOKMPOBAHHMIO aKTHBHBIX YYacCTKOB, CHIDKAs
3 dexTUBHOCTh NEHCTBUS aKTUBAaTOpa TBEpACHMA. Takum
o0pa3oM, ¢ BBeACHHEM IUIACTH(PHUKATOPA TOIOKUTEIBHBIH
3¢ QEeKT OT BBEJCHUS aKTHBATOPa HEUTPATU3YeTCS.

but an increase in the plasticizer content leads to a sharp de-
cline in strength.

Samples with Melflux 2651F and Melflux 5691F have
increased mobility, but water separation is observed, which
leads to the formation of a porous layer on the surface of the
hardened samples, and as a result, a low strength gain.

When superplasticizer C-3 is introduced into anhydrite
binder composition with curing activator A, -1, there is a
drop in strength of samples and no flowability in anhydrite
mixtures (Table 2). This is due to the fact that the plasticizer
is adsorbed on both anhydrite and accelerator particles which
blocks active centers, reducing the effectiveness of the hard-
ening activator. Therefore, the plasticizer introduction sup-
presses the effect of the activator.

TABJIMLA 2. PE3YJIbTATBI BJIUSIHUS INIACTU®PUKATOPOB HA OCHOBE CYJIb®@OHA®TAJIMH
DPOPMAJIBJAETUIA HA CBOUCTBA AHI'MJAPUTOBBIX BSIXKYLIIUX
Table 2. Properties of anhydrite binders with sulfonated melamine-based superplasticizers

Hauano IIpouyHoCTh NpH CKa-
InacTuduxarop
Tvoe of additive CXBATbIBAHHUSA IIe- Tuu,MIla
N yp PacnabiB (cm) MEHTHOI'0 TecTa, Compressive strength, MPa
L LRSI, O Spread (cm) Initial sl:tp;;;l time. 77c(}i’TK" 22883’T v
Type Content, % min £ ? ays ays
1 C-3 0,5 - 180 15.8 17,3
2 C-3 1,5 - Bonee 480 5,8 6,3

Taxoke ObLI0 U3y4eHo BiausHue Melment F10 Ha TexHOIO0-
THYECKHE CBOMCTBA aHTHAPUTOBBIX BSDKYIIUX (PUCYHOK 5).

Y cocTaBoB, coiepKalluxX akTUBATOpP B cOOTHOIIEeHUU- [11]
500-10 5,0 %, K2SO4 2,0 %, FeSO4-7TH,0 1,0 % He nmosyden
wIacTHGUIUPYIOMUHA SPPEKT OT YBENIUYCHUS KOJIUIESCTBA
IacTu(uUKaTopa, HO MPeIeN MPOYHOCTH TIPU CIKATHU TOTyda-
€TCsI COITOCTABUM C KOHTPOJIBHBIM 00pa3oM. Y o0pa3mos (pu-
CYHOK 5 0) mmactTudumupyromuii 3pQeKT yBennauBaeTcs npu
BBegeHny Melment F10 B kommgectse 1-2 %, mpenen mpovHo-
CTH TIPH CKaTUM TMPAKTHYECKU Y BCEX OOpa3IoB MpeEBHIIIAET
KOHTPOJIbHBIN o00pasen. Ymaercs JOOUTHCS PacTeKaeMOCTH
cmecu coctaBoB ¢ akrtuBaropoMm I[II] 500/10-2,0%, K,SO4
1,0%, FeSO4-7H,0 0,2 %(Awc-1), npu nodasiennu mwiactudu-
karopa ot 0,6-1 %. Ho mpoyHOCTh MONyYMBIIUXCS 00Opa3iioB
HIDKE TIPOYHOCTH KOHTPOJBHOTO 00pasma u cocrapiser 20,8-
22,7 MIla. Takue ke pe3yabTaThl JOCTUTHYTHI IIPU BBEJCHUU
Melment F245 B xonmuuectse 0,8 -1,0 %.

3akiaouenue

BBeneHne akTHBHPYIONMIUX A00aBOK Pa3IMIHON TPUPOIBI
Ha OCHOBE IMOPTIIAHAIIEMEHTA, CyJb(aTa Kallus U cyibdara xe-
ne3a (I1) mpu ux oNTUMaTbHOM COOTHOIIIEHUH B COCTAB aHTH]I-
PUTOBOTO KOMITO3MTA MMO3BOJIACT MOBBICUTH MPEACIT IPOYHOCTHU
IIPU CHKATHH.

Wcnonp3oBanne CynepriacTU(UKATOPOB IMPHUBOAWT K
YIYYIIEHUIO pab0TOCTIOCOOHOCTH aHTHIPUTOBOM CMECH H T103-
BOJISIET TIOCTHYH TPeOyeMOl MOABIKHOCTH 0€3 YBEJTUICHUS BO-
JIOLIEMEHTHOTO OTHOIICHHSI.
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The effect of Melment F10 on the technological prop-
erties of anhydrite binders was also studied (Figure 5).

Samples with OPC 500 - 5.0%, K.SO4 - 2.0%,
FeSO4:7H20 - 1.0% did not show plasticizing effect with
an increase of plasticizer amount, but the compressive
strength is comparable to the control sample. For the sam-
ples from Figure 5 b the plasticizing effect increases with
the introduction of Melment F10 at 1-2%, the compressive
strength of almost all samples exceeds the control sample.
It is possible to achieve the fluidity of a mixtures with OPC
500 - 2.0%, K2SO4- 1.0%, FeSO4-7H,0 - 0.2% with plas-
ticizer addition at 0.6-1%. The strength of the resulting
samples is 20.8-22.7 MPa which is lower than that of the
control. The same results were achieved with the introduc-
tion of Melment F245 at 0.8 - 1.0%.

Conclusions

The introduction of activating additives of different na-
ture on the basis of Portland cement, potassium sulfate and
iron (IT) sulfate at their optimal ratio in the anhydrite com-
posite allows to increase the compressive strength.

The use of superplasticizers leads to an improvement
in the workability of anhydrite mixture and allows to
achieve the required mobility without increasing the wa-
ter-cement ratio.
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PUCYHOK 5

3ABUCUMOCTbD IPEJEJIA IPOYHOCTH
TP CKATHUU AHTUIPUTOBOI'O BSIXKY-
IIEI'O OT COJEPKAHUS Melment F 10

¢ 100aBKaMu
a— Amic-1; 6 — Amce-2; B — Amie-3

Figure S

The dependence of the compressive strength of
anhydrite binder on the content of Melment F
10

with the addition

a-— Aas-l; b - Aas-z; c— Aas-3

1_
O 150 L75¢) 20

2,5(-)

IIpounocTs npu c:katum, MIla

cogep:xxkanue Melment F 10, %
(mnacruduuupyromunii 3¢pdekr, cm)

B KOHTPOJIBHBII 0Opaserr (28 cyrok) 7 cyrok 28 cyTok

IpounocTs npu c:katuu, MIla

congep:xkanue Melment F 10, %
( naacrupuumupyrowmii 3¢gdexr, cm)

B KOHTPOIBHBIIH oOpaser (28 cyrok) 7 cyrok 28 cyTok

IpoynocTs npu c:katuu, Mlla

conep:xanue Melment F 10, %
(naactudunmpyrommuii 3¢gpdexr, cM)

B KOHTPOJIBHBIN 00paserr (28 cyrok) M7 cyrok 28 cyTok

B(C)
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Br16op cynepriacTugukaTopa u akTHBATOpa TBEPICHUS HT-
paeT BXXHYIO POJIb B MOIYyYSHUH CTPOUTEIHLHOTO MaTepHaa Ha
OCHOBE aHTHAPHUTOBOTO BSDKYILETO ¢ HEOOXOIMMBIMH XapaKTe-

PHUCTHKAMH.

HOHy‘-IeHHHC PE3yabTAaThI NO3BOJIAIOT CAEJIATh BBIBO O BO3-
MOXHOCTH ycnemHoﬁ 3aMCHBI IEMCHTHOT'O BSXKYIIETO B COCTABE
CTPOUTCIIbHBIX CYXUX cMmeceilt Ha AHT'UAPUTOBOC C COXPAaHCHUEM

X KadycCTBa.

JlanpHeime ucciieIoBaHus B 3TOH 007aCTH MOTYT CIIOCO0-
CTBOBAaTh Pa3pabOTKe HOBBIX 3()()EKTUBHBIX TOOABOK ISl aHTH/I-

PUTOBBIX BSDKYIINUX.
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The choice of superplasticizer and hardening activa-
tor plays an important role in obtaining building material
based on anhydrite binder with the required characteris-
tics.

The obtained results allow us to conclude that it is
possible to successfully replace cement binder in the
composition of construction dry mixtures with anhydrite
binder with preservation of their quality.

The further research in this area can contribute to the
development of new effective additives for anhydrite
binders.
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