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M3ydeHna KOHIEHTpalMOHHAs 3aBHCHMOCTh HHIHOMPYIOUIEro IEHCTBHS TeTpabopaToB JHUTHS U KU Ha
IIpoIecC OTBEPIKICHUS THIICA M CPAaBHEHHE WX aKTUBHOCTH C paHee HCCIICIOBAaHHBIM HaMU TETPabopaToM
Hatpus (Oypoit). [TokazaHo, 4TO ONTHMANBHBIA AMANa30H KOHIEHTpAIHi pabodnx pacTBOPOB TETpabopaToB
JMUTHS. W Kalus, Kak W TeTpabopara Hatpus, coctaBisier 0,0125-0,025 M 0e3 moTepu MeXaHUYECKOU
MPOYHOCTH OTNIUBOK. Hrubupyromee neiicreue Terpadopara JIUTHA CUiIbHee, a TeTpabopara kanus ciabee B
CPaBHEHUH C TETPabOpPaTOM HaTPHSI.

Kniouesvle cnosa: Bsuxylye MaTepHalbl, THIIC, TETPAOOPAThI IUTHS U KaJHs.

BBEJIEHUE

B nurteparype coobmanock 0 mpuMeHeHHH TeTpaboparta HaTtpus (Oypel) B KauecTBe
3aMeIIAIONICH T00aBKHM TPU HM3TOTOBJICHUM THIICOBBIX M3Menuil [1-7], B 9acTHOCTH, B
KadecTBe N00aBKH B 3yOOTEXHHWYECKOM rurce [8]. DTH ke aBTOpHl YKa3bIBaIOT, YTO
3aMEIJIUTENN CXBaTbIBaHHS, OCOOCHHO Oypa, YBEIMUYMBAIOT NPOYHOCTH THIICA U
YMEHBIIAIOT O0BEMHOE PpAaCIIMpPEHHE, a TaKKe IOBBIMIAIOT YCTOWYMBOCTH OTJIMBOK K
ropsiueit Boje.

Panee mMbl cooOmanu o0 uccieqoBaHUM BIUsHUSA TeTpabopaTta Hatpus (Oypel) Ha
nporecc oTBepkaeHus runca [9]. B Hactosmel pabdote M3y4eHo BIUSAHUE TETpaObOpaToB
JUTUS U KaJIMs Ha OTBEpXKJEHHE Turca. XoTs TeTpadoparbl JIUTUS U KaJIUS 3HAYUTEIbHO
MeHee TOoCTyIHbI [1-8], oqHaKko cucTeMaTndeckoe UCCIE0BaHNE UX BIUSHUS Ha MPOLECC
OTBEP>KACHUS TUIICA M YCTAHOBIICHHE 3aBUCUMOCTH MEXK]y paJlyCcOM KaTHOHA METajlla B
pAny JUTHH-HAaTpui—Kanwi (MIpH OJWHAKOBOM TEeTpabopaT-aHMOHE) IIPEICTaBIIsICT
OIpeJIeJIeHHbII Hay4HbIH HHTepec. [103TOMy Ie/Ibl0 HACTOSIIEr0 UCCIEA0BaHUS SIBUIIOCH
M3y4YeHNE KOHIEHTPALMOHHON 3aBHCUMOCTH WHTHOMpYIOIIEro IeicTBUSI TeTpabopaToB
JUTUS WU KW Ha IPOLECC OTBEPXKAEHHUs TMIICA W CPaBHEHHE AaKTUBHOCTU 3THX
TeTpabopaToB ¢ paHee M3yUYeHHBIM HaMH TeTpabopaToM HaTpus [9].
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MATEPHAJIbBI 1 METO/bI

B pabGore mcnonn30Banuch BemecTBa: Tumc crpoutenbubiii Mapku I'5 (I'OCT 125-
2018), TerpabopaT HaTpus aekaruapat (0ypa) (Na,B,0,00H,0, u.x.a., TOCT 4199-76),
tetpabopat nutus 6e3sonnbiit (Li,B,O;, x.4., TY 6-09-04-253-86) u Terpabopar Kauus
terparunpar (K,B,0,[4H,0, 4., TY 6-09-2151-77). Bo Bcex peakTHBax COAcp’KaHHE
OCHOBHOTO BelllecTBa He MeHee 99,5 %.

W3ydeHne MHTUOMPYIOIIETO ACUCTBUS TETPAOOPATOB JIUTHS M KU MPOBOIUIOCH
aHAJOTUYHO OINMCAaHHOM HamMu paHee [9] MerommKke, 3aKIrOYaroNIeiicss B OBICTpOM
3aMENIMBaHUHM THUIICA C BOJOW WU pPAaCTBOPAMH HCCIIEIYyeMOro MoaupuKaTopa ¢
yObIBatomeil KoHLEHTpauueil (B BecoBoil mpomopuuu rumc/pactsop — 1/0,65). Bpems
Havaja TMpoIecca CXBAaTHIBAHUS OMNPEAETSIIOCH MO MCUYE3HOBEHHIO TJISHIIEBOTO OJiecka
MCXOJHON THUIICOBOM MAacchl, a BpeMsl OKOHYAHHWS OTBEPXKIEHHUS — KaK MOMEHT MOTEepH
TUTACTUYHOCTH TIPH HAJIaBJIMBAHWU HA THIICOBYIO MAacCy TBEPABIM (METAILTMYECKUM WITH
CTCKJISTHHBIM) ITPESIMETOM.

Jlnama3oH WCCIEOBAaHHBIX MOJISIPHBIX  KOHIIGHTpAIMidA  BOJHBIX  PacTBOPOB
terpabopatoB coctaBmi oT 0,1 M mo 0,0016 M um ompexnensiics B BEpXHEH TpaHUIIS
OTpaHMYCHHOW pacTBOPUMOCTBHIO TPU KOMHATHON TeMmIepaType, a B HIDKHEH —
NPakTHYECKUM OTCyTcTBHeM d¢dekta HHruHOMpoBaHus. B ToM ke JuamazoHe
KOHIIGHTpAIlii Ui CPaBHEHUS  HHTHOMPYIONMIETO  NEHCTBUS  OJHOBPEMEHHO
TECTUPOBAIUCH U PaCTBOPHI TeTpabopara HaTpus (Oypbl). KoHIIeHTpaluu nccie10BaHHbBIX
pPacTBOPOB YMEHBIIAIMCH C MAroM 1/2, 4YTO TO3BOJSUIO JIOCTATOYHO YBEPEHHO
NPOCIENTh 3aBHCUMOCTh WHTUOHMPYIONIETO JCUCTBHS OT KOHIIGHTpAIMH WHTHOUTOpA.
[TorydeHHbIe pe3yabTaThI IPUBEICHBI B TabmUIE 1.

Taoauna 1
HNurudupymwoiee aeiicTeHe TeTPAOOPATOB JIUTHS, HATPUSA U KaJIHs HA MPOIECC
OTBEPKIEHNUS TUIICA

c TeTliii‘:f;aTO;I:)T puA Terpabopar nutus Terpabopar xanus
MOJ'I;) I Hauaino OxoHYaHHe Hauaino OxoHYaHHE Hauaino OxoHYaHHe
OTBEP)KACHHSA, | OTBEP)KICHUS, | OTBEPXKACHMSA, | OTBEPXKICHUS, | OTBEPXKACHHS, | OTBEPKACHUS,

MUH MHH MUH MUH MHH MHH

0,0016 7 25 8 30 7 20

0,0031 8 30 10 40 8 25

0,0063 10 35 15 45 9 30

0,0125 15 40 20 50 10 35

0,025 35 60 50 80 20 50

0,05 100 500 130 550 80 350

0,10 80 400 100 450 60 300

Ipumeuanue: 6e3 no06aBok TerpabopaToB BpeMeHa Hadala M OKOHYAHHS OTBEPIKACHUS COCTABISIOT
COOTBETCTBEHHO 6 1 20 MUH.

272




BIUAHUE TETPABOPATOB JINTUA U KAJIUA ...

PE3YJIBTATBI U1 OBCY X XJIEHUE

AHanu3 TONYYeHHBIX pE3yJlIbTaTOB ITOKAa3bIBAET, YTO 3aMETHOE HWHTHOHMpyroIee
JeiicTBUe TeTpabopaToB JIUTHA U Kanus NposBisiercs npu konuerTpauusx ot 0,003 M, Ho
3¢ )EeKTUBHBIME TIO NEHCTBUIO MOXXHO cuMTaTh KoHIeHTparmu oT 0,0125 M u BhIe,
omHako npu KoHreHTpanuy 0,1 M uHruOHupyomnee 1eHCTBHE CHIKASTCS, KaK U 3aMETHO
CHIDKAaeTCS MEXaHHW4YecKass TIPOYHOCTh OTJIMBOK C HCIIOJNB30BaHUEM JIFOOOTO 13
UCCIICJIOBAHHBIX TeTpaboparoB. KauecTBeHHOE HCCIEAOBaHUE MPOYHOCTHBIX CBONCTB
MOTyYEHHBIX 00Pa3IloB THIICOBBIX OTIMBOK MOKA3all0, YTO B JUANa30HE KOHIEHTPAIHH OT
0,0125 mo 0,05 M mexaHwdecKkas IPOYHOCTh OTIMBOK HE yCTyHaeT THICY 0e3 mo0aBKu
TeTpabopaToB WM JaXe HECKOJIbKO mpeBocxomauT €. KoauuecTBeHHOE HW3ydeHUE
MPOYHOCTHBIX ~ CBOWCTB THUIICOBBIX OTIMBOK C Pa3iUYHBIMH  MOJIU(UKATOpAMU
MIPEIoIaraeTcs B JabHEUIIIEM B OT/IETbHOM HCCIIeIOBAHHH.

B cpaBHeHMu ¢ paHee H3ydeHHBIM TeTpabopaTtoM Hatpus [9] s3ddeKkTuBHOCTH
TeTpabopaTa JHTHS 3aMETHO BBIIIE, TOr/a Kak 3QQEKTUBHOCTh TeTpabopaTa Kamus —
Hike. C ydeToM 3HAYUTEIBHO OOJBINEH CTOMMOCTH TeTpabopaToB JUTHS W Kaaus B
cpaBHEHUW ¢ TeTpabopaToM Hatpus (Oypoi) ¢ KOMMEPYECKOW TOUYKH 3PEHHUS BEIOOP
TeTpabopaTa HATpWsi B KauyeCTBE 3aMEIJIUTENs OTBEPXKICHUS THIca Hauboee
3¢ dekTrBeH, a pPEKOMEHIYEeMbI IS TPAKTHYSCKOTO HCIMOJIb30BAaHUS UAIa30H
KOHIIeHTpaIruii TeTpadopara Harpus coctasiseT oT 0,0125 mo 0,025 M (0,25-0,50%, wmm
4,8-9,6 r/n panga pekaruapata) B 3aBUCUMOCTH OT JKEJIAaeMOr0 BPEMEHU Havala
CXBaThIBaHMUS.

HHTEpECHO OTMETUTH, UTO paHEe MPU U3YUYEHUH COJIEH JTUMOHHON KHUCJIOTHl HAMH
OblJTa yCTaHOBJIEHA Ta K€ 3aKOHOMEPHOCTH B OTHOIIEHWH CMEHBI KaTHOHA IIEIOYHOTO
MeTallja, YTo, MPEAOIOKUTEILHO, OBUIO O0BSICHEHO Pa3IMYUsAMH B PaJiycax KaTHOHOB
MIEIOYHBIX METAIOB B pacTtBopax [10].

3AK/IIOYEHUE

1. MH3ydeHa KOHIEHTpaIMOHHAS 3aBUCUMOCTh HHTHOMPYIOIIETO ACHCTBUS TETPaOOPaTOB
JUTHS Y KaJvsl Ha POIECC OTBEPIKICHUS TUTICA B CPABHEHHH C TeTpabopaToM HaTpuUs
(Bypoit).

2. [TIlokazano, dYro wuHTHOWpYyIOIIee nelcTBHE TeTpabopaTa IJIMTHA CHJIIbHEE, a
TeTpabopaTa Kaimus ciiabee B CpaBHEHUH C TETPaOOpPaToM HATpPHSL.

3. OnruManbHBIH IHUAa30H KOHIEHTPAHi paboduX pacTBOPOB TETPAOOPATOB JIUTHS,
HaTpus u kanus cocrasisger 0,0125-0,025 M 6e3 moTepu MEXaHUIECKOM MPOYHOCTH
OTITUBOK.
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The concentration dependence of the inhibitory effect of lithium and potassium
tetraborates on the gypsum curing process was studied and their activity was compared
with sodium tetraborate (borax) previously studied by us.

The analysis of the obtained results shows that a noticeable inhibitory effect of
lithium and potassium tetraborates is manifested at concentrations from 0.003 M, but
concentrations from 0.0125 M and higher can be considered effective. At a concentration
of 0.1 M the inhibitory effect decreases, as well as markedly reduced mechanical strength
of castings using any of the studied tetraborates. Qualitative study of the strength
properties of the obtained samples of gypsum castings showed that in the range of
concentrations from 0.0125 to 0.05 M mechanical strength of castings is not inferior to
gypsum without the addition of tetraborates or even slightly superior to it. Quantitative
study of strength properties of gypsum castings with different modifiers is assumed in the
future in a separate study.

In comparison with the previously studied sodium tetraborate efficiency of lithium
tetraborate is noticeably higher, while potassium tetraborate efficiency is lower. Given the
significantly higher cost of lithium and potassium tetraborates compared to sodium
tetraborate (borax) from a commercial point of view, the choice of sodium tetraborate as a
gypsum curing retarder is the most effective, and the recommended range of sodium
tetraborate concentrations for practical use is from 0.0125 to 0.025 M (0.25-0.50 %, or
4.8-9.6 g/L for decahydrate) depending on the desired setting initiation time.

274



BIUAHUE TETPABOPATOB JINTUA U KAJIUA ...

It is interesting to note that earlier in the study of citric acid salts we observed the

same pattern with respect to the change of alkali metal cation, which was presumably
explained by differences in the radii of alkali metal cations in solution.

10.

Keywords: binding materials, gypsum, lithium and potassium tetraborates.

References

Butt Yu. M., Sychev M. M., Tamashev V. V., Chemical technology of knitting material, 472 p. (High
school, Moscow, 1980). (In Russ.).

Popov K. N., Kaddo M. B., Building materials and products, 438 p. (High school, Moscow, 2005). (In
Russ. ).

Pascenko A. A., Serbin V. P., Starchevskaya E. A., Cementing materials, 440 p. (High school, Kiev,
1985). (In Russ.).

Bayer V. E., Architectural materials, 264 p. (Architecture, Moscow, 2006). (In Russ.).

Sulimenko L. M., The technology of mineral binding materials and products based on them, 334 p.
(High school, Moscow, 2005). (In Russ.).

Pustovgar A.P., Retarder for dry construction mixtures on the basis of plaster, Abstr. of Internat. conf.
“Baltimix 2012” (Ryazan, 2012), p. 9. (In Russ.).

Properties of building gypsum, characteristics and its application,
http://www.atlantlepnina.ru/articles/svoystva-stroitelnogo-gipsa-kharakteristiki-i-ego-primenenie/
(Accessed May 16, 2022). (In Russ.).

Gerner M. M., Aronov Or. G, Rofe A. E. Materials science in dentistry, 256 p. (Medgiz, Moscow, 1962).
(In Russ.).

Grishkovets V. L., Grunskiy N. V., Yakovishin L. A., Korzh E. N., The effect of sodium tetraborate
(borax) on the gypsum curing process, Scientific Notes of Crimean V.I. Vernadsky Federal University.
Biology. Chemistry, 8 (74), 280 (2022). (In Russ.).

Grishkovets V. L., Yakovishin L. A., Korzh E. N., Effect of citric acid salts on the process of gypsum
curing, Scientific Notes of Crimean V.I. Vernadsky Federal University. Biology. Chemistry, 2 (68), 83
(2016). (In Russ.).

275



