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AHHOTAIMS
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ABSTRACT

One of the main vectors of development in modern construction is the acceleration of the pace of construction production.
The use of chemical additives is not always justified from a technical and economic point of view. Processing raw materials in
low-temperature non-equilibrium plasma is an environmentally safe, effective method that does not require complex modifica-
tions and re-adjustment of technological equipment. Modification of raw materials in NNTP leads to a reduction in setting
time, accelerated hardening of inorganic binders, as well as an increase in the performance characteristics of materials and
products. In this work the effect of low-temperature plasma on the properties of high quality gypsum is investigated. Gypsum
suspensions with gypsum concentration of 3 and 5% were subjected to the treatment, which were introduced into gypsum with
mixing water. It has been proven that the use of plasma-modified gypsum suspensions accelerates the setting of gypsum paste
by up to 35.5% and increases the flexural strength of gypsum stone to 10.5%, and compression strength to 22%.
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BBEJIEHUE

B Hacrosiiee BpeMs CyliecTBYeT JOBOJIBHO MHOTO CIIOCO-
0OB aKTHBAIIMU BOJIbI, BOJAHBIX PACTBOPOB U JHUCIIEPCHBIX CH-
CTEM, I'Jie B KaueCTBE JUCIEPCHOHHON (ha3bl BEICTYIAET BOJA.
duznyeckoe MOAUMUIIMPOBAHUE BOJBI 3aTBOPEHHS, CYCIICH-
3Uil ¥ PACTBOPOB MO3BOJISIET YIIPABIATH [TPOIIECCOM (HOPMHPO-
BaHMs CTPYKTYPbl MaTepHajoB Ha UX OCHOBE, He TpeOyeT 3Ha-
YUTENBHBIX M3MEHEHUI TEXHOJIOTMYECKOrO MPOIecca MPHUIro-
TOBJIEHUSI U OOECIeurBaeT 3HAYUTEIILHOE CHIKEHHE pacxoja
BSOKYIIUX MM YIYYIIEHHE XapaKTePHUCTHK FOTOBOIO M3/IEIHSL.

Bona mnm BoJHBIE pacTBOPBI MOTYT OBITH aKTHBHPOBAHEI
MOCPEACTBOM MEXaHUYECKOI'0, aKyCTHYECKOTO, JJIEKTpHUe-
CKOT'0, MArHUTHOT'O BO3JICUCTBHUS H T.I.

AKTI/lBaI_ll/ISI BO/IbI 3aTBOPCHUA IJICKTPUICCKUM I10JIEM pac-
TBOPUMBIX 3JIEKTPOJOB MO3BOJISIET UCKIIOYUTH XUMHUYECKUE
JI00aBKM M aBTOMATH3HPOBATh KaK IPOIIECC aKTUBALIMM CaMOM
BOJIbI 3aTBOPEHHUSI, TAK M BECh MPOILECC MPUTOTOBJICHHS OETOH-
HOH cMecu. V3ydeHne BO3AEHCTBUI 3JIEKTPUIECKOTO T10JIST Ha
BOJly 3aTBOPEHHS C TOCIEIYIOUIMM HCHOJB30BAHUEM €€ JJIst
MPUTOTOBIICHUS BSDKYIIEH CHCTEMBI MOKA3aJI0, YTO OHO YCKO-
PACET CPOKHU CXBATbIBaAHUA U YBCINYUBACT IMMPOUYHOCTH LHEMCHT-
Horo kamHs [1-3]. PerymmpoBanue Takux mapameTpoB SJIEK-
TpoOOPabOTKH, KaK HANPSHKEHHOCTh MOJS, IUIOTHOCTh TOKa,
MPOAOCIDKUTEIHHOCTh 00pPaOOTKH, JaeT BO3MOXKHOCTBH YIIPaB-
JISITH TBEpAECHHEM U (PU3UKO-MEXaHHUECKUMH CBOMCTBaMH BS-
KYIIUX MaTepUaIoB.

[TpumeHenne yiabTPa3ByKOBBIX KOJICOAHWH JUII MHTCHCH-
(UKaUK MPOLIECCOB CTPYKTYpOOOpa30BaHMsI IEMEHTHBIX CH-
cTeM ABIsIeTCs 9P GEKTHBHBIM [4], 0JHAKO, CO3/IaHHIE PA3BUTOM
KaBUTAllMHM B BOJE, TeM OoJiee B IIEMEHTHOM TECTE WM pac-
TBOpe TpeOyeT KoJocCallbHbIX 3Heprosarpar. Iloatomy Be-
JIETCSI TTONCK HU3KOAHEPT€THUECKHUX CIIOCOO0B aKTHBAIUH.

B obGnmactu cTpoWTEensHOrO MaTepHAIOBEACHHUS Hauboee
MOJIHO U3YyYE€HO BIIUSIHUE MArHUTHOW 0OpabOTKU Ha BOJIY 3a-
TBOpeHHUsi. MarHutHast 00paboTKa BOJIBI 1 BOJOCOAEPKALINX
CHCTEM IpeAyCMaTPUBACT MPOTEKAHHE MX YePe3 OHO WU He-
CKOJIbKO MarHuTHbIX IoJIeld. Bona, moasepruyras BO3JEi-
CTBUIO MarHUTHOTO TIOJIsI, I3MEHSIET CBoU cBokcTBa [5-8]. Ilo-
cyle BO3JICWCTBHMS HAa BOJY MAarHWTHOTO IIOJISI KilacTepHas
CTPYKTYpa BOJbI Pa3pyILaeTcs, 3a CUET pa3pbiBa BOJOPOIHBIX
CBsI3€il OMarHUYeHHAs BOJIa CTAHOBUTCSI O0OJIee XMMHUUECKH aK-
TUBHOH, 4eM BoJia oObIyHas. B Hell yBeanunBaeTcsi CKOpOCTh
XUMUYECKUX PEaKIMid W KPUCTAJUTH3AINU PACTBOPEHHBIX BeE-
IIECTB, MHTEHCU(UIMPYIOTCS TIPOLIECCHI aAcopOIHH, YiTydIa-
eTCsl KoaryJyisiiusi IpUMeceil W BbIlaJieHue UX B ocagok. Of-
HAKO, KJIACTePHAsi CTPYKTYPa BOJIbI CO BpEMEHEM BOCCTAHABIIHU-
BaeTcsi, 4YT0 OO0s3BIBACT HCIIOJIB30BaTh MOJU(UIIMPOBAHHYIO
BOJIy HEIIOCPEJICTBEHHO ITOCIe 00pabOTKH.

O0paboTKa KHUIKOCTH HEPaBHOBECHOI HU3KOTEMIIEpaTyp-
HOW IIa3MOU HIMPOKO MPHUMEHSIETCS Ui 00e33apaKMBaHUsI
Bozbl [9]. MeTon 3akiodyaeTcs B CO3JaHUU DIIEKTPUYECKOTO
T0JIsl BHICOKOW HANPSDKEHHOCTH M (POPMHUPOBAHUM paspsiia Ha
TpaHMLE BOJHO-BO3AYIIHOM Cpebl, YTO NMPHUBOIUT K 3dek-
TUBHBIM JIEKTPOHHO-MOJICKYJIIPHBIM CTOJIKHOBEHHSIM, COIIPO-
BOXKIAIOIIUMCS TIPOU3BOJICTBOM aKTHBHBIX OKHCIUTENEH (Tie-
POKCHJIa BOJIOPOJ1a, aTOMAPHOTO KKCIOPO/ia, THAPOKCUII-PaIn-
Kaja, THUAPOIEePOKCHI-PAIUKaia), KOTopbie Au(GYHAUPYIOT
4yepes rpaHully pasjielia B BOAy, oyIexKailyto oopadotke. Of-
HaKo, JIaHHBI METOJ MOXXHO HCIIOJIb30BATh HE TOJILKO LIS
o0e33apakuBaHusl Boabl. Uepes miasMy MOTYT OBITH MPOIy-
IICHbI BOAHBIC PACTBOPLI, CYCIICH3UU WM TOHKOJIWCIICPCHBIC
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INTRODUCTION

Currently, there are quite a few methods for activating
water, aqueous solutions and dispersed systems, where
water acts as the dispersion phase. Physical modification
of mixing water, suspensions and solutions makes it pos-
sible to control the process of formation of the structure of
materials based on them, does not require significant
changes in the technological process of preparation and
provides a significant reduction in the consumption of
binders or an improvement in the characteristics of the fin-
ished product.

Water or aqueous solutions can be activated through
mechanical, acoustic, electrical, magnetic influence, etc.

Activation of mixing water by the electric field of sol-
uble electrodes makes it possible to eliminate chemical ad-
ditives and automate both the activation process of the
mixing water itself and the entire process of preparing the
concrete mixture. A study of the effects of an electric field
on mixing water with its subsequent use for preparing a
binder system showed that it accelerates the setting time
and increases the strength of cement stone [1-3]. Regula-
tion of electrical processing parameters such as field
strength, current density, and treatment duration makes it
possible to control the hardening and physical and me-
chanical properties of cementitious materials.

The use of ultrasonic vibrations to intensify the pro-
cesses of structure formation of cement systems is effec-
tive [4], however, the creation of developed cavitation in
water, especially in cement paste or mortar, requires enor-
mous energy consumption. Therefore, a search is under-
way for low-energy activation methods.

In the field of building materials science, the effect of
magnetic treatment on mixing water has been most fully
studied. Magnetic treatment of water and water-containing
systems involves their flow through one or more magnetic
fields. Water exposed to a magnetic field changes its prop-
erties [5-8]. After exposure to a magnetic field, the cluster
structure of water is destroyed, and due to the breaking of
hydrogen bonds, magnetized water becomes more chemi-
cally active than ordinary water. It increases the rate of
chemical reactions and crystallization of dissolved sub-
stances, intensifies adsorption processes, improves the co-
agulation of impurities and their precipitation. However,
the cluster structure of water is restored over time, which
obliges the use of modified water immediately after treat-
ment.

Treatment of liquids with nonequilibrium low-temper-
ature plasma is widely used for water disinfection [9]. The
method consists in creating a high-intensity electric field
and forming a discharge at the boundary of the water-air
medium, which leads to effective electron-molecular col-
lisions, accompanied by the production of active oxidants
(hydrogen peroxide, atomic oxygen, hydroxyl radical, hy-
droperoxide). radical) that diffuse across the interface into
the water to be treated. However, this method can be used
not only for water disinfection. Aqueous solutions, sus-
pensions or finely dispersed dry components can be passed
through plasma [1, 10-12]. Thanks to plasma treatment,
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cyxue koMmoHeHTHl [ 1, 10-12]. bnaromaps mia3menHo# oOpa-
0OTKE TMOBBIIIAETCSl PEAKIIMOHHAsT CIOCOOHOCTh JAPYTHX KOM-
MIOHEHTOB OETOHHOW cMecH (Iecka, MUKPOHAIIOJIHUTEINEH, BO-
JIOKOH Pa3iIMYHOM NPHPO/IBI), YTO IMO3BOJISAET CHU3UTH 3aTPAThI
Ha IIPOU3BOACTBO CTPOUTENBHBIX U3aemwii [ 13-16].

XomnoaHas mia3Ma (HeTeIuIoBas Iia3ma) pecTaBisieT co-
001 YaCTUIHO HOHMU3UPOBAHHBIH T'a3, TOTYyJaeMBbIi ITyTEM MTPH-
JIOKEHUs TOCTaTOYHOHW SHEPTUM (TEIUIOBBIX, JJIEKTPOMAarHUT-
HBIX WJIN 3IEKTPUUYECKUX IMOJIEH, MUKPOBOJIIHOBBIX U pajnoya-
CTOT) K HEHTpaTbHOMY Ta3y MPH HU3KOM MIH aTMOC(epHOM
nasnenud [17]. IlpunosxeHHast SHEPTUs aKTUBHO MOTJIOIIAETCS
CBOOOIHBIMH 3JIEKTPOHAMH, IPUCYTCTBYIOIIUMH B ra3e, ObICT-
pee, ueM MOHaMU. 3aTeM YCKOPEHHbIE AJIEKTPOHBI MEpearoT
SHEPrHIo 00JIee TSHKENIBIM MOJIEKYJIaM ra3a IIoCpeICTBOM YIIpY-
TUX W HEYIIPYTUX CTOJIKHOBEHUH. B pe3ynbrare 3THX CTOJNKHO-
BEHHMI Ta3 NpeTepreBaeT HECKOIbKO (a3oBbIX peakuuid —
HMOHM3ALHNI0, BO30OYKICHNE U JUCCONHAINIO C 00pa30BaHHEM
HECKOJIBKMUX PEaKIMOHHOCIIOCOOHBIX (opM (aKTHUBHBIX (HopM
KHCJIOpO/ia W aKTHUBHBIX (hOpM a30Ta), HOBBIX DIIEKTPOHOB,
HOHOB M cBOOOIHBIX pagukaioB [18]. [To nanaeM [ 18] Temrre-
paTypa 3JIEeKTPOHOB B XOJOIHOM IJIa3ME OTHOCUTEIBHO BEICOKA
(1-10 3B), a sHeprus MocTymaTeNsHOTO MBMKCHUS TSDKEIBIX
9gacTHIl (MOJIEKYJI, HOHOB) OJIN3Ka K KOMHAaTHOM TeMIlepaType.
DTO OTOMY, YTO JEKTPOHBI IMEIOT 00JIee JIETKYIO MacCy, YeM
TspKenble yacTunbl [19]. Takum oOpa3om, 3J1€KTPOHBI TOCTH-
raroT 6oyiee BHICOKOM KHHETHYECKOH SHEPIHH (TeMIepaTyphl)
ObIcTpee, ueM TspKesble yacTUibl. [loaToMy XonmoaHas ria3ma
XapakTepU3yeTcsl KaKk HaXOAIIasAcs B HEJIOKAIEHOM TepMOIH-
HaMHUYEeCKOM PpaBHOBECHH W3-3a pPa3HUIBI B TEMIEparype
MEXy JIEKTPOHAMHU U TsoKeIbIMU yactuiiamu [20]. briaronaps
BO3/ICHCTBUIO Ha MOBEPXHOCTb Marepuaja HpH IOCTATOYHO
HU3KOW TeMmIiepatype, He IMpPUBOJIIIEH K pa3pylIeHHI0 00-
pasna, HU3KOTeMIlepaTypHast Iia3Ma ABIseTCs 3 EeKTHBHBIM
criocoboM 00paboTku MatepuanoB. Kpome Toro, JaHHBIN Me-
TOJ ABJISETCA SKOJOTHYECKUM O€30MacHBIM U Oe30TXOIHBIM
Croco6oM Moan(UKAINH CHIPEEBBIX KOMIIOHEHTOB U MaTepHa-
JIOB.

HecMmoTps Ha MONOXHUTENbHBIE PE3YIIbTATHI, MOIy4acMble
IIPY TU1a3MOMOAN(PUKALIMY MaTEPHAJIOB B JIa0OPATOPHBIX yCII0-
BUSIX, METOJI TTOKA HE MOJYIHI IIMPOKOTO IPUMEHEHUS B IIPO-
MBIIIICHHOCTH. [IpHYMHAaMH 3TOT0, BO3MOXKHO, SIBISIETCS IIe-
PHOIMYHOCTH JEHCTBUSA MIa3MOTPOHA, a TAK)KE TOPOTOBU3HA U
CJIOKHOCTH HEOOXOJMMOTO 000pYJOBaHHMS JUIS CO3/IaHUs pa3-
psana. OnHako, XoJloHas Tu1a3Ma TpedyeT ropas o MeHbIIeH
moTpeOIIeMoil MOIIHOCTH, B OTIHYHE OT TEPMHUECKOU
TUTa3MBl, KOTOPO# TpeOyercsi Goyee BhICOKast moTpedisemast
MotHOCTh (~ 50 MBT). Tepmuueckas mna3sma reHepupyercs
npu BBICOKHX Temreparypax (4000-20000 K) u maBmeHuMsx
(=105 TIIa) [17]. TepmMuueckas miia3ma sBISETCS TMOTHOCTBHIO
HOHU3UPOBAaHHBIM I'a30M, BCE YACTHULbI KOTOPOTO UMEIOT OJH-
HAaKOBYIO TeMIeparypy. Upe3BblualiHO BBICOKUE TEMIIEPATYpPhI
HE TMOJXOMAT JUIs 00pabOTKH TEPMOUYBCTBUTEIILHBIX MaTEpHa-
JIOB, TIO3TOMY XOJIOHAs TUIa3Ma SIBJISIETCsl 00JIee 101X O ISIIUM
METOJIOM JUT MOAN(HKALINH MHUIIEBBIX TPOLYKTOB U MaTepHa-
JIOB TEKCTHJILHOW TPOMBIIIIIEHHOCTH, & TAK)Xe BOJBI, BOAHBIX
pacTBOpOB U cycneH3ui [21-27].

eab nian 3a1a4m MccIeJ0OBAHNA:

Llenbio mccnenoBaHUs SIBISIETCS YCTAHOBJICHMS BIMSHUSA
HU3KOTEMITEPAaTypHOH IUIa3Mbl Ha CBOMCTBA BBICOKOMapod-
HOTO THIICA.

3ajaun MCCIIeIOBAHNS: YCTAHOBUTH 3aBUCHMOCTH CPOKOB
CXBaThIBaHMS TUTICOBOIO TECTa U MPOUYHOCTHU TMIICOBOTO KAMHS

the reactivity of other components of the concrete mixture
(sand, microfillers, fibers of various natures) increases,
which makes it possible to reduce the cost of production
of construction products [13-16].

Cold plasma (non-thermal plasma) is a partially ion-
ized gas produced by applying sufficient energy (thermal,
electromagnetic, or electric fields, microwave and radio
frequencies) to a neutral gas at low or atmospheric pres-
sure [17]. The applied energy is actively absorbed by free
electrons present in the gas faster than by ions. The accel-
erated electrons then transfer energy to heavier gas mole-
cules through elastic and inelastic collisions. As a result of
these collisions, the gas undergoes several phase reactions
- ionization, excitation and dissociation with the formation
of several reactive forms (reactive oxygen species and re-
active nitrogen species), new electrons, ions and free rad-
icals [18]. According to [18], the temperature of electrons
in cold plasma is relatively high (1-10 eV), and the energy
of translational motion of heavy particles (molecules,
ions) is close to room temperature. This is because elec-
trons have lighter mass than heavy particles [19]. Thus,
electrons reach higher kinetic energy (temperature) faster
than heavy particles. Therefore, cold plasma is character-
ized as being in non-local thermodynamic equilibrium due
to the difference in temperature between electrons and
heavy particles [20]. Due to the effect on the surface of the
material at a sufficiently low temperature, which does not
lead to destruction of the sample, low-temperature plasma
is an effective method for processing materials. In addi-
tion, this method is an environmentally safe and waste-
free way to modify raw materials and components.

Despite the positive results obtained by plasma modi-
fication of materials in laboratory conditions, the method
has not yet been widely used in industry. The reasons for
this may be the frequency of operation of the plasma torch,
as well as the high cost and complexity of the necessary
equipment to create the discharge. However, cold plasma
requires much less power input, unlike thermal plasma,
which requires a higher power input (~50 MW). Thermal
plasma is generated at high temperatures (4000—20000 K)
and pressures (>105 Pa) [17]. Thermal plasma is a fully
ionized gas, all particles of which have the same tempera-
ture. Extremely high temperatures are not suitable for pro-
cessing heat-sensitive materials, so cold plasma is a more
suitable method for modifying food and textile materials,
as well as water, aqueous solutions and suspensions [21-
217].

Aim or objectives of the study:

The aim of the study is to determine the effect of low-
temperature plasma on the properties of high-quality gyp-
sum.

Objectives of the study: to establish the dependence of
gypsum dough setting time and strength of gypsum stone
in bending and compression on the concentration of gyp-
sum suspension treated in low-temperature plasma for 5
sec.
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IIpY M3TH0e ¥ CKATHU OT KOHIIGHTPAIUH THIICOBOM CYCIIEH3HH,
00paboTaHHO!N B HU3KOTEMIIEpPaTypHOH IJIa3Me B TEUeHHE 5
CEK.

Marepnanm U METOAbI HCCJICT0OBAHUA

Jlist mpoBesieHNsT SKCIEPHUMEHTAIBHBIX PadoT ObUTH HC-
MOJIb30BaHbI CIEIYIONINEe MaTepHallbl: T'HIICOBOE BSDKYILEE U
BOJIa BOJIOTIPOBOIHASI.

I'uncoBoe Bsxymiee Mapku I'-10 ot npoussoaurens Samara
Gips, pMU3HKO-MEeXaHUIECKHE XapaKTEPUCTHKH THIICOBOTO BsI-
JKyIIero npenacrasiens! B Tadiuue 1. [To pesymbraTam mpose-
JICHHBIX UCTIBITAHNH THIICOBOE BSDKYIIIEE COOTBETCTBYET MapKe
I'-10 6 ITOCT 125-2018.

Materials and methods of research

The following materials were used for experimental
work: gypsum binder and tap water.

Gypsum binder of G-10 grade from the manufacturer
Samara Gips, physical and mechanical characteristics of
gypsum binder are presented in Table 1. According to the
results of the tests, gypsum binder corresponds to G-10
grade B II GOST 125-2018.

TABJMILA 1. PU3NKO-MEXAHNYECKUE XAPAKTEPUCTHUKH I'MIICOBOTI'O BSIXKYIIET'O

Table 1. Characteristics of gypsum binder

OcrtaTok Ha IIpenes npo4Ho-
o IIpeaen npoynocTn
cute 02, % Hopmanpnas | Hauajo cxsa- Konen cxsa- CTH NPH CKATHH
Bsxymee o npu usrude 2 4.,
The percent- rycrora, % ThIBAHUN, MUH | ThIBaHU, MHH 2 4., MIla
Type of 5 o q 3 q q MiIla
? age of material Normal Initial setting Final setting Compressive
binder R . X 0 R 5 A n Flexural strength af-
retained in the | consistency, % time, min time, min strength after 2
. ter 2 hours, MPa
0,2 mem sieve hours, MPa
I'uncosoe
BSKYIIIee
Ir-10 7.4 38 11 21,5 10,1 5,0
Gypsum
binder

MeTtononorus UcclefOBaHUS 3aKIIOYanach B CIELYIO-
IIeM:
1) IIpuroToBUTH T'MIICOBBIE CYCIIEH3UHM C KOHLIEHTpa-
et 3 1 5 % TUICOBOro BsDKYIIEro 1 00paboTaTh UX B MO-

TOKE HepaBHOBCCHOﬁ HHBKOTeMnepaTypHOfI I1J1a3Mbl
(HHTI);
2) HpI/IFOTOBI/ITB THUIICOBOE€ TECTO C HCIIOJb30BAHUEM

THIICOBBIX CYCIIEH3MI B Ka4ECTBE BOJIbI 3aTBOPCHUS;

3) OmnpenennuTth CPOKU CXBATHIBAHUS THIICOBOTO TECTA
C pa3JInYHBIMHM KOHLIEHTPALMSIMHU TMIICOBBIX CyCIICH3UH;

4) UzroroButh 00pa3Ifbl-0aNlouKH M3 THIICOBOTO Te-
CTa, ONPE/ICIIUTD JJIsl HUX ITPOYHOCTH NP U3rH0e U CHKaTHH;

5) IIpoaHanu3upoBaTh NOIYICHHBIEC PE3YIbTATHI.

B paMkax skcmepuMeHTa H3rOTaBIUBAIMCH THIICOBBIC
CyClneH3uu ¢ KoHueHTpauuen rumnca 3 u 5%. CycneHzuu
OpLTa pa3meneHa Ha aBe yacTH. [lepBas gacts Obl1a 006pado-
TaHa HEpaBHOBECHON HM3KOTEMIEPAaTypHOH ILIa3MOH, BTO-
past 9acTh ocTanach HeTpOHyTOH. CpOKM CXBAaTBIBAHUS THII-
coBOro tecra ompenensuiuce B coorBerctBuu ¢ ['OCT
23789-2018. 13 rumncoBoro Tecta OBUIM M3TOTOBIEHBI 00-
pasmpI-6anouknu 4x4x16 cM, KOTOpeIe OBUIH HCIBITAHBI Ha
n3ru6 u cxarue B coorBercTBuu ¢ [OCT 23789-2018.

V3MeHeHne XapaKTepHUCTHK CETEBOT0 IEPEMEHHOTO TOKa
HanpsbxeHreM 220 B u yactotoit 50 ' ocymiecTBisiocs uc-
TOYHUKOM ITUTAHUSA 10 3HAYCHUS IIEPEMEHHOTO TOKA Harpsi-
skeHueM 8000 B u yacroroii 3 k'L, KOTOpBINA MoAaBalics HA
SNIEKTPOABI Uil TEHEPUPOBAHUS HU3KOTEMIIEpaTypHOH
HEpaBHOBECHOM ITa3MBbl, CO 3HaYeHEeM apamerpa E/N pag-
Horo 15-10-16 B/cM? B MeXDIEKTPOIHOM IIPOCTPAHCTBE.
Bpemst 06paboTkH CyCHIeH3Hi COCTaBISIIO 5 CEKYH.
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The methodology of the study was as follows:

1) Prepare gypsum suspensions with a concentration of
3% and 5% gypsum binder and treat them in a non-equilib-
rium low temperature plasma (NNTP) flow;

2) Prepare gypsum dough using gypsum suspensions as
mixing water;

3) Determine the setting times of gypsum dough with dif-
ferent concentrations of gypsum suspensions;

4) To make specimen beams from gypsum dough, to de-
termine their bending and compressive strength;

5) Analyze the obtained results.

As part of the experiment, gypsum suspensions were pro-
duced with a gypsum concentration of 0, 3, 5%. The suspen-
sion was divided into two parts. The first part was treated
with nonequilibrium low-temperature plasma, the second
part remained untouched. The setting time of the gypsum test
was determined in accordance with GOST 23789-2018
(GOST 23789-2018. Gypsum binder. Test methods) (In Rus-
sian). Beam samples 4x4x16 cm were made from gypsum
dough, which were tested for bending and compression in
accordance with GOST 23789-2018.

Changing the characteristics of the mains alternating cur-
rent with a voltage of 220 V and a frequency of 50 Hz was
carried out by a power source to an alternating current of
8000 V and a frequency of 3 kHz, which was supplied to the
electrodes to generate low-temperature nonequilibrium
plasma, with a parameter E/N equal to 15 10-16 V/cm2 in
the interelectrode space. The suspension processing time was
5 seconds.
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PUCYHOK 1

YCTAHOBKA IUIASMOXMMMYECKOM OBPA-
BOTKMU:

1 — n1a3amoxuMuyecKuii peakrop koHcTpykuuu M®TH,
2 — 010K muTAHuA ¢ 9acToToi 30 kI,

3 — MaTepuaJIONPUEMHHUK,

4 - cucrema BBOJa MaTepuaJia,

5 — nopuHeBblii komnpeccop AVX-3040 (10 8 aTtm),
6 — mosiuMepHbIii TPyGONpoBoa,

7 — cXeMa MOJAKJIIOYEHHSI AHOAA M KaToa.

Figure 1

Plasmochemical processing installation:

1 — plasma-chemical reactor designed by MIPT,
2 — power supply with a frequency of 30 kHz,

3 — material receiver,

4 — material input system,

5 — piston compressor AVX-3040 (up to 8 atm),

6 — polymer pipeline,

7 — connection diagram of the anode and cathode.

IKCIepUMEHTHI U 00CyXKIeHHe Pe3yIbTaTOB

BonoruricoBoe coOOTHOLIEHHWE OBUIO MPHHATO PAaBHBIM
0,61. Cycnensus npomyckaiachk yepes Ia3MoTpoH 1 pas, no-
CJIe 4ero cpa3y rOTOBUJIOCH THIICOBOE TECTO U OIPEAEISIINCh
CPOKH €ro cxBaTbIBaHMA. IlomydeHHBIE pe3yNbTaThl IMpen-
CTaBJIEHBI Ha pHC. 1.

Jlist yCKOpeHHsI CXBaTbIBaHMS THIICOBOTO TECTAa OITH-
MaJIbHOM KOHIIEHTpauueil cycrensun ssisercs 2,5% u 6o-
nee. [Ipy KOHIIEHTpalMU CyCcleH3uH 5% Hadalo CXBaThIBa-
HUsI HacTynaeT Ha 35,5% paHbllle, KOHEI] CXBaThIBaHHS - HA
39,4% paHbllie, YeM IpPU KCIIOJIb30BAHHE HEOOPAOOTAHHOM
CYCIEH3UH TOH )K€ KOHIIEHTPALNH.

PUCYHOK 2

3ABUCUMOCTB CPOKOB CXBATBIBA-
HUsI THIICOBOI'O TECTA OT KOHIIEH-
TPALIMU TMIICOBOM CYCIIEH3UU

Figure 2

Dependence of gypsum dough setting time on
gypsum suspension concentration

Jns gactn o0Opa3moB OblLTa ompeneneHa MPOYHOCTh Ha
cKaTHe M Ipu n3rude B Bo3pacre 2 yacoB. OcTaBiimecs 00-
pasiibl ObLIM MOCTETIEHHO BBICYLICHBI B YCIOBHIX Jlaboparo-
PHH JI0 TOTO MOMEHTA, KOT/Ia IIOTEPH 110 MaCCE MEXLy ABYyMs
MOCJIeI0BaTeNbHBIMU B3BEIIMBaHMAMU He cocTaBuiau 0,1%.

Experiments and discussion

The water-gypsum ratio was taken to be 0.61. The sus-
pension was passed through the plasmatron 1 time, after
which gypsum dough was immediately prepared and its set-
ting time was determined. The obtained results are presented
in Fig. 1.

To speed up the setting of gypsum dough, the optimal
concentration of the suspension is 2.5% or more. With a sus-
pension concentration of 5%, the beginning of setting occurs
35.5% earlier, the end of setting - 39.4% earlier than when
using an untreated suspension of the same concentration.

For some of the samples, the compressive and bending
strength was determined at the age of 2 hours. The remain-
ing samples were gradually dried in laboratory conditions
until the weight loss between two successive weighings was
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[TpomexxyTouHBIE pe3yIbTaThl OBLTH TOJYYEHBI Ul 00pas-
IIOB C BIaXHOCTBIO 6,7 1 16,7 % (puc.3)

IMpounocTs npu U3rude yBeIMYMBACTCS HE3HAYUTEIBHO.
ITpu BBenenun 3%-HOl CyCHEH3UM MPOYHOCTh B BBICYIICH-
HOM COCTOSIHMH YBEIUYMIACh Ha 7%, IpH BBeICHUH 5%-HOU
cycnensuu — Ha 10,5%.

PUCYHOK 3

MNPOYHOCTD IIPU U3TUBE I'MIICOBbIX
OBPA3I10OB B3ABUCUMOCTH OT BJIAXK-
HOCTH OBPA31LIOB

Figure 3

Flexural strength of gypsum specimens de-
pending on specimen moisture content

IIpupocT NpoOYHOCTH MpH CXKATUU uepe3 2 yaca TBEpAe-
HUSI IPY BBEACHUM 00paboTaHHOH 3-X % cycreH3un cocra-
Bui 24,1%, nocne nonnoro BeicymuBanus — 17,2%. Beene-
HHE 5-TH % CyCIIEH3UH [TO3BOJIMIIO YBEJIUYUTD IIPOYHOCTB de-
pes 2 gaca TBepAeHUs Ha 22%, TOCIIE MOTHOrO BBICYIINBAHUS
—Ha 18% (puc.4).

Jocturayteie 3¢ dexTs! 00yCI0BIMBAIOTCS YILIOTHEHIEM
KPHCTaJNTNYECKOTO KapKaca B pe3yJIbTaTe MOSIBICHHUS TOHKO-
JICIIEPCHBIX LEHTPOB KpUCTaTM3anuy. LlenTpamMu kpucran-
JM3aluK B JaHHOM CIIy4ae BBICTYNAIOT KapOOHATHI KaJIbIHs
U Maraus KOTOpbIe 00pa3yroTcs MPH epexo/ie pacTBOPUMBIX
THIpOKapOOHATOB KalblUsl M Maraus npu oopaborke HHTII
BOJIHBIX THIICOBBIX cycrieH3uil. O6padbotka HHTII npuBoaut
K TIOBBIIICHUIO TEMIEPaTyphl CYCIIEH3HH, YTO OOYCIIOBIH-
BaeT YCKOPEHUE NPOTEKaHUsI XUMUYECKUX PEeaKMi ruapaTa-
LUH.

PUCYHOK 4

MPOYHOCTD ITPU CKATHU THIICOBBIX
OBPA3I10OB B3ABUCHUMOCTHU OT BJIAXK-
HOCTH OBPA3LIOB

Figure 4

Compressive strength of gypsum samples as a
function of sample moisture content

3akiouenue

ITo pesynpTaTaM NPOBEACHHBIX HCCICIOBAHUI MOXKHO
c/IenaTh BBIBOJ O TOM, YTO 00pabOTKa I'MIICOBOH CYCIEH3UU
sBIsieTcs 3(p(HEeKTUBHBIM METOJIOM YCKOPEHHUs Habopa mpod-
HOCTH NP TBEPJCHUH TUIICA.
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0.1%. Intermediate results were obtained for samples with
moisture content of 6.7 and 16.7% (Figure 3).

The bending strength increases slightly. With the intro-
duction of a 3% suspension, the strength in the dried state
increased by 7%, with the introduction of a 5% suspension
- by 10.5%.

The increase in compressive strength after 2 hours of
hardening with the introduction of a 3% treated suspension
was 24.1%, after complete drying - 17.2%. The introduction
of a 5% suspension made it possible to increase the strength
after 2 hours of hardening by another 22%, and after com-
plete drying — by 18% (Figure 4).

The achieved effects are due to the compaction of the
crystalline framework as a result of the appearance of finely
dispersed crystallization centers. Crystallization centers in
this case are calcium and magnesium carbonates, which are
formed by the transition of soluble calcium and magnesium
hydrocarbonates during the processing of NNTP aqueous
gypsum suspensions. Treatment with NNTP leads to an in-
crease in the temperature of suspension, which causes the
acceleration of chemical reactions of hydration.

Conclusions

Based on the results of this research, it can be concluded
that gypsum slurry treatment is an effective method to ac-
celerate the strength gain during gypsum solidification.
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BBenenue rumncoBsix cycneHsuii obpadoranusix HHTP
MPUBOAUT K YBEJIMYEHHUIO MPOYHOCTH KaK B IEpPBBIE YaCHI
TBEpJCHUS, TaKk U B OoJiee JIUTENBHBIE POMEXYTKH Bpe-
MEHH.

ITpu BBeneHMU B COCTaB BOJIBI 3aTBOPEHHS TUIA3MOMOIH-
¢unmpoBaHHON 5%-HOW TMIICOBOM CyCIIEH3MN Hayajlo CXBa-
TBIBaHUSI HAacTymnaeT Ha 35,5% paHbllle, KOHEIl CXBAThIBAHHS
— Ha 39,4%, mpoYHOCTh NpH H3rHOE YBEIMYMBACTCS Ha
10,5%, mpouHOCTH NpH CXaTUH — Ha 22%.

Hocturaytbie 3((}exTsl OOBACHIIOTCS YIUIOTHEHHEM
KPHUCTaJLTNYECKOTO KapKaca B pe3yJIbTaTe MOSIBICHHS TOHKO-
JIMCTIEPCHBIX [IEHTPOB KPUCTAIUIM3ALINH, B KAUECTBE KOTOPBIX
BBICTYIAIOT KapOOHBI KAIBLIUS U MarHUsI.
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The introduction of gypsum suspensions treated with
NNTP leads to an increase in strength both in the first hours
of curing and in longer periods of time.

When plasmamodified 5% gypsum suspension is intro-
duced into the composition of mixing water, the beginning
of setting occurs 35.5% ecarlier, the end of setting - by
39.4%, flexural strength increases by 10.5%, compressive
strength - by 22%.

The achieved effects are explained by the compaction of
the crystalline framework as a result of the appearance of
finely dispersed crystallization centers, which are calcium
and magnesium carbons.
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