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AHHOTAUMUA

BeeaeHwue. B TexHonormun ctpoutensHo 3D-nevaty npu 6onbLumx obbemax 6eToHmpoBaHus TpebyeTtca obecneveHve Tex-
HOMNOTrNYECKNX NepepbIBOB U pa3feneHne obbekTa Ha 3axBaTku, NPV 3TOM pacTBOpPHas CMeChb AOJhKHa ycrnesaTtb obpecTu
HecyLLyo cnocobHOCTbL MaTepuana npy HapaliMBaHWM BbICOTbl BEPTUKAmNbHbLIX 3neMeHToB. OCOBGeHHOCTbI0 BedeHu st pa-
60T C NPMMEHEHNeM 3TON TEXHONOMMN CTPOUTENbLCTBA ABNSATCSA NPO6neMbl 06pa3oBaHNsA «XONOAHLIXY LLUBOB, CBSI3aHHbIe
¢ obecneyeHnemM NPOYHOCTY CLEMNEHNs rpaHnYaLLyx Croes Npyu 0OAHOBPEMEHHOM perynmpoBaHumn Tpebyembix peonornye-
CKMX M TEXHOMNOIMMYECKNX nokasatenen matepuanos Ans 3D-nevatn. BonblUMHCTBO UccneoBaHWn 3aTparvBaeT paboTy ue-
MEHTHbIX CUCTEM MO CPABHEHWIO C MMMNCOBLIMY B CBSA3M CO CMOXHOCTAMMW PErynmpoBaHUsi CPDOKOB CXBaTbIBaHWSA U BOAOCTON-
KOCTU KaMHs1. AKTUBHblE MUHeparbHble J06aBKN UCMONb3YOTCA ANS PerynpoBaHns peosiorniyeckyx CBOMCTB PacTBOPHON
cmecu. OpraHnyeckne [o6aBkn MOTyT NOBbILLATE NPOYHOCTb CLENSIEHUS U afre3unto, HO TPebyoT COBMECTUMOCTU C ApYrMMu
rpynnamu go6aBok. [ns aToro Heo6XxoauMo U3ydeHne BUSIHUSA OpraHM4eckor MoauduumpyoLwen nobaskm n rmapodobu-
3aTopa Ha aAre3noHHYH MPOYHOCTb C BETOHHBIM OCHOBaHMEM.

Matepuanbl u metoabl. [purotoBrneHne pacTBOPHON CMECU U BOSHOIO pacTBopa OpraHMYeckon MonndyHKUMOHANbHOM
no6aBK1 NPOBOAUMNOCH MO YCTAHOBMEHHOMY PEXMMY C YYETOM MOSHOrO ANCNEePrnpoBaHns MoandULIMPYIOLLIErO KOMIMOHEHTa
B BOAE Mpw nocreayoLemM 3roToBleHNN U XpaHeHnn 0b6pasLioB NCMbITaHW B COOTBETCTBUM C METOAMUKON, pernaMeHTpo-
BaHHOW HOPMAaTUBHbLIMY JOKYMEHTaMU.

Pe3ynbraThl. Pedynsrathl CNbITaHWSA NOKa3bIBAOT Ha CHWXEHWE aare3un matepuana k 6etoHy npu gobaeneHnn moau-
dmkaTopa BSI3KOCTU ¥ COBMECTHOM UCMOMb30BaHWUK C rnapodobusaTtopom, NoCKomnbKy Npu B3aMMOOEeNCTBUM Ha rpaHuLe
pasgena pacTBOPHOW cmecn ¢ GeTOHOM He obecneymBaeTcsi NpoTeKaHne NpoLeccoB 06pa3oBaHNsA PU3NKO-XMMUYECKON
cBa3n. Takke npu BBeAeHUN rmapodobHOro KOMNOHEeHTa B COCTaB pacTBOPHOW CMecu HabnogaeTca nnactuduumpyoLlee
OencTBMe C yBeNMYeHneM NpoHMKatoLwen CnocobHOCTN BO BHYTPEHHUE crion 6eToHa, Ha YTO ykasblBaloT U3MEHEHUs npe-
MMYLLEECTBEHHO KOre3VOHHOTO XapakTepa pa3pyLueHus oO6pasLoB Ha aare3vioHHbIN NPy NOSIBIIEHN y4acTKoB C BUAOM OT-
pbiBa MO MaTepuany OCHOBaHWSI.

BbiBoabl. O6ocHoBaHa v MoaTBeEpXAeHa akTyanbHOCTb 06ecrneyeHMs COBMECTMMOCTM OpraHU4ecKkoro mogudukatopa
1 rugpodobusatopa AN aare3vioHHON NPOYHOCTM MaTepvana B agAuTVBHOM CTPOUTESNIbHOM MPOU3BOACTBE. AKTyarnbHOCTb
TeMbl JanbHeilen paboTbl 3aKknovaeTcs B yCTAHOBMNEHUM PaLMOHaNbHOrO COOTHOLEHUs rmapodobuaatopa v opraHuye-
cKkovi o6aBKM C Lienblo obecneyvenmnsi BbICOKVX 3HA4YEHWI aAre3VoHHON MPOYHOCTU U MPOHKKAIOLLEN CMOCOOHOCTH paCcTBOPHOW
cMecm.

KNKOYEBBIE CIOBA: ctpouTenbcTtBo, Matepuansl Ans ACIl, agouTvBHbIE TEXHOMOMMWU, OpraHuveckas nonmdyHKUmo-
HanbHas fobaska, ruapocgobmsaTop, NPOYHOCTb CLEMNSIEHNS C OCHOBAHMEM, KOMMO3ULIMOHHOE TMMCOBOE BSXYLLEE, MEX-
crnowviHas agre3us

BnazodapHocmu. ViccnepoBaHue BbINOMHEHO Ha 060pyAoBaHWK, NpeaocTaBneHHoM HayyHo-vccneoBaTenbCkum NHCTUTY-
TOM CTpOUTENbHBIX MaTepuanos n TexHonorun HNY MICY (URL: https://nii-smit.ru/).

onAa UATUPOBAHUA: Pab6aa U.0., JlapceH O.A. CoBMeCTUMOCTb MOoandUKaTopoB BA3KOCTU U ruapocdobusaTopos
npu agresun matepunanos Ans 3D-neyatu // CTpouTenbCTBO: Hayka n obpasoBaHue. 2025. T. 15. Bein. 4. Ct. 9. URL: http://
nso-journal.ru. DOI: 10.22227/2305-5502.2025.4.9

Asmop, omeemcmaeHHbIl 3a nepenucky: inbst OmapoBuy Pab6aa, ilya_rabbaa@mail.ru.

Compatibility of viscosity modifiers and water repellent
on adhesion of 3D printing materials

Ilya O. Rabbaa, Oksana A. Larsen
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

© WN.0. Pabbaa, 0.A. NAapceH, 2025 129
PacnpoctpaHsieTcs Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)

(8G) ¥ HORLIGG 'GL WOL Scaieionty ™



N ITSLETSO: T 15. Boinyck 4 (58)

WN.0. Pa66aa, O.A. JlapceH

ABSTRACT

Introduction. In the technology of construction 3D printing, with large volumes of concreting, it is necessary to ensure tech-
nological breaks and divide the object into sections, while the mortar mixture must have time to acquire the bearing capacity
of the material when increasing the height of vertical elements. The peculiarity of conducting work using this construction
technology results in problems of forming “cold” joints associated with ensuring the strength of the adhesion of adjacent lay-
ers while simultaneously regulating the required rheological and technological parameters of materials for 3D printing. Most
studies concern the operation of cement systems in comparison with gypsum systems due to the difficulties in regulating
the setting time and water resistance of the stone. Active mineral additives are used to regulate the rheological properties
of the mortar mixture. Organic additives can increase the strength of adhesion and adhesion, but require compatibility with
other groups of additives. This requires studying the effect of an organic modifying additive and a water repellent on the ad-
hesive strength with a concrete base.

Materials and methods. The preparation of the solution mixture and the aqueous solution of the organic polyfunctional
additive was carried out according to the established mode, taking into account the complete dispersion of the modifying
component in water during the subsequent production and storage of test specimens in accordance with the methodology
regulated by regulatory documents.

Results. The test results indicate a decrease in the adhesion of the material to concrete when adding a viscosity modifier
when used together with a water repellent, since the interaction at the interface of the mortar mixture with concrete does
not ensure the formation of a physical and chemical bond. Also, when introducing a hydrophobic component into the com-
position of the mortar mixture, a plasticizing effect is observed with an increase in penetrating ability into the inner layers
of concrete, which is indicated by changes in the predominantly cohesive nature of the destruction of specimens to adhesive
with the appearance of areas with a type of tearing along the base material.

Conclusions. The relevance of ensuring the compatibility of an organic modifier and a water repellent to ensure the adhe-
sive strength of the material in additive construction production is substantiated and confirmed. The relevance of the topic
of further work lies in establishing a rational ratio of a water repellent and an organic additive to ensure high values of adhe-
sive strength and penetrating ability of the mortar mixture.

KEYWORDS: construction, materials for ACP, additive technologies, organic multifunctional additive, hydrophobisator, ad-
hesion strength to the base, composite gypsum binder, interlayer adhesion
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BBEJAEHUE

TexHODIOTHs BO3BEICHUS CTPOUTEIFHBIX 00BEKTOB
C MPUMEHEHUEM CTPOUTEITHHON TPEXMEPHOU IedaTu
Moipa3yMeBaeT HaJU4YHe TEXHOIOTHYECKUX NEePEPHIBOB
B paboTe 000pyIOBaHUS U pa3aesicHHe 00bEKTa Ha TeX-
HoJloruueckue 3axBarku. [lo mpomecTBuM BpeMeHHU
HAaHECCHHAs PAacCTBOPHAS CMECh yCIIEBAaeT MpHOOpecTH
KPUCTAJUTN3AMOHHYIO CTPYKTYpYy ¢ HaOOpOM MPOYHO-
CTH JIJ1s1 00eCTIeUeHHsT HECYIIIeH CTTIOCOOHOCTH MaTepura-
na [1-3], Ha KOTOPBI HAYMHAIOT OKAa3bIBATH BO3/ICHCTBIE
HapacTarollye CI0M YKIaAKH, OCNIEe YeTro 3aTBep 1B
[IEMEHTHBI KaMeHb CIIeAyeT pacCMaTpPHUBaTh B KAYECTBE
OCHOBaHMS I10]1 HAHECEHHE MaTepuaa JJisl aJJINTUBHOTO
ctpouTenbHOro npousBozacTa (ACII), MOCKOIBKY BO3-
HUKAeT PUCK BOZHUKHOBEHUSI XOJIOJHBIX IIBOB [4, 5].

V marepuanoB g ACII, npuMeHsieMbIX Ha CTPO-
UTEITHFHOM PBIHKE, CYIIIECTBYIOT HE PEIICHHBIC B TIONHON
Mepe TPYIHOCTH B 00€CIeYeHUH IPOYHOCTH CIIETIIe-
HUS 3aTBEPCBIIETO IIEMEHTHOTO KaMHS TPaHHUYAIINX
CIIOCB B CBSI3M C TEXHOJIOTHYCCKUMH MPHHIIUIAMH
MIPU 3KCTPYIUPOBAHUH PACTBOPHOM CMECH uepe3 COIl-
o 3D-mpuHTEpa, a TakKe aAre3ud K MOBEPXHOCTH
HaHECEHUS, BbIpaKaeMble OECIIOBHBIM IEPEX0A0M
MIpU YBEIUYCHUH yPOBHS BO3BEICHUS BEPTHKAIHHON
KOHCTPYKIIMH, B pe3yJbTare 4ero Tpedyercst mpoBe/e-
HUE MEpPONPUITHI M0 00eCIeyeHnI0 OTHOPOIHOCTH
XapaKTEPUCTHK CICTICHHUS MaTepHralia CTPOUTEIHHOTO
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00BEKTa C IeThI0 COOTBETCTBHS MIPUHITUIIAM MOHOIHUT-
HocTH. O3ByueHHas mpoliieMa B COBPEMEHHOM CITOCO-
Oc BeIeHUS CTPOUTEIECTBA 3aTPArUBACTCS B HAYIHBIX
pabotax [6, 7], IIg penieHus] KOTOPBIX MPeAiaracTcs
PETYIHUPOBKA PEIENTyPhl COCTaBa JJISl CTPOUTEIHHOM
3D-mevaryu myTeM 00eCIeYeHHsI COXPaHIEMOCTH TeX-
HOJIOTHYECKHUX TOKa3aTesel BO BpeMEHH MPHU OJHOBpE-
MEHHOM TIPHIaHAH HAaHECCHHOMY MaTepHaly HeCyIen
CIIOCOOHOCTH C MCIIOJIb30BAHUEM aKTHBHBIX MUHEPAITh-
HBIX 100aBoK (M) B kauecTBe MOIU(UKATOPOB PEOJIO-
THYECKHAX CBOMCTB PaCTBOPHOI CMECH.

BoNbIIMHCTBO UCCIIEIOBATENBCKUX PA0OT IO U3-
YYCHHIO PEOJIOTHYECKUX U TEXHOJIOTUYECKUX MOKa3a-
Tenel MarepuanoB sl cTpouTenbHo 3D-nieuaru 3a-
TparuBaeT CMECH, MPUTOTOBJICHHbIE HA IIEMEHTHOM
BSDKYIIIEM T10 CPABHEHHUIO C THIICOBBIM U €TO KOMITO3UT-
HBIMH aHaJIoramMH [ 8], HOCKOJIBKY MOI00HbIH BEIOOD ChHI-
PBs 00YCIIOBIIEH IPOCTOTOM TapaHTHH COXPAHAEMOCTH
TEXHOJIOTHYECKHUX CBOHUCTB PaCTBOPHOIN CMECH B COOT-
BETCTBHH C YCTAHOBJICHHBIM PEKUMOM H TPeOyeMou
CKOPOCTBIO BO3BENCHHS, a TAK)Ke€ OTCYTCTBHEM BO3-
MOXKHOCTH MOJYYEHHS] KOMIIO3UIIUOHHOTO BSIXKYILETO
C BBICOKUMHU TEXHUUYECKMMH U IKCILUTyaTallMOHHBIMU
XapaKTePUCTUKAMH C TIPUMEHEHUEM BSKYIIETO HU3KOU
Mapku. K Hanbonee 3HaYUMBIM MPOOJIEMaM HCIIOIB30-
BaHUs TUIICOBOTO CBHIPBS MPHU pa3pabOTKe perenTypsl
Marepuana ansi ACII otHOcHTCs oOecnieueHue JIeTKo-
CTH PETYIHPOBAHUS CPOKOB CXBATHIBAHUS U CTOWKOCTH
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K BO3JICHCTBHIO BOJBI THIICOBOTO KaMHS, BEIPAYKaeMoe
K03(h(HUITEHTOM €T0 pa3MATUCHHS.

Jnst TpeOyeMbIx rmokasarerneil MaTepratoB Ha MHOTO-
KOMITOHEHTHOM THIICOBOM BSDKYIIEM TSI QA IUTHBHBIX
CTPOUTENIFHBIX TEXHOJIOTHH TIpesIaraeTcs IpHMEHEHNEe
akTUBHBIX M/I, yuacTBYIOIINX B PETYIUPOBAHUU PEOIIO-
TMYECKUX U TEXHOJIOTMYECKUX CBOMCTB PAaCTBOPHOM cMe-
CH ¥ 00€CTIeUNBAIONINX THIPABINIECKYI0 aKTHBHOCTh
HMPUMEHSEMOro BsKyIIero [9]. B HEKOTOPBIX HAay4YHBIX
TpyZAax aBTOPOB, MOCBANICHHBIX U3yUYEHHUIO PEOJIOTH-
YECKHUX CBOICTB pacTBOPHOM cMecH ¢ moMolibo M/,
OBUIO YCTAHOBJIEHO, YTO MX 3(P(HEKTUBHOCTH ACHCTBHUS
B KauecTBE MOAM(DUKATOPOB BS3KOCTH CHCTEMBI BO3-
MO’KHA TTPY 3HAYUTETBHBIX PAcXo/iax Mo Macce BsUKYyIIe-
ro [10-12]. ITo aTo¥t nprunHe B KadecTBe d(PPEKTHUBHBIX
100aBOK, MOTHU(DHUITUPYIOIIMX PEOTOTHUCCKUE CBOMCTRA
pPacTBOPHOI CMECH, HCIIOIb3YIOT MaTeprabl OpraHu-
YECKOr0 MPOUCXOXKAEHUS, KOTOPbIE TAaK:Ke MOTYT MO-
BBIIIATH IPOYHOCTH CIETUICHHS IPaHUYAIINX CJIOEB Ma-
Tepuaiga ¥ K OCHOBAHUIO HAHECEHHS, OHAKO TPH 3TOM
ClIelyeT PyKOBOACTBOBATHCSA UX COBMECTUMOCTBIO C JIPY-
THMH TIPUMEHsIeMbIMH 100aBKaMK B COCTaBE CMECH, T10-
CKOJIBKY TIPEIISITCTBHE ACHCTBUIO OJHOTO M3 KOMITOHEH-
TOB MEXaHU3MYy PadOTHI APYroro BEAET K CHIKCHHIO
s¢dexTruBHOCTH pabOTHI COCTaBa, 3aTPYAHSIS IIPH STOM
moxdop perentypsl [13—15].

B nensx Hacrosieil paboTHI MOCTaBIeHA 3a/1a4a
M3yYCHUS BIMSHUS OPraHUYeCKON Moauduuupyromen
J100aBKH MONMM(YHKIIMOHAIBHOTO HA3HAYEHHS Ha aJre-
3MOHHYIO IIPOYHOCTH ¢ OETOHHBIM OCHOBaHHEM. Kpome
TOTO, BaYKHO YUYHUTHIBATH €0 COBMECTUMOCTH C THIPO-
dobuzaropamMu mpu MOAOOPE ONMTUMAIBHOTO COOT-
HOILEHUS B COCTaBE Ha KOMIIO3UIIMOHHOM THIICOBOM
BSDKYIIIEM JIJIs1 IOBBIIICHHS BOJOCTOMKOCTH 3aTBEPICB-
IIEr0 KaMHsl, TOCKOJIBKY OTCYTCTBHE COOMIONEHHS ITO-
TO YCJIOBHSI MOXET IPUBECTH K CHIDKEHHIO d(pdekra
OTTAJKUBAHHUSA U, KaK CIIEACTBUE, K YBEIMUYCHHUIO BOJIO-
MOTJIOMIEHUS] MaTepraa, a TakKe CHIKEHHUIO a/re3u-
OHHOI MPOYHOCTU MaTepHala 3a cueT HeHTpanu3auu
JeHCTBHS MaKpoOMOJIEKy] Mojudukaropa 1no oopaso-
BaHUIO TOJIMMEPHON CBSI3M C OCHOBAaHWEM HaHECECHUS
U IPYTHUX KCIUTyaTallMOHHBIX XapakTepucTuk [16, 17].

MATEPHWAJIBI U METO/JbI

B kauecTBe MCXOIHOTO CHIPHS, MPHUMEHIEMOTO
IUTSL ICCITEIOBATEIIECKON paOOTHI M YIOBIETBOPSIIOIIETO
TpeOOBaHNIO HOPMATHBHOTO JOKYMEHTA Ha MaTepUaJIbI
JUISL AJAUTHBHOTO CTPOUTEIBFHOTO MPOM3BOACTBA, UC-
TTOJTF30BAHBI CICAYIONINE KOMITOHCHTHI:

1) runcoBoe BsXKYyIllee BHICOKOIPOYHOE MapKH
I'-16 b II (3A0 «Camapckuii TUTICOBBII KOMOHWHATY)
B cootBeTcTBHU ¢ ['OCT 125-2018;

2) runcoBoe Bsky1ee crpoutensHoe Mapku -5 B 11
(BAO «Camapckwuii THIICOBBI KOMOMHATY») B COOTBET-
crBun ¢ 'OCT 125-2018;

3) noptnanauement IHEM I 42,5H (AO «beno-
ropoackuii iemeHT») B coorBeTcTBuu ¢ OCT 31108—
2020;

4) 3oma-yHoca (OO0 «3KO-30m0mpoayKkr») B co-
orBeTcTBHH ¢ TY 5712-003-84800065-2010;

5) MeNnKuil MOPUCTHIN 3aMOTHUTENh, TOTyJICH-
HBIN U3 OTCEBa APOOJICHHS HEKOHAUIIMOHHON (DpaKiuu
MIEHOCTEKOJIBLHOTO MIeOHS (paKkLuK C pa3MepoM 3epeH
0,63-0,16 mm;

6) nopoikooOpasHsblii cynepruactudukarop Sika
ViscoCrete-226 P Ha ocHOBe 3(h)upoB momMKapOOKCHIIa-
TOB;

7) ruapododuszupyromas 100aBKa: MOPOIIKOBBII
0JIeaT HAaTPUs C COZIepAKAHUEM BelllecTBa He MeHee 95 %;

8) opranmdeckas nodu(yHKIIMOHAIbHAS 100aB-
Ka, BBIMOJHSIOMAs (QYHKIUIO MOAU(HUKAaTOpa BA3KOCTH
¢ BHyTpeHHUM mudppom VM-XG;

9) BOonOnpoBOHAS BOJIAa TUTHEBAsI B COOTBETCTBUN
¢ 'OCT 23732-2011.

Pacxo/ipl KOMITOHEHTOB ISl TTIOJIyYEHUS] MaTepH-
ajia MCCIe0BaHMsI ObUTH MPUHATH HA OCHOBaHWHU pa-
Hee pa3paboTaHHOTO COCTaBa, MPUMEHSIEMOro pU H3-
YUYEHHUU PEOJIOTUYECKUX CBOUCTB M TEXHOJIOTHYECKUX
ToKazareseil pacTBOPHON cMecH ¢ MOAN(HUINPYIOIINM
komrnonenToM. KonmuectBo ruapododusaropa Juist npu-
roToBJIeHHs MaTepuaia npuHaTo 0,3 % oT Macchl Cyxoi
cmecu. OnpeziesneHre IPOYHOCTH CHETIIICHHUS pacTBOPa
¢ OCTOHHBIM OCHOBAaHMEM BBITTOJIHUIN MO METOIUKE
I'OCT P 58276-2018. IIpuroroBieHue pacTBOPHOU
CMECH C IIEJBI0 U3TOTOBJICHHS 00pa3I0B UCTIBITAHUN
MPOBOAMIIHN TIO CIEAYIOMIEMY PEXUMY: IepeMeIInBa-
HUE KOMIIOHEHTOB B TeueHue 120 c, 3aTeM 0CTaHOBKa
cMecurens Ha 90 ¢ i CHATUS HaJIMIIIEH pacTBOPHOM
CMECH Ha JIOTIACTh M CMECHUTENBHYIO Yallly, Aajiee 0Cy-
LIECTBIISIN OBTOPHOE MepeMelInBaHue B TedeHue 60 ¢
JUIsl 0OECIIeUeHNsI CyMMapHOTO BPEMEHH IepeMEIInBa-
HUS, PABHOTO 3 MHUH.

3aTBOpEHHE CYXOH CMECH MPOU3BOIAMIN C HOMOIBIO
8%0-HOTO BOJJHOTO PacTBOPA OPraHMYECKOH MONMH(YHKIINO-
HaJbHOM 00aBku. [y oOecriedeHus OIHOTO MPOTeKa-
HUSI TIpoliecca JUCTIEPIUPOBaHUS MOAM(UIIMPYIOIIETO
KOMITOHEHTa B 00beMe JKUAKOH (pa3bl MPOBOAMIIN TIEPH-
OJIMYECKOE TIEPEMEIINBAHIE HAOyXaroIIero Moaudukaro-
pa ¢ NOMOIIBIO JPENH C JIONACTHOM HACaKOW C 4aCTOTOM
BpamieHus He 6omee 450 06/muH. C 1eTBI0 YCTpaHESHHS
BIMSTHUS HETIPOTHIPATHPOBABIINX YaCTHI OPraHUIeCKON
nonyHKIMOHAIBHOH 00aBKH Ha 0OpaszoBaHue Jiedex-
TOB B 3aTBEPJEBIIEM THMIICOBOM KaMHE HCIIOJIb30BAJIH
MIPUTOTOBIICHHBIN T'eJib B KaUECTBE 3aTBOPUTEINS CyXOH
cMecH He paHee yeM uepe3 90 MMH OT MOMEHTa Hadania
MIPUTOTOBJICHNUS PACTBOPA MOIU(UKATOPa BSI3KOCTH.

Hanecenue npuroToBiIeHHON pacTBOPHON CMecH
Ha MOBEPXHOCTh OCTOHHOW TUTUTHI-OCHOBAHMS, H3T0-
TOBJICHHOH B cooTBeTcTBHH ¢ TpeboBanuem ['OCT P
58277-2018, BBIIOJHMIM C IOMOIILIO LIMATENS C IIH-
puHoIt ne3Bus 10 MM B OTUH NIPHEM C IPUIKATUEM CMe-
CH ¥ BBIPABHUBAHUEM JIMLIEBOI MOBEPXHOCTH 00PA3IOB
CTaJbHOW NMUHEHKOU. /[ M3roToBIEHUS 00pas3IoB
JUIMHOH pebpa 50 MM HCHOIB30BAJICS CHIMKOHOBBIN
aNIUIMKaTop, 00eCeYNBAIONINH TOJNMHY HAaHECCHUS
clost pacTBOpHOM cMecu 5 MM. CHATHE anminKaropa
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HpO‘IHOCTL CLCIUICHUA (a,Z[l"eSI/ISI) ¢ OCTOHHBIM OCHOBaHHUEM

B JJo6aBka VM-XG

B Jlo6aBka VM-XG u rugpopobuzarop

Puc. 1. Bimsinue oprannueckoii noinnyHKIHOHAIBHON 100aBKH U ruapodobuzaropa Ha aare3uto Marepuaia it ACIT

C IUIMTHI OCHOBAHHUS OCYIIECTBIAIOCH IPU PyKOBOJ-
CTBE COXPaHsAEMOCTBIO CBOICTB pacTBOPHOH cMecH,
MPEABAPUTEIBHO MPOBOAMIOCH MOAPE3aHNE BHEITHEH
TPaHM BJOJb OTBEPCTHH aIlIUIMKATOpPa MPH ITOMOIIH
JIe3BUSI JJI MPEAOTBPAIECHHS BOZMOXXHOCTH Hapylie-
HUSI [IEIOCTHOCTH M3TOTOBICHHBIX 00Pa3IOB.

XpaHeHHUE TUINTHI-OCHOBAHHS ¢ 00pa3IaMy HCIIbI-
TaHUS OCYLIECTBILUIOCH B TEUEHHE 7 CYT B IIOMEIICHNH,
o0ecIeurBaroIeM OAAepKAHUE TEMIIEPaTypbl U OTHO-
CHUTEITFHON BIIAXHOCTH Bo3ayXa f=(22+2)°Cunop=(52=+
+ 10) % coorBercTBeHHO. [lo mporiecTBuu BpeMeHH
XpaHEeHUs IUIMTHI K 3aTBEPACBIINM 00pa3iaM IpUKIeH-

b

C

Puc. 2. Buennnii Bug 006pa3nos uis onpesesieHnst IPOYHOCTH clerienus (aare3nu) marepuana 1t ACII ¢ 6eToHHBIM oc-

HOBaHMEM: @ — TIepe]] IPUKJIEHBAHUEM IITAMIIOB; b — TMOCIe OTPBIBA CEPUH 00PA3IOB ¢ OPTaHUIECKONH MOTU(PHIHPYTOIIeit

T00aBKOIf; ¢ — TIOCJIE OTPBIBA CEPHU 00Pa3IOB C OpraHMYECKOH MoanUIHpPYIOIEH 100aBkol 1 Tuapododu3zaTopom
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COBMECTUMOCTb MOAMPUKATOPOB BS3KOCTH M TMAPOHOBU3ATOPOB

C. 129-139
npu aare3uu matepranoB aas 3D-nevatu

BaJIUCh CTAJIbHBIC HITAMIIbI KBAAPATHOI'O CCYCHU (pa3-
Mep rpaneid 50 MM) ¢ IOMOIIBIO JBYXKOMIIOHEHTHOTO
KJIEsl Ha OCHOBE JIIOKCHIHOM cMonbl. Ilepen HaknenBa-
HUEM HITaMIIOB IMPOBOJNUJIOCH BbIpABHUBAHUE IMOBEPX-
HOCTH MaTepualia UCIIBITaHus IyTeM 3aTHPKH 00pa3lioB
C UCTIONB30BaHNEM NITH(OBAIBEHON OyMaru ¢ mociemy-
FOIIUM O6CCHBI.HI/IBaHI/ICM MMOBEPXHOCTH. HcneiTanue
Ha aJIre3MOHHBIN OTPBIB 00PA3I0B OT OETOHHOM MIIUTHI
OCYIIECTBIISUIOCH M0 UCTEUCHUH 24 4 OT MOMEHTA MpH-
KJICUBAHHWA IITAMIIOB C ITOMOIIBIO HOpTaTHBHOﬁ UCIIbI-
TaTeNbHON MAIIMHbI JUISI N3MEPEHUI YCHIIUS OTpPbIBa
(amresmm) HP 1000 Haftprufsystem ¢ npumeHeHrem ru-
JIPABIMYECKOTO CHJIOBOTO IIMJIMH/APA ¢ MAKCUMAaIIbHBIM
n3MepsieMbIM ycuimeM otpbiea 9 kH npu ckopoctr Ha-
pacranms Harpy3ku 250 = 50 H/c.

PE3YJIBTATHBI HCCIEJOBAHMUA

Ilo pe3ynbsraram nccnenosanus Marepuana st ACIT
C TIPUMEHEHNEM OpPTaHMYeCKOi MoIH(yHKIMOHAIEHON
JI00aBKH OBLIO YCTAHOBJICHO €€ BIIMSHHE Ha MPOYHOCTb
CIIEIUICHUsI ¢ OSTOHHBIM OCHOBaHHEM M COBMECTHMOCTD
¢ TUIPooOM3aTOPOM B COCTABE 3aTBEPIECBIIIETO PACTBO-
pa (puc. 1).

W3 nomy4yeHHBIX 3Ha9eHUH MPOYHOCTH CHETUICHHS
cepuu 00pa3IoB MOXKHO HAOMIOIATh CHIKEHHE a/Ire3un
Marepuana k 6eTonaomy ocnoBanuto ¢ 0,53 10 0,35 Mlla
npu 1o6aBieHn ruApohoOU3NpyOIIeH T00aBKH co-
BMECTHO C MOAM(HUKATOPOM B COCTaB cyxoif cmecH. [1o-
JI0O0HOE TPOSIBJICHHE MOJTBEPIKIACTCS MEXAaHN3MOM JIeH-
CTBUSI THPO(POOHBIX KOMITOHEHTOB, MEXaHU3M JICHCTBHS
KOTOPBIX 3aKJIFOYACTCS B MPOTEKAHUH XUMHIECKHUX TIPO-
LIECCOB Ha IPaHUIIe pa3/iesia MOBEPXHOCTHU 3aTBep/eBa-
IOIIETO pacTBOpa M OCHOBAHMS, @ TAKKEe BHYTPH MHUKPO-
nedexroB OeToHa ¢ 00pa30BaHUEM IIICHOK, IPETISTCTBY-
IOIIUX JJIBHEHUIIEMY KallWIJIIPHOMY IIOLCOCY BOJBI
U3 PaCTBOPHON CMECH, KOTOPOE HEOOX0ANMO /Tt 00pa-
30BaHKE (PU3UKO-XUMHUECKOH cBs3u ¢ OeToHoM [ 18, 19].

B xozne BU3yaJIbHOM OLICHKM XapakTepa OTpbIBa
(puc. 2) orpeznesneHo, 4To 00pasIsl cOCTaBa 3aTBEP/ICB-
IIETO KaMHS MPU MPUMEHEHUH OPTaHMYECKON MOJH-
¢yHKuMOHANBHON n00aBKkU obecrneynBaoT 55,2 %
KOT€3MOHHOTO paspyuieHus u 44,8 % aAre3moHHOro
pa3pymeHus B cepur 00pa3IoB UcHbITaHus. B 1o xe

BpeMsi ceprsi 00pa3loB, U3rOTOBJICHHBIX IIPH COBMECT-
HOM HMCHOJIB30BaHIH MOAN(HUINPYIONIETO KOMITIOHCHTA
U runpododm3aropa, 00IaaeT 1oIe TOBEPXHOCTH HC-
MBITAHHOT'O PacTBOPA C pa3pylICHHEM MaTepHraia OCHO-
BaHUsI, paBHBIM 25,3 %.

[NomoOHOE N3MEHEeHNe XapaKTepa OTPhIBa OT OETOH-
HOW MMOBEPXHOCTH IIPU COACPKAHUU TuApododu3aTopa
B PaCTBOPHON CMECH MOXKET OBITh OOBSICHEHO MPEIIOo-
JIOXKEHHEM, YTO MHOTHE BHBI JJOOABOK M3 3TOH TPYIIIIBI
obnagarot wiactTuduiupyonmm 3GHEKToM, MPH KOTOo-
POM YBEJIMYMBAETCS] IPOHUKAIOMIAs CITIOCOOHOCTH pac-
TBOPHOIT CMECH C 3aITOJTHEHHEM MHKPOJE()EKTOB U Ka-
MIUTAPHBIX TTop 6eToHHOTO ocHOBaHus [20, 21]. Takoe
MIPE/IONIOKEHUE TAKXKEe MOATBEPXKIACTCS YTy YIICHUEM
yIO000YKIIaJbIBAEMOCTH PACTBOPHOH CMECH U JIETKOCTH
€€ NEPEMCIIMBAaHUA B Yalll€ CMECUTECIIA.

3AKJIIOYEHUE U OBCYXJIEHHUE

O0ocHOBaHa BO3MOKHOCTb COBMECTHOTO HCIIONb-
30BaHMS OPraHUYECKOr0 MOJH(UKATOPA PEOIOTHUECKUX
CBOWCTB ¥ rHApodoOH3aTopa ¢ 1EeTbo 00eCIIeUeHHs are-
3MOHHOH TIPOYHOCTH PACTBOPHOI cMecH 1yt 3D-newatn
Ha KOMITO3MI[IOHHOM T'MIICOBOM BSDKYIIEM C OITHMallb-
HBIM COOTHOIIEHHEM KOMIIOHEHTOB JUISI MEXKCIOMHON
alre3un.

YcraHOBIIEHO, YTO BBEIICHHE THIpOoQodu3aropa co-
BMECTHO ¢ MOJU(UIMPYIOIIEH J0OaBKOW criocoOCTByeT
CHIDKCHHUIO a/IT€3MOHHON MPOYHOCTH K OeToHy. [Tpnume-
HEeHUe 00BEMHOM TuAPoPoOU3aLH TIPUBOAUT K CHUKE-
HUIO NIPOYHOCTH cuerienus Ha 34,2 %. V3ydyeHnne xa-
pakKTepa OTpBIBA 3aTBEP/IEBIIIETO PACTBOPA K OCTOHHOMY
OCHOBAHUIO CBUJIETEIILCTBYET 00 YBEIMUEHHU IPOHH-
KaloIei criocoOHOCTH pacTBOPHON CMECH, YTO OOBsIC-
HSIETCS MOJIOKHUTENIBHBIM BIMSIHHEM Tuapododu3aTopa
Ha yJIy4llIeHHe KOHCHCTEHIIMHI PacTBOPHOI cMecH, obec-
TIEYCHHE CBSI3HOCTH CHCTEMBI.

AKTyaJTbHOCTB TEMBI OyAyIINX MCCIEIOBAHUH 3a-
KITIOYAETCsl B ONPEJEICHUH PAalMOHAIbHOIO COOTHO-
meHust ruapodobduzaropa U OpraHUIecKol 100aBKU
nonn(pyHKIIMOHAIBHOTO HAa3HAYEHHS JUIsl 00eCTIeueHUs
BBICOKMX 3HAYEHMI aJre3MOHHON MPOYHOCTH 3aTBEp-
JIEBIIICTO MaTepuaja 1 MPOHHUKAIOIIEH CIIOCOOHOCTH pac-
TBOPHOW COCTaBJISIFOILIEH.
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INTRODUCTION

The technology of constructing buildings using
three-dimensional printing involves technological breaks
in the operation of equipment and the division of the ob-
ject into technological sections. Over time, the applied
mortar mixture acquires a crystalline structure with
a set of strengths to ensure the load-bearing capacity
of the material [1-3], which begins to be affected by
the growing layers of the structure. After that, the hard-
ened cement stone should be considered as a base for
the application of material for additive construction pro-
duction (ACP), as there is a risk of cold joints [4, 5].

Materials for ACP used in the construction market
have unresolved difficulties in ensuring the strength
of the bond between the hardened cement stone and
the adjacent layers due to the technological principles of
extruding the mortar mixture through the nozzle of a 3D
printer, as well as adhesion to the application surface,
expressed by a seamless transition as the level of verti-
cal construction increases, as a result of which measures
are required to ensure the uniformity of the adhesion
characteristics of the construction material in order to
comply with the principles of monolith city. The prob-
lem raised in the modern method of construction is ad-
dressed in scientific works [6, 7], which propose adjust-
ing the composition of the mixture for 3D construction
printing by ensuring the stability of technological indi-
cators over time while simultaneously imparting load-
bearing capacity to the applied material using active
mineral additives (MA) as modifiers of the rheological
properties of the mortar mixture.

Most research studies on the rheological and techno-
logical indicators of materials for 3D construction print-
ing concern mixtures prepared with cementitious bind-
ers rather than gypsum and its composite analogues [8],
since this choice of raw materials is due to the ease of en-
suring the preservation of the technological properties
of the mortar mixture in accordance with the established
regime and the required speed of construction, as well as
the inability to obtain a composite binder with high tech-
nical and operational characteristics using a low-grade
binder. One of the most significant problems in the use
of gypsum raw materials in the development of a materi-
al formulation for ACP is ensuring the ease of controlling
the setting time and water resistance of gypsum stone,
expressed by its softening coefficient.

To achieve the required performance of materi-
als based on multicomponent gypsum binders for ad-
ditive construction technologies, it is proposed to use
active MA that participate in regulating the rheologi-
cal and technological properties of the mortar mix-

ture and ensure the hydraulic activity of the binder
used [9]. In some scientific works by authors devoted
to the study of the rheological properties of mortar
mixtures using MA, it was established that their ef-
fectiveness as viscosity modifiers of the system is
possible at significant costs in terms of binder mass
[10-12]. For this reason, materials of organic origin
are used as effective additives that modify the rheo-
logical properties of mortar mixtures, which can also
increase the adhesion strength of the boundary layers
of the material to the application base. However, their
compatibility with other additives used in the mix-
ture should be taken into account, since the inter-
ference of one component with the mechanism of
action of other leads to a decrease in the effectiveness
of the composition, making it difficult to select the right
formulation [13-15].

The aim of this work is to study the effect of a multi-
functional organic modifying additive on the adhesive
strength with a concrete base. In addition, it is impor-
tant to consider its compatibility with water repellents
when selecting the optimal ratio in the composition
of a composite gypsum binder to increase the water re-
sistance of the hardened stone, since failure to comply
with this condition may lead to a decrease in the repel-
lent effect and, as a result, an increase in the water ab-
sorption of the material, as well as a decrease in the ad-
hesive strength of the material due to the neutralization
of the action of the macromolecules of the modifier in
the formation of a polymer bond with the application
base and other performance characteristics [16, 17].

MATERIALS AND METHODS

The following components were used as raw ma-
terials for the research work, which meet the require-
ments of the regulatory document on materials for ad-
ditive construction production:

1) high-strength gypsum binder grade G-16 B II
(“Samara Gypsum Plant” CJSC) in accordance with
GOST 125-2018;

2) gypsum binder for construction, grade G-5 B
IT (“Samara Gypsum Plant” CJSC) in accordance with
GOST 125-2018;

3) Portland cement CEM I 42.5N (“Belogorodsky
Cement” JSC) in accordance with GOST 31108-2020;

4) fly ash (“ECO-Zoloprodukt” LLC) in accor-
dance with TU 5712-003-84800065-2010;

5) fine porous filler obtained from the screen-
ing of crushed substandard foam glass aggregate with
a grain size of 0.63-0.16 mm;
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Fig. 1. Effect of organic multifunctional additive and water repellent on the adhesion of material for ACP

6) Sika ViscoCrete-226 P powder superplasticizer
based on polycarboxylate esters;

7) hydrophilizing additive: powdered sodium ole-
ate with a substance content of at least 95 %;

8) organic multifunctional additive acting as a vis-
cosity modifier with internal code VM-XG;

9) drinking tap water in accordance with GOST
23732-2011.

The costs of the components for obtaining the re-
search material were accepted based on a previously
developed composition used in studying the rheologi-
cal properties and technological indicators of a mor-
tar mixture with a modifying component. The amount
of water repellent for preparing the material was ac-
cepted as 0.3 % of the dry mixture weight. The adhe-
sion strength of the mortar to the concrete base was
determined according to the method specified in GOST
R 58276-2018. The mortar mixture for the preparation
of test specimens was prepared according to the fol-
lowing procedure: mixing of components for 120 sec-
onds, then stopping the mixer for 90 seconds to remove
the mortar mixture adhering to the blade and mixing
bowl, followed by re-mixing for 60 seconds to ensure
a total mixing time of 3 minutes.

The dry mixture was mixed with an 8 % aqueous
solution of an organic multifunctional additive. To en-
sure complete dispersion of the modifying component in
the liquid phase, the swelling modifier was periodically
mixed using a drill with a blade attachment at a speed
of no more than 450 rpm. In order to eliminate the influ-
ence of non-hydrated particles of the organic multifunc-
tional additive on the formation of defects in the hard-
ened gypsum stone, the prepared gel was used as a binder
for the dry mixture no earlier than 90 minutes after
the start of preparation of the viscosity modifier solution.

The prepared solution mixture was applied to
the surface of the concrete base plate, manufactured in
accordance with the requirements of GOST R 58277—
2018, using a spatula with a blade width of 10 mm in
one pass, pressing the mixture and levelling the front
surface of the specimens with a steel ruler. A silicone
applicator was used to make specimens with a rib
length of 50 mm, ensuring a 5 mm thick layer of mor-
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tar mixture. The applicator was removed from the base
plate while maintaining the properties of the mortar
mixture. The outer edge was first cut along the applica-
tor holes with a blade to prevent damage to the integrity
of the manufactured specimens.

The base plate with test specimens was stored for
7 days in a room maintaining a temperature and relative
humidity of r = (22 + 2) °C and ¢ = (52 + 10) %, re-
spectively. After the storage period, square steel stamps
(50 mm edge length) were glued to the hardened speci-
mens using a two-component epoxy resin-based adhe-
sive. Before gluing the stamps, the surface of the test
material was levelled by sanding the specimens with
sandpaper, followed by dust removal. The adhesion pull-
off test of the specimens from the concrete slab was car-
ried out 24 hours after the stamps were glued using a por-
table testing machine for measuring the pull-off force
(adhesion) HP 1000 Haftprufsystem using a hydraulic
power cylinder with a maximum measurable peel force
of 9 kN at a load increase rate of 250 & 50 N/s.

RESEARCH RESULTS

The results of research into material for ACP us-
ing an organic multifunctional additive established its
effect on adhesion strength to concrete substrates and
compatibility with a water repellent in the composition
of hardened mortar (Fig. 1).

From the adhesion strength values obtained for a se-
ries of specimens, a decrease in the adhesion of the ma-
terial to the concrete base from 0.53 to 0.35 MPa can be
observed when a water-repellent additive is added to-
gether with a modifier to the dry mix. This phenomenon
is confirmed by the mechanism of action of hydrophobic
components, which involves chemical processes at the in-
terface between the surface of the hardening mortar and
the base, as well as inside microdefects in the concrete,
with the formation of films that prevent further capillary
suction of water from the mortar mixture, which is nec-
essary for the formation of a physicochemical bond with
the concrete [18, 19].

During a visual assessment of the nature of the de-
tachment (Fig. 2), it was determined that specimens
of hardened stone composition with the use of an organic
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Fig. 2. Appearance of specimens for determining the adhesion strength of the material for ACP with a concrete base: a — be-
fore gluing the stamps; b — after tearing off a series of specimens with an organic modifying additive; ¢ — after tearing off
a series of specimens with an organic modifying additive and a water repellent

multifunctional additive provided 55.2 % cohesive fail-
ure and 44.8 % adhesive failure in a series of test speci-
mens. At the same time, a series of specimens made using
a combination of a modifying component and a water re-
pellent has a proportion of the surface of the tested solu-
tion with destruction of the base material equal to 25.3 %.
This change in the nature of separation from the con-
crete surface when a water repellent is included in
the mortar mixture can be explained by the assumption
that many types of additives from this group have a plas-
ticizing effect, which increases the penetrating ability
of the mortar mixture, filling microdefects and capillary
pores in the concrete base [20, 21]. This assumption is
also confirmed by the improved workability of the mortar
mixture and the ease of mixing it in the mixer bowl.

CONCLUSION AND DISCUSSION

The possibility of combining an organic rheologi-
cal modifier and a water repellent to ensure the adhesive

strength of a mortar mixture for 3D printing on a com-
posite gypsum binder with an optimal ratio of compo-
nents for interlayer adhesion has been substantiated.

It has been established that the introduction
of a water repellent together with a modifying addi-
tive contributes to a decrease in adhesive strength to
concrete. The use of volumetric water repellent leads
to a 34.2 % decrease in adhesion strength. The study
of the nature of the detachment of the hardened mor-
tar from the concrete base indicates an increase in
the penetrating ability of the mortar mixture, which is
explained by the positive effect of the water repellent
on improving the consistency of the mortar mixture and
ensuring the cohesion of the system.

The relevance of future research lies in determin-
ing the optimal ratio of the water repellent and the mul-
tifunctional organic additive to ensure high adhesion
strength of the hardened material and the penetrating
ability of the mortar component.
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