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WATER ABSORPTION AND FROST RESISTANCE
OF A CEMENT STONE ON THE BASIS OF DRY MIXES

Currently, dry mix mortar play a big role in the development of the world market of
building materials. The industry of building materials in Ukraine is quite young: the first dry
mix mortar appeared on the market at the end of the Soviet Union in 1980s. The dry mix
mortar has stable properties, their use contributes to the quality of construction work.
This rate compares favorably with the dry mixture to the traditional solutions used in
construction.

The structure of consumption of dry mix mortars in the domestic market accounted for
the main share of glue and plaster mixture. The use of other compounds, in particular
mixtures for leveling floors, has no significant volumes and often the reason for this - the lack
of design solutions and the low level of training workers.

There are companies that produce dry mixtures for various purposes in Ukraine.
The greatest volume of production accounted for dry mix mortars based on commercially
available Portland cement 400 or 500, which leads to a waste of the binder, and in
combination with expensive chemical additives imported production - to a substantial rise in
the cost of. However, the raw material base of most regions of the country has sufficient
stocks of local materials and industrial products for production of dry mix mortars.
Introduction of waste products as a separate component of the mix is one of the essential
reserves of increase of efficiency of the cement compositions of the cost and consumption of
cement and construction and improvement of their technical properties.

As industrial wastes were considered: wet gas cleaning sludge from the production of
ferrosilicon, sludge water softening Kharkov CHP-5 and gravels dust Kharkov plant of
expanded clay. Using a dry mortar slurry wet scrubbing promotes formation of a dense
material structure, whereby in addition to increasing the strength characteristics of reduced
permeability, increased frost resistance, abrasion resistance and erosion, as well as stability
of the material to different types of corrosion, which ultimately determines its durability.
Adding mineral modifier slurry water softening Kharkov CHP-5 increases the porosity of the
stone, with a decrease in the size of the capillary pores and increase their homogeneity. As a
result, facilitate the binding stone reduced the probability failure of layers based on them
under its own weight, which is important in finishing, as well as improved thermal and
acoustic performance. Addition of gravels dust to the dry mix mortar increases the plasticity
of the mix facilitates the spray mixture on the coated surface and solves the problem of
disposal waste.

The use of these wastes should help improve the environmental and economic
performance as the construction industry and construction. The article provides the results of
studies carried out on cubes with edges 7,7 sm. The authors put forward a hypothesis about
the nature of the interaction microfillers with astringent.

Keywords: dry mortar, self-leveling floor, water absorption, frost-resistance, waste
production.
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BBenenue. K Hanbosnee akTyaabHBIM MpoOJIeMaM CTPOUTEILHOTO KOMIUIEKCA Y KpauHbI
OTHOCSITCSI: CHIIKEHHE SHEPrOeMKOCTH MAaTepHalioB M U3JIEeJUM, YMEHBILIEHUE pacxoja
JIOporux pecypcos. Mcnonp30BaHuE OTXOI0B IPOMBIIUICHHBIX MPEAIPUATUN MOKET TOMOYb
PELIUTH 3TH MPOOIEMBI.

TpanuLIMOHHBIE CyXHE CTPOUTENbHBIE CMECH MMEIOT B CBOEM COCTaBE JOPOrOCTOSIIEE
BsDKyIIee. BBelneHne B COCTaB CMeCE OTXOJ0B IMPOMBIIIJIEHHOCTH MO3BOJSET CHU3UTH
pacxol BSOKYLIETO, YIEHIEBUTh CE0ECTOMMOCTh KOHEYHOM NPOAYKIMH U TOBBICUTH
HKOJIOTHYECKYIO 3((HEKTUBHOCTD MPEANPUATHIA.

Oco0OeHHOe BHUMaHUE CTOMT YICJIUTh CYXHMM CMecsM [UIsl  yCTpoOMcTBa
CaMOBBIPABHUBAIOIIMXCS HAJTUBHBIX MOJIOB. JTOT CErMEHT CYXHX CMECed HEKOTOpOe BpeMms
OblI HE TaKk MOMyJSApeH CpeAu IMOKymaTreleld IO CpaBHEHHIO CO IITYKaTypHBIMH U
[IMTAKJICBOYHBIMU cMecsiMH. [103ToMy cyxue cMecH JaHHOTO THUIa He ObUIH MPEICTaBICHBI B
HIMPOKOM  accopTuMmeHTe. OpHaKo CcuTyalusi cTajga MEHSATbCS, YTO CTUMYJIHPYET
MPOU3BOUTENICH HUCKATh ONTHMATbHBIE COCTABBI CYXHUX CMECEH, KOTOphbIe OyIyT BHITOJHO
KOHKYpPUPOBATh 10 LIEHE U Ka4eCTBY.

AHaJIU3 NMOCJeIHNX NCTOYHUKOB HCCJeJ0BaHui U myOankanuii. Mopo30cTOUKOCTb
LIEMEHTHOI'0 KaMH$ 3aBUCUT OT MHHEPAJIOTMYECKOIO COCTaBa KIMHKEpPAa, TOHKOCTH MOMOJIA
IEMEHTa ¥ BOJOIEMEHTHOrO OTHouieHus. Jlo ompeneneHHONW TOHKOCTH TOMOJIa
(5000 - 6000 CMZ/F) MOPO30CTOMKOCTh IIEMEHTa YBEJIMYMBACTCS, HO MpU JaJIbHEHIIEM
BO3pPACTaHUHU TOHKOCTH TOMOJIa MOPO30CTOUWKOCTh MajaeT. ITO OOBSICHSETCS, MO MHEHHIO
aBTopa paboTel [l], MOPHCTON CTPYKTYpOH HOBOOOpPAa30BaHUW IIEMEHTa CBEPXTOHKOTO
U3MENbUYCHHUS.

B pabGore [2] ormedaercsa, dYTO TpH J00ABICHMHM B IIEMEHTHYIO CMECh
CynepruiacTu(UKaTOpoB pazIMYHOTO THIIA HAONIOMAeTCs 3HAUMTENhbHOE BIUSHUE Ha
BEJIMYMHY OOIIEH MOPUCTOCTH IIEMEHTHOTO KaMHSI Kak B CTOpoHy yBenudeHus (1o 20%),
TaKk U B CTOpOHY yMeHblIeHHd (00 37%). Takoe BiIusSHHE Ha BEJIMYMHY IHOPUCTOCTU
OyIeT mNposBISATHCS B CBOMCTBAaX I[IEMEHTHOTO KaMHS, 3aBUCSIIMX OT TMOPUCTOCTH
(mpo4YHOCTH, NehOpMAIIMOHHBIE CBOHCTBA, BOJOMOTIONICHIE, MOPO30CTOMKOCTh, CTOMKOCTH B
arpecCUBHBIX Cpeaax).

Lementsl ¢ noGaBieHHEM IUIACTUGHUIHMPYIONUX U TUAPOPOOH3UPYIOMUX J00aBOK
TpeOyIOT MEHBIIEr0 KOJMYECTBA BOJABI 3aTBOPEHHUS, UTO TMOBBIIAET IUIOTHOCTH
1 MOPO30CTOMKOCTh LIEMEHTHOTO KamHs [3].

B Hay4dHO-HMCCIe10BaTETbCKOM HHCTUTYTE OCTOHA M JKeJIe300€TOHa OBLITN pa3padOTaHbI
KOMIUIEKCHBIE ~ TOPOLIKOOOpa3Hble BOJOPACTBOPHMBIE J100ABKH, IUIACTH(QHIUPYIOIIHNE
LIEMEHTHBIE CMECH, TTOBBIIIAIOIINE MOPO30CTOUKOCTh U KOHEUHYIO €r0 MPOYHOCTH [4].

B paborte [5] nokazano, 4To 00pa3ibl 0eTOHA MPOSBIISIIOT OOJIBITYI0 MOPO30CTONKOCTD C
YBEJIMUEHUEM COJEp)KaHUS INIaKa B IIEMEHTe. JTO OOBsICHseTcS Ooljiee pelaKkcHUpyromei
CTPYKTYpPOM NUIAKOMOPTIAHIAIEMEHTa C MEHbIICH KOHIIEHTpaluel HanpssKeHU Mpu
Jb1000pa30BaHHH.

J[71s1 OBBIIIEHUSI MOPO30CTOMKOCTH UCTOJIB3YIOT CMOJIbI HEUTPATU30BaHHON BO3/yXO-
Bosnekatouieii (CHB), cynbputHO-npoxckeBoit Opaxku (C/B), kpeMHHUilOpraHHYeCKOu
xkugkoctn  (I'KXK-94) u  ngp. Xopomero »3ddexra aoCTHraloOT W TpH  NPUMEHEHUU
koMIuiekcHbIX 100aBok Tuma ['KXK-94+CJ/lb, CHB+C/lb u T.n1. [lpun ux ucnons30BaHUU
HY)KHO YyYUTBIBaTh, YTO Ha KaXabld 1% BOBIEUEHHOTO BO3AyXa NPOYHOCTH OETOHA
cHmkaetrcst Ha 3 % [6].

BroinesieHue He pelieHHBIX paHee YacTei o0mei nmpoodaemsbl. Mcxons U3 BeIEn3no-
JKEHHBIX HCCJIEJIOBAHMN W JAPYTrUX, M3YUYEHHBIX aBTOpPaMHU, MOXHO CJeNaTb BBIBOJ O
HEJOCTATOYHOM KOJHMYECTBE HAYYHBIX HCCIEIOBaHUN B cdepe NpHUMEHEHUs OTXO0JI0B
MPOMBIIUIEHHOCTH B COCTABAX CYXUX CTPOUTEIbHBIX CMECEH.
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ITocTanoBka 3agauu. Llenpio nccienoBaHus sIBISETCS YMEHbUICHHE BOAOMOTIIOMIECHUS
U TIOBBIIICEHHE MOPO30CTOMKOCTH IIEMEHTHOTO KaMHs. OJIHOBPEMEHHO TMOSBIISIETCS
BO3MOXKHOCTh PELICHHS KOJOTUYECKON MPOOIeMbl CKIaIMPOBAHUS OTXOO0B MPEANPUATHIH 32
CYET UCMOJIb30BaHUsI OTXO/0B IPHU MPOU3BOJCTBE CTPOUTETBHBIX MATEPUATIOB.

OcHoOBHOI MaTepuajJ W pe3yabrarbl. sl pemieHus BbIMICYKa3aHHBIX MpoOeM
MO>XHO HCIOJIb30BaTh TOHKOAUCIEPCHBIC HAMOJHUTEIN, B YACTHOCTH: IUIAM OT MOKPBIX
ra3004yuCTOK Mpou3BoiAcTBa ¢eppocunuius CTaxaHOBCKOTO 3aBoja (eppoCIiaBOB ropoja
CraxanoB Jlyranckoi 00J1.; KepaM3UTOBYIO TBLIb, MOJIYIaeMYIO MPU 00KHUTe KEPaM3UTOBOTO
rpaBusi; nuiam Bogoymsraenus TOLI-5.

[MInam wmokpo#t ra3zoouncTku (CTaxaHOBCKOTO 3aBOoAa OOpa3yercss IMPHU BHITUIABKE
deppocunuius, BO BpeMsl OYUCTKH HCXOISAIIET0 (EeppocCIIaBHOTO Ta3a OT MbUIM IO
TEXHOJIOTMM MOKpPOW ra3o0uucTku. Ha mnpoTshkeHMH MHOTMX JIeT CKJIAQAUPOBAHMS TOJ
BO3/ICIICTBIEM aTMOC(EpHBIX SIBICHUN OH MpeBpaTWics B IelbHYyI0 rbl0y. [loatomy ero
HEO0O0X0aUMO OBUIO W3MENBYHTH. VI3MenbueHue NuiamMa MPOBOAMIIOCH HAa JE3WHTErpaTope
nociie MpeaBapUTEIbHON €ro CYIIKH B 3JEKTPHUUECKOM CYHIMIIbHOM Ikady. B pesynbrare
U3MeNbYCHHS ObUT TOJTY4YeH MUKPOHAIIOIHUTENIh CO CpeaHel mioTHocThio 180 — 250 Kr/M° 1
yaenabHOM moBepxHOCThIO 15000 — 25000 em/r [71. [Ipn HauvadbHBIX HMCHBITAHHUSAX OBLIO
BBISIBJICHO, UTO YEM CTapllie 1IJIaM, TEM JIyUllle €ro BIUSHUE HAa CBOMCTBA IIEMEHTHOTO KaMHSI.
[ToaToMy MBI UCIIOJIB3YEM IIJIaM CTaplle ABAALATH ISTH JIeT. XUMUYECKHUM COCTaB IIlIaMa OT
MOKPBIX Ta3004YHCTOK TPOM3BOACTBA (EPPOCHIUIUS CTaplie JABaAlaTH TMATH JIeT
MpecTaBiieH B Tabuie 1.

Taoauna 1 — XuMuuyecKkHii cocTaB IIaMAa ABAAUATHIATHICTHEH JaBHOCTH

Coneprxanrie KOMIOHEHTOB, %
SiOz F6203 A1203 CaO MgO K20 Na20 Ti02 P205 MnO |mo. o. m.
81,3 3,6 3,5 1,2 1,0 0,9 0,65 0,1 0,03 0,01 7,71

Kepam3uToBas mbuIb — OTXO KEPAM3UTOBOTO MPOU3BOJICTBA, MOJydaeMbIi MPU 00XKHUTE
Kepam3uToBoro rpaBus. IlpencraBisier coOOH MENKOAWCHEPCHBIH KOPHUYHEBOTO I[BETA
KPEMHE3eMCOICpXKaIIuil MaTepray, 00JIaJalomuii CBOWCTBAMH aKTHUBHBIX MHUHEPAIbHBIX
100aBOK, IJIOTHOCTBIO 2,6 r/iem’ yaenbHoU noepxHocThIo 2500 — 4000 cm?/r. Ha Gonpimmx
KEpaM3UTOBBIX 3aBOJIaX €KECYTOYHO MOKET 00Pa30BbIBATHCS 10 7 — 8 T KEpaM3UTOBOM IBLIH,
KOTOpasi 4alle BCETrO BBIBO3UTCS HAa CBaJKy. XUMHUYECKUU COCTAaB KEPaM3UTOBOW IIbLIX
MIPE/ICTaBJICH B Ta0OIHUIE 2.

Tabauua 2 — XuMHYeCKHH COCTAaB KePaAaM3UTOBOI NMbLIN

Conepxkanre KOMIOHEHTOB, %
Si02 A1203 Fe203 CaO MgO K2O TiOz SO3 NaQO P205 MnO | n.m.a.
61,65 | 16,2 7,8 1,76 | 3,11 | 2,46 | 1,19 | 1,16 | 0,94 0,31 0,28 | 3,14

MuHepanbHBId MOAMGUKATOP B BUJE MIJaMa BOAOyMsTdeHHs XapbkoBckou TOII-5,
Omaromapst cBoeit mucnepcHoctu (Oonee 2870 cM/r) 1 CBOCOOpAa3HI0 CTPYKTYPHl YACTHII,
MO3BOJISIET  3HAYUTEIBHO  YIYYIIUTh  3(PGEKTUBHOCTH  pabOThl  IIacTHU(UKATOPA,
MOIU(DUIIMPOBAHHON IEJUTIOJIO3BI W PEAMCIEPTHPYEMOTO  COMOJMMEPHOTO  MOPOIIKA.
B xumunyeckom cocraBe nutama XapbkoBckoit TOII-5 npeobmanaer CaCOs 1 mOpTIAaHAUT 10
58,2 1 33,4% COOTBETCTBEHHO, OCTAJIbHOE — MPUMECH.

[Ipennaraemple cocTaBbl € NPUMEHEHHEM IJJaMa OT MOKpBIX Ta300YUCTOK
MPOU3BOJICTBA (PePPOCHIHIINSI, KEPAM3UTOBON MBUTH U IIJIaMa BOJAOYMSITYCHHS XapbKOBCKOM
TOII-5 npencraBieHsl B Tabiuiie 3.
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Taéanna 3 — CocraB pa3padoTaHHBIX cMeceill

Hanenosanie matepiana Howmep cocraBa u conep:kanne KOMIOHEHTOB
Kow 1|Kow2| 1 | 2 | 3 | 4

LemenT I111-500, mac. 4. 33
Ilecok, mac. 4. 47
[Tnactuduxarop Melflux, mac. d. 0,5
Mon. nen. Bermocoll, mac. 4. 0,01
PenucneprupoBaHHbIi TOPOIIOK, MacC. Y. 1,0
[Ilnam (25 net), B IpoLieHTax OT LIEMEHTA - 15 15 15 15 15
Kepam3ur, B IporieHTax OT HeMEHTa - - - - 5 10
[Inam TOII-5, B mpolieHTax OT LIEeMEHTa - - 5 10 - -
Boga, B/1] 0,7

I/ICHBITaHI/Ie Ha BOIOIIOTJIOIICHHUC HpOBOI[I/IJIOCI: B COOTBCTCTBUU C Tp€6OBaHI/I}IMI/I
HOPMAaTHUBHOTO JOKyMeHTa [8]. Bomomorionienrue n3Mepsaoch KOJUYECTBOM MOTJIONIEHHON
BOAbI O6p213].[OM, ITIOJITHOCTBIO OHyH_IeHHBIM B BOI[y. I[.H}I I/IBMepeHI/I}I KOJIM4YCCTBaA BHI/ITaHHOI\/'I
BOJBI MBI CPaBHHUBAJIM MAacCy CYXHMX M MOKpPBIX 0OpaslloB COOTBETCTBEHHBIX COCTABOB.
Pe3ynbTaThl NpOBECHHBIX UCTIBITAHUHN MPEACTaBIEHBI B Ta0nuLe 4.

Tabanna 4 — Bausinue MEKPOANCIIEPCHBIX 100aBOK HA BOJONOIJIOICHUE
U MOPO30CTOMKOCTH 00pa3uoB

Xapaxreprcrixu HaumenoBaHue coctaBa

Kon. 1| Kon. 2 1 2 3 4
Bononornoiienune no Macce, B % 11,0 7,0 6,9 6,8 6,5 6,1
Mop0o30CTOMKOCTh, IUKJIOB 117 >200 | >200 | >200 | >200 | >200

HccnenoBanus Ha MOPO30CTOMKOCTh MPOBOJMINCH B COOTBETCTBUU C TPEeOOBaHHUSIMHU
HOPMAaTUBHOIO JOKyMeHTa [9] mo Merony morepu macchl. HecMoTpst Ha TO, 4TO, COIIacHO
TpeboBanusiM HopM [10], MOpO30CTONKOCTh 00pa3IloB JOJKHA COCTaBISATH HE MEHee 75-Th
[IUKIIOB, BCE OOpasIlbl 3HAYUTENHLHO MPEBBICHIN 3TOT Moka3artenb. Ha 117-m nukie macca
KOHTpOJIbHOTO 00pa3mna Ne 1 ymensimmiace Oosnee yeM Ha 5%. Iloteps mMacchl OCTabHBIX
00pa3i1oB coctaBuia He 6oiee 2 — 3% na 200-M nuKIIe.

[Tocne nABYXCOT 1MKJIOB OBLI MPOBEACH BU3YalbHBIH OCMOTp  00Opa3loB.
Ha Bcex 3amedeHbl XapaKTEpHbIE pa3pyLICHHsS I MOPO3HOM JECTPYKIMH: IIETyHICHUE
MOBEPXHOCTH, HaJIMUYKE HA TIOBEPXHOCTU CETKH TPELINH, CKOJIBI U 00pa30BaHUE YIITyOJICHUH.
BrnusiHue monepeMeHHOTO 3aMOPaKMBAHUS M OTTaWBaHUS JIYUIIe BCEX MEPEHECTH 00pasiibl ¢
n00aBJIeHHEM Kepam3uTOBON mbliu. Ha kKoHTpombHOM oOpasie, oOpasmax co IUIaMOM OT
IPOM3BOJICTBA (PEPPOCHIIMIIUS U 00pa3lax co HUIaMOM BopoyMsirdyeHust XapbkoBckoir TOLI-5
HaOJI0IaKUCh CKOJBI U yriryoneHus 4 — 6 MMm. Hy»KHO OTMETUTH, YTO KOJIMYECTBO U CTENEHb
NOBPEXJICHUN Ha 0Opa3iax ¢ 100aBIeHUEM MUKPOHATIOMHHUTENCH OblIa MEHBIICH.

OcHOBHBIM (hakKTOPpOM B MeXaHM3ME JACMCTBHS IUIaMa OT MOKPBIX Ta300YUCTOK
MPOU3BOJICTBA (DEPPOCHIIULIUS SIBISIETCS PEaKlUs B3aWMOJCUCTBUS HOKCHUAA KPEMHHS U
ruapokcuaa kanpis. [Ipu runpatamuu 3Ca0-SiO, ¢ Bomoit oOpasyeTrcsi TBYXKaabIIHEBBIN
ruapocunukar tuna CSH (I) ¢ Beiaenenuem Ca(OH),, 4To MOKHO onucaTh ypaBHEHHEM

3Ca0-Si0,+5H,0 = 2Ca0-S10,-4H,0+Ca(OH), . (1)

Copnepxxanne Ca(OH), uepe3 Tpu Mecsla TBEpIEHHUS B OETOHE COCTABISET HMPUMEPHO
10-15% B mnepecuere Ha CaO. Ca(OH), B3auMOAEHCTBYET CO MLIJIAMOM OT MOKPBIX
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ra3004yMCTOK MPOU3BOJACTBA (EeppOCHIINLINSA, KOTOPBIA HMeeT aMOphHYIO CTPYKTYpY.
B pesynbrare 3TOro B3aMMOAEHCTBHS 00pa3yloTCs HU3KOOCHOBHBIE THAPOCHIINKATHI KAJIbIIHS
(2) Tima ToOGepMopUTa U KCOHOTJIUTA

Ca(OH)2+Si02+mH20 = CaO-SiOz-nHzO . (2)

[[Imam MoXeT pearupoBaTh W C APYTUMH I[EMEHTHPYIOMUMU GdazamMu, YCKOPSISI
IpeBpaIleHre STTPUHTUTA B MOHOCYIIb(]AT, a TaKKe THAPOTpaHAT.

[ToBblllIeHHE MOPO30CTOMKOCTA TMPU MPUMEHEHHH IIaMa OT MOKPBIX Ta300YHUCTOK
MPOU3BOJICTBA (DEPPOCUIIHIINS CBSI3aHO C OOpa3oBaHHWEM HHU3KOOCHOBHBIX THAPOCHIUKATOB
kanbiusg CSH (I1), a Takke ¢ YINIOTHEHHEM CTPYKTYPhI IEMEHTHOTO KaMHS.

BriBoawl. [loHnmxeHne BOJOMOTIOMIEHUS U MIOBBILLIEHUE MOPO30OCTOMKOCTH LIEMEHTHOT'O
KaMHSI MO’KHO OOBSICHUTH TIOJIOKUTEIIbHBIM BIUSSHUEM MHKPOHATIOTHUTENCH, CBI3aHHBIM C UX
TUIPABINYECKON aKTUBHOCTBHIO M C Y4aCTHEM MUKPOUYACTHUI] B (POPMUPOBAHUU CTPYKTYp C
0oJiee IUIOTHOM YITAKOBKOW KakK B MEPHUOJ] HAXOXKIEHUS CMECH B IUIACTHYECKOM COCTOSIHHH,
TaKk ¥ B TMEPUOJ KaMHEMOJO0OHOTO COCTOsIHUSA. BBeleHNE B IEMEHTHYIO CHUCTEMY HIIama OT
MOKpPBIX Ta3004YMCTOK IPOU3BOACTBA (HEPPOCHIIUIINAS CYIICCTBEHHO HW3MEHSET XapakTep
KpUCTAITM3AMU TUApaTHRIX (a3. Hawmbonmee Menkue 4YacTUIBI MHUKPOHAIMOIHUTENCH,
OJIM3KHE TI0 pa3Mepy K KOJUTOUIHBIM, PacTojiarasich MKy 3epHaMH IIEMEHTa WM BOIU3U OT
HUX, 00pa3yIOT HOBBIC IIEHTPHI KPUCTAJUIM3AIMNH, YTO YBEIMYMUBAET MPOYHOCTH IIEMEHTHOTO
KaMHs, JUOO BBIMOJHSAIOT POJIb YIUIOTHSIONMIETO JJIEMEHTa, (OPMHPYS CTPYKTYPY C
MaKCUMAaJIbHOM CTETEHbIO YITaKOBKHU YACTHII.
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