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OLeHKa aKTUBHOCTW HAHOCTPYKTYPUPOBAHHBIX BAKYLLIUX

TepMogMHaMu4yeckum meTogom*

MpoaHanuaupoBaH NPOLLECC NOMY4eHUs HAHOCTPYKTYPUPOBAHHOO BKyLLEro (HB) Ha OCHOBE Chbipbsi PA3NMYHOTO FreHEeTYecKoro Tuna. MokasaHo
YBENNYEHNE AUCTIEPCHOCTI BSXKYLLIMX HE3aBMCMMO OT X COCTaBA B MPOLIECCE MeXaHOaKTMBaLMIU TBEPAON (hasbl, a TaKXKe (PopMUpoBaHie dpaKLum
HaHOANCNepCHOro AuanasoHa. MoaTeepxaeHa aeKTUBHOCTb TEPMOAMHAMUYECKOrO METO/1A OLIEHKIN SHEPTETUYECKOr0 COCTOSHIS MaTepuanos,
pa3paboTaHHOro y4eHbIMi CADY, Ans NPorHo31poBaHus hOPMMPOBAHNS aKTUBHBIX CBSI3EH W, KaK CNeaCTBUE, BSXYLUMX CBOCTB N3y4aeMbIX BELLECTB.
MoKa3aHo, YTO KUHETUKA aKTUBHOCTM B CIly4ae CUMMKATHOrO HB HOCUT BONHOO6pA3HbIA XapakTep, Yepeays SKCTPEMYMbl aKTUBHOCTU CUCTEMbI B LIENOM.
Mpu 3TOM MUHUMYM aKTUBHOCTM COBMafaeT C aTanami [03arpy3ku TBEPA0ro BELLECTBa Npy NOMONe, 0AHaKO OTMEYAeTCA rOTOBHOCTb CUCTEMbI

K TpaHcchopmaLmu. B cnyyae anioMocHiMKaTHOMO BSXKYLLIErO YBENNYEHNe aKTUBHOCTU NPOUCXOAMT HEMPEPbIBHO 1 OCTUIaeT MakcuMyMa npu

n3menbyeHun B TeqeHne 1011 y.
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Activity Evaluation of Nanostructured Binders with Using Thermodynamic Method*

This paper analyzes the process of obtaining nanostructured binder (NB) on the basis of materials of different genetic types. An increase in dispersion of binders aside from their com-
position during the process of mechanical activation of the solid phase and the formation of fraction in nanosized range was shown. Effectiveness of the thermodynamic method for
estimating the energy state of the materials developed by scientists NArFU to predict the formation of active connections and, as a consequence, the binding properties of the studied
materials were confirmed. It was shown that the kinetics of the activity in case of silicate NB has a wavelike nature, alternating extremes of system activity in general. Herein minimum
of activity coincides with the reloading of solid phase when grinding, however it is noted that the system is ready for transformation. In the case of the aluminosilicate binder an increase

in activity occurs continuously and reaches its maximum during grinding for 10-11 hours.

Keywords: nanostructured binder, Gibbs energy, mechanical activation, silicate, aluminosilicate.

MHOTrOYHUCIEHHBIMU UCCJIEIOBAHUSIMU POCCUNCKUX U
3apyOeXXHBIX YYEHBIX JloKa3aHa 3((PEeKTUBHOCTh MPUMEHE-
HUST MaTepHaioB, COMEPXKAIIUX B CBOEM COCTaBe HAHOKOM-
TTOHEHTHI Pa3IMYHON Mpupoasl. HaHOCTpYKTyprpOBaHHbBIE
Marepvajbl OTJIUYAIOTCS HE TOJbKO TOBBIIIEHHBIMU
TEXHUKO-IKCIUTyaTallMOHHBIMU CBOMCTBaMM, HO W TPUH-
LIUTTMAJIBHO HOBBIMM CBOMCTBaMU, KaK MPaBUJIO, HE XapaK-
TEPHBIMU /11 KOHKPETHOTO BUIa MaTepUaiOB.

Vaensimu BI'TY nM. B.I. IllyxoBa 6b110 pa3padboraHo
HaHOCTPYyKTypupoBaHHoe BsKyiee (HB), momyuaemoe 1o
TEXHOJIOTMU MOKPOTO MOCTaAMINHOrO IOMOoJia CUIMKATHOTO
(aJIIOMOCHJIMKATHOTO) ChIPbSI.

CornacHo npenioxeHHoMy onpeneieHuto [1] HB mpen-
cTaBJisieT co0Ol BSDXYILIME MaTepuasbl, copepKaliie mpo-
TO- U (WJIM) CUHTEHETUYECKNE HAHOCUCTEMBI, IPUBOISIIIINE
K (hOpMHMPOBAHMIO SMUTEHETUIECKNX HAHOCKCTEM, obecITe-
YMBAIOIIMX MPOYHOCTHBIE CBOMCTBA MaTepuasa B TBEPAOM
cocrosHuM. s HB xapakTepHbl: moaumepu3alliOHHO-
MOJUKOHJIEHCAIMOHHBIN TUI TBEPACHUSI; HAIMYKUE HaHO-
pa3MEepHOIi COCTaBJISIONICH; peOTEXHOJOTMUECKNEe OCOOEH-
HOCTH, BbIpaXXEHHbIE B TUKCOTPOITHOM XapaKTepe TeUeHus,
TepeXosIIeM B HhIOTOHOBCKUIA.

O61acTh IPpUMEHEHUS JaHHOIO BSDKYIIErO pacIpocTpa-
HSIETCS Ha CTPOUTEbHbIE MaTepUuasibl Pa3IMUHOIO (OYHKIIM-
OHAJIBHOTO HA3HAYEHUSI U MOXKET UCTOIb30BAThCS KaK B Ka-
YeCTBE OCHOBHOTO BSIXYIIIETO KOMITOHEHTA, TaK 1 B KAUECTBE
Mmoaudukatopa. B ¢BsI3u ¢ moctaTrouyHO HMIMPOKOU cdepoit
noTeHUrajabHOro npuMeHeHus HB ¢opmupyercst morpeo-

In numerous research works carried out by Russian as
well as foreign scientists was confirmed an application effi-
ciency of materials, involving nanosized components of dif-
ferent virgin. Nanostructured materials are not only the ma-
terials with improved operational performance, but with
fundamentally new characteristics, which are not typical for
a special type of material.

Nanostructured binder (NB) was developed by research
group of BSTU named after V.G. Shoukhov. Technology of
NB is of step-by-step wet milling of silicate (aluminosilicate)
materials.

According to a given definition, [1] NB is binder materi-
als, consisting of proto- and (or) synergetic nanosystems,
lead to formation of epigenetic systems, which are responsi-
ble for strength performance of materials in solid condition.
NB characterized by polymerization-condensation curing
type; presence of nanosized substance; specific rheotechno-
logical properties, where thixotropic flow transforms to
Newtonian flow.

Application field of the binder is expanded to construc-
tion materials of different functional area that can be used
as a basic binder and as a modifier as well. Taking into ac-
count pretty wide sphere of potential application of NB, it
is required to develop a variety of new raw materials used in
the production. Traditional mineral components for NB
production are silicate and aluminosilicates. In recent
works [1—3], NB based on quartz sand and perlite was de-
veloped.
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HOCTb B PacIIMPEHUM CIIEKTpa ChIpbs, 4 60
TIPUMEHSIEMOTO IS €T0 TTPOU3BOJICTBRA.
TpaaMMOHHBIM MUHEPAJbHBIM Cbl- 50 -
pbeM IJISI TIOJIyYEeHMS] HAHOCTPYKTYpH-
POBaHHOTO BSIKYILIETO SIBJISTFOTCSI CUJTH-
KaTHbIE U ATFOMOCUJIMKATHBIE TTOPOIbI.
Panee Obu1u moyuensl HB Ha ocHoBe
KBapleBoro necka u nepiaurta [1-3]. B
HacTosiiee BpeMsl BeleTcsl pabora Io
nosryyeHuo HB Ha ocHOBe rpaHUTHOTO
oTceBa [4], Tpolecc IMOIYyYeHUsT KOTO-
pOro BO3MOXHO TPOBOAMTH OJHOCTa-
JIUITHO 1 6e3 UCTIOIb30BaHUS TOTTOJTHHU-
TeJIbHbIX UHTEeHCU(UKATOPOB U CTaOKM-
JIN3aTOPOB TOMOJIA, YTO OKa3biBaeT
BJIMSIHUE HA €ro ce0ecTOMMOCTb.

Tem He MeHee, HEeCMOTpS Ha J1ocTa-
TOYHYIO M3YYEHHOCTb KOHEUHBIX Xa-
pPaKTepUCTUK MaTepuaia B 3aBUCHMO-
CTHU OT COCTaBa ChIPhEBLIX KOMITOHEH- 40
TOB U CIocoba ero MoJjy4yeHusi, BOIpocC
(bopMUpoOBaHUS BSIXKYIIMX CBONCTB Ha
3Tanax ero Mpou3BOJICTBA OCTAETCS OT-
KPBITBIM. OTU CBEIEHUS TO3BOJSAT
ONTUMM3UPOBATh CHUHTE3 HAHOCTPYK-
TYpPUPOBAHHOTO BSIXKYIIETO, YTO CKa-
JKETCSl Ha €r0 9KOHOMUYECKOIM U TEXHO-
JIOTMYECKOi 3(D(eKTUBHOCTH.

st uzyyeHust MmexanusaMa hopmMu-
poBaHUs BSKymMX cBoiictB HB mpu
HCIIONBb30BAaHUN CHJIMKATHOTO M aJlio-
MOCHWJIMKATHOTO CHIPbSI B KQUeCTBE MC-
XOIHBIX KOMIIOHEHTOB B paboTe HcC-
MOJIb30BAIMCh KBapLIEBbIN TMECOK Kak
HauboJjiee U3ydYeHHOE U MPUMEHSIEMOe
coippe miasa monydeHus HB, a taxkke
TPAaHUTHBI OTCEB B KAYeCTBE HOBOTO 3(D(EKTUBHOTO CHIPhSI.

B mpoiuecce BBIMONHEHUSI 3KCIEPUMEHTAIbBHBIX PaboT
MIpU IIOMOJIe OTOMpPAIUCh MPOOBI BSIKYIIETO Yepe3 paBHbIC
MPOMEXYTKU BPEMEHU — IO CEMb MPOO Uyepe3 Kaxable ABa
yaca. [Ipu 3Ttom B cinyyae cunukatHoro HB nepBast mpoba
ObL1a OTOOpaHa yepes ABa yaca oT Hauajia nomosa. B ciyuae
amomMocuinkaTHoro HB or6op nepBoii mpo6sl 0611 cMelleH
Ha OIMH 4Yac, YTO CBSI3aHO ¢ OoJjiee BBICOKOM HayaJbHOI
TPOYHOCTBIO CBHIPBSI.

IIpu nmonyyenun HB u3yyanuce rpaHyJloMeTpUYECKUIA
coCTaB MpOo0, CTEMEeHb CTPYKTYpOOOpa30BaHUSI U SHEPIeTHU-
YECKOe COCTosiHME BenlecTBa. [locienHee oleHUBaIOCh MO
BEJIMUMHE U3MEHEHUS M300apHO-U30TEPMHUUECKOTO ITOTEH-
nuaja cuctemsl (aHeprun ['m66ca). JlaHHbBII MeTOI IToKa3at
CBOI0 3(P(HEKTUBHOCTD KaK MTPU U3YYEHUU UCXOMAHBIX ChIPb-
€BbIX KOMIIOHEHTOB [5], TaK M MpU aHAJIU3e CBOMCTB rOTO-
BbIX MaTepUaIOB C TPUMEHEHUEM HETPAAUILIMOHHBIX ChIPb-
€BBIX KOMITOHEHTOB [6]. Bce mcciaenoBaHust MpOBOIUINCH C
HCTIOJIb30BaHWEM OOOpPY/IOBaHUSI YHUKAJIbHON JiabopaTo-
pun «DUBUKOXMMUS TOBEPXHOCTH HAHOMUCTICPHBIX CH-
creM» CADY uMm. M.B. JlomoHocoBa, a Takxke LleHTpa BbI-
cokux TexHosoruii BI'TY um. B.T. IllyxoBa.

st onpeaeneHusi rpaHyJIOMETPUYECKOro COCTaBa MC-
MOJIb30BAJICS JIA3€PHBIM aHaJIU3aToOp pa3Mepa YacTUIL
Lasentec D600L, mo3Bonsiiolyii ©3y4ath pa3MepHbIe Xa-
PAaKTepUCTUKY YacTHUIl B nuamna3oHe ot 0,5 MKM 10 2,5 MM.
H3MepeHne Mpou3BOAUTCS B IIOCTOSTHHOM peXUMe TIPUHY-
NIATEILHOTO TIepeMeIlIMBaHUs, UTO MPETSTCTBYET OCEAaHUIO
YacTUIl U, B CBOIO OYepe/ib, MOBBIIIAET TOCTOBEPHOCTh pe-
3ynbTatoB. [1pubop pacrnipenesnsieT pacro3HaHHbIE YaCTUIIBI
Ha BoceMb (Dpakiinii, Kak moKa3aHo Ha puc. 1.

AHanu3 pe3yslbTaTOB TPaHYJIOMETPUUECKOTO COCTaBa
HB nByx TUMIOB ITO3BOJISIET OTMETUTD OJIM3KMIA pa3MEpHBII
PO U XapakTep paclpeneieHus 4YacTull Mo (pakiusM.
OTMeuyeHO cMellleHue pa3MepoB YacTh B 00jacTb OoJjee
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Puc. 1. PacnpepeneHvie no pasamepam 4acTul, HAHOCTPYKTYPUPOBaHHOMO BSXYLLENO B 3aBUCUMOCTU
OT BUAA CbIpbsi U BpEMEHN 0TOOPa NPobbl: a8 — Necok; b — rpaHUT

Fig. 1. Particle size distribution for NB depending on type of raw components and time of sample
taking: a — quartz sand; b — granite stone scattering dust

Currently, the research work on obtaining NB based on
granite stone screening dust is in the process [4], the produc-
tion process of which is possible to perform step-by-step
without extra catalysts and stabilizers for milling intensifica-
tion, that effects on manufacturing cost of NB.

Nevertheless, even with a good knowledge about final
characteristics of a material depending on mineral composi-
tion of raw materials and production method, the matter of
binding properties formation on the stages of it production is
still not uncovered. This information can help in optimizing
of synthesis of nanostructured binder that will have an impact
on economical and technological efficiency.

In order to study mechanism of formation of binding
properties for NB with using silicate and aluninosilicates, as
initial components in this work was used quartz sand that is
well studied and commonly used component for NB produc-
tion and granite stone scattering dust, which is a new effective
raw material.

On the stage of experimental work during milling process
it was taken 7 samples of a binder after each two hours. In this
case of producing silicate-based NB, the first sample was
taken in two hours after starting of milling process. In the case
of producing aluminosilicate-based NB, because of high
strength of raw material, the first sample was taken in three
hours after starting milling process.

When producing of NB was analyzed following param-
eters: particle size distribution, structurization degree and
energy state of the substance. The last parameter was evalu-
ated by changing of Gibbs function. Given method demon-
strated its efficiency when studying initial raw materials [5]
as well as when analyzing properties of end materials,
which composed of non-traditional raw components [6].
All investigations were carried out with using equipment in
the lab «Surface physicochemistry of nanodispersed sys-
tems» at Northern (Arctic) Federal University (NArFU)
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MeEJIKMX YaCTHULl B MPOLIECCEe U3MEIbUCHUSI. 900
IIpu 3TOM TIpaHyJIOMETPUYECKHUI COCTaB 800
rpanutHoro HB xapaktepusyercs OoJee 700
IMUPOKMM JMAINa30HOM Pa3MepOB YACTHII,
a TaKXe HaJIUuMeM IpydoaucrepcHoii co- 3 ¢ 600
crapJisttonieii ¢ pazmepamu 6ojee 100 MKM. g = 500
Hamume yactun B quanasone 0,5—1 MKM 8% 499
BO Bcex Ipobax He 3adpukcupoBaHo. B cBs- %é 200
31 C 9TUM JVCHIEPCHOHHBII aHAIN3 TOTION- & §

a 200

HEH uccileloBaHUSIMM Ha Tpubope
DelsaNano C B HaHOpa3MepHOM JIHAaITa30- 100
He oT 0,6 HM 10 7 MKM MeTOIOM (DOTOHHO-

KOPPEJSIIIUOHHON crieKTpockonuu. s ) 3

JIOCTOBEPHOCTU Pe3yJIbTaTOB Kaxnas Mmpo-
0a cCHUMaJach ABAX/bl, U TPEICTaBIEHHBIC
3HAYEHUsI TOKa3aqu BBICOKYIO CXOIU-
MocTb. CBOmHBIE pe3ybTaThl 3aBUCUMO-
CTU pa3Mepa 4YacTHUIl OT BPEMEHM IoMoJa
TpencTaBIeHBI Ha pUC. 2.

PesynbraTel monrBep:kaaoT Hamuure B HB o6oux BumoB
YacTUI] HAHOPa3MEPHOTro AMarna3oHa. Pa3mMepsl yacTuil cuiu-
katHoro HB nHaxomsitcsi B uHTepBaje oT 550 mo 850 HM.
Pa3mepsl HaHOIMCITEPHOI COCTABIISIONIEH TPAaHUTHOTO BSI-
KyIIIero Jexar B rpeaeiax 170—520 am. @opMupoBaHUe M-
KOB TIOBBIIIICHUSI pa3MepOB YacTUIl B HAHOAMAIIA30HE B CITy-
Yae BSIKYIIIEro Ha OCHOBE TTeCKa CBSI3aHO ¢ 103arpy3Koii TBep-
Joli a3kl B Ipoliecce norydyeHust HB, 4To npuBoauT K ux He-
JIOCTAaTOYHOMY M3MEJIbYEHUIO U, KaK C/IeJCTBUE, CMEIIEHUIO
JIACTIEPCHOCTH BCEi CUCTEMBI B 00JIACTh OOJIBIIIMX Pa3MEPOB
yacTull. TeM He MeHee OTMEUYEHO CHUKeHUE KOHLIEHTPALIUU
YacTUIl B HAHOMWCIIEPCHOM 00JacTH B Ciiydac KOHEYHOTO
npoaykra (HB) 1o cpaBHeHUIO ¢ JaHHBIMU, IOJYYEHHBIMU B
Hayajie MexaHoakTuBauuu. I1pu aToM rpanutHoe HB xapak-
TEpU3YeTCsl MEHBIIUM Pa3MePOB YACTHUIIL, YTO OYIET CIOCo0-
CTBOBATh TMOBBIIICHNIO €r0 aKTUBHOCTU B CJlyyae MpUMEHe-
HUSI €70 B Ka4eCTBe MOAUMDUIIMPYIONIETO KOMITOHEHTA.

DHEPreTUIeCcKoe COCTOSTHUE MPOO M KOHEYHBIX TTPOIYK-
TOB OLIEHUBAJIOCH MO TEPMOIMHAMUYECKUM IapameTpam.
J17151 9TOr0 U3MEPSUIOCh 3HaYeHNE KPaeBOro yrjia cMayuBa-
HMSI TIOBEPXHOCTU Ha I'paHMlle pazaena a3z, Mo KOTopomy
paccuMThHIBAIACh BEJWYMHA TMOBEPXHOCTHOTO HATSKEHUS
TBepIOoi (asbl.

HccrenoBaHusT MPpOBOIWIINCH C UCITOJIB30BAaHUEM TIpH-
6opa EASYDROP. IlpenBaputenbHo obpasibl hopMoBa-
JIMCh B METAJUIMYECKHUX 11aiidbax auamerpoM 10 MM U BBICY-
IIMBAJIUCh IO MOCTOSTHHOM MaccChl.

CyTb METOIVKM COCTOUT B cienytoiieM. McciemyeMplii
Marepuajl B BUIIE YIUJIOTHEHHO#W (opMbl TOMellaeTcsl Ha
npeameTHbI ctos mpubopa EASYDROP. Ha o6pasenr Ha-
HOCHUTCS Karuisl pactBopa. Jlajee uamMepsieTcst KpaeBoit yroj
CMa4yuBaHUS B 3aBUCUMOCTHU OT BUa padboyeil XKUAKOCTH.

TepMmoauHaMUUYECKUil TIOAXOI B OIpeAeaeHun 3pdek-
TUBHOCTHU ocyiecTBisieTcss MetogoM OBPK (metoa OyHca,
Bennra, Pa6ens u Kovennbiie), mpu KOTOPOM YYUTHIBAIOTCSI
MOJISIpHAsI U TUCIIEPCUOHHAsI COCTABJISIIONIME MaTEPUAJIOB.
B ocHOBe maHHOI METOAMKM JICKUT TUCOATAaHC MEXMOJIe-
KYJISIPHBIX CWJI, TACTIEPCHOHHAS YacTh MOBEPXHOCTHOTO Ha-
TSDKEHMS CKIIAJIbIBAETCSl U3 BHYTPEHHE 9HEPTUU MOJIEKYT,
COCTaBJISIIOIINX TOBEPXHOCTHBIN CJION MaTepuaia. DTOT Ma-
paMeTp OKa3bIBaeT BIUSHME Ha MOBEPXHOCTHYIO SHEPIUIO
Marepuaia. [lonspHast 4acTh MOBEPXHOCTHOM 3HEPTUY BO3-
HMKAET 3a CUET DJIEKTPOCTATUIECKUX CHJI, UICTOUHMKOM KO-
TOPBIX SIBJISIIOTCS TOJISIPHBIE TPYIIIBI, 00pa3yeMble JIUIIUB-
IIMMMCS YACTU aTOMOB MOJIEKYJIIPHBIMU CTPYKTYpPaMU U 3a
CYeT XMMMUYECKUX CBsI3el, (hOPMUPYIOIIMX JIEKTPUUECKU
HeHlTpaJibHbIe TUMOJU. B KauecTBe OCHOBHOIT MaTeMaTnye-
CKOi1 3aBUCUMOCTU MCIIOJIb3YETCS CJEAYIOIee YpaBHEHUE:

csL(cosO-H):\/@\/c?

(M

(N POVIEIIBHBIE

4 5 6 7 8 9 10 1 12 13 14
Bpems nomona, 4
Milling time, h

Puc. 2. 3aBucumocTb pasmepa Hactuy, HB Ha pas3nvyHoOM Cbipbe OT BpemeHu nomosna: 1 — Ha
KBapLIEBOM Mecke; 2 — Ha rpaHnTe

Fig. 2. Dependence of particle size of NB with using different types of raw materials on milling time:
1 — on quartz sand; 2 — on granite stone scattering dust

and in the High-Tech Center at BSTU named after
V.G. Shoukhov.

For particle size distribution analysis was used laser par-
ticle analyzer Lasentec D600L allowing evaluation dimen-
sional characteristics of particles in the range of 0,5 pm to
2,5 mm. Measurement runs in constant regime of forced stir-
ring, that prevents particle sedimentation and in such a way
improves data validity. The equipment distributes recognized
particles for 8 fractions as it shown on Fig. 1.

Analysis of the data of particle size distribution for NB
both types demonstrates similar size range and fractional
particle size distribution. It was noted shifting sizes in the
range of more fine particles during milling process. At the
same time, particle size distribution for NB is characterized
by more wide range of particle size as well as by presence of
coarse grains with the size of more then 100 um. Presence
particles with size in the range of 0,5—1 pm was not found in
all samples. In this regard, one more equipment DelsaNano
C was used to run dispersion analysis by photon correlation
spectroscopy method to detect particles with size in the range
of 0,6 nm to 7 um. For data validity, each sample was run
twice and presented values showed a high repeatability.
Summary results particles size vs. milling time dependence
presented on Fig. 2.

The obtained results confirm a presence of nanosized
particles in NB composition of both studied types. Size par-
ticles for silicate-based NB are in the range of 550—850 nm.
At the same time, nanosized particles for granite-based
binder correspond to the range of 170—520 nm. Appearing of
the peaks which indicate shifting in the region with bigger size
for quartz sand-based NB related to additional loading of
solid phase during milling process. This leads to deficient
milling extent and, as a consequence, shifts the dispersity to
the region with bigger particle sizes.

Nevertheless, it was noticed a decreasing concentration
of particles in nanosized region for the final product (NB) in
comparison with the particle size distribution data at the be-
ginning of mechanoactivation process.

It should be noted, that granite-based NB is characterized
by smaller particle size that will provide more high chemical
activity when using it as a modifying component.

Energy state of samples and final products was evaluated
with thermodynamic parameters. For this purpose was mea-
sured contact angle on the surface followed by calculation of
surface tension of solid phase.

The test was run with using the equipment EASYDROP.
For probe preparation, all the samples were casted in metallic
pellets with 10 mm in diameter and were dried until constant
weight.

The method consists of following stages. Studied material
in the form of pellet is placed on a position table of the equip-
ment EASYDROP. After that a drop of solution is placed on
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TaGnuua 1
Table 1
Pa6oune MoBepxHOCTHOE MonsipHas cocTasnsowas JuncnepcroHHasi cocTaBnsiowas
XXMOKOCTN HaTsXeHue O, MH/M MOBEPXHOCTHOIO HaTsXeHUst 6/, MH/M MOBEPXHOCTHOrO HaTsxeHus 67, MH/m
Working liquids | Surface tension 6,, mN/m | Polar part of surface tension 6/, mN/m | Dispersion part of surface tension 6/, mN/m
Bona
Water 72,8 51 21,8
OTUNEHTINKOSb 48,8 16 32.8
Ethylene glycol
Aekan 23,8 0 23,8
Decane
OTaHon
Ethanol 21,4 2,6 18,8
Tabnuua 2
Table 2
HaHoCTpyKTypnpoBaHHOE BsiXyLLlee Ha OCHOBE KBapL,EBOro necka
Quartz sand-based nanostructured binder
Bpews, 4 2 4 6 8 10 12 14
Time, h
Pabouyas xnoKoctb
Working liquid
Bona 9,45 12,92 15,5 11,13 9,88 20,2 11,93
Water
SruneHramkon, 37,28 34,76 34,65 42,03 34,6 40,33 39,32
Ethylene glycol
Aexan 10,6 16,1 12,04 12,5 16,87 11,43 11,83
Decane
Sraron 17,18 15,98 15,58 16,06 14,57 16,78 16,28
Ethanol
HaHoCTpyKTyprpoBaHHOE BsiXylliee Ha OCHOBE rpaHuTa
Granite-based nanostructured binder
Bpews, 4 3 5 7 9 11 13 14
Time, h
Pabouyas xnaKoctb
Working liquid
Bopa 14,4 26,27 18,27 22,4 13,72 16,47 20,28
Water
SruneHramkons 41,93 46,82 47,13 37,8 51,07 38,08 36,3
Ethylene glycol
Aexan 13,57 13,18 13,7 12,12 12,3 12,75 11,2
Decane
Sraron 17,53 18,20 17,1 18,87 16,53 17,3 18,47
Ethanol

rjie G, — IIOBEPXHOCTHOE HATSKEHUE PAOOUMX XKUIKOCTEM;
G£ — IMCIIEPCUOHHAS COCTABIAIOIIAS TOBEPXHOCTHOTO Ha-
TSDKEHUS pabodMX XUAKOCTel; 6 — TOspHas COCTaBIsA-
IOLLIasi TOBEPXHOCTHOIO HATSKEHUS pabOUUX KUAKOCTE;
Gé) — JUCIIEPCUOHHAs COCTaBIAIOLIAs TOBEPXHOCTHOIO Ha-
TSKEHUS UCCIEAYEMOTO MaTepuaia; (5§ — TIOJISIpHas CO-
CTaBJISIONIAs] TTOBEPXHOCTHOTO HATSXKEHUS MCCIELyEMOTO
MaTepuana; § — KpaeBou yroj cMa4yMBaHUS UCCIELyEMOTO
Marepuasa. 6,(cos® +1) G LP

OyHKIMOHANIbHAS 3aBUCUMOCTh —————= (—D)

2 cD GL

UMeeT JIMHEeNHBIA XapakTep. YIioBoi KoadhduuUeHT mpsi-
MO IIpeCTaBJIsIET COOOM IMOJISIPHYIO YaCTh IOBEPXHOCTHO-
IO HATSKEHMS MCCIEAyeMOro MaTepuaia, a Touka rnepece-
YEeHUS NPSIMOI C BEPTUKAJIBbHOM OChIO XapaKTEpU3YET AUC-
TIEPCUOHHYIO YaCTb.

[ToBepXHOCTHOE HATSKEHME MCCIELYEMOro MaTepuaja
OIPENEIISIETCS KaK CYMMa JUCIIEPCUOHHOM U MOJISIPHOM Ya-
cTeit:

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

the surface of the sample and then contact angle value is mea-
sured depending on type of working liquid.

Thermodynamic approach in evaluation of efficiency
was performed with free surface energy method, where polar
and dispersion characteristics of the materials should be
considered. The method is based on disbalance of intermo-
lecular forces. Dispersion part of surface tension composed
of inner energy of molecules, building up an upper layer of a
material.

This parameter effects on surface energy of material.
Polar part of surface energy occurs due to electrostatic forces,
the source of which is polar groups, formed by molecular
structures loosed some portion of atoms and due to chemical
bonds, forming electrostatically neutral “dipoles”. As a math
model following equation was applied:

GL(COSQ-f—l):\/g\/(?

M
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Ta6nuua 3
Table 3
KBapueBblin necok paHuT
Quartz sand Granite
Bpemsa nomona, 4 YpenbHasi TOBEpPXHOCTb, M2/T Bpemsa nomona, 4 YpenbHasi TOBEPXHOCTb, M2/T
Milling time, h Specific surface area, m?/g Milling time, h Specific surface area, m?/g
2 7+0,5 3 4,3+0,2
4 8,4+0,5 5 5,3+0,4
6 6,6+0,3 7 70,4
8 7,2+0,4 9 7,2+0,3
10 8,1%0,4 11 8,5%0,3
12 6,9+0,4 13 9,2+0,6
14 7,60 14 9,5+0,5
0;=0 f +0 é) . (2)  where o, —surface tension of working liquids; GLD — dispersion

Pacuer TEPMOIAMHAMUYCCKUX MMapaMETPOB UCCIICAYEMbIX
MaT€puaJIoB IIPOU3BOJAUTCA IO YPABHCHUIO!:

S,
AGg= Aog+ogln Sy—”“ 3)
yal

B mopo6HBIX BSXKyIIMX cucTeMax HauboJjiee Leneco-
00pa3HO MPUMEHSITh B KAUeCTBE pabOUMX KUIKOCTE roMO-
JIOTMYECKUE psiibl XXuakocteid. s uccienoBaHuii MCXos
M3 YACTHBIX 3HAYEHU TTOBEPXHOCTHOTO HATSIKEHMS U pa3-
JIMYHOTO XMMUYECKOTO CTPOCHUST MOJIEKYJT OBLITM BBIOPAHBI:
BOJIa, STUJICHTJIMKOJIb, IeKaH, 3TaHOJI.

Jnsa pacyeToB IUCIIEPCUOHHBIX (6P) ¥ monsipu3aluoOH-
HbIX (6F) COCTaBISIIOLIUX MOBEPXHOCTHOTO HaTsKeHUs (Os)
00pas3lIoB UCIOJIb30BAINCH aHAJIOTUYHbBIE XapaKTePUCTUKHU
DU CMayuBalOIMUX XuakocTed (tadn. 1). M3MepeHHbIe
3HAYCHUST KPAeBOro yrjia cMadyuMBaHus 0 B 3aBUCUMOCTH OT
BMJa HAHOCTPYKTYPHMPOBAHHOT'O BSIXKYILIETO U TUIIA pabodeit
KUIKOCTU KaXXI0M MPoObI TIpeACTaBICHBI B Ta0I. 2.

PacueThl, BBIITOJHEHHBIE B COOTBETCTBMU C MaTeMaTH-
YECKUM alnapaToM MeTo/a, MO3BOJWIN ONPEIeTUTh 3HaYe-
HMS TIOBEPXHOCTHOTO HATSDKEHUS G C YUETOM TOJIIPHBIX 1
TIMCTIEPCUOHHBIX COCTaBIAOMNX. CTOUT OTMETUTD, YTO JJIS
BCEX OKCIEpUMEHTOB OTMeUeHa JIMHEeHHas 3aBUCHUMOCTb
MeXIy mapameTpamu pabouero ypaBHeHust Metona OBPK ¢
BBICOKMM 3Haue€HUeM Ko3(hdUIIMEeHTa TOCTOBEPHOCTH all-
npokcumauuu (0,91—-0,93), yto moaTBEpXKIAET JOCTOBEP-
HOCTh MaTeMaTUYECKOW MOJEIU, ONMCHIBAIOIIEN IKCIIepU-
MEHTaJbHbIC PE3yIbTATHI.

Janee ObLIM OIlpeAe/ieHbl 3Ha4eHUSI aKTUBHOM YIeJIbHOMI
nosepxHocTu. MccnenoBaHus BBITTOJHSUIMCh Ha TMpUbope
cepuu Sorbi-MS Metomom BOT. PesynbraThl MoKa3bIBaloT,
yto HB Ha KBaplieBOM necKe Mpu pasjIudHbIX CTAAMSIX T10-
MOJIa UMeeT YICTBHYIO TOBEPXHOCTb 6,6—8,4 M%/T U, KaK U
rpaHyJIOMETPUYECKUII COCTaB, HOCUT KOJeOaTeIbHBIM Xa-
pakrep (1abJ. 3). YaeabHasi IOBepXHOCTb TPAHUTHOTO BSIXKY-
1IET0, HAMPOTUB, OTJIMYAETCS] BIPAXKEHHON BO3pacTalolieit
3aBUCUMOCTBIO € 4,3 110 9,5 M2/T. DTO MOXET GbITb BBI3BAHO
TexHojioruei nonyuyeHust HB: Ha kBap1ieBoM recke — rocra-
NIAHAS 3arpy3Ka NU3MeTbYaeMOTO ChIPhsI; Ha TPAHUTHOM ChI-
pbe — OMHOCTAAUNAHBIA TOMOJI.

IMonyyeHHBIC 3KCIIEpUMEHTAIbHbIC AaHHbIe (Tabu. 4)
MO3BOJIWJIM PAcCUMTaTh BEJIWYMHY W3MEHEHUS] DHEPTUM
['n66ca (A G) MUHEPAJIBHOTO BSIXYILETO HA OCHOBE MecKa.

IMonyyeHHbIe pe3yabTaThl MOKAa3bIBAIOT, YTO MaKCH-
MaJIbHOE TTOJIOXKUTETbHOE 3HaUeHUEe U3MEHEHUST N300apHO-
M30TEPMUYECKOTO MTOTEHIIMAIa UMEET CUCTEMA ITOCTIe YEThI-
pex 4yacoB momoJia. JaHHbINA (PaKT MOXET CBUIETEIbCTBO-
BaTb O HauOoJiee CTaOMJIBHOM COCTOSSHUM Bsikyliero. B
MMPOTUBOITOJIOXHOCTh 3TOMY OTMEYaeTCsl OTpUIIATEIbHOE
3HayeHue A G 1st BpeMeHM 6 1 12 4, YTO CBUIETEIBCTBYET O

(N PONIEIIBHBIE

part of surface energy for working liquids; 6 — polar part of
surface energy for working liquids; ? — dispersion part of
surface energy for studied material; og — polar part of surface
energy for studied material;  — contact angle of studied ma-
terial. c,(cos® +1) or

The function ———"=f (—IL)) has linear character.

c? o,
Angular coefficient of the line is of a polar part of surface ten-
sion of studied material, and a cross point the line with a
vertical axes characterized a dispersion part.

Surface tension of studied material can be calculated as a
sum of dispersion and polar parts:

=08 +0p. 2

Calculation of thermodynamic parameters of studied
materials performed with the equation:

AGS _ AGS + 051}’1 :S;fpeciﬁc surface areall . (3)
specific surface areal

In similar binder systems it is more reasonable to apply

homologous series of liquids as working liquids.

Taking into account of data points of surface tension and
different chemical structure of molecules, for the experiment
was chosen a few liquids: water, ethylene glycol, decane, and
ethanol.

For calculation of dispersion (5?) and polar (c”) parts of
surface tension (Gs) for samples was used the same character-
istics of wetting liquids (Table 1). Contact angle depending
on type of NB and type of working liquid of each sample are
shown in Table 2.

The calculations made in compliance with math appara-
tus of the method allowed evaluation of surface tension ¢ in-
cluding polar and dispersion parts. It is necessary to noted,
that for all run experiments was observed a linear dependence
between the parameters of the working equation of free sur-
face energy with high validity coefficient of approximation
(0,91—-0,93), that confirms an accuracy of the applied math
model, describing experimental results.

After that the values of active specific surface area were
determined by Sorbi-MS machine, using BET method.

The experiment data (Table 3) demonstrate, the quartz
sand-based NB with different millin% time has specific sur-
face area in the range of 6,6—8,4 m-/g and have wave-like
dependence (similarly like data of particle size distribution
for this system).

By contrast, specific surface area for granite binder
grows in interval 4,3—9,5 m?/g. It can be associated with
following NB production technology: quartz sand — step-
by-step loading of milled raw material (granite) — single-
stage milling
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Tabnuua 4
Table 4
Bpems nomona, 4 G5-10%, H/m 67108, H/m 62108, H/m AG-10%, Ox
Milling time, h G5-10%, N/m 67108, N/m 6?-10%, N/m AG-10%,J
2 66,79 55,5 11,29 0
4 66,42 55,06 11,36 11,74
6 65,58 53,88 11,7 -5,07
8 65,87 54,91 10,96 0,94
10 67,09 55,8 11,29 10,09
12 63,11 51,55 11,56 -4,59
14 66,07 54,91 11,16 4,71
Tabnuua 5
Table 5
Bpems nomona, 4 G5-10%, H/m 67103, H/m 62108, H/m AG-10%, Ox
Milling time, h G5-10%, N/m 67108, N/m 62:10%, N/m AG-103,J
65,19 54,17 11,02 0
5 59,8 48,44 11,36 7,11
7 63,24 52,42 10,82 28,87
9 62,6 50,84 11,76 29,68
1 64,32 54,02 10,3 42,96
13 64,65 53,29 11,36 48,63
14 63,6 51,84 11,76 48,82

MOBBIIIEHHOW CKJIOHHOCTY CUCTEMBI K CAMOTIPOU3BOJIbHBIM
TpaHCHOPMAIIMOHHBIM MTPOLIECCAM.

3HaueHue U300apHO-U30TEPMUYECKOTO IMOTEeHIIMaza
MPO0 rPaHUTHOTO BSIKYIIIETO UMEET MOJIOXUTEIbHOE 3HaUe-
HUE, KOTOpPOe C MOBBIIIEHMEM BpPEMEHU IOMOJIa pacTeT
(Tabi1. 5). DTO CBUAETENBCTBYET O HAIMUMU CTAOUIIBHO He-
U3MEHSIEMOM CUCTEMBI, XapaKTePU3YIOLIECHCS YCTONYUBBIM
PaBHOBECHBIM COCTOSIHUEM.

AHanu3 NOJyYEHHBIX JaHHBIX CBUACTENBbCTBYET O CyIIE-
CTBEHHOW MEXaHOAKTUBALIMM MCXOMHBIX ChIPHEBBIX KOMIIO-
HEHTOB B MpolIecce UX M3MebueHUs. Tak, iBMeHeHUe aKTUB-
HOCTH B CJTydae KpeMHE3EMUCTOTO ChIPhsl HOCUT BOJIHOOOpa3-
HBII XapakTep, T. €. YepeJoBaHUE TMOBBILIEHUS U CHUKEHUS
aKTUBHOCTU. MakcuMaibHble 3HAUEHUSI U3MEHEHUS SHEPTUU
I'n66ca cBUAETENILCTBYIOT O CTA0MIM3aLIMM CUCTEMbI (3aBep-
IIEHUU TIPOLIECCOB MEXaHOAKTUBALIMOHHOTO BO3AEHCTBUS)
HapsIay ¢ YCWJIEHUEM BSDKYIIUX CBOWCTB. MUHUMYMBI 9HEP-
run ['mbbca coBmamarT C 3TanmamMu 103arpy3ky ChIPbEBOTO
Marepuaia B TIPOLIECCe MOMYyYEHUs BSKYIIETO U MIPUBOIST K
GOpMUPOBAHUIO YCIOBUM UISI €ero TpaHchopMalluyd M, Kak
CJIeACTBUE, JAJbHEHIIIEMY MOBBIIIEHUIO aKTUBHOCTH CUCTE-
MBI B LIEJIOM 32 CUET U3MEJIbYEHUS] TBEPAOTO BEIIECTRA.

B ciryuae aoMoCUIMKAaTHOTO HAHOCTPYKTYPHUPOBaHHO-
TO BSIKYI11eT0o (hOpMUPOBaHUE aKTUBHBIX CBSI3€i1 Ha IMTOBEPX-
HOCTM BEIIECTBA MPOUCXOAUT MPAKTUYECKU HA TPOTSIKE-
HUU BCEro MOMOJIa U JAOCTUTAeT MakKCUMyMa B pe3yJbTare
MexaHoaKTuBaluuu B TedyeHue 10—11 4. JanbHeitlee u3-
MeJIbYeHNe MaTepuasa IMPUBOLNT K YMEHBLICHNUIO pa3MEPOB
YacTUIl TBepAOil ¢ha3bl U CMEIIEHUIO UX B 00JIaCTh yJbTpa-
NUCTIEPCHBIX YaCTUII, OMHAKO BIUSHUS HAa aKTUBHOCTb CU-
CTEMBI B 1I€JIOM JJaHHBIE TIPOIIECCHI HE OKA3bIBAIOT.

HccrnenoBanusi MO3BOJIUIM YCTAHOBUTh MPUMEHUMOCTb
TEPMOJUHAMMUYECKOU MOIENU 11 MUHEPATbHBIX BSKYIIMX
CHCTEM Ha OCHOBE DPa3JIMYHBIX CHIPbEBBIX KOMIIOHEHTOB.
OrnpeneieHre 1 OlieHKa SHEPIeTUYECKOro COCTOSIHYS TIOJI -
TMACTIEPHBIX U TIOJIMMUHEPAIbHBIX BSLKYIIMX CUCTEM TTO3BO-
JISITOT HaWTA HEOOXOMMMYIO TIEPEXOAHYIO CTaJMIO Tpoliecca
IOMoJIa, PU KOTOPOU MaTepua yxe JOCTUT BbICOKOTO 3Ha-
YEHUSI aKTUBHOCTU W HAJIbHEHMIIEE MEXaHUYECKOE BO3ICH-
CTBUE Hellenecoobpa3Ho. B pesynbrate cTasio BO3MOXHBIM
OTNTHUMU3UPOBATh TEXHOJOTUYECKUI MPOLIECC MOJYyYCHUS

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

The obtained experimental data (Table 4) allow calcula-
tion of Gibbs energy parameter changing (A G) for the sand-
based mineral binder.

The obtained results (Table 4) show the maximum positive
value of Gibbs thermodynamic potential changing for the sys-
tem after 4-hours milling. That can be related to more stable
state of the binder. On the other hands, for the system after 4-
and 6-hours milling A G value is negative, which demonstrates
higher liability of system to self-transformation processes.

Value of Gibbs thermodynamic potential for granite-
based N B samples is positive that grows at increasing of mill-
ing time (Table 5). That shows stability of the system, charac-
terized with stable equilibrium.

Analysis of data shows significant mechanoactivation of
initial raw materials during milling process. For example, reac-
tivity changing for quartz-bearing raw has wave-like character
i.e. interchanging of increasing and reducing of reactivity is
observed. Maximum changing of Gibbs energy parameter as-
sociated with the system stability (finish of mechanoactivation
process) along with improvements of binding properties.
Minimum values of Gibbs energy parameter are be in phase on
the stages of additional loading of raw material when the
binder production and lead to formation of required terms for
its transformation and subsequent increasing in system chemi-
cal activity due to milling of solid substance.

In the case of aluminosilicate NB, the formation of active
bonds on substance surface takes place almost during all mill-
ing process and achieves the maximum value after 10—
11 hours of milling. Further milling process leads to reducing
of particle size of solids and their replacement to ultrafine size
area. However, this process not effects significantly on chem-
ical activity of the system.

The investigations allowed to approve an adaptability of
thermodynamic model for mineral binders different based on
different raw components. Calculation and assessment of
energy state of polydispersed and polymineral binders allows
finding an appropriate transformation stage of milling pro-
cess, when the material already reached high chemical activ-
ity extent, when further mechanoactivation is not reasonable.

In the result of the experiment was confirmed that is pos-
sible to optimize technological process of free-cement min-
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0eCLIEMEHTHBIX MUHEPAIBbHBIX BSKYIIMX CUCTEM Ha TIPUMepe
HAHOCTPYKTYPHUPOBAHHOTO BSDKYILETO CUJIMKATHOTO (Ha
OCHOBE KBaplIeBOTO IMecKa) U aTlOMOCHIMKATHOTO (Ha OCHO-
BE TPaHUTA) COCTABOB, BBIIBUB HanboJjee 3(hheKTUBHBIC Bpe-
MEHHBIE TTMKW. DTO MO3BOJISIET CHU3UTh SHEPTOEMKOCTh IPO-
M3BOJICTBA BSIXYIIETO M COOTBETCTBEHHO KOMITO3UIIMOHHBIX
MaTepuajoB Ha ero ocHoBe. /lokazaHa 3((eKTUBHOCTD TEP-
MOJIMHAMUYECKOTr0O TOAX0/a sl OLIEHKU SHEPreTUYecKOoro
COCTOSIHUSI BelllecTBa IMpu nojydyeHun HB. Bto mosBosut
pa3paboTaTh KCIPecC-METOAUKY OLEHKM KayecTBa ChIPhs
JUISl TIOTyYEeHMST BSDKYILETO, a TakxkKe 3apaHee CHpPOTHO3UPO-
BaTh JJTUTEJIBHOCTh U 9HEProd(hHeKTUBHOCTb MEXaHOAKTUBA-
LIMOHHBIX TIPOLIECCOB MOJYYeHHMS] HAHOCTPYKTYPHUPOBAHHOTO
BSDKYIIIETO Ha OCHOBE KOHKPETHOTO BU/IA CHIPBSI.
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eral binders production through the example of silicate NB
production with using quartz sand and aluminosilicate NB
with using granite stone scattering dust, knowing the most ef-
fective time peaks. This allows decreasing of energy demand
in binder production and composite materials on its base.

The efficiency of thermodynamic approach for assess-
ment of energy state of substance when NB production was
declared. This provides the opportunity to develop express
method to evaluate quality of raw materials for the binder
production and forecast durability and energy efficiency of
mechanoactivation, when nanostructured binders produc-
tion with using a certain type of raw components.
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