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Common Concentration Pattern of Effects of Construction Materials Nanomodification*

The article covers the results of experimental researches of nanomodification of different types of construction materials: polymer materials (PVC, epoxides), ceramics, Portland
cement, bitumen-polymer binders with industrial nanoproduct concentrates and premixes, containing carbon nanotubes, metal-carbon composites, and silica sols. The definite
(«acute») extreme dependence of technological, performance and technical properties on the concentration of nanoadmixtures is established: the peak values of indices of materials

are attained at 0,001-0,01 wt. %. The dependence has a general character.
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HenaBHO oOmnMyOJIMKOBAaHHBIA aHAIUTUYECKUIA 0030p
170 crateit B XypHaiyie «CTpoUTeIbHbIE MaTeprasibl» O HAHO-
TEXHOJIOTUSIX B CTPOUTEIBHOM MaTepuaioBeneHuu [ 1], 6e3y-
CJIOBHO, JejlaeT 4eCTh €ro aBTopy — A-py TeXH. HaykK
E.B. KoponéBy, IOCKOJIbKY B HEM JaHa U Kjlaccudukamus
CIOCOOOB YIpaBJeHUs] CTPYKTypooOpa3oBaHUEM MaTepua-
JoB ¢ y4yactueM HaHouactull (HY) pasHoil xumuueckoii
MPUPOJIbI, U METOAOB aKTUBALIMU, U MEXaHU3MOB MOIUGU-
Kauuu (MonuduimpoBaHus). JJaHel 000CHOBaHHBIE OPUEH-
TUPBI IS JATbHEUIIX UCCISIOBAaHUI B 3TOM MEePCIIEKTUB-
HOM HampaBJieHUU MarepuaioBeneHus. KoHeuHo, nmpume-
HMTEJIBHO K CTPOUTENbHBIM MaTepuaiaM, He BCe TTOJOXKEHHUSI
3TOro 0030pa 6eCcCOPHbI, HATIPUMED: «OMAUYUMEAbHOU 0CO-
OEHHOCMbIO HAHOMEXHOAORUU ABAAEMCS YRPABAAEMOe CIPYK-
mypoobpazoeanue Mmamepuaia Ha amoMHO-MONEKYAAPHOM
ypogHe, obecnevusaioujee HanpasieHHoe QopmMuposanue geuje-
cmea ¢ 3a0aHHbIMU ceolicmeamu...». Bo-tiepBbIX, «hopmMupo-
BaHMe» BellleCTBa Ha aTOMHO-MOJIEKYJISIPHOM YPOBHE — pa3-
MEPHOCTb aHTCTPEMOB, U 3TO — XMMUYECKUI CUHTE3, CBOM-
CTBa TBEPABIX MPOAYKTOB KOTOPOrO MOXHO pacCuMTaTh Ha
OCHOBE TIPMHIIMMA aAIUTUBHOCTU BKJIAZIOB CBSI3ei W TPy
XarruHca [2], 4To XOpOoIIo U3BECTHO B OPraHUYECKUX TTOJIH -
Mepax [3]. Bo-BTOphBIX, BelIeCTBO HEJb3s OTOXIECTBIISATH C
MatepuajioM. B To e BpeMs ypaBHeHUE MPOYHOCTU KOMIIO-
3ULIMOHHOTO Matepuana Rg,,, B BUIE «cymmb 6K1a0086, 03~
dasaembix omodeavubimu s1emenmamu» ([1] ctp. 49) He Mo3Bo-
JISIET, TI0 MHEHUWIO aBTOPOB, pPaCCUMTATh (PAKTUUECKYIO IIPOY-
HOCTb PeaJIbHOTO MaTepuaia, TOCKOJIbKY He YIUTHIBACT Teo-
METPpUYECKU (aKTOp CTPYKTYPhl, Ae(POpMaLIMOHHbBIE CBOM-
CTBa KOMIIOHEHTOB (MOIYJIb YOPYrocTH, KodbduuueHT
[Tyaccona) u apyrue, Harpumep aaresuto. [TpuHumn agau-
TUBHOCTH 3/IECh HETIpUEMJIeM, TaK KakK 3 dekT KoMmmnos3ura
OCHOBAaH Ha CUHEpPIU3Me.

W3 [1] ogHO3HAYHO CliemyeT, YTO COBpEMEHHAas HaHO-
TEXHOJIOTUSI CTPOUTETBHBIX MaTepUaIOB — 3TO TEXHOJIOTHS

The analytical review of 170 articles about nanotechnolo-
giesin materials science recently published in the «Stroitel'nye
Materialy» (Construction Materials) Journal [1] is obviously
an honour of its author — E.V. Korolev, as it highlights the
classification of methods of controlling the materials struc-
ture formation with nanoparticles (NPs) of different chemi-
cal nature alongside the methods of activation, and the
mechanisms of modification. Reasonable guidelines for fur-
ther investigations in this promising branch of materials sci-
ence are suggested. Evidently, not all the concepts of this re-
view are indisputable in relation to construction materials.
For example: «The controlled structure formation of the mate-
rial at the atomic-molecular level providing the guided forma-
tion of the substance with targeted properties is a differential
characteristic of nanotechnologies ...». Firstly, the «formation»
of the substance at the atomic-molecular level (at the ang-
strom level) is the chemical synthesis, the properties of solid
products of which may be worked out by reference to the
Huggins principle of additivity of links and groups contribu-
tions [2], which is well-known in organic polymers [3].
Secondly, the substance cannot be identified with the mate-
rial. At the same time, the equation of composite material
strength R, as «the sum of contributions made by separate
elements» ([1]p. 49), in our opinion, does not let calculate the
real strength of the real material, because it does not take into
account the geometric factor of the structure, the deforma-
tion properties of components (modulus of elasticity,
Poisson’s ratio) and other things, such as, adhesion. The ad-
ditivity principle cannot be sufficient here, as the composite
effect is based on synergism.

According to the [1], the modern nanotechnology of con-
struction materials is the technology of their modification by
nanoscale admixtures, and, as a matter of fact, comes down
to the technology of introducing admixtures of «primary»
nanometerials into well-known types of construction materi-

* PaboTa BBITIOJIHEHA B paMKax IPOEKTa 0 TOCYIapCTBEHHOMY 3anaHuio MuHoopHayku PO B chepe HayuHoit nesitesibHOcTH Ne 7.1955.2014/K.
* The research is done within the project as per the order of The Ministry of Education and Science of the Russian Federation Ne 7.1955.2014/K.
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Fig. 2. Basic physicomechanical and technological characteristics of PVC-samples modified with silica sol

UX MOIM(MUIIMPOBaHUSI HAHOpa3MePHBIMU J00aBKamMu 1, o als, i.e. according to the classification of the Government of
CyTH, CBOIIUTCS K TEXHOJIOTMU BBeNeHUS B U3BecTHbIE BUIbI  the Russian Federation Ne 1192-p of 07.07.2011 concerning
CTPOUTENIBHBIX MaTepualoB J00aBOK «IIepBUYHBIX» HaHO-  manufacturing of the group «B» products which contain
MaTepuaoB, T. €. o Kiaccudukauuu [IpaButeascTBa PO group «A» nanoproducts.
Ne 1192-p o1 07.07.2011 1. — K TTOJIy4eHHU IO TOBAPOB I'PYTIIIHI The specificity of construction materials nanomodifica-
«b», comepxanimx HAaHOTIPOMYKTHI TPYIIITHI «A». tion technology is in the complexity of statistically regular
Cnenuduka TtexHonorun HaHomomaudunmpoBanusa  distribution of low doses of primary nanoparticles in them,
CTPOUTENILHBIX MaTePUAJIOB 3aKJII0YAETCS B CJIOXKHOCTH cTa-  which also tend to the clustering. The complexity and re-
TUCTUYECKM PAaBHOMEPHOTO pacmpelesieHus B HUX Majblx  source consumption of the technologies of producing pri-
J103 TIEPBUYHBIX HAHOYACTUII, CKJIOHHBIX K TOMY e K arpe-  mary nanomaterials, for example carbon nanotubes, as-
rupoBaHuto. CJIOXHOCTb U peCypco3aTpaTHOCTh TexHoo-  tralenes, fullerenes, etc. cause their high their high prime cost
TUI TMOJyYeHMs TIepBUYHBIX HaHOoMaTepuaioB, HarpuMep  and a higher price on the market. Therefore, the coefficient
YIJIEpOMHBIX HAHOTPYOOK, acTpajieHOB, (pyuiepeHoB u ap., of technical and economic efficiency of nanotechnology ap-
00YCJIOBJIMBAIOT MX BBICOKYIO Ce0ECTOMMOCTD U ellie 6oyib-  plication suggested in [4] is so important. The coefficient
LIy 1HeHy Ha pbiHKe. [ToaTomy cTONb BaxkeH mpemioxkeH-  characterizes, in essence, the effect value:

Hblil B [4] KOB3DULMEHT TEeXHMKO-3KOHOMUYECKON 3- SF
(peKTUBHOCTH TTPUMEHEHUST HAHOTEXHOJIOTUY, KOTOPHIN Xa- ke = 5C°
pakTepu3yeT, B CYIIIHOCTH, CTOMMOCTh d(pekTa:
k= 9F where 0 F is the relative change of the integrated index of the
IT5C material quality, 6C is the relative change of its cost. The

rae 8 F — OTHOCUTEIbHOE U3MEHEHHE MHTETpaIbHOTO IToKa-  problem of optimized concentration of the modifying na-
3arelis KayecTBa Matepraia; O C — OTHOCUTEIbHOE M3MeHe-  noobject becomes crucial here. It is determined depending
Hue ero crouMmoctd. M 3mech KioueBbIM CTaHOBUTCS BOo-  on the concentration or on the basic index of nanomodified
poc 00 ONTUMaIbHON KOHLIEHTPAIlMM HAHOOObEKTa — MO-  construction material, for example mechanical strength or
mudukaTopa, onpeneasieMblii U3 3aBUCUMOCTH OT Hee WM any combination of other properties, including technological
OCHOBHOTIO MoOKa3zaresisi HaHoMoauguuupyemoro crpou- ones. In their turn, these concentration dependences are de-
TEJLHOTO MaTepuayia, HallpuMep MeXaHM4ecKoil mpouyHo-  termined by the mechanisms of nanomodification of a defi-
CTH, WJIK TOTO WJIM MHOTO COYETaHUs APYrux, B TOM uucie  nite material. They become evident in the localized zones of
TEXHOJIOTMYECKMX CBOMCTB. B cBOIO ouepenn, 3Tn KOHIIEH-  the material structure which are most defective, poorly or-
TpallMOHHbBIE 3aBUCUMOCTH oTpenesstorcs mexaHusmamu  dered and amorphous.

HaHOMOAMGUIMPOBAHMSI KOHKPETHOIO MaTepuaa, IposiB- It is well-known that in nanoparticles surface properties
JISIOIIMMUCS B JIOKAJIbHBIX 30HAaX ero CTpyKTyphl, Haubonee  dominate bulk ones, therefore with their vast specific surface
ne(eKTHBIX, MAJIOYIOPSI0YCHHBIX U aMOP(HBIX. area its energy per unit volume or weight is equally high. It is

M3BecTHO, 4TO B HAHOYACTHUIIAX ITOBEPXHOCTHBIE CBOIi-  commonly known [5] that it is possible to divide nanoobjects
CTBa mpeobjagaloT Haja OOBEMHBIMM, TO3TOMY INpU MX into three groups taking into account the proportion size of
OTPOMHOM YIebHOI TTOBEPXHOCTU e¢ 3Heprus B enuHulle  the surface area (8,) or a corresponding diameter of spherical
o0beMa MJIM MacChl CTOJIb Xe Beiauka. Ilo BenmmumHe moau  nanoobjects. The first group of nanoobjects have the size of
IMOBEPXHOCTH () WJIM [0 COOTBETCTBYIOIIEMY eif mnaMeTpy  1—3 nm and the proportion 8, is 99—50%; the second one is
c(hepruecKuXx HAaHOOOBEKTOB MOCIeAHNE, KaK U3BecTHO [5]  3—50 nm and 8, is 50—4%; the third one is 50—100 nm and 3,
MOXHO pa3aeJuTh Ha Tpu rpymmbl. IlepBas rpymnma HaHo-  is 4—2%. The surface layer is characterized by the higher en-
00BEKTOB UMEET pa3Mephl OT 1 10 3 HM, U I0Jis O, COCTaBsI-  ergy in comparison with the volume.
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Ta6nuua 1
Table 1

MokaszaTenn NOAMBUHUAXIOPUAHbIX HAHOKOMIMO3UTOB
Indices of polyvinylchloride nanocomposites

PaspaboTaHHble cocTaBbl, Ha 100 M. 4. MBX
Developed compositions, per 100 wt. of PVC
100 M. 4. opeBECHON MyKKn
MokaszaTenb 0,001 M. u. 100 wt. of wood flour
Index 6e3 no6askn | cyxux MYHT | 0,003 m. 4. K3 +2.45m. 4. K3
without additive | 0,001 w. t. of | 0,003 wt. SS 6e3 no6asku +2 M. 4. StCa
dry MCNT without additive | + 2,45 wt. of SS
+ 2 wt. of StCa
Mpo4yHOCTbL Npu pacTaxeHnn, MMa
Longitudinal strength, MPa 36 41 40 28 32
Mogaynb ynpyrocTtu npu pactsxxeHmn, MMa 2981 3080 2998 _ _
Tension modulus, MPa
BoponornoweHne, % 3a 24 4
Water absorption, % per 24 hours 0.21 0,15 0.15 8.6 7.6
MNTP, r/10 muH npn 190°C
MFI, g/10 min at 190°C 0.28 0.39 0,39 0.1 1.8
TepmMocTabunbHOCTb, MUH Npu 200°C
Thermostability, min. at 200°C 64 180 150 100 160
McTnpaemocTb, MKM 113 64 73 77 70
Durability, um

et oT 99 1o 50%; BTopasg — ot 3 1o 50 HM, &, oT 50 10 4%;
TpeThbst — oT 50 1o 100 HM, 1 8, oT 4 10 2%. [1oBepXHOCTHBII
CJIOM XapaKTepU3yeTCs ITOBBIIICHHOM B CPaBHEHUU C 00be-
MOM SHEPIrueiu.

B ocHoBe MexaHU3MOB AEWCTBMSI HAHOYACTHUIL JIeXaT
cJiemyolIe MMOBepXHOCTHbBIC 3G (EKThI: aacopOLust ¢ oopa-
30BaHMEM I'PaHUYHBIX CJIOEB BEIIeCTBA (MAaTPULIbI), OKpYXa-
OIIIeTO YaCTHUIIbl C UBMEHEHHOM CTPYKTYPOUl U CBONCTBAMH,
— Hamboisiee 3¢ (GEKTUBHO 3TO IIPOSIBIISICTCS B ITOJIMME-
pax [6]; xeMOCOpOLMs — XUMHUUYECKUE PEAKIMU OKPYXKaro-
el TUCIIePCUOHHOM Cpelibl C MOBEPXHOCThIO HAHOYACTHII,
Harnpumep HaHovactull SiO, ¢ Ca(OH), B ieMeHTHOM KaMm-
He [7]; Toronornyeckuit apdekT — JIoKanu3alus HaHoYa-
CTHII B AeheKTaxX U yIbTPaMUKPOITYCTOTaX (hOPMUPYIOIIEHi-
Cs, B YaCTHOCTU KPUCTAJIU3YIOIIEICS, TUCTIEPCHOM CUCTE-
Mbl [8]. Kaxnplii 13 3TuX 3(h(HEeKTOB MOXKET MPOSIBJISITHCS OT-
JIeJIbHO, HO Yallle BCEr0 COBMECTHO, TPUBO/IST K CUHEPTU3MY.

Lleabio qaHHO# CTaTbU SIBUJIOCH MOKAa3aTh 3aKOHOMEP-
HOCTb UBMEHEHUSI TeX WJIM MHBIX CBOMCTB Pa3IMYHbIX BUOB
CTPOUTENIbHBIX KOMITO3UTOB UM UX MaTPUIL TIPY BBEACHUU
HaHOMATEPHUAIOB Pa3NIHON XUMHWYECKOMN MPUPOALI, T. €.
XapakTep KOHIIEHTPAIIMOHHBIX 3aBUCUMOCTENl HAaHOMOIM-
(uuupoBaHus. DTO — MOJAUMEPHBIE KOMIIO3UThHI HA OCHOBE
[1BX, smokcuaoB, KapOaMUIHBIX CMOJI; CTPOUTEIbHAS Ke-
pamMuKa, OUTyMHO-TIOJIMMEPHBIC BSDKYIIWE, TOPTJIAHILIC-
MEHT, KOTODPbIE «I1OABEPTAIUCH» HAHOMOAUGDULIMPOBAHUIO.

HauyneM ¢ HaHOMomuduKauy TMOJIMMEpPOB, TOYHEE, C
MOJIy4eHUsI MOJIMMEpPHBIX HaHokommo3uToB (ITHKM).
HanomuuM, uTo KOMIo3uMoHHbIi Marepuan (KM) — ato
MOHOJIUT, KOTOPbIf COCTOUT U3 AIBYX U OoJiee ¢as, pa3aesieH-
HbBIX TPaHULICH pa3ziesa, B3auMOJEHCTBIE MO KOTOPOM MpU-
BOIUT K TOSIBJICHUIO CBOMCTB, OTJIMYHBIX OT CBOMCTB KaXKI0-
TO TIPY COXpaHEHWU MHAMBUIYATbHOCTH KaXXI0T0, KaK Tpa-
BWJIO, K OTKJIOHEHUIO OT YCJIOBUS aIIUTUBHOCTU CBOKCTB,
T. €. K CHHepru3my [9]. A mocKoJibKy CBOICTBa HAHOYACTULIBI
(HY) «T015KO MOBEPXHOCTHBIC», TO U 3(PDEKT MOJIMMEPHBIX
HAHOKOMITO3UTOB OCHOBAaH Ha aJCOPOIIMOHHBIX WJIM XeMO-
COPOLIMOHHBIX sIBIEHUSIX. [ToMMepbl — BHICOKOMOJIEKYJISIP-
HBIE BEIIEeCTBa, M MX TPAHUYHBIE CJIOM Y TIOBEPXHOCTH TBEP-
JIBIX YACTHI] TOCTATOYHO MPOTSIKEHHBIE (MKM), a CTPYKTYpa
1 CBOICTBA OTJIMYHBI OT TAKOBBIX B 00BbEME MTOJIMMeEpa.

B nocnenHee BpeMsi moJiMMepHbIE HAHOKOMITO3UIIMOH-
Hble MaTepuajbl CTAJIM BBIACISITh KaK 0COOBIN Kjacc Mare-

(N POVIEIIBHBIE

The following surface effects form the basis of the mecha-
nism of actions of nanoparticles: adsorption with the forma-
tion of the boundary layers of the substance (matrices), sur-
rounding the particles with permanent structure and proper-
ties — it is most sufficiently used in polymers [6], chemisorption
— chemical reactions of the dispersive medium with the sur-
face of nanoparticles (for example, nanoparticles SiO, with
Ca(OH), in cement stone [7]), topological effect — localiza-
tion of nanoparticles in the defects and ultramicropores of the
developed dispersion system, in particular a crystallizing
one) [8]. Every of these effects may occur separately, but more
often they occur combined leading to synergism.

In this article we intend to show the dependence of
change of any properties of different types of construction
composites or their matrices at the introduction of nanoma-
terials of different chemical nature, i. e. the character of
concentration dependences of nanomodification. These are
PVC-, epoxide- and carbamide resin-based polymer com-
posites; ceramics; bitumen-polymer binders and Portland
cement which we exposed to nanomodification.

The first to be considered is the nanomodification of
polymers, to be more precise producing polymer nanocom-
posites (PNCs). It should be reminded that the composite
material (CM) is a monolith consisting of two or more phases
divided by the interface interaction at which causes the for-
mation of properties different from those of individual com-
ponents saving their characteristics. As a rule it leads to the
departure from the condition of properties addidivity, i. e. to
synergism [9]. As the properties of the nanoparticle (NP) are
«merely surface characteristics», the effect of the polymer
nanocomposites is based on the adsorption and chemisorp-
tion phenomena. Polymers are high-molecular substances
and their boundary layers at the surface of solid particles are
rather extended (um), and their structure and properties are
different from those within the polymer.

Recently, polymer nanocomposite materials began to be
distinguished as a particular class of materials opening new op-
portunities of modification in which microdoses of NPs lead to
the transition of the whole polymer into the state of boundary
layers with high density, heat resistance, and strength.

The most widespread industrial polymers are used as ma-
trices in PNCs [10]. Many nanosized products are manufac-
tured on a commercial scale and are a new class of alternative
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pUAJIOB, OTKPHIBAIOIINIT HOBbIE BOZMOXHOCTH MOIUMDULIM-
poBaHusI, Ipu KoTopoM MUKpoao3sl HY npuBoasT K nepe-
BOJIy BCETO MOJIMMepa B COCTOSIHME I'PaHUYHBIX CJIOEB C MO-
BBILLIEHHOM TJIOTHOCTBIO, TEIJIOCTOMKOCTBIO, TIPOYHOCTHIO.

B kauectBe matpun B [IHKM wucnons3ytor Haubosee
pacTmpocTpaHeHHbIe TMPOMBIIIJIEHHbIE TMoauMepsl [10].
MHorue HaHOpa3MepHbIe MTPOIYKTHI TPOU3BOASATCS B KOM-
MepUecKrX MaciuTabax v MpeacTaBIsiOT HOBBIM KJIAcC ajlb-
TEPHATUBHBIX HAMOJHUTENEH ISl TosuMepoB. Cpeau HUX
MEePCMEKTUBHBI U MPENCTABISIOT 0O0JIbIION UHTEPEC TS UC-
clienoBaresieii: OpraHOTJIMHbBI, CHHTETUYeCKE HAaHOHATIOJ-
HUTEJM Pa3IMYHOro XMMUUeckoro cocrasa (Si0,, Al,O;,
TiO, u np.), yriaeponHsle CTPyKTypbl (dyuiepeHsl, rpadur,
HAHOHUTH, OJHO- U MHOTOCTEHHbIE HAHOTPYOKHM, (yiepe-
HOBasl YepHb, HaAHOCAaXa), MeTaJuIMuyeckue HaHodasbl (Ha
OCHOBE KeJjie3a, MeIM, IIMHKa, cepedpa, KaaMmus U Jp.),
CUHTETUYECKUE TJIOOYJISIpHBIE ACHAPUMEDPHI, TUTIEppa3BeT-
BJICHHBIE TIOJTUMEPHI U IIp.

K ocHoBHbIM noctouHctBaM [THKM MoxHO oTHecTu:
TOBBIIIIEHHbIE 3HAYEHUsI IKCILTyaTallMOHHBIX CBOICTB, Ta-
KHX KakK MeXaHW4yecKash MPOYHOCTb, MOIYJb YIIPYTOCTH,
TEIJI0- U TEPMOCTONKOCTb, TPEIIMHOCTOMKOCTb, CTaOUIb-
HOCTh pa3MepoB M3JIEJNii, a TAKXKE CTOMKOCTh K arpeccuB-
HbIM cpenam. Ho y ITTHKM umetrorcest cBou HepocTtaTku, 00-
YCJIOBJIEHHBIE CJIOKHOCTBIO PABHOMEPHOTO pacIipeaeIeHUs
HY B nmonumepHoOit MaTpulle U AUCIEPrUPOBAHMS UX arpe-
ratoB wiu arjaomepartoB. IloaTomy 3amaya crabwimzaluud
HY kak mepBUYHBIX MOAU(DUKATOPOB SIBJSIETCS OAHOUN U3
BaXKHEHIIINX B HAHOTEXHOJIOTU .

HecMoTpsi Ha CIOXHOCTU TIOJIyde€HUsI, HEOCIIOPUMBbIE
npeumyiectsa [IIHKM nepen ITKM crmoco6CcTBYIOT TOCTO-
STHHOMY POCTY PbIHKA MX IMPOM3BOJCTBA U MTOTPEOIEHMS.

IIBX sBisieTcs OMHUM M3 CaMbIX MHOTOTOHHAXHBIX T10-
JIUMEPOB Cpeu TepPMOILJIACTOB, MPEBOCXOMASIIMM BCE APY-
rve mo pa3HooOpa3uio BO3MOXHOCTEH mepepaboTku (IKc-
TPYAUPOBAHUE, TIPECCOBAHME, KajlaHAPUPOBaHUE, JINThE
TI0/1 JaBJICHUEM, TTOJTyYeHHE U3 TTaCT ¥ BaKyyM-(OpMOBaHUE
13 JIMCTOB U TJICHOK) Y KOJIMYECTBY BBIMTYCKAeMbIX TTPOAYK-
ToB (Oonee 3500 BumoB m3nenuit). Hukakoit apyroii ria-
CTUK HE MOXET CPAaBHUTBCS C HUM IO ONTUMATbHOMY COOT-
HOIIIEHUIO CTOMMOCTH M BKCIIyaTallMOHHBIX CBOMCTB
(npouHocTk nipu u3rude [1BX obpasios B 1,5—2 pa3za Bhiiiie,
MOJIYJIb YIIPYTOCTHU IIpY M3THOe B 2—2,5 pa3a BbIIIE, YeM Y
[II1 u I13). OH MUPOKO UCHOIb3YETCS B TEXHUKE, CTPOU-
TEIbCTBE, CETHCKOM XO3SIMCTBE U METULIHE.

B mupoBoMm MmacmTabe moutu 60% ITIBX cocraBisiet
«CTpOMTEbHAsI» MPOAYKLIMS, TiprueM 6ojiee 90% u3 HUX —
MaTepualibl M u3aenus u3 HerutactuduimposanHoro [1BX
(TpyOBI, GUTUHTHY, OKOHHEIE, IBEPHBIC 1 (hacagHbIe Tpodr-
JIA, TIOMOKOHHUKU, CTEHOBbIE W TIOTOJIOYHBIC MAHEN, caii-
JIVHT, TUTMHTYCBI, OTAEJIOYHbIC TTAHEIU U T. 11.).

B nocienHue roabl Bo BCeM MUPE MHTEHCUMBHO pa3BUBa-
eTcsl MPOM3BOJICTBO JIPEBECHO-MOJUMEPHBIX KOMITO3UTOB —
JATITK (rmonumepsl, HamoJIHEHHBIE IpeBECHO Mykoii). B
EBponie momuuupyrot JII1K Ha ocHoBe 11D u I1I1, 3 CILIA
— Ha ocHoBe [1BX.

Hanomomudukanus [IBX u AITK-IIBX npencrasisier
UHTEpPEC HE TOJbKO C 1eJbl0 TMOBBIIIEHUSI (U3UKO-
MEXaHUUYECKUX CBOMCTB, BOOOCTOMKOCTU U TEPMOCTAOMIIb-
HOCTH, HO Y TEXHOJIOTMYHOCTH, olleHruBaeMoii 1o [1TTP (mo-
KazaTeJib TEKy4eCTH pacruiaBa).

B xayecTBe mepBUYHBIX HAHOMOIU(PUKATOPOB OBLIN HC-
MOJIb30BaHBl MHOTOCJIOMHBIE YIJEPOIHbIE HAHOTPYOKU
(MYHT tuna «cBurok» mapku «C-100» Graphistrength™
dupmbl «Arkema») B BHMIE CyXOro IMopollKa U cTabu-
JIM3UPOBAHHOW BOJHOM CYCHEH3MM U KPEMHE30JIb
(OAO «KazXumHWMW») — kosmouaHblii BOIHBIN pacTBOP
okcuaa KpemMHus, cradbwimsupoBaHHbIE NaOH. MYHT
uMeror 10—15 cimoeB TpyOOK ¢ BHEIIHUM JIUAMETPOM
10—15 HM, cpenHeit mIoTHOCTBIO 50—150 Kr/M%, ynenbHoI
HoBepXHOCTHIO 119,33 M%/T. KpeMHe301b NMeeT IUIOTHOCTb
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fillers for polymers. The following ones are promising and
interesting for the researchers: organoclays, synthetic nano-
fillers of different chemical composition (SiO,, Al,03, TiO,,
etc.), carbon structures (fullerenes, graphite, nanowires, sin-
gle- and multi-wall nanotubes, fullerene black, nanosoot),
metal nanophases (iron, copper, zinc, silver and cadmium-
based, etc.), synthetic globular dendrimers, hyperbranched
polymers, etc.

The increased value of performance properties, such as
mechanical strength, modulus of elasticity, heat resistance,
thermostability, cracking resistance, stability of product siz-
es, and resistance to aggressive environments may be regard-
ed as the basic advantages of PNCs. However, PNCs have
their disadvantages caused by the complexity of regular distri-
bution of NPs in the polymer matrix and dispersion of their
aggregates and agglomerates. Therefore, the aim of stabiliza-
tion of NPs, as primary modifiers, is one of the most impor-
tant in nanotechnology.

In spite of the difficulty of their production, the undeni-
able advantages of PNCs over PCs promote the continuous
growth of the market of their production and consumption.

PVC is one of the most large-tonnage polymers among
the thermoplastics surpassing all the rest in the variety of
processing opportunities (extrusion, press moulding, calen-
daring, reaction injection moulding, production from pastes
and vacuum moulding from sheets and films) and the number
of manufactured products (more than 3500 types of prod-
ucts). No other plastic can be compared with it in optimal
ratio of cost and performance properties (flexural strength of
PVC samples is 1,5—2 times higher, the modulus of elasticity
in flexure is 2—2,5 times higher than those of PP and PE). It
is widely used in engineering, construction, agriculture, and
medicine.

Worldwide, almost 60% of PVCs are «construction»
products, and more than 90% of them are materials and
products made of the Rigid Polyvinyl Chloride (RPVC)
(pipes, fittings, window, door and facade profiles, window
sills, wall and ceiling panels, sidings, baseboards, finishing
panels, etc.).

Recently, all over the world the production of wood-
plastic composites (WPCs) (polymers filled with wood flour)
has been developed intensively. PE- and PP-based WPCs
dominate in Europe, PVC-based WPCs — in the USA.

Nanomodification of PVC and PVC-based WPC is of
interest not only with the purpose of improvement of physi-
comechanical properties, water resistance, thermostability,
but also workability measured by MFI (melt flow index).

The multilayer carbon nanotubes (MCNTs of the «scroll»
type of the trademark «C-100» Graphistrength™ produced
by Arkema in the dry powder form and stabilized aqueous
slurry) and silica sol (Kazan Chemical Research Institute,
0JSC), which is silicon oxide aqueous colloid, stabilized with
NaOH were used as primary nanomodifiers. MCNTs have
10—15 layers of tubes with outer diameter of 10—15 nm, aver-
age density — 50—150 kg/m?, specific surface area —
119,33 m?/g. The density of silica sol is 1200 kg/m3, pH —
10,3, viscosity — 20 cSt, the micelle diameter is 5—9,5 nm.

They were introduced in the polymer matrix with the help
of PVC concentrate premixes with nanoparticles or «by
means of a filler» — wood flour, preliminarily mixed with
MCNT water ultra-dispersion or silica sol, and dried after-
wards.

The results of nanomodification are presented in the
Fig. 1 and 2 and in the Table 1 [11, 12], which prove that
concentration dependences of properties have well defined
extremes at 0,001 wt. of «dry» MCNT per 100 wt. of PVC and
at 0,003 wt. of water slurry of nanotubes. The similar regular-
ity occurs in the modification of PVC with silica sol (SS):
extreme curves with more acute maximums of strength, melt
fluidity and water resistance occur at 0,003 wt. of SS per
100 wt. of PVC.
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Fig. 3. Dependence of compression strength
of epoxyamine polymers on the CNT concentration:
1 - ED20+370UP; 2 - ED20+370U

0,025

plasticizer

1200 kr/m?, pH — 10,3, Bsizkoctb — 20 cCT, AMaMETp MHU-

et — 5—9,5 Hm.

BBeneHue MX B MOJMMEPHYIO MATPUILY OCYIICCTBIISLIN
yepe3 KoHUeHTpaTel-TipeMukchl [IBX ¢ HaHowactuiamm
WU «depe3 HAMOJHUTENb» — OPEBECHYIO MYKY, TIpeIBapy-
TEJIbHO CMEIIaHHYIO C BOOHO! yiabTpagucnepcueii MYHT
WM KPEMHE30JIEM U 3aTeM BBICYIIIEHHYIO.

PesynbraThl HAaHOMOAMGULIMPOBAHUS TTPEACTABIECHBI Ha
puc. 1 u2u B Tadm. 1 [11,12], u3 KOTOPBIX BUTHO, UTO KOH-
LIEHTPAIMOHHbIE 3aBUCMOCTH CBOCTB UMEIOT SIPKO BbIpa-
KeHHble aKcTpeMyMbl mipu 0,001 M. 4. «cyxux» MYHT Ha
100 mac. 4. [I1BX u mpu 0,003 M. 4. BOZHOI CyCIIEH3UM Ha-
HOTPYOOK. AHAJOTMYHAasl 3aKOHOMEPHOCTD IIPOSIBIISIETCS U
npu moaudukaiuu [TBX kpemuesonem (K3): akcTpemaib-
Hble KPUBbIE ¢ Oosiee pe3KMMU MaKCUMyMaMu MPOYHOCTH,
TEKY4YeCTU pacruiaBa U BOMOCTOMKOCTHU TIPOSIBIISIIOTCSI TIpU
0,003 m. 4. K3 1a 100 m. 4. [1BX.

«OcTphIii» XapakTep KOHIICHTPAIIMOHHBIX KPUBBIX Tpe-
OyeT TIIATeJIbHOCTU COOJIONEHUS TeXHOJOIMYEeCKUX Itapa-
MeTpoB aucrieprupoBanusi HY (MX KOHLEHTpAaToB) B Ma-
TpUle nojuMepa 1 KoMnozuta. DpdeKTHBHOCTb HAHOMO-
nudunuposanus AITK-TIBX nmpu pa3HbIX BapuaHTax BBe-
neHus HY (B maHHOM ciiydyae KpeMHE30J151) — B IPEBECHYIO
MyKy, B [IBX 1 coBMecTHOro BBeIeHUS B APEBECHYIO MYKY
n I1BX, nokaszana B ta6i1. 1 u 2. I3 HUX BUIHO, YTO MOKHO
JIOCTUYD OOJIBIIION CTEIeHW HAlOJIHEeHUs (MacCOBOM U 00b-
€MHOI1) TPY OHOBPEMEHHOI MOAUGDUKALIMM KPEMHE30JIeM
kak 3epeH [1BX, Tak u yactun npesecHoit Myku. CTeneHb
HAIlOJHEHUS! 3HAYUTEIBHO BBIIIE, YeM B KOMITO3ULIMSIX
TIPOMBIIIIJICHHBIX aHAJIOTOB POCCUICKMX TTPOM3BOAMTENICH,
rae oHa cocrapisier 66—100 m. 4. Ha 100 m. 4. [IBX. A 3T0
— CYILIECTBEHHbII CTOUMOCTHBIU (haKTop.

KoabduimeHT TeXHUKo-3KOHOMUYECKo 3(pheKTUBHO-
ctu Hanomoaupukarmu [TBX-ITK kpemHesomeM Ko =12.

[lepeitnem k BrIcOKOTpoYHBIM [IKM KOHCTpYKIIMOH-
HOTO Ha3HAYeHUs, a UMEHHO K TIOJIMMEPKOMIIO3UIIMOHHOM
apmatype (IIKA) Ha OCHOBE 3MOKCHUIHBIX CBSI3YIOILIUX.
HccnenoBanusi HaHOMOAMMUIIMPOBAHUS TTOCIEAHUX ObUTU
ornucaHbl paHee B [13]. g MoauduKaluy MCHoib30BaIu
cjenylole HaHoMaTepuabl:

1. ToHKOmMCTIEPCHBIE CYCIIEH3UU METaJUIOYTJIEPOTHOTO
"HaHokommo3uta (MC 1, 2, 3, 4) B oTBepauTelie 310K~
cugHoit  cmoubl u30-MTI'®PA  (mpousBoaCTBO
000 «MBM3 Kymoin»).

2. TBepaplil KOHLIEHTPAT MHOTOCTOMHBIX YIIEPOIHBIX HAHO-
Tpyook mpmMbl Arkema (@Ppaniwmst) Graphistrength C S1-25
— xkoHueHTpaT YHT B opranmnueckoit MaTpuiie, comep-
xameir MoHomep DGEBA, 6ucdenon A (comepxkaHue
JIVCIIEPIUPOBAHHBIX MHOTOCTOMHBIX YHT 25%).
HawuGosnbime mokasareayd MPOYHOCTU HaOJI0Ia0TCs B

YCIOBMSIX TepMooOpaboTku cBg3ymomiero mpu 130°C.

IIpoyHOCTh MpU CXATHUM, aAre3usi K CTAIM U TEIUIOCTOM-

(N PONIEIIBHBIE

CopepxaHue nnactudukaropa, %

Puc. 4. NameHeHne NnacTUYHOCTU Mn-
HSHOroO cbipua nNpu mMoamdukaumun nna-
ctudukatopom Arkema

Fig. 4. Plasticity change of non-burnt clay
in the modification with the Arkema

KoHueHTpauua JA, %

Content plasticizer, % Content devulcanizin agents, %

Puc. 5. 3aBucnumocCTb renb-ppakLumm oT KOH-
LeHTpauMmM [OeBYNKaHM3YIOWNX areHToB:
1 — KOMMNO3ULUS C HEO30HOM; 2 — C aLeToHa-
HWUIOM; 3 — C KPDEMHE30NEM

Fig. 5. Dependence of the gel-fraction on the

concentration of devulcanizing agents:

1 - composition with neozone; 2 - with

acetone anil; 3 — with silica sol

The «acute» character of concentration curves demands
accuracy in the technological parameters of dispersion of NP
(their concentrates) in the matrix of polymer and composite.
The efficiency of nanomodification of PVC-based WPCs at
different variants of NPs introduction (in this case, silica sol)
— in wood flour, in PVC and combined wood flour and PVC
— is shown in the Tables 1 and 2. They give evidence that it is
possible to attain a higher degree of filling (mass and volume)
at the simultaneous modification of both PVC grains and wood
flour particles, with silica sol. The degree of filling is much
higher than that in the composites of industrial analogues of
Russian manufacturers in which it is 66—100 wt. per 100 wt. of
PVC. That is an essential factor influencing the cost.

The coefficient of technical-and-economic efficiency of
PVC-based WPC nanomodification with silica sol ks =12.

The next to be considered are high-strength structural
PCs, to be more precise the epoxide binders-based polymer
composite reinforcement (PCR). The researches of the modi-
fication of epoxide binders were described earlier in [13]. The
following nanomaterials were used for the modification:

1. Fine suspensions of metal-carbon nanocomposite (MC 1,
2, 3, 4) in the epoxy hardener Iso-MTGFA (produced by
«Izhevsk Electromechanical Plant Kupol», JSC).

2. Solid concentrate of multilayer carbon nanotubes made
by «Arkema» (France) Graphistrength C S1-25 is the
CNT concentrate in organic matrix containing the mono-
mer DGEBA, bisphenol A (the content of dispersed
multilayer CNTs is 25%).

The highest indices of strength are observed in the heat
treatment conditions of the binder at 130°C. The compres-
sion strength, adhesion to copper and heat resistance of ep-
oxy binders modified with MC epoxy-carbon nanocompos-
ites attain the peak values at 0,001 wt. % of the curing agent:
strength — by 16%, adhesion to steel — by 25%, and heat re-
sistance — by 28%.

In the modification of epoxide binders with CNT
(Graphistrength C S1-25) at a rate of 0,001—0,005 wt. % the
adhesion to steel increases by 18—23%, and strength — by 15%.

In the modification of epoxyamine binders the CNTs
were introduced into the ED-20 resin, as the curing agents
— 370U and 370UP aromatic amines («Epital», LLC) — have
high viscosity and it is rather difficult to regularly distribute
nanoparticles in them.

The Fig. 3 illustrates that the maximum strength is ob-
served at the introduction of the ultra-small concentrations:
for ED-20+370U, it is 145 MPa at the CNT concentration of
0,005%, for ED-20+370UP — 146 MPa at 0,007% of the
binder mass at the strength of non-modified samples of 127 u
125 MPa respectively.

The construction ceramics was nanomodified by the in-
troduction of the water soluble surfactant, an aqua solution of
a craft-copolymer of acrylic polycarboxylate and polyethyl-
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Tabnuua 2
Table 2

OCHOBHbIE NOKa3aTenn pa3paboTaHHbIX APeBeCHO-HanoJIHEeHHbIX MBXkKoMmnoanunii
c cooTHoweHuem NBX/AM=100/100 (mac. 4.)
Basic indices of developed wood-filled PVC composites with the ration PVC/wood flour (WF) =100/100 (wt.)

PaspaboTaHHble cocTaBbl
MNoka3zaTenb Developed compositions
Index |'|BX+,£|,M+1’75 M. 4. K3 I-IBx+O,7 M. 4. K3+fD|M an+0,7 M. 4.K3 M+1,75 M. 4. K3
PVC+WF+1 ,75 wt. SS Pvc+0,7 wt. SS+WF Pvc+0,7 wt. SS+WF+1 ,75 wt. SS
MpoyHOCTb Npu pacTsxeHuu, MlMa o8 34
Longitudinal strength, MPa
BoponornoweHue, %
Water absorption, % 8,6 7.5
MNTP, r/10 MuH
MF1, g/10 min 0.06 0.15
TepMocTabunbHOCTb, MUH
Thermostability, min 105 9 108
NcTupaemocTb, MKM
Durability, pm 74 77 68
MukpoTBepaoCTb No Bukkepcy, |<rc/MM2
Vickers microhardness, kgf/mm? 15,7 14,3 16,5
MakcumanbHasa CTeNeHb HANOMHEHWS, M. 4.
Maximum degree of filling, wt. 160 180 200
MakcumarnbHas 06beMHas fona HanonHutens, % 82 84
Maximum volume percent of the filler, %

KOCTh 3TIOKCUIHBIX CBA3YIOIINX, MOIUMDUIINPOBAHHBIX Me-
NBYTIEPOAHBIMU HaHOKOMITO3UTaMu MC, MOCTUTAIOT MaK-
cuManbHbIX 3HadeHuit mpu 0,001 mac. % oT oTBepaUTENS:
MPOYHOCTh — Ha 16%, agre3ust K craiau — Ha 25%, a Terio-
CTOMKOCTb — Ha 28%.

Ilpn Momudukanmu >sHOKCUAHBIX cBsa3yommx YHT
(Graphistrength C S1-25) B kommmdectse 0,001—0,005 mac. % an-
re3us K cTany BospacrtaeT Ha 18—23%, a mpouHocTb — Ha 15%.

IIpu MoauduKay 3MOKCUaMUHHBIX cBsI3yomnx YHT
BBOIMIIUCH B cMoJy DI1-20, Tak KakK OTBEpAUTENIN — apOMa-
tnueckre aMuHbl 370Y u 370YI1 (OO0 «Bnurtainy) umeroT
BBICOKYIO BSI3KOCTh M PABHOMEPHO pacrpene/uTh HaHOoYa-
CTUILIBI B HUX BeChbMa CJIOKHO.

Kax BunHO u3 puc. 3, MakcruMajIbHasI IPOYHOCTh HAOJIIO-
JAaeTCsl MPY BBEACHWM YJIbTpaMasIbIX KOHUEHTpALWi: It
B-20+370Y orB. oHa paBHa 145 MIla npu KOHUEHTpaLUX
YHT 0,005%; mia D4-20+370VI1 ors. — 146 MIla npu
0,007% ot Macchl CBS3YIOLIETO MPU MTPOYHOCTH HEMOAN Y-
LMPOBAHHBIX 00pa3noB 127 u 125 MIla cooTBeTCTBEHHO.

Hanomonudukanmsi cTpouTebHON KepaMUKKU OCYIIIeCT-
BJISIaCh HaMU BBeJeHUeM BogopacTBopumMoro ITAB — BogHo-
IO pacTBOpa MPUBUTOIO COIOIMMEPA aKpPUIOBOTO IMOJMKAp-
OokcuaTa v MOJUATUICHIIMKOJIS, CTAOMIM3UPOBAHHOTO XJIO-
pumoM Hatpus U conepxkarero 0,1% MYHT. DtoT runepruia-
ctudukatop (rmo knaccudukauuu [MAB — pazxukureneit 1ie-
MEHTHBIX OETOHOB) Ipou3BeacH pupmoit Arkema (PpaHius).

ITAB, nonupoBannoe MYHT, BBoauIu B «BOLy 3aTBO-
pPEHMS» TJMHBI ISl TIOJyYeHUsI TIIACTUUECKOM Macchl (Te-
CTa) C BIaXHOCTBIO 28%. Pe3ynbTaThl BBeAeHMS IIacTU()U-
kaTopa ¢ MYHT (0,01%) npeacraBieHbl Ha puc. 4.

KoHleHTpanmoHHast KpyBast HOCUT 9KCTPeMaJIbHBII Xa-
pakTep [ 14], pacTeT YMCII0 MIACTUYHOCTU TJIMHSIHOTO TeCTa.
Cumxaetcs (npu 0,01% YHT) ycanka ceiplia, pacTeT cpe-
HSIS TIJIOTHOCTD ChIpIia U Yepenka, mpuieM MPOYHOCTh Ye-
penika mipu cxatuu pu BBenenun [1AB ¢ 0,01% YHT Bo3-
pactaet Ha 30% (Tabi. 3).

Brito mpoBeneHO HaHOMOIMGMUIIMPOBAHNE TIWHSIHOU
Macchl, colepxXalleil 000oramalonii KOMITOHEHT — KBap-
LIeBBII TIecoK B KonmuuecTBe 15%. [Mnactudukarop, comep-
xamuit YHT, BBonwiv no AByM BapuaHTaM: B IJIMHY U B Ie-
coK. Pesynbrathl npencrasieHsl B Tab. 4. Beenenue 0,01%
[TAB c yraepoaHbIMU HAaHOTPYOKaMHU CylIiecTBeHHO (Ha 40

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

ene glycol, stabilized by the sodium chloride and containing
0,1% of MCNTSs. This superplasticizer (according to the
classification of surfactants — fluxing agents for cement con-
cretes) is produced by Arkema (France).

The surfactant doped by MCNTs was introduced into the
«gauging water» for clay for producing the plastic material
(paste) with humidity of 28%. The results of plasticizer with
MCNTs (0,01%) are presented in the Fig. 4.

The concentration curve is of extreme character [14], the
index of clay puddle plasticity is increasing. The shrinkage of
non-burnt clay is decreased (at 0,01% of CNTs), the average
density of the non-burnt and burnt clay is growing, and the
compression strength of the burnt clay at the introduction of
surfactant with 0,01% CNTsresultsina 30% increase (Table 3).

The clay mass containing an enriching component —
quartz sand at the rate of 15% — was nanomodified. The
plasticizer containing CNTs was introduced in two variants:
into the clay and sand. The results are presented in the Table
4. The introduction of 0,01% of surfactants with carbon
nanotubes results in a significant increase of the strength of
the burnt clay (by 40 and 80% respectively).

The results of the industrial tests at the brickmaking plant
showed that at the retention of the technology of the solid
brick preparation by the method of plastic moulding the in-
troduction of 0,01% plasticizer containing 0,1% of CNTs lets
improve the mark from M100 to M175.

Thus, the high technical and economic efficiency of
nanomodification of the ceramic brick with the carbon nano-
tubes is also attained at their introduction of only 0,01 % (wt.)
without any change in the production technology. The nano-
modification efficiency coefficient is k,,=86 at the introduc-
tion of the plasticizer with CNTs into the clay, and k=171
— into the sand.

The increase of number of the processed automobile tyres
is one of the global ecological problems. Though there are
many ways of their recycling, the most attractive one is the
road construction, in particular, the usage of tyres recycled
into crumb rubber as a component of asphalt concrete pave-
ment. The well-known experience of «Rusnano» — the
«Unirem» bitumen-rubber binder used in road pavement in
The Skolkovo Innovation Center — did not show any benefi-
cial effect. In 1,5—2 years the pavement began to fail. We see
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Ta6Gnuua 3
Table 3

BnunsHmne YHT Ha cBoWicTBa ChipLia U Yepenka
The influence of CNTs on the properties of the non-burnt and burnt clay

CopepxaHue nnactudukaTopa CpenHsis ycapka, % CpeaHsist NAIOTHOCTb, Kr/M° CpeaHas Npo4HHOCTbL
cBepx Mac. % Average shrinkage, % Average density, kg/m3 npv cxatun, MrMa
The content of plasticizer above chipel, yepenok chipel, yepenok Average compressive
the mass, % non-burnt clay burnt clay non-burnt clay burnt clay strength, MPa
- 9,9 11 1680 1690 35,7
Arkema 0,01% 6,9 12,1 1770 1910 45
Ta6nuua 4

Table 4

BnunsiHme cnoco6oB8 HaHOMOAMGULMPOBAHUA HA CBOMCTBA MNIMHAHOIO ChipLa U 000XOKEeHHOr o Yepenka
The influence of nanomodification methods on the properties of the non-burnt and burnt clay

X X L CpepHssa ycagka, % CpepHsist NA0THOCTb, Kr/MS 2 ©
éﬁ S‘ ® ° s 8 % g Average shrinkage, % Average density, kg/m? 'g g 2
| 9 s o g2 o
Cnoco6 BeefeHNs E€| et I5:22% z E =S
nnactudwukatopa o 2 oE| X s 8§58 g SSEC
Plasticizer introduction | £ 8| I G &,g S &% g chipetl Yepenok chipel vepenok | £ § S 2
method Xz ég 8% g g ‘GEJ non-burntclay | burntclay | non-burntclay | burntclay | & 2 © £
S < s w
2°1 80| =238 gee
O O < <
BBeneHue B rIVHY 85 15 - 5,9 10,6 1790 1870 30
Introductionintotheclay | 85 | 15 0,01 7,2 11,8 1790 1800 42
BBe,u,eng B Mecok 85 15 0,01 6 11,8 1840 1850 54
Introduction into the sand

u 80%) yBeaMUMBaeT MPOYHOCTh OOOXKEHHOTO Yeperika,
COOTBETCTBEHHO BapMaHTY BBeICHUS MOAM(MUKATOPA.

Pe3ynbTaThl TPOMBIIIIEHHBIX UCTTBITAHWIA HA KUPITUYHOM
3aBOJIe TIOKA3aJI1, YTO MPU COXPAaHEHUN TEXHOJIOTUH TTOTyJe-
HMSI TIOJTHOTEJIOTO KUPITMYa METOAOM TUIACTHUUYECKOTO (hopMo-
Banus BBemeHne 0,01% mnactugukaTopa, COmEPXKaIero
0,1% YHT, no3Bonmuto yBeTmIuTh MapKy ¢ M100 mo M175.

Takum o6pa3oM, BbICOKAsT TEXHUYECKAST U 9KOHOMMYE-
ckast 3((HEeKTUBHOCTh HAHOMOAN(DHUKALINY KEPAMUIECKOTO
KUpIYa YIJAepOAHBIMM HAHOTPYOKaMU HOCTUTAETCS TIpU
ux BBeneHuu Takke Becero 0,01% (mac.) 6e3 UBMEeHeHUs TeX-
Hosioruu Tipou3BoncTBa. KosadduimeHt agpgekTuBHOCTU
HaHoMoaubuIpoBaHusl k=86 IpU BBEIEHNUH IIACTU(DU-
katopa ¢ YHT B ruHy u ks=171 — B 1ecok.

OHOI 13 9KOJIOTUYECKUX MPoOJieM BO BCEM MUPE SIBJISI-
eTCsl pOCT 0ObeMa OTpabOTAaHHBIX ABTOMOOWJIBHBIX IIIVH.
XOTs CyIIeCTBYeT MHOXECTBO TyTel MX YTWIN3allUM, Ha-
0oJiee MpUBIEKATEIbHBIM SIBJISIETCS TOPOXKHOE CTPOUTEIb-
CTBO, 2 UIMEHHO MCMOJb30BaHUE MepepaboOTaHHbIX B Pe3U-
HOBYIO KPOIIKY IIWH B Ka4eCTBe KOMIIOHEHTA JTOPOKHBIX
MOKPBITUH U3  acdanbTdéeToHa. WM3BECTHBIN  OMBIT
«POCHAHO» — 6uTyMHO-pe3MHOBOE BSIKYIIEe «YHUPEM>»,
MIPYMEHEHHOE B MOKPBITUU 1oporu B CKOJKOBO, HE Al IO-
JIOXKHUTEJILHOTO pe3yibTaTa: Hauyajio pa3pylieHUs MOKPBITUS
HACTYMWJIO Yepe3 MoJTOpa—/aBa roia. ABTOPHI MpenjiaraloT
Ooosee 3(p(eKTUBHBIA TMyTh TNOJAYYeHUS OUTYMHO-
PE3VHOBOTO BSTKYIIIETO — 3TO IEBYJIKAHU3AIUS IO CEPHBIM
«MOCTMKaM» PEe3WHOBOI KPOIIKM, CMEIIaHHOM ¢ pacruia-
BoM OutyMa [15]. B KauecTBe neByIKaHU3NPYIOIIETO areHTa
OonpoOoBaH KPEMHE30J1b, OITMCAHHBI BBIIIIE.

Ha puc. 5 mokazaHbl KOHIIEHTPAlMOHHBIE 3aBUCUMOCTU
reJib-(hpakiyu (OCTaBLIErocs CIIUTOTO BYJIKaHU3aTa) B IPUCYT-
CTBMM J€BYJIKaHM3MPYIoluX areHToB ([1A): Heo3oHa ( /), atieTo-
HaHuna (2), kpemHesoss (3). BunHa HanGosiee BbICOKasT IEBYJI-
KaHU3UPYIOLIas CoCcOOHOCTh KpeMHe301s rpu 0,1% (mac.).

M3 puc. 6 BUIHO, YTO 3JIaCTUIHOCTh OUTYM-IIOJTMMEPHBIX
KOMIIO3UIIMI C AeBYJKaHU3aTaMU JTOCTUTAET HAUOOJBIINX
3HaYeHUI Mpyu UX KoHeHTpauu 0,1 Mac. %, B TOM 9uciie 1
KpeMHe30J1s1 (KpuBasi ).

(N PONIEIIBHBIE

a more efficient way of producing the bitumen-rubber binder
which is devulcanization of the crumb rubber, mixed with
bitumen melt, by sulfur «bridges» [15]. The above described
silica sol was tested as a devulcanizing agent.

The Fig. 5 shows the concentration dependences of the
gel-fraction (of the retained crosslinked vulcanizate) over the
devulcanizing agents (DA): neozone (), acetone anil (2),
silica sol (3). The highest devulcanization capacity of the sil-
ica sol at 0,1% (wt.) is observed.

The Fig. 6 shows that the elasticity of bitumen-polymer
compounds with devulcanizates attains its peak values at their
concentration of 0,1 wt. %, including the silica sol (curve 3).

The Table 5 shows the technical characteristics of the
road bitumen (BND 90/130) and its modifications with the
crumb rubber (CR) and CR+DA (silica sol and neozone).
The high efficiency of the bitumen modification with the CR
devulcanizates — silica sol (composition 3) and neozone
(composition 4) — is observed, which is evident from the
significant increase of heat resistance (T), elasticity (E,5 and
E,) and freeze thaw resistance (brittle point).

The cement concrete is the main construction material all
over the world and, therefore, a lot of researches are dedi-
cated to its nanomodification. The results are published in
journals including the «Stroitel'nye Materialy» Journal (see
References in [1]). The binder — Portland cement — is the
first to be modified, as it essentially determines the techno-
logical properties of the concrete mix and performance and
technical properties of the solidified stone (being a matrix
which is a continuous phase of the concrete conglomerate).

The Table 6 presents the technical characteristics of the
industrially produced silica sols used in this research for the
nanomodification of the Portland cement CEM 1 42,5B
(«Mordovcement», JSC).

The common pattern of the influence of the KZ-TM
(introduced with the superplasticizer) on the 24 hours
strength R} (MPa) of the cement stone (Fig. 7) is evident in
the «acute» extreme dependence with the maximum at
0,001 wt. % of cement. The strength gain (ARY) is 48%; the
efficiency of modification is evident (k,s=592).
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CeoiicTBa 6MTyMa 1 pa3paboTaHHbIX GUTYM-MOIMMEPHbIX BSXYLLUX
The properties of bitumen and developed bitumen-polymer binders

Tabnuua 5
Table 5

CocTas, M. u. Ty, °C | Mos | Mo, 0,1 MM | Oos, oM | [g cM | g5, % | Bg, % | Ty, Mo Ppaacy, °C
Content, wt. Ts, °C | Pos | Py, 0,1 mm | Dys, cm | Dy, cm | Eos, % | Ep, % | Fraas brittle point, °C
BHAO 90/130
Bitumen BND 90/130 44 97 50 9 0 13 - -19
BHZ 90/130 - 100; PK -20
Bitumen BND - 100; CR -20 58 56 15 14 0.5 55 65 -21
BHZ, 90/130 - 100; PK -20; kpemHe3onb — 0,1 )
Bitumen BND - 100; CR -20; Silica sol - 0,1 76 50 st 7 5 79 75 35
BHZ 90/130 — 100; PK -20; Heo30H — 0,1 )
Bitumen BND - 100; CR -20; Neozone - 0,1 76 45 36 9.7 5 83 73 33
PK — pe3nHoBas kpoluka, Tp — TemnepaTtypa pasmsardeHus, N — neHetpauus, [ — AyKTUABHOCTb, 3 — 3N1aCTUYHOCTb.
CR - crumb rubber; Ts — softening temperature; P — penetration; D — ductility; E — elasticity.
B Tabiu. 5 mokazaHbl 1OPOXKHO-TEX- Ta6nuua 6
HUueckue cBoiicTBa 6utyma bBHJ190/130 Table 6

U ero MoauduKauuil ¢ Pe3UHOBOM
kpoikoi (PK) u PK+IA (kpeMHe30,1b
1 Heo30H). BuaHa Beicokast a¢hdexkTuB-
HOCTb MoAu(UKalMy OUTyMa AEBYJIKa-
Huszatamu PK — kpemHesonem (co-
craB 3) 1 HE030HOM (cocTaB 4), 4TO Mpo-
SIBJISIETCSI B CYIIIECTBEHHOM YBEJIMYEHUU
reriocroiikoct (T,), amacTuyHOCTH
(35 1 B) u MmoposoctoiikocTu (Tyy).

IleMeHTHBIIT OETOH — IJIaBHBINA KOH-
CTPYKILIMOHHBIN CTPOUTE/IbHBIA MaTepu-
a1 BO BCEM MUpPE U TIOTOMY €ro HaHOMO-
ITUGUIMPOBAHNIO TTOCBSAIIEHO MHOXE-
CTBO MCCJIEIOBaHUM, pe3yabTaTbl KOTO-
PBIX OITYOJTMKOBaHbBI B TOM YHMCJIE U B XKYp-
Haste «CTpouTenbHbIE MaTepHuaibl» (CM.
cnucok JarepaTypsl B [1]). B mepByro
ouepenb MOAUMUILIMPYETCS] BSIKYIlee —
MOPTJIAHILIEMEHT, TaK KaK OHO B OCHOB-
HOM ormnpefensier (Oyaydu Marpuiein —
HEIpepbIBHOM (a30ii OETOHHOrO KOH-
IJIoMepaTa) TeXHOJOTMIeCKre CBOMCTBA
OETOHHOI CMECH M IKCILTyaTallMOHHO-
TEXHUUYECKUE — OTBEPIEBIIIETO KaMHSI.

B Tabn. 6 mpencraBieHa TeXHUYeE-
CKasl XapaKTepUCTUKA MPOMBILIIEHHO
BBIITYCKAEMbIX KPEMHE30JIel, UCIONb-
3yeMbIX B TaHHOM paboTe 11T HAHOMO-
IUULIUPOBAHUS TOPTIAHILEMEHTA
HHEM 142,56 (OAO «MopaoBLEMEeHT»).

OO6111as1 3aKOHOMEPHOCTb BIMSIHUS
K3-TM (BBOAMMOTO € cymnepruiacTu-
(hukaTopoM) Ha CYTOUHYIO MPOYHOCTH
R} (MIla) uemenTHOrO Kamus (puc. 7)
MPOSIBJISIETCS B BUIIE «OCTPOIi» 9KCTpe-
MaJIbHOI 3aBUCUMOCTY C MAaKCUMYMOM
mpu 0,001 mac. % or Macchl IleMeHTa.

IMpupoct npouHocTy 1pu 31oM (ARY]) pasen 48% — shdek-

XapakTepucTuka NpoMbILLIEHHbIX KpeMHe3onei mapku K3-TM (r. KasaHb)
The characteristics of industrial silica sols of the KZ-TM mark (Kazan)

MokazaTtenn K3-TM-15 K3-TM-20 K3-TM-30
Indices KZ-TM-15 KZ-TM-20 KZ-TM-30
KoHueHTpauumsa SiO,, mac. %
SiO, concentration, wt. % 151 20,3 29,85
KoHueHTpaumsa Na,O, mac. %
Na,O concentration, wt.% 048 0,267 0,346
2
y,u,em_:_Haﬂ I'IOBerHOCTb,ZM /T 437.8 314,2 420
Specific surface area, m</g
C.VI‘J'II/IKaTHbII/I Moaynb 357 75.9 75.9
Silicate modulus
KnHemartnyeckas Ba3kocTb, CCT 58 39 458
Kinematic viscosity, cSt ’ ’ ’
85 40
o) 80 @ g K3-TM-20
e o 75 ‘g&’ Kz-TM-20
5k = S K3-TM-30
55 10 < 4 © Kz-TM-30
gz 6 27/ o K3-TM-15
T Q= -TM-
% 60 23 . Kz-TM-15
g 55
2
o L 20 I 1 ! |
0,02 006 0,1 0,14 0 0,001 0,002 0,003 0,004 0,005

KoHueHTpaums JA, %
Content devulcanizin agents, %

Puc. 6. 3aBMCMMOCTb 91aCTUHHOCTU
OUTYMHO-MOIMMEPHBIX KOMMO3MUMIA Npu
25°C OT KOHUEHTpaumn AeByKaHN3Mpyto-
LLIMX @reHToB: 1 — KOMNO3WLMSi C HEO30HOM;
2 — C aUETOHAHWIOM; 3 — C KPEMHE3ONEM

Fig. 6. Dependence of elasticity of
bitumen-polymer compositions at 25°C
on the ot concentration of devulcanizing
agents: 17 — composition with neozone;
2 — with acetone anil; 3 — with silica sol

CopaepxaHue kpemHesons, Macc. % ot L

Content silica sol, %

Puc. 7. 3aBNCMMOCTb CYTOYHOM MPOYHOCTN LLEMEHTHOIO
KamMHs R1°, (LLEM | 42,5B) OoT KOHLeHTpauumn KpemHe3onemn

Fig. 7. Dependence of 24 hours strength of the cement
stone R1°, (CEM 142,5B) on the concentration of silica sols

Conclusions

TUBHOCTH HAHOMOIU(UKALMU HATULIO (k;r=592).

1.

OO0nme BbIBOIBI

OO0111eii 3aKOHOMEPHOCTBIO BIMSHUS HAHOO00aBOK pa3-
JIMYHON XMMUYECKOU MPUPOJIbI: YIJIEPOIHBIX, METALIO-
YIJIEPOIHBIX, OKCUIOB KPEMHMSI U aJTIOMUHUST Ha CTPOU-
TeJIbHbIe MaTepUalibl Pa3IMYHOTO XUMUUYECKOTO CTpoe-
HUS 1 cocTaBa (MMOJWMEpPHbIE, TUHEHHBIE U CeTyaThie,
OUTYMHO-TIOJTUMEPHBIE, KEpaMUKa 1 IIEMEHTHBIC BSIXKY-
1ye) SBISIETCS PEe3KO BbIpaXKeHHas 3KCTpeMasibHast
KOHUEHTPAallMOHHAsT ~ 3aBUCUMOCTb  TEXHUYECKUX
CBOMCTB (MPOYHOCTH U JIp.) C MAKCUMYMOM TIPU COTBIX U
TBHICSIYHBIX JIOJISIX TIPOLIEHTA.

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

2.

The common pattern of the influence of nanoadmixtures
of different chemical nature (carbon, metal-carbon, sili-
con and aluminum oxides) on the construction materials
of different chemical structure and composition (poly-
meric, linear and grid, bitumen-polymer materials, ce-
ramics and cement binders) is the distinct extreme con-
centration dependence of technical properties (strength,
etc.) with the maximum at the hundredths and thou-
sandths of percent.

Evidently, the surface interactions (adsorptive, chemi-
sorptive) of the matrix substance with nanoparticles,
whose contribution of their properties into the compos-
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13.

14.

1.

EOVIIEVIBH D] E
i

B ocHoBe addexToB HaHOMOAM(MUKALIMM JIeXKaT, I10-
BUAVMMOMY, IIOBEPXHOCTHBIE B3auMOAeiCcTBuUs (ancopo-
LIMOHHBIE, XeMOCOPOLMOHHbBIE) BEIIECTBA MaTPUIILI C
HaHOYAaCTHULIAMU, BKJIall COOCTBEHHBIX CBOMCTB KOTOPBIX
B CBOMCTBa KOMIIO3UTa HUYTOXEH.

Boicokasi TexHuUKO-3KOHOMMYecKass 3(PGHEKTUBHOCTh
TIPYMEHEeHUs HaHOPa3MEPHBIX YacTUIL TSI MoauduUKa-
IIMM CTPOMTEIBHBIX MaTepHaJIOB HE BBI3bIBAET COMHE-
HMSI, TaK Kak cBepxMaiblie 1o3bl HY, naxke B ciydae ux
BBICOKOI CTOMMOCTH, «IIEPEKPBIBAIOT» MOCIEIHIO O~
JIOXKUTETbHBIMU 3 deKTaMU U3MEHEHMST TeXHOJIOTHYE-
CKHX M 9KCIUIyaTallMOHHO-TEXHUYECKUX CBOMCTB IMOJTy-
YEeHHOTO HAaHOKOMIIO3UTA.
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ite properties is minor, underlie the nanomodification
effect.

The high technical and economic efficiency of nanoscale
particles application for construction materials modifica-
tion is out of question, as very low doses of NPs, even if
there price is high, «cover» the latter by the beneficial ef-
fects of change of technological, performance and techni-
cal properties of the produced nanocomposite.
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