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MonudpyHKuMoHanbHasa no6aska Ha ocHOBE
yrnepoaHbIX HaHOTPYOOK M MUKpOKpeMHe3ema

ANA ynyyweHna (PU3UKo-MexaHM4eCcKUX XapaKTepucTHK
rMNCOLEMEHTHO-NYLL01aH0BOr0 BAXYLLEro

A3y4eHo BnuaHNe NONNYHKLNOHANBHOI J06aBKN HA OCHOBE AMCMEPCAN MHOMOCHOMHbIX YriepoaHbIX HaHOTPY6oK (MYHT) B codeTanum ¢
MuKpokpemHezemoM (MK) Ha CTPYKTYpy 1 CBOICTBA rMNCOLEMEHTHO-NYLLONAaHoBOr0 BsxyLero (FLIMB). B uccnenosaHum BapbpoBanoch NPOLEHTHOE
COAepXaHne NonuMyHKLMOHaNbHON fo6aBKKM. Pe3ynbraTbl DU3NKO-MEXaHUYECKMX UCMbITAHWIA NOKa3anu, 4To BeefeHue fo6asku B konndectse 0,006%
(MYHT) 1 10% MK ot maccsl nopTnaHaLemMenTa B COCTaB runcoLeMeHTHO CMCTeMbI 06ECNeYnBaeT NPUPOCT NMPOYHOCTY NPU CXATUN HA 52% 1
MOBbILLEHNE BOAOCTOAKOCTH HA 35%. PUNKO-XUMMYECKNE METOLbI MCCNeL0BaHUSA NOATBEPANIN aKTUBHOCTb NOANMYHKUNOHANBHOI [06aBKN MO
OTHOLLUEHUIO K UCXOQHOMY MMNCOLEMEHTHO-MYLLOMAHOBOMY BSKYLLEMY U3MEHEHUAMU UHTEHCUBHOCTYU U CMELLEHUAMM JIMHUIA NOTNOLLEHNS Ha

MK-cnekTpax.
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Polyfunctional Admixture Based on Carbon Nanotubes and Nanosilica
for Enhancing Physical and Mechanical Properties of Gypsum Cement Pozzolanic Binder

The paper studies the influence of polyfunctional admixture based on multi-walled carbon nanotubes (MWCNTSs) dispersion in combination with nanosilica (NS) on the structure and
properties of gypsum cement pozzolanic binder (GCPB). The percentage of polyfunctional admixture varied. The results of the physical and mechanical tests have shown that adding
polyfunctional admixture at the amount of 0,006% (MWCNT) and 10% of NS-85 from Portland cement to gypsum cement system leads to the increase of compressive strength by 52%
and water resistance by 35%. Physical and chemical methods of the study have confirmed that polyfunctional admixture is reactive concerning the original gypsum cement pozzolanic

binder changing the intensity and shifts of the absorption lines in the IR spectra.

Keywords: gypsum cement pozzolanic binder, polyfunctional admixture, multi-walled carbon nanotubes, dispersion, nanosilica, crystalline hydrates, morphology.

Hcnonb3oBaHue BSIXKYIIMX Ha OCHOBE CyibdaTa Kasb-
LIUSI OTBeYaeT TPeOOBAaHUSIM MaJlOil SHEPrOeMKOCTU U KO-
JIOTUMHOCTH TMpor3BoACTBa. B To Xe Bpems cdepa UCIonb-
30BaHUS TUIICOBBIX BSIKYIIMX OTpaHWYeHa W3-3a HU3KOI
BOJOCTOMKOCTM THMIICOBOTO KaMHs. Mcrmonb3oBaHue
T'IIIB [1] mo3BoMMIO pacHIMpUTh AMAMA30H IIPUMEHEHUS
TMTICOBBIX UBIEIUIA, TIPU 3TOM COXPAHUIUCH MOJOXKUTEb-
HbI€ CBOICTBA TMIICA U CHUBEJIUPOBAH Pl €ro HEIOCTaT-
KOB, CBSI3aHHBIX C TIOTepeil MeXaHUYeCKMX CBOWCTB IpHU
VBIQKHEHWU U3IETnii [2].

B cBsa3u ¢ OypHBIM pa3BUTHEM HAHOTEXHOJIOTWN B
CTPOUTEILHOM MaTepHuaJoBeIeHUM BO MHOTUX JIUTepa-
TYPHBIX MCTOYHMKAX OTMeYaeTcsl, YTO HAHOAMCIIEPCHbIE
NI00aBKU BAUSIIOT Ha MPOLIECChl TUApaTaluu 1 Mopdoso-
TMI0 KPUCTAJUIOTUIPATOB B CTPYKTYpE BSIKYIIUX MaTPUIL
U, COOTBETCTBEHHO, Ha X (PU3UKO-MEXaHUUECKUE CBOM-
crBa [3, 4].

AKTyaJIbHOCTh HCCIIEOBAaHMIA B MaHHOW OO0JacTH 3a-
KJII0YaeTCsl B HEIOCTATOUYHOM M3YUYEHHOCTH BIMSIHUS TIOJIH -
(byHKUIMOHABLHBIX 100ABOK HAa OCHOBE MMKPOKpEMHe3eMa
U YIJIEPOIHBIX HAHOCTPYKTYpP Ha CTPYKTYpY M CBOMCTBa
TUTICOTICMEHTHO-ITYTIIIOJIAHOBBIX BSXKYIIINX.

HamnpapneHHO peryJ1npoBaTh CTPYKTYPY KOMITO3UTOB Ha
ocHoBe I'LIIIB Ha MuUKpo- ¥ HAHOYPOBHSIX BO3MOXKHO 3a
CYeT BBeACHUS CBepxXMalibix KoHLieHTpauuiit MYHT [5, 3] B
coctaBe MOJM(PYHKIMOHAIBHON A00aBKM, BKJIIOYAIOIIECH
JOTIOJTHUTEIbHO MUKpOKpeMHe3eM MK-85 [6].

Using binders based on calcium sulfate meets the require-
ments of low energy intensity and environmental production.
At the same time, the area of using gypsum binders is limited
because of the low water-resistance of gypsum. Using
GCPB [1] expands the range of using gypsum products, the
positive properties of gypsum being kept and a number of its
shortcomings associated with the loss of mechanical proper-
ties when products are moistened being neutralized [2].

Due to the rapid development of nanotechnology in con-
struction materials many literature sources note that nano-
dispersed admixtures influence hydration processes and mor-
phology of crystalline hydrates in the structure of binding
matrices and, consequently, their physical and mechanical
properties [3, 4].

The relevance of the research in this area is due to insuffi-
cient knowledge of the influence of polyfunctional admixtures
based on nanosilica and carbon nanostructures on the struc-
ture and properties of gypsum cement pozzolanic binders.

Directed regulation of the structure of composites based
on GCPB at the micro- and nano level is possible due to add-
ing ultralow concentrations of MWCNTSs [5, 3] as part of a
polyfunctional admixture with silica fume NS-85 [6].

The aim of this study was to study the processes of struc-
ture forming and properties of gypsum cement composition
modified with polyfunctional admixture with MWCNTs dis-
persion in the medium of «Relamix» superplasticizer in com-
bination with NS-85.
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Llens paboTHI 3aKTI09AIACH B MCCIIE-
JIOBAaHWHU TTPOLIECCOB CTPYKTYpOOOpa3o-
BaHUS U CBOMCTB TUIICOLIEMEHTHOW
KOMIO3WIIUN, MOAUMPUIIMPOBAHHOM
MoJu(pyHKIIMOHATLHOW 100aBKOM, CO-
nepxameit qucnepcuro MYHT B cpene
cynepruiactudukaropa «Pemamuke» B
coueraHuu ¢ MK-85.

B kauecTBe BSIXYIIETO MCIOJb30-
BaJICSI TUIIC CpeIHEl TOHKOCTU MOMOJIa
Mapku -4, ynosieTBopsitomnii Tpedo-
BanusM 'OCT 125—79, u moptinangie-
meHT Mapku LIEM 1 32,5B.

KonnuecTBeHHOE coepKaHWe TUTI-
ca ¥ MopTJaHALIeMeHTa BapbUpPOBaIoCh
B MHTepBanax 55—75 u 5-35% coort-
BeTCTBeHHO. B KauecTBe Tyl1io1aHoO-
Boil moGaBkM ucroiab3oBaau MK-85
Yensi0MHCKOTO 3JIEKTPOMETAITypTrude-
CKOTO KOMOMHATa CO CPeIHUM pa3Me-
poM yactuil 300 HM, KOTOPBIA COCTOUT
Ha 95% 13 oKcuIa KpeMHHUsI aMOgCI)HOFI CTPYKTYPBHI C YIeb-
HOI1 moBepXxHOCThIO yacTtuil 20 M-/t [7].

B wuccnenoBanum mnpumeHsuiach aucriepcus MYHT
C-100 dpanmy3ckoii Kopnopauuu «Apkema» [8], mpuro-
TOBJIEHHAasl B TUIPOAMHAMUYECKOM KaBuTatope [9].
Hucnepcus npencrasisier cmech YHT B cpene cynepria-
ctudukaropa «Penamukc», conepxameit 0,5 r MYHT Ha
1 1 cycniensuu [3].

HccnenoBanuio mmogBeprajmch o0pa3bl-KyOuK ¢ pas-
MepoM pedpa 2 cM. BomoBsikyliiee OTHOIIIEHUE TOI0UPATIOCh
no HopmanbHoi ryctore I'LITIB (150—210 mMM) coriacHO
TI'OCT 31376—2008. KoHTpoIbHBIE ¥ MOAU(PULIMPOBAHHEIE
00paslibl, TBEPAEBIIME B BO3AYIIIHO-CYXUX YCIOBUSIX, UCTIbI-
ThIBaJIM B Bo3pacte 7, 14, 28 cyr. OnTumabHbIe IoKa3aTeau
MMPOYHOCTU YW BOJOCTOMKOCTH OBLIM JOCTUTHYTHI TIPU
COOTHOLIEHUU KOMMOHEHTOB 65:25:10 (I:ITLI:MK) [10].
JlaHHBII cocTaB OBbUI B3SIT B KauyeCTBE KOHTPOJBHOTO.
OCHOBHbIE CBOICTBA TMIICOLEMEHTHO-TYIIIIOJaHOBBIX KOM-
MO3UIIMI MpeACcTaBIeHbl B TAOIULIE.

Benenue mucnepcun MYHT B konmuuectBe 0,006% [11]
OT Macchl KOMIMO3ULIMOHHOTO BSLKYLIETO (TUIIC—LIEMEHT) B
KOHTPOJIBHBIM COCTaB TIO3BOJIMIIO TOOWUTHCS TMOBBIIICHUS
MPOYHOCTH Ha 28-¢ cyT Ha 52% 1 yBeIMUUTb KOI(DHOUITUEHT
pasmsrdenus (K,) Ha 35%.

AHaIN3 CHUMKOB MHUKPOCTPYKTYPbI KOHTPOJBHOTO U
MoauduimpoBanHoro obpasuos I'ITIB (puc. 1) mokaszan
YIUIOTHEHUE CTPYKTYPHI B IOCeAHEM oOpa3siie 3a cueT ¢hop-
MMPOBaHMS TUIOTHOM YITAKOBKU KPUCTAJIOB JBYBOIHOTO
TUIICa ¥ HU3KOOCHOBHBIX TUIPOCWIMKATOB KaJibius [12].

AHaJIN3 TUIICOLIEMEHTHBIX MaTPUILL KOHTPOJBHOTO U MO-
nuduurpoBaHHoro oopasuos I'IITB metonoM nuddepeH-
LIUAIbHO-CKAHUPYIOLIEH KajopuMeTpuu (puc. 2) Tmokaszai
paznuaus B obnact Temrreparypsl 160—270°C. Tak, B KOH-
TPOJBLHOM 00pa3lie HaOII0aaeTCs] MHTEHCUBHOE BBIACICHME
BOJIbI M3 IBYBOAHOTO TUIIca pu Temmeparype 229,5°C. TTpu
oToM aHaiau3 JuHuii TGA moka3zan Gosiblliee coaepKaHue
yIaJeHHOW BOIBI B OMBITHBIX oOpasuax (puc. 2 «M»), 4to

Puc. 1. MukpoctpykTypa F'UMNB: 6e3 nonudyHKumoHanbHo nobasku (a), ysenmyerne X2500; moau-
dUUMPOBAHHON YrNepoaHbIMN HAHOCTPYKTypamu B cogepxxannn 0,006% n 10% MK-85 (b), ysenunye-
Hue X2500

Fig. 1. Microstructure of GCPB: without polyfunctional admixture (a), X2500; modified with carbon
nanostructures at the amount of 0,006% and 10% of SF-85 (b), X2500

The binder used was G-4 gypsum of the average fineness
grade meeting the requirements of GOST 125—79 and CEM 1
32,5B Portland cement.

The quantitative content of gypsum and Portland cement
varied correspondingly between 55—75% and 5—35%. The
pozzolanic admixture used was NS-85 produced by
Chelyabinsk electrometallurgic plant with an average particle
size of 300 nm 95% of which accounts for amorphous silicon
monoxide with a specific surface of the particles of 20 m?/g [7].

The study used MWCNTs dispersion of C-100 produced
by «Arkema» French corporation [8] produced in a hydrody-
namic cavitator [9]. The dispersion is a mixture of CNTs in
the medium of «Relamix» superplasticizer containing 0,5 g of
MWCNT per 1 liter of suspension [3].

The study was conducted with cube samples with the edge of
2 cm. Water-binder ratio was chosen with the normal density of
GCPB (150—210 mm) according to GOST 31376—2008. The
check and modified samples were tested at the age of 7, 14,
28 days hardening in dry air conditions. The optimal strength
and water resistance values were achieved with a ratio of compo-
nents 65:25:10 (G:PC:NS) [10]. This composition was taken as
a check sample. Basic properties of gypsum cement pozzolanic
compositions is shown in Table.

Adding MWCNT dispersion at the amount 0f 0,006% [11]
from the mass of the composite binder (cement—gypsum) to
the check composition led to the strength increase on the
28" day by 52% and the increase of the softening coefficient
(Cyo) b 35%.

The analysis of the images of the microstructure of the
check and modified GCPB samples (Fig. 1) shows the struc-
ture densification of the latter sample due to the formation of
dense packing of dihydrate gypsum crystals and low-basic
calcium hydrosilicates [12].

The analysis of the gypsum cement matrices the modified
and check samples of GCPB by means of differential scan-
ning calorimetry (Fig. 2) shows the differences in the tem-
perature range of 160—270°C. The check sample has inten-

CeolictBa
O6beMHbIV cocTae I'LUMB, % Properties
Volumetric composition of GCPB, % DU3NKO-MexaHnyeckme rapodpuranyeckne

Physical and mechanical Hydrophysical
Rl MMa | R, MMa | R%, Mna | Res y B/B
r MK | N4 | Moaudukatop o a ox? a o0 a | Rg BnaroHacbiweHHbIn, MlMa Ko W/B
G [ sF | PC Modifier [ R7,.., MPa | R, MPa | R%, _ MPa R%turatear MP Coot ratio
65 10 25 - 4,98 5,36 5,86 4,01 0,68 0,44
65 10 25 0,006 6,24 7,8 8,92 8,21 0,92 0,43
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TTO3BOJISIET TOBOPUTH O JIy4-
1IeH ruapatauvy NOpTIaH/-
lieMeHTa ¢ o00OpasoBaHHEM
TUIPOKCHUIA KaJbLIMSI, KOTO-
pbIii BCTyIaeT BO B3aWMO-
NIECTBUE C MUKPOKPEMHeE3€e-
MOM, 00pa3ysl JOTIOJTHUTEIb-
Hble 00bEMbI TMAPOCUIKATA
KaJIbLIMS. DHIOTEpPMUYECKHE
3¢ deKThl TIpU TeMIleparype
Boie 800°C roBopsT O TOM,
YTO O00pa3ylonecs TUAPO-
CHJIUKATBl HMEIOT DPa3HYIo
OCHOBHOCTb, TaK KakK MX Je-
ruapaTaluuss MPOUCXOIUT
IpU pas3HoOW TeMIieparype:
837,5°C (puc. 2 «K») mas
KOHTPOJBHBIX 00pa3oB M
803°C pna momuduimpo-
BaHHBIX.

Hccnenosanue KOH-
TPOJIBHOTO U MOAUGUIIAPO-
BaHHoro coctaBoB ['LIIIB
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Puc. 2. Kpusble DSK 1 TG ryncouemMeHTHOl mMaTpuLbl B KOHTPOJSIbHOM
obpasue «K» 1 obpasue, MOANDULNPOBAHHOM «M>» yrnepoaHbIMU HaHO-
cTpykTypamu B cogepxaHum 0,006% n 10% MK-85

Fig. 2. DSK and TG curves of gypsum cement matrix in «K» check sample
and «M» sample of modified with carbon nanostructures at the amount of

sive water exudation from
dihydrate gypsum at the
temperature of 229,5°C. At
the same time, the analysis
of TGA lines shows a higher
content of water in the test
samples (Fig. 2 «M»), which
confirms the better hydra-
tion of Portland cement, cal-
cium hydroxide being
formed and reacting with
silica fume, forming extra
calcium silicate hydrate.
Endothermic effects at the
temperature above 800°C
mean that the forming calci-
um silicate hydrate have dif-
ferent basicity, as their dehy-
dration occurs at different
temperatures: 837,5°C
(Fig. 2 «K») for the check
samples and 803°C for the
modified ones.

0,006% and 10% SF-85
metomoM MK-crnekrpanbHO-

T'O aHaJIM3a MTO3BOJIMIIO BBISIBUTH OTJIWYUS B POPMUPOBAHUU
crpykrypsl I'LITIB.

Taxk, ananu3 MK-crekTpoB mokasan (puc. 3), 4To MH-
TEHCUBHOCTb JIMHUH TMOIJIOIIEHUS B MOAUDUIIMPOBAHHOM
obOpastie, cooTBeTcTBYIOIMX OH-rpynmne B nHTepBajie 4a-
cror 3400 cm™!, 1 cBOGOIHOI BOABI B MHTEpBAJE YacTOT
1690—1620 cm™!, moBeICKIaCh, YTO MO3BOJSET TOBOPUTH 00
YBEJMYEHUU OOIIETO COMEPXKaHUSI TUAPOCUIMKATOB Kajlb-
uust B coctase I'LITIB [13, 14].

MHTEHCUBHOCTh JINHWI TOTJIOIIEHUs] TPH YacTOTe
1431,18 cm™' 1 1436,97 m™!, mpucyimmx Kap6oHaTy KabLus,
B MOAMMDULIMPOBAHHOM cocTaBe Ha 42,5% HUXe 10 CpaBHe-
HUIO ¢ KOHTPOJBHBIM 00pa3ioM. Ha crmekrpax KOHTPOJIb-
Horo u momuduipoBaHHoro obpasioB I'ITIB B o6nactu
4acTOT cooTBeTCTBeHHO 879,54 cm™! u 877,61 cm™! bukcu-
pyeTcsl JIMHUSI, KOTOpasli TakXke XapaKTepusyeT KapOoHat
kaiaeuus [15]. [ToHMKeHUe MHTEHCUBHOCTU JIMHUN OTpa-
JKEHMS, TIPUCYIITUX KapOoHaTaM, CBSI3aHO ¢ YMEHBIIEHUEM
KOJIMYEeCTBa TMIPOKCHIA KaJIbIIUs B pacTBOpe ¢ 0Opa3oBa-
HueM HU3KoocHOBHbIX ['CK.

AHanu3 crnekTpa KOHTpoJibHoro ob6pasua I'IIIIB
(puc. 3, @) nokazaj MosiBJeHWe CUIbHOMI MOJIOCHI MPU Yya-
crore_1186,22 cM™!, mpucyleit ToGepMOPUTOBOMY TeJTI0
11,3 A cocraBa Cs;S¢H;. IIpu BBenenuun MYHT B coctas
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The study of the check
and modified GCPB compositions by means of IR spectral
analysis has revealed the differences in the formation of the
GCPB structure.

Thus, the analysis of the IR spectra has shown that the
intensity of the absorption lines in the modified sample cor-
responding to OH group in the frequency range of 3400 cm™!
and free water in the frequency range 1690—1620 cm’!
increases, which suggests an increase in the total content of
calcium silicate hydrate in GCPB [13, 14].

The intensity of the absorption lines at the frequency of
1431,18 cm™! and 1436,97 cm™! inherent in calcium carbon-
ate is 42,5%, lower in a modified composition compared
with the check sample. In the spectra of the modified and
check GCPB samples in the frequency range of 879,54 cm™!
and 877,61 cm! correspondingly a line is fixed [15] which
also characterizes calcium carbonate. The reduction in the
intensity of the reflection lines inherent in carbonates is as-
sociated with a decrease of the amount of calcium hydroxide
in the solution with the formation of low-basic calcium sili-
cate hydrate.

The spectrum analysis of the GCPB check sample
(Fig. 3, @) has shown the appearance of a strong band in the
frequency of 1186,22 cm™! typical for tobermorite gel 11,3 A
of CsSgH5 composition. MWCNTSs being added to GCPB
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Puc. 3. K-cnekTpbl rmncouemMeHTHO-MNyLLonaHoBoli MaTpuubl: 6e3 nobasku (a); ¢ nobasneHem MYHT B copepxarum 0,006% (b)
Fig. 3. IR spectra of gypsum cement pozzolanic matrix: without admixture (a); with MWCNT at the amount of 0,006% (b)
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I'IIIB B ykazaHHOI 001aCTH YaCTOT JIMHUS TTOTJIOIICHUS
He (UKCUPYETCsI, YTO CBSI3aHO C U3MEHEHUEM OCHOBHO-
ctu I'CK.

Kpome Toro, corimacHo pabote [16] xapakTepucTHUe-
CKVMMU JIMHUSAMH JUTSI MUKPOKpeMHUA siBisitoTest 1100 ey u
470 cm™!, KoTOpBIE XOPOIIO (DMKCUPYIOTCA B KOHTPOJIHLHOM
o6paslie, HO B OIBITHOM JMHMS nomtomeHus 1100 cm™!
MPaKTUYECKU OTCYTCTBYeT, a BMecTo juHuu 470 cm™' 3a-
(uxcuposanachk tuHus 464,84 cm™'. Do ToBOpUT 06 U3Me-
HEHUM OKPYKEHUSI BOKPYI MOJIEKYJ aMOp(HOro okcuaa
KPEMHUS 3a CUET CBSI3bIBAHUS UX B JIOTIOJHUTEIbHBIN 00b-
€M TUIPOCUINKATOB KaJIbIIHSI.

CraenoBarenbHo, nanHblie MK-criekTpanpHoro anaausa,
nuddepeHIMaTbHO-CKAaHUPYIOIIEH KaJOPUMETPUM TaKXKe
MOATBEPXKIAIOT Pe3yIbTaThl MUKPOCKOMMYECKOTO aHaIU3a
o6pasuoB ['LITTB. [ToHukeHne MHTEHCUBHOCTE OCHOBHBIX
XapaKTepUCTUUECKUX YaCTOT, TMPUCYIIUX TUIPOKCUILHBIM
rpynmam, cyibdaTtaM, KapOoHaTaM W CUJIMKAaTaM, CBUJIE-
TEJLCTBYIOT 0 MomuduuupyomeMm BmusHuu MYHT nHa
CTPYKTYpPY, BOIOCTOMKOCTb M IPOYHOCTHBIC CBOICTBA
T'IITB.

Taxum o6pazom, Beaenue nucriepcu MYHT B Tpanu-
uumoHHoe ['ITIB mo3BossieT yaydiTh ero MexaHu4ecKue
IOKAa3aTeJIM U MOBBICUTh BOJOCTOMKOCTh 32 CUET YIUIOTHE-
HUS CTPYKTYPHI KoMIto3uTa. [Iprpoct mpoyHOCTH Ha 28 cyT
monuduimpoBanHoro obpasua I'HIIB mo cpaBHeHUIo ¢
KOHTPOJIbHBIM COCTaBUI 52%, a TIOBBIILIEHNE BOJOCTOUKO-
cti — 35%.
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composition in the given frequency range, the absorption line
is not fixed due to changes in the basicity of calcium silicate
hydrate.

Furthermore, according to study [16] the characteristic
lines for micro silicuim are 1100 cm™ and 470 cm™!, which
are well fixed in the check sample, but in the test sample the
absorption line of 1100 cm™! is practically absent, and instead
of the absorption line of 470 cm™! the line of 464,84 cm™! is
fixed. This indicates changes in the environment around the
molecules of amorphous silicon oxide due to their binding
into extra calcium silicate hydrate.

Consequently, the data of IR-spectrum analysis and dif-
ferential scanning calorimetry also confirms the results of the
microscopic analysis of GCPB samples. Decrease of the in-
tensity of the main characteristic frequencies inherent in hy-
droxyl groups, sulfates, carbonates and silicates confirms the
modifying effect of MWCNTs on the structure, water resis-
tance and mechanical properties of GCPB.

Thus, adding the dispersion of MWCNTs to the conven-
tional GCPB can improve its mechanical properties and in-
crease the water resistance due to the densifying of the com-
posite structure. The increase in strength on the 28™ day of
the modified GCPB sample compared with the check one
was 52%, while the increase in water resistance was 35%.
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