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YK 666.9.017-022.532

THE EFFECT OF CARBON NANOTUBE ADDITIVES ON THE STRUCTURE
AND PROPERTIES OF CALCIUM SULFATE HEMIHYDRATE

Derevianko V.M., Dr. Sc. Eng., Professor,

State Higher Educational Establishment “Prydniprovs’ka State Academy of Civil Engineering and
Architecture”

derev(@mail.pgasa.dp.ua

Kondratieva N.V., Cand. Sc. Eng., Assistant Professor,

State Higher Educational Establishment “Ukrainian State University of Chemistry and Chemical
Technology”

kondratyeva n@i.ua

Hryshko H.M., Cand. Sc. Eng., Assistant Professor,

Dniprovskyi State Agrarian-Economic University

gryshko.anna0101@gmail.com

Abstract. Problem statement. In recent years, development of nanostructured materials with
the use of carbon nanotubes (CNT) has become one of the most topical trends in modern
nanomaterials science due to their mechanical, chemical and electronic properties. Purpose. The
investigation of the effect of carbon nanotubes on the structure and physical and mechanical
properties of calcium sulfate hemihydrate. Conclusion. The research conducted to evaluate ultimate
bending strength and ultimate compressive strength as well as water-gypsum ratio of test beams at
2 hours has shown that an increased content of the nanoadditive causes the improvement of
structural characteristics of the composite material. Given the same content of the nanomodifier in a
calcium sulfate matrix, maximum increase in compressive strength of 27-29% has been achieved by
using carbon nanotubes (CNTs) and hydroxyl groups. Using non-modified carbon nanotubes in the
presence of the additive has provided an increase in strength of 13-15% only. Chemical
functionalization of the surface of carbon nanotubes promotes reduced sedimentation effect inherent
to nanoparticles; moreover, it makes it possible to achieve a more uniform nanostructure dispersion
throughout the modified material volume and provides chemical interaction between the substance
matrix and nanotubes. Interaction of calcium sulfate dihydrate molecule with graphene-like surface
i1s a chemical process, which has been proved by methods of quantum chemical analysis. The
improved strength of CNT-containing gypsum composite has been achieved due to the accelerated
process of calcium sulfate dihydrate crystallization at the graphene surface.

Keywords: carbon nanotubes, sulfate calcium hemihydrate, gypsum binder, nanomodifiers,
hydration, strength.
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AHoTauis. 3acToCyBaHHS HAHOCHUCTEM Y PI3HHUX 00NacTsIX OyAIBHHULITBA CIIOHYKAE MPOBOIUTH
JOCHIJDKCHHSI CTPYKTYPOYTBOPEHHS, SIKE€ BIUIMBA€ HA PI3HI BIACTUBOCTI MIHEPAIBHUX B'SHKYUIHX
marepianiB. [IpoBeneHi IOCHDKEHHS 3 BH3HAYEHHS TPAHMII MIIHOCTI HA BUTHH 1 NPH CTHCKY,
BOJIOTIIICOBOT'O BITHOIIIEHHS 3pa3KiB-0aJI0UOK Y Billi 2-X TOAWH MOKa3yIOTh, IO TIPU OJTHAKOBOMY BMICTi
HAaHOMO/M(DIKaTOPIB B TINCOBIil MaTpHIli MaKCUMAaJIBHUN HPHUPICT MIIHOCTI MPH CTHCKY JOCATAETHCS
IIpY BUKOPUCTaHHI ByrieneBux HaHoTpyOook (BHT) 3 rimpokcuinbHUMU rpynamu i CTaHOBUTH 27 — 29
%. Ilpn Buxopucranni HemoupikoBannx BHT mpupict MinHOCTI mpu BMICTI 100aBKHM CTaHOBHTH
mume 13 — 15 %. IligBuieHHs MIITHOCTI TINCOBOTO KoMmmo3uty, 1o mictute BHT, oOymoBiene
MPUCKOPEHUM IPOLIECOM KPUCTANI3allii IBYXBOAHOTO TiICy Mo0im3y rpadeHOBOI MOBEPXHi.

KurouoBi ciioBa: ByrieneBi HAHOTPYOKH, HaIIBTiIpaT CyJbdaTy Kajbllilo, TIICOBI B'SKYYI,
HaHOMOTU(IKATOPH, TipaTalisi, MillHICTb.

BJIMAHUE JOBABOK YIVIEPOJHbBIX HAHOTPYBOK HA CTPYKTYPY
U CBOMCTBA MMOJYTHUJIPATA CYJIb®ATA KAJIbBIIUA

HepeBsinko B. H., 1.1.H., npodeccop,

T'ocyoapcmeennoe svicuiee yuebnoe 3agedenue «lIpuonenposckas 20cy0apcmeeHnas akaoemus
CMPOUMenbCmaa U apxXumexmypoly

derev(@mail.pgasa.dp.ua

KonaparseBa H. B., K.T.H., IOLEHT,
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AnHoTanus. [I[puMeHeHne HAHOCHCTEM B PA3JIMYHBIX OOJIACTSIX CTPOHMTENIBCTBA MOOYXIAeT
MIPOBOANTh HCCIEAOBAHUS CTPYKTYpOOOpa30BaHMs, KOTOPOE BIUSET HA pa3iHyYHbIe CBOWCTBA
MUHEPATBHBIX BSOKYINIMX MaTepuaioB. [IpoBeleHHBIC WCCICIOBAHUS TIO ONPEACIICHUIO Tpesena
MPOYHOCTH Ha M3TUO0 U NP CKATUU, BOJOTHIICOBOTO OTHOIIIEHUSI 00pa3IioB-0agoueKk B BO3pacTe 2-X
9acoOB MOKA3bIBAIOT, UYTO MPHU OJMHAKOBOM COJICPKAaHUN HAHOMOJH(HUKATOPA B TUIICOBOW MaTpPHIIS
MaKCHUMAaJbHBIA MPUPOCT MPOYHOCTU TPHU CXKATHH JOCTUTAETCS MPU HCIOJB30BAHUM YTIIEPOTHBIX
HaHoTpyOok (YHT) ¢ ruapokcuibHbpIMU TpynmnaMu U cocTtaBisieT 27 — 29 %. Ilpu ucnonb3oBaHuU
HemonudunupoBanubix YHT mpupocT mpoyHOCTH TIpH COAEp aHUHM JT00ABKU COCTaBISET JIUIIb
13- 15 %. IloBbiieHHME TPOYHOCTH THIICOBOTO KOMITO3UTa, cojepskamiero YHT, oOycnmorneHo,
YCKOPEHHBIM IMTPOIIECCOM KPUCTAJUTU3AIIMN ABYBOIHOTO THIICa BOIH3H rpad)eHOBOM MOBEPXHOCTH.

KuroueBble cjioBa: yriepoJHble HAHOTPYOKH, MOJIYTUAPAT Cyib(aTa Kajblus, TUIICOBHIE
BSDKYIIIME, HAHOMOIU(DUKATOPBI, TUAPATAIUS, IIPOYHOCTD.

Introduction. In recent years, development of nanostructured materials with the use of carbon
nanotubes (CNT) has become one of the most topical trends of modern nanomaterials science due to
their mechanical, chemical and electronic properties [1-7].

Creation of nanocrystalline materials with improved performance properties is essential to the
optimization of structures, improvement of their reliability, energy saving and resource saving as
well as improvement of strength and antiwear properties of products.

Review of latest research studies and published papers. Articles [8-11] represent the review
of up-to-date approaches to the implementation of nanotechnology principles in construction materials
science. Impact of nanomaterials on the initial stage of structure formation process, i.e. heterogeneous
nucleation (nucleus formation) has been assessed. The authors of the papers [8-11] have investigated
the influence of main factors on heterogeneous nucleation and showed that the mentioned factors form
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three mechanisms of influence of primary nanomaterials on the material structure formation process.

Up-to-date ideas on electrical, magnetic, thermal, optical, diffusion, chemical and mechanical
properties of nanomaterials have been summarized [12-17]. The papers have emphasized and
demonstrated the dependence of these properties on the structure of materials and geometry of
nanoparticles. Significant attention has been devoted to storage and transportation of nanomaterials.

Based on the conducted review of reference sources, it seems reasonable to study the
influence of carbon nanotubes on the structure and main physical and chemical properties of
calcium sulfate hemihydrate.

Research purpose. Research of the impact of carbon nanotube (CNT) type nanomodifiers on
the structure, physical and mechanical properties of calcium sulfate hemihydrate.

Research methods. Methods of X-ray phase analysis and calorimetric tests have been used to
investigate the mineralogical composition and kinetics of processes occurring in a modified matrix.
The structure, size and morphology of newgrowths have been investigated by using scanning
electron microscopes.

The surface of CNTs has been chemically modified with functional groups to improve the
performance of carbon nanotubes (CNTs) [17]. Carboxylation of carbon nanotubes has been carried
out through their interaction with various oxidizing agents [18-21] For the oxidization of CNTs by
hydroxyl groups, a mechanochemical method [21] has been used; the method involves milling of
CNTs together with alkali within 60 minutes.

Research findings. The influence of nanomodifiers content — carbon nanotubes on the
structure and main physical and chemical properties of gypsum binders has been determined.

The analysis of gypsum binder and building gypsum-based samples (both non-modified and
modified with the CNTs) has been performed during the research.

During this research, we have used carbon nonotubes obtained from a catalytic hydrocarbon
pyrolysis unit at the Center for Carbon Nanomaterials of the Vladimir State University named after
A.G. And N.G. Stoletovs, Russia (Table. 1).

Table 1 — Properties of multi-walled carbon nanotubes CNTs

Specific .
Material Number of walls Length, Diameter, nm surface Puor 1y,
um 2 %o
area, m’/g
CNT, % not more than 30 2-5 10-60 120 95

Gypsum binder with the addition of surfactant in the amount of 0.4% of dry weight of binder
has been used as a reference standard (Table 2).

Table 2 — Content and properties of the reference standard (over 100%)
Setting time, min Strength, MPa

Gypsum, | Surfactant,

0 . .
% o WI/G, % pH Start End | Compressive | Bending
strength strength

100 0.4 59 7.2 6 8 4.6 2.2

Carbon nanotubes have been added in the form of a suspension that has been prepared as follows:
multi-walled carbon nanotube powder has been first added to a plasticizer-water solution with further
processing in an ultrasonic dispersion machine, which has enabled us to obtain the stable dispersion of
suspended nanoparticles in water. Polycarboxylate P-11 from Macromer Research and Development
Enterprise (Vladimir, Russia) and Sika Retarder plasticizer (Switzerland) have been used as plasticizers.
The suspension preparation process has been controlled by the parameters as follows: suspension
density, colloidal system stability (evaluation of zeta potential), CNT concentration and viscosity.

The research conducted to evaluate water-gypsum ratio, ultimate bending strength and ultimate
compressive strength of test beams at 2 hours has shown that an increased content of the
nanoadditive causes the improvement of structural characteristics of the composite material (Fig. 1).
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Fig. 1. Histogram of impact of carbon nanotubes on strength of a gypsum binder

Maximum increase in strength (27-29%) has been achieved by using carbon nanotubes
(CNTs) and hydroxyl groups. When using initial nanotubes an increase in strength of 13-15% has
been achieved (Fig. 2).
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Fig. 2. Histogram of dependence of compressive strength of a gypsum-based composite
on the functionalization of carbon nanotube surface

The analysis of the microstructure of gypsum composition samples has shown that the
addition of a modifying additive results in the formation of a denser structure of gypsum samples,
which improves physical and mechanical properties of the calcium sulfate matrix.

It may be assumed that nanodispersed CNT additives function as ,crystallization nuclei* on the
surface of which calcium sulfate matrix structuring occurs with the improvement of structural
characteristics of the gypsum composition. It is related to the fact that during growth, crystals partly
penetrate into each other and form a three-dimensional network permeating and incorporating the
entire gypsum stone into a whole body.

Conclusions and future research prospects. Adding carbon nanostructures into gypsum
compositions leads to the increased mechanical strength through the formation of a fine crystalline
needle-shaped structure of higher density. Given the same content of a nanomodifier in a calcium
sulfate matrix, maximum increase in compressive strength of 27-29% is achieved by using carbon
nanotubes (CNTs) functionalized with hydroxyl groups. Chemical functionalization of the surface
of carbon nanotubes promotes reduced sedimentation effect inherent to nanoparticles. Moreover, it
makes it possible to achieve a more uniform nanostructure dispersion throughout the modified
material volume and provides chemical interaction between the substance matrix and nanotubes.

Interaction of calcium sulfate dihydrate molecule with graphene-like surface is a chemical
process, which has been proved by methods of quantum chemical analysis. Improved strength of a
CNT-containing gypsum composite is achieved due to the accelerated process of calcium sulfate
dihydrate crystallization at the graphene surface.
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