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Skripkiunas, G., Karpova, E., Macijauskas, M., Yakovlev G.

The investigation of Multi-Walled Carbon Nanotubes dispersion
and its influence on the cement systems

1. Einleitung/ Indroduction

The carbon nanotubes {(CMNT) have a great perspective for modification of cement
systems. A number of researches demonstrate a positive effect of nanomaodification on
machanical, elacirical, tharmal and othar properties of cement composites [1-4]. For
instance, in refarance [1] ware noticed that modification of cement composites by multi-
walled carbon nanotubes (MWCHNT) leads to increase of compressive strength up to
40%, the decrease of porosity and the uniform distribution of poras.

The positive affect of nanomaodification is nof stable due to tendency of nanostructures
to agglomeration, therefora the application of nanomodified composites is limited in
construction practise [5], [6].

The final propertias of nanomodified cement composites are depended an guality of CNT
disparsion. Tha typa, geomefrical parameters, dosage of CNT, properties of plasticizing
admixtura, ratio between dosage of CNT and plasticizear, the type and intensity of
homaogenization are the crucial factors in homogenization of CNT [7-12].

The maodification of cement systems by CNT requires a comprehensive approach.
Despita tha significant number of publications, this topic remains relevant dua to unclear
machanisms of interaction batween CNT and cement systam.

The current research was focused on investigation of MWCNT dispersion properiies

during storage and its influence on rheological properties of cement pastes.

2. Versuchsdurchfiuhrung/ Experimental program
2.1. Ausgangsmateriall/ Raw Materials

The cement CEM | 42.5 R (supplied by "Akmenes Cementas”, Lithuania) conforming to
EM 197-1 was used as a bindar.The mineral composition of the cement is presented in
Tab. 1. Tha physical and mechanical properties of the cement are listed in Tab. 2.

Tab.1: Mineral composition of cement

Component Amount [
ricalcium silicate {C:5) 579
icalcium silicate [C25) 156
ricalcium aluminate (CaA) 7.5
etracalcium alumincferrite {C.AF) 11.8

Potable water according to EN 1008 was used for preparation of cement pastes.

The MWCNT dispersion was prepared from the masterbatch "Graphistrangth CW 2-45°
produced by the company "Arkema” (France). Tha masterbatch contains 45 wt. % of



Tab.2: Physical and mechanical properties of cement

FProparty Valua
F-day compressive strangth, MPa 2812
[28-day compressive streangth, MPa 55+3
Initial setting time, min 180
Final setting time, min 225
Walume stability, mm 1.0
Water consumplion, % 26.6
Fesidue on the 30pm siava, % 1.5
Bpecific surface, emin 4000

MWCHKNT and 55 wi. % of carboxymeathylcellulosa (CMC). The MWCHNT was characterized
by filament length equal to 0.1-10 pm and diameter equal to 15-20 nm. The
concantration of "Graphistrangth CW 2-45" in the dispersion was aqual to 1.0%.

2.2. Experimental Process

The MWOCNT disparsion (D) was prepared in following way. The masterbatch
"Graphistrangth CW 2-45" ware immersed in hot water with temperature about 75"C and
stirred by standard mixer agitation about 1000 rpm during 15 min. Subsequently, dispersion
was subjected to ulfrasonication for a duration of & min. The ultrasonication was
parfarmead by Bandelin Sonopuls HD 3400 ultrasonic homogenizer (400W, 20 kHz) with
probe V5 200 T (@ 25mm, amplituda - B2pm).

The quality of disparsion was evaluated by pH-matar Mattlar-Toledo EL20 with limits of
arror £ 0.01 pH; electrical conductivity metar Mattlar-Toledo EL30 tests with limils of arror
+ 0.5 %. The same aquipment was usad to determine the pH and electrical conductivity of
cement pates and assess the influence of MWCNT on cement pastes. Particle size
analysis of dispersion was accomplished by particle size and zeta potential analyzar
DelsaMana C, Beckman Coulter with resolution of measuramants placed from 0.6 nm to
Tum.

The cement pastes with composition prasented in Tab. 3 were prepared for rheological
tast. MWOCNT dispersion was dissolved in potable water. Water togathar with MWCNT
dispersion was added to the cemant and cement paste was mixed for 180 s at high speed
by mixar. Rhecological properties of cement pastes ware tested in different time after
pastes mixing: 5, 30, 60 and 120 min. The rhaology tests were carried out at tamperatura
20+2 "C. The rotational rheometer Rheotest RN 4.1 with coaxial cylinders was used for
rhaological tests.

Tab.3: Composition of tasied cameant pasies

Dosage of WIC PL, MWCHNT, MWCHNT
MWUCHNT, % ralio [% by [% by waight disparsion, [%
waight of of camant] by waight of
camani] cameant]
] 0.30 ] 1] 1]
0.125 0.30 o 0.00125 0125
0.25 0.30 0 0.0025 0.25
0.5 0.30 o 0.005 0.5




The scheme of cylinder measuring system of rheometer is presantad in Fig. 1a. The
assambled measuring cup (1) with coupling i5s poured by cemant paste (3). and fixed in
the equipment stand. Tha rofating cylinder rotor (2} is placed inside the measuring cup (1)
with gap between them about 1.5 mm and rotates during the test. Shear rate ranged from
10005 to01s”! during testing time. The shear rate mode described by the graph in Fig.
1b was used in the current expeariments.
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Fig.1: a) scheme of cylinder measuring system Rheotest RN 4.1; b) shear rate mode of
rhaological test

Cemant pastes after mixing between tests were placed in the plastic containers and
carried in the laboratory conditions with temperature 20+2 "C and relative humidity not
lass than 65 %. The cemant pastes were premixed before rheological test by hands wsing
matallic scoop for 1 min.

3. Ergebnisse und Diskussion/ Results and discussion

Fig. 2 shows the changes in pH of MWCNT dispersion during the storage, pH level was
dacreased from 8.89 to 8.02. In athar words, tha disparsion madium becomes mare acidic
during the storage.
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Fig.Z: pH level of MW CNT dispersion during the storage
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Fig. 3 demonstrates the changes in electrical conductivity of MWCNT disparsion during
the storage. Electrical conductivity was increased from 2.00 to 2.75 mS/cm.
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Fig.3: Electrical conductivity of MW CNT dispersion during the storage

The results presanted in Fig. 3, 4 can be explained by the influence of MWCNT on the
physico-chemical processes which take placa in water madium of disparsion.
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The particle size analysis of MWCNT disparsion aflar the homogenization revealad that
tha diamater of MW CNT dispersion particles was variad from 119 to 1070 nm. The
avarage diameter of particles was astablished equal to 294 nm. The diamatar of particles
far tha MW CNT dispersion tested after 1 month of storage showed the variation from 82 to
G77Tnm and average diameater about 270.3 nm. The results of particle size analysis are
presanted in Fig.4.
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Fig.5: pH value of cement pasies

Fig. 5 and Fig. 6 demonstrate the changes in pH and electrical conductivity of cement
pastes modified by MWCNT dispersion in different dosage in 5 min after mixing.



pH valua of nanomodified cement paste with different dosage o MWCNT was not
changed as it's seen in Fig. 5.
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Fig.6: Elecirical conductivity of cement pasies

The madification of camant pastes by MWCNT dispersion leaded to the increase of
alectrical conductivity with the increase of MWCNT dosage. The maximum increase of
alectrical conductivity by 0.5% mS/cm was reached for cement paste modified by MWCNT
disparsion in tha dosage of 0.5% by waight of cement.

The axperimeantal rheclogical flow curves are presented in Fig. 7 and Fig.8 after 5 and

120 min of testing, respeactivaly. The yield stress (ro) and plastic viscosity (pp) ware
datermined in the course of linear approximation of flow curve [dependence betwsaen shear
stress (1) and shear rate (y) in the range from 0.1 to 100 &' based on Bingham modal. The
Bingham model is more widely used model for description of flow behaviour of

cement systems, which is expressed by Equation 1:

T=Tu+’l_:| ¥ ' {l}
where: 1 - shear stress, Pa;
1o - yield stress of tha cemant paste, Pa;
Hu. - plastic viscosity of the cement pasta, Pa-s;
y - shear rate, 5.
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Fig.T: Flow curves of nanomodified cement pastes after 5 min of mixing.

The intreduction of MWCNT dispersion changes the flow behaviour of cemant pastes. The
increase of shear stress and plastic viscosity of nanomadified cemant pastes is observed in
Fig. 7 in the range of shear rate fram 0.1 to 100 =" for § min after mixing. The maximum
increase of shear stress was identified for cement paste modified by MWCNT



disparsion in dosage 0.25% by weight of cement. The shear-thinning behaviour takes
placa in the coursa of modification of cement paste by MWCNT dispersion. At the same
time, as it seen in Fig. 8, shear stress and plastic viscosity are not changed for cement
pastes in the range of shear rate from 0.1 ta 100 s for 120 min after mixing for different
dosaga of MWCNT.
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Fig.B: Flow curves of nanomodified cement pastes after 120 min of mixing.

The equations of cament pastes flow behavior according to Bingham modal wera derived
and prasented in the Fig. 7 and Fig. 8 together with flow curves of pastes with differant
dosaga of MWCNT dispersion. The yiald stress and plastic viscosity valuas for cement
pastes with different dosage of MWCNT for 5 and 120 min after mixing were detarmined
and prasented in Table 4.

Tab.4:\alues of plastic viscosity and yield stress for nanomodified camant pastes

Dosage of = lypor 5 min After 120 min
MWEMT
dispersian, Yiald strass, I?'Iastn!:: Yield stress, Plastic
W viscosity, . . .
Fa Pa viscosity, Pa's
Pas
0 13.890 1.433 n2.22 [2.507
0125 11.71 1.569 5 934 12 568
0.25 11.05 1.707 10.76 (2. 561
0.5 G636 1.857 10.95 [2.536

The maximum decrease in yield stress for 5 min after mixing by 30.7% is cbserved for
cament paste modified by MWCNT disparsion in dosage 0.25% by weaight of cemant.

The maximum increasea of plastic viscosity for 5 min after mixing by 29.6% was establish
for cement pastes with MWCNT dispersion in the dosage 0.25% by waight of cemant.

4. Zusammenfassung/ Conclusions

The following conclusions are drawn in this study:

1. The MWCNT dispersion for modification of cement pastes with average paricle
diameater up to 284 nm was obtained in the course of research. The duration of
ultrasonication about & min, the power equal to 400W was established as
aptimal parameter of nano dispersion homogenization.



. The obtained MWCNT dispersion showead the stability for 1 month of storage.

The average diameter after 1 month of storage did not increase and was equal to
270.3 nm.

. The pH level and electrical conductivity of MWCHNT dispersion changes in the

range fram B8.89 to 8.02 and from 2.00 to 2.75 mS/cm, respectively, during the
1 month of storage. The changes in pH and electrical conductivity of MWCNT
disparsian during the storage can be caused by physico-chemical interactions
batween MW CNT and water molecules.

. The pH level of nanemodified cement pastes ara not changed, the maximum

increase of alectrical conductivity by 0.5% mS/cm was raached for cement paste
maodified by MWCNT dispersion in the dosage of 0.5% by weight of cemant.

. The introduction of MWCNT disparsion changas the flow behaviour of cement

pastes for 5 min after mixing. The MWCHNT disparsion does not influance
significantly on rhaaological behavior of cement paste for 120 min after mixing.
The maximum decreasa in yield stress for 5§ min after mixing by 30.7% is
observad for cement paste modified by MWCNT dispersion in dosage 0.25% by
waight of cement. The maximum increase of plastic viscosity for 5 min aftar
mixing by 29.6% was eslablished for cemant pastes with MWCHNT disparsion in
the dosage 0.25% by weight of cement.
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