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ABSTRACT

Carbon nanotubes (CNTSs) are nanometric carbon structures with cylindrical formats. For use in concretes,
one of the difficulties is in its dispersion, focus this work. It used a tool known as hierarchical analysis to
investigate the efficiency of the dispersion of carbon nanotubes in concrete kneading water. Were studied
12 forms of dispersions in agueous medium containing hum Miscellaneous Chemicals. Carbon nanotubes
multi-walled in powder form and Processed already dispersed in water were used. The study showed that
the hierarchical analysis tool might constitute an alternative to the election of the best choice among the
available options, considering the factors of influence in a systemic way.

Keywords: Analytical hierarchy process; concrete; carbon nanotubes

RESUMO

Os nanotubos de carbono (CNT) séo estruturas nanometricas de carbono com formatos cilindricos. Para uso
em concretos, uma das dificuldades esta na sua disperséo, foco deste trabalho. Foi usada uma ferramenta
conhecida como analise hierarquica. Para investigar a eficiéncia da dispersdo dos nanotubos de carbono na
agua de amassamento do concreto, foram estudados 12 formas de dispersdes em um meio aquoso contendo
diversos produtos quimicos. Foram utilizados os nanotubos de carbono de paredes multiplas em forma de
po e os industrializados, ja dispersos em agua. O trabalho demonstrou que a ferramenta de analise
hierarquica poderia se constituir em uma alternativa eficiente para a eleicdo da melhor dispersao,
considerando os fatores de influéncia de forma sistémica.

Palavras-chave: Analise hierdrquica; noncreto; nanotubos de carbono.

RESUMEN

Los nanotubos de carbono (CNT) son estructuras nanométricas de carbono en formas cilindricas. Para su
uso en hormigén, una de las dificultades es su dispersion, enfoque de este trabajo. Se utiliz6 una herramienta
conocida como analisis jerarquico para investigar la eficiencia de dispersion de los NTC en el agua de la
mezcla de hormigdn. Fueron estudiados 12 maneras de dispersiones en medio acuoso que contiene diferentes
productos quimicos. Se fue utilizado los nanotubos de carbono de pared mdltiple en forma de polvo y los
ya procesados, dispersos en agua. El estudio mostré que la herramienta de analisis jerarquico podria
constituir una alternativa eficaz para la eleccion de una mejor dispersion, teniendo en cuenta los factores
que influyen en forma sistémica.

Palabras clave: Proceso de anlisis jerarquico; hormigon; nanotubos de carbon.

Autor de contacto: Marcelo Medeiros (medeiros.ufpr@gmail.com)
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1. INTRODUCTION

Research in cement and nanotechnology areas, such as Makar et al. (2005), Gleize (2007), Nochaiya e
Chaopanich (2011), have shown that some nano-composite additions on cement may allow important
changes in the cementitious composites properties, allowing the production of stronger cements, less
porous and durable. Among these possible nano materials are carbon nanotubes (CNT), the main focus
of this paper.

Carbon nanotubes (CNTs) are carbon structures that, once synthesized, get cylindrical shape in
nanometer scale and measure approximately 3nm in diameter and 1000nm in length, one nanometer
correspond to 10E-9 meter (Couto, 2006).

From the structural point of view, there are two types of carbon nanotubes: single wall, consisted of a
single graphene sheet rolled up on itself to form a cylindrical tube, and multiple walls, comprising a set
of coaxial carbon nanotubes, with several graphene sheets rolled up into a tube (Zarbin, 2007). Single-
walled carbon nanotubes (SWNTSs) are more difficult to be synthesized, which increases their cost and
virtually precludes its application in large scale.

The addition of CNTs to cementitious compounds is a topic that has been studied by various brazilian
and international universities and the justification for this is that some surveys, attest the good
performance of nanoparticles when added to Portland cement mortars and pastes. However, there are
still some barriers to overcome. According to Batiston (2012), the two main challenges for the
introduction of carbon nanotubes in cementitious matrices are: homogenizing the distribution of carbon
nanotubes in the matrix and tailoring the interaction of CNTs with the resulting compounds from the
hydration of cement.

Regarding the distribution of CNTs to a cementitious matrix, several methods have been used,
highlighting the sonification and functionalization of CNTs using nitric and sulfuric acid mixture. An
appropriate dispersion of carbon nanotubes (CNTSs) is a prerequisite for their use in improving the
mechanical properties of cement-based composites (Sobolkina et al., 2012).

For researchers Koshio et al. (2001), ultrasound can be considered an effective technology for dispersing
carbon nanotubes in water, oil or polymers. For them, the shear forces generated by ultrasound outweigh
the attraction forces between the nanotube particles, being able to separate them. This has been proven
by Konsta et al. (2010) who achieved an efficient dispersion by application of ultrasonic energy and the
use of a surfactant. The results of this research show that there was adequate dispersion with the
application of ultrasonic energy. It was also evident in this study that multi-walled carbon nanotubes can
reinforce cement matrix, while increasing the amount of CSH and reducing porosity. This contribution
is also due to the fineness of the particles, which results in a reduction of the pore size of the hydrated
cement paste (Neville, 1996).

As the use of carbon nanotubes in cement compounds is a field of study in its early stages and promising
development, this study aims to contribute to a better understanding regarding the carbon nanotube
dispersion efficiency in aqueous solutions. In order to choose the best additions to perform the dispersion
was employed hierarchical analysis tool, which will be presented below, and has the advantage of being
a systematic method of choice, in which several criteria can be evaluated in a comprehensive manner.

2. THEORY OF HIERARCHICAL ANALYSIS

The Analytical Hierarchic Process, AHP, is one of the multi-criteria analysis methodologies that assists
the decision making in several fields of human knowledge. In civil engineering, the potential of AHP
has been little explored, however it is possible to mention examples of studies that have used this tool as
a decision making tool, such as: Marchezetti et al. (2011), in the treatment of household waste; Lai et al.
(2008), in public works projects; Costa and Correa (2010), in post-occupation evaluation of buildings;
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Pereira, Medeiros and Levy (2012) and Mattana et al. (2012) in studies on recycling of construction
waste for the manufacture of concrete and mortar.

According to Costa (2002) the method proposed by Saaty in the early 70s (Saaty, 1978), can be classified
as one of the most known and used methods of multi-criteria analysis, aiming at the selection/choice of
alternatives in a process that considers different evaluation criteria.

For the use of this important tool that deals with complex problems in a more simplified way, key
elements are needed to determine the global target: feasible alternatives and the set of criteria and
attributes. It is important that the user of the technique is aware that the established criteria do not cause
a superposition effect on each other and are able to cover all solutions of the problem.

The AHP allows to consider the subjectivity of some parameters and uses forms of judgment to quantify
these items, so that hierarchical levels are built. The results are presented in the format of priorities,
enabling the determination of how much one alternative is superior to the other, or their degree of
importance about the other variables.

This review influences the quality and effectiveness of the obtained results, since it is the evaluator's
responsibility to determine the modelling of alternatives and criteria, and the judgment on the assigned
values in the involved evaluations. Requiring the evaluators knowledge about the subject of each topic.

3. EXPERIMENTAL PROCEDURE

The focus of the developed experiment is basically to classify a composition and a dispersion method of
carbon nanotubes in aqueous solution. The reason is the fact that being the carbon nanotubes previously
dispersed in water, its distribution in the concrete mass to be made will be more homogeneous than if
the CNT powder is simply added to the mixer at the time of concrete manufacture. With this focus, 12
dispersion alternatives were evaluated by the point of view of turbidity, diameter of group formation and
sedimentation tendency. Table 1 shows the general plan of the experiment, with the number of samples
and the used dosage.

Table 1. Overview of the experiment.

Sample Description Dosage

SM1 | CNT in powder with water 10g water + 0.03g of CNT

SM 2 | CNT in powder with water and additive based on 10g water + 0.03g of CNT +
polycarboxylate (Tec Flow 8000 — at 2% relative 0.2g of additive
to the mass of water)

SM 3 | CNT in powder with water and additive based on 10g water + 0.03g of CNT +
polycarboxylate (Tec Flow 8000 — at 1% relative 0.1g of additive
to the mass of water).

SM 4 | CNT Aquacyl 0301 with water. 9.03g water + 1g of CNT

Aguacyl 0301

SM5 | CNT Aquacyl 0301 with water and additive based | 9.03g water + 1g of CNT
on polycarboxylate (Tec Flow 8000 - at 1% Aguacyl 0301 + 0.1g of
relative to the mass of water). additive.

SM 6 CNT Aquacyl 0301 with water, CNT in powder 9.57g water + 0.5g of CNT
and additive based on polycarboxylate (Tec Flow | Aquacyl 0301 + 0.015g CNT
8000 - at 1% relative to the mass of water). in powder + 0.1g of additive

SM 7 | CNT Aquacyl 0301 with water and additive based | 9.03g water + 1g of CNT
on polycarboxylate (Tec Flow 8000 — at 0.5% Aguacyl 0301 + 0.05g of
relative to the mass of water). additive.
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SM 8 | CNT Aquacyl 0301 with water, CNT in powder 10g water + 0.03g of CNT +
and additive based on polycarboxylate (Tec Flow | 0.05g of additive.
8000 — at 0.5% relative to the mass of water).
SM 9 CNT Aquacyl 0301 with water, and CNT in 9.57g water + 0.5g of CNT
powder. Aquacyl 0301 + 0.015g CNT
in powder
SM 10 | CNT Aquacyl 0301 with water, CNT in powder 9.57g water + 0.5g of CNT
and additive based on polycarboxylate (Tec Flow | Aquacyl 0301 + 0.015g CNT
8000 — at 0.5% relative to of water). in powder + 0.05g off additive
SM 11 | CNT in powder and gum arabic and water 9.0g water + 1g Goma arabic
+0.03g CNT in powder
SM 12 | CNT in powder and water with surfactant - —10g water + 0.03g of CNT in
Sodium Lauryl Ether sulfate powder + 0.1g of surfactant.
3.1. Materials

The materials employed were: carbon nanotubes (CNT), superplasticizer admixture, distilled water,
Arabic gum and Lauryl ether sodium sulfate.

In the case of Arabic gum, the manufacturer does not provide data of chemical and mechanical
characterization, therefore, it is not presented in this paper. The sodium Lauryl Ether sulphate is basically
a chemical product which formula is CH3(CH2)10CH2(OCH2CH2)nOSO3Na. Both materials had
already been searched by Ibarra et al. (2006) and Metaxa et al. (2012) respectively, which obtained good
dispersion results.

The CNTSs used in this research were acquired in Nanocyl SA company, located in Belgium. The amount
paid for the powder product was 120 Euros per kilo. These are multi-walled CNTs synthesized by the
method of chemical vapour deposition, also called CVD. Commercially the products are specified with
the names NC 7000 for powder form and AQUACYL 0301, to the one already dispersed in water. Both
cases were employed in this study.

Tables 2 and 3 show the chemical and physical information of CNTs used in this study.

To perform the experiment, a superplasticizer based on polycarboxylate admixture was used.
Polycarboxylate are macromolecules used as dispersants in cementitious compositions of high efficiency
by reducing the viscosity of the suspensions and minimizing the amount of water used for the process
(Mehta; Monteiro, 2013).

Table 2. CNT characterization provided by the manufacturer.

Properties Unity Value
Average diameter nanometers 9.5
Average length micron 1.5
Carbon purity % 90
Metal oxide % 10
Surface area m?/g 250-300
Average density g/l 60

Table 3. Product composition provided by the manufacturer.

Components % (weight)
Synthesized graphite (CNT) 90%
Cobalt oxide <1%
Others 9%
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The admixture used in the experiment consists of a carboxylic ether polymer modified with a solid
concentration of approximately 49%. The product meets the requirements of ASTM C 494/2013 (TYPE
A and F) (2013), ASTM 1017/2007 (2007), NBR 11768/2011 (2011). Some of its properties can be
viewed in Table 4.

Table 4. Information about the superplasticizer admixture provided by the manufacturer.

Recommended dosage (on pH Specific mass
weight of cement) (ABNT 10908) (ABNT 10908)
0.3% a 2% 55+1,0 1.10 + 0.02 g/cm?®

3.2. Procedure for the preparation of CNT dispersion

Figure 1-a shows the weighing of nanotubes using an electronic balance accurate to 0.001g. In all cases,
the percentage of 0.3% in relation to the total water added was maintained. The mixtures were made in
test tubes, which were shaken in a mechanical shaker (Figure 1-b, before, and Figure 1-c, after shaking).
As a next step, the solutions in the test tubes were subjected to sonication in an ultrasound bench device,
from Thornton Ltd. with a nominal frequency of 40 KHz and 100W of power (Figure 1-d).

Figure 1. a) Weighing of CNTs in balance, b) appearance of the solution'bfrifBr to mechanical agitation,
c) appearance of sample after mechanical agitation, d) samples in ultrasound.

The sample remained in the ultrasound for 1 hour. This time was determined based on a visual analysis
that indicated that after 60 minutes, the samples showed no changes regarding tonality and turbidity and
showed no settling after a rest time of 24 hours, as explained in section 3.3

3.3. Defining the sonication time of dispersions

This part of the study was intended to determine the permanence time of the aqueous solutions, with
CNT, in ultrasound. Thus, dispersions were made by using the times of 10, 20, 40 and 60 minutes in
ultrasound. The objective was to set a time of sonication that would generate a minimal incidence of
dispersion decantation after 24 hours of settling. Figure 2 is a comparison example of decantation after
24 hours and for 40 minutes of sonication.
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Figure 2. Visual analysis of samples with sonication time of 40 minutes after 24 hours of rest.

The result of this comparison is shown in Table 5 and indicates that sonication times of 40 and 60 minutes
were those with lower occurrence of decantation. Thus, it was decided that this study would have as
standard procedure to fix a time of 60 minutes for submission to sonication.

Table 5. Samples decantation after 24 hours at rest in relation to the time of ultrasonic waves’

application.
Samples /| < ol = | « Total
S Slajlo]lg|lw]ol~]lolold]ld]d

Sonication | Z | S| |=|=|=S|=|=|=|=]|=| = |occurrences of
time DDA D]|DID]O]A]O]ODLO]T D] decantation

10 min. Y| Y|Y|[N|N|N|IN|JY|N|N|Y]|Y 6

20 min. Y|{Y|Y|IN|N|N|NJY|N|N|]Y|Y 6

40 min. Y| Y[N|[N|N|N|N|JY|N|N|N]|Y 4

60 min. Y|Y|N|ININ|N|NJY|N|N|N|Y 4

Y — Decantation occurred
N — Decantation did not occurred

3.4. Use of microscopy for dispersions evaluation

After preparing the samples of dispersions, they were analysed in an optical reflection microscope brand
Olympus, model BX60 equipped with a digital camera Olympus UC 30 that can be observed in Figure
3. Images were made with different magnifications (50x, 100x and 200x) with lighting in clear weather

and lower incidence.

Figure 3. a) detail of the equipment’s lens b) Olympus BX 60 microscope.
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Samples were collected from the test tube, immediately after preparation, before the decantation of the
CNTs occurred and arranged in glass plates with the help of a pipette, dripping one drop on each plate.
In all tests it was used the incidence of illumination from down in order to examine the transparency and
turbidity of the sample.

3.5 Evaluation Criteria
Three criteria for evaluation of dispersion of carbon nanotubes were used in this study. Turbidity, the
diameter of clumps and decantation. The explanation of each of these criteria is presented below:

3.5.1 Turbidity

Turbidity is a physical property of fluids which results in reduction of their transparency due to the
presence of suspended materials that interfere with the passage of light trough them. However, the
complexity of optical interactions between incident light, optical properties of the suspended and
dissolved materials, in particular its refractive index and colour, turn turbidity a subjective visual
property, not behaving as a directly measurable physical quantity. However, analysis of this criterion
was performed in qualitatively way with the visualization or not of turbidity and its classification was
made by three parameters that can be seen in Table 6. Thus, the more turbid the solution is, the more
efficient the CNTs dispersion was. To determine the turbidity, it was used the incidence of light under
the sample to make sure the samples were always photographed focusing the edge of the dispersed
solution drop.

Table 6. Parameters for analysis and classification of turbidity.

Incidence of light passing through the sample Parameters Classification
No incidence of light Blurred Great dispersion
Low incidence of light Translucent Good dispersion

High incidence of light Translucent Bad dispersion

3.5.2 Diameters of clumps

The formation of clumps denotes the agglutination of particles and therefore that there was no efficient
dispersion of CNT in the sample. The larger the diameter of the formed clump is, the less efficient the
dispersion was. The images obtained by microscopy allowed to measure the diameter of clumps formed
in each sample. To measure the clumps images increased 50 x in microscope were used, and it was agreed
to measure, in microns, the diameter of the greater clump found. The measurement was made by
comparison with the reference scale of the image. Figure 4 illustrates the adopted procedure.

Figur-e 4 Measurement of the diameter in microns of the largest CNT clump.
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3.5.3 Decantation in test tube

Decantation is the process of separating the phases of a mixture or solution (see Figure 3). If there is
considerable portion of particles in the sample, it means that there was no decantation. This is important
so that there is proper dispersion of CNTs in aqueous media, and the higher the concentration of
suspended particles is, the better, as for making concrete with CNTSs it will be initially necessary to
perform the CNTSs dispersion in a liquid for later implementation.

4. RESULTS AND DISCUSSION

4.1. Evaluation of microscopy photos

In Figure 5 to 16 it is possible to view photos taken on the microscope that were used for analysis of
turbidity and size of formed clumps. They have magnifications of 50x, 100x and 200x, which can be
perceived in images A, B and C - respectively, in each figure. As a standardized form of images, all
photos were taken using as reference one of the edges of the drop placed on a glass plate. In the photos
it is also possible to see the size of clumps formation as well as the transparency of samples with light
with low incidence.

Figure 5. Sample SM 1 - powder CNT dispersed in water alone.

_ T{ o
% P\-
e \

. A L

Figure 6. Sample SM 2 - powder CNT dispersed in water and a polycarboxylate admixture (Tec F|O;N
8000 - at 2%).
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v N . 4 d

Figure 7. Sample SM 3 - powder CNT dispersed in water and a polycarboxylate admixture (Tec Flow
8000 - at 1%).

b o
/-~ s

Figure 8. Sample SM 4 - CNT Aquacyl 0301 dispersed in water.

A -.7J‘ - -
Figure 9. Sample SM 5 — CNT Aquacyl 0301 dispersed in water and polycarboxylate admixture (Tec
Flow 8000 - at 1%).

Figure 10. Sample SM 6 - CNT Aquacyl 0301 dispersed in water, with powder CNT and
polycarboxylate admixture (Tec Flow 8000 - at 1%).
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Figure 11. Sample SM 7 - CNT Aquacyl 0301 dispersed in polycarboxylate admixture (Tec Flow 8000
- at 0.5%) and water.

W i i
- |, & | = jﬂ« d ’.

Figure 12. Sample SM 8 - powder CNT dispersed in polycarboxylate admixture (Tec Flow 8000 - ét
0.5%) and water.

- "‘
L]

Figure 14. Sample SM 10 - CNT Aquacyl 0301 dispersed in water, with powder CNT and
polycarboxylate admixture (Tec Flow 8000 - at 0.5%).
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Figure 15. Sample SM 11 - powder CNT dispersed with Arabic gum and water.

Figure 16. Sample SM 12 - powder CNT dispersed in water and surfactant.

Comparing sample SM 4 (Figure 8), which is the case of the industrially dispersed product (Aquacyl)
mixed with water and subjected to 60 minutes of sonication, with the cases where were used the CNTs
in powder for dispersion, it is verified that none of alternatives using powder CNT (Figures 5 to 7, Figure
10 and Figures 12 to 16) resulted in the same efficiency of the industrial dispersion of the supplier.
Exceptionally, the manufacturer does not provide information about the technique used to disperse the
CNTs. It is noteworthy that this difference was verified by microscopic evaluation, although many of the
dispersions made with powder CNT were visually identical to SM 4, as can be seen in Figure 2.

It can be seen that, in sample SM 5 (Figure 9), with superplasticizer additive TF8000 and Aquacyl
product, CNTs formed some clumps and had an orientation at the edge of the drop solution. It is possible
to imagine that the additive action was the cause for this occurrence, since in the sample containing only
the Aquacyl and water (SM 4) this was not observed (Figure 8).

4.2. Application of hierarchical analysis for interpreting results

For the purposes of analysing the efficiency of dispersion three criteria were adopted. In Figure 17 there
is a general flowchart of the application of hierarchical analysis, showing that the criteria considered in
the evaluation were: turbidity of dispersion, diameter of formed clumps and decantation tendency.
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Choice of solution with better
CNTs dispersion

—~

2 |

M1 )(sM2 ) [sM3 [SM4][SM5][SMé][SM7][SM8][SM9]s10[§M11J[§,12]

Figure 17. Flowchart of Hierarchical Analysis.

From the choice of this criteria, limits of performance were suggested that will be analysed based on
visual analysis and microscopy of CNT dispersions. The performance limits adopted can be seen in Table
1.

Table 7. Suggested limits for analysis of alternatives performances.
Criterion Performance limits Test method

Liquid turbidity If blurred - optimum Microscope
If translucent* — good
If transparent™* - bad
@ of clumps From 0 to 500 pm — optimum | Microscope
From 500 to 1000 pum — good
Higher than 1000 um - bad

Decantation Did not decanted— optimum | Visual - Test Tubes
Decanted - bad

* Lets few light pass by
** |ets much light pass by

To estimate the importance of each criterion a matrix was developed, which can be seen in Table 8 and
is contained in ASTM E 1765/2011 (2011). In the matrix, the attributes were compared by paired analysis
(two by two), which aims to rank the criteria. A feature of AHP is the subjectivity of the process, since
it depends of the importance that the evaluator gives to each criterion. Nevertheless, this aspect can be
seen as a positive factor because it indicates that the evaluation system is open to the convictions of the
decision maker, i.e., one can introduce prior experience from the expertise of the decision maker.
Regarding the use of the ASTM E 1765/2011 (2011) scale of importance, it should be clarified that when
the comparison results in a reverse way to the cases of Table 8, the reverse of the note is adopted. That
is, if B is more important than A, its note is 1/5.
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Table 8. Scales of importance for the evaluated criteria (ASTM E 1765/2002).
Comparisons Scale

A equal to B 1

A slightly more important than B

A more important than B

A much more important than B

A extremely more important than B

O(N|(OT|W

The next step was to mount a decision matrix and proceed to calculate the relative weight (Pr) of each
considered criterion. For this, the sum of each individual criterion is considered, dividing it by the total
sum of the criteria and multiplying by one hundred. Equation 1 illustrates this calculation.

. > Criterion (total o frow) 100
) Total (criteriacolumn) 1)

Table 9. Matrix with paired analysis and weight for each criterion.

Evaluated criteria using the Turbidity | @ of . Criteria— Sum | Weight
Importance Scale according to of liquid | clumps Decanting (Line Total) (Pr)- %
ASTM E 1765/2002
Turbidity of liquid 1.00 3.00 3.00 7.00 53.9
@ of clumps 0.33 1.00 0.33 1.66 12.8
Decanting 0.33 3.00 1.00 4.33 33.3
Total - criteria column 13.00 100%

From the measurement of weights for each criterion, the samples were classified according to their
performance. For this purpose, three levels of performance classification where agreed as shown in Table
10.

Table 10. Standard for analysis of samples.

Performance limits Points
Comply with high performance 2
Comply averagely 1
Comply underperforming 0

Thus, after sorting the samples according to their performance, each variable was divided by its greatest
value as shown in Table 11. This practice has the function of normalizing all quantities measured so that
all range from 0 to 1.
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Table 11. Results of samples.

Scale of General data Normalized data

importance
according with the N|o || wlo |~ oo F|J|J]c|Notwol~o ol 3T Y
wayssotons | 2| 2|3 3|33 |3(3 32 3|3|3|3|3 333 333|333

dispersion
Turbidity of liquid | 1 0 0 2 2 2 2 |0|2]l2|0]|0}o05(0|0O|1|2(|1|2]|0f12]|1(0]0O
@ of formed = Q o o™ A | | | A
clumps (um) g |3 § 5|8 § 8|3 § & S gl ° 1| ° 7| S| o ol o o o e
Decanting 0 0 2 2 2 2 210|222 |0}yO0O{|O(|2|1|2|1]|2]|0f2]|1(1]|0O0

Finally, each variable was multiplied by its respective relative weight, obtaining the performance index to each alternative and criterion, as
shown in Table 12. Adding the data of columns in Table 12 the general index of performance of each alternative is obtained. The performance

index of the 12 samples can be seen at the penultimate row of Table 12. As a result, it appears that the best dispersions were SM 4 (1st place),

SM 5 (2nd place), SM 7 (3rd place) and SM 9 (3rd place). It should be noted that SM 3 and SM 11 immersions were the ones with the best
performance among those who used the addition of powder CNTs.

Table 12. Alternatives performance.

Normalized data x Weight of Variable

Scale of importance =

according to the analysis of | & -2 — N ™ ¥ L0 © ™~ @ o = - S

CNTs dispersion Sz|lz|2|32 = = = = = = = = | 2
Turbidity of liquid 0.539 | 0.27 | 0.00 | 0.00 | 0.54 | 054 | 054 | 054 [ 0.00| 054 | 0.54 | 0.00 | 0,00
@ of formed clumps (um) 0.128 | 0.00 | 0.00 {0.01 | 0.13 | 0.04 | 0.01 0.02 | 0.01 | 0.02 0.01 |0.01 |0,01
Decanting 0.333 | 0.00 | 0.00 | 0.33 | 0.33 | 033 | 033 | 0.33 [ 000 | 0.33 | 0.33 | 0.33|0,00
Total 0.27 | 0.00 | 0.34 | 1.00 | 091 | 088 | 0.89 | 001 | 0.89 | 0.88 | 0.34 | 0.01
Classification 6 7 5 1 2 4 3 8 3 4 5 8
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5. CONCLUSIONS

The highest value found corresponds to the best alternative of choice, so it can be said that in this
case, SM 4, containing water and Aquacyl 0301 CNT, corresponds to the sample with the best
dispersion. This demonstrates that the industrially dispersion method is really more efficient than
all the other tested dispersion attempts in this study. According to the analysis, the samples that used
Agquacyl product had the highest values of performance in the AHP, as can be seen in Table 12, the
samples SM 4, SM 5, SM 6, SM 7, SM 9 and SM 10. Despite evidence of clumping in most samples
with powder CNT, demonstrating that they were not fully dispersed in an agqueous medium, the
study helped to understand the functioning of CNTSs dispersion in various media, helping to define
with a little more precision products and forms of dispersion to be used in the research. Samples
with the best results with powder CNT were: SM 3 containing water, CNT and polycarboxylate
additive (Tec Flow 8000 - at 1% relative to the mass of water) and SM 11 containing water, Arabic
gum and CNT. It was demonstrated that the increase in sonication time of dispersion reduced the
occurrence of decantation of the solutions, seen as an increasing factor for the dispersion of
solutions. The study employing microscope was important because many findings based on the
images obtained with this equipment revealed information that could not be obtained from
observations with the naked eye. Notwithstanding, the worst dispersing results consisted in samples
SM 8, with water, CNT and polycarboxylate additive (Tec Flow 8000 - at 0.5% relative to the mass
of water) and SM 12 with water, powder CNT and surfactant (sodium lauryl ether sulphate), which
were discarded. Comparing the results from SM 4 (Figure 9) with the ones of SM 5 (Figure 10), it
was demonstrated that the introduction of polycarboxylate additive (Tec Flow 8000) caused the
formation of clumps, initially non-existent, in liquid with CNTs industrially dispersed. One of the
possible explanations is that electric bi polar charges, have accumulated on the surface of the
particles causing the phenomenon of agglutination. This could be best explained if we knew exactly
the dispersion process applied in the industrialized product. It is therefore suggested that further
research be conducted to explain this fact.
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