
Citation: Yoon, H.; Kim, H.; Matteini,

P.; Hwang, B. Research Trends on the

Dispersibility of Carbon Nanotube

Suspension with Surfactants in Their

Application as Electrodes of Batteries:

A Mini-Review. Batteries 2022, 8, 254.

https://doi.org/10.3390/

batteries8120254

Academic Editors: Mingsheng Wang

and Claudio Gerbaldi

Received: 5 October 2022

Accepted: 17 November 2022

Published: 23 November 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

batteries

Review

Research Trends on the Dispersibility of Carbon Nanotube
Suspension with Surfactants in Their Application as Electrodes
of Batteries: A Mini-Review
Hyungsub Yoon 1, Haeji Kim 1, Paolo Matteini 2 and Byungil Hwang 1,*

1 School of Integrative Engineering, Chung-Ang University, Seoul 06974, Republic of Korea
2 Institute of Applied Physics “Nello Carrara”, National Research Council, 50019 Florence, Italy
* Correspondence: bihwang@cau.ac.kr

Abstract: In the battery field, carbon nanotubes (CNTs) attract much attention due to their potential
as a supporting conducting material for anodes or cathodes. The performance of cathodes or
anodes can be optimized by introducing densely packed CNTs, which can be achieved with high
dispersibility. The efficiency of CNT usage can be maximized by enhancing their dispersibility. An
effective technique to this end is to incorporate surfactants on the surface of CNTs. The surfactant
produces a surface charge that can increase the zeta potential of CNTs, thereby preventing their
agglomeration. Additionally, surfactants having long chains of tail groups can increase the steric
hindrance, which also enhances the dispersibility. Notably, the dispersibility of CNTs depends on
the type of surfactant. Therefore, the results of dispersibility studies of CNTs involving different
surfactants must be comprehensively reviewed to enhance the understanding of the effects of different
surfactants on dispersibility. Consequently, this paper discusses the effect of different types of
surfactants on the dispersibility of CNTs and presents several perspectives for future research on
dispersibility enhancement.

Keywords: carbon nanotubes; dispersibility; sedimentation; agglomeration; packing

1. Introduction

Single-walled (SWCNTs) or multi-walled carbon nanotubes (MWCNTs) have attracted
considerable attention as supporting conducting materials for the cathodes or anodes of bat-
teries owing to their outstanding mechanical and electrical properties (Figure 1) [1–19]. The
density of carbon nanotubes (CNTs) considerably influences the performance of the cath-
ode or anode, with a higher density corresponding to superior battery efficiency [20–24].
To achieve a high density of CNTs in a limited volume, CNTs must be dispersed in a
processing solvent without severe agglomeration or aggregation [25–30]. To this end, the
attraction force induced among the individual CNTs in a solvent must be reduced. The
most widely used approach to enhance the dispersibility of CNTs is to use surfactants,
which are cost effective and can be easily processed through simple mixing processes such
as sonication or mechanical stirring [31–46]. Surfactants incorporated on the CNT surface
generate a surface charge (Figure 2) [47]. Anionic or cationic surfactants wrapping the CNT
surface are expected to induce negative or positive charges, respectively, thereby increasing
the absolute value of the zeta potential measured through an electrophoretic method. A
high absolute value of the zeta potential results in a high repulsive force among the CNTs,
thereby preventing the agglomeration or aggregation of CNTs. Additionally, surfactants
with long chain lengths can enhance the dispersibility by increasing the steric hindrance
(Figure 2) [47].
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Figure 1. Schematic showing various resistances in LIB cathodes. The overall cathode resistance
is the sum of the resistances arising from the (1) active material, binder, and conductive additive
coatings, (2) CCAMI, and (3) current collector. As shown on the left, in a traditional cathode,
conductive additives decrease the electrical resistance within the active material but do not affect
the high CCAMI resistance. On the other hand, as shown on the right, VACNTs directly grown on
an Al foil enable better electrical conduction across CCAMI, which dramatically improves the LIB
performance [3]. Reproduced with permission [3] (American Chemical Society, 2018).

Figure 2. Schematic of mechanism of steric hindrance and electrostatic repulsion [47]. Reproduced
with permission [47] (John Wiley and Sons, 2018).

Different types of surfactants, such as anionic, cationic, or non-ionic surfactants, have
been used to improve the dispersibility of CNTs (Figure 3) [48]. In general, the dispersibility
of CNTs in an aqueous solution depends significantly on the type of surfactants. Therefore,
it is important to organize the results of various studies on the dispersibility of CNTs involving
different surfactants to comprehensively understand the behaviors of CNTs with different
surfactants in the dispersion states. This paper summarizes and discusses representative
results on the dispersibility of CNTs with different surfactants. Moreover, several perspectives
for future research on enhancing the dispersibility of CNTs are presented. The findings can
provide a basis for research on enhancing the dispersibility of CNTs using surfactants.
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Figure 3. (a) A schematic of different types of surfactants and (b) chemical structures of some common
surfactants [48]. Reproduced with permission [48] (MDPI, 2019).

2. Enhancing the Dispersibility of CNTs Using Various Types of Surfactants

Jiang et al. used sodium dodecyl sulfate (SDS) as a surfactant to enhance the dis-
persibility of CNTs [49]. SDS is an anionic surfactant consisting of the sodium salt of a
12-carbon organosulfate, with the chemical formula of CH3(CH2)11OSO3Na (Figure 4a).
The hydrocarbon tail with a polar headgroup results in amphiphilic properties, allowing
SDS to act as a surfactant [50]. In the work by Jiang et al., 0.2 wt% CNTs was dispersed
in water with 0.01 wt% SDS. The stability of the CNTs was evaluated using a UV–visible
(UV–vis) scanning spectrophotometer that could measure the concentration of CNTs by
fitting the absorbance to the calibration curve [49]. Figure 4b shows the concentration of
CNTs with and without SDS as a function of the sedimentation time. The concentration of
CNTs without SDS rapidly decreased as the sedimentation time increased. This decrease
was not significant for CNTs with 0.1 wt% SDS. In general, a high concentration of CNTs
indicates a better dispersion state of CNTs in a solvent. Therefore, the abovementioned
observations indicated that the addition of SDS can help to enhance the dispersibility of
CNTs in water. This improvement in the dispersibility was attributable to the high negative
surface charge and steric hindrance resulting from the hydrophobic segment that promoted
the interaction between CNTs and SDS. These results highlighted that surfactants such as
SDS consisting of a hydrophobic segment with a single, long, straight-chain, and terminal
hydrophilic head can effectively enhance the dispersibility of CNTs in water.

Li et al. used different types of surfactants such as SDS and octyl phenol ethoxylate
(Triton X-100; TX100) to enhance the dispersibility of MWCNTs in water [51]. TX 100
(C14H22O(C2H4O)n(n=9–10)) is a non-ionic surfactant consisting of a hydrophilic polyethy-
lene oxide chain and an aromatic hydrocarbon lipophilic or hydrophobic group (Figure 5a).
The CNT concentration was evaluated using a UV–vis spectrometer. Specifically, 20 mg
of MWCNTs was dispersed in 40 mL of water with different contents of SDS and TX 100.
Figure 5b shows the CNT concentrations for different contents of SDS and TX 100. The
highest CNT concentration corresponded to the CNT suspension with 2000 mg/L TX 100.
The excellent dispersibility of CNTs in water was attributable to the benzene ring structure
in the tail group of TX100 [51]. In contrast, the sedimentation stability resulting from SDS
was higher than that of TX 100. Figure 5c shows the sedimentation kinetics of MWCNTs
dispersed in water with different surfactants (2000 mg/L) as a function of the sedimentation
time. The y-axis shows the ratio of the measured height of the suspension to the initial
height, with higher y values indicating lower sedimentation. The MWCNTs with SDS
exhibited the slowest sedimentation. The addition of SDS increased the absolute values
of the zeta potential (Figure 5d), resulting in enhanced stability [51]. Overall, different
surfactants were associated with different benefits: non-ionic and anionic surfactants were
more effective in enhancing the dispersibility and sedimentation stability, respectively.
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Figure 4. (a) Chemical structure of SDS and (b) CNT concentrations vs. time for 0.2 wt% CNT
suspensions without SDS and with 0.1 wt% SDS at pH 9 [49]. Reproduced with permission [49]
(Elsevier, 2003).

Figure 5. (a) Chemical structure of TX100. (b) Dispersibility of CNT concentrations with TX100 and
SDS. (c) Sedimentation kinetics of MWCNT suspensions dispersed using single or mixed surfactants.
The abscissa is the sedimentation time elapsed (t); y indicates the ratio of the absorbance of the
MWCNT suspension at time t to that at the initial time. (d) Zeta potentials of MWCNT suspensions
dispersed using single or mixed surfactants [51]. Reproduced with permission [51] (Royal Society
Publishing, 2019).
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Bai et al. compared the dispersibility of aqueous MWCNT suspensions with different
types of surfactants, namely, SDS, TX 100, and hexadecyltrimethylammonium bromide
(CTAB) [52]. CTAB ((C16H33)N(CH3)3) (Figure 6a) is a cation surfactant consisting of
bromide salt. In this study, 10 mg of MWCNTs was dispersed in 50 mL of water with 1 wt%
surfactants. The dispersibility of the MWCNT suspension with the different surfactants was
evaluated using a UV–vis spectrometer. Figure 6b shows the dispersibility of MWCNTs with
the different surfactants. The highest and lowest dispersibility of MWCNTs was achieved
using TX 100 and CTAB, respectively. The performance of SDS and dioctylsulfosuccinate
sodium (AOT) was similar to that with CTAB. In general, the benzene rings of TX 100
enhance the absorption properties of MWCNTs [53,54]; thus, TX 100 having a benzene
unit magnified the attraction to the MWCNTs, thereby enhancing the dispersibility of
MWCNTs in water. Because SDS and CTAB do not have aromatic units, the adsorption
capability to the surface of MWCNTs was weaker than that of TX 100. The dispersibility
is also influenced by the chain length of the tail. Longer chain lengths result in larger
spatial volume, thereby generating more repulsive forces between the individual MWCNTs
owing to the higher steric hindrance. The tail chain length of SDS is higher than that of
CTAB; therefore, the MWCNT suspension with SDS exhibited slightly higher dispersibility
than that with CTAB. Overall, surfactants having benzene rings helped to enhance the
dispersibility. Among the surfactants without benzene rings, surfactants with long chain
length of the tail were more effective in enhancing the dispersibility of MWCNTs in water.

Figure 6. (a) Chemical structure of CTAB and (b) the dispersion ability of p-MWCNTs and dif-
ferent surfactant-modified MWCNTs detected using a UV–vis spectrophotometer at 600 nm [52].
Reproduced with permission [52] (Elsevier, 2011).

In the work by Islam et al., 0.1 mg/mL SWCNTs was dispersed in water with another
anionic surfactant, sodium dodecylbenzenesulfonate (SDBS) [55]. SDBS (C18H29NaO3S)
has a long chain length of the tail and aromatic units (Figure 7a); thus, it was expected to
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enhance the dispersibility of SWCNTs in water. The dispersibility of SWCNTs in water
with different surfactants, namely, TX 100, SDS, and SDBS, was evaluated. Figure 7b shows
the image of the SWCNT suspensions with the different surfactants after two months. The
highest and lowest dispersion stability of the SWCNT suspension corresponded to the
samples with SDBS and SDS, respectively. The aromatic rings in SDBS promoted absorption
to the surface of the SWCNTs, which helped to enhance the dispersion stability. In addition,
SDBS has a long chain length of the tail, which helped to enhance the dispersion stability
by increasing the steric hindrance.

Figure 7. (a) Chemical structure of SDBS and (b) vials (6 mL) containing aqueous CNT dispersions
with (left to right) SDS, TX100, and SDBS. SDS and TX100 samples were imaged after sitting for
5 days, whereas SDBS samples were imaged after 2 months of sitting at room temperature. SDBS-CNT
suspensions appeared homogeneous, whereas SDS and TX100-CNT suspensions had coagulated
nanotubes in the body and at the bottom of the vials [55]. Reproduced with the permission of Ref. [55]
(American Chemical Society, 2018).

In the work by Rastogi et al., the dispersibility of MWCNTs was compared using
the other non-ionic surfactants, Tween 20 (C58H114O26) and Tween 80 (C64H124O26) [56].
Tween 20 (Figure 8a) and Tween 80 (Figure 8b) have longer hydrocarbon tails than SDS and
Tx100. In total, 50 mg/L MWCNTs was mixed in water with four different surfactants at
1 wt%, including SDS, Tween 20, Tween 80, and TX 100. The dispersibility was evaluated
using a UV-vis spectrometer. Figure 8c–f show the UV–vis spectra of MWNT suspensions
with different surfactants at varying concentrations. MWCNTs with TX 100 showed the
highest absorbance among those with other surfactants, while the minimum absorbance
was observed in MWCNTs with SDS. Tween 80 and Tween 20 showed similar absorbance.
Therefore, the order of dispersibility was confirmed to be SDS < Tween 20/Tween 80 < TX
100. In aqueous CNT dispersions, the hydrophobic tails of surfactants attach to the surface
of CNTs, while the hydrophilic heads interact with the aqueous phase, thereby lowering
the interfacial tension between CNT surface and water. Therefore, the dispersibility of
an MWCNT suspension is highly governed by the degree of adsorption of surfactants on
the surface of CNTs as well as that of steric hindrance by the chain length of the tail. The
molecules with the aromatic units are more effectively adsorbed on the surface of graphite
through π–π interactions [56]. Meanwhile, Tween 80 and Tween 20 have longer chain
length of hydrocarbon tail than SDS and TX 100. Considering the steric hindrance, TX 100
was expected to show the worst dispersibility because the effective chain length of TX 100
is the shortest among the used surfactants, which was not consistent with the experimental
results. This was attributed to the existence of aromatic units in TX 100. Therefore, it
confirmed that the “benzene ring factor” is more effective than the “tail length factor” in
enhancing the dispersibility of CNTs in water.
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Figure 8. Chemical structures of (a) Tween 20 and (b) Tween 80. UV–vis spectra of MWCNT
suspensions with (c) SDS, (d) Tween 80, (e) Tween 20, and (f) Triton X-100 [56]. Reproduced with
permission [56] (Elsevier, 2008).

To expand the versatility of CNTs, there have been various efforts to enhance the
dispersibility of CNTs in organic solvents such as ethanol, N-Methyl-2-pyrrolidone (NMP),
etc. In the work by Bricha et al. [57], five types of surfactants (CTAB as a cationic surfactant,
SDS as an anionic surfactant, and TX100, Pluronic F-127, and Span 60 (C24H46O6) as
non-ionic surfactants) were selected to enhance the dispersibility of MWCNTs in ethanol
(Figure 9a). In this work, the concentration of the MWCNT dispersion was constant,
at 1 g/L, and the MWCNT dispersions with 10 wt% surfactants were sonicated for 3 h.
To evaluate the performance of surfactants, they characterized the zeta potential value
according to the time, as shown in Figure 9b. Although Span 60 has a longer length of tail
groups than SDS, the absolute zeta potential value of the MWCNTs with SDS showed to be
higher. It indicated that SDS could prevent the agglomerations of MWCNTs, and the double
bonds in the tail group were more effective in enhancing the dispersibility of MWCNTs in
ethanol than the length of the tail group. Furthermore, the absolute zeta potential value
of TX 100 was higher than that of CTAB after 24 h, and the value of CTAB was decreased
dramatically. Through comparing the results of CTAB and TX100, the phenyl structures
were more helpful in improving the dispersion stability of MWCNTs than the tail length.
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Figure 9. Chemical structures of (a) Span-60 and (b) Pluronic F127. (c) Zeta potential results of
CNT dispersions with various types of surfactants according to the time [57]. Reproduced with
permission [57] (Elsevier, 2019).

NMP is widely used as an organic solvent to fabricate the slurry for the electrodes
of batteries. In the work by Goh et al. [58], the dispersibility of MWCNTs in NMP was
characterized depending on the charged types of surfactants, including SDS, CTAB, and
TX 100. They mixed 0.5 g of MWCNTs and 100 mL of the aqueous solution with 1 wt%
of various surfactants to make surfactant-treated MWCNTs. After sonication for 1 h, the
treated MWCNTs were filtered and dried at 60 ◦C. An amount of 0.05 g of fabricated
MWCNTs was dispersed in 15 mL of NMP; then, they compared the stability of the
MWCNT dispersions according to the surfactants. As a result, the pristine MWCNT
dispersion and the CTAB-treated MWCNT dispersion showed poor stability in SMP. In
the case of MWCNTs with SDS, although the sedimentation of MWCNTs was much lower
than that in the pristine and CTAB cases, there was a slight sedimentation of MWCNTs.
However, the MWCNTs with TX 100 showed the best dispersion stability compared with
other surfactants, because the hydrophilic polyethylene glycol groups of TX 100 have a
polarity similar to that of NMP, which showed a more effective interaction between TX
100 and NMP than other surfactants. Therefore, TX 100 is a promising candidate when
MWCNTs are dispersed in NMP.

The polymer wrapping on the surface of CNTs can also assist in dispersing CNTs
in organic solvents. Several types of polymers, such as conjugated polymers, can be
made to interact with the surface of CNTs via van der Waals forces [59]. The efficiency
of polymer dispersants can be dependent on the chain length and the structure of chains
of the conjugated polymer. Gomulya et al. [60] utilized a polyfluorene-based polymer
with different alkyl chain lengths, from C6H13 (PF6) to C18H37 (PF18), for dispersing
SWCNTs in toluene. Figure 10a shows the absorption spectra of polymer-wrapped SWCNT
dispersions with different alkyl chain lengths. Regardless of the size of the CNTs, the
optical density was increased with the increase in the alkyl chain length, which indicated
that the polymer with a longer chain length could be wrapped more efficiently and restrict
the aggregation of CNTs. Furthermore, for investigating the effect of the chain length of
polymers, they conducted a molecular dynamic simulation, which is the simulation method
for analyzing the movement of the molecules and predicting the phenomenon based on
Newton’s equations of motion. As shown in Figure 10b, there were SWCNTs with three
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different types of polymers, namely, PF12, PF15, and PF18, from top to bottom, respectively.
The left side and right side of the figures show the vertical and parallel directions of the
polymer backbones to the surface of the CNTs. In the case of the SWCNTs with PF12, there
were the enough sites to be attached to other chains. PF15 was attached well to CNTs
in both directions, which indicated that a longer chain length of the polymer was more
favorable to cover the surface of SWCNTs. However, in the case of PF18, although the
polymer chains were covered well in the vertical direction, the chains were detached from
the surface of the SWCNTs in the parallel direction. Through the simulation, we can predict
how molecules will behave.

Figure 10. (a) Absorption spectra of the SWCNT dispersions in toluene according to the alkyl chain
length of the polyfluorene derivatives and (b) molecular dynamic simulations of SWCNTs with PF12,
PF15, and PF18, from top to bottom, respectively. The left side and right side of figures show the
vertical and parallel directions of the polymer backbones to the surface of the CNTs [60]. Reproduced
with permission [60] (John Wiley and Sons, 2013).

Finally, we report the research studies that described the relationship between the
presence of surfactants and the electrochemical performance of batteries to emphasize
the importance of surfactants in CNT dispersion and battery applications. Lassi et al.
demonstrated that the presence of a surfactant in a CNT suspension enhanced the per-
formance of a lithium-ion battery [61]. They increased the conductivity of lithium iron
phosphate (LiFePO4, LFP) via introducing polyoxyethylene-oleyl ether (E-230) with the
chemical formula of C18H35O-(C2H4O)n-H as a non-ionic surfactant. At first, they mixed
an LFP solution and MWCNT dispersion with or without E-230 in water and then dried
the mixture to obtain the LFP-MWCNT powder as an active material. They fixed 0.315 g of
LFP and 0.018 g of MWCNTs and changed the amount of the surfactant from 0 g (E0) to
0.253 g (E5). After the fabrication of the active material, they dispersed the active material,
Super P, and binder in NMP in a mass ratio of 16:3:1, respectively. They measured the elec-
trochemical performance of the battery through coin cells with the fabricated LFP-MWCNT
electrode, lithium metal foil as the counter electrode, and 1 M LiPF6 as the electrolyte. The
specific capacity at a 0.2C rate of E5 (115 mAh/g) showed to be higher than that of E0 (89
mAh/g). This indicated that applying a surfactant to disperse MWCNTs uniformly assisted
in enhancing the specific capacitance and cycle stability of the battery and showed the im-
portance of surfactants. In the work by Wang et al. [62], a composite with silicone and CNTs
(Si@C-CNTs) was fabricated for the anode of a lithium-ion battery. They demonstrated
that the presence of SDS as a surfactant had the advantage of improving the performance
of the battery using the Si@C-CNTs composite. They prepared a Si/CNT dispersion by
introducing 1 g of SDS in 15 g of CNT dispersion with 0.4 wt% CNTs and then centrifuging
the dispersion to obtain SDS-treated CNTs. After that, they redispersed the SDS-treated
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CNTs in ethanol and mixed the CNT dispersion with a silicone dispersion. Then, after a
gelatin solution was added into the Si/CNTs solution, the mixture of gelatin with Si/CNTs
solution was pyrolyzed at 500 ◦C for 6 h in an Ar atmosphere. The obtained Si@C-CNT
composites were named according to the mass ratio of silicone nanoparticle, the gelatin,
and CNTs, and WS described the composite without the use of the SDS surfactant. For the
measure the electrochemical performance of the coin cell battery, they mixed Si@C-CNTs,
acetylene black as conductive agents, and polyvinylidene fluoride (PVDF) as the binder in
a mass ratio of 7:2:1, respectively. The used electrolyte was 1 M LiPF6 in the solution with
ethylene carbonate (1): diethyl carbonate (1): ethylene methyl carbonate (1); they utilized
lithium foil as the counter electrode. As shown in Figure 11a, the discharge capacity of both
the composites named Si@C-CNTs-5-0-0 and Si@C-CNTs-5-4-1-WS showed a sharp decline,
even before 20 cycles, because both composites had low electrical conductivity and were
unstable. However, using SDS in the Si@C-CNTs-5-4-1 composite showed a more stable
cycle performance than the composite without SDS (Figure 11b). Furthermore, the initial
capacity of the composite with SDS was much higher than that of the composite without
SDS. These results imply that the presence of SDS and a homogeneous CNT dispersion can
enhance the capacity and cycle stability of a battery and that the use of surfactants accounts
for a significant portion.

Figure 11. (a) Cycle performance of the battery with (a) Si@C-CNTs-5-4-1/WS and Si@C-CNTs-
5-5-0, and (b) Si@C-CNTs-3-6-1, Si@C-CNTs-4-5-1, and Si@C-CNTs-5-4-1 [62]. Reproduced with
permission [62] (Elsevier, 2022).

3. Summary

This paper summarizes and discusses the dispersibility of CNTs with different sur-
factants. Table 1 presents the comparison of CNT suspension using different surfactants.
Surfactants with aromatic units show good absorption capability on the surface of CNTs,
which enhances the dispersibility of the CNT suspension. The long chain length of the tail
of a surfactant is effective in enhancing the dispersibility by promoting repulsion through
the increase in the steric hindrance. Consequently, TX 100 and SDBS, which have aromatic
units, lead to a higher dispersibility than that achieved using SDS or CTAB, which has no
aromatic units. The dispersibility of SDS is higher than that of CTAB owing to their longer
chain length of the tail.

Although the dispersibility of CNTs using various surfactants has been widely studied,
systematic studies on the sedimentation of CNTs using different types of surfactants are
lacking. The sedimentation of CNTs is governed by complex mechanisms. Therefore, future
studies must focus on the sedimentation behavior of CNTs with different surfactants to
comprehensively understand the stability of CNTs.
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Table 1. Surfactants to enhance CNT dispersibility.

Material Type Aromatic Unit Solvent Dispersibility Ref.

SDS Anionic No
Water Moderate [49,51,52]

Ethanol Excellent [57]
NMP Good [58]

CTAB Cationic No
Water Moderate [52]

Ethanol Bad [57]
NMP Bad [58]

AOT Anionic No Water Moderate [52]
Tween 20 Non-ionic No Water Good [56]
Tween 80 Non-ionic No Water Good [56]

TX 100 Non-ionic Yes
Water Excellent [51,52,63]

Ethanol Good [57]
NMP Excellent [58]

SDBS Anionic Yes Water Excellent [63]
Span 60 Non-ionic No Ethanol Excellent [57]

Pluronic F127 Non-ionic No Ethanol Good [57]
PF6

Polymer Yes Toluene

Bad

[60]
PF8 Moderate

PF12 Good
PF15 Excellent
PF18 Excellent

Furthermore, we show that the use of surfactants can improve the performance of
the battery by enhancing the dispersibility of CNTs in solvents. Although it has been
demonstrated that well-dispersed CNTs in solvents improve the battery performance,
there are few studies on the performance evaluation of batteries according to the presence
and types of surfactants. Because there are various surfactants, research on appropriate
surfactants depending on the solvents is also considered important. Moreover, as research
on various substrates with flexibility and active materials has been conducted actively on
next-generation batteries, there is a possibility that the importance of surfactants and the
method to increase the dispersibility of CNTs will increase in the future.
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