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The transverse thermal and electrical conductivities (TTC and TEC) of various common carbon nanotubes (CNTs) are currently
still being researched due to difficulties in understanding the research question, resulting in a gap in the general understanding
of CNTs. A common problem researchers face is isolating the extreme anisotropic properties of CNTs from other factors
that also affect their thermal and electrical conductivities. These factors, which primarily include chirality, purity, defects,
diameter, and density, affect one or both conductivities. Current findings in the field’s methods and literature suggest that the
TTC is extremely low relative to the longitudinal thermal conductivity. However, there is a current difficulty in determining a
quantitative value of the TEC of CNTs, despite established literature indicating that the TEC is lower than that of the longitudinal
electrical conductivity. This issue can be resolved by acknowledging factors that affect the electrical and thermal conductivities
of CNTs in ongoing and future experiments and academic literature. A possible way to get to this solution is by making better
experimental designs that incorporate and account for these factors that affect the electrical and thermal conductivities of CNTs,
which include anisotropy, chirality, purity, and others, or by listing the specific details related to these factors that affect the
thermal and electrical conductivities of CNTs. This paper is being done so future researchers can more easily isolate anisotropy
and determine the TTC and TEC of various common CNTs.
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Introduction

The general study of various carbon nanoparticles and ma-
terials, along with research done on their thermal and elec-
trical conductivities, has numerous important applications in
other fields. Carbon nanotubes (CNTs) have become increas-
ingly widely used in energy storage and conversion technolo-
gies, sensors, and reinforcing certain materials across mul-
tiple fields, including aerospace, electrical engineering, and
biomedicine1. CNTs are carbon nanoparticles that are cylin-
drically rolled sheets of graphene with diameters typically in
nanometers and lengths in several millimeters2. Like most
other carbon nanoparticles, they usually exhibit high longi-
tudinal thermal and electrical conductivities (LTC and LEC)
compared to other forms of matter at standard temperature
and pressure (STP) due to their strong covalent bonds, free
electron flow, and other unique properties3. Strong covalent
bonds create efficient pathways for the transport of both elec-
trons and heat energy, and free electron flow increases elec-
trical conductivity by forming a “sea of electrons” not bound
to a specific atom but rather able to freely move around the
material they’re in (Coetzee et al., 2020)3.

However, CNTs, typically used in the longitudinal and
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transverse orientations, have transverse thermal and electri-
cal conductivities (TTC and TEC respectively). Researchers
have had difficulty determining the TTC and TEC numerically
due to several issues in isolating anisotropy, the change in the
physical properties of an object or substance due to a change
in orientation, from other underlying variables that also affect
the thermal and electrical conductivity of CNTs, despite some
progress4. Other factors that affect the thermal and electrical
conductivities of CNTs include chirality, purity, and density,
and current research is having trouble differentiating those
factors from anisotropy5. Thus, the lack of information on
the TTC and TEC of CNTs influences experimental results
and data, leaving gaps in the understanding of this research
topic. This gap creates issues in the practical applications
of the worldwide CNT industry because misunderstandings
about the TTC and TEC of individual CNTs can amount to
something significant when combined into practical applica-
tions of CNTs, like CNT fibers, since the thermal and electri-
cal properties of individual CNTs, when combined, determine
the thermal and electrical properties of CNTs in practical ap-
plications6. This can result in lower CNT quality and lifespan,
with unexpected electrical and thermal conductivities for prac-
tical CNT applications. As a result of this issue, engineers
and other field specialists don’t consider these constraints in
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their designs, causing common materials and devices, such as
phones and computers, that rely on CNTs to be less efficient,
more costly, and less reliable than what is possible with the
technology. Although researchers are currently attempting to
solve this issue, there are struggles in finding conclusive re-
sults despite some successful breakthroughs, such as a past
well-researched study to find the TTC and TEC of CNTs us-
ing magnetically aligned CNTs by Hone et al. (2000)7, which
used magnetically aligned CNTs (Hone et al., 2000)7.

This research paper seeks to help researchers in the field,
both current and future, solve the current knowledge gap in the
TTC and TEC of CNTs by acknowledging problems within
the methodologies of current and past experiments by thor-
oughly examining, analyzing, and interpreting the currently
available literature on CNTs which will be used for creating
an overview of the current understanding of the transverse and
longitudinal electrical and thermal conductivities of CNTs and
the common experimental methodologies used behind these
studies. Afterwards, possible solutions will be generated for
the field’s current difficulties. For this paper, the research
question used is: What do we know about the TTC and the
TEC of CNTs, and what remains unknown about them using
current research, and what do we know about CNTs generally?
Findings from this study can be used to design more accurate
and representative experiments related to this research ques-
tion and topic generally.

For non-specialists, transverse conductivity, longitudinal
conductivity, and chirality should be defined before reading
the rest of this manuscript for clarity. Transverse conductivity
is the conductivity of a CNT in the transverse or perpendicu-
lar direction to the CNT structure8. Meanwhile, longitudinal
conductivity is the conductivity of a CNT in the same direction
as the CNT structure or lengthwise along the CNT9. Chiral-
ity, typically indicated by the indices (n,m), is essentially the
structure of the CNT after being rolled up from 2D graphene
sheets10.

Before continuing with the rest of this paper, it is impor-
tant to note that single-walled carbon nanotubes (SWCNTs)
are considered the most studied CNTs because they essen-
tially act as the basic building blocks for other types of CNTs,
making them the primary focus of this manuscript, like many
others11. This detail matters because, realistically, it would
be too difficult to discuss every form of CNT, but by focusing
on SWCNTs, the study becomes more concentrated. Thus,
the manuscript’s primary focus will be on individual SWC-
NTs for their electrical and thermal conductivities. However,
this manuscript will also use papers involving films and com-
posites to allow access to more literature, as long as those pa-
pers involving these other materials aren’t directly cited for
the CNT thermal and electrical conductivity values and data
or confused with actual CNTs. For anisotropy, though the
longitudinal and transverse aren’t the only orientations, these

orientations will be this manuscript’s main focus due to their
common usage. These terms are also interchangeable with
axial and perpendicular in the context of CNT orientation, re-
spectively, though this paper will be using the former terms.

Methods

This paper is organized utilizing a narrative systematized
literature review method, which focuses on current under-
standings and identifies what is not known to develop or
answer a research question while also providing a subjec-
tive overview and interpretation12. The literature for this
paper was primarily researched using Google Scholar and
other research databases, including ScienceDirect and JSTOR,
with the following keywords to assess the study’s relevance:
CNTs, transverse, thermal conductivity, electrical conductiv-
ity, anisotropy, and chirality. Papers without these words or
other keywords that were similar enough to be interchangeable
terms (i.e., instead of using “CNT”, a paper may use the un-
abbreviated version “Carbon Nanotube”, or instead of “trans-
verse”, the “perpendicular direction” is used) or were also im-
portant, such as electrons and phonons, were not considered
relevant enough to the research question to be included. The
inclusion and exclusion criteria are shown below, with papers
being reviewed and retained based on their relevance and cred-
ibility to this manuscript.

To be included, the paper must be:

• The source is fully in proper English.

• Contain content related to the thermal and electrical conduc-
tivities of CNTs, which may include beyond just SWCNTs
and individual CNTs, though papers focusing specifically
on SWCNTs and individual CNTs are preferred.

• Use experimental data gathered from a lab or from an MD
simulation, or use a comprehensive literature review that
uses such experimental data.

• Come from a credible, academic website from an accredited
institution or agency, such as Science Direct, ACS Publica-
tions, Nature, or the National Institute of Health (NIH).

• No older than 2019 for most literature directly related to
the current understanding of the TTC and TEC of various
common CNTs.

• No older than 2000 for literature on methodologies and
well-established papers that haven’t been replicated recently
and are still considered relevant to today’s research.

• It is a definition from a credible dictionary website, such as
Webster or Britannica Dictionary.

The paper was excluded if:

• The source was not fully in proper English.
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• The source did not come from a credible academic website.

• If another paper could support a claim better through supe-
rior relevance, quality, or results, and if that paper could not
be used effectively elsewhere in the paper. (i.e.., although
several papers did support that anisotropy is being confused
with other factors that affect the thermal and electrical con-
ductivity of CNTs, Najmi & Hu (2024)13 support it best, so
other papers weren’t included since they were less relevant).

• The content was irrelevant or not closely related to the ther-
mal and electrical conductivities of CNTs or to this paper’s
research process.

• If the source came before 2019, if the source dates back be-
fore 2000 for literature on the research process and method-
ologies or on well-established papers, or isn’t a definition
from a credible dictionary website.

These criteria maintained flexibility within this study, al-
lowing the integration of newer developments in the field that
arose from renewed interest, alongside older, well-established
literature. Papers that were screened but did not meet these
criteria were not referenced within the paper. For data ex-
traction, data was collected by analyzing literature gathered
from the aforementioned credible academic websites. These
were mostly found through online research databases, primar-
ily Google Scholar, Science Direct, and JSTOR. Data extrac-
tion was accomplished by searching for keywords in literature,
skimming important paragraphs such as the abstract and con-
clusion, focusing on numbers and central details, and analyz-
ing detailed images and their figure descriptions. Most of the
time, this strategy achieved what was needed, but other papers
required more thorough screening for proper data extraction.

Process of a Systematized Literature Review

For information synthesis and overall structure, a narrative
systematized literature review synthesis was used12. The gen-
eral process for the narrative systematized literature review is
shown in Fig 1 and starts with developing a theory and ends
with making conclusions and recommendations for future di-
rections12. In total, 116 papers were screened for this paper
from August 1st, 2025, to September 5th, 2025, all of which
are recorded on a separate Google Doc and were excluded if
they didn’t meet the necessary inclusion criteria. Literature
gathered from multiple studies was used to summarize the
current understanding of the research topic and question, in-
cluding the most recent quantifiable answer to the question of
what the TTC and TEC of CNTs are based on current research.
Later, the paper identifies hindrances to the understanding of
the TTC and TEC, analyzes why this hindrance arises, and
then proposes possible solutions for future experiments and
researchers. The general process for a narrative systematized
literature review is shown in Fig 1. For information organi-

zation, this paper used the funnel approach, also known as
from general to specific information. For quality assessment
of each paper, the trustworthiness of the website containing it,
the number of citations from other researchers, and the overall
quality of the experimental methods used were considered.

Findings & Future Directions

I) Current Understanding of the Longitudinal and Trans-
verse Thermal and Electrical Conductivities of CNTs

There are several common methods used in real-life lab exper-
iments or molecular dynamics (MD) simulations to determine
the thermal or electrical conductivity of CNTs. Some com-
mon methodologies mentioned by Kumanek & Janas (2019)14

for determining the thermal conductivity of CNTs and carbon
nanomaterials in general include methods such as optother-
mal Raman (OTR) spectroscopy, 3-ω , hot-disk, bolometric,
steady-state, flash analysis, and others14. Meanwhile, com-
mon methodologies used for determining the electrical con-
ductivity of CNTs, as noted by Xiang et al. (2025)15, include:
Scanning Tunnel Microscopy (STM), electron microscope-
based nanoprobes such as the four-point probe method, and
nanodevice-based measurements15. This is significant in the
understanding of the longitudinal and transverse thermal and
electrical conductivities of CNTs because current research uti-
lizes these methods to gather data and experiment on CNTs to
develop current knowledge on the research topic. It’s neces-
sary to understand the methodology behind current studies to
suggest improvements on them, which will be done later in
this paper, as well as to deepen the understanding of how data
from the modern studies mentioned were collected.

Although results vary, current literature has generally
placed the LTC and LEC significantly higher than the TTC
and TEC for CNTs, respectively. This phenomenon is due to
the longitudinal direction’s better electron and phonon trans-
fer relative to the transverse direction of CNTs, thus the
anisotropic properties of CNTs. The LTC is higher than the
TTC because of the longitudinal direction’s strong sp2 cova-
lent bonding and lack of interfacial resistance16. On the other
hand, the transverse direction has weaker van der Waals forces
and significant interfacial resistance17. Furthermore, several
other sources note that the longitudinal direction of CNTs has
a superior electrical conductivity to the transverse direction of
CNTs primarily because of the longitudinal direction’s elec-
tron delocalization, ballistic transport, and higher electron mo-
bility compared to the hopping/tunneling, high contact resis-
tance, and defect-induced scattering of the transverse direc-
tion18.

Other papers have also quantitatively noted the significance
of the effect of anisotropy on CNTs, based on the idea that the
LTC and LEC of CNTs are significantly higher than their TTC
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Figure. 1 This image, adapted from Popay et al. (2006)12, displays the overall approach to a narrative systematized literature review. It starts
with developing a hypothesis and theory, forming a preliminary synthesis, then gathering information, assessing relationships among studies,
reflecting critically, and drawing conclusions and recommendations.

and TEC, respectively. The LTC of an individual SWCNT is
often considered to be around 2000-3000 W/mk, while the
TTC is estimated to be roughly between 0.1-5.6 W/mk14.
For electrical conductivity, the longitudinal direction of an
individual SWCNT generally ranges from 102 S/cm to 106

S/cm19. However, current research has had difficulty defin-
ing a general numerical range for the TEC of individual SWC-
NTs despite some relatively limited progress in them and other
CNT forms and materials, with most papers accepting that it is
often lower than the longitudinal electrical conductivity. The
difficulty in finding the TEC and the electrical and thermal
conductivities of individual SWCNTs in general occurs due to
several underlying differences in the CNT in each unique ex-
periment15. The differences that affect the thermal and electri-
cal conductivity of CNTs include geometry, density, and ori-
entation or anisotropy19. The issue is problematic because
many of these papers do not account for chirality, density, and
diameter, and thus do not set appropriate parameters when de-
signing and executing the experiment, nor do they mention
and take note of them in their research. The ranges in the data
reported by different experiments and papers are further ex-
acerbated because different papers use different experimental
methods. This information is supported when comparing the
LTC findings of individual SWCNTs from Li et al.20, which
used Raman spectroscopy to achieve 1651 W/mk and 2423
W/mk, while a study used in Kumanek & Janas’s literature
review using equilibrium MD simulations indicates that the
ideal SWCNT thermal conductivity should be around 2980
W/mk, a noticeable difference14,20. These findings from Ku-
manek & Janas, compared to Li et al., suggest that researchers
are having trouble finding the electrical and thermal conduc-
tivities of CNTs because some papers do not account for or
provide proper parameters for other factors that affect the
thermal and electrical conductivity of CNTs, despite devel-

opments, indicating that more can be done within the field5.

Longitudinal and Transverse Thermal and Electrical Conductiv-
ity of Individual SWCNTs:

Table 1 This table, created by this manuscript’s author, summarizes
the numerical findings of the longitudinal and TTC and TEC of indi-
vidual SWCNTs from other papers, experiments, and data gathered.
There is still difficulty in determining the TEC of individual SWC-
NTs in current research, despite some progress.

Thermal
Conductivity

Electrical
Conductivity

Longitudinal 2000 to 3000 W/mk 102 to 106 S/cm
Transverse 0.1 to 5.6 W/mk Current Difficulties

Determining

II) How do Other Factors Affect the Thermal and Electri-
cal Conductivities in CNTs and Result in Confusion?

Anisotropy changes the thermal and electrical conductivities
of CNTs significantly based on the CNT’s orientation. Chen
et al. (2016)21 mentioned that, “In the length direction of
CNT, the electrical conductivity of the CNT array is ∼5 times
larger as compared to the direction vertical to the alignment of
CNTs, while the difference in thermal conductivity between
these two directions is ∼25 times,” suggesting that CNTs nat-
urally exhibit extreme anisotropic properties when comparing
the transverse and longitudinal directions, which can be ob-
served when comparing the longitudinal and transverse elec-
trical and thermal conductivities. This matters in the context
of the research question because CNTs generally have ex-
tremely anisotropic properties, meaning that the CNT’s ori-
entation affects its thermal and electrical conductivities sig-
nificantly. The effect is due to the CNT’s alignment, inher-
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ently causing vastly different transport properties along the
tube axis when compared to the perpendicular direction.

Chirality also significantly affects the electrical conductiv-
ity of general CNTs and, to a lesser extent, the thermal con-
ductivity of CNTs as well, according to some studies, since
chirality modifies the nanotube’s electronic band structure,
thus controlling electrical conductivity22. The reasons as
to why chirality affects the electrical conductivity of CNTs
are mentioned by Su et al. (2023)23, who noted, “Accord-
ing to theoretical calculations, the chirality-dependent electri-
cal properties are derived from the electronic band structure,
which determines the contact barrier height between metal
electrodes and SWCNTs, the intrinsic resistance, and the in-
tertube contact resistance.”23. This suggests that chirality is
a considerable variable that affects the thermal and electri-
cal conductivities of CNTs, which should be isolated from
anisotropy, which is necessary in attempting to figure out the
TTC and TEC of CNTs.

Besides chirality, other factors such as purity, defects,
diameter, and density, whose definitions are mostly self-
explanatory, are sometimes mistaken with anisotropy within
the context of CNTs. It is noted by Chen (2022) that higher
purities and by Kumanek & Janas (2019) that greater densi-
ties typically cause higher electrical and thermal conductivi-
ties due to fewer disruptions in the transport of electrons and
phonons, respectively, and reduced interfacial resistance14,24.
Meanwhile, recent research conducted by Zhao et al. (2024)25

and earlier research conducted by Chen et al. (2014)26 indi-
cate that increased diameter is generally known to increase
thermal and electrical conductivity, though this phenomenon
is not as established as the effect of purity and density on the
electrical and thermal conductivity of CNTs. On the other
hand, more defects generally decrease electrical and thermal
conductivity due to increased disruptions in graphene, thereby
reducing the transport of both electrons and phonons27. All
these factors and variables combined pose an issue for re-
searching the thermal and electrical conductivity of CNTs in
general, and particularly become an issue when trying to find
the TTC and TEC of CNTS. If researchers fail to consider
these factors when designing their experiments, anisotropy
may not be properly isolated from these other factors in its
effect on the thermal and electrical conductivities, making the
TTC and the TEC of CNTs found within these studies less ac-
curate. This lack of accountability matters because many stud-
ies in current literature don’t or haven’t isolated these other
variables or considered isolating them from anisotropy when
attempting to determine the TTC and/or TEC of CNTs. Thus,
the aforementioned confusion in isolating anisotropy results
in a wide range of TTC and TEC values for CNTs, something
that researchers other than the author of this paper have also
suspected to be hindering progress in the field as well5.

III) Limitations of Current Models

The incompleteness in the understanding of the TTC and TEC
of CNTs is due, at least in part, to anisotropy being confused
with multiple other factors, which can also affect the thermal
and electrical conductivity of CNTs, such as chirality, purity,
diameter, density, and defects, with many researchers not de-
signing their experiments to account for these other factors re-
sulting in notable variances in data and thus uncertainty about
the TTC and TEC of CNTs. Thus, this poses an experimental
issue when trying to find the TTC and TEC of a CNT, pre-
venting the field from being fully developed, understood, and
analyzed for finding a quantitative answer to the TTC and TEC
of CNTs, thus hindering research within the field as a whole.
This is not an issue just noticed by the author alone, as other
authors have suspected this may be the case, and that a sub-
stantial number of experimental papers fail to consider many
of these other variables when designing an experiment to de-
termine the thermal and electrical conductivity of CNTs gen-
erally, not just in finding the TTC and TEC13. Being unable
to isolate these variables is potentially harmful when trying to
isolate anisotropy from these other factors because anisotropy
can easily be mistaken for something not caused by the CNT’s
orientation if the experiment is designed in such a way that
doesn’t account for these other variables. Thus, noticeable
differences in results between different papers form, resulting
in some of the current troubles in finding a quantitative answer
to the problem, even though a lot has been done to explain and
solve this phenomenon. Thus, more accurate and consistent
results are needed to establish a TTC and TEC value range for
CNTs.

IV) Potential Experimental Innovations and Isolation
Strategies

More accurate and consistent data is needed to establish a TTC
and TEC value range for CNTs. To help solve the issue of
the significant differences in findings between papers on the
TTC and TEC of CNTs, anisotropy should be isolated from
other factors, particularly chirality, purity, defects, diameter,
and density, which can also influence the thermal and elec-
trical conductivity of CNTs. The following section will pro-
vide recommendations for isolating these other factors from
anisotropy to improve and refine current field methodologies.
These recommendations will be conveyed by using what is
currently known in the research field and discipline, pointing
out what was done well and what wasn’t in the methodologies
used by different experiments, and finding possible ways to
isolate or at least account for the issue.

Although MD simulations could be used to isolate the in-
trinsic anisotropy of CNTs from other factors that affect the
thermal and electrical conductivity, MD simulations have lim-
itations as they typically rely on ideal conditions and aren’t
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Table 2 This table, created by the author, displays a comparison of different papers with different methodologies. This causes different results
for both the LTC and LEC, as well as the TTC and TEC of individual SWCNTS. The papers are listed and shown in alphabetical order.

Comparison of Studies on SWCNTS with Various Methodologies and Notable Differences:
Citation and Author Methodology LTC LEC

Earp et al. (2020)19 Reduction Expansion Synthesis (RES) N/A 102 - 106

Guo et al. (2021)16 Literature review with Raman shift 2400 N/A
Gojny et al. (2006)28 Theoretical Calculations 6600 N/A
Jia et al. (2024)29 Literature Review 3500 108
Kumanek & Janas (2019)14 Literature review with MD simulations and various

other methods
2000-3000 N/A

Li et al. (2022)20 Raman Optothermal Spectroscopy 1651-2423 N/A
Yue et al. (2015)30 Boltzmann-Peirels phonon Transportation Equation

(BTE) and ab-inito
3580-14350 N/A

always reliable representations of real-world phenomena31.
Thus, this review suggests that research on this topic be done
primarily in real-world labs and controlled environments until
more accurate data on the thermal and electrical conductivi-
ties of CNTs is gathered, since current MD simulations can
exhibit inconsistencies up to a whole magnitude32. Although
this makes their reliability for this specific research topic ques-
tionable, this is not to say that MD simulations are completely
unreliable, but rather that they aren’t currently an ideal op-
tion for pursuing research on this specific research topic due
to what is available currently on the TTC and TEC of CNTs,
despite their merits in other research topics in this field.

To help eliminate chirality as a variable in TTC and TEC,
experiments should ensure that not only the chirality type –
armchair/near-armchair, zigzag, and chiral – that the experi-
ment uses remains consistent or accounted for in the exper-
iment’s design, but also the chirality indices in each experi-
ment are as well33. This was done well in Slepchenkov et al.’s
(2020)34 experiment, where the significance of chirality in af-
fecting the thermal and electrical conductivities of CNTs was
accounted for by specifically studying the (6,6) and (9,9) arm-
chair chirality indices. Other ways to isolate chirality from
anisotropy include giving all trial samples within an experi-
mental or control group the same chirality type and index be-
fore involving anisotropy. This idea of keeping as many vari-
ables as possible other than the variable we want to test for,
in this case anisotropy, constant or accounted for in some way
within an experiment, and establishing the quantitative values
of those variables clearly in a study applies to the other men-
tioned factors that affect the thermal and electrical conductiv-
ities of CNTs in this paper, not just chirality35.

Purity is another variable to account for in TTC and TEC
because, as purity increases, both conductivities typically in-
crease. Experiments should ensure that they use a consistent
purity among their CNTs and explicitly note it within the pa-
per’s methodology. Currently, general research-grade quality

CNTs are CNTs with high purities of ideally >99.9% for elec-
tronic research36. However, the purity should still be explic-
itly mentioned within the paper and considered as a possible
research limitation when conducting experiments, especially
if the experiment involves varying purities or if a CNT of such
purity wasn’t used. For isolating the rest of the other variables
– defects, diameter, and density – it is necessary to establish
specific quantities or account for other factors that could affect
the result in some way within each paper applied to defects,
diameter, and density, which will help clarify the field’s cur-
rent misconceptions and ease challenges. The variables could
also be accounted for by using specific quantities of these vari-
ables in control groups while keeping the orientation the same
in these control groups, or by calculating them mathematically
and theoretically, and combining the knowledge gained from
those models with the experimental group on the TTC and
TEC of CNTs. For those seeking mathematical and theoreti-
cal models on the thermal conductivity of CNTs, see Kumanek
& Janas (2019)14.
V) Constraints and Limitations of this Study

A limitation of this study is the semi-limited quantity of lit-
erature directly related to the TTC and TEC of various CNTs
and how electrical and thermal conductivities are typically af-
fected by multiple variables. However, the field has relatively
recently had renewed interest and is currently being actively
studied, with most experiments utilizing one of many com-
monly used CNTs due to a lack of an industry standard, since
CNTs are often meant to occupy several unique niches, result-
ing in producers creating significant alterations and property
changes to specific CNTs to suit those roles1.

Another limitation was the use of only fully proper English
for the paper because English is the main language used in re-
search worldwide, and it’s often difficult to write a paper that
isn’t in English with the tools available to the author of this
paper. Additionally, this project was constrained to undoped
CNTs and did not expand to incorporate metal-doped CNTs,
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even though they are commonly used commercially and can
affect the thermal and electrical conductivities of CNTs. This
exclusion is because being metal-doped is a feature that not
all CNTs naturally possess, and thus isn’t representative of the
field generally because CNTs that aren’t metal-doped are also
commonly researched and used37. Also, this study had some
difficulty accessing potentially useful research since some pa-
pers were made inaccessible by the institution owning the
website. The author had to rely on research and papers that
were accessible without requiring much in terms of special
criteria, such as paying a subscription fee. Thus, due to
this project’s limitations, direct incorporation of metal-doped
CNTs and certain institution-restricted papers should be con-
sidered for future research.

Conclusion

The transverse thermal and electrical conductivity of various
common CNTs is a complicated topic that requires further de-
velopment. Current knowledge places the TTC of individual
SWCNTs at around 0.1-5.6 W/mk and an uncertain range for
the TEC, despite some relatively limited progress in under-
standing the TEC in individual SWCNTs and other CNT ma-
terials and forms. As knowledge of the TTC and TEC of CNTs
grows, future research must be able to isolate anisotropy from
other factors that affect their thermal and electrical conduc-
tivities. Future researchers should consider factors that also
affect the electrical and thermal conductivities of CNTs, such
as chirality, purity, defects, diameter, and density, so that re-
search on the thermal and electrical conductivity of CNTs can
more easily isolate anisotropy to determine the transverse ther-
mal and electrical conductivities. The following can be done
by using real-world labs to gather data, designing experiments
with control groups, or using mathematical or theoretical mod-
els to account for these other variables to isolate them from
anisotropy, and properly and explicitly noting the specific pa-
rameters and quantities of these other variables in research
papers to help avoid confusion among other researchers. If
implemented successfully and effectively, not only will re-
searchers experimenting and studying the TTC and TEC of
CNTs benefit, but also those generally involved in the field,
specialists from other fields, and the general public, by pro-
viding vital information on the constraints of the thermal and
electrical properties of CNTs.
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