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The Problem with plastic

What is a carbon nanotube (CNT)?

Plastic is a tremendously useful material being lightweight , durable and inexpensive. This has led plastics to become a staple ma- Carbon nanotubes (CNTs) are a form of giant covalent carbon structures, putting them in the same category of other carbon struc-
terial and its hard to imagine life without them. However some of these positive material properties lead to problems when con- tures such as graphite and diamonds. The structure of carbon nanotubes is extremely interesting, with them forming long tubular
sidering the end of their life[1]. structures with high aspect ratios (Length:Width). A CNTs structure is akin to rolling a sheet of chicken wire into a tube[3], however

S i Hhe AEE oF cerma ks dhay e 5s it s feale el usng tEeiton reevding merieds. TS cn be e in this case the chicken wire is a single sheet of graphene only an atom thick. CNTs take two forms, single walled (SWCNT) or multi

: e : . walled (MWCNT). Single walled nanotubes consist of 1 layer of carbon where as multi walled consist of many.
cause of chemical structure and additives included, such as flame retardants and pigments. Furthermore plastic products made ( ) 8 Y Y

from recycled plastics are often considered inferior in quality. This in turn makes fresh plastics more economically desirable [2]. SWCNT sideview SWCNT frontview MWCNT frontview

Using the LI-CVD process it is possible to change the perspective on plastics as a problematic waste product to a valuable un-
tapped resource. As plastic primarily consists of hydrogen and carbon, this makes them excellent candidates for chemical conver-
sion into advanced carbon nanomaterials. The LI-CVD process is able to use a variety of unconventional plastic sources that aren't
commonly recycled such as:

Here are some examples of some hard to recycle plastics currently being used in our research to produce CNTs:

Carbon nanotubes have a number of interesting properties including:
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. High tensile strength: theoretically predicted to be in the range of 100-200Gpa. However in practice spinnable
MWCNTs have a recorded range of 20-90Gpa [4] with longer nanotubes being measured at 0.68Gpa [5]

. Light weight: with a density of 1/6th that of coppers [2]
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. Both electrically conducting or semiconducting: depending on chirality
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\ SEM images of CNTs produced from polystyrene (PS) A) Owt%PS B) 1wt%PS C) 2wt%PS D) 4wt%PS [2] /

Dissolution

For plastic to be converted into CNTs, the plastic must be first dissolved to form a plastic slurry. This is a less common method for I_I q U | d | nJ e Ctl O ﬂ CV D
the production of CNTs from plastic. The majority of other methods opt instead for CNT growth from a light hydrocarbon gas e ——
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formed in a separate pyrolysis process. However, direct injection of a plastic slurry has several benefits: [2] \( o Jr } e, T .
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. Dissolution breaks down the polymers macro structure, untangling the polymer chains, increasing the reactive surface area. ?V““ge BB N catingzonel ) [ = A }’/ o f -~ 58/4. @
OH
. Polymer decomposition begins to occur lowering the required energy for C-H bond scission, which in turn allows the use of : — ;‘,LL ‘ - 3uartztube S — e \. \Fe
mixed plastic feedstocks. / CHy S
Plastic solution Plastic and catalyst pyrolysis: Within the inert atmos-
. Insoluble plastic additives such as flame retardants and pigments can drop out of solution, effectively cleaning the plastic. S . N | | S el ihe reseisr U & High e
. The plastic slurry can be transported via pipes and pumps allowing the process to be more industrially scalable. The liquid injection chemical deposition furnace (LI-CVD) is comprised of: the hydrocarbons present in the plastic and catalyst
. . .. ) ) .. . . e o . d dle: d | the f] fol ) | ] h begin to thermally decompose into smaller HC mole-
. Dissolving plastics increases the carbon density of the feedstock which can have positive impacts on CNT yield. . e Injection pump and needle: used to control the tlow ot plastic slurry into the cules. When the catalyst decomposes it releases its
furnace. metallic component, allow metallic nanoparticles to
— . . . ) nucleate. These NPs provide the site for CNT growth.
[ - . The carrier gas control and inlet: used to control the composition and flow condi-
3
.. @ 'y ' OH tions of the reaction atmosphere. ot m
growth
ﬁ @ Yy @\ . The heated quartz reaction tube: heated in the range of 700-1000°C that contains CH, } T T ”;
. . . Iron NP |
CHs the reaction and provides a surface for the CNTS to deposit. @ /
U Catalyst addition: Before the plastic slurry can be converted into CNTs, a catalyst needs  GHy C,(Hy--/‘ C,(Hy—-/‘
The plastlc is dissolved using 3 main steps: to be added. The catalyst comes in the form of a organometallic compound, in this case CNT growth: Smaller hydrocarbons formed during
. . . . . o ) ) ) ) _ _ _ - - pyrolysis now adsorb onto the surface of the iron
1. Resizing the desired feedstock via shredding/cutting. This increases the available surface area for dissolution and allows the ferrocene is used. The catalyst is very important as it not only lowers the required acti- NPs. Carbon is deposited onto the catalyst NP and
slurry to be mixed during the process. vation energy, but also provides the site for CNT growth. The size and shape of the nu- ~ hydrogenis released. The carbon diffuses into the
. . . . . NP and the concentration of carbon begins to rise.
2. Plastic pieces and desired solvents are inserted into a heated stirred vessel, then left until a homogenous slurry is formed . cleated catalyst nano particles (NPs) will also impact important structural properties of 40 o1 centration of carbon reaches a critical
This dissolution could require hours or a few days depending on the plastic used. the CNTs such as diameter, chirality and number of walls. point, carbon begins to crystalise out of the NP,

causing a CNT to grow.
3. The plastic slurry is then filtered. This removes any particulates that could not be dissolved.
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CNT applications

catalyst particle from causing carbon to diffuse

decomposing out of the catalyst
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CNTs make excellent electrical conductors if the correct chirality and purity is

achieved. Therefore this gives rise to the application of CNTs within electron-

ics. Our research group have developed 2 proof of concept electrical cables h

g
References Future work Want to know more ?

Aida De Heras. Plastic pollution: how chemical recycling technology could help fix it.
University of bath Centre for Sustainable and Circular Technologies. 29/03/2021.
https://blogs.bath.ac.uk/csct/2021/chemical-recycling-plastic-pollution/

synthesized using the liquid injection CVD process from plastic slurries. These 1

. . . : Link to papers
come in the form of a fully functional audio[6] and ethernet cable[2]. This . Further investigate viable plastic feed- pap

. . #:~:text=Chemical%20recycling%20breaks%20the%20plastic,chemicals%20in% a8

could show CNTs as a sustainable future alternative to copper cables, as they 200pent2Dloop%20recycling. " . "
. . . 2. Orbaek White, A.; Hedayati, A.; Yick, T.; Gangoli, V.S.; Niu, Y.; Lethbridge, S.; Tsampa- StOC S \‘.

can be grown from previously unrecyclable waste plastics. This would not only nakis, 1.; Swan, G.; Pointeaux, L.; Crane, A; Charles, R ; Sallah-Conteh, J.; Anderson, ol o

. . . . . . . A.O.; Davies, M.L.; Corr, S.J.; Palmer, R.E. On the Use of Carbon Cables from Plastic o E m ploy methOdS to ca ptu re im- r.
be d|Vert| ng pIaSUC Waste from Iandﬁ” but |Ower|ng the enV|r0nmenta| ImpaCt Solvent Combinations of Polystyrene and Toluene in Carbon Nanotube Synthesis. Na- a r e
o nomaterials 2022, 12, 9. https://doi.org/10.3390/nan012010009 po rtant hyd rocarbon com poun ds
Of CcoO p pel" mini ng 3. AO White. Plastic pollution: why chemical recycling could provide a solution, The Con-
versation, 2020/7, https://theconversation. com/plastic-pollution-why-chemical- frO m eXh aust ga S fO r reuse .F ‘
One future application being investigated is the use of CNT electrical cables el Gl e LB - - ?‘

[}
- . o - - - 4. N. Khandolfer, S.C. Hawkins, R. Ibrahim, C.P'. Huerh, F.'Deng. Tensile Strength of Spin- . E m ploy methods tO eXt ra Ct hyd rogen I. . i e
within airline planes, as there density is 1/6th that of coppers. Using CNT ca- 12 S YIS CETioem emeTilses, FHeeHle EnITeCring i Ava=asri (A | . .
https://doi.org/10.1016/j.proeng.2011.04.424. gas from th e EXh aust stream L I J
| I | [ ]

5. Kim, Hi., Wang, M., Lee, S.K. et al. Tensile properties of millimeter-long multi-walled

bles would lower the mass of any electronics on board and lead to lower fuel . _ ,
-\'o‘nne carbon nanotubes. Sci Rep 7, 9512 (2017). https://doi.org/10.1038/s41598-017-
requirementS[Z] 10279-0 Or visit: http://www.alvinorbaekwhite.com/
' ‘ Mass of carbon 6. Gangoli, V.S.; Yick, T.; Bian, F.; Orbaek White, A. From Waste Plastics to Carbon Nano- peer-reviewed

\ \.__Mass of copper cable

nanotube cables j tube Audio Cables. C 2022, 8, 9. https://doi.org/10.3390/c8010009
. /L J

UWE University ,09000, o0 Lo°
of the *ee®

A BETTER WORLD RCRIECI  coincering professors

EPC CONGRESS 2021-22 COUNCIL

The voice of engineering academics




