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The demand for electricity has increased drastically due to population explosion globally. Unfortunately, supply does
not meet the demand. Consequently, the transmission grid becomes overloaded, culminating in frequent power
outages. It was observed that besides inherent conductor defects, overloading, bush fire, short-circuit, harsh
weather, and lightning were the factors that ravage the transmission grid. There is a need to develop more robust

conductor materials that can withstand these challenges.

aluminum conductor transmission network thermal expansion

| 1. Introduction

For many privately owned and government-controlled power-related businesses throughout the African continent and
Asia, the production and delivery of electrical energy has remained a significant burden and concern . This issue,
which affects over 60% of people in sub-Saharan Africa and Asia, including women and children who do not have
access to regular electricity [, is thought to be the cause of numerous deaths and health-related issues in the
region, owing to constant exposure to fumes from biomass stoves, which are their primary source of power &l The
scarcity of energy is due to power providers’ limited power generation/transmission capability. High power generation
and distribution costs, inadequate power infrastructure maintenance, and lack of research and innovation in energy
management and power supply are all factors that cause epileptic power supply . These have hampered economic
growth and development, the adoption of new energy strategies, improvement in public service delivery,
technological advancement, and people’s general standard of living 2. Power outages have both direct and
indirect effects on the entire functionality of firms/industries, provoking upsurges in economic costs and inflation,
declines in produced quantities, and automatic diminishes in sales and productivity &l Corruption in energy sector,
equipment misuse, unlawful connections and disconnections, inadequate power zoning distribution, and overloading
of power transmission lines all exacerbate power crisis [2l. Scholars such as Alawar et al. 19 have backed up the
aforementioned assertion, stating that although the amount of power produced and required by consumers has risen
drastically in recent decades, and the distribution capacity (transmission propensity) and innovations have remained
stagnant. Besides high-income countries (Europe, the USA, and Australia), only a small portion of Asia’s (east and
central) and a miniature portion of Africa’s electrical investments go towards maintaining and building of new
transmission lines, which has caused serious economic set back and developmental stagnation. As a result of this
trend, the available transmission lines are inadvertent or otherwise overloaded in a quest to satisfy the high electrical
demand. This invariably culminate into colossal grid failure and malfunctioning 1. Ma et al. 22! lamented that the
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electrical conductors utilized in most contemporary transmission lines are over a century old, and hence cannot meet

rising demand of electric power.

Moreover, the fretting wear prevalent on the conventional conductors, aluminum conductor steel reinforced (ACSR)
was considered to be another serious challenge militating against the power availability in the African and Asian
regions of the world. Lending a voice, Ujah et al. [13] opined that poor maintenance, neglect, and lack of research
and innovation in the development of power transmission conductors negatively impacts the availability and
affordability of electricity in third-world countries. The authors recommended development of more noble and durable
transmission cables. They predicted that with smart and robust hybrid nanomaterials, electricity transmission and
distribution would improve. This is so because such nanomaterials possess increased electrical conductivity, lower
weight, higher thermal conductivity, lower coefficient of thermal expansion, higher wear resistance, and higher

corrosion resistance than the existing conductors on the market.

Electrical treeing experienced in transmission grids affects the transmission of electricity. According to Xiaoquan and
George 24l electrical treeing breeds inadequate power supply. Electrical treeing manifests as partial discharges on
the cables when voltage crosses over an entrapment. This is caused by contaminants trapped inside the conductor.
It can also be caused by a mechanical flaw in the transmission line after installation. This manifests as sparks that
form tree-like patterns, which may cause serious damage to the transmission network. The source of these
entrapments, according to research, is the production techniques of transmission conductors. The techniques that
include extrusion, pultrusion, and hot rolling have been adjudged to be prone to producing impure products [23I18]127]
The authors opined that the panacea to this defect is the use of advanced production technique which produces
impurity-free products, or the best when conventional method attains its technological limits and the application of
advanced hybrid/nanomaterials with high resistance to abrasion and corrosion U820 Some authors believed
that 3D printing is one of the best ways of consolidating composites for better performance 2. In their opinion,
Giordano and Nicolais 18 remarked that the quality of pultruded products can be improved by guiding the
polymerization and rheological kinetics of the resin. Krasnovskii and Kazakov 18 advocated for a uniformity and
slowness of the pulling speed of pultrusion machine so as to hinder cracks promoted by swift and non-uniform
pulling, which breeds fiber breakages or warped products at extreme cases. Khan et al. 12 were of the opinion that
the defects associated with extrusion technique can be corrected if adequate precautionary measures were taken.
For instance, applying correct additives and maintaining uniform speed of the extruder control the surface roughness
of extruded product. Moreover, precision in calculation and addition of resin controls indentation and bubble defects
of extruded parts. Lovo et al. 22 opined that infiltrated resin enhances most mechanical properties more than non-
infiltrated resin.

The efficiency of the overhead conventional conductor, ACSR, is also challenged by the high density of its steel core,
high affinity to corrosion of the steel core, and high coefficient of thermal expansion (CTE) of steel material. These
factors limit its current-carrying capacity (ampacity) as well as its cost effectiveness 2311241251 gq  research has
indicated that replacement of the steel dense core with light weight hybrid nanomaterials would boost its efficiency.
This is because the nanomaterials will possess higher corrosion resistance, higher wear resistance, and lower

coefficient of thermal expansion (CTE). It will be recalled that coefficient of thermal expansion of composite materials
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is dependent on the thermal conductivity of the constituent elements 13, which then determines its sag level when
current traverses through the material as well as its ampacity. Aluminum conductor composite reinforced (ACCR) is
another high-performing transmission conductor in the market that is ravaged with some issues. Banerjee [28
disclosed that the CTE of its metal matrix composite (MMC) core is relatively high, measuring about 6 x 1076 K1,
which makes it susceptible to moderately high sag [28]. It was also reported that polymer matrix composite (PMC)
used in the production of aluminum conductor composite core (ACCC), another improved transmission conductor,
can only perform at temperatures below 125 °C. Once this temperature is exceeded, the conductor degrades. The
panacea to this is the development of advanced composites, comprising hybrid nanomaterials to replace the polymer

core that is susceptible to thermal degradation at elevated temperatures.

Among all the causes of the frequent power outages, poor maintenance of the grid, inadequate replacement of

dilapidated conductors, and limitations of the conductor materials, have been the principal issues.

| 2. Robust Composite Materials for Transmission Conductors

From the available literature, it has been discovered that almost all the challenges militating against the efficiency
and optimal performance of transmission lines stimulate a strange increase in the conductor’s temperature. The
excessive increase in the temperature of conductor provokes one or more instances of creep damage, fatigue
stress, or ageing. Therefore, it is logical to state that most of these challenges can better be tackled through the
development of robust conductor materials. A conductor material that is robust is able to withstand flame
temperatures, for instance. It is able to dissipate speedily the excessive heat generated by lightning. In the period of
summer or dry season, the extent of expansion of robust materials will not be too spurious as to initiate damage to
the transmission line. It is noteworthy to know why Cu is not the preferred material for overhead transmission
conductors, even with its excellent electrical conductivity. It is because of its high density, high cost, poisoning of
silicon joints, absence of passivation oxide, and susceptibility to corrosion 228l So, Al and its alloys were the
preferred choice since they have most of those properties deficient in Cu. However, monolithic Al alloy lacks
adequate strength, creep resistance, fatigue resistance, and thermal stability required to ameliorate the challenges
experienced in transmission lines. This is the reason why it must be reinforced with carefully selected nanomaterials
in order to boost its properties. Properties of some Al alloys and composites are discussed in this section.

2.1. AI-CNTs

CNTs have a high thermal conductivity of 4000 Wm™ K™%, high modulus of 1 TP, and very low density of 1.7 g cm™3.
These excellent properties of CNTs can improve the properties of Al when used as its reinforcement. Reinforcing Al
alloy with CNTs improves not only the strength but also the tribological, corrosion, thermal, and electrical properties.
If the CTE of the two materials are considered, it will be observed that CNTs have CTE of 10 x 1076 K™%, while Al has
CTE of 23.6 x 1076 K1 [29] which is a very wide difference. So, during fabrication of AI-CNT composites, a great
thermal mismatch occurs. This provokes huge dislocations at the interfaces that give rise to work
hardening/strengthening of the composites. This is one of the basis of CNTs strengthening of Al. Kumar et al. 2%

investigated the effect of CNTs addition into Al alloy and observed that the corrosion rate was tremendously reduced
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while the hardness of the composite improved. An increase in tensile strength by 129% was reported when 5 vol %
CNTs was dispersed on Al 1. Another study reported an increase in tensile strength and hardness by 184% and
333%, respectively, when 6.5 vol % CNTs were added to the Al matrix 2. There was a reduction of corrosion rate by
46% and 47% in NaCl and H2SO4 media, respectively, when 4 wt % CNTs were dispersed on Al 23l In another
study, when 4 wt % of CNTs were added to Al alloy, the coefficient of friction (COF) improved by 52%, the wear
volume reduced by 23%, the thermal conductivity improved by 35%, and the electrical conductivity improved
marginally by 2% [B4 AI-CNTs are therefore a potential conductor material capable of performing creditably in

increasing power in the grid.

2.2. Al-BN

Boron nitride (BN) is a ceramic with excellent thermal and mechanical properties. It has high thermal conductivity,
low thermal expansion, noble thermal shock resistance, microwave transparency, non-toxicity, high machinability,
non-abrasiveness, is chemically inert, and is non-wetting by most molten metals 2. It has been found that this
ceramic is also a good reinforcing material for Al alloy. Firestein et al. 28 reported that when 4.5 wt % of BN was
dispersed on Al matrix, there occurred a 75% increase in tensile strength, a 190% increase in yield strength, and a
substantial plastic deformation. In another study of the effect of BN reinforcement on the Al alloy matrix, it was
observed that the addition of 4 wt % of BN into Al matrix increased the tensile stress from 212 to 333 MPa (57%) and
hardness by 90% 7. There were 90% [28] and 130% (2 improvements in ultimate tensile strength of Al-5 wt.%BN
prepared through powder metallurgy, but this was reduced to 50% [28! when the percentage weight of BN decreased
to 4.5 wt %. With these properties of Al-BN, it can be seen that it is another robust composite that can be used in the
development of advanced composite conductors.

2.3. Al-TiC

TiC is another excellent ceramic suitable for improving the properties of Al alloy in order to boost its thermal,
mechanical, tribological, and corrosion properties. Raviraj et al. 2% studied the effect TiC addition on Al matrix. It was
discovered that by addition of 5 wt % of TiC into Al alloy, the yield strength, modulus of elasticity, microhardness, and
percentage elongation improved by 88%, 21.6%, 20.3%, and 52.4%, respectively. Bauri et al. 41 recorded a 40%
increase in ultimate tensile strength and a 52.6% increase in microhardness of AI-TiC prepared via double pass
friction stir processing (FSP). There was tremendous improvement in the tribological properties of Al-TiC composite
when the weight percentage of TiC was 7.5 wt % 42, Wang et al. 43 studied the effect of TiC on the mechanical
properties of Al alloy. It was observed that the addition of 0.5 wt % TiC improved the yield strength, ultimate tensile
strength, and percentage elongation by 117.3%, 40%, and 81.3%, respectively. It can be seen that AI-TiC has
excellent properties and thus can perform creditably in transmission grid.

2.4. Al-SiC

SiC is a good reinforcing phase for Al alloy in electrical application because it has good electrical and thermal
properties. According to Porter and Davis 24!, SiC has good thermal stability, excellent electrical conductivity, and
high thermal conductivity. Yaghobizadeh et al. 43 reinforced Al with SiC and obtained an increase in ultimate tensile
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strength and hardness by 90% and 31.6%, respectively. Tensile and compressive strengths were improved by 71.4%
and 42.9%, respectively, when 18 wt % SiC was added to Al 48 In another study, the addition of 5 wt % of SiC
improved the hardness by 32%, wear resistance by 40%, and COF by 6% 7. Kamrani et al. 48] reinforced Al with

SiC and obtained 64% improvement in yield strength, 48.3% improvement in compressive strength, and 90.4%

improvement in hardness with 7 vol % SiC. These excellent properties of Al-SiC indicate that it is equally a potential

composite conductor material capable of increasing current in the grid.

References

1.

10.

11.

12.

Emetere, M.; Agubo, O.; Chikwendu, L. Erratic electric power challenges in Africa and the way
forward via the adoption of human biogas resources. Energy Explor. Exploit. 2021, 39, 1349-1377.

. Blimpo, M.P.; Cosgrove-Davies, M. Electricity Access in Sub-Saharan Africa: Uptake, Reliability,

and Complementary Factors for Economic Impact; World Bank Publications: Washington, DC,
USA, 2019.

. Padma, T. Biomass fuels blamed for premature deaths in rural settings. Nat. Med. 2007, 13, 112.

. Trace, S. South Africa’s Crippling Electricity Problem; Oxford Policy Management: Oxford, UK,

2020.

. Ibrahim, I.; Hamam, Y.; Alayli, Y.; Jamiru, T.; Sadiku, E.; Kupolati, W.; Ndambuki, J.; Eze, A. A

review on Africa energy supply through renewable energy production: Nigeria, Cameroon, Ghana
and South Africa as a case study. Energy Strat. Rev. 2021, 38, 100740.

. Sarkodie, S.A.; Adams, S. Electricity access and income inequality in South Africa: Evidence from

Bayesian and NARDL analyses. Energy Strat. Rev. 2020, 29, 100480.

. Arnold, J.M.; Mattoo, A.; Narciso, G. Services Inputs and Firm Productivity in Sub-Saharan Africa:

Evidence from Firm-Level Data. J. Afr. Econ. 2008, 17, 578-599.

. Fisher-Vanden, K.; Mansur, E.T.; Wang, Q.J. Electricity shortages and firm productivity: Evidence

from China’s industrial firms. J. Dev. Econ. 2015, 114, 172-188.

. Sule, A. Major factors affecting electricity generation, transmission and distribution in Nigeria. Int. J.

Eng. Math. Intell. 2010, 1, 159-164.

Alawar, A.; Bosze, E.; Nutt, S. A Composite Core Conductor for Low Sag at High Temperatures.
IEEE Trans. Power Deliv. 2005, 20, 2193-2199.

Abbass, M.K.M.K.; Anaee, R.A.; Jabar, M.M. Corrosion Behavior of Friction Stir Welded of Similar
and Dissimilar Al2024-T3 and Al7075-T73 Alloys. Int. J. Ser. Eng. Sci. (IJSES) 2016, 2, 1-15.

Ma, X.; Gao, L.; Zhang, J.; Zhang, L.-C. Fretting Wear Behaviors of Aluminum Cable Steel
Reinforced (ACSR) Conductors in High-Voltage Transmission Line. Metals 2017, 7, 373.

https://encyclopedia.pub/entry/26382 5/8



Robust Composite Materials for Transmission Conductors | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ujah, C.O.; Popoola, A.P.l.; Popoola, O.M. Review on materials applied in electric transmission
conductors. J. Mater. Sci. 2022, 57, 1581-1598.

Zheng, X.; Chen, G. Propagation mechanism of electrical tree in XLPE cable insulation by
investigating a double electrical tree structure. IEEE Trans. Dielectr. Electr. Insul. 2008, 15, 800—
807.

Arif, A.; Arif, A.F.M.; Sheikh, A.K.; Qamar, S.Z.; Raza, M.K.; Al-Fuhaid, K.M. Product defects in
aluminum extrusion and its impact on operational cost. In Proceedings of the 6th Saudi
Engineering Conference, KFUPM, Dhahran, Saudi Arabia, 14-17 December 2002.

Krasnovskii, A.; Kazakov, I. Determination of the Optimal Speed of Pultrusion for Large-Sized
Composite Rods. J. Encapsulation Adsorpt. Sci. 2012, 2, 21-26.

Wang, D.; Xu, Y.; Duan, B.; Wang, Y.; Song, M.; Yu, H.; Liu, H. Intelligent Recognition Model of Hot
Rolling Strip Edge Defects Based on Deep Learning. Metals 2021, 11, 223.

Giordano, M.; Nicolais, L. Resin flow in a pultrusion process. Polym. Compos. 1997, 18, 681-686.

Khan, J.; Dalu, R.; Gadekar, S. Defects in extrusion process and their impact on product quality.
Int. J. Mech. Eng. Robot. Res. 2014, 3, 187.

Khorasani, M.; Ghasemi, A.; Rolfe, B.; Gibson, I. Additive manufacturing a powerful tool for the
aerospace industry. Rapid Prototyp. J. 2022, 28, 87-100.

Wang, R.; Chen, Y.; Peng, X.; Cong, N.; Fang, D.; Liang, X.; Shang, J. Topological design of the
hybrid structure with high damping and strength efficiency for additive manufacturing. Rapid
Prototyp. J. 2022. ahead-of-print.

Lovo, J.F.P.; Neto, V.G.; Piedade, L.P.; Massa, R.C.; Pintdo, C.A.; Foschini, C.R.; Fortulan, C.A.
Mechanical properties assessment of a 3D printed composite under torsional and perpendicular
stress. Rapid Prototyp. J. 2022. ahead-of-print.

Fayomi, O.; Aigbodion, V.; Abdulwahab, M. Surface modification, strengthening effect and
electrochemical comparative study of Zn-Al203-CeO3 and Zn-TiO2-CeO3 coating on mild steel.
Int. J. Adv. Manuf. Technol. 2016, 85, 1419-1427.

Glover, J.D.; Sarma, M.S.; Overbye, T. Power System Analysis & Design; Sl Version; Cengage
Learning: Boston, MA, USA, 2012.

Thrash, F.R. Transmission Conductors—A Review of the Design and Selection Criteria, Technical
Support Article, Southwire Company. 2014. Available online:

http://www.southwire.com/support/TransmissionConductoraReviewOfTheDesignandSelectionCriteria.htm

(accessed on 9 June 2022).

Banerjee, K. Making the Case for High Temperature Low Sag (htls) Overhead Transmission Line
Conductors; Arizona State University: Tempe, AZ, USA, 2014.

https://encyclopedia.pub/entry/26382 6/8



Robust Composite Materials for Transmission Conductors | Encyclopedia.pub

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

Ujah, C.O. Development and modelling of aluminium-carbon nanotubes-niobium composite
conductor for high voltage transmission networks. In Chemical, Metallurgical and Materials
Engineering; Tshwane University of Technology: Pretoria, South Africa, 2020; p. 340.

Lloyd, J.; Clement, J. Electromigration in copper conductors. Thin Solid Films 1995, 262, 135-141.

Ali, M.H.; Rubel, R.l. A comparative review of Mg/CNTs and AI/CNTs composite to explore the
prospect of bimetallic Mg-Al/CNTs composites. AIMS Mater. Sci. 2020, 7, 217-243.

Kumar, P.S.R.; Smart, D.R.; Alexis, S.J. Corrosion behaviour of Aluminium Metal Matrix reinforced
with Multi-wall Carbon Nanotube. J. Asian Ceram. Soc. 2017, 5, 71-75.

Chunfeng, D.; Zhang, X.; Yanxia, M.A.; Dezun, W. Fabrication of aluminum matrix composite
reinforced with carbon nanotubes. Rare Met. 2007, 26, 450—455.

He, C.; Zhao, N.; Shi, C.; Du, X.; Li, J.; Li, H.; Cui, Q. An Approach to Obtaining Homogeneously
Dispersed Carbon Nanotubes in Al Powders for Preparing Reinforced Al-Matrix Composites. Adv.
Mater. 2007, 19, 1128-1132.

Ujah, C.O.; Popoola, A.P.l.; Popoola, O.M.; Aigbodion, V.S. Influence of CNTs addition on the
mechanical, microstructural, and corrosion properties of Al alloy using spark plasma sintering
technique. Int. J. Adv. Manuf. Technol. 2020, 106, 2961-2969.

Ujah, C.O.; Popoola, A.P.l.; Popoola, O.M.; Aigbodion, V.S. Enhanced tribology, thermal and
electrical properties of AI-CNT composite processed via spark plasma sintering for transmission
conductor. J. Mater. Sci. 2019, 54, 14064-14073.

Ertug, B. Sintering Applications; BoD—Books on Demand: Norderstedt, Germany, 2013.

Firestein, K.L.; Steinman, A.E.; Golovin, I.S.; Cifre, J.; Obraztsova, E.A.; Matveev, A.T.; Kovalskii,
A.M.; Lebedev, O.l.; Shtansky, D.V.; Golberg, D. Fabrication, characterization, and mechanical
properties of spark plasma sintered AI-BN nanoparticle composites. Mater. Sci. Eng. A 2015, 642,
104-112.

Gostariani, R.; Ebrahimi, R.; Asadabad, M.A.; Paydar, M.H. Mechanical Properties of Al/BN
Nanocomposites Fabricated by Planetary Ball Milling and Conventional Hot Extrusion. Acta Met.
Sin. (Engl. Lett.) 2017, 31, 245-253.

Xue, Y.; Jiang, B.; Bourgeois, L.; Dai, P.; Mitome, M.; Zhang, C.; Yamaguchi, M.; Matveev, A.; Tang,
C.; Bando, Y.; et al. Aluminum matrix composites reinforced with multi-walled boron nitride
nanotubes fabricated by a high-pressure torsion technique. Mater. Des. 2015, 88, 451-460.

Firestein, K.; Corthay, S.; Steinman, A.; Matveev, A.; Kovalskii, A.; Sukhorukova, I.; Golberg, D.;
Shtansky, D. High-strength aluminum-based composites reinforced with BN, AIB2 and AIN particles
fabricated via reactive spark plasma sintering of AI-BN powder mixtures. Mater. Sci. Eng. A 2016,
681, 1-9.

https://encyclopedia.pub/entry/26382 7/8



Robust Composite Materials for Transmission Conductors | Encyclopedia.pub

40.

41.

42.

43.

44,

45,

46.

47.

48.

Raviraj, M.; Sharanprabhu, C.; Mohankumar, G. Experimental analysis on processing and
properties of Al-TiC metal matrix composites. Procedia Mater. Sci. 2014, 5, 2032—-2038.

Bauri, R.; Yadav, D.; Suhas, G. Effect of friction stir processing (FSP) on microstructure and
properties of AI-TiC in situ composite. Mater. Sci. Eng. A 2011, 528, 4732—-4739.

Agrawal, E.; Tungikar, V. Study on tribological properties of Al-TiC composites by Taguchi method.
Mater. Today Proc. 2020, 26, 2242—-2247.

Wang, Z.J.; Qiu, Z.X.; Sun, H.Y.; Liu, W.C. Effect of TiC content on the microstructure, texture and
mechanical properties of 1060/Al-TiC/1060 laminated composites. J. Alloys Compd. 2019, 806,
788-797.

Porter, L.M.; Davis, R.F. A critical review of ohmic and rectifying contacts for silicon carbide. Mater.
Sci. Eng. B 1995, 34, 83—-105.

Yaghobizadeh, O.; Baharvandi, H.R.; Ahmadi, A.R.; Aghaei, E. Development of the Properties of
Al/SiC Nano-Composite Fabricated by Stir Cast Method by Means of Coating SiC Particles with Al.
Silicon 2018, 11, 643-649.

Karvanis, K.; Fasnakis, D.; Maropoulos, A.; Papanikolaou, S. Production and mechanical properties
of Al-SiC metal matrix composites. In IOP Conference Series: Materials Science and Engineering,
20th Innovative Manufacturing Engineering and Energy Conference (IManEE 2016), Kozani,
Greece, 23-25 September 2016; IOP Publishing: Bristol, UK, 2016.

Shaikh, M.B.N.; Aziz, T.; Arif, S.; Ansari, A.H.; Karagiannidis, P.G.; Uddin, M. Effect of sintering
techniques on microstructural, mechanical and tribological properties of Al-SiC composites. Surf.
Interfaces 2020, 20, 100598.

Kamrani, S.; Riedel, R.; Reihani, S.S.; Kleebe, H. Effect of Reinforcement Volume Fraction on the
Mechanical Properties of Al—SiC Nanocomposites Produced by Mechanical Alloying and
Consolidation. J. Compos. Mater. 2009, 44, 313-326.

Retrieved from https://encyclopedia.pub/entry/history/show/64000

https://encyclopedia.pub/entry/26382 8/8



