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ABSTRACT

The carbon-copper (C-Cu) composites combine théip®gharacteristics of thermal and electrical dactivity
from Cu, low thermal expansion coefficient and loating properties from conventional carbon/graghiFor that
particular application, C-Cu composites are widebgd as electrical contact devices such as carhahéds and current
collector for railway power collection system. Diseeconomic and environment concern, activatedoragroduced from
MPOB oil palm kernel shell (OPKS) is studies adaepment for conventional carbon/graphite in C-Gmposites. This
study intended to investigate the effect in termcbéracterisation using different particle sizecafbon (<9Qm and
<15Qum) and determine the optimum parameter of C-Cu amitgs to enhance the physical and mechanical pgrepe
The preparation for producing the sample was staxi¢h the OPKS through the crushing and sievingcpss as well as
mixed with copper powder and epoxy resin at setecttio before it is compacted into shape and tinathergoes with
warm compaction and post baking process. The sffettifferent particle size of carbon to physieald mechanical
properties of the C-Cu composites were analyseds found that the improvements of the mechanical physical
properties are strongly affected by the fine plrtoarbon (<150um) and after passing warm compaeiid 50°C and post
baking at 200°C conditions. It is concluded that s$ample prepared in ratio 65% C (<150um) + 20% Q5% Epoxy
resin with warm compaction 150°C, post baking 2000@dition is the optimum sample parameter to tate of current
collector.

Keywords: C-Cu composites, local carbon, different parti¢i ©f carbon, warm compaction, post baking, meidahrand physical
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INTRODUCTION There are several applications that are upaig olil
C-Cu composites are widely used in various elegitiand waste as one of its materials. One of the examises
electronic applications such as carbon brushesttier  carbon black. It is reported that oil palm emptyitfr
engine and generators as well as pantograph costtgrd bunches (EFB) was used to produce carbon blaclgusin

(current collector) for railway power collectionssgm. C- carbon activation on the precursors of EFB befdre i
Cu composites also are known for their high eleatri undergo a carbonization process [1]. With the recees
conductivity and good wear resistance [1]. Besttias C- in coal and petroleum prices, carbon powder fronB EF

Cu composites combine the positive characteristits would be able to competitive. The conventional radtbf
thermal and electrical conductivity from Cu and low producing C-Cu composites is by using press antbrsin
thermal expansion coefficient and lubricating pmbips method. Mostly, the main processes include powder
from graphite or carbon [2]. Most of electrical tact metallurgy (PM) technique and infiltration of carbo
devices and current collector for railway powerl@ction network by liquid copper. However, the fabricatiohC-
are made of carbon-copper. Nowadays, peoples are mo Cu is difficult due to the low solubility of carbaropper
concern about replacing the raw materials with nexide and thermally treated up to 2500°C, it will consuvesy
energy and hence, using waste to replace convahtion high cost [4]. Thus, liquid Cu could not wet thertman
materials. even by liquid phase sintering and resulting in €-C
In this case, activated carbon produce froalaykian composites with weak interface bonding and poor
Palm Oil Board (MPOB) oil palm kernel shell is sieedias mechanical properties as well as it will be difficto
a replacement for conventional carbon/graphite used attain a uniform quality in the production of compats
current market. Palm oil is one of 17 major oilsd& in [4].
the global edible oils and fat market. Being therldis Previously, addition of small amounts of lead
largest producer and exporter of palm oil, Malaysianed improved densification of C-Cu since lead soldeppzy
about RM 45.2 billion in foreign exchanged in 20@T. particle together and will increase the strengthtlod
Thus, high amount of wastes is produced as a nijor  material and will produce lower resistivity. Howeyé is
product. One of oil palm industry’s major by-prothids banned in carbon brushes products due to public
kernel shell. Large quantities of kernel shellspn@duced  awareness issues [5]. This finding was proved fthm
after extraction of the palm oil and mostly leftvaaste. It previous project and from many research wdhet have
is either burned as a low value energy resource ofbeen done in C-Cu composites materials. Althoulgéret
discarded in the field. Both of the methods are are many processes that are applicable to prodigte h
unfavourable to the environment. Therefore, stuglyin density products, warm compaction is considerethast
kernel shell as replacement for conventional carisoa economic and effective method as well as produce
great way to solve the problem and creating vahlded environmental friendly (lead-free) product. The
products. advantages of OPKS as recycle materials are non-
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renewable can be replaced with renewable as well aglifficult to attain a uniform quality in the prodimn of

encourage utilisation of renewable sources. Althotige
usage of OPKS as local carbon is still new and avgr
in electrical and electronic application, they alecady
being used in automobile disc brake, carbon adtimeor
water purification, a concrete ingredient in builgli
industry and fuel for heat generation and thermsdiliator.

Nowadays, current collectors

components.

Warm compaction technologies were employed fo
single press or single sinter at both conventiams lsigh
temperatures to produce many application produstigh
These new powders and premix technologies offer PM
users greater flexibility in mechanical properties

used by Projektraditional part densities. With minor modificatiaf the

Usahasama Transit Ringan Automatik (PUTRA) RapidKL conventional PM equipment and approximately 20%

are still imported from the main manufacturer irage
and Canada, which cost a huge amount of RM 2 millio
yearly. By using the local carbon material, thiskgem

higher than the cost of conventional compactioom ibase
green compact with the density of 7.4 glcrwith is
equivalent to a relative density of 95%, can beaiigd by

can be overcome as it is much cheaper and the C-Cwsingle phase (compared to a density of 7.1 §/evhich is

composites will exhibit better properties than éhxsting
products. Therefore, the objective of this studytads
investigate the effect in term of characterisatioging
different particle size of carbon (<@ and <150m) and
determine the optimum parameter of C-Cu composides
enhance the physical and mechanical properties.
Basically, C-Cu composites adéspersed of copper in
graphite matrix. They can combine exhibit high &ieal
conductivity, good wear resistance and those gteyhe.
small thermal expansion coefficient and good tidigatal
property) [6]. Thus, it can be utilized for applicas in
electrical contact devices, such as electrical Hessfor
engines and generators, pantograph and contagts stri
(current-collector). Moreover, it is also very difilt to
attain a uniform quality in the production of compats
via the PM process due to a major density diffeeenc
between carbons and copper [1]. Besides that,
fabrication of the composites is difficult becauiee
mutual solubility of carbon and copper and wetigbibf
carbon liquid copper is extremely low [6]. Gengrathe
main processes to manufacture these materials Gre [
Infiltration of carbon fibres network or graphitetwork is
by liquid copper. A dry-pressed tungsten skeletsn i
prepared first, and then molten copper is infigthinto
the skeleton [7]. Wetting and the capillary fordaypan
important role in filling the micro-cavities in thgreen
body. Press and sinter processing is a traditid?il

equivalent to a relative density of 91%, obtaineg b
conventional compaction) [10]. Traditional methadsed
to achieve higher densities include the use of eopp
infiltration, double-pressing or double-sinterinQR/DS),
and powder forging. Because these techniques iavible
use of secondary processing, significant cost piesahre
encountered, often negating the potential costngavi
realized by powder metallurgy [11]. Thus, warm
compaction is the most economical and effective.way
Potential application of warm compaction ®ved,
because warm compaction is a single-press andesingl
sinter process, the process is ideal for complekilenel
PM parts that require high mechanical propertiest th
cannot be obtained at conventional compaction tlessi
Higher density (or equivalent density at lower caectppon
pressures) can be achieved with warm compaction as

tocompared with cold compaction [11].

METHODOLOGY

Activated carbon from MPOB oil palm kel shell
(OPKS)is used to replace conventional carbon with the
composition of 65% of carbon, 20% of copper and 15%
epoxy resin (65C-20Cu-15ER) during mixing process.
However, the OPKS is crushed before to obtainer famd
homogeneous particles size. During the crushingges
tungsten balls are added with 5:1 of ball to powdio
using Turbular Shaker Mixer for 1 hour and spee&(at

method of making low cost, near net shape compsnent rpm. The powder obtained was sieved to separate the

The process produces small diameter, high purityaime

powder into different sizes. It was also done teauize the

powder. The powder can be used to fabricate low, cos finest size of powder obtained from the crushingcpss.
near net shape components via casing and various PN this process the <@@h and <150m size of carbon

techniques (press and sinter, pneumatic isostatmng,
hot isostatic pressing, adiabatic compaction, ¢8.)
Sintering is a process in which an assemblgase or
compacted particles metallurgical bond into a ceher
body at elevated temperature. During the processirg
PM component, the sintering step subjects the l&agi
green compact to heating in a protective atmosphzre
establish the desired mechanical properties byirguke

powder was selected as raw materials for formuiatio
Then, the sieved carbon was mixed with copper aoatye
resin using dry mixing process by using Turbulaal&h
Mixer (3D rotation machines). The mixture is mixing
within 1 hour with 50 rpm.

After that, the mixed powders are compacted t
preform in rectangular shape with (25 mm lengih25
mm width) using Automatic Hydraulic Press 30T maehi

powder particles to form coherent bond to alloy and at 18 tons for 1 minute holding time prior to warm

admixed elements. The conventional method for thecompaction process.

The temperature during warm

fabrication of C-Cu composite using the press andcompaction process applied the various temperathags

sintering method has certain limitations such hs, goor
affinity (lack of wetting effect) and the high cawt angle
between C (3826°C) and Cu (1083°C) [2]. At thatetim
will cause difficulties to prepare C-Cu compositegh

are 150°C, 200°C and 250°C. The preform is subjetde
pressure of 50 tons with holding time of 5 minutes
using Automatic Hydraulic Press 200T machine. After
warm compaction process, it continues with the post

good interface bonding since liquid Cu does not wetbaking process. Post baking process was done using

carbon, even by liquid phase sintering (LPS) abthee
melting point of the Cu phase. As a result, C-Cadprced
will exhibit poor mechanical properties and it witke

microprocessor controlled oven. The cycle of timasw
applied to 8 to 9 hours and with applied the vasiou
temperatures that are 150°C, 200°C and 250°C.



Lastly,the physical and mechanical properties of the
C-Cu composites sample were analysed. Relativatdens

of the sample are measured by using Electronic

Densimeter. Then the hardness was conducted usin
Rockwell Hardness tester at load 60 kgf and indemta
ball of ¥z inch. Next, the resistivity test was &gsusing
Digital Resistivity Meter and transverse ruptureesgth
(TRS) of the sample was done using Universal Tgstin
Machine (UTM). For the friction coefficient (weawas
tested by using Chase Machine, mineralogy was dgne
using X-ray Diffraction (XRD) and microstructure
characterisation by using Scanning Electron Mioppsc
(SEM). All result value of investigated materialsasv
calculated as the average of at least three remdirteen,
the analyses data has compared with commerciagrmurr
collector standard.

RESULTSAND DISSCUSSIONS

DIMENSIONAL MEASUREMENT
Based on Figure -1,
dimension when the pressure and temperature waie@pp
in warm compaction process. After warm compacttbe,
sample was hard or solid and the dimension of dmepse
was reduced and increased from green body. This ha
happened because the pressure that applied dusng w

compaction makes the sample becomes packed and the

temperature applied was affected the resin curing
uniformly in sample become the mass decreased.

B Green body

mWarm compaction
body

Dimensional (mm)

Wide (w)  Length (I)  Thickness

®

Mass (m)

Figure-1. Average dimensional change of C-Cu
composites

DENSITY

Based on the result in Figure -2, the highest warm
compaction of the sample is at W.C-250 of tempeeatu
with 1.600 g/cm for fine particle carbon (<90um).
Besides that, the highest reading for the warm cootipn
and post baking sample is at W.C-150, P.B-250 of
temperature with 1.625 g/enfor fine particle carbon
(<150um). Mostly, the density value of the fine timde
carbon (<150um) sample are lowest than fine particl
carbon (<90um) sample. However, the main factor to
influence the density value due the volume and nodiss
the samples. It is probability the volume and miaage
been loss in fine particle carbon (<150pum) samplke tthe
minor error while grinding process.
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Figure-2. Sintered density of C-Cu composites for
different carbon particle size
HARDNESS

Based on Figure -3, all samples in warm compaction
condition are shown the improvement of the hardness
properties after proceed in post baking processmfRihe
result, both of carbon particle size samples assgss the
higher hardness properties at warm compaction 150°C
post baking 200°C condition which the carbon (<1s)u
sample with the 124.1 HRR and carbon (<90um) sample

Wwith 122.3 HRR respectively. From the observatiibris

clear that the fine particle carbon (<150um) sam@ale
more proper in term hardness characterization was
gelected as optimum sample.
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Figure-3. Rockwell hardness testing (HRR) of C-Cu
composites for different carbon particle size

RESISTIVITY

Based on the result in Figure -4, the lowest riedtigt
warm compaction of the sample is at W.C-150 of
temperature with 2.30&2mm for fine particle carbon
(<150um). Besides that, the lowest resistivity the
warm compaction and post baking sample is at W.@G-20
P.B-250 of temperature with 1.9%52mm for fine particle
carbon (<150um). It is clear, mostly the fine pdeti
carbon (<150pum) samples are more proper in term
electrical properties. It is due the average riedfigtvalue
the fine particle carbon (<150pum) samples are lbtem
the fine particle carbon (<90um) samples.
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Figure -4. Resistivity of C-Cu composites for different
carbon particle size



TRANSVERSE RUPTURE STRENGTH
Based on the result in Figure -5, the highest gtreror

Table-2. Friction andWear result of C-Cu composites
for different carbon particle size

warm compaction sample is at W.C-250 of temperatur — . -
with 43.373 Mpa for fine particle carbon (<150um). In|f[|al Fmal Weight
Besides that, the highest strength for the warmpamtion No Sample Weigth | Weight L00$
and post baking sample is at W.C-150, P.B-200 of - () C) (%)
temperature with 57.751 Mpa for fine particle carbo 1 Commerc!al 1) 9.38 9.28 1.1
(<150um). From the observation, the samples that us | 2| commercial (2))  8.30 8.18 1.4
fine particle carbon (<150um) possess more capglbdi 3 | (<IS0pmmM),W.| - ooy 6.48 4.8
resist deformation under high load than fine phatic C-150 (1)
carbon (<90um) due the TRS result is higher. Ttiea, 4 | (SISOpmMmM),W.1 -, 6.86 50
both samples of carbon particle size identifiech¢hieve C-150 (2)
the maximum of potential rupture strength at warm (<150pumm),W.
compaction 150°C, post baking 200°C condition. 5 C-150,P.B- 6.26 6.00 4.2
200(1)

o e (<150pmm),W.

£ o0 6 C-150,P.B- 6.62 6.39 35

g 0] 200(2)

N . T — (<90pmm),W.C

;; zz H o 7 ( 9(_)150 (:)L)WC 6.53 6.13 6.1

E 10 - ~——Carbon (< 150pum) < umml .

N 8 1150 (2) 6.60 6.35 3.8
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Figure -5. Stress at yield (max load) of C-Cu composites Tgp|e -3, Friction andWear result of C-Cu composites for
for different carbon particle size different carbon particle size

FRICTION AND WEAR Initial Final Thick-
From thg Table -1,-2,-3 & -4, the result carbon&_@ql_m) No Sample Thickness | Thickness | "€
sample is better than carbon (<90um) sample aisddite (mm) (mm) Loss
to the pass condition. Then, result for carbon Q¢drf) (%)
sample is better after passing warm compaction parsd 1 Commercial 7,00 6.98 0.3
baking process compare to warm compaction proaags o €Y ' ' '
as well as the result approximately with commercial 2 Commercial 6.17 6.13 06
sample. From the observation, it is clear that fine (2) ) ) )
particle carbon (<150um) sample was selected abdbe 3 (<150pumm), 7.09 704 0.7
sample in this test and undergoes with W.C-150;208 W.C-150 (1) ' ' '
condition. (<150pumm),

4 W.C-150 (2) 7.16 7.11 0.7

Table -1. Friction and result of C-Cu composites for
different carbon particle size

Normal Hot
No Sample Friction Friction
1 Commercial (1) 0.355(F 0.421(F)
2 Commercial (2) 0.352(F 0.361(F)
3 | (<150pmm),W.C-150 (1 0.229(D) 0.233(D)
4 | (<150pmm),W.C-150 (2 0.221(D) 0.223(D)
(<150pumm),W.C-
5 150,P.B-200(1) 0.284(E) | 0.256(E)
(<150pumm),W.C-
6 150,P.B-200(2) 0.262(E) | 0.240(E)
7 | (<90umm),W.C-150 (1)| 0.226(D 0.230(D)
8 | (<90umm),W.C-150 (2)| 0.219(D 0.204(D)
(<90pmm),W.C-150,P.BH
9 200(1) 0.234(D) | 0.234(D)
(<90 mm),W.C-150,P.B-
10 200(2) 0.246(D) | 0.235(D)

Table -4. Friction andWear result of C-Cu composites for

different carbon particle size

No Sample Condition
1 Commercial (1) Pass
2 Commercial (2) Pass
3 | (<150pumm),W.C-150 (1 Fail
4 | (<150pmm),W.C-150 (2 Fail

(<150umm),W.C-
5 150,P.B-200(1) Pass
(<150pmm),W.C-

6 150,P.B-200(2) Pass
7 (<90umm),W.C-150 (1) Fail
8 (<90umm),W.C-150 (2) Fail

(<90pumm),W.C-150,P.B+ .

9 200(1) Fail

(<90pumm),W.C-150,P.B+ .
10 200(1 Fail




MINERALOGY(X-RAY DIFFRACTION) MICROSTRUCTURE CHARACTERISATION

Based on the Fig. 6, the major constitueemeints Form Table 2, it is observed the powder fdation
contained in the C-Cu composites are carbon (C) andwas involved two types of carbon powder and inedéht
copper (Cu). The characteristic of the XRD analysis size of particles. The powder formulation distribat
ranges from 10° to 90°62angle. The green line marked shown uniformly for all types of formulation andeth
carbon while purple line marked copper. From thapbr particle size of carbon is bigger than particleesiaf

all elements of phases were shown that carboreisnibst cooper. The resin in formulation was shown

abundant element in the C-Cu composites. Mostly theagglomeration. Agglomeration is a tendency for $mal

peaks of Cu are shortened and less narrow compatbd particle to stick together and appear as largetighar

corresponding peaks of the C. It means that XRxpea Additional, only optimum parameter for the sample o

Cu are broader than the XRD peaks of C. warm compaction and post baking with temperatur€W.

150, P.B-200 from both samples C-Cu composites was

n chosen to study the surface morphology.

2] It is clear from the result, both C-Cu samples
exhibited the distribution powder ratio between bcar
and copper are homogenous. It is exhibited, fourated
more porosities are formed onto the carbon (<90um)

L surface morphology sample compare the carbon (<h%0u

S VRPN WSV PRRSNSN sample. On the other hand, founded are much pgrosit

formed onto commercial carbon surface morphology

sample. Hence, it is clear the porosities sizing of
commercial carbon are largest compared local carboa
hardness of the sample depends on the porosignopls.

Decrease porous will increase the density and ptiegeof
Fig. 6: XRD result of C-Cu composites product.

Table 2: Friction and wearesul of C-Cu composites for different carbon part size

Sample I Surface morphology ‘

Agglomeration

Trregular
particle

Carbon powder (OPKS)
<150pum

Carbon powder (OPKS)
=90um

Carbon (< 150pm)

(Warm Campaction 150°C, Post
Baking 200°C)

Carbon (< 20pm)

(Warm Compaction 150°C, Past
Baking 200°C)

Carbon (Graphite) .
(Warm Compaction 150°C, Past
Baking 200°C)




CONCLUSIONS

Based on overall results, it is found that the
improvements of the mechanical and physical prigeert
arestrongly affected by the post baking process. han
agreement in term of mechanical properties whidh al
samples in warm compaction condition are shown the
increasing of the hardness and transverse ruptiergth
(TRS) properties after proceed in post baking eck is
demonstrated that the effect the hardness strerigth,
linked with the potential rupture strength as wel
affected the friction coefficient properties. Thusost
baking process is very significant to extension sheng
cross-linking bonding form of the carbon copper
composite (C-Cu composites). The optimum paranwier
both types of carbon particle size identified atrwa
compaction 150°C, post baking 200°C conditions.nfro
the physical properties, the fine particle carbeh50um)
is chosen as the optimum size particle carbonnmdtate
the carbon copper composite. It is due the hardaeds
TRS properties are higher at all warm compactiod an
post baking condition as well as shows are morpgrm
term electrical properties due the average regigtalue
is the smallest compared fine particle carbon («8Du
Then, Scanning Electron Microscope (SEM) micrograph
shows the porosities that formed onto surface naggy
of the carbon (<150um) sample are less more comipare
the carbon (<90um) sample and also shows the pi@osi
size is smaller than commercial carbon sample.slt i
demonstrated, the fine particle carbon powder (gh50
is more solid compacted. As conclusiprike sample
prepared in ratio 65% C (<150um) + 20% Cu + 15%
Epoxy resin with warm compaction 150°C, post baking
200°C condition is the optimum sample parametercamd
be used to fabricate of current collector for pt&n
electrical and electronic applications.
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