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Abstract

This work studied the proximate property and thermal stability of chemically
activated carbon developed from agrowaste materials for organic friction
linings. The proximate property, degradation steps, optimum degradation
temperature (ODT) and oxidative stability (oxidation onset temperature (OOT)
and oxidation temperature (OT)) characterizations were performed on two
processed samples. Coconut shell activated carbon (CSAC) and palm kernel
shell activated carbon (PKSAC) were used to prepared three compositions
(%vol.) and particle sizes (um); 0% CSAC : 100% PKSAC, 50% CSAC : 50%
PKSAC, and 100% CSAC : 0% PKSAC and 60, 105 and 150 um.
Thermogravimetric analysis (TGA) and modulated differential scanning
calorimetry (MDSC) methods were used to perform the characterizations and
results compared with two commercial brakepads (CB1 and CB2) as controls.
The proximate analysis showed that 60um of 0% CSAC : 100% PKSAC had the
best results with 6.04% moisture, 3.99% volatile matter, 84.8% fixed carbon and
4.79% ash and compared well with the commercial friction lining materials
(CB1: 2.27% moisture, 2.18% volatile matter, 45.47% fixed carbon, 48.86%
ash; CB2: 1.92% moisture, 1.49% volatile matter, 37.21% fixed carbon, 58.07%
ash). The thermal stability of 0% CSAC : 100% PKSAC, 50% CSAC : 50%
PKSAC and 100% CSAC : 0% PKSAC samples with 150um particle size showed
percentage ODT increase of 18.3% and 15.8%; 37.1% and 34.2%; 17.8% and
15.3% when compared with CB1 and CB2 respectively. For all developed
activated carbon compositions and particle sizes, the oxidation onset
temperature (OOT) compared well with CB2 while oxidation temperature (OT)
compared well with CB1. Overall, the developed activated carbon compositions
showed suitability for organic friction lining applications.

1.0 INTRODUCTION

Friction linings are physical materials that enhance
friction between solid interfaces to control motion.
The materials used to produce friction materials
include organic and inorganic substances such as
resin, fibres, ceramics, and metals. Due to the
frictional heating at the interface of two contacting
surfaces in relative motion, the ability of materials
used for friction linings to withstand heat due to
friction without degradation is important in selecting
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precursors for friction linings. To replace asbestos
fibres as friction linings due to their carcinogenic
effects, a healthier and environmentally friendly
alternative is being explored. The tracking of material
physical quantity as a function of temperature is
known as thermal analysis. This quantity may be heat

Vol. 43, No. 3, September 2024


mailto:leo_akuwueke@yahoo.com
https://doi.org/10.4314/njt.v43i3.7
http://www.nijotech.com/
https://doi.org/10.4314/njt.v43i3.7

455

Akuwueke et al. (2024)

(differential scanning calorimetry - DSC), or weight
(thermogravimetric analysis - TGA) [1].

The thermal degradation of organic matter and
subsequent activation of its biochar yields activated
carbon which is carbonaceous and porous. This
activated carbon can be used to treat effluents, support
catalyst, compound purification and as pollutant
adsorption in gas and liquid phases [3]. These porous
carbon materials have a standard diameter of =10 pm
and pore size of < 2 nm for microporous activated
carbon fibre [2]. The proximate properties of typical
activated carbon produced at different temperature
showed that at 700°C, moisture content was 12.58%,
volatile 37.88%, fixed carbon 62.12% with 0% ash
content [3].

Differential scanning calorimetry is a technique used
to evaluate the heat required to establish a zero-
temperature difference between a reference material
and the substance in a heated or cooled environment
at a controlled rate within a temperature regime [4]. A
measure of the amount of energy evolved or absorbed
in any chemical or physical transformation is
determined by the heat flux recorded. The efficiency
and behaviour of activated carbon regeneration
processes was investigated through thermal
characterization of spent coconut shell activated
carbon used for the treatment of drinking water [5].
Accordingly, the different phases of thermal treatment
process were examined by TGA measurement where
it was concluded that the highest difference between
the regenerated and unused carbon samples and the
percentage mass loss recorded for spent carbon
sample were obtained below 400°C [5].

The prediction of agro-wastes  bioenergy
characteristics by TGA was studied by a group of
researchers. The proximate and ultimate properties
were determined, and results used to predict the high
heating value (HHV) of the agrowastes [6]. An
investigation was carried out on the effect of carbon
matter on peek crystallisation and stability using DSC
[7]. It was discovered in the conclusion that carbon
fibres did not change the global crystallization
process. Oxidative degradation of isotatic
polypropylene was evaluated using oxidation onset
temperature (OOT) measurements [8]. It was
concluded that OOT criterion was better than
oxidation induction time (OIT) to evaluate the thermo-
oxidative decomposition of isotatic polypropylene
submitted to the environment during its useful
lifetime.
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The electrical and thermal properties of activated
carbon are determined by structure; however, the
different properties are interrelated [9]. In general,
activated carbon fibers with high specific surface area
exhibit low thermal conductivity and high electrical
resistivity because of minimal available cross section
of the electric current [9]. The thermal behavior of
chemically activated carbon from agro-wastes as
precursors for friction lining materials must be well
understood for suitable applications. In this study,
coconut and palm kernel shells which are readily
available agrowastes in south-eastern region of
Nigeria were used to produce chemically activated
carbon with a view to characterize their proximate and
thermal stability properties as precursors for organic
friction linings.

20 METHODOLOGY

2.1 Materials

Materials employed to produce the activated carbon
include coconut shells (CS), palm kernel shells (PKS),
Calcium Chloride (CaCl,), volumetric flask, distilled
water, measuring scale, aluminium pot with lid, small
ceramic pot with laboratory mortar, ball miller,
ramming mass (castable), timer, thermocouple, and

heat source.

(ONCSACIO0NPKSAC) (onyCSACOMPRSAQ)

Palm Kernel Shell ~ Coconut Shell (100%CSACONPKSAQ)
Figure 1: Agrowaste biomass and the developed
activated carbon samples

Collection of Preparation Pyrolvsi
Samples of Samples yrolysis

Washing of Charred
< Samples under running
water

Sun Drying of Chamred
Samples

Ball Milling of Chamed 5| Activation of samples with
Samples (Size Reduction) Reagent (CaCly)

Cooling Heating

—
Figure 2:  Flow chart for production of activated
carbon

ACTIVATED CARBON |

2.2  Production and Composition of Activated
Carbons

The methods and processes employed to produce the
coconut shell activated carbon (CSAC) and palm
kernel shell activated carbon (PKSAC) were as
reported by [10]. The chemistry of the preparation
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involved the chemical reaction equation in Equation

).
CaCl, + 2H,0 — Ca(OH), + 2HCl 1)

Mixing CaCl, with H.O was an exothermic reaction.
The PKSAC and CSAC produced as shown in Figure
1 were sieved into three different particle-sizes (60,
105, 150 pm) and collected into three different
compositions as (Xpksac = 0% CSAC : 100% PKSAC,
XpKsac/csac = 50% CSAC : 50% PKSAC, and Xcsac =
100% CSAC : 0% PKSAC in volumes) for proximate
property and thermal stability characterization. The
process flow chart is shown in Figure 2.

2.3 Characterization of Activated Carbon

2.3.1 Proximate property characterization by
thermogravimetric analysis (TGA)
Thermogravimetric analysis (TGA) was performed on
the various samples to determine the moisture content,
volatile matter, ash, and fixed carbon content
following ASTM E1131-20 standard procedures [11].
Known sample weight (Table 1) of each particle size
sample was subjected to TGA measurements by TA
Analyser (TGA 2950, TA Instruments, USA) (Figure
3) at a heating rate 20°C/min, dynamic N
environment 50 mL/min and temperature range of 30
- 1000°C. Theoretically, the moisture content (MC),
volatile matter (VM), ash (AC) and fixed carbon
contents (FCC) (%) were calculated from the TGA
thermogram using Equations (2) to (5), respectively
for validation.

MC (%) =2« 100 @)
where, A is mass of original sample (mg), and B is the

mass of dried sample (mg) after first step
decomposition.
VM (%) = 89« 100 3)

A
where, B is mass of dried sample after first step

decomposition (mg), C is the mass of dried sample
after second step decomposition (mg); A is mass of
original sample (mg).

AC (%) = 3 * 100 4)
where, D is the mass of ash (mg), A is the mass of the
original sample (mg).

FCC (%) = 100 - (MC + VM + AC) (5)

2.3.2 Thermal stability characterization of
activated carbon compositions

The thermal behaviour of samples at elevated
temperatures were investigated by TGA according to
ASTM E2550-21 [12] and by DSC following ASTM

s © 2024 by the author(s). Licensee NIJOTECH.
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D3418-21 [13] procedures. Measured sample weight
(Table 1) of each sample was subjected to TGA as
earlier stated in section 2.3.1. Also, known weight
(Table 1) of each sample was subjected to a modulated
differential scanning calorimetric analysis using
MDSC 2920 (TA Instrument, USA) (Figure 4) at a
heating rate 20°C/min, dynamic N> atmosphere 50
mL/min and temperature range 20 — 400°C. Similarly,
two commercial friction linings materials, CB1
(Toyota, Japan) and CB2 (Superfit, China), purchased
from an automobile parts market in Port Harcourt,
Nigeria were subjected to the same tests above as
controls.

Figure 3:  TA analyzer 2950 used

Figure 4:

MDSC 2920 analyzer used

Table 1: Mass of activated carbon samples used for
thermal analysis

TGA DSC
Activated carbon Particle size Mass of Mass of
composition (% vol) (um) samples samples
(mg) (mg)
Kowsac = 16005 gi;g 421.‘11
0%CSAC:100%PKSAC 150 8.862 42
Xpksacicsac = 60 2.863 3.8
50%CSAC:50%PKSAC 105 5.619 4.2
150 5.308 3.4
O
100%CSAC:0%PKSAC 150 4242 56

3.0 RESULTS AND DISCUSSION
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3.1 Proximate analysis of 0% CSAC : 100%
PKSAC Samples

The results of the proximate analysis of
0%CSAC:100%PKSAC samples based on their
particle size are discussed in sections 3.1.1 to 3.1.3
and compared with the control samples in Table 2.

3.1.1 60 um of 0% CSAC : 100% PKSAC Sample
Figure 5 shows the TGA thermogram of 60 um of 0%
CSAC : 100% PKSAC sample. It was observed that at
72.57°C, 6.4% MC of 60 um 0% CSAC : 100%
PKSAC sample evaporated remaining 93.54%.
Within the temperature range of 72.57°C to 114.28°C,
3.9% VM was released while 4.8% AC was recorded
at 991.29°C. The 60 um of 0%CSAC:100%PKSAC
sample showed the highest FCC of 84.76% with
smaller volatile matter, lower ash and moisture
content implying a better thermal stability which is
evident by its optimum degradation temperature
(ODT). This corroborates other published results [21].
Lower MC (%) with smaller particle size of materials
has been found to improve mechanical properties [15].

54.46% Fixed carbon
(1.947mg)

Weight (%)

aaaaaaaaaaaaa

991.26°C
30.30%

20

200 460 sbo abo 1000
Temperature (°C) u va

Figure5: TGA of 60 um of 0% CSAC : 100%
PKSAC sample

3.1.2 105 pum of 0% CSAC : 100% PKSAC Sample
Figure 6 shows the thermogram of 105 um of 0%
CSAC : 100% PKSAC sample. It was observed that at
72.57°C, 7.8% MC evaporated remaining 92.22%.
Between the temperature range of 72.57°C to
117.85°C, 4.884% VM was released while 4.218%
AC was recorded at 896.46°C. From this study, 105
pm of 0% CSAC : 100% PKSAC sample had higher
FCC of 83.096%, smaller VM, lower AC and MC
which suggests a better thermal stability. This
corroborates other published finding [21] which
reported that higher fixed carbon content is suggestive
of greater heating value, lower AC, VM and MC. As
MC (%) increased with increase in particle size, the
thermal stability measured by ODT reduced, hence,
mechanical properties are reduced. Finer particle
accumulates lesser moisture which improves the

2
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mechanical properties. This agrees with another
research finding [15].

Weight (%)

200 460 600 abo 1000
Temperature (°C)

Figure 6: TGA of 105 um of 0% CSAC : 100%
PKSAC sample

3.1.3 150 um of 0% CSAC : 100% PKSAC Sample
Figure 7 shows the thermogram of the proximate
analysis of 0% CSAC : 100% PKSAC sample with
150 um particle size. It was observed that at 88.87°C,
11.48% MC evaporated remaining 84.47%. Between
the temperature range of 88.87°C to 128.57°C, 5.06%
VM was released while 6.35% AC was recorded at
914.24°C. High MC in 150 um 0% CSAC : 100%
PKSAC sample generally decreased its heating value.
Lesser moisture is required to achieve several
purposes in friction materials and thermal applications
[20]. Also, higher MC affects the storability of the
activated carbon samples. The low VM content of this
sample revealed its capability of producing high
carbon content and thermal stability as lower VM
suggest higher fixed carbon. Also, lower AC improves
the FCC thereby increasing the heat value of the
sample. Hence, 150 um of 0% CSAC : 100% PKSAC
sample showed a 77.06% FCC which implied that this
sample exhibited good thermal properties - ODT [23,
24] suitable for development of friction lining
material.

Comparing the proximate properties in Figure 5,
Figure 6 and Figure 7, MC and VM increased with
particle sizes for 0% CSAC : 100% PKSAC samples.
This trend affects the material mechanical properties.
Lower MC leads to improved mechanical properties.
This corroborates other published findings [15, 18].
Larger particle granules have high pores which can
accumulate more moisture thereby reducing its
physico-mechanical properties. Low VM was
observed in the 0% CSAC : 100% PKSAC samples
with respect to particle sizes in the order; 60 pm < 105
pm < 150 pum (being highest for 150 pm). It was
observed that particle size determined the thermal
stability of the activated carbon which is in line other
finding [17]. The AC showed fluctuating trends due to
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variations in the moisture, particle size, temperature,
material type and FCC. This is in tandem with other
results [22, 23]. Whereas FCC showed a decreasing
trend with particle size increase finer particles
exhibited better thermal properties.

100

11.48%
(1.018mg)

5.066%

T~ @ (0.4480mg)

345.22°C
83.42%

914.24°C
£.350%

200 460 600 ato 1000
Temperature (°C)

Figure 7: TGA of 150 pum of 0% CSAC : 100%
PKSAC sample

Universal V394 TA It

3.2 Proximate analysis of 50% CSAC : 50%
PKSAC Samples

The results of the proximate analysis of 50% CSAC :
50% PKSAC samples based on their particle sizes are
discussed in sections 3.2.1 to 3.2.3 and compared with
the control samples in Table 2.

20.67%
(0.8496mg)

7850°C
302.25°C

20 70.32% 84.32%
61.36

28.28°C 36%
99.99% (1.757mg)

Weight (%)

2.786%
(0.0776mg)

554.16°C

3 084% Residus:

650.48°C
1736%
(0.004889mg)%-1736%

-20 T T T T
200 ado 600 800 1000
Temperature (°C) Universal V3.9A TA In

Figure8: TGA of 60 um of 50% CSAC : 50%
PKSAC sample

3.21 60 pum of50% CSAC : 50% PKSAC Sample
Figure 8 shows the thermogram of the proximate
analysis of 50% CSAC : 50% PKSAC sample with 60
pm particle size. At 78.50°C, 29.67% MC of the
sample evaporated remaining 70.32%. Between the
temperature range of 78.50°C to 302.25°C, 5.9% VM
was released while 0.1736% AC was recorded at
650.48°C resulting to FCC of 64.15%. This amount of
FCC was evidenced by its high MC. Higher MC
contributed greatly to low FCC of this sample,
influencing ODT relative to other particle size of same
composition. This confirmed that samples with higher
MC vyield lower carbon content. It has been reported

aQ
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that the higher the FCC, the smaller the VM, the lower
the AC and MC and the better the thermal quality of
sample [21].

3.2.2 105 pm of 50% CSAC : 50% PKSAC sample
Figure 9 shows the thermogram of the proximate
analysis of 50% CSAC : 50% PKSAC sample with
105 pm particle size. It was observed that at 84.43°C,
22.997% MC evaporated remaining 76.99%. Between
the temperature range of 84.43°C to 336.33°C, 4.869%
VM was released while 1.474% AC was recorded at
760.13°C. The 105 pum of 50% CSAC : 50% PKSAC
sample showed FCC of 70.42% implying that as MC
reduced, FCC increased indicating improved ODT
when compared with the developed (60 pum of 50%
CSAC : 50% PKSAC) sample with 29.67% MC.

62.45%
(3.509mg)

5.27°C
8.720% 7.971%
(0.4479mg)
o
760.13°C

1.474%

Weight (%)

20

200 260 600 ado 1000

Temperature ("C) iiversal V3.9 TA In

Figure9: TGA of 105 um of 50% CSAC : 50%
PKSAC sample

3.2.3 150 um of 50% CSAC : 50% PKSAC Sample
Figure 10 shows the thermogram of 50% CSAC : 50%
PKSAC sample with 150 pum particle size. It was
observed that at 81.46°C, 5.96% MC in the sample
evaporated remaining 93.95%. Within the temperature
range of 81.46°C to 142.85°C, 6.95% VM was
released while 13.27% AC was recorded at 911.28°C
resulting to FCC of 73.87%. In general, the proximate
analyses of the hybrid 50% CSAC : 50% PKSAC
samples showed that its MC decreased with increase
in particle size. The lower moisture content observed
with the 150 pm of 50% CSAC : 50% PKSAC sample
maybe as a result of the higher percentage of fixed
carbon and ash content present. This result is
consistent with other works [16, 19] but does not agree
with another work [15] which reported that MC
increase with increase in particle size. The FCC and
AC increased with increase in particle size, but VM of
the hybrid 50% CSAC : 50% PKSAC samples showed
a fluctuating trend with particle size which is
consistent with other published results [19]. The 150
pm of 50% CSAC : 50% PKSAC recorded higher
FCC, smaller VM, lower AC, and MC implying a
better thermal stability than other samples with
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400.5°C ODT which agrees with other findings [21,
25].

3.8%
{1mg)

Weight (%)

sidh

(EEE
BRE
a

0

200 460 600 ato 1000
Temperature ("C)

Figure 10: TGA of 150 um of 50% CSAC 50%
PKSAC sample

3.3 Proximate analysis of 100% CSAC : 0%
PKSAC Samples

The results of the proximate analysis of 100% CSAC
: 0% PKSAC samples based on the particle sizes are
discussed in sections 3.3.1 to 3.3.3 and compared with
the control samples in Table 2.

3.3.1 60 pm of 100% CSAC : 0% PKSAC Sample
The thermogram in Figure 11 shows the proximate
analysis result of 100% CSAC : 0% PKSAC sample
with 60 pum particle size. From Figure 11, it was
observed that at 78.5°C, 20.67% moisture evaporated
remaining 79.49%. Within the temperature range of
78.5°C to 114.28°C, 5.363% VM was released while
0.042% AC was recorded at 997.91°C yielding a fixed
carbon content of 73.87%. The MC influenced the
FCC of sample which reduced the ODT.

3.3.2 105 um of 100% CSAC : 0% PKSAC sample
Figure 12 shows the thermogram of the proximate
analysis of 100% CSAC : 0% PKSAC sample with
105 pm particle size. It can be observed that at
94.80°C, 30.57% moisture evaporated remaining
69.43%. From 94.80°C to 128.57°C, 4.842% VM was
released while 6.603% AC was recorded at 872.75°C
with FCC of 57.77%. This amount was low compared
to that of 60 pum particle size. This was due to the high
MC obtained as particle size increased showing
consistency with other published works [23, 24].

3.3.3 150 um of 100% CSAC : 0% PKSAC Sample
Figure 13 shows the thermogram of 100% CSAC : 0%
PKSAC sample with 150 pm particle size. It can be
observed that at 88.87°C, 14.66% MC evaporated
remaining 84.46%. Within the temperature range of
88.87°C to 142.86°C, 6.896% VM was released while
0.575% AC was recorded at 817.92°C yielding FCC
of 77.39%. This FCC was better than the FCC value

2
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for 105 pm of 100% CSAC : 0% PKSAC sample.
Comparing the proximate properties for all 100%
CSAC : 0% PKSAC samples, it was observed that
MC, VM, AC, and FCC showed fluctuating trend with
respect to particle size. The MC increased from
20.67% for 60 um to 30.57% for 105 um but dropped
to 14.66% for 150 um. The VM was higher for 150
pm than those of other particle sizes. 150 um of 100%
CSAC : 0% PKSAC sample recorded higher FCC,
smaller VM, lower AC, and MC implying a better
thermal quality with good heating value corroborating
other findings [21, 25]. This higher FCC of the sample
is evident by the ODT.

100

20.67%
(0.6644mg)

5.363%

80 (0.1724mg)

60

40 4

Weight (%)

20

o

20

Temperature (°C) al V3.9A TA I

Figure 11: TGA of 60 um of 100% CSAC 0%
PKSAC sample

85.43%

Weight (%)
-

6,603%
(0.3802mg)

! 2[')0 ' ! ' Msﬂ . . ' EUO ' . ’ EE‘ID ! ' ! 10‘01)
Temperature (°C) 3

Figure 12: TGA of 105 um of 100% CSAC 0%
PKSAC sample
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Figure 13: TGA of 150 pum of 100% CSAC 0%
PKSAC sample
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Table 2: Proximate properties of the activated carbon
compositions and controls

Activated Proximate parameters
Carbon : . Volatile Fixed Ash
Compositions SFiJzaerEErlﬁ) ,\(A:g:fttéﬁ Matter | Carbon | Content
(%) (%) Content (%)
(%)
60 6.04 3.99 84.8 4.79
105 7.77 4.98 83.09 4.22
O aac 150 11.48 507 | 7706 | 635
CB1 2.27 2.18 45.47 48.86
CB2 1.92 1.49 37.21 58.07
60 29.67 5.99 64.15 0.17
50% CSAC : 105 22.99 4.87 70.42 1.47
50% PKSAC 150 5.96 6.95 73.87 13.27
CB1 2.27 2.18 45.47 48.86
CB2 1.92 1.49 37.21 58.07
60 20.67 5.36 73.87 0.04
100% CSAC : 105 30.57 4.84 57.77 6.60
0% PKSAC 150 14.66 6.89 77.39 0.57
CB1 2.27 2.18 45.47 48.86
CB2 1.92 1.49 37.21 58.07
3.4 Thermal behaviour of friction lining

materials

The thermal behaviour of the activated carbon friction
linings developed were studied by TGA and DSC to
determine the effects of composition type and particle
size on the ODT and oxidation temperature (OT) in
comparison with two commercial friction lining
materials (CB1 and CB2) used as controls. The ODT
is the temperature at which the maximum degradation
rate is observed for the main degradation step on the
thermogram while the onset oxidative temperature
(OOT) is a relative measure a material resistance to
oxidative. The higher the OOT value the more stable
the material.

Deriv. Weight (%/°C)

200 a &00 800 1000

.......... VA8A TA nsremun

Figure 14: TGA thermograms of control friction
lining CB1

3.4.1 TGA/DSC of the control friction linings

Figure 14 shows the thermogram of the control
friction lining sample CB1. It was observed that the
sample entered TG measurement at 29.93°C with the
first step decomposition at 126.15°C with 2.272% of
moisture evaporation. 2.175% VM was found to have
decomposed during the second step at 291.79°C. The
ODT was observed to be 291.79°C. Third step and
fourth step decompositions were completed at
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574.14°C and 758.70°C, respectively, leaving a
residue of 48.86% at 993.29°C.

Heriv. Weight (%"C)
9

nnnnnnnnnnnn

0.0
a0

Temperature (°C) u

Figure 15: TGA thermograms of control friction
lining CB2

For CB2 sample thermogram in Figure 15, the
measurement commenced at 28.93°C with first step
decomposition at 159.28°C and 1.921% moisture
evaporation. 1.494% VM decomposed at the second
step at 298.09°C. For this control sample ODT was
observed to be 298.09°C. Third step and fourth step
decompositions were completed at 607.26°C and
840.72°C, respectively, leaving a residue of 58.07% at
992.15°C. Though ODT of the two control samples are
comparable, CB2 is more stable than CB1.

3.4.2 TGA / DSC of 0% CSAC : 100% PKSAC
Sample

Figure 16 shows the ODT of the developed 0% CSAC
: 100% PKSAC samples and the control samples. It
can be observed that ODTs of the developed samples
showed higher thermally stability than the two control
samples. Also, as particle size increases, ODT
increases. This corroborates other published results
[14], it was attributed to higher surface area of smaller
granules, leading to decreased yielding and increase in
ODT. This was observed in all developed samples.
The 60 um of 0% CSAC : 100% PKSAC samples
showed 14% and 11%, 105 um of 0% CSAC : 100%
PKSAC sample showed 16.5% and 14% while 150um
0% CSAC : 100% PKSAC sample showed 18.3% and
15.8% better performance than CB1 and CB2,
respectively. Hence, the developed 0% CSAC : 100%
PKSAC samples with different particle sizes can be
suitable precursors for organic friction linings. Figure
17 shows OOT based on the DSC results obtained for
0% CSAC : 100% PKSAC which was comparable
with CB1 and CB2. Based on OOT, the developed 0%
CSAC : 100% PKSAC samples of different particle
sizes showed superior oxidative stability than CB2.
On the OT of 0% CSAC : 100% PKSAC activated
carbon composition depicted in Figure 16, OT
increased as particle size increased with a slight drop
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at 150 um. This activated carbon samples compared
favorably with the control sample CBL1.

3.4.3 TGA / DSC of 50% CSAC : 50% PKSAC
Sample

Figure 16 shows the ODT 50% CSAC : 50% PKSAC
samples and the control samples. It was observed that
the ODT of the developed samples showed higher
thermal stability than the two control samples. Also,
as particle size increased, the ODT increased. The 60
pm 50% CSAC : 50% PKSAC sample showed 3.58%
and 1.39%, 105 um 50% CSAC : 50% PKSAC sample
showed 15.3% and 12.83% while 150um 50% CSAC
: 50% PKSAC sample showed 37.1% and 34.20%
better performance than CB1 and CB2, respectively.
Hence, the developed samples of 50% CSAC : 50%
PKSAC composition with different particle sizes can
be suitable precursors for friction linings. Figure 17
shows the OOT of the 50% CSAC : 50% PKSAC
samples, where the OOTs were found to be
comparable with those of CB1 and CB2. Based on
OOT, the developed samples of 50% CSAC : 50%
PKSAC composition with different particle-sizes
showed better oxidative stability than CB2 except for
105um particle-size sample which was less than CB1
and CB2 with OOT of 177.48°C. On the OT of 50%
CSAC : 50% PKSAC sample depicted in Figure 16,
OT decreased as particle size increased. This sample
compared favorably with the control sample CB1.

3.44 TGA / DSC of 100% CSAC : 0% PKSAC
Sample

Figure 16 shows ODT of 100% CSAC : 0% PKSAC
samples and control-samples. It was observed that
ODT of the developed samples showed higher
thermally stability than the two control samples. Also,
as particle-size of samples increased, ODT increased.
The 60 um of 100% CSAC : 0% PKSAC sample
showed 3.4% and -2.1%, 105um of 100% CSAC : 0%
PKSAC sample showed 8.7% and 6.4% while 150 um
of 100% CSAC : 0% PKSAC sample showed 17.8%
and 15.3% better performance than CB1 and CB2,
respectively. Hence, the developed samples with
different particle sizes can be suitable precursors for
organic friction linings. Similarly, Figure 17 shows
OOT of 100% CSAC : 0% PKSAC samples with OOT
comparable to the control samples. Based on OOT, the
developed samples with different particle-sizes
showed superior oxidative stability than CB2. Also,
the 60 pm of 100% CSAC : 0% PKSAC sample
showed better oxidative stability than CB1 and CB2
with OOT of 218.1°C. On the OT of the 100% CSAC
: 0% PKSAC samples depicted in Figure 18, OT
increased as particle size increased. This sample
compared favorably with the control sample CB1.
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Figure 18: Oxidation  temperature  (OT) of
developed samples and control samples

40 CONCLUSION

Proximate property of 0% CSAC : 100% PKSAC
samples showed that moisture content and volatile
matter increased as particle-size increased. Ash
content recorded fluctuating trends with particle size,
whereas the fixed carbon content showed a reverse
trend with particle size. The moisture content of 100%
CSAC : 0% PKSAC fluctuated with increasing
particle size; increasing from 20.67% for 60 pm to
30.57% for 105 um but dropping to 14.7% for 150 pm.
Volatile matter was highest for 150 um among other
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particle sizes. 0% CSAC : 100% PKSAC samples had
its ODT increasing with particle size which was
superior to the two control samples. The heat flow
pattern of 0% CSAC : 100% PKSAC samples showed
comparable OOT with the control samples, but better
than CB2. The ODT of 50% CSAC : 50% PKSAC
samples showed higher thermal stability than the two
control samples. The ODT trends showed linear
relationship with particle size; even as the 150 um of
50% CSAC : 50% PKSAC sample exhibited best ODT
with 37.1%, 34.2% than CB1 and CB2, respectively.

This was followed by 0% CSAC : 100% PKSAC
sample with 18.3%, 15.8% while 100% CSAC : 0%
PKSAC had 17.8%, 15.3% performance than CB1 and
CB2, respectively. The OOT of all samples compared
well with CB1 and CB2 showing better oxidative
stability except for 105 um of 50% CSAC : 50%
PKSAC sample which was less stable than CB1 and
CB2 with OOT of 177.48°C. For 100% CSAC : 0%
PKSAC samples, the ODT showed higher thermally
stability than the two control samples. The 60 um of
100% CSAC : 0% PKSAC sample showed better
oxidative stability than control samples with 218.1°C
OOT. Although CB2 had an oxidation temperature
(OT) value of 373.35°C, all the activated carbon
compositions compared well with CB1. From these
findings, the developed activated carbon compositions
and particle sizes can be suitable precursors for
organic friction lining materials.
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