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ABSTRACT

Research subject: This study investigates the effect of processed walnut shell Biomass (PNB) on the thermal and tribological performance of eco-
friendly brake pads. Since brake pads are safety-critical components, they must provide both thermal stability and wear resistance. Replacing
conventional fillers with biomass-based reinforcements such as walnut shell powder offers a sustainable alternative to asbestos while potentially
improving overall performance.

Research approach: Brake pad composites were fabricated by incorporating 0-4 wt.% PNB into the base formulation through controlled mixing,
molding, and curing. The produced specimens were examined using a combination of analytical and mechanical techniques. Thermogravimetric (TGA)
and differential thermal analysis (DTA) were performed to evaluate degradation behavior and char formation. Microstructural characterization was
carried out using scanning electron microscopy (SEM) to assess the dispersion of reinforcing particles and the quality of interfacial bonding. In addition,
wear resistance and hardness tests were conducted to measure the tribological and mechanical performance of the pads.

Main results: The results revealed a dual effect of PNB addition. Incorporating up to 3 wt.% PNB improved thermal stability, increased char residue,
and led to a more uniform microstructure with better particle dispersion. At this composition, surface hardness and wear resistance were also enhanced,
while non-uniform wear decreased. However, higher PNB contents (>3 wt.%) resulted in significant deterioration of thermal resistance, formation of
porous regions, and weakened interfacial adhesion, causing unstable frictional behavior and lower wear performance. In conclusion, 2-3 wt.% PNB was
identified as the optimum composition, ensuring a desirable balance between hardness, wear resistance, and thermal durability.
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Table 2 Acceptance limits and criteria for friction and wear test
results for car pads with different weights
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Figure 1 TG, DTA, and DTG curves of brake pad samples: (a) PO,
(b) P1, (c) P2, (d) P3, and (e) P4, corresponding to 0, 1, 2, 3, and 4
wt.% walnut shell powder, respectively

cleY MM g +/e ) g B L adaii du (0 diged Cwlies g 5 ol o
By ey g Jlgie alo e cain Jolis Lol el s ol g (6 0503l
Al bl FAY rpm Jligs Cey 5 FFY N ol (59,08 Cod a5 o
Jlect Vo 8) (6,5 50,5 Yo Jolis (First Baseline) aJsl sl al> o
Lis V2 F °C B AY (o anlS slos a5 Jl s (5bula, Y+ S g g,
Ve MiN Soedy e (5,5 3,5 (First Fade) Jol olo )3 al> o ol o
(a8l sl 5og; plas ) duw s YAA °C o auls sles a5 Sloj U g
Jol gle,S a5l o aloldl (First Recovery) Jsl oLk al> o
NFe ain slales ;o 3lucSis wuld > )0 olisS sl S 50
Voo Jels o (Wear) jole al> o ol ploul AY °C 4 V4 Y-
O alS slod a5 Jlo o l3bole; Ve 8 g 955 Jlosl Yo 8) (65 50 5
alie (Second Fade) pgo olo,S al> o oy o Laa> YVFOC L VAY
VIV 9C @ Los iy B oo 655505 ) cnl Lol (Jol (ole S al> 1o
olisS slocs .5 50,5 {Second Recovery) pgs bk al> o .l anlol
Al 0 AYOC g1 FALY P YF e VP slabes ;o (g lacSis ail o
Job ;o adgl sl al> e LS 1S5 (Second Baseline) pgo (sl
2 Sl g Jleel )l o GLb wllaxd o Siasl o 2o (Jol e ples
b ot (6 S0l Toame diges les Cwlied o 039 corge)] ples! 5
slosesl @S Ghpdy lxe 5 oga> 05h asie (lalu Gl
UK PO PRORCR UUF IS PRV-APUOAN ES S SO IR 1 O
el 4 S il 5 295 5 gl slacobsl g pgs sl J> e o 1
Sbme Sl izres Bl w3 YV - 2STas ol Sl al> e 0 1
Ao 30 L 5eSilee 4 S g 5 Jsl 2le)S S0 0 B eSile

il oo, 110 zSlas sl sl
sV e olie ol sadasle glacad wsed (oleond oS 5 Y Jgoo

99,5 Luwgy O (yg vy ¥
Table 1 Chemical composition of brake pad samples containing 0,
1, 2, 3, and 4 wt.% walnut shell powder

Chemlcgllvf[:%;:)posmon Py P, P, Ps P.
Phenol f:)er;]rz]aldehyde 7 7 7 7 7
Rubber 6 6 6 6 6
Steel fibers 18 18 18 18 18
Cellulosic residue 15 15 15 15 15
Rock wool 8 8
Refractory powder 8 8
Graphite 12 11 10 9 8
Walnut shell powder 3 4
Coke 6 6 6 6
Mineral filler 20 20 20 20 20
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Table 3 Thermal stability parameters (T1, T2, Tmax) of brake pad
samples containing 0, 1, 2, 3, and 4 wt.% walnut shell powder

ity ccy| P | P | P | P | P
T 357.52 | 357.82 | 36084 36532  347.08
T, 457.75 | 49556 | 49858 | 526.25 | 437.13
"Tmx | 444.98 44653 | 447.83 49263 43198

* T1 = initial decomposition temperature .T2 = secondary decomposition .
Tmax = maximum decomposition temperature
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Figure 3 Comparison graphs of friction coefficient and
temperature performance in the wear test phase for pad samples
with different percentages of walnut shell additive. (a) Control

sample (P0), (b) P1, (c) P2, (d) P3 and (e) P4
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Figure 2 Scanning electron microscopy (SEM) images of the worn
surfaces of brake pad samples containing a) 0, b) 1, c) 2, d) 3, and
e) 4 wt.% walnut shell powder
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