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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
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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

s t:;ll‘)l;figln(?’l(j) Po P4 P> P; P4
Ty 357.52 | 357.82 | 360.84 | 365.32 | 347.08
*T, 45775 | 495.56 | 498.58 | 526.25 | 437.13
M 44498 | 446.53 | 447.83 | 492.63 | 431.98

* 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, ¢) 2, d) 3, and
e) 4 wt.% walnut shell powder
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