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ABSTRACT

This research advances sustainable production methods by focusing on the reuse of
agricultural waste. The absorption behavior of hybrid biocomposites reinforced with
biochar derived from Syagrus romanzoffiana palm waste (SrPW) and Agave sisalana fiber
(AsF) in an epoxy matrix was examined. The primary objective was to assess how varying
AsF content (10, 15, 20, and 30%) affects the dynamic behavior of hybrid biocomposites
incorporating a fixed 2% of biochar. Response surface methodology (RSM) and artificial
neural networks (ANN), optimized using a genetic algorithm, were employed to evaluate
and simulate absorption characteristics. The ANN approach demonstrated superior
accuracy and robustness compared to RSM, as indicated by high correlation coefficients
(0.9999 in training, 0.9702 in testing, and 0.9970 in validation) between model predic-
tions and experimental results. This predictive method minimizes the need for extensive
experimental trials, thereby saving time and resources. The resulting green composite,
based on epoxy, palm waste, and sisal, presents an environmentally friendly alternative
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for potential sustainable applications.

HIGHLIGHTS

® Development of innovative hybrid biocomposites using Syagrus romanzoffiana (Sr)
palm-waste biochar and short sisal fibers in an epoxy matrix;

® Pure Fickian diffusion traits were witnessed across all laminate configurations
throughout extended water immersion testing;

o Artificial Neural Network (ANN) modeling demonstrated higher predictive accuracy as
well as generalization than Response Surface Methodology;

e The integrated ANN-Genetic Algorithm approach identified optimal parameters with
slight deviation from experimental results;

® Valorization of Sr waste supports a circular economy by converting agricultural
residue into high-value biocomposites.

BE

AT G2 A L SR A, HE S HE R A G AR v . WFRRRT T DABR A
NE a2 3L N6 LLYR 1 Syagrus romanzoffiana K S ZEY) (StPW) (M A4 7% M e 5 o
BHAE (AsF)VE 25385844 BHEER G AE Y S ML AT A £ 22 BRSNS AsF
F (10% 15%- 20% [ 309%) Ui 5285 A [ 2% LXK IR G LD G AR
BNREAT 25 WESULRI IS (RSM) M AEIE (IS ST BAL I N TRUAS A B (ANN), 1]
DLERAL BRI R P o B RS YA B, N T A A5 AR ey o B L B 8 L f M e B S
P, I8 AR R YRR B B At R[] A v AT B (R M (IR B %y 0.9999 IS B
£y 0.9702. BRFEREELA 0.9970)RI M A H o TR Ty v nT d5e B B byt 2D oK 8 i Bl
Al KSR, AET B4 Ry ] B U o A BB I Ak (O A AR, DABRSEBAR . B g
L BIRR AT AT AL K S PR A T BRI BT £

CONTACT Ahmed Belaadi @ ahmedbelaadil@gmail.com @ Department of Mechanical Engineering, Faculty of Technology, University 20 Ao(it
1955-Skikda, El Hadaiek, Skikda 21000, Algeria; Herbert Mukalazi @ hmukalazi@kyu.ac.ug @ Department of Mathematics and Statistics, Kyambogo
University, Kampala, Uganda

© 2026 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow
the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0003-3349-2307
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15440478.2026.2739079&domain=pdf&date_stamp=2026-09-28

