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ABSTRACT

In this study, a series of nettle/PLA unidirectional biocomposites was prepared by varying the
weight content of nettle yarn preform and the biocomposites were tested for physical, mechanical,
thermal, and biodegradation properties with a focus on automotive dashboard and door panel
applications. As the preform content increased, the static and dynamic mechanical properties of
the biocomposites increased initially and decreased afterwards. The biocomposite prepared with
equal weight fraction of nettle preform and PLA demonstrated the highest tensile strength (52.56
MPa), flexural strength (42.73 MPa), impact strength (30.96 kJ/m?), and tensile (Young’s)
modulus (4.73 GPa). The same biocomposite showed the highest storage and loss moduli and the
lowest damping factor at temperatures ranging from 30 °C to 115 °C. The micromechanical
analysis revealed that the tensile strength and Young's modulus of the biocomposites could be
anticipated by considering the tensile properties of the constituent materials. The morphological
and thermal analyses of the biocomposite prepared with 50 % preform content demonstrated good
reinforcement wettability, thermal stability (up to 254.62 °C), and high crystallinity (53.13 %).
The same biocomposite showed remarkable biodegradability and enrichment of soil nutrients
during soil burial tests. Overall, this biocomposite was found to be very promising for dashboards

and door panels applications.

Another set of biocomposites was developed by using nettle (Girardinia diversifolia) woven fabric
and PLA fibres in varied mass fractions. The prepared biocomposites were evaluated for physical,
mechanical, thermal, and biodegradation properties. The biocomposite prepared with equal mass
fractions of nettle and PLA showed the highest tensile strength (39.87 MPa), Young's modulus
(4.37 GPa), flexural strength (50.96 MPa), and impact strength (35.95 kJ/m?). This biocomposite
was found to be quite light-weight (1155 kg/m?). It exhibited excellent thermal stability till 309
°C. It showed remarkable dynamic mechanical behavior with highest storage modulus (3.9 MPa),
loss modulus (0.2 GPa), and lowest damping factor (0.04). After 20 days of burial in soil, this
biocomposite lost 10.57 % of its weight and 37.42 % of its strength. The biocomposite made from
equal weights of nettle woven reinforcement and PLA matrix showed a great potential for

automotive dashboard panel application.



Also, this research work witnessed improved reinforcement-matrix interface by silanisation of the
reinforcement surfaces, and the resulting nettle/PLA biocomposites showed enhancement in
mechanical, thermo-mechanical, and biodegradation properties. Tri-ethoxy silyl propyl
methacrylate (TES-PM) and amino propyl tri-ethoxy silane (APTES) were grafted onto cellulosic
nettle reinforcement at various concentrations. The morphological, structural, chemical, and
mechanical properties of the nettle woven reinforcement and the degree of silanisation were
determined to ensure a high-quality grafting. Functional moiety and concentration of silane
coupling agent were found to affect interfacial strength of the biocomposites. It was shown that an
appropriate coupling agent with an optimal concentration improved the static mechanical (tensile,
flexural, and impact), dynamic mechanical (storage & loss moduli and damping factor), and

biodegradation properties of the biocomposites without changing the thermal properties much.

Further, this work employed n-octyl coupling agent to obtain a stronger interface between the
nettle reinforcement and the PLA matrix. This resulted in higher static and dynamic mechanical
strengths of the biocomposites. Even with a low concentration of n-octyl silane, the mechanical
properties of the biocomposites improved. The low density of grafted n-octyl silane guaranteed a
complex design of the biocomposite. The developed process and the obtained end-product could
be economical since less n-octyl coupling agent was needed. Moreover, n-octyl silane altered fibre
cell walls, resulting in an increased dimensional stability, fungal resistance and thermally stability

of the biocomposites. All products were recyclable and biodegradable.

Lastly, PLA fiberwebs and multi-ply nettle woven reinforcement were employed in this work to
develop nettle/PLA biocomposites with varied reinforcement orientations. Piling of nettle fabrics
resulted in improved tensile, flexural, impact, and thermal properties of the biocomposites. The
best among all the biocomposites developed in this study was found to be the three-layered woven
fabric reinforced PLA biocomposite with a reinforcing orientation of 0°/45°/90°. The tensile
strength, Young’s (tensile) modulus, flexural strength, impact strength, storage modulus, and loss
modulus of the biocomposite were determined as 55.25 MPa, 6.30 GPa, 85.83 MPa, 63.74 J/m?,
10.08 GPa, and 0.75 GPa, respectively. Though thermal stability of biocomposite was found to be
unaffected, the crystallinity rose by 25.84 %. The degradation kinetics and the activation energy
of the biocomposite were determined by employing differential fitting of Arrhenius model. This

biocomposite lost 15.06 % weight and 50.56 % strength after 20 days of burial in soil.
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9 3y H, Aea/diuay & Ui SR IFNIEH &I Th SRS @l daR &1 T forad
Fed M WHIH & R & A ®I I 3R S-ie ey o Hifde, gz, adig, $iR
Od 3gge Ul & o Tifea foean man, fod siicmified SXEIS SR axarel 4-d &
STV TR T dhisd AT| T TH &1 AT 96 ¥, SRIdb ey & (R SR iR aie
o SRS U J T¢ 3R 916 § &Y g1 T Aed W 3R TUat & 99 YR S ard
TAHIEINC 3 Faifdd d-1d UfagT (52.56 THUT), TR UfaST (42.73 TAYTT), THTT UfagT
(30.96 fHa@@aT Mex), R T@ @) HAeged (4.73 oMUY uelRfd fean st
TGS = 30 °C ¥ 115 °C YA b JaATId HERUN 3R Al AT 3R o HH
SR HRS USRI far| adias e fazayor = feam fe s) amf &1 =t qoremdt
D! A B AHR TRBITIIC Bt q-1d UTAST 3R 1 Hiegerd &I JaigHH foar o1 ¥l g
HHIE B 50 % AT & AT IR SRGIEINE B Afpiaiodd SR diig fawewor 3 st
gAfnfor Stem erman, ardtg fRRET (254.62 °C dF), 3R I fopre et (53.13 %) meRfa @t
3t SRAIEIToTe A gl & i & QR Sigyd Sid TeeHIadT 3R gt & v dwl &
iU fe@man| gl ¥ §, I8 SRidifoe S¥ars SR gxarel U-d & ST &
foTT sigd Iwtear U |

ISR & T 3R Je &1 faem RIS fsaRfmifern g7 gu dea & &ug ik
U R &1 ST S [ HR Sf=1 F fovar 1T | R foe e s eifored o Hifas,
gitAe, dTdd, SR S 3{qge T & ol Jeaid- foar 7| Hed SR fiiat & 960  HR
3 § IR fhT T SrAterEifoe 5 9aifid a-1a UfasT (39.87 THUTT), 37 AfSyad (4.37
i), TR UfasT (50.96 THUTR), 3R YT UAsT (35.95 fhaea/at Hiex) uefia @t
g SAATDIHISIC BTWhI Gebl (1155 fhaomd/ o1 HicR) U 7T 3 309 °C db Ip Ardi
R Uaiid @11 S Faifds YSRU Aiegad (3.9 THUT), T Hisgad (0.2 SIATT), 3R
T HH ST BRD (0.04) P ATY Ieag-14 a=ia Fites deR vefid fear it # 20
{1 o 91G, $H TRIBIEISIE F 30 Told BT 10.57 % AR 7O Tofad! & 37.42 % T e
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o 50 ea ¥ SEmie o duan AR ¥ 9 o @ o Setfe sfdmifta 3
STEIS UTd S(IUAIT o o Ueh ST YHTGT bl FafRid fobar |
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AT BT THTE SRABITINIE B S RIgd Aol IR UHTd STadT § I8 faamar ma fos fam
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Tfa=ita ifye wfeaal ag TS| n-3ifaesd Ria &) &1 AE1 & Iy +f srdie e & gife
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i1, T (@19) Hiegad, FIRRA UIAsT, TuTd UiasT, TR Aiegad, 3R A Alegad dl
3fTAT fopan a, St f 55.25 THUIT, 6.30 SITUTTY, 85.83 THUIT, 63.74 fardiiela / aff Hiey,
10.08 SO, 3R 0.75 SHUIT AT 7471 gTelich STt IHIore Bt ardrg RRCT gvifad =gl
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SRl B RMATY Aisd & AU U™ &1 ST dRe Hufid fasar i g9
SRt rfTe A fgt & T8 & 20 &l & 91E 15.06 % 9 3R 50.56 % Hora @l &l
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