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Abstract

Agro-waste pineapple leaf fibre (PALF) was extracted from fresh pineapple leaves for use as a
green reinforcement in polypropylene (PP) composites. There is a growing interest in the use of
PALF as reinforcement in thermoplastic matrix composites to develop high-performance impact-
resistant materials in technical applications. PP undeniably offers economic, ecological, and
practical benefits compared to other thermoplastic polymers due to its affordability,
environmentally friendly recycling process, and excellent thermal stability. Generally, chemical
treatment is used to clean the sun-dried PALF, and the effluents of those chemicals are discharged
into nature.

In this study, new mechanical approach (carding) was used to remove the remaining extraneous
substances from the scratched and sun-dried PALF instead of using any chemical treatment.
Optimum number of passages through carding process did not reduce the fibre length or deteriorate
the mechanical properties of fibres and was found to be effective in improving the fibre surface
roughness, leading to an improved fibre-matrix interface. The carding process also removed the
non-cellulosic materials from PALF, resulting in an increase in the cellulose percentage. Four
passages of PALF through carding successfully removed 12 wt.% of non-cellulosic materials.. The
percentage of sticky fibres and dust content decreased, and fibre breakage increased with further
increase in number of carding passages. The properties of individualized fibres were also
influenced by the number of carding passages. The carding process reduced the diameter of PALF
due to the removal of extraneous materials and increased the tensile strength and modulus.
Scanning electron microscopy (SEM) and Fourier-transform infrared spectroscopy (FTIR)
confirmed the elimination of non-cellulosic materials along with other gummy and waxy

substances from the surface of fibrillated PALF due to the carding action.
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The crystallinity % also increased after the carding process due to the removal of amorphous
substances. As the reinforcement-matrix interfacial shear strength (IFSS) strongly influences the
physico-mechanical properties of composites, the IFSS of carded PALF-reinforced PP fibre micro-
bonded composites was also studied using the single fibre pull-out test (SFPT). PP in the form of
fibres, which on melting transforms in to matrix, was used. PP fibres of two different fineness
values were used to study their influence on composite properties. Composites with PALF, carded
four times and finer PP fibre showed the highest IFSS. Additionally, the load extension curves and
SEM images of the tensile pulled-out surface were investigated to study the interfacial adhesion
between PALF and PP micro-droplets. The increased surface roughness of PALF due to the
carding action resulted in an improvement in the IFSS of PALF-reinforced PP composites.

The high melt viscosity of PP hinders its penetration into the composite reinforcement. To
overcome this difficulty, the individualized and fibrillated PALF and PP fibres of different fineness
were blended (50% by weight) in the carding process to ensure homogeneous distribution of
reinforcement and matrix in fibre form within composites. The blended carded sliver was further
parallelized through a gill-drawing process, and subsequently, unidirectional composites were
fabricated using the compression moulding technique. The drawn sliver was used to produce the
composites in a compression moulding machine at 180°C for 15 minutes under 20 bar
pressure. The consolidated samples were allowed to cool naturally to 100°C under constant
pressure keeping inside the moulds. The fabricated composites were cut into different shapes
according to the respective standards for the measurement of void percentage, surface water
contact angle, thermal conductivity, dynamic mechanical analysis, tensile, flexural, short beam,
and Izod impact strength, thermal conductivity, and water absorbency analysis. SEM was used to

examine the fracture surface of the tensile strength-tested samples.
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The composite made with four times carded PALF, demonstrated the best physico-mechanical
performance among the samples, while those made with finer PP fibres as matrix forming fibres
also contributed positively. The thermal insulation performance of the composites improved with
shorter PALF carded five times and with coarser PP fibres, but at the same time, the water
absorbency of these composites also increased, indicating reduced water resistance of such
composites.

The drawn sliver PALF-PP fibres were converted into thermal-bonded sliver by melting the outer
layer to keep the reinforcement fibres unidirectional in composite fabrication at 180, 190, 200, and
210°C. The tensile performances, bending rigidity, and weavability of the thermal-bonded slivers
were evaluated. Then, the unidirectional composites of the thermally bonded slivers were
fabricated according to the above-mentioned process, and their properties were analysed. The
thermal-bonded sliver was treated at 200°C, and composites fabricated with this sliver showed the
best feasible physico-mechanical properties. Based on the results of this investigation, PALF and
PP fibres can be chosen to produce thermal-bonded sliver with improved fibre alignment, as well
as the final composites in accordance with the specifications of the intended use.

The thermal-bonded sliver treated at 200°C was used to make cross-laid (0/90°), 1/1 plain, 2/1
twill, and 3/1 twill structures with the same EPM (ends per meter) and PPM (picks per meter) but
different patterns of interlacements. These structures were compression moulded into composites
according to the same process used earlier. The tensile failure surface morphology and the
interlaminar failure of short-beam shear strength (SBS) tested samples were analysed by SEM and
micro computed tomography (LCT) images, respectively. The composite sample fabricated with
cross-laid structures showed the best mechanical properties and a lower void percentage due to the

lower order of interlacements.
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According to the findings of this research, PALF and PP fibres can be converted in to thermal-
bonded sliver to produce good quality textile-structured composites with aligned fibres. These
composites can be tailor-made to have desired specifications, as a viable alternative to

conventional and costly materials for protective applications.
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Saar (Hindi)

Y I7ATRISE AT el IAT (PALF) ohY Tt AT ehl Tt & feiehTerehy STeiiTdTgellet (PP) A&t
# gRT GedlenoT o &I 7 3TN fohaT IAT| Aeheilehl 3TTATEN & ToIT STu-Seelel U JHTard-HicRieT

AT e e et ] 2rfeanTees Afeera Affsit 3 PALF & 39T 3 RaR sy g W1 & | PP 3rasit

e ST, GATERUT-37c]ehel YeTeIshUT &THAT AT Scehse dTdig AT & HROT 3 YACATIECH

TIFRT T JoraTT & 31MTeh, TRTEUTAS 3N TGRS T FeTel T & | AT ¢J H FEIT 0

PALF I Iw1s & forw Iramafaes 3uar farar Sirar &, [ 3mafise gatawor & o R sa £

Y 3CTIA H TTI A 3TAR & TUTA X Teh o1d 1o JiTAeh AT (HIT39T) ST 39T foham I, foaa

G 3 4T A W@ T PALF & AT 3R[CTEAT hT §TAT IAT| hITSIT hl IUGebel HEAT o 10T TS IT

Jitaeh 0T T T AL fohaT, Sfceh I HAE h GReT=T dGTehT LQMT-HigTFd Htheleh Hl Sk
AT | ST Sfohar & IR-Aeeitst verd g2, forerd Heelist Ffcrerd # Jefe g8 | IR SR HIfEeT et
TR STATHAT 12 $IR icrered IR-Bogeltst 9eTd &€ aTT| 3TeT hifSaT somy ¥ faaferd Teit 3R el & A
e g, STeieh R0 geof S| SHITSIT IShaT 5 HROT IAT ST H haft TS TUT T 2ATFe 3R ATIrh H
aﬁ%g‘%’l AT Folerelel ATSHIEHIAT (SEM) 3R HRIT TABIA e FIFeEhiar (FTIR) ¥ T8
gfse g% foh Sh1fSqT fSham & hROT YR AclE & Jlie;, FHFHT T 317 IR-Hogellsl Terd §< T Iathd

gereif & geat & Pheefafady afasrd # o gefir g2



Hieh AT oT-HiEard ITcRtholeh hollell ATl (IFSS) ATAST & $fcieh-iT3eh T[0Tt vl Fenfad il 8,
$HTAIT HTSS PALF Feidd PP F&H-dlss AIAAT T IFSS Tehel QT IA-37T3€ GL&TOT (SFPT) EaRT

31T Tomam a1aT| 2 AT AQIAAT aTor PP 21T ST 39T [T a7 IR IR 158 PALF 3R 318

AT PP 20T arer IfAst & Faif®es 1FSS urea g3 HITSIT & TEN TQAT HTE YT & IR holeh

TSI & Sga} fhaT|

PP T 3T ITeleT QAT & HROT ATAY H AT FHTAT T ST G & | T FHEAT oh FATUTA g
PALF 3R fafdte #EYeTaT aTel PP YR1T &l IfSaT TishadT & 50% R 37gared & fAFA fohar orar, foraa
AR F FATT [IROT GARET 81 Ao | 58 ST FA-ZISIT IfShar e AT bl FeATelic Fham ara

3R TS A5 Teheileh GaRT UG FIFH dIR fohT 1T 180°C ATIHT 3R 20 IR &a1d T 15

BeTe e AfesaT &Y 15| HFAT T galld & g 100°C Toh 33T fohar aram| fafdest Aol & 3TAR
3oTeh ReFcTall FTCIRIeT, STel HYeh I0T, AU <TeTehell, Tcreiiel Iifeh 0T, o, HIS, - TATol1S
3rerd S U Siel 3NYOT ST G&TOT fohaT I1T| SEM SaRT &t Hclg ol TaRersoT 8ff fohar ara|

IR ] H1SS PALF ¥ §oF GRS & gafad sifas-aiie vyede veida frar, et Ag PP Y2y &

39T & STSTHRY TgT| T IR HISIT T2AT HE PP AT & T AR Fogeieled S g3, T STl
37NV $Y FeT, THE STl YTRIET F FHaY TS| 3ieT Tera¥ PALF-PP 1T &1 180, 190, 200 3R 210°C

R T8 R 1 g ardfa-siess faax & aRafdd forar =, foad et i vefeei samw w@r

ST b | ST TEeTeRT & T 0T, AIS okl 3R TS AT &l HedieheT [haT IT| 200°C W IR

TEoraX & o1 ARSI o Haifas o1 gefdid |
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200°C R IR dTHI-dl-a8 TEeTax &7 3TN Hleh hid-ois (0/90°), 1/1 Tolat, 2/1 el 3R 3/1 efaer

TTAT IR & TS| FAT EPM 3R PPM & ATY o7 TAATINN T TUISoT AlfesdT GaRT ATHST

aRafda fram mar| SEM 3R gaa-iét (uCT) fA2eIvoT garT Soiah [Atheldr caagR &l 3readst faar

IAT| ShIE-oIS T aTel HIAHT 7 ~gAdH Rebeldl TUT Fafd# Fif3eh I[O0T 91T T| 5 IETTA

TR W g Toisehy fahralr ST @ehd & fh PALF 3R PP 21t 1 393197 aXeh aTdi-aless fEerar garT

3T J[UTaT aTel, T 3R 3fefehele A9 GIAY T T ST Fehl €, ST GR&TIcH 3o &

fore artafkers va A9 gereit s gt fashey gy g dd &
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composites treated at- (a) 180, (b) 190, (c) 200, and (d) 210 °C

uCT scanned images of short-beam shear strength tested composites of thermal
bonded sliver-based composites treated at-(a) 180, (b)190, (c) 200, and (d) 210

°C
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7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

Different interlacement order- (a) cross-laid, (b) 3/1 twill, (¢) 2/1 twill, and (d)
plain-woven structure

Images of -(a) cross-laid, (b) 3/1 twill, (c) 2/1 twill, and (d) plain-woven
structured composites

Properties of the fabricated composites: (a) void%, (b) thermal conductivity, (c)
storage modulus, (d) loss modulus, and (e) damping factor (tan )

Mechanical properties of composite samples: (a) tensile strength and modulus,
(b) stress-strain curves of tensile strength tested samples, (c) flexural strength and
modulus, (d) stress-strain curves of flexural strength tested samples, (e) short-
beam shear strength, (f) stress-strain curves of short-beam shear strength tested
samples, and (g) I1zod impact strength

Tensile fracture samples of -(a) cross-laid, (b) 3/1 twill, (c) 2/1 twill, and (d) plain
structure-based composites

Images of flexural tested samples of-(a) cross-laid, (b) 3/1 twill, (c) 2/1 twill, and
(d) plain structure-based composites

Images of [zod impact tested samples of-(a) cross-laid, (b) 3/1 twill, (c) 2/1 twill,
and (d) plain structure-based composites

SEM images of tensile fracture surfaces of -(a) cross-laid, (b) 3/1 twill, (c) 2/1
twill, and (d) plain structure-based composites

uCT scanned images of short-beam shear strength tested samples of -(a) cross-

laid, (b) 3/1 twill, (c) 2/1 twill, and (d) plain structure-based composites
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7.10 Graphs of drop weight impact strength test results- (a) force-time, (b) force- 127
displacement, (c) energy-displacement, and (d) total absorbed energy by the
composite samples

7.11 Drop weight impact strength tested samples and SEM images of delamination 129

points
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