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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 (µCT) 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.  



 ix 

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) 

कृ#ष अप'श)ट अनानास प.ी रेशा (PALF) को ताज़ी अनानास क5 प#.य7 से 8नकालकर पॉल;<ोपाइल;न (PP) स'म?7 

म@ हBरत सुDढ;करण के Gप म@ उपयोग Jकया गया। तकनीक5 अनु<योग7 के 'लए उMच-<दशPन एवं आघात-<8तरोधी 

सामVी #वक'सत करने हेतु थमXYलाि[टक मै]^_स स'म?7 म@ PALF के उपयोग म@ 8नरंतर ̀ aच बढ़ रह; है। PP अपनी 

कम लागत, पयाPवरण-अनुकूल पुनचPeण fमता तथा उgकृ)ट तापीय ि[थरता के कारण अhय थमXYलाि[टक 

पॉ'लमर7 क5 तुलना म@ आaथPक, पाBरि[थ8तक और jयावहाBरक लाभ <दान करता है। सामाhयतः धूप म@ सुखाए गए 

PALF क5 सफाई के 'लए रासाय8नक उपचार Jकया जाता है, िजसके अप'श)ट पयाPवरण म@ छोड़ ]दए जाते हs। 

इस अtययन म@ रासाय8नक उपचार के [थान पर एक नवीन यांuvक #वaध (काwडyग) का उपयोग Jकया गया, िजससे 

खुरचे और धूप म@ सुखाए गए PALF से शषे अशुzaधय7 को हटाया गया। काwडyग क5 उपयु_त सं{या ने रेशा लंबाई या 

यांuvक गुण7 को <भा#वत नह;ं Jकया, बि|क रेशा सतह क5 खुरदरापन बढ़ाकर रेशा-मै]^_स अंतरफलक को बेहतर 

बनाया। काwडyग <Jeया से गैर-से|यूलोज पदाथP हटे, िजससे से|यूलोज <8तशत म@ वzृaध हुई। चार बार काwडyग करने 

पर लगभग 12 भार <8तशत गैर-से|यूलोज पदाथP हट गए। आगे काwडyग बढ़ाने पर aचपaचपे रेश7 और धूल क5 माvा 

कम हुई, जबJक रेशा टूटन बढ़;। काwडyग <Jeया के कारण रेशा jयास म@ कमी आई तथा तhय शि_त और मापांक म@ 

वzृaध हुई। [कै8नगं इले_^ॉन माइeो[कोपी (SEM) और फूBरयर ^ांसफॉमP अवर_त [पे_^ो[कोपी (FTIR) से यह 

पुि)ट हुई Jक काwडyग Jeया के कारण रेशा सतह से ग7द, मोमी तथा अhय गैर-से|यूलोज पदाथP हट गए। अमोफP स 

पदाथ} के हटने से Je[टै'ल8नट; <8तशत म@ भी वzृaध हुई। 
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चंूJक सुDढ;करण-मै]^_स अंतरफलक कतरनी शि_त (IFSS) स'म?7 के भौ8तक-यांuvक गुण7 को <भा#वत करती है, 

इस'लए काड�ड PALF सुD]ढ़त PP सू�म-बॉhडडे स'म?7 का IFSS एकल रेशा पुल-आउट पर;fण (SFPT) zवारा 

अtययन Jकया गया। दो #व'भhन मह;नता वाले PP रेश7 का उपयोग Jकया गया। चार बार काड�ड PALF और अaधक 

मह;न PP रेश7 वाले स'म?7 म@ सवाPaधक IFSS <ाYत हुआ। काwडyग से बढ़; रेशा सतह खुरदरापन ने अंतरफलक 

आसंजन को बेहतर Jकया। 

PP क5 उMच गलन �यानता के कारण स'म? म@ उसका समुaचत <वेश बाaधत होता है। इस सम[या के समाधान हेतु 

PALF और #व'भhन मह;नता वाले PP रेश7 को काwडyग <Jeया म@ 50% भार अनुपात म@ 'मa?त Jकया गया, िजससे 

स'म? म@ समान #वतरण सु8नि�चत हो सके। इसके बाद aगल-�ॉइंग <Jeया zवारा रेश7 को समानांतर Jकया गया 

और संपीड़न मोि|डगं तकनीक zवारा एक]दशीय स'म? तैयार Jकए गए। 180°C तापमान और 20 बार दबाव पर 15 

'मनट तक मोि|डगं क5 गई। नमून7 को दबाव के तहत 100°C तक ठंडा Jकया गया। #व'भhन मानक7 के अनुसार 

उनके Bर_तता <8तशत, जल संपकP  कोण, तापीय चालकता, ग8तशील यांuvक गुण, तhय, मोड़, लघु-बीम तथा इज़ोड 

आघात शि_त एवं जल अवशोषण का पर;fण Jकया गया। SEM zवारा टूटन सतह का #व�लेषण भी Jकया गया। 

चार बार काड�ड PALF से बने स'म?7 ने सवX.म भौ8तक-यांuvक <दशPन <द'शPत Jकया, जबJक मह;न PP रेश7 का 

उपयोग भी लाभकार; रहा। पाँच बार काwडyग तथा मोटे PP रेश7 के साथ तापीय इhसुलेशन बेहतर हुआ, परंतु जल 

अवशोषण भी बढ़ा, िजससे जल <8तरोध म@ कमी आई। �ॉन ि[लवर PALF-PP रेश7 को 180, 190, 200 और 210°C 

पर बाहर; परत को #पघलाकर तापीय-बॉhडडे ि[लवर म@ पBरव8तPत Jकया गया, िजससे रेश7 को एक]दशीय बनाए रखा 

जा सके। इन ि[लवर7 के तhय गुण, मोड़ कठोरता और बुनाई यो�यता का मू|यांकन Jकया गया। 200°C पर तैयार 

ि[लवर से बने स'म?7 ने सवX.म गुण <द'शPत Jकए। 
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200°C पर तैयार तापीय-बॉhडडे ि[लवर का उपयोग करके eॉस-लेड (0/90°), 1/1 Yलेन, 2/1 �#वल और 3/1 �#वल 

संरचनाएँ तैयार क5 ग�। समान EPM और PPM के साथ इन संरचनाओं को संपीड़न मोि|डगं zवारा स'म?7 म@ 

पBरव8तPत Jकया गया। SEM और सू�म-सीट; (µCT) #व�लेषण zवारा इनके #वफलता jयवहार का अtययन Jकया 

गया। eॉस-लेड संरचना वाले स'म?7 म@ hयूनतम Bर_तता तथा सवX.म यांuvक गुण पाए गए। इस अtययन के 

आधार पर यह 8न)कषP 8नकाला जा सकता है Jक PALF और PP रेश7 का उपयोग करके तापीय-बॉhडडे ि[लवर zवारा 

उMच गुणव.ा वाले, संरaचत और अनुकूलन यो�य स'म? #वक'सत Jकए जा सकते हs, जो सुरfाgमक अनु<योग7 के 

'लए पारंपBरक एवं महंगे पदाथ} का <भावी #वक|प 'सzध हो सकते हs। 
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