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Abstract

The development of biodegradable polymers has emerged as an active field of research in order
to reduce plastic littering on landfills which causes environmental pollution such as soil erosion
and loss of soil biological activity. Biocomposites based on biodegradable matrices and natural
bio-fillers such as wood fibers, wood flour, starch and the like degrade totally in soil without
production of pollutants and toxic end products. Poly(e-caprolactone) (PCL) is one of the most
studied biodegradable semicrystalline aliphatic polyester. Some advantageous properties of PCL
are high toughness, high ductility, good processability, and biodegradability. However, extensive
application of PCL remains limited because of some of its inherent inferior properties like low
melting point, low melt strength, low modulus, poor barrier properties, and high cost. In order to
overcome its poor modulus property PCL is blended with various bio-fillers.

Two different types of biocomposites containing 0-35 wt % granular tapioca starch
(GTS) (0-0.36 volume fraction, @) and 0-35 wt % of jack wood flour (JWF) (0-0.34 volume
fraction, ®r) and were prepared by melt compounding using twin screw extruder (TSE). In first
section of this work, effect of granular tapioca starch (GTS) as reinforcing bio-based filler on
various properties of PCL is investigated. The observed marginal decrease in onset degradation
temperature studied suggests that the incorporation of GTS does not compromise thermal
stability by thermo-gravimetric analysis (TGA). The maximum tensile modulus observed at ®¢ =
0.36 was 225.8 MPa while a decrease in tensile yield strength with the value 12.44 MPa was
observed during mechanical testing. From SEM micrographs, homogeneous dispersion of GTS
particles was observed in PCL matrix. The nonisothermal crystallization behavior of PCL, in
presence of varying concentrations of GTS is studied. Various crystallization parameters were

studied by DSC at four different cooling rates and these parameters were analysed employing



Avrami, Jeziorny, and Liu models. Kissinger method was used to estimate the activation energy
(AE) of the PCL/GTS composites. The effects of GTS on the melt rheological behavior of PCL
were investigated by means of capillary and parallel plate rheometers. The complex viscosity
increased with the ®f as compared to neat PCL. The loss modulus results suggest an
enhancement in the energy dissipation ability of the PCL/GTS biocomposites. The dynamic
rheological experiments showed a typical pseudo-plastic behavior of PCL while composites
exhibit non-Newtonian behavior over the whole frequency region. Elastic behavior of the system
is observed at greater than 10 wt. % GTS content. The fracture toughness based on post-yield
fracture mechanics (PYFM) concept was investigated by essential work of fracture (EWF)
methodology. The essential work of fracture (we) is reduced on incorporation of GTS while
increase in the non-essential work of fracture (Bwyp) is observed. The composites with 20 wt% of
GTS showed 121% increase in the Pwp due to reduced interspherulitic region while 35 %
decrease in the parameter is registered for highest GTS content (35 wt. %). The biocomposites
were investigated for biodegradation studies in composting conditions for 0, 7, 15, 25, 40, 55,
and 75 days of burial time. It was found from disintegration studies that neat PCL starts
degrading after PCL/GTS composites

Reinforcing materials which have high aspect ratio, such as platelets, fibers and flakes are
used to form composites. Further, JWF was incorporated as reinforcing biodegradable filler into
PCL matrix by melt compounding in a TSE. The tensile modulus increases by 80.48 % at the
highest @ = 0.34 though marginal increment (13.71 %) in the yield strength was registered. A
sharp reduction in notched Izod impact strength (85 %) was observed with increasing JWF
content. The phase adhesion parameter obtained from micromechanical analysis of tensile

properties suggesting the mechanical interlocking and interaction between PCL and JWF. A
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uniform dispersion of JWF was observed in all the samples. Thermal characterization of PCL in
presence of JWF was done using DSC and TGA. DSC results revealed marginal increment in the
melting temperature (Tm) and peak crystallization temperature in presence of JWF while
decreases the crystallization of the matrix. Nonisothermal crystallization kinetics of PCL/JWF
composites was also investigated. The fracture toughness of the prepared biocomposites based
on PYFM concept was investigated by EWF methodology. Incorporation of JWF into PCL
matrix diminishes the essential work of fracture (we) while increasing the non-essential work of
fracture (Bwp). The effect of JWF on melt and solid state rheological response of composites was
investigated using parallel plate rheometer and dynamic mechanical analysis respectively
Incorporation of JWF in the polymer matrix resulted in an increases of storage modulus and loss
modulus of PCL corresponding to elastic and viscous response of composites respectively.
Pristine PCL, PJWF5 and PJWF10 exhibit typical Newtonian characteristic in the low frequency
region while at higher frequencies non-Newtonian behavior was observed which suggest pseudo-
plastic nature of the system. Biodegradability test in vermi-compost is also examined for

PCL/JWF composites films.
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ST AP GITIFAT T (AR e & Teh Alehd &1F oh § H IR ¢ dlfeh STHTeT o HeT I TATieedh
e T e foha o Tk ST e & aror AR A SHfass Afafafey & e S gaiazor yeuor
8| SRS FIITSIeH Sralfsisae A 3R Urehiceh Sia-fheik S foh oTehs! WIS, oTehs! T 3HTeT,
T 3R SH-oR wgwes 3R STediel 3cdTal & 3cdeet o foer fAgY F qft avg & ofrer fe@rsn| aiel(e-
hatelerele]) (MU Teh Fa 31T HETTT AT TATSATTS HETSHAT TAhiSe Tifervee? gl
TS & Fo olTeTve IO A T e, Tod oy, res! FAfafafodr 3R srasasiafed g
gTeliTeh, HIETer T egTaeh JTTuAer WA § Fifeh SHA! Ho Jafifed 3T & Ui H aoTe T HH
ITcTaTieh, S TAErETAT AT, SaT HIGTeh, TR ST I[OT 3R 3T 9T A &1 379 I ASGerd
FeIfeet ) oy 5 AT e Rkt Sta-Reert & W AT

&l 3TCIIT-37e19T YehTX & STAIRIFNATSEH ToTeTal 0-35 witd% Gl SI3MeT TerT (ShErTd) (0-0.36 HTT
32T, UHUH) 3TN Sieh ofehaT o 31TCT (SSeegU) T 0-35 ToTel % (0-0.34 AT 32T, H1$) A & Sgai d=r
extruder (ETTHS) & 39T X g FATHT GaRT dUR 30 FH1H & Tgol {7 H, Davd & fafFies
IO O SIT-3MTETR $RTG T AL Tellel o §G H SACR TA3NRT FET (SNETTH) T THIG SArer hr
STl &1 3TETeT hY YB3 H TRTaE o AGHTA & ST IR-AT AT hell @ Tl Tl dl & o Shérea s
TATQY AT-IANARF AT (OST) earT gefer eRar & gaEsitar «¢ #ar &1 B = 0.36 &
HRIHIHA Foaar ATH 225.8 TAUIT T, el ARAwa SR & e Fqer 12.44 TAAT & @I
deadT e el T Afed 7 aT 38 Y| THSuA AShEah ¥, frave Afeed 7 Shided solt
T hema AT T oT| SAUHET & ITerer-37ereT digar o 3uiedfa A, dRfiver F IR-
FAMATSAHAA STAR T eI fohdT FTaTm B AT Fohecelietor ATIEst &l Siead! garT ar
3TCIIT-3T019T B3 &1 H 7eTIA fohar 37 A7 3R 3T Wit 1 fagevor fohar srar a7 St ofarmE,
SIS, 3R ferg Alser &1 SEdATe Tohar 1T 27| fhT8eR fafer 1 giter diefiver / Shéred Saifae &
AThIOT FolT (TSS) & IHeTATE o ToIw foma aram 4| freiwer & S Rateliiorhel sagR o Siéed &
TaTTe T KTRAHT IR FATACR Tole R & ATeIH § S A 375 | Faes N & Heplee St
RaRidrge I THTE & ATY FelAT g1 AT & IR frEivd / STy SRS S St
U &TACT H gig T ATd & & | IRl rheological T GrEITer & Teh fATRISE BT Tellieesh
IagR e, Stefeh Hulfsle QX Jgicd &9 W IR ~geiardel cqagR Fesiel| Jomell 1 wieer
SIAER 10 | 31T wt T HART ST &1 % SHETTH HIHA b} ($5e0gUh) I hRIYUTTel & TRT
Sharar TR (FATIUwhTs) &t SaUROT i Sfre 6t 75 AT | JTEAHIT (Bwp) F I-3Maeds I 7 i




A FAT SharaX o 31T FHIH HI SNEITH i eMTH Fal T e [hdT ST & | SHETH & 20 T %
& A1 FAIToTeH o Suaseegd 7 121% I i aoig @ seamfaAfes & afea frar srafe Refer &
35% AT ITUTH SHETTH HTHA (35 d€%) & T Gollehd & | efasmemrdy ga@g & fav 0, 7, 15, 25, 40, 55,
3T 75 feeT & forT FafEeeT feufaat & Sa-asfietor sreawst & v s Hras|

HUITSTE Sllel o foIT Toleoled, HrsaR X Felerd SHE 3T i eTdTe arer A Tther HHal
&1 39T AT AT § g8 3T, STHSsegUh &l duas d o v defiver Az 7
SRNTSAST T Y HAG el & & 3 ATTAT fhaAT I1AT AT| ITTAH BTS = 0.34 W JeqAT ATH
80.48% SGcTT &, BTeliich 3UST dlehel H HIH dclal i (13.71%) &of fohdT IAT UT| HSSeoIUD e
SGo1 & AIY Solls THTE AT (85%) H Tt el GET TS| TROT HHoleT WA, Tl [0l &
HASHIAS e [AAT0T & yred glar & St drfiver 3R Siseegus & e A fAewe elaifanr 3R
ST T GSATd ST & | il oA H HSecG Ut ol Teh THT thelld HATIT IRAT AT| ATHSSoGUD
ufeafa # dRfiver & aier Jator gofe Sreadr 3R ESiT 1 39t fanar o ar| Seadr aRkomsa
ﬂﬁw%W?ﬂWUTﬁamqo{&?&squ“um@rmﬁﬁﬂﬂﬁé?m(m)ww
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R oaUT haldierd 1 S o FI 31| FASUHTH ITUROT & TR W AAR Sg-9I9eh deal i
Shere ST 2l ST $8eegUh UgTd GanT &l aTg AT| fiuervel AfCHH H SISsegqU® &l AT el
Shere (Bwp) & -3 1A H i I ALY bR (§H) & 3MaTeh HIH A HA T ¢
SSeegUh & el 3T 31 HTEAT & FGdiTotehel ReilegQled W HHATT Tol Tele TAHT 31T
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