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ABSTRACT

The thermo-mechanical, morphological, and rheological properties of blends containing
poly(3-hydroxybutyrate) (PHB) and bio-based poly(butylene succinate) (Bio-PBS), as well as
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) and bio-based poly(butylene
succinate) (Bio-PBS), have been comparatively investigated. Differential scanning calorimetry
(DSC) analysis indicated that crystallization in both PHB and PHBV is significantly hindered
while blending with Bio-PBS, which resulted in a slight thermal stability
enhancement. Morphologically, phase immiscibility caused changes from domain-dispersed to
co-continuous type, where the domain sizes of the dispersed Bio-PBS phase increased in tune
with compositions. Dynamic mechanical analysis (DMA) revealed distinct glass transition
peaks of the two components. Wide angle x-ray diffraction (WAXD) demonstrated a sharper
decline in PHB crystallization compared to PHBV upon blending with Bio-PBS. Constitutive
modelling of complex viscosity indicates the polymer melts to follow the Carreau-Yasuda
model, where the zero- shear viscosity decreased with Bio-PBS content, irrespective of the
nature of the matrix. The Cox-Merz rule estimates that PHB and PHBV matrices could produce
co-continuous morphologies at 35 wt.% and 41 wt.% Bio-PBS, respectively. Therefore,
polyhydroxyalkanoates matrices-based blends showed potential for further investigation as
bioresorbable scaffolds. Subsequent study examined the non-isothermal melt-crystallization
kinetics of PHB/Bio-PBS blends at different Bio-PBS contents at melting temperatures close
to the degradation (onset) temperatures of PHB. Further investigations into non-isothermal
melt-crystallization dynamics near the degradation onset temperature of PHB highlighted the
impact of cooling rates and degradation temperatures on crystallization. The secondary regime
had a lower crystallisation rate (k) than the primary regime, according to Avrami analysis. The
nucleation and growth rate of PHB spherulites is enhanced during the crystallization process
when cooling the melt from 260°C, which may be attributed to the higher undercooling (475).
In order to address the issue of high stiffness and limited deformation in PHB/Bio-PBS blends,
the studies conducted additional investigation by incorporating poly(ethylene glycol) (PEG) as
a compatibilizer. The physico-mechanical properties of binary and ternary blends of PEG with
PHB and Bio-PBS are examined. PHB/PEG blends showed a slight increase in elongation at
the break despite the decrease in glass transition temperature (7). Bio-PBS/PEG blends
showed a considerable increase in elongation at break, reaching ~261% at 20 parts per hundred

resin (phr) PEG loading due to the miscibility of Bio-PBS and PEG phases, which improves



interfacial adhesion and flexibility. Addition of PEG has improved miscibility of ternary blends
by creating a more diffuse interface at domain sites in immiscible PHB/Bio-PBS blends.
Mechanical properties of PHB/Bio-PBS/PEG (ternary blends) did not considerably increased
due to the complex interplay between enhanced molecular movement and the crystallization
process. Moreover, PHB/Bio-PBS blends were electrospun using 2,2,2-trifluoroethanol,
resulting in electrospun mats (EMs) with fiber diameters ranging from ~ 534 to ~ 181 nm.
CaCly addition resulted in the defect-free morphology of PHB and PHB/Bio-PBS blends,
except for Bio-PBS at ~20 wt.% concentration. The immiscibility of Bio-PBS in the PHB
matrix led to decreased tensile strength (from ~ 4.0 to ~ 2.0 MPa) and tensile modulus (~ 186
to ~ 64 MPa), whereas strain-at-break increased (from ~ 1.5 to ~ 46.5%). Up to 50% Bio-PBS
loading of electrospun mats showed optimum ductility, strength, and a tensile modulus
comparable to cancellous bone. The blend with ~50 wt.% Bio-PBS exhibited higher
hydrophobicity (116°) and reduced swelling (84%) compared to neat PHB (95° and 124%).
Overall, this research indicated that the relationship between composition, morphology, and
processing conditions in addition of Bio-PBS into Polyhydroxyalkanoates matrices and
provided the requisite physico-mechanical characteristics, thus resulting in suitable scaffold

substrates for soft bone tissue engineering applications.
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R31KY

Oici(3-8T2 S I TSgeTSNC) (PHB) 3R SIS Uieh(Sgfeel- YHIT) (Bio-PBS), AT
B UTel3- BTSSRI SgeTSNe-B1-3-BISSIauIaaRe) (PHBV) 3R a1l STHTRG Uieh (s
gHIC) (Bio-PBS) & WU H yHl-Abfda, Aihiairmd, 3R Radrored i &1
JaTeT® 3reaa fosar T § | FSiRid X6 SaRiadt (Dsc) fawes o & uar = fe
Bio-PBS & 1Y fH801 5% ¥HT PHB 3R PHBV GHI H fheceliatl &1%! S1ferd g1 &,
o TSt i FRRAT & GUR BT & | A aiordhell, IR0T SRATAT & HRUN SH--UIRA
T TE-FRR UHR T ufkacH 81T 8, ST8T Bio-PBS TRUI & thdl §U S & MTHR a3
& Y §¢d & | SIS AhHehd TR (DMA) 1 aFI gedh! & WY a9 <Iio=H
e &1 G fordT | 128 W T FSThaRM (WAXD) A Bio-PBS o W1 fHH01 4 TR
PHBV &' gaT & PHB foreclidRur § dolt 9 HH! &1 UerH fohar| sified faufadrge &
fame ATsfeiT ¥ udr @ & uiferR fae™ # Carreau-Yasuda ATST &1 UTGH 811 8, ST81
I-RRR Rufadige Bio-PBS AMER & WY HH §1 ST &, T8 Aica &1 WU His
811 Cox-Merz T 3FIHM TIIA § f PHB 3R PHBV AR 35 T9l% SR 41 I9H %
Bio-PBS TR Tg-FRAR HItIdiol S0 # Adhd gl UL, UldERe I 3ehHIucy
AfeTg-3nenfid TfiTeur SRARETdad Thhied & &0 H 3F &1 &g & fag Juifad femam
U g1 39 a8 & T 3 A Bio-PBS Wt & WY PHB/Bio-PBS %0 & IR-
MR fUrad-forediau TiaRiterd &) ST &1 § | PHB & &RUT ([F3HT) dATTHH & Ha
figem & dUaA W R-IAA@R Uod-feedeo afoefiaa & om &t o g |
fopeaiipur IR Xide aR1 3R &R0 ATUHM & WHIG Bl ISR fbaT| Avrami faesor &
AR, fedioe g & urufiie g @t gar § fhediorur R (k) $H At pHB
TWHeArged B AR 3R gfe o forealiaRur Ufshan & SR 260°C ¥ frge R §¢
St 8, Y 31fi 8% (ATw) & SR AFT ST Tobal g1 PHB/Bio-PBS IRIYT H 3=
HARAT 3R W AHa Bt THR BT A FRA & Y, 318997 7 Poly(ethylene glycol)
(PEG) B! U WTAHRI & =Y T UM HR 3 &1 S P PEG & T4 PHB 3R Bio-PBS
& fgameumt oiR Renurt witsor & Hifds-aifies ol &1 Sifa &1 15| PHB/PEG TR0
T 7 ISR dr9q™ (Tg) T St & dldse sdb IR diel Rdard 9¢ 11 Bio-PBS/PEG
Tfttreor & 5 W Rara d w1t gfg g8, S {6 20 YW1 Ui 91 IH (phr) PEG TFET R
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~261% A% Ugd 75, FNfP Bio-PBS 3R PEG TRUN B! AT, STl S uad T8eH 3R
TRifRIfafere # GUR SRl ¢ PEG B gi = ST PHB/Bio-PBS WU H 1A Ryal
R T YD f[QUISa ety S RSTURt FfHyor &1 Siddr & dgar foba|
PHB/Bio-PBS/PEG (F3MTU} wfftysyun) & Fifes 1un & Sifed simuifdes 7ifd iR foreiiaprun
UfohdT o ol & SIfcd dTaid o HRUT @1 3fg o1 g8 | 39 (AT, PHB/Bio-PBS
HIRYUT Bl 2,2,2-TSRRITIATA BT SUINT dHRch SAAde YA fobam 7T, s BIger g
& T SAFCIRG HH (EMs) &1 AT §3MT, S ~534 T ~181 AR d U1 CaCl, & IS
3 PHB 3R PHB/Bio-PBS TR0 &1 Y- Tad HIbiarsit ol (0T far, Riar Bio-PBS &
~20 Tol% Figdl W | PHB ACH H Bio-PBS P! SR A Il AThd (~4.0 F ~2.0 T
URehd) 3R Tl HIUTD (~186 F ~64 T URGd) bl HH B o0, Tafe s IR
G T (~1.5 ¥ ~46.5%) | TAF YA AT BT ~50% Bio-PBS TS - SFAH AIpI, didhd
3R =1 HTaies fezarar, St fap S Tl o THM &1 ~50 G9H% Bio-PBS & ATY AT
3 3 BISSIBIARICT (116°) 3R & oI (34%) fG@TS, S IS PHB (95° 3R 124%) Bt
JaT H 98 U1 Hdl THATHR, TH SIHUT A Bio-PBS H1 Uld 8138 [ 1 3fehHIucy Hfcad
T IR B UR TEHT, Hithfatol 3R TR T fRUTGT! & 9 & dey bl I9R fovan
3R 3HTaxg® Hifde-gifie O &I ver o, e a8 gara iy Sdd sei=arT
SV & foTT Iugad Ihhice Isticed & &0 H SudNTt ATfad gafl|
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