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MR. PONGSAKORN NUCHANONG : IMPROVE
PROPERTIES AND INVESTIGATION OF THERMAPPOTXE
BLEND AND POLYMER COMPOSITE METHOD THESIS
SUPAKIJ SUTTIRUEN@&WONG, Dr.

Poly(hydroxybutglgteroxyvalerate (PHBV) possesses
poperties. However, this polymer has limitations such as ni
and low impact resistance. Therefore, in this research t
processing of PHBV was improved via combined reaction
condensatiochecal properties of PHBV were also improv
poly(butylene suanadigattdBSA) and prepared short piiSR
composite. Thermal stability of PHBV was enhanced via
addirdj(tefiutylperospi®pyl)bentbBig 0.3 phr  tivailly
isocyanu(@®lC) 0.1 phr and combined reaction betweel
condensation reactions using DB 0.3 phr, mltitu@ciioplat €
chain extender (ECE) 0.5 phr. The melt \ascomtptaineHms
gradually decreased during processing which indicated an
after applied with these reactive agents. Blending PHBV w
agents deteriorated mechanical properties dud@ydptvoeaortt
polymers. When DB 0.3 phr, TAIC 0.1 phr and ECE 0.5 p
dispersed phast@izé® to Gl3micron, increased tensile stren
to 38.1 MPa, elongation at break from 7.9 to 20.9 MRaman?
to 3.7 k3imerebserved. An incorporation of maleic anhydride
5 phr increased tensile strength from 35.3 to 41.2 MPa anc
break from 7.9 to 6.4%. When DB 0.3 phr, TAIC 0.1 phr ad(
gl apc_gqcbOWmsl eUgqgOkmbsjsqO
tensile strength and elongation at break when compared wi
without reactive agent could be observed. Furthermore,
stability ofBRH PHBV/PBSA blends and PHBV/PBSA/SPF
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studied under storage and accelerated condition. Under st
with humidity of 70%RH for 4 weeks, slightly decreased me
be observed. Meanwhileahadeanties gradually decreased
sl bcpO _aacjcp_rcbOamlbgrgm
strength decreased 55.9% and elongation at break de
PHBV/PBSA blends and PHBV/PBSA/SPF @mpdsddqmss
in mangrove and open sea water condition as observed

sample weight with testing time. In mangrove condition, hig
observed which may be related to a differpapalatiaricrobial
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| N K/N BRI fisbtermal tet@ragurel RSNI'l ANEG6J O K E
| RSNT IPHEV/G 3 &k B i BEHKYH IO T 6] RT
Isothermal Temperature ("C) M, M, M, /M,
Neat PHBV 110,990 176,470 1.59
180 °C 21,050 76,620 3.04
195 °C 10,130 69,070 6.82
230 °C 4410 10,790 2.44

T N Koh&ivation &eiEEMeighDloss fractjh] E f O

Weight loss
fractions(%)

Nitrogen atmosphere

Air atmosphere

Slop coefficient AE,,

Slop coefficient AE,,

(kJ/mol) (kJ/mol)

5 19.55 162.52 19.433 161.57
10 18.90 157.14 18.931 157.39
15 18.81 156.36 18.93 157.38
30 18.23 151.57 18.216 151.45
50 17.61 146.42 17.271 143.59
70 17.15 142.62 15.812 131.46
90 16.92 140.64 16.247 135.08
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PHB& h ] bpta élihic&trandom chain stissjorisimémbergd\ringd
transition stafe NG dtokn & N &Ehd 64iedaxyi§eie@ron donating
effect n r hme®ylehdtdddupir r betad\ KeEt® pxydbrie@ative
inductive effect r & B K iy E N P BB © IE B INGhitibri>sia@ N h |
hAEEKNNI L ndajboxyliE endedl Erduiihdd FEefbieds grdep J N
nr O

oligomern EOLRHL EEI KO 1



H--—O

¢

W/U\/k)l\)\

I 1 )l/\
Nr\f\J\Jﬂ///Jl--///J\\\() Z R

on R © R
OMO)U\OM

K@ BNK LK Nj T RHEVN N EsiEnNrbér &iiihg éran&tion

State

Ting Zhefga N ¥ &N @1 S RHBWd¢IbIds& majodystal (CNC
composiieh | J icBullikgiagelifi B§ERlycdyl methacrylai@ tGMA)
giafNGMBEK 7T ©
epBxidintEdrakiyn O

Edeathe extrusion ProcEERY IBRAOT | n

PHB¥h © & peak Wdpatuntber 30D QrTE |
& In R GMAEcante® Britibtor dokentbatigjraftingrre@ttimy EI © O

OO Nr 2B nRI OhAEKO] T nir

Wave number (cm™)

(a) (b)
. PHBV-g-GMA
908 | M\ PolyGMA
| [ Mw=1000
P b PO 104,307 316543 3.0 [ A
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T N KNHEedtsiofr Reactiofsibs MElt ReactErHB/EMNR
Blend$4]

Annealing
temperature ("C)  AH, (g ") tgs (min) 1785, (min ")

30/70
184 181 1 831 012
187 199 + 1 7.15 0.14
190 204 8 h.E2 017
193 195 « 4 4.84 021
196 206 4 4.28 023
199 20 +9 342 029
40,60
184 201 +3 9.20 on
187 213 +9 B.63 012
190 23«1 6.9 0.14
193 256+ 5 600 016
196 220 +7 4.68 021
199 218 27 3 027
50/50
184 210+ 7 0.7 010
187 213+6 H.48 012
190 M9 +1 6.74 015
193 218+ 8 583 017
196 213 +8 4.77 021
1949 218+ 7 389 0.26
60/40
184 178 4 11.36 0.00
187 177 £9 92.16 0n
190 176 + 7.54 013
193 167 + 5 629 016
196 179 + 6 5.61 0.18
199 188 + 9 4.52 0.22
70/30
184 184 +9 11.20 0.09
187 196 + 3 2.5 on
190 03«14 B.19 012
193 196 + 13 646 015
1% 191 £ 5 597 017
199 26+ 10 5.4 019
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Piming@a N /&3{[ORHB/RBRPNEY)PBS bli&hihjsitu NT 1 (
compatibilizationp CEJir@i@aéON E E N K PHEY KPHIB @REN 0 O
compatibilityi 1 ceJ n digpdrse phapentidleiSEe @& iddERihIGq C
adhesibnii r 1 el POD & N IG51T Ieps| ek KRAEGretirial N J i
adhesibmi r h i & n & IPEEMPBSRBEBIOIT N E & h Rl 0 ] N E

Yashodhan Paﬂ]lmmar K. MoBafidgh[o KT i I-PEEd&E N E |
6 h ] HuNdiandlizéd eastomeric compbrient 1 in BNREJE &1 D J
PHB maifrik ] dompatibifianiniddi joughnesd BEEK ddir N rER O
interfacial adhési® DB RE L | E O 6 Iralga@® fuér B N K
compatibilden gommiptbilizat 1 O T naleaieN fikbar BAR NGO
grouds i L N)jl. OGN (R @didleated rubbérk SV NS N
groups . . DG KBWL @1&E0@) h ] compatibigér Nh OKE L NJ
impact streagtRHBh Oh n h REOL hEEI T NKNET nr O

T N K2ANBtEhadr120d impact strength,kmisdullsN h Gube] K N J 1
partic[@6]

No Composition Impact strength/J m ' Storage modulus/GPa at 23 °C Rubber particle size/um
1 PHB 23 + 1.53 1.6 + 0.03

2 PHB + 40% NR 24 + 1.53 0.6 + 0.02 25-30

3 PHB + 30% NR + 10% MRI 22 + 161 0.8 + 0.01 15-25

4 PHB + 30% NR + 10% MR2 28 + 1.57 0.8 + 0.01 15-25

5 PHB + 40% ENR 25 + 2.32 0.5 + 0.02 20-25

6 PHB + 30% ENR + 10% MR1 62 + 0.92 0.6 + 0.01 15-25

7 PHB + 30% ENR + 10% MR2 124 + 4.64 0.8 + 0.03 1-5

8 Thermoplastic olefin (TPO) 84 + 1.17 1 4+ 0.08

9 High impact polystyrene (HIPS) 70 + 4.98 24 + 0.08

PHB: Polyhydroxybutyrate, NR: Natural Rubber, MR1: RI131MAS5, ENR: Epoxidized Natural Rubber, MR2: RI130MA20, HIPS: Dow
Styron 421, TPO: Basell Research grade TPO.
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Nj ij NI CPHBIPREYE EE&EF 6Dij NI NEAT T Al I
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T N K3CEEsiransition temperat@aespegiitd)eat capacities, Cp
(J/gI°E)PHEB PNBVK n E 8 NE T SINAS @8Ok INPEIBNAE] OR T
I i1 quenbhBdiduk @trogen T T A I KM/ER[NET K | <

PHE LN; quenched PHBV PHBV

Tyw  Tez G(-15°C) Gu(25°C) Gu(BD°C) Ty  Tea Cp(-15°C) G(25°C) G (80°C) Ty Ty Gp(-15°C) Gu(25°C) C,(8D°C)

Day 1 93 350 1.7 2.04 2.24 073 342 269 382 449 08 443 155 191 217
Day 14 090 371 151 1.78 217 - - - - - 59 502 125 155 1.91
Day 168 0.17 362 251 3.08 3.89 - - - - - 68 560 234 291 3.81
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Polymer® Tensile strength (MPa) Young's modulus (MPa) Strain at break (%)

PHB 40 1700-3500 36
PHBV 30-38 700-2900 20
PLA 28-50 1200-2700 7-9
PCL 16 400 120-800
PET 56 2200 70-100
LDPE 10-15 200 300-500
PP 35-40 1700 150
PS 12-50 1600-3100 3-4
PVC 10-60 300-2400 12-32

* Values for individual films will depend on a number of factors including polymer molecular
weight, crystallinity and film orientation as well as the mechanical testing conditions.
Source: adapted from Sudesh et af, 2000; Khanna and Srivastava, 2005; Philip et al 2007.

T NRReRIALIO A TPNAGK Bé I NX@ S Ka&)g E

Polymer T, (°C) Tem (°C)
PHB 15 175
PHBV —1 136-162
LDPE 81 105-110
PP ~7Tto-35 160-168

Source: adapted from Kuusipalo, 2000a.

-_

Polymer*® 0, permeability Water vapour permeability CO, permeability
at 23°C, 0-50% RH at23°C-38°C, 50-90% RH at23°C, 0-50% RH

{(mlmmm 2 (gmmm 2da\,r 1) (mlmmm 2

day 'atm™1) day Tatm™)
PHB 2-10 1-b 3
PHBV b-14 1-3 =
PLA 15-25 57 35-70
PCL 20-200 300 -
LDPE 50-200 05-2 800-1000
PET 1-5 0.5-2 15-20
PP 50-100 0.2-04 200400
PS 100-150 1-4 250-500
PVC 2-8 1-2 10-15

* Values for individual films will depend upon a number of factors including polymer molecular
weight and crystallinity as well as the permeability testing conditions.

Source: adapted from Lange and Wyser, 2003; Miguel et al 1997; Thellen et al 2008; Sanchez-
Garcia ef al 2007, 2008.
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| Lignocellulosic components of natural fibers |

h 4
Cellulose Hemi-cellulose Lignin

v
Thermal and biological
degradation, moisture
absorption, and flammability

A4
| Strength and stiffness | Ultraviolet degradation, and

char formation
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2.4.1 Pineapple leaf fiber

Pineapple leaf fibero(PHikH) O r oehedrdbit deNaadE E N K
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Fibers Density (g/em?®) Tensile strength (MPa) Young's modulus (GPa) Elongation at break (%)
Ramie 1.5 400-938 61.4-128 1.2-38
PALF 1.44 413-1627 34.5-825 1.6
Flax 1.5-3 450-1100 276 2.7-32
Jute 1.3-1.45 393-773 13-26.5 7-8
Hemp - 690 - 1.6
Sisal 1.45 468-640 94-22 3-7
Cotton 1.5-1.6 287-800 5.5-12.6 7-8
Coir 1.15 131-175 4-6 15-40
E-glass 2.5 2000-3500 70 2.5
S-glass 25 4570 86 28
Aramid 1.4 3000-3150 63-67 3.3-37
Carbon 1.7 4000 230-240 1.4-18

T NRNEE & @ |GlndbbdielleafHEEO

PALF Chemical constituents composition wt %

Sr.no. Cellulose Hemicellulose Hollocellulose Lignin Pectin Fat and Wax Ash Extractive
2 69.5 4.4 1.2 4.2 2.7

3 73.4 - 80.5 10.5 - - 2 5.5

4 68.5 18.8 - 6.04 1.1 3.2 0.9 -

7 67.12-69.3 - 82.3-85.5 14.5-15.4 - - 1.21 3.83-0.87
10 80-83 15-20 - 8-12 24 4-7 2-6
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Viscosity Ratio (p) Break-up Mechanism Description

The break-up occurs at the tip of the
Much lower 0.1 Tip streaming deformed droplet and generally produce
——— .. very fine droplets

The deformed droplet breaks up into two

Necking daughter droplets.

“ -‘oo.

01<p<l1

The deformation produces a dumbbell
End pinching shape, after which the break-up occurs in

_ -. > . the two droplets formed at the ends.

Interfacial instabilities produce
1<p<38 Rayleigh break-up disturbances that will break up the fibril

P * ‘ ‘ ‘ into a line of droplets.

The break-up of the droplet under shear is

p>38 No break-up not possible.
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KNT T Sample DB (p| TAIC (JECE (|
Neat PHBV Neat PHBV - - -
PHBV/DBO.1| . , - -
PHBV/DBO.2| . , | - 5
PHBV/DBO.3| . , - -

PHBV/DBO.1/TA A

PHBV/DBO.1/TA . |, A

PHBV/DBO0.1/TA A
Free radical

PHBV/DBO0.2/TA oy -

PHBV/DBO.2/TA . A

PHBV/DBO.2/TA . ]

PHBV/DBO.3/TA oy -

PHBV/DBO.3/TA . A

PHBV/DBO.3/TA . ]

PHBV/ECEO.§ - - C

condensation PHBV/ECE1 - - /

PHBV/ECE2| - - 0

Free radical +

. |PHBV/DBO0.3/TAIC| . , A
condensation
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T NKNEIhLO 1T éF ELNKO éJ nRMBWI AL hnl i
PHIPB{SPTSI| DETA|EC

Sample (%] (%(PH(Ph(Ph(Ph(ph
PHBV o -1-1-1-1-1-
PHBVSO/PBSA20 |6 [0 |-|-|-|-]|-
PHBV80/PBSA20/DB0.3/1 6 |0 | - | - [ -
PHBVS0/PBSA20/ECE(6 |0 | - | - | - | -
PHBV80/PBSA20/DB0.3/TA| 6 |0 | - | -

PHBV80/PBSA20/SPF| 80, 20{ 5| - | - | - | -

PHBV80/PBSA20/SPF5/DB| 80/ 20, 5| - |0.30.] -

PHBV80/PBSA20/SPF5/DBO0.J 80} 20| 5| - (0.30.10.5

PHBV80/PBSA20/TSP] 80 20 - | 5| - | - | -

PHBV80/PBSA20/TSPF5/DE 80{ 20, - | 5|0.30.7 -

PHBV80/PBSA20/TSPF5/DBO0J 80| 20 - | 5/0.30.10.5

3.42BN KT h L' I TAHBV/RABEAGERHMYPBESA | E O

composites
ENKTALEFTLIFETLITAT NG GNE Hensil&S No |

properti€sk N L J 7 n(impoEt NrspRriefNEINKO T Knj J 6 h
(Compression nidldingL99 ®€] R © K Kv{idambbed shap§ tipR ) O
T NJ 8 AETM 5638 N K O | (tectanghltr dhawe) NiG RaDSEN
T N JkS Nhnt OEIl E NKI hL Unlvérshllteﬁtlhg\hEMINd’I
T NJJANSTMBRSST ) | ALD neririingdiad RIS B O FH A & |
ENKT AL YTLEIR SAN SN BNN KEENKKN Ch(NokchiddB [ kjn E |
Pendulum Impact tester GiE AGE@EHSED capacity 1 J
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El F AT KNL il enl a4 B Gyrnl Bja@& JTNN KaNSEEIG0 r nQ: n
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T NKNEIhLmd T ¢ ELNKOeJIJnOk NI ALhnT i
LIT AT NOGNEEKke&lETAT ] nNEG KNI i nn
Sample PHIPB{SPTSI DETA|EC
(%] (%(ph(phi(phi(phi(ph
PHBV LA ~4-A-1-]-]-
PHBV/DBO0.3/TAIC0.1/E(10¢ - | - | - [0.30.10.5

PHBVBO/PBSA20 |6 /0| -|-|-|-]|-

PHBV80/PBSA20/DBO.3/TA| 6 |0 | - | -|. |. |.

PHBV80/PBSA20/SPF 80/ 20 5| - | - | - | -

PHBV80/PBSA20/SPF5/DB0.3 80| 20| 5| - |0.30.10.5

PHBV80/PBSA20/TSP| 80 20| - | 5| - | - | -

PHBV80/PBSA20/TSPF5/DBO| 80| 20| - | 5/0.30.10.5
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A1BNT T NI k&l EENK] KAT | KnBHBY T 1] Kij N
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MFI(9/101 506 N T
Sample (190 °C) (N.m)
Neat PHBV 51.6 1.8
PHBV/ECEO0.5 50.5 1.8
PHBV/DBO.3/TAK 28.7 4.2
PHBV/DB0.3/TAICO  29.5 3.5




A1F NT T N1t k&l E|] GMBWKN] N6eJnTlnl
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Young's
modulus| Tensile stre,  Elongation
Sample (MPa) (MPa) break (%)
PHBV 1,4406100| 40.41.0 12.43.7
PHBV/DBO.1/TAI( 1,65474 47.71.6 7.40.9
PHBV/DBO.L/TAIK 1,69223 | 50.@1.7 9.2 1.7
PHBV/DBO.1/TAI( 1,71653 | 52.&¢1.5 0% 15
PHBV/DBO0.2/TAI( 1,664106 50.2 1.6 8. #0.7
PHBV/DBO.2/TAI(. 1,67631| 52.21.5 9.6 1.5
PHBV/DBO0.2/TAI{ 1,69881 | 52.@2.1 9.2 0.9
PHBV/DBO.3/TAK 1,64880 | 46.21.5 7.4 1.8
PHBV/DBO.3/TAI{ 1,69849 | 51.41.4 10.51.7
PHBV/DBO.3/TAI( 1,77941 | 53.&¢1.7 0% 1.2
PHBV/ECEO.5| 1,87587 | 57.44.7 6.1 0.9
PHBV/ECEl | 1,88988 | 57.%4.2 53%0.5
PHBV/ECE2 | 1,85681 | 57.%0.7 6.80.8
PHBV/DBO.3/TAICO| 1,80899| 55.%1.7 6.5%1.4
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ENK] KnT | Kn E ®HBEVR [ K ij fieesrhdika & N ¥ & K
condensafion | Wih S IN €BlOgT@keiessehgihe ONS 1 Nr J & r
& [Ebration at brdak r I O |ne&tiPHEY § Wi gelindNg@] Gk m
Tensi strengENQation at b3 ®Pa, 556G MR J Nr | J i E
DB 0i3rplw, TAIC @IKPRE0.3epNE | K ENKT hk F EE ©ONE ]
E§ ©) GNENKRG Nj E | jfraeNadicaninpidochoemid T N .
Ki J ce] 7T nEE NKm@hraiCedhiBeNdgadon NrKin |l KEm|T K
I NEél NIEKKeN & RN 0 WiNE T & NOEENEdOb s | <
strenglhii e n NL OE& n RI

4.1B NT T Nifreedradiedl, GoNdEQSadidh] QNNCE NiigeN ] NKn |
radic) kcdhdensation I L J T A TPNBYNE el NI KOl T &t
T NRNETT il O T PMESeE NERINKG 6 Fni NG FEENK | KA T |

Kol T

XM,

Cooling 29heating

Sample -I;:,onse Tc,peal Tc,endse Tm,onse Tm,peak Tm,ends& X:(%)

(C) €O (G (G| (O (O

PHBV | 125 122 117 | 166 | 172 | 177 | 67

PHBV/DBO 125 122\ 116 | 163 | 170 | 177 | 65
1CO.1

PHBV/ECI 123| 119| 114 | 165| 172 | 177 | 66

PHBV/DBO

IC0.1/ECE 123} 119| 113 | 163, 170 | 1/6| 61
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ENETABKNERNEQK] KAT | RHBEB L | ek jj GN E
radical, conden§akoN ENK Eg 61 " REL I E] GPNEW K Nj
6] knr | TLG|Nke Q@ didedBiifEs S (Bg & E fj /LR Q ON
°Coe) A70°RD Kogee of crystadlinity @B7%e] &I&H OJ 1 E N
6] k n r grybtdlligakics demP@EIradeE N & N IGAE] € HNO h i
condensatiofoy/SElliation températgrel NI ERD HIPR K A O
degree of crystdllinity |Gr%e] BARERMNEDE N K EG O JfréeeN E N K
radic&d kcbh@ensaiio® dyyEEhlli@ation températweal 200k )& NJERDT
119°C, melting temperéatiirex ri72yCbheg RPOWO Kilegree of
crystallirétyPHBEY | k @76 RN I SNh AT O

T N KRAEEN KAy kN | B PHEYMEEMAN J @&IF TENK ] KA T
el NIJKel T

Sample TonseC'C) | Inflection plif Tendsd"C
PHBV 285 295 302
PHBV/DBO.3/TAIC 287 297 301
PHBV/ECEO.5 287 297 303
PHBV/DBO0.3/TAICO.. 288 298 303
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SEM HV: 5.0 k.V WD: 9.98 mm SEM HV: 10.0 kV WD: 9.74 mm | MIRA3 TESCAN

View field: 83.0 ym Det: SE 20 pm View field: 83.0 ym Det: SE 20 ym
SEM MAG: 2.50 kx BI: 5.00 SEM MAG: 2.50 kx BI: 1.00 Silpakorn University
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SEM HV: 10.0 kV WD: 8.91 mm MIRA3 TESCAN SEM HV: 10.0 kV WD: 8.90 mm | | MIRA3 TESCAN|
View field: 83.0 ym Det: SE 20 ym View field: 83.0 ym Det: SE 20 ym

SEM MAG: 2.50 kx BI: 1.00 Slipakorn University SEM MAG: 2.50 kx BI: 1.00 Silpakorn University
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SEM HV: 10.0 kv WD: 9.22 mm | MIRA3 TESCAN SEM HV: 10.0 KV WD: 9.21 mm | MIRA3 TESCAN

View field: 83.0 ym Det: SE 20 pm View field: 20.8 ym Det: SE 5pm
SEM MAG: 2.50 kx BI: 1.00 Silpakorn University SEM MAG: 10.0 kx BI: 1.00 Silpakorn University
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PHBV80/PBSA20 (b), PHBV80/PBSA20/DB0.3/TAIC0.1 &), PHBVE
PHBV80/PBSA20/DB0.3/TAIEQ. IFZSEDIEPl &NJON ] O

PHBV80/PBSA20/DB0.3/TAIEQ. IFEGEIREANE 6 ] Nj O
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SEM HV: 10.0 kV WD: 10.43 mm SEM HV: 10.0 kV WD: 10.42 mm MIRA3 TESCAN
View field: 83.0 ym Det: SE View field: 82.9 ym Det: SE 20 pm
SEM MAG: 2.50 kx BI: 4.00 SEM MAG: 2.50 kx BI: 4.00 Siipakorn University
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SEM HV: 10.0 kV WD: 10.71 mm MIRA3 TESCAN SEM HV: 10.0 kV WD: 11.19 mm MIRA3 TESCAN
View field: 83.0 pm Det: SE 20 ym View field: 83.0 pm Det: SE
SEM MAG: 2.50 kx Bl: 4.00 Silpakorn University SEM MAG: 2.50 kx BI: 4.00 Silpakorn University

y
bl N '
SEM HV: 10.0 kV MIRA3 TESCAN
View field: 83.0 ym Det: SE
SEM MAG: 2.50 kx BI: 4.00 Silpakorn University

K@ @mr®NT I NT | N&I EKRHBO(h) BPEIBVBHEPBEARM
(b), PHBV80/PBSA20/DBO0.3/TAICO0.1 (c), PHB\XSOIFBSA20/EC
PHBV80/PBSA20/DB0.3/TAIC0.1/ECEO0.5 (e)
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T NRMNHETsH reQEqRHEY) BPHB)\V/®RERBKRISPBSA /SPF
composi@® K NT | n Ndedelpritadiveatherdyitaiia §f ©ON O q]

Sample Young's modulus (MPa)

0 weel

1 weel

2 week

3 week

4 week

PHBV

102644

91513~

99451

91134

65494

PHBV/DBO.3/TAI(
0.5

113660

10863

111436

112814

104454

PHBUWPBSA20

90635

93638

02613

97826

92856

PHBUWPBSA20/DE
AICO0.1/ECEO,

87919

8528

86518

94127

86471

PHBUWPBSA20/S

89443

8635

91344

90852

73338

PHBWPBSA20/SF
B0.3/TAICO.1/E¢

83626

84F¥46

89961

773292

75814

PHBUPBSA20/TS

88548

94251

92435

97329

99321

PHBWPBSA20/TS
DBO0.3/TAICO.1/E

87643

818639

90830

89219

75462
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T N R/NTEehsierst@@adiPHRY, PHBV/PBSABKRISPBSA /SPF
composi@® K NT | n Ndedelpritadiveatherdyitaiia §f ©ON O q]

Tensile strength (MPa)

Sample

0 weel

1 weel

2 week

3 week

4weeks

PHBV

4948 .1

4104.3

4343.2

2944.C

21#3.6

PHBV/DBO.3/TAI(
0.5

56#2.4

5084.6

4444 9

3683.1

41047

PHBUWPBSA20

4951.9

4521.4

37862.6

34£2.6

378£2.4

PHBWPBSA20/DE
AICO0.1/ECEQ,

4791.5

434619

3642.8

3283.8

35863.6

PHBUWPBSA20/S

31£3.1

21 #43.2

3145.5

2741.7

12£3.2

PHBWPBSA20/SF
BO.3/TAICO.1/E{

3563.2

2841.8

3055.1

22 3.2

1342.3

PHBUPBSA20/T3

36#43.8

38#3.7

26:4.7

24 82 .3

2181.3

PHBUPBSA20/TS
DBO0.3/TAICO.1/E

3851.9

3124.8

28 4.2

25423

1641.9
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T N KN Elongatiod at réeBERY, PHBV/PBSAKBIREY PBSA /SPF
composi@®$ K NT | n Ndedelbritadtiveathdrigltaitiha | N O Q]

Elongation at break (%)

Sample

0 weel

1 weel

2 week

3 week

4 week

PHBV

0.81.9

7.9.1

6.20.2

4.H.1

4.80.7

PHBV/DBO.3/TAI(
0.5

8.31.1

8.21.9

6.30.9

4.90.4

5.60.8

PHBUWPBSAZ20

8.20.7

6.30.7

5.20.6

5.30.5

PHBUWPBSA20/DE
AICO0.1/ECEDO,

8.30.6

8.10.9

6.#1.0

4.90.9

5.41.1

PHBUWPBSA20/S

4.50.5

4.30.9

4.#1.0

3.80.1

2.20.5

PHBWPBSA20/SF
BO.3/TAICO.1/E{

5.91.0

4.50.4

4.91.1

4.21.1

2.30.4

PHBUWPBSA20/T3

5.40.5

6.30.8

3.40.2

2.90.3

PHBWPBSA20/TS
DBO0.3/TAICO.1/E

6.60.6

5.70.8

4.30.7

3.20.5

3.20.4
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T N RNEpait stOagtRHRY, PHBV/PBENBKEISPBSA /SPF
composi@® K NT | n Ndedelpritadiveatherdyitaiia §f ©ON O q]

Impact strength)(kJ/m

Sample

0 weel

1 weel

2 week

3 week

4 week

PHBV

2.40.4

2.70.2

1.80.1

1.30.2

1.40.1

PHBV/DBO.3/TAI(
0.5

2.10.2

2.30.2

2.60.1

1.90.2

1.60.2

PHBUWPBSA20

2.40.1

2.30.1

2.80.2

1.80.1

1.80.1

PHBWPBSA20/DE
AICO0.1/ECEQ,

2.90.3

2.40.1

2.20.1

1.80.2

1.80.3

PHBUWPBSA20/S

2.60.1

2.80.2

1.80.2

1.20.1

1.20.2

PHBWPBSA20/SF
BO.3/TAICO.1/Ef

2.30.4

3.80.2

1.20.3

1.60.3

1.60.3

PHBUPBSA20/T

1.90.2

1.80.1

1.80.1

1.80.3

1.#0.1

PHBUPBSA20/TS
DBO0.3/TAICO.1/E

2.50.2

2.50.2

2.30.2

2.60.2

1.80.2
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PHBV/PBSA/SPF composites
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&nk NT T Kenjyd@eSmiNr FBEshIOE 7l OkBENLTijON 1 O1 h &
E K FRHBWDOBO3/TAICO.MIECEOBS NI T N EKh KEIl | n NE
5680 Kk nEENELF] OnijN] EDPORALRI @NDK
T NJOBNEENEPOEREI A AIONI L NI NKT &I EN
| KAT | Kn Ej n ek jadichiddhdensagiol i i E deK E RK NI
g N jPBIBEYBOG/TAICO.1EEEDIS K Kk h k Enedt FHBR B N N & |
FNT T R NS I ERREER ot RET §GDr I J&l NEKNT |
I k N] ccfd®@] NEJIJNE&énRI

El E RHBVABIA OI&rfsiBWBAPEBSAIOR S NI T n E
Tntt@TKONF En MBE NMPREEX NS gn il ohij
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el NIJLNJINKT El ENKAHBYE N I M BT JE&E T NIB i Nt
E i6q MO 1

T NKRNEN KK fOx(®%)PHE/] A B\WHESABIENIRBSA/SPF
compostE KNI I n NEENKThLFY &l NIJLNJNKT
oKl

Weight reduction (¢

Sample 1 2 3 4
weel week week week
PHBV 1.00 5.47 13.8¢ 19.11

PHBV/DBO0.3/TAICO.1/ECE( 0.63 13.9{ 8.28 5.68

PHBV80/PBSA20 1.65 2.12| 12.0% 14.71

PHBV80/PBSA20/DB0.3/TAIC( 0.81 2.08| 8.76 14.4]

PHBV80/PBSA20/SPF5 | 1.61 10.2% 7.99| 14.54

PHBV80/PBSA20/SPF5/DB0.3/T} 0.49 5.19 6.13| 16.1(

PHBV80/PBSA20/TSPF5| 200 13.2¢ 15.3| 12.7-

PHBV80/PBSA20/TSPF5/DBO0.3/7 1.8 | 6.84) 7.07| 12.5(




T NKRNEN KK fOk(®%)PHE/] A B\WAES®BIENIRBSA/SPF
compostE KNI I n NEENKT hLFY &l NIJLNJNKT

Weight reduction (¢

Sample 1 2 3 4
weel week week week
PHBV 0.3¢ 2.84 1.65 4.16
PHBV/DB0.3/TAICO.1/ECE( 0.44 2.25| 1.89 3.22
PHBV80/PBSA20 0.73 2.96| 2.17| 7.46

PHBV80/PBSA20/DB0.3/TAIC( 0.34 2.38| 8.76 3.42

PHBVS80/PBSA20/SPF5 | 0.8| 4.23] 2.87| 4.46

PHBV80/PBSA20/SPF5/DBO0.3/T} 0.69 3.35 6.13] 5.59

PHBV80/PBSA20/TSPF5| 0.95 2.19 2.74/ 5.15

PHBV80/PBSA20/TSPF5/DBO0.3/7 0.7§ 3.17| 2.73] 3.43
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Sample Weight
100 sample 1,6.9817 mg .
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Onset  285.18°C
" Endset 301.78 °C
Step 976289 %
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Inflect, Pt. 295.08°C
i Midpoint  293.19 °C
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