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MISS WARABHORN SUDTA : PREPARATIORQDF ¥
BLEND BETWEEN POLY((BUTCAIEREPADHMIATE) AN
STARCHESIS ADVISOR : ASSISTANT PROFESSOR SUL

This research was aimed to study the preparation of-qm
terephthalate) (PBAT) and eratealadtith starchf@siTP3he stud
divided into three parts. The first part prepared the PBAT/MTP
90/10, 80/20 and 70/30 by weight witinaéaid anthydride graf(E& Bt
MA). The effect of MTP&hddPBMA on various sheet properties
An increased amount of MTPS and the aghlifonssolteleBIATI
compatibility. This allows the polymer sheet have better mechani
In the second part prepdBAT/MTPS foam in ratios of 90/10, 8
weight with additiongfV2BAIOWt% 4AA0xydibenzenestifangki
(OBSH), 15 and 20 phr. The effect of MTPS content and OBSH
properties is discussed. MER&sauntent resulted in smaller ¢
consequently the density, compressive strength, compressive r
increased. Considering the influence of OBSH content, it was fou
of OBSH resulted inllasiger aad consequently the density, com|
compressive modulus and hardness were decreased. T8 2@4
foam with OBSH 15 phr to continue the research in the third p
content on the piepefipolymer foam was studied by adding 1, 3 €
When the amount of sepiolite increased, cell size of foam is sm:
density, compressive strength, compressive modulus and hardi
increas&oin the contrary, when adding the sepiolite 5 phr, the cc
the compressive modulus were decreased due to the sepiolite
concentration. DSC technique revealed that increasing sepi@lee
increased because sepiolite acts as a nucleating agent.
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1.0

0.8 )\ PBAT/MTPS/PBAT-g-MA (70/30/10)

_MS/PBAT@-MA (80/20/10)

0.6 4\__PBAT/MTPS/PBAT-g-MA (90/10/10)
= o it i e T _ g
g 1._PBAT/MTPS (70/30)
é 0.4 s -
> \_PBAT/MTPS (80/20)
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= 0.2+ PBAT/MTPS (90/10)
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Samples

PBAT 96.0¢
PBAT/M{GPALO) 94.2¢
PBAT/M{ERR20) 04
PBAT/M{#R%30) 04
PBAT/MTPSERB@®U/10/1| 94.4:
PBAT/MTPSERBE0/20/1| 946
PBAT/MTPSERBED/30/1| 94.7°

1} MTPS

0.8 |\ PBAT/MTPS/PBAT-g-MA (70/30/10) . -

\ PBAT/MTPS/PBAT-g-MA (80/20/10)

p—m-

0.6 4\_PBAT/MTPS/PBAT-g-MA (90/10/10)

R /PBAT-g-MA S
5 = — e
g 1._PBAT/MTPS (70/30)
ij 0.4 4 T e B
> | PBAT/_I\ATPS (80/20) =
9 \ _ Tt
= 0.2+ PBAT/MTPS (90/10)
© L4 = —
q) e — ——
8 — e

0.0

. —
=
0.2 4 Bl

60 -40 -20 0 20 40 60 80 100 120 140 160 180

Temperature (°C)
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| NKISLEI Tk TONT N E é {EN 8 eRond hedtirg1 | k N o

Tq Te | Crystallin

Samples
C) | CCO)| ()
PBAT 28.22 123.9) 11.75
PBAT/M{GRELO) 29.03 111®@] 13.06
PBAT/M{@2#&20) 28.91 111®@ 13.41
PBAT/M{MRE0) 28.58 111®@ 15.98

PBAT/MTPSIRB@®U/10/1| 28.98 1240 13.38
PBAT/MTPSURB®U/20/1| 28.66 124.6] 14.05
PBAT/MTPSERBED/30/1| 28.49 125® 15.03

AENKOT Knj JOk NLITNnT Nel E6®D0 6 KBIT Nk
0 KABADKk NOT | KQ6J1 k NLT NELT NKQGT fr |
MTPB)Yir JOENKILN&SEABKNI 68 ONEN

ENT I Nenj T ARLNEI|I NEBIKI®T KFJ-JI &iIdT
LNKSLKNJILI NI el wBAFé& @NE i odbo@01s i ff
90/10, 802e70I3D h j | R n I PBAIMG 1 KKNGMHIFTOY R G T N
BAR ©1 jTWireskrdwrexiramier 1129,F140jj160] 1800158) k58, @60
150@ h ] E§ ©é & N KIRA KIFTT 014l IONS J I K ¢
220xydibenzenesulfonyl HydrazidelJ@BISH) n(BldwRdNalgEht) 6 | F
] KNO R0, BEJ KNIN#HI F Kk NOJ I KTgyp L' J h ¢
rollmillmix@n ] e NG KNr JI ktJ1 I Kk NG NEKGRE |
I nHT ij OJ tdKGIREHEK® R B & | NRST J&) v KIOT] jGEE) 5l ey ET i
OENRENKOT ET Al 6] RT JF EOECL EI 8nRI

EKNY | T ENK(Edmpression@bliingic @K B3 O DO/
pd | RT 61 kOBSHEN hNEINKGDI 1EN il @&l)jandd 10raE O
EARITTITTAROGBR é&NIT (@odifisi] ] kKNNA_ & FNKETE] NLK.
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| K NOL1OIT NT AOd81 RDr I & eI EOEDL 6 EN
KNENDHR &I Oj nT 6133 0enRT T I TNIMGE TENH
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A2ENKL  nEI|&N LEBHRIGN T ik NI6]IN KQ)j L J
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JAhENEENRT 6k NIT 1 DRI Btteijpti []NEM &N B
LAHGNT I NTJ Nh el ] ESeantng Blecirol Mi¢rdsddpe
SENN A r NSRS mENego 1+ Nr 1 N6 é KnhigdT gk n E| H N
ENELARGNT T NEI NBOMETEERG | | HA0T@KINIL I n
90/10, 802&/M30 h j I Rn IOBSHE OF h f fRiokiKgeritN & ¢
| KNG, dEmodpdiriN E4ATL6 ¥ On N613J 1 F k NOJ I KQ]j L
EKJ OOk NT KEalsikeh E T 1 8 BVEFSK B KOBSHE N A DF
6J N1 I v Ne& NWMTASH NI nlmlwééﬂjlﬁlllﬁwqdﬂﬁm

& | E()GK K QORSHIJ |1 oG NmiNIEE IO SNOANDECH KN 1 N ¢
] KNIMImSIHE | k &l & T Nha&@l miyorEaqNdf @ J N @
ENKEAEOGERT I EOE OLOBRiNGET NihREl n6RJ Jéi N-E
I fir MiASKNJ IBE®ORI é nEEREGERT OEOLT iy
] NJTAlT 8FE6WIT I kN8I KAk hk E
6JNr 1eN&E mﬂ&mmmma\imﬁmu@ummjénm
& EO Gk k GPBHMIBSH fn il @ & T ANURGE TN IE fON & ION h
c“)GKKG]CiIJ(T)EBSEFHKiIE’IHﬁ'DEERIKG.ﬂ EOBeFHE n R 1
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OBSHO phr OBStb phr OBS20 phr

©

PBAT

(90/10/10)

(8020/10)

(70/0/10)

PBAT/MTPS/HBAT PBAT/MTPS/HBAT PBAT/MTPS/HBAT

ij N41BLre@ NT T NET NT ) NEBOEDR NT 6133
B PBAT/OBSHIBBAT/OBSILBBAT/OBSH20phr
B PBAT/MTPS10§MREXESHEPBAT/MTPS10§MREPESH15phr
G PBAT/MTPS16§MEBEBH2QpRBAT/MTPS20§MREXESH 10phr
G PBAT/MTPS20§MREZESHIPIBAT/MTPS206REMSH20phr
G PBAT/MTPS3§MREMSHIPHBAT/MTPS3§MREITSH15phr
Q PBAT/MTPS304REIFDHNr



1.2 4

1.0 4
77
7
0.8 /
7
7/
0.6 4 {/’
A%
77/
Z
7/
7
7

o |

Cell size (mm)

|:] 10 phr
m 15 phr
72 20 phe

A
100/0/0 90/10/10

T T T
80/20/10 70/30/10

PBAT/MTPS/PBAT-g-MA

ij N411ei rNh & | E 6 Gk

T NKFBEI T Nifrér E0 Gk k Q6 1331 |

Samples OBS{phr) C(illn?;ze
PBAT 10 028+
PBAT 15 043014
PBAT 20 039011
PBAT/MTPSERBE®UD/10/1( 10 08302ZF
PBAT/MTPSERB®V/10/1( 15 094018
PBAT/MTP SGRBED/10/1( 20 055013
PBAT/MTPSGRBE0/20/1( 10 044+016f
PBAT/MTP SGRBE0/20/1( 15 045008
PBAT/MTP SGRBE0/20/1( 20 042013
PBAT/MTPSERBED/30/1( 10 05@01'
PBAT/MTPSGRBED/30/1( 15 053013
PBAT/MTPSERBED/30/1( 20 0736813287

 INGHITTTMEI Kij NI NFAEEK]I I knET A
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Kk NG J I KQjLJ
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08

Density (g/cm3)
)
|
s

PBAT/MTPS/PBAT-g-MA

~

ij N41Befdi (ND I T NOT nlT 8FEB813J 1 I k N

T NKaSBE TNJrrd NOT n1 8FEGSII 1 I kNSO J I KAQ]j

Samples OBSH (phr| Density (g¥cr
PBAT 10 0.38+0°06
PBAT 15 0.8+0.04¢
PBAT 20 0.3+0.0%
PBAT/MTP SRB&®0/10/10) 10 03@0.04¢
PBAT/MTPS¢RB®D/10/10) 15 0.2:0.0
PBAT/MTPSRB&®0/10/10) 20 0.35xcd
PBAT/MTP S¢RE0/20/10) 10 0.41+(200
PBAT/MTP S¢REED/20/10) 15 0.2+0.06
PBAT/MTP S¢RED/20/10) 20 0.35+000
PBAT/MTP S¢RB&D/30/10) 10 0.49+(R03
PBAT/MTPSRBED/30/10) 15 0.36+0°00
PBAT/MTPSRBED/30/10) 20 0.41+(?P4

FINGF AT MEI Kij NI NFAEEKI I knET Al 6k
OT ET nINE@P®INE I il n]J
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0 JNr 1 Né&NKMWINSaN TNIIN 1Nk aNIKE A NENK
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ENK & IMIRSH JEK NI 6@ 1315 o Er s a3 @E NN &) 1

TG IO enEIJALni T TAro) RTéTD|§|'I|KN5
6h] T hArl o 61X3F3TArdnél NIITT NOT nT L OE
KO|] ceh®hREI nN6WITRrdnel NIIT T NOT nl

6133 eNO| Kj nl TyNGmgri BN Ik B NN THhikIE: &8 GH GEDN
€ BKNLAPSh Rg @6 ©NLh ENKNEE IPBEKRRED T K 7
[ fr 60/, IBNA0, K30 4 . - 2 . Gildghejsdrel eitridér E h ¢
I PNG613I 1 | kTRS J N K @ppntirésivé B@nigr iINEGNNRH GO
TPS 40% Gompkessive stte@gEh1 11 1 LTRShO{RemiNESKIWNe J N
strengthr 1628 NG MPA J k n h n T
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I FEENET i RO J NMIBHEHNN &N KNFI N IFNN TNTKN 1
Compressive stenddempridsSive modulsj Ej @BSHIND 1] IKEE
ENKO IOBEHR) JEK X BN 6 1 N h & INE. §68ke NOGNS BJ1J 7 17
Oj nT 61331 I «k NSO J ITKnd[j TLENeTnErI&ILEN K 1T &N
61JJT ©F ] KEOél NJLNJINKT El ENRSHONT OK

1.4

4 !:] 10 phr -
1.2 4 1 15 phr
22 20 o
L J

A, Z

Compressive strength (MPa)
|
\\\i i

7

T ® T
100/0/0 90/10/10

PBAT/MTPS/PBAT-g-MA

ij N4l fNG T ©NT Compressive gasgid il mhala d 1 |

6 —_—
[ J10phr
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3 L |
S 44
w
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- T T
o 341
£ ] )
o B A/
> %7
¥ 24 - ///
g : 7
4 £ 5
g ; 9 ’ ZI
g //~ 7 7/
c ﬁ» 7 //;
4 = /) v
% / 7,
0 A

T T T T f
100/0/0 90/10/10 80/20/10 70/30/10

PBAT/MTPS/PBAT-g-MA
ij N 42000 rhGDEampréssive m&@Us)Oj nl 6 133 1 | K
T NKODEJEmWIKENh  nhél E6IJ1 FkNo6J I KQ)j L

C .\ Z<
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Compressiy  Compressive
Samples OBSH  strength modulus
(phr) MPa MPa
PBAT 10 | 026294253 0&%tQB2°
PBAT 15 010036639 034107
PBAT 20 | 011330078 042105
PBAT/MTPSYRB®U/10/1( 10 | 035924325 12#QA8¢
PBAT/MTPSRB®U/10/1( ~ 15 | 0253160874 | QIA(46°
PBAT/MTPSRB@®D/10/1( 20 | 02277£955 086+26°
PBAT/MTPS$RBE®0/20/1( 10 | 069924GG3 2618
PBAT/MTPSYRBE0/20/1( 15 | 024164603 134-Q38°
PBAT/MTPS4RBED/20/1( 20 | 02368:0206 116:Q28°
PBAT/MTPS$RBED/30/1( 10 | (72694399 2atQrs
PBAT/MTPS#RBED/30/1( 15 | 067634399 264+04
PBAT/MTPSYRBE0/30/1¢ 20 | 03842AG71 153

T INFHNTMEI Kij NI NFAEEKI I kKAET A

OT ET nINE@MP@ENE J 1T A

0
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T NKANER KNe ONJOERE&I EOj nT 61331 I kN6 J

Samples OBSH (pi  Hardness
PBAT 10 27412
PBAT 15 2167110
PBAT 20 1913+42
PBAT/MTPS#RB@®U/10/1 10 32011t
PBAT/MTPS#RB@®U/10/1 15 3133111
PBAT/MTPS#RB@®D/10/1 20 2810108

PBAT/MTPSgRB@D/20/1| 10 4AT7£3
PBAT/MTPSYRBEUD/20/1) = 15 3910£35¢

PBAT/MTPSYRB®D/20/1] 20 3R0+44
PBAT/MTPSgRBED/30/1| 10 58089
PBAT/MTPSYRBED/30/1) 15 5(0+89

PBAT/MTPSYRBED/30/1| 20 A880+8¥°
F INPANTTME] Kij NI NFAEEK] I knET Al 6k
OT ET nINEE@DBNE I Al nj
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Calorim@@B6)h ] E§ ©L ij NI NE ENKT hLFT3§nT
gAT 1 Ik Nadd K KIQHm RIJJE G @ K TN XN 28N tig résitio KD}
temperatuggi 1) H T ij O JIMeIEdyKtdllirakioh fempipciang, ] TK N J N
i kK nD5@ tNdfn@@hrg n RT T | T IONBDEBCO ST N RE S N
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24 7] PBAT/MTPS/PBAT-g-MA/OBSH (70/30/10/20)
2.2 < o . ——
] PBAT/MTPS/PBAT-g-MA/OBSH (70/30/10/15)
20" _— S
i PBAT/MTPS/PBAT-g-MA/OBSH (70/30/10/10)
" ) PBAT/MTPS/PBAT-¢-MA/OBSH (80/20/10/20)
1.6
a 4\ PBAT/MTPS/PBAT-g-MA/OBSH (80/20/10/15)
= 1.4
Q 5 PBAT/MTPS/PBAT-g-MA/OBSH (80/20/10/10) //\
i . - s ey B, A~
= - PBAT/MTPS/PBAT-g-MA/OBSH (90/10/10/20)
2 VA
§ 0.8 |\ PBAT/MTPS/PBAT-¢-MA/OBSH (90/ 11/‘70/‘1?)777 B e
i -\ PBAT/MTPS/PBAT-g-MA/OBSH (90/10/10/10)
© 06— % > " =
g ] = - ==
0.4 4 pPBAT/OBSH20phr
0.2 4 pBAT/OBSH15phr /’" N
0.0 ) -
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Temperature (°C)
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Sample

OBS
(phr)

T
(°C)

T
(°C)

Tre
(°C)

Crystallin
(%)

PBAT

10} 24.17

43.4

116.1

6.45

PBAT

15 257

44.9

115.7

6.47

PBAT

20 | 25,5]

45.8

115.1

6.52

PBAT/MTPSERBED/10/1(

10 | -28.94

44.5

114.8

10.72

PBAT/MTP SRBED/10/1(

15 | 25.5¢

45.4

116.7

11.56

PBAT/MTP SRBED/10/1(

20 | 25.1(

45.0

109.9

10.54

PBAT/MTP SRBED/20/1(

10 | 25.2]

44.9

114.7

12.43

PBAT/MTP SRBED/20/1(

15 | 25.4¢

44.3

114.3

11.72

PBAT/MTP SRBED/20/1(

20 | 25 8!

45.8

116.8

13.83

PBAT/MTP SYRBED/30/1(

10 | 25.7¢

45.4

116.4

11.88

PBAT/MTPSERBED/30/1(

15 | 25.6"

45.6

115.5

11.67

PBAT/MTPSERBED/30/1(

20

25.44

45.9

115.5

10.48




2.4 | PBAT/MTPS/PBAT-g-MA/OBSH (70/30/10/20) —

2 | PBAT/MTPS/PBAT-¢-MA/OBSH (70/30/10/15)

" | PBAT/MTPS/PBAT-g-MA/OBSH (70/30/10/10)
2.0 + ’
| PBAT/MTPS/PBAT-¢MA/OBSH (B0/20/10/20)  ———

1.8 4
PBAT/MTPS/PBAT-g-MA/OBSH (80/20/10/15) S e = ———

1.6

PBAT/MTPS/PBAT-g-MA/OBSH (80/20/10/10) — s

1.4 - PBAT/MTPS/PBAT-g-MA/OBSH (90/10/10/20)
4

4 PBAT/MTPS/PBAT-¢-MA/OBSH (90/19/1()7/{5)» e - S

1.0 A e
| PBAT/MTPS/PBAT-g-MA/OBSH (90/10/10/10)

0.8 -

06 7 PBAT/OBSH20phr T
Al e Aututade- = e —

Heat flow (Exo up)

0.4 ] PeAT/OBSH1SDhY : T, -

0.2 - PBAT/OBSH10phr

0.0 S

-60 -40 -20 0 20 40 60 80 100 120 140 160 180

Temperature (°C)

ij N42BD%SC termagrank 6 1JJ 1 | kGbolidgr KQ]j L J a

T NKNEIHhONT NEél NJKedoling  E613J 1 | k N
OBSH T,
(phr) | (°C)
PBAT 10 81.75
PBAT 15 812
PBAT 20 83.42
PBAT/MTPSgRB@®UD/10/1( 10 97.17
PBAT/MTPSERB@U/10/1( 15 91.75
PBAT/MTPRB®D/10/1( 20 268
PBAT/MTPS#RBE®D/20/1( 10 H.42
PBAT/MTPS#RBED/20/1( 15 936
PBAT/MTPSERBED/20/1( 20 972
PBAT/MTPSGRBED/30/1( 10 94@
PBAT/MTPSHRBEOV/30/1( 15 94.17
PBAT/MTPSRBED/30/1( 20 9246

Sample




2 =, PBAT/MTPS/PBAT-g-MA/OBSH (70/30/10/20)
\__PBAT/MTPS/PBAT-g-MA/OBSH (70/30/10/15)

[\ PBAT/MTPS/PBAT-g-MA/OBSH (70/30/10/10)

<\ PBAT/MTPS/PBAT-g-MA/OBSH (80/20/10/20)

[\_PBAT/MTPS/PBAT-g-MA/OBSH (80/20/10/15)

\_PBAT/MTPS/PBAT-¢-MA/OBSH (80/20/10/10)

1 S

PBAT/MTPS/PBAT-g-MA/OBSH (90/10/10/20)
-_

\PBAT/MTPS/PBAT-g-MA/OBSH (90/10/10/15)

|\ PBAT/MTPS/PBAT-g-MA/OBSH (90/10/10/10)

I\ PBAT/OBSH20phr
PBAT/@SEEPN

o B -

")\ eeaT/0BSH10phr

L e B B S m s m e e e e S e S BN e e e e
-0 40 -20 0 20 40 60 80 100 120 140 160 180

Heat flow (Exo up)

Temperature (°C)
ij N420DBC Bermagrank 6 13.J 1 | k Sedodd-h&adhig L J EI
T NKINEIT AR ONT NEé | NJ K Sdcdimdaking 6 133 1 | k N

OBSH Ty Tre | Crystallinit

S |
- eh) L coy coy | @)

PBAT 10 | 2645| 12004 6.76

PBAT 15 | 27| 119.54 6.52

PBAT 20 | 557 119.5¢ 4.78

PBAT/MTPSYRB@D/10/1( 10 | 22| 1230| 11.88

PBAT/MTPS#RB@®U/10/1( 15 | 268 | 122.7¢  9.78

PBAT/MTPSYRB®U/10/1( 20 | 2547 123.11 10.77

PBAT/MTPSERB@®U/20/1( 10 | 22| 123@| 12.74

PBAT/MTPSYRB®D/20/1( 15 | 2%8| 1220| 10.59

PBAT/MTPS#RB®0/20/1( 20 | 5.3 123.5{ 13.37

PBAT/MTPSYRBED/30/1( 10 | 2%1| 1200 13.88

PBAT/MTPS#RBED/30/1( 15 | 2554 123.6] 12.32

PBAT/MTPSERBED/30/1( 20 | 544 12408| 14.27
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61331 I k N & 4. 26 KL NI e hivar EO

& Nr&/AthermoQraBN®thermorantRBA] (F ¢. 26¥kr NGD
4207 | PBRIBAEINKL Kk NJ T Al T NEél NJKel T Oc
| 3@&@r ES| RBSHE Rh § K QT B T | inRIEN BRNOKILT KENE
el NIJRBATAH rél nErd iP®@J Ngni EO06507T nEO2

6 J N TIGA fRermb@rdR®thegneod | ES I h m EINK JT
420 T | NI T FkNoJFKQAjLIIAENKL
T Ar | nHI@GNN EPl| BRBEHENG TENEMT &F G h &
0] RT ENKL K NT T Ok NEEE & nNT Kj el gyt BHO;
0] RTENKL k RBATm A A ;NER FQI KSh 1 EOE®H3 O

I N& NKHN I MRS «QREME B &1 TKiNGI B NpINTENNEK €

] KNATRSROB®EI n L nEj kT nl ENKOS ] kMiTPS T O]
Ok NIPBAGH NE MBS OBEEI NEIOE | k T nl ENKO ] K
Kol I

n) )
100 100 -

Weigth (%)
288
Weigth (%) 528

Temperature (°C)

A) 100

ij N42BTBA tDermogrint 6 1IJJ 1 | kK N G
I 1 r ORIBK K TR RIHIAGEIhO
— OBSH 1%gbB3H 20 ph

Weigth (%)

Temperature (°C)



T

erivative Weight (%/°C)

Temperature (°C)

Temperature (°C)

NKINEL R OKijNiT NEel NIJKoelT &l

0,002 4
eu‘) 0,000

ij N42BDT® tBermogrnt Kk N &
LI NOESHh EONNE
EOBSH 103p0BB3H 15 phr

i

Temperature (°C)

& OB3H 20 phr

OBSH Degradation temperatt
Samples

(phr) MTPS PBAT
PBAT 10 - 406.89
PBAT 15 - 404.11
PBAT 20 - 403.75
PBAT/MTPSGRBAMBO/104 - 10 238.05 404.98
PBAT/MTPSGRBAMPO/10/ 15 222.92 404.21
PBAT/MTPSGRBAMPO/10, 20 231.65 404.04
PBAT/MTPSGRBABO/20, 10 22938 403.97
PBAT/MTPSERBABO/20, 15 223.67 403.81
PBAT/MTPSGRBABO/20, 20 22738 403.48
PBAT/MTPSGRBA(70/30, 10 232.78 403.34
PBAT/MTPSERBA(70/30/ 15 2280 402.61
PBAT/MTPSERBA(70/30; 20 225.56 401.71
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