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Research subject: In the present study, a number of linear and long-
chain branched copolyesters, poly (butylene succinate-co-ethylene tere-
phthalate) (PBSET), were synthesized. Hence, effect of branching agent
introduction was studied. Such a copolyesters, mostly aliphatic polyes-
ters, may be applied in biomaterial fields. Adding aromatic section and
branching agent have great effects on properties.

Research approach: All polyesters were synthesized via a two-step
method: esterification and polycondensation. All samples were pro-
duced in a laboratory scale set-up. First, prepolymers of two monomers
were produced, separately. Then, required amount of each prepolymer
were poured in the reactor and catalyst and thermal stabilizer were
added and polycondensation reaction was performed. Pentaerythritol
(PER) and trimellitic anhydride (TMA) were used as branching agents
during synthesis. Microstructure of the copolyesters were characterized
by ATR-FTIR and 13CNMR. Crystallinity, using XRD, and mechanical
properties were studied, too. Even small amount of branching agent has
a great effect on properties. 0.4 mol% of PER and 0.4 and 0.6 mol% of
TMA were incorporated.

Main results: Intrinsic viscosities of samples indicate that high molecu-
lar weight, about 38000 g/mol, were reached. ATR-FTIR spectra proves
polyester synthesis. 13CNMR spectra shows incorporation of branching
agent in polyester chain. Based on the XRD spectra, branching has no
effect on the crystal type and type of crystal was unchanged. Howev-
er, Crystallinity is decreased with branching. Mechanical properties are
under serious effect of branching agent addition. It was observed that
elongation at break and tensile strength were increased up to 400% and
200%, respectively. Hence, these branched copolyesters were synthe-
sized and structure, crystallinity and mechanical properties were stud-
ied.
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Figure 1. Schematic of the synthesis set-up

VY ook - ood oo 690,1 lb g sl ay o (b9 (ool anlibiad



g ol S s glasls

Ao, o f g F sl Jole ,olae D9 g0 034338l
slasls Jle iy jmolie .cwl ous Gl (Jse
e Gl S8 45 95,5 oo (5 pmny Ay e

wlbcy oo

L 29,05 Plo o bl o (AV) (15 4595
YOx-,) °C slws ,0°C g5 a5_lﬂ yagS g 5l oolaul
Ladiges ATR-FTIR slacil [YY¥] 0y 5 5ol
oS i 51 PV Nexus Jos egigy Sl 5l eolaiwl L
Cwdy b =o sLeo jo (Waltham, MA) Nicolet Co.
5 esla ol L slo il LgS "CNMR loacilb ol
sles jo (Switzerland) Y- - Brucker Avance olSi_wo
s Jool> ¥+ MHz 4 YO °C

(WAXD) X azil ol p

oo ool wl Lo Ladigas —sles XRD sl sSl
Sad g jldy ol J—ol> WAXD Y- -
VemA £ kV oo 5,0 CuK | asnis ga o (Lo >
L odiges cado . bab ool |, 82A= + VOFVAVY nm
s TV 0l VO oogase 4o (0 p )5 )

S (olgs

universal Zwick/Roell Z- Y+  plg 5> oK ws S
wele L5 ol solai_wl ASTM DFYA o laibwl s
IS (Les slaaskad o] s Ladiges (Sl
DY JUNIDNNVRV:S| S0 DRSS O [E U S g
Co8 s 03— (6,]00 50 el FA ooy Lol

RUECK NPT |

EQuinox

Com gl ¥
SlaBe cdiged B A ol 0dld jawasd uS ) Jeu

HO—(CH,),—OH +

195°C
e
HOOC—(CH, ),—COOH +B.A. latm
.go
BG + SA + BA Mp—
1arm -
HO—(CH,),—OH + 245%C
Hooc@cooa—s.a. 3.3 am
245°C -
EG + TPA + BA
3.5 atm

BHBS

0
+ BHET 250°C I

o
|
+ TBT High |
+ PPA  vacuum |

BHBS

BHET

P390  mlo )T oSl g (V-VF-A-VY CAS
S o =S 5 D> ols—in (F-FA-ASD CAS ol
6)51)J 09— 0‘9_9 A_A.ls RGP P 6)‘A_:)> ul_o.”

o eolar__ul

1 il gl o8 s

S ,> LCB-PBSET s PBSET s s .l LsS
‘) . " ‘.‘ Q—}" \ : s J)J_«;) v gsbls/ .‘Lo).‘i . . ...
A eIl S 5l St g ol ams e ol
w2l ) 0y ¢ Js SO iS5 s ny asileo
el B s 9 039 29

b il b =l adyy oleond sla STy ¥ S
«SJLE sl SnS g ] o e s |
oolﬁa.—-hﬂ‘ ),u_w )d Jﬁ—i’% U_l")‘ 9 Jﬁ._i:)lf u_l.us.:
S gy g (sl oy oy sl il ol oa S

JiseSsaed e 5 (BHET) o¥Luss |l
Loos,F s Cand 0d i (BHBS) ol oSgus

Wb VY by wa IS paulay S0
Y¥.-Y¥0 °C slws ,0 BHET aJgs o sl (iiSTy
°C lwo ;o BHBS uJgi gl,m g Y0 bar Lusd cos g
Slaie o oo plzdil V bar [Lis oo =5 9 1V -140
u-l_.‘?}: [ U"_“S‘s 09_5‘\:‘56 6)_50)Lb‘ 9 6)3T&o.>
Cui L BHET 4 BHBS s .00l oo aalol Gl adgs
CJBlS ppmYs ¢ g oo By, ,euST, 0 )V au e
loos 053 co 4 8LSI PPA ouiS jl, O+ ppm 4 TBT
)_»..05) O 9 4_o.9L> L)‘“"J‘S‘ Yo- °C Ao g Ao )5._';5])
=l eamliw Ly i Sly .00, 5 oo Jlwsel (Y mmHg 3
aS by S oply 15l cess ol oo aslol S snly
5map s9m 3 pacly e Gl acly (5Sgap
glasls sl beS aJgi gl .8, aale> YL
O35 ol 4> o gla—0l 5ITMA § PER 3V Jla_i6

0 0]
| |

H+0-C—(CH,),—C—0—(CH,),+OH +

n=1-3 '

=N
H-+0— C@C_O_WI—L ), +OH

-

m=1-3

i H C|) C|) |
e H-:~O—C‘—|CH: J,—C—0—(CH, ), O—C@C—O—m}i: ),+OH

Ll |

Lo il oS ol (sl STy ¥ ISt

Figure 2. Synthesis scheme of copolyesters
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Table 1. Intrinsic viscosities
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Sample B.A. & mol% [n],dL/g
PBSET10 0 1.08
LCB-PER4 PER-0.4 1.16
LCB-TMA4 TMA-0.4 1.10
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Figure 3. ATR-FTIR spectra of linear and branched copolyesters
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Table 4. Carbon chemical shift

Carbon C C C

k h f

C C C c,C

d a b g e

Shift, ppm | 24.12 28.00 63.19

63.38 128.55 128.73 171.30
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Table 3. Mechanical properties of sample

Elongation at break %

PBSET10 6.53%0.71

LCB-TMA4 308.44+25.43
LCB-TMA6 417.85+32.86
LCB-PER4 208.50+17.46

o, MPa Tensile modulus, MPa
24.28+2.03 390.92+3.46
33.97+£3.27 476.40+4.29
39.28+3.64 420.37£3.96
31.84+2.93 463.86+4.37
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