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Bio-derived polymers have been developed recently as an option over petroleum-derived due to resource
depletion and waste management [1]. Among these, biodegradable aliphatic polyesters especially aliphatic
polycarbonates (APCs) play crucial role due to their low toxicity, biodegradability, and ease of large-scale
production [2,3]. Poly(trimethylene carbonate) (PTMC) is notable for its biocompatibility and amorphous
nature with higher molecular weight compared to other APCs [4]. With a glass transition temperature about
—-20 °C [5], PTMC is commonly used as a soft material, limiting its application [6]. As a result, there is strong
research interest in developing PTMC to achieve desired material properties such as post-polymerization
modifications [7]. In addition, combining bio-derived polymer such as PTMC with plant biomass in smarter
ways can facilitate the synthesis of novel sustainable composites with unprecedented property [8]. However,
many research in developing polymer composites tend to overlook inherent special features of the basic
components such as specific polymer-polymer interaction [9].

In this thesis, I aimed to extend efforts in broadening PTMC applications by focusing on understanding
polymer-polymer interaction between PTMC with various compounds with hydroxyl groups, and finally
creating composites from PTMC derivatives with plant biomass. The scope of this thesis was divided into three
chapters aside from general introduction and general conclusion.

In Chapter I, the interaction of PTMC with various compounds bearing hydroxyl groups was explored
using such as 1-butanol, 2-butanol, ethylene glycol, 1,2-cyclohexanediol, glucose, and cellobiose. The aim of
this study was understanding the interaction moiety and behaviors at PTMC polymer backbone. The solid
state of blend samples seemed to be a better method than solution state in revealing the interaction, resulting
in the slightly different spectral pattern in ATR/FT-IR at carbonyl and hydroxyl group. In addition, impact on
thermal properties through TGA and DSC chart pattern was also investigated, resulting in higher thermal
decomposition temperature (7%0) and melting temperature (7m) as the evidence of the interaction of PTMC
with glucose and cellobiose.

In Chapter II, the objective of this study was to investigate the availability of long-alkyl chain as
substituents of PTMC with the inspiration of chemical structure of polyethylene (PE), which possesses strong

polymer-polymer interaction. Various lengths of alkyl chains such as -CsHi7, -Ci2Hazs, -C16Hss, -CisHs7, and




-Co0Hu1, were introduced into trimethylene carbonate (TMC) with ester-free structures to improve the physical
properties of PTMC, stating with trimethylolethane. These monomers were polymerized and their thermal
properties, hydrophobicity, and crystallinity were investigated. The 710 was not affected by the alkyl chain
length, however the 7n values apparently depended on the lengths of alkyl chains from polymers. The
hydrophobic properties and crystallinity of these PTMC resembled PE, evidenced by the water droplet contact
angles and crystalline peak. The degradation behavior of PTMCM-MOC1sH37 under alkaline condition was
slowly observed in organic condition until 9 weeks, resulting in 91% degradation, while it was only 11%
degradation in aqueous condition although the polymer was not dissolved. These tailoring properties would
be observed as a result of sufficient polymer-polymer interactions by long-alkyl groups.

In Chapter III, PTMC and its derivative were finally blended with plant biomass, from the viewpoint of
polymer-polymer interaction. In the aim of expanding PTMC application, different sources of plant biomass
along with various processing methods as well as various PTMC derivatives were conducted to obtain novel
composites. Composites were then investigated their functional and morphological characterization as long as
thermal properties. Addition of cellulose nanofiber (CNF) and using pickering emulsion in PTMCM-MOCisHs7
composites showed the highest interaction among all composites. Long-alkyl chain of PTMC effected on
accelerating thermal decomposition above 250 °C possibly due to free volume enlargement of PTMC as the
impact of interaction with CNF.

In conclusion, varying approaches from recognizing polymer-polymer interaction, tailoring polymer
structures, and creating novel composites were aimed in this thesis for expanding PTMC application. By
integrating the insights from all chapters, a comprehensive understanding of polymer-polymer interactions
especially in PTMC have been achieved in this thesis, paving the way for innovative application in various

fields such as biomedical applications and sustainable packaging.
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Scheme 1. Schematic illustration of the chapters in the thesis

References:

[1] Zhu, Y., et al. Nature 2016, 540, 354-362. [2] Samir, A., et al. npj Mater. Degrad. 2022, 6, 68.

[3] Yu, M. et al. Chem. Rev. 2021, 121(18), 10865-10907. [4] Pégo, A.P. et al. Polymer 2003, 44, 6495—6504.

[5] Zhu, K.J., et al. Macromolecules 1991, 24, 1736—1740. [6] Fukushima, K. Biomater. Sci. 2016, 4, 9-24.

[7] Tempelaar, S. et al. Chem. Soc. Rev. 2013, 42, 1312-1336. [8] Schneiderman, D. et al. Macromolecules 2017. 50, 3733—3749.
[9] Fakirov, S. Adv. Ind. Eng. Polym. Res. 2024, 7(4), 355—362.




Ik 4 |AYUN ERWINA ARIFIANTI

(i AR ROEE)

IR, BIROFEBCEFRYME~OXEE LT, AMBERRY) ~—2fb 534 4 H
KR v —DBHBENED SN TWD, TOHRTY, KM - A0t ERL., BENR
SRR Y —ARx— kK (APC) O—FETHBHHRY (M) AF L I—HRFx—1b;
PTMC) 1. BEN-AEREAMEED FEDOTENLT 7 ZAMEAZH L TWDDN, FeikiEn
8 < SSHNZBRIA D & o 7o, REEALERSCTIX MR DA F~ 2 &L OBEALEE L T,
BT 7o REMEM B E L CORBRREM 2D Z L 2 BHMIZ LT, PTMC O 7&K U ~ —[#+H
HAEAOHEHIZHRER L7 & 7o T D, AR ER LI General Introduction &, 55 1
BEOLEIEE TOMIENETLE., FLOLLERINTND,

FH1FETIE, PIMC & 1-7 % =)L 2-TX ) —)b, =F L7 a—, 12-v7
BAFH U UA =L T a—R ku d— R EKBEE AT 5 MEILA Y E O
AR &2 EARREE T LTV %, ATR/FT-IR 43 06IEIC K 0 . LR =3 L OUKER L
FEIIC BT 2T AT MAVEHBIE S 4L, PTMC ‘B8 & O AEHETFT— 7%
ZEOBMENEL TND Z EDRFOH NS, £72. TGA X° DSC IZ X HEG3 0B,
KRz 7 v a—20t v B4 — 2RI BRI (Tho) OBE (Tw) BN EAT5Z2 &
DRI, DFREIFEER DB MIC 2 2B EZH LN E LTW5,

F2ETIE, RV =F 1> (PE) OEWA Y ~—RMHEERICERZS T, —CHir,
—CioHas, —CigHass —CisHs7, —CooHat 72 EO KRBT VX NVIHE = AT NV EEE /2R
AF VLI —Rx— FOFIFMENGEA L, BEEIZE > TRER Y ~— O m 21T
STWND, Tl X7 VFNVEHEIIKRESEEINRD ST DOD, Ty THEEKRFHICE
BhL. £/, HEMARERRIEO ©— 27 B, BKMESRESTEDS PE ICIE WV %
RTZEZHOMNE LTS, EHIT, TAh VST TONMRBRTIL, ABESHLT
TO BRI 91 % fifd 5 — 7 RS T CIREMT B O T 0 R MED 11% & |
FEHT VX VI L DB ERN OREENC S EEL RIFT 2R L T0nD,

% 3 W TliX, PTMC B RO OFHEKREEMH RN A~ A EZT L KL, R v—
A AAEH OB B HREAMEIOERICHkEE L T\ 5, 2 2 TIE R DM A1 4
~ A EZRERINT 1L, & BICIEEFE PTMC FEE LA bE s 2 & T, BUtED
HCEN-EBEEEEDL Z LI LTV B, Bl B a—2F ) 7 7 A 73— (CNF)
DMKy Y o 7iExE AW TE LRI EHAEIE TIZ PTMC OEHT VXL L CNF
& O ANMER NP IZHAL, 250°CLL E ORI EEN R I D72 &, MAEMAN
BAMEL RO EIZFHFE L TVWD I L 2R L T\ 5,

B %12 General conclusion & LT, FEDORELZHA L. Wik L 72> 7- PTMC A8 D
R ~—FHEER O A T = XLNEHE OB~ DN D RBEBZ BTN D,

VL ED LD IR LGH LTI, A A~ R & DA bE B LT, &S+ 421%
3272912 PTMC #FHEEOE S TRMMEERZH LT LTS, FMIic b K&
REENDY | FELZE—FIIAR IO EL (L% OFfimX e LTUESH L 0 &
DT,



