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Tom tat

Hién nay, polyme duwa trén nguyén liéu ddu mé dang chiém wu thé Ién trong linh virc cong nghiép vét liéu
v6i nhiing (ing dung da dang. Tuy nhién, do nguén cung cép nhién liéu hoé thach giéi han, ciing nhw nhiing
tac dong xéu t6i méi trirong khi stk dung chiing ma xu huéng nghién ciru céc vét liéu sinh hoc thay thé dang
phét trién manh mé. Géan déy, céc polyme sinh hoc dan xuét cta 2,5-furandicarboxylic acid (FDCA) thu hut
duwoc nhiéu quan tam; tuy nhién, nhiéu tinh chét co va nhiét cta chung chwa dwoc nghién civu chi tiét. Trong
nghién ctru nay, poly(butylene 2,5-furandicarboxylic acid) (PBF) da duwoc téng hop tir FDCA va butane-1,4-
diol bdng phan (rng tring ngung néng chdy. Phé 1H NMR va IR da xac nhan céu tric thdng cta polyester
nay; phan tich TGA va DSC cho théy nhiét d6 néng chdy cta polyme la 159 °C va nhiét dé6 phan huy I3
357 °C.

T khoa: poly(butylene 2,5-furandicarboxylate), FDCA, phan tich c4u tric PBF, cac tinh chat nhiét
Abstract

Nowadays, petroleum-based polymers are currently dominant in material industries, with wide scope
applications. However, due to the finite supply of fossil fuels as well as the negative effects on the
environment while utilizing them, the need of developing bio-based alternatives is dramatically increase.
Recently, the biopolymers derived from 2,5-furandicarboxylic acid (FDCA) have been gradually investigated;
however, some of their thermal and mechanical properties are not fully understood. Herein, we are
conducting research about a FDCA-derived biopolymer — poly(butylene 2,5-furandicarboxylate) (PBF), which
was synthesized from FDCA and butane-1,4-diol by the melting polycondensation."H NMR and IR spectrum
confirmed the linear structure of this polyester, then TGA and DSC results were analyzed to indicate the

melting point at 159 °C and the thermal degradation at 357 °C.

Keywords: poly(butylene 2,5-furandicarboxylate), FDCA, chemical structure of PBF, thermal properties

1. Mé diu

Téng hop polyme la mot trong nhimg nganh
quan trong hang dau cua cong nghiép hoa chat
Nhirng ndm gén day, theo cung voi xu thé phat trién
nén kinh té va cong nghé bén viing, nhiéu hudng
nghién ciru polyme méi dugc khai thac va trién khai.
Mot trong s6 d6 1a tong hop polyme di tir nhimng
ngudn tai nguyén tai tao, thay thé cho nhiing polyme
dya trén nguyén liéu dau mo dang chiém uu thé trong
cong nghiép polyme. Sy thay thé nay gop phan han
ché sy 1¢ thuoc vao ngudn tai nguyén hoa thach co
gi6i han, dong thoi giam thiéu phat thai khi nha kinh
tr nhimmg giai doan trong vong doi cua vat liéu
polyme. Nhiing monome sinh hoc tiém nang duoc
quan tdm gan ddy bao gdm: levulinic acid [1], lactic
acid [2], isosorbide [3], succinic acid [4],
dodecanedioic acid [5], ethylene glycol [6], va
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furan-2,5-dicarboxylic acid (FDCA). FDCA 1a mot
dan xuit ctia 5-hydroxylmethylfurfural (HMF), mot
san pham c6 thé téng hop tryuc tiép tir sinh kh6i nhur
duong, tinh bot, cellulose [7]. FDCA dugc dac biét
quan tim boi tiém nang thay thé hoan hio cho
terphthalic acid (TPA) trong cong nghiép tong hop .
Bén canh d6, polyme din xuat ciia FDCA ¢ nhiing
tinh chét tuong tu dic biét voi polyme twong mg ciia
TPA.

Polyme dan xuét cia FDCA va ethylene glycol,
PEF, lan dau dugc tong hop va khao sat tinh chat boi
Gandini va ddng nghiép théng qua phan t(ng
polytransesterification voi xac tac Sb,Os [8]. Dua
trén két qua nay, PEF cung v6i mot loat polyme dan
xuit cia FDCA va diol tiép tuc duoc téng hop va
khao sat tiém nang ing dung [9]. Nhiing két qua phén
tich cho thay ‘polyme chira vong furan PEF c6 cau
tric, tinh chat nhiét, co tinh,... tuong dong véi
polyme din xuat xtia TPA tuong ung [10], nhung
ddng thoi tinh chét thim thdu oxygen, nudc, carbon
dioxide to ra wu vi¢t hon trong ung dung dong goi
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[11,12]. Cung v&i viée khao sat tinh chat, phan tng
polyme héa ciing dugc cai tién va phan tng tring
ngung nong chay dugc sir dung phd bién hon vai xuc
tac titanate, thay thé cho antimony bdi hoat tinh cao,
cling nhu an toan hon véi méi truong [13].

Cung v6i muc tiéu thay thé PET, poly(butylene
terphathalate) (PBT) ciing la mot trong nhu’ng polyme
quan trong can c6 giai phap thay thé bang nhiing
polyme ¢ tinh bén vitng hon. Twong tu PET va PEF,
polyme tiém ning thay thé cho PBT la PBF -
poly(butylene furan-2,5-dicarboxlyate) bdi su tuong
déng vé clu tao phan t. Sy tao thanh PBF tir cac
monome la FDCA va butylene glycol cling di qua
phan ung trung ngung nong chay hai giai doan.

Trong nghién ctu nay, PBF da duoc tong hop
va dic trung hoa bang cac phép phan tich: 'H NMR,
IR, DSC, TGA. Qua d6 danh gia nhtng tinh chit
nhiét cua polyme giau tiém ning nay dé dua ra mot
két luan so lugc vé kha niang thay thé PBT ciia né.

2. Thue nghiém
2.1 Hod chit

FDCA (CAS: 3238-40-2) va 1,4-butanediol
(CAS: 110-63-4) dugc cung cip boi cong ty Sigma -
Aldrich. Titanium tetraisopropoxide (CAS: 546-68-9)
dugc mua tir Energy Chemical.

2.2 Tong hop PBF

Phan tng trung ngung tryc tiép dugc thuc hién
theo quy trinh da dugc Zhu va dong nghiép phat trién
[14].

1,56 g FDCA va mdt luong du butane-1,4-diol
(ti 1€ 1:3) dugc dua vao mdt binh Schlenk 100ml,
theo d6 1a thém mot thé tich thich hop xtic tac
Ti(OiPr)s (10 mg/ml Ti(OiPr)s trong 1,4-butanediol)
[14]. Sau d6 binh Schlenk dwoc két ndi voi mot sinh
han Dimroth. Hé phan tmg duoc nap diy véi argon,
sau d6 thay thé bang chan khong; qua trinh nay 1ap lai
3 1an dé chic chan oxygen da duoc loai bo hoan toan.

Giai doan dau cua phan tng dugc thuc hién véi
moi truong argon. Nhiét do dugc nang dén 150 °C va
giit trong 2 h, sau d6 nang 1én dén 175 °C trong 12 h,
va cudi cting 200 °C trong 4 h. Tiép theo trong giai
doan 2, nhiét d6 dwoc giit 6n dinh tai 200 °C cung véi
diéu kién chan khong trong 8 h.

Trong ca hai giai doan, h¢ phan tmg duoc khudy
tron bang khudy tir voi tée d6 300 rpm.

San pham dugc lay ra khoi binh phan tmg bang
thia khi con nong chay, sau d6 dugc lam ngudi tir tu
duoi nhiét d6 phong. PBF ¢6 mau vang néu hoi trong
sudt, ctimg va gion. Theo thoi gian, PBF chuyen dan
sang mau nau duc. PBF khong tan trong hau hét cac
dung moi khao sat, chi tan tot trong TFA va tan it
duogc trong DMSO nong.
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2.3 Dac trung hoa

Phé6 'H NMR dugc do trong dung moi
Trifluoroacetic acid-d st dung Bruker Avance 300
spectrometer voi dau do QNP 300 MHz. Tinh chét
nhiét cua san phim dugc nghién ctru dua vao két qua
phéan tich trong lugng nhiét (TGA) va phan tich nhiét
quét vi sai (DSC). Méu phan tich dugc do bang may
phéan tich Shimadzu DTG-60H trong khoang nhiét o
tir 25 °C t6i 600 °C v6i toe do gia nhiét 10 °C/phit.
Phé héng ngoai dugc thuc hién trén mady ATR/FTIR,
Bruker TENSOR 27 FTIR.

3. Cac két qua va thao luan
3.1 Céu triic polyme

Két qua phan tich "H NMR va ATR-IR cho thiy
cAu trac ctia PBF 1a thang — twong tu cac polyeste phd
bién.

Dao dong cac lién két cua polyme cho nhirng tin
hiéu dic trung trén phd IR trong hinh 3: vong furan
tai 1574 cm™ (C=C) va 3113 cm™' (=CH), nhém este
tai 1715 cm™! (C=0) va 1266 cm™' (C-0), —CH no
tai 2967 cm™ .

Phd 'H NMR thé hién trén hinh 2 cho thiy tin
hiéu cta hydrogen vong furan tai gan 7,5 ppm, nhom
CH,-O gin 4.5 ppm, cing v6i nhom tin hiéu
hydrogen cua mach no trong khoang 1-2 ppm. Su
Véng mat cua tin hi¢u hydro cia FDCA tai 7,29 ppm,
déng thoi ti 16 cac tin hiéu déu rat géin v6i hé s6 ti
lugng ching t6 FDCA da phan tng hét, ciing nhu
ruou da duoc loai bo hoan toan bf“mg chan khong.
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Bén canh nhling tin hi¢u chinh trén phé 1a d6 polyme hoa DP [15]. O day, két qua phan tich
'"H NMR, céc tin hi¢u gan cho cac nhom chirc dau v6i mau PBF ¢6 dugc DP = 44, ung v6i trong luong
mach dugc tim thay tai 4,2 ppm va 7,4 ppm; bang phéan tu trung binh s6 (M,) cua polyme bang:
cach tinh ti 1¢ tich phan cuong d¢ tin hi¢u giira tin _ L _ 3
hiéu chinh va end-group tuwong tmg, gia trj thu dugc My = DP X Mniusien = 44 x 210 = 9,24 x 10° (g/mol)
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Hinh 4. Pudng cong DSC va TGA cua PBF.

3.2 Phdn tich nhiét

Mau polyme khéng trii qua bét cir qua trinh xtr
li nhiét nao trudc khi duge giri di dé thyc hién cac
phép do.

3.2.1 Phdn tich nhiét quét vi sai DSC

Qu4 trinh phén tich nhiét quét vi sai dugc bit
dau tir 25 °C t¢i 600 °C véi toe o 10 °C/phut. Puong
cong DSC thu duoc cho thiy nhiing qué trinh nhiét
Xy ra v6i mau polyme khi chju tac dung cua tic nhan
nhiét bén ngoai. O diy, c6 mot peak thu nhiét dang
chu y tai 159 °C (peak temp tai 167 °C), twong ung
v6i diém nong chay cia PBF. Két qua nay tuong
duong véi mau PBF duoc Poulopoulou va dong
nghiép tong hop gan day véi diém nong chay tai
khoang 160 °C [16].

Nhu vay, nhiét 46 néng chay cua PBF th?ip hon
kha nhiéu so véi polyme tuong tu dan xudt cua TPA
la PBT (224 °C) [17]. Trong didu kién lam nguoi
cham khi dugc tong hop, PBF ket tinh hinh thanh cau
trac tinh thé trat ty. Vi vay, mau do khong cho sy
thay doi 16 rang trén duong cong DSC tng véi nhiét
d6 ho4 thuy tinh 7,. Mot quy trinh bao gdm gia nhiét
nong chay va lam lanh nhanh véi nitrogen 16ng nhim
tao mau vat liu vo dinh hinh cidn duoc thuc hién
trude khi c6 thé do dac dugc T, tir phép phan tich
DSC.

3.2.2 Phdn tich nhiét trong luong TGA

Phép do TGA duoc thuc hién song song cung
DSC va ciing c6 nhitng tham sé phép do nhu trén.
Két qua cho thiy mau PBF chi bat dau phan huy tai
300 °C va sy sut giam khéi luong tré nén 1o rang tai
357 °C (onset temp cua qua trinh phan huy) vdi tong
cong khoang 90% khdi lugng mét so véi ban dau. Su
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bién thién khdi lwong trong qua trinh phan huy nhin
chung tuong ty véi PBT, mic du nhiét do bat dau
phan huy cia miu do PBF nay van thip hon kha
nhiéu (442 °C cua PBT) [14].

4. Két luan

Polyme sinh hoc PBF mong mudn da duoc tong
hop thanh cong tir FDCA va butane-1,4-diol bang
phan ung trung ngung hai giai doan su dung xuc tac
Ti(OiPr)s. Cac két qua phan tich nhiét cho thiy nhiét
d6 néng chay cua san phém PBF la 159°C va nhiét 30
phan huy 1a 357 °C. Nhing két qua nay déu thap hon
s0 voi gia tri tuong ung cua PBT. Tuy Vay, ching van
nam trong yéu ciu bén nhiét cho san xuat va nhing
muc dich st dyng co ban ma PBT dang dwoc ung
dung (vt liéu cach dién va db dung noi that,...).

Bén canh do, boi han ché vé& mat thiét bi (khudy
co, do chan khoéng,...), nhitng diéu kién thuc nghiém
khi tong hop polyme trong nghién ctru nay chua dat
toi su t01 wu dé c6 thé nhan duoc dugc san pham
polyme tot nhat. Do vay, v6i nhiing su cai thién vé
diéu kién thyc nghiém, san pham polyme sinh hoc
PBF dugc trong doi s€ cé nhitng tinh cht nhiét tot
hon.

Mit khac, kha nang Gng dung ciia mot polyme
can duoc danh gia qua tong thé tinh chét co nhiét cua
n6. Vi vy, cac nghién ctru sdu hon can duoc tiép tuc
tién hanh va phan tich dé c6 duoc sy danh gia chinh
x4c hon. Trong thoi gian t6i, chung t6i s& t6i wu
nhing diéu kién dé c6 duoc polyme phan tir khdi cao
v6i PBF, ciing nhu nhimng polyme dan xuét khac cia
FDCA, dong thoi phéan tich va danh gia nhiing dic
trung va tinh chét co nhiét ciia chung.
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