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TOM TAT

Nghién cuu dwoc thuc hién nham muc dich téng hop nhua
polyester nhiét déo thong qua viéc tong hop mono chloride nhwa
théng maleic (RMA-CI) bang phan ing giita nhia théng maleic
(RMA) voi SOCL;. Sau do, RMA-CI dwoc phan ung voi 1,6-
Hexandiol (HDO) (o ti ¢ duong luong 2:3) dé tao thanh polyester
nhiét déo sinh hoc véi chi sé acid nhé hon 30. Cdu triic cia san
pham dwge phén tich bang phwong phdp pho hong ngoai(FTIR),
va cong hwong tir hat nhan (1H-NMR). Két qua cho thdy da tong
hop thanh cong nhya nhiét déo sinh hoc polyester Logi nhua nay
mang nhleu kha nang u'ng dung trong tuong lai vi thay thé nhira ¢6
nguon goc tir dau mé va cé nguon goc thién nhién.

Tie khéa: Mono cloride cua nhuya thong maleic, nhua thong
maleic, polyester nhié¢t déo sinh hoc

ABSTRACT

This study aims to synthesize thermoplastic polyester by preparing
the mono chloride maleic rosin (RMA-CI) by the reaction between
Rosin-Maleic Anhydride Adduct (RMA) and SOCI,. Then RMA-CI
will be reacted with 1,6- Hexanediol (HDO) (at 2:3 molar ratio) to
create bio-based thermoplastic polyester with an acid number
lower than 30. The structure of the synthesized product was
evaluated using some analysis methods such as Fourier-Transform
Infrared (FTIR) and Hidro-Nuclear Magnetic Resonance ('H-
NMR). These results demonstrated that the bio-based polymer was
successfully synthesised. The properties of the bio-based resin hold
significant potential for future applications as a substitute for
petroleum-based plastics.

Keywords: Bio-based thermoplastic polyester, maleated rosin, rosin-
maleic anhydride adduct
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1. GIOI THIEU

Do gia dung va bao bi tir nhya mang lai nhiéu
tién loi cho cudc sdng con ngudi vi gia thanh ré, da
dang vé hinh dang, mau sdc va co do bén khéac nhau.
Do d6, ching dugc sir dung pho bién trong xa hoi
hién dai tir nhitng vat dung nho hang ngay nhu: tai
nhua, 6ng hut, hop dung thuc phé‘im,... cho dén
nhitng vat dung sinh hoat nhu thau, bon,... Thé
nhung, d.'?mg sau su tién dung d6 chinh la mot mbi
nguy hai cho méi trudng (Thanh et al., 2023). Do
tinh chat kho phan hity nén ngay ca khi dugc chon
14p vao dét, chung van ton tai hang trim nam lam
thay dbi tinh chét vat 1y cua dit, dong thoi gy 6
nhiém moi _trudng dét, anh huong dén sy phat trién
clia cdy trong, theo thoi gian s& bi phan rd thanh
nhitng manh nhya véi rat nhiéu kich c¢& khac nhau
nhu: micro, nano, pico... Nhitng manh vi nhya nay
s& 1dn vao dat, moi truong va khong khi... khién cho
cac loai sinh vat bién, chinh con ngudi an phai, dua
ching vao co thé de doa dén stc khoe. Con riéng
v6i nhiing loai rac thai nhua dbt dé xu 1y, sinh ra cac
loai khi doc bao gdm khi dioxin, furan... anh hudng
rat 16n dén tuyén noi tiét, giam kha nang mién dich,
thdm chi gdy ung thu (Thanh et al., 2023). Mat khac,
da sb cac loai nhya hién nay dugc tong hop tur ngudn
nguyén lidu hoa thach (dau moé); cac ngudn nguyén
liéu nay sé& can kiét trong tuong lai va lam han ché
su phat trién bén viing (Rauilya & Ilshat, 2022).

V6i nhitng vén dé trén, «cac loai nhya (polymer)
dugc téng hop tir cac ngudn nguyén liéu sinh hoc
(biobased)- chi yéu 1a san phadm hodc phu pham tir
cac loai cay nong nghiép hoac nong nghiép nhu ngd
cu cai duong, mia,.. ., hodc cac loai cay cong nghiép
nhu thong,...) da va dang dwoc nghién ctru dé gitp
giam sy phu thugc vao ngudn tai nguyén hoa thach
dang han ché va tao duoc loai polymer ¢ kha nang
phan huy sinh hoc nhdm muc tiéu giai quyét cac van
dé trén. Trong tuong lai, cac loai polymer nay s& tro
nén phd b1en va dan thay thé céc loai polymer tong
hop tir nguon nguyén liéu hod thach nham giai quyét
van dé moi truong va phat trién bén vimg (Arif,
2022; Rauilya & Ilshat, 2022).

Hién nay, nhua polyester sinh hoc dang dugc
nghién ctu rong rdi boi nhitng kha nang cua nd
trong viéc su dung thuc vat sinh khéi dé san xuét
nhya sinh hoc tao thanh (Zhang, 2021). Trong do,
¢6 thé ké t6i nhu viéc nghién ctru ciia Roohi et al.
(2018) vé polyhydroxybutyrat (PHB) c6 kha nang
phan huy sinh hoc dugc Gng dung trong ciy ghép y
té va hé thong phan phdi thude co kiém soat hodc la
du bang nhya polyester c6 nhing déc tinh t6t nhu co
kha ning phan huy sinh hoc nhung thi phan cta poly
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(butylene succinate) va cac polyester c6 kha ning
phan huy sinh hoc ¢6 lién quan vao cudc séng hang
ngdy dudng nhu kha cham chi yéu do gia thanh
tuong ddi cao. Pé vuot qua kho khin nay, cic nha
khoa hoc da nghién ctru viéc bd sung tinh bot cod thé
phan huay sinh hoc vé&i chi phi thdp vao poly
(butylene succinate-co-butylene adipate) nhu cach
dé san xudt cac hop chat c6 kha ning phan huy sinh
hoc v6i kha ning canh tranh vé chi phi, dong thoi
duy tri cac tinh chit co hoc va kha ning xir 1y t6t.
Tién si Lee va cac cong su da téng hop mot loat cac
copolyester béo/thom bang cach da tu acid succinic,
dimethyl terephthalate va 1,4- butanediol, dong thoi
danh gia cac dac tinh vt liéu va kha nang phan huy
sinh hoc cua chiing (Okada, 2002).

Xuét phat tir cac van dé néu trén, dé tai nay tap
trung nghién ciru tong hop nhya polyester sinh hoc
to nhya thong maleic (Kay et al., 1984, 1990;
Gatvert et al., 1995; Rauilya & Ilshat 2022), nham
tao ra kha nang thay thé cac san pham co nguon gbe
tur nguon hoa thach dang can kiét, gop phan giam
thiéu rac thai nhya gay 6 nhiém moi truong. Sy hinh
thanh nhya nhiét déo sinh hoc vdi chi s6 acid nho
hon 30 da duoc x4ac nhan thong qua phuong phap
quang phd hdng ngoai bién ddi Fourier (FTIR) va
quang phd cong hudng tir hat nhan proton
('H-NMR).

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu

Nhya thong maleic (RMA) hang cong nghiép
dugc mua tir Cong ty Hoa pham Tung Viét , 1,6-
Hexandiol (HDO) hang cong nghi¢p dugc mua tir
cong ty hoa chat TNJ. SOCI,, Ethanol (CH;CH,OH)
dugc mua tr  Mackilin, Trung Quéc.
Dimethylformamide =~ (DMF), Triethyelamin,
Chloroform va Toluen dugc mua tir Merck, Purc.
Natri Hydroxide (NaOH) d¢ tinh khiét >96% dugc
mua tir Xilong, Trung Qudc. Tt ca cac hoa chat déu
dugc xem xét ki han sir dung, ngudn gbe trude khi
su dung.

2.2. Tién hanh thi nghi¢m

2.2.1. Téng hop monoacid chloride ciia nhua

thong maleic

Phan tmg tong hop RMA-CI dugc trinh bay &
Hinh 1.

Trudc tién, 20 g RMA duoc hoa tan véi 30 ml
ethanol, sau d6 cho vao binh cu 3 ¢6 200 ml, 1§p hé
thong dun hdi luu, gia nhiét tai 70°C. Tiép theo,
7,14g SOCl, dugc cho vao binh cAu va thuc hién
phan tng trong 5 gid & nhiét 6 70°C. Sau khi két
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thic phan tmg, hén hop dugc hoa tan véi 90 ml
toluen (dé tao hé dang phi véi ethanol), dung c6
quay chan khong dé bdc hoi hé dung moéi va 16i cudn

SOCI; du ra ngoai.
0 0
CH _'\ SOCl cH _\
chy 0 —> cH{
CH; CHs
HOOC” “CH, ‘{ CIOC” CH; ‘(

Hinh 1. Phén tng téng hop RMA-CI1

San pham tho dic dwoc hoa tan trong 60 ml
chloroform, két tia trong 200 ml n-hexan dé lam
sach. San pham két tia duoc sdy ¢ 80°C trong 8 gio,
thu dugc MRA-CI sach.

2.2.2. Tong hop nha polyester nhiét déo

sinh hoc

Pau tién, 7,736 g RMA-CI dugc hoa tan trong
30 ml DMF va dwa vio trong binh cu ba ¢b 250 ml.
Sau d6, dung dich HDO (3,272 g HDO trong 20 ml
DMF) va 1,867 g triethylamine dugc cho vao binh
cau. Hé théng duogc 1ap theo dang tong hop hoan luu,
nap khi tro (nito), thuc hién giai doan 1 cua phan
ung 6 nhiét d¢ 35°C trong 3 gio (Hinh 2).

0

0
c \ CH \
+
HO\/\/\/\OH _> Ca i{
CH;

Hinh 2. Phan ng téng hop nhua polyester nhiét
déo sinh hoc, giai doan 1

a0 ch, HO-(H,C)-00C” CH,

Sau khi hoén thanh giai doan dau, hé duqc gia
nhiét va khuay ¢ nhiét 36 165°C trong 5 gio d¢é thuc
hién phan Gtng mono ester (Hinh 3).

0
‘K 165°C
CH +
HOWV\OH _—

1,

HO-(H,C)s-00C” CH,

0
L 0-(CHz)s-OH
CH

CHJ

R
CH3

OH
HO-(H,C)s-00C” "CH
Hinh 3. Phan trng tﬁng hgp nhwa polyester nhiét
déo sinh hgc, giai doan mono ester

Sau giai doan mono ester, gia nhiét hé phan ung
1én 200°C, 14p dit hé thong 16i cudn hoi nudc bang
xylen nham tach nudc ra khoi hé phan tmg dé ting
hiéu suét cho giai doan tao polymer bing phan ting
da ty (Hinh 4). Trong qua trinh phan tng, chi s6 acid
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(CA) cta hon hop dugc phan tich lién tuc va phan
ung dugce xem 1a ket thac khi CA dat can bang (CA
=24).

0
0
i y
AL 0.(CHy)sOH o 0-(CHz)s"OH
CH
cH —_— CH + HO
o Chls
*r-OH HOL(H,C)-00C” CH o
HO-(H,C)-00C” CH, T ((HCls s

Hinh 4. Phan &ng téng hop nhwa polyester nhiét
déo sinh hoc, giai doan da tu

Khi két thiic phan tng, 1am ngudi hdn hop phan
g vé 100°C, sau d6 ding nudc lanh (5°C) dé rira,
ling, chiét tach hdn hop nhiéu lan dé lam sach cac
thanh phan khong phan tmg (qua trinh 1dp lai 3 lan).
San pham sau rira duoc siy chan khong trong 9 gio
o nhiét 0 90°C. Sau do, san pham nay dugc tinh ché
thém bang cach hoa tan trong DMF, két tua lai bang
methanol va sdy kho trong chan khong trong 9 gid &
nhiét d6 90°C.

2.3. Phuong phap phéan tich

2.3.1. Chudn chi sé acid

Gidy cellophane (loai gidy trung tinh chiu nhiét
va khong tan trong bat ky dung moi nao nao) dugc
ding dé chira mau, can chinh xac 0,1 g miu. Sau do,
mau dugc hoa tan trong 20+25 ml dung méi acetone
trong binh tam giac, cho vai giot phenolphtalein.
KOH duoc dung dé chura trong buret chuan do dung
dich mau vira pha, khi dung dich chuyén sang hong
nhat bén trong 10+15 gidy thi ding.

2.3.2. Cdc phiong phdp phan tich mau

RMA-CI va Polyester nhiét déo dugc phan tich
chu trac bang ATR-FTIR va '"H-NMR. ATR-FTIR
duoc thuc hién trén may Nicolet 6700 (Thermo), 0,5
mg mau dugc hoa tan trong 1 mg CDCl; va 'H-
NMR dugc thuc hién trén may Avance 111 500 MHz
(Bruker).

3. KET QUA VA THAO LUAN
3.1. Chi sb acid

Su thay dbi chi sb acid theo thoi gian ciia phan
{ng tong hop polyester nhiét déo sinh hoc dugc biéu
dién & Hinh 5.

D6 thi ¢ Hinh 5 cho thdy chi s6 acid & hé déu
giam déan theo thoi gian phan tng, diéu nay chimg
to phan Gmg polyester hoa ¢6 hi¢u qua. Déc biét, chi
s6 acid cac mau giam manh trong 30 phut dau tién
ctia phan g va thp dan & cac gio tiép theo. Didu
nay c6 thé giai thich 1a do & giai doan dau 1a phan
ung tao monoester 1 cua diol va cua nhom acyl
cloride, lic nay tdc d6 phan (mg xay ra nhanh, lam
chi s6 acid giam nhanh.
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id (mg KOH/g)

iso aci

-

Ch

0o —+——+—+—+—+t+—t++++++t+

0 60 120 180 240 300 360 420 480

Thoi gian (Phut)

Hinh 5. Biéu db chi sb acid ciia phan ing
polyester hoa giira HDO va RMA-C1

Hon nita, chi s6 acid ctia phan {ng giam manh
sau 180 pht, sau d6 thi chi sb acid giam va thip dan
& thoi gian tiép theo. Piéu nay dugc giai thich 1a do
phan ng tao monoester 2 giita maleic anhydride va
nhom diol, ltc nay khi gia nhiét 1én 165°C, tde do
phan (g xay ra nhanh, lam chi s6 acid giam nhanh.
Cang vé sau, cac monoester tham gia phan ting tring
ngung va tach ra H,O cang nhiéu, nong do tic chat
cang giam lam giam tc d6 phan tng nén chi sé acid
giam cham va c6 xu thé dat can bang & 30.

Chi s6 acid do dugc cua cac mau giam va khong
con thay dbi sau khoang 8 gio phan ung, tic la & do
phan (mg x4y ra t6i da c6 thé voi diéu kién phan tmg
nhu trén.

3.2. Phén tich ciu tric

Dé theo ddi sy thay dbi cdu triic cta cic san
phim trong cic budc tong hop, cac miu RMA,
RMA-CI va polyester nhi¢t déo dugc phan tich
bang phwong phap phan tich ATR-FTIR trén may
Nicolet 6700 (Thermo) (Hinh 6).

Hinh 6 cho thdy mau nhya théng maleic c6 dinh
0 vitri 1700 cm -1 d4c trung cho nhém C=0 co trong
mau, pho rong thé hién nhom —COOH xuit hién
trong cAu triic cia RMA. Ngoai ra, con c6 sy xuat
hién cua céc dinh & vi trf 2935 cm™! 14 dao dong kéo
gidn cuia cac nhom —CH,- va dinh & vi tri 1278 cm’!
1a dao dong kéo gidn cua lién két C-O trong miu
RMA. Binh & vi tri 1565 cm™ 1a dao dong kéo gidn
ctia lién két C=C c6 trong mach RMA.
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Hinh 6. Pho FTIR giira RMA, RMA-Cl va
Polyester nhiét déo

RMA-CI sau phan tmg, ta c6 thé thay rd trong
phé 6 xuat hién dinh didc trung (-C=0) cho lién két
C=0 cua acyl cloride & budc song 1721 cm'. Diéu
d6 chimg minh phan mg giai doan 1: Téng hop
RMA-CI giita RMA va SOCI, di dién ra va c6 su
xuit hién ciia nhom chirc (-COCI). Tuy nhién, su
xuét hién ctia dinh & vi tri 1700 cm™ 1a ddc trung cho
C=0 cta nhom -COOH cho thiy qua trinh phan ting
dién ra khong hoan toan, van con lugng du RMA.
Ngoai ra, dinh & vi tri 1278 cm™' 1a dao dong kéo
gidn cta lién két C-O ¢ cudng d6 nho hon, diéu d6
cho thdy phan tng tong hop RMA-CI giita RMA va
SOCI, d4 dién ra thuan lgi. Nhya nhiét déo polyester
sau phan tng c6 sy xuét hién ciia cac dinh déc trung
cho cac nhom lién két ester gdm dao dong kéo gidn
cua lién két -C=0 tai vi tri 1730 cm™ va =C-O- & vi
tri 1278 cm’'. Sy xuit hién cho thiy phan tmg
polyester hoa giira RMA-CI va HDO da dién ra va
¢ sy xuét hién ctia nhom chire (-COO0). Bén canh
d6, nhom -OH dugc tim théy tai vi tri dinh 3443 cm
I, cudng d6 cua dai hydroxyl bi che khuét va rit nho.
Su xuat hién ctia nhoém —OH cho thay phan tng dién
ra khong hoan toan, van con luong du HDO véi
nhém chire (-OH) trong mach. Cau tric cta cac san
pham ciing dwoc phan tich bang phuong phap phan
tich NMR trén may Avance III 500 MHz (Bruker)
(Hinh 7, va 8)



Tap chi Khoa hoc Pai hoc Can Tho

3 10 3,4,5
4 CH 3 N h
5 CHy °
C: e
cloc” “CHs 15

——

2 1
U,LUU_JL
11 1 Iu a 8 ; 6‘ 5 '-"l 3 é ‘II 0

Hinh 7. Ph6 '"H-NMR ciia RMA-CI
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Hinh 8. Phd "H-NMR ciia polyester nhiét déo

Phd 'H-NMR ¢ Hinh 7 cho thdy sy xuét hién caa
c4c dinh dic trung cho timg nhdém c6 mit trong cau
trac cia miu RMA-Cl dwoc tong hop tir
RMA/SOCI, & ty 1& 1:4 ing v6i d6 chuyén dich hoa
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