Tap chi Khoa hoc Pai hoc Can Tho Tép 60, S6 44 (2024): 82-87

s

Tap chi Khoa hoc Bai hoc Can Tho SR

Trung Bt Cn e

ISSN 1859-2333 | e ISSN 2815-5599

DOI:10.22144/ctujos.2024.387

TONG HOP VAT LIEU RAN Zr-MOF XUC TAC PHAN HUY
POLYETHYLENE TEREPHTHALATE

Nguyén Bui Thi Qué Tran, Nguyén Minh Thy, Nguyén Hai Hiéu, Nguyén Phuong Duy, Diép Lé
Ha Tho va Nguyén Thi Tuyét Nhung”

Khoa Sw pham, Trieong Pai hoc Can Tho

*Tac gia lien hé (Corresponding author): tuyetnhung@ctu.edu.vn

Thong tin chung (Article Information) TOMTAT ,

Vat liéu khung lai héa hitu co - kim loai dwoc tong hop thanh cong
Nhan bai (Received): 25/10/2023 trong nghién cuu dwa trén tam kim logi zirconium (Zr-MOF) tur
Sita bai (Revised): 10/01/2024 mudi zirconium tetrachloride (ZrCly) va linker terephthalic acid
Duyét dang (Accepted): 17/03/2024 (H:BDC) trong dung moi N,N- dzmethylformamzde (DMF) o

120°C. Cdu triic cia vdt liéu dwoc xdc dinh bang phwong phap
Title: Synthesis of Zr-MOF for catalyst nhiéu xa tia X dang bét (PXRD) va hinh théi dwoc quan sdt bang

degradation of Polyethylene kinh hién vi dién tir quét (FE- SEM). Thanh phan nguyén 6 trong
Terephtalate cau triic ciing dwoc phan tich bang phé tan xa nang lwong tia X

(EDS). Vit liéu cé d@é bén nhiét cao dwge xdc dinh qua phan tich
Author(s): Nguyen Bui Thi Que Tran, nhiét trong lwong (TGA). Vit liéu Zr-MOF tao thanh ¢é khd ning

Nguyen Minh Thy, Nguyen Hai Hieu, xtic tac phan vmg phdn hity polyethylene terephthalate (PET) thanh

Nguyen Phuong Duy, Diep Le Ha Tho ] hthali o) ¢ i 25000,
and Nguyen Thi Tuyet Nhung" erephthalic acid (TA) trong 24 gio ¢ .

Tir khod: Polyethylene terephthalate, terephthalic acid, vdt liéu
Affiliation(s): Can Tho University khung co kim, xuc tdc, zirconium

ABSTRACT

In this study, a zirconium-based metal-organic framework (Zr-
MOF) was successfully synthesized using zirconium tetrachloride
(ZrCly) and terephthalic acid (H:BDC) as precursors in N,N-
dimethylformamide (DMF) at 120°C. The crystalline structure of
the material was characterized by powder X-ray diffraction
(PXRD), while its morphology was examined using field emission
scanning electron microscopy (FE-SEM). Elemental composition
analysis was conducted via X-ray energy dispersive spectroscopy
(EDS). The synthesized Zr-MOF exhibited high thermal stability,
as determined by thermogravimetric analysis (TGA). Additionally,
the material demonstrated catalytic activity in the decomposition
of polyethylene terephthalate (PET) into terephthalic acid (TA)
within 24 hours at 260°C.

Keywords: Catalysts, metal organic framework, polyethylene
terephthalate, terephthalic acid, zirconium

dé tim ra huéng giai quyét hop li. Hién nay, da co
nhiéu nha khoa hoc nd luc nghién ciru dé tim ra

Tir 1au, van dé 6 nhidm méi trudong do rac thai phuong phap tai che nhya PET thanh monomer c6
nhya ¢ Viét Nam luén dugc quan tam va nghién ctiru loi nham giai quyét van dé méi trudong va mang lai

1. GIOI THIEU
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hiéu qua kinh té. Cac qua trinh hoa hoc phan hiy
PET phé bién nhu thiry phan, methanol hoa, duong
phan (Ikenaga et al., 2016) can su dung nhiéu dung
mdi, tac chat phan huy, ap. suét t phan Ung cao va sinh
ra nhidu san phidm phu can t6n nhiéu cong strc dé
tinh ché (Yang et al., 2002). Mot vat liéu xuc tac thé
hién kha nang chon loc cao, do bén cao va co kha
nang tai s dung 1a cac yéu td quan trong. Ngoai ra,
s0 v6i cac chat xuc tac vo dinh hinh, chat xuc tac két
tinh ¢6 cdu trac dugc xéac dinh rd v6i vi tri tim hoat
dong dugc phan bd déu din, khong chi mang lai lgi
ich cho sy hiéu biét vé co ché xtic tic ma con c6 kha
ning cung cap hiéu biét vé mdi quan hé giira hoat
tinh va cdu trac xtc tac. Tir d6 cac bién phap nhim
nang cao hiéu qua va tinh chon loc cua xuc tac dugc
phat trién théng qua thiét ké ciu trac chit xuc tac
phan huy polymer thé hé méi.

Vit liéu khung lai hoa hitu co kim loai (Metal
Organic Frameworks - MOFs) dugc nghién ctu
trong dé tai nay 1a mot loai vat ligu ran két tinh ¢
do Xép cao, dién tich bé mat riéng 16n va co6 do bén
nhiét cao (Chen et al., 2020). Day la vat li¢u dang
két tinh, dugc tong hop tir ion kim loai lién két phdi
tri véi nhitng phan ti hitu co. Cac tdm kim loai
thudng 1a cac ion kim loai chuyén tiép c6 kha ning
tao da phéi tri nhu Zn, Co, Fe, Cr, Ti, Zr,. . Trong
do, cau trac cdc cluster kim loai la mot trong cacyéu
t6 méu chdt quyét dinh ciu trac tinh thé MOFs, tir
d6 tao nén tinh chat hoa hoc va do bén cua vt lidu
(Chen et al., 2020). Bac biét, cac vi tri acid Bronsted
va Lewis trén cac cluster kim loai cuia mot s6 MOFs
da dugc chimg minh 1a xuc tic cho nhiéu phan tng
bao gém thuy phan, oxy hoa, khir nudc va ester hoa
(Jiang et al., 2015). D c6 rat nhiéu nghién ctru vé
kha nang su dung céc vi tri tdm Cu, Zn, Fe 1am xac
tac cho mot sb phan ing nhu chuyén hoa a-pinene
oxide (Alaerts et al., 20006), acetal hoa benzaldehyde
(Dhakshinamoorthy et al., 2010), cyanosilyl hoa
(Neogi et al, 2009), phan ung Friedlander
(Pérez-Mayoral et al.,, 2012), epoxy hoa alkene
(Song et al., 2010), cdng md vong epoxy (Hindelang
etal., 2012). Gan day, MOFs dua trén tam kim loai
zirconium (Zr-MOFs) da thu hit sy quan tdm rong
rdi do tinh én dinh nhiét va hoa hoc tuong ddi cao
va tinh linh hoat cta viéc xuc tac mot loat cac bién
ddi hoa hoc. Chéng han, xuc tac acid Lewis, xuc tac
hydro hoa, xtiic tac oxy hda va xuc tac quang (Alaerts
et al., 2006).

Trudc nhitng vu diém ndi bat vé cAu tric cua vat
liéu MOF dua trén cluster Zirconium oxide, téng
hop Zr-MOF dinh huéng xuc tac phan huy PET tir
nhya phé thai dugc lya chon. Trong nghién ctru nay,
cac diéu kién téng hop vat liéu Zr-MOF tir mudi
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ZrCl, va linker H,BDC trong dung m6i DMF duogc
khao sat. Muc tiéu cua nghién ctu 1a tim ra dugc
nhitng diéu kién khac nhau vé ndng d6 cia H,BDC,
ti 1¢ mol H,BDC/Zr, nhiét d9, thoi gian phan tng dé
thu duoc vat liéu Zr-MOF c6 d6 két tinh cao va tinh
khiét. Ngoai ra, vat liéu Zr-MOF tao thanh dwoc
dung dé khao sat hoat tinh xuc tac phan hity chét thai
nhya PET gop phan giam luong chét thai nhya gay
6 nhiém moi truong. Qua trinh phan hay PET tir
nhya phé thai thu dugc san phém terephthalic acid
(H2BDC) la mét tac chét ban dau htru ich cho nhiéu
phan tng tong hop hitu co. Diém ndi bat ciia nghién
ctru 1a qua trinh phan huy PET khong stir dung dung
mdi va tac chét phan ing gy 6 nhiém khac. Hudng
nghién ctru nay hién con it cong bé trén thé gidi (Wu
et al., 2022) va chua dugc nghién ctru ¢ Viét Nam.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi, hoa chat

Cac mau nhiéu xa tia X dang bot (PXRD) dugc
do trén may Bruker D8 Advance sir dung CuKa da
duoc loc Ni (A = 1,54178 A) va hoat dong & 40
kV/30 mA. Gian d6 PXRD duoc ghi nhan & goc 260
=3-50 ° v6i tbe d6 quét 0,01 °.s™!

Hinh thai va thanh phan nguyén t ctia cac mau
dugc phan tich bang thiét bi FESEM (S-4800,
Hitachi, Nhat Ban) dugc trang bi phan tich pho tan
xa nang lugng tia (EDS, Nhat Ban) ¢ dién ap 15 kV.

Céac duong cong phan tich nhiét trong luong
(TGA) duoc ghi nhan trén thiét bi phan tich nhiét
TGA Q500 trong dong khi Nitrogen, mau dugc gia
nhiét & toc d6 10 °C/phut tir 30°C dén 750°C.

Phé IR duoc xac dinh boi may quang phd hong
ngoai bién d6i chudi Shimadzu IRAffinity-1S (Nhat
Ban), Option bd do mau nhanh QATR 10 Shimadzu,
khong can nén vién va phii KBr.

Gian d6 phd cong hudng tir hat nhan NMR duoc
do bdi may AVANCE III HD 500 MHz, Bruker
Biospin, Switzerland & 500 MHz frequency trong
dung m6i DMSO-d6.

Hoa chit dugc sir dung trong nghién ctru gom:
zirconjum  tetrachloride  (ZrCly)  xudt  xr
Sigma-Aldrich;  1,4-benzenedicarboxylic  acid
(H,BDC) dugc mua tr hang Thermo Fisher
Scientific; N,N-dimethylformamide (DMF) cua
hang VN-Chemsol (d6 tinh khiét > 99,8%); Formic
acid ¢6 xuat xit Trung Quéc (d6 tinh khiét > 88%);
Acetone dugce mua tir hing Fisher (d6 tinh khiét >
99,8%); polyethylene terephthalate (PET) dugc cét
tir vo chai nude sudi (da duogce xir li voi NaOH) theo
tai li€u tham khao (Thuy va ctv., 2014).
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2.2. Quy trinh téng hop vét liéu Zr-MOF

ZrCly (0,1405 g, 0,603 mmol) va H,BDC
(0,1002 g, 0,603 mmol) dugc hoa tan trong 10 mL
DMF. Hon hop dugc danh siéu am trong 20 gidy va
cho vao lo 20 mL. Sau d6 3,4 mL dung dich
HCOOH dugc thém vao hdn hop phan ng va nung
& nhiét d6 120°C. Sau 24 gid, bot két tinh mau tring
dugc tao thanh va ling xubng day lo. Céc tinh thé
sau d6 dugc ly tim va rira baing dung dich DMF (3
x 5 mL) trong mdt ngay va sau dé trao d6i dung moi
vdi acetone (6 x 5 mL) trong hai ngay. Vat li¢u dugc
hoat héa trong chin khong trong 24 gio. Chat rin
thu dwoc sau d6 dugc gitr trong lo thuy tinh dé sir
dung cho céc phan tich tiép theo.

2.3. Quy trinh kiém tra hoat tinh xiic tic

phéan hiy polyethylene terephthalate clia
vat liéu Zr-MOF

PET tai ché duoc lay tir vo chai nude sudi, lam
sach, cit nho véi kich thude 5 mm x 5 mm. Sau d6
vat liéu duge xir Iy voi NaOH dé loai bo tap chat
theo quy trinh dd cong bd cua Thuy va ctv. (2014).

PET (57,651 mg, 0,3 mmol) va vt li¢u Zr-MOF
téng hop (24,961 mg, 0,015 mmol) dwoc cho vio lo
thity tinh véi ti 16 mol MOF:PET la 5% mol. Hon
hop duogc tron déu, dong kin nip va dem nung &
260°C.

Hiéu suat cia san pham dugc xac dinh theo cong
thirc:

mTaA

H% = x 100.

Nmonomer X MTA

mra: khoi lugng TA thu dugc tur thuc nghiém

(2)-

Nmonomer X Mra: khdi lwong TA tinh tir nhya PET
(&)

3. KET QUA VA THAO LUAN
3.1. Phan tich céu tric vét li¢u Zr-MOF

Vit liéu Zr-MOF thu duoc duge phan tich ciu
trac bang PXRD (Hinh 1). Gian d6 PXRD cua
Zr-MOF ¢6 dudng nén bang phing gém céac peak
sdc nhon, chimg to vat lidu tao thanh co do két tinh
cao. Khi so sanh gian dd PXRD ciia Zr-MOF véi
gian dd6 PXRD chuén cia vat liéu UiO-66 di cong
b cho thay hai vt liéu ¢6 cic peak hoan toan phu
hop nhau va khong xuét hién peak la, chimg t6 vat
liéu Zr-MOF tao thanh 1a pha tinh khiét va két tinh
theo dang ciu triic cta vat liéu UiO-66. Tur day
thong tin cAu tric cta vat liu Zr-MOF duoc xac
dinh, nhém dbi xtng Fm-3m va thong sé 6 mang co
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s 1a a = 20,743 A, Vs mane = 8925,13 A3 (Rogge et
al., 2016).

=)
8
k]
(=]
5 d UiO-66 chuan
"2", _J A__A A A :
:8-
()]
c
Ee)
=1
[&]

J J Zr-MOF

A A
10 20 30 40 50
26 (9)

Hinh 1. Gidn do PXRD ciia Zr-MOF dwoc so
sanh véi gidn d6 cia mau chuan UiO-66

3.2. Phan tich hinh thii va thanh phén
nguyén to cia vat liéu Zr-MOF

Hinh 3. Phé EDS ciia Zr-MOF sau hoat hoa

Hinh 2 1a hinh anh SEM cua vét li¢u Zr-MOF.
Qua d6 cho tha"'ly, vat li¢u Zr-MOF thu dugc c6 dang
khéi 1ap phwong véi kich thuéc micromet. Thanh
phin nguyén t§ trong vat liéu Zr-MOF duoc xac
dinh bang phan tich EDS va két qua dugc trinh bay
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¢ Hinh 3. Két’ qué phan tich cho thiy Zr-MOF gdm
cac nguyén to carbon (53,99%), oxygen (27,36%)
va zirconium (18,65%) dung nhu mong doi.
3.3. Phan tich d§ bén nhiét cia vat liéu
Zr-MOF

Khéi lwong (%)

T T T
400 600 800

Nhiét d6 (°C)

T
200

Hinh 4. Gién do TGA caa vt liéu Zr-MOF

Vit liéu Zr-MOF duoc xac dinh dd bén nhiét qua
phéan tich TGA tir 30-900°C trong dong khi nitrogen
(Hinh 4). Két qua cho thay, mau vat liéu Zr-MOF c6
2 giai doan sut giam khoi luong chinh. Cu thé, & g1a1
doan dau su sut giam khéi luwong khoang 33% ¢
nhiét o dudi 370°C c6 thé 1a do sy loai bo DMF bj
hép phu vat ly trong mao quén cia vat liéu va su loai
DMF bén trong 15 x6p cuia vét lidu. Khoi luong vt
lidu dugc gitr khong ddi tir 370 dén 450°C. Khung
sudn cua vt liéu bat dau bi phé hiy khi ndng nhiét
d6 trén 450°C, d6 1a do su phan huy cuia linker BDC
giai phong CO, va cac manh vong thom (Yang et
al., 2018). Két qua TGA cho thay rang vat ligu
Zr-MOF c6 do bén nhiét khoang 450°C.

3.4. Xac dinh sin phim ciia phan Gng phén

hiiy PET c6 xtic tac ciia vat liéu Zr-MOF

Vit liéu Zr-MOF tao thanh duge kiém tra hoat
tinh xtic tac cho phan ing phan huy PET & nhiét d§
260°C khong sir dung dung méi va tac chit phan tmg
khac. Két qua mong doi 1a PET s& bi phan hily tao
thanh monomer don gian nhat1a TA. O nhiét d§ nay
TA s& thing hoa, hoi TA s& ngung ty thanh ran bam
1én thanh binh phan tmg. Tir 46 TA c6 thé duoc thu
gom dé dang dudi dang tinh khiét ma khong 1an tap
chit sau phan mg ndm dudi day lo. Theo d6, dau
tién thi nghiém phan hiy PET duogc thuc hién khong
¢6 su hién dién cua Zr-MOF. Két qua cho théy
khong c6 su tao thanh TA (Hinh 5a). Vi thi nghiém
¢0 su hién dién cua Zr-MOF, ¢6 su tao thanh cac hat
rin mau tring bam trén thanh 6ng nghiém do su
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thang hoa va héa ran tré lai cia TA dung nhu mong
doi (Hinh 5b).

Hinh 5. Hinh anh cac lg sau phéan irng phéan hay
PET

Ghi chi: a) Khéng cé xuc tac Zr-MOF, b) C6 xuc tac
Zr-MOF

Cac hat ran tre“ing két tinh trén thanh lo duoc xac
dinh cdu tric bang phan tich phé 'H-NMR va
3C-NMR. Két qua phén tich "H-NMR (Hinh 6) va
13C-NMR (Hinh 7) ctia san phdm khang dinh sy tao
thanh TA tinh khiét.

Ha
Ha Ha
H (e]
\ Y
J \
HE a

DMSO
H,O

|

43 21

1514131211109 8 7 6 5
Chemical shift / ppm
Hinh 6. Pho "H-NMR ciia sin pham phan hity
PET

Hiéu suat phan huy PET khi ¢6 xuc tac Zr-MOF
khoang 16,45%. Hi¢u suat thu dugc trong nghién
ctru nay khong cao nhu quy trinh di cong bd (Wu et
al., 2022). Mot trong nhitng phuong phap dugc su
dung trong quy trinh ctia tic gia Wu et al. (2022) dé
nang cao hiéu suét 1a thuc hién phan ing trong dong
khi Ar/Hz, nhung kho tmg dung thuc té trong cong
nghiép. Muyc dich tiép theo ctia nghién ctru 1 cai tién
hiéu suit phan hily PET véi quy trinh don gian phu
hop tmg dung thyc té.

Co ché phan hiy PET véi xtc tac cta vat liéu
Zr-MOF ciing duoc Wu et al. (2022) dé xuit nhu
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sau: dau tién, Zr-MOF xuc tic qua trinh phén cit B,
tao ra cac san phdm trung gian 1a cac don vi
carboxylate tdn cung v&i nhom vinyl (1) va cac don
vi carboxylate tan cung voi nhom carboxylic acid
(2). Tiép theo, chat trung gian (1) trai qua qua trinh
hydrogen phan tao thanh san pham chinh Ia cic don
vi trung gian carboxylate (2) va ethylene hodc qua
qua trinh thiy phan tao thanh cac don vi trung gian
carboxylate (2) va acetaldehyde. Cudi cung, chét
trung gian (2) dugc tiép tuc phan hity qua cac budc
i, ii va iii hinh thanh TA.

DMSO
HO N OH
\C \/k ) b ¥
Vi % \\o
Cc
S

220 200 180 160 140 120 100 80 60 40 20
Chemical Shift / ppm
Hinh 7. Phé *C-NMR ciia sin phdm phén hiy
PET

O _—"=~H
o " o
2 Y
/\C—Q—J%J(a—c fé—o—c—@c(
& H I o
l '
i
O e} (o]
H,C—HC—O—C ' O}_@_{
4 s OH
1 2
i \n;u
™ i
HO o HO o)
6‘ : Onnr o; C ;DM
2 2
) \

[e]

B

1

H,C=CH,
HaC

HO o Lii i HC, o
o/) C <om, o; C ;DH
2 TA

Hinh 8. Co ché phan vng phin hily PET dwoc
xuc tac béi Zr-MOF

H
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Vat liéu Zr-MOF sau xuc tac dugc rira véi DMF,
acetone, lam kho va duoc st dung xtc tac cho 3 lan
lién tiép v6i hiéu suat xuc tac khong ddi. Cau triic
cua vat liéu Zr-MOF sau xtc tac duoc xac dinh lai
bang phuong phap PXRD va duoc thé hién & Hinh
9. Hinh 9 cho thy vit liéu Zr-MOF sau xtc tac van
gijﬁ: duoc cAu truc tinh thé cua vat liéu Zr-MOF ban
dau.

Zr-MOF sau xuc tac

Cudng do twong déi (a.u.)

Zr-MOF trudc xic tac

10 20 30 40
20 (°)
Hinh 9. Gian d6 PXRD ciia Zr-MOF sau xtc tic
dwge so sanh véi Zr-MOF truéce xic tac

4. KET LUAN

50

Nghién ciru d3 téng hop thanh cong vat lidu
Zr-MOF trong dung méi DMF ¢ nhiét do 120°C.
Vit liéu tao thanh c6 d9 két tinh cao va do bén nhiét
16n. Nghién ctru cho thdy vat liéu Zr-MOF c6 kha
nang xtc tac cho phan tng phan huy chét thai nhwa
PET khéng can sit dung dung mdi va tac chat hoa
hoc khac. Két qua nghién ctru tir dé tai nay co ¥
nghia quan trong, mé ra dinh hudng nghién ctru cho
mg dung méi cua vat liéu MOF lam chit xuc tac
phan huy hop chét polymer c6 trong chit thai nhya,
g6p phan giai quyét van dé 6 nhiém méi truong.
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