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In the present study, MIL-53(Fe) metal-organic framework material was
applied as catalyst for phenol oxidation reaction in aqueous solution
with H.O, under UV radiation. The materials were characterized using
X-ray diffraction (XRD), and fourier transform infrared spectroscopy (FT-
IR). The effects of reaction time, initial phenol concentration, and initial
pH of the solution on phenol oxidation reactions were investigated. The
results indicated that MIL-53(Fe) could work effectively in the wide pH

range from 2 to 10. Phenol was quickly oxidized to form simple organic
acids, including acetic acid, formic acid and oxalic acid.

Gidi thiéu chung

Hydroxyl hoa phenol dugc nghién cltu nhiéu trong
nhitng nam gan day do san phdm clia phan Ung nay la
hydroquinone va catechol. Pay la cac hoé chat dugc
dung lam nguyén liéu co gia tri trong cdng nghiép.
Céc dihydroxyl benzene dugc dung lam chét gitt mau
trong phim anh, chéat Uic ché trong phan Uing oxy hoj,
chét chéng oxy hoé cao su, chit chéng oxy hoé thuc
pham, dugc chét [1]. So vdi xtc tac dong thé nhu acid
vO g, cling nhu cac phuc kim loai trong phan Ung
téng hap dihydroxyl benzene, xuc tac di thé d& thu hut
nhiéu nha nghién clu quan tdm do ban chat than
thién sinh théi (eco-friendly nature) va kha néng téi tao
clia nd. Cac oxide kim loai hay hgp chat cac oxide kim
|Oai nhu Fezog, C0304, Fezog/AbOg, CUO/SiOz, MOOg,
V20s... déu cho théy cé hoat tinh xdc tac trong phan

Ung hydroxyl hoa phenol. Tuy nhién hoat tinh cling
nhu dé chon loc cla tat ca cac xUc tac nay khong dap
Ung dugc yéu cau trong san xuét cong nghiép [2]. TU
khi Taramasso va céng sy [3] tim ra titanium silicalite-1
(TS-1), mét phucong phédp mdi hydroxyl hoa phenol
dung H,0, da dugc cong bé [4]. Tir day cling bat dau
phat trién manh hudng nghién cltu phan tan oxide xtc
tac vao cac dang vat liéu mao quan ray phan tir dé tim
kiEm dang xtc tdc mdi cho phan Ung nay. Nhiéu loai
kim loai nhu sét, dong, titan, thiéc phan tan vao cac
chat nén mao quan dad dugc quan tdm nghién clu
nhiéu [5, 6]. Ngudi ta thdy rang cac dang phén tan cta
oxide kim loai 1én bé mat chat mang phu thudc nhiéu
vao phuong phép téng hop da anh hudng nhiéu dén
dé chon loc cling nhu hiéu sudt phan Ung hydroxyl
hoé phenol. Ly do chinh cho su khac nhau nay la cac
dang oxide kim loai phan bé di thé ca bén trong va
bén ngoai khung ray phan tir chdt mang. Céc oxide
https://doi.org/10.51316/jca.2021.005

28


https://doi.org/10.51316/jca.2021.005
mailto:dupd@tdmu.edu.vn

Vietnam Journal of Catalysis and Adsorption, 10 — issue 1 (2021) 28-32

phan tan bén trong mang & dang oxide phan lap
(isolated) hay cum nano oxide lién két moét phan vdi
chit mang (metal-oxygen cluster) hay bén ngoai bé
mat thanh nhitng cum oxide vd&i tam hoat tinh khac
nhau. M&i quan hé qua lai gitta chifc nang xdc tac va
C8u tric clia cac phan t& hoat ddng xUc tac la van dé
mé&u chét cho viéc téng hgp va thiét k€ xic tac vdi hiéu
quéd cao. Cac kim loai dugc nghién cu nhiéu vé dang
ton tai cla chung trong chat mang déi véi phan Ung
hydroxyl hoa phenol la titan, déng, thiéc, sét.
MIL-53(Fe) (MIL: Material Institute Lavoisier) 1 chat ran
x8p vdi cdu trdc ba chiéu dugc xay dung tU cac cau néi
—Fe-O-O-Fe—-O-Fe— Dbdi lién két bis-bidentate
terephthalate (1,4-benzenedicarboxylate). MIL-53(Fe)
chtra kim loai chuyén tiép sat déng vai tro nhu nhitng
ndt cdu tric va dugc cho la ¢ hoat tinh quang xuc tac
[71, cling nhu cé kha nang lam xUc tac trong phan Ung
hydroxyl hoé phenol bang H.O,. MIL-53(Fe) da dugc
ching téi téng hgp thanh cong va cong bd trong cong
trinh [8]. Trong bai bao nay, vat liéu MIL-53(Fe) dugc
Ung dung lam chat xtc tac dé oxi udt phenol trong
dung dich nudc bang H.0,. Céc yéu t6 anh hudng dén
phan Ung, bao gém thdi gian phan Ung, ndng dé ban
dau clda phenol va pH cta dung dich, dd dugc khao
sat.

Thuc nghiém va phucng phap nghién cdu
Diéu ché MIL-53(Fe)

Quy trinh diéu ch& MIL-53(Fe) [8]: HEn hop gom
1,2469 g FeCls.6HO (Merck) va 1,5326 g terephthalic
acid (Acros), ti 1& s6 mol gitta FeCls va terephthalic acid
la 1:2, cung va&i 160 mL N'N-dimethylformanide (Fisher),
t&t cd dugc cho vao binh Teflon dung tich 200 mL (c6
boc thép) va dat trong tu sdy 24 gig & nhiét d6 150 °C.
Sau dé, dé ngudi, loc 18y san phdm ran (vat liéu MIL-
53(Fe)) dem sdy qua dém & 150 °C dé loai bd N'N-
dimethylformanide. Cuéi ciing, lam lanh tu nhién dén
nhiét d6 phong, I8y chét ran ria véi nuéc cat (1 g vat
litu vai 0,5 L nuda), loc, sdy, san phdm thu dugc la
MIL-53(Fe) tinh khiét.

Pha tinh thé clia vat liéu dugc quan sat bang phuong
phép XRD trén may 8D Advance (Bruker, Germany).
Dac trung clia cac nhdém chiic dugce ghi bang phé FT-IR
trén may Jasco FT/IR-4600 (Japan).

Khdo sat phdn Umg oxi hod phenol bdng hydroperoxide

Hoat tinh xUc tac clia MIL-53(Fe) ducc khao sat déi vdi
phan Ung oxi héa phenol trong dung dich nuéc bang

H.0 & nhiét d6 30 °C trong binh cdu hai c6 dung tich
500 mL c6 gén sinh han hoi luu, va chiéu blc xa UV
bang den UV-C (Philips TUV 16W T5 4P-SE, Poland).
Trong moi thi nghiém, 0,05 g xUc tac dugc khudy tron
v3i 100 mL dung dich phenol c6 ndng dé xac dinh va 1
mL H.0> 30%. Sau mdi khodng thdi gian xac dinh, 5
mL dung dich dugc 18y ra, li tdm d€ loai bd chat xuc
tac, ndbng dd clia phenol con lai trong dung dich dugc
xac dinh bang phucng phép séc ky 1ong hiéu nang cao
(HPLC) trén may UFLC Shimadzu. Biéu kién thuc
nghiém: detecta: SPD-20A quét & budc séng 254 nm,
c6t C18, hé dung mdi acetonitrin : methanol : nudc vdi
ti 1& 1:1:8 vé thé tich; tdc do pha déng: 1 mL/phit, thé
tich mdi [an tiém: 1 L.
D6 chuyén hoa phenol dugc tinh nhu sau:

dién tich pic phenol ban dau — dién tich pic phenol sau phan g y

a(0h) 100

dién tich pic phenol ban diu

Két qua va thao luan
bdc trung héa ly cua MIL-53(Fe)

Hinh 1 trinh bay gidn d& XRD va phd FT-IR cua tién
chét terephthalic acid va MIL-53(Fe). Quan sat hinh 1.a
ta thdy mau MIL-53(Fe) cd cac pic nhiéu xa & goc 26
bang 9,17; 12,59; 17,51, 18,17; 18,47; va 25,37° d&c trung
cho vat lieu khung hitu co-kim loai MIL-53(Fe), va
khong quan sat thay cac pic nhiéu xa khac. K&t qua nay
cling tuang tu nhu cac cong bd trudc day vé vat liéu
nay [7, 9], diéu dé ching té vat liéu MIL-53(Fe) da
dugc téng hgp thanh cong vdi dé tinh khiét cao. Mat
khac, cac pic dac trung cla terephthalic acid tai 28
bang 17; 25; 27,6° hau nhu khong quan sat thay trén
mau  MIL-53(Fe), diéu do6 cho thdy cac dang
terephthalic acid ty do d& dugc loai bd gan nhu hoan
toan khai vat liéu.

PhS FT-IR clia mau MIL-53(Fe) trinh bay & hinh 1.b cho
thdy co céc pic dao déng dac trung cla nhém chic
carboxylic acid nam trong vung 1400 — 1700 cm~". Dai
hép thu cla nhém carboxyl tao lién két phdi tri véi
nguyén tir kim loai trung tam tai 1523 cm™, pic tai 748
cm™! tuong Ung véi dao déng cua lién két C—H cla
vong benzene, sy hién dién clia dao déng hoa tri
v(Fe-0) tai 537 cm™ chi ra su hinh thanh lién két kim
loai—oxo gilta nhdm carboxylic cla terephthalic acid va
Fe(lll) [9]. BGi v8i mau terephthalic acid, dai hap thu
xudt hién véi do truyén qua Ién & 1681 cm™ la dac
trung cho dao déng cla lién két C=0O trong nhdom
carboxylic, dai hdp thu nay hau nhu khéng quan sét
thay trong mau MIL-53(Fe) ching té trong mau MIL-
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53(Fe) khdng con cac nhém carboxylic tu do, ma da
tao lién két vai Fe(lll).
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Hinh 1: Gian do XRD (a) va phd FT-IR (b) clia
terephthalic acid va MIL-53(Fe)

Sy oxi hod phenol trong dung dich nudc bdng
hydroperoxide trén xuc tdc MIL-53(Fe) dudi bdc xa UV

Anh hudng cta thoi gian phdn (ing

Hinh 2 trinh bay sac ky do HPLC clia dung dich phan
Ung oxi hoa phenol bang H.O, dudi bic xa UV trong
sy c6 mat cla MIL-53(Fe). Quan sat hinh 2 ta théy,
trong dung dich d& c6 ton tai cac san phdm khac
ngoai phenol ngay & thdi diém ban déau cla phan ng,
bao gém catechol, hydroquinon, acetic acid, formic
acid va oxalic acid (cac san pham dugc xac dinh dua
vao su déi sanh vdi sac ky do HPLC clia phan Ung oxi
hoéd phenol bang H,O trong dung dich nudc dugc
cobng bd trong tai liéu [10]), diéu nay chiing to phan
Uing xay ra rat nhanh ngay khi tron 1an cac chat phan
Ung. Trong do, pic dac trung cho phenol ton tai & thdi
gian luu 23 phut.

Quan sat sdc do HPLC cla dung dich phan Ung oxi
héa phenol bang H.O, trén xic tac MIL-53(Fe) theo

thai gian trinh bay & hinh 3 cho théy, sau 20 phdt phan
Ung, cac pic ddc trung cho phenol, catechol va
hydroguinon hau nhu khéng con xuét hién, déng thdi
pic dac trung cho acetic acid va formic acid c6 dién
tich 16n déang ké. Biéu nay chiing to phenol, cling nhu
catechol va hydroquinon, da bi oxi hod gan nhu hoan
toan thanh cac san phdm cé khéi lugng phan tir nho,
do la acetic acid va formic acid. Sau 120 phut phan
Ung, chi con quan sat thdy pic dac trung cho formic
acid vdi dién tich I6n, va pic dac trung cho oxalic acid
vai dién tich rat bé.
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Hinh 2: S&c do HPLC clia dung dich phan tng oxi hoa

phenol bang hydroperoxide trén MIL-53(Fe) & thoi
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Hinh 3: S&c do HPLC cua dung dich phan Ung oxi hoa
phenol bang hydroperoxide trén MIL-53(Fe) theo thai
gian (N6ng dé dung dich phenol ban dau 250 ppm)

Nhu da biét, phenol 1a mét chat héa hoc rat bén, rat
khd phéan huay hoan toan bang xuc tac. Nhung cac két
qué phan tich HPLC trinh bay & hinh 3 cho théy phenol
da bj oxi hoé hoan toan, va sau 120 phdt phan Ung chi
con lai san phdm trung gian cé khdi lugng phan tur
nho, chu yéu la formic acid. Diéu nay chi ra rang vat
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liéu khung hitu co-kim loai MIL-53(Fe) c6 kha nadng
Ung dung dé lam xUc tac cho phan Ung oxi hoa hoan
toan phenol trong dung dich nudc bang H.O, dudi
diéu kién buc xa tia UV.

Anh hudng ctia ndng dé dung dich phenol ban déu
Hinh 4 trinh bay d6 chuyén héa phenol clia qua trinh
oxi héa phenol bang H.O, trén MIL-53(Fe) dudi diéu

kién c6 chiéu blc xa tia UV vd&i ndng dé dung dich
phenol ban dau tU 40 dén 250 ppm.

—_
x®
= 804
=
g
=
o 60
=
= —a— 40 ppm
(U>~. 40 1 —#— 060 ppm
E =— |00 ppm
(:_ —¥— |50 ppm
20
m —¢— 200 ppm
—¢— 250 ppm

0

S B A B e B e o B B e s o o
0 60 1200 60 1200 60 1200 60 1200 60 1200 &0

1‘20
Thai gian phan tng (phtit)

Hinh 4: Su phu thudc dé chuyén hoa phenol vao thdi
gian trén xUc tac MIL-53(Fe) déi vd&i dung dich phenol
c6 néng doé ban déau khac nhau

Két qud trinh bay & hinh 4 cho thédy phenol bi oxi hoa
rdt nhanh, sau 20 phut phan Ung dé chuyén hoa
phenol dat dugc tr 92% dén 99%, va dat dugc ~100%
sau 40 phat phan Ung. Hon nta, d6 chuyén hoa
phenol xay ra cang nhanh khi néng dé ban déau cla
phenol cang lén.

Theo cbng bé cla tac gid Khieu va cong su [10] khi
nghién clu phan Uing oxi hoa phenol bang H.O; trén
xUc tac Fe-MCM-41 cho thdy do chuyén hoa phenol
dat dugc 95% sau 30 phut phédn Ung khi khdo sat &
néng do phenol ban dau bang 250 ppm (ham luong
chét xtc tac 0,01 g/L, nhiét dé phan tng 70 °C), nhung
ham Iugng san phdm trung gian catechol con rat
nhiéu. Trong nghién ctu nay, phan Ung chi thuc hién &
30 °C nhung d6 chuyén hoa phenol dat dugc xap xi
100% sau 40 phut phan Ung (ndng dé phenol ban dau
nam trong khoang 40-250 ppm), va san pham trung
gian chi con lai mét it cac acid hitu ca don gidn (xem
hinh 3). Biéu nay chiing to vat liéu MIL-53(Fe) co hoat
tinh xUc tac rét cao trong phan Ung oxi hoad phenol
bang hydroperoxide.

Anh hudng ctia pH dung dich ban déu

Su phu thudc dé chuyén héa phenol vao thdi gian trén
xUc tac MIL-53(Fe) d&i véi dung dich phenol c6 pH ban
dau khac nhau dugc trinh bay & hinh 5.

Quan sat hinh 5 cho thdy do chuyén hoa phenol dat
dugc ~100% chi sau 20 phdt phan Ung véi pH = 2-4.
Khi pH tang tir 6 dén 10 thi téc dé chuyén hoa phenol
gidm dan, sau 20 phut phdn Ung dé chuyén hoa
phenol dat 96% tai pH = 6, 90% tai pH = 8, va chi dat
dugc 11% tai pH = 10, nhung dé chuyén hda phenol
cling dat dugc ~100% sau 40-60 phdt phan Ung.
Trong khi do, tai pH = 12, d6 chuyén hoa phenol rét
thdp, chi dat dugc ~23% sau 120 phut phan Ung, dé
chuyén hoa phenol xay ra cham co & 1a do tinh khong
bén cla H,O, & pH cao va kha ndng oxi hoa thép cla
g6c hydroxyl trong dung dich kiém [11].
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Hinh 5: Su phu thudc dé chuyén hda phenol vao thdi

gian trén xUc tac MIL-53(Fe) déi vd&i dung dich phenol

c6 pH ban dau khac nhau (N6ng dé dung dich phenol
ban dau 200 ppm)

Céac két qué trén chiing to vat liéu MIL-53(Fe) c6 hoat
tinh xUc tac trong khodng pH réng (tir 2 dén 10) déi vdi
phan Ung oxi hoa phenol trong dung dich nudc bang
H.0,. Do dé, co thé ing dung vat liéu nay dé lam chat
xUc tac cho cac phan Ung oxi hda chat 6 nhiém hitu co
trong madi trudng co dé kiém cao.

K&t luan

Vat liéu MIL-53(Fe) cd hoat tinh xUc tac cao ddi vdi
phan Ung oxi héa phenol trong dung dich nudc bang
H.O, trong diéu kién cé chiéu blc xa UV. Phenol bj
phan hay r&t nhanh, dé chuyén hoé dat dudc ~100%
sau 40 phut phan ting (ndng dé phenol ban dau nam
trong khodng 40-250 ppm va ham lugng chét xtc tac
13 0,5 g/L). Chét xtc tac MIL-53(Fe) co thé hoat déng
trong khoang pH réng (tir 2 dén 10).
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