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ABSTRACT

In this study, we synthesized a series of metal organic frameworks
(MOFs) of 1,3,5-benzenetricarboxylate (M-BTC), where M = Fe®*, Ni¢*
and Mn?* by hydrothermal treatment with a microwave assisted
method. M-BTC samples were characterized by XRD, FTIR, SEM and
BET. SEM-image result showed nano M-BTC particles size of 20-40 nm.
Samples M-BTC showed the high surface area (1301 m?/g) and pore
volume (112 cm?/g). The samples M-BTC were tested for the
photocatalytic degradation of reactive dye (Reactive Yellow 145) in
water. The M-BTC materials exhibited high photocatalytic activity. Thus,
at the pH of 6.5 and the high initial concentration of 100 mg RY-145/L,
removal efficiency reached the value of 98.63% after 120 min reaction.
Moreover, nanomaterial Fe-BTC also showed high RY-145 dye removal
efficiency after 4 catalytic regeneration.

Gidi thiéu chung

cdu truc tinh, hinh thai hoc, tinh chat hoa ly, tinh chat
oxy hoda-khii, axit cé thé thay déi va diéu chinh theo
mong mudén [3]. Chinh vi vay, MOFs dugc ng dung

Vat liéu khung ca kim (MOFs) la loai vat liéu lai kim loai
hitu cg (metal organic framework) dugc hinh thanh
qua cac lién két gitta ion kim loai va lingand htu ca [1].
Vat liéu khung co kim c6 nhiing tinh ndng uu viét ma
céc vat liu khac khong cod duge nhu bé mat riéng rét
I6n (1.000 -10.000 m?/g), kich thudc mao quan co thé
thay déi bang cach st dung céc lingand ¢ kich thudc
khac nhau [2]. Cé&c ion kim loai & vi tri nit mang co
thé thay déi bang cac ion kim loai khac nhau dan dén

trong nhiéu finh vuc nhu luu trir khi, mang dan thudc,
xUc tac, hdp phy, cadm bién,..[4]. Tuy nhién, nhugc
diém cla vat lieu MOFs 13 kich thudc hat 16n (kich
thudc micromet), kich thudc mao quan bé (< 2 nm)
nén han ché trong qua trinh khuéch tan va tiép xuc
gilfa cac chat tham gia phan Ung [5]. Gan day, mot
budc tién mdi trong téng hop vat liéu MOFs 1a da t8ng
hop thanh cong mét s6 loai MOFs co kich thudc hat
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nano, dudng kinh mao quan trung binh thay thé cho
MOFs truyén théng cé kich thudc hat micromet, kich
thudc mao quan bé (microporous) [6]. Trong bai béo
nay, ching t6i nghién clu anh hudng cla cac ion kim
loai Fe?*, Ni°*, Mn?* va trimesic axit (H3BTC) dén su
hinh thanh vat liéu M-BTC (M= Fe?*, Ni?*, Mn®"). V&t
litu M-BTC dugc t6ng hop khéng st dung dung moi
hitu cg, cd cdu tric nano, kich thudc mao quan trung
binh (mesoporous) bang phuong phép thly nhiét két
hap vi séng. Vat liéu M-BTC dugc Ung dung lam xdc
tac quang dé xir ly cac chat mau hitu ¢g (thudc nhudém
hoat tinh RY-145) trong mdi truong nudc. Cac yéu té
anh hudng dén kha nang phan huay thuéc nhudém RY-
145 nhu khéi lugng xuc tac, ndng dé H202, ndng dod
thuéc nhudm cling dugc khdo sat. Nghién ciu cling
danh gié vai tro cta cac géc hoat dong nhu “OH, h*, e
, "0z va do 6n dinh cua vét liéu M-BTC thong qua qua
trinh tai sinh xdc tac.

Thuc nghiém va phuang phap nghién cldu

Téng hop vét liéu Fe-BTC: Hoa tan 2,26 g FeCl2.4H.0
vao 60 mL nudc (dung dich A) va 1,68g HsBTC 40 mL
dung dich NaOH 1M (dung dich B). Nho tu tir dung
dich A vao dung dich B va khudy manh trong 3h &
nhiét d6 25 °C. Sau do6, hdn hgp dugc cho vao binh
phan Ung Teflon va gia nhiét 1én 100 °C trong thiét bi vi
séng, trong 60 phut. San phdm dugc dé ngudi tu
nhién dén nhiét dé phong, loc rira 3 lan véi nudc cét
va 11an vdi etanol sau dé sdy & 80 °C trong 12h thu
dugc vat liéu Fe-BTC. Vat liéu Ni-BTC va Mn-BTC dugc
thuc hién tuong tu nhu cac budc trén.

Phuong phdp nghién ciu vt liéu

Cac mau vat lieu dugc déc trung bang phuong phap
nhidu xa tia X & 26 5-50° (D8 ADVANCE, Bruker, D)
st dung CuKad blc xa déng (A = 0,154 nm), t6¢c do
quét 3°min-1. Dién tich bé mat clia cac mau vat liéu
dugc dénh gid bang phuong phap hdp phu N> & nhiét
do6 77 K. Phé héng ngoai dugc phan tich bang Bruker
TENSOR37. Hinh thai clia nanocomposite dugc quan
sat bang kinh hién vi SEM S-4800 (Hitachi, Nhat Ban),
hoat déng & dién ap gia téc 200 kV.

Bdnh gid hogt tinh xuc tdc

Céc thi nghiém phan hly quang dudc thuc hién trong
|6 phan Ung thdy tinh pyrex chifa 100 ml dung dich RY-
145 (100 mg/L), 40 mg Fe-BTC. Hén hop dudce chiéu
sang bang cach st dung hé bong den mé phong anh
sang gid mat trai cong sudt 30W. Khoang cach gitra

den va dung dich la 15 cm, nhiét dé cla dung dich va
nhiét dé phong (25°C). Trong phan ung Photo-Fenton,
dung dich RY-145 dugc 1dy & mdi thai diém 15 phdt
phan Ung. Nong dé clia RY-145 dugc xac dinh va hiéu
chuén bang su thay déi cusng do clia cuc dai hap thu
& budc song 421 nm bang may do quang phd Vis
Lambda 35 UV [5]. D6 chuyén cla RY-145 (%) dudc
tinh theo cong thuc:
X =((Co-C1)/Co) x100

Trong dé Co va Ci (mg/L) 1an lust la ndng dé ban déu
va nong do thudc nhudm RY-145 tai thai diém t. D6 6n
dinh cla chat xdc tac cling dugc nghién cdu, chat xdc
tac da qua st dung dugc rita sach bang nudc nhiéu
lan va tach ra bang cach ly tam & 8000 vong/phut, sau
dé séy khoé &80 °C qua dém.

K&t qua va thao luan

Gian do XRD va FTIR cla vét liéu M-BTC (M = Fe, Mn,
Ni) dugc thé hién & hinh 1.
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Hinh 1: (A) Gidn do XRD va (B) gidn do FTIR cla vat liéu
M-BTC

Gian do XRD cla vét liéu Fe-BTC cho thay xuat hién

cac pic dac trung clia Fe-BTC & goc 26 ~11,03°, 19,18°,

24,1°, 27,83° [5]. Ngoai ra, xudt hién céc pic dac trung

cla Fe203 va Fe30s & gbc 26 ~ 20,28°% 31,96° 34,57°;

36,48° va 47,64° [7]. Gidn do XRD cuia vat liéu Mn-BTC

https://doi.org/10.51316/jca.2021.146
282


https://doi.org/10.51316/jca.2021.146

Vietnam Journal of Catalysis and Adsorption, 10 — special issue 1(2021) 281-286

xudt hién cac pic & goc 26 ~10,4° 21,05° dac trung cho
c8u truc cta vat liéu Mn-BTC [8].
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Hinh 2: (A) Budng dang nhiét hap phu-giai hap phu N2
va (B) dudng phan bé mao quan cla vét liéu M-BTC

Ngoai ra, xudt hién cac pic dac trung & goc 26 ~ 12,7°,
18,1°; 28,8°% 37,5°% 42,1° 49,9° 56,2° va 60,3° dac
trung cla a-MnQOz [9]. Gian d® XRD cla vat liéu Ni-
BTC xudt hién cac pic & goc 206~7,43°, 11,08°, 12,98°,
13,44°, 14,89°, 18,53°, 22,57° va 25,77° dac trung cho
cu trdc Ni-BTC [5]. Dya vao gidn dé XRD cua vat liéu
M-BTC nhan théy cac ion kim loai 4nh hudng rat I6n
dén céu truc clia vat liéu M-BTC. Ngoai ra, cac ion kim
loai trong dung dich cé thé canh tranh vd&i cac phdi tir
hitu cg trong tinh thé M-BTC dé hinh thanh cac oxit
kim loai. Phé héng ngoai FTIR hinh 1B cla vét liéu M-
BTC cho thdy c6 cac dao dong 3200-3600 cm™ dic
trung cho nhom —OH [10]. Cac dao déng kéo gidn
khong déi xiing cla cac nhém cacboxylate & s6 séng
1662 cm™ va cac dao déng kéo gian ddi xing & &
song 1446 cm™ va 1380 cm™ [11]. Cac dao dong & s6
song 1662 cm™, 1574 cm™, 1446 cm™, 1380 cm™ dac
trung cho cac lién két C=0, C-C, C-O, tuang Ung [12].
Dao dong G s6 song 466 cm™ dac trung cho lién két

Fe-O [5]. Dao déng & s6 séng 556 cm™ dac trung cho
cac lién két Mn-O, dinh dao déng & 453 cm™ va 570
cm™ dac trung cho cac lién két Ni-O cla vat liéu.

Pudng déng nhiét hap phu-giai hap phu N va dudng
phan bé 16 x8p clia vat lieu M-BTC dudc thé hién &
hinh 2.

Pudng déng nhiét hdp phu- giai hap phu N2 (BET) cla
vat liéu M-BTC c6 dang IV phan loai theo UIPAC [13].
Gian do duong phan bé mao quan (Hinh 2B) cua vat
liéu M-BTC cho théy vat liéu cé duong phan bé mao
quan khéng déng déu, vat liéu cé mao quan tap trung
G vung ¢ dudng kinh mao quan 1-3 nm. Badng 1 cho
thay vét liéu M-BTC cé dién tich bé mat riéng cao, thé
tich mao quan Ién. Cu thé cé dién tich bé riéng cla
Fe-BTC la 1302 m?/g, Mn-BTC la 883 m?/g va Ni-BTC Ia
626 m?/g. Budng kinh mao quan va thé tich mao quan
khoang 1.06 -134 cm®/g va dudng kinh mao quan
trung binh 2,99 -5,71 nm.

Bang 1: Cac thong s6 dac trung cla vat liéu M-BTC

Vat liéu Sger (M?/Q) V (cm®/g) | Dem (hm)
Fe-BTC 1301 1,12 2,99
Mn-BTC 883 1,34 5,71
Ni-BTC 626 1,06 4,02
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Hinh 3: Anh SEM cla vat liéu M-BTC

Hinh anh SEM cla vat liéu M-BTC dugc minh hoa
trong Hinh 3. Nhu quan sat trong Hinh 3, vat liéu Fe-
BTC c6 dang hinh cau, kich thudc tinh thé khoang 20-
40 nm, kich thudc hat kha dong déu. Vat liéu Ni-BTC
va Mn-BTC co kich thudc hat khoang 40-60 nm. Nhu
vay, bang phuong phap thly nhiét vi song da téng
hop thanh céng vat liéu Fe-BTC cé kich thudc hat
nano, cac hat tinh thé dong déu

Vat liéu M-BTC dudc dénh gid hoat tinh bang phan
Ung phan huy thuéc nhuém RY-145. Két qua dugc thé
hién & hinh 4.
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Hinh 4: Hiéu qua loai bd RY-145 clia vat liéu M-BTC

Gian dd hinh 4 cho thdy hiéu qua phan hay thudc
nhudém hoat tinh cua vat liéu M-BTC. Sau 60 phut hap
phu trong bdng t6i, vat liéu Fe-BTC, Mn-BTC va Ni-
BTC c6 hiéu qud hdp phu lan lugt 46,8%, 42,4% va
43,3%. Nhu vay, vét liéu Fe-BTC c6 kha néng hép phu
RY-145 cao nhét, diéu nay dugc giai thich bdi vat liéu
Fe-BTC co dién tich bé mat cao hon vat liéu Mn-BTC
va Ni-BTC (bang 7). Sau 120 phut chiéu séng, vat liéu
Fe-BTC, Mn-BTC va Ni-BTC dat hiéu sudt x{r ly RY-145
tuong Ung 1a 98,63%, 89,75% va 90,44%. Nhu vay, vat
liéu Fe-BTC co hiéu qua xUf Iy RY-145 cao nhat trong s6&

vat liéu M-BTC (Fe-BTC, Mn-BTC va Ni-BTC) nghién
cliu nay khdo sét. Két quad nay dugc gidi thich bdi vat
liéu Fe-BTC c6 dién tich bé mat cao nhét (1301 m?/g)
va ¢6 nang lugng ving cadm khodng 2.5 eV, thuén Igi
dé hap thu nang lugng vung anh sang nhin thay.
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Hinh 5: (A) Anh hudng clia ndng do xuc tac, (B) anh
hudng clia ndng dé thudc nhudm RY-145 ban dau, (C)
anh hudng cla céc vai tro cla cac géc hoat dong nhu
‘OH, h*, e, "0z va (D) d6 bén sau 4 [an phan Ung cla

vat liéu Fe-BTC
Anh hudng clia khéi lugng xtc tac cling dugc nghién
cltu & hinh 5A. Gidn dd hinh 5A cho thay khéi lugng
xUc tac cho vao dé x{r ly RY-145 anh hudng truc tiép
dén hiéu qua xr ly RY-145. Cy thé khi tang ham lugng
vat liéu Fe-BTC tUr 20 mg 1én 60 mg hiéu qua hép phu
RY-145 trong 60 phut tang tur 35,63 % 1én 49,39 %.

Trong thdi gian chiéu sang 120 phdt, hiéu qua xu ly
RY-145 dat lan lugt 95 %, 95,61 %, 97,65 %, 98,63 % va
98,38 % tucng ung vdi 20 mg, 30 mg, 40 mg, 50 mg
va 60 mg xUc tac. Nhu vay, tang khéi lugng vat liéu ti
50 mg lén 60 mg, hiéu suét loai bd RY-145 gidm nhe
(98,63 % xudng 98,38 %), két qua nay co thé dugc giai
thich bdi su tuang tac gilta cac I6p bén ngoai cla vat
liéu xtc tac lam gidm sy hinh thanh photon clia céac 16p
bén trong, dan dén gidm s6 lugng cap e’/h* cling nhu
hiéu qua sut quang xUc tac [14]. Anh hudng clia ndng
dé thudc nhudém RY-145 ban dau cling dudgc khao sét,
két qua dugc thé hién & hinh 5B. Hinh 5B cho thdy
nong dé thuéc nhudém RY-145 ban dau anh hudng
truc tiép dén hiéu qua ctia qua trinh x(r ly. Cu thé, hiéu
qua x{r ly RY-145 dat d6 chuyén héa 98,73 %, 94,77 %,
91,74 %, 86,98 % tuong Ung véi ndng dé RY-145 la 50
mg/L, 75 mg/L, 100 mg/L va 125 mg/L sau 80 phut
phan Ung. Nhu vay, khi tdng ndng dé RY-145 ban dau
lén, can kéo dai thai gian dé hiéu qué phan huy dat
trén 95% la 80 phut, 100 phut, 120 phdt va 140 phat
phan Ung. Ca ché quang xtc tac phan hldy RY-145 trén
vat liéu Fe-BTC d& dugc nghién clu thdong qua
phuong phéap tham do hda hoc gian tiép, st dung cac
tdc nhan hda hoc c6 vai tro bét gitt cac dang hoat
déng dudgc tao ra trong giai doan dau cla qué trinh
quang xuc tac. Cac hda chat BQ, Na2C204, KoCr207, va
TBA dugc si dung lam gd&c bdy dé bat gbc anion
superoxide (‘02), 16 tréng (h*), dién t& (e) va gbc
hydroxyl tu do ("OH) [14]. Két qua (Hinh 5C) cho théy
hiéu sudt phan hay RY-145 chi bi gidm nhe khi thém
KoCr207. Tuy nhién, hiéu suédt phan hdy RY-145 gidm
dang ké khi co6 mat NaC204, TPA va BQ. Két qué nay
chi ra rang h*, "OH va 'Oz la cac tac nhan phan huy
RY-145 chi yéu trén hé vat liéu Fe-BTC.

Vat liéu Fe-BTC c6 hoat tinh xuc tac cao & cac chu ky
phan Ung khac nhau dugc trinh bay trong hinh 5D.
Nhu d& thay trong hinh 5D, hiéu qua loai bd RY-145
gan nhu duy tri sau 4 chu ky phan Ung. Biéu nay cho
théy rd tinh 6n dinh cao cla hoat déng xdc tac quang
clia vt liéu Fe-BTC va né co thé dugc téi st dung.

K&t ludn

Vat liéu nano M-BTC dugc téng hgp thanh cong bang
phuang phap thuiy nhiét vdi sy trg gilp cia vi séng. Tu
hinh anh SEM, cho thay céc hat Fe-BTC kich thudc hat
20 -40 nm va c6 dién tich bé mat cao (1303 m?/g). Vat
liéu Fe-BTC cho théy hiéu qué loai bd RY-145 cao dat
98,63% sau 120 phut phan Ung va c6 dé 6én dinh cao
trong qué trinh loai bd RY-145 sau 4 chu ky téi sinh.
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