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ABSTRACT

Cobalt based-zeolitic imidazolate framework (ZIF-67) is one group of
metal organic frameworks (MOFs) and has been well-known as a
material, which has the most outstanding physicochemical properties, has
been applied to various fields. In this study, ZIF-67 was synthesized and
analyzed by X-ray powder diffraction (PXRD), scanning electron
microscope (SEM), fourier-transform infrared spectroscopy (FT-IR) and
thermal gravimetric analysis (TGA). The catalyst activity of ZIF-67 was
investigated into rhodamine B (RhB) degradation in presence of
peroxymonosulfate (PMS). ZIF-67 was a potent catalyst with high activity
which had RhB removal efficiency reach of 100% when pH 3, temperature
35°C, RhB concentration 50 ppm, ratio of ZIF-67 to PMS 1:8. The
efficiency on RhB degradation still maintained over 99% and its structure
was remained unchanged after a triple use.

TOM TAT

Vat liéu khung hitu co cau triic zeolite tam cobalt (ZIF-67) la mgt nhom
cua vat ligu khung hitu co kim logi (MOFs) va dwoc biét dén nhu mot
trong nhitng loai vt liéu c¢é nhitng tinh chat héa 1y wu viét va dwoc vmg
dung trong nhiéu linh viee. Trong nghién civu nay, ZIF-67 dwoc tong hop
va phan tich cdu triic bang nhiéu xa tia X dang bét (PXRD), kinh hién vi
dién tir quét (SEM), phé hong ngoai (FT-IR) va nhiét trong hrong (TGA).
Hoat tinh xuc tdac cua ZIF-67 ciing dwoc nghién ciru thong qua sw phdn
huy rhodamine B (RhB) voi sy hién dién cua PMS (peroxymonosulfate).
ZIF-67 cho hoat tinh xiic tac t6t véi hiéu suétphdn huy RhB dat 100% voi
diéu kién t6i wu tai pH 3, nhiét @6 35°C, nong dg RhB 50 ppm va ti 1é ZIF-
67:PMS 1:8. Hiéu sudt phdn hity duy tri trén 99% qua ba lan sir dung ma
cdu triic gan nhuw khong thay doi.

Trich dan: Qéng Huynh Giao, V6 Thanh Phtc, Ta Kiéu Anh, Pham Vian Toan va Pham Quéc Yén, 2019.
Tong hop va nghién ctru hoat tinh xtic tac phan huy rhodamine B cua vt liéu ZIF-67 dudi sy hién
dién ctia peroxymonosulfate. Tap chi Khoa hoc Truong Pai hoc Can Tho. 55(3A): 1-8.

1 GIOI THIEU

Vat litu MOFs (metal-oragnic frameworks) la
nhom vat lidu tinh thé cau xuc x6p, dugc tao thanh
tir cac ion kim loai chuyén tiép, dong vai tro 1a cac
“nat mang” va cac phdi tir hiru co dong vai tro 1a

“cau ndi” két ndi cac nut mang v&i nhau theo mot
trat tu nhat dinh tao thanh mang tinh thé xép viing
chic (Rowsell et al., 2004; Borrows et al., 2008 va
Furukawa et al., 2010). Céc ion kim loai thuong
duoc st dung nhu cobalt va kém trong nhom vat li€u
cAu tric ZIFs (Zeolitic Imidazolate Frameworks)
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(Park et al., 2006); crom, nhom trong vt li€u cau
tric MIL (Materials of Institute Lavoisier) (Du et
al., 2011), va mot sb kim loai khac nhu sit (Huo et
al., 2012), déng (Lin et al., 2014), titan (Hendon et
al., 2013), zirconi (Sun et al., 2013). Céc cau ndi
hiru co st dung tuy thudc vao chu triic vat liéu mong
mudn. Pbi v6i vat liéu nhom ZIFs, thi cau nbi hiru
co chi giéi han trong nhém imidazole va dan xuat
nhu bao gom l-methylimidazole (mIm), 1-
ethylimidazole (eIM), 2-nitroimidazole (nIm) (Park
et al., 2006). Doi v6i cac nhom khac trong MOFs,
céc cau ndi co thé linh dong thay doi nhu 4,4’-
Biphenyl dicarboxylic (BPDC); 2,6-Naphthalene
dicarboxylic (NDC), 1,3,5-Benzenetribenzoic acid
(BTC); 1,4-Benzene dicarboxylic acid (BDC),
4,4’ 4”-benzene-1,3,5-triyl-tribenzoic acid (BTB);
4,4’,4"-[benzene-1,3,5-triyl-tris(ethyne-2,1-diyl)]
tribenzoic acid (BTE) (Yaghi et al., 2003). Hién
nay, cic hudng nghién ctru vé MOFs c6 hai hudng
d6 1a: 1) tim ra loai MOFs méi, voi nhitng tinh chét
hoéa li vu viét hon; ii) phat trién vat lidu cii béng cach
thay d6i diéu kién tong hop dé thu dwoc hiéu suat
cao hon, cach thuc hién don gian hon hodc ung dung
moi hon so voi truée do (Dung et al., 2015). Vé
phuong phap téng hop, da sb cac loai MOFs duoc
tong hop biang phuong phap nhiét dung moi. D01 voi
phuong phéap nay, muodi cia kim loai va cau ndi hiru
co dugc hoa tan vao nhau va tién hanh thiy nhiét
theo diéu kién x4c dinh. Cac dung méi thuong dugc
Iwva chon c¢6 nhiét d0 s6i cao nhu NN-
dimethylformamide (DMF) (Ordofez et al., 2010),
N, N-diethylformamide (DEF) (Peralta ef al., 2012),
N-methylpyrrolidine (Yaghi et al., 2006) hoédc st
dung hon hop cac dung méi (Li et al., 2016). Tuy
nhién, ching la nhitng dung méi ddc hai, thuc hién
& nhiét d6 cao va trong thoi gian dai. Chinh vi thé,
viéc str dung mét dung moi mdi, than thién véi ste
khoe va méi trudng hon, giam nhiét d6 va rat ngén
thoi gian phan tng luon 1a vin dé thu hut cac nha
nghién clru.

Ké tir khi vat lieu MOFs duoc tim ra vao nim
1990 t6i nay, MOFs da dugc nghién clru va Ung
dung rong rdi trén nhiéu linh vyc nhu xuc tc
(Corma et al., 2010), hap phu (Getman et al., 2011),
luu trix khi (Li ef al., 2011), cam bién (Kreno ef al.,
2011), dan truyén thudc (Huxford er al., 2010).
Trong d6, mot s loai MOFs dugc ung dung trong
linh vic mdi trudng dé loai bé su hién dién cua cac
chét hitu co doc hai trong nuée thai. Di véi linh
vue ndy, MOFs c6 thé déng vai tro 13 chat hap phu,
hoic ciling c6 thé déng vai tro xuc tic va quang xic
tac dé phan hiy hop chit hiru co (Bhattacharjee et
al., 2014). Dién hinh nhu Alvaro et al. (2007) da
nghién ctru phan hity phenol bang anh sang ving
nhin thiy véi xtc tic 1a MOF tam kém (MOF-5) cho
hi€u qua rat cao. Bén canh d6, MOFs con c6 kha
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nang kich hoat cac hgp chét co tinh oxi héa manh
nhu H,0,, (NH4),S,0. KBrOs, tao ra cac gbc tu do
va oxi héa cac hop chit hiru co thanh CO, va H,O
(Du et al., 2011). Trong nghién cfru nay, vat liéu
ZIF-67 (dugc tong hop trong dung mdi methanol &
nhiét d6 phong va ap sudt khi quyén) duoc thu
nghiém hoat tinh xtc tdc phan huy rhodamine B
(RhB) trong nudc voi sy hién dién cula
peroxymonosulfate (PMS). Su x{ic tac cua ion Co**
trén bé mat vat liéu s& kich hoat PMS phén giai ra
SO,""v6i thé dién cuc chudn 2,5-3,1V (Neta et al.,
1988), v6i tinh oxi hoa cuc manh SO~ dé dang
phan hity duge RhB hoic cac hop chit hitu co bén.
Huang et al. (2009) da ching minh dugc kha nang
ctia Co?* xuc tac phan giai thudc nhuém den dudi su
hién dién cua PMS, mic ndng d6 Co?* sir dung rat
thap den mot phan ti (ppb). So sanh véi viée sir dung
loai mudi kim loai nhu xtic tac dong thé, thi ZIF-67
¢6 uu thé hon 1a ¢6 kha nang thu hdi va tai sir dung.

2 THUC NGHIEM
2.1 Vatliéu va thiét bi

Methanol cua Sigma — Aldrich (d6 tinh khiét >
99.8 %), 2-methylimidazole xudt x&r Sigma —
Aldrich (2-HMim, C¢HiN») (46 tinh khiét 99%).
Cobalt nitrate hexahydrate (Co(NO3),.6H,0) xuat
xtt Sigma — Aldrich (= 98.5%). Kali
peroxymonosufate (KHSOs. KHSO4.K,SOy) xuét xir
Sigma — Aldrich. Rhodamine B (C28H31C1N203),
xuat x{r Xilong, Trung Qudc.

Nhiéu xa tia X (XRD) ctia ZIF-67 duoc do bang
may D8 Advance - Brucker, stt dung birc xa CuK,
(A = 1.5406 A tai 40 KV, 40 mA, 0.03°, 20). Phd
hong ngoai (FT-IR) dugc do biang may Nicolet
6700, dung dé xé4c dinh cac nhom chirc trong vat
liéu. Trudce khi do, mau dugce ép thanh vién véi KBr
tinh khiét theo ti 1¢ khdi lwong mau: KBr = 1: 200,
ap lyc ép 1a 7kg /cm?, bé day 0.8— 1 .0 mm. Khoang
budc song do 1a 4004000 cm, do & nhiét do
phong. May do quang phd Jenway s 6800 UV/Vis
Spectrophotometer ding dé xac dinh kha ning hap
phu cta ZIF-67. Phan tich nhiét trong luong (TGA)
cua vat liéu st dung may NETZCH van hanh voi
chuong trinh nhiét 10°C/phut trong khong khi dung
dé xéac dinh d6 bén nhiét cua vat lidu. B&é mat vat liéu
duogc quan sat dudi kinh hién vi dién tr quét (SEM,
JSM-5500, 10kV).

2.2 Tong hop ZIF-67

ZIF-67 dugc tong hop biang cach hoa tan 0,291
g Co(NO3),.6H,O (1 mmol) va 0,328 g 2-HMim (4
mmol) riéng biét mdi chat vao trong becher c6 chira
sin 25 mL MeOH. Sau d6 dung dich mudi cobalt
trong MeOH dugc nhd tir tu vao dung dich 2-HMim
dong thoi khudy hdn hop bang méay khudy tir & nhiét
d6 phong trong 10 phat. Hon hop dugc dé yén trong
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24 h dé 6n dinh sy hinh thanh tinh thé, tinh thé ZIF-
67 mau tim ling xudng day becher. Thu liy phan
chét rdn mau tim bang phuong phap li tim va rira
mau (3x10 mL MeOH). Mau tiép tuc duoc siy &
60°C trong 24 h dé thu dugc san pham cudi ciing (Li
etal., 2016).

2.3 Khdo sat hoat tinh phan hiily rhodamine
B (RhB) ¢6 su hién dién ciia PMS

ZIF-67 dugc phan tan trong dung dich RhB co
ndng d6 xac dinh, hdn hop duoc khudy trong 1 h dé
dam bao su can bé‘mg hép phu trén bé mat vat liéu,
sau d6 mot lvong PMS xac dinh s€ dugc thém vao
hén hop. Pinh lugng ham lugng RhB con lai bang
phuong phap UV-Vis. Cac yéu té can khao st 1a ti
1€ stir dung cua ZIF-67: PMS, pH, thoi gian va nhiét
do phan ng.

Céc thi nghiém tai st dung xuc tac dugc thuc
hién tuong tu khao sat hoat tinh. Phan chat ran sau
lan st dung thir nhat dugc tién hanh 1i tAm, rira sach
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(3x10 mL MeOH) va hoat hoéa lai & 60°C trong 24
h. Vat liéu sau khi hoat héa mét phan duoc tién hanh
thir lai hoat tinh mot phan dugc phan tich lai dic
trung c4u trac bang PXRD va FT-IR.

3 KET QUA VA THAO LUAN
3.1 Phan tich ciu trac ZIF-67

Tinh thé ZIF-67 da dugc tong hop thanh cong
trong dung mdéi MeOH & diéu kién thi nghiém nhiét
d6 phong va ap suét khi quyén, nhifu xa tia X dang
bot (PXRD) cua ZIF-67 thé hién trén Hinh 1. Két
qua cho thdy mau ZIF-67 c¢6 cac goc nhidu xa dic
trung & cac goc 20 = 7.4°, 10.4°, 12.7°, 14.8°, 25.5°
twong ung voi cac mat (011), (002), (112), (222),
(134), phu hgp véi nghién ctru ctru trude d6 (Gou et
al.,2013). Diéu nay cho thay vat liéu tong hop trong
dung moi MeOH ¢ nhiét d¢ phong va khong co6 su
hd trg ap suit van tao thanh tinh thé ZIF-67 véi cau
trac kha tot.
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Hinh 1: Gian d nhiéu xa tia X (PXRD) ciia vt liéu ZIF-67

P& kiém tra bé mit cia tinh thé ZIF-67, kinh
hién vi dién tir quét (SEM) da duoc sur dung. Hinh 2
thé hién anh chup vat liéu ZIF-67 du6i SEM. Két

qua cho thiy ZIF-67 téng hop duogc co kich thude
tuong d6i dong déu, kich thudc phan bé tir 0,3-0,5
pm, ¢6 ciu trac khdi da dién, bé mit tron nhin. Két
qua nay phu hop véinghién ctu cia Lin et al., 2015.
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Hinh 2: Anh SEM cita ZIF-67 & céc ti I¢ phéng dai khac nhau (a. x500, b. x30000)

Dé xéac dinh sy hién dién cua cac nhom chire dic
trung c6 trong vat liéu, phd hdng ngoai (FT-IR) da
dugc str dung ddng thoi két hop véi phd FT-IR cia
phéi tr 2-HMim dé so sanh, duoc trinh bay & Hinh
3. Két qua cho thdy, mot cach téng quat, phd cua
ZIF-67 c6 nhitng diém khac so v6i 2-HMim, tuy
nhién tai ving 600-1500 cm, hinh dang phé cua ca
hai c6 nhing nét twong dong, d6 1a két qua cua su
dao dong cua vong imidazole. Cu thé, tai vi tri 1582
cm! trén phd cta ZIF-67 chinh 1a sy dao dong ciia
nhom C=N, ¢ nhitng vi tri 2925 cm™ va 3126 cm’!
1a dao dong cua lién két C-H trong vong thom. Pic
biét 1a tai vi tri 422 cm™ d6 1a vi tri dao dong cua
lién két Co-N (lién két chinh yéu tao thanh mang
tinh thé), didu nay ching t6 ZIF-67 hoan toan dat
dugc cdu tric tinh thé nhu mong mudn (Lin et al.,
2015).

a)

2-methylimidazole

b) : ZIF-67
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.
-
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v T T T
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Hinh 3: FT-IR ctia ZIF-67 va 2-Hmim

Dbi v6i mot loai vat lidu ran, do bén nhiét 1a mot
trong nhirng tiéu chi quan trong can dugc nghién
ctru. Trong nghién ctru nay, ZIF-67 ciing dugc kiém
tra do bén nhiét bang phuong phap phan tich nhiét
trong lugng TGA (Hinh 4). Két qua cho thiy ZIF-
67 ¢6 su giam trong lugng khi ting nhiét d. Cu thé,
qua trinh nay khoang nhiét do 50 — 300°C trong

luong vat liéu giam nhe khoang 8% trong luong. Do
su bay hoi cua cac phéan tir tap chat c6 kich thuge
nho, dung méi MeOH con sét lai, cac phan tir khi
cling nhu mét lugng nho 2-HMim (Yaghi ef al.,
2006). Vuot qua khoang nhiét d6 nay khdi luong vat
liéu giam ro6 rét, khoang 60% khi nhi¢t do tang tir
350°C dén 500°C hau nhu cu triic ctia ZIF-67 da bi
pha v& hoan toan. Qua két qua phan tich cho thiy
ZIF-67 chi bén nhiét dén 350°C, tuy nhién da vuot
trdi hon rét nhiéu so véi nhiéu loai vat lidu khéc
trong nhom MOFs, chi kém ZIF-8 (bén nhiét dén

500°C) (Pan et al., 2011).
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Hinh 4: TGA cia vat li¢u ZIF-67

3.2 Hoat tinh phan hiy RhB c6 su hién dién
ciua PMS

Co ché phan tmg phan huy RhB bang PMS c¢6
ZIF-67 lam xtc tac, theo co ché gbc tr do thong qua
hai giai doan: Giai doan 1 1a sy hoat hoa PMS béi
ZIF-67 dé tao ra céac géc ty do hoat dong dugc dé
nghi béi Lin ef al. (2015). Theo do6, gbc
peroxymonosulfate s& phan li ra gdc HSOs, gbc nay
s& twong tac voi ion Co®" trén bé mat ZIF-67 dé sinh
ra gdc tur do S04 va Co®* xiic tac dugce hoan nguyén
bang cach ion HSOs tac dung tré lai Co®* dé tai tro
lai Co?* ddng thoi sinh thém gde tw do SOs*~ (Hinh
35).
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Hinh 5: Co ché hoat héa PMS béi ZIF-67

O giai doan 2, cac gdc tu do sinh ra ¢ giai doan
1 s& tan cong va lam suy yéu ciu trac RhB & vi tri
carbon trung tam (C*). Tiép theo 1a su phan cit lién
két N- ethyl va sau d6 1a qua trinh mé vong. Cac san
pham oxi hoa tao ra ban dau co6 thé 1a 3-

(diethylamino)phenol, 2-(2,5-dihydroxypheny)
acetic acid va 2-vinylbenzoic acid. Qua trinh oxi hoa
tiép tuc tao thanh cac hop chit nhd hon va cudi cung
CO, va nude hodc cac phan tir hop chét vo co (Diao
et al.,2017). Co ché phan hity RhB duoc Diao et al.,
2017 d xuat trinh bay ¢ Hinh 6.

O
R)J\OH

4
o S04 HooC SO4 0 S0, co,
2 = SO - SO JKH/OH —
5 OH 5 HO 805 H20
OH ©
’ "oy
OH 0O O
Hinh 6: Su phén hity RhB béi cac goc sulfate ty do
Sw anh huéng cua thoi gian va khéi lugng ZIF- 100 —
67 can sit dung trong phan ng phan huy RhB duoc 7__,__4_7——4;—* - — _"'__ 1
khao sit dé xac dinh diéu kién t6i wu. Khéi luong =g ; M e 4 _4
ZIF-67 dugc thay doi khoing 1-5 mg, thoi gian tir 3 | e . - ]
10-60 phut. Cac yéu to khac duoc gitr ¢6 dinh: 50 § | - . ®
mL RhB 50 ppm; khoi lugng PMS 15 mg, pH ~3 va g€ //
nhiét do 35°C. Két qua khao sat sy anh hudng cia = %
khoi luong ZIF-67 dén hiéu qua phan huy RhB cho gaod [/
thay, khi tang khoi lugng ZIF-67 thi toc d6 phan huy 5 [/
RhB tdng nhanh theo thoi gian. Cu thé, khi khoi @ ,
luong ZIF-67 tang tir 1-5 mg thi hiéu suat phan huay o f,-j’
RhB trong 10 phut dau lan luot 1a 47,5%, 66,7%, y/ P
81,3%, 84,2% va 87,2%. So sanh véi thi nghiém doi 0 . , r , ,
chimg, khéng st dung ZIF-67 chi c6 PMS thi hiéu 0 10 20 30 40 50 60
suat chi dat 4,2% trong 10 phut. Diéu nay ching to Time (min)

ZIF-67 hoan toan c6 kha nang xuc tac PMS phan
hay RhB va hiéu suit phan ting s& ting cliing chiéu
voi luong ZIF-67. Bén canh do, khoang thoi gian
phu hop trong diéu kién thi nghiém nay 1a 40 phut
vi hau nhu phan Gng dat can bang & phut 40 ¢ tat ca
mau thi nghiém (Hinh 7).

Hinh 7: Anh hwéng khéi lwong ZIF-67 va thoi
gian phan &ng (Crus, S0 ppm, mpwms, 15 mg, pH
~3 va t= 35°C)

Dé xem xét sy anh hudng cta nhiét d6 theo thoi
gian phan tmg dén hiéu qua phan hiy RhB, cac thi
nghiém khao sat da dugc thyc hién. Nhiét d6 dugc
thay doi tir 25°C dén 55°C v&i diéu kién thi nghiém:
50 mL RhB 50 ppm; khdi lugng PMS 15 mg, pH ~3
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va khéi luong ZIF-67 3 mg (ti 1& khéi luong ZIF-
67:PMS la 1:5).

100
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Hinh 8: Anh hwéng nhi¢t dd dén hiéu qua phan
hiiy (Crns, 50 ppm, mpwms, 15 mg, pH ~3 va mzir¢7 3
mg)

Két qua trinh bay ¢ Hinh 8 cho thdy, dung nhu
du doan, tdc d0 phan tng tang khi nhiét d¢ tang, tr
25°C dén 35°C, tbc d6 phan huy ting gan gip hai lan
tir 42,5% dén 82,3% trong 10 phat dau. Nhung khi
tiép tuc tang thi hiéu suat tang 1én khong nhiéu. Bén
canh d6, nhiét d9 ciing gop phan thiic ¢y nhanh qua
trinh can bang Nhiét do tang ning luong cung cép
cho cac gbc ty do cang 16n, chuyén dong cang
nhanh, twong tic hitu hi€u cang 16n. Nhung xét vé
hiéu sudt tong cong, thi viéc ting nhiét 46 1én 45°C
va 55°C, 1a khong can thiét vi hiéu suit khong cao
hon nhiéu so véi 35°C.

pH ciing 13 mot yéu t6 quan trong cua qua trinh
phan hay RhB. Béi vi pH anh huong rat 16n dén hoat
tinh cia PMS ciing nhu ZIF-67 (Rastogi et al.,
2009). pH duoc thay ddi tir 3 dén 10, cac diéu kién
khac duoge giit ¢d dinh: 50 mL RhB 50 ppm; khdi
lugng PMS 15 mg, nhiét 6 35°C va khéi luong ZIF-
67 3 mg (ti 1¢ khoi lugng ZIF-67/PMS 1a 1:5). Két
qué trén Hinh 9 cho thdy mot xu hudéng rd rang, su
phéan huy RhB dudi tac dung cia PMS/ZIF-67 thuc
hién t6t dudi pH thap, hiéu qua giam dan khi ting
pH va dat hiéu qua t6t nhét tai pH 3. Khuynh huéng
trén thé hién phan tng phan hiy RhB khong thong
qua giai doan hap phu RhB 1én bé mit ZIF-67 & pH
thdp. Boi vi & pH thap ca bé mat ZIF-67 va RhB déu
tich dién dwong, diéu ndy can tré rt 16n dén sy hip
phu RhB 1én bé mat ZIF-67. Tuy nhién, & pH thap
PMS ben hon so v6i méi trudng klem (Gou et al.,
2013), gbc tu do sulfate tan cdng tryc tiép va khoang
hoéa RhB ma khong can sy hd trg clia giai doan hap
phu. Diéu nay xay ra nguoc lai so voi ¢ pH cao, lic
nay hiéu qua xur Iy RhB chu yéu 1a sy hap phu RhB
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trén bé mat ZIF-67. Béi vi luc nay bé mat ZIF-67 va
RhB tich dién ngugc dAu va PMS mét din hoat tinh
trong moi trudng kiém (Rastogi ef al., 2009). Do d6
pH 3 la diéu kién tdt nhit duoc chon trong nghién
clru nay.
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Hinh 9: Anh hwéng ciia pH dén hiéu qua phan
hiy RhB (Crns, 50 ppm, mpwms, 15 mg, t =35°C
va mzir-67 3 mg)

Su anh hudng cua ti 1¢ ZIF-67 so voi PMS cling
dugc khao sat trong nghién ctru nay, diéu kién nhiét
do, thoi gian, pH st dung cac gia tri t6i wu di khao
sat truge (Hinh 10). Két qua cho thay hiéu suat phan
huy tang khi ti 16 PMS:ZIF-67 tang va dat tot nhat &
ti 1¢ 1:8 voi 100% RhB phan hay sau 40 phut. So
sanh v6i nghién ctru cta Lin ef al. (2015) ti 1€ ZIF-
67:PMS-67 1:3 tuong tng voi tbc dd phan tmg
nhanh nhét véi r = 0,793 phut! & 20 °C. Do dé, c6
thé thay, khi ti 18 ZIF-67:PMS thap hon co thé phan
(g xay ra nhanh hon, tuy nhién dé dat sy phéan hity
hoan toan thi phai can lugng PMS nhiéu hon vi xtic
tac ZIF-67 dugc xem nhu yéu t gidi han.
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Hinh 10: Anh huéng ciia ti 1¢ ZIF-67 va PMS

dén hiéu qua phan hily RhB (khdi lwgng ZIF-67
3 mg, pH ~3, t = 35 °C, [RhB] 50 ppm)
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Kha ning thu hdi va tai st dung 1a mot yéu t6 rat
quan trong d6i voi xuc tac rdn. Do do, cac thi
nghiém kiém tra kha nang nay cia ZIF-67 di dugc
thuc hién. Piéu kién thuc hién thi nghiém 1a cac diéu
kién tot nhat da dwoc khao sat: 50 mL RhB 50 ppm,
ti 1€ ZIF-67:PMS 1a 1:8, pH ~3, nhiét d¢ 35°C, thoi
gian 40 phat. Két qua tir Hinh 11 cho thiy ZIF-67
hoan toan c6 kha ning thu hoi va tai st dung sau 3
1an thi nghiém v6i hidu suat duy tri trén 99%. Bén
canh do, ciu trac vat lidu cling duoc kiém tra lai
bang PXRD va FT-IR (Hinh 12). Vat liéu ZIF-67
sau ba 1an st dung van dam bao duoc cdu tric twong
dbi tot, voi cac peak dic trung van con thay rd ¢ cac
vi tri 20 = 7.4°, 10.4°, 12.7°, 14.8°, 25.5° twong Gng
voi cac mat (011), (002), (112), (222), (134) trén
gian d6 PXRD. Lién két chlnh clia cdu triic tinh thé
Co-N tai vi tri 422,8 cm™! trén pho FT-IR ban dau
(fresh), sau ba lan sir dung lién két nay dwoc ghi
nhan tai vi tri 421,9 cm! (reused) (thay ddi khong
dang ké so voi ban dau chi 0,9 cm). Diéu nay
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chung t6 cAu tric vat liéu van duge duy tri kha on
dinh sau ba lan str dung.
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Hinh 11: Hiéu qué phan hity RhB qua cic lan
thu hoi ZIF-67 ([RhB] = 50 ppm, t=35 °C, pH
~3, ZIF-67:PMS=1:8)
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Hinh 12: FT-IR (a) va PXRD (b) ciia vét liéu ZIF-67 sau ba lan sir dung
4 KET LUAN TAI LIEU THAM KHAO

ZIF-67 da duoc st dung lam xtc tac di thé dung
dé phan hiy RhB dudi sy hién dién cua PMS, véi
diéu kién tong hop vat liéu ZIF-67 tai nhiét d6 phong
va ap sudt thuong. Cac két qua khao sat cho thay,
hiéu qua phan hity RhB ting khi ting cac yéu t6 nhu
khdi lwong vat lidu ZIF-67, ti 1¢ ZIF-67:PMS, nhiét
d6 va giam pH. Hi€u qua phén huy dat 100% tai pH
3, nhiét d9 35°C, ndong d6 RhB 50 ppm va ti 1& ZIF-
67:PMS 1:8 va duy tri kha tot trén 99% sau ba lan
sir dung ma ciu triac khong bi thay ddi nhiéu. Do do,
ZIF-67 1a loai vat liéu day trién vong g dung trong
xtr 1y cac chét thai dét nhudm trong tuong lai.
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