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Nghién ctru kha nang quang xac tac phan huy Rhodamine B
cua vat liéu Zeolitic imidazolate frameworks-8 (ZIF-8)

The photocatalytic degradation of Rhodamine B using Zeolitic imidazolate frameworks-8
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Tom tat

Vit liéu khung hiru co-kim loai (MOFs), mot nhom vat liéu tinh thé 16 x6p mai, da dugc chuy dén nhu mot mg vién
day tiém nang trong cong nghé xanh va xu Iy moi truong. ZIF-8, mét loai MOFs co céu trac linh hoat duge ciu tao tir ion
Zn% va cau ndi imidazolate, da dwoc chon lam chit xtc tac quang trong nghién ctru nay dé phan hiy Rhodamine (RhB)
dudi tac dung cua tia UV. Céc tinh thé nano hinh thoi muoi hai mat thu dugc thé hién kha nang xu ly RhB cao v6i 92%
RhB bj phan hity sau 30 phut chiéu tia UV, cao gan gip ba 1an so véi TiO2 thuong mai. Bén canh do, cac thi nghiém vong
lap quang xtc tic dd cho thay do on dinh va kha nang tai sinh tuyét voi cta vét liéu xtc tic quang véi nam vong lap duoc
thuc hién. Nghién ctru nay c6 thé cung cap mot phuong phap tiém ning cho qua trinh phan hity RhB trong cong nghé xir
Iy nudc thai dét nhuom lam sach méi truong.

Tur khéa: Vit liéu khung co kim; ZIF-8; Rhodamine B; quang xuc téc.
Abstract

Metal-organic frameworks (MOFs), a new group of porous crystalline materials, have drawn more and more attention
as a promising candidate for environmental remediation. ZIF-8, a well-known flexible MOFs material constructed by
Zn?* ion and imidazolate ligands, was used as a photocatalyst in this work to degrade Rhodamine (RhB) in aqueous
solutions under UV irradiation. The resulting rhombic dodecahedron nanocrystals exhibited high removal efficiency of
92% for RhB under 30 min light irradiation, which was three times higher than that of TiO,. Besides, the photostability
and reusability of the photocatalyst were investigated by performing five consecutive cycles for degradation of RhB under
the optimized condition. The present study may provide an effective approach for RhB degradation in textile industry
effluent treatment techniques.
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1. Gié6i thi¢u

Thudc nhudém hiru co khong phan huy sinh
hoc rat pho bién trong nhidu nganh cong nghiép
nhu dét may, nhya, gia‘iy, thuc phém va y hoc.
Trong s ndy, riéng nganh cong nghiép dét may
tiéu thu gan 60% thudc nhudm dé san xuét sic to
trong vat li¢u vai [1]. Trong do, khoang 15%
thudc nhudm bi that thoat va thai ra moi truong.
Chét thai nhudém tir cac nganh coéng nghiép nay
12 ngudn 6 nhiém moi truong nghiém trong [2].
N6 gay ra thiét hai dén hé sinh thai ¢ trong nudc
[3] va cac nguy co giy dot bién va ung thu ddi
v6i con nguoi [4]. Dé loai bo cac rii ro lién quan
dén su hién dién caa thudc nhudm hitu co, nhiéu
phuong phap khac nhau di duoc phat trién bao
g6m hip phu, quang xuc tac, qua trinh oxy héa
tién tién, trao d6i ion va phan huy vi sinh... [3,
6]. Trong s d6, phuong phap quang xtc tac 1a
mot trong nhiing ky thuat than thi¢n véi moi
truong va hidu qua nhat dé loai bo thude nhudm
hitu co khoi nude v6i nhiu wu diém nhu chi phi
thap, hiéu quéa cao va dé van hanh [7]. Hau hét
cac phuong phép théng thuong nhu hip phu hay
sinh hoc dé loai bé pham mau trong nude déu cd
nhing han ché nhu gy ra cac chat 6 nhiém thir
cap vi thudc nhudém chi bi bién d6i tir pha long
thanh pha ran, hoic chung dat tién ddi véi
phuong phidp mang loc [8]. Trong khi do,
phuong phap quang xuc tac sir dung chit xuc tac
hép thu anh sang tiép xuc truc tiép dé phan huy
cac chat mau, ma khong tao ra cac chat 6 nhiém
thir cap [9, 10]. Hon nita, cac cht mau c6 hai s&
dugc chuyén hoa thanh céc hop chét than thién
nhu carbon dioxide va nudc [10].

Metal organic frameworks (MOFs) la mot
loai vat liéu 16 x6p duoc phat trién trong nhimng
nim gan day [11]. Ho vat liéu nay bao gém
khung hiru co kim loai dang hudng (IRMOFs),
vat liéu khung kénh dang tai (PCFs), vat li¢u
vién Lavoisier (MILs), va vat liéu khung zeolite
(ZIFs) [12]. Cac loai MOFs nay c6 su da dang
vé cAu trac, bao gém cac vi tri kim loai vo co ¢é

thé dong vai tro 1a trung tim xuc tac va/hodc
quang xuc tac cling nhu lién két voi cac phéi tir
hiru co ¢o6 thé dé dang diéu chinh va chic ning
hoéa. Dya trén cac dac diém nay, MOFs cho thiy
htra hen trong cac tmg dung khac nhau nhu hip
phu khi, phan tach, luu tri¥, xtc tac khong dong
nhét, quang xtic tic va cam bién hoa hoc [12,13].
Trong sb cac MOFs nay, Zeolite Imidazolate
dua trén ion kém 1a ZIF-8 thé hién su 6n dinh
hoa hoc va nhiét cao, tong hop dé dang, dién tich
bé mat riéng va do xép 16n, 12 mot vat liéu tiém
nang cho céac qua trinh quang xtc tac [14].
Trong nghién ctru nay, ching t6i st dung
phuong phap thiy nhiét don gian dé tong hop
cac hat tinh thé ZIF-8 va sir dung dé quang xtc
tac phan hay RhB, mot mau thudc nhudém giy 6
nhiém pho bién c6 nhiéu trong nudc thai ctia cic
nganh cong nghiép dét nhudm, dudi tic dung
cta céc tia buc xa UV. Kha nang phan huy RhB
cling nhu su on dinh quang héa cua cac hat
quang XxUc tac ZIF-8 s€ dugc quan sat va danh
gia k¥ ludng boi nhidu phuong phép khac nhau.
2. Thue nghiém
2.1. Héa chit

Zinc (1 nitrate hexahydrate
(Zn(NO3)2:6H20,  Aldrich, > 97%); 2-
Methylimidazole (CsHsN2, Aldrich, 98%); TiO-
(Daejung); rhodamine B (RhB) (C2sH31CIN20s,
Sinopharm), N,N-dimethylformamide (DMF)
va ethanol (EtOH) duwgc mua tir héa chit
Sinopharm, nudc cit dugc san xuit tir may
MAX Ultra 370 (Young Lin, Korea).

2.2. Tong hop ZIF-8

ZIF-8 dugc tong hop theo phuong phép thuy
nhiét [15]. 1,182 Zn(NOs3)2-:6H.0 va 1,3g 2-
Methylimidazole dugc hoa tan lan luot trong 30
ml nude cat, khudy tron trong 5 phat dé thu duoc
cac dung dich trong subt. Sau dé, hai dung dich
nay dugc hoa tan vao nhau va cho vao trong
teflon autoclave, phan ing & 80°C trong 6h. Cac
tinh thé mau tréng sau khi tao thanh s€ duoc gan
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va rira 3 lan véi Ho0 va EtOH. Cudi ciing, san
pham thu duoc s& sdy ¢ nhiét d6 80°C qua dém.
2.3. Xdc dinh ddc trung vdt liéu

Phuong phép hién vi dién tir quét (SEM) dugc
su dung dé khao sat cac dic trung hinh thai hoc
ctia cac hat tinh thé ZIF-8 trén may Leo-Supra
55, Germany. Dién tich bé mat riéng cua cac hat
tinh thé quang xuc tic duoc do bang phuong
phap dang nhiét hip phu va kht hap phu N
(BET) trén may Micromeritics BELSORP-mini
II. Thanh phan pha tinh thé ciia quang xic tac
dugc xac dinh bang phuong phap nhidu xa tia X
(XRD) trén may Rigaku MAC-18XHF (Nhat
Ban). Kha ning hap thu 4anh sang cta xic tac
dugc dic trung bang phd hip thu UV-Vis
(Optizen POP, Korea).
2.4. Thwe nghiém phédn huy MO

Cac thi nghiém quang xtc tac phan huy RhB
cua cac hat tinh thé ZIF-8 dugc thyc hién dudi
chiéu xa ctia dén 500 W Hg ¢ diéu kién thuong
va nhiét 46 phong. 25 mg chat xuc tic quang
Z|F-8 duoc cho vao 50 mL dung dich RhB (10
mg L) trong binh 100 mL. Khoang cich giita
ngudn sang va cdc chira hdn hop phan g duoc
c6 dinh 1a 5 cm. Trudc khi thyc hién chiéu xa,
hdn hop duoc khudy tir trong bong tdi 30 phut

dé dam bao thiét 1ap can bang hap phy-giai hap
phu cua vat li¢u. Trong qua trinh phan img phan
hay quang hoc xay ra, tc d6 khudy duogc duy tri
dé giit cho hdn hop & trang thai huyén phu.
Trong khoang thoi gian thich hop, hon hop duge
déu dan chiét xuit va sir dung may ly tam dé tach
cac hat quang x(ic tac va tién hanh phan tich. Su
phan huy ctia RhB duoc do bang méy quang phd
UV-Vis (Optizen POP, Korea) va theo doi su
giam pho hap thu (Amax = 554 nm) theo thoi gian
chiéu xa. Dé so sanh, hiéu suét quang xUc tac cia
TiO2 thuong mai (P25, Deajung) cling duogc
nghién ctru & cung diéu kién.

3. Két qua va théio ludn

Hinh 1 thé hién pho XRD ctia céc hat tinh thé
quang xuc tac ZIF-8 trudc va sau khi thuc hién
phan huy RhB. Két qua cho thiy thanh phan va
c4u trac pha tinh thé ciia vat liéu rat pht hop véi
cac két qua trudc day [16]. Cac dinh nhifu xa
déu sic nét, 1o rang, cho théy vat liéu sau khi
tong hop c6 d6 tinh khiét va do két tinh cao. Céc
dinh dic trung cta vat liéu ZIF-8 nam tai 20 =
7,3;10,7; 12,8; 16,8; va 18,0°. Bén canh do, phé
XRD sau khi thyc hién phan huy RhB khong c6
nhiéu thay d6i cho thiy do on dinh cao cia vat
liéu trong céac diéu kién thi nghiém.
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Hinh 1. Gin db nhidu xa tia X (XRD) cuia ZIF-8 trudc (a) va sau (b) khi thuc hién quang phan huy RhB.
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Hinh anh SEM cua vat li¢u dugc trinh bay
trong Hinh 2. Cac hat tinh thé ZIF-8 1a cac khdi
hinh thoi 12 mat v6i cac mat, canh va goc sdc
nét, rd rang (Hinh 2a). Vat liéu c6 sy phan tan
t6t voi kich thudc trung binh tir 200-400 nm.
Hinh 2b thé hién hanh théi cau tric cta ZIF-8

sau khi thyc hién phan huy RhB, c6 thé thdy cac
hat vat liéu khong co6 su thay doi dang ké ngoai
trir xuat hién mot vai tap chét trén bé mat, van
phan tan tot va khong chit ddng. Diéu nay khing
dinh thém cho d6 bén va 6n dinh cao cia vat liéu
nhu d4 néu ¢ két qua XRD.

Hinh 2. Hinh anh SEM cuia ZIF-8 trudc (a) va sau (b) khi thue hién quang phan hiy RhB.

Hinh 3 14 cac duong ding nhiét hap phu-giai
hap phu N2 ¢ 77 K ciia ZIF-8. C6 thé thay, duong
cong hap phu ctiia ZIF-8 thudc loai I tiéu chuan
dac trung cho cac vt liéu vi mao quan. Dién tich
bé mit Langmuir, Brunauer—Emmett — Teller
(BET) va tong thé tich 15 xp cua ZIF-8 duoc

600

tinh 1an luot 1a 1036 m? g, va 0,822 cm® g™.
Nhiéu nghién ctru chi ra rang vat lidu véi dién
tich bé mat riéng cang 16n s& ¢6 cang nhiéu hon
cac tam hoat dong tham gia vao qua trinh phan
tmg, do d6 cai thién hiéu qua tdc d6 phan huy
chét 6 nhiém cua quang xuc tac [10, 14].
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Hinh 3. Duong déng nhiét hip phu N ctia ZIF-8

Pé danh gia cac kha niang hoat dong cua vt
liéu quang xtic tac, cac tinh thé nano ZIF-8 thu
duoc sau qua trinh tong hop va TiO2 thuong mai
d3 duoc st dung dé phan huy chat gay 6 nhidém

RhB. Thudc nhudém va chit xac tac duge khudy
tir lién tuc trong 30 phit trong bong tdi trude khi
thuc hién chiéu xa dé dam bao trang thai can
bang hap phu duogc thiét 1ap. Sau do, dudi su
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chiéu xa cta tia UV phat ra tir dén thay ngan ap
suét cao vao céac thoi diém khéc nhau, do hép thu
cua dung dich dugc do sau khi ly tdm phan tach
c4c hat quang xuc tac. Nhu dugc hién thi trong
Hinh 4a, cuong do hap thu UV-Vis caa RhB
giam dan khi thoi gian chiéu xa ting, diéu nay
xac nhan céc phan tor RhB da bi loai bo hiéu qua
boi cac tinh thé nano ZIF-8. Hinh 4b md ta sy
thay d6i cia nong d6 RhB véi sy gia ting thoi
gian chiéu xa. Trong truong hop khong cé quang
xuc tac, chi c6 mdt sy sut gidm nhe vé cuong do
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hép thu ctia RhB, diéu nay cho thdy RhB hau nhu
khong bi phan huy trong méi truong chiéu xa
UV. Trong truong hop chiéu xa v6i sy c6 mit
cua ZIF-8 va TiO2, nong d6 RhB giam khi ting
thoi gian chiéu xa. Khoang 92,2% thudc nhuém
RhB da bi phan huy boi ZIF-8 trong vong 30
phut, trong khi chi c6 30,9% RhB bi phan huy
boi chét xuc tac TiO2. Két qua nay cho thy hoat
tinh quang hoa vuot trdi cia ZIF-8 so vai TiOz
dudi su chiéu xa cua tia UV.
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Hinh 4. (a) Ph6 UV-vis cia RhB trong qua trinh quang phéan huy boi ZIF-8 dudi chiéu xa cua tia UV. (b) Su phéan hay
RhB trong céac diéu kién khac nhau.
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Hinh 5. Vong 1dp quang xUc tac phan huy RhB cua vét liu ZIF-8
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Kha néng téi sinh va tai st dung cta cac tinh
thé ZIF-8 duoc thuc hién véi kha ning phan huy
RhB trong nim vong lip quang héa. Chit xuc
tac dugc ly tam, rira sach va sdy kho & 60°C
trong 12 gio dé chuan bi cho thi nghiém quang
hoa tiép theo. Hiéu suat phan hity quang cho nam
vong lap dugc thé hién trong Hinh 5. Kha ning
quang phan huy RhB theo tung vong lap thi
nghiém quang hoa twong ung 1a 92,2; 90,1; 92,0;
87,7 va 82,5%. Diéu nay cho thiy vat liéu ZIF-8
dugc tong hop bang phuong phap thily nhiét co
d6 bén ciing nhu kha ning tai str dung va kha
nang quang hoa cao.

Dudi su chiéu xa cua tia UV, bé mit cua cac
hat nano quang xuc tic ZIF-8 bi kich thich va
hinh thanh cac cdp dién tir (¢") va 16 trong quang
sinh (h*). Pay 14 cac budc dau tién cia co ché
quang phan hily phdam mau cta chat xuc tac
[17,18]. Sau khi ZIF-8 hap thy du niang luong,
¢6 su chuyén dién tir tir mirc ning luong cua dién
tr & quy dao dién day cao nhat (HOMO) dén
muc nang lugng cua dién tir & quy dao phan tur
chua dién day thap nhit (LUMO) trong ZIF-8.
HOMO chu yéu duoc dong gop boi orbitan lién
két N 2p, va LUMO chu yéu dugc dong gop boi
céc orbitan tréng Zn. Cu thé, (¢”) dugc kich thich
tir LUMO va nhay vao HOMO, d¢é lai 15 trong
quang sinh (h*) trong LUMO. (¢) va 1 tréng
quang sinh (h*) di chuyén dén bé mat ZIF-8 va
khir phan tir oxy thanh cac gbc oxy (O**), va
cudi cing chung chuyén thanh cac gdc hydroxyl
(OH®). Ngoai ra, cac 15 tréng quang sinh (h*)
cling oxy hoa phan tir nude thanh (OH®) [18].
Céc gbc hydroxyl (OH®) nay thuc hién phan hiy
RhB mot cach hiéu qua dé hoan thanh qua trinh
quang xuc tac.

4. Két luan

Vit liéu quang xuc tac ZIF-8 d3 duoc tong
hop thanh cong bang phuong phap thuy nhiét
don gian va su dung hi¢u qué trong tng dung
phan hiy pham nhuém RhB trong méi truong
nuée. Két qua cho thiy cac hat nano ZIF-8 c6

dang hinh thoi mudi hai mat dién hinh véi do
ddng déu va chat luong cao. Cac thi nghiém
quang xdic tic phan huy RhB cho thay kha ning
loai bo phé‘im nhudm cao cua ZIF-8 véi 92,2%
RhB bi loai bo sau 30 phut chiéu tia UV. Két qua
nay cao gap nhiéu lan so vé6i TiOz ¢ cing didu
kién thi nghi¢m. ZIF-8 con cho théy do bén, do
6n dinh hoa hoc ciing nhu kha ning tai sir dung
tuyét voi sau 5 vong lip quang xtc tac. Cac két
qua nay cho thay ZIF-8 1a mot loai vat liéu day
htra hen cho cac qué trinh quang xtc tac phin
hiy phdm mau gy 6 nhiém trong méi trudng
nudc.
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