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ABSTRACT

Cobalt zeolitic imidazolate framework (ZIF-67) has been successfully
prepared with the yield that is significantly obtained in ethanol which is
non-toxic and environmentally friendly. The texture structure,
morphologies and physicochemical properties of ZIF-67 were analyzed
by X-ray powder diffraction (PXRD), scanning electron microscope
(SEM), fourier-transform infrared spectroscopy (FT-IR) and thermal
gravimetric analysis (TGA). ZIF-67 was tested adsorption capability on
methyl orange in water. The effects of time, pH, temperature, MO
concentration and mass of adsorbents on the adsorption behavior were
surveyed. The results showed that the ZIF-67 adsorption capacity on MO
was higher than 160 mg.g”' when pHis at 5.5, temperature is 35°C,
adsorbent dose is 5 mg, initial MO concentration is 50 ppm and
absorption time is 90 minutes. The material is able to reuse three times
without lossing adsorption capacity.

TOM TAT

Vat liéu khung hitu co tdm cobalt (ZIF-67) dd duoc tong hop thanh céng
V6i hiéu sudt cao trong dung méi ethanol la logi dung méi khéng doc va
than thién voi moi truong. Céu tric, hinh thdi va ddc tinh héa ly cua vat
liéu dwoc phdn tich nhiéu xa tia X dang bot (PXRD), kinh hién vi dién tir
quét (SEM), phé hong ngoai (FT-IR) va nhiét trong lwong (TGA). ZIF-67
diege sir dung hap phu methyl da cam (MO) trong méi trwong mede. Cdc
Yéu t6 anh hieong dén kha nang hdp phu nhu thoi gian, pH, nhiét @, nong
dé MO, va khéi lwong chdt hap phu da dwoc khao sat. Két qua phan tich
di liéu cho thdy kha nang hdp phu MO ciia vt liéu hon 160 mg.g" trong
diéu kién thi nghiém pH 5.5, nhiét do 35°C, khéi heong ZIF-67 sir dung la
5 mg, nong dé MO bang 50 ppm, thoi gian hap phu la 90 phit. Vit liéu
nay con c6 kha néng tdi sir dung 3 lan ma khéng mdt di hoat tinh hép phu.

Trich din: Dang Huynh Giao, Pham Thj M¢, Lé Thi Anh Thu, Doan Van Hong Thién va Pham Qudc Yén,
2019. Vat liéu ZIF-67: Tong hop trong dung mdi ethanol va nghién ctru kha nang hap phu methyl
da cam. Tap chi Khoa hoc Truong Pai hoc Can Tho. 55(2A): 1-8.

1 GIOI THIEU

Vit liéu Zeolitic imidazolate frameworks (ZIFs)
1a mot nhom cia vat liéu tinh thé ¢é ciu trac xop
khung hitu co-kim loai (MOFs), trong d6 cac tinh

thé ZIFs dugc hinh thanh tir cac ion kim loai Zn?*,
Co*" va cau ndi 1a cac phéan tir imidazolate (Yao et
al., 2014). ZIFs thé hién nhiing déc tinh uvu viét cua
ca hai loai vat li€u la zeolite va co kim nhu c6 do
x6p cao, kha ning bién doi cdu tric linh hoat cho
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nén vat li€u nay da thu hut dugc sy quan tam cua cac
nha khoa hoc trong va ngoai nudc (Lé Thanh Diing
va ctv., 2015). Bén canh do, phuong phap tong hop
ZIFs lai kha don gian. Cu thé, ZIFs c6 thé duoc tong
hop bang hai cach 14 str dung dung méi va khong st
dung dung méi. Pbi voi phuong phap sir dung dung
moi thi nhiét dung mdi (solvothermal synthesis) 1a
phuong phap dau tién duoc sir dung dé tong hop
ZIFs v6i cac dung modi hitu co nhu NN-
dimethylformamide (DMF) (Ordofez et al., 2010),
N,N-diethylformamide (DEF) (Peralta ef al., 2012),
N-methylpyrrolidine (Yaghi et al., 2006), methanol
(Lin et al., 2015) hodc st dung hdn hop cac dung
modi (Li et al., 2016). Phuong phap thiy nhiét
(hydrothermal) cling la phuong phap nhiét dung moi
nhung ¢6 vu diém 1a sir dung nuéc thay cho DMF,
DEF nén xét dén khia canh méi trudng thi phuong
phap nay luén mang dén nhiéu hing tha cho cac nha
nghién ctru. Tuy nhién, nhugc diém cua phuong
phap nay la st dung luong thira ligand, diéu nay
khong c6 hiéu qua vé mat kinh té. Mot phuong phap
tong hop khac 1a Ionothermal, day la phuong phap
xanh trong tong hop ZIFs véi viée sir dung chat long
ion nhung day 1a mot phuong phap kha tén kém
(Martins et al., 2010; Yang et al., 2012). Cho nén,
viée nghién ctru tong hop vat liéu ZIFs st dung dung
moi than thién v&i moi truong, phuong phap don
gian, hiéu suét cao van dang duogc cac nha khoa hoc
trén thé gidi dac biét quan tam.

Hién nay, cac nghién ciru vé vat liéu ZIFs tap
trung cai tién cac qui trinh tong hop cac loai ZIFs
nham nang cao hiéu suat, dap ung xu thé hoa hoc
xanh, giam diéu kién khic nghiét ciia phan tmg tong
hop va thay thé cac dung moi doc hai bang cac dung
moi than thién véi moi truong hon (LE Thanh Diing
va ctv., 2015). Mot trong cac nghién cuu do6 la
phuong phap thém moét tac nhan base vao trong
dung dich nhdm diy nhanh tc do téng hop, giam
thiéu tac dong moi truong (Yao er al., 2015).
Phuong phéap nay dugc bit ngudn tir qua trinh tong
hop don tinh thé ZIF-7 va ZIF-8 théng qua phuong
phap khuéch tan pha long bang cach sir dung dung
dich ammonia (Huang et al., 2006). Beldon et al.
(2010) da ching minh rang ion NH,* dic biét c6 loi
trong viéc hinh thanh tinh thé ZIFs ¢ diéu kién nhiét
d6 thuong. ZIF-67 ciing dugc tong hop trong hdn
hop dung moi base NHj; va triethylamine (TEA) véi
hiéu suit kha tot (Li ez al., 2016).

Vit liéu khung hitu co-kim loai da dugc mo rong
nghién ciru dé loai bo cac hop chét hitu co doc hai
nhu cac loai thude nhudm thude ho azo, benzene hay
cac bisphenol-A (Zhou et al., 2013; Bhattacharjee et
al., 2014; Jung et al., 2015). Mot trong sb cac
phuong phap d6 1a phuong phap hap phu, phuong
phap nay c6 nhiéu loi thé nhur thao tac thyc hién kha
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don gian, co thé van hanh ¢ nhiét do va ap suat thap,
khong can sir dung céc loai xtc tac hay cac thude
thir dac tién. ZIF-67 ciing dwoc xem 1a mot trong
nhitng vt lidu day hira hen vi tinh 6n dinh khé cao.
N6 di dwoc nghién ctru trong hip phy methyl da
cam va rhodamine B (Li ef al., 2016), hap phu Cr
(VD) (Aietal., 2015). Trong nghién clru nay, vat li¢u
ZIF-67 da dugc khao sat tong hop trong dung moi
ethanol va kha niang hap phy methyl da cam. Theo
tim hiéu, nghién ctru nay chua timg dugc cong bd
trude day.

2 THUC NGHIEM
2.1 Vit liéu va thiét bi

Ethanol ctia Sigma — Aldrich (d¢ tinh khiét >
99.8 %), 2-methylimidazole cua Sigma — Aldrich
(HMim CsH4Ny) (d6 tinh khiét 99%). Cobalt nitrate
hexahydrate (Co(NO3),.6H,0) ctuia Sigma — Aldrich
(= 98.5%), methyl da cam (Ci4sHi4sN3NaOsS) cua
Trung Qudc.

Nhiéu xa tia X (XRD) ctia ZIF-67 duoc do bing
may D8 Advance - Brucker, stt dung birc xa CuK,
(A =1.5406 A tai 40 KV, 40 mA, 0.03°, 26) tai Khoa
Khoa hoc Ty nhién, Truong Pai hoc Can Tho. Phan
tich nhiét trong lugng (TGA) cua vat liéu st dung
may NETZCH véan hanh véi chuong trinh nhiét
10°C/phut trong khong khi. Mau duoc do tai phong
Thi nghiém vat li€u cua Khoa Cong Ngh¢, Truong
Pai hoc Can Tho. Kinh hién vi dién tir quét SEM
dugc sir dung dé xac dinh hinh anh bé mat, kich
thudc cua tinh thé ZIF-67, anh SEM dugc chup tai
phong thi nghiém chuyén siu, Trudng Dai hoc Can
Tho. Phd hdng ngoai (FT-IR) duoc do bing may
Nicolet 6700 tai Phong Sic ky - Quang phd, khoa
Khoa hoc ty nhién, Truong Dai hoc Cén Tho, dung
dé xac dinh cac nhém chre trong vat lidu. Trude khi
do, miu duoc ép thanh vién voi KBr tinh khiét theo
ti 18 khdi lwong mau: KBr = 1: 200, ap luc ép 1a 7 kg
/em?, bé day 0.8-1.0 mm. Khoang budc song do 1a
400-4000 cm™!, do & nhiét @6 phong. May do quang
ph6 UV-Vis ding dé xac dinh kha nang hap phu cua
ZIF-67 tai phong Sic ky — Quang phd, Khoa Khoa
hoc tu nhién, Truong Pai hoc Can Tho.

2.2 Téng hgp ZIF-67

ZIF-67 dugc tong hop bang cach hoa tan 0,291¢g
Co(NO;3),.6H,O (1 mmol) va 0,328¢ HMim (4
mmol) riéng biét moi chat trong trong 25 mL EtOH.
Sau d6, dung dich mudi cobalt duge nho tir tir vao
dung dich HMim va khuéy hén hop trong 10 phut &
diéu kién nhiét d6 phong va ap sudt khi quyén. Tinh
thé ZIF-67 mau tim dwoc hinh thanh va ling xudng,
thu 14y phan chat rin bang phuong phap li tim, chét
rén sau d6 duoc rira véi EtOH 3 lén/ngay varua lién
tuc trong 4 ngay dé loai bo céc tap chat. ZIF-67 dugc
sdy & 60°C trong 24 h. Khao sat ti 1& mol tac chat
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phan (mg Co(NO3),.6H,0: HMim lan lugt ¢ cac ti
1€ 1:2, lzfl, 1:6, 1:8 dé,dénh gia su g’mh huong cua ti
1€ tac chat 1én hiéu suat phan tng tong hop.

2.3 Khio sat hoat tinh hip phu methyl da
cam (MO)

Lay 10 mL chat dugc hap phu co nong do 50
ppm cho vao lo 15 mL, ZIF-67 véi khdi lugng 3 mg
va khudy déu. Sau d6, miu dugc do UV-Vis dé xac
dinh hiéu qua hap phu theo thoi gian. Két qua duoc
so sanh véi dudng chudn dé tinh toan hiéu qua hép
phu. Céc thong s6 can khao sat 1a thoi gian, pH,
nhiét do, ndng d6 MO, khéi lwong chat hip phu.

3 KET QUA VA THAO LUAN

Tinh thé ZIF-67 da dugc tong hop thanh cong
trong dung moéi EtOH & diéu kién thi nghiém nhiét
d6 phong va ap suat khi quyén, gian d6 nhidu xa tia
X dang bot (PXRD) cua ZIF-67 ¢ cac ti 1¢ tac chét
khac nhau thé hién trén Hinh 1. O cac ti 16 mol Co?*:
HMim 1a 1:2, 1:4, 1:6, 1:8 & Hinh 1 déu c6 céc g6c¢
nhiéu xa dic trung & cac goc 20 =7.4°,10.4°, 12.7°,
14.8°, 16.5°, 18.0°, 22.1°, 24.5°, 25.5°, 26.7°, 29.5°,
30.6°, 31.6°, 32.5° twong ung voi cac mat (011),
(002), (112), (022), (013), (222), (114),(233), (134),
(044) phu hgp véi nghién ctru ciru trude d6 (Gou et
al., 2016). Diéu nay cho thay vat liéu tong hop trong
dung méi ethanol & cac ti 1& mol khac nhau co thé
tao ra ciu tric cua tinh thé ZIF-67.
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Hinh 1: PXRD cua vt liéu ZIF-67 khao sat ¢
cac ti 1€ tac chat khac nhau

Khi tang ti 1é mol Co?": HMim tir 1:2 1én 1:4 thi
hiéu suét tong hop ZIF-67 ting dang ké. O Hinh 2,
ti 16 mol 1:4 hiéu suit 16n hon 60% cao gin gap 3
1an so vdi ti 1¢ mol 1:2 khoang 20%. Tuy nhién, khi
tang luong ligand 1én cac i 1¢ 1:6 va 1:8 thi hidu suat
thay d6i khong déng ké khoang 70%. Piéu nay cho
thdy luong ligand da anh huong truc tiép dén hiéu
sut hinh thanh tinh thé ZIF-67 va c6 thé giai thich
1a do HMim déng vai tro 1a don vi lién két trong céu
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trac ndi cac phan tir Co?* nén thudng phai sir dung
lwong nhiéu hon. Vi sy chénh 1éch hiéu suét khong
dang ké giita céc ti 18 1:4, 1:6, 1:8 do d6 chp nhan
ti 16 1:4 1a ti 18 t6i wu trong phuong phéap tong hop
ZIF-67 st dung dung méi ethanol & diéu kién nhiét
do phong.
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Hinh 3: FT-IR cua vét li€éu ZIF-67 va Hmim

Céu trac vat liéu ZIF-67 tiép tuc dugc phan tich
bang phd hong ngoai (FT-IR) thé hién trén Hinh 3.
Két qua cho thdy phd FT-IR cua ZIF- 67 téng hop
trong dung mdi ethanol c¢6 nhiing diém giéng va mot
s0 peak c6 sy giam d¢ dich chuyén nho so véi pho
ctia HMim. Cu thé, trén phd FT-IR cta ZIF-67 xuat
hién céc peak trong khoang 600-1500 cm™' 13 nhiing
dao dong dan lién két cia vong imidazole. Tai peak
1594 cm! trén phd HMim d6 1a sy dao dong co dan
lién két C=N, trong khi trén phd ZIF-67 d¢ dich
chuyén cua lién két C=N 1a 1584 cm', chimng to da
¢6 sy hinh thanh lién két Co-N, lam d6 dich chuyén
cta lién két C=N giam di 10 cm . Nhimg peak &
2929 va 3135 cm! 1a ddu hiéu proton cua lién két C-
H trong vong aromatic va chudi aliphatic cua cau
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ndi trong vat liéu ZIF-67 (Lin et al., 2015). Pho FT-
IR cua ZIF-67 ciing thé hién 13 su co dan lién két
Co-N tai peak 425.59, tai vi tri nay khong thdy xuét
hién trén phd cia Hmim, didu nay phu hop véi
nghién ctru cua Li ef al. (2015). Tir két qua trén ¢
thé két luan réng vat liéu ZIF-67 dugc téng hop
trong dung mdi ethanol van dam bao duoc sy hinh
thanh lién két Co-N va d6 ciing 1a lién két chinh yéu
tao thanh tinh thé ZIF-67.
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Hinh 4: Phan tich nhiét trong lwong TGA cua
vat liéu ZIF-67

Dbi voi mot vat lidu rén, yéu té bén nhiét 1a mot
trong cac yéu t6 quan trong, ZIF-67 dugc tién hanh
phan tich nhiét trong luong (TGA). Hinh 4 cho thay
tir 50°C cho dén 350°C c¢6 sy thay ddi trong lwong
khoang 5%, c6 thé do sy bay hoi ctia mot s6 phén tir
tap chat co kich thuéc nho va dung méi ethanol con
sot lai. Vuot qua nhiét d6 350°C bat dau c6 sy giam
khdi lugng 16 rét, nguyén nhan 1a do sy phéan hiy
dan cau ndi hiru co (Lin ef al., 2015), va cho dén
nhiét d6 500°C hau nhu ciu tric cia ZIF-67 da bi
pha v& hoan toan. Két qua trén c6 cho thiy ZIF-67
duogc tong hop trong dung moi ethanol van dam bao
duoc dic tinh bén nhiét dén khoang gﬁn 350°C nhu
nhitng nghién ctu trudc. Mac du 46 bén nhiét cia
ZIF-67 kém hon ZIF-8 (khoang 500°C) (Pan et al.,
2011), nhung n6 van vuot trdi hon nhiéu so véi cac
loai vt liéu khac trong nhom vat liéu MOFs (Ferey
et al., 2008).

Anh SEM cua ZIF-67 dugc trinh bay & Hinh 5.
Két qua cho thiy vat liéu tong hop dugc ¢b ciu trac
khdi nhiéu mit gan gidng véi cau tric khdi 12 mat.
Theo Lin et al. (2015), ZIF-67 ¢6 cAu trac khdi 12
mat hinh thoi véi canh thfmg va bé mat bong khi
nhiing tinh thé dugc phat trién t6t, khong 13an dung
mdi hay cau ndi hitu co thira néu ti 16 mol Co?":
HMim 16n hon 1:2. Néu ti 1é thip hon 1:4 hay 1:8
thi thu dugc ciu trac khdi 1ap phuong. O day, vat
lidu ZIF-67 duoc tong hop trong dung moi ethanol
véi ti 16 mol Co?": HMim = 1:4, vt liéu thu duoc cé
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chu tric khdi 12 mat. Piéu nay phu hop véi cac
nghién ctu trude day.

Hinh 5: Anh SEM ciia vit li¢u ZIF-67

Vit liéu ZIF-67 duoc tong hop trong dung moi
EtOH, vdi ti 16 Co*": HMim tbi uu 1a 1:4, duoc tién
hanh khao sat hoat tinh hip phu methyl da cam
(MO), v6i nhirng diéu kién khao sat: thoi gian, pH,
nhiét do, néng d6 MO va khdi luong ZIF-67.
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Hinh 6: Kha ning hiap phu MO ciia ZIF-67 theo
thoi gian & cac gia tri pH (mzir-67= 3 mg, Cmo =
50 ppm, va tai 30°C)

Kha ning hip phu MO cua ZIF-67 ting dan tir
10 phtt dén 90 phat nhung sau d6 gia tri Q. khong
thay dbi hodc thay d6i khong dang ké. Didu nay cho
thdy 90 phit 1a thoi diém ma vat liéu dat trang thai
can bang hap phu dbi vai chat hiru co MO ¢ tat ca
cac muc pH da khao sat, xu huéng qua trinh duoc
thé hién ¢ Hinh 6. Tur két qua trén, chon 90 phut 1a
thoi gian tdi wu cho qua trinh hip phuy.

pH 12 mot trong nhing yéu t6 anh huong rat quan
trong dén qua trinh hip phu MO. Khao sét lai pH
thay dbi tir 3,0 dén 7,0 mbi 1an thay dbi 0,5. Cac yéu
t con lai giit ¢b dinh 1a khdi lvong chit hip phu 3
mg, nhiét d6 30°C, néng do MO 50 ppm, thoi gian
khudy 13 90 phut. Két qua thu duoc trinh bay & Hinh
8. ZIF-67 hap phu thap & méi truong axit pH 3,0-
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4,0, Q.< 40 mg.g', gia tri nay tang dan va dat cuc
dai 6 pH 5,5 v6i Qe= 120 mg.g!, sau d6 c6 xu huéng
giam hiéu qua khi tiép tuc tang pH. Diéu nay dugc
giai thich nhu sau: Thong thudng, vat lidu cdu trac
Zeolite truyén thdng sé& loai bo chat hitu co bén bang
co ché ray phan tir, nhung trong trudng hop ZIF-67
do duong kinh mao quan bé, thém vao d6 MO lai co
c4u tric 16n nén n6 khong thé di vao mao quan dugc.
ZIF-67 hip phu MO thong qua lyc hut tinh dién giita
vé mit vét liéu va MO (Pan et al., 2016). Do d6, kha
nang hap phu cta vat liéu bi chi phéi rat nhidu boi
pH. Nghién ctru ctia Lin et al. (2015)da chi ra rang
bé mit ZIF-67 mang dién tich dwong cua ion Co?*
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va trong moi truong pH cang thip thi dién tich
dwong cang manh. Trong khi d6, cau tric MO ciing
bi anh huéng bai pH, khi pH qué thap s& hinh thanh
ion duong tai nguyén tr N trén phan ttr MO (nhu
trén Hinh 7) 1am gia ting lyc day tinh dién véi ion
Co?* gay bit loi cho qua trinh hap phu. Sy hip phu
chi xay ra tot nhét, khi dién tich duong cua vat liéu
ZIF-67 manh nhit va dién tich duong trén phan ti
MO yéu nhét. Tuy nhién, hai qua trinh nay lai bi 4nh
huong boi pH nguoc chidu nhau nén khé co thé
khdng ché qua trinh nay mot cach tuyét doi. Tur két
qua thyc nghiém trinh bay ¢ Hinh 8, khoang pH 5,5
1a mdi trudng hap phu tét nhét cho vat liéu nay.
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Hinh 7: Ciu tric ciia methyl da cam
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Hinh 8: Anh hwéng pH dén sy hap phu MO
(mZIF- 67 = 3 mg, CMO =50 ppm, tai 300C, va
thoi gian khuay la 90 phit )

Dé khao sat sy anh hudng cua nhiét do dén su
hép phu, giit ¢6 dinh pH dung dich bang 5,5, khi
lwong chat hap phu bang 3 mg, nong d6 MO 1a 50
ppm, thoi gian khudy 1a 90 phut nhiét do khao sat
30-60°C két qua ¢ Hinh 9. Khi ting nhiét do tir 30-
45°C thi hiéu qua hap phu ting va dat gia tri Q. cao
nhat bang 150 mg.g" tai 45°C. Theo nguyén li 2
nhié¢t dong luc hoc, mot phan tir khi nhan nhiét né
¢6 xu hudéng chuyén dong nhanh hon, do do trong
truong hop nay, khi ting nhiét do s& ting van tdc
khuéch tan MO dén bé mit vat liéu, ting va dap hiru
hiéu két qua 1a lam ting hiéu qua hap phu. Tuy
nhién, ban chit cua sy hip phu MO cia ZIF-67 1a
tuwong tac tinh dién, day 1a mot lién Kkét yéu, néu tang
nhiét d6 qua cao, ning lugng cung cap 16n, lyc va

dap manh s& pha v& céac lién két nay va lam giam
hiéu qua hap phu (Pan et al., 2016). Mic du Q. dat
cao nhét ¢ 45°C nhung khong 16n hon nhiéu so véi
35°C (khoang 3%), nén vé mat nang lugng, 35°C
duoc xem nhu nhiét do t6i wu cho céc nghién ctru
tiép theo.

Qe (mg.g-1)

30 35 40 45 50 55 60
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Hinh 9: Anh hwéng ciia nhiét 36 mZIF-67 = 3
mg, CMO = 50 ppm, pH 5.5 va thoi gian khuay
90 phut

Nong d6 MO va khéi lwong ZIF-67 can sir dung
1a hai dai luong c6 lién quan truc tiép v6i nhau.
Nong d6 MO dugc khao sat trong nghién ciru nay
thay ddi tir 10 ppm dén 60 ppm tuwong ty khéi lwong
vat liéu dugc khao sat tir | mg dén 6 mg, pH va nhiét
d6 dugc cd dinh ¢ 5,5 va 35°C, thoi gian khudy 1a
90 phiit. Két qua nhu trén Hinh 10 khi ting ndng do
MO tir 10 ppm dén 60 ppm thi gié tri Q. c6 xu huéng
tang 1én. Khi Cymo = 10 ppm kha ning hap phu dat
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dudi 20 mg.g! ting dan dén 150 mg.g™' tai nong do
50 ppm sau d6 van giit dn dinh khi ting ndng do MO
1én 60 ppm; nguyén nhan 14 khi ndng do MO thép
su khuéch tan MO dén bé mat vat liéu s& trd nén kho
khan hon, cac tdm hoat dong cua ZIF-67 chua dugc
sir dung triét dé nén hiéu qua hap phu thap, khi ting
luong MO 1én thi sy khuéch tan MO ting 1én, xac
suat dé MO trong tac voi bé mit vat lidu cling cao
hon do d6 hiéu qua hap phu ting, tuy nhién dbi voi
mot lugng ZIF-67 xac dinh, thi twong tng voi nod la
mdt lwong MO x4ac dinh vi s€ xay ra hién tuwgng can
bang do d6 khi ting thém MO ciing khong lam ting
hiéu qua héap phu.

O khia canh anh hudng khéi lwong chit hap phu,
két qua dung nhu dy doan, khi tang khéi lwong vat
liéu tir 1 mg den 6 mg thi hi€u qua hap phu Q. giam.
Q= 163 mg.g! tai 1 mg gidm xudng con Q.= 100
mg.g”! twong ung 6 mg ZIF 67. Hiéu qua hip phu
16n nhat bang 164 mg.g™' tai khdi lwong 2 mg, Tuy
nhién nhu trinh bay ¢ trén, khéi lugng chét hap phu
va chat bi hap phu c6 mbi tuong quan vdi nhau. DPéi
v6i nhitng dung dich MO c6 nong d¢ khéac nhau thi
phai can diung mot lwong ZIF-67 khac nhau. Nhu
trén hinh 10, giao diém giita dwong biéu dién anh
huéng khéi lugng va ndng do chinh 13 diém tbi wu.
Vi vay, khéi luong ZIF-67 1a 5 mg va ndng d6 MO
st dung 1a 50 ppm duoc xem 1a tbi wu trong nghién
clru nay. Ngoai ra, lugng chat hdp phy trong nghién
ctru nay thap hon nhung lai cho hiéu qua hap phu
cao hon so vai cac nghién ctru trude (Li et al., 2016).

160 * . .
o - L]
140 4 Dosage of ZIF-67 from 1 mg to 6 mg

120 .
100 4
80

Smg S0 ppm
60 -

Qg (mg.g”")

40 4
204 Concentration of MO from 10 ppm to 60 ppm

L]
0

Hinh 10: Anh huéng caa nfﬁng do MO (a) va
lwgng ZIF-67 sir dung (b)

Kha ning tai sir dung 12 mot yéu td rat quan trong vé
tinh kinh té, Hinh 11 cho két qua cta vat liéu ZIF-
67 sau ba lan st dung; ZIF-67 mét khoang 5% hieu
qua hap phu MO véi 163 mg. g xuobng 154 mg.g!

sau 2 1an sir dung va giam xuong con Q. = 134 mg.g
! khi sir dung lan thir 3, hi¢u qua con lai khoang
82,2% so véi lan thir nhat. Nguyén nhén c6 thé 1a do
trong qua trinh xu ly MO, ZIF-67 khong bi anh
huong vé mit hoa hoc (tir két qua XRD va FT-IR)
tuy nhién do tic dung cta khudy, da lam thay déi
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tinh chat co hoc cua vt liéu, tao thanh nhiing cau
trac nho hon, che di cac tam hoat dong khac cua vat
lidu 1am giam hiéu qua hip phu. Tuy nhién, sau 3
1an hap phu, ZIF-67 van duy tri dugc hiéu qua hép
phu tuong dbi cao Q.= 134 mg.g"! dd vuot trdi hon
mot s6 vat liéu xép truyén théng nhu than hoat tinh
hay zeolite.

160

140 4
100
80
60
40
20
04 ' '
1st 2nd 3rd

Hinh 11: Hi¢u qua hip phu ciia vét li¢u ZIF-67
qua 3 lan st dung mzir-67= 5 mg, Cvo = 50 ppm,
t° =35°C, pH 5.5 va thoi gian khuay 90 phut

-
»n
o

Qe ( mg.g-1)

Dé danh gia ding kha nang thu hdi va tai sir dung
cua ZIF-67 bén canh khao sat hi¢u qua hap phu thi
céu trac cua ZIF-67 sau khi st dung ciing phai kiém
tra lai cau tric bang PXRD Hinh 12 va FT-IR Hinh
13.

! Fresh
\ L R L

-,
ot w 2
faa L PRV SH NP, W L PR

Intensity

\ o e A Used

T T T T T T

5 10 15 20 25 30 35 40
2 Theta ( degree )

Hinh 12: PXRD ciia vat liéu ZIF-67 sau ba lan
str dung (used) va vit liéu ban dau (fresh)

Hinh 12 cho thdy céu tric tinh thé cua ZIF-67
(used) van giir ving véi cac goc nhidu xa dic trung
020 =7.4°10.4°, 12.7°, 14.8°, 16.5°, 18.0°, 22.1°,
24.5°, 25.5°, 26.7°, 29.5°, 30.6°, 31.6°, 32.5° giéng
nhu XRD ban dau (fresh). Lién két gitta HMim va
mudi Co** trong ZIF-67 con gitr nguyén voi nhitng
dinh trong khoang 600-1500 cm™ la ctia vong
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imidazole. O dinh 1584 cm 1a cta lién két C=N
trong HMim, dinh & 2929 cm™! 1a cua lién két C-H
trong vong aromatic trong Hmim Hinh 13. Pac biét
1a dao dong dan ndi dic trung v(Co-N) tai dinh 425
van con thiy ré. Diéu nay chimg t6 vat liéu ZIF-67
tong hop trong EtOH ciia nghién ctru ndy hoan toan
¢6 kha niang thu hdi va tai str dung.

Used

H |

75
1579 1301 51

1417

Transmittance (%)

Fresh

1305

ok 1584 Lzo

4000 35'00 30‘00 25'00 20'00 15'00 10'00 560
Wavenumber (cm'1)
Hinh 13: FT-IR cua vit li¢u ZIF-67 sau ba sir
dung (used) va ZIF-67 ban dau (fresh)

4 KET LUAN

Vit lidu ZIF-67 da duoc tong hop thanh cong
trong dung moi ethanol & diéu kién nhiét do phong
va ap suét khi quyén véi higu suét tong hop trén 60%
duoc tinh toan theo mudi cobalt. Vat liéu ZIF-67
tong hop dugc ¢ ciu trac tinh thé khdi 12 mat hinh
thoi v&i dién tich bé mat cao, 6n dinh nhiét dén
khoang 350°C (vi sau 350 °C m&i bit dau c6 su phan
huy vat liéu déng ké) va c6 kha ning hap phu MO.
Céc thong s6 toi wu dé vat lidu hap phu MO trong
nghién ctru nay 1a pH 5.5, nhiét d6 35°C, ndng do
MO 50 ppm, khéi lugng chat hip phu 5 mg va thoi
gian khudy 1a 90 phut. Kha ning hip phu chat hiru
co bén cao hon mot sé nghién ctru cing dbi tuong
v6i lugng chat hap phu sir dung it (5 mg). Két qua
cua nghién ctru vuot trdi hon cac nghién ctru khac
vi téng hop ZIF-67 thanh cong trong diéu kién tién
hanh phan tng ém diu, sir dung dung moi than thién
moi truong dép tng duge xu thé hoa hoc xanh, va
6 tiém nang trong xu li cac chét thai dét nhudm doc
hai c6 hiéu qua cao, gop phan bao vé méi trudng,
cling nhu gop phan trong viée phat trién cong nghiép
theo huéng bén viing.

LOI CAM TA

Dé tai nay dugc tai trg boi Truong Pai hoc Can
Tho thong qua ma s6 TSV2018-27 va dy 4n Nang
cép Truong Dai hoc Can Tho VN14-P6 bang ngudn
vbn vay ODA tir chinh phu Nhat Ban.

Tép 55, 86 24 (2019): 1-8

TAI LIEU THAM KHAO

Beldon, P.J., Fébian, L., Stein, R.S., Thirumurugan,
A., Cheetham, A.K. and Fris¢i¢, T., 2010. Rapid
room-temperature synthesis of zeolitic
imidazolate frameworks by using
mechanochemistry. Angewandte Chemie
International Edition. 49(50): 9640-9643.

Bhattacharjee, S., Chen, C., and Ahn, W.S., 2014.
Chromium terephthalate metal—organic
framework MIL-101: synthesis,
functionalization, and applications for adsorption
and catalysis. Royal Society of Chemistry
Advances. 4(94): 52500-52525.

Ferey, G., 2008. Hybrid porous solids: past, present,
future. Chemical Society Reviews. 37: 191-214.

Guo, X., Xing, T., Lou, Y., and Chen, J., 2016.
Controlling ZIF-67 crystals formation through
various cobalt sources in aqueous solution.
Journal of Solid State Chemistry. 235(1): 107-112.

Huang, X.C., Lin, Y.Y., Zhang, J.P., and Chen,
X.M., 2006. Ligand-directed strategy for zeolite-
type metal-organic frameworks: zinc (II)
imidazolates with unusual zeolitic topologies.
Angewandte Chemie International Edition.
45(10): 1557-1559.

Jung, B.K., Jun, J.W., Hasan, Z., and Jhung, S.H.,
2015. Adsorptive removal of p-arsanilic acid
from water using mesoporous zeolitic
imidazolate framework-8. Chemical Engineering
Journal. 276: 9-15

Lé Thanh Dling, Pang Huynh Giao, Truong Vii
Thanh va Phan Thanh Son Nam. 2015. Vit liéu
khung hitu co-kim loai: Tinh hinh nghién ctru &
Viét Nam. Tap chi Xuc tac va Hap phu. T4(4B):
1-17.

Lin, K.Y.A., and Chang, H.A., 2015. Ultra-high
adsorption capacity of zeolitic imidazole
framework-67 (ZIF-67) for removal of malachite
green from water. Chemosphere. 139: 624-631.

Li, Y., Zhou, K., He, M., and Yao, J., 2016.
Synthesis of ZIF-8 and ZIF-67 using mixed-base
and their dye adsorption. Microporous and
Mesoporous Materials. 234: 287-292.

Li, X., Gao, X., Ai, L., Jiang, J., 2015. Mechanistic
insight into the interaction and adsorption of Cr
(VI) with zeolitic imidazolate framework-67
microcrystals from aqueous solution. Chemical
Engineering Journal. 274: 238-246.

Martins, G.A., Byrne, P.J., Allan, P., et al., 2010.
The use of ionic liquids in the synthesis of zinc

imidazolate frameworks. Dalton Transactions.
39(7): 1758-1762.

Ordofiez, M.J.C., Balkus Jr, K.J., Ferraris, J.P., and
Musselman, I.H., 2010. Molecular sieving
realized with ZIF-8/Matrimid® mixed-matrix

membranes. Journal of Membrane Science.
361(1): 28-37.



Tap chi Khoa hoc Truong Pai hoc Can Tho

Peralta, D., Chaplais, G., Angelique, S.M., Bathelet,
K., and Pirngruber, G.D., 2012. Synthesis and
adsorption properties of ZIF-76 isomorphs.
Microporous and Mesoporous Materials. 153: 1-7.

Pan, Y., Li, Z., Zhang, Z., et al., 2016. Adsorptive
removal of phenol from aqueous solution with
zeolitic imidazolate framework-67. Journal of
Environmental Management. 169: 167-173.

Pan, Y., Liu, Y., Zeng, G., Zhao, L., and Lai, Z., 2011.
Rapid synthesis of zeolitic imidazolate framework-
8 (ZIF-8) nanocrystals in an aqueous system.
Chemical Communication. 47: 2071-2073

Yang, L., and Lu, H., 2012. Microwave-assisted
ionothermal synthesis and characterization of
zeolitic imidazolate framework-8. Chinese
Journal of Chemistry. 30(5): 1040-1044.

Yao, J., and Wang, H., 2014. Zeolitic imidazolate
framework composite membranes and thin films:

Tép 55, S6 24 (2019): 1-8

synthesis and applications. Chemical Society
Review. 43(13): 4470-4493.

Yao, J., He, M., Wang, H., 2015. Strategies for
controlling crystal structure and reducing usage
of organic ligand and solvents in the synthesis of
zeolitic imidazolate frameworks. Crystengcomm.
17(27): 4970-4976.

Yaghi, O.M., Park, K.S., Ni, Z., et al., 2006.
Exceptional chemical and thermal stability of
zeolitic imidazolate frameworks. Proceedings of
the National Academy of Sciences of The United
State America. 103(27) 10186-10191.

Zhou, Y., Wu, J., Qiao, J., Zhang, A., et al., 2013.
The removal of bisphenol A from aqueous
solutions by MIL-53(Al) and mesostructured
MIL-53(Al). Journal of Colloid and Interface
Science. 405: 157-163.



