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TOM TAT

Vat liéu khung hitu co kim loai UiO-66 duwoc tdng hop bang phuong phap nhiét
dung m6i & 120 °C trong 36 gio. Vat liéu tong hop dwoc dic trung bang nhiéu xa
tia X, hién vi dién t&r truyén qua, hién vi dién t&r quét, phén tich nhiét trong luwong,
dang nhiét hdp phu va khie hap phu N», ning luong tan xa tia X . Két qua thuc
nghiém cho thdy vat liéu tong hop la UiO-66 ¢ dang cac tinh thé hinh cau cé dién

tich bé mat riéng va d6 bén nhiét la kha cao.

Tt khoa: vat liéu khung hitu co kim loai, MOF, UiO-66.

1. MO PAU

Vat liéu khung hitu co kim loai (Metal Organic Frameworks, ky hiéu 1a MOFs)
duwoc tim ra bdi nhom nghién cttu ctia gido s Omar. M. Yaghi ¢ treong dai hoc UCLA
vao dau nhitng ndm 1990. Vat liéu MOF c6 do x6p khong 16 (khoang trong chiém dén
90%) v6i dién tich bé mat va thé tich mao quan rat 16n (tix 1000 m?/g dén 8000 m?/g )
[1]. Chinh nho diéu nay ma vat liéu MOFs da duoc nghién cttu rong rai dé€ ing dung
lueu trit hay tach khi, xtc tac, dan truyén thudc [2] ... Tuy nhién, c6 mot nhuoc diém 16n
nhat cta vat liéu MOFs dac biét la don vi xay dung th cdp (Second Building Units,
SBUs) Zn-carboxylates khong bén héa hoc trong khi &m va dé bi proton héa [3]. Do
han ché nay, viéc bién tinh véat liéu MOFs ngay cang thu hit sy quan tam nghién cttu

[4].

Vao nam 2008, Lillerud va nhém nghién cttu da st dung nat kim loai la
Zirconinum d¢€ tao ra phan 16p Zirconium MOFs véi don vi xay dung thit cap la cum
oxit ZreOs. Zirconium trong cum oxit nay ¢ hda tri 4 lam cho lién két cation kim loai —
anion oxy — phdi ti hitu co tré nén viing chac hon. Do d6, vat liéu Zr6-MOFs c6 d6 bén
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nhiét, co hoc va héa hoc 6n dinh va duoc dit tén 1a vat liéu UiO-66 (UiO 1a viét tit caa
University of Oslo) [5,6].

Trong nudc ciing da cd cac cong trinh cong bo vé tdng hop vat liéu UiO-66 [7, 8,
9 ] nhung két qua cong bd cho thdy dién tich bé mat riéng con thdp [8, 9 ] . Trong bai
bao nay, trinh bay tong hop vat liéu UiO-66 ¢ dién tich bé mit riéng 16n hon nhiéu so
véi cdng bd trong nudc.

2. THUC NGHIEM

Cac hoa chét duoc st dung ZrCls (Merck), N,N dimethylformamide (DMF), 1,4-
benzenedicarboxylic, methanol, chlohydric acid (Guangzhou, Trung Qudc).

Bai bao nay tong hop vat liéu UiO-66 theo tai liéu tham khao [9] va c6 thay doi
nhw sau: Hoa tan 0,38 g 1,4-benzenedicarboxylic trong 30 mL DMF duwoc dung dich 1,
hoa tan 0,53 g ZrCls trong 30 mL DMF va 1 mL HCI dam ddc va ddt vao siéu am duoc
dung dich 2, cho dung dich 1 va dung dich 2 vao binh Teflon ddt trong autoclave va
thuy nhiét trong 36 gio ¢ diéu kién 120° C. Sau khi thay nhiét 14y binh Teflon ra dé
ngudi & nhiét 46 phong, tién hanh loc rira bang dung mdi DMF (rtta 3 Ian). Ngam san
pham trong dung moi methanol trong 3 ngay (ctt 24 gio thay dung moi 1 Tan). Tién
hanh say trong 24 gio ¢ nhiét d¢ 60 °C ta thu duoc vat liéu UiO-66 .

Thanh phan pha tinh thé duwgc nghién ctru béng nhiéu xa tia X (Bruker,
Advance D8) dung tia bttc xa Cu Ka vdi A = 1,546 A va tdc d6 0,01 do/phut. Hinh thai
cua vat liéu dugc nghién ctru b?mg hién vi dién tr quét SEM (JSM-5300 LV) va hién vi
dién t& truyén qua TEM (JEOL JEM-2100 ). Xac dinh dién tich bé mét riéng bang dang
nhiét hap phu va khtr hap phu nito thye hién trén may Micromeritics ASAP 2020. Phan
tich nhiét trong lwong TGA bang phan tich nhiét trong lwong vi sai TG-DTA (DTG-60H
Shimadzu) ¢ ap sudt khi quyén va tdc do nang nhiét 10 °C/phut.

3. KET QUA VA THAO LUAN

Vat liéu UiO-66 tong hop dugc déc trung bang phuong phdp XRD duoc trinh
bay nhu Hinh 3.1:
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Hinh 3.1. Gian d6 nhiéu xa tia X ctia UiO-66 chuan va tong hop.

Tt hinh nay cho thay tat ca cdc peak nhiéu xa cua UiO-66 tong hop déu phu
hop véi mau chudn va cac cong bo trude day [2, 10] voi goc 20 = 7,27; 8,42;; 17,10 va
25,88°. Trong do6 peak nhiéu xa dic trung cho vat liéu 0 goc 7,27° va 8,42° ¢6 ceong do
cao, sic nhon dic trung cho vat liéu UiO-66.

T Hinh 3.2 cho thdy vat liéu UiO-66 tong hop la tinh khiét chi gom 3 peak cua
nguyén t6 C, O va Zr véi phan tram nguyén td C la 60,96%, O la 35,91% va Zr 3,12%.

+
Spectrum 1
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Hinh 3.2. Phé tan xa nang luong tia X cua UiO-66.

D€ 16 hon vé hinh dang cta vat liéu nay da tién hanh quan sat hinh thai hoc
thong qua anh hién vi dién ti quét SEM va anh hién vi dién t& truyén qua TEM.
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IMS-NKL 5.0kV 4.5mm x100k SE(M)

Hinh 3.3. Anh SEM va TEM ctia UiO-66 tong hop.

Hinh 3.3 cho thdy, UiO-66 tong hop ¢6 dang la cac tinh thé hinh cau twong doi
dong déu voi kich thudc khoang 90 - 100 nm.

Dién tich bé mat riéng ctia UiO-66 duoc xac dinh béng do déng nhiét hdp phu
va khit (BET) hép phu khi N2 6 77 K dat 912,2 m?/g & nhiét d¢ kich hoat 1a 373 K (két
qua chi ra trén Hinh 3.4 va Bang 1). Két qua nay la kha cao so v6i cac cong bé ¢ trong
nudc [8, 9 ] va thap hon khong nhiéu so véi cong b qudc t€ [12].
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Hinh 3.4. Duong dang nhiét hdp phu va khtr hdp phu N2 cta UiO-66 tong hop.

Bdng 3.1. So sanh dién tich bé mét riéng ctia mau tong hop véi cac nghién ctru khac

Dién tich bé mat riéng (m?/g)
Ngu\f)n Sger SLangmuir
Trong nghién citu nay 919,2 1178
(8] 597 -
(9] 706 -
[12] 1069 -

4
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D0 bén nhiét ctia vat liéu UiO-66 duoc nghién ctru thong qua phép do phan tich
nhiét trong lwong. Tt Hinh 3.5 cho thdy cé hai giai doan twong tGng véi hai khoang
nhiét do & d6 co6 su giam trong luong ctia UiO-66:

- Trong khoang 70 °C dén 300 °C thi c6 sy giam 31,49% trong lwong twong tng
voi sy bay hoi cia dung mo6éi DMF, CHsOH, H20 nidm trén bé mit va qua trinh giai
phéng DMF trong 16 x8p cta UiO-66.

- O nhiét d6 tir 325 °C dén 600 °C cd sw mat trong luong & budc thi hai 39,53%
la su pha huy khung MOF do sy mét cac phoi ti H:BDC va cac khuyét tat lién két (-
OH / OH2) phdi tri vdi cation Zi*. Khi nhiét d6 16n hon 610 °C, trong luwong on dinh
khong do6i twong tng voi ZrO2[11]. Két qua nay 1a cao hon cong bd cua Abid va cdng
sw [12] la vat liéu UiO-66 trong bao cao bi phan huy ¢é trong luwgng khong doi ¢ 480 °C
va cong bd trong nudc ctia Phung Thi Thu [9] vé vat liéu UiO-66 bao cdo thi ¢ bi phan
huy c6 trong luong khong doi ¢ 536 °C.
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Hinh 3.5. Phan tich nhiét trong luong cua UiO-66 tong hop.
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4. KET LUAN

Nghién cttu nay cho thdy vat liéu tong hop khung hitu co kim loai thu dwoc 1a

vat liéu UiO-66. Vat liéu tong hop duoc nay la cac tinh thé hinh cau twong ddi dong

déu vdi kich thudce tir 90 dén 100 nm. Dac biét 1a dién tich bé mdt riéng ctia vat liéu

912,2 m?/g cling nhu d bén nhiét 1a kha cao so vdi cac cong b ¢ trong nude.

LOI CAM ON

Nhém nghién cttu xin cam on sy tai tro kinh phi cua Pai hoc Hué thong qua dé

tai cap Dai hoc Hué c6 ma s6 DHH 2020-01-170 va xin cam on sy tao diéu kién cua cac

phong thi nghiém cta Khoa Hda, treong Dai hoc Khoa hoc da tao diéu kién dé thuc

hién cac thiec nghiém.
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SYNTHESIS OF METAL ORGANIC FRAMEWORK MATERIALS UiO-66
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ABSTRACT

In the paper, metal organic framework materials were synthesized from the
reaction of zirconium tetrachloride and 1,4-benzenedicarboxylic by hydrothermal
method at 120 °C for 36 hours. The structural properties of obtained materials were
systematically characterized using powder X-ray diffraction (PXRD), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), Energy-
dispersive X-ray spectroscopy (EDX), N2 adsorption-desorption isotherms (BET),
and thermogravimetric analysis method (TGA). The results showed that obtained
materials were UiO-66 having sphere-like morphology and specific surface area as

well as good thermal stability.

Keywords: metal organic framework materials, MOF, UiO-66.
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