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Metal-organic framework materials based on cobalt(ll) ions and
1,3,5-Benzenetricarboxylic acid were synthesized by microwave and
hydrothermal methods. The time to synthesize materials by
hydrothermal method is much longer than by that of the microwave
method. Synthesized materials were characterized by scanning electron
microscopy (SEM), X-ray diffraction (XRD), infrared spectroscopy (IR),
and Brunauer-Emmett-Teller (BET) surface area. The results showed that
the morphology of the Co-BTC is a rod-shaped crystal with length
between 5-10 um. The specific surface area of the material synthesized
by microwave and hydrothermal methods is 99.085 m?/g and 45.348

m?/q, respectively.

Gidi thiéu chung

K& tU thai diém dugc phéat hién cho dén nay, vat liéu
khung kim loai httu cg (MOF) da thu hat dugc su quan
tam nghién clu rét Ién trong céc finh vuc khac nhau
[1. Vat liéu MOF la nhiing hgp chét chira tdm kim loai
két hop vdi cac phan tir hitu co dé tao thanh cdu tric
x6p mot, hai hodc ba chiéu. Cac vat liéu nay co Ung
dung da dang nhu luu trit khi [2, 3], ¢ dinh enzyme
[4, 5], tinh ché va tach phan tur [6, 7], xUc tac [8, 9], cam
bién dién hoa [10, 11, phong dién co kiém soat [12],
lam khudn mau cho cau trdc nano [ 13]...

Viéc t8ng hgp MOF da thu hit dugc su chd y I6n trong
nhiéu thap ky qua vi ching cé nhiéu céu tric da dang
va thu vj, rét dugc quan tdm cho nhiéu Ung dung

trong moét s6 Iinh vuc lién quan dén vat liéu xbp.
Chung c6 nhitng dac tinh vat Iy néi tréi va thé hién la
vat liéu da chdc nang [14]. MOF duya trén kim loai
chuyén tiép la MOF dugc téng hgp va Uing dung phd
bién nhét, chd yéu la do kim loai chuyén tiép cé hda tri
thay déi va thé hién dac tinh xuc tac tét [15]. Coban va
cac hgp kim cla nd la mét trong nhiing déi tugng
dang quan tdm dé t6ng hop MOF, trong db cb
Co-BTC dugc nghién ctu kha nhiéu. Co-BTC la hgp
chat bao gém ion Co®* dudc phdi hap vdi cac phdi tlr
hitu co 1,3,5-Benzenetricarboxylic acid (H:BTC) dé tao
thanh vat liéu khung ca kim. Cu thé mdi ion Co lién két
VvGi séu nguyén ti oxy dé tao thanh bat dién CoOs.
M&i bat dién CoOs dudc lién két véi sau bat dién lan
can thong qua cac phdi ti BTC, tao thanh mét I6p hai
chiéu. Cac 16p hai chiéu dugc két ndi thém bang cac
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ion formte dé tao thanh c4u tric khung 3D [16]. Dién
tich bé mat cla vat liéu trén cg s& Co kha da dang vé
gia tri va hinh dang dé thi hap phu dang nhiét N khi
ky thuat va diéu kién téng hop khac nhau [17-19]. Nhu
ching ta da biét, mét trong nhiing Ung dung quan
trong cia MOF 1a trong linh vuc tach khi, c6 thé dugc
thuc hién théng qua tuong tac vat ly hodc hda hoc
gitta MOF va khi [20, 21]. Vat liéu Co-BTC con co kha
nang st dung lam cam bién sinh hoc [22], luu trlf néng
lugng [23, 24]... Nhiing vat liéu nay thudng dudc diéu
ché bang phuong phép nhiét dung moi [25, 16].
Phucng phap nay c6 mét sé nhuge diém nhu nhiét dé
téng hop cao va thai gian phan Ung dai [25, 16]. D
khac phuc cac nhugc diém trén, phucng phap hé trg
vi séng da dugc st dung dé téng hop vat liéu MOF tur
kim loai chuyén tiép [19, 26]. Bay la phuong phép c6
thai gian t6ng hgp nhanh hon, chi phi thdp hon rat
nhiéu lan so vd&i phucong phap thly nhiét hay nhiét
dung méi. Tuy thudc vao phuang phép téng hop dugc
st dung va cac stra déi trong phuong phép téng hop
ma Co-BTC c6 nhiéu dang hinh thai khac nhau. Ching
o thé c6 dang hinh que [17,19, 24], hinh khé&i chit nhat
[22, 25], bé m&t nham dang vay hinh zigzag [23]...
Trong bai bdo nay nhom nghién clu st dung hai
phuong phap t6ng hop Co-BTC la phuong phép thuay
nhiét va phuong phap ho trg vi séng.

Thyc nghiém va phuang phép nghién cdu

Héa chdt, thiét bi

- Cac hoa chét st dung bao gdm: Co(NO3)2.6H20 99%
(Xilong, Trung Quéc), 1,3,5-Benzenetricarboxylic acid
98 % ((H3BTC) Macklin, Trung Quéc), Ethanol 99,7 %
(Xilong, Trung Quéc), N,N-dimethylformamide 99,5 %
(Xilong, Trung Qudc), nudc cat.

- Thiét bi, dung cu: binh thly nhiét, chai thuy tinh
Duran, 16 O nhiét, méy khudy tu, 10 vi song, bé siéu am
doéng hoa, may ly tam t6c do cao, can phan tich, bd
dung cy thay tinh.

Quy trinh ché tao Co-MOF

- T6ng hop Co-BTC bang phuong phép thay nhiét
theo cac budc sau: Hoa tan 0,02 mol Co(NO3)2.6H.0
vao 150 ml hdn hop nudc cat, N,N-dimethylformamide
va ethanol (t [& 1: 1: 1 theo thé tich). Tiép theo bd sung
vao hén hap 0,01 mol 1,3,5-Benzenetricarboxylic acid,
sau do dem siéu am trong 30 phudt. Dung dich sau khi
dong nhat dugc chuyén vao binh thly nhiét co 161 lam
bang teflon, tién hanh & & 150 °C trong 24 gid. Sau 24
gid két tha rén thu dugc dugc loc rira nhiéu lan bang
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ethanol. Cudi cling san pham Co-BTC thu dugc sau khi
sdy kho & nhiét do 80°C trong 5 gid.

- T6ng hop Co-BTC bang phuong phéap hd trg vi song
cac budc ban dau tién hanh tuong ty nhu phucng
phép thay nhiét. Dung dich sau khi siéu am déng nhét
dugc cho vao chai thuy tinh Duran, dong chat va dua
vao 10 vi song Electrolux EMM2022MW, duy trinh &
muc cong sudt 200 W trong téng thdi gian 60 phut
(chiéu xa vi séng 5 phut thi nghi 1 phut). Vat liéu rén
thu dugc loc rira nhiéu 1an bang ethanol. Cudi cung
san phdm két tla Co-BTC dugc sdy & nhiét do 80 °C
trong 5 gic.

Qué trinh t6ng hgp Co-BTC cb thé xay ra theo phuong
trinh phan Ung sau:

3Co(NQ3)2 + 2H3BTC—Co3(BTC)2+ 6NOs + 6H" 0]
Phuong phdp ddnh gid ddc trung vt liéu

- Thanh phan pha dugc phan tich bang phuong phap
nhiéu xa tia X (XRD) tai Vién Héa hoc (Vién Han lam
KH&CN Viét Nam).

- Xac dinh nhém chuc va su hinh thanh vat liéu théng
qua phé héng ngoai FT-IR tai Vién Héa hoc-Vat liéu
(Vien KH&CN quan su).

- Hinh thai hoc dugc xéc dinh theo phuong phap hién
vi dién t&r quét SEM tai Vién khoa hoc Vat liéu (Vién
Han l1am KH&CN Viét Nam).

- Thong s6 bé mat vét liéu xac dinh bang phuong
phap hip phu dang nhiét Nz (BET) tai Vién Hoa hoc-
Vat liéu (Vién KH&CN quan su).

K&t qua va thao luan

Do tinh khiét pha va cdu trdc tinh thé cla vat liéu
Co-BTC dugc nghién clu bang phuong phéap phan
tich nhiéu xa tia X (XRD), gian d& XRD dudc thé hién &
hinh 1.

Gidn d6 XRD (hinh 1) vat liéu Co-BTC dudc téng hap
bang ca hai phuong phép hoan toan pht hop véi thé
chudn CCDC 921721, cho théy vét liéu Co-BTC da dugc
téng hop thanh céng [19]. Ngoai ra khéng quan sat
thay cac peak khac trén gidn dd XRD ctia Co-BTC, céc
vi tri peak trung vd&i mau déi tring [19] nén vat liéu
téng hop dugc cod dod tinh khiét cao. Cac peak hep
nhon, chiing té vét liéu thu dugc cod dé tinh thé tét.
Ph6 XRD cua vét liéu dugc téng hop bang ca hai
phuang phap déu thé hién cac dinh nhiéu xa 16 nét &
goc 26 ~ 17,48° 18,67°, 27,13° va 35,45° tucng Ung
v&i cac mat phéng mang (220), (111), (002) va (440) cua
Co-BTC. Tinh thé clia hgp chét nay cé cau tric thude
nhém khéng gian don ta (P21/0).
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Hinh 1: Gian d6 XRD cua vét liéu Co-BTC
1- Co-BTC clia mau tham khao [22]
2- Co-BTC téng hap bang phuong phap thly nhiét
3- Co-BTC téng hap bang phuong phap vi séng

Hinh 2 m6 td phd FT-IR clia Co-BTC trong khoang
4000-400 cm™’. Dai hép thu réng trong khoang 3424-
3108 cm™' cho thdy su c6 mat clia nudc trong vét liéu
Co-BTC. Viéc thiéu dai hap thu 1730-1690 cm™ trong
ph6 FT-IR clia Co-BTC cho thay phdéi ti BTC da bi khit
proton dé tao thanh carboxylate. Cac dao déng xuét
hién & vung 1605-1515 cm™ va 1429-1354 cm™ tuong
Ung vd&i sy cd mat clia phdi ti cacboxylate, biéu th su
phdi tri cla H3BTC vdi ion coban. Su cd mat clia dao
déng Co-O & 526 cm™, cho thdy su hinh thanh lién két
kim loai-oxo gita nhém cacboxylic clia 1,3,5-
Benzenetricarboxylic acid va Co (Il). Bay la minh ching
cho viéc t8ng hop vét liéu khung kim loai - hitu cg
thanh cong. Két qua nay trung vdi két qua thu dugc tir
két qua phan tich nhiéu xa tia X & trén.

Transmittance (%)
w
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Hinh 2: Phé hdng ngoai FT-IR ctia Co-BTC
1- Co-BTC t6ng hgp bang phuong phép thay nhiét
2- Co-BTC téng hap bang phuong phép vi séng
3-H3BTC

IMS-NKL 2.0kV 4.7mm x2.00k SE(M)

Hinh 3: Anh SEM cia vat liéu Co-BTC
a- Co-BTC téng hap bang phuong phép thiy nhiét
b- Co-BTC téng hap bang phuaong phap vi séng

Hinh thai hoc clia vat liéu dugc xac dinh bang phuong
phap hién vi dién t& quét qua (SEM). Hinh anh SEM
clia vat liu khung co kim Co-BTC dudc thé hién trong
hinh 3. TUr &nh SEM cho thdy vat liéu Co-BTC t8ng hop
bang phuang phap thay nhiét va phuong phap vi séng
déu co dang tinh thé hinh que. Kich thudc cac tinh thé
tuong déi dong déu & ca 2 phuong phap, chiéu dai
dao déng trong khodng ti 5 - 10 um, bé réng 2-3 um.
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Hinh 4: Budng dang nhiét hap phu-giai hap phu N>
cla vat liéu Co-BTC
1- Co-BTC t6ng hgp bang phuong phép thuy nhiét
2- Co-BTC t6ng hap bang phuaong phap vi séng
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Pudng déng nhiét hdp phu-gidi hdp phu N2 va dudng
phan bd 16 x6p cua vat liéu Co-BTC dugc trinh bay lan
lugt trén hinh 4 va hinh 5. Céc thong sé thu dudc cla
phép do déi vdi vét liéu thu dugc bang phucng phap
thdy nhiét va phuong phéap vi séng dugc trinh bay
trong bang 1.
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Hinh 5: Budng phéan bé mao quan (BJH) cla vét liéu
Co-BTC

a- Co-BTC téng hap bang phuong phép thiy nhiét
b- Co-BTC téng hap bang phuong phap vi séng

Bang 1: Cac thdng sé chinh thu dugc clia phép do
duding dang nhiét hap phu N2 déi vai vat liéu Co-BTC

Phuong phédp  Phucng phap

thay nhiét Vi song
Dién tich bé mat
riéng (BET), m%/g 534 o
Thé tich 16 x8p, 0.0448 0.0875

cm’/g

Co6 thé quan sat thdy rang, dang dudng cong hap
phu-giai hdp phu cla vat liéu Co-BTC dugc téng hop
theo hai phuong phap déu thudc dang IV theo phéan
loai ctia UIPAC va co vong tré loai H3 I3 vat liéu mao
quan trung binh ¢6 16 mao quan hinh khe, day 1a mao
quan th cdp tao thanh gilta cac hat. TUr bang 1 cho
théy vay vt liéu Co-BTC dugc ché tao bang phuong
phap vi séng cho ra vat liéu cé dién tich bé mat riéng
99.085 m?/g cao hon nhiéu so vdi vat liéu dugc ché
tao bang phuong phap thly nhiét 45.348 m?/g. Do
https://doi.org/10.62239/jca.2024.081
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khac nhau vé phan b& mao quan, mau vi song c6 mao
quan trung binh nhiéu va I6n hon nén phan dién tich
bé mat cling I6n han. Dién tich bé méat riéng BET cla
vat liéu t6ng hop trong nghién clu nay co gia tri &
muc trung binh, thép hon cac béo céo trudc do: 601.7
m?/g [24]; t 118 m?/g dén 428 m?/g [27], cu thé 13 khi
ham lugng Melm thap thi chid yéu la Co-BTC c¢6 dién
tich thap, khi Melm cao (ZIF-67 tang) thi dién tich mdi
tang 1én do co cau trdc ZIF-67 [27]. Mat khac BET vat
litu nhom nghién clu ché tao lai cao han mét sé bao
céo khac tir 24 m?/g dén 57 m?/g [19], 18.5 m?/g [23].
Theo nhu két qué phan bé mao quan (hinh 5) cho théy
phan b6 mao quan vung vi mao quén la chinh, ma
kich thudc mao quén nhd thi N2 khoé khuéch tan vao
mao quan nén do dién tich thudng nho. Dién tich tang
cht yéu do phédn mao quén trung binh gitia cac hat.
Cac mau Co-BTC c6 dién tich bé mat Ién thudng co bé
mat go ghé, kich thudc khong déu [22, 24], kich thudc
hat nho [17]. Nhu vay viéc dién tich bé mat riéng cla
vat liéu nhdm nghién clu ché tao cé su khac biét so
véi cac cong b khéc co thé do sy khac nhau trong
quy trinh t6ng hgp vt liéu vé diéu kién vé nhiét do,
thai gian, ndng doé cling nhu dé pH ctia dung dich...
Vat lieu Co-BTC dugc nhém nghién cltu t8ng hop
bang phuong phap vi séng véi thai gian rét ngan (60
phut) so vdi phuang phap thuy nhiét thong thudng (24
gi®), gidm thiéu tiéu hao nang lugng trong quy trinh
ché tao, pht hap vdi yéu céu hda hoc xanh.

Két luan

Nghién clu da téng hgp thanh céng vét liéu khung
kim loai hitu cao Co-BTC bang phuang phép thdy nhiét
va phuadng phap vi song. Ca hai phuong phéap déu thu
dugc vat liéu cd do tinh khiét tuang déi cao, khong céd
tap chéat. Dién tich bé mat riéng (BET) cla vat liéu thu
dugc o gia tri trung binh 45,348 m?/g vdi phuong
phap thay nhiét va 99,085 m?/g vdi phuong phap vi
song. Nhu véy vat liéu Co-BTC nhom nghién cltu téng
hop dugc bang phuong phap vi séng cé dién tich bé
mat riéng 16n hon nhiéu so sdi phuong phép thuay
nhiét. Khong chi thé, vdi cac thiét bi don gian, thdi gian
t6ng hgp vat liéu bang phuong phép vi song cling
nhanh haon rat nhiéu so v&i phuong phap thdy nhiét,
do dé sé gay hao tén it nang lugng hon, dap Ung yéu
c&u hda hoc xanh.

L&i cdm on

Nghién ctu nay dugc thuc hién véi sy hd trg kinh phi
tU dé tai khoa hoc va cong nghé cap B Cong Thuang
nam 2024.
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