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ABSTRACT

Nanocomposite Zn-BTC/GO (BTC: benzene-1,3,5-tricarboxylic, GO:
graphene oxide) was successfully synthesized by hydrothermal
treatment with a microwave method. Samples were characterized by
XRD, FTIR, EDS-mapping, BET, SEM, UV-vis DRS and XPS. SEM-image
result showed nano Zn-BTC/GO particles size of 50-80 nm.
Nanocomposite Zn-BTC/GO showed the a high surface area (1303
mz/g) and pore volume (1.08 cm3/g). The Zn-BTC/GO nanocomposite
were tested for the photocatalytic degradation of reactive dye (Reactive
Red 195) in an aqueous solution. The Zn-BTC/GO composites exhibited
high photocatalytic activity. Thus, at the pH of 6.5 and the high initial
concentration of 30 mg RR-195/L, removal efficiency reached the value
of 96.16% after 60 min reaction. Moreover, nano Zn-BTC also showed
high RR-195 removal efficiency after 3 catalytic regeneration. This
contributes to sustainable development and green chemistry.

Gidi thiéu chung

cac phdi tif hitu co hay cai thién cac phuong phap
téng hop dé tao ra cac khuyét tat (defect) dugc quan

Vét liéu khung ca kim (MOFs) cau tric nano co nhiéu
uu diém hon so véi MOFs théng thudng do cac tinh
nang dac biét cia ching nhu kich thudc hat nhd (nm),
kich thudc 16 18n (nm), dién tich bé m&t 16n va thé tich
16 x6p 16n. Do vay, qua trinh khuéch tan, tiép xtc pha
clia xUc tac va chéat can xt ly thuan Igi han [1-3].

Do dé, MOFs dugc Ung dung trong nhiéu linh vuc nhu
tach khi, luu trr khi, cdm bién va phat quang, chét
mang thudc, hdp phu va xtc tac [2-4]. Gan day, cac
tinh chat cla vat liéu MOFs da dugc cai thién bang
cach ghép cac nhém chic (-NHy, -Cl, -Br,.. ), thay déi

tam nghién ctu [5]. Nhing cai thién trén nham tang
cuong céc dac tinh nhu hép phuy, xtc téc, ...cla vat liéu
MOFs théng qua cac hiéu Ung hiép dong [6].

M6t trong nhitng chat mang thich hop dé lap rap vdéi
vat lieu MOFs la graphene oxide (GO). Graphene oxit
(GO) c6 chla cac nhdm chuc hydroxyl, cacboxylic,
cacbonyl va epoxit c6 nhiéu uu diém dé két hop vdéi
MOFs tao ra vat liéu composite mdi [7]. Mt s6 nhém
nghién cdu da bao cao vé sy hinh thanh cla vat liéu
composite gitta MOFs va céac chét nén khac nhau [7-
9]. Gan day, Wu va cong su [8] da tng hagp vat liéu
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composite MIL-88B(Fe)@GO dé phan hiy MB va RB
trong maoi trudng nudc. Thudc nhudém MB bi phan hiy
hoan toan bdi xtc tac MIL-88 (Fe)@GO va MIL-88(Fe)
sau phén Ung lan lugt la 20 va 50 phut. That vay, su két
hop clia GO va MIL-88B (Fe) da cai thién hoat tinh
guang hda phan huy xanh methylen (MB) va Rodamin
B (RhB) so vdi MIL-88 (Fe) va GO riéng biét. Tuan A. Vu
va cong sy [9] dd bao cao nanocomposite Fe-BTC/GO
la chat xtc tac quang hiéu qué cao trong viéc phan
hdy thudc nhuém. Vat liéu nanocomposite Fe-BTC/GO
thé hién hoat tinh quang xUc tac cao hon Fe-BTC va
GO riéng lé. & pH 6,5 va ndng dé ban dau cao 100 mg
RY-145/L, hiéu suét loai bd Fe-BTC/GO, Fe-BTC va GO
lan lugt dat gia tri 98,18%, 88,32% va 40,38%. Két qua
trén cling dugc cac nha nghién clu ching minh trén
cac vat lieu MOFs/GO khac nhu MIL-125(Ti)/GO [10],
Ag3VO4/Cu-MOF/rGO [11], Cu20/Cu-MOF/rGO [12],
MIL-88B/GO [13]. That vay, su két hgp cla cac hat
nano MOFs trén cac I6p GO da tang cudng su phan
tan, kiém sodt hinh thai, kich thudc clia cac hat MOFs,
cai thién hiéu quad hdp thu anh sang nhin thay, cai
thién dé 6n dinh nhiét, gilp cai thién hiéu qua xr ly va
loai bd thudc nhudm hiéu qua sau nhiéu chu ky phan
Ung. Trong bai bao nay, chiing téi da t8ng hap vat liéu
nanocomposite Zn-BTC/GO c6 cau tric nano bang
phuong phéap nhiét dung maéi. Hoat tinh xtc tac cla
vat liéu Zn-BTC/GO dugc danh giad thong qua phan
Ung phan hay thuéc nhuém RR-195 trong dung dich
nudc. Nghién cliu cling danh gia vai tro clia cac géc
hoat déng nhu *OH, h*, e, Oz va dé 6n dinh cla vét
liéu Zn-BTC/GO théng qua qua trinh tai sinh xUc tac.

Thuc nghiém va phuang phap nghién cldu
Héa chdt

Axit benzen-1,3,5-tricarboxylic, (HsBTC, 98%, Sigma-
Aldrich), ZnCl2:2H20 (97%, Sigma-Aldrich), CoHsOH
(96%), Dimethylformamide (DMF, Sigma-Aldrich, 98%).

Téng hop vdt liéu Zn-BTC/GO bdng phuong phdp
nhiét dung moi

Quy trinh t6ng hap nhu sau: 2,064 g ZnCl2-2H20 dugc
cho vao binh phan Ung thay tinh chra 50 mL H20 va
sau d6 hén hop nay dugc khudy dé tao thanh dung
dich trong sudt (dung dich 1). Sau doé, 1,68 g H3BTC da
dugc thém vao 40 mL dung dich DMF va khudy manh
dé thu dugc dung dich trong suét (dung dich 2). Hoa
tan 0,8 g graphene oxide (GO) vao 50 mL va khudy 30
phut (dung dich 3). Cho tu tU tUng giot dung dich (2)
vao dung dich (1) va khudy déu trong 30 phut. Hon

hop nay dugc cho tU tif vao dung dich (3) va khudy
déu trong vong 30 phat. Hon hap dugc cho vao thiét
bi phan Uing Teflon va két tinh & nhiét dé 100 °C trong
12h. San phadm dugc dé ngudi tu nhién va tach ra bang
cach st dung may ly tdm; sau dé ria san phdm bang
DMF va ethanol (ti [é 3:1) d€ loai bo ligand H3BTC chua
phan Ung. San phdm dugc sdy kho trong 1o & 80 °C
qua dém thu dugc san phdm Zn-BTC/GO. Thuc hién
cac phan Ung tuang tu quy trinh trén thu dugc vat liéu
Zn-BTC.

Cac phuong phap dac trung vat liéu: cac mau vat liéu
dugc dic trung bang phuong phap nhiéu xa tia X & 26
~2-50° (D8 ADVANCE, Bruker, Burc) st dung Cu Ko
blc xa ddng (A = 0,154 nm), t6c d6 quét 3°.min~". Phd
FT-IR dugc ghi lai trén thiét bi Bruker TENSOR37. Dién
tich bé mat clia cac mau vat lieu dugc danh gid bang
phuang phap hdp phu N2 & nhiét d6 77 K. Hinh théi
clla nanocomposite dugc quan sat bang kinh hién vi
SEM S-4800 (Hitachi, Nhat Ban), hoat déng & dién ap
gia t6c 200 kV. Phén tich quang phd tia X phan téan
nang lugng (EDS) dugc do trén JED-2300 vdi I8p phu
Pt. Trang thai dién t&r bé mat dugc xac dinh bang
phuong phap quang phé quang dién t tia X (XPS)
trén may quang ph6 AXISULTRA DLD Shimadzu Kratos
(Nhat Ban) st dung buc xa Al Ko don sac (1486,6 eV).

DPanh gid hoat tinh xuc tac bang phan Ung phan huy
RR-195: Cac thi nghiém phan hly quang dudgc thuc
hién trong 10 phan Ung thly tinh pyrex chifa 100 ml
dung dich RR-195 (30 mg/L), 40 mg Zn-BTC/GO. Hbn
hop dugc chiéu sang bang cach st dung hé bong den
gid mat trai cong suét 10 W. Khodng cach gitta den va
dung dich 1a 15 cm, nhiét d6 clia dung dich va nhiét do
phong (25 °C). Trong phan Ung quang xuc tac, dung
dich RR-195 dudc thu thap trong khoang thdi gian 10
phut. Nong dé cla RR-195 dudc xac dinh va hiéu
chuén bang su thay déi cuong dé clia cuc dai hap thu
& budc séng 540 nm bang may do quang phé UV-Vis
Lambda 35 UV [6]. D& chuyén clia RR-195 (%) dugc
tinh theo cong thuc:

X :((Co‘Ct)/Co) x100

Trong dé Co va Ci (mg/L) 1an lugt la ndng dé ban déu
va nong do thudc nhudm RR-195 tai thai diém t. D6 6n
dinh cla chét xdc tac cling dugc nghién cdu, chat xtc
tac dd qua sU dung dudc rlra sach bang nudc nhiéu
lan va tach ra bang cach ly tm & 8000 vong/phut, sau
dé séy khod ¢80 °C qua dém.

K&t qua va thao luan
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Gidn do XRD cua vat liéu Zn-BTC va Zn-BTC/GO dugc
thé hién & hinh 1. Gian do XRD vat liéu Zn-BTC va Zn-
BTC/GO xuét hién cac peak & 26 ~ 6,85° 9,94°; 11,6°,
13,49° va 19.62° dac trung cho céu tric cla véat liéu Zn-
BTC [14]. Gidn dd XRD vét lieu Zn-BTC/GO khong thay
su xudt hién dinh peak dac trung clia GO, c6 thé dinh
peak clia GO xudt hién & 26 ~11° nhung bi chong 1én
bdi dinh peak & 26 ~11,6° cla vat liéu Zn-BTC. Mau
XRD ctia Zn-BTC/GO cho thay cac dinh peak tuong tu
Vi vét liéu Zn-BTC, diéu nay cho thdy bé sung GO
khéng anh hudng dén cdu tric tinh thé clia Zn-BTC
[15].
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Hinh 1: Gidn do XRD cua véat liéu GO, Zn-BTC va Zn-
BTC/GO
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Hinh 2: PhS FTIR cua vat liéu Zn-BTC va Zn-BTC/GO

Phé FTIR clia vét liéu Zn-BTC va Zn-BTC/GO dugc thé
hién trong Hinh 2. Phé FTIR cla vét liéu Zn-BTC va Zn-
BTC/GO xuét hién cac dao dong & s6 song 1735 cm’™
va 1628 cm™ dugc gén cho dao dong cla cac nhém
C=0 va nhém axit cacboxylic [15]. Cac dao déng &
3446 cm™ dudc gan cho dao déng cta cac nhém -OH
ton tai trong phdi t&r Zn-BTC va nudc [14]. Cac déi dao
déng & s6 séng 1628 cm™, 1570 cm™, 1449 cm™ va 1382
cm™ dugc quy cho dao déng clia cac nhém C=0, C-C,

C=0 [16]. Cac dai 3 760 cm™, 725 cm™ va 1110 cm™ 13
do dao déng cla céc lién két Zn-O [16]. Daoc ddng &
s6 s6ng 1110 cm™ dac trung clia Zn-BTC vdi lién két C—
O-Zn [17].

Hinh anh SEM cla vét liéu Zn-BTC va Zn-BTC/GO
dugc minh hoa trong Hinh 3. Nhu quan sat trong Hinh
3, vat liéu Zn-BTC co kich thudc tinh thé khoang 140-
200 nm, céc tinh thé Zn-BTC khoéng dong déu va cd xu
hudng co cum lai v&i nhau thanh hat cé kich thudc Ién.
Vat lieu Zn-BTC/GO c6 kich thudc khodng 30-60 nm
véi sy phan bé dong déu. Nhu vay, chdt mang GO
gilp phan tan va kiém soat cac hat nano Zn-BTC trong
qué hinh hinh thanh céc tinh thé MOFs [9,15].

P -+ 3

-

100nm
RS T,

Hinh 3: Anh SEM cutia vat liéu Zn-BTC (a) va Zn-
BTC/GO (b)

Ph& EDS hinh 4 cho thay thanh phén chinh clia vat liéu
Zn-BTC/GO la C (50,48%), O (22,7%) va Zn (26,82%).
Hinh &nh EDS-mapping cla vat liéu Zn-BTC/GO cho
thay su phan bé dong déu cla cac nguyén t6 C, O va
Zn trong vat liéu.

Pudng dang nhiét gidi hdp phu N2 cla vat liéu Zn-
BTC/GO c6 dudng cong tré loai IV theo phan loai cla
IUPAC [18] va c6 vong tré & ap sudt P/P° ~ 0,5-1,0.
Hién tugng nay la do su ngung tu trong mao quan cla
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N2 & ap suat riéng phan cao. Su xudt hién clia vong tré
G ap suat P/Po ~ 0,5 - 1,0 thudng dugc quan sat thay
trén cac vat liéu mesoporous [15].

Hinh 4: Phé EDS (a) va EDS-mapping C (b), O (c), Zn
(d) ctia vét liéu Zn-BTC/GO

Pudng dang nhiét giadi hdp phu Nz cla vat liéu Zn-
BTC/GO cho thady mét vong tré nhd hon so vdi GO.
Pigu nay co thé dugc gidi thich la do khéng gian gitra
GO tréng, tao diéu kién thuan Igi cho cac hat Zn-BTC
lap day trong cac I6p GO nén vung tré cla vat liéu Zn-
BTC/GO nhd hon so véi GO [15]. Budng ding nhiét
giai hap phu Nz cta vét liéu Zn-BTC thudc loai |, phan
loai theo IUPAC (microporous) [19].
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Hinh 5: Buding dang nhiét hap phu-gidi hap phu N2
cla vat liéu Zn-BTC va Zn-BTC/GO

Bang 1: Cac thdong s6 dac trung cua vat liéu GO, Zn-
BTC va Zn-BTC/GO

Mau Seer (M?/Q) | Vpore (cM?/g) | Des (nm)
GO 264 2,02 8,95
Zn-BTC 1068 0,603 1,66
Zn-BTC/GO 1303 1,08 3,01

Qua bang 1 cho thay dién tich bé mat, thé tich 16 va
kich thudc 16 clia GO 1an lugt la 264 m?/g, 2,02 cm?/g
va 8,95 nm. Vét liéu Zn-BTC 6 ién tich bé mat, thé tich
16 va kich thudc 16 1an luct 1a 1068 m?/g; 0,603 cm®/g
va 1,66 nm. Dién tich bé mat, thé tich 16 va kich thudc
16 clia Zn-BTC/GO 1an luct 13 1303 m?/g, 1,08 cm?/g va
3,01 nm. Nhu vay, dudng kinh mao quan trung binh
clia vét liéu Zn-BTC/GO Ién hon dang ké so vdi vat liéu
Zn-BTC, diéu nay gilp tang cucng kha nang khuéch
tan thudc nhudm vao vat liéu dién ra thuan Igi.

Qua két qua phan tich phd UV-Vis DRS (Hinh 6) nhan
thdy sau khi dua cac hat nano Zn-BTC Ién bé mat GO
d& anh hudng dén su hap thu anh séng, thé hién & su
dich chuyén manh clia bs hdp thu anh séng sang viing
khd kién. Nang lugng vung cdm cla chét xdc tac
quang co thé dugc tinh bang cong thic sau:
ahv= (Ahv —Eg)"? (1)
https://doi.org/10.51316/jca.2022.010
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Trong do Eq la nang lugng ving cdm (eV), h la hang s6
Planck, A la hang s6 hép thy, v la tdn s& anh sang va
(o) 1a hé s6 hap thu [20].
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Hinh 6: Ph& UV-Vis DRS vat liéu Zn-BTC va Zn-
BTC/GO

Nang lugng ving cadm Eg cla vét liéu Zn-BTC va Zn-
BTC/GO dugc tinh tU phuang trinh (1) c6 gia lan lugt 1a
3,56 eV va 3,18 eV. Nang lugng vung cdm cla vét liéu
Zn-BTC/GO da dich chuyén sang vung anh sang nhin
thay.
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Hinh 7: PhS XPS cla cac nguyén t8 Zn2p (a), Cls (b),
Of1s (c) cua vat liéu Zn-BTC/GO

Nhu vay, GO da gilp cac tinh thé Zn-BTC phan tan
déng déu hon va ra tao cac hat cé kich thudc nho.
Hon nlra, chdt mang GO c¢6 vai tro rét quan trong
trong qua trinh nhan electron ti ving dan cua xdc tac
quang MOFs, lam giam thiéu, han ché kha nang tai két
hgp gilta electron va héc h* hiéu qua.

Trang théi héa tri clia cac nguyén té trong vat liéu Zn-
BTC/GO dugc danh gia bang phd XPS (Hinh 7). Phé
téng vat lieu Zn-BTC/GO xuét hién cac peak cua
cacbon (286,2 eV), oxy (532,5 eV) va Zn (1045.3 eV va
1022.6 eV) [14-17]. Phé Cls co dd phan giai cao (Hinh
7b) cho thdy mét cuc dai chinh & 284,9 eV va ba cuc
dai khac & nang lugng lién két cao han. Dinh chinh
trong phd Cls la do lién két C-C va C=C trong cdu GO
va trong vong tham clia phéi tir hitu cg (BTC). Ba cuc
dai khac clia cac nhom chic oxy hda nhu C-OH (286,2
eV), C =0 (2889 eV)va O = C-OH (2911 eV) [15].

Ph& XPS ctia O 1s (Hinh 7 ¢) cho thdy xudt hién cac cuc
dai & 530.1 eV, 5311 eV, va 532 eV tudng Ung dac
trung cho lién két Zn-O, C=0 va C-O/O-H trong vat
litu Zn-BTC/GO [17].

Bdnh gid hogt tinh xuc tdc

Qua hinh 8 cho thdy cac mau vat liéu Zn-BTC/GO cb
hoat tinh xUc tac cao trong phan Ung phan hiy RR-
195. D6 chuyén hda RR-195 cla vét liéu Zn-BTC va Zn-
BTC/GO sau 60 phut phdn Ung lan luct la 84,21% va
96,16%. DO chuyén hoa RR-195 cla vat liéu Zn-
BTC/GO cao hon so vdi vat liéu Zn-BTC, diéu nay dugc
gidi thich bdi GO gilip tang cudng su phan tan, kiém
so4t hinh thai, kich thudc hat tinh th& Zn-BTC [9]. Hon
nifa, GO gilp cai thién hiéu quéd hép thu vang anh
sang nhin thdy [8-10], gilp cai thién hiéu qua xi ly va
loai bd thudc nhudm RR-195. Ngoai ra, vat liéu Zn-
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BTC/GO c6 kha ndng hdp phu RR-195 t&i 35,57% sau
60 phtt, diéu nay cho thdy hoat tinh xUc tac cao cua
vat liéu do qua trinh hap phu va quang xuc tac.

100
Zn-BTC/GO in visible light
R
— 80-
uwn
n Zn-BTC in visible light
1]
& 60-
“—
°
5 40- Zn-BTC/GO in dark
[
4
c 204
o
o

Time (min)

Hinh 8: Hoat tinh cla vat liéu GO, Zn-BTC va Zn-
BTC/GO trong phan hiy thuéc nhuém RR-195

Co ché quang xUc tac phan hay RR-195 bang vét liéu
Zn-BTC/GO d& dugc nghién clu thong qua phucng
phap tham do hda hoc gian tiép, s&r dung cac tac nhan
hda hoc 6 vai tro bat gilt cac dang hoat déng duoc
tao ra trong giai doan dau cla qua trinh quang xuc
tac. Cac hda chét BQ, Na2C204, KoCr207, va TBA dugc
st dung lam g6c bay dé€ bat gbc anion superoxide
(02), 16 tréng (h), dién ti (e) va gbc hydroxyl tu do
(HO") [20]. Két qua (Hinh 9) cho thdy hiéu suét phan
hdy RR-195 chi bi gidm nhe khi thém TBA va KoCr20y.
Tuy nhién, hiéu sudt phan hay RR-195 giam dang ké
khi c& mat Na2C204 va BQ. Két qua nay chira rang h*
va ‘Oz la cac tdc nhan phan hly RR-195 chu yéu.
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Hinh 9: Cac thi nghiém bay cac tac nhan phan hay RY-
145 cda vat lieu Zn-BTC/GO

Tinh 6n dinh cta vat liéu Zn-BTC/GO dugc danh gia
bang qué trinh loai bo RR-195. Vat liéu Zn-BTC/GO cb

hoat tinh xUc tac cao & cac chu ky phan Ung khac nhau
dugc trinh bay trong hinh 10. Nhu d& thédy trong hinh
10, hiéu qua loai bo RR-195 gén nhu duy tri sau 3 chu
ky phan Ung. Biéu nay cho thay rd tinh 6n dinh cao
cla hoat déng xuc tac quang cla vat liéu Zn-BTC/GO
va n6 c6 thé dugc tai sit dung. Hon nita, vat liéu Zn-
BTC/GO c6 hiéu qua xUf ly cao hon so v&i mét s6 vat
liéu truyén théng chir TiOz va ZnO. Vat liéu Fe-ZSM-5
@TiO2 —Ag dat hiéu qué loai bd RR-195 dat 98% & pH
=3, sau 120 phut phan ung [21].

1st cycle 2nd cycle 3rd cycle

Conversion of RR-195 (%)
N
o

N
o
1

0

0 20 40 e 0 20 4 60 0 20 4 w0
Time (min) Time (min) Time (min)
Hinh 10: D6 bén xUc tdc Zn-BTC/GO sau cac lan téi
sinh xUc tac

K&t ludn

Vat liéu nanocomposite Zn-BTC/GO dugc t6ng hap
thanh céng bang phucng phap thly nhiét véi sy tro
gilp cla vi séng. TU hinh anh SEM, cho thédy cac hat
Zn-BTC kich thudc hat 50 -80 nm va cé dién tich bé
mat cao (1303 m?/g). Vat liéu Zn-BTC/GO cho thay
hiéu qud loai bd RR-195 cao dat 96,16% sau 60 phut
phan Ung va cé dé én dinh cao trong qué trinh loai bo
RR-195 sau 3 chu ky tai sinh.

L&i cAdm on

Nghién ctu nay dugc tai trg bdi Vién Hoa hoc-Vién
Han 1am Khoa hoc va Cong nghé Viét Nam. M3 sé tai
trg VHH.2021.02.
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