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Tong hop vat liéu hon hop Cu/C bing nhiét phan yém khi Cu-MOF
va img dung lam xtc tac cho phan img phan hiy 4-nitrophenol
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Tém tit:

Vit liéu Cu-MOF dwoc tong hop bing phwong phip nhiét dung mdi qua phan vng giira CuCl,2H,0 va
1,4-benzenedicarboxylic acid (H,BDC) trong h¢ dung méi H,O/DMF (1:1, v/v) 6 100°C trong 24 gio. Qua trlnh carbon
héa vat liéu Cu-MOF ¢ 600°C trong dong khi argon trong 1 gio' di tong hop thanh cong vat litu C@Cu-MOF. Qua
phén tich pho nhiéu xa tia X trén bot (PXRD) cho thay, co s chuyen hoan toan cac peak nhiéu xa twong ng véi pha
tinh thé ciia CuMOF sang peak nhiéu xa ciia tinh thé dong kim loai twong g véi vat litu C@CuMOF. Hinh anh
SEM cita Cu-MOF minh hoa cac tinh thé hinh kim kich thwéc micro. Sau khi carbon héa, hinh anh Kkinh hién vi dién
tir quét (scanning electron microscope - SEM) cita C@Cu-MOF cho thiy, c6 su tao thanh cac hat nano dong kim loai
phan bd trén khung swon vit liéu. Vit liéu C@Cu-MOF tao thanh dwgc khao sat hoat tinh xuc tac phan ing khir chat
thai 6 nhiém 4-nitrophenol véi tic nhan khu' NaBH,. Két qua dwgc so sanh véi cac nghién ciru trwée do dwa trén xic
tac nano kim loai quy va kim loai chuyén tiép cho thay C@Cu-MOF c6 hoat tinh xic tac cao. Sau khi tai sir dung cho
ba lin phan ng lién tiép, hoat tinh xiic tic giam khong dang ké (<3%), ching t6 xiic tic c6 d bén cao.

Tir khéa: carbon héa, d9 két tinh, vat liéu khung co kim, 4-nitrophenol.
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Abstract:

A copper-based metal-organic framework (Cu-MOF) was successfully synthesised via a solvothermal method by
reacting CuCl,-2H,0 and 1,4-benzenedicarboxylic acid (H,BDC) in a water/DMF (1:1, v/v) solvent mixture at 100°C
for 24 hours. The Cu-MOF precursor underwent carbonisation at 600°C for 1 hour under an argon atmosphere
and successfully obtained C@Cu-MOF. Powder X-ray diffraction (PXRD) analysis confirmed the complete
transformation of diffraction peaks corresponding to the crystalline phase of Cu-MOF to diffraction peaks of metallic
copper with C@Cu-MOF material. Scanning electron microscope (SEM) images of C@Cu-MOF illustrate micro-
sized needle-like crystals. After carbonisation, SEM images of C@Cu-MOF show the formation of metallic copper
nanoparticles distributed on the material’s framework. The catalytic performance of C@Cu-MOF was tested in the
reduction of the environmental pollutant 4-nitrophenol using NaBH, as a reducing agent. The results were compared
with previous studies based on noble metal and transition metal nanocatalysts, demonstrating that C@Cu-MOF
exhibits high catalytic activity. After being reused in three consecutive reactions, the catalytic activity decreased
insignificantly (<3%), demonstrating the high durability of the catalyst.
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1. it van de

4-nitrophenol (4-NP) 1a mot loai chét hitu co 6 nhiém
kho phéan hiy, thuong duoc tim thdy trong cic chat thai
cong nghiép khac nhau. N6 dugc thai ra tir thude trir sau,
thudc nhudém, my pham, chit hoa déo va cong nghiép duge
pham [1]. Hop chét 4-NP dugc liét ké 1a mot trong sd 114
chat 6 nhiém hang dau boi Co quan Bao vé Mai truong Hoa
Ky (USEPA) [2]. Do dic tinh gay dot bién va ung thu, nong
d6 cua 4-NP duoc quy dinh phai <10 ngl! trong nudc tu
nhién [2, 3]. Do d6, su hién dién cua 4-NP trong nudc thai
gdy ra cac mdi de doa rat 16n khong chi ddi voi méi truong
ma con anh hudng nghiém trong dén sirc khoe con ngudi va
doi séng thiy sinh.

Trong nhitng ndm gan day, co nhidu phuong phap xur
ly ddi voi cac chat gdy 6 nhidm chira vong benzene duoc
dé xuét va phat trién. Trong s6 nay, hai phuong phép dién
hinh duoc str dung 1a hip phu va phan huy hoéa hoc. Hip
phu duogc hiéu 1a qua trinh tich tu ctia mot chét tai mat phan
cach giira hai pha (mit phan cach 16ng - ran hodc mit phin
cach khi - ran). Phuong phap nay dua trén cac tuong tic
vat 1y nhu lién két hydrogen, luc van der Waals, tinh phan
cuc... hay hdéa hoc nhu lién két cOng hoa tri, ion... [4].
Phuong phap nay da dugc chung minh 1a vuot trdi so véi
cac phuong phép khac vé tinh linh hoat cao, quy trinh don
gian va khong tao ra cic chat ¢6 hai [4-6]. Tuy nhién, hiéu
qua xt ly ma phuong phap nay mang lai chua cao, do qua
trinh hap phu con phu thudc vao nhiéu yéu té nhu twong tac
chat hap phu-chét bi hap phu, dién tich bé mat chat hap phu,
kich thuée hat cua chat hép phu, nhiét 6, pH moi truong,
thoi gian tiép xuc [4, 5, 7]... Phan huy hoéa hoc 1a phuong
phap ma cac chat hitu co doc hai ban dau duoc chuyén hoa
thanh cac hop chat v6 hai nhu CO, va H,0, dudi sy hd tro
cua cac tac nhan oxy hoa rat manh thuong dung nhu ozone,
hydrogen peroxide hoic cac gbc hydroxyl [7, 8]. Tuy nhién,
cac phan ung thuong xdy ra chdm, nén thuong st dung su
hd tro cua chiéu xa UV hay cac vat liéu xc tac dé cai thién
hiéu suét ciing nhu téc d6 phan hay céc chét hitu co [7]. Cac
vat liéu xtic tac thuong duge su dung nhu vt liéu nano, vt
liéu MOFs, vat liéu composite...[9]. Mot s6 wu diém nbdi
bat khi st dung céc vat liéu xuc tac 1a cho phan tng xuc tac
nhanh, khong hinh thanh san pham phuy trong cac giai doan
phan {mg va tao ra cac san pham vo hai [8].

Quaé trinh phan huy 4-NP thanh 4-aminophenol (4-AP)
véi su ¢ mit clia cac chit xtc tac kim loai nhu Au hay Pt da
duogc bdo cao [10, 11]. Tuy nhién, viéc st dung chiing bi han
ché & quy méd cong nghiép, do cac chét xic tac nay thudng
dét tién, tbc do khir va hiéu qua chua cao, kha nang tai sinh
tuong d6i kém [2, 12, 13]. Do d6, viée phat trién cac vat lidu
xUc tac vira cho hiéu qua cao, vira c6 kha nang tai str dung la
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rat can thiét. MOFs 1a vat liéu rn c6 do két tinh cao, duogc
hinh thanh bang cach lién két cac cluster kim loai théng qua
cau ndi 1a hop chét hitu co da chic [14]. Véi wu diém dién
tich bé mat 16n, do xép cao va cau trac tinh thé déng nhét,
vat liéu MOFs dugc su dung rong rai trong cac ung dung lién
quan hap phu, tach khi [15], xtc tac [16], pin dién héa [17],
cam bién [18] hay din truyén thudc [19]... Gan day, nhitng
nd lyc nghién ctru ing dung vt liéu MOFs trong phan tmg
phan huy hoa hoc cac chét hiru co nhan thom nhén dugc su
quan tdm. Pang luu y, nhitng vat liéu MOFs c6 tam xuc tac
dya trén kim loai ¢6 hoat tinh xtic tac tdt nhu Co [3, 20],
Ni, Cu [21]... ngay cang dugc nghién ctru va phat trién.
Dién hinh nhu W. Zhuang va cs (2012) [15] sit dung vit liéu
Co-MOF sau khi carbon hda & nhiét do 500°C trong 4 gid
thu duoc vét liéu xuc tac cho phan g phan huy 4-NP dat
hiéu suét xtc tac cao so voi cac vat lidu xtc tac khac. Hay
M.A. Ahsan va cs (2019a) [1] da su dung vat li¢u Fe-BDC
MOF sau khi carbon hoa ¢ nhiét do 800°C trong 1 gio cho
phan tng phan huy 4-NP va methyl orange cling thu dugc
hiéu suat xac tac tot. Tai nudc ta dinh hudng nghién ctru xir
1y cac chat thai 6 nhiém hitu co dang duogc quan tim nghién
cuu. Tuy nhién, cac cong bd vé su carbon hoa cac loai vat
liéu MOFs ciing nhu viéc nghién ctru hi€u qua xtc tac cua
cac loai vat liéu tao thanh con rat han ché.

Trong nghién ctru nay, ching t6i khao sat qua trinh hinh
thanh vt lieu Cu-MOF tr phan tng gitta CuCl,-2H,0 va
H,BDC bang phuong phap nhi¢t dung moéi. Vat ligu xtic
tac C@CuMOF dugc tao thanh qua qué trinh carbon hoa
Cu-MOF. Tiép dén, hoat tinh xuc tac cia C@Cu-MOF cho
phan Gng khir 4-NP dugc khdo sat va kha nang tai st dung
ctia chét xuc tac ciing dugc nghién ciru.

2. Viat liéu va phuong phap nghién ciiu
2.1. Thiét bi va héa chit

Cac mau nhiéu xa tia X dang bot (PXRD) dugc do trén
may Bruker D8 Advance st dung CuK da dugc loc Ni
(A=1,54178 A), hoat dong & 40 kV/30 mA. Gian dd PXRD
lan luot duoc ghi nhan & goc 26=3-50 va 3-80° cho mau
MOF vira méi tong hop va mau MOF sau khi carbon hoa,
v6i the do quét 0,01°.s7.

Hinh thai cua vat liéu dugc phan tich bang thiét bi FE-
SEM (S-4800, Hitachi, Nhat Ban) ¢ dién ap 5-10 kV.

Céc duong cong phan tich nhiét trong lugng (TGA)
dugc ghi nhan trén thiét bi phan tich nhiét TA Q500 trong
dong khi nitrogen. Mau dugc gia nhiét ¢ toc do 10°C phut!
tir 30 dén 750°C.

Do hip thu cua cac dung dich thu duoc trén may quang
phd UV-Vis A V730 Jasco.
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Hoa chit duwoc su dung trong nghién ciu gom
CuCl,2H,0, N,N-dimethylformamide (DMF) mua tir Hang
Prolabo; nudce DI, 4-NP dugc mua tir Haing Merck; sodium
borohydride (NaBH,) dugc mua tir Cong ty Fisher.

2.2. Quy trinh tong hop Cu-MOF va C@Cu-MOF

Can CuCl,.2H,0 (63 mg, 0,37 mmol) va H,BDC (20
mg, 0,12 mmol). CuCl,.2H,0 dugc hoa tan trong 3 ml DI
va H.BDC dugc hoa tan hoan toan trong 3‘ml DMF. Sau do,
tron hai dung dich lai v6i nhau va khuady déu. Dung dich sau
khi khudy dugc cho vao lo thiy tinh chiu nhiét 8 ml c6 nip
day kin va dat vao ta séy o nhiét do 100°C trong 24 gid. Khi
dat dén thoi gian can khao sat, lo phan ng duogc lay ra va
dé ngudi tu nhién ¢ nhiét d6 phong. Tinh thé Cu-MOF duoc
tach ra va ria voi nude DI (3x3 ml), tiép dén 1 rira nhidu
1an véi DMF (5x3 ml) nhidm loai bé cac tap chat phan tng
con du. Tinh thé Cu-MOF sau d6 duoc sdy kho trong chin
khong o nhiét d§ phong va dugc stt dung cho cac budc phan
tich tiép theo.

Vit lidu C@Cu-MOF duoc téng hop bang cach carbon
hoéa vat li¢u Cu-MOF ¢ 600°C trong dong khi argon trong
1 gio.

2.3. Quy trinh khdo sat hoat tinh xuc tdac cua vit li¢u
C@Cu-MOF théong qua phdn itng khir chdt hitu co é
nhiém 4-nitrophenol

Trong thi nghiém khong c6 xuc tac, cho vao cuvette
thach anh 2 ml cia dung dich chat 6 nhidm 4-NP 40 ppm.
Sau d6 thém vao cuvette 2 ml dung d}ch NaBH, 0,()53,M va
phan Gng kht 4-NP dugc theo ddi bang quang pho hap thu
UV-Vis trong ving tir 200 d&én 800 nm ¢ mdi khoang thoi
gian phan Gng 2 phut trong 10 phut. Trong thi nghiém c6
chit xuc tac, dau tién 1 mg C@Cu-MOF duoc cho vao 2 ml
dung dich 4-NP 40 ppm va danh si€u am trong 2 phut. Sau
d6, 2 ml dung dich NaBH . ﬂ0,053 M dqqc thém vao va phan
ung dugc theo doi bang pho UV-Vis dén khi dung dich phan
ung trd nén khéng mau.

3. Két qua va ban luan

3.1. Phén tich céu tric ciia vdt ligu Cu-MOF va C@
Cu-MOF

Cu-MOF dugc téng hop bang cach hoa tan hoan toan
CuCl,-2H,0 (63 mg, 0,37 mmol) trong 3 ml nude DI va
H,BDC (20 mg, 0,12 mmol) t{ong‘3 ml DMF. Hai dung dich
dugc tron lai véi nhau va khuay déu, sau d6 cho vao lo phan
tmg 8 ml. Hon hop phan tmg duoc dit trong ti sy ¢ 100°C
trong 24 gio. Tinh thé mau xanh duoc tach ra khoi dung
dich, duoc rira va lam kho dé st dung cho céac phan tich tiép
theo. Sau d6 Cu-MOF dugc nung ¢ 600°C trong mot gio
trong dong khi argon thu dugc vat li¢u xuc tac C@Cu-MOF.
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D¢ két tinh ctia vét ligu Cu-MOF va C@Cu-MOF dugc
kiém tra qua phan tich PXRD va dugc trinh bay & hinh 1.
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Hinh 1. Gian dé XRD ctia Cu-MOF (A) va C@Cu-MOF (B).

Tir hinh 1A cho théy, gian d6 XRD cua vat liéu Cu-MOF
c6 duong nén thip cing véi cac mili nhidu xa rat sic nét,
chung té vat liéu co6 do két tinh cao. Cu-MOF c¢6 céc peak
nhiéu xa dic trung O cac vi tri 2 lan luot 12 8,9, 14,4, 15,5,
17,8, 26,0, 28,8, 29,4 chung minh Cu-MOF dugc téng hop
thanh cong [22]. C6 thé nhin thay, tir gian d6 hinh 1B cia
C@Cu-MOF, cac peak nhidu xa ciia Cu-MOF da bién mat
sau qua trinh carbon hoa, thay vao d6 1a cac peak nhiéu xa
tuong tng v6i pha tinh thé ciia dong. Cu thé, cac peak nhidu
xa sdc nét & vi tri 2 1a 43,6, 50,8 va 74,4 1a cac peak nhiéu
xa dic trung cua tinh thé dong kim loai (JCPDS 04-0836)
[23]. Két qua nay chimg minh sy thanh cong cua qua trinh
chuyén héa tir Cu-MOF thanh C@Cu-MOF dua trén carbon
hoa.

3.2. Hinh thdi cua vit li¢gu Cu-MOF va C@Cu-MOF

Pé phan tich dic diém hinh thai cta vat liéu Cu-MOF,
phan tich SEM dugc thuc hién cho vat li¢u Cu-MOF vua
tong hop va vit liéu xtc tic C@Cu-MOF (hinh 2). Qua anh
SEM hinh 2A, Cu-MOF c¢6 hinh kim kich thuwdc micro. Sau
qua trinh carbon hoa, cac hat nano Cu dugc hinh thanh phan
bd trén khung suon carbon (hinh 2B) [21]. Piéu dang chd
¥ 1a sy dinh két cua cac tim Cu trén khung suon carbon
d3 ngdn can su oxy hoa cac tim Cu thanh cac oxide, bing
ching 12 khong xudt hién peak lién quan dén CuO trén gian
dd XRD [21]. Chinh sy hi¢n dién cta cac tam kim loai Cu
da tao nén hoat tinh xtc tdc mong doi cua C@Cu-MOF.

$-4800 10.0kV.

Hinh 2. Hinh thai cta vat liéu Cu-MOF (A) va C@Cu-MOF (B).
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3.3. Thanh phéin nguyén t6 ciia vit liéu Cu-MOF va
C@Cu-MOF

Thanh phan hoéa hoc cta vét liéu Cu-MOF va C@Cu-
MOF dugc xac dinh qua phén tich thanh phan vat chat bang
phé tan sic ning luong tia X (EDS), két qua dugc trinh
bay ¢ hinh 3 va bang 1. Két qua cho thay, thanh phan vat
liéu Cu-MOF gom 3 nguyén t6 C (28,42%), O (33,86%) va
Cu (37,72%). Sau khi than hoa, vat liéu C@Cu-MOF co6
ham lugng nguyén t6 O giam dang ké chi con 4,65%. Picu
nay duoc giai thich 1a do mot phan nho lién két Cu-O trong
CuMOF chua dugc cit dirt hoan toan. Nhung diéu déng chu
¥ 1a ham lugng Cu ting 1én dén 63,14%. Tir két qua phan
tich EDS cho thdy su thanh cong ctia qua trinh than hoa Cu-
MOF thanh C@Cu-MOF.

(A) (B

Hinh 3. Phé tan sic ning lwong tia X cia Cu-MOF (A) va C@Cu-MOF (B).
Bang 1. Thanh phan nguyén té ctia Cu-MOF va C@Cu-MOF.

Phan trim khéi lrong cac nguyén t6 (%)

Vit lidu
c 1) Cu

Cu-MOF 28,42 33,86 37,72

C@Cu-MOF 32,21 4,65 63,14

3.4. D9 bén nhiét ciia vat lieu Cu-MOF

Dé xac dinh do bén nhiét cua vat li¢u, phan tich nhi¢t
trong luong (TGA) dugc tién hanh cho vat liéu CuMOF vira
tong hop trong dong khi nitrogen ¢ nhiét d6 tir 30 dén 750°C
va két qua dugc thé hién o hinh 4. Qua gian d6 TGA cho thiy,
d6 giam khdi luong khoang 4% xung quanh 100°C 1a do sy
bay hoi cua cac phan tir H O. Khung suon cua vat li¢u duoc
giit dén nhiét d6 350°C. Trong vung nhiét do 350-450°C,
khung suwon bi pha huy véi do giam khéi luong trén 45%.
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Hinh 4. Gian dé phan tich nhiét trong Iwgng cla vat liéu Cu-MOF vira
téng hop.
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3.5. Xuc tac phan vwng khu 4-NP bdng vit lieu CwCu-
MOF

Vit liéu C@Cu-MOF tao thanh dugc khao sat hoat tinh
xuc tdc cho phan ung khu 4-NP thanh 4-AP vdi tac nhan
khir NaBH,. Truge hét, phd hap thy UV-Vis ctia hdn hop
phan tmg khir gom 4 ml dung dich 4-NP va NaBH, trong
moi truong nude duoc tien hanh do vdi budc song quét tu
200 dén 800 nm theo thoi gian tir 0 dén 10 phat, mdi lan
do cach nhau 2 phut (hinh 5). Két qua thé hién rd rét rang,
chat khir NaBH , khong khtr dugc 4-NP vi khong c6 sy thay
d6i cuong do peak ciia 4-NP & budc song 400 nm va khong
ddng thoi xuat hién peak méi ctia su hinh thanh 4-AP ¢ 300
nm. Diéu nay hoan toan phu hop véi nghién ctru trude do
cua I. Asif va cs (2021) [2]. Két qua nay 1a mot thuan loi dé
kiém tra hoat tinh xtc tac cta vat liéu C@Cu-MOF.

— 0 min
——2 mins
——4 mins
——6 mins
——8 mins
— 10 mins

Do hap thu (a.u)

200 300 400 500 600 700 800
A (nm)

Hinh 5. Phd UV-Vis theo th&i gian clia phan (ng khir 4-NP bing tac nhan
khtr NaBH, khong c6 sw hién dién cua xuc tac.

Sau d6, 1 mg C@Cu-MOF dugc cho vao dé khao sat
hoat tinh xtc tdc phan ung kht 4NP vé&i tdc nhan khir
NaBH,. Quy trinh duge thuc hién twong ty va két qua dugc
trinh bay ¢ hinh 6. K&t qua cho thay, peak tai budc song 400
nm bién mat hoan toan sau 120 gidy, mot peak mdi da bét
dau xuét hién & bude song 300 nm 1a do sy hinh thanh 4-AP
tir 4-NP. Ngoai ra, khong c6 peak la khac xuat hién trén phd
UV-Vis chung to khong xdy ra phan ung phu.

—0s
—15s
—30s
——45s
—60s
——75s
—90s
——105s
—120s

D6 hép thu (a.u)

200 300 400 500 600 700 800
A (nm)
Hinh 6. Phé UV-Vis theo th&i gian clia phan (ng khir 4-NP bing tac nhan
khir NaBH, ¢6 sw hién dién cua 1 mg C@Cu-MOF.
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Tiép dén, dong hoc ctia phan mg khir 4-NP dugc phan
tich dé hiéu rd thém vé hoat tinh xuc tac cia C@Cu-MOF.
Trong qué’trinh nghién clru xuc tac, n(:”)ng do NaBH, dugc
str dung gap 184 lan 4-NP va do d6 nong do NaBH, dugc
xem nhu 1a hang s6. Tu d6 mo hinh dong hoc phan ung gia
bac mét dugce st dung dé tinh hfing s6 tbe do bidu kién dua
trén phuong trinh dong hoc nhu sau:

lng=—kt

0

trong do: C,va C, la n@)qg do cuia dung dich gay 6 nhiém tai
thoi dieém 0 va t, k 1a hang s6 toc do bicu kieén va t 1a thoi
gian [1]. Gia tri hang s téc phan tng cho phan tmg khir
4-NP tinh duoc 13 0,045 s voi hiéu suét phan tng 99,35%
(hinh 7). Gia tri nay cao hon nhiéu chit xuc tac da dugc bao
cdo trude do (bang 2).

Béng 2. So sanh hoat tinh xuc tac clia cac chét xuc tac nano khéac nhau
cho phan &ng khir 4-NP bang NaBH,.

Chit xiic tae ;{rht;?lig [-NP] [NaBH‘! ;{;:gh;:?:g :{{lfru - :lllllT - Tﬁi,liéutham
R (ppm)  (mmolL.I") ) %) o khio
AUMPC 03 155 28 001 97 510 [11]
A@Cparticles 2 138 001 0,006 ) 430 [13]
PNPC900 1 20 836 00l 100360 [10]
NINPC90O 1 20 139 00l 100360 [10]
CaFes0 1 1515 00223 00 240 1]
C@cu [T S 0,059 9%535 60 1]
C@CeMOF 1 20 264 0,045 935 120 I;‘;“ng;ylghié“

Nhu duge trinh bay & bang 2, hau hét cic chét xic tac
dugc su dung trudc d6 dua trén cac kim loai quy, dét tién
hodc can trai qua thoi gian phan tng dai hon. Mit khac,
chat xtic tic C@Cu-MOF trong nghién ciru nay c6 thoi gian
phan mg dai hon, va hang s6 toc d6 phan mg thap hon C@
Cu ciia M.A. Ahsan va cs (2019b) [21], tuy nhién ciing can
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Hinh 7. B4 thi In(C/C,) theo théi gian ciia phan wng khir 4-NP béng tac
nhan khir NaBH, str dung 1 mg xic tac C@Cu-MOF.
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cha ¥ dén hiéu suat phan tng khir chi dat khoang 95,35 so
voi 99,35% cua nghién ciu nay. Nguyén nhan dugc giai
thich c6 thé 1a do quy trinh carbon hoa tao nén vat li€u xic
tac. Van dé nay mo ra dinh hudng nghién ciru tiép theo.

Co ché xuc tac phan tng khir 4-NP dya trén cac hat xtic
tac nano kim loai duoc nhiéu nhom dé nghi va déu c6 diém
chung thong nhét [1, 12, 24]. Khi khong c6 chét xuc tac,
NaBH, khong khu dugc 4NP 1a do trong nuéec NaBH, thuy
phan tao sodium hydroxide theo phuong trinh:

NaBH, +4H,0 ——> NaOH + H,BO, +4H,

Dung dich ltuc nay c6 méi trudng kiém s& khir proton véi
4-NP tao anion 4nitrophenolate (4NP-). Su ddy nhau giira
céc ion tich dién &m 4-NP- va BH; lam mat di hoat tinh khir
cua NaBH,. Tuy nhién, khi ¢6 sy hién di€n cta xuc tac kim
loai, qua trinh khir 4-NP boi NaBH, dien ra rat nhanh chong.
Co ché phan tng khi c6 sy hién dién chét xtc tac nano kim
loai duoc d& nghi nhu sau: (1) dau tién anion BH, va 4-NP-
dugc hap phu trén bé mat tam xuc tac kim loai, (2) sau do
phéan tmg chuyén electron tir BH; sang 4-NP- dugc dién ra
trén bé mat x(c tac tai cac tam kim loai [12, 21].

3.6. Kha nang tdi s dung chit xiic tic C@Cu-MOF

Nham danh gia kha ning tai st dung cta chat xuc tac
C@Cu-MOF, chat xuc tac sau khi st dung dugc thu hdi
bang cach ly tim va rira nhiéu 1an bang nudc DI. Tiép dén,
khao st hoat tinh cia C@Cu-MOF sau thu hoi bang cach
tai sir dung xtic tac cho 3 lan phan ung lién tiép. Két qua
duogc trinh bay ¢ hinh 8.

B 4-NP
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T 80
>
€ 60
<
2
2 40
@
=
20
0 1 2 3

86 Ian tai str dung
Hinh 8. Hiéu suét khir dung dich 4-NP sau ba Ian tai str dung C@Cu-MOF.

Qua khéo sat cho thdy, hoat tinh xuc tac cua C@Cu-
MOF giam khéng dang ké, giam khoang 1,23% cho hai 1an
dau va 2,81% cho lan tai sir dung thtr 3. Sy giam nhe hoat
tinh xuc tic sau ba lan phan mg khir lién tiép dugc giai
thich c6 thé 1a do su hao hut lugng xuc tac sau cac lan rua,
hodc mot it cac tim kim loai bi khoa sau cac 1an thuc hién
phan tng [21].
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4. Két luan

Cu-MOF dugc tong hop thanh cong bang phuong phap
nhiét dung moi va C@CuMOF dugc tao thanh qua qua trinh
carbon héa Cu-MOF & 600°C trong dong khi argon. Két qua
phan tich XRD thé hién rd c6 su chuyén tir cic peak cia
khung sudn két tinh Cu-MOF sang cac peak cua nano kim
loai déng. C@Cu-MOF thé hién hoat tinh xtic tac cao cho
phan tmg khu 4-NP v6i tdc nhan khir NaBH,. Hoat tinh xtic
tac C@Cu-MOF sau ba lan tai st dung lién tiep giam khong
dang ké ching t6 d6 bén cuia xuc tac.
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