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TOM TAT

Trong nghién ctiu nay, vat liéu nanocomposite Cu/CuFe;Oy4 co tir tinh da dugc diéu ché thanh
cong bang qua trinh nhiét dung moéi mot giai doan nham lam xdc tac cho hai phan Ung la phan
tng khtt 4-nitrophenol (4-NP) va phan ting phan htly methylene blue (MB). Cau tric, hinh thai bé
mat va tinh chat clia vat liéu dugc phan tich bang cac phuong phap hoa ly bao gobm gian dé nhiéu
xa tia X dang bot (PXRD), phé héng ngoai bién di Fourier (FT-IR), phé phan xa khuéch tan UV-Vis
(DRS), Brunauer-Emmett-Teller (BET), anh hién vi dién t& quét phét xa trudng (FE-SEM), danh EDX
mapping va t ké mau rung (VSM). Xuc tac Cu/CuFe,O4 cé dang hat cau véi dudng kinh trung
binh kho&ng 145 nm va dién tich bé mat BET (Sger) 13 52 m?.g~1. Trong ca hai phan ting khir 4-NP
va phan hly MB, vat liéu déu cé hoat tinh xUc tac cao. Hiéu sudt phan Ung khir 4-NP khi cé mat
clia NaBHy4 1a 82% sau thoi gian 5 phut. Trong phan tng nay, kim loai Cu vira déng vai trd chuyén
electron tryc tiép ti ion BHs~ sang 4-NP viia tham gia va thic ddy qua trinh chuyén electron gilia
céc cap ion Cut-Cu?t va Fe?*-Fe3t trong CuFe,04. D& véi phan ting phan hily MB, dudi su kich
thich clia buic xa UVA cung su c6 mat clia oxalic acid (H,C,04) dong vai trd tac nhan tao géc tu
do, hiéu suat phan (ng dat dugc la 98% sau thai gian 40 phut. Trong qua trinh nay, Cu la chat cho
electron dé khir Fe3t thanh FeZ* trong cau tric CuFe;Oy4, gép phan thic déy su tao thanh cac
gée tu do o hoat tinh cao dé phan hily MB. Hiéu qua xuc tac, cau trdc tinh thé va hinh thai ctia
nanocomposite Cu/CuFe,04 dugc duy tri qua nam lan s& dung lién ti€p nhau trong ca hai phan
ung.

Tur khoa: nhiét dung méi moét giai doan, hat nano CuFe204 tu tinh, phan dng khit 4-nitrophenol,
phan Ung phan hay methylene blue, xt ly nudc thai

MG PAU

Thé ky 21 danh d4u sy phat trién cta nhiéu nganh
cong nghiép trén pham vi toan cdu. Mot s6 nganh
phiét trién vé6i t8c do kha nhanh c6 thé ké dén nhu
dugc phim, thuc phdm, dét nhudm, san xuit pin, sdn
xudt gidy, va cong nghiép nhua... Tuy nhién, cung véi
su phat trién thi nhiing nganh cong nghiép trén ciing
gay ra hé luy 16n d6 chinh 1a lugng nudc thai dugc
thai ra méi trudng. Ngudn nudc thai nay bao gom cac
chét doc vo co va hiiu co, gdy anh hudng nghiém trong
dén nguén nudc ngdm, moi truong tu nhién, doi séng
thay sinh cling nhu stic khoe ctia con ngudi. Riéng
d6i v6i chit doc hitu co thi thudc nhudm, hay phdm
mau hitu co 1a mét trong nhiing tic nhan chiém ham
lugng cht yéu'2. Thuéc nhudém hitu co 1a cac hgp
chét c6 ciu tao gébm cac vong benzen cliing cac nhém
phtic chit mang mau khd bén va khong bi phan hay &
diéu kién thong thuong. Day la loai hda chat dugc s
dung rdng rai trong cac nganh cong nghiép nhu dét
may, da, gidy, dugc phdm, my phdm... Sau qud trinh

san xudt, chiung dudc thai ra moéi trudng va néu khong
dugcxtly bang quy trinh phit hgp thi thuéc nhudm sé
tron 14n v6i mach nuéc trén bé mit, tiép dén 1a mach
nudc ngdm cula trai dat gay doc hai, tac dong tiéu cuc
dén moi trudng séng clia con ngudi va hé sinh thai’.
Mot vi du cu thé ¢ thé ké dén la methylene lue (MB).
Khi néng d6 MB trong nudc qué cao sé gy can trd
su hép thu oxi ti khong khi vao nude. Diéu nay lam
anh hudng qua trinh sinh trudng ctia cc dong thuc
vat, gay ra hién tugng xdo tron hoat dong ctia vi sinh
vat va dnh hudng dén qua trinh ty lam sach ctia nuéc.
Khi phoi nhiém véi MB, con ngudi ¢6 thé bi cdc bénh
vé mat, da, dudng ho hip, dudng tiéu hoa va thim chi
gy ra ung thu.

Ngoai ra, mot trong nhiing hgp chét quan trong dong
vai tro trung gian trong tong hop hiiu co, 1a ngudn
nguyén liéu chinh trong san xudt dugc phim, thudc
trti siu va phdm nhuom d6 chinh la cic dan xuét ni-
tro ctia phenol*®. Céc din xudt nay bao gém ba
loai dong phén la o-nitrophenol, m-nitrophenol va

Trich dan bai bao nay: An VN, Hoa L TN, Phat D T, An L D T, Hau D N, Hiéu L V. Téng hop vat liéu
nanocomposite tif tinh Cu/CuFe0, c6 khd nang thu héi lam xiic tdc cho phan ung khi 4-
nitrophenol va phan hily methylene blue. Sci. Tech. Dev. J. - Nat. Sci.; 2022, 6(4):2431-2445.
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p-nitrophenol hay con dugc goi 1a 4-nitrophenol (4-
NP). Trong s6 cac déng phan nay, 4-NP ¢6 doc tinh
cao cing cdu truc bén viing nhit. Pay la mot trong
nhiing chit gay 6 nhiém chinh trong nudc thai cong
nghiép va néng nghiép’, gay nguy hiém dén ci moéi
truong sinh thai va stic khoe con nguoi.

Chinh vi ly do do, viéc xti 1y loai bd MB cung 4-NP ra
khoi ngudn nudc sinh hoat dang trd nén vo cling cap
thiét d6i véi doi song con ngudi. Cho dén nay, mot s6
phuong phéap bao gém ca vat Iy, hoa hoc va sinh hoc
da dugc nghién ctiu nham loai bd céc hgp chit nguy
hiém nay®. Déi v6i 4-NP, huéng nghién ciu dang thu
hat duge nhiéu su quan tdm d6 1a thuc hién phan ting
khti 4-NP doc hai d€ tao thanh 4-aminophenol (4-
AP) thén thién v6i méi trudng >0, Qué trinh chuyén
héa 4-NP thanh 4-AP c6 thé st dung phan ting khu
kim loai/baza !, stt dung xtic tac d6ng thé!?, xtic tic
hydro héa di thé'® va phan ting khit quang héa !4,
Tuy nhién, hiéu qua ctia cdc phuong phap nay con kha
thép, qud trinh thu héi chat xdc tac va loai bo bun ox-
ide kim loai sinh ra trong phén ting con kho khan va
tiéu tén thoi gian. Ngoai ra, nhiing phan tng nay ¢
st dung cdc tac chit doc hai, c6 thé gay ung thu va dot
bién 1. Nhiing két qua nghién ctiu gin day nhit cho
théy, phan ting khti 4-NP trong dung dich nudc khi st
dung lugng du natri borohydride (NaBHy4) va cac chit
xuc tac ferrite dugc xem 1a t6i uu do phan ting don
gian cling hiéu qua khti 4-NP cao !¢, Riéng d6i vé6i
MB, da c6 rét nhiéu phuong phap dugc dé nghi dé xu
1y loai ph&m nhudm hiiu co nay trong nudc thai?’-24,
Trong s6 d6, phuong phap dang dugc sti dung khd phé
bién la phan htty MB thong qua cc qua trinh oxi héa
néng cao dua trén cac phan ting c6 st dung xuc tac
Fenton, ca Fenton dong thé va di thé 25-27 S0 vGi Fen-
ton di thé thi nhugc diém 16n ctia Fenton dong thé la
khé xt ly lugng bun sit dugc sinh ra sau qua trinh
phén tng. Chinh vi vy, trong phuong phap nay xuc
tac Fenton di thé dugc st dung phé bién hon. Co thé
ké dén mot s6 loai xtc tadc Fenton di thé dién hinh nhu
oxide sit%, goethite (a-FeOOH)?’, Fe dugc ¢8 dinh
trén gia mang dat sét>* hodc zeolites *! va dong ferrite
(CuFe;04) 2. CuFe, 0y 14 loai vat liéu ferrite c6 tinh
chit co ly t6t, 40 dan dién cao, bén nhiét va dé dang
thu hoi khoi dung dich bing tii trudng ngoai nhd co tu
tinh t6t>*. Tuy nhién, khi sti dung 1am xc tic Fenton
di thé thi CuFe;O4 ¢6 hiéu sudt xic tdc khong cao do
van téc truyén tii electron thip>**. Nhiing cong bs
gan day cho thdy cac hat nano kim loai Cu ciing thuc
hién dugc qud trinh Fenton trong viéc loai bo cac chit
6 nhiém hiiu co trong nudc thai 3639, Vi vay, viéc két
hgp gitia Cu va CuFe;O4 dugc xem la cach kha thi
dé tang cudng hiéu sudt xuc tic ciia CuFepOy4. Ngoai
ra, khi stt dung lam xdc tac trong phan ting khii 4-NP,
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mot s6 cong b da cho thay CuFe; O4 ¢6 hiéu sufit xic
tdc cao so véi cac loai vat liéu ferrite khdc nho vao su
di chuyén hiéu qua ctia electron gitia cic cip ion Cu™ -
Cut va Fe?T-Fe3t tai vi tri bét dien*0-*2. Péng
thoi, hoat tinh xtc tdc ciia CuFeyO4 con dugc ting
cudng khi ché tao nanocomposite trén co s& kim loai
quy/ CuFe, 04 **~*°. Tuy nhién, gia thanh cao cling sy
khan hiém ctia kim loai quy da gy trd ngai cho viéc
ung dung cta loai vét liéu nay trong thuc t€. Véi muc
dich thay thé cic kim loai quy nay bang mot vt liéu
dé kiém, gid thanh ré va than thién v6i moi trudng
thi cdc hat nano Cu kim loai 1a mét lya chon day
trién vong. Gén déy nhit, Li va cac cong su da tong
hop nanocomposite Cu/CuFe;O4 bang phuong phap
nhiét dung méi d€1am xic téc Fenton trong phan ting
phan hiiy MB*®. Két qua da chling minh nh& hi¢u
tng dong van gitta Cu va CuFe;O4 da thuc ddy qué
trinh phan hiy cia MB. Nhom cua Koley clung cac
cdng su cling sti dung composite Cu/CuFe, O4@C lam
xuc téc cho phan ting t6ng hgp 2-methylfuran ti fur-
fural c6 ngudn géc tit sinh khéi*”. Tuy nhién cho dén
nay van con khd it cdc nghién ctiu st dung nanocom-
posite Cu/CuFe;O4 lam xuc tac cho phan ting khit 4-
NP.

Trong nghién ctiu nay, nanocomposite Cu/CuFe;04
tit tinh dugc téng hgp bang phuong phép nhiét dung
modi don gidn mot giai doan. Vat liéu dugc st dung
lam xtic tac trong cd hai phan ting, bao gom phén ting
khti 4-NP thanh 4-AP khi c6 mat NaBHy 1a chat cho
electron va phan ting phan htty MB, v6i su ¢6 mat clia
oxalic acid (H»C»O4) déng vai tro tac nhén tao goc tu
do. Vai tro ctia tiing hgp phdn Cu va CuFe,O4 trong
xuc tdc Cu/CuFe, 04 da dugc dé cip dén trong hai co
ché phan ting d€ nghi trong nghién ctiu nay. Ngoai
ra, kha nang thu hoéi va tai st dung ctia vat liéu xuc tac
ciing dugc khao sit.

VAT LIEU VA PHUONG PHAP

Vat liéu

Hai tién chdt cia dong va sit 1a copper (II) chloride
dihydrate (CuCl,.2H;O) va iron (III) chloride hex-
ahydrate (FeCl3.6H,0) c6 xudt xd tit Trung Qudc
v6i d¢ tinh khiét 99,0%, polyethylene glycol (PEG-
6.000) 99,0%, ammonium acetate (NH4OAc) 98,0%,
dung méi ethylene glycol (EG) 96,0% va phdm nhudm
methylene blue (CjgH;gN3CIS) 99,6% déu la dang
thuong mai ctia Trung Qudc. Polyvinylpyrrolidone
(PVP-1.300.000), sodium borohydride (NaBHy4) va 4-
nitrophenol (4-NP) déu c6 d¢ tinh khiét 99,0%, 1a
hang thuong mai ctia Sigma-Aldrich. Tit ca cic hoa
chét dugc stt dung tryc tiép ma khong cin phai tinh
ché lai.
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Phuong phap nghién citu

C4u tric tinh thé va thanh phén pha ctia vat liéu dugc
x4c dinh ti gian d6 nhiéu xa tia X dang bot (PXRD)
v6i d6i am cuc 1a dong (Cu). Gidn d6 PXRD dugc
phén tich trén thiét bi D2 PHARSER (Bruker, Duic).
Quad trinh phén tich dugc thyc hién khi thay ddi géc
26 it 10° dén 80° v6i budce chuyén 0,02°/phut. Thanh
phan hoéa hoc dugc phan tich bing phd héng ngoai
bién d6i Fourier (FT-IR), dugc do trén mdy quang
ph6 TENSOR 27 (Bruker, Ptic) trong viing s6 song tit
4000 cm~ ! dén 400 cm~! v6i do phéan gidila 4 cm L.
Vatliéu dang bot trude khi phan tich dugc nghién min
va sdy trong 24 gi6 ¢ 80°C. Sau d6 mdt lugng nho méu
(~2-3 mg) dugc ép vién v6i KBr theo ty 1¢ khoi lugng
mau va KBr 14 1:100 & lyc nén 250 kN. Hinh théi hoc
vat liéu dugc phén tich bang dnh hién vi dién tt quét
(FE-SEM) trén thiét bj S-4800 véi thé gia téc 5 kV.
Su phén bd ctia cac nguyén t6 hién dién trén bé mat
dugc xdc dinh bing anh EDX mapping, dugc phan
tich tii hé EMAX ENERGY két hop trén thiét bi S-
4800. Cac tinh chit tit ctia vét liéu bao gém do tii héa
bao hoa (M), do tu du (M,), luc khang tu (H.) va
dudng cong tii tré dugc phén tich bang phuong phép
tit ké mau rung (VSM) trén thiét bi System ID: EV11,
SN:2010062. Qua trinh phan tich dugc do véi gia
tri tlf truong ngoai tif -12.000 dén +12.000 Oe. Dién
tich bé mat vat liéu dugc xac dinh tu dudng cong hdp
phu - gidi hip phu nitrogen, dugc phan tich trén may
NOVA 1000e analyzer (Quantachrome Instruments).
Phd phéan xa khuéch tdn UV-Vis (DRS), do trén mdy
quang phé Perkin-Elmer Lambda 850, dugc st dung
dé tinh gia tri nang lugng viing cdm (E,) ctia vét liéu.
Ph6 tt ngoai - kha kién (UV-Vis) dugc do bing méy
UV-Vis V-670_Jasco trong viing budc soéng tii 200 -
800 nm, v6i tdc do 400 nm/phut.

Téng hop Cu/CuFe,0, biang phuong phap
nhiét dung moi

Quy trinh t6ng hgp vat liéu nanocomposite
Cu/CuFe;04 dugc tién hanh theo cic budc nhu
dugc mo ta trén Hinh 1. PAau tién, dung dich tién
chat kim loai dugc diéu ché bing cach hoa tan 1,60
mmol CuCl,.2H;0 va 3,20 mmol FeCl3.6H, O trong
20 mL ethylene glycol. Tiép dén, 0,75 g polyethylene
glycol (PEG-6.000) va 0,20 g polyvinylpyrrolidone
(PVP-1.300.000) dugc 1an lugt thém vao va hdn hgp
dugc tiép tuc khudy trong 0,5 gig. Sau do, NH4OAc
(180 mmol) dugc thém vao va hon hgp lai tiép tuc
dugc khudly cho dén khi thu dugc dung dich mau
xanh dong nhét. Cudi cung, dung dich dugc chuyén
vao binh thuy nhiét bang Teflon - thép khong gi
(dung tich 80 mL) va G nhiét & 200°C trong 11 gid.

Sau phan tng, binh thuy nhiét dugc lam lanh dén
nhiét d6 phong, loc va rtia sach san phdm bang nuédc
va ethanol ba 14n. Cudi ciing, san phidm dugc sdy
dong kho trong 8 gid, thu dugc vat liéu Cu/CuFe; Oy,

Khao sat hoat tinh xtic tac khir 4-NP

Hoat tinh xuc tdc ctia vét liéu Cu/CuFe, Q4 dugc khdo
sat thong qua phan ting khii 4-NP thanh 4-AP. Dau
tién hon hop gom 10 mL nudc khii ion va 250 uL
dung dich 4-NP (0,005 mol.L~!) dugc trén véi 10 mL
dung dich NaBHy (0,5 mol.L™!). Tiép dén, 750 uL
huyén phui ctia Cu/CuFe; Oy (40 mg.mL™ 1) dugc cho
vao dung dich trén d€ xtic tac cho phan ting xay ra. Su
thay d6i noéng do ctia 4-NP dugc xdc dinh bing phé
UV-Vis thong qua sy thay déi cuong do hip thu caa
dinh & vi tri 400 nm theo thoi gian va phuong trinh
dudng chuén ctia 4-NP. Kha nang khtt 4-NP thanh 4-
AP dugc tinh theo cong thiic (1):

%R = S % 100 1)
Co
Trong d6 %R la kha ning khu, C, va C, (mol.L™1)
lan lugt la nong d9o tai thoi diém t va noéng do ban
dau ctia 4-NP, dugc xac dinh thong qua phuong phap
dyng dudng chuén.

Khao sat hoat tinh xtic tac phan hiy MB

Hoat tinh Fenton quang xtc tdc clia vat liéu dugc
danh gid thong qua sy phan hity MB véi tac nhén tao
g6c tu do cho phan tng la HyCyO4 (103 mol.L'!)
dudi biic xa UVA (320 < A < 400 nm). Toan bo thoi
gian trong sudt qua trinh khdo sat, phan ting dugc
thuc hién trong mét budng kin véi nhiét d¢ luon duge
duy tri 6 29 - 31°C. Pau tién, 0,050 g chit xuic tdc dugc
thém vao 250 mL dung dich c6 chita MB (5% 105
mol.L™!) va HyC04 (1073 mol.L™!). Hén hop phan
ung c6 gia tri pH & khoang 7 va dugc khudy lién tuc
bing mdy khudy truc IKA RW 20 digital. D€ ddm béo
qué trinh hip phu MB lén bé mit xuc tac dat trang
thdi cin bing, hon hgp dugc khudy déu trong bong
t61 sudt 25 phut (thoi gian can bing hip phu 25 phut
dugc xdc dinh thong qua céc khao sat so bo trude do,
khi theo d6i néng do MB ban dau gdn nhu khong thay
d6i trong hé xuc tic dudi diéu kién khong chiéu sdng).
Sau d6, hé phan tng dugc chiéu xa dudi ngudn sang
UVA (9 W Radium 78) dugc dit cdch bé mat hon hgp
phan tng 17 cm. Sau méi 5 phut, 10 mL dung dich
dugc rut ra khoi hé, xuc tac dugc tach ra khoi dung
dich nay bang nam chiam dét hiém. Nong do MB con
lai trong dung dich dugc xdc dinh bing phuong phép
phd hdp thu UV-Vis & budc séng 664 nm trén thiét
bi Helios Omega UV-VIS (Thermo Fisher Scientific,
USA). Tut gié tri 40 hdp thu va dya vao dudng chuidn
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20 mL (CH,0H),
3,2 mmol
FeCl,.6H,0

Siéu am
1,6 mmol

Cucl,.2H,0

Loc rira, sdy o
k 200°C
Sﬁy dﬁng
Kkho 11 gior

0,2g PVP 0,75 ¢ PEG
~1.300.000 ~6.000

Hinh 1: So d6 quy trinh téng hop Cu/CuFe, 04 bang phuong phap nhiét dung moi

ctia MB d€ xéc dinh néng d6 MB con lai trong dung
dich. Khé ning phin hity MB dugc tinh theo cong
thiic (2):

G
%H = —~ x 100 2)
Co

Trong d6 %H la kha ning phan huy, C, va C,
(mol.L~1) 14n lugt 1a néng d6 tai thoi diém t va ndng
d6 ban ddu ciia MB, dugc xac dinh thong qua phuong
phép dung dudng chuin.

Khao satkha nang thuhéivataisitdung cia
vat liéu

Khd ning thu hoi va tdi st dung cta vat liéu
Cu/CuFe;O4 dugc danh gia trong ca hai phan tng
khti 4-NP va phan huy MB. Vatliéu sau qua trinh khao
sat dugc thu hoi bing nam cham dét hiém, dugc rtia
lai bing cach khudy trong nudc va ethanol. Sau do,
xuc tac dugc co lap, sdy kho trong 12 gio ¢ 90°C va
tiép dén la thuc hién lai ca hai phan Gng trong diéu
kién tuong tu nhu ban dau.

KET QUA VA THAO LUAN

Gian d6 PXRD

Gidan d6 PXRD cuia nanocomposite Cu/CuFe;O4
dugc trinh bay trén Hinh 2. Céu truc spinel 1ap
phuong ctia CuFe;O4 (JCPDS: 77-0010) dugc dac
trung béi cac dinh nhiéu xa ¢ 26 = 18,5°; 30,2°%; 35,67
37,3% 57,1° va 62,8° lan lugt tuong ting véi cac mat
mang (111), (220), (311), (222), (511) va (440) 178,
Két qua PXRD ciing quan sat thdy cdc dinh nhiéu xa
(dugc ky hiéu #) dac trung cho tinh thé Cu (JCPDS:
85-1326). binh nhiéu xa dic trung cho mit mang
(220) cta Cu va (533) ctia CuFe;O4 bi chong chép
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tai 260 = 74,5°. Gidn d6 PXRD ctia Cu/CuFe,O4 cho
mot dinh nhiéu xa c6 dang dinh doi tai 26 khoang
43,0°. Nguyén nhan ctia hién tugng nay cé théla do
day la vi tri xudt hién dong thoi dinh nhiéu xa dic
trung cho ca mit mang (111) ctia Cu va (400) cta
CuFe;04 . Sy hién dién clia tinh thé Cu trong thanh
phén ctia nanocomposite Cu/CuFe;Oy4 con dugc xac
nhén bang tin hiéu dinh nhiéu xa tai 20 = 50,8, tuong
ting v6i mit phéng tinh thé (200) trong cdu trac lap
phuong ctia Cu. Sy ton tai ctia Cu kim loai la do trong
qua trinh nhiét dung méi nay, dung méi st dung la
ethylene glycol. Pay 1a loai dung moéi c6 tinh khu
manh, nén & 200°C mét s& ion Cu®>* bj khii xudng
Cu“®. Kim loai Cu khong nhiing c6 tinh chét héa ly
t6t cing d6 dan dién cao ma con c6 hoat tinh xtc tac
cao trong viéc khit 4-NP v6i chat khii NaBH4. Gén
day mot s6 nghién ctiu cho thdy hat nano Cu xdc tic
rit hiéu qua cho qué trinh khit 4-NP thanh 4-AP 4752,

Phé FT-IR
Hinh 3 1a phé FT-IR cha nanocomposite
Cu/CuFe;O4. Mii hdp thu tai 3440 cm~! va

1640 cm~! 1a dao dong kéo din va dao dong bién
dang lién két O-H ctia H, O dugc hép phu trén bé mat
ctia Cu/CuFe;O4. Mii hip thu yéu tai 2910 cm™! va
mii tai 1440 cm ™! 14 dao dong kéo dan va dao dong
bién dang ctia nhém -CH; do du lugng PEG con lai
trong vat liéu. Tin hiéu PEG con quan sat thdy trén
phd FT-IR tai cdc s6 song 1572, 1104 va 1041 cm!

Miii tai s6 séng 1375 cm~! 14 dao dong kéo dan cua
nhém CO3z%~
mii hdp thu trén la do cdc oxide sit (III) hodc sit
(IIT) hydroxide dé bj carbon héa b&i CO, trong khi
quyén>?. Sy hinh thanh cta lién két Fe-O va Cu-O

Nguyén nhan c6 sy xuét hién cta
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trong CuFe; O4 dugc xac dinh thong qua hai mai hdp
thu tai 590 cm ™!, diic trung cho lién két Fe-O trong
c4u trac tu dién va 430 cm !, dic trung cho lién két
Cu-O trong ciu tric bat dién'>**. Mai hdp thu yéu
tai 890 cm~! 14 dao dong bién dang trong mit phing
clia lién két Fe-O>°.

(111)* Cu (JCPDS:85-1326)

(200)

(220
.

- . »
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- \ e . &
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Hinh 2: Gidn dé PXRD cla nanocomposite
CU/CUFEQO4
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Hinh 3: Phé FT-IR cGia nanocomposite Cu/CuFe; 04

Anh FE-SEM va anh EDX mapping

Hinh thai hoc va sy phan bd cic nguyén ti trong
nanocomposite Cu/CuFe,O4 dugc phén tich bing
anh FE-SEM va anh EDX mapping. Két qua FE-SEM

(Hinh 4a, b) cho thiy Cu/CuFe;O4 c6 dang hinh cau
v6i bé mit hat tuong déi nhan va it gho ghé. Cac
hat & trang thdi da phan tan véi kich thude khong
dong déu. Nguyén nhén la do su hinh thanh va tai
sdp xép ctia hai thanh phan la Cu va CuFe;O4 trong
vat liéu. Dau tién, hén hgp hai muéi gébm CuCl, va
FeCl3 dugc hoa tan trong dung méi ethylene glycol.
Tiép dén, cac chit bao vé bé mit la PEG va PVP ciing
NH4O0Ac dugc thém vao dung dich ethylene glycol
da c6 chia cic cation hoa tan 1a Cu?t va Fe3T. Qua
trinh dung nhiét xay ra, NH4OAc sé bi phan huy va
hinh thanh cic bong béng khi NH3. O nhiét do cao,
céc cation Cu®* va Fe3* sé hinh thanh cdc mam két
tinh va phét trién thanh céc tinh thé CuFe;O4. Mot
s6 hat CuFep;Oy4 sé két tu lai va gan két trén bé mit
cac bong khi NH3z. Ngoai ra, trong hon hgp phan
ung con co sy tao thanh cta Cu kim loai, do cation
Cu?* bj khit bsi dung méi ethylene glycol & nhiét do
cao. Chinh sy hinh thanh, phat trién va gin két cta
hai thanh phan Cu va CuFe;O4 xay ra dong thoi da
lam cho kich thuéc ctia nanocomposite Cu/CuFe; Oy
khong dong déu.

Biéu d6 phén bd kich thudce hat (Hinh 4c) thu dugc
sau khi xti Iy anh FE-SEM béng phdn mém Image/ cho
thdy vat liéu c6 duong kinh phan bd trong khoang
50- 250 nm, v6i dudng kinh trung binh ~145 nm.
Qua phén tich EDX mapping thi vat liéu chi bao gom
cac nguyén t6 la Cu, Fe va O; khong c¢6 sy hién dién
ctia nguyén t6 la. Pong thdi cac nguyén t6 Cu, Fe
va O phéin b dong déu trong toan b khdi ciu tric
vat liéu. Nhu vay, tit cdc két qua trén cho thdy qua
qua trinh nhiét dung méi mot giai doan da téng hop
thanh cong nanocomposite Cu/CuFe;O4 c6 dang hat
cdu voi dudng kinh trung binh ~145 nm.

Xéc dinh dién tich bé mat bang phép do
dudng cong hap phu - giai hdp phu nitrogen
Dién tich bé mit ctia Cu/CuFe, 04 dugc xac dinh ti
duong cong ding nhiét hdp phu - gidi hip phu ni-
trogen bing phuong phdp phén tich BET (Brunauer-
Emmett-Teller) da diém. Su phan bd kich thude 16
x6p trong vat liéu dugc tinh todn dya trén phuong
phdp BJH (Barrett-Joyner-Halenda).
hép phu - giai hdp phuy nitrogen ctia Cu/CuFe;Oy
(Hinh 5a) thudc loai IV, dang H, ddc trung clia vat
liéu mao quan trung binh. Tai viing dp sudt thip 1a

Duong cong

qué trinh hép phu trén bé mat vat liéu, tiép dén ham
lugng khi hap phu tang khi ap suit taing. Diéu nay gay
ra bdi su ngung tu mao quan, va tii d6 xudt hién vong
tré. Dién tich bé mit BET ctia Cu/CuFe;Oy4 (SgeT)
duoc x4c dinh 1a 52 mz.g_ I Kich thudc va su phén
b6 16 x6p trong vt liéu (Hinh 5b) dugc tinh todn bing
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Hinh 4: Anh FE-SEM (a, b), biéu d6 phan bé kich thudc (c) va anh EDX mapping clia nanocomposite Cu/CuFe,04
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Hinh 5: Budng cong hap phu-giai hap phu nitrogen va gian d6 phan bé kich thudc 16 x6p clia Cu/CuFe; Oy

phuong phap BJH cho két qua gia tri I16n nhét clia
duong kinh 16 x3p 1a khodng 2 nm, véi thé tich 16 x5p
140,117 cc.g™ .

Tinh chat quang va ti tinh cda vat liéu
Tinh chit quang ctia vat liéu dugc phan tich bing phd
DRS trong viing budc song tit 250 dén 800 nm. Két
qua DRS (Hinh 6) ctia Cu/CuFe;O4 cho thiy vét liéu
¢6 thé hdp thu dnh sang t6t ca trong vung ti ngoai va
ving dnh sang kha kién. Ning lugng viing cdm (Eg)
dugc xdc dinh bing cach dp dung cong thiic Tauc (3):
ahv =A (hv —E,)" (3)

Trong do, o 1a hé s6 hdp thu, Alahdng s, h (eV x gidy)
12 hang s6 Planck, v (giéyil) la tdn s6 photon va Eg
(eV) 1a néng lugng ving cdm. Gid tri n = 1/2 cho vét
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liéu ban dan c6 viing cim truc ti€p. Gid tri E, dugcxac
dinh tit phép ngoai suy tuyén tinh ctia d6 thi (ahv)?
theo néing lugng E (E = hv = 1240/4), v6i A (nm)
1a budc séng°. Gid tri E, clia vat liéu Cu/CuFe; Oy
dugc xdc dinh 1a 1,22 eV.

Két qua do tu tinh ctia Cu/CuFe;O4 bing phuong
phép VSM dugc thé hién qua dudng cong tui tré cing
cac gia tri do tit hoa bao hoa (M), do tii du (M,) va
luc khang tu (H,) dugc cho trong bang trén Hinh 7.
Két qua dudng cong VSM cho thdy Cu/CuFeyO4 c6
d0 khang ti thip v6i do tré khong rd rang, gid tri M
clia CuFe; Oy 12 68,86 emu.g~!. Nhu véy, két qua nay
da xac minh dugc sy téng hop thanh cong nanocom-
posite Cu/CuFe, Oy c6 tinh chét thuin tii *3. Diéu nay
sé giup cho vt liéu dugc c6 lap dé dang khoi dung
dich béng tit trudng ngoai sau qud trinh phan tng.

80

60

404 i

)

s
i

N
=)
1

Ms (emu/g)

Do tir hoa (emu.g
=
L

'S
=)
1

]
I
|
| Mr (emwg) 347
|
-60 4 : Hc (Oe) 4532
i
-80 T T t T T
-10000 -5000 0 5000 10000

Tir trwong (Oe)

Hinh 7: Budng cong VSM clia nanocomposite
CU/CUF8204

Hoat tinh xtc tac ciia Cu/CuFe,0,

Hoat tinh xuc téc ctia vat liéu Cu/CuFe, Q4 dugc khao
sat trong phan tng kht 4-NP khi c¢6 mit lugng du
NaBH4 va phan tng phin htty MB véi tac nhan tao
g6c tu do 1a HyCyO4. Trong phan ting khit 4-NP, qua
trinh phan tng dugc dinh gid qua sy thay déi cuong
d6 cta dinh hdp thu & vi tri 400 nm trén phd UV-
Vis ctia 4-NP theo thoi gian. Két qua phd UV-Vis
trén Hinh 8a cho théy sau khi thém NaBH4, dinh hép
thu déc trung ctia 4-NP & budc séng 317 nm da dich
chuyén vé€ budc séng 400 nm. Diéu nay 1a do sy hinh
thanh ctia ion 4-nitrophenolate tii 4-NP khi c¢6 mit
NaBHy, kém theo 13 hién tugng dung dich chuyén tu
miu vang nhat sang mau vang sang 7. Tiép dén xic
tdc Cu/CuFepO4 dugc thém vao. Khi cé mit chit xtc
tac thi mai hdp thu 6 budc séng 400 nm, dic trung ctia
4-nitrophenolate, giam theo thoi gian. Trong khi dé,
cuong do mii hdp thu & budc séng 317 nm, 1a mai
hép thu cta 4-AP, lai tang theo thdi gian (Hinh 8b).

Sau thoi gian phéan ting la 5 phut, theo cong thiic (1),
hiéu suét khii 4-NP thanh 4-AP khi st dung xuc tac
Cu/CuFe;O4 dat dugc la khoang 82% (Hinh 8¢). Qua
trinh khtt 4-NP thanh 4-AP xay ra theo co ché xuc
tac di thé trén bé mit nanocomposite Cu/CuFe;O4
nhu dugc mo ta trén Hinh 9. Trong phan ting nay ion
BH, ™, dugc tao rasau qua trinh ion héa NaBHy, dong
vai tro vita la chit cho dién ti cling vita 1a ngu6n cung
cép hydrogen dang sinh 7. Khi xtic tic Cu/CuFe;Oy4
dugc thém vao phan tng, thi trude tién BH4 ™~ va 4-
NP sé khuéch tan tii dung dich dén hép phu trén bé
mit Cu/CuFe;O4. Vit liéu Cu/CuFe, 04 déng vai tro
lam chét trung gian d€ chuyén electron tii chét cho 1a
BH, ™ sang chit nhan la 4-NP. V€ mit nhiét dong hoc,
phan ting ty xuc téc gitta 4-NP va NaBHj 14 c6 thé xay
ra. Tuy nhién, phan ting nay bi khong ché 16n vé mit
dong hoc do su khac nhau vé thé oxi héa khtt gitia cip
borate/borohydride va cip 4-NP/4-AP>7->°. Chinh vi
vay, viéc stt dung xuc tac Cu/CuFe;O4 1am chét trung
gian d€ chuyén electron sé gitp cho phan ting vuot
dugc rao can dong hoc va tao thanh 4-AP®0. Ngoai
ra, Cu?T rét dé chuyén vé Cu™t khi c6 mit NaBHy
va Cu cling d6ng vai tro 1a chit cho electron dé€ khu
Fe3* thanh Fe?* trong ciu trac CuFe;Qy, & tit d6
Fe?* tham gia vio phan ting khit 4-NP. Chinh sy thay
d8i trang thai oxi héa khit gitta céc cip ion Cut-Cu?*
va Fe?*-Fe3* nay da gép phén ting cudng hoat tinh
xtc tac clia nanocomposite Cu/CuFe; 04 4%*2, Nhu
vay, trong cd ché nay hat nano kim loai Cu déng hai
vai tro trong qué trinh xdc tdc cla nanocomposite
Cu/CuFe;Oy4. Vai trd thit nhidt 1a chuyén electron
tryc tiép tu ion BH4 ™ sang 4-NP va vai tro thi hai la
hat nano Cu kim loai tham gia va thuc ddy qud trinh
chuyén electron gitia cic cip ion Cu™-Cu?T va Fe?T-
Fe3* trong CuFe, 04 .
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Hinh 10: D6 thi phan haly MB theo thaoi gian trong
cac diéu kién khac nhau
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Hinh 8: Phé UV-Vis cua (a) dung dich 4-NP ban dau va sau khi thém NaBHy, (b) trong qua trinh phan (ing véi chat
xuc tac la Cu/CuFe 04 va (c) ham lugng 4-NP phan huy theo thai gian trong qua trinh phan ting

Két qua khao sat hoat tinh xdc tac ciia Cu/CuFeyO4
trong phan tGing phan htty MB & cdc diéu kién khac
nhau dugc thé hién trong Hinh 10. Théng qua sy
thay d6i ndng d6 ctia MB, c6 thé thiy qua trinh Fen-
ton quang xuc tac chi xdy ra khi ¢ mdt day da cac
yéu t6 gobm Cu/CuFe;Oy4, dung dich OA cung sy kich
thich ctia btic xa UVA. Sau thdi gian chiéu xa 40 phut,
hiéu sudt phan hay MB, tinh theo cdng thiic (2), khi st
dung xtc tdc Cu/CuFe; O4 dat dugcla 98%. Qua trinh
xuc tdc Cu/CuFe; O4 tham gia vao phan ting phan hiy
MB dugc mo6 ta trén Hinh 11. Khi ¢ mit HyCyOy,
tdm Fe hoat tinh trén bé mit ctia tinh thé CuFe;Oy4
da tuong tac v6i HyCyO4 d€ tao ra phic chit trung
gian [=Fe(Cy04)3]3~. Dusi su kich thich cia biic
xa UVA, céc phic chit sé bj kich thich va san sinh ra
g6c tu do *OH, O,°*~ va hgp chit trung gian 1a H,O,
(phuong trinh 1-5102). Hgp chiét trung gian H>O;
sau d6 sé phan tng v6i Cu kim loai (phuong trinh 6-
103%03) @€ tiép tuc tao thanh cac ti€u phan cé chiia
oxy hoat tinh cao 1a *OH, O,*~ va HO,®.
[=Fe(C204)3]3~ +hv — Fe?* +2C,042~ + Cr04°~
(1)

Cr04° + 0y — 02° +2C0,(2)

0,*~ + HM — HO,* (3)

HOz. + HOZ. — HyO5 + Oy (4)
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Fe?™ + HyOp + 3Cp042~ — [=Fe(Cy04)3° +
OH~ +°*OH (5)

Cu + Hy0p — Cu?t +20H™ (6)

2Cu + HyOy + 2HT — 2Cu™ + 2H,0 (7)

Cu?t + H,0p — Cut + HOp® + HY (8)

Cu' + HyO, — Cu?t + HO® + HO™ (9)

Cut + 0, — Cu?t + 0,°~ (10)

Ngoai ra, Cu ciing dong vai tro 1a chit cho electron
dé khit Fe’" thanh Fe?t trong céu tric CuFe;Oy4 va
Fe2t lai tiép tuc xdc tién su tao thanh cua gbc tu
do *OH (phuong trinh 11, 12). Cing vao thoi diém
nay, Cu?t trong CuFe;Oy ciing bi khi thanh Cu™
(phuong trinh 13), sau d6 Cu™ lai phan ting véi HO,
va lai tiép tuc tao ra goc tu do *OH (phuong trinh
9). Ngoai ra, vé mit nhiét dong hoc, Cu™ van c6
kha ning khit Fe3t xuéng Fe?* (phuong trinh 14),
va san phdm cta qua trinh nay tiép dén lai hinh thanh
thém géc *OH va HO,*®*. Nhu vay, trong hé phan
tng Cu/CuFe;04 - HyCy Oy, tat ca cic tiéu phan co
chtia oxy hoat tinh sinh ra, bao gom ca *OH, O,°~ va
HO,*, sé tin cong MB, hinh thanh cdc hgp chét trung
gian, va cudi cung la qua trinh khoang héa tao ra CO,
va HyO (phuong trinh 15).

Cu + 2Fe3t — 2Fe?T + 2Cu2T (11)

Fe?t + HyO, — Fe3t + HO® + OH™ (12)
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Hinh 9: Ca ché dé nghi cho phén (ing khir 4-NP thanh 4-AP vdi xuc tac Cu/CuFe,0y4 khi c6 mat NaBH,

2Cu?* + Hy0p — Cut + HOp ™ (13)

Cut + Fe3t — Fe2t + Cu?t (14)

HO®/0,°*"/HO;,* + MB — Hgp chit trung gian —
CO;, + H,O (15)

Kha ning thu héi va tai s dung

Kha néng tai st dung ctia vat liéu dugc danh gia thong
qua khdo sat hoat tinh xtic tdc cia Cu/CuFe;O4 6 ndm
lan st dyng lién tié€p nhau. Trong ca hai phan ting khtt
4-NP va phan hty MB, vét liéu sau qud trinh khéo sat
dau tién da dugc thu hoi bing nam cham dat hiém va
rtta lai v&i nude va ethanol. Tiép dén, xic téc rdn dugc
¢ lap, sdy kho trong 12 gio ¢ 90°C va thuc hién lai
qua trinh phan ting trong diéu kién tuong ty nhu ban
dau. Hoat tinh xuc téc cta vat liéu trong ca hai phan
ung sau ndm lan stt dung dugc thé hién trén Hinh 12.
Két qua cho thdy sau nam lan stt dung lién tiép, hiéu
qua xuc tac ciia nanocomposite Cu/CuFey O4 trong ca
hai phéan ting van dugc duy tri, khong thay ddi. B¢ 6n
dinh vé mit thanh phan, cdu tric tinh thé va hinh thai
hoc ctia xtic tic Cu/CuFe;Oy4 sau khi thyc hién nim
phén tng lién tiép nhau ciing gan nhu khong c6 su
thay d6i. Diéu nay dugc thé hién thong qua két qua

ctia gidn d6 PXRD, phd FT-IR va anh FESEM cua vét
liéu trudc va sau khi xdc tic nhu dugc trinh bay tai
Hinh 13.

Két qua PXRD cho thdy Cu/CuFe;O4 sau qua trinh
xuc tac van gitt dugc cdu tric dic trung cho cdu tric
spinel ferrite cia CuFe; Q4. Cac dinh nhiéu xa cta
Cu kim loai van con quan sat dugc trén gian d6. Tuy
nhién, cudng d6 cua cic dinh nay khd yéu va duong
nén cta gian 46 PXRD bi nhiéu kha nhiéu so véi gian
d6 PXRD cuia vat liéu trudce khi xuc tac. Nguyén nhén
¢6 thé 1a do sau céc chu ky xtc tac lién tiép nhau, sy
trao ddi electron va sy thay déi trang théi oxi héa -
khti ctia cdc tiéu phén trong tinh thé xdy ra lién tuc
da lam cho tinh thé kém 6n dinh va sy sdp xép cic
ti€u phan khong con chit ché so v6i ban ddu. Thanh
phén cta vét liéu sau xuc tic gan nhu khong co su
thay d6i. PhS FT-IR ctia Cu/CuFeyO4 sau xuc tac
van giit nguyén cdc mii hép thu manh tai 590 cm ™!
(Fery dien-O) va 430 em™! (Cupar dien-O) 1954 Ket
qua dnh FE-SEM cho thdy sau ndm lan phan tng lién
tiép, nanocomposite Cu/CuFe;O4 van gitt dugc hinh
théi hat cdu. Nhu vay, cac két qua trén da chiing to
rdng vt liéu Cu/CuFe;O4 c6 kha ning thu hoi va tai
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Hinh 11: Co ché dé nghi cho phan ting phan hdly MB véi xuc tadc Cu/CuFe; 04 khi c6 su hién dién cta H,C,04
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Hinh 12: Hoat tinh xuc tac clla nanocomposite Cu/CuFe204 & nam lan sir dung lién ti€p nhau trong phan tng

khir 4-NP (a) va phan (ing phan hay MB (b)

st dung t6t. Ngoai ra, xtic tdc dugc ché tao bing
phuong phép nhiét dung moéi c6 d6 6n dinh cao trong
diéu kién phan ting. Diéu nay hiia hen sé mang lai
hiéu qua vé mat kinh t€ khi dua vat liéu ting dung vao
thuc té.

KET LUAN

Vit liéu nanocomposite Cu/CuFe;Oy4 c6 ti tinh da
dugc diéu ché thanh céng bang qud trinh nhiét dung

2440

moi mot giai doan nhdm lam xuc tac cho hai phan ting
la phan ting khtt 4-nitrophenol (4-NP) va phan ting
phén htty ph4m nhudm methylene lue (MB). Xtc tac
Cu/CuFe;O4 c6 dang hat cau véi duong kinh trung
binh khoang 145 nm. Két qua phan tich EDX map-
ping cho théy cac nguyén t6 Cu, Fe va O phan bs dong
déu trong toan bo khdi ciu tric vat liéu. Nanocom-
posite Cu/CuFe;Oy4 c6 dic trung cta vit liéu mao

quan trung binh, véi dién tich bé mat BET (Sger) 1a



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2022, 6(4):2431-2445

Sau xuc tac

a

[Trudc xuc tac

Cuong do (a.u)

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Goc26(%)

2

Pé truyén qua (44
&

=]
1

IEI |

4000 3500 300 2500 2000 150 1000 S0
Soséng ()

Hinh 13: Gidn d6 PXRD (a), phé FT-IR (b) clia Cu/CuFe, O, trudc va sau khi xtc tac cho hai phan tng khtt 4-NP, phan

hty MB va anh FE-SEM sau ndm lan phan tng lién tiép (c).

52 m%.g~!. Trong ci hai phan ting 1 khi 4-NP va
phan hay MB, vat liéu déu c6 hoat tinh xtc tac cao.
Hiéu suit phan tng khi 4-NP khi st dung xic tc
v6i sy c6 mit clia NaBHy 1a 82% sau thoi gian 5 phut.
Trong phan ting nay, kim loai Cu viia dong vai tro 1a
chuyén electron tryc tiép tit ion BH4 ™~ sang 4-NP viia
tham gia va thuc ddy qua trinh chuyén electron gitia
céccgpion Cu™- Cu?t va Fe?T-Fe3t trong CuFe;Oy4.
Déi v6i phan ting phan hity MB, hiéu suit phan tng
dat dugc la 98% sau thoi gian 40 phut, dudi su kich
thich ctia biic xa UVA cung sy c¢6 mat cta oxalic acid
(H,C,04) déng vai tro tac nhan tao goc tu do. Trong
qué trinh nay, Cu la chét cho electron d& khi Fe3*
thanh Fe?* trong cfu triic CuFe; Oy, gép phan thic
ddy su tao thanh cac g6c tu do c6 hoat tinh cao dé
phén htty MB. Hiéu qua xuc tdc, cdu tric tinh thé va
hinh théi ctia nanocomposite Cu/CuFe; 04 dugc duy
tri qua ndm lan st dung lién tiép nhau trong ca hai
phan ting. Nhu vay, xtc tac Cu/CuFe;O4 khong chi
6 ti tinh t6t d€ dé dang thu hoi ma con c¢é d6 6n
dinh cao trong di€u kién phan ting. Pay sé la nhiing
uu diém vé mit kinh t€ khi dua vét liéu ting dung vao
thuc té.

LO1 CAM ON

Nghién ctiu dugc tai trg bdi Pai hoc Qudc gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khudn khé
Dé tai ma s6 VL2022-18-04. Nhom téc gia xin chin
thanh cdm on.

DANH MUC TU VIET TAT

BETBrunauer-Emmett-Teller

DRS Ph6 phan xa khuéch tan UV-Vis

EDX Pho tén sic ning lugng tia X

FT-IR Ph6 hong ngoai bién d6i Fourier
FE-SEMKinh hién vi dién tt quét phat xa trudng
UV-Vis Phé tit ngoai kha kién

VSM Tt ké mau rung

PXRD Nhiéu xa tia X dang bot

CAM KET XUNG DOT LGOI iCH
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DONG GOP TACGIA
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Vi Nang An, Lé Van Hiéu: chuén bi ban thao va chinh
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Magnetic recoverable Cu/CuFe,0, nanocomposite as an efficient
catalyst for 4-nitrophenol reduction and methylene blue
degradation

Vu Nang An'2", Le Thi Ngoc Hoa"?, Dang Tan Phat"?, Le Dang Thanh An"2, Do Ngoc Hau'-2, Le Van Hieu'-2

ABSTRACT

In this study, the magnetic Cu/CuFe;O4 nanocomposite was successfully prepared by a one-pot
solvothermal method and evaluated for catalytic activity in the 4-nitrophenol (4-NP) reduction reac-
Use your smartphone to scan this tion and methylene blue (MB) degradation reaction. The structure, surface morphology, and prop-
QR code and download this article erties of this catalyst were characterized by using several physicochemical methods such as Powder
X-ray diffraction (PXRD), Fourier-transform infrared spectroscopy (FT-IR), UV-Vis diffuse reflectance
spectroscopy (DRS), Brunauer—-Emmett-Teller (BET), field emission scanning electron microscopy
(FE-SEM), EDX mapping, and vibrating sample magnetometer (VSM). The Cu/CuFe;O4 catalyst is
spherical in shape with an average diameter of about 145 nm and a BET surface area (Sggr) of 52
m2.g~!. In both the 4-NP reduction and MB degradation reactions, this nanocomposite material
showed high catalytic activity. The yield of 4-NP reduction reaction in the presence of NaBH4 was
82% after 5 minutes. In this reaction, Cu metal both plays the role of direct electron transfer from
BH*~ ions to 4-NP and participates in and promotes the electron transfer process between Cu'-
Cu?t and Fe?*-Fe3 ion pairs in CuFe>O4. For MB degradation reaction, under the stimulation of
UVA radiation with the presence of oxalic acid (H,C,04) as a free radical-generating agent, the re-
action yield was 98% after 40 minutes. In this process, Cu is an electron donor to reduce Fedt to
FeZ* in the CuFe,O4 structure, contributing to promoting the formation of highly active free radi-
cals to decompose MB. The catalytic efficiency, crystal structure, and morphology of Cu/CuFe;Oq4
nanocomposite were stable over five consecutive uses in both two reactions.

Key words: magnetic Cu/CuFe204 nanocomposite, MB degradation, one-pot solvothermal,
4-nitrophenol reduction, wastewater treatment
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	KẾT QUẢ VÀ THẢO LUẬN
	Giản đồ PXRD
	Phổ FT-IR 
	Ảnh FE-SEM và ảnh EDX mapping
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