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TOM TAT

Bai bdo nay trinh bay viéc st dung phuong phap don gian la su dong két tta trong hé dung moi
nudc va ethanol dé€ diéu ché xuc tac Fenton di thé CuFe;O4 st dung cho phén ting gidm cép hop
chat mau xanh methylene (MB). H&n hap cac tién chat oxalate dugc téng hop tir cac mudi sulfate
tuong Ung va oxalic acid trong hé hén hop dung moéi nudc/ethanol. Qua trinh xt ly nhiét nhimg
hén hop tién chét tién hanh & cac nhiét d6 600, 700 va 800 °C trong mai trudng khi quyén. Su thay
déi ty 1é thé tich dung méi nudc va ethanol theo khuynh huéng gidm dan thé tich nudc, dan dén
giam muc dé phan cuc ctia dung moéi va anh hudng dén qua trinh két tta tién chét ciing nhu phan
Ung pha ran. Su gidm d6 phan cuc clia dung moéi lam gia tang nhe kich thudc hat va lam gidm
muc do tinh thé héa. Cac két qua thuc nghiém cho thdy hé dung méi nudc-ethanol cé tac dung
lam gidm muc d6 phan tan vé kich thudc hat. Trong khi d6, nhiét dé nung tién chat tang dan dén
kich thudc hat ting va ham lugng ion Fe3* trén bé mit cao hon so véi cdc mau x{ ly nhiét & 600 va
800 °C. Cac méau diéu ché tir hé dung moi vai thé tich ethanol-nudc 1an luat 1a 50%, 70% va nung
3700 °C cho théy khad nang xdc tac tét cho phan ting phan htly MB khi s& dung tac nhan oxi héa
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la oxalic acid va chiéu xa bang tia UVA. Hiéu qua x{ ly MB sau 90 phut dat 85%.
Tu khoa: ferrite, xUc tac Fenton, CuFe;0,, dung méi, oxalic acid

GIGI THIEU

Qua trinh oxi héa nang cao sti dungion Fe?t vaH,0,
dugc bdo cdo 1an dau tién boi H.J.H Fenton vao nim
1894 ! Hién nay, da s6 cic nha nghién ctu thiia nhan
su hinh thanh g6c hydroxyl ®*OH la nguyén nhén gay
ra kha ning oxi héa cao ctia tic nhan Fenton?~. Tuy
nhién phan Gng Fenton déng thé st dung ion Fe?T
c6 mot s6 bat 1gi nhu chi xdy ra & khoang pH thdp,
qué trinh hoan nguyén ion Fe3* thanh Fe?t dién ra
cham va sy hinh thanh biin sau phan ting®. Mot s6
nghién ctu gan day®~® da ching minh phin tng hoan
nguyén Fe?* tit Fe3t x4y ra dé dang va hiéu qui hon
khi ¢6 su chiéu sing bang tia UV (photo Fenton) nhu
phuong trinh sau:

Fe>* + HyO — Fe?™ + *OH + HT (4 > 300 nm)

Véi vu diém dé thu hoi, dé ché tao, it ddc hai, cic xtc
tac Fenton thé ran dugc chiing minh c6 hoat tinh xtc
tac cao do c6 kha nédng xtc tic theo hai co ché: xuc
tac dong thé do sy hoa tan ion sét va xtc tac di thé do
si hinh thanh phiic chét gitia ion Fe3* trén bé mit va
H,0;. Su chuyén dién tich ligand - kim loai sinh ra
ion Fe2T trén bé mit va g6c HO,*, H,0; lai oxi héa
Fe? dé tra vé Fe>t va tiép tuc tao ra g6c OH*°. Cho
dén nay, nhiéu oxide st da dugc nghién ctu cho ting
dung xuc tic Fenton di thé nhu goethite, maghemite,

hematite, ... Bén canh céc oxide sét, nhiing ferrite c6

cdu truc spinel MFe;O4 (M= Cu, Zn, Ni, Co) cling
dugc quan tdm trong ting dung lam xdc tic quang
Fenton vi d6 bén héa cao va dé thu héi do c6 tu tinh
manh *'2, Ferrite CuFe; Q4 c6 kha ning xtc tac phan
hay phdm nhudém azo RB5 manh nhit trong s6 cac
ferrite trén do c6 sy két hgp hai cdp oxi hoa - khu
Fe3*/Fe?t va Cu>*/Cu lam gia tang kha ning hinh
thanh géc ty do OH®*°. Ferrite CuFe,Oy4 véi kich
thudc nano hay submicro c6 thé dé dang tdng hop
bang phuong phép dong két ttia, thiy nhiét, sol-gel
hay phén ting pha rdn. Tuy nhién, cic phuong phap
téng hop nay ciing thudng cho san phdm véi kich
thuéc hat kém déng déu 2.

Bai bdo nay trinh bay viéc téng hgp CuFe;O4
bang phuong phdp déng két ttia st dung hé dung
mdi H,O/C,HsOH. Hoat tinh quang xtc tic cla
CuFe;O4 dugc khdo sat dya trén phan ting gidm cép
methylene blue (MB) véi su hién dién ctia oxalic acid,
tac nhan dugc cho la ¢ kha nang tuong tu nhu H,O,
(gidm cdp chdt mau, cit nho céc phin td hiu co)
nhung d¢ 6n dinh t6t hon va khong bi oxi héa boi
g6c tu do hydroxyl !&1L1415,

THUC NGHIEM

Trich dan bai bao nay: Vinh LV, Quéc TH, Thinh PN H, Loan NT M, Thiy N T T. Tac déng ctia hé dung méi
HO/CHOH dén tinh chat caa xuc tac quang Fenton CuFe0,cho phan ting gidm cip methylene
blue . Sci. Tech. Dev. J. - Nat. Sci.; 2022, 6(2):2095-2102.
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Bang 1: Ky hiéu mau

Ky hiéu mau Nhiét d6 nung (°C)
CuFe;04-600-50 600
CuFe;04-700-50 700
CuFe;04-800-50 800
CuFe;04-700-70 700
CuFe;04-700-90 700

Ty 1é Vethanol/Vnudc (hoa tan oxalic
acid)

50: 50
50: 50
50: 50
70 : 30

90: 10

Téng hop mau ferrite dong

Céc héa chit st dung la CuSO4.5H,0, FeSO4.7H,0
va HyCy04.2H>0 mua ctia hang XiLong va khong
can tinh ché thém. Dung dich CuSO4 0,1 M va dung
dich FeSO4 0,2 M cho vao dung dich HyC,04 0,3 M
da hoa tan trong hé dung moi ethanol/nuéc. Sau khi
khudy hon hgp trong 1 gi¢ bang méy khudy tu, loc rtta
két tha bing nudc néng va sdy mau 6 70 °C trong 1
gio. Nghién min cic mau sau khi sdy va tiép tuc nung
cdc mau 6 600 hodc 700 hodc 800 °C trong 2 gid. T4t
ca cdc mau sau khi nung dugc nghién min, tuyén ti,
rtta bing nudc cit, sdy kho & 150 °C trong 20 phut. Ky
hiéu céc mau téng hgp trinh bay & Bang 1.

Khao sat tinh chat mau

C4u truc, thanh phén pha ctia cdc mau xtc tdc dugc
nghién ctu bing phuong phép nhiéu xa tia X dang
bot, st dung mdy nhiéu xa BRUKER XRD- D8, AD-
VANCE, Dtc, btic xa K¢ -Cu, goc quét 20 ti 10-80°,
budc nhay 0.026355°. Phin mém X 'Pert HighScore
Plus version 3.0 dugc stt dung d€ phén tich dinh tinh
thanh phén pha. Hinh thai ctia cic mau dugc khao st
béng kinh hién vi dién ti quét FE-SEM $4800. DPic
trung bé mat ctia vat liéu dugc khéo sat bang phuong
phép quang phd hong ngoai, model Frontier, Perkin

Elmer.

Khao sat hoat tinh xuc tac

Hoat tinh xuc tdc ctia cdc mau dugc khao st thong
qua phan Ung giam cip chdt mau methylene blue.
St dung 0,125 g mau ran trong 250 mL dung dich
gém MB néng d6 2,00.10~>M va oxalic acid néng do
1073M. St dung m4y khudy truc dé khudy tron hén
hop dong thoi véi chiéu xa bing biic xa UVA. Sau mbi
15 phut, 14y khoang 5 mL hén hop, loai bo chit rin
béng céach ding nam cham d4t hiém dé tach xuc téc.
Cuong do mau ctia dung dich dugc do tai budc séng
664 nm v6i may tric quang Metertech SP880.
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KET QUA VA THAO LUAN

Két qua XRD (Hinh 1) cho thdy tat cd cic mau déu c6
hinh thanh pha spinel véi cdu truc td phuong, nhém
khong gian I4;/amd, xdc nhan bang su xuét hién cac
mi nhiéu xa tai cdc mdt mang (101), (112), (103),
(211), (202), (220), (321), (224). Ngoai ra, cac mau
déu ¢ tiitinh, c6 thé thu hdi bing nam cham dét hiém
(Hinh 2).

Hinh 2: Hinh anh thé hién tur tinh cGia cdc mau

Bén canh pha chinh spinel CuFe; Oy, van ¢6 sy hién
dién mot lugng nhat dinh céc pha tap hematite (tai vi
tri 260 khoang 33°) va Tenorite (tai vi tri 26 khoang
38,5%). Su thay d6i cudng do vach nhiéu xa dic trung
ctia hematite (26 ~ 33?) va cua tenorite (20 ~ 28,5%)
la khong nhét quan véi su gia ting nhiét d9. C6 thé
nhan thdy cuong d6 cac vach déc trung gidm khi ting
nhiét 46 ttt 600 °C 1én 700 °C, nhung & nhiét d6 800
°C, cudng do cac vach nay ting nhe so v6i mau nung
4700 °C kém v6i cudng dd cidc mii nhiéu xa cta pha
spinel gidm, dudng nén ghd ghé hon. Tu két qua thé
hién trén gian d6 XRD, duy doan khoang nhiét d6 800
°C c6 thé bit dau co hién tugng chuyén pha spinel,
t cdu trdc ti phuong sang cdu truc lap phuong. Tuy
nhién, cin c6 cac thyc nghiém & khoang nhiét d6 cao
hon dé chiing thuc vin dé€ nay. Lugng pha tap cling
ting nhe va muc d6 tinh thé héa gidm khi ting ty 1é
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Hinh 1: Gidn d6 XRD clia cAc mau rdn (a) thay d&i nhiét d6 nung: CuFe;04-600-50, CuFe;0,4-700-50, CuFe;Oy4-

800-50;

(b) thay d6i ty lé ethanol/nudc: CuFe;04-700-50, CuFe;04-700-70, CuFe;04-700-90

thé tich ethanol/nudc 1én 90%, nhiét d6 xt Iy van gii
& 700 °C. Nhu vay, su gidam manh d¢ phan cuc cta
dung mdi c6 thé dan dén hién tugng két tinh mudi
thanh cdc pha riéng biét nén khong xay ra qud trinh
dong két thia cuc bo va phéan ting pha rdn xay ra khong
hoan toan trong diéu kién xt Iy tai 700 °C trong 2 gio.
Khi stt dung hé dung moéi ethanol/nudc véity1é 1:1 va
xt ly nhiét & 700 °C, mau c6 mtic d¢ tinh thé héa t6t
nhét so v6i cac mau con lai, thé hién qua dudng nén
trén gidn d6 XRD bing phing hon so v6i cdc mau st
dung ty I¢ dung moéi ethanol/nuéc cao hon.

Phd FT-IR (Hinh 3) cta cdc mau nung & 600 °C, 700
°C va 800 °C cho thy 2 mii tai khoang 600 cm™! va
420 cm ™!, 14n lugt ung véi dao dong hoa tri ctia lién
két M-O vé6i M & vi tri 16 trong td dién va bat dién.
Cudng d6 mii tGng v6i dao dong M-O & 16 trong td
dién 16n hon réat nhiéu so v6i mii dao dong M-O tai
vi tri bat dién, chiing to lugng ion kim loai trén bé mit
chiém 16 tréng td dién nhiéu hon so v6i 16 tréng bat
dién. Tai nhiét d6 xt ly 1a 700 °C, cuong d¢ 2 mii
phé 16n hon so véi cdc mau xt ly & nhiét d6 600 °C va
800°C, dic biét cudng do miii tai khoang 420 cm™!
16n hon r6 rét so v6i hai mau con lai. Khi gia ting
nhiét d6 nung, cdc mai phé tng véi dao dong M-O
tai ca hai vi tri bat dién va td dién c6é xu huéng dich
vé s6 song 16n hon. Tai nhiét d6 nung 600 °C, s6 song
ctia hai dao dong M-O tai vi tri ti dién va bat dién
1an lugt 1a 595 cm~! va 423 ecm~!. Khi tang nhiét
d6 nung lén 700 °C, gid tri s séng ting lén, tuong
ting 12 608 cm ™! va 427 cm™!. Tuy nhién, gia tri s6
song thay d6i khong dang ké khi tiép tuc ting nhiét do
nung 1én 800 °C, mic dur cudng do cta hai mii phd
¢6 gidm di so v6i mau nung & 700 °C. Trén co s& méi

lién hé gitta tin s6 ctia dao dong (v), gid tri hang s6
luc (k) va khéi lugng rat gon (1) d6i véi lién két gitia
hai nguyén ttt A-B nhu phuong trinh (1) va (2), nhan
théy su gia ting s6 song trong trudng hop nay cé thé
do su gia ting ham lugng ion Fe>*. Lién két Fe-O
bén hon (nang lugng lién két khoang 409 kj/mol) so
v6i lién két Cu—O (néng lugng lién két khoang 343
kJ/mol) '® din dén hing s6 lyc d6i véi lién két Fe—O
16n hon so véi lién két Cu-O, cung véi khoi lugng
mol nguyén ti ctia Fe (56 g/mol) nho hon so véi Cu
(64 g/mol) din dén sy gia ting s6 song. Ti sy bién
d6i vé s6 séng va cudng do ctia cic mii phé IR, co
thé du doan ham lugng ion Fe3t trén bé mit ciia mau
CuFe;04-700-50 16n hon so v6i mau CuFe; O4-800-
50 v CuFey04-600-50.

1 k
= [= 1
Y 2re \l U W
_ my X mp (2)
my +mg

Két qua khao sat hinh thai (Hinh 4) cho thdy tat ca
cdc miu déu bao gom nhiing hat hinh khéi da dién,
bé mat nhan, cé hién tugng két tu. Khi nhiét d6 xu ly
tang ti 600 °C 1én 800 °C, hién tugng két khoi ciing
gia tang dan dén kich thudc hat ting rd rét tit khoang
0,1 um & 600°C dén khoang 0,5 um d6i véi mau xu
ly 6 800 °C. Tuy nhién, viéc tang ty 1¢ ethanol/nudc
tt1 50% dén 90% lam gidm d¢ phén cuc clia dung méi
va dan dén kich thudc hat gidam nhe nhung lam ting
muc d¢ da phan tan. Péc biét, viéc stt dung hé dung
moi ethanol/nuéc lam giam dang ké su két tu cta cac
hat. Déi v6i mau chi st dung dung moi nude trong
qua trinh két thia va nung ¢ nhiét d6 600 °C (mau
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Hinh 3: Pho FT-IR clia cdc mau CuFe,04-800-50; CuFe,04-700-50 va CuFe,04-600-50

CuFey04-600-0), cac hat két tu thanh cdc mang 16n,
kich thudc 1én dén vai um. Trong khi d6, véi cling
nhiét d6 nung 600 °C, mau CuFe;O4-600-50 c6 hién
tugng két tu khong déng ké, kich thudc hat kha dong
déu, khoang 0,1 pum.

St dung cac mau ferrite t6ng hgp cho phan ting gidm
cdp chit mau MB cho théy hiéu suét xtt Iy MB sau 1,5
gio dat 64-85% dong thoi phan ting phan hay chit
mau MB ciing tuan theo dong hoc gid bac 1 nhu trinh
bay ¢ Hinh 5. Nhu véy, kha nang xtc tdc cho phan
ung phan hty chdt mau MB ctia cic mau thé hién khd
t6t dudi buic xa UVA. Sy thay d6i nhiét d¢ xi ly anh
hudéng manh dén kha ning xuc tdc ciia mau (Bang 2).
Tuong ting v6i ty 1€ Vpanot/ne €6 dinh & 50%, khi
nhiét d6 nung tang tit 600 °C dén 800 °C, hiéu qua xu
ly dat cuc dai tai nhiét 6 nung 700 °C, tuong ting hiéu
sudit xti ly sau 1,5 gi’ dat hon 83% va hang s6 toc do 1a
1,25 gio~!. Tai 600 °C va 800 °C, hiing s6 t6c d6 1an
lugt giam khoang 19% va 42% so véi mau CuFe; Oy-
700-50. Mau CuFe;O4-700-50 thé hién hoat tinh xtic
tac tot tuong tng véi kich thudce hat nho (kich thude
hat khoang 0,2 um) lam ting dién tich ti€p xdc va
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ham lugng ion Fe3T trén bé mit cao din dén sy gia
tang nong d6 *OH. Mic du ¢6 kich thudc hat nho hon
nhung miu CuFe;04-600-50 c6 hoat tinh thip hon
méu CuFey04-700-50 vi ham lugng ion Fe3* trén bé
mat thdp hon, nhu trinh bay 6 két qua ph6 hong ngoai.
Mau CuFe;04-800-50 thé hién hiéu qua thép nhit so
v6i cdc mau con lai, tuong ting véi kich thude hat mau
nay khd 16n (0,2-0,5 ym) nén lam giam dién tich tiép
xuc, dan dén hoat tinh xuc tdc giam.

D6i v6i cac mau xi ly nhiét & 700 ?C nhung thay déi
ty 1& ethanol/nudc, hoat tinh xtc tic t6t nhat ting véi
mau CuFe;O4-700-70. Cac mau tdng hop & ty 1é thé
tich ethanol/nudc 1a 50% va 90% co hing s6 t6c do
giam tuong ting 6% va 25% so v6i mau CuFe, 04-700-
70. Nhu vay, c6 thé thiy day mau thay déi ty 1é dung
moi (CuFe;04-700-50, CuFe;O4-700-70, CuFey Oy4-
700-90) c6 su thay d6i hoat tinh it hon so v6i ddy mau
thay ddi nhiét do nung (CuFe;04-600-50, CuFeyO4-
700-50, CuFe;04-800-50). Su thay ddi it vé hoat tinh
xuc tdc ctia cdc mau khi thay d6i ty 1 dung mai c6 thé
do sy thay ddi khong nhiéu vé kich thuéc hat.

Nhu vy, viéc st dung ethanol c6 hiéu qua ro rét trong
viéc gidm muic d¢ két tu va giam miic d§ phén tan cua
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Hinh 4: Hinh SEM cla cadc mau: CuFe;04-600-0, CuFe,04-600-50, CuFe,04-700-50, CuFe,04-800-50, CuFe,O4-
700-70, CuFe;04-700-90
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Hinh 5: D6 thj biéu dién déng hoc qué trinh gidm cap MB
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Bang 2: Hing sé téc d6 phan tng cta phan ing giam cap MB

Mau xtc tac

CuFe;04-600-50 1,06
CuFe;04-700-50 1,25
CuFe;04-800-50 0,72
CuFe;04-700-70 1,33
CuFe;04-700-90 1,00

Hiing 6 toc d6 phan tng k (gio~!)

Hiéu sudt xt ly MB trong 1.5 gio
(%)

79,77

83,29

64,01

85,36

75,85

kich thudc hat. Véi ty 1é ethanol/nuéc 1a 50:50 hay
70:30, mtic d¢ da phan tan thdp hon. Tuy nhién, khi
d6 phan cuc cta dung mdi gidm qué nhiéu (ting thé
tich ethanol) dan dén sy thay déi d¢ tan dot ngét cta
cac tac chit, hién tugng két tha khong dong thoi va
phén ting pha ran khong hoan toan.

KET LUAN

Ferrite CuFe;O4 t8ng hgp tii tién chit oxalate trong
modi trudng co ethanol cho thay kich thudc hat phan
bd trong khoang hep. Nhu véy, phuong phap dong két
ttia trong hé dung moéi ¢6 do phén cuc kém c6 thé la
phuong phép don gian nhung hiéu qua trong viéc thu
hep mitic d6 da phén tan. Bén canh do, diéu chinh hé
dung moi ciing gép phan lam thay d6i t6c d6 tao mam,
ti d6 thay d6i van tdc phan ting pha ran. Hiéu qud xtc
tdc ctia cdc mau phu thudc dong thai vao nhiéu yéu t6
nhu kich thudc hat, lugng pha tap va ham lugng ion
Fe3* trén bé mit. V&i ham lugng pha spinel va ndng
d6 ion Fe3* trén bé mit cao, cung vdi kich thudce hat
dao dong vai trim nm, cdc mau thé hién khé ning
giam cip MB dudi biic xa UVA tét.

DANH MUC TU VIET TAT

MB: Methylene Blue

XRD: X-Ray Diffraction
FT-IR: Fourier-transform infrared spectroscopy
(Quang phé hong ngoai)

SEM: Scanning Electron microscopy (Kinh hién vi

dién tl quét)
XUNG DOT LOI icCH

Céc tac gid xac dinh khong c6 xung dot lgi ich doi véi
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The impact of H,0/C,H;0H solvents on the properties of Fenton
CuFe;0, photocatalysts for the degradation reaction of methylene
blue

Le Van Vinh, Tran Hon Quoc, Pham Nguyen Huu Thinh, Nguyen Thi Mai Loan, Nguyen Thi Thanh Thuy”

ABSTRACT
This paper reported a simple method of co-precipitation in aqueous and ethanol solvent systems to
AR prepare a catalyze CuFe,O4 heterogeneous Fenton used for the degradation reaction of methylene
Use your smartphone to scan this blue (MB). The mixtures of oxalate precursors were prepared from the corresponding sulfate salts
QR code and download this article and oxalic acid in the solvent system of H,O/CyHsOH. The heat treatment of the precursor mixtures

was carried out at 600, 700, and 800 °C in the surrounding atmosphere. The change in the volume
ratio of water and ethanol with the tendency to gradually decrease the volume of water lead to a
decrease in the polarity of the solvent and affected the precursors' precipitation as well as the solid
phase reaction. The decrease in the solvent polarity resulted in a slight increase of the particle size
and a reduction of the crystallinity. The experimental results showed that the water-ethanol solvent
system had the effect of reducing the degree of dispersion in terms of the particle size. Meanwhile,
the increase of the precursor calcination temperature resulted in the increased grain size and the
higher concentration of Fe3* ions on the surface compared with samples heat-treated at 600 and
800 °C. Samples, prepared from the solvent system with the ethanol-water volume of 50% or 70%,
and then were calcined at 700 °C, showed good catalytic ability for the MB decomposition reac-
tion irradiated by UVA rays and oxalic acid being used as an oxidizing agent. The MB processing
efficiency after 90 minutes was 85%.
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