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TOM TAT

Phat trién nhiing phuong phéap téng hop than thién véi moi trudng ngay cang trd thanh moét nhu
céu cdp thiét trong linh vuc vat liéu xdc téc. Bai bao trinh bay viéc téng hop bét nano xuc tac
quang—Fenton CoFe; Q4 cé tur tinh bang phuong phép sol—gel véi su hd trg ctia dung dich chiét
tr qua me, mot tac nhan tao gel via ré tién, vira cd ngudn goc thién nhién. Sau qua trinh tao gel,
cac mau dugc nung & nhiéu nhiét dé khac nhau (700, 800, 900°C) va dugc phan tich bang cac ky
thuat XRD, FE-SEM, EDS, FTIR, VSM va thi nghiém hédp phu dang nhiét khi N,. Hoat tinh xuc tac
guang—Fenton clia cdc mau dugc danh gid bang phan tng phan hdy phdm nhuém methylene
xanh va methyl cam dudi anh séng UVA hodc anh sang kha kién. Két qua cho théy su két hop gilra
viéc str dung dung dich chiét t&r qua me trong giai doan tao gel va qua trinh nung sau dé da gidp
hinh thanh cac hat nano CoFe,O4 véi cdu tric don pha spinel lap phuong. Nhiing mau xdc tac nay
vUa thé hién hoat tinh quang—Fenton hiéu qué cho ca phan tng phan htly pham nhuém cation
va phdm nhudm anion, vira cé tU tinh manh mé, gitip dé dang thu hoi sau qué trinh s&r dung. Dac
biét, nhiét d6 nung mau dugc nhan thdy la mot yéu té quan trong trong viéc diéu khién sy phan
b6 ion kim loai trén bé mat vat liéu ciing nhu kich thudc hat va dién tich bé mat riéng, ti dé co tac
déng dang ké dén hoat tinh clia xUc tac.

Tur khoa: xUc téc quang—Fenton, CoFe204, hat tir tinh, sol—gel, san phdm diéu ché tir dung dich

chiét tr qua me

GIGI THIEU

Vai ndm gin day, vat liéu ferrite v6i cong thic
MFe;04 (M = Mg, Cu, Nj, Co...) da lién tuc thu
hdt sy cha y cta cong dong khoa hoc khi dem dén
trién vong ting dung trong nhiéu linh vuyc vat liéu
khéc nhau, bao gom vat liéu luu tri thong tin I chat
mang vin chuyén thuéc?, ddu do tii tinh 3, chit tuong
phan trong dnh céng hudng tii*... Trong s6 nhiéu vt
liéu ferrite v6i thanh phan héa hoc khac nhau, bot
cobalt ferrite (CoFe;O4) dugc nhan dinh la vat liéu
tiém nédng cho muc tiéu xu Iy moi trudng nhd sé hitu
thanh phén kim loai da héa tri, cdu tric tinh thé spinel
bén viing cling déc tinh ban din loai n v6i nang lugng
viing cdm hep (1.76 eV>). Nhiing dic diém nay da
gitp CoFe; Oy c6 thé hoat dong nhu mdt hop chit xic
tdc vita hiéu qué dudi nhiéu ngudn anh séng, viia 6n
dinh, it bi hoa tan béi méi trusng phin tGing®. Pic
biét, bot CoFe;O4 con thé hién tit tinh manh, giup
vat liéu nay co thé duge tach khoi dung dich phan
ung mot cach dé dang sau qua trinh st dung. Do
d6, CoFe, 04 da dugc ting dung lam xdc téc cho cac
qua trinh khéc nhau, bao gém ozone héa”’, quang xtic
téc®, electro—Fenton® va quang—Fenton'?, Theo
Cechinel va cac cong su®, CoFe, Oy c6 thé chuyén héa

hiéu qua H,O; thanh gdc ty do hydroxyl nhim thuic
ddy qud trinh khodng héa phdm nhudém remazol red
trong nudc]. Pong thoi, nho co ti tinh, bdt xtc tac
nay c6 thé dugc thu hdi bang nam cham va tai st dung
it nhét ba lan. Ngoai ra, cac hat nano CoFe;O4 cOn
thé hién kha nang kich hoat H,O, ting cudng dudi
anh sang mdt troi gia lap 10 hogc kich thich HyCyO4
duéi bic xa UV 12 nhim phan hiy hiéu qua ph&m
nhudm xanh methylene. Nhiing nghién ctiu nay cho
thdy cdc nha khoa hoc rat quan tdm dén vat liéu bot
xuc tac tit tinh CoFe;Oy4.

Trong hau hét cac cong bs, CoFe,O4 thudng dugc
t3ng hop bing phuong phép thay nhiét'?, phuong
phap d6t chay gel®, phuong phap sol—gel c6 su hd
trg clia polymer '!, hodc phuong phap dong két tia 1.
Moi phuong phép déu c6 uu va nhugc diém riéng, thi
du quy trinh dong két tia thudng don gian, cho phép
thuc hién & nhiét d¢ phong nhung doi héi can tim
dugc tac nhén tao két tha dong thoi phi hgp; phuong
phép thay nhiét c6 thé gitp tao ra cic san phim c6
do tinh khiét cao, gitp diéu khién hinh thai va kich
thudc hat nhung cin trang thiét bi phtic tap, 4p suét
cao; phuong phap tao gel du don gian va dé diéu khién
nhung van cin thdi gian d€ tao gel va can nhiét do cao
dé phan huy thanh phan hitu co tién chit. Do d6, méi
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phuong phap déu c6 pham vi ting dung khac nhau.
Tuy nhién, diém chung ctia nhiing quy trinh téng hgp
nay la thudng xuyén st dung héa chit cong nghiép
ton kém, it than thién v6i moi trudng. Vi vay, viéc
phét trién mot quy trinh téng hgp xanh hon, stt dung
nguyén liéu dén ti thién nhién d€ diéu ché cac vat
liéu ferrite dang dan trd thanh mot xu hudng nghién
ctiu méi trén thé gi6i'°>. Theo dé, nhiéu nghién ctiu
da dé nghi st dung chiét xuit dén tit cdc san phdm
thién nhién nhu dich chiét cay bach qua '°, dich chiét
14 olive 7 hodc 1ong trang triing '8 véi vai tro vitala tic
nhan tao phtic, viia 13 tac nhan khti, ciing nhu nhién
liéu d€tdng hgp motloat vatliéu ferrite nhu ZnFey Oy,
CoFe; 04 va CuFe;O4. Gén day, ching tdi cing da
thtt nghiém st dung dich chiét tii qua me lam moi
truong tao gel d€ téng hop vat liéu CuFeyO4 thong
qua ky thuét sol-gel'”. Vén 1 san ph&m néng san
quen thudc ¢ Viét Nam, c6 gid thanh thip va thanh
phén chiia nhiéu polyphenol va tartaric acid>°, dich
chiét tii qua me c6 thé tao phtc t6t véi cdc ion kim
loai khac nhau, tao thuéan lgi cho qua trinh tao sol va
tao gel & muc d¢ phan tan dong thé tét. Tuy nhién,
do hiéu tng Jahn-Teller dic biét ctia ion Cu?t, sén
phidm CuFe;O4 tao thanh chi dat cdu tric spinel ti
phuong?!, thay vi spinel lip phuong, khién tli tinh
cta vat liéu bi han ché. Su suy gidm tinh d6i xting
ctia cdu tric tinh thé ciing khién mot phan ion Cu?*
khong thé di vao cdu tric spinel ma ton tai § dang pha
tap chat CuO, khién hoat tinh xtc tac bi anh hudng.
Khéc véi Cu®*, ion Co?* khong c6 hiéu ting Jahn-
Teller, diéu nay nhiéu khé nang giup cho viéc téng hgp
CoFeyO4 v6i cdu tric spinel 1ap phuong tii dung dich
chiét tit qua me sé thuan lgi hon va dé thanh cong hon.
Bai bdo nay trinh bay viéc téng hgp bot xuc tac
quang—Fenton cé tit tinh CoFe;O4 bang phuong
phép sol—gel v6i su ho trg ctia dung dich chiét tit qua
me. Trong qua trinh t6ng hop, gel dugc nung & nhiéu
nhiét d6 khéc nhau (700, 800 va 900°C) nhdm khao
sat anh hudng cua nhiét do nung dén cdu tric tinh
thé, thanh phén pha, hinh thai, nhém chic bé mit,
ti tinh ciing nhu hoat tinh xtc tic ctia vat liéu trong
phén ting phin hity ph&m nhuém hiiu co.

PHUONG PHAP THUC NGHIEM

Nguyén liéu va héa chat

Thit ctia qud me dugc mua tryc tiép tit céng ty
Duc Vinh (Viét Nam), da dugc béc vo va hat trude
do. Co(NO3),.6H,O, Fe(NO3)3.9H,O chudn hoéa
chét phén tich, oxalic acid (HyC,04 > 99,5%), xanh
methylene (C14HgCIN3S.3H,0 > 98,5%) dugc mua
tit Xilong Scientific Co. (Trung Qudc); methyl cam
(C14H14N3NaO3S > 95,0%) dugc mua tii Shanghai

Yuming Inc. Co. (Trung Qudc) hgp chit chudn gallic
acid (C7HgOs5 > 99,0%) tit BioBasic (Canada), thudc
thti Folin-Ciocalteau (1,9-2,1 N) tu Sigma-Aldrich
(Hoa Ky). Nhiing hoa chat nay dugc st dung truc tiép
ma khong cén tinh ché lai.

Téng hop xtic tac

Dé tdng hgp bot tit tinh CoFe, O4 bing phuong phép
sol—gel vé6i su ho trg cua dich chiét tit qua me, thuc
nghiém tuong ty nhu quy trinh dugc bdo cao ', di
kém v6i mot s6 thay ddi nho. Thit qua me (18 g)
dugc tron véi nudce cit (300 mL), hdn hop duge dun
hoan luu trong 1 gid. Sau d6, hén hgp duge dé
ngudi dén nhiét d6 phong va loc bo toan bo phin
rdn, chi git lai phan dung dich qua loc chia chiét
xudt tii qua me. Phan nudc qua loc c6 mau niu nay
dugc goi 14 dung dich chiét qud me va dugc kiém
tra gia tri pH, dong thoi tdng ham lugng polyphenol
trong dung dich dugc xdc dinh bing phuong phép
Folin—Ciocalteau v6i hop chét chudn 1a gallic acid
theo quy trinh?>?%, Toan b¢ lugng dung dich chiét
dugc khudy tron v6i 30 mL dung dich cé chiia dong
thai 0,5 mol Co(NO3), va 1,0 mol Fe(NO3)3 & nhiét
d6 phong trong 2 gid r6i tiép tuc khudy trong bé
nhiét § 80°C trong 5 gid. Két qua thu dugc 1a mot
hén hgp dung dich nhét. Dung dich nhét nay duge
cho vao trong ta sdy 6 150°C trong 7 gi& d€ thu dugc
mot khoi gel kho truong phong. Cudi cling, khéi gel
truong phong dugc nghién min va nung trong 1o nung
& cac nhiét do khac nhau (700, 800 va 900°C) trong
2 gi6 d€ thu dugc bot thanh phdm, ky hiéu lan lugt
la CoFeO—700, CoFeO—800 va CoFeO—900. Luu y
ring trugc day ching toi da thit nghiém tdng hgp !!
CoFe;O4 bing phuong phép sol—gel ¢6 sy ho trg cta
polyethylene glycol va nung & 600°C; tuy nhién, san
phdm hinh thanh chi chia 40,75% pha tinh thé spinel
lap phuong CoFe; Oy, con lai 13 pha hematite (59,25%
Fe»03). Két qua nay cho théy khoi gel can dugc nung
& nhiét dd cao hgn d€ dam béo phan tng téng hop
xay ra hoan toan; vi thé, trong phan thuc nghiém nay,
nhiét d6 nung cin phai cao hon 600°C.

Phan tich vat liéu xuc tac

Nhiéu xa tia X dang bot (XRD) va ky thuat chyp dnh
kinh hién vi dién t&t quét phét xa trudng (FESEM)
dugc 1an lugt st dung d€ phan tich cdu truc tinh thé
va hinh thdi bé mit clia cic mau bot thanh phdm.
Gian d6 XRD dugc ghi trén thiét bi EMPYREAN
(PANalytical) stt dung buc xa Cu Ka (4 = 1,5406 A)
vGi téc do quét 1a 0,03° s~ cic 4nh FESEM dugc
chup trén thiét bi HITACHI SU8000 véi thé gia t6c
10 kV. Thiét bi SU8000 dugc st dung dé ghi phd
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tan sic ning lugng tia X (EDS) cta cic mau nhim
nghién ctiu thanh phén nguyén t6 trén bé mit. Nhom
chtic héa hoc va lién két trén bé mat clia cic mau
xuc tdc duge ddnh gid thong qua phd héng ngoai
chuyén héa Fourier (FTIR), st dung may VERTEX
70 (Bruker) trong s6 soéng 400—4000 cm L,

tich bé mat riéng ctia cic mau dugc xdc dinh theo

Dién

mod hinh Brunauer—Emmett—Teller (BET) thong qua
qué trinh hip phu ding nhiét khi N; & 77 K trong
thiét bi NOVA 1000e (Quantachrome Instruments).
T tinh dugc khao sat & nhiét do phong bang phuong
phép tit k&€ mau rung (VSM), thuc hién trén hé théng
DMS 880 (ADE Technologies) véi tii truong dao dong
ti —16000 Oe dén +16000 Oe.

Khao sat hoat tinh xuc tac

DE& danh gid va so sanh hoat tinh xuc tic quang-
Fenton ctia cdc mau bot tii tinh dugc diéu ché, phim
nhuém xanh methylene (MB) dugc Iya chon nhu mot
chit thai hitu co dién hinh va la dai dién cho cdc phan
ti phdm nhudm cation. Céc diéu kién thyc nghiém
dugc thyc hién tuong tu nhu nghién ctiu 11 Pau tién,
bdt MB va oxalic acid ciing dugc hoa tan vao nuédc cét
dé thu dugc 250 mL dung dich ¢6 chita dong thoi MB
(2x1073 mol L™ 1) vaHyCrO4 (103 mol L™ 1), ¢ gid
tri pH 2,70-2,72. Tiép theo 0,5 gam bot xuc tac dugc
cho vao dung dich trén, khudy trong bong tdi trong
vong 60 phut d€ qua trinh hdp phu MB 1én bé mit xtc
tdc dat trang thai cAn bing. Dén thoi diém dat can
béng hép phy, toan b hé phan ting dugc chiéu sing
bdi bong dén UVA (9W Radium 78) hodc béng den
kha kién (9W Osram Dulux S) duéi di€u kién khudy
tron lién tyc. Sau moéi khodng thdi gian nhét dinh, 5
mL dung dich dugc rut ra khoi hé. Nha c6 tii tinh, bot
xuc tac dugc tron 1an trong 5 mL dung dich dé dang
dugc téch ra bing nam cham va n6éng d6 MB trong
phéan nudc trong dugc theo doi thong qua gia tri mat
do6 héap thu quang & budc séng 664 nm, do dugc trén
quang phd ké Helios Omega UV-VIS (Thermo Fisher
Scientific). D&i v6i mbi mau xuc tac, qud trinh khio
sat dugc thuc hién it nhat 3 1an dé c6 thé dam bao do
14p lai cuia két qua nghién ctu.

Ngoai ra, hoat tinh xtc tdc quang-Fenton ctia cdc mau
con dugc danh gia thong qua phan tGng phan huy
ph&m nhu¢m methyl cam (MO, la mét phdm nhudm
anion) dudi bitic xa UVA va buic xa kha kién. Diéukién
thuc nghiém tuong ty nhu qua trinh khao sat phan
htly phdm nhuém MB, chi khac & budc séng stt dung
trong qua trinh do mét d6 quang la 464 nm thay vi
664 nm.

KET QUA VA THAO LUAN

Pac trung ctia dung dich chiét tir qua me
Gid tri pH va téng ham lugng polyphenol cta cac
mau dung dich chiét, dugc diéu ché tit ba mau me
riéng biét theo cling quy trinh dun hoan luu, dugc
xdc dinh va thé hién trong Bang 1. Déy ciing la nhiing
mau dung dich chiét dugc st dung d€ diéu ché 3 mau
xuc tdc CoFeO trong nghién ctiu nay. Ca ba mau
dung dich chiét déu c6 moi trudng acid véi gid tri
pH 2,55-2,80, cho théy tartaric acid trong thit qua me
da dugc dua thanh cong vao dung dich chiét. Pong
thoi, nhiing mau dung dich chiét déu c6 ham lugng
polyphenol tuong d6i cao (50,88-51,48 mg GAE/mg
dich chiét). Giéng nhu tartartic acid, nhiing hgp chat
polyphenol thudng chita nhiéu nhém hydroxyl va car-
boxyl, nén dugc tin rang khong chi c¢6 kha ning tao
phic t6t v6i céc ion kim loai chuyén tiép nhu Co**
va Fe’t, ma con c6 thé thuc hién céc qué trinh poly-
mer hoa, tii d6 thic ddy qua trinh hinh thanh gel trong
dung dich. Ngoai ra, ham lugng polyphenol gitta cac
mau dung dich chiét déu tuong tu nhau, cho thiy su
khéc biét néu co gitia cdc miu xuc tac chi dén tu su
khac biét vé nhiét d6 nung mau.

Cau truc tinh thé, thanh phan pha va kich
thudc tinh thé

Hinh 1 trinh bay gian d6 XRD ctia cic mau bot
CoFepO4 dugc diéu ché bing phuong phép sol—gel
v6i su hé trg cta dung dich chiét tii quéd me & cac
nhiét d6 nung khac nhau. Theo d¢, tit ca cic miu
déu thé hién mot day vach nhiéu xa & vi tri 26 14 18,4;
30,1; 35,65 37,2; 43,25 53,5; 57,1; 62,8; va 74,2°, 1an lugt
tuong Ging v6i cac mdt mang (111); (220); (311); (222);
(400); (422); (511); (440); va (533) ctia pha tinh thé
spinel 14p phuong CoFe; O4 (nhém khéng gian Fd3m,
JCPDS No. 86-0550). Ngoai ra, khong c6 bt ct pha
tinh thé tap nao dugc quan sit thdy trong tit ca gian
dd XRD. Két qué nay chiing minh phuong phap sol-
gel st dung dung dich chiét tit qud me da thanh cong
trong viéc tdng hop vat liéu spinel don pha. Déng
thoi, ding nhu dinh huéng ctia nghién ctiu, viéc st
dung ion Co** trong téng hop da gitp tranh dugc
hiéu tGing Jahn—Teller, ddm bao cidc mau déu c6 ciu
tric spinel lap phuong 6n dinh véi d6 d6i xting cao.
Tt cac gian d6 XRD, kich thudc tinh thé trung binh
(D) ctia cic mau (Bang 2) dugc tinh todn theo cong
thiic Scherrer (phuong trinh 1) nhu sau:

094
" BcosO

(1)
v6i A 1a budie séng tia X (1,5406 A), 6 12 géc nhiéu xa

va f3 la bé rdong & mot nitia chiéu cao ctia 3 vach nhiéu
xa c6 cudng do cao nhit.
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Bang 1: Gia tri pH va ham lugng polyphenol trong cac mau dung dich chiét tif qua me

Mau dung dich chiét ttt qud Mau 1 st dung cho Méau 2 st dung cho Méiu 3 st dung cho

me CoFeO—700 CoFeO—800 CoFeO—900

pH 2,55 2,71 2,80

Ham lugng polyphenol (mg 50,88 51,48 51,30

GAE/mg dich chiét)
Két qua trong Bang 2 cho thdy, khi nhiét 46 nung ting,
kich thudc tinh thé c¢é khuynh huéng tang din déu. . CoFe0-900
biéu nay ching té6 qua trinh nung khéi gel truong I [ TN W B R
phong trong phuong phép téng hgp da c6 thé thuc \
d4y su phat trién tinh thé, giup tinh thé 16n dan va . o TSR,
nhiéu kha ning anh hudng dén ca kich thudc hat va e e
dién tich bé mit riéng ctia cdc mau. = BhESEET60

. o o % M\AQL_J‘LJL___MLJL‘,_AH
Hinh thai va dién tich bé mat riéng 3

3 CoFe,0, (Fd3m)

Dbé khao sat anh hudng cta nhiét d nung dén hinh = | ‘ L L ,
théi ctia cdc mau xuc tdc CoFeO, anh FESEM dugc
chup va thé hién & Hinh 2. Ca 3 miu déu dugc || | ce0
cdu thanh béi cac hat nano, cho thdy phuong phap _
sol—gel véi su ho trg ctia dung dich chiét tit qua me S ‘ ‘ R I T F:e‘mﬁme

da phan nao ngian can qud trinh thiéu két cta cac
hat & nhiét d§ cao. Theo d6, khi nung & 700°C, cic
hat CoFe;O4 c6 hinh dang da dién, gin véi khoi 1ap
phuong, véi kich thudc hat 20—70 nm. Khi nhiét d6
nung tang 1én 800 va 900°C, hinh dang hat gan nhu
khong thay déi, tuy nhién, cdc hat c6 khuynh huéng
tang do két tu va tang kich thudc hat, 50-100 nm. Sy
thay d6i hinh théi hat nay phi hgp véi su gia ting kich
thudc tinh thé ciing nhu pht hgp véi sy bién déi vé
dién tich bé mit riéng ctia cdc mau, dugc trinh bay
trong Bang 2. That vdy, mau CoFeO—700 thé hién
gid tri dién tich bé mét riéng dat 20,27 m? gfl, coOn
cdc mau nung & nhiét do cao hon c6 dién tich bé mit
riéng gidm dan, trong d6, mau CoFeO-900 c6 dién
tich bé mdt riéng thdp nhait, chi dat 8,71 m? gfl. Céc
gid trj kich thudc tinh thé va dién tich bé mat riéng
ctia nhiing mau xdc tic nay ciing dugc so sanh véi
cdc miu CoFep 04 dugc diéu ché bang mot s6 phuong
phép t6ng hgp khac (Bang 3). Co thé nhén thdy,
phuong phép sol-gel véi su hd trg ctia dung dich chiét
ti qua me khong phai 1a phuong phéap déc hiéu cho
viéc téng hop vét liéu ferrite v6i dién tich bé mét riéng
16n, tuy nhién nhiing thong s6 vé kich thudc tinh thé
cung dién tich bé mit riéng dugc ghi nhin & cdc mau
CoFeO trong khao sat nay van & muc d¢ trung binh,
hoan toan c6 thé dem lai nhiing két qua hoat tinh xtc
tac t6t cho muc tiéu phan htty phdm nhuém hiu co

cing nhu khé néng dé thu h6i nhd nam cham.

10 20 30 40 50 60 70 80
2 Theta (°)

Hinh 1: Gidn d6 XRD clia cAc mau bt tir tinh CoFeO

Thanh phan nguyén t8 va nhém chiic trén
bé mat

Hinh 3 thé hién phd FTIR ctia cic méu xuc tic, v6i
mot viing hdp thu rong & khoang 3435 cm ™! va moét
mii hdp thu & 1620 cm ™!, 14n lugt tuong ting véi dao
dong héa tri va dao dong bién dang ctia cdc nhém hy-
droxyl trén bé mit xtic tic>»?°, Ngoai ra, hai mii hdp
thu ddc trung cho cu tric pha spinel ciing dugc quan
sat thdy ¢ viing ddu van tay ctia cic phé. Trong do,
mii hdp thu c6 cudng d¢ cao & 593-594 cm ™! dugc
quy cho dao dong cua lién két kim loai—oxygen véi
kim loai ndm trong cic 16 tréng td dién trén bé mit
(M; 4in-0O) [26] trong khi mii hdp thu c6 cudng do
thap 6 418-419 cm ™! vén thudc vé dao dong ctia lién
két kim loai-oxygen véi kim loai ndm trong 16 tréng
bét dién trén bé mit (My, 4;,—0)%°. Két qua nay mot
lan nitia xac dinh phuong phép sol-gel st dung tac
nhan tao gel 13 dung dich chiét ti qua me da thanh
cong trong viéc hinh thanh cu truc tinh thé spinel
cho céc mau xuc tac.

Bang 2 cing téng két thanh phin nguyén t6 trén bé
mit cia 3 mau xdc téc, dugc xac dinh ti phé EDS
ghi tai cdc khu vuc trong anh SEM tuong ting (Hinh
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Bang 2: Kich thuéc tinh thé trung binh (D), dién tich bé mat riéng (Spz7) va thanh phan nguyén tlf cia cac mau

CoFeO va 500)
Mau D (nm) Sger (m2  Thanh phén nguyén ttt (% mol)
g
C O K Fe Co
CoFeO—700 36,78 20,26 9,94 53.99 1,61 27,55 6,90
CoFeO—800 37,38 14,75 4,03 49.59 1,97 33,08 11,34
CoFeO—900 41,06 8,71 3,90 56,32 0,74 28,40 10,63

Hinh 2: Anh FESEM clia cdc mAu (a) CoFeO-700, (b) CoFeO-800, (c) CoFeO-900

Bang 3: So sanh kich thudc tinh thé trung binh (D) va dién tich bé mat riéng (Szz7) clia cdc mau CoFeO véi cac
méu CoFe,0, dugc diéu ché& bang mét sé phuong phap khac

Mau CoFeO-  CoFeO- CoFeO- CoFe204
700 800 900

Phuong Sol-gel v6i su ho trg ctia dich chiét tit  Thiéu dét Dong két Thiéu dét  Thuy nhiét
phép diéu quime dungdich  taa gel
ché
D (nm) 36,78 37,38 41,06 25 31 35 12,25
SBET (m?> 20,26 14,75 8,71 2,72 24 59 99,21

=i
g )
Ngu6n Nghién ctiu nay L0 8 g L2

4). C6 thé thiy, mau CoFeO-700 c6 ham lugng Fe
va Co khd han ché trén bé mit, 1an luot 1a 27,55 va
6,90%mol. Ngugc lai, mau CoFeO-800 c6 ham lugng
Fe va Co trén bé mit ting ddng ké, 1én dén 33,08 va
11,34%mol. Chi khi nhiét d¢ nung ting t6i 900°C,
nhiing gid tri ham lugng nay bat dau gidm tré lai. Su

Tu tinh cta vat liéu
Hinh 5a thé hién dudng cong tii tré cia 3 mau vt liéu
CoFeO-700, CoFeO-800 va CoFeO—900. Tt nhiing
dudng cong tu tré nay, cic thong s6 ti tinh cha vét
liéu dugc xac dinh va trinh bay trong Bang 4. Ca 3
A LA da < ta vat liéu st tit, phi
thay d6i ham lugng nguyén t6 nay dudng nhu goi y mau t),(:)t iieu Ilna1.1g dacntrli.ng Ctla vatlicu S%t t p "
s P . N . hgp v6i cdu truc tinh thé spinel lap phuong ctia ching,
rang qua trinh nung khoi gel ti chiét xuét ciia qua me
v6i gid tri tii d6 bao hoa (Mg) cao, cing d¢ khang tu
(He) va o tit du (Mg) ddng ké. Nhiing thong s tit
nay giup dam béo ci ba mau xuc tic déu cé thé dugc

c6 thé diéu khién sy phin bé cdc nguyén t6 trén bé
mdt vat liéu. Ngoai ra, nguyén t6 K cling dugc phat
hién & ca 3 mau xuc tic, v6i ham lugng nho, 0,74-
1,97%mol. Theo nghién ctiu ctia Okello va céc cong dé dang tach ra khoi dung dich bing nam cham (Hinh

su?3, thit qua me thudng c6 chita mot lugng nho K. 5b). Ngoai ra, nhiét d6 nung trong qua trinh diéu ché

Vi vay, khi t6ng hgp CoFe;O4 v6i su hé trg ctia dung
dich chiét tit me, cic ion KT nhiéu kha nang da di vao
dung dich chiét va sau d6 & lai trong thanh phén xutc
tac khao sét.

xuc tdc mét 14n nita dugc nhan thdy c6 anh hudng 16
téi tit tinh cta vat liéu. Cu thé khi nhiét d6 nung ting
tt 700 dén 900°C, tit d9 bao hoa ting con dg khang tit
giam dan. Diéu nay c6 thé dugc giai thich thong qua
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Hinh 3: Phé FTIR clia cAc mau xuc tdc CoFeO

su bién ddi kich thuédc tinh thé ciing nhu kich thuéc
hat ctia vat liéu. Khi nhiét d¢ nung ting, kich thudc
tinh thé cting kich thudc hat tang, lam cho cac ving
domain ti trong cac hat CoFe;O4 16n din. Hé qua la
s6 lugng moment ti trong mdi domain ting va nhiing
moment tif ctia vat liéu c6 thé xoay theo tu truong
ngoai mot cach tot hon, gidp ting gia tri Mg va giam
gia tri He.

Hoat tinh xuc tac quang— Fenton

Hoat tinh xtic tdc quang—Fenton ctia cic mau CoFeO
dudi anh sing UVA va anh sang kha kién dugc danh
gid 1an lugt thong qua phéan ting phan hay MB, mét
loai phdm nhu¢m cation (Hinh 6a va Hinh 6b), cling
nhu théng qua phan tng phan hay MO, mot loai
phdm nhudm anion (Hinh 6c va Hinh 6d). Gi4 tri
hing s6 tdc d6 biéu kién theo mo hinh dong hoc béc
1 ctia céc phan ting phan hty phdm nhudm cling nhu
phén traim hdp phu phd&m nhudm trén cdc mau xutc
tdc dugc tom tat trong Bang 5. Tiu bdn chudi thi
nghiém, c6 thé nhan thiy ca ba mau CoFeO—700,
CoFeO—800 va CoFeO—900 déu thé hién hoat tinh
xuc téc dn tugng khi hai loai ph&m nhudm trén déu bi

mat mau hiéu qua chi sau 30 phut phan ting duéi anh
sang UVA va sau 3 gio phan ting dudi anh sang kha
kién. Nhiing két qua thuc nghiém nay ciing xac dinh
anh sang UVA cho kha néng kich thich t6t hon so véi
anh sang kha kién. Ngugc lai, khi khong c6 sy hién
dién cta xic tac (chi ¢c6 phdm nhudém va HyC,0y4),
hodc khi ¢6 sy hién dién ctia xtc tdc ma khong chiéu
sang, qua trinh phan hay phdm nhu¢m déu khong xay
ra, chiing to xdc tac tii tinh cta chung t6i hoat dong
theo co ché quang-Fenton, kich hoat H,C,O4 duéi
dnh sang kich thich. Anh séng kich thich c6 ning
lugng cang 16n, hoat tinh xtc tac cang dugc nang cao.
Dic biét, gitia ba mau xuc tc khic nhau vé nhiét do
nung, mau CoFeO—800 ludn 13 mau c6 hoat tinh xdc
tac quang—Fenton tot nhat, diéu nay cing dugc giai
thich trong phén thao luan dudi day.

Thao luan

Nhu vay, duéi anh sang kich thich pht hgp, ca ba mau
vat liéu dya trén CoFe;Oy4 ctia chiing toi déu cho thdy
kha néng hoat dong nhu mot xic tdc quang—Fenton
di thé, cho phép phén htty hiéu qua MB va MO trong
sy hién dién ctia oxalic acid. Mot diém cén luuyla cac
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Electron Image 1

Electran Image 1

10um Electron Image 1

Hinh 4: Phé EDX va anh SEM tucng Ung clia cac mau CoFeO-700 (a, b), CoFeO-800 (c, d) va CoFe0-900 (e, f)

|E| 80 —— CuFeO-700
—— CuFe0-800
60 — CuFe0-900

N b
o o o
1 1 L

204

Magnetization (emu g™')

o & b
S © o
1 1 1

T E T 4 T T i T
-10000 -5000 0 5000 10000
Applied field (Oe)

Hinh 5: Budng cong tur tré clia cdc mau CoFeO (a) va Anh chup kha ning tach xuc tac CoFeO khéi dung dich bing
nam cham (b).
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Bang 4: Théng sé tir tinh ctia cac mau CoFeO

Mau MS (emug') HC (Oe) MR (emug~!)
CoFeO—700 69,71 824,82 28,64
CoFeO—800 71,03 789,78 26,21
CoFeO—900 74,43 767,02 27,66
E 40 E 20
* Mo catalyst * No catalyst
359 e CoFeO-700 ¢ CoFeQ-700 i
= CoFe0-800 = CoFe0-800
309 a CoFe0-900 159 4 CoFe0-900
o 25 .
z 2
= 4 == 1.0
e )
= =3
E 1.5 E
1.0 054
0.5
0.0 T T T T T o T T T T T T
00 01 02 03 04 05 00 05 1.0 15 20 25 30
Time (h) Time (h)
25| * No catalyst |E| * No catalyst
) # CoFeD-700 1004 ® CoFe0-700
n  CoFe0-800 ’ = CoFe0-800
4 CoFeD-800 4 CoFe0-900 3
T T T T T T T T T T T
0.0 01 0.2 0.3 0.4 0.5 0.0 05 10 15 20 25 30
Time (h) Time (h)

Hinh 6: Bién thién Ln(Cy/C) theo thdi gian t trong phan tng phan hay cac loai phdm nhudém: MB dudi énh sang
UVA (a) va anh sang kha kién (b), MO dugi anh sang UVA (c) va anh sang kha kién (d) véi cac mau xuc tac CoFeO.
Cp va Clan luot 1a ndng d6 dau va ndng do6 & thai gian t clia cac loai phdm nhuém.

Bang 5: Phan tram hap phu pham nhuém va hing sé toc d6 biéu kién cia phan ting phan hily MB (k;,3) va MO

(ky70) trén cdc mau CoFeO dudi anh sang UVA va anh sang kha kién

Mau
% hdp phu
kMB (h~!)

% hép phu

MB (%)

MO (%)

kMO (b~ 1)

Anh séng
Bong t6i
UVA
Kha kién
Bong t6i
UVA

Kha kién

CoFeO—700
11,28

6,49

0,59

8,32

4,18

0,33

CoFeO—800
11,41

7,01

0,61

8,52

4,59

0,35

CoFeO—900
10,81
6,07

0,58
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dung dich chita dong thoi oxalic acid va phdm nhudém
MB ciing nhu oxalic acid va ph&m nhuém MO, trudc
khi cho xtc tdc vao, déu c6 gia tri pH khoang 2,70-
2,72. Gia tri pH nay chi tang nhe (pH 2,81-2,85) khi
cic dung dich dugc b8 sung xic tc va chiéu sing
trong sudt thoi gian phan tng. Diéu nay dam bao viéc
suy gidm d¢ hdp thu quang ctia cic dung dich MB va
MO hoan toan dén tui sy phan htty phdm nhudm trong
su hién dién ctia xtic téc va oxalic acid, chi khong dén
tit sy thay d6i pH cua dung dich. Mic du vay, t6c do
phén huy MO trén cdc mau xtc tac ludn chdm hon
so v6i MB. biéu nay c6 thé dugc gidi thich dya vao
hai yéu t6. Thu nhét, sy ton tai ctia nhém chiic di-
azo (—N=N-—) trong cdu tric phan t& MO, von rit
bén viing, khién cho MO khé bi phan hity hon MB?’.
Thit hai, & khodng gid tri pH nay, cic phén t& phim
nhudém MB van dugc hip phu 1én bé mit céc xtc tic
t6t hon MO (Béang 5), tti d6 cho phép MB tiép xuc v6i
céc tiéu phan oxid hoa trén bé mat xuc tac hiéu qua
hon.

Céc két qua thuc nghiém ciing cho théy viéc Iya chon
nhiét d6 nung trong phuong phép sol-gel stii dung
dung dich chiét tit qua me khong chi gitp diéu khién
tit tinh ma con giap diéu khién hoat tinh xuc tic cta
cdc mau vat liéu. That vay, khi nhiét d§ nung ting
ttt 700°C dén 800°C, hoat tinh xtic tdc quang-Fenton
ctia mau bot tit tinh dugc ning cao rd rét cho ca hai
phén ting phan huy MB va MO. Su tang cudng hoat
tinh xdc tac nay nhiéu kha nang dén tit qua trinh tai
sdp xép thanh phin nguyén ti trén bé mit ctia cdc mau
trong qud trinh nung, do cdu truc tinh thé, thanh phin
pha ctia ba mau xuc tic déu khong co sy khac biét
dang ké. Két qua EDS cho thdy miu CoFeO-800 c6
ham lugng Fe3* va Co?T trén bé mit vuot trdi so véi
cic mau con lai (Bang 2). Nho véy, nhiing ion nay, dac
biét 1a Fe3 ™, 6 thé tuong tac hidu qua véi HyC, 04 dé
hinh thanh cac phtic oxalate-kim loai v6i ham lugng
dugc ting cudng. Dudi anh sang phu hgp, cac phtic
oxalate-kim loai sé bi kich thich va sinh ra nhiéu goc
tu do hydroxyl (phuong trinh 2 - 528), gitip qua trinh
phén hay phdm nhudm, ca cationic va anionic, dién
ra hiéu qua hon.

[=M1(C,04)2]™ +hv — [=EM(C,04)] + C204°~
)

Cr04° + 0y — 0° +2C0O; (3)

=M3* + 0,°” + HyO — =M2T + H,0, + OH™ (4)
=M2* + H,0; — =M>T + OH™ + *OH (5)

Tuy nhién, khi nhiét d6 nung tang 1én 900°C, hoat
tinh xtc tic ¢6 ddu hiéu suy gidm, phu hop véi su
suy gidm ham lugng Fe’* va Co?* trén bé mit mau
CoFeO-900 (Bang 2). Ngoai ra, nhiét d6 nung ting
dén 900°C con khién cdc hat spinel phat trién va tu
hgp vao nhau, lam gidm manh dién tich bé mat ctia

mau (Bang 2). Tu d6, s6 lugng tim hoat tinh trén
bé mit xuic tdc bi han ché, kéo theo hoat tinh xuc tic
gidm.

Thu héi va tai st dung xuc tac

Nho thé hién hoat tinh xtdc tdc t6t nhat va sé hitu ti
tinh t6t, mau CoFeO-800 dugc chon dé tién hanh cic
thi nghiém thu h6i va tai st dung xuc tdc. Mau bt nay
sau moi lan stt dung dugc thu hdi bang nam cham, ria
sach v&i nuée cit roi sdy 6 150°C trong 1 gi dé chudn
bi cho céc l4n khao sat tiép theo. Hinh 7 so sdnh hing
s0 téc do ctia phan ting phan hay MB va MO duéi
btic xa UVA trong su hién dién ctia bot CoFeO-800
sau bon lan st dung lién ti€p. Theo d6, hoat tinh ctia
mau xudc tac ti tinh nay chi bi gidm nhe sau ba lan tai
sti dung trén cd hai loai ph&m nhudm cation va anion,
chiing t6 déay la mau xtc tac c6 rat nhiéu tiém nang,
hoan toan co thé dugc phat trién cho nhiing ting dung
xti ly nudce thai dét nhudm thuc té trong tuong lai gan.

—~. 19:0
= I Degradation of MB
5 804 [Z~"] Degradation of MO
= -1 B
T 704 roth 6.93h" 6.83 h" 6.73 h"
8
£ 6.0
g 5.0 1
-~ 4.59 h” g -1

2 4.50 h 4.38 h 426 h['
2 40
2 3.0
1
8
3 2.0
Q
3
o 1.0
o]
14

0.0+

1strun 2nd run 3rd run 4th run

Hinh 7: Hang s6 t6c do clia phan tng phan hay MB
va MO véi xuc tdc CuFeO-800 dudi anh sang UVA
trong cac lan khao sat tai sirdung

KET LUAN

Bai bdo trinh bay viéc t6ng hgp vat liéu xuc tac
quang—Fenton CoFe; Oy, ting dung cho cac phan ting
phéin hay phdm nhuém hiiu co, bang mot phuong
phép tdng hop don gian, than thién moi trudng, dua
trén qua trinh sol-gel v6i sy hé trg cia dung dich chiét
tl quad me. Cac mau xuc tdc déu thé hién tu tinh t6t,
cho phép thu héi dé dang bang nam chdm. DPong thoi,
nhiét d¢ nung trong qud trinh t6ng hop xic tac la mot
yéu t6 quan trong, cho phép diéu khién sy phan b6
cac jon kim loai trén bé mat cing nhu diéu khién kich
thudc hat ctia vat liéu. Theo d6, mau CoFe; O4 nung &
800°C thé hién ham lugng 16n cac ion Fe3*+ va Co?*
trén bé mat ciing nhu dién tich bé mat tuong dai cao,
giup mau nay dat dugc hoat tinh tt nhit cho ca hai

3215



Tap chi Phdt trién Khoa hoc va Céng nghé - Natural Sciences 2025, 8(4):3207-3218

phén tGng phin hity ph&m nhudém methylene xanh va
methyl cam dudi anh sang ti ngoai-kha kién. Pac
biét, hoat tinh clia mau xtc tic nay con dugc duy tri
6n dinh sau 3 l4n tdi st dung.

DANH MUC CAC CHU VIET TAT

XRD: Nhiéu xa tia X

FE-SEM: Kinh hién vi dién tit quét trudng dién tt
SEM: Kinh hién vi dién tii quét

FTIR: Quang phd héng ngoai bién déi Fourier
EDS: Ph6 tén sic ning lugng tia X

VSM: Phuong phép tit ké mau rung

BET: M6 hinh Brunauer—Emmett—Teller

MB: Phdm nhudm methylene xanh

MO: Phdm nhudém methyl cam

XUNG POT LOI iCH

Cac téc gia tuyén bd ring ho khong cé xung dot loi
ich.

PONG GOP CUA TAC GIA

T4t ca cdc tac gid déu dong gop cho qua trinh xay
dung va thiét ké nghién ctiu. Dinh Thi Tuyét Suong
tién hanh diéu ché cdc mau vt liéu xtic tac. Dinh Thi
Tuyét Suong, Tran Thi Trinh Thi va Hoang Chau Ngoc
thuc hién cac phan tich XRD, FESEM, EDS, FTIR va
VSM. Nguyén Qudc Thiét tién hanh do dién tich bé
mat riéng va kich thuéc 16 x8p ctia vét liéu. Hoat tinh
xuc tdc clia cac mau dugc nghién ctiu boi Pinh Thi
Tuyét Suong va Lé Tién Khoa. Ban thao do Dinh Thi
Tuyét Suong va Lé Tién Khoa viét. Tat ca cac tdc gia
déu dong gop y kién ciing nhu da doc va cung nhau
hoan chinh ban thao.
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Green synthesis of magnetic CoFe,0, nanoparticles as recyclable
photo-Fenton catalysts by sol-gel method with the assistance of
tamarind fruit extract

Tuyet Suong Dinh Thi'2, Trinh Thi Tran Thi'2, Chau Ngoc Hoang"2, Quoc Thiet Nguyen?, Tien Khoa Le?"

ABSTRACT

Nowadays, there is a growing imperative to develop environmentally friendly methods for the syn-
thesis of catalytic materials. This paper presented a synthesis of magnetic photo—Fenton catalysts
based on CoFe;O4 nanoparticles using sol—gel method with tamarind fruit extract as an inexpen-
sive and naturally available gel—forming agent. After the gelation process, the samples were cal-
cined at various temperatures (700, 800, 900°C) and characterized by XRD, FE-SEM, EDS, FTIR, VSM,
and N, absorption experiments. Their photo—Fenton catalytic activities were evaluated through
the degradation of methylene blue and methyl orange under UVA light or visible light. The results
showed that the combination of using tamarind fruit extract during the gelation and the subse-
quent calcination process effectively facilitated the production of CoFe,O4 nanoparticles with a
cubic spinel single-phase structure. These samples not only demonstrated a high photo—Fenton
activity for the degradation of both cationic and anionic dyes, but also exhibited impressive mag-
netic properties, allowing for easy recovery after use. In particular, the calcination temperature
emerged as a pivotal factor in governing the distribution of metal ions on the surface as well as the
particle size and the specific surface area of catalysts, thereby significantly affecting their activity.
Key words: Photo—Fenton catalyst, CoFe204, magnetic particles, sol—gel, tamarind fruit extract
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