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TOM TAT

Nghién cttu nay tap trung vao tong hop va phan tich vat liéu quang xtc tac cobalt
ferrite (CoFe,Oy) cdu trtc spinel bang phuong phap thuy nhiét. Cac dic trung cdu
trac, quang hoc va nhiét duoc xac dinh qua cac ky thuat nhe XRD, SEM, EDX,
Raman va TG-dTG. Hiéu qua phan htiy methylene blue (MB) duéi anh sang kha
kién duoc danh gid, cho thdy kha nang hap phu manh va phan huy vuot troi. Vat
liéu duoc ché tao véi kich thudce hat dong nhat, hinh thai t6i vu va kha nang tai s
dung cao. V6i 0.05 g vat liéu cho hiéu sudt phan hay MB & nong d6 10 ppm dat
84,1% sau 120 phut chiéu sang, CoFe,O4 chting minh tiém nang 16n trong xtt ly nude
thai chita hop chat hiru co bén vitng. Ngoai ra, kha nang hdp phu trong bong tdi va
dong hoc bac nhat gia dinh da nhan manh co ché quang xtc tac ddc dao cua vat liéu.
Nghién cttu cung cdp giai phap khoa hoc hitu ich cho xtt ly moi truong, dong thoi
mo ra hudng di trién vong trong thiét ké vat liéu quang xdc tac hiéu qua, chi phi
thdp va bén ving.

T khoa: Cobalt ferrite, methylene blue, quang xtc tac, thiy nhiét, vat liéu spinel

1. MO PAU

C4u truc spinel, ddc biét la cobalt ferrite (CoFe,Os), da nhan duoc sy quan tam
dang ké trong nghién ctru khoa hoc vat liéu tién tién nho sy két hgp doc dao gitra tinh
chat quang xuc tac va tt tinh [1], [2]. V6i cau tric tinh thé bén vitng, d6 6n dinh hda hoc
va nhiét cao, cing kha néng diéu chinh cac déc tinh dién va tir bang cach thay ddi thanh
phén, CoFe,O, duoc ky vong sé dong vai tro quan trong trong cac tng dung cong nghiép
va mai treong [1], [3] . Dac biét, kha nang quang xtc tac ctia cobalt ferrite dwedi anh sang
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kha kién duoc xem la giai phap tiém nang d€ giai quyét cac van dé lién quan dén xa ly
6 nhiém nudc thai chira cac chat hitu co bén vitng nhie methylene blue (MB) [4], [5].

Methylene blue, mét loai thuéc nhudm hiru co pho bién trong nganh cong nghiép
dét may, gidy va nhua, khdng chi gy 6 nhiém moi trieong nghiém trong ma con rat khé
phan huy tw nhién, dan dén nhitng hé luy 1au dai d6i véi moi treong va stc khoe con
nguoi. Do d6, viéc nghién ctru va phat trién cac vat liéu xdc tac c6 kha nang phan huy
MB hiéu qua duwéi 4nh sang kha kién mang y nghia khoa hoc va thuc tién tng dung da
linh vuc [6], [7].

2. THUC NGHIEM
2.1. Héa chat

Cac hda chat dwoc st dung trong nghién ctru bao goém cobalt (II) nitrate
hexahydrate (Co(NOs3)2.6H20, Merck, Dtrc), iron (III) nitrate nonahydrate
(Fe(NOs)3.9H:20, Merck, Durc), tinh bot tan (Xilong, Trung Qudc) va xanh methylene
(C16H1sN3SCl, Merck, Dtrc) déu dat chuan co do tinh khiét cao.

2.2. Thiét bi

Thanh phan pha tinh thé ctia vat liéu duoc xac dinh thdng qua phan tich nhiéu
xa tia X (XRD), thure hién trén thiét bi Bruker D8-Advance (Dtrc). Hinh thai bé mét va cadu
tric cta vat liéu dwoc khao sat b.:?mg kinh hién vi dién t& quét (SEM) st dung thiét bi
Hitachi 5-4800 (Nhat Ban). Thanh phéan hda hoc va sy phan bd nguyén td trong khong
gian duoc phan tich thong qua phd tan sic nang luong tia X (EDX-Mapping), thuc hién
trén thiét bi Horiba 7593-H. Phan tich nhiét trong luong (TG-dTG) dugc tién hanh b.:?mg
thiét bi PYRIS Diamond ctia hang Perkin Elmer (My). Cac dao dong dic trung ctia nhém
nguyén t, phan t, va mang tinh thé cua vat liéu duoc nghién ctu thong qua pho
Raman, do bf?mg thiét bi Horiba (My). Phd UV-Vis ctia vat liéu duoc ghi nhan trén thiét
bi UViline 9400 va may quang pho SPECORD 50 UV-VIS cta hang Analytik Jena AG, st
dung cuvet thach anh, nham danh gia cac dic tinh quang hoc lién quan.

2.3. Tong hgp vat liéu CoFe,0,

Vat liéu CoFe,O, duoc tong hop bang phuong phap thiy nhiét, st dung cac tién
chat chinh gom Co(NO;),-6H,0, Fe(NO3);:9H,0, va tinh bot tan (PA, Trung Qudc). Hon
hop cac tién chat dugc chuan bi theo ty 1& mol Co:Fe:tinh bot:H,O la 2:1:4,5:540. Qud
trinh bat dau bang viéc khuay déu hon hop va dun néng 6 nhiét d6 80-85 °C trong 1 gio
dé& dam bao qua trinh thuy phan tinh bot dién ra hoan toan. Sau giai doan thtiy phan,
hdn hop dugc chuyén vao binh phan tmg Teflon va xt ly thty nhiét & nhiét d6 180 °C
trong thoi gian 24 gi0. San pham sau phan ting dwgc lam sach qua nhiéu lan ruira, loc ly
tam va sdy kho ¢ 100 °C trong 24 gio d€ thu duoc san pham cudi cung.
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2.4. Khao sat sy phan hiy xanh methylene cta vat liéu

Kha nang tng dung cta vat liéu spinel cobalt ferrite lam xtic tdc quang dwoc
danh gia thong qua qud trinh phan hay dung dich methylene blue (MB). Trong thi
nghiém, 0,05 g vat liéu duoc phan tan trong 100 mL dung dich MB ¢é nong d6 10 ppm,
dit trong binh tam giac dung tich 250 mL. D& dat trang thdi can bang hap phuy, hén hop
duoc git trong béng t8i va khudy lién tuc bang may khudy tir trong 60 phit. Sau giai
doan can bang, mau duoc chiéu sang trong ti quang héa st dung ngudn sang tir dén
Osram (200 W) mo phong anh sang kha kién. Tai cac thoi diém dinh truedc, 5 mL dung
dich dwoc 18y ra, ly tdm dé€ tach loai vat liéu xtc tac, va nong dd6 MB con lai trong dung
dich duoc xac dinh bang phuong phap quang phd hap thu tit ngoai - kha kién (UV-Vis).
Qua trinh do dac duoc thuc hién trén thiét bi Spectro 2000 Spectrophotometer, véi bude
song hap thu déc trung ctia MB la 664 nm.

3.KET QUA VA THAO LUAN
3.1. Pdc trung vat liéu

Hinh 1 trinh bay gian d6 nhiéu xa tia X (XRD) ctia vat liéu tong hop CoFe:0s, véi
cac dinh nhiéu xa dic trung dwoc xac dinh tai cac gia tri goc 2-theta twong tng vdi cac
mit mang tinh thé (220), (311), (222), (400), (422), (511), va (440). C4c dinh nay cho thay
st pht hop cao so véi cac gia tri tham chiéu tir dit liéu JCPDS s6 00-022-1086, tir d6 xac
nhén cdu trac spinel déc trung cta vat liéu CoFe204[8-10].
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Hinh 1. Gidn d6 XRD ctia CoFe20xs.

Hinh 2 trinh bay phd Raman cua vat liéu CoFe20s, trong d6 cac dinh déc trung
da duoc ghi nhan tai cac vi tri s6 song, twong ting vdi cac dao ddng dac trung cua cau
trac spinel CoFe20s. Cac dao dong Tige) va A1) duge xac dinh rd rang, vdi ty 1€ ceong
dd Itige) /Iatgn) duge tinh toan la 0,90, cho thdy su phan b can d6i ctia cac ion trong mang
tinh thé [11].
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Hinh 2. Ph6 Raman ctia CoFe2Qs.

Hinh 3 trinh bay gian d6 nhiét trong lugng (TG) va vi phan nhiét trong luong
(dTG) ctia vat liéu CoFex0s, v6i muc dich phan tich su thay déi khoi lwong theo nhiét
do. BPuong TG (mau xanh 13) cho thdy ba giai doan mat khdi luong ro rét, trong khi
duong dTG (mau xanh dwong) hién thi cac dinh twong tng voi tdc do giam khoi luong
tai cac nhiét d6 xac dinh [8].

O giai doan dau, tir 25 °C dén khoang 200 °C, mot sy giam khoi lwgng nhe (8,64%)
tai 110,75 °C dwoc quan sat, chu yéu lién quan dén sy bay hoi cua nudc hap phu bé mat
vat liéu. Giai doan thi hai, ttr 200 °C dén khoang 400 °C, ghi nhan mét sy mat khoi luong
16n hon (10,95%) tai 224,89 °C, c6 thé dwoc giai thich boi sy chuyén hda carbon v6 dinh
hinh, dwoc hinh thanh tir tinh bdt trong qua trinh thty nhiét, thanh CO, khi nhiét d6
tang. Giai doan thit ba, ttr 400 °C dén khoang 800 °C, thé hién sy mat khoi lwong manh
nhat (40,10%) tai 316,88 °C, c6 thé lién quan dén lién quan dén sy phan huy hoan toan
cua carbon v dinh hinh con sét lai trong ciu truc vat liéu ¢ giai doan nay. Sau 800 °C,
khdi luwong tré nén &n dinh, cho thay rang vat liéu da dat trang thai nhiét dong hoc 6n
dinh.
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Hinh 3. Gian d6 TG-dTG ctia vat liéu CoFe20s.

Hinh 4 trinh bay anh hién vi dién t& quét (SEM) ctia vat liéu CoFe20s, cho thdy
cdu trac bé mat va hinh théi hoc cta cac hat. Cac hat duoc quan sat cé kich thudce nam
trong pham vi nano va phan bd twong doi dong déu, thé hién su dong nhat vé cau trac
cua vat liéu. Su hién dién cua cac hat ¢6 hinh dang gan cau duwgc ghi nhan, véi mot sd
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hat c6 xu hudng két tu lai tao thanh cac cum 16n hon. Biéu nay dugc cho la do twong tac
manh gitra cac hat nano, mot dac tinh thuong thay ¢ cac vat liéu tir tinh nano.

Hinh 4. Anh SEM ctia CoFexOa.

Hinh 5 trinh bay két qua phan tich EDX va ban d6 nguyén t6 (EDX-mapping) cua
vat liéu CoFe204, bao gom cac hinh anh va dit liéu minh hoa su phan bd cac nguyén to

trong mau.

Phén (a) la anh hién vi dién ti quét (SEM) cua vat liéu, hién thi cdu trac bé mat
véi st phan bd dong déu ctia cac hat nano trong mau. Phd EDX duoc trinh bay trong
phén (b) xac nhan sy hién dién ctia cac nguyén t6 chinh la O, Fe va Co. Ty 1é nguyén tr
cua cac nguyén t6 cling duoc xac dinh 1a 68,16% (O), 21,07% (Fe) va 10,78% (Co), phu
hop véi thanh phan héa hoc mong doi ciia CoFex0s.

Phén bd ctia cac nguyén t6 nay duoc thé hién rd qua cac ban d6 phan b6 nguyén
t0 trong cac hinh (c), (d) va (e), twong tng voi O, Fe va Co. Sy phan b6 dong déu ctia cac
nguyén t& nay trong toan bd viing khao sat chi ra rdng qua trinh téng hop da tao ra mot

vat liéu dong nhat, khong co su tach pha hodc phan 16p.

1 2 4 5
Electron Image 1 ull Scale 7613 cts Cursor: 16 467 keV (8 cts)

0Ka1 o V Fe Ka1 CoKa1
Hinh 5. EDX-mapping cua CoFe20u.

3.2. Hoat tinh xtic tac quang cta vat liéu CoFe204

5
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Hinh 6 thé hién hoat tinh phan hiy quang xtc tac ctia thuéc nhuém methylene
blue (MB) dudi téc dong ctia vat liéu CoFe,O, theo thoi gian, dugc biéu dién qua d6 thi
ty 1é C/Co (ndng do MB so véi ban dau) phu thudc vao thoi gian (phut).

Trong giai doan bong t6i, gia tri C/Co giam tir 1 xudng khoang 0,4, cho thdy kha
nang hap phu cua vat liéu CoFe,O, d6i véi MB. Khi chuyén sang giai doan chiéu sang
(tte 60 phut tro di), gia tri C/Co ti€p tuc giam manh va c6 xu hudéng bao hoa & mic dudi
0,2. Diéu nay thé hién hiéu qua phan huy quang xtc tac cao cua vat liéu CoFe;O,. Sy
giam nhanh ctia ndong d6 MB trong giai doan nay chting to cac electron va 16 trong (e
va h*) dugc sinh ra dwdi 4nh sang da tham gia vao cac phan tng oxy héa khtr, dan dén
viéc phd vo cau trtc phan te MB.
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[ 3'0 6'0 9’0 150 1;0 180
Thoi gian (phuat)
Hinh 6. Hoat tinh phan huy quang xtc tac cho thudc nhuém MB cua vét liéu CoFe20: theo thoi
gian. (DKTN: V=100 mL, Cvp= 10 ppm, mxictic = 0,05 g, thoi gian bong t6i: 60 phuit; thoi gian chiéu
sang: 120 phut, nhi¢t dg phong, Amex = 664 nm).

Hinh 7 trén thé hién d6 thi cta phuong trinh dong hoc bac nhat gia dinh, duoc

biéu dién boi phwong trinh: lnc£ = —kt [13]
0

Trong dé: C: Nong do chat 6 nhiém (MB) tai thoi diém t; Co: Nong d6 chat 6
nhiém ban d4u; k: Hang s6 toc d6 phan tng (phut); t: Thoi gian (phtt).

D6 thi ¢6 dang duong thing véi phuong trinh hdi quy tuyén tinh y =
-0.0086x-0.0811y; R?=0,971, chi ra rang mdi quan hé tuyén tinh gitta In(C/Cv) va thoi gian
rat chat ché, cho thay phan ting phan hay MB tuédn theo dong hoc bac nhat.

y = -0.0086x - 0.0811
R?=0.971

0 30 60 90 120
Thei gian (phat)
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Hint 7. Dudmg In(C/Cy ) theo thoi gian phan tmg In— = —kt (DKTN: Va=100 mL, Cus=10 ppm,
0
Mxictic = 0,05 g, thoi gian chiéu sing: 120 phuit, nhiét A9 phong, Ame = 664 nm).

Bang 1. Thong sd dong hoc va hiéu sudt ctia vat liéu quang xtic tac CoFe;O4

Vat liéu H(%) k (103 .phit?) R?

CoFex04 84,1 8,6 0,971

Hang s tdc d6 k duoc tinh tir d§ dSc ctia dwong hdi quy (k = 0,0086 phat). Gia
tri nay cho thay tdc dé phan huy MB tuong ddi cao, phu hop véi dac tinh cta hé quang
xtc tac CoFe;O4, v&n c6 kha ndng sinh ra cap electron-13 tréng hiéu qua khi chiéu sang.
Hiéu sudt phan huy MB sau 120 phut duoc tinh la 84,1%, nhu mo6 ta trong bang. Viéc
MB tuan theo ddng hoc bac nhat ngu y rang tdc d6 phan tng chi1 yéu phu thudc vao
nong dd MB trong dung dich tai thoi diém t. Diéu nay cho thay céc 16 trong (h*) hodc
goc tu do hydroxyl (*OH) sinh ra trong qua trinh quang xuc tac da tham gia vao phan
tng phan huy MB. Do d6 thay dugc vat liéu c6 kha nang ting dung cao trong xtr ly nudc
thai va moi treong, dong thoi cung cdp mot hudng di trién vong trong nghién ctru vat
liéu quang xtc tac hiéu qua.

Hinh 8 mé ta dy doan co ché phan huy quang xtc tac caa methylene blue (MB)
trén vat liéu CoFe,Oy, dwoc hd tro bdi cac phuong trinh phan tng va so d6 minh hoa chi
tiét.

san pham

phan huy
san pham mB
phan huy /
¢ - .07
Anh sang MB 3 e
(hv) . e e 02
\ CB
CoFe,0,
san pham
phan huy h* VB h*
mMB ht

an pha H0
iy Yor "
B
Hinh 8. Du doan co ché phan hity MB trén chét xtc tac CoFe20s.

Du doan co ché

CoFe,0, + hv - CoFe,0, (ecg + hig) (1)
CoFe,0,(ecg) + MB — san phdm phén huiy (2)
h{g + H,0 » ‘OH+H* (3)

‘OH + MB — san phdm phén hay 4)
h{g + MB — san phidm phan huy (5)
san phdm phan hiy + gdc tw do (ecg, hyg, *"OH, *03 ) - CO, + H,0 (6)

7
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Khi vat liéu CoFe,O, duogc chiéu sang (hv), cac electron (e°) tai vung hoa tri (VB)
duoc kich thich va chuyén 1én ving dan (CB), d€'lai cac 16 trong (h*) trong VB. Quad trinh
nay duoc biéu dién qua phuong trinh (1) [14] . Cac dién ti (egg) tai ving dan twong tac
v6i phan ti MB hinh thanh cac san pham phan htly nhw hop chét trung gian va cac san
pham cudi cing khong doc hai hon nhw CO: va H2O dwoc biéu dién qua phuwong trinh
(2). L6 trong (hve*) tai VB twong tac véi nudc (H0), tao thanh cac gbc hydroxyl (*OH),
nhw thé hién trong phuong trinh (3). Cac gdc *OH la chat oxy héa manh, c6 kha nang
phén huay truc ti€p cac phan tt MB théng qua qua trinh oxy hda. MB bi phan huy béi
gdc *OH thong qua oxy hoéa, dan dén san pham phan huy (4). Dong thoi, 16 tréng (hvs*)
cling c6 thé tham gia truc tiép vao phan tng véi MB, nhu biéu dién qua phuwong trinh
(5). Co ché& nay cho thdy rdng khong chi cac goc tu do ma ca cac 16 tréng ciing déng vai
trd quan trong trong viéc phan huy chat 6 nhiém. Cac san phdm phan huy ban dau tiép
tuc phan tng véi cac gdc tw do (ecg, hip, ‘OH, ‘037) dan dén su chuyén ddi thanh cac
san pham cudi cung 1a CO, va H,O, nhu thé hién trong phwong trinh (6). Hé xtc tac
CoFe;O, da dugc chirng minh la hiéu qua trong viéc phan huy MB thong qua cac phan
tng quang xuc tac phtc tap. Co ché nay khong chi lam sang té cac budc phan ttng ma
con nhdn manh tdim quan trong cta viéc thiét ké vat liéu tng dung tot trong linh vuc
moi treong [8].

4. KET LUAN

Két qua nghién cttu da khang dinh thanh cong trong viéc tong hop vat liéu
CoFe;O, bang phuong phap thuy nhiét, véi cdu tric tinh thé dong nhat va kha nang
quang xuc tac cao. Vat liéu dwoc chitng minh la c6 hiéu qua trong viéc phan huy
methylene blue duwdi anh sang kha kién, véi hiéu suat dat 84,1% sau 120 phut. Sy két
hop gitra cac dac tinh quang hoc va hoéa ly 6n dinh cua CoFe,Oy4 da gitp t6i wu hoa hoat
tinh quang xtc tac, dong thoi mé ra tiém nang tng dung trong cac hé thong xt ly moi
treong. Cac phat hién ttr nghién cttu khong chi déng gop vao nén tang khoa hoc vé vat
liéu spinel ma con dua ra giai phap than thién véi moéi treong, goép phan giam thiéu tac
dong 6 nhiém va bao vé ngudn nudc.

LOI CAM ON

Nghién ctru duoc thuc hién dwdi s tai tro ctia dé tai Khoa hoc va cong nghé cap
Dai hoc Hué, ma s6 DHH2023-04-201.
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ABSTRACT

This study synthesizes cobalt ferrite (CoFe,Oy) photocatalytic material with a spinel
structure by the hydrothermal method. The structural, optical, and thermal
characteristics were determined using advanced techniques, including XRD, SEM,
EDX, Raman, and TG-dTG. The photocatalytic efficiency of methylene blue (MB)
degradation under visible light was evaluated, demonstrating remarkable
adsorption and degradation capabilities. The material was synthesized with
uniform particle size, optimal morphology, and high reusability. With a degradation
efficiency of 84.1% after 120 minutes of light exposure, CoFe,O, exhibits significant
potential for treating wastewater containing persistent organic compounds.
Furthermore, its adsorption ability in the dark and the first-order kinetic behavior of
the degradation process highlight the material's unique photocatalytic mechanism.
This research provides a valuable scientific solution for environmental remediation
and introduces a promising approach to designing cost-effective, sustainable, and

efficient photocatalytic materials.

Keywords: Cobalt ferrite, methylene blue, photocatalysis, hydrothermal, spinel

material.
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