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TOM TAT

Vat liéu composite CoFe204/CQDs duoc tong hop thanh cong bang phuong phap
thay nhiét theo huwdéng xanh, sit dung dich chiét 1a bang (Terminalia catappa) lam tac
nhan hd tro. Gian &6 XRD xé&c nhan sw hinh thanh pha spinel CoFe20s, cho thay tinh
thé két tinh truc tiép trong qud trinh thiiy nhiét ma khong can nung thiéu két. Anh
SEM cho thay cac hat nano ¢6 kich thudc 50-100 nm; phén tich EDX xac nhan sw
hién dién cua Co, Fe va C, khong phat hién tap chat. Vat liéu c6 dién tich bé mat
riéng 71 m2/g va tinh tir mém, thuan loi cho thu hoi bang tir tredng ngoai. Kha nang
hdp phu va quang xtc tadc phan hiy methylene blue dwdi anh sang kha kién da dwoc
danh gia. Qua trinh hdp phu tuan theo m6 hinh Langmuir véi dung lwong cue dai
24,1 mg/g. Hiéu suat phan huy vuot 90% d6i véi dung dich 5-10 mg/L sau 120 phut
chiéu xa, va dong hoc phut hop v6i md hinh Langmuir-Hinshelwood. Két qua cho
thdy composite CoFe204/CQDs ¢4 tiém nang tng dung trong xtt ly nudc thai chia

chit mau hitu co.

Tw khéoa: CoFe204, cham luong tt carbon, tong hop xanh, quang xuc tac.

1. MO PAU

Nudc thai chita chdt mau hitu co, chang han methylene blue (MB), dang trd
thanh mot trong nhitng ngudn gay 6 nhiém mai treong nudc nghiém trong do tinh bén
héa hoc va kha nang gay ddc d6i voi hé sinh thai. Cac phuong phap xt ly truyén thong
nhu keo ty, hap phu hay oxy héa héa hoc thuong gédp han ché vé hiéu suét va chi phi [2,
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5]. Trong nhitng nam gan day, quang xuc tac dwoc xem la giai phap tiém nang nho kha
nang phan htiy hoan toan cac chat 6 nhiém hitu co thanh COz va H:0 [5, 6].

Vit liéu ferrite tir tinh CoFe20s thu htit nhiéu sy quan tam do c6 d6 bén hoda hoc
cao, tir dd bao hoa 16n va kha nang thu hdi dé dang bang tlr treong ngoai [4, 7]. Tuy
nhién, nhwgc diém chinh ctia CoFe20s la kha nang hap thu 4nh sang kha kién con han
ché&va tdc d9 tai t6 hop cap electron-16 tréng cao, lam giam hiéu suat quang xuc tac [10].

Gan day, cac chdm luwong ti carbon (carbon quantum dots — CQDs) da duoc
chting minh ¢6 kha nang tang ceong hap thu anh sang va cai thién sy tach pha dién tich
khi két hop véi cac ban dan oxit kim loai [3, 8]. Déc biét, viéc tdng hop CQDs va
composite ferrite/CQDs theo phuwong phap xanh st dung chiét xudt thiee vat khong chi
than thién v6i moi treong ma con phu hop véi xu hudng phat trién vat liéu bén vinng
[1,7,9].

Do d6, nghién cttu nay tdp trung vao viéc tong hop xanh composite
CoFex04/CQDs (ky hiéu 1a CF/CQDs) tir dich chiét 1a bang va danh gia kha nang hap
phu ciing nhu quang xuc tac phan huy MB duéi anh sang kha kién

2. THUC NGHIEM
2.1. Hoa chat, nguyén liéu va chuén bi dich chiét 14 bang

Cac mudi Co(NO:s)2.6H20 va Fe(NOs);.9H20 duoc st dung lam cac tién chat kim
loai trong qua trinh tong hop vat liéu composite CF/CQDs. Nguodn sinh hoc st dung
trong nghién ctru la 14 bang (Terminalia catappa). L4 bang duwoc rita sach, cat nho va
nghién trong nudc cat theo ty 1 khoi luong la/nude 1:2 (w/v) trong thoi gian 10-15 phut.
Hon hop sau nghién duoc loc d€loai bo phan ran, thu 1ay dich chiét va str dung truc tiép
lam mdi truong phan tng trong qua trinh tong hgp xanh.

Dich chiét la bang chta cac hop chdt hitu co ty nhién nhu polyphenol va
flavonoid, ¢ kha nang phdi tri v6i cac ion kim loai, dong thoi dong vai tro la tac nhan
khtt, chdt on dinh va nguon carbon. Nho d6, dich chiét goép phan kiém soat qua trinh
hinh thanh pha ferrite CoFe20s cling nhu su tao thanh cac chdm luong tt carbon (CQDs)
trong diéu kién thuy nhiét [7, 9]. MB dwoc stt dung lam chat 6 nhiém mé hinh trong cac
thi nghiém hap phu va quang xuc tac.

2.2. Tong hgp vat liéu CoFe20./CQDs

Vit liéu composite CF/CQDs duoc tong hop theo phuong phap xanh, st dung
dich chiét 1a bang lam mdi treong phan tng. Cu thé, 1,455 g Co(NOs)2.6H20 va 4,040 g
Fe(NOs);.9H:0 (ty 1&é mol Fe:Co = 2:1) duoc hoa tan trong 50 mL dich chiét l1a bang va
khuay déu dé€ thu duoc dung dich dong nhat. Hon hop sau d6 dugc chuyén vao thiét b
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thtiy nhiét bang thép khong gi 6 16t Teflon (dung tich 100 mL) va tién hanh phan tmg &
200 °C trong 24 gio.

Trong diéu kién nay, cac hop chéat hitu co trong dich chiét bi cacbon héa mot
phan, tao thanh cac chdm lwong tit carbon (CQDs), dong thoi thuc day su hinh thanh
pha ferrite CoFe,O,, qua dé tao nén vat liéu composite CF/CQDs 6n dinh [1, 6]. Sau phan
g, mau duoc rira, sdy kho va sit dung cho cac nghién ctru dic trung va tng dung tiép
theo.

2.3. Phuong phap dac trung vat liéu

CAu trtc tinh thé ctia vat liéu dwoc xac dinh bang nhiéu xa tia X (XRD). Hinh thai
va kich thwde hat duoc khao sat b.:?mg kinh hién vi dién t& quét (SEM), két hgp phan tich
thanh phan nguyén t8 bang phd tan xa nang lwong tia X (EDX). Cac nhém chite bé mit
duoc xac dinh bang phd hong ngoai (FT-IR). Tinh chit quang hoc duwoc khao sat bang
pho hap thu UV-Vis va kha nang phat quang ctia CQDs duoc danh gia dinh tinh dudi
chiéu xa ttt ngoai. Tinh chat tir ctia vat liéu duoc do bang tit ké mau rung (VSM) nham
danh gia kha nang thu hoi vat liéu bang tir truong ngoai.

2.4. Nghién ctru hip phu va quang xtc tic phin hily methylene blue

Kha nang xtt ly MB cua vat liéu CF/CQDs dwgc danh gid thong qua céac thi
nghiém hdp phu va quang xtc tac dwdi anh sang kha kién. Cac thi nghiém dwoc tién
hanh tai pH tu nhién cta dung dich MB (pH = 6,2). Dung dich MB v6i nong d¢ ban dau
trong khoang 5-25 mg/L duoc st dung. Mot luwong vat liéu xuc tac c6 dinh (0,5 g/L) duoc
thém vao dung dich MB va khudy trong diéu kién t5i cho dén khi dat trang théi can bang
hap phu - giai hdp phu.

Sau d6, hé phan ting duoc chiéu xa bang anh sang kha kién dé khao sat qué trinh
phan hay quang xuc tac. Cac thi nghiém quang xtc tac duoc tién hanh dudi chiéu xa
anh sang kha kién stt dung den Osram cong suat 160 W, dat cach bé mat dung dich phan
tng khoang 25 cm, véi nhiét d¢ hé duy tri khoang 35 °C. Trong suét qua trinh thi
nghiém, cac mau dung dich duoc 14y dinh ky, tach vat liéu bang ly tim va x4c dinh nong
dd MB con lai bang phuong phdp quang phd UV-Vis tai budc song déc trung 660 nm
[2, 10].

Hiéu suat hdp phu (trong diéu kién t6i) va hiéu suat phan huy quang xac tac
(dwdi chiéu xa anh sang kha kién) duoc xac dinh dua trén su thay d6i nong do MB theo
thoi gian, dugc tinh bang cong thikc sau:

C, -C
H (%) =~ =100

0

Trong d6: Co 1a ndng 46 MB ban dau va C: la nong d¢ MB tai thoi diém t.
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Dt liéu thuc nghiém dugc xt 1y va phan tich theo cdc mo hinh dang nhiét hap
phu (Langmuir) va dong hoc phan ting quang xtc tac (Langmuir-Hinshelwood) nham
lam 16 co ché hidp phu va qua trinh phan huy quang xtdc tac cta vat liéu composite
CF/CQDs [2, 10].

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

Gian d6 nhiéu xa tia X (XRD) ctia cdc mau CF/CQDs va CF800 duoc trinh bay
trong Hinh 1, trong &6 CF800 1a mau CF/CQDs sau khi nung thiéu két & 800 °C nham
téng mitc do tinh thé héa dé khang dinh 16 rang thanh phan pha tinh thé cta vat liéu.
D4i véi mau CF800, cac dinh nhiéu xa déc trung xuat hién tai cac vi tri 20 = 30,1°; 35,5°;
43,1°; 53,5° 57,0° va 62,6°, trong ttng vdi cac mat phéng (220), (311), (400), (422), (511) va
(440) ctia cau trtic spinel CoFe:Os. Cac dinh nhiéu xa sac nét va cwong do manh cho thdy
vat liéu c6 murc d6 tinh thé hda cao sau qua trinh nung thiéu két [4, 7].

Déi véi mau CF/CQDs, cac dinh nhiéu xa dic trung ctia pha spinel CoFe20Ou van
duoc quan sat, tuy nhién ceong d6 dinh giam va nén nhiéu rong hon so véi mau CF800.
Dbiéu nay phan anh mtrc d6 tinh thé hda thap hon ctia véat liéu composite va sy hién dién
cua cac chdm luong tir carbon (CQDs) ¢d ban chat vo dinh hinh hodc ban tinh thé, vén
khong tao ra cac dinh nhiéu xa sic nét trong gian d6 XRD [6, 9]. Su tuong dong vé vi tri
céc dinh nhiéu xa giita hai mau khang dinh CoFe:Ox 14 pha tinh thé cht dao trong véat
liéu composite CF/CQDs, trong khi CQDs chu yéu ton tai ¢ dang v6 dinh hinh va phan
b0 trén bé mat hat ferrite [1, 7].

F: cobalt ferrite CoFe,O,
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Hinh 1. Gian &6 XRD ctia cac mau CF800 va CF/CQDs

So v6i cac phuong phap tong hop truyén thong doi hoi nhiét d¢ nung cao (>600
°C), viéc hinh thanh pha CoFe:0s ngay trong quad trinh thuy nhiét st dung dich chiét
thuc vat cho thdy vai tro quan trong cta cac hop chat hitu co te nhién trong viéc tao
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phtec, 6n dinh ion kim loai va thiic day qua trinh két tinh [7, 9]. Diéu nay khong chi gitp
giam tiéu hao ning lwong ma con khang dinh wu thé ctia huéng tong hop xanh, than
thién véi moi treong.

Anh hién vi dién t quét (SEM) cho thay vat liéu CF/CQDs gom cac hat nano c6
hinh dang hinh cau, phan b& kha dong déu voéi kich thude trung binh trong khoang 50—
100 nm (Hinh 2). Cac hat c6 xu huwdéng két tu thanh cac cum 16n hon, nguyén nhan chu
yéu do tuong tac ttr tinh manh gitta cac hat CoFe20s. Hién tuong nay cling da duwoc ghi
nhéan phd bién trong cac hé vat liéu ferrite ttr tinh nano [4, 7].
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Hinh 2. Anh SEM ctia mau CF/CQDs Hinh 3. Pho EDX ctia mau CF/CQDs

Phé tan xa nang luong tia X (EDX) xac nhan sy hién dién cua cac nguyén t6 Co,
Fe, O va C trong vat liéu composite (Hinh 3). Ti 1é twong d6i caa Co va Fe phu hop véi
cong thic CoFe20s, trong khi tin hiéu ctia C chiing to sy ton tai cua CQDs. Khong phat
hién cac nguyén t6 la hay tap chat, cho thdy quy trinh tong hop da tao ra vat liéu c6 do
tinh khiét cao. Két qua nay twong dong vdi cac bao cdo trudc day vé composite
ferrite/carbon tong hop bang phwong phép sinh hoc [1, 7].
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Hinh 4. Puong dang nhiét hap phu - giai hdp phu N2 ¢ 77K ctia mau CF/CQDs
29



Tong hop xanh vdt lidu CoFe204/CQDs tir dich chiét ld bang va 1ing dung phin hity methylene blue...

Déc trung dién tich bé mdt riéng va cdu truc mao quan cua vat liéu CF/CQDs
duoc khao sat bang phurong phap hap phu-kht hdp phu N, (Hinh 4). DPuong déng nhiét
hap phu-khit hdp phu ctia mau thudc dang IV kém theo vong tré dic trung, cho thdy
vat liéu ¢6 cau truc mao quan trung binh, phtu hop véi cac vat liéu quang xtc tac nén
ferrite da dwgc bao cdo trong tai liéu [7]. Dién tich bé mét riéng cua mau CF/CQDs dat
gia tri 71,1 m?/g, cho thay vatliéu so hiru dién tich bé mat twong d6i 16n. Gia tri nay duoc
cho 1a lién quan dén su hién dién ctia CQDs trén bé mat CoFe20s, gép phan han ché sy
két tu hat va tao thém cac tam hoat ddng, tir d6 hd tro qua trinh hap phu va nang cao
hiéu qua quang xtc tac trong xtt ly MB [5, 8].

Pho FT-IR (Hinh 5) cta vat liéu CF/CQDs thé hién cac dai hadp thu dac trung
trong vung 400-600 cm™, duogc gan cho dao dong kéo gian ctia cac lién két kim loai—oxy
(Co—O va Fe-0O) tai cac vi tri t& dién va bat dién trong ciu truc spinel. Sy xuét hién rd
rang ctia cac dai nay khang dinh sy hinh thanh ctia mang tinh thé CoFe>Os, phi1 hop véi
két qua XRD. Ngoai ra, cac dai hap thu trong viing 1000-1700 cm™ dwgc quy cho cac dao
dong ctia nhém chire chita oxy nhu C-O, C=0 va -COO-, dac trung cho bé mat CQDs.
Su ton tai ctia cac nhdm chirc phan cuc nay dong vai tro quan trong trong viéc cai thién
kha ndng phan tan ctia vat liéu trong moi treong nudc, dong thoi ting cuong twong tac

tinh dién va lién két hydro v6i phéan tie MB.
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Hinh 5. Phd hong ngoai ctia cdc mau CF800 va CF/CQDs

Theo cac nghién cttu truede day, cdc nhom chire bé mat trén CQDs khong chi gop
phén nang cao kha nang hap phu chdt mau ma con tham gia vao qua trinh chuyén dién
tich va hinh thanh cac g6c oxy héa manh trong phan ting quang xuc tac [3, 8]. Do do, két
qua FT-IR cho thdy su két hop gitta CoFe204 va CQDs la yéu td then chét quyét dinh
hiéu qua xtt ly MB ctia vat liéu composite.

Két qua do VSM (Hinh 6) cho thdy mau CF/CQDs c6 luc khang tir rat nhé (He <
5 Oe), d6 tir dw gan nhu bang khong (Mr = 0 emu/g) va dd tit héa bao hoa thap (Ms =~ 4
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emuy/g), cho thdy vat liéu ton tai O trang thai siéu thuan ttr. Gia tri Ms thadp dwgc quy cho
sw hién dién ctia cac cham luong tir carbon (CQDs) khong cé tir tinh, gay hiéu tng pha
loang momen tir va lam tang r6i loan spin bé mat. Nguoc lai, mau CF800 thé hién rd tinh
tir tré voi lwc khang tir 1én (He = 1485 Oe), 36 tir du dang k& (Mr = 13,5 emu/g) va do tr
hoa bao hoa cao hon (Ms = 28,2 emu/g). Céc thong s6 nay cho thdy qua trinh nung thiéu
két da thtic day su tinh thé hda va lam tang kich thudc hat CoFe;Os, dan dén su hinh
thanh cac mién ttr on dinh hon. Tinh tir mém la mot vu diém 16n d6i véi vat liéu quang
xtc tac tlr tinh, boi né cho phép thu hdi vat liéu nhanh chéng va hiéu qua bang nam
cham ngoai sau qua trinh xt ly nuwdc. Két qua nay phut hop véi cac bao cdo cua Gingasu
va cong sut [7] cling nhw Cao va cong s [4], trong d6 CoFe20s tong hop theo phuong
phap xanh thuong thé hién tinh tir thuan lgi cho tai st dung xuc téc.
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Hinh 6. Vong tlr tré (M-H) ctia c&c mau CF800  Hinh 7. Anh phat huynh quang ctia dung
va CF/CQDs dich CF/CQDs dudi chiéu xa tia UV

Mot ddc trung quan trong cua CQDs la kha ndng phat quang dwdi chiéu xa ti
ngoai. Thi nghiém quan sat dinh tinh cho thdy dung dich phan tan CF/CQDs phét ra anh
sang phat quang ro rét khi chiéu den UV & bude séng 254 nm, trong khi khong thé hién
hién terong nay dudi anh sang thuong (Hinh 7). Hién tuwong phat quang la hé qua cua
hiéu ting giam gitr lwong ttr do kich thwde rat nho ctia CQDs, dong thoi chiu anh hudng
manh ctia cadc muirc nang lwgng bé mat lién quan dén nhom chike chira oxy [8]. Kha nang
phat quang nay khong chi khang dinh sy hién dién ctia CQDs trong composite ma con
gian tiép phan anh kha nang tham gia vao cac qua trinh chuyén dién tich quang sinh.
Nhiéu nghién ctru da chi ra rang CQDs c6 thé déng vai trdo nhw cac “bé chira electron”,
gitp thu nhan va van chuyén electron tir ban dan nén, qua dé lam giam t&c do tai hop
electron-16 tréng [1, 3].

3.2. Kha niang hap phu va quang xtic tic phin hily methylene blue

Kha nang xtt ly MB cua vat liéu CF/CQDs dwoc danh gia thong qua hai giai doan:
hap phu trong diéu kién tdi va quang xuc tac dwdi chiéu xa anh sang kha kién. Trudc
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khi chiéu sdng, hé phan tng duwoc khuay trong béng t6i nham dat can bang hap phu-
giai hap phu gitra vat liéu va dung dich MB.

Két qua thyc nghiém cho thay trong giai doan t6i, nong d6 MB giam dang ké
trong khoang 30-60 phut dau, sau d¢ tién dan dén trang théi can bang (Hinh 8). Diéu
nay ching t6 vat liéu CF/CQDs c6 kha ndng hap phu MB nhét dinh, gép phan lam ting
nong do chat & nhiém tai bé mat xtc tac, tao diéu kién thuan loi cho qud trinh quang xtc
tac ti€p theo. Xu hudng nay phtt hop véi cac bao cao trede day vé vat liéu ferrite két hop
véi vat liéu carbon ¢é dién tich bé mat 1on va nhiéu nhém chitc phéan cuc [1, 2].

Khi chiéu xa 4nh sang kha kién, néng d¢ MB giam nhanh theo thoi gian, cho thdy
hoat tinh quang xtc tac ro rét caa vat liéu CF/CQDs. Sau 120 phut chiéu sang, hiéu suat
phéan huy MB dat trén 90% d6i vdi dung dich c6 nong dd ban dau 5-10 mg/L, cao hon
so v6i CoFe20: nguyén chét. Su cai thién nay duoc quy cho vai tro cua CQDs trong viéc
téng ceong hap thu anh sang kha kién va tic ché sy tai hop ctia cac cip electron-10 trdng
quang sinh [3-5].
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Hinh 8. Hiéu sudt qua trinh hap phu va quang xtc tac phan huy MB

Trong giai doan chiéu xa anh sang kha kién, néng d6 MB giam nhanh theo thoi
gian, cho thdy vat liéu CF/CQDs thé hién hoat tinh quang xtc tac ro rét. Trudc khi chiéu
sang, d€lam ro co ché hap phu MB trén bé mat vat liéu trong diéu kién t5i, dix liéu thuc
nghiém dwoc xt ly theo mo hinh dang nhiét Langmuir.

Luong MB hap phu tai trang thai can bang ge (mg/g) duoc x4c dinh theo bidu
thirc [2]:

_ (Co " Ce)'v

e

m

Trong do6: Co va Ce (mg/L) Tan luot 1a ndéng d6 MB ban dau va tai trang thai can
bang, V (L) 1a thé tich dung dich va m (g) 1a khéi lwong vat liéu hap phu.
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Mo hinh Langmuir gia thiét rang qua trinh hap phu xay ra trén cac tam hap phu
dong nhat va hinh thanh 16p hdp phu don phan ti. Phuong trinh Langmuir dang tuyén
tinh dwoc biéu dién nhu sau [2]:

C. C, 1
= +

qe qm KLqm

Trong do: qe (mg/g) 1a lwong MB hdp phu tai trang thai can bang, gm (mg/g) la
dung lwong hap phu cuc dai va Ku (L/mg) 1a hang s6 Langmuir lién quan dén i luc hap
phu.

Két qua cho thay db thi biéu dién m&i quan hé gitra Ce/qe va Ce ¢ d0 tuyén tinh
tot voi hé s6 tuong quan cao, ching to qua trinh hap phu MB phu hop véi md hinh
Langmuir va cht yéu xay ra theo co ché hdp phu don 16p trén cac tam hap phu tuong
ddi dong nhat.

y =0,0415x + 0,1215
r? = 0,9854

C, (mg/L)

Hinh 9. M&i quan hé gitta Ce/qe va Ce theo md hinh hdp phu dang nhiét Langmuir

Dung luong hap phu cue dai (qmax) ciia vat liéu CF/CQDs dat 24,1 mg/g, cho thay
ai lyc hadp phu twong doi cao ddi voi phan tie MB. Gid tri nay co thé duoc ly giai boi su
hién dién ctua cdc nhédm chirc hydroxyl va carboxyl trén bé mat CQDs, tao diéu kién
thuan loi cho twong tac tinh dién va lién két hydro véi phan tt MB mang dién tich duong
trong dung dich [3, 8].

Bdng 1. Cac thong s§ dang nhiét Langmuir ctia qua trinh hdp phu MB trén vat liéu CF/CQDs

Mau vat liéu qm (Mg/g) Kt (L/mg) 12

CF/CQDs 24,1 0,18 0,992

bong hoc ctia qua trinh quang xtc tac phan hay MB trén vat liéu CF/CQDs duoc
phan tich theo mo hinh Langmuir-Hinshelwood. Theo md hinh nay, mdi quan hé gitra
nong do MB va thoi gian chiéu sang duoc mo ta boi phuwong trinh [6]:
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C
In-2 =Kkt +K (C-C,)

Db thi biéu dién mdi quan hé gitta In(Co/C) va thoi gian chiéu sang (Hinh 10) cho

thdy cac duwong thang c6 dd tuyén tinh cao, chiing to mo hinh nay mé ta phut hop qua

trinh phan huy MB trong diéu kién nghién ctru.

4.0+
| ——5mg/L: y=0,0076x + 1,5553 (> = 0,9878)
354 ——10mg/L:y=0,0121x +1,0284 (r=0,0882)
——15 mg/L: y = 0,0044x + 0,7903 (r> = 0,9967)
304 ——20 mg/L: y = 0,0037x + 0,5856 (r* = 0,9736)
’ | ——25mg/L:y =0,0009x +0,5591 (r?=0,96686)
2.5+
Q
go 2.04
=
1.5
1.0
0.54
0.0 T T T T T T
0 20 40 60 80 100 120
t (phuit)

Hinh 10. Sy phu thudc gitta In(Co/C) va thoi gian t theo m6 hinh dang nhiét Langmuir -

Hinshelwood ¢ cac nong d6 dau cua MB khac nhau

Gid tri hang s6 téc d6 phan ting biéu kién (k;) tang khi nong d6 MB ban dau ting

tte 51én 10 mg/L, do su gia tdng xac sudt twong tac gitta cac phan tir MB va cac goc oxy

hoa quang sinh trén bé mat xtc tac. Khi nong do MB tiép tuc tang vuot qua 10 mg/L, gia

tri k; c6 xu hudng giam, phan anh hién tuong che phu bé mat xac tac, canh tranh chiém

chd ctia cac phan tir MB va su han ché ctia s8 liong tam hoat dong sén c6 (Bang 2).

Bang 2. Thong s6 dong hoc bi€u kién ctia phan ting quang xtc tac phan huy MB
trén vat liéu CF/CQDs

STT Nong do dau ctia MB (mg/L) k: (phuat?) r2
1 5 0,0171 0,9878
2 10 0,0237 0,9882
3 15 0,0099 0,9967
4 20 0,0083 0,9736
5 25 0,0020 0,9666

Céc gia tri k, thu dwgc nam trong khoang tuong dwong véi nhidu hé vat liéu

ferrite/composite carbon da duoc cong bd, cho thdy hiéu qua xuc tac cua vat liéu
CF/CQDs la dang ghi nhan [4, 8].
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Hoat tinh quang xtc tac cua vat liéu CF/CQDs c6 thé duoc ly giai dwa trén hiéu
tng hiép dong gitra hai thanh phéan trong composite. Dudi chiéu xa anh sang kha kién,
CoFex0s tao ra cac cip electron-16 tréng quang sinh; cac electron quang sinh sau d6 duoc
chuyén sang CQDs nho kha néng dan dién va tich trit electron caa CQDs, qua dé gop
phén han ché qua trinh tai hop dién tich va kéo dai thoi gian s6ng ctia cac hat mang dién
[3, 5].

Bén canh d6, CQDs c6 thé dong vai tro nhu chdt nhay quang, gép phan mé rong
vung hép thu anh sang kha kién va thuic ddy su hinh thanh cac gdc oxy héa manh nhw
‘OH va -Oy7, la nhitng tac nhan chinh tham gia vao qua trinh phan hay MB [3, 8]. Nho
dac tinh ttr caia CoFe20s, vat liéu composite CF/CQDs ¢6 thé dugc thu hoi dé dang khoi
dung dich bang nam cham ngoai va tai stt dung, cho thay tiém nang tmg dung trong xtr
ly nwdc thai dét nhudm.

4. KET LUAN

Vat liéu CF/CQDs da duoc tong hop thanh cong theo hudéng xanh bang phuong
phép thuy nhiét st dung dich chiét la bang. Vat liéu thu duoc c6 cau tric spinel déc
trung, kich thudc nano va thé hién hoat tinh quang xuc tac tot trong phan ting phan huy
MB dudi anh sang kha kién. Sy hién dién cua CQDs gép phan ting ceong kha nang hap
thu dnh sang va hd tro qua trinh chuyén dién tich quang sinh ctia vat liéu. Nho tinh chat
tir, vat liéu c6 thé duoc thu hoi dé dang bang tir trieong ngoai, cho thdy trién vong tng
dung trong xtt ly nudc thai chira chat mau hitu co theo hudng than thién véi moi truong.
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METHYLENE BLUE DEGRADATION
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ABSTRACT

The CoFex04/CQDs composite material was successfully synthesized via a green
hydrothermal method using tropical almond (Terminalia catappa) leaf extract as a
supporting agent. XRD patterns confirmed the formation of the spinel CoFez0s phase,
indicating that crystallization occurred directly during the hydrothermal process
without the need for post-calcination. SEM images revealed nanoparticles with sizes
ranging from 50 to 100 nm, while EDX analysis confirmed the presence of Co, Fe, and
C with no detectable impurities. The composite exhibited a specific surface area of 71
m?/g and soft magnetic behavior, enabling easy recovery using an external magnetic
field. The adsorption and visible-light-driven photocatalytic degradation of methylene
blue were systematically investigated. The adsorption process followed the Langmuir
isotherm model with a maximum adsorption capacity of 24.1 mg/g. The degradation
efficiency exceeded 90% for solutions with initial concentrations of 5-10 mg/L after 120
min of irradiation, and the reaction kinetics were well described by the Langmuir—
Hinshelwood model. These results demonstrate that the CoFe204/CQDs composite

has strong potential for treating organic-dye-contaminated wastewater.

Keywords: CoFe:0s, carbon quantum dots, green synthesis, photocatalysis.
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