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THONG TIN BAI BAO TOM TAT

Oud trinh xit Iy Trong nghién cttu nay, vat liéu nano ZnMnqxFe204 duge tong hop
Ngay nhan bai: 27/6/2023 bang phuong phép thity nhiét, tng dung phan huy basic fuchsin khi ¢
Ngay nhén ban chinh sira: 23/11/2023 mit tic nhan H20,. Cac yéu té anh huong dén qua trinh phan huy
Ngay nhdn dang: 27/11/2023 basic fuchsin trén xdc tac ZnMnu.gFe,04 di dugc khao sat gém diéu
Ngay xudt ban: 20/4/2026 kién tong hop vat lidu, khdi lwong xuc tac va nhiét do. Két qua nghién

ctru chi ra rang diéu kién tong hop vat liéu nano ZnMng.Fe;0, dnh
huong dén kha nang phan huy basic fuchsin. Phuong trinh dong hoc

ggﬁi’%;hsm' bac 1 pht hop dé mé ta qua trinh phan huy basic fuchsin trén xic tac
ZnMigy Fe2’04. ZnyMngxFe204 khi O mat tac nhan H,O,. Nang luong hoat hda cia

phan tng phan hay basic fuchsin xac dinh duoc 1a 14,37 kd/mol.

1. PAT VAN PE

Trong cong nghiép pham nhuom, van dé 6 nhidm moi trudng do chit mau hitu co dang tré nén cap thiét
dbi voi cac doanh nghiép. Trong chét thai cdng nghiép cua cac nganh dét, da va gidy thuong xuét hién thube
nhudm tong hop (Dixit et al., 2015). O nhidm chat mau hitu co ¢6 trong thuéc nhuém gay anh huéng truc
tiép dén doi sdng, sirc khoe va sinh hoat cia con nguoi. Mot trong sé thudc nhuém dugc st dung hién nay 1a
basic fuchsin. Thudc nhuom basic fuchsin da duoc canh béo vé kha nang gy ung thu va dot bién gen (Sewu
et al., 2017). Qua tiép xdc, basic fuchsin c6 thé gay kich tng da va mét. Bén canh d6, do dic tinh phan hay
sinh hoc kém va doc tinh caa nd, basic fuchsin con l1a mét chat gay doc cho cac sinh vat song dudi nudc. Vi
vay, viéc xtr ly basic fuchsin dang 1a vin d& dang quan tim cta cac nha nghién cuu.

Thoi gian gan déy, cac nha khoa hoc trong va ngoai nudc ¢ xu hudng nghién ciu nhitng vat liéu méi dap
{rng tiéu chi chi phi thap nhung hiéu qua cao dé loai bé mot s6 hop chat mau cé tinh doc hai va nguy hiém
d6i véi modi truong sinh thai (Wang et al., 2021; Kushare et al., 2021; Zhao et al., 2020). Trong bai béo nay,
vat liéu nano ZnyMng.Fe204 dugc dung lam xuc tac phéan hay basic fuchsin khi ¢ mat tac nhan H,O,. Céac
yéu té anh huong dén kha nang xuc tic ZnxMnu-xFe20q trong phan tmg phan hay basic fuchsin khi c6 tac
nhan H,0, dugc khao sat gom: diéu kién tong hop vat lidu, khdi luong xtc tac, nhiét do.

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Téng hop vat liéu nano spinel Zn,Mng.yFe,04
Vit liéu ZnyMn.9Fe;04 dugc tong hop theo 2 giai doan.
Giai doan 1: Tong hop vat liéu nano spinel ZnFe,O..

Hoa tan 2,87 gam ZnS0..7H,0 va 3,38 gam MnSO..H,O vao 20 mL nudc cat va 20 mL dung mdi.
Khudy tir voi toc do 750 vong/phit, ddng thoi nhoé tir tir 40 mL NaOH 1M vao hdn hop. Khudy trong vong
15 phat va cho vao binh Teflon, dit vao autoclave, ddy kin va cho vao ta siy, tién hanh thay nhiét & 120 °C
trong thoi gian phi hop. Sau d6 14y ra va dé ngudi & nhiét 4o phong. Loc két tia thu duoc rdi rira nhiéu lan
bang nudc cit dén khi dich loc cd pH = 7. San phdm duoc siy khd ¢ 80 °C, sau d6 nung & 500 °C trong 4 gid
(Phan, 2022).

Mau tong hop dugc chia hai phan: mot phan ZnFe,04 khdng nung va mét phan ZnFe,04 nung & nhiét do
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500 °C trong 4 gio.
Giai dogn 2: Tong hop vat ligu ZnMngxFe,0,

Cho tir tir 20 mL NaOH 2 M va 20 mL nudc cét vao hdn hop ¢d chira ZnFe,04 va MnSO4.HO da chuén
bi truéc theo ty 1€ mol ZnFe;0,:MnS04 1:2; 2:1; 4:1. Khuay tr hon hop véi toc do 500 vong/phut trong 2
gio. Loc ket tua thu duoc, rira ket tua nhicu lan bang nugce cat den khi dich loc ¢6 pH = 7. San pham dugc
say khd & 80 °C va nghién min.

Ddc trung vat ligu

Thanh phan pha cia vat liéu duoc nghién ciru bang phuong phép nhiéu xa tia X (D8 Advanced Bucker,
Dc) voi tia phéat xa CuKa, c6 budc séng A = 1,5406 A, cong suat 40 kV, goc quét tir 0° dén 80°. Cac dao
dong cua lién két duoc do trén may FT-IR 8010M (Shimadzu). Hinh thai bé mit vat liéu duoc do trén may
SEM JMS-5300LV. Tinh chat bé mat cua vat liéu dugc nghién ciu bang phuong phap dang nhiét hap phu va
khtr hap phu nitrogen & 77 K trén thiét bi Tri Star 3000 (M¥). Trudc khi do, cac mau duge xir Iy chan khéng
6 110°C trong 6 gio.

2.2. Nghién cizu hoat tinh xuc tac cua vt liéu

Qua trinh tién hanh thi nghi¢m:

Cho 0,005 gam vét liéu ZnMnq.xFe204 vao 200 mL dung dich basic fuchsin 25 mg/L, khudy tir v6i toc
d9 500 vong/phut ¢ nhiét d6 30 °C trong thoi gian 15 phit dé dat dugc sy can bang hap phu va su phan tan
ddng déu cua cac hat xtc tac. LAy 4 mL dung dich, ly tam, ldy dich 16ng cho vao lo d& do UV-Vis ¢ budc
s6ng 543 nm dich 16ng thu dugce. Thém chinh x4c 1,0 mL dung dich H,O, ndng dd 30 % vao hdn hop va
khudy lién tuc. Sau nhitng khoang thoi gian xac dinh (15 phit, 30 phuat, 45 phut, 60 phut, 90 phut, 120 phut),
dung pipet ldy 4 mL dung dich, ly tdm liy phan long, x4c dinh néng do con lai cta basic fuchsin bang
phuong phap UV-Vis ¢ 4 = 543 nm tai cac thoi diém do. Nong do basic fuchsin duoc xac dinh theo phwong
phap duong chuan.

Trong nghién ciru nay, ching t6i khao sat cac yéu td anh huéng dén kha ning xtc tac cua vat liéu
Zn«Mn.xFe;0; trong phan tmg phan huy basic fuchsin khi c6 tac nhan H,0, gdm: diéu kién tong hop vat
lidu, khdi lwong xUc tac, nhiét do.

3. KET QUA VA THAO LUAN
3.1. Pdc trung mau xdc tac ZndMnyFez04

Mﬁu ZnyMn1.xFe204 cho hiéu §u§:[ phan huy basic fuchsin 100 % dugc ddc trung bang cac phuong phap:
nhicu xa tia X (XRD) (hinh 1), ph6 hong ngoai (IR) (hinh 2), hién vi dién tu quét (SEM) (hinh 3), dang nhiét
hap phu - khir hap phu nitrogen (BET) (hinh 4).
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Hinh 1. Gian ¢6 XRD ctia mau ZnMng.xFe0;.

Hinh 1 cho thdy mau xuét hién cac peak dic trung ciia pha tinh thé ZnosMno2Fe;04. Khi chén Mn?* vao
tinh thé ZnFe,04 voi ty mol ZnFe,0, : MnSO, 1a 1:4, céc cation Mn?* di thay thé Zn?** & mang tir dién, pha
tinh thé Zno sMno 2Fe;O4 hinh thanh va khéng quan st thiy cac peak nhiéu xa ddc trung ctia cac pha tinh thé
khéc. Do vay, vat liéu téng hop 1a don pha.
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Hinh 2. Phé IR cta mau ZnosMno2Fe;0a.

Phd IR ciia mau co peak ¢ 3439,1 cm™ twong (g véi dao dong O—H caa nuéc hap phu vat ly, peak ¢ 1629,9
cm™ ddc trung cho dao dong bién dang Su.0.w. Peak 1400,3 cm™ dic trung dao dong bién dang cua lién két C—
H trong nhom CH; (Wang et al., 2013), peak & 1163,1 cm™' quy cho dao dong C-O (Wang et al., 2013),
chirng to dung mdi isopropanol van con trong mau. Cac peak dic trung cho dao dong M—O (M = Fe, Mn, Zn)
nam trong ving 364,6 — 543,4 cm™ (Bahtiar et al., 2017).

IMS-NKL 5.0kV 5.1mm x100k SE(M)

Hinh 3. Anh SEM ctia miu ZnosMno2Fe;04.

Anh SEM cuia mau tong hop gom cac hat nano c6 kich thudc to nho khéc nhau. Cac hat kich thudc nho nam
& cac khe trong hinh thanh gitra c&c hat kich thudc 1on, duong nhu dugc tao thanh do sy v vun cac hat 16n.
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Hinh 4. Duong dang nhiét hap phu - khir hip phu nitrogen mau ZnosMno2Fe;Os.
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Duong déng nhiét hap phu — khir hap phu nitrogen cua mau ZnosMno2Fe;O4 thudc loai 1V theo phan loai
IUPAC. Sy xuat hign vong tré & vang 4p suat tuong ddi P/P°0,7-1,0 ¢6 thé lién quan dén khoang trong hinh
thanh gitra cac hat nano ké nhau. Theo phuong trinh BET (Brunauer — Emmett — Teller), dién tich bé mat
tinh duoc la 25,7 m?/g.

3.2. Anh huéng ciia cdc diéu kién tong hop vit liéu ZnMn.)Fe:04 dén khd ning phéan hiy basic fuchsin
3.2.1. Anh huong ciia ty 16 mol ZnFe;0,: MnSO,
Vit liéu ZnyMng.»Fe;04 tong hop tir mau ZnFe,04 ¢ giai doan 1 khdng nung.

98,75 %

98,80% 98,65 %

98,70%

98,60%

98,50%

98,40% 98,24 %
98,30%

98,20%

98,10%

98,00%

97,90%

Hidu suét phan huy (%)

Ti 18 mol ZnFe>04:MnSO4

Hinh 5. Hiéu suat phan hily basic fuchsin bang x(c tac vat liéu khi thay doi ty 16 mol ZnFe,04: MnSO4
(Co(bas|c fuchsin) — 25 mg/l_ t = 25 OC m= O 005 g T 120 phut)

_ Khi thay doi ty 1é mol ZnFe;04: MnSO4 thi hiéu suat phan hay basic fuchsin cé xdc tac ZnMng.gFez0s4
déu trén 98 %. !—|iéu suat phan huay basic fuchsin dat 98,75 % khi ty 1€ mol ZnFe;Ou: MnSO, la 4:1. Nh;fm
thay, khi thay doi ty 1¢ mol ZnFe,O4: MnSO4 cho hiéu suat phan hay cao (hinh 5). Vat liéu tong hgp c6 tiem
nang trong xu ly basic fuchsin.

Vat liéu ZndMnggFe204tong hop tir mau ZnFe 04 ¢ giai dogn 1 nung trong thoi gian 4 gio.
100 %

100,00%
99,50% 99,11 %
99,00% 98.48 %
98,50%
98,00%

97,50%

Hiéu suit phan huy (%)

1:2
Ti 1€ mol ZnFe204.MnSO4
Hinh 6. Hiéu suat phan hay basic fuchsin trén bang xdc tac vat liéu khi thay ddi ty 16 mol ZnFe;O4: MnSO,
(Coasic fuchsiny = 25 mg/L, T = 25 °C, m = 0,005 g, t =120 phat).

Két qua & hinh 6 cho thay vat liéu tong hop & ty 1€ mol ZnFe;04 : MnSO, 4:1 cho hi¢u suit phan hay
basic fuchsin dat 100 %, & cac ty 1¢ mol khéc hiéu suat déu trén 98 %. Két qua cho thay vat liéu Zn,Mng-
wFe204 ¢ cac ty 1€ mol khao sat déu cd kha nang xuc tac tot cho phan ung phéan huy basic fuchsin khi c6 mat
tac nhan H,0..

3.2.2. Anh heomg cia khoi lwong xiic tdc

Trong muc nay, chling i nghién ctru anh huong cia khoi lwong xic tac dén toc do phan Gng phan hay
basic fuchsin trén mau ZnegMnooFe;0..

Dong hoc phan #ng xuc tac phan huy basic fuchsin cua vt liéu

Phuong trinh dong hoc bac 1 md ta dong hoc phan ting xuc tac phan hay basic fuchsin bang H,0, trén
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Xuc tac khao sat ¢6 dang nhu sau:
Phuong trinh dong hoc bac 1:
1, C
k= - Inc—‘z (1.1)
Trong do: . . i . i
Co va Ct (mg/L) lan luot 1a nong do tai thoi diém ban dau va tai thoi diém t phan ang.
k (phat=1) hing s téc d6 phan ting bac 1.
Hinh 7 trinh bay mé hinh dong hoc bac 1 cua phan tng phan hity basic fuchsin bang H202 khi khdng c6 chat
xuUc tac.

0.014 -
0.012 -
0.01 -

Q: 0.008 -
% 0.006 -
0.004 -
0.002 -

0

=0,0001x + 0,00009
Rz=0,9912

0 20 40 60 80 100 120 140t (phut)

Hinh 7. M6 hinh dong hoc béc 1 cua phan mg phan huy basic fuchsin khi khong cho chét xuc tac.

Tir hinh 7 nhan thiy khi khdng c6 x(c tac, basic fuchsin ciing bi H,02 phan hity nhung véi hing sé toc do
khong lén 0,0001 phat™! va phan tng phan huay tuan theo quy luat dong hoc bac 1. Khi ¢é xdc tac, phan ung
phén huy basic fuchsin xay ra nhanh hon. Hinh 8 trinh bay mé hinh dong hoc bac 1 cta phan ung phén hay
basic fuchsin bang H,0 khi thay d6i khéi lwong chét xc tac.

7 -
6 R2 = 0.995
R? = 0.9906
5 .
—~ 2 =
S 4 Re=0988 L 0003g
S 0,005 g
> ;5.
, Re=0.9508 00079
' 0,019
1 .
0 .
0 100 120 140 ¢ (phat)

Hinh 8. M6 hinh dong hoc bac 1 cua phan tng phan hily basic fuchsin khi thay doi khéi Tugng cht xuc tac (T=30 °C).
Céc tham sb cuia phuong trinh dong hoc duogc tém tit & bang 1.

Bang 1. CAC tham s6 thu dugc tir phuong trinh dong hoc bac 1 cua phan tmg phan huy basic fuchsin
khi ¢6 mat tac nhan H,O, ¢ cac khoi lugng xtc tac khac nhau

Khbi luong x(c tac (g) k (phat™) R?
0,003 0,0157 0,9598
0,005 0,0360 0,9880
0,007 0,0495 0,9906
0,010 0,0505 0,9950

Két qua thu nhan ¢ bang 1 cho thiy phan tmg tuan theo md hinh dong hoc bac 1 (giatriR>>0 9). Tang
khéi luong xuc tac hang sb téc do tang. Piéu nay duogc giai thich do sé tim xiic tic ting khi tang khéi luong
xUc tac dan dén toc do phan ing tang.
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3.2.3. Anh huong cua nhiét do. Nang luong hoat hoa

O nghién cau nay, nhiét do 1a 20 °C, 30 °C, 40 °C, 50 °C va giit nguyén khdi luong chat xic téc la 0,005
g, the tich H,0 nong d6 30 % la 1,0 mL, toc do khuay 500 vong/phit. Hinh 9 trinh bay md hinh dong hoc
bac 1 cta phan ttng phan huy basic fuchsin khi thay doi nhiét do.

7 -
Rz = 0.997
—~~ 6 ] 2
S i Rz = 0.9963
Qj ] R2 = 0.988
£ 4 R2 = 0.9959
3 - #20°C
m30°C
2 .
40 °C
1 : %50 °C
O T T T T T T 1 ,
0 20 40 60 80 100 120 140 t(phut)

Hinh 9. M6 hinh dong hoc béc 1 cua phan (mg phan huy basic fuchsin khi thay dbi nhiét do.
Céc tham sb ciia phuong trinh dong hoc dugc tom tat & bang 2.

Bang 2. Cac tham s thu duoc tir phuong trinh dong hoc bac 1 caa phan ¢ng phan huy basic fuchsin
& cac nhiét do khac nhau

Nhiét d6 (°C) k (phut 1) R?
20 0,0302 0,9959
30 0,0360 0,9880
40 0,0444 0,9963
50 0,0518 0,9970

Dua vao gia tri R® & bang 2 nhan thdy ring phan tng phéan hay basic fuchsin bang H,O. trén xtic tac
ZnosMng2Fe;04 tuan theo phuong trinh dong hoc bac 1. Hang so k tang theo nhiét do.

Nang lwrong hoat hda

Dua vao phuong trinh Arrhénius, ning luong hoat hda cua phan mg dugc tinh toan theo biéu thirc:

Ink=—"2 4+ InA (12)
RT

Trong d6: Ea 1a ning luong hoat hoa; k 1a hang sé toc do phan ang; A 1a thira s6 tan suat.
Tir cac s6 ligu thyc nghigm, vé do thi Ink = f (1/T) (bang 2), ta s& tinh dwoc ndng lugng hoat héa ciia phan
wng phan hay basic fuchsin. Hinh 10 biéu dién sy phu thudc Ink = f (1/T).

3,0 4 R2=0,9979
y =-1728,3x + 2,3933
324
=
3,4
7316 T T T T
0,0031 0,0032 0,0033 0,0034
1/T(1/K)

Hinh 10. Su phu thudc Ink theo 1/T.
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Tur hinh 10, ndng lugng hoat héa cta phan tng phan huy basic fuchsin tudn theo dong hoc bac 1 tinh
dugc 14 14,37 kJ/mol. So véi két qua nghién ctru ciia Phan Thi Hién My (2022) ning lugng ctia phan tmg
phan huiy basic fuchsin trén xuc tac cta vat liéu ZnosgMng2Fe;04 nhd hon nhiéu so véi trén xuc tic ZnMn,Oy4
(38,32 ki/mol). Dbi chibu véi két qua nghién ctru ciia Fuad Hama Sharif Radha va cong sy (2023) ning
luong cua phan Gmg phan hiy basic fuchsin trén xtc tac cta vat liéu ZnosMng2Fe.04 nhé hon so véi nghién
ctru hap phu va loai bo basic fuchsin bang dat sét ty nhién (22,68 kJ/mol). Diéu nay cho thay vat lidu tong
hop c6 tiém ning tmg dung trong xic tac phan huy basic fuchsin khi c6 mit tac nhan H,O,.

4. KET LUAN

Tir nhitng két qua thue nghiém da dugc thao luan, vat lidu nano ZnMng.gFe204 tong hop & cac ty 1& mol
ZnFe;0,:MnS0, 1:2; 2:1; 4:1 déu cho hiéu suat phan huy basic fuchsin cao khi ¢c6 mat tac nhan H,0.. Vit
liéu tong hop Vvoi ty 1é mol ZnFe;0,:MnSO, 4:1 1a don pha ZnosMno2Fe,04, dién tich bé mat BET la 25,7
m?/g. Téc dd phan ng phan hily basic fuchsin trén x(c tdc ZnosMno2Fe,04 khi ¢6 tic nhan H,0; ting theo
khéi luong xUc tac va nhiét do. Phuong trinh dong hoc bac 1 phu hop dé mé ta qué trinh phan hay basic
fuchsin. Nang lugng hoat hoa cua phan g nay xac dinh duoc la 14,37 kd/mol.
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In this paper, nanomaterials Zn.MnuxFe:Os have been
prepared by the hydrothermal process, applied in the
degradation of basic fuchsin in the presence of H,O, agent.
Factors affecting basic fuchsin degradation over Zn.Mng.
wFe:04 catalyst were investigated including material
synthesis conditions, catalytic mass and temperature. The
results indicated that the conditions for the synthesis of
ZnyMn@Fe:0s  nanomaterials  affect  basic  fuchsin
degradation. The first order kinetic equation is suitable for
describing this basic fuchsin degradation. The activation
energy of the basic fuchsin degradation was determined to be
14.37 kJ/mol.
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