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Tom tit: Vat liéu nano spinel ZnFe,04 thudc loai ferit sit MFe,04
(M = Mn?*, Fe?*, Co?*, Ni?*,...), thuong duoc st dung lam sensor
khi, vat liéu xtc tac... Trong nghién ctru nay, cac yéu té anh huéng
dén quéa trinh phan huy Rhodamine B trén xuc tac ZnFe,O4 khi c6
mat tac nhan H;0, di dwoc khao sat. Két qua nghién ctru chi ra
rang cac diéu kién tong hop vat liéu nano ZnFe,04 anh huong dén
kha niang phan huy Rhodamine B va miu xuc tac tét nhit dugc tong
hop & diéu kién: thoi gian thuy nhiét 1a 24 h, nhiét d¢ thuy nhiét la
120°C, nhiét d6 nung 500°C, dung mdi ethylene glycol. Phuong
trinh déng hoc bac 1 va bac 2 déu md ta tét qué trinh phan huy
Rhodamine B bing xtc tac ZnFe,O4 khi c6 tac nhan H,0,. Ning
lugng hoat hoa cua phan ung phan huy Rhodamine B xac dinh duoc
la 41,1 kJ/mol.

Tw khéa: Rhodamine B, ZnFe;0s.

1. PAT VAN BE

Trong cong nghiép pham nhuém, van dé 6 nhiém méi truong do chit mau hitu co dang
tro nén cap thiét ddi véi cac doanh nghiép. Su xuat hién cua thuéc nhuém tong hop c6
thé bat ngudn tir nude thai cdng nghiép caa nganh dét, gidy va da, thuéc nhuém ra doi
nham muc dich xi Ii cac loai nudc thai nay [1]. © nhidm chat mau hitu co o trong cac
thudc nhuém gay anh huong truc tiép dén doi song, suc khoe va sinh hoat cia con
ngudi. Mot trong sé thudc nhuém duoc s dung hién nay dé 1a Rhodamine B (RhB).
Thudc nhuém Rhodamine B gay doc cap va man tinh. Néu tiép xic Rhodamine B tryc
tiép s& gay di ung hoic lam man ngtra da, mat; néu tiép xtc theo dudng hd hap gay ho,
ngtra co, khé tha, dau nguc; theo duong tiéu hda s& gay nén mua, co hai cho gan va
than. Néu tich tu dan trong co thé s& gay nhiéu tac hai dbi véi gan, than, hé sinh san, hé
than kinh ciing nhu c6 thé gay ung thu [2]. C6 nhiéu phuong phép xir Iy RhB nhu mang
trao doi ion, két tua, oxi hoa... tuy nhién, mdi phuong phap déu c6 nhitng han ché nhat
dinh [2], [4].

Trong bai bao nay, vat liéu nano spinel ZnFe;Os dugc dung lam xuc tadc phan huay
Rhodamine B khi c6 mat tac nhan H20,. Cac yéu to anh huong dén qué trinh phan hay
RhB nhu diéu kién tong hop vat liéu nano ZnFe;O4, ndng do ban dau cia RhB va nhiét
do cling da duoc khao sat.
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2. THUC NGHIEM

2.1. Tong hegp vat ligu nano spinel ZnFe204

- Hoatan 20 mL dung mdi bang 40 mL nuéc cét, khudy déu bang may khudy tir véi toc
d6 750 vong/ phat cho den khi dung mai tan het. Cho 2,97 gam Zn(NOs)2.6H-0, 8,08
gam Fe(NOs)s.9H20 vao, nho tir tir 40 mL NaOH 2 M vao hon hop, khuay déu trong 1
h, sau d6 cho toan ,bé hon hop vao binh teflon. Bat binh teflon vao autoclave, day that
Kin va cho vao tua say & nhirng nhiét d6 va thoi gian xac dinh.

- Sau khi thuy nhiét, autoclave dugc dé nguoi mot cach ty nhién dén nhiét do phong, loc
két7 tua den thu dugc roi rira nhicu lan bang nudc cat dén khi dich loc ¢6 pH ~ 7. San
pham thu duoc say kho ¢ 80°C, sau d6 nung & cac nhiét @6 khac nhau trong 4 h.

Vit liéu spinel ZnFe204 duoc tong hop Vi su thay ddi cac diéu kién nhu sau:

- Thoi gian thuy nhiét: ¢ dinh nhiét do thay nhiét 120°C, nhiét d6 nung 500°C, dung
moi CTAB, thay doi thoi gian thay nhiét 6 h, 12 h, 24 h va 36 h.

- Nhiét do thﬁy nhiét: ¢é dinh thoi gian thay nhiét 24 h, nhiét d6 nung 500°C, dung moi
CTAB, thay doi nhiét o thay nhiét 80°C, 100°C, 120°C, 130°C.

- Nhiét do nung: cf) dinh thoi gian thay nhiét 24 gio, nhiét d6 thuy nhiét 120°C, dung
moi CTAB, thay doi nhiét do nung 450°C, 500°C, 550°C, 600°C.

- Dung moi: c§'> dinh thoi g[an thay nhiét 24 gio, nhiét do thuy nhiét 120°C, nhiét do nung
500°C, thay doi dung mdi lan luot la isopropanol, ethylene glycol, glycerol, CTAB.

Thanh phan pha cua vat liéu duoc nghién ctiu bang phuong phap nhidu xa tia X (D8

0
Advanced Bucker, Dtc) véi tia phat xa CuKy CuKo c6 budc song A= 1,5406 A, cong
suat 40kV, goc quét tir 10 dén 80°. Cac dao dong cua lién két duoce do trén may FT-IR
8010 M (Shimadzu) véi buéc sdng tir 4000 - 500 cm™.
2.2. Nghién ciru hoat tinh xuc téc caa vat liéu
Qud trinh tién hanh thi nghiém:
Cho 0,05 g vat liéu ZnFe204 vao 200 mL dung dich Rhodamine B (RhB) 10 mg/L,
khudy tir véi toc do 500 vong/phtt & nhiét do 30 °C trong bong tdi trong thoi gian 30
phut dé dat dugc sy can bang hap phu va sy phan tan dong deu cua cac hat xUc tac. Sau
d6 cho thém chinh xdc 1,0 mL H202 nong d6 30% vao hdn hop va khuay lién tuc ngoai
anh sang nhin thay. Sau nhitng khoang thoi gian xac dinh (15 phat, 30 phut, 45 phut, 60
phat, 90 phat, 120 phat, 150 phat), dung pipet lay 5 mL dung dich dem ly tam lay phan
long, xac dinh nong do con lai cia RhB bang phuong phap UV-Vis ¢ cac thoi gian do.
Nong d6 RhB duoc xac dinh theo dinh Iquat Beer — Lambert ¢ budc song A = 553 nm va
dugc tinh theo phuong trinh dudng chuan y = 0,0914.x — 0,0048 (R? = 0,99) (y: mat do
quang, x: nong do RhB (mg/L))
Hiéu suat phan huy RhB duoc tinh theo cong thirc sau:
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o =C 100%

Co (1)
Trong d6 Co va Ct (Mg/L) lan luot 1a ndng do cia RhB tai thoi diém ban dau va tai thoi
diém t phan ung.
Trong nghién ctru nay, chiing tdi khao sat cdc yéu té anh huong dén kha ning xuc tac
phan huy RhB trén vat liéu ZnFe204 khi c6 mat tac nhan H2O2 nhu: diéu kién tong hop
vat liéu, nong @6 RhB va nhiét do.
3. KET QUA VA THAO LUAN
3.1. Anh huéng ciia cac diéu kién tong hop vit liéu ZnFe:O4 dén kha niing phan
hity RhB
3.1.1. Anh hwéng ciia théi gian thiy nhigt
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Hinh 1. Hiéu sudt phan hiy RhB khi thei gian thiy nhiér thay doi
(Corney =10 mg/L, t=30°C, m=0,059)

Két qua & hinh 1 cho thay khi thoi gian thuy nhiét tang tir 6 h dén 24 h thi higu suat
phan huy RhB tang tir 24,8 % dén 60,0 %. Nhung néu thoi gian thuy nhiét tiép tuc tang
thi hiéu suat phan huy lai giam. Do do, chung toi chon 24 h 1a thoi gian thuy nhiét phu
hop cho tong hop vat li€u & cac nghién ctru tiép theo.
3.1.2. Anh hwéng cia nhigt dg thiiy nhigt
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Hinh 2. Hiéu sudt phan hiy RhB khi nhiét dé thiy nhiét thay doi
(Comney =10 mg/L, t =30 °C, m = 0,05 g)
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Trong thi nghiém nay, vat lidéu ZnFe,O4 tong hop véi thoi gian thuy nhiét 1a 24 h, nhiét
d6 nung 1a 500 °C, nhiét @6 thuy nhiét thay d6i tir 80 °C dén 130 °C. Két qua cho thiy,
khi nhiét do thuy nhiét tang tr 80 °C dén 120 °C thi hiéu suat phan hiy RhB ting tir
22,8% dén 60,0%. Nhung khi nhiét d6 thuy nhiét tiép tuc tang thi hiéu suat phan huy
RhB lai giam con 29,2 %. Do do6, chon nhiét d6 thuy nhiét Ia 120 °C cho cac nghién cau
tiep theo.

3.1.3. Anh hwéng cia nhiét dé nung
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Hinh 3. Hiéu sudt phan hiy RhB khi nhiét dg nung thay doi
(Corney =10 mg/L, t =30 °C, m=0,05 g)
Khi nhiét d6 nung ting tir 300 °C dén 500 °C, hiéu suit phan hay RhB ting tir 31,7%
dén 60,0%. Khi nhiét 6 nung tang dén 600 °C hiéu suat phan hiy giam (29,7%). Do
d6, chon nhiét &6 nung 1a 500 °C cho cac nghién ctu tiép theo.

3.1.4. Anh hwéng cia dung moi
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Hinh 4. Hiéu sudt phan hiy RhB khi thay déi dung mdi tong hop vat liéu
(Corney =10 mg/L, t=30°C, m=10,05Q)
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Két qua & hinh 4 cho thiy hiéu suat phan hay RhB cua spinel tong hop trong dung moi
etylen glycol 12 cao nhat 74,0 % va thap nhét la trong dung mai isopropanol 33,0 % . So
v6i nhitng cong bd khéc, vat liéu spinel ZnFe;04 cho hiéu suat phan hily RhB kha cao
(Bang 1).

Tir viéc khao st cac yéu té tong hop vat liéu nano ZnFe,Os dén kha ning phan huy
RhB, ching t6i chon dwoc miu xuc tac tot nhat tong hop ¢ diéu kién: thoi gian thuy
nhiét 24 h, nhiét d6 thuy nhiét 120 °C, nhiét d6 nung 500 °C, dung méi ethylene glycol.

Bang 1. Hiéu sudtphdn huy RhB cua mot $6 vt liéu da cong bo

Vit li¢u Piéu ki¢n thi nghi¢m Higu S““(‘(tycl:)han huy | 1 1k

Zn(5aminoisopht | Nong d6 x(c tac: 0,25 g/L 63,1 [6]
hal ic axit)-H.O | Thoi gian phantng 6 h, T=25°C
Nong do RhB ban dau: 0,48 g/L

Cd(5aminoisopht | Nong d6 x(c tac: 0,25 g/L 50,9 [7]
hal lic axit) Thoi gian phantng 6 h, T =25 °C

Nong d6 RhB ban dau = 100 mg/L
MOF Zn (11) Nong do6 x(c tac: 0,5 g/L 88,0 [8]

Thai gian phan tng 100 phat, T = 25
°C Nong do RhB ban dau = 10 mg/L

ZnFe;0, Nong do xdc tac: 0,05 g/L 74,0 Nghién
Thoi gian phan (ng 150 phat, T = ciu
25°C nay

Nong d6 RhB ban dau: 10 mg/L

3.1.5. Pic trung mdu xiic tic ZnFe;04 téi wu nhat

Mau ZnFe204 dic trung nhat duoc tong hop ¢ diéu kién: thoi gian thiry nhiét 13 24 h, nhiét
do thiry nhiét 1a 120 °C, nhiét do nung 500 °C, dung mdi ethylene glycol. Mau vat liéu
tong hop duoc dic trung bang cac phuong phap: nhidu xa tia X (XRD) (hinh 5), ph6 hong
ngoai (IR) (hinh 6).
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Hinh 5. Gidn dé XRD cia mau ZnFe,0O,
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Gian dd XRD c&c mau xuat hién & cac peak & 20 khoang 29,82°; 35,21°; 42,7° 53,08°;
56,6° 62,08° twong ng véi cac mat phan xa (220); (311); (400); (422); (511); (440)
g véi phd chuan cua tinh thé ZnFeO4 (Iap phuwong, nhém khong gian: Fd3m, Z = 8;
ICDD PDF: 22— 1012) [5]. Ngoai ra, khong thay c6 su xuét hién cac peak nhidu xa cua
céc’oxide kim loai nhu ZnO, Fe,O3 trén gian d6 XRD nén vat liéu thu dugc c6 d tinh
khiét cao.

Hinh 6 trinh bay phd héng ngoai cia mau ZnFezOa.
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Hinh 6. Phé hong ngogi ciia mau ZnFe,0,

Tir hinh 6 nhan thdy phd hong ngoai cia mau tong hop bao gom céac peak & sé song
3419,79cm™, 1625,99 cm™, 1384,84 cm™, 545,85 cm™, 405,05 cm™. Peak & s song
3419,79 cm™ dic trung cho dao dong cua lién két O — H trong nudc hap phy vat ly va
peak c6 sé s6ng 1625,99 cm™ dic trung cho dao dong bién dang dh-o-1 [4], peak c6 s6
s6ng 1384,84 cm™ dic trung cho dao dong nhém NOs™ [5], peak cd sb séng 545,85 cm™
dic trung cho dao dong bién dang Zn — O cua cau tric ZnFe,O4 [5], peak cd s6 song
405,05 cm™ dic trung cho dao dong bién dang Fe — O cua ciu tric ZnFe,04 [5]. Két
qua nay phu hop véi su phan tich XRD & trén.

3.2. Anh huwéng ciia nong d9 RhB

Nong d¢ chat mau la mot thong sd quan trong cta hau hét cac qua trinh phan huy. Bing
viéc thay doi ndng d6 RhB (5, 10, 20, 30, 40 mg/L) trong khi van gilr nguyén luong
chat xtic tac 1a 0,05 g, thé tich H20, nong do 30% la 1,0 mL, toc do khuay 500
vong/phit, nhiét d6 1a 30 °C, chung toi di nghién ctru anh hudng cua ndng d6 dau dén
tbc do phan ung phan huy RhB trén vt liéu xtc tic ZnFeoOq4 da dic trung cAu tric. Két
qua thuc nghiém cho thay khi ndong do RhB ting tir 5 dén 40 mg/L thi hiéu suét phan
huy sau 150 phut giam tir 99,84% xudng con 99,69%.

Dong hoc phan #ng xdc tac phan huy RhB cua vdt liéu
Trong nghién ciru nay, ching t6i sir dung phuong trinh dong hoc bac 1 va bac 2 dé
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md ta dong hoc phan tng xuc tac phan hay RhB bing H20; trén xdc tdc ZnFe;O4.
Phuong trinh dong hoc bac 1:

k= % In (é—
t (2)
Phuong trinh dong hoc bac 2:
k=11 1 (3)
t{C, C,

Trong d6 Co va Ct (mg/L) lan luot 1a ndng do RhB tai thoi diém ban dau va tai thoi
diém t phan ung.

ki (phit™) hing sé toc do bac 1.

ko (L.mgt.phlt™) hang s toc do bac 2.

Hinh 7 va hinh 8 biéu dién d6 thi phuong trinh dong hoc bac 1 va bac 2 cua phan (ing
xuc tac phan huy RhB cua vat liéu ¢ cac nong d6 dau khac nhau.
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Hinh 7. D6 thi mé hinh dong hoc bdc 1 Hinh 8. Do thi mé hinh dong hoc bdc 2 ciia
cia phan vng phan hiy RhB khi thay d6i phan img phan hiy RhB khi thay doi nong do
nong dé RhB RhB

Céc tham s6 cua phuong trinh dong hoc duoc tom tit ¢ bang 2.

Bang 2. Cdc tham sé thu dwoC tir phirong trinh dong hoc bdc 1 va bdc 2 cua phan ing phan huy
RhB ¢ cac nong dé RhB khac nhau

Nong d9 RhB (mg/L) ki (phat?) R? ko (L.mgt.phat?) R?
5 0,0044 0,976 0,0013 0,988
10 0,0090 0,989 0,0021 0,991
20 0,0040 0,984 0,0003 0,982
30 0,0072 0,944 0,0006 0,949
40 0,0032 0,970 0,0005 0,972




72 HO THI BAO GIANG va cs.

Dua vao gia trj R, ching toi nhan thdy mé hinh dong hoc bac 1 va bac 2 déu mo ta tot
phan tng phan huy RhB khi thay doi nong d6 dau RhB.

3.3. Anh huéng ciia nhiét d§. Ning lwong hoat hoa

Hinh 9 va hinh 10 biéu dién d6 thi phuong trinh dong hoc bac 1 va bac 2 caa phan ng
xuc tac phan huy RhB khi c6 mat tac nhan H.O; cuia vat liéu ¢ cac nhiét d6 khac nhau.

354
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Hinh 9. B4 thi mé hinh dgng hoc bac 1 cia  Hinh 10. D6 thi mé hinh déng hoc béc 2 cua phan
phdn ing phan hiy RhB khi thay doi nhiét 4ng phan hiy RhB khi thay déi nhiét dg
do

Céc tham sb ctia phuong trinh dong hoc duoc tom tit & bang 3.

Bang 3. Cdc tham sé thu dirgc tir phirong trinh dong hoc bac 1 va bdc 2 cua phan i#ng phan hiy
RhB ¢ céac nhiét do khac nhau

Nhiét do ('C) ki (phat R? ko (L.mg*.phut?) R?
20 0,0028 0,958 0,0009 0,965
30 0,0064 0,966 0,0034 0,983
40 0,0100 0,991 0,0020 0,992
50 0,0122 0,957 0,0043 0,963

Dua vao gia tri R? & bang 2 nhan thiy rang phan Gng phan huy RhB bang H,0; trén xdc
tdc ZnFe204 vira tudn theo phuong trinh dong hoc bac 1 vira tudn theo phuong trinh
doéng hoc bac 2. Hang s6 toc d6 phan ing ki va ko déu tang theo nhiét do.

Nang luong hogt hda

Dua vao phuong trinh Arrhénius, ta tinh dugc nang lugng hoat héa cua phan tng theo
biéu thuc:

Ink=—F2 yInA
RT (4)

Trong d6 Ea 12 ning lwong hoat hoa; k 13 hing sé toc do phan tng, A 1a thira s tan sb.

Tir cac s lidu thyc nghiém vé& d6 thi Ink = f (1/T) (hinh 11), ta sé& tinh dugc ning luong
hoat hoa ctua phan tng.
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Do trong khoang nhiét d6 khao sat, phan (mg phan huy RhB c6 thé mé ta bang phuong
trinh dong hoc bac 1 hay bac 2 nén ching téi xac dinh nang luong hoat hoa dva vao gia
tri k1 va ko thay doi theo nhiét do.
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Hinh 11. Su phu thugc cua Ink; theo 1/T (a) va cua Inkz theo 1/T (b)

Tu hinh 11, nang luong hoat hda cua phan ung phan hiy RhB tinh duoc la 31,4 kJ /mol
néu phan tng tuan theo dong hoc bac 1 va 41,1 kJ /mol néu phan tmg tuén theo dong hoc
bac 2. Dwa vao gia tri R? caa hai cach tinh nay, nhan thay ning luong hoat hoa tinh theo
dd thi Inkz = f(1/T) phd hop véi cac s6 liéu thuc nghiém hon.

4. KET LUAN

Tir nhitng két qua thyc nghiém da duoc thao luan, vat liéu nano ZnFe,04 dang hat duoc
tong hop thanh cong bang phuong phap thity nhiét két hop véi nung. Khao sat cac diéu
kién tong hop vat liéu nano ZnFe204 anh huong dén kha ning phan huy RhB va lya
chon dugc mau xuc tac tét nhat tong hop & diéu kién: thoi gian thity nhiét 1 24 h, nhiét
d6 thuy nhiét 1a 120 °C, nhiét d6 nung 500 °C, dung mdi ethylene glycol. Téc d6 phan
tng phan hiy RhB bang xuc tic ZnFe;04 khi c6 H20; tiang theo téc do khudy, ham
lugng chat xtc tac, ham lwong H202 va nhiét d6. Phuong trinh dong hoc bac 1 va bac 2
déu mo ta tét qua trinh phan hay RhB bang xuc tac ZnFe204 khi ¢6 H20,. Ning luong
hoat hda cua phan ing nay dugc xac dinh la 41,1 kJ/mol.
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Title: DEGRADATION STUDIES OF RHODAMINE B OVER ZnFe;,O; CATALYST IN
THE PRESENCE OF H;0,

Abstract: The spinel nanomaterial ZnFe,O4 belongs to the iron ferrite MFe,O4 (M = Mn?* Fe?*,
Co?*, Ni?*....). These materials have been used as gas sensors, catalyst materials, etc. In this
paper, the factors affecting the degradation of Rhodamine B over ZnFe;O, catalyst were carried
out in the presence of H;O.. The conditions of synthesis of ZnFe,O. nanomaterials affecting the
RhB degradation were investigated and the best catalyst sample was prepared under the
following conditions: hydrothermal time of 24 h, hydrothermal temperature of 120 °C, heating
temperature of 500 °C, solvent of ethylene glycol. The first and second order kinetic equations
both described well the degradation of RhB by ZnFe,O, catalyst in the presence of H,O,. The
rate of RhB degradation reaction by ZnFe;O4 catalyst in the presence of H,O, increased with
temperature. The activation energy of this reaction was determined to be 41,1 kJ/mol.

Keywords: Rhodamine B, ZnFe,O4 nanomaterial.



