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Tém tit: Trong bai bio nay, vat liéu ZnMn,O, duge dung lam xdc tac cho
phan tng phan huy basic fuchsin khi c6 tac nhan HzO,. Nghién cau cho thay
cac diéu kién tong hop vat lidu spinel ZnMn;O4 anh huong dén kha ning
phén huy basic fuchsin. Hiéu sudt phan huay basic fuchsin déu 16n hon 96%
dbi v6i cac mau khao sat. Téc do phan ung phan huy basic fuchsin b75ing
xuc tac spinel ZnMn,O4 khi c6 tac nhan H.0O; tang theo nhiét do va giam
theo nong do dau cua basic fuchsin. Nang luong hoat héa cua phan tng nay
xac dinh duoc la 44,47 k/mol.

T khoa: Vat lieu nano ZnMn;Oy4, basic fuchsin.

1. DPAT VAN BE

Cung véi su phét trién cdng nghiép hoa va hién dai hoa, tinh trang 6 nhidm ngudn nuéc
o Viét Nam dang ding top 5 do xa thai tryc tlep cac chat thai ~cdng nghiép chua qua xur
1y vao moi truong nuée . Cac chat gay 6 nhiém nQUOn nudéce rat da dang nhu vi sinh vat,
nhya, nilon, cac kim loai nang... va cac loai hda chat nhudém ciing 1a mét trong nhitng
yéu t6 chinh. Basic fuchsin (chat mau thuoc nhém triaminotriphenylmethane) 1a mot
trong nhitng thuéc nhuém duoc sir dung rong réi trong nganh cong nghiép dét may va
thuoc da [1, 2]. Clng véi viéc san xuit va si dung basic fuchsin trong céng nghiép,
d6ng nghia s& c6 luong 16n thudc nhudm duoc thai ra ngoai méi trudng. Do dic tinh
phan huy sinh hoc kém va doc tinh cua n6 nén viéc loai bo basic fuchsin ra khoi hé
théng nuéc thai 14 rat dang quan tam va can duoc kiém tra, thuc hién kip thoi [3]. Nhiéu
nghién ctru cho thay vat liéu nano ZnMn204 ¢6 kha ning xuc tac phan huy mot sé loai
thudc nhuom tong hop [4-6].

Trong bai bdo trude [7], chung ti da khao sat cac yéu t6 anh huong dén thanh phan pha
vt liéu nano ZnMn204 tong hop bang phuong phap thuy nhiét két hop voi nung. Trong
bai bao nay, ching tdi khao sat cac diéu kién tong hop vat liéu ZnMn204 dén kha ning

xuc tac phan huy basic fuchsin khi cé tac nhan H202 cling nhu dong hoc phan tng phan
huy nay trong diéu kién thay doi nhiét do va nong do dau cua basic fuchsin.

2. THUC NGHIEM
2.1. Hoa chat

ZnS04.7H20 (Xilong), MnSO4.H20 (Xilong), NaOH (Xilong), isopropanol (Xilong),
ethylene glycol (Xilong), glycerol (Xilong), basic fuchsin (Trung Qudc).
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2.2. Téng hop vt liéu ZnMn204
Vit liéu ZnMn204 dugc tong hop theo quy trinh sau[7]:

Hoa tan 2,87 gam ZnS04.7H20 va 3,38 gam MnS04.H20 vao 20 mL nude cit va 20 mL
dung mdi. Khudy tir voi tbe d6 750 vong/phit, dong thoi nho tir tir 40 mL NaOH 1M
vao hon hop. Khuay trong vong 15 phit va cho vao binh Teflon, dat vao autoclave, day
kin va cho vao tu sdy, tién hanh thuy nhiét & 120 °C trong thoi gian phu hop. Sau d6 lay
ra va dé ngudi ¢ nhiét d6 phong. Loc két tua thu duoc réi rira nhiéu 1an bang nude cat
dén khi dich loc ¢ pH = 7. San pham dugc Say kho6 ¢ 80 °C, sau d6 nung & C&c nhiét do
khac nhau trong 4 h.

Vat liéu nano ZnMn204 duogc téng hop voi cac diéu kién thay ddi nhu sau:

- Thoi gian thay nhiét: 96 dinh dung mai isopropanol, nhiét d6 thay nhiét 120 °C, nhiét
d6 nung 500 °C, thay doi thoi gian thay nhiét 6 h, 12 h, 24 h va 36 h.

- Nhiét do thuy nhiét: qé dinh dung méi isopropanol, thoi gian thuy nhiét 24 gio, nhiét
d6 nung 500 °C, thay d6i nhiét d6 thuy nhiét 80 °C, 100 °C, 120 °C, 130 °C.

- Nhiét d6 nung: ¢ dinh dung moi isopropanol, thoi gian thuy nhiét 24 gio, nhiét do
thay nhiét 120 "C, thay d6i nhiét do nung 300 °C, 400 °C, 500 °C, 600 °C.

- Dung méi: ¢ dinh nhiét d6 thuy nhiét 120 °C, nhiét @6 nung 500 °C, thoi gian thuy
nhiét 24 gio, thay doi dung mai: isopropanol, ethylene glycol, glycerol.

2.3. Khao sat hoat tinh cta vat li¢u
Phéan trng phan huy basic fuchsin dugc thuc hién theo quy trinh nhu sau:

Cho 0,03 gam vat liéu ZnMn204 vao 200 mL dung dich basic fuchsin 10 mg/L, khuéy
tir véi tbe dd 500 vong/phut ¢ nhiét do 30 °C trong bong tdi trong thoi gian 30 phut dé
dat sy can bang hp phu va sy phan tan dong déu cua cac hat xac tac. Thém chinh xac
1,0 mL dung dich H,0, nong d6 30% vao hdn hop va khudy lién tuc ngoai anh sang
nhin thiy. Sau nhimg khoang thoi gian xac dinh (15 phut, 30 phut, 45 pht, 60 phut, 90
phat, 120 phat), dung pipet ldy 5 mL dung dich dem ly tim 14y phan long, xac dinh
nong d6 con lai cua basic fuchsin bang phwong phap UV-Vis & budc song A = 543 nm.

Hiéu suat phan huy basic fuchsin dugc tinh theo cong thirc sau:

H= C Ct -100%
Co (1)

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

Trong nghién ctu nay, chiing t8i khao sat cdc yéu té anh huong dén kha ning xuc tac
phan huy basic fuchsin trén vat ligu ZnMn204 khi c6 tAc nhan H202 nhu: dieu kién tong
hop vat liéu, nong do fuchsin, nhiét do.
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3. KET QUA VA THAO LUAN

3.1. Anh huéng caa cac diéu kién tong hop vat liéu dén phan ing phan hiy basic
fuchsin

3.1.1. Anh hwoéng cia thoi gian thay nhiét

O phan nay, ching toi sir dung cac vat liéu da tong hop lam xdc tac cho phan ung
phan huy basic fuchsin khi c¢6 tac nhan H20,. Hinh 1 trinh bay hiéu suit phan huy basic
fuschin sau thoi gian 120 phat khi thay di thoi gian thay nhiét cua chat xuc tac.

Tir két qua 6 hinh 3.1 cho thiy, qua trinh phan huy basic fuchsin gan nhu hoan toan sau
120 phiit. Khi thay d6i thoi gian thiy nhiét tir 6 h dén 24 h hi¢u suat phan hiy ting tir
99,52% dén 99,83%, nhung néu thoi gian thuy nhiét tiép tuc tang thi hiéu suat phan
huy c6 sy giam nhe. Nhu vy, su thay d6i thoi gian thuy nhiét cua vat liéu xtc tac
khong anh huong dang ké dén hiéu suat phan huy, tuy nhién mau vat liéu thuy nhiét
trong 24 h cho hiéu suit cao nhat. Do d6, chung t6i chon 24 h 14 thoi gian thuy nhiét
phut hop cho téng hop vat liéu ¢ cac nghién ctru tiép theo.
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Hinh 1. Hiéu sudt phan hiy basic fuchsin khi thay déi thoi gian thiy nhiét
3.1.2. Anh hwéng cia nhigt dg thizy nhigt
Trong thi nghiém nay, cac mau xuc tic dugc tong hop trong diéu kién cb dinh thoi gian
thuy nhiét 1a 24 h, nhi€t d6 nung la 500 °C va thay doi nhiét do thuy nhiét tir 80 °C dén
130 °C. Hiéu suat phan huy basic fuchsin sau 120 phuat dugc trinh bay ¢ hinh 2.
Tir két qua ¢ hinh 2 cho thdy, khi nhiét do thiy nhiét ting tir 80 °C dén 120 °C, hiéu suét
phan huy basic fuchsin tang tr 99,37% déq 99,83%. Nhu’ng~khi nhi¢t 4o thuy nhiét tiép
tuc tang thi hiéu suat phan huy lai giam xudng (98,39%). Mau xuc tac dugc thuy nhiét ¢
120 °C cho hiéu suat phén huy cao nhat, do d6 nhiét d¢ thuy nhiét 1a 120 °C duoc chon
cho cac nghién ctru ti€p theo.
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Hinh 1. Hiéu sudt phéan huiy basic fuchsin khi nhiét do thuiy nhiét thay dsi
3.1.3. Anh hwéng ciia nhigt d¢ nung
Trong thi nghiém ndy, cdc mau xuc tac duoc tong hop trong Siiéu kién cb dinh thoi gian
thuy nhi¢t 1a 24 gi0, nhiét do thuy nhiét 1a 120 °C, va thay doi nhiét do nung la 300 °C,
400 °C, 500 °C va 600 °C.
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Hinh 2. Hiéu sudt phan hay basic fuchsin khi nhiét dg nung thay doi

Tir hinh 3, hiéu suat phan huay basic fuchsin sau 120 phut ting tir 96,58% dén 99,83%
khi nhiét d6 nung ciia mau xuc tac thay ddi tir 300 °C dén 500°C. Nhung néu nhiét do
nung ting dén 600 °C hiéu suat phan hay giam (98,95%). Két qua nay cho thay nhiét do
nung anh huéng khong dang ké dén hiéu suit phan hay basic fuchsin. Tuy nhién mau
xtc tac dugc nung & 500 °C cho hiéu sudt phan hiy basic fuchsin cao nhat (99.83%)
nén chiing t6i chon 500 °C 1a nhiét ¢ nung phii hop cho cac nghién ciru tiép theo.
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3.1.4. Anh hwéng ciia dung moi

O thi nghiém nay, cic mau xdc tac dugc tong hop trong diéu kién ¢ dinh thoi gian thuy
nhiét 1a 24 gio, nhiét do thuy nhié¢t 1a 120 °C, nhiét do6 nung la 500 °C, dung moi dung
dé tong hop vat liéu 1an luot 14 ethylene glycol, isopropanol, glycerol.

Két qua & hinh 4 cho thdy hiéu sudt phan hiy cta basic fuchsin sau 120 phut khi sir
dung cac miu xic tac c6 dung méi khac nhau khong chénh 1éch nhiéu, tuy nhién mau
xuc tac st dung dung mai isopropanol cho hiéu suat phan hay cao nhat.

Hiéu suat phan hdy (%)
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Hinh 3. Hiéu sudt phan hiy basic fuchsin khi thay di dung mdi téng hop vat liéu

Tir viéc khao sat cac yéu té tong hop vat liéu nano spinel ZnMn204 anh hudng dén kha
ning phan hiy basic fuchsin, ching t6i chon dwgc mau xtc tac tot nhét tong hop & didu
kién: thoi gian thiy nhiét 1a 24 gio, nhiét do thuy nhiét 1a 120 °C, nhiét 46 nung 1a 500
°C, dung mdi isopropanol. Mau vat liéu ZnMn,O4 téng hop duoc dic trung bang
phuong phap nhiéu xa tia X (XRD).

Hinh 5 trinh bay gian ¢6 XRD cua mau vt liéu ZnMn,0, duoc tong hop & diéu kién:
thot gian tl}ﬁy nhiét 1a 24 gid, nhiét do thuy nhiét 1a 120 °C, nhiét d6 nung 1a 500 °C,
dung moi tong hop la isopropanol.

Tir hinh 5 nhan thdy gian d6 XRD cua mau ZnMn,O4 xuét hién cac peak dic trung cho
pha tinh thé ZnMn,O4 thudc nhom khong gian 141/adm (JCPDS 24-1133) & 18,40°;
29,32°; 33,07°; 35,86° 60,88° twong (ng Vv&i cac mat phan xa (101); (112); (103);
(211); (224) [5]. Cac peak dac trung cho pha tinh thé ZnMn,O4 sic nét voi cudng do
manh, khéng quan sat thiy cac peak dic trung cho zinc oxide va manganese oxide cho
thdy vat lidu tong hop chi yéu chira céc tinh thé ZnMnO4 ¢6 cAu trdc trat tw. Hinh 6
trinh bay phé IR cia mau khao sat.

Tir hinh 6, nhan thay rang ph6 hong ngoai clia mau tong hop bao gdm céc peak dic trung & s6
song 3447 ecm™, 2961 cm™, 2859 cm™, 1630 cm™, 1464 cm™, 1121 cm™, 631 cm™, 511 cm™,
413cm™. Peak & sb song 3447 ecm™ dic trung cho dao dong hoa tri cia lién két O—H cta nudc
hap phu vt Ii, peak ¢ s6 song 1630 cm™ dic trung cho dao dong bién dang dx-o-+. Peak ting
Vai 6 s6ng 2859 cm, 2961 cm™ dic trung cho dao dong hoa tri lien két C—H cua cac nhém
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CHz, CHs, peak 1464 cm™ tng véi dao dong bién dang lién két C—H cua cac nhém CHoa,
peak 1121 cm™ dic trung cho dao dong héa tri cua lién két C-O [8], ching to
isopropanol van con trong mau va cé thé nam sau trong cac mao quan nén khéng bi
phan hay khi nung vat liéu ¢ nhiét do 500 °C. Peak hap thu manh tung véi sb song 511
cm™ va 631 cm™ dic trung cho dao dong cua lién két Mn—O trong mang bat dién va
peak & sb song 413 cm™ dic trung cho dao dong cua lién két Zn—O trong mang ti dién
[9]. Piéu nay khang dinh vét liéu ZnMn,O4 dd duogc hinh thanh, két qua phu hop véi su
phan tich XRD ¢ trén.
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Hinh 5. Phé IR cia vt liéu ZnMn,O4

3.2. Anh hwéng ciaa ndng dé basic fuchsin

Trong muyc ndy, ching t6i nghién cru anh huéng ctia ndng do dau dén téc do phan ung
phan huy basic fuschin trén vat lidu xtac tac ZnMn204. Thi nghiém dugc thyc hién bang
cach thay d6i nong do6 basic fuchsin ban dau (10, 20, 30 mg/L), giit nguyén luong chét
xudc tac 0,03 g, thé tich H202 30% la 1,0 mL, téc do khudy 500 vong/phat, nhiét do
30°C. Hinh 6 trinh bay hiéu suit phan hiy basic fuchsin sau thoi gian 120 phit khudy.
Két qua cho thay hiéu suit phan tmg giam khi ting ndng do basic fuchsin.
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Hidu sudt phan My |

20mgl

Nong 46 basic fuchsin (mg'L)
Hinh 7. Hiéu sudt phan hiy basic fuchsin khi thay doi nong do
Dong hoc phan ng xdc tac phan huy basic fuchsin cua vdt liéu
Phuong trinh dong hoc bac 1 va bac 2 md ta dong hoc phan ung xdc tac phan huy
basic fuchsin bang H202 trén xuc tac ZnMn;0O4 €0 dang nhu sau:
Phuong trinh dong hoc bac 1 [10]:

=g
t )
Phuong trinh dong hoc bac 2 [10]:
k= }(i_i) ()
t\C, C,

Trong do:

Co va Ct (mg/L) 1an luot 12 ndng d9 tai thoi diém ban dau va tai thoi diém t phan tng.

ki (phut™?) hang s6 toc do phan tng bac 1.

k2 (L.mgt.phit™) hang sé toc d6 phan ung bac 2.

Mo hinh dong hoc bac 1 va bac 2 cua phan tng phan huy basic fuchsin khi thay doi
nong do dau dugc biéu dién ¢ hinh 8 va 9.
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Hinh 8. M6 hinh dgng hoc bdc 1 cia phan Hinh 9. M6 hinh déng hoc bdc 2 cua phan
1ng phan hiy basic fuchsin khi thay déi nong  wng phan hiy basic fuchsin khi thay doi nong
do basic fuchsin do basic fuchsin
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Tir d6 thi, céc tham s6 thu duoc ciia m6 hinh dong hoc bac 1 va bac 2 cua qué trinh
phéan huay basic fuchsin khi thay d6i nong d6 dau dugc trinh bay ¢ bang 1.

Bang 1. Cac tham so thu duoC tir phiwong trinh dgng hoc bac 1 va béc 2
cua phan #ng phan huy basic fuchsin ¢ cac nong do dau khéac nhau

Nong d¢ basic fuchsin (mg/L) | ki (phut™) R? ko (L.mgt.phat?) R?
10 0,0173 0,969 0,0535 0,986
20 0,0316 0,936 0,0085 0,952
30 0,0092 0,963 0,0019 0,962

Tir bang 1, dua vao gia tri R?, chling toi nhan thiy mo hinh dong hoc bac 1 va bac 2 déu
mO ta tot phan ung phan huy basic fuchsin khi thay doi nong d6 dau basic fuchsin, hang
S0 toc do phan tng k1 va ko giam dan khi tang nong d6 dau cua basic fuchsin.

3.3. Anh huwéng caa nhiét o

O nghién ctru ndy chung toi thay doi nhigt do moi truong 1a 20 °C, 30 °C, 40 °C, 50 °C
va gilt nguyén khoi lugng chat xuc tac 1a 0,03 g, the tich H202 nong do 30% la 1,0 mL,
toc d6 khuay 500 vong/phut. Hinh 10 va 11 trinh bay do thi mo6 hinh dong hoc bac 1 va
bac 2 ctaa phan tng phan huay basic fuchsin khi thay doi nhiét do.
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Hinh 10. M6 hinh dgng hoc bdc 1 phan #ng Hinh 11. M6 hinh ddng hoc bdc 2 phan uing
phan huy basic fuchsin khi thay doi nhiét do phan huy basic fuchsin khi thay doi nhié¢t do

Céac tham sb thu duoc tur phuong trinh dong hoc bac 1 va bac 2 dugc tom tat & bang 2.

Bang 2. Cac tham sé thu diroc tir phirong trinh dong hoc bdc 1 va bdc 2 cua phan #ng phan hiy
basic fuchsin ¢ cac nhiér do khac nhau

Nhiét 46 °C) | ki (phut?) R? ko (L.mg.phut) R?
20 0,0075 0,958 0,026 0,931
30 0,0173 0,969 0,0535 0,986
40 0,0338 0,989 0,0706 0,937
50 0,0287 0,995 0,1195 0,914
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Dua vao gia tri R? ¢ bang 2 nhan thiy rang, phan tng phan huy basic fuchsin ndng do
10 mg/L c6 mat tac nhan H20> trén xuc tac ZnMn204 c6 thé mo ta bang phuong trinh
dong hoc bac 1 hoac bac 2.

Nang luong hoat hda
Dua vao phuong trinh Arrhénius, ta tinh dugc ning lwong hoat hoa cua phan ng theo
biéu thuc:

(4)

Ink =—
Trong do: Ea 1a nang luong hoat hoa;

k 1a hang so toc do phan tng;
A la thtra s6 tan suat.

Tir cac s lidu thuc nghiém, v& do thi Ink = f(1/T) (bang 2), ta s& tinh duoc nang lugng
hoat héa cua phan tng. Do trong khoang nhiét d6 khao sat, phan umg phén huy basic
fuchsin c6 thé mo ta bang phuong trinh dong hoc bac 1 hay bac 2 nén chung tdi xéac
dinh nang lugong hoat hoa dya vao gia tri k1 va ko thay ddi theo nhiét do.

Hinh 11 biéu dién su phu thudc Ink = f(1/T).

T |l
" 00051 0.0032 0.0033 0.0034
T T

0.000 0.0032 0.0032 0.0034 a
a © T Y v v D) v

y =-5348.5¢ + 14.486
" R*=0.9514
y =-4609 8+ 11.009 =" 34 -

- R* = 08379 5

Ink,

4 - 44

Hinh 12. Sy phu thugc cua Ink; theo 1/T (a) va cua Inkz theo 1/T (b)

Tu hinh 12, nang lugng hoat hoa cua phan tng phén hay basic fuchsin tuan theo dong
hoc bac 1 va dong hoc bac 2 lan lugt tinh duoc 1a 38,32 kd/mol va 44,47 kJ/mol. Dya vao
hé s6 twong quan R? cua hai cach tinh ndy, nhan thy ring ning luong hoat héa tinh theo
dd thi Inkz = f(1/T) phu hop vai cac s6 liéu thuc nghiém hon.

4. KET LUAN

Di khao sat cac diéu kién tong hop vat liéu spinel ZnMn204 bing phuong phap thuy
nhiét anh huong dén kha nang phan huy basic fuchsin va lya chon duoc mau xuc tac t6t
nhét tong hop o diéu kién: thoi gian thuy nhiét 1a 24 h, nhiét d0 thuy nhiét 1a 120 °C,
nhiét d6 nung 1a 500 °C, dung méi isopropanol. Téc d6 phan ¢ng phan huy basic
fuchsin bang xtic tac spinel ZnMnpO4 khi ¢ tac nhan H20; ting theo nhiét do va giam
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theo ndng d6 dau cua basic fuchsin. Ning lwong hoat héa cua phan tmg nay xac dinh
duoc la 44,47 kd/mol.
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Title: INVESTIGATION OF BASIC FUCHSIN DEGRADATION IN THE PRESENCE OF
H202 USING ZnMn;O, AS CATALYST

Abstract: In this paper, ZnMn,O, was used as the catalyst for the basic fuchsin degradation in
the presence of H,O,. The results indicated that the conditions of the spinel-type ZnMn,O,

material

synthesis influencing the basic fuchsin degradation. The basic fuchsin degradation

efficiency was found to be greater than 96% for surveyed samples. Basic fuchsin degradation
rate in the presence of H:O: over ZnMn;O,4 catalyst increased with the temperature but
decreased with the initial concentration of basic fuchsin. The activation energy of this
degradation was calculated to be 44.47 kJ/mol.
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