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Dong hoc khir mau methylene blue trong dung dich
bang peracetic acid véi diéu kién xic tac Co** va tia UV
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Tom tiit:

Téc d9 khir mau methylene blue (MB) bang peracetic acid (PAA) trong dung dich véi xiic tic Co?* va chiéu anh sing
UV & nhiét d9 25+1°C da dwoc khio sat trong nghién ctru nay. Céc thi nghiém dong héa hoc dwoc tién hanh véi thé
tich dung dich 1 0,5 1, trong d6 ndng dd PAA cao hon 100 lin so véi nong d chat mau. Hai yéu t6 chinh dnh huéng
dén toc Ao mat mau 1a pH va ndng dd ion Co?* dwge khio sat. Kha ning ting cwong khir mau khi két hop PAA véi
anh sing tir ngoai ciing dwgc dinh gia trong nghién ciru nay. Céc s6 li¢u thwe nghiém cho thiy, gia tri pH ciia dung
dich phan tng anh hwéng 16n dén téc do khir mau, khi pH ting tir 4 1én 6, toc dd phan Gng ting 1én khoang 7 lan.
Ton Co? ¢6 tic dung xiic tac cho qua trinh phan hiiy mau, nong d§ Co*" ting tir 0,01 dén 0,1 mg/l gitp tdc d ting
khoang 11 lan. Khi chiéu 4nh sang UV, téc dd phan g clia PAA trong dung dich nhanh hon nh’iéu so v6i H,0,, hi¢u
qua khir mau dat 95% chi trong thoi gian 420 gidy. Hiéu qua nay co6 thé dwgc ly gidi nho lién ket O—O cia phan ti
PAA c6 niing lwgng thip nén rat dé phén li khi dwgc chiéu tia UV.
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Abstract:

The kinetics of decolourising methylene blue (MB) by peracetic acid (PAA) in the presence of Co** ion and ultraviolet
(UV) light at the temperature of 25+£1°C were examined in this study. All experiments were conducted with a solution
volume of 0.5 I, where the concentration of PAA was over 100 times higher than that of MB. The effects of two
main factors (pH and Co*" concentration) on the rate of MB decolourisation, and the enhancement of combining
PAA with UV light were examined in this study. The obtained experimental results showed that the pH value of the
reaction solution strongly affected the reaction rate of decolourisation. When pH increased from 4 to 6, the reaction
rate increased about 7 times. The Co?" ion revealed high catalytic activity for the reaction, concentrations of Co*
varied from 0.01 mg/l to 0.1 mg/l, resulting in a rate increase of nearly 11 times. Under UV light irradiation, PAA
exhibited more powerful activity compared to H,O,, achieving a decolourisation efficiency of 95% in 420 seconds.
This observation can be explained by the low energy of intramolecular bonding O-O in PAA molecule.
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1. it van de

Trong nhiing nam qua, nganh dét may da gop phan quan
trong vao phat trién nén kinh té nuéc ta. Trén co sé nhiing
thanh tyu dat duoc, Chinh phu da dé ra muc tiéu kim ngach
xuat khau dét may nam 2025 1a 50-52 ty USD va nam 2030
dat 68-70 ty USD [1]. Tuy nhién, dét may lai la nganh tao
ra lugng nudce thai rit 16n nén cé nguy co anh hudng tiéu
cuc dén moi truong néu khong duoc quan 1y va xir Iy phu
hop, dac biét 1a cong doan nhuom vai. Thanh phﬁn cua nudc
thai nhudém rat phtc tap, trong dé thude nhuém hitu co co
cuong d6 mau 16n, bén va doc véi hé sinh thai. Hién nay,
cac cong nghé cii nhu keo tu - tao bong, cong nghé vi sinh
dang duoc str dung phé bién dé xur Iy nude thai dét nhudm,
nhung hiéu qua chua duoc triét dé [2]. Cac cong nghé tién
tién hon nhu loc mang, Fenton, oxi hoa quang hoa c¢6 kha
ning khoang hoa hoan toan cac chat 6 nhidm hiru co, nhung
chua duoc ap dung do cong nghé phtc tap va chi phi dau tu
lon. Do vay, viéc tim ra giai phap xu ly nudc thai hiéu qua
¢6 cong nghé don gian, phu hop voi diéu kién Viét Nam 1a
can thiét dé thuc hién myc tiéu phat trién nganh dét may ma
Chinh phu d3 dé ra. Gan ddy, mot sb nhom trén thé gisi da
nghién ciru kha nang xur Iy nudc thai ciia PAA va cho thiy
day la mot tac nhan tiém nang c6 tinh oxi héa manh, than
thién véi méi truong [3, 4]. Tuy nhién, cac thong tin vé dong
hoc ciing nhu cac yéu té anh huong dén hoat tinh PAA chua
duogc cong bd nhiéu. Peracetic 1a mot peracid hitu co c6 hoat
tinh 6xi hoa manh vai thé 6xi hoa - khir nim trong khoang
1,06-1,96 (V) tuy theo gia tri pH [5]. Tai diéu kién binh
thuong, PAA ¢ trang thai long, khong mau, c6 mui hang
dac trung. Trong dung dich nudc, PAA ton tai déng thoi véi
H,0, va CH,COOH. Hon hop nay da dugc tmg dung dé tay
trang va sat khuan tur 1au [6-10]. Kha nang oxi hoa manh cua
PAA duoc gidi thich 1a do lién két peroxy (O—O) ndi phan
tir trong ddi yéu va kém bén [5]. San pham chinh trong qua
trinh phan huy/phan ung cua PAA la CH,COOH, H202, 0,
va nudc la cac chat khong c6 tac dong xdu dén moi tru(mg
Vi thé, gan day mot sb nghién ctru da thir nghiém xir 1y cac
chét 6 nhidm sir dung PAA [5, 11, 12]. Ton Co*" da dugc
cong bd c6 vai tro xic tac rat tot cho cac phan tng ciia PAA
[11]. Nhdm muc dich c6 thém thong tin vé kha ning ap dung
PAA trong xir Iy méi truong, nghién ctru nay khao sat toc do
khir mau methylene blue bang PAA véi xuc tac 1a ion Co?*
trong nudc khi thay doi pH, ndng do xtic tic va chiéu anh
sang tir ngoai.

2. Vat liéu va phuong phap nghién ciiu

2.1. Vit liéu

Dbi twong dugce chon dé danh gia hiéu qua khir mau
la MB. Cic hoa chét khac (H,SO,, NaOH, NaNO,,

Co(NO ),-6H,0) co nguon gbc cua hang Xilong (Trung
Qudc) v6i do tinh khiét phén tich, duoc str dung khong qua

KHOA
&CONGHI\?GCI:-IE

66(10DB-HH) 10.2024

msssssmmmm  Khoa hoc Tu nhién | Héa hoc; Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc; Ky thuat méi trudng

tinh ché lai. Dung dich PAA sir dung hing ngay cho céc thi
nghiém duoc pha tir dung dich gbc PAA diéu ché theo quy
trinh & 2.2. Bén UV cho thi nghiém chiéu sang co cong suit
15 W, chiéu dai 45 cm dugc gin trong dng phan tmg inox
voi thé tich 1,25 1.

2.2. Phwong phap nghién ciru

PAA dugc diéu ché tai phong thi nghiém tir acetic
acid dic va hydrogen peroxide (30%) véi ty 1& thé tich
CH,COOH:H,0, 1a 1,5:1. Néng d¢ san pham (PAA) sinh
ra duogc xac dinh bang chuan dd iodine - thiosulphate. PAA
duoc diéu ché trude khi duge su dung cho cac thi nghiém
mot ngay.

Pong hoc khir mau MB bing PAA trong dung dich duoc
tién hanh & nhiét d6 25+1°C, thé tich dung dich 0,5 1 ¢
khqu tur. Néng dd PAA dugc su dung (2,5 mM), du hon
nhiéu so v6i ndng d6 dau cua chat mau (0,025 mM). Nhirng
yéu t6 c6 anh hudng tdi tbe do khir mau dwoc khao sat bao
gém: nong do Co**, pH va anh sang tir ngoai UV. Tdc do
mat mau trong cac dung dich phan tng duoc theo ddi qua
d6 héap thu quang tai budc song 664 nm, twong Gmg véi dinh
ha?ip thu cuc dai cua methylene blue.

2.3. M6 hinh dong hoc

Phuong trinh dong hoc biéu dién toc do mat mau dugc
gia thiét co dang cong thue (1):

r=(k+k,[Co™ "y mBY [Pad) [oH ] (1)
trong d6: nl, n2, n3, n4 lan luot 1a bac riéng cua Co*", MB,
PAA va OH-.

Vi nf”)ng d6 PAA dugc st dung rat du so voi néng do chat
mau; ndng d6 Co? va pH khong dbi nén cong thire (1) dugc
chuyén thanh cong thic (2):

= k'[MB]" )
3)

trong d6 k’ duogc coi 1a hang sb trong qua trinh phan tng.

V61 & =(k+k,[co? Y Padl* [or ]

Gia thiét n2=1, cong thirc (2) duoc chuyén thanh dang
tich phan:

(M)

" oss)

trong d6 C 1a nong do MB.

y=k't hodc ln(—) k't @)

Tur cac s6 lidu thu duoc vé dién bién bién néng do MB
theo thoi gian, gia tri £” dugc xac dinh trén dd thi su phu
thudc cua m(%) theo thoi gian (7).
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3. Két qua va ban luan

3.1. Hoat tinh ciia PAA so véi H,0,

Dung dich PAA ludn chira H,O, do can bang phan tng:

CH,COOOH + H,0 «+» CH,COOH + H,0,

Nham khé‘ing dinh hoat tinh cua dung dich la do PAA chu
khong phai do H,O,, thi nghiém nay tién hanh do sy mat
mau MB khi st dung hai dung dich PAA va H,O, ¢6 cung
nong d6 2,5 mM (v6i dung dich PAA, day la nong do tong
PAA+H,0,), cac diéu kién phan tng khac gidng nhau gdm:
pH=6, nong do0 MB ban dau 8,5 mg/l, [Co*]=0,1 mg/l, va
nhiét 6 25+1°C. Dién bién ndng do MB theo thoi gian ung
v6i hai dung dich 6xi hoa dugc trinh bay trén hinh 1.

i

XX XXX X XXX X

s PAA
X H,0,

0 L L L ’
0 1000 2000 3000 4000
Thoi gian (gidy)
Hinh 1. Dién bién néng doé mau methylene blue trong hai phan
rng v@&i peracetic acid va H,0, & cung nong d$ 2,5 Mm.

84 ligu dong hoc thu duge cho thiy, ¢ diéu kién da khao
sat, dung dich H,0, hau nhu khéng lam thay doi nong do
MB trong thoi gian 3500 (gidy). Tuy nhién, dung dich PAA
da khtr dugc trén 95% mau trong thoi gian 1000 (gidy). Do
vay, hoat tinh khir mau ctia PAA cao hon nhiéu so véi H,O,.
Két qua nay ciing di dugc cong bd bai nhom nghién ctru cta
7. Zhao va cs (2021) [12] khi khao sat phan Gng ctia PAA va
H,0O, v6i bisphenol A (BPA). BPA hau nhu khong phan hay
béi H,0,/Co*" nhung phan hity dugc 93,6% trong thoi gian
20 phut boi hé PAA/ Co**. Piém khac biét & chd nghién ctru
nay danh gia kha nang phan rng vao nhém mang mau con
nghién ctru ctia Z. Zhao va cs (2021) [12] danh gia kha nang
phan rng vao vong thom.

3.2. Anh hwong ciua pH

PAA 1a mét axit yéu nén dang ton tai (axit hay bazo lién
hop) phu thudc pH cua dung dich phan ung (ty 1¢ dang bazo
s tang o pH cao). Hoat tinh dang axit va bazo cua PAA c6
thé thay doi theo pH, nén hoat tinh chung ctia dung dich PAA
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s€ phu thuoc vao gia tri pH. Dé khao sat hién tugng nay, cac
nghién ctu do toc dg mat mau MB duogc thyc hién tai 3 gia
tri pH (4-6) vdi cac diéu kién khac nhu trong bang 1.

Bang 1. Cac diéu kién thi nghiém nghién ctru anh hwéng pH.

pH [MB] (mg/l)
4,5,6 7+8

[Co*] (mg/l)  [PAA](mM)
0,01 2,5

Nhiét do (°C)
2541

Dién bién nong d6 MB theo thoi gian trong cac thi
nghiém duoc trinh bay trén hinh 2. Hinh nay cho thiy, toc
dd phan tng khur mau nhanh hon khi pH tang. Do do, ta
c6 thé két luan 1a dang bazo cua PAA c¢6 hoat tinh cao hon
dang axit.
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Thoi gian (gidy)
Hinh 2. Dién bién néng d6 methylene blue theo th&i gian khi thay
déi pH.
Dua trén mé hinh dong hoc phan ting dugc trinh bay &
muc 2.3, héng s6 tde d6 biéu kién &’ cho tung pH duoc xac
dinh va trinh bay ¢ bang 2 va hinh 3.

Bang 2. Hang sé téc do phan (rng biéu kién & cac pH khac nhau.

pH 4 5 6
Kx10%, s 0,5 16 3,3

3,5
3,0 -
2,5 -

2,0 -

k’x10%, s™

1,5 - *

1’0 .

0,5 o *

0,0 T T T 1

Hinh 3. Hang sé k’ khi thay ddi pH.
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Hing s6 k’ tang theo pH (k’ ting khoang 7 lan khi pH
tang tir 4 1én 6). Xu hudng nay cé thé duoc giai thich nhu
sau: & pH cao, PAA ton tai dang ion PAA- nhiéu hon. PAA-
lai c6 kha ning twong tac v6i PAA dé tao cac chat trung gian
hoat dong manh [13]. Céc chat trung gian phan tng nhanh
v6i MB 1am ting téc d6 mat mau. Két qua nay cho thay tiém
ning str dung PAA dé loai bo céc chit c6 mau va cac chat 6
nhiém hitu co & diéu kién pH gan 7.

3.3. Anh huwéng ciia nong @ Co*

Pé thay 16 vai trd xuc tac cta ion Co*", toc do khir mau
MB di duoc khao sat khi thay d6i nong d6 Co?* tir 0,01 dén
0,1 mg/l. Cac didu kién khac dé thyuc hién thi nghiém nhu
trong bang 3.

Bang 3. Diéu kién phan (rng dé danh gia anh hwéng ciia ndng do
Co?.

[PAA] (mM)  [MB](mg/l)
2,5 7.5

[Co*](mg/l) pH
0,01; 0,04; 0,06; 0,08; 0,1 6,0

Nhiét do (°C)
25£1°C

Tir cac s6 liéu vé bién thién nong do chiat mau theo
thoi gian cho ting gia tri nong d6 Co*" ta tinh va biéu dién
In(C/C) phu thudc thoi gian nhu hinh 4.

35 1 © 0,01 mg Co?/l
3 4 0,04 mg Co?/I
- 2+
25 | 0,06 mg Co?/I
—_ + 0,08 mg Co%*/I
% 2 x 0,1 mg Co%/l
o L)
< 1,5
—
1
0,5
0 1 J

0 2000 4000
Thei gian (giay)

6000

Hinh 4. Dién bién In(C/C) phu thudc th&i gian (f) & cac néng do
Co%,

Hinh 4 cho thdy, ¢ cac nbng do xtic tac khac nhau, gia tri
In (C/C) « déu phu thudc tuyén tinh vao thoi gian (¢). Su phu
thudc tuyén tinh nay khing dinh bac phan “ung riéng cua MB
1a 1 (n2=1). Khi ndng d6 Co** ting thi do ddc cua dwong thing
(hay gia tri &) ting 1én, nghia 1a tbc d6 qué trinh xay ra nhanh
hon. Céc gia tri k" thu dugc ing véi cac ndng do xuc tac khac
nhau duoc biéu dién trén hinh 5 cho thdy téc d6 phan tng ting
tuyén tinh theo ndng d6 Co>*. Céc s liéu nay da chimg minh
hoat tinh xdc tac cua ion Co** dbi v6i qué trinh xtr Iy mau
MB bang PAA. Khi so sanh véi cac gia tri k* (0,8+11x10
s') do nhom nghién ciru D. Yuan va cs (2022) [14]
cong bé khi st dung xtic tac Fe?* & pH=3 dé xur Iy mau MB,
két qua thu dugc trong nghién ciru nay (3,3+37x10%s™) cao
hon. Piéu d6 chung to xuc tac Co** hidu qua hon so vi Fe?'.

KHOA
&CONGHI\?GCI:-IE

66(10DB-HH) 10.2024

msssssmmmm  Khoa hoc Tu nhién | Héa hoc; Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc; Ky thuat méi trudng

Hon thé nita, xuc tac Co*" duge thyc hién & pH gan trung
hoa nén khong ton chi phi chinh pH nhu truong hop Fe** khi
duoc ap dung thyc tieén.

0,004
*
0,003 | .
0,002 | .
= .
0,001 |
*
o L L L L J
0 002 004 006 008 01
[Co*], mg/I

Hinh 5. Sy phu thudc k’ vao ndng dé Co?.
3.4. Anh hwéng ciia dnh sdng tiv ngoai

Trong phan m¢ dau di trinh bay ning luong lién két 0-O
cua phan tir PAA nho hon so v6i cta phén ta H,O,. Do do,
dudi tac dung cua tia UV, lién ket 0—O trong phan tu PAA
rat d& phan li, dong li dé tao gdc tw do. Nham chimg minh
kha ning nay, thi nghiém chiéu anh sang UV duoc tién hanh
v6i cac didu kién phan tng trong bang 4.

Bang 4. Cac diéu kién thi nghiém khao sat anh hwéng ctia UV.

[PAA] mM) [MB] (mgl) [Co*] (mg/l) Nhiét dj (°C)

2,5 8 0,01 6 15 25+1

pH UV (W)

Khoang thoi gian 150 (gidy) dau tién, dung dich phan
g dugc tién hanh khi khong c6 tia UV. Sau khoang thoi
gian nay, dén UV dugc bét chiéu dung dich phan tmg. Két
qua do mau theo thoi gian trong ca 2 giai doan dugc trinh
bay ¢ hinh 6.

91 £ <X
chwa chiéu UV Chiéu UV
8 b
7 4
e
- 5
=]
> 4
<«
=]
e 34 —i— 0,01 mg/I
<o 2 n
V4
1 4
0 T T T T T T T T \
0 50 100 150 200 250 300 350 400 450

Thoi gian (gidy)

Hinh 6. Dién bién nong dé methylene blue trong thi nghiém chiéu
anh sang UV.
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Hinh 6 cho thdy, khoang thoi gian dau tién (150 gidy) khi
chua c6 UV, nong d6 mau giam khong déng ké (<5%). Khi
dugc chiéu UV (tir thoi diém 150-450 (gidy)), toc do khir
mau ting nhanh, dat dugc 95% sau 420 gidy. Cac két qua da
cho théy hoat tinh vuot troi cua PAA dé xu Iy mau khi dugc
chiéu UV va sy c6 mit cta ion kim loai Co?** 1am xc téc.
Nhiéu cong bé trude day ciing thu duge hiéu qua tuong tu
nhu nhom cua M. Cai va cs (2017) [4], Y. Zhu va cs (2023)
[15]. Téc do phan Gng nhanh khi chiéu UV duoc giai thich
1a do lién két O-O trong phan tir PAA yéu d& bi phén li dé

tao géc tu do, hiéu suét luong ta l6n @, =1,2 [4].

4. Két luan

Céc sb liéu thu duoc da ching minh dung dich PAA c6
kha ning xir Iy mau ctia methylene blue rat nhanh. Hoat
tinh oxy héa cia PAA manh hon rat nhiéu so véi tién chét
la H,0, (H,0, khong lam mét mau trong khi dung dich PAA
da khtr dugc trén 95% mau trong thoi gian 1000 gidy voi
su ¢6 mat [Co**]=0,1 mg/l). Téc d6 cua phan Gng ting &
pH cao duoc giai thich la do hoat tinh dang bazo cua PAA
cao hon so vdi dang axit, khi pH tang tur 4 1én 6, tbe do
phan mg ting 1én khoang 7 1an. Nghién ciru ciing cho thay
rang, ion Co*" ¢6 vai trd xuc tac rat tot dé ting cudng hoat
dong ctia PAA, ndng do Co** tang tir 0,01 dén 0,1 mg/1 giup
toc do ting khoang 11 1an. Khi két hop PAA véi chiéu UV,
téc d6 mat mau xay ra nhanh hon rat nhiéu (hiéu qua trén
95% sau 420 gidy). Hiéu qua nay c6 thé dugc 1y giai nho
lién két O—O cua phén tir PAA c6 ning luong thdp nén rat
d& phan 1i khi dugc chiéu tia UV. Két qua thu duoc rat c6
y nghia trong dinh hudng st dung PAA lam tac nhan xu ly
moi trudng.
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