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Abstract: The kinetic of decolorizing Reactive Orange 122 (RO122) by peracetic acid (PAA) in the
presence of metal ionsand UV light at 24 + 1°C has been studied in this research. All experiments
were conducted in a 500 mL reactor in which concentrations of peracetic acid were applied in large
excess comparingto reactive orange 122. Four metal ions were tested for catalytic activity including
Mn?*, Cu?*, Co?*, and Fe®*. The effects of metal ion concentration and pH were evaluated for the
ion having the highest activity. Conbination of PAA and UV light was also tested. In this study, the
variation of the dye concentration was monitored by measuring light absorption at the maximum
absorption wavelength of Reactive Orange 122 (at 493 nm). The obtained results showed that Co?*
ion has the highest catalytic activity. The rate of decolorization increases as the concentration of
Co?* and pH increases. Under UV light irradiation, PAA exhibited higher activity comparing to
H20,. This phenomenon can be explained by weaker O-O linkage in PAA.
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Dong hoc phan irng khir mau cua Reactive Orange 122
(RO122) bang axit Peracetic vdi su ¢co mat cua ion kim loai
va anh sang tir ngoai
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Tom tit: Pong hoc qua trinh khir mau Reactive Orange 122 (RO 122) bang axit peracetic (PAA)
khi c6 mat ion kim loai va dnh sang tr ngoai ¢ nhiét d 24 + 1 °C duoc danh gia trong nghién ctu
ndy. Céc thi nghiém duoc thuc hién trong binh phan ng c6 thé tich 500 mL véi diéu kién nong do
axit peracetic rat du so voi Reactive Orange 122. Bén ion dugc khao sat hoat tinh xuc tac gdbm Mn2*
Cu?*, Co%", va Fe3*. Anh hudng cta ndng do ion kim loai va pH dén tdc do phan Gng dwoc danh gié
v6i ion ¢6 hoat tinh cao nhat trong sé 4 ion nay. Hiéu qua khir mau khi két hop PAA + UV dugc so
sanh v6i Ho02 + UV. Trong cac thi nghiém, bién thién nong d6 mauduoc theo dai thong qua do hap
thu 4nh sang & budc song dic trung clia Reactive Orange 122 13 493 nm. Cac két qua thu dugc cho
thiy Co?* ¢6 hoat tinh xtic tac cao nhét. Khi ting ndng do Co?* va pH, toc do khir mau tang. Trong
diéu kién chiéu anh sang UV, té¢ d6 phan tmg ctia PAA cao hon H20,.

Tuwr khoa: Axit peracetic, Reactive orange 122, dong hoa hoc, tia UV,

1. Mé dau

Axit Peracetic (peracetic acid - PAA) la tac
nhan dugce tng dung nhiéu trong cong nghiép
glay, cong nghiép dét cting nhu trong thue pham
dé tay tring va diét khuén [1-5]. Hiéu qua xir ly
trong cac ung dung nay la nho tinh oxi héa manh
ctia phan tir PAA. Xét vé nang luong lién két, khi
thay thé mot H trong H20, bang mot gdc hitu co
(R-) thi nang lugng lién két O-O giam. V&i
truong hop PAA, niang luong lién két nay chi con
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38,5 kcal/mol, thip hon khoang 10 kcal/mol so
v6i trong phan tir H,O, [6]. Do do, lién két O -
O trong PAA duoc dy doan dé bi phan li dé tao
gdc hydroxyl (OH) so v&i H0; khi sir dung xtc
tac hoac anh sang. Khi d6 PAA s€ co6 hoat tinh
manh hon dé xur Iy cac hop chit hiru co bén
virng. Nham kiém ching dy doan trén, nghién
ctru nay dénh gia kha nang khir mau RO122 bang
PAA khi thay ddi cac diéu kién nhu xuc tac, pH,
va anh sang UV.
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2. Thuc nghiém

2.1. Héa chat

PAA duoc diéu ché tir phan tng giita axit
acetic dic va hidro peroxit (30 %) & ti 18 thé tich
13 1,5:1 véi xtic tac HSO4 0,1 M. Nong d6 PAA
sinh ra duoc xac dinh bang phuong phap chuan
do iot - thiosunphat. Cac dung dich PAA phan
ung dugc pha ngay trude khi thi nghiém tir dung
dich gbc ban dau.

T

o

H,c” O
Hinh 1. C4u tric phan tir PAA.
Chat mau dugc nghién ctru la Reactive

Orange 122 (RO122) ¢ céu tric phan tir nhu
hinh 2.
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Hinh 2. C4u triic phan tir ciia chat mau RO122.

Céc hoa chat Kkhac sir dung trong nghién ctru
déu duoc cung cip boi cac cong ty Trung Qudc
c6 do tinh khiét phan tich.

2.2. Quy trinh thuc nghiém

Thi nghiém khir mau RO122 bang PAA
dugc thuc hién & nhiét do 24 + 1°C trong binh
phan tng thiy tinh 500 mL c¢6 khudy tir. Nong
do ROI122 ban dau trong cac thi nghiém la
khoang 150 mg/L (hay 0,14 mM). Nong do PAA
dugc sir dung rat du (2,5 mM) so véi chat mau.
Céc yéu t6 duoc khao sat anh huéng gdom: sy co
mat cda ion kim loai, néng d6 ion kim loai, pH
va su cd mat cua anh sang UV. Day thi nghiém
déau tién duoc tién hanh dé tim xdc tic ¢ hiéu
qua nhéat trong sb bon ion dugc lra chon 1a Mn?*,
Cu?*, Co?, va Fe*". Do PAA tu phan huy trong

moi truong kiém nén dé 6n dinh néng do tac
nhan nay, pH duoc lya chon nghién ctru 1a 6. Cac
dieu kién thi nghiém nhu trong bang 1.

Béng 1. bicu kién nghién ctru anh hudng sy c6 mat
cac ion kim loai

[PAA], [RO122], [M], pH Nhiét
mM mM mM ds, ‘C

2,5 0,14 0,01 6 24 +1

M: la cdc kim loai Mn?*, Cu?*, Co®*, Fe®*

_ Tdc d6 méat mau trong cac thi nghiém duoc
kiém soat bang cach do d¢ hap thu quang tai dinh
hap thu cuc dai cia RO122 (493 nm) theo thoi gian.

Sau khi tim duoc ion kim loai ¢6 hiéu ung
XUc tac tot nhat, cac yéu to anh huong khac nhu
pH, nong d6 ion, tia UV dugc danh gia véi ion
kim loai nay.

2.3. Phuong trinh dong hoc

i Phl{cmg trinh md ta tdc do mat mau duoc
biéu dién mot cach tong quat nhu sau
r =k[RO122]"[PAATZ[M™ [*[oH-[* (1)
Trong d6 nl, n2, n3, n4 la bac phan ung riéng
cia RO122, PAA, M™, va OH".

Véi tung thi nghiém, PAA rat du, néng d(:)
M™va pH khong doi nén phuong trinh (1) c6 thé
duoc viét thanh:

r = k [RO122]™ 2
voi kK =k[PAA M™*loH-T* (9
k' khong thay ddi trong qua trinh phan tng.
Gia thiét n1 = 1, phuong trinh (2) duoc lay
tich phan thanh:
([R0122]0)
[RO122]
C, :
hay In(E) =kt (4)
v6i C 12 ndng do chat mau.

Tir ddy, gi4 tri k' (hang s6 toc do biéu kién

bac 1) dugc xac dinh tir d6 thi biéu dieén sy phy

C
thudc In(EO) theo thoi gian (t).
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3. Két qua va thio luin
3.1. Hoat tinh xuc tac cua ion kim logi

Bién thién néng do chat mau RO122 theo
thoi gian khi phan ung voi PAA trong su c6 mat
cua mot trong bdn loai ion kim loai dwgc trinh
bay trén hinh 3. Két qua cho thiy & cing nong
do, ion Co?* thé hién hoat tinh x(c tac cao nht,
sau d6 dén Cu®. Cac ion Mn?* va Fe** hau nhu
khong c6 hiéu qua. Xu hudng xuc tic nay cé thé
duoc giai thich dya trén kha ning tao phtic cta
cac ion kim loai Mn(II) < Fe(II)< Co(II) <Cu(II)
ma céc tac gia Irvine va William di tong két [7].
Trén co s& két qua thi nghiém thu dugcCo?*
duoc s dung lam xdc tac cho cac nghién cau
tiép theo.

160 1
140 ,Q‘
L 2

120 108 .
S *
‘é" 100 * *
~ 80 *

*
o * Cu2+ *e *
S 60 { AN
:g. J Mn2+
a4
4 0 Fe3+
S
% 20 <‘ Co2+
0 - T T T T T )

0 1000 2000 3000 4000 5000 6000
Theoi gian, s

Hinh 3. Bién thién nong d6 mau RO122 khi
phan (g véi PAA trong su c6 mit cua cac ion
kim loai khac nhau.

3.2. Anh huong ciia nong dg Co2+

Anh huong ctia ndng do Co?* dugc danh gia
tai 6 gia tri trong khoang 0,0045 + 0,045 mg/L.
Céc diéu kién khac dugc cho trong bang 2.

Bang 2. Diéu kién thi nghiém xdc dinh anh hudng
cua nong do Co?*

[PAA], [RO122], [Co*1], pH  Nhiét
mM mM mg do, °C
25 014 0,0045+0,045 60 24x1°C

Tir cac két qua ndng do mau theo thoi gian
thu dugc cho tirng nong d6 Co?* ta tinh dugc céac

gié tri In(Co/C) va biéu dién trén do thi theo thoi
gian nhu hinh 4.

3,00 -
03,023x
2,500 -
y =,002,221x
Q 2,00 -+
8
=1,500 -
|
1,00 - y =,000,731x
,500 -
,00 ‘ ‘ ‘ ‘ ‘
0 200 400 600 800 1000

Thoi gian, s

Hinh 4. Su phu thugc In(Co/C) vao thoi gian (t) tng
véi cac nong do Co?* khac nhau.

Hinh trén cho thy trong ca 5 thi nghiém, gia
tri In(Co/C) déu phu thudc tuyén tinh vao t. Do
d6 c6 thé két luan bac phan ung cua RO122 bang
1(nl = 1). Khi ting néng d6 Co?* d¢ ddc cua
duong biéu dién (hay gia tri k') ting. Cac gia tri
tinh toan k' cho tirng nong d6 Co?* duoc trinh bay
trén hinh 5. Céc két qua nay mot lan nira khing
dinh dugc hoat tinh x(c tac cua ion Co?* di vai
qué trinh khtr mau RO122 biang PAA.

0,007 -
0,006 - y =0,1282x
0,005 -
0,004 -

k', st

0,003 -
0,002 -
0,001 -

0

0 0,01 0,02 0,03 0,04 0,05
Néng dd Co?*, mg/L
Hinh 5. Sy phu thudc k' vao nong do Co?*.
3.3. Anh huong ciia pH

PAA la mot axit yéu, hoat tinh khir mau cia
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dang axit va bazo lién hop co thé khac nhau.
Diéu nay din dén hoat tinh chung ciia PAA trong
dung dich s€ phu thudc vao gia tri pH ctia moi
truong. Dé danh gia tinh chat nay, tbc do mat
mau cia RO122 dugc khao sat ¢ 3 gia tri pH la
4,5, vab.

Béang 3. Cac diéu kién thi nghiém xac dinh anh

hudng cia pH
[PAA], [RO122], [Co?1], pH Nhiét
mM mM mg do, C
2,5 0,14 0,045 456 241

Bién thién ndng do trong cac thi nghiém
dugc trinh bay trén hinh 6. Két qua cho thiy, toc
d6 phan tmg tang khi pH ting. Nhu vy, ta c6 thé
két luan dang bazo lién hgp cia PAA ¢6 hoat tinh
hon dang axit.

160 - pH =
140 - 4
pH =
= 120 - 5
oo -
E 100 - pH =
[
a 80
Q
& 60
:g.
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é 20 4
4
0 ‘ ‘ ‘ ‘
0 500 1000 1500 2000
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Hinh 6. Bién thién ndng d6 RO122 theo thoi gian

trong cac thi nghiém danh gia anh huong cua pH.

_ Trén co s md hinh dong hoc & muc 2.3,
hang so k' ung véi cac gia tri pH duoc xac dinh
va trinh bay trén hinh 7.

0,006
0,005
0,004
0,003
0,002
0,001

0
4 4,5 5 55 6

pH

k', st

Hinh 7. Hang s6 tc do k' ing véi cac gia tri pH.

3.4. Anh huong ciia dnh sang UV

Nhu d3 thao ludn, ning luong lién két O-O
trong phan tor PAA nho hon trong phén tu H20..
Khi d6 néu chiéu tia UV vao PAA, kha ning dut
lién két nay dé tao gdc tu do s& cao. Dé 1am sang
t6 du doan niy, cac thi nghiém chiéu sang UV
dugc thyc hién trong sy c6 mat cia PAA hoac
H»02 c6 ndng d6 giong nhau. Pén UV duge sir
dung 1 loai dén sét tring nudc véi cong suat 15
W ¢6 vung budc song 100 — 280 nm voi budc
song cuc dai 265 nm. Céc diéu kién khac co
trong bang 4.

Bang 4. Diéu kién thi nghiém xac dinh

anh hudng cia UV
[Ox], [RO122] pH uv, Nhiét
mM mM W do, C
2,5 0,14 6 15 24%1

Ox: la PAA hodac H,O;
Bién thién nong d6 mau tng véi cac trudng
hop dugc trinh bay trén hinh 8.

160

uv
140
H202 + UV
_ 120 PAA + UV
S~
-1
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Hinh 8. Bién thién nong d9 RO122 trong
cac thi nghiém chicu UV.

S6 liéu thu duoc cho thidy UV ciing c6 tac
dung khtr mau. Tuy nhién tdc do cham hon nhiéu
so voi trudng hop c6 mit cac chat oxi héa la
PAA hay H,0,. Hién tuong nay la do hai chét
oxi hoa hap thy anh sang tir ngoai dé tao gdc tur
do hoat dong. PAA cho hiéu qua khir mau cao
hon H;0,. Piéu nay di chimg minh kha ning
phan 1i tao gbc tu do ctia PAA 16n hon so véi
H20..
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4. Két ludn

Céc két qua thu dugc trong nghién ciu da
cho thy kha ning khir mau RO122 cua PAA.
Trong s cac ion kim loai dugc khao sat, Co®* ¢6
hoat tinh xtic tac 16n nhét, sau d6 dén Cu?*, cac
ion Mn?* va Fe** hau nhu khong c6 hoat tinh.
Anh huong ciia ndng d6 ion kim loai va pH da
dugc danh gia voi Co?*. Tdc d phan tng ting
khi ting nong d¢ ion va pH. Sy dnh hudng cua
pH duoc giai thich do hoat tinh ctiia dang bazo
lién hop cua PAA cao hon so v6i dang axit. Khi
sir dung két hop voi anh sang UV, PAA thé hién
hoat tinh cao hon H,O; trong diéu kién cung
nong d6. Hiéu qua nay 1a do lién két O-O trong
PAA c6 ning lugng thip hon. Bién thién nong
d6 mau theo thoi gian trong cac thi nghiém déu
tuan theo quy luat bac 1. Cac két qua thu duoc
ctia nghién clru nay rit c6 ¥ nghia trong dinh
huéng tng dung PAA vao xu Iy nudc thai noi
chung va nudc thai c6 mau noéi riéng.

Loi cdm on
Cong trinh dugc thuc hién véi sy tai trg cia

kinh phi ctia dé tai SPHN 18-01 cap truong Dai
hoc Su pham Ha Ngi.
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