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SUMMARY

THE RESEARCH EVALUATES THE EFFECTIVENESS OF THE
METABOLISM OF NITROPHENOL COMPOUNDS BY USING SOME
ADVANCED OXIDATION PROCESS BASED ON UV-H;0, EFFECTS

The paper presents the survey result and the synthetic evaluation about the

effectiveness of NPs compounds metabolism in the system of AO chemistry,

electrochemistry and Fenton, particularly in the systems based on H>O; photolysis
effects using UV radiation (effects of UV/H,0,). This article also gives explanations

on the causes of differences on NPs metabolic efficiency in the above systems, which

are considered to choose and propose the effective AO process for the purpose of

decontamination of water contaminated with toxic NPs compounds.

1. MO DAU

Céc giai phap cong nghé dua trén co so
st dung céac h¢ oxi hda nang cao (AO);
dac bi¢t 1a cac h¢ st dung qua trinh
quang phan H,O, bang UV (hiéu tng
UV-oxi hoéa hoic UV- H,0,) dé khir
doc cho mdi trudng bi nhiém cac hop
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chat hitu co doc kho phan hay trong do
c6 cac hop chét nitrophenol (NPs) van
dang tiép tuc duoc nhidu nha khoa hoc
quan tdm nghién ctru [1-13]. O trong
nuodc, trong thoi gian qua cling da cé
mot s6 két qua khao sat vé dic diém
phan tng phin huy cac hop chit NPs



trong cac hé oxi hda nang cao di¢n hoa
(EO) va Fenton da duoc cong bd [8-13].
Tuy nhién cho dén nay van con thiéu
cong trinh nghién ctru c6 tinh hé théng
dé danh gia vé tinh hiéu qua cua cac hé
oxi hoa nang cao (AO) c6 thanh phan
gdm nhiéu tac nhan oxi hoa duoc két
hop thém véi tac nhan quang hoa UV.
Trong bai bao nay dua ra cac 1y giai vé
nguyén nhdn cua su khac nhau vé& hiéu
qua chuyén hoéa NPs trong cac hé AO
héa hoc dién hoa Fenton qua trinh AO
thich hop cho muc ti€éu khir doc cho méi
truong nudc thai cong nghiép (trong do
c6 nude thai clia cac co sd san xuit vat
liéu n6) bi nhiém cac hop chit NPs doc
hai.

Céc hé phan ing duoc xem xét ¢ day la:
1) hé quang hoa va oxi hoa cb dién:
khong c6 kha ning tao ra géc hydroxyl
(‘'OH ) nhu NPs/UV, NPs/H,0,; 2) céac
hé AO c6 thé tao ra gbc "OH bang phan
ung hda hoc, di¢n hoa (EO) hay hi¢u
ung UV-H,O, nhu NPs/UV-H,0,,
NPs/EO, NPs/EO-UV, NPs/EO-H,O.,
NPs/EO-UV-H,0,; 3) cac hé Fenton
nhu: NPs/Fenton, NPs/UV-Fenton.

2. DOI TUONG VA PHUONG PHAP
NGHIEN cUU

2.2. Thiét bi, nguyén liéu, héa chat
2.2.1.Thiét bi

2.2.1.1. Thiét bi do dac, phan tich

- Hé thong thiét bi sic ky 1ong hiéu
nang cao (HPLC) Model HP 1100, su
dung detector chudi (DAD) do hang
Aligent (M§) san xuit.Can phan tich
CHYO (Nhat Ban) c6 do chinh xéac +0,1
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mg. May do pH: OAKLON, serie 510
(M¥) c6 do chinh xé&c +0,01.

2.2.1.2. Thiét bj céng nghé

Hé thiét bj dung dé thuc hién phan tng
oxi hoa va quang héa cac hop chiat NPs
dugc thiét ké ché tao theo miu thiét bi
quang hoéa da dugc néu trong tai li¢u
[8]. Khi cAn nghién ctru phan tmg oxi
hoa dién hoa gian tiép (EO) cac NPs thi
binh phan ung cua hé thiét bi sé& duogc
thay thé bang binh dién phan khong
mang ngan dung tich 500 ml voi dién
cuc anot tro dang tam kich thudc 0,1x4
x 15 cm dugc phu hoén hop TiO,, RuO;
con catot 13 tAm thép khong gi [10,13].
2.2.2. Héa chit, nguyén li¢u
2-mononitrophenol (NP), 2,4-
dinitrophenol (DNP), 2.4,6-trinitrophenol
(TNP),
(2,4,6-trinitrorezocxin; axit styphnic,
TNR) dang tinh thé c6 do sach PA;
H,0, (ndng d6 dung dich gbc 30%
(w/v), FeS04.7H,0 (Merck) dang tinh
thé; cac dung moi: axetonitryl, etanol,

3-hydroxy-2,4,6-trinitrophenol

metanol, hexan c6 d6 sach dung cho
phan tich HPLC va mot s6 hoa chat
khac nhu HNO;, H,SO4, NaOH,
EDTA, NaCl déu c6 do sach dung cho
phan tich va ngudn cung cip cac hoa
chat 1a hiang Merck - Drc.

2.3. Phwong phap nghién ctru

2.3.1. Phwong phdp chuin bi dung
dich nghién ciru

Dung dich dung d khéo sat cac phan
ung trong cac hé AO cua NPs duogc
chuén bj trén co so st dung hoa cht da
néu trong muc 2.2.2.Thanh phan cia



dung dich Fenton: 1,75.10*M Fe*’
+1,75.10° M H,0,, pH=3.

Dung dich di¢n ly dung trong nghién
ciru cac hé oxi hda dién hoa cuia NPs
déu duoc b sung chat phu gia NaCl véi
ham luong 3g/1, pH=3. Khi nghién ctu
cac hé c6 H,O; thi dung dich duoc bd
sung thém tir 0,8 x 10° dén 3,5 x 107
M H,0,.

2.3.2. Phwong phdp phdn tich xdc dinh
ham lwong va dé chuyén héa NPs
Nong do cac hop chat NPs (Cnps) trong
cac mau thi nghiém duoc xac dinh béng
phuong phap sic ky 10ng hiéu ning cao
(HPLC) trén thiét bi Agilent 1100 (M¥)
v6i detector chudi (DAD) va st dung
phuong phap dudng chuin. Piéu kién
do: cot Hypersil C18 (200x 4mm), hon
hop pha dong: axetonitril/nudc = 67/33
(theo thé tich), tbc do dong 0,6 ml/
phut; 4p suat 280 bar; tin hiéu do (A,
nm) : NP (315), DNP(365), TNP(360)
va TNR (420). D6 chuyén héa (H, %)
ciia NPs duoc xac dinh bang cong thirc
H(%)=[(Cnpo-Ct)/Cnpo |x100.

3. KET QUA VA THAO LUAN

Trén hinh 1 dan cac dudng cong biéu
dién két qua xac dinh su bién d6i do
chuyén héa (H,%) ciia mot trong cic
hop chét nitrophenol dién hinh 14 TNP
theo thoi gian phan tng trong hé oxi
héa chi c6 mot tdic nhan quang hoda
(TNP/UV), hodac mot tdc nhan oxi hda
la H>O, (h¢ TNP/H»0,) va h¢ AO dua
trén co s& géc ‘OH duoc tao ra tir hiéu
g UV-H,0, (NPs/UV-H,0,). Két qua
khao sat su chuyén hoa NPs trong céc
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hé dién hoéa ¢ diéu kién thong thuong
(NPs/EO), hay duoc bd sung thém H,0,
(NPs/EO-H,0,), hodc bd sung UV dé
tao hiéu ung UV-H,0, nhu NPs/EO-
UV, NPs/EO-H,0,-UV dugc dan trén
hinh 2; con trén hinh 3 dan két qua xac
dinh hiéu qua chuyén hoa NPs bang cac
h¢ Fenton thong thuong (NPs/Fenton)
va quang Fenton (NPs/UV-Fenton).

DA thi H - t (TNP,H202,UV)

60 —a—tnpluy
£ 50 ——tnph202

——tnp/h202-uv

Hinh 1. S bién doi do chuyén hoa
(H,%) TNP theo thoi gian phan ving
trong cac h¢ TNP/UV, TNP/H>0;) va
TNP/UV-H;0,, pH3, t=30° C,
Cr202=1,75.10°M, A=254nm;
[UV:]]75IMX, CTNP:49, 03 mg/l
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Hinh 2. Su bién déi do chuyén hoa
(H,%) TNP theo thoi gian phan vng (t)
trong cac hé¢ TNP/EO, TNP/EO-H;0O,,
TNP/EO-UV, TNP/EO-UV-H,0,,
pH=3; t=30°C, Ci120:=1,75.10"°M,
A=254nm; Iyy=1175lux, 1,=1,04/dm’,
CTNP: 49, 03 mg/l



D4 thi H - t (TNP,Fenton, UV)
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Hinh 3. Su bién doi do chuyén hoa
(H,%) TNP theo thoi gian phan vng (t)
trong cac hé TNP/Fenton va TNP/UV-
Fenton (1,75.10°M F&**+1,75.10° M
H>0;, 2=254nm, lyy=1175lux, pH=3;

t=30°C, Cryp=147,03 mg/l

Tir cac két qua dan trén hinh 1 ¢6 thé rat
ra nhan xét 13 d6 chuyén héa NPs trong
cac hé chi c6 mdt tac nhan quang hoa (thi
du, hé¢ TNP/UV) ludn thip hon so véi hé
c6 mot tac nhan oxi hoa thong thuong (thi
du TNP/H,0, ) va cang thap hon so v&i
hé AO c6 sir dung tac nhan "OH sinh ra tir
hi€¢u tng UV- H,0O; (h¢ TNP/UV-H,0,).

Trong cac h¢ di¢n hoéa (EO) thi do
chuyén hoa TNP ciing thay d6i theo quy
luat ting dan theo ddy: TNP/EO <
TNP/EO-H,0, < TNP/ EO-UV < TNP/
EO-UV-H,0,. (hinh 2). Piéu d6 co
nghia 13 hiéu qua chuyén héa NPs cia
cac h¢ AO di¢n hoa c6 st dung hi¢u

ung UV-H,0, nhu TNP/ EO-UV, TNP/
EO-UV-H,0; ludén cao hon so voi cac
hé¢ AO di¢n hoa khong c6 kha nang tao
hiéu ung nay.

Trong cac hé Fenton thi d6 chuyén hoa
cua TNP trong h¢ Fenton thong thuong
(TNP/Fenton) ciing thip hon so v&i hé
c6 hi€u ung quang Fenton (TNP/UV-
Fenton) (xem hinh 3).

Su bién d6i do chuyén hoa cua cac hop
chat NPs khac nhu NP, DNP, TNR theo
thoi gian phan ung trong cac hé oxi hoa
va oxi hoa nang cao da néu trén cling
tuan theo quy ludt twong ty nhu véi
TNP [13].

Ngoai thoi gian phan tng, da khao sat
anh huong ctia mot s6 yéu t6 khac nhu
néng d6 H,0,, nhiét 46, pH moi
trudng,...toi hiéu qua chuyén hoa TNP.
Két qua khao sat cho thdy trong hé
TNP/H,O, khi ting ndng d6 H,O, tur
27,2 mg/l 1én 119 mg/1 (tuc tang hon 4
1an) thi Hyyp tang 2-3 1an. Doi véi cac
hop chit NPs khac ciing nhan thiy hién
tuong tuong tu (bang 3.1). Hién tugng
tang toc d va hiéu qua chuyén hoa cac
chit hitu co khi bd sung thém H,0; vao
cac hé dién hoa ciling da dugc mdt )
tac gid khéac phat hi¢n [14,15].

Bang 1. Anh hwéng ciia ham lwong H,O; t6i toc dd chuyén héa trung binh NPs (vyps
mg/l.ph) trong hé NPs/ UV-H,0; (pH=3) (tinh tai thoi diém 15 phiit sau khi bdt dau
phan ung), Cyp=40,77 mg/l; Cpyp=48,13 mg/l, Cryp= 49,03 mg/l; Cryg= 66,34 mg/l;

pH=3, =30°C
CH2025 VNP, VDNP, VTNP, VTNR,
M mg/l.ph mg/l.ph mg/l.ph mg/l.ph
0,8.107° 1,08 1,03 0,86 1,86
1,75.107 1,42 1,40 1,23 2,35
3,5.10° 2,26 2,60 2,6 3,70
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Quy luat bién d6i nay ciing phu hop voi
két qua thu dugc cua cac tac gia [7].
Nguyén nhan sy khac nhau vé hiéu qua
chuyén hoa NPs trong cac hé oxi hoa co
va khong dua trén co so hi¢u tUng
UV/H,0,, thi dy, h¢ NPs/UV, NPs/H,O,
va NPs/ UV-H,0, (Hinh 3.1) ¢6 thé duoc
ly giai nhu sau:

Trong h¢ chi c6 tac nhan quang hoéa (h¢
NPs/UV) thi NPs bi chuyén hoéa chu
yéu duéi tac dong quang phan truc tiép
cua buc xa UV, nhung vi hi¢u suét
lugng tir cua qua trinh nay khong cao
[16] nén téc dd va do chuyén hoa NPs
rat thdp. Khi dung dich NPs duoc bd
sung H,O; (thi du, h¢ NPs/H,O;) thi
Hups tang 1€n vi da c6 H,O; cling 1a mot
chit oxi héa manh tham gia vao phan
tmg oxi héa NPs nhat 1a khi ndng do
cua no trong cac dung dich duogc khao
st thuong 1a cao (10° M).

Trong hé c¢6 su két hop giita tic nhin
oxi héa la H,O, v6i UV (thi dy nhu
NPs/UV-H,0,) thi di c6 diéu kién dé
xay ra phan ung quang phan truc tiép
H,0, (tirc hiéu tng UV-H,0,)[17] dé
tao ra gbc "OH. Chinh nho kha ning oxi
hoa ciia géc "OH cao hon nhiéu so voi
H>0: (Eoxom=2,8 V)>Eoxi202=1,78 V
[18], nén hiéu qua chuyén hoa NPs
trong hé NPs/UV-H,0; 16n hon dang ké
so v6i hé NPs/H,0,. Nhu vay ‘OH van
luén 1a tdc nhan oxi hoéa c6 tac dong
manh nhit dén tdc do va do chuyén hoa
NPs trong cac hé¢ oxi hoa da khao sat
cua NPs. Chinh hi¢u tng UV- H,0O, da
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g6p phan 1am tiang luong ‘OH tham gia
vao phan tng oxi héa NPs. Ngoai ra,
trong cac h¢ phan tng dua trén co so
hi€u Ung nay thi ngoai tac dong manh
ctia san phim hiéu tng 1a ‘OH can tinh
dén ca tac dong quang phan truc tiép va
ddng thoi cua chinh tac nhan quang hoa
UV  mic du hiéu sudt qué trinh nay
khong cao [16]. Nhu vay c6 thé néi hiéu
ung UV-H;0; c6 kha nang da tao ra tac
dong kép (tac dong dong thoi cua ca
'OH va UV) t6i su chuyén héa NPs
cling nhu cac hop chit hitu co khac nén
anh hudng cua hi¢u tng nay luon 16n
hon so véi anh huong cua riéng H,O,
hoac UV hoac riéng "OH.

bay chinh la nguyén nhan vi sao Hyps
trong cac hé AO dién hoa (EO) c6 didu
kién tao ra hi¢u irng UV-H,0; (hinh 2)
luén l6n hon so voi cac h¢ EO khong
c6 diéu kién tao ra hiéu ung d6 (hinh
3.2). Thi du, Hyps cua h¢ NPs/EO-UV
va dac biét la hé¢ NPs/EO-UV-H,0,
lu6n 16n hon Hyp, cia hé NPs/EO va ca
hé c6 trong thanh phan t6i hai tac nhan
oxi hoa nhung khong c6 UV nhu
NPs/EO-H;0;.

O day cin luu y dén hién tuong Hyps
cua hé NPs/EO-UV cao hon Hyps cua
hé¢ NPs/EO-H,0O,. Nguyén nhan hién
tuong nay cé thé lién hé voi sy co mat
cuia hiéu wtng UV-H,0,
NPs/EO-UV. Trong hé nay ¢ trén anot

s€ xay ra sy oxi hoa nudc tao ra phan tu

trong hé

oxi va chinh oxi phan tir nay bi khur trén
catot dé tao ra H,O, [3]. O diéu kién co



tac dong cua birc xa UV thi s€ xay ra
hiéu tng UV-H,0, va san pham cua nd
la ‘'OH s& tham gia vao phan ung oxi
hoa NPs. Bdi v6i hé NPs/EO-H,0, thi
du trong dung dich da c6 mat H,O,
nhung vi khong c6 mat UV nén da
khong xay ra hi¢u wng nay.Tuy nhién
hiéu qua chuyén hoéa NPs cua hé
NPs/EO-UV van thap hon so véi hé
NPs/EO-UV-H,0, bdi ham lugng .OH
duoc sinh ra trong h¢ NPs/EO-UV van
thip hon dang ké so véi ham lugng "OH
sinh ra trong hé¢ NPs/EO-UV-H,O,.
Hién tuong tuong tu cling da dugc phat
hién voi hé oxi hdéa dién hda cac hop
chat nitramin [20].

Su khac nhau vé hiéu qua chuyén hoa
NPs trong h¢ NPs/Fenton va NPs/UV-
Fenton (hinh 3) c6 thé 1y giai nhu sau:
Trong hé NPs/Fenton thi NPs bi phan
hiy cha yéu bang gbc "OH sinh ra tir
phan tng gitta H,O, va Fe*". Tuy nhién,
trong qua trinh phan tng ham luong
chit xtc tac Fe’" va ham luong "OH bj
giam dan cho nén téc do phan huy NPs
khong gift duoc 6n dinh va bi giam dan
theo thoi gian [3]. Hién tugng nay sé
duoc khic phuc khi st dung hi¢u ting
quang Fenton (hé NPs/UV-Fenton).
Trong hé nay thi ‘OH duoc tao ra dong
thoi tir hai phan ung : phan ng Fenton
thong thuong va phan ting quang phan
phirc Fe*™ bang UV & moi trudng cb

pH<4 [3]. Nho cac phan ing nay ta vira
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c6 thém luwong ‘OH tham gia vao phan
ung, vura lién tuc tai sinh duogc chét xtc
tac Fe*". Do phirc [Fe* " (OH) J** ¢6 kha
nang hap thu photon manh hon nhiéu so
v6oi1 HyO, ¢ ving bude song A = 254 nm
cho nén phan Ung quang phan phic
Fe’" ¢6 tac dong 16n hon nhiéu so véi
phan tng quang phan H,O, trong vi¢c
tao ra géc ‘OH. Pay ciing chinh la
nguyén nhan hi¢n tuong Hyp, cua hé
NPs/UV-Fenton 16n hon so voi Hyps cua
hé NPs/Fenton , NPs/UV-H,0, va ca hé
NPs/EO-UV-H;0..

Nguyén nhan sy gidm Hyp, theo su tang
nhom -NO, trong phan tir cia NPs co
thé lién hé v&i anh huong ciia cac nhom
phan hoat hoa (-NO,) va cac nhom hoat
hoa (-OH) [7]. Khi s6 lugng nhom thé
phan hoat héa -NO, trong phan tir NPs
tang thi Hyps cia nd giam; nguoc lai,
khi s6 Iugng nhom -OH (nhém thé hoat
hoa) ting thi Hyp ciing ting. Piy la
nguyén nhan vi sao hi€u qua phan huy
TNR luén 16n hon TNP mac du 2 hop
cht nay cung c6 sb nhom -NO, bang
nhau (3 nhoém) boi chi c6 TNR ¢6 nhom
-OH trong phan tir con TNP thi khong.
Trén hinh 4 dan két qua xac dinh do
chuyén hoa TNP (tinh tai thoi diém sau
30 phut phan ng) bang cac hé oxi hoa
va oxi héa nang cao khac nhau.
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Hinh 4. So sanh dg chuyén héa NPs bang cdc hé AO khéc nhau

Ttr hinh 4 ta nhan thdy hiéu qua chuyén
hoa NPs giam dan theo diy sau:
TNP/UV-Fenton>TNP/EO-UV-
H,0,>TNP/UV-H,0, >TNP/Fenton
>TNP/EO-UV >TNP/EO-H,0, >
TNP/H,0, > TNP/EO, TNP/UV

Nhu vay cac hé phan ung oxi hoa nang
cao dua trén hiéu img UV-H,0, va dac
biét 13 hiéu Gmg quang Fenton déu cho
phép phdn huy va chuyén héa nhanh
cac hop chat NPs. Chinh vi 1y do d6 cac
h¢ UV-Fenton, EO-UV-H,0, va UV-
H,0; 1a nhitng h¢ AO c6 kha nang ing
dung thich hop nhat cho muc tiéu xir Iy
khtr doc cho moi trudong nudc va nudc
thai & cac co so san xuat qudc phong bi
nhiém cac hop chit NPs doc hai.

4. KET LUAN

Tir cac két qua thu duoc co thé rit ra
két luan chinh sau:

Hiéu qua chuyén hoéa cac hop chit
nitrophenol NPs trong cidc hé oxi hda
nang cao dua trén co s¢ hi¢u tng UV-

H,0O; Iuén 16n hon so véi cac hé oxi hoa
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thong thuong hodac hé AO khong du
diéu kién tao ra hiéu Gng d6. Nguyén
nhan 13 do hiéu ung UV-H,0, co thé
gay tac dong kép (tdc dong cua san
phim phan Gng quang phan H,O, la
‘OH va tac dong cua chinh UV) téi su
phan hay va chuyén héa NPs. Trong céac
hé Fenton thi hé NPs/UV-Fenton la cho
hiéu quéa chuyén hoéa NPs cao do tao ra
dugc tac dong cua hi€u Ung quang
Fenton : tac dong ctia "OH (sinh ra tir
phan ung Fenton) va tdc dong cua UV
t6i qua trinh tai sinh lién tuc chat xtc
tac Fe’™ dé dam bao ludn co lugng 16n
‘OH tham gia vao phan ung oxi hoa
NPs. Trén co sd két qua nghién ctru da
xac dinh duoc rang dé xtr 1y sy 6 nhiém
cac hop chit NPs trong mdi trudng
nuédc thai bi nhim cic hop chit NPs
clia cac co sO san xuat vat liéu nhay nd
nhu chi styphnat hay diazodinitrophenol
¢ thé ap dung cac h¢ AO dua trén co
s0 hiéu ung UV-H202 va dac biét 1a

hiéu ing quang Fenton.
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