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SUMMARY

RESEARCH FEATURE DECOMPOSITION REACTION WITH TNT
FENTON’S WORKING CONDITIONS IN COMBINATION WITH AND
WITHOUT UV RADIATION

This paper introduces the research results on the oxidative decomposition reaction
characteristics of 2,4,6-trinitrotoluen (TNT) infection in water by Fenton agent at the
conditional with or without UV radiation. Survey results show that by Fenton process
with UV radiation can decompose TNT with higher performance and speed compared
with the absence of the radiation. Test results showed that the decomposition reaction of
TNT by Fenton agents and UV-Fenton reaction follow the most unreal react rules.

Key words: TNT, Fenton, UV-Fenton, reaction kinetics

1. MO PAU

TNT I mot trong cac hop chat hiru co co
tinh né thuong gay nhiém trong nuéc
thai ciia co s& san xuat vat liéu nd. Pay
la hop chit c6 doc tinh véi moi truong
va kho phan hay. Bé xu ly cac hop chat
¢6 tinh no trong d6 ¢c6 TNT nhiém trong
nudc thai da co6 cac nghién ctu, tha
nghiém mot s6 phuong phap khac nhau
nhu hap phy, dién phan, vi sinh hay st
dung thuc vat bac cao [1,3].

Hién nay dé xir 1y nudc thai bi nhiém cac
hop chit hitu co khé phan huy thuong ap
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dung giai phap str dung cé&c qua trinh oxi
hoa nang cao AOP (Advanced oxidation
processes) trong do c¢6 qua trinh Fenton
va dac biét Ia qua trinh quang Fenton.
Tuy nhién céc két qua nghién ctu vé kha
nang ap dung cac qua trinh Fenton,
quang Fenton cho muc dich phan huy
TNT nhiém trong nuéc thai cia cac co
SO san xuat qudc phong con it dwoc quan
tdm nghién ctru.

Bai béo nay gisi thiéu két qua nghién
ctu dic diém phan ung phan huy TNT
bing tac nhan Fenton trong diéu kién



khong va c6 su dung buc xa UV nham
tim kiém kha ning ung dung cic tac
nhadn AOPs nay cho muyc dich xu ly
ngudn nudc bi nhiém cac loai thudc nd
nhom nitro toluen.

2. THUC NGHIEM

2.1. Thiét bi va hoa chat dung cho
nghién caru

2.1.1 Thiét b

Cac thiét bi phan tich chinh duoc st
dung trong nghién ctu la:

- May sac ky long hiéu ning cao HP
1100 sir dung detector chudi (DAD).

- May do pH: OAKLON, serie 510 (M¥)
¢6 do chinh xac +0,01.

- Can phan tich 6 chinh xac +0,1mg
CHYO (Nhat Ban).

2.1.2 Hoé chat

Dung dich TNT véi nong d6 gdc la
0,53mM pha trong nuéc cat 2 lan.

Cac dung moi c6 do sach dung cho phéan
tich HPLC: axetonitryl, etanol (Merk).
H,0; c6 do sach phan tich, nong d6 30%
(Merk).

FeSQO,4.7H,0, loai c¢6 d6 sach phan tich.
HNO3, NaOH, NazPO,4 c6 d6 sach phén
tich (Merk).

2.2 Phuong phap nghién ciru

2.2.1. Phwong phdp chudn bj dung dich

nghién cuzu

Dung dich TNT c¢6 ham Iuong 0,35mM,;
0,18mM duoc chuan bi bang cach pha
loang 1,5 dén 3 1an dung dich TNT gbc
bang nudc cat. Dung dich Fenton dugc
chuan bi bang céach pha lodng cac dung
dich gbc da chuan bi san.

Cac thi nghiém nghién cau kha nang
phan hay TNT & cac diém nong do H,0,
khéc nhau bang tac nhan Fenton, UV-
Fenton dugc tién hanh & diéu kién phong
thi nghiém (25°C), véi ndng @6 TNT ban
ddu Co = 0,53mM; ndng do Fe** =
0,4mM; pH = 3; thoi gian khao sat tir 0
dén 40 phat, ndng d6 H,0, thay doi lan
luot 1a 10mM; 40mM va 160mM tuong
ung vai ti 1é [H,0,)/[TNT] la 18,9; 75,5
va 301,9.

2.2.2 Phuwong phdp thuc hi¢n phan wung
phan hiy TNT bang tac nhan Fenton va
UV-Fenton

Phan ung phan hily TNT bang tac nhan
Fenton va UV-Fenton dugc thuc hién
trong hé thiét bi c6 cau tao twong tu thiét
bi thuc hién phan {tmg quang hoa da
duoc néu trong tai li¢u [2, 3] (hinh 1).
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Hinh 1. Md hinh hé thong thiét bj @é thuc hién phdn #ng oxi hda TNT
trong diéu kién khong co va ¢ birc xg UV.
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Hé thiét bi nay gdm binh thay tinh (1)
¢6 dung tich 1 lit ding dé thyc hién phan
ung, ¢ thé kiém soat dugc nhiét do va
theo déi pH thay do6i trong quéa trinh
phan tng. Binh chita dung dich phan
tmg (1) dugc d& ho dé bdo hoa oxi
khong khi. Dung dich phan ung duoc
khuay lién tuc trong qué trinh thi nghiém
bang may khudy tir 300 vong/pht (2) va
tuan hoan nho may bom dinh luong (3)
tbc d6 750ml/phit. Bom dinh lwong (3)
dugc két ndi gitra binh chira dung dich
va budng phan ung quang (4) dé tuan
hoan dung dich. Budng phan tng quang
(4) gom 1 dén UV cong suat 15W budc
séng 254 nm nam giira cot phan ung
phan cach bang 6ng thach anh bao
quanh dén, chiéu day 16p chét long la
10cm.

Trong truong hop can do téc do va do
chuyén hoéa cac qua trinh AOPs khéng
su dung bac xa UV thi truéc khi thuc
hién phan ung AOPs can tit dén UV,
sau d6 mai cho cac dung dich nghién
ctru vao binh (1) dé thyc hién phan tng.
Trinh tu cho cac dung dich nhu sau: cho
dung dich chira TNT, cho tiép dung dich
Fenton va bat may khuay tir sau d6 bat
may bom dinh lugng dé tuan hoan hdn
hop dung dich.

Sau tung khoang thoi gian nhat dinh s&
ldy mau tir binh phan tmg (1) dua di phan
tich xac dinh ham luong TNT bang
phuong phap HPLC. Trong truong hop
can tién hanh phan @ng c6 sir dung bic
xa UV thi trinh tu cho dung dich van nhu
trén tuy nhién qué trinh nay thuc hién
trong diéu kién dén UV (4) da duoc bat .
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2.2.3. Phuong phdp phan tich, danh gia
hiéu qua phan hiy TNT bang tac nhan
Fenton, UV-Fenton

D¢ phan tich dinh tinh, dinh luong TNT
trong dung dich thir nghiém va danh gia
anh huong cua cac yéu té da s dung
thiét bi sic ky long hiéu niang cao
(HPLC) Agilent 1100 (M5) véi detecto
chudi (DAD). biéu kién do: cot sic ky
Hypersil C18 (200x4mm), ty ¢ pha
dong axetonitril/nudc = 70/30 (theo thé
tich); tbc do dong: 1ml/phut; &p suét:
110bar; tin hiéu do cta TNT ¢ budc
song: 227nm. Ham lugng TNT dugc Xac
dinh theo phuong phéap ngoai chuan [4].
2.2.4. Phuong phap nghién cvuu dong
hoc va xdc dinh bdc phan #ng oxi héa
cia TNT bang tac nhan Fenton va UV-
Fenton

Phuong phap nghién ctru dong hoc va
xac dinh bac phan tng oxi hoa cia TNT
bing tac nhan Fenton va UV-Fenton dwa
vao két qua do sy bién ddi nong d6 TNT
theo thoi gian phan tng.

Co s& cua phuong phap nay la phuong
trinh dong hoc gia bac nhat:
IN{CrnT/CinTo)}= - Kt (D)

O day: Crnt VA Cnto) 12 ndng do TNT
tai thoi diém t va t=0 trong qua trinh
phan ng véi tac nhan Fenton, UV-
Fenton, k’tnt 12 héng sd toc do phan
ng gia bac nhat, t- thoi gian phan @ng.
Dua trén két qua do su bién ddi chi sb
Crnt VA Crne) VA xay dung dd thi phu
thuoc -In{Ctn1/Crnto)}; t S€ tinh duoc
hang s6 tdc d6 phan ung gia bac nhat
(k’tnT). Phuong phép nay da dugc mot
s6 tac gia ap dung dé nghién ciu dong



hoc phan ng oxi héa Fenton, UV-
Fenton ddi véi mot sé hop chét hitu co
doc hai [2,3,6].

3. KET QUA VA THAO LUAN

3.1. Hiéu suat va téc dd phan hay
TNT bing tac nhan Fenton va UV-
Fenton

Két qua khao sat sy bién doi hiéu suit va
tdc do trung binh phan hiy TNT phan tng
V6i tac nhan Fenton dugc dan trong bang
1.

Tur két qua trong bang 1 nhan thay trong
hé TNT/Fenton (pH=3; 04mM Fe*;
0,53mM TNT; H,0, thay doi) hiéu suat
phan huy TNT tang theo thoi gian phan
ing, tdc do phan ung trung binh co ban
giam theo thoi gian. Phan ung phan hay
TNT dién ra manh nhat trong khoang thoi
gian 1a 20 phit dau. Khi ting néng do
H,0, trong hé phan tng TNT/Fenton thi
hiéu qua phan huy TNT khong thiy ting
Ién ma con bi giam di, thi du nhu trong
*OH + Hy0, ,H,0 + "O,H (k=3,3x10" Ms™?) (2)

diéu kién hé phan ung 10mM H,Oy;
0,4mM Fe**, 0,53mM TNT thi hiéu qua
phén huy TNT sau 40 phat dat gia tri
46,8%, tuy nhién trong hé phan wng
40mM H,05; 0,4mM Fe?*; 0,53mM TNT
va hé phan tng 160mM H,0,; 0,4mM
Fe**; 0,53mM TNT (tang ndng d6 H.0,
lén 4 va 16 lan) thi hiéu qua phan hay
TNT sau 40 chi dat gia tri la 34,4% va
32,8%. Két qua nghién cau nay co thé
giai thich nhu sau: Ti 1& gitra H,O./Fe*
t6t nhat khi phan hiy cac co chat & xung
quanh gia tri la 10 [4], trong cac hé phan
g da xét thi ti 18 H,0,/Fe®* tuong tng
la 25; 100; 400 céc ti I¢ nay 1a twong ddi
cao so voi ly thuyét (luong H,0, du
nhiéu) nén lugng H,O, du nay s& tac
dung nguoc lai véi goc *OH lam giam
tac nhan oxi hoa nay dan dén hiéu qua
phén hiy TNT khong tang nira ma con bi
giam di [4,5].

Bang 1. Sir bién doi nong @é TNT (Crnt, mM), hiéu suat (H, %)
va téc dé trung binh (Vy, mM/ph) theo thoi gian phan #ng va tac nhan Fenton

Thaoi H,O,/TNT=18,9 H,0,/TNT=75,5 H,0,/TNT=301,9
gian | Crr, Vi, Cr, Vio, Cr, Vio,
(ph) mM H.% mM/ph mM R/ mM/ph mM R.% mM/ph

0 0,530 | 0,0 _ 0,530 | 0,0 _ 0,530 | 0,0 _

) 0,472 | 10,9 | 0,0116 | 0,505 | 4,8 | 0,0051 | 0,514 | 3,0 0,0032
10 0,432 | 18,4 | 0,0098 | 0,472 | 10,9 | 0,0058 | 0,456 | 13,9 | 0,0074
20 0,356 | 32,9 | 0,0087 | 0,417 | 21,3 | 0,0057 | 0,420 | 20,7 | 0,0055
30 0,321 | 39,5 | 0,0070 | 0,374 | 29,4 | 0,0052 | 0,390 | 26,4 | 0,0047
40 0,282 | 46,7 | 0,0062 | 0,349 | 34,2 | 0,0045 | 0,357 | 32,6 | 0,0043
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Trong h¢ TNT/UV-Fenton (pH=3; 0,4AmM
Fe’*; 0,53mM TNT; UV=254nm; H,0,
thay d6i) hiéu suit phan huy TNT ting
theo thoi gian phan tmg, téc do phan ung
trung binh giam theo thoi gian. Phan tng
phan hay TNT dién ra manh nhét trong
khoang thoi gian 1a 10 phat dau. Khi ting
nong d6 H,O, trong hé phan ung
TNT/UV-Fenton (ting ti 1& HO,/Fe?*

tuong ung tor 25 1én 100) thi hiéu qua
phan huy TNT tang Ién, tuy nhién khi tang
nong d6 H,0, lén 160mM (ti I¢
H,O./Fe?* 13 400) thi hiéu qua phan hay
TNT khong ting nira ma c6 Xu hudng
giam di. Nhu vay trong cac diéu kién da
xét thi vai ti 16 ndng do H,0,/Fe®* 1a 100
thi hiéu qua va toc d6 phan hay TNT dat
gid tri cao nhit.

Bang 2. Su bién doi nong dg TNT (Crnr, mM), hiéu sudt (H, %)

va téc dé trung binh (Vy,, mM/ph) theo thai gian phdn ing va tac nhan UV-Fenton

Thoi H,O,/TNT=18,9 H,O,/TNT=75,5 H,0,/TNT=301,9

gian | Cr, H, Vib, Cnm, H, Vb, Cnr, H, Vib,
(ph) mM % mM/ph mM % mM/ph mM % mM/ph
0 0,530 | 0,0 _ 0,530 | 0,0 _ 0,530 | 0,0 _
5 0,367 | 30,7 0,033 0,348 | 344 0,036 0,327 | 38,2 0,041
10 0,232 | 56,2 0,030 0,195 | 63,3 0,034 0,199 | 62,4 0,033
20 0,144 | 72,9 0,019 0,029 | 94,5 0,025 0,090 | 83,0 0,022
30 0,100 | 81,1 0,014 0,006 | 98,9 0,017 0,029 | 94,6 0,017
40 0,073 | 86,2 0,011 0,002 | 99,5 0,013 0,008 | 98,5 0,013

Tur két qua dan trong bang 1; 2 ta nhan
thdy trong dung dich duéi tac dung cua
tdc nhan Fenton, TNT bi phan hay cham
theo thoi gian, tc do phan hay trung
binh trong cac khoang thoi gian la twong
dbi thap (Vp cao nhat dat gia tri 1a
0,0116mM/ph trong khoang 5 phat phan
g ban dau), hiéu suat phan hay TNT
cling twong dbi thap chi dat hon 46%
sau 40 phut phan Gng. Trong khi do
dudi tac dung cua tac nhan Fenton co sur
dung buc xa UV thi hiéu suat va toc do
phan hay TNT ting 1én rit manh
(khoang 16n hon 3 1an), hiéu suat phan
huy TNT dat 99,5% sau 40 phat phan
ing & ndng do.

Nguyén nhan su khac nhau vé hiéu sut
va téc d6 phan huy TNT trong hé
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TNT/Fenton va TNT/UV-Fenton c6 thé ly
giai nhu sau: ciing nhu trong cac hé
Fenton khac, hé¢ TNT/Fenton thi sau phan
g tao goc *OH [5]:

Fe2t+ Hp02 , Fe3 + HO™ +*OH (3)
s& dién ra phan ung phuc hdi Fe?*:
Fe3*+ H202 L Fe? + HY +*0,H (4)
Tuy nhién qua trinh khir Fe** bang H,0,
( phan ung 4) xay ra rat cham, hang sb
téc do phan ung nay (k=3,1x10°M7s™)
nhé hon rt nhiéu so vai phan ang (3)
(k=63M7s™), vi vay st tdn tai sau phan
g chu yéu ¢ dang Fe*" va do d6 luong
gdc ty do *OH (tac nhan phan wng véi
céc chat & nhiém) 1a chua nhiu va c6 xu
hudng giam di theo thoi gian. Mat khac
do géc tu do nay cd thoi gian song rat



ngan (khoang vai phan nghin gidy) nén
tbc d6 va hiéu suat phan huy TNT bang
tc nh&n Fenton khi khong c6 buc xa UV
khoéng cao.

Trong hé TNT/UV-Fenton thi dudi tac
dung cia buc xa UV (254nm) ¢ diéu
kién pH thap (pH < 4) s& dién ra phan
tng khtr Fe** bang nang luong photon:
Fe** + Hy,O + hv > Fe** + H* + *OH(5)
Nhu vay ion sit duoc chuyén hda tir
trang thai Fe®* sang Fe®* mot cach lién
tuc, khong dimg dé sinh ra s luong 16n
va lién tuc gbc tu do *OH. Chinh vi vay
hiéu suat va toc do phan hiy TNT bang
tac nhan UV-Fenton Ién hon nhiéu so

V&i tac nhan Fenton don thuan.

3.2. Pic diém dong hoc phan wng oxi
héa phan hay TNT bing tac nhan
Fenton va UV-Fenton

Trén hinh 2 dan két qua do su phu thudc
-In(C/Cy) - t dbi voi TNT trong hé
TNT/Fenton va TNT/UV-Fenton & céac
diéu kién nong do H,O, khac nhau la
10mM; 40mM va 160mM . Tir hinh 4 ta
nhan thay db thi biéu dién méi quan hé -
In(C/Cy) - t ¢6 dang dudng thang di qua
gdc toa do, tic 1a phd hop véi phuong
trinh 1, do d6 c6 thé coi phan ung oxi
héa TNT bang tac nhan Fenton va UV-
Fenton c6 dac trung cua phan ung gia
bac nhat.

0.8
¥=0.0160x
0.6 RP=
_ ¥=0.0111x
= R?=0.2208 +  TNT/Fenton;
=0.4 [H202}=10mM
= = 0.0104x
z_ [ ] TNT/Fenton;
0.2 Ri=0.2893 H202=40mM
of
0 20 0 6o f(PW
a) TNT/Fenton

6
¥=0.1391x

5 RE=0.
=4 +  TNT/Fenton_UV;
< =0.1003x [H202]=10mM
03 R¥=0.9924
=
=2 4 B TNT/Fenton_UV:

¥=0.0547x [H2021=40mM
1 R*=0.9398
of
| t(ph)
0 20 40 60

b) TNT/UV-Fenton

Hinh 4. 6 thi biéu dién méi quan hé -In(C/Cy) - t trong cac hé TNT/Fenton (a),
TNT/UV-Fenton (b)
(PH=3; nong do ban dau TNT =0,53mM; [Fe?*]=0,4mM; UV=254nm)

Hang sb toc do phan ung gia bac nhét tinh dugc trong trudng hop ndy co gia tri nhu thé

hién trén bang 3.

Bang 3. Hang sé toc dé phan ieng (k) ciia cac hé phan iing TNT/Fenton
va TNT/UV-Fenton (pH=3; Fe’*=0,4mM); t°=25°C; Cy7(0=0,53mM)

CH,0,, mM HE¢ TNT/Fenton HE¢ TNT/UV-Fenton
10 0,016 0,055
40 0,011 0,139
160 0,010 0,100
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T két qua bang 3 nhan thiy trong hé
phan tng DNT/Fenton véi cac diéu kién
da xét thi hang s toc do phan tng giam
khi ting ndng d6 H,0,. Hang sb téc do
phan tng manh nhit ¢ diéu kién
[H,0.]=40mM, khi d6 ti 1@
[H.O-]/[Fe®1=25 va [H.O.J/[TNT]=
18,9.

Trong hé phan tng TNT/UV-Fenton,
hang s6 téc do phan ung co ting khi
tang nong do H,0,, nhung khi ndng do
H,O, cao qua thi k' lai khong tang nita
ma con ¢b xu huéng giam dan. Nong do
H,0, thich hop dé phan huy TNT c6 thé
la xung quanh gia tri 40mM (tuong tng
voi  ti 16 HO.]/[Fe*']=100 va
[H202)/[TNT]=75,5).

4. KET LUAN

Pi nghién ctru dic diém qua trinh phan
hiy TNT trong mdi trudng nudc bang
tac nhan Fenton trong diéu kién khong
va co str dung biic xa UV. Két qua cho
thay ca hai hé phan tng TNT/Fenton va
TNT/UV-Fenton déu co dic trung cua
phan ¢ng gia bac nhat. Téc do trung
binh va hé sb toc d6 phan tng phan hay
TNT béng tac nhan Fenton trong diéu
kién c6 bac xa UV la I6n hon so vai tac
nhan Fenton don thuan.
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