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Abstract

This paper introduces the research results on the oxidative decomposition reaction characteristics of
2,4-dinitrotoluen (DNT), nitroglycerin (NG) pollution in water by the Fenton agent. The obtained results showed that
Fenton process could decompose DNT and NG. Test results also showed that the decomposition reaction DNT and NG
by Fenton agents follow the rules of pseudo first-order reaction and the rate of decomposition of DNT larger decay rate

NG.
Keywords. DNT, NG, Fenton, reaction kinetics.

1. MO PAU

2,4-Dinitrotoluen (DNT), nitroglyxerin (NG) la
mdt trong cac hop chat nitro thom c6 tinh n6 thuong
bi nhiém trong nudc thai ciia co sd san Xuét vat liéu
nd. Pay 1a hop chit c6 doc tinh cao véi mdi trudng
va kho phan hity. Pé xtr 1y cac hop chit ¢ tinh nd
doc hai trong d6 c6 DNT, NG nhiém trong nudc thai
da thir nghiém nhiéu phuong phap khic nhau nhu
hap phu [4], dién phén [5], vi sinh hay st dung thuc
vat bac cao [2]. Ngoai ra da c6 cac thir nghiém (ng
dung mot sé phuong phép khac nhu sir dung céc tac
nhan oxi hdéa nang cao nhu ozon [7], st dung tac
nhan Fenton, UV-Fenton [8, 9].. Trong sb cac
phuong phap da thu nghiém thi phuong phap st
dung cac tac nhan oxi hoa nang cao trong d6 co tac
nhan Fenton, UV-Fenton da thé hién dugc mot s6 uu
thé 13 rét so voi cac phuong phap khac vé toc do
cling nhu hiéu suét phan hiy cic hop chét 6 nhidm;
tuy nhién kha nang st dung cac tac nhan nay cho
muc dich xir Iy DNT, NG nhiém trong nuéc thai ctia
cac co sO san xuat qudc phong thi con it duoc quan
tam nghién ciru.

Bai bdo nay gidi thiéu két qua nghién ciru dic
diém phan tmg phan hiy DNT, NG bang tac nhan
Fenton nham so sanh kha niang phan hay ciing nhu
nghién ctru dic diém dong hoc cia phan Gmg phan
hay hop chat ¢6 tinh né DNT thudc nhom nitro thom
va hop chit NG thudc nhém este nitrat bang tac

nhan Fenton.
2. THUC NGHIEM
2.1. Héa chét

Dung dich DNT véi nong do gbc 1a 0,66 mM
trong nude cat 2 1an (co do sach phan tich).

Dung dich NG véi nong do gbc 1a 0,228 mM
trong nudc cit 2 lan (c6 do sach phan tich).

Céc dung moi c6 d6 sach dung cho phan tich
HPLC: axetonitril, etanol (Merck).

H,O, c6 d6 sach phan tich, néng do 30 %
(Merck).

FeS0O,.7H,0, loai c¢6 d¢ sach phan tich (Merck).

HNO3, NaOH, NasPQ,4, H,SO, ¢6 do sach phan
tich (Merck).

2.2. Phwong phap chuin bi miu

Dung dich DNT c6 nf”)ng do6 0,44 mM; 0,22 mM
dugc chuin bi bang cach pha loang 1,5 va 3 lan
dung dich DNT gbc bang nudc cét 2 1an. Dung dich
NG c6 nong do 0,114 va 0,045 mM dugc chuan bi
bang cach pha lodng 2 va 5 lan dung dich NG gbc
béng nude cit 2 1an. Dung dich Fenton dugc chuin
bi bang cach pha loang cac dung dich gbc dd chuén
bi san sao cho nong dd trong dung dich bao dam
dung theo tirng thi nghiém cu thé.
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Cac thi nghiém nghién ciru dnh huéng cua nong
d6 H,0, dén kha ning phan huy DNT, NG bang tac
nhan Fenton dugc tién hanh & clng diéu kién phong
thi nghiém (25 °C), nong d6 DNT = 0,66 mM; ndng
d6 NG = 0,228 mM; nong do Fe** = 0,4 mM; pH = 3,
nong d6 H,0, thay ddi lan luot 1a 10 mM; 40 mM va
160 mM.

Cac thi nghiém nghién ciru dnh huéng cua nong
d6 DNT, NG dén hiéu qua phan hily bang tac nhan
Fenton duoc tién hanh ¢ diéu kién phong thi nghiém
(25 °C), nong do H,0, = 40 mM; Fe** = 0,4 mM; pH
= 3; nong d6 DNT thay d6i lan luot 1a 0,66 mM; 0,44
mM va 0,22 mM. Nong d6 NG thay doi lan luot 1a
0,228; 0,114 va 0,045 mM.

2.3. Phwong phap nghién ciru

Dé phén tich dinh tinh, dinh luong DNT, NG
trong dung dich thir nghiém va danh gia anh hudng
clia cac yéu tb da sir dung thiét bi sic ky long hiéu
nang cao (HPLC) Agilent 1100 (M¥) véi detecto
chudi (DAD). Piéu kién do: cot sic ky Hypersil C18
(200x4 mm), ty 1¢ pha dong axetonitril/nude = 70/30
(theo thé tich); téc d6 dong: 1 ml/phut; ap suat: 110
bar; tin hiéu do cia DNT ¢ budc song: 254 nm va
cia NG ¢ bude song 215 nm. Ham luong DNT, NG
duogc xac dinh theo phuong phép ngoai chuén.

Phuong phap nghién ctru dong hoc va xac dinh
bac phan tng oxi hoa cia DNT, NG bang tac nhan
Fenton dwa vao két qua do su bién ddi nong do
DNT, NG theo thoi gian phan ung [8, 9].

Co s& cua phuong phap nay la phuong trinh
ddng hoc gia bac nhéat;

In{C/C(o)}— -kt (1)
O day: C va C(, 12 nong 6 DNT, NG tai thoi diém t
va t = 0 trong qua trinh phan tng vd&i tac nhan
Fenton, k’ 12 hang s6 téc do phan tmg gia bac nhat
(preudo-first-order rate constant), t - thoi gian phan
Gg. Dya trén két qua do su bién d6i chi s6 C va Cg
va xay dung do thi phu thue -In{C/C(O)} - t s€ tinh
dugc hing sé tbc do phan ung gia bac nhat (k).
Phuong phap nay da dugc cac tac gid nudc ngoai ap

Dodn Song Qudng va cong su

dung dé nghién ciru dong hoc phan ung oxi hoa
Fenton d6i v&i mét so hop chat doc hai [8, 9].

3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia ti 1§ nong do H,0,/Fe’" dén
hiéu qua phan hiy DNT, NG bang tac nhan
Fenton

Két qua nghién ctru anh hudng cia ti 1& ndng do
H,0,/Fe”" trong thanh phan tac nhan Fenton t6i hiéu
suat (H, %) va toc do trung binh phan huy DNT, NG
(Vs mM/ph) dugc dan trong bang 1 va 2.

Tir két qua khao sat nhan thay, hiéu suit phan
huay ting theo thoi gian, con toc dd phan hiy trung
binh thi ¢6 gia tri giam dan theo thoi gian cia hai
chat DNT, NG v6i cung mot quy luat. Hidu qua
phan hity DNT bang tac nhan Fenton tuong ddi cao,
d6i v6i DNT hiéu suat phan hity dat gan 84 % sau 40
phat phan tng (¢ diu kién ti 16 ndng d6 H,0,/Fe**
la 25; pH = 3), ciing ¢ diéu kién nay hiéu qua phan
hiy NG chi dat gan 64 % tuy nhién thoi gian phan
trmg dién ra lau hon (60 phut). Khi ting ti 1 ndng do
H,0./Fe** trong hé phan tng DNT/Fenton;
NG/Fenton (tuwong tng tir 25 1&€n 100 va 400) thi
hiéu qua phan hiay DNT, NG khong tdng nita ma c6
xu huéng giam di. Nhu vay trong cac diéu kién da
xét thi véi ti 18 nong do H,0,/Fe®* 1a 25 thi hiéu qua
va téc do phan hay DNT, NG dat gia tri cao nhat.

Van dé hiéu sudt va toc do phan huy DNT, NG
tang khi ting néng d6 H,0, c6 thé giai thich nhu
sau: D6i voi hé Fenton thi hiéu qua phan huy | chat 6
nhiém phu thudc nhiéu yeu t6 trong d6 ti 1¢ ndéng do
H,0./Fe** trong hé c6 vai trd rat quan trong vi né
quyét dinh dén kha ning tao géc tu do HO" dé phan
ung v6i chat 6 nhiém, khi ting ndng do H,0, (tang ti

H,0,/Fe*") trong h¢ Fenton thi s gbc HO™ s&
duoc tao ra nhiéu hon dan dén hiéu qua phan huy
tang 1én, tuy nhién khi nong d6 H,0, tang qua cao
thi lugng H,0, du sé tac dung véi gbc HO™ lam
giam tac nhan phan ung (phan ung nay dién ra véi
héng s6 toc d6 twong dbi 16n) [6-8].

Bang 1: Anh huong ca ti 1 ndng do H,0,/Fe”" t6i sy bién d6i nong do DNT (Conr, MM), hiu suét (H, %)
va toc do trung binh (Vy,, mM/ph) phan huy DNT theo thoi gian trong h€ DNT/Fenton

Thoi H,0,/Fe”* = 25 H,0,/Fe”" = 100 H,0,/Fe” = 400
ian Conr, Vo, Conm, Vi, Conm, Vib,
(?nin) mM H.% mM/phat mM H,% mM/phat mM H,% mM/phut
0 0,660 | 0,00 _ 0,660 0,00 _ 0,660 0,00 _
5 0,537 18,64 0,025 0,557 15,61 0,021 0,568 13,94 0,018
10 0,447 | 32,27 0,021 0,476 27,87 0,018 0,493 | 25,27 0,017
20 0,272 58,86 0,019 0,332 49,69 0,016 0,441 33,20 0,011
30 0,128 80,62 0,018 0,273 58,57 0,013 0,356 46,02 0,010
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Nghién ciru déic diém phan vmg phdn hiy...

Bdng 2: Anh huong cia ti 1 ndng do H,0,/Fe”" t6i sy bién doi nong do NG (Cne, mM), hiu suét (H, %)
va toc d¢ trung binh (Vy,, mM/ph) phan hity NG theo thoi gian trong hé NG/Fenton

Thoi H,0,/Fe* = 25 H,0,/Fe*" = 100 H,0,/Fe*"= 400
1an

?ph) me | Ho m|\>|//t|g’hut e | Ho m|\>l//t|lcj)’h it e | H m|\>l//tgh it
0 |0,228 - - 0,228 - - 0,228 - -
10 | 0,197 13,38 0,003 | 0,194 | 14,97 0,003 | 0,203 10,79 0,002
20 | 0,167 26,58 0,003 | 0,175 | 23,43 0,003 | 0,191 16,30 0,002
40 | 0,102 55,43 0,003 |0,111 | 51,19 0,003 | 0,137 39,81 0,002
60 | 0,082 63,85 0,002 | 0,094 | 5857 0,002 |0,114 49,90 0,002

HO" + H,0,—» H,0 + HO," (k = 3,3x10" Ms™)

3.2. Anh hwéng ciia ti 1 néng dd H,O,/Fe™ t6i
md hinh phuong trinh toc d9 phan wng phén hiy
DNT, NG bang tiac nhian Fenton

Trén hinh 1 va 2 dan két qua do sy phy thudc
-In{C/C(p)}-t cia DNT, NG & céc diéu kién ti ¢ nong

Hing s6 toc do phan tng va phuong trinh tdc do
phan Gng gia bac nhat tinh dugc trong truong hop
nay c6 gia tri nhu thé hién trén bang 3.

Bdng 3: Hang s6 t(f)c d6 phan tng gia bac nhét (k)
va phuong trinh toc d phan tng cua cac hé phan
tmg DNT/Fenton va NG/Fenton (pH = 3; t°= 25 °C;

d6 H,0,/Fe** khac nhau 1a 25; 100 va 400. Tur hinh 1 Conr(o) = 0,66 mM; Cng() = 0,228 mM)
va 2 ta nhan thay dd thi biéu dién mdi quan h¢
-In{C/C(;)}-t cia DNT va NG déu c6 dang duong i H¢ DNT/Fenton H¢ NG/Fenton
thang di qua gbc toa do tirc 1a phu hop véi phuong Tile P‘hu’orig P\lmcmgg
trinh 1, do d6 c6 thé coi phan tmg oxi héa DNT, NG | Cregz/ | . | trinhtoe |, | trinh toc
béng tac nhan Fenton c6 dic trung cta phan Gng gia Cee” d(,)’phan d(,)’phan
béc nhat. ung ung
25 0,0478 | y=0,0478x | 0,0177 | y=0,0177x
o5 00478 100 | 0,0298 | y=0,0298x | 0,0155 | y=0,0155x
, VR2=0_9_7_74 400 0,0229 y:0,0229X 0,0117 y:0,0117X
C v =10,0298x , , . .
g L5 R?=0,9878 Qua ket qua nay cho thdy hang s6 téc do phan
1 #HI02/Fez+ =125 ung phan huy DNT 16n gap hon 2 lan so véi toc do
" o5 v=0,0229%  mi202/Fe2+ = 100 phan hiy NG bang tac nhan Fenton. Piéu nay cang
o2 R*=0,9731 H202/Fe2+ =400 cho thiy kha nang phan huy hop chat DNT bang tac
0 20 40 60 nhan Fenton la tot hon so véi hgp chat NG trong
t(ph) moi tru(‘mg nudc.

Hinh 1: D6 thi biéu dién m01 quan h¢ —In(C/Co)-t
ctia DNT (pH = 3; nong d6 ban dau

DNT = 0 66 mM)
1,2 v=0,0177x
" R*=0,9803
-‘S‘ 0.8 V= 0,0155x
L R*=0,9757
g 0o 1=0,0117
- Y=0,0117x 1500/ Fars =25
< 0.4 R%=0,9856
0.2 WH2O2/Fe2+=100
o H202/Fal+ =400
0 50 100
t(ph)

Hinh 2: D6 thi bicu dién moi quan hé -In(C/Co)-t cua
NG (pH = 3; nong d6 ban dau NG = 0,228 mM)

3.3. Anh huéng cia nong do DNT, NG dén md
hinh ddng hoc phén Wng phan hiy DNT, NG
bang tac nhan Fenton

1,60
1,40 v =0,0328x
- 1,20 R?=0,973
8 oo
g 08 y=0,03L1X & DNT: 0 44mmnd
£ 060 R?=0,9943
0.40 B DNT: 0,22mM
0,20
0 50
t(ph)

Hinh 3: D4 thi biéu didn mbi quan hé -In(C/Co)-t
cua DNT trong h€ phan tng DNT/Fenton
(pH = 3; [Fe”] = 0,4 mM; [H,0,] = 10 mM)
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L2 v =0,017x
1 R*=0,9969
S 0.8
2
5 0,6
< .
R vo00138x NGO, 114mM
0o R*=0,9507  wNG0 045
0
0 50 100
t(ph)

Hinh 4: Db thi biéu dién mdi quan hé -In(C/Cy)-t cua
NG trong h¢ phan ung NG/Fenton
(pH = 3; [Fe*"] = 0,4 mM; [H,0,] = 10 mM)

Trén hinh 3 va 4 dan két qua do su phu thudc
-In{C/IC}-t d6i vsi DNT va NG trong hé
DNT/Fenton va NG/Fenton ¢ diéu kién nong do
DNT khac nhau la 0,44 mM va 0,22 mM; nong do
NG la 0,114 mM va 0,045 mM. Tur hinh 3 va 4 ta
nhan thiy d6 thi biéu dién mbi quan hé -In{C/C)}-t
cling c6 dang duong thang di qua gdc toa do tirc 1a
phan tmg phén huy DNT, NG trong diéu kién giam
ndéng do co chat ciing c6 dic trung cta phan tng gia
bac nhit.

Hing sb toc do phan tng gia bac nhét tinh duoc
trong truong hop nay cé gia tri nhu thé hién trén
bang 4.

Bdng 4: Hang s6 toc do phan ung gia bac nhat (k*)
cua cac hé phan iung DNT/Fenton va NG/Fenton
(pH = 3; Fe?* = 0,4 mM; t°= 25 °C; Cipo02 = 10 mM)

Hé DNT/Fenton Hé NG/Fenton
Con , )
rr?lla k Cne, MM k
0,44 0,033 0,114 0,017
0,22 0,031 0,045 0,014

Tir két qua bang 4 nhan thiy, trong hé phan tng
DNT/Fenton gia tri k’ rat gin nhau (chi sai khac sb
thir 3 sau ddu phay) va véi hé phan tmg NG/Fenton
cling tuong tu. Nhu vay co thé két luan rﬁng su bién
d6i ctia nong d6 DNT, NG khong lam thay ddi ban
chit ctia phan mg phan hity chling bing tac nhan
Fenton.

Lién h¢: Poan Song Quang

Trung tdm Thi nghiém Luu mau, Cuc Quan khi

Kim Chung — Hoai Buc — Ha Noi

boan Song Quang va cong su
4. KET LUAN

Pi nghién ciru dic diém phan huy DNT, NG
trong mdi trudng nude bang tac nhan Fenton. Phan
tmg phan hiy DNT, NG bang tac nhan Fenton déu
¢6 didc trung ctia phan (mg gia bac nhat. Su bién doi
néng d6 DNT, NG khong lam thay d6i ban chat
phan Gng phén huy trong hé phan ttng DNT/Fenton
va NG/Fenton. Tac nhan Fenton phan hily hop chat
DNT dé dang hon so véi hop chat NG trong moi
truong nudc.
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