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SUMMARY

GENERAL KINETIC CHARACTERISTICS OF HEXOGEN, OTOGEN AND
TETRYL DECOMPOSING PROCESS IN ADVANCED OXYDATION
SYSTEMS COMBINED WITH OXIDIZING AGENTS AND
PHOTOCHEMICALS

The paper presents the research result in metabolic capacity of a number of Nitramine
(NAs) compounds by advanced oxydation process including the combination betweem
oxidizing agents and photochemicals. The finding indicated, in all systems including
hydroxyl radicals (OH), kinetics of NAs metabolic reaction followed the pseuso-fisrt-
order rules. In the studied oxidation systems, the system which was able to generate
greater amount of "OH radicals had NAs metabolic capacity better than the others.
Therefore, k'nys kinetic premeters could be taken as the base in order to select the
advaced oxidation system which has the effectively applied potential in the NAs

compound treatment when they appeared simultaneously in the solution.

1. MO PAU manh [1]. Pay 14 nhitng chit 6 nhiém
Céc hop chat nitrramin (NAs) trong d6 thuong gip trong thanh phan nuéc thai
c6 hecxogen (RDX), octogen (HMX) va cia mot sd ddy chuyén san xuat vat liéu
tetryl (Tet) 14 nhitng hoa chét c6 tinh nd n6 [2]. Do cac hoa chit nay vira c6 do
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bén hoa hoc, sinh hoc cao vira rat doc
v6i moi truong. chinh vi vAy can phai
c6 bién phap xur Iy hiéu qua ngudn nude
bi nhiém hoa chét nay.

Dé xir 1y ngudn nudc thai bi nhiém cac
loai thudc nd nay dd thor nghiém éap
dung mot sd giai phap cong nghé khac
nhau nhu: hip phu trén than hoat tinh
[3], dién phan [4,5,6]. Phuong phap hip
phu ¢6 uvu diém 1a c6 kha ning tach
nhanh thudc nd khoi méi trudng nudc,
nhung lai tao ra chat thai nguy hai méi
la than hoat tinh bi nhim thudc nd
manh [2,3]. Phuong phap oxi hoa dién
hoa (EO) va c6 kha ning phan huy tét
tetryl [4], nhung ddi voi RDX va HMX
thi hi¢u qua khong cao [5]. Trong khi
do6 cac thtr nghi€ém cua chuang to61 cho
thiy viéc st dung cac qua trinh oxi hoa
nang cao dua trén co s& két hop cac
thanh phan chit oxi hoa v6i quang hoa
s& cho phép ning cao dang ké hiéu qua
phan huy cac hop chit NAs trong moi
truong nudc. Két qua nghién ctru vé
hiéu qua phan hiy cac hop chit NAs
bang mot sb qua trinh oxi hoa nang cao
(AO) da dugc xem xét trong cac tai
li¢u[6-8] . Trong bai bao nay chung t6i
tap trung gidi thidu cac két qua nghién
ctru lién quan dén dong hoc qua trinh
phan huy NAs trong mot sé6 hé phan
tmg khong va co su két hop giita céac
thanh phan oxi hoa véi quang héa (UV)
nhu: hé gdbm NAs va 1 tac nhan oxi hoa:
NAs/UV, NAs/H,0,, NAs/EO), hé gdm
NAs va 2 tac nhan oxi hda: NAs/EO-
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H,0,, NAs/UV-H,0,, NAs/EO-UV) va
hé gébm NAs va 3 tic nhan oxi hoa:
NAs/EO-H,0,-UV va cac hé Fenton
(NAs/Fenton, NAs/Fenton-UV). Muc
tiéu cua nghién ciru nay la xac dinh
duoc mirc do tuong thich cia moé hinh
dong hoc phan ung phan huy cac hop
chit NAs trong cac hé AO ké trén voi
mé hinh dong hoc phan tng gia bac
nhat duoc thiét 1ap cho qué trinh oxi
hoéa cac chit hitu co bang gbc ‘OH
[9,10]; déng thoi xac dinh dugc thong
) dong hoc co thé sir dung lam co s&
lua chon cac hé AO thich hop cho muc
dich xr 1y hiéu qua ngudn nudc bi
nhiém cac hop chit NAs.

2. PHAN THUC NGHIEM

2.1 Thiét bi va hoa chit dung cho
nghién ciru

2.1.1 Thiét bi phan vmg oxi héa va
quang hoa

- Hé phan tng gdm binh thuy tinh (1)
c6 dung tich 1 lit dung dé thuc hién
phan ung, co thé kiém soat duoc nhiét
do6 va theo doi pH thay doi trong qua
trinh phan tng. Binh chta dung dich
phan tng (1) duoc dé ho dé bio hoa oxi
khong khi. Dung dich phan tng duoc
khudy lién tuc trong quéd trinh thi
nghiém bang may khudy tir 300
vong/phiit (2) va tudn hoan nhd may
bom dinh luong tbc d6 750ml/phit (3).
Bom dinh luong (3) dugc két ndi giira
binh chira dung dich va budng phan tng
quang (4) dé tudn hoan dung dich.
Budng phan Gng quang (4) gom 1 dén



UV cong suat 15 W budc song 254 nm
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Hinh 1. M6 hinh hé thong thiét bi thwc hién phdn img oxi héa va quang héa NAs trong

maoi truong nuwoc

2.1.2 Thiét bi phdn tich

- Thiét bi sic ky 10ng hiéu ning cao HP
1100 (My) sa dung detector chudi
(DAD). Piéu kién do: cot sic ky
Hypersil Ciz (200x4mm), ty 1€ pha
dong axetonitril/nudc = 67/33 (theo thé
tich); toc do dong 0,6ml/phit; ap sut
280bar; tin hiéu do & budc soéng cua
NAs 227nm. Ham luong NAs dugc xac
dinh theo phwong phap ngoai chuin
[5,6].

- May do pH c6 d¢ chinh xac +0,01 cua
hang OAKLON, serie 510 (MY);

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

2.1.3 Hod chat

- Cac hop chat NAs nhu RDX, HMX va
Tet dang tinh thé c6 do sach phan tich.

- Cac dung moi dung cho phan tich
HPLC (axetonytril,

axeton, hexan) c6 do sach dung cho

metanol, etanol,

phan tich sic ky ctia hing Merck.
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- H,0O, néng dé 30%, c6 do sach phan
tich (xuat x&r Merck).

- FeS04.7H,0, c6 dd sach phan tich
(xudt xt Merck).

2.2 Phwong phap nghién ctru

2.2.1. Phuwong phap xdy dung duong
chudn xdc dinh néng do cac hop chat
NAs

Pé xiy dung dudng chuin xac dinh
ndng do cac hop chit NAs ta tién hanh
chuin bi 6 mau dung dich mdi hop chét
NAs ¢6 ndng do twong tmg 1a (0; 5; 10;
25; 50 va 100 mg/l tng vdi tetryl), (0;
2,5; 5; 10; 25 va 50 mg/l rng v6i1 RDX),
(0; 0,5; 1; 1,5; 10 va 20 mg/l tng véi
HMX). Po timg méu trén may sic ky
léng hi¢u nang cao HPLC tai tin hi€u do
A = 227 nm cho ra dd thi ngoai chuén
ding dé xac dinh ham luong NAs trong
mau thi nghiém.

Céc phuong trinh duong chuan dung dé

xac dinh ndng do cua cac hop chat NAs



bang phuong phap HPLC dugc biéu
dién nhu sau:

Tetryl: y=63,2597x + 57,3946, khoang
tuyén tinh 0-100 mg/1.

RDX: y=36,2411x + 51,4647, khoang
tuyén tinh 0-50 mg/1.

HMX: y=52,6638x + 39,3301, khoang
tuyén tinh 020 mg/1.

Trong d6: x 1a néng do cac hop chit
NAs (mg/1); y 1a dién tich pic trén sic
d6 HPLC.

2.2.2. Phuwong phadap nghién cuu dac
diém déng hoc phan img oxi héa phdn
huy NAs

Trong nghién ctru ndy dé so sanh va
danh gia dic diém dong hoc phan tng
oxi hoa phan hiy NAs trong cac hé oxi
hoa khac nhau chung t6i di 1dy mo hinh
dong hoc gia bac nhat da duoc thiét lap
cho phan tmg oxi héa cac chét hitu co
bang gbc ‘OH [9] lam cdn c&r. Trong
truong hop cac hop chat NAs mé hinh
nay (goi tit 1a mé hinh C) dugc thé hién
bang phuong trinh 1:

In (Cnay/Cras0) ) = -K'Nas-t
O day:

(1

k'Nas: hﬁng sb toe dd phan ing biéu kién
gid bac nhét;

Cras(o): Nong dd NAs & thoi diém t=0;
Cnas: NOong do NAs ¢ thoi diém.

Dé xac dinh k’NAS trudc tién can xay
dung dd thi biéu dién su bién dbi nong
do NAs theo thoi gian (Cnas/Craso) - 1),
sau d6 1a d6 thi -In(Cnay/Cnago) - t dbi
v6i timg hé nghién ctu. Néu db thi -
In(Cnay/Craso) - t ng véi hé nao co
dang duong thing di qua gbc toa do thi
c6 nghia la phan trng oxi hdéa NAs trong
hé¢ do tuong thich v&di mo hinh dong hoc
phan tng gia bac nhat (phwong trinh 1)
va nguoc lai. Duya vao dd thi -
In(Cnas/Craseo) - t €6 thé tinh dugc gia
trj ctia k yys cia hé NAs/AO do.

3. KET QUA VA THAO LUAN

Két qua khao sat sy bién d6i ndng do
cac hop chit NAs gobm RDX, HMX va
Tet theo thdi gian phan tng (thé hién
qua d6 thi -In(Cnay/Cnasge) - t) trong
cac hé chi ¢c6 mot tac nhan oxi hda nhu
EO (hé NAsS/EO), H,0, (h¢ NAs/H,0,),
UV (hé NAs/UV), duoc dan trén hinh
3.1.
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Hinh 2. D6 thi biéu dién sw phu thudc -In(C/Cy) - t ting véi hé NAs/UV (a), NAs/H,0,
(b), NAs/EO (c) (Diéu kién: T=25°C, pH=6), Cremy =43,63 mg/l, Crpx =19,22 mg/I,
Cumx =5,28 mg/l, den UV cong sudt 15 W budc song 254 nm
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Tt hinh 2 ta nhan thdy dd thi -
In(Cnas/Cras) ) - t ung voi cac hé
NAs/UV va NAs/H,O, chi c6 dang
duong cong bdo hoa con dbi voi hé
NASs/EO thi c6 dang duong thang di qua
gbc toa d0. Nguyén nhan cua hién
tuong nay la do phan Gng phan huy
NAs trong h¢ NAs/UV
NAs/H,0; dugc thuc hi¢n trong diéu

kién chua c6 sy tham gia ctua tdc nhan

cac va

oxi hoa ning cao la ‘'OH ma chi cé cac
tac nhan quang hoa (UV) va oxi hoa
thong thuong (H,0,) cho nén chua thé
c6 dugc su phu hop ctia mo hinh dong
hoc C (von chi duoc thiét 1ap cho phan

tmg c6 su tham gia cua géc "‘OH) véi
phan Uung phan huy NAs trong cic hé
nay. Trong khi do6 trong h¢ NAs/EO vi
dd c6 su tham gia cua gbc ‘'OH 14 tac
nhan oxi hdéa nang cao cho nén da phat
hién dugc sy tuong thich gitta mé hinh
C v6i1 dong hoc phan ing phan huy NAs
trong h¢ NAs/EO.

Két qua khao sat sy bién doi nong do
cac hop chat NAs theo thoi gian phan
g trong cac hé c6 su két hop giira 2
tac nhan oxi hoéa nhu NAs/EO-H,0,,
NAS/EO-UV, NAs/UV-H,0,, dugc dan
trén hinh 3.

1.600
1.400
1.200

z 1.000

g 0.800

£ 0.600
0.400
0.200

3.500
3.000
2500
2,000
1.500

a y =00351x ——
R2=0998 o7

y = 0.0086x
R?=09984 UF

“In(CIC0)

y = 0.0035x
R?=09919 4F

1.000
0.500
0.000 #

.

y=0.0787x 3,000

¥ =0.0931x
R?=09950| ¢

2 - N
2,500 R R*=0.9918
¥=0.0202x

¥ =0.0531x
R?=09992 | ®

R?=0.9973

2.000

S 1.500

In(CICO)

y=00133x
R2=09829 &

¥ =0.0378x

" 1.000 5 RP=09746 |

0.500

0.000

0 10 20 30 40 50
Thoi gian (phat)

0 10 20

30

Thei gian (phit)

0.000

40 50

Thoi gian (phut)

Hinh 3. D6 thi biéu dién sw phu thudc -In(C/Cy) - t irng véi hé NAs/EO-H,0(a)
NAs/UV-H>0; (b) va NAs/EO-UV (c)
Diéu kién: a) TiOx/Inox, NaCI=3 g/I, I=1 A/dmz, T=25°C, pH=6
b) H,O, = 14,5 mM, T=25°C, pH=6
¢) TiOy/Inox, NaCI=3 g/l, I=1 A/dmz, T=25°C, pH=6
Creiryt =43,63 mg/l, Crpx =19,22 mg/l, Cyyx =5,28 mg/l, den UV cong sudt 15 W buéc
song 254 nm

Ttr hinh 3 ta nhan thiy mic du c6 chung
mot dic diém voi hé chi c6 mot tc
nhan oxi hoa (h¢ NAs/UV, NAs/H,0,)
1a téc do suy giam nong d6 NAs theo
thoi gian phan Gng giam dan theo diy
Tet> RDX >HMX nhung d0 thi -
In(C/Co) - t cua cac hé co su két hop
gitra hai tdc nhan oxi hoéa (NAs/EO-
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H,0,, NAs/EO-UV, NAs/UV-H,0,) lai
luén c6 dang duodng thing di qua gbc
toa do. Piéu d6 co nghia phan tng oxi
héa NAs trong cac hé cd hai tac nhan
oxi hoa déu tuan theo md hinh dong hoc
gia bac nhat da duoc thiét 1ap véi goc
"OH [9].



Tuong ty nhu vay, cac duong cong phu
thudc -In(C/Cy) - t c6 dang duong thing
di qua gbc toa do ciing da duoc phat
hién duoc d6i véi cac hé phan Ung c6

su két hop gitra ba tac nhan oxi hoa nhu
NAs/EO-UV-H;0;; hodc trong cac hé¢
Fenton (NAs/Fenton, NAs/UV-Fenton)
(hinh 4).
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Hinh 4. D6 thi biéu dién sw phu thudc -In(C/Cy) - t img véi hé NAs/EO-H,0,-UV (a),
NAs/Fenton (b) va NAs/UV-Fenton (c)
Diéu kién: a) TiOx/Inox, NaCI=3 g/I, I=1 A/dmz, HO0, = 14,5mM , T=25°C, pH=6
b) Fe’" = 0,675 mM, H,O, = 14,5 mM, T=25°C, pH=3
¢) Fe’* = 0,675 mM, H,O, = 14,5 mM, T=25°C, pH=3,
Creiryt =43,63 mg/l, Crpx =19,22 mg/l, Cyyx =5,28 mg/l, den UV cong sudt 15 W buée

song 254 nm

Diéu d6 c6 nghia 1a dong hoc phan g
phan huy NAs trong cac hé oxi hoa nang
cao ¢6 su tham gia ciia gbc "OH nhu hé
NAS/EO hodc cac hé co su két hop gitra
hai hodc ba tac nhan oxi hoa (ké ca cac hé
Fenton) phu hop v&i mé hinh dong hoc
gia bac nhat (m6 hinh C) di duogc thiét

1ap cho truong hop oxi hoa phan huy
cac chit hitu co bang géc "OH (phuong
trinh 1) [9].

Dua trén co s& cac do thi -In(C/Co) - t
da tinh dugc hang s6 toc do bicu kién
gia bac nhat k'vy Ung voi cac hé AO
cua NAs (hinh 5).
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Hinh 5. Hang so toc do biéu kién k'nys ting voi cdc hé oxi hoa nang cao khdac nhau cua NAs
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Tir hinh 5 ta nhan thiy, sy bién d6i
hﬁng s6 tdc dd k'nas trong cac hé AO
cua NAs phu thudc vao thanh phan téac
nhan oxi héa trong cac hé d6. Hang sb
nay bién dbi theo quy luat chung 14 ting
dan theo day:

NAs/EO NAs/EO-H,0,
NAs/Fenton — NAs/UV-H,0,
NAsS/EO-UV — NAs/EO-H,0,-UV —
NAs/UV-Fenton.

Noi cach khac k'y4s cua hé AO c¢6 mot

— —

—

tac nhan oxi hoa oxi hoa ludn thip hon
k'nas ciia hé ¢6 2 va 3 tac nhan oxi hoa
trong d6 hé nao c6 kha nang tao ham
luong cao gbc “OH thi hé d6 ludn c6 gia
tri k'n4s cao. Thi dy, trong h¢ NAs/EO
thi k'ys c6 gia tri thip vi NAs bi phin
hty chi bang lwrong nhé "OH duoc tao
ra tir ngudn 1a qué trinh dién phan trén
anot trong khi d6 k'y4 cua cac hé
NAs/EO-H,0,, NAs/EO-UV lai co gia
tri cao hon vi ngoai lugng ‘OH duoc
sinh ra tir ngudn trén con c6 thém tac
dong cua luong 16n H,0, duoc bo sung
vao dung dich (h¢ NAs/EO-H,0,). Gia
tri k'v4 cia hé NAS/EO-UV cao hon
k'nas cia hé NAs/EO va NAs/EO-H,0,
vi trong hé nay ‘OH duoc tao ra tir 2
ngudn 1a phan tng trén anot va phan
ung quang phan H,O, dugc sinh ra tur
phan ung khir oxi hoa tan trong dung
dich. Gia tri k'y4s cia h¢ NAs/EO cling
thip hon so voi hé NAs/UV-H,0, hodc
NAs/EO-UV-H;0; vi trong 2 hé nay
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'OH déu duoc sinh ra tir phan tng
quang phan H,O, bang UV. Pic biét
ham lugng ‘OH duoc sinh ra trong hé
NAs/UV-Fenton 1a cao hon dang ké so
voi1 hé NAs/Fenton va ca hé NAs/EO-
UV-H,0,. Nguyén nhan 1a do trong h¢
nay nho phan tng quang phan H,O, va
tai sinh lién tuc chat xtc tac Fe*" dudi
tac dong cua UV cho nén ham luong
"OH Iuén cao va duoc giit on dinh trong
sudt qua trinh phan Gng. Pay chinh 1a
diém khic biét co ban giita hé
NAs/Fenton va NAs/UV-Fenton.

Két qua khao sat con cho thiy gia tri
k'n4s tmg v6i1 cac h¢ AO cua NAs cling
thay doi phu thude vao cAu tao cta cac
hop chat NAs. Hang s6 k' giam dan theo
day: Tetryl >RDX > HMZX. Nguyén
nhan cua hi¢n tugng nay cé thé lién hé
véi su khac nhau vé cdu tao va tinh chat
ctia cac hop chat nitramin. Xét vé cau
tao thi tetryl 1a mot hop chét chira vong
thom do d6 phai c6 do bén hoé hoc kém
hon RDX, HMX. Hoat tinh ciia nhom
thé 4i dién t (SE) cac chat thom
thuong phu thudoc vao xu hudng cua
nhom hat hay ddy electron. Véi nhom
day electron (vi du -CHs, -NH,, -OH, -
Br, -Cl, -NCH;3NOs;...) s€ hoat hod vong
thom con nhom hat electron (vi du -
NO,, -COOH, -NHj;, -CN...) s& phan
hoat hoa vong thom. Cac nitramin vong
(thi du, RDX, HMX) khong c6 trang
thai giau electron nhu vong benzen cua

nitro thom. Do d6 viéc thé SE cua céc



chit nay khong dé& dang xay ra. Diéu
nay da chi ra tai sao cac hop chét nitro
thom c6 hi€¢u quéd phan huy 16n hon
dang ké so v6i cac hop chat nitramin
vong [1,10].

Tir két qua khao sat vé& dic diém dong
hoc phan trng phan huy NAs trong mot
s6 hé AO khac nhau da cho phép di dén
két luan 13 c6 thé chon thong ) dong
hoc 13 hang sb téc d6 biéu kién gia bac
nhit k' 1am co s& dé Ira chon cac hé

AO c¢6 kha ning tng dung dé xtr 1y hiéu

qua cac hop chit NAs khi cac hop chat
nay cung cdé mat trong dung dich. H¢
nao cé gia tri k'yys cang cao thi hi¢u qua
xtr 1y cac hop chat NAs cang 16n. Thi
du, cac hé c6 gid tri k'vys cao nhu
NAs/Fenton-UV, NAs/EO-UV-H,0,
(hinh 5) déu c6 kha ning phan hay
nhanh khong chi Tetryl ma ca RDX va
HMX, trong khi d6 h¢ NAs/EO lai chi
c6 kha nang phan hiy nhanh Tetryl con
v6i RDX va HMX thi téc d6 chuyén

hoa lai rat cham (bang 1 va 2).

Bang 1. Két qua xir Iy nguon nudc nhiém dong thoi tetryl va RDX bang tac nhéan UV-
Fenton (Piéu kién: pH=3, H:0,=7,25 mM, Fe’"=0,675 mM, T=25°C, Cr,=35,24
mg/l, Crpx=22,78 mg/l), den UV cong sudt 15 W buéc song 254 nm

Hé NAs/UV-Fenton H¢ dién hoa (EO)
Thoi gian, Tetryl RDX Tetryl RDX
phat gl mew | T | N % N, %
mg/1
0 35,24 0 22,78 0 0 0
10 17,24 51,08 11,49 49,56 9,36 1,45
20 4,45 87,37 4,36 80,86 20,09 4,08
30 0 100 1,02 95,52 27,33 5,44
60 0 100 36,32 7,15

Bang 2. Két qua xir Iy nguon nude bi nhiém dong thoi RDX va HMX bang tdc nhan
Ur- Fenton.(Biéu kiéen: pH=3, H,0,=7,25 mM, Fe2+=0,675 mM, T=25°C,
Crpx=22,78 mg/l, Cyyx=4,76 mg/l) den UV cong sudt 15 W buée song 254 nm

Hé NAs/UV-Fenton H¢ dién hoa (EO)
Thoi gian, HMX RDX HMX RDX
phut Chmx, N % Crox, N % N % N %
mg/l mg/1
0 4,76 0 21,58 0 0 0
10 2,65 44,33 11,12 48,47 1,47 2,78
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Hé NAs/UV-Fenton H¢ dién hoa (EO)
Thoi gian, HMX RDX HMX RDX
phut Chmx, N % Crpx, N % N % N %
mg/1 mg/1
20 1,68 64,71 3,76 82,58 3,99 5,51
30 0,78 83,61 0,89 95,88 5,88 7,60
60 0 100 0 100 7,35 9,27

Tir bang 1 va 2 ta nhdn thay, kha ning
chuyén hoa dong thoi cac hop chat NAs
bang tac nhan UV-Fenton la rat tot. Sau
60 phut co thé loai bo hoan toan cac
hop chat NAs trong dung dich, con dbi
voi cac gidi phap khac nhu EO thi hi¢u
suat chuyén héa (1)) thap hon dang ké.

4. KET LUAN

Tir cac két qua nghién ctru trén c6 thé
rat ra mot s6 két ludn sau:

DPong hoc qua trinh chuyén hoa cac hop
chit NAs trong cac hé phan tng co su
tham gia cua gbc ‘OH, diéu nay déu
tudn theo mdé hinh dong hoc gid bac
nhat da duoc thiét 1ap v6i géc "OH. Hé
nao cé kha ning sinh ra luong gdc "OH
cang 16n thi hang sb toc do biéu kién
gia bac nhit k' va kha ning chuyén hoa
NAs cang cao. Chinh vi vdy c6 thé ldy
thong ) dong hoc k' lam co s¢ dé lua
chon cac h¢ oxi hdéa nang cao cod kha
ning ung dung hiéu qua dé xu ly céac
hop chit NAs khi chung cing bi 6
nhiém trong moi trudng nude.

Nghién cieu nay dwoc tai tro boi Quy

phat trién khoa hoc va cong nghé quoc
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gia (NAFOSTED) trong dé tai ma soé
104.07-2014.25.
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