Tap chi phan tich Hoa, Ly va Sinh hoc - Tdp 20, Sé 2/2015

NGHIEN CUU PANH GIA HIEU QUA XU LY 2,4-D, 2,4,5-T TRONG DUNG
DICH SAU RUA GIAI PAT NHIEM DA CAM/PIOXIN BANG MQT SO HE
OXY HOA TIEN TIEN

Pén toda sogn 31 — 10 — 2014

Nguyén Ngoc Tién
Vién héa hoc maéi triong quan s, Bo tur [énh hoa hoc, BQP.
Lam Vinh Anh
Cuc ky thugt, Bé tu Iénh hda hoc, BQP.
Pao Thé Hiru
Vi¢gn Hoba hoc vdt liéu, Vién khoa hoc cdng nghé quan su, BQP

SUMMARY

RESEARCH TREATMENT EFFECTIVE OF 2,4-D, 2,4,5-T IN LIQUID FROM
WASHING OF AGENT ORANGE/DIOXIN CONTAMINATION IN SOIL BY
SOME ADVANCED OXIDATION PROCESSES
Soil washingwith a solution of surface-active substances is a technology that does not
use heat promises high efficiency in treatment ofAgent Orange/Dioxin contaminationin
soil in Vietnam. But the downside of this approach is the need to process for
retreatmentwith wash solution. There are many methods that can be used to treat this
solution, but the method used advanced oxidizing agents such as Fenton/UV, Fe-TAML
catalyst is promising methods to achieve high efficiency.This paper presents the
research results decomposition 2,4-D, 2,4,5-T, DCP, TCP in the surfactant solution
obtained from washing of agent orange / dioxin contamination in soil by reaction
agents: Fenton, Fenton/UV, Fe (l11) -TAML/H,0, catalytic systems. Thereby making
the suitable method to treat liquid obtained from washing of agent orange/dioxin

contamination in soil.
Keywordsorange /dioxin, AOPs, Fenton, Fenton/UV, Fe(ll1)-TAML..

1. MO PAU phtc tap khéng chi déi véi Viét Nam,
Viéc tay doc chat da cam/dioxin do ma déi voi ca quéc té.Trong cac giai
chién tranh dé lai 1a van dé rat khé khan, phdp cdng nghé day du di duoc Gng
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dung trén thé gisi ¢ kha ning tng dung
vao qua trinh xia ly 6 nhiém
dacam/dioxin thi trong diéu kién Viét
Nam van thé hién mot sé nhuoc diém
nhat dinh nhu: chu yéu huéng téi doi
tuong nhiém 1a dat, gia thanh cao, qua
trinh xu ly phac tap, xu ly khéng hoan
toan. Do d6, cac phuong phap don gian,
tién hanh trong diéu kién thuong, phu
hop diéu kién Viét Nam dang can dugc
tdp trung wu tién nghién cau. Cac
phuong phap khong st dung nhiét pho
bién di dang duoc nghién ctu nhu:
phuong phép sinh hoc, phuong phap hoa
hoc, quang hda, rua giai... Trong cac
phuong phép trén thi phuong phap rta
giai, dac biét phuong phap str dung dung
dich chat hoat dong bé mat dé tach céc
chat POPs néi chung va cac chat
dacam/dioxin néi riéng ra khoi dat
nhiém da chung to dem lai hiéu qua cao
ngay ca véi cac hop chat POPs da vong
thom c6 s6 lugng nguyén tir clo 16n. Sau
quéa trinh rira, phan dat sach duoc tach
riéng, luong bun, sét dugc tach nudc va
dua di xu ly. Tuy nhién, phuong phap
nay doi hoi phai cé qua trinh xtr ly tha
cip ddi voi dung dich va bun lodng
(chiém khoang 30% luong dat dau vao)
sau qua trinh rua giai.

Céc phuong phap thuong duoc st dung
dé tai xir ly dung dich va bun loing chtra
POPs nham dam bao xir ly hoan toan
cac chat nhiém trong dat la: Phuong
phap hap thu, hdp phu, phuong phap
sinh hoc (qua trinh yém, hiéu khi),
phuong phap thuc vat, phuong phéap hoa
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hoc... Trong d6, phuong phap hda hoc
sir dung cac qua trinh oxy hoa dac biét la
cac qua trinh oxy hoa nang cao thuong
duogc quan tam nghién ctru boi kha nang
khéng ché qué trinh, kha ning bao dam
phan huy hoan toan, thoi gian xu ly
ngdn, khong doi hoi qué trinh xir ly the
cap. Mot sé phuong phap oxy hoa ning
cao da dugc chitng minh mang lai hiéu
qua cao trong qué trinh xir ly cac hop
chat clo hiru co bén trong dung dich
nhu:  fenton/UV, H,0,/UV, Fe-
TAML/H,0;...

2. PHAN THUC NGHIEM

2.1. Ho4 chat, thiét bi

2.1.1. Hoa chat thi nghiém:

- XGc tac Fe(ll)-TAML (B")(Téng
hop) : 90%

- Chuan 2,4-D, 2,4,5-T(Meck) : 98%

- Chuan DCP, TCP(Meck) : 98%

- Hydroperoxit (Sigma): 30%

- FeSQO,4.7H,0, loai c6 d6 sach phan tich

(Merk).
- Cac hoa chat khéc: Na,SO, axit
photphoric, diclometan, acetonitrile,

dietyl ete,... 1 cac hoa chat hang Merck,
6 tinh khiét phan tich (PA)

2.1.2. Thiét bj thi nghiém

- May sic ky long hiéu ning cao HPLC
Aligent 100 (My) su dung detector
chudi (DAD).

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

- Can dién tir Toledo, do chinh xac 10™gam
(Thuy S)



- C4c thiét bi thi nghiém théng dung khac:
may sy, may cit quay, pipet ban ty dong,
binh dinh muc, 6ng nghiém chiu nhiét...
2.2. Phuong phap tao miu phan ng
oxi hda

Mau nuéc sau ria giai dugc sir dung co
dic trung sau: dung dich chat hoat dong

bé mat dwoc st dung la dung dich
nonylphenol ethoxylateloai NP-8 nong do
0,5CMC, trong dung dich chira c&c hop
chit clo hiru co v6i nong d6 nhu sau:

Bdng 1. Thanh phan va néng dé chat 6 nhiém trong mdu ban dau

TT Tén mau bVT

Thanh phan céc chat 6 nhiém chinh

2,4-D

2,4,5-T 2,4-DCP 2,4,5-TCP

1 | Mau oxh mg/I 14,1

20,24 23,04 0,59

2.2.1. Phuong phdp thuc hién phan ung
phan hiy bang tac nhan fenton/UV

Phan ung phén huy dung dich da
cam/dioxin sau rira giai bang tac nhan

van 3 chifu F—4110)-

fenton/UV duoc thuc hién trong hé thiét
bi c6 cAu tao nhu hinh sau:
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Hinh 1. M6 hinh hé théng thiét bj dé thyc hién phan iing oxi hda fenton/UV

Hé thiét bi nay gém binh thuy tinh (1) c6
dung tich 1 lit dung dé thyc hién phan
tng, c6 thé kiém soat duoc nhiét do va
theo ddi pH thay ddi trong qua trinh phan
ung. Binh chta dung dich phan ung (1)
duoc dé ho dé bdo hoa oxi khong khi.
Dung dich phan tng duoc khuay lién tuc
trong qua trinh thi nghiém bang may
khudy tir 300 vong/phit (2) va tuan hoan
nhd may bom dinh lwong (3) téc do
750ml/phat. Bom dinh lwong (3) duoc két
ndi giita binh chira dung dich va budng
phan tmg quang (4) dé tuan hoan dung
dich. Budng phan tung quang (4) gom 1

dén UV cong sudt 15W budc song 254
nm nam giita cot phan tng phan céch
bang 6ng thach anh bao quanh dén, chiéu
day 16p chat long 1a 10cm. Trinh tu cho
c&c dung dich nhu sau: cho dung dich
chira dacam/dioxin dd 6n dinh pH, cho
tiép tac nhan oxi hoa va bat may khudy tir
sau d6 bat may bom dinh luong dé tuan
hoan hdn hop dung dich.Sau timng khoang
thoi gian nhit dinh s& lay mau tir binh
phan tng (1) dua di phan tich xac dinh
ham luong 2,4-D, 2,4,5-T bang phuong
phap HPLC.
2.2.2. Phuong phdp thuc hién phan ung
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phan hiy bang hé xic tac Fe(lll)-
TAML/H,0,

Dung dich miu duoc ¢ dinh pH bang
dung dich dém, dat trong ndi on nhiét va
duoc diéu chinh v& nhiét do phan ang, sau
do thém vao dung dich Fe(lll)-TAML,
tiép theo thém H,0O, vao dé thuc hién
phan tng phan hay. Theo thoi gian, lay
mdi lan 5ml mau dem xir Iy mau va phan
tich xac dinh lugng 2,4-D, 2,4,5-T bang
phuong phap HPLC.

2.3. Phwong phap phan tich

Pé phan tich dinh tinh, dinh lugng 2,4-D,
2,4,5-T trong dung dich thtr nghiém sur
dung thiét bi sic ky long hiéu ning cao
(HPLC) Agilent 1100 (My) voi detecto
chudi (DAD). DPiéu kién do: cot sac ky
Hypersil C18 (200x4mm), ty 1€ pha dong
axetonitril/metanol = 90/10 (theo thé
tich); tbc @6 dong: 1ml/phit; ap suit:
110bar; tin hiéu do cua 2,4-D, 2,45-T &
bude song: 210 nm. Ham lugong 2,4-D,
2,4,5-T duoc xac dinh theo phuong phap
ngoai chuan.Nong d6 2,4-D, 2,4,5-T dugc
xac dinh theo phuong phap ngoai chuan
theo phuong trinh:

X =d X
ACN o d,, ovH

Trong do:

X la néng do 2,4-D, 2,4,5-T
trong dung dich dugc tinh bang ppm.
X, la néng d6 2,4-D, 2,4,5-T duoc XAc
dinh bang dudng chuan, tinh bang ppm.
V la thé tich mau diung dé phan tich, tinh
bang ml (thuong la 1 ml).
a 1a hé sé pha lodng mau dung dé phan
tich
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v: 1a thé tich mau tht, tinh bang mililit
(ml).

dacn: 12 khdi lwong riéng cua axetonitril
dugc xac dinh bang 789 mg/ml.

duo: 1a khoi lugng riéng cia nudc
duoc xac dinh bang 1000 mg/ml.

H: 14 hiéu suat thu hoi.

3. KET QUA VA THAO LUAN

3.1. Két qua phan hiy dung dich da
cam/dioxin bang hé Fenton

Can ctr vao cac nghién ctu qua trinh
phan huy cua cac ddi tuong don 1é 2,4-
D, 2,4,5-T trong mdi trudng nudc béng
xUc tac Fenton, chung toi da lua chon
cac diéu kién thich hop cho qua trinh xu
ly dung dich sau rira giai dat nhiém da
cam/dioxin nhu sau: nhiét do 25 °C, pH
= 3, ty & H0/Fe* = 80,
H,0,/X(24 — D;2,4,5—T) = 100. Sau
c4c thoi gian nhat dinh ldy miu va dem
phan tich danh gi4 nong do
2,4 —D; 2,45 — T va cac san pham. Két
qua hiéu suat phan hay theo thoi gian

nhu sau:

c0 H %) (a)

D T T T T T T tl[ph}
0 20 40 60 B0 100 120 140

Hinh 1. (a): Pé thi hiéu suat phan huy
bang hé Fenton theo thoi gian



2,4,5-T

(b)

| Thi¥i gian:
|1 -0 phdt
| -30 phit
2,480 | - 80 phit
-90 phit
-120 phit

(b): Phé HPLC quaé trinh phan huiy bang
hé Fenton theo thoi gian

Qua két qua cho thay: khi tién hanh xir
ly dung dich sau rira giai dat nhiém da
cam/dioxin bang hé fenton tai cac diéu
kién toi wu, thi sau thoi gian 90 phat
hiéu suét phan hay 2,4-D dat gan 42,6%,
voi 2,4,5-T dat 46,5 %, tuy nhién sau
khoang thoi gian trén cho téi 120 phat
tbc d6 phan huy ting cham, hiéu suat
phan hay dat lan luot 45% va 48,6%.
3.2. Két qua phan hiy dung dich da
cam/dioxin bing hé Fenton/UV

Trén co so cac diéu kién ti wu qua trinh
phan hay dung dich sau rira giai dét
nhiém da cam/dioxin bang hé xuc tac
fenton, nhom tac gia da thuc hién qua
trinh xir ly dung dich trén bing hé quang
fenton, didu kién cu thé nhu sau: nhiét
d6 25 °C, pH = 3, ty Ié H,0,/Fe** = 80,
H,O,/Z(24 —D;2,45—T) = 100,
ngudn anh sang tir ngoai tai budc song 4
= 254nm. Sau cac thoi gian nhat dinh
ldy mau va dem phan tich d4nh gia nong
do6 2,4 —D;2,4,5— T va cac san pham.
Két qua hiéu suat phan hay theo thoi

gian nhu sau:
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Hinh 2. (a): Dé thi hiéu sudt phan huiy
bang hé fenton/UV theo thoi gian
" 2,4,5T (b)

2,40

1 Thiri gian:
-0 phit

-15 phiit

- 30 phot

-0 phit

| -75phit

| -50 phiit

| DCP

(b): Phé HPLC qué trinh phan huy bang
hé fenton/UV theo thoi gian

Qua két qua trén cho thay: 2,4-D nhanh
chéng bi phan hay va dat hiéu suit
khoang 90% sau 30 phut, tuy nhién sau
30 pht toc d6 phan hay 2,4-D giam dan
va chi dat 99,1 % sau 90 phut. Déi véi
2,4,5-T téc do qué trinh phan hay cham
hon, dat trén 90% sau 70 phut, sau do
tiép tuc ting va co thé dat 97,7% sau 90
phut phan ng.

Téc d6 phan hay nhanh chéng, dan toi
su hinh thanh mét luong 16n san pham
DCP chi 15 phudt, tuy nhién cac san
pham nay cua qua trinh nhanh chéng bi
phan hay sau 15 phdt tiép theo. So voi
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qua trinh fenton thi téc d6 phan hay 2,4-
D, 2,45-T béng hé fenton/UV cao hon
nhiéu lan. Trong qua trinh phan hay
bang tac nhan fenton thi tc do phan hay
2,4-D cham hon tdc do phan huay 2,4,5-
T, nguoc lai trong hé phan tng fenton/UV
téc d6 phan hay 2,4-D lai nhanh hon so
v6i toe do phan hay 2,4,5-T.

3.2. Két qua phan hiy dung dich da
cam/dioxin bang hé Fe-TAML/H,0;
Dung dich mau dugc diéu chinh dén pH
=10 bang dung dich dém photphat, sau d6
dung dich Fe(lll)-TAML dugc thém vao,
tiép theo thém H,0O, dé thuc hién phan
ung phan huy. Can ct theo céc nghién
cau st dung hé xuc tac Fe(lll)-
TAML/H,0, phan hity mét s chat hiru
co clo dé lya chon cac diéu kién phan ting
véi dung dich sau rira giai dat nhiém da
cam/dioxin nhu sau: pH = 10; ty I&
H,0,/Fe(I11)-TAML = 100; ty 1& Fe(lll)-
TAML/Z(24 — D;2,45—T) =
1/50.Theo thoi gian, mdi lan lay 60ml
mau, dem xir Iy mau va phan tich xac
dinh luong 2,4-D, 2,4,5-T con lai. Két qua
hiéu suat phan hay 2,4-D, 2,4,5-T trong
dung dich dugc trinh bay trong dd thi sau:

moe (*E) (a)
—=— 24D
—i— 245T

60 -

40

20 4

t(ph)

T T T T
o 20 40 60 30 100

Hinh 3. (a): o thi hiéu suat phan huiy
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bang hé Fe(l11)-TAML/H,;0,
theo thot gian

2,4,5-T &
)

Th&i gian:
-0 phuit
-15 phat
-30phit
-60 phut
-75 phit
-80 phit

DCP
TCcP
f

(b): Phé HPLC qua trinh phan huiy bang
hé Fe(ll1)-TAML/H,0, theo thoi gian
Qua két qua trén cho thay: 2,4-D, 2,4,5-
T phan hiy twong d6i cham bai hé x(c
tac Fe(Il)-TAML/H,0,, sau thoi gian 60
phdt hiéu suat phan hay 2,4-D va 2,4,5-T
lan luot dat 58,5% va 61,2 % , sau thoi
gian nay téc do phan huy ting cham, sau
90 phut hiéu suat phan hity dat 1an Iuot 1a

60,3 va 63% d6i voi 2,4-D, 2,4,5-T.

Mac du trong c&c nghién ctu qua trinh
phan huy 2,4-D, 2,4,5-T riéng ré bang
hé xic tac Fe-TAML/H,0, trong méi
truong nudc, cO hinh thanh cac san
pham 1a DCP va TCP. Nhung véi dung
dich thu dugc tir qua trinh ria giai dat
nhiém da cam/dioxin bang dung dich
hoat dong bé mit da co chira sin DCP,
TCP nén san pham nay khong ting
trong qua trinh phan huy 2,4-D, 2,4,5-T
trong dung dich.

4. KET LUAN

Hiéu suit quéa trinh phan huy 2,4-D,
2,4,5-T trong dung dich chat hoat dong
bé mit thu dwoc tir qua trinh ria giai dat
nhiém da cam/dioxin bang hé phan tng



Fenton/UV 1la cao hon so véi tdc nhan
phan tng fenton va hé xuc tac Fe(lll)-
TAML/H,0,. So vdi viéc sir dung tac
nhan Fenton thi hé xdc tac Fe(lll)-
TAML/H,0, cho téc do phan huay da
cam/dioxin cao hon.

Tat ca 3 qua trinh oxy hoa trén déu tao
san pham phan hay 1a DCP va TCP, tuy
nhién do trong dung dich ban dau di co
san c4c san pham nay nén trong qua
trinh phan ung khong thay sy tang dang
ké cac san pham nay.

Vé mat hiéu qua xu 1y thi phuong phap
su dung tac nhan fenton/UV la phuong
phap pht hop dé xir ly dung dich da
cam/dioxin thu dugc tr qua trinh xur ly
dat nhiém da cam/dioxin bang phuong
phép rira giai boi dung dich chat hoat
dong bé mat.
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