Nghién ciru khoa hoc cong nghé

NGHIEN CUU MOT SO YEU TO ANH HUONG PEN HIEU SUAT
XU LY 2,4-D, 4,5-T TRONG DUNG DICH SAU RUA GIAI PAT
NHIEM DA CAM/DIOXIN BANG Fe’ NANO

Pinh Ngoc Tén', Nguyén Vin Tai'", Nguyén Khanh Hung', Nguyén Ngoc Tién',
Chu Thanh Phong', Nguyén Thanh Hai’

Tom tit: Phuwong phdp rira giai ddt nhiém bang dung dich chdat hoat dng bé
mdt ¢6 hiéu qua cao dé loai bé cac hop chat da cam/dioxin nhiém trong ddt, tuy
nhién, nhige diém cia phirong phdp nay la can qud trinh tdi xir Iy doi véi bim va
dich thai sau qud trinh xu Iy ban dau. Bai bdo nay gioi thi¢u két qud nghién ciu xir
ly truc tzep dung dich sau khi rira gidi ddt nhiém da cam/dioxin bang tac nhan Fe’
nano. Két qua nghién ciru cho thay kha nang xw ly cdc thanh phan 6 nhiém la twong
doi tot, hiéu qua phdn hity mét s6 hop chdt dic trung trong dung dich sau rira gidi
dat nhiém da cam/dioxin nhw 2,4-D dat trén 68%, voi 2,4,5-T dat trén 57% sau 240
phiit phan iing. Két qua nghién ciru ciing cho thdy pH thich hop cho qud trinh phdn
hity dao ddng trong khodng gid tri 2 dén 3.

Tir khéa: 2,4-D; 2,4,5-T; Da cam/dioxin; Fe” nano.
1. MO PAU

Theo nhirng bao cao gén day cua HQ1 nan nhan chit doc mau da cam Viét Nam,
trong chién tranh quan d6i M da phun rai it nhat 80 tri¢u lit cac chat diét co, trong
d6 c6 khoang 45 triéu lit cac chat da cam xudng hau hét cac tinh & mién Nam Viét
Nam. Theo udc tinh cta cac nha khoa hoc, véi sb luong céc chét diét co nhu vay,
luong dioxin chiém it nhat khoang 366 kg [2]. O Viét Nam hién nay van ton tai cac
“diém nong” dét va tram tich bi nhi®m mét sb loai chat doc hoa hoc tur nguén ban
dau 1a 20 chat diét co khac nhau do My sir dung trong chién tranh. Két qua diéu tra
ctia nhiéu co quan khoa hoc cua Viét Nam va nudc ngoai cho thdy trong dat ctia
san bay ba Niang va Bién Hoa d¢ ton luu cua PCDDs, PCDDFs, 2,4-D va 2,4,5-T
van con cao. Trong nhidu mau dat, tong d6 doc cua 2,3,7,8-TCDD > 99% tat ca do
doc cua PCDDs va PCDFs. bac biét 1a ham lugong 2,4,5-T va 2,4-D rat 16m, 1én toi
vai tram nghin dén vai triéu pg/kg dat [2]. Do d6, nhu cau khéi phuc, bao vé€ moi
truong khoi 6 nhiém da cam/dioxin d6i v6i nudc ta 1a rat buic thiét. Pé thyc hién
diéu do, viéc tim ra mot giai phap cong nghé phi hop ca vé ki thuat va kinh té trong
diéu kién nuéc ta dang 1a muc tiéu duoc dit 1én hang dau. Hién nay, trén thé gioi da
nghién ctru phat trién mot sb phuong phap dé xir Iy dat nhiém da cam/dioxin. Tuy
nhién, trong diéu kién cta nudc ta thi cac giai phap cong nghé ndy con thé hién mot
s6 nhugc diém nhu: chi yéu hudng téi ddi tuong nhidm la dat, gia thanh cao, qua
trinh xtr ly phure tap, xur 1y khong hoan toan.

Thoi gian gan day, cic nha khoa hoc trong va ngoai nudc dang tién hanh nghién
ctru tinh kha thi ctia mot s6 phuong phap khong str dung nhiét dé xur Iy dat nhiém
dacam/dioxin nhu: phuong phap sinh hoc, phuong phap hoa hoc, quang hoa, rira
giai... Trong cac phuong phap trén, phuong phap rua giai dé, dang duoc cac nha
khoa hoc trong nudc nghién cliru va budc dau cho thiy tinh kha thi [3,4]. Tuy
nhién, nhuoc diém cua phuwong phap ndy 13 cAn qua trinh tai xtr Iy ddi véi bun va
dich thai sau qua trinh xt 1y ban dau. Tuy vao mtc do 6 nhim ma luong bun va
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dich thai c6 thé duoc xur 1y bang cac phuong phap khac nhau nhu: phwong phap
hap thy, hap phu, phuong phdp sinh hoc, phuong phap hoéa hoc... Trong do,
phuong phap hoa hoc dya trén phan tng oxy hoéa khir cta tic nhan Fe®-nano, Fe’-
nano/UV 1a mot giai phap cé tinh kha thi cao nho su két hop cua phan tng declo
hoéa khi chua c6 tac nhan UV va phan Gng Fenton - UV khi thém tidc nhan UV,
dong thoi phan tng duogc thuc day nho kich thudce nano cua sat hoéa tri 0 [5, 7, 10,
11]. Bai viét nay nghién ctru mot s6 y€u to anh hudng dén hi¢u qua xu ly 2,4-D;
2,4,5-T trong dung dich sau rira giai d4t nhiém dacam/dioxin biang Fe’ nano.
2. PHAN THU'C NGHIEM

2.1. Hoa chit, thiét bi
2.1.1. Héa chdt thi nghiém:

- Fe' nano: 90%

- Chua}n 2,4-D, 2,4,5-T(Merck): 98%

- Chuan DCP, TCP(Merck): 98%

- FeSO4.7HzO,’ loai ¢6 d¢ sach phan tich (Merck).

- Cac hoa chat kl}éC: Na,SOy4, axit photphpric, diclometan, acetonitrile,
dietyl ete,... 1a cac hoa chat hang Merck, do tinh khiét phan tich (PA).
2.1.2. Thiét bi thi nghiém

- M4y sic ky 1ong hiéu nang cao HP 1100 st dung detector chudi (DAD).

- Méay do pH: OAKLON, serie 510 (My) c6 d6 chinh xac +£0,01.

- Cén dién tir Toledo, d6 chinh xac 10™'gam (Thuy Sy)

- Céc thiét bj thi nghiém thoéng dung khac: may say, may cat quay, pipet
ban tu dong, binh dinh murc, 6ng nghiém chiu nhiét...
2.2. Phuong phap tao miu phan tng

Sau khi nghién ctru lya chon dl}’(_)’C hé dung dich n"{a giai dat nhiézn cé’c chét

dacam/dioxin, nhdm nghién ctru tién hanh rua giai khoi lugng 16n mau dat B0S
(lay tai san bay Bién Hoa-Dong Nai) d¢ thu gom lwong dung dich sau rira giai phuc
vu qua trinh nghién ctru ti€p theo. H¢ dung dich rira giai dat nhiem dacam/dioxin
trong nghién clru nay c6 cac thong so cu thé nhu sau:

- Dung dich chét hoat dong bé mat (HbBM):

+ Chat HDBM: NP9; Nong d6: 0,5CMC.

+ Chét tang cudong: NaHCOs ; Nong do: 0,5%

+ Thé tich: 10 lit

- Tbc d6 khudy: 150 vong/phit; Chét keo tu: A101, nong do: 1%

- Khéi lugng dat nhidm: 1kg; Thoi gian tién hanh rira giai: khoang 4 gio.

Sau qua trinh ria giai, chit 6 nhiém dacam/dioxin dugc phan tin trong dung

dich chat HDBM, dong thoi tach duqc, cat to, cat nho va cat tinh sach ra khoi hon
hop dat ban dau. Nhom nghién ctru tién hanh s dung méau dung dich thai tur qua
trinh rira giai da toi vu hoa. Dung dich nay dugc phan tich trén thiet bi HPLC tai
phong thi nghiém Vilas 319 cta Trung tam Cong ngh¢ xur ly moi truong co6 chira
cac thanh phan chat 6 nhiém nhu bang 1:
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Bing 1. Thanh phan va néng dé chat 6 nhiém trong mau dung dich sau rira gidi.

TT | Tén chit 6 nhiém Ham lrong (mg/l) Nong dé (mM)
1 2,4-D 12,73 0,0576
2 2,4,5-T 14,714 0,0577
3 2,4-DCP 0,304 0,0019
4 2,4,5-TCP 0,167 0,0008

Tién hanh phan tng oxy héa-khtr & quy mo phong thi nghiém:
So d6 thi nghiém nhu sau:
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Hé thiét bi nay gom binh thiy tinh (1) ¢6 dung tich 1 lit ding dé chira dung dich
phan tmg, duoc dé ho dé bio hoa oxi khong khi. Dung dich phan tung duoc khudy
lién tuc trong qua trinh thi nghiém bang may khudy tir 300 vong/phut (2) va tun
hoan nhd may bom dinh lugng (3) téc d6 750ml/phit. Bom dinh luong (3) duoc
két ndi gitra binh chtra dung dich va budng phan ting quang (4) dé tuan hoan dung
dich. Buong phéan g quang (4) gom 1 d@én UV cong sudt 15W budc song 254 nm
nam gitra cot phan ung phén cach bang dng thach anh bao quanh dén, chiéu day
16p chat 1ong 1a 10cm.

Trinh tu cho cac dung dich nhu sau: cho dung dich chat HDBM sau rira giai,
cho ti€p tac nhén oxi hoa-khur va bat may khudy tur, sau do, bat den UV (4) (chi bat
den UV khi thye hién phan ing voi sat 0 nano két hop UV), bat may bom dinh
luong (3) dé tuan hoan hon hgp dung dich.

Sau tung khoang thoi gian nhét dinh s& 14y mau dua di phan tich bang phuong
phap HPLC d¢€ xéc dinh hiu suat phan huy 2,4-D; 2,4,5-T.

Tinh toan hiéu sudt xtr Iy chét 2,4-D; 2,4,5-T: Hy (%) = (Co - C).100/Cy

Trong d6: Hy, - Hiéu suat xur 1y.

Co- Nong do chit 6 nhiém trong dung dich chat HDBM trude xir 1y.

Cs- Nong do chat 6 nhidm trong dung dich chit HDBM sau xur 1y.

2.3. Phwong phap phéan tich

bé phan tich’ dinh tinh, dinh luong 2,4-D, 2,4,5-T trong dung dich thir nghiém su
dung thi€t bi sac ky long hi€u nang cao (HPLC) Agilent 1100 (My) v6i detecto
chudi (DAD). Diéu kién do: ¢t sac ky Hypersil C18 (200x4mm), ty 1€ pha dong
axetonitril/metanol = 90/10 (theo thé tich), toc dd dong: 1ml/phut, ap suat: 110bar,
tin hiéu do cua 2,4-D, 2,4,5-T & budc song: 210 nm. Ham luong 2,4-D, 2,4,5-T
duoc xac dinh theo phuong phap ngoai chuan.
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Né)ng d6 2,4-D, 2,4,5-T duogc xac dinh theo phuong trinh:
aV
’d H,0 vH

X =d, v X

Trong do:
Xla né\ng d6 2,4-D, 2,4,5-T trong dung dich giu’(_)’c tinh béng ppm.
X, la nong do 2,4-D; 2,4,5-T duoc xac dinh‘béng duong chuan, tinh bang ppm.
V la thé tich mau dung d€ phan tich, tinh bang ml (thuong la 1 ml).
a la h¢ s6 pha lodng mau dung d€ phan tich
v 1a thé tich mau th, tinh bang mililit (ml). .
dacn 12 khoi luong riéng cua axetonitril duoc xac dinh bang 789 mg/ml.
d, , 1akhoi luong riéng cua nude duoc xac dinh bang 1.000 mg/ml.
H 12 hiéu suét thu hdi bang 0,8.
3. KET QUA VA THAO LUAN

3.1. Két qua nghién citu anh hwéng cia n(‘A)ng' do Fgo nano dén hiéu suit xir Iy
2,4-D; 2,4,5-T trong dung dich sau rira gidi dat nhiem dacam/dioxin

Qua qua trinh nghién ctru tai li¢u va tham khao cac cong trinh da cong b6 trong
nude va qudc té, nhom nghién clru tién hanh phan tmg ¢ diéu kién ban dau: dung
dich rura giai dacam/dioxin c6 ndéng d6 2,4-D 1a 0 ,0576mM; 2,4,5-T la 0,0577mM;
dieu chinh pH = 3; thoi gian khao sat 240 phuat; nong do Fe0 nano thay doi la
10mg/1; 30mg/1; 50mg/l va 80mg/1.

Két qua thi nghiém duoc thé hién trén bang 2; 3 va hinh 1; 2

Bing 2. Anh hwéng ciia nong dé Fe” nano dén hiéu sudt phéan hiy 2,4-D.

Thoi gian Anh huong cua Fe’ nano dén hiéu suit phan hay 2.4-D (pH=3)

phanung| Fe=10mg/l Fe=30mg/1 Fe=50mg/] Fe=80mg/l

(ph) | C(mM) | H(%) | C(mM) | H(%) | C(mM) | H(%) | C(mM) | H(%)

0 0,0576 | 0,00 | 0,0576 | 0,00 | 0,0576 | 0,00 | 0,0576 | 0,00

60 0,0454 | 21,18 | 0,0405 | 29,69 | 0,0338 | 41,32 | 0,0359 | 37,67

120 0,0406 | 29,51 | 0,0314 | 45,49 | 0,0274 | 52,43 | 0,0261 | 54,69

180 0,0337 | 41,49 | 0,0246 | 57,29 | 0,0203 | 64,76 | 0,0194 | 66,32

240 0,0314 | 45,49 | 0,0238 | 58,68 | 0,0181 | 68,58 | 0,0179 | 68,92

80.00

70.00 —4—Fe=10mg/l

60.00 —@—Fe=30mg/l
~ 50,00 Fe=50mg/1
?:E 40.00 = Fe=80mg/1

30.00

20.00

10.00

0.00

0 100 200 300
t(ph)

Hinh 1. Hiéu sudt phan hiy 2,4-D bang tic nhan Fe’ nano
& cdc nong do khac nhau (pH=3).
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Bing 3. Anh huéng ciia nong dg Fe” nano dén hiéu sudt phan hiy 2,4,5-T.

Thoi gian Anh hudng cia Fe’ nano dén hiéu suit phan huy 2.4,5-T (pH=3)

phan tng Fe=10mg/1 Fe=30mg/1 Fe=50mg/1 Fe=80mg/1

(ph) | C(mM) | H(%) | C(mM) | H(%) | C(mM) | H(%) | C(mM) | H(%)

0 0,0577 0,0 |0,0577 | 0,0 | 0,0577 | 0,0 | 0,0577 0,0

60 0,0521 9,7 10,0486 | 15,8 | 0,0455 | 21,1 | 0,0452 21,7

120 0,0446 | 22,7 | 0,0394 | 31,7 | 0,0357 | 38,1 | 0,0349 39,5

180 0,0357 | 38,1 | 0,0315 | 45,4 | 0,0267 | 53,7 | 0,0265 54,1

240 0,0332 | 42,5 | 0,0284 | 50,8 | 0,0248 | 57,0 | 0,0244 57,7

70,0
B —4—Fe=10mg/|

50,0
@ Fe=30mg/|

— 40,0
X Fe=50mg/|

T 30,0
20,0 Fe=80mg/I

10,0

0,0

0 100 200 300
t(ph)

Hinh 2. Hiéu sudt phdn hiy 2,4,5-T bang tic nhdan Fe nano ¢ cdc nong do Fe’
nano khac nhau (pH=3).

Qua két qua thi nghiém nhan thay Fe” nano c6 kha ning chuyén hoéa dong thoi
cd 2,4-D va 2,4,5-T trong dung dich, khi ting ham lugng F ¢’ nano 1én thi hiéu suét
phan huy ting 1én, ¢ diéu kién ndong do nano sit 13 10mg/1 thi hiéu suat phan huy
2,4-D; 2,4,5-T sau 240 phut lan luot dat gia tri 45,5% va 42,4% sau 240 phuat phan
mg. Khi ting ndng do Fe’ nano 1én 30mg/I thi hiéu suat phan huy 2,4-D; 2,4,5-T
tang 1én 58,7% va 50,8%, dac biét, khi tang néng d6 tac nhan Fe nano 1én 50mg/1
thi hiéu suat phan hay tang 1én ro rét (68 6% dbi voi 2,4-D va 57% d01 voi 2,4,5-
T), tuy nhién, khi tang tiép nong d6 Fe’ nano 1én 80mg/l thi hiéu suit phan huy
tang 1én khong dang ke.

Co ché cua qua trinh nay 1a co ché khir manh cua Fe” nano, Paul Tranyek va
Matheson dé dua ra 3 phuong thuc khir ciia Fe’ nano sau day:

- Khtr truc tiép trén bé mat kim loai: d6 1a su chuyén nhuong electron truc tiép
cua Fe’ nano cho cac hydrocacbon halogen (RX) hap phu trén bé mat cua hé kim
loai-nudce, két qua 1a phan trng khtr clo va san pham Fe(Il) dugc tao thanh:

Fe’+RX+H" — RH + X + Fe*'

- Khur boi Fe(ID) trén bé mat: Fe(Il) 1a san phim cua qua trinh dn mon Fe” ciing

c6 thé 1a san pham cua qua trinh khtr clo trong RX, tao thanh Fe (III):
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Fe*' + RX+H" — Fe’' + RH+CI
Fe*' + H,0 — Fe’" + H, + OH

- Khir boi hidro: H, 14 san pham sinh ra trong qué trinh an mon ky khi co thé
phan tmg véi RX néu c6 tac dong cuia chat xuc tac:

Fe’ + H,0 — Fe** + OH + H,

Xét vé kha ning tac dung, ¢ ciing mot ndng do bé mit cua nano Fe’ ting 1én
dang ké nén toc do xir Iy duge tang 1én nhiéu 1an. Trong méi trudng axit, Fe’ dong
vai tro chat khtr cung cp dién tir cho qua trinh dé clo hoa:

Fe’ — Fe?" + 2¢
RCI+H +2¢ — RH+CI

Tdong hop céc phan tng:
RCl+Fe’ + H" — RH + Fe*' + CI

Két qua nghién ctu cling cho thdy hiéu suat phan huy 2,4-D; 2,4,5-T bang tac
nhan Fe” nano ting dang ké trong khoang thoi gian 180 phut phan tng, sau khoang
thoi gian nay, hiéu suat phan hily ting 1én khong nhiéu. Nhu vay, ndng d6 Fe'
nano phu hop 6 khao sat nay la 50mg/l. Tuy nhién, hi¢u suét phén huy chung d6i
VOl co chat dang xét ¢ day van con thap Do véy, nhom tac gia tiép tuc nghlen cltru
mot so yeu t6 anh huong dén hiéu suit phan hiy co chit bang tic nhan Fe” nano
ma yéu t6 rat quan trong d6 1a pH ctia mi truong.

3.2. Két qua nghién ctru anh hwéng cia pH dén hiéu suit xir 1y 2,4-D; 2,4,5-T
trong dung dich sau rira giai dit nhiém dacam/dioxin

Diéu kién khao sat ban dau: Fe’ nano 50mg/l; pH dung dich thay dbi 1an luot
1a 2; 3; 5; thoi gian khao sat 1a 240 phat. Két qua nghién ctru thé hién trén céc
bang 4 vas.

Tir két qua dan ra trén cac bang 4 va 5 cho thay, khi giam pH thi hiéu sut phan
hay 2,4-D va 2,4,5-T trong dung dich sau rira giai dacam/dioxin tang lén. Nhu vay,
trong khoang khao sat hi¢u suat phan huay ti 1¢ nghich véi pH cua moi truong. O
pH=2 hiéu suat phan hay 2,4-D sau 240 phut dat gia tri cao nhat gin 70%, 16n hon
gia tri & pH=3 13 68%; & pH=5 hiéu suat phan huy 2,4-D chi dat gia tri 1a 46%. Doi
v6i 2,4,5-T cling tuong tu, hiéu suét phan huy dat gia tri cao nhét 13 59,62% & pH=2
sau 240 phut phan ung.

Bing 4. Anh huéng ciia pH dén hiéu sudt phan hiy 2,4-D.

Thoi Anh huéng ciia pH dén hiéu sudt phan huy 2,4-D
gian pH=2 pH=3 pH=5
phén g

(ph) | CmM) | H(%) | C(mM) | H(%) | C(mM) | H(%)
0 0,0576 | 0,00 | 00576 | 0,00 | 00576 | 0,00
60 0,0439 | 23,78 | 0,0433 | 24,83 | 0051 | 11,46

120 0,037 | 35,76 | 0,0351 | 39,06 | 00454 | 21,18

180 [ 0,0322 | 44,10 | 00314 | 4549 | 00432 | 25,00

240 | 0,0174 | 69,79 | 0,0181 | 68,58 | 0,031 | 46,18
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Hinh 3. Hiéu sudt phdn hiiy 2,4-D bang tac nhan Fe’ nano ¢ pH khéc nhau.

Bing 5. Anh hwéng ciia pH dén hiéu sudt phan hiy 2,4,5-T.

Thoi gian Anh hudng ciia pH dén hiéu suat phan huy 2.4,5-T
phan ung pH=2 pH=3 pH=5
(ph) CmM) | H%) | CmM) | H(%) | C(mM) | H(%)
0 0,0577 0,00 0,0577 0,00 0,0577 0,00
60 0,0439 | 23,92 | 0,0433 | 24,96 0,051 11,61
120 0,037 35,88 | 0,0351 39,17 0,0454 | 21,32
180 0,0322 | 44,19 | 0,0314 | 45,58 0,0432 | 25,13
240 0,0233 | 59,62 | 0,0248 | 57,02 0,042 27,21

60.00
50.00
40,00 — 1-pH=2
30,00 r 2-pH=3
20,00 3-pH=5

10.00

0.00

1 2 3

Hinh 4. Hiéu sudt phin hiy 2,4,5-T bang tac nhdn Fe nano & pH khdc nhau.

Nhu vay, hiéu sudt phan hiyy cac chat 2,4-D va 2.,4,5-T trong dung dich sau rua
giai dat nhiém dacam/dioxin c6 tang khi gia tri pH cta dung dich giam, gia tri t6i
uu la pH=2-3, tuy nhién, hi¢u sudt phan huy cac thanh phan 6 nhiém ‘nay van con
thip. Dé ning cao hiéu sudt phan huy ciia cac chit ndy, chung t6i s& tiép tuc nghién
ctru va cong bd sau.

4. KET LUAN

Tac nhan Fe’ nano c6 kha nang phan hiy dong thoi 2,4-D; 2,4,5-T trong dung
dich chat hoat dong bé mit thu duoc tir qua trinh ria giai dat nhiém chat da

Tap chi Nghién citu KH&CN quén sw, Sé 47, 02 - 2017 163



