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TOM TAT
Kp thudt plasma dién hod cao ap voi sy xudt hién plasma trén dién cuc sinh ra cac géc tw do
hoat dong va cdc tiac nhdn oxi hod nhw “OH, Hy0,, Os, tia UV ¢6 khd néing phdn huy hop chat
hiru co 2,4-dichlorophenoxyacetic (2,4-D) trong méi truong nuede. Bai bdo nay nghién cieu mét s6
yéu té anh huong dén toc dé phan img phan huy 2,4-D va hiéu qua qua trinh khoang hoa thong
qua chi $6 nhu cau oxi hod hoc (COD) va tong ham lwong cacbon hitu co trong dung dich (TOC).
Két qua nghién ciru cho thdy toc o phan huy 2,4-D phu thudc vao gid tri pH va do dan dién. Gia

tri COD giam tir 106,0 mg/L xuéng con 2,2 mg/L. Twong tu, gid tri TOC giam tu 6,1 mg/L xuong
con 2,1 mg/L sau 120 phut phong dién, khd nang khoang hoa thanh CO, dat dén 65,6%.

Tir khoa: Plasma lanh; Dién mét chidu cao ap; Géc tu do *OH; Xir Iy 2,4-D; Pién cuc sit.
1. MO PAU

Ngay nay, cong nghé plasma lanh dugc quan tim nghién ctru va sir dung trong nhiéu linh vuc,
trong d6 c6 linh vuc xir Iy moi trudng [1]. C6 nhidu cac ky thuat khac nhau dé tao plasma lanh
nhu k¥ thuat phong dién man chin (DBD), ki thuat phong dién xung mét chiéu (DC pulse), ky
thuat phong dién xung xoay chiéu (AC pulse), ki thuat dién mét chiéu cao 4p (DC), ki thuét vi
song (microwave) [2]. Qua trinh hinh thanh plasma lanh da tao ra cac goc tu do hoat dong nhur
*OH, *H, O va cac tac nhan c6 hoat tinh cao nhu H,0,, O3, O, cling nhu tia UV dugc sinh ra khi
plasma xuét hién. Trong d6, gdc tw do hoat dong *OH c6 thé oxi hoa cao dén 2,80 V [3] c6 kha
nang oxi hoa hau hét cac hop chat hitu co ké ca cac hop chat hiru co kho phan huy. Trén thé gioi,
ky thuat plasma lanh dugc sir dung dé xir 1y cac chat gdy 6 nhiém nhu xir Iy phdm mau hitu co
[4], xtr 1y cac hop chit phenol [5]. Thubc trir cé 2,4-D 1a hop chét c6 doc tinh cao anh hudng dén
con ngudi va hé sinh thai gin diy di bi cdm sir dung theo quyét dinh Qb 278: BNN-PTNT. Day
cling 13 hop chét hitu co c6 vong thom va nguyén tir C1 trong vong dan dén hop chat co tinh bén,
kho phan huy trong mdi truong. Co nhiéu nhimng cong nghe va phuong phap khac nhau dé xir ly
2,4-D nhu cong nghé thiéu dot & nhiét d9 cao, cong ngh¢ giai hap nhiét, cong nghé chon lap tich
cuc két hop voi sinh hoc. Tuy nhién, mdi phuong phap xu 1y c6 sy phu hop voi mot a6i tuong
nhat dinh va cong nghé xir Iy kém theo c¢6 dic diém riéng phirc tap, gia thanh cao. Dé giai quyet
van dé nay, k¥ thuat plasma dién hoa dién ap cao dong mét chidu (DC) st dung dién cuc sét véi
cong ngh¢ khong qua phue tap, kha nang xir Iy nhanh 2,4-D trong moéi trudng nuée duge xem
xét nghién ctru. Qué trinh xuét hién plasma sinh ra tac nhan ¢ hoat tinh cao dugc thé hién qua
cac phuong trinh phan rng sau [6]:

Phan hiy nudc:
HO+e = °"H+°OH +¢e D
Hinh thanh H,0.:
‘OH + *OH — H,0, 2

82 N. V. Hoang, ..., N. P. HUng, “Nghién citu dong hoc ... xudt hién plasma trén dién cwc sit.”


mailto:tranvancong7902@gmail.com

Nghién ctru khoa hoc cong nghé

Hinh thanh ozon:

0O+0,— O (3)
Phan trng xtc tac ozon:
303+ H,0 — 2°0OH + 40, (4)
205 + H,0, = 2°0H + 30, (5)

Sy xudt hién plasma tao ra tia UV gop phan hinh thanh gbc ty do theo phan ung (6) va ion
hoa cac hat sit nano hoa tri khong Fe® thanh ion Fe?* theo phan tmg (7) gop phan nang cao su
hinh thanh phén ung Fenton trong dung dich [7]:

H,O,+ ho— 2°0OH (6)
Fe’ + hy — Fe** + 2¢ @)

Trén dién cyc sat, phan tng dién hoa dién ra qué trinh hoa tan anot va cac phan tng hoa hoc
trong dung dich, déc biét 1a sy hinh thanh nano sat hoa tri khong va phan tng Fenton tao goc tu
do “OH [8] dién ra nhu sau:

Hoa tan anot:

Fe -2¢ — Fe** (8)
Khtr hydro trén catot:
2H,0 + 2e — H,T + 20H (9)
Tao hat nano:
Fe’* + H, —> Fe® + 2H" (10)
Tao gdc tu do hydroxyl theo phan ting Fenton:
Fe® + 0, + 2H"— Fe® + H,0, (11)
Fe + H,0, + 2H" — Fe®* + 2H,0 (12)
Fe’* + H,0, — Fe*" + "OH + OH (13)

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét bi nghién ctru

Thiét bi nghién ctru gdm may bién ap dién ap cao dong mot chiéu, diéu khién vo céap, diy
dién ap c6 gia tri tir 0 + 20 kV. Pién cuc anot va catot co kich thudc gidng nhau, co dang hinh
tru @ X h=3 mm X 200 mm, dién tich mit dién cuc 1a 7,06 mmz, duoc duc béng 16p céch dién
bén ngoai bang keo epoxy. Binh phan tng 14 éng thuy tinh hinh tru bao gdm hai 16p. Lép bén
trong chira dung dich phan tmg, 16p bén ngoai chira nuéc duge bom tuan hoan qua bé 6n nhiét.

Do dan va pH caa nude cit ciing nhu dung dich phan tng dwoc do bang thiét bi cua hing
Hanna: HI 8733 va HI 8314 tuong ung. Can phan tich Shimadzu ATX 224, Nhat c6 d6 chinh xac
+ 0,1 mg duoc str dung dé pha chinh xac dung dich 2,4-D. Ham luong 2,4-D con lai sau phan img
duogc phén tich dinh luong bang sic ky 16ng cao ap HPLC 1100 Agilent v6i duong chuin dugc
xdy dung cho khoang ndéng do 2,4-D nghién ctru, gi6i han phat hién LOD 1a 0,05 mg/L. Hiéu suit
phén hiy theo thoi gian dugc tinh thong qua ham lugng COD trong dung dich qua cong thirc:

H(%) = COb, —COb, «100%
COD,
Trong do:
H(%): Hi¢u suét qud trinh xir 1y 2,4-D;
CODyg: Nhu cé}u oxi hoa hoa hoc khi chua xtr Iy, mg/L;
COD; : Nhu cau oxi héa hoa hoc sau xtt 1y & thoi gian t phiit, mg/L,
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COD dugc xac dinh bang phuong phiap SMEWW 5220C:2017. Po tépg cacbon hitu co
(TOC) trong dung dich theo TCVN 6634:2000 duoc thuc hién trén thiét bi TOC-5000A,
Shimadzu.

Anét Plasma anot

[ A -
7 Bé& mit anét pui Nguén cao ap 3
- \' mot chidu kwh

‘ Dung dich phan (ng

| Binh thay tinh 2 16p

Dung dich ra

Nudt nham
l Ld&p boc epoxy
Cat6t

Bé& 8n nhiét

Dung dich 8n nhiét vao

Dung dich 8n nhiét ra

Bom dung dich 8n nhiet Plasma catot
Hinh 1. M6 hinh thiét bi phan iing dién hod cao dp véi sw xudt hién plasma.
2.2. Ho4 chat

Hoa chét 2,4-D, H,SO,4, NaOH dugc st dung ctuia hang Merck, Puc. Nudc cAt hai 1an cua
phong thi nghiém c6 d6 dan 1,4 pS/cm va pH 1a 7. Néng dd 2,4-D ban dau duogc pha 1a 30 mg/L
trong nudc cat hai lan va cac hoa chat can thiét khac.

3. KET QUA VA THAO LUAN
3.1. Nghién ciru dong hoc phan hiiy axit 2,4-D
3.1.1. Nghién ciru dong hoc phdn hity 2,4-D phu thuéc vao pH ban dau

Gia tri pH c6 anh hudng dén sy hinh thanh va tinh chat cia plasma dién hoa trong sudt qua
trinh phong dién, anh huéng dén do dan dién trong dung dich. Do d6, pH anh hudng dén hiéu
suat phan huy chat hiru co 6 nhiém. Diéu chinh gia tri pH bang dung dich axit H,SO, va dung
dich bazo NaOH.

Nghién ctru dong hoc phan huy 2,4-D trong dung dich phu thudc vao thoi gian véi ndng do
ban dau (Co), nong do theo thoi gian (C), két qua nghién ctru cho thay su phén huy 2,4-D tuan
theo duong gia dinh bac 1 dang In(C/Cy) = -kt. Nghién ctru dong hoc phén huy ¢ céc gié tri pH = 3,
pH =6, pH = 9 cho thay toc d6 phén huy 2,4-D phu thudc vao gié tri pH. Toc do phén huy ¢ pH =6
dat gia tri 0,016 lon hon toc d6 phan huy & pH = 3 ¢6 gia tri la 0,009. Nguyén nhan cua hién
twong nay la do & moi truong pH thap mat do ion H* 16n dan dén kha ning tai hop giita goc tu do
*OH va ion H' dién ra theo phan tng:

*OH+H"+e — H,0

Ngoai ra, khi sir dung axit H,SO, dé thay d6i pH dan dén xay ra phan ng cua gbc tu do *OH

véi anion SO} theo phuong trinh:

"OH+ SO; +H" = S0,"+ H,0

Gbce tu do SO, dugc hinh thanh c6 thé oxi hoa thip hon thé oxi hoa cua gbc tu do *OH. Tur
cac phan ung da dé cap dén o trén cho thdy ham luong gdc tuy do *OH di bi giam xudng. Do do,
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hiéu suat phan huy 2,4-D giam khi d6 pH giam. Trong méi truong kiém, kha ning hinh thanh
géc tu do "OH ciing giam kéo theo hiéu suat phan hay 2,4-D giam khi pH tang Ién. Theo tac gia
Bo Jiang va cong su [2] gbc tu do *OH 1a tac nhan oxi hoa electrophin ¢ thé chuyén hda nhanh
sang dang O™ trong mdi truedng Kiém manh. Nhu vy, 6 thé thiy téc d6 phan ang phu thudc vao
pH cua dung dich (hinh 2a). Két qua phuong trinh tc d6 phan ng gia dinh bac 1 phan hay
2,4-D phu thudc vao pH dugc trinh bay trong bang 1.

Bing 1. Phuong trinh toc do phdn vmg gia dinh bdc mét phan hity 2,4-D phu thuéc pH ban dau.

A Phuong trinh dong hoc | (phaty | R?
HE phan (mg PH 1 Crco) = ket |

3 y =-0,009x 0,009 0,978

2,4-D/Plasma dlén héa 6 y=- 0.016x 0.016 0.992

9 y =-0,011x 0,011 0,985
0.0 pH=9 0.0 = 300 pS/cm
pH=6 ® 600 pS/cm
pH=3 A 900 uS/cm

-0.5

-0.5

-1.0 4

In(C/Co) (2,4-D)
In(C/Co) (2,4-D)

-1.5

2.0

-1.5 T T T
0 50 100 150

Cll 5‘0 1(‘)0 150
thoi gian (phut) thoi gian (phut)

@) (b)
Hinh 2. Thay déi téc @ phan huy 2,4-D theo pH ban dau (a) va theo d¢ dan dién (b)
6V =5kV,h=300mm,C=30mg/L, T =30°C.
3.1.2. Nghién creu dong hoc phan hiy 2,4-D phy thudc vao do dén dién

Dung dich 2,4-D ban dau & ndng d6 30 mg/L c6 d6 dan dién ¢ 25 °C 1a 38,8 pS/cm. Nghién
ctru anh huéng cua do dan dién dugc didu chinh khi thém dung dich mudi NaCl vao dung dich
da pha & trén. Két qua nghién ciru cho thay khi ting d6 dan dién caa dung dich thi hiéu suat phan
huy giam xudng. Két qua thi nghiém cho thiy hoan toan phu hop vai két qua nghién ciru cua tac
gia P. Sunka va cong su [9], khi do dan dién ting, cudng d6 vach phé cua gbc ty do "OH giam,
nghia 1a ham lwong géc ty do “OH giam xudng.

Nhu vay c6 thé thdy, mic du do dan dién ting, kha ning plasma xuat hién sém nhung hiéu
suat phan huy 2,4-D lai giam xuéng. Nguyén nhan giam hiéu suat phan huy do hiéu ang dap tit
gbc tu do "OH caa anion CI” ¢6 trong mudi dan dén giam hiéu suat phan huy ddi véi 2,4-D. Hiéu
{ing dap tat hinh thanh theo co ché sau:

*OH + CI'= CI' + OH’ (14)
CI"+CI* = Cl, (15)

Cl, + H,0 = HCI + HCIO (16)
2HCIO + H,0, = 2CI"+ 10+ 2H* (17)

Nghién ctru dong hoc phan huy 2,4-D phu thude vao do dan dung dich bang cach cho thém
muoi NaCl vao dé dieu chinh d¢ dan dign ve céc gia trj la 300, 600, 900 pS/cm cho thay d6 dan
dién cang cao thi toc @6 phan wng phan huy 2,4-D, 2,4,5-T cang giam.
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Bing 2. Phuong trinh toc do phdn vmg gia dinh bdc mét phan hity 2,4-D phu thudc dé dan dién.

Phuong trinh dong hoc Ko (phtit?) R?

He phan tng EC (uS/cm) In (C/Cg) = -kt
300 y =-0,011x 0,011 0,996
2,4-D/Plasma dién hoa 500 y = - 0,009% 0009 | 0,993
900 y = - 0,008x 0008 | 0984

Nguyén nhan hang sb tbc do phan hay giam Ia do anion CI" i dién tir d3 dap tat va lam giam
kha nang hinh thanh gdc ty do "OH. M6t nguyén nhan khéc nira 1a khi 6 dan dién tang thi dién
truong lai giam xudng lam trang thai ion hoa cua cac hat mang dién trong hé giam. Chinh boi
nhitng ly do néu trén ma tdc do phan tng phan huy 2,4-D (hinh 2b) s& giam xudng khi ting do
dan dién bang mudi NaCl. Két qua phuong trinh toc d6 gia dinh bac 1 phan hay 2,4-D duoc trinh
bay trong bang 2.

3.2. Nghién ciru kha ning phan hiy axit 2,4-D
3.2.1. Nghién citu chi s6 COD trong dung dich

Chi s6 COD phan &nh s mg oxi can thiét dé oxi hoa cac chat hitu co c6 mat trong dung dich.
Chi s6 COD cao chiing to ham lugng chat hiru co ¢6 trong dung dich Ié6n. N6i cach khéc chi s6
COD phan anh muc d6 chuyén hoa va phan huy cac chat hiru co. Gia tri A va B ciia COD theo
QCVN 40:2011/BTNMT vé nudc thai cong nghiép sau qua trinh xur 1y dugc phép thai vao moi
trwong la 75 va 150 mg/L. Trong khi do, gia tri COD do duoc trude khi xu ly cua 2,4-D véi nong
d6 30 mg/L la 106 mg/L. Sau thoi gian xir ly 30, 60, 90 va 120 phat trong mién khao sat toi uu,
COD cua dung dich 2,4-D giam xuong yc’ri gia tri lan luot la 40,2 mg/L, 15,9 mg/L, 6,8 mg/L va
2,2 mg/L (hinh 3a). Nhu vay, c6 thé thay gia tri COD giam manh theo thoi gian sau 120 phut tir
106 mg/L dbi véi 2,4-D chi con 2,2 mg/L, hiéu suat xir Iy 2,4-D dat 98,0%. Chi sé6 COD dat
duoc gia tri cho phép thai vao mdi truong theo QCVN 40:2011/BTNMT. Két qua phan tich gia
tri COD giam theo thoi gian duong trinh bay trong bang 3.

Bdng 3. Xdc dinh nhu cdu oxi hoa hoc trong dung dich.
Thaoi gian (phat) 0 30 60 90 | 120

COD,4p (Mg/L) | 106,0 | 40,2 | 159 | 6,8 | 2,2

H(%) 0 62,0 | 85,0 | 93,6 | 98,0
120
64
100
i 80 : 5
© >
;7 60 E 2
~ O
N 40 o
o = 3
© 20
2 -
04
0 20 40 60 80 100 120 0 20 40 60 80 100 120
thai gian (phat) thoi gian (phut)
@) (b)

Hinh 3. Thay doi gia tri COD (a) va TOC (b) theo thai gian xi Iy ciia dung dich 2,4-D ¢ V=5 kV,
h=300 mm, T=30 °C, EC=38,8 pS/cm.
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a 1 1 1 7 - "1 i i b i i 2 B M 1 4C
Hinh 4. Phé HPLC ciia 2,4-D khi chua xit 1y bang plasma dién héa (a), sau khi xit 1y bang
plasma dién héa 60 phiit (b) va sau khi xit Iy bang plasma dién héa 90 phiit (c).
3.2.2. Nghién cutu chi s6 TOC trong dung dich
Qua trinh phan hay 2,4-D bing plasma dién hoa dan dén cac hop chat nay bi phan huy thanh
c4c axit hiru co. Céc axit hitu co nay tiép tuc bi phan hay thanh CO, va H,0. Po ham luong téng
cachon hitu co trong dung dich TOC s& xac dinh chinh xac ham lugng tong cachon hitu co c6
mit trong dung dich dé danh gia kha ning khoang hoa cua chat hitu co 6 nhiém. Két qua phan
tich TOC cho thay tong ham lugng c4c bon hitu co ban dau khi chua xir Iy bang plasma 1a 6,1
mg/L. Po d6 giam TOC cua dung dich 2,4-D theo thoi gian sau 30, 60, 90 va 120 phut dat duoc
cac gié tri lan luot 12 4,7 mg/L, 3,7 mg/L, 2,8 mg/L, 2,1 mg/L. Hiéu suat khoang héa giam theo
thoi gian. Hiéu suat khoang hda sau thoi gian 120 phit dat duoc 1a 65,6% (hinh 3b). Két qua xéac
dinh tong ham lugng cacbon hitu co trong dung dich giam theo thoi gian dugc trinh bay trong
bang 4.
Bdng 4. Xdc dinh tong cac bon hitu co trong dung dich.
Thai gian (phat) | 0 | 30 | 60 | 90 | 120
TOC2'4.D (mg/L) 6,1 4,7 3,7 2,8 2,1
H (%) 0 [229]39,3|54,1|65,6

4. KET LUAN

Phuong phap plasma dién hoa dién ap cao dong mot chidu voi sy xudt hién cua plasma trén
dién cuc anot va dién cuc catot da tao ra cac tac nhan hoat tinh cao, dac biét 1a géc tr do hoat
dong *OH ¢6 thé oxi hda 16n 2,80 V da oxi hoa hop chét hitu co bén co vong thom va co nguyén
ta Cl trong vong benzen nhu 2,4-D. Qua trinh oxi hda phén huy 2,4-D duoc xac dinh tuén theo
duong gia dinh bac 1 phu thudc vao gia tri pH va do dan dién ban dau cua dung dich. Téc do
phan ang & gia tri pH=6 16n hon téc d6 phan tng ¢ pH=3 va pH=9. D¢ dan dién duoc diéu chinh
bang dung dich mudi NaCl cho thdy ¢ d6 dan dién cang cao thi tbc do phan huy 2,4-D lai cang
giam. Kha ning oxi hoa 2,4-D tinh thong qua chi s6 COD dat 98,0%, ciing vdy chi sé khoang
hoéa 2,4-D dat 65,6% sau 120 phut xt ly.
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ABSTRACT

RESEARCHING THE DECOMPOSITION KINETICS OF ACID
2,4-DICHLOROPHENOXYACETIC IN AN AQUEOUS ENVIRONMENT
BY DC HIGH VOLTAGE ELECTRICAL TECHNOLOGY WITH THE PLASMA
APPEARANCE ON THE IRON ELECTRODE

The DC high voltage electrochemical plasma with the appearance of plasma on the
electrodes generates active free radicals and oxidizing agents such as ‘OH, H,O,. These
agents cause the efficient decomposing of 2,4-dichlorophenoxyacetic (2,4-D) organic
compounds in the aqueous environment. This paper studied some factors affecting the rate
of 2,4-D degradation reaction and mineralization efficiency through chemical oxygen
demand index (COD) and total organic carbon index (TOC) content in aqueous solution
over time. The research results showed that the decomposition reaction rate of 2,4-D
depended on the electrical conductivity and the value of pH. The COD value decreased
from 106.0 mg/L to 2.2 mg/L. Similarly, the TOC value decreased from 6.1 mg/L to 2.1
mg/L after 120 minutes of discharge, the ability mineralization of 2,4-D to CO, reached
65.6 percent.

Keywords: Cold plasma; High voltage direct current; OHe free radicals; 2,4-D treatment; Iron electrode.
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