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NGHIEN CUU PHAN HUY HOAT CHAT QUINALPHOS

BANG HE THONG PLASMA LANH

Hé Quéc Phong”, Nguyén Vin Diing,

Nguyén Mai Hung, Huynh Lién Hwong, Ping Huynh Giao

TOM TAT

Truong Pai hoc Can Tho

Nghién ciu dugc tién hanh nhim déanh gid kha ning phan hiy chéat thudc bao vé thyc vat
quinalphos trong dung dich nudc bang cong nghé plasma lanh. Cac yéu t6 anh huong dén kha
nang phén hiy nhu cong suat xtr i, thoi gian xir li, luu lugng dung dich, luu lugng khi cép vao
buong plasma, ndng d6 cia quinalphos s& dugc tién hanh khao sat. Két qua nghién ctru cho thiy
rang phin trim phan hily quinalphos ting ty 1¢ thun véi cong suat va thoi gian xur li. Nguoc lai,
phéan trdim phan huy quinalphos ty 1¢ nghich v&i luu lugng dong chay va ndng do quinalophos cin
xir 1i. Ngoai ra, phan trim phan huy quinolphos tang khi tang luu lvong khong khi tang tir 0 — 7,5
lit/phdt va ¢ xu hudéng giam xudng khi luu lugng khi cao hon 7,5 lit/phat. Tém lai, phan tram
phéan hity quianlphos cao nhat (98,2%) co thé dat dugc & diéu kién xir li plasma voi cong suat 1a
120 W, luu Iugng dung dich 1,5 lit/phit, luu lwong khi 7,5 lit/phut, thoi gian xir 1i 90 phut va nong

d6 quinaphos 10 ppm.

Tir khéa: chdt bdo vé thuc vit; plasma lanh; plasma cong nghé mang chdn, quinalphos

MO DAU”

Hién nay vin d¢ 6 nhiém nudc do qua trinh
san xuit cling nhu st dung cic chit bao vé
thuc vat cho nganh nong nghiép luén dugc
nhidu ngudi quan tdm vi sy 6 nhidm s& anh
hudng truc tiép dén nude sinh hoat va nudi
trong thity san. Theo danh muc thudc bao vé
thuc vat (BVTV) dugc B6 Nong nghiép va
Phat trién Nong thon cong bd 2016 c¢b 775
hoat chit 1a thudc trir sdu, 608 hoat chat 1a
thudc trir bénh va 227 hoat chét 1a thude diét
¢6 [1]. Hang nim nudc ta nhap khau va st
dung khoang tir 70 nghin dén 100 nghin tin
thubc BVTV vi thé kha ning gy 6 nhiém
ngudn nude va 6 nhiém dat 1a rat cao [4].

Hoéa chat BVTV lam thodi héa dat, 6 nhiém
nudc mat, nudc ngém va khong khi. Sy 6
nhiém nay khong nhiing giy anh huong tiéu
cuc dén hé sinh thai ma con tich lily sinh hoc
gdy ra nhimg anh hudng c6 hai dén sy sinh
san, sy phat trién, hé thin kinh va tuyén noi
tiét ctia cac loai sinh vat cing nhu anh huéng
dén chét lugng nudc sinh hoat ciia ngudi dan
va nudc nudi trong thity san.

Do hoat chat thudc BVTV la nhiing doc chat
héa hoc va vi sinh vat c6 sin trong nudc

“Tel: 0907386339, Email: hgphong@ctu.edu.vn

khong thé tu 1am sach duoc cling nhu thoi
gian ty phan huy rit dai nén giai phap su
dung cac phuong phap hoa 1y dé phan huy
hoat chat thuéc BVTV 1a can thiét va thiét
thue. Cac phuong phap di dugc sir dung dé
xit li hop chit thubc BVTV nhu ding than
hoat tinh, chlorin, tia UV, ozone [11] va phan
tmg fenton [11], [15]. Tuy nhién, cac phuong
phap nay con ton tai mot sé nhuge diém nhat
dinh nhu sinh ra cic san pham phy, hiéu qua
xt li khong cao va thoi gian xir 1i dai. Plasma
lanh duoc biét c6 hiéu qua cao trong viéc
phan hay hop chit hitu co do su xuét hién ciia
ozone va cac goc tu do duoc sinh ra trong qua
trinh tao plasma [2], [13], [14], [17]. Do do
viéc nghién ctru va phét trién cong nghé plasma
lanh dé xur li dung dich chira hoat chét thude
BVTYV c6 ¥ nghia thiét thyc dén viéc giam thiéu
6 nhiém méi truong, ning cao chat luong cudc
song cho nguoi dan va phét trién nong nghiép
va thiy san theo hudng bén viing.

Quinalphos 1a chit thuoc BVTV dugc sur
dung phd bién va san xuét hang nam voi sd
luong kha 16n. Day 1a hop chat tuong dbi bén
va ¢6 nguy co 6 nhiém nguon nudc tu nudc
thai ciia nha may san xuat. Vi thé, nghién ciru
nay duoc thuc hién nhim danh gia kha nang
xtr 1i hoat chat thudc qulnalphos béng plasma
lanh theo c6ng nghé man chan. Cac thong sd
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van hanh tdi vu cia mé hinh xir li nudc bang
cong nghé plasma lanh nhu cong suat xur li,
luu lugng nude xur i, luu lugng khi cép vao
budng plasma, thoi gian xtr li va ndng do ban
déau cua quinalphos dugc tién hanh khao sat.
PHUONG PHAP VA PHUONG TIEN
NGHIEN CUU

Nguyén liéu va hoa chit

Hoat chét quinalphos 1a hoat chét bao vé thuc
vat phd bién trong cac san pham trir sdu, cd
cong thic héa hoc CiHisN,O3PS, duge san
xudt boi cong ty Gharda Chemicals Ltd, An
Do. Hoat chit nay dugc st dung lam hoa chét
dién hinh dé thir nghiém kha ning phéan huiy
dudi tac dong cua plasma lanh. Cac dung moi
acetonitrile, hexane dwoc cung cip boi cong
ty Merk, Buc, dugc dung lam dung mdi trong
qué trinh chiét tach va phan tich hoat chat
quinalphos.

M3 hinh xir li bing plasma lanh

Nghién ctru sir dung mé hinh xir 1i nu6e bang
plasma lanh dugc mé ta nhu trong hinh 1.
Trong d6, cot xir 1i bang plasma dwoc mo ta
chi tiét nhu trong hinh 2. M6 hinh hoat dong
voi dién ap 220V-50 Hz. Khong khi duoc
bom tir trén xudng voi luu lugng 7,5 L/P va
bom vao budng plasma gian tiép v6i luu
luong 5 L/P. Dung dich dugc bom tudn hoan
gitta ¢t plasma va thung chtra 4. Sau thoi
gian xur li nhét dinh, dung dich dugc liy miu
dé phan tich n("ing d6 hoat chat. Sau khi mo
hmh hoat ddng 6n dinh (khoang 1 phut) sé
tlen hanh khao sat cac yeu t6 anh hudong dén
nong dd cua hop chét thudc bao vé thuc vat
(BVTV) nhu cong suét xir li, thoi gian xu 1i,
luu lugng dong chay, luu lwgng khi cp, nong

d6 hoat chit. Thi nghiém dugc thiét ké theo
phuong phap luén phién timg bién dé khao sat
céc yéu t6 cia qua trinh xr 1i anh huong dén
kha nang phan huy ciia hop chat quinalphos.

Hinh 1. M6 hinh xu li nudc bcingplqsma lanh: Bo
phadn tao plasma tryc tiép (1), nguon cao dap (2),
thung chita dung dich (3) va (4), van nudc (3),
may bién ap (6), may bom nudc (7), may bom khi
(8), cum heu heong ke (9), ti dién (10) va buong
plasma gian tiép (11).

Hinh 2 trinh bay két ciu chi tiét ciia cot xur li
plasma. Tai budng plasma truc tiép, hé théng
dién cuc tru déng truc ¢6 man chin cach dién
duogc str dung dé tao ra plasma lanh bén trong
ong thily tinh cach dién. Tai day plasma lanh
tuong tac truc tiép v6i dung dich can xur li
thong qua cac phan tir hoat dong sinh ra trong
qué trinh tao plasma nhu gbc tu do, Os, tia
UV va lra dién. Tai budng plasma gian tiép,
plasma lanh dugc tao ra ¢ bén ngoéi ong thay
tinh cach dlen do phong dién vang quang.
Dung dich can xir li & buong plasma gian tiép
cling twong tac voi cac phan tir hoat dong
tuong ty nhu & budng plasma truc tiép. Khi
mod hinh hoat dong, dung dich s€ dugc bom
vao bén trong dng dién cuc theo chiéu tir dudi
1én va s& chay tran ra phia ngoai cua 6ng dién

cuc theo chiéu miii tén nhu trong hinh 2.
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Hinh 2. Két cdu dién cuc ciia ¢ét xir li plasma



Hb Québc Phong va Prg

Tap chi KHOA HQC & CONG NGHE

184(08): 3- 9

KET QUA VA BAN LUAN

Anh huéng cia cong suat tao plasma dén
kha ning phan hiy quinalphos

Dé tién hanh khao sat anh huong cia cong
suat tao plasma dén kha niang phan huy hop
chat quinalphos, thi nghiém dugc tién hanh &
cac mirc cong suit 80 W, 100 W va 120 W
v6i diéu kién cb dinh luu luong dung dich 1
lit/phut, luu luong khi cung cép 7,5 lit/phut,
ndéng d6 quinalphos 10 ppm, thoi gian thuc
hién 90 phit.

Két qua thi nghiém dugc trinh bay ¢ hinh 3 va
cho thdy rang, hiéu qua xu li ting khi ting
cong suat plasma. Trong do, phan trim phan
huy gninalphos lan luot 1a 76,8%, 79,6% va
98,2% twong g véi mirc cong suat 1an lugt
1a 80 W, 100 W va 120 W. Két qua nghién
ctru ndy phu hop voi cong bd cua B.
Jaramillo-Sierracho viéc xir 1i m-cresol bing
plasma, khi ting cong suat xur li tir 37,3 W
dén 54,7 W thi hiéu qua xtr 1i tang tir 60% Ién
97,3% [9]. Tuong tu, nghién cliru cia Jiang
khi xir 1i nitenpyram ciing cho thiy rang khi
tang cong suat xu Ii tr 80 W [&n 200 W thi
hiéu qua xur li tang tir 66,7% lén 82,7%.
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Hinh 3. Anh huéng ciia cong sudt tao plasma dén
hiéu qua xu li quinalphos
Qnua"c:]- |/phL,]t, Qkhﬁng wi=1,5 |/phl,,|t, t=90 phl:lt,
Cquinalphos =10 ppm
Diéu nay c6 thé giai thich rang, khi cong suat
tang s& 1am ting sb luong electron mang ning
lugng cao, qua d6 lam ting nong do cac tac
nhan hoat dong nhu gbc ty do, OH" va O3 [6],
[7], [9]. Bén canh sinh ra cac electron mang
ning luong cao, khi ting cong suét ciing sinh

ra cac tia nhu tia UV va cac tia nay tham gia
vao qua trinh pha v& cac lién két hoa hoc. O
hai mirc cong suat 80 W va 100 W c6 sy khac
biét vé hiéu qua xtr i khong c6 y nghia vé
mit thdng ké do c¢6 gla trip>0,05(p=0 8)
Diéu nay cho thiy rang ¢ hai muc cong suat
80 W va 100 W tao ra electron c6 nang lugng
khong chénh léch nhiéu va vi thé cac phan tir
hoat dong sinh ra ciing khong khac nhau, dan
dén hiéu qua xir li & cac muc cong suat nay
khong khac biét dang ké.

Anh huéng ciia thoi gian xir i dén kha
nang phan hiy quinalphos

Dé khao sat anh hudng cua thoi gian xir li dén
kha nang phan huy cua quinalphos, thi
nghiém dugc thuc hién ¢ cic khoang thoi
gian la 30 phat, 60 phat, 90 phat va 150 phat
v6i diéu kién cb dinh luu luong cta dung dich
xu li 1a 1 lit/phut, Iuu lugng dong khong khi
cung cép la 7,5 lit/phut, ndng d6 quinalphos
10 ppm, va cong suat 120 W. Két qua thi
nghiém thu dwoc phidn trim phan hiy
quinalphos la 58,7%, 88,4%, 98,2% va 98,5%
tuong ung thoi gian xir 1i 1a 30 phat, 60 phut,
90 phit va 150 phat. Hinh 4 cho thiy rang
hiéu qua xir li ting trong khoang thoi gian tir
30 phut d&én 90 phut va sau d6 c6 xu hudng
bdo hoa khi tiép tuc ting thoi gian xur 1i.
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Hinh 4. Anh hwéng thoi gian dén hiéu qua xik Ii
quinalphos
Qmm"c:l VphUL Qkhﬁng khl’:7:5 Ilphﬂt: Cquinalphos =10
ppm, P =120 W
Diéu nay ciing co6 thé giai thich rang thoi gian
xtr 1i cang dai thi thoi gian tac dong cua cac
phén tir hoat dong 1én quinalphos ciing dai va
vi thé ndng do cua hoat chit cang giam [3],
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[10]. Tuy nhién, thoi gian cang l1au, nong do
quinalphos cang thap va vi thé su tuong tac
cua quinalphos véi tac nhan hoat dong ciing
giam dan. Khi nong do hoat chat thuéc BVTV
giam xubng thap ¢& 2 ppm thi kha nang xtr li
tang rat cham so voi giai doan dau o nong do
cao vi khi nong do cang thip xac sudt gip
nhau ctia hoat chit quinalphos va cac phan tir
hoat dong ciing giam xubng. Nhu vay c6 thé
thdy rang, 90 phut 1a thoi gian thich hop ding
dé xir 1i quinalphos vi néu gian xir 1i 1a 150
phat thi hiéu qua xu 1i khong tang qua 0,3%
ma thoi gian xtr li ting 1én 60 phut. Két qua
thi nghiém phu hop véi nghién ciu truée do
cua tac gia Reddy khi xir i Malachite Green &
ndéng d6 50 mg/L v6i muc dién ap 18kV [9].
Sau thoi gian 5 phut, hi¢u qua xt i ting
nhanh trén 70% va hiéu qua xir 1i dat 90% sau
15 phat. Tuy nhién, sau 15 phit thi hiéu qua
xir 1i khéng ting déng ké.

Anh hwéng cia lwu lwong dung dich dén
kha ning phan hiy quinalphos
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Hinh 5. Anh hwéng ciia luu leong miede dén hiéu
qua xw li quinalphos
Qkhﬁng wi=T1,5 |/phl’]t, t=90 phl:lt, Cquinalphos =10
ppm, P =120 W

Dé khao sat anh huong luu lugng dong chay,
thi nghiém duoc tién hanh véi cac luu lugng
dugc thay d6i tir 1 lit/phut - 4 lit/phat voi diéu
kién c¢b dinh luu lwong khi 7,5 lit/phut, thoi
gian xir 1i 90 phit, nong do quinalphos 10
ppm, cong suit 120 W. Két qua thi nghiém
cho thdy rang, & muc luu lugng 1 lit/phit co
phan trim phan hity dat 98,2% va khong giam
khi luu lugng dong chay la 1,5 lit/phat. Tuy
nhién, hi€u qua xu li giam nhe khi luu lugng

14 2 va 3 lit/phat va khi muc luu lugng dat 4
lit/phat thi phan trim phan huy chi 75,3%
(Hinh 5). Diéu nay cho thdy rang, khi luu
lugng tdng lén thi thoi gian tuong tac gitia
plasma va cac phan tir quinalphos trong dung
dich nuéc can xir li giam xuéng, dan dén hiéu
qua xir 1i giam xudng. Nhu viy, két qua cho
thiy rang luu luong dong chay 1,5 lit/phut
phu hop cho viéc xur 1.

Anh hwéng ciia lru hrgng khong khi dén
kha niang phan hiiy quinalphos

Anh huong cia Iuu luong khi dén hiéu qua xir
li dugc thue hién ¢ cac mirc luu luong thay
dbi tir 0 lit/phat - 10 lit/phut. Trong d6 cac
yéu t6 khac dugc cb dinh nhu luu luong dung
dich 1,5 lit/phut, thoi gian xir 1i 90 phut, ndng
d6 quinalphos 10 ppm va cong suit 120 W.
Két qua thu dwoc cho thdy riang phan trim
phan huy 1a 86,5%, 88,91%, 89,1%, 98,24%
va 86,1% tuong tmg voi cac mirc cong suat 1a
0 lit/phat, 2,5 lit/phat, 5,0 lit/phat, 7,5 lit/phat
va 10 lit/phut (Hinh 6). R0 rang, hiéu qua xta
li dat gia tri cao nhét véi luu lugng khi nam
trong khoang 7-8 lit/phat. Piéu nay cho thiy
rang su tham gia ctia khong khi nhim cung
cip luong oxy can thiét dé tao ozone va luu
lugng khong khi tang, ham lugng oxy tang sé&
dan dén tang luong ozone sinh ra va ting hiéu
qua xur 1i quinalphos. Tuy nhién khi luu lugng
khong khi qua cao, thi sd lugng phan tir ozone
khong ting nhiéu din dén ndng do ozone
trong dong khi giam. Hay nodi cach khac khi
tang luu lugng dong khong khi qua cao tu ban
than s& lam giam ndng do ozone trong khe
dién cuc va két qua 1a giam hiéu qua xu 1.
Nghién cuu cta T. Czapka khi phan huay
methylene blue bang plasma lanh ciing cho
thdy rang, luu lwong khi cung cip chi hiéu
qua trong khoang 2 lit/phut voi khé nang xur 1i
trén 95% methylene blue [5]. Nhu vay cho
thdy rang dong khong khi 14 can thiét cho qua
trinh xir 1i plasma va luu lugng sir dung can
phai phu hop. Ddi véi thi nghiém nay thi luu
luong dong khi ndm trong khoang 7-8 lit/pht
la phu hop.
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Hinh 6. Anh hueong heu leong khi dén hiéu qua xit Ii
erdc:la5 Vphl’it: t=90 phﬂt, Cquinalphos =10 ppm,
P=120W
Anh huéng ciia ndng do ban dau dén kha

nang xir li ciia quinalphos

Dé khao sat anh huong cta nong do dau dén
kha nang xu li quinalphos, thi nghiém duoc
tién hanh & cac mic nong d6 2 ppm, 7,5 ppm,
10 ppm va 20 ppm. Diéu kién ¢ dinh luu
lugng dung dich 1,5 lit/phat, luu lugng khi
7,5 lit/phat, thoi gian 90 phut, cong suit
plasma 120W. Két qua thi nghiém cho thiy
rang, hiéu qua xur li dat 100% & nong do 2
ppm va giam dan khi ting nong d6 hoat chat.
Tuy nhién, hiéu qua xur 1i cling dat duoc rat
cao O cac mirc néng d6 khac 1an luot 13 99,2%
(7,5 ppm), 98,2% (10 ppm) va 95,3% (20
ppm) (Hinh 7). Nhu vy c6 thé noi, hé thong
plasma lanh dugc thiét ké co thé xir 1i hiéu
qua quinalphos & cic mirc ndng d6 khac nhau
tir 2 ppm dén 20 ppm. Thi nghiém thyc hién &
ndéng do cao hon 20 ppm vi ddy 1a nong do
gin bio hoa cua quinalphos trong nudc.
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Hinh 7. Anh hwéng nong do ban dau cia
quinalphos dén phan tram phdn hiyy
Q,m(',czl,f) |/phl’1t, Qkhéng hi=1,5 |/ph|.’1t, t=290 phl:lt,
P=120W

P& nghi co ché phén ri ciia quinaphos dwéi
tac dung cia plasma lanh

Céc hop chét sinh ra trong qua trinh phan huy
quinalphos trong nudc bang plasma lanh duoc
xé4c dinh bang sic ki khi ghép khéi phd (GC-
MS). Dua trén sic ki dd c6 manh c6 m/z 282
va m/z 146, so sanh voi thu vién NIST thi
chat c6 m/z 282 la diethyl quinoxalin-2-yl
phosphate. Sy hinh thanh chit nay theo
Young Ku va cong sy l1a do sy oxi hoa bﬁng
ozone cit dut lién két P=S hinh thanh lién két
moi P=0 din dén giam khéi lwong phan tir 13
16 d@vC va hinh thanh nén ion SO;7[8].
Diethyl quinoxalin-2-yl phosphate tiép tuc bi
oxi hoa va phan cit lién két tao thanh 2-
quinoxalenone va dithyl hidroge phosphote la
do sy cdt dirt lién C-O-P hinh thanh nén nhém
-OH lién két quinoxaline ddng thdi c6 su
chuyén héa bién d6i nhém —OH thanh nhém
C=0 trén nhan quinoxaline. Hon thé nira,
theo Yanhong Bai va cong su, dithyl hidroge
phosphote bi phan cit lién két va oxi hoa cho
san pham cudi cung 1a H;PO, va CO, [16].
Ngoal ra, Paramjeet Kaur va cong su thi hop
chat 2-quinoxalenone xay ra phan ung voi
chat oxi manh 1a ozone va cac goc tu do sinh
ra trong qua trinh ton tai plasma s& tao ra cac
phan tir nho hon va cubi cung sinh ra cac ion
nhue CO;~, NO7, PO~ va khi CO, [12]. Mot
sO, san pham phan huy tir hop chat quinalphos
bang plasma duoc trinh bay trong bang 1.

Bang 1. Cdc san phdm ciia qud trinh phdn hiy

S chat  Cong thirc
1 C1oHisN,O4P
2 CgHsN,O
3 PO;™
4 NOZ

2
5 S0~
KET LUAN

Nghién ctru da tién hanh khao sat cac yéu to
anh huong dén kha ning xir 1i hoat chét bao
vé thuc vat quinalphos bang plasma lanh cong
nghé mang chin. Két qua cho thiy kha ning
phén huy quinalphos cang téng khi tdng cong
suét tao plasma, thoi gian va luu lwong khong
khi. Kha nang phan huy cua quinalphos giam
khi ting luu luong va ndng do dung dich cin
xtr 1i. Bé dat hiéu qua cao trong xur li thi mo
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hinh nén van hanh véi théng s luu lugng dung
dich 1,5 lit/phut, luu lugng dong khong khi tur
7,5 lit/phut, thoi gian tir 90 phat, cong suit 1a
120 W va nong d quinalphos 2 ppm - 20 ppm,
v6i hiu qua xtr 1i hon 98% va néu tinh theo
nang luong la 12,5 g/kWh. Ngoai ra, qua trinh
phéan hity quinalphos da hinh thanh cac hop chat
nhu diethyl quinoxalin-2-yl phosphate, 2-
quinoxalenone va mét s6 ion vo co.
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SUMMARY
STUDY ON DECOMPOSITION OF QUINALPHOS PESTICIDE
UNDER COLD PLASMA SYSTEM

Ho Quoc Phong”, Nguyen Van Dung,
Nguyen Mai Hung, Huynh Lien Huong, Dang Huynh Giao
Can Tho University

This study was conducted to evaluate the decomposition ability of quinalphos in aqueous solution
using cold plasma technology. Important factors that affected the decomposition of quinalphos
such as plasma power, treatment time, fluid flow, air flow, and quinalphos concentration were
investigated. Experimental results showed that the percentage of quinalphos degradation increased
proportionally to plasma power and treatment time while increasing fluid flow and quinalophos
concentration have negative effect on quinalphos decomposition. In addition, the percentage of
quinolphos degradation increased with increasing air flow from 0 to 7.5 liters/minute and tended to
decrease when the air flow was over 7.5 liters/minute. In conclusion, the highest percentage of
quinaphos degradation (98.2%) can be achieved under plasma treatment at 120 W, 90 minutes, 1.5
liters/minute of fluid flow rate, 7.5 liters/minute of air flow rate and quinaphos concentration 10 ppm.
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