Tap chi Khoa hoc Truong Pai hoc Can Tho Tép 54, S6 94 (2018): 1-7

Tap chi Khoa hoc Trudng Dai hoc Can Tho
Phan A: Khoa hoc Tu nhién, Cong nghé va Méi trudéng

website: sj.ctu.edu.vn

DOI:10.22144/ctu.jvn.2018.154

NGHIEN CUU KHA NANG TAO GOC TU DO TRONG NUGC
BANG CONG NGHE PLASMA LANH

HO Quéc Phongl*, Nguyén Van Dﬁngl, Bui Thi Héng Loan', Bui Thi Trtc Linh!,
Huynh Lién Huong', Bang Huynh Giao' va Pham Vin Toan'

IKhoa Céng nghé, Truwong Pai hoc Cin Tho

’Khoa Méi trwong va Tai nguyén Thién nhién, Truong Pai hoc Can Tho

*Nauwoi chiu trach nhiém vé bai viét: Ho Quoc Phong (email: hgphong@ctu.edu.vn)

Thoéng tin chung:

Ngay nhdn bai: 03/05/2018
Ngay nhdn bai swa: 22/06/2018
Ngay duyét dang: 27/12/2018

Title:

Study on generation of radical
in aqueous solution by cold
plasma technology

Tir khoa:

Céng nghé plasma; goc tir do;
phwong phap DPPH; plasma
phéng dién man chdn; xir Iy
nuwoc

Keywords:

DBD plasma, DPPH method,
plasma technology, radical,
watertreatment

ABSTRACT

This study was conducted to investigate factors that affected the free radicals
concentration generated in aqueous solution by cold plasma technology. The
factors such as solution flow through electrodes (from 1 to 5 L/min), voltage
(from 12 kV to 16 kV), plasma irradiation time (from 10 to 60 min), organic
compounds and water types were studied. In addition, the study also
investigated the effects of indirect plasma and air flow rate on the free radical
concentration. The results showed that the concentration of firee radical
decreased from 7.57 %107 to 5.41 <107 mM when increasing water flow rate
from I to 5 L/min. Concentration of free radical increased from 6.89x107 to
7.77x10? mM when increasing the voltage from 12 tol6 kV. Experiment data
also showed that increasing irradiation time (10 to 60 min) would also
increase concentration of free radical (7.52x10-2 to 8.89x10° mM). The
highest concentration of free radical was obtained at condition of 1 L/min, 16
kV and 60 min irradiation. Furthermore, the study also found that the
presence of organic compounds also strongly affected the free radical
concentration.

TOM TAT

Nghién citu nay tién hanh khdo sat cac yéu té anh hwéng dén nong do goc tw
do sinh ra trong dung dich nuwée bang cong nghé plasma lanh. Cdc yéu t6 nhu
lwew lwong dung dich chay qua dién cue, dién dp, thoi gian chiéu xa plasma,

cde chat hitu co va logi nuée diwge khdo sat. Luu hrong nuwée chay qua hai
dién cuc dwoc thay doi tiv 1 Lit/Phit (L/P) dén 5 L/P, dién dp thay déi tiv 12
kV d‘en 16 kV, thoi gian xir Iy tir 10 phiit dén 60 phit. Ngoai ra, nghién ciru
con tién hanh xem xét sw anh huong cia buong plasma gidan tzep va lwu heong
khong khi bom vao buong plasma tryc tiép dén nong do goc tr do. Két qua
nghién citu cho thdy nong dg goc ti do giam tir 7.57 1072 xuong 5.41x107
mM khi tang luu lwong mede tiv 1 dén 5 L/P. Nong dé goc tw do ting tir
6.89%x10° dén 7.77 <107 mM khi tang dién dap tir 12-16 kV. Nong dé goc tw do
chiém tir 7.52x107 dén 8.89x107° mM khi tang thoi gian chiéu xq tir 10 dén
60 phiit. Tir cac két qua trén, nghién ciru da xac dinh dwoc cac thong 56 vdn
hanh dé ¢é ham heong goc tw do 16n nhét cho qua trinh xik Iy la luu lwong 1
dén 2 L/P, dién dp 16 kV va thoi gian chiéu xa la 60 phit. Hon nita, nghién
curu con cho théy sw hién dién cdc chat hitu co hay loai nudc thai ciing anh
hieong manh dén nong dé goc tw do.

Trich din: HO Qudc Phong, Nguyén Vin Diing, Bui Thi Hong Loan, Bui Thi Truc Linh, Huynh Lién Huong,
Ding Huynh Giao va Pham Vin Toan, 2018. Nghién ctru kha nang tao gdc tu do trong nudc bang
cong nghé plasma lanh. Tap chi Khoa hoc Truong Pai hoc Can Tho. 54(9A): 1-7.
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1 GIOI THIEU

Plasma, trang thai thtr tu cia vat chit bao gdbm
cac ion, dién tir, nguyén tir/phan ti trung tinh va cac
ph?ln tir bi kich thich, UV. Kém theo sy hinh thanh
plasma Ia sy xuét hién ctia UV va ozone trong moi
truong khi. Trong d6, plasma phi nhiét hay con goi
1a plasma lanh chtra cac dién tir ¢6 nhiét do rat 1on
Te trong khi nhiét d6 cta ion Ti va cia cac phﬁn to
con lai xap xi nhiét @6 moi truong. Nhirng nim gan
day plasma lanh d4 dugc nghién ctru dé xir Iy nude.
Plasma lanh xir Iy hon 90% ndng d9 cac hop chat
hitru co dgc hai nhu chloroform (Krugly et al., 2015;
Liu et al., 2016), 2-naphthol (Krugly et al., 2015),
hexachlorobenzene, pentachlorobenzene (Zhang et
al., 2007), phenol, toluene (Marotta et al., 2012), 4-
chlorophenol (Dojéinovié et al., 2008) va mot sb
hop chat thudc trir sau nhu dichlorvos, malathion va
endosulfan (Sarangapani et al., 2016).

Bén canh kha ning xtr 1y cac hop chit hiru co
bén va doc hai thi plasma lanh con c6 kha ning xir
1y nhiéu hop chat mau chu yéu trong nganh nhuém
nhu atrazon, realan, lanaset va optilan (Tichonovas
et al., 2013). Ngoai ra, plasma lanh con cho thay rat
hiéu qua trong xir Iy cac hop chat mau phd bién nhu
phenol red (PR), methyl orange (MO), diamine
green B (DGB), pyrogallol red (PYR), bromocresol
green (BCG), bromochlorophenol blue (BCB),
naphtol green B (NGB) va crystal violet (CV)
(Mohammadi & Ashkarran, 2016). Plasma lanh con
dugc (mg dung trong bao quan ndng san nhu xu ly
cac vi khuan hiéu khi mesophilic, nAm men va ndm
mdc trén dau tdy (Misra et al., 2014), vi khuan co
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hai trén bap cai, rau diép (Lee et al., 2015), khu
trung rau (Pasquali ef al., 2016). Plasma lanh c6 kha
nang xtr Iy duoc hau hét chat hitu co, hop chit mau
cling nhu diét khudn hiéu qua 1a nho sy xuét hién
ctia UV, cac chét oxy hoa manh (H,0,, O3), géc tu
do sinh ra trong qua trinh tao plasma lanh ciing nhu
tuong tac giita plasma lanh va dung dich can xu 1y.
Trong d6, sy hinh thanh gbc tu do dugc giai thich
dua trén co ché nhu sau (Kuraica et al., 2006;
Tendero et al., 2006; Li et al., 2016):

0;+hv—>0+0

H,O+hv— H + HO
O0+0, —»0s

0; + H,O — 2HO" + 0O,

03+ OH" — HOy” + 0,

OH + OH" — H)0O,

H,0,; + O3 - HO"+ HO;" + O,

Hién nay, plasma lanh dugc tao bé‘mg cac cong
nghé nhu phong dién cam g & tan s6 vo tuyén (RF,
radio frequency) (Lee et al., 1997), phong dién man
chin (DBD, dielectric barrier discharge) (Liu et al.,
2004), phong dién vi séng, phong dién hod _quang,
phong dién DC, phéng dién & ap suat thap
(Matsumoto et al., 2012) va phong dién vang quang
(corona) (Scholtz ez al., 2015). Trong do, cong nghé
phéng dién man chin va cong nghé phong dién vang
quang dé tao plasma lanh ngay cang dwoc quan tim
manh mé do ¢6 hi€u qua cao trong xt 1y vi sinh vat,
chit mau va thudc bao vé thyc vat. ..

Lop cach dién , HV B
/ bi¢n cyre trong
(inox)

Ving plasma

Miit cit A-A

Ong tan nude

bién cyre trong
bi¢n cuyre ngoai
Ong thuy tinh ngoai

Hinh 1: Két cAu h¢ thong tao plasma lanh

Két cAu hé théng dién cuc tao plasma lanh tu
phong dién man chan va phong dién vang quang
dugc cho ¢ Hinh 1. Tai budng plasma truc tiép, hé
théng dién cuc tru déng truc c6 man chén cach dién
dugc sir dung dé tao ra plasm lanh bén trong 6ng
thay tinh cach dién. Tai day plasma lanh tuong tac

truc tiép v6i dung dich can xir 1y thong qua dién tur
nang lugng cao, O3, UV va nhiét d§ cao cua tia lura
dién. Tai budng plasma gian tiép, plasma lanh dwoc
tao ra & bén ngoai dng thiy tinh cach dién do phong
dién vang quang va twong tic voi dung dich can xir
ly thong qua UV va Os duoc dan xudng day thung
chura dung dich. Khi hoat dong xt 1y thi dung dich
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duge bom tir dudi 1én trong dng dién cuc va s& chay
tran ra phia ngoai cia thanh dng dién cuc, tiép xuc
v6i plasma khi di xubng theo chiéu miii tén nhu
trong Hinh 1.

Nhu d3 néu trén, gbe tu do déng vai tro rat quan
trong trong cong nghé plasma lanh vi thé nghién ctru
tién hanh khao sat nhirng yéu t6 anh huong dén nong
do géc tu do duoc tao ra trong nudc dudi tac dong
cua plasma lanh.

2 PHUONG PHAP NGHIEN CUU
2.1 Héa chét

Hop chit 2,2-diphenyl- 1-picrylhydrazyl (DPPH,
Sigma, M¥) duoc str dung dé xac dinh nong d6 gdc
tu do. Cac hop chat nhu glycerol, Tween 80 va nudc
giéng khoan dugc sir dung dé tao méi truong anh
huong dén ndng d6 gbe tu do.

2.2 MG hinh xir Iy nwéc bang cong nghé
plasma lanh

Nghién ctru sir dung mo hinh xir Iy nudc bang
plasma lanh dugc mo ta nhu trong Hinh 2. Trong do,
bd phéan tao plasma dugc mo ta chi tiét nhu trong
Hinh 1. M6 hinh hoat dong v¢i dién ap 220V-50 Hz.
Khong khi duge bom tir trén xudng véi luu luong
7,5 L/P va bom vao budng plasma gian tiép vai luu
lwong 5 L/P. Nudc tir thing chtra 4 dwoc bom tuén
hoan giita budng plasma truc tiép, gian tiép va thung
chutra. Sau thoi gian xtr Iy nhét dinh, nudc duoc lay
mau dé xac dinh ndng do gbe tw do. Sau khi mo hinh
hoat ddng 6n dinh (khoang 1 phit) s& tién hanh khao
sat cac yéu td anh huong dén ndng do gbe tu do nhu
Ivu lugng dong chay, dién ap, thoi gian chiéu xa,
hop chat hitu co, loai nudc, cung véi s anh huong
clia budng plasma gian tiép va luu lugng khong khi.

Hinh 2: M hinh xir Iy nwéc bing plasma lanh:
bd phan tao plasma truec tiép (1), ngudn cao ap
(2), thung chira dung dich (3) va (4), van nwéc
(5), may bién ap (6), may bom nuéc (7), may
bom khi (8), cum lwu lwong ké (9), ti dién (10)
va budng plasma gian tiép (11)
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2.3 Phuong phap phén tich nong dd goc tw
do

Nong d6 gbe tu do duge xac dinh biang phuong
phap phd bién 1 sir dung hop chat bit gbe tu do 2,2-
diphenyl-1-picrylhydrazyl (DPPH) (Williams et al.,
1995; Kumaran et al., 2006; Sharma et al., 2009;
Hardy et al., 2015). Trong do, ndng d6 gbc tu do
dugc tinh trén sy bién d6i nong d6 cua DPPH khi
phan tng voi dung dich sau khi dugc xur 1y bang
plasma lanh. Nong do gdc tu do dugc tinh theo cong
thirc Cp. = =222 (M), pu)/V_mdu (M). Gié sir
phan mg giita DPPH va gbc tu do trong dung dich
xay ra theo ti 1¢ mol 1:1 nhu sau: DPPH® + R* —
DPPH-R (vé6i R* 1a gdc tu do).

3 KET QUA VA THAO LUAN

C31 Al}h hwéng cia lvu hrgng nuwée dén
nong do goc tw do

Dé danh gia sy anh hudng cia luu luong nude
dén d6i véi nong do gbe tu do trong nude, dong thoi
xac dinh dugc mirc luu lugng thich hop cho qua
trinh tao géc ty do. Thi nghiém duoc tién hanh &
diéu kién toc do dong chay cua dung dich nudc thay
di tir 1 dén 5 L/P. Cac yéu td khac nhu dién ap dau
ra va thoi gian ¢b dinh l1an lugt 1a 16 kV va 30 phut.

Z 1 2 3 4 5
Luu luong (L/P)

Hinh 3: D6 thi biéu’diél} sy anh hwdng cia luu
lwong dong chiay dén nong do goc tw do (U=16
kV, t =30 phut)

Két qua thi nghiém trinh bay ¢ Hinh 3 cho thay
ndng do goc tu do giam khi tang luu luong cua dong
chay. O toc 4o dong chay 1 L/P ndng do gbc tu do
sinh ra 1a 16n nhat dat 7.60x102 mM va giam
khoang 30% vé 5.56x102mM khi luu lugng dong
chay ting dén 5 L/P. Didu nay cho thiy khi tang luu
luong thi thoi gian twong tac gitra plasma lanh va
dung dich giam xudng dan dén giam ndng d6 gbc tu
do.
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3.2 Anh hudng ciia dién ap dén nong dd goc
tu do

Dién ap tao plasma dugc thay doi tir 12 dén 16
kV dé khao sat anh huong cia ching dén nong do
gbc tu do sinh ra. Trong thi nghiém nay céac ycu tb
khac dugc c¢b dinh nhu thoi gian chiéu xa 13 30 phut
va luu luong 1a 2 L/P. Két qua thi nghiém dugc thé
hién & Hinh 4 va thdy rang nong do gbc tu do ting
tuyén tinh khi dién 4p tang tir 12 1én 16 kV. Cu thé
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& mirc dién ap 12 kV ndng do goc tu do dat 6.89
x102 mM va ndng d6 nay sé ting khoang 12% dén
gia tri 7.77x102 mM tai dién ap 16 kV. Diéu nay
phii hop véi cac két qua nghién ctu trude day
(Krugly et al., 2015), su gia tang cla ndng do goc tw
do khi dién 4p gia ting c6 thé duoc giai thich bang
su gia tang mat d6 cling nhu nang lugng cta dién tir
tu do khi dién truong ting va su gia ting nong do
ozone trong khe hé dién cuc.
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Hinh 4: D6 thi biéu dién sy anh huéng cia dién ap dén ndng dd goc tw do(Q= 2 L/P, t = 30 phiit)

.33 Aph hwong ciia thoi gian xir ly dén
nong d¢ goc tw do

Thi nghi¢m duoc tién hanh vé6i thoi gian xu 1y
duogc thay d6i tir 10 dén 480 phut tai dién ap 16 kv
va luu luong nude 1a 2 L/P. Su thay d6i gia tri ndng
d6 gbc tr do trong nudc ung véi su thay doi thoi
gian xir Iy dugc thé hién ¢ d6 thi Hinh 5. Két qua

cho thay ndng do gdc tu do ting manh tir 7.20 x 102
mM dn 8.35x102 mM khi thdi gian chibu xa
plasma tang tir 10 phat dén 60 phut. Tuy nhién, khi
tiép tuc ting thoi gian chiéu xa thi ndng do gdc tur
do c6 xu hudng bdo hoa. Diéu nay co thé duoc giai
thich 1a do khi ham lugng gbc tu do sinh ra ting cao,
chang c6 thé két hop véi nhau lam suy giam nguoc
lai néng do géc tu do.

9,0 r
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% T : —
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Hinh 5: P thi biéu dién sy anh hwéng cia thoi gian xir 1y dén ndng dd goc tw do (U =16 kV, Q=

2L/P)
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34 Anh hwéng cia luu lwong dén nong d
goc tu do

Anh huong cia luu lugng khong khi dén nong
d6 gbc tu do duge khao sat trong hai truong hop ¢
bom khong khi (7,5 L/P) va khong bom khong khi
(OL/P). Két qua thi nghiém cho thay bom khong khi
vao budng plasma s¢ tang ndng do goc tu do khoang
10% (Hinh 6). Két qua nay dwoc giai thich 1a do su
tang luu luong khong khi s& ting ndng do ozone
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trong khe hé dién cuc cling nhu ham lugng ozone
hoa tan trong nudc dan dén ndng do gbc tu do s&
tang theo (Kuraica et al., 2006; Nguyén Van Diing
va ctv., 2017;). Hinh 6 cling cho thdy budng plasma
gian t1ep s& tang nong do goc tu do khoang 15-20%.
Do budng plasma gian tiép tao ra ozone tir hién
tuong phong dién vang quang nén ndng do ozone
trong nudc s€ tang lén din dén su gia ting ham
luong gbc tu do.

10,0 r

* 0
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—o— Plasma tryc tiép (khong khong khi)
—B—Plasma tryuc tiép (co khong khi)
—A—Plasma két hop
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Hinh 6: P4 thi biéu dién sy anh huéng luu lwgng khong khi va budng plasma gian tiép dén ndng do
goc tw do(U =16 kV, Q=2L/P)

35 Anh hwéng cia luu lwong dén nong d
goc tu do

Anh hudng cta tween 80 va glycerol dén ndng
d6 gbe tu do dugc trinh bay & db thi Hinh 7. Két qua
thi nghiém cho thiy néng do gdc tu do giam manh
tir 7.1x102 xudng 6.06x102 va 5.92x102 khi c6 sy

ton tai ctia tween 80 (0,012 M) va glycerol (1 M).
Diéu nay c6 thé dugc giai thich 1a gdc tu do sinh ra
da tiép xuc va tac dung vai tween 80 va glycerol c¢6
trong dung dich lam giam nong do gdc tu do (Liang
et al., 2015). Piéu d6 cho thiy plasma lanh c6 kha
nang xir Iy cac hop chét hoat dong bé mat.

7,50 r

6,50
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2
=
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Hinh 7: Anh hwéng ciia chit hiru co dén néng dd goc tw do (U =16 kV, Q=2 L/P)
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3.6 Anh huong ciia loai nwée dén ndng do
goc tu do

Anh hudng ciia nudc giéng dén ndng d6 goc tu
do cling dugc tien hanh khao sat va két qua cho thay
nong dd goc tu do sinh ra trong mdi truong nudc
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giéng khoan thap hon khoang 15-20% so v&i nong
d6 gdc tw do sinh ra trong moi truong nude cat (Hinh
8). Piéu nay dugc du doan 1a do su hién dién cua
cac ion trong nudc giéng khoan da phan tmg véi gbe
tu do (Scholtz et al., 2015).

9,0 r
2 80
E
g 70
S - —l/§/i
v-; 6,0 + ’
~ ——Nudc cat
g 0§ —=#—Nudc giéng khoan
o ;
rg 4,0 1 1 1 )
10 20 30 40 50 60
Thoi gian (phut)

Hinh 8: D6 thi biéu dién ciia nuwéc giéng dén gbe tw do (U =16 kV, Q= 2L/P)

4 KET LUAN

Két qua thi nghiém ching minh ring plasma
lanh c6 kha ning tao gbc tu do trong nude xur ly.
Nong d6 gbc tu do tang khi giam luu luong, ting
dién ap va thoi gian xtr 1y. Khi két hop véi bom
khong khi va budng plasma gian tiép, nong do gbc
tu do s& cao hon. Nghién ciru ké tiép can khao sat
anh huong ciia phan tng fenton, xac dinh méi lién
hé giita 46 dan dién dén ndng d6 gdc tu do sinh ra
cling nhu tinh toan hiéu qua ning lugng tao gdc tu
do.
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