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ABSTRACT

Plasma technology has been studied and applied for water treatment in
recent years. This technology reveals many advantages compared to
conventional methods such as chlorination, ozonation, and UV. The
plasma technology efficiently destructs or inactivates bacteria and micro-
organisms. Furthermore, plasma can oxidize organic compounds and
inorganic pollutants in water. This paper reviews the method to generate
cold plasma from dielectric barrier discharges in air and results of water
treatment by this method. This paper also summarizes conventional
methods for water treatment and suggests research trends on cold plasma
for water treatment in Vietnamese condition.

TOM TAT

Cong nghé plasma da va dang dwoc nghién ciu dé img dung trong linh
vue xir Iy nuoc trong nhitng nam gan day. Cong nghé nay co nhiéu wu
diém hon so véi cdc cong nghé truyén thong nhw clorine, ozone va UV.
Plasma co hiéu qua cao trong khdu diét hodac bat hoat vi khudn va vi sinh
vat. Hon nita, plasma con c6 kha nang oxy hoa cac hop chat hitu co va vé
co ton tai trong nuée. Bai bdo nay sé trinh bay phuong phap tao plasma
lanh tir phong dién man chdn trong khéng khi va cac két qua cua vige xir ly
nuée bang phwong phap ndy. Ngodi ra, bai bdo ciing tom tat cac phuong
phap xir Iy nuoc truyén thong va dé ra hudng nghién ciru vé plasma lanh
dé xir Iy meée trong diéu kién Viét Nam.

1 GIOI THIEU

gia tri rit 16n trong khi T} va T, c6 nhiét do xap xi

Plasma dugc tao thanh tir chat khi bi ion hoa
bao gdm cac thanh phin nhu: ion dwong, ion 4m,
dién tir va cac phan tr hay nguyén tr trung tinh.
Plasma dugc xem 1a trang thai thr tu cua vat chét.
Mirc d6 ion hoa chét khi co thé thay ddi tir 100%
(ion hoa hoan toan) dén gi4 tri rit thap chi vai phan
tram (ion hoéa mot phﬂ?m). Phu thudc vao hiéu suét
trao ddi nang luong giita cac thanh phan cia
plasma, plasma dugc phan thanh plasma lanh va
plasma nhiét. béi véi plasma nhiét, nhiét do cua
dién to (T¢) b?mg v6i nhiét d6 cua ion (7;) va nhiét
d6 cua chat khi (T,). Di voi plasma lanh, T. dat
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mdi trudong (Valincius et al., 2012).

Trong nhitng ndm gan déy, nghién ctru plasma
lanh dé xir ly nuéce la chu dé thu hat su quan tam
ctia nhidu nha khoa hoc trén thé giéi (Grinevich et
al., 2011, Kuraica et al., 2006; Majeed et al., 2012;
Rong et al., 2014; Tichonovas et al., 2013; Valsero
et al., 2013). So v6i cac phuong phap xur ly nude
truyén thong, cong nghé plasma két hop tac dong
clia tia cyc tim (UV) va cac thanh phan oxy hoa
manh nén hi¢u qua diét khuan cao hon (Sharrer va
Summerfelt, 2007). Do d6, nghién ctru vé plasma
lanh dé thiét ké va ché tao cac hé théng xir 1y nuéc
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pht hop véi diéu kién cia Viét Nam 1a rat can
thiét. Tuy nhién, tong hop tai liéu vé& cong nghé
plasma lanh trong linh vuc xir Iy nuéc van chua
duoc thue hién tai Viét Nam.

Bai bao nay dugc thuc hién nhim téng két cac
két qua da dat dugc trong cac nghién ciru vé xir Iy
nuéc bang plasma lanh va dé ra huéng nghién ctru
g dung pht hop véi diéu kién ciia Viét Nam.

2 CONG NGHE XU LY NUGC TRUYEN
THONG

2.1 Xir Iy nwéc bing clo

Clo va hop chét cua clo (C1O,, hypochlorites,
chloramines. ..) dugc sir dung dé tiét trung va xu ly
nudc tr 1854 (Martinez, Parra and Suay, 2011).
Phuwong phap khtr trung bang clo dugc st dung
rong rdi vi ¢ chi phi thdp va d& thuc hién (Xu er
al., 2002). Tuy nhién, phuong phap nay khong thé
bAt hoat tit ca cac loai vi sinh vat. Mot vai loai sinh
vat don bao va ky sinh trung c6 kha nang chiu
dung tac dong cua clo (Hijnen et al., 2006). Ngoai
ra, viéc st dung clo da gy ra cac van dé vé moi
truong vi sy phan tng cia clo véi cac thanh phan
khac trong nudc thai c6 thé tao ra hop chat halogen
doc, chat gay ung thu va dot bién (Zhang and
Miner, 2006). Hon nira, sau khi xir Iy du lwong clo
van ton tai trong nude va gay mui hoi ddi voi nude
cép sinh hoat.

Clo bit hoat vi sinh vat bing cich giy ton
thwong mang té bao cuia sinh vat. Ngay khi mang té
bao bi ton thuong, clo c6 thé xam nhép vao té bao
va pha hity ho hap té bao ciing nhu hoat dong cua
chudi DNA (Virto et al., 2005).

2.2 Xir Iy nuéc bing ozone

Ozone dugc xem nhu 1a phuong phép it anh
huong dén stc khoe con nguoi dé thay thé clo
trong xtr ly nudc thai (Liberti and Notarnicola,
1999). Richardson et al. (1999) phat hién rang
ozone san sinh ra it hop chét chira clo hon so véi
phuong phap st dung clo. Hon nira, ozone khong
gdy ra phan tng phu vi n khong bén trong moi
truong nudc. Ozone co hiéu qua x Iy cao hon clo
vi kha ning oxy hoa ctia ozone gap 1,52 lan va thoi
gian xir Iy ngan hon 3 lan so véi clo (Blanken,
1985; Bocci, 2002). Ozone bét diu duge st dung
dé tiét tring va 1am sach nudc udng tir 1990 va tro
thanh phuong phap phd bién dé xir Iy nudc dong
chai, nudc thai trong sinh hoat va cong nghiép
(Martinez, Parra and Suay, 2011).

Ozone c6 thé loai bo cyanide tir nude thai cong
nghi¢p, phén rd cac hop chat hitu co trong nudc
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thai nganh cong nghi€p dét, phan hiy phenol va
cac hydr6 cacbon trong nudc thai ciia cong nghiép
loc dau va giam ham lwong COD tir nudc ri bai rac
hodc nudc thai tir cong nghiép hoa chét (Rice,
1997). Ngoai kha nang diét khuan manh, ozone con
1a chét hiéu qua nhat dé bat hoat cac tic nhan gay
bénh trong xir Iy nudc udng (Langlais et al., 1991).
Ozone la chat khi khong bén viing va dé dang phan
ri thanh 6xy phan tir va 6xy nguyén tir. Oxy
nguyén tr tu do nay 1a chit 6xy hoa rat manh.
Ozone 6xy hoa sit, mang gan, luu huynh trong
nude va két qua la tao thanh cac oxit kim loai va
lwu huynh nguyén t6 khong tan trong nuéc. Cac
thanh phan khong tan nay dugc loai bo sau khi loc.
Thong thudng, ozone dugc tao ra béng phuong
phap phong dién vang quang hodc tia ltra véi nong
d6 khoang 1% hoac 10.000 mg/L. Khi so sanh véi
phuong phap xir Iy nudc bang clo va tia UV, ozone
c6 kha nang diét virat hi€u qua hon véi thoi gian
xtr Iy ngén hon (Tyrrell ez al., 1995).

Mic dau c6 nhleu uu diém, phuong phap xu Iy
nuéc bing ozone van ton tai mot s nhuwoc diém
nhu sau. Qua trinh san sinh ra ozone con tao ra cac
san phidm phu khéng mong muén nhu NO, va
HNO; khi khong khi bi am. Chi phi cho viéc sir
dung Ozone dét hon dung clo. Ngoai ra, ozone phai
dugc san xudt tai noi tiéu thu va sir dung ngay 1ap
tirc boi vi ozone d& phan rd va rat nguy hiém khi
van chuyén di xa.

2.3 Xir Iy nuéc bing tia cue tim

Hé thdng tiét tring bang tia cuc tim (UV)
truyén ning luong dién tir duoc phat ra tir dén
phong dién thuy ngan dén DNA va RNA cua vi
khuan va vi rat. Khi tia UV xdm nhép vao mang té
bao, n6 s& pha hiy kha ning tai tao cua té bao
(USEPA, 1999).

Phwong phap xir Iy nuéc bang tia UV khong
nhiing c6 hiéu qua cao hon so véi dung clo ma con
rat than thién v6i moi trudng. Phuong phap xtr 1y
nay khong sinh ra san phdm phu ciing nhu khong
lam thay ddi do pH, mui va vi ciia nude. Ngoai kha
nang diét khuan, tia UV con c¢6 kha niang lam giam
ham lugng cacbon hitu co (TOC), phan huy ozone
va khtr clo (Hijnen et al., 2006; Summerfelt, 2003;
Choi and Choi, 2010). Tuy nhién, dé bat hoat mot
s6 loai vi khuan hodc vi sinh vat doi hoi lidu UV
cao (Summerfelt, 2003; USEPA, 1999). Ngoai ra,
UV chi phét huy hiéu quéa diét khuan khi nuéc can
xur ly khong c6 mau va ham lugng tia UV phat ra
tor dén thuy ngén s€ gidm theo thoi gian nén hiéu
qua xur ly nude cling giam theo.
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3 CONG NGHE XU LY NUOC BANG
PLASMA LANH

3.1 Phwong phap tao plasma lanh tir phong
dién man chan

Plasma lanh c6 thé duoc tao ra tir phong dién
man chin, phong dién phat sang ¢ ap suat thip,
phong dién ving quang, phong dién cam tng & tan
s6 vO tuyén va phong dién vi séng (Valincius,
Grigaitiene and Tamosiunas, 2012). Trong cac
phuong phép nay, phong dién man chén trong moi
truong khong khi & 4p suat khi quyén thi don gian,
tin cdy va linh hoat nhat (Kogelschatz, 2000). Su
linh hoat ctia phwong phap phéng dién man chan
duoc thé hién ¢ cdu trac hé thong dién cyc, moi
tredng lam viéc va cac thong sé van hanh. Trong
nhiéu trudng hop, cac diéu kién phong dién duogc
t6i wru hoa tir md hinh thi nghiém nho dé dang ap
dung vao cac thiét bi co qui md cong nghiép 16n
(Kogelschatz, 2000).

Phoéng dién man chin duoc thuc hién trén hé
thdng hai dién cuc bang song song (Hinh 1a) hoic
hai dién cuc tru déng truc bi ngan cach bdi mét 16p
cach dién mong (Hinh 1b). Thong thuong, thiét bi
phong dién man chén hoat dong & dién ap 10-20
kV (Kogelschatz, Eliasson and Egli, 1997) véi tan
s6 0,5-500 kHz (Kogelschatz, 2000). Khi dién ap
gitia hai dién cuc dat gia tri da 16n dé tao ra dién
truong trung binh khoang 3 kV/mm, khong khi
trong khe hé dién cuc bi ion hoa va chuyén sang
trang thai plasma. Khi plasma hinh thanh trong khe
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hé dién cuc, ghi nhan dugc sy xuét hién mot chudi
cac xung dong dién va xung anh sang ciing nhu
quan sat dugc sy xuét hién déng thoi cua nhiéu tia
lra dién (Kuraica et al., 2006; Kogelschatz,
Eliasson va Egli, 1997). Piéu nay chung to ring
plasma dugc sinh ra tr hién tugng phong dién tia
lira. Cac thong s6 cua phong dién tia lira trong
khong khi cta hé thong dién cuc c6 man chin ¢ ap
suét khi quyén dugc cho ¢ Bang 1.

Cung voi sy xudt hién cua plasma, ghi nhan
duoc su hinh thanh cua ozone, tia UV va cac phén
tr 6xy hoa manh khac, dac biét 1a gbc hidroxyl
(*OH) tu do (Kuraica et al., 2006; Lackmann et al.,
2013; Bernard et al., 2006). Chinh nh¢ vao tac
dong tong hop cta ozone, UV va cac thanh phan
0xy hoa khac ma plasma c6 hi€u qua cao trong viéc
tiéu diét hodc bat hoat vi khuén va cac vi sinh vat
khac ciing nhu kha niang tac dong vao cac chét hoa
hoc hitu co va vo co.

Man chn
cach dién

RS EBE LB EELELE

Hinh 1: Cac hé théng dién cuc tiéu biéu (Wu et

al., 2012)
Béang 1: Dic tinh ctia phong dién tia Iira trong khong khi (Kogelschatz, Eliasson and Egli, 1997)
Thoi gian phong dién 10 <103 Tong dién tich 101°+10° C
Ban kinh tia ltra 10*m Mat d6 dién tir 102 +10%' m?
Bién d¢ dong dién 0,1 A Nang lugng trung binh ciadiéntr 1+ 10eV
Mit d dong dién 10°+107 A m? Nhiét do tia lira Xap xi nhiét do trung binh

cua khe ho dién cuc

3.2 Tac dong ciia plasma dén nudéc trong
qua trinh xir ly

So d6 biéu dién cic qua trinh xay ra trong
khong khi va nudc khi plasma hinh thanh dugc cho
¢ Hinh 2. Ozone (O3) dugc hinh thanh trong khe
khong khi 1a do tac ddng cua tia Itra dién duoc biéu
dién & phuong trinh (1) va (2). Sau khi hép thu vao
nudc, O3 tac dong vdi cac ion hydroxide (OH") va
cac phén tor nuéc dé tao thanh hydroxyl ty do
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(*OH) duogc trinh bay & phuong trinh (3), (4) va (5).
Nudc trén bé mat bi bay hoi tao thanh cac phan ti
hoi nuéc. Dudi tac dong va dap cua cac dién tu
nang luong cao dugc sinh ra tr qua trinh ion hoa
khong khi cling nhu phén g cua cac 6xy nguyén
tor (O) 1én phan tir hoi nudc s€ tao ra thém *OH
(phuong trinh (6) va (7)). Nhu vay, khi plasma
hinh thanh trong khe khong khi s& lam xuit hién
hai thanh phan 6xy hoa rat manh d6 1a O; va *OH
trong moi trudng nudc.
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bién cuc

cao 4p Man chan céch

dién thuy tinh

Tia Itra dién trong
khong khi

Dién cuc
noi dat

Hinh 2: Cac qua trinh xdy ra trong khong khi
va nwéc khi plasma xuat hién (Dors, 2013)

— Qua trinh hinh thanh ozone dudi tac dong
cua tia Itra dién

O,+hv - 0+0 (1)
0+0, - 0, ()

— Qua trinh hinh thanh hydroxyl tu do khi
ozone hoa tan trong nudc

O,+OH  — O, +°'OH 3)
0;” -0 +0, 4)
0" +H,0 < "OH+0OH" (5)

— Qua trinh hinh thanh hydroxyl tu do khi cac
dién tir nang luwgng va dap vao phan tir hoi nudc
(6)

— Qua trinh hinh thanh hydroxyl tu do khi cac
Oxy nguyén tir phan ung voi phan tir hoi nudce

e +H,0—> 'OH +H" +e”

O +H,0 - "OH + ‘OH
33

(7
Hiéu qua xir Iy nwéc bing plasma lanh

Plasma lanh ¢6 hi€u qua cao trong viéc xu 1y E.
coli. Sau thoi gian xu ly khoang 90 s, toan bd E.
coli trong nudc co n6ng do6 3x105 cfu/ml bi bat
hoat (Shainsky ez al., 2012). Két qua twong ty ciing
duoc ghi nhén bdi Majeed ef al. (2012), Velazquez
et al. (2013) va Taran et al. (2013).

Plasma c6 kha ning phén rd cac hop chit hiru
co duoc biéu hién thong qua viéc ham lugng COD
va BODS do duoc giam rat manh cling nhu sy ddi
mau cuia nudc sau khi xur 1y (Kuraica et al., 2006;
Majeed et al., 2012 va Taran et al., 2013). Ngoai
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ra, plasma c¢6 thé phan rd du lwong thubc khang
sinh sulfadiazine dugc st dung trong chan nudi gia
stic voi ham luong 10 mg/L trong vong 30 phut
(Rong et al., 2014) va phan huy cac chat 6 nhiém
co nguon gbe tir thuée nhudém ciing nhu cac hop
chét c6 chira clo va nhan benzen (Tichonovas ef
al., 2013; Valsero et al., 2013 va Dors et al., 2006).
Hon niia, plasma dugc ghi nhan c6 hi€u qua phan
hity dén 98% céc phan tir ddu mo va cac chit hoat
dong bé mat ciing nhu lam giam dang ké ham
lugng cac kim loai nang nhu Pb, Cd, Fe va Mn
(Grinevich et al., 2011).

4 HUONG NGHIEN CUU

Nhu céc két qua da tong két & phan trén, cong
nghé plasma lanh c6 hiéu qua cao va tiém ning
tmg dung rat 16n trong viéc xur Iy nude. Viée tu
phat trién cong ngh¢ plasma lanh tir phuong phap
phong dién man chin dé xir 1y nude hoan toan co
thé thuc hién duoc trong diéu kién cong nghé &
Viét Nam hién nay. M6 hinh xu Iy nudc s€ nghién
ctru va phat trién dwoc biéu dién ¢ Hinh 3. M6 hinh
nay hoat dong nhu sau: du tién nudc can xir ly
duogc bom tur thung chira dén dién cuc bén trong.
Nuée chay tran trén bé mét ngoai cua dién cuc nay
va tao thanh mét 16p nudc day khoang 1-2 mm.
Khi dién ap cao khoang 10 kV dugc dat vao hai
dién cuc, plasma s€ hinh thanh do phong dién tia
lira trong khong khi tir bé mit ngoai ctia 16p nude
dén mat trong cuia 6ng thuy tinh. Cing véi sy xuat
hién cua plasma la ozone va tia UV. Tac dong cua
cac dién tr nang luong cao trong plasma va ozone
dén cac phén tir nu6e sé sinh ra cac thanh phan 6xy
hoa rat manh nhu OH*, H* va H,0,. Nho vao tac
dong téng hop cua ozone, UV va cac chit 6xy hoa
manh ma vi khuén va céc vi sinh vat trong nuoc s€
bi tiéu diét hodc bit hoat khi nudc duoc luan
chuyén qua budng plasma. Ngoai ra, cic hop chat
hitu co va vo co trong nudc ciing bi phan rd hoac
oxi hoa. Sau khi di qua budng plasma, nudc s& theo
duong 6ng dé tro vé thung chira. Trong qua trinh
hoat dong, nude can xu ly s& dugc luan chuyen
tudn hoan giita thung chtra va budng plasma dén
khi dat dugc d6 sach cin thiét theo tiéu chuan va
duogc xa ra ngoai. Sau d6 mot mé nudc mai can xir
ly s€ dugc bom vao thung chira va mot chu ky xur
ly méi s€ dugc 1ap lai. Mo hinh nay co cong suét
xur ly nuge khoang 0,5 m3/12 h. Nhu viy, véi nhu
cau xtr Iy khoang vai mét khdi nudc trong mot
ngay cua cac co sy té, nha hang, cac trai nhan
nudi giéng thiy va hai san, cong nghé plasma hoan
toan dap tmg duoc bang cach ghép tir 4 dén 6 don
vi thiét bi phong dién man chén.
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Plasma Nude Ong;i iy(;:gz)cach
chay tran ¥
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bién cuc Bluong
ngoai o
(inox-934) /
\ Nguon cao
Nip cach |+ éptfinsf)cao
ap cac
dién% &J @
bién cuc trong / Nudc ra
(inox- ¢21)
Nudevao | |
1 Thung
chira
Bom
% Van xa

Hinh 3: M hinh h¢ thong xir Iy nwéc bing
cong nghé plasma

Dé ché tao thanh cong thiét bi xur Iy nudc bing
cong ngh¢ plasma lanh nhu Hinh 3 doi hoi can _phai
thyc hién cac nghién ctru vé bo nguon cao 4p tan sb
cao, ddc tinh phong dién cua buong plasma va dac
tinh cua plasma lanh cling nhu hiéu qua xu ly cua
plasma lanh khi thay d6i ngudn nude, dién ap va
tan s6. Ngoai ra, nang luong dién tiéu thy cua hé
thdng xir 1y ciing can phai duogc do ludng va tinh
toan. Trong cac nghién ctru s€ dugc thyc hién trong
thoi gian sip t6i, ddc tinh phong dién ciia budng
plasma lanh di dugc tac gid hoan thanh (Nguyén
Vin Diing va Nguyén Hong Nhanh, 2014).

5 KET LUAN

Téng hop tai litu vé& ung dung cong nghé
plasma lanh dé xu Iy nudc dd dwoc thyc hién.
Cong nghé plasma lanh to ra c6 nhiéu wu diém hon
s0 voi cac phuong phép truyén thong. Plasma lanh
¢6 hiéu qua cao trong viéc tiét tring nudc cling nhu
oxy héa cac hop chat hiru co va cac chit vo co nén
¢6 tiém nang tng dung 16n trong linh vyc xur 1y
nuéc cip sinh hoat, nudi trong thily san va nudc
thai. Tuy nhién can phai thyc hién cic nghién ctru
chi tiét hon dé danh gia chinh xac hiéu qua xur ly
nudc cua cong nghé plasma lanh va so sanh voi cac
phuong phap truyén thong ca vé mit kinh té va k¥
thuat. Dé dam bao kha nang ché tao thanh cong hé
thong xir Iy nude bang cong nghé plasma vai cong
suat xtr Iy tir 1-3 m%/12 h, mot sb ndi dung nghién
ctru cu thé trong thoi gian sap t6i di dugc dua ra.
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