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Tém tat: Bai bao nay trinh bay cac ket qua nghién ctru vé viée xir Iy nude cap sinh hoat tir nude
song bang phuong phap phong dién vang quang két hop keo tu tao bong. Phong dién vang quang
dugc tao ra boi hé thdng dién cuc try dong truc voi dién cuc ngoai dang ludi tai dién ap khoang 10
KV va tan s 31 kHz. Cong suét tong cua hé thong do dugc 1a 90 W. Luu luo’ng nude qua budng xir
1y 1a 4L/P. Nué6c duoc xir 1y theo mé, véi suét tiéu thu dién 1a 1,125 kWh/m?®. Két qua thi nghiém
cho thay su két hop giita ozone va UV duoc tao ra tir phong dién Vﬁng quang c6 hi€u qua cao trong
viée xir Iy coliforms. Cong doan tién xir Iy bang keo tu tao bong anh huong 16n dén hidu qua xir Iy
tong thé ciia mo hinh. Cac chi tiéu cua nudc sau khi xir 1y dat tiéu chuin QCVN 02:2009/BYT. Tuy
nhién phwong phap xir Iy nay dong thoi ciing lam gia ting ndng ¢ NO3 trong nude sau xir 1y.

Tir khoa: Nudce sinh hoat, keo tu tao bong, 0zone, tia cyc tim, phong dién vang quang.

1. Pat van dé

Hién nay tai mot s6 ving nong thén cua
Dong bang song Ctu Long nudce sinh hoat dat
qui chuan vé sinh con thap. Ti 1& nguoi chua tiép
can duogc nudc sinh hoat dat
QCVNO02:2009/BYT chiém khoang 63% [1]. Da
phan cac ho dan st dung truc tiép ngudn nuéc
mit bi 6 nhiém tir séng va kénh rach lam nudc
sinh hoat sau khi chi qua cong doan xt 1y so bd
bang phén. Theo két qua quan tric cho thdy
ngudn nude mat trén cac song Tién va song Hau
bi nhiém bén chat hitu co va vi sinh [2]. Do d6
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viéc nghién ciru va phat trién mot cong nghé xir
Iy nude cap sinh hoat véi qui mé ho gia dinh co
hi€u qua, than thién vdi moi truong va co gia
thanh hop 1y 1a can thiét.

Cong ngh¢ ozone va UV da dugc su dung
phd bién trong linh vic xtr Iy nude & mot s noi
trén thé gidi ciing nhu ¢ nudc ta [3-6]. Pbi véi
cong nghe nay, ozone va UV duogc tao ra tu hai
thiét bi riéng & va dugc thiét ké ¢ hai cong doan
khac nhau. Trong nhitng nim gan ddy, phong
dién vang quang tao plasma lanh dé xur Iy nudc
1a chi dé thu hit sy quan tdm cia nhiéu nha
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nghién ctru [7-9]. Plasma lanh duoc tao ra tir hién
tugng phong dién ving quang xung s& tac dong
truc tiép vao nudc can xi 1y thong qua sy tuong
tac dong thoi cua dién tir ning luong cao, ozone
va UV nén c6 hiéu qua xtr ly cao. Tuy nhién cac
thiét bi sir dung cong nghé phong dién vang
quang xung kiéu nay thuong c6 qui mé xir Iy 16n
va gia thanh dat. Nguyén nhan 1a do can phai
trang bi cac bd ngudn cao 4p tao xung nhon bién
do6 rat 16n (25+30 kV) nhung d6 rong xung rat
nho (1+100 ns)[7-9]. Do d6, dé co6 thé ap dung &
qui md xur 1y ho gia dinh va co6 gia thanh hop ly,
nghién ctru nay sé& tién hanh khao sat kha ning
xtr Iy nuéc cua cong nghé phong dién vang
quang tic dong gian tiép vao nudc can xu ly
théng qua ozone va UV.

2. B6 tri thi nghiém va trinh tu thi nghiém
2.1. M6 hinh thi nghiém

So d6 mé hinh thi nghiém xtr 1y nuéc duoc
md ta & Hinh 1. M6 hinh bao gém 01 budng
plasma ndi két chungvdi mot budng tronkhihoat
dong theo nguyén 1y Venturi. Nudc dau vao tir
thung chira dugc bom vao buéng tron khi voi luu
lugng 4L/P. Buéng plasma duogc tao thanh tir h¢
théng dién cuc tru déng truc va duoc cach dién
bang ong thuy tinh. Pién cuc trong duoc ché
bang thép khong gi (inox) va dién cuc ngoai
duoc lam tur ludi inox. Xung quanh dién cuc
ngoai 1a khoang kin chura ozone. Dién ap cao (10
kV) dugc dat 1én hé théng dién cuc s& 1am xuét
hién phong dién vang quang xung quanh dién
cuc ngoai tao nén moi truong plasma lanh. Mo6i
truong plasma lanh nay s& bao gdm cac dién tir
nang lugng cao, ozone va UV...Tuy nhién chi co
UV va ozone sé€ tac dong vao nudc bén trong
buéng plasma. UV dugc tao ra do hién tugng
phong dién vang quang trong khong khi c6 budc
song trong khoang 300 nm dén 400 nm[10].
Luong UV tao ra nay s€ xuyén qua 6ng thiy tinh
dé tac dong vao nudc can xir ly. Pong thoi ozone
sinh ra s€ duoc hat vao buong tron khi do hiéu
ung Venturi. Tai ddy ozone dugc hoa tron vao
nude can xir Iy dudi dang cac bot khi. Dudi tac
dong dong thoi cia ozone va UV, coliforms sé& bi

tiéu diét. Pong thoi, sit va amoni sé bi oxy hoéa.
Sau khi qua budng plasma, nudc s& theo dudng
ong tro vé thung chtra. Trong qua trinh thi
nghiém, nuéc can xur 1y s& dwoc luan chuyén
tuan hoan gitra thung chira va budng plasma
trong khoang thoi gian dinh trude va két thuc
thi nghiém.

Dién cyuc ngoai
noi cao ap

i Khéng khi vao

i Buong plasma
Ong thiy tinh

= T L Pién cyc
trong l

Buéng tron khi Ozone ra

Thung chira nudc
—

Bom nudc ( ) -~

Hinh 1. M6 hinh b tri thi nghiém.

2.2. Mdu nwéce thi nghiém

Mau nuéc thi nghiém dugc 13y tai séng Can
Tho, xa My Khanh, huyén Phong Dién, Thanh
phé Can Tho. Thé tich nu6c can cho 1 1an thi
nghiém la 12L. S6 lan 1dp lai cua thi nghiém la
03. Mau nuéc duge do cac chi tiéu chat luong
truée va sau khi xtr Iy véi mé hinh. Pau tién,
nude song dugc loc tho dé loai bo rac va céc tap
chat c6 kich thudc 16n. Sau d6 nude duge xir 1y
v6i phén sitdé tao phan ung keo tu. Thoi gian
can thiét dé hoan thanh qua trinh keo tu, tao bong
va langla 45 phit. Két tua hinh thanh tir qua trinh
tao bong ling xubng day thung. Sau do chiét 1ay
phan nudc trong bén trén dé cung cip cho mé
hinh thi nghiém. Thi nghiém duoc thuc hién voi
hai loai mau nudc 1a khong xir 1y keo tu va keo
tu. Céc chi tiéu chét luong nudce & dau vao va dau
ra ciia mdi thi nghiém dugc phan tich bing
nhitng phuong phap va thiét bi dwoc trinh bay
trong Bang 1.
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3. Két qua nghién ciru

3.1. Anh hwéng ciia ham lwong phén dén qua
trinh keo tu tao bong

Ham lugng phén anh huong 16n dén qua
trinh keo tu tao bong, dan dén sy thay d6i manh
do duc (NTU) va do pH cua nudc nhu Hinh 2.
Liéu luong phén thay d6i trong khoang gia tri tir
0 mg/L dén 100 mg/L. Tai ham lugng phén 1a 80
mg/L, d6 duc ctia nude sau keo tu va tao bong do
duoc dat gié tri nho nhéat 12 2,2 NTU, tuong ting
v6i gia tri ctia pH 1a 7,26. Do @6 ham luong phén
la 80 mg/L dugc chon dé thuc hién cong doan
keo tu tao bong trong cac thi nghiém tiép theo.

Bang 1. Phuong phap va thiét bi phan tich cac chi

tiéu
A2 . Phuong phép,
TT Thongso Pon vi thidtbi
May do
! Ozone mg/L Ozone, Hanna
) May do pH,
2 PH Hanna
- . Phuong phap
3 Nitric (NO2) mg/L DIAZO
Phuong phap
4 Nitrat (NOs)  mg/L SALICYLATE
SODIUM.
R May do PC
5 By dyc NTU Checket
Téng TCVN 6187-
6 coliforms MPN/100ml 1,2:1996
. SMEWW
7 Amoni mg/L 4500-NHs C
B < mg/L SMEWW
8  Tongsat 3500 B-Fe
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mg/L TCVN 6195-
12 Florua 1996
13 Asen mg/L TCVN

6626:2000

0 77 8

25 |

20 |

15 |

Do duc (NTU)

10 } 9.2 L7

6.1
5 | ﬂ 3.9 - 29 | 68
. O [11,
20 80

100

Ham lugng phen (mg/L)
Hinh 2. Ham lugng phén t6i wu.

3.2. Anh huong ciia @6 pH dau vao dén qué trinh
keo tu tgo bong

Do pH cua nudc dau vao trude khi keo tu ¢o
anh huong dang ké dén do duc va do pH cua
nudce sau keo tu nhu Hinh 3. B¢ duc sau xu ly
dat gia tri thip nhat twong Gng véi pH dau vao
c6 gia tri xap xi 7,0. Gia tri pH dau vao nay dat
dugc thong qua viée diéu chinh. Vi mau nude
song khong qua cong doan diéu chinh axit c6 pH
~ 7,6 s€ dat dugc d6 duc 1a 1,3 NTU sau khi keo
tu. Mac du gia tri d6 duc do dugc nay 16n gép 6,5
lan so voi gid tri d0 duc thip nhit nhung van thap
hon gan 4 lan so véi qui dinh cua quy chuan
QCVNO02:2009-BYT (5 NTU) [11]. Do d6 cac
mau nude song co pH ~ 7,6 s& dugc truc tiép dua
vao cong doan xu 1y keo tu tao bong ma khong
can qua budc diéu chinh d6 pH.
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Hinh 3. Anh hudng cua pH trude keo tu dén d6 duc
va pH sau keo tu (ham lugng phén 80 mg/L).
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3.3. Anh hwéng cua thoi gian xir Iy dén nong
do ozone

Nong d6 ozone hoa tan trong nudc dugce do
bang phuong phap so mau véi bo kit Hanna. Mau
nude duge 1y ngay sau khi két thuc thoi gian xir
ly. Nong d6 ozone hoa tan trong nude phy thude
manh vao thoi gian xtr Iy ctia moé hinh (Hinh 4).
Lugng ozone hoa tan trong nuéc dat cao nhat
(0,25 mg/L) ung voi thoi gian xur 1y 1a 9 phat
tuong tng voi s6 1an toan bo thé tich mau nuédc
thi nghiém dugc luan chuyén qua budng plasma
la 3. Khi thoi gian xir ly ting 1én ham lugng
ozone trong nudc c¢6 xu huéng giam. Két qua
tuong tu da dugc trinh bay tai nghién ctru trudc
day [12]. Do 6 mbc thoi gian 9 phut duge chon
1am thong s thoi gian xir Iy nuwdc cia md hinh.
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03 |

0.2 |
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Hinh 4. Anh huong cua thoi gian xtr Iy dén ndng do
ozone.

3.4. Anh hieong ciia cong nghé phong dién vang
quang den cdc chi tiéu cua nuwoc sau xir ly

Su tac dong ctia phong dién vang quang dén
d6 pH cta nudc sau xt 1y duge cho 6 Hinh 5. Tu
hinh nay ta thiy d6 pH ctia nudc qua keo tu nho
hon 5,6% so v6i nude khong keo tu. Do pH cua
nude sau xir Iy giam khong dang ké (0,4% dbi
voi truomg hop nudce khong xur 1y keo tu va 0,6%
dbi voi nude xir 1y keo tu) va dat quy chuan
QCVN 02:2009/BYT (pH = 6,0 + 8,5). Su suy
giam d6 pH c6 thé giai thich 1a do sy hinh thanh
cac chat nhu: H*, HNO3,H,0, va 0,13, 14].

7.8 1
8Khong keo ty
OKeo tu

7.6 1

7.2 A

Piu vao Sau xtr ly
Mau nuée

Hinh 5. Bién dong pH cta nudc.

Hinh 6 trinh bay anh hudng cua phong dién
vang quang dén do duc ctia nude sau xir ly. Nho
vao qua trinh keo tu ma d6 duc ctiia nudc giam ro
rét tr 36 NTU xudng con 0,6 NTU. Déi véi
truong hop khong keo tu, sau xur Iy do duc cia
nude giam gan 3 1an tir 36 NTU xudng con 13,1
NTU. Nguoc lai d6 duc ctia nudc sau xu ly lai
tang khoang 3 1an tir 0,6 NTU 1én 2 NTU dbi véi
truong hop nudc qua keo tu. Nhu vay chi co do
duc ctua nudce sau xu ly voi dau vao duoc keo tu
moi dat qui chuan QCVN02:2009/BYT. Su gia
tang d6 duc sau xur Iy c6 thé giai thich 1a do sy
oxy hoa ion sit (I) hoa tan trong nudc thanh
hydroxyt sat (IIT) khong tan.
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Péu vao Sau xir Iy
Mau nudce

Hinh 6. Bién dong ctia d6 duc cua nudc.

Néng do NOz'trong nudce sau xu ly giam nhu
Hinh 7. D41 v61 truong hop khong keo tu nong
dd nitrit giam 34,8% tur 0,23 mg/L xudng 0,15
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mg/L. Tuong tu, nong do nitrit giam 36% tir 0,25
mg/L xudng 0,16 mg/L trong trudng hop keo tu.

0.30 1
8 Khong keo tu
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Hinh 7. Bién dong cta ndng do nitrit trong nudc.

Nhu vay ham Iugng nitrit trong nudc sau xur
1y trong ca hai truong hop déu dat yéu cau theo
QCVNO1:2009/BYT (giéi han tbi da: 3 mg/L)
[15]. Su suy giam ndng do nitrit sau xir 1y duoc
giai thich 1a do su oxy hoda cua nitrit thanh nitrat
dudi tac dong cia ozone hoa tan trong nudc.

Hinh 8 trinh bay sy thay doi ciia nong do
NOs'trong nudc sau xir 1y. Sau khi xir Iy nong do
nitrat ting dang ké. Pdi voi truong hop khong
keo tu, néng d0 nitrat tang tur 2,86 mg/L 1€n 3,66
mg/L (ting 28%). Xu hudng twong tur xay ra ddi
v6i trudng hop nude qua xir Iy keo tu nhung yéu
hon, ndng d¢ nitrat sau xtr 1y chi ting 10% tir
3,33 mg/L 1én 3,66 mg/L. Ham lugng nitrat cua
nude sau xir Iy ciia ca hai truong hop déu dat theo
qui chuan QCVNO1:2009/BYT (giéi han tdi da:
50 mg/L). Su gia tang ham lugng nitrat trong
nuée 12 do quéa trinh phong dién vang quang
trong khong khi s€ tao nén oxit nito NOx (NO,
NO,). Khi NOx két hop v&i nudc/hoi nudce sé tao
thanh axit nitric. Ngoai ra su gia ting ham lugng
nitrat con do mdt lugng nitrit va amoni bi oxy
héa thanh.

Két qua thi nghiém cho thay qui trinh xtr Iy
diét coliforms hiéu qua (Hinh 9). Tdng coliforms
giam manh sau khi xir ly. Dbi voi truong hop
nu6c khong keo tu, sau xir 1y tong coliforms
giam 90% tir 11.000 (MPN/100 ml) xudng con
1.100 (MPN/100 ml). Déi v6i nuée qua keo tu,
tong coliforms cua nudc sau xir Iy giam 93,2%

tir 1.100 (MPN/100 ml) xudng con 75 (MPN/100
ml). Nhu vay ddi véi mau nudc dau vao khong
qua keo ty, chi ti€u coliforms cua nudc sau xu Iy
khong dat QCVNO02:2009/BYT.

Tuy nhién d6i véi miu nuée dau vao di qua
keo ty, chi tiéu coliforms sau khi xur ly dat tiéu
chuan QCVN02:2009/BYT. Rd rang, cong doan
keo tu dong vai tro quan trong trong giai doan
tién xir ly. Cong doan naydiét khoang 90%
coliforms dau vao. Trong 10% coliform con lai,
cong doan phong dién vang quang diét 93,2%.
Téng cong toan bd qui trinh xir 1y diét dwoc
99,32% coliforms (giam tr 11.000 (MPN/100
ml) xubng con 75 (MPN/100 ml)).
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Hinh 8. Bién dong ctia ndng do nitrat trong nudc.
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Hinh 9. Bién dong tong coliforms.
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4. Ban luian

Sy két hop giita phuong phap keo tu tao bong
va cong ngh¢ phong dién vang quang cho thiy
¢6 hiu qué cao trong viéc xir Iy nudc cap sinh
hoat tir nudc song. Cac chi tiéu ctia nudce sau khi
xtr Iy véi qui trinh cong nghé nay déu dat theoqui
chuan QCVNO02:2009/BYT va dugc trinh bay &
Béng 2.

Tir Bang 2, ta thay chi tiéu coliforms dat gi6i
han t6i da cho phép II. Bé ting cuong kha ning
xtr 1y coliforms, c6 thé tang thoi gian xir 1y. Khi
tang thoi gian xr Iy s& dan dén 1am ting nong do
nitrit va nitrat. Tong cong suat hoat dong ctia mod
hinh 1a 90 W (plasma: 50 W; bom nudc: 40 W).
Kha nang xur Iy nudc cia mo hinh 1a 1,33 L/P
tuong duong voi cong suat 80 L/h. Do do, suat
tiéu ton niang lwong dién ciia mo hinh 1a 1,125
kKWh/m?® nu¢e xir Iy. Him lugng nitrit va nitrat
¢6 thé giam bang cach sir dung phuong phap trao
d6i ion. Thi nghiém sir dung cot trao doi ion co
thé tich 1000 mL chira 600 mL hat INDION-GS
3000. Luu lugng ctia nude qua cot bang voi luu
luong nude xtr Iy cua md hinh (1,33 L/P). Két
qué thi nghiém cho thiy nong do nitrit giam tir
0,16 mg/L xubng con 0,007 mg/L trong khi ndng
do nitrat giam khoang 96% tir 3,6 mg/L xudng
con 0,144 mg/L.

5. Két luan

Mb hinh thi nghiém xur 1y nuéc bang cong
nghé phong dién vang quang két hop voi cong
doan tién xir Iy bang keo tu tao bong c6 hiéu qua
cao trong viéc xir 1y cac chi tiéu chat lugng nude
nhu: Mau sic, do duc, amoni, sit, chi tiéu
pecmanganat va tong coliforms. Tuy nhién cong
nghé nay hau nhu khong tac dong dén chi tiéu do
cimg va ham luong Clorua. Cong nghé phong
dién vang quang cho thy tiém nang ung dung
trong cdc mo hinh xtr ly nudc cap sinh hoat co
cong suat nho phuc vu ho gia dinh néng thon.
Tuy nhién, nhuoc diém 16n nhét cua cong nghé
nay la 1am ting ddng ké ham lugng nitrat mac du
van nam trong gidi han cho phép.

Bang 2. Két qué céc chi tiéu clia nudce thod va nude
sau xu ly

Nudce
sau keo QCVNO02:20

Chi tiéu B tyvaxi 09/
lybing  BYT
plasma

Mau sac

(TCU) 136 <5 15

L K/hon\g K,hon\g Khong c6

Mui vi co mui co mui P

. . mui vi la
vila vila

Do duc (NTU) 36 2 5

Clo du KPH KPH 0,3+0,5

pH 7,57 7,12 6,0+8,5

Ham luong

Amoni(mg/L) 3,27 1,14 3,0

Sat

téng (ng/L) 1,42 0,1 0,5

Chi s6

pecmanganat 2,30 0,62 4,0

(ma/L)

D6 cung tinh

theo CaCOs 65,0 63,0 350

(mg/L)

Ham luong

Clorua (mg/L) 15,0 13,0 300

Ham luong

Florua (mg/L) KPH KPH 15

Ham luong

Asen (mg/L) KPH KPH 0,05

Tong .

coliforms 11.000 75 IISO (gi6i han
(MPN/100 ml)
3

Nitrit (mg/L) 0,25 0,16 (QCVNO01:20
09/BYT)
50

Nitrat (mg/L) 3,33 3,6 (QCVNO01:20

09/BYT)

*KPH: khong phét hién
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A Study on Domestic Water Treatment with Corona
Discharges and Coagulation-flocculation Method

Nguyen Van Dung, Tran Pham Dang Huy, Phan Thi Thuy Vy, Pham Van Toan
Can Tho University, Ba Thang Hai, Xuan Khanh, Ninh Kieu, Can Tho, Vietnam

Abstract- This paper presents the results of domestic water treatment by combining between corona
discharges and coagulation-flocculation technology. The corona discharges were generated by a coaxial
electrode system with voltages of about 10 kV and 31 kHz in frequency. Total power of a water treatment
system is about 90 W. Water flow is 4 L/m in a batch treatment system and electric energy consumption
is measured to be 1.125 kWh/m3. Experimental results show that the combination of ozone and UV
formed by corona discharges has high efficiency in removing coliforms. The coagulation-flocculation
is very necessary for the pretreatment stage of water. After treatment, determined parameters of water
conforms with national technical regulation on domestic water quality (QCVN 02:2009/BYT).
However, this method still increases the concentration of NOs™ inwater after treatment.

Keywords: Domestic water, coagulation-flocculation, ozone, ultraviolet, corona discharges.



