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Ung dung LED tir ngoai dé diét khuan trong thiét bj loc nuwéc
Application of Ultraviolet LED for Sterilizing in Water Purifier
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Tom tat

LED ttr ngoai v6i buéc séng 275 nm va céng suét phat xa 4.5 mW da duoc tng dung diét khudn trong thiét
bi loc nuéc. Kha ndng diét khuén cua thiét bi loc duoc khdo sét qua qué trinh diét khuén E.Coli. Mau nuwéc
duoc cdy vi khuén E.Coli véi mat d6 6800 CFU/100 ml truée khi duoc chiéu xa. Thoi gian chiéu xa duoc khédo
sét trong bai bao 1a 15s; 30s; 60s. Két qua cho thdy, méat d6 khudn gidm manh theo théi gian. V&i thoi gian
chiéu 30s, néng dé khuén do duoc la 3 CFU/100 ml, tmg vdéi ty 16 diét khudn 99,995%. Hé théng dén LED
UVC ciing da duoc thiét ké dé téi wu hod ving chiéu va théi gian chiéu, qua dé hiéu suét diét khuén sé duoc
néng cao.

T khda: LED, UVC, E.Coli, GaN
Abstract

UVC LED with a wavelength of 275 nm and emission power of 4.5 mW was applied to sterilize in water purifier.
The ability to sterilization of water purifier was studied on E.Coli bacteria. E.Coli bacteria were added into the
water sample with a concentration of 6800 CFU/100 ml before irradiating. The irradiating time is set up at
different values of 15 s; 30 s; 60 s. The result shows that, the bacteria concentration rapidly decreases with
an increase of irradiating time. With the duration of 30 s, the bacteria concentration after irradiating is about 3
CFU/100 mli, corresponding to the sterilization ratio of 99,995%. The UVC LED system was also designed to

optimize the irradiating area and time, thereby the sterilization efficiency will be enhanced.
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1. Gi6i thi¢u

Nam 1969, Maruska va Tietjen da st dung
phuong phap expitaxy hydride pha hoi (HVPE) dé
téng hop hop chat ban dan da tinh thé GaN lan dau
tién[1]. Ngay sau d6, GaN da thu hut duoc rt nhiéu
nghién ctru va da thu dugc cac d6t phat quan trong nhu
viéc ché tao thanh cong ban dan don tinh thé GaN,
InGaN; diéu khién dugc d6 din cua ban dan loai p-
GaN, ché tao thanh cong den LED va Laser v6i cuong
d6 sang cao [2-10]. Mot trong nhitng dot pha vé cong
nghé LED chinh la su ra doi cia LED tir ngoai, dua
trén chuyén tiép p-n v6i viing hoat dong da giéng thé
luong tir [2].

Cong nghé diét khuan bang tia tir ngoai da ton tai
nhiéu ndm, nhung phuong phéap hoa van dugc sir dung
rong rdi trong nhiéu tmg dung ngay nay. Tuy nhién,
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diét khuan bang tia tir ngoai ¢6 nhiéu wu diém hon so
v6i phuong phap hoa nhu khong anh huong dén mui
vi ctia nude, khong st dung cac vat liéu doc hai, khong
tao ra cic san pham phuy, cac hop chit v6 co, ngodi ra
tia UV c6 thé diét nhidu khuan trong nuéc hon la
phuong phap st dung clo [11]. Khi sir dung tia UV dé
diét khuan, dén thuy ngan thuong da duoc tng dung
rong rdi trudc ddy. Trong nhitg nim gan day, cong
nghé ché tao dén LED UV d3 duoc cai tién va gia thanh
ché tao ngay cang giam nhanh chong. Diéu nay da tao
diéu kién dé LED UV dan dan thay thé cac tmg dung
sir dung dén thuy ngan. Nhitng vu diém cia LED UV
so voi dén thuy ngan c6 thé ké dén nhu thoi gian st
dung dai, than thién véi moi truong do khong st dung
thuy ngan, cong suét tiéu thu it, nhiét tao ra trong qua
trinh str dung khong nhiéu.
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Bang 1. Bang so sanh cic chi tiéu, thong sé cia LED
UV va dén thuy ngan

UV LED
Thoi gian s >20000 gio
dung
Moi trwong Khong st dung St dung thuy
thuy ngéan, khong ngan, tao ra ozone
tao ra ozone

Dén thuy ngin
500 —2000 gio

Cong  suit Nho Lén

tiéu thu

Bao duomg |t Nhiéu (thay bong,
lam sach 16p phan
xa)

Téc dd bat Tic thoi Vai phut

tit

Nhiét d§ 60°C 350°C

2. Thue nghiém

Duya trén tinh toan thé tich chiéu, hé théng LED
UV st dung trong thiét bi loc diét khuan gém 12 dén
tuong duong vé6i thé tich chiéu xa 65 ml. Thiét bi gom
hai budng chiéu 1am bang thép khong gi c6 hinh tru c6
ban kinh 2 cm va chiéu cao 6 cm. Trong mdi budng,
gdm mot hé théng gdm 6 dén duoc bd tri dé dam bao
nude trong budng duoc chiéu xa hoan toan. Khoang
cach tir dén dén 16p nudc gan nhat 13 6 mm. Do day
cua 16p nudce dugce chiéu xa 1a 14 mm. Pén duoc ngan
cach v6i nude bang mot dng thuy tinh thach anh ¢
duong kinh ngoai 12 mm va day 1 mm.

Dé thuan tién cho viéc tinh toan va theo doi,
luong nude sir dung dé nudi cay vi khuan E.Coli 14 65
ml. Tai Viét Nam, luong E.Coli ton tai trong nudc
giéng va nudc mua tai cac ving ¢ su khac biét khac
1on va trai dai tir 93 CFU/100 ml cho dén 5800
CFU/100 ml [12-14]. Dé tang tinh thuyét phuc va dam
bao an toan trong viéc khir khudn E.Coli, nhom tac gia
da ciy E.Coli & muc 6.000 CFU/100ml.

- Bu6c 1: Chuan bi cac mau thir 6 mat do khuén 1a
6.000 CFU/100 ml theo quy trinh sau:

+ Thém E. coli vao moi truong nudc, mat dé udc
lugng ban dau 1a 60 CFU/ml. Mat do khuan E.coli
duoc xac dinh dua trén phuong phap OD600nm, trong
d6 hé may OD Thermo scientific Biomate 3 duoc su
dung. Khi méat ¢ OD600nm bé“lng 1 thi méat d6 E.coli
tuong dwong véi 8x108 CFU/ml. Dé pha lodng dich
nudi lic E. coli dén OD mong mudn. Sau d6, pha loing
dich trén vao 300 ml méi trudng nude dé dat dugc mat
d6 can thiét.

+Pé blet mat d6 E. coli thuc te st dung phuong
phap dém so lwong vi sinh vat con séng bang cach trai
dia, dém sb lwong khuén lac dé tinh CFU/ml.
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- Bude 2: Chiéu xa tia tir ngoai bang cach sir dung dén
LED UVC. Cac miu thu s& duge dua vao binh diét
khuén va thoi gian chiéu s& dwoc diéu chinh boi toe do
Iuru lugng nude duge dua vao binh thong qua mot van
diéu tiét. Sau mdi 1an chiéu dén diét khuan s& tién hanh
vé sinh binh diét khuan.

- Bude 3: Khao sat mat do khuan E.coli

+ Mau sau khi chiéu xa s& dugc pha lodng ra 107
1 102 dé trai dia, Ung voi mdi ndng do nhat dinh,
khuén E.coli dugc trai déu trén ba dia va duoc chiéu
xa trong thoi gian 15 s, 30 s va 60 s.

+ Cac dia trai khuan s& dugc i1 & 37°C dé vi khuan
moc thanh khuén lac. M4t d6 khuén E.coli s& duoc xac
dinh trén qua trinh dém sb khuén lac trung binh tng
v6i mdi ndng do.

Céac mau thir s& dugc chia thanh bon mau gdm
mot mau ding dé d6i chiéu, ba mau con lai ung voi
thoi gian chiéu xa khac nhaula 15s,30's, 60 s.

3. Két qua va thio luin

7 (d) ,
Hinh 1. Dia trai khuan: (a): chua chiCu xa, (b): chicu
xa trong 60 s, (c) chieu xa trong 30 s, (d) chiéu xa trong
15s.

(b) (c)

Hinh 1 md ta dia trai khuén khi chua chiéu xa va
chiéu xa voi luong thoi gian khac nhau (15 s; 30 s; 60
s). Két qua cho thdy thoi gian chleu xa cang tang thi
mat d¢ khuan E.Coli con lai trong mau cang giam. Véi
thoi gian chiéu 14 60 s thi mat do khuén E.Coli con lai
trong mau 1a 3 CFU/100 ml.

Béng 2 tom tit két qua khao sat mat d¢ E.coli
nudi céy con lai sau khi chiéu xa v6i thoi gian chiéu
khac nhau. Khi ting thoi gian chiéu thi lugng E.coli bi
diét s& ting lén. Nhu vay, dé nang cao hiéu qua diét
khuén thi bén canh thong s6 cuong do chiéu xa thi
thong sb thoi gian chiéu xa ciing dong vai tro rat quan
trong. pé tang thoi gian chiéu xa thi thiét bi loc nudce
can dugc thiét ké sao cho thoi gian nude chay qua viing
chiéu xa cang lau cang tét.
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bén 1B

Khoang trung lap
gilra 2 dén

Hinh 2. Bén LED duoc b tri theo hinh sao

Ché nuée ra Ché mrde vao

Hudng chuycn dong
cua dong nuoe

. Ong thach anh c6
chira den LED UV

Vich ngiin bing

Hinh 3. So dd ciu tao buong chicu xa

Hinh 4. Bu(‘”)ng chiéu xa thuc té

bén LED UVC dugc su dung trong bai bao trong
d6 gbc mé chiéu sang hiéu qua 1a 130°. Khi goc mo
16n hon 130°, hiéu suét diét khuén cta dén giam xuéng
dudi 50% hiéu suét diét khuan s& khong cao trong viing
nay. Do d6, dé ning cao hiéu qua chiu xa thi hé dén
LED s& dugc bé tri theo hinh sao nhu hinh 2. Véi thiét
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ké nay, tit ca khong gian trong budng chiéu xa s& dugc
chiéu xa v6i cuong do tdi vu nhat. Pé ting thoi gian
chiéu xa, nhom tac gia da thiét ké bu6ng chiéu xa nhu
hinh 3, 4. Trong d6 nudc di vao tur phia trén va di
chuyén xubng day cua binh dé chuyén sang khoang
chiéu xa thir hai roi di ra ngoai. Giira hai khoang duoc
ngan cach boi vach thach anh, do déc tinh trong sudt
dbi vai cac biic xa tir ngoai. Vi thiét k& nay, nudc sé
luén duge chiéu xa khi chay trong binh tir luc déu vao
dén dau ra.

Bang 2. Tom tit két qua khao sat mat do E.Coli tmg
véi cac thoi gian chiéu xa khac nhau

vi O Luong . coli | TY 16 diet
' glan sau khi chiéu | khuan
khuan chiéu (cfu/100ml)
(s) CUEEIm (%)
15 10 99,83
E. Coli 30 5 99,92
60 3 99,95

Trén co so két qua khao sat qua trinh diét khuan
E.Coli bang dén LED UV, nhém tac gia dd xdy dung
hé thdng diét khuan gdm hai budc 1a loc tho va diét
khuan (hinh 5). Trong d6, ngudn dién cho LED c6 thé
lay truc tiép tir h¢ théng pin ac qui sac bing ning lugng
mit troi hodc l4y truc tiép tir ngudn 220 V ADC thong
qua bd chuyén dbi.

Nudc
nhiém

Loc tho

Hinh 5. So db tong thé hé thdng loc nude

Thiét bi loc nude di dwoc thir nghiém véi cac
ngudn nude lay tir Tuyén Quang va Ha Giang. Céc
mau nude sau duge loc thd va chiéu xa duge kiém tra
v&i mudi mot chi tiéu co ban dé xem cac mau nude sau
khi xir Iy ¢6 dép ing dugc tiéu chuan nudc sinh hoat &
Viét Nam. Tir bang 2, ta thiy chét lwong nude sau khi
qua bd loc da duogc cai thién dang ké, dac biét la luong
khuén E.Coli d duoc diét hoan toan. Chét luong nudce
ctia hai mau hoan toan dap tmg cac tiéu chuan vé nudc
sinh hoat ciia Viét Nam. Nhu véy, voi thiét ké nay hiéu
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suét diét khuan cua thiét bj hoan toan dap tng nhu cau
v€ nudce sinh hoat hién nay tai Viét Nam.

Bang 3. Két qua khao sat mau nude & hai tinh Tuyén
Quang va Ha Giang (TQO: mau Tuyén Quang trudc
khi xtr Iy, TQ1: mau Tuyén Quang sau khi xtr ly, HGO:
mau Ha Giang trude khi xtr Iy, HG1: mau Ha Giang
sau khi xtr 1y)

Théng s6 |Pon vi Két qua
TQO | TQl | HGO | HGI

pH - 7,0
b6 mau Pt/Co 19 6 15 <5
Do duc NTU | 11 0,5 14 0.4
Clo du mg/L | <0,2
Cl mg/L 36 27 41 26
F mg/L | 0,019 | 0,015 | 0,021 | 0,014
As mg/L | 0,009 | 0,005 | 0,008 | 0,004
Fe mg/L 0,6 0,4 0,8 0,5
NH*-N | mg/L | 0,052 | 0,044 | 0,077 | 0,039
Coli MPN/ 70 0 90 0
form 100mL
Ecoli MPN/ 11 0 13 0

100mL

TGO: Tuyén Quang, chua chiéu xa, TGI: Tuyén Quang,
chicu xa; HGO: Ha Giang, chua chicu xa; HG1: Ha Giang,
chiéu xa

4. Két luan

Hé thdng loc nude gdm hai bude loc thd va chiéu
xa st dung dén LED UV da duogc ché tao thanh cong.
Két qua khao sat cho thiy, khi ting thoi gian chiéu xa
thi lwong khuén E.Coli bi tiéu diét s& tang 1én. O thoi
gian chiéu xa 1a 60 s thi 99,95% luong khudn E.Coli
da bi diét va chat lugng nude luc nay dap tng duoc
tiéu chuén nude sinh hoat & Viét Nam. Viéc bd tri dén
LED theo hinh sao va thiét ké dé ting thoi gian chiéu
xa nudc trong budn diét khuan cho thay hiéu qua chiéu
xa. Vi tong chi phi ché tao thip va thoi gian st dung
dai do tudi tho dén LED UV cao (20.000 gid), thiét bi
hoan toan c6 thé ng dung va trién khai tai cac ving
dang gip kho khan vé chit luong nguon nudée. Thiét bi
loc nude duoc thir nghiém véi cac nguon nude lay tir
Tuyén Quang va Ha Giang. Cac mau nudc sau khi
duoc loc thd va chiéu xa déu dap tng duogc tiéu chuén
nudce sinh hoat & Viét Nam.
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