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TOM TAT

Nghién ctru xtr Iy COD va d6 mau cua nudc ri rac dugce thyc hién trén hé phan ung Pilot oxy hdéa nang cao
(AOPs) tai phong thi nghiém ctia Vién Khoa hoc va Céng nghé mdi truong, Pai hoc Bach khoa Ha Néi. Két
qua nghién ctru cho thiy hé O5/UV c¢6 hiéu qua trong viée xir Iy mau va COD trong nudc ri rac. Hidu sudt xir Iy
bf’mg hé oxy hoa O3/UV cao hon so véi hé oxy hoa O3 don thuﬁn.‘ Tai pH = 7,5; thoi gian 60 phut, néng do6 O,
déu vao 1a 2,88 g/h thi hi¢u sut xtr Iy cua hé O 1a: COD 30,98%, do mau 76,17%; trong khi d6 hé¢ O;/UV hiéu
SUat xur 1y dat duogc 1a: 53,2% COD, 95.5%% d6 mau. Hi¢u qua st dung ozon cua hé co két hop O; /UV ciing

cao hon khi chi sir dung O; don thudn.

Tir khéa: AOPs, chit hitu co khé phéin hity, 03/UV, xir Iy nwéc ri ric

I. PAT VAN PE

Nuéde ri rac 1a mét loai nudce thai chay ra tr
bai réc c6 thanh phan phic tap va kho xir Iy do
dac tinh phu thudc nhiéu vao thanh phﬁn rac
thai, diéu kién tw nhién, thoi tiét khu vuc, dic
biét 1a thoi gian chon lap rac. Véi nhimng bai
rac tré (<5ndm) thi nudc ri rac c6 pH thip va
COD > 10000 mg/l, véi nhiing bai rac trén 10
nam c6 pH cao (>7) va COD vao khoang
40000 mg/l. Tuy nhién ty 16 BOD5/COD (biéu
thi kha ndng phan huy sinh hoc) thi lai gidm
manh tir 0,5 xuéng dudi 0,1 co khi chi con
0,02  (WeiLi.etal, Hindawi  Publishing
Corporation, 2010); ndéng do cac acid hitu co
kho phan huy ting 1én dic biét dan toi kha
nang kho phan huy sinh hoc tang 1én. Do vay
viéc xur 1y nude ri rac theo cach thong thuong
s€ tro 1én kém hiu qua.

Hién nay dd c6 nhiéu cong nghé duoc ap
dung trong xt 1y nudc rac nhu st dung cong
ngh¢ mang: Microfiltration(MF),
Ultrafiltration(UF), Nanofiltration(NF),
Reverseosmosis(RO) (S.Renou et al). Tuy
nhién k¥ thuat oxy héa, dic biét 1a AOPs van
duoc coi 1a c6 hiéu qua va dé thuc hién hon ca.

AOPs (Advance Oxidation Processes) la
phuong phép oxy héa. Su tién bd ctia n6 hon
cac phuong phap thong thuong 13 tao ra gbc
hoat héa OH* c¢o6 tinh linh dong cao va kha

nang oxy hoa manh hon céac bi¢n phap oxy hoa
thong thuong (Pang Xuan Hién, Co s& cla
phuong phap oxy hoa nang cao, 2011). O Viét
Nam moi chi c6 bai rac Go Cat st dung k¥
thuat AOPs trong day chuyén cong nghé xu 1y
nudc rac (Trﬁn Manh Tri, X ly nudc ri rac tai
bai rac GO Cat, 2007). Bai bao trinh bay két
qua nghién ctu da dugc thuc hién dua trén kha
nang oxy hoéa cua cta ozon va k¥ thuat oxy hoa
nang cao (AOPs) két hop O va tia UV dé so
sanh va tim ra diéu kién thoi gian phan tGng va
pH ti uu cho viée xur 1y nude ri rac.

II. PHUONG PHAP NGHIEN CUU

2.1. Co sé' ly thuyét

2.1.1. Phan wrng ciia ozon

Ozon 14 chét oxi hoa tuong d6i manh, no co
kha ning phan tng truc tiép voi cac gdc
hydrocarbon giy ph4 v& cdu triic mach va tao
ra céc san pham d& phan huy sinh hoc hodc ¢6
thé oxy héa hoan toan thanh CO, va H,O. Dién
thé oxy hoa khtr cua cac phan tng c6 thé 1én
té1 2,07 V. Trong cac phan ung O3 tdc dong
tryc tiép vao cac vi tri othor va para cta cic
vong thom.

Phan g oxy hoa cac hydrocacbon boi O3
c6 thé biéu dién van tat nhu sau:

O; + Hydrocacbon = CO, + H,O (hodc

Hydrocacbon don gian hon)
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Dong hoc cia phan tng bac 1 ctuia ozon véi

cac hydrocacbon [3]:
r =k .[O3].[Hydrocacbon]

Trong d6 r: tbe d6 phan tng (gio ™"); k: hang sb
tbc d6 phan tmg; [Os]: ndng dd ozon (g/l);
[hydrocacbon]: ndng do cac hydrocacbon (g/1).

Tia UV duoc st dung c6 budc song 250 nm
dén 260 nm, O; c6 kha nang hép thu cuc dai tia
cyc tim d6 hip thu A=3000 I/mol.cm. Mt do
hap thu nay dwoc biéu hién bang:

D> f(D).A=278 (%)

Diéu nay c6 nghia co 27,8% cudng do dén
khong duoc hép thu, nhu vay c6 tdi hon 70%
ning luong UV duoc Os hap thu dé tao ra gbc
Hydroxyl (OH*) linh dong [5].

2.1.2. Phén iing hé ozon/ UV

Viéc két hop giira ozon va tia UV 1a mot
tién bo trong k¥ thuat oxi hod do qua trinh tao
thanh gdc hydroxyl c6 tinh oxi hoa manh hon
nhiéu so véi ozon hay UV don thuin. Trong bé
phan ung, néu dat duoc diéu kién toi uu s& vira
xay ra oxi hoa truc tiép vira xay ra oxi hoa gian
tiép. Phan ung xay ra duoc biéu dién theo cic
phuong trinh sau [4]:

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

Hé O3/UV ¢6 hé sb hap thu € = 36000 M
'em™ tai budce séng 254 nm [4,6].
Téc do phan hity chat hiru co (r,) duge tinh
nhu sau:

Ip = de/ dt= APFPIhp-i-kpCosz‘f'kOH.PCOHCP,
Trong do, Iy, 1a cuong do birc xa bi hap phu
boi dung dich chét nghién ctru; Fp - phan birc
xa bi chat hép phu; Ap - hiéu suét quang cua
chat; Cp - néng do chét trong d ung dich; Coy -
nong do ozone trong dung dich; kp - hang sb
phan tng tryc tiép giita ozone vé6i chit; Coy -
ndng d6 géc OH° trong dung dich; koy p - hang
s6 phan tng gitta gdc OH° véi chét.

Chat hitu co bi phan huy boi 3 tac nhan: mot 1a
O3, hai la tia UV hai tdc nhan ndy dong vai tro
oxy hoéa truc tiép va ba la gdc hydroxyl tao
thanh trong cac phan tng nhu (1) va (2) dong
vai trd oxy hoa gian tiép.

2.2.Thuc nghiém

2.2.1.Déi twong nghién ciru

Dé tai phan tich so bo tinh chat cia cac giai
doan nudc ri rac tr bai rac trong cac giai doan
khac nhau va tai nhiéu vi tri ciia khu vuc chira
nudc ri ra tir bai rdc Nam Son, S6c Son, Ha
Noi. Két qua cho thdy su bién doi cac thanh
phan cua chiing khong 6n dinh thé hién trong

H;O0, + hv — 2°0OH (2) bang 1.
Bang 1. Ddc tinh nwdc rdc tai bai rac Nam Son

STT Chi tiéu Pon vi, thir nguyén Két qua do
1 pH - 6-38,5
2 COD mg/l 1800 — 13000
3 BODS mg/l 1200 — 4300
4 Do mau Pt-Co 4342 -15450
5 TKN mg/1 1214 — 2737
6 N-NH4 mg/1 1050 - 2420
7 N-NO3 mg/1 61-121
8 N-NO2 mg/1 0,9-1,25
9 P-PO4 mg/1 80 - 138,5
10 HCOy mg/1 10394,37

Nhitng s6 liéu trén bangldugc ding lam co

s¢ de chon lya cac yéu t0, dicu kién thi nghi¢m
cho phu hop nhat. Cac mau nude ri rac dung de

Nguén: tac gia diéu tra, thuc hién

nghién ctru dugc lay tai ho chira nude ri rac,
vao thang 11/2012.
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2.2.2. H¢ phan wng Pilot 6 xy héa nédng cao
AOPs

Nghién ctru xtr 1y nudc ri rac bang oxy
hoéa dugc thuc hi¢n trong phong thi nghiém
v6i hé Pilot ¢6 cdu tao gdm (Hinh 1): may
tao ozone cong suat 10 g Os/h, dién ning sir
dung AC 220 V-50 Hz-210 W; den UV
S36RL, cong suat: 39 W, hiéu dién thé: 100-
240 V ~ 50/60 Hz.

My phét
07018

Nude s& duge dong bing dng dong 1lit, sau
d6 dugc chuyén vao bé phan tng 5 théng qua
van cip 7. Tiép theo dong thoi bat hai may:
may tao ozon va dén UV (mdy ozon s€ dugc
cai dat san vé liéu lugng va thoi gian cép ozon
vao bé phan tmg). Sau thdi gian phan tmg miu
duoc 14y ra khoi bé phan tmg bang van xa 8 va
phan tich ngay hoac dugc bao quan & nhiét do
tir 0°C-5°C.

Hinh 1. Mé hinh pilot study tai phong thi nghi¢m
1: may tao ozon; 2: dwong ong dan ozon vao bé phan img; 3: nguon phat tia UV; 4: ong den tao UV ¢
chita thity ngdn; 5:bé phan immg; 6: 6ng xa khi; 7: hé thong cdc van cdp; 8: van xda; 9: gid do

2.2.3.Tién trinh nghién ciru

Thuce hién tién xir Iy bang phwong phap keo
tu tao diéu kién tt hon cho qué trinh str dung
phuong phép oxy hoa tiép theo. Khao sat qua
trinh keo tu déi véi nude ri rac thong qua cac
chat keo tu 13 mudi nhém Al (SO4);, mudi sat
FeCls, va PAC. Thi nghiém duogc thyc hién trén
may Jartest, thé tich nu6c ri rac cho mdi lan
thue hién 1a 500 ml. Véi téc d6 khudy nhu
nhau: khudy nhanh 3 phat véi toc do 150
vong/phut; khudy cham voi téec d6 50
vong/phut trong 10 phat va thuc hién dé ling
trong vong 30 phut. Dé tang hiéu qua ling cua

h¢ keo, cho thém 10 ml PAA loai A110 la chat
tro ling anion giup qua trinh tao bong keo va
léng nhanh hon. Thyuc hién qua trinh keo tu chi
1a phan phy dé d¢am bao cho qué trinh nghién
cuu su dung tia UV trong k¥ thuat xir 1y duoc
dién ra thuin loi va dat hiéu suét cao nhat.
Trong tdm cua nghién ctru la thuc hién k¥ thuat
oxy hoa dé xir Iy nudc ri rac theo phwong phap
AOPs.

Nghién ctru chinh cua dé tai dwoc thuc
hién dua trén diéu kién trong bang 2, voi
dung tich bé phan tmg 1a 1lit, thyc hién gian
doan, theo mé.
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Bang 2. Diéu kign thi nghigm ciia cdc phin g

Ten thi Pidu kién thi nghiém
nghiém
O Thoi gian Nong d6 O;
(phut) (g/h)
O,  4-10£0,02  40-140  2,88+0,2
Oy/UV  4-10£0,02  40-140  2,88+0,2

II. KET QUA VA THAO LUAN
3.1. Sw thay doi pH sau xir Iy

Nude rac khi xtr Iy don thuan bang Ozon thi
kha nang oxi hoa chi dién ra manh nhét tai pH

tir 7-8, lac nay khong chi don thuin 1a qua
trinh oxyi hoa truc tiép ctia ozon t6i cac chat
hiru co kh6 phan huy ma ca qua trinh phan ung
cua 0 Xy nguyén ti cling nhu phan Ung tao ra
cac ion OH" Iam cho pH sau xtr Iy tang hon va
6n dinh du pH dau vao cé ting lén. Nudc 1a
moi truong phan cyc do vay géc OH’ con duoc
tao ra do qua trinh ty phan hily ozon dé tao
thanh 6 xy va nudc. Khi dau vao pH = 7,5 thi
nuée dau ra bat dau co pH 6n dinh khong ting
nita mic du pH dau vao van ting.

Bang 3. Sw thay déi pH sau khi xir Iy bting 0O;va OyUV

pH trude 4,00 4,50 5,00 5,50 6,00 6,50 7,00 7,50 8,00 8,50 9,00 9,50 10,00
pH sau O3 4,30 4,80 5,770 6,10 7,80 820 8,86 894 892 9,00 9,13 920 9,30
pHsau O3/UV 4,05 485 59 5,09 649 847 876 898 894 897 9,10 9,43 9,69

3.2 Anh hwéng ciia pH t6i hiéu suit xiv Iy
coD

Nudc rac sau khi keo tu ¢c6 COD la 9629
mg/1, duoc xtr Iy bang két hop Ozon v6i UV dé
oxi hoa thi hi¢u qua xu ly COD tang lén tu
30,98% lén téi 53,20% (Hinh 2). Phan ing tao
ra gbc hydroxyl OH* nhiéu nhét trong khoang

pH tir 6,5 dén 8,0 do phan ung hép thu tia UV
cua ozon tao ra, ddc biét tai pH béng 7,5 [4].
Khi géc OH* duogc tao thanh thi trong bé
phan Ung xdy ra ca qua trinh oxi hoa truc
tiép va gian tiép do d6 hiéu qua xur Iy COD
dat cao nhit. Pidu nay hoan toan phu hop
v6i 1y thuyét.
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Hinh 2. Anh hwéng ciia pH t6i higu sudt xir Iy COD

3.3 Anh hwéng ciia pH t6i hiéu sudit xiv Iy
mau

Xt 1y mau trong nude rac khi co su phdi
hop gitta O3 va UV ciling dat hi¢u qua cao
95,5% con néu chi st dung O3 don thuén thi
hiéu suit nay chi dat 76,17% so véi d6 mau
trude xur Iy 1a 7422.2 Pt-Co. Hau hét sy giy
méu cia nude 1a do cac chat hitu co giy nén,

do vay viéc oxy hoa cac chit hiru co trong
nuoc rac da lam giam d§ mau ctia nudc ri rac.
Trong hinh 3 cho thdy, khi pH =7,5 +0,02 thi
hiéu sudt xir Iy mau cao nhit. Tuy nhién khi
cang ting pH thi hiéu suét lai giam xudng, diéu
nay ching té do pH cang cao thi tinh 6 xy hoa
giam dan, cong thém la sy két tua mot phﬁn
ctia mét s6 ion (HCO;-, CO5, OH'...).
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Hinh 3. Anh hwéng ciia pH t6i higu sudt xir Iy mau

3.4. Anh hwong ciia thoi gian téi higu suit
xir ly COD va mau

Luong COD va mau gan nhu 1a van dé 16n
nhét trong xtr 1y nudc ri rac. Thi nghiém khao
sat thoi gian phan ing da cho thiy sau khoang
thoi gian phan tng 1a 80 phut thi hiéu sudt xur
1y mau va COD tré nén 6n dinh. Hiéu suit xu
ly COD dat 31,86% d6i v6i tic nhan Oz va
51,8% dbi voi tac nhan bang O3/UV; thoi gian
phan tng tiép tuc ting 1én t6i 140 phat tuy

nhién hiéu suét ting khong dang ké.

Thoi gian phan tng qua dai 1am cho O3 dé
bi phan huy. Nudc c6 tinh phan cuc, lam cho
qua trinh phan hay Oz dién ra manh hon, dan
t6i tiéu hao lwong Os trong bé phan tmg ma
hiéu suét khong ting thém nita. Theo hinh 4 va
5 ta van nhan thay rang hiéu suat xt Iy mau va
COD bang O3/UV dat hiéu qua va nhanh 6n
dinh hon.
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Hinh 6. Lugng ozon tiéu ton dé xir Iy COD
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Hinh 4. Anh hwéng ciia thoi gian t6i higu sudt xi

Hinh 5. Anh hwéng ciia thoi gian téi hi¢u sudt
xuw ly mau
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Hinh 7. Higu sudt si dung O; trong nwéc
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Trong qua trinh phan ng, luong ozon su
dung trong hé 0;-UV tiéu tén nhiéu ozon hon
khi chi str dung hé ozon don thuan (hinh 6),
trong khi do hi¢u suét xir ly lai cao hon, diéu
d6 ching t6 rang hiéu qua sir dung ozon trong
hé 03-UV t6 ra hiéu qua hon nhiéu. Hon nita
v6i cung luong ozon dau vao, nhung luong
ozon dugc sur dung lai it hon trong hé c6 su két
hop tia UV va ozon. Theo hinh 7 thi hiéu suét
thi sir dung ozon cua hé két hop thap nhung lai
cho hiu qua xu ly t6t hon. Do vay néu chi sir
dung O3 dé xir Iy nudc ri rac s& khong hiéu
qua, tiéu ton ning lugng va thoi gian xur 1y. Str
dung hé 03-UV s& tiét kiém thoi gian va kinh
phi hon.

IV. KET LUAN

- H¢ phan g Pilot oxy héa nang cao hién
dai voi bé phan tmg dung tich 1 lit, hé thong
may tao ozon va dén UV cho phép cac két qua
nghién ctru ddm bdo do tin cay.

- Voi thoi gian phan ung 1a 60 phut, pH =
7,5 hiéu sudt xir Iy COD, d6 mau, trong hé Os-
UV c6 hiéu suit xtr 1y cao hon trong hé chi c6
ozon don thudn.

- Vi cung thoi gian phan tng thi ca hai hé
c6 hiéu suit xur 1y twong d6i 6n dinh sau
khoang 60-80 phut phan ung.

- Lugng ozon phan g trong h¢ phan ung
két hop Os-UV thip hon hé phan tmg chi st

dung Os, diéu nay cho thiy hiéu qua xt 1y cua
hé phéan g két hop O3-UV cao hon so voi hé
phan tng chi st dung O;.
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Loi cam on:

Nghién ctru duoc tai tro tir dé tai nghién ctru
cdp nha nuéc KC.08.05 va chuong trinh
nghién ctru cip nha nuéc KC.08, cac tac gia
xin chan thanh cam on!

RESEARCH ON COMPAIRATION OF TREATMENT CAPACITY OF
LEACHATE BY OZONE AND ADVANCED OXIDATION PROCESSES (AOPs)

Nguyen Thi Ngoc Bich, Dang Xuan Hien

SUMMARY

Research on leachate treatment was carried out by oxidation pilot of AOPs at R&D Lab of institute for
environmental science and technology, Hanoi university of science and technology. The research results
indicated that oxidation by O;/UV reaction system have good efficiency in removal of color, COD and nitrogen
of leachate, particular the treatment efficiency of O3/UV oxidation system was higher than O; oxidation
system.. At pH = 7.5, with the reaction time of 60 minutes and input ozone concentration of 2.88 g/h then the
treatment efficiency of O; oxidation system obtained: COD 30.98%, color 76.17%; otherwise the oxidation
system by O;/UV, the treatment efficiency are: 53.2% COD, 95.5%% color. The ozone usage efficiency of O;
/UV reaction system was also higher than the O; reaction system one.
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