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NGHIEN CUU NANG CAO HIEU QUA XU'LY COD KHO PHAN HUY SINH
HQC TRONG NUGC RAC BANG PHAN UNG FENTON

Nguyén Vin Phwéc, VE Chi Cuong
Truong Bai hoc Béch khoa, PHQG-HCM

1. PAT VAN PE

Nudc réc tir céc ba chén |4p chat thai rin do thi c6 chira cac chit hitu co kho phan huy sinh
hoc. Cho nén sau khi xt 1y bang cac cong trinh sinh hoc khé&c nhau thi COD nuéc réc van con
ca0, dao dong tir 600-900 mg/l va chuadat TCVN 5945:1995.

Phan tng Fenton 1& phan rng tao ra gbc hydroxyl OH* khi oxy gia duoc x(c téc boi cation
Fe?*. Gbc OH* 1a gbc oxy héarat manh, hiu nhu khdng chon lwakhi phan eng véi cac chat khac
nhau dé oxi hoa va phan hay ching. Phan tng Fenton gom nhiéu phan ng khéc nhau, tuy nhién
phuong trinh phan tng chinh tao ragdc OH* nhu sau :

Fe’* + H,0,a Fe* + OH* +OH" (1)

Céc nghién ciru cia Khoa Mai truong, Dai hoc Bach Khoa TP. HCM cho thiy phan ng
Fenton cho phép xu Iy COD nuéc réc xuong thap hon 100 mg/l. Tuy nhién, phuong phap nay van
chua duoc &p dung bai chi phi hda chét cao, tuy vao ndng do chit hitu co trong nuéc réc ma chi
phi hoa chit co thé tir 25.000-40.000 dE‘)ng/m3 nudc réc can xu ly. Do vdy, can thiét phai nghién
ctru sAu hon vé dong hoc phan ang Fenton xtr 1y cac chat hiru co khd phan huy sinh hoc trong
nuéc réc nham cd thé diéu khién, nng cao hidu qua cia qua trinh ndy nham ha thap chi phi xi ly.

2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. Ngi dung nghién ciru
- Nghién ctru dong hoc phan trng Fenton x|y céc chit hitu co khé phan huy sinh hoc trong
NuGC réc.
- Dé xuit giai phap sir dung hiéu qua oxy gia du trong quatrinh oxy héa Fenton.
2.2. Phwong phap nghién ciru
2.2.1. M6 hinh nghién crru
M0 hinh nghién ciu @ong hoc phan iing : gom thiing chira c6 dung tich 20 lit, ¢6 lap méy
khuay hoat dong véi toc do 75 vong/phit. Céc budce tien hanh thi nghiém nghién ctru dong hoc
phan trng Fenton nhu sau:
Cho nuéc réc vao thiing khudy.
Bat méay khudy.
Cho chit xtc téc (FeSO,.7H,0) véi liéu lwong xéc dinh.
Ké tiép cho H,0, vao, chinh nhanh vé pH=3,5. Tu dong qué trinh ghi pH.
Tai céc thoi diem khéc nhau, tién hanh 1dy mau dé phan tich H,0, du va COD. B¢ do
COD dung tai thoi diém khao sét s¢ dung chat khtr natri bisunphit NaHSO; dé dirng phan ung
Fenton.
Mb hinh nghién ciru sik dung hiéu qua oxy gia : diing c&c coc thuy tinh c6 dung tich 1 1it dé
nghién ciru. Cac budéce tién hanh thi nghiém nhu sau :
Cho nudc réc vao cc.
Cho pheén sit (11) vaoxy giavao cing ltc vakhudy déu.
Tiép tuc cho phén sit (11) vao theo bac dé xdc tac phan ttng Fenton.
Sau 7 phit tién hanh do oxy giadu.
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Sau 1 gio phan wng, chinh pH vé trung hoa Bé ling tinh 30 phit va do COD phin nuéc

trong.

2.2.2. Péi twong nghién cru

Dé nuéc réc chi chira céc chat hiru co kho phan huy sinh hoc va céc yéu t6 NO,, TDS  |a
nhu nhau trong c&c 1an thi nghiém thi phai chuan bj n)?lu nhu sau : nuoc rac lay sau be UASB caa
béi rac Go Cét dugc suc khi keo dai d€ loai bo hau hét‘céc chat hitu co dé phén huy sinh hoc; sau
dd duoc keo tu bang phen nhdm dé giam bt COD roi duge khu nitrit bang oxy gia. Nudc rac
trudc vasau khi chuan bi miu c6 thanh phan tinh chat co ban nhu sau:

Bang 1. Tinh chat nwéc rac truéc va sau khi chuan bi mau

Nuwdrc rac pH COoD BODs/COD NO, TDS
q (mg/l) (mgll) (9
Sau bé UASB 7.3 6.150 - - 12-13
Sau sinh hoc hiéu khi kéo dai 8,9 2.574 0,04 400-800 -
Sau khi keo tu 5,0 1.432 - - -
Sau khi khir nitrit bang oxy gia 4,0 1.173 0,017 KPHD 14-15

Nudc réc sau khi khir nitrit duoc pha lodng dén cac gia tri COD nghién ciru, b6 sung thém
muoi (NaCl) @€ TDS giong nhu nudc réc ban dau (TDS=12-13 g/l).

2.2.3. Phurong phép phan tich va hoéa chdt s dung

- Phuong phdp phén tich: nhiét do, pH, TDS, COD, BOQS, NQ3-, NO2- phan tich theo
Standard M ethods. Riéng H202 phén tich theo phuong phap chuan d6 iot.

- Hoé chét sir dung cha yéu : H202 30%, FeS04.7H20, NaOH, H2S04, NaHSO03.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Két qua nghién citu dong hoc phan ng
DPong hoc phan huy COD nudc réc bang phan ing Fenton phu thudc vao nhiéu yéu té nhu :
COD, H;0,, F&", pH (hay H'), NO;, TDS. Tuy nhién, do d& chuan bi mau nén céc yéu té nhu
NO;, TDS la nhu nhau doi véi cac mau thi nghiém. Chon ty |é phén sit/H,0,=1/1 dam bao cho
hiéu qua xur Iy COD cao véi chi phi xir Iy chap nhan duoc ([2] Khoa M6i Truwong-2003) vagitt ¢o
dinh ty 1¢ ndy; vi thé sy anh huong cia Fe** vao dong hoc phan ing da duoc thé hién qua H,O.
Do d6 phuong trinh dong hoc phan (rng nhu sau
dCOD . b,
e k[COD]" gH,0, | &H"H )
Trong do:
t: thoi gian phan tng (phtt)
[COD]: nhu cau oxy hda hoc clia nudce réc tai thoi diém khao séat (mol oxy/l)
[H205]: nong do oxy giatai thoi diém khao sét (mol/l)
[H']: nong do cation H* tai thoi diém khao sét (mol/l)
k: hang sb toc do phan ang
ab,c : bac phan &g riéng di vaéi [COD], [H,04] va[H']
Vi COD khé phan huy sinh hoc trong nudc réc khoang tir 600-900mg/l, nén té chac thi
nghiém nghién ciru d¢déng hoc phan ttng Fenton ¢ cac giatri COD nhu sau :
+ Muc trén : CODys = 905 mg/l : 13p lai thi nghiém 3 1an.
+ Muc gitra: CODys = 750 mg/l : 13p lai thi nghiém 3 lan.
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+ Muc dudi : CODyx = 618 mg/l : lap lai thi nghiém 3 lan.

Hoa chat sir dung trong nghién ciru dong hoc: oxy gia 2mi/I; phén sit (11) 2.000 mg/l. Két qua
thi nghiém cho trong bang sau:

Bang 2. Két qua thi nghiém déng hec phan ing

CODya0 = 905 mg/l COD,a0 = 750 mg/l COD,a0 = 618 g/l

t pH H,O, CoD | E% t pH H,O, COD E% t phat | pH H,O, COD E%
phit mg/l my/l phit my/l my/l my/l mg/l

0 35 600 905 0,0 0 35 600 750 0,0 0,0 35 600 618 0,0
0,83 3,5 342 465 48,6 1,35 34 287 389 48,1 1,37 34 287 304 50,8
3,83 34 189 389 57,0 3,25 34 216 343 54,3 5,75 34 201 261 57,8
6,71 34 141 366 59,6 541 34 176 312 58,4 9,42 34 147 240 61,2
9,25 34 108 350 61,3 8,17 34 142 290 61,3 13,65 34 100 219 64,6
14,98 34 71 320 64,6 11,0 34 118 274 63,5 17,16 34 82 205 66,8
18,56 34 50 312 65,5 15,83 34 73 251 66,5 20,00 34 65 198 68,0
25,75 34 27 297 67,2 20,06 34 54 244 67,5 25,20 34 42 198 68,0
29,34 34 16 297 67,2 24,89 34 37 244 67,5 29,20 34 32 198 68,0

29,75 3,4 21 244 67,5
Nhégn xét :

COD ban dau, twong &rng véi ndng do oxy giatiéu hao khoang 50-60% so véi ban dau.

+ Giai dogn dau: trong khoang tir 1 dén 2 phit ¢du COD giam nhanh khoang 50% so Vi

+ Giai dogn sau : ndng d6 oxy gia du trong giai doan sau con cao khoang 40-50% SO Vi

nong do oxy gia ban déu, trong khi COD giam khong dang ké chi khoang 15-21 % so véi COD
ban dau. Biéu nay chirng to oxy gia chuaduoc s dung hiéu qua trong quatrinh oxy héa
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Hinh 3. Bién thién COD va H,0, khi COD,5,=618 mg/|
S dung phuong phap tich phan vavi phan trong viéc xu ly cac sb liéu thi nghiém dong hoc
dé xé&c lap phuong trinh dong hoc. Két qua nhu sau :
- Giai dogn dau : Phan ung |a bac khéng theo COD, H,0,, pH. Phuong trinh dong hoc c6
dang nhu sau :
dCOD L, .0
T—k[COD] H €H"H =k, & - d[coD] = k, x dt A3)

Hay [COD] = [COD]O - kl Xt

- Giai dogn sau : Toc do phan ung phan huy COD chi phu thusc vao nong do oxy gia.
Phuong trinh dong hoc c6 dang :

dCOD
—— =k, gH,0,4 (4)

- Céche sb dc}ng hoc cho trong bang sau :

Bang 3. Téng hep két qua nghién citu ddng hoc phan éng

Giai doan Thong sb Giatri COD khao sat
phan ing 905 mg/l 750 mg/l 618 mg/l
Gia ‘doan K1 Trung binh 0,0292573 0,0165403 0,015105
dau Khoang tin cay [0,0124203; [0,0143015; [0,0134662;
95% cuak, 0,0460943] 0,0187791] 0,0167438]
Giai doan k2 Trung binh 110 110 1,0
s Khoang tin cay [1,0; 1,0] [1,0; 1,0] [1,0; 1,0]
95% cuak,
Brrung binh 1,39439 1,3169 1,22763
Khoang tin cay [1,15718; [0,921797; 1,712] | [1,05168;
95% cuab 1,63160] 1,40357]
Nhdgn xét :

+ Giai dogn dau : Phan tng Fenton tao géc OH* di&n raménh liét khi H,0, duoc x(c tac boi
Fe’*. Gbc OH* 1a gdc oxy héarat manh nén lam COD giam nhanh chdng, téc d6 phan tng phan
huy COD I6n.

+ Giai dogn sau: Phan iing Fenton hau nhu khong dién ra, gdc OH* it dugc tao ra. Theo
phuong trinh dong hoc xay dung dugc thi téc do phan huy COD nudéce réc chi phu thugc vao nong
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d6 H,0O,. Nhu vay, quatrinh oxy hc')a,chét hitu co trong giai doan nay chu yéu lado H,O, du thuc
hi¢n. Vi H;O, latéc nhan oxy hda yeu hon goc OH* nén COD giam khong dang ke du nong do
H,0, con cao. Nhu vay, H,0, chua duoc sir dung mot cach hidu qua dé tao ragbc OH* .

3.2. Két qua nghién ciru sir dung hig¢u qua oxy gia dw

- Két qua nghién ciru dong hoc cho thiy : Phan ng Fenton tao ragéc OH* chi xay raménh
liét trong thoi gian dau phan tng khi Fe* con. Do vay, khi bo sung Fe** theo bac s& thic day qua
trinh xdc tac phan wng Fenton tao gbc OH*, sir dung hiéu qua H,O, nhim nang cao hiéu qua xu 1y
COD. bé tai dathuc hién nghién ctru qué trinh x(c tc phan tng Fenton 2 bac, 3 bac va 4 bac va
thdy rang qua trinh x(c tac 3 bac la thich hop. Do d6, t&c gia chi xin trinh bay két qua thi nghiém
xUc tac phan rng Fenton 3 bac.

- So do quatrinh xdc tac phan tng Fenton 3 bac nhur sau

+ + +
FE" 1,0, Fe? Fe?
l l l l Sau lgio
Xuc téc XUc téc XUc téc phan (g,
Nudc rac » Bacl | Bac2 » Bac3 > IayAma,u
(t2) (t2) phan tich
COD
Hinh 4. So db xuc tac phan ttng Fenton 3 bac
Trong do :

+ t; : thoi gian x0c téc gitrabac 1 vabac 2.

+t, : thoi gian xUc téc gitra bac 2 vabac 3.

+ Téng thoi gian phan ang caahé 1a1 gio.

- Tién hanh khao sét thoi gian thich hop giita cAc bac xUc tac dé dat hiéu qua COD cao nhat.
Hoa chat sir dung nhu sau: Bac 1 : Phén sat (11) : 667 mg/l; oxy gia: 2ml/l ; Bac 2 : Phén sat (I1) :

667 mg/l; Bac 3 : Phén sit (I1) : 667 mg/l.

- Két qua thi nghiém khao sét thoi gian oxy héa 3 bac cho trong bang dudi day :
Biang 4. Két qua khao sét thoi gian xdc tac phan wng Fenton 3 bac (COD,5,=665 mg/l)

Thi nghiém Thoi gian giira cac bac xuc tac CODy, E%
ty tp
1 10 gidy 10 gidy 185,1 72,2%
2 1 phat 1 phat 137,1 79,4%
3 2 phat 2 phat 137,1 79,4%
Nhén xét :

- Khi thoi gian gitra 2 bac xdc téc qua ngan (10 gidy) thi hiéu qua xir ly COD khéng cao.
Nguyén nhan lado Fe** nhanh chéng bi bdo hoa xc tac vi cho vao qua som.
- Khi thoi gian gitra 2 bac xdc téc la 1 phat hoac 2 phtt thi hi¢u qua xir ly COD [a nhu nhau.
Khi thoi gian xtc téc cang lon thi higu qua xir Iy COD s& cang giam vi oxy gia giam nong do theo
thoi gian, do d6 co thé chon thoi gian gitta hai bac xtc tac tir 1-2 phit. T4c gia dachon : t, = 2
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phdt vat, = 2 phut va tién hanh nghién ctru xuc tac phan ung Fenton 3 bac bang cach thay doi
nong do pheén sit vaoxy gia Két qua thi nghiém cho trong bang sau :

Bang 5. Két qua khao sét quétrinh xtc téc phan tng Fenton 3 bac (CODyx= 665 mg/l)

Héa chat sir dung cho tirng bac xdc TONG H,O,dwsau | COD E%
tac 7 phat (mg/l) theo
Bdc 1 Bic2 |Bgc3 | H,0, | Phen (mg/l) CoD
(mi/) sit
(mg/l) sat sat sat
(mg/l) | (mgll) | (mg/l)
600 500 500 500 2,0 1.500 202,5 1646 | 752%
600 667 667 667 2,0 2.000 131,2 1371 | 79,4%
600 | 1.000 | 1.000 | 1.000 2,0 3.000 88,6 109,7 | 83,5%
600 | 1.500 | 1.500 | 1.500 2,0 4.500 10,8 109,7 | 83,5%
600 | 2.000 | 2.000 | 2.000 2,0 6.000 | O(KPHP) | 109,7 | 835%
750 750 750 750 2,5 2.250 230,7 109,7 | 835%
750 | 1.000 | 1.000 | 1.000 2,5 3.000 118,0 92,3 86,1%
750 | 1.250 | 1.250 | 1.250 25 3.750 50,3 83,6 87,5%
Nhén xét :

- V6i cung lidu lugng oxy gia ban dau, khi tang lidu luong phén sit (11) thi hidu qua xi |y
COD tang. Tuy nhién, dén mot gi¢i han nhét dinh viéc tang liéu luong phen sit (11) khong ting
hiéu qua xtr ly vi khi ¢6 nong do oxy gia du Iaquathap Khi oxy giadu sau 7 phut phan tng nho
hon 88,6 mg/l thi khéng nén cho thém xdc tac Fe** dé tan dung lugng oxy gia du nay nira Mudn
tang hiéu qua xir ly COD chi con céch ting luong oxy gia s dung. Sau day 1a dd thi biéu dién
quatrinh trén :

CoD-BRyTgi g mg/h
200 4
W 1646
150 41 B 1312 W11
W 109.7 W 109.7 W 109.7
10041 B | BN T T I
so41 B[ B | B B
. mi08 =0

1500 2000 3000 4500 6000

Tng | ng phnst (), mg/I

EOxy gid sau 7 pht (mg/l)
W COD (mg/l)
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Hinh 5. Bién thién COD va H,0, trong qua trinh x(c tac phan tng Fenton (COD,, = 665mg/l; H,0, =2
mi/l)

- CO thé giam thoi gian xir ly nuéc réc bang phan tng Fenton xubng con 7 phit hoic ngan
hon khi xc t&c oxy hoa theo bac vai liéu lugng pheén sit (11) di 16n, tuy nhién chi phi hoa chét s&
tang 1&n. Ty 1& phén sit (11)/oxy gia= 1,5/1 lathich hop twong tng véi thoi gian phan ang 1 gio.

- Codng nghé xuc tac phan (rng Fenton theo bac sir dung triét dé oxy gia du dé tao gbc OH*,
do 6 nang cao hi¢u qua xir ly COD, rt ngin thoi gian xir ly nudc réc. Sau dy 1a céc uu diém
cua cdng ngh¢ xac tac phan trng Fenton theo bac so vai cong nghé Fenton truge ddy makhoa Moi
truong danghién ciru 4p dung ([ 2] Khoa Mbi Truong-2003) :

Bang 6. Uu diém cua cong nghé xuc téc phan ang Fenton 3 bac

TT Théng sb k¥ thuat Cong nghé Fenton trwéc Cong nghé xuc tac phan

day (Oxy hda 3 bégc théng wng Fenton 3 bac
thurong)
1 | Mac do sir dung hiéu qua Trung binh Khatriét dé

H,0, tao géc OH*

Do H,0, duoc sir dung hiéu

2 | Chi phi héachit

Chi phi hod chit cao hon

do H,0, bi Iang phi trong

qua trinh oxy héa, dan dén

hiéu qua xu ly COD thap
hon

qua tao OH* nén chi phi héa
chat giam 15-20%

Thoi gian phan tng

3gio

1o

Kich thudc thiét bi xix Iy
vakinh phi dau tu thiét b

Do thoi gian phan tng lau

hon (3 gio) nén kich thudc

thiét bi xir Iy 16n hon 3 1an

& kinh phi dau tu thiét b
ting

Nho hon

biéu kién van hanh

Phirc tap hon (phai cho
H>O, vao nhiéu Ién)

bon gian hon (chi cho H;0,
vao mot lan)

5. KET LUAN VA KIEN NGHI
5.1. Két luan

- Phan ang Fenton tao ragdc OH* chi dién raménh liét ngay trong thoi gian dau phan tng
khi H,0, duoc xuc tac boi Fe#* 1am COD nudc réc giam nhanh.

- Gia doan sau thi quatrinh phan huy COD nuéc rac cha yéu do H,0O, dam trach. Do H,0,
|& t&c nhan oxy hoéa yéu hon géc OH* nén mic di nong do H,O, con cao nhung téc do xir ly
COD thap, H,0, khéng dugc sir dung hi¢u qua.

- Quatrinh xuc tac phan g Fenton 3 bac gitip st dung hi¢u qua oxy gia du, nang cao hi¢u
qua xu Iy COD khé phan huy sinh hoc trong nuéc rac varut ngan thoi gian phan tng. bay lamot
cai tién méi vé cong nghé cho qua trinh oxy hda Fenton gitp giam chi phi héa chit va chi phi dau
tu thiét bi xur 1y.

- Duavao két qua nghién ctru c6 thé dé xuit cong nghé xu ly COD kho phan huy sinh hoc
trong nudc réc nhu sau :
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Ff Hzf |
Nudc rac tir Bé xUc
céc cong tac oxy
trinh sinh » hoba
hoc, héaly Bac1l

A 4

Fe* Fe™*
Bé xUc Bé xUc
tac oxy tac oxy
hoa > hoba
Bac 2 Bac 3

Bé phan
ung

A 4

A 4

Thai rangudn

tiép nhan

Bé trung hoa
valang can

Hinh 6. Cong nghé xur ly COD khé phan huy sinh hoc trong nudc réc
5.2. Kién nghi

Cén tiép tuc nghién ciru trén quy mo pilot dé kiém chirng dong hoc phan ing, diéu khién qua
trinh xdc tac phan tng Fenton theo bac tot hon nham nang cao hiéu qua xu Iy COD va ha thap chi

phi hda chit.
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