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(Bai nhan ngay 13 thang 11 ndm 2006, hoan chinh sira chita ngay 29 thang 12 ndm 2006)

TOM TAT : Cho d@én nay, céng nghé xit Iy mede rdc vén dang la vdn dé nan gidi ciia nudc
ta. Van con nhiéu vdn dé phdi tié}) tuc nghién ciru ma ddc biét la viéc xu Iy COD nudc rdc dat tiéu
chudn quy dinh. Céng nghé oxy héa Fenton cd kha néang xir Iy COD khd phdn huy sinh hoc trong
nwede rdc dat tiéu chudn moi trucmg tuy nhién chi phi xi Iy con cao. Két qua nghién ciru dpng hoc
phdn tmg Fenton xir Iy COD khé phdn huy sinh hoc trong nude rdc cho thdy : COD giam nhanh
ngay irong thoi gian ddu phan vmg do su tao thanh tirc khéc ctia gde oxy héa manh hydroxyl OH*;
sau do dit ndng d oxy gia con cao nhung téc dg xur ly COD thdp. Dé tai nay da nghién ciru bé
sung xiic tdc F&’" theo bdc giup sir dung hiéu qua oxy gia duw, ndng cao hiéu qud xir Iy COD va riit
ngdn thoi gian phdn ig.

1. PAT VAN PE

Nudc réc tir cée bai chén 14p chét thai rén db thi c6 chira céc cht hitu co khé phan huy sinh
hoc. Cho nén sau khi xir 1y bang c4c cong trinh sinh hoc khéc nhau thi COD nudce rac van con cao,
dao djng tir 600-900 mg/l va chua dat TCVN 5945:1995.

Phan (mg Fenton 14 phan {ng tao ra gbc hydroxyl OH* khi oxy gia dugce xuc téc bdi cation
Fe?*. Géc OH* 1a gbc oxy hoa rit manh, hiu nhu khong chon lya khi phan @mg véi cac chét khac
nhau dé oxi hoa va phan hiy ching. Phan img Fenton gdm nhiéu phan tmg khéc nhau, tuy nhién
phuong trinh phan img chinh tao ra géc OH* nhu sau :

Fe* + H,0,> Fe'* + OH* +OH (1)

Céc nghién ciru ctia Khoa Mbi trudng, Pai hoc Bach Khoa TP. HCM cho thdy phan (mg
Fenton cho phép xir Iy COD nudc rac xudng thip hon 100 mg/l. Tuy nhién, phuong phap nay vén
chua dugc &p dung bdi chi phi héa chit cao, tuy vio ndng do chét hitu co trong nute rac ma chi
phi héa chit cé thé tir 25.000-40.000 déng/m’ nuéc réc can xur ly. Do vy, cAn thiét phai nghién
ctru siu hon vé ddng hoc phéan tng Fenton xir Iy céc chét hiru co khé phén huy sinh hoc trong nuwdc
r4c nhim c6 thé didu khidn, ning cao hidu qua ciia qué trinh nay nhim ha thép chi phi xir Iy.

2. NOI DUNG VA PHUONG PHAP NGHIEN CU'U

2.1. Ni dung nghién ciru

- Nghién ctru dong hoc phan mg Fenton xir Iy cac chét hiru co khé phén huy sinh hgc trong
nudc rac. ;

- D& xuit giai phap sir dung hidu qua oxy gia du trong qué trinh oxy hoa Fenton.

2.2. Phuong phéip nghién ciru

2.2.1. Mé hinh nghién ctru

M6 hinh nghién cttu dong hoc phdn ung : gdm thiing chira ¢ dung tich 20 lit, c6 lap may
khudy hoat déng véi toc do 75 vong/phit. Cac bude tién hanh thi nghiém nghién ciru dgng hoc
phan ing Fenton nhu sau:

e Cho nuéc ric vio thing khudy.

Bét may khudy.

Cho chét xtc tic (FeS0,4.7H,0) véi lidu lugng xac dinh.

Ké tiép cho H,0, vao, chinh nhanh vé pH=3,5. Ty dong qué trinh ghi pH.
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¢ Tai cic thoi diém khéc nhau, tién hanh 14y miu dé phan tich H,0, du va COD. Pé do
COD ding tai thdi diém khao sit s& ding chét khir natri bisunphit NaHSO; dé dimg phan img
Fenton.

M6 hinh nghién ciiu sir dung hiéu qud oxy gia : dung cac cdc thuy tinh c6 dung tich 1 lit ¢é
nghién ciru. Cac bude tién hanh thi nghiém nhu sau :

e Cho nudre réc vao cbe.

s Cho phén sit (II) va oxy gid vao cung lic va khudy déu.

¢ Tiép tuc cho phén sit (II) vao theo bac d& xtc tac phan img Fenton.

s Sau 7 phit tién hanh do oxy gia du. :

* Sau 1 gi¥ phan {mg, chinh pH v trung hoa. D& ling tinh 30 phit va do COD phéin nudc
trong.

2.2.2. Poi tiegng nghién civu

Dé nuée rac chi chira céc chit hitu co khé phan huy sinh hoc va céc yéu td NO,, TDS 12 nhu
nhau trong cdc l4n thi nghiém thi phai chuén bi m_z"iu nhu sau : nude rdc 14y sau bé UASB ciia bai
rac Go Cat duge suc khi kéo dai dé loai bo hau hét cdc chét hiru co dé phén huy sinh hoc; sau d6

duge keo ty bﬁng phen nhoém dé glam bt COD rdi duge khir nitrit bing oxy gia. Nudc réac trudc
va sau khi chuén bj mAu c¢6 thanh phin tinh chit co ban nhu sau:

Bing 1. Tinh chét nwéc rac truédc va sau khi chudn bj miu

Nude rac pH COoD BODs/COD NO; TDS
_ (mg/) (mg/l) (gM
Sau bé UASB 7,3 6.150 - - 12-13
Sau sinh hoc hidu khi kéo dai 8,9 2.574 0,04 400-800 -
Sau khi keo tu 5,0 1.432 - - B
Sau khi khir nitrit bing oxy gia 4,0 1.173 0,017 KPHD 14-15

Nude réc sau khi khu' nitrit duge pha ]oﬁng dén cac gia tri COD nghién ctru, bd sung thém
mudi (NaCl) d& TDS giéng nhw nuéc réc ban dau (TDS=12-13 g/l).

2.2.3. Phwong phdp phén tich va héa chit sir dung

- Phuong phip phén tich: nhiét d9, pH, TDS, COD, BODS5, NO3-, NO2- phin tich theo
Standard Methods. Riéng H202 phan tich theo phwrong phap chudn d§ ibt.

- Hod chit sir dung chit yéu : H202 30%, FeSO4.7H20, NaOH, H2S04, NaHSO3.

3. KET QUA NGHIEN CU'U VA THAO LUAN

3.1. Két qua nghién ctru dgng hoc phan tmg

bong hoc phan huy COD nuéc ric bing phan tmg Fenton phu thudc vao nhiéu yeu td nhu :
COD, H,0,, Fe** ,» pH (hay H", NOy, TDS Tuy nhién, do da chudn b] méiu nén cdc yéu t§ nhu
NO,, TDS 14 nhu nhau déi véi cdec miu thi ngh:em Chon ty 1é phén s&t/H,0,=1/1 dam bao cho
hi¢u qua xtr Iy COD €ao voi chi phi xtr ly chap nhén dugc (/2] Khoa Méi Trirong-2003) va giit )

dinh ty 1& ndy; vi thé sy anh huong cia Fe** vao dong hoc phan ng da dugc thé hién qua H,0,.
Do d6 phuong trinh d¢ng hoc phan {mg nhu sau

e — =k[coD['[ K,0, T[aT @

Trong do:

t: théri gian phan ing (pht)

[COD]: nhu ciu oxy héa hoc ctia nudc réc tai thoi diém khao st (mol oxy/l)
[H,0,]: ndng 5 oxy gia tai thdi diém khao sét (mol/1)

[H'): ndng d cation H" tai thoi diém khao st (mol/l)

k: hing sb téc do phan g
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a,b,c : bic phan tmg riéng d6i véi [COD], [H,0,] va [H']
Vi COD khé phan huy sinh hoc trong nude rdc khoang tir 600-900mg/l, nén tb chirc thi nghiém
nghién ctru dong hoc phan Gmg Fenton & céc gid tri COD nhur sau :
+ Mirc trén : CODy4o = 905 mg/l : I3p lai thi nghiém 3 14n.
+ Mirc gita : CODy3, = 750 mg/1 : 13p lai thi nghiém 3 Ian.

+ Mirc dudi :

CODy;0

=618 mg/1 : lap lai thi nghiém 3 lan.

Héa chit sir dung trong nghién ciru dong hoc: oxy gia 2ml/I; phén sit (II) 2.000 mg/l. Két qua
thi nghiém cho trong bang sau:

Béng 2. Két qua thi nghiém djng hoc phin iing

CODy, =905 mg/t COR,;, =750 mgA COD,;, =618 mg/

1 ?H | HO; | COD | E% 1 pH H.0; | COD E% | 1 phit | pH | H:; COD E%
phiit mg/l mg/l phiit mg/1 mg/1 mg/l . mg/

0 3.5 600 905 0,0 0 3,5 600 750 0,0 0,0 3.5 600 618 0,0
0,83 3.5 342 465 48,6 1,35 3.4 287 389 48,1 1,37 34 287 304 508
3,83 3.4 189 389 57,0 | 3,25 34 216 343 54,3 5,75 34 201 261 57,8
6,71 34 141 366 59,6 5,41 34 176 312 58,4 9,42 34 147 240 61,2
9,25 3,4 108 350 61,3 8,17 3,4 142 290 61,3 13,65 3,4 100 219 64,6
14,98 3,4 71 320 64,6 11,0 3,4 118 274 63,5 17,16 3.4 82 205 66,8
18,56 3.4 50 312 65,5 15,83 3.4 73 251 66,5 20,00 34 65 198 68,0
2575 | 3.4 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 | 24380 | 34 37 244 67,5 29,20 3.4 32 198 68,0

29,75 | 3,4 21 244 67,5

Nhin xét :

+ Giai doan ddu: trong khoang tir 1 dén 2 phit ddu COD giam nhanh khodng 50% so v&i COD
ban dau, trong mg véi ndng do oxy gia tiéu hao khoang 50-60% so vai ban dau.

+ Giai doan sau : ndng do oxy gia du trong giai doan sau con cao khoang 40-50% so vdi nong
dd oxy gia ban dau, trong khi COD giam khéng déng ké chi khoang 15-21 % so véi COD ban dau,
Piéu nay chimg to oxy gia chura dugc sir dung hiéu qua trong qua trinh oxy héa.

5 10 15

Thér glan (phit)

20 25 35

~—viwr— H202 (mp)
——&=—— COD (mg/)

Hinh 1. Bién thién COD va H,0, khi COD,;,=905 mg/l

g

@
3

COD-Ozy gis 4 (mgll)

g

g

15 20
Thei glan (phat)

25 a0 kL)

—a— H202 (mgll)
—=— COD (mg/l)

Hinh 2. B_iérl thién COD va H,0, khi COD,;3,=750 mg/l
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Hinh 3. Bién thién COD va H,0, khi COD,4,=618 mg/]

Sir dung phuong phép tich phén va vi phén trong vige xur ly céc sb lidu thi nghiém ddng hoc dé
x4c 14p phuong trinh dong hoc. Két qua nhu sau :

- Giai doan déu : Phan tmg 13 bic khéng theo COD, H,0;, pH. Phu'(mg trinh dong hoc cé dang

nhur sau :
dCOD R
- -——kdt = k[COD]O I:HZOZ:I [H ] =k; & - d[COD] =k, x dt 3)
Hay [COD] = [COD],~k; xt

- Giai doan sau : Téc dd phan vmg phan huy COD chi phu thudc vao ndng do oxy gia. Phuong
trinh dong hoc cé dang :

dCOD b

i =k, H,0 @
Y 2| 41243 ] (4)
- C4c hé sb dong hoc cho trong bang sau :

Bang 3. Tong hop két qua nghién ciu djng hoc phin ing

Giai doan Théng sb Gid tri COD khio sat
phin.ng 905 mg/1 750 mg/l 618 mg/l
Giai doan Ky v bl 0,0292573 0,0165403 0,015105
iy Khoang tin cay [0,0124203; [0,0143015; [0,0134662;
95% cua ki 0,0460943] 0,0187791] 0,0167438]
Giai doan k;n_ Trung binh 1 ,0 1 ,O | ,0
sau Khodang tin ciy [1,0; 1,0] [1,0; 1,0] [1,0; 1,0]
95% cita ks
Drung binh 1,39439 13169 1,22763
Khoang tin ciy [1,15718; [0,921797; 1,712] |  [1,05168;
95% cita b 1,63160] 1,40357]
Nhin xét :

+ Giai dogn ddu : Phan {mg Fenton tao gbc OH* di&n ra manh liét khi H,0, dugc xuc téc bdi
Fe**. G6c OH* 12 gbc oxy héa rit manh nén lam COD gidm nhanh chéng, téc d¢ phan img phan
huy COD lén.

+ Giai doan sau : Phan (mg Fenton héu nhur khéng dién ra, gbc OH* it dugc tao ra. Theo
phuong trinh ddng hoc xdy dung dugc thi tée dd phan huy COD nuéc rac chi phu thudc vao ndng
d¢ H,0,. Nhu vay, qua trinh oxy héa chit hitu co trong giai doan ndy chi yéu 1 do H,0, du thyc
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hién. Vi H,0, 14 tdc nhan oxy héa yéu hon gbc OH* nén COD giam khong déng ké dii nbng do
H,0, con cao. Nhu vy, H,0, chua duge sit dung mot cach higu qua dé tao ra gbc OH*

3.2. Két qua nghién ciru sir dung higu qua oxy gia du

- Két qua nghlcn ctru dong hoc cho thay Phan tmg Fenton tao ra goc OH* chi xay ra ménh
liét trong thoi gian dAu phéan img khs Fe?* con. Do véy, khi bd sung Fe?* theo béc s& thic ddy qué
trinh xuc tac phan img Fenton tao gbc OH¥, sir dung hiéu qua H,0, nhim néng cao hiéu qua xir Iy
COD. P& tai da thuc hién nghién ciru qua trinh xtc tdc phan @mg Fenton 2 béc, 3 bac va 4 bic va
thdy ring qué trinh xtc tic 3 bic 12 thich hgp. Do d6, téc gia chi xin trinh bay két qua thi nghiém
xuc tac phan g Fenton 3 béc.

- So dd qua trinh xc tic phan Gmg Fenton 3 béc nhu sau :

i 24 24
Fe H,0, Fe Fe
'l' l l 'l' Sau 1 gi¢
Xuc tac Xtic tac Xlc tac phan Lrng,
Nudc rac »| Béicl Béac 2 o Béc3 > lay miu
t) (t2) phan tich
COD
Hinh 4. So dd xic tdc phan (ng Fenton 3 bic
Trong do :

+ t; : thoi gian xtc téc giita bic 1 va bdc 2.
+ t, : thoi gian xdc tdc gilta bic 2 va bic 3.

+ Tbng thoi gian phan (g ciia hé 13 1 gid.

- Tién hanh khao sat thoi gian thich hqp giffa cdc béc xhc tac dé dat hiéu qua COD cao nhét.
Héa chét sir dung nhu sau: Bac 1 :

Phén sét (II) : 667 mg/l; oxy gia : 2ml/l ; Bic 2 : Phén sat (II) :

667 mg/l; Bac 3 : Phén sét (I1) : 667 mg/1.
- Két qua thi nghiém khao sat thdi gian oxy héa 3 béc cho trong bang dudi déy :

Bang 4. Két qua khio sdt thoi gian xic tic phin irng Fenton 3 bic (COD,;,=665 mg/l)

Thi nghiém Thoi gian giiia cdc bic xic tic COD,, E%
t, t; ;
10 gidy 10 gidy 185,1 72,2%
1 phuat 1 phut 137;1 79,4%
"2 phat 2 phut 137,1 79,4%

Nhiin xét :

- Khi thoi gian gitra 2 bc xtc tdc qué ngin (10 gidy) thi hidu qua xir Iy COD khéng cao.
Nguyén nhén 12 do Fe*" nhanh chéng bj bdo hoa xtic tac vi cho vao qué sém.

- Khi thoi gian gifta 2 bic xtc tac 1a 1 phit hodic 2 phit thi hiéu qua xir ly COD 14 nhwr nhau.
Khi thdi gian xtic tic cang 1én thi hidu qua xir Iy COD s& cang giam vi oxy gia giam ndng d¢ theo
th&i gian, do d6 cé thé chon thai gian gifra hai béc xtc tdc tir 1-2 phut. Tac gia d3 chon : t; =2 phit
v t, = 2 phiit va tién hanh nghién ciru xtc téc phan tmg Fenton 3 bic bing cach thay i ndng d6
pheén sit va oxy gia. Két qua thi nghiém cho trong bang sau :
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Bing 5. Két qua khio sdt qua trinh xtc tic phan ing Fenton 3 béc (COD,;,= 665 mg/l)
Héa chit sir dung cho tirng bic xiic TONG H;0;dwsau | COD E%
tic 7 phit (mg/l) theo
Bic I Bic2 |Bic3 | H,0, | Phen (mg/) cob
(ml/T) st
H,0, Phen Phén Phén (mg/l)
(mg/l) sdt sdat sat
(mg/l) | (mg/) | (mg/l)
600 500 500 500 2,0 1.500 202,5 164,6 75,2%
600 667 667 667 2,0 2.000 131,2 137,1 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 0 (KPHD) 109,7 83,5%
750 750 750 750 2,5 2.250 230,7 109,7 83,5%
750 1.000 1.000 1.000 2,5 3.000 118,0 92,3 86,1%
750 1.250 1.250 1.250 2.5 3.750 50,3 83,6 87,5%
Nhin xét :

- V6i ciing lidu hrgng oxy gia ban dAu, khi ting liéu lm;mg phén st (I) thi hiéu qua xir Iy COD
ting. Tuy nhién, den mdt gidi han nhat dinh v1¢c tang liéu lugng phén sat (IT) khéng tang higu qua
xir Iy vi khi d6 ndng d6 oxy gia du la qua thap Khi oxy gia dur sau 7 phit phan tmg nho hon 88,6
mg/l thi khdng nén cho thém xic tic Fe*" dé tin dung lugng oxy gia du néy nita. Mudn ting hiéu
qua xir ly COD chi con céch ting lugng oxy gia sir dung. Sau déy la dd thi biéu didn qué trinh

trén :

CCD-Tify)

2001
150 - - frekis

100 ~

50 1-

et
02025

0.

1500

Oxy gia dw sau 7 phl’xt—(mgfl)
| COD (mgh)

SR NS .- 1. IV

2000

™ 1097

3000

Tdng lwgng phén sét (1), ma/l

Hinh 5. Bién thién COD va H,0, trong qué trinh xtc tic phan (mg Fenton (COD,;, = 665mg/l; H,0, =2

mb/1)

- C6 thé giam thdi gian xir Iy nude rac bing phan img Fenton xudng con 7 phit hogic ngén hon
khi xtic tAc oxy hoa theo bic vai lidu lugng phén sét (I1) da I6m, tuy nhién chi phi héa chét s& ting

1&n. Ty 18 phén s#t (IT)/oxy gia = 1,5/1 14 thich hgp tuong (mg vé&i thii gian phan (mg 1 gid.

- Céng nghé xuc téc phan img Fenton theo bic sur dyng triét dé oxy gia dur dé tao gbc OH*, do
d6 nd ng cao hidu qua xir Iy COD, rit ngin thoi gian xir Iy nuwde rdc. Sau ddy 1a cdc vu diém cua
cbng nghé xic tdc phan Ung Fenton theo bdc so vdi cdng nghé Fenton trude ddy ma khoa Moi

truéng dd nghién ciru dp dung (/2] Khoa Méi Trudng-2003) :
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Bing 6. Uu diém cia cong nghé xic téc phan tmg Fenton 3 béc

TT Théng sb k§ thuit

Cing nghé Fenton trudce
day (Oxy hda 3 bic thong
thuwdng)

Cong nghé xic tac phan
trng Fenton 3 béc

1 Mirc d9 str dung higu qua
HzOz tao gﬁC OH*

Trung binh

Kha trigt dé

2 | Chi phi héa chit

Chi phi hod chat cao hon
do H,0, bi lang phi trong
qua trinh oxy héa, dén dén
hidu qua xir Iy COD thép

Do H,0; duge s dung hiéu
qua tao OH* nén chi phi héa
chat giam 15-20%

hon
3 Thoi gian phan (mg 3 gio 1 givy
4 Kich thuéc thiét bi xir ly Do thoi gian phan (g lau Nho hon
va kinh phi dau tur thiét bj | hon (3 gio) nén kich thude
thiét bj xir Iy 16n hon 3 14n
 kinh phi du tu thiét b
ting
5 Piéu kién van hanh Phirc tap hon (phai cho Pon gian hon (chi cho H,0,

H,0; vao nhiéu 1in) vao mét 1an)

5. KET LUAN VA KIEN NGHI

5.1. Két ludin

- Phan tmg Fenton tao ra gbc OH* chi dién ra minh liét ngay trong thoi gian dAu phan img
khi H,0, duge xtc tac bdi Fe** lam COD nudce rac giam nhanh.

- Giai doan sau thi qua trinh phan huy COD nuéc rac chi yéu do H,0, dam trach. Do H,0,
1a tac nhin oxy héa yéu hon gbc OH* nén mic dit ndng dd H,0, con cao nhung tée dd xir ly COD
thdp, H,0, khéng duoc sir dung hiéu qua.

- Qua trinh x1c tc phan Gng Fenton 3 bic gitp sir dung hiéu qua oxy gia du, ning cao hiéu
qua xir Iy COD kho phan huy sinh hoc trong nude ric va rat ngén thoi gian phan img. Pay 13 mét
cai tién mdi vé cong nghé cho qua trinh oxy héa Fenton gitp giam chi phi hoa chét va chi phi dau
tu thiét bj xir ly.

- Duya vao két qua nghién ciru c6 thé d& xut cdng nghé xtr Iy COD khé phan huy sinh hoc
trong nudc rac nhu sau : '

P:iz Hzfz Ff2+ Fle2+
Nude rac tir Bé xiic Bé xtic Bé xuc Bé phan
céc cong tac oxy tac oxy tdc oxy | ing
trinh sinh > hoa » hoa > hoa
hoc, héa ly Bac 1 Bic 2 Béac 3
v
Thai ra ngudn Bé trung hoa
ti€p nhin va lang cidn

Hinh 6. Cong nghé¢ xtr Iy COD khé phén huy sinh hoc trong nudce ric
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5.2. Kién nghj

Cin tiép tuc nghién ciru trén quy md pilot dé kiém chimg dong hoc phan img, diéu khién qua
trinh x1c tdc phan tmg Fenton theo béc t5t hon nhim ning cao hiéu qua xtr Iy COD va ha thap chi
phi hoa chat.

ENHANCEMENT OF COD REMOVAL EFFICIENCY IN TREATMENT OF
NON-BIODEGRADABLE ORGANIC SUBSTANCES IN LANDFILL LEACHATE
BY FENTON OXIDATION PROCESS

Nguyen Van Phuoc, Vo Chi Cuong
University of Technology, VNU- HCM

ABSTRACT: Up to date, the treatment of municipal landfill leachate in VietNam is
insolvable. There are many problems have to be researched, especially tertiary COD treatment.
Fenton oxidation process is able to treat COD to meet environmental standard. However
operation cost is still high. Some results of the kinetics of Fenton process in laboratory condition
show that : COD of leachate rapidly reduces because of instant hydroxyl (OH*) generation; After
that, COD removal efficiency is low although hydrogen peroxide concentration is still high. The
application of three step-by-step Fé®" catalysis utilizes H,0, residual, enhances COD removal
efficiency and shortens reaction time.
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