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Tom tit:

Nghién ctiu nay nhdm danh gia hiéu qua xt ly nudc
thai dét nhudém bang qua trinh xam thuc thuy dong hoc
(HC), st dung 16 phan tng Vortex. Nghién ctiu danh
gia cac yéu té6 doc lap anh huong dén hiéu qua xu ly
ddé mau va COD trong nudc thai moé phong, gom: pH
(2 - 4), thai gian xt ly (15 - 45 pht), ap sudt dau vao
(8 - 10 kg/cm?). T6i uu héa qua trinh HC nho ap dung
phuong phap quy hoach thuc nghiém véi phuong an
nghién ctiu bé mat dap ting. Trén co s6 toi uu hdéa HC,
Dé tai tiép tuc danh gid hiéu qua xt ly cta qua trinh HC
két hop v6i Hydrogen peroxide (H,0,) va Fenton.

Két qua thuc nghiém cho thay diéu kién t6i uu la
pH 3, thoi gian luu 30 phat va dp suit dau vao 10 kg/
cm?, khi d6 hiéu qua xt ly d¢ mau la 22,67% va COD
1a 20,03%. Két hgp HC vé6i Hydrogen peroxide (H,0,)
cho thdy, H O, 6 nong d6 50 mg/L cho hiéu qua xt ly
t6i uu, d6 mau 92,62% va COD 81,78%. Két hgp HC véi
Fenton dong thé, H,0, 1a 50 mg/L va ty 1é Fenton 1:10
la ty 1€ t6i uu, hiéu qua xt ly do mau, COD lan lugt la
97,59% va 94,8%.

Tu khoa: Xam thuc thiy dong hoc, nudc thdi dét
nhudm, moé hinh bé mdt dép ving, Fenton.

Nhan bai: 30/12/2022; Stia chita: 1/3/2023;

Duyét dang: 12/4/2023.

1. Dat vin dé

Nudc thai sinh ra tii cdc nganh cong nghiép san xuat
dét nhuom 1a mot trong nhiing tdc nhan anh huéng
dén moi truong 16n nhat vao thoi dai hién nay, vi khéi
lugng nudc thai 16n va tinh chét phtic tap cta cac loai
thu6c nhuom. Thuéc nhudém goéc azo dugc st dung
phd bién trong san xuét hang dét may, thudéc nhém kho
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Assessing effectiveness of textile and
dyeing wastewater treatment using
advanced oxidization methods

Abstract:

This study aims to assess the efficiency of treating
textile dyeing wastewater using the hydrodynamic
cavitation (HC) process with a Vortex reactor. Various
independent factors affecting color and COD treatment
efficiency in simulated wastewater are evaluated,
including pH (2-4), treatment time (15-45 minutes), and
inlet pressure (8-10 kg/cm?). The process is optimized
using the Experimental Planning Method with
Response Surface Methodology (RSM). Additionally,
the study evaluates the treatment efficiency of HC
when combined with hydrogen peroxide (H,0,) and
homogeneous Fenton methods. The experimental
results indicate that the optimal conditions for
treatment are pH 3, a retention time of 30 minutes, and
an inlet pressure of 10 kg/cm?. Under these conditions,
the color removal efficiency is 22.67%, and the COD
removal efficiency is 20.03%. When HC is combined
with hydrogen peroxide (H,O,), a concentration of 50
mg/L yields the optimum treatment efficiency, resulting
in color removal efficiency of 92.62% and COD removal
efficiency of 81.78%. Furthermore, combining HC with
homogeneous Fenton using H,O, at a concentration of
50 mg/L and a Fenton ratio of 1:10 demonstrates optimal
treatment efficiency, with color removal efficiency of
97.59% and COD removal efficiency of 94.8%.

Keyword: Hydrodynamic cavitation (HC), textile
dyeing wastewater, response surface modeling, Fenton.

JEL Classifications: Q51, Q53, Q55, Q59.

phan huy sinh hoc. Viéc xa nudc thai duc va d6 mau
cao c6 tac dong nghiém trong dén hé sinh thai thay
sinh, tdc dong tiéu cuc dén quan thé sinh vait. Hau hét
cac chat nhudm hitu co phtic tap c6 lién quan dén doc
tinh gan, dot bién, doc tinh gen va doc té bao.

Ung dung céc quy trinh oxy héa tién tién (advanced
oxidation process, viét tit 1a AOPs) da dugc dé xuit vi
ching c6 thé 1am phan huy cac chit hiiu co phuc tap



va kho phan huy sinh hoc. Trong s6 cong nghé AOPs
khéc nhau, HC da cho thdy két qua hda hen vé phan
huy chat 6 nhiém. Trong HC, khi chét1dng di vao ving
ap sudt thdp, cac khoang hoi (bong béng) dugc hinh
thanh va dat dugc kich thudc t6i da duéi su gian nd
dang nhiét. Theo ly thuyét diém néng, mot sy sup do
nhiét ngay lap tlc xay ra, trong chu ky nén lién tiép,
dan dén sy hinh thanh trang thai siéu téi han cta ap
sudt va nhiét do cuc bd cao, dugc goi 1a diém nong. Cac
bién d6i hoa ly cin thiét cho qua trinh xdy ra do nhiing
diéu kién dp suit va nhiét do cuc doan nay dugc tao ra
& cac diém nong. Hai co ché chinh dugc phan bé trong
su phan huy ctia cac chit 6 nhiém htiu co (nhiét phan
va phan ting oxy héa béi OH* (hydroxyl radicals, véi
cac chat 6 nhiém)), dién ra & ba khu vyc cta 16 phan
tung HC: Bén trong khoang, tai giao di¢n khoang va
trong moi trudng chét 1ong. HC cung cdp mot 10 trinh
hip dan d€ tang cuong quy trinh trén hang loat ting
dung cong nghiép, dac biét la trong viéc xti ly nudc thai
cong nghiép co6 chiia chat chiu nhiét nhu thuéc nhu¢m,
khang sinh, thudc trti sau... dong thoi c6 thé loai bo
amoniac trong nudc thai. Ngoai ra, HC c6 thé dugc su
dung nhu mot cach ting cuong hiéu qua xt ly khi HC
két hgp véi Fe (II) hodc persulfate (PS) dé€ xu ly cac hgp
chat httu co kho phan hay.

Theo nghién ctiu ctia Kassim O. Badmus va cong su
[3] vé xti ly 6 nhiém mau Orange II (OR2) trong nuéc
thai mo phong bang cich st dung HC vong phan luc
két hop v6i H,O, va Fenton, yéu t6 anh huong dén qua
trinh xam thuc gom: Thoi gian xt ly, pH, ap sudt dau
vao va khi két hgp véi AOP khac. Hiéu qua xt ly t6i uu
ctua mo hinh nghién ctiu nay & pH 2, thoi gian xt ly 60
phut, ap sudt dau vao 1a 400 kPa (trong d6 500 kPa la ap
suat toi da ctia mo hinh dat dugc).

Mohan M. Gore [5] ciing da nghién ctiu hiéu qua xu
ly thu6c nhuém RO4 bang cach st dung HC két hgp
v6i H,0, va chi ra rang, méi trudng axit va ap sudt dau
vao cao la diéu kién thuén lgi cho xt ly thuéc nhudém.

Theo V. Innocenzi [6], hiéu qua xt ly t6i uu clia qua
trinh xam thuc dat dugc & diéu kién pH 2, ap suat dau
vao t6i da ctia mo hinh (5 bar) va thoi gian xu ly 1a 30
phut. Pong thai, theo Virendra Kumar Saharan, pH t6i
uu cho qua trinh xt ly bang HC la 2 [9]. Trong khi d6,
theo Jingang Wang, viéc loai bo cac hop chit mau &
diéu kién pH dat dugc hiéu qua cao nhitla 4 [14]. Theo
Lakshmi N. J thi pH t6i uu ctia m6 hinh HC la 3, tuy
nhién khi tang thoi gian xu ly thi hiéu qua xt ly tang
theo nhung tiéu hao nhiéu ning lugng, do do, cin két
hop qua trinh HC véi cac AOPs khac.

Bén canh do, nghién ctiu ctia Charikleia Zampet
cho thdy, hiéu qua hiép déng ctia HC va H O, la rét cao
[15]. Cliing nhu cac nghién ctiu khac da néu & trén, hiéu
qua xt ly hiép dong luon cao hon rat nhiéu so véi tling
qua trinh don 1é.
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Tu cac két qua nghién ctiu néu trén, nhiing thong
s6 can dugc khao sat d€ t6i uu héa qua trinh HC trong
xt ly d6 mau va khoang hoéa thuéc nhuém géom: pH ti
2 - 4; ap sudt d4u vao 6 trong khoang 8 - 10 kg/cm? (do
ap sudt t6i da cia mo hinh 1a 10,3 kg/cm?); thoi gian xd
ly tii 15 - 45 phut va d€ tang hiéu qua xt ly, Dé tai sé
tht nghiém qua trinh két hgp HC véi H,O, va Fenton.

2. Phuong phap va mo6 hinh nghién ciiu

2.1. Déi tugng va noi dung nghién ciiu
2.1.1. Doi tugng nghién ctiu

Déi tugng nghién ctiu ctia D€ tai la nguoén nudc
thai gia 1ap chtia thuéc nhudém véi nong dé 200 mg/L
(Methylene blue 100 mg/L va methylene red 100 mg/L),
tuong ting do mau 1247 Pt-Co va COD 538 mg/L.
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2.1.2. Ngi dung nghién ctiu
Khao sat kha ning xt ly d0 mau va COD bang qua
trinh HC loai Vortex, bao gébm cac thong s6: pH; thoi
gian xt ly; ap sudt dau vao.
Tu diéu kién t6i uu da khéo sat ctia HC, tiép tuc
danh gia hiéu qua xu ly khi két hop qua trinh xam thuc
voi H O, va Fenton.

2.2. Hoa chdt va thiét bi diing trong nghién ciiu
2.2.1. Héa chat

Thu6c nhudém methylene blue va methylene red -
hang Scharlau; dung dich Hydrogen peroxid - hang
Fisher; Iron (II) sulfate heptahydrate - hang Himedia.

2.2.2. M6 hinh thiét bj

Mo hinh thi nghiém gém 1 b€ chua thé tich 50 L
(c6 hé thong tudn hoan nudc lam mat d€ 6n dinh nhiét
d6 bé); 1 may bom ap cao, cdng suit 1,5 kW; 3 van
diéu khién (V1, V2, V3); 2 dong hé do 4p suit (P1,
P2). Dong hat ctia mdy bom dugc két néi véi day bé
va dong xa tii may bom phéan nhanh thanh hai dong:
buong day chinh va dudng tranh. Dong chinh chua
thiét bi xam thuc (Vortex). V2, V3 dugc cung cdp dé
kiém soat hudng cua dong chit long. Khi dudng chinh
(Vortex) dugc m& V2, van diéu khién V3 dugc dong lai
dé dam bao khong c6 dong chay trong duong tranh. Ca
duodng chinh va dudng tranh déu chdm dit bén trong
bé dudi mic chatlong dé tranh bat ky su dua khong khi
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vao chat long do tia chat long lao xudng. Toan b thiét
lap c6 sy phat sinh ctia cac khoang trong thiét bi vong
phan luc HC d€ dam bao sy va cham ctia céc tia can tré
nhau trong thiét bi cavitation. Van V1 nham muc dich
thu mau va xa nudc thai sau thi nghiém (Hinh 2.1).
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A Hinh 2.1. M6 hinh thiét bi thi nghiém

bay la mo hinh chay tuan hoan, tao dong chay mot
chiéu gan véi thiét bi HC (Loai Vortex). Thi nghiém
dugc thuc hién theo tting mé (Hinh 2.2, Hinh 2.3).

A Hinh 2.2. M6 hinh thi nghiém thuc té

Thong s6 thiét ké: D = 21 mm; R =8 mm; d =7 mm; L = 25 mm
Hinh 2.3. Lo phdn ting xdm thyc dang Vortex

2.3. Phuiong phap nghién ciiu

2.3.1. Phuong phap phan tich

Cac phuong phap phan tich thuc hién theo
Standard Methods for the Examination of Water and
Wastewater, APHA, 2017.

2.3.2. Phuong phdp xii ly so liéu
Phuong phap quy hoach thuc nghiém véi phuong
én nghién ctiu bé mit dap ting: Ap dung phin mém
MODDE 5.0 d¢ danh gid mtc d¢ anh hudng cta cac
yéu td.

16 | Chuyén d@é |, ndm 2023

Phuong phép thong ké s6 liéu, xt ly s6 lieu: Ap
dung phan mém Excel trong thong ké, tinh toan, xac
dinh théng sé.

2.3.3. Phuong phdp thuc nghiém

Noi dung 1:

Ung dung phuong phdp quy hoach thuc nghiém
(QHTN) véi phuong phap nghién ctiu bé mdt dap ting
(Response Surface Methodology - RSM), biéu dién dudi
dang da thtic bac hai, dugc ap dung dé€ t6i uu hda qua
trinh xam thyc thtly dong hoc, gom cac buée nhu sau:

Budc 1: Xac dinh céc yéu t6 anh hudng dén qua
trinh xt ly (pH; thoi gian xt ly; ap sudt dau vao; nong
do co chat) va pham vi gi6i han cta tiing yéu to.

Béang 2.2. Y nghia va cac miic ctia cdc bién trong qua trinh
xu ly

Bién doc lap Mic | Mic | Mic
dudi | cosG | trén
(-1) (0) | (+1)

X,- pH 2 3| 4

X, - Ap sudt ddu vao (kg/cm?) 8 9 10

X, - Thai gian xt ly (phut) 15 30 45

Bién phu thudc Két qua xti ly

Y, - Hiéu qua xt ly d6 mau (%) T6i da

Y, - Hi¢u qué xti ly COD (%) T6i da

Buide 2: Xac dinh s6 lugng thi nghiém dugc bo tri
theo kiéu truc tim quay (Rotatable Central Composite
Design - RCCD) va quy hoach thi nghi¢ém L dugc xay
dung & 3 muc gia tri v6i 3 yéu t6 anh hudng. S6 thi
nghiém thi€t ké: N = 3* + N (k: Yéu t6 anh hudng; N :
S6 thi nghiém tai tdm v6i 3 thi nghiém). Téng s6 c6 30
thi nghiém dugc bo tri theo ma tran.

Bui6c 3: Tién hanh thuc nghiém trén mo hinh xt ly dé
xac dinh d6 mau va COD sau khi xt ly (diéu chinh pH vé
khoang 6,5 + 0,1) bang qud trinh x4m thuc tai cdc mic
gia tri voi tiing nghiém thiic. Mdi thi nghiém dugc thuc
hién ldp lai 2 14n dé loai bo sai so.

Buide 4: Dung phuong phap Taguchi dé thong ké, xu
1y s6 liéu, xac dinh hé s6 ctia phuong trinh héi quy, tinh
toan diéu kién phan ting t6i uu qua trinh xam thuc.

Tu két qua tinh todn trén mo hinh, tién hanh kiém
chiing thuc nghiém lai diéu kién doc lap t6i uu.

Noi dung 2:

Két hgp cac diéu kién t6i uu tti ndi dung 2 cua qua
trinh xam thuc véi H,O, Thic nghiém déi ching: Chi
xti Iy bang H O, riéng 1¢, & diéu kién t6i uu, khong ket
hgp v6i qua trinh xdm thuc.

« Cac budc tién hanh thi nghiém ctia n6i dung
gom:

Buide 1: Chuén bi nudc thai mé phong c6 d6 mau
1247 Pt-Co va COD 538 mg/L.



Buidc 2: Diéu chinh diéu kién van hanh t6i uu cta
cac yéu t6 doc lap.

Budc 3: Diéu chinh néng do H,O, & mic 20; 50 va
100 mg/L.

Buiéc 4: Tién hanh thi nghiém.

Buide 5: Diéu chinh pH vé khoang 6,5 £ 0,1.

BuiGe 6: Phan tich chi tiéu COD va do mau.

Budc 7: Ddnh gia hiéu qua xt ly t6i uu ctia H,O, két
hop HC; H,O, riéng 1é va HC riéng Ié.

Noi dung 3:

Két hgp cac diéu kién t6i tti ndi dung 2 ctia qua trinh
xam thuc v6i Fenton. Thuc nghiém do6i chiing: Chi xt
ly bang Fenton riéng 1é & diéu kién t6i uu, khong két
hgp v6i qua trinh xam thuc.

«+ Cac budc tién hanh thi nghiém ctia n6i dung gom:

Buie 1: Chudn bi nudc thai mé phong c6 do mau
1247 Pt-Co va COD 538 mg/L.

Bang 3.1. Két qua thi nghiém t6i vu hoa

NGHIEN cUU

Buidc 2: Diéu chinh diéu kién van hanh t6i uu cta
cac yéu t6 doc lap.

Buiéc 3: Biéu chinh ty 1é Fenton & mtc 1:1; 1:2; 1:5.

Budc 4: Tién hanh thi nghiém.

Buide 5: Diéu chinh pH vé khoang 6,5 £ 0,1.

Buiéc 6: Phan tich chi tiéu COD va d6 mau.

Budc 7: Danh gia hiéu qua xt ly t6i uu cua Fenton
két hop HC; Fenton riéng 1é va HC riéng lé.

3. Két qua va thao ludn

3.1. Ung dung quy hoach thuc nghiém dé xdc dinh
anh huéng ciia cdc yéu to doc lap
Thuc hién 30 thi nghiém dugc thiét ké theo phuong
phép dép ting bé mat nhdm khdo sat anh hudng cta cac
yéu t6 doc lap: pH (X)); thai gian xt Iy (X); dp sudt dau
vao (X,) dén hi¢u qua xt ly d6 mau (Y,) va COD (Y,).
Két qua thé hién trong Bang 3.1.

TN | Bién ma héa Bién thuc Ham muc | TN | Bién mi hoa Bién thuc Ham muc
tiéu tiéu
X, |X,|X,|pH| Ap | Th.gian | Hiéuqua xi X, |X,|X,|pH| Ap |Thgian | Hiéuquaxi
suat ly (%) suat ly (%)

- |Kg/cm?| phat | COD | Mau - |Kg/cm?| phut | COD | Mau
1 -1 -1 2 8 15 10,41 [ 18,68 | 16 | -1 | 1 0 2 10 30 21,56 | 43,14
2 O-1(-1] 3 8 15 9,67 {1780 17 | 0 | 1 | O 3 10 30 19,70 | 41,30
3 1 |-1(-1] 4 8 15 6,88 | 1347 | 18 | 1 1|0 4 10 30 14,50 | 30,39
4 [-1|10]|-1] 2 9 15 14,31 [ 26,06 | 19 | -1 | -1 | 1 2 8 45 13,38 | 19,57
5 010 (-1] 3 9 15 13,20 {2446 | 20 | 0 | -1 | 1 3 8 45 12,08 | 19,17
6 01]-1| 4 9 15 9,85 | 17,48 | 21 -1 1 4 8 45 9,29 | 14,35
7 1-1]111]-1 2 10 15 19,52 13849 22 | -1 | O 1 2 9 45 18,22 | 30,55
8 o1 (-1] 3 10 15 17,84 {3649 23 | 0 | O | 1 3 9 45 16,91 | 28,63
9 1 1 (-1 4 10 15 12,64 | 26,06 | 24 | 1 0 1 4 9 45 12,83 | 19,73
10]|-1]-1]0 2 8 30 12,83 119,01 25 | -1 | 1 1 2 10 45 22,30 | 44,03
11(0]-1]0 3 8 30 11,71 {1893 26 | 0 | 1 1 3 10 45 20,26 | 42,10
12| 1]-1]0 4 8 30 8,92 | 14,11 27 | 1 1 1 4 10 45 14,87 | 30,79
13(-1]10] 0 2 9 30 17,66 {2935 28 | 0 | O | O 3 9 30 15,43 | 26,86
14 1 0| 0] O 3 9 30 16,36 {27511 29 | 0 | O | O 3 30 16,73 | 27,91
15 0 4 9 30 11,90 ({18,771 30 | 0 | O | O 3 30 16,73 | 27,75

A Hinh 3.1. Anh hudng ciia cdc nhan t& chiét dén ham muc tiéu
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Két qua cho thdy, ca 3 yéu t6 (pH, thoi gian xt ly,
ap sudt dau vao) déu anh huong dén hiéu qua xu ly do
mau va COD (Hinh 3.1).

Yéu t6 4p sudt dau vao (X,) va thdi gian xu ly (X,)
tac dong ty 1¢ thuén dén hiéu qua xt ly, khi tang ap suét
dau vao hodc tang thoi gian xt ly déu lam tang hiéu qua
xu ly. Trong d6, yéu t6 ap sudt dau vao anh hudng rat
16n dén hiéu qua xti ly d6 mau va COD.

Yéu t6 pH (X)) tac dong ty 1é nghich déi véi hiéu
qua xt ly, khi giam pH thi hiéu qua xt ly tang lén.

3.2. Hiéu qua xii ly

Do tin cdy ctia mo hinh dugc kiém tra thong qua hé

s6 tuong quan R% Trong do, R* = 0,991 (d6 mau) va R?

= 0,994 (COD) cho thdy moé hinh tuong thich véi két
qua du dodn va thyc nghiém. Ngoai ra, Q* = 0,979 (do
mau) va R? hiéu chinh = 0,987 (d6 mau); Q* = 0,983
(COD) va R? hiéu chinh = 0,991 (COD) & d¢ tin cay
95%, ndm trong khoang hgp ly vi sy sai biét nho hon
0,2. Bong thai, kiém tra sy hdi quy cho thdy, gia tri p
mo hinh & ca xti ly d6 mau va COD déu =0 < 0,05; gia
tri p ctia do khong phu hop (lack of fit) 0,555 (dd mau)
va 0,818 (COD) > 0,05 (Bang 3.2). Do d6, mé hinh cé
y nghia thong ke, c6 su tuong thich véi thuc nghiém.
Bang 3.3 thé hién két qua phén tich (ANOVA) cta
phuong trinh hoi quy, chi ra sy anh hudng ctia cac yéu
t6 khao sat dén hiéu qua xti Iy do mau. Két qua cho thay
cacbién: X, X, X, X%, X %, X X, va X X, c6 dnh hudng

Bang 3.2. Két qua danh gia ANOVA cua phuong trinh héi quy ctia hiéu qua xi ly d0 mau va COD

D6 mau DF SS MS F P SD
(variance)

Total 30 7915,94 263,865

Constant 1 7308,6 7308,6

Total Corrected 29 607,333 209,425 45,763

Regression 9 601,798 668,664 241,61 0,000 817,719

Residual 20 553,506 0,276753 0,526073

Lack of Fit (Model Error) 17 475,096 0,279468 106,926 0,555 0,528648

Pure Error

(Replicate Error) 3 0,784101 0,261367 0,51124

COD DF SS MS F SD
(variance)

Total 30 6528,65 217,622

Constant 1 5910,84 5910,84

Total Corrected 29 617,814 213,039 461,562

Regression 9 617,807 686,453 196,381 0,000 828,524

Residual 20 0,006991 0,0003495 0,0186963

Lack of Fit (Model Error) 17 0,005291 0,0003112 0,549267 0,818 0,017642

Pure Error (Replicate Error) 3 0,001699 0,0005666 0,0238044

Bang 3.3. Két qua phan tich ANOVA cac hé so trong
phuong trinh hdi quy ctia hiéu qua xti Iy dd mau (Y,) theo

Bang 3.4. Két qua phan tich ANOVA cic hé s6 trong
phuong trinh hoi quy cta hi¢u qua xi ly COD (Y,) theo

cac bién doc lap cac bién doc lap

Do mau | Coeff. SC | Std. Err. P Conf. COD Coeff, SC | Std, Err, P Conf,

(Y) int(z) (Y,) int(x)
Constant 21,1452 | 0,252396 | 6,05E-27 | 0,526489 Constant | 16,1785 0.149394 | 3,61E-24 | 0.311631
X, -3,6767 | 0,155782 | 4,48E-14 | 0,324956 X, -2,6983 | 0.0922078 | 6,82E-13 | 0.192343
X, 3,7472 0,155782 | 3,10E-11 | 0,324956 X, 3,7717 0.0922078 | 9,37E-16 | 0.192343
X, 1,2394 0,155782 | 1,27E-06 | 0,324956 X, 1,4339 0.0922078 | 1,24E-07 | 0.192343
XX, -2,0127 | 0,252396 | 1,22E-07 | 0,526489 XX, -1,3810 0.149394 | 1,17E-06 | 0.311631
XX, 1,4923 0,252396 | 8,78E-05 | 0,526489 XX, -0,2877 0.149394 0,06846 | 0.311631
XX, -0,4744 | 0,252396 0,0748 0,526489 XX, -0,9144 0.149394 6E-05 0.311631
XX, -1,2208 | 0,190793 | 3,05E-06 | 0,397988 XX, -0,8200 0.112931 | 5,04E-06 | 0.235571
XX, -0,3542 | 0,190793 | 0,07821 | 0,397988 XX, -0,1650 0.112931 0,15953 | 0.235571
XX, 0,6475 0,190793 | 2,88E-03 | 0,397988 XX, -0,0408 0.112931 0,72146 | 0.235571
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dang ké dén hiéu qua xt ly (p < 0,05). Bién X,* va X X,
khéc khong c6 anh hudng dén hiéu qua xt ly (p > 0,05).
Do d6, cac bién c6 anh hudng dén hiéu qua sé dugc git
lai cdc hé s6 trong phuong trinh hoi quy.

Phuong trinh ho6i quy thu dugc: Y, = 21,1452 -
3,6767 X +3,7472 X, + 1,2394 X, - 2,0127 X * + 1,4923
X?-1,2208 X X, + 0,6475 X X,

Bang 3.4 thé hién két qua phan tich (ANOVA) ctia
phuong trinh hoi quy, chi ra sy anh hudng cua cac yéu
to khao sat dén hiéu qua xt Iy COD. Két qua cho thay,
cac bién X, X, X, Xlz, X32 va X X, cé anh hudng dang
ké dén hiéu qua xt ly (p < 0,05). Cdc bién X %, X X, va
X X, khong c6 anh hudng dén hi¢u qua xt Iy (p > 0,05).
Do d6, nhiing bién c¢6 anh hudng dén hiéu qua sé dugc
giti lai cac hé s6 trong phuong trinh héi quy.

Phuong trinh héi quy thu dugc: Y, = 16,1785 -
2,6983X, +3,7717X, + 1,4339X, - 1,381 X ? - 0,9144 X 2
-0,82 X X..

Ddnh gid cdc yéu to dnh huéng dén hiéu qud xii ly
do mau va COD

Hinh 3.2 m6 ta hiéu qua xt ly do mau va COD &
dang mo hinh 3D, thé hién sy tuong tic gitia 3 yéu to
dén hiéu qua xt ly d6 mau, COD. M6 hinh 3D thé hién
khi tang 4p sudt va giam pH thi hiéu qua xt ly do mau
tang, dat gid tri cuc dai ¢ ap sudt 10 kg/cm?* va & khoang
pH tui 2 - 2,8. Hiéu qua xti ly d6 mau ting nhanh tii thoi
gian xu ly 15 1én 30 phut, tuy nhién khi tang thdi gian
xu ly lén 45 phat thi hiéu qua c6 tang nhung khong
dang ké.

Béng thuét toan phén tich tdi uu (Optimization) st
dung phan mém Modde 5.0 thu dugc gia tri t6i uu tuong
tng véi hiéu qua xti ly d6 mau va COD cuc dai: pH = 2;
ap sudt dau vao = 10 kg/cm?; thai gian xu ly = 30 phat.

A Hinh 3.2. Hiéu qud xt Iy d6 mau va COD 6 dang mé hinh
3D bé mat ddp ting

NGHIEN CUU

Bang 3.5. Bang khao sat miic d) tiéu t6n hoa chit
diéu chinh pH
pH 6,6 | 6 5 4 3 2

Thé tich H,SO,0,1N 0 [1,75]2,6]32|45]|193
tiéu ton (mL)

Midc du tai diéu kién pH 2 c6 hiéu qua xt ly cao
nhat nhung khéng cao hon dang ké so v6i pH 3 trong
khi lugng tiéu ton hda chat la rat 16n. Ngoai ra, viéc st
dung pH 2 la m¢t mic pH cuc doan, sé anh hudng dén
do bén cac thiét bi. Theo nhu danh gia khao sat vé lugng
tiéu ton hoéa chit (H,SO,) d€ diéu chinh pH dugc trinh
bay & Bang 3.6 thi viéc lya chon pH 2 d€ tién hanh khao
sat 1a khong pht hop véi thuc té.

Két qua du toan yéu t6 ap sudt dau vao hoan toan
pht hgp déi véi cac nghién ctiu trude day. Hinh 3.12
thé hién hiéu qua xt ly d6 mau va COD ting déu tu ap
sudt 8 - 10 kg/cm?. Yéu t6 ap sudt dau vao la yéu t6 quan
trong trong hiéu qua xti ly COD va d¢ mau. Yéu t6 ap
suat dau vao anh hudng dén cuong do xam thuc trong
hé thong. Cuong do xam thuc dugc danh gia qua s6 Cv
dugc xac dinh béi cong thic:

o _B-P
v 1 )
5 PV

Trong dé: P, 1a 4p sudt ha Iuu ctia dong chéy (Pa); P,
la ap sudt hoa hoi chat 1ong (~ 4241,14 Pa); p la mat do
chét 1éng (~ 995,7 kg/m’); v, 1a van t6c & c6 hong ctia
thiét bi xam thuc (m/s).

Cv giam khi gia tdng ap sudt ddu vao vi van tdc tai cd
hong ctia thiét bi xam thuc ting 1én véi su gia ting ap
sudt. Su khai dau xam thuc gia tri hé s6 Cv =1 tai diéu
kién ly tuéng, Cv < 1 sé tao ra kha nang xam thuc dang
ké. Tuy nhién, trong vai truong hgp Cv > 1 la do su tén
tai lugng nho khi hoan tan, sé lam giam qua trinh xam
thuc. Bang 3.7 danh gia khao sat hé s6 Cv dén qua trinh
xam thuc. Hiéu qua xt ly tang 1én khi tang ap suat dau
vao la hoan toan phu hgp véi s6 Cv da dugc dua ra tu
cac nghién cdu trudc day.

Stt dung Optimizer trong phan mém Modde 5.0 dé
tinh két qua du doan, tai diéu kién pH 3, thai gian xt
ly 30 phut va 4p suat dau vao 10 kg/cm?, hiéu qua xt ly
t0i da d6 mau la 42,83% va COD la 21,8%. Kiém chiing
lai két qua du doan bing thuc nghiém tai cac diéu kién

Bang 3.6. Danh gid hé s6 C,

Apsuidt| Luu |Puodng | Diéntich | Van C,
dduvao | lugng |kinhcd| matcat | toc tai
(kg/ (m%/s) | hong | c6hong | cdthat
cm?) (m) (m?) (m/s)
8 0,00042 | 0,0065 |2,83x10°| 15,019 | 0,834
9 0,00050 | 0,0065 |2,83x10°| 17,612 | 0,607
10 0,00063 | 0,0065 |2,83x10°| 22,293 | 0,371
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Bang 3.7. Bang két qua thuc nghiém tai cac di€u kién t6i uu

TN Lian1 | Lan2 | Lan 3 | Du bdo
Hiéu qua xti ly d6 mau (%) | 39,63 | 39,96 | 40,23 | 42,83
Hiéu qua xtt ly COD (%) 18,88 | 18,52 | 19,08 21,8

trén, két qua thuc nghiém lap lai 3 14n hiéu qua xu ly do
mau va COD.

Nhu vay, hiéu qua xtt ly d6 mau va COD thuc
nghiém khong c6 su khac biét véi két qua du doan.

3.3. Két hgp qud trinh xdm thuc véi HO, va
Fenton

3.3.1. Két hgp qud trinh xam thuc véi H,0,

Hiéu qua xti ly cta qua trinh xam thuc dién ra véi
ca ché chinh la phan ting ctia cac géc OH* v6i cac hop
chit mau gay ra qua trinh oxy hoéa va c6 thé c6 su phan
huy nhiét do cac hgp chét hién dién gin khoang sup dé.
Do d6, khi b6 sung thém cac goc OH* sé ting cudng
hiéu qua xti ly. Hydrogen peroxide la mdt chat oxy hoa
thuodng cd san, c6 thé dugc st dung d€ xu ly nudce thai
do tiém ndng oxy hoa cao. Hiéu qud ctia H,O, trong
viéc oxy héa cic chit 6 nhiém hiiu co phu thudc rit
nhiéu vao viéc tao ra cac goc OH* thong qua su phéan ly
ctia H O,. Dué6i diéu kién xam thyc cdc phan ti H,O,
c6 thé dé dang phan ly thanh cac g6c OH*.

H,0, + xam thyc — 20H*

H,0 + xdm thyc — H* + OH*

OH* + hogp chat mau — hgp chat don gian

OH* + hgp chit don gian — CO, + H,0

Céc thi nghiém st dung qua trinh két hgp gitia xam
thuc va H,O, dugc thuc hién v6i cdc thong t6i du néu
trén ctia HC va néng do H,0, tii 10, 20, 50 va 100 mg/L;
tdong ting véi ty 1¢ COD: H,O, lan lugt 1a 1:50; 1:25;
1:10 va 1:5.

Miic d6 phan hay hgp chit mau 6 cac nong do H,0,
khéc nhau dugc trinh bay trong Bang 3.9. Két qua cho
thdy, hiéu qua xi ly ting lén khi gia ting nong do H,O,.

— e

A Hinh 3.3. Hiéu qud xit ly do mau va COD; Ty 1é COD/H,0,
1:50, 1:25, 1:10 va 1:5; H,O, don lé, HC don Ié

Hiéu qua xu ly d6 mau va COD tang lén dén 91,71%
va 71,93%. Tuy nhién, két qua & Bang 3.9 cho thdy, khi
ting nong do H,O, dén 100 mg/L, hi¢u qua xt ly do
mau ting khong dang ké, bén canh d6, hiéu qua xu ly
COD con ¢6 xu huéng giam. Nguyén nhan do cac goc
OH* sé phan ting véi cdc goc H,0, hinh thanh cac géc
oxy hoéa yéu hon va cling do sy téi t6 hgp cac géc oxy
héa thanh H,0, va H O.

OH*+ OH*—> H.O,

OH* + H,0, - O,H* + H,0

OH*+O,H* > H,0 +0,

Hiéng s6 phan huy ctia d§ mau va COD dugc xic
dinh bang phuong trinh sau.

2
ln&:kxt @
C

Trongtdé, Ct la nong do tai thoi diém t; C, la nong do
ban ddu; k la hdang s6 phan hiyy va t la thoi gian phan
hiiy.

Két qua thé hién trong Bang 3.9 chi ra ring, qua
trinh lai gitta xam thuc va H,0, hiéu qua xt ly cao hon
nhiéu so véi cdc quy trinh don 1é. Hang s6 phan hay do
mau va COD ctia qud trinh xdm thuc don 1€ 14n lugt la
16,81 x 10° va 7,31 x 10° phut; H,O, don 1€ 1a 10,36 x
10° va 5,01 x 10° phut™. Hiéu qua xt ly ctia qua trinh lai
(tai ty 1¢ H,0O,: COD 1:10) cia d6 mau,COD tang lén

Bang 3.8. Hiéu qua xu ly két hop HC va H,O; H,0, don 1¢; HC don I¢
Pon vi A0 Al A2 A3 A4 | HO, | HC

pH - - 3 3 3 3 - 3
Th.gian phut - 30 30 30 30 - 30
Ap sudt ddu vao kg/cm? - 10 10 10 10 - 10
H,0, mg/L - 10 20 50 100 50 -
Tyl¢ H,0,:COD - - 1:50 1:25 1:10 1:5 1:10 -
Do mau Pt-Co 1247 514 232 105 99 914 753
COD mg/L 538 278 211 151 154 463 432
Hiéu qua xtt ly do mau % - 58,78 81,40 91,58 92,06 26,70 39,62
Hiéu qua xtt ly COD - 48,33 60,78 71,93 71,38 13,94 19,70

29,54 56,06 82,48 84,45 10,36 16,81
kx10° phat

22,01 31,20 42,35 41,70 5,01 7,31
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Bang 3.9. Hiéu qua xu ly két hgp HC va Fenton; Fenton
don 1é va HC don 1é

DPonvi| FO | F1 F2 F3 |Fenton| HC

pH - - 3 3 3 - 3
Th.gian | phut - 30 30 30 - 30
Ap suat
dau kg/cm? | - 10 10 10 - 10
vao
HO, |mgL | - |50 | 50 | 50 | 50 -
Fenton | tylé - | 1:220 | 1:10 1:5 1:10 -
Mau Pt-Co | 1247 | 72 34 37 733 753
COD mg/L | 538 | 122 81 83 402 432
Hiéu
?},}u;gu 94,23 | 97,27 | 97,03 | 41,22 | 39,62
mau %
Hiéu
qua xt 77,32 | 84,94 | 81,57 | 25,28 | 19,70
Iy COD

- 195,06|120,07 | 117,25 | 17,71 | 11,21
kx10° | phat!

- 149,46 | 63,11 | 62,30 9,71 4,88

82,48 x 10° va 42,35 x 10° phut™. Hi¢u ting két hgp cua
qud trinh lai xdm thyc va H O, dugc dénh gid dya trén
ty 1¢ phan huy ctia cac qua trinh riéng 1é, qua trinh lai
nhdm xdc dinh hé s6 hiép dong cta qud trinh lai xAm
thuc va H O,. Hé s6 hiép dong ctia qua trinh lai déi véi
hiéu qua xt ly d6 mau, COD lan lugt 1a 3,2 va 4,6. Gia
tri nay cho thdy qua trinh lai hiéu qua hon so véi tting
qua trinh don 1é. k
R o (HC+H, 0, )
Hé s6 hiép dong f=—————
et kHCH202

3.3.2. Két hop qua trinh xam thuc véi Fenton

Trong s6 cac qua trinh oxy hda tién tién khac
nhau (AOPs) lién quan dén chat xuc tac kim loai, qua
trinh oxy hoéa Fenton xtc tdc mau la mot trong nhiing
phuong phéap xt ly dugc chdp nhén rong rai dé xu ly
nudc thai. Thudc thi ctia Fenton bao gom su két hop
ctia ion Fe (II) dugc giai phéng tii FeSO, va H,O, theo
ty 1é cu thé, dan dén viéc tao ra cac goc hydroxyl trong
mot khodng thoi gian ngan.

Fe** + H O, — Fe** + OH* + OH

Dbé nghién citu anh hudng cta viéc két hop qua
trinh xam thyc va Fenton, ty 1¢ Fenton (Fe**/H,0,)
dugc khao sat: 1:5, 1:10, 1:20 dugc st dung & nong do
H,0, la 50 mg/L tai diéu kién pH 3, 4p sudt dau vao 10
kg/cm? va thoi gian xt Iy 30 phut; nuéc thai 6 do mau
1247 Pt-Co va COD 538 mg/L. Cac két qua dugc thé
hién trong Bang cho thdy, hiéu qua xt ly ting lén khi
tang nong do Fe**. Tuy nhién, khi tang ty 1¢ Fenton gap
doi thi hiéu qua xt ly c6 xu huéng giam, do do, ty 1é
Fenton t6i uu nén chon la 1:10, vi néu gia ting ndong do
Fe?* sé gay ra qua trinh phan ting gitta Fe** véi cac goc

NGHIEN cUU

oxy héa lam giam hiéu qua xt ly.

Fe** + OH* — Fe’* + OH

Fe** + H)O, —» Fe** + H* + O, H*

Fe’* + O,H* — Fe** + O,H

Ciing tiong tu nhu viéc két hgp xdm thic H,O, thi
qua trinh lai gitta xam thuc va Fenton t6t hon so véi
tiing qua trinh don 1é. Két qua ty 1¢ ctia qua trinh phan
huy dugc thé hién trong Bang. Hang s6 xt ly d6 mau
va COD & ty 1¢ Fenton 1:10 va 1:5 lan lugt la 120,07 x
10° va 63,11 x 10° (phut?); 117,25 x 10° va 62,3 x 10°
(phut™). Két qua cho thiy, mac du tang lugng Fe** 1én
gap doi nhung hiéu qua xt ly c6 xu huéng giam. Do
do, d€ danh gia hé s6 hiép dong ctia qua trinh lai gitia
xam thuc va Fenton, can danh gia & ty 1é Fenton 1:10.
H¢ s6 hiép dong ctia qua trinh lai déi véi hiéu qua xt
ly d6 mau va COD lan lugt 1a 4,15 va 4,33. Két qua cho
thdy, hiéu qua xt ly ctia qua trinh lai gitia xdm thuc va
Fenton hiéu qua hon so véi tling qua trinh don 1é.

A Hinh 3.4. Hiéu qud xii Iy d6 mau va COD; Fenton 1:20,
1:10 va 1:5; Fenton don 1é, HC don 1é

Nhu vay, qua trinh lai gitta xdm thuc va Fenton la
lua chon t6i uu cho viéc khao sat hiéu qua xu ly nuéc
thai thuc t€ & noi dung 4 tai diéu kién xu ly pH 3, ap
sudt dau vao 10 kg/cm?, thoi gian xt ly 30 phut, ndng
dé H,0, 50 mg/L va ty 1¢ Fenton 1:10.

4. Két luan

Qua trinh xam thyc thly dong sti dung lo phan ting
Vortex d6i v6i nudc thai mo6 phong chia thuéc nhuém
dugc nghién ctiu va cho thay nhiing két qua nhu sau:

Hiéu qua xti Iy thuéc nhuom phu thudc vao pH. Tai
moi truong axit, pH 3, kha nang xt ly d6 mau dat hiéu
qua téi uu. Moi trudng pH ctia nudc thai anh hudng
dén trang thai phan t ctia hgp chat mau (ky nudc hodc
ua nudc) nén sé anh hudng dén hiéu qua xu ly.

Hiéu qua phan hay thuéc nhu¢m con phu thudc rat
16n vao ap sudt dau vao cling nhu s6 Cavitation (C).
Hai yéu t6 nay anh hudng dén tinh trang xdm thuc
trong 10 phan ting Vortex. Két qua cho thdy, tai ap sudt
10 kg/cm?*thi s6 C_ = 0,371; con tai cdc 4p sudt thap hon
thi s6 C, cao hon, dan dén hi¢u quéd xt ly thap. Tuy
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nhién, trong mo hinh nghién ctiu nay, ap suat toi da chi
c6 thé dat 10,3 kg/cm?, vi vdy, ap sudt dugc chon vén
hanh thuc té€ chi 10 kg/cm?

Thoi gian xti ly cling la mot yéu t6 anh huéng dén
qua trinh xt ly nudc thai. 30 phut la téi uu, vi néu tiép
tuc gia tang thadi gian xu ly sé lam gia tang nang lugng
dé xu ly trong khi d6 hiéu qua xu ly ting khong tuong
tng v6i nang lugng tiéu hao.

Ap dung phuong phdp t6i wu bé mit ddp ung
(RSM), da xac dinh dugc diéu kién t6i uu la pH 3, thoi
gian phan tng 30 phut va dp sudt dau vao 10 kg/cm?,
khi d6 hiéu qua xu ly d6 mau dat 22,67% va COD dat
20,03%.
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