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TOM TAT

Trong nghién citu nay, meoc thai dét nhugm duoc xir Iy bang céng nghé fenton dién
hoa véi dién cuc than chi. 3 thdng sé danh hueng |6n dén qud trinh nay la pH, ham hrong
Fe®*, hiéu dién thé duwoc khdo sat. Nudc thai duoc |dy truc tiép tir Cong ty Cé phan Dét
may Pau tu Thiwong mai Thanh Cong ¢é d¢ mau trong khoang 1500 — 2000 Pt-Co. Phuwong
phéap quy hoach thic nghiém dioc sir dung véi phan mém Modde 5.0. Két qud thu dioc
cho thdy ¢ gia tri pH = 3,11, néng dé Fe** = 1,82 mMol, hiéu dién thé U = 19V, dg mau
dau ra giam con 46 Pt-Co trong thoi gian 30 phit, dat QCVN 13:2015/BTNMT. Két qud
nghién citu cho thdy chi trong mét khodng thoi gian ngdan, dé mau c6 hiéu sudat xi 1y cao.
Pdy dwoc xem 1a mgt cong nghé trién vong dé xir Iy nuéc thdi dét nhugm.

Tar khoa: cbng nghé fenton dién héa, nwoc thai dét nhugm, dién cuc graphite

1. PAT VAN PE

Thudc nhuém 13 mét thanh phan khé xu 1y caa nude thai dét nhuém véi dic tinh doc
hai, c6 kha ning gay ung thu cao néu chling tn tai trong méi truong nude. DI véi linh vuc
k¥ thuat méi truong, ddy duoc coi 1a mot moi quan tm nghién ctru hang dau nham loai bo
chdng ra khoi méi truong nudc mat.

Véi day chuyén cong nghé phic tap, bao gdm nhiéu cong doan khac nhau nén nudc
thai sau san xuat chaa nhiéu loai hop chat doc hai khd phan hay, thuéc nhuom, chat hoat
dong bé mat, cac hop chat halogen hitu co, cac chat mau trong thuéc nhudém, chiing khong
bam dinh hét vao sgi vai ma bao gio ciing con lai mot lwong du nhét dinh. Luong du nay cd
thé 1én dén 50% tong luong thudc nhuém dugc sir dung ban dau. Day 1a nguyén nhan lam
cho nuéc thai dét nhuém c6 do mau cao va nong do chit 6 nhidm 16n. Viéc tim ra cong
nghé méi véi chi phi dau tu thip nhung hiéu qua, dap tng yéu cau ngay cang cao cua moi
truong dang duoc quan tdm. Cac nha khoa hoc cong nghé di tién hanh nhiéu cdng trinh
nghién ctu kh&c nhau theo hudng mai, dang cht y la cong nghé phan huy khoéng hoa chat
6 nhidm bang qua trinh oxy héa nang cao hd trg cac cong nghé truyén thing.

Cong nghé xir ly nuoc thai dét nhuém hién nay thuong 1: keo tu, fenton dong thé va
sinh hoc hiéu khi. Cac cong nghé nay néu két hop véi nhau dung trinh ty va van hanh tot ¢6
thé xur ly d6 mau trong nudce thai dét nhudm nhung chi phi van hanh, chi phi du tu va mac
d6 phuc tap trong van hanh rét cao.
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Cong nghé fenton dién hoa dugc thir nghiém cho thay hiéu qua loai bo chat hitu co rat
cao trong thoi gian ngan. 3 théng s quan quan trong anh huong dén hiéu qua xir ly 1a pH,
[Fe**], mat do dong dién. Gié tri pH ti wu cho qué trinh thudng dao dong & pH tir 2 dén 4.
Mat d6 dong dién va ham lugng Fe?* thuong dao dong tly thudc vao dic tinh ngudn nudc
thai. Chih Ta Wang va cong su [8] nghién curu hiéu qua khir mau khoéi nudce thai dét nhuom
bang cdng nghé fenton dién héa. Hiéu qua khir mau cao nhét 1a 70,6 % khi mat d6 dong dién
la 80 A/m? pH = 3, nong dd Fe** 20 mMol trong khoang thoi gian 150 phat xt ly.
Nezamaddin Daneshvar va cong sy, 2008 [11] da danh gia kha ning loai bo do mau bang
cdng nghé fenton dién hoa trong diéu kién pH = 3, thoi gian phan tng 180 phut. Onofrio
Scialdone va cong su [12], 2015 ciing khao st hiéu qua khir mau Acid Orange 7 bang cong
nghé fenton, & diéu kién &p suét 1 bar, dong dién 50 mA, pH = 3, [Fe*"] = 0,5mMol cho hiéu
qua khur mau dat trén 99%. Jennifer A. Ba™nuelos va cong su [10], 2014 da khao séat kha nang
loai bo methyl Orange biang cdng nghé fenton dién héa & didu kién | = (50-300mA); [Fe*'] =
(0,2-0,8 mMol); pH = 3 cho thay hiéu qua khir mau dat 100%. Minh va cong su [2] da sir
dung phuong phap fenton dién héa dé xir Iy nudc thai dét nhuom tai cong ty Van Phic,
Duong Noi cho thdy dé mau giam con 85 Pt-Co va 95 Pt-Co & pH = 3, ndng do Fe** 1 mMol
sau 10 gio xur ly. Thanh va cong su [5] 4p dung cong nghé fenton dién hoa voi diéu kién pH =
3, ndng do Fe** 1 mMol, mat do dong dién 15mA/cm? dé xur 1y nudce thai gidy Phong Khé,
két qua cho thay hiéu qua xir Iy 85% sau 21000s. Nhung va cong su [4] khao sét qua trinh xu
ly phenol & ndng d6 1,15¢/1 bang cong nghé fenton dién hoa, két qua cho thay hiéu qua loai
bé phenol cao nhat & pH = 3, mat d6 dong dién 5SmA/cm? va khoang cach dién cuc 1cm.

Cong nghé fenton dién hda co thé tang tbc do va hiéu qua xu 1y khi tang luong H,0,
sinh ra. DPiéu nay co thé duogc thuc hién bang cach ting DO trong nudc [7]. Hau hét nghién
ctru déu cho thay: cac yéu té anh huong quan trong dén qua trinh fenton dién hoa la pH,
ndng do Fe®*, mat do dong dién [6]. pH hau nhu dao dong trong khoang 2 — 4 con ndng do
Fe?* va mat do dong dién thi cd sy thay déi rong gitra cac nghién ciu tily thudc vao ting
loai nudc thai khac nhau. Cac nghién ctru vai dién cuc khac nhau nhu titan, platin, graphite
cling duoc thyc hién, dirng trén khia canh kinh té cho thay dién cuc graphite c6 gia thanh ré
hon nhiéu [6]. T nhitng nhan dinh trén, cdng nghé fenton dién hoa véi dién cuc graphite
dugc dinh huéng cho nghién cau xt Iy nuéc thai dét nhuom Cong ty C6 phan Dét may Pau
tu Thuong mai Thanh C6ng.

2. MO HINH VA PHUONG PHAP NGHIEN CUU
2.1. Poi twgng nghién ciru
Nudc thai tai Cong ty C6 phan Dét may Pau tu Thuong mai Thanh Cong
Bdng 1. Dac tinh nuoc thai dét may Thanh Cong

STT Théng sé Pon vi Gia tri
1 TSS mg/l 300-400
2 S07 mg/l 500-1000
3 CcoD mgO,/l 400-500
4 D6 mau Pt-Co 800-1200
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2.2. M6 hinh nghién ciru

M6 hinh thi nghiém bao gom: cdc 500ml, may bién thé, may khudy tur, dién cuc
graphite. Nghién ctru duoc thuc hién trong diéu kién nhiét d6 phong 30 — 35°C. B mau cua
nudce thai ban dau duoc ¢b dinh trong khoang 1a 1500 — 2000 Pt-Co. Téc do khudy tron 50
vong/phit. Tién hanh thi nghiém trong thoi gian 30 phat. Trudc va sau thi nghiém ngam
dién cuc trong dung dich axit loing HNO3 1N dé loai bo tap chat trén dién cuc.

Hinh 1. M6 hinh fenton dién hoa

2.3. N0i dung nghién ciru

Céc yéu t6 can khao sat bao gom: pH tbi wu, ham luong Fe?* va hiéu dién thé. Cac yéu
t nay duoc khao sat so bo dé thu nho mién quy hoach. Nghién ciu xac dinh diéu kién phan
ng téi vu cua 3 thdng s trén theo phuong phap quy hoach thuc nghiém véi mé hinh
Modde 5.0.

Cac budc thi nghiém: Xac dinh cac yéu té anh hudng dén qué trinh xt ly (pH tdi uu,
ham lwong Fe®* va hiéu dién thé) va pham vi dao dong cua tirng yéu t5. Dwa vao cac yéu tb
anh huong st dung phan mém Modde 5.0 dé thiét 1ap ké hoach thyc nghiém.

Tién hanh thyc nghiém trén md hinh xir Iy dé xac dinh 6 mau sau khi xu ly bang cong
nghé fenton dién hda ng vai timg nghiém thirc. Ding phan mém Modde 5.0 théng ké, xt 1y s6
liéu, xac dinh cac hé sb ctia phuong trinh hdi quy, tinh toan diéu kién phan tng téi wu cho qua
trinh fenton dién hoa. Tir két qua tinh toan trén mo hinh, tién hanh kiém chiing thuc nghiem.

2.4. Phuwong phap phén tich

pH phan tich theo Standard Methods for the Exammination of Water and Wastewater.
Hiéu dién thé duoc xac dinh truc tiép trén may bién thé. Do mau duoc xac dinh truc tiép
trén may Spectrophotometer ¢ budc séng 455nm.

3. KET QUA NGHIEN CUU

3.1. Két qua khio sat mién quy hoach

3.1.1. Khado sat anh hwdng hiéu dién thé

Do mau sau xu ly cao & hiéu dién thé thap va giam dan, tét nhat ¢ hiéu dién thé 15V. O
hiéu dién thé cao hon hiéu qua xir ly ¢ chiéu huéng giam. Khi hiéu dién thé du lon s&
thuan loi cho qua trinh khir oxy hoa tan tao H,O, lam ting hiéu suat khir d6 mau, khi hiéu
dién thé ting cao, trén anot xay ra sy oxi hoa H,0, giai phong O,, trén catot ion H* bj khi
tao H, bam vao bé mat dién cuc lam giam dién tich tiép xtc caa bé mat dién cuc voi nude
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thai 1am giam hiéu qua xu Iy[1, 3, 6]. Két qua khao sét cho thay hiéu dién thé téi wu cd thé
dao dong trong khoang tir 10V dén 20V.

450.0
5 +
Hinh 2. dnh huong cua hiéu dién thé £ 300 .
den do mau dau ra g 250.0
E
(5. 150.0 . .
50.0 . . |
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3.1.2. Khao sat anh huwong cua pH
350.0
5 3
H]nh 3. Anh huong cua pH dén do mau £ 250.0
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Do mau dau ra cao ¢ pH = 2 va giam ¢ pH = 3. O pH cao hon d6 mau déu ra ting cao.
Khi pH thap (pH < 3), ndng d6 H* 16n, hiéu suat cua qué trinh khir oxi tao ra H,O, nho do
¢6 su canh tranh manh caa phan ung kha H® dé giai phong Hy. Tuy nhién khi pH ting cao
nong d6 H* giam khong du dé phan tng khir tao H,0,, bén canh d6 khi tang pH ting lam
cho ndng do Fe** trong dung dich giam do cé su chuyén héa thanh Fe®[3, 6]. Két qua khao
séat cho thay pH t6i wu c6 thé dao dong trong khoang tir 2 dén 4.

3.1.3. Khao sat anh hwéng cia ham heong Fe®*

300.0
< , . , A « £ *
Hinh 4. Anh huong cua nong do Fe** dén £250.0
do mau dau ra &
£200:0
'g‘l 500
£100-0 A
N *
[=falal
[ v v
-1.0 1.0 3.0 50
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Do mau sau xu 1y cao & ndng do Fe** = 1 mMol la giam dan, tét nhat & ndng do Fe** = 2
mMol. Céc trudng hop ndng dd Fe** cao hon hiéu qua xir 1y c6 chiéu huéng giam. Nguyén
nhan 1a do khi ndng d6 Fe?* nho luong Fe?* trong dung dich khong da dé phan wng hét voi
lugng H,0, sinh ra trén catot, gdc OH” tao thanh it, khi luong du Fe®* nhiéu, qué trinh oxy
hoa ion Fe”" trén anot tao Fe®" s& xay ra, cap oxy héa khir Fe**/Fe®* du lam cho chu trinh oxy
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hoa khtr lién tuc xay ra trén catot va anot lam giam hiéu suat xi 1y [1, 3, 6]. Két qua khao séat
cho thay ndng do Fe?* t6i wu c6 thé dao dong trong khoang tir 1 mMol dén 3 mMol.

3.2. Thi nghiém khao sat diéu kién xir 1y t6i wu

Dung phan mém Modde 5.0 dé 1ap ké hoach thuc nghiém véi 3 nhan té: pH, U, Fe®* va
ham muyc tiéu la d6 mau dau ra.

Bdng 2. Xac ldp diéu kién phan ing

STT Tén Ky hiéu DPon vi Mlrc dwéi Mdrc trén Mirc co s&
Ndng do Fe?* X1 mMol 1 3 2
pH Xz - 2 4 3
U X3 Volt 10 20 15

MG ta qua trinh xir Iy bang ké hoach thuc nghiém bac 2 CCF (déy 1a phuong 4n thyc
nghiém dugc phan mém Modde 5.0 danh gia phu hop nhat trong dieu kién phan tng nay).
Ma tran thuc nghiém va két qua thuc nghiém nhu bang 3. Tat ca cac thi nghiém nay déu

duoc 1ap lai 3 1an dé loai bo sai s thd.

Bdng 3. Két qua thuc nghiém

STT X, X; X X1, mMol X Xs, V Y, Pt-Co
1 1 1 1 1 2 10 330
2 1 1 1 3 2 10 220
3 1 1 1 1 4 10 180
4 1 1 1 3 4 10 157
5 1 1 1 1 2 20 80
6 1 1 1 3 2 20 80
7 1 1 1 1 4 20 84
8 1 1 1 3 4 20 150
9 1 0 0 1 3 15 100
10 1 0 0 3 3 15 70
11 0 1 0 2 2 15 110
12 0 1 0 2 4 15 70
13 0 0 1 2 3 10 167
14 0 0 1 2 3 20 46
15 0 0 0 2 3 15 70
16 0 0 0 2 3 15 80
17 0 0 0 2 3 15 84
300
o
g 200
o
100
Y, Pt-Co

Hinh 5. P thi thong ké md ta két qua thuc

nghiém
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Hinh 6 cho thdy, theo ké hoach thuc nghiém gia tri d6 mau qéu ra thap nhat 13 46 Pt-
Co, cao nhat la 330 Pt-Co, trung binh la 122,2 Pt-Co d6 léch chuan la 72.
Phan tich phuong sai ANOVA:
Bdng 4. Phdn tich phwong sai ANOVA

Y DF SS MS F p SD
Total 17 336966 19821,5
Constant 1 254005 254005
Total Corrected 16 82961,1 5185,07 72,0074
Regression 9 82313,4 9145,94 98,8508 0 95,6344
Residual 7 647,659 92,5227 9,61887
Lack of Fit 5 543,659 108,732 2,09099 0,354 10,4275
Pure Error 2 104 52 7,2111
Q*=0,955 Cond. No. =4,4382
N=17 R? =0,992 Y-miss =0
DF=7 R’ Adj. =0,982 RSD =9,6189

Do tin cay cua mé hinh R% 0,992, do twong thich caa md hinh Q 12 0,955 cho thiy mé hinh
twong thich véi két qua thuc nghiém va c6 do tin cay cao. P tin cay hiéu chinh R? Adj. =0,982
twong duong v6i R? cho thiy cc yéu td khao sat da giai thich phan I6n két qua thi nghiém.

Kiém tra su hdi quy cho thay hé sb p value = 0 (<0,05) va Tinh toan Lack of Fit test
cho thay hé sé p value=0,354 (>0,05) vay nén s liéu thuc nghiém rat c6 ¥ nghia vé mat
thng ké & mirc ¥ nghia 95%.

Phuong trinh hf)l quy co dang: Y:bo + b1 X1 +bo X5 + b3X3 + b1 X1 Xg + bpXoX, +
D33 X3X3+ b12X1 X5 + b13X1 X3 + D23X2X3

Bdng 5. Hé sé hoi quy

Y Coeff. SC Std. Err. P Conf. int(z)
Constant 70,1972 4,11592 5,84E-07 9,73272
Fe Xy -9,70001 3,04175 0,015299 7,1927
pH X -17,9 3,04175 0,000609 7,1927
U X3 -61,4 3,04175 1,83E-07 7,1927
Fe*Fe Xi*Xq 20,6549 5,87649 0,009795 13,8959
pH*pH Xo*Xo 25,6549 5,87649 0,003291 13,8959
U*U X3*Xs3 42,1549 5,87649 0,000182 13,8959
Fe*pH X1*Xz 19,125 3,40078 0,000796 8,04168
Fe*U X1*X3 24,875 3,40078 0,000161 8,04168
pH*U X2*Xs 35,875 3,40078 1,50E-05 8,04168

Céc s6 hang déu cd ¥ nghia vé mit thong ké (chi sé p value >0,05).

Phuong trinh hdi quy thu dwoc la: Y=70,1972- 9,70001X; -17,9X, — 61,4 X3 +
20,6549X X1 + 25,6549X,X; + 42,1549 X3X3 + 19,125X, X, + 24,875X: X3 + 35,875 X2 X3
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U=10 Volt U=15 Volt U=20 Volt
Hinh 7. Pé thi mdr dap vmg theo hiéu dién thé
Bé mat dap tng cia md hinh & cac mac hiéu dién thé khac nhau déu cé dang hinh
chuong nguoc, dieu nay cho thay mién quy hoach da xac dinh dugc diéu kién phan (ng toi
uu cua pH va ndng do Fe?*,

pH=2 pH=3 pH=4
Hinh 8. 6 thi mdt ddp 1ng theo pH

Bé mat dap ung cua mé hinh & cac muc pH khac nhau déu ¢ dang hinh chuéng ngugc,
diéu nay cho thady md hinh thyc nghiém da xac dinh duogc diéu kién phan tng téi uu cua
hi¢u dién thé.

Do thi anh huong ting nhan t6 dén d6 mau dau ra cho thiy diéu kién phan tng téi uu
nhu sau: ndng d6 Fe** can 2 mMol, pH can 3, hiéu dién thé can 15V. Bé xac dinh chinh xac
diéu kién t6i wu, phan mém Modde 5.0 tiép tuc dugc sir dung dé tinh toan gan ding phuong
trinh héi quy. Két qua thu duoc do mau dau ra 1a 48,1 Pt - Co.

Ndng d6 Fe?* 1a 1,82 mMol cao hon két qua nghién ctu [1, 2] (1 mMol), (0,2 mMol)
va thap hon két qua thi nghiém [9] (2 mMol). pH Ia 3,11 gia tri nay tuong tu hau hét cac
nghién ctu [2-12] 14 3,00. Hiéu dién thé 19V, céc nghién ciru khac thuong khao sat mat
d6 dong dién tuy nhién trén thuc té cho thay cuong d6 dong dién thuong xuyén thay doi
do dién tro trong nude thay doi theo thoi gian nén viéc ¢d dinh mat ¢ dong dién rat kho
khan. Khi ¢é dinh hién dién thé viéc ap dung ké hoach thuc nghiém don gian hon, chinh
x4ac hon nhung can tinh dén dién tich bé mat dién cuc dé co6 danh gia toan di¢n hon vé
thoi gian phan tng, hiéu qua xu ly.

Tir két qua nay, thi nghiém kiém chimg dugc thuc hién 3 1an ¢ diéu kién ndng do Fe**
1a 1,82 mMol; pH 3,11; hiéu dién thé 19V. Két qua dat duoc nhu bang 6.
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Hinh 9. Pé thi danh hwéng tieng nhan té dén hiéu qud logi b dg mau
Bdng 6. P6 mau dau ra tai diéu kién téi wu

D6 mau, Pt-Co
Lan 1 50
Léan 2 48
Lan 3 48
Trung binh 48,67
Phuong sai 1,33

Do mau dau ra la 48,67 + 1,33 Pt-Co. Biéu nay cho thiy gia tri tinh toan ciia md hinh
phu hop véi gia tri thuc nghiém.

4. KET LUAN

Cong nghé fenton dién hda véi dién cuc graphite ¢ kha ning loai bo d6 mau rat tét ma
khong can bd tro thém cac cong nghé khac nhu keo tu hay sinh hoc. P mau caa nudc sau
xt 1y da dat Quy chuan Viét Nam 13:2015/BTNMT cot A. Ké hoach thyc nghiém di xac
dinh duoc phuong trinh hoi quy thu la: Y=70,1972- 9,70001X; -17,9X, — 61,4 X3 +
20,6549X1X; + 25,6549X,X, + 42,1549 X3X3 + 19,125X; X, + 24,875X1 X3 + 35,875 Xy, X3
O diéu kién ti wu: ndng d6 Fe?* 12 1,82 mMol; pH 3,11; hiéu dién thé 19V d6 mau dau ra
dat 48,67 + 1,33 Pt-Co. Khao st thém qua trinh tang toc phan ing bang cach ting nong do
DO. Thuc hién mé hinh phan tng lién tuc dé kiém chang lai két qua thuc nghiém, néu duoc
c6 thé &p dung ¢ quy md 16n hon.

COLOR REMOVAL FROM REAL DYEING WASTEWATER BY ELECTRO-
FENTON TECHNOLOGY USING GRAPHITE ELECTRODES
Nguyen Duc Dat Duc, Dang Hoang Yen, Nguyen Thi Kim Ngan, Dao Minh Trung
ABSTRACT
In this study , textile wastewater is treated by electrofenton technology with graphite
electrodes. 3 parameters greatly affect this process as pH , concentration of Fe*, Voltage
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were investigated. Wastewater is taken directly from Thanh Cong textile dyeing garment
investment trading joint stock company with color about 1500 — 2000 Pt-Co. Experimental
planning method was applied with Modde 5.0 software. The results showed that at pH =
3,11, [Fe®*] = 1,82 mMol, U = 19 volt, output color reduced to 46 Pt-Co for 30 minutes,
reaching QCVN13:2015/BTNMT. This study shows that in just a short period of time, color
efficcient is high. This is seen as a promising technology for textile dyeing wastewater
treatment.
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