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Problem

Many dyes used in dye application processes
A variety of dyes with distinct properties
Challenge in selecting appropriate treatment
processes for dye effluent



Dye Characteristics

Classification
Reactive
Acid
Disperse dyes
Organic compounds
Soluble vs. suspended(disperse)



Dye effluent

High concentration|

Many types
Toxic
Color




Physical chemical process

Oxidation, coagulation, adsorption, separate and
remove

Problems:

Efficient for high soluble dyes, inefficient for barely
soluble dye

Require sludge treatment




Biological process v
Aerobic, Anaerobic "'H.!

Problems:

Inefficient in treating Color and COD of high
concentration dye effluent

Dye is usually toxic to microbial that degrade the
biological efficiency




AOP: Advanced Oxidation Process

Ozone:
de-color, de-odor, degrade toxic organics
Problem: high cost

Fenton photo-catalytic:
UV/H,O, or O,
high cost and energy intensive



Advanced Process for Dye Effluent

treatment

Fenton Process:

H,0,

Fe” —=-OH

OH"

Fe3+

High efficiency, high cost and considerable sludge

Electro-Chemical Process:
Electro-oxidation, Electro-coagulation

Simple facility and easily operation
LLow cost and no secondary pollutants



Objectives

The effects of dye solubility and structure on
dye degradation with an electrochemical (EC)
oxidation process

Provide guidelines for selecting various dye
effluent treatment



Selected Dyes in Study

Direct Red 81

Easily soluble Soluble Barely soluble
(10 g /100 g) (1~109g/10009) (0.01g/1000)
_ Acid Red 266 _
Azo Reactive Yellow 17 Disperse Blue 79
Acid Yellow 119
Acid Blue 113
Disazo Reactive Black 5

Anthraquinone

Reactive Blue 19

Acid Blue 40

Disperse Red 60
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Dye Structure

Azo (Dia-Azo) and Anthraquinone

©

Azo dye Anthraguinone Dye



Functional group used in dye

To increase solubility O\\S//o
(-SO;H) and (-COOH) are added R” TOH
To provide colorful

Anthraguinone(-NO2) and Azo (-N=N-) are
added
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Disperse Dye

Without -SO;H or —-COOH added, the
disperse dye Is barely soluable

Add surfactant to increase dye solubility,
usually exists in suspended status
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Solubility on dye effluent treatment

Reactive Blue 19 easily soluble dye
:100% color removal in five min.

Disperse Red 60 barely soluble dye: after
30~40 min. treatment, can’t achieve 100%
color removal

Solubllity influence dye color treatment by
EC process

Is the solubillity is the only factor affect the
dye effluent treatment?
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Dye structure on dye effluent treatment

A. R. Rahmanil(2010)

Efthalia Chatzisymeon(2006)

Apply Fenton to treat various

conc. Acid Orange
Reactive Black 5

Reactive Black 5
Reactive Red 198
Reactive orange 107

7

and

Acid Orange 7 > Reactive Black 5
Reactive Black 5 has a complex double

AZO bonds while Acid Orange 7
has only one AZO bonds:#

Reactive Black 5 > Reactive Red
198 and Reactive orange 107
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Materials and Apparatus

Electrode (140 mm x 100 mm x 2 mm)
Anode:Titatium coated with (RuO,)
Cathode:Titanium

Anode Cathode
EC (Reactor)

PVC
Electrodes are placed on both sides
Distance between two electrodes iIs
2 Cm
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Experimental Materials and

Apparatus

ORP meter: Cole-Parmer® laboratory pH/mV/Exp
meter digital

pH meter: American Scientific Products,
ASC®PORTA/pH 4

Digital conductivity meter: Fisher Scientific Digital
Conductivity and TDS/PPM Meter

DC power supply: Tenma Laboratory

Digital Multimeter: WAVETEK-DM15XL

Photo spectroscopy(UV/Vis):HACH® DR-4000
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Experimental Materials

Dye

Dye Structure

Acid Blue 40

Acid Blue 113

Acid Yellow 119

Acid Red 266

Direct Red 81

Disperse Blue 79

Disperse Red 60

Reactive Black 5

Reactive Yellow 17

Reactive Blue 19

Azo
Azo
Azo
Azo

Solubility

Barely Soluble

Barely Soluble

Easily Soluble

Easily Soluble

Easily Soluble

Molecular formula Molecular Weight
C22H16N3NaOs6S 473.43
C32H21N5Na206S2 681.65
C19H15N4NaOeS 450.4
C17H10CIF3N3Na04S 467.78
C29H19N5Na208S2 675.6
C24H27BrN60O10 639.41
C20H13NO4 331.32
C26H21N5Na4019S6 991.82
C20H20K2N4012S3 682.77
C22H16N2Na2011S3 626.54
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Definition of solubility

Below 20 C
Range of Solubility Solubility
10g/100¢g Easily Soluble
1~10g/100¢g Soluble
0.01~19g/100¢g Barely Soluble
0.01g/100¢g Barely Soluble
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Dye Structure

Acid Blue 40 Acid Blue 113 Acid Red 266 Acid Yellow 119 Direct Red 81
(Anthraquinone) (Disazo) (Azo) (Azo) (Disazo)

Na 0§ ;3 O Na" KOC/{)Sn O“/\US”O 0.
UH Nh -8 @ I\:N
'na 0 J' 0 - 0 1 %
0=5°C
oK
Disperse Blue 79 Disperse Red 60 Reactive Black 5 Reactive Blue 19 Reactive Yellow 17
(Azo) (Anthraquinone) (Disazo) (Anthraquinone) (Azo)
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Experimental Conditions

Low Solub

Concentration
1g/L NaCl : 1
2g/L NaCl : 1

Treatment Tim

INS

High Solubility

Concentration : 100 mg/L
1g/L NaCl : 10V
2g/L NaCl : 10V ~ 15V

Treatment Time : 0~ 10 mins
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Results and Discussion




Photo-Spectroscopy scan of DB-79

Absorption Peak=525 nm

Absorbance(AU)

200 300 400 500 600 700 500
Wavelength (nm)
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Calibration curve (DB-79)

_____________________________________________________________________

=
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Absorbance (AU)

04 $--m oo R EEnE R EnEEE CEEEREEEEE

0 20 40 60 80 100 120
Concentration (mg/L)

Abs.=0.0152 x Conc. +0.0478 (mg/L)

DB-79
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Selected comparison of dye
structure and solubility

Disperse Blue 79

AZ0

Barely soluble

Disperse Red 60

Anthraquinone

Barely soluble

Reactive Yellow 17

AZ0

Easily soluble

Reactive Blue 19

Anthraquinone

Easily soluble
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Same dye structure (Aoz) vs. Different

solubility(barel
arel]

L/

1d easily soluble)

Reactive Yellow 17
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Same Azo dye structure Disperse Blue 79

Treatment of Easily soluble is faster than barely soluble dye .



Same dye structure (Aq) vs. Different

solubility(barely and easily soluble)

Reactive Blue Q Disperse Red 60 )

Reactive Blue 19

O
| I

Z | “/\ R
N \O/ \Y/ /’

NH, O

Disperse Red 60
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Same Anthg. Dye structure
Treatment of Easily soluble dye is faster than barely
soluble dye 35



Same solubility(barely soluble) vs.
Different dye sturcture(Azo,Aq)
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Color Reduction (%)
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J ADR60-1g-15v |
) ODR60-22-10v

< DR60-2g-15v
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Treatment Time (min)
Same barely soluble

The treatment of Azo is faster than Anthg. dye

NH, O

Disperse Red 60




Same solubility(Easily soluble) vs.

Different dye structure(Azo,Aq)

& . J, - - : :
Q 0 ASO ';I "i : "r : : :
5™ O-. i 1 1 1
KO ' F [ . 1 1 1
’ EOKIWNI\(N B T R AR —— R
0PN o I L : : :
N S Coa L : : :
</ : |I [ Iy : : :
o TR - I A A R
* 3 { i i |
Reactive Yellow 17 | % i N i i i
& 40 {iopE----- .  EEEEEEE R EDEEEEE  EREEEEEEE
B il fo ARYI T 1g15v
— L h '
S e S | | ERY17-2g-10v
S L A . . #RY17-2g-15v |
I | l_l' : : : ARB192-1 g—]. Sv
O NH,/0 ' | | ORB19-2g-10v
[/\J[/H\ P @ i' ) = ! ! ! oRB19-2g_15v
SV 3 o | -. ; :
T L /9N o 2 8 5 8 10
NS i [[lo-S-0ONg
o 5 ) Treatment Time (min)
No significant treatment difference between dyes with
Reactive Blue 19 same easily soluble but different dye structure
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Color change in the treatment process

Acid Blue 40 Anthraquinone Black—>Red 467
Acid Blue 113 Disazo Red - 385
Direct Red 81 Disazo Blue - 340
Reactive Black 5 Disazo Blue =>Purple 357
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Color Change

Progressive change of dye color in the
treatment process

Acid Blue 40
Color change: Black
2> Red-> ->Non

Color change:Red=> ->Non 39



Example: AB-40 dye

Peak at 616 nm is continuously declined
Peak at 467 nm is raised then declined

Absorbance (AU)
[¥)
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Comparison of peak wave length 40



Comparison of chemical kinetic constants

for easily soluble dyes

Dye Dye Structure
Acid Blue 40 Anthraquinone
Acid Blue 113 Disazo
Acid Yellow 119 Az0
Acid Red 266 Az0
Direct Red 81 Disazo
Reactive Black 5 Disazo
Reactive Yellow 17 Az0

Reactive Blue 19

Anthraquinone

Solubility

Easily soluble

Easily soluble

Easily soluble
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Dye structure and solubility vs.

Color treatment(%)

100

L]

80

T0

60 -

s0 H

40 1

LI o

Color Reduction (%o)

0 T

~——RB-19(DSOL,AQ)

—— AR-266(S0L,AZ0)

AB40(SOL,AQ)

RB-5(DSOL,DAZO)

——DR-31(DSOL,DAZO)

AB-113(SOL.DAZO)

AY-119(50L,AZ0)

———RY-17(DSOL,AZO)

RY-17 (426 nm)
AY-119 (417 nm)
OCI- Oxidant(292 nm)

Reaction Time (min)
10V, 2 g/l NaCl, 100 mg/L Dey

* No obvious difference bt. easily soluble and soluble
dye
* For dye structure

comparioson:Azo>Disazo>Anthraquinone
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Chemical reaction kinetics

Dyes (mg/L)

100

—r, = 1Coye é 'xC_*
A D -
fdt ye /OC|
/ oCl-
(ABS A ABS 0 ) NaCl(@) | Voltage(V) T?;ae‘zﬂlolﬂ)
t -t 2 15
(ta -to ) 2 s 5

15
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Reaction constants vs. Dye structure

0.105371 Reactive Yellow 17 Azo Easily soluble
0.089203 Acid Yellow 119 Az0 Soluble
0.040002 Acid Blue 113 Disazo Soluble
0.026389 Direct Red 81 Disazo Soluble
0.021743 Reactive Black 5 Disazo Easily soluble
0.011336 Acid Blue 40 Anthraquinone Soluble
0.00669 Acid Red 266 Az0 Soluble
0.000465 Reactive Blue 19 @ e  Easily soluble

—_—

15V, 2 g/L NaCl, 100 mg/L Dye
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Exception:Acid Red 266(Azo) is less
effectively treatment than other Azo dyes

Reactive Yellow 17 Acid Yellow 119 Acid Red 266

BB E ATRRF S A2 2P T4 BFH
A5 = Mohammed Faouzi Elahmadi (2009)
B WAF ZH0E G BFRipR2 Fniif -
2 urA 43K R ? Al del Rio(2011)
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AB-40 vs. RB-19 COD and Color

O NH;
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Dye Structure Solubility

Acid Orange 7 Az0 (30°C) 116 g/L % %

Other studies .....c.

Disazo (20°C) 200 g/L % %

Apply Fenton process Acid Orange 7> AO72RB54 2R % &
to degrade various conc. Reactive Black 5 100g/L 2+ » ® & f8 %
Acid Orange 7 and FLA fR AR R 2 ¥ BT 0 &
Reactive Black 5 f’fiﬁ fAf#RB5} - B I F Rt TRAP
R S
A. R. Rahmani1(2010) § 4R AOTei 8

FHAHE T3 - AV RAFEIECERHRE
g% 4 Fl R AO7 (Azo)4-RB5(Disazo)
“rE R 6 » &AL AZOS R
@Disazo:sﬁ]&% 3 "/f
2 7m B4R £
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Solubility
(207C) 200 g/L
Azo (507C) 100 g/L
Azo -

Dye Structure

Reactive Black 5 Disazo

Othe r Stu d Ies Reactive Red 198

Reactive orange 107

Reactive Black 5 RB5 & #

Efthalia
Chatzisymeon(2006)

Treat with EC process

Reactive Black 5
Reactive Red 198
Reactive orange 107

>Reactive Red 198
>Reactive orange 107

’F**Fjﬁw’fﬁRBS—i § &
£ 4 **RB5 L § 2@
N:Né;éi.ﬁé.;fg_ L LN
B E AR
fL & 2 K/Zf

RR1984-R0O107

L é—.#
o0k %ﬁ’%’)iér’rsf"
RR198 & ! thig § &

ia

"FiRAL R RS
B g

y YR
/{:‘
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Conclusions(1/2)

De-colorization of ten dyes with three
solubility classifications(easily soluble,
soluble and barely soluble) and three dye
structures(azo, disazo and anthraquinone)
were tested by an EC oxidation process

the solubility of dye rather than dye structure
is the major influence on dye degradation.
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Conclusions(2/2)

dye degradation efficiency going from the
highest to the lowest efficiency, follows the
order: azo >disazo > anthraquinone

In some specific cases, azo dye has a lower
de-colorization efficiency than anthraquinone
dye because some intermediates resist the
de-colorization process.

A COD degradation test re-confirms that dye
solubility is the dominant factor influencing
dye degradation by an EC oxidation process
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