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Textile and dyeing industries have made significant progress in recent years, and a
large amount of dyes are consumed by these industries. The poor stabilization of dyes
leads to the entry of large amounts of them into wastewater. Between different
processes for dyeing wastewater treatment, anaerobic treatment is considered an
efficient method. Among the anaerobic processes, upflow anaerobic sludge blanket
reactor (UASB) is very popular due to its high efficiency in removing dyes, chemical
oxygen demand, and other pollutants in textile wastewater, as well as the ability to
combine with other textile wastewater treatment methods to improve the quality of the
effluent. This study investigates the performance of UASB reactor in dyeing
wastewater treatment, dye removal mechanism, and operational parameters. Then, a
review of the studies conducted in this field is conducted. Finally, the challenges and
prospects ahead are stated. The results and achievements of UASB systems presented
in this study can provide new insights into improving UASB performance in dye
wastewater treatment with an environmental perspective.
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Table 1: Advantages and disadvantages of some physicochemical methods (12).

Methods Advantages

Coagulation and

. An economic process
flocculation

Adsorption
Membrane filtration

The ability to remove a wide range of colors
Ability to remove all dyes

Chemical oxidation Accelerating the cleavage of azo bonds

Ability to properly remove soluble and
insoluble dyes
High ability to remove soluble and insoluble
dyes, proper reduction of output COD, no
effect of salt in the influent on the process.
Gas process, high ability to remove most of the
dyes, short reaction time and no sludge
production

Fenton

electrochemical

UV and ozone
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R;-N=N-R; + 2e + 2H — R;-NH-NH-R, Q)

R;-NH-NH-R; + 2e + 2H — R;-NH, + R,-NH, ")

R;-N=N-R; + 4e + 4H = R;-NH; + R,-NH, )
Reduction equivalents R-NH+ R-NH,

R-N=N-R' /\

2[NAD(P)H + H* 2NAD(P)*
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Figure 1: Mechanism of anaerobic decolorisation (15).

3 Heterocyclic

4 Hydroxylases

® Oxygenases

® Dehydroxylation

Disadvantages

Dependence of removal efficiency on pH, Production of large
quantities of sludge and the possibility of not removing dyes with high
solubility in water
Dependence of removal efficiency on pH and expensive process
Production of thick sludge and high cost of membrane replacement
Thermodynamic and kinetic limitations, creation of aromatic amines
and secondary pollutants
Dependence of removal efficiency on pH, high sludge production and
long time required for the process

High sludge production and secondary pollution

Dependence of removal efficiency on pH, low COD removal
efficiency, high operating cost and the possibility of creating turbidity
in the effluent
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Figure 2: Stages of anaerobic digestion (19).
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Table 1: Some of Methanogenesis reactions (23).

Hydrogen

Common methanogens

Methanobacterium
bryantii
Methanobacterium formicicum
Methanobacterium

2 = 4H, + CO, — CH4 + 2H,0 P

hydrogenotrophics Carbfon alartals 4HCOOH — CH,4 + 3CO, + 2H,0 el

ormat 4CH-OH — 3CH, + CO, + 2H,0 Methanothermobacter

Methane 3 4 2 2 thermoautotrophicum

Methanothermobacter wolfeii
Methanobrevibacter smithii
Methanobrevibacter
Acetoclastic Acetate CH:COOH — CH, + CO, Methanosaeta concilii (soehngenii)

3-methyl amine
Dimethyl sulfate
Methylate ethanol amine

Methylotrophic

4(CHa)N + 6H;0 — 9CH, + 3CO, + 4NHs

2(CHs),NH + 2H,0 — 3CH, + CO, + 2NH;

4(CH3)NH2 + 2H,0 — 3CH, + CO, + 4NH;
2(CH2)2S + 2H,0 — 3CH, + CO, + H,S

Methanosaeta thermophila

Methanosarcina barkeri
Methanosarcina mazei
Methanosarcina thermophile
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Table 3: Biogas compositions (25).

40-75%
15-60%
1-5%
0-5%
Insignificant
0-5000 mg/L
<2%
0-5000 mg/L
<2%
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Figure 3: Schematic of a UASB reactor.

(Ve YP) S o dgamme o & |, byl w, YU (g5

Lod g w90, alawly I -Y-1-0
Silap o bl i o K, OloS 5 By (WS g0, sladlaulg
e T olss 51 oS JLisil S8 3l )l (il 4y 530
25 s SIS Jole S 3 e S oo e |y S5 S
aciiles oo dgilyw SIS 5 0 008 o 8l Gl 4 s
Ols—e a Vgame Slisalyiss (STl Sligdlses (15251,
033y ¥ Joaz ;0 () &,.8 oo 1,8 oolainl 0590 (S50, alauly
p—A—AAM L wﬁjj\)) LngAJa“J‘B )9@? B COD 9 ‘)i;) oole LBA>
YY) Conl oads ool las 3.80u 90 ;0 UASB

S35 Dpgo e g gl wgs Ly o o 50
5 5)1 ‘)i') ools u‘_».S)J BA > » usLM ujjé) L_sLbd.lam‘} )el.v
I8 allln 3,50 Esgile S ol sla 35 55, (s AL
F(AQDS) bigily s 1Y 158151 S0, abavly ¥ 36 .05
5 (O (o maling) aVlsS slss CAQS) Sligly s ¥ 581,51
Sy as Lol oolitissl )50 (5951 RIS, i (o2 i gMg
.59 Acid Orange 7 5 Mordant Yellow 10 . Reactive Red 2 |35,

% Dos Santos
4 Anthraquinone-2,6-disulfonate
® Anthraquinone-2-Sulfonate

Jlil g (Ysbo (g3lailely oo 42 (s o0 UASB aiyl b olas |

555 0 )il comus Slyma 5 (T (sliagud gz b 93T, o (g
slocdalio (92 (m il 4 3B Sl (Koo UASB 5251, (rnizeen
S 397y Slbes (Vb o3k 4 oy S Gl pl B (sl o

() ool ool i gy o

29581y 0y Sdos i Fgo (JFlhos b yol)l o)z V-0
G35y OB sl 3 UASB

BAs 003l 5 ,955T) o, Slos (59, p ad 4 Slles slraasine
ol Slles ladiasin ol 9,05 o 51 COD 4 1555, oolke
o3l g | g JlSLo g lile Jold (6399 luy Sliogas
aile (b (S 30, loalauly (g5l ool PH dos I35,
&l (%) wil e (OLR) JT 6,138 L 5 5 (HRT) Sy on
SUASB 55T, (g5, s o0 ol lalllas g gdge y2gn o5y
sleyehly ST a8 18 ()2 350 (o5 55 Slo i
D9l Sl g polie g asiie s 033k (59, 2 (Slhles

pH 51-1-1-0
Gl o0 SIVIAGSIF o3l 5 oyisiltie o S sl ange PH
03,5 SSND JIY (go5S 151, aisge PH mlio jI 5 <dl (YA
=53 PH osguze 15 (53lsp o (SopmilS 5, Se (A j5bo Lol il
Comols 5 Gl Comols Ly plodaime 5 030 1) (oojl 0 i

! Hydraulic retention time
2 Organic loading rate

PAY-YA9 ¥ (169 /55) 6l ) wilalloe ele &g s

ra.



Y\

e Yda9) bra b SHled s T piams )9iS ) 3 psdes () 3 /U 9 (SS9 LS yule

UASB g 13 oS53, sloalanly joi> 10 COD 1355, slge i 0354 :F Jgur

Table 4: Color and COD removal efficiency in presence of redox mediators in UASB system.

Type wastewater Color . Concentratl_on of COD removal efficiency Dye removal efficiency | Reference
concentration redox mediator
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Table 5: Color and COD removal efficiency in different concentrations of azo dyes in UASB system.

Color concentration COD removal efficiency Dye removal efficiency

UASB Synthetic 60-300 mg/L 92-67 %
UASB Synthetic 40-335 mg/L 91-60 %
UASB Synthetic 0.6 mM 67-72 %
UASB Synthetic 10-300 mg/L 93-85 %
UASB Synthetic 50-200 mg/L 79-50 %
UASB Synthetic 50-150 mg/L 69-48 %

92-82 % (31)
94-75 % (32)
70-78 % (6)
94-73 % 13)

95 % (33)
96-90 % (34)
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Table 6: Color and cod removal efficiency at different hydraulic retention time and organic loading rates.

Hydraulic retention

COD removal efficiency

Dye removal efficiency in

Wastewater time in UASB reactor

UASB+SAB Real 16 h- 4 days
UASB+SAB Real 6-12 h
UASB+SAB Real 12-24h

UASB Synthetic 8-24h
UASB+SBR Synthetic 24-48 h

UASB Synthetic 6-8h
UASB+CSAR Synthetic 3.2-30.1h
UASB+UAF Real 20-50 h

in UASB reactor UASB reactor Reference

44-62 % 55-67% %)
34-43 % 30-52% ©)
50-64% 48-59% (16)

= 56-82% (32)
20-45% >95% (35)
54.31% 63-95% (33)
91-100% 37-61% (36)
38-9506 49-84% (37)
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Table 7: Color and COD removal efficiency of UASB reactor in advanced treatment system.

Wastewater COD removal efficiency in Dye removal efficiency in Reference
UAGSB reactor UASB reactor

Type
UASB+SPP .
UASB+AS Synthetic
UASB+Fenton Real
UASB+0Ozonation Synthetic 90%
UASB+Chemical coagulation Synthetic 92%
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