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Abstract

Dye wastewater is usually characterized by high color, high chemical oxygen demand (COD) and
high biological toxicity. Therefore, in order to reduce the environmental hazards and ecotoxicity,
researchers have developed many techniques to treat dye wastewater, and the main treatment
methods for the characteristics of dye wastewater are biological, chemical and physical methods.
In this review, the hazards of dye wastewater and the main treatment technologies are summa-
rized to provide some theoretical guidance for subsequent research.
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1. 518

Tl et 2 NATHE R B0 2 3% 2 A kT A ERR S8 1 AT B (5, Wi A /K HE TR 1 2 R 4
WINRE T IRE 5 G X SeHER R K EFR AT 41 2UTIR[L] [2] [3]. ERGATIL[4] [5] 1&4RL[6] [7].
HBEAT L8] 184 T [9) A T V57K 46 [10], H FE R AGek11]. E4JE[12]. NG HL[13]15 G
. WA DI AR R, TOGR = EoRis 2, SRRVEE N FEE~ MRS EE R, MEmN
EPYe bR K il it R P2 L [5]. ZiZ Tkt 5 i B ma 23 Tl 12—, 290 kg
75%, EFREELH 28 JIMYT SRR KN BIK IRt [11] [14] [15], XA PFEAR T KA @1, 1Y
T KRR AR, T EDO AR AR N A B AR TR E A . R, Gk AR B IESZ BN
(R[:RPER7IE S
2. FERRIKFEERERRKGET

PR MR E IR B L2, HORIE E 5 R RRGBIANG Bk, RARGR A GRL . s JeRFi-
WGl ARGk A AR A AR R YR [16]; MR4E & (A S5 M T 4y R M ekl Bt ekt 4y
Bkl FEVEGORE, AR ERGRIAIEER YR 17], Wl 1 FR.

Sources Chromophore
Natural dyes: plant dyes - Acid dyes, basic dyes, disperse
animal dyes . mineral dyes; Classification dyes, reactive dyes, azo dyes,
Synthetic dyes: azo dyes - of dyes diazo dyes and anthraquinone
non-azo dyes dyes

Figure 1. Classification of dyes
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MW, VAT AR AW TR A SR RREEARE, DU IR A B I P A, DA SR AN IR
fERE. AT, BN RBTIT T VF 2 ITERIGER KR ekl 1B AR A AR B A B Ak
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A EY A B EOR T AE i B A e, DU S 4 B 9 B Gkt 58 oo i, FLad R S n 22
SRCERR . TEMRAER NG, AVURB SRR R A Re BRI, BRI 1 = e ALz T b 2 AR A, T A
JG AU B R e e FR B 2B 0 i 3, Mk BTG HE A H K1[21] . Zhang 25 [22]K FH i S8 0RL TS
(AGS)FE R —Fhifis & A=W R K AL B AR, BRI 32 B (1.0%) T ER MRS 7(AOT7) FEAF B s L, a0 Pl 2 fiTow
GERRE, AGS 5T RN ge g JL T A2 AR AOT W (5~10 mo/L)KISUM . 54 EAHEL, 72 1.0%
BEFRMT, BT AOT B E A R (A0 A ShAT B A DD R B (i FMIN AR 18 2804 SR ) & 42, AOT LBRak
HhEm T 9.9%~19.0%. ¥ A ORBEAN Th AE (151 e AR S B IR A0) 1 b 2R DR vl 1 AN e & A
MG HE AOT it o N A .
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O
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Bioreactor 1 Bioreactor 2

Aquarium pump

Figure 2. Microbial aerobic degradation of acid orange 7 dye [22]

B 2. WUEir SRR RRER R 7 RR22]

UFEIRAE AL PR GERL B K T7 T B A B A L I ROR G ACEE A A . & VRS AR T, (E i AFAE
REFERT. T9UR /™ BRR . XIS E QUMb BERCR AN DL 8 14 B A2 2R A R A

2.1.2. RE#*

PRAEAL B 48 R FH DR A B8 6 A WL AT B AR AN AL (R A2 o o IR K P B R M ) 5 15 1k el 2 1
BMAEY, BEREENBERLE R TR, SIBUAILBRAE, BT AR AR 2 YRl 75 2R IR
F%[23]. Wang S5 [24] DA RN R, FEASF IR AF T il 2 R AR, ikl 3 fis. i
AEARTFPS I A= P o #0625 B2 iy RR2 (1 JRAAUBE B2k, L p— S 2R R (R 0 6 30 R e i . AR R A A
B FAERIEA, FE T R R B R B, MR e AL TR, JERE T EPS HAEIE R
TEVEDD T 5l o R R BENUAR PR VAL T FHAE M) R R PETION RR2 B (A R A, b AR R I L
#. HIC F O/C =2 Z 1) =AM K 3
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Figure 3. The proposed mechanism for the enhanced biodegradation of RR2 by different types
of biochar [24]

3. TREIAEEYIKIETE RR2 £ YIFERRRIHEH[24]

PREEGEAE AR GURLE K 7 T LA — 2 IR, 0w B R ML 3548 REdR FIs T e 7= A 25 . SR,
G FAATAE — BB, W AR ER A A . X KT I S U DA B PR K DAAR R A . DRI, 7R SRR N
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3 AT, AH BT A G 2 B R Th R S 9 W SR [21] . Wagner Z5[2513 T — 3 ek Btk 7K A g g 7
(BRI T R B A ) A 7= (R A 500 T3 3, 0t LA DU M B A el D I PR ME BB EAT T VR4S, a4
INe TEPRIASFEI IR R AP A SRR RS, — Rl R S B P E LG 4UR K, B —Mk & H 5
RIEHBIER. HIE T 25005 pHy 5 BRI ZUERIR R 0 . Xt B PRI 2 10 bR Ay il
F 7 80%F1 90%LA I o XTI TAE T IR I T MK PRI % B B2 U M) SUEERI R AT AT, JFREOR T HAE Y
G 7K R YT M B A B 00 5 T 1) A 1
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Figure 4. Production of bioflocculants from spent brewer’s yeast and its application in the treatment of effluents
with textile dyes [25]
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TEY Rl K R AL BT vk, ALk R N B 2 51, A B BB s A AR [26] HAL 2
VE[2T\1 AL 2R 2 28]

221 LESLE
S AGVE R R F A AR R G ) SRSk R B B R, 2 Gk 7K Mt € B A 1 32 2275 125 29],
KPP EAM A B R AR TR, RS P RO K& Rt K AR B TR R, I8 AT AAL B & Fh 2 2 1 e
BHEK, BIRETEGR BRIk, ik geklss, BAAR) &Rl Francisco J.5F[30]2R H & Tl
AV i S T (RSMY A B AR R P 2B 194 15 54195 4R K (TWW)FE Co” AL TR IR A b1 1k
IE A E(BAP) I & I B RIEAT T Ak, B 75 2250 BT (ANOVA) B AR SR ff 52 W 35 A8 2 K Hof TWW B¢
PRI RIAZ HEE, & 5 fis. S5RFW, 16 25°CH 45 uM Co® HIZAE R, H,0, Al NaHCO; [4fi#
TWW AR RIS 4 5 787.61 A1 183.34 mM. fEBLZME R, ity 99.40%, H™ LA %] 32.20%,
A FE R R IA T 52.02%. AN, FFL%E fa(Poeciliareticulata) WAl 1 25 2R /K S8 AL R J5 1) sk dg itk
IR, 431 Co”-BAP RGNS, ST HER NI, alL, Co™-BAP Afk RLiFR 1 SLBl 58 4 it Cu i
SIARAL, IR T AR K R AR AL B SE K B, R BRI I g SR K AR B T

i ot kel
AL e = = 1
d s o
Textile H,0, + NaHCO, By-products
Wastewater CO, +H,0
8 < +  Co?* (Catalyst)
™y @ b ‘ i ) Biodegradable
R . Co?*-BAP System BOD,/COD: 0.45 + 0.01
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Figure 5. Treatment of textile wastewater using the Co(ll)/NaHCO,/H,0,
oxidation system [30]

[&] 5. Co(I1)/NaHCO4/H,0, &t R G A IR 4541 & 7K [30]

WA BT ERRTE AR YR} PR /K J7 TH B A A3k e v s @ PV L 45 W S50 5, E ) B A7 7E
JRAE . ATREFSAE RIS e WA BRIk, 7 SERR S AR AR R K R A AL
TR AE N T
2.2.2. B

P A, 27 2 6 3o PR S S SR G o0 0 e €T, AT Ik 8 b B Gl K I 5 R Bl e it e
LR AN, FRARER K A2 75 4 & (COD) 1AL M 7 A & (BOD), ATy % ¥R 455 (4 54 . Rahul P.
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SR [31]3 I A IE I ) EL A B PR DR AR ] 4 T RN WSe2-CuO L AT K w] AR W I A 2T 4k R ARTE WUl
PUIRREAS . Bk BT IRE o A SRR B, 33 B R A S R ARSI 1 IR i A LGRS B 44k
BRSO [T 58 Bk S 28, WilEl 6 B AR —Fhim RCH A S A 10 759, 380 PR AR AR A s B 7
FHAOR Z2 2T HLACRHI B, B AR A 94%.
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Figure 6. Schematic of Direct and Indirect anodic oxidation reaction during degradation of dye
wastewater [31]

& 6. FeRlpEok PRI IZ T BRI PAR E AL R N AR B E[31]

AR AL AR AR AL B URL KT T B A S B R LY BBRESR B T AR B S ml . 2R,
GITIERAFAE — ST, WRERERLE . AR R R AN S e e R T RE A T RS R DL AR B AR 32
YN AR

2.2.3. WEEERZE

W BRI — BT, B — e R EEGIMN KA, T R 5 Gkl 5 72 18] H i AR B
L BRI HRAE, TRESKRIERL, BRAUUHE, BRI RGN . Wu S [32]4 S LIBT IR Eh A
JRE . RGN 3-G-2-F2 T 5 = RGN IR R, SR —#A i 7 AR R R R BE(CPKL) » i Xt
B EGRERRAL, BB AR B Bk . AR B I E RN R 2 LS Y, 5 T B
PERE, WIFE 7 FoR. B8R T ARGIEOINE . pH E. JeRIIGIR B S5 R 20 A BRI . AR iR 6 45
FRW, CPKL BAGLBE 5. pH GRS TEA R YUK 4R A8 CRFFR B I R S . H
I SR B R BN, WP SR AT R R R I SRR BN A R I B R I AR
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Figure 7. Schematic diagram of flocculation mechanism [32]

E 7. £ENEREE][32]

2R AL BRBEE . ORISR S T B 2 BT i, AE B RS L REAL B
BRI, B A I 4575925 7 2 v EAE j(%ﬂ’]ﬁﬁﬁﬁﬁﬁ%%%ﬁﬁﬂA‘ B, XEIAFIRE] T br
JRERE: BeAh, AR TRE B GER BOK IR h, B2 A Y BE ), XM sAE
T e R A5 o

2.3. IERALTEE

Y HEAE AL BE G RL R KL FE R, NI 25, I W ER A P e el R K R AT A . I
A T 3 BV [33 AN 9245

231 BoEE

o B R FRAEAN IER R, LAY B EAAZ O B, K Gkl o TR e — M, VAT B e S — ), BASE
DUEREME 7 B0 H Y. Nawaz Z5[3419F & 7 —Fiofi 24 2K i (PANI SR Al — 31 £ 45 (PVDF) Z= (L JIE R 22 B 9
LURIKGRL, il 8 Fian. BN PVDF JE5R A R RRL IR AL, Ak BBz f ook /s, T B 58 4 Ak
BRfsEKPE. 540 PVDF BEAHEL, &MUtk Ge, BISFLBRR. BivsthRE. A& R LiKE =15
. A AGEEM 28 L'm 2h $2 53] 47 L'm 2h, X R PANI G 240 RE S2 KM 82 mT . 82 Ak,
3P 7£ 0.1 MPa #i1FE 5 71 R I 85%I1 JL Rl A 2.

o B R BUR L A B AR . LA BAE 0 oI5 S A, AR TE S bR B AR E 1B 47 2%
s Shiase. T sl PR T FLAE YRl R /K A 2 o 1) 5 FH [35] -
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Figure 8. A schematic representation of membrane manufacturing process [34]
B 8. FREvEH L i REE[34]

2.3.2. WMsE

W B 2 R — 16 B 22 AL o PR PR A0S B AR AT A, 8 G r 0 S G 2 43 B 381 B 3R T, P
Tk 73 B8 B 7 VA R R B A R 8 R, AT IA B4 Ak R K KR [5] . e A2 H R FE YRl I /K Bt
WHBIITEZ — o H W BT e R [36] B T RSB HE . RARFHRIRI K Bt 25

(a) V& TR AR R B 5

TR B T IR A R, B ROA LR G . KRR DL RGR T+ % B Rel, KBRis %
ife J1sE A A5 [37]. Cao 25[38] K AR B 3L i vA 77 (DES) e E il KOH oAk i D fi & ke, DABE 2R354
N ERkH 28 T — s A () E R 3 T (MB) IR [ 75 (p-DES-GHCKOH) . 5T 1 p-DES-GHCKOH i it Al
AT A, FELE SCIO AN FEVZ ek B TF B A Bl B4t T R B BLER, fn ] 9 P . 45 SR K, p-DES-GHCKOH
HA RUFMFLAR, hRmAY 883.95 g, H&H KESA AR, 78 25°CHY, X 0 3% W 1 fe KR
F#% 5~ 351.72 mg/g.

TEPE R BARIE VO, R AR R, MR, (Ha, SRR B A SR B, kg
E BT, ANFMRIE] S T R MR REAN ], IR PR, (A RVE R FE A e, FAEMEREZESE, XLk
SRR TE TR 2 A

(b) B FACHI AR

BT A B I A 1B A e R IR AT PH B8 1 AC e I o 24 B FAEV T A 2 TR A e, PR AR
LR . AN R A (R LA IR B T IR A, RT DUR AR RS e, A e O/ R T
PR 8 VA BE DA R e TR TR EE S ANV AR R R 2 [39] . Monika Wawrzkiewicz %5 [40]% FH BA BU B g4
HIBI B A iE Amberlyst A21 (A21) MK H I B C.IL B #5241 23 (DR23). C.1. EH#:45 26 (DO26)FH C.1.
B 22 (DB22), HWEHHLERAIE 10 iR, B BIZUREHR AT H D026 1 DO23 ) 52 M bt
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Figure 9. Adsorption mechanism of p-DES-GHCKOH for MB [38]
9. P-DES-GHCKOH 3 I FR B & (14 IR B 41 2 [ 38]
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Figure 10. Possible interactions of direct dyes with A-21 resin [40]
& 10. BEERE A-21 MR s R £ MM EIER[40]

Sulfonation reaction

BT A R B AT R B, R B RS , (ER IR B SR 5 B I 75 ZE I A LAl ) A7
WAREAT 0, 7 B AT e, IR AR g B RS B, ANREAEMI R, X LR T BRI
TR TS i 8P T L [41]
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Tl AR B AT A K R FE AR D R R B R AT T AR R K AR B . ol AEAT kAT
Vs Wb SE. ISR EA TR R, ORI LE R AT IS REM . B A ALER SR,
VEAE /KA BRGUSA — 2 KINH o Rao SF[42]7EAN A I ER AL 22 26 1F ST I 1 ASRIR B BORG -1 5 W PE 8
THRLZ FHI] B (RhB)Z KA HAE - 5 R3], RhB AW H T W9 P 28 1~ SR (1 BH & 13 55 7
G HRG AR T  ( EE EAR AR . DRI, RGO RH B 1SS BE TR RhB BRSO 1% 96 B 2
TEF o X FARRZMCRS LA Y mle A R 2, 36 RhB AR B R S8 1A 1 40 2 THI A 25 K I A1 3R THT T
Pt MRS A 052 M 1% RhB. (K90 B 3 2 52 03 1 R (] (] R 2L RIRFPRLBARKRIR) iz, i
IRARHR, (A ERURI K AL B RS rp AN BE ELAR A, 7 2O AT — e AL, B e & A5 38
MRS, IR R T RAAA R 2 A A [41]

Bio-ox

1. CPTMS
2. Toluene
3.80°C
4.24h

Step 2

.K/

. 1. Melamine
S 2. EtsN
: 3. Toluene
2 4.80°C
e 5.48h
Bio-ox@CPTMS@Melamine Bio-ox@CPTMS
1.AA oo
2. MBA coo® -
Step 4 3. AIBN q «©
°p 4. Water I ) i o
5.70°C & R N o Y
é N = o)
I} _/\ e g N — «
& P an «© v i3 /\\
¢ (L w2 T, . oo®
¢ /S coo® ' gl = oy " COO;\\\\»\ oo
O 7 oR A o0 o) e
& M OO o cooR L « “\
H i ~= S~
i ' e N
3 l;./
o
i
@ Chlorine
O Silicon
@ Carbon
@ Oxygen
@ Nitrogen
@ Hydrogen

Figure 11. Schematic illustration of the preparation of the PNIPAM-CMC/GO injectable
hydrogel reinforced with GO [44]
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Huang % [4415d SR A A lr o, D)o 125 T 8 (N-R U FE T A e i) FORR FR B 2T 46 3R . GO 115
(RIS KRR, P TR PR AL ERBE 25 kb K, WA 11 BioR. GO M N RA T m 1 /KB LR
RS IR T R AN TR], DL R 5 7K e T e P FR R R (MB) S R I P b TR o 227K A T DA 28K
EBRAKERH MB 44k}, £ 500 mg/L A1 2000 mg/L FI =R E MB #2583 601.7 mglg
H11622.1 mg/g, £ BRRCES A9 90.4%71 60.4%.

IKBEAE A — B SR AR, BRI ER 8, R ARSI, (R AR Gk,
VGBI, DL S5 SR A B AR IR 75 5% EE 1 il
3. BEE

I A E T, BRI LU AR AR TR, I 1 R

Table 1. Comparison of dye wastewater treatment technologies
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