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Abstract [ Objective ] This paper comprehensively reviews the research and application progress of flocculants in industrial
wastewater treatment, with a particular focus on solving the problem of difficult to degrade pollutants in industrial wastewater, especially
heavy metal ions. This research is of great significance for protecting the water environment, reducing environmental pollution, and
achieving resource recycling and reuse. It provides scientific theoretical basis and technical support for industrial wastewater treatment,
in order to achieve more efficient and environmentally friendly treatment effects. [ Methods] The paper comprehensively introduces
the classification and characteristics of inorganic, organic, microbial, and composite flocculants, and deeply analyzes their application
effects in wastewater treatment in industries such as electroplating, metallurgy, and pharmaceuticals. The study adoptes methods such
as chemical modification and flocculant combination to improve treatment efficiency, while exploring the mechanism of flocculant
action. [Results]  The study finds that the treatment efficiency can be significantly improved through chemical modification and
flocculant combination, for example, polyacrylamide( PAM) achieved a Cu( Il ) removal rate of up to 98. 7% in simulated wastewater,
and microbial removal rate reached 98.7% in simulated wastewater. The removal efficiency of flocculant GA1 for Pbh(NO, ), reach
99.8%. In addition, composite flocculants have shown potential in improving removal efficiency and reducing costs. [ Conclusion ]

Future research should focus on the environmental impact assessment of flocculants, resource recycling, development of environmentally

friendly flocculants, and efficient flocculant design for specific pollutants. These research directions will help achieve efficient treatment
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of industrial wastewater and sustainable utilization of resources, which is of great significance for environmental protection and

sustainable industrial development. This review provides valuable reference information for the field of industrial wastewater treatment,

which helps to promote the development and application of environmentally friendly flocculants to achieve green and efficient industrial

wastewalter treatment.
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SCik AR FED WikiS KRR

[24] PAM  F ¥ 5%k 2R Tk 1z A S g 98. 7% (Cu)

[25] CMCTS PR IR 80.3%(Cu)

[26] SERbE ECIGI 202 5378 85. 1% (Cu) .76. 1% (Cr) .75. 7% ( Ni)
[27] WA AN b TF 38 5L 72% ( Cu)

[28] Paenibacillus polymyxa CCTCC M206017 - 99. 8% (Ph)

[29] Paenibacillus polymyxa CCTCC M206017 - 98% (Pb)

[30] R WP EESEERIE AM (AICL, T 87.30% (Ti)

[31] FeOOH . AM PR IR 98.03% (Sh)

3.2 EEFIFEENEKBHIM A

ENYL R KAATEA B B0 A | (o i HE
BRI, Joh it KB WM A B R (22
BE AEYTIESE, Hoh BB R AR AL
AR Z 0, 7EEARA AL B 78 AN [F]
SR ELAT A R] P BT, 220 50 %) M g 1 2 52 e D
YLK AL PSR

Wang 25 R FAE AR & (RL) | 1 280 R
B FHE TSR (DMC) & BB+ P A AR T 3= AR 2R
A4 (CRIM) , 24 DMC/RL AYEEJR L g 3 = 1 B, fF
il & 1) CRLM B9 FH &5 7 =ik 11.32% , B A e
Pl PE e, 765 25t R0, 2R 168
(DB168) B & i i A 80 mg/L . pH {H4 3. 5 B}

Wit R R 94, 9% ; B 4T 18 (AR1S) 7 Jji i Ik i A
70 mg/L Al pH {E 4 4. 0 B i it ORI 89% 5 )X
ML 195 (RR195) 7EH /N o7 & ¥ By 40 mg/L, pH
{E°R 3.5 B BLARRL N 94% , RIXH B4 L5
BOR, RFRFEA LG Rkt ik, Wa 5 DI
AR R AM F 350 -2 - 3N 3k = I L G Ak B
R JERE BRI TR B R 3L 2R (CPKL)
e AR &R, CPKL XF RIS 41 (CR) {6 R
97.63% , WA, T 7E B T 1Y 22 5 T 5 Uk B2 {H (60 ~
300 mg/L) Al pH {H (4 ~9) fR4:5E T #5 90% A4 i {4
R LER RS pH AE R 4 T 15 20 A 6 R £h 1 A i
RO W) ( APKL-4 ) HA T8 1 25 7K PR RS A
[FFE pH T X APKL-4 #E47 43 2 U0 3 15 3 19 3 F K
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JBT R A ZLEE ] ( CPKL-4 ) HAG 4 i 1) Ha 1oy 285 85 R
SRR E R ST, CPKL-4 B 72K %) & [ CR Fi &
WEESN 100 mg/L, H ¥ 3 (BC) it ¥k FE 0 120
mg/ L] L HE PR 47 00 5 (19 B 5% (CR 2 99. 54%,
BC 4 98.96%) .

Lou ZEPY A T3X 2 F KA RS WEA AM
A PR A B A T — T = n i SR P
(CAML) , AW 5666 e 1 3 B ey it
Fekt m(5ERBE) : m(AM) : m(RFIE)=2g:
2¢:2 g, RIGTET VK E N 100 mg/L 11 1 P A8
(RO) FH FE48 (MO) B /K 7 T A AR TR 5
RO 1 MO AR ERCRIZE] T 99. 3% Fil 67%, I H.
CAML 4 ] DLZER 58 1) i 2 40 FEL AN pHL 318 Bl 9 LS
L2y SR} RGN

Yue %55 38 ) A HLAD — e F oA S S o
FEA MU (1,2- 25 2 8¢) ket g i I 5@
T AR TR A BN R T MR AR SR N b
WK 1.5 IR EE R 70 °C A LK
JEHE A ECR 3% RN 7 h BT, AT A
HR 0 R B 8 e e ) 2 R LB AR SR SRR

v A BRASTADURN S B Yot 2 K AT A AT R0 Hh 25 Bk B
T COD, o 1M LT3 0 P W VR RN i 8 Y 1Y)
JI 65,353 3 38 96% (97 % Fl 96% , 22 Wi 2 ik 5 Ak
FRYLRLE K B (0 F1 B COD,, 3R B, 7058 90%
T189% , Zhao %51 1 iff 6 FR 4H/ — Y 3 I TN %%
LB EE IR LA 1 s 1 SR AR 46 B [ B 3L 2R
FARM &I T Zn R BRI GSERN - — R N
FEEALEL (SAD) o JE S (a3 v, 7 TR R
100 mg/L BHES T 0 7GL Bl K K 7E SAD 5% i
VR R 425 mg/L B L35 73. 5% ,SAD 1R
(R ZRBER) RIS pH P ARRE R A (%

TEZEER I R 56 b, Wang 2557 s AE A=)
ZUBE IR 50 Ty AT — A ST, B —NH— 8%
LR AL B RE A A B AR W 22887 MBF I
250 T DBt B A ) 2L 8E ] MBF-g-P (AM-DC)
IRYG L5 R, eI IR B R B R 40 me/LL (5540
CR JE /K ™, 55 Fil PSA B 474 £, 7 i A MBF-g-P
(AM-DC) ,300 r/min PP FE 2 min 140 r/min 358
F£ 10 min,CR B LFBRZEATLIIAE] 95%, A T ¥ EW
B BN FRALR , 2 2 RER YL R K A BRI AL

Fz2 WEOERLE

Tab.2 Summary of Decolorization Rates

ik i R R & BT PRIS &

[32] RL DS ES /R 89% ( AR18) .94.9% (DB168) .94% ( RR195)
[33] - 3_,;_:5'2;2?;2%%& —Hik 99.54% (CR) .98. 96% ( BC)

[34] FERME ARFIHR AM T Bl vk 99.3%(RO) .67%(MO)

[35] T AN b K} g A 96% (THPELLIR) \97% (TETEE ) \96% (B IEFIR)
[36] PR I TR T SR R B B A e R EOR 73. 5% (935 ¥ 7GL)

[37] K MBF BN 95%(CR)

3.3 EEFHERAEKPHNA

THIZGAT ML R GHR R 24 R SR TS AN, 7 A
L5 /N7 O S 5 QU DI | W 257 DR S
SN2 KB B R AR AR 22 AR BEMERE R
RBEVE ST — P AT LA AR T B 3R 206 R 2 5 e
JEAA A R4 1%, T LA 25 figp ke i 24 IR K AFAE 1Y
— LU [A]E

Tahraoui %% A HR R 5 ( CuSO, ) (FeCl,
2FPERIIRGYILA 1 ¢+ 1 Y HOBIR & il it 2LEEXT ok
FHUE R TR R HIZT WR K AT b B, 4%
FWYLTE pH AR 5 M BT EE S 600 mg/L i,
IRATREER (CuSO,+FeCl, ) [ AL HRAL I8 F F

fdiFH CuSO, B FeCl, , Kb BRRLHK Ny 92. 68% , i i 1
FHHLEK (DOC) £ AP USCHE EL (UV s, ) T I 53
SIFEAR 97. 32% 82. 90% F1 96. 47% .,

bk R M REZE KPR 2 —,
IAE AT RS Y oA B T B R I A, 2B
R T LA St R BRK P B AE R, Tang 20 5t
FIFH AR N5 P9 S5 P9 4 195 e ( NIPAM) A1 PH 25
THIRN IR 5 = W A&k (DAC) , 7548 4b
AT 2,2~ A [ 2 (2-PRmenbk -2 - 58 ) Pbe |
TARTRER (VA-044) 5] &R AL T A P
(DAC-NIAPM) , P ( DAC-NIAPM) A = & ) ik e 35k
N SN ELE fiE ], P ( DAC-NIAPM) 7EAL PR &4
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AR R BARIURL AR SR A AL A LK B BT
T PAM S 2R BEVERE . FEBILLE 7K rh 22 4098
b BRI DU IR 2R (19 22 BR 285300 K 68. 71% il 66. 83% ,
MK R B DU R AE B K ) L BR AT DA
=% 86.26% .,
3.4 ZEBEFAENTEKBHIRNF

A TR K S — ol LA A= 49 8 it fg SHL 8 T R
Ko AR K ZA TR A LS
ey, 2 A R, TALS BAE AL T %
TRALIEI 5 — W B, 5% el i 2 A0 38 D Kt 7KK i
A B 5 92 e 4 R Ak PSS SRAR B T 2R
T DR H P ok B ) 205 v 22 BR A R )iz g TR
T KA BRAT, 2 Ak T 7K 1AL BE B B G 3 3
T,

Sun 25O F T AM  DAC | F L P45 15k e R 3 =
F LG4 (MAPTAC) W i 76 25 B K in A
51K V50, fE A E1E S I il 4 T % P =
FLEEH P (DAC-MAPTAC-AM) , 1Ak 5 A i 2 45
>4 AM : DAC : MATAC M7 :1.5: 1.5, 5
TR S ECR 20% , 651 &R BT 0 50H 6%, R %
AR BON 4% ,DAC : MAPTAC [l 2.5 : 0.5,
SEIAIHE] K 60~ 120 min, 76 4% B B 8 ~ 12
mg/L,pH {8 4~ 8 B VEME COD,, 2 &AL B
1 B FE 22 BR AR 43 3 A 81.0% . 35. 0% . 75. 0% Fll
80. 3% , itk T BIAT ZREE BRI A f i )

KRR REARZ T E K Z —, A Y%
fifth 2z AEY R R | A E R T e SRR
Rlo VEFRAIE Y 25 B HOR 2 il e (0] A SC B, Yu
LT R P RS R kg A 791 o A A5 A e P
TGN, 45 A e 2E sl — 2L 3 (CEPT) 517 51
[k 5 N #% (SBR) , 146 45 R E W, 7E CEPT By
B AN g A ZLEEF I R COD,, B IF I
S (TP) 1Y 2 B R 4 55 2 97.9% ., 62. 1%,
94. 5%FN 88. 6%, [n) I s Jil st A7 28 #5E 571] 1 Bl € 7
Ja, B 4R F] 98.9% . 75. 1% . 97. 6% F
88.6% ., SBR AEfLACRRIS EMUE COD,, B IV
TP 125 55 2R 43 51 42 51 31 99. 9% . 96. 7% . 99. 9% Fil
95.5% . NEZIEKIFPEEAER T HE KM TIRE,
3.5 ZEEFESHEEAKRHLA

KA & B T ST E IR AR S R G L E )
AE. BEEEKIRE BRI EEFHZ — WA H
ARACEEGTE A=y Ak 38R W 6 P8 7 45 b R 2

AT ALK s, 5HAE AR, 225
R LRRCE R RAE R AR LA, TERR
BET N ) 2, = kb 2 OB R JC ML 2R BE T
T bR

Ren %5 fifi Fi| FeCl, YENL2AUTRE T2 00 2%
F,BRJEINATE Ry F ZLBEER] (St-CTA ) MK T s Bidst
PUEAK PR A L (1-FR ki1, 1 - —BR,
HEDP) FITCHLESE (BER — S 40, KH,PO,) , i K T
FESEBRIE KR, 3 S A I, B T St-
CTA W, 76 pH {5 9~11 St-CTA By4%
TR N 0.8 ~ 1.0 mg/L B, #5481 K 7K (1)
HEDP #l KH,PO, X FRFHRILR] T 95% , I H %k
JE A H AR 1 R BRACE, 73 5l A 8] T 98% Fi
97% ., TiFESZRRE KA, St-CTA BB e R
0.4 mg/L B}, TP B9 LBRFRIREN T 97% , A1 1 7k
JE R BRARAM IR 95% , AN, FeCly AR, St-CTA
DL R EATTHE AL B B I K v R 2 o, A SR AR
TR T TR A TR LA AR TS T4 1/3,

T AR A S PV 0 T A v e R
BRI AR AT T B LB . AT T 7 MORIR 25
R BRBERCR , IR E5 R X TR — s
FIR UL, PAC 2 BB B 4 1, 4500 5 52 vk B oy
20 o/L A1 0 FRTE N 1000 mg/L 191
VRSB K, KB I BT VR IR 7. 29 mg/L, 2
BRBCR R 99.27% , (EIR -G LB R, 78 20 ¢/L
PAC F1 6 o/L M0 A7 (AT B 14 1 7K ot vk B
4 3.21 mg/L, ZBRHRIREN T 99. 68%., WA 11
CaO F1 Si0, MIMA SR 3E T 8 25 55x .
3.6 EEFAESELREEKPIIRA

o VLR PR K S i A AR TR AT 6 R B SR
TAD, I HA AT RefEb A K 7Lk, ZLAL iR
SREIF YL AT A 2 IR R | X LB, B
FEHERO O 23 1 U K 3 . SR BEDTVE RO RIH &
BT AR5 A 0 H , 7 v VA ok BE TR K Ak 3
BB TN, A AL AR A
BRBEDTTE T AR T LA R0 v 1 ok B2 TR /K 1 Ak B A%
3, SR T A AL RN R IR AL

Lin 2 R E KRk Sl % T e PFS, J5
KR REH & T RE - NI EE - —H 3 —
AT 5L S AL B - B L TR A R 1 /\ e SE i (P-AM-
DMDAAC-ODMA, PADO) F1 4k % 7% 1k & %t 7|
(PFADO) , IR5BG45FEF 0, 78 Ab FRA AL /K AN 52 B
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KB, PFADO X ¥4t BE (9 25 B %6l 98. 94% ~
99. 10% , X ZLAL I 1) K BRE R 75.93% ~ 78.49%
VEMBE ARSI T 11. 8 NTU , FL Ak i 5 vk B R 3
5.25 mg/L, ik F 3, F (35 K 25 A HEAC bR #E) (GB
8978—1996) Y ML AE FRAE

X AR 58 i3 & JE A (Mannich ) &V £ PAM
R T O A R R AL 4y B S TR
FI(D-PAM) , 7ERW AR50 T 0 T il & 2288500 1Y)
BAERCR L, 7E PAM - IS © — ZREEEREE M 1 ¢
0.7:0.85 . pH fH R 9~ 11 J N RJE N 45~50 C |
FH R S R FSETED A 1 b, B SRR IE] R 2 e B2
RORAT , RYG 45 R, 765 R SR B A% R T (8
0.7 mL 1% D-PAM #¥ \7E 300 v/min PR
$£ 4 min SRJ5 180 r/min #iEHE 7 min, #E I 20
min , B¢ VU ZEBRR A 99. 81%, D-PAM Xt 5 v
JEARKABA —E R
4 BRES5RZE

ARSCERR T ZEER AP DL R AR AN ) Tolk K
ST BT T 9 2 |k TR Sk 4 SR i AR
HB -5 ] P 22 R 2% (R EAR ) & . BRAE T Tl 4
S0 229 ) LR AR R R LR R T &, O T R
o S A S PR RS Ml e R SR A T
2 B S T Tl R K A B SR 1 2L 57

BTN AN Z2 110 Tl R 7K Ak B ) T, 2 RS Ak 5
R YR TR DA KK I K A R B IR AT
e, SEBE T K AR HERC, 8 T 38 B 4 1y b
PR FE LR BFGE v N 2 AR R LU L
T (1) BHF5T 2R B0 B L A% A W %o R B A s i), A 4
AR IIERS S5 AL DL R A 25 R G T AE RS I
(2) 2 FE ) e YR A4 T R A, 6T 22 5 A [ i
FUEA 5, WD BERIR S FIA SR V5 Y5 (3) PR
PRI ZEE] Dl IR Y RO R I (4) il B
SRE SR RN D RE ) 2B, DA SE B B — 4 e W
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