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Abstract

An energy saving reclaimed water reuse technology of printing and dyeing wastewater was designed
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to address the “three highs” problems of high energy consumption, high pollution and high cleaning
frequency in the treatment of printing and dyeing wastewater using the dual membrane method
(ultrafiltration + reverse osmosis). The system consisted of advanced pretreatment unit and mem-
brane unit. During the advanced pretreatmen, PAC was selected as flocculant during flocculation
and the dosage of PAC was 100 mg/L and the optimal pH value for flocculation was 7.0. During the
catalytic oxidation reaction, the dosage of ozone was 30 mg/L and the reaction time was 30 min. The
water quality of incoming membrane met the design requirements and the fouling of membrane
system and cleaning frequency were reduced after advanced pretreatment. The membrane unit
adopted a unique membrane system working mode and was equipped with a self-adjusting energy
recovery device, which significantly reduced the energy consumption during membrane operation.
It also can reduced the reverse osmosis concentration polarization phenomenon. During the oper-
ation of the project, the total electricity consumption per ton of water in the membrane unit was
1.38~1.40 kw-h.
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A e, WIE QK EHTEAE 23 fCMietr, o5 TV R/K &) 35%, Hrh&f —2Efk
PLEE. AP, WEPEGRL SIRGRIRNSEFISE 2 R EN QR AE—RK BRI 15 R R 2%
COD . T IXEREMER K, LAl MNP )5, ENGPK AR I F AN 2 109% [1] [2].
FYPRA TN “+ =7 RHEGHEPRNE UL TG AR SR M ER . HE) T ROKIR AL B & Bl AR, #ER
IKE R AR ELF] 35% L Lo FAT, [ DGRk i R XUBHEGRIE + [iZE) T2 SeB A ™ ml i
[31[4], SRTIXUIE LA BEEN YRR A AE I REAE . is ey iR PR aE “ =" HRE[5]. EPHLIRIK
MK B AT TR, 5 RAERGHEIR, &RAEB KR TRE[6]. BRI, K EEEAT
SRS R AN T T AR A A R LA g i, AR IS AT REFEIE I

BEX T AR BB A i A A K, ZE R BT A ED RO BE R UK B R 8, 2 R G IR AL
BT R TTAL . R TTRA] “HIE + SZIE” NTERIBAEE T2, RAER OB AR 48 TR Uk
Bl B R PR B, S BT R I RERE IR T . AR R GRS EIZAT, Bl B B A
PABIBEG I, R A A, AU A HUK AT IR TAC I8 BEER 8 R A0 /K B K . 30 H T
JERTIHEAT T “ 206 + SLEMEASEAL” N MU T2 Al e i 72 ot g B0 4 P 7K 25 5 36 A
R 3 IR R HEAT R I 3R AL (R T7 58, N ENGAT W SE 3 ROK AL B S5 Il ] T2 it 5% .

2. SEIGER4y
2.1, STIS/KEE

SEIG R K AZ BN G Al A AL K, BEZKOK B ILZE 1o 181 7K 7K 5 42 8 A0l SR R 2 B BN A7l [
KSR ( (Y7 ge 3 Tk A /KK R ) FZ-T01107-2011) K 8eit, H/K/KR th L3 1. BEE e 2 i o 2k
ATIREETAL TR, 7K 5T 2138 3 8 8 M B e Th 225K, bR I () B vt /K B2kt L35 1.
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Table 1. Design indicators of influent and effluent quality
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S oy ooy o SR Ty e
K <100 <8000 7.0~8.5 <50 <30 <50
R IE K <50 <8000 6.5~8.5 <10 <5 <10
[l K <10 <50 6.5~8.5 <5 <3 <10
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PN “RBIUE + mREM + I8 + RZGEIE” R TE, BRITRA] CRNE + —RRBE +
RIBE” AT Z.

HBIEHK
. |
WK Fim K b3
WA | —> e —> | YURBE | —>
ek \l]lﬁ‘ﬂ(

—HNEE | —
=] 7K

Figure 1. The technological process of reclaimed water reuse system
El 1. dkERRAGTZRIE

2.2. RFIFLES

WAl BEMREL(T S, a5 & 19%), [FEk PACRE &R, Tk, ALO; & & 28%), EH
IHIEREZ(PAM, k2, 4r-F88 2000 J5), BilRfn. SEMH. HoSOs, UL RGN HT4l, PAM AT
BRI N 1 g/l HIK BT

X35 IE7E)E MDS-3SCAD {#4 COD 2 ZUe Z Ml I e X, 5k DGB-421 HBUH #5 /K o (A BEAX,
2100Q My A5 fHE =P BE I 24X, PHS-3C JKJi PH AR, 8% kS NOL-5 /NI LA R 4SS, HFRF,
HEA
2.3. KW

(1) ZEEEREE . 730 H 500 mL JE/K TR P, Al K BERCINAN [R] & 1) ZLE ) CR & iR 2k . PAC
TRERER), MNEREHIENT pH A )G, MBSO — 2805, N PAM BhEET, PROERHE 20 #2)5
GAGHIHE 10 B )EEpE BN G, HCEIEWIE KR COD EAMMEE . LA [F LRGBS A FH
pH fEX COD LRI, B g BRI 2% 1F -

(2) REEAMIRL . O3 R PIFE e AT, PR AR 20 L, 43 AT Os #INE A O )
IR, OB S B RSO COD EAE R M,  FIEWEE 8 /NN S8l — RV
2.4, WAk

(1) COD #&: HH AR E, PLUEMMS NI, HIT 399-2007.
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(2) JEAKEIZYDAR M E /KA TF ) (1 2 2 5:975(GB 11901-89).
(3) VAV FEE R €5 55 3 1) e P 6485 e R AR €8 B2 (S €

3. &R511i8
3.1 FRIFAIET EZESH T EKAIELER

3.1.1. FEIZEE &I MERN R BYIRLE

JURRAS [ (1 2258590 43 Sl AT 2k iie /N, 25 88N R 2650 I L6 3 n &% R K i) COD 12
BRBOR . BTG LIS ERE N & COD . [ 2 fLAEH, —RhIR[E [ L0500 K i) COD 2[4
R —5, TFURIT Bl S 2O IR EE 3G n,  FiE T COD AW D RESHIEl— e MikE s, bk
JEH COD {E AR EF AR o « BB L 200 mg/L i, 23465 L& COD Jifidén, [H
WG B LB VR, 0B B ) T ST BRI SRR . B X AT H K, R A TR R AR
FRER LA 18 R IIR BEAE 150 mg/L 7245, PAC HIECEE MHINKE A 100 mo/L Aifi. HRELERIR
MZGFME R A, FATESE PAC 9 TR FH B 286857, PAC #inE 100 mg/L.
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Figure 2. The flocculation efficiency comparison of different flocculants
B 2. FEIZESIMZERBIRI

3.1.2. FEH pH {Ex PAC ZEHMRFMD

i€ PAC YE NS G, FHERABR AT PAC S S BHATR E AR 1 pH H, %5 LR R
pH Xt &K ¥ COD L BR#CR . B 3 el LLE I, JFiRI s pH 197k m, i+ COD A B ;
fE pH £ 6.5~7.5 Z[f], i COD {HM R RFHExS fasE; pH #EE 7.5 J5, BE#E pH BT, %5 L
TH COD AN i hn. 7€ pH5.5 1 6.5 2 [8], Bi# pH (EFF =R, PAC /KAFIFEEEA WG I, 2%k
RO AAI NI N, 7E pH 7E 6.5~7.5 2 [f], PAC IR it pH #id 7.5 /5, BE#% pH 19 ETF, PAC
IKFRTE ) ANOH) s ZERSAE: 2515 N 3B 70 i 1 R R AL 1T 2R 25 A B R K I 2LV E T - AR fh RATTI%E % PAC
AR pHEN 7.0 K45,
3.1.3. ENEAKEREERHME X IEmERE S

PAC ZUBHAIL A R IRATARIN: PUUEih - iE i B AR AL RSB FE N IKT PAC YR A ¢, 1k R I
DUUE N H KR AC I 18] F3CE 5 (RS R 0k 8 /NN i e ek B ) Vs i E 3 . AL 4 FR AT AR PAC
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BOmERIE R, R ISR AR M EER 2 BB — @R EZ G, MU R4S, T HE A R ST
AR o 2 P 388 o 2R T 35 Y A g Y TR T S A5 YRR P 1 o B DTTE /K 8h R VA VR A
XM, 1 HAE PAC #inE it 100 mg/L J5, #INEZ, & ik 8h S BEE n ek 2 . #E i pH
%M R PAC TREGSFE, 7K (y-H0)FIF23E (-OH) 2 ARTIVEALAL S [7], i 2 BB 5 it ik B 0 1R
K AR BN, ARTERAKP BN oA “JaRE” , B RS -OR) A MrEEEH, K
= IRIBEAT SR IS, R 7K F R R AR OR8] R A A1 P T S P FS A 40 7 o 5 7 4 T B8 i
e B—T5, N THR&SEEBERE YIS R b 2 2 B2 15 71 B B 8 T AR T P R S5 Dy B g
B (AT H A AV AE B G i B2 2 0 FH IR DT B 3R 8 A TE L 5% I e AT SR MRS B LB A7) o 350543 BV 4 B3]
JETARED, efInT LS AR, AI(OH)* B AI(OH) AT W B FH A ZEMF AR, A I SR SR P idh AT 2218 5%
&, WMHERESTE, BB RAKEMANGE YRR AT, IS B B 838, 2k
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Figure 3. The flocculation efficiency comparison of PAC with different pH
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Figure 4. The comparison of turbidity of the solution
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B G 1R 7K 2 i Vot B — RS N 3 BSR K Hh R BESE N  IXABVR R ED G B K rh oK (el R R v
B DG G R 2 — o SCIRARIE : R Bk B BB S 15 AR WL 45 5 W RE e 9 DB J 75
[8], fR#hi5 Gxt SIBIE RS TSR T [9].

N T D R K B Ja M — NI &, EAERR P BOR > PAC BUHINE, RE > AP 1R
IR AR, PAC AL TER I S BEEAF N IR K AR 1) AR L B/ [10].

U0 IR K 2R r R S — I NI G, 3R] DU g R K BE R A R A RN A L &,
Pk BRI A XF B GLIR K, AT LA iR R 0 7 12 B B A R ) M A PO SR 20 4R A Bl
9 7B BRAAME CO M1 H0, RERG RN

3.14. REWMERRE K MATEXEKEHHREOF M

N T 5 R BRRIK ) COD Rk g, 4 St iiie KT REMBIL AN . MURAF I R 3%
I AR S SN TR], i 8 B A B SR AR RIS . SR EUL S e HIE R COD (AT A WiE 1k 8
NI JE TR IS . 14 5 FTLAE Y, RN M SR AR 30 mo/L |, BEAE S AR R 1
W, VR COD [ AKE D . (B AR BT 30 mo/L J&, BEE RAMBOINIREE R n, b e
COD fHI:A B T faE, AHRE TN, K6 nfLLEH, fERA%MN 30 min 7, BEA& ALK R, W%
b COD B Ayt AR /b o (H R AR P AR 30 min,  FEIG NS A SEAL R IA], YAV R ) COD Al
B, AFRIETR, EABTRE. WE 7 T UG SUERIR LT 30 mo/L, LI E L 8 /it
Je, WM IR SN . AR RABIIK B 30 mo/L J5, LIEWEIL 8 NS,  EE TN E A
PR E AR, P SR 0 R KA VR AR, LTI SR ML 4 G0 o0 Bt S AL R N o
T, RERMIEARF K SCERAROE . SR AL 35 ED e 22 7K AR AR X 4303 B 35O R0 I s e At S ALk
Iy TR EE/NPR[11] [12].

MRS AT R A R T, SRR EOINIR B Sy 30 mo/L, SLEEEEAGIT ]2 30 min.

3.15. REMALIEZ B ITAIKRAEER

R AR P R KR B AL FE A BTis T — N A MK RSB P % 2. W3 2 B, ALK
TG H B YRk Gt TR BE AR IR, R /K B 8- TS BB bk BRI BT B AR(ILZE 1), %K)5 21
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Figure 5. The comparison of COD removal effects with different ozone dosages
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Figure 6. The comparison of COD and turbidity removal effects with different

ozone oxidation times
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Figure 7. Changes in solution turbidity after treatment with different ozone dosages
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Table 2. Water quality parameters at each stage of pretreatment

2. MAESIMERKEREH

e e o CcoD SITRIRE
T S 3 o
Wi H Wik T 21753 (maLY) pH (mg-LY) HENTU)  BEd)
Ak H K <100 6.5~8.5 <50 <30 <50
ZUERIE 2 N PAC, s
ZUERDUIE HIK 9100 mg-Lt, 2k pH K 65~75 6.5~7.5 <30 <20 <20
70 kAt
- Os Ik E A 30 mg-Lt, & 5 _
Os &ML JE K At 19 30 min 40~50 6.5~7.5 <15 <10 <12
e K A JF A 0.5~2.0 mm f 9ERb 35~45 6.5~7.5 <10 <5 <10
s IR RARE > TREAN3 N
HEIEHEK R 2 L 35~45 6.5~7.5 <10 <5 <10
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3.2. [REeRPKERELZ ARG ReER S

FEATRA v, oK AT R G vt R MvRe 0 AR 7 U B s AR e R ke B . B2 A
WERRIBHOAR, R E KB F BTGB (oK B TS RE o WA a2i& AR UL 8, B Hiot
BRI A e 2R, I e s A B K B E I, L BRK R R s A AR S e, K
DS, 7 ISR M T3 — MUHETS, SRR ) 2 A iie . A B IR R RGBS E &
LI 9, A IHROKIEA T T I H . 1% 2R SR A PRG3R TAR AR, mTAR AR 75 3R 5 AT 14 15 Sl
PAOKI S KR RGUEAMERG T, TAFRERe M, WK RERE AT T RMORAEIA B 99%. 1%
RGEE ] LU B E IS AT R IR ZEA LR, WD R, RIS, B
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Figure 8. Reverse osmosis system without energy recovery
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Figure 9. Reverse osmosis system with self-adjusting energy recovery device
E o AEAEERKRKENREERS

MERS FIH M RIBIE R G S H TR RERE . DA WG KR AL [i2idE R4 i #h/K TDS: 32,000
ppm, FEKE: 40%, fEIEFEMESRE /). P=60kgflcm?, IZiES R EER AR KR HAR
ﬂDT

N UKIHZ) = Q (/KR E) x AP (JE£)
A Re & WK SOBE R4
N ke = (777K 0.4Q + KK 0.6Q)*AP = 1Q* 60 kgf/cm? =60 Q
A HIRAReE R R B T RIBTE R G
RG-T i 2=
P = (35 + 55)/2 = 45 kgf/cm?
N -x =0.4Q*45=18Q
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Nwx =0.6Q*3=18Q
N wx = 0.4Q*1.5 =0.6 Q
Noxz =Nk + Nuwx + Nyx =2040Q

KBRS T, A B WA R RN B 238 R 490] 154158 FE(60 —20.4)/60 = 66%, {EHL T3
24 8000 us/em 5 WL MV /K FRoK I AR FE H, Al A B A IO e ke B 1 RIBIE RGN LR IZ
FERGALG, FITRE 30%~40%. AT H AR IS REFERHE i i B rhoK [E] A 2R G G i I K FURE
SAY N 1.38~1.40 kw-h.,

4, g5ig

(1) WEERAUKEIN RS H “TUHE ARG + “BRIT” . BB RGN “REDHE + mAH
o+ BE + fREdiE” MM TZ, BREJTRH “BIE + —HRBE + “HREBE” ML TZ.

(2) FALE T2 e W€ 2RI ] PAC, HBINE Y 100 mg/L, % pH E5 7.0
Ao ZREEDIE o R SRS A SR R K — P AL PR, SRR BN D9 30 mg/L, S S E] 29 30 min.
S KA R PR (R 2 P8 Ia ,  PRAKK A B BE R B e BT BOR,  REs/b iR R Gris 4T 11 18] 175 4%
PR, FERAERMER, MRAGREKIRE BT, MHRRK T RIS 1T RERE.

(3) JBEFRTTR IR O 2R 48 AR 7 S Al R R R R RSO B, A5 IR AT I R A i K LR K
M TR, AN TROK R AR SERRE A TC A K AR S AT 1.38~1.40 kw-h.

(4) ENHeIRKAE 0] 1 Ak B AR v 5 7 A RV g K S VIR BER K, IR B IE 5 Y R
PRI B 1 RS0 T B A ML PR 3, X T e BN IR K 5 I JRR 5 3 I SR R 2 — o XA L AR
FETR AR IROK I AR5 PRI BA U A A G A8 5 S S B IR K P R JE A o 5 188 T M i i J B 75
o TR S BN BONE, BREE APE R, Ea DURH S AR KA 5 R AR S
ISZ (4 2R W SR AL R A /N 1 SR 5 3

(5) ¥ REZY K [l FHY 28 Gt W] - HL At B G R K B T PR K A el P A 2 v

EHEWmHE

JTARAREOH R H (B 8- 638, BUH %5 : 2022B1212030001): 44 T 3L iy dim 247 il AR B
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