55 46 B 2 W) SREIAXFZFIR

Vol. 46 No. 2 2025 Journal of Qingdao University of Technology

BIRCHNKEERR-BEERBEREGCRZRNAHAR

F VMBI KT

(F BB TRE RSB TR%EE, HF 5 266525)

B E IR HIK R G KR DU L S H Ak 22 B3 A 5 A 37 BF AR 1 AR IR o] ) ) R, FA 2 T — i G
ff-F R G T4, TONREra A L R T R T A AL R0 A R 0 O BE R, LR o5 2 TT LU BN 02 2 B
A H R TR R B 5 F AR R Y SRR B o K 0 S I B VA A L R PR K R 2
s AT R A A R 2 2 A e P S Tt A T ) 1) 2 AR T 0T AN 2 R BR A B A T, 7 L A AT P R 285 100 A/
m? F, TZ#K R 100 mL/min, FRIEFHE BB 15 mL/min, Fe H 2B IR E 60 A/m” ST . H
FKAE M EK B 500 mg/L(Lh CaCO; HOBFEAKZE 190 mg/L, £ CaCO, HIREFE Jy 3. 59 kW » h/kg, HLM#-
PR ZR R A PR AT 1A 22 J2 B3 h A IR Bl i AR T 25500 B8 i S L RIS EK A AR AR AL T L
RABIA MBI HNIK 5 AR AL s TORE P figh 5 Hh 2R3

B 2%S:X703. 1 MR A MEHE1673-4602(2025)02-0084-07

Application research on the non-diaphragm electrolysis-electrocoagulation
coupled hardness removal system in circulating cooling water

LI Kai, YANG Qipeng. JIANG Bo”"
(School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266525, China)

Abstract: In order to solve the problems of scale deposition in the circulating cooling water
system and the limitation by the surface area of cathode in electrochemical hardness removal
technology. a non-diaphragm electrolysis-electrocoagulation coupled process was developed.
The non-diaphragm electrolytic cell used a titanium filter element coated with a catalyst as
the anode, which was characterized by the fact that the H™ produced by electrolysis can be
extracted from the anode diffusion layer to realize the acid-base separation in the single-
chamber electrolytic system without a diaphragm. The separated alkaline solution was
pumped into the electrocoagulation cell, so that the scale crystallization and sedimentation
process occur on the extensive floc surface in the electrocoagulation cell instead of occurring
only on the cathode surface. Under the conditions of an electrolytic cell current density of
100 A/m”, water flow rate of 100 mL/min, acid solution extraction flow rate of 15 mL./min and
iron-based electrocoagulation current density of 60 A/m”, the hardness of the effluent decreased
from 500 mg/L (calculated as CaCO;)to 190 mg/L, with an energy consumption for removing

CaCO, being only 3.59 kW « h/kg. The non-diaphragm electrolysis-electrocoagulation coupled
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hardness removal system is mainly driven by electrons, which avoids the transportation and use of
chemicals and provides a new idea for the softening of circulating cooling water.
Key words: circulating cooling water; water softening; non-diaphragm electrolysis; electro-

coagulation
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304 AW, $70 mm>X 100 mm,BEE 6=1.5 mm, ZFLERIEL . 4 99. 9% ,630 mm X100 mm,
PEUEAE N 50 pme, ARHT SR 99. 9262 mm <50 mm X 60 mm. FAAR. ZEEE 99. 926, 2 mm X 50 mm X
60 mm., #fLE5, CaCly, 43 #7 4li. B R 85, MgSO, . 43 #1 4li. i fR £, Na, SO, , 78 M 2. ik iR & 4
NaHCO, . 43#Hr4fi, 4686, ShCL, /b, G4k, IrCly . 24 ali, 546457 RuCly . 20 Frali, k& DU
%, SnCl, « 5SH, O, 5004l , BB, (C;H;NO), 4B 46, AR PAM., it ¥ i34 Rk F LB %8
18.2 MQ » cm HUAB ALK 45
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BT T AV AEFRS E K 1 S8 4350 BE ] T &4 444 mg/L CaCl,, 120 mg/L MgSO, .840 mg/L
NaHCO; 1 1420 mg/L Na, SO, MBI MU & A 400 mg/L #58FE (UL CaCO; 31,100 mg/
L BERFE (L CaCO,4 11 .500 mg/L 5 (LA CaCO; 71 IR H TR L4 3. 05 mS/cm, ¥IEHE K pH {E
254 8,30, BEAN L ECHI TALE A 1420 mg/L Na, SO, AP R T2 2 o ff 4l 10 R 040 5 1k B, W0 LR V5 TR
pH #1°4 7. 00,

FETE AT DL AR A BHAR T AT, OB AR R K i 100 mL/min, JCREH RS DR IR E A Ti/
SnO,-Sb, Os-RuO,-TrO, A2 H BRI A BB, A 304 ANEE A B 4 4 A BB, "R AR TRIBE A 20 mm, HY,



86 RO TR R 546 &
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mm) » BB Z [ A AR [BIFE A 10 mm, AR FZ N 500 mL. POVE A 8L 1000 mL, %
FA) SR8 I B A BB FR )R 200 mL . FHERE0ZE L) 0. 3 mL/min AU R A 0. 1% PAM ¥, fifHA R
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BOH ™ BYHL ARSI 45, 3% 38 /03 66. 5% .77. 3% .77. 8% Fl 79. 8% , 1M BHML H g K A= 1 H ™ () H
AR 13, 70638 E] 22.5%.31. 2%6.35. 5% #1 35. 2%, MRk I FE B A E] 15 mL/min, FF
W — 254 R R R RO R o E AR K A FE IR ASCRAR ME R — A5 4R T DRI i S S 6 A oA B A 5 A L R YR Y
PEHR 0 15 mL/min,
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e 5 iR . 7E LR BRI ] 60 A/m® Fe HUZUEESRMF T L WFFE 1 R AR 114 FiL 70 28 2 o) A8 B8 22 Bk
SR FE , B AR A D LB Bt 0 A/m® A lBE N A 20.60,100,140,180 A/m” , /K HHFRI 43R JEE Hy 500
mg/L 3 BIFEIKE 420,260,190,180,150 mg/L, BT T, 7K Ho J6] 43 B 5 B o R U 2 B A 184 n S22 80 1 e
AR A% (LS 5 398 o e 300 28 38 A OCR M LA B O I B8 P B2 T . 4 o 0 28 5 /NI P AR b fe ot A v
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Kl 7 /R T Fe Fil AL 2R BE LU % B0 7K e s B B RN REFE 2 MRl . ] 7 () T . B %5 Fe L ZR
BEHLE R 0 A/m” 20BN ZE 20,60,100,140 A/m? , 7K H ) 4% (1B 5 A3 218 0/ iy #a 32, 43 S 500
mg/L FEARE] 195.190.185.175 mg/ L, HL 22 5 HL 30 235 4 A 34 fim x4 88 2 B 41 4 A B 156 B el 28 L
FPERIATRR . il 7(h) s Al HLZREEIR RN Fe ri 2258 52 30UAR R0 P B3 A8 34, 0F — 20 348 o v i 285 2 42
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FEAT B 500 mg/L FEAKE] 220,210,190, 180 mg/ L. 38 K A 22058 14 L JA0 28 P8 %o 0 88 2 Bk 0 (i b sl SR A
B, ix 5 HAKIZIMANA 20 B 7 45 AL HAKIZIMANA %5 i T e 220V A i3 /K IR Ak i T Ak 2 T
L EERFRWA 100 FEIS LA LR, BAR Al RS Fe o 206 Bl FR UL 255 B2 A3 e 90 11 AR R0 7
PRIERCR ARAEARR L BT 5 AL HLELEERT AL RCR A e VR AR T Fe HUZEE, (15 Al HHZEEENYTE
PIE T Fe RZEE, R ZEERTE RN 60 A/m” B, Al HZREE LR CaCO, IHEFEN 3. 86 kW » h/kg,
1M Fe FLZEEUH 3. 59 kW + h/kg.
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WA DTVE I T I TR 22 KBS T K WBIRIE VRS H AR T8, JF SRk A SEM Al XRD 45 R AE T B DL UE
YA T i B RUE S . 1l 8 S Fe il Al LR BETTIEY) B SEM [, I 2 BETTIE D CaCO, 1Y i
FE DR S0 R 3L iR D W ZE T 5 A AT AE B9 R Fe F AL 2LBE TR Y S5 4R ME R | 7

ok SETID |2 o 450

(¢) 5 umbR R T Ald 2 8T IEY) (d) 50 umAR R T Al 8B EY
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1 PDF #47-1743 M13C A PDF #41-1475 19 XRD 5% &, iR e 25T BB T A TE 29. 40°X%F b
(104) FHTE LA S SCAAE 26, 21°%F 0 (111D 5y T PR AR A i

3 it

ARSCTF S T — b3 FH OGRS E1 K A 1 T I F fife- H SRR 15 T 25 Aol 2 25 I VR AR B o %o L fi
R 85 0 5 M 5 0 X 85 T AR P 5 ) L S A L 0 20 8 T b 0 P 00 4 P8 X 7R AR AR
DL RERERSEMA , BAH T 3% T2 TR AR AL T AT S5 F .

1) JC v g Al L 35 1 kA TR0 B0 Ak i s Sy B AR o L 80 7 A 1 R P AR 2 A B U P R g o
A6k 75 BRI AR L A A R TR 8 TR 0 85 R o AT S B B 5 P s 28 1) v PR B 20 5 . 7 fei A pHL Ry 7. 00
) Na, SO, W - i ARG L IR B 100 A/m®, #EK 3 100 mL/min, BRI R HUMR 4 15 mL/min
BIAAET BRI K pH R 11, 73, FUFRSCR R 77, 3% BRI K pH R 1. 91, BLRBCR M 31. 2%,

2) BRI SR A — T A A% ST s 1) s LA R R R L e IR ) 2 TR T AR HE T
VE MR B K S R B T DIVE B ) 25 BRI R A B I ACR s e il T A AR DTTE AL BRI |
H TR 0 i BB T AR S DURRDTIE T Xl AR A 23Rk . ARBIFSE v Fe A AL HL 22 BEIR R I 5080
R R ) BRGH TR T ) 2 2R E AR DTV IR R A B L BRI R B ) Kk 2

3) TEHLMERE B 100 A/m? 7K &R 100 mL/min, BRI A HE B0 &4 15 mL/min, Fe H
LR TLEE R 60 A/m” MIZAFT , /KA EE M E KA 500 mg/L(LL CaCO, 1) FEAEE 190 mg/L, 2BR
CaCO; REFEI N 3. 59 kW « h/kg. TEAHFIZMF T (0K Fe HLZLEEH 0y Al HLELEESS , /K B 28 A JRE
KR 500 mg/L FEKE 210 mg/L,REFER 3. 86 kW « h/kg, M id X LETIIEY Y SEM 5 XRD FEAE 5
B ULVERI ) CaCO, FEELISCA R E , [RIRHEAT 25 1 A A7 A

ZE L ATAL, OB R - BB S T O — E R L AL G AL F A AR R N RS
IK P 1o 255 53 A 2 (AL 110 £ S RN S
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