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Abstract

In industrial production, scaling on the walls of heat exchangers can lead to reduced efficiency in
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energy and water resource utilization, as well as shortened equipment lifespan. Existing descaling
technologies suffer from low efficiency, high energy consumption, and secondary pollution issues.
This study developed an electrochemical water treatment device that uses a low-voltage electric
field to control hard water ions, achieving selective crystallization and precipitation of scale-forming
ions. The technology is efficient, easy to operate, low-cost, and environmentally friendly. This re-
search systematically examined key indicators such as treatment rate, hardness removal efficiency,
and unit energy consumption, analyzing the mechanisms by which changes in operating parameters
affect the overall performance of the electrochemical water treatment process. Deionized water
mixed with cooling water prepared with CaClz and NaHCOs was used to investigate the characteris-
tics of hardness removal during electrochemical treatment of cooling water, as well as the effects of
three influencing factors: current density, electrode spacing, and residence time. The study found
that when operating conditions (current density, electrode spacing, and residence time) are con-
stant, the hardness removal rate remains stable over continuous operation for 3 hours, meaning its
ability to reduce hardness does not significantly change over time. When the current density is 30
A/m?2, the electrode spacing is 4 cm, the device can effectively reduce the hardness of cooling water,
with minimal electrode corrosion.
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ME[1]-[3]0 SRTAT, 7K 1) R — BRI 20 H S A0 AT I OB ME R . 7K 3G BT AN FRAIS T A8 # e, 34 m
TRERE, ETRESE AR RIS SE, TEE N TV A PR A R B [4]. IEIRA K KRG IIK
Yoy FEELL CaCOs A FE[S], BT BRERES BIVEFREEAR /N, IRZS B AE /K Ak B AR T 45 der,  FE3 AR
VA R TR ORI o B8 G0 iE /K 5 45 Tl s i) 43 2k i ds Tolk AR 7= VB 0.3%, 24 CaCO; 1R A
2] 0.8 mm B, 2> FEREFEIGIN 10% [6]-[8]. BLAL, BEERATHAS K LIURYIMIG I, &8 B2 RN
ARG R R IE I T I R B, 0K 5 B0 3 IR S v AN AR BRUAR (9] PRI, R BRRAS 7K 315 PRI T B
BA HEE AT E SRR

HAr, BRG] LA A2 A B )5 0. A BRSRVEARA & G5 edits, i Bl fg s
BOKAEEA — L AEYE ERYR10]. TER, HEES. @E . e mEMBRNEES . B
SR IR S B VA B T T2 R RE[110-[14]. 875 B BRIGH AR R R P S E A BIRR IR O], Wi
AbFERE LI CaCOs BRI BIZIE 26, 1 F i FELIZ 58 1 5 3 i A TR 2 D) B S22 9 /) B TR G35 W SR )
B 1. SR, XM FR R A S R BR A 2 R BT 25 Bk B 5 78 3 PR B T L 0 /K 35 B F0 K 35 0 A=
K, AREBR K IERIG & T, MM AAFRRS, B & A v RELS AT H IR KR . 20 T4 70
AR, A IR AR TR R R R[15], ST RS /K I & 1 LUK IR IR 1 77 KA dfT i
BRI T VO S YR B IR e AR R T LK, 8 G IR A IR 2 A AR R A K I, A
M) ) ABRIGIGHAR . [FI, BAR™ A KSR EE o, BRI, ZBiRER, Hix
BRI AT DL L BRI TR AR, PRRIRGA R, TKTTRE, B T A SRR A SR I RS YA )
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Figure 1. Diagram of electrochemical water treatment device

1. BLFKAIRREE

22. XIWAR

HH M 4l it o 7K CaCly F1 NaHCOs % 8BS R Eb 1:2 f LRI (E 25 85 17K AR E i1, Ca? ¥ 24 0.015 mol/L,
SEES KR EE N 15°C o e ARIAIEE N 4 cm, 7KALERE Y 3000 mL, i i 2 i B AR He ML YRR BU3e i
BRIETFLIAE, AT AT 9 P 2 S S5 FL A 2 /K A BV RE PRI S A o St R, 9 9 0 AR [ B ) B R I
M EHBEHE A Ca?IKEE, DL pH E, W70 1T RIS B B Ak K AR R BE IR 52 A o 181 H R A
B FEER R, HREEEE N4 N0, 20, 30, 40 A/m?). fEiEfTidfEd, £ 0.5h BL—ik
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EHE, HMEENAREBEEEN R, hE B F B R AR A R R AR S EREE,
FLAL 35 B 40 B BN 4 ANKF(104 204 304 40 A/m?). EBATE R, 0.5 h BL— kA, M5E Ca?ik
B, BS54 3 h AL EER.
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AFRE LT, BRI E, HARMIRRAR R R AT, 8% ) B S IR SO AR
(1] EELL AT R/ SR 8 FL L 8 BE T B S22 A B BE OS2 . BLIRUEEE A 104 204 30, 40 A/m? HELALSAIE
AEFRJE KA Ca? W FE BB AR 04 1 TR o

Table 1. Changes in calcium ion concentration at different current densities

# 1. FRIBRBEEMEEFRETHL

it 7] (h) Ca?" i 5 (mol/L)
FLL 10 A/m? 20 A/m> 30 A/m? 40 A/m?
0 0.0149 0.0154 0.0159 0.0156
0.5 0.0121 0.0109 0.00922 0.00967
1 0.0116 0.00764 0.00536 0.00572
1.5 0.00718 0.00591 0.00429 0.0043
2 0.00582 0.00526 0.00356 0.00378
25 0.00559 0.00473 0.00303 0.00329
3 0.00556 0.00469 0.00297 0.00325
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Figure 2. Curve of calcium ion concentration changes
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Ca® R LI T Bef o 4 [ FL I 8 P2 G KT G K T PR BB A P A ARG K, 7K R 2R O T e 7 T
FEOR, IR T VP R B AR AR MR S5 IR AT Y, 8K T Ca? WREZI T PR R

3.1.2. BB
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Table 2. Changes in conductivity at different current densities

% 2. FNRIEREER SR E

) (h) H1 5 % (ms/cm)
HHL VL 9 P 10 A/m? 20 A/m? 30 A/m? 40 A/m?
0 7.89 7.88 7.92 7.91
0.5 7.56 7.48 7.3 7.35
1 7.33 7.29 7.2 7.21
1.5 7.31 7.21 7.13 7.16
2 7.2 7.12 7.04 7.04
2.5 7.13 7.08 7.04 7.04
3 7.12 7.04 6.98 7.01
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Figure 3. Curve of conductivity change
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HIE 3 A, SAEARSRNBAEHE S CaIRERMBHBMOL, BT N TRUKEER R, SCRAIIaH
Bk BRI ZL, KR RO I R, SR BHLEE T B RS
WA IRV, LRGSR

AR B R — R IS, 45 28 YA L T BT i HL I o T )R R TG K, AEAS SO FRLIAL A LN 30 A/m?
I A P R R R, X RN R PR BRI, i 7 R S, AR RAMR X PRk 5, i 1 Ca?*
) SRR AL, EAFBIARIEBOL AT CaCOs YUUE, IORFRAR T RIBE R . IR 24 K E] 40
A/m? IR/ BT B AR . SLAh, HITE RN, I BICA B LR, SRR A
Fgdm, JF B LS g 1 RERE. [RILL,  SEBRM I R N 30 A/m? 2 i .

3.2. RAREE X B F KSR ER R
W BN 30 A/m?, WARIEIEE 3N 4. 6. 8 cm A1 10 cm P4 K P o

3.2.1. Ca*5RE
AR B PR B 4. 6+ 8 cm A1 10 em HAAL ZAE AL FR J5 7K FE Ca2 ¥R I BUE AL N ZE 3 AT .

Table 3. Changes in calcium ion concentration with variations in plate spacing

3. ISR T IRERERAREEE T LA

) (h) Ca ¥ ¥ (mol/L)
PR AR ] B 4 cm 6 cm 8 cm 10 cm
0 0.0159 0.0151 0.0155 0.0148
0.5 0.00922 0.00951 0.01085 0.0114
1 0.00536 0.00618 0.00792 0.009
1.5 0.00429 0.00445 0.00618 0.00738
2 0.00356 0.00378 0.00544 0.00657
25 0.00303 0.00337 0.00489 0.00604
3 0.00297 0.00333 0.00485 0.00601
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Figure 4. Curve showing the variation of calcium ion concentration with the distance between electrodes
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Table 4. Variation in conductivity with plate spacing

4. BEEMERREETLE

B [E] (h) 1 5% (ms/cm)
H AR 8] 2R 4 cm 6 cm 8 cm 10 cm
0 7.92 7.91 7.89 7.92
0.5 7.3 7.34 7.51 7.63
1 7.2 7.23 7.45 7.58
1.5 7.13 7.16 7.4 7.54
2 7.04 7.11 7.36 7.51
2.5 7.04 7.06 7.32 7.49
3 6.98 7.04 7.31 7.49
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Figure 5. Curve of conductivity variation with plate spacing
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