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Electrochemical softening performance of nickel

foam cathode in circulating cooling water
CHEN Dong, CAO Shun’an, JIANG Xingming, DONG Bicheng
(School of Power and Mechanical Engineering, Wuhan University , Wuhan 430072, China)

Abstract: Electrochemical device with 2D plate electrodes suffers from low softening efficiency in the treatment of
circulating cooling water. The precipitation rate of CaCO; was improved effectively and the energy consumption was
reduced by replacing the 2D plate electrode with a 3D porous nickel foam cathode. It mainly depended on the large
electrode area of nickel foam, and providing the large surface in the inner zone of nickel foam for the precipitate crys-
tallization after invactivation. At a current density of 100 A/m? and a flow rate of 0.4 L/min, the obtained precipitation
rate was as high as 39.0 g/(m*-h),being 120% higher than that of conventional nickel plate. The deactivated nickel
foam cathode was regenerated by current pulsated method after one operational cycle. Because of the incomplete re-
generation of the cathode, the average precipitation rate kept decreasing and the energy consumption increased gra-
dually during 10 consecutive cycles. Therefore, it is of great significance to develop an effective regeneration approa-
ch for 3D cathode.
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Fig. 1 Schematic diagram of the experimental setup
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Fig.2 Total hardness variation in the effluent of the reactor within
24 h at a current density of 100 A/m? and a flow rate of 0.4 I/min

H I 2 AT LA Y DU AR R B AT | 7K B
JERIB T 16 h IR AT, U K 3 R
3.11 mmol/L; Bl J& 7K A B 1283 17, 24 h B 7K i
FER 3.25 mmol/L, 17K A5 Bl s (] A9 728 Ak R L3Ry
AR NI RS 2 B, X 2 ANBr B AR
A U4 Ml B S E O e %A
e B B A H KBS T 8 104 D PR LR AR R 1T A%
X UE R BRI AEHEE ], B DI R T TTE D Y
FREL AR R B 55 | 3 B R0 T 1 R
A FFBHARAT SR N & A IR R B 2 T B
Br; IR PLoE ) A R A 2 BEAG R 5 7 ) BH AR
AT A A% ST, H ARS8 20 v T AR TR B A A [T
B, KR BE S el BT A 1 h B A9 2.57 mmol/L
FFE 5 h BT 2.85 mmol/L; 81T 5 h &, H 7Kk i
PR —E K-, 0 2.80 mmol/L 245 AT LLE
YL TR B FIAR A b B B 1) s 7K s 38 B 8 RAAEG
HORAEBATHP R R K gl o 4 ol — 2

ZALR BRI, ARSI T ST AR AL
REH,

P 3 R 1035l LA R AR BT DR [ I e,
Pz B A o i U AE 24 b NAYZEAE

l4r

il m AR
& KR
Z 12r .--.-....
=) Ll
n
g 11-----"'..
R
.
10F ......".
e%%ee
PP T Y S
% 5 10 5 20 25
BATHE/A

B3 RREBEHSMHEERE 240 AHEZK
(BRZE 100 A/m?, 37K FH=E0.4 L/min)

Fig. 3 Voltage variation of the reactor within 24 h at a
current density of 100 A/m? and a flow rate of 0.4 I/min
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Fig. 4 SEM images of the nickel foam cross sections after
1h(a.d),4h (b.e)and 12 h(c.f) operation at a current
density of 100 A/m? and a flow rate of 0.4 L/min:a.b.c
in the vicinity of the working surface ;d.e.f 1 mm away
from the working face inside the electrode
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Fig. 5 XRD patterns of the precipitates attached

to the nickel plate and nickel foam surface
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Fig. 6 Effects of current density( (a) ,flow rate of 0.4 L/min)
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after 24 h operation(a) and 20 min regeneration (b)
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Fig. 8 The softening stability of the nickel
foam cathode in 10 operational cycles
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Development and application of cascade electrochemical

enhanced oil-water separation technology
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Abstract: A cascade electrochemical enhanced oil-water separation reactor was designed. And taking the oily sewage
as the treatment object, the water purification effect of cascade electrochemical enhanced oil-water separation tech-
nology was studied. The results showed that this technology could effectively reduce the dosage of water clarifier and
reduce the energy consumption of the system. Under the optimal condition, the cascade electrochemical enhanced oil-
water separation technology had an oil removal rate of about 86% for the oily sewage ,which was about 38% higher
than that of water clarifier,and about 74% higher than that of the direct electric demulsification process. The energy
consumption was only 3.64 kW -h/t. The cascade electrochemical enhanced oil-water separation technology has good
stability and remarkable economic and social benefits,which provides a new treatment technology for oily sewage
treatment.

Key words: cascade electrochemistry ; oily sewage ; oil-water separation
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