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Fig.1 Experimental setup of electrolysis

1.3 REZHIE

L e R S B MLER AN 1] 2 Bz, BH S 28 46 s
iy SAH ey, B o BH 25, 1 BH 25 A oA [l HE
JRMAEAE . ZEE M IMIERT , LU A 22 8 3)
7, B AR 8 3 2 FH 5 A 4 R A% B A
5K AR RN P HE ) OH ™ 455 A4 iU R
S F e SRR B CO3 456 A iUMETA 1Y B IR
B AR AR A A A ROV L (1) ~ (4)

FHAR 2C1" —2¢ =—=Cl, 1 (1)

FAf 2H,0 +2e” H, T +20H" (2)

sy A

CaCl, +2H,0 =—=Ca(OH), +H, T +2CL, 1
(3)

Ca(OH), + CO,=——=CaCO0, + H,0 (4)
1.4 HANE FREENERENITE
AR H I 38R 45 T S B = e R LB P i, I

) 0TS

B2 hHLEE

Fig.2 Reaction mechanism diagram

Mk T EEL A R ) AR PR R R R AR AR RO
MR AR, BRRCRITA AR (5) M,
Dcacony, x 10
=y o x100% (5)
A HEARAIRECR, % ;D on), H Ca(OH), ™
ot RIBATHLIR, kA LRI E] by n Sk HL A
FERREIITRE AR (6)
Ul
V=1 000 (6)
K. w HFERE kW h ;U WK, VT NiafT
HLIL, A o A EHLAFRIRHE] b
TR AR (7).
g LA RAT S R
TS Z1009% A bRRE RO AT 5

x 100%

(7)

2 HERHWhE
2.1 ANFHE

H T F AR B A6 P A RS A BB S e 1
Yy o i S AR JEERE O, BRI, R R JHC o b A B
REATRRTRENE' . FH E —pH &I ] LW ) 3 i
F12F 5 AR, R R LA A9 T 2R 2 R Rk g
BREEMN., K3 ZHH HSC Chemistry F1 Origin g
fF2xil Ca-Cl-H,0 KR 1Y E-pH B, Hrh B4
(a) . (b) FUERIK o3 Al i A ORI A 5 &t
2., mIERH, 2 pH > 11,5 B 3 Ca®* F2 4kl
AL UTTE T H |, Uk B BH 25 28 46 B Ha, i 1 6
AT
2.2 BHREBEEXNFHSEMNEHFM

BHA LA VB R A S VS, MR BE R 0.6 mol - L7 5
FFIA H i R B AN, wT ARG s e e MR
0.1 mol-L~", FEJEIE 25 °C FAFAFIA] 3 h HEFEEix



£ 106 - b EH A & & 4

SZafASIMER

2 -
IVCa02
i B
\
0 (a)
=
B
IS5
lICa* Il Ca(OH),
_bk
=3r [Ca
4

0 2 4 6 8 10 12 14
pH
B3 Ca-Cl-H,0 (KREETFIREN
10 ™" mol/L Y E-pH [&]
Fig.3 FE-pH diagram of Ca—Cl-H,0 system

at ion concentration of 10 > mol/L

500 r-min "' ISR, 25 EE AN ] 0 HE O RN HL R
BCRHIFEH R, 5 R G & 4 For

ML 4 0T LRI, L3 %% BE 7E 20 ~30 mA - cm
I LR RCR 2SN ;30 mA -em 225, BT AR #
TR e E— HE B, XMALIHET
FEL R R S I e, B84 D R e, R A S A
ARG B EG N, B 0 e g W Do F Ak A
SO B A AR R AR, AN ER
F RS, R R, R A SR FH & il
b RS, RS, S E R RS T8
FH B A S e i (B 42, T AR S B A vy 2
ZHH%IE,

40 - 0.040
—— HAR

35 10.030 =~
S =
5 / 10025 &
& 30F — =
12 10.020 g
= — B
, W
55l 0.015 %

10.010

&
- . . . 0.005

1 1
15 20 25 30 35 40 45
B % /(mA + em™)

B4 X AR MRS L R R
Fig.4 The influence of current density on

current efficiency and power consumption

FEL YL 2% B 0T LA P I AR B e i AN R 5 PR
FESH 9 XRD [ 3 R AF 0 5 50 S0 A0 45 A v A7 5 04
(JCPDS No. 00-002-0968) —Z, IF B B3, fi# 7= 4

SRS, 75 20 432N 18.1°,28.7° .34, 1°,
47.1° 50. 8° . 54. 4° &b 4 B %F R 4 (001) . (100) |
(011) (012) . (110) . (111) Fi5Fud, Y45 5 E
TR (7)) T, Bl H 3 3 BERG i, SRS Rk
VBRI HE o, | PG el R R

AN TR] B 37 288 o R AR 52 T AN R 6 BT
P, L 288 B X0 Uk A, B A — s A iR T, 7 P T 2
FER /NG, FR T E A S RS (A5 SRR B TR AT
A ER NS 11 N A\

40 mA - cem™

35 mA *ecm™

SR

| l I 1 . 30 mA *cm™

) L. L 25 mA *em™

) l L. 20 mA * cm™

| I | I
30 40 50 60 70 80 90
20/(°)

5 AFEHREE N A XRD #3E
Fig.5 XRD patterns of calcium hydroxide

|
10 20

products under different current density

50

P P
=] n
T T

BAZDS0/um
W
9]
T

[Ne] %)
N =]
'\\

1
20 25 30 35 40
FEL I 2 B /mA + cm™)

Bl 6 AR r i B - ki i A2 Ak
Fig.6 Changes of the product’s median particle

size at different current density

2.3 BEMNSESELBETYWHIN
e HL A2 T B IR E 4 in bR e R S iy
JEE RIS -2 A% s B | 1) 3265 W H SRR TR bt P
L B A e A T AR AR I B 2 R R
FA) B (B FIIACAE 18 7= ) St T AN R e B T BB R
T AR, FEXF =4 Ca( OH), HEAT XRD A,
BFIRK P Ak S AL 5 VA W, YR 0. 6 mol - L7 5



2023 4E 12 A% 6

PUHERESE . AERIRUEIE K T CaCl, FH S 7l i i — i AL il 5 CaCoO, - 107 -

P14 F i R S AR, R BE 0. 1 mol - L1, 7EHE
W E 35 mA - em BT IE] 3 h B BE R
500 remin "' AR, 5 A AN Y HEL AR TR RE T L AR
RFNFEHL AR, 25 R WE 7 Fis

Bt L R B R, IR OGRS R T R, A
50 °C i H I AR IR B e KA 5 T BE %) e 2 i 2 1
IS , TR 77 i 5 E R il BE i v 2 % BH S 1
A A S TR R F 70 °C i R 56 45 RS BH
BT A T S ik B ry e, Jf B o
PR A A =, 53— T, Bl R B T e A
H SRR, 7E 50 C B, RE eI, B4 Hy
FEdefi, JERTE T T e, 48w 1B IR S
RO AR A S R (P R PR R R AR, IR
SRS 8 W Y UR L L ENA SR ¢ W e an ) <
PO M T A A THEAE TE, BT
FES A LR 100 % A E T 52 W, 7 — 8 DR B T
TR 2k e m R AR A A, ] 5 S I 2 R
BRSO B KT, FEIE R RAERA, B
0.001 ~0.002 m AYZKIIA L5 L HL & T, K AgIK
A AT T 0,05 VI LI EE 7 50 °C B2

= N,
A
40~ -0.028 0
—— LR
e e
FEHE
o 100275
N =
M =
= 30f — " Jomi0oZ
i . =
'EJ A/ 'EJ
251 L0.0265%
' ' ' ' ' 0.026 0
20 30 40 50 60 70 80
REC

B 7 i 0 H AR ANRE FL Bt ) 2T
Fig.7 The influence of temperature on

current efficiency and power consumption

ek T R P M AR e i AN 1 8 TR, 1
) A AF 2L A TRT B B B XRD R ARAE I 5 A R AL
S R AEAT 551 (JCPDS No. 00-002-0968 ) — %K,
HERA =438l R RS Bt e, BE IR A Tt
o, FEAE B G 5 , FEIRLEE IR ) 60 C LS, 774
RIS S BGOSR IR B T A B T 0RO RN
AR (E9) .

FL A A e R AR AT T A (R R

[} J l l h AN 70 OC

. i l l h LA 60 DC
1
o

1 l Y oA 50%C

l ) l [ Ar 40 C

j ) J | I A @5

1 1 I ! | 1 1 |
10 20 30 40 50 60 70 80 90
20/(°)

8 AFIRE =P A XRD &7
Fig.8 XRD patterns of calcium hydroxide

productsat different temperatures

65
- 60 ./o
3 L
§ 55
Q 50r
X 45
43 r
= 40 - o——-/
35 ! ! L ! |

20 30 40 50 60 70
R C

B9 AR R RS R 2R
Fig.9 Changes of the product’s median particle

size at different temperatures

BAK, X T RS T E A, 280 A IR Y
BB 1A AT ULTE , VI T B9 45 25 SR el 2 BH
%, 225 9 BH AR (445 25 1k BEAR AR, sEAN S R AR
g, NI 80 B8R, R RREE T, 0 T EGEX
—IH0, I EAREE A CO, , 7= 1) AL A UM
IRPRESVTTE

2.4 HERZEXRELS =Y RIS

PR FEL i R SE A S 5 W, MR BE 0.6 mol - L'
AR H i o A AL BN, W B 0. 1 mol - L1 $2 T
) BF M RE A VR Pl A CO, IR, SR B R
250 mL-min ", 7EHLAFRASE] 2 h HL AR BE 25 °C 4544
T, SN ] B HL I X R A R IR H i 5
Wi, 25 AN 10 s,

AR 10 7T LA Y, Bl H 3 2% 5 A 3 K, HL
BCRASA K, {5 A8 A AL L, S A RS Y
HLRACR R AN T 20% B B i, FEr BREH
T R RS BT, SANE A T EARRAR EE, H
JEHRGE , KATE 2 V ZNTF8h, i Ca® ' 7EHLffd 2
HOR Wl B RS 3, AE i S B A Ui FR A5 T



. 108 - v EAH & S A 2 &7 A 5 IRE

AR, FRUR B RETE 40 ~ 80 mA -em ™ 1721k
TR, RACRAR AR/ i L A AR R R AR
g

5 .
G —=— HLRACR
—a— FEHHE A
60L e 10.040
550 10035
=
50% . 10.030 &
2 ——— -/ =3
= 451 10.025 T8
B
w
40F 10.020
35 / 10.015
1y

4

&

FL A

30 ; ‘ . 0.010
40 50 60 70 80

HL Y% /(mA + em™)

10 FL I %8 PR 0T H QA ABCR RIRE FL B AR 52 )

Fig.10 The influence of current density on

current efficiency and power consumption

FHL 0 25 T FL g = O AR R s i N ] 11 s
Y T 4D R L R TRT B, B R ) XRD PSR AR 1 5 ke
FREEFRIERT ST (JCPDS No. 86-0174) — 3%, 7= 114
SRR TRES H 4GB A v, Bl G R T, REAE
g 328 A7 19 5, | 0 R R AR B 10 PR 45 B R R A, R
12 FIEE 1 ATLUE L FEANF S T, =Yk
B B 2 S PR, FLAE HL R R 80 mA < em
INF, BRERES (KR AR B R, ¥ ) M B

80 mA - cm™

T

70 mA *cm™

SR

\
S JL i 60 mA,'f}m’2
. )\ e § o i 50 mA * cm™
|
1

40 mA * em™
1 1 1 1 1

50 60 70 80 90
20/(°)

Bl 11 AFEHEREE Fr-YmiRes XRD Kk

Fig.11 XRD patterns of calcium carbonate

]
1
30 40

1
10 20

productsunder different current density

2.5 FERERR E X RERES W RO R

B FRL AR SR ARG P, TR EE 0.6 mol - L7 5
BN LV A B T, W EE 0. 1 mol - L1, 3 A
CO, S &, i 250 mL - min~', 7E MU % B
40 mA -em ~* HLAFIELE 25 CA&AF N, BRI B

8
7
6
N 5
W og
ezt
X 3
£
1
0
-1 1 ! I |
0.1 1 10 100 1 000
B4 fum
B 12 AS[W) I 5 B X B PR 5 ) R i
3 A B 5

Fig.12 The influence of different current
density on particle size distribution of

calcium carbonate products

R NIRRT W BRAREG DSO 5N
Table 1 The influence of different the current density

on the D50 of the calcium carbonate products

LI 5 B2 /mA - cm ~2 40 50 60 70 80

HER#E DSO/pm 19.77  21.26 17.96 22.95 23.66

fige INF ] 363 R, 370 288 S5 MR R 38 AR D, 45 R AN 1] 13
JoR,

60 —a— W R 1%
—a— FEH /AW « h

55+
< . 0.030 .
=50+ 0.025 <
B o « ]

il

Y
T
|
o
o
S
#E

45

40 : ' L 0.010
20 2.5 3.0 3.5 4.0

i i)/
13 FQ SR I TR] X F I AR AMIFE L 1 A R

Fig. 13 The influence of electrolysis time on

current efficiency and power consumption

BEAFI IR AE K AR A 1T O3
A HL R TR SR T T A
R ELEE 7 B )5 RRFE I CaCO, 2
BT R 3 H BB B S T LR T4
B AR T U R0 K | I 22 S S T
T PR M RE st i B 6] 6 2 K — LAE S, 89 T35



2023 4E 12 A% 6

PUHERESE . AERIRUEIE K T CaCl, FH S 7l i i — i AL il 5 CaCoO, . 109 -

BT BT RL AR , 7 IR ACR & TR B, i
PERE I R —4H , BV H it R) N 3 b

s ] X6} B i = A AR R S IR A L 14 BT , 0
4] At A ZE B 57 B R SR Y XRD (B ARE 0e 5 s v A
S —2 PRI Ol BRER S L Al T, B s ]
FEA , RRAE 05 1) o BE A FRAR P %, FEFLAR 2.5 h
INF AL I Y g B e i, TR I 2% SR I, 455
Kl 15 #1322 aJ LA, PERARTE 16 ~23 wm {5
AR, A Bl e (R]  SE S ZEHL A 3 h LA
Jo BRI S PR AT

l L 40h
J | . 35h
e P 3.0h
2.5h
Ad
X 2.0h
1 I * ‘I * ‘I 1 1 1 ]

10 20 30 40 50 60 70 80 90
20/(°)

B 14 AFEHEGETE T PR e XRD K
Fig.14 XRD patterns of calcium carbonate

productsat different electrolytic times

8 _
7 =
6
= 5
B4
9
1 L
0 .
0.1 I 10 100 1000
RiA2 53 A lpm
15 AN [ o it B T XS e R 465 = W b 8 0 A
HY 52 ]

Fig.15 The influence of different electrolytic
time on the particle size distribution of

calcium carbonate products

R 2 A[F R R =R IRES D50 WIS
Table 2 The influence of different electrolytic time

on the D50 of the calcium carbonate products

A 1] /h 2 2.5 3 3.5 4

PERAR DSO/pum 19.77  21.07 21.81 16.83 23.18

3 4R
SBT3 K, AT FERT R IR BRI K

=y @AACES BK AT 1 LA, 401 B2 AE A% 52 I

P T 2N BRI A O BEARAL B
1) IR 25 R R, AR5 7 o i FH B - s v

fig— B AL T A BR IR B A 7 S8 2 AT AT Ry, dlad XRD [&]

TR AR AU SRR BRAL A S TR

B, WAL BRI Y T ERLAE DSO SR A E 16 ~

23 pum , FLIGNNFR R 5 BE A R A I ), R R

JE A2,

2) MRS R U E P AR IS R P I RRCRS R R

R o —E R, AR AL A8 3RS, R

TRCRI N 3, nT DA s 29 20% . HEIE

HL i — A b PR PRI AV R 2 0. 6 mol - L™

HLWE N 40 mA - em =2 HLUARINF[E] S 3 h S5 R T,

RO IR B B i
3) AMF5E ARG A it s A B o0 TRk 32 H

88 % P AR ) T 0, S T BRSO ) . FRLIRARCR

7 i A R AR R DA v R Ak A R R 1 A T 7 A

E@Eéﬁl\ﬂ@%/fﬁT—ﬁ%ﬁﬂgﬁ%o

E=3Td

(1] RIESt MR IR LR IR v s T2 1], B 5 R,
1997(2) .13 - 16.

WU Hougui. New process for pickling steel with low concentration
of hydrochloric acid at ambient temperature[ J]. Electroplating &
Finishing,1997(2) :13 - 16.

(2] ZRk3g, Pk, kS5, S5 AN E5 N BR U I WA FR A AR [ 0]
TR 4:,2015,25(9) :52 - 55.

LI Qiuju, SUN Ying, ZHANG Jing, et al. Stainless steel pickling
waste liquor recycling test[ J ]. China Metallurgy,2015,25(9) :
52 -55.

(3] 2. ABRIR UE K M BT IR AL B AR DTS ot e [ 0], Ak T RE U,
2019,33(9) :62 - 64.

LI Bin. Advances in steel pickling waste liquor resourcing
technology[ J]. Chemical Engineer,2019,33(9) :62 -64.

[4] Yungiang Yi, Guoquan Tu, Dongye Zhao, et al. Biomass waste
com-ponents significantly influence the removal of Cr( VI) using
magnetic biochar derived from four types of feedstocks and steel
pickling waste liquor[J]. Chemical Engineering Journal ,2019,360.

[5] 6P AEWE REERE S LT]. o EIFEE, 2000
(4):9 -12.

GONG Youping. Stainless steel lining technology discussion and
application[ J |. China Well and Rock Salt,2000(4) :9 —12.

[6] 20, REwE, KA, 55 M ERIRRRVE Y [T 55 7]
WFFERERELT]. ILARAET, 2014, 43(8) : 46 - 50.

LU Huijie, LIANG Huiting, ZHANG Gongxiao, et al. Research



. 110 - T E A & S A L& F A SRR

progress on the recycling and utilization of steel hydrochloric acid (117 BAIAAMAR. 25— F5E B A Al el SRR BT 38 [ ). & Tk, 1995

pickling waste liquid [ J]. Shandong Chemical Industry,2014,43 (7):83-9.
(8) :46 -50. A Songlin. Calculation of the current efficiency of an ionic

[7] INEYE, IMBAT. BRI BR AR RS RET]. 44T, membrane electrolyzer [ J ]. Chlor-Alkali Industry, 1995 (7 ) :
2011,40(11):1178 - 1181. 8 -9.

SUN Anni, SUN Genxing. Research progress on regeneration of [12] DR, Bamfbza[ M. dbat. 154 Tl H ik, 1983.
waste hydrochloric acid [ J ]. Contemporary Chemical Industry, JIANG Hanying. Metallurgical electrochemistry[ M ]. Metallurgical
2011,40(11) ;1178 —1181. Industries Press,1983.

(8] Ti4fr, Mg, Fl. AT T (W) BRER VR IR R &5 & 1R FEWE 5T [13] REN Xiulian, WEI Qinfeng, LIU Zhe, et al. Electrodeposition
[J]. /KFEIRARA,2006(2) .62 - 64. conditions of metallic nickel in electrolytic membrane reactor
WAN Jinbao, TAO Kun, WANG Rong. Study on the integrated [ J]. Transactions of Nonferrous Metals Society of China,2012,22
treatment of hydrochloric acid or sulphuric acid pickling waste (2) .467 -475.
streams in steel plants[ J]. Water Resources Protection,2006(2) : [14] FAyT. B PP R mRZE[]]. & T,
62 - 64. 2005(3): 15 -17.

(9] Jowk, sl ok 24k, i &L Es il & gk RS 55 [ 1], 1L T WANG Dejiang. Factors influencing tank voltage in ion membrane
5T 2007 (2) :26 - 28. electrolysis[ J]. Chlor — Alkali Industry,2005(3) :15 —17.
ZHUANG Bin, XU Chao, ZHANG Xingfa. Preparation of nano (157 XUFET. AS[R] B 2% 5 7 6 e it Al rl, R sz [ ]+ 4
calcium carbonate from calcium chloride[ J]. Industrial Minerals & B8,2015(6) :14 - 16.

Processing,2007 (2) :26 —28. LIU Cunyu. Influence of different factors on ion membrane

[10] A7, JrkEsE yEd i, 5. G5 1A VR & U0 e Tk R 4 electrolyzer voltage[ J]. China Chlor — Alkali,2015(6) :14 - 16.

M TZFIE[)]. M TRFSE, 2022, 121(20) : 132 -134. [16]  EAEL AR, B 1 15 L Al R ACR IR R N R [ T]. &
YANG Yonghe, FANG Guibi, WANG Zhongjin, et al. Process B TV ,2004(9) ;11 - 14.
study on the preparation of precipitated calcium carbonate from WANG Deshan, JING Tianfu. Factors influencing the current
calcium chloride solution[ J ]. Modern Chemical Research,2022, efficiency of ionic membrane electrolyzers [ J ]. Chlor-Alkali
121(20) ;132 - 134. Industry,2004(9) .11 - 14.

Preparation of CaCQO, from CaCl, solution in steel pickling wastewater

by cationic membrane electrolysis-carbonization method
HUANG Jiacheng'?, ZHANG Ting’ an'*, LIN Shengnan'”
(1. School of Metallurgy, Northeastern University, Shenyang 110819, China;
2. Key Laboratory of Ecological Metallurgy for Polymetallic Symbiosis, Ministry of Education, Shenyang 110819, China)

Abstract: The acidpickling liquid produced by the smelter is mostly treated by lime neutralization method,
resulting in a large amount of calcium chloride waste liquid. At present, the treatment process is complex, the cost
is high, and the economy of calcium chloride recovery is not high. In this paper, the method of direct electrolysis of
calcium chloride wastewater was proposed by referring to the treatment method of chlor-alkali industry, and the
diaphragm electrolysis test was carried out with calcium chloride as raw material. The effects of current density,
temperature and time on current efficiency and power consumption were investigated, andthe current efficiency was
comparedbetween withandwithout carbon dioxideintheelectrolytic cell. The experimental results show thatafter the
cathode is introduced with carbon dioxide, slightly soluble Ca ( OH), can be carbonized into insoluble CaCO,,
higher current efficiencywasobtainedcompared to direct preparation of calcium hydroxide by cationic membrane
electrolysis. At a current density of 40 mA-cm >, a temperature of 50 °C and an electrolysis time of 3 h, the power
consumption is lower, the current efficiency is higher and the economic efficiency is best. The median particle size
of CaCO; produced by carbonization of calcium hydroxide is in the range of 16 ~23 wm, and the particle size is
more uniform. The method of cation membrane electrolysis-carbonization to prepare CaCO, has high current
efficiency and high product purity, which provides a new idea for the treatment of calcium chloride waste liquid
produced by steel acidpickling waste liquid by neutralization method.

Key words: acid pickling liquid; lime neutralization process; calcium chloride waste liquid; membrane

electrolysis; calcium hydroxide carbonization



