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Preparation of calcium carbonate by ion-exchange membrane carbonization
electrolysis of calcium-containing magnesium slag solution
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Abstract: Magnesium slag is a solid waste produced by Pidgeon process. It is found that there are a large number of
CaO and Ca,SiO, phases in magnesium slag, which is a good calcium source. The concentration of CaCl, solution
obtained by adding hydrochloric acid to leach magnesium slag is about 250 g/L, and then converted into Ca(OH),
solution by electrolysis. Light CaCO, products can be prepared by introducing CO, into the cathode of the
electrolytic cell. Therefore, in this paper, using 250 g/L. CaCl, solution as the anode liquid, CaCO, product was
obtained by cation exchange membrane electrolysis technology and CO, was introduced at the cathode. The effects
of various factors on the electrolysis process were investigated by changing the cathode NaCl concentration, CO,
flow rate, current density and electrolysis time. The results show that the electrolysis effect is the best when the
experimental conditions are cathode NaCl concentration of 50 g/L, CO, flow rate of 50 mL/min, current density of
0.05 A/em® and electrolysis time of 2 h. At this time, the mass of CaCO, product was 4.41 g, and the energy

consumption per unit mass of electrolysis process was 2.79 kW-h/kg. Compared with direct electrolysis to obtain
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Ca(OH),, it was found that direct electrolysis had obvious mass loss and increased energy consumption, so it was

necessary to introduce CO, into the cathode during the electrolysis process.

Keywords: magnesium slag; cation exchange membrane; electrolysis; Ca(OH),; CaCO,

0 3

il

hEDE R E R RS R A E LR
o AR L B AR LA JE N AR
S~6 MEEEE ), A BEA B Tl iy & R, oAk = 2
B LIRS B 0 R Z R, AR PR T £
HGER , [Rl B B AR A R 2 R A Ak i 2R ki AR
Yt/ ME LI iz i R E R A S X6 AR AR R
W T EEE G o R A5 YA — R G ]
RO PRI, Shy S B v 1) R MR A, b 2500 A
BRI T AR

B2 CaCO, & —Fp H B MR R R, )12
I S B 8 AR/ A T BN o | /AR = =117 3
D7k BESY R SRR AR 2 R0 ARk
TR — R AR RT3 55 B K I AR R A
R N R S Nl T T P VA
CaCO,. HARMI& T2, {HJ2& i T i A Na,CO,
IR il AR B B AR R A [ — T —
RN 2R TR S ) e B B CaO L, SR R
JK A i Ca(OH),, i A CO, S AK 5 22 I W UL ¥E A %,
CaCO,. 25k IR T A G f3E , (H2 R KRR
AN JERL, IR RERE B, AR A BT S (a7
L A0

iRl A5 CaCO, M I EE B IFZ AR Z
b HRT, BT R R 2 R o R T
MUY ] g H Al S AR A B A AR A B T A B
FRUS HE R AR DL TS Y A A S S T T AT
AT 2 RTE . LIN SEPOE 1 B SURK 5 B FH 25
T, Bt 1O AL 2 S L R A TR PR T2
W KA B B B AR A A5 5, A2 5 R A ™
H,.0, %5 H,S0,.Cu(OH), 1 Cu,(OH),S0O,. XI|JT.5"
I FH BH S 7 5 AL i NCL, 78 Y03 3 9 52 PH AR I 49
U PRI A DR ) P i e R Y R, B
i 2152 T HCKZ NA(OH), =4 . #6558 2l it 7%
TR TET TG P ) 5 & ) FH 2 S FL i Na ALORi Y
17l s AR BRAR B/ N FEH AI(OH),. I B+
[ CaCl, 1551 Ca(OH), JHHFEEE A CO, it — il %
CaCO AT ZMADTIER] , JFRHAT B, Jo 2 A HE L, 15
Ny R BRI S) . HETAHIZ 5

WRIR S 1) T 298 M A58 35, SRS B BB Bt .
R SC LA IR i i R SRy B 3 o LR R
S i A NaC I RR B L CO, Tt it | HL %% 4 T
FRL g A ) 45 Pl A S A0 AR 55 CaC O, 7=, [ s
VG H A el A P BT B P I RERE . B XRD .PSDA .
SEM F3HTA i B , X 0 2% #F T 1) CaCO, P-4 k4 7
R ANZRAE , X6 b B 327 L e S5 R A5 B A 7= 4 A S
FLARFBERE , 40T i g APl A CO, BB

1 SEIGERSY

1.1 FEERREMNSFES

FEFORE . JC/K CaCl ([ 2y, 20 Hréli) s NaCl( R
HEs A RE, AT el o

SEEG VA LU HL TR (IT6302A , FEL VAL IR 15 75 1l -
0~3 A) ; fHIE KR8 (L BHE HH-2A) s A HI =
H A R (I 5 7 ATl B, %5 R 256 mL , 40 mmx
80 mmx80 mm ) ; ¥ 57 H 1 8k i (60 mmx10 mm) ; £k
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Table 1 Magnesium slag purification liquid composition
table

%y Ca™ AP* Mg Fe**

Zrit/(mg/L) 90012 0.069 1.55 0.70
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Fig.1 Electrolysis experimental device diagram
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Table 2 Effect of CO, flow rate on electrolysis process

CO, #jit i/(mL/min) /g PRV it B2 AR/ (KW - h) AN T i W) REAE/ (KW - h/kg)

40 4.19 5.24 0.0126 3.00

50 4.41 5.12 0.0123 2.79

60 4.16 5.13 0.0123 2.96

70 4.17 5.13 0.0123 2.95

80 4.04 5.11 0.0123 3.05

90 4.10 5.14 0.0123 3.00

100 4.01 5.12 0.0123 3.07
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Fig.2 Effect of carbon dioxide flow rate on product mass

and energy consumption per unit mass
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Table 3 Effect of cathode NaCl solution concentration on electrolysis process

NaCl¥#k 5/ (g/L) Feit/g SR LAY HLff R R AEFE/ (KW - h) B R ) REAE/ (KW - h/kg)
10 4.46 9.55 0.0229 5.14
20 4.26 6.89 0.0165 3.87
30 4.22 6.31 0.0151 3.58
40 4.15 5.67 0.0136 3.28
50 4.41 5.12 0.0123 2.79
60 4.33 5.23 0.0126 291
70 4.28 4.98 0.0120 2.80
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Fig.3 Effect of sodium chloride concentration on product

mass and energy consumption per unit mass
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Table 4 Effect of current density on electrolysis process

R 7 P e AR e

(Alem?) Ht/g  JE/V FE/(kW-h)  FE/(KW-h/kg)
0.04 323 497 0.009 5 2.95
0.05 441 512 0.0123 2.79
0.06 509 581 0.016 7 3.29
0.07 630 636 0.0214 3.39
0.08 688 6.70 0.025 7 3.74
0.09  7.62 720 0.031 1 4.08
010 773 818 0.0393 5.08
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Fig. 4 Effect of current density on product mass and

energy consumption per unit mass
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Table 5 Effect of electrolysis time on electrolysis process
HL 5T [ /h vl R/ V Ha fif i AR BEAE/ (KW - h) B T P I REAE/ (KW - h/kg)
1 1.94 5.39 0.006 5 3.33
2 4.41 5.12 0.0123 2.79
3 6.38 5.45 0.0196 3.08
4 8.49 5.36 0.0257 3.03
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Fig.5 Effect of electrolysis time on product quality and

energy consumption per unit mass
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Table 6 Relationship between particle size and content of product particles

AR A5 /um 0.100 0.200 0.500 1.000

5.000 10.00 20.00 45.00 75.00

% 0 0 3.73 4.79

4.79 13.35 48.79 98.02 100.00
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HIPE 8(d) Fhal LU 21 L fif — B AL = 114 7= 40 LA KL U 114
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Table 7 Comparison table of product quality and energy consumption under the condition of no CO, and CO,

SR JLN P (3% CaCO, ik ) /g PO T BEAE (3% CaCO, ST R T) /(KW - h/kg)
FA A3l A CO, Ak 3.41 3.90
B8 A CO, Sk 4.41 2.79

1 FIA 0 AL CO, I iRz 3, 7] LG HY
BPSEm A RIS , 24 BAAR AN A CO, B il B 155
CaCO, 1Y Jii 2 2 [ 8 A CO, BARAY . 11 27 o 2 7

Yy REAE D L I T8 A CO, I 2 g, 33 2 K N R I T
H, Ca(OH), KL T 4iifk e , th T4 Bl iz sh MG f e 5|
TIVERL, JET 6] K A B BT By T Y BB AT 2R
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