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Preparation of various crystal forms of calcium carbonate from industrial solid
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Abstract : The emissions of CO, and industrial solid waste are increasing year by year, posing a threat to human survival and development.
Countries around the world are urgently seeking solutions to reduce carbon emissions. Researchers have developed a series of CO, minerali-
zation processes by reacting calcium and magnesium elements with CO, to generate stable carbonates, achieving permanent CO, storage. In
order to achieve large—scale CO, storage, high—value utilization of calcium containing solid waste, and reduce mineralization costs, inex-
pensive and easily available calcium containing industrial solid waste was selected as mineralization raw materials. Started from the prepa-
ration of polycrystalline micro nano calcium carbonate, the latest research progress on the leaching of calcium containing industrial solid
waste and CO, interstitial mineralization was summarized. The commonly used leaching agents for indirect mineralization of calcium contai-
ning industrial solid waste were introduced, and the impact of reaction conditions and crystal form control agents on the crystal form
and morphology of micro nano calcium carbonate during indirect mineralization preparation was analyzed. The control principle was under-
stood and explained. Finally, the current technical difficulties and future research focus of indirect mineralization technology were summarized
and discussed. The results indicate that adjusting the mineralization reaction conditions such as temperature, pH, stirring rate, and CO, aeration

rate, or adding crystal form control agents, can effectively control the crystal form, morphology, and size of calcium carbonate. The indirect min-
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eralization of CO, from industrial solid waste containing calcium to prepare micro nano calcium carbonate can meet the requirements of different

fields for the use of calcium carbonate, and can generate economic and environmental benefits, with broad development prospects.
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Fig. 1 Indirect mineralization process diagram
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Table 1 Comparison of calcium based solid waste composition

JE} ®(Ca0)/% ®(Mg0)/% 0(Si0,)/%  ©(AL0;)/%  w(S0;)/%  w(Fe,05)/% ik
L i 80~90 0.1~1.5 1~20 1~3 <1 0.2~1.5 [11]
i 30~60 5~20 10~45 1~18 <1 3-9 [11]
B AH 30~45 <1 0.1~6.5 <1 40~45 <1 [11]
IHEIR (R HE) 15~40 3~10 5~15 10~25 0~10 4~15 [12]
PR 30~50 5~15 25~45 0~10 <1 10~30 [11]
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Fig. 2 Crystal morphology of calcite, aragonite, andvaterite
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Fig. 3 Process flow diagram of cyclic indirect carbonization!*"’
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Table 2 Process parameters for preparing nano calcium carbonate
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(Gly) .CO, n(Ca(OH),) =2 .CO, i 4 L/min
””%%(ﬁzim% h R A W4k 1100 °C /KA FHERRENR NG 8% . LB 10 mL,CO, %3 K 1.5 MPa [41]
RN .
HLAE EIL SR CO, RO M BRECRmEREYRE R =3 1 IZBGRE 30 °C ZBUR ] 30 min; 71k [42]
AIRAH CO, i 75 mL/min
AALES o, HEE(HE MiskErks oL RESRE R R IR 5 °C LSS & 0.028 g/mL HEE, CO, i [43]
KIER) f 100 mL/min
SFULES BRERGN R ZALBRERES  §71K.80 °C 543 600 r/min \PAA F PSS it 3.0 M13.6 /L S NHRE] 1.5 h, [44]
FR(PAA) RIKLIMBETR WOk n(CaCly) : n(Na,COy)=2: 1

#H(PSS)
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VI T IS TEBH SCik
FALES BRIREN TIAME ERECA IR B T EERIR N 0.5 ¢ BRI BN B 1.5 mL/min n( CaCl,) : [45]
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AL R, 1+ Bkma W 4k:n(CaCly) : n(NayCO3)=1: 1, =+ RIS E 0.510 8 g $if F1 4% & [46]
MR 500 r/min  Z R HE 12 h
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ToETERR IR ES , TG U ik TR 55 1) A e M 2 1R 52
M), Lt 908 T o, 0 9857 1) W AR S BR A A e A TR
THE 25 C i, EERE AR R ER S, T Ak S
T, RS S AR e M — 20 N I RIRES 7RV W T
KA - A5 IR B FIA 35 Fl 45 C ), IR ES
(T3 A WY J A8 Ak, IR B S 43 O il A A7 A

I, R THE R AR T B AR ES A e e M, 4 SR RS 17
HRUE TR

MRZZE P T H A 3 ) P i v A K
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T, BRAL e a) (BRI RS I DTE i AR o, RR UL S8 4
JE TN 5 RRRAE — S5 F T i B A — B ]
iR BB E2NER) N 1 h B BRERES
Y BRI A, BE PR (B ZE K, BR# A %
WS, 7 A S AR, BRI R 12 h
IF, 7 A B B 57.029% 4 100% , Ui AL
i PR, 7= Hp A T I AR R A A BRI
%A, 50 F1 70 °C T, [FIRE & BRER 8 A e (b 3R
G BREBA ] T 1) SCA AR AT DB 1 3 o
B R 65 s 780 ) s L

TR A LA AR A A JRURE A A BRI BR
YRR S,  BF9T & LA ES TR e AN ) Bk RS
TEAR B AR, EACES TR NG R 5.6 g B 7™ & o W
AR U R 2.8 g B RRERIE HRSH B R i
AR TR 43514 0.95 ,1.40 F10.70 g IF, AE 5
H A ERE Ak Sl K R AR S B AR | B e 28 o AR R T
1 wm BERIE . X0 T & AR ER AL S N B, S AL 5
TR 5 MR VA TR A 2 L R E | DTS M AR A
HRAE BN 127 05 45 CO, T S HAh S E A S
AP A T 3 Bt SR A S ) S i e B KT BT, %
R T AR A s R, A B ) 2 N 4 B 45 7
Kot A% b, DT B0 A AR R 338 RSP AR/
2 EACES S I AT, S AR AR K R R T A%
R R MR RS i 1A A 4 B R B R 1 (B A TR A
BRIE .,

XRARARAE ) 5 3 20 R R A A i 28 42 il 371
FRUR ISR P s 1 oA 2 TG M 7 3 e A Ml Tk o
ZFLERBATRRFRES MR, BF 9T T B I B R 40 A 3R
VRS TR S O 2 %o il TR 65 T2 3 1) R i, 2% 56 2% 1
T A5 75 RN IR P RR R L AT R R, i
WU BR RS Y A SR . R DI RR AN Il 4 5
o KA B TER I B SR R 24 5] A R RS
BN I SRR S 7= KR 2 b & B AL T
TE B I Aod R B B R A5 7 R AR AR A (R AR K
INAS— BLERRTR 5 22 T B /N, S 2R, 4%k
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Fig. 4 Mechanism of the synergistic effect of different ions and amylopectin to induce the formation of

calcium carbonate with different morphologies
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