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Mineralization of calcium carbonate under the action of multi-component
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Abstract: In this study, the mineralization of calcium carbonate in the mixed system with amino acid, polysaccha-
ride and organic acid was comparatively studied, and CaCO, crystals were characterized by SEM, XRD and FT-IR.
The results showed that the deposition of CaCO; was promoted by A-M, and the calcification rate was increased by
36% compared with the control group. The deposition of CaCO, was inhibited by organic acids, and the calcifica-
tion rate of M-O, A-O and A-O-M decreased by 33%, 29% , and 17%, respectively. In the A-M, the main crys-
tal composition of CaCO, was calcite, which also contained a small amount of vaterite. However, there was only
calcite in M-O, A-O, A-O-M under the regulation of citric acid. The particle size of blocky calcite was 10 pm in
A-M, and the vaterite was like a hollow circle with a particle size of 5 wm. Rod-shaped calcite with particle size of
5 ~15 um and 3 ~5 pum was synthesized in A-O and M-O. A-O-M contained the most abundant organic matter, so

that the nucleation rate was higher than the growth rate; the particle size of granular crystal was only 1 ~3 um, and
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most crystals were incompletely developed. The research revealed the phenomenon of biomineralization in multi-

component coexisting systems and emphasized the leading role of citric acid in regulating crystal nucleation and

growth. The results obtained by the authors provide a reference for exploring the biomineralization mechanism in the

subnival environment of Huanglong.
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AT v FEH X P B33k 3 300 m, 473
W 7°C) , AR s AR iR 07 51 T2 AR
TG 5T B E A, B e S A
TCHUAH &5 Bl 2R AR T 53 W 1R A WL ™ A 3 il A7
BUT AT LA I A5 HL—JE AL ST 04 43 0 70 3 [R] 1
FH(Sheng et al. , 2003 ) KL 1 th 15 TEHUAH K A= AH T
VEFT s TG 40 1 A A B 1) 65 g 0T S 3k 471
¥ ( Dmitrovic et al. , 2012) . B 4L, FHLFE K
TR LUE A A I SRR AT 42, Oaki 55 (2012) FH
LR 5 5 25O DR B 1 A ot A 1) TRAL 21, S S R
MIREVE R 15T CaCO, HAZ AT WL AR ( Hu et al. ,
2010) . H—ANT T BT FR BT JE BT, CaCo,
TEA WL TCHLF T A A% T 4f AR A, FLAR KB ) A
A BT . Ping £5(2018) I H B A B WL
FEIE [ chisifica P45 K SR A H1 T O )30 2045 )
A, JLIR IR TR W e A A i A K T R B AR 92. 7%
(Chhim et al., 2017). Ak, ZETHN HAEH T,
CaCO, fib PR Mk 25 1 25 Hb by S0 A A 5 4k o i) 2%
Foe R 0 (1 5 Ml A 5 ey, T e 0 50AR A LT B i RS
AR RGBS . SRRRIR 4 Z R Y e
Bk B A 17 J5 A e Ak, T8 R R AR IR R
RE 8 U 4 BR 3 A0 1 TEARFK /N (Tong et al. 5 20045
Li et al., 2018) . Yang %(2008) FIJH 5 T 5l J1 2745
AT LRI SRNE AL J5 A AT i T R A £ 5 i o
TCCPEFUNE H EE0E . B0 AR 55D & 5, I BE
AT AN [R] i T A5 A 0 P M B, s okt mT DL ot
R TE S .

WO KA Y 2R R E (A0 5,
2015) . P45 (2013, 2014) B M R4y B 2 Bk
FLA 7 B R I I C CAD 15 g TR ¥4 T BR B JF L
WIANE 53 T ORI T 7 P HLIR I B TR R A A
22 e 0 AR B R A5 (TR o W 8 TR T K 3 YA 11 B TR
I 15 e AE — o B A R A e R A 1) T 300 C 5K SCi 4%,
2016 , Ho o3 Wb (R AZHE B~ D 28 1 AN A e A 1k ik 1R 45
TR, I RETS 5 SCA R P2 AR (RS, 2017 T3
FA, 2018) 0 BRT LA, sRAFILC2017) A EE e

IRARHRLI LY 88 i S8, A1 D e 348 I8, Tkt e A
B W B DA ¢ T B 1) R I ABEARL, 0 9k (R AT LR
X BRI IR Jli i th HAT IR A . H T ST 2 5
B AT LT JE ML I R 4 T AR T A B
R AE AN 28 2 4, I 5 TEHLE 1 2 W) 1) A
B AW ARS R 2%, A BT S A IE FE
FEA R L SE s s e (N E D AR HT, 2 R L
JFONAT WA BaA% S A R A RS A SR N2 4
DRI, A SRR 5 e 7K A v I v 4 T (1 A )
A= P RRAULIE I, 28 37 2 PAT HILIR 2 ik IR AT PR 3K
IR A R 2, WIS A 3) ) 2 i /R, 5 T
SURES R, RIS 5 32 4L 7%, BRI 7R IR & 1R
A BUTON B R 85 1 A6 L R A0 5 mi AL B, X0 T
TRICATTH 13 R A A AT HE 2R 2 R .

1 ARG IR

1.1 BiREH

RFAT CaCl, - NaHCO, + F7 45 R - BE 1 TR « L-Tiis 2
P2 L- RN 2R -1 DR 2R D~ % 8 D D-A% 0B 45,
)R oy b et

T4 1 AT NI 23 Sk B2 T 1 4 Ao
WAERHEA 1 LKk 4 4 A-M.A-0.M-0 FI A-O-
MCA 2 5, M O Bkl O 5 A HLIR D, 75 i i
0.03 M CaCl, % f1 0. 07 M NaHCO, %% 1 L,
#H.

R1 BRHESRKE mM

Table 1 Composition and concentration of solution

L-1 L-7 L-3 D-7 D-¥%
Fhm g 0 AW L DAL DR

wR AR WER AR

A-M - - 0.32 1.8 1.9 1.8 2.1
A-O 0.8 2.7 0.32 1.8 1.9 -
M-O 0.8 2.7 - - - 1.8 2.1

A-O-M 0.8 2.7 0.32 1.8 1.9 1.8 2.1
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1.2 ZHSEEWIZE

PR RAWBEE N 60 mL, Hrp Ca® Al HCO, 1)
I ZR LS B K o i 45 R (RS, 2014) 43
N 8.25 mM AT 16.39 mM. AN 2 N 7 i 1
B FRM (300 mL) W HEAT, K il i o B TR BA
W B TRRA), 1 Y df 1 B st A A% 10 mL 1)
TS A BURE

LR 4 MRS BRI S HL 30 mL 4p A4 4 A
B, RN BRI 15 mL NaHCO, BF % 15
ml CaCl, BE¥, 47 3 v % 4 A-M. A-O. M-O Al
A-O-M.

YRR B H 30 mL 2K R EE IR, A 15
mL NaHCO, ¥ F1 15 mL CaCl, % .
1.3 #ikahhZEn

K6 R BT MR E T BANTE PHS-3CW) , 73l
T 1.3.5.7.9 d WHKE AR R pH {H, I FH T3 T 45 X
5 mL FE TR0, FlI8 E SR AR B AR SOk
X CICP, ThermoFisher iCAP6500) ¥ ill Ca®* [¥) J5i &
WRE, WK 166 ~ 847 nm, CID il 28 , 474 15 FE
< —40°C. WREFEHCEW T p(Ca® ) = LA
AR R DR S ) 2 7, 20, p(Ca®t ) ok
Ca”* MBI E Cmg/ L), ¢ ABFIAICA), kA 454k 3%
HEHLD A, dlpCCa’ ™) 1/7de AT 545 ALk
F(mg/d)
1.4 SHIRYIEINR SRR

UUTEYILE 80°C (1) HEAR HL 452 28 10 ., JEAF B ik
MAR. i X HEATHILCXRD, X Pert pro, PANa-

lytical B. V. ) AL VTR W) 1) 25 W R AIE, 20 ff 3° ~
80°, E HLE 40 kV, B HLI 40 mA, 1425 58 0. 02°/
min; 8 FH Jade 6. 0 LU & A4 AH s SR FH A8 L A% 46t
ZLANETEALCFT-IR, Spectrum One, PE) 70474k 2% 4%
5 Hi% 3 il 4 000 ~400 em ™, 58 LK 100 000: 1, 43
W 4 em ™', DTGS Kl 4% ; K HI 49 4% B3 5% ( SEM,
UltraS5, Carl zeissNTS GmbH ) W2 B4 1 T S 4
TE, Inig L 25 KV, 6 HLIE 200 pA.
2 RV’
2.1 CaCoO, Hsh h=idiE

ST R I Ca® VR A pH (ER U S TR
e, T LA S AR R BRSO DA Bl 25 R EoR,
CaCO, JURLIKIZN 12 AE IR 44K SR 4103 1 22 S A
o Wil ta Fros, SRRM Ca’ REEAERT 3 d N3
B[] 2 [, S5 TP 28, (R AR Al i 35 DL K i 4%
WEATEZE R £ A-M KRR, Ca® RE N TR
Pl UL, R AR T I B AR R, DU F B0 4
P T 36% o M-O.A-O Fil A-O-M 1K R Ca® " WK
A A Ry V27, B U FE X v TR IR, A Ak
SR WL 53 IBRAR T 33% +29% 17% (& 1b) , it
W IER S Z ML HE T CaCO, MIUTAR, AT HLIR W)
HAMEER . W, HFALE CaCO, Myt AUL FE
SHFEAR RN HCO, 544 RSN pH (ETH =
(E 1e), ML T M-0.A-0 F1 A-O-M 1A &, A-M 14 &
pH B, I IER] A-M R RYTRHCR P

350 8.2
b
a —=— {4 —e—AM 0.16} i1l
ooy ——MO  —v—AO
3250} —A—A-OM £ 014 8o
g = 79+
= 2007 2 on = s
“ A E i 4 -
5 150 g Ll —erma —e—am
< 5 010 7 —— M0 —y— A0
100 -] 7.6 —A— A-O-M
I 0.08} o, -
30 . M/ M 73
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ud dd
Bl1 SRR P RIS IR Bl g 2 R ALE

Fig. 1

WA TSI 85 K, A A-M R R CaCo,
DUREZANAR I © BEEFFREEHR CaCo, T
FREHE T RAZ AT A CCui et al. , 2008); Q) R IEFR T
pl 5 pH A [ I 247 L fr, SEEAER S

Sedimentary kinetics of CaCO; in various systems during deposition

Ca’>" Fl CO;~ Z IA) K AE ML e 51 CBRIT 25, 2011).
BRI (pl =5.68) P fe (pl =5.05) KN 2 12
(pl =5.48) M5 L UMC T4 R pH {H, 2L RBE I
JF S A, SR R E B S A BRG] R
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AR B 58 ) o F vh, T W i s R R A K
HFRIE, C =0 W FHATTE M O B3I 4 T8 B
HL3g, AT Ca®t BT s 2L 51 ) (Jiang et al.
2017, FH Ca®* PR, TE R e 30 Ik o 1) il 2R
B, N UL/ 7 s R AR & %, 2011) . BR4t,
BRI BT 1 K E—OH 5 Ca’* 45 & 2 BRIK
JAZ A E C Tk A%, 2005) , REAT R4 bl IF) & 3L 1R 1k
— AR A R

T A-M 1K R, M-0. A-0. A-O-M 44 5 I3
HT CaCO; HIUTAR, 23 M SR R ] fig i A LR 4% T
FEALIERE . 2R 25 (2013) YA HLER I In A\ & i
RZR Y R PR A5, AT 0] HCO, IR 5, PRkt
CaCHCO,), WIS A #sy Ca’ A AE R bk, f
HURR BT 457 R L AE 5 Ca®t T B S IR T I, R
FEAR T Ca®* IR CoRBFSE, 2012) . ftm] LA

XA
A-M

N LIRS Ca* AR FEL T CaCO, DIRLHE I
b RIS ISR T TR
2.2 AR

L XRD 3 56 55 56 T 18 1 U0 7 0 1Y) o
GERMJHEAT T 00T, S5 R BL, B A-M A& R A &K
RHPIEHUR CaCO, ¥ T fiRA, ShAREILLC104) 4
1024 3, B 22 2190 R 28 T AN 5% Wi & 1 1 00 o6 A K
(El2a). 1l A-M AR, BT I7f#A47, 7526 J24.9°
FI27. 0°AbAFAE BR AT AT ST U6, 43 Sl R Y Bk i A1
fRIC100) FNC101) A IHIC 35 3C 258, 2017 5KIEE A%,
2018), H Jade 6.0 20 7 I 2 & AN A 44 B = 1)
2.48% o LLAMGIE I 712,875 J 1 422 em ' Kb
WE AU 43 ) 6 IS A O3 THT N A5 i IR B T AR S
¥ 3l S Al 6 FR A4 P2 2l C Park et al., 2015)
(Kl 2b).

A-M
A-O
M-O

x4
A-O-M

4000 3500 3000 2500 2000 1500 1000 500
B/ em-

K2 CaCO, [P X S 275 8 S LA i

Fig. 2 XRD spectra and FT-IR spectra of CaCO; in various systems
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26/
S TR I BB 34 e 5 3 K A AN ST A I T B

(Jackson and Bischoff, 1971; Braissant et al. , 2003;
FEEAE, 20170, A-M KR A7 AE D B I ER A, i
WIAZ A 2 0 A7 A8 B8 5 5 3R 0 T B B 400 £ Bl
Jit, {H M-0.A-0.A-O-M /R R[] XRD &5 37, 2 Fh
AL [F 2 5 840 NALUTE i T 07 il A B A
(B 2a) , XA A BRI S T 3RS0 1 & k. 1k
b, AU AE A ) AR R OB T IR IA IR RE 8 15 3
A A 3D, HEBR T LR R A T B A0
PR RS BRI AT RAHEDN D b7 AR PR M %5 T CaCO, 14
A, Montanari %:(2017) #F 98 K AT B IR 5 Ca®* 1)
LEA 25 5% CaCO, 25 &, 12 LU A B ey, o Bk A 1 4
TR B, J7 A IR B K, I AT R R A S
AT A AR AR EE T 07 A7 SE W] 2. Gopi et al.

Fanii]
aom, 101 e | 4
AL O R VS
e —Frigm
2l0 3‘0 4'0 5’0 6‘0
20/(°)

3 BRI SRR I B FE CaCO, 1) X BHEATHT
P i
Fig. 3 XRD spectra of CaCO, under the action of succinic

acid and citric acid
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2015) o XA S5 AT &
2.3 MARYIMIRASRIE

T 3o W S P PR T DA B A % R RS
Z TSN By € O e ke n g N OE iy e
(El4a). A-M ARG TRARHN 5 ~10 wm HIZE 1
JifdA, SRR E A4, AR, W R A7 4 p 2
AR A, B2 20 5 um (B 4b ), 454 XRD K 4
TR AT . BB B A P AN A HL AT 1R 5 S T
HH % 4 6.7 Ca’*/nm” ( Lippmann, 1973),
G LT 1) —COOH 5 |2 1) 4 Fi 3% 6 R T 55 7y B i 1
HL A (19 & TR0 A T A S AT 51782 &5 44 28 4k ( Tong et
al. , 2004) o A = FOR 1 T 5% B i 75 ] BE A
@ 4300 g Cln S5 g K AR FH s el A D T HE 43
T P A IR G5, 5% K S C—OH) §l Ak, B /K K
Ui CHy VW @ MOREE ML G, Ca®* il i i
VB FIWR BRE SRR I A iy, A B RE 9 5 ER T 43 1 2 IR R
THZRAR, TE R 2% otk i R Takahashi et al. , 2004)

M-0.A-O R E A HITE N 5 ~ 15 wm .l
A3 ~5 wm [IRIR AR A, b A 70 8 R SR Tl —
JZ, A EE L (] e dd) o BEFER I, F9A5 R AE 1S i
ZUHNH] CaCO, db AR 1 2B K (Karar et al. , 2015),

a R4

S REE AT B A RO B Ca®t TR RS S CFy
BRIRAES D, W PR AE ] — ¥ F T ¥ CaC OHD, R 1M, PR A
iR U R (B 2, 2011), S5 M-0.A-0 1K
RO SR D . UG EIR o-C BRI
AR £ 3 R P b O B A ot A SR T, AN AN e 5
PR BE 5 0 A0, U5 ARV o Bl AR K OO B
&5, 2002; Westin and Rasmuson, 20035, Ifij H.J& il 5
A7 BEL, 9k 55 T di R 2 [ IR 5 g, ‘30 M-0 Fil A-O
H ) R AR AN TR

A-O-M AR P EAN 2 RSN CRiARZ R
1 ~3 pm), HEARREREIR(E 4e) . 5 M-0.A-0
RS R T A, AR R AR e m T
A-O-MAA 2 (1) 3k VLRI B, A 2805 IR T A R 6 i A
JAZ AR . 28 8 A% B 18 Cibbs-Thomson 23
T B, LR T T 10 o 0 AR Al B 35 ) 2 i ot Ak 1)
W (Tong et al. , 2004) o =4 & 4 (1) A% 33 R
BRI, SRR AR K A AT 2 B, A B T S AR
414k ( Yang and Nan, 2010). A-O-M & & o 7 MLk
L WE BRI 70 2 1 A% A R A8 R AR 1E a1
AR 1R T 18, DA A48 B 2R 4 2 v, T
AR IR B8 1 AR A 2D DR TR 86 ) i AR A )N

4 CaCO, HYF4 i BE KI5
Fig. 4 The SEM images of CaCO, in various systems
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AN SO I 956 LU T 2 oA HUTOE [ T o
MRAGHID LIS, 138 T UL R 45

(1) ZARR A e 2t T CaCO, IYUTAR, I
JEAC T 2 [ FARER A AR ARURE I 1] 5

(2) HEEREPFE M S GIRESSHY
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