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Crystal Forms of Calcium Carbonafe Formed from Calcium Bicarbonate 

Solution Containing Heavy Metal Ions 

Akira TOKUYAMA*, Yasushi KITANO** and Nobuko KANAMORI** 

Summary 

To study the effect of metal ions such as Cul+, Zou, Nih, MoB Mlh and 
Pbl+ on the formation of the polymorphisms of calcium carbonate, calcium 
carbonate was precipitated from the follOWing six solution systems: 

1 ca (HCO ) + M .. _---,:c'3~5~+~2~·.C--- --,bo"-'-• 3 Z e ~_ ._w 
always stined 

34 ± 2 C -+carbODate 
sometimes stirrCl1 

5, Ca (HCO, 11 + glycine + Met .. _-,;r.;;35;;;;±~2;;·~ _ _ -+carbonate 
always stirred 

6. Ca (RCOs h + NaCl + Met oj. __ -19~7±J,2 ·C -+carbonate 
bolliog 

The presence of those heavy metal ions except Pb2 .. in a parent solutioD favors 
the formation of aragonite. The extent of their influence on the forming of 
aragonite increases in the following sequence, although the ionuences of ZOI .. and 
Mnl-+- in a parent Solution are complex: Cut+> Zot-t. Nil-+-> Mol-+-> Mlt +, The 
sequence is in alreement with that of lhe second ionization potential value of 
these elements. In lhe solution s~tem 1. lhe concentration of metal ions needed to 
precipitate pure aralonile is as follows: CuI-+- : 8x10- I , Nil-+- : 2, 2, Mgt .. :22 
mcq/ l . Lead ions over 0,2 meq/ l can not be added to the parent solution because 
of lhe small solubility of PbCO. , Pure calcite was precipitated from the calcium 
bicarbonate solution containing lead ions, 

Although metal ions such as CuH , NiH, Zn2+, and Mal-+- favor aragonite 
formation in lhe solution system 4, pure aragonite was not pre<:ipitatcd from the 
solutions of the system, It is noted that pure aragonite was precipitated from 
solutions of lhe systems 1. 2. and 3, Solid solutions were precipitated more easily 
in the snlution system 4 than in olher systems at low temperatures, 

In the solution system 5, arasonite was precipitated more easily from lhe calciUm 
bicarbonate solution dissolving metal in both ionic form and metal·glycine complex 
than from the solution dissolving metal in only ionic form or ia only metal·glycine 
complex. 

In lhe solution system 6, metal ions inhibit vaterite formatioa and lhe extent 
increases in following sequence: Cuh • Znl+, NjI+ > Mnh > Mlh. The presence 
of Cuh , Znt+ and Mga .. in a parent solution inhibits calcite formation and favors 
aragonite formation. 

--~RCeceived November 20 , 1972 
*Dept. of Chern .. Sci. &. Eng. Div" Univ. of the Ryukyus, * *Water Res. Lab., Faculty of Science, Nagoya University 
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1. IDtrodudioll 

Calcium carbonate has three different crystal forms: calcite. aragonite and vaterite. 
In most sedimentary environments, calcites (Mg·poor calcite and Mg-rich calcite) and 
aragonite are dominant, but vaterite is not. 

Many studies have been done on tbe factors which control the fonnation of the 
polymorphism of calcium carbonate l - II), Ul. The results indicated that one of the most 
important factors controlling the cry!Ital fonn of natural calciwn carbonates is the presence 
of Mgz " in a parent solution which favors aragonite formation and inhibits vaterite and 
calcite fonnation. However, the mechanism for the influence of Mgl+ has not been 

clarified. 
MgCO, and CuCO, have only the crystal fonn of calcite, and BaCOa only of 

aragon ite. The authors found the interesting facts that the presence of Mgi+ and Cuz+ 
in a parent solution favors aragonite formation and the presence of Bah favors calcite 
formation' ·',n). Then the authors have examined the effects of various heavy metal 
ions having various ionic radius on the crystal fann of calcium carbonate formed from 
the parent solution, as one of the steps to clarify the mechanisms for the influence of 
metal ions. 

2. &,erlmenlal 

Carbonate was precipitated in the following six solution systems: 

1. Ca(HCO,)z + Me'" 36±2°C -carbonate 
always stirred 

2. Ca (HCO, )2 + h 34±2°C 
Me sometimes stirred carbonate 

3. Ca (HCO,)z + Me' + 

4. Ca(HCO. ): + Mel + W±2°C • carbonate bOiling 

5. ea (HCO I ). + glycine + Mer .. 36±2°e 
-carbonate always stilTed 

6. Ca (HeO,). + Nael + Mel-+- 97±2°C 
'carbonate boiling 

The effects of metal ions on the crystal form of calcium carbonate at low temperature 
are observed in the solution systems 1, 2. and 3 . Since the stirring of solution has a 
great influence on the crystal form of calcium carbonate precipitated from the solution, 
the condition of stirring was controlled in the present experimets"ul. Aragonite proportions 
of precipitates formed from calcium bicarbonate solutions without metal ions were 0 to 
20 per cent under the conditions of the systems 1,2 and 3, and 80 to 90 per cent under 
the condition of the system 4. Pure calcite was precipitated from the solution containing 
copper ions and pure aragonite from the solution containing zinc ions under the condition 
of the system 513) . Vaterite formation is favored from the calcium bicarbonate solution 
containing sodium chloride at boiling-). Then it is expected that the effects of metal ions 
on vaterite formation are seen from the experiments in the solution system 6. 

Solutions and Materials 
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Magnesium ch l~ride favors aragonite formation more greatly than magnesium sulfate~ ). 

The solubility of calcium sulfate is fairly small. Then, metal nitrates or cbloride (copper 
nitrate, zinc nitrate, nickel nitrate, manganese nitrate. magnesium chloride, lead nitrate, 
and mercury nitrate) in reagent grade were used. 
Calcium bicarbonate solution: A calcium carbonate suspension in distilled water was 
bubbled with carbon dioxide gas for three to four hours, allowed to stand for thirty 
minutes and filtered. The filtrate was bubbled again with carbon dioxide gas for one 
and half bours (calcium content: 0 . 4- gIl). 

Procedure 
Different amounts of the solution of metal nitrate or chloride and one liter of calcium 
bicarbonate solution were placed into one liter erlenmeyer flasks. In certain cases, 

sodium chloride and glycine were added to the solution as solid or solution. The flasks 
were stoppered with cotton, and placed in water bath at about 34°, 36° , 40° or sooC. 
In some experiments. parent soutions were boiled. As carbon dioxide gas escaped from 
the parent solution, calcium carbonate was precipitated.. pH and calcium of the solution 
were determined at the start and the end of the precipitation process. Eventually. the 
precipitates were filtered off and washed with distilled water until they became free 
from the parent solution. After having been dried in an air, the precipitates were used 
for the identification of the crystal form by the X·ray diffracti.on. 

3. Resu1ts aDd Ditadslon 

(l) . Ca (HCOa h + Me"" 
36±2°C 

always sti:::"=,,,:.---ocarbonate 

The experimental results are shown in Fig. 1. The extent of the innuences on 
the forming of aragonite increases in the following sequence, although the influences of 
ZOI+ and Mnf+ are very complex: Cut ... > Zn l +, Nit+ > Mnl + > Mg'+ . The 
minimum proportion of aragonite appeared at the concentration of 8 x 10-1 meq/ 1 of zinc 
ions in the original parent solution. The maximum proportio!l of aragonite appeared at 
the concentration of 10 meq/1 of manganese ions. The values of the second ionization 
potential, the solubility product of MeC03 in distilled water, ionic radius and the 
stability constant of the complex of element and glycine are shown in Table 1. 

Element. 

Pb 
Mg 
Mn 
Zn 
Ni 
Cu 

Table 1. The second ionization potential(lt (V» ) , the solubillty product 
of MeCOa in distilled water (K.,,) , ionic radiusCRt,.. .... (A) J 
and the stability constant (/3) of complex between metal ion 
(Me' + ) and glycine 

Me l It (V) log K.,,(MeCO, ) R ... t+ (A) log/3 

15.02 - 12.95 1.24 -
15 .03 - 6.88 0.66 3.4' 
15.64 -1l.57 0.80 5.5 
17.96 - 9.15 0.71 9.3 
18.15 - 6.88 0.69 11.12 
20.29 - 9.61 0 .72 15.38 
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= - It is shown from Fig. 1 and Table 
1 that the sequences of the value 
of the second ionization potential 
and the stability constant of 
complex are in agreement with 

~ that of the extent of the effect of 

" , 
= 
~ 

metal ions in a parent solution on 
aragonite formation. Thus, we 
would expect that metals dissolved 
as both complex and free ion are 
much more favorable for aragonite 
formation than those dissolved as 
either complex or free ion. Howe
ver, the reasons for the appearance 
of the minimum aragonite content 
at certain concentration of zinc 
ions and for the appearance of the 
maximum aragonite content at 
certain concentration of manganese 
ions have not been clarified. 

The influences of Cu1 f

in a parent solution at about 32° 
and 36°C are shown in Fig. 2, 
which indicates that aragonite 
formation seems to be favored 
at high temperature rather than 
at low temperature • 

~=.------------,~c-----------~= - ( ")~nUO!lUV 
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100 

• 32 ·~ 2"C 

'~T~----~--~~--------~~C=~~~~ -10 ' Ill' 10" CII' (meql)lnp;lrtlltsoluUon 10' 

Fi,. 2 Mineralo,ica\ composition or calcium carbonate..,ormed rrom calcium 
bicarbonate solution dissolvin, copper nitrate at 32±2"C and 36±2°C 

The rate of precipitation decreased with increasing concentration of metal ions in 
a parent soiutiont,IO,U). And the presence of Cul+ in a parent solution, which favored 
aragonite formation most greatly, reduced the rate of precipitation of calciun carbonate 
most greatly. 

+ 

The experimental rerults are given in Fig. 3. which indicates that the extent of 
the influences of metal ions in a parent solution on the forming of aragonite increases 
in the following sequence : Cu~+ > Znl+ , NP+ > Mgh. The influence of Pbt+ was 
not examined in detail and clearly, because the solubility of PbCOl is very small and 
therefore only a very small amount of Pbh is added to the parent solution. Pb2+ does 
not seem to favor aragonite formation, though it is not very clear. A solid solution 
(Ca,Mn)C03 was easily formed from the calcium bicarbonate solution containing Mn2+ 
in fair ly large amounts, which was identified by the X·ray diffractometer. The maximum 
aragonite content at certain concentration of Mnt ... was not observed in this solution 
(see Fig.3 with Fig.l). The minimum aragonite content was observed at certain 
concentration of Zn~ + under the various temperature conditions, as seen from Fig. 4. 
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J+ 40 ±2~C . 
Ca(HC01h+Me sometimes stir red -+ara,onlte. or calcite+araaonite 

• 
]0" !a' Mel' tneeVI)iD puml 10 

lOIulion 

• Cu'· 

04" 
"f.. NI" 

.Ma'· 
OMg" . ", . 

95 

• 
Fig. 3 Mineralo,ical composition of calcium carbonate formed from calcium bicarbonate 

solution disso\vID, metal nitrate at 40 ± 2~C 

Ca(HCO')l+Znl + ---+calcite. calcite + araaonite, or aragonite 

- - -- --'- -- -- "1( 

o il t ;:'C 
alwaY" SLirnd 

• ,, :t t'C 

-"""" 
JUG !"I*C 

-"'"" 

.~. ~------~--~----~~------~~~~~~----~ it ]D" ID" I ' " z,." {meq/l)in PIl-mt ]0' "" .... 
Fi, • .( Mineralogical composition of calcium carbonate formed from calcium 

bicarbonate solution dilSo\ving zinc nitrate at 36 ±2". 40 ±2~ and 5O±2~C 
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2+ 97±2°C (3). Ca(HCD,): + Me --ooiling - carbonate 

The solution was boiled in this system. It took ten to fifteen minutes to begin to 
boil. The solution was boiled for about thirty minutes and precipitates were filtered off 

and collected. The reproducible ~ ~ 

~ 
!;; 

precipitates were very difficult 
to be obtained especially from 
calcium bicarbonate solution 
without metal ions under the 
condition of boiling. 
Fig. 5 shows the experimental 
results from which the following 
facts are known : Under the 
condition of roiling, pure arago-
nite was very difficult to be .~ 
precipitated even from the calcium i 
bicarbonate solutions containing ... 
Cuh • Zn2+ and Nj2+ , and the 
minimum arag~ite content was 
observed at certain concentration 
of Cuh ,Zn2+ and Nih in this 
system. The influence of Mnl + 

in this system is shown in Fig. 6. 

(4). Ca(HCO,)z+giycine+ Mez+ 

36±2°C 
always stirrea-carlxmate 

The autbors examined the 

+ 
.~ 
1i 

influence of metal ions, coexisting 
with organic material which forms + 

-~ 
complexes witb the metal ions, ,0<; 

on the crystal fonn of precipitated + -calcium carbonate. As the orga· ,... 
nic material, glycine was chosen. ~ 
Kitano and Hood10) reported that -
the presence of glycine in a d 
parent solution favors tbe forma-
tion of vaterite and aragonite. 
To know the influence of metal 
ions in this system, tbe influence 
of glycine was first examined in 
detail. 
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91±2~ C -+carbonate 
boiling 

100 

,. 
0 
0 

l 
~ 
~ 
~ 
" 0 

'i 

(4- 1) 

(4 -2) 

, 

\ o calcite 

• aragonite 

50 X vaterjt~ 
I 

, I 
I 

"" ,,;t. , -->< -- , 
/// ".. 

O~ __ :~~ ______ ~ ____________ ~~~~ 
11. 1 10 Mil" (rneqlJ) in 

Po, r"nt solution 

Fi,.6 Mineralolh;al composition of calcium carbonate rormed from 
calcium bicarbonate solution dissolvin, man,anesc nitrate at 97 12<C 

Ca(HCOJ ) l+ glycine (0-5 gI l) 
20±I GC 

always stirred carbonate 

Pure calcite was always precipitated in this solution system. 

. 30.t2 G C 
Ca(HC04 ) t+ glycme(5 gIl) a lways stirred carbonate 

The experimental results are shown in Fig. 7. which indicates that the proportion 
of vaterite in carlxmate precipitates increases with increasing rate of precipitat ion. 
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(4-3) 

Calcium Bicarbonate Solution Containing Heavy Metal Ions 

Ca{HCOJ)z + glycine (5 ,fl) 30 ± 2°<?_ -~calcite. Of calcite + vaterHe 
always stilted 

100 

O~ __________ ~~ ________ ~,r-__________ r' 

50 i f, Ino 

% Calcium precipitated for nine hours 

Fit. 7 Mineralolical composition of calciUm carbonate against the rate or precipitation 

_==:3'f3~±~1,.,·C"",=~ Ca(HC03)z+glycine(O - lO gil) sometimes stirred -- carbonate 

Carbonate precipitates formed for 21 days were collected. The proportion of vaterite 
and aragonite in carbonate precipitates increased with increasing concentration of glycine. 

(4-4) Ca(HCOl ),+glycine(O - 20 gil) ~~±2°~, ed-carbonate 
some Imes s 1fT 

Carbonate precipitates formed for 5 days were collected, and the results are shown 
in Fig.8. The figure indicates that the proportion of aragonite increases with in· 
creasing concentration of glycine. 
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o 
o 

o 
" ~~----------------~~~~~~~~------~ o 10 "Iycine(a' 'I)in pa~nt solution ZI) 

Fig. 8 Mineralogical composition of calcium catbonate formed fro m 
calcium bicarbonate solution dissolving glycine at 5O±2~C 

. 97+2°C 
Ca(HCO~)l+glycme(O-lO g/l) ---bo~r.l'- - ---·carbonate 

ling 

Carbonate precipitates formed for thirty minutes were collected. The experimental 
results are shown in Fig. 9, which indicates that the presence of glycine in a parent 
solution favors the fonnation of vaterite and calcite and inhibits that uf ardgonite. 

~ 

'" ~ • . g '. & 
E 
8 
B 
';; 

~ • . S 

" 

100 

50 

• 

0 

Ca(HCOJh+glycine 97+2~C ~carbonate 
boiling 

~ __________ --,o 

0 Calcite 

• Aragonite 

" Valeril ~· 

x 

OXi~'--------------~~~==:=====~==~--o 0,1 I /.:lydne(g."l)in par('llt S()lul~'n 10 

Fig. 9 Mineralogical composition of calcium carbonate fo rmed from calcium bicarbonate 
solution dissolving glycine at 97 :t. 2"C 
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The rate of carbonate pr~ipitation decreases with increasing concentration of 
glycine in the parent solutions of the systems (4·1) to (4.5). 

(4·6) Ca(HCO,)z + glycine+Zn2 + ~carbonate 

The experimental results are shown in Fig. 10, which shows a plot of the 
proportion of aragonite in precipitated carbonate against the concentration of zinc 
dissolved in the calcium bicarbonate parent solution with glycine. The value 
of the stability constant between zinc ions and glycine. (Znh) ( Glycine-)2/ 
(Zn · Glycine: ) , is 10- "'. Fig. 10 shows that the influence of zinc in the parent 
solution on the formation of aragonite increases with increasing concentration of 
glycine added to the parent solution up to a certain concentration, and then decreases 
with a further increase in the concentration of glycine. This indicates that zinc dissolved 
in the parent solution in both complex and free ionic forms is much more favorable for 
the formation of aragonite than in either complex or free ionic form alone. 

~ 

• • 
Fig. 10 
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••• 
10-' 

, , 

, , 
.' 

I 36±2°C.---=--.. -tcalcite, calcite+aragonite. or aragonite a ways sh rrc:u 

.' 

, , 
, , 

t)- --- -

jJ I 

/, I 

j I 
, I 

! I 

~:"~--
/ 

/ 
o glycine 
• glycine 

• gJycine 

.,,' 
W'8/1 
O.lgl\ 

€I glycine I g![ 

€I glycine '1 1(/1 

)/.IIJycu lC 1hJt'1 

10-' Zc" (meq/l)io ~t 1.0 
""",m 

Mineralogical composition of calcium carbonate formed from calcium bicarbonate 
solulion dissolving zinc nitrate and glycine at 36±-2°C 

(4-7) Ca (HCO,) ~ + glycine + Cuh - - -carbonate 

The experimental results are shown in Fig. 11, from which it can be seen that 
the influence of Cu2 + in a parent solution on the favoring of aragonite formation is 
reduced greatly by the addition of glycine to the parent solution. 
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(glycine) _ _ , 36 ±2~~ ~--+calcile . calcite+aralonite. or arasonite 
a ways stlncu 

/ , 

/ 
/ , 

• , 

/ l< 
I 

I 
I 
I 

I 
I 

I 
I 
I 

/ / 
o.~~~ ______ ~~~ ________ ~~~~~~~'--~' 
'JIii 10 _ S 10" 10" CII" {meq/Oin plrtnt IOMion JII" 

Fia. II Minera!oaical composition of calcium carbonate formed hom calcium 
bicarbonate solution disso!vin, copper nitnte and I!ycine at 36± 2· C 

(4-8) Ca(HeD.). + &"Iycine + Nih-- - carbonate 

The experimental results are shown in Fig. 12. from which it is seem that the 
effect of NiH in a parent solution on the favoring of aragonite formation is reduced by 

the addition of glycine to the parent solution. 

" 
.~ 
0 

~ e 
< 

Ca (HCO,)z + Nit, + (,Iyclne) ~~r-.o.'ci", calcite+aralonite. or ara,anile 

'00 €I_- -- - • Q -x 
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0 {:i),c;nI' 0;.1 

~~J • ,lrciM 10" &,. 1 

X ,,In'int ,,1 

'~,r.O=,. ,======::::::::::~X;~IOC_~' ---------'-~"~·i'"'7.(..,::"~,,,,::~: .. ::, .. ::":, .. ::-:;~ 
Fi,. 12 MineT1llogical comtIQSitjoD of calcium carbonate formed hom calciUm 

bicarbonate solution dilSolvinl nickel nitrate and , Iycine at 36 ± 2-C 
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(4- 9) Ca(HCO' )2+glydne+ Mnh---carbonate 

(4·10) Ca(HCOI) r+ glycine + Mgz .. --.... carbonate 

(4.11) Ca(HCOJ)z+glycine+ HgH_--carbonate 
The experimental results are shown in Figs. 13, 14 and 15, which indicate that 

glycine favors aragonite formation. 
Ca(HCOJh:t Mnh + (slycine) 

100 .,.o:.~' ~ 
I 36±2¢~ cd -tcalcite. ca\cite+aragorute, or aragonite 

a ways 5hrr 

~ , , \ 

/,/ \ 

/
' /' \ 

, I . ( \ 

o glycine 0 gIl 

• glycine 10 " g/ i 

o !I!~'cine 1 g/ I 

/ / \ 
, I 1 

o 'I / 
0.1 

• 
10 Mn" (meqll)in parent 

Fig. 1;S 
solution 

Mineralosical composition of calcium carbonate formed from calcium bicarbonate 
solution dissolving mansanese nitrate and glycine at 36±2G C 

Ca(HC03h+MSh + (glycine) 

1 

I 36+2·~ cd -tcalcite, calcite+aragonite. or aragonite 
a ways stITr 

X
.---)(, :::;:;:== JI( JJt .-

I , 

I 
I 

I 
I 

I 

o glycine 0 g-'I 

!I glycine 10· 'g.1 

• glycine 1 g/ I 

~ SO I I 
I 

I 

'i- glycine 10g;1 

.~ 
< I , 

x I 
o~~----~~~--~~~-c~~~~==~ 0.1 1.0 10 Mg"(meq/I)inpartnlsolutioo 100 

Fig. 14 Mineralosical composition of calcium carbonate formed from calcium bicarbonate 
solution dissolving magnesium chloride and glycine at 36 ± 2°C 
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36±2°C I . I . 
aiWayS'Stirrcd ---tca c ite. or ca cite + aragoni te 

100 

0 glycine Og:1 

50 )( glycine lO- 'g,'1 

• glrcine IS '1 

o~ __ ~~~~~ ____ ~~ ____ ~~ __ -, 
10-' 10" Hs' (meq:l}in parent solution 10- 3 

Fig. IS Mineralolical composition of calcium carbonate rormed from calcium bicarbonate 
solution disso\vins mercuric nitrate and glycine at 36±2°C 

(4-12) Ca(HCOs)! + glycine (10 - 1 
• 1 gIl) + Pbh---carbonate 

Pure calcite was precipitated in this system. 

(5). Ca CO f+ 97+2°C (H sh + NaCI(20 gI l ) + Me bo'" 
I 109 

- carbonate 

The experimental results reported by Kitano') indicated that vaterite is very easily 
precipitated by boiling the calcium bicarbonate solut ion containing sodium chloride and 
the presence of Mgf+ in a parent solution inhibits vaterite formation (Figs. 16 and 17). 
The dfects of metal ions, smaller than calcium in ionic radius, are chiefly examined on 
vaterite formation, by the identification of the crystal form of carbonates formed by 
boiling the calcium bicarbonate solut ions containing sodium chloride (20 gI l ) and the 
metal ions. 
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IOOr-------------------------~ 

~t'(O">." ". 
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I 
60 I 

I 
Cakitc I Aragonitc 
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I 
I 
I 
I 

20 

.,' 
0 

C~~ 
0 20 " 60 80 100 

Temp" ~C 

Fir. 16 Mineraloaical compOlition of calcium carbonate formed 
from calcium bicarbonate solution dissolving sodium 
chlorido (58!I)and ma.ncsium chloride (0.7a/O. 

(After Kitano. 1962b) 

IOOr----------------------------, 
\ 
\ 
\ 

80 
Vaterite 

~ 

'" .. 
1 60 

I a \ 0 
0 

~ ·10 
I :\ragonile 

.~ 
I 

il Cakilc • 0 
20 'i! 

o ~-----c~-----c~--::==~==::::;.::::::;l. o 20 40 60 80 100 
Temp., °C 

Fig. 17 Mineralogical composition of calcium carbonate formed 
from calcium bicarbonate solution dissolving sodium 
ch.loride (Sgll) and mB.lncsium cbloride (0.07g/l). 

(After KitaDO, 1962b) 
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(5.1) Ca(HCOS)1 + NaGl + Cu1+-- - carbonate 

(5-2) Ca(HC01}: + NaCI + Zn1 t---carbonate 

(5.3) Ca(HCOs}t + NaCl + Mgl+--->carbonate 
The experimental results are shown in Figs. 18, 19 and 20 . which indicate that 

the presence of Cul+ ,ZOI+ and Mg1+ in a parent solution favors aragonite formation, 
and inhibits calcite and vaterite formation (see Figs. 16 and 17, too). The influences 
of Cul + and Znl + on the inhibition of calcite and vaterite fonnation are greater than 
that of Mg2+ . 

10 

Fia. 18 

1 
~ 50 

/ 
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Mineralogical composition of calcium carbonate formed from calcium 
bicarbonate solution dissolving magnesium chloride and sodium 
chloride at 97 ±2°C 

(5·4) Ca(HCO~)2+ NaCI + Nih---·carbonate 

The experimental results are shown in Fig. 21, which indicates that the presence 
of Ni l + seems to inhibit vaterite formation and to favor aragonite formation. 
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The experimental results are shown in Fig. 22, which indicates that the presence 
of Mnh inhibits vaterite formation. 
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