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Effect of Ions Eluted from Metal Surface on Transformation and Growth of Calcium Carbon-
ate Polymorphisms
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'Graduate School, Tokyo University of Marine Science and Technology, Tokyo 135-8533
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The amounts of calcium carbonate adhered on sheets (PVC, carbon steel, Type 316 stainless steel, and Cu) and coated steels
sheets (Cu, Zn, Ni, Ni-P, and Ni-W-P coated steels) were investigated in the synthesis solution. The transformation and crystal
growth of the calcium carbonate were different among the materials. The primary form in the adhered polymorphisms was calcite
on PVC, carbon steel, Type 316 stainless steel, Cu, and Cu coated steel, and aragonite on Zn, Ni, Ni-P, and Ni-W-P coated steels,
and vaterite was not primary form on all materials. The materials, on which the primary form in the adhesion polymorphisms is
calcite, showed large adhesion amounts because calcite is stable phase and its solubility is lower than the other polymorphisms. The
crystal growths of the specific polymorphisms on some materials were inhibited, and the irregular shapes of their polymorphisms
formed: calcite adhered on carbon steel and Ni, Ni-P, Ni-W-P coated steels, aragonite adhered on Zn, Ni-P, and Ni-W-P coated
steels became the irregular shape. The comprised elements of the material surfaces were detected at the surface of the calcium
carbonate crystals adhered on the materials. The transformation and crystal growth are affected by the elution ions from the mate-
rial surfaces, and the effects of eluted ions (Fe?*, Cu®", Zn*", Ni**, and PO}") from these materials were almost same with the
ones of previous studies. To reduce the adhesion amount of calcium carbonate, the material comprised of the elements, which shows
the inhibitor effects of the transformation and the crystal growths of many kinds of polymorphisms, is better. [doi:10.2320/
jinstmet.J2016045]
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Table 1 Specifications of the test materials.

Poly Vinyl Chloride : PVC

Steel (SPCC)
Sheets

Stainless Steel (Type 316)

Cu((C1050)

Cu coated steel

Zn coated steel

Surface treated steel sheets Ni coated steel

Ni-P coated steel

Ni-W-P coated steel

FUNI-W-PO o &%t L7, 12 60 %60 mm?D
THYH, PVC & CuDWDEAIE 2 mm, MoK DEAIL
1mm THh - 7.
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Fig. 1 Schematic illustration of experimental apparatus (a), and
time variation of temperature and saturation index, S, in calcium
carbonate adhesion testing (b).
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Fig. 2 Amount of calcium carbonate formed on the test materials.

IRV 27 WA S TG O & RS AT A RRIIE A 4 > 08 91

3.3 BEMHHIMHE L LBERSTHOMERTRE

Figs. 3-613 i EHI A4 L7 RIEE A v & 7 A O k7 T (Sec-
ondary Electron: SE)§ & 4. PVCIZBWT, kKB THE
TR S N7 KRS O (Fig. 3(a))1E, XRD f#HTIC
X BAF1E (Table 2) & K& R R SN b ol AW
A NENTFA L ORREIZIEI 2 TR T B % 21k (Fig. 3
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TI7IFA4 N, NTI4 MOREXES%, Eifko—l, $HK
HWWmORE, fEREROERE LMEL. AV A b, T
FIFA L, BIUONTIAL MOKREEIE, ThEFn5-30
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Fig. 3

(a) SE image of calcium carbonate formed on PVC, and the magnified SE images of (b) calcite, (c) aragonite, and (d) vaterite.
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Table 2 Weight ratio of polymorphisms of calcium carbonate adhered on the test materials.

(mass%)
(ainl c Cu Zn Ni Ni-P Ni-W-P
polymorphisms | blank | PVC | steel S oSS u coated | coated | coated | coated coated

steel

calcite

aragonite

plate

steel

S

steel steel

414

steel

8.9

steel

vaterite

primary form

secondary form

tertiary form

Steel

Stainless steel

calcite

aragonite

vaterite

Cu coating steel

lor=] [o]] (=)

\

aragonite

(d)

vaterite

Fig. 4 SE images of calcium carbonate formed on (a) steel, (b) stainless steel sheet, (c) Cu sheet, and (d) Cu coated steel.
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Fig. 5 SE images of calcium carbonate formed on (a) Zn coated
steel and (b) Ni coated steel.

Fig. 6 SE images of calcium carbonate formed on (a) Ni-P
coated steel and (b) Ni-W-P coated steel.
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Table 3 The chemical compositions of the irregular shape crys-
tal formed on Zn, Ni, and Ni-W-P coated steels.

(mass %)
Coating
Element
Zn Ni Ni-W-P
Ca 55.3 35.5 42.6
C 6.3 16.9 10.8
0] 32.9 39.3 42.8
Zn 5.5 - -
Ni - 8.3 3.1
P - - 0.7
aragonite
' >
calcite

———) Transformation at room temperature

mmmm) Transformation at high temperature

Fig. 7 Schematic illustration of transformations of calcium car-
bonate polymorphisms at room temperature'® and high tempera-
ture (60-957C)1V.
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Vaterite

growth with keeping
the rhombohedral shape

needle-like shape

sphere-like shape flower-like shape

growth with
keeping the

flower-like shape
~ D

Temperature, T/ °C

Fig. 8 Shape changes and crystal growths of calcium carbonate crystal in the process of the elevated temperature.
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(a)
Low temperature (25 °C) High temperature (90 °C)

solution

(b)

Low temperature (25°C) High temperature (90 °C)

Zn coated layer

Fig. 9 Schematic illustration of the adhesion mechanism of cal-
cium carbonate on the material without elution ion (e.g. PVC),
and (b) that with one (e.g. Zn coated steel)
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AT = WA E TN S Do 72,
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THbHIENHEN LR ST,
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PESERAN S 4 B FEHEHE (NEDO) Hu 2458
B LZEBE THONTAMRTH 5.

EEAFT T AL F— -
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