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Properties analysis of environment friendly calcareous deposit films electrodeposited

at various temperature conditions in natural seawater
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Abstract: Cathodic protection is recognized as the most cost-effective and technically appropriate corrosion prevention method
for the submerged zone of offshore structures, ships, and deep-sea facilities. When cathodic protection is applied, the catho-
dic currents cause dissolved oxygen reduction, generating hydroxyl ions near the polarized surface that increase the inter-
facial pH and result in enhanced carbonate ion concentration and precipitation of an inorganic layer whose principal compo-
nent is calcium carbonate. Depending on the potential, magnesium hydroxide can also precipitate. This mixed deposit is gen-
erally called “calcareous deposit.” This layer functions as a barrier against the corrosive environment, leading to a decrease
in current demand. Hence, the importance of calcareous deposits for the effective, efficient operation of marine cathodic pro-
tection systems is recognized by engineers and scientists concerned with cathodic protection in submerged marine
environments. Calcareous deposit formation on a marine structure depends on the potential, current, pH, temperature,
pressure, sea-water chemistry, flow, and time; deposit quality is significantly influenced by these factors. This study
determines how calcareous deposits form in sea water, and assesses the interrelationship of formation conditions (such
as the sea water temperature and surface condition of steel), deposited structure, and properties and the effectiveness of
the cathodic protection.
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Figure 1: Schematic diagram of no-mesh and mesh specimens
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Figure 2: Schematic diagram of calcareous deposition experimental method in 28°C and 48°C natural scawater
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Table 1: Weight gain with time for calcareous deposit films

electrodeposited in 28 °C and 48 °C natural seawater (No-mesh

specimen)
28°C No-mesh | 48°C No-mesh

specimens specimens
(mg/cm?) (mg/cm?)

Current density
5 A/m’ 5 A/m’

Time

24 Hours 15.62 18.88

72 Hours 34.99 42.43

336 Hours 101.35 86.24
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Table 2: Weight gain with time for calcareous deposit films

electrodeposited in 28 °C and 48 °C natural seawater (Mesh

specimen)
28°C Mesh 48°C Mesh
specimens specimens
(mg/cm?) (mg/cm?)
Current density
5 Am’ 5 Alm’
Time
24 Hours 17.25 18.62
72 Hours 42.59 55.78
336 Hours 185.28 194.99
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Table 3:

electrodeposited in 28 °C and 48 °C natural seawater at

Ca/Mg ratio of calcareous deposit films

various current densities (No-mesh & Mesh specimens)

Temperature | Time 24 72 336
peratu Hours | Hours | Hours
Ca
(Wt.%) 5.45 14.81 18.73
Mg
18T || 1439 ] 1325 | 184
N CaMe | 37871 1.1177 | 10.1794
o-mesh ratio
specimens Ca
(Wt.%) 3.66 6.68 19.77
q Mg
28 C (Wt%) 23.02 | 16.99 3.31
CaMe | 1500| 03932 | 5.9728
ratio
Ca
(Wt.%) 2.32 5.02 10.72
q Mg
48 C (Wt%) 12.54 | 10.00 441
Mesh CaMe | 1854] 0.5020 | 2.4308
ratio
specimens Ca
(Wt.%) 1.64 3.85 9.61
q Mg
28 C (Wt%) 24.83 | 1590 6.54
CaMe| o 0661 02151 | 1.4694
ratio
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Figure 3: The variation of Ca/Mg concentration ratio of
calcareous deposit films electrodeposited with increasing
deposit time in 28 °C and 48 °C natural seawater (Mesh &

No-mesh specimens)
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Photo 1: SEM photos of the calcareous deposit films

electrodeposited at 5 A/m* current densities in 28 °C and

48 °C natural seawater (No-mesh specimen)
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Photo 2: SEM photos of the calcareous deposit films

electrodeposited at 5 A/m* current densities in 28 °C and

48 °C natural seawater (Mesh specimen)
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Figure 4: XRD patterns of calcareous deposit films electrodeposited at 5 A/m2 current densities in 28 °C and 48 °C natural seawater

= A =i, Mg(OH),2 4$-& Folxuz, &= ¥4
oA ] pH7} S7FetH Mg(OH),3H8H& <] @/do] |3t/
7] Wil de AFLEA Mg(OH),S & o] &ol
dAE = Aoz A4

T3, AAS 28T 2 48T €& 24 BF A E7)
& FE Mg(OH), 9o FFAO|E T3} CaCOs/d
o] ZrAlo]E(Calcite) T3 R ofgfavfolE F27} H3}4]

o v Qo) A 7243 B} o FRE:
FHe] EXRA ARl A9} 2ol Mg(OH)H RacEal
}\g/HE] CaCOf*—‘-ﬂ—/] g].b‘]—‘j ] P_E]—
2 Wo] AAx|o] W= Jeo 4L Er_ook
Bl olebael £ b ol tehta
CaCOs= 35 oA ZALo|ERT= 2 O}E‘rﬂﬂrolE
ez FAsol EAE Ao Az,
upebA], 2:=wste] wE XRD ﬂxé 7“:%,%%
273kl 9o ewst H e
T-%¢] CaCO;3}3 =©]
elg 5 giek. who] £E7} e
FAFO|E 2] Mg(OH),3}5H

Hi A FAT = A

il

7
S
o] A

E
el =°]

L

rl

ox ¢ NKO

=
jin)
i

.

Al
2
o
Y
s

w2

e & re

¥ 12 o

£ 1o 4y
A oy
O_>L F}O
M M
1%
o W
o =
;
o 2
. =
2
1 ol
o o
i i
o
dlo
k)
flo o
2

)
o

=
A
o
E)
e
=

Yol a3z #3974 A|7F(2015.9)

o}g}a1L}e] E(Aragonite) %29] CaCO;
ol A=At “:d 7—}74’9]

_:ﬁ_atrl,] @x%-?z L=V

=78, Mg(OH),3 &2 3o thi A=+
W CaCO:3FHEL Sol3tAl A= 7] witolzgta
ZhE .,

.ol AT Aol =E3 H
E%E?— UQ_OE Ul—o]/K,Q_E]

s
s el

L
L

Qo] wel w4 44
ol 24 At 271

WAE AR
e EEE

227F &5 Mg(OH),ol &8f=rt

E]l_
A

70 93| %
AT ZIHE F

784



2B L (Crack) o 05 L JolF gl YT
#o| 8] Bol Bolsbl 48 FeP AoR pes
oE 0 AgAQ) gl B AAALE AT 5

Ve A= Az,

d

_{

References

[1] D. F. Hassonand and C. R. Corwe, “Materials for
Marine System and Structures,” vol. 28, Academic
press, 1998.

[2] NACE International, "Cost of Corrosion :
a year", MP, vol. 34, no. 6, p. 5, 1995.

[3] M. H. Lee, “An
Protection,” Daewoo Machinery Co., Ltd, Professional
Technical Education, 2000.

[4] William H. Hartt, Charles H. Culberson, and Samuel
W. Smith, “Calcareous deposits on metal surfaces in
seawater-A critical review,” CORROSION, vol. 40, no.
11, pp. 609-618, 1984.

[5] K. E. Mantel, W. H. Hartt, and T. Y. Chen,
“Substrate, surface finish, and flow rate influences on
calcareous deposit structure,” CORROSION, vol. 48,
no. 6, pp. 489-499, 1992.

[6] M. M. Kunjapur, W. H. Hartt, and S. W. Smith,

“Influence of temperature and exposure time upon cal-

$300 Billion

summary of Corrosion and

careous deposits,” National Association of Corrosion
Engineers, vol. 43, no. 11, pp. 677-679, 1987.

[7] C. S. Lee and M. H. Lee, “Formation characteristics
of environment friendly electrodeposit films formed in
natural and synthetic seawater conditions,” Journal of
the Korean Society of Marine Engineers, vol. 28, no.
6, pp. 1000-1009, 2004.

[8] R. A. Humble, “Cathodic protection of steel in sea-
water with magnesium anodes,” CORROSION, vol. 4,
no. 7, p. 358, 1948.

[9] S. W. Smith, Analysis of the Cathodic Behavior of
Aluminum in natural Seawater by Surface Chemistry,
ScD Thesis, MIT-WHOI Joint Program, 1981.

[10] R. A. Berner, “The role of magnesium in the crystal
growth of calcite and aragonite from sea water,”
Geochimica et Cosmochimica Atca, vol. 39, no. 4, p.
489, 1975.

@
A
d
k)
i
©,

Yol a3z #3974 A|7F(2015.9)

i)
=)
2
19
A
ox
S

2

785



