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A Study on Evalution of Conusion Properties in cooling tube of
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Most of the thirteen substations in operation in the metropolitan area were installed around the year 2000, and
since water cooling methods are used to directly withdraw heat from transformer oils, a stable supply of electric
power is required through optimal maintenance of facilities. The water cooling tower installed outdoors, which
uses the water supply as sprinkler water, experiences the most problems. Since more than 90% of the cooling
water is reused, the dissolved composition in the water becomes concentrated due to long operating hours, and
impurities dissolve in the water due to air flowing in from the outside, forming hard scales on the outer surface
of the cooling tube, and in extreme cases, reacting with the tube material composition, leading to corrosion.
As a result, not only is cooling efficiency lowered, but in extreme cases the cooling tube must be replaced.
In this study, the characteristics and composition of the scales formed on the cooling tube were analyzed and
corrosion characteristics of material types were identified in order to find an efficient maintenance method for
cooling tubes. In addition, the degree of dissolution of various chemicals were investigated during the removal
of scales that have been formed.
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Table 1. Chemical compositions of specimens in SD and SSM
Area

Fo o (R ou] fu o9
2A Y(SD) | =A H(SD)| Z=A L(SSM)
1| Si as SiO; |Wt% 0.35 5.08 3.84
2 |Al as ALOs| " 0.0 0.99 0.51
3 |Na as Na,O| " 0.0 0.21 0.26
4 |Caas CaO| " 0.62 69.64 73.09
5|Cu as CuO| " 0.91 0.0 0.12
6 Mg as MgO| " 0.0 0.96 1.76
7 |Fe as FesO4| " 96.95 1.87 0.87
8 |Zn as ZnO| " 0.0 3.29 0.68
9| Pas P20s | " 0.24 0.0 0.27
10| V as V05| " 0.0 0.09 0.05
11| Ti as TiO, | " 0.0 0.23 0.12
12|Pb as PbO,| " 0.0 0.06 0.03
13| S as SOs " 0.03 1.14 1.76
14 g A& " 0.91 16.43 16.64

Table 2. XRD results of specimens in SD and SSM Area

sample crystallographic structures from XRD
SD Area W™ Scale(:+ 2)|Fe Fe;0s (Magnetite, syn)
SD Area 9 Scale(i2)|CaCO; (Calcite, syn)
SSM Area 29 Scale(:+2)|CaCO; (Calcite, syn)
SD Area &3 (ZA]) |CaCOs

(
(

2

Calcium Carbonate)

(
(
(
(

SD Area £ Z7+=(2LA))|CaCO; (Calcium Carbonate)
SSM Area 9w CaCOs; (Calcium Carbonate)
SSM Area @)W F7FE  |(Ca - Mg) CO; (Calcite, Magnesian)
SSM Area AU (Ca - Mg) CO; (Calcite, Magnesian)

B Awo|ty.” ™Y 7 A3} @agde] Y AAY Hej=
FAEQ AAkslEo] Fes0s (Magnetite) 10, ¢
3 S5 AAY FEl= CaCO; (Calcite) 2F CaCOfg
(calcium Carbonate) & =t} 3-3] §BHAFAES] EA1%
7HA AL QSleh e FHe i HE] AAY 63EHL
ety 22 A2 CaCOs (Calcite) 2F CaCOs (calcium
Carbonate) ©|lov}, F353% UE ~AIY Jel= (Ca -
Mg)CO3 (Calcite, Magnesian) & Ca9} Mg2] Z37+%2
wo] At

PG (CaCOs) o] A7z obgdl A s 2 a4
(Calcite) 8 25771 =t Y2518 2o A9 A7
J2 HL“ETH/H (Calcite) 2.2 677 A0l & 100 g l
3t 3 ms 1.4 mg (25 C) 07 Ed& 7]y AuL,
o|Atst Lig— Eost ol gl g & 1EY] =
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Element |Weight %|Atomic %| Element |Weight %|Atomic %
C 21.59 29.82 Si 3.30 1.95
0] 59.00 61.18 K 0.27 0.11
Na 0.56 0.40 Ca 13.76 5.70
Mg 0.30 0.20 Fe 0.36 0.11
Al 0.86 0.53 Total 100.00

Fig. 1. SEM Image and EDX spectrum of outer layer scale in
SD.

CORROSION SCIENCE AND TECHNOLOGY Vol.9, No.5, 2010



A STUDY ON EVALUTION OF CORROSION PROPERTIES IN COOLING TUBE OF WATER COOLING TRANSFORMERS

1l Scals 5169 cts Cursor. 0.000 ke

b
= Eiestron image | " Scale $169 ls Cursor, 0000 ke e

Element |Weight %|Atomic %| Element |Weight %|Atomic % Element | Weight Y] Atomic %] Element {Weight %] Atomic %
C 37.15 45.89 S 0.29 0.13
c 812 | 1799 | S 036 | 0.30 0 | 5405 [ 5012 | K | 012 | 005
(0] 30.86 51.34 c/y 0.27 0.20 Mg 0.51 0.31 Ca 3.84 1.42
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Al 045 | 044 Zn | 4416 | 17.98 Si 298 | 157 | Total | 100.00
Si 323 306 Total 100.00 ls‘Tlng4 SEM Image and EDX spectrum of outer tube scale in

Fig. 2. SEM Image and EDX spectrum of outer middle layer
scale in SD.
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C 14.59 22.30 c? 0.20 0.10
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1 0, i~ O 1 0, 1 V)
Element | Weight %|Atomic %| Element |Weight %|Atomic % Mg 038 029 Cu 55 155
C 1.67 5.46 c? 0.20 0.23 Si 2.98 1.99
o 18.21 44.70 Ca 1.58 1.55 S 0.16 0.10 Total 100.00
Mg 0.44 0.71 Zn 75.95 45.62 Fig. 5. SEM Image and EDX spectrum of outer middle layer
Si 097 | 135 Pb 0.78 0.15 scale in SSM.
S 0.19 0.24 Total | 100.00

Fig. 3. SEM Image and EDX spectrum of inner layer of outer
scale in SD.
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Fig. 6. SEM Image and EDX spectrum of inner layer of outer
J2Q1 5ol &FHo F2 ¥ F 0% Ko scale in SSM.
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Table 3. Deposits of specimens in Cooling Tower

5B 9 2 2 F (mg/em’)
A& 180° 2 | 180° ¥ | ¥
SSM Area | 1 ® 3.72 3.52 3.62
(FH) | 9w 59.28 56.23 57.80
SD Area | H © 183.64 186.04 184.84
(F23H | 9| | 11218 102.18 107.18

220

Fig. 7. Optical Image of outer/inner tube scale in SD and SSM.
a) outer side in SD  b) inner side in SD
c) outer side in SSM d) inner side in SSM
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Table 4. Solubility test results of Chemical cleaning agents

A48 = A 1 2 3
q o 3% Sulfamic acid 1% Ciuie Acia a0 Cne Adid.
0.3% Inhibitor 0.3% Inhibitor 0.3% Inhibitor
A A2k TR 7 5A17F 30+ TA ZF
e & 30C 30T 30C
& o) g 300mL 300mL 300mL
FHEAA SSM Area SSM Area SSM Area
gH2] ® %F(mg/em’) 70.85 70.85 15.89
At = 10.12 12.88 227
(mg/cm” - hr)
B2 7F 2 (mg/em’ - hr) 0.02 0.01 0.01
CaCOs§-3 A1 24 7ol 2A1 7kl 2A1 7kl
pH W3} 0.62 — 0.68 1.76 — 2.12 1.83 — 2.22

a2yl Gl &

™

oW 2AY FARF] FFHS 7529 mg/etd.

Fig. 8. Optical Image of outer tube scale in SSM (a)(c) before
test, (b)(d) After test.
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