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Study of the comrosion effect of CO, stream with SO, and NO, on a
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Abstract To mitigate global warming and climate change, many countries are investing massively on the development
of CCS technology, which is assumed to be the key technology to reduce CO: emissions. CCS technology is
comprised of the capture, transport, and storage processes. During the capture process, impurities other than CO; are
inevitably flowed into the CO; stream. In the present study, corrosion characteristics of a phosphate coated tube for
CO; transportation was investigated with a CO, stream composed of CO», H2O, SO», and NO.. The test specimen was
a phosphate coated steel tube, which was filled with CO, stream with the impurities mentioned above. SEM-EDS
analysis is conducted to investigate the corrosion behavior. The results showed that although the H20 concentration
did not exceed the solubility limit, corrosion occurred in the specimen, which has an inflow of SO2 or NO.. This
suggests that the SO2, NO2 and H2O concentration should be strictly controlled. These results suggest that the SO
and NO; concentration should be controlled below 175ppm and 65ppm, respectively.
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[Fig. 1] Water Solubility in pure CO, as a fuction of
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[Fig. 2] Photograph of test specimen with installation
of plug fitting, pressure gauge, and on/off
valve
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[Table 1] H,O, SO,, and NO concentration in each test specimen(100bar, 29 C)
Sample
Base A S-1 S-2 S-3 N-1 N-2 N-3 N-4 N-5
Name
H0
- 2500 2500 4500 4500 2500 2500 4500 4500 4500
(ppm)
S
O - - 550 17 560 - - - - -
(ppm)
NO: -
- - - - 65 130 65 130 519
(ppm)
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[Fig. 3] Photograph of swing system for mixing test
fluid inside specimen with moving specimen
as clock and counter-clockwise alternately
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[Fig. 4] Photographs of specimen surface after corrosion test(except Base sample image which shows the sample
image before corrosion test)

6976



1
o
N,

2z
il

9% N-59] & ANES ol H4
HASS #EHE 5 AT webA] 2 R FY
A NGO 557} opidel whet F-2)o] 7h531E = A
oz g,
SOt 99 3] WSS AT EH S-1A4 % =
F2lel] ok T2 o] eI ThE Alo] 2o A=
BEg FAFH7E veERylth 3552 o] ot S-1¢]
745l QoAM= NOZF FYE Alo]~E Hrkes vk o]
NF7b s & 5 Atk SO =7 7P W S-2
Al - HE Al W FE] ko] S8
S5 295 20U FE E8tal Ko ok 45
o] xHo| Yelue Ao BExsilon e SO
NO, EwEo] 239 Alo|~E Hrhs F2o] Jwr) ot
= Zow gadct £ ko] G E o3l
$-29} $-3% WlaARY SO0 FEA T L $39]
FH FAAEE 0] TS Wol AN o= ¢
NO; Alol~E3} fFAH 22 sl A NO7t +
P ol BEFE tlS 2o 7H&sH e 2s B
& A v s Uit & F 9l
AA A o2 SO,7F Eshd Alo]2=9] Al HEL H|S=gh [Fig. 5] SEM images for surface morphology analysis
FE NO7F 23 Alo] 25 B} 29 A7) b of each specimen
Ao AR EH, o] COp #5% T2l o] NO:9 Fig. 5= 7} Al7le] WS AxeAlalu A4S e 2
il $ feldiorst CO. T3 £ N0 g o)y, S0} A F715l0] 34430
BEE AR AR HAIE AL g pEsg wunn v qw muel RausE
T AUtk 53] SO wE9 T

Juijg'
o
EL

=9tel S-39) 24 ;o] welelA] vt

o,

[}

Bel2E7h 9554 o}
L EERE e
o & 9let. NO7t 219
& Avny AAHoR o
= aEglou SO7 7k A
o NOSt & ol fite]
g3o] Solee BelaHs #EY
EREEEEEEEE S
& welFa gk webd 3
& RGP W 1% oo TG
4ol gelw A4t @ e
Wy wy, fA7)7) s 5o 27
= jlow peE SR @

AglE o]kl N-1 % N-2¢} =2-5}eo] g8 %=

e
of oy X
=2 9

Ho
__)fl_t“

o ox lo i B o 2

it o
ot

|
32 o

—

off
Il

6977



SERIRRE

p

L

Al A
A8 A, HO, SO, 5 NO7F =90 o

¥t 4ot 8 A A5d A12E, 2014

w

k]

1o
ﬂ
-
o)

H 5 o]%e] il NO, 557} 130ppm$] N-49] 7%

N-5¢} A}

I

HAl s8] ¢

S

ofp

7-9-, Dynamis

Quality Recommendation[6]o|4 #]A|

g HO 7

)

Ho
)

2 %2 RGP gl 130ppmel ]

AGNES GO Afiite] YA

(2) COH

1=}
2

-
o

ofzf Table 29] EDS(XA #

1l

s

ol

A
gl

Holx] ggkor SO, NO2 22 &

S -
5=

4

ol

L

N-13%

A& v

AN

¥l S-3

5]

L

L

o)}
H

Al e o

Hlug 799 N-3, N-4

Aol Yo FAt

=

dl, SO7H o #e] F

=

ey

Zoll A Aknol HlEo] ¢

3L SO0 ol o
=

w
e

3}
=

% N-5%

N-2&

HA =3 SO NO,
o7 Alggrh

s3lom o

=
=

A

ke

=
EH

%ol

3)
=
il

1}

o) 4% 7nel

Q7] A

=

1 hebe

S

B

tiH] SO NO;

SOk

L

L

5o FFsEo] AAE
SO;LF NOo7}

& ug
ooz
SORSNRELIER

L

L

= 23E Al

o] 7}53}s]

Al
2]

-

=2
=

Ho} AU

=
=

A2 v &) Base A

A(P)

el

N

ol
=

References

wpoltt,

CO;, 2E¥Y U SO

T

"National Greenhouse Gas Inventory Report of Korea”,

2013

[2] I S. Cole, P. Corrigan, S. Sim, N. Birbilis, “Corrosion of
pipelines used for COZ2 transport in CCS: Is it a real
problem”, International J. of Greenhouse Gas Control,
749-7%6, July, 2011

[1] Greenhouse Gas Inventory & Research Center of Korea,

6978

1.36
0.16

2.72

/n
423
358
318
320
318
543
461

Fe
51.84
39.07
10.76
10.00
861
891
6.25
14.70

0.72
0.66
3.26
260
095
2.10
3.20
418
393

Atomic percentage(%)
3.21

1445
1703
4751
37.82
20.84
3522
35.50
3892
53.21

30.09

surface

3299

4323
3288

5791
56.26
4949
4868
47.80
24.27

4532

Sample
Name
Base
S-1
S-2
S-3
N-1
N-2
N-3
N-4

[Table 2] EDS ananlyses results on test specimen




SO, % NO; E3 1Y €O, 2EFe] QE 1Y C0; F4% Ao vHE 3

DOL http://dx.doi.org/10.1016/}.ijggc.2011.05.010

[3] F. D. Moraes, J. R. Shadley, J. Chen, E. F. Rybicki,
“Characterization of CO2 Corrosion Product Scales
Related to Environmental Conditions”, Corrosion 2000,
26-31, 2000

[4] M. 1. Cho, C. Huh, S. G. Kang, J. H. Baek, “Experimental
Study on Corrosion Characteristics of CO2 Pipeline for

offshore Transport and Geological Storage”, International
Conference on Greenhouse Gas Technology, October, 2014

[5] A Austegard, M. Barrio, "Project Internal Memo
DYNAMIS : Inert components, solubility of water in CO2
and mixtures of CO2 and CO2 Hydrates®, Trondheim,
Norway, 2006.

[6] E. D. Visser, C. Hendriks, M. Barrio, M. J. Molnvik, G. D.
Koeijer, S. Liljemark, Y. L. Gallo, “Dynamis CO2 Quality
Recommendations”, Int. J. of Greenhouse Gas Control,
478-484, July, 2008
DOL http://dx.doi.org/10.1016/].ijggc.2008.04.006

[7] L. Buit, M. Ahmad, W. Mallon, F. Hage, “CO2EuroPipe
Study of the Occurrence of Free Water in Dense Phase
CO, Transport”, Energy Procedia, Vol. 4, 3056-3062, 2011
DOI http://dx.doi.org/10.1016/j.egypro.2011.02.217

[8] S. C. Shin, E. Y. Chung, “Development of Phosphate-Zinc
Pretreatment for Steel Produced by The Electric Furnace”,
KSAE Annual Conference, 2683-2693, 2009

[91 M. Zubielewicz, W. Gnot, “Mechanisms of non-toxic
anticorrosive pigments in organic waterborne coatings”,
Progress In Organic Coatings, Vol. 49, 353-371, 2004
DOI http://dx.doi.org/10.1016/j.porgcoat.2003.11.001

[10] Y. J. Lee, S. S. Park, S. S. Hong, S. H. Lee, D. S. Kim,
G. D. Lee, “Preparation and Performance Evaluation of
Zinc Phosphate-Coated Mica Anticorrrosive Pigment”,
Clean Technology, Vol. 19, No. 3, 257-263, 2013
DOI: http://dx.doi.org/10.7464/ksct.2013.19.3.257

Z Y 2|(Meang-Ik Cho) [E=l3]

2005 89 : ¥zd A
(F8hh

020079 69 @ ¥d A
(F8H41A))

020074 7€ : () TR
200841 1290 ~ @Al 1 Bl
&9 P AL FEAEAT

L

6979

Z A Z(Seong-Gil Kang) [X5]e
e 1991 24¢ :
e
¢199349 29 : AL s e
3t (o]3HAp

et a el

20004 8% : g el o
st (o] Shutah

02000 9¢ ~ A : sy
sl o e FEUE T

& AT

<BA b
AP 2 B, Y CCS, HHed ol 2 olg

S| Z(Cheol Huh) (Al

© 19954 29 1 A8 AAET
9D

019973 19 : ¥2d" JAEy
FEAA

01997 1€ @ A X Yol

02006 2€9 @ ¥2H 7AFE
(FshabAp)

02008 69 : A=A HerEY
B Al ZdEAd T YA

T4
02014 109 ~ AA : I gt A FA)EE

a3}

b

3l °J CCS(Carbon Capture and Storage), HUZNE T4
A B A s, o B dRis ddd

i = SHJong-Hwa Baek) [Hsl
* 2006 24€ :
3 (e
©2008d 29 :
3 (41

dtsta 7)1 e

wETfet 74135

20084 59 ~ @A : BEHYA
149 B AHIEAEAT
Y



