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Abstract This research is aimed for the better understanding of corrosion behavior of carbon steel in ETA or
NH; solution at high temperature. To minimize the corrosion it is important to select proper pH control
agent(s), which also let it maintain basic or reductive environment inside the steel pipe. This work will provide
the practical guideline which can be applied to the nuclear power plant for developing the life extension
method of carbon steel. Experiments were carried out by measuring the corrosion rate using the
potentiodynamic polarization curve of carbon steel in ETA and NH; at different temperatures. The corrosion
rate was estimated by using the Tafel curve measured under various test conditions: i) NH; is less than ETA
as a pH agent. ii) the corrosion was reduced at high pH, and iii) the corrosion was maximum in the
temperature range of 150~2007C.
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[E 1] ETA ¥ NH:9] E=|3}5h4 E4[3]
[Table 1] Physical and Chemical Properties ETA and

Ammonia
Ep g 1801 | 17.03 61.08
: 0997 | 06818 | 1.0180
B gml | 957y | (33.0) | (20C)
EEEpRy . 7775033, 10.5/
#EH ¢ 0/100 35 170.8
- 72.14 | 1435.11(-4| 483175025
Fuiztel ) : )
WA | mNmo | o5y |07 )
.. mNS/| 089 | 0254 211
m | @5C) | (3350) | 25C)
o Al ] 7835 | 224 31.94
M @5C) | (3350) | (00C)
3356x1
wamge |33 g5 | 4 227
Adws |10 g0ss | 73s 472
il S/mol | & : :
A} 10°cm¥/S - 1.957 1.124
5 Log@
TR o ) 141 2.10
pKa 25°C 14 9.244 9.496
F 12 pHAo]AI¢] ETAQ} NH;2] E8]35H4] EAS
wlisto] Lehdl Zloltt. o714 mugee wuo] %
Asted] el A Hew THRAEE olFolx
NS a2 BA TS AT Ul B EH
Hele 2 ARE A9 58 gE A% 2ot
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[Fig. 11 Outline of Metal Corrosion
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[H# 2] ETA 9 NH; £
[Table 2] Injection Dose of ETA and Ammonia

[® 3] A9 AAEDH
[Table 3] Specification of Test Metal

LOCATION CHEMICAL ANALYSIS.23

HEAT NO|OR SERIAL
NO C|{Mn| P | S | Si| Cr{Mo| Ni| V | Cu

P22546 Heat 25(1.07|.012 .003 | .23| .08| .03| .14| .005 | .14

P22547 Heat 25(1.07|.009 | .002 | .25| .08| .03| .14|.006 | .10

P22548 Heat 2411.09.009 | .002 | .29| .08| .03| .09| .005 | .14

P22549 Heat 25(1.08.013].003 | .26| .11| .04| .13| .004 | .13
P22550 Heat 241108 |.011(.005| .23| .09| .04| .11].007 | .09
P22551 Heat 24|1.12|.011].005 | .27| .13| .04| .13| .006 | .18

P22552 Heat 241108 |.012 |.001 | .26| .19| .05| .12| .006 | .16

pH
) 8.5 9.0 9.5 10
Amine
ETA 0.05ml 0.06ml 0.67ml 0.71ml
NH; 0.05ml 0.07ml 0.65ml 0.78ml

Amine €9 A RA| %£So] ETA(DC Chemical,

Extrapure, CoH;NO El-ofel-&opul)zl  NHy(JUNSEL
Extrapure, QU olp)S F2Q)5}e] pHE HA3}13ich &
2= pHE AAsH=d| 9lo] Zeapol == ETA ¥

NH;ofo|t}. %44 3.85L0] ETA Y NH;2 F<l5}o] pH
£ A% T 128870 A AEE EHEkelh

AlHe] QY U 7|3}tz HA] dataS & 37} 40 F
Astetct,

[# 4] 24450 gt A71sErEe S/ 9 RARR
U= 57H4]
[Table 4] Electrochemical and Current Density Equivalence
with Corrosion Rate

Ny | | Dty | g LT R
state 1uA/cm (MPY)
Pure metals
Fe Fe/2 7.87 27.92 0.46
Ni Ni/2 8.90 29.36 0.43
Cu Cu/2 8.96 31.77 0.46
Al Al/3 2.70 8.99 043
Pb Pb/2 11.34 | 103.59 1.12
Zn Zn/2 7.13 32.69 0.59
Sn Sn/2 7.3 59.34 1.05
Ti Ti/2 451 23.95 0.69
Zr Zr/4 6.5 22.80 0.75

(32 2] AW 2 AEET
[Fig. 2] Test Metal and Electrode
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[Table 5] Evaporation Pressure

==(0) e (psi)
50 1.7
100 147
150 74.3
200 210.8
250 562.2

¥ 53} o] 255 50T, 100TC, 150T, 200T, 250C
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[Fig. 3] High Temperature Reactor and Inside-Diagram
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[Fig. 5] Example for Potentio-dynamic Polarization Test of
ETA and Tafel Extrapolation (A, pH 8.5; B, pH 10)
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[ 6] ETAZ o] &3l HA49 B2 HAA
A]ZﬂEulEg} _,_/51] [e]
[Table 6] Measured Corrosion Current Density and
Corrosion  Rate  for  Potentio-dynamic
Polarization Test of ETA

n?ﬂ

le

CER

T

ETA
Temperature Icorr MPY
PH (0) (10°A/em®) (mils/year)
50 1.54 7.011
100 2.84 12.978
8.5 150 3.10 14.141
200 2.63 11.986
250 1.95 8.898
50 131 5978
100 2.01 9.153
9 150 239 10.922
200 1.90 8.690
250 1.86 8.500
50 1.18 5.412
100 151 691
95 150 1.77 8.114
200 1.40 6.428
250 1.45 6.65
50 0.141 0.646
100 0.499 2282
10 150 0.753 3.446
200 0.622 2.846
250 0.587 2.686

4.2 NH, 82| SH9| B3 HAINE Azt

pH 8.59F 10 91 NH; S48 AlojA)2 H7He 1 2
3 $43e 29 oo R4 Ge 27 Boblsle
glHlo] il o g =A3FT Icorr= log scale?] AFULE
2 10°10° 9Pl S5kl 4 2 Py
Chfgict Gmujob BHI4 Bel A okl shelirt
25°C 9] < 924, 100C oA 738 Awolth Lw7} &
Sp7he F45) "ol AEala Qi Sole] Bl A
ShElA] 3AlFe0ne] S| pH7t wolx|wA kst
sloe] galio] S7ketel Halo] Fhstict. o2 vt
o Zo] pH7} FEE HARHO BT 7ul(Fe;04)0]
zZro] Uro g HAMES o] ZZEQT =2 pHl 1074
£ ojEes sjute] ehgAle] S7telo] Halo] 114
=9tk ETASL vp7IAI 2 150 CoflA] Zofitales 1
ol pH 8.5-10 7kl pH7} o o] efAs)
© BFE Bk



Gharde] FAjo] mX oblA 8] 2] W AT
10 A 50 0.500 2.29
07 . / 100 1.63 7.48
= ‘ TTS0E TTI00E 1505 2005 250 ‘ y / 10 150 1.54 7.062
g 04
2 // 7/ 200 1.29 5.894
% 01 / 250 0.568 2.602
S 4.3 NH; ¥ ETAS| 2AIg H|w
AN 1% 70] hmulole} ETAZ pHAClAIE 22t AH8
\ & vje] FAC 3418 pH 8 £ES PSR sl =
b NSt} LEo whE RALL 150TE o 5
14
1.0E08 1.0607 LDCEH-SZMDE"“W(A;,;;E;)DS 1.0E-04 1003 /E)% ]D:] pHOﬂ EHOH/\ r l:l/\ % ] pH 17]_01] I:I]»H]E:“
S shlsioth. WAA HnE Bojol 2L pHel £
/ oAl ETA®] FA&0] NHzof Hlsl W3tom NH; F-418
09
g ‘ “T50E TT100E “T1S0E TT200E —zsos_‘ / 9] 10-50% =5=0]9itt
S 06
3
g 03 % 21 1 —=—eTApHES ETA pHS ETApHS.5 —=8— ETA pH10
% o i / _ 18 ----m--- NH3 pHE.5 MNH2 pHS NH2 pH3.5 ----&--- NH3 pH10
g Yy?\ E‘ -
§ o E 12
09 E 6 -
10608 1.0£:07 10606 10605 10604 10603 o
Current Density (A/cm?) 3
o

[O3 6] NHI:E o]
B, pH 10)

[Fig. 6] Potentio-dynamic Polarization Test for Ammonia
(A, pH 8.5; B, pH 10)

3 579 B3 HAAY (A, pH 85,

[# 7] NH:E 0|83 5419

EREECA RS
[Table 7] Measured Corrosion Current Density and
Rate for  Potentio-dynamic
Polarization Test of Ammonia

BAAY F

r{m
A
rlo

‘l“ T

Corrosion

NH;
Terperature Icorr MPY

pH (0 (10°Ajemd) (mils/year)
50 3.58 16378
100 3.62 1657
8.5 150 372 17.016
200 332 15.198
250 3.14 14376
50 2.61 11.89
100 331 15.09
9 150 3.58 1633
200 281 12.84
250 233 10.65
50 236 10.79
100 285 13.046
9.5 150 295 13.52
200 226 10356
250 1.74 7.954

Temperature(C)

21 ETA150T —=— ETA 200 C|

NH3100T NH3 150 |

ETA100C

18

15

12

Corrosion Rate (mils/year)

8.5 ] 9.5 10

pH

[O3 71 2=(A)%} pH(B)o] T2 ETAS} NH32] H.A1&
v
[Fig. 7] Comparison of Corrosion Rate between ETA and

Ammonia due to Temperature (A) and pH (B)

gh, o] wet Fajgo] M= WS dsh]
$J8f obwle] pKa ZHS H|wa| Rtk 50°ColA] ETAS}
R ujole] pKat= Ztzh 8.81, 8.54 Fmolm 150 Cof|A|
£ 6.80, 6.48% kA3 250C7} B 5.50, 5.142 F4

3| ZolErh
Lro) 2 A4 pH 3He 919 2%ojA ZH7 6.64,
5.82, 5600 2 ®iglolch 2w=gvte) whE AR oF

_Z__
[¢)
[e]

-

oA ATt th= Fae|/dol FeA Atstuiute] g3
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45 == ) o] ofgle] £h&=7b % (buffer intensity)
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EZx 07 ZAASE buffer intensity= TF2-2] 2|(15)2 &)
Hrh(12)

dCB [H+]Ka - +
B=m= 2.3{WBT+[OH ]+[H ]} (15)

714 B B Eoly Cee & o5 %, Ka = of
98] ) d=poln] 22| Fpolt). 2&7F 200T o)
o F Apsh 2o 24 YA Asta H4] 7143} 3
7o) 24 AT pKa (oF19] S =) = Fuk Zhasto]
FAC _/-:EE ==L g3l Y7t o2 g 7w o

Ot RAzxHolekal W 4= Sl Hl Al(15)F st
A7 % Hiskol= 270& ol ¥ pH =pKa A
d§-olch. & pH®} pKa gapo] ZtopA|H gallo] 2r=of
whE HF A7 Fste] pH gl w2 FASE o
AsA fiek Sg ATolA A pHT) Hgls

pKa+0.5 $=Zo|t}.(12)

5. 28

pH 8.5~10, &% 50~250C2] ZANA F pHEXZEA|
ETAS} NHzof| tfjsto] shalejiior
(corrosion current density)E 5}o] FA]l8(corrosion
rate)S =7-H|u5} Tk ETA £949] HAlg0] NH3E
o} 10~50%%3k3L, pKa o] 3l F7 7} o 425
7 wow A 4 gloith RARE Qol9 obyle]
Sfstol pH F7hA] G2t Lol dhalAs 150 Cof
A 2l FEake) grow 2=,

HAAEHE
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