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ABSTRACT

An Study on the Corrosion of Inconel 600 and 690

in a Reactor Coolant

Young-Ok Han
Advisor : Prof. Soong-Pyung Kim, Ph.D.
Department of Mechanical Engineering

Graduate School of Chosun University

Radioactive Corrosion Products formed by corrosion in the
primary coolant system of domestic pressurized water reactors
occupy more than 70 percents of radiation exposure to plant
maintenance personnel and draw much attention to the study on
this field in order to reduce radiation exposure by the radioactive
corrosion product.

As nuclear species contributing to exposure among materials

existing into radioactive corrosion product are (%, ¢,

Ccrt, Mn™t, e, it is  necessary to estimate comparatively
exactly the relative production amount of these nuclear species
accumulated according to the operation of nuclear power plants.

Because coolant contact area of Steam Generator tube in
primary coolant system occupies about 75 percents, it 1s judged

that the amount of radioactive Corrosion Products formed by the

- vil —



corrosion of Steam Generator Tube(S/G tube) is also considerably
much.

Therefore, it is judged that corrosion experiments are performed
according to pH on more severe water quality and chemical
treatment condition than those of actual PWR plants, and dose on
plant maintenance personnel is predicted by evaluating corrosion
velocity as well as corrosion trend based on experimental result.

For this, in this paper, an experiment on uniform corrosion with
the object of estimating the generation quantity of  ¢u°%, o™,

CcP, un™, Fe°  into Inconel 600 and 690 material which are
used of S/G tube was carried out. For this, twelve test sections
were made of Inconel 600 and 690, and corrosion experiments were
performed for 20 days according to pH on more severe water
quality and chemical treatment condition than those of actual PWR
plants, also Glow Discharge Spectrometer was used to analyze
experimental result quantitatively.

According to quantitative analysis result, Inconel 600 corrodes
more than Inconel 690 does on the condition of pH 7 and pH 9, but
on the other hand it is evaluated that Inconel 690 corrodes more
than Inconel 600 does at pH 4. It is judged that this trend is
because the effect of transient state was reflected excessively.
Therefore, it i1s judged that by performing corrosion experiment
during a long period to evaluate result comparatively exactly the

effect of transient state must be minimized.
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Table 1. Radioactive Characteristics of Main Radionuclide
Material |Inconel 600 | Inconel 690 | SS-304 Zircaloy Stellite
Surface(%) 75 75 20 5 -

Fe 6-10 7-11 65-70 0.18-0.24

Ni 72-80 58 min 3-11 0.07 max.

Cr 14-17 27-31 18-21 0.07-0.13 30.8

Zr Balance

Sn 1.2-17

Mn 1.0 max. 0.5 max 1.5 max. 1.2

C 1.15 max.| 0.05 max 0.08 max.

Si 0.5 max. 0.5 max 2.0 max.

p 0.04 max.

Cu 0.75 max.| 0.5 max 1.5 max.

Co 47.8
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Fig 1. Main Chemical Compositions of CRUD in PWR Plants
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Table 2. Main Radionuclide

Mean uality of Natural
Radio- Nuclear Half ¥ ener a thg Abundance
nuclide Reaction Life (Mev%y S——— Ratio of
atenial- Ipgrent Nuclide
Fo? | Feb8(n,y)Fe59 45d 0.028 SS 0.31
Feo | Febd(ny)Fed5 | 2.6d - SS 5.8
co°% | Nid8(n,p)Co58 74d 0.6536 SS, Inc. 67.76
c”t | Cr50(n,y)Cr51 28d 0.169 SS, Inc. 4.31
co | Cod9(n,¥)Co60 | 5.3yr 1.205 Inc., St. 100
Mt | Febd(n,p)Mnb4 | 313d 0.747 SS 5.84
Va2 | Na23(ny)Na24 | 15hr 1540 | jmpurities 100
7, | Zr94(n,Y)7Zr95 65d 0.767 Zir. 17.4
122 |Sh121(n,y)Sb122| 2.7d 0.343 Seal, 573
NY/ ’ : ’ Bearing :
124 |Sh121(n,y)Sb124| 60.2d 0.805 Seal, 42.7
Y ’ ’ ’ Bearing ’
Steel
8T | W187(n,y)W187| 24hr 0.310 Carbides 28.6
note) SS : Stainless Steel, Inc : Inconel, St : Stellite, Zir : Zircaloy
A3 pH % £xol 4E RAALE AT B4
1 %46l 9% A= AR
FEAA) BAd dFe F Fa AARE WAA Y Faole
FEQH), &%, §F 4224 oldd Q4% F pHE F48 A4z
2 pH ®sto] mef FAXNES As(HA, &) 7MY w2 33
g Fr Aoz gaAT A
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Fig 2. Solubility of Each Element in pH 7.0
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Fig 4. Equipment for Corrosion Experimentation(1/2)
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Fig 4. Equipment for Corrosion Experimentation(2/2)
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Y

P% 20

10 10

20 20
IC 600 IC 690

Fig 5. Configuration of Test Specimen(unit : mm)

Table 3. Factor Test Specimen

Test Specimen| Length(mm) | Width(mm) Thi(cnir;ess T%s,élfrgzﬁl%en
Inconel 600 20+0.05 20£0.05 2 775
Inconel 690 20+0.05 20£0.05 2 775

ANHIG AJH, AlAT A A 223 AJH I autoclave?] o] &

Aol qbEAZl & 2
Abshutel obdAdd dAAE 300C e A8 HelA Hrbatdet. 1 2
HE HF O R zprodE ol&ste]l Al AAWE AlFEA. Al

holder ¥ A= 535S Fig 6.0 =A%
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(a) (b)

Fig 6. Test Specimens Holder(a) and Installation Form(b)
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o] surface roughness& YA 3tA 371913 polishing 2H<]
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o] Wzrol 7bwiA 3WH ZAste] Hard

Table 4. A Measured Value of Test Specimens Weight

Ing(())(r)lel W(eé%ht E Ingg(r)lel W(eég)ht SH Note
V1 3.3986 9 T1 3.3211 9
V2 3.3485 9 T2 32675 | 9
V3 3.4124 7 T3 3.2711 T | weight is
V4 3.3653 7 T4 3.3313 7 average
V5 3.3019 4 T5 32878 | 4
V6 3.3815 4 T6 33486 | 4
3 ¥W &9
AlHe W AeHe 2d Ao dFgs vEd F Q7] "ol



#6600, #800, #1000, #1200 grid®] sand paper® polishing 2t4 & 3
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skl W ARAVE dASA A ¥, SEM(Scanning Electron
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Fig 7. Result of SEM Photograph(Inconel 600)
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Fig 10. T3 Test Specimen(Inconel 690)
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Fig 12. V1 Test Specimen(Inconel 600)
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Fig 14. V5 Test Specimen(Inconel 600)
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7t. GDS #vle] 718 dg 2 A
GDS+ Glow Discharge LampZS o] &3to] Al#H F9o UL E
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vacuun

Fig 15. Sample Introduction System(Principle of Glow Discharge)
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Fig 16. Layout of a GD Instrument : high resolution polychromator
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*

*

The measurement dynamic range: 10"

Sensitivity is high, as the dark current is low.

Very fast response times, typically 1~2 ns for a 10%-90%
change in signal.

The main inconvenience of photomultiplier is their cost.

Fig 17. Photo Detector(Photomultiplier Tubes)
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Table 5. Performance Results of GDS Equipment for Test

Verification of Inconel 600

Element Composition(%)
VO V1 V2 V3 V4 V5 \)

Fe 6-10 | 82-88 | 8-9 8.8-9.2 | 8-85 8.5 7-8
Ni 72-80 | 73-77 | 71-73 | 70-71 | 76-77 | 74-75 | 71-73
Cr 14-17 | 135-17|16.5-17 |18.5-18.8| 13-13.5 17 13-135
Zr - - - - - - -
Sn - - - - - - -
Mn 1.0 0.11x 0.12x 0.14x 0.14x 0.12% 0.14x
C 1.15% 0.04x 0.02x 0.02x 0.02% 0.04 0.02%
Si 0.5% 0.18% 0.16x 0.18:x 0.18* 0.2% 0.18%
P _ _ _ _ _ _ _
Cu 0.75% 0.06x 0.05x 0.05% 0.05% 0.06% 0.05%
Co - - - - - - -
W _ _ _ _ _ _ _
Al - 0.2% 0.25% 0.25% 0.25% 0.2% 0.25%
H - 0.06x 0.02x 0.02x 0.02x 0.02% 0.02%
Ti - 0.35% 0.4 0.4 0.4 0.4 0.4+
Na - 0.02% 0.02x 0.02x 0.02x 0.02% 0.02%

* ¢ Maximum value.

) VO ; before experiments

V1~V5 ; after experiments
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Table 6. Performance Results of GDS Equipment for Test

Verification of Inconel 690

Element Composition(%)
TO T1 T2 T3 T4 T5 T6

Fe 7-11 | 8.8-9.5 | 75-85 | 9.2-9.7 8-9 9-95 | 8-85
Ni 58 60-64 | 67-69 | 57.5-59 | 64-66 | 59-60 | 65-68
Cr 27-31 | 24-30 | 23-24 |30.5-31.5| 24-26 | 29-30 | 24-25
Zr - - - - - - -
Sn - - - - - - -
Mn 0.5% 0.13x 0.12x 0.14x 0.12x 0.12x 0.12x
C 0.05% 0.04: 0.04+ 0.02+ 0.04x 0.04+ 0.04*
Si 0.5% 0.18: 0.18x 0.2x 0.18% 0.18x 0.18%
P - _ - _ - - -
Cu 0.5% 0.06% 0.05x 0.05x 0.05% 0.05x 0.05%
Co - - - - - - -
W - _ - _ - - -
Al - 0.5% 0.4 0.5% 0.4 0.4 0.4
H - 0.05% 0.05x 0.05x 0.05% 0.05x 0.05%
Ti - 0.35% 0.4x 0.4 0.4% 0.4 0.4x
Na - 0.02: 0.02x 0.02+ 0.02% 0.02x 0.02%

* : Maximum value. ** Minimum value.

) TO ; before experiments

T1~T5 ; after experiments
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Table 7. Experimental Results

pH 4 pH 7 pH 9

Inconel | Inconel | Inconel | Inconel | Inconel | Inconel
600 690 600 690 600 690

Thickness
of Oxide Film 1.42 2.92 12.13 9.49 1.15 1.47
(pm)
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g9 27, 49 % 9 AT 4FRE Bo) w2 dsivtel 3

pE

Table 8. Thickness and Volume of Oxide Film

Quality Condition E . - Test Thickness Vol
of the pH of XI’JI‘enme?OCa )1on Period |Specimen| of Oxide c()u})n ¢
Material Solution - Kind | Film(m) o
NaOH 20
4 | +distilled da V5/V6 1.15 4.58E-4
water v
Inconel 7 distilled 20 V3V 1213 | 482E-3
600 water day ' '
9 | +distilled day V1/V2 1.42 5.65E-4
water
315
NaOH 20
4 | +distilled da T5/T6 2.92 1.16E-3
water Y
Inconel 7 distilled 20 T3/T4 9.49 377F-3
690 water day ' '
9 | +distilled day T1/T2 1.47 5.83E-4
water
=g Aske ol EASE 2 9aW RS} FHEE AN 2

= Table 9.9 e AT}
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Table 9. Each Element Content and Corrosion Velocity in Oxide
Film

Content of each Corrosion Velocity of each

Quality Test Element
of the |pH |Specimen (%, Average) Element (g/yr)
Material Kind
Fe| Cr | M| total Fe Cr Nr total
4 | V5/V6 |3.82] 10.2 [45.17|59.19|2.51E-4|6.13E-4|3.36E-3| 4.23E-3
Inconel
600 7 | V3/V4 1064 2.13 |14.24|17.01 |4.42E-4|1.35E-3|1.12E-2| 1.29E-2
9 | V1/V2 |3.18| 3.65 |26.07|32.91 |2.58E-4|2.71E-4| 2.39-3 |2.92E-3
4 | T5/T6 |2.27|17.34|18.82|38.44|3.78E-4|2.64E-3|3.55E-3| 6.57E-3
Inconel
690 7 | T3/T4 10.75| 3.85 |14.91|19.50 |4.05E-4|1.90E-3|9.13E-3| 1.14E-2
9 | TI/T2 |151|5.86|10.52|17.88|1.26E-4|4.49E-4|9.97E-4|1.57E-3
Table 9.014 Y42 FTF=F2 2 AlHo| oist A& 2=
Ebet glola, 94 H2 £55 99 23} Table 8.0 AAE AHs)
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