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Research on corrosion release model for nuclear metallic materials based on PBR

LI Changying JIN Desheng MAO Yulong

(China Nuclear Power Technology Research Institute Co., Ltd., Shenzhen 518000, China)

Abstract [Background] The metallic materials utilized for nuclear reactors undergo corosion due to the inherient
high-temperature and high-pressure environment. Consequently, the corrosion products may be deposited in the core,
called crud, and impact the fuel operation, core reactivity, and primary radioactivity, such as crud-induced localized
corrosion or crud-induced power shift. [Purpose] Thus, this study aimed to establish a model that can quantitatively
analyze these corrosion products, the results of which can then be used to evaluate the impact of these products.
[Methods| Based on the corrosion and release dynamic theory, combined with the assumption of metallic oxide
volume ratio (Pilling-Bedworth Ratio), a corrosion and release model of metallic materials was developed. The model
was validated based on experimental data from Inconel 690. [Results] The verification result indicates that the
proposed model is reasonable and scientific, and hence can be used to quantify the amount of main corrosion and
release products of metallic materials for nuclear reactors. [Conclusions] This study provides a model of the main
elements of corrosion products including Ni and Fe ferrite for PWR plants, which can be used for evaluating the
impact of corrosion products. However, some of the microelements of corrosion cannot be quantified by using this
model as the corresponding equations were over-determined. Hence this aspect requires further research in the future.

Key words Metallic materials for nuclear reactors, Corrosion and release model, Deposited, Verification, PBR
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FEE— R . =K E TR AR HE O I A
%3 #5 (Sub-cooled Nucleated Boiling , SNB) [X 1 , J&
FHRETS IR, IR B A #0575 R IR 5 & R
AH A S R A AR, P EL N 5] G A ) I 2
(Axial Offset Anomaly, AOA)Y™, BRE}H A 2% TH T
FRB B =38 K B — e FR E , 2 S A 53 3R [T 4
HE 10, 3 BRI 72 ey S TN g B, R N
R kLA 5% R T 22 (Crud Induced Localized
Corrosion, CILOV™ . J& 7K HE (Pressurized Water
Reactor, PWR) H 3= BT 1A% 25 (4 **Co) KR T
Ni PFEA , BRI SR B Tl ) Ni R &= A%
HIFFIH i 23 18 B PWR W A5 B8 P 7K T8

9 AR S N HEIZ AT KU 5 MR Sk b 4100 1) JB5 ek =
WTar A R ORI, [ P AT TN SRER X A 4
JE AR PR TRAT 9 SR RIS a s AL VR A 7 vk
177 KREWFT . Doncel F " FEREH, PWR i217 M5
(18] 2% AT T CRUD H 48R & S AR AL 2 S E0
BT H R sE R, 45 SR AR BH < B 2 S R0 2 AR VR B 1
BIe R dE7E CRUD W I#T i . AT B T
BRI T 7K HME B A 4 3R T TS 5 T B S B AT H 1) R
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Table 1 Corrosion release experimental data of Inconel 690

i 8] Time / h

1 000 1500 2000 3000 4 000

% — 41 Group one Ji& 1h3# 3 Corrosion rate / mdm 4.05 2.96 2.98 222 2.00

P JGH % Release rate / mdm 1.52 1.04 1.20 1.19 0.89
%5 2l Group two J& 3% % Corrosion rate / mdm 5.05 3.50 3.24 2.59 2.11

P UHE % Release rate / mdm 2.79 1.44 1.36 1.27 1.02
%5 =4H Group three J& 3% % Corrosion rate / mdm 3.16 2.66 2.11 2.25 1.84

J&5 k3 % Release rate / mdm 0.98 1.03 0.95 0.96 0.80
£ :mdm 4 mg/(dm’ - month) {145 5
Note: mdm is an acronym for mg/(dm’ - month)
22 HEBEIELR 25

Group One

X 2% 1 BT A E A i TR AR 4, 45 3 S A T AR
JCR i R 1) 2R Ak i A, B 1 TR

W3R B o R AR R S S, R AL
2 3 R R R 5 DR R 690 B R, I 5 S I (R 3k
A7 %} EE, 36 AIE 25 SR 1K 2~4 iR , SR (E s 25 1 SAE
(AT i 22 512 B0 AR ok 2% - SR 1) 22 B DA S 3R AED
WE2FIR.

NI AIE 5 520 A7 AT %0, S 56 435 SR 5 A R i B %
RSP ZE 290 23%. ARG S S AR AR X
i 22 i 2 1 TR) B84 sk ek /s B TR . X A%
RIS o B, — RO A IAT A, R 0T P B AR A
Tl 22 FH X R (E K R B 2 iR s /s B T 5

u Group Two
@ Group Three

553
(=}

[

(=}

m

Released Amount of Corrosion
Products / mg-dm 2

v
I
v

I

(o

(I

Ml

1.0 1.5 2.0 3.0 4.0
Time / 10° h

1 [HIRHERL 690 < Tt MR T &R B N T) ) A2 AL
Fig.1 Tendency of released amount of corrosion products
over time considering Inconel 690
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25

o Experiment Value
= Calculated Value

%)
(=]

Released Amount of Corrosion
Products / mg-dm ™

1.0 15 2.0
Time/ 10° h
2 JERR R RIS R A R G — 4D
Fig.2 Verification result of corrosion release model
(group one)

o
o

25
Experiment Value
20 = Calculated Value

Released Amount of Corrosion
Products / mg-dm™>

1.0 1.5 2.0 3.0 4.0
Time / 10° h

E3 bR B R e £ R (B 41D
Fig.3 Verification result of corrosion release model
(group two)

20
O Experiment Value

s = Calculated Value
4
£
=
SE
i
EZ
g z 10
<3
<
g
S 5
<
-

Ll

1.0 1.5 2.0 3.0

Time /10°h

4 JERRRIR RIS AE 45 R CGE=4D
Fig.4 Verification result of corrosion release model
(group three)

SEMT e I3 — 5T A% A TR B IR 3 5 1A Y
SR L SRR i K 5 JE LA IR, % T AR
JS2 ISR A PR ST Ao VA L, B PR OB Y i 5
SR GBI, SR G, AT TRy 2 R
I A% L S SR AR T R TG DL o

R2 BUHBRNIEESREATEENRNRE
Table 2 Relative deviations of experimental and
calculated data

415 SEBR N [A] AHXS R ZE

Group Experimental time  Relative error
/h /%

1 1 000 -31.08

1 1500 -33.38

1 2 000 -30.36

1 3000 -21.28

1 4000 -20.45

2 1 000 -1.45

2 1500 -11.75

2 2000 -16.06

2 3000 -14.13

2 4000 -13.39

3 1 000 -43.05

3 1500 -35.15

3 2000 -28.53

3 3000 -25.97

3 4000 -24.29

P 22 — ~-23

Relative deviation

2.3 PBR&URMSHT

BT 1% B & @M R G BRI PUS vk e, A
BSR4 JE Tl T S AR AR AR 15 #E PBR=11F R
AAIRA TR R IE FHUE , H & SR E S5 M
FHIIGAER B , R B e S F .

it — P AE B PBRIE R A HL: ,  RE B2 —
S S0 AR FES TR T 2R B K, FR R I AR 2
S 1% 2H B9 #E 47 R[5 PBR BRI 20 BT o 20 391 EY
PBR=0.5.1.1.5.2, TF& 45 R w3k 3 s

*3 ETHEHESBHIRTE PBR EERN SRS
Table 3  Sensitivity study of PBR value based on group

two data

SN ) & 7 A T
Experimental The amount of corrosion product released
time / h /mg+dm™

PBR=0.5 PBR=1 PBR=1.5 PBR=2
1 000 5.42 3.82 4.14 4.58
1500 11.05 7.79 8.44 9.35
2000 18.00 12.69 13.75 15.23
3000 26.33 18.57 20.12 22.28
4000 35.39 24.95 27.03 29.93

HH 2% 3 I %0, 24 PBR=1 I}, #H Eb A 43 A 45 3
FLIB RS FICH A2 BN, S ol PR IR e, IR R
B4R BB Bl B8 798, 5 PBR B L AEFE 18 — 5L
(Rt , 36 5 PBR=1 {E AR AR 502 A R 1 o
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