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The Mechanism of The End Grain Corrosion of Stainless Steel in Nitric Acid Solutions and Its Prevention

Michio Kaneko and Seizaburo Ase

Synopsis :

Austenitic stainless steels with low carbon content have good corrosion resistance in nitric acid solutions. However,

these steels are susceptible to corrosion in nitric acid solutions which contain highly oxidizing ions such as Cr,0,2~, Ru™*
etc. One of these is called “End Grain Corrosion” or “Tunnelling Corrosion”.

In this type of corrosion, a part of the cross-section of plate is preferentially attacked severely. In this study, it was
clarified that the end grain corrosion was caused by intergranular corrosion (IGC) at phosphorus segregated areas which
were induced during casting. And it was also found that the decrease of P content less than 0.0159, and heat
treatments to reduce segregation of P were very effective to prevent the end grain corrosion.

Key words : stainless steel ; corrosion ; nitric acid ; intergranular corosion ; end grain corrosion ; phosphide ; segregation ; nuclear fuel
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Table 1. Chemical Composition of Test Specimens.

(mass%)
Grade C Si Mn P S Ni Cr
Type 304 L 0.021 0.38 0.86 0.032 0.003 10.06 18.15
Type 304 ULC 0.012 0.23 1.04 0.012 0.001 10.78 18.56

ST PE%0.0129% 3 TIREL L 72JE 3 29mm D SUS304
ULCHItR 2 43H £ L THC 72 AR B % Table 15k
Fo SRIZ VT b ERESE, BEEER R LB
TRERCIOVRELLLDOT, BEHK L b 2ehl10t X 15~20"
X 15'mm B 129t X 20% X 10'mm DTk D JF R ER P % Bl
T & o fERL, IER600FHEL, EMMELITCER
BRI L T2,

T IHBNHOBEHBE~OHEYRGT 5129, Fi
BE R 77 (RE190mm) % F v TR B2 e L 72
i, B LR G TE329mm 2 THEEZ1T- 72,
JEZER%, bab kAR HEDORERFE 24) b 1 U Eisban
B2iTo 109, EisfbBmEmid Fi-HEO B s
P EMTOERBBEIEE s £ CRERICETL TITC, @
HNIEFERET OWRE A LI DU B 2 R 2 10 2284 (1
30°C/#) kL7,

2-2 BEARRER

BERR L L TR EORBRE D 3 5O Huey s B (JIS

GO573: 14 . 4kmol/m®* HNO,, 48ERf D 15% 4 2 v (Gt

TR 743 H13H %A TH 745 H268 % (Received on Mar. 13, 1995 ; Accepted on May 26, 1995)
* BT HABLE (BR) ARBHRAF 23 (Yawata R&D Lab., Nippon Steel Corp., 1-1 Tobihata-cho Tobata-ku Kitakyushu 804)
% 2 97 H ASBIGE (Bk) /BB AT ZE 3 GR (bR A8 7 2~ 2 1 % —F) (Yawata R&D Lab., Nippon Steel Corp., now Nippon Steel Techno Research Corp.)

857



B 858 £k & #8Vol. 81(1995)No. 8

30H)) EIRITEERIART CCrO2 2MmMT 52 Eid -
THEBRPDORT Vv ASADOIEEBNM FHuey B L b 536
Z# s L 72 Coriouz B (3 5 kmol/m® HNO,;+0.077
kmol/m?® Cr,0,2 (K,Cr,O, TEI) , 24R¢E D 8 44 Z v (Gt
8 HM)) #Hv, WMAMEDORERRG LI,

7t %, HueyRER 2 3o L T2 48H: 42, CoriouRBRT I
QUM R P IR LR LT, WMAEEOEIE, B
B L UM s L o T2 DES PHET B 2
I ) I 5 SN A
2.3 EPMAZ47

ST ARSI A o, SIROERE SRS EE
I (CHWrm) & PAT %0 (LWPE) =34 5Cr, POIRE
DIDERSTRAT- 1205, S HELE LTI, &WE%
HA V' NRIFC X 9 S CHIEM R LIc#%, Computer-
aized-Micro-Analyzer (H ARE 78 JXA-733)Z AT
— 220 mDFMTRIE ZIT- 12,

3. EBRRBREKLUER

3 -1 SUS304LER#HR

Fig. 1:2HueysEBa1% D SUS304 LR O Clirtii 35 & FLIKr
HOBRBEO~ 7 o BE/RELRTY, C, Lifnm e b
DAHEDFEE VT ERFURICER I NS 2 LI, 1§
BB Y & b A BEET 5 70, B O DO BTLIK
CEERSNICES PITE D OO X b BELIC L
Z A, Fig. 2R T & 51, Mm@ R P OAHEO ST
LAKHARBEINAZLIZL>THEITLTV 52 L2EE

31l

(a) Cross Section
(b) Longitudinal Section

Fig.1. Corrosion Morphology of Type304L SS in
Huey Test.
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Fig. 2. Optical Microphotograph of End Grain Cor-
rosion.
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(a) Cross Section
(b) Longitudinal Section

Fig. 3. Corrosion Morphology of Type304L SS in
Coriou Test.



Fig. 4. Optical Microphotograph of End Grain Cor-
rosion of Type304L SS in Coriou Test.

Fig. 5. Optical Microphotograph of The Tip of End
Grain Corrosion of Type304L4SS in Coriou
Test.
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(a) Corrosion Morphology
(b) CMA Analysis of Cr Content
(Bright Points:Cr Depleted Areas)

Fig. 6. Comparison between End Grain Corrosion
and Cr Content at Cross Section of
Type304L SS.
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(a) Corrosion Morphology

(b) CMA Analysis of P.Content
(c) CMA Analysis of P Content
(Bright Points:P Enriched Areas)

Fig. 7. Comparison between End Grain Corrosion
and P Enriched Areas at Cross and Longitu-
dinal Section of Type304L SS.

(a) (b) Cross Section, (c) Longitudinal Section
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Fig. 8. Corrosion Morphology at Cross Section of
Type304ULC SS in Huey Test.

Fig. 9. Corrosion Morphology at Cross Section of
Type304ULC SS in Coriou Test.
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10. Effects of Solution Heating Time (h) and
Cooling Rate on End Grain Corrosion Depth
of Type304ULC SS in Coriou Test.
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Fig. 11. Effect of Slab Heating Temperature(C) on
End Grain Corrosion Depth of Type304ULC
SS in Coriou Test.
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Fig. 12. CMA Analysis of P Enriched Areas at
Cross Section of Type304ULC SS.
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