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Gentlemen:

SUBJECT: TECHNICAL REPORT ON MATERIAL SELECTION AND PROCESSING
GUIDELINES FOR BWR COOLANT PRESSURE BOUNDARY PIPING",

r
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NUREG-0313, RFV. 1

General Electric comments he subject document, noticed in the November 16,
1979 issue of the Federal Register, are enclosed.

Please note that the technical comments are contained on the first six
~

pages; the remainder of the material is enclosed for back-up. This
material consists of Appendices A through H and Attachments A, B, and C.
The back-up material is very important in justifying GE comments and
should be distributed to all reviewers.

If you hsve any questions on the enclosures, please contact Mr. R. L.
Gridley at (408) 25-3732 of my staff.
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INTR 00VCi!0N

General Electric feels that expeditious implementation of techno-
logical 4dvances is important to the future of nuclear power, which
in turn is essential to meeting the energy needs of this nation.
While selective inspection of components and systems which have
been identified as subject to Stress Corrosion Cracking is bene-
ficial for the efficient operation of nuclear reactors, the benefits
of inspection must be weighed against the hazards of exposing non '
destructive testing personnel to significant levels of radiation.

The attached comments are organized in the following menner: the
*

NUREG 0313 page and paragraph are indicated, followed by suggested
wording changes. A brief statement of GE's rationale for the
suggested change follows with reference to an appendix where a
more complete discussion of GE concerns is given plus references,
papers and other supporting documentation.
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GE COMMENTS

.

1

NUREG 0313
Page & i

Paragraph
|

Page 1 & Title
Insert " Stainless Steel" after "BWR Coolant" and before
" Pressure Boundary Piping".

200'F Minimum Limit for Inspection of Piping

Page 1 Change to read, "The guidelines. . . have been modified
Paragraph 2

to include ASME Code Class 2 piping and to exclude pipe
whose nornal service temperature is at or below 200*F.

NUREG 0531, page 4.6, 4.4.4 recognizes that " increasing
temperature in BWR environments. . . increases the sus-

ceptibility to IGSCC" Reg. Guide 1.44 in paragraph C.4 a
recognized that stress corrosion was not a concern below

.

200*F. Neither NRC pipe crack studies nor GE pipe crack
reviews have documented a stress corrosion problem in BWR

piping at or below 200*F. Selective inspection of identified
_

problem areas is far more useful in detecting cracks and
reduces unnecessary radiation exposure to personnel.
See Aeoendix A.

Use of Cast Austenitic Stainless Steel

Page 7 Substitute " Cast Austenitic Stainless Steels with > 5%
'

Paragraph II.A.1 Ferrite "for" Type CF3 Cast Stainless Steel
,

..

This material has never cracked by IGSCC in a BWR pressure
boundary. Service and laboratory experience have been
excellent. Classing cast austenitic stainless steels with
304 will result in increased inspection and resultant
unwarranted radiation exposure to NDT Inspectors. Omission
of some grades of this material would improperly emphasize
augmented inspection where it is less valuable.
See Aeoendix B.
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NUREG 0313
Page & Paragraph

-

Nitrogen in Austenitic Stainless Steels

Page 7 Change "These materials have . . . nitrogen (0.1% max.) to
Footnote "These materials have . . . nitrogen (0.16% max.).,

The use of slightly higher nitrogen contents than are common
.

in normal practice is desirable because nitrogen has been
identified as retarding sensitization and reducing crack
growth rates in austenitic stainless steels. Slightly
higher nitrogen contents are known to improve mechanical

|
properties and compensate for low carbon levels in 304L and |

316L grades. ASTM has accepted the "LN" designation and

ASTM specifications for these materia'Is are being issued.
See Accendix C.

,
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. NUREG 0313.

Page & Paragraph
.

Page 7- Substitute "Austenitic stainless steel weld metal with
Section A-1 > ST, ferrite" for " Type 308L stainless steel weld metal with

at least 5% ferrite content."

The majority of field welds are 308 weld metal. Other,

*

similar alloys have also been used. The high ferrite con-
tent has been responsible for an excellent service history:
No stress corrosion cracking has been observed to originate
piping welds of these materials in the field. Cracks have |
been observed to arrest in 308 weld metal.

Conforming Processes

Page 7 Add " Heat Sink Welding and Field ' orrosion Resistant CladdingC
1

Paragraph II A.2 are considered to be conforming processes."

Page 10 Change to read, " Heat Sink Welding has been evaluated and
Paragraph 4 accepted by the NRC." - |

Heat Sink Welding (HSW) has performed very well in the Pipe
;

Test Laboratory. HSW produces compressive residual stresses |
.

on the pipe I.D. surface and reduces sensitization in the I
weld HAZ. Field Corrosion Resistant Cladding (CRC) has also
performed well in laboratory tests due to the stress corrosion '

resistance of the clad material overlaid on the heat affected ;
zones of butt welds. G.E. considers that these processes are {
, qualified for specific applications in BWR piping. See

Accendices 0 and E. '

!
'
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NUREG 0313
, ,

Dans 1 parancanh

.

The Electro Potentiokinetic Reactivation Test
.

Page 9 Instead of "The Electrochemical Potentiokinetic Reactiva-
Section B

tion (EPR) test has not been formally evaluated and accepted
Paragraph 2

by the NRC", substitute "The Electrochemical Potentiokinetic

Reactivation (EPR) test has been evaluated and accepted and.

is recognized as an acceptable means of screening materials
for sensitization."

Under NRC sponsorship, the EPR test has been extensively tested
in comparison with ASTM A-262 practices A and E. This test is
superior to ASTM A-262 practices A and E in detecting sensitiza-
tion in steels. EPR results have, successfully predicted IGSCC
susceptib ility. A large nunter of o.ther organizations have
accepted and use this test. . ASTM has recognized and accepted

EPR, and a specification for this procedure is in progress.
See Aeoendix F.

Field Corrosion Resistant Cladding for Repairs
.

Page 10 Change to read "which may become sensitized as a result of a
Paragraph 3 butt welding pro:ess."

This modification will allow field CRC use in BWR's. Although
field CRC may result in a slight degree of sensitization in
the region at the edge of the cladding, field CRC has shown a

factor of improvement of 7 in severe pipe tests. Since cladding
is a welding process, this paragraph as it stands can be inter-
preted as a prohibition of field CRC in contradiction with
Section IIC which allows field CRC for repairs and in plants
already under construction. See Accendix D and E.

\
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NUREG 0313 *

Page & Paragraph

Service Sensitive Lines

Page 11 G.E.'s position is that Recirculation Risers and Recirculation
Section B Inlet lines at safe ends where crevices are formed by the
Paragraph 2 welded thermal sleeve attachments should be subject to

augmented inspection proposed and approved on a case by.

case basis rather than designated and " service sensitive".

Field cracking of recirculation risers and safe ends has not
developed a repetitive pattern. Numerous inspections in the

United States have not identified additional cracks. See
Accendix G.

Aeolicable Code Recuirements

Page 14 & 15 Add, "except for older plants where earlier code requirements
'

Paragraph 1 B are in effect."

There exists an apparent contradiction between NUREG 0313 and

previously expressed NRC Policy. The NRC's policy on the
~

effective application of the ASME Code has been, as of 10/19/79,
th;t sections of the Code more recent than 1975 apply to plants
with docket dates more recent than July 1,1978. Older plants
would be subject to the 575 code, but not to newer sections
unless the utility elects to do so. The NUREG position on this
matter should be clarified to made it consistent with this
position.
See Accendix H.

.

90014007

.



. .

. .

NUREG 0313
*

Page & Paragraph

.

Selection of Welds Considering Seismic and Fatigue Loads

Page 15 Omit this paragraph.
Paragraph 2b & C '

. Paragraph 3a . It can be demonstrated that inspection of welds and systens is more
effective where the likelihood of stress corrosion cracking is hiaher
due to factors such as high sustained stress and sensitization.
Inspection of welds where significant seismic or fatigue loads |
have been postulated for hypothetical seismic events and where

other factors which ordinarily are associated with cracking
are absent seems of limited value. Stress corrosion is known
to occur when associated with sustained stresses: isolated
high stress transients are not a concern in this area.

>

General Comment to Section IIT
|

General Electric considers that the IGSCC stress rule approach,
which it has used to describe cracking patterns,should be

,

employed in selecting weld sites for additional in-service
inspection. As documented in Attachment C (NEDO 23684), the
stress rule technique does demonstrate acceptable field failure
correlation. Accordingly, all NRC issues relating to the IGSCC

stress rules should be identified and settled such that the next
modification of NUREG 0313 can endorse these techniques as

alternative means of selecting weld locations for augmented
inspection upon case-by-case NRC approval .

.
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APPENDIX A

200*F Minimum Limit for Inspection of Pioing

All piping cracks to date where service conditions are documented have occurred

at temperatur,es well above the 200*F limit. Temperature plays a significant
role in stress corrosion in the BWR environment; NUREG 0531, pages 4.6, 4.4.4
recognizes that " increasing temperature in BWR environment. . . increases the
susceptibility to IGSCC". In addition, Reg. Guide 1.44 recognized that
temperature plays a significant role in stress corrosion. This document requires
control of materials except where " material exposed to reactor coolant which has
a controlled concentration of less than 0.10 ppm dissolved oxygen at all
temperatures above 200'F during normal operations".

G.E. Laboratory data, attached demonstrates the relationship between temperature

and the occurrance of stress corrosion. No stress corrosion has been found in '

welded stainless steel in a BWR environment at or below 200*F.

No low temperature stress corrosion problem in a BWR environment has been

identified to date, either in NRC documentation or in G.E. reports. ~

1

i

The benefits of increased in-service inspection - improved crack detection rates, re-
d'uced risk of leakage,'are dissipated if increased in-service inspection is applied to ,

I

lines where experience has shown cracking to be highly improbable. The risk of
increased radiation dose rate to NDT inspectors and the economic losses to
utilities and their customers due to decreased availability must be balanced l

against possible advantages. Due to the lack of an identifiable problem, no
;

. such_ advantages-are-apparent in this case.

Reference: "BWR Coolant Oxygen Control" by R.L. Cowan, J.C. Elliott and
0.H. Johanneson, NED0-23631 77, NED106 Class I, June 1977. (portions attached).

|
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_ APPENDIX B "I, ,

Use of Cast Austenitic Stainless Steel with > 5% Ferrite

The NUREG -0313 list of acceptable materials for IGSCC resistance, paragraph II- A-\
should include cast Austenitic stainless steel with > 5% ferrite. Since the pur-
pose of the document is to reduce the incidence of IGSCC or.currences in BWR piping,
it is not clear why the NRC would choose to prohibit materials that have never
cracked by IGSCC in a BWR pressure boundary. The only IGSCC incident of Cast
Austenitic Stainless Steek with > 5% ferrite cracking, General Electric is aware
of occurred in the Dresden-2 Jet Pump transition casting. This failure was attri-
buted to improper processing that resulted in surface carburization; surface
carburization can occur in CF3 or any cast austenitic stainless steel. Surface {carburization is avoided by proper process control,

l

1

General Electric performed a large test matrix on Type CF3 and CF8 castings -

utilizing constant extension rate tests in 550'F 8 ppm oxygenated water. The
matrix shown below included high carbon and low ferrite material. All failures
. ere ductile (no stress corrosion cracking).w

Material Test Matrix

Material Ca rbon Ferrite
CF3 .035 max. 4 - 6 FN
CF3 .035 max. 8 - 10 FN.,

CF3 or CF3A '.035 max. 12-14 FN
CF3 or CF3A .035 max. 18-20 FN
CF8 .05 .06 4 - 6 FN
CF8 .05 .06 8 - 10 FN
CFB or BA .05 .06 12 - 14 FN
CF8 or 8A .05 .06 18 - 20 FN
CF8 .07 .08 4 - 6 FN
CF8 .07 .08 8 - 10 FN
CF8 or 8A .07 .08 12 - 14 FN
CF8 or 8A .07 .08 18 - 20 FN 90014012

Heat Treatment 1150'F - 24 Hours
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Appendix B (cont)

.

In conclusion, General Electric finds it inconsistent to class all cast austenitic
stainless steel with 2,5% ferrite (except CF3 castings) along with Type 304 stain-
less steel. This overly resistrictive classificati n may result in vastly in-o

creased inspection requirements for castings - large amounts of unwarranted

radiation exposure to NDT insepctors will result. General Electric, therefore,
strongly recommends that all cast austenitic stainless steels with 3,5% ferrite |
be included in the list of " corrosion resistant materials." '

|

|<
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APPENDIX C
|
|

Nitrogen in Austenitic Stainless Steels 1
_

G.E. strongly urges acceptance of a nitrogen content of .16% by the NRC. A

.10% nitrogen content is currently accepted as a maximum impurity level for
this element 'in most normal grades of stainless steels.

Several conferences have been held by the ASTM on the effect of trace elements

including nitrogen on the properties of stainless steels (1,2,3). Kovech (3)
has shown that for heats of equivalent carbon levels, increasing the nitrogen
content up to about .25% retards sensitization and reduces the crack growth
rate in boiling MgC1 .

Rabbe and Heritier (3) of Cruesot-Loire have verified2

that increased nitrogen contents, optimally about .16% . improve IGSCC resistance
in austenitic steels. Columbier and Hochman have shown reduced crack depth in
the Strauss test with increasing Nitrogen content up to .16%.

I

Steels where low carbon grades are used to achieve necessary stress corrosion
resistance generally have lower mechanical properties. Nitrogen improves
mechanical properties and SCC resistance as well. -

In recognition of the above, "LN" grades of 304 and 316, high nitrogen (.165)
and low carbon, have been accepted by ASTM and specifications for these materials
are in progress.

In view of the desirable mechanical and SCC resistant properties of,these
materials, change of NUREG 0313 to allow a slightly higher nitrogen content
(.16%) is justified.

'

.

REFERENCES

1) ASTM STP 418, 1967, Effects of Residual Elements on Properties of
Austenitic Stainless Steels.

2) ASTM STP,1973, Elevated Temperature Properties as influenced by Nitrogen
|

Additions to Types 304 and 316 Austenitic Stainless Steels.
90014014

3) ASTM STP 679, Nov.1977, Properties of Austenitic Stainless Steels and

Their Weld Metals Influence of Slightly Chemical Variations.
4) stainless and Heat Redstinc 9taals 1967, Colubier and Hochman.

(oortions Attached)
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APPENDIX D

Heat Sink Welding (HSW)

General Electric considers HSW to be fully qualified for field application as a
satisfactory means of achieving stress corrosion resistance for Type 304 stainless
steel s .

Heat Sink Welds in General Electric's pipe testing programs have' per-
formed very successfully.

It is clear from these results of General Electric and
other investigations, that HSW's derive their benefit by both controlling the
degree of sensitization in the HAZ and producing compressive residual stresses
on the pipe ID, surface in the HAZ. Based on these results, General Electric
recomends that NRC endorse the HSW technique for low stressed welds in plants
and currently under construction and for repair of larger (>10 inch diameter)
pipes in flowing water system of plants being operated.

Basis - Laboratory Data

Heat Sink Welding has been the subject of an intensive joint effort by General

Electric, the Electric Power Research Institute (EPRI), the Bechtel Corporation,
the Battelle Memorial Institute, and individual consultants and utilities over -

the past five years.
The final report on the G.E. effort is listed as Reference 1.

This report documents the following essential information:

1. Heat Sink Welding is a practical means of improving the IGSCC
resistance of Type 304 stainless steel. The HSW process can be

accomplished with either the spray cooling or flowing water cooling
process as well as with stagnant water for vertical piping runs.

2. The benefits.cf Heat Sink Welding are due to the combined effect
of reduced degree of material sensitization and to the favorable
residual stress pattern established on the inner diameter surface.
A representative illustration of the residual stresses established
near piping welds for reference and HSW conditions is shown in
Figure 3.2

90014016
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Basis - Laboratory Data D-2 !*

3. The HSW process has been rigorously qualified for use in BWR's by
means of extensive pipe tests in the GE pipe test laboratory. The
results of these tests on HSW's with a machined surface have demon-
strated to date a statistical factor of improvement of >l5.1 over the
re.ference welded condition. These tests were conducted on four-inch
diameter pipe test specimens (Figure 4) which represent the worst case of
residual stress and sensitization anticipated to exist in the field.

It is extremely significant that all of the failures of HSW's in general
Electric's statistical program have occurred by a partially or wholly
transgranult.r mode. This cracking mode has been associated previously
only with low carbon stainless steel and is attributed to the severe
nature of the pipe test. In effect, the HSW process has made a very
susceptible high carbon heat of' material behave as a low carbon heat.

Note that two of these HSW pipes were tested at a very high primary
axial tensile load of 136". e and the other two were tested at 110 oy y
Both of these stresses far exceed any value experienced in BWR operation.

At the icwer load of 110" o the only failure was an entirely transgranulary
failure unrelated to the weld HAZ. ~

Basis - Inspection vs. Remedy

G.E. considers that it is always preferable to improve materials and material
conditions. This philosophy is based on the firm belief that even the best i

inspection techniques and sampling programs do not provide the highest degree
of technical assurance that qualified IGSCC - resistance measures provide.,

Wider implementation 'and, therefore, better overall stress corrosion improve-
ment, would surely result from NRC endorsement of HSW at the earliest possible
time. It is suggested that the NRC endorse HSW teheniques for use now as
IGSCC resistant measures.

90014017



- - -

. .
D-3

REFERENCES

1. " Evaluation of Near Term BWR Piping Remedies" Final Report, by
A. Giannuzzi & N.R. Hughes, May 1979 (Draft), Attachment B.

.

2. " Evaluation of Near Term BWR Piping Remedies" Final Report, by
N.R. Hughes, December 1979, (Draft) summary sheet attached.
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1. SUMMARY

Full size environmental pipe tests have been performed to evaluate the resistance to intergranular stress
corrosion cracking (IGSCC) of Type.304 stainless steel piping f abricated by various alternate techniques.These
techniques have been termed "near term BWR piping remedies" since they utilize existing Type.304 stainless
steel piping. This program constitutes an extension of a broader program to identify and investigate piping
remedies, as reported in EPRI NP.1222, May,1979. Each of four near. term remedies have shown significant im.
provement in IGSCC resistance over reference Type 304 stainless steel. The four remedies are:

1. Solution Heat Treatment Af ter Welding SHT

2. Solution Heat Treated Corrosion Resistant Cladding Shop CRC

3. As Deposited Corrosion Resistant Claading Field CRC

4. Heat Sink Welding HSW

The remedies SHT, Field CRC and Shop CRC were tested with triplicate heats, while HSW was tested with one
heat knowr'. to be susceptible to IGSCC in the reference condition. The significant finding for each of these
remedies is drscussec telev.

1.1 REFERENCE CONDITION

in the ref erence condition. (normal heat input welding practice with inside diamete' O d ) surf ace grinding
after weldingl all three heats were susceptiele to IGSCC in pipe tests. These tests were all nominally 285'C
(550'F) 6 :: 2 ppm oxygen cyclic stress tests to a maximum stress of 136% of the 288'C,553*F; yield strengP
of each heat Times of first f ailure varied significaatly weh carbon content and absolute stress The most

,

susceptible heat M7616 (0 060% caroons resulted in a first f ailure at 104 hours. while the least susceptible hea. I
45497010 042 % carcon)cyclee without f ailure until 3253 hours Failure analysis of each heat showed tne crace.
ing to be IGSCC except for a transition to transgranular mode at midwall of the heat 454970 f ailures. It has been
concluded that this type of trans;ranular cracking is an artif act of the severe test and is not related to any boil.
ing water reactor (BWA; service phenomenon

1.2 SOLUTION HEAT TREATMENT

Testing of the three SHT pipes in this program has been uneventful. The three pipes accumulated 983L
9989 and 10646 hours, without incident. Resulting factors of improvement are 89.5,8.7 and 3.0 for heats M7616.
M0063 and 454970, respectively. These f actors were limited by test program length and vary significantly due to
the wide differences in failure times of the reference Type.304 pipes

1.3 SHOP CORROSION RESlSTANT CLADDINGi

The performance of the Shop CRC pipes was as successful as the SHT Dices Times on test of 9758. 894
and 6806 hours translated to factors of improvements of 89 2. 7.7 and 1.9 for heats V7616. M0063 and 454970

1.4 FIELD CORROSION RESISTANT CLADDING

Field CRC is designed to be applied in the field and therefore a small sensitized zone remains at the end
of the CRC. This char,acteristic of CRC caused the M7616 heat to develop a throughwall crack at 714 hours, a
factor of improvement of 6.5. The f act that heat M7616 is partially sensitized in the as received condition may
have contributed to this failure. The second heat in the matrix M0063 ran successfully the lengtn of the program
for a f actor of improvement of 7.5 (8601 hours). The heat 454970 f ailed af ter reacning a f actor of 1.9. This f ailure
was transgranular and can be attributed to the severe cyclic nature of the pipe test. The crack whien initiated in
an area unrelated to the CRC, but which was cold worked by a machining operation is not considerec to recre-
sent any known field loading situation.

90014019'
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These results with fielo CRC indicate that it is a remedy that can provide a significant margin improve.
,

ment over Type 304 reference welds although the expected improvement is not as large as Shop CRC or SHT. 1

Consideration of Field CRC is warranted in field fabrication situations utilizing Type 304 piping and can be
expected to result in a 40 year plant life when applied to large diameter piping. The benefit of Field CRC is
increased when it is shown that the material to which it is applied is not Initially sensitized.

1.5 HEAT SINK WELDING

~~

Rather than using three heats in the HSW matrix, two stresses and two surf ace conditions were utilized.
These variations did provide a range of results discussed in Subsection 3.6.5. Heat sink welding showed a very
favorable factor of improvement adecuate to recommend it for field use. The series of welds fabricated as the

current field s:ecification recommends (no i d. surf ace grinding) and tested at 136's of o, produced a first f ailure
at 1650 hours for a f actor of improvement of 151. Conservative calculations predict that a factor of only 4.0 is
recuired to achieve a 40 year life in large diameter piping. ;

i

Failure analysis has provided additionalinsignt into the benefits of HSW's. Sensitization due to welding I
can be greatly reduced to the point where a9 IGSCC susceptible heat like M7616 behaves like a low carbon heat. '

i.e., failure is by a partially transgranular mode. Further, when tested at 110% o, the counter bore notch is
favored over the weld heat affected zone (HAZ) as a crack location because compressive residual stress and
only moderate sensitization make the HAZ an unlikely location for IGSCC initiation The f ailure in the 110'.'s o, !
pipe was entirely transgranular. In a test less severe than the normal Pipe Test Laboratory (PTL) cycle the '

achievabie factor of improvement for HSW's may be greater than the 1$.1 value achieved in this pr0 gram

!
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APPENDIX E

.

Corrosion Resistant Cladding

General Electric agrees with the apparent intent of the NRC to give credit to

non-solution heat treated CRC. This discussion found in Section IIC states
that field CRC may be used for repairs and for plants already under construc-
tion. This endorsement, however, is clouded by the next paragraph which states
the following: "The joint design of all welds must be such that any high stress

,

areas in the unstabilized wrought austenitic stainless steel, which may become
sensitized as a result of a welding process, is not exposed to the reactor water.

Since it is recognized that field CRC may result in a slight degree of sensitiza-
tion in the region at the edge of the cladding (a welding process) this require-
ment could be interpreted as a prohibition of field CRC even though it was just
endorsed. This contradiction may be remedied by changing the phase in the above
quoted passage from "as a result of a welding process" to "as a result of butt
welding."

The latest data available on field CRC which has been submitted to the NRC
,

indicates a minimum factor of improvement of 7 in severe pipe tests. General
Electric believes that these results are more adequate to support a clear NRC
endorsement of the technique.

REFERENCES:
I
1

1. " Evaluation of Near Term BWR Piping Remedies" Final Report by A. Giannuzzi &
N.R. Hughes, May,1979, Attachment B.

:
!2. " Evaluation of Near Term BWR Piping Remedies" Final Report by N.R. Hughes, i

December 1979, (Draft) Summary sheet attached (paces D-4, D-5).

90014021

-



._.

. . ,

.

h-l
.

APPENDIX F'
.

The Electro Potentiokinetic Reactivation Test (EPR)

This test is used and accepted as superior to others tests for sensitiza-
tion by the following organization:

7

General E1ectric Co.
Nuclear Energy Division
Manufacturing Division

Corporate Research gnd Development Laboratory

Steel Producers
Crucible

e
ARMCO

Universal .

Nippon

Sumitomo

National Laboratories
Brookhaven

Argonne

Battelle .

Technical Research Centre of Finland
Japan Atomic Energy Research Institute

Universities*

s
U. of Dayton

U. of Delaware

U. of Florida
U. of Tokyo

Private Industry

Rockwell International Science Center
90014022'

Texas Instruments
IHI (Japan)

Hitachi
Toshiba
Industrial Research Institute (Tokoyo)

Creuset - Loire

. . , . . .-
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U. S. NUCLEAR REGULATORY COMMISSION !

SEVENTH WATER REACTOR SAFETY RESEARCH INFORMATION MEETING

November 5 .9, 1979 i

i

|

THE EPR METHOD FOR THE DETECTI0ti

0F SENSITIZATION IN STAINLESS STEELS

.

l
!

.

|

,

W. L. CLARKE

GENERAL ELECTRIC' COMPANY

_ _ _ _ . . . __

VALLECITOS NUCLEAR CENTER
'

PLEASANTON, CALIFORNIA
'
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THE EPR METHOD FOR THE DETECTION OF

SENSITIZATION IN STAINLESS STEELS

The Reactor Primary' Coolant System Pipe Rupture Study was conducted for the Metallurgy
and Materials Research Branch of the Division of Reactor Safety Research, USNRC. The
over-all objective of the program was to improve the reliability of reactor system
piping by increasing knowledge of failure causing mechanisms and by enhancing the
capability for design evaluation and analysis. Toward the attainment of that objective,
a program was completed to develop a quantitative method (EPR) for nondestructively
measuring the degree of sensitization in Types 304, 304L, 316, and 316L stainless steels.
The technique was extended to characterize weld heat affected zones and to correlate

the degree of sensitization with intergranular stress corrosion cracking (IGSCC)
resistance. Studies were directed toward establishing procedures for, and qualifying,
a technique to obtain EPR measurments in-situ on reactor components in the field.

I
Initially, a study was completed to assess the feasibility of measuring degree of

{sensitization in Type 304 stainless steel using the EPR (Electorchemical Potentiokinetic -

Reactivation) technique. On the basis of that study, the EPR was determined to be
a viable method for quantitatively measuring sensitization in Type 304, and was considered
superior to the presently accepted chemical metheds. The EPR methed clearly 'distin-
guishedbetween annealed Type 304 stainless steel, and material subjected to sensitizing
heat treatments. In addition, the method was found extremely useful in characterizing
weld heat affected zones, where it appears that a correlation exists between the degree
of sensitization, ineasured by EPR, and IGSCC resistance in a BWR coolant environment.

___ _

The susceptibility to sensj.tization was evaluated electrochemical 1y by developing
potentiokinetic curves of a polarized sample obtained by controlled potential sweep
from the passive to the active region (reactivation) in a specific electrolyte. The
criteria used to distinguish between sensitized and annealed steeis is the value of
She activation charge, Pa (C/cm2), which is given by the intergrated area below the
reactivation peak of the curve. Sensitized steels are easily activated and show
higher Pa values than annealed steels which are not susceptible to IGSCC

The value of the Pa measured is dependent on polarization rate, composition and
2emperature of the electrolyte, composition of the steel tested, sample surface

90014024
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condition, and other factors. These test parameters must therefore be kept constant
to study the reactivation of passive steels..

In addition to the sensitization measurements obtained for numerous heats of Types 304
and 304L stainless steel, a number of parametric studies were completed to obtain the

greatest sensitivity possible. This sensitivity is necessary, especially when evaluating
marginally susceptible (IGSCC) materials, such as low and medium heat input welds. Also,
one of these parameters, the reactivation scan rate, was modified to permit utilization
of the EpR technique for Types 316 and 316L stainless steels. The technique is currently
not adoptable for the stabalizec stainless steels (Types 321 and 347), but can be
modified for use on certain nickel alloys. The procedures for performing an EPR test
are presented as an appendix at the end of this manuscript.

The primary emphasis of more recent EPR development studies was to establish a method

for nondestructive measurement of sensitization in the fis1d To accomplish this
objective, it was necessary to design and construct a miniaturized field cell, and
a portable polarization system. A number of field cells were constructed, and one
design qualified for in-situ full usage. The portable polarization system was designed
in conjunction with an outside vendor *, and is currently being marketed
commercially (together with the field cells). The field measurenent procedures have
been prepared and are being published in the final NRC program report (NUREG/CR-1095,

Nov. 1979 ) . The procedures require the evaluation of the outside of piping, consequently,
judgements must be made relative to expected behavior on the inside (exposed to the
coolant environment). The EPR field technique is very useful in assessing the
metallur5 cal condition of the component base metal, and can easily identify sensitized1

material as-received from the supplier, or that produced during fabrication or installa-
tion. It is also possible to identify high heat input welds by measuring the weld heat
affected zones on the outside of a pipe or component.-However,- until-the-EPR-is used --
cxtensively so that a bulk.,of data is obtained for statistical analysis, no claims are
currently being made relative to predictions of IGSCC resistance of weldments based
solely on outside measurements.

The EPR technique is currently being used extensively as aquality control acceptance test
by General Electric,Wilmington, manufacturing for all incoming Type 304, 304L, 316, and;

| 316L materials. It is also specified for fabricated parts (forgings,
flanges, etc.) where lack of sensitization in the finished product is specified. In,

*lnstru Spec Associates
Walnut Creek, CA 90014025

|
|



. .__.

-

-3-' .
.

F-6 ,.

addition, a number of steel suppliers have purchased EPR equipment and are using the I

technique in their Quality Control for material supplied to General Electric Company,

for nuclear applications. It is expected that the General Electric Conpany services
group will provide EPR field measurement services on customer request in the near

future. We are currently awaiting the supply of the portable polarization equipment,
and the training of field service personnel. -

..

|

i

!
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PREVIOUS REPORTS
,

-

Quarterly Reports

GEAP-10207-33 January-June 1975
GEAP-10207-34 July-December 1975
GEAP.10207 35 Janua ry-March 1976
GEAP-10207-36 April-June 1976

GEAP-10207-37 July-September 1976
GEAP-10207-38 October-December 1976
GEAP-10207-39 January-March 1977
GEAP-10207-40 April-June 1977

GEAP-10207-41 July-September 1977
GEAP-10207-42 October-December 1977 '

NUREG/CR-0306 January-March 1978,

NUREG/CR-0567 April-June 1978
NUREG/CR-0541 July-September 1978

.

TOPICAL REPORTS

GEAP-21382 " Detection of Sensitization in Stainless Steel UsirS
Electrochemical Techniques", August 1976.

GEAP-12697 " Detection of Sensitization in Stainless Steel: II.

EPR Method for Nondestructive Field Tests", February 1978.

NUREG/CR-1095 "The EPR Method for the Detection of Sensitization
in Stainless Steels", November 1979.

..

S
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PAPERS

" Detection of Sensitization in Stainless Steel Using Electrochemical
Techniques", RACE Corrosion Conference, Paper No.180, San Francisco,CA, March 1977,

;

-

" Comparative' Methods for Measuring Degree of Sensitization in Stainless l

Steel", ASTM STP 656, 1978, |

" Nondestructive Measurement of Sensitization of Stainless Steel: Relation
to High Temperature Stress Corrosion Behavior", NACE Corrosion Conference,
Paper No. 91, Atlanta, GA, March 1979.

"The Effects of Sensitization on the SCC Behavior of Types 316 and 316L
Stainless Steel", accepted for publication, NACE Corrosion Conference,Chicago, Ill., March 1980
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APPENDIX G

'

Service Sensitive Lines

Extensive inspection has already been performed on a large number of welds in
the Recirculation Risers in Domestic plants. No ind 'nular stress corrosion
cracking was detected. A list of plants inspected - olts is attached.

/
, }, -C ., ( 9 ,

.

k's' ~\ F I I ,\'
RPV

\6 D- Df/,
b'W

\
_

/
/, 3

N
v RECIRCULATION RISERSRECIRCULATION e A,B,D,E,F,G,J,K -

s
"

RISERS C8H
.F-

r m i

E
4 n j

h )L 7"

r
i

.

A
/

1

RECIRCULATION _ SYSTEM RISER WELD IDENTIFICATION

SHOP MADE SEAMS FIELD MADE SEAMS
A,C, AND D B, F, AND E

WELDS WHICH HAVE EXPERIENCED IGSCC IN FOREIGN PLANTS. APE C,D, E, AND F

90014029



' '

F-2

ASTM has accepted this test; a procedure has been written and round r.obin tests
are in progress.

Test data obtained by G.E. (attached) shows the strong correlation between

EPR results and stress corrosion testing. Other tests methods including
ASTM A262 practices A and E have not shown as good a correlation with stress
corrosion susceptibilty.

The EPR test represents a significant advance in the technology of avoiding
stress corrosion. Use of this test can predict much more accurately stress
corrosion behavior in a BWR environment.II'2) Acceptance of this test would
not signal a relaxation of NRC requirements of this test which is no less severe
than A262, practices A or E, only more accurate.

Use of EPR is to tne advantage of all concerned;
not only G.E., but also the NRC, utility owners and customers, and the
general public.

REFERENCES:
.

1. " Comparative Methods for Measuring Degree of Sensiti:ation in Stainless
Steel" by Clarke, Cowan, Walker from ASTM STP 656. Attachment A.

2. "The EPR Method for the Detection of Sensitization in Stainless Stecis"
by W.L. Clarke, November 1979, (Attached).

'

.
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RECIRCULATION RISER U.T. SURVEY
DOMESTIC PLANTS !

.

:

PLANT N0. NO. (C) (D) YEAR NO. STARTUPS YEAR LAST
EXAMINED (E) OR (F) STARTUP & .ISI |

_ SHUTDOWNS
..

MONTICELLO 29 16 9/70 91 1976
MILLSTONE 6 6 1/71 134 1976
DRESDEN 2 20* 0 10/70 97 1976
DRESDEN 3 5 2 7/71 79 1976
QUAD CITIES 1 13 3 4/72 112 1976 I

QUAD CITIES 2 10 4 5/72 102 1975 |
PILGRIM 2 0 7/72 69 1975 |
COOPER 4 4 7/74 55 1976
FITZPATRICK 21 12 2/76 50 1977
DUANE ARNOLD 3 0 2/75 57 1976
BROWNS FERRY 1" 6 2 10/73 68 1976
BROWNS FERRY 2** 4 2 8/75 39 1976

'

>

*
REPORTED EXAMINATION ON ALL (A) AND (B) WELDS 1975, 1976.

**
COMMERCIAL OPERATION INTERRUPTED FOR OVER 8 MONTHS, CABLE FIRE.

UT PROCEDURES USED AT THESE SITES WERE REVIEWED AND FOUND TO BEo
ADEQUATE. ..

es NO IGSCC DETECTED
90014031
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APPENDIX H

|
'1

1

_ASME Code and Inspection Reouirements

j

Recent NRC rulings in the Federal Register indicate that ASME Code application
to nuclear plants has now been clarified. The NRC ruling stated that plants
with Docket dates prior to July 1,1978 would be subject to ASME Code revisions

!

no more recent than the Sumer 1975 addenda. The summer 1975 addenda to the |

ASME Code does not include requirements for determining such values as 2.4 Sm
conbined primary and secondary stresses. These requirements have been added
in more recent addenda. Determining these factors would constitute extreme
hardship for many plants. These values are called for in NUREG 0313, Rev.1
(for comments), page 15. Without clarification as to which plants these
requirements are applicable, the NRC is imposing code requirements more recent
than 1975 on plants whose Docket date is prior to July 1, 1978. This appears
to be in direct contradiction with the NRC's October 9,1979 ruling. From I

this ruling, which was issued concurrently with NUREG 0313, it would appear that
the NRC wishes to exempt older plants from meeting recent code requirements,
including the provisions in page 15 of NUREG 0313.

.

By designating certain lines " Service Sensitive", the NRC has already effectively
applied In-Service Inspection Requirements to susceptible lines.

The apparent contradiction NUREG 0313 and the NRC's ruling may be readily
resolved by incorporating the NRC's recent ruling in this NUREG.

.

90014032
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eurminanon has bun erate that tb action The proposed amen &nents also sections and to require unnseessary\ould not be sjaisiet. *signMeant" ander included sn:not and editorial changes to additienal welding qualifineUch testet . -
. ... -
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jpit
.r erpfrtsticus not intended The inte:t - (c] Preseure vs'aaels:

,

4 .: *For ASME Code F4tsame and Addeeda
-

., ,c.,. u ,o s!=pty io des =ne *

.A.. . . . . . .. ma ed en- = m m- tm 4** *the code position on the subject. Sece .

the ASME Code has rect:t!y pubbshed (3) For czmstruc6en perinits insed on Code mon and Addroda spp ahb,
an amphScaban of their position in or afterJuly1,19 4.pnssure veasels

* *M*'"' ' f die
,

""'

.V:1=ne 3 of tbeit pubbcation. which are part of the resetor coolant , date L se une *
*

sentreet date for the nurJear energy erstaa.t Interpretatioca-(113-1-76-30) dated *' ' pressure boundary 'sha!! meet the ~
* '

For k Winter te raddesda and adasquad
requinments for Cass 1 components set' e&cou and ai$enda & ancaod for29 3. the sentence in truestic: is not .

,

me:ded and has been deleted in the ford in Section m * *'of the ASME d*ter:u'u:4 the appLcable cad, .& tione and
e

notior of tu: -=Wg Boner a:d Pnuen Venel Code: *dd'nd8 8' cocained as Parag aph EA 1Ho
..

In the fourth let'.ar received. the
provided. nat the ASME Code . .#.3j* I the..

"- .
provisions applied to the pneenn , g, , es ,

ouggestioc was toeda that footnote 5.
vessels shat! be no etr' er than 6ese of determmed enaab:e for sae try the -

3
.

Jwhich de4=ribes the coda provisions for
the Summer tr2 Addesda of the19"1

cair n...,,n ,,,g ,,1,,,,d an NRC *

Imp:cmentstion of Seetc: C. be e6 tan. Reptate y code us -Code Cau
. I

*

Ac.errub W--ASW 5.ctive CIDesign andameoded to aUow for retrosetrve
implementation of parag* ph NCA-1140 Fahncauon" and N3tC 9.rr.Jatory Csee 14. {

.- .~ * ** * * * ' - - - * " "

of Sectice m of the ash 2 Code
' (d) Piping:

- *. ;w c.uA g a m e s W C
gove na code adMon and adden,,idtich Hatanals N uu d other Code saan may 9.- . . . .

a
.*

cppH abilary.These prodsfoss pernit (3) For cortstruction permits Issued on be authorued by & Com=laMon cpan
..

.-
1

or eher jdy 1.19 4. p!pt=g stich is part aquest pursaant to 1 sc.ssalsX:Xtik ]
*

new coeponects of nuclear pcwer .* . .

plants to be consheted to an e6 tion o' of the reactor coolant preasure . * * e ~

'.-
,

cddreda. to be dete:Mned by the owner boundary 'sbat meet the requirements f5eas 102.104.tetL hb L sWJ5. tB Sta*.* * ~~
J

am 23r 06: B: US C. Ii23. nx.1:ctM -

of the p(ant, estroactive to the Wintar for Clan 1 components set forth in

1977 Addenda. Footnote 3 was not Section m '"'of the AShG BoCer and* Septemberit?1.Deted at Wuhintee. n.C. tble irth day of .8''

ndsed b4:suse the Comm.!ssion Pressu e Vessel Code: Provided That
considers the ASME Code p ovisions the ASME Code prodsions applied to For the Nde at Kerdsto'y CouurJssion. .k
and footnots s e6hich cover this point to the piping shall be no e.arSer tham those

t v. co..irl, .

!be adeqsate and eppec7tiata. Uav.g of wister1s 2 Addaada af the 1971 Eneevun Davesorfor opeasessa
. '' .

*

these ts!es, the prsneiple of editmc. p.3,,,,,,.iier- & a Id. amm - -.. . .. .sond.reauoo ma, be apsa to new .

- .
t-

-
ns1,ueJon - taica m aa,d (e) ,,s. .

-

. :.. . . . -
,, Cm ,,,, $, i-

uti:t Atair Inergy Act h
. ..

ISR as scended, the Tnergy [ Dorr+stic UcNsing of Produc%m and
.

"*
.,',-

Reo gar.katic: Act cf19r4. as ame:ded P* "' Utmzation Facint'es; Codes and, ,

3 d ' bs m incu Standards for Nsete.ar Powerplarsts i.and Sectons M2 aed 5:3 o T2 Je 5 of the
stured States Code. the ..~{wmg for C a s s 1 compoc.e:18 set forth 1: ,

Aco cn U.S. Naclear Rer latory *

imen&senta to Title to Chapte.r 1. Code Section m 'e eof the ASNG Boiler and Cocutission.
i

*

if Federal Rig-da 5c .a. Part Sc. are Pressure Venel Code:Provided Hal . acne,e Fmal $de.
I* .

*

sublished u a doca =sst anbject to the ASME Code prodaiona applied to I'*

d '*f*"* the purnps shat be no earlier than these
svuwAarn na Nuclear Reg.datory i

1. In 150 55a of to CTR Part 50. of the Water 19"2 Addenda of the 1971 Comfrussien is M 3 ts rega!stion. *{

*

e6 tion. i
arag sphs (bX1). (cKJ). (dK3L (eX3). Codee and Standards." to Incorpora te

*

nd (r)pl are reused to tead as followet . . . . . *

by refernsee a new edition and addenda ..
~g yg *

of a estix.al code that prendu rulaa for.. .

K.55a Codee arid standarea. (3) For construction perm!ts issued on the inservice inspection of oudear
*

,

Each operstir g licertse for a boiling w or after uly 1.1974. va!ves which an power plant cornponecta. This
*

.

ressurir.ad we ter. cooled nudear power Qart of t .e, reactor coolant pressur,amendment provides for 'the use af
.

.

icthry shall be subject to the conditions ,,.y shall meet the nquirese:ts . opdated merboda inauc!ett pcwar plant *
.
*

iparsg aph(3)of this section and each set forth in Section 13 ""of the ASME in8 P*ction-
Isnstructirn permit for a utf.izatioo Bo!!er and Pressure vease] Code:

-

amenyt eArt: November 1.is a.
teili'y shaU be subsect to 6e foUcwitti Provided.nat the ASME Code I

'] na la adh to Gose :W.d piovialons applied to the vahes shat be . som pustrwtm twee4Anoae cowTAcr: -

no earlier than then of Lts Wister 1972 Mr. A. Taboada. Office of Standards '
.

Addenda of the 19146 tion. Developr:ent. U.S. Nuc!:at Reralatory #,.., -. , , ,
' Corntr.ission. Wa shingien. D.C. 2C555.

- *
. ; .. . . . . ,

(bX1) As used in th!s section-
. . . .

pn_u3 spgr),* e ,

ferences 'to Seethn TU of the ASME 2. Tootnotes 4.1. and 6 to j 50.31a an

Mler and Pressa \ enel Code refer to . revind to read u foCows:
sv&.twcxtAny tuonx AncM:On .4 0
[anuary 18.19 9. the Nudeer Regdatory;cton TII, Divisi:m 1. and include *tus end AsMr code edkda tarued Cocu-Jssicm published in the Federal #

;itions throegh the 1977 Edition and pner to the Wierer w7 Addenda are Register (H R 319) a proposed ;.cenda threegh the Sum =er 1978 cmeidemd w be "in afect"or efa. prs"a
3denda. asen'Aa aftar their date ofiss:ar.ca Mda. fur

n .endment to tu regulat4ns.10 3
they an incorpersted by referin.a la * Put 50 "Dorcestic Ucensieg of '.

. -e o * *
parar sph (b) of th!s section. Adde:!a to the Production and Utilization Facilities.* to

*

.
*

ASME Code iceved seer the Sarnmer tr"7 [ncorperate by reference nevr addeada
. *

% . worpors%ebrnren..s pwsiers, Agg,ds are corts.de-ed to be "in eMect* or k a ufeweed ucton of 0.e Americandden

N.Y M U E,7Y a
a*er b dats d p.bie m M tk Society of Mechanical Eng'reers ,

addeeds enda!:ar ebey are c:en-
. ,er.,.no, w %.po s fed 1,y (ASME) Bo3er and Presaure Yeasal

, .,_, ,. sare, . . .

Code. ne amenameu to 20 Ca m.s..

,, ,
, * *

, , *

*
. * * *

.

. . * *
. .
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'

w:uld incorperste b) refennca the 19 7 1r 5 Addenda through the Winter 1r 7 leseMee exambaton of components
* E6 Urn and addends through the Addenda. -

and for testing pumps and va]ves to-

Summer 19 8 Addenda to Se com XI. 2.ne amendment provides , make this laterval censistent with the4
ataseMee Inspection of Nucleat Power Alternatives to de Code requirsments inseMee ins peeten interval in Secton

*

Fiant Cor penents."of the ash 2 Code for determining the extent and XI of the AShE Code.ne interval forwith moincations. frequency ofinseMee inspecton of pipe tensing inserdce inspecton prora=s
-

ne 19 7 F4t on of Section XI and , welds. Operating faciDtes and facihties for operating pfacts is extended from 40
cddenda issued from Winter 15 5 in the construction stages with kservice and 20 months to 120 montha. Such a *

Addenda through the WLater19 7 inspection propams (facibbes with change makes the rerdation moreAddends, which hed not been : applicauens for construction permits practical to i=piement and asves time
.

.

incorpersted by reference in i 50.55s. decleted prior to July 1.tr*8) may apply and effort for both the NRC and thecentsin several esjer changes to the the Sar .mer 1975 Addenda in lieu of licensee without an inc eased risk to the
*

code which. if incorpora ted mto the later Addenda for determining the public hea!$ and safety. Extendmg the
,NRC's ngJatier.s.would sig=.'.ficantly ass =ination prora= for Code Class 1 period for nvis5g the prorum is notnduce the exa=instinn requin=ents of and Code Class 2 pipe welds. Only code sensidered a sig .dcant rela.xation ofAmeMee ins
required by,tgec:fon prepa=s pnsentlyaddenda incorporated by reference in safety requi.tments s6ce Section XIis a

ae Co=: .ission for the l 50.55a =sy be used by facility relatvely meture code and new code
*

reacter coo 4 ant pressure boundary sed licensees for inspecten propa=s. and changes generali deal with practical 'fit syste:ns nqced for safe shutt.own
the Summer 1975 Addenda are the last - considerations o !=pfementation or the

af the nactor.It was the deter =inston s

tif the Co==!ssion that & eitton and
addende so incorporated prior to this applicaten of new developmenta. New

these addenda would be acceptable foi a=endment. By applying thh optian, code changes do not nor= ally moddy
beorporation by aference into the operating facihties with cegoing the safety aspects of the code.Furthat,

inservice inspection programs would . as stated n i 50.55a. the Commission,segulations only with appropriate .

griifications to retain those , have continuity in the extent and may impose new code ret **ments at.

requin=ents considered necessa.y for inequency of examinations for pipe any time if safety considers tions so
welds. ne amendment also provides for dictata.

. .an ecceptable insernce inspecten
the use of the Sa==er1975 Addenda for Interested persons' wen Invited to'

.

P''F " - establishing the pipe welds to be sub=ft to the Co==ission writtenin this rega d. the Su==cr ir7s
- examined in the Residual Heat Removs] co==ents on the proposed amendments

," Spie=. the E:ne gency Core Cooling for its considerstion. Four letters with
" C' 28

g
Exa=!astion requirements remoced Sptem, and 6 Contahmaat counts wm neehed in nsponse.In .
from the code by the Winter 1975 Remeva! S stem pending the geners! the letters supported the.

Addends throagh the Winter 1s 7 develop =ent of new code provisic:: proposed amendment. No substantire
.

Addenda. but still requi.ed by the sampb.g pf ans for 8en systema. cegade comms wm made. ..

eera!stions have either been restored or 3. Provisions added to a-tde IWB. However, the letters did indude -.

been supeEeded by pronsions 2000 ef Sec $on XI of the ASNE Code by . tequests for darification of spec!!Le ,a

considered to be Leprove=ents. the h u:ter 19 5 Addends contained.for pronsions of the proposed amendments.
.

In light of the changes in the Summer 8e fint time, require =ents for inservice De propesed provisions in quesbon
,

..

1578 Addenda, the Co==ission is inspection of stes= generator tubing. have been cla-ledin the amendment,
amening | 50 55s to incorporate by However.it has been the practice of the Copies of the co=ments along eh
reference the 1977 Eition of Section Xg Co==ission to indude detaued the co==ent assy! sis supporting this

, .

cf the ASNE Code and Addenda provisions for the inservice inspection of amendment are available for pubbe
through the Smmer 1978 Addenda. steam generator tubing in the technica] Inspection at the Co==fasion's Public.

Certain lunf tations and modifications to specZeations for a specific reaclor.ne Docu=ent Room.1717 H Street, hW.
|

Section XI of the Code are beluded in potential for confucting requirements Washington.D.C.bingle copies of the
|

the amendment to addnas the would ex!st if these code requirements ' comments and ce= ment analysta may
applicability of specific edtions and were incorporated by reference into the be obtained upon request from A. .

eddende and to prowde for flexibitty Ferdauens without appropriate Taboa ds. Office of Stancfards -

cod consistency in the imp!e=entation modafications. Since the provisions in Development. U.S. Nude ar Rera! story
cf the Code.The li=!!suons and the technical speci$ cations aparoved by , Co==ission. Washington.D.C.2c555.
mi6 fica tions include the icUowing the Co==ission are.in gener more Punvant to the Ato=le Energy Act of ,.

1.Tb applicab;1ity of certain code t co=piete and mon current, the 1954, as amended, the Energy
addenQ to Section XI cf the ASMg amendment requires that whars Recrganizauon Act of19 4. as amended,-

Code iga!aed to suure that 6fferences between the code and sectiens 55: and 553 of title 5 of the
appre; requirements in artide IWS-:000 and United State Code. the foUowbgrequire $ ate inseMee en amina tics .the technical s;ecZeauons for a amendments to Title 10. Chapter 1. Partinspect %ents an included in Inservicen preg.arns for nudear particulaf reactor exist, the beervice 50 of the Code of FederalRerJaticas
fecatieh These require =ents were inspection prog a= for steam generator are published as a doc'.unent subject to
removes from Section XI of the Code in tubing shsU be governed by the ceifica tion. '

the Winter 1975 Addenda and have require =ents in the technical In i 50.55a of to CF"R Part Sc,
*

either been testored er have been specifications.
.

paragraph (g)(4)(v is deleted;
.

supe seded by acceptable alternatives In edition to locorperstion by paragraphs (g)(:j a)nd (3)|3)(v) an ,
in the SJ.rner1978 Addenda.The reference the new AShfE Code edition amended by deleting the words. -

amende ent. in effect. requires the and addenda with =o&fications the "beco=e effective" and subsututingapplication of the Summer 1978 Co== inion has n:ade several minor therefor "are incorporated by teTerenes

.g I' prog?ams that apply editions andAddenda to those InseMes inspectionand clarif ing amen &nents to ( $0.55a. In parag sph (b) of this secuen, subject
These Incfude a change in the ti=s to the lasita tions and c:odifications, addenda of Se:Uon Xi from the Winter interval for revising prograrns for listed therein"; and pasag sphs (b)(:).

-

es
,

'
> . - .- *.. . . , ,
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'

and (gY4XI} tt; rough (gX4Xiv) are revised
D' read as fouows

~ Edition and Addenda thmugh the' (u!) For a facuiry mbone opersting
"

suinmer 19?3 Addenda of Section XI of ' !! cense was inaued prior as March 1. sI seJae ones arW etedards. ' ' the ASME Code. : . . 26. the pmvisions of parag spb (gK4) 4
.

*

:
Each open dag beense far a b'ouin'g a (B) For a noclear power plant odose of this sectioc an afrective after ..p t . . .

dabie, tion for a consemetion peregt la September 1.1976, et the start of the
. .cprepur sed wstar cooled nuclear pop eled prior to July 1. WA, the extent next one third of a 120 month (napecticabea!!y shall be subject to the condilacca .

b parapspb (g) of this section and each of esaminadoe for Code Cass g p!pe Acterval Durir4 that third of an
,

zonatuchaP*nt!I" * * ''8 Nelds may be determined by the inspection !sterval and the remainder of
' scary shall be sebject to the foUoming . require =ents of perspaph fWC-1dra, the inspection tuterval b inawas ,

mnitions la addee to those sp' ciSed . TWe IWC-25:0 Category C-F and C-C exatninetions of componesta, testa te . .

,

e
a150 2 and parag spb IWC-1411 to the 19 4 een.8) operadonal resiness of pumps ***

E6 tion and Addenda thmugh the and vahes whose fun:taan la req.ured' * * * * ,

.

(bX21 As emedin We needen. Se.mer tsis Addeeds of Secton XIof for asfety. and system pressun testa,lae ,
eferenors 'to seedon XI of the ASME 6 ASME Code or other requiremects such facuities shall camp'y erith the ,

loUer arw! Pressee Vessa! Coda refer to b Comminion may adopt, nq.:Inments b the latest estion and ,

addende of the Code incorpersted by. . . . .
'ection XL Divirion 1 and include

,
* ..

.,
itiens through the 18 7 E.ition and (3) SerHee laspec5cc Rega!nank reference in parogrupb (b) af this section -

on b dete 12 months prior to the start iddenda through tr.e Sc=mer 1r B ** * * * *
. . - of 6 third of an inepection intereal

*

sddenda, embjed to the foUcw.ng ~ * * (4) Thmughout the orMee life of a -subject to O runitations and :e * '{
.

.. , .

mitaHone eod mo6*.catiocz ,. bei1L g or pnuurized watee-sooled modificatiena listad is parag sph (b) of .. 'i
.

(i) Applicobility ofspec.pc editiors
~

r;d addenda. When oppf>ing the 1874
aucleat powor facuity, components this section. -
(incluing suppora.s) whki are classinad

(iv)1nservfor esaminations of .,*j. . .,....n

4 tite edy the addenda through the
as ASME Code Cass 1. Cass 2 and

'

.
unueer te 5 Addenda may be usei components, tests o(pureps and ea!ess. I
iben applying the 19 7 Eition aU of Cass 3 shsU meet the requirements. and system pressure tests. z.sy meet the

except du'ge and secasi provisions and , requirements set forth in eubsequent
..

se ahnda through the S=mner 19 8 preseMee cu: rdna tion requ!rements, r
aiuons and addenda that are Iddends acet ahs be ssei

set forth in Section XI of estioca of b ..

(UlProcr y-retninh.g welds le ASME ASME Bo:er and Presem Vesaa! Code incorporated by reference in paragra;sh I

ode Clcss tripirs (ep;ber to Table
. ed Addreds that 6 en e5ective

' ) of 6 section, subject to the '. s'
VS-.tzt2ead/WS-2.ED-f ord fations and modincetione listedla . !subsequent to e6tioca spe:15ed in . parag sph (b) of thIs section, and I

,

stegoryB-# If the facility's parag spis (gM1) and (gX3) of thaa
'

plotion for a const achon pe:m!! subbet to Commiseion approemt 8

as docketed prior to July 1.19 8. the net,on and an incorporated by Portices of citions or addenda may be .'
stent of ex.amina tion for Code Cass 1 , nfenace in posg spb (b) of this . seed provided that a3 related I

,

sectior , to the e.stest practical withis requirements of the respecties editions - M -

.

pe welda cay be de<em. ired by b the hmitatiou of design. geomet y and or addends are metpremenis of Table Ih%:500 and eatep.als of construccoo of tha I
- ' + - '

ibte IWB .No Categaey B-j of Section p,. g, um g, m ,, ggd <coeponacts.
! of the /L5AG Code in the 1974 E& tion ya n.x N tE zm. 21h-- ''*m L
td addsoda through the Summer 1975 (t)(n.seMs e=amNations of

Defed at wnLagtas Dr. eis 11th day of kddeeds or oder requirements the compocecu. tr. service tasts to verify September ters *

operationa! re.aisess of pumpe and .

2mrrission may adopt.
(lii)S:r:: generator tubirt(mo fina vahes whose funcioo la required for Far the hdear Rasulemry Cogalasias. -

.

tety. and systam pnseare testa. * g,, y, g.,, gag, . . .

* '

'c,o,nducted dur.y b bitialim monthtc/t /WW/ If the kchnical
-* *

. 1
*

ecsficatioca of a nuc! ear power p'. ant
~

"- ]g,p, E' "" "' # '* " "I ' '#.

,e, cy,, gg,n.al shaU c,omply Me b.ia, .meance req *em.na f- .- .e . 1-
em ,,m m uta,eoco,aa ~~ts.in generators d.fferent than those in

,-

addenda of the Code (noorporated by ,

'" .

r m or e e enerstor SMALL Bt/SD SS DMW!STRAIXW , jn te 1 1 p or o kMag shaU be tonerned b7 the ,
1"'880t8 la b MChAIC'I . of tasuance of the operstinglloemse. ~ "

. .
~ 'E.13 CFA Part 121

'

|echca tiens. * subject to the limitations and
|ie) Prewa e retw ,urg wel.is la ASME elo6 fica tioca listed in paragraph (b) of IRH.13 ANR 801, .* ' jde C|c.s.t 2 piping (c;pbre to Tchler y ne,y,, .. .

,
*

IUI I^"M " ' *!"' N "' 'I Sens11 Bestnese Size Stsnderdet*C-2.C or /WC-252.31 C:tegory C compomts "tnh tuta k 4 Methods of Determining Senat {
*

(AJ Appropriate Code Cass 2 pipe
!da in Residuallies! Ks.= oval operanone: nsd.nns of pumps and gy,gn,,, g 3,g, g,, 3,n, g: gg,g3,,, j

AdrnirWet stion Loan Aaabtance M

don 7arune't
.

.

vahes wbose fut>cdoe Is required for

Acmen SeaIBusineu MWstradonb j|
'

safe *y. and e7cers pnna testa.n-

nos al Sya!e r.s. sh s!! be eu mined. conducted during ruccessht 120-month'
Acnone nnal rule.

s extent of esamination for thus inspectaon inteevais sha3 comp'y with .
< . .

. terr.: she!' e deterroined by the the requirements of the latert edition
svuusan This rule daEnes the method

j-.

f sregroph f% C-122' and addenda of the Code Iccorperated for determb!ng a f:rm's a=au businesa }.utrements |c;Calegcry C-F aad C-C.by referen=e !n pareg sph (b) of th!a status for purposes of SBA Enandal .

.

*

e f% C . . .

stas a ; c.sC m1 a as m4
* '

g , _u w h p 2 6 m ( ' ass!s!ance when a f> a eod its afEliated.-
em

,, .u.7, ,,,, 31,,,3, ,,, ,,,,, ,,, e y , , , g ,,, a,, ,,, i- -
. subaci to the hm;u soos sa .

T.C, .n ines t y we emn au -w eu. e2L
,, . .s

T*N,7. mouanons tw.a a sarsih (b) of sandari ru untag r-muu m,%4 - :

. . .
. .

* w. u ..,, t. ira this oceo En peda a eewtable =4 . .
-

. .
,, ;. .

- . ;

*
* ,'. . ., , . *
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W. L. Clarke,' R. L. Cowan,* and W. L. Walker

Comparative Methods for Measuring
Degree of Sensitization in Stainless
Steel

REFERENCE: Clarke. W. L.. Coman. R. L., and Walker. W. L.. "Comparetlie
Methods for Messering Degree of Sensitization la Stalniess $seel,'' Intergranular
Corrosson of Stainless Allors. ASTM STP 636. R. F. Steigermald. Ed., American
Society for Testmg and Materials.1978. pp. 99-lJ2.

ABSTRACT: Three test methods for determining degree of sensitization in austenitic
stainless steels hase been investigated. The results clearly shou that all three test
methods are capable of detecting moderate to severe degrees of sensitization, but
the electrochemical potemiokinetic reactivation technique is the most sensittie for
quantitatively determining the levels of sensitization which are of primary concern -

for industrial use. Both the ASTM Recommended Practices for Detecting Suscepti-
bility to Intergranular Attack in Stainless Steels ( A 262 75. Practice Al and the
electrochemical potentiokinetic reactivation methods appear to saturate at high degrees
of sensitization, which results in a loss of discrimmating poner bermeen difTerent
heats of material. While the A 262. Practice E. method does not appear to saturate
and retains its discriminating poner at high degrees of sensitization. it is not a suit-
abie method for detection at the lower degrees. Of the three test methods, it appears
that the electrochemical potentiokinetic reactivation test is the most suitable for
determining the quantitative degree of sensitiaation over the levels of industrial concern.

KEY WORDS: stainless steels. intergranular corrosion. sensitizing, electrochemistry,
strains, loads. stress corrosion crackmg

The accepted, ASTM _Reco_mrnended Practices for Detecting _ Susceptibility _
to Intergranular Attack in Stainless Steels (A 262JS, Practices. A.D-used-to - -.----- - - - -

detect sensitization have three major deficiencies: (a) they do not readily
quantify the degree of sensitization, (b) they are not rapid (with the excep.
tion of ASTM A 262, Practice A), and (c) they are destructive (with the
exception of A 262. Practice A). The accepted practices were developed
to screen materials that would be subjected to highly corrosive environ-

'Pnneipal metallurgical engineer. Vallecitos Nuclear Center. General Electne Company.
Pleasanton. Calif. 44500.

Manager. Plant Cornponent Behavior Analysis, and pnneipal metallurgical engineer.
Plant Matenals and Processes, respectively. General Electne Company. San Jose. Calif.
95125.
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| ments which could cause severe general intergranular attack in heavily '

sensitized austenitic stainless steels. In recent years, experience has showni

| that "enoderately" sensitized materials can undergo intergranular stress- kkkikkkikkki?2: ,

j corrosion cracking (IGSCC) in environments that do not cause appreciable '
s :

i intergranular attack in the absence of stress ll|.2 Thus, a nmre discern- |
j ing test is required for these applications. Conversely, there are applica- M * S R A 7. E R * N ;;4 *.

' *; tions where the use of moderately sensitized material, which cmdd not pass
. 222222$$$2$$$ |

the current practices for determining the presence of sensitization, would T -

perform satisfactorily in the service environment (2). In these cases, a !
* '

_,

_ _ k _QQ4?444manufacturer would be forced to use an catra-low-carbon or stabilised 544yE=;
gr:de of material, with the associated cost or strength penalties. A test j
thit measured the degree of sensitizati<m, in conjunction with calibration =

tests in the service environment, could provide a "go/no go" materials d gnggegeggeago, I,

r<cceptance criteria for both cases. A rapid nondestructive test would also
{.

" odo66o6oo6oo*
to helpful Ior quality control on shop- or licid-constructed components which g

,

receive thermal treatments during fabrication. A -

ggggggggggggi (f 9gege-,go-om-In this paper, progress in establishing a quantitative test method for y, j
.

measuring degree of sensitization is described. Three techniques were
_[ Minvestigated:(a) modified A 262, Practice A. (h) modified A 262, Practice E, 3

tud (c) an electrochemical reactivalion method. A fourth technique, a | ._ gggggygeggaggg ( g ,"dynamic straining stress corrosion test |3| was used as a reference method E' dddd6oo6ooo6o
to determine the clTect of moderate amounts of sensitization on IGSCC. In {
this referee test, dynamie straining coupled with a very severe environment 1
(550*F high-purity water containing 8-ppm 0 ) can cause intergranular :s j $$33333333333 [1

fracture of mildly sensitized stainless stect. p
218'3288288~nnEmperisnental Procedures .-

= z ggggsssawssgg .

-

bIaterials { g a g n - - g o o g .~ n eThere were thirteen heats of AISI Type 304 stainless steel used in Ihe
'

j i; ggg222a2gg222'

sensitization measurements program. 'Ihese heats inchided live heats of g
g 10.2 cm (4 in.) Schedule 80 seamless piping; one heat of 25.4 cm (10 in.), [ i gA, -

o Schedule 80 and two heats of 15.2 cm (b in.). Schedule 80 seamless pipe: y g *gggg gy gggg.gg }} j -

one heat of 66 cm (26 in.). Schedule 80 rolled and wchied pipe ame hea: - o00o00 add 6666 I J j; , . ei,

o
!

fN.5s!jj .
A cach of 2.5 cm (I in.) thick forged har. longed plate, and hot-rolled id "

CD plate; and ame heat of 3.1-cm (l%-in.1 bar. The chemical composition 5 i2 I4Qj;j $, 3u and mechanical pioperties for these materials are hiyen in Tables I and 2, g
.CD respectively. i -

$ (3 3 %.t 7 5i|
? 2 ? Y l! i3

For the bulk of the study. specimens Irum twelve heats were tested in the -!

.f }.gf p.5 2.] i
as-received (mill-annealed (MA)) conditim: and, after a low-temperature =g ,. Q = . 1 *, = % 7

j y;; ,"E ]q3.yk f r pds:; rsensitization (LTS) treatment at StM"C 002*l-) for' 24 h in air, followed
I I; E 2 5, M.~ ~ C x I

' 'll;c inatic nusut. cts in baadets rdes tu ihe Int ut scicrcum appenocd to stus paper.
I
n

'
1

, -



- _ - _ _ _ _

r

103 INTERGR^.NULAR CORGSION OF STAINLESS ALLOYS CLARKE ET AL ON DEGREE OF SENSITIZATION 103 .

.

by Iurnace cooling. This treatment was used to produce light degrees of .

sensitization to test the sensitivity of the various methods. Specimens from [
two heats (M7616 and 27388) were also tested after solution annealing at
1038 C (1900*F) for I h and water quenching, followed by the LTS treat-

n 9 9 'g u .o n , q n .9 o .*a, - ment. Addisianally, one specimen from heat M7616 was tested in the
e

fC- m . o a .a n .a-~n- a
.-oe -n --nonu-

.

solution annealed condition (solution-annealed treatment just described), i
without a sensitization heat treatment. !

o99-- In addition, two smaller studies were performed to investigate the elTects
9 9 -' *. "g - ~g i e n n . *- of more severe sensitization treatments. In one series of tests, specimens from -

4 v; tgg**o e
* *****4 -

E six piping heats were evaluated after sensitizing 40 h at 620*C (1150 'F);

f the other study was conducted on specimens from a single heat of bar stock
*99*"-n oqooe (lleat X14902). These specimens were sensitized I,4,20. and 40 h at 620*C '

4i T' s
a5 % S 3 S % S S ," Z'9 3'S'd

g (II50*F). ;
;

e
'm

" "#*"' N "# "N""

>3 e o 9 9 9 - e. u n a -- o n.
j 5 AROAAAA=NAAAA
4 ASTM A 262. Practice A-All test specimens were evaluated for percent

$ ditching after oxalic acid etching according to ASTM A 262, Practice A,
mahlied according to the procedure given in Appendix 1. The modification(* - ,,ro-,o,,,,...,,

E F 5C dd5dddddddddd of the ASTM practice consisted of measuring and reporting the amount
j g of grain boundary length that showed a ditched structure. The specimens

,

examined were those already neunted which were renolished after electro-? p
chemical potentiokinetic reactivation (EPR) testing (discussed later).3 % - ..me..o..,

} W6 dddddsdsddid4 ASTM A 262. Practice E-Companion specimens to those used for the ."

$ A 262, Practice A, and electrochemical tests were also ecaluated for sen-

i; sitization using two modiiications of A 262. Practice E, the acidified copper-
copper sulfate test. The conventional A 262, Practice E, test gives "go/no

[ p 3r . e , o e , . .,ir.,- . . .

! ( $ $= dd5dddddddddd go" results, that is, either the specimen cahibits fissuring when bent, or it$
j 3 E 6 ') does not. The first modilication used was to obtain semiquantitative data

s

j j M by accurately measuring maximum penetration depths on tension specimens
which were strained 3 to 5 percent after exposure to the test solution, and$ E .,,,, o,.,,n,o n

} } 5$ ddddddddddd4d (c --g then examining metallographically prepared specimens ( Appendix II).
The second method consists of measuring the penetration which occurs"

$ during the test period by means of the change in clicesive eross-sectional

o y anca of the specimen, by comparison of the idtimate tensile strength of
the tested specimen to a specimen of the same material which has not been~

.Sh p exposed to the test soluliun |J|. 'I his treatment of the (l.ita irsults in a true
z

O -E
measure ol penetration during the test, regardlew of grain falhout (Ap-

GJ pendix II).

i 't g O |* $ J. 2 ,,8 Z kl EPR Measurements ~The degiee of sensitization was quantified using i

pI..a'd:Ii-,2,n$22g%*
T

*U< $ .{ " - the recently developed EPR meslunt. This nii-alied corisists of developing
| ,

inhei of a polarised specimen obtained by cimirolled-. ~~~x

potential sweep Irom the passive to the active region (reactivation) in a
| '

|

4

- - _ _ _ .- - -
-

-- - -__ - . _ - _ _ - - - - - - _ _ - . _ _ - - . - - - - - - . . . _ . _ - - , - _ . _ _ . _ - - - _ _



T

...
,

!
'104 weTERGRANUt.AR CORROSION OF STAINLESS ALLOYS CLARKE ET AL ON DEGREE OF SENSITIZATION 105 [

1

specific electrolyte; details of the test technique have been reported 15.6|, TAutE 3-mt ene r m fwiens.
tad are presented in specification form in Appendix til. The test conditions
itsed for the EPR measurements are given in Table 3. The criteria used

riccirosyne o s M atiso. + o.ot Af KcNSto distinguish between annealed and sensitized specimens include the Temin rasure Ju"c '
activation charge Q. given by the integrated area below the reactiva- Speciaira sartace s'iaisia l ean tdianinais passen |

cnd show high Q values, compared to annealed steels which are not sus-
, [**[,'*;'"",'*%*( '(V$'N"'Ation peak of the curve (Fig.1). Sensitized steels are easily activated '

(neacrasion Na
ceptible to intergranular corrosiim. The value Q is normalized by both l'alarizatina syseena H.Ause Denko eith Priaccion Applied -Itene scia

specimen size and grain size as described in Appendix 111. The data nor' s*j" ' i$ '. mcycen.ii')*'""'
omia inormatu iin

malized in this fashion are called I". and represent the charge per square
centimetre of grain boundary area. This treatment of the data permits - - -

normalized direct comparisons of dilTerent heats of material which exhibit '

cuA = cahuse in tini .m in sa.npie tia endia nto
-

ditTerent Q values solely as a result of dilferences in grain size. This topic ! ,

hss been described in detail |5]. 8

The EPR specimens were 0.3 by 0.3-cm sections cut Irom the tab ends Greater susceptibility to IGSCC is indicated as los approaches a value of e
-

of the unianial tension specimens tested for IGSCC resistance.The specimens 1. Finally, the failure mode is documented by scanning electron micro- t

. weer mounted in a Maragias compound, so that only one face of the specimen scopic and metallographic examination of the fractured specimens. Testi

wts caposed. Electrical contact was made by spot-welding a stainless steel specimen gage length is typically 1.9 cm (0.75 in.).
,

screw to each specimen before mounting. Finally, the mounted specimens
were polished before testing so that the effect of the test (grain boundary Results
atttck) could be viewed and documented metallographically.

IGSCC Te sts--The susceptibility to IGSCC was determined by conducting The results of the study to evaluate degree of sensitization in twelve heatsi ,

dyxamie strain tests il.3] in 289'C (550*F) high-purity (approximately I pS) of Type 304 stainless steel in the mill-annealed condition, and after sen-
i wtter containing 8-ppm dissolved oxygen. This is a very severe test and sitizing 24 h at 500*C, are given in Table 4. Specimens from seven of the
'

does not usually repeesent an environment of industrial interest. Ihmever,
this entreme case was used in this investigatiem to maximize the potential , ,

' " ' " " * ' '"'"'for correlation between sensitization and IGSCC testing. In the application
of these tests in industrial practice, the type correlation performed in this'

i sudy would have to be undertaken in test environments of industrial in- --

terest. In this test, unianial tensi(m test specimens are slowly strained to
,

'

.'[N
friture at 0.0006 mm/ min (0.032 mil / min) in the environment. Susceptible j
materials generally reveal shorter failure times, lower breaking stresses,
cnd lower reduction in-area (RA) values compared to similar tests performed j iNf"'

in air or inert gas. In addition, the data generated can be treated to obtam
a susceptibility index, Ios, with slee expressiim - . ' ' .O Mi%

' *

~
--.-- p ' L . ~

" ~

O o.(I+ L)
sam. 1 , .. . . . ~ - . ~ . - . -.__.._._.a,,,,.u,o.u.u..whereg ig ...a..

Asw.Easto j -

'c. = maximum breaking stress in water with On, . ' .. , , , , ,, .

: oa = maximum breaking stress in air, m u.na

E. = elongation in water, and pig, i _g, g,,,,ge of ,,,,,g.,,, p g.,g ,jo, ,,,,, ,3,,j,, p,,,,,m ,, j,,,.,n, jo,
L = clongation in air. Erft sessing.

.

__._._.____.___________._______..__m_ ___ . _ _ . ._ __ _ _ _ _ _ _ ^ - - - .- ---s
__ _ _ . ,



..

106 INTERGRANULAR CORROslON OF STAINt.ESS ALLOYS
.

twelve heats indicated IGSCC susceptibility after dynamic strain testing,
with an los value oIO.65 established for this heat treatment in this environ-
ment as the lower limit for susceptibility. The most extensive IGSCC noted
occurred in one of the 10.2.cm (4-in.) seamless pipe heats (M7616), where
IGSCC occurred even in the mill-annealed condition (Fig. 2) in this severe. -

h emironment. The mill-annealed specimen did reveal some mixed mode
h'

a ;

aaEEaEaEiEiaiEiEaEaaaiaiaia xj - cracking (intergranular plus transgranular), but crack initiation was always t!
~ fe intergranular. This particular heat of material was also entremely susceptible ,

Q .j ^
to IGSCC in other studies |3,5) using more severe sensitization treatments.+'

,

,8 jy]]jy$3 i$ 15 ij !{@-]$3 if ig iy a This level of susceptibility would have been predicted by degrec of sensitization
'- x 0 measurements using both A 262, Practice A, and the EPR technique. But,

"

the EPR method provides quantitative data relative to the level of sus-;

(j o g ~ = ~ o ,- o . o . o - o . o o . . o. a - o . PS 40.0 C/cm8
IE ceptibility between mill-annealed and sensitized conditions (P. = 7.3 ando ,oo= o y o - = = w- - o y a =

g o " "
compares to los = 0.69 and 0.92, respectively), while the

$${ef
~

A 262, Practice A method shows little differentiation (40.and 50 percent
ditching). The etch structures devek> ped after the A 262, Practice A, and

7* . ......~ ..~~

,, j - aT;$,I,I,t,I,i,I,,i,t,I;j t y' EPR esposures are shown in Figs. 3 and 4, respectively. As shown in Fig. J,'

g,

? v;?j? ?5?h?j U??j?j?; ; j the extent of grain boundary ditching appears comparable for both con-E
i s <-'

,

4 j g is j ditions; however, the EPR-produced structures (Fig. 4) clearly delineate

4 i i the difference in grain boundary attack (chromium depletion around carbide

]G
5

G j,rg SS;;;;;;;;ar.;;*ng;;;;;;;; [] particles) 151 between the mill-annealed and lightly sensitized condtion.;

] q j in contrast, the A 262 Practice E, test does not appear very sensitive 'e

- dx at these lower degrees of sensitization. The structures developed in the
pgggggggg gggg j mill annealed and sensitized specimens after three 72-h exposures are shown.

6 9 in Fig. 5, where penetration depths after straining 3 to 5 percent can onlyaj j T........ . . . . g

f(! f 455$$$$$$$$$$$$$$$3555$$$$$ f 6 9 be measured with great diHiculty. Based on the data developed by A 262,8

s Practice E, for the other eleven heats, the difference between penetration

Q ,3 depths of 0.2 mil for the mill-annealed condition and 0.4 to 0.8 mil after
s 2 2 2 2 2 . 2 2 2 -- sensitizing do not appear significant.

fE b D The 25.4-em (10-in.) seamless pipe heat (Til6656) revealed the lowestI I I 3ij$$ I I
b . $ $ $ !.i $ $ M level (los = 0.65) of IGSCC after sensitizing of the seven susceptible*

! E f* e .I a d a Oa J J .
,

$ o*i
4 P materials; this material was not susceptible in the mill-annealed condtion.'

4
~

$ 4 5 4s5$I $4 55* Ed E-9 c) The fracture surface for this sItecimen after d namic strain testinE s shown1 i' nso i a aj- LL 3 L L L * L L L =- '' a : 0a a a =2a a a !i a - in Fig. 6. Only one corner of the specimen revealed IGSCC; the remaindera os

k|!f!| f! f ! ! of the specimens failed ductilely (approximately 90 percent of the fracture
i

3- 2 3 I 3 3 3 U3 33 E j]- surface reveals IGSCC in highly susceptibic materials after severe sensitization

ggijj y treatments)|J). This specimen also contained only a few secimdary cracks,4
g gggg while highly susceptible materials, such as lleat M7616, usually develop

8
3 g t

secimdary cracking too numerous for counting.

?-@jy!* *j j g ,"3 2[f .];i { 3ys The each structures produced in the sensitised IIcat Til6h56 specimen
i . Jim, ~ g * . -~

*
.

I * " ' " " - during degree of sensitization measurements using she three methods are
shown in Fig. 7. Again, the A 262, Practice E, results are not sulliciently

j discerning to predict the IGSCC behavior. Both the A 2h2. Practim A. .md

j EPR method reveal a sensitized microstructure, but only the liPR me.nure-

'
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I'\G.1-Esch structures in Type 304 stainless suert seamkss posee tilcas litssuun senuu:rd
I

VIG. 6-Fracoure surfme u) sensuned (Me*C/24 hk Type 304 suasakss steel seamless pipe 24 h as $U0*C and sessedfor degree of senssusanon using shree sakniques: (a) A 262. ro.m sur
E (0.2 so 0.8 md penetrasiank X187. (b) E!*R (P. = 6.5 C/cm'). X.W. tet A 262. I%u ene(llear Til66%) sessed by dynamic strain in 189*C evarer svash 8 ppm Os as en estension rase

of'O IM6% mmimm (e) X 40. (b) x JIM 1- A t14 percent Jnseking}.
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ment quantitatively ranks this heat near the lowest end of the scale of ' T ' O.~ #* W - _ ,
'~ '

g
' '

I.- tbi?.
~

~' *

| susceptible materials. According to the A 262, Practice A test, IIcat TII6656
I J A .k'p'

I would be expected to be more susceptible to IGSCC than lleats 812292 "MP - ,,,
'

s

-

%I or 78500, using only degree of sensitisation as a criterion.
* - .

'' ' '/An intermediate level of IGSCC susceptibility occurred in a heat of 1-in.
~ #st. ' f h5 f g 3s ,forged bar(Ileat 812292) dynamically tested al ter the 500 *C/24 h sensitization

-

treatment. A specimen from this heat revealed IGSCC about 2 to 3 grains ) . [&'1 } Q.r

, ** * 4
,

' [[deep (Fig. 8) and a transgranular region below the IGSCC initiated cracks. f y' ,
4 ,

'

The sensitization measurement etch structures for this heat are shown m .
.--

Fig'. 9. The A 262, Practice E, test indicated penetrations of 0.1 to 0.4 mil. ,$ . , .- a\ *

which occurred at slip planes (Fig. 9a) produced by surface cold work '[ .e . j l f, , ,

1' ,4. g .during specimen machining. (, , h.
?.-

g ,, ,

'- '

The EPR test gave a relatively high value (P. = 16.8 C/cm ) for degree g . L e ,.. ,t2

, A,, j.g ,
, , .gof sensi ization, and the structure revealed a profusion of precipitated *'

t
carbides (Fig. 96). The caibides present are very small and difficult to

- '," N .
' 2 4g .. 3'"< ..

resolve using conventional metallographic techniques. This precipitation b Sp S, ' . . .,
,

, , [- y'mode probably accounts for the lack of grain boundary grooving after [39) g ,. ( A .
'N~i .4 ,.

A 262, Practice A, testing (Fig. 9c), where the chromium carbides are -; g (Jg ' ' .
k

.

presumably too small for the sensitisity of the oxalic acid test. Thus, an g-g Y, ..

' * *'
-' '"

, .
,

'' ' ' *~
advantage is shown for the EPR test meth4xt, particularly for some pre- C
eipitate morphologies. ? tw. s-saScc i, sensuhes gSoo.c/24 s y 1,p, yao ,,,iage,, ,,e<I ureau st2nh neura sy

dr===>c seresa ia 289*C -ee<r we 8 pe= o2 =s cu<=si a r=<< .s o tus ==/==.Generally, the A 262 tests (Practices A and E) are not sulliciently dis- gg
cerning to distinguish between degices of sensitization at these low levels i

of the heat-treat furnace. Apparently, the piccipitation of chromium car-of sensitization. One exception is the evaluation of the 66-em (26-in.) rolled pg
and welded pipe (lleat 834264), which has exhibited inconsistent behavior

bides occurs extremely fast during cooling from the solution-annealing
temperature, such that a " seeding" effect results which enhances sensitizationin other related studies [6|. Specimens Imm this large-grained (ASTM

3.5 compared to 5 to 5.5 for the other materials) material are highly sus- [I during subsequent thermal treatments in the sensitization range (fl.
Additional work was conducted to assess the three measurement methods

ceptible to IGSCC but cemsistently yield relatively low sensitization values after more severe sensitization heat treatments. Measurements were per-in the EPR test. The A 262, Practice E, test also indicates relatively low
formed on a heat of 2.5-cm (1-in.) plate (lleat X14902) which was sensitized

lesels of sensitization, but the A 262. Practice A, test ranked this heat l. 4, 20 and 40 h at 620*C and furnace cooled. These results are given
properly. Although the EPR technique gave a low P. value for this heat, in Table 5, where all three methods indicate a saturation cifect for this

*
.

the post-test appearance did show considerable grooving of the grain bound. @ heat after sensitizing for 20 h or greater. All three methods reveal the lack
tries, indicating that post-test examination of the EPR attack should be .

O of sensitization in the as-received condition (mill annealed). The EPR and
weighted in the decision process at low P., values. O A 262 Practice A, tests indicate a lower degree for specimens sensitized

Analysis of the remainder of the data in Table 4 indicates the EPR test 4 h compared to I h, but th,s trend could be due to specimen variability,- i
is mme sensitive than either A 262, Practices A or E, in distinguishing since the A 262, Practice E, tests were conducted on separate specimens
and quantifying degree of sensitization at these lower levels of sensitization.

'CU'' . , and EPR tests were conducted on the sameA* * * ^ *

it is significant that the high IGSCC susceptibility of Eleat M7bl6 can be 4 spec mens. All these sensitized specimens were susceptible to IGSCC alter
climinated by solution annealing, even when the material is subsequently (,J1

gisen the low-temperature sensitiration ::catment. It was dillicult to solution
". instant load testing in the severe environment of 289 C water with 8-ppm
** * *IE*"anneal this material adequately, however, as even rapid air cooling af ter Six of the seamless pipe heats were evaluated further after sensitizing for

the 1038"C/h anneal resulted in a sensitired structure similar to the mill- # h at 620 C and furnace cooled. This sensitization treatment caused
annealed camdition gisen in Table 4. Complete solution annealing was extemive IGSCC susceptibility in all the Type 304 stainless steel pipe spec-
accomplished in this heat only alter water quenching in the cooling chamber

,

- _ _ - _ _ - _ - . . . . _ _ _ _ _ _ _ _ . _ _ _ _ _ - _ _ _ _ _ _ . _ _ . _ _ . _ _ _ . _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . - _ . _ _ - _ _ _
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TABLE 5-Comparison ul' A 262. Ivactu es A em! E. moh she LPR n.eshad lur mensuring
degree of sensuse:asi.m in Trpr Joe phsse til.ws XI4w12). '

.v ,. - - -

_ . _ _ _ _ _

g EPR Measurement
i Time ai 620*C (i150*1') Average Pcactrasma P. I'racekr A

(h) Raic mm/h (mil /h) (C/cmD t% Dit(hing)

As Received 0.0005(0006) < 10 ' ' sI
i 0.00M8 (0.345) 14.4 25 to 35
4 0.0232(0.915) tI.I 3 to 5

*

,

20 0.0478 (l.88) .18.4 |(U
40 0.0432 (I.70) 39.5 t00

|
'

e

imens tested by dynamic strain or constant load in the highly aggressive

[ 'y ' i
u*i ~* 289 C water with 8-ppm orygen |6|. A typical example is simwn in Fig.10 ror

'

lleat M7616 tested by dynaniic strain. These results (Table 6) indicate
'~

r / that the A 262. Practice F. test is the most discriminating for greater degrees
,

of sensitization. Both the EPR and A 262. Practice A. tests reflect a
Y " saturation ** effect (Fig. II). where any additional sensitization is not)' *

M'
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.e ,

~

'N - *h*t IG. 9-Esch structures in Type 304 staunless soulfurged bar (lleas 812292) sensisi:ed 24 h - , se . s

as .500*C and sessedfor degree of sensase:asias usmg skree see Amques: (a) A 262. l>m sur E
2(0.1 no 0.4 md penesrassan). x 175. (b) EPR (V, = 16 8 C/cm ), tc) A 262. Issusice A ( s I ygo, ga_y,,cuure surfue of furnace-sensasszed (620-C/40 A) Tvre Jul seanni.-ss so.wl

percens Jssching). X175 gfleas M7616) sessed by dynamnc ssemn en 259*C waser msk a ppm U as eucuu.m rate of
0.UUtA1 mm/msn.
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;

I

IGSCC suscernuble heats v) Type 304 snanntess sneet seamless pere sendsce.1 ) f[' *y 3,7
'

|TAttLti 6-Cwnparnon of shree meskuJs jur oscasuring Jegree of sensesnasuon of sn

r .q < , !*

40 h as sho*C(I150*n. $;$t-'

,

'
~

'

(
A2b2A A2b2 E LPit. P. . . , '. , _ _ .

'

_ _ _._ _ _ _ _ _ . _ _ _ _ _
3

'
). .

A
'2

tica t% thklimgl mm/l:(rml/h) (C/cm ) .

. *,k, { .

#

'' '

* . ''.!M76t h 100 0.057 (2.23) 120 '**- s

M7772 500 0028 (1.11) tts e .;

2P6424 100 0 0t7 to 65) 77 '
g

' (,.*. ,

*

*
*

2Pb396 100 0.010 (0.40) 79 * -

. . ,

'S.a '

454659 100 0.002 (0.06) luu '# *

litb656 100 0.0005 (0.02) 85 i .- b. $
.

'M M.. . J "- ,.;..
gc:- ..

y. -

r ,4-
distinguished by the test. The A 262, Practice A, test reveals a 100 percent

.
,

ditched structure for all heats given a severe sensitization treatment. 'Ihe
'

. . , , ,

,

~^'

on a heat-to. heat basis, compared to that measured for the lower levels
'

s, : ,,,

EPit test produces very high P. values but not a great deal of dillerence
.

' ' .

^-

r

t a [- 5'
^

of sensitization.
In contrast to this, the quantified A 262 Practice E, test does appear to

distinguish between heats given severe sensitization heat treatments since 6 ,

it is measuring a penetration mechanism, rather than a surface cifect where g; y pr . w.,*
a response is limited to the width of the alTected grain boundaries.

'Q '

b]
'

# ,

Discusalon b
The three test methods evaluated measure degree of sensitization in b'

somewhat different manners |2). The EPit method measures the current
M '-i

#*~
.

ilow associated with active dissolution of chromium-depleted grain boundary
- M''

areas as the potentialis swept through the active range at a fixed rate. The (d ,

4 ' k''
A 262 Practice A, test evaluates the degree of grain boundary " ditching " gg~

presumably as a result of dissolution of grain boundary chromium carbides. g 1t ,,

g! # .,
Finally, the A 262 Practice E, test considers the extent of grain boundary @] -

-
g

-o attack which occurs in chromium. depleted areas in an aggressive corrodent rm .
,

[ g4er.
at a fixed potential set by the solution. liach method ha. a set of ** boundary" $Q '% j

'o .

8"
s

conditions within which it is capable of discriminating between different ' j_'
- . ,. ,

gh b * O,
O degrees of sensitisation. .A '

The upper boundary limit of the EPit test is the current associated with
y

_' *
-35

complete grain boundary activation Once this condition is reached, the
'4 , [h

(N g
test will not be scusitive to higher degrecs of chromium depletion. The ,

8' i

h . y4f a 4 -

'

lower limit is established by the sensitivity of the clectronic circuitry for . g 's
detection of cuirent flow through the specimen. 4[]g ,

,

'Ihe upper limit for A 2t 2. Practice A, is 100 percent grain boundary 8 8R 8 8 4"'"" ''''""'""d 8 83* #d * ' hr" 3" # ^'""#* *'"' "'''"' '''''* ' **""'"#'

ditching, alter which no further discriminations between more severely era h snructures (a) after LIW ressmg. * IIh. th) atsee A 2eL 1%u su e A sesstng. X 3M

,
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.

sensitized materials can be made. No nationally recognized lower limit Practice A, test would be the least discriminating of the three methods over .
has been established for this test; below some degree of sensitization, no the full range of sensitization, and this hypothesis is supported by the -

discriminations can be made because no grain boundary ditching is ob- results of this study and other perfiermed at the General Electric Company [41
served. It must be pointed up, however, that, according to ASTM procedures. A further advantage of the EPR technique is that it appears capable -

,

it is not the objective of the A 262, Practice A, test to give quantitative of providing "go/no go" indications of relative IGSCC susceptibilities I
data, but to provide qualitative results on a "go/no go" basis. . for multiple heats of Type 304 stainless steel in moderately sensitized |

*

In the quantified A 262, Practice E, test there probably exists some upper conditions. For example, a plot oflosversus EPR determined degree of sen.
limit of sensitization detection which is reaction rate limited, that is, the sitization (P.) for eleven of the twelve heats studied is shown in Fig.13. ,

corrodent cannot reach the susceptible grain boundaries at a sufficiently llere, a least squares fit of the data provides a correlation coefficient of ;
r:pid rate, llowever, this upper limit has not been observed in our tests to i
date. In the camventioni A 262 Practice E, test, the upper limit is the

*
observance of some degree of lissuring and would probably vag from one
individual evaluation to another |41. The lower limit for the quantified .o - o
A 262, Practice E, test appears to be a penetration of about 5.0 x to -* cm -

(0.0002 in.). The exposure time required to achieve this depth of attack
will vary with the degree of sensitization (4 the material (Iow levels of " -

sensitization such as encountered in welding usually require at least threc
72-h exposures). In the cimventional A 262, Practie: E, niethod, the lower

" ~

limit is the tacit of observance of"lissuring."
Given these characteristics of the three tests, one would expect the EPR

test to be the most discriminating over the fult range of degrees of sensitization , _ ,

rnd certainly the most useful for the levels of sensitization which are of _

principal etmcern to the industry. Ahhough it is true the EPR test saturates }
out compared to the A 262, Practice E, method at higher degrees of sen- Qu -

sitization (Fig.12), these higher degrees are not of practical importance 5
to the industry. The primary concerns relative to sensitization in Type 304 3 g
stainless steels are the h>w levels encountered during production and fab- y" g
rication (for example, welding and heat treating). It is at these low levels 2 :t
of sensitization that the A 262, Practice E, test loses its discriminating

@ '' ~j o
power. Additionally, because of its limited range of det.ction, the A 262, g.

u - o
*.

& '%s~
, _

O s' O O '
s

Q /

e' \ 0 |-
. _ oe 'Jb f ''"/ OO
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ViG. t3-Correlasiant betwra degree og sensisi:asum and IGMY o.w. , we .I. wn h.,sas
V|G. |2-Conceptual u hemasse of relanese sese behaveur. of Tyq=e 304 stainless sorel sensisi:ed 24 h as SIMI*C(s ovrelacion a.< Ism n.nu e a 'ser

.
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U***I"'I*"
0.70, which indicates a gmxi agreement between IGSCC in the entremely
severe test used in this study and degree of sensitization after a moderate Based on the resuks of this study, the following conclusions can be made:

,

sensitization treatment. An even better correlation in this extremely ag- 1. The EPR method is considered the most sensitive for quantitatively
gressive environment is obtained by petforming a similar analysis, but measuring the levels of sensitization which are of primary cimcern to the'

'

using welded specimens of the ten piping heats, where the degree of sen- industry.
i

sitization is slightly higher 15]. As shown in Fig.14, the correlath.s co- 2. All three methods are capable of detecting moderate-to-severe degrees -

| eHicient here is 0.89, which significantly supports the potential of the of sensitization in austenitic stainless steel.
EPR method for detecting IGSCC in sensitized stainless steel. Finally, work 3. Both the EPR and the A 262. Practice A. method appear to saturate

being conducted under U.S. Nuclear Regulatory Commission sixmsorship at the higher degree of sensitization, which results in a loss of discriminating -
[6] indicates that the EPR technique may be adapted for quantitative power between ditYerent heats of material.
measurement of degree of sensitization in the field nondestructively, which 4. The A 262, Practice E, test does not saturate, and retains its dis-
is not possible using either of the other two measurement techniques. criminating power at high degrees of sensitization, but it is not a suitable

method for detection at the lower degrees of sensitization.
5. The EPR metixxl is the most suitable for detecting potential sus-

ceptibility to IGSCC and is the only technique considered adaptable for=
obtaining quantitative informati<m in the field nondestructively. For use in

o industry, this method will be required to correlate the EPR method to -
" - the industrial environment of concern if it is to be used as an indication of

IGSCC potential rather than as a measure of sensitization caused by grain

, ,

boundary chromium depletion.
.
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t eterneinetten of Carbide Precipitalian in Wranglet Aussemitic Semiukss Stects ,
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'
ApplicoMe Documents. Codes and Standards on the overlay, Discontinuous globular carbides are esduded Inim cimsideratium

as ditches.Codes end StanJards-The following codes and standards form a part of this The lengths of the total and diethed grain hamndaries can be awauned using an
i specification to the entent specilied herein, i ,

instrument, such as a Dictigen " Plan Measure," Model 1719H, ami the relativc
American Socieryfor Testing und Marrrials-(a) A51M A 262, and (h) ASTM,

percentage of ditched to total calculated.Estimating an Average Grain Size of Metals (E I12-74). Spenmen Confi arution-Ihe tull cross section al nutetul 2.5 cm (I e,n.) thick
,

t
! or less shall be mounted to provi,le gooit edge retention. 'Ihicker specimetis may

Enemination R<ymirements be cut and mounted separately so that the full cruss section is esamined.

The material shall be evaluated in accordance with ASTM A 262, Practice A, as
modified by this specification. The low-cailxas grades, Types 304L and .Il6L, sluti Quality Assurunce Provisions
be heat treated (sensitized) at 1250*F for I h before testing. 8'Hrimt-ilnless otherw.ise appnwed in an engineering-apprtwed qu.ility plan,

The evaluation shall include a relationship between the length of the ditched at least one test 5Pecimen per cath heat-treat lot shall be tested. If the heat-treat
grain boundaries and the total length of the gram boundaries, espressed as per. U '""'*I"' "*'''I*I I""".nwre dian one nnH heat, a separay specimen Inun eachcentage, from a representative phosennierograph. The procedure shall cimsist of nun heat shall be tested. Nrgings, pipe, and other pnuluct looms shall be ubtained
determining the ASTM grain size number per ASTM E 112. A representative
photomicrograph at an appropriate magnilication shall be prepared based on the wd sug,cient adthfional matenal tim make seu specimens.

.

k""l""## of Trse-For vendor-supplied material, a statement i.I test resuks shallfollowing table and the porti m of the grain lxmndaries that are ditched shall be be mcluded in the material test ccitif_icate ahich accompanics the material or ship-.

crosshatched to facilitate measurement and calculation of relative pcreentage of
**"'.and shall include the measured percentage of ditched grain boundary. Inditched to total grain boundary (twin tumndaries encluded). addition, a photomicrngraph used for the evaluation pnsperly marked with the heat

'

number and heat-treat lot number shall be provided.

Range el ASTM Photomicrograph
Grain Size Numbers Magnification

APPENDIX H *
'

l O to 4.5 100

5.0 to 5.5 200
6.0 to 7.5 10 0 Quantitative Me- e of General Intergranular Cerrosion Sueceptildeley
8.00 to 10 500

Scope

MethoJJihe following illustrates the method to be used in the evaluation. Ihe This standard estabhshes a method for the <guantitative determinatiem of the

relative percentages of ditched grain boumlary length versus the total grain Imundary susceptibility of metals to general intergranular corrosion in aggrenive chemical
length are determined as follows. An overlay is made of the total grain himndary envinmments.

lhis test method is intended to standardize laboratory test procedures and to
structure,

The differentiation between grain aind twin boundaries Irom photomicrographs provide a means of quantifying the susceptibility of both homogeneously heat- ,,
.

can be dellicult, especially at the lower percentages of ditching. the simultaneous arcated materials and materials with localised areas of ditTerential sensitizatiam

use of the photomicrugraph and the same area viewed through the microscope may (such as weld heat-alfested semes) to intergranular corrosiim.
g

be necenary to distinguish between the grain and twin Imundaries. Also, a secamd The methud desenbed here is directed primarily toward austenitic alloys which'

! etching step may be used to delmeate the grain boundaries 'Ihe secimd etthing sensitize by carbide precipitation and associated chromium depletion of the grain
3 and Imundary material. Ilowever, the general method may be used with any metal orO procedure cimsists of electrolytic 60 percent nitiie acid (llNO 3) at 40 mA/cm

an etthing time of 30 s. TI s time can be inacased depending on the individual alloy in any condieion by selection of the appropriate test solution."""'

A specimen requirements.
O An alternate metiumi for developing an iweilay of the total grain tumndary struc.
U1 ture is to take a scumd specimen of material m chose proximity amt representing the.

C same cross section and grain sire. Grain Imundary enhancement may be acomm- This method represents a modification of ASTM A 2til. Practice E. Ihe ultimate
phshed by either la) sensitising the specimen at 649 to 670*C (1200 to 1250*I). tensile strength of the material of interest in the desired heat-treat condition is
mounting, gmlishing, and enthing with clecemlytic omahe acid, or (h) umunting determined and compared with the apparent ultimate tensile strengali eif corrosiem-
gmlishing, and eithmg with electiihtsc IINOs per the previous paragraph.1he tested matertal. The dillerence between these two values is used to calculate the1

total grain lumndary length may be taken from this overlay per the previous para- corrosion which occurred during the test period. The accuracy al measurement of

graph. specimen gage section dimensions and tailure load becomus incre.asingly imgwrtant'

The portion of the total grain lxmndaries that are ditched should be identilied as the corrosion tale decreases. As described here, the methimi results in a mean

i
j

5
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the baseline specimen should be pulled lint. If more' than one baschne speximen of the failure should be compared between specimens from the same set to evaluate
is provided for a set, the baschne specimens simuld be distributed through the set the physical consistency of the results.
to account for any drif t in the tendle machine toad ceII| tocation of the manirnum depth of penetration, in relcrence to the weld center

The load cell used for the tests should have the smallest full-scale load range hne, should be recorded for each specimen. Differences in depth of penetration
which will accommodate all the specimens to minimize errors in interpolatkm of between the two sides of the heat-allected zone should be noted if present. Dif-
failure load. A cell with a full scale value of 4S4 kg (1000 lb) is resonunended, with lerences in depth of penetration lxemeen the surface of primary interest and the
specimen gage cross sectional area adjusted to this limit as described in the second opimsite surface should be noted. Plmtographic documentation as observed dif.
paragraph under the Specimen Picparatkm heading.' j ferences is recommended.

Recorder charts of the hiad curve for each specimep shall be provkled with the
failed specimens. Interpolation of the failure load shall be made to the nearest
pound. Accusate interpolathm is critical when corrosion rates are low.

The failed halves of each specimen shall be taped together securely and identified APPENDIX IHenternally with the specimen number. | ,

All specimens to be evaluated metallographically shall be subjected to I to 3 per-
cent strain at room temperature with the surf ace of inteiest in tension, thgher strains Electrochemical Potentiekinetic Remetivetten (EPHI Method for Deterinining Degree
may lead to tearing of the unattacked material and misleading results. Specimens of Senelthallen in Stainless Steels
shall be polished to a depth sullicient to senmve edge cIlects from straining.

Scope

Corrosion Rate Calculations | This appendia describes an EPR test method for quantitatively determining the

The baseline failure stress shall be calculated for
.

degree of sensitization in thermally treated AISI Types 304, 304L. 316. and JI6Lt {
for a comnwun set and averaged to give mean baseling) tach if the baschne specimens

stainless stects.
tailure stress.

The corrinkm rate shall be calculated for each individual corrosion-tested speci-
PP cuble Documents. Codes. and Standardsmen and the mean curioskm rate and standard deviktkm calculated for each speci- A li

men group. This calculatiem is performed on the basi's of the change in apparent Codes and Standards-The folkming codes and standards form a cart of this
failure stress of the corroshm tested specimens as full ms specification to the catent specified herein: (a) ASTM E 112-74, th) ASIM Recom-

n ._ mended Practice for Standard Referenn Method for Making Potentiostatic and
"* Potentiodynamic Anodic Polarization Measurements (G 5 72) (c) ASTM Recom-r. -

corroshm rate = mended Practice for Conventions Applicable to Electrochemical Measurements in8-

esposure bours Corrosion Testing (G 3-74), and (J) AS'IM Preparation of Metallographic Speci-
mens (E 3-62).

'
mhere

r. = original specimen radms. Equipment
er = fadure load, and
e. = ultimate tensile strength. ; Standard Iblarization Ce.7-Requirements shall be in accordann with Section 2.1

! of ASTM G 5.
Electrode Iloider-Requirements shall be in accoidann with Settion 2.2 of

9y On specimens evaluated metallographically, the depth of attack may be measured ASTM G 5.*

directly with a calculated cycpiece (l' alar) or from phosomicrographs of the sustace. Potentioster-Requirements shall be in accordance with Sectkm 2.3 of ASTM G 5.
At least x 100 is reconmiended, and higher magisticathms may be required for Potential Alcosuring lastruments-Requirements shall be in accordance with See-g
shallow attatk. The corroshm rate is calculated by nviding the depth of penetratam thnt 2.4 of ASTM G 5.g
(in centimetres) by the cupmure time (in h mn). i.epresentative photographie docu- Current Alcasuring Instruments-Requirements shall be in accordance with See-

O mentathm is recommended. tion 2.5 of ASTM G 5.
Current integration Aleasurement lastruments-An instrunwns that is capable of"

A integrating the current under the curve developed during reactivations slumid be
II"*P ' U"#""'*" used. 'ihe instrument should be capable of measuring a current integral (in cou.CD

(Ji The fractured tensile ditiesena spectmens shall be examined visually and optically Iombs) to within an accuracy of I percent ef the abudute value 4.i currcne range
for indicatums of uniempceted tondite.pis and all sutti results rioned on the data sheet. between 0.001 and 1000 mA.-

these include observatums. suth a nonumham necking, preferential intergianular Am=lec Polarization Circuit-Hequirements shall be in andann with Section
attatk. f ailure in the acid rather than the acid heat allected zone, and tailure in 2.t> of ASTM G 5. except the current integration instrument sh..nhl sie inwated in

the gage shoulder rather than the gage secekm. In additi m. the locathm and nature series with the lead between the woiking electrode amt poteniami.it.

4
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liezero and start the custent integrator imtrument, recording the current con-
Electrodes-Working electrodes can be any shaped piece of metal at least 0.32

cm (t/8 in.)in diameter or on a side, by any suitable thickness, which has a stain. tinuously with change in putential.
The recorder automatically plots the anodic polarization data on semilogarithmic

less stect electrode holder nmunting screw sgmt-welded on the side opposite to
paper in accordance with ANTM G 3. It is acceptable for the EPit evaluation to plotwhere the measurement will be taken and is potted in a suitable inemcumis com.
with the potential as the abscissa and the current as the ordinate, in opposition

pound such that only one planar sartace is engmed to the electrolyte. to the recommended standard reference plot in ASTM G .I.
Counter Elecsrodes-Requirements are in accordance with Section 2.7.2 of Euck reading on current integiator when current is chose to the initial corrosion

ASTM G 5.
Colomel Reference Electroite-Itequirements are in accordance with Sectiem 2.g potential and has just revened polarity. Itecord this reading as the integrated cur-

rent value (in coulombs) in data record shect.
of ASTM G S. Put all electrochemical polarizatum equipment on standby and remove E versus

log i plot from recorder for inclusion in data file.
itemove specimen from cell and holder, rinse in distilled water followed by alcohol

Standarif Emperimentalltuccefieres einse, then air dry.
Tess Sperimen IVrporation-Prepare the suitace within I h of the experiment or

store the prepared specimen in a suitable desiccasing cabinet. Wet grind with 240- d N "''' " * " ^ "'bN#
grit and @0 grit sic paper, followed by wet polish with 600 grit silic m carbide (sic)
paper until previous cuane scratthes are renuned. rinse with water, and dry. 'Ihe Test parameters should be recorded as follows: EPlt Itun No., Specimen No.,
specimens should be final pohshed in too additonal stages with 6 and I pm diasmmd Material, Ileat; Surface Condition; Specimen location; Test Temperature, Sweep

paste or 0.05-pm alumina slurry on a nylon or silk cloth over microcloth prepared Itate; Passivating Potential / Time; Itest Potential. Use the following data record

polishing whcci per ASTM li 3. sheet form or equivalent for recording these data.
Mount the specimen on the electn=le holder as described in Secthm 2.2.8 of Test data to be recorded include the charge, Q, in coulombs (integrated current

ASTM G 5. Tighten the assembly by holding the upper cud of the umunting nxl under anodic portion of curve during reactivation) maximum anodic curve peak
in a vise or clamp while tightening the mounting nut until the gasket is propenly height in milliamperes, and Hade potential in millivolts (potential at which anodic

compressed. curve breaks upward during reactivation). Itecord im data record sheet.

Clean the specunen just before immenkm into the clectrolyte by degreasing with Each potted specimen should be photographed alter test (without additional
e suitable detergent, rinsing in dhtilled water then alcohol, and air drying. preparation or etching) at suitable magnification to document the microstructures

Piepare I litre of 0.5 Af I1:50. + 0.01 Af potassmm thiocyanate (KCNS) from and extent of grain boundary gramving alter the EPit test. An additional pimio-
reagent grade chemicals and distilled water (solutimi can be made up in bulk and rnicrograph must be taken at x 100 to measure grain size. If the specimen is not
stored for one month). Transfer apprumimately 500 to 600 ml of solution to clean soflit-iently etched al'ter the EPit test to delineate the microstructure for grain size

determination, then the specimens should be etched with 10 percent omatic acid,ipolarization cell, i

Elring the temperature of the sotatitm to 30 t l* by inmiersing the cctl in a cicctrolytically as per ASTM A 262, Practice A, and a photomicrograph obtained.
contrulled temperature water bath or by other convenient means. Attach photos to data rcturd sheet.

Place the specimen, platinum munitiary clectnutes, salt bridge probe, amt other Determine the surface area by measuring all dimensimis to the nearest 0.1 mm.

components in the test ccil. linwie that the salt bridge is tilled with the test solu- The integral charge value, Q, sinmid be normalized to the grain lumindary area
tkm and contains no air bubbics, particulaily in the rest icted space wathin the tip (Gila) of each specimen using the rclationship

region. The levels of the soluthm in the reference and polarization cells sliotild be O
Purge the soluthm belove test initiation for about 2 m[m and ctmtinmmsty dunng

j,jpg,1) ,the same to avoid siphoning.
Gila

the test with high purity niin, gen gas (99.90 pertrnt minimum) at 150 cui'/ min. and

Q Adjust the salt biidge probe tip so it is an cime to the specimen sunlue as pos- Q = charge measured on current integrating inntrument (omlombs),t

. O sible, but not touching the sample or mount. Gila = A ,[5.09544 x 10 -8 esp (0.34tW6 X)[.
itecord the open circuit (rest) specimen potential, tha is, the corrosion potential,g

giter atmus a 2 min immcashm. If the irse gmacutial does not register normal for w here -

the class of alloys being evaluated (- 350 to - 450 mV for 'I ype 304 stainicss steell. 2

then cathodically charge the specimen at -taii) mV for 2 to 5 min and rctheth the A . = specimen Area (cm ) and
X = ASTM grain siec at x 100.

C rest potential. If the rest imtential is still abnormal (upually around - 200 mV) the

( O specimen must be removed from the flask and regmlished to claritiriate the earnisle W Wm hM Wdm wdOnL
| N tilm.

Passivathm is accomphshed by setting the gmtential|to+ 200 mV venus stan- , gg g
| d.ird calomcl electn=le and holdmg for 2 mus. Complete panivationi can be cheded
j by observing the lad of change on the tuvient integrator instsument output. I- EI,II nsn number . __ --

Reartnuthm Scan-Start the potential bukscan (catlunlic threcthm) using a 2. W.ien nuinber --

I potentualynamic surep rate of 6 V/h ( 2 5 percent). i

| 1

|
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.

3. Material and product form .

4. Material heat number .__ licat treat lot no.
5. Specimen locatiam _ _ _ _ _

a6. Specinien surf ace area. A . cm ,

7. Inital rest (currosion) mV venus saturated calomel
posential . . - . electrode (SCE)

*

._ C8. Test temperature .-

*

*

9. Passivating potential time mV versus SCE/sime
10. Sweep rate _ _ . . _ _ V/h
II. Integrated current. Q. . coulombs
12. Manimum anodic current _ _ _ - . _snA
13. flade potential _ _. _ _ __._.- ._____. _ mV versus SCE
14. Grain size. X _ .._ . _ . . _ ASTM grain size
15. Normalized charge per grain txmndary area (P.)

calculatiim
GHA = grain boundary area.
GBA = A,|5.09544 x lo -2 cap.10.346%X)]
GBA =

where
tA, = Specimen area in cm ,

X = ASTM grain size at x 100
P. = Q/GBA where Q = integraled current in coukunbs, and

'

P. - _ _ _

____

16. Attach:
1. Micrograph characterizing microstructure and estent of grain boundary >Ugruoving..

2. Separate micrograph. il' needed, used to determine grain size. %
Date-

Determined by-
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