JCL-DC-720023
Jnlimited Release

Some Observaticns on the Formation of
surface [Martensite in 304L Staintess Steel

St

v
i

DISTRIBUTION STATEMENTA
Approved for Public Release
Distribution Unlimited

Reproduced From
Best Available COPY

S
2
'\l) K] \
1114
P T ) 3
: A . T 1S UNLISITED
z . DISTRIBUTION OF THIS COCUMENT 18 UNLIMITED

1




B . S

Tl'ﬁé work was sxjpported by the United Sﬁtes Azomic Energ‘yCommission.
' Contract Number AT-(28-1}-789

Issued by Sandia Laboratories,
a prime contractor to the
Unitad States Atomic Energy Cormission

NOTICE

This rapovt was prepered 8s @n account of work spaneorsd by the United States
Government. Nelther the United States nor the United Statss Atomic Enorgy
Commission, nor any of thair employess, nor sny of thoir contractors, sub-
eantractars, or thair employess, mekes eny warreaty, expiess or implied, or
essurmes any legal lishility or cessonsibifity for the eccurscy, completeness or
usefuiness of sny infermation, soparstus, peoduct or procass disclozad, or repre-
sents that its use would not infringe privately cwned rights.




SCL-DC-720088

| SOME OBSERVATIONS ON THE ‘FGRMATION OF
SURFACE MARTENSITE IN 304L STAINLESS STEEL

B. C. Odegard
Member of Technical Staff
S§ndia Laboratories
Livermore, CA 94550

ABSTRACT

I
Tt

o A surface martensite was observed in a 304L stainless steel. The
merphiological de?ai]s as influenced by polishing techniguss and thermal
guenching are discussed. The quantity of martensite was found to be

greatly amplified by the strain energy prcduced by mechanical polishing.
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Introduction

PO .

A surface-related martensitic transformation has been observed in 18-8
type stainless steels [1,2] and in Fe-Ni alloys [3,4]. In each instance,
the transformation was reported to occur spontaneously at temperatures well
above the Ms temperatures of the bulk material. This behavidr has been
interpreted [3,4] as arising from the inability of the surface to support
a hydrostatic stress component. This stress is produced by the volume
expansion accompanying the y+a' transformation. Kaufman et al [4] observed
a decrease in the MS temperature in an Fe-30% Ni alloy of aboqt 5 x 10'3 A
K-atm'l. The absence of a hydrostatic stress therefore raises the Ms
temperature. Klosterman [3] describes the surface martensite formation

at 5-30°C above that of the MS temperature for an Fe-30% Ni alloy.
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éﬁﬂﬁ [_;; this investigatidn, two distinct morphologies of surface martensite
were observed in an annealed 304L stainiess steel. No temperature or
strain excursions had occurred to prompt the transformaticn. The study
was conducted to examine the morphology and quantity of martensite produced

as influenced by the polishing technique. {

Experinental

0—;;e chemical analysis of the alloy was 0.026 percent C, 18.52 percent
Cr, 8.75 percent Ni, 1.05 percent Mn and the bzlance Fe. Although the
chemistry is within the allowable range for a 304L alloy, it is atypically

low in the elements which ave known austenite stabilizers. As a consequence,

this alloy has an abnormally high propensity to form martensite. To proviff)




a meaﬁure of the instability of the austenite, the To value was computed.

| T0 is defined as the temperature above which martensite cannot thermo-
dynamicaily fotgj(i.e., AGY'“' is positive). This ana1ysi§ has been
described in the literature [5]. /The alloy used in this study had.a To
value of 321°C, 50°C higher than for a typical chemistry of 304L stainless

steel.

The material had been forged at approximately 900°C followed by a
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full anneal to conform to a 206 MN/m™ yield strength requirement. ,

Results and Discussion

The microstructure of the as-received material after‘mechanféa11y
polishing and etching is shown in Figure 1. This is contrasted to the
microstructure after exposure to -17°C for 45 minutes in Figure 2. Two
distinct mcrpholcgies of martensite coexist with the austenite matrix: a
platelet shaped (spearhead) martensite (position a) which favors nucleation
and growth along annealing twin boundaries. consistunt with the surface
martensite in Fe-Ni-Cr reported by Breedis [6] and a massive-type martensite

(position b) which exists intragranularly. Figures 3 and 4 show more clearly

" the resuit of the low temberature excursion on the two types of marfensite.'

The existing platelets exhibited growth in bdth width and length as well as
additional nuc1eation. The m“Sine type exhibited no sign1f1cant change.
Additional exposures to -55°C created no further change in the phase

quantities. The magnet1c phase content as determined hoth before and after

the Tow temperature exposures by a Severn indicator1 and magnetomater
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was less than 0.5% present, although the quantity of martensite indicated

by a linear analysis on Figure 2 was approximately 15%. The sample, iﬁ -

the condition indicated in Figure 2, was then inspectéd by X-ray diffraction
to determine the martensite structure. A monochrometer was used to eliminate
fluoescent radiation. o'-martensite was detected, with one additional weak %

peak indicating a small quantity of e-martensite.

To discern the martensite phase distribution, the specimen was electro-
polished to remove 50-75 um of the existing s&rface and then etched
(Figures 6, 7). The microstructure both before and after the electropolishing
procedure is shown in contrast in Figures 5 and 6. As noted, tha platelets
are almost nonexistent a~d the massive type has been significantly reduced.
An X-ray diffraction scrn .ins neble to detect any marterisite. Exposures
to -55°C (Figure 8) roc.c:. = letectable change in the’distrﬁbutien o

quantity of martensivz in thi. 2iectropoiished sample.

ﬁ”EOnc1usions

1. The abnormally low austenite stabilized chemistry prompted the

martensite transformation.

2. The martensite is concentrated at the surface and exists in two
morpho?ogieé: (1) a plate-like morphology described as surface martensite
which prefers annealing twin boundaries for nucleation and growth end (2)
a "massive-type" morphology which nucleates intragranularly and is not

significantly affected by thermal quenching. The diffraction experiments

indicate that the structure of the martensite was predeminantly the BCC

type (u'fmartensitellfi )
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| 3. The observed quantity of martensite was greatly influenced by

the strain energy imposed durirg mechanical polishing thus producing an

erroneously high quantity compared to the bulk.ﬁf’i ,@

The comments and advise of my colleagues A. W. Thompson, M. C. Nichols,
and M. 1. Baskes have been greatly appreciated during this study. Also,
a special thanks to T. L. Bryant and R. E. Gorniak for their assistance in

the metallography.
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As-received, mechanigal polish

Figure 2,
Exposed, <17°C for 45 minutes




Figure 3.
As-received, mechanical polish

.Figure 4,

‘Exposed, -17°C for 45 minutes
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- Figure 5,

50-75 microns

Mechanical polish, exposed -
to -17°C for 45 minutes

Electropslished to remove
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Figure7.

Electropolished surface
prior to any exposure

5 v -

Figure 8. |
Exposed, -55°C for 30 minute:
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