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In the present study, phase stability of typical austenitic stainless steels (SUS304, SUS304L, SUS316
and SUS316L) under external fields, such as cryogenic temperature, high magnetic field, high stress and
their combined environments, had been investigated. The thesis consisted of the following six chapters.

In chapter 1, the background and the present study were described.

In chapter 2, effects of external fields such as cryogenic temperature, high stress and high magnetic

field on martensitic transformation in the solution-treated and sensitized stainless steels were described.

No athermal martensitic transformation occurred in the examined stainless steels, however, an isothermal
y = ¢ — o transformation occurred in the solution-treated SUS304L, sensitized SUS304L and SUS304, and
an isothermal y — o' martensitic transformation occurred in the sensitized SUS304L and SUS304. Magnetic
field-induced martensitic transformation did not occur in the y-phase even when the pulsed magnetic field
of up to 30 MA/m was applied in all the solution—treated and sensitized stainless steels. On the other
hand, a deformation-induced y — ¢ — o' martensitic transformation occurred at 77 K in all the
solution—treated and sensitized stainless steels. It was noted for the solution—treated SUS304L,
sensitized SUS304 and SUS304L that magnetic field-induced martensitic transformation (¢’ — a') occurred
in isothermally transformed &'-martensites, but not in deformation—induced &'-martensites.

In chapter 3, the time—temperature-transformation (777) diagram of successive y = ¢ — o’ martensitic
transformation in a solution—treated SUS304L stainless steel had been constructed. The 777 diagram showed
a C-curve with a nose temperature located at about 103 K. We had found that the successive y — ¢ —
a' martensitic transformation proceeded by an isothermal y — ¢’ martensitic transformation followed by
an athermal & — a' martensitic transformation.

In chapter 4, martensitic transformation behavior at cryogenic temperature in a sensitized SUS304
austenitic stainless steel was described. The sensitized specimen exhibited an isothermal martensitic
transformation when the specimen was held in the temperature range between 60 and 260 K. The 777 diagram

showed a double-C-curve with two noses located at about 100 and 200 K. ~ The upper part of the double-C-curve

was attributed to the direct y — a’ martensitic transformation in the vicinity of grain boundaries, while
the lower part of the double-C-curve was attributed to the successive y — ¢ — o' martensitic
transformation near the center of each grain.

In chapter 5, effect of magnetic field on the C-curve of successive y — & — a' martensitic
transformation in a solution—treated SUS304L stainless stcel was described. Nose temperature of the
C-curve did not depend on field strength (0.8, 4.0 and 5.6 MA/m), it was located at about 103K for all
the magnetic fields examined. This was due to the fact that y — &' martensitic transformation, having
no concern with magnetic field, proceeded isothermally while & — o' martensitic transformation,
influenced by magnetic field, proceeded athermally. The C-curve shifted to the side for a short time
with increasing the field strength because the magnetic energy difference between the &~ and a’-phases
provided a part of energy barrier, which was necessary for the ¢ — a' martensitic transformation.

In chapter 6, the results obtained in this study were summarized.
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A& 3CHE SUS304, SUS304L, SUS316, SUS316L 27 > L REBDIEARALAATRM 72 & DN SBULALEM I I51F B A — R T
FA FMEOBIKIR, EBEE. WISH. ROVRINLOBARE T COREEZ RHEMICRA72bOTHY, UTD
HMREBTVS,

(1) E(LAE %ML 72, SUS304, SUS316, SUS3IEL 1 4. 2K £ THHIL Th /AT ¥4 MR L7220 A8, SUS304L
IRBTHRETDH Ly = e o TESRMRBL L LICETTHZLE R L, 0.5%D o AR ZTRT 7T
RIS REEICHEENL C HREMC ZLERLTWA, $o, 20 2 BMEEEGAR L LFEMBIC LV E
BHERL. 2BEEEDI by —  TESHBICEDIEKET 2HREETHY .  — o FEIHMCED
IR LARVWHESREETH D Z EXARICIL TV,
(2) $ELLEERE L7z, SUS316, SUS3IEL X 4.2K £ THEIL TH /LT A MERE LAV A, SUS304 72 HTX
12 SUS304L IR BMLFAHE Ty —» o BREE L, BN Ty = ¢ o FREETHZLERLTVD,
o, I 2EBEOEEERNH DD, 0.5%D o« MERERT ITTRIT2O0D /) —XBREZFHOZ L%
BoNCLTHS,
(3) WFRORAT UL AR/L, WHBEy — e — o BETHIEERLTWD, o, BFRLDNGHFR
ICEVER L  BICBEBEZEIMT 5 L BFETERLE  BLLE CABIFERIND N, SHBETE
Bl e RO EBFREINLVIEEFHBICL, TANY A IPHRICEAKTHIEERLTNS, X
5T, v FBIT 30MA/m DRBEBZEIM L Th v AT v A MEBEFRINLWI L 2R, TOHBEB% vy
& HOBEM=RANVF -2 BV THEIZL TS,
(4) SUS304L IZHBWT y— ¢ '— o EREDEITETYT ITTR LD C #IBRIIREEEIINC X 0 ERRRAICBEIT 528,
J—XBERBSBEIRFELRNI EERTE LI, TOEREZBNFHBRALLHAL TS,
UEDESI1C, K@RXII, A—ATFTA bPRAT VLV ABIBIT D24 —AT A4 NAOBIKIR, MR, &SH. =
LR INODBEARET COREHRERMMNICHAELLLOTHY . EMHCLELRT UV LAREA L TEMN
ELTR2EFAL T LEBWTHEBH TEERHMRLEATEY  MBIZEORRBIIFETHLEIANKE,
Lo T, ARUIMLEHRI L LTHESH S LD LBD S,



