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Properties and Carbide Morphology of Austenitic Stainless Steel

Processed by Controlled Rolling and Accelerated Cooling

Kazuaki MATSUMOTO, Seishi TSuYAMA, Yasuo KOBAYASHI and Masaharu HONDA

Synopsis :

This paper surveys the application of controlled rolling and accelerated cooling process-(thermomechani-

cal control process=TMCP)-to austenitic stainless steels (AISI304, 304L, 316, 316L).
steels while
The high strength is achieved by refining microstructures, and the ausforming effect
The 10% oxalic acid test reveals that a sensitized TMCP type 304L
The ferric sulfate-sulfuric acid test shows that the corrosion rate

it possible to produce high-strength
grain-boundaries.
which increases dislocation density.
does not easily form a ditch structure.

stainless

The TMCP makes

retarding carbide precipitation at

relating to chromium depleted zones of the TMCP type 304L is equal to that of the solutionized one. In a
sensitized TMCP type 304L, sheet-like M,3Cg carbide precipitates dispersively at grain-boundaries and

subgrain-boundaries of the un-recrystallized grain.

This is very different from the continuous precipita-
tion at grain-boundaries in solutionized stainless steel.

It is presumed that the dispersed precipitation

leads to a discontinuous chromium-depleted zone and as a result, the sensitized TMCP type 304L does not

form a ditch structure.
Key words : stainless steel
resistance ; strength.
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Fig. 1. Schematic figures of test condition. IR 2B, LA L, BRETIEED 850°C
Table 1. Chemical composition of steels used (wt%).
Steel C Si Mn P S Ni Cr Mo Sol. Al Total N
1 (304) 0.057 0.62 1.62 0.029 0.004 9.12 18.53 0.29 0.009 0.0309
2 (3041L) 0.010 0.66 1.01 0.026 0.004 10.39 18.51 0.17 0.002 0.0516
3 (316) 0.064 0.58 1.69 0.022 0.001 13.32 16.37 2.06 0.004 0.0265
4 (316 L) 0.008 0.60 0.99 0.021 0.007 13.25 16.49 2.23 0.002 0.0519
5 (304 L) 0.012 0.63 1.11 0.026 0.005 10.83 18.71 0.15 0.004 0.0616
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(a) Steel 1 (SUS304) (b) Steel 2 (SUS304 L)
Fig. 2. Effect of cooling rate and final pass
temperature on microstructure, hardness, and car-
bide precipitation in simulation test.

1200 LA L L L T LN B S B
5 (a) [sus316(o 064%C) |
Y1100 O | O @m O wn ]
I .
g Owo @ O a0 O a0
5 1000 ! O asy -
[} ] .
g Puso ! ™ sy -O- 08D
E \ : (243) .
+ 900} % Q@39 -0 5450 1
[ 304 Step, Pit/Dual, Ditch  _(-
g Boundary C,P @42) (252_)(,’_
800r O step - (257 265"
E O PIt (L, 1) (Hv IOkg) ! ¢ 9
i O Dual -!- Non-recrystallized
7001111 1 g Loaaaal ! [N Y
1 3 5 10 30 50
Cooling rate (°C/sec)
1200 —~rrq — T
5 (b) Lsus31s|_(o 008%C) |
o
~ 1100 - Non—rocr stallized, O Step A
o (Hv 10|
*5 316 Step, Pit/Duat
5 1000} \ Boundary O nse) :
é O\(I50) O @s5)
[}
£ s00F O g6~ -O-go_‘rz__ :9_ (229) -Q— (222)
@ Q- 22n ¢ @3»
S 800 Qe Q@53  -O-(253 -
g
u
700} ]
sl : [T BT | 1 ! TR

1 3 5 10 30 50
Cooling rate (°C/sec)

(a) Steel 3 (SUS 316) (b) Steel 4 (SUS316 L)
Fig. 3. Effect of cooling rate and final pass
temperature on microstructure, hardness, and car-
bide precipitation in simulation test.

Steel 1, Pass schedule : 1 050°C 2 mm-1 000°C 2 mm-950°C 2 mm
(a) Cooling rate : 1°C/s (b) Cooling rate : 3°C/s (c) Cooling rate : 10°C/s

Photo. 1. Microstructural change with increase of cooling rate in simulation test.
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Steel 1, Cooling rate ;: 10°C/s
(a) Final pass temp. : 1050°C (b) Final pass temp. : 950°C (c) Final pass temp. : 900°C

Photo. 2. Microstructural change with lowering of final pass temperature in simulation test.

Thbb, REETRENME 2hiEz513E, $72,
WEEEAE b DI L, B SAREc2y, &
512, REKBBEDLTTOETICLY, MELRE
MHEARAET ALY, JOMEALT AT &
bbb,

YRDAT YL ZABEABBREICO VT, RS
»%, SUS304 Tid 975°C, SUS316 Tii 1050°C & i
LTwaY ThonF—2icth~, 4SO okRi,
SUS304, 316 3 #ExHE T34 100°C FiAEVETH
. TOEOFERIE, IWKSDOF—FH, —n2K0
DHETHRIF 6%, ETHEBE?H 10s DA TOR
BEEEICL D RO SN0zt L, S HORERTIE,
BRI NN 17~25% S KIETCHHI L &,
ETREM»H 63s EEWZ & O A CHE RS ET
LR TVt ELONS.

BEICOWTIE, MHIZ 10kg ¥y H—AETHRE LT
LI, WTFhoffIcBWTh, BRETIREIE L
B3 L, TLEHEEIENTE, SR AHER
ZH Y, HEEOMALL 2 KR SR ORI L7
REAPBEOLNTVD., I, REESAEIERELIIL
DB EKIEHME FHZTED b, FEERFO HV 130
~170 FREDEL S HV240~250 I2bETH LD 104
5.

INROHDERMS, HIFTE, EGHOBBRICLD,
FEBZDGHPICERET LI LDy RAT L AR
T, MR LE A — 27+ — 2%0R (BEEMNEE) %8
UC, E@iiictbx, XDwoZ ) ofisELr a2
ZEhbdh.

3:1-2 RFE~DRALH O H

KRN FAL OATHIZD VT, SUS304 Tix, &

HIEEA 1°C/s (ZBmtHY) BL U 3°C/s Tk, B
SNZRBEH 1100°C & HROBFE BT S, RILY
DL RO LN B, —F, SUS3I6 Tid, 1~3°C/s
DEGEHERETIE, R SARE AT 950°C DIKIRIZ % >
TRUDTRILPITH LIED 5. L L, GEIEEH
10°C/s LA EOBLESEM T3, WML b 900°C i
mETRTHERD LN, BRI ZBEEICLHERRE
DONLEL 2D, ORI, RO HINEN T3
BinEsH Oz E &, SUS316 L 1 ix SUS304 2B W
T, XOBBICHEHAAEZLE2RLTVAS,

%8B, Fig. 2a), 3a) 2T, HESZREMNMLED
bR E, RIGOGHIE LT WEASZEOLNRE. L
2L, SHROERTIE, BREISZIZV-5ETIETT
ZHMLOGHEECHALTBY, HICEEIRH
800°C DIFHIT X, KILMDOITIEAS, EAOEAICLD
REINTDDD, HDHVIE A OEHEEMSZEG T
HEHEIZDDLDOHIIE, TITESTBEISRLTVEZ N,

LWIBELTy FCTHELAKRE CEFVTFRD
0.01% 25 » SUS304L, 316L Tix, Bk i1z
b e XD, B ZH 800°C LRI A D KR R
BT L TH, ZBHMHYLOGHEE B TS R
DT HIEE L BOH AR,

L Eo®atic &k, SUS304, 316 (ZHIHIELE - & s
HMe@EHTAZLICLD, RREMIDELY, BER
FMicowTh, BHETHhONENDRILYOHHD
BOOLNLEVENLHMEDRT v L 2815 n 5
A S b & D7,

3-2 HEHEL MESHCLIRRER
3-2-1 WREELAN
BIEI COMENICE D, BB & RFR~DRIB O H

—128—



BT - IEGEHC DA — A7 F 4 FRRAT ¥ L AMOME & R OFT iR 333

Table 2. Mechanical properties of TMCP type and ST type stainless steels, and hardness changes with aging.

HV a{:)e]l(‘ aging
. . 0.2% Proof strength Tensile strength HV 10kg £
TMCP/ST Direct

/ wreehon (kgf/mm?) (kef/mm?) asTMCP/ST 650°C 650°C 650°C
10h 30h 100 h

TMCP L 43.1 70.8 208 211 208 208

T 44.3 70.5 — — — —

ST L 25.0 55.7 140 133 139 132

T 25.7 55.9 — — - —

L : Longitudinal T : Transverse

fé%?%'”

b

(a) As TMCP (b) TMCP-650°CX30 h aged (c) TMCP-650°CX 100 h aged (d) As ST
(e) ST-650°CX30 h aged (f) ST-650°CX 100 h aged

Photo. 3. Microstructures of TMCP type and ST type steels before and after aging.
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Fig. 4. 10% oxalic acid etch test results of
TMCP type and ST type stainless steels.
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(a), (b} Scanning electrop micrograph of carbide in TMCP type steel
(c) Carbide in TMCP steel (Extraction replica.)
(d), {e) Scanning electron micrograph of carbide in ST type steel
(f) Carbide in ST steel (Extraction replica.)
Photo. 4. Scanning electron micrographs and transmission electron micrographs of TMCP

type and ST type steels after 650°C X100 h aging.
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Fig. 5. Ferric sulfate-sulfuric acid test
(Streicher test) results of TMCP type and ST type
stainless steels.
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Photo. 5. Transmission electron micrograph of
carbide in TMCP type steel after 650°C X 100 h

aging. ‘
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