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On the Strengthening of Age-Hardenable Austenitic Non-Magnetic Steels

Jirou NAMERATA

Synopsis:

The present study aims at reducing the reducing the grain boundary brittlement caused by the
preferential precipitation of carbide on grain boundaries and at strengthening age-hardenable austenitic
steels. An investigation was made on the effect of the thermo-mechanical-treatment on the properties
of Mn-Cr and Mn-Ni-Cr type austenitic steels containing V by means of the mechanical test and the
microscopic method. The results obtained are as follows:

1) Although the strengths of 0-4C-17-Mn-12Cr-2Ni-2V and 0-4C-13Mn-8Ni-5Cr-2V steels are raised
remarkably by aging, these steels are susceptible to the preferential precipitation on grain boundaries,
so that the values of the elongation and the reduction of area fall down drastically.

From the observation of the fractured surface, it is found that the fracture generates along grain

boundaries.

2) The preliminary cold working gives good effects upon the mechanical properties of the two steels
after aging treatment; it increases the strength and the ductility.

3) The preliminary working contributes to decreasing the grain boundary embrittlement that is de-

veloped when age-hardening occurs.

4) By the combination of the preliminary hot working process and the aging treatment, the two

steels show the higher strength and ductility.

(Received May 25, 1972)
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Table 1. Chemical composition of the

specimens (wt%).

composition
Mark (%)l C|{Mn | Cr | N1 | V Si
of specimen

A 0-41| 17-45| 12-25{ 1-99| 1-86| 0.53

B 0-43| 12-90| 5-13| 7-83] 1-92| 0-56
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Table 2. Properties of age-hardenable austenitic non-magnetic steel.

Crystalline texture

Steel Heat treatment Crystal system Structure
1200°Cx1hr WQ f. c. ¢ Austenite
A
1200°Cx 1 hr WQ .
70000 X 5 hI' Aging 4 Austen1tc+V403
1200°C x1 hr wQ 4 Austenite
B
1200°Cx1bhr W .
788"0 §5 hll: Ag%g ” Austenite+ V,C,
Mechanical properties
- 0-29,Proof Tensile . Reduction
Steel Heat treatment stress strength Elongation of area V. H. N.
(kg/mm? | (kg/mm?) (%) (%)
1200°C %1 hr WQ 39-2 81-3 66-5 62-7 195
A
1200°Cx1hr WQ . . . .
700°C x5 hr Aging 104-0 119-7 11-2 8-5 427
1 200°C x 1 hr WQ 39-2 80-0 58-4 57-1 175
B ,
1200°C X 1hr WQ . . . .
700°C X 5 hr Aging 97-8 106-7 12-6 257 405
Magnetic properties
Permeability
Steel Heat treatment
200 Oe 500 Oe 1000 Oe
1200°Cx1 hr WQ 1:003 1-004 1-004
A
1200°Cx 1 hr WQ . . .
700°C % 5 hr Aging 1:005 1-004 1-005
1200°Cx1hr WQ 1-003 1-003 1004
B .
1200°C x1 hr WQ . . .
700°C x 5 hr Aging 1+004 1-004 1:004
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Fig. 3. Mechanical properties of 0°4C-13Mn-8 Ni
-5Cr-1-9V steel solution treated, aged at
700°C for 5hr and cold worked 309%.
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Fig. 4. Effect of preliminary cold work on the
mechanical properties of 0°4 C-17 Mn-
12 Cr-2 Ni-1-9 V austenitic steel.
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Fig. 6. Relationship between mechanical properties
and aging time for 0-4 C-13 Mn-8 Ni-5 Cr
-1-9V steel cold worked 159, and aged at
700°C . ‘
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: Ad}d(220) y Y
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Air cooling after
p . -3
hot rolled 509. | ° 30%10 607
Water quenching
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T T T T
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Fig. 8. Effect of rolling temperature on the
mechanical properties of 0°4C-17 Mn
<12 Cr-2 Ni-1-9V steel.
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SR 2 A VWIEHR AL 1 150°C @ CTET= 50% o
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HATHE DR LBAREIE 21T v, SHAsEEShis o ke
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Table 4. Effect of repeated rolling on: the mechanical properties of Mn-Cr-N-V

type austenitic steel.

. 0-29%Proof Tensile El . Reduction
Steel Condition of specimen stress strength ongation-| ¢ area
' - o os(kg/mm)? | op(kg/mm) 3 (%) ¢ (%)
unaged 39-2 81-3 665 627
700°C x5 hr aged 103-8 119°7 | 80 | 85
502,hot roll 4+
g 117-8 130-0 150 30°5
0-4C-17Mn- Solution 700°C X1 br aged
12Cr-2Ni-1-9 treated 1 hr 502,repeat-roll 102:7 112-1 17-8 50-8
v at 1200°C 50%repeat-roll + i
' (44 o . . . .
700°Cx 1 hr aged 123-2 131-3 9 4 28°5
509, repeat-roll + . . q. .
700°C x 5 hr aged 116-9 127-4 »488 254
509,repeat-roll + 104 - . . .
700°C x 10 hr aged - '104°6 119-1 11-5 207
unaged 392 80-0 58-4 571
R 700°C x5 hr aged 831 101-8 16-1 34-4
' 5094hot roll+
o 944 106-1 14-0 386
0.4C-13Mn- | Solution 700°CG x5 hr aged
8Ni-5Cr-1+9 treated 1 hr 509%repeat-roll 834 958 15-6 49-9
v at 1200°C 509%repeat-roll +
(74 a . . . .
700°C X 1 hr aged 96-4 1074 11-2 44-5
509%repeat-roll + . . . .
700°C X 5 hr aged 83-3 102-8 18-7 46°6
50%repeat-~roll + ] . ; .
700°C X 10 hr aged - 84-4 103-1 19-7 43-3
Table 5. Magnetic permeability of 0-4 C-17 Mn-12 Cr-2 Ni-1-9V and
0'4 C-13 Mn-8 N1-5 Cr-1"9 V steel.
Permeability (#)
Steel Condition of specimen
' 1300 Oe 500Ce 700 Oe 1000 Oe
unaged 1-0030 1-0027 1-0022 1-0019
0-4C-17Mn- Solution stretched 309, 1-0029 1-0021 1-0021 1-0018
12Cr-2Ni-1-9 treated 1 hr
v . at 1200°C 700°C x5 hr aged 1-0029 1-0028 1-0023 1-0020
stretched 309, . . .
700°C x5 hr aged 1.0034 1-0035 1-0029 1-0029
unaged 10043 1-0042 1-0037 1-0033
0-4C-13Mn- Solution stretched 309, 1-0039 1-0036 1-0034 1-0032
8Ni-5Cr-1-9 treated 1 hr
v at 1200°C 700°C x5 hr aged 1:0034 1-0033 1-0032 1-0032
stretched 309 . - an . .
700°C x 5 hr aged 1:0035 1-0033 1-0035 1-0034
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AT TR TS ETT5 L 5k d 5.
Table 4 DFFR LD, BHiARD R LBBELZ D /058t
OENFERTHD L EREALPRED. BEA -2
F 4 MROMILFERIZ K DA, WRMIEC XD
7 X T\ BRI R XY, A S e BN T
OFIFAI X 0 R EOR_ESIT N,  AcE b
BB L AN & FRpC B IE R D ER & 7 5]
EAH B, Lo D> THMBAMIIC X 55bik Bk
MEROsEbic & EE BT, WIRAMNIAT -V ARED
B AHEETHBH LWL 5.

3-4 WIAOMHE

AR O WM VT A —2AFF 4 FIERMIETH S
B, MR, WIZIERMEE MR LA hiEd sy b
AAAEGERE ST H. KriNer?) 2/ 8328 > Fe-Mn-Cr
MM ESERL, r¥E—ETH5 X ibEREEE
LTk, BB ERES ML TV 5.
Table 53 BLUT 3 172 F CIEMCEIE T & 5RAKRFE
pEz AV, 0°4C-17Mn-12Cr-2Ni-1'9V X 04

C-13Mn-8Ni-5Cr-1"9V o WiRkEIc > X KO 4
WTFNROHE D

R D BUELEE LBERTH .

a) Specimen A aged at 700°C for 5 hr.

HEHR 105 LATFTHY, BT LSRRI LTHIE
@HowEr kST bd, T RCIRKER TS
HoDE@BDLND.
3.5 FEWSAGIBRHAMESORBR
HITERIITIT X 5L DT EORE,
FERoR Y T, RFREEN I OREL S8k D
HBHDHDT, FHRNCEMINT LS O & Bikiit
BoRBREE MG L LCFH~</. Photo. 21 IESIOH I X
OB RIS bie Ak L, Bgh Lol os 3R
K OIS E EEETHEMBC X VI LR T
BHBH, ThiIC NIEREID 2 DB IR R AT
DR LN, #HETDb0LFEREFMEITET TV D H3E5HT
EWRCEDTRIDOTVWEOMNEY XS ICR 5N 5.
T bRMDOADORN TRHEDOSERABRTH BT
i 5, EUREC WS TEXTHCX VAT
Fofh Sb RARSENT T & b e SRR ORTICER L
T, EHMEEL AL D ERLNE. O LE IO
DEMPREENT X D E LLTit, BERME omatidrh
LH—HHY, MOPEBECETT2HAEET HDIT
B LT \vb. FATEARMEEMT LS LR REE

b) Specimen A rolled 50% at 1150°C and aged at 700°C for 1hr.
¢) Specimen B aged at 700°C for 5 hr.
A) Specimen B rolled 50% at 1150°C and aged at 700°C for 5 hr.

Photo. 2. Scanning electron micrographs of two specimens after tensile test.
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SO AN

a) Specimen A aged at 700°C for 5 hr.

b) Specimen A rolled 50% at 1 150°C and aged at 700°C for I hr.
c) Specimen B aged at 700°C for 5 br.
d) Specimen B rolled 50% at 1 150C° and aged at 700°C for 5 hr.

Photo. 3. Optical microstructures of 0°4 C-17 Mn-12 Cr-2 Ni-2V and 0°4 C~13 Mn-8 Ni-5 Cr-2 V steels.

CRLND X 5 ITRPIRET & BT =4, TR bic k)
Wibashnb 0 igbE i< bY v 2 2FD DD/ HS
HTID, ZODRFHIDOHRITL L-GREMSEAL, L
D HIFCE D PRESNDHER LA D, LSO THA
ZAM E LE AN T 2SR SR (LRI S 2 % 5 SR S e o 3%
ZHE LT3 ZEIZBASHHTHS. Photo. 31ITEE
12D & BOBIRF A ALER % 1778 D 7SN D B 35 X OVBAR FE4E
HnT URs%h L72RUB O BRERAE RS iR Lol R Th %
B5, RO H TR R A BMICERIT D 0 ELEIT
AOLNLDIT L, FRIBFEELENNT UEESh L3k o
MEBRZEETOBRERR O —IEROR Y T b5k
ATED, BEIDOHBDHDITL TSR R
B ML RER & LT\ 5. Photo. 4 35S Rk
MeEEBFREMBECIVBE LCERCHHL, T
DEEELEMT B R~OBENILEZEM L TWDH &
Bbir 5. PR EEOEIRMIESE T DR R
BENHEORE L WS EE» LOMETE, DATX 0
sefSHERILT 5 LR R WEIR V2T b s
DRENTEY, Thid BRAEEO B X % RFRIT
HOBARKRZ 5HtT5E0vd ExTH5. Fio

M. YAMAZAKEY X DI OEKILFD DB X
Crhic & b7 5B REFIDBFIL & v 5 de{Spissh
RCEY, NRENOBER I VCEBHIESHICES L
SEFEXETLTVS. ZOH TR BEKLLTRED
BEWBET LTOBERFTBENERRIE L, Bt
DEHTIED U, FERIC 7o iR B v 86232 Hic i
50, BlhoETHEEINZHEBRKEREELZTH
3.
FEBRIIERCE T I5RRBRTHOTH, HIHEo
RPN RBERF LTwB 2 Epd, FREFRLI> R
EBEILNIS. LA LHRENOREAYBX 2 5
N, RO ER LoMBOBEYELETD 2 &
Wigsh, TOEOMOKREZE TS HDITRANELTHE
Wb Bils V.G O TH D, TONERIELH
NEDBEHOTE, BHOEE, MIOEETIIT
MBS L b oo i sis 85 L7z. Photo. 5
(a)iE 7= ohicT 1200°C X 1hr (BB bic
KET B IBER( LIRS {77 D72 0°4C-17 Mn-12 Cr-2 Ni
-9V $0 FRBEFBEBGEMM A TR Lo, BiEbd
BIEM AR IR IBENE X 2TRELEZERS
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a) Specimen A aged ati700°

b) Specimen A rolled 50% at 1 150°C and aged at 700°C for 1 hr.

X 1000 (6/7)

c) Specimen B aged at 700°C for 5 hr.
d) Specimen B rolled 50% at 1150°C and aged at 700°C for 5 hr.

Photo. 4. Scanning electron micrographs showing the aspect of grain boundary.

N5 EES BEINEDOAT EIXTEhWTH 5.
Photo. 5 (b) /X {A&{L{% 700°C X5 hr DRERERRNE (T
EZLiDDTHEH, Wik V.G fFraemics—
K LTWS. = Y v 2 2~D V,C; fr FOH HIC
B LT3 CTEE SLBFFICRE LTw58, i
O LTI TH IS VRIE V.G DR TH b,
W OIRIIERRTH D, FAEENSG LN DRI
TEHRE bR L TRAEE 160A BETH 5.

KRNt R F V.G BB T & OREIELS
LD TWBH DT, FEMc coherency strain HEIEE
N5, ZoOX S AT HERIEE R T V.G B0
FHZ XY, BEhck2ELVWREOHEASELNDD
T@H 5. Photo. 5 (¢ )ik 50% BREAEEMTI L, 7=7XH
WKE Lz 00K TH 508 BENEEOBVHED
Eo&E D LikwveRiZie2TE D, b T »ciTHaR
bhs.

Photo. 5 (d) WEWEIEENMLT L X SckEEh LR
DT H 505, BHHOLD X 5 ity —if i Tk
S DINTEENBY L, e B LTH O
SAROEBAERIE L e > TwvA. BlE, Photo. 2 2256

Photo. 5 {2 V7o B MEIES OFRER, 1B (LERRIEhAE ¢

DEEOBMER I Y C LSS, MA~—RICMET
WA 2325 RO CORNR~OELEITHIZER
Rhin . EECE ZORFAOEENHSBEET O
BEiCE2TEY, BHREOLEZITE Z LBERRE
BRI ERSSIC & % & EEMERI R & DV 5 N EWMIRR &
5.

FHEFICHI T T % & £ DEORERhC I W T I TEEN
FbhT, HRRRBECRROLICELRTH T 5720
T, INTIT X D EX I 7o F KRG S BEITH L,
B D H DFE IS T DR~ OBENT B & HEE
EAHERETS. LsoT oERE, #HE bR
2 &5 AL ORI BT HIC & b7 SRR DOTEE
HEMIZ L TWS LEMTHIEBTES.

4. &

Bpghil (b A — 2 7 5 4 MIREMEIR DM (L & FRFC,
WRA~OBEENMPIC X VET SR AMEOERZ BRI L
LT, Mn-Cr kXX Mn-Ni-Cr 4 —=2FF+4 b
JERERESRIC DV THN T & B A R R L, i
BN O R 2 LR, koBmsIEohi.

(1) 0:4C-17Mn-11Cr-2Ni-1'9V FH X~ 04

il
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59 4 (1973) #2 =

b) Aged at 700°C for 5 hr.
¢ ) Rolled 509 at 1 150°C.
d) Rolled 50% at 1150°C and aged at 700°C for 5 hr.

Photo. 5. Transmission electron micrographs of 04 C-17 Mn-12 Cr-2 Ni-1-9V steel.

C-13Mn-8Ni-5Cr-1'9V F#A— 25 F+ 4 MNP VT B
[BE 700°C @ CEhT 5 o &ick D, ik V.G Fr
FoLEmNTH L, SRS 528, Rk REEE
I &b SR AMBEOREC L h EESETT 5.
A A TR X hE, ZhbRERICEOTH
BfLTVWoORRLNS.

(2) =FERTORMIINTIIRRIE O BRI E i R
EZRL, TOMELIEWTED DHITHEILD.

(3) BMEMIEFEE LA bLRESThIEIFES
pEEEh, 27D OMIELER R FRNCERINT
5 X% IR LRI EET SRR IR,
ZOBOMOBWPIMEICIFHELTRL, TORELEF
BUEEDTVDS. .
TT(4)TTERIMNT LB E S E T S BB oAb

RIZED, VEELZIOMA— 27 514 FEIEVEH
HITGREY 185 2 2 T%5%5. 0:4C-17Mn-11 Cr-2 Ni-
19V §f, 50% ZARELE+700°C X 1 hr f5%h, 0° 2%t
J1=118 kg/ mm?, 53R X =130 kg/ mm? {Hr=15
%, %0 =319, 0-4 C-13 Mn-8 Ni-5 Cr-1'9 V&, 50%
A EHE +700°C X 1 hr B35, 0° 2% it =94 kg/ mm?,
FI3RE & =105 kg/ mm?, {BUt=13%, #&hH =37%.
(5) MShE{LAEIA — 27 F 4 bSO BB N
IEEic X M LT 58 b, BRI X DiNTE
DEAF, HBFRME~OITHE, —HEROE Y T4k, &
SRR OBEMERER Y, DX S IHBZELh3 sk
DL & ONTRIFHESEHT H o HIEN B & B E o
MBS o»5TH 5.

b, KPREZTLS5THi VBTV 2E
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