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Strengthening of Alloy Steels by Ausforming

Satoshi WATANABE, Toru ARAKI and Hirofumi MIYAJI

Synopsis:

-

Strengthening mechanism of ausforming were investigated for some alloy steels.

Thin foils taken from ausformed alloy steels showed that special carbides could be directly
formed at subboundaries in the deformed austenite. Carbon extraction replica also showed that
carbides distributed along cell boundaries in ausformed martensite after tempering, while in directly

transformed one carbides were extracted along lath boundaries.

Furthermore, by means of direct

observation, both austenite and - martensite subjected to ausforming were revealed to have a cell

structures.

From the above results, it was suggested that the structure having a number of cells which had been
developed in austenite during ausforming was introduced to martensite through the transformation.
In such an inheritance, carbide precipitates on the dislocation network should have an important role.

It will be discussed that the cellular structure is responsible to the strengthening by ausforming.

(Received March, 7 1969)
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Table 1. Chemical compaosition and structure of alloy at room temperature.
Alloy | Type C i Cr ’ Ni | Mo E Si ﬂ Mn ﬂ P ﬂ s N | Structure*
s [Fe-CrNi-| 9.9 | 17:00| 690 | 1-99 | 087 | 049 | 0:002| 0006 | 0-0041 |Austenice
M1 |Fe-Mo-C| 029 | 495 | 0004 | N.D.| 0001 0-008| 00018 |Martensite
M2 " 0-25 435 | 004 | 006 | 0-001 | 0-006 | 0-0021 p
N1 |Fe-Ni-C | 030 30-40 0-07 | 0-001| 0-002 | 0-0009 |Austenite
N2 |Fe-Ni 0-004 30°65 006 | 0:001 | 0-003 | 0-0008 P

* For both ausformed and directly quenched
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Table 2. Ausforming process.

Austenitizing Ausforming
All t .
o e | Temp. | Holding | Reduction
°C time min %
S 1100 550 10 72
Ml 1100 550 3 32~34
M2 4 7 3~10 32~80
N1 1000 1 500 3 25
N2 ” o 3 ]
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V L Machined bar stock
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Fig. 1. Schematic illustration of ausforming pro-
cess in which machined bar stock having
various thickness are- reduced to 3mm
of final by pressing.
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¢ phase formed from directly quench-
ed austenite to which 10% of reduc-
tion is subjected by rolling at room
temperature (alloy S).
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Photo. 2.

Photo. 3.

Martensite formed from directly
gquenched austenite to which 10%
of reduction is subjected by roll-
ing at room temperature {alloy

59 cold rolled structure of 729%
ausformed austenite (alloy S):
a ) Showing some dark bands formed

in austenite.

b) Dark field image due to (011),
spot which is arised from electron
diffraction of an area containing
dark bands, showing them to be
martensite.
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Photo.” 4. Diffraction pattern from Photo. 3a
and the key .diagram.
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Fig. 2. Increased amount of martensite transformed
with cold working of austenite at room
temperature. (Alloy S)

DEFLEERMBER, MTIREDIRS>F AT F4 b
DT %4 bANDOEREBENVWLLS LLBRSEET
bH%. Fig. 2RAABHZOWT, MIELERE LN
TU94 PEOBBERLADOTHS. EEEARE
TRMIEOH AL &b AP BENCETT 5D
R, &—27 & — 2FETIE 109% s HZSEES
BT AL, 20% O X o THEDY 70% 3525
BETTT5. '

Blbo X5 ERREFOMREE, ARlHo4—274
A MO FEME ZREPFETDH L% FRLTY
5. bbAALFT—RA T+ — L ENIA —RFT F4 MEEE
A, BRTMLOMIbFT L VEEEAGBOMER L
RILDHDIIHRTHSD. Lrl, A—RF7F+4 FRAF

VUV AR EEEERTIILTY LT v 4 Mo EREX

VCHRBNARER BN VWERSE 2D L, £ —2
T i —bhEVHIMBRIZALSE — AT F 4 FhOERIE
EZEMSE 523 T, BIBTHIT5Z LHE&KD
EHTEEEE D A ST R ERESEET S X5 R
bhb. TTCHE LRI IE, T4 —27 >
4 FOEERIEE FIT I 50~100 A o X 4o T EHRTS LA
BT L Tvw%. Photo. 5 13729% A —~2 7+ — &L/
EFEDEES ORE» LI ONABEFHREOKRETH
DT, A—RAF A PRRTERZRy bOIE>CHTH

CHMDOARy PBEENTVE. TRLEAFY PEWS

DL LARELEY U REL, SIS
LTHBHTLHERLTWS. ASTM 1 — RELBESLA
R, CONMEWRREIRICRENS X 51 MoC L#EE
iz,
DEOHEENDL, #—ZXFF4 M EETHIT5 &
SROEMPREL, £hi s dTEMELTEERE
MHPEEITHT 5 2 LW L2k, 20X SR
B EDZRN, TREDCDIRELEELE5ELD5HDE
Bbhs. :

MoC (Molybdenum mono carbide)

d from Observed

ASTM card I/1, hkl | d Remarks
2:741 70 004 —
2+537 60 100 —
2-474 100 101 247 spot
2:087 80 103 2-10 .
1-862 80 104 1-90 | possibly
1-660 60 105 —
1-466 80 110 1-44 spot
1-372 40 008 —
1-333 50 107 -
1-291 90 114 1-29
1-270 30 200 1-27 possibly
1-260 50 201 1:27
1-207 30 108 —
1-196 50 203 1-18
1-152 60 204 —
1-099 60 205 1-07

Photo. 5.

Identification of carbide precipitated during ausforming of alloy S (thin foil).
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Fig. 3. Isochronal tempering curves of ausformed

and directly transformed specimens (Alloy
‘M)
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Photo. 6. Carbon extraction replicas of tempered
structure of alloy Ml at 600°C for
30 min.

a) Non-ausformed

b) 329 ausformed
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Carbon extraction replicas of tempered
structure of alloy M1 at 600°C for
2 hr:

a) Non-ausformed, in which carbides
are formed along to lath bound-
ary.

b) 329, ausformed, in which carbides
are formed around to some blocks.

Mo,C D $HHIRER B DLNZ L >R DHD
vE, MEKBIED Shr OEL X LETHS. LALED

KESEEBEARBOEI BREL, #—27+— 4

ﬁﬂ?ﬁfuaﬁ%ﬁi®ﬁﬁﬁ&%ﬁ%blif%é

75 EPREIICO LD LN BRI T EF . x|

HIEICEWTX ) BSHRITHES B Z ofc 2 ms L
Tv5 600°C &EwplEd XL IKHIFE BI L onTit
TTTEEY Lieh, ToBRSHEIOC— 71 ikt
¥ 30min, $%ETIE lhr fHiEEHRLNBDT, ZTOH
THIZEFELTWS. 8hris Lot 20hr DfEd X LIC
BT MEDERIT-FELHALISICKS. 20br @
#igiZz Photo. 8 17§ 4%, EEMARK CIEHREOR
RADPIE D BT L ASb»5. Photo. 91 50 hr fEd X
LEZOHBITH 5. BEEEARE T REDBESE
HLRTD, tEDL/NS L sEMERT. 587
AR L ORIRTHMOBANIFE Y XS5k 558, T

Carbon extraction replica of tempered

structure of alloy M1 at 600°C for

20 br: o

a) Non—aygfqmgd, in which lath
boundary ; particles and large

fea needle "pre'cipitates:are coexisted.

b) 322, ausformed, in which smalle

needle precipitates are existed
. within block edged by carbide
particles.
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Photo. 9. Carbon extraction replicas of tempered

structure of alloy M1 at 600° Cfor.

50 hr: S

a) Non-ausformed, showing particles
in full growth after long tem-
pering.

b) 329 ausformed, showing needles
grown up within each block.
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Fig. 4. X-ray diffraction patterns of carbides electrolytically isolated from directly transformed
specimens tempered at 600°C for various time.
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Fig. 5. Growth of Mo,C needle crystal during
isothermal tempering at 600°C, showing
difference between ausformed and directly
transformed specimens. (alloy M1)
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Photo. 10. As quenched structure of non-aus-
formed alloy M1 (thin foil).
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Structure of non-ausformed alloy M1
tempered at 600°C for 10 hr, show-
ing carbide particles precipitated on
lath boundary. (thin foil)

Photo. 12. Structure of non-ausformed alloy M1
tempered at 600°C for 8 hr, show-

ing carbide needles precipitated
within_a matrix. (thin foil)
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Photo. 13. As ausformed structure (329) of
alloy MI.
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Structure of 329 ausformed alloy
M1l tempered at 600°C for 10 hr,
showing carbide particles precipitated
on sub-boundary. (thin foil)
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Photo. 15. Structure of 329, ausformed alloy
M1 tempered at 600°C for 8 hr,
showing carbide particles precipitated
on dislocations in a large sub-grain.
(thin foil)
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Photof 16. 809, ausformed structure of alloy M2
showing to be a number of subgra'ns
in_martensite (thin foil).
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Fig. 6. Subgrainsize dependency of hardness for
ausformed alloy M2.
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Photo. 17. Quenched and sub-zero treated struc-
ture of non-ausformed alloy N1
(thin foil).
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Austenitic structure of 259, ausformed
alloy N1 showing to be a number
of subgrains (thin foil).

Photo. 18.
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Quenched and sub-zero treated
martensitic structure of 259% ausform-

ed alloy N1 having a number of
subgrains as same as Photo. 15.
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Austenitic structure of 259 ausform-
ed carbon free alloy N2 showing to
be a number of subgrains. (thin foil)

Photo. 20.

Y

Photo. 21. Quenched and sub-zero treated
martensitic structure of 259, ausform-
ed alloy N2 having no subgrains as
result of carbon free. (thin foil)
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Non ousformed

Fig.” 8. Line profile {110}, measured by X-ray showing
decrease of tetragonality in ausformed martensite
-containing carbon. (alloy NI1)
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