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Nucleation Sites of Austenite from Lath Martensite in

Fe-0.226C-X Alloys

Synopsis:

Imao TAMURA, Yukio NARIYOSsHI,

Sadamasa SHIMOOKA, and Yujiro NAKAJIMA

The influence of alloying elements on the preferential nucleation sites of austenite formed from lath marten-
site in low carbon low alloy steels by heating above Ag, temperature was studied. The main results obtained

are as follows. :

1) In plane carbon steel and low alloy steels containing 1% Mo, 0.29%Nb, or 19%Cr (carbide forming
elements) as the third element, prior austenite grain boundaries act as preferential nucleation sites of auste—

nite during the early stage of austenite formation.
also inside prior austenite grain.

As the precipitation proceeds, austenite tends to nucleate

2) In an Fe-C-1%Ni alloy, not only prior austenite grain boundaries but also packet boundaries of lath
martensite act as the preferential nucleation sites of austenite during the initial stage of austenite forma-
tion. As the precipitation proceeds, block boundaries and lath boundaries also become the nucleation

sites of austenite.

The similar precipitation behavior was observed in the alloys containing 29, Mn, 29, Cu,

1 %Si, or 19 Co (non—carbide forming elements) as the third elements.
3) The effect of the amount of third elements on the preferential nucleation sites of austenite was also

studied in the alloys containing Si or Ni.
is more dominant in the higher alloys.

In both cases, nucleation of austenite inside prior austenite grains

4) The effects of the formation temperature of austenite and prior austenite grain size on the preferential

nucleation sites of austenite were found to be small.

5) In the alloys containing Ni or Si, nucleation of austenite inside prior austenite grains was clearly
observed. Such a phenomenon was approximately explained by the decrease of boundary tension due to
micro-segregation of alloying elements on the grain boundary.
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Table 1. Chemical compositions of steels (wt%).
C Si Mn P S Mo Nb Cr Cu Co Ni Fe
Fe-C 0.33 0.35 0.72 0.013 | 0.021 — — — — — — bal.
Fe-C~1Mo 0.21 0.011 |<0.005{ 0.003 | 0.004 | 1.09 — — — — — 7
Fe-C-0.2Nb 0.20 0.005 | 0.004 | 0.0l6 | 0.005 — | 0.19 — —_ — — v
Fe-C-~1Cr 0.17 0.28 0.78 0.018 | 0.015 — — 1.10 | 0.05 — — 7
Fe-C-2Mn 0.20 0.010 | 1.94 0.019 | 0.004 | — — — — — — 7
Fe-C-2Cu 0.12 0.016 [<0.01 0.038 | 0.003 — — — 2.16 — — 4
Fe-C-1Co 0.22 0.010 {<0.005 | 0.034 | 0.005 — — — — 0.99 — 4
Fe-C-3Co 0.17 0.011 0.011 0.030 | 0.004 | — — — — 2.66 — v
Fe-C-1Si 0.12 0.87 |<0.005| 0.002 | 0.005 — — — — — — 7
Fe-C-3Si 0.20 2.99 {<0.01 0.021 | 0.003 | — — — — — — y
Fe-C-INi 0.19 0.009 |<0.005 | 0.037 0.004 — — — — — 0.99 4
Fe-C-7Ni 0.22 0.010 |<0.01 0.032 | 0.013 — — — — — 6.95 7
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Fig. 1. Schematic drawing of construction of lath
martensitic structure within a prior aus-

tenite grain.
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. Optical micrographs of the specimens of Fe-C alloy, showing the nucleation sites

and growth process of austenite formed from lath martensite.
(a) original martensite structure (etched by 29, nital)
(b) up-quenched at 744°C for 15s (etched by picral)
(¢) up-quenched at 744°C for 20s (etched by picral)
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Photo. 2 X Fe-C iz (a)19%Mo, (b)0.29Nb, (c)
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Photo. 2. Optical micrographs of the specimens of Fe-C-X alloys, showing the in itial stage of the
austenite precipitation.
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Fe~-C-195Mo alloy, up-quenched at.742°C for 50s (etehed by 29, nital)
Fe-C-0.29,Nb alloy, up-quenched at 740°C for 20s (etched by 29, nital)
Fe-C-19,Cr alloy, up-quenched at 776°C for 10s (etched by Vilella’s reagent)

Fe-C-29,Cu alloy, up-quenched at 734°C for 20s (etched by picral)
Fe-C-19,Co alloy, up-quenched at 755°C for 10s etched by 0.5% nital)
Fe-C-195,S5i alloy, up-quenched at 762°C for 10s (etched by 0.5% nital)

(a)
(b)
(c)
(d) Fe-C-29%Mn alloy, up-quenched at 724°C for 25s (etched by 0.5% nital)
(e)
(f)
(g)
(h)

Fe-C-19,Ni alloy, up-quenched at 722°C for 20s (etched by 0.5% nital)
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Photo. 3. Optlcal rhlcrdgréphs of the specimens of Fe-C-X alloys, showing the later stage of the
austenite precipitation.
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Fe-C-194Mo alloy, up-quenched at 742°C for 200 s
Fe-C-0.29,;Nb alloy, up-quenched at 740°C for 50 s
Fe-C-19,Cr alloy, up-quenched at 776°C for 20 s
Fe-C-29,Mn alloy, up-quenched at 724°C for 40 s
Fe-C-29,Cu alloy, up-quenched at 734°C for 50 s
Fe-C-194Co alloy, up-quenched at 755°C for 50 s
Fe-C-194,Si alloy, up-quenched at 762°C for 200 s
Fe-C-19,Ni alloy, up-quenched at 722°C for 50 s

(etched by 29, nital)
(etehed by 29, nital)
(etched by VILELLA’s reagent)
(etched by 0.59% nital)
(etehed by picral)

(etehed by 0.09, nital)
(etched by 0.59, nital)
(etched by 0.59% nital)

L

Photo 4. Optical mlcrograph of the specimen of

Fe-C-19,Si alloy, 762°C for 200s,

- showing the austenite precipitated at
"~ block boundary. (etched by 0.5% nital)
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52‘1,-*(1,\5. Photo. 813 1000°C © 1h #—XF 54
MEL72d DT, TSN OLBEEETIFEEAERTT
b%. F—AFFA MEFARER 742°C T 2°C K
#ﬁﬁbﬁé&ETéé HA — 27+ 4 MRZIZF40
pTHD. LD EHFIBR LIT L was, BRtox
IFRIEVIEA ~2FF 4 MERO L5 Th 5.

SO BIEA —~ 2 FF 4 NRESZELTD
F—ATFA PRELALERA—RF7 74 MR
LTHY, HHE— FItZobidiE & A SR bz
[FER7%EB % Fe-C-1%Co &4, Fe-C-7%Ni 54
THITRDEBIEF —AFT F 4 MRENRZEOTH, HTH
F— FITZ{bIZ520 v oo,

Photo, 5. Optical micrographs of the specimens
of Fe-C-394,Si alloy, showing the nu-
cleation and growth process of the
austenite.

(a) up-quenched at 856°C for 10 s
(b) up-guenched at 856°C for 50 s
(etched by 5% nital)
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Z(bF 5 2 &%% Photo. 1 ~6 12X 0 HE S 7507z
Table 2354 TTRIC KX HITHEL YA bOB{LERL
72D THS. Fe-C, iz 1%Mo, 0.29Nb, 19Cr
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ST L, AT RN DT 5. FEi ]
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Table 2. Preferential nucleation sites of austenite.

Initial stage Later stage
Fe-C
19%Mo . . . Boundary and inside of prior austenite
(l);;g” Nb Prior austenite grain boundary : g;)ains y ol prior au »
oCr .
29%,Mn
225Cu Prior austenite grain boundar . . .
1,2 C_o arrlg)rpa‘clket b:uﬁ dary Y Prior austenite grain boundary,’ :
i‘;;aolei packet boundary and
30,Si Prior austenite grain boundary, block boundary
° packet and block boundary
79,Ni Boundary and inside of prior Boundary and inside of prior
° austenite grains austenite grains

Photo. 6. Optical micrographs of the spceimens of
Fe-C-79,Ni alloy, showing the nuclea-
tion and growth process of the austenite.
(a) up-quenched at 664°C for 50 s
(b) up-quenched at 664°C for 100 s
(etched by picral)

4 MRS 3 XU packet BEFRUCESENTHI L, HTHIRHEDs
& block R HTHT 5. ZoEmMIE 2%Mn, 2%
Cu, 19,81, 19%Ni 2R L7cb D THREKRICA LS.
EE&TTEEAEML, 3%Si 2T Uiz 3 O TRy
HiB 5> 5 block SR HATHIT %438, 7%Ni ZHm L7z

LDTH, [HA—2FF4 MR, BRI HH L,
FrNO S DIFzSA lath BERICHH L & 0 EFE X
bhh. %722 OX 5 hBEROBEIHEREE
(Photo. 7), [H#4 —A5 54 Mg (Photo. 8) ZZEX
T ok & I LI B H T |
DX NEETEDOEENRTDOEETLEDEDL S
RVERIC X 53 D»IE X < b by, Ly LIFERE
~Z2FF4 MIEA —~Z2FF A4 PR EORE T 20V
F—OBOFRCHFHR LTV EF 2 5N 5 P EIT Mar-
DER 5318 3T A SO X D T AT HA |k
MO (packet, block, lath) LiZBEIHIC X D
LB L ORGSRk D, RO
oA OMEE (BEA) BIHEA —AFF4 PRARD
S bk x<, packet HEF, block 55, lath RO
iz /hx < 72T, lath BERCIEBEETSERILIEE
AXRUERNE L DTV, Fhik, HA—AFFA4 b
WRORMI ANVF —0352EHREL, BHABPHSL
BHBEENELLS. :
Fhif, IBA—27FA MIRCE S 2L bBRHCHA
—ZAFFA FOEERERL, EADNIWERICEKDIF
RS WL S BFETES. LT O,
LLLURTEEANE— 7B DREVWIHA~AFTFA4 b
R, *—2FF4 MREED L EXAETLRIPRITL
T, 78 BMETF LT, packet BEF < block SER & 5\ IiX
lath 850 RE = AV E — L F AR EBTEV K 5T
mHE, A—AFFA4 MERABE LTCOEA AT
FA4 MEROBEERETLTL 5. £ LTHRNIC L
BERETD IS5 DTHSS. exid, Cu 2&F
THRMIIA — 274 PRI Cu 2M@EHT LT, B4
T o> TRREYRs T GREEK) Z2Rx<amb
NTWAHEETHS. Mn, Cu, Co, Si, Ni i ZzDX
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Photo. 7. Optical micrographs of the specimens of Fe-C-X alloys showing the influence of the up-
quench temperature on preferential nucleation site of the austenite.
(a) Fe-C alloy, up-quenched at 734°C for 200 s
(b) Fe-C alloy, up-quenched at 755°C for 6s (etched by picral)
(c) Fe-C-1%Co alloy, up-quenched at 734°C for 50 s
(d) Fe-C1%Co alloy, up-quenched at 755°C for 10s (etched by 0.5% nital)
(e) Fe-C-7%Ni alloy, up-quenched at 664°C for 50 s
(f) Fe-G-7%Ni alloy, up-quenched at 672°C for 10s (etched by picral)

S —AFFA4 MIFRITIC X DRRO T 20 ¥ ~ (%
TYERARD B7-DICHRDO & 5 REERE LN LD T
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— 54
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ETH5. FRILWERTRIBHCA ~AF F 4 MR
RICPHERIFCE, REx AV -2 T o@x27%
2 RALMAERTGRETRA —2AF F4 MHTEBLTY
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Photo. 8. Optical micrograph of the specimens of
Fe-C alloy, austenitized at 1000°C for
lh, quenched and up-quenched at 742°C
for 20 s (average prior austenite grain
size is about 40p).

HIRFETLRBE L OMELERAR DD, MARTRSCD
L WDTHESS. bbbHA, RICIERTTER LRE
B L OSBRI NT L A HEURT 525, AHIED
B4, Table 1 55bn 5 X 5t LARESBRIOS
ETHD. ZOXHIEEE, B —-XF+4 MR
BRI LIEd Wiz, REANVF—-DL 2L BWIHA
—AFF A4 MERCEENB Lo LBbh %,

Photo. 1 (¢ ), Photo. 3 (a)(b)(c), Photo. 6 7%
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(1) Fe-C, 3X0 1%Mo, 0.29%Nb, 19%Cr (j5

i

bk IeR) 2HRMLcd DT, HERY—A 77
A4 MIFHIHIZIRA — 257+ 14 MRRICEELETHL,
P T L RN ST 5 X Sein 5.

(2) 1%Co ZIRIN Lz d O TR BT IHA —
A7 F4 MR B IV packet SERICEEITH L, HTH
23 ETs & block R HITHT 5. Z OfFEENE 2%Mn
29%Cu, 1%Si, 19%Ni GER{bERIGE) 2Emlic
LOTHEBETHS. & <o Ni, Si IR Z DR
DHOLLHETHD.

(3) E7-A4mumaELEML 3% Si ZRMLicd
O TN 2> & block BERC LITHT 525, 7%
Ni 2Lz bOTh, B —2 754 bofr R, kL
NEEbTIF LA EH L, MADDDORSA
lath SERCH B LzbD BN 5.

(4) ZDX5kE4&TREOPEINZLRRAE, HS
—ZAFFA MRIREZE(LIE T T LAEESR 2D
7z.
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