476 g & & BAMUE B 45

B kT B] 9 % B 38 dD"
BROREEREICDOT (20 1)

N

STUDIES ON DUPLEX-GRAIN STRUCTURES OF AUSTENITE (II)

Ca uses of formation of duplex-grain structures in steels (Part-1)

Yoshiaki Masuko

Synopsis: i
By the systematic experiments and some theoretical considerations from the view point of
grain-growth characteristics of austenite, causes of formatlon of duplex-grain structures in
steels were made clear, and some suggestions were ngen in relation to the prevention of

- such structures.

.~ Results of these investigations are summarized as follows:

(1) ““Uniform duplex-grains” appear-in the stage of abrupt coarsening of austenite result-
ing from the dissolution of grain-growth inhibitors into it. .

. (2) “Non-uniform duplex-grains’’ are due to the primary segregation of grain-growth
inhibitors leading to the non-uniform distribution of initial austenite grains on heating through
the critical point. )

(3) Grain-growth inhibitors are predominantly AIN in Al-treated steels, and the relation
between the amount of AIN and its degree of segregation determines whether these steels

. have ““‘uniform duplex-grains” or ‘‘non-uniform duplex-grains’.

(4) For the prevention of ‘‘duplex-grains’, it is necessary to reduce the primary segre-
gation as little as possible and to preserve the suitable amount of AIN in steels. .
(5) In addition, it is indicated that ‘‘uniform duplex-grains’’ appear also in the stage

of grain-growth after recrystallization of hot-worked steels and ‘‘non-iiniform duplex-grains’’
appear also in hyper-eutectoid steels resulting from the primary segregation of carbides.
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Fig. 1. Three patterns of duplex grain

structures of austenite. (schematic) -
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Fig. 2. Hardness distribution of Ni-Cr-Mo
case-hardening steels in as-quenched state.
(950°C x 6h—»water-quench)
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Fig. 3. Microstructures of Ni-Cr-Mo "case-har-
dening steels-in as-annealed state. ‘
(850°C x th—furnace cool.)
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Quenched from 730°CX Imn Quenched from 800°Cx 10mn’
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Austenite formed on heating
(Martensite in as-quenched

Steel A state).
F:
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C:
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Fig. 4. Ear]y stages in nucleation and growth of austenite in Ni-Cr-Mo case
hardening steels on heating through the critical range.
(Etched in 594 picral with 12, zephiran chloride, formvar-Al replica—Cr shadow,
X 5,000(1/2)—direct magnification X2,000, photographic enlargement Xx2°5)
Quenched from 780°x th Quenched from 830°C X 1h
Steel ‘A
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Fig. 5 Growth of austenite in Ni-Cr-Mo case-hardening steels on heating through
the critical range.
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Cr-Mo case-hardening steels.

Beegly @Oz X F )V - NuHF UED THET T2k, £

OFERVE Fig. 6 WRT LBV THY, Thichihkito
| TeDHETHPO Fig.

1 XO{ENE o 2F/ikL7. HE5AM
Btk Tiz AIN 0glid§ 5 1050°C BBt W T
e OEARRERED, Zhitd b0 TIRNESHE
ML 1100°C THAKEL T “IRER DR OFiEL
25, CHICHUTHRAP A KHVTREK & LT
.Mngm»t<%@%me@M%WTﬁwb pili
BURE O LH L & HIWEA L, B DKL 5I8E
A5 950°C MHETH B Z LR XU Z OFHE X b FEERRrAS
ﬁ<ﬁbﬁtﬁ%iﬁ?é@ﬁkm &#EE%%
DEOERX DRHOFREE AIN OFfFE OMIcr
D TEELBIROSB L LA b 5. Tisbb AIN
MFET D X E>THEROEESEHESIL, Th
PERT B LI E D TABICKELBIAL, —OkE
XM T “IRIER ORN” 2FEETLIOTHS. “RER
DIRK” OWTIE, BB ORETERE B2 E&hED
&, 2o AN BRE—RSHRETHFET 22DITX
NBSWHERE S VERG LB TE, ThEh Oy
BWTER D R REREE L 5RRek LT
BB WESTHREZ L 23D LELLNS. kT
MﬁmA®%AAﬂ¢@égmM&v#%ﬁb9%%
A TRGRSHERY, RNENS EFLTVWEHDRC
DIzDTHHS ($:L) (BF w32¢10H$%)
S b [N
1) 2T g XM, 43:(1957) p. 1307
” %, 44 (1958) p. 28 ,
2) D: K. Bulléns: ‘““Steel and Its Heat Treat-
ment’’, (1938) vol. 1, p. 113. ‘ ‘
3) HR, BB HEEGBFESRE, 18 (1954) 5997
4) “EIZBMOREOHME”, NSK Bearing -
~ Journal, No.- 606, July,. 1956, p. 33
5) A. E. Nehrenberg: Journal of Metals, Jan:,
"(1950) : Transactions AIME, vol. 188, p. 162
©6) ‘““Atlas of Isothermal Transformation
Diagrams”, USS, p. 104
7) H. E. Beegly: Analytical Chemistry, 24
(1952) 1713

— 21 —



