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Effect of Ni on the Behavior of Austenite Grain in Ni-Cr-Mo-V Steels

Synopsis:

Ryosuke HoMmA

In relation to the fact that Ni-Cr—Mo—V Steels containing 3 to 4%Ni have a tendency to form coarse
austenite grains, an investigation was made on the effect of Ni on the behavior of austenite grains in this kind

of steel.

Four materials of a fixed chemical composition except for Ni content which was varied in the range from
0 to 4'59%, were prepared. Specimens which have martensitic structure obtained by preliminary quenching
from 1250°C were heated to 900°C. Austenite grain size at 900°C and structural changes during heating

in these specimens were observed.

It was found that austenitie grain size tend to become coarser with increase in Ni content. Further, it

was known that acicular austenite grains which were formed in early stage of austenitization became finer

and more stable with increase in Ni content.

Based on these results, considerations were made on the austenitizing mechanism of steels which have

acicular prior structure.

It seems reasonable to consider that coarse equiaxed austenite grains are formed as a result of preferential

growth of a small number of acicular austenite grains.

It is believed that the role of Ni in formation of coarse austenite grain in Ni-Cr—Mo-V steels is to make

the lattice orientation of acicular austenite grains uniform, and, consequently to increase the stabilization

of acicular grains, this being a necessary condition for preferential growth of a small number of these grains.
(Received March 1, 1971)
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BRRERIEESE Ty, Ske AL Licdb,
15 mm X 15 mm BfTE O A s L.
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WERIC X DT DRt SR RV, HERA 1, 2,3 kX
CdiekuvwTrhFh ASTM No —0°2, —0°3, —0-4
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BT HHEMEBIIEREBM & DITETEL T Y A
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i, DED3BH DA —2F + 4 MLALEE
{3707

A: JnEGEE  50°C/hr, 900°Cx 1 hr—>WQ
B: Jn#uEEE 400°C/hr, 906°Cx 1 hr»WQ
C: ng#EE  50°C/hr, 900°C x 10 hr>WQ
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Table 1. Chemical composition of test materials (wt %).

Heat c Si Mn | P | S Ni Cr Mo \Y Al N

1 0-20 | 0-22 | 0'31 | 0-010 | 0009| 001 | 1'74 | 042 | 0'12 0-005 | 0-0096
2 018 | 024 | 033 | 0010 | 0008  1-60 | 1'76 | 042 . 0-12 0:005 | 0-0083
3 0-20 | 023 | 0'31 | 0011 | 0010 300 | 1'79 | 0-43 | 0-12 0:007 | 0-0084
4 0-20 | 0°26 | 0'33 | 0010 | 0:011| 4'5¢ | 18 | 046 | 0-12 0'006 | 0-0084
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Fig. 1 13 B 3 X 0SCAFIC 351 5 900°C amfsokss
Lot EOFEMIE (Fig. 1(a), HXUEh% 1250°C
AUEE D REGRL & HoiR L7 & Ok L oBES (Fig. |

RS

(c) Heat 3; 3°00% Ni

(d) Heat 4; 4°54% Ni .
X 100 (5/6)

Photo. 1. Microstructures after heat treatment of case A; 50°C/hr, 900°C x 1 hr.
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Fig. 1. Changes in austenitic grain size
with increase in Ni content.
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(c) Heat 4; 4549 Ni

e ;
(f) Heat 4; 4°54% Ni

X 6000 (5/6)

a, b and ¢ : Heating rate of 50°C/hr -
d, e and f: Heating rate of 400°C/hr - .
Circle mark shows area of new austenite

Photo., 2. Microstructure of specimens quenched from 775°C on the way of austenitizing.
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(h) Heat 4; 4-549% Ni
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a, b, ¢ and d : Heating rate of 50°C/hr
e, f, g and h : Heating rate of 400°C/hr

Photo. 3. Microstructure of specimens quenched from 850°C on the way of austenitizing.

BT EHEE S
4. = =

Ni-Cr-Mo-V §fic &\ C, Ni BEOT LT AN E L
SN A NMNERINS £ TOMBROT(tic 28 ek X
T2 EBBELMA LD, FRA -2 FF 4 PO

#£x9TH% DEC L RIRA—~R7F4 ML TH5D
LEC ~ L7 550, DEC 2T 58kt 5 — o
DX e LEC 44 XEDBRICE VT, THETHT
IR D WIEINENEE A E X R ERTHEI LD &
HOFEEN BN . LEC OFE#»s @& TSH %5 DECO
HHEEELERPE DL THE D Z LRERELOND

— 124 —

3 4



L 3

Ni-Cr-Mo-V o4+ — 27+ 4 M ESNOEITE X I1E3 Ni pgn 125

100

80

/Heaﬁng rate of

400°%C/hr
\ :
40 te
0 \\
\ _—Heating
‘(\/rcne of 50°C/hr
20

Amount of LEC (%)

\\ N\
O
At e e——
0]
0] | 2 3 4 S
Ni (%)

Fig. 2. Changes in amount of LEC (equiaxed
austenitic grain) with increase in Ni
content.  (Specimens were quenched
from 850°C on the way of austeni-
tizing.)
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Ly, TDH 4 ZH/NELLBTHHS.

Z 2T, DEC 2T 5 st H X 2>WTH
ZTHB.

$HRA — 27 > 4 P OREDS, SHAFEMBOR AR
i BMRT 5 —H T O B BN T b, BHO A6
~DORKENEIEI X hE, kA — 27+ 4 MR
I DMEWEEE 2 1L, DEC 3/ ikpeL LT #I%E
XNBETHAS. LT, ZOXSLHEMEEDELRY
RIBFRDS X D BB AL, $tikt — x5+ 4 bR
OEESRD X <Hiv, DEC i1k v RELbDELD
TH5H5.

Fio, BRERA—2F 4 PROEPSELD2TH
DEC 3L 73 TH55. L l, TOXI3BHE
I FEERR OB VIS, FESFRLO HEEATARE -
75, NEERESPSHEERMICS L 7, DEC THxH
TRERDIOERDTHAS.

Ni ot X5 DEC ofiMtiigiE, ->F 0k
AR ERIZ B i X HEE(LOBHETE L, nFE
Bz RodiiEan DEC ofiMbii#gE BT b0 &
#z huE, DEC & 5, X & LEC 44 XD BfRicon
TOMEERPFRELSHBTES.

Lllhic Rz &5, $HREMRE» DA — 27 >
4 Mtk T, BaNE2AEET 2EERTIE, DEC
D, FNEHERT LKA —27 4 FEFEORKSS
REAROBE X AR T H2EEMTH D, Ni-Cr-Mo-V
SR B 5 Ni BoimcfE S Bi{tEm, N 2o
BN X O TEHKkA — 27 F A4 MRIOF SRS RIBEES X
DEFFLIL D, DEC BRI W RELTHHR d72b&h
53HDTHEEEZLND.

5. &

3~49% o Ni %43y Ni-Cr-Mo-V 0 HAKE P
TR BRI B LT, Ni-Cr-Mo-V $00 #&HEE 71 5
Wi A — 27+ 4 MEARCET 2AMZE ks T
Ni EogEclET 2 ABRE Tk HBRE2ENTS
LDOEDERNTHD.

(1) Ni goiEmndiakaExibL, 3~4% ONi
% &% Ni-Cr-Mo-V §i ¥ Kk SRiE Ak ()i B L <
Ni BFBELEEFFLTWSEZEXBLLEE DL,

(2) #—R7+4 MroBBRIZET5ABELOEH
R, D, Ni BORINC X 2 MB{LOEEITIE, A
HEMXTHRCRETHERA - 2T F4 b BxD
WHBE DTV H T EBRHONI. Eh DX 5tk
B & BRI L OBIRIIINENEE S E X B T i
L5 EENEL O BEERFETHL LS ERIN

i
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(3) $HRA— =25+ 4 bR (DEC) 2 SR04kES Sk
(LEC) ~OBfTIX ¢tk —ZXF 44 Mo REER X
5 EDOHE L Y, MK E b 7z 534 id DEC
BLOLECH EOBEHRICEEL, 20 DEC o
LHEMBRIRA — 27 F 4 MRRIE O &5 o E:
CEsdoeFrhid, Q) BooR-HEERSTFRE
LHATRB T LERL.

(4) Ni-Cr-Mo-V $iic 5175 Ni 0B Ve,
FOEHEEOHINT X h DEC 213 58F k4 — 25 +
A M ORE RGO B2 X b5k, DEC 2 %%
fEL, 2EOEHRNOBERECITFHRE &ML 20
TRDTHBEELZLNS.

b DI, BARDOHETIT D> THREIO Ty i3
bh, I EROFBEELFIT SNkt B ARSI
EFRAERT 2 B H BB 88 5 7 35 7R & 0N IR RR
BRI ARIGEEL DWE L ET B L &b, Bk
BB ShicRIIFEMEBRERLR ST L& Kic
L OHEEERT 5.
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0:02~0'04% <HWTix Ni QBEEIE 2 VO T It wn
.
[EZ]

Al ORZEIZEAT 5 ERETE2TVE VWO T AT
TEPrhRS. Al OFERLLLBD ETHIE, e
LT DEC 283 28Kkt — A5 74 F O RBE
ZHIET5ERAE, RN OBEREFREOR VS 2@+
SIERO|MERELLNE. MEOBREE, ko
EMREECERT AN ROREESEHL S 518 &
CAREVEEILDOS, Ni oRE2AML, o+ 5T
RUERZEXLNS. EL, T X3 hEAITE Al ¢
EHOBEREBICEBBEEMTCOF—255+1 b
T, BiEORBTERENHIKO: ~RF+ 1 8
RRLoTEMBESINDBLICASS. Zhiz—RITH
HHENTWS Al Iz X 2K LER L 3MHET 28T
b5, #gEIToOoWTIE, Al oFEmizx>< Ni oS
IZFTB > TR &S AL hhiE, DEC i#
S LEC {b L, HEMGERFE I T v 580 7w
PERREZER L, L Al it s AELEEOS
EOMBIZL2THA5. ¥, Wiz Al oz x -
T, $HIRBOREMF A Ni o fEBEL RIZH 58481
Ni oS EEIhsLithdd, ZOBESTDL,
MERICGEVETEOBRNASRET 2R EIHE XN 5
zEiTmAsS.

—iRIiC Al O EH Y, VWb AWM ALIBEED BEIC
BELTCHEASIN TV SR, KBEETHRERE>TWSHEH
HEREHRFEEB» LOF — 27+ 4 MMEBRIZS W,
PO+ —R7F4 RN Bko) PEBERINS S
TORME (A BXVBEVEERRPRB) T, T0#D
NEECET HRBISEN RV, T, Ni B8,
C, Cr, Mo X0 V ORFEOMLELED GRAMNOD
BT, - AOERABLELORBERCFTOESNED
BETHLIPEZELLFEL>DZ2LDEIRRLI V. F
Thb, MOTHEEDELELRET Ni ofFEBEST
CHFREERD D, D X5 REEAITIIE Ni o
BEOVEELERZ2ET52:03H0D55THA5. #
LT, COISBREAPLEILIMEL DD ETH
W, Al 3FRNRDO 0oL LT BWETLMERD S
ThHHS. : _

[(BER) (R WHFESMAT (L4

©oREEEE R DEC %, LEC 40, &SR

ML BDIE IR ED.

(BE)

AT AV OBBANBIFREBOM KT - 54
PRI DRIEBE T =254 LOERTH»E L vwbhT
VW BH, MEEEOHMAIC X 2T DEC 3% Lk 53 4%
REMIIERBEEEOWMRIZX SR — 2754 b &
DHEDWREZEZLNDE. DA LEC v4 X, L
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