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SOME OBSERVATIONS ON GRAIN GROWTH
CHARACTERISTICS OF AUSTENITE -

Synopsis:

As the first stage of a Study on grain size controll

Taiji Kawai and Yoshiaks Masuko

[y

in stéel-making plant, the authors:

observed experimentally some problems as stated below, mainly from the view point of

grain-growth characteristics of austenite:

(i) Change of grain size and grain- -growth characterlstxcs during melting. and teemmg

practice,

(ii) Relation of grain size and grain-growth characteristics between a ladle sample and a’

finished product of the same heat,

(iii) Dependence of grain-growth characteristics upon the degree of duplication of grains..

Results obtained were as follows:

(1) In the case of melting of medium-carbon Cr-Mo steel in a basic electric arc furnace,
as the reducing proceeds; austenite grains became finer and more uniform, and the coarse_nlng

tempera.tu re rose.

And by the additicn of Al, anstenite grains became finer and the coarsen-

ing temperature rose higher, but as the time passed on, the coarsening ternperature fell.
(2) In the case of 0- 395 C (Al- -killed) steel and Ni-Cr-Mo case-hardening steel, a ﬁnlshed
product had nearly the same grain-growth characteristics as a ladle sample, and at 925°C

both had the equal grain-size.

But in Athe duplex-grained steel, a ﬁmshed,prod_uct had coarser;

* W0 29 4 4 BARSHTOASIC T ™ BASRIRRASERAT, HATHIIELR
39—
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grain and lower ccarsening temperature than a ladle sample.
(3) In the case cf Ni-Cr-Mo case-hardening steel, it was quantitatively derived by means
of Dr. T. Akutagawa’s method that the degree of duplicaticn becomes maximum in the course

_of abrupt coarsening of austenite.

(4) It was reccgnized that austenite grain size had a close connection with the acid-
soluble Al in steel and that when the percentage of the acid-scluble Al rose beyond 0-020, the
grain size in every kinds of steel stated above became finer (No. 6~No. 7 of McQuaid-Ehn

‘Grain Size Number).

(5) Some considerations on the relauon of the cause of duplex- gram formation to the
primary segregation, and the grain-coarsening curve were given.

B S
A — AT A MEEREOBEZIFERE DL TIZ
BRICHEAD 15 SEICHIR 19 INE ELRITIY VTR Y
DIHITE S LT B SR BEFEIT DU T IR 7 DR
B EMITINC T A R E 5o T a .
L& B THHRIAIT X 3 AE 925°C 1Y BREED
HEHEUTOAID, 12EAZORETKIT BREDS
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FRESLE 2 N TR 2 524 2P T, ¢ OEEHE

WAL TREREL D& DB 2 INTLE. L L
TS DBLUINT N b RIZREHS b D THSRHOL
HieZR LT 5. Ld Lghs 5 C DRI O HFLEIREE
BRI, BB R ORES N L R AT
B> DAERRIOREMZEIRE LT — AT 7 1 MiEH

HEORERBR S C &R BT UTEII SRR

PRETIIDEEL LN,
ATFGET B LD Rihhs 5K RIS T 5 PIRO S —

B U TSRO ETRCEET A, SOMEY

F = AT A4 rERN OB IR % 51 TEEBRHIZ
HELIZLDTH 5.

H. =2, $HAaBRBEORERUREMOTIL

B (BBREEE=5) LTEEE L.

| W THREMER AT

VAR D BEES (b1 B L C 12 B O S Z o, )]
THEES DIPEDSDH 2H3, TN E 925°C DRIEED A %»

O, EEL COMEILOVWTRD, SOHE

2IFOTUVBDS, BRI 2 81 OEE g 925°C
KRBT AHREOACIOTHETS L EREMTH S &
Bbhz. it ROIMIBEERITOI.

10t HEMESET C 0-40%, Si 0-259%, Mno0-70
%, Cr 1:09% 7%z Mo 0°25% FEREEDMARIE Cr-Mo
PR T 250, BB U SEABTREORE K B R OB,
BHEOBLE B3 72DIT 2 IEIICD X BREERT, FRITRESE
B, MG (Al 0-6~0-7Tkg/t BERZN), $HAMA
EEAKR (85415 X D SHATRE THY 20 4f%iE) D&
HNCESSH R 5T ¢ A & b TRgDRERBRIC §5157%% 30 mm
R BEHlE g
BRI U, BREE% 6h & UBRRE>ZLa
Z DFERDO—F (Al 0-6kg/t 7
MOEEY % Fig. 1 1WRT . AEERR O TO{LES
PridRe AR L2 5 O Fig. 2 ThH 5. ANOSHIZ
SRERIC, ALO; OAHTIE Herty ¥RiK31 5% ALO,
@Erﬂ?ﬁk T, XEYE Al 13 JIS GEhTIE Al OS5

I LTI

1 End of Oxidation FPeriod

: Middle of Reducing Reriod
: Before Tapping

2 Begining of Teeming

t End of Teeming

AN~

Grain Size W

~ N o R Sy N o
T Y

F00 &6 ] 7700 7200
Heating Temp. (°Cx 6hr) 61}

Fig. 1. Variation of grain size and grain-
growth characteristics during melting and
teeming process. (0.6kg/t Al added)

Fig. 1 I hBREBRTBEIENICONT 925°C i
B} BYEREEIZ No. 15 "% b No. 55 124 LAl
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Fig. 2. Variation.of grain size and chemical
composition during melting and teeming
process of a Cr-Mo steel. (0-8kg/t Al added)
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Table 1.

RHIT ECEELRRREL S DL EbND.

i FEAKEBAER S Fig. 2 O{LESWHEERELEBA L

- CTRNEA — 27 >4 FEER OB LR O A GIREE

RIFICN R ORI Al &f&ﬁﬁf;@é{f%ﬁ LB ER
dhibiLs.

&3, En@%fgz; TwiT A Al 0-7Tkg/t
FiZ—FE LT Table 1" R LIV ERDE&

miﬂ]@ J[:l@:%:’l‘l:
LA

- —ODEREEFELUTNS.

II1. ER#AEF & BAEFTEDRE

RUBRMEORER

i&ﬁﬁllbz RN TRIBEERE 247 S i R & Heh .
& UTHEEE 9 5 /MU SR R F RSB 5 U THELS
HERDIER RET 30 B0 IEELHETH 20 TL
Tk FERfTON.

(1) HPRE

(i) 0-3% C(Al 2 ¥) REHFOHEES

15t MBS T L7z C0-25/0°35%, Si 0°10
%LF, Mn 0:60/0-90%, P, S 0:040% LITFDpE
$ic Al 2EEMmL, %ﬁﬂn%ﬁktﬁ?ﬁaﬁx h TR TR
B e Thg OFRBEHBUCEHAA THEIC 15mm £
B (BEEE=10) LCTARRE LIz, R

- PURHIIEE 5-Tt %%&Z%JJ_\A N % #) 300 x 620 X

885mm  DIHfT t%&ﬁaﬁi&f& (Bt =23) UghAHH
OEBR O EFITHEY 4 2 ES5 X DRI L7z
(i) Ni-Cr-Mo (Al f58) JUSEHDHE

10t HIEMBESIFE CE LTz C0-17/0-229, Si0-20/
0:35%, Mn 0°45/0°65%, P, S 0-030% LJF, Ni
1°65/2:009, Cr 0-40/0-60% J%¢° Mo 0-20/0-35%
@ Ni-Cr-Mo Ui (SAE 4320) 1z Al 2 7ML,

Variation of grain size and chemical compesition during melting and

teeming process of a Cr~Mo Steel (0-7kg/t Al added)

'% Average grain size Chemical composition (%) =
o : ) —
g8z o ; | Acid . Acid g
& %2 |92 1100 | 12‘():0 1200 ¢ | si | Mn | erl Mo | zx | ol |ano. Soit|
; , , i 1 s , N P Al | e
' . 4 ? : :
, 1 | 65 12} 12| 1-1| 1-0|0-27 |0-02|0°16 | 0-20 ' 0-25 0'0078!0'0067’ 0-025| 0-003 o];jclilgagfon
H ! i period
: o B - H oo | C | Middle of
2 | 770 36| 26 12| — |034]0-16 | 0°52 . 0°25 | 0°27 0-0087,0-0070 0-023| 0°003| reducing
@ . . 3 ]» i perioc
3| — | 51| 35; 30| 1-3|040 (023|073 |1-01 ' 026 0-00810-0078] 0-015| 0005 (ouning
4 | 70| 71! 70| 66| 1-5|039 | 0-25| 072 1-04 0-27 10-0169,0-0081" 0-020| 0-033 Beginnine
‘ . Lo . . _ i 1o . ~ teeming
5| 71| 70| 70| 35| 1-3|0'42[0-25|0-76 104 0-27 0-00980:0090, 0-035 0-031| Fnd ot
P . . . . ; ‘ i teeming
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Table 2. Chemical compoéition and austenite/grain size
~ (1) 0.3%€C Al-killed carbon steel
Heat C | si|Mn P . S| Cul| Cr, Al addition (%) G. S. (925°C)
. ! ‘ | B ' 5.
No. % | % | % % % % | % ,.!.Fumace[ Ladle | Total | ; 2 |proquce B—A
E31564 | 0-34 | 0-06 | 0-88 . 0-021} 0-015| 0-18 '1‘0-06 . 02 | 005 | 025 | 6.6 65 | —0-1
E31606 | 0°30 | 0-04°| 0-64 A 0-014| 0-018| 0-18 \'0-07 | 7 ” ” 2:1% | 3-5% | +41-4
E31615 | 029 | 007 | 0+75 ' 0-018! 0-015| 0-18 | 0-09 : 7 7 v 6-8 62 | —0°6
E31624 | 028 | 006 | 081 . 0-016; 0-020 0-20 | 0-07 v 7 7 60 6-4 | +0-4
E31634 | 028 | 007 | ¢*79  0-017}-0-022 0-16 | 0°06 =7 7 v 67 67 0
E31647 | 0-28 | 0-05 | 0-73 | 0-013! 0-023| 017 | 0-08 7 7 r 62 6:3 | +0-1
E31655 | 0-30 | 0°05 | 0-70 : 0-012; 0-015| 0-16 | 0-05 4 7 7 2:5% | 2:7% | 402
"E31700 | 0-28 | 0-06 | 0-88 | 0-021] 0-022 0-19 | 0-07 | 025 7 030 | 7-1 65 | —06
E31714 | 0°26 | 0-07 | 0-85 | 0-016] 0-018| 0-17 | 0.07 ' 7 r 7| 65 6-1 ~0-4
(2) Ni-Cr-Mo carburizing steel

Heat C Si | Mn | P S Cu| Ni | Cr | Mo Al G. S. (925°C)

. - o ' addition |~ R B

No. | 9% | % | % | % | % | % | % | % | % | (% |nadi poshetproducd Br—A
£3920 | 0-22 | 020 | 0-55 | 0-010 0007 0-17 |'1-91 | 0-44 | 0-23 |0-06 Ladle | 6:5 |60 |65 | 0
E3975 | 0°19 | 0°22 | 0-57 | 0-008| 0-010| 014 | 1-76 | 0-47 | 0-20 | 7 7 165 |65 |60 | —0-5
£31017 | 018 | 020 | 055 | 0-008| 0-011{ 0-18 { 182 | 0-51 | 0-23 005 # {70 '6°5 |65 | —0-5
E31027 | 0-18 | 0°20 | 0-52 | 0-008! 0-006/ 0°16 | 1°76 | 0-49 | 0-24 [0-02  # | 4°5% ' 2:5% | 3-5%| —1-0-
E31257 | 0-18 | 0-28 | 0-51 | 0-006{-0-009{ 0°18 | 1-82 | 0-48 | 0-20 [0-06Furnace 7-0 .65 |65 | —0-5
E31265 | 0-17 | 0-20 | 0+52 | 0-009| 0-010| 0.17 | 1-85 | 0-45 | 0-23 [0.08 Ladle | 65 ;65 |6°5: 0
E31273| 0-23| 0-26 | 0°50 | 0-006| 0009 016 | 179 | 0-46 | 0-23 | 7 7 170 165 |65 | —0.5
E31281 | 0°19 | 0-28 | 0°57 | 0-009} 0-006| 0-16 | 1-82 | 0-50 | 0+25 0-07 7 |65 |65 |65 0
E31280 | 0-20 | 0-20 | 0-53 | 0-008; 0-009| 0-18 | 1-79 | 0-46 | 0-22 |0-08Furnace 6°5 * 6-5 | 7:0 | +0-5
E31296 | 0-20 | 020 | 0-51 | 0-009; 0-010 0.20-| 1-74 | 0-46 | 0-21 | # Ladle | 7-0 [6-5 7-0 0
E31329 | 018 |0°22 | 0°48 | 0-008] 0-010| 0-14 | 1-96 | 0-49 | 0-25 0-07 7 | 6°5 |65 ;6-5 0

(Remark) * duplex grains, B;: ‘Sample taken from the bottom of the first ingot,

Bg:

SEAHHIT 100kg FERMBICEHHAA TL % 35mmp
M (SBNEE=12) UCIERENE S Uit SEdktko
BRI % 500kg SMBRICERASL 135mmd (TR
iz 80mmep WAL (8EH=9"3) L &AW
BEDEH R O SEAS OB O HEICHRY 3 235 & D
R LI
(2) RIESER

0.394C [RSEE 9 R, Ni-Cr-Mo [lgrsy 11 #5320
FEAR O BREAREIT D X 925°C Itk a4 = AT
F A4 MESRER EREBRERT X O TRD BRI O &
SR OYEERRE LIz, i 925°C TR 2/RT
L0 28R, B RRT O 1 EEREERE 2 EOMmED
‘RN C N B DEREHT D X BRIEE % 800, 850, 1000,

1100 Fgr 1200°C iZb3 B TH — AT+ 4 MEESRL -

OBEM:2 1. (B UREEHEFEIAEIRO®ED -)
(3) REBER ‘
(1) B & SRR ORI EEDBEMR _
REERBIER 2 —3 LT Table 2 1tRT. BRI
D> B8 0-39%C REFDBE b Ni-Cr-Mo JlgEAD

From the top of the last ingot

B b BEAEU & B AP DR BRI R B R 0D PR R
PI(£0°5 FRE) T X —F L, WENCERRS % TH
BERRD NS LSHAOSE, SHATHOMSE
JECER & SEATEIIDBIERE & TIRTAA ER—ORER R
LT3, U UESRECEBREZET 3 d 0S4
HKTHRMPELZ D=L AR

Utz h3D TAREROEGEMN Tld BRd kb 925°C T

BT B DI T 5 B b LR OB R 12 7 DT

BB EHEMTHA D2 HET 5B ETEREEIC DT
DR ERERIC IO TEEORETCZOENRETS L
DEBETH B EVA LD . .

(i) EEBEUE & SSARR O BB B

0-39%C pEHDEES% Fig- 3-(1)" i, Ni-Cr-Mo
lipsaoEa% Fig. 3-2) KR BRI DTN
925°C TR (i) B % 57 3 512 B AR D 5 S TSR
HU T« BAMLRESEN L S I B N3 05A FH
—DREHRE 2T 5. —F 925°C TRERRIBE
RESAREOH G EHERE X DR ERFREN (Rl

HOBAITHNTELL) Th b EoEEALEES
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8 (17 Al killed Carbon_Steel or 03%C

7 ) o ladle Sample
o' | eI ® Finisked Product
S6 £ 31634 .
S0 NN E 31655 (Duplex)
S5 e
= 4 NN N e
§4 -
S Cm e
] 3p Rt DTSR A S iy

2 3

]

8 P (2) Ni~Cr~Mo_Carburizing Steel

7t Pt eeRn T v - Tl
-~ - B N~
= g °
@ *
~N ey
%9 N, oo
§4 N
S 3t o Ladle Semple g

. o Finished Freduct

2 £ 31027 (Duplez)

N - E 31286

—-—E 3329 ) )
) A ] TG 7200

_— Caréunzmq Emp (Tx641)

Flg 3 Relatlon of grain growth charactens
tics between ladle sample and finished
product.

RITHERAISED EN5. ﬁCLKEE?«%mm?m@
Bad 925°C TEMGDRZET 2 DIUEKREETIZ
Fah FEERITERERERCE D THEESHAZ RTDH
BED b DIZBBE L SRR P /R 97 925°C Ty
TEHCBESEAMZE LTINS T E RGN D
D HIEHO L D3 1200°C itz nidFaA S E D8R &
BAEFDH B ETHS.

TNBDC Eb s 925°C hkmfﬁ&%¢95 >
IREFALREDE 2 DRETHICA - A7 -4 &
BOEKEE2E LTINS T ERFEEBRI B T—K
RS DR ML & b REN—BIFhNIN D T
CRUIERIT LTz Al ORI EEFREICXT§ A R ORNEICE
HL, b ZOBEITEMOBE, Al OFEMAUEE
EHEICL I DOTERINIIDEELONE. EEROD
BASNT 0:3%C pEMD E31606 Lof E31655
D 2 GERHBOWEIRE Al OTITER O TS F—
IS b # 5 TR ZE LT ¢ & & Ni-Cr-Mo g
S8 TR 2 2 U7z E 31027 p3bO¥SRICH. LT Al-D
MBS DIEHDIT LB EDOC E2HETEEDT
&b, HD Table 3 kbbb sl D Al OFER

Cn b Ok % 5 LI 3 b (OB LE

U <HEEE Al 23Euy (0-001~0-004%) C & #» SHEIEE
Al W XD TEHEIHISR S X S iclbins. ¢

IV. EEMOREN S RRREMEY

10t HEFMETE & F TR (Al 0-6kg/t BHERZRID,
210 kg SABEIZ $5A % 60mm ¢ Jo EIERS 30 mm b {8
U7z Ni-Cr-Mo [JLigess (C.0-209, Si 0-3595, Mn
0559 P 0-0109,S 0-0079, Cu 0-199, Ni 1-889,

T X hEFoI.

Table 3. Comparison of Al analysis and

austenite grain-size of ladle sample with
those of finished product.

(1) 0-3%C Al-killed carbon steel

id sol.
Heat G.S. | ALO; [*¢! .
No. Sample (925°C )| (%) ﬁu Remark
il (%)
Ladle | 6.7 | 0-040| 0-033 |
E31634 \product| 6.7 — ]
| Ladle | 2-5 | 0-025| 0-004
F 1655 Iproduct) 27 | 0019 | 0-003
Ladle | 7-1 | 0-033| 0-037
E31700 |product| 65 | 0-020 | 0-022

(2) Ni-Cr-Mo carburizing steel

id'sol.| -
Heat G.S. | ALO,; (2¢! .
No. Sample 925°C )| " (95) Aol .Rer1?§rk
(%) C
Ladle | 4'5 | 0-018 | 0-003 |duplex
E31027 \product| 2:5 | 0-015| 0-001 | duplex
Ladle | 7.0 | 0-018| 0-053
E312% \product! 65 | 0-020 | 0-023
tagg | Ladle | 65| 0025 | 0-027
E31829 |p oduct| = 65| 0-018 | 0-020

Cr 0:409%, Mo 0-279%) % &%t & U TER{E E % 900, 925
950, 1000, 1,025, 1,050, 1,075 Zz~* 1,100°C o 8@
DAL T (B UMEREIR 6 REic—E) #+ - =

T4 MERNOIRM: L BNEREDRERY RO 2.
- EOWHIER RN TEEOHEIZFEHR X100 J5Z= 500% FF

v» Lineal analysis 3@ ¢ X hERSED FH T %
BETARBERBEER X4 7 A5~ XH 1/1,000
mmz THA & D (F D 380~450), F)IHEL-DHEED
#0kE®E % Fig. 4 %* Fig. 5 w77
Fig. 4 w3 T Ui 3 ESAERNERE X ko
BHEERI DA (%), NIZSEEhE»RL, Fig. 5
IRV TEERE o 3ERBENOARBERSH» 5 2D
AT (RAEE) %2EbT0DELTRHIIOTH D
(68%) ZEo* (95%) Ok, Fig. 6 (DN x o=
DEFEGD 5, EHSHEAE LIBER Nxo B
Nex2s 22 % 5B EIRG 3 N B AR ORESFHK <« 68%
k@giéfééw% L?QF%WQLTMﬁib%
«.16% JTF 2:5% WAEHT WS LN O
%{Eﬂ_l:ﬁ/h_ﬁfz%h? D& b“@k&)tﬁ@%%-r?

. BLEORER X b 1,000°C LT Tl 4« EE i ik T o

YIRS b AR —5E T B¢ 1,000<51,025°C TS

ARALD SRS R R EIAT 5 & SRICIRATEE S BARESY

2 OB DB AL D> TR EED IR T 5 & A5 b
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Cumulative distribution curve of

volume percentages.of each grain size
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