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STUDIES ON THE INGOT MAKING PROCESS IN
NITROGEN ATMOSPHER (II)

Takaaki Shimose, Hiroshi Hirano, Katumi Kakiuti.

Synopsis:

. Following the previous paper, Tetsu-to-Hagané vol, 42(1956) No.
ments are achieved on the nitrogen-blowing process.

follows:

10, p. 956~961, some experi-
Results obtained are summarized as

1) Surface appearances of rolled billets: Surface appearances of rolled billets made by the
nitrogen-blowing process are superior to those by the ordinary and floating boards processes.

2) Appearances of sub-surface defects of rolled billets:

Appearances of sub-surface de- '

fects of rolled billets by the nitrogen-blowing and floating boards processes are both clean.
Applying the nitrogen-blowing process, the surface appearances of rolled billets are clean
and the sub-surface defects don’t occur, so that the mold dréssings are unnecessary.

3) Gas contents in inside and outside parts of rolled billets,—oxygen and nitrogen: Oxygen
contents of rolled billets are nearly equal between the nitrogen-blowing process and the ordinary
one. Sand contents of rolled billets made by the nitrogen-blowing process are somewhat

lower than those by the ordinary process.

However,
abovementioned sampling methods, analytical methods and ingot size.

this point must be checked by the
Nitrogen contents of

rolled billets are nearly equal between the nitrogen-blowing and qrdinary processes.

4) Cleanliness and grain size in inside and outside parts of rolled billets;
of rolled billets by the nitrogen-blowing process

Cleanliness
are better than the ordinary one. Grain

size of rolled billets are nearly equal between the nitrogen-blowing and ordinary pyocesses.

5) Effects of nitrogen on the properties of finished products: Effects of nitrogen on the
properties of finished products must not be considered, because nitrogen contents of rolled
billets made by the nitrogen-blowing process are .nearly equal to other processes.’

Following the above mentioned experiments, some theoretical considerations on the mtrogen—

blowing process are achieved as follows:

1) Oxidation of molten steel by the atmosphere in mold ;

2) Beginning temperature of oxidation for active elements in molten steel :

3). Nitrogen absorption of molten steel.
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Table 1. Results of surface-defects on rolled billets.
1) SE 5937 ’
] ? !
Ingot ! ; Surface Top !
Ingot making o . i
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blowing process 5 2 i 1 :
5 Ordinary % 14 g 123
process 2 %
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3 Ordinary process g 2 10 40
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Floating boards | % 3 15 ‘ ‘ l,{g .
process | 3 o ‘ 12 ‘.
(10mm) 4 . P 40 :
i ; \ | - T 7
5 . Floating boards % j 3 . bl l 05 . |
‘ process ) _ | !
, 3110 ! 10 3 | 25 i i
(30mm) 42 | 1 \ ] l 8 |
— | 4 ! 1 ‘ '
i 2 1 ;
6 Ordinary process ; 3 i 5 \
4 6 : 4
1 3 23 i ‘
7 Ordinary process % 1 10 g
: 4 1 12 26 i i
. 1 5 ; :
Floating boards 5 3 3 . 1 |
8 process ‘ 3 7 ; 1 : f
£ (0mm) P4 10 L 2% Co
: ; i T : ; f
9 ! “Floating boards | 1 5 : | 10 2 ! E ‘
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| j ! B. S SM. T. MC.' B. S iSM. T. MC.| B. S. JS.M. T. |M.C
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blowing process 2 544 2 g 5 -3
t
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4 5 21 1 7 y
-1 ' 1 ¢ 25 ¢ 1 f ' i ;
3 Ordinary process g i g ‘ 163 *‘ ; | 176 C ;
4 10 <27 ' ‘ 5 i u
Floating boards 1|3 1 17
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(hollowed boards - 3 5 2 16 :
50mm) ‘ 4 1 4 6 i
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50mm) 4 6 15 i
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Table 1. 2) SE 5944-Continued
1 26 1 3 4
6 Nitrogen- 2 16 7
blowing process 3 7 3 2 4
4 25 ~ 3
1 16 1 5 5
7 Ordinary crocess % gg ]55 2 11
4 12 45 2
1 23 14 20
- 8  Crdinary process % gg l?g ]31 1
4 26 65 20
i Floating beards % ﬁ' E : | )72 | ? t .
process FH8) i i [ !
+ (hollowed boards 3 A : {15 40 . ' ;
; S0mm 4 59 ‘ |27 1 l '

Table 2. Methods of ingotmold treatment in U.S.A. and Germany.i#9

Plants

Methods of ingotmold treatment

; Columbia Steel ! Aluminum powder

Geneva Steel

;
i
{
|
! Youngstown

U.S.A. ' Inland Steel

“Gilstlite (paint whose component and melting temperature

is similar to pitch)

Spraying carbon powder suspended in water

Great Lake

i Armcoitl0)

'

Sparrows Point

Tar

Submerging the ingot mold into a bath filled with tar and pitch

Spraying carbide slag stirred in a hot water bath

Graphite

i
!
Germanyixll) F Rheinhausen

(@ €]

©

N ‘ 3
) [N I
| §S 52 B
23] «,,3 —
g I ‘ 30,
xS 1
X+ aL, X| !
2|”¢ | Forging
' —
1 SD=
S8 SR
BES | 8
1}
l -
y o1y —
5 BN :
5T B @5
gi— 1
fi3)

-

Fig. i. Method of sampling from ingots tested.
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Fig. 2. Sampling method from tested
specimens
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Table 3. Macro-etching methods recommended by MIL-M-11266.

.Macro-etching conditions

Macro-etching methods L Prescriptions Temperature |
| ‘ | | ‘ C) l Time (mn)
HCl1 method i HCl (s.g. 1*18) 50 Parts, HyO 50 parts ' 70~80 l 20~40
‘ HCI (s.g. 1-18) 38 parts, H.SO, B J P 40
Mixed ac1d method ’ _(s.g. 1.83) 12 parts, HyO 50 parts ! 70-80 20
HNOQO;3 method 1 HNO; (s.g. 1°42) 25 parts, H,0 75 parts 70~80 20~40
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Table 4. Experimental results of oxygen and nitrogen content; cleanliness and grain.

| ” (0) RE14)
Test B9 Ingots-making process (Si0z)  (O)sio; (ALOz)  (O)ALOs s}x?f& [0]
o (%) (%) (%) (%) (; (%)
, I - %) ___
ﬂ . Lae . . . .
{T-C : A 0+0088 . 0-0047 | 070170 | 00080  ©0°0127 . 0°0082
{1T-S Nitrogen-blowing 0.0076 | 0°0040 | 070150 | 0:0071  0Olli  0°0074
. l1B-C drocess | 0°0026 | 070014 | 0-0076 | 0°0036  0°0050  0-0072
© | 1B-S i 00030 | 0-00i6 | 0°0100 | ©0+0047  0+0063  0+0070
R R U I E R A RN T S
m | 2T-C 0-0012 00006 ~ 0°0230  0-0108  0°0114 | 0°0082
w | 2T-S . 0:0022 °© 0-00i12 . 0°0110 . 0+0050  0°CCé2 | 0°-0074
. 2B-C Ordinary process 00016  0-0009  0+0110 . 0°0052 . 0+0061 | 0+C073
' 2B-S 0°0016  0-0009 ., 0°0l00 i 0+0053  0<0062 | 0°0072
o o '
1T-C - : 00020 | 0-0011  0°0120 070056 070087  0-0075
" 1T-S - Nitrogen-blowing 0-0010 | 0+0005  0°0170  0-0080  0+0085  0-0071
| 1B-C ocess 0-0040 | 0-0021  0°0130  0+0061 . 0-0082 = 0-0082
<~ 1B-S proces 0:0026 | 0-0014 00140  0-0060 ~ 0-0080 | 0°0078
o N . . . ~ i
3 : . | R A o R
: !z’r-C! , ' 0-0016 _ 0°0009 | 070200 @ 0-0094  0°0103 00090
' 2T-S . 0-0020 | 0+0011 | 0°0120 ' 0-0056 | 0©+0067 . 0+C070
» | 2B-C | Ordinary process 0+0050 | 0+0027 | 0°0160 | 070075 @ 0+0102 | 0+0082
| 2B-S ! 0-0120 | 0+0060 | 0°0150 : 0-0089 , 0+0149 | 0 0071
i - . U . —
S R e e R R
6T-C | : : 00056 | 0-0030 | 0-0120 | 0-Q056  ©-0086 | 0+00S0
6T-S Nitrogen-blowing . 0-0016 | 0°0009 -« 0+0190 : 0-0089  0-0098  0°008l
6B-C ocess | 0-0024 | 0°0013 00130 | 0°CO61 ~ 0°0074 - 0-C076
6B-S P | 070044 | 070023 ' 0°0120 i 00086  0°0079 ~ 0°+0077
1T-C 0-0015 | 0-0008  0-0085 070040 | 0:0048 070050
1T-S . 0-0043 | 00023  0+0125  0-0059 | 0°0082  0°0092
° !1B—C Ordinary process 0-0009 | 0+0005  0°0070 . 0°0033 | 00038  0°0151
= |1B-S 0:0009 | 00005 = 0+0125 . 0°0059 | 0°0064  .0*0070
o~ e e - A [, e e e - R e
A |2T-C . , . . 0°0009 f 0°0005 0-0074 | 0-0035  0°0040 . 0°0061
o |5T-g,  Nitrogen-blowing i 6.0011 | 0-0006  0-0117 | 0:0055 | 0:0061 ~ 0-0079
2B-C oce ' 0°0139 ; 0°0074  0°0206 | 070097 ~ 0°0171 . 0°0125
| 2B-S Process 0-0079 | 0+0042 . 0-0132 | 0+0062 ~ 0°0104 . 0+0066
r ’ ) - . .
£x%. (5) #MUTH LETEEORY
(c) %% (BEERICELTIVI =T L) EilEk Wk LETERORTID L‘“Cbir‘wﬂ?«ﬁ@:ﬁ

vk & b RENL . BRERETROMEIIONT 2R SN LHHEE Table 4 ZHiRLAc T & <EFEE
HAC X THR AP BREF AT L A LHnE R

RETECEAR Lo
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Kkﬁb%i&mm@fmé- PSR BSUAR B % 71 L 72 SR R Dk T SIS B

(e) hmuEr MENEREIFMRECERLL.  SHRNERLEZ CO-COrO0-Na 7 EH XG5 DML
(925°C/6h B) E55h a sk, EEEE & bR RE XD LT 5. FEKERERT DM A Ne
M. RN OEREFECEES TN 225 KGR AT DD BT 2 THD 0 & CO/CO::

WIRTHDD. - otk s JET R R L.
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size in rolled billets made by nitrogen-blowing process.

Grain size

1 (N) AN | : Cleanlinesé Ordinary N-T

[7) : - . . .
(%) | (%) , o _ | method | 2 method Degree of duplex grain size
0-0078 | 00022 | Ao0p; B0+97, 37 5°5 | 6°6 11~2(25)6~7(60)8(15)

0°+0080 0+0022 Ao*Oop; Bl 50 3°0pu 3°5 . - b7 1~2(50)3~4(15)5~6(15)7~8(20)
0+0073 0+0022 AQ°17, 3°0ps Bl 50, 3°0p 58 64 1(10)6~7(90) .
00078 | 0°002¢ | AO" 57, 5° 1p; Bl 20, 3°0p 66 | 701 1~2(10)6~7(65)8(25)

0-0072 -| 0+0013 | A0°33, 3-0p: B1°80, 3:0p 542 6°1  |2(30)6~7(70)

0:0078 0°0022 AO* O/,z B2-00, .3 5;,4 3*7 6°0 0~1(50)7( (50)

0-0080 | 0°0013 | A0-33, 30p; B2<53, 3:0p 26 46 |1(65)3~4(15)6~7(20)

0-0078 | 00013 | A0-Op; B3°13, 3:0p 544 622  |1~2(20)5~6(40)7 (40)

0-0084° | 0+0013 | A0*25, 3°0px; B1°10, 4°6p 246 4-6  |1(65)3~4(15)6~7(20)

0'0081 | 0°0011 | AC-Og; B2+00, 3°0p 48 6°3  [0~1(25)2~3(15)6~7(45)8(15)
0*0086 0*C0O13 A0+17, 3°0p; Bl 53, 3°0p 59 65 1(10)6’\47(80)8(10)

0+0082 0-0013 Ao 50 50p¢; Bt 50 43 p 16 2°6 1~2(85)3(10)6(15)

0-0082 | 0-0011 | A0-50, 4-0p; B1°55, 3:0p 2+2 50 |1(75)3(10)7~8(15)

-0+0084 — A0+33, 3°0p; B2:00, 30z 344 5:7  |1(60)6~7 (40)

0:0084 00013 AO0*Op;;B2-43, 30pu 63 67 3(10)5~6(20)7~8(70)

0°0082 — AO-17, 3°0p; B1°37, 3°0p 70 | 70 7(00)

0-0084 | 0-0013 | AG*25, 3:0p; B1°37, 3:0p |  1°0 1°0  |1.(100)

0-0082 — A0°33, 3+0p; B1-07, 3°0p 4°3 6°4  |1~2(40)3(15)6~7(20)8(25)
0-0086 | 00013 | A0-17, 3'0p; B1°C0, 3°0p 6°5 6°8 |1 (8)6~7(95)

0+0088 — A0*17, 3:0p; B1°83, 3°0p | 2°2 4°5  |1~2(75)4~5(10)6~7 (15)
0°0082 | 0-0016. | A0*Ou; B3*1, 7°6p | 72 7°5°  5~6(25)7~8(75)

0+0089 — AQCQpu; B2'5, 6°0p L7t 7°3  |5~6(25)7~8(75)

0-0080 | 0-0014 | A0Ou; B2'6, 6.84 6°2 6°4  5~6(60)7(40)

0+0083 — A0 Op; B3'2, 6°9p 6%4 67 |5~6(45)7~8(55)

00079 | 0-0018 | AC:Op; B3'7, 8°2p 7+0 7°3  |5~6(30)7~8(70)

00084 ~ A0-Ou; Bat4, 7*6p - 7-0 7+3  |5~6(30)7~8(70)

00080 | 0-0018 AO0*Op; B3-4, 6°0pu 71 73 6~7 (60) 8(40)

00082 | — A0 0yg; B30, 7°0p 6°7 7°0  |5~6(35)7~8(65)

(a) O OFE: BB RIT X ik s Efaf1  Table 5. Relation between the saturated oxygen

{8 LBE & ORICIIRR DKL T 5.
10g[O] = — 5756/ T 422536 +r+Treeranerecee (1)

% 7- J. Chipman'Diz itk (Fe-0) L&ETIOD
BEE Ou(g) & OMOFHEFNKROTELTHSD.

1/2057==0 (%) .
log 00/1/2 =6232/T+0° 125 cevnnnnnnneraneins (2)
o oir“ﬁeriﬂ@ﬁx*@?%ﬁ{ﬂﬁ%ﬁ@%nﬁif [O1%
Tihibb

i
O E LW EE L THRER R

m, @, @ xx @E&fﬁﬁuﬁ, RS ER L UH
SAHBMEEERLIEE L ORfERko S L Table 5 @
TE B, AFXDHIZE 1600°C IV T Po, =
1°11x 1078 atm=844x 10~ mmHg (ck W CEECBAE
FOffE 0°294% T H. L OBEO K RRBRES
HBIT 0°0,1105% @E v, Thi D EERFE®E
LEBRE IS5 L FRECSTEREIR FeO
HEFTHIEERD.

content, oxygen partial pressure, oxgen content
in atmosphere and temperature. :

- T embperature ©C) .
\\l 1500 | 1550 | 1600
Saturated o3Teen & 0195 | 0-241 | 07294
Pargii;glé;e;s:rstg “o 05200 } 005483 | 0°04111
Ozﬁfépcgg;:% in lo 05200 l 0-0s353 | 0°0r111

(b) COy/CO DFZ#¥i: J- Chipman!® W X g
QQLCO(g)r;*COg(g)
. 10g Pco,/Poodo=8316/T —4753 eriseeee(4)
Table 5 (o7 L 7-FREAIFIE X V¥ $hrpERSR SR ES
BB LS FeO HaATh I & &ind. >
LERBELSE EICIEY TS Pcor/rco DfE%E (4) A X

— 35 —
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DekwhiE Table 6 T+ 5.

Table 6. Relation between pco,/pco corres-
pond to the saturated oxygen -content
and temperature.

~__Temperature (°C)

1500 1550 1600

0-282

Pco,/Pco 0°235 0°257 |

H. Schenck!® X

FeO(!) +CO == Fe(l) +CO;
@ 1517°C Pl kT 313 5B H R BN EMIciii Liko &
L ERIRR RD TV D.

log K (=pco./Pco) =27900/4*573 T-4.33------(5)
DI EAARKIINEFMGE 1520~1670°C DR i
ICE S CEEMUKD T L SEHRERD TV D.

log K(=pco2/Pco) =4158°87/T —3°2407 ---(6)

(5), (6) KXY Dpco./Pco- LIfE & DPMRERD D &
Table 7 DL <7s. FEDMID Deoy/Peo DI/
SrhiE FeO iEEnd k& i iud Fe Mgk ah s
A N A

Table 7. Relation between pco,/Pco and
temperature.
~=--..__ Temperature -
TT——_. (°C)| 1500 | 1550 1600
Pco./Pco e |- ‘
H. Schenck 0129 1 0103 | 0°083;
|
K. Sanbongi 07127 ' 07108 | 0°094,

Table 8 c{j#k Table 2 i NERKERK O —FIZHE
18U 72 H3 8 B P SR B SAHLAR P AR R &7 L V3 HiTEd Table 5
DEERIEZ & ITH X Peo,/Pco Hdh 0°03~1°00 D
T ZEEI L X o OtENEAS Table 6, 7 D%
BBl T\Ww5b.

(2) mimPEETEORB LIMAIRE Wikt 38k
DRtk T#EE LT Mn, Si, Cr, V, Ti, Al ZEneH
ENB. FHAT -7 2 OB T 5 &SR
VA C DREEE N DS D FEE M ITT RO BEE 1 T o C
W D 7o DI THRARR D ZE LA B S T KIeDRAF H 51
1 F ZMEENET T 5 L HICH Al DOFEIEE T EORLES
155 C DRBLEE I ITFT T > 72 I IB MR AN T B I eme
MBEEE AR T DITED. FREB5HH I IAcDEEE
TLESLKEF L TH DEIEoBME L U TR E RS
R IR L R S SIS EED & I A

WDT N EFEDTUREBERIICBILRICEET SEAD
REILBHIAIREE (AR B IR K BRIAIREE) %k icss
L7, FISIOMHEE L PHIBERR 2RI 5. -
CRJi19: [C]+ [FeO]={CO}+ [Fel; RE16)
log pco/acao=1860/T +1°643------------(7)
Mn K JE®: [Mn] + (FeO) = (MnO) + [Fe];
log (MnO) /(FeO) [Mn] = 11385-328/T
—B576 terierinienii e (8)
[(Mn]+ [FeO]= (MnO) + [Fe];
log (MnO/[Mn] [FeO] =17129+316/T
—8-773 - e (9)
Si ALMNTM8: [Si]+2[FeQ] = (SiOg)sat + 2[Fel;
log [Si] [FeO]2= —32360/T + 14*153--- (10)
log [Si][0]2= —27255/T +10*59 ----.. (11)
Cr [JE': 2[Cr]l+3[FeO] = (Cr;03)sat+3[Fe];
log [Cr12[Fe0}®= —41050/T + 20°40--- (12)
VEE: 2[V]+3[FeO] = (V;03)sat+3(Fel;

log [V]2[0]3= —57700/T +24°21 ... (13)
Ti JJE20: [Ti] +2[FeO] = (TiOz)sat+2[Fe];
log [Ti1[0]2=—33830/T+11°80 ------ (14)

Al [ J52D: 2[Al]+3[FeO] = (Al;03)sat+ 3[Fe];
log [A112[0]3= —64000/T + 2048 ------ (15)

(7) Zewv L (15) R X D — Bl C—E I DEMETT
REFMT DMEEEENTIM IS, 4C: ag, X
(@ BIGETTH) : b 2% OYA DI L iSRG o w M5
L7ty Fig. 3 (@) o Z& < oic e t5. s
VITEE OZZ AN HRE t°C Ll Tk C ks
N XD BEEN T 5272 XIAFHE L 7n V- ASIEEESS t
°C LUF &7 2 X Difg 193 C DBiie 11 1047355
ROILXPHBILLIED D L LD, BRELBRELETR
L ORRDEIK (b) DT & QI B HEESMET L

@) 4 @©
X:b% X: b%
IS
S
| —Fta& | —== —CF
H S, ?
itt i
—Temperatre T — Temperature °C — Temperature C
Fig. 3. Schematic diagram of oxidation be-

gining temperature of active element in
molten steel.
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Table 8.
W 5353 (50C)

™

Cheniical composition of the atmosphere in ingot molds.

-

[ " Chemical combositton '
- of gases (2)

Position of #15)

"

Mold plate No. : . Pco,/Pco: References -
as samplin ; i Pco./PcCo
gas sampling 0. ! co, " co :
: 1/3 110 3+4 68 0500
o 1/2 80 3+0 84 0°357 o .
v —_— .
1 st mold.plate. | 273 36 32 140 | 0243 Ordinary-process
g 1/5 36 44 12702 0t162 | '
3/5 20 2:0 | 28°2 | o071 | . i
2 nd mold plate 275 0-a ‘ 3-8 55+8 0167 Wood—throwmg process
W 5365 (SF45)
) Cherrﬁcal composition i ]
Mold plate No. g:ssl;;orﬁp(l)ifng of gases (%) Pco./Pco ] References
0. | co. co |
v.‘ - ——— - - " ;
1/4 | 140 | 04 | ge4 | - 0091 |
1/2 i 14*4 | 0°8 ! 32 0250 - .
1 st mold plate 3/4 10°0 08 - 70 0-114 Ordinary process
| 9/10 3°2 1 08 152 0+053
! 1/5 64 60 14'0 ©  0°043
1/2 16 26 24-8 0105 i .
2 nd mold plate 3;4 0-4 12 5344 : 0-054 Wood—throwmg process
Hot top | 06 J 10 23*4 } 0°043
W 5371 (surface-hardening steel)
T " "Chemical composition
: . X
Mold plate No.- ! g:ssl;?;p?ifng (of gases (—/"—)wﬂ— ~— | PCox/Pco ! References
' 1/4 | 80 28 | 62 0-452
; 1/3 34 22 4 13-2 0-167 .
1 st mold plate ! 172 1.8 oo 17+4 0+690 ° Ordinary process
i 3/4 1°4 ‘ 06 17°6 0°034
P 1/4. 2°0 52 316 0°165
! 1/3 1°4 30 32°8 0+915 .
2 nd mold plate 3/4 06 10 24°6  0°041 Wood-throwing process
4/5 0%6 0'6 _ 19°6 | 0°-031
i
1/4 52 42 . 102 omz}
3rd mold plate 1/2 ., 18 144 : 16°0 0+088 Rosin-throwing process
3/4 ] 0-8 06 [ 152 0-039 :

THXDBKEENBCOREEI L DEN E LSz X
BEEEL V. 7z (€) DT EL R AEG XD
FBC ORI X D3N 5 b EIRR I X Ot {brEg
W sbThs. (a) ORE t°C Lol
O (D) OHEDT L X Co RicELE4
DCHRXDELES 1T 5o DBRE2FH L XDlE
L& RS KT &SRRV i (a) @
IREE t°C DITORHEGH IV (¢) OFH/FOTE L XH
COTIEDHERBLHOCBXDEbERbE L

B

TOBEREMHH TS5 E XOBLABEE Ik S h 5hbirTd
D, TROLEREREI (3) OTELEHEEH» 55
X5 CRIRSHADEECHEB LT AL It & Eambh
%. Fig. 4,5,6,7,8 iz Mn, Si, Cr, V, Ti o
{EFIAIRE 2 RR L. 2 b DEE 55 & i) 0l
P L2 CHTEE Fig. 3 (@), (), (¢) ODEDEOD
LEDHD I Enibrb. LichAoCTEREMmEZ &5
WEEAR 272D ik Th b O EE TS HERE Ul g
HW. 7Fk Al OBERLIRECYET BEEH T4

FE15) FURHERIRALE VSSPRIRER X
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Fig. 4. Fe-C-Mn-O system.
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Fig. 5. Fe-C-Si-O system.
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FE NG, EERRGESROBEL OB RN ABPBITE T 5
57— &2~ B RN ENEEE AT 5
239 FERS ORI X D Eekrh = HaFE LB & OBk

BT 5L 0DREB XU Table 9 DT ELILS.
[NT=s14X 1075t 4+ 1°66X 1072 ovmeenneenee (17)

‘Table 9. Relation between the saturated
nitrogen content in molten iron and

temperatures.

———._  Temperature |
——

“Saturated nitrogen

°C) 1500 1550
— )

!

iO'OS?G 0°0383 |

content (%)
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Fig. 6. Fe-C-Cr-O system.
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EFFECT OF HOT WORKING ON GROWTH CHARACTERISTICS
OF AUSTENITE GRAINS IN STEEL

Yoshiaki Masuko

H)ﬂ**

Synopsis: .

For medium-carbon steels and a medium carbon Cr-Mo steel having different grain size,
the effect of hot working on growth characteristics of austenite grains was studied by
changing the forging ratio from 2 to 10.

From this work, it was concluded that hot working lowered the coarsening temperature of
.austenite and that annealing after forging much lowered it. These were more clearly observed ina
duplex-grained steel than in a fine-grained steel. It was also found that the effect of hot working
and annealing on coarsening temperature was much smaller than that of the difference of ingot
size. It was veritied, therefore, difference of grain size and grain growth characteristics between
a ladle sample and a finished product was mainly due to the difference of teeming conditions.

Moreover, taking account of the behavior of AIN in steels, it was deduced that the effect
.of hot-working and annealing was the function of the state of aggregation of AIN and the
.occurrence of duplex grain structure, detected in this work, in as-forged state was also rela-
ted to the behavior of AIN in austenite.
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