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SOME ASPECTS OF GRAIN GROWTH CHARACTERISTICS
OF AUSTENITE IN COARSE-GRAINED STEELS

Ycshiaki Masuko
Synopsis:
Following the previous report, (Kawai and V. Masuko, Tetsu-to-Hagane, vol. 41, 1955 p.
435) similarly from the view point of grain-growth characteristics of austenite, the author

«observed experimentally some practical problems concerning the grain size control in coarse-
.grained steels for high-pressure and high-temperature piping serwce

Results obtained are summarized as follows: .

(1) A finished product has uniform coarse grains of No.3~No.4 in McQuaid-Ehn Grain
Size Number which are by No.1~No. 3 less than a ladle sample. And the difference of grain
size between a finished product and a ladle sample increases by increasing forging ratio.

(2) The grain growth characteristics of austenite is of the so-called ‘“ gradual coarsening ”’
type having no abrupt coarsening stage, and the coarsening temperature is lower in a fini-
:shed product than in a ladle sample.

(3) In the melting of these steels, as the reducing proceeds, austenite grains become
finer and the coarsening temperature rises. And by the addition of Al, austenite grains
become still more finer and the coarsening temperature rises higher, but as the time passes
on, the coarsening temperature falls. Moreover, the grain- refining effect of Cr additions is
:also observed. .

(4) Austenite grain size and the coarsening temperature have a close connection with
the acid-soluble Al in steel as in the case of fine-grained steels in the previons report

As to Al;O; in steel, however, the clear relation is not observed.

(5) The reason for the difference of grain size between a finished product and a ladle
-sample is considered to be mainly the diminution of acid-soluble Al in steel, but, especially
in the case of low-content level of it, the difference of forgmg ratio and the distribution
state of carbides are also considerably concerned.

(6) The relative relation of grain growth characteristics of austenite among fine-grained
steel coarse-grained steel and duplex-grained steel was clarified.
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Comparison of N, Al analysis and the austenite grain size of ladle samples

- Table 1.
with those of finished products. (P—11)
: Grain size Total N Sol 'N. Sol Al Al Oy ‘
2, 2. (925°C x 6h) (%) (%) (%) (%) - | Remarks
8 St +J H T .
s S 3 Pro- Diffe- | Pro- Pro- Pro- Pro- Ingot |Forging

n & o .Ladleg duct rence Ladle% duct Ladle duct Ladle duct Ladle duct | (t) | ratio
5 A E 4409 4°+9 38 11 O'Ol180-'0123'0'0095|O'OO36 0*005 0°004: 0*015 O'OO510'510l 275
S B E 4427 54 3*1 | 2°3 0'01080_'01120'00520‘0034 0°007| 0*00%| 0°017| 0*009| # o
5 C ¢ E44:8 56 31 25 10°0132:0°0146/0°010910°0022; 0*006| 0*004! 0021} 0°021 4 4
s D E 4436 4°9 2°8 2°1./0*0087\0*0132{0°0076/0°0011j 0005 0°003, 0010 0°015| # 7
5 E E4421 54 4*0 1*4 10°0107[0°0126/0°0096,0°0014] 0°007 0'0055 0°019| 0°015] # ”
6 A E4314 44 38 0*6 10°0120] "— |0°0100] — 0007 — 0012 — 9100, 26°5
6 B v . 44 38 0*6 [0°0120/0°0137/0*0100/C*0034| 0°007| 0*002: 0°012| 0015 # 4
6 C E 4304 42 33 0°9 |0°0151{0°0165/0°0123,0°0025| C*007} 0*004; 0°014| 0*013; 7~ 4
6 D E 4302 4°4 37 0°7 10°0134{0°0151{0"0115,0°C0O22; 0007 0°005' 0°013 0°013] # 4
6 E E4295 4°4 28 16 {0°0130,0°0157{0*0100,0°0025, 0008 C*004. 0°014| 0°014| # 7
6 F E 4291 57 40 | 1°7 {0°0120[0°0143/0°0100,0°0025; 0-008| 0" 005‘ 0°016]| 0*016| 7 4
6 G E4323 4+3 2°6 | 1°7 |0°0115/0°0146/0°0109/0°0025| 0°007| O° 003 0°005| 0004 # 4
6 H 4 4°3 2°8 15 {0°0115/0°0143/0°0109|0*0025| 0*007| 0°003; 0*005| 0011 ” 4
6 I E4318 ! 4°5 34 11 |0*0118, — [0°0112] — 0008 — 0-018 4 v
6 J E4284 ‘ 53 4°0 1°3 {0°01290°0140,0°0118:0°0034: 0°010| 0" 005‘ 0°013]| 0*006f 7 7
7 A ‘ E4430 | 5°4 34 2°0 ,O'01260‘0134’0‘0098,0‘0020“ 0°007{ O* 005 0°010] 0°018| 8700 305
7 B E4441 55 3°2 2°3 {0°0129[0°0139,0° 0095'0°0008] 0°005| 0 002 0012 0-022| # i 4
8 A | E4436 4°9 2°5 ) 2*4 10°0087/0°0123,0" OO7élO 0020} 0°005} 0-002; 0-010] 0013} 7°600 4
8§ B E4418 56 3*5 2*1 10°01320°01420" 0109[0 *0020! 0°006| 0+004!.0°021| 0°007| # 4
8 C E4430 5+4 3°0 2*4 10°0126|0°0136{0*0038!0.0022] 0°007] O* 004| 0°010] 0-005| # 7
8 D | E4409 4+9 23 2°6 |0°0118/0°0122(C°0095/040020] 0*005| 0002 0015 0°016| # 4
8 E | E4421 | 54| 2°5| 279 0'01070'01370‘0096;0‘0014 0+007| 0°006, 0°019| 0°023 v
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Table 2. Comparison of N, Al analysis and the austenite grain size of ladle samples
with those of finished products. (P—22)
Grain sizg | Total N | Sol N Sol Al Al O
= Heat (925°Cx6h) | (%) | (%) (%) (%) Remarks
g ; N ! P ! ’ $ 1 [ : H
I Y Pro- [Diffe- Pro- Pro-| ! Pro-Ingot Forging
« E Ladle . duct lrence :Ladle ;L adle gt }Ladle duct 1Lad1eJ duct| (t) ' ratio
1 A Ea321 41} 27! 1°4 0-0120. — 00l12 — 0°010 — 013 — 515'580; 12°2
1 B ; E4331 | 4°5 2°8 1°7 0'0129 — 0°0120°  — 0010 — 0°013. 0°013" 7 ”
1 C ¢ E4342 | 4°6 3°0 1°6 !0°01150°0137.0°01090°C025 0009, 0*C05. 0°C07 0012 # ' 4
1 D ! E4370 | 5°7 34 2*3 .0°01430" 0151'|O 01290°0031 0.010 0*007 0+012 0°018 7 4
1 E [ E4357 | 5'3| 2'7 2'6 0°01260°01340°01150°0022 0°006 0°005 0°0l1 0-010; 7 ”
1 F E 4287 5°0 2°1 2°9 O 01500°0157(0*00930*0020, 0*010; 0*006; 0*018. 0*012 4 4
2 A E 4351 4°7 34 13 0'0134 — 0°0126| — 0'005] — 0°007] — |[14°000; 12°3
2 B E 4348 48 3*6 1*2 0°0134] — [0*0115] — 0°006 0007 — 4 7
2 C E4372 5+3 34 1°9 10°0101/0°0132/0°0098/0°0024] 0°008; O* 006 0-005| 0-011] # v
2 D E4362 5*4 3°1 2°3 |0° 0126|O 01430 012010 0028, O Olli 0°005| 0*005| 0°009, # v
2 E E 4396 .55 3°0 2°5 1O 01290 01930 011810 OO31i 0°008' 0°C07{ 0°017| 0°014| # Y
.2 F | E4380 ! 57 3°7 | 20 0- 01290 01430°0119,0* 0022; 0013 O° 006 0-014! 0°006 4 7
2 G : E433%9 | 4°5 1°8 27 N‘O‘OIZBO *01460° 01200 0025 0*009 O 003‘ 0°006; 0°015; # 4
2 H | E4389 @ 4-9 2*3 26 ”‘O 01180° 01230°* 01120 0014 0°007 0°+003, 0’004N 0°026] # 4
2 I | E4386 53 2°9 274 .0°0101.0°01430" 00910 0020 0-008 0°003: 0°Q06, 0°013 4 v
2 J E 4403 52 39 1°3 O 00920* 01200 00794 0°0014 0°005 0°002. 0°013, 0°015| # 7
2 K E 4394 54 37 17 O 01260 01370 OIZOIO 0014; 0*009: 0'006‘ 0+012} 0°0l6| # 7
3 A E4292 44 1“6 2+8 0° OlO9IO 01540 OlO4IO 0034: 0'007' 0-003j 0°004] 0°014{15°580 40
3 B E 4301 35| 1°*5 2°0 10°01290° 01320 01150" 00361 0°010; 0*007, 0°01L1} 0°Q05| 7 4
3 C E 4296 44 3*0 1°4 [0°0134/0°01460°0118[0* 0028 0°006| 0*003] 0-011| 0013 # 4
3 D E4303 4°5 3°1 14 j070129/0°0137|0°0115(0° 0017‘ 0°007, — 0°032 0°0l15 # v
3 E E4312 4.6 2°7 19 [0°0129/0°0132{0°0118{0°0025, 0°011} 0*004| 0*005| 0°012 ~# ”
.4 A E 4406 56 22 3°4 O 01180 01460" 0112'0 0025‘ 0°011| 0*007| 0°010; 0*022! 9,200/ 16°5
4 B E4377 52 3°1 2*1 C- 01320° 01430 01200 0025‘ 0°0C8: C°002) 0°013; 0°018 # 7
4 C E 4383 5°5 33 2°2 :O 0137‘0 01480 0126'0 *0014 0‘009% 0+002| 0°013 0*013| 7 ”
BERHBTED SN LI DT — R 7+ 4 MESN

—= P-22(£4287) © ladle sample
=== P-1](£4205) ® Finished product
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T 2
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——> Carburizing temp. (°C *$h)
Fig. 1. Relation of grain growth characteri-
stics between ladle samples and finished
products.
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Table 3. Variation of grain size and grain growth characteristics during
‘ melting and teeming process.
P—11
v i ! {
Igf)at SaI{Ing’le 850°C | 900°C :925°C | 950°C | 1000°C ; 1100°C | 1200°C Remarks
: . ! ¢ |
o 1 4+6* 39* 3r4* 3°3% 2°6* 1*5* . 1-2% | Melt down
© 2 4-3* 3-6* 3-2% 30 2°5% 1-e* 1*1* | End of oxidation period
~ 3 54 4°-8 33 3°1 30 13 1'0 - | Middle of reducing period
W P 4 53 5+0 46 38 33 17 1*1 - | Refore Al addition
g 5 6°0 55 52 52 1 4°1 30 1°3 Beginning of teeming
= 6 6°3 55 44 43 ' 3.3 2*3 1°0 End of teeming
2 I ara® | 3e7% | geox togegx | 205 | peg® | 1ep* ! Melt down
o 2 | 40* 3°7* 3-2% 3-0* 2°5% 1-5* 1-1* ' End of oxidation pericd
~ 3 I B*5 4°9 3°2 3+1 3+0 15 1°0 Middle of reducing. period
S 4 | 5°5 53 4*5  3°8 3+0 1°5 1'0 . Before Al addition °
G 5 60 55 51 , 5°0 S 4] 31 11 Beginning of teeming
&3] é 6°0 5°5 44 | 4°0 3°0 20 1°0 End of teeming
P22
] ‘ i }
Iﬁgat Sa§10ple, 850°C | 900°C | 925°C | 950°C | 1000°C i 1100°C | 1200°C Remarks
. 0. , :
o 1 4m2% | 3e9% | 3ee* | 3°3% | 2:9% | |°7% | 1°2* | Melt down
— 2 - 3e7% 3°5* 3r4* | 3e0O¥ 2-8* 1°9%* 1*3* | End of oxidation period
~ 3 50 43 3°9 3°5 3°0 13 1°0 Middle of reducing period
S 4 6°0 54 5°0 40 3°2 16 1°0 Before Al Addition
- 5 6'5 55 54 .52 4*1 3°1 1°3 Beginning of teeming -
jcal 6 673 5°5 50 46 3°6 25 1°4 End of teeming
N 1 4-0* 3'6* | 3y 3-2% 2°7% 1°6* 1*1* | Melt down
- 2 39% 3°5% 3e4%* 3°4% 2°9% 1°6% 1°1* | End of oxidation period
~ ; 3 56 4°5 3°8 33 3*0 12 1*1 Middle of reducing period
e 4 6°5 59 4-7 41 27 1°5 1°0 Before Al addition
o 5 67 6°0 5°1 48 40 30 10 Beginning of teeming
= 6 67 5-3 4°5 43 35 26 1°1 End of teeming

* Abnorma] (carburized) structure
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Table 4.

‘and teeming process.

Variation of chemical composition and grain size during melting

I

Mn
%

P
%

S
%

Cu
Y

Cr
%

Mo
%

Total W Sol | Sol
N N

% | %

Al

%

Al Oy

0.
%

P—-11

0-24
0°18
0+43
0+48 0°C06
0752 * 0°006
{6 o . 0'52 0006,

0°007
0°002
0°004

0°023
0016
0°013
0011
0°010
0-0l11

E4295 (6L)

%
[

20‘007%0.0062 07003
'0*0087,0*0076, 0°005
0-0101l0+0081' 0-005
0°0104/0*0084; 0°C06
0°01230°0104 07010
0-01300°0105; 0°C08

0°13
0°14
014
0°15
0-15"
0°15

005 !

0°05
. 0°06 | 0°53
1°17 | 0°53
123 | 0°52
1722 | 0°52

tr
0°53

0°01
0*01

0-012
0012
0°013
0-014

1| 0-033
1| 0°032
0-021
0-016
O'OOﬂ
0°005

0°25

0-17
0°50
0°54
0°50
0°52

0022
0°015
0-010
0-0c8
0-007;
0°006

0007
0°003:
0-005;
0°007
0.007
0°007

E4302 (6D)
o U W N =~

0°12 |

0°13
0-14
014
015
015
015

0+003!
0+005;
0+004i
0°004!
0011
0°007

0°00840°C073
00098 0°C076
07010200080
0012300095
0°01230°0104
0°01340°0115

0-05
0-03
0-05
1°17
118
116

tr
058
058
0°57
0-58
0°58

0°010,
0°011
0°010,
0°010
0°012
0'013}

0°033!
0°031

0-025i
0013
0°004;
0+005

O WWw W
o= VNN

P—22

0'014
0°013,
0+00%
0+010,
.0°009
O‘OIO;

0°42
0°15
014}
0°15
0*16
0*13

@]
—

| 0°14
028
L 0%44
048
| 0-48

0°49

0°-003
0°-002
0005
0-006
0*006
G006

E4287 (I F)
Oy v N =

(@]
w
w

0‘00740'0059!O'OO§

070108070059 0*006!
0°01240°C074| 0005
0°01330°0076| 0°006
0°01350°0088| 0°012;
io-0150;o-oo93 o-omi

0°15
016 |
015
0°15 |
“16
0°16 !

006
0°07
0°09
2°19
2°18
2°17

009
093
095
095
095
0°96

0-013
0-015
0-015
0°015

|0'043!
0-031
0-022
0°019
0°004
0005

O www
OO0 B

0°022
0-018!
0°013
0011}
0+010
0010

0°36 |
0°C6 |
0°C6 |
10708

009
009 |

0-01
001
0°19
0-28
0-28
0-28

o*11
017
0-47
0+49
0°49
0+50

0°002,
0°002.
0°004
0+005'
0°005
o-ooe,}

E4296 (3C)
Ul W —

0°i3 |
015
0°15
0°14
0*14
0°14 l

011
0°11
0°13
2°39
2°28
2725

0702 {0+00950°0084
1+05° 0°0101 0+ 0084
1+05 [0°01040-0092
1+04 0012000104
105 0+01200°0106

1°03 0‘0134;0‘0118

0+004!
0005,

0°013,

0+004' 0*009

0°005. 0*010

0°006: 0°013

0-037
0-027
0-021
0°012
0-003
O‘OO%
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