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STUDY ON THE CHARCOAL PIG IRON FOR CHILLED IRON ROLLS (I}
(The Structural Characteristics and the Gas Contents)

Kokichi Otani

Synopsis:

It is said that the characteristics of charcoal pig iron is a better suitablity for producing
chilled iron rolls than the case of other pig irons, such as the coke pig iron, the electric pig
iron, and the remelted pig iron.

In practice the following facts are the reason why the charcoal pig iron is used for manu-
facture of chilled iron rolls: its improvement of chilling effect, reduction of the mottle por-
tion, least shrinkage difference between chill and gray iron, preferable graphitization in the
gray iron core, slow cooling rate and increased fluidity of the molten iron. '

Up to this time investigators have given no comment on these problems. The principal
point of these characteristics presumably is a presence of numerous graphite particles in the
core and a high heat content of the molten iron.

These characteristics have been considered to be caused by the nitrogen, the oxygen, the
hydrogen, and the impurities. The author inv_estigated experimentally these characteristics.

Three laboratories in Japan (Mechanical Laboratory of Japanese Government, Metal Resear-
ch Institute of Tohoku University, Laboratory of Mitsubishi Kozai Co. Ltd.) carried out the
gas analysis of the charcoal pig iron, the coke pig iron, the electric pig iron, and the remelted
pig iron. It was found from this analysis little difference between those determination.

If the characteristics of charcoal pig iron have reference to the gas content, it is probably

due to the state of the gas that has been indicated by Hiromu Tanimura®.
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Photo. 2. Comparision for depth of mottled
zone in various chilled iron roll fractures.
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Photo. 3. Comparison for graphite particles
and depth of clear chill in various chilled
iron specimen. '

Table 1. Presence of graphite particles in various pig irons.

) Chemical comrgoesition - .
Symbol Kind of pig iron - O - Prese%(;it?slegsraphlte
C- Si Mn-« p | s
| -
(1) Teikoku charcoal 3°90 0-28 0+18 0*060 | 0°014 | much
(2) Iwate charcoal 312 0°26 0°12 0°100 ‘ 0028 ] much
(3) Tohokudenka electric| 3°85 0°42 0°30 O+ t00 0036 | a littie
(4) tani coke remelted 341 040 037 ‘ 0°*103 ] 0060 ‘ medium
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Table 2. Comparison for depth of mottled zone in various chilled iron roll fractures.
’ i Chemical composition ¢, “ Depth in mm
:Symbol Pig iron 9 in charge c | S Mwmﬁ-r . - S . e Clear Moiiicd
[ 1 nod ' chill zone
Iwate charcoal 15°5 !
Fe6344 Kamaishi coke 26°0 3+07 0-61 029 0°51 0-039 029 17 3
Chilled roll scrap 58-5 -
Iwate charcoal 15+0 i ’
F o460 Kamaishi coke 215 303 ; 0°54 0-27 0-54 0041 0-29 22 6
Chilled roll scrap 63°5 |
i Hirohata coke 12*5 \ . ;
Fe228 Wanishi coke 10*5 2+93 060 , 031 - 0-50 0-041 016 17 8
. Chilled roll scrap 77°0 ‘.‘ j ‘
| - —— .
' Kamaishi coke 55 .
Hirohata coke 10°5 . . . . . .
Fe6315 i Wanishi coke 155 3°05 O 57 0-23 0+55 : 0-03 0-13 22 8
F ‘Chilled roll scrap 6845 '
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Table 3. Comparison for graphite particles and depth of clear chill in various chilled iron specimen.
3 : Chemical composition lo?illa::gr Graphi-
Symbol | Pig iron 9% in charge - chill  te par-
| c ’ Si | Mn P s Mo |l ticles
A Iwate charcoal 15 L :;
Fos7g Kamaishi coke 24 3*13 0-51 0+27 0°56 | 0.036 0°29 50 much
Chilled roll scrap 61 : : ‘
B . Iwate charcoal 15
F 6603 Kamaishi Coke 24 3702 050 0+25 055 0°033 0°30 50 much
Chilled roll scrap 61
C | Kamaishi coke 28 L o o . e o
Fésos % Chilled roll scrap 72 300  0%66 028  0'53 003 0'29 ° 20 medium
! .. . ; i |
D Kamaishi coke 30 . . b P PN L0 i
F6628  Chilled roll scrap 70+ 2'%% | 0769 | 0727 + 056 | 0%031 0'29 50 alittle
E Hirohata coke 242 .
Fesog  Leikoku charcoal 15°0 2°80 0-58 024 ' 0°55 0°042 0°30 47 much
Chilled roll scrap 60°8 :
i Nippon kokan coke 30 l .
F | Hirohata coke 10 3-10 0°65 0°25 057 0036 021 "40 much
ﬁ Chilled roll scrap 60 ’ l - )
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Table 4. Practical cooling rate of melted chilled cast iron roll.

D'eptﬁ of

Capacity of : Chemical composition .
Date |melted iron| Pig iron 9 in charge _ chilt Co?gg/gnfs;e
(Ton) : Si | Mn | P S (mm) .
Oct. 19 : Teikoku charcoal 25-1. : '
19'53 ’ 12 Nippon kokan coke 8.5 | 2°82 [ 0°42 | 0°23 | 0*63 | 0°05 20 0-9
Chilled roll scrap 66*5
Iwate charcoal 25
Oct. 23 Kamaishi coke 10
19'53 ’ 12 Hirohata coke 412°95|0°63 ; 0°24 | 0°53 | 0°048 58 156
Nippon kokan coke 11l
Chilled roll scrap 50
iwate charcoal, 14°3
Oct. 28 Kamaishi coke 14+3 - -
- 1953 ' 1 - 71— Nisso electric 21*4 1298 | 0*47 | 0*20 1 0*45 | 0*0517 85" 2
Nippo kokan coke 10°7 ,
Chilled roH scrap 39°3
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Fig. 1. Practical cooling rate of melting
chilled roll cast iron.
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1-mb (Teikoku)

1-mc (Teikoku)

5-wa (Nisso)

el S A

R T T
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EERTRN N TR T

X o :
3-gb (Kamaishi) 4-gb (Hirohata)

2-mb (Iwate)

2-mc (Iwate) -gc (amaxshi) 4-gc¢ (Hirohata) 5-wc (Nisso) 6-wc (Koshuha)

Photo. 4. Microstructures are compared with charcoal pig irons (l-m,2-m) and other pig
irons (3-g,4-g,5-w,6-w) upper; before heat treatment, middle; after heat treatment (surfac.e).

lower; af

ter heat treatment (from surface 2mm) X 100(2/5)

Table 5. Chemical composition of various pig irons.

f oo \ Chemical composition 9
No. of sample | Kinds of pig iron
1 \ C Si i Mn ‘ P k S Ti ‘ Cu
1—g 1 Teikoku charcoal (gray) 4+25 078 | 0°35 ! 0°025 | 0°-022 i 0-15 t tr.
l—m, . | 7 % (mottle) | 3°50 0°20 0°17 ' 0°29 0°05 | 020 tr.
1 —m, 4 4 ¢ # )| 3°44 0°30 0°16 0°26 0*05 ~ 0+015 ! tr.
2—g ‘ Iwate charcoal . (gray) | 3°56 0°90 0°25 017 0+019 © 0°17 i 0015
2—g» s ” (7 )| 423 063 | 0°43 0°09 0021 012 ; tr
2—gs % % ( # )| 400 | 081 | 0:35 ©0-13 | 002 0717 = 0015
2=—m : ” 4 (mottle) 394 026 | 0*15 019 002 * 0*15 1 0°013
3—g: Kamaishi coke (gray) 395 236 0°33 015 003 ° 0*10 ! tr.
3—g:2 7 4 (# )| 39 2-82 | 0-68 0°20 0°03 . 0'10 . tr.
4 —g Hirohata coke (gray) 3-54 2-48 | 0+69 0-23 005 |, 0°1lL ; 0-010
5—w; Nisso electric (white) | 4°+04 0*08 . 0°78 0°23 0*04 ' 0°07 @ 0°020
5—w; o v (white) | 4400 0+07 | 0°75 022 004 007 | 0°020
6 —w; Koshuha electric (white) 433 024 . 0-28 0-29 007 0:09 | 0-0i8
6—ws Koshuha electric (white) 4°42 0°05 i 0°50 0-35 0-04 009 ! 0018
7—w : Fujikoshi electric (white) 390 0°09 0°10 0+07 0054 0°06 @ 0°019
8 —w . Tohokudenka electric (#) 4°60 065 019 0025 0°020 002 0-016
9—g . Remelted coke (gray) 384 0-93 049 016 0°045 006 | 0-08
9 —w : 4 7 (white) 338 009 021 014 0-015 006 | 006
D—1 * No Boron cast iron 3-10 0°39 0°27 0°59 0°051 , 0°09 : 0D-l4
D—2 i Boron cast iron (B0°013%)|. 3°19 035 0-27 % 062 0+053  0°09 ! 014
Table 6. Gas analysis of various pig irons.
i Gas analysis
No. of sample —_—
Soluble N;  Insoluble N; | Total N, l 0- H; .
1
A 0-0034 0-0026 0-0060 i
| — B 00035 00025 . 00060 5
£ C d 00048 L 0%0215- 00015
M 0°0035 | o002 0+0056
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A 0-0019 00020 070039
| —m B 0°0041 0+0031 0°0054 - o
C 00026 0°0039 0°0065 0°0178[M.S.] ' 0°0018[M.S.]
M 00029 040030 0°0053 ‘ :
A . 0008 0008 . or0101 |
5 —m B 0°0049 © 0-0038 { 0-0087 :
C 0+0047 ) 00057 0°0104 0°0542{M.S.] 0°0084[M.S.]
C M 0.0066 00038 0+0097 -
o A 0°0027 0°0019 0°0046
82 C o 00023 00045 0+0005
i
A 00040 00018 00078 l A
3—g B 0°0037 00017 0+0070 . Lo
C 0-0034 0-0032 00064 {8,8122[“’['5'] 2{8,888&1\4'8']
M 0°0037 00032 00071 ‘
. i
A 0*0036 0°0042 0°0078 |
4 B 0+0057 0°0013 0°0070 : »
g C 040026 | 00038 0+0064 0°0732[M.S.] | 0+0015[M.S.]
M 00040 i 00031 ©0°0071 ‘
!
A | o0-0013 | 0°0024 0°0037 I
5w B t  0-0056 L 0°0019 00075
C ' . 0°-0018 ! 0-°0035 0+0081 0°0018[M.S.] | ©+0C02[M.S.]
M 0+0029 00069 . 0°0064
9_ A l 00027 00069 0°0096 ! ,
g c | ’ 0+020 © 00013

|

2209 P

: Average value of A, B and C

: The figures given by the Mechanical Laboratdry-of Japanese Govermrent
: The figures given by the Laboratory of Mitsubishi Kozai Co Ltd.
The figures given by the Metal Research Institute of Tdéhoku University

[M.S.]: Mass spectro- analy31s value by the Metal Research Instltute of Téhoku University
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