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' ON THE LIFE OF THE LARGE INGOT MOULDS MADE OF
" DUCTILE CAST IRON |

(Some Considerations on the Comparison Test)

Synopsis:

Tetsuo Kitashima and Tadanobu Kono

The experimental and practical results of the. small ingot mould made of ductile cast iron

were reported by many authors.
be not yet reported in detail.
Therefore,

However in the case of the large ingot mould, it seems to

the authors made the exberiment on the large ingot mould, i.e., C-é61 type

(weight: 5,230kg, wall thickness 130mm) and C-56 type (weight: 4,900kg, wall thickness 125
mm) which are used at Yawata Iron & Steel Works, for the purpose of comparing ductile
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cast iron with ordinary cast iron. :

As the result, it was found that the ductile cast iron mould has a longer life. On the other
hand, however, some peculiar defects appeared on the inner surface of them in the course of
ingot making. Authors discussed those results mainly on the points of its life, surface crazing '
and cracking,and change of the microstructure. '

List of derived conclusions are as follows:

1. The favorable result can be expected from the large ductile cast iron mould.
2. It has superior resistance to crazmg and few exfoliation is noticed on the inner surface

of tested moulds.

3. Pearlite and spheroidized graphites are decomposed into massive graphites by repeated

heatings to 700~-750°C.

4. Peculiar cracks of ductile cast iron mould must be prevented by the improvement of
casting technique or the development of the ingot mould design.

I. #

C F Y 24 VEERR R/ NISBRAGENCERAL IR
WTIXT TIRFERIND £ 0 & A VEFFGFHIOD EFHEHS

il

R 6NTWN B, KATIGHEANC DU T id & 17567 56
BERAENEITHE. ZLTHIITINTILE 7 £ 4

VEESRD ARSI~ DR B2 BEE LT, C-61 T (%

B 5,150kg, WE 130mm), C-56H) (BIEE 4,900 kg
P 125mm) Do & 4 VST & 3 8550 & Himsk
SENC L AT OBFRRBRZERKL 2. 2L THEED
Far R FHRERIC L D U & N3 & ARICBEIIOTE, &
V- o L OEFTRTLS b OV BERIRNT S 1 B PISRARRL
EDLEAER DU L HBHRH L. TOBRL s 40
GRS F TN TIRPPEN T E 35D D70%5,

ZQRE S 7 & A VEESKORRIIC X 52, SO KKEDS
SRINMEICH Shhis. TR SOBRIZDNTONIIND
ERED.

II. & &% A &

(1) FASELIDORAR~TE

ARG U T UTIC T 3 4 BT THEER
A ERBEEDNE A EHBEFHLZ O ok BN,
Wh 3, FEGETHORIEDS S C-61 HlE CHicD
$C-56 FBFEA TS, UL CAUISFTICIS O TAS
UdATTIEL, LUAMRICET RS EOTH S
BRERFEINTIZF 7 2 4 VEESGTNCHT VS, His
DARXNDTEEE Y & 4 VEESSHETIN /N X b AT~

EHEHT 2R E U TORERED SBA T2 kdisE

FE L TEERUDIKRETH 5.
ST oKk~ ER2RFT UL Fig.
3. ‘
(2) A EERE
RERGEHIE U TSHEINT-F 24 V8FEHD L0,
3B L PEBETHHED DWW TOIREER ST, Bk

1 DCELTH

ER Fig. L,2,4 0 § 1 £ ORD

Cc-81 . C-.ﬂz
e 7709 — 720% —
-q/?i«- 510¢~ﬂ5 -WE 49094%
N
8 )
S 5
~ \
\
Al
N
N
; N
R b —rijs Ll 5€0¢—-/m—
l]a’*—-%gqs J; 2709

Profile of moulds tested.

B} & O HEEEHILE S Table 1 [WRL 1. 12150 &
2 & A VIR RERDFRIRALR )T U 2 95D T 40~
100% D HD2A~COITTHEL, TNICEASHR
D (#2541 C-61 HDHEER» 20mm FH Lfhizs
{ERRICL 728 @, Fig. 1 ) 2FH@mATH5.
133 EIRSFEE E SERU LT ITIS T B SRR A HIAE® 1T
IARAREASHEDIDZRAL T 5. DT
SEED BRI % 2 N1 Photo. 1 {TRT .

(3) HRASHOMHHESZH ,

AT H - 2TiE Table 2 ITFRT & 9 IC LEEKED
AESERIA,B,C,D AT ESRME & §ItgFEL T
H, T O=Z20@&BTHBITBTHERL .. FHEER
TEBIET—EICL THEOBREICIE L T ER2HL
12 SR EFOFEINIEHEMAE LS D THEDIT AR
EVEZHIO H, TITHBRIDETOERZPEL LD
WFikir 2 23V EES.

Fig. 1.

II1. 8 & & 5

(1) #2724 VEETEER (A) DT
SELRERIKAL (100%) LICES%HE T % AGH s Ak
SR E A 4 A4 - ARAICEER UBEANTO T2 B £ TORE
B2 Z T 2. BRNCHF e & BEHIOZER % Table
3ITART . LN%A b EHFMIAGH)DS 111°6ENTHL
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Table t. Casting elements of ingot moulds tested.
. Ductile cast iron mould - Ordmaigy castiron
Marg mou
A | B C D E
Spheroidization % 100 40 60 50 —
User H T H H H T
]
Type and No. ‘ ‘ C-61 2 fC-6l 4
of mould C-61 5 C-5 4 C-e1 3 ! (thin wall) [C76L 3 {C-56 2
Chemical C 368 Si 1*59C 3°65 Si 1°88 C 376 Si 1+80 C 336 Si 1°84C 3°84 Si 163
composition MnO0°'47 P0*097 Mn 0+47 P0*084; Mn 0°49 PO'154>MnO‘33 P0*058Mn 075 P0-205
(average) % S 0°037 S 0+039 S 0-008 S 0-012 S 0°049
< | 850°C X3h— ] 820°C x2h— : 650°C x2h i
8 Hi?gatment 1 720°C X5h Szg:%afsdsh 720°C x5h 1 ! annealed for As cast
g o ‘| annealed ' 650°C X2h 2 ' stress relief
S | Micro- ' | 60~70% i )
80 structure 70~80%, Ferrite70~80% Ferrite, Ferrite 1 1009, Pearlite ;100% Pearlite:
k= ‘ 1002, Pearlite 2 .
@ . Tensile Tensile Tensile
S Ni‘%chea;?wal _strength strength ?’)I;er(;s:ll(;e ;lzr?,rrlngrtn}; strength
property 45.4kg/mm? 18+ lkg/mmzl g 25<6kg/mm? —
Elongation8+22;,|Elongationo*39;, Elongation 10.0 3.5%|Elongation1*3%] -
(average) B.H.N. 164 B.H.N. 123 B-H.N. 154, 170 B.H.N. 160

Ductile c. i. mould A

Ductile c. i. mould B

Ordinary-mould E

ﬁuctile c. i. mould C

" Photo. 1. Micro-structure of testing rpoulds before use. X100 (6/10)
Table 2. Se_rvice éonditions of ingot moulds tested.

User H T -
Moulds ‘ Type C—él C-56 C-61
tosted | Mark A oC D E B | E E

Number » ~457 3 2 3 i 4 2 4

Steel melting furnace

Teemed steel
Rimmed or killed
Teeming method

Teem-to-strip time

Cycle of usage

Semi-kllled

Top or bottom teeming

30~50mn

‘ Open hearth
! Rail (C=0"60~0"75%)

1~2 heats/day

Open hearth
Hoop & SP2A etc. (C<0°10%)-
Rimmed
Top or bottom teeming
"~ 30~50mn
1~2 heats/day

Mould weight
Ingot weight
Mould ratio

5, 150kg (D

—4,300kg) i
: 4. 000 kg (D = |
| 1°29(D=108)

4,960 kg
3,500kg |
1-42

5,150 kg
3, 500 kg
147

4,000 kg )
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TFable 3. Life and cause of discard of mould tested (C-61)
. i . ' Number
Malten Mould , Life Cause of discard Size of peculiar horizontal cracks (mm) of
a No. |(heats) i © cracks
Peculiar horizontal Length width I
< A~ 12 crack 285X 12 190x 12 2
S .o A~2 120 ” 280X 20 190X 15 170X 12 330X 12 4
8T8 A~3 100 Z 400% 25 200X 12 250X 10 200X 10 330X15 5
5 Q g A~ 4 109 s 230X 9 180X 10 130X 10. 180x 12 200X 8 5
A~5 117 4
Average 111°8
L@ —
:?“ ! 28-417 | 110 EXf(Sl:ir:tZiloIlllng Cracks occurred between 400mm and 1300mm
83 28-418 1 tr crazing . from bottom.
TE . 28-419 | 102 i f icl
S [Average 107.7 i A-5 could not be observed because of sticker.

TEGENE 1077 %5 L £ 5 & 1 MVEEEEIn o0
TFRBREEIE DTS, UL LORETI I bIHEE
ﬁ®@?%%f5Ct@%@?@5 ULD»LCCTERT

SREBBEARETS ST, EGRBHWINE 2 v—
DTG Th B0 TAGENI £ Tk e
NTEDTEELLDTNBLETHE. Lrd D
BRI L AR T8 4~5 b 5. T Ok
FiEO g EERDS 30~40 BRI TEE & b
400 mm PlEMECAILFHEEL T h Fig.
BIITART LI ZDIEDIER $ 273 iE < 50~100mm
WL T 5.

ETEOHN I —EREL O THHRD y -
L TEEDEDELEDTABYLBUENS I Lv—o oy
IBIERICE S 5~10mm FBETHEFEE d »ixh 8L
EGRD /2L FThsB. LIZWDTHEI &4 VRN
S-S AEAIRELALNT, TAEICE
hair crack i3t ALH T Dz, 212U ESE
T R N TR 2 V= o & DYEFTEEDSHIK
LY 70 BEIRKILTIE, SXOAHFHELEDE
HETALITHA.

(2) &2 &4 NEESER(BYIZONT

AFH L B BICOWNT § 4 ADSFH % EEgEM C-
563 A, C-61 MAAE & AL THERABR 277
DIz. CODFERIZ Table 4 5L ¢° Fig. 4 1IWRT LS
L LT &0 & 4 VSR SHIN YiFeay 1105 EIK
U EESEI 10605 MTHIZEN PP BIF TH 5. L

2
]

Fig.

PURBH L CNIHWHEICKEZERIZ/ISN. £TBPC
OBFRR AGROBELRILY, s v—v o obnb

UBULKFEEVIZEAL EGREBRETH DIz, BEA
FR{ETLOY v—o o Jid s HEENRE 8 DT
5. 3 LAARNRE 5 RERREIN S 40 BEX h REL
TWANZOEHIEH I HDFEEZEL TR DTD 3.

ESM

Aodiktar -mould  A. Ordinary-mouid  E.

15— 5209 —] 1254
.
$ - , <
AN Big DYE
13 V C1s <
. S IS
= S ZRE
N, SE N g
o N 7
~ - -
‘, . . l. § I
NN NN % f s
. ~ N 13 3
N \ Vs g E§ Y §
N \«v&- n 9.§ :f N
[\ § S N o § ‘g
hat A RS ol RS
@ H S “ <
NI 2 3
. {ERA R g RS
\3 o THIN 1S g
CRER NN B o
z:: 5]1 \],D “\n\q’\n‘\: \‘\\\ 2 :/ |
SN BRI NS § L sl
§\H§w&ﬂws ISR
SELNRESR N | AN
—{/35 " 610 F e T
Capehiztod by fusion
Fig. 2. View of crazing progress at 73 or

74 heats of H, C-61 moulds.
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.I Abdutar-movtd (160 E2azs)

Fig. 3.

B OgEEIN (Fig. 3 /) YT N XD 452
CTRIEBICAELLEELUL. Z2LTLnNse k LHHAE
UTcE T35, X08REENOTFHRIT—EDELT Hips
FEUHSZEESE 22T, Th50ENE EZRTN
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Ny &Y &4 VEHEEROSEEDIFICHT 5 IUEFLIGRET
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[
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Depth of crazing and crack.
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Table 4. Life and cause of discard of moulds tested.
. ;Type of . Mould | Life . 3.
Material mould No. }(heats) Cause of discard
< i B~1 123 Vertical crack caused by crazing
2 .m | C-ze | B~2 100 ” ” 7
T E ! - I B~3 123 Crazing
A°3 | B~4 9 Vertical crack caused by crazing
g i Average | 110°5
.= S Huh it B e
M 28-166 113 Vertxcal crack caused by castmg buckle at inner surface
o C-56 28-176 100 Vertical crack caused by crazing
= Average 1063 -
o : . — - R R
? 28-637 160 Vertical crack caused by crazing
o Co61 28-649 151 . Crazing
s 28-650 152 Vertical crack caused by crazing
5 28-652 ' 154 - Crazing
5 . Average 15443

Ordinary- mould E. Modular-movld 8.

~ 12— 990P—{i20~ .
N AR g N T ]
SN\ AN < ¥ /A p 1 3
NS YRS
3 NG
o NCFLE 133
Py (RS 2 -t
\, *::' i
. ZANI
e <
. 8
< § ; 4 3 E §
E 38 4 BIsi
= ¥ . N R N
= a s
- S I
~ 'ﬁ /* 7(_ " ~ \‘:S)
< -] - N
A 7 £
o 7 r
T gsdl ¢ N
8 SRR sP|88
J ‘?-l PN \ +|S¢
..’3 1 — =] L
-« 130 5609 — e . ,
*{H 0 /t:r/a!/ared by yusion

Lrfoliated by tusion

View of crazing progress at 55
heats of T, C-56 mould.

- Fig. 4.
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SEATHIT R LSS A 7o Fig. 5 W HRERHR X OFE
FERRTL T 5. §8bLY v—U L I OFRER
A2HEETRL ZOKE 3 %] WOKSBITEITED
U, BEREEN 21235 EINE S & S KA LSEIT
HEL P2, '

CCTHEINZORIDEHRE L TRLUIERSL Z £
A VEESGSERTH DT, D& o & A VERSGHE & [k
FEREEIN L L AR B IcFEL T 3D, ZOFamE

W EL 102~105 [ &322 TS, LIz o THEA
SN D X 5 ILFEMTHNT I EBEENED SN
W Bid, CORMPIITERET U 1o D EERIBE 219 850 kg
(16°5%) ITERIERBUD AT &3, & D $1E X T4
SREBA 2 Z NI ETEUD IO T, BEO—H
PRUICCEIREBDTHB. LTh L nB4EOW
m%%&bfk%&“N%%T%QVC%%Q&%@A

5.
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& O - ]
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NE) Crazing I — T T
% //oda/a/{"; Pm/.w /;Wﬂliﬂﬂfd/ cracé N7y ap—"
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SiE f
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S| 2% | 1 | | eNTertical crack
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Fig. 5. Progress of crazing and.crack in

the course of mould heating.

(4) BRI 3 PIEEST T
DOXICEEN &2 DI A, B XPESFENT OV TERE
FRER s 5 ORI & b BEEERE s L OBRD 2 500
W RHF 280 U TEARR2IT O, ZORRIC
DONTIBRD I E B S . % BESsEHEEI £ ot
% Fi. 6 iWRT LI (1), (2, 3) ©3REFHL
CHBEERS, FREE, EEELWTN A SHOMEL D

— 23 —



442 &% :r M

Ea3gE B4R
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Fig. 6.
. A and E-moulds.
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X IIEES & ERRICIIBEELD 70— 5 4 b bikE X BRIk
LDR—=F 4 MDWWPL, BITZ =254 FBRNTIZDT
W3, U3 IEGRIZFECEKE (8 7mm) 235
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A EALRETAERRSS~-F4ANBTHOT, %
BERASA— 54 P BV HEICSIAT S

BRICERICBO TR ZOE(LIFHROER B X 7
FAfRTod D, %@M%%%ﬁ@%&k%mmct@rb
T 3. '

(5) BEAIRITIH B PISRERERD G S EIC DV T

FRO BRI T 151 B PISAL 2 SRS EIC X T
A~EE Photo. 2, 3 T L. Tabbyy 2408k
s L OEBESESHHEOA, B IUEHFRNZNENE

Change of the structure across wall of

NZFNEZDTNIIERTTIRONIZER
HhTdhsbH. Cﬂbfﬁﬁlk BOThhaER%e

PR et T e T
= Qﬁ
- PLAGS GkEs. NN, ":6) . .@’)- ‘&l
© @ ©) @ @ @ ®
@ inner surface, @ 2mm, & I2Zmm & 30mm,
@ 490mm, & 70mm, @ outer surface
(A ductile c. i. mould.)

O @ ®

@ inner surface, @ 8mm, @ 30mm. @ 40mm,
® 2mm, @ outer surface

(B ductile c. i. mould)

Photo. 2. Micro-structure of A and B
nodular graphite mould at middle line.

'7'
el Pt
@ @ ® @ ® @

@ inner surface, @ 7mm, & 15mm, @ 20mm
® 55mm, @® 75mm, (@ outer surface

(at middle ]me)

inner surface. outer surface inner surface outer surface
(at top line) (at botitom line)

Photo. 3. Micro-structure of ordinary-mould.
EUNEDTH S5 T ERFHRITE L. LIcdsoT
fEDPIEHHERDZEAL TN T Z OFRKALEOIRIT L >
TZOEEBRZIT TWADUTHE. LOT &M
WItB ARRTI ENEEEOHNE @ itk THIRM
BT L ARIERARESFREBEIHL L, 72»K hair
crack I AN A GRS BHMTIIE ALY HE L
VWOTIWY. ZUT B SRV ZORRBICH D, »ish
hair crack 35 6HNTHH FOMOEES L {HEE
ULTWhaLEES.

(6). Z0ft
#0824 VEFERGFTOSFEROBIENVERERESE
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Table 5.

Mechanical properﬁes of discarded moulds.

Properties

Mechanical properties of d1scarded moulds

- Mechanical
' properties

Top Middle ! " Bottom ' AVAerage | before use
“Ténsile Elonga- Tensile Elonga-; Tensile Elonga- Tensile Elonga- Tensile Elonga-
strength tion  strength tion strength tion strength tion' strength' tion
Mould ' :
s (kg/mm?) (%) (kg/mm?2) (%) (kg/mm?) (%) (kg/mm?) (%) (kg/mm?) L(%)
Ductile o ! ; ) : 1 ; 3
c. i. mould * — — |2 i 400 334 1 60 | 290 . 5:0 | 437 i 80
A. : - : | 1 ,
Qrdinary . on . . . ‘; o | . . .
mould E , 134 20 | e 20 10 0 102 ! 1°3 14°5 1°0

* Top of A ductile c. i. mould was not tested because of shrinkage hole

LIz OB OL MKWOTt%LW%%mbLmC

NBERENTL 55 oD $TE BB e ERLIZ. 7

OiEFR % Table 5 iRT. TN%A 5 & MHRARIOHEE
ﬁmﬁ7ﬂ4wﬁﬁﬁﬁmﬁmfﬁ4ﬂ%hmﬂ@0t
L ONFGRKDE EVBUBL LETL, HRIBIzE
CTH#9 24kg/mm?, EITILTEY 33kg [ mm? Eigh
S 29kg /mm? &2 DT A, BNTE W T S RER
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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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