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100 % Pig iron

1400 C - 5' — casting
Tab,III par,5,

100 % Pig iron

1500 T~

—castin

Tab, IIIg par.b,

i

85% Pig .iront+15%
5'—1400C Armco
1500 C-5'—1400 0—casting

Tab,III par b,
e

Iron

\-h e
Tests in induction eletric
furnace - 20 kg
e ~
4 — in sand — remelting at 1400 C—

b8

45%Pig iron + 15%
Domestic scrap
40%steel+12% coke
Tab,V par T,
: e

~—
Tests in cold blast
cupola ¢ 700mm

melting at 1400C - 5'

|

sand casting
— in chill mould — remelting at

} Tab,IV par.6,

5% 1 + —* casting 1400 C—sand casting :
15 % Armco < melting at 1500 - 5' —*égngaggs-?l;emeltmg at 1490C~ }""' Tab, IV par,6,
Iron 'T."MOO C—casting — in chill mould-—vremeltlng at
: - 1400 C—sand casting
: - 30! — in sand —* remelting at 1400 C—
\meltuzg ﬁﬂé_fgggas??ng q?gnghfﬁﬁrhg%ld—vrgemeltmg at }_- Tab. 1V par. 6.
1400 —sand casting
Fig. 1. Test Program
Table 1. Chemical Composition of Used Materials
ELEMENT PIG IRON GRADE Armco iron
STEEL
% Pl P2 P3 P4 ppm

C 3.86 3.85 3.87 4.03 0,18 80
Si 2.82 2.83 2,78 2.85 0,12 200
Mn 0.91 0.93 0.94 0.82 0.75 100
S 0.021 0,020 0,022 0,026 0,015 110
P 0,058 0.059 0.057 0,046 0.022 70
Cr - 0.019 - 0,016 0.009 100
Ni - 0.015 - 0,011 0.010 <300
Mo - 0.003 0.003 0.005 <50
Ti - 0.064 - 0,058 <0.05 <h0
Al ~ 0 0026 - 0.0030 0,0072 <50
Sn - 0.0003 ~ 0.0003 <0.05 <50
Cu - 0.005 - 0.005 0.025 <200
\% - 0.0053 - 0,0049 <0.05 <50
Co - 0.0017 - 0.0014 0,007 -
As - 0.0070 - 0.0065 <0.05 -
Sb - 0.0005 - 0.0005 <0.010 -
Mg - 0.001v - 0.0010 - -
Zn - 0.0035 - 0,0027 - -
Pb - 0.0002 - 0.0002 = -
Bi - 0.003: - 0.0004 - -
Zr - <0,001 - 0.001 - -
Ba - 0.0018 - 0.0016 ~ ~

B — - — — - -
Zn P_E.m - 099 - 05 - -

-28- FX Vol 2,4.3(1982).



Table 2, Original Structure of Processed Pig Iroms

PIG IRON GRADE Pl P2 P3 P4
GRAPHITE A5 A H-96 A § A5
C 2-3 C 4 cC 3 C 3-4
30% D8 20 % D8 10 % DB 20% D8
10 %-20 % 70-90 % 70 % 9 %
Pearlitic | Pearlitic aod/ | Pearlitic | Pearlitic and/
MATRIX or acicular or acicular
80 %—90 % 10-30 % 30 % 5 %
Acicular Ferritic Ferritic Ferritic
£5 % 13~15 m/min 7 sl A B3 2 AAelst UKew olx
— min, sprinkling on solid pigs on t- Zeb AZL §}x] GFojop ke  xaEX
ruck BhF 2] el AE YEl = ZolHh
P, P, P3, A% 22 %}F sloy flux T3 APHRTE Tola wkEE FHAUA I
24 olivineg¢ Hrlslgdxn P, olivinegl 9 Fdz 4P zaRAA S 2 2F9 A
o] BF WAL AZFth + Ad ]-0=] melting cycle-& o2stx8
Table 16] 0159 FTFZAHL YHelvgxn AlA Adges AYE Fig 1o gaiA &
Table 2 ol= macrographies o] A e}t 27 o] AL olalel] =pAls]l A}
o2 Ade nEO FALE epd Zolsh A) charge : ]00% pig iron
cycle @ 1400 C7tx] -8t melt
5. Hl™E H7I2 N S5l TY3 st7) Yal o] 2xel4 5 holding
2ol AHAZANE Zelg Feod A5E A B) charge : 100 % pig iron
Table 3. Average Results of Remelting Tests
PIG IRON GRADE P1 P3 T P1 P3 Pl P3 P11 P3
MELTING NO, 1234 15,67.8(9.1011,13 [15,6,07 | 11 | 14 [18,19,20,21] 22,23,%,%
C.E. 4.49 4.5(;# 4.46 4.49 | 4.63 [4.62 3.86 3.87
Pearlite % 70 35 58 30 50 30 70 73
(30»m diam,)
HB30 114 112 116 118 115 112 159.2 161.6
H:B6O 87 94 100 99.2 100 [ 102 156 154
Chill depth, »n 2.6 1.4 3 2 2.7 1.9 5.3 4.4
100 % pig iron| 100 % &% % pig iron+ 15 %
1400°C-5'—> 1500 C—1400°C— casting rmco iron
casting 1500°C-5"'-1400 C—ca-
sting

TZ Vol 2, #%.3(1982)

...-29_



cycle : L E#HA 5

F4 (1,400 C ) 3}

1500 C7}=
holding gl & ok 3’0 g
Tz

3) charge : 85 %, pigiron3 15% Ar-
mco, iron.

cycle : 1500 C =

1400 C2 FUaA =2

2% 5’ holding, |,

ol®) HdE THALEZ 1400 L, 1500 € 2,
b gtk 58] 1500 Ce 2RelAE mE
TEAAA shdE = 259 #HY Yol Eo

solution-g C E 5 %7}

<% T7b gk EF o
z

o
217 of) A j?—ou%o] vds

A Fa 52T A3 A3A 7 gle Hoelrh

F~= TF (10,000 Hz)ol i1 &3Fo] 20 kgal
TEREeP 2 F& Fof T2 w2,

1) chill /8- chill mold o} 4 65 x

65 x 129 size 2 Fx

ghet,

30 ¢, UNI, 50073 60 ¢o]
g 4%

2) AEsE
CEzt-z oo T4l

CE=C+ (Si+P)/3—(Mn-28)/128
AEe skx] ¢gten Table 3 ol8 Z3E
vERY o B

. Moi2 M EE
J‘d%‘l ot.& pig iron-g A7 RelA =z -§3H

gt A3 ferrite — pearliten]g3 chilly Z
Aot A A Aolsk SIAl e,
1400 Coll A A &= cast iron o4& &
Vel 1500 Coll A= 47t
A3} ol 5 %S WS A
ANH T AL 16 %
remelting sted = (Fig 2) chill ] Zolel=
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1500 C-5'—1400C

100% PIG IRON
—* CASTING

CHILL DEPTH
(mm) g . ® PIG IRON GRADE Pl
(fast cooling)
7 S O PIG IRON GRADE P3
(slow cooling)
. 6 -
85% PIG IRON + 15% ARHCO 1RON
5 4 &
1500 ©- 5" — 1400 C— CASTING
4 -
3
2 -
1
0 L ' LJ L 1 L . | L3 il ¥ o
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| Fig.2, Retationship between chill depth and E. C, % at 1500 C with pig- iron only or pig iron(85%)

plus Armco iron(15%); solidification in sand or chill molds with subsequent remelting at 1400C
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cast bar =

remelting 3} o

chill molld E & o} 12)3 sard
1400 T A
& 1400 Coll A

remelting 5}l3 pig

sand

Cast in Sand and Chill Molds,With Subseguent Rem —

T* c* T* c* T* o
Melting no | Melting no | Melting no | Melting no | Melting no| Melting no,
1,2,3 4,5,6 7,8,9 10,11,12 13,14,15 | 16,17,18
C % 3.11 3.14 3.04 3.06 2.84 2.89
S1i% 2.16 2.12 1.84 1.92 2.01 2.03
C.E 3.78 3.79 3.60 3.65 3.46 3.51
Pearlite % 70 80 68.3 73.3 66.6 65
HByy 0% 1s1 181.6 170.7 175.7 186 184
HBg 160.8 162 151.3 158.3 177.5 169
Chill depth, mn 8.6 10.7 8.3 6.3 15.1 11.3
Melting at 14007C - Melting at 1500 °C-5'—| Melting at 1500°C- 30’
5' — casting 1400 ‘C—casting — 1400 'C—casting

*T = Remelting from sand casting

*C = Remelting from chill mould casting
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90 | @ REMELTING FROM SAND CASTING
O REMELTING FROM CHILL MOULD
CASTING
80 -
MELTING AT 1400T
-~ 5' —CASTING
704 :
| MELTING AT 1500 C—30'
— 1400 C
~ CASTING <[ S
60 1
50 L] L) T L
3.40 3,50 3.60 3.70 3.80 3.90 E.C.%

Fig.3. Relationship between percentage of pearlite and E,C, % ; solndxf:catlon in sand molds
or chill molds with subsequentremeltings at 1400 C,

HB ¢ 30mm
l
200 - S ® REMELTING FRCM SAND CASTING
C O REMELTING FROM CHILL MOULD
CASTING
MELTING AT 1400C S
-5 CASTING <
190 - c
e o
MELTING AT 150C
—30' - 1400 T o
CASTING <c
O
180 S
176 -
MELTING AT 1500 - 5'
1400 T —CASTIN
160 T T ¥ L] v
3.40 3.50 3.60 3.70 3.80 3.90 E.C.%

Fig.4, Relationship between surface hardness of test bar(300mm dia) and E.C, % ; solldlflcatlon in
-sand or chill molds with subsequent remeltings at 1400C,
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CHILL DEPTH (mm)

' S @ REMELTING FROM SAND CASTING
15 -
C O REMELTING FROM CHILL
MOULD CASTING
O
MELTING AT 1400C _ s
-5'—+CASTING <
- C
10 -
S MELTING AT 1500C -5° S
| S CASTING g
MELTING AT 1500¢ -30" S
— 1400 & —= CASTING <c
3.40 3.50 3.60 3.70 3 80 30 EL.C%

Fig,5. Relationship between chill depth and E.C, % ; solidification in sand or in chiil molds with
subsequent remeltings at 1400C,

AFHT Y 4Ee Bes 2o

9. SMZ X EH Pig iron, 45 %
P,,P, P3P, 8 Zzol AAe ual FrA=z Simulated, domestic scrap, 15 %
4L g (P),P,,Pa e Fx27]04 YL Steel scrap, 40 %
Tell A g FRF HA), 714 PE b Coke : #3l=9 12 %
last furnace 2}gl<F olivine & Hrslslz] & Si and Mn, briquests
2 AHolet, P, P,elA M secondary el- Domestic scrap ¢} »| 3t &7 ¢ls] Ag
ement o] T4 g Fo|rt YSL A 23l Wz Al AR AAdn e AHER GAaE ok 24
GE7F Zemg FdY ALE 75T 4 Qo 2 ZYL& 60%, pig ironz 40 %, steel
P, P, - serapo|il pige] el 24 sando] Fz3zloich
c. 0019 0050 %L Si%, 60~65,Mn%, 5~7,2r% 5
Ni 0.015 0.011 ~T7% 0,2%% vw&=2 cupola channele] 7}
Ti 0.064 0.058 St =l ol A4tsl & 4152,
Al 0.026 0.030 1) 203 30 ¢ x 175 length, == 60z} 90
v 0.0053 0.0049 ¢x 210 length, sizeo] Ay
As 0.0070 0.0065 2) 30 ¢, UNI, 50079 JgA&x
3) wedge — shaped chill specimens
o] Adol= 7009 cold blast cupola & A58 test =
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1} Chill zo]g 24

2) 18 ¢ x 108 long Al o] W&l 504
10°)/A2 ZAS+E pendulumozs =2
2 A gt

b= i o

& 1=

3) UNI, 5007 #1sd9] ol 7xe, HB
F 24

4) 20~90 ¢l A HB9} Z&3bdql 74}
°]9 A 3E Table 50 eluic

Table 5, Results of Cupola Remeltings
Pig iron Chill | R ¢ 30 MC HB HB on test bars: ¢ mm
C.E. width
grade mm | N,mm?|x10%5 I/m® | ¢ 30 | 20 30 60 90
Pl 4.14 3.0 | 197.4 5.3 184 212 | 198 | 162 151
'«% Pl | 4.04 4.6 | 240.6 5.1 204.5 | 235 | 222 | 189 173
53| P2 3.63 9.0 | 230.9 4.5 235 309 | 236 195 183
g0/ P3 | 3.88 | 5.4 | 229.2 5.6 200.5 | 237 | 226 | 185 173
271 P3| 3.97 | 5.2 | 22.5 5.8 209 237 | 239 | 189 179
P4 3.99 | 7.5 | 249.3 5.9 210 244 | 219 | 182 171
Y 3.98 | 2.1 | 245.6 6.3 196.5 — 210 | 182 169
-é, Pl | 4.10 | 1.5 | 240.9 6.1 196 229 | 207 | 169 162
3| P2 3.60 | 4.5 | 213.1 5.0 209 - - 184.5 ~
o | P3 3.94 | 2.2 | 201.6 5.4 193 212 | 207 | 174.5 166
Sl P3| 409 | 2.2 | 237.1 6.2 198.5 | 216 | 200 | 169 164
Siese | o392 | 3.6 | 250.1 6.7 199 | 239 | 213 | 185 176
Impact Modulns
10. A &0 P,ol 4 & FdY ¢ ALslie  AY
olef & cast iron® oz 54& C E9 o Bl gt @S sHAe ol C E7} wjaz ¥ d
IAAH el Ao} A AEL7l 4§ trace cementite & &) w|Fo
Tensile Strength 2 A 2s o)
dedo] C Eztol disl ZE7 ALzs)  Qol A Brinell 2
u iy Eegle AEex ¢ Aoew ¢ 304 UNI, 50007
Chill 2 o} A@2e] A%l HB = 530—244Sc® o] 9 &
Ateddg o2 chill.g C Egtel wiulegich AlAbzk-S Fig 8¢ EA1g o o] 284 419
(Fig 6) correlatron factor XZsl=x} & zre AlAzkal o f4Aspe, Correlation

& Pig iron o & r=0,8440]2
0.898 ¢j k. (r 0,05 =0.811)

obsho} 7 Laplanehe ] 4o oja) 443
AagA ol gol A= o]Ho] Fig 7ol vheh
A Q3 gAML Ay AHe "ASe] W §

At o w 47 zo] o
PG=2/3 Si(1—Si/(5C+ Si)),
-34-
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