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Induction Melting of Carbon Steel, Alloy Steel and Ni—base Alloys([])
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A—1
Dead Melting Procedure for Low Alloy Steel®

Basic —Lined(Magnesite) Induction Furnace  Time Event
(960 cps, 400 Ib)
Charge 0:00 Power On
AISI 1008 melting stock 350 Ib 0:54 Add FeCr
4.25% C pig iron 6 Ib 0 :59 Melt Down
62% FeMo 2 Ib 1:00 Add FeSi & FeMn
Electrolytic nickel 2 1b 1:06 Temperature 1575 C (2865°F )
70% L.C. FeCr ~ 6Ib5oz 1: 08 Spectrograph sample #1
H.C. FeMn(80% Mn) 31b 1 :15 Temperature 1570 €(2860 °F)
75% FeSi 1Ib 8oz 1:16 Results of #1 Spectrographic analysis

received. Take Spectrograph sample
#2.
1:20 Add 43/4 oz FeSi: 7 oz Nickel
2 Ibs FeMn : 61 /2 oz. FeCr
91 /2 oz FeMo ;1 Ib 10 oz. Pig Iron
: 22 Temperature 1590C (2895 °F)
: 23 Spectrograph sample #3
: 27 Temperature 1690°C (3075°F)
:29 Tap - Ladle temperature
1660°C (3020°F). Take Sepectrograph
sample=4
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ple No. C Mn Si S P Ni Cr Mo Al
1 145 17 245 .019 .020 2.38 1.17 45 .005
2 145 72 175 017 021 2.325 1.24 .59 .006
3 165 1.16 24 .018 .021 2.45 1.4 .59 .007
4 17 1.15 295 018 .020 2.45 1.325 .95 076
Target 13/.17 110/1.30 .25/.35 .025max 025 max 23/26 115/1.35 .50/60 05

NB. As a general rule. losses during the holding period, while awaiting spectrographic :results, were
confined to silicon and manganese and these seldom exceeded more than 0.07%. Other elements

remained relatively unchanged as long as the holding temperature was kept low,
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Dead Melting Procedure for M—2 Tool Steel*
Aim analysis : C Mn Si Cr({in percent) Mo " \Y/
0.82 0.25 0.25 4.25 5.00 0.25 1,90
Charge : 1400 1b of type M-2 tool steel scrap
500 1b of ball-bearing steel scrap
721 1b of carbon steel plate
Power on: 6:10 p.m
Heat melted : 6:40 p.m
Additions : FeMn (7 percent C) 21/2 1b  FeMo (67 percent Mo) 55lb
FeSi (50 percent Si) 12 iIb FeW (81 percent W). 210 Ib
FeCr (6 percent C) 90172 1b  FeV (56 percent V) 561/2
Temperature : 1520 C furnace deoxidation : CaSi 4 |b
Tap : 7:10 p.m
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HEAT LOGuL OPERATING RECORD Date 6—9- 81
Heat No, 26924  No. Molds S Ladle No 2 |ining No 28 | Comments
Fumnace No. 2 No. Test Bars 1 Start Mels 1:05 Ready for Prglion at 2:47
Lining No. _19 Total Weight Time Prelim 3:07 Dalay —Hold For #3
Heat Size _ 2300 Pigor Backcharge Top Iemp 2900
Alloy ASTM A Finish Time 31 Time Poured 3:25
Chage Carbon Sllicon |Hanganese | Chromium | Nickel Molybdenum| Phos Sulphur | Alumium
Total Alloy Required 2800 2.50 11.2¢€ 25.20 18.20 14.00 7.00
Returns 4N 1400 3.28 h6¢ 12.60 6,10 7.00 3.50
Purchased Plate 1400 2.10 — 5.60 - - -
Back Charge
et B oo U 588 | 560 | 1820 | 910 | 700 | 350
Qﬂgfmﬁd‘ onto Mele1Pounds of | 168 | se0 | 700 | a0 | 700 | 350
Armco iron
Carbon 1.85
Ferrosilicon—50% 13.44
FerroManganese-Std 11.20
Ferromanganese-Low C
FerroChrome-Charge 15 18.20
FerroChrome-Low C
Mickel Alloy 7 9.80
FerroMolybdenum 4 6.13
Aluminum 2
Calsibar 2/2
Taconite 8
- 16/16 OK 8 191/2 |44/1LC | 31/4 | 31/2
Preliminary Analysis 24 16 47 B¢ 42 18 Olo 021 —
Final Analysis 29/28 41 /41 74 /72 67 /68 48 /48 22/22 1016/016 | 016 /016 | 092 /079
A-5 oFerel 4H5hE ol $3tm B 19 Hiol B

Absle} Bl 22 I A}l o] e A e £

ZALA A JheF dEd dARGS £937]0

Mg Jdo] Folo] o]}, 183t i
o7 e A4l 0.006% STHE &5-5HA "ok

Time  Status, Additions G Si Mn P S Cr Mo @) TG*
396 1b% Cr-Mo steel scrap, 24 1bs C-steel scrap,
6.6 1b% lime, 1.2 1b% Cr Oxide
0" charge is molten 0.19 0.03 0.44 0.017 0014 120 0.18 0.018 3.7
32° 0.8 1b% coke powder |
50” 0.28 0.03 0.48 0.020 0.016 1.26 0.23 0.020 45
577 0.84 1b% coke powder
1h18” 1,1 1b% FeSi 75 powder
1h35”° 0.45 0.11 0.50 0.022 0.013 1.28 0.30 0.017 39
1h52” 1.1 1b% FeSi 75 powder

(32)



jujo Vol,

10, No. 6 The Journal of the Korean Foundrymen’s Society —489—

Time Status, Additions G Si Ma P S Cr Mo O TG*
2h20” 047 026 054 0024 0008 129 026 0013 417
2h52” resove slag, add lime and silica to build new slag
2h55” 0.66 1bs FeMn 90
3h00” 0.55 1b% FeSi 75
3h35” 0.49 0.008 209
3h40” tap 048 0.5 0.55 0.025 0005 1.26 0.27
Time Slag Compowition S102 Ca0 MgO FeO MnO  AlOs Cr203  P20s S

50" 11.2 63.2 9 2.8 0.99 7.8 1.21 0.12 0.42
2h50” 16.3 71.4 3.6 2.7 0.07 4.6 0.15 0.12 0.50
3h30” 40.3 49.8 1.5 0.46 4.4 0.15 0.12 0.12 0.12

* Total Gas Content —cm?® /100g metal
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¥ 1. Typical furnace log

Aim analysis C Mn Si
04 056 50

Cr Ni
1250 3.75

Mo
45

Charge : 650 ib CA6NM scrap
261 1b 1008 steel scrap
14.5 1b Nickel Oxide(90% Nickel)
2.6 Ib Ferro Molybdenum

(60% Molybdenum)
6.5 Ib Iron Ore
9:00AM
10:05AM
Low Carbon Ferrochromium 63 lb
(70% Chromium)
(Ferro Silicon 5 1b (50% Silicon)
Ferro Manganese Silicon 6.4 1b(60%
Manganese 30% Silicon)
Selenium 3 /4 oz
3100°F

10 : 15AM

Power on:
Heat melted
Additions :

Temperature
Tap :
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IN—House Specification for Melting CA6NM
with an Ore Boil3®

Charge
1. Iron ore pellets(Placed on thin layer of

0.03% C steel at bottom) 20Ib
2. Steel scrap(0.03% C) 760 Ib
3. Electrolytic nickel(utility grade) 38 Ib
4. Low carbon ferro chromium(70%) 170 Ib
5. Ferromolybdenum(60%) 8 Ib
6. Electrolytic manganese-+

ferrosilicon(75%) 3Ib+31Ib
7. CA-6NM revert 1000Ib
8. Electrolytic manganese-+

ferrosilicon(75%) 3Ib+31b
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CF3M—ASTM A35]1 @ AEUo|E 2|l
# 2 ol st 2 o A /3
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C [Mn| P S | Si|Ni|Cr|Mn

Minimum - - - =1 -1 90]17.0] 2.0
Maximum 0.03] 1.50 0.04! 0.04]1.50| 18.0] 21.0| 3.0
Manufacturing | 0.02| 1.00| LAP« | LAPx| 0.08] 10.0| 18.0} 2.2
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Dead Melting Procedure Heat Log for Type 309
Stainiess 37)

Aim C Mn S ¢ Ni P S

analy- (in per cent)

sis 010 200 0.60 2200 12.00 0.030 0.030
max max max 24,00 15.00max  max

Charge : 1550 b of 309 scrap
305 1b of earbon steel scrap
65 b of nickel
Power on: 7:45 am,
Heat melted: 8:30 a.m.
Additions :  Elec. Mn(dehydrogenized)9 1/2lb
FeCr (0.10 per cent C) 204 b
FeSi (50 per cent Si) 24 1b
Temperature : 1580 C
Tap : 9:00 a.m,
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B,
@44 BAAE 1 S157.0/62.0 Ca 14.0/17.0

Ba14.0 /18.00Fe 7.0 max

B—5
Dead Melting Ni—Co Specialty Steel lnvar 3637
Aim analysis C Mn Si Ni+Co
(in cent)
012 1.00 0.35 36.00
max max = max
Charge : 790 1b of nickel
1385 1b of curbon steel plate
Power on: 9:15 a.m

Heat melted : 9:45 a.m

Addition:  FeMn (7per cent C) 10 b FeSi
(50 per cent Si) 121/b

Temperatere : 1540 C Deoxidation : 4 1b CaSi

Tap: 10:15 am
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B47, #Ed 2 N &5 2R gy (0)-35¢

‘C Mn Si Fe Ni Mg
Specified] 1.0% | 1.5% [2.0%max. 3.0%max. 95.0% min
Aim max.| max. |1.3% LAP bal.  .05%
8 | .5% |Temsile Strength, psi., min, 50,000
Yield Strength, pst.,, min 18,000
 Elongation in 2, % min
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LAES} FrAE ol&3td T Ev 474
W3}l ol d=2olA Ni-Cr-Mota< 47l 9
§t 3L o3 B
1. Charge in order and melt :

a) Nickel, Molybdenum and Tungsten

b) Returns

¢) Chromium
2. Superheat 1565 /1590°C and add :

a) Managanese

b) Vanadium

¢) Plunge Magnesium
3. Pouring temperature —1540 /1510°C

CW—12M9) Sa4xe 73 $Alsith 238
AL FEES 20—21/1,000015, Ay 4

AEE = Moo &A1 o ZayHes CW—12M
< dRuie FEUAM AFPEad #eto
Stainless steel# zo] AF 3t} Stainless steel
o o] &¥+ g P YuV|He] vt o= v
HE= Ao g »elo

JA-7ele $1 5 F4st vlgeid u
349 AR 4 249 Ate F7 Py
& ad2 gEv N F2ANAF A4 Ni-Cu
R

W19 e, dEel ¥E, SR ge
AANY 97 L 3703 350 Wt AR
o el Eolg F7MI71E whgol AkHth

e T FYo] AEF FUe Aste] Ay
2577 Niol distel qY AwAoz o gum,

ol BET&e LA w7 WFolt. 4
o] FHF AH FUH AN} gHL 2V} ofY
2} e3l8 #AS "HLE FYHe Agoles 3719
4L F3r) At PG E o] 8-3l= Aol
v} 2] 3ot

HAGs GtdET BEdie ¥
%, Ni-Cu %A 7} g9utxlow
e Fa9 2 BE3 FPLno A=
o G353 SRYY 2o FYx e fEo
TFEHATE AAHY HA Bg 7hesi,

et

i
o
2
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C—-3
Cast Ni-Mo, CW-12M F-4tsl-8-3
UA-AF-E 2R 39 FE2 EFH 2
Sa9 ZHd A0 AR} R F2 AL
S8t 7 diE] SE8Eoke sEFA A
o] AR EFAEN HFoR EAAE 7 U
. Ni-Cr-Mo &aFE9 HFd == A= 3t

T8 F e 54U d5& Fodith CW-
12N9] Fx2¢do] theh A8 ol Fwol dxt

Ao g o)]8F 5 gt
ASTM 4949 2+ Grade CW—12M-& 27} 9]

e TS A EY FEHH AHAEA &
TR U3 2,
CW-12M-1 CW-12M-2-2

Carbon 12 max .07 max
Manganese 1.0 max. 1.0 max
Silicon 1.0 max, 1.0 max
Molybdenum 16.0/18.0 17.0 /20.0
Iron 4.5/1.5. 3 max
Nickel bal bal
Chromum  15.5/17.5 17.0/20.0
Vanadium .20 /.40 -
Tungsten 3.75/5.25 —

CW-12M-1

CW-12M-2

Tensile Strength, psi, min, 72,000 72,000
Yield Strength, psi, min, 46,000 46,000
Elongation in, 2 in, %5, min 4.0 25.0

gAagEe Addrhsst g
gk 0.06% ©)°3el dadlM e
Aol VA= Aoz thdry,

Ni71#A] #=ZolA Cr, Mo, Si, W 2 VA9l
AR el iyt R 8AFEE AV AT

o] IEIJIEE HoWH Hido] YRopx|al FJEF
o] o= w&7 3gEe| IAHEH CW-12
g2 gt 74 AL o3 &= W
oI, Cr, Mo, Si, W & Vol a}&tx]9] 42
moll = 25%0) 4] Algo] AukEoL}, Jax|o
Jed dutF o g 10% olstolt,

FRAL w2 FAR N E T3k ooz
2E, S NE FEA olshz W

Cr, Mo, Si W 2 Vo] 2RA4Re we %8
B3z g Ak o] glrh

A FABH of

2979 §78
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ga, e %

Ni a9 =2 g8 (0 -He¢t

CW—-1285< dxeld ez FgF=o]ot 3t
th. 2RYAY B w@ses A 7R
ZA S #A3E7] Astde 4 1,180°C oA 9]
A7t 87EY FAHoIY F71Ad9Y FE29
AN g 3eAE A3 Ni-Cr-Mo %
=S MAslkr] 93 &ald A= ol &F 2.

CW—-12Me=9 Fisse 739 582
H]s=813l, B3 E3 2 20/100001c). A A Nio] &
ArEE Cryf Mog EAd 9l #AdE=Z
CW-12MZ 52 FHHANA Fyufjef 33y &
Jof T3l YWrH o ghESio)

1. Charge 1n order and melt

a) Nickel, Molybdenem and Tungsten
b) Returns
¢) Chromium
2. Superheat 1565 /1590C and add :
a) Manganese
b) Vanadium
c) Fe75Si

3, Polying temperature —1540 /1510C

37.

39.

40.
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“Induction Melting, “Electric Furnace St-
eelmaking, vol. p 363. C. E. Sims Editor,
AIME(1962)

W. C. Easterly and R. B. Fiscer. “Process
Controls and Procedures for the Induction
Melting of Steel,” AFSTransactions. p 553
(1981).

C. Dance: “Induction Melting of Carbon
and Low Alloy Steel.” SFSA Proceedings.
T & O Conference. No. 348. p 10(1982).

W. M. Spear: “Production of Nickel Base
Corrosion Related Cast Alloys.” Electric
Furnace Proceedings. AIME. vol 38. p 155
(1980)
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