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A Study of Melting Process for 20% Mo-Ni Alloy in

Vacuum Induction Furnace

Synopsis:

Hiroshi YAMANISHI and Eijiro ISHIKAWA

For the purpose of improving the hot workability of 20% Mo—Ni alloy, the melting pattern was establish—

ed by studying several important parameters.
The results are summarized as follows:

(1) Deoxidation rate reached up to approximately 809%, before melt down. Keeping the molten bath
for long times under vacuum deteriorated the hot workability. Therefore, the quick melting pattern

should be applied after melt down.

(2) There was a clear relationship between the CO reaction rate (Rgo=Cu/Cco X 100%) during melting
process and the hot workability. This shows that the CO reaction rate can be applied as one of the important

parameters during melting.

(3) 'The necessary amount of carbon to get the higher deoxidation before melt down could be calculated

and the Co reaction rate could be higher.

By these results, we could conduct an ideal melting pattern to get a good deoxidation rate and hot work—

ability.
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Table 1. Outline of vacuum induction furnace.

Type Vertical type Rotary pump 6000 !/ / min
. ! PO
Vacuum Vessel g‘:;‘tli] diameter 2388 255{" Through-put Mgg%z::fal 3500m?/h
Inner volume 60m3 of pump Oil diffusion 8000 / / min
pump
: Type SCR
glectncs Power frequency | 500 Hz 1) Pirani-gauge
ower source Power 900K W (600)* || Vacuum gauge | 2) Alphatron-
g p
gauge
Inner diameter 570 mmg¢*
Depth 800 mm* Temperature .
Furnace Im?er volume 204 | measurement | 13 PR Immersion Pyrometer
Coil voltage 800V
Refractory Lining I(\:/Iag(()) le;laznce é\ilcz)(zg 0262252 Sampling Mold immersion method

* 1000kg melting

Table 2. Chemical composition (wt %).

G | Si | Mn| P S | Ni | Mo | W | Fe | Cu | a1 | m
Average <0.03 550.05‘550.05 <0.01| <0.01| 74.70 20.18 2.98| 1.02 0.73 <0.08 o©.08
Deviation _ —-\ — | — | — | +0.23 +£0.17] +0.06| +0.05 +0.04 — [+0.015
Table 3. Impurity levels in products (ppm).
2.3 EBAL

‘s Al’Zr Bi

Sn | Pb I Ag

Content |25 am’10}<1 10‘<1 <1 4 ]<1

Table 4. Chemical composition for raw materials

(wt 25).

Electralytic | Metallic Alloy Electro-
Ni Mo Fe-W lytic Fe

G 0.005 0.003 0.18 0.006
Si 0.002 0.01 0.02 0.005
Mn — — 0.01 0.003
P 0.001 0.006 0.013 0.002
S 0.001 0.003 0.01 0.002
Ni Bal. 0.005
Mo Bal.
w 79.65
Fe 18.6 Bal.
O [0.003~0.0070.05~0.15{ 0.05 |0.05~0.07
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Fig. 1. Melting pattern of Ni base alloy.
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Fig. 2. Relation between carbon content and
oxygen content of product.
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Fig. 3. Relation between carbon content and
workability index.
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Fig. 4. Relation between oxygen content and
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Table 5. Experimental conditions and chemical analysis of (C) and (O).

Raw materials Melt down *1 *1 *2

4G 40 others

C(ppm) O(ppm) C(ppm) O(ppm) (ppm) (ppm) O(ppm)
D-1 431 103 130 28 301 75 326
2 479 103 190 42 289 61 324
3 611 103 290 10 321 93 335
4 436 103 210 7 296 96 205
5 436 103 260 8 . 176- 95 40

*]  (Raw materials) —(Melt down).
*2  (Equivalent O calculated from 4C)—40.

Table 6. Experimental conditions and chemical analysis of (C) and [O].

Chargife | Melting time( min) Cihrfcgrgé‘jg:is CO reaction Forgeability
rate at -
return To th 1t e d
materials ° dosvrine Total C ppm O ppm | melt down | Workability Ju g::'n ent

A-1 25%, 115 205 250 10 45 0.79 o

2 // 92 190 200 6 135 0.96 O

3 % 74 201 230 9 103 s 0.98 o)

4 ” 95 165 270 7 78 0.94 O

5 # 130 210 270 6 39 0.93 ®

6 % 99 200 300 b 44 0.87 ®

7 ” 90 215 310 6 42 0.79 ®

B-1 0 75 170 260 6 110 0.96 O

50 90 159 240 2 93 - 0.96 o

C-1 25 100 255 310 12 9% 0 e

2 ” 127 296 210 17 105 0 o

3 ” 146 318 280 12 75 0 ®

*: O good, @ failure
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Fig. 6. Relation between CO reaction rate and
workability index.

HOEEHD RIFTH D,
LIEFLTH D
(3) ERERFTE & DBETR
EERTF ¢ —v C-1, C-2, C-3 T M.D.>HED
B RERIE L, CAHRE, OGREDPZLLI IV

WROSHFET, 6~2ppm

400 (cj
£
g PSS
- - ~
£ 300t~ 20 ° No—— o=t
[} £ -
E &
o =
c [
g 20 % 15 ¢
8 |8
c
100} & 10
Fo
o]
5
0 20 40 60 80 100 120 140 160 180
Time (min)
Fig. 7. Variation of [2%C], [2%0O] ofter melt
down,

BEMATE L. CAHE OGHROZ(LE Fig7
R Lie. Q&HROMANER, Fig.5® Di~Ds &
UTdb, d0ODBEIEE 1.2~6.0ppm/h Th 5.
MR O&H L, 12~17ppm THot. CEEEIL,
MD LIS S A ZEI3 4 & by, s C-1,
C-2, C-3 k {HEDTRETHO.

4. & =

4.1 HSC, OSHERLIHEEN
WHCEHE, 100ppm BUF TR, SRR Z4E
LTS, ZhidECobiEs, Wtm»r%<, &
DA DI {, FEMTHIZEE LTV DL
Exbh, ERBEEMERERN»LEELL, CLx
Wik, 150~300ppm iICFHET 3L BB B O/ OFFH
&L EnE ORI, FEROOEF RO T,
e BRI R roiz. CERECHRRLOE
BRI, HEBUBERTELNBEL LTSS, 0
z &k, Fe Him@o C-O BfRL s @EmzRLT
B0, HEEFNOBEFNEBEOHREBRDOTRENT LS
FL, BAY HD 200 kg BHEFEFCOEREE L —
BLTVWS. WAOEEREOATEEMOMEL TS
ERXTERW.
4.2 BFARBEBICHIZ05FR, CEFEDOE(L
BEZLAMRBRIEVWT, OHE, #nTsz
LIOWTIEESD® { OD|ENRD 55, AERIZE
T3, M.D. gRRoKA LoDy 27y
FEAEL, EHEEIZ 1.2~6.0ppm/h ThHof-. M.D.

— 196 —



)

ﬁ.}

209 Mo-Ni ¥ & & @

HZEE Ko 2139

BOCOLTIEE A ERL, Clifgix M.D. £ TiZH
80% =T34 5. M.D. DI, (£ofh) O X2>TH

PSS T LI AE RO BANEC X 0, MEOOE

HEE EWLF v — T, 10ppm BUTOEW v~V
AL F L, zhidsahllimysEeshchd ol s 2mLT
5. M.D. ol eEL LInERF v — v C-1,
C-2, C-3 T3, WAEOOLHEN, 12~17ppm Lfth
DEBRF v+ — D LTELBNLANVTHS. TDOT
LiamgsaTo OSBRI ICE L, EHIBERE O
FREAREL, $LEEOHRBAERMEEL, HWRE
LS rELAbOLEEEINS. CORRBRERX
» M.D. #oEEEEEL L GREER), (Xofb)
Oz X > TIEMBENSE L ETT D8N, SBHIRERL
THSTNETHH LR hD. EBERIVHA
Sasir X 5ir, S M.D. T, #980% % T L,
M.D. Dt CO Rsic X 5iif L v, (xofh) OD
v 27y THEETS.

oz b CHEE, MD. T RS TEH
FETHD, BEERAOCIIHEEA E 3 E % AT
ADBLETHS.

4.3 CO FIGFEICDNT

4.3.1 CO FJSE &HEH

EEEF » — A-1~A-9, B-1~B-2 iz T M.D. oD
CO REREIE L, itk OBREEE LR
#WHO&HE 6~100ppm DOFFHT, M.D. D CO KX
SRIIEWEPEEMIRIFTH D, CO REHRE 78%
DR R ETH B L OfEMmEEZ. ks MD. &
MR RS L BT v — v C-1~C-3 T3, CO K&
EIX 75%~105% LEVSEEERHRIARRT HBZEh
5, CO FISHAIZITHRTT5 M.D. LI, TE5KE
VR LEDLZEBET L. BECEFELER
EE L OBEs OO E S, CEFREABLRD
i, MD. oD CO FEREELTHIENEE
ThDH. TDT L, LEBFECOBB o RO
e~ 7oA~ LTEERLDTHBLEELD
ha.

4.3.2 CO FREBOBHR o v A~DOBH

(DRiCR LIz CO RER%E &L T 57Did, B
B LERCEPHACEAT S L THSE. DD
PELCEXEMCHE T LERDS. (1)Xd7khb
2]

Rco = (Cyup/Cco) X100 iwH W\
Cvp=(M. D. 2 TOHECHEDOR)

1 2 iz =N
Xﬁzﬁﬁcg

Ceo= (fHFAFEIO + (£ Dfh) OF)
X%=%¥t0§

LEEL, BB ELRCER Mc 2¥5L

MC=A+B+C (2)

A —ERFEEO X12/16

B -#GoORSyEZEELTOCE

C =(xnh)O x'2/16
LLTELND. o T(xofh)Or, FERTE 250
ppm &AM L7 2@ (kofh) OV —R &L LT,
ko4 =2, 34 = rEEOMERILE, BEZE
2L s OWNY — o, By s OBRRERE FRHOX
WAY — 2, BEBEZLNED, ThZhOERR~L
CEETHZERETH D, FFHEL LTO(Xofh)
OrEEEX 5 2Ev. FEBRT(XOM)OEFEL
7okER, # 250ppm AE LN, ZOEEREI>TO
CO FRGHOFTEFE & ko BfRE, BHLICH
bbb, ¥nEMToear0ay bo—0s83 %~
22—+ 1T, BOTHMCHHETES.
14 BF@EIOER

AEBRBERRSIVOCEBOKRERET D &, s
EAR I ERS e e 20GRS B 50, Zhi Fig. 8
BRI TR Lz, Fig. 8-[ 11 338 8. Fo v R T
Hy, MD. o CO RERIIEL, C BLEL,
M.D. Do #oEEE & HIRERTO EHRERC XD,
WO, BEMEDRFLHERBELNS. Fg.
8-[1]1 X M. D. Rpic CEMN KL 0 @BEREAT,
BHLiCEMOChEEEd oo TME [1] o7 u+2
Wiz, BOERRIBHTHS.

Fig.8-[0] o 7wz}, [1] DFo+xd M.D.
RECEMOCIREED 7 v = v &bV T oA TH
n, HIRERICCORFEL Lo Th, HBEEIHED
TEWEHEERESHS. (11 [1] Fe+xsdic M. D,

(1) (m} (m)

[C) (0 Content

~r
1
\

(c}sa015% \

(Cks 0015%

1 i 1 L 1 1 1
CAddition  Melt Down  Tgpping CAddition Meit Down  Topring C Addition  MeltOown  Tapping
Time

Fig. 8. Several melting pattern.

— 197 —



2140 & & 0

% 63 4 (1977) 132

BALEL BRI, (£0ofh) OQcks0vy &
7y TEERUEEHOREREE L, RATSEAET
v, AEBRCRSWTEE LktEEr Tk 57D
i, Fig. 8-[1] o F v ex%EML, MoroERT
[1] o7 e R FHhHETL, MD. BHicr s
ValvkdEBTET, [1] OFv R ESTHL
BAFETH 5.

5. &

20% Mo-&# Ni &L OWT, B LOERE
stk s OBE TR R ME, ROBESHL 2D
7=.

(1) ®ECEFELBEEOBRICIE, IS I
Bse b, CE&FE 150ppm LU ETr fRiEHERIFT
HBHH, Cl00ppm BUTFCIIfEMIzZ L I&KFT3 5.

(2) BEOCLODBERIIAKTLL, FBDT
L &C=<0.030% Tz, CEFRCBREL, OGFE
HEWETIES DWW T w5, MD. D#E0 080 b
LAHT, HMMERTOBERBSENTH L EE2TLT
W5 BROEFEEDOHRTIE, HEMD FBNE cEk
V.

(3) M.D. £Ccit#) 80%n Cit X 5ERIES
v, M.D. Li#i3 (cofth) Ok b, 1.2~6.0ppm/h
OEMIEHEE L, MD. SRS LS, 1
PERATO SHIRARD PR S, BEEREREL
5. M.D. Zixasisii+ & Th 5.

(4) WBR7oexho REERED HEL LT, CO

i

K5#E% Rco=(Cup/Cco) X100% & g3, EHBF
¥ =YD Reo LEEEMOBMRE 5T LcsER, Reo=
80% (¥) TRIFLBESE SN, HESb5 L5, B
L EDf. 22T (4 Dfb) Ok 250ppm & L7-.
EEBEFCHE VT CO ISR Bl Soexmay b
OV T A LB TES.

(5) BRI r 2 RATORBERERI IR
DI, CRARDFHE L COMRANEECTHS. C
BAEDORE I, FEARBOX12/16, WO/ EHZL
LT CE, (Fofh)0x12/jgpistcstEriss. C
¥ M.D. DIgTci® AL, M.D. ¥ cic+4i CO FiE
REBLEVEETH .

(6) HBHNC Bilk 3 X0 8BEks BITicT 5720
D, BT e AERETHZ LBTE.

HOCEREROERIC S, BLEIEEER V7, &
EAPREANTIRZERT, RFEELic EL @il FhrE
T ERERO-HBEY XN BATHER, =EE
RELUCALBERICHELZELET.

3 L3

1) B4 No. 791769

2) J- Hescopp and 4. R. Krorr: “Impurities &
Workability” Metals & Materials (1971)

3) WUEE §, =i 5 Rk, 22 (1973) 10

4) SREEZ, BINERE: gL, 63 (1977) 1

S5) MHEEE, MAES, R i B&SERK, 4
(1968) 1

6) E. Swape and P. R. BEeLey: Modern Casting,
53 (1968) 6, p. 159

— 198 —

f

f=g

o~



