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The present invention relates to improved ad-
ditioni alloys for cast 'irons and te:a method in-
volving the use thereof for producing improved
cast irons consistently pussessmg superior: me-
chanical properties ‘and soundress.

It is well known that general commercial prac-
tice in the manufacture of cast irons has been to
meke whatever alloying’ additions were cohsid-
ersd necessary directly into the molten furnace
charge or at’ the spout; usually in the form: of
ferro-alloys, and then to inoculate, usually in' the
ladle.. 'Many -cast iron foundries, due to serap
ot other operating limitations such as personnel,
technology: -and/or ‘equipment;, found it neces-
sary to confine thiemselves to:producing castiirons
of a ‘narrow. rahge of properties from: & single
base composition, Although the foundries have
desired to produce a wide variety of cast irons,
they have: encountered difficulties” in’ modifying
the single base composition by varying the addi-
tions of alloying and other elements to accom-
plish this aim.  Attempts to:produce these var-
ious composition ranges of cast irons to meet a

(CL 7;5:;1971)

variety of property specifications were found to -

involve a complexity of alloying and other pro-
cedures which rendered such production se diffi-
cult as to be uneconomical. - As -a: result; ‘the
production versatility of each foundry was seri-
ously limited and the foundry.could not, or was
reluctant to, produce the wide variety of cast
irons centinually demanded by the:trade. -Ease
and flexibility of comitrol necessary for- the com-
mereial production 'of the ‘above-mentioned va-

riety of irons were not feasible in any except a.

few . specially-equipped foumdries. No simple
method providing. such ease and flexibility of
control was' known! to the' art which might be
employed regardless of the base composition
and/or the: section size of the cast iron product
to be made. Although many attempts were made
te overcome the above-mentioned problems, none,
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as far as- we .are aware, was entirely successful

when applied’ to a commercial operation oh an

industrial scale in producing consistently satls»

factory results.

Ne have discovered an ‘improved method of
makmg cast irons’ whicH is riotably suited to'the
production of & wide variety of compositions and
properties and is not limited by the base com-
position arid/of section size; and which not only
provides: all foundries: with - ease and flexibility
of control but which- also - unexpectedly imparts
to-the' cast "iron’ mechanical properties consist-
ently superior to - those possessed by similar cast
irons i which the: alloying additions and inocu-
Iatiohs are’ made- separately as in:conventional
praetice; and a simple, unitary or' singly con-
tained alloying” addition: agent for use in:said
niethod whereby these improved properties are

-consistently obtained..

oIt e olbjeet of: thie-present invention: to pros-
v1de an improved method of producing cast
irons of superior quality and mechanical prop-
erties, said method involving -the use of a novel
addition alloy.

It-is-another- object-of the present invention to
provide a simple method of producing cast irons,
the application of which is unrestricted with re-
gard to the cast iron base composition and/or
gection size of the final product, and involving
the use of a new addifion alloy.

A further object: of the present invention is to
provide a method, of producing improved cast
irons, the very nature of said method promoting
ease’ and flexibility of control of the manufacture
of said cast irons and, by reason of this, sim-

‘plifying- the art of ‘producing high quality cas}

irons.

The invention 11kewxse contemplates providing
a simple method of’ producing improved cast irons
possessing | mechanical . properties consistently
superior to those: of similar cast irons made by
converitional methods, dnd involving the use of

‘a novel addition alley.

Moreover, the invention also has the object of
providing .cast iron' foundries with a simple
method involving .the use of a novel :addition
alloy whereby cast:irens are produced having
mechanical -properties- superior to those of cast

" irons” made’ by’ prior- art practice in that unex-
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pectedly superior mechanical properties are im-
parted to said cast irons.

Furthermore, the present invention also has
as an object, the provision of an improved meth-

od of producing cast irons involving the use of §

an addition agent within a novel range of com-
position.

It is also within the contemplation of the in-
vention to provide a simple, unitary or singly-
contained addition alloy which can be used in
the production of high quality cast irons of any
base composition and/or section size and to pro-
vide an addition alloy which can be employed in
the process of the present invention to accom-
plish the foregoing objects. .

Other objects and advantages of ‘the inven-
tion will become apparent to those skilled in the
art from the following description.

In general, the invention provides a method of
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substantially nickel (in practice usually within
the range of about 48% to about 53% nickel).
While chromium is not essential, it is preferably
present. These addition alloys can be prepared
by methods obvious to those skilled in the art.
The alloys may contain small amounts of inci-
dental elements and impurities, such as carbon,
manganese, titanium and/or aluminum, which
may be present as g result of the raw materials,
the operations, ete., employed in making the
alloys; and when the term “balance” is employed,
it is not intended to exclude such small amounts
of incidental elements and impurities.

In practicing this invention, addition alloys
having the compositions-given in the following
Table No. 1 were used ‘and gave satisfactory
-results. :

’ TaprLE No. 1

producing cast irons of improved quality, regard- o, Chemical Compositions
less of character, section size and/or base com~- -~ - Addition Alloy
pos1t1on, in which a nqvel alloy. within the follow- : No. Petcénthercent Percent Percent‘Percent Percent
ing range of composition is added to the molten i .| Ni Mo C: Fe
metal bath in small amounts, for example, about
0.5% to about 5% of the molten metal bath, pref- 8.2 53.4 | 10.6 | 16.0 1.0 10.8
erably about 1% to about 3%, as a late addition, ;gg ggg gg %‘fg gg gg
preferably in the ladle: %gg 4§. 2 13. gs 13. éz 8 §7 %‘1) ‘é"’
. 5.5 . 15. . .
N Per cent 123 | s0.2| 101 | 151 | ooe| 9.9
Silicon oo 6 to 35 10.3 58.2 18.3 12.6 fg iég
; 1l. 50.0 26.0 . .
Chromium - ——m——es - 0020 150 | s.0| 1o | 170 | Lo 5.0
Molybdenum - —— 10 to 30 16.0 1 SLOYILO \' 9.6 | 1.0 bal.
L 0.1 to 2 12.08 | 50.0| 1.0 | 158 | 1.0 10.27
IrON e e 0 to 30 133 ggg 13(1) %gg gg 11681
N . 3 . . al.
_Nmkel ——————————————————————————————— Balance 1L | 80| 10.0 | 160 | L bal.
In practlce the addition alloy will usually contain 14.0 8.0 : -0 -7 :

‘at least a small amount of chromium and/or iron,
and the nickel content will usually be at least
30%, for example, within the range of about 30%
to. about 66%. It is preferred, however, that the
‘alloy composition be maintained within the limits
of ‘about 11% to about 17% silicon, about 9% to
about 11%. chromium, about 14% to about 17%
molydenum, about 04% to about 1.0% calcium,
up to about 11% iron (in practice usually between -
-about 6% and about 11% iron), and the balance
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- In order to illustrate the superiority of the new
method over the conventional practice of separate
alloying, generally in the form of ferro-alloys in-
troduced either into the furnace and/or the ladle,
and inoculation, usually in the ladle, there were
produced melts of cast irons of various carbon
-contents having the “as cast” compositions given
in Table No. 2 and possessing the corresponding
mechanical properties given in Table No. 3.

TasLE No. 2

“As-Cast” Chemical Compositions
Cast Iron No. Method
Per Cent | Per Cent | Per Cent | Per Cent | Per Cent

(o] Si Ni Cr Mo
A-1(01d)....oeeo e 2.60 2,10 0. 50 0.10 0.15 | C. ¥, additions.
A-2 (New)... 2.60 2,10 - 0. 50 0.10 0.15 { No. 6 alloy 1% in Ladle.
B-1(0ld).... 2.50 2.24 1.02 0.21 0.26 | C. T, additions.
B-2 (NeW) e omccccaraaee 2.58 2.22 1.06 0.21 0.28 | No. 6.alloy 2% in Ladle.
C-1(014) .. ccmeecccnacan 2.88 2.16 1.60 - 0.33 0.48 | C. L, additions,

. C2(NeW) ioeoamcncccmccan 2.89 2.16 1. 60 0.33 0.48 | No. 1 alloy 3% in Ladle.

D-1 gOld) ................... 3.15 1.95 . 0.50 0.10 0.15 | C. F, additions.
D-2 (New)._.. - 3.15 - 1,95 0. 50 0.10 0.15 | No. 6 alloy 1% in Ladle,

318 208 0.99 0.21 0.29 | C. F. additions,

3.17: 2.08 0.92 |- 0.19 0.27 | No. 6 alloy 2% in Ladle,
F-1(01d). e 3.14| 190 0.25 0.05 0.08 |. C. L. additions.
F-2 (NeW) ecoelommmnacuns 3.156 ~: 190 0.25 0.05 0.08 | No. 2alloy 0.5% in Ladle.
(€25 (0] ) R, 369 2.63 1.36 0.10 0.12 | C, F. additions,
G2 (NeW) oeoice e e 3.62 12,60 1.40 0.12 0.13 | No. 4 alloy 1% in Ladls.

3.68 3.11 2.35 0.30 0.36 | C.F, additions.

3,63 2:92 2.35 0.30 0.38 | No. 4 alloy 3% in Ladle.
I-1 (O1d)..... - 3.70 © 2,62 1.46 0.09 0.14 | C. L. additions.
I-2 (NeW)aie e 3.7 C2.62 1.467  0.09 0.14 | No. 4 alloy 1% in Ladle.

. C. F. additions=conventiona} furnace addmons
C. L, additions=conventional ladle additions,
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Tasre No. 3
Mechani;:al properties..
Cast Tron No. i s ‘ - X- Iz’%t,( ;gagnesg
quar . ’Do!;a{ Ifgga g%u,. Dv.!v«i'.“ ﬂd | it
A-1QOM) .51 . el B Y
A-2 €Ne%> ......................... 8.3,1'9 (11 ’ 0:1 e ‘ %
B (OM). oo e DR fag0 f- o Lagll o
B2 (NeW) .ot 0.10 0 47 2283,
O-1(0ld). ..l i 017 o O N R 1 I
C-2 (New) 0.05 | - 02 1821f - 681300, 286
D1 (01d).. et 058 . 1.1 ; (000 .34, . -9l
D-2 (New) 0:80 078 | 3 17— 212
BeL (Od). oot o per L mso 193] s 000 38" 908
E-2 (New) 0.18 0.6%:.10: " 5,240 .200 48,300 40 . 227
AR o H al ] H

B W0 16 ) DR 0.30 (.62 4,330 159 ..... Solol .35 217
F-2 (New) 0.33 0.86: |12 4830, 196‘ 46; 300. a8 228
G-1 (0ld). 0057 0:0P | 87|+ agss00-l e - ams
=3 (New); 015 019 A3 e E LT
B=1.(01d); i nog 1885|7000 1 T 10 T8
H-2 (New) 0.05.1 AR 000t o R 196
T<1.(01d) 0: 0801 70,1201 RITYEIE o B - & | 170
I 2(\1ew,_‘ : 0.07. 0141, EREE ¢ T T

Three: groups of melts were made to 1llustrate the
‘ apphcability of the invention to-the productmn of
Jow (A to C) medium (D to'F), and-high'(G:to
I):earbon cast jrons;: Fer each: of the three:pairs
in-each group, one:heat; designated by the num-
Jber*1 was- alloyed rand: inoculated:in. the con-

ventional manner, e. g., ferro-alloyed: and ‘inocu- ..

lated in multiple additions;-the other heat'of each -
pair, demgnated by'the number “2;” was treated:in
the' ladle - with ‘one of the -hew alloys given in
Table No.: 1., The amounts. of additions-in;both
cases -were 50 ‘ealculated: that f‘each pair of-melts
coded ‘with the same letter; e.'g:; Ay B; etc: had 4
closely similar “as cast” or final chemieal compo-
gitions. “In"each group 'of three: pairs, the 17
heat' of the third: pair (C41)P-1 and I-1)" ‘was
produced - with- the  conventional’ additions: and
inoculants ‘being- made entirely in: the ladle in-

‘stend of in‘the furnace; From an examination of
‘thie data given:in Table No:'3; it can be:seen that

35-the “methed 6f the invention has: produced: si-

perior-overail mechanical properties in compari-

son to the properties of the: conventionally made

cast ‘Iimns.‘ It'is’also'to he-noted that this- superi-

[ “ig ma,intamed over: the convent.ional ‘prac-
t

ods. inyalye. furnace or ladle additions, In add
“tion, the beneficial effects of the. method of the
invention are apparent over a.wide.range of cast

45 -irop:compesitions. e &, low, medium,. s.ud ‘high

.carbon:cast:ivons:

The: effects-of using ‘different amounts: 01‘ the
new; alloy in the -method:of-the invention in:pre-
-ducing- east irons of:varying carbon:contents:sre

50 shown by the data'given'in’ Tables No 4 a,nd No. 5

| Taerz No. 4"

Fid | " e s e
“AgOnst™ Chemleal- Oompasitions-- ‘
. Cast Iron No ST T T T Mthed:
-Per Cent;| Per Oent | Per Cent| Per Cent Per Conti: |
R R SN (AR ) SO K o) JUN S0 . L SR & ‘
287 0 Mo, zauo ngdle‘
. 2.86 0,30 No., 28]103; % 1a Ladle,
2,88, 0.45,| No. 2.alloy 8% in-Ladle;
e 0 el i
3.35 0101 0,157
3.34 0201 0,300 2
3,33 ; 0:30° 0.5
3.32 » 0.30°1 .. .45
8T8 I CO05:E 0
BT 1 009 O
Li3.69 % Q18| 0
SR SRR 5 § (0 Y 3,68 i 018 0
‘\u“v‘w P d e T el ANe W) 67 2.88 0:37 il
i E B! k . . i ;. I

-
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‘TaBLE No. 5 5T
Mechanical properties ) o
-...Chill Depth. in.. _|.. . Transverse Str. . PR S
- : : T20d | gardness
Cast Iron No. R S N :| Impact,; B.H.N.
: ;‘,an’F”'PL : ~If?€§' ,Di(tllﬂ, i. |. 1. 1bs. .
J-1 (New) 0.4 _amof sse00l o ossl . 22
T2 (New) 0. 2197 | e1i000 ') . 261
[ ¥ e Do : i .
T8 (NEW) e 0.29'}: 108 |* 63,000, 53| en
T4 (onq). I 0.60 | 70| 61,200 . 39 . 279
K-1 (Now) 0.14 |° 2190 [ 43,800 30 217
K-2 (New) 0.08 | .27 | 47,600 45 228 ‘
-3 (New) 0.12 ‘232" T 55,700: 47 286
TR (0) ) STES -~ 3277 50,100 | - ;287 - 248 - -
L1 (New) ..0.03 | f175° [ 250700 Ted| Ll -
I-2 (New) 0.14 1186 | 26200 92 176
1-3 (New) 015 | 79| 27,800 g 190
14 (0. . 0.07 (172 | 26,800 18 185
L5 (New) 0.02 |- 1199 | 33,200 2 298 .

In each of the three carbon range groups, i. e.;
J, K and L., there is one melt, designated by the
number “4,” which was made ¢onventionally with
ladle additions of nickel and ferro-alloys and
inoculated with a nickel-silicon~-calcium" alloy:

Comparing the mechsanical properties of these .

melts numbered “4” with those of heats of simi-
lar chemical compositions produced by the meth-
od of the invention with a ladle addition of one
of the alloys contemplated: by the invention. and
numbered 3, it is evident:that the invention pro-
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motes :unexpectedly superior -mechanical prop-

erties regardless. of. the carbon. range 1nvolved
In fact the:overall mechanical propertles of ‘cast
irons produced by :the mventmn ‘ethod anq ‘of
comparatlvely lower, alloy . content (see “1” and
“2” of each group) are ab least equal to and in
many ¢ases supermr to’ those ‘cast irons made, by
conventional methods and of compara,tlvely
:higher alloy content‘ :

‘Tt'is to-be observed that this 1nvent10n pr0V1des
“a niovel mettod for producmg a 'wide ratige-of cast
irons of superior mechanical properties to! meet a
Variety *6f -high: quality specifications,. a' pro-
-cedure ‘heretofore: reéstricted: to a. few -specially
- equipped. foundries. .- The use:of.the method: dis-

40

45

50 .

closed by the invehtion will, in.general, definitely

and consistently improve the quality of cast irons
over the conventional methods heretofore used,
regardless of the base composition and/or section
size, by reducing chill depth and. therefore-im-
proving the machinability, by increasing wear

resistance and reducing the galling tendencies, - --

55

and by improving mechanical properties, such as :+
transverse and tensile strengths-and. toughness. .- -

In practicinig said method, the invention provides
a novel, simple, all-purpose alloy which can be -
incorporated as & late addition to castiron melts,

regardless of the tarbon content and the section ! :. -

size of the final castmg The presént invention -

60

provides a: urutary or- singly-contaired alloy for :gs

. late additions in.small amounts.to cast iron melts, '
whereby, nnpmved quality’ “and " consisténtly :

superior techanical propertiés are obtained. The :'
novel - alloy ‘provided "by the' invention :assists . *
greatly in .the. production of. high- quahty gray.i,,,

70 proved cast irons comprising about 6% to about

cast iron and provides'a more effective means of -
alloying and moculatmg the same that is miore

65

embodiments, it is to be understood that modifi-
-cations, and variations may be resorted to with-
‘out departing from the spirit and scope of the
invention, as those skilled in the art will readily
understand. Such variations and modifications
‘are to be considered within the purview of the
application and the scope of the appended claims.

We claim:

1. An addition alloy for the production of im-
-proved cast;irons comprising about 11% to.about
17.%: silicon, about 9% to ahout:11% chromium,
about-14% to about: 17% molybdenum, about
0.4% to-about 1.0% calcium, .about 6% to about
11%: iron, and the balance essentially nickel and
constituting-about-48 % to.about.53% .of the alloy.

2. An addition alloy for the production. of im-
proved:cast irons comprising about 11%.to about
-17% silicon;.about 9% .to about 11% chromium,
cabout14%: te about.17% molybdenum,; about
-0.4% to about 1.0% calcium, a small amount up
-to..about;:11%: iron,.and the. balance. essentially
/nickel and corstltutmg about 43% to. about 65%
of the alloy. - g

3. An add1t1on alloy for the productlon of im-
_proved cast Arons’comprising about 6% to about
35% Slllcon, a:.small-.amount up;-to.-about 20%
.chromium;,: about 10% to about 30%: molybdenum,
about 0.1% to about 2.0% calcium, a small
amount up to about 30% iron, and the balance
essentially nickel and constituting about 30% to
about 66 % of the alloy.

4. An addition alloy for the production of im-
proved cast irons comprising about 6% to about
35% silicon, a small amount up to about 20%
-chromium, about 10% to about 30% molybdenum,
~about 0.1% to about 2.0% calcium, a small
amount up to about 30% iron, and the balance
" essentially nickel. :

5. As an article 'of manufacture, an addition
‘ alloy for treating molten cast irons and 1mprov1ng
‘the “as cast” properties thereof, comprising about

- 8%to about 35% silicon, up to about 20% chro-

efficient in the method of- the present 1nvent10n .

than the conventlonal means.’
- Although the” present invention - has been
descrlbed in-conjunetion-with- certain preferred-:

-‘mium, about 10% to about 30% molybdenum,
about 0.1% to about 2.0% calcium, up to about

30%-iron, and the.balance essentially nickel.
. 6. An addition alloy for the production of im-

'35% silicon, up to about 20% chromium, about
-'10% to about 30% ‘molybdenum, about 0.1% to

" ‘about 2.0% calcium, and the balance essentially

75

+nickel and constltutmg about 30% to about 66%
--of-the-alloy.-
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%. An addition alloy for the production of im- ‘ REFERENCES CITED
proved cast iron comprising about 6% to about
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