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e 1. ‘ J
This invention relates to magnesium alloys and
to a method of making the same. More speeil-
ically, the alloys contain magnesium, copper and
silicon, or magnesium, copper, silicon and iron.
These- alloys are useful -in the treatment of cast
iron or steel. The final alloys suitable for treat-

ing cast.iron or:steel are generally referred to

herein as “treatment alloys” in order to distin-
guish them from other preliminary alloys used
in making the “treatment alloys.”.
The compositions of typical “treatment alloys”
are-given in. the following Table I,.it being un-

.derstood that these are merely typical examples

and that the proportions:of the ingredients can
be. varied quite widely to sult partmular condi-
tions. -

TABLE I

TyPe.iioioioanioas W @@ @G ® )

Percent Mg. ... .6 6 9 9 91 13 8
Percent Cu__..___... 6 7 12 10 10 9 13
Percent Si. . i 34 20 34 24 21 30 27
‘Percent Fe_._ - 54 67.|. 4b 57 60.]. .48 52
Ratio Ou/Mg ________ 1.0} 1161133 | L1| 11] 0.7 1.8
Ratio Sl/Mg _________ 5671 3.3 8.8/|2 67 23| 23 3.4

The method heretofore employed in making
these “treatment alloys” has been to melt g mix-
ture of magnesium metal, copper scrap, silicon
metal, and iron punchings and/or ferrosilicon
in a covered fuel-fired graphite crucible.” Direct
melting of the metals in this manner results in
a considerable loss amounting in some cases to
as much as 50% of the magnesium by volatiliza-
tion and oxidation. The melting points of the
metals. involved are as shown in the following
Table I1:

TABLE II
Melting Boiling
Metal Point, ° 0. | Point, ° O.
Maghesium ... 645 1,097
Copper.: - 1,083 | iiaeaacin
Silicon. oo 1,420 .. oo Cilltaa
1) 1 D 1,635 oo

1951, Serial No. 214,462

(CL. 75—135)
2 ‘ i
Since the melting points of the “treatment al-
loys” range in general from 1200 to 1280° C., it
is readily seen why there is a comsiderable loss
of magnesium in forming the “treatment alloys”
5 by the direct melting of the metals as heretofore
carried out. - We have discovered a method
whereby this high loss of ‘magnesium can be
for the most part and in some cases entirely
avoided in forming the “treatment alloys” and
10 have produced alloys not heretofore known.
In the accompanying drawings:
Figure 1 is a phase diagram of copper-smcon
alloys; )
Figure 2 is a phase diagram of copper-mag-
15 nesium alloys; and
Figure 3 is a phase diagram of iron-silicon
alloys.” ‘
In carrying out our preferred method we form
a, copper-silicon alloy, this alloy being generally
20 referred to hereinafter as “alloy A.” This cop-
per-silicon “alloy A” preferably contains cop-
per and silicon in the eutectic proportions of sub-
stantially 83.5% wcopper and 16.5% silicon, which
has s melting point of 802°°C." We form a mag-
26 nesium-copper alloy which is hereinafter gener-
ally designated as “alloy B.” This magnesium-
copper “alloy B” preferably confains magnesium
and copper in substantiaily the eutectic propor-
tions ~of 69.3% magnesium and 30.7% copper
30 having a melting point of 485° C. The eutectic
proportions for “alloy A” and “alloy B” are pre-
ferred, but, of course, other than the eutectic
proportions of the metals can be employed in
accordance with the principles herein disclosed.
35 ° Having formed the copper-silicon “alloy A”
- and the magnesium-copper: “alloy B,” we alloy
these two alloys together to produce g ternary
magnesium-copper-silicon alloy which is herein-
after generally referred to as “ternary master
alloy.”  This “ternary master alloy” is then al=
loyed with ferrosilicon to form the “treatment
alloy,” which may be added to a. cast iron or
steel bath.
By forming the copper-sﬂmon .“alloy A” we
provide a -copper and :silicon containing .alloy

40
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having a melting point lower than the melting
point of either copper or silicon. Accordingly,
magnesium can be alloyed with “alloy A” at a
lower temperature than it could be alloyed with
either copper or silicon alone or incorporated
into a “treatment alloy” by the prior art method.
In making the magnesium-copper “alloy B” we
provide a magnesium and copper containing
alloy having g melting point lower than the melt-
ing point of either copper or magnesium. Ac-
cordingly, we can alloy solid “alloy A” with mol-
ten “alloy B” at a lower temperature initially
than we could alloy “alloy A” with molten mag-
nesium alone and we thereby reduce losses of
magnesium by volatilization. In addition, the
boiling Point of the magnesium-copper “alloy
B” is higher than the boiling point of magne-
sium alone so that “alloy A” and “alloy B” can
be alloyed together without any substantial loss
of magnesium. Of course, the vapor pressure
of magnesium alone or when in these maghesium
containing “master alloys” is appreciable at tem-
peratures below its boiling point so that there
is a tendency to volatilize at these lower temper-
atures. However, experience has shown that
such volatilization does not result in losses of
commercial significance and hénce it is impor-
tant, as pointed out herein, to give primary con-
sideration to the boiling point and to avoid closely
approaching or exceeding this temperature.

‘The “ternary master alloy” of magnesium, cop-
.per and silicon has a higher melting pomt and
and Boiling pomte of either “alloy A” or “alloy
B Accordingly, the addition of the “ternary
mastér alloy” o molten ferrosilicon in forming
‘the “treatiment alloy” results in less loss of mag~
fiesium than would be the case were either “al-
oy A” or “alloy B” added to molten ferrosilicon.

Instéad of making “alloy A” by melting silicon
metal and copper metal we can replace a part
or all of the silicon metal by ferrosilicon, there-
by producing an “alloy A” containing silicon,
copper dand iron in which the iron vpreferably is
relatively low in amount. When this silicon-
copper-iron containing “alloy A” is alloyed with
the magnesium-copper “alloy B,” it results in
.&-Guatérnary magnesium-copper-silicon-iron .al-
loy Wwhich 'is referred to hereinafter generally as
“quaternary master alloy.” This “quaternary
master alloy” is then alloyed with ferrosilicon
to.produce the “treatment alloy.”

”I‘he_"fdlloWing examples are illustrative of my
invéntion:

Examople 1

Step 1.~—30 parts of copper scrap -are melted
With ‘6 parts of ¢rushed silicon metal (these are
‘substantially the eutectic proportions of 83.5%
‘¢bpper ‘and 16.5% silicon). The ‘bath is stirred
Wwith -an ‘iron bar and is either granulated and
‘@ried-or is -cast into-an iron chill mold and is
then -crushed 10 %’’ by down size. This alloy,
which will be désignated “alloy A”-contains 83.5%
‘topper:and 16:5% silicon-and has a melting point
‘of :about 800° C.

‘Step 2:—~70 parts of magnesium ingot and suf-
fcient flux made up of 60% MgClz and 40% NaCl
to cover the bath when formeéd are placed in a
covered .graphite ‘crucible and the mixture is
Wegted to-a temperature of about 670° C. which
melts the magnesium and the flux. 30 parts-of
fine copper ‘turnings ‘are then stirred into :the
bath. This :results -in -an “alloy ‘hereinafter re-
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ferred to as “alloy B” containing 70% magne-
sium and 30% copper and having a melting point
of about 485° C.

Step 3.—While holding “alloy B” molten, the
36 parts of the copper-silicon “alloy A” are stirred
into the 100 parts of the magnesium-copper “al-
loy B” and as soon as it is dissolved the melt is
cast into iron chill molds and crushed to 2’’ by
down size o give 136 parts of magnesium-copper-
silicon alloy, hereinafter referred to as “ternary
master alloy” and containing 51.4% magnesium,
44.2% copper and 4.4% silicon.

Step 4.—Molten 37%% ferrosilicon in an
amount of 864 parts by weight and at a tempera-
ture of 1370 to 1430° C. is placed in a ladle and
the 136 parts of the “ternary master .alloy” is
added as rapidly as possible to the bath of ferro-
silicon, preferably in a period of 5 minutes or
léss, while puddling the surface with an iron bar
to submerge Tumps of cold alloy. The melt is

"then cast quickly into an iron chill mold, result-
ing in a “treatment alloy” having the composi-

tion -of typé 1 alloy shown in Table 1.

Even in the final alloying stage of step 4, the
operation is not violent but is accompanied by a
vigorous boil and some surface burning of mag-
nesium, -although much less than when magne-
sium ingot is added to ferrosilicon or to ferro-
silicon in which the copper has been previously
dissolved or when all of the metals magnesium,
coppet, silicon and iron are melted directly.

Example 2

Step 1.—This step is exactly the same as-step 1
of Example 1.

Step 2.—This step is exactly the same as step 2
of Example 1.

Step 3.—This step is:the same as step 3 of Ex-
ample 1 except that -the silicon content of the
copper-silicon :alloy -is -increased to 36.5% Si by

-adding more silicon metal to the molten copper-

silicon alloy, and 54.7 parts of the copper-silicon

4lloy are stirred into 45.3-parts of the step 2 mag-

nesium-~copper alloy, thereby forming a “ternary
master alloy” containing 31.69% magnesium,
44.57% copper, and 20% silicon, and having a
melting point of 1093°-C

Step 4.—This step is the same as step 4 of Ex-
ample 1 except that 236 parts of the ‘“ternary
master alloy’:.are added to 764 parts.of the molten
ferrosilicon. containing 37%% silicon. Because

:of the relatively large amount of “ternary master
-alloy” added to.the:molten ferrosilicon, it is nec-

essary to apply heat in order to dissolve all of it
so.as to form the “treatment alloy.”

In carrying outb stép 4 of this example the op-
eration is less vigorous than in carrying out step
4 of Example 1 .and surface burning and flaming

‘of volatilized magnesium is negligible.

Example 3

Step 1.—Instead of using steps 1, 2 and 3 in
forming -the “ternary master alloy” as in Ex-
ample 1, the “ternary master alloy” is made by

direct melting in a covered graphite crucible of

& mixture of magnesium ingot, copper serap and

silicon metal in proportions to produce the “ter-

nary master alloy” of Example 1. The recovery
of magnesium by this direct melting method is
well over 90% and approximately 95%, as com-
pared with the approximately 100% recovery - of
magnesium in forming the “ternary master al-
loy” by the sequential step method of Example 1.

‘Step 2~The “ternary master alloy” is alloyed
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Wwith ferrosilicon in the same marnner as in step 4
of Example 1.
The “ternary master alloys,” whether produced
by the sequential step methods of Examples 1 and
2 or by the direct melting method of Example 3,

é
silicon- metal ‘aré melted to form 7.8 parts of &
copper-silicon alloy containing 83.5% copper
and 16.5% silicon. The alloy is granulated in
water and dried.

> : 5  Step 2—6 parts of magnesium is melted and
may contain from 10 to 55% magnesium, from g g’ LT f 1 allo. (g 28 ed _
12 to 50% co af 410 60 i Th .6 parts of step 1 alloy (copper-silicon) are fed
6 cobper and from 410 607 silicon. The . . "on o oiten magnesium bath, the t
preferred proportions are from 10 to 40% mag- - ture of the bath b 18 ath, the tempera-
nesium, from 20 to 50% copper and from 10 to ure of the bath being increased only to the ex-
409 silicon. ‘0 tent required for solution. - When solution is com-
The following Table 11T gives further examples ' Plete, 4.8 parts of 60% ferrosilicon are fed to the
of various suitable magnesium-copper-silicon ~ * bath to produce 18.6 parts of “quaternary mas-
“ternary master alloys”: ter alloy” containing 32% magnesium, 35% cop-
" TABLE TIII
. Composition Ternary :
Ternar Master Alloys Ratio Parts Grade ,I'l\;:gg?
Mast erY Ternary | Parts FeSi, ‘ment
Alloy Maister FeSi Pelg:'ent Alloy
Peﬁagnt Peécltlant Perscient Cu/Mg | Si/Me Alloy 1 (Tabie I)
Lo sLa| 42 se| os| ool 5| & e !
2l 5.4 345 15| 07| 03 26,0 | 740 20,0 3
[ 10| 80 38,0 1
3l 45.0 48.0 70| 11| o2 22.7 | 778 36.5 3
| 10| sso 20.0 |- 2
‘ 87| su3 35.0 1
4 37.0 a0 2.0 11| 06 171 829 20.0 2
82l 78 36.5 3
22,01 780 32.7 1
L 0| 30| s20] 11| L0 80 g0y 523 3
33.3| 667 20.0 rl
2451 755 30.5 1
Bememlmecs 200 s20| 30| 11| 13 w01 &Y BE 3
3.5 625 20,0 4
A 24.0| 25| 495 L1| 21 %21 mE o 204 :
8o 2301 260[. sLO| 11| 22 Kol wly RO :
Bmeceae ao| 20] seo| r1) 27 23 £ 20 :
0. 12.0 25,0 6.0 21| 5.3 80] 520 9.6 1
o 21.8 14.4 638 0.7] 29 831 57 19.4 3

Table IIT also shows the parts of “ternary mas-
ter alloy” and the parts and grade of ferrosilicon
which are to be alloyed with the “fernary master
alloy” to produce the various types of “treat-
ment alloy” referred to in Table I.

Instead of using magnesium-copper-silicon
“ternary master alloys” we may use magnesium-
copper-silicon-iron “quaternary master alloys”
containing a relatively low percentage of irom.
These “quaternary master alloys” may be made
by introducing ferrosilicon (preferably 60% sili-
con grade melting - at 1250° C. or 50% silicon
grade melting at 1260° C.) into magnesium-cop-
per-silicon. “ternary alloys.” It may also be
made by alloying copper with ferrosilicon to pro-
duce a copper-silicon-iron alloy and thereafter
alloying such alloy with ‘an alloy of magnesium
and copper. Iron does not alloy readily with
magnesium, However, a small amount of iron
can be introduced into the “master alloy” and is
advantageous in that it increases the density of
the “master alloy” while (if limited) keeping the
melting point of the “master alloy” adequately
below the boiling point of magnesium. The
amount of iron in the “master alloys” should be
less than 20% and the preferred amount is be-
tween 3 and 15%. :

The following Examples 4 and 5 illustrate the
method of making magnesium-copper-silicon-
iron “quaternary master alloys” and the making
of “treatment alloys” by alloying the “quaternary
master alloys” with ferrosilicon. .

Ezxample 4

Step 1.—6.6 parts of copper and 1.2 parts of 75

50

65

60
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70

per, 22% silicon and 11% iron and having g melt-
ing point of 1025° C. '

Step 3.—While the step 2 “master alloy”. is
held moltqn, 81.4 parts of molten 20% ferrosili-
con carrying as little superheat as possible is
poured into it. The resultant “treatment alloy”
contains 6% magnesium, 6.5% copper, 19.4%
silicon and 67.2% iron.

Exzample 5

Step 1.—80 parts of copper are mixed with 20
parts of ferrosilicon containing 50% silicon and
tl}e mixtpre is melted, thereby producing “alloy
_A" containing 80% copper, 10% silicon and 10%
iron. :

Step 2—An alloy containing 70% magnesium
and 30%: copper is made according to step 2 of
Example 1, this alloy being designated “alloy B.”

Step 3.—While holding 60 parts of “alloy B”
_molten, 40 parts of “alloy A” are stirred into it
in the manner described in step 8 of Example 1.
Thls results in a “quaternary master alloy” con-
taining 42% magnesium, 509 copper, 4% silicon
and 4% iron, -

Step 4.—16 parts of the “quaternary master
a}l_oy” from'step 3 are alloyed with 84 parts ferro-
silicon (25% Si) in the manner given in step 4
of Example 1, thereby producing a “treatment
alloy” containing 6% magnesium, 8%  copper
22% silicon, and 64% iron. '
i Examples of other magnesium-copper-silicon-
iron ‘fquaternary master alloys” which can be
used‘m making “freatment alloys” by alloying'
the- ¢ quaternary master alloys” with ferrosilicon
are given in the following Table IV: =~ -
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TABLE IV

Co Oomposmon Quaternary Master Ratio Parts . [ Type
Qunter | uater | G | i

L E1370 S T s . Col - I\/]Ilgsrt%r FeSi* Perscient %11%317

“Alloy Peﬁ:gent Peéc‘tlmt'- Perscient Pe%c:nt CuMg | SiMg | Alloy. " [4 ?) e
) DU 32.0 >44..6. 20.0 3.4 1.4 0.63 123% ) g.; ‘.Z’gg -“"“"5 )
R s@0] 80| ‘e2o| ‘1mof L1 06 { zo| 0 %.9 3
L 330 36.1 22.7 g2 11| o iR IS 20 g

This table also gives the parts of “quaternary We claim:

master alloy” and the parts and grade of ferro-
silicon which are to be alloyed in producing the
“treatment alloys” of the types referred to in
Table I

In place of using straight ferrosilicon for alloy-.
ing with the “ternary” or “quaternary master
alloys” we may use ferrosilicon containing a small
amount of copper with advantage. Addition of
copper to ferrosilicon lowers the melting point of
the ferrosilicon and thus decreases the loss .of
magnesium in alloying the “master alloy” with
the ferrosilicon containing copper. However,
the amount of copper allowable in cast: iron .or
steel is limited and therefore the amount of cop-
per in the “treatment alloys” is limited. Copper
in the “master alloy” protects:the magnesium by
raising the boiling point of the “master alloy.”
Accordingly, a certain amount of copper must:be
present in the “master alloy” and since the total
of the copper in the “master alloy” and:the cop-
per in the ferrosilicon is limited, it follows that
the amount of copper in the ferrosilicon is lim~
ited even though it might be advantageous -to
increase this amount because of its effect in low-
ering the melting point of the ferrosilicon. In
order to protect the magnesium of the “master
alloy” we. prefer fo use. copper in.the “master
aloy” in such amount that the ratio of. the c¢op-
per, to.the magnesium is from 0.4: 1to2:1. With
copper in ‘tlie “master alloy” within the: ratio
Stated, the amount of copper in the fertrosilicon
ordmanly should riot be in excess of 20%. of the
silicon’ content of the ferrosilicon..

Aspreviously stated, the method heretofore em-
ployed in making magnesium alloys was to melt
the magnesium and:all: of:the other alloying in--
gredients directly in.a.covered fuel-fired graphite
c¢rucible,in order to,gliard against loss of mag-
nesium, . From. the: standpomt of fuel economy,
fuel-ﬁréd crucibles. are. much less efficient than
gléctric furnaces. As shown in Tables III and
IV, the “treatment alloys” are made from about
50 t0.85% Of feirosilicon.and.50.to 15% of “master
alloy ”  Sinee by our method the ferrosilicon con=
stitutes a Iarge percent of the total weight. of
the “tréatment alloys” and since the ferrosilicon
can be made in.electric furnaces having high-cur-
rent efficiency,. the heating cost of making alloys
accarding, t0. qur method. is greatly reduced-as
compared with prior methods in which.the-entire
weight of the. ingredients. used in -making: the
“treatment. alloy”’, was necessarily melted:in.cov-

is saving in. heatmg ‘cost:is.in. addl-
tion o the savmgs effected because of lower-losses
of ‘magnesium.

The inyention.is nof. 11m1ted to..the: preferred
embodlments Whl h,haye. been. given merely. for
purposes of llustrati t,may be. otherwise-em=
bod, ad or practmed within the scope of the follow=
ing claims,

—
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1. The method of making an alloy containing

_magnesiutn, copper, silicon and iron, which com-

prises. alloying magnesium with copper and sili-
con to formr an -alloy contammg maghesium,

‘eopper and. silicon and having a. melting -point

hizher than the melting point of magnesium, and
thereafter alloying said alloy: with ferrosilicon.
‘2. The method of making an alloy containing

.magnesium, eopper; silicon and iron; which com-
‘prises alloying magnesium-with copper and sili-

con to form an alloy containing from 10 to 55%
magnesium,. from 1210 50% copper and from 4 to

’60% silicon, and having a melting point higher

than the melting point of magnesiuin, and there-

-after alloying said alloy with ferrosilicon..

3. The method of making an alloy containing
magnesmm,, copper, silicon and iron, which com-
prises alloying. magnesium, with copper and sili-

_eon o form an alloy containing from 10:to 40%

masgnesium, from 12.to 50% copper and from 10

‘o 40% smcon and having a melting point higher

than. the melting point of magnesiun, and there-

- after alloying said alloy with: ferrvosilicon. .

- 4. The: method of makingz.an alloy containing
magnesium,, copper; silicon and iron, which com-
prises alloying magnesium with copper, silicon,
and. a. substantial .amount buf less.than 20%. of
iron: fo,.form an alloy. contammg magnesium,
cODpeL,. sﬂmon and’ iron and having a melting
polnn hlgher than the. melting poiht of mag-
neésium, and thereafter alloying said alloy with
ferrosilicon.. ., ... .

5 The methocl of makmg an alloy containing
magnesmm, copper, silicon. and " iron, which com-
prises: alloying. .magnesiim. with. copper,. silicon,
and from 3. to 15% of iron to forin an alloy con-
tammg magnesmm copper silicon and. iron. and
havmg a: meltmg point- higher: than the melt-
ing, pomt of. magnesium, -and. thereafter. alloy-
ing sadd alloy with. ferrosﬂlcon

6. The method -of. making. an. alloy containing
magnesmm, copper and.silicon;. which .comprises
alloylnv copper. and. silicon to. form. a . copper-
sﬂmon -alloy, alloymg copper and- magnesiim to
foxm a copper-magnesium, alloy, and alloying

- 1. Th _méthod;of makmg an alloy containing
magnesmm copper: and silicon,. which. comprises

alloymg copper;s and sﬂlcon to.form .a copper-
;smcon alloyj a,lloymg copper and:magnesium. to

form a. copper-magnesium,.alloy; and: adding saig
copper-smcon alloy to.a-molten bath-of said cop-
per-magnesium alloy.

-8..The method.of :making. an alloy. containing
magnesmm, copper and:silicon;. which. comprises
meltmg asmlxture af; copper. and. silicon. in such
propmtlons that.the. resultmg copper-silicon al-
loy has a melting, pomt substant1a11y, lower. than
the melting point of copper, melting a mixture of
magnesium and copper- iy sich proportions that
the-resulting magnesium-copper-alloy. has a.melt-
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ing point substantially lower than the melting
point of magnesium, and alloying said alloys to-
gether.

9. The method of making an alloy containing
magnesium,. copper and silicon, which comprises
melting -a mixture of copper and silicon in sub-~
stantially eutectic proportions to form a copper-
silicon alloy, melting a mixture of magnesium
and copper in substantially eutectic proportions
to form a magnesium-copper alloy, and alloying
said alloys together.

10. The method. of making an alloy contain-
ing magnesium, copper, silicon and iron, which
comprises melting a mixture of copper and sili-
con in such proportions that the resulting cop-
per-silicon alloy has a melting point substantially
lower than the melting point of copper, melting a
mixture of magnesium and: copper in such pro-
portions that the resulting magnesium-copper
alloy has a melting point substantially lower than
the melting point of magnesium, alloying said
alloys together to form a “master alloy” contain-
ing magnesium, copper and silicon, and alloying
said “master alloy” with ferrosilicon.

11. The method of making an alloy containing
magnesium, copper, silicon and iron, which com-
prises alloying copper and ferrosilicon to form a
copper-silicon~iron alloy, alloying copper and
magnesium to form a copper-magnesium alloy,
and alloying said alloys together.

12, The method of making an alloy containing
magnesium, copper, silicon and jron, which com-
prises alloying copper and ferrosilicon in such

b

¢

15

20

25

30

10

proportions that the resulting copper-silicon-
iron alloy has a melting point substantially lower
than the melting point of copper, alloying copper
and magnhesium in such proportions that the re-
sulting copper-magnesium alloy has a melting
point substantially lower than the melting point
of magnesium, and alloying said alloys together.

13.. The method of making an iron-rich alloy
containing magnesium, copper, silicon and iron,
which comprises melting a mixture of copper and
ferrosilicon, in substantially eutectic proportions
to form a copper-rich silicon-iron alloy, melting
a mixture of magnesium and copper in substan-
tially eutectic proportions to form a magnesium-~
rich copper alloy, dissolving the copper-rich alloy
in the molten magnesium-rich alloy, dissolving
copper in molten substantially eutectic ferrosili-
con to form an iron-rich silicon-copper alloy, and
mixing the two moelten alloys in the desired pro-
portions to form an iron-rich quaternary alloy of
iron-silicon-copper-magnesium.

HOLBERT E. DUNN.
JEROME STRAUSS.
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