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This mventlon reletes to aluminum alloys con-

. G'Cla,lms.__

(©L T5—i47)

', - stituted with magnesium as the major alloying

o element and, more particularly, it relates to new
~ and improved aluminum-magnesium alloys for -
~ fabrication into ﬁmshed products by the castmg |

o techmque

| | This epphcdtmn is a contmuetmn-m-part of o
o .my copending application, Serial
| filed on January 14, 1949, now Patent No.

2,564,044, and

' NO.

entltled Alummum-Magnesmm
Castmg Alloys. |

71,015,

Ordinarily, these characteristics in a metal or
alloy lead to improved physical properties, but

 the reverse effects are obtained with aluminum-
- magnesium alloys.

- This reversal of expected |
properties are belleved to result from conditions

often referred to as “coring effect” by which is
‘meant that the compositions of the grains vary

~ from theé center to the outside and such non-

10

Commercially, elummum-megnesmm casting N

alloys may be arranged into two distinet groups.

- Cast alloys having a magnesium content rang-
- ing from 9 to 12 percent by weight are respon-
_sive to heat treatment by which their physical
*-rprepertles are greatly improved.
ment, the aluminum-magnesium
" compounds are put into solid solution from

- which they are repremplbeted at room tempera-

ture in finely divided form instead of the coarse

crystels in which they existed in the original

casting. The major portlon of reprempltetmn
- takes place within a few days of aging where-

- by 1mproved physical propertles are developed
In the range of 3 to 9 percent magnesium,

" heat treatment has very little effect on the phys-

 ical properties developed on casting.
 within this lower group form the subject mat-
. ter of this invention. Their physical proper-
~ ‘ties developed on cestmg are generally referred
to as the “as cast” properties.
~ group, further subdivision is possible with re-
- spect to the method of casting; that is
may be made into sand molds, beremefter re-
ferred to as sand casting, or it may be made
~ into permanent molds, hereinafter referred to
Permanent mold or chill cast-
ing may rely entirely on gravitational prmclples .-
~or the use of positive pressure may be employed |
~ in filling the molds, as in die casting. A chief
_d1fference between the two types of casting re-
- sides .in the rate of heat transfer through the
- mold walls, it being greeter in chill casting with
~ ‘the result that crystalhzatlon and solldlﬁcatwn
-~ are more rapid.

Alloys

Wlthm this

castlng

as chlll casting.

“Chill eestmg usually hes the effect of de-

o creasing grain size of the cast alloys, especially

- when they are composed of ‘an alummum base.
- In alummum-megnesmm a,lloys
“such as magnesium, present in quantities above _
~their normal solid solubility limit at room tem-

o perature are retained in mete,-steble cond1t10n

01’ solid selutlon instead of prec1p1tatmg out: as -
o :111 the slewer ceeling sand cestmg methods

components, &

In this freat-
intermetallic

20

uniformity detracts from the physical proper-
“Coring effect” is increased with non-equi-
librium conditions existing in rapid freezing of
¢hill casting. With most alloys this harmful ef-

fect is ‘more than offset by benefits derived by

finer grain size and greater proportions of ma-
terial in solid solutmn but not so with eluml-_
num—megnesmm alloys. No one, to my know-

ledge, has been able to manufacture an alumi-
- num-magnesium alloy for ch111 casting which
“has physwal properties that are as high . or higher

than those. obtained by casting the same alloy ..

~ in sand. As will hereinafter appear, the usual
~loss ‘of physmal properties resulting from such

- “coring effect” during rapid freezing is not en-
countered with the 1mproved comp031t10ns de- o
~scribed and claimed herein,

It is an object of this invention to produce an
elummum-megnesmm alloy whlch is not sub-

 jeet to the limitations of the prior art in that

- it can be used for both chill and sand casting '
-Wltheut substantlel dlfference 1r1 physwel prop—' |

'. _ertles |
Another object is to produce an elummum-— -

gl

-_'_.."megnesmm alloy for casting mte se,nd refrac-
- tory, or metal molds to provide a cast product

3303

35 having improved physical. propert1es mtheut the'

need for any heat treatment.
A further object is to produce an elummum-—

"megneslum casting alloy that has properties su-

~ perior to any heretofore obtained by either sand.

40

casting or by heat treetment
“tensile  strength and duct1l1ty without
~ treatment; that is as resistant to corrosion as
- most of. the aluminum-magnesium alloys, al-

loys which are distinguished by their excellent
corrosion resistance and h1gh Tuster: that has
~ optimum  machining p10pert1es

that has excellent |

that acquires
and retains a brilliant surface responsive to

- simple polishing; and that develops high me-

room

| chemcel properties immediately upon cooling to
temperature, which propertws do not

o chanﬂ'e with age as compared with heat treat-

.\"}!

__-.ed castings .which develop equivalent -tensile o
strength with age but with a corresponding loss

in elongation or ductility such that the product
ultlmetely n'nght beeeme embnttled |

‘heat '




A still further object is to produce an alumi-
num-magnesium alloy which is
adapted to develop superior physical properties
by chill casting although 1t may be successfully

- “sand cast.”

A still further object is to produce an alumi-

num alloy constituted with 3 to 9 percent mag-

nesium as the major alloying element and with
other metals in various new arrangements to pro-

- vide for specific improvements in the physical 1

characteristics of the cast alloy whereby excel-
lent combinations of tensile strength, yield

particularly

2,628,890
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- that copper, iron, silicon, zinc or zirconium have

-l

strength, and elongation are developed without

resorting to expensive heat treatment, which is
~also a deterrent to the rate of production.

- A further object is to produce an aluminum-
magnesium alloy which embodies alloying prin-
ciples different from those heretofore followed

to provide for 1mproved characterlstlcs in the

strength of aluminum metal and its a

inereasing  hardness and
Hoys, vet I
have found that these same metals, when used
in quantities which might be expected to improve
the yield strength, are highly detrimental to the

the properties of

- properties when alloyed with aluminum, mag-

nesium, beryllium, and titanium. |

Of the metals alloyed with aluminum, mag-
nesium, beryllium, and titanium, I have found
that chromium, with or without boron, has g very
desirable effect in increasing the yield strength
of the alloys beyond the ordinary value of 17,000
pounds per square inch. This may be illustrated

5 by comparison of an alloy without chromium and

boron with an alloy embodying the elements
chromium and boron in accordance with this in-

- vention. The comparisons made below In Table

I are of samples obtamed in permanent mold

a,lloy 20 (chill) casting. A
| TABLE I
| Percentage Ultimate | Yield 1. : |
_ Strength, { Strength, E%ﬁ%ﬁ%ﬁﬂ’ Rrinell
h N | Lbs./Sq. Lbs./Sq. " Tnoh £ | Herdness
Mg | Be | Ti | Cr Al In, In, o
| . 1 _ ! | N | |
A as 7.6 10,01 | 020 0.00{ 0.005 | Balance.._ 40,200 | . 19,900 - 9.6 81,5
B 7.510.01 | 0.20 1 0.25{ 0.005 |_..__.do____ 43, 400 21, 400 11. 5 100. 0
. ' - 1 | |
' "TABLE I (). —SAND CASTING
Ao 6.5 0.01 | 6:20{ 0.00 | 0.000 | Balance...| 39,800 19, 100 11.4 74.0
) T 6.510.01]0.2010.20{ 0.000 | _.do___.__ 41, 000 a1, 100 12.0 74, 0

Invention herein resides in the preparation of
an alloy having aluminum and magnesium as the
major alloying elements and small but important
quantities of titanium, beryllium, boron and
chromium as minor alloying elements in new and
improved five- and six-component systems . to
form alloys having improved characteristics dif-
fering from those heretofore produced not only
in composition but because of alloying prin-
ciples heretofore unrecognized in the production
of new and improved products. As previously

pointed out, this invention is directed primarily

to aluminum-magnesium alloys for use in “as

cast” condition and, therefore, is limited to less
than 9 percent. magnesium content, it being 5

understood that best properties are developed
with magnesium present in the range of 6 to 8.5
percent.
- having 6 to 8.5 percent magnesium, gave a tensile
strength of 32,000 pounds per square inch and
elongation in the order of 10 percent “as cast”
In sand and even lower properties “as cast” in
permanent molds; whereas, by practicing my in-
vention, an aluminum-magnesium alloy may he
produced having “as cast’ properties which

measure 42,000 ,peunds per sauare inch tensile
and 19 percent or more elongation, a combination

of prepertles which exceeds that obtainable with
hee,t treated cast aluminum alloys of the same
magnesium conient and is comparable in many

~instances to a,lleys with hlgher megnesmm con-

tent.

I have found that known metallurgical dete,
with respect to the effects of additions of metals
fo aluminum alloys for the purpose of securing
greater strength and hardness does not particu-
larly hold true for aluminum-magnesium alloys
and especially for aluminum-magnesium alloys in
which titanium and beryllium consftitute alloying
elements. For exa,mple it has been suggested

Heretofore, the best aluminum alloy,

It will be apparent from the table the.t w’hen'

 chromium is alloyed with the four basic materials

40
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maximum- benefit

in combination with boron, as illustrated by test
B, each of the values of ultimate strength, yield
strength tensile strength .end elongation are
markedly improved.

In carrying out this 1nvent10n I prefer to hold
the boron content, when employed, within the
range of 0.001 to lees than 0.01 per cent by weight.
More boron may be used but the intermetailic
compounds that seem to precipitate when con-
centration in excess of 0.01 percent are present,
lowers the physical properties of the alloy. Im-
proved results are also secured by the additicn.
of chromium without boron but the improvement

“1s not as great as when the two metals are both

present in the alloy composition., It appears that
is derived when titanium is
present in amounts ranging from 0.01 to 0.25 per-
cent by weight. Larger quantities, up to and in-
cluding 0.40 percent by weight of titanium may
be used; however, it seems that amounts in ex-
cess of 0.25 percent do not remain completely dis-
solved in the alloy-throughout its freezing range
and In such instances additional concentration
has little benefit. PFurthermore, as the molten

~alloy passes through its freezing range, the excess

titanium appears to form precipitates of inter-

metallic compounds with other metals, which

makes the melt more sluggish to the extent that
excess titanium may be detrimental to the me-
chanical properties in some types of casting.
For sand casting, it is best to hold the beryllium

 content to less than 0.03 percent by weight, bhut,

breferably in the range of 0.0005 to 0.02 percents.
For chill casting, the beryllium content may go
as high as 0.2 percent by weight kut it is more

. economical to hold the beryllium content to less

75

than 0.07 percent by weiglt. In any event, in
chill casting more than 0.001 percent by weight




' _beryllmm should be used. The amount of

 chromium which has been found most beneficial

“in.alloys of the type described is in concentrations
- ranging from 0.15 to 0.5 percent by weight, How-
~ever, chromium may be present in the bree,der

- rangeof 0.05 to 1.0 percent by weight.

2,628,809
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From the practical standpoint, the ﬁ.ve—- and

 six-component systems constituting the prin-
cipal- features of this invention have the ad-
- vantage that defined cherecterlstles apply  to
- both sand casting and chill casting. This is

- unusual in aluminum-magnesium alleys because
~of the vast differences that exist in their rate of
B .cryetalllzatmn and freezmg whereby finer grain
. size and the.retention of excess metals as solid
o solutmns are more characteristic of chill cast-
~ For most aluminum alloys, the physical -

__6

'cillated' as Brinell Number 100 in “as 'cast”.-eoni'

~ dition is obtained by very few aluminum alloy
~compositions,

limited mostly to ‘compositions
having a large amount of copper present It is

believed that t_h_ls_ is the first time that high |
hardness is obtained with little, if any, sacrifice

in duectility. For example, the hard alloys con-

~ taining 1a.rge amounts of copper usually have .
elongation values in the range of 1.0% or less, .

10

compared with the elongation of 11 5% shown

" above with the hardness of 100.

o propertles developed by chill casting are superior

to those secured by sand eastmg, but for alumi-

- num-magnesium alloys, the reverse is more often

- true. This is best illustrated by Table No. TI,

which shows the physical properties determined
- in alloys processed by sand casting and chill cast-

ing. -To the best of my knowledge, no one before

has. develc)ped an aluminum-magnesium alloy

20

For chill casting, the boron content .sheuld

 be less than 0.01 percent by welght but more than

0.601 percent by weight to Ye effective. ‘Beryl-
lium. in emeunts up to 0.05 percent is very effec-

tive, while excellent physmal properties have .

been developed when as much as 0.2 percent
berylhum has been present but because of its

high cost, more than 0.07 percent by weight
beryllium is seldom used.

‘The titanium content

- should be held below 0.40 percent, and preferably

”Whlﬁh is capable of giving physical properties by
~ - chill casting which are substant1elly the same as

' 'the propert1es secured by’ cest:lng the alloy 111

| green sand or by die castmg

" TABLE II
Chill Casting | Sand Casting

“Method | Method
Mg Tl Be B | 'AI_V‘

. Percentige Alloying Metals.._. | 6.5 15 1,005 | . 006 bal- -
| - T | - 1. .| ance

. Ultimste Strength, Lbs./Sq. In.| - 36,300 |- . 38,500 .-
~ Yield Strength, Lbe /Sg.In. ...y . 16,900 . 17,100 -
Percentage Elengetren-___‘_--:.._--_. 12,90 160

- .In.accordance With-_'-t-he prac_ti_ce of this -i'_nven— '

tion, it is possible to formulate alloys wherein

~ the properties developed by chill casting, espe-

cially when formed in molds: heeted to 600° to

the propert1es secured by the most favorable
alloys for sand casting, as illustrated in the fol-
- lowing Table IIT. In many instances, the same

alloy embodying features of this invention may

be used for sand casting and for chill casting

interchangeably, with the same type of improve-
The formula,tmn_ |

~ment in physical properties.
of a single alloy which may be used in all types

~ below 0.25 percent by weight, and best: results

are secured when the amount of tltamum 15 -

"_abeve 0.10 percent by weight.

In productmn the alloy may' be cempounded.
by the addition of the metallic components to

“molten aluminum malntalned at least 100 de-
grees ebeve melting temperature.
‘aluminum, the other elements may be added in
30

To the molten '

any -desirable order conforming to accepted

- metallurgical practices limited to the production

- of 'an end product having the elements present

in the desired amounts and relatively free of
~harmful impurities. |
it is best to alloy with pure metals or with master

- For some of the elements

alloys, while with others additions may best be

" made by reduction from inorganic salts such as
- the fluorborates or halides, from which the metal

~ is-made available and from which benefit can be

40

- release of gases.

1ncorporeted as a master alloy with aluminum, o
while titanium and boron are added to greatest
adventage as inorganic salts, because it is pos-
5 sible to cause the titanium fo remain in solution
in the alloy when added in this form even when

- 900° F., are even better in many respects than -

1y
] |

of casting techniques has been a goal of the

- gluminum industry for a long time and has been_

' . the eub;;ect of concentrated research |

TABLE III
Chill Cssting | Sand Casting
. ‘Method =~ | Method
| ‘Mg | T Be | B Cr-
Percentage Alloying Mete]e | __'7;5. 20| 01| .005| .25
""ﬁfUItlmete Stren th, Lbs. /Sq. In__ 43, 400 | 36,'500
Yield Strength, Lbe Sq.In__.__} 21, 400 - 21,200
~ Percentrge Elongetion ___.____. - I1L5 6.1
. Brmell 2 erdnese Number _______ 100_ 70

The above date, 111ustrates anether 1mp0rtent
o '_-1mprovement in a,lloys of the type described by
the prectlce of th1s 1nvent10n I—Ialdness cal—

"-.60

secured- for sweeping out the alloy upon the

- For example beryllmm is best

the emount of tltenlum exceeds 0. 25 percent by

weight. -

By way ef 111uetre,tmn but not by way of 11m1ta-

‘ _tmn the invention may be described as being

embodied in an aluminum-magnesium alloy hav-

ing the elements present in the follewmg
ernounts o |
| S Per ce_nt .'
Magnesium - ___________.. 10 =90
Titanium _ e 0.001-0,40
Chromium oo e 0.05 -1.0
| -Beryllmm S 001~ 20
L Boron e Less than 0.01
| Alu‘mnum e e e e e e e o e e Balance

65
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- A preferred range ef me,terlals is as follews

“Per cent

'Megnesium' e e m 6.0 -85

> Titanium . . 0.10 -0.25 -
Chromium - o - 0.15 =0.50

~ Beryllium - 0.001-0.03
. BOron o 0.001-0.01
Alumvnum e o e e Belanee plus 1mpurities

~ For sand castlng magnesmm content of 6-7

- percent is preferred while 7-8 percent magnesium

s preferred for permanent mold casting and

- 7.5-8.5 percent is preferred for die casting.
76

For best results the total impurities, which-_
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| incluae the metals of the type ecopper, iron, and

~ silicon, should be kept below 0.45 percent with
- 0.25 percent by weight being the maximum for

any one of the aforementioned metallic impuri-
ties.
very deleterious to the physical properties of the

- alloy, inclusion of more than 0. 001 percent by
welght thereof should be avoided.

By way of illustration, the followmg formulae
embodyving features of this invention constitute

sand and ch111 castmg

~ Example 1 o
| o Per cent
T Magnesium e e e 1O
Titanium .02
Beryllium . e e mame 002
BOION e e 0003
ChRromium e e = 0.19
©e) o) o7 > oL S | X | ) |
O o e e e 0.10
Silicon

’I‘he balance belng alununum plus other
1mpur1t1es | T __ |

Since alkali metals, especially sodium, are

I
w1

10
alloys which give excellent physical propertws for '.

| It will he underst.ood that numerous changes

- may be made in the amounts of materials and
- methods of incorporation and fabrication into a

cast product without departing from the spirit of
my invention, especially as defined in the fonow-
Ing claims. - .

. I claim:

~1. An alumlhum pase alloy consistmg essen- '
tially of 1 to 9 percent magnesium, less than 0.01
percent by weight boron, 0.0005 to 1.2 percent

beryllium, 0.001 to 0.4 percent titanium, 0.05 to 1.0

- percent chromium, and the rest being aluminum
and impurities in amounts less than about 0.45
percent by weight. | |
2. An aluminum base alloy cemprlsmg 1 to 9 -.
- percent-magnesium, less than 0.01 percent boron, -

- 0.10 to 0.25 percen$ titanium, 0.001 to 0.07 percent

- beryllium, and 0.15 to 0.50 percent chromium, the
‘balance being aluminum
C 24

39

E}mam_ple 2 o T
P L R | Per cent
.‘Magnesmm ST I, T
Titanium e o 1 e e 9 3 et e e e e 0.20
~ Chromium S e 0.30
BeryIIUML v et e e m s e
Alummum _,_~._e.;.__.'_;-._+.';__ Balance plus 1mpur1t1es

It will be apparent from this description that
| I have conceived of heretofore unknown alloying

‘principles which have led to the inclusion of vari-

ous alloying elements to produce alummum-mag—

- nesium alloys having characteristics far superior

- to those presently known, as produced by sand

- casting or ehlll casting w1th or without heat
~ treatment. Of considerable importance is the

001

comprising 3 to 9 percent magnesium, less than
0.01 percent boron, 0.01 to 0.25 percent titanium,
- 0.001 to 0.07 percent beryllium and 0.15 to 0.50

and
-amounts less than about 0.45 percent by weight.

3. An aluminum base alloy consisting essen-
- tially of 1t0 9 percent magnesium, 0.001 to less
than 0.01 percent boron, 0.01 to O, 25 percent tita-
“nium, 0.001 to 0.0%7 pelcent beryllium, 0.15 to 0.50
__ 53 percent chromium, the balance being aluminum
" and less than about 0.45 percent impurities. o
4, An aluminum base alloy for sand easting
. comprising 3 to 9 percent magnesium, 0.001 to less
than 0 01 percent boron, 0.10 to 0.25 percent tita-
nium, 0.001 to 0.03 percent beryllium, 0.15 to 0.5¢

percent chromlum the balance being aluminum
and less than about 0.45 percent impurities.
9. An aluminum base alloy: for chill casting

percent chromium, the balance being alummum

~and less than about 0.45 percent 1mpur1t1es

40

-poss.tblllty of using.  the resulting cemposmons
_.mtemhangeably for casting in permanent molds

~or green sand w1thou1: deletermusly aﬁ'ect.mg the -
physical properties. -

- Evident also is the fact that for the ﬂrst tlme

- in aluminum-magnesium alloys, elements may be

incorporated for the purpose of increasing yield -

strength to a desirable high value without the
lowering of ultimate strength and elongation. ¢

These and other concepts have led to the produc-

tion of alummum—magnesmm alloys having con-
siderable advantage over those heretofore pro- .

' | duced

: Number -

6. An aluminum base alloy as claimed in clalm -
2 in which the amount of iron in the impurity

,doee net exceed about 0. 25 ‘percent by weight.
| CHARI_ES B WILLMORE
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