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Since metallic cerium is quite

(Granted under Title 35, U. S. Code (1952),
| sec. 266) |

o = Th1s invention relates to aluminum all'oys and-
 particularly to aluminum alloys contammg |

~ cerium and other alloying additions.
R Xpensive and
AR d1fﬁcu1t to obtain, the cerium used in the alloys
L “of this invention was added in the form of misch-
. “metal, a by-product of the thorium industry con-

o |

R ‘sisting of cerium and other rare-earth elements.

Pl -"I-'__-'..-"_m'___ _ /= == .

149,
- .-effect has been determined empirically, and the
- maximum by the experimentally observed fact
~that it corresponds to the approximate eutectic
o _composmmn Presence of the “proeutectic’ phase

- pistons. -
. Itisthe paltmular obJect to prowde such alloys.
B that will have high resistance to
~ stresses at high temperatures. -
. "Accordingly, this invention comprlses a series
 of alloys of aluminum and mischmetal with other
. metals in the particular qualitative and guanti-
- tative relationships as will hereinafter appear.

" The mischmetal used in the experimental work
~ leading to this invention contained approximate-
1y 50% cerium and 45% lanthranum, balance,

- other rare-earth metals. Thus, the term “misch=

- metal” is used throughout this specification to
~indicate that composition, although it will be

" understood that minor variations in the quan-
© titative composition may be made without chang-
ing the properties of the material and thus with-

 out ‘taking it outside the scope of the term

- :“nlschmeta,l” as used in defining this invention.
| "~ The general object of this. invention is to pro-
o -”_-Vlde a3 new series of aluminum alloys which will

- have improved mechanical properties. B
' Another object is to provide such alloys whmh '

__?'W111 be of the non-age hardening type.

~ Another object is to provide such alloys that

- will have improved mechanical properties at the

~ high temperatures encountered in certain special *

types of service, e. g., mtemal combustlon engme“ﬁ""
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' remdual up to 6%.

- tables. |
rupture properties contained little or no mag-
neslum, and in those with the larger quantities

2. -
The most desirable quantity
was found to be around 1-3%. Although the sili-
con content probably does not bear a strong di-
rect relation to the mechanical properties of the

finished alloy, its presence effects other proper-
ties such gs fluidity in casting and hot strength.

Since these alloys are designed to be used in

either wrought or cast condition g considerable

range of silicon content is specified. In general,

‘silicon should be on the high side for cast_ing _'

alloys and lower for wrought alloys. -
“Alloys containing up to almost 10% magnesium

- were investigated. With respect to stress-rupture
properties this addition has a cumulative de-

rogatory effect as is seen from the accompanying
Thus the alloys having the best stress-

of magnesium said properties were uniformly

bad, in spite of the variety of other addition ele-
'-ments
- Toom tempel ature and at 400° C. aresomewhat en-

I—Iowever the tensile properties both at

hanced by magnesium in lower proportions and
depending on the service desired from zero to

‘about 2% magnesium is recommended. It may
‘be pointed out that the case of magnesium is &

good illustration of the unpredictability of high-

- temperature properties on the basis of property-- |

| compomtmn I’ﬁl&thIlShlp at ordmary tempera-
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long-tzme“,

tures.

Copper When present with mang anese or nickel

~ or both, is found to have a general strengthen-
-~ ing _e:?‘fect on the alloys, both as to stress-rupture

~ and tensile properties, which is greater than a

The proportion of mischmetal in the aluminum

- This minimum reguired for substantial

- results in a decrease in properties.

. invention.

-In Table I below are examples -of the alloys

~ comprising this invention. Table II and Table %
. III show the mechanical properties of the re-

. spective specific examples, and also correspond-

. ing properties for several standard. hlghutemper-_
~ature aluminum alloys. |

TFollowing the tables is a detailed dxczcus,ﬂon of

~ the individual alloying elements and the compo-~

- sition range of each which marks the limit of the

| Also the manner of adjusting the

~ proportion of the individual elements within the

 range specified in order to emphasize properties

- which may be desired for partlcula,r service comn- |
s dltmns is indicated. | |

| alloy 1s limited to between about 6% and about

rupture properties

mere cumulative effect. For maximum stress-
the optimum copper content
is from about 2 to 3% and for tensile properties
around 4%. 'The recommended gquantities of

- manganese and nickel are roughly 1-2% for each.
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Chromium is surprisingly effective as a
strengthening addition in these mischmetal al~
loys in gquantities less than 1%.
amounts of chromium the ductility drops 1ap1dly

Cobalt appears to have a similar though weaker
effect. ‘The presence of the specified quantities-

- of chromium and cobalf, and the improvement -
In properties incidental thereto, is believed to be
‘one of the more important features of the inven-

- tion which distinguish it from - the prior art.
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Sﬂlcon IS present 111 quantltleq rangmg from

‘Titanium is present in small quantities in most
of the eXDerlmental alloys. It is believed to con-

tribute to strength thmugh formation of one or

more intermetallic compounds of aluminum, and -
perhaps Wlth other elements present. That

_.Vanadmm in combmatmn with other elements

contributes to ultimate Strength at 400° C., but

‘detracts at room temperature is seen by compam-

soh of alloys 5 and 6.

With larger
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TABLE I
Chemical compostlion
A—EXPERIMENTAL‘ALLOYS™
No. M* | S [ Mg| Cu [Mn | T |Ni|Or|Co| W |Mo| V |2 |Fe
1 0.61 | 235 ... 166 | L73 ] .04 | L 007 e ] 0.04 0.24 | .15
9 0.30 | 2121072 | 0.50 | 1.64f .04 | ____|.0.40 |_o 032 | | _____ .13
3 10.92 | 2.88 oo 1.49 | 0.8€7 .05 126 0:307).____|_ S NN A N .84
4 10.69 | 2.37 |___._ 1,58 169 .067] 1.38 | 0.33 foecos|ome o | ool .33
5 10.77 | 2.20 {oo—--_ 1.52°| 146 {______| 1321 030 {0027 || . 32
6 10.67 | 2.84 |o_____ 1.78 | 0.81 | .02 1.437 0.32-|i____| 0:34 |______ 0.26 |-oeo - .33
7 12,11 | 2.08|0.93{ 0.85|1.19 | .02 |- _|.1.05{ ... ) O 0.46 |- __ .35
8 11.45 | 2,13 (0.83 ] 0.80 | 1.43 | .03<{._____ 006 ]| 0.05 | 0.28 { .35
0 12,18 | 2.36 | 0.54 | 0.81 130 |..08 |ccorocf .12 oo} 0.18 |oocmo|ecofoeo. .36
B—STANDARD REFERENCE ALLOYS
R=t- - 188y 0.08 | 0.977 3.7 | _____|..___ 5 0 -1 S R O B A e e 09"
R21{- (A132){12.48 | 1.00.| - 1.06 {_____ e 284 e | .19,
R-3 (122)[ . 0.22 | 2.34 | 10.76 f oo _|oeo ol I D A X I | 119
R-4-f (German)| 0.13 ... IR 7 v 2 N N 1 ) K PRI PSRRI e oo 0,27
R~5- (254)] - 031 | 5941 . 0:654 11 |._____ LBE A ool | 0.48.
M*=Mischmetal.
TABLE I1”
Tensile properties-at400°-C. and af-room:
temperature:
A—EXPERIMENTAL ALLOYS"
I _ A
| 400°C . Room Temperature .
No..- Cast: Fnrged Cast . . Forged .
1.8, | Y.8S. |Percent| T. 8. | Y.8. |Percent| T.8.| Y.S. |Percent|. T.8. | Y.8. |Percent
| p.8 1. ) p: s L'lel. iIm 2" pss. iy by 8oL el Im 27 plos, 104 pe s i jel o2 poscic | posad el. in-2”
1] 6180 | 60200 0 |iocemcoolomooocon]oeooeees 105050 |c e 1 R AU (TSR DR
21 7,780 | 7,190 |-_-———._|. 4,920 | 4,000:| 75 | 22,200 |.._~o___ 0 | 31,900 | 28;100 7.5
3| 6,970 | 5,470 2 | 4,530 3,800.] 42 | 12000 |11,380} O | 21,900 19,700.| 12
4 7,520 1 4,800 | - 4,000] 42.57 12,5007 |.______. 0 | 22,200 17,500 13.
51 7,040:1 5,310 | 1.5 4,600 | 3,750 32 | 13,760 | 10.620 | 0 fooeoooos|omo SR
6|.7,730] 6,250 1.5 |oeoeooo o[- 10,000 | 8, 430 Y I A el
76,4107 6,310°7 1 |oooceo oo deieo 14,890 o ____ A P RN
8 ' 6,960:] 6,280.{ 1. |.._-. N I 15,2000 |- f. TR TN DO RO
9| 6,670 6,850.] 3 | ... e e, V1,560 || 0 oo |
B—~REFERENCE.ALLOYS
5 T S N 3,540 287071 1087 |ooooooo|oeeeeeofoeoioo | 53,070 | 3072107 16
R e |i3,0107 LRI 54 | |eoeo|eel L 50,150 | 44, 310" 2
R3 |oemoo oo -| 4,530 3,590 | 110 |oooo.|oao.oC e | 66,400 | ] O
Rd A 3,370 2,700 | B5 T oo oo 39,090 °| 29,440 7
R-5-| 6,120'| 53207 30" | 4,220 ‘2,970:| 158 | 31,400°| 19,800 2.7°| 47,6007 28,800. 7
TABLEIII Tungsten, molybdenum ' and - zirconium were
Stress-rupture properties at 370° C. tested-al‘n_ some of the ‘Ima,-te:?lalls and found _to
| - __ 55 have favorable - effects: particularly on tensile
A—EXPBRIMENTAL ALLOYS: properties. They are present in more than grain
' — — . refining -amounts. ASs would be expected, tung-
| Stress ap- [Diwration in| ° Fercent sten and molybdenum are substantial equiva-
No.. “phiedin- | - hrs.(to (GO0 10 lents in these alloys.
- D.S.d- .TUDBUTE). | e g0 1ron was-fournd to.be desirable in all of the
- - — mischnietal ‘alloys in quantities less than 1.5%.
3,000 - 7846 2 This faverable effect is confrary to general alu-
grmommmooomemossmmsooeesoe b lgggggf—_ 4 minum technology ana is one of the critical fea-
& 3,000-|  767.7 | 2. tures of this invention:
s SR 4.8 S : 65 , Alloys coming within the invention may con-
y S, 3, 000 507.3. 2 taln about 10 to 12% mischmetal, about 1 to 3%
S| MO0 40| 5 silicon, upto about 5% copper, about 0.5 to 3%
| manganese, up to-about 3% nickel, with the
B—STANDARD REFERENCE ALLOYS combined content of manganese and nickel not
s »g €xceeding 8%, and the balance-aluminum. The
Rl oo 2 400. | o 7 (- B3 a'l!oys nay furthercontain Uup to a-lbOUt 1% Chr{)'—
3 2,-403;;‘_ 11“,5 ‘_ | %Q&g mium-and up to about 1.5% iron. Titanium, co-
%—-‘iiiZIZI:iZIZ:::Z:’.’:Zf ﬁiiﬂn f 1ﬁ§]7’2f 30. 2 balt, tungsten, molybdenum, vanadium and zir-
BB e 2,400 83 44.4 conium may also be present in the alloys in

small amounts, for example, up to about 0.259
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up to about 1% V and up to about

- The best particular compomtmn from the

~ point of view of all the properties investigated

| ~in this work is believed to be that of alloy 3.
~ This material has outstanding stress-rupture

~ strength at 370° C. and very good tensile prop-

- - erties at room temperature and at 400° C., in
both the cast and wrought condition. Note thatl
invariably the properties of the cast material
exceed those of the wrought material at 400° C.
‘and viee versa at room temperature. |
-~ The average mischmetal-containing experi-
- mental alloy is seen to be superior to four of
- the five standard reference alloys in every prop-
~ erty tested except room temperature strength.
~ The reference alloys are materials which are at
present or recently have been used as standard

high-temperature aluminum ailoys. |
‘The foregeoing observations and discussions

- are based on analysis of the experimental data
~ and are presented to suggest possible variations
. in compositions within the ranges defined by
- the claims which may be desirable for ohtaining
- optimum properties for special service require-
- ments.
. compositions faliing within the ranges disclosed
- and claimed are strict equivalents, but rather
" that they constitute a continuum, within which
-~ no structural division is possible, and substan-
- tially beyond which either no new and unfor-
~ seen results were found or no 1mpr0vements were
. ‘obtained.:

Tt is not pretended that all the specific

"The mventmn disclosed herem mey be manu-

- facured and used by or for the Government of

- _the United States of America for governmental

~ purposes without the payment of any reyaltles
thereon or therefor. |

. What is claimed is:
1. An aluminum base alloy havmg hlgh tem-

- perature strength in the cast condition consist-
© ing essentially of about 10 to 12% mischmetal
- containing about 50% cerium and the balance
other rare earth metals, about 1 to 3% silicon,

up to about 5% copper, about 0.5 to 3% manga-

~nese and the balance aluminum.

2. An aluminum base alloy having hlgh tem -

| - perature strength in the cast condition consist-
~ ing essentially of about 10 to 129 mischmetal
 containing about 50% cerium and the balance

~ other rare earth metals, about 1 to 3% silicon,
- up to about 5% copper, about 0.5 to 3% manga-
~ nese, up to 3% nickel, with the combined con-

) Particular alloys of the invention are
 those containing 10 to 12% mischmetal, 2 to

3% silicon, 1 to 2% copper, 0.5 to 1% manga-

- nese, .01 to 0.1% titanium, 1 to 2% nickel, 0.2
- to 0.49% chromium, 0.2 to .49 iron and the
balance aluminum. -

__ -_"I‘1 up to about 1% Co, up to about 1% W, up
~ to about 0.5% Mo, with the combined content
~of tungsten and molybdenum being not more
‘than 1%,
0.3% Z2r.

&t
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‘tent of manganese and nickel net exceedmg‘ 5%,_

and the balance aluminum.
3. An aluminum base alloy having high tem-
perature strength in the cast condition consist-

~ ing essentially of about 10 to 12% mischmetal
~containing about 50% cerium and the balance
other rare earth metals, about 1 to 3% silicon,

up to about 5% copper, about 0.5 to 3% manga-
nese, up to 3% nickel with the combhined content
of manganese and nickel not exceeding 5%, up
to about 1% chromum end the balance alumi-

- num.
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4. An alummum base alloy havmg h1gh tem-

perature strength in the cast condition consist-

ing essentially of about 10 to 12% mischmetal

containing about 50% cerium and the balance

other rare earth metals, about 1 to 3% silicon,
up to about 5% copper, up to about 3% each of
manganese and nickel but not exceeding a total
of 5% for both, up to about 1% chromium, up

to about 1.5% iron and the balance aluminum.

- 5. An aluminum base alloy having high tem-
perature strength in the cast condition consist-
ing essentially of about 10 to 129 mischmetal
containing about 50% cerium and the balance

 other rare earth metals, about 1 to 3% silicon,

up to about 5% copper, about 1 to 2% manga-

- nese, about 1 to 2% nickel and the balance

510,

- 6. An aluminum base alloy having high tem-
perature strength in the cast condition consist-
ing essentially of about 10 to 129% mischmetal

containing about 60% cerium and the balance

. other rare earth metals, about 1 to 3% silicon,

about 2 to 4% copper, about 1 to 2% manganese,

5 aboub 1 to 2% nickel and the balance aluminum.

7. An aluminum base alloy having high tem-
perature strength in the cast condition consist~

 ing essentially of about 10 to 12% mischmetal

40
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containing about 50% cerium and the balance
other rare earth metals, about 1 to 3% silicon,
about 2 to 4% copper, about 1 to 2% manganese,
about 1 to 2% nickel, up to about 1% ehromlum
and the balance aluminum. |
8. An aluminum base alloy having high tem-
perature strength in the cast condition consist-
ing essentially of about 10 to 12% mischmetal
contammg about 50% cerium and the balance
other rare earth metals, about 2 to 3% silicon,
about 1 to 2% copper, about 0.5 to 1% manga-
nese, about 1 to 2% nickel, about 0.2 to
0. 4% chromium and the balance aluminum.,

- JAMES B. RUSSELL
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