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R&D AND EVALUATION OF A LIGHT WEIGHT, HIGH STRENGTH

MAGNESIUM ALLOY

by

George S. Foerster

ABSTRACT

Continued evaluation of Mg-30Sc indicates that this alloy

offers the best combination of room temperature strength and

ductility in the as-extruded condition. Heat treatment at 9500F

provides higher strength at 6000F (20 vs 12 ksi TYS) at the ex-

pense of slightly lower room temperature strength (46 vs 53 ksi

TYS). The alloy has a modulus of 8.0 x 1.0 6 psi and excellent cold

bendability (1.5 t) and notch toughness.

Preliminary data indicate that the alloy has susceptibility

to stress corrosion.

Mg-10Sc-5Li was selected for evaluation on a larger scale

on the basis of min _J N le, researlch , A fiv2 pound melt of this

alloy reacted with the alumina crucible, but a 3 11 diameter billet

large enough for extrusion into 1/16 11 x 7/8 f1 strip was recovered.

Evaluation of this strip is in progress.

Further work at the mini.-scale level indicates that Mg-15Sc-

9Ag offers the highest CYa (58 ksi) in the T6 temper of any of

the Mg-Sc-Ag ternaries evaluated. Mg-Sc-Y alloys also offer high

strength. Mg-15Sc-15Y, for example, is as strong (58 ksi CYS) as

Mg-30Sc in the as-extruded condition but not as ductile.
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R&D AND EVALUATXON OF A LIGHTWEIGHT, HXGH STRENGTH

AIAGNESIUM ALLOY

by

George S. Foerster

INTRODUCTION

Prior research has shown that Mg-308c offers an excellent
combination of properties. Evaluation of this alloy, in the form

x,)f extruded 1/16 11 x 1 1/4 11 strip, was continued during the cur-

rent quarter. Work on a mini-scale has also shown that the ad-

dition of other elements provides high strength at much lower Sc

levels. The optimum composition of Mg-Sc-Li, one of the most
promising ternaries, was ;determined, and this alloy was processed

on a normal laboratory scale. Two other promising ternaries, Mg-

Sc-Ag and Mg-Sc-Y, were extensively studied on the mini-scale in

order to select another alloy for more intensive evaluation.

SUMMARY OF EXPERIMENTAL WORK

1) Beat treatment of the Mg-30Sc extrusion at 950 0F in-

creased TYS at 600 0F from 12 to 20 ksi and decreased room tem-

perature TYS from 53 to 46 ksi. Heat treatment of Mg-30Sc at

52500F and cooling at	 370F/min. decreased room temperature

strength (53 to 43 ksi TYS) and ductility (14 to 3.5% elongation).

2) More extensive testing of the Mg-30Sc extrusion indi-

cated a tensile modulus of 8.0 x 10 6 psi in the as-extruded con-

dition and 1 1 .0-7.5 x 10 611 .0-7.5 	 psi after heat treatment at 1250 0F. The

minimum b9nd radius (1.5 t) and notch bead toughness (13-17 in.

lbs.) of Mg-30Sc were better than similar values for conventional

Mg alloys (e.g., AZ31B). A notched tensile bar failed through

•	 the pin hole at 43 ksi. Stress corrosion bars failed in a rural

atmosphere within 10 days at a stress of 30 ksi and within 17

days at 20 ksi.

3) A Li content of 5.5-6% produced maximum CYS (52 ksi) at

a Sc level of 10%. Still higher CYS (65 ksi) in the T6 temper

was obtained with Mg-15Sc-4U.
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4) A 5-pound melt of Mg-IOSc-5.5 Li reacted with the alu-

mina crucible, and only about one-third of the metal was cast

into a 3 11 diameter billet. The billet was extruded into 1116 1, x

7/8 11 strip at 1 fpm,. Severe die loading occurred at 10 fpm.

5) Mg-20Sc-6Ag had high strength in the as-extruded (65 ksi

CYS) and T6 (56 ksi CYS) tempers. Slightly higher CYS (58 ksi)

was obtained in the T6 temper with Mg-I,5Sc- .9Ag. The low solidus

(C9500F) of this alloy seriously limited extrudability.

6) Yttrium was substituted for a large amount of Sc without

sacrificing the high strength obtainable with Mg-Sc (e.g., Mg-30

Sc). However, at the higher alloy levels, Y impaired ductility

and was not as effective in forming 0 as Sc.
CONCLUSIONS

Mg-30 Sc has an excellent combination of properties in the

as-extruded condition, although stress corrosion resistance may

impair its utility.

Three ternaries - Mg-Sc containing Li, Ag, or Y - offer high

strength at relatively low Sc levels (e.g., 150).

RECOMMENDATIONS

Evaluation of Mg-30Sc and Mg-Sc ternaries should be con-

tinued in. order to develop the most promising alloys.

EXPERIMENTAL WORK

The extensive survey of Mg-Sc alloys was performed on a mini-

scale. Melts of about 100 grams were prepared in alumina cruci-

bles and cast by pouring directly into the 3/4 11 diameter cavity

of a graphite mold. Cylindrical sections of the casting were

scalped and extruded from a 3/4 11 container into 1/8 11 diameter

wire. Samples of the wire were tested in tension and compression.

The effect of heat treatment was determined by compression testing

and metallography.

During this quarter we processed Mg-I0Sc-5Li on a normal

laboratory scale for the first time. The procedure was very
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similar to that used for Mg-30Sc. Sublimed Mg (1895 grams) was

melted in an alumina crucible supported in a steel can, A low

density flux (85% KC1, 14% MgC1 2 , 1% CaF 2 ) was used for protec-

tion. When the Mg was melted and heated to v 14500F, this flux
was skimmed off and replaced by one free of MgCla (57% KCI, 28%

CaCl 21 12.5% UaC1 21 2^5% CaF2 ),, The Sc (250 grams) was ;added,

and the melt was held at 1450 0F for 2.5 hours to assure disso-
lution (which was apparently completed after 2 hours). The tem-

perature was reduced to 1400 0F, the flux was replaced with one
(45% KC1 1 33.8% L,iCl 21 11.2% LiF ) 10% MgCl 2 ) especially designed

for Mg-Li melts, and the Li (125 grams) was added. The melt was

stirred and then poured - a small sample into a mold for analyti-

cal purposes and the balance into a 3 19 diameter billet mold
After about one--third of the metal was poured, flow from the

crucible ceased. The remainder of the melt had thickened, ap-

parently due to reaction with the crucible.

Several tests were later run to try to learn more about the

reaction between melt and crucible. Mg-5Li was melted and held

in an alumina crucible with no apparent reaction. A piece of the

alumina crucible, in which the Mg-IOSc-5Li melt was made, was im-

mersed and held in the Mg-5Li melt with no obvious attack, Fin-

ally a small, melt of Mg-10Sc was prepared in an alumina crucible

and sampled. Then 5% Li was added and samples taken immediately

and 15 minutes later. The melt was then decanted into a steel

pot, held for another 15 minutes and cast into a 3/4 11 diameter
mc.jd.

DISCUSSION

Evaluation of Mg-SUSc
Mg-30Sc has an excellent combination of strength (53

ksi yield) , hardness (N62Rg) , and ductility (14% elong'Atioun) in,
the as-extruded condition. It also has good properties at ele-

vated t,.;mperatures. As shown on the next page, yield strength at

6000F in this temper is 12 ksi, which is comparable to that of
HM31A, the best commercial Mg extrusion alloy for service at high
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75 Or,

Hent Treatment %E TXS CY'S TS E

None 14 53 53 59 745

9500F** 13 46 48 53 7.2

12500F Q 450 OF -- 72 61 -- 8.0

*Strength as 10 3 psi, modulus (E) as 10 6 psi

**1 hour for 750F,16 hours for 6000E

0

temperatures. The high elongation and tensile strength at 600OF

suggest that Mg-30Sc may be behaving "superplastically "° because

of its fine grain size. A sample of the extrusion was heat
treated at 9500F for 24 hours to coarsen its microstructure in

the hope of reducing grain boundary sliding and, hence, increasing

strength at 6000F ., As shown below, strength at 6000F was markedly

increased by this treatment although room temperature strength was

decreased somewhat. This combination of properties at room and

elevated temperatures offered by Mg--30Sc far surpasses that of

any Mg alloy yet developed.

6000F*

%E TXS TS F

	

74 12	 24 6.1

	

4 20	 30 6.3

As shown above, even higher strength can be obtained by heat

treatment at 12500F to form 9 , quenching, and aging at 4500F to
decompose the 0 into cx + 9' (ordered ^). Unfortunately, ductil-
ity is exhausted and the strip warps badly during quenching.

Varying heat treatment conditions to provide a better combination

of strength, and ductility has been extensively studied but has

thus far been unsuccessful. Increasing aging temperature to 700-

9000F produces a sharp drop in hardness (from >70 to <50R g) as

aging time is increasing. Producing an alloy with intermediate

hardness (strength) by this technique might therefore be dif-
ficult to control. Another method of accomplishing this is to

control the cooling rate from 12500F so that part of the g is

decomposed during cooling into a comparatively coarse structure.

As shown on the next page, little change in hardness in the T6

temper was effected when cooling rate was decreased from 1920 to
2120Ft/sec, in spite of the fact that considerable decomposition

of P occurred at the lower rates. Decreasing the cooling rate to
680F/sec, and below did reduce hardness.
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Hardness ^^ R

Cooling Method Cooling Rate As-Cooled Aged
•	 RsYY

Cold water
.Mi^q

r"' 19010 0 F/sec , 43241
PQ^amiV

85t88
Oil 1,.11600 50937 82v84
Hot Water ,^.-700 51 44 83,88
Between Cu Plates 268 50 83

Between Steel Plates 212 50 88

Forced Air 68 67 75

On Platen 42 59 67

Still Air 28 64 65

Sandwiched in Steel 0.4 51

Since intermediate hardness was obtained by simply air

cooling Mg-30Sc From 1250 0F, we selected this condition for

testing. The cooling rate (380F/sec.) and hardness (69Rg) of

the test strip (6 1/2 11 long) were somewhat higher than the values

obtained with small pieces but still quite suitable. More im-

portant ^T;as tha fact that the air-cooled strip warped as badly as

the water-quenched sample. This suggests that warping is due

primarily to the oc - P transformation rather than thermal strain

introduced by rapid quenching. To avoid warpage of the test bar

and still obtain the desired cooling rate, we sandwiched the sam-

ple between two flat strips of 1/16 1' steel, welded the steel

strips together, heated the composite to 1250 0F, and quickly

placed it between two copper plates about 1/2 19 thick. A cooling

rate of 370F/sec. was obtained, and the Mg-30Sc strip remained

flat. The hardness of the Mg-30Sc strip i;was 68Rg after cooling
and 74RB after aging 24 hours at 450 0F. Tensile testing yielded

3.50 elongation, 43 ksi yield and 49 ksi ultimate strength. It

is interesting to compare these results with those obtained in

the as-extruded condition. In spite of higher hardness the heat

treated strip is not as strong nor as ductile.

Since heat treatment failed to improve the room temperature

properties of Mg_30Sc, we decided to use the as-extruded con-

dition for more extensive testing of Mg-30Sc. These tests are

described on the next page.
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Modulus - The modulus of Mg-30Sc determined from conventional
tensile tests has varied from 6.7 to 7.5 x x0 6 psi. More accurate

measurement of strain with Tuckerman gages yielded a value of

8'.0 x 10 6 psi for the as-extruded condition and 7.0 and 7,5 x 106

psi for the bar cooled at 370  '/sec. from 12500F,,

Minimum Bend Radius -- Samples from the nose and butt of the

Mg-30Sc extrusion were bell* 90 0 longitudinally over a mandrel

with a radius of 3/32 11 (1.5 t) without cracking. Cracking oc-
curred with a radius of 1/16 11 (1 t). The minimum bend radius of

1.5 t for Mg-30Sc compares favorably with that of extruded AZ31B-•F

(2.4 t) and particularly 7075-T6 (4-6 t).
Notch-bend Toughness - The relative toughness of Mg alloys

is determined by the energy required to break a notched bar. A

specimen about 3 t1 long and 1116 11 thick is notched (60°V, 0.004"

radius) on one end to form a reduced section 1/2 11 wide. This

end of the bar is clamped at the notches and the other end is

gradually raised until, fracture occurs in bending,ng	 1" W" a " L. 0J

oa! the load-deflection curve obtained gives the energy required

for rupture. As shown below, the notch-bend energy of Mg-30$c is

wool above that of other Mg alloys.

Alloy	 Energy - in. lbs.y
Mg-30Sc	 16.7,13.4
AZ31B-H24	 ,ll
AZ61A_1H24	 r- 4

Notch Sensitivity - To determine notch sensitivity a 600V--

notch (0.0004 11 radius) was machined from each side in the 1 11 wide

reduced section of a tensile specimen to a width of 0.7 11 . During
testing failure occurred at 1576 pounds (43 ksi) through the pin
hole in the shoulder of the bar. When the bar was rerun using

conventional grips, failure occurred at 1380 pounds (37.7 ksi)

through the notches. (This lower value can be ignored because it

merely means that the bar was not properly aligned when tested

with conventional grips) * If we use the first value, we get a

All
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notched/unnotched ratio of tensile stx jngth of >0.73. The Mg-3OSc

extrusion, therefore, is not particularly notch-sensitive when
tested in the longitudinal. direction.

Stress-Corrosion - Tensile Mars of Mg-305c were loaded to

stresses of 20 and 30 ksi in a rural atmosphere (,-,5 miles away
from Midland). Failure occurred within 10 days at 30 ksi and

within 17 days at 20 ksi. The bar loaded at 30 ksi broke through

the pin hole in the shoulder, wt,i,le the one loaded at 20 ksi broke

through the reduced section. These tests indicate that the stress

corrosion resistance of the

alloy is not good. A part

0of the shoulder of one bar
..._	 was found to have broken

off longitudinally, The
plane of fracture corresponded to the intersection of the re-

duced section with the flat siF:,ulder of the bar (see sketch),
This observation indicates the need for further tests in the

transverse direction on this material.

Evaluation of Mg-Sc-Li

Evaluation of many Mg-Sc ternaries on a mini-scale
4

(Table I) indicated that Mg-10Sc-51A was perhaps the most prom-

ising one. Its high strength (52 ksi, CYS) and low density (1.61

g/cc) make it attractive on a strength/density basis and equiva-

lent to 7075 Al with a yield strength of .— 90 ksi.. One possible
disadvantage of the alloy is the rapid decomposition of the
phase. Partial decomposition of ^ occurs even during water

quenching from 9500F. More extensive decomposition of 9 and
lower strength may be encountered when larger sections are quenched_.

The relatively low temperatures at which the alloy must be aged

(250.275oF for one day) to achieve maximum strength suggest poor

thermal stability and perhaps poor creep resistance at room tem-
perature,

8



In an attempt to solve the potential disadvantages of Mg-r
IOSc- Li, we studied alloys containing more Sc ov less Li. In.,
creasing the Sc level to 206 appeared to slow the decomposition
ox ^ during water quenching but did not prevent :Lt nor improve

properties Reducing klie Li content to 3% completely eliminated

0 formation at 10% Sc and markedly reduc ed strength, A U level.

of 4% provided only a small amount of g. A completely ^ alloy
was obtained with a Li content of 4.5% and properties were much

improved. However, the CYS of Mg--IOScp4.5Li (41. ksi) was not as
high as that of Mg- lOSc-5Li (49 ksi) , apparently due to greaten
decomposition of P during quenching. These results were puz-

zling until we obtained chemical analyses on all the Mg-Sc-Li

tertiaries. The results, shown below, indicate that U efficiency
was much higher than the 80% figure we used in preparing the , !al-

loys. They also indicate that Se content markedly affects the

strength of the P alloys.

Nominal	 Analyzed	 Max.

Alloy No.	 °BSc	 %Li	 %Sc	 %Li	 CYS

100 0 639	 10	 5	 10.5	 5.7	 49
100,899	 20	 5	 14.4	 5.4	 46
103, ) 773	 10	 3	 ----	 3.8	 29
102,024	 10	 4	 8.8	 4.4	 32
102,129	 10	 4.5	 8.0-8.4	 41

Note that alloy 100 , 639 with 10.5% Sc is stronger t&ion alloy

102,129 with 8.2% Sc although the latter contains slightly more

Li. Based on these results we decided to evaluate Mg-lOac-5Li on

a normal laboratory scale.

Mg- 10Sc--5Li was processed in essentially the same way as Mg-

Me. We decided to add 11% Sc and 5.5% Li in hopea of retaining

at least 10% Sc and 5 % Li in the final  all.oy. Pure Mg was first

melted in the alumina crucible. The Sc was added and the melt

was held for 2 . 5 hours at 14500F to dissolve the Sc. The Li was

then added and the melt was stirred briefly prior to pouring.

After are analytical, sample and almost three inches of billet
(Fig. 1) were poured, the melt stopped lowing from the crucible.
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When the crucible was examined, attack of the crucible along the

melt line was quite evident. When the crucible was lifted by the

top, it separated at the melt line. Part of the metal remaining

in the crucible was scraped into a sludge pan. It burned vigor-

ously and could not be extinguished in spite of the application

of copious amounts of flux. Another look at the crucible indi-

cated that the alumina crucible had disappeared. All that was
left was a large amount of sludge in the steel container. In

spite of the, trouble encountered with this melt, chemical analy-

sis of the last metal poured indicated a Sc content of 9.8% and

a Li content of 5.5%.

The reaction of the melt with the alumina crucible was sur-

prising because no attack was s. .n^o^,.,ntered in preparing Mg-30Sc at
much higher temperatures. Mg-LJ alloys are not known to attack

alumina, and several Mg-Sc-Li ternaries were previously prepared

in small alumina crucibles without incident. Microprobe exami-

nation of the sludge indicated particles of alumina dispersed in

a metallic phase. The metal phase contained a substantial amount

of an Sc-A1 intermetallic compound. The Sc content of the metallic

matrix was nil. The distribution of Li in the sludge is unknown

because this element cannot be detected by the probe.

We attempted to duplicate the reaction between the Mg-lOSc-

5Li melt and alumina by holding 100 gram melts for 15 minutes in

a small alumina crucible. There was no obvious attack on the

crucible after the Sc was alloyed, and the metal was relatively

clean when a melt sample was taken just after the Li was alloyed.

Another melt sample taken 15 minutes later revealed numerous in-

clusions in the meta.. No obvious crucible attack was apparent

during this period. Metal quality degenerated further during

holding in the steel pot. The final melt contained a very high

concen-ration of inclusions. Only about 20 grams of metal was

recovered from aA initial charge of 100 grams. The final analy-

sis of the melt - 5.80% Sc and 2.15% Li indicate a less of /,\./50%

of these elements during holding. The analysis also revealed the

10



presence of 0.11 Al. Careful examination of the alumina crucible

revealed a layer of metal which could not be separated from the

bottom of the crucible. Rupture of the crucible in this area re-

vealed excellent bonding of the metal and ceramic and significant

penetration of the melt into the crucible wall.

These results indicate that alumina is attacked by molten

Mg-IOSc-5Li even on a small scale although at a much slower rate.

One significant difference between the large and small alumina

crucibles is porosity. The thicker walls of the large crucible

have 30% porosity compared to only 15% for the small crucibles.

The rapid reaction noted with the large crucible may have been

due to penetration, of the melt through the dense outer surface

(cracking of the crucible?) into the porous core, where the high

porosity and hence high surface of the alumina may have acceler-

ated the reaction. In any event we plan to use magnesia crucibles

in any future melts of this alloy.

Because the Mg-IOSc-5U billet was very short, we decided ±v

extrude 1/16 11 x 7/8 11 strip instead of 1/16 t1 x 1 1/4 1' strip. Uf.4e

of the narrower strip almost doubled the length of extrusion ob-

tained and should not seriously Interfere with the testing pro-

gram. The Mg-IOSc-5Li billet was extruded into 1/16 11 x 7/8 11 strip

at 6500F and one foot per minute. Extrusion at higher speeds

(e.g., 10 fpm) caused severe die loading as shown in Fig. 1. Ad-

ditional work would be required to determine if this is an in-

herent limitation of the alloy or primarily a problem of die de-

sign and/or processing conditions. Comparison of the extrusion

temperature of Mg-IOSc-5Li (6500F") with that of Mg-30Sc (9500F)

clearly reveals the difference in their high temperature proper-

ties. Mg-IOSc-5Li is designed for high strength at room temper-

ature. Even AMB, the work-horse Mg extrusion alloy, required a

temperature of 7000F under the same extrusion conditions.

In the as-extruded condition the strip had 8.5% elongation,

30 ksi TYS, 36 ksi CYS, and 39 ksi TS. The modulus determined

from this stress-strain curve (5.7 x 10 6 psi) was lower than that

obtained with Tuckerman gages (6.6 and 6.5 x 106 psi). cleat



treatment at 9500E and quenching produced a structure that was

largely, but not completely, N . increasing the solution tem-

perature to 1050 0E eliminated the residual oC. Partial decom-

position of fl during water quenching from both temperatures was

noted. Properties of the heat treated extrusion will soon be

determined.

A final attempt was made to mortify the composition of the
Mg-Sc-Li ternary in order to inhibit the decomposition of the

phase. We felt that higher properties and greater freedom in

processing would result if this could be accomplished. In order

to reduce diffusivity in the alloy and effect this objective, it

appeared logical to increase Sc and minimize Li. Prior data

suggested that as little as 4% Li might be adequate to produce

an all-	 v tructure in Mg containing 15% Sc. This alloy was

therefore evaluated on the mini-scale. The results shown in
Table I are gratifying. Note that Mg-15 ft-4U is stronger than

any Mg-Sc-Li ternary prepared thus far. Its CYS of 50 ksi as-
extruded and 05 ksi after heat treatment are well above similar

values obtained with the other compositions. Although failure

occurred in tension without yielding, a modulus of 8.0 x 10 6 psi

was obtained. Metallographic examination confirms the formation

of g at 950OF and indicates no obvious decomposition of the ^

during water quenching. Note also that maximum CYS (65 ksi) is

obtained by aging at 300-3500F and that of a CYS of over 50 ksi
is retained after exposure to temperatures as high as 5000F. If

we use the calculated density cif 1.70 g/cc , we find that the
strength/density ratio of Mg-l5Sc-4Li is equivalent to that Mg-

30Sc and to that of 7075 Al with a CYS of 108 ksi. Although this

alloy contains more Sc than the one selected for laboratory-scale

evaluation, its higher strength makes it, too, worthy of con-

sideration for more intensive study.
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Mina.-Scale Evaluation of Mg-Sc-Ag and Mg-Sc-Y

The Mg-Sc-Ag and Mg-Sc-Y ternaries have been extensively

evaluated (Tables II and III, respectively) on a mini-scale in

order to determine the optimum composition of each system and to

select the most promising alloy for more intensive study. One of

the first alloys prepared, Mg-20Sc-6Ag, has steadfastly defied

our efforts to surpass its excellent properties. As shown in

Fig. 2, we have finally achieved slightly higher CYS in the T6

temper with less Sc (150) by increasing the Ag content to 9%.

This difference cannot be considered significant because of the

greater sensitivity of Mg-15Sc-9Ag to processing conditions

(Table II) and the limited accuracy of the small compression

tests. The calculated densities of the two alloys are essentially

the same (2.01 g/cc for Mg-20Sc-6Ag and 2.02 g/cc for Mg-15Sc-9Ag).

Mg-20Sc-6Ag is much stronger than Mg-15Sc-9Ag in the as-extruded

condition, apparently due to the presence of r at the higher Sc

level. Mg-15Sc-9Ag has a relatively low solidus temperature

(<9500F) and must be extruded at low temperatures and speeds to

avoid hot shorting.

Because of the similarity between Y and Sc, considerable

effort has been expended in the study of Mg-Sc-Y ternaries. The

results shown in Table III indicate that Y can be substituted for

a considerable amount of the Sc without impairing properties. In

fact, Y appears to be equivalent on a weight basis to Sc. Note,

for example, the properties of Nag containing 20 or 30% (Sc + Y)

listed below:

As-Extruded CYS

BSc	 lY %E TYS CYS TS Modulus T4 T6	 .

20	 -- 15 40 41 49 7.4 29 31	 }
10	 10 9 45 44 52 7.0 35 38
30	 -- 7 58 54 63 8.2 42 42
18	 12 3 54 54 59 7.6 -- --
15	 15 0.3 58 58 59 7.5 44 49

Part of the difference in CYS in the I-	 and T6 temper may be due

to the longer time (16 vs 1/2 hours) at 9500E used for the Mg-Sc

alloys.	 The Mg-Sc-Y ternaries are not as ductile as the Mg-Sc

13



the solut

note that

abundance

5 formed.

noted for

ion temperature

the Mg.-Y inter-

at 9500F, dis-

Higher solubility

Ag and Li as well

binaries because part of the Y is present as Mg-Y intermetallic

compound. Because of the limited solid solubility of Y in oC,

this difference becumcs more pronounced as the Y level is in-

creased. The use of Y instead of additional Sc does provide

some age hardenability but this is small compared to the pro-

nounced solid solution strengthening afforded by Y and/or Sc.

The formation of fl in the two alloy systems is also similar.

Mg-30Sc, Mg-15Sc-15Y, and Mg-18Sc-12Y have an OG matrix when heat

treated at 9500F, but g is formed in each alloy at higher temper-

atures. These Mg-Sc-Y ternaries cannot be converted entirely to

0 like Mg-30Sc because melting limits
to 1150-12000F. It is interesting to

metallic compound which is present in

appears at higher temperatures as 9 1;
in the P than in the oc, phase has been

as Y.

In an attempt to produce a B alloy without increasing the
Sc content beyond 15%, ternaries with higher Y levels have been

prepared--first 18% and then 21%. Since a considerable amount

of 0 was formed by heat treating Mg-15Sc-15Y, we assumed that the
higher Y levels would provide an all- g structure. Increasing the

Y content to 187o produced a disappointingly small increase in

and an all- P structure was still not obtained at 2 1% Y. The Sc

level was then increased to 18% and combined with 18% Y. This

alloy still contained residual oc when heat treated at 11500F.

Mg-36Sc, on the other hand, would be converted to g by heat

treatment at 10500F. This means that Y is not as effective as

Sc in forming at high alloy levels or that the actual Sc and/or

Y levels in these alloys are well below the nominal values. This

will be determined before additional alloys are prepared.

Perhaps the most serious disadvantage of the Mg-Sc -Y alloys

is the large amount of Mg-Y intermetallic compound which may be

formed in the alloys. The rather poor ductility of these alloys

in the as-extruded condition is attributed to this factor.

14



Since the best combination of properties of Mg-30Sc is obtained

in the as-extruded condition, this could be a major problem for

the Mg-Sc-Y ternaries. Therefore an attempt was made to improve

the ductility of the Mg-Sc-Y extrusion by varying the processing

conditions. The cast billets of Mg-15Sc-15Y and Mg-15Sc-18Y were

heat treated at 1150 0F to dissolve the Mg--Y compound for improved

ductility and to maximize P formation for increased strength.

Part of the billet was extruded at the minimum temperature (950oF

due to pressure limitations), while the other part was extruded

at the maximum temperature (1125-11500F due to hot shorting). As

shown in Table IIIA, ductility was improved by extruding at the

high temperature, but strength, was sharply decreased. The good

combination of properties obtained with Mg-30Sc was not ap-

proached in any case. Metallographic examination of the ex-

trusion indicates marked decomposition of 0 during extrusion at
9500F. This produces high strength but poor ductility. Ex-

trusion at the highest temperature apparently produces a pre-

dominantly	 structure as the extrusion passes through the die,

but the slow cooling rate caused by the slow speeds employed

produces a rather coarse 4C - ,3' structure which is neither

strong nor ductile. More rapid cooling of the extrusion and/or

intermediate extrusion temperatures will. be  tried in the hope of

producing the fine oC - ^ structure characteristic of the Mg-30Sc

extrusion.

'^ "''4511FA.

...^,.` 0
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TABLE X

Properties of Mg-Sc-Li Ternaries

A) As-extruded

Nominal Ext. 103 psi

—

10 6 psi.

Alloy No. %Sc %Li Temp. %E TYS CYS TS Modulus

101,773 10 3 800 6 36 3F 44 8.2
102,024 10 4 700 14 40 40 46 7.1
102,129 10 4.5 650 12 28 29 35 6.2
100,639 10 5 700 2 29" 33 37 6,0
102,222 15 4 750 -- --- 50 41 8.0
100,899 20 5 700 2 36 41 4:2 6.1

B) CYS (103 psi) After Heat Treatment

Nominal Solution T6**

Alloy No. %Sc Ui Temp. T4*250F 30OF 350F 40OF 450F 50OF

101,773 10 3 950F 26 -- 29 29 28 23	 ---
1050 24 - 26 26 25 24	 -

102 2 024 10 4 950 30 -- 32 32 32 --	 --
102,129 10 4.5 950 36 -- 38 33 31 29	 27

1050 41 -- 38 41 35 --	 -
100,639 10 5 800 36 -- -- -- --	 --

950 49 52 49 -- -- 34	 --
1100 48 -- -- -- -- 35	 --

102,'" 15 4 950 45 60 65 65 58 --	 51
100 1 899 20 5 950 36 -- 46 41 37 38

1050 28 -- 47 29 37 --

*Solution heat treated 1/2-1 hour, water quenched, and naturally
aged up to one month.

**Same as T4 except artificially aged after quenching at indicated
temperature for 24 hours.



TABLE II

Properties of Mg-Sc-Ag Ternaries

A) As-extruded

Nominal Ext. 103 psi 106 psi

Alloy No. %Sc; %Ag Temp. DOE TYS CYS TS Modulus

100,407 2 6 760 25 27 25 40 7.6

100,571 10 6 850 8 42 42 50 6.3

100,210 10 7.5 800 7 44 43 53 7.0

100,211 10 9 820 7 44 43 53 ---

102,130 15 4.5 860 11 46 46 56 6.9

102,087 15 6 880 3 47 46 48 7.2

102,131 15 7.5 860 5 50 48 57 6.9

102,209 15 9 850 4 47 46 56 7.6

102 7 086 20 4.5 880 9 52 51 61 7.3

100,897 20 6 825 3 62 65 66 7.4

102,026 20 7.5 800 6 50 54 59 7.0

101,774 20 9 850 5 52 52 59 8.6

.



TABLE II (Continued)
Properties of Mg-Sc-Ag Ternaries

B) CYS (10 3 psi) After Heat Treatment

Nominal Solution ^G
Alloy No. %Sc %Ag Temp. T4* 30OF 350x+' 400E 450E	 50OF
100,407 2 6 950E 10 15 10 11
100,571 10 6 1100 28 37 32 34 --
100, 210 10 7.5 850 37 42

900 39 43
950 36 44 944 37 32	 --

100 , 211. 10 9 850 38 43
900 40 46
950 37 47 45 37 31	 --

102,130 15 4.5 850 39 40
900 37 40
950 38 39 40 38 36	 36

1050 36 39 40 38 --	 --
102,087 15 6 850 41 48

900 38 46
950 40 47 48 45

102 ) 131 15 7.5 850 39 51
900 42 54
950 39 50 54 43 38	 37

102,209 15 9 850 44 50
900 43 58
950 39 52 56 47 39

102,086 20 4.5 850 41 46
900 39 44
950 42 44 47 45

100,897 20 6 850 46 56
,.	 ....,0 45 56

950 46 51 56 45 45
1050 49

102,026 20 7.5 850 44 52
900 36 46
950 44 52 55 49

101,774 20 9 850 43 54
900 36 54
950 42 49 49 42 43

*Solution heat treated 1/2-1 hour, water quenched, and naturally
aged up to one month.

**Same as T4 except artificially aged after quenching at indicated
temperature for 24 hours.



TABLE xxx
Mg-Sc-Y Ternaries

A) As-extruded

Nominal * Ext. 103 psi 106 psi.

Alloy No. 'BSc SOY Temp. DOE TYS CYS T$ Modulus
100,752 10 5(4.3) 90OF x8 43 45 50 7.0
100,938 10 8(4.1) 930 16 42 42 50 8.6
101,776 10 12(6.2) 925 13 44 40 51 7.6
102,025 10 10(9,2) 860 9 45 44 52 7.0
102,132 10 15 930 -- -- 57 51 s.2

102,205 15 12 950 0,2 57 58 57 7.2
102 7 232 15 15 950 0,3 58 58 59 7.5

950***--- -- 59 54 ---
1130** * 2 47 47 56 -

102,277 15 18 930 --- -- 70 40 9.4
950** --- -- 76 38 ..-_

1150** ,0.5 47 48 52 7 0 2
102,292 15 21 950 --- --- 83 33 ---u

	102,259	 18 12
	

960	 3	 54	 54	 59	 706
	102,304	 18 18

	
950	 ---	 --	 73	 30	 7.4

*Analyzed Y content in parentheses
**Soaked at 11500F for 1/2 hour prior to extrusion

***Soaked at 11500F for 11 hours prior to extrusion



TABLE III (Continued

Mg--Sc--Y Ternaries

B) CYS (103 psi) Altar Meat Troatment

Nominal***
^+W

Solution
M^+++.+:aslcaaF:svm

T6**
'"—'^".Is:&::wxiY.scawa

Alloy No. %SC %Y Temp. T4* 300 ' 350E 400 ' 450E 50Op'
100,752 10 5(4,8) 950' 28 27

1100 25 25
100,938 10 8(4.1) 950 25 27 26 28 .. ..^

1050 25 --- 26 -- 26 --
101,776 10 10(6.2) 950 28 29 29 29 28

102,025 10 10 (S% 2) 950 35 36 37 38
102 0 132 10 15 950 41 43 44 44 45 44

1050 37 41 42 39 39

102,205 15 12 950 39 40 42 43 44 43
1050 32 37 40 40 40 40
1200 47

102,232 15 15 950 44 45 46 49 47 45

102,277 15 18

102 ; 292 15 21

102,259 18 12

1.02 P 304 18 18

*Solution heat treated 1/2-1 hour, water quenched, and
naturally aged up to one month.

**Same as T4 except artificially abed after quenching at
indicated temperature for 24 hours.

***Analyzed Y content in parentheses
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FIGURE 1

Mg-IOSc-S. 51.1 Cart:ng and Extrua ton

Allov No. 1112,223

Negative No. 66018

a) 3" Diameter Billet
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Negative No. 66027

b) 1/16" x 7/8" Extrusion

10 feet per minute (top)

1 foot per minute (bottom)
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