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The ma,
studied for the

esjum-rich gide of the magnesium-zirconium constitution diagram has been
urpase of improving the previcus work en this subject.

diagram has

been developed that is similar in form to that found by previcus investigators, but the phase

boundaries differ as to temperatures and alloy compositions,

The peritectic reaction was

found to take place at 654° C, beginning at 0.58 percent of zirconium.

1. Introduction

The rapid expansion of the aireraft industry
during World War IT set the pace for the production
and the development of magnesium alloys. Zir-
conium proved one of the most beneficial of the
alloying elements- used with magnesium, Additions
of 0.4 to 0.8 percent of zirconium to magnesium
impart a very fine grain size (0.02 mm diam.),
relative insensitivity to notches, superior corrosion
resistance, high strength, and ease of working.

The industrial utilization of zirconium in mag-
nesium has proceeded more rapidly than the accum-
ulation of basic data on the magnesium-zirconium
system. Siebel! found a peritectic reaction at a
temperature close to the melting point of magnesium.
The liquidus and the peritectic temperatures coin-
cided at 0.26 percent of zireconium, and then the
liquidus rose very steeply with increase of zirconium
until temperatures in the neighborhood of 1,660° C
were reached, at which point the liquidus curved
away toward the horizontal.

Nowotny ? and his associates showed an alpha
phase region with a maximum solubility of 0.87
percent of zirconium at 700° C. Adjacent to this
zone was & two-phase region containing magnesium-
rich alpha solid solution plus zircomum-rich beta
solid solution. The structure became entirely
bete when zirconium exceeded 30.3 weight percent.
Volume curves for the beta phase showed a2 minimum
in the region of 34.5 weight percent, possibly arising
from a chemical affinity that forms Mg.Zr, a valence
bond type of compound analogous to Mg,3i. 'The
tendency for valence compound formation grew
weaker with the increasing solubility of magnesium
in zirconium. The results of this work are open to
question because raw materials containing over 12
percent of imPurities were used.
© Sauerwald  melted magnesium and powdered
zirconium in & steel crua::i‘i;ﬁ{e1 under an atmosphere
of argon and determined the diagram shown in
figure 1. Solution of iron by the melt affected the
results adversely. By use of solid diffusion tech-
niques, more zirconium was dissolved in the solid
magnesium than in the liquid.

1 ¢}, Blebel, Unpublished work, referred to in The Technology of Magnesium
landallt;ﬁ&)]loys, by Adolph Beck p. 77 (F. A. Hughes & Co., Lid., London, Eng-
a1 .

2 H, Nowolny, E. Wormnes, and A, Mohrnhelm, Investigations of Al-Ca,
Mg—(a, and Mg-Zr; Z. Metallkunde 823, Heft 2, 30-42 (Fabruary 1840},

#Von F. Sanerwald, Das Zustandsdiasramm Magnesium-Zirkonigm, Z.
Anorg, Chem.,, 255, Heft -3, 212-220 (Dacember 1950).

Recently, G. A. Mellor ! of the National Physical
Laboratory published a magnesium-zirconium dia-
gram, figure 2, based on the addition of a “chloride-
master-alloy” to melts made in iron and magnesia
crucibles. Determining solid solubility by electrical
resistivity messurements was hindered by con-
tamination from atmospheric elements.

In all of these previous efforts, the inherent
difficulties of obtaining accurate and reproducible
results were apparent In the limited dats obtained
and the wide spread of compositions used in deter-
mining the points on the resulting diagrams. Never-
theless, figures 1 and 2 show that Sauerwald and
Mellor are in fair agreement as to the general form
of the magnesium-rich end of the diagram and differ
only in degree.

A comparison of the fundamental characteristics
of significance in studying the magnesium-zirconium
gstem are summarized in table 1. Since the atomie

inmeter of magnesium iz 3.20 and of zirconium
3.19 {crystal angsiroms), the latter may be said to
have an almost perfect ‘favorable-size factor” for
alloying with magnesium. Solid solubility of zirco-
nium in magnesiom is also favored by the fact that
both elements have a hexagonal-close-packed crystal
structure. However, magnesium is in group II
with a valence of 2, whereas zirconium is a transition
element in group IV with zero alloying valency.
As the valency between solvent, magnesium, and
solute metals becomes more unequal, solid solutions
become more restricted. Zircomum, therefore, has
an unfavorable wvalence for solid selution in mag-

TasLe 1. Comparison of physical constants of magnesium
and zirconium
Mg Zy
Atomic number. oo 12 40
Gron 1131!. I‘gA
HCP o-HCP
HCP 8-BCC
.20 .13
Atomic weight . __.. - 2432 ¥1.22
Density (gfem?) .__..__ .. . oo 1.74 6.4
Melting peng (0 Gy T +2 1,750 700
Bolling point {* Q) ___......... L1 | cemmameaas
Latent heat of fusion (ealfi) w0y | s
Alloying valenee .. _ ..o - 2 1]
Electrical potential (referred to H¥)_____ 2.34 41,53
Electrical resistivity {microbmfem)...... 4,33 (18° Q) 41.0 {07 C)
Modunlus of elagticity (psiX108) . _______ l 6.5 10.7

1 G. A. Mellor, The constitution of magnesinm-rich alloys of mapnesiom and
girconium, I, Inst. Metals 37, part 2 (1950).
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nesium. Also, the more unequal the respective
valency factors, the steeper is the slope of the liguidus
and solidus curves, the lgttcr being affected the most.
A metal of lower valency tends to dissolve a metal
of higher valency more readily than viee versa.
This explains the low solubility of =zircomium in
magnesium and the high solubility of magnesium in
zirconium. Zirconium is unique in that it is the
only commercially significant transition element in
gﬁoups IIT, TV, V, and VI used in magnesium-base
alloys.

The more electropositive the solvent metal and
{ the more electronegative the solute metal, the
greater is the tendency to restrict solid solubility and
form stable intermetallic compounds. If the solute
atom, zirconium, has a choice of entering solid solu-
I,ion or forming a stable compound, it will form the
atter.

Since the solubility of zirconium in magnesium is
low and increases with temperature, it would be
expected to manifest age-hardening properties.

Transition elements, such as zirconium, tend to
form electron compounds, which are actually phases
with wide ranges of homogeneity (like brass), in
contrast to the restricted ranges of general inter-
metallic compounds. For zcro valenee type ele-
ments, such as zirconium, the valency electron
concentration will vary from 2.0 to 1.5 when the
atomic percent of solute varies from 0 to 25 percent.

Some doubt appears to exist as to the exact melt-
ing point of pure magnesium. The accepted figure
is 651° C, but competent workers have obtained
values from 647 to 652° . This spread is quite
small compared to the values of 1,750°+700° C
reported for the melting point of zirconium.

2. Experimental Procedures
2.1, Survey of Raw Materials

As a preliminary step to actual study of the phase
diagram, a survey of the purity and alloying char-
acteristics of the available raw materials was made.
Table 2 lists the spectrochemical analyses of the raw
materials used. Because of the technical difficulties
of removing hafnium from its “Siamese twin” zir-
conium, practically all commercial zirconium con-
tains two to four percent of hafnium. Hafnium-free
zirconium has only rTecently become available in
quantity. The hardeners, such as 60 percent Zr-40
percent Mg and 40 percent Zr-60 percent Mg alloys,
and the proprietary compound, TAM flux,® contained
the most impurities. Spectrochemical analyses of
the magnesium-zirconium alloys made from these
raw materials showed no discernible increase in im-
purities beyond those already present in the com-
mercially pure magnesium. The highest contents
of zirconium in the alloys resulted when the hardeners
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Magnesium-zirconium consiilution diagram.

By Metlor [4]

and the flux were used. In subsequent heats it was
discovered that the hardeners were very heterogenous
in composition because they were mechanical mix-
tures of magnesium and zirconium. It was difficuit

¥ Contains 50 percent of ZrCl, 25 percent of NaCl, and 25 percent of KCL,
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TarLe 2. Spectrochemical analyses of raw malerials
V=10 t 1005; 8=1 to 1065 M=0.1 to 1.0%; W=0.01 to 0.1%; VW =0.001 to 0.01%; T=0.0001 to 0.00155; FT=0.00001 o 000015

Chemicel elements —[
Raw materisl . -
Ag (Al | B |Ba|Ca |Cr | Cu|Fe|Hf | K | Mg|Mn | Mo | Na | Nl | Pb| 8 | 8 | 8n | T1 Zr
Dow commetcially pure
magnesium . ______|_____ T |- T | T |- YW | w o[- VB | W || oeae e |ee e VW || e
Zrmetal ... .. ____.__ FT | T W |...._ Wl W M| 8 ... VW [ || Mool T | | T} T | vAa
TAM fluxI._____________. T | W |oaoo. M| M| T [VW|W | M|V | VW |-T T V| W T W M| | T | VS8

1 Contains $0% of ZrCly, 26% of NaCl, and 259 of KCL

to avoid inclusions in alloys made with the flux be-
cause of the formation of a larze amount of slag and
dross. Zirconium tetrachloride was unsatisfactory
because it reacted too readily with the stmosphere
and was ineffective in introducing zirconium into
the molten magnesium because of the violence of
its dizsociation. Zirconium hydride floated- on the
surface of the melt, was pyrophoric, and formed
considerableslag. Powdered zirconium also oxidized
rapidly. Despite its slow rats of solution, the high
purity and low reactivity of zirconium sheet made it
the 1Erefera,ble material for most of the subsequent
work. :

2.2. Melting Techniques

In the course of this investigation various melting
procedures were evaluated and meodifications were
adapted to fit the special requirements unique to
phase-diagram studies. In screening the raw mate-
rials, described in the preceding section, approxi-
mately 350 g of magnesium were placed in an ingot-
iron crucible, covered with a graphite lid, and
melted by means of & 35-kva high-frequency induc-
tion furnace. One percent of zirconium, in the
various raw material forms tested, was added to the
molten magnesium at 760° C, superheated to 960° C,
coolléad to 800° C, and poured into a graphite-ingot
mold.

Becsause zirconium is s0 much heavier than mag-
nesium, somo heats were stirred with a graphite
rod attached to the shaft of an electric motor. This
* procedure proved undesirable because it stirred many
inelusions into the alloy and tended to emulsify the
zirconium in the magnesium, making a mechanical
mixture with a highly insoluble zirconium constituent.

Induction melting was not used extensively in the
project because it was difficult to hold melts at
constant temperature for long periods of time with
this type of melting.

In order to have accurately controlled heating,
cooling, melting, and holding cycles, an electric resis-
tance furnace was built. Nichrome wire was wound
around a 3-in.-diameter Alundum tube, coated with
Alundum cement, placed within another larger
Alundum tube, and then packed in diatomaceous
earth” for thermal insulation. Partial on and off
controls were incorporated into the electrical system
by the use of a variable transformer, slide wire
resistances, and an electronie high-speed controller-
recorder. A Chromel-Alumel thermocouple was
located between the two Alundum tubes, adjacent to

the Nichrome coil, and connected to the coniroller.
Graphite and ingot-iron crucibles, measuring 2% in.
in diameter by 8 1n. high, were used for melting with-
out protective atmosphere. A brick of diatomaceous
earth on top of the furnace tube reduced heat loss
by radiation. _

In order to melt the alloys under a protective
atmosphere, a steel bomb-type container was de-
signed, as shown in figure 3. A 2-in.-diameter
graphite crucible held the melt in the bomb. Water-
cooling of the lid and flange protected the rubber
gasket between them. A steel tube sheathed the
Chromel-Alumel thermocouple used in measuring
melt temperatures and taking cooling curves. An
inlet pipe was connected to a system of valves and
gages that permitted the bomb 1o be evacuated
with & vacuum pump and filled with helium. An-
other opening in the lid was provided for removing
molten alloy samples.

Limited stirring of melts was effected by attaching
8, mechanical vibrator to the steel thermocouple

protection tube.
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Ficure 3. Stleel bomb Jor melting under protective atmosphere.
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2.3. Chemical Analysis

One of the difficulties encountered in studies of
the magnesium-zirconium system is the tendency for
zirconium, elemental or combined, to become mechan-
ically entrapped az an extremely fine colloidal sus-
pension. Itis necessary, then, to distinguish between
zireonium in solution in the magnesium and zir-
conium mechanically suspended as inclusions. Some
of the disagreement in the results of previous in-
vestigations may be attributed to variation in the
effectiveness of analytical procedures in distinguish-
ing between the dissolved and the undissolved
constituents ef the alloys. The insoluble zirconium
can be observed in the microstructure but its quanti-

tative evaluation has required analytical techniques -

involving differential solubility in acid. Hydro-
chlorie acid, nitrie acid, and sulfuric acid of various
concentrations have been used for this purpose with
varying results and degrees of success.

The Anslytical Chemistry Section of the Bureau
cooperated by developing the analytical procedure
used and compared the results Witg those of other
investigators. Because the chemical-analysis tech-
nique 18 an important factor in the development of
the diagram, it is given in detail in the Appendix,
section 5. In brief%l the magnesium-zirconium alloy
sample was dissolved in 15-pereent hydrochloric acid
and filtered. As only the soluble zirconium con-
stituent of the alloy dissolved in the acid, the amount
was determined by precipitating it from the filtrate
with ammonium phosphate. The insoluble zir-
conium constituent of the alloy remaining on the
filter paper was put in solution by fusion with
potassium bisulfate and sulfuric acid and the
zirconium determined by precipitation as the di-
ammonium phosphate,

Because of the conflict of opinion concerning the
best acid and concentration to use for dissolving the
alloy samples, tests were made in which duplicate
magnesium-zirconium specimens were treated with
10-percent HCI, 15-percent HCI, 4.8-percent H,S0,,
and 11-percent HNQO; solutions. The latter three
acids were all the same normality, that is, 1.7 N.
Soluble and insoluble zirconium were then determined
according to stfgs II and IIT described in the Appen-
dix. No esignificant difference in soluble and in-
soluble zirconium contents were obtained from the
different acids or concentrations used in the tests.

2.4, Electrical Resistance Measurements

Because the electrical resistance of an alloy changes
abruptly as melting occurs, this method was used to
determine both the golidus and liguidus of some of the

~alloys. Electrical resistance test specimens wers
m&g: by pouring magnesium, or its alloys with
zirconium, into & graphite mold containing four
Nichrome wires inserted at the corner positions.
Two of these wires carried the current to and from
the specimen ; the other two were used to measure the
potential drop aecross it. The specimen was cast as a
slab measuring 1 3/4 in. long, 1 in, wide, and 3/16 in.
thick, and was sawed as shown in figure 4. Figure 5

FicuRE 4. Electrical resistance lest specimen,

-
LEAD WIRE __L__— [
—.E Z / ;|._— PROTECTIDN. TUZES (4}
Zizk
AZiZE
= ZI
et T HRE A N
=gk

24— SPECIMEN

GRAPHITE CRUCELE

Froure 5. Packing arrangement of resistence specimen in
crucible.

illustrates the manner in which the resistance grid
was packed in a graphite crucible, and figure 6 18 a
schematic drawing of the eleciric circuits required.
The crucible and contents were placed in the electrie
resistance furnace and heated at a rate of 0.5 deg C
per minute. A steady current from a 6-volt battery
was sent through the specimen, using the wires
marked I, figure 4, during the period of the test,
and the IR drop across the specimen was continu-
ously recorded with an electric recorder, using the
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A, Regorder; B, controller recorder; C, potentiometers; DE, apeeimen thermo-
muple F, DPDT switeh; (3, 110-¢ a<¢ current; HE, furnace thermocouple; T,
unknown gnd K, furnace 001]. I, 0to 20smp ammeter M, variabla tmnsformer
N, 15amp egrrent; O, 220-v a-¢ current; P, green light; Q. "red light, R, relay, S
6 battery; T, 0 to 1. 5-amn 2Immeter; fJ lmown 0.001 sfandard ohm; V emf 1o
grid; W, SBET swihich: X, DPET swikch.’
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wires marked E. The temperature was simultane-
ously recorded with 2 second electronic recorder. A
standard resistance was incorporated into the circuit
to standardize the current during the course of an
experiment and to permit- conversion of millivolis

to ohms when necessary. As the temperature of the
specimen approached a critical point, temperature
was measured with & semi-precision potentiometer.
As the temperature increased, the resistance of the
specimen gradually increased until & sharp increase
in resistance indicated the beginning of melting,
Careful packing in beryllia held the grid in shape and
prevented short ecircuits even when the specimen
was molter.

2.5. Suction Sampling

Previous investigators found that the liquidus
sbove the peritectic line had an almost vertical slope
and consequently precluded the use of cooling curves
for locating its position. As an alternative, dip

amples of the molten alloys were analyzed to find the
solu ility limits,

In this project, points on the liquidus were deter-
mined in the following manner. One hundred grams
of commercially pure magnesium were cha.rgegr into
a graphite erueible with 2 percent of zirconium as
narrow strips of pure zirconium sheet, After the
erucible was placed in the steel bomb and sealed, it
was evacuated and flushed with heliwm several times
as the temperature rose and finally held under
helium pressure of about 5 lb/in% When the alloy
melted, the protection tube was lowered to the bot-
tom of tho erucible so that the thermoeouple bead
was loeated 11 in. from the bottom of the melt.
This thermocouple was connected to & semiprecision
potentiometer. Experimental data obtained but
not included in this paper showed that 3 hr, the
period for which the alloys were held molten, was .
adequate for the attainment of equilibrium hetween
the liquid and the excess zirconium, The access lid
on the top of the bomb was then slid open and =
Pyrex glass tube (4-mm inside diam) was immersed
in the melt to a point opposite the thermocouple
bead. An slloy sample was quickly sucked out of
the melt by the action of a rubber suction buib on
the other end of the tube. At the moment of
sampling a temperature reading was made with the
adjacent thermocouple. The samples obtained in
this manner were analyzed for total zirconium be-
cause it was presumed that all the zirconium in the
melt at the time of sampling would have to be in
golution. The excess zirconium, not in solution,
settles to the bottom of the melt iJecause its dens1ty
is 6.4 compared with 1.74 for magnesium,

An_ alternative procedure for obtaining suction
samples proved quite successful and was used for
locating six of the points shown on the diagram
(fig. 7). In these heats 300 g of commercially pure
magnesiuin were melted in & graphite crucible with
Dow 310 flux for protection. At 760° C, 6 percent
of zirconium in the form of the chloride flux was
stirred into the melt and the alloy held at constant
temperature for 3 hr. BSuction samples were taken,
a8 described in the previous technique, at 8 point
opposite the thermocouple bead indicating the melt
temperature,
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2.6, Heat Treatment

Determination of points on the solvus are unusu-

ally difficult because the magnesium-zirconium
alloys comprise a siuggish metastable system in the
golid state. During heating or cooling there is no
measurable heat of reaction when crossing the solvus

line and apparently no change in soluble zirconium. |’

Most of these alloye exist at room temperature with
from 0.4 to 0.8 percent of zirconium in solid solution
when theoretically zirconium is practically insoluble
in magnesium at room temperature. Such pseudo-
stability indicated the need for lengthy heat treat-
ments in order to approach true stable equilibrium.
The hest-treatment timeé required to reach equi-
librium probably becomes longer as the temperature
is lowered.

The stability of the alpha solid solution was
demonstrated by heating alloys, in about one-half
hour, to within 2 deg of the melting point, followed
by water quenching. Chemical analysis showed no
change in zirconium in solid solution. Mieroscopic
examination revealed grain growth, as would be
expected.

It was planned originally to follow the progress of
zirconium selution into, or rejection from, the alpha
" solid solution by observing the change in electrical
resistance of alloy grids held at constant temperature
for extended periods of time.. The extensive equip-
ment requirec{] for this work (described in & previous
section) and the long periods of time needed for the
heat treatments led to the substitution of the follow-
ing procedure for location of points on the solvus.
Inﬁots of different analyses were sectioned and cold
rolled to a reduction of 25 percent, the purpose of
the cold-rolling being to reduce the stability of the
girconium in solid solution. Four small duplicate
samples were cut from a rolled specimen with high
soluble and low insoluble zirconium content and
another four obtained from a specimen with low
soluble and high insoluble zirconium. Nichrome
wires were tied to each specimen to facilitate their
removal at various stages of heat treatment. The
samples were then packed with graphite dust in a
graphite crucible and placed in an electric resistance
furnace. Various sets of samples were subjected to
isothermal heat treatments at temperaiures ranging
from 190° 10 635° C for periods of 100 to 500 hr.

At the end of 50- or 100-hr intervals one specimen
of each analysis was removed from the furnace by
means of the Nichrome wire and water-guenched.
These samples were analyzed for the amount of solid
soluble and insoluble zirconium {as described in Ap-
pendix) to observe their progress toward reaching
equilibrium.

Because of the low vaporization point of mag-
nesium, the alloys were prone to evaporats, even
below their melting point, given sufficient time.
Also, a steady conversion of goluble zirconium to the
insoluble form, with time and temperature, seemed
to indicate the formation of an inert compound such
as the earbide, nitride, or oxide. Both of these effects

“were reduced by covering the specimens with several
coats pf a wash made from a cristobalite investment
material.

3. Results
3.1. Melting Point of Magnesium

The melting point of the hasic raw material —Dow
commercially pure magnesium—was determined by
means of inverse-rate cooling curves taken on 450-
melts contained in a graphite crucible. Heating an
cooling wag controlled in the resistance furnace to
give a rate of 2° C per minute. Three heating and
cooling cycles indicated the melting point to he 648.7°
+0.2° C. The 22 gage Chromel-Alumel thermo-
couples used were standardized against the meltin,
point of NBS Standard Temperature Sample 44
(pure aluminum, 659.7° C).

The melting point also was determined by using
the electrical resistance technique described pre-
viously. Although less accurate than the cooling-
curve results, the observed melting point of 648.5
+0.5° C was in good agreement.

3.2. The Liquidus

Points on the liguidus were determined by analyz-
ing the total zirconium content of samples removed
from saturated melts by the suction technique de-
scribed in section 2.5.

The data obfained in these tests are shown in
table 3 and plotted in figure 7.

TasLE 3. Poinls on the liguidus as defermined by suction lests

Temperatira - Zirconinm Raw material
o Pereent
781 0.65 TAM flux.
87 .86 Zr sheet,
ki 4 .64 TAM flux.
AR B3 © Zrsheet.
698 .60 Do.
A8 L 89 TAM fluz,
688 .59 Da.
=) B0 ‘Do’
687 .60 Da.

The proximity of the solidus and the liquidus to
the left of the peritectic line makes it diﬂ?lclt}lt to dis-
tinguish between them. Although past investigators
have claimed the location of the liquidus by arrests
on the cooling and heating curves, examination of
this portion]%% the diagram in figure 7 reveals that
the change in heat evolution when crossing the
liquidus is almost imperceptible, whereas the heat
evolution at the solidus, as indicated by the lever-
arm principle, is quite marked.

Electrical resistance measurements proved to be
sufficiently sensitive to differentiate between the
liquidus and solidus. Figure 8 is a plot of the tem-
perature versus millivolt drop across an electrical
resistance grid made from an alloy containing 0.42
percent of zireemium in solution. By slowly heating
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the alloy grid up to and beyond the melting point it
was possigf; to observe both the solidus, at 650° C,
and the liquidus, at 652.5° C.

By extrapolating a line from the melting point of
magnesium through this one point on the hiquidus to
the intersection with a similar extension of the
liquidus line above the peritectic, the beginning of
the peritectic line was located at 0.58 percent of zir-
conium and 654° C.

3.3. The Solidus

Since the heat evolution at the solidus is quite
marked, thermal analysis was utilized for locating
its position. Three inverse-rate cooling curves and
one heating curve of melts saturated with zirconium
(from zirconium sheet) revealed the solidus thermal
arrest at 650.5 +0.5° C. This point is shown on
%x‘e 7, directly below the left end of the peritectic

e.
An electrical resistance experiment, described in
section 3.2, located the solidus of a sample containing
0.42 percent of soluble zirconium. at 650° C. The
complete solidus line is located in figure 7 by drawing
a straight line from the melting point of magnesium
through the two points noted above and extending
it to the point of intersection with the horizontal
peritectic line, determined as noted in section 3.2.

‘magnesium, figure 9,

3.4. The Solvus

Points on the solvus were determined by lengthy
isothermal heat treatments described in section 2.6.
Table 4 contains data obtained in these experiments,
and figure 7 shows the solvus line plotted from them,

Below 400° C the alloys were so steble that no
change in soluble zirconium took place during the

Tavrg 4. Composition of alloys after isothermal heat trealment

‘| Temperg-| Time Zirconiirm
ture of held at
heat treat | ternpera-

meni ture Boluble (Inscluble] Total
e Houre | Pereent ercent | Percent
604 113 0. 8% -0, 88 Ly7
498 172 a7 15 052
408 172 e 18 i
495 as7 45 1 .56
405 387 3 19 W80
404 202 .43 .11 S
404 202 .3 . L83
492 196 .43 L11 .5
402 196 _34 ey LBl
449 363 .25 N , 56
438 242 .22 il .53
358 156 " (*; ()
306 503 =) - )

= No change from original composition

entire heat treatment and above 500° € results
were erratic because of the strong tendency for the
alloys to react with environmental elements. It is
of interest to note that there was always some in-
soluble zirconium present in the alloys regardless of
the temperature or time of heat treatment.

3.5. Other Observations

The similarity of the lattice constants of mag-
nesium and zirconium precluded the uge of X-ray
diffraction techniques. However, the two metals do
differ sufficiently in their X-ray absorption charac-
teristics to distinguish between them in microradio-
graphs. A number of microradiographs were made
but were of no value as an accurate quantitative
measure of zirconium content. They were of interest,
however, from a qualitative viewpoint to indicate
distribution of insoluble zirconjum and its com-
pounds, as may be seen in figure 9A. The specimen
shown imn this microradiograph contained 0.09
percent of soluble zirconium plus 0.26 percent of
insoluble zirconium. The dark background is the
magnesium-zirconium solid solution containing 0.09
percent of zirconium and the light particles and
clusters are the 0.26 percent of undissolved or in-
goluble zirconium.

Brinell-hardness measurements on a series of mag-
nesium-zirconium alloys showed no correlation wit!
total or soluble zirconium content.

Although phobomicro%rraphs were of no value in
indicating the amount of zirconium in solid solution,
the grain-refining influence of zirconium can be ob-
served by comparing the grain size of unalloyed

m%, with that of an alloy contain-
ing 0.54 percent of zirconium in solution, figure 9, C.
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Magnesium-zireonium alloys ol X 100,

Fraune 9
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A, Photomicrorndiograph of an “as cast' muagnes
i pereent of inslouhble; B,

taining 0,09 peresnt of soluble gireoniom and 0.2
photomicrograph of “us east” commercinlly pure magnesium; C, photomi-
crograph of “4s cast” mupgnesium-girconium alloy containing 0.54 pércent of
soluble and 0.06 pereent of insoluble zireoninm (B and O, etehed with
ethylene glycol),

4. Summary

As o result of the work deseribed it was found that
the magnesivm-rich side of the magnesium-zir-
conium dingram, shown in figure 7, was similar in
form to those developed by Sauerwald and Mellor.

The intersection of the liquidus and peritectic lines
was located between the values reported by these
two previous investigators. The peritectic reaction
and the solidus were observed at higher temperatures
than in the other two diagrams. Location of the
solvus at high temperatures was handicapped by the
vapor pressure of magnesium and the reactiviiy of
zirconium. Heat treatments below 400° C' apparently
had no effect on the soluble zirconium constituent of
the alloys. Inorder to distinguish aceurately between
the soluble and insoluble zirconium, an improved
chemical-analysis technique was developed. All the
alloys analyzed contained an insoluble zirconium
constituent at room femperature. Microradiog-
raphy proved useful for observing the distribution of
insoluble zirconium and its compounds.

5. Appendix. Determination of ‘“Soluble’’
and “Insoluble’” Zirconium in
Magnesium
R. K. Bell, B. B. Bendigo, ond E. E. Maczkowskie
1. Rusamnts

(a) Ammoninun phosphate solution, 15 percent: Dissolve
150 g of (NH,);HPO; in about 800 ml of water and dilute to
1 liter,

(h) H}':h‘l_‘gl'“ Tu--l‘itwirh', 30 percent.

(¢) Ammonium pitrate wash solution (50 g/liter).

2. ProcEnunre

[. Deeomposition of Sample.

(a) Trapsfer a 1-g sample (approximately Y-in. cubes) to
a 600-ml beaker and add 300 ml of hvdrochlorie acid (15-+-85).
(All the aeid should be added at one stroke.) When the sample
18 'l“('-lllli]rl-'-ir':l, comedodely filter through a tight paper,
uging paper pulp, and wash with hot water.

(b)) HReserve the filtrate, (a), which contains the “soluble”
zirconium. Place the paper, (B), wnich containg the insoluble
zireconium, in a platinum erueible and reserve,

Il., Determination of “soluble’ zireconium,
{a) Add 60 ml of sulfuric acid (141} to the reserve
filtrate (A), =section 2 I(b), and heat to fumes of sulfurie

 lnd

acid. Fume for 5 to 10 min,, cool, and dilute to 275 ml,

by Add 1 ml of HaOp (30 pereent) and 25 ml of the ammao-
nivim phosphate solution. Digest at 40° 1o 50° C for 2 hr
or overnight if only a small amount of precipitate is visible.

() Cool and add a little paper pulp. Stir and allow the
precipitate to settle.  Filter through a tight paper contain-
ing a little paper pulp and wash about 10 times with the
NH Ny wash solution. Discard the filtrate.

(d) Place the paper and contents in a weighed }lh!l[ljll]]l
erneible and ignite earefully under good oxidizing conditions
until the carbon has been removed I"in:!III\" ignite at 1,050°
C for 20 min, Weigh as Zr0),

0.344 X wt of ZrPy0; in grams
wt of sample in grams

% Zr > 100,

111, Determination of “insoluble’ zirconium,

(a) Ignite the reserved paper and contents (B, seetion
[(h), at 500° ' until the carbon is destroved, Cool, and
add 2 drops of sulfurie acid (14 1) and 5 ml of hyvdrofluorie
acid (48 pereent),  Heat eautionsly nntil fuming has ceased.
Cool, and add just enough fused KHSO, to cover the residue
and heat until the melt i= clear.  Cool, transfer the erueible
and itg lid to s 250-ml beaker, and add 40 ml of sulfurie
acid (14 1) When the melt has dissolved, wash and remove
the erucible and lid.  Dilute to 175 ml.

(b) Continue as directed in section 2, 11(b) to (d).

2

WasHINGTON, June 5, 1952,
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