WADC TECHNICAL REPORT 55-160
PART 2

INVESTIGATION OF ALLOYS OF
'MAGNESIUM AND THEIR PROPERTIES

Part 2. Physical Properties of Mg Base Alloys

THE DOW CHEMICAL COMPANY

EDITED BY
J. D. WOOD, IS8T LT, USAF
MATERIALS LABORATORY

OCTOBER 1955

MATERIALS LABORATORY
CONTRACT No. AF 33(616)-2337
PROJECT No. 7351

WRIGHT AIR DEVELOPMENT CENTER
AIR RESEARCH AND DEVELOPMENT COMMAND
UNITED STATES AIR FORCE
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

Carpenter Litho & Prtg. Co., Springfield, O.
300 - April 1956




FOREWORD

This report was prepared by The Dow Chemical Company, under USAF Contract
No. AF 33(616)-2337. The contract was initiated under Project No, 7351, "Metallic
Materials®, Task No, 73514, "Improved Magnesium Alloys", formerly RDO No, 615-15,
"Improved Magnesium Alloysa", and was administered under the direection of the
Materials Laboratory, Directorate of Research, Wright Air Development -Center, with
It J, D, Wood acting as project engineer and editor of the report.

This report covers work conducted from February 1954 to February 1955.
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ABSTRACT

The coefficients of linear thermal expansion have been determined for pure
magnesium, AZ31A, AZ31B, AZ63A, AZ81XA, ingot extruded ZKKOA, pellet extruded
ZKPOA, EX30A, EK41A, EZ33A, HK31XA, and HZ32XA using a high precision dilatometer.
The electrical conductivities of AZ31A, AZ31B, AZ63A, AZ92A, cast ZK60A, and pellet
extruded@ ZK60A have been determined using a Kelvin Bridge. Values obtained compare
favorably with previous determinations. Thermsl conductivities of the alloys were
caleulated from the electriesl conductivity data using the Powell and Bungardt
equations, The heat capacity and heat fusion of pure magnesium ere also reported.

The effects of heat treatment, composition, mechanical history, and working

direction on electrical conductivity were noted, There was no significant effect
of these variables on thermal expansion.

PUBLICATION REVIEW

-
This report has been reviewed and is approved,

T ..

H. W. CONNERS

Lt Colonel, USAF

Assistant Chief, Materials Laboratory
Directorate of Research
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INTRODUCTION

This is Part Two of the Final Report on Contract
Number AF 33(€16)-2337, sponsored by the Materials Laboratory,
Wright-Patterson Air Force Base, and relates to the determina-
tlon of the physlcal properties of magnesium alloys,

This report covers the determination of the electrical
conductivity and coefficient of thermal expansion of several
magnesium alloys. It also covers the reporting of the heat
capacity and heat of fusion of pure magnesium.

SUMMARY OF EXPERIMENTAL RESULTS

1. Coefficients of linear thermal expansion have
been determined for pure magnesium, AZ31A, AZ31B, AZ63A, AZg1XA,
ZK60A, EK30A, EKU1A, EZ334, HK31XA, and HK32XA alloys for the
range 25 to 215C ueing a calibrated "chronin® metal body epeci-
men as a standard and are shown in Table IV.

2. Coefficlents of linear thermal expansion also have
been determined for various temperature ranges and thérmal treat-
ments for longlitudinal and transverse specimens of pellet
extruded ZK60A and for cast AZ31A, AZ31B, and AZ63A and are
shown in Tables V through IX.

3. The electrical conductivity of cast AZ3LA, AZ31B,
AZ63A, AZ92A, cast ZK6OA, and pellet extruded ZK60A were measured
at room temperature using a Kelvin Bridge and an elsctronic
galvanometer. The values appear in Table X.

L, Electrical resistivities (Table X) were calculated
by taking the reciprocals of the electrical conductivities.
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5. The thermal conductivitics were calculated from
the Powell and the Bungardt equatlion relating electrical and
thermal conductivity. The average of the two equations is
listed in Table X.

6. The heat capacity and heat of fusion of pure

magnesium were determined by the Dow Thermal Laboratory and are
reported here in Table XI.

CONCLUBIONS

l. The coefficients of linear thermal expansion and
electrical and thermal conductivitles compare satisfactorily
with values previously determined.(l)(a)(B)

2. Thermal treatments have no effect on thermal
expanslon. B

3. There 1s no difference between AZ31A and AZ31B
wlth respect to thermal expansion.

L, There is no significant difference in thermal
expansion properties in the longitudlnal and transversae
directions for specimens of pellet extruded ZK6OA.

5. Thermal treatment has a significant effect on the
electrical conductivity of the alloys tested. As compared to
the as-cast condition, solution heat treatment decreases the
conductivity while aging increases it. '

6. Increases in alloy content decrease conductivity
slgnificantly.
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7. Comparisons between as-cast and extruded material

indicate that mechanical history affects the electrical proper-
ties, ) :

&. Transverse speclmens from as-extruded material
‘have higher electrical conductivity than logltudinal specimens
indicating the effect of working directlon on electrical
conductivity. ' '

9, The heat of fusion of pure magnesium 1s 82 calories
per gram.

EXPERIMENTAL PROCEDURE

The test rods and standard bodies used for the measure-
ment of thermal expansion are of a shape and size as indicated in
Figure 1. Test rods of different length may be used but for the
sake of simplicity it is advisable to use standards and test
specimens of the same dimension,.

The camera top box carrylng the prolectlon screen is in
a fixed positlon thus yieldling a fixed projection distance and a
constant magnification of about 200X. In order to increase the
sensitivity of the instrument thils magnification 1s enlarged to
00X by the insertion of an optical magnifying system.
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The test rod and a standard body of known expansion
are carefully inserted into two quartz tubes, the front ends of
which are bowl-shaped. These tubes are fastened to the ad)usting
head of the dilatometer. The shape of the specimens 1s so
gelected that the expansions may take place unhindered. By means
of speclal intermediate quartz rods the expansion of the speclimen
is transmitted to the guiding system through which a prism
supported by three points (the measuring bridge) 1s activated.
In order to insure perfect contact of the comparison body and the
specimen respectively with the rear wall of the quartz tube and
the intermediate quartz rod respectively small quartz bodies of
conical and hemlspherical shape are interposed.

For accurate temperature control a bore 1s provided in
the comparison body in which the point of the thermocouple is
inserted. 8Since both the comparison body and the test specimen
are lying in close proximity to one another the temperature of
the test specimen will be accurately known.

The metal bodies are heated by a small tube furnace
which has a top temperature limit of 1100C. The furnace is
mounted on rollers on a fixed track which runs parallel to the
axis of the metal specimen bodies. Heating 1s accomplished by
rolling the furnace back along the track so that it completely
encloses the specimens contained in the quartz tubes. Metal
radlation shields are used to facilitate temperature control
and protect the equipment.

The rays from a 6 volt, 5 amp lamp are led over the
guiding prism in the dilatometer head so that the light point,
in accordance with the expansion of the metal specimens, moves
along the projection surface of the camera and 1s recorded
photographically.
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Prior to heating the specimens the origin and vertical
axls for the expansion curve 1s marked on the photographice paper
by short exposures of the light beam as 1t 1s¢ moved mechanlcally
along the axeg, The light beam is then reoriented on the origin
and turned off. The specimens are then heated %o specific
temperatures and allowed to reach equilibrium. At each tempera-
ture level the light beam is projected onto the photographlc
paper for a short time interval thus providing a record of the
expansion of the test specimen relative to the standard compari-
son body at that temperature. The complete photographic record
for one test is shown in Figure 2. The photographic record 1s
then transferred to rectangular coordinate paper from which the
coefficient of linear thermal expansion is calculated, Figure
3 ghows a characteristic plot of expansion of the test rod
versus the expansion of the standard body in arbltrary units.
The linear coefficient of expansion of the test rod is then
determined by the relation: |

1
G{r = ci/ (.—.) = coefficient of linear thermal
e slope a{f expansion of test rod

a{f = coefficient of linear thermal
St  expansion of standard

The slope is obtained from the best straight line
drawn through the plotted points for the temperature range
concerned.

The resistance to an electric current passing through
the specilmen was measured using a Kelvin Bridge. As the area of
the rod and the distance the current traveled could be measured,

it was possible to calculate the conductlvity.

Analysis of the alloys 1s given in Table TII.
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DISCUSSION OF RESULTS

The coefficient of linear thermal expansion determined
on aluminum using the chronin standard ls shown in Table 111
along wlth the published value of the coefficient for aluminum,
The small difference between the values determined in this lnvestl-
gation and the accepted value ls an indication of the reliability
of the chronin standard,.

Data obtained so far do not indicate any slignificant
change in thermal expansion properties following heat treatment,
but more extensive testing with other alloys will be needed to
determine whether this conclusion is valid in all ingtances.

~ Compared to that inherent in the as-cast conditlon,
the electrical conductivity is decreased by a solution heat
treatment (-T4) and increased by aging (~T5 and ~T6). Alloy
content shows its effect on electrical conductivity in the three
Al-Zn alloys. Tnereasing alloy content decreased the conduc-
tivity, as had been expected from the literature.

A comparison of the electrical conductivities of
as~cast ZK60A and the ingot extruded ZK6OA shows a significant
increage in conductivity with hot working.

An indication of the effect of working direction on
conduction is given by the higher electrical conductivities of
transverse specimens of pellet extruded ZK6OA as contrasted to
those of longitudinal specimens. Orlentation effects are
regponsible for the higher conductivity in the transverse
direction.

Values for electrical resistivity'and thermal
conductivity also appear in Table X. The valueg of these were
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calculated from the electrical conductivity for each alloy: the
reelstlvity as the reciprocal of the conductivity and thermal
conductivity as the average of the values obtalned from the
Powell and Bungardt equations(5)(6) relating the electrical and
thermal conductivities.

The heat capaclity and heat of fusion were determined
experimentally for pure magnesium by the Dow Thermel Laboratory
as part of other research and the results are included here %o
make the data on physical properties more complete,
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TABLE T
List of Symbols

-F As Fabricated
- -T4 Solution Heat Treated
-T5 . Aged
{9 Solution Heat Treated plus
| Artificial Aging
(£} Longitudinal
(t) Transverse
X Coefficient of Linear Thermal
Expansion
o Root Mean 8Square Deviation
Cp Heat Capaclty
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TABLE III
Coefficlent of Linear
Thermal Expanslon of Standard Bodies

Temp. 6 (lﬁqic)ueaaured
Material ¢ (1077¢) Against Chronin
Chronin 20-250 13,90 |
Aluminum 20-250 23.98 24,14 + .20
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TABLE IX

Coefficients of Linear Thermal Expansion

For a Magnesium Alloy at Several Temperature Intervals

25-100C
25-150C
25-200C
25-2500
25-3000
100-150C
150-2000
200-250C

250-300C

g0-200F
g0-300F
g0--4O0F
g0-500F
80-600F
200-300F
300-400F
400-500F
500-600F

Coefficients of Expansion £ (10'6 in/in/C)

AZ67A-F AZ63A-T5 AZ63A-TY AZ63A-T6

X [ ol & o [N [ord a
26.09 + .20 25.94 + .25 26.35 + .15 26.34 + .24
26.50 * .20 26.34 + .25 26.76 + .16 26.75 + .25
26.99 + .21 26.8%3 + .26 27.26 + .16 27.25 +
27.48 + .21 27.32 + .26 27.75 .16 27.7% t_.27
27.94% + .22 27.78 + .27 ©28.22 + .16 28.21 + .28
27.10 + .21 26.94 + .26 27.37 + .16 27.36 + .24
28.10 + .22 27.94 + .27 24.38 + .17 2&.37 + .25
29.16 + .23 28.9% *+ .28 29.U45 + ,17 29.44 + .25
29.90 + .23 29.72 ¢+ .29 30,20 %+ 30.18 *+ .26

.18

Coefficients of Expansgion & (].0'6 in/in/F )

14.51
14,73
15.01
15. 28
15.53
15.07
15.62
16.21
16.62

.11
.11
.12
.12
.12
.12
.12
.13
.13

H
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14,42 + ,14
14,64 + .14
14,92 + .1k
15.19 + .14
15.45 + .15
14.98 + .1k
15.53 % .15
16.12 + .16
16.52 * .16

19

14,65 + .08
14,88 + .08
15.16 * .09
15.43 + .09
15.69 + .09
15.22 + .09
15.78 + .09
16.37 £ .09
16. 79 * .10

14,64 + .13
14,87 + .14
15.15 + .14
15.42 + .15
15.68 + .16
15.21 + .13
15.77 + .14
16.37 £ .14
16.78 + .14
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TABLE XI

Heat Capacity and Heat
of Fusion of Pure Magnegium

Temperature Cp

°X oC cal/mole/deg. cal/g/deg.

400 7.02 . 289

700 7.09 . 292

450 7.16 . 294

750 7.24 . 298

500 7.32 . 301

800 7.42 . 305

550 7.50 . 308

850 7.61 . 313

600 7.70 . 317

900 7.81 .321

650 7.91 . 325

923 650 melting point

950 775 - 319

700 7.81 .321

1000 7.88 <324

750 7.94 . 326

1050 2,01 « 329

800 8.07 + 332

1100 g.14 «335

cal/mole Cal/g
Heat of Fusion 2140 + 50 g8 + 2

WADG TR 55-160 Pt 2 21



