AD-750 579

ELECTRICAL RESISTIVITY DATA AND BIBLIOG-
RAPHY ON TITANIUM AND TITANIUM ALLOYS

John T. Milck

Hughes Aircraft Company

Prepared for:

Air Force Materials Laboratory

March 1970

DISTRIBUTED BY:

Natwnal Techmcai !nformatwn Semce
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




ELECTRICAL, masisT«_ivrfl‘v DATA AND. BIBETOGRAPIY ~ - -

ON & ;

TITANIUM AND TITANLUM ALLOYS L

: i It ST LY 1 S
John T, Milck js, gt & el

Reproduted by

NATIONAL 1ECHNICAL )
INFORMATION SERVICE March 1970

U 5 Cenartrant of Commetco

Sannghiatd VA J715Y

EPIC

LECTRONIG
SIORPERTIES
NEORMATION
ENTER

D-Tm

Y T Y L P 2 T )

HUGHES |

e mascsiessmssemenrnrswansved
HUGHE S AIRCRAFT TOMPANY
L vER Cily CALrORNIA

5
13
+
£
[}
13

(.-

5 e P

i

b e
e

3

<
t
¥

i '::i § J.V-M‘!ﬁ;wi"‘ M@I{%{%{} *

v -

e

L R LA W

o,
P

R O R a]

Cuawns de




gy
k..
R -
2.

L ha e
TN

e

+

LIPS AR N

)

TABLE~OF CONTENTS

4

Imtroduction.
f :
Titanium Alloy-Compositions:

Llectrical Resistivity vs Temperature’

Electrical Resistivity vs Ailpyihg1and:Témperatupgg

Electrical Resistivity vs Cryogenic Témperature,

Bibliography

i ¥
s, 3
H
FO

*
-
e -
.
- -
- z -
4
r - —
- - d - - -
N o~
. ]

o ’.%\

oy

-
Yo, o
Nl R

TS

t
3N
é':s
e

R
PR d 3 .
Loty “ode AR

4
b
A,

PR e e T B

LW I
oty <8
AN ‘
.

1
e
AR
PR
IstE e W e

L

<

4
o
Sl

s
£ 25

- .
- N
o Wl
oo T
ot G
- i
P 4

ISR |
ey

iR

3

|
fhoy ke NN
A %4» | T
N Al ¢
3

kN
g

£

R C:Sffﬁ‘;g
£

L
?

IS
L

o
b s
H 7
i

!

'

-
)
P N I S o U

.
- 'I, - .,
. v
Lo n
-t
r< <
g4 «/'

35 Y
- i
N
7 1
oy .
S A
=
&
&
s
EX -
Joa,
v
oA
»
L
. o
P




INTROB: 20N’

This interim report has been pre ved. in reaponse to-a numbev of’ vequvat"
for electrical properties {nformatic: o titanium .and: its alloyn. It does not.,
‘however, represent a comprehensive scarch .of the litépaturé, but doés représent

a fairly useful collection of data < design .purpdsés.

Titanium has proven itself tc 'e & very versatile-fietal (in the unalloyed
as well as alloyed condition) for ~:th:mi$igér§'aﬁd.nogémiiitaryiappiiéatlbns.
Commercially pure titanium-and tle various titanium ailoys offer a vange of
mechanicél properties that make .iem 1deal for varied applications such- ds
‘corrosivesfluzd pump shafts, cryaxunic etorage vessels, rocket engine cases,

] heat-e&changers, 3et engine col piegsor wheels, blades and spacers, airframe
,skiﬂs and. structures (the Supecaonic Transporf Azrplane Désign makes extensxve
use of titanium and 1ts alloys", chlorlne anodes, saline water conver31on unlts,’

deep diving undersea vehicles, tank armor, hydrofoxl components, etc.

In some of these above-mentioned applications; the electpidal characteristiés’

of the metal and its alloys are very important and may be criticalj especially

if a film of titanium oxide is involved. A titanium oxide film is insulating and
can have a rectifying action.

The following table compares the electrical resistivity of pure titansum’

with other pure metals: (at room temperature):

Titanium 47,8 microhm-cm

Magnesium 4,6 " .
Aluminim 2:824 " ’

Iron 10.0 " .
Copper 1,72k "

Because of the wide variety of titanium alloys which have been developed
t» date and their varied designations or codes, a chart or table listing the
code designation and approximate chemical composition is also incorporated herein.

Unfortunately, it does not list every commercially available alloy.

A few typical graphs are included herein to show the effect of alloying on
the electrical resistivity of titanjum and their variation with temperature.
The electrical properties of titanium at cryogenic temperatures are also enclosed

in another set of cuprves. One reason for the wide scatter in property data point:.
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Hence, the amount of\control exerclsed by each nanufac&urer w;th

_of txtanlwﬁ.
vegard to Lﬁe gaseous 1mpurities ‘and-othep metallic elements wirr‘gbVern théA;~

vesﬁltinb eléctrical - propertles -as, well .as other propevties, e.g., haodﬁa 8y

tensile § % ength, etc. . L

’ - LT

A comprehensive data sheet :covéring all the electrical properties of titanitm = -
) ot . - ) A

and igﬁyailqyé&wili'be startéd: in the néar future. -
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A wealth of technical data on the mechanlcal chemical, physical, and thurmal -
» propertiés of titanium and its alloys can bie obtained from the Defense»Metdls Inioyp- -

_gmation Centén, Battelle Memorial Institute, 505 King Avenue, Columbus, Oh;o, ;
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“ELECTRICAL NEIIST. ITY OF TITANIUM METAL AND. VARIOUS: TITANIUM
ALLOYS AS-A TINCTION OF TEHPBRATURE AND “ALLOY CONTE.NT."

‘Reference: Alexander-Goldsmith (Editor):
Armour Research Foundation
Handbook of Thermophysical
Properties of Solid Materials.
WADC-TR=-58-476, November 1960
AD 253 710
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(Atomic Number 22)

Source of Data:
Landolt-Bbrnstein Zahlenwerte und Funktionen sus Physik Chenie,
g%

Astronomie, Geophysik und Technik, sechate Aufle » O Teil,
Bpringer-veriag, Berlin (1959) PP. L-ké

Other References: :
Clausing, P. snd Moubis, G.; Physica T, 245 (1927)

Fast, J. D} 2 anorg. u lllgem. Chen. .2.1‘3;’ Y] (1939)

?eiss§er, W., Franz, H. and Westerhoff, H.; Ann. Physik (5) 13, 555
1932
Meissner, W. and Voigt, B.; Ann. Physik (5) 7, 761, 892 (1930)

Cosupants:
Reference should be made to the prefsce at the beginning of the
Electirical Resistivity section for an explanation of the graph. The
value of electrical resistivity at 273°K (pp73) for titanium to be
used in calculating electricel resistivity is listed below the
authors' names labeling each individual curve on the graph. These
curves should not be extrapolated to lower temperatures since titanium
becomes & superconductor at 0.39°K.

The data for this graph were taken from the reference cited above
under "Source of Data". The values taken from the Lsndolt-B8imstein
tebles are those reported by the authors listed above under "Other
References". The original authors are used in labeling the three

curves on the graph.

The data reported in the Landolt-Bimstein tables are listed as ratios
of electrical rusistivity with 'reapect {0 the resistivity at a datum
temperature, as listed in the following tabular data. The actual
value of pp7q is not available for the Meissner, Franz and Westerhoff
data 5o a datum value reported by Fast (ppp; = 42.0 x 10-0 ohm-cm)

¢ 15 suggested for calculating values of reazgtivity from these ratios,
Fast reports very small impurities in the single crystal sample used
in determining ppy3. '

The Landolt-BSmsatein tables list the sample used by Clausing and
Maubis as polycrystalline with 0,164 tungsten impurity. The sample
used by Meissner and Voigt is also reported as of a polycrystallice
nature drawvn from a melt with 0.25% impurities of unknown type. The
sample usaod by Meissner, Franz and Westerhoff is reported as being
drawn from & melt with very small impurities. No comments were made
on the mechanicel working or heat treatment of the samplea,

(Continued on following page.) : x
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17 . l‘th

ELECTRICAL RESISTIVITY OF TITANIUM (cunt.)

Tables of Valvws of Electrical Resistivity

.0 = Resictivity, (ohmecm)
Oo73 * Resivtivity at 273°K, (ohmecm)
[~ . Meissner, Fran®
Clausing & Mouvis Ca Weate;hoff
— — i — ——e
Temp’ / Temo /
® Y p273 ® P Par3
78.5 0.2150 3.24 0.102
90.2 0.2547 20.4 0.101%
158.5 0.5178 T9.1 0.211
—
Meissner & Voigt
Temp. o /p
1.26 0.203
4,21 0.215
2005 0.2180
88.2 0.3505
1/18/61
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TEMPERATURE , ° R :
2 4 6 B8 10 20 40 60 80 100 200”'_ :
1 R L AR R L i
50 | !
ELECTRICAL RESISTIVITY RATIO
A8 ] FOR TITANIUM
A6
A4
«+ Clausing and Moubls —___—
A2 p273 280x10°¢ ohmem
" AO
il s
% 38 3
Q.. .
Q
- 36
o
-
g 34 l P
ol Meissner and Voig! \-F71
N pznsﬁdeO"ohmcm y
E 30
0
N
28
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I 26
g - ]
X 2
i
] 22 M i |
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20 —"" /[
18 Meissner, Franz I ‘
ond Westerhoff %
16 pars * 42 x10-6ohmem
J4 i
: :
42 f %
10 W . .
€3, 2 a6 8 10 20 20 60 @0 100 160
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