X-822

DATE:

SUBJECT:

TO:

FROM:

OAK RIDGE NATIONAL LABORATORY

UNGLASSIFIED

Operated By
UNION CARBIDE NUCLEAR COMPANY

ucc

~ ORNL

OAK RIDGE, TENNESSEE

February 12, 1957

Thermal Conductivity of Beryllium
Literature Survey ‘

Distribution

W. D. Powers

O\0 O~ W FW D H

°

°

.

SEELPNEHIYREPROOEE

UOEPHUEE RO UE G S

DISTRIBUTION:
Blizard 20,
. Boundreau 21.
Breeding 22,
Cohen 23.
Cromer 2k,
Dytko 25,
Fraas - 26.
Gambill 27-46.
Greene 47,
Gregory 48,
. Grimes - 4o, .
Hoffman 50..
Jordan "51.
. Keyes 52.
. Krakoviak’ - 53.
Lane ' ' 5L4.55,
. Lynch 56.
. MacPherson o, 57-58.
Manly ey
NOTICE

17 4

POST OFFICE BOX P -

PLuNEpEIED

°

LO

. M. Weinberg

CF

CENTRAL FILES NUMBER

-D (-7 L

External Transmittal

AgriEsd 59

Mann

Meghreblian

Mott

Muller

Palmer

Pesk

Perry

Powers

Savage c

Shipley N

Stelzman
.- Swartout

Wantland

$&
ay

'REED Library

Central Research Library
ORNL-RC

Laboratory Records .

TISE

This document contains information of a preliminary
nature and was prepared primarily for internal use
at the Oak Ridge National Laboratory. It is subject
to revision or correction and therefore does not
represent a final report.

/

UNCLASSIFIED




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work, Neither the United States,

nor the Commission, nor any person octing on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the informotion contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes ony liabilities with respect to the use of, or for damages resulting from the use of

any information, apparatus, method, or process disclosed in this report.

As used in the obove, '‘person acting on behalf of the Commission'’ ‘includes any employee or
contractor of the Commission to the extent that such employee or contractor prepares, hondles
or distributes, or provides access to, any information pursuant to his employment or contract
with the Commission.
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THERMAL CONDUCTIVITY OF BERYLLIUM LITERATURE SURVEY

Lewisl in 1929 determined the thermal conductivity of beryllium metalA
for the first time. He found a conductivity of 56 Btu/hr-fﬁ-oF at -176°C,
95 at 9.h°C, and 123 at 190.4°%C, The.néxtAmeasurement reported in the open
literature_on the thermal cénductivity of-beryllium was by Poweli2 in i953;
¥ He obtained data over the temperature range SOOC - hOOOC, and in one/caée
to as high as 700°C. .Measurements were also made by Grenell, Linebrink,

3

and Johnson~ at Battelle Memorial Institute in'l9k7. Their vaiues are in
good agréement with those of Powell.
Powell determined both the électricai and thermal conductivities of
five different beryllium_sampies. From his data he developed»an,equatidn-
ﬁ' expressing the thermal conductivity of beryilium‘as-a function of the ab-

solute fempergture and the electrical résistivity over the temperature

range 06*-:MOO°C.

K = % ( 148.5 - ;&%@) 108, 12,;@ - 8.73

where,
K = thermal conductivity, Btu/hreft-oF
T = absolute temperature, °k

p = electrical resistivity at T, ohm-cm .

The equation is believed to be valid aboveAhQOOC. The values predicted by
3ﬁ this equation agree to within + 6% with the'experimenﬁal thermal conductiv-

ities. The first term in the equation gives the electronic contribution
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and the last two terms, the lattice contribution to the thermal conductivity.
Because~heat'tgéatmgnfwaf 7OO°CAproduced iﬁéreases in the conductivity of the
metal, the mea;ﬁrements werefmade up to a témperature of 300o - hOOOC in the
as received condition (A;R.). The éamp1e~was’then heated iﬁ'an evdcuated'
tube furnace to over 7OQ2C ana the conductivities redetermined on the heat
treated samples (H.T.). Table 1.and Figure 1 éhOW3the thermal conductivities
Adetermined.by Powell. |

TABLE 1

POWELL'S DATA ON THE THERMAL CONDUCTIVITY OF BERYLLIUM

- Btu/hr-£t-°F
' Tem Sample Sample : Sample Sample Semple
. O-P' _II IV . v VI XI
. C A.R. "H.T. A.R. | H.T. A.R, H.T. | A.R. H.T. A.R. H.T.

50 | 81.5|101.7| 78.0|91.3 | 90.2 [104.0 | 100.0 | 112.7 | 104.6 [111.5
100 75.1| 89.6 | 72.8 83;2 83.2 | 93.0 90.7| 98.3 ok.2 | 98.3
200 65.3| 75.7|64.7|72.8 | 74.0 | 78.0 | 78.6| 80.9-| 80.9 82.6
300 60.1| 67.6| 60.1]65.3| 67.0 | 69.9 | .71.1| 7202 | T2.2| T3.M

%00 6.1 | 59.5 642 | 65.3| 65.3 67.6
500 | - ] 59:5 | ‘
600 , : 54.9

>l e
700 ‘ | 49.7

%

II A bar machined from a drill cast bar prepared from the Brush Ber&llium
Company's crude reactor product. ..Density 1.84(2).

. IV A bar machined from a drill cast bar prepared from Gefman'flake
‘beryllium. . Density 1.82(3).

Y V Same as II, different dimensions. Density 1.8k.
VI A bar prepared by the sintering process of American G. E. C. Density 1.83.
XI Process Q Beryllium. Density 1.86(5). ‘
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. ‘\ o ———— CHILL CAST BAR, CRUDE REACTOR PRODUCT
v — — — CHILL CAST BAR, CRUDE REACTOR PRODUCT
L —-—--CHILL CAST BAR, GERMAN FLAKE
\y \ ‘ —— -— SINTERING PROCESS, AMERICAN G.E.C. B
! -+es------- PROCESS . Q .

- UPPER CURVES, HEAT TREATED
LOWER CURVES, AS RECEIVED

80
70 |-
60 _ |
;50 . ‘ - .
0 100 200 300 400 500 600 700 . 800 900
TEMPERATUR-E (°C)
Fig. 1. Thermal. Conductitiy —Beryllium (R.W. Powell, Phil. Mag. 44,
645 (1953) ‘
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At the Battelle Memorial Institute, Grenell, Linebrink, and Johnson

determined the thermal conductivities of two samples of beryllium. Sample

R-1 was extruded from vacuum cast metal and sample Y-1 was extruded from

. flake metal. The vacuum cast metal had a slightly higher conductivity.

Their results are shown in Table 2 and Figure 2. In this figure a typical

determination by Powell is shown for comparative purposes.

TABLE 2

GRENELL, LINEBRINK, AND JOHNSON DATA
ON THE THERMAL CONDUCTIVITY OF BERYLLIUM

‘Vacuum Casf Metal
Temperature Conductivity (Btu/hr-ft-°F)
o¢ Run 1 Run 2 Run 3
224 76.3 ‘
273 3.4
326 69.9
327 72.2 69.9
378 B 62.4 _
401 ! ¢ 69.9 .
403 65.9
480 61.8
483 : 61.8:
564 63.0
566 61.3
Flake Metail
209 T2.2
- 252 71.1
296 68.8
342 66.5
345 63.6
Y17 61.3
493 57.2
573 54.3
"UNCLASSIFIED
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Fig.2. Thermal Conductivity —Beryllium.
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Date given in Reactor Handbook:"“Matérialsh are shown in Table 3 and
Figure 2. 'The original references were not given. The first two columns
agree with the work at Battelle. .Except for the early work of Léwis\the

QM material above lSOOC has the highest conductivity of any beryllium sam-

- ple tegted. \
: 'TABLE 3 ‘
' TEERMAL CONDUCTIVITY OF BERYLLIUM
AS GIVEN IN REACTOR HANDBOOK: MATERIALS
| Btu/hr-£t-°F
,Tempeéature Vacuum:Cast Flake
' °c. Extruded Extruded M
o° : 87 86 97
100° 82 80 %3
. 200° 7 “Th o1
| 300° 73 68 | 87-
1400° © 68" 63
‘ ‘ 500° e 57
600° 58 51

, ' Room tempgéature data are given in other references such as Hoyt's

"Metal Data" and "Metal Handbook." The values. agree closely with the data

p——

of Lewis. ‘
The data obtained by Powell and by Grenell, Linebrink, and Johnson
show good agreement. It islreéommended that their values for the thermal

conductivities be used. Since the values obtained by Lewis differ consider;bly
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from the more recent data, it is believed that the determination by Lewis
is in error andlhis yalues should not be used. If the electrical conduc-
tivity Qan given sample of beryllium is known or easily determined experi-
mental;y, a better estimate of its thermal conductiviéy could be obtained

? . by using the formula developed by Powell.’

' REFERENCES
1. . E. J. Lewis, Physical Reviews 34, 1575, (1929).
2. R. W. Powell, Pﬁilpsophical Magazine 44, 645, (1953).°
3. L. H. Grenell, 0. L. Linebrink, K. L. Johnson, M-3476.

4. Reactor Handbook: Materials, U. S. Atomic Energy Commission,
McGraw-Hill (1955), p. 60. :
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