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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 acting on behalf of the Commission: .

A. Makes any warranty or represcntation, expressed or implled, with respect to the accu-
racy, completeness, or usefulness of the information contalned in this report, or that the use
of any taformation, spparatus, method, or process disclosed in this report may not lnfringe
privately owned rights; or .

B. Assumes any llahilitiee with respoct to the uss of, ur for damages resulting”from the
080 of any information, appirstus, method, or procesa disclosed in this report, Y .

A8 used {n tho above, ‘‘person ncting on behalf of the Commission" ‘ncludes afy em-
ployee or of the Ce or of such .contractor, to the extent that
auch employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides nccess to, any information pursunat to his employment or coatract
with the Commi{ssion, or his employment with such contractor.

NOTICE

(# as defined in the Atomic
L.6t"the disclosure of its contents |
fson is prohibited.

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.
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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.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Thi
nor
A,

B.

As

I.EGAL NOTICE

s report was prepared as an account of Government sponsored work. Neither the United States,
the Commission, nor any person acting on behalf of the Commission:

Mokes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information 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

Assumes any 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.

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, handles

or

distributes, or provides access to, any informotion pursuant to his employment or contract

with the Commission.
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Introduction

The compatibility of various materials in molten sodium is important in deter-
mining their high-temperature applications. The solid-selid diffusion occurring
between two materials when in contact at high temperatures may have adverse effects
on their structural properties depending upon the extent of the WBofiding or com-
pound formation that may result. In order to determine the nature of the alloying
occurring in such a system, the diffusion couples Inconel-beryllium, molybdenum-
beryllium, molybdenum-INOR #8 (Nom Comp wt %: 15-17 Mo, 6-8 Cr), u 5 Fe, Bal Ni) and
type 316 stainless steel-INOR #8 have been studied.

Summary

Several compatibility tests of various materials in contact in sodium under
500 psi pressure were conducted for 716 hr at 1500°F. Of the diffusion couples
studies, the Incopel-beryllium system showed the largest amount of alloying. The
reactlon between molybdenum and berylllum resulted in the formation of two com-
pounds, both of which were severely cracked in several areas: The molybdenum-
INOR #8, and the INOR #B-type 316 stalnless steel interfaces showed little if any
alloylng L

Procedure
o«

A compatibility test system was prepared by placing 1/4 x 1/2 x 1 in. specimens
of Inconel, beryllium, molybdenum, INOR #8, and type 316 stainless steel together
in sodium. (Figure 1) In addition, a groove (0.010 x 0.250 in.) was machined in
each specimen in order to determine the extent of diffusion occurring across a
stagnant sodium layer. The assembly (Figure 2) was then tested at 1500°F for 716 hr--
when failure of the bellows occurred. The specimens were then removed from the test
system and examined metallographically.

Results

.Inconel-Beryllium

A reaction layer 36 mil deep was formed at the Inconel-beryllium interface.
(Figures 3 & 4) Two compounds formed, BeNi and BepyNig, which had hardnesses of
89l and 1656 DPH, respectively. (Tdble I) No analysis of the diffusion across
the stagnant sodium layer was possible because the beryllium was "extruded" into
the Inconel groove. The large amount of alloying found in this system is deleterious
and experiments are being performed to- determine the suitability of chromium as a
diffusion barrier between the two materials 1

Molybdenum-Beryllium

A reaction layer, 5 mil deep, composed of the two compounds MoBez and MoBel3) ¥
formed at the molybdenum-beryllium interface. (Table I) The two compounds were
similar in appearance to those formed in the previous static tests. Both compounds




were severely cracked in meny areas (Figure 5). No analysis of the dlffusion
across the stagnant sodium layer was p0351ble because the beryllium was
"extruded" into the. molybdenum groove. The alloylng between molybdenum and

beryllium is deterimental because of the brittle nature of the reaction layer.

Molybdenum—INOR #8

“

-No apparent compound formation was observed at the reaction 1nterface. No
alloying oceurred across the stagnant sodium layer. (See Table I)

Type 316 Stainless Steel-INOR #8

No' apparent compound formetlon was. observed at either. the reaction inter-
face or across the stagnant sodium layer, although the two specimens did bond
during, the test. Diffusion voids were formed to a depth of 1 mil in the INOR #8.
A depleted zone approximately l/h mil deep appeared at the surface. of the type
316 stainless steel. (Figure 6) The hardness of this.zone did not. differ 81g-
nlficantly from elther of the parent materials (see Table I).

o Conlonnddor
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Metallographic Examination of Intepfaces of Diffusion

Table I

£l

Couples Tested in Sodlum Under 500 psi Pressure for
716 Hr at 1500°F. -

Depth of

SRR ‘ Hardness - s
Interface .Compouynds.: (DPH) | Reaction - . Metallographis Notes
S R Layer .
: H
'Incdﬁe‘l-' Bealzl_\ii_s' + 1656 35 Beryllium cbmpressed inte 10 mil
¢ Beryllium BeNi - 8ol 1 groove. ' Slight alloying ob-
’ - ’ : ~served in groove.
Molybdenum- . MoBeq 3 2575 2-1/2- was pink in appearance
Béryllium MoBe2 - 1545° - T and s%mllar to that found in
R ' L : - previous. Mo-Be static tests-in
sodium. - Severe cracking of re-
action layer occurred in several
‘areas. Beryllium compressed into
10 'mil groove.
Molybdenium- ' , No apparent coripound- formation.
INOR #8. - - . None. No alloying observed in 10 mil
Lo ' groove.
' Type 316 . ' Yo. apparent compound formation.
Stainless Steel- Speéimens bonded during the test.
- - 1 Mil Diffusion voids to depth of 1 mil’ M'

INOR #8.

in surface of INOR #8. Depleted:
zone, 1/4 mil deep, on surface of -
type 316 stainless steel. No re-
action observed in 10 mil groove
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