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'Department of Defense.
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ABSTRACT

s Rhenium is a rare, expensive, gh«-melting metal with some unique

propertles, including a ductilizing effect on several brittle refractory metals,
‘ 'f_',It occurs as an 1mpurity 1n molybdenite which is associated in small amounts,
: ~_'with copper orea. Production and consumption have been less than a ton per

year, with the potential producﬁon, _while substanﬁally larger. still deﬂnitely

" o limited Research is dtsc osing probuble valuable applications, leading to the
;f 'recommendaﬁon that efforts to conseu»e rhenium for probable fwture applica.tions
B ‘ahauld receive support




RHENIUM

Availability . a

Rhenium> does not occur'a's a distinct mineral species, but is, however, 3
widely distributed in'vve'r_y minor amounts. It is from molybdenite (that which is
associated with copper ores) that all current commercial rhenium is extracted.
DMIC Memorandum 235 (March 1968) and the January 1968 Bureau of Mines | B
''Cominodity Datz- Summaries, 1 reviewed the current supply aileation in adequate V'Q':' .}}}
~detail. It is worth nating that the total world resources of rhenium from molyb-
',ldenite is about 600 tons with an addxtional 290 tons from cther ores,

The total maximum United States_produc_t:_ion‘potential is estimated
‘between a low of 7, 500 1b/year to a high of 30, 000 lb/ye’ar.' Mr, J. Maltz of
NASA presented a tabis of production, capacity, consumptiou, and potential pro-
duction. * His table (Ref. 1-6 on Page 2) shows a constant increase in-producﬂon
and consumption, Ref. 7 and 8 are in slight disagreement with the cited data.
Additional data from other sources are incorf»orated into this table. |

- Imports of rhenium metal in 1967 were esﬂmated at 11% of United Sutes
consumpﬁon. 8% in 1966, 46% in 1965, 14% in 1964, and 4% in 1963, One com-
mercial fabricatpr foresees a 10% level for the near future.

‘Research and detatled evaluation of the physical and mechanical proper-
ties of the refractory metals and their alloys have received major support during
the past decade because of the demmding requirements of the aerospace industry.
Rhenlum. becauae of 1ts unique properties, has received a well-deserved share
of this attention.

*Pregented at the April 25-26, 1968 AIME Refractory Metal Conference in
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1. DMIC No. 19, May 1959

“Port, Chase Braas, l?lanaee Meeting RO
Colorado School of Mines from Burea of Mines Da.ta 1965
4.  Port, 1984 AIME Meeting |

Spelman, Metals Progresa. Febmaxy 1968
Gonser, 1966 Gilotte Lecture

"Commodity Data Bummariea" Upited Stateﬂ Depaﬁment of the Interior,
_, Bureau of Mines, January 1966 L

.DMICMem0235,March1968_ e c
Bureau ot Mma indicated 1967 pmmwuon of sso lba due to the coph‘ r gt
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_ This high density metal has a melting peint exceeded only by tungsten,

' together with a high modulus of elasticity Furthermore, it has a hardening ef~-

fect on platinum, and a ductilizing effect on chrommm, tungsten and molybdenum.

, Thermocouple systems yieldmg high emf's, which can operate at temperatures to
~at, least 2400°C are possible using alloys of rhenium with tungsten or molybdenum.

Because of lngh cost ($630/ 1b for powder - - $1600/1b for mill product)

, a.nd low industry production capabihty, few applications except high temperature _

thermocouples have h.ad w:.despread eommercial usage. However, in recent years

Ta number of developments have ta.ken place which appear to portend extended
usage and possible additional production requirements. for the meital, particularly
- 1f ‘and when high temperature reactor technology and space electrical power. 8ys= .

tems are restored to the 1967 level of support It.is estimated that 75% of rhe-
mum metal consumption is. in research and development refractory metal alloy _

Among the new. developments that should be mentioned are the structural | j"

fauoys tungsten RHC (4%Re-0.35%Hi-0.24%C) and AST AR 811C. (Ta-8W-0.7H(-1.0.
\Re‘-o 024C) and Ag-Re coatmg for pivot’ pins for a variable—wlng aircraft. His-
torical applications for Re metal include 1gniters for flash lamps, electnc furnace -
'heaters, contacts for high current applications, ‘vacuum tube filanmnts cathodes, _ A, -‘
E and cathode supports and heaters. 'l‘hese latter applications are estimated to - ,
_ consume about 25% of curx ent producﬁon. It is known that rhenium is being con- ‘ |
'_sidered for. use as a catalyst in gasoline refinery operations but little speoific
”data are availa.ble to esﬁmate o entities. EER E |

Another large potential use of rhenium is in the recently developed nickel- - ~_-'

3 base cast superalloy 'I‘RW-NASA‘VI A containing 0.3~0 5% Re which is currently
""under intensive investigation by the turbine engine manufacturers. This alloy de-

veloped under NASA sponsorship for jet engine turbine bucket applications
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f represents a substantial improvement of about 50°F over present-oay high

: ‘i strength mckel-base superauoys. | Experimental results have shown that the
; rhenium addition is necessary in maintaining the high temperature properﬁes

: of the alloy. At the 0.3% Re level in this alloy, a possible annual consumption

of 3,000 to 6,000 lbs of rhenium could be expected (blade weight: 1-2 Ibs, 100
blades/engine, 1,000 engines/year). Since'this consumption level of rhenium .

is three times the current use level the developer is exploring reduced rhenium
content compositmns.

‘Under AEC sponsorship W-Rs—Mo alloys have been developed which
should find apphcatlon in high temperature -reactors -wh.ich are coupled with

- thermionic devices. There alloys appear to have a good combinaﬁon of fabric—
ability and useful properties.

There is no definite indication of an immediate upswing in demand
for rhenium for application as an alloying element. plating compound. or base
4 metal. It is probable, with reduced AEC support i FY 1969 and 1970 of rhenium- |
alloy work, the demand will be below the 1,000 lb/year level, Industry can
: : Zreadily meet this requireme , However, it is strongly recommended that in- :
| dustry consider the etookpiiing of 1henium'-containing residues in view. of
probable increased future demand

‘Since no element other than rhenium has demonstrated as strong a _ |
ductilizing effect on Me, W and Cr (a pronounced lowering of the ductue-to- -
battle trans1tion temperature) it 1s likely that when research support is F |
established an increased demand for 1henium will be seen. _ It is esﬂmated

) that this demand will still be below current industry capacity

Rhemum substitutes as alloy constituents ms,y be. found among .those
»elements such as Fe, Co, Ni Te, Ru, Rh Os, Ir, and Pt which iacrease the
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'~a;de¢juate. substitute for rh'enium added a‘!.ugly or in oombieation, Further research
hase a-uDys. ) = Lo ;.':s,-}' “ ‘ ! . _f . .

s 'I‘he reoommendaﬁons of a NASA Research and Technology Ad\d.sory
Committee on Materials, whioh has been studying thie. element will be- of interest
to the rea.ders of ..his report They are 1nc1uded with permission as. Appendix A
We concur with the expressed need for oontinued research on this metal. g

The number one recommendation of the MAB Penel on Rhenium _
(reported on Page 281 of I\MB-IMM Report of the Committee on’ Refractory ,
Metals, October 15 1959) is pertinent and ,‘sti' _appropl'iate. It,is ’ “px'oduced as

SR j":;Rhenium iB a scarce elem,ent md the PrOBpeets for aub a.lly m_ o
«creasing produotion do not appear to be, br:l.ght Modest requirements for '
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APPENDIX A

Resolution approved by the NASA Research and Technology Advisory Subcommittee
' on October 24, 1968

Whereas the ductilizing effect of rhenium additions in the Group VIA
metals has served to focus direct attention to the interrelationship between the
electronic structure and gross mechanical properties of metals and, Whereas it
now becomes apparent that simila_.r interrelationships underlie a mulititude of
important technological probleme, such as refractory metal ductility and stress

corrosion cracking,

Therefore, the Research and Technology Subcommittee recommends
that research to link the electronic structure with the mechanica.l properties of
metals and alloys he encouraged.

Specific examples of this recommended research activity as related to
_-the rhenium effect include: o
1) Bond structure characterization in the W-Re system,

2) Heterogeneous nucleation studies in the W-Re system
(dislocatioif~ solution intevactions). -

| General examples of this recommended research as related to a
' diversity of problems include:

1) The development of ultra high resolution teohn:lques for
detailed study of structures in metals and alloys.

2) Systematic investigation of the mechanical properties' of
alloy systems with readily clmraoterizable elec; ronic
structures. . -

3) Calculations of mechanical properties based on crysta.l
physics.




The Subcommittee further recommends that the Materials Advisory
Board, the NASA laboratories and the university interdisciplinary izhoratories
(NASA, ARPA, and AEC) explore this activity, and that this program area be
reviewed periodically by this Subcommittee. |




APPENDIX B

Conclusions and Recommendations
Report of the Raw Material Group, Panel on Rhenium

1. Immediate consideration be given tc the establishment of a
Government purchasing program, to encourage the recovery of rhenium and
provide a steckpile for technical use, so that as much as possibie of the known

one million pounds of economically recoverable rhenjum of the world shall be
conserved,

The preferred stockpile material should be pure ammonium perie-
nate, NH 4Re0 4 This compound is readily convertible to other compounds of
rhenium and to metallic sponge, and can be prepared virtually free of potassium,
which even in small amcunts produces inferior rhenium metal.

The technology for the recovery of rhenium is sufficiently dereloped
that recovery and delivery of ammonium perrhenate by industry could be initiated
within a very short time from waste products, provided than an attrs.etive depend-
able market for the product were provided. S

The lack of a reserve of source material is a serious detorrent in
the development of uses for this unusual metal. Industry cannot be expected to

spend large sums to develop uses for a material when no supply for production
exists.

The United States has the principal known sources of rhenjum. It
should be conserved for our own future strategic and special economic uses.
Chile, a free-world country, is another important potential long-range producer.
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