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H. Cross Company is proud of its skills  and capabili- 

ties to roll  metal down to extremely thin  dimensions yet  

retain the tightest tolerances conceivable. Due to stringent  

quality  control  we can always produce and supply a superior  

product  with  positive repeatability. We enjoy a challenge 

and are willing  to work  with  our customers to develop new 

and superior  products. 

H. Cross has grown into  a specialty metal rolling  

House tailoring  all products to our customersô requirements.  

Nothing  is produced for  stock. We manufacture to customer 

specifications only. No matter  how difficult  your needs H. 

Cross Company is the international  source most likely  

solve your problems and manufacture the products  

necessary to fill your orders.  

H. Cross Companyôs 31,500 sq foot manufacturing   

plant is thoroughly equipped with the finest machinery and  

most capable personnel to produce the highest quality  

precision rolled  metals. 

H Cross Company Web: www.hcrosscompany.com 

150 W Commercial Ave                Phone: 1-201-964-9380 

Moonachie, NJ USA  Fax: 1-201-964-9385 
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H. Cross Company was established in  1939. We were 

the first  and only company capable of rolling  tungsten and 

molybdenum  ribbon . Throughout  the years, due to our su- 

perior  research, development and engineering staff, we 

have been consistently improving  the state of the art  in  the 

field. We often accomplish what is considered to be the im- 

possible. 
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1. WAR RANTY:  

The Company warrants that each product 

to be delivered hereunder will conform to the appli- 

cable specifications and be free from defects in ma- 

terial or workmanship, and no other warranty, ex- 

press, implied or statutory (except of title), shall be 

implied. No warranty of merchantability or of 

fitness for purpose shall apply. The conditions of 

any test shall mutually agreed upon, and the Com- 

pany shall be notified of, and may be made. If  any 

failure to conform to such specifications, or any 

defect in material or workmanship appears within 

six months from date of shipment (hereinafter re- 

ferred to as the Liability Period), the Purchaser 

shall notify the Company thereof immediately and 

the Company shall thereupon correct the defect or 

defects by making a replacement of the product at 

the Purchaserôs plant, or by issuance of an appro- 

priate credit at the Companyôs option. 

It is understood that any defective product 

will not be returned until authorized in advance by 

the Company. Returned products should be intact 

in form as shipped and must retain the Companyôs 

identity. 

2. LIABILITY OF THE  COMPANY:  

The liability of the Company (except as to title) 

arising out of the supplying said product , or its use, 

whether on warrants or claim on negligence, or 

otherwise, shall not in any case exceed the cost of 

correcting defects in the products as herein pro- 

vided. Upon the expiration of the Liability Period 

specified herein, all such liability shall terminate 

and foregoing shall constitute the sole remedy of 

the Purchaser. In no event shall the company be 

liable for consequential or special damages 

PATENTS: 

The purchaser shall hold the Company harmless 

against any expenses or loss resulting from in- 

fringement of patents or trademarks arising from  

compliance with Purchaserôs designs or specifica- 

tions or instructions.

Conditions of Sale 
Except as otherwise provided in the preceding sen- 

tence, the Company shall defend any suit or pro- 

ceeding brought against the Purchaser so far as 

based on a claim that any product, or any part 

thereof, furnished under this contract constitutes 

an infringement of any patent of the United States, 

if notified promptly in writing and given authority, 

information and assistance (at the Companyôs ex- 

pense) for the damages and costs awarded therein 

against the Purchaser. In case said product, or any 

part thereof, is in such suit held to constitute in- 

fringement and the use of said product or part is 

enjoined, the Company shall, at its option and own 

expense, either procure for the Purchaser the right 

to continue using said product or part; or replace 

same with non-infringing products; or modify it so 

it becomes non-infringing; or remove said product 

and refund the purchase price and the transporta- 

tion costs thereof. The foregoing states the entire 

liability of the Company for patent infringement by 

the said products or any part thereof. 

The sale of products by the Company does 

not convey any license, by implication, estoppel, or 

otherwise, under patent claims covering (a) combi- 

nations of said products with other devices or ele- 

ments or (b) a process or machine in connection 

with which the may be used. 

4. TRANSPORTATIO N: 

Delivery of the products hereunder shall be made 

EXW. Point of shipment. Unless otherwise speci- 

fied in the Companyôs pricing policies in effect at 

time of shipment, transportation expenses shall be 

paid by the Purchaser, and Company shall ship as it 

sees fit unless otherwise instructed in writing by 

Purchaser. Risk of loss or damages to products in 

transit shall fall upon the Purchaser, whose respon- 

sibility it shall be to file claims with the carrier. 



How to Order 
Ple ase Specify  

Materi al  and  te mper  

Size  an d tolera n ce (thi ckness  &  width  or  di a.)  

Finish  (when  ap plic able )  

Spooli n g Requirements  (if  any)  

USA  Contacts  

Edwa rd  McClary  Phone:  1-201 -964 -9380  

Diane  McClary            Fax:  1-201 -964 -9385  

 

In  United  Kingdom  

Goodburn Engineering LTD                         Phone:  73-431-4062  

5 Darwin  Close -Commercial  Rd. Fax:  73-475 -00 57 

Reading -Berkshire  

RG2  OTB  

Engla n d 

W ebsit e: www.hcrosscompany.com 

Sales  an d Customer  Servic e: CustService@hcrosscompany.com 

Quotes  and  Info : Info@hcrosscompany.com





H. Cross Co. is the leading specialty  metal rolling   

manufacturer  of precision ribbons, sheets, foils and strips of  

tungsten and tungsten-base alloys. It  also supplies wire, rod and 

cut pieces. 

H. Cross Co. sells no product  from  stock; all its products 

are made to your exact specifications. The catalog is thus of 

necessity general in  nature. 

H. Cross Co. also supplies products in  molybdenum and 

molybdenum -base alloys (catalog available), aluminum,   

copper, nickel, silver, gold, platinum,  zirconium,  titanium  and 

others.



History  
The word ñtungstenò is an adaptation of the Swedish 

tung  sten (heavy stone) and was first  applied to the  

min eral scheelite about 1758. The element was first  identified  

in 1781 by a Swedish chemist, K.W. Scheele, for  whom the 

calcium tungstate mineral,  scheelite was later named. 

Commercially tungsten is prepared from  scheelite. The 

map identifies  the major  scheelite deposits. 

Advantage is taken of their  high specific gravity  in 

concentrating tungsten minerals by means of jigs and  

tables. Flotation  is extensively used in concentrating 

scheelite ores. The first  concentrates are further   

concentrated by magnetic or electrostatic separation,  

floatation, roasting and leeching. 

Further  processing results in a yellow powder of  

tungsten trioxides  which would be considered extremely  

pure by most commercial standards. However, the desired 

properties of tungsten wire are affected so aversely by  

min ute quantities  of unwanted impurities  that  another  

puri cation is added. This consists of re-dissolving the           
hydroxide,  purifying  the solution  and crystallizing  the  

tungsten out in  the form  of ammonium  paratungstate.





Fabrication  and Applications  
Tungsten has such a high melting  temperature that  is                

impractical  to transform  it  into  ingot form by conventional   

furnace melting  techniques. Its  manufacture by powder  

metallurgy  consists of three distinct  phases: the decomposition  

of the ore and its reduction  to pure metal powder...the pressing 

of this powder into  bars and the sintering  of these bars into  

solid ingots...the swaging, rolling,  or drawing of these ingots 

into  desired forms and sizes. 

Some of the applications of tungsten and tungsten-base 

alloys in  their  various forms are: 

Strip  and Ribbon 
ñStripò is sheet or foil  with width  of 1/4  in.  or more, 

while ñribbonò is sheet or foil  with  width  of below 1/4 in. 

H. Cross Company uses two basic techniques for  

manufacturing:  

 

A. Slit  ribbon  or  strips -Produced from sheet or foil  

to the desired finis hed thickness which is then precision slit  

to the desired width  and tolerance. (End product has square 

edges, length is limited  by length of starting  sheet or foil. )



B. Flattened -wire ribbons or strips -Produced 

from  wire of suitable diameter that  is flattened to the  

desired thickness and width . Starting wire is specially  

processed and closely controlled in order to yield a quality  

fin ished product . (End product has round edges; length is  

limited by length of starting wir e, which is generally available 

in longer lengths that  sheet or foil.)  

The dimensional tolerances and physical properties of 

the finished  ribbons and strips are largely dependent on the 

sheet, foil  or wire used as a starting point . Accordingly, 

Cross manufactures its own sheet, foil and wire under   

stringently controlled condition s. It i s therefore in a position to  

also supply sheet, foil  and wire to your needs. 

Standard  Tolerances  

Thickness (in.)  Tolerance* (in.)  Width  (in.)  Tolerance (in.)  

0.0005  to 0.0019 ± 0.00005  0.006 to 0.0109  ± 0.0005  

0.002 to 0 .0029  ± 0.0001 0.011 to 0.0209  ± 0.001 

0.003 to 0 .0039  ± 0.00015 0.021 to 0.309 ± 0.0015 

0.004 to 0 .0049  ± 0.0002  0.031 to 0.0609  ± 0.002  

0.005 to 0 .0069  ± 0.00025  0.061 to 0.0999  ± 0.003  

0.007  to 0.0109 ± 0.00035  0.100 to 0.250 ± 0.005  

0.011 to 0.0309  ± 0.0005  

0.031 to 0.040  ± 0.001



Sheet and Foil  
ñSheetò is flat -rolled  with  thickness of .005ò or more, 

while ñfoilò is flat -rolled  with  thick ness below .005ò to .0003ò. 

Tungsten and its alloys usually  are hot-cold-worked, since 

true hot working  (at 80% of the melting  part)  is not practicle. 

Specimens of tungsten are initially  fabricated at 1485°C (2700°  

F) and subsequently at successively lower temperatures. 

Tungsten sheet can be produced from  arc-melted ingots 

but is often rolled  from  sintered slabs or bars. These are 

isostatically pressed from  high-purity  tungsten powder and  

sintered in  hydrogen atmosphere furnaces to obtain  a uniform  

density and grain size. (A uniform  fine-grained cold-worked 

structure  is obtained by reducing the thickness of sintered slabs 

at least 50% by rolling). The  sheets are then stress-relieved and 

trimmed  to the customerôs requirements.  

The original  bar or slab is pressed into  flat  sections. These 

sections are highly  heated and forged before rolling.  As the 

metal is reduced to a very thin  sheet rolling  can be conducted at 

ordinary  temperatures. 

Sheets are normally  supplied in  a stress-relieved condition.  

Upon request they are supplied in  the re-crystallized condition.  

Finally  the sheets are cleaned and packaged. 

The finished  sheet has high polish and can be punched and 

stamped into  various commercial forms.



Machined Components 

Wire and Rod 
ñWireò is round  material  below 0.060  in. diameter 

usually furnished  in coiled form while  ñrodò is round  ma- 

terial  0.060  in. diameter and above, usually furnished  in 

straightened and cut lengths. 

Because tungsten wire is drawn below the re- 

crystallization  temperature (actually  it  is being ñcold 

workedò) it  work hardens and must be softened by stress- 

relieving  anneals. 

Through various drawing methods and annealing 

steps different  physical characteristics can be produced in 

wire of a given size. Control  of each step of wire  

manufacture assures our customer of wire meeting exact  

requirements with  reliability  and reproducibility.



Tungsten-halogen lamp-capsule in  several high-intensity  discharge arc-tubes 

Wire Consumption  (Watts)  vs. Temperature



MESH  FILAMENT  

The desirable heat dissipati on char - 

acteristics of W-25 Re wire  and its 

great  ductility  are used to advan- 

tage in  this mesh filam ent of a 

power  grid  vacuum tube.  

In  such applicati ons involving  

high voltage coupled with  high  

operating  temperatu res, the  

W-25 Re alloy  has been displacing   

pure tungsten and molybdenum   

wire.



Finishes 
A colloidal  graphite lubricant  which imparts a black coating 

to ñas drawnò tungsten wire is used to protect the wire from   

oxidation  and to lubricate  the wire as it passes through the  die.  

Many applications  require  tungsten wire with  characteristics other  

than those obtainable in ñas drawnò wire. A variety of processes  

Produce wire with  a cleaned surface or with  a special finish.  

After  drawing operations have been completed the wire may 

be cleaned by exposure to elevated temperatures in a reducing  

atmosphere. It  can also be cleaned by treating  the surface chemically  

or etching it  electrolytically . (The diameter of the wire may be  

further  reduced after drawing  by electrolytic  etching.) 

The cleaned wire can be electroplated with  such elements as 

gold, silver, nickel and copper for  use primarily  in electronic tubes. 

Packaging 

All  H. Cross Company products are delivered in  

packaging specifically designed for  the productôs 

applicatio n. As an example wire is furnished  on  

returnable  plastic reels containing  a single length of wire. 

If  required  H. Cross can adopt standard packaging  

methods or develop new ones for  your special needs.



Made to Order 
H. Cross Co. maintains  two policies that  are of great impor - 

tance to you: 

A. Noth ing is sold from  stock-everything is made to order. 

B. A large inventory  of in-process metals in all forms (e.g.; 

wire that  can be rolled  into  special ribbons).  

This two-fold  approach means that you never have to sett le 

for  what we have but always get what you want. It  also means that  

you usually get what you want quickly when you place your order.  

It  also means that  we can handle small orders as expeditiously  

as large ones and are anxious to supply your needs for  research and 
development projects.



Properties Data 

Typical tungsten purity  specifications lie in  the 

range (ppm by weight):  

C, 30ð200 H, 50 maximum  Fe, 50ð200  Mo, 20ð300 

O, 150ð3000  Al, 20ð100 Ni,  10ð200 Si, 10ð100 

Some of the disparities  are governed by intended uses and methods. 

Tungsten powder of the higher purity  levels usually is pre-sintered. 

During  purifi cation by vacuum pre-sintering  ample porosity  (bulk  

and surface) provides exits for  escaping gases whose pressure if  they were 

trapped would cause swelling.



Pure tungsten melts at approximately 3380°C (6100°F) which is 

the highest melting temperature of all the metallic  elements. 

Good ductility  in  most cold-worked metals is not achieved until  

the metalôs temperature  is greater than 20% of the range from  

absolute zero to melting  point. In  the case of tungsten this means 

preheating to 675°C minimum before bending or shaping. 

Diameter (Inches) Tolerance (±Inches)  

Decimal Fraction  Swaged & Drawn Center-less Ground 

Products Products 

0.500 1/2 0.005 0 0.00 20 

0.438 7/16 0.005 0 0.0010 

0.375 3/ 8 0.003 0 0.0010 

0.312 5/16 0.003 0 0.0010 

0.250 1/4 0.003 0 0.0010 

0.188 3/16 0.0010 0.0010 

0.125 1/8 0.002 0 0.0010 

0.100 - 0.002 0 0.0010 

0.090 - 0.002 0 0.0010 

0.08 0 - 0.002 0 0.0010 

0.070 - 0.002 0 0.0010 

0.060 - 0.002 0 0.0010 

0.050 - 0.002 0 0.0010 

0.040 - 0.002 0 0.0010 

0.035 - 0.0010 - 

0.030 - 0.0010 - 

0.025 - 0.0010 - 

0.020 - 0.0010 - 

0.015 - 0.000 5 - 

0.010 - 0.000 5 - 

0.009  - 0.000 3 - 

0.00 8 - 0.000 3 - 

0.00 7 - 0.000 3 - 

0.006  - 0.000 3 - 

0.00 5 - 0.000 3 - 

0.004  - 0.000 3 - 

0.00 3 - 0.000 3 -





H. Cross Co. is the leading specialty  metal rolling  manufacturer of 

precision ribbons, sheets, foils  and strips of molybdenum  and molybdenum  

-base alloys. It  also supplies wire, rod and a comprehensive 

line of customer products. 

H. Cross Co. sells no product  from stock all our products are made to 

your exact specifications. This catalog is thus of necessity general in   

nature. 

H. Cross Co. produces many molybdenum  products for  the lamp  

industr y. These include elliptically  etched foil,  platinum  clad wire and rib - 

bon. Our ñLamp Industry  Productsò section covers these products. 

H. Cross Co. also supplies products in Metals from  Aluminum  thru  

Zirconium plus Customer Supplied metals and alloys.



History  
Molybdenum  was discovered by C.W. Scheele in  1778 

in a substance which he called molybdic ribbon . P.H. Hjelm  

isolated it  as an element in  1790. 

Between two-thirds  and three-fourths  of the free-world  

supply of molybdenum  comes from  mines where its  

recovery is the primary objective of the operation. (See map.) 

The remainder is recovered as a by-product of certain  

copper mining operations larg ely in the Unit ed States and 

Chile. 

Ore assays vary but the extensive deposit at Climax, 

Colorado yields in the neighborhood  of 0.3% molybdenum. 

Stated in different  terms, approximately  6 pounds of  

molybdenum are recovered from each ton of ore that is  

min ed. 

Molybdenum  is concentrated by first  crushing and 

grinding  that  ore to particles comparable in  size to fine 

sand then sending the finely ground material (called pulp)  

through  a series of flotation  cells. These cells contain a  

dispersion of oil in water and the  materialôs affinity for the 

small oil globules allows it to be floated to the top where it  

spills over into collecting troughs.





Fabrications and Applications  
Molybdenum  has such a high melting  temperature that  it  is  

impractical  to transform  it  into  ingot  forms by conventional  furnace  

melting  techniques. Its manufacture by powder metallurgy  consists of  

three distinct  phases: the decomposition  of the ore and its reduction  to  

puremetal powderéthe pressing of this powder into  bars and sintering  of 

these bars into  solid ingotséthe swaging, rolling  or drawing  of these 

ingots into  desired forms and sizes. 

Some products are fabricated from  arc-cast ingots. Prefabricated 

or continuously  compacted and sintered electrodes made from  metal 

powder are arc-melted in  a water-cooled copper mold. The process is 

usually carried out in a vacuum, although in some instances inert - 

atmosphere melting  is employed.



Uses of Molybdenum  and its Alloys 

The first  uses of molybdenum  metal date from  the late 

19th century and were closely allied to the development of 

the incandescent light  bulb. The increasing use of the metal 

in  recent years has been spurred by improved  methods of 

consolidating  and by developments in  the field  of  

molybdenum-base alloys. The properties of metallic   

molybdenum that  are responsible for  increasing applications  

are high melting  point,  high strength at elevated temperatures,  

high modulus of elasticity,  high thermal  conductivity,  good  

resistance to corrosion, low specific heat and low coefficient of 

expansion. 

Electronic  and Lamp Industries  
The early light  bulb application  has been updated to  

include the use of molybdenum  in a variety of electronic  devices, 

comprising  tubes, contacts, electrodes, transducers,  

transistors,  and rectifiers.  

Molybdenum  wire is used in  electronic tubes for  grid   

lateral wire, lead-in  wires, grid  side rods, and supports. The  

properties of most importance  to these applications are: high  

melting  point,  stability,  retention  of strength and stiffness at  

operating temperatures and thermal  conductivity.  

In  the lamp industry  quantities  of molybdenum are used 

as structural  supports, electrical leads and as the mandrel  wire 

on which tungsten filaments  are formed. (Refer to our ñLamp 

Industry  Productsò for  details.)



Molybdenum is a preferred material for resistant element heaters in high - 

temperature electric furn aces which operate either under a high vacuum or with  

non -oxidizing  atmospheres.  

Molybdenum has been used for ladle-test molds for samples of molten 

iron and steel, where is lasts much longer than other mold materials . Here also 

resistance to heat checking and good thermal conductivity are the main benefits 

resulti ng from selection of molybdenum. 

Molybdenum boats can be used for hydrogen-cleaning of electronic parts, 

high-temperature annealing of metals and high-temperature sinteri ng of metal 

powders  or  ceramics.  

Swaging Machine Hydrogen Atmosphere Furnace for  

Pre-sintering  and Annealing



Thermocouple 
Various thermocouples based on molybdenum  metal or molybdenum 

-base alloys have been suggested. Most extensively used is the molybdenum 

/tungsten  couple, which is suitable for  most temperatures above those 

that  the platinum/platinum -rhodium  couple can be used. Although  the 

molybdenum / tungsten couple has a relatively  low emf it  is suffici ently  ac- 

curate and reproducible  for  almost all uses up to at least 4500°F and has 

proved satisfactory for  measuring the temperature of molten  steel and slag. 

Other thermocouples that  have been used for  special applications or 

on an experimental  basis are molybdenum/nickel  up to 2240°F;   

molybdenum/iron  up to 22550°F; and tungsten/molybdenum ð50% W up  

to 5250°F. (For thermocouples using molybdenum/rhenium  alloys, refer to  

the rhenium  data sheets.) 

 

Refractory Use 

The refractory  nature of molybdenum makes it  good for   

certain crit ical rocket and missile parts. The use of molybdenum that  

is melted and then spray coated on the surfaces of other materials 

is an established and growing field. The resulting  composite  

structure  often enhances the high temperature capabilities or the wear 

resistance of the base material.  A spray coating of molybdenum is 

applied to automotive  piston rin gs to improve resistance to galling. 

Molybd enum as an intermediate  layer between steel and some 

types of cladding, such as titanium  and zirconium,  offers the benefits  

of good bonding and prevention  of brittle  compounds that  might  be  

formed between the base metal and the cladding.



Molybdenum, with a melting point of  2622°C (4720°F) is  

one of the better known and most widely used of the refractory   

metals. In  the form  of wire it  is used in  many applications which  

require  its special properties. These include strength at high  

temperatures, low thermal  expansion and a high melting point.   

Molybdenum also has low vapor pressure, better than average  

electrical  conductivity,  and is relatively  easy to machine and shape.  

The chemical analyses of the most commonly  supplied  

molybdenum  and molybdenum -base alloys are given in the  

following  chart. Since H. Cross Company sells no product from stock 

it  can also produce other metals to your specifications.  

Typical Analysis  

99.95 % Purity  

 

Na2 PPM 

K 15 PPM 

Al < 8 PPM 

Ca 6 PPM 

Si < 15 PPM 

Fe 31 PPM 

Cr 15 PPM 

Ni  8 PPM 

Cu 7 PPM 

W 94 PPM 

Mn 10 PPM 

Mg < 10 PPM 

Sn 13 PPM 

Co < 8 PPM 

Ti < 10 PPM 

Ag < 1 PPM 

Pb < 10 PPM 

Zr < 10 PPM



Products and Services 

Strip  and Ribbon 
ñStripò is sheet or foil  with  width  of 1/2 in. or more while  

ñribbonò is sheet or foil  with width  of below 1/2 in.  usually rolled  

from  wire or rod. 

H. Cross Company uses two basic techniques for   

manufacturing:  

A. Slit  ribbons  or  strips ðProduced from  sheet or foil  of the 

desired finished  thickn ess which is then precision slit  to the desired  

width  and tolerance. (End product has square edges; length is 

limited  by length of starting  sheet or foil.)  

B. Flattened -wire  ribbons  or  strips ðProduced from  wire 

of suitable diameter that  is flatt ened to desired thickness and 

width. Starting  wire is especially processed and closely controlled  

in order to yield a quality  finished  product . (End product has round  

edges; length is limited  by length of start ing wire, which is  

generally available in  longer lengths than sheet or foil.)  

The dimensional tolerances and physical properties of the  

finished  ribbons and strips are largely dependent on the sheet, foil  

or wire used as a starting  point.  Accordingly,  H. Cross Co.  

manufactures its own sheet, foil,  and wire under stringently   

controlled  conditions . It  is therefore in a positi on to also supply sheet,  

foil and wire to your needs. 

Sheet and Foil  
ñSheetò is flat -rolled  with  thickness of 0.005  in. or more 

while ñfoilò is flat -rolled with thickness  below 0.005 to  0.0003  in.



Flat-rolled molybdenum  is manufactured by powder 

metallurgical  techniques or arc-vacuum casting molybdenum   

content of 99.95%. 

Purity  of the molybdenum  sheet (99.95%) is controlled  from  

processing of molybdenum  chemicals through  reduction  to metal 

powder, pressing, sintering  and subsequent rolling.  

Molybdenum  foil  is rolled  to close thickness tolerance and 

uniformly  bright  finish. Precision  slitting  equipment  designed 

specifically for  foil  produces the customerôs specified width  with  

square edges and tight  width  tolerances. Foil is processed to  

obtain maximum ductility  for  applications involving  bending,  

spinning,  drawing  or stamping which in most applications  can be 

performed at room temperature. 

Wire and Rod 
ñWireò is round  material  below .060 in.  in  diameter usually 

furnished  in coiled form,  while ñrodò is round  material  .060 in.   

diameter and above, usually furnished  in  straightened and cut lengths. 

Molybdenum  metal powder is pressed into  ingots, then  

sintered. The ingots are converted to rods by rolling  or swaging or a 

combination  of both. The metal is annealed or stress relieved between  

steps. Molybdenum  work-hardens slowly in  this process since each  

heating also serves to partially  stress-relieve the energy absorbed from   

prior  work.  Therefore, relatively  few anneals are required. The anneals  

which are used may be either full  recrystallization  or full  stress-relief  
dependent upon the properties specified in  the finished  wire. Rods are  

drawn into  wire through  tungsten carbide or diamond dies.



Finishes 
After wire drawing  operations have been completed the wire 

may be cleaned by exposure to elevated temperatures in  a reducing 

atmosphere. It  can also be cleaned by treating  the surface chemically 

or electrolytically.  

The diameter of the wire may be further  reduced after drawing  

by electrolytic  etching. The cleaned wire can be electroplated with  

such elements as gold, silver, nickel, copper, for  use primarily  in   

electronic tubes. Platinum -clad wires are also available. 

Packaging 
Each H. Cross Company product  is delivered in packaging  

specifically designed for  the products application. As an example, wire is  

furnished  on returnable  plastic reels, each containing  a single length of 

wire measuring 50 meters (197 feet) minimum.  If  required,  H. Cross 

Company can adapt standard packaging methods or develop new ones 

for  your special needs. 

Services 
H. Cross Co. maintains two policies that  are of great importance  to you: 

A. Nothing  is sold from  stockðeverything is made to order. 

B. A large inventory  of in-process metals all forms (e.g., wire that  

can be rolled  into  special ribbons).  

This two-fold approach means that  you never have to settle for  

what we have but always get what you want. It  also means that  you  

usually get what you want quickly  when you place your order. It  also  

means that  we can handle small orders as expeditiously as large ones 

 and are anxious to supply your needs for  research and development  

projects.



 



Etched Foils 
H. Cross Co. is one of the largest suppliers of elliptically  

shaped etched molybdenum foil  for  hermetic sealing of 

quartz lamps. Etched molybdenum  foil  of all metals is used 

since its coefficient of expansion is the closest to quartz. The 

elliptical  shape produces an air and gas tight  lead into  the 

lamp envelope, thus preventing filament degradation  

during  lamp operation. 

 

 

 

 

 

 

 

 

 

 

 

Etched foils form  welded assemblies used as the lead wires  in  

many  types of hard  glass or  quartz  encapsulated devices for  high 

temperature  applications. They  provi de the functions  of internal  

and external  electrical  connection and mechanical support  plus a 

hermetic  sealing capability  for  pinch seals. Applications include 

mercury  arc lamps, tungsten-halogen cycle lamps, infrared  heat 

lamps and certain  electronic and instrum ental  applications.



Tungsten -hal ogen  lamp -capsule  in  several  high - 

intensity -discharge  arc -tubes  

H. Cross Company starts with  a very tightly  controlled  molybdenum 

wire made to our own specifications free from  inclusions, splits or  

contamination s. It  is then rolled  very thin  without  creating  pin  holes or  

leaker lines. 

After  rolling,  the material  is electrolytically  etched again under  

stringent  controls, to arrive at the elliptical  shape with  the proper thickness  

and width  to special requirements  of each customer. It  is then cleaned,  

annealed, inspected and spooled for  shipment.  For best protection  of the 

sharp edges the spools of H. Cross Company design are slightly  wider  than 

the ribbon.  

Size ribbons:  Thicknessð.0005ò to .004ò 

Widthð.030ò to .945ò



Platinum  Clad Molybdenum  
H. Cross Company also supplies a 15% platinum  clad by 

weight molybdenum  in both wire and flat  ribbon. It  is used as the 

welding interface between the etched molybdenum,  lamp electrode  

and lead wire. The platinum  clad molybdenum  is manufactured 

under the same string ent controls as the etched molybdenum 

and is more economical as a welding flux  that  pure platinum  that  

was used for  years. 

Sizes available: Wire diameter - .005ò to .050ò 

Ribbon thickness -.0007ò to .007ò 

Widt h - .020ò to .125ò 

The etched molybdenum  foil  and platinum  clad molybdenum  are 

supplied on non returnable  spools of H. Cross design. The spools 

are sealed in a polybag which is boxed and labeled for shipment.



HCR 100 Rhenium and Rhenium Alloys 

History  

This section attempts to provide historic  back- 

ground concerning Rhenium alloys most com- 

monly  used in such forms as rod, wire, tubing,  

sheet, foil,  ribbon,  and strip. A  broad range of ap- 

plications  and a description  of their  properties 

may suggest new and other possible uses to H. 

Cross customers.

 



pendently in crude manganese sulphate. 

The presence of Rhenium was determined  originally  by 

lines in the X-ray spectrum  in  the calculated position  for  

atomic number 75. The ores from which Rhenium was 

first  extracted commercially  came from  the region of the 

River Rhine (Latin,  Rhenus), hence the name of RHE- 

NIUM  (symbol: Re). 

2. Distribution  of  Rhenium  in  Nature  

Rhenium is distributed  in extremely minute  quantities  

throughout  nature, but does not exist as a mineral  spe- 

cies. Only approximately  4 parts per billion  of the Earthôs

1. Discove ry  of  Rhenium  

Rhenium was an unknown element when the periodic  

table was first  produced about 1870. The properties pre- 

dicted for  an element of atomic number  75 turned  out to 

be in general agreement with  those of Rhenium when it  

was discovered in 1925. 

crust are Rhenium,  and no ore contains more than 1 

part  per million  of Rhenium.  

Rhenium is most commonly found as sulphide, in  

close association with  molybdenite and in the presence 

of copper deposits. The similarity  in mineralogical  

behavior between Rhenium and molybdeni te ores al- 

By searching the ores of the elements close to Rhenium lows the Rhenium to appear in the molybdenite con- 

in the periodic  system figure 101, W. Nordd acrk, and O. centrates (M 0S2) that  are a by-product of the process- 

Berg were the first to locate it,  in  platinum  ores such as ing of eporphyry copper deposits. A recent  annual 

columbite  and tungstite,  J.G.F. Druce discovered it  inde- production of 40 million  pounds on M0 S2 (Free World 

only)  contains an estimated 20,000  pounds of Rhe- 

nium. The U.S.A. and Chile produce approximately  70 

and 25 percent. Respectively, of the by-product mo- 

lybdenite in the Free World.  Molybdenite  reserves in  

the Free World  contain 2,500,000  pounds of Rhenium 

(estimated). 

3.  Recovery  and  Purific ation  of  Rhe n ium  

This section describes the process of extraction  of Rhe- 

nium  salts from molybdenite concentrates. Other 

processes are used, but are of minor  significance in the 

United  States. 



When molybdenite concentrates are roasted to moly- 

bic oxide, the volatility  of Rhenium  heptoxide results 

in a high percentage of the Rhenium appearing in the 

flue gases. The Rhenium is extracted by wet scrub- 

bing, then separated and concentrated by ion ex- 

change or liquid -liquid  extraction  techniques. A small 

percentage of Rhenium also appears in the flue ducts. 

These are usually returned  to the roaster, so that  Rhe- 

nium  is extracted from  the gases. 

The last step in recovery involves crystalli zation of 

crude ammonia or potassium salts. Recovery of crude 

ammonium  perrhenate is preferred because potas- 

sium presents problems in the processing of Rhenium 

metals. 

The crude rhenium  salts are next refined to high pu- 

ri ty by sulfite  precipit ation,  by fractional  re- 

crystallization  of the salt, or by chemical separation of 

impurities.

The perrhenate is heated in hydrogen gas to produce a 

metal powder. This metal is washed and treated to elimi - 

nate potassium as far as possible. 

4. Fabrication  of  Re and  Re Alloys  

Arc metaling of Rhenium in an inert  atmosphere or in  

vacuum is possible. However, the metal produced has 

coarse grain size and may have segregation of Rhenium 

oxides in small amounts of grain boundaries. These fea- 

tures are objectionable in further  fabrication  and accord- 

ingly,  powder metallurgy  is preferred. 

Rhenium powder is consolidated at pressures of 25 to 30 

TSI (figure  102). 



Figure  103.  

Hydrogen 
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Presintering and 

Annealing 

ect., uses swaging, rollin g, forging,  and drawing  

with  inter mediate annealing. 

Some at these operations may be conducted at 

elevated temperatures (figure  104). 

The optimum  sequence of operations and of 

working  and annealing temperatures varies for  

Rhenium and each alloy, and depends on the de- 

sired end form.  To some extent, this sequence can 

be predicted from  the unknown  mechanical prop- 

erties of Rhenium and its alloys. However, opti - 

mum techniques have had to be worked out by 

trial  and error.  

5. Properties  of  Rhenium  and  Rhenium  

Alloys  

Some of the importan t physical properties of Rhe- 

nium  are listed in Table 101. Attention  is called to 

the high melting  point  (only  tungsten has a higher 

one), and high density (which  is exceeded only by 

those of irid ium, osmium, and platinu m). Electri - 

cal and thermionic  properties of Rhenium are 

given in  Properties data HCR 300.

The pressed bars or other compacts have densities of 

about 50 to 60 percent of the theoretical  density of 

solid Rhenium. 

The pressed compacts are presintered in  a hydrogen 

atmosphere (fi gure 103). 

Rhenium alloys are generally produced by the same 

powder metallurg y techniques used for  Rhenium. 

Proper choice of powder sizes, carefully blending 

techniques, and adequate sintering times and tem- 

peratures produce bars of high yield and small grain  

size with  the same homogeneity attainable by elec- 

tron -beam or arc melt ing. 

The alloys described specific ally  in  this handbook 

and the related data sheets are designated as follows:  

A. Molybdenum -50 Rhenium (Mo-50 Re) 

by weight composition.  

B. Tungsten-25 Rhenium (W-25 Re) by 

weight composition.  

C. Pure Rhenium 

The subsequent fabrication  into  rods, wires, ribbons,  

 



Figure  104. Swager 

Deep  Draw  Applications  

Rhenium and its alloys can be an- 

nealed and drawn into cups and other 

configurati ons without  embri ttlement. It  

is then used for  crucibles for  melting  vari - 

ous materials without  in teraction  on the 

melted material  or can be made into  items 

such as cathode caps.



HCR 200 Rhenium and Rhenium Alloys 

Applications  

This section illustrates  several appli cations of Rhenium and its al- 

loys and the related Data Sheets show others, but no attempt  is 

made here to catalog all known or potential  uses. Instead, some 

general suggestions will  be given for  answering the question: 

Is Rhenium or one of its alloys useful in  my application? 
 
 
 
 

 



The first  step is to compare Rhenium or one of 

the alloys to other refractory  metals with  respect 

to the key properties for  the application . For ex- 

ample: 

A. For a cathode emitter, check the 

emissivity  properties 

B. For lining  a chemical tank to HCI,  

check corrosion resistance to HCI.  

C. For a resistance-heating crucible, 

check resistance to the molten  metal involved, 

electrical resistivity, and high temperature rigi d- 

ity.  

D. For the crucible, check workability,  

weldability  to loads, ect. 

Filaments  

In  addition  to Rheniumôs excellent mechanical 

properties for use as filaments and heater ele- 

ments, its electrical resistivity  should be noted. 

Although  about 3-1/2 times as high as that  of 

tungsten and molybdenum at room temperature,  

the resistivity  at 2500°C is about 1/5 higher than 

that of tungsten. (The temperature  coefficient of 

Rhenium Is lower and decreases with increasing 

temperatur e). The high room-temperature resis- 

tivity  permits  rapid  initial  heating while  the 

lower temperature coefficient minimizes the  

danger of ñhot spotsò or ñburn throughsò as the 

filament  is heated. (The Rhenium forms a stable 

conductive oxide film so that filament resistance  

is not increased appreciably).

The next step is a cost analysis. Rhenium 

is expensive; the alloys less so; they are 

therefore not used for  large, structural  ap- 

plication s. However, the material  costs in 

relation  to the total  cost of the end item 

may be small (as for  the HCI  tank lining  

the components of X-ray or high volt age 

power tubes, mass spectrometers). In the 

case of heaters and crucibles, larger quan- 

tities  may be required,  but these have 

scrap savings in  processing and in  packag- 

ing and shipping (because of their  greater 

ruggedness) must be calculated as possible 

offsets to higher material  costs. If the cost 

figures at this stage are still  unfavorable to 

Rhenium or alloys, possible advantages of 

a less obvious nature should be investi - 

gated, particularly  with  respect to service 

life  and reliability. Lon g-term perform - 

ance under extreme conditions  of most 

applications may not be predictable, and 

may have to be determined from  actual 

prototype  units. An example to illustrate  

several aspects of the preceding discussion 

is provided by the anti -cathodes of a diag- 

nostic X-ray tube as shown in figure 201. 



The anti -cathode was formerly  made of tung- 

sten, permitting  production  of high power at a 

small focus with  the path heated by the electrons 

creating a gradient of several thousand degrees 

per mill imeter. Because of non-uniform  expan- 

sion, the surface of the anti -cathode becomes 

rough and cracks, resulting  in  a reduction  in  X- 

ray radiation  intensity  with  time . When Rhe- 

nium  is added, the improved  performance de- 

pends on the percentage of Rhenium. The anti - 

cathode using W-10 Re loses only 11% of initial  

radiation  in tensity after being turned  on 10,000 

times as compared to the 50% loss for  pure Rhe- 

nium. (This example, 

incidentally,  shows that  an alloy with  a smaller Rhe- 

nium  content that  the ñstandardò W-25, can be used). 

On the initial  interruption,  a thin,  oxide film  is  

formed which may prevent sticking,  welding, or ma- 

terial  transfer . However, the local heating of the con- 

tact causes violation;  thus, maintain  the oxide film  at 

a thickness which does not increase electrical contact 

resistance significantly . The Rhenium contact is  also 

Microwave  Tube  Compo nents  

Mo-50 Re has outstanding  ductility,  so 

that  its ease of fabrication  has resulted in  

its displacing pure tungsten in  these mi - 

crowave tube components. 

resistant to the marine atmospheric environ - 

ment. 

Marine  Engine  Contacts  

Rhenium can be used for  contacts in marine  en- 

gine magnetos because of its high resistance to 

material  transfer  and low arching in dc circuits, 

even when interrupting  large currents. 

Pen  Nibs  and  Balls  

Cold-worked Rhenium achieves a high hardness, 

making it  useful for  pen nibs and for  pin bearing 

points  in  instruments . Various Rhenium alloys 

are used 

successfully in  ball point  pens and simila r purposes 

where smooth action during  long periods is required.  
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Commercially  Pure Rhenium Molybdenum -50 Rhenium Tungsten-25 Rhenium 

0.0005 % 0.0005 % 0.0005%  

0.000 1 0.0001 0.0001 

0.000 1 0.0001 0.0001 

0.0003  0.000 3 0.0005  

0.0003  0.000 3 0.0005  

0.0002  0.000 2 0.0002  

0.0070 0.0070  0.0070  

0.000 1 0.0001 0.0001 

0.0002  0.000 4 0.0004  

0.002 5 53.0±½ % 0.0004  

0.0002  0.000 4 0.0006  

0.0002  0.000 2 0.0004  

0.0002  0.000 2 0.0002  

0.000 1 0.000 2 0.0002  

0.000 1 0.000 2 0.0002  

ð ð 75.0±½%  

0.0020  0.003 0 0.0030  

0.0003  0.0006  0.0010 

0.0005  0.000 5 0.0005  

0.0010 0.0010 0.0010 

0.004 0 0.004 0 0.0040  

99.97% 47.0±½ % 25.0±½ %

The wrought Rhenium alloys exhibit co rrosion re- 

sistance over a broad range of temperature in a 

wide variety of materials. Data on the resistance of 

Rhenium wire to molten materials is presented in 

Table 307. Rhenium, as well as the alloys, resist 

attack by molten or vaporous alkali and alkaline 

earth metals; they are also resistant to the molten  

oxides of aluminum,  beryllium, calcium, and mag - 

nesium and to acetic, hydrochloric and dilute sulfu - 

ric  acids. Rhenium resists attack by salt  water, by 

humid air at 100° C, and by alumin um chloride up  

to about 2700°C, Rhenium and the alloys are stable 

in inert atmospheres, hydrogen or nitrogen until  

the melt, and in the air up to about 300°C 

(Rhenium specifically starts to produce a white, 

nontoxic vaporous oxide at about 600°C). The fol- 

lowing materials attack Rhenium and the alloys: 

Nitric and concentrated sulfuric acids, hydrogen 

peroxide, molten alkali oxides in the air,  and mol- 

ten oxidants (e.g., nitrates, nitrites) . Physical and 

thermal  

properties of Rhenium and Rhenium alloys are 

given in  Table 306, while further  mechanical 

properties are given in  Table 308, supplemented 

by Table 309 and Figure 302 for  high temperature  

stress-rupture  data and by figure 303 for  creep- 

rupture  data. Table 303 shows the de- 

pendence of the properties of the final  product  on 

the fabrication  method used to produce it. This 

dependence is shown in more detail  for  Rhenium 

wire in the test data summarized in Figure 304 

and Table 310. Similar test data for  Rhenium is 

shown in figure 305. 

Figure 305 illustrates the effect of cold-working  

on the tensile properties of Rhenium-sheet. Typi- 

cal improvements  in  hardness resulted from  

working  Rhenium are illustrated  in  Figure 306, 

which also gives data for  nickel for  comparison. 

Investigation  of how the addition  of Rhenium af- 

fects workability  and hardness of molybdenum  

and tungsten 

Table 305. Typical Chemical Analysis of Rhenium and Rhenium Alloys. 

NOTE: All  data are for  wrought Products 

Impurity  

Al 

B 

Ca 

Co 

Cr 

Cu 

Fe 

Mg 

Mn  

Mo 

Ni  

Sn 

Ti 

Zr 

K 

W 

C 

Si 

H 

N 

O 

Rhenium 

balance 



Property 

Density at 20 C : (gm/cm3)  

: (lb/in3)  

Melting  point  : (ęC) 

: (ęF) 

Boiling  Point  : (ęC) 

: (ęF) 

Vapor pressure: (mm Hg)  

at 1525ęC 

at 2000ęC 

at 2500ęC 

at 3000ęC 

Linear coefficient of micro-in thermal  

expansion: in .-C 

at 500ęC 

at 1000ęC 

at 200ęC 

at 2500ęC 

Specific heat: (cal/gmęC) 

at 27ęC 

at 500ęC 

at 1000ęC 

at 1500ęC 

at 2000ęC 

at 2500ęC 

Thermal conductivity:  watt · cm 

at 10ęC cm2 · ęC 

at 200ęC 

at 300ęC 

at 500ęC 

at 700ęC 

at 1000ęC 

at 1200ęC 

at 1500ęC 

at 1800ęC 

at 2100ęC 

Thermal conductivity:  cal · cm 

at 10ęC cm2 · sec · ęC 

at 200ęC 

at 300ęC 

at 500ęC 

at 700ęC 

at 1000ęC 

at 1200ęC 

at 1500ęC 

at 1800ęC 

at 2100ęC

Table 306. Physical and Thermal Properties of Rhenium and Rhenium Alloys 

Molybdenum -50 Rhenium 

13.70 

0.494 

2550 

4620 

ð 

ð 

Initial  

behavior 

similar  

to that  of 

molybdenum  

5.72 

6.45 

7.76 

ð 

- 

- 

- 

- 

- 

- 

0.366 

0.445 

0.480  

0.532 

0.584 

0.640  

0.660  

0.690  

0.710 

ð 

0.088  

0.107 

0.115 

0.128 

0.140 

0.153 

0.159 

0.166 

0.171 

ð 

Tunsten-25 Rhenium 

17.0 

0.61 

2815 

5100 

ð 

ð 

Initial  

behavior 

similar  

to that  of 

rhenium  

4.48 

5.04 

6.19 

6.78 

0.0335 

0.0345 

0.0374 

0.0400  

0.0436  

0.0456 

- 

- 

- 

- 

- 

- 

0.660  

0.647 

0.638 

0.630  

- 

- 

- 

- 

- 

- 

0.158 

0.153 

0.151 

0.150 

Rhenium 

21.04 

0.755 

3180 

5755 

5900 

10,650 

1.10 x 10-11 

3.0 x 10-8 

4.5 x 10-5 

8.0 x 10-3 

6.12 

6.65 

7.50 

8.00  

0.0320  

0.0354 

0.0390  

0.0405  

0.0434 

0.0513 

0.396 

0.362 

0.358 

0.363 

0.379 

0.408  

0.500  

0.480  

0.459 

0.435 

0.095 

0.087 

0.086  

0.087 

0.091 

0.098  

0.120 

0.116 

0.110 

0.104 



gave the results shown in  Figure 307. The 

marked improvemen ts in  ductibility  ob- 

tained for  mo-50 Re and W-25 Re led to 

the use of these two alloys for the many ap- 

plications  where the maximum  increase in  

ductility  is required.  

The dramatic results for Mo-50 Re can best 

be appreciated by examining  Figure 308. 

Bend ductility  data for  Rhenium and its 

alloys depends on the annealing tempera- 

ture used during fabri cation,  as shown in 

Table 311. 

Comparative data for  unall oyed molybde- 

num and tungsten are included in  the ta- 

ble. 

Attacking  Metal  Tempera t ure  (°C)  

Tin 330 

Zinc 520 

Alumi num 760 

Silver 1060 

Copper 1180 

Nickel 1150 

Iro n 1650

Ductility  is retained even after complete re- 

crystallization  at high temperatures. This is 

illustrated  for  Mo-50 Re by Figure 309, 

which shows tubing  being flexed as a coil 

spring after re-crystallization  (using tem- 

peratures above 2000ęC for  several hours). 

One further  high temperature characteris- 

tic of Rhenium may be noted here. Tung- 

sten takes part  in  a ñwater Cycleò, that is, it  

vaporizes in the presence of water vapor. 

The rate of vaporization  of Rhenium under 

similar  conditions  is only a fraction  of the 

rate of tungsten, as shown by the data 

given in Table 312. 

Exposure  Time  (hr)  

1 

1 

1.5 

1 

1 

2 

1 

Decrease  in  initial  60 - 

mi l  D iam eter  (mi l)  

0.1 

0.1 

9.7 

0.0 

0.0 

Specimen Dissolved 

Specimen Dissolved 



Property 

Modulus  of elasticity  

in  tension (psi x 10^  

6) at 65°C 

at 20°C 

at 200°C 

at 400°C 

at 600°C 

at 800°C 

Ultimate Tensile 

strength (psi x 10^3)  

at 20°C 

at 800°C 

at 1200°C 

at 1600°C 

at 2000°C  

Elongation (% in 3 

in.) 

at 20°C 

at 800°C 

at 1200 °C 

at 1600°C 

at 2000°C  

Micros-yield strength 

(psi x 10^3)  to elon- 

gate 

1 micro -in./in.  

at 20°C 

Yield strength. 0.2% 

offset (psi x 10^3)  

at 20°C 

at 800°C 

at 1200°C 

at 1600°C 

at 2000°C  

at 2500°C 

Hardness at room 

temperature (VHN)  

Poissonôs Ration

Rhenium Molybdenum -5o Rhenium Tungsten-25 Rhenium 

Table 308. Mechanical Properties of Rhenium and Rhenium Alloys 

Wrought:  

- 

- 

- 

- 

- 

- 

Wrought  

15%: 

280 

145 

80 

30 

18 

Wrought:  

2 

1 

1 

1 

1 

Wrought:  

10 

Wrought  

15%: 

255 

- 

- 

- 

- 

- 

Wrought  

10%: 

450 

Wrought  

30%: 

580 

As Sintered: 

- 

53.6 

- 

- 

- 

- 

Wrought:  

310 

190 

110 

45 

- 

Wrought:  

- 

- 

- 

- 

- 

As Sintered: 

90 

Wrought:  

- 

- 

- 

- 

- 

- 

Wrought  

50%: 

590 

Stress- 

relieved: 

450 

- 

Wrought:  

- 

62.5 

- 

- 

- 

- 

Re- 

crystallized:  

190 

150 

105 

33 

- 

Re- 

crystallized:  

15-20 

- 

- 

- 

- 

Wrought:  

176 

Stress- 

relieved: 

249-294 

131-150 

59-78 

15-20 

6-7 

1.5-2.5 

Wrought  

90%: 

740 

Wrought  Re- 

95%: crystallized:  

50.8 55.7 

52.3 53.3 

- - 

- - 

- - 

- - 

Re- 

Wrought : crystallized:  

240 150 

120 70 

50 35 

20 15 

- - 

Re- 

Wrought : crystallized:  

4 19 

2 18 

4 18 

8 17 

- 17 

Re- 

Wrought : crystallized:  

- - 

Wrought  Re- 

50%: crystallized:  

210 116-123 

- - 

- - 

- - 

- - 

- - 

Wrought  Re- 

95%: crystallized:  

600 350 

- 

Re- 

crystallized:  

- 

68.0  

64.5 

61.0 

58.5 

55.5 

Re- 

crystallized:  

155 

90 

60 

30 

18 

Re- 

crystallized:  

15-20 

5 

2 

2 

2 

Re- 

crystallized:  

- 

Re- 

crystallized:  

42 

- 

- 

- 

- 

- 

Wrought  20%: 

530 

Re- 

crystallized:  

250 

0.49 



Table 310 Ductility  vs. Temperature for  Re-crystallized and Cold 

Worked Rhenium Wire 

(0.050 to 0.065 in.  Diameter)  

Test Temperature (°C)

(*Samples annealed pri or to testing for  2 hrs. at test temperature 

(1ðin. guage length.)  

Rhenium 

6 

35.3 

11 

- 

2.5 

Test 

Temp 

1600 

°C 

2200  

°C 

2600  

°C 

2800  

°C 

Molybdenum -50 Tungsten-25 Rhe- 

Rhenium nium 

12 2 4 6 4.8 10 15 

2.24 232 9.19 1.12 198 15.1 3.3 

56 

- 

0.75 

8 

73 

109 44 41 53 

Property 

Stress (psi x 10^3)  

Rupture time (hr)  

Elongation at rupture  (%) 

Time to produce 2% elonga- 

tion  (h2.)  

Stress (psi x 10^3)  

Rupture time (hr)  

Elongation at rupture  (%) 

Time to produce 2% elonga- 

tion  (h2.)  

Stress (psi x 10^3)  

Rupture time (hr)  

Elongation at rupture  (%) 

Time to produce 2% elonga- 

tion  (h2.)  

Stress (psi x 10^3)  

Rupture time (hr)  

Elongation at rupture  (%) 

Time to produce 2% elonga- 

tion  (h2.)  

6 

- 

5 

48 

- 

0.875 

5.60 

69 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2.5 

1.1 

18 

- 

- - 

1 1.5 

1.60 6.20 

1.5 

239 

2.4 

- 

1 

352 

26 

- 

1 

29.2 

15 

- 

0.6 

11.4 

11 

- 

20.4 

11 

- 

2 

4.36 

10 

- 

1 

2.9 

6 

- 

0.91 

8 80 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17 

- - - 

3 - 

0.25 - 

25 - 

- - 

2 - 

0.55 - 

7 - 

- - 

0.34 0.9 

35 2.5 

14 14 

- - 

0.65 - 

1.12 - 

8 - 

- - 

- 

4 

0.18 

25 

- 

1.5 

0.42 

26 

- 

- 

- 

- 

- 

Room Temperature 

10 

8 

- 

16 

6 

2 

500 1000 1500 2000 2300 

9 1ð2 1ð2 - 1ð2 

7 2ð3 2 2ð3 - 

1 1 1 1 - 

19 2ð3 2 - 2 

9 1 1 1 - 

1 3 10 4 - 

Property 

Elongation, % 

Re-crystall ization 

Reduced 9% in Area 

Reduced 15% in Area 

Reduction, % 

Re-crystall ized 

Reduced 9% in Area 

Reduced 15% in Area 



Figure  302.  High  Temperature Stress-Ruptures Data for  Rhenium 

and Rhenium Alloys Compared to Molybdenum and Tungsten.



Re Mo-50 Re W-25 Re Mo W 

>6T 1T 2T 1T 1T 

1T 1T 2T 1T 1T 

1T 1T 1T 1T 2T to glass brittle  

1/2T 1/2T 1/2T >6T Glass brittle  

1/2Y 1/2T 1/2T >6T Glass brittle  

1/2T 1/2T 3T >6T Glass brittle  

1/2T 1/2T 5T >6T Glass brittle

Table 311. Ductility of Rhenium, Rhenium Alloys, Molybdenum and Tungsten  

Annealing 

Temperature 

(°C) 

As drawn 

1000 

1200 

1400 

1600 

1800 

2000  

Note: ñ1ò is the ratio  of the smallest bend diameter to wire diameter. All  samples tested were 0.020  inch diameter. 

Table 312. ñWater Cycleò Effects for  Rhenium and Tungsten 

Test Temperature (°C) 

Initia l Final Loss After  7800  Hours (mg/ cm2) 

1300 1275 1.5 

1750 1660 8.25 

1300 1200 0.65 

1750 1660 0.98  

Material  

Tungsten 

Rhenium 



Figure 304. Ulti - 

mate Tensile 

Strength vs. Tem- 

perature for  Re- 

crystallized and Cold 

-Worked Rhenium 

Wire (0.05  and 

0.065 in. Diameter).  

Figure 305. Ten- 

sile (at Room 

Temperature) for 

Re-crystall ized 

and Cold-Rolled 

Rhenium Sheet.





Figure 309. Ductility  of Re-crystallized Mo-50 Rhenium.



HCR 400 Rhenium and Rhenium Alloys 

Fabrication  

By working,  welding, machine operations and 

subsequent fabrications  H. Cross produces ribbons, 

strips, sheets, foil,  rod and wire for  a wide range of             
possible applications. 

Machined  Components  

The variety of forms possible with  Rhenium and its alloys (shown for  

Mo-50 Re below) illustrates  its excellent metallurgical  properties.



Fabrication  

Metallurgical properties of Rheni um and 

Rhenium Alloys are summarized in Table 

401. Characteristics of Rhenium and the al- 

loys with respects to workability, wel dabili ty 

and machineabili ty may be summarized as 

follows:  

a. Working Re-Re Alloys 

1. RheniumðFormed readily at room 

temperature. ñHot shortnessò avoided by 

cold working . Frequent intermedia te anneal- 

ing (inert or reducing atmospheres)  is re- 

quired because of rapid work hardening. 

2. Molybdenum -50 RheniumðAlloy 

in either stress-relieved or re-crystallized 

condition far surpasses pure molybdenum.  

Can be worked warm or cold. (For certain 

operations in fabrication, high y ield strength 

requires 500-700°C temperatures). 

3. Tungsten-25 RheniumðEasier to 

work than pure tungsten. Warm working  

required except for th in sections. In  general, 

1200-1350°C is required, although forging 

can be done at temperatures as low as 800° 

C. 

b. Welding Re-Re Alloys 

1. RheniumðCan be welded by inert  

gas or electron-beam methods if protected

against oxidation . Resulting welds are ex- 

tremely  ductile  and can be formed further  at 

room temperatures. 

2. Molybd enum-50 RheniumðSame 

as for  pure Rhenium. Outstanding fusion 

weldability  (nearly as good as for  pure  

Rheium. 

3. Tungsten-25 RheniumðAlloy is 

easier to weld than pure tungsten. Use inert  

gas or electron-beam process. The welds are 

not ductile,  but possess great integrity  and 

shock resistance (mechanical and thermal).  

c. Machining  Re-Re Alloys 

1. RheniumðFollowing  methods 

should be used: ECM, EDM, abrasive cut- 

ting,  or grinding . Machining  is very difficult  

with  carbide tools or conventional  tools or 

conventional  methods. 

2. Molybd enum-50 RheniumðAlloy 

can be machined using conventional meth- 

ods and is particularly  suited to EDM and to 

abrasive machining . (Silicon  carbide and alu- 

minum  oxide wheels, with  light  pressure, 

constant movement and flood cooling rec- 

ommended). 

3. Tungsten-25 RheniumðSame as 

for  Molybdenum-50 Rhenium. Alloy is not 

as machinable as pure tungsten. 

Table  401 . Metallurgical  Properties  of  Rhenium  and  Rhenium  Alloys  

*Molybdenum -50 *Tungsten-25 Rhe- 

Rhenium nium  

Below-254°C 93°C 

Rhenium 

Does not exist 

Property 

Ductile -to-brittle  tr ansition 

temperature 

Re-crystalli zation tempera- 

ture 1 hr*  

Stress-relieving temperature 

(re-crystallized) (re-crystallized)  

1400-1600°C 1300-155-°C 1500-1650°C 

1200-1400°C 100-1200° C 1200-1400°C 

* Shown as range (because temperature required varies with amount of work -hardening).  



HCR 500 Rhenium and Rhenium Alloys 

Ribbon and Strip  Data 

H Cross sells no product  from  stock. All products are made 

to your exact specifications. Accordingly alloys and sizes 

not shown herein can often be provided at no greater cost 

than similar  ñstandardò products. 

Standard Tolerances 

Thickness (in.)  Tolerance * (in.)  Width  (in.)  Tolerance (in.)  

0.0005  to 0.0019 ±0.0000 5 0.006 to 0 .0109 ±0.0005  

0.002 to 0 .0029  ±0.000 1 0.011 to 0.0209  ±0.001  

0.003 to 0 .0039  ±0.0001 5 0.021 to 0.309 ±0.00 15 

0.004 to 0 .0049  ±0.000 2 0.031 to 0.0609  ±0.0 02 

0.005 to 0 .0069  ±0.0002 5 0.061 to 0.0999  ±0.003  

0.007  to 0.0109 ±0.0003 5 0.100 to 0.250 ±0.005  

0.011 to 0.0309  ±0.0005  

0.031 to 0.040  ±0.001  

*Closer tolerances can be maintained if necessary



Thic k nes s Rhenium  *lb/sq . Moly  Rhenium  Rhenium  Tun gsten  

Inche s in . ±  0.5%  *lb/ sq. in . ±  0.5%  *lb/s q. in . ±  0.5%  

.240 .188750 .123500 .176500 

.187 .141485 .092378 .132022 

.125 .094375 .061750 .088250 

.100 .075500 .049400 .070600  

.070 .052850 .034580 .049420 

.060 .045300 .029640 .042360 

.050 .037750 .024700 .035300 

.040 .030200 .019760 .028240  

.030 .022650 .014820 .021180 

.025 .018875 .012350 .017650 

.020 .015100 .009880 .014120 

.015 .011325 .007410 .010590 

.012 .009060  .005928 .00847 

.010 .007550 .004940 .00706 

.008 .006040 .003962 .00564 

.006 .004530 .002964 .004236 

.005 .003775 .002470 .003530  

.004 .00302 0 .001976 .002824 

.003 .002265 .001482 .0021180 

.002 .001510 .00098 8 .001412 

.001 .000755 .000494 .000706 

.0005 .000377 .000247 .000353  

.0003 .000226 .000148 .000212

Definitions  

RibbonðUp to 1/4 inch wide (up 

to 1/8 inch wide for  W-25 Re) 

StripðWider  than 1/4 inch (wider  

that  1/8 inch for  W-25) 

Alloys  Offered  

a. Molybdenum -50 Rhenium (mo- 

50 Re) by weight composition. 

b. Tungsten-25 Rhenium (w-25) 

by weight composition.  

c. Rhenium 99.99% pure. 

d. High  Purity  Rhenium 99.995%. 

Propert i es of  Rhenium and  Rhe - 

nium  Alloys  

The ñProperties Data HCR 300ò contains 

detailed information on  physical, chemi- 

cal, electrical, mechanical and other prop- 

erties for  Rhenium and Rhenium alloys.  

Weights are given in lb/linear foot for  

Rhenium Multiply  by: 0.645 for Mo -50 

Re 

0.0934 for W -25 Re 

for gm/linear cm  

Fabrication  

RheniumðIn  making strips, pressed and 

sintered compacts and bars are rolled.  



HCR 600  Rhenium and Rhenium Alloys 

Sheet and Foil  Data Sheet 

H Cross sells no product  from  stock. All  products are made to 

your exact specifications. Accordingly  alloys and sizes not 

shown herein can often be provided at no greater cost 

than similar ñstandardò products. 

Typical Mechanical Properties of Rhenium and Rhenium Alloys 

Tensile Yield Strength Elongation  in  2 Hardness 

Strength 0.2% Offset inches (percent)  (VHN)  

(psi) (psi)  

Rhenium 

Wrought  20% 287,000 274,00 2 530 

Re-crystallized 150,00 39,00 19 250 

Molybdenum -50 rhe- 

nium  

Wrought 50% 240,00 0 210,000 1 510 

Re-crystallized 150,000 123,00 22 340 

Tungsten-25 rhenium  

Wrought  50% 310,000 295,000 1 600  

Re-crystallized 190,000 180,00 16 475



Sheet  and  Foil  

Weights given are in lb/ linear in . for  Rhenium based 

on density of 0.759 lb/in.3  

Multiply  by: 0.645 for  Mo-50 Re 

0.934 for  W-25 Re 

for  gm/linear  cm 

Definitions  

Sheetð0.005  inches and above 

Foilðbelow 0.005 inches 

Alloys  Offered  

a. Molybdenumð50 Rhenium (mo-50 Re) by weight 

compositi on. 

b. Tungstenð25 Rhenium (W-25 Re) by weight com- 

positi on. 

c. Rhenium 99.99% pure. 

d. High  Purity  Rhenium 99.995%. 

Fabrication  

RheniumðPressed and sintered compacts and bars 

are reduced to final thickness by a series of rolling  

passes. The product  is normally  furnis hed in fully  re- 

crystallized form . Mo-50 ReðThis alloy is worked as 

Rhenium. W-25 ReðThis alloy is rolled  to size. W-25 

Re is normal ly supplied in stress-relieved condition.  

Properties  of  Rhenium  and  Rhen iu m  Alloys  

The ñProperties HCR300ò contains detailed infor - 

mation  on physical, chemical, electrical,  mechanical, 

and other properties for  Rhenium and Rhenium al- 

loys. Typical mechanical properties are given in Ta- 

ble 1. 

Lanthanum Boride Catho des 

The emission source for this GE cathode is a lanthanum 

boride coating on a disc punched from Rhenium foil . The 

disc is welded to four  supporting  strips of Rhenium

Benefits  i n  Applicati ons  

The significant  properties of sheet and foil  of 

Rhenium and Rhenium alloys in  most applica- 

tions are: 

-Outstanding ductility  and formability  

-Weld ductility ðeven after re-crystallization  

-High  temperature strength 

-Low temperature  workability  

-Unique and favorable electrical  characteristics 

-Second-highest melting  point  of any metallic  

element 

-Third -highest modulus of elasticity  of any me- 

tallic  element 

-Good corrosion resistance 

The sheet and foil  materials are used where 

their  outstanding  ductility  and formability  (as 

evidenced in the examples shown) are combined 

with  one or more other desirable properties 

(e.g., low vapor pressure at elevated tempera- 

tures for  emission applications) . Significant  

benefits of using these materials are: 

-Longer part  life  

-Wear resistance 

-Mechanical and thermal  shock resistance 

-Corrosion resistance 

-Increased electrical resistivity  

-Higher  part  reliability  

-Increased production  yields 

Focusing Electrode and Anode 

Mo-50 Re has desirable thermal and electrical proper- 

ties combined with outstand ing ductility a nd workabil - 

it y. The parts are drawn and punched in a single opera- 

(taking advantage of its high-temperature str ength) which  tion  and the three slots surrounding the center whole in 

are in turn  welded to stainless steel wires. the anode are formed by EDM machining.  


