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T,mgsten & Molybdenum
Pressed and Sintered

When processing temperatllres
exceed 1000"C, very few materials
czrn stay in the running with tungsten
ancl rnolybdenum.

With a melting point of 3410"C,
tungsten is among the strongest of
the pure rnetals at temperatures
from 1000" to 3000'C. Molybdenurn,
with a melting point of 2622"C, is

close behincl.

. Unparalleled Performance At High
Temperatures

, Availahle As Starting Materials 0r
Finished Parts

These refractory metals also offer
other important properties, includ-
ing lorv thermal expansion, good
electrical and tl'rerrnal conductivity,
low vapor pressure at elevatecl temp-
eratrlres, high elastic modulus, ancl
high specific gravity.

Ti-rngsten and rnolybclenllm are
widely used for high ternperature
parts in lamps and electronic tubes
as well as in such non-larnp zrppliczr-
tions as kiln furniture, furnace
boats, heating elernents, ancl heat
shielcls on rockets.

Powder Metallurgy
Many porvclel rnetallurgy techniques
for producing tllngsten and rnolyb-
clenutn pal'ts rvere cleveloped to
tl-reir present state-of-the-art by GE.

Sonre tungsten and rnolybclenum
parts are pressed clir-ectly into fir-ral

shape, but genelally GE plocluces
rouncl baq scprare$zrr, tubes, slabs,
rings and other basic fbrrns that are
ttsecl as star-tir-rg rnaterials for various
processing operatior.rs. Extrusion,

fbrging, rolling, nrachinins ancl other
pl'ocesses ar-e usecl to convel't the basic

shapes into ferbricatecl cornponents.

GE n'rair-rtains extensive procluction
facilities for ma<hining ancl firbricat-
ing pressecl ancl sintelecl shapes at
its Dover, Ol'rio, Proclucts Plant ancl
the Thngsten Proclucts Plant in
Clevelancl, Ohio.

In the por'vcler- metarlltrrgy process,
moclifiecl to acconlmoclate the special
nature of tur-rgsten ancl molybclenun-r,
a plefblm is created by cold isostatic
pressing. -fhe 

pressecl shape is

[rrltIrel consoli<[rrle<l irr lr sirrtering
furnace, cleveloping its final physical
ploperties in a hychogen atrnosphere
at ten)peratules above 1800'C
(3272'F). Sinteling boncls the poncler
particles to prochlce a minimur-r-r
clerrsity of 92% of theor-etical.

The excellent emsion rcsistance oltungsten makes
it an ideal materialfor nozlesfor high pressurc dis-
drarye ol noften glass, mohen reftactoryfihen and
ofier high tempenfirrc liquids and semi-liquids.

Electmdisdtarge nadtining is utilized for making
holes, pmliling and other cuE in large-sized
tungsten and nolybdenum powder metallurgy patE.

Machinability
Pressed ancl sir-rtered tungsten and
rnolybdenurn sl'rapes are readily
macl.rinable rvhen proper techniques
and tools are utilized. Generally,
no coolant or heat is required, but
consiclerable tool rvear sl.roulcl be
expected ber:ause of the abrasive-
ness of these nraterials, especially
tungsten. High speecls ancl feecls are
recomrnenclecl.
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T.mgsten
Plessed :rr-rd sinteted tunssten is

used plirnarily for large parts in
high temperature non-oxiclizing
fttrnaces. The shapes are usually
m:u lrirred to lin:rl dirnensions,
but tl'rey rnay be extruded, forged
or rolled.

Parts are pressed fi'orn high purity,
hydrogen-r ecluced powcler processed
frt-rrrr seleclerI ores. Tlre lllot ess is

carefully controllecl to rnaintain high
puriry. Porvder-s ale specifically
blenclecl to create the propel particle
size clistributicln, sinterecl density
ancl microstr-uctrlre accorcling to
each intenclecl use.

The tungster-r shapes have a nrir-ri-

rrrrrrrr clensity of 92% of theoletical.
Upto95% mininnrm can be supplied
at slight aclclitional cost. Typical
clensities are 96 to g8o/o.

'fhe matelial can be clopecl or alloyecl

to firrthel irnprove specific propel'-
ties, including high temperatlrre
strength, creep resistar.rce, rlechanical
stability, r'eclystallizecl dr-rctility,
r iblrrt ion r[:rrrrpirrg. tlrelrlrionic errris-

sivity, an<l machinability.

Theoretical Densities g/cc

19.3

Tantalum 16.6

Lead 11.4

Mo 10.2

8,9

Nickel 8.9

lron 7.9

Although br-ittle at Ioolt) tellper:rtru"e,
tungsten is dtrctile at elevated ter.npera-

tures and can be extensively rvorkecl.
'Ib prevent oxiclation, apltlications of'
tungsten at tenrperzltulrs glrater thalt
400"C ale nornrally linritecl to \rAc-

uunr, inert, or rcducir-rg :rtlnospltel'es.

Table l. Availability*
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Chemical Composition
'flre corrrlrosition oI trnrgslen is

<letelrninecl by the powclers frorn
n,hich the material is rrrade.

Nletallic inrpurities inclicatecl in
I?rble 2 ar-e cletellninecl by clirect
reaclin g spectrographic analysis
n'hile calbor-r, oxygen, hydrogen ancl
nitrosen content are iclentifiecl
trsins state-of -the-art laboratory
equipnrent. Weight percentages
shon'n ale sPecification valtres, that
is, the uraxinrurn that n'oulcl norrnally
be repoltecl for the statecl rlater-ial.

Table ll. Chenical Composition

Cold isostatic pressing, shown here, utilizes pressures in excess ol 30,000 psi to nold the powdered
tungsten into a preform.

Element
PPM

(Maximuml

Aluminum
Calcium
Silicon
lron
Chromium
Nickel
Copper
Molybdenum
Manganese
Magnesium
Tin
Gobalt
Lead
Titanium
Zirconium
Carbon
0xygen
Hydrogen
Nitrogen

t5
7E

30

60

30

30

20

200

15

15

30

l0
10

55

30

30

15

10
'10

0 2 4 6 I r01214 161820

Form Size, lnches
[ength,
Inches

Round
Bar

diameters
1 through g

1 through
29

Square
Bar,
Slabs

most combinations
of cross sectional
dimensions,
in half-inch incre-
ments, that can be

inscribed in, or
encircled by, a

9-inch circle.
Minimum
thickness: %

1 through
29

Tubes 0D-1t0 1%

lD - lalhrough 1/z

0D - 1%through 12

lD 1/tlhroughl/e

0D - 1%through 12

l0 over%to lD

which equals
but does not
exceed three
quarters of
the 0D.

1 through
12

*Dimensions outside these limits available
0n request.

Tungsten 99.95% minimum (by difference)



Weight Tolerances,
Round Bars
Weight tolerances for pressed ancl
sintere(l tllngsten, expressed as a

total on the plus side, are shor,vn by
diarneter-size ancl piece weight
range in the table below. These toler-
ances can also be expressed rvith
plus or minus values, as long as the
tolerance range does not exceecl the
total tolerance sholvn below.

Tahle lll.

Tahle lV.

ROUND BAR STANDABD SIZES
AND TOTERANCES

Diameter,
lnches

Tolerance,
tlnches

Diameter.
lnches

Tolerance,
t lnches

1

1Y4

11/,

13/q

2

tt/4

2y,

23/q

3

3y,

/te

YB

]k

YB

1k

1/g

Ya

YB

t/e

YB

4

4/z

5

5t/,

6

61/,

1

1/,
B

BY,

q

3/te

"/16

3/t

3ls

3/s

3le

3le

s/tt

/4

V4

Y4

WEIGHT IOLERANCES *
ROUND BAR PIEGES

Diameter,
lnches

up lo
t5 lb

15 to
30 lb

30 to
t00 lb

ovel
r00 tb

I

2

J

4

E

1

l 7o/o

i7o/o

i7o/o

+ 10%

+ 10%

+7%

+7o/o

+7o/o

l 7o/o

*lo/o

1- lo/o

+1%

1- 4o/o

t 4o/o

t 3o/o

+3%

l 3o/o

+3%

l 3o/o

+30k

i 4o/o

+ 20k

I2o/o

+20k

I2o/o

+2%

i 2o/o

Molybdenum
Because of its ability to operate in
tlre Iriglr ternpel alul e environrnenl
of incanclescent lamps, molybclenlun
is norv being utilizecl in a nurnber of
irnportant applications outsicle of
the lishtins inclustry. The rnaterial's
high terrper-atllle strength and ex-
trerne purity makes it useful in such
applications as propulsion engines,
atrnospheric re-elttly surfaces, fur-
nace heating eler-nents, ancl other
comllonents r-ec1uiIin g higl-r strength
in hot ent'ilonnteltts.

Plessed ancl sinterecl molybclenurn
starting rnaterials ale typically
extnlcled, for-gecl, ol rollecl to final
shape. Btrt sorne applications, such
zIS frlrnace bclats ancl crtrcibles,
lequire little or no rvorking of
the metal.

The material is available in billets up
to l2" cliarneter,35" long ancl lveigh-
ing over 1500 pouncls. Stanclard
diarneters and lengths are indicated
in the tables below. Ploclnct shapes
ancl sizes not listecl, including
preforms ancl cliscs, rvill be qllotecl
on l-eqllest.

Composition
l)r'essed ancl sinterecl rtrolybclenum
shapes are consolidated to a r.nini-
rntrrn clerrsity of 95% of the<tletical.
Metallic impurities, cleteln'rinecl by
spectr-ogl'aphic analysis ancl other
state-of-the-art lrethods in our
r-noclern l efi-actoly rnetal lalnratol.ies,
are shor'vn in ?rble B. These clata ale
maxinrlrnr impulity levels ir-r parts
per million.

Tahle V. Round Bar

0.0. VOLUME WEIGHT
AVAIIABTE

LENGTH

]NCHES TOL.t
Cubic lnch

lnches/Length
Lb. (Apptox. min.)*

lnches/Length
T0r.
t lbs.

INCHES

MIN. MAX.

1

|/q
1t/,
13/t

2

21/q

21/z

r"/4
a

3tA
31/z

J"/4

4
41/4

41/z

43/q

5
R1/"

b

6y,
7

l1/z
B

8y,

SV,
10
10/,
1l
111/z

12

ha
1/e

r/a

YB

1/s

Yg
l/s
1/a

lB
1/e

Yg

lg

"/ 16

"/ t6
./16

"/16

"/ t6
3Ae

3/tt
3ls

3/s
3/t
Y4
1/t

Y4
1/a

Y4
1/q

Y4

Y4
1A

'70

1.23
1.17
2.40

3.14
3.98
4.91

5.94

7.01
8.30
9.62

1 1.05

12.51
14.19
15.90
17.72

1 9.64
23.16
28.27
33.1 8

38.47
44.1 6
50.27
56.75

63.62
70.88
78.54
86.59

95.03
103.87
1 13.10

.28

.43

.62

.84

1.0s
1.39
1.11
2.07

2.46
2.89
3.35
3.85

4.37
4.94
5.53
6.17

6.84
8.21
9.84

11.55

13.39
15.37
17.49
19.75

22.14
24.61
27.33
30.1 3

33.07
36.1 5
39.34

0.1

0.2
0.2
0.2

0.4
0.4
0.4
0.4

0.8
0.8
0.8
0.8

1.2

1.2
1.2
1.2

l.B
1.8
2.5
2.5

3.2
3.2
4.0
4.0

5.0
5.0
6.0
6.0

7.2
7.2
7.2

to 29
to 29
t0 29
to 29

to 29
to 23
to 29
to 29

to 29
to 29
to 29
to 29

to 29

to 50
to 50
to 50

to 50
to 50
to 50
to 50

to 50
to 50
to 50
to 50

to 50
to 35
to 35
to 35

to 35
t0 35
to 35

* 95% of theoretical density. (THE0RETICAL DENStTy -.366 lb. per cu. in.)



0.0. LD.

AVAITABTE TENGIH,
INCHES

lnch. Tol.t
INCHES

Max. Tol. +Min.

1

1Y2
2

2y,
3
1t/"

4
4y,
5

5Y2

6
6y,
7

1 t/,
o

BY,
I
qt/.

10
10y,
11

11V,
12

hs
lB
1k

Y4

%

YB

3/ta

3/ts

3/a
3/a

3/rc

3/rc

3/s

"/16

Y4

Y4
1/4

Y4

th
1/a

r/a

Y4

Y4

/4
1/t

V4

/4
1/q

/4
1A

tA

Y4
1/q

Y4
1/t

Y4

/4
1/q

Y4

Y4

Y4

Y4
1A

Y4

Y4
1/t

lo t/s

to 7/a

tolk
to 7/e

lo l/elo 1t/2

lo 1/slo 1Y2

lo l/elo 11/z

tol/sto 1Y2

lot/sto llt
lo 1/alo 1Vz

Iot/slo 1Y2
to l/elo 11/z

to ]/alo 1Y2

lo 1/sto 1Y2

Io l/slo 1Y2
to l/slo 1Y2

lo l/sIo 11/2

to ]/slo 11/2

lo ]/sto 1Y2
lolhto 1/z
lol/alo 1/z

1/,

t/,

11/z

17/a

21/+

23/s

J
33/s

33/t
41/B

4y,
43/t

51/q

Ss/a

D

O'/4

o"/4
7

7t/,
l7/a

Br/a

\YB

I

Vt
1/ta

1k

Yg
1/a

lB
Yg

Ys
1/a

3/a

3/t
3/a
3/t
3/te

3/rc

3/e
3/rc

"/t6
sAe

3/a
3/s

"/16
3/a

1"to l2" Standard for
all sizes. Lengths up to
50", quoted on request.

Table Vl. Tubes

Sizes and lengths shown are standard. lnquiries are invited for combinations
not listed. Special forms of PS M0LYBDENUM, such as preforms and discs,
will be considered and quoted 0n request.

Tahle Vll. Square Ba+ Slabs

Thickness ), Width x.366,.95% g+
in. of l.

t Longer lengths available, depending 0n thickness.

Table Vlll. Chenical Composition

Molybdenum 99.95% minimum (by difference)

Element
PPM

{Maximum}

Aluminum
Calcium
Silicon
lron
Chromium
Nickel
Copper
Manganese
Magnesium
Cobalt
[ead
Titanium
Zirconium
Tungsten
Carbon
0xygen
Hydrogen
Nitrogen

50

25

60

50

25

20

25

15

15

15

15

15

l5
400

50

50

20

20

Technical Assistance
GE works with custorners at the
design stage [o insure that its
tungsten and rnolybdenllln prc)dlrcts

will be used to maximum advantage.

We can assist in preparing and test-
ing of prototypes, in deterrnining
the rnost appropriate tooling or
machining practices for these
materials, and in providing guidance
in otlrel pl o( essing opelations.

GE can provide material certifica-
tions for the chernical and physical
quality levels of these materials
\{henever reqllestecl. Standard qual-
ity t.ests inch-rcle sonic and clye pene-
trant, haldness, grain collnt, and de-
nsity cleterminations.

Europe
GENERAL ELECTRIC
Components Marketing & Sales OPe'

21a High Street East, UPplngftaq
Leicestlrshire LE 15 gPY, England

Tetef: O572'82374819
Telex: 34362 (GELcos)

Telefax: 0572'823836

How To Order
To r-rbtain pl'essecl ancl sinterecl tllbes,
bar, slabs, or other specific shapes
covered here, please contact the
order service department of our
'Iirn gsten Roacl plant, (216) 266-2949,
adclress belorv.

For rnacl-rined palts, contact orlr
manllfactuling facility in Dover,
Ohio.

GE Dover Wire Plant
200 West Broachvay
Dover, Olio 44622.
(216) 343-8841 Flxtension 224

For engineering or application
infonnation, call the Components
Marketing ancl Sales Operation in
Clevelancl, Ohio.

GFi Cornponents
Marketing & Sales Operation
21800 Thngsten Road
Clevelancl, Ohio 44117 .

(216) 266-2451
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THICKNESS,
INCHES TOL=

Pc.ro Within
Pc. Piece

wlDTH
INCHES TOL,t

Pc.to Within
Max. Pc. Piece

AVAITABIE LENGTH

INCHES TOL t
Pc. to l/llithin

Max. Pc. Piece

1

1y,
2

2y,
J
3y,
4
41/,
5
E1/"

6
6V,
7

7V,
8

Ya

Ya

Vg
1/e

Vs
1A

lg
Vs

Y4

Vq

Y4
1/q

Y4

1/+

V4

Vt
ha
/t
Va
1/t
lrc
Vt
lrc
Yg

1/s

1/s

1/e

\h

%
1/a

10
10

10
10

10
'10

l0
'10

l0
10

10
q
q

8
o

Y4

Y4

Y4
th

th

Y4

Y4

Y4
3/a

3/e

3/e

3/e

3/a

3/s

3/a

1/a

Y4
1/a

V4

1/a

/4
1/q

Y4
3/e

3/a

3/s

3/s

3/a

3/s

"/8

29
29
29
29

29
29
)q
29
29

361
361
36r
361

361
361

V,

/,
v,
v,
v,
v,
/,
v,
1/z

1/z

1/z

v,
Vz

v,

Y4

/4
Y4

Y4

Y4
rh

Y4
tA

/4

/4
Vt
Y4

Y4

1A

3Mfr89


