REVISED: MARCH (963 NONFERROUS ALLOYS
1. GENERAL 1.09 Special Considerations W, COMM PURE
Tungsten is particularly attrictive for high temperature All siatering, melting, heating and welding must be done in
applications as indicated by its extoremely high melting vacuum, hydrogen or in an inert gus, (18, p.14).
point and high modulus of elagticity. Urllization of this
meeal, however, has been reswicted by its high ductile- 2, PHYSICAL AND CHEMICAL PROPERTIES
brittde transidon F e, it3 poor axi reslat-
ance and high densiry, 2.01 Thermal Properties
2.011  Melrting point. 6170 F.
1.01 Commercial Designation. Tungsten, comm. pure. 2.012 Phase changes. None.
2,013 Thermal cooductivity, Fig. 2.013.
1.02 Alternate Designation, None. 2.0)4 Thermal expansion, Fig. 2.014.

2.015 Specific heat, Fig. 2.015.
103 Specifications. None.

2.02 Oeher Physical Properties
i.04 Compoaition. Table 1.04. 2.021 Density. 0.697 b per cu In, 19.3 gr per cucm.

2.022 Specific Tesimance, Fig. 2.022.

TABLE 1.04
Source GE {9) Fansted Metall. (17, p.47)
Porm Powder Rod Powder R ]
Perceat Percent Percent Percent
Nominal Nominal Naomninal Maminal
Aluminum < 0.001 - 0.001 0.0
Carbon 0.001-0.002 0. 007 0. 005-0.01 0,005-0.03
Chromium < 0.001 . - -
Copper < 0.001 - < 0.01 -
iron 0.001-0. 002 0.001 < 0.01 0.002
Magnesium < 0.001 - - 0.001
Manganese < 0.001 - < 0.01 -
Molybdenum 0.005-0,02 0.004 0.007 0.007
Nickel < 6.001 - 0.006 0. 006
Silicon < 0.001 0.002 o.M 0.01
Qxygen -Nitrogen 0.031 - 0.05 -
Hydrogen - 0.00001 - -
Oxygen - 0.0003 - 0.004
Nitrogen - 0, 00003 - -
Potassium 0.001 0.004 - -
Sodiwm < 0.001 0.002 - -
Calcium < 0.001 0.00: 0.01 -
Tin < 0.001 - - -
Ruthenium - - 0.01 -
Tungeren Balance Balance Balance Balance
1.0% Heat Treatment

1,051 Gircas relief, 1830 F, 2010 30 min, depending upos the
thickreas, (8, p.106). Has been stress rellieved at 1830 F,
3 ar, withowt recrysellization, {9, p. 3),

1.05%2 Anneal. Swaged rod annealed at 2900 F, 3 hr, cauvses re-
crysaltiznion, (9, p.3).

1.033 lngots extruded at 3000 P, forged and rolled at lower tem -
peratures, (see 1.08). Recrysullization temperature after
60 percent reduction by rolling is 1 hr at 2280 P, (7, p.363).

1.06 Ha rdenabtlity

1.07 Forms and Conditions Avatlable
1.08 Meleing and Casting Practice

Commercially pure Tungsten 18 prepared by etther vacuyum
or H, simering of purified Tungsten powder. Sintered rod
is used either directly for preparation of wrought products
or as electrode for arc meldng, (comsumable or nan-con=
sumzble), Better results are obtained with reverae polarity
{clectrade positive) than with straight polarity {elecorode
negative),(11). Purification and increased consolidation js
achieved by zone refining using induction or electron beam
furnace. Reported impuricy levels of N3, O and Hy tess
ithan | ppm for 4 inch consumable clectrode are melted
ingwi are berter than limit of measurement capabllity, (7,
Pp. 363
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Chemical Properties
Carromon resistance, Tabte 2.031.
TABLE 2.031
[Source (5, p.14)
| Corpostve Bahavieur

Hydrochloric acid, sulphuric
acld or oirric ecid

Warm, dllute or concentrated: alight attack

Cold, dilute or concentrated: practically inscluble

Aqua regis Celd: practically losoluble
Warm: rapid armack
Hydralueric acid Cold or warm: tnszolubie
Hydrafluoric aed aitris acid
mixed Rapid acack:
Alkalies Cold aqueoun caustic soda or potzsh: practically insoluble.
Malten cauwstic ooda or paash or alkaline carbonates:
o} 15 uir: slovy axddation
b} iz che prezence ¢f addizing agents, €. 3. mo KNO. KC:IO HaO Tapid soluzien
Ammonis Praceically insalutle to anack by aqueous solumm. o nmr_k the p-rcaau:e of "zoz
Scadiuen alrrize Molte: rapid soluzlon above 300 € (570 F)
Carban (lampblack, graphite,
charcoal} and iydrocarbons Pormation of carbides from 1400 C (2550 F) complete carburization to WC at 1400 to 1600 C
(2550 vo 2900 F}
Sultur Moiten or bolling: siow attack
Merouxy and meraoy vepour Practieaily iascluble
oxide Reduction 1o metal o camact with nmgsten above 190C C (3450 F)
Thorium axide R@nﬂmtomﬁ_lmemnmrmgmabwezmc(mm
Alr and! axygen duble ot romm t € oxidetion stazta tram 400 to 509 C (750 to 930 F); at temperatures
above chiv rapid ozldanm 10 WO, and vaparizaton
Water Insalubte at all p g
Water vapour Al red heat rapid axdation tc WOy
Hydyogen No reactic o to melting retnt
Nitrogen Ner up te high temp
Ammozix Siight icrmctioa of citridec wﬂh powdex irem 700 C (1290 F). Nitrides dissociate above this
temperature.,
Carboo monaxide Carburato: beginc et 800 C (1470 F}
Carbee dioxide Oxidation above 1200 C (N9 F}
Halogenn Fluorine: attack at normal temperntures. Chlorine artack at 250 C (480 F)
BEromice and todine: amack at light red heet
Hydrogen chlaride gas Up to 600 C (1130 P) no atack if trev of axygen
NitTic mride Oxidarien 1o WC3 at high iemperatures
Hydrogen sulphide Surface atiack av red hent
Sulfur diodde Cxbdadon ¢t high temperateres
Carbon disulphidc Amnck at red heae
3.022 BEffect of diameter on tenslle swength of drawn wire, Fig.
3.022.
2.032 Oxidation registance. A1 ordinary temperatures it i3 - 3.03 Mechanical Propexties st Various Temperatures
by cxygen bu: oxidation begtns at appreciable mtes 3.03) Short time tension propertles
ar 750 7, (8). 3.03i1  Bffect of test temperaturc oo tensile properties of as-
’ received and recrysmallized bar, Pig. 3.0311.
3. MECHAIECAL PRCFERTIES 3.0312  Effect of test temperature oo drawn Tungsten wire, Fig,
3.0312.
3.0 Specificd Mechanical Properties 3.0313  Effect of tegt tempernture oo tensile propertles of swaged
red, Fig. 3.0313.
3.02  Mecharical Propestice at Roon Tomperature 2.0314 Stress strain curves for recrysiallized gwagea red, Fig.
Stnwered bar, 18 ksi. Swaged bar 50 to 213 kai, wire as 3.0314.
a functen aof diameter, (6, p. 6)- 3.032 Shert time properties other than ténaion
3.021 Producer's mecnanical properties, Takie 3.021. 3.033 Static stress conceptration effects
3.0331  Effect of test temperaturs oo tensile strength of norched
and wmnoched recrysallized bar, Fig. 3.0331.
3.0332 Effect of tegt temnperature onnxched and unnotched siress
TABLE 3,021 retieved bar, Fig. 3.0332.
%ﬁi A m n:) 3.04 Creep and Creep Rupture Propertics
Stress Swaged acd Ann 3 br 3,041 Total etrain and rupture curves for high purity Tungsten
Condtrion CW Joeiey | Resos 1836 P a1 2200 and 2500 F, Fig. 3.041.
3042 Creep rupture curves for recrystallized bar at 3600 to
P_, min-kei 1580 150 S0 28 2200 F, Fig. 3.042.
max-kotl 200 170 110
P, s min-ksl] 160 130 & 3.05 Fatigus Propertics
Y max-xs 180 150 100
e(l )pexcery - - - 0.2 3.06 Hasic Properies
Hards 3.061  Modulua of elasticiry at various temperatures, Fig 3.06.
VHN-min | 450 420 280 3.0611  Modulus of elasticiry at roam temperature. 59 x 109 psi;
max - 440 a1 +830 P, 47 x 10° pai,
“Single tect {6, p.6)
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PABRICATION

Ferming

Sherp togls are necessary for cutiing sheet. The material
must be herween 750 and 1800 F depeoding oo its thick-
pess. Sheet can be benr ar 1500 o 1800 F. Rods are cut
with thip oxrganically banded silican carbide wheels, warer
cooled. Thick rod can aaly be bent at red heat. Eleciro-
lydcally polished roda up to . k2 in diameter can, bowever,
be bent cold, {6, p.30). The ductility of the metal at low
temperature ia low. Ooly wire 0.030 Ln can be cold fartmed
in sizmple operations. At 200 P, sheet and wire up to 0.010
in can be formed in general operations. Heavier sections
than 0.040 io should be beated 1o 2100 to 3000 F o an inert
amngapbere, (8, p.105).

Blanking, punching and shearing operations should be per-
formed under the limitadons mestioned in 4. 011, Although
ool steel dies can be used, carbide dies are preferable,
(8, p.106).

Hoe material can be swaged with limited r Lo each
operation. Reheating between operations is necessary,

{8, p-108).

Machining

Geoeral. Turting, matllisg and drilling can be nccompliehed
with considerable difficulty. The hard metai tools with a
top rake of 20 to 25° amd the clemrance $ 1o 8° should be
used. Rocommended cuting conditions, (6, p.31) :Speed,

6 10 10 #t/min; feed, 0.0004 1o 0.0006 in; demh, 0.02 to

0.04 1o,

Grinding. Shaped pieces coan bem be produced by grioding,
£, p.3)). Care aod adequate cooling ore pecessary to pre-

vent chipping or cracking, Silicon caxide wheels of grain
slzz 100 to 120 are sstisfactory for most grinding opera-

toma,

Shearing o punching should be performed oo beated mater-

lals for sections in excess of 0.040 in, {sce 4.011). Sheet

In excesn of 0. 050 {p ghould be sheared to within 1/8 or
1/16 la of desired dimension and edge ground to size,

(8, p.106).

Wel

Tungsien welded to itecif by most cogvemional welding
procadures results in as embrittied joint. Only spet welding
an“ inext axe, or hydrogen welding are recanmended.
Higher melting petnt meials which do net form britrle
imermedicte phases with Tungsten have been successfully
sporwelded to Tungsten a8 shown in Table 4.03,

TABLE £.03

| Souxce i

(5, 5. 467

Spot

sbett with

1]
i Resiynce of weld to
rsting

welding of tungmen

Iran

Zinc

Taotajum
Mal ybaenm
Colerinum
Than:um

Nickel
Coppox
Alwr inur

Moderate to yood
Brimie {recrysullization)
Good
Guocd
Good
Good
Poar
Poor
No weld

4¢3t

Brazing. Low melnng brazing materials are rarely used

o joln Tungsten due to thelr low mrengths ar elevared tem~
peratures. Metals that have been used o braring Tungsten:
Columbium, 8§3Au-17M, Patuauwp, 75Cu-25N1 and MNickei.
Alloying does not appear to be a prerequigite for-brazing
28 coppexr forma a good bond with Tungsten and 18 insoluble
in Tungeten. Inert cx iydrogen atmosphbere must always be
used, (5. p.45).

-
-

4.051

4.052

4.053

NONFERROUS ALLOYS

Heating and Heat Trealing
Siress relief annealing can be doae a1 1830 F, 30 min.

Hydrogen firiag at 1470 1o 1830 F, 10 to 30 min, reduces
oxide and relleves stressca. Full annenling involving re-
crysuliizadon embrirdes material. See 1.05, 1.052, (3,
p. 106).

Surtace Treamen

Cieaning. Preceded by degreaoing,the metal can be cleaned

by conventional methods. For parts which have been cold

or hot formed in a reducing atmosphere conventional meth-
ods are After heatlng 1n atr, the adde coat

can be removed by electrolyrc caustic cleaning or by lm-

mersion in molten caustic sada for a few seconds and

rinsed carefully with hot water, (8, p.106).

The following ¢leaning roetheds prior to degreasing are re«

commended:

1. [mmersion in mealten aodium hydraxide.

2. Immersion In a molten bath of sodium hydride (operating
temperature up to about 1100 F).

3. Hectrolize for 30 sec or longer in 4 20 percent potas-
sium hydraxide solution, usiog a 7.5 velt, 200 watt
transformer with @ Vartac In primary, and 2 carban
clectrode.

4. Boll $ min In 20 percent potassium hydraxide solution.

$. Last traces of oxide may be ciimindted by heating in &
hydrogen atmosphere st about 1632 P for 15 10 30 min,
(5, p. 48).

Palishing. Electrolytical polishing achleves a bright [taish

by the use of 1 percent splution of sodiwn hydroxide, {8,

p.107).
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