
INTRODUCTION
3D tungsten wire is a derivitive
of ztg lamp filament wire and
was developed by General Elec-
tric Company to meet specific
performance obiectives. An
alloy containing 3olo rhenium,
3D offers three distinct advan-
tages over 218 wire:
o Superior vibration resistance
o Improved ductility
. Higher resistivity

The small addition of rhenium
modifies the recrystallization
behavior of. zts tungsten, result-

ing in a fine grain structure. After
proper heat treatment, 3D is both
vibration resistant and ductile.
The higher resistivity of the alloy
permits designers to use larger
wire diameters in applications
where strength is an important
consideration. With its special
combination of properties, GE 3D
tungsten wire has become an
important engineering material
for high performance lamps,
cathode raytubes, traveling wave
tubes, and numerous other
applications.

:

A technician mounts a helix made of
General Electric 3D wire into a traveling
wave tube (Photo, courtesy of Varian
Associates).
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GE 3D tungsten wire and ribbon are available in a wide range of sizes and in various
containers.

Tungsten 3D wire is redrawn by the user
to achieve the close tolerances neces-
sary for helix production. lt is then
formed, mounted around a mandrel and
protected by supporting rods (Photo,
courtesy of Varian Associates).
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The development of 3D is part of the
continuing research effort that GE
has conducted with tungsten wire
since the early 1900's.

One of the early accomplish-
ments of this resear"ch *as a^"non-
sag" grade of. zta lamp filament
wire, made bv usine erain erowth
controlli4g additives" t6 modify the
recrystalllzed structure. Later, in
efforts to develop a tungsten wire
that was more ductile after
recrystallization, it was found that a
3olo rhenium addition to the non sae
218 composition produced a wir6
with all the desired properties. It is
much more ductile, atta it retains
excellent non-sag characteristics
(see Figure 1). At about 3 o/o rhenium,
the annealed ductility peaks, so this
became the optimurir^composition
for the alloy.

_ After annealing at temperatures
above- 1500oC, room temperqture strength, a_nd it is ductile after cases, the ductility of gD greatly
ductility or 7o elongation of 3D annealing(Figurel). e"rri"cei-hi;aiG 

"tt*u"t8iirti"itungsten ydre can raqge gp to 28o/o For indirecily heated cathodes in after high temperat"ure exposure. In
compared- to 5% or less f91dopgd 

""""o* l"u"'.; tD;il-h;];; this apfrucatioin, sb is ofren mated
lamp.glade trllggte.n wire (See Fig- itic,,ease the life of the heatei loilJr; *ittti-"'"grt""-zsi"-rtt""i"^, and islrlzl. folmaDrlrtyrsretalnecl_rnlJu current climb durine life, reduces used in a non-oxidizing environ-
wire even atter exposure to 2800oC. brittleness, and im"provils stroct ment such as vacuum, inlert gas, or

WIDE RANGE **lT"e"; 
wire improves the lire 

tttf:i.:l* 
and automorive vehicre

oF usES :#;i1Tl,)'tYo""'nj:,T,"ttfil H$ Hf$;H|:1ti#,?"ff#"tj:li"jlgs:
With the outstanding properties it contributes to the ease of manufac- ficient strength to tolerate hieh tem-
offers,3D wire and ribbon have ture of these products. When perature fabrication, aniloffers
made an important contribution in a annealed to a tensile strength about higher resistivity than competitive
number of applications. so glmgl2oo mm, 3D wire has the materials.

In incandescent lamps, 3D pro- $egpe of formability. essential for By taking ad.vantage of 3D's
videsup toToo/o higherhotstreigth heater coil fabrication. Its low lrni{ue prop"erties, lamfi designers
at operating teirperatures"of sp.ring-back behavior helps,main- tia"tiext'endedlifearrar6tiatitilyup
1000-i300oc;"its hifher electricai taintightdimensionalcontrol, to fi"e ti-es 6i;";";* 

"]"un"r,resistivity allows a 1oo/o increase in For thermocouples used at higher refrigerator, showcase, aircraft, sign
wire diameter for improved filament temepratures, up to 2600oC in some and vending machine lamps.

Figure 1 - ANNEALING TEMPERATURE EFFECTS Figure 2 - ROOM TEMPERATURE ELONGATION AFTER ANNEALING
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Lamps and vacuum fubes exposed to higher than normal levels of vibration during
manufacture and use exhibit up to five times the life when 3D tungsten wire is used for
the filament.

40

/
a \ r3o-7 

MtL

I r- 7 MtL

\

\'=rl ,LL \ \--

z
9
krog
z
o
dtu
Fz
uJo10c
uJ
o.

30
z
9
F
o
6ro
Ju
;s

5

0510'l5m
RHENIUM CONTENT WEIGHT PERCENT

Effect of rhenium content on ductility of 0.008-inch
diameter wire after annealing for three minutes at
various temperatures.

ANNEALING TEMPEBATURE -. C

0.008' diameter specimens annealed for three minutes in hydro-
gen prior to testing.
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SUPERIOR
VIBRANON
RESISTANCE
The addition of rhenium to 218 non
sag tungsten wire inhibits second'
ary recrystallization and stabilizes
the fine grain microstructure for
short time anneal temperatures up
to 2800oC. By contrast, secondary
recrystallizati"on occurs in 218 wir"e
at temperatures starting at approx-
imately 220OoC,leading to a large
grain, interlocked structure. This is
shown in the photomicrographs
(right) for 0.007" diameter wire after
a three minute anneal in a hydrogen
atmosphere.

The increased grain boundary
areas associated with the fine grain
structure of eD provides a sink for
absorntion of vibrational enersv.
The dimping effect dissipates shotk
and promotes long life under severe
vibration in service.

Berlec* studied the damping
behavior of zta and 3D wire mate-
rials using the internal friction tech-
nique. This research demonstrated
the improved damping capacity of
3D wire. For wire diameters typ-
ically used in incandescent lamps,
fine grain 3D structures proved
more effective than 218 in dissipat-
ing shock and vibration for opdrat-
ing temperatures up to 2800oC, and
operating times of 500 hours or
more.

The excellent shock and vibration
resistance of 3D tungsten wire has
been attributed to these three
factors:
1. Rhenium additions to 218 wire
inhibit secondary recrystallization
and stabilize the fine lrain micro-
structure for temperatures up to
2800oC. The large number of grain
boundaries provide many sinks for
absorption of vibrational energy.
With improved damping capacity,
3D wire is providing long life under

Figure3-AVERAGELIFE
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Microstructures for 7 mil 218 and 3D wire af ter annealing at various temperatures for 3
minutes in a hydrogen atmosphere.

severe service conditions.
2. For an equivalent operating tem-
perature and voltage, 3D filament
wire will be slightly larger in size,
thereby contributing to filament
strength.

3. 3D's high ductility allows more
plastic deformation to relieve
stresses caused by shock or vibra-
tional loading.
* lvan Berlec

Volume l, Metallurgical Transactions, October, 1970.
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Figure 4 -
TENSILE STRENGTH
VS TEMPERATURE

3D has a tensile
strength advantage
over 218 up to ap-
proximately 1800"C,
with 218 being
stronger above
18000c.
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RHENIUM WEIGHT PER CENT ALLOYED WITH 218 TUNGSTEN

Vibration fesfs for low-wattage vacuum
lamps confirmed that those made with
3D wire had an average life up to five
times longer than standard lamps.
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Figure 5 - ELECTRICAL RESISTIVITY
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The resistivity of 3D at a given temperaturc is equal to the rcsistivity of
218 plus 3.63 micro-ohm-cm. At 75oE the resistivity of rectystallized
3D wire is 9.62 M-Q-cm.

ELECTRICAL
RESISTTVITY
The resistivity of sD increases rapidly with temperature and
is higher than 218 over the entire range, For as-drawn wire
(Figure 5), resistivity depends on the accumulated cold
work since the last anneal, and can, therefore, vary consider-
ably with wire size, To provide a common basis for com-
parison, all graphs and formulas are for recrystallized wire,

General formulas are helpful in relating resistance,
resistivity and wire size.

..' - .\
mg/2Oomni : 3s

mg/2oomm : 11

R : 0.0856Rr [mg
R(3Dl : R[218] +

.20

.19

.18

.17

.16

.15

.14

.t3

.12

.1 't

10

\.{here: R = Resistivity at Specified Temperature
(micro-ohm- cm)

R*= ohms/meter

RF = ohm'4oot
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ORDERING
INFORIVIATION
To order 3D wire, call your Lamp
Components & Technical hoducts
Division sales representative; the
Dover Wire Operation customer
service representative (216)
343-8841, or the Marketing & Sales
Operation headquarters :

General Electric Company
Lamp Components & Technical
hoducts Division
Glass & Metallurgical hoducts
Marketing & Sales Operation
244OO Highland Road
Richmond Heights, Ohio 44143
Phone: Domestic - (216) 266-2451,

International - (216)
266-3295

Telex: 985569 (GECOLCS EUCD)

EUROPE 
.

G.E. Lighting
Conponents MarkeLing & Sales
Melton Road
Leicester LE4 7PD England

Te1: 0116 26I L754
Fax: 0116 26I 1499

Figure 6 - NOMOGRAPH
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NOMOGBAPH
APPROXIMATE RATING OF
,,3D" WIRE HAVING THE
SAME RESISTANCE AS AN
EOUAL LENGTH OF "218"
WIRE AT A GIVEN
TEMPERATURE {OK)

EXAMPLE:

AN 87.5 ms "3D-wl RE" HAS THE
SAME RESISTANCE AS A 65mg
"218-WIRE" OF THE SAME
LENGTH AT sOOOKo

=Jg
FJ

=ie
4u
gg.
9B'
3ex>so
Or
ql
ol

;l
ol
EI

.15

.70

.65

.60

.55

.50

.45

.40

.35

.30

.25

.20
.19
.t8
.11
.16
.15
.14
.13

.'12

,11

,t0

o
?
J
E
F
J

E:
ulq
ao
De
9Hftx>q@

9lNlql
ol
rl
;l
FI

1.00
.95
.90
.85
.80

.t5

.70

.65

.60

.55

.50

,45

.40

.35

.30

.25

300
100

80

60

40

20

EI
I

E

o
I
o
.9

E:
F
2
.t)
U
G

400

vg
u
IE:F
E
Ua
=uF

500

600

700

900

1 000

1 100

20@

2500
3000
3500

.318 +
K_

.6822+
RF

/200mmJ

3.63

CHEMISTRY
In addition to the rhenium in 3D
wire, the 218 base material is inten-
tionally doped with K, Al and Si to
control recrystallization behavior.
Total impurities are maintained at
,05o/o or less:
Re 2.8 - 3.2o/o
Mo 100 ppm max.
K 80 ppmmax.
Other impurities, each less than 25
ppm:
Al Cr Mn Ti Na
Ca Ni MgPb C
SiCuSnNbO
FeSrCoZrN
\,! by difference 96.75%

TTCHNICAL
ASSISTANCE
General Electric Company helps
users of 3D tungsten wire in
selecting the optimum size,
shape, and finish for their appli-
cation. Our application engineer-
ing service includes tailoring
prcperties to individual require-
ments, assistance on quality
control procedures, and trou-
bleshooting problems in man-
ufacture or use.
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