Cevamvsr  Fe-2]

Brazxing: General Chorocteristics:

Readily joined to memllized ceramics with brazing
alloys. In order to properly rrocess ceramic-to-metal
scals by brazing, counsideratuon must b piven to the
following: (1) The components to be joincd must be
absolutely clean: (2) The joint must be designed to
have a high mechanical strenwth pror ro bonding, (3)

Ceramvar is a metal for high alumina ceramicro-meral
sealing. Its expansion chamcteristics closely macch
those of high temperature alumina ceramics. The iow
thermal conductivity of Cesamvar, which approximared
that of ceramics, minimizes thermal stresses duting the
rapid heating and covling cycles.

If possible, the themal expansion of the brazing alloy
should be close to that of the metal and ceramic, (4}
Brazing time and temperature must be accurately con-

Forms Available:
Yice and strip (air of vacuum melted).

trolied, (5) Ceramvar should be in a strain-free condition Applications:
to minimize the possibilitv of intergranular penetration, Memal-to-ceramic seals.
(6) Copper plaung Ceramvar diminishes intergranular Monufacturer:

pencuation. Gold-copper altlovs are les<s prone to
penectation than coppet-silver silovs<, (T) Avoid the
use of fluxes for hich vacuum applicatons because
chey have high vapor pressures, ana leave harmiu!
voids in the filler metal, (81 { oniponeats to be sealec ’
should be heated uniformly to preventexcessive thermal {
stressing. b

Withur B. Driver Company
Newatk, New Jersey
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Curve showing Contraction
The . iron-cobalt-nickel allovs are prone to penétration Etfects mnen CERAMVAR 15 Brazed at
by silver and silver alloys. As a result, when brazing ]- . Vomous Temperatuces :
with silver-beatinpg allovs, it is suggested that the f—"“'—f""";“‘f“"".“"j"’—.;'
material be copper plared. D S U L
. : SOLIDFICATION ot g™
Pickling: TEMPERATURE FOP —rtt
To remove heavy oxides, degrease in trichlorethylene, v:wous BRAZTE._‘RC}YS_%_.;E
immerse in a solution containing SOg fertic ammonium 4 | . : 1 i
sulphate, 125 cc. HaSO  (1.B4 sp. ar), 150 cc HCI ! i | ;_\g/
(20° Be), 5cc HipO, (75%), fcc HNO3 (429 Be), . WESSO Aiaon
69 cc warer ar §20(.
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Cleaning:

n

Ceramvar parts must be thoroughly degreased, and all
evidences of organic or carbonacecus matter removed,
to produce a clean surtace for subsequent brazing or
plating. Possible cleaning solutions for removing all
surface contamination and organic matter are:

1. Hydrogen pecroxide mechod for cleaning electron
tube parts. Immerse parts in deionized water,
bring 0 2 boil, add enough peroxide to make a
5% solutica, boil 20-30 minurcs, rinse with ap
water and then with deionized water, dny in asr
fumace, and store parts tn plaxs coactainrrs pre-
viously cleaned by the hvdroren reraxide method,
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Note: It has been observed that ceramics cicaned with
trichlorethvlene are Jeft with an undesirable
conductive coating.
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CERAFAVAR™

CERANMVAR*
(Ceramic-to-Metal Sealing Alloy)

Filing Code: Fe-21

lron Alloy

DECEMBER 1642
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Publisbed by

Engincering Alioys Digest. Inc

Upper Montclair, New Jersey

CERAMVAR is an iron, nickel, cobalt allav specially designed and suited for ceramic-to-metal sesling. 1t has expansion
characterstics closely macching thosc of high temperature atumina ceramics.

® Par. No. 2,960,402

Composition:

Nominal
iron 48
Niclel 27

Cobal:

aso

Physical Constants: (ac 200C)

Specific gravity 8.17
Densiry, 1b./cu.in. 0.295
Melting point, OF 2590
Thermal conductivity. cal/em2/¢m/ssec/oC

at 200C 0.04G

at 6000C 0.057
Electrical conductivity, % [ACS 4.679
Electrical resistivity, microhm-cm 36.9
Modulus of elasticity, psi x 100 19.0
Modulus of rigidity, psi x 106 7.1
Curie temperature, oC $25-559
Specific heat, cal/g/0C (calculated) 0.112
Thermai coef. expansion/9C x 10=C a: 1000C 8.80
Transformation temperature, OC below —80

PROPERTIES
Table 2 = AVERAGE THERMAL COEFFICIENT QF EXPANSION

Toble 1 = SPECIFIC HEAT

(calculated)

Temperature Specific Heat
o

C cal/g/oC

-100 0.095

0 0.111

20 0.112

100 0.119
200 0.125
300 0.131
40n 0.13G
500 0.141

Temperature Coef. of Expansion, °C x 10—

°C (from 200C to tempcrarure)
100 8.80

200 B.70

300 8.39

400 7.96

S00 7.65

600 8.32

700 9.46

800 10.47

900 11.34
1000 12.12

Toble 3 - TEMPERATURE COEFFICIENT OF RFSISTANCE

Tempcrature
oC

-80
0
100
200
300
400
500
600

Machinobility:
Machining Ceramvar can best b

accomplished with

From 20°C to Tempcrarure

Temperature Coefficient. 9C

0.0230
0.0030
0.0038
0.0039
0.0039
0.0037
0.0034
0.0030

Workability:

Ceramvar is normally

supplied in the annealed con-

tools of high speed stcel, Seellite or cemented carbide
having smaller cutting angles than normally uscd for
steel. Speed is slower, and fecd somewhar ligheer,
than for mild stcel. In general, the machining properties
of Ceramvar arte similar to Mone! allow R- 405,
Sulphurized oil is pgenerally pretenicd and should be
used s & cutting lubricant with hich speed wal steels
for boring, drilling, and tapping, movided it can he
completely removed. Tater soluble oric mayv be used
for lathe work, and are preferred fubeicunts for Scellite
or carbide tools.

dition with a finc grain sustabie for deep drawine. lo
general, drawing techniques are similar to thosc used
for mild steel. An annecaling or siress-relieving treut-
ment should be piven berween and after decp drawine
operations. Stress-free metal is less susceptible o
intergranular penctration by brazing allovs.

Drawing lubricants should be selected with care o
climinate the possibility of anv residus remaining atre.
8 dexreasing operation.
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steel. Electric arc and resistance welding are equaily
satisfactory. Arc welding should be done with a flux-
coated electrode of either 18-8 or 25-12 chrome-nickel
content.

Pickling:

To remove the oxide on Therlo from the sealing opera-
tion before soldering or brazing, pickle electrolytically
in a 5-10% sulpburic acid containing 1, quinoline
or 1% Rodine No. 110 as an inhibitor. The piece
be cleaned is used as one electrode with carbon or
another part serving as the other electrode. The current
should be 10-12 volts a-c, with approximately 10 am-
peres per square inch of surface to be cleaned. Normal
acid pickling with a hydrochloric-nitric solution (109
by weight of each acid) for 2-5 minutes immersion
at 160 deg. F. is sufficient to loosen the oxide and
scale, which can then be wiped off with a cloth.

General Characteristics:

“Therlo” is an alloy which is primarily designed for
making glass-to-metal seals with the so-called hard
glass. The alloy has a thermal expansion similar to
that of hard glass all the way from room remperarure
up to the annealing temperarure of the glass. “Therlo™
has a high resistance to amalgamation with mercury
and exceptional resistance to high thermal shock. It
is readily soft solderable with regular 60-40 lead, tin
solder. It may also be copper brazed, electric arc weld-

F{,"‘l [ Therlo

ed or welded with an atomic hydrogen torch. “Therlo”
is available in wire from 9/16" to .001" and strip in
thicknesses as low as .0005” and widths as great as 12"
The Tensile Serength of “Therlo” Glass Seals is:

600 psi.

Recommendation for best results are as follows:

1. Metal surface should be smooth, bright, clean
and free from defects.

2. Avoid sharp edges of the metal in copract
with the glass.

3. The metal should not be subjected o suc-
cessive heating in oxidizing, reducing or car-
bonaceous atmospheres.

The remarkable physical properties of this alloy make
it ideal for any application demanding a vacuum-
tight metal-to-glass joint to conduct power into a
glass vessel or to insulate electrodes from metal-walled
vessels.

Forms Available:

Strip and wire.

Applications:

Meral-to-glass seals, small rectifiers, grid-glow rtubes,
ignitrons, vacuum tight metal-to-glass seal.

Manufacturer:
Driver-Harris Company
Harrison, New Jersey
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THERLO*
{Metal-to-Glass Sealing Alloy)
THERLO, also known as D-H Alloy No. 373. is an iron-nickel-cobalt alloy ideally suited for sealing to glass.

*Registered Trade-Mark of Driver-Harris Company

Composition: Physical Constants:

Nicke] 28.5-29.5 Density, 1b./cu.in. 0.302

Cobalt 165-17.5 Specific elec. resistance, microhms-cm 49

Manganese 0.20 max. Specific elec. resistance, ohms/cmf 294

Iron Remainder Thermal conductivity, watts,/em/°C. (approx.) 0.142
Modulus of elasticiry, psi 20,000,000
Curie point, °C. (approx.) 435
Melting point, °C. (approx.) 1450

PROPERTIES

Table 1 — THERMAL EXPANSION (Average)
( After annealip£ in H, for 1 br. at 900°C. or for 15 minutes at 1100°C.)

Temperarure Range
el

30-200
30-300
30-400
30-450
30-500
30-600
30-700
30-800
30-900

Table 2 — MECHANICAL PROPERTIES

(0.030" thick sheet. tested parallel to the direction of rolling).

Tensile suength, psi 89700
Yield point, psi 50500
Proportional limit. psi 32300

Brinell hardness 200-250

Thermal Expansion
in./in./*C. (1 x 10®)
433-5.30
441-3.17

Table 3 — MAGNETIC PERMEABILITY
‘Magnetic Permeability Flex. Density (Gauss)

1000 500
2000 2000
3700 7000 (max. value)
2280 12000
213 17000

Heat Treatment:

Annealing may be done in temperatures from 1290-
2000 deg. F. It is nearly softened when annealed at
1470 deg. F. for 30 minutes after considerably cold
reduction. The time interval required varies vith the
size and shape of the charge. and anncaling under 1650
deg. F. may be done in air if surfuce scale 1s removed
by sand-blasting or pickling after anncaling. Hydro-
gen annealing is preferable. however. o avord oxida
tion.

Machinability:
Machines readily at slow speeds with standard high
speed cutting tools. For fine finish work. the cut should
be lubricated with lard oil. Single point turning tools
of high speed steel should be ground to 6-8 deg. side
rake. 8-12 deg. back rake, 5-8 deg. side clearance,
7-10 deg. front clearance, 10-15 deg. cutting-edge
angle. and 10-15 deg. lead angle. Circular and straight
cutoff blades have abour 7-10 deg. back rake and 5-8
deg. side rake. Cutting tools should bave a sharp

smooth and keen cutting edge. Stone the cutting edge
after normal grinding.

Workability:
Readily hor or cold worked. Work-hardeas very rapidly
on cold working. Therlo deep draws readily and in
this respect is slightly better than mild steel. The
recommended rule for deep drawing Therlo is 40%
maximum reduction on the first draw, 25¢ maximum
reduction on the first redraw (300 after reanneal).
and 207 maximum reduction on the second and sub-
sequent redraws (259 after reanneal). Spinning is
nor recommended since there is danger of fracturing
the metal.

Weldability:
Readily soft-saldered, brazed or welded. Soft soldered
with (60-40 Jead-tin solder. Copper brazed to soft steel
at 2000 deg. F. in a suitable atmosphere of hydrogen,
and also to other non-ferrous metals. Excellent joints
are made by atornic hydrogen welding Therlo to soft
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PROPERTIES
Table 1 — MECHANICAL PROPERTIES

o emoheet (Q0307Y _ Bar

CTypical Annm]cc’ _Annealed
Tensile strength, psi KO700 75000 80000
Yield strength, psi 000 S R
Proportional limit, psi 32200 N ——
Elongation, % in 2 —_— 25 30
Brinell hardness 200-250 140-160 156

(Tested parallel 1o the direction of rolling)

Toble 2 — MAGNETIC PROPERTIES — 1.OSSES IN WATTS PER POUND

10 Kilogausses

Thickness. in. (0 cvcles “sce

10 ]'\1]Og1u<‘.SLS
{40 cvcles ‘sec.

2 Kilogausses

5000 cycles, sec.

2 Kilogausses
10,000 cycles/sec.

0.010 1.05 234 16.6 410
0030 1.91 e tor
0.050 277 —— _ ——
Table 3 — MAGNETIC PROPERTIES
Magnetic Permeability Flux Densiry (gausses)
1000 500
2000 2000
3700 7000 (max. value)
2280 12000
213 17000

Heat Treatment:

Annealing may be done in temperatires o
1100 deg. C. Tt is nearly softened wihen anoeaie !
800 deg. C. for 30 minutes afrer u"%mcr'hw CLold
reduction. The time interval required varies wizh rhe
size and shape of the charge. and annealing under 900
deg. C. mav be done in air if surface s¢ ale s removed
by sand-blasting or pickling afier anncabing. Hydro-
gen annealing 1s preferable, however, 1o avoid oxida-
tion.

Machinability:
Machines readily at slow speeds with siandsrd igh
speed cutring tools. For fine finish work. the cut should
be lubricated with lard oil. Single point turning ronls
of high speed steel shouid be ground to 6-8 deg. side
rake. 8-12 deg. back rake, 5-8 deg. side clearance. 7-10
deg front clearance, 10-15 deg. cutting-edge angic, and
10-15 deg. lead angle. Circular and straight curnfi
blades have about 7-10 deg. back rake and 5-8 deg.
side rake. Cutting tools should have a sharp, smooth
and keen curring edge. Stone the cutting edge after
normal grinding
Norkability:

Readily hot or cold worked. Work-hardens vory rapnl
ly on cold working. Rodar deep draws readily and i
this respect is slightly berter than mid sieel Thic re-
commended rule for deep drawing Rodas is 4077 mux
imum reduction on the first draw. 25% maxumum
reduction on the first redraw (307 after reanneal).
and 209, maximum reduction on the second and sub-
sequent redraws (25% after reanneal ). Spinning of

Rodar is not recommended since there is danger of |

fracturing the meral.

Weldability:
Readily soft-soldered, brazed or welded Sof: soldered
with 60-40 lead-tin solder. Copper brazed 16 safr sieel

ar 1100 deg. C. in a suitable atmosphere of hydrogen,
and also 1o other non-ferrous meials Excellent joints
e made by atomic hvdrogen welding Rodar to sofr
steel Eleetnic are and resistance welding are equally
satisfactory. Arc weiding should be done wirh a flux
coated clecirode of enther 18-8 or 25-12 chrome-nickel
SO,

Pickling:

To remove the oxide on Rodar from the sealing oper-
ation before soldering or brazing. pickle electrolyrically
in a 5-10% sulphuric acid containing 1% quinoline or
1% Rodme No. 110 as an inhibitor. The piece to be
cleaned is used as one electrode with carbon or another
part serving as the other electrode. The current should
be 10-12 volts a-c, with approximately 10 amperes
per square inch of surface to be cleaned. Normal acid
pickling with a hydrochloric-nitric solution (109% by
weight of each acid) for 2-5 minutes immersion at
160 deg. F. is sufficient to loosen the oxide and scale,
which can then be wiped off with a cloth.

General Characteristics:

Rodar has high resistance to amalgamation with mer.
cury and withstands high thermal shock. The remark-
able physical properties of this alloy make it ideal for
any application demanding a vacuum-tight, meral-to-
glass joint 1o conduct power into a glass vessel or to
in<ulare elecirodes from metal-walled vessels. The ther-
mal expansion of Rodar is similar to that of hard clear
glass from room temperature up to annealing temper-
ature of glass. Similar 10 KOVAR "A™

Forms Available:
Bars, rods, wire. and strip.

Applications:

Small recuifiers, grid-blow tubes, ignitrons, metal-glass
seals, vacuum tight meral-to-glass seals.

Moanufacturer:
Wiibur B. Driver Company
Newark 4, New Jersey
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' RODAR* (47w MooV

—

{A Mctal-to-Glass Sealing Alioy)

RODAR is a cobalt. nickel. iron alfey recommended fos scaling into hard glass. Has similar expansion curve as glass.
makes firm bond betwecn mewd and gliss. is cosv o machine and form. and has high resistance to thermal shock.
=

|
*Registered Trade-Name (55523490

Composition: Physical Constants:
Nominal Range Densss, b wuin 0302
Nickel 20 2a8T02000 Mcltiog pont. deg. C (approx 1450
Cobalt 17 7.30-17 80 Flecrrical resistance, microhm-cm, 49
Manganese 03 050 max ohms ‘cir mil fr. 294
Silicon o 020 s P! condonenviy, calem sec deg ( 004G
Carbon -- D0 Modalus of elasticiy. psi 20.000.000
lron hatance 5 oness T ane posat dee Cotapprox s 435
vt iemad oxpransien (annesled oo p fdep €
30.200 deg. C 4.33-3 30 x 10"
0300 dee. € 441517 x 10
20400 deg. € 454908 x 10"
30-430 deg € 5.03-5.37 x 109
30.500 deg, € STH621 x 107

Nor As descssned fram cooling cures after annealing in hydrogen for onc
hour at 909 C and fer 19 minuces ar 1100°C
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Heat Treatment:

L

Machinability: X

Annealing may be done in temperatures from 700-
1100 deg. C. It is nearly softened when annealed at
800 deg. C for 30 minutes after considerable cold re-
duction. The time interval required varies with the
size and shape of the charge, and annealing under
900 deg. C may be done in air if surface scale is re-
moved by sand-blasting or pickling after annealing.
Hydrogen annealing is preferable, however, to avoid
oxidation.

N
Machines readily at slow speeds.\with standard high

" speed cutting tools. For fine finish work, the cut should

be lubricated with lard oil. Single point turning tools
of high speed steel should be ground to 6-8 deg. side
rake, B-12 deg. back rake, 5-8 deg. side clearance, 7-10
deg. front clearance, 10-15 deg. cutting-edge angle,
and 10-15 deg. lead angle. Circular and straight cutoff
blades have about 7-10 deg. back rake and 5-8 deg.
side rake, Curring tools should have a sharp, smooth
and keen curting edge. Stone the cutting edge after
normal grinding.

| Workability:

Readily hot er cold werked. Work-hardens very rapidly
on cold working. Kovar deep draws readily and in
this respect is slightly better than mild steel. The re-
commended rule for deep drawing Kovar is 40%
maximum reducrion on the first draw, 25%¢ maximum
reduction on the first redraw (309 after reanneal),
and 20% maximum reduction on the second and sub-
sequent redraws (259 after reanneal). Spinning of
Kovar is not recommended since there is danger of

fracturing the metal.

Weldability:

Readily soft-soldered, brazed or welded. Soft soldercd
with 60-40 lead-tin solder. Copper brazed o soft steel
at 1100 deg. C in a suitable atmospherc of hydrogen,

Fe-2

and also to other non-ferrous metals. Excellent joints

are made by atomic hydrogen welding Kovar "A” 1o
soft steel. Electric arc and resistance welding are
equally satisfactory. Arc welding should be done with
a flux-coated electrode of either 18-8 or 25-12 chrome-
nickel content.

Pickling:

To remove the oxide on Kovar "A” from the sealing
operation before soldering or brazing, pickle elec-
trolyrically in a 5-109 sulphuric acid containing 1%,
quinoline or 19, Rodine No. 110 as an inhibitor. The
piece to be cleaned is used as one electrode with carbon
or another part serving as the other electrode. The
current should be 10-12 volts a-c, with approximately
10 amperes per square inch of surface to be cleaned.
Normal acid pickling with a hydrochloric-nitric solu-
tion (10% by weight of each acid) for 2-5 minutes
immersion at 160 deg. F is sufficient to loosen the
oxide and scale, which can then be wiped off with a
cloth.

General Characteristics:

Kovar "A" has high resistance to amalgamation with
mercury and withstands high thermal shock. The re-
markable physical properties of this alloy make it
ideal for any application demanding a vacuum-tight,
metal-to-glass joint to conduct power into a glass
vesse] or 10 insulate electrodes from metal-walled ves-
sels. The thermal expansion of Kovar "A" is similar
1o that of bard clear glass from room temperature up

to annealing temperature of glass.

) A o él L
Shect, wire, rod, tubing. and cup and eyelet formed

parts.

Applications:

Small rectifiers, grid-glow tubes, ignitrons, metal-glass

seals, vacuum tight metal-to-glass seals.

Manufacturer:

Woestinghouse Electric Corporation

Pictsburgh; Pennsylvania

Stupakoff Ceramic & Manufacturing Co.

Latrobe, Pennsylvania

L ASTMF
Forms Available: A /1/] 5 77'}— 7/Zb ,zﬁ'

iS5
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KOVAR “A" b,
{A Metal-to-Glass Sealing Alioy)

KOVAR “"A" is a cobalt, nickel, iron alloy recommended for sealing into hard glass. Has similar expansion curve as glass,
makes firm bond between metal and glass, is easy to machine and form, and has high resistance to thermal shock.

Composition: Nominal __Range
Nickel 29 28.70-29.20
Cobalr 17 17.30-17.80
Manganese 0.3 0.50 max.__
Silicon —-— 0.20 max. ..
Carbon - 0.06 max.
Iron balance 52.90-53.40

Physical Constants:

Density, Ib./cu.in. 0.302
Melting point, Deg. C (approx.) 1450
Electrical resistance, microhm cm. 49
ohms/cir mil ft 294
Thermal conductivity, cal/cm/sec/deg. C 0.0395
Modulus of elasticity. psi 20,000,000
Curie point deg. C (approx.) 435
Coef. thermal expansion (annealed) in/in/deg. C _
30-200 deg. C 433.5.30 x 10 i =279
30-500 deg. C 5.71-621 x 106 = 3.7 - 3.93
i ; VIR R I
o ] ' PROPERTIES ol
Mechanical Properties (0.030” sheet)
_Typical Annealed
Tensile strength, psi 89700 75000 I
A ce IR AR
Yield strength, psi 50500 pta 1€ee ,5*7,5 A
Proportional limit. psi 32200 —_—
Elongation, 95 in 2" — 25
Brinel]l hardness 200-250 140-160
(Tested parallel to the direction of rolling)
MAGNETIC PROPERTIES—LOSSES IN WATTS PER POUND
10 Kilogausses 10 Kilogausses 2 Kilogausses 2 Kilogausses
Thickness, in. 60 cydles/sec. 840 cycles/sec. 5000 cycles/sec. 10,000 cycles/sec.
0.010 1.05 234 166 41.0
0.030 1.51 . — —_— —
0.050 2.77 —_— —_— —_—
'MAGNETIC PROPERTIES
Magnetic_Permeability Flux Density (gausses)
1000 500
2000 2000
3700 7000 (max. value)
2280 12000

213 17000
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UNISEAL* 29-17 )
(Glass-to-metal sealing alloy) ~

UNISEAL 29-17 is a controlled expansion iron-base alloy containing nickel and cobalt. It is widely used for glass-to-metal seals with borosilicate
glasses commonly employed in electronic power tube envelopes.
*Registered trademark

Composition: Physical Constants:

Carbon 0.02 max. Density, 1b/cu in. 0.302
Manganese 0.30 max. Melting point, OF (approx.) 2650
Silicon 0.10 max. Thermal conductivity, cal/sq ci/cm/sec/9C 0.04
Nickel 29.00 nom. Electrical resistivity, microhm-cm 49
Cobalt 17.00 nom. Curie temperature, ©F (approx.) 815
Iron 53.50 nom. Modulus of elasticity, psi (tension) 20 x 106

For thermal expansion see Table 1

PROPERTIES

Table 1 - MEAN COEFFICIENT OF LINEAR THERMAL EXPANSION
(Reduce ranges to meet all specifications)

Temperature Thermal Temperature Thermal
Range Expansion Range Expansion
oF per OF oC per ©C
86— 392 2.41-2.94 x 10-6 30-200 4.33-5.30 x 106
86~ 572 2.45-2.87 x 10-6 30-300 4.41-5.17 x 10-6
86— 752 2.52-2.82x 10-6 30-400 4.54-5.08 x 10-6
86— 842 2.79-2.98 x 10-6 30--450 5,03-5.37 x 10—6
86— 932 3.17-3.45x 10-6 30-500 5.71-6.21 x 10—6
86-1112 438 x10-6 30-600 7.89 x 10-6
861292 5.18 x 10-6 30-700 9.31 x 106
861472 5.77x10~6 30-800 10.39 x 106
86-1652 6.36 x 106 30-900 11.47 x 10-6

*Determined from cooling curves after annealing in hydrogen for one (13
hour at 900°C and 15 minutes at 1100°C. Material heat treated in this
manner is not to show any transformation when cooled to ~80°C for four
(4) hours. This can be checked by metallographic examination or thermal
expansion curves.

Tabie 2 — TYPICAL MECHANICAL PROPERTIES

{Annealed condition)

Tensile strength, psi 75000
Yield strength (0.2% offset), psi 50000
Elongation (2 in.), % 30
Reduction of area, % 65

Rockwell B Hardness 76



Carpenter Vacumet Nicoseal, Continued

———— e+ it

Treatment Treatment
Flux Densit 1830°F (929°C) 2010°F (1099°C)

Y 30 min — FC 20 min — FC

Permeability Permeability
500 1000 1900
1000 1400 3500
2000 2000 5800
5000 - 2300 10000
10000 3400 8200
12000 3000 5000

PREPARATION FOR SEALING:

it is recommended all degreased, fabricated Vacumet Nico-
seal parts be degassed and annealed in a hydrogen atmos-
phere.

.Imosphere is to be made moist by bubbling the hydragen

wough water at room temperature. Care must be taken to
prevent surface carbon pickup. Furnace should have a coot-
ing chamber provided with the same atmosphere.
Heat treatment should be conducted within the tempera-
ture range of 1540/2010°F (838/1099°C). Time at tem.
perature should be approximately two hours for lowest
value to 20 minutes for the highest temperature. Parts are
then to be transferred to the cooling zone untit below
570°F (299°C) before removal.

An oxide film on the metallic part is recommended for

metal-to-hard-glass sealing. The best oxide film is thin and

tightly adhering. The film can be produced by heating the

parts to 1200/1290°F (649/699°C) in regular ambient at-

mosphere at a time sufficient to form a dark gray to slight
‘own oxide.

._I'JRMS AVAILABLE:

.irip, cold rolled, annealed for forming or annesled for
deep drawing. Photo-Etch quality available.

Wire, cold drawn or annealed

Bars, hot rolled, cold drawn and centeriess ground

Billets for forging

Expansion Curve of Vacumet Nicoseal
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CARPENTER VACUMET NICOSEAL

DESCRIPTION:

Carpenter Vacumet Nicosea!* is a vacuum-meited low-
expansion alloy used for making hermetic seals with the
harder Pyrex glasses and ceramic materials. It is an iron-
nickel-cobalt alloy whose chemical composition is con-
trolled within narrow limits 1o assure precise uniform ther
ma!l expansion properties. Vacumet Nicoseal is processed
from ingot to finished size under the strictest quality con-
trol to provide uniform physicat and mechanical properties
and easier deep drawing, stamping and machining.

Vacumet Nicoseal is manutaciured to meet requtrements of
ASTM Specification F15-61T

PHYSICAL CONSTANTS:

Specific gravity 8.36
Density — Ib/in® 0.302
Electrical resistivity
ohm-cirmil/ft ... ... ... 294
MICFONMCM v covn sim Sih 59048 Wds wis™s aile amvise 49
Thermal conductivity
BTU/N/S I F o s s wan ie g maiasina 120
kcal/m/he/°C ... ..., 14.9

'815°F (435°C)
2640°F (1449°C)

Curie temperature
Melting point . . .

THERMAL EXPANSION PROPERTIES:

The following are the average coefficient of expansion
properties after annealing in hydrogen tor one hour at
1650°F {899°C) and 15 minutes at 2010°F (1099°C) and
cooled 10 room temperature within one hour. Sampie heat
treated in the above manner is notl to show any transforma-
tion when cooled to -112°F (-80°C) for 4 hours. This is
determined by means of metaliographic examination.

Glass and Ceramic Sealing Alloy

Type analysis:

Carbon ....... 0.02% max.
Manganese . .. .. ... 0.30%
Siticon . ... 0.20%
Nicke! ........... 29.00%
Cobalt ........... 17.00%
lrom............. Balance

Temperature Coefficient
77°F 10 25°C to in/in/°F x 10-6 em/em/°C x 10-6
212 100 3.25 —nd 5.86
392 200 ¢+ ——2.83 P 5,20
572 300 —4— 2.85 —— 513
662 350 2.72 4.89
752 400 281 — i 5.06
842 450 2.92 5.25
932 500 341 615
1112 600 434 . 780
1292 700 5.06 9,12
1472 800 SN2 10.31
1652 900 6.25 1126

MECHANICAL PROPERTIES:
Strip tested paratlel to the direction of rolling
{Treatment ~ annealed 1830°F (999°C} — 30 min FC)

Yield point

kg/mm? ... 35
Tensile strength

KSi e npm wams 2o s e e 5 aa (D5 U0 e Al s 75

KO/MM? 5 b e il mbisoiin e b e w 0F 5550 53
Blongation, % i womewmwsmem v cws swd das e 30
Hardness, Rockwell B ..o v vin i 68
Modulus of elasticity

PSi X 108 L 20

kg/em? x 10% i oo o s aiils als biad Vi naE SENG 1.41

MAGNETIC PROPERTIES:

Vacumet Nicoseal will be magnetic at all temperatures
below the Curie point. Magnetic properties will depend
upon heat treatment; the lower the hardness, the higher the
permeability values and lower hysteresis loss. Examples of
permeability properties are:

7/70

Foradditional infarmation and price of this alloy, please contact your nearest Carpenter Service Center.



Heat Treatment:

a) If it is necessary to carry out an inter-stage anneal
when producing components from Nilo 'K, then
a heat treatment of 900°C. for one hour will be
adequate. It is preferable that this annealing be
done in dry hydrogen but if this is not available a
neutral atmosphere may be used.

b) It is necessary for the material to be annealed and
degassed before making a glass-to-metal seal. Heat-
ing up 1o at least 950°C. tor about one hour in an
atmosphere of wet hydrogen will serve both func-
tions.

Machinability:

Machines readily atr slow speeds with standard high
speed cutting tools. For fine finish work, the cut should
be lubricated with lard oil. Single point turning tools
of high speed steel should be ground to 6-8 deg. side
rake, 8-12 deg. back rake, 5-8 deg. side clearance, 7-10
deg. front clearance, 10-15 deg. cutting-edge angle, and
10-15 deg. lead angle. Circular and straight cutoff
blades have about 7-10 deg. back and 5-8 deg. side
rake. Curtting tools should have a sharp, smooth and
keen cutting edge. Stone the cutting edge after normal
grinding.

Workability:

Readily hot or cold worked. Work-hardens very rapidly
on cold working. Nilo-K deep draws readily and in
this respect is slightly better than mild steel. The
recommended rule for deep drawing is 405 maximum
reduction on the first draw, 250 maximum reduction
on the first redraw (30%¢ after reanneal), and 2090
maximum reduction on the second and subsequent re-
draws (25% after reanneal). Spinning is practicable,
but not easy and frequent anneals are necessary.

 Weldability:

Readily soft-soldered, brazed or welded. Soft soldcred
with 60-40 lead-tin solder. Copper brazed to soft steel
at 2000 deg. F. in a suitable atmosphere of hydrogen.
and also ro other non-ferrous metals. Excellent joints
are made by atomic hydrogen welding Nilo-K to soft
steel. Electric arc and resistance welding are equally

N ke- K

satisfactory. Arc welding should be done with a flux-
coated electrode of either 18-8 or 25-12 chrome-nickel
content.

Feo- 14

Pickling:

To remove the oxide from the sealing operation before
soldering or brazing, pickle electrolytically in a 5-10%
sulphuric acid containing 1% quinoline or 1% Rodine
No. 110 as an inhibitor. The piece to be cleaned is
used as one electrode with carbon or another part serv-
ing as the other electrode. The current should be 10-12
volts a-c, with approximately 10 amperes per square
inch of surface to be cleaned. Normal acid pickling
with a hydrochloric-nitric solution (109 by weight
of each acid) for 2-5 minutes immersion at 160 deg. F.
i1s sufficient to Joosen the oxide and scale, which can
then be wiped off with a cloth.

General Characteristics:

Nilo K matches very closely the expansion character-
istics of medium hard glasses of borosilicate type, used
for envelopes of special high power valves, such as
transmitters and tectifiers, and for glass-to-metal seals
on X-ray tubes and numerous electronic components.
The mean coefhcient expansion is approximately 5-6
millionths per °C. from 30-500°C. and the inflection
point 450°C.

It has high resistance to amalgamation with mercury
and withstands high thermal shock. The remarkable
physical properties of this alloy make it ideal for any
application demanding a vacuum-tight, metal-to-glass
joint to conduct power into a glass vessel or to insulate
electrodes from metal-walled vessels.

Forms Available:

Sheet, wire, rod, tubing.

Applications:

Small rectifiers, grid-glow tubes, ignitrons, metal-glass
seals, vacuum tight meral-to-glass seals.

Manufacturer:

Henry Wiggin & Company Ltd.
Birmingham, England
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Filing Code: Fe-16

x jOX NILO-K AUGUST 1959

BfGEST DATA ON WORLD WIDE METALS AND ALLOYS

Publithed by

Engineering Alloys Digest, Inc.
Upper Montclair, New Jersey

(g koo e )
NILO K .

{Controlled Expansion Alloy)

NILO K has been developed specifically for the production of matched glass-to-metal seals when using hard, borosilicate
glass.

Composition: Physical Constants: (at 20°C.)
Nickel 29 Specific gravity 8.20
Cobalt 17 Density, 1b./cu. in. 0.296
Iron Remainder Melting point, °F. 2640
Specific electrical resistance
microhms/cm/cm? 44.50
ohms/cir. mil. fr. 265-301
Thermal conductivity, cal/cm?/cm/sec/°C. 0.046
Inflection point, °C. {approx.) 440
PROPERTIES

Table 1--TOTAL EXPANSION

Temperature, °C Parts per thousand
25-50 0.20
25 -100 041
25-150 0.67
25-200 0.93
25-250 1.15
25-300 1.38
25-400 1.84
25 -500 295

Table 2 — MEAN LINEAR COEFFICIENT OF THERMAL EXPANSION OF ANNEALED MATERIAL

Temperature Range
°C

. Coef./°C.
25-100 0.00000%4
25-200 0.0000053
25-300 0.0000050
25-400 0.0000049
25-500 0.0000061

Table 3 —MECHANICAL PROPERTIES — (0.030" SHEET)

_Hard Annealed
Tensile strength, psi 89700 75000
Yield strength, psi 50500 —
Proportional limit, psi 32200 —-
Elongation, % in 2" — 25
Brinell hardness 200 - 250 140 - 160

( Tested parallel to the direction of rolling)



426 MANDBOOK OF MATERIALS AND TECHNIQUES FOR VACUUM DEVICES

this fact can be used to follow the trans-
formation by electrical measurements,
Seal Fabrication. *“Kovar™ parts are
available in a wide range of stundard sizes
from commercial suppliers so thut machin-
ing operations are generally confined to cut-
ting the part off to the length required.

G381

K823

\L&

Spinning is not recommended as there is
danger of fracturing the metal. Prior to
seal-making, the muchined parts must be
carelully polished in the area where the seal
i1s to be made. and edges should be free
from burrs. The polishing treatment aims
at the elimination of tool marks that could

TABLE 14.10. Physical Characteristics of "Kovar”-type Alloys®

Nominal composition (Wt. percent): Ni:29;

Co:17: Fe:Bul.

Minor constituents (Max. Wi percent):  Mn:0.50: S1:0.20; C:0.06: A1:0.10: Mg:0.10; Zr:0.10;
Ti:0.10. (Al+ Mg + Zr + Ti): 0.20

Density (g/cc): 836  8.20(Nilo K)
(Ib/cub.in.): 0.302 0.296 (Nilo K)

Annealed temper (Rockwell hardness): B 82 (max.)
Cold-worked temper (Rockwell hardness): B 100 (max.)

Approx. melting point ("C): 1450 (2640°F)
Heuat of fusion (cal/g): 64

Vapor pressure (torr): 107 (1000°C)
Ar;point (¥ — a phase transformation) (°C):

< —80:(see Fig. 14.32)

Thermal conductivity (cal/cm 2/cm/sec/"C): 0.0395(30°C):0.0485 (300°C): 0.0585 ¢500°C)
Specific heat (cal/g/°C):  0.105(0°C): 0.155(300°C)

Curie point (°C): 43S

Thermal expansion coeff. (cm/em/°C x 1077}

(after annealing in hydrogen a1 900°C for
1 hr.or at 1100°C for 15 min.) (see Fig. 14.4)

46.0-52.0 (30 400°C)
51.0-55.0(30 450°C)

30-200 30-300 30 400 30 S00 30 600 30 700 30 800 30 900 °C - N
Ssoaommoo"’w 4900,@3 6%)0'29” 795457 93 pernt 1042115 L0r000r (.;_o\-w/

S

100 200 400 600 °C

Electrical resistivity (Ohm-cm x 107°): %5
Magnetic Properiies:
Flux density (Gauss): 500 2000 7000
Permeubility (B/H): 1000 2000 3700

62.7 804 107.3 1166

12,000 17.000

2280 213

Mechanical Properties: (Data obtained at a strain rate of 800°,,/hr.)

Temperature Yield sirength Ulumate Unsform Touwl Reduction
of test (0.5 strenygth elongation elongution ofarcy
O (pst = 10Y) tpv o x 104} (") ") ',)

21 59.5 77.5 16.78 35.4 69.0
213 35.0 58.5 18.59 32.08 732
308 325 545 22.12 34.79 65.2
400 30.0 50.0 20.90 36.33 74.0
500 26.5 420 21.69 33.96 71.0
600 23.5 36.0 19.45 28.40 350
738 215 25.0 6.87 18.23 250
790 17.1 19.0 5.21 14.65 206

*UKovarTis g repistered trademark ot Westinghouse Electnie Corporation: the alloy s fabricated und disttsbuted by the
Muterials Munufuctuning Divivon. Mewals Plant, Blarraalle, P 15717 Most of the duta presented are wahen ftom ther

Techmicol Dats Bulleun 32-360 ( Mar. 8, 1963).

Other Tradenames omd Suppliers
“Therlo™ Driver Hurris Company. Harrnon. N.J
“Radar” Witbur B Driver Compuny, Newark . NUJ
“Nicoseal”  The Carpenter Steel Compuny, Reading. Pa
“Scalvac-A™ Vacuum Metsh Corparation, Syracuse, N Y,

“Nilo-K” Henry Wigpin & Company Limited. Birmingham. England

“Dilver 7 Aciénes d'Imphy, Imphy (Nw@s reh. France

= ]

“Vscon'” Vukogumschmelze A.G.. Hanau/Main. Germany
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dilatation, in/in

Thermal Expansion vs. Temperature (0 at 30°C)
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