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MIL-1-23011
29 March 19
Superseding

MIL-I-23011B(ASG)

30 April 1965

11C
1974

MILITARY SPECIFICATION

This specification is approved for use

by all Departments and Agencies of the

Department of Defense.

Scope - This specification covers a series of iron-

nickel, iron-nickel-cobalt, and iron-nickel-chromium alloys used for
sealing to glasses and ceramics in electronic applications (see 6.1).

* 1.2

* 1.2.1

Classes - Classes shall be as follows:

Class 1 - Iron-nickel-cobalt alloy (29% Ni, 17% Co,
remainder Fe)

Class 2 - Iron-nickel alloy (50.5% Ni, remainder Fe)

Class 3 - Iron-nickel alloy (48% Ni,; remainder Fe)

Class 4 - Iron-nickel alloy (46%Z Ni, remainder Fe)

Class 5 - Iron-nickel alloy (41% Ni, remainder Fe)

Class 6 - Iron-nickel-chromium alioy (41% Ni, 5.5% Cr,
remainder Fe)

Class 7 - Iron-nickel alloy (36% Ni, remainder Fe)

Forms - Alloys shall be in the form specified in Table I.
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Class
Forms N -1 —_—
1 2 3 4 5 6 7
Bar X X X X ! X -—= X
Rods X X X X | X - X
.Ribbon X X -— X X X -—-
Strip X X X X X —-—— X
Tubing X -—= - - - - -
Wire X X X X X X X
* 1.2.3 Finishes - Finishes shall be as follows:.
Hot rolled or forged Cold drawn or rolled
Centerless ground Belt polished
* 1.2.4 Condition and temper - Condition and temper sh be

as follows (see Tables IV and V):

Aunealed
1/4 Hard (one quarter hard temper)
1/2 Hard (one half hard temper)
Hard (full hard temper)
2. APPLICABLE DOCUMENTS
2.1 The foliowing documents, of the issue in effect on
date of invitation for bids or request for proposal, form a part of
this specification to the extent specified herein:
SPECIFICATIONS
Military
MIL-C-16173 Corrosion Preventive Compound, Solvent
Cutback, Cold-Application
STANDARDS
Federat
Fed. 5id. No. 48 Loxeranees for Steel and Iron Wrought Products

Fed. Test Method Métal' Test Methods
Std. No: 1ST .

1 [l ¥y~ a @ 1
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STANDARDS (anr'ﬂ\

SAANNDANRDUS (Lol

Military

MIL-STD-105 Sampling Procedures and Tables for Inspection
by Attributes

MIL-STD-163 Steel Mill Products; Preparation for Shipment

and Storage

(Coples of specifications, standards, drawings, and publications

requ uired by suppliers in connection with SpélelC procurement functions
chni:1d ha ARtatrmadl €vnemm +hia myvmrmsssd oo PRUPRRRE S Y S PR SRR T SRS T
Sndui1id o€ doldifiéd 1rom tne pluuullug activity Oor as airectea Dy tne
‘contracting officer.) = : ‘ ot B ' B

* 2.2 Other publications - The folleowing documents form a part

of this specification to the extent specified herein. Unless otherwise
icated, the issue in effect on date of invitation for bids or request

Q

American Soclety for Testing and Materials Publications

ASTM E8 - Methods of Tension Testing of Metallic Material
ASTM E18 -~ Methods of Test for Rockwell Hardness and Rockwell

Superf al Hardness of Metallic Materials
ASTM E112 -~ Metbod or Estimating the Average Crain Size of Metals
ASTM E228 -~ Method of Test for Linear Thermal Expansion of Rigid

Solids with a Vitreous Slllca Dilatometer

(Application for copies of ASTM publlcatlons should be addressed to
Society for Testing and Materials, 1516 Race Street, Philadelphia,

emper - Unless otherwise specified in the
mmea Bae A A e oo | ~ee P | —rly PO S And 52 =pa L L 15 T MU ST
-onctract or purcnase oraer, rod, riooon, tudbing, and wire snaii be brignt
amnealed. Strip shall be annealed properly to have deep drawing or spinning
properties (see 6.2),

L d
3.1.1 Drawing and forming - Compounds and lubricants used in

drawing and forming operations and during cold working shall be capable of
being completely removed by vapor degreasing.
* 3.2 Chemical composition - The chemical composition of the

iron-nickel alloys shall be as specified in Table II (see 4.5.1).
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* 3.3 Linear coefficient of thermal expansion - The linear
coefficient of thermal expansion shall conform to the values for the
applicable class as listed in Table III (see 4.5.2).

* 3.4 Tensile strength or hardness - The teusile strength
for the applicable class of materials in the finished form and in the
specified condition and temper shall conform to Table IV (see 4.5.3).
If the size of product prevents the cutting of tensile specimens as

defined by ASTM E8, conformance to hardness requirements of Table V may
be substituted.

3.5 Grain size - The average grain size of annealed strip
materials to be used for deep .drawing or. spinning purposes shall be no
'larger than No. 5 and no more than 10 percent of the individual grains
may be larger than No. 5 (see 4.5.5). However, for material of
Classes 2 to 6, inclusive, which are less than 0.005 inch in thickuness,
the grain size shall be such that there are no less than 9 grains
across the thickness in the short transverse direction.

3.6 Phase transformation - No phase transformation shall

occur in the finished forms of the Class 1 alloy from 1,100°C to -80°C
(see 4.5.6), except that material having a thickness or diameter :
exceeding 0.75 inch, some localized transformation may be tolerated if

it does not exceed 1 percent of the cross section.

3.7 Porosity -~ When specified in the contract or order
(see 6.2), material shall show no leakage, when tested with a helium
leak detector (see 4.5.7).

3.8 Permissible variations in dimensions - The permissible
variations in dimensions shall be as shown in applicable paragraph and
table for the various forms of material (see 4.4.1).

3.8.1 Bars, rods, and wire diameter, thickness, or width -
Bars, rods, and wire, measured on their diameters or between parallel
faces, shall not vary at any point from the specified dimensions by
more than the amounts shown in Tables VI, VII, VIII, and IX.

3.8.1.1 Straightness - The permissible variation in straight-
ness of rods and bars as determined by the departure from true
straightness (thrown in one revolution for rods or depth of choxd for

bars) shall be as specified in Table X.
3.8.2 Ribbon.
on shall be as spec

. idth = The permissible variation in width of
ribbon sh Table X

1
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* TABLE III. Linear coefficients of thermal expansicns
Linear coefficient of thermal expansion
cm. per em. per 9C « 10 T
Temperature Cm. per dia. per ¢c=20°°
range - °C Class
1 2 3 4 5 6 7
30-100 -— — -— -— - - 0.8-1.6
30-200 - -—= - S -— -—= 1.3-2.1
30-300 -— - e -— 4.0-4 - —-——=
30-350 - - -— 7.1-7.8 -— 8.5-9.2 6.2-7.0
30-400 4,6-5.2 -— 8.2-9.2 -—— — —-—- -——

- . 30-425 - —-— Ve - Eee - 9.7-10.4 -——
3C-450 5.1-5.5 9.6-10.1 - -— 6.7-7. —-—= 8.5-9.2
30-500 - - - 8.2-8.9 -—- - -—-
30-550 - 110.2-10.7 [9.6-10.3 —-— ——— —-——- -—

TABLE IV. Tensile strength (1,000 psi)
Condition All classes
Annealed 85 max.
1/4 Hard 90 to 115
1/2 Hard 105 to 125
Eard 120 min,
* TABLE V. Hardness, Rockwell B
Class
Condition
1 2,3,4,5,7 6
Annealed 85 max. 1/ 70 max. &/ 70 max. 2/
1/4 Hard 90 to 93 78 to 83 78 to 83
1/2 Hard 94 to 96 84 to 88 84 to 88
Y Haxdness for deeb drawing strip material less than 0.100 inch shall be

Rockwell B82 m

o

S T
incn.

B9Q.

aximum and Rockwell B85 maximum for material over 0.100

The maximum bhardness for deep dravwing strip material shall be Rockwell
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3.8.3 Strip dimensions - The strip dimensions and allowable
variation shall conform to Tables XII, XIII, and XIV.

3.8.3.1 Thickness - Permissible variation in thickness of cold
rolled strip shall be as specified in Table XII.

3.8.3.2 Strip crown tolerance - Permissible variation in crown
tolerance, which is a permissible additive variation at the middle of
the strip to the permissible variation at the edge as specified in
3.8.3.1 and Table XI, shall be as specified in Table XIII.

3.8.3.3 Strip width - Permissible variation in width of cold
rolled slit edge strip shall be as specified in Table XIV. The
dimensions for strip, other than slit edge, shall be as negotiated
between the vendor and procuring activity, and permissible variations in
width shall be as specified in Fed. Std. No. 48 for low alloy steel strip.

* 3.8.4 Tubingrdiﬁensions - Permissible variation in dimensions
of cold drawn tubing, either as seamless or welded, shall be as
specified in Table XV.

3.9 Iden

ent
which shall be identif
finish, manufacturer's
melt number and size.

ification - Material shall be furnished in lots
ied by this specification number, class number,
alloy designation, name or symbol of supplier,

3.10 Workmanship - All forms shall have uniform surface
finishes. The surfaces shall be commercially smooth, free from scale,

corrosion, cracks, scratches, seams, laps or folds, slivers and other

injurious defects which would impair its serviceability for the use
intended.

4, QUALITY ASSURANCE PROVISIONS

* 4.1 Responsibility for inspection - Unless otherwise speci-
fied in the contract or purchase order, the supplier is responsible for
the performance of all inspection requirements as specified herein.
Except as otherwise specified, in the contract or order, the supplier may
use his own or any other facilities suitable for the performance of the
inspection requirements specified herein, unless disapproved by the
Government. The Government reserves the right to perform any of the
inspections set forth in the specification where such inspectic

e AaCatioll cre 4MSPTL L

ions are
deemed necessary to assure supplies and services conform to prescribed
requirements.
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* TABLE VI. Permissible variation in diameter of
cold drawn wire and rods

Spec1fied diametet. ) Permissible variation
inch plus or minus, inch
Under 0.008 0.00025
Over 0.008 to 0.015, incl. 0.0003
Over 0.015 to 0.020, incl. 0.0004
Over 0.020 to 0.030, incl. 0.0005
Over 0.030 to 0.040, incl. 0.0006
Over 0.040 to 0.060, incl. 0.0007
Over .0.060 to 0.080, incl. .. 0.0008
Over 0.080 to 0.125, incl. 0.001
Over 0.125 to 0.156, incl. 0.0015
Over $.1i56 to $.188, incl. 0.002
Over 0.188 to 0.250, incl. 0.005
Over 0.250 to 0.500, incl. 0.010
Over 0.500 to 1.000, incl. 0.020
TABLE VII. Permissible variation in distance between
parallel surfaces of cold drawn bars
Specified dimension, Permissible variation under
inch 1/ specified dimension, inch
0.0043 and under 0.0002
0.0044 to 0.0079, incl. 0.00025
0.008 to .0149, incl. 0.0003
0.0150 to 0.0199, incl. 0.0004%
0.020 to 0.031, incl. 0.0005
0.032 to 0.045, incl. 0.0006
0.046 to 0.079, incl. 0.0007
0.080 to 0.1875, incl. 0.001
0.1876 to 0.406, incl. 0.0062
Over 0.406 0.002

-;f' Dimensions apply to the distance between flats for hexagons and squares
and separately to width and thickness of rectangles.

0
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TABLE VIII.

Permissible variation in diameter of

hot rolled rods

Specified diameter,

Permissible variation from
specified diameter plus

inch or minus, inch
0. 250 to 0.750, incl. 0.010
Over 0.750 to 1.250, incl. 0.015
Over 1.250 to 3.500, incl. 0.025
TABLE IX. Permissible variation in dlameter of
centerless ground rods
Specified diameter, Permissible variation,
inch inch
Plus Minus
0.835 and under 0.000 0.002
0.836 to 1.125, incl. 0.002 0.002
1.126 to 1.750, incl. 0.0025 0.0025
1.751 to 2.000, incl. 0.004 0.004
2.001 to 3.000, incl. 0.005 0.005
TABLE X. Permissible variation in straightness of
rods and bars
Specified diameter or distance Permissible variation in
between parallf} surfaces, given lengths,
inch = inch
Rods - cold drawn: Throw in one revolution:
0.500 aud under 0.003 in 18 inches of length
Over 0.500 to 1.000, incl. 0.005 in 42 inches of length

Rods - Boc rolled:

All sizes

B =
s}

-
a

- 0
M0

al
o1
Zes

n o

r
A

1 si

Throw in one revolution:
0.150 in 36 inches of length

Iro
S~

Dimensions apply to the diameter of rods,

distance between parallel

for hexagons and squares, and separately to width and thickness of

rectangles.

Bars are available with square,
sectional areas.

rectangular, and hexangular cross-

-

flats
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TABLE XI. Permissible variation in width of
ribbon or flattened round wire
Specified width, Permissible variation in
inch width, plus or minus, inch
0.0156 and under 0.0015
0.0157 to 0.0468, incl. 0.002
0.0469 to 0.0781, incl. 0.0025
0.0782 to 0.187), incl. 0.003
Over 0.1875 0.€05
| :

TABLE XII. Permissible variation in tmickness of
cold rolled strip L/

Permissible variation in thickness, plus
or minus, for given width, inch
Specified thickness, Over Over Over
inch Less than 3 to 6 6 to 12 12 to 16
3 inches inrches inches inches
! Under 0.006 0.0005 I 0.0005 -- -——
0.006 to 0.009, incl. 0.00075 i 0.00075 -—- -—-
0.0091 to 0.010, inci. 0.001 0.001 0.001 0.001
0.0101 tc 0.011, incl. 0.001 0.001 0.001 0.0015
0.012 to 0.016, incl. 0.001 0.001 0.06015 0.0015
0.017 to 0.019, incl. 0.001 0.001 0.0015 0.002
0.020 to 0.025, incl. 0.001 0.0015 0.002 0.002
0.026 to 0.028, incl. 0.0015 0.0015 0.002 0.002
0.029 te 0.034, incl. 0.0015 0.0062 0.C025 0.0025
0.035 to 0.049, incl. 0.002 0.0025 0.0603 0.003
0.050 to 0.068, incl. 0.002 0.003 0.003 0.003
i 0.069 to 0.099, incl. 0.002 0.003 0.003 0.004
i - 0.100 to 0.160, incl. 0.002 0.003 0.004 0.004 |
l ]

1/ Measurements shall be made at least 3/8 inch from the edge of strips
' over 1 inch wide.

(=
(&4
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TABLE X1I1. Permissible crown in cold rolled strip
Permissible additional thickness at middle of
strip over that provided for in Table XI for
edge measurements, for given widths, inch
) Over Over
Specified thickuess, To 5 to 12 12 to 24
inch 5 inches inches inches
incl. incl. inci.
0.010 and under 0.00075 0.001 ¢.0015
Over 0.010 to 0.025, incl. 0.001 0.0015 0.0062
Over 0.025 to 0.065, incl. 0.0015 0.002 0.0025
Over 0.065 to 0.188, incl. 0.002 0.0025 0.003

TABLE XIV.

Permissible variation in width of cold

rolled strip

Permissible varia-

Specified thickness, Specified width, tion in width, plus
inch inches or minus, inch
Under 0.125 Over 0.750 to S5, incl. 0.005
0.125 to 0.188, incl. Cver 5 to 16, incl. 0.010
TABLE XV. Permissible variation in dimensions of seamless

or welded cold-drawn tubing

Permissible variation
Outside Inside Wall

Qoccifiod miraida diameter, diameter thickness
opeciiiéeq outsiqge . 4 4 ’

diameter, inch inch inch percent

Plus Minus Plus Minus Plus or Minus

Less than and

exc luding 3/32 0.002 0.000 0.000 0.002 10
3/32 to 3/16, excl. 0.003 0.000 0.000 0.003 10
3/16 to 1/2, excl. 0.004 0.000 .0.000 0.004 10
1/2 to 1- -1/2, excl. 0.005 0.000 0.000 0.005 10
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4.2 Lot - Unless otherwise specified in the contract or
purchase crder (see 6.2), a lot shall consist of material of the same

class, of one form,of the same cross-sectional area, condition, temper,
-~ £t e Al and LT s N e ke = [ SIn- PO BT o P | I L
dlC L 111511 ploduccu unuwelr Lll!‘.: Sam€ COonditions ana Ssuomitied LU[ aciiver y
at one time.

4.3 Sampling -

4.3.1 Chemical test -

4.3.1.1 Ingot sampling - At least one sample shall be taken

from each group of ingots of the same alloy poured simultaneously from
the same source of molten metal by the supplier for the test of 4.5.1.

Complete ingot analysis record shall be available to the procuring
activity.

4.3.1.2 Finished product sampling - When sampling has not been
made in accordance with 4.3.1.1, four individual lengths shall be
selected at random from each lot of material to provide a composite
sample for the test of 4.5.1 If the lot consists of less than 4 lengths,
1 o

4.3.2 Linear thermal expansion test -
* 4.3.2.1 Ingot sampling - At least one sample from 6 to 10
inches in length and over 1/4 inch in diameter shall be taken from each
groun or nrenared from each oroun of inocots of the same allaov noured
o r --= Fs Ty Ts T o r o -~ RIS RReE e r~
simultaneously from the same source of molten metal by the supplier for

test of 4.5.2. The sample shall then be worked down to small rounds for
testing. Specimens for thermal expansion tests may be taken from the
same sample as the specimens for chemical analysis when dimensions permit.

4.3.2.2 Finished product sampling - Finished products need not
be sampled unless in the form of bars and rods over 1/4 inch in
diameter. When sampling has not been made in accordance with 4.3.2.1,
a sample over 6 inches in 1ength shall be selected at random from

4.3.3 Tensile test - A total of three specimens shall be
taken from three individual lengths, selected at random from each lot.

If the lot consists of less than three lengths, a specimen shall be
taken irom each 1ength {see 4.5.3).

4.3.4 Hardness test - A total of three specimens shall be
taken from three individual lengths selected at random from each lot.
1f the lot consists of less than three lengths, a specimen shall be
taken from each iength (see 4.5.4).

12
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4.3.5 Grain size - Sampling shall be performad only on sheet
and strip materials to be used for deep drawir purposes. A total of
three specimens shall be taken from three individual lengths selected
at random from each lot. 1If the lot consists of less than three
lengths, a specimen shall be taken from each length {(see 4.5.3).

4.3.6 Phase transformation test - Unless otherwise specified,
one specimen 1/2 inch in length shall be taken from one indivicdual
length selected at random from each lot. The specimen shall be taken
only from materials whose minimum cross-sectional dimension is less
than 7/8 inch. The specimen shall include the entire cross-sectional
area of the material if possible (see 4.5.6).

4.3.7 Porosity - When specified, one specimen shall be taken
from one individual length seiected at random from each lot. The

) 3 ~ret 1A ko
specimen shall be taken only from material which can provide the

dimensional requirements specified for a porosity test specimen in
Figure 1 (see 4.5.7).

4.3.8 Visual and dimensional - A randcm sample shall be
selected from each lot in accordance with MIL-STD-105, Inspection Level
I1, Acceptable Quality Level 2.5 percent defective for bars, rods,
tubing and flat strip and an Acceptable Quallty Level of 2. 5 percent
defects per 100 feet of coiled strip, robbon, and wire. The sample
footage of alloy material shall consist of approximately equal length
of strips taken from the outer end of each coil or spool of wire,
ribbon, and sheared strip in the lot. The total sample shall consist
of a minimum of 50 feet from each lot.

4.4 Examina ns -

4.4.1 Visual and dimensional examination - Finished material
selected in accordance with 4.3.8 shall be visually inspected to
determine compliance with 3.10 and dimensionally examined to determine

nnn‘n—mnrnn A Aimenceianal Iivomanta ~F

2 O
CUlLVLICaliLT LU Jdiaudciuioadviial LCK{U.‘LL LHIC[ILD o1 de0Oo.

4.4.2 Preparation for delivery - The entire lot shall be
visually examined to assure compliance with the identification require-

ments of 3.9 and the preservation, packaging, packing, and marking
requirements of Section 5.

4.5 _ Tests -

4.5.1 Chemical analysis - Specimens shall be prepared from

the samples selected ia accordance w1th 4.3.1.1 or 4.3.1.2 and tested

13

A Taé 11 __ ___* a1 . 0O . ~ .
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in accordance with Method 111 or Method 112 of Fed. Test Method Std.

151 to determine conformance to the che al re

ﬁ

irements of

&

AST% E228. Prior to the dilatom
e heat treated as spec1f1ed in 4.5.2.1.

1

2y LXPdllblUll 5“311 UL UCLﬂfUlLIlLU f
the specimen 25° to 50°C above th

Sped alicl O

)

or the thermal expansion of the al
latometer. '

z .

PhaSc transfeormation test (see 4. heat treated in a

furnace atmosphere of hydrogen as follows: Heat Class 1 alloy specimens
for 1 hour at 900°C, raise temperature to 1100°C and soak specimens for
15 minutes. Between the 900°C and the 1100°C heat-treatment periods,

the specimens may be cooled to room temperature. Heat soak Classes 2
‘_hAough 5 angd Class 7 t:porwmppe for 1 hour at Qﬂﬂo(‘ and Class 6

specimens for 15 minutes at 1100°C. At the end of the soak period,
furnace cool to 175°C or less, preferably room temperature,at a cooling
rate not to exceed 5°C per minute before removal from the oven.

-* ’

< 7 TAhaemaotla Ane Tha cameamlacs oalan~esnAd T mnrmemv Ao Ty -
b G ede LCLiD11E LESL = 1l S54ulpled sololilvd 1l diilouriuduce witldll
4.3.3 shall be tested in accordance with ASTM E8 to assure compliance
with the condition or temper specified in 3.4 and Table IV.
* 4.5.4 Hardness test - The samples selected in accordance
with 4.2.4 shall be tested in accordance with ASTM E18 to assure
comnliance with the condition or temner snecified in Tahle VU
compliance with the conditicon or temper specified in Table V.
* 4.5.5 Grain size — The specimens selected in accordance with
4.3.5 shall be polished, etched, and examined at 100 magnifications on
a metallograph to assure compliance with the requirements of 3.5.
Natarmimariame ~f grainm ciza chall ko mavrfarvrmad 30 ancardanca rieh
voLoliididauiv.a:o UL sldLll D LLT Stitdl i vC PCL LuiLuicu 1l actiLviUuallitc w Lttt
ASTM £112. The specified grain size No. 5 represents grains having
diameters zetween 0.060 to 0.064 mm or 16 grains per a square inch of

f

ications.

o

image at 10C magni

[
i~
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4.5.6 Phase transformation tes. The specimen selected in
accordance with 4.3.6 shall be examined for phase transformation or the
presence of the alpha phase as follows: lieat treat as specified in
LA S D l Wham ~~nl a3

R SNV AN SN wi€ni CO0a, yu;lsh and etch in an tcnant consis
three parts of concentrated hydrochlorlc ac1d and one part
concentrated nitric acid saturated with cupric chloride, prepared

from 20 to 60 minutes prior to etching. Soak the erched specimen at
-BOGC, produced by an excess of dry ice in alcohol, for a minimum of

4 hours. CExamine microscopically at 150 magnifications over the
entire surface. The presence of an acicular structure at any point on
the etched surface shall be cause for rejection as specified in 3.6.

* 4.5.7 Porosity test - When required, the specimen selected
as specified in 4.3.7 and machined in accordance with Figure 1, shall
be subjected to the porosity test using a helium leak detector
suffigiengly sensitive to detect a leak of 1x10~ 9 cc per second at
20°C and one atmosphere pressure at a deflection of at least 5 percent
of full scale. Prior to performing the actual test, the specimen shall
be chemically prepared and metallurgically conditioned. Chemical
preparation: The machined specimen shall be degreazsed in a solvent,

such as acetone, pickled in an aquecus sclution of 1 to 1 inhibited
hydrochloric acid, rinsed and dried at a temperature from 105° to 110°c.
Metallurgical conditioning: The chemically prepared specimen shall be
decarburized in a furmace at 1100°C for 30 minutes and subsequently
furnace cooled to 200°C or room temperature at a cooling rate not to
exceed 5°C per minute. The furnace atmosphere during decarburization
and cooling shall have a controlled hydrogen atmosphere at a dew point
from 20° to 30°C. The porosity test shall be performed upon the

decarburized specimen, mounted as illustrated in Figure 2, upon the
specimen containing fixture. After the decarburizing treatment,

specimens should only be handled with tweezers, clean plastl gloves
L. 1

$

or finger cots. The tu t of the specimen co fi
shall be connected to the inlet of a fixed focus mass ectro
The fixture shall then be evacuated and the entire surfa of
specimen probed with a helium jet in accordance with Method 4
Fed. Test Method Std. No. 151. When leakage is detected, the

dure shall be repeated by first squirting or painting alcohol ailil
4 -
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jet to prove that the leakage is through the specimen and not at the
seal.
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4.0 Kejection criteria - tailure ot any speci mén to
conform to this specification; shall be caidse for rejection of the 15t
répresented.

15
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FIGURE 1. Porosity test specimen
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FIGURE 2. Specimen containing fixture for porosity test
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5.1 Preservation - “When specified in the contract or
order (see 6.2), the bars, rods, ribbon, strips, tubing, and wire
shall be coated with preservative conforming to MIL-C-16173, grade 2.

5.2 Packaging - Packaging of the bars, rods, ribbon,

strips, tubing, and wire shall be level A or C, as specified (see 6.2),
in accordance with MIL-STD-163.

5.3 Packing - Packing of the bars, rods, ribbon, strips,
tubing and wire shall be level A or C, as specified (see 6.2), in
accordance with MIL-STD-163.

5.4 Marking - In addition to any special marking specified

in contract or corder, marking shall be in accordance with MIL-STD-163.

6.  NOTES

6.1 Intended use - Material procured by this specification
is intended for applications in electronic components where hermetic
seals are required between glass and metal or ceramic and metal.

with hard, low expansivity, borosilicate glasses where the applications

require glasses of low thermal expansion, high thermal shock resistance,

high strength, and high electrical resistance. In current commercial

practice, the borosilicates have setting point temperatures ranging from
t .

o, o
[ K]
r

6.1.1 Class 1 alloy is the sealing alloy most commonly used
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6.1.2 ~Classes 2, 3, and 6 alloys are the.sealing alloys used
with soft glasses belonging to the potash-soda-lead and soda-lime series.
The setting point temperatures of these glasses range from 410° to 590°C,

and the thermal coefficients of expansion at these temperatures range
from 9.7 to 10.2x1076 cm/cm/°C.
6.1.3 Class 4 alloy is most frequently used for sealing

applications with glazed ceramics.

1
1

6.1.4 Class 5 alloy is the sealing alloy used with the softer
borosilicate gLasses and leaded glasses. The leaded glasses are used
where the appllca ns demand glisses with very high surface resiztivity
or controlled radiation shielding.

* 6.1.3 Ciass 7 alloy is a low expansion material used as the
sealing alioy in special applications, such as with optical glasses,
where dimensional chang2s must be minimized when exposed to low
temperatures, such as -40° to 0°C.
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* 6.2 Ordering data - Procurement documents should specify:

(a) Title, number, and date of this specification.

(b) Class and finish of mat

inis eria
2.2, and 1.2.3).

)

(c) Condition, and if applicable, temper (see 1.2,
1.2.4, and 3.1).

(d) Porosity tést, if required (see 3.7 and 4.3.7).
(e) Diameter of rod and wire, if applicable (see 3.8).

(f) Dimensions of bar stock, if applicable, as well as
shape (square, rectangular, or hexangular (see 3.8).

(g) Dimensions of tubing, if applicable (see 3.8).

(h) Thickness dimension of ribbon and strip if appli-
cable (see 3.8).

(1) Ouantity of material required (see 4.2).

(j) Additional specimens for phase transformation test

(k) Preservation, if required (see 5.1).

{1) Level of packaging and packing required (see 5.2 and

5.3).
{(m) Snecial markine. if reguired (see S.4)
Amy opelidir Mailifilig, 11 ICQULIICG \S&C J.5s5.
6.3 Bar stock - Bar stock with square, rectangular, or hexa-

gonal cross-sectional areas are generally not stock items, but are available
upon request.

* 6.4 Phase transformation - Specimens of Class 1 alloyv being
microexamined for phase transformation (see 4.5.6) mav be compared with the
illustrations shown in ASTM F15, specification for Iron-Nickel-Cobalt Sealing
Alloy, for presence or absence of an acicular structure. Figure 1 shows
specimen with no transformation, whereas Figure 2 shows specimen with partial
transformation, : '

* 6.5 Typical thermal expansion data for the alloys are given in ' .-

Table XVI to assist in the selection of material and for information only.

* 6.6 - .For ease and simplicity of referencing this document
with those documents issued by the American Society for Testing and Ma-
terials, the -following cross reference is included for information only:
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MIL-TI-23011 ASTM Desipnation

Class 1 F15, Iron-nickel-cobalt sealing alloy

Class 2 F30, Alloy No. 52 Iron-nickel sealing alloy

Class 3 F30, Alloy No. 48 Iron-nickel sealing alloy

Class 4 F30, Alloy No. 46 Iron-nickel sealing alloy

Class 5 F30, Alloy No. 42 Iron-nickel sealing alloy

Class 6 F31, 42 percent nickel - 6 percent chromium
iron sealing alloy

6.7 Changes from previous issues - The outer margins of

this specification has been marked "*" to indicate where changes (deletions,
additions, etc.) from the previous issue have been made. This has been done
as a convenience only and the Government assumes no liabilityv whatsoever

for any inaccuracies in these notions. Bidders and contractors are cautioned
to evaluate the requirements of this document based on the entire contents

as written irrespective of the marginal notations and relationship to the
last previous 1issue.

Custodians: Preparing Activity:
Army - MR Navy - AS
Navy - AS Project No. 9505-0071

Air Force - 11

Review activities:
Army - ME
Air Force - 84

User activities:
Army - AT, AV, MI
Navy - 0S
Air Force - 17

Review/user informacion is current as of the date of this document. For
future coordination of changes to this document, draft circulation should
be based on the information in the current Federal Supply Classification
Listing of DoD Standardization Documents.

20 -
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TABLE XVI. Typical thermal expansion data
7 Linear ccefficient of thermal expans;;; -
Temperature Cm. per cm. per °C x 10-6
range
°C Class

1 2 30 4 5 6 7
30 ggrlOO - 10.5 9.4 8.2 4.8 - 1.18
30 to 150 - 10.5 9.4 8.1 5.6 - -
30 to 200 5.5 10.4 9.4 7.9 4.5 - 1.72
30 to 250 - 10.4% 5.3 7.8 4.5 - -
30 to 300 5.1 10.2 8.8 7.5 4.5 8.2 4.92
30 to 325 - - - - 4.7 - -
30 to 350 - 10.2 9.0 7.4 5.0 8.7 6.60
30 to 375 - - - 7.5 5.5 - -
30 to 400 4.5 i0.1 8.7 7.5 6.0 10.0 7.82
30 to 425 - - 8.9 7.6 - - -
30 to 450 5.3 ¢ 10.1 9.0 7.9 7.1 10.6 8.82

i
30 o 475 - E i6.1 9.3 - - -~ -
30 to 500 6.2 E 10.0 9.4 8.6 8.0 11.2 9.72
30 to 525 - ! 10.4 - - - - -
30 to 550 - 1 10.5 }10.2 9.3 8.8 11.7 -
30 to 600 7.9 10.8 10.4 9.8 9.5 12.2 | 11.35
30 ta 700 9.3 o117 111.3 10,7 105 3.0 1 12.70
36 to 80G % 106 125 1120 | 16 f e | 137 | 13.4s
30 to 900 E 1.8 | 13;3‘ 13.0 12.5 12.3 14.6 13.85
30 to 1,000 i - 4.2 1139 | 134 [13.2 ] 154 -
i :
: i :
21
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3a. NAME OF SUBMITTING ORGANIZATION

- ADDREASS (Street, City, State, ZIP Code)
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L] wuser
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[]

%
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(See Instructions — Reverse Side) g
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in
submitting comments and suggestions for improvements. All users of military standardization documents are invited to provide
suggestions. This form may be detached, folded along the lines indicated, taped along the loose edge (DO NOT STAPLE), and
asiled. In block 5, be as specific as possible about particular problem areas such as wording which required interpretation, was

too rigid, restrictive, loose, ambiguous, or was incompaiible, and give proposed wording changes which would alleviate the
probiems. Enter in block 6 any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
acknowledgement will be mailed to you within 30 days to let you know that your comments were received and are being

consgidered.

NOTE: This form may not be used to request copies of documents, nor to requést waivers, deviations, or clarification of
specification requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
to waive any portion of the referenced document(s) or to amend contractual requirements.
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