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Standard Practice for
Making Reference Glass-Metal Sandwich Seal and Testing

for Expansion Characteristics by Polarimetric Methods 1

This standard is issued under the fixed designation F 144; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

€' Note—Section 14 was added editorially in September 1995.

1. Scope The glass and metal are cleaned, treated, and sized to specified
1.1 This practice covers the preparation and testing of &roportions. Plane-interfaced seals are formed, annealed, and
reference glass-metal sandwich seal for determining stress Reasured for residual optical retardation. The stress parallel to
the glass or for determining the degree of thermal expansiofl€ interface in each seal is calculated from the optical
(or contraction) mismatch between the glass and metal. Test§tardation, and the average stress and thermal expansion
are in accordance with Method F 218 (Section 2). mismatch are computed for the sample.
1.2 This practice applies to all glass and metal (or aIon)4

L . . Significance and Use
combinations normally sealed together in the production of ) ) )
electronic components. 4.1 The term “reference” as employed in this practice

1.3 The practical limit of the test in deriving mismatch is implies that either the glass or the metal of the reference
approximately 300 ppm, above which the glass is likely togdlass-metal seal will be a “standard reference material” such as
fracture. those supplied for other physical tests by the National Institute

1.4 This standard does not purport to address all of theOf Standards and Technology, or a secondary reference material
safety problems, if any, associated with its use. It is thavhose sealing characteristics have been determined by seals to
responsibility of the user of this standard to establish appro-2 Standard reference material (see NBS Special Publication

priate safety and health practices and determine the applica?60)- Until standard reference materials for sealls are estab-
bility of regulatory limitations prior to use. lished by the NIST, secondary reference materials may be

agreed upon between manufacturer and purchaser.
2. Referenced Documents
2.1 ASTM Standards: > Apparatl.Js o
F 15 Specification for Iron-Nickel-Cobalt Sealing Alfoy 51 Polarimeter as specified in Method F 218 for measur-
F 30 Specification for Iron-Nickel Sealing Allo§s ing optical retardation and analyzing stress in glass.
F 31 Specification for 42 Percent Nickel-6 Percent °-2 Cut-Off Sawwith diamond-impregnated wheel and No.
Chromium-Iron Sealing Alloy 180 grit abrasive blade under flowing coolant for cutting and

F 47 Test Method for Crystallographic Perfection of Silicon fine-grinding glass rod.

by Preferential Etch Techniques 5.3 Glass Polisherbuffing wheel with cerium oxide polish-
F 79 Specification for Type 101 Sealing Glass ing povxlldelr or laboratory-type equipment with fine-grinding
F 105 Specification for Type 58 Borosilicate Sealing Glass @nd polishing laps. . _ _
F 218 Test Method for Analyzing Stress in GRass 5.4 Heat-Trea'Flng and_ QX|d|Z|ng Furnacgswth suitable
F 256 Specification for Chromium-Iron Sealing Alloys with ¢ontrols and with provisions for appropriate atmospheres
18 or 28 % Chromiurf (Annex Al) for preconditioning metal, if required.
5.5 Sealing Furnaceradiant tube, muffle or r-f induction
3. Summary of Practice with suitable controls and provision for use with inert atmo-

3.1 Seals of a standard configuration are prepared frorfiPhere. _ ) -
representative specimens of the glass and metal to be tested?-6 Annealing Furnacewith capability of controlled cool-
ing.
1 This specification is under the jurisdiction of ASTM Committee C-14 on Glass 5.7 Ultrasonic Cleaner Optlonal'

and Glass Products and is the direct responsibility of Subcommittee C14.04 on 2.8 Fixture for Furnace Sealingdesign as suggested in
Physical and Mechanical Properties. Annex A2.

Current edition approved July 3, 1980. Published September 1980. Originally 5§ 9 Micrometer Caliper with index permitting direct read-
published as F 144 — 71 T. Last previous edition F 144 —73. .

2 Annual Book of ASTM Standardgol 10.04. Ing of 0.02 ij

3 Annual Book of ASTM Standatdéol 10.05. 5.10 Immersion Mercury Thermometer

4 Annual Book of ASTM Standagdgol 15.02.
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6. Materials , '< |
. . . . meira Cu7 /7)) e
6.1 Metal—Five representative specimen pairs of the metal glass
from either rod or plate stock with dimensions satisfying the FIG. 2 General Seal Configuration.

requirements of 7.1. The surfaces to be sealed should be

relatively free of scratches, machine marks, pits, or inclusions olished surfaces should satisfy the dimensional criteria of 6.2
that would induce localized stresses. The sealing surfaced . . . ’

: g . and 7.2, and be without chips, nicks, or scratches. Remove any
should terminate in sharp edges at the peripheral corners to act

as a glass stop. Edges that are rounded, such as aploearsurface contaminants which could produce bubbly seals. An

tumbled parts, will have the tendency to permit glass overflow!ﬁgasomc wash may be used. See Annex Al.

The opposite faces of each plate should be parallel within 0.5  procedure for Making the Sandwich Seal
6.2 Glass—Five representative specimens of rod or plate

glass, cut with either diamond-impregnated or other abrasive 9.2 Make th linaf by induction heati fh
cutting wheels under flowing water. Dimensions (volume) ~: ake the seal in a furnace or by induction heating of the

must satisfy the requirements of 7.2, and the faces should ngtal utilizing _Sl_“table specimen holders_ or supports under
flat and parallel within 0.5° for uniform flow during sealing. controlled conditions of temperature and time. See Annex A2.

9.1 Record dimensions of metal plates and glass parts.

7. Test Specimens 10. Annealing _
7.1 The metal specimens may take the form of circular, 10.1 Once a symmetrical, bubble-free seal has been made,

square, or rectangular plates. In each case the dimedsfog. proper annealing of the seal becomes the most critical part of

1, designates the path along which the optical retardation inth@‘? procedure. It is by this oper_ation the}t all stresses are
lieved except those due to the difference in thermal contrac-

finished seal is measured. Two identical metal plates of any df f th ials f i level
the indicated shapes are required for a seal. The thickhgss, tion of the two materials from annealing temperature levels.

of each plate should be at least 0.7 mm aifg, should be at This process involves heating the seal to a temperature
least 6 somewhat higher than the annealing point of the glass and

7.2 Glass with suitable optical transmission of any Shapénaintaining this temperature for a time sufficient to relieve the
may be used, provided it flows essentially bubble-free to fill thefXisting strain. The test specimen 1S then cooled SIOle. ata
nstant rate. As an alternative, annealing can proceed directly

entire volume between the metal plates as in Fig. 2. Experienc(‘le0 . : ;
cooling during the making of a seal.

indicates, however, that best results are obtained with flat glas@lo > Seal d ted . . h b
conforming closely to the outline of the metal plates. The 10-2 Sealstress and associated expansion mismatch can be

thickness of the glass before sealing shall be such that it equaf@red markedly by annealing schedule modification. For this

reason, when the test is used as an acceptance specification, it

t, after sealing within 15%. Thus, the volume of glass.
necessary to fill the void between the metal plates to &S strongly recommended that producer and user mutually

thickness equal to that of a single plate becomes the determiffefine the annealing schedule and establish rigid controls for its
ing dimensional criterion for the glass. maintenance.

7.3 When used as an acceptance test by producer and USEY, procedure for Measuring Optical Retardation
the number of test seals representing one determination shall be

established by mutual agreement. However two seals are all-1 For each specimen measure the retardation in the

minimum requirement for one determination. annealed seal due to the stress parallel to the interface
according to Method F 218.
8. Preparation of Specimens 11.1.1 Position the plane of the seal (in an immersion liquid,

8.1 Meta—Chemically clean the specimens to removeif needed) in a direction 45° from the direction of vibration of
: g1e polarizer and analyzer, so that the line of sight, or light

surface contaminants, especially lubricants and fingerprint ; . : S Y
from fabrication and handling. Usually it is advisable to path, is through the maximum glass dimension in the direction

preoxidize parts as described in Annex AL PreoxidationdShown in Fig. 1. In a circular seal, for example, this would be

: he diameter.
romotes a better glass-to-metal bond and relieves cold work! . . .
i%g stresses 9 11.1.2 Determine the retardation along the light path
8.2 Glass—Using optical glass techniques grind and polishthroth_ the glass_ in terms of degrees of rotation Of. analyzer.
the sealing surfaces of the glass specimens with either ngotate in a direction that causes the curved black fringes seen

abrasive wheels or water slurries of abrasive on a lap. ThYithin the glass to appear to merge in the center of cross
section of the glass and away from the glass—metal interfaces.

Rotate the analyzer so that any light or “gray” area which may

- ¥ exist between the fringes disappears and a dark spot, or area, is
Q d formed. This condition is termed the point of extinction.
- - Note 1—Sealing combinations may exist in which the thermal expan-
e - l—i sion coefficients of glass and metal at room temperature may differ
- - ) ) significantly. In these cases it may be important to record the temperature
m of the refraction liquid (or the seal) at the time the retardation is measured.
(a) circular (b) square (c) rectangular Note 2—In certain glasses, especially those compositions containing
FIG. 1 Permissible Metal Shapes. more than one alkali oxide, part of the retardation observed may not be
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FIG. 3 Shape Factor
associated with the mismatch stress of interest. In these cases some S = RK )

structural birefringence is caused by temporary stresses at elevated
temperatures. Evaluate the exact analysis of mismatch stress by comwhere:
pletely removing the metal member by acid immersion. Read again theS

stress parallel to interface, Pa,

retardation at the same glass surface. Then algebraically subtract angR = average retardation per unit length of the test
residual retardation from that previously observed. specimens, nm/cm, and
11.1.3 If an immersion liquid is used record the nominal K = stress-optical coefficient of the glass, nm/cm-Pa.

index of refractionny, of .the “qu.ld’ a.nd _measure and recor‘f Note 4—The stress-optical coefficieRtof any reference glass shall be
th? tempgrature _Of the immersion liquid to the nearest 1 C%upplied by the producer. Values for typical sealing glasses are found in
using an immersion mercury thermometer. Table Al of Specifications F 79 and F 105.

11.1.4 Record the type of light source and the effective
wavelength,L, in nanometers, of the light for which the
retardation has been measured. Record the interface positi
and the major stress component position and sense (tension
compression) as defined in Method F 218.

12.4 Calculate the thermal expansion mismatch (the differ-

ential thermal contraction between the glass and the metal from
W setting point (approximately the strain point) of the glass to

Zom temperature) as follows:

11.1.5 Measure the lengtth along the light path (Fig. 1) 521k |:t_g+£]106 3
using a micrometer caliper. 2 Entn  Eg
12. Calculations where: _ _

12.1 Calculate the retardation per unit length of each speci-,[6 andt _ '?hxigI?rT:Isosn (;rf]lsrrr:]eai;gh,aﬁzm' lass. respec-
men as follows: m 9 . glass, respec

tively, cm,
R = (LX A)/(180° X d) (1) E., andE, = Young's modulus of metal and glass,
where: respectively, Pa, _
= retardation per unit length, nm/cm K = shape factor (see F|g.53_amd,_
' ' Y% = composite Poisson’s ratio, given by:

= wavelength of light source, nm,
= rotation of analyzer, deg, and
length of the light path through the interface, cm.

Q> U
|

t E 1+,
_9 _m) (9
(@)w () ()
. . Y= tg 1+ Vg Em
Note 3—In determining the light path only that length of glass sealed X + T+v, E

at the interface is considered. In a complete seal, this may be the same as
d of Fig. 1, but it may be less. See A2.6 of Annex A2.

12.2 Calculate the averagR, of the values ofR for the .
i i Gulati, S. T., and Hagy, H. E., “Theory of the Narrow Sandwich Seal” and
specimens in a test lot. “Finite Element Analysis and Experimental Verification of the Shape Factor for
12.3 For each test |O'[, calculate the average seal Stre§§rrow Sandwich SealsJournal of the American Ceramic SocigWpol 61, 1978,

parallel to the interface using the relationship: pp. 260-263, 263-267.

P

(4)
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where v, and v,,, are glass and metal Poisson’s ratios,cross section near the interface for each specimen,
respectively. 13.1.7 Stress-optical coefficient of the glass,

13. Report 13.1.8 Type of light source and effective wavelength,

13.1.9 Nominal index of refraction of immersion liquid and
its temperature at the time of retardation measurements or, if no
immersion liquid is used, the temperature of the seal, and

13.1.10 Average value, range, and sense of thermal expan-
ion mismatch®

13.1 The report shall include the following:
13.1.1 Type of metal and identification,
13.1.2 Type of glass and identification,
13.1.3 Dimensions of metal plate and glass for each specis—
men,

13.1.4 Number of specimens tested,
13.1.5 Annealing schedule,

13.1.6 Length of the light path through glass at the center of 14.1 expansion mismatch; glass-metal seals

14. Keywords

ANNEXES

Al. DIRECTIONS FOR CLEANING AND HEAT-TREATING SPECIMENS OF GLASS AND METAL FOR MAKING SEALS

Al.1 Clean the glass with ultrasonic agitation in G5 Note Al.1—These sealing alloys are covered by the following ASTM
0.01 % nonionic wetting agent solution at 505°C for 5+ 1  specifications:
min. If necessary, precede this by an immersion in a 15 % Alloy Specification
aqueous hydrofluoric acidsolution for 0.15 to 1 min; this is Fe-Ni-Co Fis
recommended particularly for aged or weathered glass. Rinse Fe-Ni F 30
successively in distilled or deionized water and alcohol. Blow Ni-Cr-Fe F31

dry with nitrogen or filtered air, and then oven dry at 110 Cr-Fe F 256

5°C for 15+ 2 min. Rinse water (distilled or deionized) shall

have a resistivity greater than 2 K-cm. Al.3 Heat treat Fe-Ni-Co and Fe-Ni alloys in wet (satu-

rated) hydrogen at 1106 20°C for 30* 2 min. Then oxidize
Al.2 Commonly used ASTM sealing alloys are Fe-Ni-Co, in air at 800+ 10°C for 8 = 2 min. As a result of oxidation
Fe-Ni, Ni-Cr-Fe, and Cr-Fe (AL.1). Degrease these alloys iFe-Ni-Co should gain 0.2 to 0.4 mg/énin weight; Fe-Ni
trichloroethylene vapor or liquid, and follow this with the should gain 0.1 to 0.3 mg/chin weight.
ultrasonic cleaning procedure in A1.1. Rinse in water. Immerse
in 10 = 1 % hydrochloric acid solution at 1605°C for 2 = Al.4 Cr-Fe and Ni-Cr-Fe alloys require no prior heat

0.5 min and follow this with the final rinsing and drying yeatment. Oxidize them in wet (saturated) hydrogen at 1200
procedure in A1.1. 10°C and 1290+ 10°C, respectively, for 48 5 min to give a
gain in weight of 0.2 to 0.4 mg/cfn
¢ Refer to Appendix A1 of Method F 47 for proper handling of hydrofluoric acid.

A2. Suggested Methods for Making Sandwich Seals

A2.1 Ifthe glass part closely matches the dimensions of the A2.2 Seals can also be made with glass solid cylinders of
metal parts, a good seal can usually be made simply bproper volume but with smaller diameter than the metal parts
stacking the parts concentrically, applying no load, heatingas described in this section.
rapidly to a temperature approximately 100°C above the

softening point of the glass, maintaining that temperature for A2.3 Fig. A2.1 illustrates a fixture for furnace sealing. It
20 min, and then cooling rapidly.

—N E \\ / D
counterbore C to red
B T+ lﬂl / bearing length on B
C———— _U _X\__\ /L_!
— 1
74
| ;
| L stop height for C

| |
A—at ] L

FIG. A2.1 Furnace Sealing Fixture
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should be made of a suitable high-temperature oxidationmetal. Overheating will cause the viscosity of the glass to
resistant metal. The base platd, contains three suitably decrease to a level that will result in overflow. The proper
spaced pinsB. The upper part of each pin is machined to aschedule can be arrived at through the preparation of trial seals.

reduced diameter for the length that will permit a load plate of 55 g The idealized seal of Fig. A2& is realized only
adequate weightC, to drop to _the height that will press the through molding or grinding (Note A2.1). A good sed),(is
glass,D, after softening to a thickness equal to that of a metabainaple with proper glass dimensions, fixture design and
plate,E. BothAandC are recessed to prevent lateral motion of ¢, n4ce control. The case where the volume of glass is not quite
E. Since a successful seal depends on the free verticalyequate q), is acceptable provided the width of the unsealed
movement ofC, fine abrasive action on the small diameter of 514 is no greater than the thickness of the metal fiatd@he

B to remove oxide accumulation may be occasionally required"ght path hered in 11.1) is considered to be only that length
followed with the use of powdered graphite as a lubricant.  ¢p5un asp. Seals @) and € are unacceptable because of

] ] ) overflow glass in one case and becatjsé t, in the other; the
A2.4 AssembleD andE into the fixture, centerin® as  gyerflow glass of @) may be ground.
judged by eye, and taking care the plakeke in the recesses
of A andC. Note A2.1—Grinding is permissible to remove excess glass and shall
develop surfaces parallel to each other and normal to the plane of the seal
. . . . interfaces within¥z °; grinding should be followed by reannealing before
A2.5 Place the Ioa_de_d fixture into a furnace with an !nertmeasuring for retardation. However, grinding may produce micro or
gas atmosphere and idling at some temperature that will NGhacro cracks at the interface with the uncertainties associated with this
cause the glass to crack. Heat according to a time-temperatugendition.

schedule that will allow the glass to flow to the edges of the a2 7 Anneal the seal in accordance with Section 10.

— t max.
m L]
— P -’:_
[ ] L e ]
777 T 72 @
. ] ]
(a) idealized (b) good (c) acceptable (d) not acceptable (e) not acceptable

FIG. A2.2 Some Glass Flow Shapes

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



