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- The present invention relates to stainless steel alloys

having surfaces adapted to metal-to-glass sealing and
nore Speciﬁeally to an improved process of preoxidizing
the surfaces of certain stainless steel parts as a prelim-
inary measure to creating improved durable and vacuuni-

e

- tlght metal-to-glass seals, the preoxidized surfaces fDI‘IZl‘l;- |

~ ing the bonding interface therebetween. | |
As has been known heretofore, certain ehromlum-lron

and chromium-nickel-iron alloys have been particularly

well adapted, due to their specific thermal expansion co-
efficients, to sealing to a considerably wide range of
glasses in manufacturing devices for electronic use. The
sealing stresses created in the composite body, made by
sealing a partieulat 1etallic part comprised of one of the
aforementioned alleys sealed to glass, have been. mini-
mized by thermal expansion coefficients being properly
| _matehed and/or-deviations therebetween bemg xaamtamed

1D proper agreement.

In order to obtain 2 strong uniform boad between the
ragtal and th__e glass to which the metal part-is sealed, it
has been required to furnish a relatively uniform layer of

metal oxide over the sealing surfaces of the alloy parts.

of being both soluble in the glass at or near the sealing
temperatures and firmly adherent to the base metal of the
part. An oxide layer can be obtained on the surface of
chromium-bearing alloy parts by exposure to a stream of

10

15

- oxide layer of the finished seal.
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“ternal sources.

>

- coated interior surfaces of the completed tube to ex-

Another example of parts which may be
sealed into such tube envelopes are mounting studs or
lugs which are positioned within the glass in the skirt or
flange portion of the tube face plate extending interiorly
for positively retaining an extensive color-controlling ele-
ment such as a shadow mask or line grid in precise align-
ment with a luminescent target or screen on the tube
viewing area,

Obviously, it is exceedingly. 1mpertant that the surfaee |
of these metal alloy parts to be sealed to glass have sur-
face layers which do not contain various oxides which
tend to flake away from the base metal. As can be
readily appreciated such flaking or separatzea from the

base metal can be a direct cause of air leakage and tube

metal surface and the
it has been found that
by employment of the subject method, metal alloy parts
may be prepared havmg oxide coatings which facilitate
their sealing to glass in an improved manner, as shown

by strtppmg tests whmh measure the strength of resultant

failure due to separation of the

- seals.
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~ Also the parts may eomprlse lead-in conductors such

as contact prongs which are mounted directly into a tube
socket. It is necessary that the oxide film on the surfaces -
of the prongs or anode buttons not adhered to giass be

~ adapted to removal as desired to furnish good electrical
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o The oxide layer of alley preferably. possesses properties -
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wet hydrogen while the parts are maintained at an ele-

vated temperature, ‘but considerable dlﬂiculty has been
'eXpenenced in obtaining the necessary uniformity of the
- chromium containing emde ﬁlm havmg sat1sfact0+ry glass
- sealing properties.

One process for omdlzmg ehreme-mckel-lmn alloys for

) sealmg to glass has been described in the patent to

F Kingsion, Patent No. 2,502,855, issued Aprﬂ 4, 1950, en-
titled “Preoxidation of Stainless Steel.” While thls patent .

~has taught a process of establishing the chromium oxide

contact between the aforesaid lead-in conductors and -
socket contacts. Also,

the surface oxide must be sui-
ts where

ficiently removable from the surfaces of the par

‘not sealed to glass to facilitate their welding to other

tube elements whereby the part maintains its requisite

electrical eonductmty
Accordingly, it i1s an ob]ect of the present invention

to provide an improved method of preoxidizing the sur-

face of stainless steel alloy paris under controlled con-

ditions of time, temperature and atmosphere, the oxidized
parts adapted to be sealed to electronic glasses in a vac-
uum-tight manner in variegated mdependeat operations.

Another object of this invention is to provide an im-

proved method of preoxidizing chromium-ircn alloy parts

under controlled conditions to provide a uniform adierent

~ chromium oxide film over the exterior surfaces of the
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~ layer over the described alloy parts by subjecting the parts
to a. hlgh velocity stream of wet hydrogen gas at a con-

stant level of water content and at an elevated tempera-
ture of about 2300° F., eb]ectlonable formation of un-
controllably flaky 0}{1de films of varying thickness fre-
quently occurs over the surfaces of the preoxidized parts.
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parts to permit their subsequeat positive and non-strip-

pable sealing to glass in hermetic and/or durable seals.
Another object of this invention is to provide a method

of preoxidizing the surfaces of chrome-iron alloy parts
~into a stable uniform oxide film having properties to per-

mit improved, structurally superior glass-te-metal sealing

' of electronic tube envelopes.

Another object of the present mventmn is te pwwde-
the unique method of preoxidizing chromium- steel parts

as a preliminary step prior to their being sealed to glass in o
vacuum-tight relationship wherein the oxide layer is ex-
- ceedingly adherent and uniform, the parts being subjected

" to a controlled siream of wet hydrogen gas at both low
~and elevated temperatures, the degree of water vapor

‘Furthermore, the process is not considered applicable to

~ preoxidation of chrome-iron alloy parts, fer example to
- achieve satisfactory results.
In the mass produetlon of electron dlscharge tubes such

" as cathode- -ray picture tubes for television reception, for |
~ example, it is essential that all metal-to-glass seals be as
- near perfeetl}f vacuum-tight and as meehamcally durable

~as possible in view of employment of the con
in relatively hlgh-speed sealing operations.
duction of glass funnels as one component part of cathode-

peneut parts

ray picture tube envelopes, for example, a lead-in con-

ductor element such as an anode button comprised of 70'

chromium-iron alloys is nermally sealed into the funnel

In the pro-:
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- present being adjustably regulated during the preealda- "

tlDIl
A still further eb]ect of the present invention is to

provide a process of preoxidizing chrome-iron alloy

 shaped paris as a preliminary step to their being effective-
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lv sealed to glass, the preoxidation establishing a stable

- uniform oxide film over the exposed surfaces of the paits =
by subjection of the parts to both low and high tem- =

peratures while contained within a wet hydrogen atmos- -

- phere, the water vapor present being controllably regu-

side wall with interior and exterior surfaces exposed for
- conduction of an electrical potential from -conductively-

lated from an initial low to hlgh level to achieve optimum

expeditious results. |
The ‘specific nature of this mveatmn as well as other
objects and advantages thereof, will become apparent to

- those skilled in the art from the fellowmg deta11ed dew
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scrlptleu taken in conjunction with the annexed sheets

- of drawings on which, by way of preferred example only,

are 1llustrated the pr ferred embodlmeuts of thrs traven- '

tlon e
~'On the aceompanylng drawmgs |
~ Fig. 1 is a schematic view of heating .and atmosphere
- controlling apparatus appheable te practremg the present
method of oxidation,
- Fig. 2 is a perspective view of an anode button illus-

trative of alloy parts sulted to emdatmu by the prescnbed
method. -

Fig. 3 is an enlarged fragmentary seettenal view of

10

- a side wall of said anode butten 1llustrative ef its ﬁnally -

oxrdlzed surfaces.

“While the present invention wﬂl be descrlbed in a
preferred embodiment as specially suited to preoxidizing
the surfaces of chrome-iron alloy parts such as anode

- buttons or posulemug studs for glass cathode-ray tube
-envelopes 1t 1s fully understood that the principles of the

invention are equally applicable to preoxidizing surfaces

~of other stainless steel parts for other purposes thau these

_'_speelﬁcally described herein, =

- “Referring to the drawings and partmularly to Fig. 1,

~ the oxidizing apparatus 18 is comprised of an elongated .
- tube 11 mounted within a furnace 12 and an adjacent 2
. cooling chamber 13.  The ends of the tube 11 extend
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- beyond ‘the respective ‘furnace 12 and cooling -chamber "

13 to ‘provide access into ‘the ‘tube and maintenance of

~ controlled atmosphere therein. Furnace 12 has a- heating

- element 14 surrounding a lengthwise portion of tube 11
" in spaced relation therefrom "and may be fabricated es-
- -sentially.of refractory material,

Chamber 13 has a- fluid

coolant such as water supplied to inlet and outlet lines

connected thereto for- matntalmng mmlmal temperatures -'

- in this area. - Chamber 13 is adapted to both introduc-
tion of the parts to be oxidized and cooling of the same
during latter stages of oxidation. The tube end near

-~ chamber 13 is provided with a hinged access door 15.
- Tube portion 16 surrounded by chamber 13 provides an

-area where the parts to be oxidized are flushed -of their

entrained air prior to emdatten aud sul::sequeutlyr are
cooled after oxidation. o -

- Tube end 20 is provided with several mtereeuuectmg

| -hues 21 and 22 adapted to supply both wet and dry

o hydrogen gas to the oxidizing tube 11 from tanks 27 and
28 of hydrogen and nitrogen.

‘water receptacle maintained at a relatively constant tem-

.' : Perature of from about 18° to 26° C. within. bath 24.

'. The gas saturated with the water vapor at the temperature
of the -bath is then passed threugh line ‘22 'into tube end

- 20. - The bath temperature may be varied between the

~ above limits, an intermediate temperature of frem 20°
to 21° C. being preferred. B

‘Hydrogen tanks 27 and -
- mitrogen tank 28 are provided with a flow regulating
~.valves and ‘the gas is conducted through 'several flow
- meters 25 and 26 into the tube end 208. The gas stream;

- passing through flow meter 25 is bubbled ‘through a
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._meehameally streng glass-te—metal seals. |
. glass parts which are not employed to eeutact the glass

30'- in forming the seal may be freed of the oxide: after the

Several ather alloys Whlch are alse applicable to emda—

- tion by the present method are listed below: -
Chemleal analyses of No. 446 stainless steel alleys

i - A B

& N S I I b 2.
1Y« R SO B0-80_ .. eenc| JBO-T70.
O 2080 a2 2500,
P e e e e e — { T Y: JOOIOURSIRN [ | - P
S e e N 1 S e B3
5 L 27. {]{J*-ZQ 00. .. 28.00-30. G{}
N e e e e e B0 e less than .50,
N 2 e e A0-16._ ..o o] 13-18. .
o T 60 L
Be_ i . SO SR balance___:.____} balance. ‘
Coefficient of Thermal E*«:pansien 1 114X1077° C____{ 114X1077/° C.

(20“—6{}0" O) . r } S

The above-listed alleys mateh the expansum coeffi- .

cients of the following glass partreularly well for sealing

thereto. One example of such glass is one containing
58.9% SiOy; 10.3% PbO; 4.2% Al,Os; 5.8% CaO:; 2. 1%

MgO; 1.2% BaO:; 77% Na;O and 9.2% A5O3 along
with - certain other minor constituents in

Each part te he sealed 1nte glass is. premudtzed in a

still lesser
amounts Wl]lch are utlllzed to further centrel glass pr(}per---_' |

| IES
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manner about to be described for the purpose of forming

Areas of the

required glass-to-metal seal is effected such as to provrde. E

complete electrical contact with the parts as requlred

The method consists of the followmg

- The chrome-iron alloy parts such as the auede buttens
18, for example are placed within metal trays 19 which"

are theu slid into the tube 11 in the mttoduetory or

cooled zone 16 of chamber 13. The temperature main-

tained within this area is below 200° F. and preferably

is kept about 175° F. for the gas stream to flush away

air from the surface of the metal parts,

An atmosphere of wet hydrogen is eentlnually passedf‘___'_'__-_
through tube 11 (from right to left as shown in Fig. 1)

to sweep the air from the tube.

inutes as a precautlonary measure to

eliminate all contaminants such as the oxidizing air from_f |
The -atmosphere contains hy-
dregen gas centamrug a eeutrolled amount of water. vapor.
About 2 to 25% of the hydrogen is saturated with water

vapor at a temperature of from about 18° to 26° C. ‘It
may be preferred to pass-a gas stream containing 4 to °

- 10% of the hydrogen -saturated with water vapor at a

“An-example of parts which may be preexrdrzed by the

_sub]eet method is hollow frusto-conical shaped ‘button

18 having a shape similar to that illustrated in Fig, 2.
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The button 18 may be fabricated of an alloy such as

- chrome-iron alloy having compositional designations as
~ stainless steel Product Nos, 430 and 446. |

‘The glass button 18 may e formed into the Shape ef-_ -

- accup, 1ts large open end adapted to extend exteriorly -
- frem the side wall of a giass part for engaging a connect-
S The button 18 may be formed of an alloy
. consisting of about 18.0% chromium, 0.5% nickel, 0.5%
- magnesium, and other .
70
'alumtaum in minor amounts, the remainder of the alloy -

The thermal =~
expansmu coefficient of. this particular type. of alloy

ing termmal

titanium,- 0.40% silica, 0. 35%
oxides - ef the elements of carbon, phosphorus, sttlphur,

or about 80% being substantially iron.

1S approximately 117 3 16-7 cm./cm./degree C. through -

5

saturating’ temperature of from 20°-21° C. The volume -
of gas which is passed through tube 11 is dependent upon .~ .
~ its size,-the number of parts being suuultaneeusly oxidized -
and -the initial ‘water. vapor content of -the. gas: stream.

After the parts .are retained within the eeel zone 16 of .

ehamber 13 for the stated period, the metal trays 19

“are then pushed into the hot zone 17 ef the fumaee for N

the initial part of the-oxidation cycle.

‘The parts are then subjected to the preferred stream -
of wet hydrogen containing the 4 to 10% hydrogen satu-
- rated with water vapor at 20 to 21° C. for .a permd of .
approximately 12 to 18 minutes at a temperature: ranging -
from about 2050° to 2150° F. “The prescribed -small -
quantity of water vapor mixed -with hydrogen produces
a thin eeattug of oxide :that has .an exceptionally firm
It has been observed- that when
_,100% of the hydrogeu is “saturated Wlth ‘water - Vaperf
- during this initial stage of the oxidation cycle, the oxide
produced tends to have a poor bend to the metal in. glass- -

bond to ‘the metal

to-metal seallug

The second stage of the oxrdatreu eyele eous1sts of
~ further subjecting the parts to a stream of wet hydrogen -
containing -an increased .amount of water vapor for ap-
proxuuately 30 or 40 mmutes at the stated temperature‘

Metal trays 19 contain- -
ing the parts are retained within zone 16 for an interval
.~ of from 6 to 8
45
- contact with the parts,




of from about 2050° to 2150° F. Duriﬂg this part of
the cycle 35 to 50% of the hydrogen is saturated with

~ water vapor at a temperature of 20 to 21° C. The satura-
1perature may be varied from about 18° to 26°

tion te

B C. as stated, althcugh a temperature of frcm 20° to 21°

C. is preferred

This quantity of water vapor plesent with the hydro-
gen supplies enough oxygen to increase the oxide weight
or the thickness of the oxide film suf
burning and an improved joint during subsequent glass-
to-metal sealing processes. It also permits conducting
the oxidation at a faster rate during the secondary stage
to allow economic application of the method. The weight
or thickness of the oxide coating can be varied within
limits dependent upcn sealmg requirements by changing

the amount of water vapor in the hydrogen atmosphere -

durmg the primary or secondary stages of the oxidation
cycle in order to secure an oxide coating of increased
thickness. The greater amounts of hydrogen in the stated
saturation ranges may then be utilized. In this case
about 10% to 25% of the hydrogen would be saturated
with water vapor during the initial oxidizing stage, while
about 50% of the hydrogen would be saturated wrth
water vapor in the secondary omdrzmg stene

The secondary oxidizing period is conducted for ap-
proximately 30 to 40 minutes and preferably about 35
“minutes at the increased water vapor level,

At the completion of the second stage of oxidation the
metal trays 19 are pulled from the furnace section of the
~ tube 11 inio a cooling section 16 of the apparatus.

3 to 7 minutes in a stream of wet hydrogen containing
the increased amount of water vapor called for in the
secondary ewdrzrrrg stage. . The temperature within zone

16 at this time is below about 200° F. and preferably is -
about 175° F. About 35 to 50% of the hydrogen then

used is saturated with water vapor et a temperature of

about 20° to 21° C, - | o
After the parts are cooled su: ﬁcrently 'wrthm chamber

13 the trays 19 are removed through door 15 at the
‘The furnace used to practice

exit end of the furnace.
the present inventicn may comprise a tubular puf-thrcuﬂh

type with- dccrs on opposite ends or may be modified in

‘many ways to furnish advantages for commercial pro-
duction. From beginning to end of the method consist-
ing of air expulsion, heating, oxidizing, and cooling steps,

tube 11. The water or the oxygen content of the gaseous
atmosphere durmg both the primary and secondary

' oxidizing cycles is the primary factor of the type and
" character of the oxide which is created on the parts.

" The inert nitrogen gas may be employed to regulate the
rate of oxidation as requrred by its addition to the gas
strearn, ervrng to dilute or increase the amount of effec-

tive oxidants in the gas delivered.

cxrdrzmg chrome-iron parts,

- coating is obtainable over the metal alioy: parts for im-
The final seals have indi-

- proved glass—te—metel sealing.
. ¢ated much improved characteristics over those previous-
1y made by known preoxidizing methods. Analyses of
~ coatings created on the surface of chrome-nickel-iron

of a
- alloy.

mixture of the cxrdes cf the metals in 'the 011”1113,1

'pe‘r atures within the furnace section to obtain greater
~or lesser speeds of oxidation, temperatures being varied
as much as 100° to 200° from the preferred level of

~ about 2100° F. have been observed to cause at least some

degree of degredatrcn of the oxide to create undesirable
sealing properties of the oxidized parts. An example of

the oxidized film 18a cver an anode button- 18 is illus-

trated in Frg 3.

| In
- this area the metal parts are cooled for approximately

While it is posdrble to vary the elevated cmdrzmg tem-

3,033,428

b

iciently to prevent

10
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parts to a

_ % |

‘Various modifications may be resorted to within the
sprrrt and scope of the appended claims. o

We claim:

1. The method of preexrdrzmg the surface of chrcrne-
iron alloy parts prior to sealing said parts fo glass, said
method comprising the steps of exposing the parts to
a stream of wet hydrogen for approximately 6 to 8
minutes at a temperature below 200° F. to flush away
entrained air at the surface of said parts, subjecting said
stream of wet hydrogen for approximately 12
to 18 minutes at a temperature ranging from about 2050°
to 2150° F. the gaseous stream comprising about 2 to
25% of the hydrogen saturated with water vapor at a
temperature from about 18 to 26° C., further subjecting

said parts to a stream of wet hydrogen containing an

increased amount of water vapor for approximately 30

to 40 minutes at the aforesaid temperature ranging from

~about 2050° to 2150° F., and cooling said parts for ap-

20
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proximately 3 to 7 minutes in a stream of wet hydrogen
containing the said increased amount of water vapor at

a temperature below 200° F

2. The method in accordance with claim 1, in-
cluding the step of saturating about 35 to 50% of the
hydrogen with water vapor at about 18° to 26° C. to

comprise the increased wet hydrogen stream during sec-

ondary subjection of the parts to a temperature ranging
from about 2050° to 2150° F. | |
3, The method of preoxidizing the surface cf chrome-
iron alloy parts prior to sealing said parts into glass in
vacuum-tight relationship, said method comprising the
steps of exposing the parts to a stream of wet hydrogen
for approximately 7 minutes at a temperature below
200° F. to flush away entrained air at the surface of
said parts, subjecting said parts to .a stream of wet hy-
drogen for approximately 135 minutes at a temperature
of from about 2050° to 2150° F. the gasecous stream
comprising about 2 to 25% of the hydrogen saturated

- with water vapor at a temperature frem about 18 to

26° C., further subjecting said parts to a stream of wet

¢ hydrogen containing an appreciably increased amount

of water vapor for approximately 35 minutes at the afore-

‘said temperature of from about 2050° to 2150° F., and

B cooling said parts for approximately 5 minutes in a

50

_ parts to a gaseous stream of wet hydrogen for approxi- - :
- mately 15 minufes at an elevated temperature of about
- b5
- Among the distinct advantages of the new method of
a much improved oxide

stream of wet hydrogen containing the said increased
amount of water vapor at a temperature below 200° F.
4, The method of preoxidizing the surface of chrome-

" 4 continuous flow of hydrogen gas is maintained within ~ iron alloy parts as a preliminary step prior to thermally

sealing such parts to glass in electron-discharge devices,
said method comprising the steps of exposing the parts
to a controlled stream of wet hydrogen for approximately
7 minutes at a temperature below 200° F. to flush away

entrained air at the surface of said parts, subjecting said -

2100° F., the gaseous stream comprising about 4 to 10%
of the hydrogen -saturated with water vapor at a tem-
perature of from about 18° to 26° C,, further subjecting

- said parts to a gaseous stream of wet hydrogen contain-

30

~ alioys, for example, have shown that the ccatrng consists -
85
- water vapor to a temperature below 200° F.,
sultant parts having stable oxidized surfaces thereover

70

ing said parts for approximately 5 minutes in the stream

ing an increased amount of water vapor for approxi-
mately 35 minutes at the stated elevated temperature of
about 2100° F., the gaseous stream then comprising about

35 to 50% of the hydrogen saturated with water vapor

at a temperature of from about 18° to 26° C., and cool-

of wet hydrogen containing the increased amount of
the re-

applicable to thermally sealing to glass in vecuum—trght
relationship.
5. The method of precxrdrzmg the surface df chrome-

- iron alloy parts as a preliminary step prior to thermally

1%

‘sealing such parts to glass in electron-discharge devices,
said method comprising the steps of exposing the parts

to a controlled stream of wet hydrogen for approximately
6 to 8 minutes at a temperature below 200° F. to flush
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: _away entrained .air at the surface of said ‘parts, sub-

‘Jecting said parts ‘to @ .gaseous stream .of wet hydrogen

for approxunately 12 to 18 minutes at an elevated tem-
-perature of about 2050 to 2150° F., the gaseous stream

‘comprising about 2 ‘to 25% of the hydrogen saturated
with ‘water vapor -at a temperatuw of from about 18°

- for approximately 3 to 7

hydrogen contdining the increased amount of water vapor -
to a temperature ‘below 200° F., the resultant parts hav-

- to 26° C., further subjecting said parts to a gascous

- stream-of wet hydrogen containing ‘an . mcreased_amount
-~ of water vapor for approximately 35-40 ‘minutes at the

stated elevated temperature of about 2050 to 2150°. F.,
the gaseous stream then comprising about 35-50% c}f
-_the hydrogen saturated with water vapor at a temper a-

10 .

ture of fmm about. 18“ to 26“ C., and. cmhng said pari:s-_,
inutes in the :stream of wet

ing stable oxidized surfaces thereover applicable to ther-_

_ mally sealmg to glass in vacuum—tlcrht relatronshlp
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