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CONTRACTUAL ORIGIN OF 'l'HE INVEN'fiON 

The United States Government has rights in this ihven-

tion pursuant to Contract No. DE-AC07-76ID01570 between th~ 

u. s. Department of Energy and EG&G Idaho, Incorporated.· 

BACKGROUND OF THE INVENTION 

This invention relates to a method of fabricating a 

str~ng seal between a ceramic and a metal alloy. More 

specifically, the invention relates to a method of fabricat­

ing a seal strong enough to wi~hstand extreme conditions 

10 of .temperature and pressure such as those found in the 

environment of a pressurized water reactor (PWR). 

The use of pressurized water reactors has required the 

development of special instruments capable of withstanding 

severe steady ~tate PWR conditions. T~pical of these 

instruments is the liquid-level transducer, an instrument 

used to acquire data on transient, two-phase fluid behavior 

in a PWR.· Each transducer is comprised in part of several 

electrodes. Each electrode comprises in part a coaxial 

center pin·and outer housing, both made of an electrically 

20 coriductive alloy and separated from one another by a coaxiai 

ceramic sleeve. The ceramic sleeve terminates in a ceramic 
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seal at the point at which the center pin extends beyond 

the housing. A constant current is passed through the 

center pin and the housing and the resulting voltage 

between the pin and housing is measured. When the electrode 

is i~nersed in water, the water provides a conduction path 

for the current·so that the conductivity is high and the 

resulting voltage is low; conversely, when the pin is dry, 

the conductivity is low and th~ voltage is high. These 

transducers may be mounted at different levels pn the 

10 interior of a reactor vessel to indicate the water level 

in the vessel. If water permeates the ceramic sleeve 

between the pin and the housing the voltage will always be 

low and the electrode will give erroneou~ results. Thus if 

the ceramic seal is defective, the electrode will fail. 

Seals.prepared by conventional methods have proven un­

~atisfactory for the harsh environment of a PWR. Seals are 

commonly prepared by prefiring the alloy in a reducing 

atmosphere such as the 11 burnt gas .. atmosphere commonly used 

in the art. 11 Burnt gas 11 atmospheres are quite variable in 

20 composition; the partial pressure of oxygen generally 

ranges anywhere from over 10 5 pa to about 1 Pa. The pre­

fired alloy and the ceramic are then hot-pressed and fired 

together in air. Under these conditions the formation of 

oxides on the surface of the alloy cannot be controlled, 

and oxideo whi~h are not conducive to bonding may grow. 

Seals produced in this manner often have voids in the 

ceramic and poor bonding between the alloy and the ceramic. 

These seals have failed under the high temperature and 

pr,essur.es characteristic of a PHR. 
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The poor bonding is a result of materials used in the 

manufacture of the electrode. The alloy used in the c~nter 

pin and outer housing is typically rnconel X-750, which 

contains significant quantities of nickel, chromium, 

titanium, iron, cobalt, aluminum and silicon. By current 

methods, during the prefiring step the alloy forms a 

scale of NiTio 3 on top of a layer of NiCr 2o 4 • These oxides 

have incompatible therm~l expansion characteristics, which 

lead to spalling along the oxide interface. Additional 

10 problems may arise during the firing step. Molten ceramic 

will form a strong bond with certain types of oxides, but 

if the molten ceramic dissolves the entire surface oxide 

on the ~lloy, the ceramic will come in direct contact with 

the alloy and only weak van der Haals bonds will be formed. 

SUMMARY OF THE INVENTION 

It is one Object of the present invention to provide 

a method of fabricating a seal between a ceramic and a 

raetal alloy. 

It is another object of the present invention to provide 

20 a method of fabricating a seal between a ceramic and a metal 

alloy that can withstanrl the environment of a pressurized 

water reactor. 

It is another object of the present invention to pro­

vide a m~thod of fabricatiny a seal between a ceramic and a 

metal alloy suitable for use in an electrical conductivity 

sensitive liquid level transducer for use in a pressuLlzed 

water reactor. 
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Additional objects, advant~ges, and novel features of 

the invention will be set forth in part in the following 

description. 

In accordance with the invention, the method of fabrica-

tion comprises prefiring the metal alloy in an atmosphere 

with a very low oxygen partial pressure, cooling the alloy, 

placing the ceramic in contact with the alloy, quickly firing 

the ceramic and alloy in air to form a bond therebetween and 

carefully cooling the bonded ceramic and alloy to avoid ther-

10 mal stresses on the newly formed bond. The prefiring of the 

alloy in an atmosphere with a very low oxygen partial 

pressure causes an oxide to form on the alloy surface which 

is stable and strongly oonded to the alloy. When the 

ceramic and alloy are fired together in air, the ceramic 

melts whereupon it dissolves a small amount of the surfa·ce 

oxide layer. This forms a strong bond between the ceramic 

and the oxide, providing a hermetic seal between the ceramic 

and the alloy. 

A seal fabricated by the method of the subject invention 

20 is strong enough to withstand the severe temperatures and 

pressures characteristic of n pressurized water reactor. 

These seals may be used in the internal instrumentation for 

these reactors where ordinary ceramic-alloy seals would fail. 

The method is simple, reliable and inexpensive, and does not 

rcquir~ any unusual apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EHBODIMENT 

The following is a detailed description of a preferred 

emoodiment of the subject invention; other embodiments will 

be reudily apparent to those skilled in the art. 
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By the method of the subject invention, the alloy parts 

for the el~ctrodes are prefired in a strongly reducing 

atmosphere such as a mixture of H2 and co2 at a.temperature 

of about ll00°C for about 1-3 hours. The partial pressure 

.. -10 . 
of oxygen should be less than or equal to 10 Pa and l.S 

preferably on the order of lo-14 Pa. The reducing atmos-

phere is maintained while the alloy parts are allowed to 

cool. After cooling the alloy parts and ceramic are 

assembled in the desired configuration and fired in air 

10 at a temperature of about 1050°C for about 8 to 12 minutes. 

20 

The firing in air must be done very quickly, so that the 

maximum temperature is reached in one to two minutes. 

An induction furnace is well-suited to this purpose. 

The temperature is quickly reduced to about 8l0°C and 

maintained for about three minutes, then gradually reduced 

to about 540°C and maintained for about 5 minutes. The 
' 

induction furnace is then turned off and the alloy-ceramic 

assembly allowed to cool to roo~ temperature before it is 

removed from the furnace. 

The method of the subject invention forms an unusually 

stroi'lg seal between the alloy and the ceramic. vvhen the 

alloy used is Inconel X-750, prefiring under the prescribed 

conditions produces a surface layer of the oxides Al 2o 3 and 

Cr 2o 1 • These hexagonal oxides are slow to form and stable. 

They adhere strongly to the alloy surface, and will not 

crumble, flake, or peel off. The very low partial pressure 

of oxygen encourages the formation of NiTio3 which is also 

hexagonal and therefore has thermal expansion characteristics 

compatible with Cr 2o3 • This increases the adherence of the 
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oxide layer to the substrate alloy forming a seal impervious 

to oxyger1. A higher partial pres~ure of oxygen such as that 

used in prior art methods would lead to the formation Tio2 

and NiCr 2o4 which are tetragonal and therefore not compatible 

with the surface of the prefired alloy. These oxides would 

spall off the alloy resulting in sea~ failur~. 

The quick firing of th~ assembled ceramic and alloy 

parts in air accomplishes several purposes. The ceramic be­

comes molten and dissolves a small amount of the oxide on 

10 the alloy surface forming a strong bond between the ceramic 

and the oxide layer. This in conjunction with the strong 

bond between the oxide and, the substrate alloy forms a very 

strong bond between the cerami~ and the alloy. The ceramic 

typically contains a large quantity of barium silicate and 

significant amounts of As 2o 3 , Bi 2o 3 , and other metallic oxides. 

The high partial pressure of oxygen during the quick-firing 

prevents the decomposition of the As 2o 3 and Bi 2o 3 to elemen­

tal arsenic and bismuth. These would form a metallic coating 

on the ceramic which would inhibit the dissolution of the 

20 surface oxide on the alloy. Inconel X-750 is also wetted 

best when the firing is done at high partial pressures of 

oxygen as indicated by reduced contact angles between the 

ceramic and the alloy measured during sessile drop experi­

ments. The firing in air must be done quickly to avoid the 

formation of the tetragonal Tio2 and Nicr2o 4 in the alloy. 

Also, if the firing is too long, gas bubbles will form in 

the ceramic leading to voids and seal failure. 

The cooling of the fired seal is carefully controlled 

to prevent thermal stresses in the ceramic. The portion of 
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the cooling cycle wherein the seal is maintained at a temper-

ature of about 8l0°C is important because it relieves thermal 

stresses in the ceramic while avoiding the formation of 

tetragonal oxides in the alloy. 

EXAHPLE 

Unassembled Inconel X-7SO components of the electrode 

were cleaned with acetone. A quartz tube was purged with 

argon, the Inconel x-7SO components were loaded in the tube, 

and the tube was purged with a reducing atmosphere of 

10 99.9% H2 and 0.1% co2 • By this method an oxygen partial 

pressure of about lo-14 pa was attained. The reducing 

atmosphere was maintained throughout the prefiring of the 

alloy components. The tube containing the alloy components 

was heated in a furnace at 1100°+ S°C for 3 hours. The 

tube was gradually cooled and purged with argon for at 

least lS minutes. The prefired components were washed 

in acetone. 

The prefired components and ceramic beads were 

assembled in the desired configuration. The assembly was 

20 placed in a ·pyrex tube and the tube loaded in an induction 

furnace. The furnace was brought from ambient temperature 

to lOSO+ S°C in less than 2 minutes and held at that 

temperature for 10 minutes. The temperature was.lowered 

to 810+ S°C over a period of 90 seconds and held for 

3 minutes. The temperature was then lowered to S40+ 

5°C over a period of 6 minutes and held for S minutes. 

The furnace was then allowed to cool to room temperature. 

The resulting ceramic-alloy seal was stable at a water 

pressure of 2.4 x 10 7 Pa for 30 minutes, and at a wat~r 
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pressure of 1.5 x 10 7 Pa and a temperature of 343°C for 24 

hours. These same conditions would cause failure in seals 

made by prior art methods. 

The foregoing description of a preferred embodiment is 

not intended to limit the invention to the p~ecise form 

disclosed. Obviously, many modifications and variations 

are ~ossible in light of the above teaching. The embodiment 

was chosen and described in order to best explain the 

principles of the invention and its practical application. 
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ABSTRAC'l' OF THE DISCLOSURE 

A method of fabricatiny a seal between a ceramic and 

an alloy comprisiny the steps of prefiring the alloy in an 

atmosphere with a ver':l low partial pressure of oxygen, firing 

the a3sembled alloy and ceramic in air, and gradually cooling 

. the fired assembly to avoLd the formation of thermal stress 

in the ceramic. The method forms a bond between the alloy 

and the ceramic capable of withstanding the environment of 

a pressurized water reactor and suitable for yse in nn 

electrical conductivity sensitive liquid level transducer. 
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