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ABSTRACT

Beta'-alumina tubes having walls 70011m, 300 11m, and 140 pm

were processed by extrusion and sintering utilizing Ford proprietary

binder and fabrication systems. rubes prepared b y this method have

properties similar to tubes prepared b y isostatic pressing; and sinte.-ing, 	 i

i.e. density greater than 98% of theoretical, resistivity ti5 item at 3000C

and a helium teak rate less than 3 x 10 -9 CC/cm 2 / sec .

Ford-developed ultrasonic bonding technique~ were used for

bonding; 8"-alumina end caps to open ended e"-Alumina tubes prior to

sintering;. After sintering the bond is hermetic and the integrity of the

bonded area is comnarable to the body of the tube.

The following; d"-alumina membranes were sent to 'NASA:

- Four tubes 6 mm O.D., 300 in wall, closed at one end with

glass, sealed to ,-alumina.

- Two end-capped tubes, 10 mm O.U., 700 M wall, sealed to

a-alumina.
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S LTIMARY

In April of 1976 the Ford Motor :vmpany entered into a contract

with NASA ur,d agree rl to perform the following task under Contract NAS - 19702:

The Con ►.ractor shall perform the work described hereinafter. At the end

of the contract period, no less than twc and nc: more than four tubas

shall brr sent. to the project manager. The samples shall have the, fol-

lOwinq characteristics:

1. Tubes shall be approximately 2.5 cm long, with inside diameters of

approximately 6 mm and a wall thickness not exceeding 150 microns.

2. Membranes shall have densities greater than 97% to assure good ;rermeti-

city. Such densities have ger.erally resulted in stren gths above 1:3,000

psi in the past.

3. Membranes shall have resistance less than ^.5 ;: cm  at 3000C which is

F•quivalent to 1.8 .2 cm 1 at 15)oC.

4. Membranes shall consist primarily of r"-Al `0 3 . However, minority phases

such as E-Al 20 3 may be present.

After periods of approximately 3, F and 9 months from the date of this

contract, one r"-Al 2p 3
 t

,-be shall be delivered to the NASA p roject '-tanager.

The sample shall be representative of our most advanced state of the extrusion

processinq at that time.

This contract was later ace_r.ced in the followin g manner:

The Contractor shall perform the: wars lescribed hereinafter. At the end

of the contract period, no less =h3n `^ir n:,d no more than, eight sealed

tubes shall be delivered to t.-.e Prole:t Manager. The samples shall have

the following characteristics:

5
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I. Tubes shall be approximately 0.0 cm long with inside diameters

of approximately 0 mrn or 10 mm and a wall thickness riot exceeding

300 or 700 microns, respectively.

b. First using the 300 micron tubing, the Contractor shall develop

a method of sealinq one end of the tubing to enable the tubes to

hold molten sodium. If the 300 micron tubinq cannot be sealed,

tae Contractor shall develop a sealinq method for the 700 micron

tubing.

c. Tho open era's of 0if tubing successfully sealed to hold molten

sodium shall be sealed to ai insulatinq header.

d. The sealed tubinq shall be characterized as in Task I, paragraphs

2, 3 and 4.

Proprietary binder systems have be,^n developed at Ford for use

in preparing ceramic automotive exhaust catalyst supports and turbine re-

generator cores. Modifications of these binder systems were used in pre-

liminary studies of the extrusion of ^"-alumina tubes havinq diameter:

>10 mm and wall thicknesses >1 mm. Therefore, it was decided to further

modify the processing conditions in an attempt to prepare thin-walled mem-

branes. A successful program would not only result in a technique for the

preparation of thin membranes for user in rlevicc+s such as low-temperature

Na-.r; batteries, but would aid in the development of a useful ceramic pro-

cessinq method. As a result of the successful modification of a binder

ystem, an extrusion process and a .sintering process, ^"-alumina tubes

having walls 700 um, 300 jim and 140 um were prepared. These tubes were

found to have properties similar to tubes prepared by isostatic pressing

and sintering, i.e. density greater than 98% of theoretical, resistivity

-9	 2
5 S.cm at 3000C and a helium leak rate less than 3 x 10 	 cc/cm /sec.
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Ford-developed ultrasonic bonding techniques were used for

bonding B"-alumina end caps to open ended t'"-alumina tubes prior to

sintering. After sintering the bond was found to be hermetic and its

integrity was comparable to the body of the tube.

The following R"-alumina membranes were sent to NASA in fulfill-

ment of contract objectives:

- One tube, 10 mm O.D., 700 um wall, open ended

- One tube, 6 mm O.D., 300 um wall, open endt:d

One tube, 6 mm O.U., 140 um wall, open ended

Four tubes, 6 mm U.D., 300 um wall, closed at one end with

glass, sealed to u-alumina.

Two end-capped tubes, 10 mm O.U., 700 um wall, sealed to

a-alumina.

milk	 .0



INTRODUCTION

In response to NASA KFP No. 3-5732751, the Ford Motor Company

submitted a proposal to fabricate thin B-alumina membranes. This program

was a logical extension of prior work done at Ford on tae fabrication of

B"-alumina membranes and on the preparation of thin-walled ceramic bodies

by the extrusion of polymer-ceramic composites.

The Ford Motor Company has been involved in the study of B-Ak203

and related materials for over ten years* (1-24, 30-45). From early

fundamental studies of ionic diffusion to current research and development

projects involving Na-S battery and sodium thermo-electric bene.ators, the

main thrust of the investigations has been directed toward the preparation

of cerawic membranes. Research in this area has been successful, resulting

in many patents and publications. A wealth of information has been

accumulated on the shaping, processing, and sealing of B"-A'2
 O3

as well as the effects of processing parameters and composition on the

sintered materials.

Early attempts to prepare 6-Ak 20 3 membranes for use in Na-S batteries

indicated that B"-alumina had conductivity superior to B-A+ 2 0 3 , but could not

be sintered readily because of decomposition near the sintering temperature.

When small amounts of stabilizers such as L1 20 or MgO were added, the thermal

stabilit y of the B"-alumina was increased so that it could be sintered

without decomposition.

Ceramic materials were then developed which could he sintered into

membranes having, adequate strength, conductivity and resistance to chemical

corrosion. However, when the membranes were subjected to the passage of high

*In this discussion the term B"-M203 will be used to refer to materials
which are primarily B"-A9203 but ma y also contain small amniints of other

materials such as 8-Ax".0 3 , Na ? O A1,10 
3 

and 1.1 20 %.x203.

ORIGINAL PAGE IS

OF POOR QUAL1'I'Y



- 2 -

sodium-ion currents under certain electrolytic conditions, they developed

cracks. This phenomenon was found to be a function of B"-alumina ceramic

composition. A mechanism of ceramic degradation has beets proposed 21 and

a series of compositions in the Na 2 0 - Li 2O - A-203 system has been

developed and fabricated into membranes capable of passing high currents

without degradation. 23

1'echniques have been developed for the preparation of S"-alumina

membranes having specific configurations for use in various electrochemical

devices. For example, tubes 1 cri 01), 0.8 cm 1 1) and 14 cm long were

routinely prepared by mixing, Na 2 CO it L1NO 3 , and a - Ai203 together in the

proper ratios, calcining at $00% - 1250% and milling to break dawn

agglomerates. The powder was then mixed with a binder, and isostatically

pressed in a tubular mold at 55,000 psi. After the binder was burned off,

the tubes were encapsulated in platinum containers and sintered at 1500°C -

1600°C.

However, this method is not well suited to the preparation of tubes

having walls less than 0.7 mm thick. There are formidable problems associ-

ated with mold filling prior to isoststic pressing and sample removal after

pressing;.

Techniques have also been developed for sealing 8"-alumina membranes

to construction materials such as alumina using appropriate sealing glasses.

Such seals have proved to be stable over long periods of time at elevated

temperatures in the presence of sodium, sulfur, and sodium polysulfide. Such

seals also may be used for closing open-ended tubes.

Ford has also been Involved for man y years in the preparation of

polymers highly loaded with metallic and ceramic fillers. Thermally-conducting
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rubber composites have been prepared containing 58% by volume of various

metal fillers, and polymer composites containing 50% by volume of SiC have

been injection molded. These moldings are used in the preparation of

reaction-sintered SIC turbine components.

Proprietary binder systems have been developed at Ford for use

in preparing ceramic automotive exhaust catalyst supports and turbine

regenerator cores from thin ribbed sheets 170 Um thick containing W!,

cordlerite (Mg2 AD si 50 18 ) by volume. 'rhe flexible sheets are prepared

by calendering ind emboss'.ng and then are wound into a complex shape and

sintered. in addition, honeycomb shaped structures have been extruded

containing 60% cordlerite by volame.

Modific:atlonrs of these binder systems were used in preliminary

studies of the extrusion of F"-alumina tuber; having diameters -10 mm and

wall thicknesses >1 mm. Therefore, it was decided to further modify the

processing conditions in an attempt to prepare thin-walled membranes. A

successful program would not only result in a technique for the preparation

of thin membranes for use in devices such as low-temperature Na-S batteries,

but would aid in the development of a useful ceramic processing; method.

As a result of the proposal Ford entered into a contract with NASA

and agreed to perform the following task under contract NAS3-19782:

Task I - The Contractor shall perform the work described hereinafter. At
the end of the contract period, no less than two an-! no more
than four tubes shall be sent to the project manager. The

samples shall have the following characteristics:

1. Tubes shall be approximately 2.5 cm long, with inside
diameters of approximately 6 mm and a wall thikkness

not exceeding 150 microns.

2. Membranes shall have densities greater than 97 to assure

good herme-ticity. Such densities have generally resulted
in strengths above 1.5.000 psi in the past.

ORIGINAL. PAGr, IS
OF POOR (2UAIXfy



3. Membranes shall have resistances less than 0.5 n cm  at
300% which in equivalent to 1.8 it cm l at 150°C.

4. Membranes shall consist primarily of B"-AA 2 0 3 . However,
minority phases such as 

h-A^203 
may he present.

Alter periods of approximately 3, 6, and 9 mi ,tths from th.- date of this
contract, one a"-AX 20 3 tuba shall be delive J to the NASA Project Manager.

The sample shall be representative of our most advanced state of the
extrusion processing at that time.

This contract was later amended in the following manner:

The Contractor shall perform the> work described hervinafter.

At the end of the contract perio.i, no less than four and no
more than eight sealed tubes shall be delivered to the Project

Manager. The samples shall have the following characteristics:

a. Tubes shall be approximately 6.6 cm long with inside
diameters of approximately 6 mm or 10 mm and a wall
thickness not exceeding 300 or 700 microns, respectively.

b. First using the 300 micron tubing, the Contractor shall
develop a method of sealing one end of the tubing to
enable the tubes to hold molten sodium. If the 300 micron

tubing cannot be sealed, the Contractor shall develop a
sealin); method for the 700 micron tubing.

C. The open ends o: the tubing successfully sealed to hold
molten sodium shall be sealed to an insulating; header.

d. The sealed tubing shall be characterized as in Task 1,
Paragraphs 2, 3, and 4.

EXPERIMF.NTAI.

The fabrication of thin walled V -alumina tubes requires thv

following operations:

a. The preparation of a powdered B"-alumina precursor.

b. Mixing; the powder with the hinder ingredients.

C. Extrusion of the tubes.

d. End capping of the tubes.

e. Burning off the binder.

f. Sintering; the green tubes.

g. Characterization of the sintered tubes.

r	 01
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I'he end-capping prucedure can either be performed in the green state by

techniques described litter or performed on the sintered 6'-.iJumina tube

by glass sealing. Both of these techniques have been used. The binder

system and mixing procedures used in fulfilling thin contract are the

proprietary ones developed by Ford prior to contract NAS3-19782 and will

not be desc ribed further. The extrit lion procedures and end . -apping

techniques pursued under contract NAS3-19782 ire deactlbed below.

t) Tile Zre	 a owdrred ii"- alum ina precu rsor : Dried

samples of Na 2CO 3 and LINO 3 were mixed with Linde C Ae2ri3 and mill !d for

one hour in a polyethylene container using high-purity A1!. 20 3 basis. The

ratio of reagents was chosen so that the final products would have compoNi-

tions of 8.7% Na 2 0 - 0.7% Li 20 - 90." A. 2 0 3 , 8.85% Na 20 - 0.75% Li 20 -

90.4% L1 20, and 9.0% tia 2 0 - 0.87 i.i 2 0 - 90.27 AV 2 0 3 . The powders were

calcined for two hours at 1260'C' in platinum k • rucibles. On cooling the

powders were crushed anti milled for one hour in polyethylene vessels using

Ak20 3 balls.

b) Mixing the owder with the binder ingre dien ts: Both the binder

ingredients and the mixing procedure are proprietary.

c) Extrusion: A ram type extrusion apparatus (Figures 1,2,)was used

t.o L•:;trude the green body tubes 	 4).	 No sizes of tubes were extruded

(.approximately 12 min diameter with 1000 .•n' wall and approximate lv 7 nun dia-

meter with 400 um wall.* The techniques for extruding these sizes differed

primarily in the die set used for the extrusion (1-Agure 3). "Iherefo-e it may be

i:,sumed that Lnternit-d ito slzcs can also be prepar,d.

To perform the extrusion, mixed binder and ceramic composition IN

broken or cut into a size convt-nlent for insert Lon hit, the barrel of the

extruder. After insertion into the preheated # • xtruder harrel, tit. ram is

inserted and a force of approximately 250 kg to 500 kg i4	 appi-led to pack

During binder burn out and sinterin,. tuht• ^ shrink by '^2(1

ultu^I^ tit.
OF P(K.)It oUALIT)f
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the composition. At this+ poi"t the ram lei ntopped and thr force allowed

to decay as tits composition in preheated for about 15 minutes prtur to

extrusion. After the preheat, the ram is once again forced against the

composition until tube extrude-s from the die orifice. The rate at which

tube is extruded and the temperatures of the barrel and die are adjusted

until a ;smooth tube Is obtained. Typical extrusion rates ,ire 600 mm/min

for the 12 mm tube and 100 nun/min for the 7 mm tube.	 The tube Is extruded

over a mandrel of 1U.5 mm diameter for tht . 12 mm tubing and 0.5 mm diameter

for the 7 min 	 This is done , to maintain ;straight tubing while the

green hody is mt ill hot enough to deform easily. Atlrr a sit ffIcient

length of tubing has been extruded, It is ( ut from the die and placed t,n

another mandrel for cooling to room tcmpel'aturc. Aft.or reaching "Inibit•nt

temperature, the tubing can be uas;ily hrmdlod. cut an(' stored without

use of a mandre , I .

d) End-Cal^pi t^: End-capping in the green state car. bt• performed

in several ways. The end-caps may he solvent bonded, bonded with it mixture

of binder/eeramic com position In it 	 or ultrasonically bonded. All

of these techniques have been explored and will be described below. However,

ultrasonic bonding appears to have the most promise.

The end-caps are cut from composition milled to a thickness

suitable f..,r the particul.rr wail thickness of the tube being end-capped. They

hot milling is the final phase of the mixing procedure. Although several

thicknesses of end-caps have been explored, we have foand that a thickness of

1 mm for the 12 mm diameter tube and 0.5 mm for the 7 mm diameter tube art-

more suitable. Both flat and hemisphcrically shaped end-caps have peen

explored. A better success rate In obtaining crack-free end-caps after
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sintering has been obtained w i th the hemimpherically shaped end-raps. the

hemisphericall y shaped tend-capes were obtained by Laking dletcs cut from

milled sheet and pressing theve discs into a hem:sperical teflon cavity

(heated to 150** using a brass or steel mandrel whose end has been shaped

to give the desired hemispherical shape of the interior of the end-cap

(Figure 4).

When solvent bonding, the tube end is dipped into a suitable

solvent such as methyl ethyl ketone. The end-cap ants tuba are then hrou'cht

together and additional solvent is used In small quantities to smooth th.,

Interface.

When using an adhesive composed of a portion of 01v bindcri

ceramic mixed :n methyl ethyl ketone, the procedute for solvent bonding is

also followed wt 	 adhesive bring substituted for the solvent. SmaIi

quinttties of the solvent may be used for final smoothing; of the inturfa(c .

The apparatus for ultrasonic bondtng is shown in Figure S. A

tuht . which has been carefully cut to give a sim , oth surface- whose fake is

perpendicular to the length of the tube. is placed over a mandrel. l'he horn

of r'	 ultrasonic welder Branson, 4iAc l 406C, ultrasonic welder) his a

tube s -iapL' with a hemispherical end cut intt, the base of the horn. The end-

cap is placed up into the horn and positioned with a solid rod having a flat

e:n;i cut perpendicular to the length ;if the rod. the horn of the ultrasonic

welder is then carefully brought down to give initial contact between the

end-cap and the tube. Ultrasonic power is applied while the horn is lowered

to its final position to produce the bend. Althouy;h not mandatory, a better

success rate in producing helium leak tight end-capped tubes (Figure 6) WaS

achieved if the , tubes %,,, r- rotated ,iur! ! i	 the u'.trasonIc bnn(!In ,, and If the
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edge of the end- ,ap was shaped so that it woulJ be pard1lel to the edge of

the tube to which it is to be bonded. Generally, a total time of 15 seconds;

frt,m power on to power off was adequate. After the power was turned off,

the ho -ti was .illowed to remain in contact with the tube for another 5 to 15

seconds and then raised to allow removal of the tube from the mandrel.

e) Bender Removal: Binder removal is accomplished by heating the

tubes in a circulating oven (Temper y e, T,.,e ML' 182424A) using filtered air

as the atmosphere. Several temperature programs have been used during this

contract period. However, no W cmpt has been made to minimize the time of

the burn-out schedule. It has beer found to be advantageous to support the

tubes in a vertical position by slippinb them over an alumina mandrel whose

diameter is sm<{11 enough to allow for shrinkage of the tube (luring binder

removal. 'like tunes were removed from the	 rn-out oven and placed Dilmediately

in a desiccator which Iv is been preheated to c)* 5 c'C. Tubes .end desiccator are

allowed to cool to room temperature and the tubes are held in the desiccator

until needed for sintering.

f) Sinterin2S: After binder burn out tubes were encapsulated in

plat!num cyiinders and arranged in vertical positions in a cold furnace.

The furnace was slowly heated to 1585°C, held for fifteen minutes, cooled

to 1400°C, held for one hour, then allowed to cool to room temperature.

":ne sintered B"-AX 2 0 3 tubes were sealed to -AZ203 substrates

1 some of the tubes were end capped with glass. Both techniques involved

proprietary processes developed at Ford prior to this project and will not

be described further.

g) CharL:terization: Both powders and sintered samples were

examined by X-tay diffraction to determine phase distribution. Particle

size distribttion was determined by Coulter Counter an Oysis and Scanning

;'ctron Mtcrns( , , •)v.	 Densit" , t the :sintered simp les was mPaSiirrd h,• ,ti,r,
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method of Archimedeb using methanol. He rrtiticity of the tubes wdF deter-

mined with a Veeco Model 12 helium leak detector. Membrane resistivit y as

determined by two methods: A.C. meaburementrs wire iaade with a Wa yne Karr

universa l bridge-.lkidel 5221 at 1592 Liz. ltsing molten 4040 1 -NaNO 3 contacts, I).C,

measurements were made uml ,, F molte p sodium contacts as shown in Fig. 10,

Modulus of rupture •.ras (ietermined by breakinv ring shaped segments of tubes

)n an Instron testing michine.

R ESULTS AND OBSERVATIONS

a) - Preparation of Powdered 6 "-alumina P_ a ursors. Three composi-

Lions of V-alumina precursor powders;	 re investigated, It was found th.1t

each composition could be fabricated, with minor processing variations, into

membranes having satisfactory pro perties. Since the preferred composition

of the G"-alumina membrane used in the ford Sodium Sulfur Battery is 8.85%

Na 2 0 - 0.75% L1 2 0 - 90.4% Al 2 0 31 that composition was also used in most of

the studies described in this report. X-ray diffraction indicated that the

rowders were primarily d-Ak20 3 and N a20-A. 2 0 3 with smaller amounts of

V -alumina and traces of a-AE 2 0 3 . Scanning Electron Microscopy indicated

that the milling operation effectively broke down the loosely bonded agglome-

rates formed during cal..An..".ion leaving irregularly shaped porous particles.

The following is a typical particle size distrib .ion:

Particle Diameter (in microns)

< 1.5

1.5 - 2

2-3

3-4

4-5

5-6

6-8

8-10

10- 13

13 - 15

15-20

> 20

Particle D ist ribution

2 2,

,o

10%

8
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b) Extr slop : The ability to extrude suitable tubes from a mixture

of the Ford proprietary binder system with rile precursor to B"-nlumina is

dependent ou several factors amonv which are 1) time • between mixing and ex-

truslon, 2) geometry of the ( e xtrusion (lie, 3) temperature at which the extru-

sion is performed, 4) residence time in the barrel, S) apparent viscosity of

the mixture, and 6) the number of times the material has been extruded.

ihare appears to be an aging phenomenon in which more .orce is re 	 11

quired to prucess the mixture and the qualit.- of the extrudate deteriorates

at; a function of time after mixing. For the bi. 	 • composition used, it

Is preferable to extrude the tubing within three days after mixing. Sub-

sequent processing such as end-capping should .ilso be done as soon alter

extrusion of the tubing as Is practical with no more than two wee^_s elapsing;.

In the extrusion tile, the ratio of the length of the final tube

section to the wall thickness of Che tube being extruded is critical. Since

the central mandrel requires three positioning screws (Figure 3) to maintain

the mandrel in a centered position in the die, the material must have Sufficient

length of Ao for the strips pL.%A...ed at the centering screws to "knit" into

a smooth, sound tube. Too short a die will result in extrusion of strips of

material while too long a die wil l require an excessive pressure to perform

the extrusion, We have found a rat'.o of twelve suitable for use with the 12 mm

tubes and a ratio of hl suitable for use with the • 7 mm tube hiving a green

wall. thickness of 400 microns.

At extrusion temperatures, the "life" of the mixture in the barrel

is approximately one hour. This will be slightly longer or shorter depending

on the time that has elapsed since the maturiai was mixed and the quality of

tube needed.

The apparent viscosity of the material should be HVIl enough to

develop the back pressure needed for knitting of the strips to form a tube.
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At too low an apparent viscosity, strips are extruded. Of course, if the

viscosity is too high, excessive pressure will be required to perform tho-

extrusion. Thus careful tailoring of the die and the mixture to be

extruded is required for preparation of good tubing.

Although the mixture can be re-extruded, the quality of

the extrudaty suffers with each subsequent extrusion. A maximum of two

extrusions was used in the preparation of the tubing.

c) E.nd-CapPinjj: Ultrasonic bonding produces the best bend for

the 17 mm tube having a 1 mm wall thickness (Figures 7, 8). At this wall

thickness, solvent bonding must be done very carefully or bubbling will

result on burn -off of the binder. It is also very difficult to consistently

bond tutees so that they have a uniform .joint. Often some sections of the

joint are very thin but are deceiving in that they will check helium leak

Light (Figure 9)	 The 7 mm diameter tubes with the 400 micron (green state)

wall thickness are difficult to bond ultrasonically because of the careful

positioning of the end-cap relative to the tube which is required. In this

case, glass sealing of the end-caps after sintering was the most successful.

Careful control of the position of the end-ecp relative to the tube is

essential for both sizes of tubes. Rotation of the tube.; during the sealing

process was also found necessary to achieve an even leaktight seal. It

becomes particularly difficult to do this with the 7 mm tubes. Support of

the tube section was also needed for the 7 mm tube during; application of

the ultrasonics in order to be able to apply sufficient force during the

bonding process. Ultrasonic bonding still holds promise for use with the

7 mm tube, but additional development is needed.

OMGC A(. PAGE; IS
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d) Kinder Removal: Ti,. binder removal proceeded smoothly. Adequare

stir flow r.o carry away binder ( L,nstitcents during; burn-off is important to

prevent bubbling or cracks in the tubes. Because of the length of they

tubes and the thin walls, it is desirable to burn-off in the vertic.tl

position using Loose fitting mandrels to support the tubes and minimize

deformation. It is also desirable to heat to a high enough temperature

(i.-., 600°C) that the powder compact develops sufficient strength for

handling prior to sintering. The binder is completely removed at 500°C,

but the powder compact is friable with little strength. It is also subjt.t

to cracking from absorbtion of the small amount of moisture absorbed in

handling and in storage in the desiccator. After heating to 600°C, the

tubes are still weak but are strong enough to reach sintering intact.

e) Sintering: When sintering tubes having walls of 400,.m and

170 um it was necessary to arrange them vertically to avoid elliptical

distortion. During sintering the samples were encapsulated in platinum

tubes in order to prevent the loss of :;a70. This technique was effective

in sintering; tubes having walls 400:.m and 1000 ;:m thick. However, when

membranes having 140G. m walls were sintered, onoukh Na 20 was lost from the

small volume of the material in establishing an equilibrium vapor pressure

within the platinum tube to prevent sintering to high densities. This

problem was solved by placing partially sintered pellets of S"-alumina in

the platinum tubes with the thin membranes. Membranes having walls of 700am

300 :m , and 140 ..m were all sintered to densities .,reater than 98' of theoretical.

f) Characterization: Such tubes were hermetic, displaying He leak

-9	 2
rates less than 3 .K 10	 cc/cm /sec.	 -ray diffraction indicated that the
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materials consisted of a"-alumina plus very small truces .,t b-Al 20 3 . The

resistivity and modulus of rupture of a typical tube 10 min O.D. having,

wal I s 700 wm t h t	 we re 4.6 a cm at 300oC and 500 MN /cm ` . These t es	 wt rc•

not carried out on tubes having thinner walls because the uncertainties

inherent in both measurements increase with decreasing wall thickness.

The purpose of the measurements on the 700 wm membranes was to demonstrate

that the properties; of the membranes formed by extrusion are comparable

with the properties of membranes formed by the conventional method of

isostatic pressing. It is particularly interesting to consider the end-

caps ultrasonically bonded to the extruded tubes. No indication of an

in[erfac_e (Figure H) could be detected by microscopic examination of cross

sections cut from sintered bonds.

As a final test of membrane durability a V -alumina tube 30 mm

long, having an O.D. of 6 mm and a wall thickness of 0.:3 mm was prepared

by extrusion and sintering. One end of the tube was closed with a sodium

borostlicate glass; and the other end was joined to an a-Aw I 0 3 tube with

glass. The tube was tested on .+ lie leak detector and found to have a lie

leak rate < 3 x 10 9 ml /Cm 2/sec.

This merbrane was built into a device (Figure 10) which allowed

the tube to be filled with sodium and immersed in a vessel full of sodium.

A sodium-ion current could then be passed through the R"-alusnina membrane

under the influence of an applied potential. Current densities up to

1.000 Ma/cm 2 were passed throisith the membrane without damage at a temperature

of 300'C. The resistivity of the membrane was , 1,5 ? cm (0.1 ^, -cm2 )at 3C)0o C. and

Qcm (0.72 0-cm2 ) At 150"C. The device was operated continuously at a cur-

rent density of 500 Ma/cm' for a period of 30 d ays at a tempt-rature, of '100°C.

At the end of that period there was no indication of damage.
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CONCLUSION

A metaot has been developed for the the extnision And sintering

of thin walled 5"-alumina tubes (Fig. 11-15). A method has also been

developed for the ultrasonic DOnding of G;"-alurnin:i end caps to tubas such

that after sintering the bond is hermetic and the integrity of the banded

area is comparable to the body of the tube. in accordance with contract

NAS 3-19782 the following specimen!+ have been delivered to NASA, 'hereby

fulfilling all r.;ntract requirements,

a.) One d"-alumina tube 25 mm long, 10 mm tit 	 700j,m

wall.

b.) One S"-alumina tube, 25 nun long, 6 mm ]it 	 300 t,m

wall.

c.) One B"-alumina tube, 25 nun long, 6 min in diameter, 140 t,m

wall.

d.) Two 6"-alumina tubes, 76 mm long, 10 mm in diameter, 7001.m

wall, one end sealed with a 8"-alumina end cap, the open

end sealed to an a-Al 20 3 insulating header (Fig. l5).

e.) Four 6"-alumina tubes, 76 mm long, 6 nun in diameter, 300 m

wall, one end sealed with glass, the• open end sealed to an

01-Al 20 3 insulating header.
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