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ABSTRACT 

Tantalum specimens were coated with A1203 or Zr02. The coated speci- 
mens were subjected to bend tests, corrosion in lithium pentaborate solu- 
tion, exposed to wet hydrogen at high temperature and exposed to simulated 
molten reactor fuels. The A1203 coating spalled but the Zr02 coating was 
intact after the bend test. Both coatings were unaffected by the lithium 
pentaborate solution. Both coatings were impervious to molten simulated 
fuel. 

Zr02 and A1203 were evaluated as filter vent materials for hydrogen, 
helium, xenon and a mixture 3% these gases at various temperatures and 
pressures. Room temperature helium flow rates varied from 1.11 std. 
cc/sec to 6.7 x 10-8 std. cc/sec, depending on filter material, filter 
geometry and gas backpressure. The elevated temperature flow rates for 
helium, hydrogen and xenon were anomalous due to numerous variables such 
as material expansion differences, gas purity, absence of sufficient data 
points, thermal cycling and vent blockage. Problem areas are pinpointed 
and discussed. 

vi 



SUMMARY 

Two flame-sprayed ceramic coatings, A1203 and Zr02, were evaluated 
as protective barrier coatings for a tantalum catch basin in a reactor 
vessel. The coatings were evaluated for adherence after coating, after 
exposure to simulated molten fuel, and after exposure to a 3 weight per- 
cent lithium pentaborate solution. The A1203 coating spalled on both 
sides in a bend test and the Zr02 coating spalled on the interior but 
not on the exterior of the bend, 

Coated coupons were autoclave tested in a 3 weight percent lithium 
pentaborate solution. 
were coated on the faces only. 
with no evidence of spalling, cracking, blistering or peeling. 

The rods were completely coated while the coupons 
Both coatings were intact after the tests 

Fused reactor fuels or claddings or mixtures thereof were dropped into 
The three test formu- cold tantalum cups coated with either A1203 or Zr02. 

lations were Type 304 stainless steel, an equal weight mixture of depleted 
UO2-M0, and an equal weight mixture of Type 304 stainless steel-Mo-UO2, 
There was no apparent reaction between any of the three simulated fuels and 
the two coatings. Some slight cracking of both coatings occurred with the 
latter two fuel mixtures. Both coatings are satisfactory in preventing 
molten fuel from contacting the tantalum catch basin and reacting with it. 

Two tantalum cups, one of each coated with A1203 and Zr02 and each con- 
taining one of the simulated fuels, stainless steel-molybdenum-U02, were 
tested in moist hydrogen at high temperature. Unfortunately, the cups had 
been coated only on their interior surfaces. While this was sufficient for 
the other tests, on this test the exterior surface was inadvertently left 
unprotected from the hydrogen atmosphere. A s  a result, the tantalum sub- 
strate of both cups disintegrated, leaving the coziting as a thin shell. 
When examined metallographically, it was found that there was no reaction 
between the Zr02 and the fuel, but the fuel reacted with the A1203 and 
migrated through the coating. 

Six filter vents were fabricated and tested for selectivity in venting 

Two materials were investigated, Zr02 and A1203, in various 
helium, hydrogen, xenon and a mixture of these gases at various temperatures 
and pressures. 
geometries. The leak rates were found to be a function of the filter ele- 
ment density, diameter and length. The leak rate also varied with gas 
temperature, pressure and molecular or atomic size. The filters were flow 
tested with helium at room temperature at various gas backpressures, then 
with helium, hydrogen, xenon individually and a 50:50:1 mixture of the pre- 
ceding gases at several different filter temperatures and 100 PSIA (6.89 x 
10 N/m) gas backpressure. 
1.11 std. cc/sec to 6.7 x 10-8 std, cc/sec depending on filter material, 

5 Room temperature helium flow rates ranged from 



f i l t e r  geometry, and gas backpressure. The elevated temperature flow 
r a t e s  f o r  helium, hydrogen and xenon were anomalous due t o  numerous 
v a r i a b l e s  such a s  m a t e r i a l  expansion d i f f e rences ,  gas p u r i t y ,  i n s u f f i -  
c i e n t  d a t a  po in t s ,  thermal cycl ing and vent  blockage. Problem a r e a s  
a r e  pinpointed and discussed. 

INTRODUCTION 

The purpose of t h i s  program w a s  t o  evaluate  candidate pro tec t ive  
b a r r i e r  coat ings and s e l e c t i v e  vent  mater ia l s  f o r  use i n  t h e  Muiti-Purpose 
Nuclear A i r c r a f t  (MNA). I n  t h e  event of a core  meltdown it  i s  desirous t o  
r e t a i n  the  molten m a t e r i a l  within the  reac tor  vessel. Since the molten 
f u e l  might r e a c t  with t h e  tantalum ca tch  bas in  m a t e r i a l  and permit eventual 
r e l e a s e  of rad ioac t ive  materials, two b a r r i e r s  which could p o t e n t i a l l y  pre- 
vent t h i s  occurrence were evaluated. The b a r r i e r  coat ings were 21-02 and 
A1203. An attempt was made t o  evaluate U02 a l s o  a s  a coat ing mater ia l ,  but 
t he  coa t ing  process was unsuccessful.  To be e f f e c t i v e ,  t he  coat ings should 
be adherent t o  t h e  tantalum and should not  r e a c t  wi th  molten r e a c t o r  fuel .  
Samples of each coat ing were subjected t o  bend tes t s  and exposed t o  simu- 
l a t ed  molten f u e l .  Metallographic examination of t y p i c a l  t e s t  a r e a s  were 
made and each coat ing was evaluated f o r  adherence and compatibi l i ty .  

I n  a d d i t i o n  t o  c o n t r o l l i n g  t h e  r e l e a s e  of rad ioac t ive  s o l i d s  i n  the 
event of a core meltdown, i t  i s  a l s o  desirous t o  r e t a i n  rad ioac t ive  gases 
wi th in  t h e  reac tor  v e s s e l ,  However, t h e  non-radioactive gases could be 
vented t o  prevent excessive gas pressure wi th in  the  reac tor  containment 
vessel .  This  program evaluated two vent mater ia l s ,  Zr02 and A1203, f o r  
s e l e c t i v i t y  i n  vent ing H2, He and X e  gas a t  room temperature and a t  ele- 
vated temperatures. 

The technology upon which t h e  f i l t e r  vent work w a s  based r e s u l t e d  
from a n  e a r l i e r  successful  vent development program. I n  t h a t  program a 
concept f o r  vent ing a s i n g l e  gas,  helium, was f i n a l i z e d  and perfected.  
A l l  t e s t i n g  was done a t  room temperature with a maximum backpressure of 
20 p s i a .  The objec t ive  of t h e  program was t o  provide a maximum helium 
vent r a t e  but  r e t a i n  a rad ioac t ive  species  of very s m a l l  p a r t i c l e  s i ze .  
Rela t ive ly  low d e n s i t y  z i r con ia  f i l t e r  elements bonded i n t o  Haynes 25 
housings met t he  c r i te r ia .  
cc/sec (12.3 cc/sec-cm2 t o  0.12 cc/sec-cm2) wi th  an L/D of 2.25. 
Rela t ive ly  low dens i ty  alumina elements of t h e  same L/D r a t i o  had flow 
r a t e s  f i v e  t o  s i x  magnitudes lower. 

The flow rates ranged from 10-1 t o  

It w a s  the i n t e n t  of t h i s  c u r r e n t  program t o  use prec ise ly  t h e  same 
design and f a b r i c a t i o n  concept and vary 
geometry and dens i ty  only. Fu r the r ,  i t  
r epor t  t he  flow r a t e s  of t h e  ind iv idua l  
a p p l i c a b i l i t y  of t h i s  f i l t e r  concept a t  
t o  t h i s  p a r t i c u l a r  gas venting problem. 

appropr ia te ly  the  f i l t e r  element 
was intended only t o  measure and 
and mixed gases and determine the  
i t s  cur ren t  s t a t e  of development 
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The effects of several parameters were postulated. These included 
the effects of L/D ratio and density of the filter element, backpressure 
of the test gas, test temperature, molecular or atomic size, and thermal 
expansion. 

The effort was divided among four tasks: 

TASK 1 - Fabrication and Coating of Containment Vessels 
and Specimens 

TASK 2 - Fabrication and Installation of Filter Vent 
Materials 

TASK 3 - Compatibility Testing of Protective Barrier 
Coatings 

TASK 4 - Performance Testing of Filter Vent Materials 
Each of these tasks will be discussed individually in detail in the 
next section. 
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EXPERIMENTAL PROCEDURE 

A. TASK 1 - Fabr ica t ion  and Coating of Containment Vessels and Specimens 

The scope of t h i s  t a s k  included f ab r i ca t ing  and coat ing tantalum cups, 
coupons and rods f o r  compat ib i l i ty  t e s t i n g  and coa t ing  evaluation. 

jua li tY 
-4  Thirty-mil (7.62 x 10 m) t h i c k  tantalum shee t  was procured and 

inspected t o  assure  a uniform thickness  t o  
Af te r  inspec t ion ,  the  tantalum shee t  was sheared and d i s c s  punched t o  permit 
f a b r i c a t i o n  of nine cups 3 inches (7.62 x lo-&) outs ide  diameter by 1/2 
inch (1.27 x lo"&) deep, th ree  cups 1 inch (2.54 x 
by 1 inch (2.54 x 10-2,) deep and twelve coupons 1 inch (2.54 x 10-2m) 
wide by 4 inches (1.016 x 1 0 - b )  long. A 1 / 2  inch (1.27 x lom2,) diameter 
tantalum rod was c u t  i n t o  three  pieces  2-1/4 inches (5.72 x long 
and the  sharp edges were rounded o f f  t o  a 1/32 inch (8.13 x 1 0 - h )  radius .  

0.002 inch (+ 5.08 x 10" m). 

outs ide  diameter 

The cups were welded i n  argon by the tungsten i n e r t  gas (TIG) process 
with 100% penet ra t ion  a t  the seams. The seams were machined on t h e  i n t e r i o r  
of the cups t o  present  a f l u s h ,  smooth surface on the  wal l  and a 1/32 inch 
(8.13 x 1 0 - h )  r ad ius  a t  the  bottom. 
coupons and rods were g r i t  b las ted  with 120 mesh s t e e l  and chemically 
cleaned t o  remove a l l  i r o n  remnants. These specimens a r e  shown i n  Fig.  1 
Af ter  c leaning ,  a l l  samples were s tored  a t  room temperature i n  p l a s t i c  bags 
i n  a vacuum oven t o  await coat ing.  

After  t he  cups were f ab r i ca t ed ,  cups, 

The d i f fe rence  i n  thermal expansion between the tantalum subs t r a t e  and 
the ceramic coat ing made it* necessary t o  plasma spray a tantalum t r a n s i t i o n  
coa t  p r i o r  t o  coat ing with the Al2O3, Zr02 or  U02. 
a Plasma A r c  to rch  a t  the following se t t i ngs :  

Spraying w a s  done with 

Tip 
Gas 

Voltage A r c  500 + 15; 44 1: 5DC 
Powder Flow 

1\57 x 34; 0.219 inch diameter (5.56 x 10'3m) 
100 CFH argon (7.86 x 10-lm3/s); 4 CFH hydrogen 3 (3.145 x /s) 

7 CFH argon (5.504 x 10-2m3/~) 

The tantalum powder used w a s  Metco 862 -200 f325 mesh, and w a s  
sprayed t o  a thickness  of 1 m i l  (2.54 x on a test  coupon. This 
coupon w a s  bent 180' t o  determine coat ing adherence. 
t i g h t l y  adherent on the  e x t e r i o r  of the bend but  spa l led  on the i n t e r i o r ,  
probably due t o  mechanical damage by the  mandrel. Samples fabr ica ted  f o r  
a previous program were heat  t r ea t ed  p r io r  t o  bend t e s t i n g ,  therefore  it 
was decided t o  heat  t r e a t  a l l  samples p r i o r  t o  any o ther  tests. 

The coat ing w a s  

4 



A s p e c i a l  j i g  w a s  made f o r  r o t a t i n g  t h e  cups while they were being 
coated wi th  tantalum and the ceramic coat ings.  A s p e c i a l  hood w a s  se t  
up f o r  spraying t h e  depleted U02 m a t e r i a l  which s t i l l  has some r e s i d u a l  
r a d i o a c t i v i t y .  A l l  o ther  spraying w a s  done i n  t h e  m e t a l  and ceramic 
spray f a c i l i t y .  

No problems were encountered i n  spraying the  tantalum onto t h e  cups, 
coupons o r  rods.  
Flame Spray Gun (Mogul R-3).  These specimens a r e  shown i n  Fig.  2. The 
coat ings were appl ied i n  several passes u n t i l  a thickness  of 5 m i l s  (1.27 
x w a s  obtained. Spray da ta  f o r  each coa t ing  are a s  follows: 

The A1203 and Zr02 coat ings were appl ied with a Metco 

A1203 Norton aluminum oxide Rokide A,  BLH-4 

G a s  Data: 
1/4 inch diameter x 18 inches (6.35 x 10-%I x 4.57 x lO-'m) 

Acetylene 21 PSI (1.45 x lo5 N/m2) 45 on flowmeter 
Oxygen 42 PSI (2.89 x lo5 N/m2) 35 on flowmeter 
A i r  95 PSI (6.55 x lo5 N/m2) 

Rod Speed: 3-20 S e t t i n g  

Zr02 Norton zirconium oxide z i r c o n i t e  
1 /4  inch diameter x 19-1/2 inches (6.35 x 10-3m x 4.95 
x 10-1m) 

Gas Data: 
Rod Speed: 

Same a s  f o r  A1203 
Same a s  f o r  A1203 

The U02 powder was sprayed wi th  a Metco Thermal Spray Gun, Type 2P, 
i n  t h e  s p e c i a l l y  b u i l t  hood. The powder w a s  a depleted ceramic grade -325 
mesh from Nuclear Fuel  Services.  
i n  maintaining a spray w a s  encountered. 
crushed and sieved t o  obta in  a -100 +120 mesh f r a c t i o n  which flowed r ead i ly .  
This powder w a s  sprayed a t  t h e  following s e t t i n g s :  

It d i d  not flow r e a d i l y  and much d i f f i c u l t y  
The powder was cold compacted, 

Oxygen 14 PSI (9.65 x IO4 N/m2) Flow Rate 30 
Acetylene 12 PSI (8.27 x lo4, N/m2) 
Powder Flow 4 - Vibrator on 

The powder appeared molten, bu t ,  when it  s t ruck  t h e  tantalum, i t  

During t h e  coat ing process,  t h e  
bounced o f f  instead of adhering. 
any build-up of U02 on t h e  tantalum. 
tantalum became discolored from oxidat ion a s  a r e s u l t  of the many passes 
required t o  e f f e c t  any thickness.  Attempts t o  a i r  cool  from t h e  back d i d  
not  solve the  problem. Since spraying of U02 w a s  not a developed " s t a t e  
of t he  art", permission t o  d e l e t e  t h i s  coat ing from the  statement of work 
w a s  requested of NASA and f u r t h e r  work i n  t h i s  area w a s  discontinued. 

Many passes were required t o  o b t a i n  

The remaining specimens were hea t  t r e a t e d  i n  vacuum t o  improve t h e  
The hea t  treatment consis ted s t rength  of the ceramic t o  tantalum bond. 

of heat ing the  specimens while under vacuum t o  14OO0C (1673OK) and slowly 
cooling. The samples were heated a t  a pressure of 1.4 x t o r r  (1.866 
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2 x 
t o  furnace cool  overnight.  
evidence of  cracks,  b l i s t e r s  o r  spa l l i ng .  
A 1  0 and Z r O  coa t ings  i s  shown i n  Figs. 3 and 4. 

B. TASK 2 - Fabr ica t ion  and I n s t a l l a t i o n  of F i l t e r  Vent Elements 

N/m ) o r  lower t o  1400°C (1673OK) i n  1 hour (3600 sec) and allowed 
A l l  coa t ings  were b r igh t  and c lean  with no 

A metallographic sec t ion  of t he  

2 3  2 

Two mate r i a l s  were inves t iga ted  as f i l t e r  elements. These ma te r i a l s  
were A1203 and Zr02 which a r e  known commercially a s  Lucalox and Rokide Z 
o r  s t a b i l i z e d  v i t r eous  zirconium oxide respec t ive ly .  Four f i l t e r s ,  two 
alumina and two z i r con ia ,  have an L/D r a t i o  of 2.25, and two f i l t e r s ,  one 
each of alumina and z i r con ia  have an  L/D r a t i o  of ~ 0 . 5 7 .  

The f i l t e r  ven t s  were ground i n t o  c i r c u l a r  rods with nominal dimensions 
of  0.040 inch diameter (1.016 x 10-%I) o r  0.078 inch diameter (1.98 x lo-%). 
Af te r  gr inding,  t h e  elements w e r e  platinum pla ted  on the  outs ide  diameter 
t o  inc rease  the  diameter by 0.010 inch (2.54 x lo-%). 
procedure used i s  given below: 

The platinum p la t ing  

1. 
2. 
3. 

4. Wipe vent  with alcohol.  
5. 
6. Wipe vent  with alcohol.  
7. 

Clean preground vent  i n  denatured alcohol.  
Pa in t  (with a brush) vent  with duPont Liquid Bright Platinum f7447. 
F i r e  vent  f o r  30 minutes (1800 sec) a t  61OoC (883'K), remove from 
furnace and a i r  cool. 

Repeat Steps 2, 3 and 4 u n t i l  sur face  is uniformly coated. 

Prepare a p l a t i n g  so lu t ion  composed of  1 p a r t  d i s t i l l e d  water  t o  
2 p a r t s  of Englehard #209 platinum p la t ing  so lu t ion .  

a. P l a t ing  condi t ions  are: Platinum anode, so lu t ion  temperature 
88-93OC (361 t o  366OK) pH 10, continuous a g i t a t i o n ,  40-60 
mill iamps DC cur ren t  per  vent.  

b. Every 15 minutes (900 sec)  reverse  DC cur ren t  f o r  30 seconds 
(makes p l a t e  l e s s  porous). 

c. Every 30 minutes (1800 sec) r o t a t e  sample 120' i n  holder.  

A t  end of  an 8 hour (2.88 x lo4 sec)  day measure p l a t ing  thickness  
(it usua l ly  takes  2-3 e igh t  hour days t o  g e t  a 10 m i l  (2,54 x lo-%) 
thickness  on the O.D.). 

8. 

Af te r  l a t i n g ,  t he  vents  w e r e  reground t o  an O.D. of 0.0402 inch 
1.021 x lo-%) o r  0.0782 inch (1.986 x lo-%) and faced o f f  t o  a length of  
0.090 inch (2.286 x 10-3m) o r  0.045 inch (1.143 x lom3,). 
vents  were then i n s e r t e d  i n t o  a Haynes 25 housing, using a s p e c i a l  i n s e r t i o n  
t o o l  and then d i f fus ion  bonded f o r  76 hours $2.73 x 105 sec) a t  76OoC (1033OK) 
a t  a pressure of t o r r  (1.333 x N/m ) o r  lower. Table I shows the  
f ab r i ca t ed  f i l t e r  ma te r i a l s ,  geometries and d e n s i t i e s ,  while Fig. 5 shows the 
processing s t e p s  involved i n  preparing an assembly. 

The reground 
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A f t e r  t he  d i f f u s i o n  treatment,  t h e  Haynes 25 housing with t h e  f i l t e r  
vent w a s  TIG welded i n t o  a 112 inch (1.27 x 
t o  permit room and elevated temperature t e s t i n g  i n  the  gas flow t e s t  con- 
so l e .  Figures  6 and 7 show t h e  method of welding the  Haynes 25 housing 
i n t o  the  Haynes 25 tubes. The tube on the  r i g h t  i s  tapered to  permit a 
good f i t - u p  with t h e  housing. The housing i s  then welded i n t o  t h e  tub\ 
A l a r g e r  Haynes 25 tube i s  s l ipped over the machined ends of t he  two tubes 
and welded a t  the  circumference a t  both tubes t o  complete the j o i n t .  This  
method of welding i s  necessary t o  prevent overheating of t h e  f i l t e r  vent.  
The ends of t he  Haynes 25 tubes are connected i n t o  the  flow console with 
Swagelok connectors. 

diameter Haynes 25 tube 

C.  TASK 3 - Compatibil i ty Test ing of Pro tec t ive  Coatings 

1. Bend T e s t s  

A bend test  form was fabr ica ted  t o  permit 180' bends i n  the 
The form consis ted of two a n v i l s  which support t h e  coupon. coated coupons. 

A t h i r d  a n v i l  wi th  a 112 inch (1.27 x diameter rod went between the 
o the r  two a n v i l s  and bent  t h e  coupon 180° over t h e  112 inch (1.27 x 
diameter rod. 
on the  i n t e r i o r  of t h e  bend. 

Tes ts  wi th  samples indicated t h a t  t h e  form put a severe stress 

One A1203 coated coupon and one Zr02 coated coupon were bent t o  
evaluate  coat ing adherence. Both cracked and spal led on t h e  i n t e r i o r  of 
the bend, but t h e  A1203 coated coupon a l s o  cracked and spa l l ed  about 118 
inch (3.175 x lo-%) i n  from t h e  edges on t h e  e x t e r i o r  of t h e  bend. The 
Zr02 coat ing d id  not crack but spa l l ed  about 1/32 inch (8.13 x i n  
from the  edges of t h e  e x t e r i o r  bend. 

formable than t h e  A1203. 

2. Meltdown Tests 

The bent coupons are shown i n  Figs.  
8 and 9. This  t e s t  indicated t h a t  t he  Zr02 coa t ing  i s  somewhat more 

Simulated f u e l  p e l l e t s  were cold pressed and s in t e red  f o r  use i n  
meltdown tests i n  t h e  coated cups. 
Type 304 s t a i n l e s s  s tee l ,  50 weight percent depleted U02 - 50 weight percent 
molybdenum, and 33-113 weight percent Type 304 s t a i n l e s s  s teel  - 33-113 weight 
percent molybdenum - 33-113 weight percent depleted U02. Per t inent  da t a  f o r  
the powders used are a s  follows: 

The simulated p e l l e t s  consis ted of undi luted 

S t a i n l e s s  S t e e l  Vanadium Alloys S t e e l  Co. 
Type 304 - 230 mesh - PVS 7057 

Mo lybd enum Sylvania Elec t r ic  Co. 
Lot #MOT 2682-C 

Nuclear Fuel Services  
Depleted ceramic grade 
Purchase Order #4E-0134 
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Three p e l l e t s ,  1-1/2 inch (3.81 x 10-2m) i n  diameter,  were fab- 
r i c a t e d  f o r  each of t h ree  powder mixtures,  and th ree  add i t iona l  p e l l e t s ,  
0.75 inch (1.91 x i n  diameter,  containing the  s t a i n l e s s  s t e e l -  
molybdenum-U02, were fabr ica ted  f o r  wet hydrogen tes t .  

The e l l e t s  were fabr ica ted  by hand mixing the  as-received powders B with an  acetone so lu t ion  containing 1 weight percent  s t e a r i c  ac id .  
moist powder w a s  d r i ed  under a hea t  lamp, then cold compacted i n  an  appro- 
p r i a t e l y  s ized d i e  a t  5 tons per  square inch (TSI) (6.895 x lo7  N/m2) pressure.  
Af te r  cold compacting, the  p e l l e t s  were s in t e red  i n  a hydrogen atmosphere f o r  
1 hour (3600s). 
m i t  the  s t e a r i c  ac id  d i e  lubr icant  t o  burn o f f  without damage t o  the  p e l l e t .  
The p e l l e t s  were s in t e red  a t  the temperatures l i s t e d  below: 

The 

The p e l l e t s  were stoked i n t o  the  hot zone very slowly t o  per-  

P e l l e t s  containing Type 304 s t a i n l e s s  s t e e l  1 100°C (1 37 3OK) 
P e l l e t s  containing U02-Molybdenum 14OO0C (1673OK) 

A l l  p e l l e t s  were i n t a c t  a f t e r  s i n t e r i n g  and could be handled r e a d i l y  without 
danger of breaking, as i l l u s t r a t e d  i n  Fig.  10. 

Two t r i angu la r  holders  were f ab r i ca t ed  from tungsten rod t o  hold 
the  f u e l  p e l l e t  so it  would f a l l  i n t o  the coated cup i n  the molten condi t ion.  
The smaller t r i angu la r  holder f o r  the  0.75 inch 
p e l l e t  w a s  fabr ica ted  from 3/32 inch (2.36 x l O - & i  diameter rod while t he  
holder f o r  the 1 .5  inch (3.81 x 
1/4 inch (6.35 x lo-%) rod. 
were grounded t o  the  arc melter  hea r th  p l a t e  with a heavy copper s t r ap .  The 
p e l l e t  was placed upon the  holder and a n  a r c  s t ruck  t o  melt out t he  center  
po r t ion  of the p e l l e t .  In-order  t o  drop the molten f u e l  i n t o  the cup, power 
t o  the arc w a s  increased t o  mel t  through the bottom of the "skull" and allow 
the molten f u e l  t o  pour i n t o  the  cup. 

1 91 x lo'%) diameter f u e l  

diameter p e l l e t s  w a s  fabr ica ted  from 
These holders  spanned the edge of t he  cup and 

T r i a l  mel ts  with t e s t  s t a i n l e s s  s t e e l  p e l l e t s  were made t o  de t e r -  
mine the  meltdown parameters and a r c  melting procedures. 
cedure w a s  es tab l i shed  f o r  a r c  mel t ing the  simulated fue l :  

a. Evacuate chamber t o  25 microns (3.333 N/m ) 
b. Backf i l l  wi th  argon t o  760 mm Hg (1.013 x lo5 N/m2) 
c. Repeat a .  and b. two more t i m e s .  
d .  On t h i r d  b a c k f i l l ,  b a c k f i l l  wi th  argon t o  456 mm Hg (6.08 

x lo4 N/m2),  then with helium t o  507 mm Hg (6.76 x lo4 N/m2),  
e. S t r i k e  arc on t i t an ium g e t t e r  bu t ton  and mel t ,  then quickly 

t r a n s f e r  a r c  t o  s t a i n l e s s  s t e e l  p e l l e t .  M e l t  i n t e r i o r  of 
p e l l e t  a t  low amperage, then increase  amperage suddenly when 
ready t o  melt through bottom. 

The following pro- 

2 

Attempts t o  melt  i n  pure helium were unsuccessful because an arc 
could not be s t ruck  wi th  a high concentrat ion of helium. 
procedure had t o  be modified f o r  t he  p e l l e t s  containing U 0 2 .  

The above meltdown 
When these 



p e l l e t s  were melted, some c o n s t i t u t e n t  (most l i k e l y  U02) v o l a t i l i z e d  and 
coated the i n t e r i o r  su r f aces  of t he  chamber (including t h e  coated cup) 
and t h e  s i g h t  g l a s s  making it impossible t o  see when t h e  p e l l e t  became 
completely molten. The meltdown procedure w a s  modified t o  the  following: 

a. Place p e l l e t  on arc melter  hear th  p l a t e  and evacuate t o  
25 microns (3.333 N/m2) and b a c k f i l l  wi th  argon. 
t h ree  times. Backf i l l  the las t  t i m e  t o  456 mm Hg (6.08 x 
lo4 N/m2) wi th  argon, then t o  507 mm Hg (6.76 x lo4 N/m2) 
wi th  helium., Do i n i t i a l  m e l t  u n t i l  s i g h t  g l a s s  fogs up. 

Repeat 

b. Allow p e l l e t  t o  cool ,  evacuate system, b a c k f i l l  wi th  argon, 
remove s i g h t  g l a s s  and clean.  

c .  Repeat evacuation and melting a s  d e t a i l e d  i n  Step a .  

Each p e l l e t  containing U02 required about 4 t o  6 melt  cyc le s  
before  t h e  p e l l e t  w a s  s u f f i c i e n t l y  s o l i d  enough t o  g r e a t l y  reduce the  
v o l a t i l i z a t i o n  and fogging problem. Then t h e  p e l l e t  was placed on the  
tungsten holder  over t h e  cup and melted a f i n a l  t i m e  t o  drop the molten 
m a t e r i a l  i n t o  t h e  coated cup. 

The brown soot  (from t h e  v o l a t i l i z a t i o n  of the U02) covered the  
i n t e r i o r  of t h e  coated cups. 
does no t  have a n  e f f e c t  on t h e  compatibi l i ty  test .  

The r e s u l t i n g  very t h i n  f i l m  of U02 probably 

The melting parameters f o r  t he  var ious p e l l e t s  are given below: 

a .  S t a i n l e s s  S t e e l  16 v o l t s  and 150 amperes 
b . Molybdenum-U02 40-42 v o l t s  and 350-400 amperes 
c. Molybdenum-SS-UO2 40-42 v o l t s  and 350-400 amperes 

Af te r  meltdown, t h e  cups were examined v i s u a l l y  (see Fig.11) 
and metal lographical ly  (see Figs .  1 2  t o  17) f o r  coat ing cracking, r eac t ion ,  
s p a l l i n g ,  e t c .  The r e s u l t s  of t h i s  examination were a s  follows: 

a .  S t a i n l e s s  s t e e l  on A1203 coated cup 

Visual: The s t a i n l e s s  steel  d id  not s t i c k  t o  the cup 
and the re  was no evidence of cracking, b l i s t e r i n g  o r  
spa l l i n g  . 
Metallographic: N o  cracks were evident i n  t h e  coat ing.  
The coat ing was s t i l l  adherent t o  the  tantalum. There 
w a s  no r e a c t i o n  between the  molten s t a i n l e s s  s teel  and 
t h e  coat ing.  
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b. S t a i n l e s s  s t e e l  on Zr02 coat ing 

Visual:  Same as f o r  the A1203 coat ing.  

Metallographic: Same as f o r  the A1203 coat ing.  There 
w a s  more poros i ty  evident i n  t h i s  coat ing than i n  the 
A1203 coat ing.  

c. Mo-UO2 on A1203 coated cup 

Visual: The molten ma te r i a l  adhered t o  the coa t ing  
and appeared t o  have reacted.  When pr ied ,  t he  coa t ing  
appeared t o  adhere t o  the  molten f u e l ,  exposing the  
tantalum subs t r a t e .  

Metallographic: Coating had cracked i n  severa l  places .  
I n  the  a rea  where the  coat ing adhered t o  the f u e l ,  the  
separa t ion  occurred between the  tantalum powder coat ing 
and the  wrought tantalum. There w a s  no r eac t ion  between 
the  f u e l  and the  coat ing.  The adherence appeared t o  be 
s t r i c t l y  mechanical. 

d. Mo-UO2 on Zr02 coated cup 

V i s u a l :  The molten mater ia l  adhered t o  the  coat ing but  
when pr ied  did not p u l l  the coa t ing  away from the  tantalum. 

Metallographic: 
evident  than i n  the  A1203 coat ing.  
between the f u e l  and coat ing.  Coating w a s  s t i l l  adherent 
t o  the  tantalum. 

Some cracks were present  and more poros i ty  
No r eac t ion  occurred 

e .  SS-Mo-U02 on A1203 coated cup 

Visual:  The molten mater ia l  adhered t o  the  coat ing and 
when pr ied  a po r t ion  of the  coat ing pulled away while 
another  p a r t  adhered. 

Metallographic: I n  the a rea  where the coa t ing  adhered t o  
the  f u e l ,  a s l i g h t  r e a c t i o n  w a s  noted. However, the  f u e l  
did not  pene t ra te  the  coat ing.  There w a s  some poros i ty  
present  i n  the  coat ing.  I n  the  adherent po r t ion  of the  
coa t ing  there  were no cracks and the  coat ing w a s  s t i l l  
wel l  bonded. 

f .  SS-Mo-U02 on Zr02 coated cup 

Visual:  The molten mater ia l  adhered to  the  coa t ing  and, 
when p r i ed ,  most of the coa t ing  adhered t o  the  molten 
ma te r i a l  exposing the tantalum. 
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Metallographic: The coat ing t h a t  adhered t o  t h e  f u e l  
was i n t a c t  with no cracks.  Some porosi ty  was present  
i n  t h e  coating. There was no evidence of r e a c t i o n  be- 
tween coat ing and f u e l .  The bond between the f u e l  and 
coa t ing  w a s  probably mechanical. 

These tests show t h a t  e i t h e r  A1203 o r  ZrO2 coat ings are s u i t a b l e  
f o r  pro tec t ing  tantalum from a molten f u e l .  
porous than the  A1203 coat ings,  y e t  they are more adherent.  
porosi ty  absorbs some of t h e  s t r e s s e s .  

The Zr02 coat ings a r e  more 
Possibly the 

3. W e t  Hydrogen T e s t  

Samples of t he  s t a i n l e s s  steel-molybdenum-U02 were melted i n t o  an 
A1203 and Z r O  
(2.54 x lo-&$ i n  diameter by 1 inch (2.54 x high. The simulated 
f u e l  p e l l e t s  weighed 90 grams and were 0.75 inch (1.91 x lo-*,) i n  diameter. 
A bubbler w a s  fabr ica ted  t o  permit introduct ion of moisture i n t o  the i n -  
coming hydrogen. A dew point  apparatus and bypass were i n s t a l l e d  i n  the  
same l i n e  so the  hydrogen could be monitored during the  tes t .  The w e t  
hydrogen w a s  introduced i n t o  the  furnace and s t a b i l i z e d  a t  O°C (273'K) dew point  
p r i o r  t o  i n s e r t i o n  of the samples. The samples were stoked slowly i n t o  
the  hot  zone t o  minimize thermal shock t o  the  coat ings.  Af te r  4 hours 
(1.44 x lo4,) a t  17OO0C (1973'K), as measured with a n  o p t i c a l  pyrometer, 
the samples w e r e  slowly s t o k e d i n t o  the  cold zone and the  bubbler w a s  
shut off  . 

coated cup f o r  w e t  hydrogen tests.  The cups were 1 inch 

Upon examination, t h e  tantalum had d is in tegra ted  leaving t h e  f u e l  
laying on a t h i n  s k i n  of A1203 o r  Zr02. 
extremely b r i t t l e  and complete r e c r y s t a l l i z e d .  Since the  cups were coated 
only on t h e  i n t e r i o r ,  t h e  coat ing did not pro tec t  t he  tantalum subs t r a t e  
from t h e  moisture i n  t h e  hydrogen. Tantalum must be treated i n  vacuum o r  
completely coated when operated a t  e levated temperatures i n  order t o  r e t a i n  
i t s  s t rength  proper t ies .  

The tantalum t h a t  remained was 

The simulated f u e l  t h a t  had adhered t o  t h e  coat ings was examined 
metal lographical ly .  
reacted even though it  s tuck t o  t h e  coat ing.  The coa t ing  w a s  q u i t e  porous 
and the re  w a s  no tantalum remaining beneath the  Zr02 coating. The f u e l  i n  
contact  wi th  the  A1203 had reacted and had migrated across  the  coat ing.  
The coat ing w a s  cracked i n  several places  and i n  areas where some tantalum 
w a s  p re sen t ,  t he  coat ing had pul led away. This t es t  showed t h a t  a Zr02 
coat ing i s  more s u i t a b l e  than a n  A1203 coat ing i n  preventing molten f u e l  
from contact ing tantalum under t h e  t es t  condi t ions used e 

The f u e l  i n  contac t  with the ZrO2 coat ing had not  
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4. Lithium Pentaborate Test 

Several  oupons and rods were t e s t e d  f o r  500 and 1000 hours (1.8 
x 10 6 and 3.6 x 10 E sec)  a t  15OoC (423OK) i n  a 3 weight percent l i thium penta- 

i? bora te  so lu t ion .  The t e s t s  were run i n  two sepa ra t e  autoclaves,  one be in  
operated f o r  500 hours (1.8 x 10 6 sec)  and the  o the r  1000 hours (3.6 x 10 
The autoclaves were r in sed  thoroughly with deionized water,  then f i l l e d  with 
2 l i t e r s  of  3 weight percent l i th ium pentaborate so lu t ion .  Next t he  coupons 
and rods were placed i n t o  the so lu t ion  but s tanding on one end and leaning aga ins t  
the autoclave wall .  
autoclaves were closed up and evacuated t o  0.5 inches of  mercury (1.013 x 10-1 
N/m2) f o r  f i ve  minutes t o  outgas the  water,  then backf i l l ed  with argon t o  atmos- 
pheric  pressure.  
pressure was 69 i 5 p s i  (4.757 x lo5 k 3.447 x lo4 N/m2). 
t o  a temperature of 150 i 3OC (423 k 3OK). 

sec) ,  

A l l  samples were completely immersed i n  the so lu t ion .  The 

Power was appl ied and khe temperature r a i s e d  u n t i l  t he  steam 
This is  equivalent  

6 After  500 hours (1.8 x 10 s e c ) ,  one autoclave was shut  down and the 

t samples w e r e  examined. 
o r  s p a l l i n g  of e i t h e r  t he  A 1  0 
the o the r  autoclave was shut  down. 
b l i s t e r s ,  peel ing o r  spa l l i ng ,  a s  shown i n  Fig. 18. The tantalum subs t r a t e  was 
not a t tacked  by the  pentaborate so lu t ion  a f t e r  the 500 and 1000 hour (1.8 x lo6 
sec ,  3.6 x lo6 sec)  test. 

There was no evidence of cracking, b l i s t e r i n g ,  pee l in  
o r  Z r 0 2  coat ings.  Af te r  1000 hours (3.6 x 10 sec), 2 3  These samples also were i n t a c t  with no cracks,  

This tes t  showed t h a t  e i t h e r  a Z r O  o r  A 1  0 coat ing adheres t o  tan ta-  3 lum s a t i s f a c t o r i l y  and t h a t  tantalum i s  unafgected gy l i thium pentaborate under 
the above t e s t  condi t ions,  

D. TASK 4 - Performance Testing of  F i l t e r  Vent Mater ia l s  

The f i l t e r  vents  f ab r i ca t ed  i n  Task 2 were t o  be t e s t e d  a t  room and elevated 
temperatures with th ree  d i f f e r e n t  gases  a t  var ious  gas pressures.  A t e s t  console 
was assembled t o  permit t e s t i n g  of  the  f i l t e r s .  
so l e  layout .  

Fig,  1 9  is a sketch of t he  con- 

Each f i l t e r  was t e s t e d  with helium a t  room temperature with gas  pressures  
ranging from 20 t o  200 ps ia  (1.38 x lo5 N/m2 t o  1.38 x lo6 N/m2) i n  20 p s i  
(1.38 x lo5 N/m ) increments. 
and t e s t e d  with helium, hydrogen, xenon indiv idua l ly  and with a 50:50:1 
mixture by pres u r e  of helium, hydrogen, xenon a t  a t o t a l  pressure of 100 psia  
(6.89 x 105 N/m )e 

gases a t  850°C and 105OoC (1123 and 1323'K). 

2 Then the  f i l t e r s  were heated t o  5OOOC (773OK) 

3 The elevated temperature t e s t  was repeated with the same 

The equipment used i n  determining the permeabi l i ty  or  gas flow r a t e s  con- 
s i s t e d  of a Veeco Residual Gas Analyzer Model GA-4 and a Veeco VS-400 Pumping Sta-  
t i o n ,  A Veeco MS-9 Leak Detector  w a s  used t o  check the  system f o r  leaks a f t e r  i n -  
s t a l l a t i o n  of t he  f i l t e r .  
the  f i l t e r s  t o  the  des i red  temperature. 
(5 5'K) with  a Variac power cont ro l .  
tacked t o  the  Haynes 25 tubing a t  the  f i l t e r  l oca t ion  and m i l l i v o l t  output 

A Hevi Duty 1500 W a t t  S p l i t  Tube Furnace was used t o  hea t  
Temperatures were maintained t o  +, 5OC 

A Chromel-alumel thermocouple was spot  
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was read from a Rubicon potentiometer. Source pressures  (PSIA) w e r e  read 
on c a l i b r a t e d  6 inch (1 5 x 1O-lm) Heise gauges t o  the  neares t  h a l f  pound 
pressure (3.45 x 103 N P ) ~  

1. Test Procedure 

The procedure es tab l i shed  f o r  t e s t i n g  the  f i l t e r s  w a s  as follows: 

a. 

b. 

C .  

d. 

e. 

f .  

g. 

h. 

i. 

j. 

k. 

It 

I n s t a l l  f i l t e r  vent i n t o  t e s t  system with Swagelok connectors. 

Evacuate the e n t i r e  system with the pumping s t a t i o n  and the  
r e s idua l  gas analyser  (RGA) roughing pump. Leak tes t  the  
system. 

I s o l a t e  the  downstream s ide  of the  system from the  vacuum 
pump and continue t o  pump on the  downstream s ide  wi th  the 
high vacuum system of the  RGA. 

Ca l ib ra t e  the response of the  RGA t o  the  t e s t  gas by opening 
the  standard leak.  Close leak a f t e r  ca l ib ra t ion .  

I s o l a t e  the gas r e se rvo i r  from the  r e s t  of the system and 
pressur ize  with t e s t  gas t o  a pressure above the highest  
tes t  pressure required.  

I s o l a t e  the remainder of the system from the  vacuum pump. 
Bleed t e s t  gas t o  the upstream s i d e  of the f i l t e r  u n t i l  the  
f i r s t  t e s t  pressure i s  obtained. Read flow r a t e  through 
f i l t e r  on RGA. 

Bleed more gas from the gas r e se rvo i r  t o  the upstream s ide  
of t he  f i l t e r  u n t i l  second t e s t  pressure i s  obtained. Read 
flow r a t e  on RGA. 

Repeat Step g. u n t i l  completion of t e s t .  

For e levated temperature t e s t ,  t he  furnace i s  turned on 
a f t e r  Step b. Test  pressure i s  always 100 ps ia  (6.895 x 
105 ~/d). 
To change gases,  i s o l a t e  gas i n l e t ,  evacuate e n t i r e  system, 
hook up new gas and proceed as above. 

To mix gases,  p ressur ize  gas reservoi r  with desired amount 
of each gas. 

i s  necessary to  introduce a ca l ib ra t ed  leak i n t o  the  system 
p r i o r  t o  t e s t i n g  f o r  each gas i n  order  t o  c a l c u l a t e  the leak r a t e  of the 
gas being t e s t ed  through the  f i l t e r .  (See Appendix A) 
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2. Test  Resul t s  

Six f i l t e r  elements, th ree  of A1203 and th ree  of 21-02, were t e s t ed .  

The th ree  Zr02 vents  were numbered 307/9A, 31214 and 351/333, while 
Table I l i s t s  the  f i l t e r  vent ma te r i a l s ,  d e n s i t i e s ,  dimensions and housing 
numbers. 
t h e  t h r e e  A1203 vents  were numbered 316/1, 319/13 and 323/20. 
of two Zr02 vents  were 5.71 gmslcc while the  t h i r d  was 3.80 gms/cc, and two 
A1203 vents  were 3.93 m s / c c ,  while the t h i r d  w a s  3.98 gms/cc. 
pated t h a t  the lower dens i ty  ma te r i a l  would have a g rea t e r  flow r a t e  than the  
more dense mater ia l ;  a l s o  t h a t  the geometry, both c ross -sec t iona l  a rea  and 
t h e  LID r a t i o ,  would a f f e c t  flow r a t e .  Other an t i c ipa t ed  r e s u l t s  included 
a n  increase  i n  flow r a t e  with pressure,  an increase i n  flow r a t e  with tempera- 
t u r e ,  and a t  any given temperature o r  pressure a flow r a t e  f o r  t he  d i f f e r e n t  
gases as follows: hydrogen g r e a t e s t ,  helium next ,  and xenon l e a s t  due t o  
d i f f e rences  i n  molecular or  atomic diameter. 

The d e n s i t i e s  

It w a s  a n t i c i -  

Tables I1 through XI11 t abu la t e  the room and elevated temperature 
flow rates of t he  var ious  gases through the  s i x  f i l t e r s  tes ted .  Figure 20 i s  
a p l o t  of the  room temperature helium flow r a t e s  f o r  t he  same s i x  f i l t e r s .  
Elevated temperature flow r a t e s  were not p lo t t ed  because the  da ta  were anoma- 
lous and, i n  some ins tances ,  inconclusive.  The anomalies included ins tances  
where the  flow r a t e  increased with temperature,  then decreased, while i n  
o ther  cases  the  opposi te  occurred. 
po in t s  from a t e s t  i n  progress  would be a s  an t i c ipa t ed ,  then a flow r a t e  
t h a t  exceeded the  capac i ty  of the  RGA de tec to r  occurred a t  the next data 
poin t .  Since t h i s  flow r a t e  could not  be given a d e f i n i t e  value,  a graph 
could not  be p lo t t ed .  
t u r e  making it  impossible t o  p l o t  flow versus temperature when one o r  more 
da t a  p o i n t s  were inconclusive.  

Inconclusive t e s t s  resu l ted  when da ta  

Only th ree  da t a  poin ts  were taken a t  e levated tempera- 

A l l  f i l t e r s  were t e s t ed  a t  room temp r a t u r e  with a heliym back 
pressure  ranging from 20 t o  200 p s i  (1.38 x 10 
t o  being subjected t o  e levated temperature t e s t s .  
f i l t e r s  w e r e  t e s t ed  w a s  307, 319, 312, 323, 316 and 351. During the  t e s t i n g  
of F i l t e r  312, t h e  f i lament  i n  the  Vee tube of the  RGA burned out which r e -  
quired replacement, While t h e  RGA w a s  being repa i red ,  i t  w a s  noted t h a t  o i l  
had deposited i n  the  down-stream por t ion  of t he  vacuum system. This o i l  was 
due t o  "cracking" of t h e  d i f f u s i o n  pump o i l  which occurred when the water 
cool ing t o  the  pump w a s  in te r rupted .  The RGA w a s  disassembled, cleaned com- 
p l e t e l y ,  and r e i n s t a l l e d  i n  the  test  system. F i l t e r  312 w a s  r e t e s t ed  with 
the c l ean  system t o  see i f  t he  flow r a t e  w a s  s i g n i f i c a n t l y  d i f f e r e n t  because 
of the  "contaminated" RGA. 
more s e n s i t i v e  a f t e r  cleanup. 

f 6 t o  1,38 x 10 N/m ) p r i o r  
The order  i n  which the  

The flow r a t e s  were comparable, but  the  RGA w a s  

Figure 20 shows t h a t  room temperature flow r a t e s  increase f a i r l y  
l i n e a r l y  with pressure  a s  expected f o r  both A1203 and Zr02. 
change wi th  pressure f o r  t he  3.80 dense 21-02 f i l t e r  (8351) i s  about th ree  
t i m e s  t h a t  of t h e  5.71 dense ma te r i a l ,  

The r a t e  of 
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The lower dens i ty  element, #351, has a flow rate  approximately 
2.1 x lo5 g rea t e r  on t h e  average than the higher dens i ty  element, #307. 
This i t s  probably a reasonable r e l a t ionsh ip ,  as i s  the  increased r a t e  of 
flow f o r  the  lower dens i ty  element with increased backpressure. 

I n  comparing the  flow r a t e s  of the  two higher dens i ty  (both 5.71 
grams/cc) Zr02 f i l t e r s ,  41307 and 8312, i t  i s  noted t h a t  the  l a rge r  diameter,  
sho r t e r  length,  L/D = 0.57, #312 f i l t e r  has a much g rea t e r  flow r a t e  than the 
smaller diameter 11307 F i l t e r  of L/D = 2.25. The f i l t e r  length has a pro- 
nounced e f f e c t  on the flow r a t e  because the  a rea  r a t i o  of 11312 t o  11307 i s  
four;  t he re fo re ,  t he  flow r a t e ,  i f  t he  length were the same, should be 
comparable t o  four .  
#307, so,  i f  t he  length  e f f e c t  i s  l i n e a r ,  t he  flow r a t e  t o  the shor te r  
element should increase  by a f a c t o r  of two. 
should be a f a c t o r  of e igh t ,  whereas the  measured average d i f fe rence  i s  
about a f a c t o r  of 250. The most probable explanat ion i s  a v a r i a b i l i t y  i n  
poros i ty  r e s u l t i n g  from a v a r i a b i l i t y  i n  s t r e s s e s  due t o  thermal e f f e c t s .  

Further ,  the 41312 F i l t e r  i s  one-half the length of 

The two e f f e c t s  combined 

Two A1203 f i l t e r s ,  11319 and #323, were i d e n t i c a l  i n  dens i ty  and 
dimension. Yet, the  average flow r a t e s  vary over the range of pressures  
inves t iga ted  by about a f a c t o r  of 2.6. Again, the most probable explanation 
f o r  t h i s  paradox i s  v a r i a t i o n  i n  poros i ty ,  although fabrication/assembly 
v a r i a t i o n  could con t r ibu te  t o  t h i s  v a r i a b i l i t y .  I f  these hypotheses a r e  
co r rec t ,  it ind ica t e s  t h a t ,  f o r  any given vent ma te r i a l ,  there  i s  a range 
of flow r a t e s  t h a t  can be expected f o r  any given s p e c i f i c  geometry a t  the  
same dens i ty .  

The las t  A1203 f i l t e r ,  #316, had a g rea t e r  flow rate than F i l t e r s  
319 and 323, even though i t  had a s l i g h t l y  g rea t e r  densi ty .  Apparently the 
dens i ty  d i f fe rence  i s  not the  most s i g n i f i c a n t  f a c t o r  i n  t h i s  case ,  but the  
change i n  c ross -sec t iona l  a rea  and L/D r a t i o  a r e  the  con t ro l l i ng  f ac to r s .  
Element 41316 has an average f a c t o r  of s i x  g rea t e r  flow r a t e  than Element a323 
and a f a c t o r  of f i f t e e n  g rea t e r  flow r a t e  than Element 8319, 

The room temperature helium flow t e s t s  showed: 

1. 

2. 

3. 

Flow r a t e s  increase with increasing pressure with both A1203 
and Zr02 f i l t e r s .  

Low dens i ty  ma te r i a l  has a g rea t e r  flow r a t e  than high 
dens i ty  mater ia l  i n  the  case of Zr02, no d i r e c t  comparison 
could be made on the  b a s i s  of dens i ty  a lone with A1203. 

Flow r a t e s  a r e  a f f ec t ed  by f i l t e r  geometry with a syne rg i s t i c  
e f f e c t  indicated i n  t h e  case of Zr02. 
could be made with A1203. 

No d i r e c t  comparison 
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4. For a given vent material at a given pressure, there is 
probably a range of flow rates which can be expected (not 
a specific rate at a given pressure) due to slight varia- 
tions in raw material fabrication and vent fabrication. 

After each filter was flow-tested with helium at room tempera- 
ture, it was flow-tested at a pressure of 100 psia with helium, hydrogen, 
xenon and a 50:50:1 mixture of these gases with the filter at 5OO0C 
(773OK), 85OoC (1123OK), and 1O5O0C (1323OK). 

Filterij307, a high-density Zr02 vent, showed a low room tempera- 
ture flow rate to helium (2.93 x 
creased with increasing temperature (2.80 x 10-1 std. cclsec-cm' at 1O5O0C), 
an increase of four magnitudes. A flow rate increase with 
temperature was expected but the magnitude of the increase was unexpected. 
All previous work with filter vents had been done with low density Zr02 or 
A1202 materials. 
(6.89 x lo3 to 1.38 x lo5 N/m2) helium] 
Therefore, the only reference flow rates available were for low density 
Zr02 or A1203 at room temperature. 
diameter by 0.090 inch length (1.02 x 10-3m x 2.29 x lo-&) vent and were 
on the order of 10-1 to 10-3 and 10-6 to 
ture and 20 psia (1.38 x lo5 N/m ) for the respective vent materials. 

std. cc/sec-cm 2 ) which ra idly in- 

This earlier work was done at low pressures [1-20 psia 
and always at room temperature. 

These flow rates were for a 0.040 inch 

std. cc/sec at room tempera- 
2 

When tested with hydrogen, the range of the RGA strip chart was 
~ exceeded at 850 and 105OoC (1123 and 1323'K) and efforts to reduce the 

sensitivity so a reading could be obtained within a reasonable time were 
unsuccessful. 
elevated temperatures. 
large volumes and cannot be readily removed by vacuum treatment or heating, 
and this may offer a partial explanation. Refer to Appendix A to determine 
how flow rate values were computed. 
was impossible to plot a curve for hydrogen. 
rising flow rate with an increase in temperature. 

Flow rate values exceeded 1.23 x 10-2 std. celsec cm2 for both 
It is known that hydrogen dissolves in platinum in 

Since only one point was obtained, it 
The trend appears to be a 

The xenon flow rate increased steadily with an increase in tempera- 
ture, but the increase was not nearly as rapid as that observed with the 
helium. 

In comparing the flow rates of the helium with the xenon, it is 
noted that the xenon had a higher flow rate at 5OO0C (773'K) but because the 
rate increased at a lower rate than the helium, at elevated temperatures, 
the filter becomes more selective in passing xenon; thus at 5OO0C (773'K) 
the He:Xe ratio is 0.658 Xe while at 85OoC and 105OoC (1123' and 1323OK) the 
ratio has become 82,2 Xe and 131,5 Xe, respectively. 

When the 50:50:1 gas mixture is examined, the same phenomena as observed 
above occurs but is more pronounced since the partial pressures are 50:l in- 
stead of 1:1. 
RGA sensitivity. 

Again, the hydrogen flow values are unobtainable because of 
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A s  mentioned e a r l i e r ,  t he  expected flow a t  a given temperature 
and pressure  f o r  t he  gases w a s  g r e a t e s t  f o r  helium, hydrogen next and xenon 
l e a s t .  
areas of tbe  gases involved. 
angstoms (A) (77 x , ~ O - ~  m) bu t  fbnce it  i s  diatomic,  the  d is tance  between 
atoms becomes 2.75 A (2.75 x 10- m). For helium, the  omic diameter i s  
1.86 8 (1.86 x 10-l' m) and f o r  xenon 3.80 8 (3.80 x lo-" m); ye t  a t  5OO0C 
(773OK) both xenon and hydrogen had a g rea t e r  flow r a t e  than helium through 
F i l t e r  #307. 

The reasoning f o r  t h i s  expec ta t ion  i s  based upon the  c ross -sec t iona l  
The hydrogen atom has a diameter of 0.77 

No explanat ion can be offered f o r  t h i s  phenomena. 

F i l t e r  #319 was t e s t ed  a f t e r  #307. Upon completion of t he  room 
temperature helium flow t e s t ,  the  e levated temperature t e s t s  were s t a r t e d  
and da ta  were obtained f o r  helium a t  500 and 85OoC (773 and 1123°R). 
1O5O0C (1373'K) t h e  RGA r eg i s t e red  no gas f l o  
and repressur ized  t o  100 p s i a  (6.89 x lo5 N/m'j but  there  was s t i l l  no flow. 
The f i l t e r  w a s  cooled t o  room temperature and repressur ized  t o  200 ps ia  
(1.38 x 10 It was con- 
cluded t h a t  the f i l t e r  was blocked and i n  the  l i g h t  of e a r l i e r  developments 
t he  blockage w a s  probably caused by contamination from cracked d i f fus ion  
pump o i l .  

A t  
The system w a s  pumped out 

6 2  N/m ) with  helium and aga in  no flow was indicated.  

F i l t e r  #312 had been p a r t i a l l y  t e s t e d  f o r  helium a t  room tempera- 
t u r e  severa l  weeks before  the  t roub le  with the  RGA pumping system occurred; 
however, it was not  t e s t e d  i n  20 p s i  increments a s  required so it was r e -  
t e s t ed  a f t e r  F i l t e r  a319 had blocked up. 
temperature helium flow t e s t s ,  severa l  problems a rose ,  The f i lament  of 
t h e  Vee tube of t he  RGA burned out  and required replacement. Then it was 
found impossible t o  ob ta in  a pressure  lower than 
i n  the  downstream s i d e  of the  f i l t e r .  The pumping s t a t i o n  was found t o  be 
contaminated due t o  overheating of t h e  d i f f u s i o n  pump caused by a blockage 
of the  cool ing water supply. The pumping s t a t i o n  w a s  dismantled,  thoroughly 
cleaned and c a l i b r a t e d  p r i o r  t o  t e s t i n g  of a d d i t i o n a l  f i l t e r s .  The blocking 
of F i l t e r  11319, t h e  burnout of t he  Vee tube f i lament  and the poss ib le  
erroneous flow da ta  f o r  F i l t e r  $1312 were a t t r i b u t e d  t o  the  contaminated 
pumping system. 

Upon completion of the  room 

t o r r  (1.33 x N/m2) 

The flow da ta  f o r  F i l t e r  #312 obtained j u s t  p r i o r  t o  the  pumping 
system overhaul w a s  suspect  because the  flow r a t e  was not increasing with 
increas ing  pressure ind ica t ing  t h a t  i t  was probably blocking up. 
pump was overhauled and c a l i b r a t e d ,  F i l t e r  #312 w a s  r e t e s t e d  with helium 
a t  room temperature and the da t a  reproduced t h a t  obtained severa l  weeks 
e a r l i e r .  
t o  p l o t  t he  flow r a t e  versus  pressure of F i l t e r  #312 i n  Figure 20. 

Af te r  the  

The e a r l y  da t a  p lus  t h a t  obtained a f t e r  system cleanup were used 

When F i l t e r  a312 w a s  t e s t ed  a t  e levated temperature, severa l  
anomalies a rose  which were incons i s t en t  with what was expected. The flow 
r a t e s  f o r  helium and hydrogen both ind iv idua l ly  and a s  mixed gases appear 
t o  increase  i n  flow from 500 t o  85OoC (773 t o  1123OK), then decrease i n  
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flow from 850 to 1O5O0C (1123 to 1323OK). 
steadily decreased with an increase in temperature while the mixed gas 
xenon behaved similarly to the hydrogen and helium mixed gases. 
anomalies are unexplainable at this time. Two flow values for helium 
and three flow values for hydrogen exceeded the capacity of the RGA so 
definite flow values could not be calculated. The flow values obtained 
for these gases can only show trends based on the data that could be 
calculated. 

The flow for xenon alone 

The 

A possible explanation for the observed increase, then decrease 
in flow with increasing temperature, could be due to blockage of- vent 
pores due to diffusion of platinum or volatilization and deposition of 
chromium from the Haynes 25. 
into Haynes 25 housings by heating for 76 hours (2.74 x lo5 s) at 76OoC 
(1033'K). The two higher test temperatures of 850 and 1O5O0C (1123 and 
1323OK) were above the diffusion bonding temperature of the platinum so 
some additional diffusion of platinum could be expected at the test tem- 
peratures. 
area of the filter thereby reducing gas flow. 
tize from Haynes 25 at elevated temperature and low pressure. 

The vents were diffusion bonded with platinum 

The diffused platinum could reduce some of the cross-sectional 
Chromium is known to vola- 

The filter vents were subjected to several thermal cycles during 
the elevated temperature tests. These occurred as a result of the testing 
schedule employed. The schedule was as follows: After testing at room 
temperature, heat to 5OO0C (773'K) in about four hours (14.4 x lo3 s) ,  test 
for helium, hydrogen, xenon and mixed gases flow rate, evacuate system and 
maintain at 5OO0C (773'K) overnight. In the morning, heat: to 85OoC (1123'K) 
in about four hours (1.44 x lo3 s) and retest for gas flow rates, evacuate 
system and cool to 5OO0C (773'K) overnight. 
to 1O5O0C (1323'K) in about four hours (1.44 x lo3 s) and retest for gas 
flow rates, evacuate system and cool to room temperature, 

The following morning reheat 

This thermal cycling could possibly affect flow rates because of 
the differences in thermal expansion of the filter materials and the 
Haynes 25 housings, 
temperatures of the various materials employed is given below. 

A comparison of the thermal expansions at the test 

Thermal Expansion, X10-6/oK 

21-02 - Haynes 25 Lucalox 

5OO0C (773'K) 14.4 
85OoC (1123OK) 16.3 
1050OC (1323OK) 16.9 

7.7 
8.1 
8.5 

12.1 
15.3 
15.3 

The Haynes 25 housing expands at a greater rate than either of the 
vent materials. 
elevated temperatures. 

This would tend to put the platinum bond into tension at 
The effect would be more severe with Lucalox than 
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Zr02 because of t he  g rea t e r  expansion d i f fe rences .  
a l l  vents  a r e  under com res s ion  because the  f i l t e r  i s  i n s t a l l e d  with a 
0.0002 inch (5.08 x m) i n t e r f e rence  f i t .  

A t  room temperature 

A s  t he  f i l t e r  h e a t s ,  both the  housing and the  f i l t e r  expand 
wi th  the  housing expanding a t  a f a s t e r  r a t e  u n t i l  a t  some temperature 
the  compressive stress i s  zero a f t e r  which the s t r e s s  goes i n t o  tension. 
I f  t he  t e n s i l e  s t r e s s  i s  g rea t  enough, t he  bond between the  vent and the  
housing may rupture  permit t ing gross  flow; however, no gross  flow w a s  
noted i n  our t e s t s .  A s  the  i n i t i a l  compressive s t r e s s e s  become re l ieved  
during hea t ing ,  an  increase i n  flow i s  an t i c ipa t ed  because of pore o r  void 
enlargement. 

Another poss ib le  source of unant ic ipated vent contamination with 
poss ib le  de t r imenta l  e f f e c t s  might be from the t e s t  gas impuri t ies .  The 
xenon gas w a s  research  grade and had a minimum pur i ty  of 99.995% and l i s t e d  
dew poin t  of -llO°F (203'K). The hydrogen and helium gases were welding 
grade p u r i t y  (99.9%) with l i s t e d  dew poin ts  of -70°F (228'K). Actual dew 
po in t s  on the  t e s t  gases were not taken because t h i s  w a s  not considered a 
c r i t i c a l  f a c t o r  a t  t h a t  t i m e .  Yet, i f  oxygen or  water vapor were present  
even i n  minute amounts, these impur i t ies  could r e a c t  wi th  the Haynes 25 
housing which, i n  tu rn ,  would contaminate the  f i l t e r .  

The flow c h a r a c t e r i s t i c s  f o r  most of the  gases t e s t ed  appeared 
t o  be an increase  i n  flow probably due to  thermal expansion followed by 
a decrease i n  flow probably due t o  blockage of pores by d i f f u s i o n  of 
platinum o r  v o l a t i l i z a t i o n  of chromium o r  contamination by impure gases 
o r  o ther  unknown causes.  Flow r a t e  curves f o r  the  pure and mixed helium 
and hydrogen gases could nut be p lo t t ed  because of t he  unknown flow values 
obtained when the  RGA flooded. The xenon did not f lood the  RGA but  pro- 
duced two flow curves t h a t  a r e  anomalous; i . e . ,  one increases  with tem- 
pera ture  while the  o ther  decreases  with temperature, No explanation can 
be given f o r  t h i s  behavior.  

F i l t e r  #323 was t e s t ed  next and the  flow da ta  again was anomalous. 
This time the  helium and xenon flow r a t e s  increased,  then decreased with an 
increase  i n  temperature,  while  the  hydrogen decreased s t e a d i l y  with tempera- 
tu re .  The order  of s e l e c t i v i t y  w a s  helium with the  g r e a t e s t  flow r a t e  f o l -  
lowed by xenon and hydrogen l e a s t  flow. These r e s u l t s  were not i n  accord 
wi th  what w a s  expected i n  view of the r e s u l t s  obtained with e a r l i e r  t e s t  
f i l t e r s .  Six da ta  poin ts  were unknown s ince  the  capac i ty  of t he  RGA was 
exceeded and occurred with the  same gases ,  helium a t  85OoC (1123'K) and 
hydrogen a t  850 and 1050°c (1123 and 1323°K) f o r  both the  pure and mixed 
gases 

F i l t e r  8316 was anomalous i n  a l l  respec ts .  The pure helium flow 
decreased, then increased with an increase i n  temperature; t he  hydrogen 
indicated no flow a t  one da ta  po in t ,  ye t  had flow a t  the next data  poin t  
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while the  xenon increased three  magnitudes i n  flow r a t e  over the  tempera- 
t u r e  range inves t iga ted .  The mixed gas da ta  were equal ly  anomalous. The 
helium flow decreased s t e a d i l y  with temperature three  magnitudes, t he  hydro- 
gen increased,  then decreased with an increase i n  temperature, while the  
xenon decreased, then increased wi th  an increase i n  temperature. Three da ta  
poin ts  were unknown s ince  i n  two cases  the  RGA capac i ty  w a s  exceeded, while 
i n  the  t h i r d  case no flow w a s  indicated.  It i s  not known how the order  of 
t e s t i n g  gases a f f e c t s  the flow behavior through a f i l t e r  o r  t he  sensing 
fi lament of the  RGA, but  it i s  poss ib le  t h a t  the  elevated temperature r e s u l t s  
obtained may have been a f f ec t ed  by the  change from one gas t o  another during 
t e s t i n g  . 

F i l t e r  8351 w a s  t e s t ed  only wi th  helium and hydrogen a t  e levated 
temperatures because the xenon supply w a s  exhausted by the time t h i s  f i l t e r  
was t e s t ed .  The da ta  show very l i t t l e  s e l e c t i v i t y  of the  f i l t e r  t o  these  
gases and t h e  flow r a t e s  were high i n  com a r i s o n  wi th  those obtained with 
the  o ther  f i l t e r s  (10-1 cc/sec versus  lo-! t o  cc /sec) .  

I n  reviewing the  flow da ta  f o r  t he  s i x  f i l t e r s  t e s t e d ,  one notes 
t h a t  the room temperature helium flow r a t e s  were cons is ten t .  
increased f a i r l y  uniformly with an increase i n  pressure ,  appeared t o  increase 
with a decrease i n  f i l t e r  dens i ty ,  and increased with increase i n  f i l t e r  d i a -  
meter and decrease i n  L/D r a t i o .  

The flow r a t e s  

However, t he  elevated temperature flow da ta  f o r  helium, hydrogen, 
xenon and a 50:50:1 mixture of these same gases presented many anomalies 
which cannot be r e a d i l y  explained with the  ava i l ab le  da ta .  The anomalies 
a r e  of such a na ture  t h a t  one must conclude t h a t  the elevated temperature 
flow da ta  cannot be used t o  reach conclusions f o r  the gases t e s t ed .  Since 
hydrogen and xenon gases had never been t e s t ed  previously,  e i t h e r  a t  room 
or  e levated temperatures,  one could only a n t i c i p a t e  what the  flow behavior 
should be. Unfortunately,  the da ta  obtained were so anomalous no t rends  
were ind ica ted  and the observed flow behavior was not an t ic ipa ted .  

The elevated temperature anomalies a r e  a t t r i b u t e d  t o  some o r  a l l  
of t he  po in t s  discussed e a r l i e r  i n  t h i s  r epor t .  These included: 

1. 

2. 

3. 

I n a b i l i t y  t o  obta in  a d e f i n i t e  flow value because the  
capac i ty  of the  RGA w a s  exceeded during t e s t ing .  Lack 
of da ta  poin ts  (only th ree  were taken) prevented p l o t t i n g  
of r ep resen ta t ive  curves.  

Poss ib le  contamination of f i l t e r s  by impur i t ies  i n  the  
t e s t  gases.  

Thermal expansion d i f f e rences  between housing and f i l t e r  
vent ma te r i a l s  which could lead t o  paradoxical flow be- 
havior a t  e levated temperatures. 
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4 .  

5. 

6. 

7.  

8. 

9 .  

Diffusion of the platinum used to bond the filter to the 
housing during the elevated temperature tests which de- 
creased the area of the filter. 

Absorption of hydrogen by platinum. 

Volatilization of the Haynes 25 housing material at 
temperature which could subsequently block vent pores. 

Thermal cycling of vents due to the inability to test a 
given filter at the required test conditions in a working 
day without interruption. 

Possible changes in vent flow characteristics resulting 
from changing test gases frequently. 

Possible changes in the RGA due to changes in test gases,, 

In order to minimize the foregoing problems in future work, the 
following steps should be observed. 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9 .  

Determine six to eight data points so that if a data point 
is unobtainable a general curve can still be drawn. 

Attempt to match thermal expansions of the housing and vent 
materials. 

Use a bonding material which does not diffuse or adsorb 
the test gases at temperature. 

Change the housing to a material that is more stable under 
these severe conditions. 

Do not thermally cycle vents during test. 

Purify test gases before admitting to test system. 

Test a filter with one gas, test a duplicate filter with a 
different gas, then interchange filters and test. Finally, 
repeat original tests to see if flow rates are altered 
significantly. 

Test all gases at room temperature prior to elevated tem- 
perature tests. 

Retest all filters at room temperature to determine if flow 
rates are altered by elevated temperature tests. 
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SUMMARY OF RESULTS 

Flame sprayed A1203 and Z r 0 2  coat ings were evaluated a s  pro tec t ive  

The A1203 coat ing spa l l ed  on 
b a r r i e r  coa t ings  on tantalum metal. 
1 / 2  inch (1.27 x 1 0 - h )  diameter mandrel. 
both the e x t e r i o r  and i n t e r i o r  of the bend, while the  Z r 0 2  coat ing spa l l ed  
only on the  i n t e r i o r .  

Both coat ings were bent 1800 over a 

The same coa t ings  were exposed t o  a 3 weight percent l i thium 
pentaborate so lu t ion  f o r  500 (1.8 x lo6 sec) and 1000 (3.6 x lo6 sec)  
hours a t  15OoC (423'K). 
no evidence of s p a l l i n g ,  cracking, b l i s t e r i n g  o r  peeling. The tgntalum 
subs t r a t e  was sound with no evidence of a t t a c k  by the pentaborate solu-  
t ion. 

Both coat ings were i n t a c t  a f t e r  the  t e s t  with 

Simulated r e a c t o r  f u e l  was melted and dropped onto A1203 and Zr02 
coated tantalum cups. 
304 s t a i n l e s s  s t e e l ,  an equal  weight mixture of depleted U02-Mo, and an 
equal  weight mixture of Type 304 s t a i n l e s s  s t e e l ,  depleted U02 and Mo. 
Some cracking of the  coat ing occurred, but both coat ings were e f f e c t i v e  
i n  preventing a r eac t ion  between the molten f u e l  and the  tantalum subs t r a t e  
s ince  the  f u e l  s o l i d i f i e d  before i t  could penet ra te  the  cracks i n  the  
coat ing . 

Three f u e l  formulations were melted, namely, Type 

Two coated cups with molten SS-UO2-Mo f u e l  i n  them were t e s t ed  i n  
w e t  hydrogen a t  e leva ted  temperature. The f u e l  d id  not  r e a c t  with the 
Z r 0 2  coat ing but did r e a c t  with the A1203 coat ing a t  the  t e s t  temperature. 

S ix  f i l t e r  vents  were fabr ica ted  and tes ted  f o r  s e l e c t i v i t y  i n  venting 
hydrogen, helium, xenon and a mixture of these  gases a t  var ious temperatures 
and pressures .  The e f f e c t s  of mater fa l ,  mater ia l  dens i ty ,  geometry, gas 
temperature, gas pressure,  and gas molecular s i z e  upon flow r a t e  were i n v e s t i -  
gated. The ma te r i a l s  t e s t ed  were A1203 and Zr02 i n  two d i f f e r e n t  d e n s i t i e s ,  
two d i f f e r e n t  geometries, a t  t h ree  d i f f e r e n t  temperatures and gas pressures  
ranging from 20 t o  200 PSIA (1.38 x lo5 N/m2 t o  1.38 x 10 The gases 
t e s t ed  were hydrogen, helium, xenon and a mixture of these gases. The room 
temperature helium flow t e s t s  ind ica ted  t h a t  flow r a t e s  can be var ied.  The 
flow r a t e s  increased with decreasing mater ia l  dens i ty ,  with increased gas 
backpressures,  and increased f i l t e r  surface a rea  with decreased length.  Con- 
c lus ions  could not be made concerning flow r a t e s  of helium, hydrogen, xenon 
and mixtures of these  gases a t  e levated temperatures because of anomalous 
data .  However, it can be concluded t h a t  i n  the  present  s t a t e  of development 
these f i l t e r s  a r e  not d i r e c t l y  appl icable  t o  vent ing the gases desired a t  
elevated temperatures. 

b N/m2). 
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FIG. 1 .  TANTALUM CONTAINMENT VESSELS AND SPECIMENS BEFORE COATING 

FIG. 2. TANTALUM CONTAINMENT VESSELS AND SPECIMENS AFTER 
COATING, A1203 COATING ON LEFT 
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FIG. 3. METALLOGRAPHIC SECTION OF A1 0 COATED COUPON AS 
SPRAYED AND HEAT TREATED 

Z r O  

Sprayed Ta 
2 

'fa 

FIG. 4.  METALLOGRAPHIC SECTION OF Z r O  COATED COUPON AS 
SPRAYED AND HEAT TREATED 2 
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t 

FIG. 5 .  PROCESSING OF FILTER VENT ELEMENTS 
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FIG. 8. INTERIOR BEND OF COATED COUPONS, A 1  0 ON LEFT 
2 3  

FIG. 9. EXTERIOR BEND OF COATED COUPONS, A 1 2 0 3  ON LEFT 
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~ T A L L O G ~ P H I C  SECTIONS - 250X 
APPEARAWE OF A1203 OR Zr02 COATING ON TANTALUM AFTER MELT DO^ TEST 

Zr02 

Sprayed 
Ta 

*lZ03 

Sprayed 
Ta 

Ta Ta 

FIG. 13. STAINLESS STEEL ON Z r O  FIG. 12. STAINLESS STEEL ON A1203 2 

A1203 

Sprayed 
Ta 

Ta Ta 

2 F I G ,  15. Mo-UO on Z r O  
2 FIG. 14. No-UO on A1203 

2 

Sprayed  
Ta 

Ta Ta 

FIG.  16. STAINLESS STEEL-MO-UO~ FIG, 17 .  STAINLESS STEEL-MO-UO~ 
ON M203 ON Zr02 
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FIG.  18. COATED SPECIMENS AFTER SPRAYING AND AFTER 500 and 1000 
HOURS I N  LITHIUM PENTABORATE 
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TABLE I 

FILTER VENT IDENTIFICATION 
Assembly 

Haynes 25 Housing Material  Ins ta l led  Number 

Order 
Tested Number -- 

1 307 

3 312 

5 316 

2 319 

4 32 3 

6 35 1 

Hole 
Diameter 

Inches h!l 
0.0398 1.01 x 

0.0779 1.98 x 

0.0781 1.98 x l o m 3  

0.0398 1.01 x 

0.0397 1.01 x 

0.0399 1.01 x loe3 

Materia 1 Diameter X Length 

Inches Imz 
Zr02 0.0401 x 0.0904 1.02 x by 307/9A 

21-02 0.0785 x 0.0451 1.99 x lom3 by 31214 

5.71" 2.30 10-3 

5.71 1.15 10-3 

33.98 1.14 10-3 

3.93 2.30 10-3 

33.93 2.29 10-3 

3.80 2.26 10-3 

A 1  0 0.0785 x 0.0448 1 .99  x by 31611 

0.0401 x 0.0907 1.02 x by 319113 A1203 

A 1  0 0.0401 x 0.0901 1.02 x by 323f20 

Zr02 0.0401 x 0.0890 1.02 x by 3511333 

* 5.71 densi ty  i n  grams/cc 
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TABLE I1 

ROOM TEMPERATURE HELIUM FLOW RATES FOR FILTER 307/9A 

Zr02 0.040 inch O.D. x 0.090 inch Long (1.02 x l 0 - a  by 2.29 x 10-3m) 

Cross-Sectionel Area * 8..1 x 6fi2, Density 5 ,71 gm/cc, L/D = 2.25 

Source Pressure 

2 
PSIA (N/m ) 

20 1.38 lo5 

40 2.76 105 

60 4.13 105 

80 5.51 105 

100 6.89 lo5 

120 8.26 105 

140 9.65 lo5 
160 1.10 x IO6 

6 

6 
180 1.24 x 10 

200 1.38 x 10 

Helium Gas 

2 std cc/sec s t d  cc/sec-cm 

6.7  x 10-8 8.24 x 

1.03 1.27 10-5 

1.07 1.32 

1 . 2 7  1.56 

2.38 2.93 10-5 

2.38 2.93 10-5 

3.17 3.90 

2.17 2.67 

3.56 4.38 10-5 

3.96 4.87 10-5 
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TABLE IV 

ROOM TEMPERATURE HELIUM FLOW RATES FOR F"ER 319/-13 

3 A1203 0.040 inch O.D.  x 0.090 inch Long. (1.02 x 10-3m by 2.29 x 10- m) 

Cross-Sectional Area = 8.1 x 10 -3  a n 2 ,  Density 3.93 gm/cc, LID = 2.25 

Source Pressure Helium Gas 

2 PS IA (N/m2 1 S t d  cc l sec  S-td ccjs-ec-cm 

20 1.38 lo5 1.93 2.37 

40 2.76 x 10 4.40  5.41 

60 4 . 1 3  x 10 6.05 7.44 

80 5 .51  lo5 9.35 1.15 

100 6.89 x 10 9.35 1.15 

1.70 

5 

5 

5 

-6 
120 8.26 lo5 1.38 x 10 

140 9.65 x 10 1.65 x 2.03 x 

160 1.10 x 10 1.87 x 2.30 x 10 

180 1.24 x 10 2.09 x 2.57 x 10- 

200 1.38 x lo6 2.64 x 3.25 x 

5 

6 

6 

- 4  

4 
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TABLE VI11 

ROOM TEMPERATURE HELIUM FLOW RATES FOR FILTER 323/20 

0.040 inch OD x 0.090 inch long (1.02 x m by 2.29 x m) A1203 
Cross-Sectional Area = 8.1 x cm2, Density 3-93 gm/cc, L/D = 2,25 

Source Pressure Helium Gas 
2 - PS IA - N/m2 Std cc/sec Std cc/sec-cm 

20 1.38 lo5 5.01 x 6.16 10-4 

40 2.76 105 1.19 10-5 1.46 10-3 

60 4.13 105 1.71 10-5 2.10 

80 5.51 lo5 2.31 2.84 

100 6.89 105 2.99 10-5 3.68 10-3 

120 8.26 105 3.64 10-5 4.48 10-3 

140 9.65 105 4.32 5.31 10-3 

160 1.10 x 106 5.06 10-5 6.22 

180 1.24 x lo6 5.45 10-5 6.70 

200 1.38 x lo6 6.17 10-5 7.59 
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TABLE X 

ROOM TEMPERATURE HELIUM FLOW RATES FOR FILTER 316/1 

A 1  0 

Cross-Sectional Area = 3.1 x 

0.078 inch OD x 0.045 inch long (1.98 x by 1.14 x 10-3m) 2 3  
cm2,  Dens-ity 3.98 gm/cc, L/D = 0.56 

Source Pressure H e l i u m  G a s  

2 - PS IA (N/m2 ) Std cc/sec Std cc/sec-cm 

20 1.38 105 9.26 10-5 2.96 10-3 

40 2.76 105 1.94 10-4 6.20 10-3 

60 4.13 105 3.10 10-4 9.92 10-3 

80 5.51 105 4.54 10-4 1.45 x 

100 6.89 105 6.72 10-4 2.15 x 

120 8.26 105 7.92 10-4 2.53 x 

140 9.65 105 9.61 10-4 3.07 x 

160 1.10 x 106 1.15 10-3 3.68 x 

180 1.24 x lo6 1.32 4.22 x 

200 1.38 x lo6 1.56 10-3 4.99 x 10-2 
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TABLE X I 1  

ROOM TEMPERATURE HELIUM FLOW RATES FOR FILTER 351/133 

Z r 0 2  0.040 inch OD x 0.089 inch long (1.02 x 10-3 m by 2.26 x 10-3 m) 

Cross-Sectional Area = 8.1 x cm2, Density 3.80 gm/cc, L/D = 2.25 

Source Pressure 

PSIA - N/m2 

5 20 1.38 x 10 

40 2.76 105 

60 4.13 lo5 

80 5.51 lo5 

100 6.89 lo5 
120 8.26 lo5 

140 9.65 105 

160 1.10 x lo6 
180 1.24 x lo6 
200 1.38 x lo6 

H e l i u m  Gas 

2 Std cc l sec  Std  cc/sec-cm 

2.04 x 2.57 

1.20 x 10-1 1.44 x lo1 

2.78 x 10-1 

3.14 x 10-1 

3.34 x 101 

3.77 x lo1 
2.09 x 10-1 2.51 x lo1 

4.35 x 10-1 

6.10 x 10-1 

7.13 x 10-1 

5.22 x lo1 
7.32 x lo1 
8.56 x lo1 

9.11 x 10-1 1.09 x 102 

1.11 1.33 x lo2 
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APPENDIX A 

OPERATION OF RESIDUAL GAS ANALYZER 

A r e s i d u a l  gas analyzer  (RGA) i s  used t o  determine the  gas leak ra te  
through t h e  f i l t e r .  The RGA operates  i n  a manner similar t o  t h a t  of a 
mass spectrometer;  i. e., it d e t e c t s  t h e  element i n  quest ion by d e f l e c t i n g  
t h e  atom i n  a magnetic f i e l d .  The m a s s  of t h e  atom determined t h e  amount 
of d e f l e c t i o n  of t he  atom i n  t h e  appl ied f i e l d .  The RGA "gates" out a l l  
atoms except those of t h e  element being sought. The desired atom follows 
a d e f i n i t e  path caused by t h e  magnetic f i e l d  which i s  not  blocked by ga te s  
and i s  picked up by t h e  de tec tor  which, i n  t u r n ,  produces a response l e v e l  
on a s t r i p  cha r t .  The RGA can be se t  t o  read from 0 t o  10, 0-100 t o  0 t o  
1000 (max.) on t h e  s t r i p  c h a r t  scale. Since t h e  s t r i p  c h a r t  i n d i c a t o r  
does not  follow a smooth path (see t y p i c a l  scan pageA-2), t he  RGA i s  
adjusted seve ra l  d i v i s i o n s  above t h e  0 l i n e  t o  compensate f o r  i r r e g u l a r i t i e s  
and t o  prevent "bottoming" of t h e  recorder  pen. 
base l ine .  m e n  t h e  RGA i s  adjusted t o  scan f o r  a given gas (no valves  open), 
t h e  recorder  pen w i l l  move up s e v e r a l  d i v i s i o n s  on t h e  s c a l e  i n d i c a t i n g  a 
given I1backgroundvt i n  t h e  system. When the  c a l i b r a t e d  leak i s  opened, t h e  
recorder  pen w i l l  r i se  t o  a peak response t o  t h e  leak and then level o f f .  
Then, when t h e  leak i s  valved o f f ,  t h e  response w i l l  drop back t o  t h a t  of 
t h e  background reading. 
response g r e a t e r  than  t h e  c a l i b r a t e d  l eak  i s  obtained and,when valved o f f ,  
drops back t o  background value.  
not  drop o f f  when valved because of gas absorpt ion on t h e  system walls .  
This i s  s t rongly  apparent when hydrogen i s  t e s t e d .  

This  l i n e  i s  c a l l e d  the  

F i n a l l y ,  when t h e  unknown leak i s  opened, a 

I n  t h e  non-ideal case, the  unknown does 

The c a l i b r a t e d  leak i s  used t o  c a l c u l a t e  t h e  leak r a t e  of t h e  f i l t e r  by 
comparing the  response of t he  r e s i d u a l  gas analyzer  (RGA) t o  t h e  known and 
unknown leaks.  The c a l i b r a t e d  leak has a known leak r a t e .  This known r a t e  
i s  divided by i t s  response minus background p lus  base on t h e  RGA t o  obta in  
t h e  s e n s i t i v i t y  of  the system. The response of t h e  RGA t o  t h e  unknown leak 
i s  then mul t ip l ied  by t h e  s e n s i t i v i t y  t o  o b t a i n  t h e  leak ra te  of t h e  unknown 
leak 

I n  some ins t ances ,  t h e  RGA w i l l  produce a response t h a t  i s  o f f  t he  s t r i p  
c h a r t  ( i n  t h i s  case >1000). When t h i s  occurs,  no c a l c u l a t i o n  of flow r a t e  
can be made and t h e  only thing t h a t  can be sa id  i s  t h a t  t h e  flow i s  g r e a t e r  
than the s e n s i t i v i t y  obtained wi th  t h e  c a l i b r a t e d  leak,  s i n c e  unknown leak 
ra te  = s e n s i t i v i t y  x response. 

As mentioned ear l ie r ,  i n  many cases the background reading i s  r a i s e d  
cons'iderably a f t e r  reading the  unknown leak due t o  gas absorpt ion on t h e  sys- 
t e m  wal l .  The background i s  high enough t o  cause t h e  reading of t he  next 
unknown l eak  t o  be o f f  t h e  s t r i p  c h a r t  s c a l e  ( > l O O O ) .  I n  many cases 
( e spec ia l ly  f o r  hydrogen) i t  i s  necessary t o  pump a s  long a s  48 hours t o  
desorb t h e  system so as t o  reach t h e  same background obtained before  t e s t i n g  
of t h e  unknown leaks commenced. I n  each instance t h a t  "flooding" of t h e  RGA 
occurred, t h e  t es t  poin t  was repeated up t o  four  t i m e s  i n  a n  e f f o r t  t o  ge t  a 
determination, but i n  every case f looding recurred ind ica t ing  q u i t e  high gas 
concentrat ion i n  t h e  system. 
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San Ramon, C a l i f o r n i a  94583 
At tent ion:  M r .  R. H. Chesworth 

D r .  H. J a f f e  

Atomics In te rna t i ona l  
D iv i s ion  o f  North American Rockwell 
8900 DeSoto Avenue 
Canoga Park, Ca 1 i fo rn  i a 91 304 
Attent ion:  M r .  B. B. Shew 

M r .  A. B. Mar t i n  
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Hittman Associates, Inc. 
P. 0. Box 810 
Columbia, Maryland 21043 
Attent ion:  M r .  Fred H i  ttman 

Mr.  Howard Hagler 

Defense Contract Adm. Service Dept. 
DCASD Bal t imore Bldg. 22 
F o r t  Holebi r d  
Baltimore, Maryland 21219 
At tent ion:  J.  A. Cooper 


