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Porous sintered alumina , flame sprayed alumina , plasma sprayed aluminum
titanate , plasma sprayed hafnium titanate , and plasma sprayed distended
beryllium were used in the high explosive , gas gun and electron beam
experiments reported in Volumes 4, 5 and 6 in this series.

This report , Volume 7, describes the fabrication process , the micro—
structural characteristics , and the important chemical , physical and
mechanical properties of each material.
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I I~~’RO10’CTION

This report describes the fabrication processes , the microstructures ,

and the chemical , physical and mechanical properties of sintered alumina ,

flame sprayed alumina , plasma sprayed aluminum titanate , plasma sprayed

hafnium titanate and plasma sprayed distended beryllium——the materials

evaluated in a program to characterize dynamic behavior of porous

solids.
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I I  [~)ROUS SIN TEI IEI ) ALUM IN ~

The porous sintered alumina was underfired WE SGO A l  995 grade

powder. The starting material had a mean particle size of 4.2 Ufu and a

maximum particle size of 5.0 Uf i ~. The batch number is 3A499 , and the

nominal composition is

.-\l 0 99.46
2 3

Si0
2 

0.20

Ca0 0 .30

Fe 0 0.02
2 3

Na
2
0 0. 02

Ti0 2 trace

Table 1 presents the results of a semiquan t i t a t ive  spectrographic ana lys i s

on the starting powder and the crushed porous sintered material . This

analysis is typically accurate to ± 50%.

The fabrication cycle consisted of five steps: (1) The powder was

made into a slurry and isostatically pressed at room temperature and at

8,000 to 10,000 psi pressure. (2) The compacted agglomerate was green

machined , that is , cut up into the desired shapes and rough—ground .

(3) The pieces were fired for three hours at a temperature somewhat less

than that requ i red to produce dense bodies (underfired). Temperatures

of 2800°F, 2400°F, and 2200° F produced bulk porosities of 22’~- , 36”~, and

45% , respectively. (4) The fired pieces were precision—ground by WESGO

to make surfaces flat and parallel to within 0.003 inch. (5) The fired

pieces were clean—fired at 2200 F to remove the machining fluids.

The material was furnished as 6 x 9 inch plates of two thicknesses ,

1/4 inch and 1/8 inch , and 2—inch--diameter disks , 50 mu thick. All

*Western Gold and Platinum Company, 525 Harbor Blvd., Belmont ,
California.
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Table 1

SPECTROCHEMICAL ANALYSIS OF CERAMIC POWDERS
AND POROUS SPECIMENS*

0 l A i~~O~ - ItO OD I - T10 2

S nM.re,l ml... rims. am m O.,? t’i..ne Arr— .prayent on Spr.V powder A m ’ , —I , ’ ~V.4
e0% porou s spra y on IraPhI t. and s pray n, r ,p hml . .n,I - 211’ ? •c.I, 0, • r.p tmn
b, *..go powder fi.k.d ’-tI p,nede r n.,o n,Ine,l nit - i ll .. fin,.. ’ er a . ma€I ,lnod ‘,f i

1%) (‘01 1%) 151 ‘.1 ‘~~ l

A n  - ‘  sa c:, S An
2 3

110
2 

45 . 70  4 5 , 05 Il 17 , ’,~n

11f0 0 1 . 11 01 ,24

11.45

c o ,mxno

I I 0,001 ~~~~~ 
r4 , 001 0 ‘I’ll ‘ ‘ ‘ ~~1 — - < ‘ ma

Se ‘0 ,0001 0.0003 O ,0IOn’i - ‘ 1 01012 - 11 11,0,2 ‘11.1)00 1 - 11 .01011

• 11 . 1100! ‘ ‘1 ,00111 A llO t 0.001 I nImI,,,, - n, , ,0i~n l - llj’lllJl

N. 11 ,02 “11 . 1  n m _ I m, .ois 11, 113 ‘II , Il’J 11 . 1125
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Lu 0.01 <0.01 11 , 11113 ‘13 IlL - 1 .112 (‘ In ‘ t l . I)~

Go ‘0 .00 1 11 . 112 0.008 0 . 005 I I . OlIn,
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• I. Am.Ipr.d by Cam At.... i h - le , i t l f t , - l000retory,
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h u t _n 
~iiu d (115k siir f ,i -ei-; ailli s l l m l I I - j i l t e r i o l - i - i  hati l)l ’ lIl~~~(’  I ri- egiii ;ir 5 1 1  i l l S ,

wii i ( ‘ II ‘II i l i c l i t  i f l e d  is i run ox I de-. ~~ur ~it t eml)ts at r etnova I ‘. 1 ’ ) ’ ) ’  i iu t

Stln _ ’( ’ A,’ i - ’S tN ,lI . ‘t he sl’:l)iquant i t a t  i v e  sp~’et I - o gr a p h i ( -  an : t l v s i s  S h l ) ’ ,( f - I I  I I t t

0 . 15 w t ’  1 I ’ l’ i) oxide W a s  ? ! ‘ ( ‘ St ’ i it , W i l t _ i l - a S  t ile sIn ..s’i I icu t ion called !) II~

(1 • I)~~ W t ’ ; . “I ’ (‘l)i)(_’llIded that t Ii is amount of i ron I)X j i b .’ W(fl1 Id not a I’ Iej - I

t h e  i f l P I I C ’t e ’~~lC l’l men t s not- the ci ma’ t ron — i n te l?  e ‘t j n.-r  I nI l-nt  s • but  t h u  t I hy .-

surfac e—st a i ned mat cci a 1 m i g h t be unsu i t  abi m ’ for us t_ ’  in nude rg 1-oulill

t eSt t - - -.p ei- i  fllent S he - ,wse of pre  f e r e t u t  i a) x—I’ :u V ah s or p t 1 01)

Figure 1 shows p b i ot om i c r o g ra p h s  of the  g r a i n  and lo re  s t r u ( - t u r ( .-s

of t he  t h r e e  poros i tv  grades .  Most  g r a i n s  have smooth , 11 a t  s j i b e s  w i t h

rounded edges and corners . There  appea r s  to he no preferred on e i it a t  ion

and o n ly  s l i g h t  grain growth  w i t h  i n c r e a s i n g  f i r i n g  t e m p e r a t u r e . G r a i n

s i z e s  f o r  IS’ , 36<~ , and 22<T porous  m a t e r i a l  averaged 3 , 4 , and 5 , t
~n ,

respectively . Pore sizes averaged about 2 U411 f o r  t he  22’ and 36’ porous

m a t e r i a l s  and about 3 tin f o r  the ‘lS< porous m a t e r i a l . Pore d e n s i t ie s
4 2

were  a p p r o x i m a t e l y  2 x 10 P ores /mm f o r  t h e  h i g h e r  p o r o s i ty  g rades  and
4 2

about  10 /mm f o r  t h e  22 1 porous  m a t e r i a l . ,\l 1 m a t e r i a l s  app ear e d  t o

be s i n g l e — p h a s e  and f r e e  of n i c r o c r a c k s. X—ray analys es indicate that

t h e  m a t e r i a l  cons i s ted  P r i m a r i l y  (99 1~, )  of tile al p ha phase .

Poros imeti - v measu remen t s  were made on s in te red  22 1~ porous alum ina
+

b y I’ i’u i o n  C a r b i d e  C o r p o r a t i o n . The measured pore size distribut ion

(F i g u r e  2) show s t h e  v o l u m e — a ver a g e  e q u i v a l e n t  pore d i a m e t e r  to he 7 tm

w i t h 91” of t h e  pores less t h a n  10 ‘.1111. The s p e c i f i c  s u r f ac e  area was

)) . 189 m / g .

T e n s i l e  s t r e n g t h s  and e l a s t i c  m o c lu l i  were measured for th e  t h r e e
I

porosity grades by t h e  SRI e x p a n din g  r i n g  t e s t .  R i n g  s p e c i m e n s of

2.000 -
~ 0.001 inches 11) and 2.500 ± 0,001 inches 01) were machined f rom

* P robumb I v from the chuck used t I) hold tile spec i men s wh I 1 e wet —g i -i  nd i ng.
t Nuclear Division , Union Carbide Corporation , P.O. Box V , Oak Ridg e,

T enn essee 37830 .
1. Sedlacek , R ., and F. A . Halden , “Method of Tensile Testing of B r i t t l e

Materials ,” Rev. Sri. Instr. 33 , 298 (1962).
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FIGURE 1 SCANNING ELECTRON FRACTOGRAPHS OF 22%,
36%, AND 45% POROUS SINTERED ALUM INA
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0.250—Inch plates of 22’ • 36’;, and 45’ porous material. .\ s t r a i n  gage

was cemented to the circumference of each ring , and the specimens were

subjected to a monotonically increasing hoop stress at tile rate of

3000 psi/mm in the test machine.

Hydraulic fluid pressure and resistance change in the sirain gage

were monitored (luring each test , and these data were reduced to obtain

fracture strengths and moduli. The results are presented in Table 2.

We found evidence of delayed failure (static fagitue) but not of

creep. Specimens loaded to, say, 80”; of their strength fractured under

static load after several seconds. However , there was no perceptible

increase in strain during this time .

Table 2

*TENSILE PROPERT I ES OF Th REE POROSITY GRADES OF SINTERED ALUMINA

Frac ture Youn g ’s

Percent Specimen St rength  Modulus
Poros i ty  Number ( k s i )  (ksi  x l0~~)

2 21.: 1 19. 4 32 .8
2 21 .1 30. 0

36” 1 11.6 14. 5
2 9 .2 14.8

45’; 1 3.2 5.82
2 3.5 5.57

* Mea sured w i t h  the SRI expanded r ing test .

11 
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l o n g i t u d i n a l  and t ransverse  sound speeds were measured on f l a t

d i s k  samples  b the Pulse echo technique and the results used to estimate

Poisson ’s ratio ‘and Young ’s modulus (see Table 3). The acoustic values

of Young ’s modulus are In  reasonable agreement with the vales from

mechanical tests (Table 2).

The affinity of water vapor in the atmosphere to adsorb on surfaces

of ~l 0 3 
is well known , and the  presence of liquids in pores has been

shown to affect the shock response of materials significantl y. There-

fore, we performed simple weight loss experiments to determine the

amount of water adsorbed on exterior and interior surfaces. Samples of

221;
, 36’ : , and 45”; porous A1903

, held at 500° C for l~ hours , equilibrated

in a desiccator , and then weighed , indicated less than 0.01 wt’; adsorbed

water. More sophisticated thermal, gravimetric analyses confirmed this

result.

2.  M u r r i , W . J . ,  “Shock Compression and Release of hechan i cal  M i x t u r e s
of Water  and Porous E a r t h  M a t e r i a l s , J .  App l .  Mech .,  42 , 395—398 ,
( 1975).
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111 l-’LA,ME—SPRAVI’3b \1L’;11 INA

App rox i mat  el y 225 f ree—stand i ng , f l a m e — s p  rayed alum i mi samples 50

to 100 m l Is t h i c k  were m a n u f a c t u r e d  by L\SI fo r  SRI. The starting

powder was Met  co A 1
2

0
3

_ 99 grade w i t h  menu and mod e p a r t  i r Ic s I zes of

30.7 urn and 18.5 urn , respectively. S p e c t r o ch e m i c a l  a n a l y s i s  i s  g i v e n

in Table 1.

Alumina powder was flame—sprayed onto a roughened graphite substrate

with a Metco 5P Thermo—spray gun operated at 22 psi oxygen and 14 psi

acetylen e pressure and mounted at a standoff distance of 5~ inches ,

t r ave r s ing  the substrate at a constant speed of 19 feet per minute .

The alumina coating, when built up to the desired thickness by

making a number of passes , was removed , cored into disks or sliced into

squares , and diamond—ground to dimension .

Figure 3a shows a photomicrograph of a polished cross section of a

flame—sprayed alumina disk . The layering texture and the elongated

grains are in sharp contrast with the microstructure of sintered mate-

rial , Figure 1. Average grain size of the flame sprayed material was

about 10 piii , or about one—third the mean particle size of the sprayed

powder. The pores are five to ten times smaller than those in the  22”;-

porous sintered material , but flame—sprayed alumina appears to have

five to ten times as many pores. The pores appear to be of two types:

those located at the intersections of the elongated grains , and those

located within grains and probably arising from vaporization of over-

heated droplets. The porosimetry results on a flame sprayed sample

are shown in Figure 4 for comparison with Figure 2. The specific surface
2

area was 0.403 m /g and the volume—average equivalent pore diameter was

0.94 pin, with 98”;.- of the pores less than 10 pin in diameter.

*Metco , Inc ., 1105 Prospect Avenue , Westburs’, N.Y.
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(a) FLAME-SPRAYED ALUMINA

(b) PLASMA-SPRAYED ALUMINUM TITANATE

~~~ 
j  ~~~~~~~~~

~~~

(c) PLASMA-SPRAYED HAFNIUM TITANAT E
MP-2407- I 3

F I G U R E  3 SCANNING ELECTRON FRACTOGRAPHS OF
(a) FLAME-SPRAYED ALUMINA , (b) PLASMA-
SPRAYED ALUMINUM TITANATE , AND

~c) PLASMA-SPRAYED HAFNIUM TITANATE
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I V  PL\SMA—SPIt.~YEl ) .\ hiM I N1’M TI ‘l’ .-\NA’l’E

The spect  r oci iem i cal ana 1 vsi S an(1 tile p a r t  ic i c — s i z e  i l i s t  r I but ion

of t he  .\ 1 ‘1’ i 0 St  a r t  log powder  ace g i Veil i n  Tab! e 1 and I ’ i  gu cc 5

respec t i ye lv  . ‘i’Iie I) owder C o i lS  i st  ed of ’  53 .9’ .\ I () ( by difference

‘15 . 7 ’i’ I ( I  , and 60 ppm i a  rbon . ‘l’he ave rage p a r t  i c i  e S i z e  Was 16 .9

7 . 2 ~ii t h e  mean and t i l e mode we I c  17 .7 and 15 . 5 ~iu . respect  i vol  y

Spec i f  u c  s u r f a c e  area was 0 . 163 ni / g  . X — r a y  e x a m i n a t i on showed the

P0\’.’del’ t o  consis t  prim: i p a 1i~ of s— A l  I ) ~T i 0  ( t i e l i t e)  w i t h  one or
2 3  2

more i m p u r i ty  phases of i n s u f f i c i e n t  q u a n t i t y  to p e r m i t  i d e n t i f i c a t i o n.

The app r o x i m a t e  I )a rametcrS  of t he  t i t an a t e  were a :1. 60 ~
-
, h 9 .48 ~ .

,

and c 9.67

The A 1 10
5 

powder was sprayed onto rougilened and c leaned graphite

plates using a Plasmadyn e SG— lB p lasma s p r ay  girn at a standoff d i s t a n c e

of 3 inches and an arc—power setting of 400 A . ( i t  h e r  s p r ay i n g  p a r a m e t e r s

are given in Table 4. When the coating on the ll~~— inch x 1I ’, — lnt’h

graphite plate was built up to 0.080—0.095 inil s thickness , the coating

was removed , cut into l~ —inch squares and diamond—ground d r y  u s i n g  glue

to hold the squares to a plate. The ground squares were them cleaned

with acetone.

Figure 3b is a photomicrograph of a fractured cross section showing

the layered microstructure. The flattened grains show a preferred

texture in the spraying direction , an indication that t h e  powder melted

fully in the plasma arc and was quenched upon deposition , causing

columnar grains to grow outward from the graphite substrate. The

frequent cracks observed in the coating were probably Produced by thermal

stresses during solidification and cooling.

Average grain size was about 6 pin. Porosimetry d a t a  were not

available. The mean density and longitudinal sound speed were 3.38 g/cm
3

and 0.386 cm/p.s , respectively.

17
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Table 4

SP R A V I  NC PARAMETERS FOR A J I I M I N1’M TITANATE AND iIAFNI tiM TITANA TE

Aluminum h a f n i u m
Titanate Titanate

Are—gas pressure 50 psi 50 psi

Are—gas flow 45 CFH 50 CF1I

Carr ie r  gas pressure 30 psi 55 psi

Carrier gas flow 15 CFH 15 CF}I

Arc-power setting 400A 300A

Feed screw speed setting Feeder #2, 150 Feeder ~ l , 16—1/2

Cannister vibrator setting 75”; 75’:

Part—to—gun distance 3 in. 3—1/4 in.

Cooling air 40 psi 40 psi

19 



X— ua v dif frac tomet er examinat ion by Iil’t SL of the flame—sprayed

, 1 urn i n a  coat  I il~~S Shl0We(I t h a t  hot ii and )- a l u m i n a  were presen t

Fur I )lermore , t h e  i. e . 1.i t I ye (mounts of th e I we piia ses were found to lie

about equal. The - ‘ 1)hlase was p resen t  as u n u s u a l ly  large crystal ii tes

wher~ ,i~ the ‘;~ Phase was present in more finely crvstall inc form , as

evidenced by p a r t  id e — s i z e  b r o a d e n i n g .  The d i f f e r e n t V peak i l lt e i l si t  ies

were  e s s e n t i a l  lv on cut at ion—independent

20



V PLA~—2,1. \— ~~1’:L-~yI:I) Il . \ I- ’ \ I 1~i T 1’FA\ . VI l- .

Hit ’ sped i’Och ’ l l h I r , t i  a n a l y s i s  a r id  t h e  particle s u e  ii t s t i I i , t i t  ion

of t u e  ha fnium I i t , e i r r t e  st ric t lug powder i r e  giVen in Table 1 arid

1-i gure (~ , i’e S pt ’i I I vel  v . The powder (‘0( 1.5 1 S t  c c l  o f  ~ i . h 1 1 1 0  , 1 7 .

l i D ,, , arid about 9.,5 /c. ,\yerage pa r t i c l e ’  si~~c ’ was 20 , 2 -~ I1, h e~r ;  t h e

m ean a r i d  t h e  m m d i ’  P a r t  i i  h e  s i t es  w er e  27 , 1) - i i i  ar i d  2 . “c . .ir r , c c - — ’ ’ i i I ye-I ~~~.

Spec i fir sr .n r f r i e e a r ’ e r r  wa s  It . I 5~ m n / g .  ‘Iwo i r r r i p r  p h r a s e s  \, c ’ r, - d i n t  l i i i

Using x—r ay I erilil i qi res . The intended oi’t h orhioinit jic i i af n i i n r~r t i I n n a t e ‘.‘. i t  h

approximate pa rameters a = 5 . l~ , b 5 , i ) 7  , an d  (‘ a , 1)2 ‘. nni ~ide up

- I I )  t o  SI )  of  t h e  t o t a l  w e i g h t .  Tile r e m a i n d e r  was  a r n , n n ( c ( - l i n i i c  l n , , i I , - h , - , —

I t  c — i  v ; r e  phase with a p p r o x i m a t e  parameters :i 5 , 0 1  ‘ , b 5 . 17

C 5 , l~ -
~

- 
, ar id 3 99~ , most  l i k e ly  a ( i l f , T i  )0~) s oli d  SoI ’i n t  i o n  p h r a s e .

.\s Wa s  ( I o n ic  f or ’  t h e  a l ur n i nu m  I i tuna t e rrct teri al , t h e  ha In i um

i t ;inr,cI e powd er’  was  s p r ay e d  e l it e  roug hened arid c l e a n e d  grap lii te Plritcs

I 1.~, ”  11 i n c h e s  s q t r a r e _’ u s i n g  ,i P l a s i n a d v m n e  SC—l u Spr a y gun . T h e  5} ) ( ’ . t \  i ’’c

parameters ir e  given i i i  I a b l e  4 , for comrnl,ari son wi t h i  these used for’ the

a I ii i, i n t n m n  t i tani at e p o w d e r . .\ppn’ox u n i t  ci eric hunid red SqU ii i ’es  ab ou t

S I n i c h e s  on a si d e  w e r e  cut  w I n  I Ic st il l a d h e r e d  to  t I r e  g r a p h i t e

s i i l n s t  r , c t c , l i t e r  r emova l  f r o m  t h e  s i n t i s t  r a te , t h e  s q u a r e s  w e r e  d i a m o n d —

gr o u n l i cmi a s u i t  i c e  g r i n d e r ’  u s i r ~g (10 gr i  t idi n g I l i d . These sonnan’ e’s

m e - ’  ti i n’ - - r i o  c l e a n  t r i g a i t  en gi’ 1 11(1 i n i g

T i r e  p l r o t o m i c r ’ c c g r ’ p l n  in l” .i gure :h’ of a t r a c ’t U r ’o d  c ress  sec t i o n

Str ,’As i t  st rr r c t t h e  ppa r’ ’ rn l lv h e ’ s ~ la y e m i t  th i ;nn i m i ’  t i n e :  n i l u n n n u n i u r n i  I I t  ,inn,i t e.

‘F b i ’  m o r e ’  • ‘ q r r  t a x e d  g n a r l  s i r n ip e s  arid t i r e  nrri g u inir voi (Is between gr a i n s

i r i d  r c - r i - I h a t  t i r e  l i r e  l i i i  urn I I t ann  I d i l i c i  riot tch r eve t i r e  S a n n u  ih’g m c i ’  o t

m e l t  r i n g  as t i r e  a )  umni r ni um mi i l l  r e u n i t e . Tine  I n ’ n r n l s g l ’ a n l U i a t’ m m ricroc’r’ ~r c ’k shown

i n n  t Inc  I r g u r e  i s cvi den 4 of thenina I c rack  i r i g .  Av e  r ag e  g rai U s h i ’  was

about  M . 4 , , I’ ’ r e s t  r i l e  I n y  c xi i e  r i  men t s we r e  r io t  per  forr rre ’d . \ I enini  dens i t  v
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3
and long i t  ud i n a l  sound speeds were (1 .97 g/enn and 0 .298 em/~Ls , r e spec t ive ly .

X — r a y d i f f r a c t i o n  s t u d i e s  of the sprayed material showed no significant

di i  f’er’enices in  the diffraction patterns. The relative line intensities

of t ire two phases changed somewhat , indicating that the relative per—

centage of the orthorhombic phase had decreased , perhaps as a result of

some loss of oxygen .
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VI SPItA VEI) l’OiiUt’S (‘I’11,Vnl I I ’ S  ( I N  21)QP S1’IIS’l’1LVI’i ’1’

Twelve  di  sks of t i lr ee—d i m e n s i o n n i  l i v  cci nr F i e r c e  I ( lt Ial’ t .  ‘- P l i e i io l  i c

~ i ia n’ coinpos i t e  ( 3I)QP ) were spray—coated wi t h  porous c’cr ammi I cs by L\S 1, .

The 1 . 5 — i  iich—d I amnet ci’ , 0 . 15—i  m i ch  t i n  H’i’n ( I i  sks were  cha n’ red I r e e i r ne n id  1)e l o r e

c o a t  I rig us i m r g  a P l a s m a dy n e  S C — I l l  ( SI  —A S v e r si  o n )  p l a s m a  s p r a y  gun

op e t a t  i ng a t  500 -1 , 50 psi a rgoni p r’es sure , 50 f t  ‘~~. Ii n ’ a r’gorr f l o w , a I a

s t a n d o f f  d i s t a n ce of about  2 ind Ies.

E i g h t  s l i e c im e r l s  were  f l a m e — c o a t e d  w i t h  a l u m i n a , two were plasma

coat e(i w i t  ii a l tr m i nuiii t i t a n a t  e , and two we i’e p l a s m a  coated w i t h  ha f r i  i urn

t it nrnr n t e. The spec imens  were held orl a w a t e r — c o a t e d  vacuum ch uck t h a t

t r aven’ se( i  back and f o r t h  in front of t he  s p r a y  gun at a r a t e  of 19 f e e t

i’er m i n u t e . The s t a n d o f f  d i s t a n c e  was f i x ed  at  5A i nches .  -U 1 o t h e r

Pal ’amet  en’ s were  its ( i e s cn i i ) e , i  in Tab le  -l f o r  f r e e s t a n d i n g  c e r a m i c

spec im n c n s .  T ab l e  5 p r o v i d e s  a s u m m a r y  of t he  r e s u l t s . ‘I’iiese specimniens

were  not used d u r i n g  I he course of this program , but tile m a t e r i a l

ciia r ’ n t c t  e r i z n i t  t ori d a t a  is  Presen ted  in  a n t i c i p a t i o n  of t h e i r  P o s s i b l e

f u tt r r e  U s e .
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V I I  111,A SMA — SP IIA YE I )  I )  I S T EN I ) E l )  i lEh ( ’r ’ I . l , l  I’d ( P51 ) 11)

Porous b e r y l l i u m  p lasma sp rayed  d i s k s  I 4 _ 3 / 4  t h e b e s  i n  ii  h a r r i e t  e n ’

with a 2.m, _ inch d i a m e t e r  hole  in the  cen te r  were  oht  n i n e d  in two

thicknesses , 0.09—i rich and 0 . 18—i ncii , f rom tn tori (‘a i’bi (Ic (‘ or p or a I i  (Si

I mid j a n a p o l  is , Ind i a n a .

The start ing powder used i n  s p r ay  t r i g  t i iese  d i s k s , K I l L  Lot \ o ,

0843 , was Produced f rom a ii~~g h p u r i t y  ( > 9 9 - )  b e r y l l i u m  by an i mmipnn c l

attritio n process (also called cold s t r e a mn n g )  wh i c h  y i e l d s  a m ore

equlaxed particle rather than t i r e  s t r e e t — l i k e  P a r t  id  es in ii 1gb lm r i  t ~

e lect  ron f l a k e  powders . More  than 90’~ of t lie p a r t  i ci es had di annet ci’s

between 10 i.un and ‘1-i uln ; t u e chemical analyses is gi yen ii i  T a b l e  6 .

Four’ d isks were f a b r i c a t e d  by p l a s m a — s p r a y  i rig the beryl 1 ium I)owder

onto an aluminum substrate to approximatel y twice the finished thickness.

Each beryllium disk was then mechan ically removed f rom the substrate

and sawed into five equal radial segments . The d e n s i t y  of each disk

was determin ed by sawing off a portion of each segment and measuring

the density according to A STM 11—328. Each segment was then ground

flat and parallel to the appropriate dimensions using a 60—grit aluini n’ea

grinding wheel with deionized water as the coolant on a once-through

basis. Following grinding , the segments were dewatered in a vacuum
0

furnace heated to 300 C. Pumping and hea t ing  was c o n t in u e d  u n ti l  t i re

vacuum was better than 10 torr. The furnace was then cooled and

backfilled with argon . The parts were removed and i nunechinete lv sealed

in plastic bags . A ll segments were of 85 ± 0.5”~ theoretical density
3

(1.85 g/cm = 100’). Figure 7 shows pore size d i s t r i b u ti o n  as measured

by mercury poros i metry . Table 6 gives a chemical analysis of one of

the segments.

*Kawecki Berylco Industries , l ire., P.O. Box 429, llazelton , PA 18201.
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Ta ble Ii

(‘HEM I (‘,\ l  ,~NAI.YS IS OF START INC POWI)ER AN1 Pi~~SMA —5pI~\YEI)

BER YI~Ljrrq I)L SKS~

S t a r t i n g  Powder P lasma—Sprayed  l) isk

Be ASSay 99.17 98 .42

BeO 0, 75 1, 60
*

C 0.057 0 .112

Fe 0 .113 0 .118

A2 0 .039 0 .058

Mg 0.045 0 .029

Ni 0.015 0.015

Mn 0 .009 0 .010

Cr 0.008 0 .014

Ca -- 0.020

Co -- 0. 0005

Cu 0.007 0. 009

-- < 0 .010

Ag -- 0 .0008

Pb -- 0.0001

Si 0.020 0 .023

Mo -- < 0.001

Ti 0.017 0. 011

*By Leco
1’
By wet chemistry .

$
By Kawecki Berylco
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r h e ’  r m m i ( ’ n ’ c ) st  r i i c t i i r e  of t h e  i r t r n ’ v l  I i trm m l ( i i s k s  (Figure 8) was rc ’v e ’~m Ie d

~rv ‘~
‘ i e , w i h i ~ p01 s t r e c i  arid cii cui e ci (‘roSs sec t ion s of tire i i i  sks j ri in c rep t j c a l

f f l i t ’ l ’ c i ,”O’ c ) p I _ ’ . ‘Fin e ( lo m in a n t ch a r a c t e ri s t  i( ’S  a r e  f_ h e  e l o n g a t e d  g m ’ ~c ins m cii

tire n ium mnc ’ro u s  p o l e ’ s  . C n’a in s i - i .e amid p a r e  5 i ze di St r i  b u t t  ons wen’e r io t

qu an t  i t  at  i ye 1 y ( l e t  e rm i ned

i’~~I ) I i  S p e c i men s  used i n  e lect  ron —beam e x p e n ’ i m er r t s  were  e x a m i n e d

m e t a l  log r ap ii  h e a l  ly  a f t en ’  i r rad  i at ion  . The s u r f a c e  l a y e r s  of t i le  p h i l  es

w er e  f o u n d  t o  have  a ( l i s t  i n i c t l y  d i f f e r e n t appea rance  f rom t he  i n t e r i o r ,

an (I  a i i i  st met  b oun ( l an’y  ext  s ted  abou t 225 4cr below tile s u r f a c e , i” i gu r e

~) . ‘l ii i s  led us to  q u e s t i o n  w h e t h e r  t he  mec h an i c a l  and a c o u s t i c a l

P r o p e r t i e s  r e f  t h e  s u r f a c e  d i f f e r  f rom those  of t he  i n t e r i o r .  ‘rice

g r a i n s  i n  the sun’faee region s were large and elorigated , typical of

1 ) 1 , c s m r n ~m—s i ) n ’a v e ( l  m a t e r i a l , but t h e  s t r u c t u r e  i n n  t u e  in t e r i o r  was r io t

d i scenic  i h i  e on i rn e t c h ed  spec i nn cns  . E t cii i ng i n  15 III ” , h owever , showed

t h a t  t h e  m t  erior also c’onisiste(i of elongated grains , I”igure 10, so

t h a t  t h e  mn i c r o s t  r u c t u r e  appeared u n i f o r m . h ence , we conclude t h a t

g lue used to hold slabs of b e r y l l i u m  toge the r  at the gage planes has

air i’I cti i nig effect on b e r y l l i u m , and t h a t  no v a r ia t  ion in m i c r o s t r u c t u r e

or m e c ’in a n ic a l  p roper t i es  occurs through the specimen thickness. -
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