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:h spec al hamil 1 r.;; fr'.:;:' t-:v r t !er * :i b i l l o t for - ; r e s u i N 1 : : in * ha ' ab ' - i ca * ' pr 

':'<;•! ! ' i ' ' i f y b e r y l ! " ^ . '•;>1 -'C'"-*; :>, •:; :

! * ' D ; L:r". >:*s .;• ' 'u-^u i r ' l e t s weiv 
'•ltrt-J.tJd. to * hose nf cc* ;e rc ; .? ' urade b i l l e t s tc d e t e r ^ i nc the i n f l u e n c e 

• • ' . pu r i t i es antf powder p r c c e s s i ' i ; . 

The t e n s i l e t e s t r e s u l t s show t h a t the s t r e n g t h va lues (ire p r i m a r i l y 
penden t en the g r a i n s i ze in a behav ior p r e d i c t a b l e by the H a l l - P e t c h 
'! v i t i onsh i ; " . nn ly .T f r a c t i o n of the s t r e n g t h d i f f e r e n t i a l can bo a t t r i b u t e d 
) n r t a l l i c i m p u r i t i e s in s o l u t i o n . The g r a i n s ize i s c o n t r o l l e d by the 
u d o r s i ze d i s t r i b u t i o n . The d u c t i l i t y i s don ina ted by bo th g r a i n s i ze and 
: idu c o n t e n t . The f i n e g r a i n e d , low ox ide b i l l e t s e x h i b i t e d the h ighes t 
ic\ \ 1 i t i e s . There is ev idence to sugqest tha t ox ide d i s t r i b u t i o n has a l a rge 
i''I nonce on the d u c t i l i t y . 

The f r a c t u r e toughness was h ighes t f o r the h igh p u r i t y b e r y l Hum b i l l e t s . 
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Materia;: 

The materials used -in this investigation were produced by Kawecki Berylco 

Industries using a hot isostatic pressing process. The pressing schedule 

offered the advantage of consolidation at much higher pressures (103 MPa) over 

cji'ventional vac;a;n hot pressing and thus lower temperatures to accomplish 

'MI dersification. The low temperatures minimize grain growth and the 

:-::;Stalic press .re prod-aces a near isotropic material. The high pressures 

•;̂ :: a*: low the consolidation of high purity powders to full density. Billet 

c •:.•-\M^.\ t \?rs are shown in Table I. 
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Powders: 

The P-10 powder was derived from magnesium reduced bead by vacuum mslting, 

casting into srall ingot form, lathe turning to chips and impact attritioning. 



The l a t t e r i s a process by which ch ips are fed i n t o a hopuer and c a r r i e d by 

h igh v e l o c i t y , c o l d , i n e r t gas to a b e r y l l i u m t a r g e t . The impact v e l o c i t y i s 

s u f f i c i e n t to f r a c t u r e the ch ips i n t o sma l l e r p a r t i c l e s . The r e s u l t i s a 

powder of v a r y i n g s izes rang ing fro:"' sub-micron to >44 um. Subsequent 

s e p a r a t i o n i n t o s i ze ranges (powder c l a s s i f i c a t i o n ) produced the f r a c t i o n s 

used i n t h i s s tudy : -44+10 tm , -44 urn, and -20 x". The .V-10 grade was 

produced by f u r t h e r p rocess ing the " - i n uowder us ing ^n ac id l each ing s tep t o 

reduce i m p u r i t i e s . As noted in Table i , the Re' ' . A i , I'r, and to some e x t e n t C, 

f'n and Cr tire lowered by t h i s p rocess . 

The ?-\ powder was processed from e l e c t r o l y t i c f l a k e (grade EF-1) and 

the i ! - " powder fro;:: tw i ce e l e c t r o ! ized f l a k e ( !>" -0) . Th:s ste;:< u t i l i z e s an 

e l e c t r o l y t i c process t o reduce the i n p u r i t v con ten t of the magnesium reduced 

bead. The Be' 1 content was Min imized by p rocess ing * he b e r y l l i u m i n an argon 

en j : ronment whenever p o s s i b l e . The f i n a l co: :'i;n i t ion was accompl ished i n a 

b e r y l l i i n - I ined b a l l m i l ! ( t ungs tu ' i c a o - J e b a l l s ) f i l l e d w i t h a rgon . Powder 

c l a s s i f i c a t i o n ; r t o the ranges d iscussed e a r l i e r was done in a ruon . 

Co ns:> !_i_da_tj_ori: 

The f l ow diagrams f o r powder p rocess ing t o 0:1 l e t form are shown in 

t ' g u r e s 2 and 3 . The i ' - i n and X l : - : c powders were ha' i s o s t a t i c a l l y pressed 

at a p ressure n ' 1 3 '-'Pa ;'. r> k s i ) at ^ I b ' f ; the P-: and :'-0 powders at 103 

ttl'd and 1066°!! . The h igher temperature used to c o n s c l i d a t e the l a t t e r powders 

was to ensure f u l l d e n s i f i c a t i o n . The X"-10 b i l l e t s were g i ven on a d d i t i o n a l 

heat t rea tment (7 r >0 r C, 2 h o u r s , a i r coo l ) to e l i m i n a t e the low d u c t i l i t y 

e x h i b i t e d in the as-pressed c o n d i t i o n . 

The schedule used i n powder c o n s o l i d a t i o n was to ( 1 ) : load the powders 

i n t o a s t a i n l e s s s t e e l c y l i n d r i c a l can , (2) weld the end c losed w i t h an 

a t tached s tem, (3 ) vacuum bake out the c a n , (4 ) p inch o f f the stem and (5 ) 
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process the assembly in a HIP chamber at a predetermined pressure, temperature 

rxperimental Technique: 

Tensile tests were conducted or, an Instron machine on specimens having 

a 1?.7 i 3 gaye length and 3.56 mm diameter; at a cross head veloci ty of 

^ .5x i0" cm/sec. Strain was measured using a 7.62 mm extensometer 

attached to the specimen. Surface damage from machining was removed by 

ptching 0.08 nn from the surface of a l l test specimens. 

Compressive test data was generated en an Instron machine with cy l indr ica l 

samples 6.35 m in length and a 5.00 mm diameter. 

Toughness tests wore accomplished using a WOL geometry with a thickness of 

9.91 rrm. The cross head veloci ty for a l l tests was 8.5x10 cm/sec. 

(Ref. ASTM-E399). 
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Transmiss ion e l e c t r o n microscopy (TEM) was accompl ished on a P h i l l i p s 

300 EM us ing a double t i l t s t age . F o i l s were e l e c t r o p o l i s h e d at >73K t o 

f i n a l t h i ckness i n a s o l u t i o n c o n s i s t i n g of 350 ml e thy lene g l y c o l , 43 ml 

MHO,, 9 ml H 2S0^ and 9 ml !JC!_. 

Gra in s ize was determined o p t i c a l l y us ing p o l a r i z e d l i g h t and a mean l i n e a r 

i n t e r c e p t n e t h o d ^ J at a m a g n i f i c a t i o n of 8GDX. The stage on the o p t i c a l 

•n'croscope was r o t a t e d 120° a f t e r each count to p rov ide th ree counts f o r 

ave rag ing . No at tempt was made to determine g r a i n s ize d i s t r i b u t i o n s , nor was 

a c o r r e c t i o n f a c t o r i nco rpo ra ted f o r g r a i n morphology. 

Test R e s u l t s : 

The t e n s i l e proper l i e s t o g e t h e r w i t h the compressive y i e l d s t r e n g t h s and 

the g r a i n s izes are shown in Table I I . 
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The toughness dats is shown in Table I I I - The KJC value is derived by 

the equation 

K, c = PS/BW 3 / Z f [|) (Ref. ASTM-E399) 

where P = load, B = specimen thickness, 

S = span, W = specimen depth and 

a = crack length. 

Isflie i ! I 
TOUGHNESS DATA 

B i U r t 
So. 

Mate r i a l / 
P . r t i c l t S u e 

MPa-M , / 2 

.:-- -. .:- . _- -=^-_ .—r- . -m. - . _ - . i r r r - : 

3 0 ! P-10/-44 U . 6 S 

3CS p-10/-44*10 10.85 

305 P-10/- i0 9.93 

3 0 ? XP-10/-44 a.SB 

3 0 9 XP-10/-*4«E0 14.19 

311 XP-10/-20 11.24 

314 P-1/-44 IS.11 

3 ) 5 P-I / -44 .10 14.46 

317 P-1/-20 11.47 

3 1 9 P-0/-44 14.S6 

3 ! l P-O/-44-10 17.90 

m P-0/-20 16.28 

Discussion: 

Strength - - The y ie ld point phenomenon, indicated by the value, o„, (Table 

I I ) , for the P-10 and XP-10 grades, has been suggested as due to the meta l l ic 

impur i ty , i r o n . M Heat treat ing at 1023K fo r 5 hours followed by slow cooling 

(25°C per hour) to 523K nroduces a p rec ip i ta te , removes the iron from so lu t ion , 

and eliminates the y ie ld point , to work was done in th i s study to dispute or 
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support th is claim. However i t is noteworthy that only the high metal l ic 

impurity grades exhibited th is phenomenon. 

The t t n s i l e y ie ld strengths of the P-10 and XP-10 grades are contrasted to 

those of the P-l and P-0 grades as influenced by grain size in Figure 4 . The 

strength dependence on grain size is predicted by the Hall-Petch re la t ionsh ip . 

The higher y ie ld strengths on the P-10 and XP-10 grades are thought to be due 

to the sol id-solut ion strenghthening ef fect of the metal l ic impur i t ies. This 

theory i s supported by Figure 5, where the grain size dependence has been 

normalized and the higher impurity b i l l e t s (P-10, XP-10) are moderately 

higher in strength. The strength d i f f e ren t i a l is about 100 MPa. 

The compressive y ie ld strengths fol low the same behavior as in tension but 

at a consistantly lower value indicat ing a degree of anisotropy. 

200> m-13'. 
n - 3) S "P.} V 1 

F i g u r e "i - The i n f l u e n c e of g r a i n s i ze 
on the y i e l d •; I r e n g t h . 
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F i g u r e 5 • The i n f l u e n c e of r . e t a l l i c 
; n p u r 11 ies on the y i e l d 5 1 r e n g I h 
l n o r n . i h 7 i M l :or g r a i n s i z e ! 
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D u c t i l i t y : 

the d u c t i l i t y wi th in a given beryll ium grade was influenced strongly by 

'J\s powder input size; the f inest size powder (smallest grain size) consistently 

yielded the lowest d u c t i l i t y . To in fer that grain size is singly af fect ing 

"he d u c t i l i t y value is an over s impl i f i ca t ion as the impurity" level for a 

;iiven grade of be ry l l i u r goes up as the powder size goes down. The increase 

• •> ' ' - i rur i f ies nay contribute to the reduction in d u c t i l i t y . Each grade was 

capable of y ie ld ing a high d u c t i l i t y ( 0.04 s t ra in to f a i l u r e ) . In recent 

studies by Aldinger el a l . on s imi lar ly processed beryl l iur: grades including 

f - i , P—10, SR 243* and cast mater ia l , i t was shown that elongation was dependent 

T grain size and beryll ium oxide content, f igure 6 shows the elongation 

^nornalizpd for grain size) as influenced by beryll ium oxide content. Tfce 

Figure ft - Trip influence of fiery i in; m 
axide on elonqjlian 'nor-i^li/p.'' fir 
grain si/ei. 

Brush-Wellman Product 
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h't1" •; = ;:*a*e^ rpq^^.s where the ^icios hs: 3^ ' j "C' f -

^-" si.-f - : ' -10 c^-res are "he»"ently "ewe- in *~;-u-"V 

•* :'••? ••e:,,2^s ^s*"5" in processing *he rcv:s>"s. "**<? 
*"•• *h."!* **"? " : c » * . : < • * r j c t ^ r i l 3 i*s~e recces lkt.-*-wfe*- '•".-•s-. 
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