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Rotary  mill  with  charging  system. 
  A  rotary-type  mill  is  provided  with  a  valve  assembly  (16) 
in  association  with  a  loading  conduit  (14)  to  enable  the  mill 
(11)  to  be  charged  under  a  controlled  atmosphere  so  used  for 
materials,  e.g.  aluminium,  that  must  be  milled  under  an  inert 
atmosphere.  To  load  material,  a  closed  hopper  (24)  including 
a  butterfly  valve  (25)  is  screwed  to  the  top  of the  conduit  (14) 
to  provide  a  gas-tight  seal  between  them;  during  this 
operation  valve  (16)  is  closed.  The  valve  (16)  is  then  opened 
by  depressing  valve  stem  (20)  and  valve  (25)  is  then  opened 
to  allow  material  to  be  milled  to  pass  straight  into  the  mill 
(11).  The  valve  (16)  is  then  closed  by  pulling  the  stem  (20) 
outwards  so  that  the  valve  plug  (19)  fits  snugly  into  the  mill 
wall  (11),  the  hopper  (24)  is  removed  and  replaced  by  a  fluid 
plate  (not  shown). 





FIELD  OF  INVENTION 

This  i n v e n t i o n   r e l a t e s   to  an  improved  system  for  c h a r g i n g  

m a t e r i a l s   to  a  c o n t a i n e r   under  a  p r o t e c t i v e   a tmosphere .   More  p a r t i c -  

u l a r l y   it  r e l a t e s   to  a  va lve   system  for  charg ing   p a r t i c u l a t e   m a t e r i a l  

to  a  b a t c h - t y p e   r o t a r y   m i l l   under  seal   to  the  a i r .  

BACKGROUND OF  INVENTION 

In  m i l l i n g   c e r t a i n   types  of  m a t e r i a l s   it  is  o f t en   n e c e s s a r y  

or  d e s i r a b l e   to  have  a  p o s i t i v e   c o n t r o l   of  the  a tmosphere   w i t h i n   t h e  

mi l l   at  a l l   t imes.   For  example,   r e a d i l y   o x i d i z a b l e   m a t e r i a l s   such  as  

aluminum,  t i t a n i u m ,   magnesium,  l i t h i u m   and  f ine   powders  of  many 

compos i t i ons   are  c o m b u s t i b l e   or  even  e x p l o s i v e   under  c e r t a i n  

c o n d i t i o n s   or  they  may  be  con tamina ted   by  the  p resence   of  a i r .   I n  

m i l l i n g   such  m a t e r i a l s   the  c o n t r o l   of  the  a tmosphere  must  extend  t o  

charg ing   and  d i s c h a r g i n g   of  the  mil l   wi thout   opening  the  mi l l   to  a i r .  



In  d e s i g n i n g   a p p a r a t u s   to  be  used  for  me ta l s   and  o t h e r  

powders  s p e c i a l   c o n s i d e r a t i o n   must  be  given  to  va lve   des ign   when  t h e  

powders  w i l l   come  in  c o n t a c t   with  a  valve  because  the  powders  w i l l  

f ind  t h e i r   way  in to   va lve   p a r t s   and  render   the  va lve   i n o p e r a b l e .  
The  problems  e n c o u n t e r e d   in  m i l l i n g   powders  a r e  

p a r t i c u l a r l y   t r o u b l e s o m e   in  the  mechanica l   a l l o y i n g   of  r e a d i l y  

o x i d i z a b l e   meta l s   such  as  aluminum,  t i t a n i u m ,   magnesium,  l i t h i u m ,   and  

r a r e   e a r t h s   such  as  ce r ium.   Mechanical   a l l o y i n g   has  been  d e s c r i b e d  

in  d e t a i l   in  the  l i t e r a t u r e   and  in  p a t e n t s .   U.S.  P a t e n t s   No. 

3 , 7 4 0 , 2 1 0 ,   No.  -3 ,816,080  and  No.  3 ,837 ,930 ,   for  example,   involve   t h e  

m e c h a n i c a l   a l l o y i n g   o f  a luminum  a l l oys   and  o ther   compos i te   m a t e r i a l s  

c o n t a i n i n g   aluminum.  In  the  p r a c t i c e   of  mechan ica l   a l l o y i n g   t h e  

components  of  the  p roduc t   are  charged  in  powder  form  in to   a  h i g h  

energy   m i l l i n g   dev ice   such  as  a  b a l l   mi l l   where,  in  an  e n v i r o n m e n t  

f r e e   o f  o r   reduced  in  amount  of  f ree   or  combined  oxygen,  the  powders  

t h a t   are  dry  or  s u b s t a n t i a l l y   dry  are  ground  down  to  a  very   f ine  s i z e  

i n i t i a l l y ,   p r i o r   to  p a r t i c l e   a g g l o m e r a t i o n   in  the  l a t t e r   s t ages   o f  

the  p r o c e s s .   This  i n i t i a l   g r i n d i n g   i n c r e a s e s   the  t o t a l   s u r f a c e   a r e a  
of  the  m e t a l l i c   powders  s i g n i f i c a n t l y .   Since  any  f r e s h l y   exposed  

s u r f a c e   is   not  o x i d i z e d ,   i t   is  very  hungry  for  oxygen  to  the  e x t e n t  

t h a t   the  powders  in  t h i s   c o n d i t i o n   wi l l   burn  and /or   might  e x p l o d e  

s p o n t a n e o u s l y   i f   exposed  to  a i r .   Thus,  any  por t   in  the  m i l l ,   f o r  

example,   for   charge  or  d i s c h a r g e   of  powders,  is  a  source   of  p o t e n t i a l  

danger   from  the  s t a n d p o i n t   of  the  q u a l i t y   of  the  p r o d u c t   produced  and  

the  p o s s i b i l i t y   of  a  f i r e   and /o r   an  e x p l o s i o n .  

In  b a t c h - t y p e   g r i n d i n g   mi l l s   i t   has  been  c o n v e n t i o n a l   t o  

p r o v i d e   c h a r g i n g   d e v i c e s   which  are  normal  to  the  m i l l .   That  is ,   when 

the  m i l l   s h e l l   is  p o s i t i o n e d   for  l oad ing ,   the  cha rg ing   device   is  in  a  
v e r t i c a l   p o s i t i o n   wi th   the  charge  port   at  the  top  of  the  s h e l l .   In  a  

c o - p e n d i n g   p a t e n t   a p p l i c a t i o n   S e r i a l   No.  f i l e d   on  even  
date  h e r e w i t h ,   l o ad ing   means  in  an  improved  design  is  d i s c l o s e d .   I n  

the  improved  des ign   the  l oad ing   means  is  in  a  v e r t i c a l   p o s i t i o n   when 

the  mi l l   s h e l l   is  r o t a t e d   so  t ha t   the  load ing   means  is  on  the  side  o f  

t h e  m i l l   with  unencumbered  en t ry   for  the  feed  m a t e r i a l   in to   t h e  

s h e l l .   Also  d i s c l o s e d   is  a p p a r a t u s   for  u t i l i z i n g   the  d i s c l o s e d  

c h a r g i n g   des ign   in  m i l l s   in  which  a  p r o t e c t i v e   a tmosphere   i s  

r e q u i r e d .   The  p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y   e f f e c t i v e   with  t h e  



p o s i t i o n i n g   design  of  t h e  l o a d i n g   means  of  the  a f o r e m e n t i o n e d  

d i s c l o s u r e .  

The  p r e s e n t   i nven t ion   invo lves   a  valve  system  for  c h a r g i n g  

ro t a ry   mi l l s   in  a  manner  which  wi l l   p r o t e c t   the  charge  ma te r i a l   and 

the  environment   in  the  mi l l   during  loading  of  the  mi l l ,   while  at  t h e  

same  time  it   is  designed  to  minimize  the  problem  of  wear  of  the  v a l v e  

pa r t s   during  o p e r a t i o n   of  the  m i l l .  

The  charge  system  of  the  p resen t   i nven t ion   can  be 

i n c o r p o r a t e d   into  e x i s t i n g   b a t c h - t y p e   ro t a ry   m i l l s ,   p e r m i t t i n g   them 

to  be  charged  and  opera ted   under  p r o t e c t i v e   c o n d i t i o n s .  

STATEMENT  OF  THE  INVENTION 

In  the  p r e s e n t   i n v e n t i o n   a  b a t c h - t y p e   ro ta ry   mill   f o r  

p r o c e s s i n g   powder  and  c a p a b l e  o f   o p e r a t i n g   under  c o n t r o l l e d  

c o n d i t i o n s   is  provided  with  an  improved  charging  system.  The  m i l l  

comprises  a  hollow  r o t a t a b l y   mounted  s h e l l ,   means  to  r o t a t e   the  s h e l l  

and  at  l e a s t   one  charge  passage   means,  e.g.  an  o r i f i c e ,   located   i n  

the  she l l   for  pass ing   m a t e r i a l   into  the  she l l .   The  improved  sys tem 

for  charging  m a t e r i a l   to  the  mi l l   comprises  a  loading  means  s e a l a b l y  

secured  to  the  she l l   over  each  charge  passage  means  and  s e a l a b l e   t o  

the  atmosphere  with  r e spec t   to  the  charge  passage  means  and  a 

s e a l a b l e   charg ing  means   mountable  on  the  loading  means,  said  l o a d i n g  

means  compris ing  a  loading  condui t   s e a l a b l e   to  the  atmosphere,   and  a 

valve  assembly  at  l e a s t   par t   of  which  is  d isposed  in  the  l o a d i n g  

condui t   and  s e a l a b l e   to  the  a tmosphere ,   the  s e a l a b l e   loading  c o n d u i t  

compr is ing   a  por t   of  entry  and  an  ex i t   port  for  passage  of  the  c h a r g e  

m a t e r i a l   into  the  s h e l l  ,   said  ex i t   port   being  a l igned  with  t h e  

charge  passage  means  in  the  she l l   for  passage  of  the  charge  m a t e r i a l  

from  the  loading  conduit   into  the  s h e l l ,   and  the  valve  assembly  

compris ing  a  valve  plug  s e a l a b l y   mountable  in  the  charge  p a s s a g e  

means  in  the  s h e l l ,   valve  opening  means  to  remove  the  valve  plug  from 

the  hollow  she l l   so  as  to  permit   charging  of  the  hollow  she l l   and 

valve  c lo s ing   means  to  seal   the  valve  plug  in  the  she l l ,   the  v a l v e  

opening  and  c los ing   means  being  operab le   while  the  loading  means  i s  

sealed  to  the  a t m o s p h e r e ,  w h e r e b y   said  mill   can  be  loaded  under  s e a l  

to  the  a tmosphere.   The  s e a l a b l e   charging  means,  e.g.  a  r e c e p t a c l e  



s e a l a b l e   to  the  a tmosphere   mountable   on  the  l oad ing   means,  is  used  t o  

feed  m a t e r i a l   to  the  loading   means .  

The  va lve   system  is  des igned  so  tha t   in  the  open  p o s i t i o n  

the  v a l v e   plug  ex tends   into  the  s h e l l   and  in  the  c losed  p o s i t i o n   t h e  

v a l v e   p lug  s ea t s   s e a l a b l y   in  the  o r i f i c e   with  i t s   inner   f a c e  

s u b s t a n t i a l l y   c o n t i n u o u s   with  the  inner   c i r c u m f e r e n c e   of  the  s h e l l ,  

so  t h a t   t h e r e   are  e s s e n t i a l l y   no  va lve   p r o j e c t i o n s   into  the  m i l l ,  

which  p r o j e c t i o n s   could  be  worn  away  by  a c t i o n   of  the  m i l l .   When  t h e  

va lve   plug  is  c losed   dur ing  o p e r a t i o n   of  the  m i l l ,   the  i n t e r i o r   o f  

the  s h e l l   is  e s s e n t i a l l y   smooth  and  c o n t i n u o u s .   The  va lve   plug  can  

be  c o n s t r u c t e d   of  a  m a t e r i a l   tha t   is  at  l e a s t   as  wear  r e s i s t a n t   a s  

the  i n t e r i o r   of  the  s h e l l   so  tha t   no  g r e a t e r   wear  would  b e  

a t t r i b u t a b l e   to  the  valve  p l u g .  

To  charge   the  m i l l ,   the  s h e l l   (which  is  m a i n t a i n e d   s e a l e d  

from  the  a i r )   is  r o t a t e d   u n t i l   the  load ing   condu i t   is  l o c a t e d   in  a  

g e n e r a l l y   v e r t i c a l   p o s i t i o n   at  the  s ide   of  the  m i l l .   The  design  o f  

t h e  l o a d i n g   c o n d u i t   makes  i t   p o s s i b l e   for  the  charge  m a t e r i a l   to  f l o w  

v e r t i c a l l y   downward  into  the  m i l l   when  the  l oad ing   condui t   is  at  t h e  

s ide   of  the  m i l l .   Af te r   removing  the  c l o s u r e   means,  e .g .   a  b l i n d  

f l a n g e ,   from  the  l oad ing   means,  a  charge  r e c e p t a c l e   c o n t a i n i n g   t h e  

charge  m a t e r i a l   is  a t t a c h e d   to  the  l oad ing   means  at  the  en t ry   port   o f  

the  l o a d i n g   c o n d u i t .   The  charge  r e c e p t a c l e   is  sea led   to  t h e  

a t m o s p h e r e ,   e .g .   by  means  of  a  va lve   device   which  can  be  opened  t o  

pe rmi t   flow  of  charge   m a t e r i a l   to  the  m i l l .   While  the  l o a d i n g  

c o n d u i t   is  s ea l ed   from  the  charge  r e c e p t a c l e   and  the  s h e l l ,   i t   c a n ,  
i f   d e s i r e d ,   be  evacua ted   or  purged,   e .g .   with  a  gas  i n e r t   to  t h e  

charge   m a t e r i a l ,   us ing   a p p a r a t u s   s u i t a b l y   p laced   in  the  system.  Then 

the  v a l v e   plug  is  moved  to  the  open  p o s i t i o n ,   e .g .   extended  into  t h e  

m i l l   s h e l l   so  as  to  minimize  r e t e n t i o n   of  the  charge  m a t e r i a l   on  t h e  

v a l v e   p a r t s ,   and  the  va lve   of  the  cha rg ing   r e c e p t a c l e   is  opened  t o  

pe rmi t   the  charge  m a t e r i a l   to  flow  in to   and  through  the  g e n e r a l l y  

v e r t i c a l l v   d i s p o s e d   load ing   condui t   in to   the  s h e l l .  

Af t e r   charg ing   the  m a t e r i a l   into  the  s h e l l ,   the  valve  p l u g  

is  c l o s e d ,   the  c l o s u r e   means  s e a l a b l y   i s o l a t i n g   the  l oad ing   tube  f rom 

the  m i l l .   Then  the  cha rg ing   r e c e p t a c l e   with  i t s   s e a l i n g   means  i s  

removed  from  the  m i l l .   T h e r e a f t e r   the  load ing   condui t   can  b e  

r e s e a l e d   with  the  b l ind   f l a n g e .  



There  may  be  more  than  one  l oad ing   means  along  the  l e n g t h  

of  the  m i l l ,   as  w i l l   be  a p p r o p r i a t e ,   for  example,  to  the  l eng th   o f  

the  s h e l l   and  the  q u a n t i t y   of  m a t e r i a l   to  be  c h a r g e d .  

The  p r e s e n t   i n v e n t i o n   a p p l i e s   to  b a t c h - t y p e   g r i n d i n g   m i l l s ,  

e .g .   b a l l   m i l l s ,   for  p r o c e s s i n g   p a r t i c u l a t e   m a t e r i a l .   The  g r i n d i n g  

media  may  be,  for  example,  b a l l s ,   rods,   p e b b l e s  o r   o ther   a p p r o p r i a t e  

media.  The  m a t e r i a l   p rocessed   in  the  m i l l s   may  comprise  e l e m e n t s ,  

compounds,  m i x t u r e s ,   a l l o y s ,   ceramics  and  combina t ions   t h e r e o f .  

Examples  of  e lements   which  may  be  p r e s e n t   as  major  or  m i n o r  

c o n s t i t u e n t s   of . . the   product   a r e  n i c k e l ,   copper ,   z inc ,   t i t a n i u m ,  

z i r con ium,   n iobium,   molybdenum,  vanadium,  t i n ,   aluminum,  chromium,  

magnesium,  l i t h i u m ,   i ron ,   s i l i c o n ,   y t t r i u m   and  ra re   e a r t h s ,   e . g .  

cerium  and  lanthanum;  examples  of  compounds  are  ox ides ,   n i t r i d e s  

and /o r   c a r b i d e s   of  aluminum,  magnesium,  s i l i c o n ,   y t t r i u m ,   cerium  and 

lanthanum;  examples  of  a l l oys   are  master   a l l o y s   of  a l u m i n u m - l i t h i u m  

and  aluminum-magnesium.  The  p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y   u s e f u l  

when  the  m a t e r i a l   to  be  p roces sed   must  be  charged  to  and /or   p r o c e s s e d  

in  a  m i l l   under  a  c o n t r o l l e d   a t m o s p h e r e .  

The  i n v e n t i o n  i s   p a r t i c u l a r l y   u s e f u l   for  the  p r o c e s s i n g   i n  

a  b a l l   m i l l   meta l   powders  which  are  r e a d i l y   ox id i zed   and  are  p r e p a r e d  

as  d i s p e r s i o n   s t r e n g t h e n e d   m a t e r i a l s   or  a l l o y s   by  powder  m e t a l l u r g y  

r o u t e s .   Of  n e c e s s i t y   the  m i l l i n g   of  such  m a t e r i a l s   must  be  c a r r i e d  

out  in  a  c o n t r o l l e d   a tmosphere ,   e . g . ,   in  a  h e r m e t i c a l l y   sea led   o r  

p u r g a t i v e   a tmosphe re ,   or  in  an  envi ronment   of  c o n t r o l l e d   gas  f l o w  

such  as  an  i n e r t   gas,  or  in  an  a tmosphere   of  i n e r t   gas  which  c o n t a i n s  

s p e c i f i c  a m o u n t s   of  p rocess   c o n t r o l l e d   a g e n t s ,   e .g .   h y d r o c a r b o n s ,  

a l c o h o l s ,   a c i d s ,   e tc .   It  w i l l   be  u n d e r s t o o d ,   however,   tha t   t h e  

p r e s e n t   i n v e n t i o n   is  e s p e c i a l l y   u s e f u l   g e n e r a l l y ,   for  p r o c e s s i n g   in  a 

mi l l   any  m a t e r i a l s   where  a  c o n t r o l l e d   a tmosphere   is  r e q u i r e d   o r  

b e n e f i c j , i l .   For  example,  the  p r e s e n t   i n v e n t i o n   can  be  u s e d  

a d v a n t a g i o u s l y   for  p r e p a r i n g   by a  powder  m e t a l l u r g y   rou te   d i s p e r s i o n  

s t r e n g t h e n e d   a l l o y s   having,   e . g . ,   n i c k e l ,   t i t a n i u m ,   chromium,  

magnesium,  copper ,   iron  or  aluminum  as  a  ma jo r   c o n s t i t u e n t .  

As  i n d i c a t e d   above  the  p lacement   and  des ign  of  a  l o a d i n g  

means  as  i e s c r i b e d   in  a  co -pend ing   p a t e n t   a p p l i c a t i o n   is  u s e d  

a d v a n t a g m u s l y   with  the  p r e s e n t   valve  a s s e m b l y .  



BRIEF  DESCRIPTION  OF  DRAWING 

A  f u r t h e r   u n d e r s t a n d i n g   of  the  i n v e n t i o n   and  i t s   a d v a n t a g e s  

of  the  i n v e n t i o n   w i l l   become  appa ren t   from  the  f o l l o w i n g   d e s c r i p t i o n  

t aken   in  c o n j u n c t i o n   with  the  accompanying  drawing  in  w h i c h :  

F igure   1  is  a  d i a g r a m m a t i c   view  in  c r o s s - s e c t i o n   of  t h e  

c h a r g i n g   p o r t i o n   of  a  b a l l   m i l l   p rov ided   wi th   the  improved  v a l v e  

a s sembly   system  of  the  p r e s e n t   i n v e n t i o n   and  showing  the  valve  in  t h e  

c h a r g i n g   mode  wi th   the  c h a r g i n g  r e c e p t a c l e   in  p lace   on  the  l o a d i n g  

means  and  both  the   l oad ing   means  and  cha rg ing   r e c e p t a c l e   sea led   t o  

the  a t m o s p h e r e .  

F igure   2  is  e s s e n t i a l l y   the  same  view  of  the  c h a r g i n g  

p o r t i o n   of  the  m i l l   as  Figure  1,  except   tha t   the  va lve   plug  is  shown 

in  the  c l o sed   p o s i t i o n   with  the  load ing   means  s ea led   to  t h e  

a t m o s p h e r e .  

F i g u r e   3  is  a  s c h e m a t i c  d i a g r a m   of  a  b a l l   m i l l   i n  

a c c o r d a n c e   with  t h i s   i n v e n t i o n   showing  the  m u l t i p l e   l o a d i n g   means  i n  

p o s i t i o n   for   c h a r g i n g   the  m i l l .  

DESCRIPTION  OF  A  PREFERRED  EMBODIMENT 

R e f e r r i n g   to  the  d rawings ,   F igures   1  and  2  show  a  d i a g r a m -  

ma t i c   view  in  c r o s s - s e c t i o n   of  the  cha rg ing   p o r t i o n   10  of  a  b a l l   m i l l  

c o m p r i s i n g   a  p o r t i o n   of  a  r o t a t a b l y   mounted,  hol low,   c y l i n d r i c a l ,  

m e t a l   s h e l l   11,  hav ing   an  o r i f i c e   12  for  the  passage   of  the  c h a r g e  

m a t e r i a l   in to   the  m i l l ,   and  s e a l a b l y   secured  on  the  s h e l l   a  l o a d i n g  

means  13  for  c h a r g i n g   powder  in to   the  mi l l   whi le   s ea led   to  t h e  

a t m o s p h e r e .   The  l o a d i n g   means  13  compr ises   a  l oad ing   condu i t   14 

hav ing   removable   s e a l i n g   means  15,  e .g .   a  b l i nd   f l a n g e ,   and  a  v a l v e  

assembly   16.  The  l oad ing   condu i t   14  has  an  en t ry   por t   17  and  an  e x i t  

p o r t   18,  and  i t   may  be  f i t t e d   with  a  condui t   valve  (not  shown).  The 

e x i t   por t   18  from  the  load ing   condu i t   is  a l i g n e d   with  o r i f i c e   12 ,  

p r o v i d i n g   a  smooth,  unencumbered,   d i r e c t   passage   for  the  c h a r g e  

m a t e r i a l   in to   the  m i l l .   The  removable   s e a l i n g   means  15  is  used  t o  

s ea l   the  l oad ing   condu i t   a f t e r   s h e l l   11  has  been  charged .   C h a r g i n g  

r e c e p t a c l e   24,  equipped  with  b u t t e r f l y   va lve   25  ( a l t e r n a t i v e l y ,   a  

s l i d e   gate   or  any  o the r   a p p r o p r i a t e   va lve)   is  connec ted   at  the  e n t r y  



port   17  to  the  loading  means  13  by  means  of  b o l t s   26a  and  26b  t h r o u g h  

f l anges   28  and 50.   The  valve  assembly  16  of  the  loading  means,  i n  

turn  comprises   a  valve  plug  19  and  a  sealed  valve  a c t i v a t i n g   means 

for  opening  and  c los ing   the  valve.   The  valve  plug  19  is  designed  t o  

f i t   in to   s e a l a b l e   r e l a t i o n s h i p   with  she l l   11  so  as  to  form  a 

h e r m e t i c a l   sea l   on  the  s h e l l   with  r e s p e c t   to  the  loading   means  13  i n  

the  o r i f i c e   12  when  the  va lve   is  in  the  closed  p o s i t i o n .   The  v a l v e  

a c t i v a t i n g   means  is  comprised  of  valve  stem  20  f l e x i b l y   connected   a t  

connec t ion   means  31  to  the  valve  plug  19  to  allow  for  plug  a l i g n m e n t .  

( A l t e r n a t i v e   a l ignment   means  may  be  p r o v i d e d . )   The  va lve   stem  20 

pe rmi t s   opening  and  c lo s ing   of  t h e  v a l v e   plug  19  in  s h e l l   11  w i t h o u t  

exposing  m a t e r i a l   in  the  loading  condui t   14  to  the  a i r .   Load ing  

condui t   14  is  adapted  with  a  sealed  ent ry   means,  v iz .   va lve   p a c k i n g  

21,  packing  nut  21a,  and  valve  stem  guide  20a  for  the  va lve   stem  20.  

Valve  stem  20  extends  o u t s i d e   the  s ea l ,   p rov id ing   a  means  f o r  

c o n t r o l l i n g   the  opening  and  c lo s ing   of  the  valve  from  a  p o s i t i o n  

o u t s i d e   the  s ea led   p o r t i o n   of  the  loading   means  13  w i thou t   e x p o s i n g  

the  i n t e r i o r   of  the  s h e l l   to  a i r .   F l e x i b l e   be l lows  32  a lso   s e a l  

powder  out  of  the  valve  stem  area.   To  seal   the  s h e l l ,   o r i f i c e   12, 

which  may  be  any  shape  but  is  p r e f e r a b l y   round  or  e l l i p t i c a l ,   i s  

p rov ided   with  a  valve  plug  seat   having  a  beveled  rim  22,  and  v a l v e  

plug  19  is  machined  at  rim  23  to  mate  s ecu re ly   with  a  va lve   plug  s e a t  

beve led   rim  22  and  seal   the  she l l   when  the  valve  is  in  the  c l o s e d  

p o s i t i o n .   A l t e r n a t i v e l y ,   e . g . ,   rim  23  or  sea l   22  may  be  the  segment  
of  a  sphere  or  o ther   curve  to  improve  valve  s e a t i n g   and  a l i g n m e n t .  

A d d i t i o n a l l y   an  e l a s t o m e r i c - t y p e   m a t e r i a l   may  be  used  to  provide  a 

f u r t h e r   sea l   between  the  va lve   plug  and  the  o r i f i c e .   In  t h e  

p r e f e r r e d   embodiment  angle  a,  i . e .   the  valve  stem  angle  r e l a t i v e   t o  

the  h o r i z o n t a l   is  45°.  If  s e a l i ng   faces  22  and  23  are  at  an  angle  o f  

about  45°  to  the  valve  stem  20,  then  the  lower  p o r t i o n   of  22  a r e  

beyond  the  v e r t i c a l ,   e l i m i n a t i n g   s u r f a c e s   on  which  powder  may 
accumula te .   The  valve  plug  19  is  c o n s t r u c t e d ,   for  example,  of  an 

a b r a s i o n   r e s i s t a n t   m a t e r i a l   so  that   i t   w i l l   not  be  worn  away  d u r i n g  

the  g r i n d i n g   cycle  of  the  m i l l .   The  valve  stem  20  is  provided  w i t h  

means  29a  and  29b  (an  o r i f i c e   and  pin,   r e s p e c t i v e l y )   to  hold  it  i n  

the  c losed   p o s i t i o n ,   and  with  a  means  30,  (a  stem  s top)   to  l imi t   t h e  

t r a v e l   of  the  stem  in  open  p o s i t i o n .   A l t e r n a t i v e l y ,   for  example ,  



stem  20  could  be  t h readed   for  va lve   opening  and  c l o s i n g .   I n  

a d d i t i o n ,   by  gauging  the  p o s i t i o n   of  the  stem  20  on  the  o u t s i d e ,   i t  

is  p o s s i b l e   to  de t e rmine   if  the  valve  is  open  for   cha rg ing   or  s e a t e d  

for   r u n n i n g .   Means  for  purg ing   or  evacua t i ng   the  load ing   condu i t   i s  

p r o v i d e d   by  purge  por t   27,  which  is  f i t t e d   so  t h a t   a  vacuum  l i n e  

and /o r   purge   gas  l i n e   can  be  connected  to  the  l oad ing   c o n d u i t .  

F igure   1  shows  s c h e m a t i c a l l y   the  va lve   plug  in  the  o p e n  

p o s i t i o n   wi th   a  cha rg ing   r e c e p t a c l e   sea led   to  the  en t ry   p o r t ,   and 

F igure   2  shows  the  c losed   p o s i t i o n   of  the  va lve   plug  with  the  b l i n d  

f l ange   in  place-:   I t   w i l l   be  unde r s tood   tha t   the  o r i f i c e   12  w i l l   be  

sea led   wi th   the  va lve   plug  dur ing  o p e r a t i o n   of  the  m i l l .   In  t h e  

c losed   p o s i t i o n   t he re   are  no  p r o j e c t i n g   p a r t s   of  the  va lve   in to   t h e  

i n t e r i o r   o f  t h e   mi l l   s h e l l   11.  In  the  open  p o s i t i o n ,   in  t h e  

p r e f e r r e d   c o n f i g u r a t i o n   as  exp la ined   above,  the  va lve   sea t   22  i s  

v e r t i c a l l y   a l i g n e d   with  the  load ing   condui t   14  at  the  lower  end  o f  

the  o r i f i c e   and  h o r i z o n t a l   at  the  upper  end.  This  a r r a n g e m e n t  

p r o v i d e s   for  f l o w - t h r o u g h   of  charge  m a t e r i a l   w i t h o u t   encumbrances   t o  

the  p a s s a g e   of  powder  in to   the  s h e l l .  

The  m i l l   s h e l l   may  be,  for  example,  c y l i n d r i c a l ,   s p h e r i c a l ,  

double  o r  s i n g l e   c o n i c a l ,   m u l t i - f l a t   s ided ,   e tc .   The  exac t   shape  o f  

the  m i l l   s h e l l   is  not  c r i t i c a l   to  the  i n v e n t i o n .   Mi l l s   may  a l so   be  

double  w a l l e d   (or  j a c k e t e d )   for  mi l l   s h e l l   c o o l i n g .   Water  or  o t h e r  

c o o l i n g   media  may  be  passed  through  th i s   space  (or  j a c k e t ) .   Many 

v a r i e t i e s   of  m i l l s   and  mi l l   a d a p t a t i o n s   may  be  used ,   but  i t   w i l l   be  

a p p r e c i a t e d   t ha t   these   adornments   are  not  a  f a c t o r   in  t h i s   i n v e n t i o n .  

The  l o a d i n g   means  may  be  s e a l a b l y   mounted  on  the  ou te r   s ide   of  t h e  

s h e l l   w i t h ,   e .g .   a  f l a n g e .   To  obv ia t e   the  need  for  a l ignmen t   of  t h e  

l oad ing   por t   on  the  e n t i r e   s h e l l ,   the  complete  l o a d i n g   means  a s s e m b l y  

i n c l u d i n g   a  s e c t i o n   of  the  s h e l l   with  the  o r i f i c e   can  be  mounted  

s e p a r a t e l y   in to   the  s h e l l .   This  a r rangement   would  a l so   be  c o n v e n i e n t  

for  r e p a i r   and  r ep l acemen t   of  the  loading   means  w i thou t   o t h e r w i s e  

d i s t u r b i n g   the  m i l l .  

F igu re   3  shows  a  p r e f e r r e d   embodiment  of  the  p r e s e n t  
i n v e n t i o n   in  which  a  p a i r   of  load ing   means  13  and  13a  are  l o c a t e d   on 

the  p e r i p h e r y   of  r o t a t a b l y   mounted  s h e l l   11  of  a  b a l l   m i l l   40.  The 

b a l l   m i l l   compr i ses   a  pa i r   of  suppor t   members  33  and  34,  a  

c y l i n d r i c a l   s h e l l   11,  mounted  for  r o t a t i o n   about  an  a p p r o x i m a t e l y  



h o r i z o n t a l   axis  on  t runn ion   b e a r i n g s   38  and  38a.  The  she l l   c o m p r i s e s  

ends  35  and  36 ,  a   p e r i p h e r a l   wal l   37  and  a  pair   of  charg ing   o r i f i c e s  

( concea led   in  the  drawing  by  the  loading  means  13  and  13a,  

r e s p e c t i v e l y ) .   The  charg ing   o r i f i c e s   are  s e a l a b l e   from  t h e  

a tmosphe re ,   r e s p e c t i v e l y ,   by  the  pa i r   of  loading  means  13  and  13a 

secured   on  the  she l l   11  to  cover  the  r e s p e c t i v e   charg ing   o r i f i c e s .  

The  g r ind ing  med ium,   i . e .  t h e   b a l l s ,   are  not  shown.  At  end  35  of  t h e  

drum  is  the  d r iv ing   means  39  for  the  mil l   which  is  not  shown  i n  

d e t a i l   and  not  a  par t   of  the  i n v e n t i o n .   When  the  loading  means  13 

and  13a  are  in  the  e s s e n t i a l l y   v e r t i c a l   p o s i t i o n   so  as  to  p e r m i t  

cha rg ing   of  the  mil l   under  the  force  of  g r a v i t y ,   the  loading  means  13 

and  13a  are  on  the  side  of  the  r o t a r y   mil l   she l l   11,  with  a  p o r t i o n  

of  va lve   stems  20  and  20a  v i s i b l e .   Shel l   11  is  sea led   from  the  a i r  

and  is  p rovided   with  a  means  (not  shown)  for  feeding   into  o r  

e s t a b l i s h i n g   in  the  s h e l l   a  d e s i r e d   env i ronment ,   e .g .   n i t r o g e n ,   a r g o n  

or  o the r   e l emen ta l   or  mixed  gas  with  or  wi thout   p rocess   c o n t r o l  

a d d i t i v e s ,   e .g.   c o n t r o l l e d   amounts  of  hydrocarbons   or  oxygen  o r  

carbon.   Means  to  d i s c h a r g e  m a t e r i a l   from  the  mi l l   is  not  shown.  A 

s u i t a b l e   means  of  d i s c h a r g i n g   the  mi l l   is  d i s c l o s e d ,   for  example,  i n  

co-pend ing   pa ten t   a p p l i c a t i o n  S e r i a l   No.  f i l e d   of  even  

date  with  the  p re sen t   a p p l i c a t i o n .  

In  o p e r a t i o n   of  the  improved  valve  assembly  of  the  p r e s e n t  

i n v e n t i o n ,   the  charge  m a t e r i a l s ,   e .g .   metal   powders,   are  c h a r g e d  

through  the  loading   means  under  sea led   c o n d i t i o n s .   While  m a i n t a i n i n g  

the  load ing   means  under  s ea l ed   c o n d i t i o n s ,   charg ing   r e c e p t a c l e   24 

with  va lve   25  closed  is  a t t a c h e d   to  the  loading  means,  the  valve  s tem 

20  is  ope ra t ed   to  move  va lve   plug  19  into  the  open  p o s i t i o n ,   i . e .  

extended  into  the  r o t a r y   s h e l l ,   t he reby   opening  the  o r i f i c e   in  s h e l l .  

Valve  25  is  then  opened,  t he reby   r e l e a s i n g   c h a r g e  m a t e r i a l   from  t h e  

r e c e p t a c l e .   The  powder  charge  w i l l   then  flow  through  the  l o a d i n g  

condui t   into  the  i n t e r i o r   of  r o t a r y   mi l l   s h e l l .   Af te r   the  powder  

charge  has  d ra ined   from  the  charge  r e c e p t a c l e  t h r o u g h   the  l o a d i n g  

means  into  the  s h e l l ,   the  va lve   stem  20  is  used  to  r e t r a c t   and  s e c u r e  

tl,e  valve  plug  19  to  the  s h e l l   face .   The  charge  r e c e p t a c l e   can  t h e n  

b?  removed.  The  loading  condu i t   is  ma in ta ined   sea led   to  t h e  

a tmosphere   a f t e r   the  charge  r e c e p t a c l e   is  removed.  



In  the  embodiment  shown  in  the  drawing  the  m i l l   s h e l l   i s  

r o t a t e d   about  an  e s s e n t i a l l y   h o r i z o n t a l   c e n t r a l   ax i s .   In  a n o t h e r  

embodiment  of  the  i n v e n t i o n   the  cha rg ing   system  is  adapted   f o r  

p lacement   on  a  mi l l   with  the  drum  ope ra t ed   to  r o t a t e   about  a  n o n -  

h o r i z o n t a l   a x i s .  

Al though  the  p r e s e n t   i n v e n t i o n   has  been  d e s c r i b e d   i n  

c o n j u n c t i o n   wi th   p r e f e r r e d   embodiments ,   i t   is  to  be  unde r s tood   t h a t  

m o d i f i c a t i o n s   and  v a r i a t i o n s   may  be  r e s o r t e d   to  w i thou t   d e p a r t i n g  

from  the  s p i r i t   and  scope  of  the  i n v e n t i o n ,   as  those   s k i l l e d   in  t h e  

a r t   w i l l   r e a d i l y   u n d e r s t a n d .   Such  m o d i f i c a t i o n s   and  v a r i a t i o n s   a r e  

c o n s i d e r e d   to  be  w i th in   the  purview  and  scope  of  the  i n v e n t i o n   and 

appended  c l a i m s .  



1.  In  a  b a t c h - t y p e   r o t a r y   mi l l   operable   under  c o n t r o l l e d  

c o n d i t i o n s   compr i s ing   a  hollow  r o t a t a b l e   s h e l l ,   means  to  r o t a t e   t h e  

s h e l l   and  at  l e a s t   one  charg ing   o r i f i c e   in  the  she l l   through  which  

charge  m a t e r i a l   can  be  passed  in to   the  s h e l l ,   a  system  for  c h a r g i n g  

m a t e r i a l   to  the  s h e l l   compr i s ing   l oad ing   means  s e a l a b l y   secured   t o  

the  s h e l l   over  each  charg ing   o r i f i c e   and  s e a l a b l e   to  the  a t m o s p h e r e  

with  r e s p e c t   to  the  o r i f i c e   and a   s e a l a b l e   charging  means  m o u n t a b l e  

on  the  loading   means,  said  l oad ing   means  comprising  a  load ing   c o n d u i t  

s e a l a b l e   to  the  a tmosphere ,   and  a  va lve   assembly  at  l e a s t   pa r t   o f  

which  is  d i sposed   in  the  load ing   condu i t   and  s e a l a b l e   to  t h e  

a tmosphere ,   the  s e a l a b l e   load ing   condu i t   compris ing  a  port   of  e n t r y  
for  the  charge  m a t e r i a l   into  the  l oad ing   conduit   and  an  e x i t   port   f o r  

passage   of  the  charge  m a t e r i a l  f r o m   the  loading  condu i t ,   the  e x i t  

passage  being  a l i g n e d   with  the  c h a r g i n g   o r i f i c e ,   and  the  v a l v e  

assembly  compr i s ing   a  valve  plug  means  s e a l a b l y   mountable  in  t h e  

o r i f i c e   in  the  s h e l l ,   valve  opening  means  to  remove  the  va lve   p l u g  

from  the  cha rg ing   o r i f i c e   in  the  s h e l l   and  valve  c lo s ing   means  t o  

seal   the  valve  plug  means  in  the  cha rg ing   o r i f i c e   in  the  s h e l l ,   t h e  

valve  opening  and  c l o s i n g   means  being  operab le   while  the  l o a d i n g  

means  is  s ea led   to  the  a tmosphe re ,   whereby  the  mil l   can  be  c h a r g e d  

wi thout   exposure   of  the  charge  m a t e r i a l   in  the  mi l l   to  a i r .  

2.  The  r o t a r y   m i l l  a c c o r d i n g   to  claim  1,  wherein  the  l o a d i n g  

condui t   of  the  cha rg ing   system  is  adapted  with  an  en t ry   means 

s e a l a b l e   to  the  a tmosphere   and  the  va lve   opening  and  c l o s i n g   means  o f  

the  valve  assembly  uni t   comprise  a  va lve   stem  f l e x i b l y   connected   t o  

the  valve  plug,   sa id   valve  stem  e x t e n d i n g   through  the  s e a l a b l e   e n t r y  

means  in  the  l o a d i n g   condui t   into  the  a t m o s p h e r e .  

3.  The  r o t a r y   mi l l   a c c o r d i n g   to  claim  1,  wherein  the  c h a r g i n g  

o r i f i c e   in  the  s h e l l   has  a  shaped  rim  and  the  valve  plug  rim  i s  

adapted  to  be  s e a l a b l y   mounted  in  the  shaped  rim  of  the  hollow  s h e l l .  



4.  The  r o t a r y   mi l l   a c c o r d i n g   to  claim  1,  where in   the  s h e l l   h a s  

a  p e r i p h e r a l   w a l l ,   and  the  load ing   means  is  l o c a t e d   on  the  p e r i p h e r a l  

wall   of  the  s h e l l .  

5.  The  r o t a r y   mi l l   a cco rd ing   to  c la im  1,  where in   the  v a l v e  

stem  of  the  plug  on  the  s h e l l   is  l oca t ed   at  an  angle   of  about   45° 

r e l a t i v e   to  a  h o r i z o n t a l   p lane   through  the  c e n t r a l   axis   of  the  s h e l l ,  

t he reby   m i n i m i z i n g   encumbrances  to  flow  of  charge  m a t e r i a l   t h r o u g h  

the  l oad ing   condu i t   into  the  s h e l l .  

6.  The  r o t a r y   m i l l   a c c o r d i n g   to  claim  1,  where in   c o n n e c t i n g  

means  for   a t m o s p h e r i c   c o n t r o l   of  the  l oad ing   c o n d u i t   is  l o c a t e d   i n  

the  l oad ing   c o n d u i t .  

7.  The  r o t a r y   m i l l   a c c o r d i n g   to  c la im  1,  where in   a  s e a l a b l e  

charg ing   means  compr ises   a  s e a l a b l e   r e c e p t a c l e .  

8.  The  r o t a r y   m i l l   of  c laim  1,  where in   the  s e a l a b l e   c h a r g i n g  

means  compr i ses   a  r e c e p t a c l e   c o n t a i n i n g   a  va lve   means  for  s e a l i n g   t h e  

v e s s e l   to  the  a tmosphere   and  s e a l i n g   means  is  p rov ided   for   s e c u r i n g  

the  r e c e p t a c l e   t o  t h e   l oad ing   means .  

9.  A  b a t c h - t y p e   r o t a r y   mi l l   for  g r i n d i n g   powder  u n d e r  

c o n t r o l l e d   c o n d i t i o n s   compr i s ing   a  hollow  r o t a t a b l y   mounted  s h e l l  

having  a  p e r i p h e r a l   w a l l ,   a  p l u r a l i t y   of  g r i n d i n g   media  in  the  s h e l l ,  

means  to  r o t a t e   the  s h e l l ,   at  l e a s t   one  c h a r g i n g   o r i f i c e   in  t h e  

p e r i p h e r a l   wal l   of  the  s h e l l   through  which  charge   m a t e r i a l   can  be  

passed  i n to   the  s h e l l ,   and  a  system  for  c h a r g i n g   m a t e r i a l   to  t h e  

s h e l l ,   sa id   system  compr i s ing   a  loading   means  s e a l a b l y   secured   to  t h e  

s h e l l   at  each  cha rg ing   o r i f i c e   in  r e s p e c t   to  the  a tmosphe re ,   s a i d  

load ing   means  compr i s ing   a  load ing   condu i t   s e a l a b l e   to  the  a t m o s p h e r e  

and  a  va lve   assembly  at  l e a s t   par t   of  which  is  d i sposed   in  t h e  

load ing   condu i t   and  is  s e a l a b l e   to  the  a tmosphe re ,   the  s e a l a b l y  

load ing   c o n d u i t   compr i s ing   a  por t   of  en t ry   for  the  charge  m a t e r i a l  

into  the  l oad ing   c o n d u i t ,   an  ex i t   por t   for  the  charge   m a t e r i a l   f rom 

the  l oad ing   c o n d u i t ,   said  e x i t   por t   being  a l i g n e d   with  the  c h a r g i n g  



o r i f i c e ,   and  a  removable  s e a l i n g   means  for  the  port   of  en t ry ,   and  t h e  

valve   assembly  compr is ing   a  valve  plug  means  s e a l a b l y   mountable  i n  

the  charg ing   o r i f i c e   in  the  s h e l l ,   valve  opening  means  to  remove  t h e  

va lve   plug  from  the  charg ing   o r i f i c e   in  the  s h e l l   and  valve  c l o s i n g  

means  to  sea l   the  valve  plug  means  in  the  cha rg ing   o r i f i c e   in  t h e  

s h e l l ,   the  valve  opening  and  c l o s i n g   means  being  o p e r a b l e   while  t h e  

load ing   means  is  sea led  to  the  a tmosphere ,   whereby  the  mi l l   can  be  

charged  wi thou t   exposure  of  the  charge  m a t e r i a l   in  the  mi l l   to  a i r .  

10.  A  b a t c h - t y p e   r o t a r y   mi l l   accord ing   to  claim  9,  wherein  t h e  

g r i n d i n g   media  are  b a l l s   and  the  charge  m a t e r i a l   comprises   at  l e a s t  

one  of  the  elements  s e l e c t e d   from  the  group  c o n s i s t i n g   of  n i c k e l ,  

copper ,   i ron ,   chromium,  aluminum,  l i t h i u m ,   magnesium,  t i t a n i u m ,  

y t t r i u m ,   z inc ,   z i rconium,   niobium,  carbon,   s i l i c o n ,   molybdenum, 

vanadium,  t in   and  rare   ea r th   m e t a l s .  

11.  A  b a t c h - t y p e   r o t a r y   mi l l   a cco rd ing   to  claim  9,  wherein  t h e  

g r i n d i n g   media  are  b a l l s   and  the  charge  m a t e r i a l   comprises   as  a  m a j o r  

component  an  element  s e l e c t e d   from  the  group  n i c k e l ,   copper,   i r o n ,  

t i t a n i u m ,   magnesium,  chromium  and  aluminum. 

12.   A  b a t c h - t y p e   r o t a r y   mi l l   accord ing   to  claim  9,  wherein  each  

s h e l l   p o r t i o n   having  a  cha rg ing   o r i f i c e   is  removably  a t t a ched   to  t h e  

s h e l l   and  the  loading  means  is  secured  to  said  removable  s h e l l  

p o r t i o n .  

13.  A  method  for  p roduc ing   a  d i s p e r s i o n   s t r e n g t h e n e d  

m e c h a n i c a l l y   a l loyed   powder  comprised  of  a  major  or  minor  q u a n t i t y   a t  

l e a s t   one  of  the  e lements   copper ,   n i c k e l ,   z inc ,   t i t a n i u m ,   z i r c o n i u m ,  

niobium,  carbon,   s i l i c o n ,   molybdenum,  vanadium,  t i n ,   a luminum, 

chromium,  magnesium,  l i t h i u m ,   i r on ,   y t t r i u m   and  ra re   ea r th   meta ls   i s  

p roces sed   i n  a   b a t c h - t y p e   r o t a r y   m i l l ,   said  mi l l   being  def ined  as  i n  

claim  1. 



14.  A  method  a c c o r d i n g   to  c la im  13,  wherein  the  d i s p e r s i o n  

s t r e n g t h e n e d   m e c h a n i c a l l y   a l loyed   powder  comprises   at  l e a s t   one  o f  

the  e l ements   s e l e c t e d   from  the  group  n i c k e l ,   copper,   i r o n ,   t i t a n i u m ,  

magnesium,  chromium  and  aluminum  as  a  major  component .  

15.  A  method  a c c o r d i n g   to  c la im  13,  wherein  the  d i s p e r s i o n  

s t r e n g t h e n e d   m e c h a n i c a l l y   a l l oyed   powder  comprises   a luminum.  
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