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k=5/  Magnetic  stirring  apparatus  and  method. 
@  A  magnetic  stirring  apparatus  is  disclosed  which  is  cap- 
able  of  suspending  solids  in  a  liquid  medium.  The  apparatus 
comprises  a  vessel  (22)  for  containing  fluids  and  solids,  a 
magnetic  impeller  (10)  and  a  means  (26)  for  rotating  the 
magnetic  impeller. 

The  impeller  comprises  a  chamber  (12)  which  is  buoyant 
with  respect  to  the  fluid  (24)  contained  by  the  vessel  (22)  and  a 
magnet  (14)  placed  within  the  buoyancy  chamber  (12)  thereby 
Forming  a  buoyant  magnetic  impeller. 
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  A  magnetic  stirring  apparatus  is  disclosed  which  is  cap- 
able  of  suspending  solids  in  a  liquid  medium.  The  apparatus 
comprises  a  vessel  (22)  for  containing  fluids  and  solids,  a 
magnetic  impeller  (10)  and  a  means  (26)  for  rotating  the 
magnetic  impeller. 

The  impeller  comprises  a  chamber  (12)  which  is  buoyant 
with  respect  to  the  fluid  (24)  contained  by the  vessel  (22)  and  a 
magnet  (14)  placed  within  the  buoyancy  chamber (12)  thereby 
forming  a  buoyant  magnetic  impeller. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  a p p a r a t u s   a n d  

m e t h o d   f o r   s t i r r i n g   f l u i d s   w i t h   a  m a g n e t i c   i m p e l l e r ,  

and  more  p a r t i c u l a r l y ,   a  n o v e l   b u o y a n t   m a g n e t i c  

i m p e l l e r   w h i c h   can   be  u s e d   to  s t i r   f l u i d s   as  w e l l  

as  s u s p e n d e d   s o l i d s .  

W h i l e   a  f l o a t i n g   " m a g n e t i c   i m p e l l e r "   has  b e e n  

e m p l o y e d   in  t h e   p a s t ,   t h e   s t r u c t u r e   and  p r i n c i p l e   i s  

d i f f e r e n t   f r o m   t h e   p r e s e n t   i n v e n t i o n .   U .S .   4 , 3 1 0 , 2 5 3  

to  Sada   e t   a l . ,   d i s c l o s e s   m a g n e t i c   p a r t i c l e s   w h i c h   a r e  

c o v e r e d   w i t h   a  m a t e r i a l   l e s s   d e n s e   t h a n   t h e   f l u i d   t h e  

p a r t i c l e s   a r e   to   s t i r ,   e . g . ,   p a r a f f i n .   The  r e s u l t  

is  a  mat  of  f l o a t i n g   m a g n e t i c   p a r t i c l e s   w h i c h   s t i r s  

a  f l u i d   when  s u b j e c t e d   to  a  r o t a t i n g   m a g n e t i c   f i e l d .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i m p r o v e d  

m a g n e t i c   s t i r r i n g   a p p a r a t u s   c a p a b l e   of  s u s p e n d i n g  

s o l i d s   in  a  l i q u i d   medium  w i t h   a  m in imum  of  s h e a r  

f o r c e .   I t   is   p a r t i c u l a r l y   u s e f u l   in  s u s p e n d e d  

m i c r o c a r r i e r   c e l l   c u l t u r e ,   w h e r e   low  s h e a r   f o r c e s   a n d  

low  r e v o l u t i o n   p e r   m i n u t e   (RPM)  o p e r a t i o n   a r e   d e s i r a b l e .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   a  m a g n e t i c   s t i r r i n g   a p p a r a t u s   c a p a b l e   o f  

s u s p e n d i n g   s o l i d s   in  a  l i q u i d   m e d i u m ,   c o m p r i s i n g   a  

v e s s e l   f o r   c o n t a i n i n g   f l u i d s   and  s o l i d s ,   h a v i n g   w a l l s ,  

a  b o t t o m ,   and  an  o p e n i n g ;   a  m a g n e t i c   i m p e l l e r ;   a n d  

a  means  f o r   r o t a t i n g   t he   m a g n e t i c   i m p e l l e r ;   c h a r a c t e r i z e d  

in  t h a t   t h e   i m p e l l e r   c o m p r i s e s   a  c h a m b e r   w h i c h   is  b u o y a n t  

w i t h   r e s p e c t   to   t he   f l u i d   c o n t a i n e d   by  t h e   v e s s e l ,   a n d  

a  m a g n e t   p l a c e d   w i t h i n   t he   b u o y a n c y   c h a m b e r   t h e r e b y  

f o r m i n g   a  b u o y a n t   m a g e n t i c   i m p e l l e r .  



The  i n v e n t i o n   p r o v i d e s   an  e f f e c t i v e ,   y e t   i n e x p e n s i v e  

s t i r r e r .   The  n e e d   f o r   a  s t i r r e r   s h a f t   and  b e a r i n g   i s  

e l i m i n a t e d   by  t h e   u s e   of   a  b u o y a n t   m a g e n t i c   i m p e l l e r  

w h e r e i n   t h e   m a g n e t   i s   p l a c e d   i n s i d e   a  b u o y a n t   c h a m b e r .  

T h i s   i s   d i f f e r e n t   f r o m   t h e   c o a t e d ,   c o m m i n u t e d   m a g n e t i c  

p a r t i c l e s   in  t h e   p r i o r   a r t .   The  p r e s e n t   i m p e l l e r   has   a  

s p a c e   b e t w e e n   t h e   m a g n e t   and  t h e   c h a m b e r   w a l l s   f o r  

b u o y a n c y .   H o w e v e r ,   t h e   m a g n e t   is   n o t   c o a t e d   w i t h   a  

b u o y a n t   c o m p o s i t i o n ,   and   n e e d   n o t   h a v e   a  c h a m b e r   m a d e  

f r o m   b u o y a n t   m a t e r i a l s .  

In  f a c t ,   one  of   t h e   a d v a n t a g e s   of  t h e   i n s t a n t  

d e s i g n   i s   t h a t   t h e   b u o y a n c y   of  t h e   i m p e l l e r   can   b e  

a d j u s t e d   by  c h a n g i n g   t h e   d e n s i t y   of  f l u i d   in   t h e  

s p a c e   b e t w e e n   t h e   m a g n e t   and  t h e   c h a m b e r   w a l l s .   F o r  

e x a m p l e ,   i f   t h e   c h a m b e r   i s   f i l l e d   w i t h   a  l i q u i d  

a l k a n e   i t   w o u l d   be  m o r e   b u o y a n t   in  w a t e r   t h a n   i f   i t   w a s  

f i l l e d   w i t h   b e n z e n e .   T h u s ,   t h e   d e p t h   of  t h e   i m p e l l e r  

in   t h e   f l u i d   to   be  s t i r r e d   can  be  c o n t r o l l e d .  

A l t e r n a t i v e l y ,   i f   one  had  a  f l u i d - f i l l e d   c h a m b e r  

w i t h   e x c e s s   p o s i t i v e   b u o y a n c y ,   one  c o u l d   l e a v e   t h e  

c h a m b e r   f l u i d   a l o n e   and  d e c r e a s e   t h e   b u o y a n c y   by  a d d i n g  

f e r r o m a g n e t i c   m a t e r i a l   s u c h   as  i r o n   to  t h e   e x t e r n a l  

c h a m b e r   w a l l s .   The  m a g n e t i c   a t t r a c t i o n   to   t h e   i n t e r n a l  

c h a m b e r   m a g n e t   w o u l d   k e e p   t h e   e x t r e n a l   f e r r o m a g n e t i c  

m a t e r i a l   a t t a c h e d   to   t h e   b u o y a n c y   c h a m b e r .  

In  t h e   a c c o m p a n y i n g   d r a w i n g s :  

F i g u r e   1  is   a  s i d e   e l e v a t i o n a l   v i e w   of  t h e   b u o y a n t  

m a g n e t i c   i m p e l l e r   w i t h   a  c u t a w a y ;  

F i g u r e   2  is  a  c r o s s   s e c t i o n a l   v i e w   of  t h e   i m p e l l e r ;  

F i g u r e   3  i s   a  s i d e   e l e v a t i o n a l   v i e w   of   t h e   i m p e l l e r  

e q u i p p e d   w i t h   a  p a d d l e   b l a d e ;  

F i g u r e   4  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   i m p e l l e r  

of   F i g u r e   2;  a n d  

F i g u r e   5  i s  a   s c h e m a t i c   v i e w   of  a  m a g n e t i c   s t i r r i n g  

a p p a r a t u s   u s i n g   t h e   b u o y a n t   m a g e n t i c   i m p e l l e r .  



In  a  p r e f e r r e d   e m b o d i m e n t   f o r   u se   in  s u s p e n d e d  

m i c r o c a r r i e r   c e l l   c u l t u r i n g ,   t he   p r e s e n t   i n v e n t i o n  

c o m p r i s e s ,   as  shown  in  F i g u r e   1,  w i t h   a  b u o y a n t   m a g n e t i c  

i m p e l l ' e r   1 0  h a v i n g   a  b u o y a n c y   c h a m b e r   12  and  a  m a g n e t   1 4 .  

The  c h a m b e r   is  d i m e n s i o n e d   and  c o n f i g u r e d   to   a l l o w  

p l a c e m e n t   of  t he   m a g n e t   w i t h i n   t he   c h a m b e r   as  w e l l   a s  

to   p r o v i d e   a  b u o y a n c y   s p a c e   16  a b o u t   t h e   m a g n e t .  

A t t a c h e d   to   t h e   o u t s i d e   of  t h e   c h a m b e r   w a l l  

a d j a c e n t   to  and  e x t e n d i n g   away  f r o m  t h e   m a g n e t   is  a  

o p t i o n a l   i m p e l l e r   b l a d e   20  ( s ee   F i g u r e   3 ) .   T h i s   b l a d e  

has   a  n e g a t i v e   b u o y a n c y   s u c h   t h a t   when  t h e   i m p e l l e r   i s  

p l a c e d   i n t o   a  s t i r r i n g   v e s s e l   22  c o n t a i n i n g   a  f l u i d  

24,  t h e   b l a d e   e x t e n d s   d o w n w a r d l y   i n t o   t h e   f l u i d .  

I m p e l l e r   m o v e m e n t   a r i s e s   f rom  a  c o n v e n t i o n a l   r o t a t i n g  

means   26  w h i c h   p r o v i d e s   a  r o t a t i n g   m a g n e t i c   f i e l d .  

One  of  t h e   a d v a n t a g e s   of  t h e   a b o v e   d e s c r i b e d  

i m p e l l e r   is  t h a t   t h e   i m p e l l e r - t o - b o t t o m - w a l l   c l e a r a n c e  

can  be  a d j u s t e d   w i t h o u t   r e l y i n g   on  b e a r i n g s   a n d  s h a f t s .  

One  can   a d j u s t  t h e   h e i g h t   by  v a r y i n g   t h e   b u o y a n c y .   F o r  

e x a m p l e ,   d e t a c h a b l e   i m p e l l e r   b l a d e s   of  v a r y i n g   w e i g h t  

can  be  u s e d   to  c o m p e n s a t e   f o r   f l u i d s   of  d i v e r s e  

d e n s i t i e s .   On  t h e   o t h e r   h a n d ,   t he   c h a m b e r   s p a c e   can  b e  

f i l l e d   w i t h   a  m a t e r i a l ,   w h i c h   can  be  s o l i d ,   l i q u i d ,  

or  g a s .   In  f a c t ,   t h e   c h a m b e r   s p a c e   c o u l d   even   b e  

e v a c u a t e d .  

S u s p e n s i o n   c e l l   c u l t u r i n g   can  p u t   h i g h   demands   o n  

a  s t i r r e r ,   i . e . ,   low  s p e e d   o p e r a t i o n ,   m i n i m a l   f l u i d   s h e a r i n g ,  

and  a d e q u a t e   c l e a r a n c e   to   a v o i d   c e l l   g r i n d i n g .   T h e  

p r e s e n t   i n v e n t i o n   e x c e l s   in  a l l   t h e s e   a r e a s .   W i t h o u t  

b e a r i n g s   and  s h a f t s ,   and  c o r r e c t l y   a d j u s t e d   in  h e i g h t ,  

c e l l   a b r a s i o n   is   e l i m i n a t e d .   When  s u b m e r g e d   in  a  

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

h e i g h t ,   low  s p e e d   s u s p e n s i o n   w i t h o u t   s h e a r   is  a  r e a l i t y .  



1.  A  m a g n e t i c   s t i r r i n g   a p p a r a t u s   c a p a b l e   o f  

s u s p e n d i n g   s o l i d s   in   a  l i q u i d   m e d i u m ,   c o m p r i s i n g   a  

v e s s e l   (22)  f o r   c o n t a i n i n g   f l u i d s   and  s o l i d s ,   h a v i n g  

w a l l s ,   a  b o t t o m ,   and  an  o p e n i n g ;   a  m a g n e t i c   i m p e l l e r  

( 1 0 ) ;   and  a  m e a n s   (26)  f o r   r o t a t i n g   t h e   m a g n e t i c  

i m p e l l e r ;   c h a r a c t e r i z e d   in  t h a t   t h e   i m p e l l e r   c o m p r i s e s  

a  c h a m b e r   (12)  w h i c h   i s   b u o y a n t   w i t h   r e s p e c t   to   t h e  

f l u i d   (24)  c o n t a i n e d   by  t h e   v e s s e l   (22)  a n d  

a  m a g n e t   (14)  p l a c e d  w i t h i n   t h e   b u o y a n c y   c h a m b e r   ( 1 2 ) ,  

t h e r e b y   f o r m i n g   a  b u o y a n t   m a g e n t i c  i m p e l l e r   ( 1 0 ) .  

2.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   a n  

i m p e l l e r   b l a d e   (20)  is   a t t a c h e d   to   t h e   b u o y a n c y   c h a m b e r  

(12)  and  e x t e n d s   d o w n w a r d   i n t o   t h e   f l u i d   ( 2 4 ) .  

3.  A  m e t h o d   of   s t i r r i n g   a  f l u i d   w h e r e i n   t h e   f l u i d  

is   c o n t a i n e d   by  an  a p p a r a t u s   as  c l a i m e d   in  c l a i m   1  o r  

2,  and  t h e   r o t a t i n g   means   m a g n e t   s t i r s   t h e   f l u i d  b y  

c a u s i n g   t h e   b u o y a n t   m a g n e t i c   i m p e l l e r   (10)  to   r o t a t e .  

4.  An  i m p e l l e r   (10)  f o r   a  m a g n e t i c a l l y   r o t a t e d   s t i r r e r ,  

c h a r a c t e r i z e d   by  a  c h a m b e r   (12)  w h i c h   is  b u o y a n t   w i t h  

r e s p e c t   to   t h e   f l u i d   (24)  i t   is   to   s t i r ,   and  a  m a g n e t   ( 1 4 )  

w i t h i n   t h e   c h a m b e r   ( 1 2 ) .  
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