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The deformat ion  of liquid drops fo rmed at  the end of a cap i l l a ry  in a nonuniform magnet ic  
field has been  exper imenta l ly  invest igated.  The nature  of the effect  of a nonuniform m a g -  
netic field on the kinet ics  of aqueous emuls ion formula t ion  is d iscussed.  

Umov [1], in the course  of invest igat ing the f r ee  fo rmat ion  of drops of diamagnet ic  and paramagnet ic  
l i qu id s ina  magnet ic  field, observed  the deformat ion  of the drops  as  a function of the s t rength  and gradient  
of the field and offered an explanation of the effect.  The change in the r a t e  of drop fo rmat ion  approx imate ly  
sat isf ied the equation CoP = TP0, where  T o and ~ a r e  the t imes  required  to fo rm identical  numbers  of drops  
without and with a field; and P0 and P a r e  the cor responding  drop weights.  

Invest igat ions of the cap i l l a ry  sa tura t ion  of quar tz  powder with 10% aqueous solutions of NaCI have 
revea led  an i nc r ea s e  in the r a t e  of penetrat ion in a nonuniform magnet ic  field [2]. The magnetohydrodynamic  
conditions affect  the c a p i l l a r y - r i s e  kinetics of m e r c u r y  [3]. 

It follows that a nonuniform magnet ic  field may  have an impor tant  influence on the kinet ics  of d i spe r se  
s y s t e m  format ion.  We have observed  the effect  of a nonuniform magnet ic  field on the fo rmat ion  of drops  of 
dist i l led wa te r  and sur fac tan t  solutions (Table 1) and on the fo rmat ion  of aqueous emulsions.  The sur fac tan t  
solut ions were  d iamagnet ic  liquids with var ious  e l ec t r i ca l  conductivi t ies commonly  employed as media  
in d i spers ion  p roces se s .  Two of the solutions - hexyl alcohol and sodium oleate - had the same  sur face  
tension, but the kinet ics  of fo rmat ion  of the equi l ibr ium adsorpt ion layers  at the s o l u t i o n - a i r  in ter face  
were  different.  The deformat ion  effect  observed by Umov was es t imated  f r o m  the weight of the drops.  

A glass  cap i l l a ry  0.71 m m  in d i ame te r  was used to f o r m  drops  at  a t e m p e r a t u r e  of 18-20~ along 
the Z axis  in a pole gap of width d = 8 m m  (Fig. 1) a t  constant hydrosta t ic  p r e s s u r e .  The field s t rength 
was var ied  between 2000 and 11,000 Oe and recorded  at the end of the capi l lary.  The d i rec t ion  of the field 
gradient  ( 2 - l 0  s O e / c m )  was var ied  by rotat ing the pole pieces  through 180 ~ 

The dependence of the mean  weight of the wa te r  drops  on H grad H at  cu r ren t s  of 3 and 5 A in the coils 
of the e l ec t romagne t  is presented in Fig. 2. Curves  1 and 2 r e p r e s e n t  a slowing of drop fo rmat ion  (d i rec-  
tion of gradient  negative),  the weight of the drops increas ing  by 3.5% as  compared  with the leas t  value of 
H grad H, while cu rves  3 and 4 r e p r e s e n t  an acce l e ra t ion  of the r a t e  of fo rmat ion  (direction of gradient  
positive) and a d e c r e a s e  in the weight of the drops by 2.7-5.5%. The data obtained confirmed Umov ' s  r e l a -  
t ion (see above) to within 0.1-0.6%. 

Almos t  l inear  re la t ions  (Fig. 3) were  obtained for  sodium oleate and hexyl alcohol solutions in the 
pos i t ive-grad ien t  region.  The fall  in the weight of the drops  for  a sodium oleate solution as compared  with 
the leas t  value of H g r a d H  was 2.4-3.3% (curves 1 and 2); for  hexyl alcohol with the s ame  cr the c o r r e -  
sponding f igure  was 3-4.6% (curves 3 and 4), while for  hexyl alcohol of higher concentra t ion (or = 54.3 
e r g / c m  2) the fal l  in weight was approx imate ly  the same ,  namely  3.5% (curve 5). The dif ference in the 
weights  of the drops for  sodium oleate  and hexyl alcohol solutions with the s a m e  cr is  evidently chiefly a s -  
sociated with the different  kinet ics  of fo rmat ion  of the adsorpt ion l aye r s  under nonequil ibr ium conditions. 
It may  be a s sumed  that  the magnet ic  field a lso  affects  the adsorpt ion  l ayer  kinet ics ,  s ince the p a r a m a g -  
netic p rope r t i e s  of the act ive  OH and COOH groups a r e  different  [4]. 
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F ig .  I. D i a g r a m  showing  the a r r a n g e m e n t  of the m a g n e t  po les .  

F ig .  2. Mean  we igh t  of w a t e r  d r o p s  P (mg) a s  a func t ion  of H g r a d  H (Oe 2 
/ c m ) :  1, 2) d i r e c t i o n  of  g r a d i e n t  nega t ive ;  3, 4) d i r e c t i o n  of g r a d i e n t  p o s i -  
t ive ;  c u r v e s  2 and 3 c o r r e s p o n d  to a c u r r e n t  of 3 A and c u r v e s  1 and 4 to 
a c u r r e n t  of 5 A. 
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Fig .  3 F ig .  4 

F ig .  3. Mean  we igh t  of d r o p s  (nag) a s  a func t ion  of H g r a d  H (Oe 2 
/ c m )  fo r  a p o s i t i v e  d i r e c t i o n  of the  g r a d i e n t :  1, 2) fo r  s o d i u m  
o l e a t e  so lu t i ons ;  3, 4) fo r  hexyl  a l c o h o l  a t  (r = 69.6 e r g / c m  2 [1, 2) 
c u r r e n t  5 A; 3, 4) 3 A]; 5) fo r  a hexyl  a l c o h o l  s o l u t i o n  a t  cr = 54.3 
e r g / c m  2, c u r r e n t  5 A. 

F ig .  4. Mean  d i a m e t e r  of e m u l s i o n  d r o p l e t s  (g) a s  a func t ion  of 
f o r m a t i o n  t i m e  (sec):  1) wi thou t  a m a g n e t i c  f ie ld ;  2) wi th  a f ie ld .  

T A B L E  i. 

a t  20 ~ C 

Solution 

Water 

Hexgl alcohol 

P r o p e r t i e s  of the  So lu t ions  

Electrical 
conductivi- 
ty x, 10 -6 
ohm-l.cm -1 

The same 
Sodium oleate 

1,0 
9,1 
0,04 

72,8 

69,6 
54,3 
69,5 

1,99 

2,1 

7,8 

The  d i f f e r e n c e  in  the d r o p  weight  c u r v e s  ob ta ined  fo r  
d i f f e r e n t  v a l u e s  of the  c u r r e n t  in  the c o i l s ,  but  the  s a m e  
H g r a d  H m a y  be a t t r i b u t a b l e  to the  Quincke  e f fec t  on a c o l u m n  
of w a t e r  in  a c a p i l l a r y  l o c a t e d  in  a f ie ld .  A c c o r d i n g l y ,  U m o v ' s  
equa t ion  [1] fo r  e q u i l i b r i u m  d r o p  f o r m a t i o n  in  a m a g n e t i c  
f i e ld  can  be s u p p l e m e n t e d  and r e p r e s e n t e d  in the  f o r m  

V 
Vpg - -  ~ (~t - -  ~h) H grad H - -  ~t0xH grad H~r2Z 

2(I cos O R2 f 1 

If a d r o p  of h y d r o c a r b o n  - n o r m a l  t e t r a d e c a n e  o r  a m i x t u r e  of to luene  and hexy l  a l c o h o l  - i s  p l aced  
on the s u r f a c e  of a g l a s s  we t t ed  wi th  w a t e r ,  then  in  a g r a d i e n t  m a g n e t i c  f i e ld  i t s  s p r e a d i n g  p e r i m e t e r  i s  
o b s e r v e d  to i n c r e a s e .  

When  e m u l s i o n s  a r e  f o r m e d  by  m i x i n g  in a n o n u n i f o r m  m a g n e t i c  f i e ld  i t  i s  obvious  tha t  u n d e r  t u r b u l e n t  
cond i t i ons  the  m a g n e t i c  f i e ld  i s  one of the i m p o r t a n t  c o m p o n e n t s  of the d e f o r m a t i o n s  [5]. In th is  c a s e  the  
e f f ec t  of the  m a g n e t i c  f i e ld  was  e s t i m a t e d  f r o m  the e m u l s i o n  k i n e t i c s .  F o r  th i s  p u r p o s e  we took a m i x t u r e  
of t o luene  and hexy l  a l c o h o l  (1 : 1), which  was  added  to an  aqueous  s o l u t i o n  of s o d i u m  o l e a t e  ( c o n c e n t r a t i o n  
0.83%) in a c c o r d a n c e  wi th  the  me thod  d e s c r i b e d  in  [6]. The  e m u l s i o n  was  p r e p a r e d  by  m i x i n g  in  a f i e ld  wi th  
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a gradient  of 600 O e / c m .  The concentrat ion of the d i spersed  phase was 45.4~c. The mean s ize  of the 
emuls ion  drople ts  was de te rmined  in accordance  with the p rocedure  of [7]. The dependence of the droplet  
d i ame te r  on the emuls i f ica t ion  t ime  with and without a field is shown in Fig. 4. Clear ly,  the reduct ion in 
the s ize  of the drople t s ,  which tends to a ce r ta in  l imit ,  is m o r e  intense in the magnet ic  field, as a r e su l t  
of which the drople t  d i ame te r  is only half as g rea t  as  when no field is present .  
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| 
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N O T A  T I O N  

is the drop volume; 
a r e  the pe rmeab i l i t i e s  of the liquid and a i r ,  r espec t ive ly ;  
is  the field s t rength;  
is  the pe rmeab i l i ty  of f r ee  space;  
is  the coordinate  of the end of the capi l lary;  
is the contact  angle; 
a r e  the posi t ive values  of the radi i  of curva tu re  of the drop at points on i ts  neck. 
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