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MOTION OF AN ELECTROLYTE-GAS INTERFACE 

IN AN ELECTRICAL FIELD 

V. P. Blinov and Yu. V. Zhilin UDC 537.84 

The ar t ic le  d iscusses  the phenomenon of the motion of an e l e c t r o l y t e - g a s  interface,  f i r s t  
observed on e lec t r ica l  levels.  It gives a comparat ive charac ter iza t ion  of the phenomena, 
for  purposes  of p rac t ica l  use, with a solution of p roblems  of control by the position of a 
l i qu id -  liquid interface.  

While the mechanics  of a liquid has been r a the r  well studied at the presen t  t ime, the problem of ef-  
fect ive control by the position of a liquid has not yet  been solved. It is a question here  not of mechanical  

Miass.  Trans la ted  f rom Zhurnal Pr ikladnoi  Mekhanfl<i i Tekhnieheskoi Fiziki ,  No. 6, pp. 25-28, 
November -December ,  1975. Original a r t i c le  submitted July 16, 1974. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A Copy o f  this article is available from the publisher for $15.00. 

858 



+~ - ( . )  ~( - )  

~ ,  a % - V  . . . .  
- (+) * 0  m ~  e, ~, 

_ (%? _ :+~ ~ . . o 3 o  ~ - , v  

Fig. 1 Fig. 2 Fig. 3 

control ,  which has well-known shor tcomings  (slow action, large weight, l a rge  overa l l  d imensions) ,  but of 
control by the posi t ion of the d i s t r ibu ted  m a s s e s  of liquids using the fo rces  of an e lec t r i ca l  field. A num-  
ber  of r ecen t ly  d i scove red  ef fec ts  [1-7] makes  this poss ible  in principle;  however ,  the i r  technical  r e a l i z a -  
tion is difficult  in view of the specia l  r e q u i r e m e n t s  (a high t r ans fo rma t ion  coeff icient  of the control l ing 
signal,  smal l  overa l l  d imensions  and weight, safe ty  in operation,  re l iabi l i ty) .  The r ea son  for this consis ts  
in the c h a r a c t e r i s t i c  conditions for  the exis tence of a motion of the liquid field: a) the p resence  of s t rong 
constant  or  va r i ab l e  fields; b) the use of suspens ions  or  pure  d ie lec t r i c  liquids. 

The effect  of the motion of an e l e c t r o l y t e - g a s  in ter face ,  obse rved  on e lec t r i ca l  leve ls ,  of fers  a r e l -  
a t ive ly  great possibility for practical use [8]. 

The special characteristics of the experiment are the following: A voltage of direct (up to 50 V) or 
alternating current (frequency from 20 Hz to i0 MHz and an amplitude up to 60 V) was fed to electrodes of 
rectangular configuration, soldered into a cylindrical glass ampoule (at its lower and upper parts), filled 
with an electrolyte (a 2%-solution of lithium in ethanol) and containing a gas cavity. Under these circum- 
stances, there is observed a motion of the interface in the direction shown by the arrow in Fig. i. 

As a result of a number of experiments, the following special characteristics were brought out: 

i) When a field (either constant or variable) is set up between oppositely arranged electrodes, the 
motion of the gas cavity is always directed toward a position of the symmetrical arrangement of the cavity 
with respect to an axial line connecting the centers of the electrodes. When the field is set up between the 
upper electrodes, the motion of the cavity is directed preferentially toward the side of the electrode with a 
negative polarity. 

2) Measurement of the value of the continuous current between the electrodes (with a fully established 
motion of the cavity) shows that, in the case of a negative polarity of the upper electrode, the current, fall- 
ing exponentially, in the course of time becomes practically equal to zero (the value of the current 30 rain 
after the feeding of a voltage of 50 V to the electrodes was 6 ~A). However, in the case of a positive po- 
larity, there is a relatively large residual current. 

From the results of the experiments it can be concluded that the probable mechanism of the phenom- 
enon, due to the tendency of the electrical system to go over into a state with a minimal energy, is com- 
plicated to a considerable degree by interaction between the field and the diffusional covering of the double 
layer, forming at the interface between the media. 

From the equation of the balance of the mechanical energy and the electrical energy expended it fol- 
lows that  

- -  AWz= AWe, 

where  AW M and AW e a r e  defined by the exp res s ions  

AW,,=mgh; (1)  

(2) 

here m is the mass of the liquid; g is the acceleration due to gravity; h is the height of the raising of the 
center of mass of the liquid; ~ is the dielectric permittivity; E is the intensity of the electrical field; V is 
the volume; T is the conductivity of the electrolyte. 

Assuming  that  there  is no su r face  densi ty  of the charges  a t  the in ter face ,  taking account  of the geo-  
m e t r i c  re la t ionships  (Fig. 2), exp re s s ions  (1), (2), depending on the magnitude of the shift  of the in ter face  
x and the angle of inclination of the ampoule ~, and neglecting edge effects, have the form 
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"1] ~ ;  = ~ -  -7- E-~V~ (x) + .~ (V) Vd (x) + E~ (V) (V~d (x) - -  V~d , 
where 

Y~ (~) ~ -5- bchcx 

1 n 2 

7 2 ed (X) ~ ~ra (l e --  X) 

V:a ~-~ nr2ale 

Here  p is the specif ic  weight; l a is the length of the ampoule;  l e  is the length of the e lec t rode;  r a is the 
radius  of the ampoule;  h C is the height of the cavity;  b C is the width of the cavity. The total  inc rement  of 
the ene rgy  with the r e p l a c e m e n t  x = k ( ~  (ka is the mechanica l  coefficient  of t r ans fo rma t ion  of the ampoule) 
is de te rmined  by formula t ion  of the exp re s s ion  

hW (~1 = g'E" L-gg ~ + T ~ --  2bchc) E~ (7) --  

32 

Due to the motion of the cavity, the system goes over into a new steady state, characterized by a minimum 
of the energy with given initial conditions: 

d [AW (cr = 0. 
&z 

F r o m  this we can de te rmine  the connection between the angle of inclination of the ampoule  and the sus ta in-  
ing field: 

2 ~  [ 2  b h_E~ t = - -  - -  + -~- (3~ra - -  2bC},C) E~ (7) - -  nr2E2 (7)]. (4) 
,,,~bco t 35 c c -  

Express ion (4) can be co r rec t ed ,  taking into considera t ion  the exis tence ,  at  the phase in ter face ,  of the field 
of  the double l ayer  of charges ,  with the intensi ty [9] 

4~C (~o -- ~)  
E :~ = . 

~0 ~ 

(go is the potential  of the e lec t rode;  C is the capaci tance  of the double layer ;  ~b~ is the the rmodynamic  po- 
te ntial); 

- [ " ~' _ +o~c"-@J3.o  ] 
2 ~ ,  o ' ' ( , ~ -  2bchc) E~.(V) .~dE~(v) ( ~ _ , 0 ~  . (5) 

Assuming  the intensi t ies  of the fields of the individual sect ions  (3 '=  eonst) to be propor t iona l  to the 
applied voltage U, f rom express ion  (5) we obtain ~-~ kU 2. However ,  as  the exper imenta l  dependence shows 
(Fig. 3), in the initial  and final sect ions ,  ~ has the fo rm 

a ~_ k U  '~ (n <~ t ) .  

Such a d ivergence  of the r e s u l t s  can be explained, speci f ica l ly ,  by the exist ing dependence of the condue- 
t ivity of the e lec t ro ly te  on the value of the voltage applied to the e lec t rodes  (this comes  out pa r t i eu l a r ly  
c l ea r ly  in expe r imen t s  with a d i r ec t  cur rent ) .  F r o m  the physica l  aspec t ,  the bas is  of this dependence is 
obviously the in teract ion between the f ie ld and a re la t ive ly  mobi le  diffusion cover ing  of the double layer  of 
cha rges  a t  the in te r face  between the media .  

Thus,  i t  has  been expe r imen ta l ly  es tab l i shed  thai  the eff ic iency of control  by the posi t ion of an e I e c -  
t r o l y t e - g a s  in ter face  is cons iderably  higher (by s eve ra l  o rde r s  of magnitude) than that  of the exist ing 
method of control  using a d ie lec t r i c  liquid. 
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