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A new effect  is r epor ted ,  i .e. ,  the development  of s t rong molecu la r  adhes ive  fo r ce s  betwen plane g lass  
su r f aces ,  which had been cleaned using je ts  of water .  In this case ,  the g r e a t e s t  amount  of attention has 
been paid to the e l iminat ion of mic roscop ic  contaminants  which p reven t  the approach of the su r faces  to 
smal l  d i s tances .  

The expe r imen t s  were  c a r r i e d  out using g lass  discs  produced indust r ia l ly ,  pol ished to the th i rd  op-  
t ica l  c l ass  of pur i ty  in accordance  with GOST fAll-Union State Standard] 11141-65. The dimensions  of the 
discs  were  # 40 m m  and th ickness  1.5 m m .  

1. In the p r e l i m i n a r y  cleaning of the su r f aces ,  the following washing agents  were  tes ted:  aqueous 
soap solutions,  po t a s s ium b ichromate ,  t r i sod ium phosphate,  ethyl and i sopropyl  a lcohols ,  Pur i f ica t ion  in the 
above media was a lso  c a r r i e d  out in combinat ion with u l t rasonic  t r ea tmen t .  In al l  c a ses ,  the final washing 
of the discs  was ca r r i ed  out in a s t r e a m  of dist i l led water .  

To p reven t  poss ib le  subsequent  contamination,  the su r faces  of two discs  we re  brought  into contact  
under  a layer  of wate r ,  a f t e r  which, joined together ,  they were  dr ied in a i r  at a t e m p e r a t u r e  of 40~ 

The degree  of pur i ty  of the contacting su r faces  was moni tored under ,an  MIM-7 mic roscope  in a da rk  
field, at  a magnif icat ion of 500. 

It was  found that,  a f t e r  pur i f icat ion using the above- l i s t ed  agents ,  the su r faces  were  uniformly con-  
tamina ted  by solid p a r t i c l e s  with a d i ame te r  genera l ly  less  than 2 ~m,  with an ave rage  dis tance between 
pa r t i c l e s  on the o rder  of 100 Dm. Individual pa r t i c l e s  at tained values of 10-30~m.  

2. It was  decided to c a r r y  out an in te rmedia te  t r e a t m e n t  using jets  of wate r .  Now, the su r faces  of 
the g l a s se s  we re  f i r s t  washed in an aqueous soap solution, which e l iminated the main m a s s  of contaminants ,  
and which w e a k e n e d t h e  adhesion of the mic roscop ic  pa r t i c l e s  to the g l a s s .  Then, al l  p a r t s  of the sur face  
of the d i scs  we re  subsequently cleaned using jets  of tap wate r ,  supplied f r o m  a nozzle  with a d iamete r ,  at  a 
veloci ty  of ~20 m / s e c .  The angle of inclination of the je t  to the sur face  of the g lass  was ~ 30 ~ Immedia te ly  
a f t e r  cleaning by the jet  (so that  the disc was not able to become uncovered  by water)  the d iscs  were  t r a n s -  
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Fig. 1 

f e r r e d  into a s t r e a m  of dist i l led wa te r ,  in which they were  r insed  
for  a peiod of ~ 1 rain, and then, as be fo re ,  were  brought  into contact  
under  wate r .  Drying before  de te rmina t ion  of the pur i ty  of the s u r -  
faces  was c a r r i e d  out in a i r .  No specia l  m e a s u r e s  we re  taken to 
r e m o v e  dust  f rom the a i r  or  to f i l ter  the tap wate r .  

With use of the jet  method, the number  of solid pa r t i c l e s  on the 
t r ea ted  su r faces  was sharp ly  reduced.  In individual ca ses ,  p a i r s  of 
d iscs  we re  comple te ly  without contaminants  ,visible with a magni f ica-  
tion of 500. In te r fe rence  bands were  obse rved  only on the pe r iphe ry  
(due to the nonplanar nature  of the edges of the d iscs ,  a r i s ing  during 
polishing),  which pe rmi t t ed  evaluating the gap between the su r faces  
of the g l a s ses ,  f r o m  the upper  side,  a t  a value of 2000 .~. 
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The effect iveness of jet purif ication can be explained by the fact that all the par t ic les  a re  s imulta-  
neously at t racted by the boundary layer ,  a r is ing with flow around the disc.  The boundary layer  is cha rac -  
ter ized by a large velocity gradient,  as a resu l t  of which the par t ic les  acquire an appreciable angular ve-  
locity and slide off toward the per iphery  of the surface,  without damaging it (Fig. 1). An evaluation of the 
velocity of the r emova l  of a par t ic le  (see below) shows that the par t ic les  are  washed off quite rapidly. Thus, 
a par t ic le  with a diameter  of 1000 ~ is displaced along the surface with a velocity on the o rder  of 20 mm/sec .  

The pures t  samples were  dried at a t empera ture  of 40~ with a p re s su re  on the o rder  of ~ 300 kg /  
cm 2 applied to the outer sur faces  of the discs .  It was found that af ter  drying under p r e s s u r e  the discs ad-  
hered with such force that at tempts to separate  the samples along the contact surface led to spa l la t ionfrag-  
ments along the monolith. With observat ion of the surfaces  of a f ragment  under a microscope,  no t r aces  
of the piece were  observed between the discs .  The pa i rs  of discs broke down like a solid body. This fact 
made it possible to evaluate the forces  of adhesion between the discs ,  start ing f rom the tensile strength of 
the glass ,  a value on the o rder  of 500 k g / c m  2. 

3. Such grea t  adhesive forces  can a r i se  only with very  small  distances between the surfaces .  An 
evaluation on the basis  of molecular  interaction,  without a layer  of water ,  gives a magnitude of the gap of 
not more  than 20 ~ .  If it is assumed that the adhesion is due to the capi l lary forces  of a thin film of water  
remaining between the discs ,  the size of the gap must not exceed 30 ~ ,  which cor responds  to a thickness of 
severa l  molecular  l ayers .  It is evidently impossible to use an evaluation based on a model of capi l lary in- 
teract ion,  since water  located in such a narrow gap differs in its p roper t ies  f rom water  in the volumetr ic  
phase [1, 3]. 

It is not possible to draw quantitative conclusions with r e spec t  to the effect of the film of water  on the 
development of large adhesive forces ,  since the proper t ies  of thin layers  of water  have not been studied 
with sufficient completeness .  

4. With jet purification, flow around the disc takes place at a Reynolds number not higher than 5 x 10 s. 
It can be assumed that the boundary layer  is everywhere  laminar  and, with a high degree of accuracy ,  the 
veloci ty distribution (Fig. 1) near  the surface can be assumed to be l inear [4]. Therefore ,  f rom the re la t ion-  
ship 

T=~ y=o =c 2 

approximately replacing 

0u (0u) 

we obtain 

cpU ~ 
u .~  - - ~ -  y 

and, assuming that a par t ic le  moves with the velocity of the flow at the height of its center,  we have the 
evaluation 

cpU ~ 
u ~ .~. ~ d 

Here u is the velocity in the boundary layer;  y is the distance f rom the surface;  t~ is the dynamic v i s -  
cosi ty coefficient; T is the tangential s t r e s s  at the surface;  c is the local fr ict ion coefficient; p is the den- 
si ty of water;  U 2 is the velocity of the oncoming flow; u ~ is the velocity of a part icle;  d is the diameter  of a 
part icle;  

The numer ica l  value of the velocity with R = 105 for a par t ic le  with a diameter  of 1000 A is equal to 
20 m m / s e c .  
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