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Dete rgen t -d i spersan t  additives a re  the most  important  of the additives used in motor  oils. Theor ies  as 
to the mechanism through which these  additives act a re  of g rea t  p rac t i ca l  importance in developing new addi- 
t ives  and in select ing effective additive packages.  This importance is re f lec ted  in the large number  of stud- 
ies that have been repor ted  in this a r ea  over  a number  of yea r s  [1-4]. 

It is genera l ly  agreed [2] that the action of de te rgen t -d i spe r san t  additives can be explained largely  in 
t e r m s  of solubil ization of the oi l- insoluble products  f rom oil and fuel decomposit ion,  or  by stabil ization of 
colloidal  d ispers ions  of these  products  in the oil,  so as to prevent  the precipi ta t ion of decomposit ion products  
on metal  sur faces  in the fo rm of sludge, varnish ,  and carbon deposits.  Also helping to p revent  such deposi-  
t ion is the format ion  of pro tec t ive  fi lms of these  additives on metal  sur faces  [5]. 

The stabil i ty of colloidal d ispers ions  is de te rmined  by the i r  r e s i s t ance  to aggregation,  i .e . ,  r es i s tance  
to coagulation. In evaluating the fac tors  affecting the stabil i ty of contaminant /oi l  d ispers ions  against aggre -  
gation, we have used carbon black (Grade PM-75) as a model  compound. By the use of this carbon black to 
evaluate h igh- t empera tu re  d i spersancy  in accordance  with the p rocedure  given in [6], data have been obtained 
that c o r r e l a t e  sa t i s fac tor i ly  with engine t es t  resu l t s  in the P e t t e r  A-1 diesel  engine [7]. 

The stabil i ty of colloidal par t i c les  against  aggregation will depend on the exis tence of forces  opposing 
approach of the par t i c les  under  the influence of van de r  Waals a t t rac t ive  forces  [8]. F o r  par t i c les  with a di- 
a m e t e r  of 0.1 #m, the energy of van de r  Waals a t t rac t ion  is 100-200 t imes  g r e a t e r  than kT [9]. Stable pa r t i -  
c les  of contaminants in engines may be up to 1.5 pm in size [3]. Thus,  in the absence of any fo rces  opposing 
the van de r  Waals a t t ract ion,  the pa r t i c les  must  coagulate rapidly; when de te rgen t -d i spersan t  additives 
p re sen t ,  this does not take place.  

In o r de r  to ensure  that colloidal sys tems  a re  stable against  aggregation,  there  must  be an energy b a r -  
r i e r  prevent ing approach of the colloidal pa r t i c l es ,  with a magnitude V n > 10 kT [8] with Vn = Vr + ( -Va ) ,  
where  Vn is the net  energy of par t i c le  interact ion,  J; kT is the energy of the rma l  motion of the pa r t i c l es ,  J; 
k is Bol tzmann's  constant ,  J /deg;  T is the absolute t empera tu re ,  ~ Vr is the energy of repulsion,  J; Va is 
the energy  of a t t rac t ion  of the pa r t i c l e s  (with a minus sign), J. In addition, the depth of the secondary  mini-  
mum (van de r  Waals a t t rac t ive  fo rces ) ,  a r i s ing  at a distance between par t ic les  corresponding to contact  of 
t he i r  adsorpt ion-solva te  shel ls ,  must  not be g r e a t e r  than kT [10]. 

According to cu r ren t ly  held views,  repuls ion between colloidal pa r t i c les  may be e lec t ros ta t ic  (with ad- 
sorpt ion of low-molecular -weight  ions o r  ionized surfactants  on the par t ic les)  or  s te r ic  (with adsorpt ion of 
nonionic o r  undissociated surfactants  o r  po lymers)  [8]. In nonpolar  media (for example,  in hydrocarbons) ,  it 
is more  probable that stabil i ty agaInst aggregat ion may be provided through the s te r i c  mechanism.  The smal l -  
e r  influence of e lec t ros ta t i c  repulsion on the effect iveness  of d e t e r g e n t - d i s p e r s a n t  additives (at leas t  in the 
origInal  oils) is demonst ra ted  by the fact  that both ashless  d i spersan t  additives (nonionic surfactants)  and ash-  
contaIning detergents  (anionic surfactants)  lower the e lect rokInet ic  potential  of carbon black d ispers ions  [11]. 

The stabil i ty of nonaqueous and p r ima r i l y  hydrocarbon colloidal sys t ems ,  when it is a consequence of 
the adsorpt ion of po lymers  or  nonionic surfactants ,  is explaIned by the theory  of s t e r i c  (entropy) repuls ion of 
Mackor  and van de r  Waals [12] which was subsequently extended and refined [13]. It has been shown that the 
improved theory  of s t e r i c  repuls ion is applicable only with a low density of surfactant  adsorpt ion on the col -  
loidal pa r t i c les  [14]. The format ion,  on the par t i c le  sur face ,  of adsorbed l ayers  (for surfactants)  and solvate 
shel ls  ( for  the d ispers ion  medium) will give a cons iderable  reduction in the energy of van de r  Waals in te rac -  
tion. Thus,  with a favorable  ra t io  of the van de r  Waals in teract ion constants (the Hamaker  constant),  fo r  
colloidal  pa r t i c les  with a d i ame te r  of 0.1 #m and a thickness of the adsorbed o r  solvated l aye r  g r e a t e r  than 
20/~ (Va << kT), such par t i c les  may be stabi l ized as a resu l t  of " the rmal  peptizat ion" (Brownian motion of 
the par t ic les )  [9]. 
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For  calcula t ion of the van de r  Waals a t t r ac t ive  energy  fo r  pa r t i c l e s  containing adso rp t ion / so lva t e  
she l l s ,  the following equation has  been der ived  [9] : 

VakT - 12kT1 ( A~__ A~/,)2 Hs + I , -  A~O Hp + 2 i ( A~-- Aj/') ( A~A-- A~ ) Hps] 

where  Va is the energy  of in teract ion,  J; Am is the H a m a k e r  constant  fo r  the d i s p e r s e  phase ,  J; Ap is the 
H a m a k e r  constant  fo r  the d i spe r s ion  med ium,  J* ; A s is the H a m a k e r  constant  for  the sur fac tant ,  J; Hp, H s, 
and Hps a re  d imens ion less  H a m a k e r  functions.  

Fo r  calcula t ion of the energy  of repuls ion  fo r  colloidal  pa r t i c l e s  with dense adsorbed  l a y e r s  of s u r -  
fac tant  on the su r face ,  solvated with the d i spe r s ion  medium,  the following equation has been  p roposed  [15]: 

Vr=--~--B'Cg d---~- 3r+2d+~-- 

where  B' is the second v i r i a l  coeff icient  ( f rom the equation fo r  the osmot ic  p r e s s u r e  of p o l y m e r  solutions),  
J .  m3/kg2; Cg is the concentra t ion  of su r fac tan t  in the adso rp t ion / so lva t e  shel l ,  kg/m3; d is the th ickness  of 
the adso rp t ion / so lva t e  shell ,  m; a is the d is tance  between su r f aces  of the uncoated p a r t i c l e s ,  m; r is the p a r -  
t ic le  rad ius ,  m. 

According to these  views,  the energy  of repuls ion  a r i s e s  as a r e su l t  of local  osmot ic  p r e s s u r e  in the 
zone of mutual  pene t ra t ion  of the adso rp t ion / so lva t e  shel ls .  The magnitude of this energy  is p ropor t iona l  to 
the second v i r ia l  coeff icient ,  which c h a r a c t e r i z e s  the in teract ion of p o l y m e r  o r  su r fac tan t  molecu les  with the 
solvent.  Colloidal s y s t e m s  that  a r e  s tabi l ized by this m e c h a n i s m  a re  lyophilized lyophobic colloids.  In o ther  
words ,  colloidal  pa r t i c l e s  coated with adsorbed  shel ls  of su r fac tan t  behave like p o l y m e r s  containing the alkyl  
r ad ica l s  of these  sur fac tan ts .  The val idi ty of this theory  has  been supported by expe r imen ta l  s tudies  [14-16]. 

Colloidal d i spe r s ions  of ca rbon  b lack  (and a l so  d i spe r s ions  of o ther  contaminants  in used oils),  s t a -  
b i l ized  by adsorbed  sur fac tan t  shel ls ,  can be c l a s sed  with such sy s t ems .  They should be r e v e r s i b l y  p r e c i p -  
i tated (flocculated) by the addition of a solvent  that  is a prec ip i tan t  for  hydrocarbons  (for the alkyl  r ad ica l s  of 
the surfactaut) .  This hypothes is  has  been  conf i rmed;  col loidal  d i spe r s ions  of ca rbon  b lack  s tabi l ized by suc -  
c in imides  or  by me ta l  sulfonates  or  sa l i cy la tes  a r e  p rec ip i t a ted  f r o m  hydroca rbon  solut ions by lower  ke tenes  
and lower  alcohols .  

F r o m  the fo rmula  of F i s c h e r  [15] that  was  ci ted above,  it follows that  the e f fec t iveness  of pa r t i c l e  s t a -  
bi l izat ion under  the influence of a s t r u c t u r a l - m e c h a n i c a l  b a r r i e r  is influenced by the quantity of su r fac tan t  
adsorbed  on the pa r t i c l e  su r face ,  the th ickness  of the adso rp t ion / so lva t e  shel l ,  and in terac t ion  of the alkyl  
r ad ica l s  of the su r fac tan t  with the solvent  (as c h a r a c t e r i z e d  by the second v i r ia l  coeff ic ient  in the equation 
fo r  the osmot ic  p r e s s u r e  of p o l y m e r  solutions).  In calculat ing the energy  of repuls ion  of ca rbon  b lack  p a r t i -  
c l es ,  data  a r e  needed on the quantity of addit ive adsorbed  on the ca rbon  b lack  and the th ickness  of the a d s o r p -  
t i on / so lva t e  shel ls ,  i .e . ,  the adsorbed  l aye r s  of sur fac tan t ,  swollen in oil. 

The quantity of addit ive adsorbed  on ca rbon  b lack  was de te rmined  g r a v i m e t r i c a l l y  a f t e r  adsorp t ion ,  
with a d i spe r s ion  of ca rbon  b lack  in a solution of the addit ive in white m i n e r a l  oil (carbon b lack  content  2%, 
addit ive content 1.5% act ive  ingredient) .  We obtained data fo r  va r ious  ra t ios  of ca rbon  b lack  and addit ive 
(concentra t ion curves) ;  however ,  s ince the indicated ra t io  of additive and carbon  b lack  gave the m a x i m a l  d i s -  
p e r s a n c y ,  al l  ca lcula t ions  were  c a r r i e d  out fo r  p a r t i c u l a r  concent ra t ions .  In o r d e r  to s e p a r a t e  out the ca rbon  
b lack  with adsorbed  addit ive,  the d i spe r s ion ,  diluted with hexane (1 : 5) ,was  centr i fuged at 7000 rpm;  the r e -  
sult ing p rec ip i t a t e  was d i spe r sed  u l t r a son ica l ly  (22 kHz, 5 min) in hexane,  and then again  p rec ip i t a ted  by con-  
tr i fuging.  Thus, we de te rmined  only the quantity of i r r e v e r s i b l y  adsorbed  (chemisorbed)  addit ive.  The d imen -  
sions of the ca rbon  core  of the d i s p e r s e d  p a r t i c l e s  were  de te rmined  by e lec t ron  m i c r o s c o p y  and by m e a s u r e -  
ment  of the speci f ic  su r face  of the d i s p e r s i o n s ,  both of these  techniques being applied a f t e r  heat ing in a s t r e a m  
of iner t  gas at  400~ to decompose  and r e m o v e  the adsorbed  additive.  The two techniques gave v i r tua l ly  
ident ical  r e su l t s .  

Data on the adsorp t ion  of addi t ives  at  d i f ferent  t e m p e r a t u r e s ,  with d i f ferent  d imens ions  of the pa r t i c l e s  
and of the adso rp t ion / so lva t e  she l l s ,  a r e  p r e sen t ed  in Table  1. The s ize  of the p a r t i c l e s  with the adso rp t i on /  
so lva te  shel ls  was de te rmined  v i s come t r i ca l l y .  The th ickness  of the swollen shel ls  was  de t e rmined  on the 
bas i s  of the effect ive volume of the p a r t i c l e s ,  which was ca lcula ted  in acco rdance  with the equation [17] 

nsp = 2,5f+ k (2,5I) 

* As in Russ ian  original ;  it a p p e a r s  that  A m should r e f e r  to the d i spe r s ion  medium,  and Ap to the d i s p e r s e  
phase  (par t ic les)  - T r a n s l a t o r .  
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TABLE 1. 
(Active Ingredient) in White Mineral  Oil 

Quality of adsorbed 
Type of additive and method of additive, mass  % 
carbon black p re t r ea tmen t  re la t ive  to original  

carbon black 

Adsorption of Additives on PM-75 Carbon Black f rom 2% Solution 

Carbon black p a r -  
t ic le  s ize {accord- 
ing to specif ic  su r -  
face,  BET method) 
pro* 

Succinimide additive S-5A; adsorp-  
tion at  200C (mechanical  s t i r r ing  
for  5 rain at 2500 rpm,  ul t rasonic  
d ispers ion  at 22 kHz for  5 rain); 
dilution with hexane (1 : 5), sep-  
ara t ion of insoluble ma te r i a l  by 
centrifuging; r ed i spers ion  in hex-  
ane by ul t rasonic  t r ea tmen t  (22 
kHz fo r  5 rain), followed by cen t r i -  
fuging and drying 

Same, but the rmos ta ted  at 250~ a f t e r  
adsorpt ion (3 h) 

High-basici ty calcium alkylsal ieylate  
(MASK); p rocedures  as descr ibed  in 
f i r s t  ent ry  (above) 

Same, a f t e r  thermosta t ing  (250~ 3 h) 
Neutral  ca lc ium sulfonate; sample 

p repara t ion  same as in f i r s t  i tem,  
above 

Same, a f t e r  thermosta t ing  (250~ 3 11) 
High-basici ty sulfonate (S-300); s am-  

ple p repara t ion  same as in f i r s t  
i tem, above 

18.7 

8.0 

18.7 

9.3 
30.0 

18.0 
44.0 

0.052 

0.051 

0.054 

0.051 
0.048 

0.050 
0.052 

Same, a f t e r  thermosta t ing  (250~ 3 h) 36.0 0.054 

* Carbon black par t i c le  s i ze ,  as de te rmined  by e lec t ron  microscopy ,  was 0.04- 
0.07 ~m_ in all_ cases .  

where  ~sp = 07/~0) - 1; ~? is the viscosi ty  of the dispers ion;  ~0 is the v iscos i ty  of the d ispers ion  medium; ~ is 
the volume f rac t ion  of d i spe r se  phase;  k is a coefficient  accounting for  in teract ion of the par t i c les ;  f is the 
number  of t imes  ~ is increased  due to the adsorp t ion /so lva te  shell .  

The average  par t i c le  s ize of the PM-75 carbon black (at 250~ is 517 A. F o r  the succinimide additive 
S-SA, which is based on polybutene with a molecu la r  mass  of 850 and d ie thylenet r iamine ,  the re la t ive  v i scos -  
ity ~/~0 is 1.2 (at 100~ wi thanadsorba teeon ton t  of 2 g/100 ml and an adsorbed additive quantity of 0.18 g /g  
of carbon black. Fo r  the a lkylsal icylate  additive MASK, the value of ~l/~0 at 100~ is 1.41 with an adsorbate  
content of 1.8 g/100 ml and an adsorbed substance quantity of 0.33 g /g  of carbon black. F o r  the S-SA additive,  

= ( 1 . 2 - 1 ) / 2 . 5  = 0.08 cm3/cm 3. 

The original  volume f rac t ion of the oi l-unswollen adsorbate  in the case  of the succinimide S-5A is 
0.0115 em3/cm S. We also found the concentra t ion o f  adsorbed additive in the swollen adsorpt ion shell  (44.5 
kg/mS). The v iscos i ty  was de te rmined  in accordance  with GOST 33--66; the e lec t rov iscous  effect  was not 
taken into account. The initial volume of the carbon black par t i c les  a f t e r  adsorpt ion of the S-5A additive in- 
e r e a s e s  by a f ac to r  of 1.33, and the d i ame te r  by a fac tor  of 1.075; i .e. ,  t h e  d i ame te r  is 517.1.075 = 557/~. After  
swelling of the adsorbed l ayers  in oil ,  t he i r  volume inc reases  by a f ac to r  of 6.9, and the d i ame te r  by a f ac to r  
of 1.9; i .e . ,  the d i ame te r  is now 1057 A. As a resul t ,  the thickness of the adso rp t ion / so lva t e  shell  in the ex-  
pe r imen t s  with the carbon black and the suceinimide additive S-5A proves  to be 270 ~-. By an analogous ca l -  
culation it was found that the concentra t ion of the a lkylsal icylate  additive MASK in the adsorp t ion /so lva te  
shell  is 19.8 k g / m  3, and the thickness of this shel l  is 490 A. 
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Fig. 1. Energy of in terac t ion  of PM-75 carbon black 
pa r t i c l e s  (1-4) and graphi t ized carbon black pa r t i c l e s  
(5-7) s tabi l ized with succinimide additive S-5A and 
PM-75 carbon b lack  s tabi l ized with a lkylsa l icy la te  
additive MASK (8-11), as hmct ions  of the dis tance be -  
tween pa r t i c l e s  with the following d i ame te r s :  1, 8) 

o o o o 

400 A; 2, 9) 600 A; 3, 10) 1000 A; 4, 11) 2000 A; 5) 200A; 
6) 300 k; 7) 500 s 

On the basis of these data, using the Fischer formula [15], we calculated the energy of osmotic repul- 
o 

sion of carbon black particles with diameters of 400,600, I000, and 2000 A. The value of the second virial 

coefficient was taken as B' = 1 J" m3/kg 2 for both additives (i.e., the same as forthe "medium-quality" solvent). 

Then, using the equation of Vold [9], we calculated the energy of van der Waals attraction between carbon 

black particles with diameters of 40,600, 1000, and 2000 A, with a shell thickness corresponding to the ex- 

perimentally determined values (with allowance for the greatest possible interpenetration of the shells). For 

the S-5A, the following values of the Hamaker constant were assumed: for the carbon black, Ap = 2.17 - 
I0 -19 J [18]; for the oil, A m = 7" 10 -20 J; for the surfactant (additive), A s = 7.1 "10 -20 [19]. For the carbon 

black stabilized with the MASK additive, the following values were assumed: Ap the same as above; A m = 
6.10 .20 J; As = 6.1.10 .20 J [19]. 

On the basis of these data, values were obtained for the net interaction of carbon black particles Vn = 

V r - V a (see Fig. i). These data indicate that the additives S-5A and MASK should be effective stabilizers for 

particles with diameter -~ 0.I pro, since for such particles we find observance of both criteria of stability: 

Vr > i0 kT and V a < 1 kT (in the secondary minimum). For particles "with a diameter of 0.2 #m, the first 
c r i t e r i on  of s tabi l i ty  is fulfil led, but when the pa r t i c l e s  approach  to a dis tance cor responding  to contact  of 
t he i r  adso rp t ion / so lva te  shel ls ,  a secondary  potent ia l  min imum appears ;  for  $-5A this is equal to 2.04 kT,  
and fo r  the MASK it is 1.52 kT. Consequently,  such pa r t i c l e s  may  coagulate as a r e su l t  of adhesion of the 
adso rp t ion / so lva t e  shel ls .  

Thus, we see  that both addi t ives  s t e r i ca l ly  s tab i l ize  carbonaceous  contaminants  with pa r t i c l e  d i a m e t e r s  f rom 
0.02 to 0.06 #m; this  conclusion is in accord  with the exper imenta l  data.  Hence, the proposed theore t ica l  approach is 
appl icable  in analyzing the m e c h a n i s m  of de t e rgen t -d i spe r s an t  addit ive action (in the case  of the MASK additive, the 
s tabi l i ty  of the carbon black against  aggregat ion may  also be inc reased  as  a resu l t  of e lec t ros ta t i c  repuls ion) .  An an-  
a lys i s  of the equations of Vold [9] and F i s c h e r  [15] shows that the depth of the second min imumwhich  in the s t a -  
b i l izat ion of pa r t i c l e s  under  the influence of adso rp t ion / so lva te  shells  will l imi t  p r i m a r i l y  the m a x i m u m  size  
of s table  p a r t i c l e s ,  depends pr inc ipa l ly  on the overa l l  H a m a k e r  constants :  A 1 = (Am 1/2 - -Ap l /2 )2  Hence the 
m a x i m a l  d i a m e t e r  of s table  p a r t i c l e s  will be g r e a t e r  with lower  H a m a k e r  constants  fo r  the d i spe r s e  phase  
and high H a m a k e r  constants  for  the s tabi l iz ing sur fac tan t  and the d i spe r s ion  medium (lubricat ing oil). Hence,  
g r e a t e r  d i s p e r s a n c y  should be shown by h igh -molecu la r -we igh t  oils and sur fac tants ;  this view is suppor ted  
by p rac t i ca l  data.  

Heating ca rbon  b lack  to t e m p e r a t u r e s  above 1400~ leads to graphi t izat ion,  and as a resul t ,  the H a m a k e r  
constant  i n c r e a s e s  severa l fo ld  [18, 20]. Consequently,  in h igh -pe r fo rmance  engines,  the ca rbon  that  is f o rmed  
(in the s a m e  pa r t i c l e  s ize range  of 0.04-0.07 pro) should be m o r e  difficult  to hold in suspens ion than the c a r -  
bon fo rmed  in engines operat ing in l ess  s e v e r e  t h e r m a l  r eg imes .  In o r d e r  to es tab l i sh  the magnitude of this 
f ac to r ,  we calcula ted  the energy  of van de r  Waals a t t rac t ion  fo r  pa r t i c l e s  of comple te ly  graphi t ized carbon 
black,  s tabi l ized with S-5A succin imide  (the H a m a k e r  constant  was taken f r o m  [18]). The ene rgy  of osmot ic  
repuls ion  was a s s um ed  to be the s a m e  as fo r  no rma l  ca rbon  black.  On the bas i s  of values  calculated fo r  the 
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net energy  of pa r t i c l e  in te rac t ion  (see Fig. 1) it is evident that  pa r t i c l e  coagulat ion is poss ib le  fo r  d i a m e t e r s  
_> 0.03 #m; i .e . ,  the pa r t i c l e  s ize  l imi t  fo r  s tabi l i ty  agains t  aggregat ion  has  been reduced a lmos t  threefold.  

Theore t i ca l  concepts  explaining d i spe r sancy  by the fo rmat ion  of a s t e r i c  (adsorp t ion /so lva te)  b a r r i e r  
a r e  based  on i r r e v e r s i b i l i t y  of adsorp t ion  of sur fac tan t  molecules  on pa r t i c l e s  of ca rbonaceous  contaminants .  
A cons iderab le  p a r t  of the total  amount  of addit ive is adsorbed  i r r e v e r s i b l y ,  i .e . ,  is not desorbed  when heated 
to 250~ (see Table  1). Thus,  we find st i l l  ano ther  condition fo r  e f fec t iveness  of d i spe r san t  addit ives at  e l e -  
vated t e m p e r a t u r e s ,  namely ,  the s t rength  of t he i r  adsorp t ion  bonding to the su r face  of the contaminant  p a r t i -  
c les .  Fo r  succin imide  addi t ives ,  the heat  of adsorpt ion  is 34-50 k J / m o l e ,  and fo r  meta l -conta in ing  addit ives 
such as sulfonates  and phenolates  it is 130-170 k J / m o l e  [21]. 

In o r d e r  to evaluate  the poss ib i l i ty  of desorp t ion  with the above- indica ted  values fo r  the heat  of a d s o r p -  
t ion, let  us c o m p a r e  these  values with the energ ies  of t h e r m a l  motion of the molecules  (kT). At 20 ,100 ,  200, 
and 300~ the r e spec t ive  values of kT a r e  4.04" 10 -21, 5 . 1 4 . 1 0  -21, 6 .52 .10  -21, and 7 .91 .10  -21 J /molecu le .  
The values given above for  the hea t  of adsorp t ion ,  when conver ted  to J / m o l e c u l e ,  a re :  34 k J / m o l e  = 34 �9 
103/6.023 �9 1023 = 5 .64 .10  -2o J /molecu le ;  50 k J / m o l e  = 8.3 �9 10 -2o J /molecu le ;  and 170 k J / m o l e  = 2.82- 10 -19 
J /mo lecu le .  Thus,  any value fo r  the heat  of adsorpt ion  is g r e a t e r  than the energy  of t h e r m a l  motion of the 
molecu les ,  even a t  300~ Nonetheless ,  addit ive desorp t ion  does take place  at 250~ This  may be explained 
on the bas i s  that ,  accord ing  to Maxwel l ' s  law, an i nc rea se  in t e m p e r a t u r e  is accompanied  by a rapid i n c r ea se  
in the f rac t ion  of the molecu les  with ve loci t ies  many  t imes  g r e a t e r  than the ave r age  [22]. 

Evidently,  as  a c r i t e r ion  fo r  adequate heat  of adsorp t ion  we should adopt q > 10 kT (by analogy with the 
analogy with the energy  of repuls ion  requi red  to ensure  s tabi l i ty  agains t  aggregat ion) .  In this case ,  the heat  
of adsorp t ion  of the addit ives mus t  be no less  than 7.91- 10 -2o. 6.023 �9 1023/103 = 47.64 k J / m o l e .  Since addi t ive-  
d i spe r sed  contaminant  pa r t i c l e s  in the zone of the pis ton r ings  a r e  heated to ~ 300~ not only desorp t ion  is 
poss ib le ,  but a l so  t h e r m a l  or  t he rma l -ox ida t i ve  breakdown of these  addit ives.  
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