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i /following is a translation of the article 
"Vliyanive napolniteley rezlny na koeffit- 
slent staticheskOf=50 trenlya" (English ver- 
sion above) by S.-B. Ratner and V. -D. So- 
kol'skaya in £oMaäi_Alad|i|i^a^l||R   .. 
(Reports of the Academy of Sciences of the 
USSRU Vol LXXXVT, 'No 1, 1952, pages 12x- 

(Submitted to Academician P.A. Reminder 
on 11 July 1952) 

1. It has been demonstrated by one of the authors 
(1) that,"in instances of static friction of rubber 
against metal and plexiglass» the friction coefficient 
At, decreases as the load N increases» according to 
formula 

CO 
]L 

i 

wh*re M« - minimal value of friction coefficient of 
rest, which Is valid when N-*■<*>  or vTa.enA4Ltf     '»^l 
the tanaential component of forces of molecular inter- 
action of the working pair in friction. 

It was shown in the above-cited work that a 
charge in the type of metal and of surface temperature 
effects a change of A  and«.« not in proportion to one 
another, i.e., contrary to the B.V. Deryagln formula 
(2). 
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The present work examines the question of the 

effect on the ouanfclty A (as well as or*/*«* * and conse- 
o»wUy voon  the friction coefficient /* as a whole) of 
tsk'ous rubber fillers, the quantity and character of 
whl^h determine the magnitude of interaction oeoween * 
sample of ruhher and its lining in the state of static 
friction*        ' _  ■ ■     „ , ..„„,...,_ 

£,  As Is known, one of the most ustuu-i in&i-e- 
dlen+.e of rubber mixtures Is soot in the capacity of an 
active filler.  An increase la the amount of soot leads 
to'inoreassa harctoesR of rubber» as a resuxt 01 vaich 
a l^s«er^nff, of Interaction between rubber and its in- 
flexible lining (metal, plexiglass) may be expectea 
o^inw t-o a decrease of the actual true area of contact 
bet.veer? 'them,  Therefore, a higher amount of soot in 
richer» may hring about a «ttiBiniutlon of the friction 
co^fic^ent at the expsnee of a decrease in quantity A. 
On the other band, no apparent causes can he foreseen 
a^ioH for the variations in quantity #«* if one taxes 
as*w3nt. of departure the interpretation of the binomial 
law" of friction supplied by B.V. Derya^ln (2).  „ 

■Rrperimental research data are oil erect in. j?'ig. i. 
tfupt S3"in the preceding work (1) they &re^ex- 

preaeed In coordinates ^*/(&) fo**' the purpose 0±' 

etodrinp the validity of formula (1), which requires a 
linear dependence in this system of coordinates, ti A 
does not defend on load N. . 

Tt can he seen from Fiffars 1 that trie linear re- 
<r'irewmt. is sufficiently well met, i.e., formula UJ 
is valid for all-examined.-rubbers.* ihis allows one to 
define from the diagram Pico   as the'initial orüiriate 
aiial as tangent of-the angle of Inclination of the 

'""  """'with regard to the quantity of the tangent of 
the forces of adhesion A» experience shears that:  first, 
lesser aoounts of soot lead to a steeper inclination oi 
*>.rt ptra-i&iit lines (A Increases), secondly» this incli- 
nation ia"V»efterved vfhan a switch is made to another me- 
tal, and even to plexiglass» for each rubber containing 
the aaatgned amount of"soot. 

we .«K o..-4,t not stot) to examine the problem of devia- 
tions f^om linearity -of special relevance for 
soft rubbers - because this has no effect on the 
nature of our .conclusions. 
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Figure 1«  Dependence of the friction coeffi- 
'" clent of soot-filled rubbers on re- 

verse load,  1 - rubber contains 10 
parts by weight of gas soot; 2 - 45 
parts by weight? 3-60 p.w.-j a - fric- 
tion of rubber against plexiglass; 
b - against steel; o - against alu- 
minum-containing alloy AMI.  Coarse- 
ness of steel iß greater than that 
of £M3. 

Trie first circumstance is in correspondence with 
considerations of the role of hardness of rubber listed 
above« 

The second circumstance (already noted in the 
preceedimr. work (1) when comparison was drawn between 
friction of rubber against two different metals) indi- 
cates that forces of'adhesion are determined» in the 
main, bv a», adoptation of the surface of the sofer com- 
ponent of the oair in friction (rubber) to the surface 
of the harder component» so that a change of the latter 
(substitution by another metal or ever,  plexiglass), 
which serves as a hard lining, has no effect on the for- 
ces' of adhesion and» consequently» on quantity A as well. 
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3.  Concerning quantity H■ «o » It follows fr-oni 

experimental data that'It Is independent of the amount 
of soot in rubber« (see Fig. 1). {4» varies only when 
the lining is switched.  This circumstance confirms» 
through a"number of examples, the absence of connection 
between A and fi.<x,    ,  as noted in the preceding work (1). 

It is.interesting that a case, not unlike ours, 
of an increase in A (with a maintained constancy of yL<&  } _ 
vas noted by B. V. Deryagin and V. P. Laaarev (3) .in" the 
presence of an increased quantity of rciufci molecular la- 
yers of acid soap of barium end calcium, serving as lu- 
brication in the friction of glass against paraffin« 

The independence öf /*«> from the amount of soot 
testifies to the fact that the friction coefficient is 
determined only by the micro-coarseness of the pair in 
friction., when conditions nullify the effect of the for- 
ces of adhesion, which are„connected with the hardness 
of rubber (because A « A/ }.  Insomuch as all samples 
of rubber, regardless of soot content? are vulcanized in 
one and the same pressform» f£<x,  is preserved as a con- 
stant in friction against any given lining by all of ... 
these rubbers manufactured on the basis of one -caout- 
chouc.  Because the particles of the filler become 
coated with caoutchouc, we may expect, by preserving, the- 
latter, constancy of /*.<* (so long as the coating remains 
sufficiently complete)« 

Prom here it follows that substitution of fillers 
will not affect or alter the quantity M«> , because the 
quality of the filler is not supposed to play a role, 
inasmuch as its quantity doesn't either.  An experimen- 
tal check of this assumption is given in Fig» 2» 

The diagram indicates thai, regardless of quan- 
tity and quality of fillers of rubber s. />c<» preserves its 
value in friction against a given lining.  From the 
corresponding point on the ordinate axis the straight 
lines for rubbers containing equal and differing amounts 
of various fillers are radiated in the manner of rays» 
The presence of this fact (in utilization of fillers 
of differing character) 8peaks of the general nature of 
th© noted phenomenon for both the inactive fillers 
(ohalk) and the active ones (such as soot of divers if ied 
types)« 

4»  It must be noted that, despite the varied 
character of the fillers used, the effect of quantity of 
each one of them on the constant A (which characterizes 
jthe forces of adhesion and increases with decrease in 
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vs.^rppq) is uniform: decrease in the quantity of any 
££n mier increases the angle of inclination, increa- 
ses the role of the forces of adhesion, ana increases 
the summary friction coefficient M . 

PMl^SlpÄi 

:iU^S*4.V.'''.-*?*-. 
:"'  i»W V'-'' 's'.'v■'■■V'' *v 
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r>ipm •?, Effect of fillers of rubber on 'the 
*"~°"   "  dependence of the coefficient ot__ 

friction against metal (Mo) on loacu 
1 - 10 vöight parts; 2 - 25; 3 - 45? 
a ~ chalk*"b - white soot» c - gas 
soot« 

Tu connection with this arises the question of 
*Yt.v>em* values of the quantity A: on ore hand, concern-- 
inV only on© value of A, corresponding to a complete ab- 
SSce of any fills*; on the other hand, coneerring the 
Various minimal values of A corresponding to the maxxm«! 
ryarflties of various fillers.  Leo us ^ ^r,v n^t, 
to consider the first circumstance - w« f^-f Jffues 

f wpyim] quartitv A - because It is quaxUaiivelj __ 
fully"*OV7IOUB. ' But the second question is connect.ea 
vlth th«» vell-lmowft ability of one or another filler to 
a?x in differently with a given caoutchouc, winch, de« 
"Ü tee limit of compatibility» i.e., toe «trene 

i nermSßible amount of Ingredient in the rubber mixture; _ 

"    5   • 



I beyond these limits of compatibility the above-noted 
coating of particles with caoutchouc film apparently 
becomes disrupted, -  J ..,_., 

In  the vlcslnltv of these limits of compatibility 
the ■Dortion of. filler" near» the surface of the sample 
pay 't»m out to be verv weakly tied with the sample* 
or even* sarvinf-; as a lubricant.  Such phenomenon becoaioB 
clearly manifested when graphite, with its generally 

— known lubricating capability, .is used as a filler.  ^ 
In this case our experiments have shown one cna~ 

raster- of the effect of graphite as filler on the fric- 
tion c^eff Sclent of rubber to be the very same as of 
oth^ Mentioned) fillers.  The specifics of graphite 
find thsir expreosion in that it reveals the decrease^ 
of quantity Ueo  > when Its own quantity is sufficiently 
increased. 

Conclusions 

U  Vhen static friction, of rubber against metals 
ard plexiglass takes place, the constants A-and flto.-xn 
formula (1) vary independently frora  one another:  A — &z 
the expense of the amount of filler, fr*,   — at the ex- . 
pensc of a switching of lining. l 

p.     The amount of t&nsentlal-forces of A, con- 
nected with the molecular interaction of surfaces, increa- 
se v;Mn the amount of an? filler is decreased, vrhetner 
it:be an act IT© filler (soot, silicon dioxide) or- an in- 
active one (graphite, chalk) in parallel with the decrease 
in hardness of rubber. 

3,  Ouantitv A is identical for friction of a 
given rubber against different materials (metals, plexl- 
1"! g. o f> \ 
';,"J"^"'*4. Charges in quantity and quality of a rubber 
filler do not have an effect on. the minimal friction co- 
efficient Ueo . _ . ■ „ 

5, 'Quantity tt* can decrease when the amount, ox 
filler bes-.oiBOB si^nihicant, e.s;. graphite, which commen- 
ces to taho on the role of a lubricant in the vicinity oi 
its limits of compatibility with caoutchoucs. 

The authors express their gratitude to V. B. Der- 
yagin for his part in the discussion of results« 

Scientific Research Institute Received 
of the Rubber Industry* 13- June 19j2   . 
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