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Yu., V. Goryunov, K. V, Pertaov: B, D, Summ, and Ye. D, Shchuwrin

The investigation of the éonforﬁity to law in the distribution of liquids
over the surface of hard bodies, and‘1n particular of the distribution of ab-
gorotion-active metallic fusions ov;r the sufface of hard metals, in recent
times hae agsumed great importance, ﬁoth scientifically and proctical1y.
in connection with the astudy of the absorotion effect of lowering the strength
of solids. In considering the distribution of liguid metal over & hard metal-
ic surface in the ahsence of exterior forces, includine the force of zravity,
it is necessary to emvhasize that uv to now there was basically etudied mly
one formlbf such a process, namely, surface diffueion, i. e,, the migration
of the monolayers of molecules (atoms) of liquxd from the contour of a drop
~apnlied to the hard surface and haviﬁg a definite angle of contact (See, for
exanmple, [_i - u_7). Meanwhile man§ phenomena connected with the abnofption
effect, for example, the formation o; long macroscopic cracks in the prasence
of locally annlied drovs of a surracé-active fueion Lfs_?. accompanied qual- -
1tatively by another form of the spreading of the liquid drop—spilline.
By the "spilling" we mean the elasti% flow of the graduaily thinning phase
layer'of liquid connected directly with the action of the force of egravity
aﬁd wﬂgﬁhe reduction of the free surface enerzy of the system.. In other

words the céndition of soreading is tie condition of the full wettinz of the

surface. - - . . . ;
. ln.analysing.the vroblem of wett}ng most of the authors limit thamaselves

‘ ’ I
to .« ‘urmi) consideration of the relationshin between the values 6;,, 6;,, and



M
6y, (respactively the specific free curface energies of .the 1iquid and molid
on the boundary of the medium in which the exueriment is uerfofmed. and on
the boundary between the solid and t?e liquid), agsumine that the full wet-

ting is possidle if ,
: %>%+%f,u)
if in the contrary case, 1. e, with i S |
‘ - O3a < Ong -+ Ga1y (2)
there is formed a drov with a'finite;enzle of contact, cIt 15 neceseary to
emphasize, besidee. that 1n{€he~lattir cage tﬁere is nossible the snreading |
of the liquid (by means of surface d{f'usion). This may go on for a conaid-‘
erably long time until the full disannearance 0? the drov app\ied. Fow-
ever, the inquallties (1) and (2) can he usged for explaininz the character of,'
the spreading of. the liquid only in the case of an 1dealTy smooth nurface of
the solid [ 6 — 8_J. Since in tecl.condltions each hard surfaCe possesnas
a definite microrelief characteristic ef 1tsel?, for a_correctjdescriotion of
the soreading of a 1iquid 1t is neceéaary;'along with che physical prceertiee‘
of the syoteﬁ to take into consideraﬁion,alao the geometrical necﬁjiarifiec_ ,
of the curfaée. P, A.eBebinder'Lfb 7 considers the eddiﬂ,onai forre of ?ric-
tion, which acts on the contonr. the amount of which 1s connected with tho de-
gree of roughness o' the eurface. This force acts as a dbrake on the advance
of the front of the sureading drovo and brings abcaut the result that the |
angle of contact in the 1nf1°w 1 greate* than with the cutflov of the drov,
B. V. Deryagin [ﬁ7_7 theoretically 1nvest1¢atdd the dependence of the anaﬂa
of contact on the microrelief, and came to the conclusion that with the con-
dition xcos19 == 1 there can take‘place a spreadinz of a liqnid over a rough
surface along the micro 1ndentetions Ln@ channels (K 1e the coefficient of
the roughness, 1. e,, the relationah1§ of the true'surfnce to. the Apparent

one; % s the angie of contact on the ideal smooth surface).

r.
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‘ 1‘15. 1. Profnogramn of the mlcrorelief.

of surface' a,- smooth surface (9th da.ﬁ R

g e

In fhe :tndy o' the spreading

000" o _ . -
- Lmu : ' . of morcury over a mrfnce of uem-

i
WW% B ' ' crystallire unc. Tree from an ou-
L“Waoo } 7. dized film, we were for the 7irst
!

WW

time able to obser"ve on one 'and the N
-ame liouid-aolid nair" ("iz.fl)

' both uossible forms or the s'orpadinz
of zinc plates with different quauty

of a liouid. snnunz over and sur-

‘ face difmsion. On the. mooth Mre
of fineneu). rough mrface (6th class

' face {(Me. 1. a) the mercury forms
of finenoas) obtained by 'oreliminary

a dron vifh an anzle of confact '\9 .

: ocouring in nttric acid,

- Flg. 2, Depondence- of the radius of a

‘mercury npot r (mm) on the time + (sec)

©
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of’ a‘bout '7°' from the con*our o
this drop thero alowlv onreada 8 4
round lunterleu snot’. the radius

of vhich grovs in accordance wifh

the dem-ncence rc\:t°' . chnracter-

‘. 3 gt

;
el

utiq for’ 41fma1on nroceuea.
vhile the mage of the droo m does

‘ not affect the shiftine of the front
with difterent mass of mercury m: 'l. P ' - ' .
! of the spot.- There is an analozous -
1 ng, 2. Smg. 3, 10 mg: a, for smooth - L .
= . . | - orocedure in the sureading of mercu-
surface; b, for rough surface. o ' : '
: L ! ry over the surface of long narrow .

o o
sinc plates with one end submerged in' a cup with a mfficlent)y great qmount
: : ‘ . ,

0

*There vasused for dissolving fhe oxmized film a 10~nercent’ ammonium soltion.,

"'l'he broﬁlogram of the mrface of the zinc vlates were made in the 1anh-

i

oratnry of surface quality of “the Scientiﬂe—nesegrch Institute of the Bear-

ing induatry,



i .
of mercury (Mg, 3, a): 1t 1s charac\gerietic that the sveed of soreadine of

mercury over a smooth surface does no:t erend on the angle of inclinstion _

the plate to the horisontal, ;

The spreading of the mercury ovar a rough enrface obtained by etchine the
'zine vlate for 10 mimutes in a lz-oer:cent solution of nitric acid (Hg. 1, b). '
 has qmnauvuy another character. | The radius of the sbot formed by mmy.

ing a dron of nercnry to the surface :of tha llnc in thh case growe in acces S
'ance with the law rev t°° 3,,,ypereby the -need of the ehifttnz of the front «
the spot 1is nouceably greater than 1n the caee of eurface diffusion. and 1t -
1ncreaeee with the increase 1n the mass of mercury (Hg. 2, b). '!’he follow-,'
. ing circumetancee convincingly ehov.that the proceee obeerved 1n the o-ee 1n
queetion 1e mely a epreading and not.a two—d;meneienal. diffus_ion of the

. nereury. ‘. . .- o : : . | .

o 1. In. a.p'o.l..lying fhe ‘ne'rcAury-to' th!e rough mrface there 1s not formed a dreo
. A\dth a finite angle of contaceo-obeemtion of the oroceer o' e'oreadinz \mder |
the microecope confirms that the grow'th of the e'oot is accomnied by the ‘

. movement of the phne lwer of the mercnry

2.' The speed of the riee of the; mercury on the narrow strivs wﬂh the:
.rough mrfe.ce 1ncreaeee with the lessening of the angle of 1nc11naﬂon of the '

atrtp to the horixontal (ng. 1 B): e.mrently the ‘action of the force of
gravity nakee itsel? felt 1n the e'oreading of a vhase of sufficient thtckneu.

3. It 1e ooeeible to show that t’he circular soreadinge of the droc nnder
.the' ection of the force of mrface teneion ehmld'nroceed in accordanee with
‘the law r wt* L-9_7'. vwhich eatiefe.ct:orny agrees with the exparimentally ob--
served dependence r e ¢°°7, Aemen:y we will acceot in the firstavoroxima.
tion'that the laye; of iere;ry in eac‘h given moment of time ¢ has a constant

thickness = (t) = n/ﬂrzb. where m is the mass of the mnbued droo, r = r (¢t}

FTD-1T-63-384/1 ¢4 2 4



ie ths radius of the spot, § 1s the
density of the mercury, ™hen the
volume of the mercury, limited by a
‘cylinder of the radius p (p<r) =

V (p, 8) = (m/8) g*{ r*and the av-

_erage speed of the flow across the
e o . lateral surface of this cylinder ..
- HMe. 3 Dependence of the distance h ' '

. - -amounts to.v.(p,. t) = —(1/2p=)aV/dt
- (mm) over which the nercury eprea.d 1t- ’

o (p/r)dr/dt 1. ., 1t 1ncreaeee
eelf on the tinc. olate on the time t

: linearly rrom the center of the
(esec) at different ang‘lee of inclinad

i circle to the veriohery. 1In the case
“tion of the eoecinen to the horisonml

' . of quagi stationary viscous Neutonian
A, 90° 2, 22° 3,1 o°- a, for the ~ ' '

. flow with a gradient constant as to

mooth mrface' b, for the rough sur- . C S
‘ ~ ! the thickness of the layer for the

face | , .
' . b — eoeed-—ﬂheﬁ'orce of the viscous re-
~ ‘sistance in tha '.meamﬁ ring with!a thickness do' amounte to: dF = n[v(o t)
(z/z)] 2fipdp = r](plr) dr/at 2 urp‘S/n) 21pd-p (1) 10 the viecoeity of the
mercury)A. by ;ntegratinz the latter z?'el.auonshiio we will find the overall
force which reoresents the flow: rs 2("}1’/3) (n8/m) r*drjat, . By ecuslling
‘the force of the viscous reeietance ¥ to the'incmctng force 21Tt (6,,,;—
G,a;- 64,) = 27ir A6, acting on the contour of the mercury film we get the
cequation of the motion of the fromt 4! the mercury: (1/m) rdr = (3/2)
(M/qS) dt. After integration ve haﬁ'e
! | ()

The relationship round not only;correctly estgblished the character of

the dependence of r onlt. but also en:'ablee one t0 exvlain the effect ot the

mags of mercury on the speed Of the 'prooess (Fig. 2, b): the experimental

devendence of the coefficient A on m KAG’m°‘“) ymcncany coincides with

¥70-17-63-384/1 ¢ 2 5



the theoraetical retationsniv AV n*.r

4, The differece bDetween the oprelding and the surface diffusion is very
- clearly drought out in the study of %ho effect of the temverature on the
~ course of the dtstridution (Fig. a}.: The rate of svreading vracticnrlly does
not ‘aepend on the temperature (Fig. l'&. b): this is exviained by the fact that
the ménltndea which determine the vl}'tlue of the coefficlent A [_ see eocuation
,(3)_7_‘.1:1’ the temperature interval 1nleatigated change innignificaxit]y. on
.'the. cox'xt.rary“ the fate-&f the chrﬁc-e;divf‘f;xa‘i.oﬁ‘g);az-nly increases wi.th the
;iu in temw rature (Fig. 4, a) ﬁn acicordance with the ‘“emverature deven-.
_dence of tha‘céeff'iciont of the mrfs;mce diffusicn: D, exo (~U/¥T) (U 18
't‘he energy of activation)s, N

5. Anming ihat on the surface iof a s0lid there is a groove with a
tra;ngvene section in the form 6! an i’isoscelu ‘triangle with an entrance an-
g‘le‘ a: then the liquid forming a drou on the surface with an angle of contact
4 (in ou.r case about 7°) will upreadf along this groove 177 < (1400—et) /2,
Actﬁany. an analysia of the vrofilogram of the surfaces with different. de-
gfeeo of roughnest—shm—that—two-AIa;gnaional diffusion gives vlace to soread-

ing when the average value ot the mﬁmnce angle on the surface is about eoual

to 1600°, :

In this way 1t is necessary to fix distinctly two qualitatively differ-
ent processes of the distribusion of :a 1iquid metal over a surface of hard

. metal free of an oxidation film: a su:rface of diffusion and one of fanning out,

*Along with the svreading of the mercury over the surface simultaneously
there occurs its "soaking up" in the Inm:imn as & result of volumatric Aiffu
sion: therefore the final value of thqip radius of the svot devends on the mass
avolied m(})°.  With the rise in the temverature the role of ti:e volumetric 447~

‘Ll ETOWS vhic_h leads to a decrease in the final dimensions of the spot (T, .,

FID=-TT-63-384/2 ¢ 2 .6



The surface diffusion is odserved wﬂih great angles of contact: the fannine
.out occurs with comparatively little 3angle- of contlctt-nnd A rather conesld-
erable degree of roughness of the hufd warface, Both the indicated nrocesses

observed by ue in their devendence oﬂ the microrelief on hehard surface on

one and the same object (mercury-zh}c) are distinguished not only by the

quantitative confornity to law, but they are also bH-ousht ahout in wrincinle

by different mechanisms,

{
t
£

, g’_ & T In connection with what has been
: g}l | ‘expounded one can express a more Zen-
4or ernl proposition—it 1s not out of the
ot question that the epreading or fan-
l ning out of a thin layer under the
01 z - 3 3 ' .;‘m " . sole force of surface tension on an

Pig. 4, Devendence of the radius of the
i 14eal)y smooth surface would not de
mercury spot r (mm) on the time « (séc)
| obgerved at al) since the suface
at different temperatures: 1 - 0°, 2«
migration of the atoms of a liouid
20°, 3 = 40°: & - for a smooth sur-|
. | leads to a lowerinz o’ the surface
face, b -~ for rough surface: masgs of |
I energy of a s0lid in the area ahead

drop m = § mg. |

. |
other words the full wetting in the drdinary sense of this fterm can prove to

of the front of the ligquid phase, In

be unattainadle in the absence of a s?uitable microrelief of the surface, The
same vhenomena can bdring about also l%ystereua of the wetting. In the in-
flow the 1iquid moves over the hard surface covered with monolayers of this
liquid, whereag in the- outnowutheJ:iouM——moves already over s crmparative-
ly thin ohase layer, As a result th!a angles 6f contact in the inflow.and

the outflow should be aifferent. An}anm- considerations can orove useful

algo in the anslysis of the -proading: of A 1iquid over & liquid surface,

DT 63-38L/1 & 2 7
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