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Yu, V. Uoryunov, I. V. Pertsov, A. D. SumT, and Ye. D. Shchuirin

The investigatian of the conformity to law in the distribution of liquids

over the surface of hard bodies. and in particular of the distribution of Ab-

sorotion-active metallic fusions over the surface of hard metals, in recent

times has assumed great importance, both scientifically and Trsctically,

In connection with the study of the absorotion effect of lowering the streneth

of solids. In considerine the distribution of liauld metal over a hard metal-

ic surface in the absence of exterior forces, includine the force of gravity,

it Is necessary to emnhasize that up to now there was basicqlly studied nnly

one form of such a process, nqmely, surface dif'usion, i. e., th- miration

of the monolayers of molecules (atoms) of liquid from the contour of a drop

anonlied to the hard surface and having a definite anele of contact (See, for

example, - - 4J). Meanwhile many phenomena connected with the absorption

effect, for exomiple, the formation of long macroscopic cracks in th- ]presence

of locally annljed drons of a surface-active fusion L %-/, accompanied qual-

itatively by another form of the spreading of the liquid drop--spilline.

By the "soilling" we mean the elastic flow of tho graduslly thinning phase

layer of liquid connected directly with the action of tho Porce of cravity

and he reduction of the free surface ener of the system. In other

words the condition of spreading is the condition of the full wetting of the

surface.

In analysing the oroblem of wetting most of the authors limit themlves

to vrmti consideration of the relationshir between the vAlues 6., 6a.9 and
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ON (respectively the epecitic free surface energies of the ltquid anFd solid

on the boundary of the medium in which .the exeriment is verformed, and on

the boundary between the solid and the liquid), assumine that the full wet-

ting is possible if
lose >oG + 03;1 (1

if in the contrary case, 1. e, with

03 a< Gas + da (2

there is formed a droo with a finite anele of contact. It is necessary to

j
emp hasize, besides, that in-the latter case there is voseible the snreading

of the liquid (by means of surface dilfusion). This may go on for a consid-

erably long time until the full disao'oea-Rnce of the droo applied.. Wow-

ever, the inqualitins (1) and (2) can be used for explainine thb chbrscter o1t

the slreading of the liquid only in the case of an ideally smooth surface of

the solid -6 8- _. Since in real conditions each hard surfaCe Vossese.os

a definite microrelief characteristid of itself, for a correct descriotion of

the soreading of a liquid It is necessary, alone with the physieal properties

of the system to take into consideration also the geometrical reculiaritios

of e surfaco. P. A., Rebinder C6 7 considers the addild onAl foree of fric-

tion, whid acts on the contour,.the ,amount of which is connected with the de-

gree of roughness of the surface. This force acts as a brake on the advance

of the front of the spreading dro'o and brings ab-.t the result that the

angle of contact in the inflow is greater than with the outflow of the dron.

B. V. Deryagin f-7_ theoretically investioat d the apendence of t'he ankle

of contact on the mlcrorelief, and came to the conclusion that with t1,P con-

dition Kcos '6 I there can take .place a spreading of a liquid over a rough

surface along the micro indentations and channels (K Is the coeffieient of

the roughness, i. e., the relationshin of the true surface to. the Fairarnt

one;-? is the angle of contact on the Ideal smooth surface).

Y'-T2.63 -38Ll/1 f. 2 2



WOO' In the study-'of the 5sJreadiiv

L of mercuary over. a surface of semi-

crystalline* wie fe fo noi

died film, we were for the first

1 time able to observe on one and the.

71j. 1. Profilograms of the'microrelief ,m~iudoi oiI*(i.1
both vossible forms of the roreoadine

of zinc plates with different quality
of a liquid,. evill Ing over Anti our-,.

of surface'* a*, smooth surfsice (9th dau
face diffuision. On the smooth our-

of fineness)**rough surface' (6th class
face. trig. 1, a) the mercury forms

of fineness) obtained by loreliminary
a'dro-o with an angle of cont~act 1

scouring in nitric acid.
of albout 70., from the contour of

*this drov there slowly sonreads a_

round lusterlesesroot, the radius

of vhich grove ini accordance with

.0 the detvercence r %to*' cbsaracter-

istic for'diffusion orocesses.
Fig. 2. Dependence. of the, radius of a,

while the mass of the dro-o m does
mercury spot 'r () on the time A (ee)

not affect the shifting of the front
with different mass of mercury m: 1.

of thoevrot.- There in an Analogous.
1mg. 2, 5 mg,*3, 10 mg: a, for smooth

surface; b, for rough surface. ooeuei h oedn ~mru
ry over the surface of long natrrow

zinc plates with one end submerged in aL cup with a sufficiently great firount

Olbre aeusedfor dissolving the' oxidiived film a lO-nercent Amumoniumi sobitcL

**The protilograms of the surface of the zinc plates were made in the I ab-

oratt~ry of surface quality of *the Scientfioi-Research Institute of the Dear.

inig induetry.
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of mercury (Pig. 3, a): it io characteristic that the soeed of soraiine of

mercury over a smooth surface does not depend on the angle of Inclination

the plate to the horizontal.

The spreading of the mercury over a rough surface obtained by etcbInO the

zinc plate for 10 minutes in a l2-vercent solution of nitric-acid (Fig. 1, b),

has qualitatively another character. I The radius of the spot formed by avoly-

Ing a drop of mercury to the surfacelof the zinc in this case grows In acce-

ance with the law r4'OP to~ 7 7 ~rb tb 3oe of the shiftinR of the front I

the -spot is noticeably greater than In the case of surface diffusion, and It

increases with the increase In the mass of mercury (rig. 2,- b)* The foll ow-

lng circumstances convincingly show that the process observed in tP. ease In

q uestion Is namely a spreading find not a' two-dimensionali diffusion of tho

mercry.'

1.* In apolying the me rcury to the rough surface there Is not formed a droo

with a finite angle of contace,. observation of the oroceice of soreadine under

the microscope confirms that the.'grwith of the boot Is accomvoanied by the

movement of the phase layer of the. mercury.

Z. The speed of the rise of tbog mercury on the narrow st rivs with the

rough surface increases with the-iessening of the angle of Inclination of ti'.

strip to the horizontal.(Fige. ~b)-. aoorently the action of the force of

gravity makes Itself felt In the spreading of a phase of sufficient thickness.

3. It is possible to show that the circular s"reading of the droo under

the action of the force of surface tension should oroceed in accordaknce with

th e law rc%)t* LT, which satisfactorily agrees with the expe~rimentally ob-

served devendenee r M~ $011 Actualli we will acce-ot in the fi ret Faooroxwima-

tion that the layer of mercury In each given moment of time t has a constant

thickness v t m/jrr26, wbere x is the Pass of the! aniolied drov, r:= r (tN

1TD-?P-63-34/. 4 2 4



g1 tho radius of the spot. 6 is the

2 'density of the mercury, "'hen the

volume of the mercury, limited by a

cylinder of the radius p (p-er) a

V (p, t) :( F/6) F' r'nd the %v-

S.4gt erage speed of the flow across the

lateral surface of this cylinder
Fig. 34 Dependence of the aistance h

amount. to- _(p t) (,0/24 0 avlat

.(mm) over which the mercury qre&d it-
. . , : p/r)drfdt, 1. e., P ,Increases

self on the sinc ilate on the time t i  t i
linearly from the center of the

(see) at different angles of inclina-i

I circle to the merivhery. In the casetion of the s-necimen to the horizontal

of quasi stationary viscous Weutonien
, o 1, 900, 2, 220, 3, lo: a, for the

flow with a gradient constant as to
smooth surface, b, for the rough our_

the thickness of the layer for the
face

. sneed,-the--force of the viscous re-

sistancein the elementary-ring with a thickness do' amounts tot dF

W(/28 Zrpdp q(p1r) dridt 2 (frp1"/6 ) 21[pd p.(? is the viscosity of the,

mercury): by Integratine the latter relationship we will find the overall

force which renresents the'flow. , ( fj13) (1-6/m) r~dr/dt. By eouqlling

the force of the viscous resistance F to the increacmg force 4* (632.-

61X- 6S )  2lr 46, acting on the contour of the mercury film we get the

soquation of the notion of the front f the mercury: (1/m) rldr- (3jZ71)

(G/qS) dt. After integration we ha~e

The relationship found not onlyicorrectly established the character of

the dependence of r on t, but also enables one to erolaln the effect of the

massof mercury on the speed 6f the process (fIS. 2, b): the empertmentl

dependence of tbe coefficient A on m ;A&>m O-") practically coincides with

nM.,-.,- 63- 84/l + '2 5



the theoretical relationsalo ACiJ0*.:

4. 'Wseue between the spresdiAg and the surface di~fusion Is very

clearly brought out in the study of he effect of the tamoersture on the

course of the distribution (Pig. 4).' The rate of sioreading oractlesk~ly dos

not devend on the temperature (Pig. 4, ) hsi rlie ytefc hI

temagnitudes which determine the value of the coefficinAte.euto

(3)J in the temperature Interval Investigated change instignficanl. O

the contrary the rate-of the!surfaceldiffusion sharoly incresaes V~th the

rise In temi rature (Pig. 4, a) in accordance with the tewmerature demen-

dence of the coeff icient of the surface diffusicn: D,&3' eim (-U/kT) (U to

the energy of activation).

5. As Isuming that on the surface iof a solid there is a groove with a

transverse section In the form of anlisosceles-triangle with an entrance an-.

gle ct: then the liquid forming a dro4~ on the surface with an anile of contact

S(in oar case about 70) will spread along this groove If*O < (118Oo....

Actually, an analysis&of the profilogram of the surfaces with difforent de-

g rees of roughneu-hov.othat-two-aimensionaI diffusion gives olace to imreA-

Ing when the average value of the entrance angle on the surface is about eoual

to 1600.

In this way It Is necessary to fix distinctly two oualitottively differ.

ent processes of the distribution of a liquid metal over a surface of hatrd

metal free of an oxidation film:t a surface of diffusion and one of fanriine out.

*M1g ith the spreading of the' mercury over the surface simultanpously

there occurs Its "soaking up" in the ppeciion as a result of volumatric Aiffta-

sion: therefore the final value of the radius of th, soot devends on the mass

auplied m0()0 . With the rise in the temperature the role o# the volumetric dif-

rti: -% cows which leads to a decrease in the final dimensions of the spol t~v

7TD-TTI.63-38A&/i 2 .



Th, iurface diffusion is observed viih great angle of contact: the fannint

out occurs with comparatively little 'angles of contactnnd a rather consid-

erable degree of roughness of the bard surface. SotAi the indicated '"rocesees

observed by us in their dependence o the microrelief on b hard surface on

one and the same object (mercury-zinc) are distinauished not on.y by the

quantitative conformity to lay, but they are also b.ought about in irineinle

by different mechanims.

Ig In connection with what has been
LS

-2 'epouded one can express a more iren-

10. erol proposition-it is not out of th*

S question tbAt the spreading or fan-

ning out of a thin layer under the

' t . sole force of su lac tension on an
Fig. 4, Dependence of 1e radius of the

ideal3y smooth surface would not be
mercury spot r (Wm) on the time t (sec)

at different tevoratures, 1 - 00. 2 observed at all since the suface

I mitration of the atoms of a liouid

Z 0O, 3 - 400c a - for a smooth our-
leads to a lowerine of the surface

face, b - for rough surfaoet mass of
enerq of a solid in the area ahead

drop of the front of the liquid phase. In

other words the full wetting in the ordinary sense of this term can prove to

be unattainable in the absence of a suitable microrelief of the surace. The.

same phenomena can bring about also hysteresis of the wetting. In the in-

flow the liquid moves over the hard iurface covered with monolmyers of this

liquid, whereas in -the- outflow- tbe-ioutd-moves already over a cminreativo-

ly thin ohase layer. As a result the angles of contact in the InfLow. and

the outflow should be different, Analogous considerations cAn orove useful

also in the analysis of the svreading of a liquid over a liquid surface,

7TD-MJ'-63-.384/l 4.2 7
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