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ABSTRACT

This paper presents author's investigations on clearing up a
mechanism of liquids influence on failure of non-orqganic diele-
ctrics and rocks.Theory of Rebinder effect is suggested and the
influence of electrization of fresh surfaces on failure is ta-
ken into account.
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INTRODUCTION

Up to now for many years the liquids capabilities to influen-
ce on the strength & of both dielectrics and rocks was expla-
ined by physical adsorption of molecules in prefailure R,, zone
on fresh surfaces and by reducing the specific surface energy
Yo up to the value v/ < Y, . Meanwhile one can demonstrate such
experimental results which are not taken in relation Yo -6 :
the nature of the cracks reversibility growth, aggregation by
comminution; reason of the strength dependence on liquids die-
lectric constant € , on thickness of adsorptive water layer;
reason of the largest strength decrease in water and its best
aggregation capacity, reason of dependence of indentation hard-
ness of dielectrics on their sensitiveness to liquid .action and
on aggregation capacity; reason of increase of failure rocks
size ( volume of indentation ) the pressing of indenter in pre-
sence of the non-polar liquids, decrease of conventional coef-
ficient of rocks plasticity by pressing the indenter in prese-
nce of polar liquids.

Rebinder view about the nature of liquids influence on the
strength is doubtful: the Griffith model is correct for ideal
elastic dielectrics without mechanical energy losses; on new
surfaces the surplus charge with density @, emerge.This is ver-
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ified by both direct charge measurement and by observation of
electronic emission and electromagnetic radiation.

i i has been suggested,
In this paper the theory of Rebinder effect s t
which considers the real fact of the prepagating cracks sides
being electrically charged by opposite electrical charges.

MODEL CONSTRUCTION

The emergence of surplus charge results in to additiopal loyg:
range force~R3 between crack sides. The zone of prefalluge 1n_
Creases up to the magnitude Re > @M .The fogces 4& may be re

garded as additional load ("electrical brake ).Effectlye en:;gy
of failure increases ubp to fgb = ¥, + ye where yg is :H g¥
losses of electrostatic nature. The gharacter+st1c propeg Y, I
electrostatic long-range forces te in comparison wl?htﬁ eg;gi_
forces, which define value o 1s time dependence: he I
gence of surplus charge on crack sides means the ?eglnlng s
relaxation.Additional time variation of effective failure ener

dY occurs by using the liquid.

By quasi-statical growth of balancing crack w1th.speed r ttf
liquid exerts the most influence on its propaggtlon'whgg me:ed
ing the condition o < 7%, where % is penetrating liqui sg ma
into space of crack.The ‘depth of liquid penetration in cr?cf s
limited by the molecule diameter d . Accoding to nature o : -
ces between surfaces the crack may be separated into two parhs:
apex and space. Boundary is the distance equal to ¢ . Both ctﬁe
mical and electrostatic forces act in the crack apex. As Fo :
Space one can observe only electrostatic fo;ces{% - Accoding to
( Evseyev, 1985 ) effective energy can beéwrltten as
- 5 -4

Yoy =% + ne*(a’-d") /aze.- A /2 + qup(-zt/r)ii_/sa& Q)
Here Yb is the invariant of chemical. fgrces by_dle}egtrlcs
failure in the bresence of liquids, @ 1s interatomic dis ance,

is distance between crack sides, A, is the action of weéglgg

out forces, 7 =&&,/® is relaxation time of chax_'ges in llqul_
in the crack space, & is liquid conductivity, £, is vacuum pt?rn
mitivity. The second component in right part of the exEreSL;
(1) 1is an invariant of electrostat%c forces in the cract.apeo%
Algebraic sum of three components in (1) defines the éct}on of
equilibrium failure 2rb . It's an important chgracterl;hlchl_
cohesion. The equilibrium failure is not reallzablg. te ;
lowing conditions t >> 2 will assist in approaching to su§_
realization. Thisg inequality defines the condition of guaSL_
equilibrium failure. The inequality'zr < 7 represents the EZd
ceéssary condition of quasi - equlllbrluw' failure. Sugggs d
model of liquids influence on the effective energy (1)‘c azgl
allows to qualitatively conform the theory with experimenta
results.

EMPIRICAL LAW ESSENCE

iqui i i trength by co-
Liquids Influence on_Strength. The dielectrics s .
nstant length [ of the primary defect (crack) and by realizing
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the necessary condition of quasi-equlibrium failure 9} > s
directly related to non-equilibrium component of enerqgy failure
that is, by the values ¢,, + and ¥ in the crack space. The el-
ectrical charges relaxation is carried out through liquid in
Space of crack_ ( discharge current F+ ) and through a dielect-
ric ( current #2 ). The larger the value @, is on the dielect-
ric surface and the less the charges relaxation time ig created
by penetrating the liquid into the Space ( liquid as earthing
connection ) "the more the 1liquid influences on the strength,
With @, being decreased, the fluid action on failure lessening

From the point of view of acting on the bond split in apex of
crack all the liquids should be devided into two classes: con-
ductors and dielectrics,that is, polar and non-polar.Relaxation
times of electrical charges of thege liquids differ considerab-
ly. The liquid electricai conductivity isg changed Step by step
by convergence of crack surfaces: from the Primary value of in-
itial liquid to the value corresponding to & + & of solution
subjected to the crack surfaces action (thin layer of polar 1i-

difficult. The estimation of value in space on the basis of
measurement & , 2 of initial liquid is the approach to the va-
lue time relaxation actually determinating the dielectric resi-
stance to the failure. The less time relaxation of electrical
charge in space, the less strength of dielectric. rf liquid pe-
netration of liquid into the crack space is defined by capil-
larity flow then the different dielectric have "their own" 1ji-
quid reducing the strength up to the maximum value.,

Conductivity increase of the liquid in the crack space may be
the result of dissolution of dielectric.The less relaxation ti-
me in space by dissolving, the more Rebinder effect, Chemical
composition of dielectric

will not define the relaxa-
tion time ip space after
Preliminary injection of io-
nic substance in initial 1i-
quid, for example, cationic
and anionic surfactant. cop-
ductance change of distilled
water ( initiajl electrical

resistance - 65-1030hm, the
constant of vesse] - 76 nf*)
after,additing cationic sur—

DS,s o OP-10, Ohm
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phonate (DS), non-ionic syr-
factant op-1g0 ) is given in
Fig.1l. Trace amount of jionjc
surfactant induces consider-
able decrease of solutions

0,1 0,5 1,0 weigth.% electrical resistance.Exact-
ly,the same change of initi-

Fig.l.Electric resistane change al resistance of water induy-
of aqueous solutions by 23°c, ces sodium oleate., Influence
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of OpP - 10 on change of electrical resistance is considerably
weaker .

Due to diminishing the liquid electr@cal conduction in space
the current }2 action on the strength increases. The value cur-
rent 4, is not constant: it's changed by the water absorption
from the environment ( air, for exam?le ) . Because of ?hls the
effective energy of dielectric% failure becomes maximal and
possesses the invariable value ey which corrgsponds- to value
q, on surface only after removing water from dlelectrlcs'and by
failure in vacuum, of single non-polar 1+qu1ds ( rglaxatlon ti-
me is 108 - 10* s ) . Under these conditions of fgllurg rever-
sibility of crack propagation after stress lessening 1s obsgr-
ved.Linking of sides crack is accompanied by gxpelllgg the die-
lectrical liquids from the crack space. At dielectrics ?allure
in vacuum and dielectrical liquids the propagation velosity gf
crack decreases: the bigger Qo on fresh surface ofldle}ectylc
the bigger deceleration.Disbalance of crack propagation 1n sin=

le dielectrical fluid will result in the equation ( Evseyev,

1985 ) KNTL = '?.p(‘) T-x)/(L+x) dx

This equation will not be fair for defining the unknown goor@l—
nates of the increasing crack ends. These p(x) is d}strlbutlon
of normal stresses in crackless dielectric,f - Irvin's notch-
sensitivity index under given conditions.

Dielectrical action of single non-polar flu@d wi}l be dis?urbed
by penetrating insignificant electrolyte impurity into it. In
the state of technical pug&ty ths suturated hydrocarbons have
the relaxation time only 10° - 10" s. This.w111 Fesu}t in time
dependence of dielectrics' strength. By failure in mixtures con
sisting of polar and non-polar liquids the.strgngtb will change
in accodance with the relaxaton time changing 1n mixture: from
maximum in single non-polar liquid to minimum in polar_one. R§—
tio xg; characterises the safety margin of dielectric

strength byn%he given value of primary defect.

Quasi-equilibrium of dielectric failure in condugting liquids
will be disturbed by increasing the crack propogation up to va-
lue 7 > o .This time, splitting zone of bonds presents itself
capacitor, full of liquid, its vapour and vacuum. In a part.of
crack space not filled with liquid, high energy electrons emis-
sion occurs. Emission intensity drop obeys the law of charges
relaxation J = T exp(-t/T) , where J, is initial emission
intensity, defined by the charges @, density.

Effective relaxation time
. /
Tep = gc[z(g- 4)-4] /[(4-3)3; + 22]

where Z is a part of space full of liquid, x'is "conduct.:ivity"
of vacuum interval in space, defines the resistance to dielect-
ric failure. Violation of quasi-equilibrium failure necessary
condition results in increasing the solid strength. Strength
growth A6 by given value ¢, is the more considerable, the near-
er dielectric failure to equilibrium one under the condition
< V- .Strength growth is equal to zero both in vacuum, and in
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pure dielectrical liquids:A63=O. Stress relief from dielectric
results in reversibility of crack propogation and by failure of
dielectrics in single dielectric fluid: fluid will be expelled
from crack by reversibility of crack propagation in the part of
space free of fluid.

Violation of quasi-equilibrium failure necessary condition cre-
ates a condition for relaxation third current of electrical
charges in space - discharge current of high frequency 43 - The
current emergence in the part of space free of the phase liquid
layer will result under satisfying the condition

PolE U,

where 1 is free path of high-speed electron, U is ionization
potential of molecule vapour phase.

Dependence of emission intensity of electrons, electromagnenic
emission (pulse counting rate of electromagnetic waves ¥ ) ,dis-
balance of a component of fracture surface energy on charges @
density defines the same mandatory requirements to samples by
preparing them to experiments: it's necessary to diminish the
current }2 ;at- failure of dielectrics in liquids this operation
must be supplemented by careful cleaning of liquids from elect-
rolytical contaminants. The value J , ¥ , & change as a func-
tion of . This enables to judge about comparative values of
others according to changing of one of these values by dielect-
ric failure.

MANIFESTATION OF REBINDER EFFECT

Comminution of Dielectrics in Liguids. By comminution of diele-
ctrics the predominance of adhesion interaction electrical com-
ponent over intermolecular on will result in specific manifes-
tation of Rebinder's effect:aggregating of powders both in pure
dielectric liquids and in vacuum. Aggregates stability and par-
ticles density in them will increase with the growth of g, on
dielectric's surface. For better aggregating it's necessary to
decrease the influence of current j on charges relaxation. By
producing the finely dispersed powders aggregation is a nega-
tive phenomenon. Possibility of aggregates' distruction - dis-
?ggregation — is connected with increasing of currents jf, and
b2, Disaggregation can be caused by several mechanisms. Artifi-
Gial disaggregation can be accomplished by additional comminu-
tion of aggregates' powder not only in conducting liquids but
also in ionized gases. And natural aggregation ( at prescribed
value @,) can be accomplished by changing the value T as a re-
sult of diffusional penetrating of conducting ligquids molecules
to aggregates. The increment of surface powder as a result of
its disaggregation is the more considerable, the more ¢, is on
surface and the less the relaxation time in coagulation struc-
ture. When @, decreases choice of liquids for spontanious dis-
aggregation is wider.

Electron Emission off Glass Surface and Glass Strength. Since

both the glass srength and mica fracture surface energy possess
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identical change under similar conditions, and value of dynamic

coefficignt (3,6 for mica, 3,3 - 4,5 for glass) suggest the el-
ectrlgatlon of fresh glass surfaces (electrization of mica cry-
stal 1s evident). This assumption contradicts to conclusion of
exXperimental reseach ( Deriagin et al., 1973 ), where absense of
high-speed electrons from fresh surfaces of glass is connected
with its amorphous structure. Judging from changing strength, of
qlags in vacuum (Zhurkov,1931) and the dependence q = Q(}d,}ﬂ

available we may suppose that absence of high-speed eléctrdns
1S connected with insufficient moisture removal from the glass
samples in vacuum 10°% - 10° torr. For moisture removal from
glass samples it's necessary to combine the vacuum treatment of
samples with prolonged warming up. Our research (Evseyev and
Kuznetsov, 1979 ) has showg that failure of preliminary treated
glass samples in vacuum 10%torr by 120, 220 and 450°C is accom-
bPanied by high energy electron emission.Being in vacuum at 20°C

glass surfaces by failure. This allows to suppose that charging
the surfaces of crack either is not connected with degree of
ordering the dielectrics structure, or takes place in those
places_of glass structure,which are similar to crystallic stru-
cture in close atom surroundings, but differ in absense of dis-
tant order and symmetry.

Electrization availability of fresh glass surfaces brings about
the .Peculiarities of changing its strength under different
loading conditions. In accordance with (1) dielectrics strength
can be presented in the terms of & =(6,+ 6n)", where Gp is
the endurance limit, 6, is the disbalance strength component.
Time effects will be observed when fracturing the dielectrics
under constant rate of loading in different liquids and with
different rate of loading in the same ligiud.

Two phase system "glass-water" at insignificant loading time
18 not a stable one. Decreasing the glass strength in water oc-
curs with "acceleration” in accordance with the continuous cha-
nge of aqueous solution conductivity in space. The better the
glass gives the ions off the surface moisture increasing its
conductivity, the more visible will be the glass strength dec-
reasing.

nlmum value of the dielectrics strength in water and its best
lSaggregational ability mean that the aqueous solutions resul-
ting from fracturing and crashing induce less electric conduc-—
thlty in the crack space and coaqulation structure than the
solutions resulting from another liquids. In this connection we
note that it is water which possesses the unique solubility
dlstlnguishing it from another liquids. The water is distingui-
shed by its small size of molecules and great ratio / ’
w@ere ‘% ’ are coefficient of surface tension and dynamic
V1lscosity.Thése values result in decreasing the invarients fai-
luge and more pProlonged meeting the conditions of gquasi-equili-
brium failure.

Mi
di

The_appreciat%on of liquids "earthing action" by the value of
their relaxation time of charges in space allows to understand
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the nature of exceptional action of nitrobenzene on failure
surface energy of glass ( Berdennikov, 1934 ): nitrobenzene is
considered to be one of the best dielectrics among polar li-
quids ( Evseyev, 1979 )

Rocks Failure Due to Indentation.This type of failure is large-
ly realized by drilling the boreholes where compressive strain
prevail and occures in presence of liquid. Rocks failure under
indenter by its forcing into the specimen is determined by ef-
ficiency of axial force transmission through prefailure core to
enclosing rock. Because of uncountable set of stress concentra-
tors available in rock forming of prefailure core will take
place as a result of crack propagation both of adhesion and co-
hesion types and will rezult in breaking the rock under inden-
ter. Experimental check of powder dispersivity under indenter
by its forcing into average dgranular marble showed that process
rock failure may be classified as comminution: particles of ev-
en microscopic size are present in powder. For determining the
power-intensity of the indenter forcing process into rock we
use modified Rebinder law:

A=V + (88 = Ag + A,

where K is the proportionality coefficient, V is the compres-
sed rock volume, 4§ is the fresh surface growth, Ad is the cu-
bic strain work, Ay is the failure rock work. The conventional
coefficient of rocks plasticity K should be determined by the
formula K =14 + Az / A4 . Rocks indentation hardness and size
of its failure ( volume V of indentation) are defined by com-
minution quality of rocks under indenter in the presence of 1i-
quid: the bigger powder dispersivity under indenter, the more
effective transmission of axial load on the enclosing rock and
the less is the depth of indentation. Indentation volume will
reach the maximum value by forcing an indenter into the speci-
men of rcck in the presence of pure dielectric liquid after
preliminary removal of moisture from specimen.By increasing the
conductivity of solution core localization of prefailure under
indenter, i.e. reducing the volume indentation will occur. Si-
multaneous reduction of conventional yield point of rock will
occur owing easier slip grains of minerals along the grain bou-
ndaries and reduction of conventional coefficient of rocks pla-
sticity owing to decreasing the power intensity of rock's
failure under indenter. Change of relaxation time in solution
will not result in reqular variation of specific crushing ener-
gy AV = A /V because of indentical change of A and V .

For increasing rock failure efficiency on the hole bottom the
drilling should be carried out with such values of rotation ra-
te and axial load of the drill bit which ensure the relaxation
of non-equilibrium component of strength: the reduction of the
rotation rate must predominate as compared with increasing of
axial load. It accounts for such paradoxial fact ( Kolesnikov,
1984 ) of the rotation rate decrease of better rock failure ef-
fectiveness on hole bottom and gives a chance of optimizing the
drilling conditions.
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CONCLUSION

The advance of Rebinder effect reseach is not due to studying
the of physical prgperties of liquids thin layers on the diele-
ctric surﬁage and in space of crack, but also to electrization
nature origin py failure, and to physical action on dielectric
resulting in necessary change of value @ on dielectric surfa-
ce. If the density of charge @, is defined by presence of die-
lectric defects, such action may be preliminary annealing of
dielectric at different temperature: change of on surface
will cause the change of dielectric sensitivity go action of
liquid on it.
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