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Recently P . A. Rehbinder and his school have published many 

papers indicating an apparent influence of surface- a ctive subst~nces 

on the mechanical properties of s olids, and in particular on their 

hardness . From our point of view, t he existence of such a phenom-

enon cannot be given any theoretical basis, XKK~ nor, accoroin~ 

to our 0 In experiments , is it confirmed in practice. 

We have already mentioned /1 -3/ the errors committed by Reh

binder and his colleagues in t he pendulum method and the fact that 

they have systematically ignored the papers of D. I . Mendeleev, a 

pioneer in the art of measuring hardness by the -pendulum method 

(and indded the creator of this method) and also the paners of 

H. I . Koifman /4-8/ and B. V. Il l in /9-11 ' . 

As a second stage in our research, we set ourselves t he problem 

of findinp: whether "surface-a ctive" substqnces had ~ny influence 

on the results of measurements of hardness and microhardness made 
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Fig . 1 . Photograph of a pile of cop~er plates 'subjected to 

the i mpression of the steel sphere P£ a Brinell press . I t is clear 

that t he thicknes s of the upper plate in the center of the hole 
(h,.11i .. o,~qhcJ 

has been slightly reduced and that all-round/ compres sion does not 

therefore take place here . 

by the impression method, and also on the results of tensile tests 

( giving the 'tensile strength CT"$ ) ' .: e feel tha t such tes ts may 

be of great practical interest J s ince the views of Rehbinder have 

received widespread attention . 

In order to check the possible effects of surface-active sub-

stances on hardness we made a number of compara tive measurements 

of xu flimpression" hardnes s and microhardness on va r ious materials 

both in the dry state and a fter wetting with various surface-act-

ive media . 

If, as stateA by Rehbinder and his colleagues , t here were r eally 

any effect of surface-active materials on t he mechanical properties, 
the t1 impressionll hardness (being a function of such pro~rties) 

then lltXDlDbK~mEEI:tkxfi:exmaRJll:maXXK:i:tkxxl!U[IO:eE.±rlElx:i~1l,!!xIDi1liXmx:s 

would cer tainly have a different va lue when measured in a surface-

active medium, and this e ffe ct would be especially noticeable when 

measuring under s mall +oads ( i . e . , when measuring microhardn~sses) . 

It is somet imes said that the res~lts of measurements of 

" impression l1 hardness cannot be sensitive to the influence of sur-

face-active substances) since in such x:exM:exanx mechanical tests 
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there is a state of all-round (hydrostatic) compression in the 

test material under the indentor tip . This, however, is not so . 
hydrostatic 

It is well known that we are not dealing with a state of xxx~xmMXM 

compression in hardness tests . Such an assertion is devoid of all 

physical basis . Almost all research workers are of one mind in say-

ing that hydrostatic compression does not take place xkm under the 

.impression of the sphere in the Brinell test . 

In order to examine this point we made the following experiment . 

Cementing sever ~l copper plates together, we pressed the sphere 

.of a Brinell press into the whole block . Then, after removing 

the load, we separated the block along the diamet . ral plane of the 

hole and polished the surface of the cut . The resultant polish-

ed section showed ~KX clearly that t he thinning of the plates 

under the impression was not uniform (see Fig. 1) . Analogous re-

sul ts are given by another experiment . \11e take a thin plate of red 

copper about 1 mm thick , lay it on the polis~ ed surface of a steel 

sample , and impress a Brinell sphere into this system under a 

load of 3000 kg . After removing the load we cut the copper plate 

a long the diametral plane of the hole . It is immediately ob
_shl~~ 

. vious ~Lthe section that a t the bottom of the hole the ~late 

is severely thinned (to a thickness of about 0 . 1 to 0 . 2 mm) . This 

is because under the influence of the nonuniform compression the 

material of the plate flows from the center of the depression to 

the periphery . On all these grounds Jwe consider that there is no 

foundation in asserting that hydrostatic-compression conditions 

exist in static methods of hardness measurement . 
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The hardness test is a form of meohanical testing vhich de

pends on the mechanical properties of the material in a very com-

plex and often unknown fashion, varying with different methods 

of hardness measurement . The hardness is associated with many 

mechanical properties of the material, and if these properties 

change so does the hardness . The principle properties of the 

material include the ductility , elas t icity, tensile strenfth, im-

pact strength, and so on . The hardness depends in a complicated 

way on the elastic modulus , elongation, and so forth . If these 

constanu change, so must the hardness ; if they remnin constant, 

the hardness must follow suit . Thus a measurement of hardness 

enables us very simply to jude ge whether the mechanic~l properties 

of a body have changed under the influence of surface-active sub-

stances or not . 

Hardness Measurements 

In order to find whether surface-active substances had any 

effe f ct or not, we measured the Brinell and Rockwell hardnesses 

of various metals in the dry state and with their surfaces wetted 

in various surface-active liquids . The test samples were made in 

the form of rectangular blocks ••• .• mm in size . The samples were 

finished on a planing machine, ground on a plane ~rinder, and 

polished with 'GOIII paste t o a surface finish of ••• • •• The meas -

urements were made in complete agreement with the All-Union 

)Stnndards for nrinell kaxQ~~2xt~gt~ (All-Uni on Stq~dard 10?41-40 ) 

and Rockwell (All-Union J t andard 10242-40) hardness tests . 
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Table 1* 

Hardness as a Function of the Medium in .~ich the Tests Were Conducted 

Key 

1 ) Material 

'2 ) Steel 

3) Dural 

4) Medium 

5) Dry 

6) Pure alcohol 

7) 50%,diluted alcohol 

8) .c::mulsion 

9) bURielUl Gas oline 

10 ) Hater 

11) Rockltlell hardness ** s cale B , 
12) Holes, nun 

13 ) .t3rinell hardness 

14) * Brinell and Rocbvell hardnesses determined 

metic mean of three measurements for each medium . 

15) ** Accuracy of the apparatus +1 scale unit. 

'lS the arith-

Out tests revealed no affect whatsoever of the surface- ac t ive 

substances on the results of the measurements. This is damons-

trated by the Brinell and Rockwell hardness measurements listed in 

Table 1 for Dural and various types of steel . 

The results shown in Table 1 prove that there were no serious 

variations in hardness number with medium on using static methods 

to testrteelS and Dural. The very slight differenc es xli; shown 

are no greater than would be expected from the experimental accuracy . 
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Microhardness Measurements 

Vlith the same object in view, we Friltt then proceeded to mCll:e 

some microhardness measurements . These were carried out on two 
I:ke.. \:L...e. 

different hardness testers 'LPMT- 2 and, PMT-3, by t wo different ob-

servers in order to remove~ossible influence ~ the personal 

factor or Xk~X±JpBXE£xK~paxa±xsx ~ appar Atus error . Tests were 

~carried out On cleavages of na tural rock-salt crystals and lead 

glance, a polished marble surface, and the polished surface of an 

. aluminum single crystal obtained by recryst allization. 

Table 2 compares PMT-2 microhardness measurements for the four 

substances mentioned and also those obtained with plates of cobalt 

and annealed steel , both in the dry state and in various m2~iHm med-

ia, with loads varying from 2 to 200 g . 

-------------=~~-~--------------.---.- . Table 2 
Microhar dness of Different Substances in the Dry and We t Stqtes, as 

Measured on the PMT- 2 

Key 

1) Material 

2 ) Al single crys t al 

3) Lead glance 

4) Harble 

5) Rock salt 

6) Cobalt 

7) Steel 

8 ) r'ledium 

9) Dry 

10 ) Castor oil 

11) Oleic acid 

12) Distille:d.,...., 1:Jater 
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13) Alcohol 

14) Dr», polished 

15) Ke. rosene 

16 ) Dry surfac e 

17) Dry , polished, annealed 

18 ) Nicrohardnes6 in kg/mn/ , loads given in g 

we see that at any rate the hardness numbers of corres ponding 

samples are no hrugher for a dry sample than for one wetted with a 
are 

surfa ce-active liquid. The sligh t differences foundL sometimes even 

kKKm in the opposite sense , i . e ., in a surface - active me dium the 

microhardness sometimes even appears a little higher than in the case 

mof a dry sample . The differences , howeve~, are very slight, and 

are mainly limited to the region of small loads ( 2 to 5 g ) ; in gen-

eral they lie within experimental error . 

Analogous measurements were also made with metal s amples in the 

PMT- 3 tester, using rather different liquids (Table 3) . 

Table 3* 

Influence of Various Substances on Microhardnes ses Measured on the PMT- 3 

Key 

1) Material 

2) Stee lt 

3 ) L- 62 (brass) 

4) Dur al 

5) Load in g 

6 ) &RXXXEHXgXJ Conditions of measurement 

7) Section dry 

8 ) Lengtth of diagonal 
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9) Hardness , kg/mm 2 

10) Section with pure alcohol 

11 ) Section with distilled "'Jater 

12 ) Section with 50% diluted alcohol 

13) Section with gasoline 

~ 

* The microhardn~ss was refined as the arithmetic mean of the 

val ues obtained for four i mpressions in the case. of 5, ••••• 200-g 

loads and five i mpress ions in the ca se of a 2- g load . 

In this series of measurements we used s ections of meta l s ob-

t a ined by mechanically grinding a nd polishing , i . e . , cold harden-

ing in the surfa ce l ayer was not eliminated , so that t he ha r dness 

of the s amples t ested was rather high at t he surfa ce . However, 

as the measurements bore a compara tive charac t er, i . e . , ',Ie were 

comparing the results of mea surements made on dry s amples and on t he 

same s amples moistened with various liquids, this circumstahce 

should not seriou s l y distort t he re sults . 

He r e once more the meas urements show that there are no apnrec-

. i able systema tic di fferences i n t1:i:e mic·rohardnesses of t he s e 

meta l samples . Thus the measurements prove that i n the case of 

both macro- and microhardnesses t he hardnes s numbers obta ined in 

t he tests are identical for dry surfaces and surfa ces wetted with 

surface- active substances . 

Me a surements of Tensile Strength ••••• Carried Out on Dry Samples 

and Samples Wet t ed ;"Ii t h ~urface -Active Substances . 

In order to disvover the effect of surfa ce-a ctive liquids on 



9 

the tensile strength, we made some compar~tive tensile tests on 

steel with EN = 58 to 60 , using ~ )5- ton rupture machine con
B 

structed by the . Central Scientific-Research Institute of hachinery . 
lubricated "Tavot ll 

We tested samples~%xKj with ZXEXlgX±XKg grease , commercial vase-

line , 'Avtol" lubricating oil No. 10, and also dry samples . By 

way of surface- a ctive substances we deliberately chose lubricants 

widely use d in technology . For a ll the samples tested we deter-

mmined the maximum imRj breaking stress (load) PB and calculated 

the tensile strength ••••. . The t~st method and calculating pro-

mcedure were in compliance with All-Union State Standard 1497-42 . 

For the tests we used normal circular rupture samples (a proport-

ional sample of circular cross section and a long sample with K = 

11 . 5, type 1, sanple 2) . The diameter of the KHmX sample was meas-

ured before the test with a micrometer / in three pIgces alon~ the 

sample and in two mutually perpendicular positions, to an ~ccuracy 

of 0 . 01 mm . In calculating .•••. we took the smallest diameter . The 

accuracy of the force measurement on the machine employed cor res-

ponded to the requirements of the All-Union State Standard an even 

exceeded these . In calculating the •.••• the result was rounded off 

in acc ordance with the All-Union State Standard. 

---------_._--------- -. 
Table 4 

Steal 
Resul ts of Leasurin?: the, T ::nsile Strength (of 'eM 3am':lles) 

Key 

1) No . of sample 

2 ) Dimensions, d , mm 

3) Hedium 
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4) Dry 

5) "Tavot" grease 

6) Commercial vaseline 

7) "Avtol tf lubricating oil No . 10 . 

8) kg 

9) kg/mm2 

----- - ----------------------,._------,-

We see from the test results presented that the a~plication of 

the surface-active x~x lubricants caused no fall in tensile strength 

as compared with that of dry samples . 

If certa in authors assert (referring to the incorrect view that 

a state of hydrostatic compression exists when measuring hRrdness 

and microhardness by static me t hods) that hardnes s cannot chqnge 

under the influence of surface-a ctive substances, then in a ny case 

from their po i nt of view the tensile strength cannot depend O~~Ch .. 

influence . As we see, the results of our exper iments refute the 

existence of any effects attributable to surface-active media for 

the test methods employed and the materials tested . 

Conclusions 

1 . We have shown that the " iml'ression" hardness of the mater-

jals ' studied, as measured by the Brinell and Rockwell methods~ 'is 

independent of the medium . 

2 . The microhardness of the mat erials tested in the ~lT- -

and PHT- ~ hardness testers is also independent of the surrounding 

medium . 

3. The tensile strength of lo't.f-carbon steel 1mdergoes no mod-

ification on lubricating the sampl·es with surface-active substances . 
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