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intifriction Propertices of the Dispersed Phases

- - bl
Il ¥eta: Sols

The antifriction properties of many metals znd zlloys are pria-
cipally the resuit of the detachment, during the initial sontact along
the rubeoing faces, of highly dispersed particles ¥hich form 2 more or

less stablie suspension in the lubricating oil /377 to 379/. With the

)

appearance of the suspension there is z sherp reduction in wear and
in the coefficient of friction for the contazcting metzl surfaces.

On the Bbasis of these facts, M. L. Barakvash and 8. K. Natanson
/380/ suggested the introduction of lubricating olls containing colloid-

&l metal a:iditives, petuween various contacting surfaces, thus sharply

.

reducing the xear on @R pa2imsof surfaces. The authors were guided
by the fcilcwing considerations. The antifriction properties of

rubbing surfaces dgpend to & gZxect

«©

xtent on the ghysicechamicsl state

v

of the surfaces and the layer of ofl }

™his section 3s based on materials chtuined jJolntiy vith X. L.

Baradaskt and . 3. Val‘chuk. .

o
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inich separates these surfaces. In the zbsence of 20llcidsl metel
additives, the lubricating 01l usuzliy forms zadsorbing soivate layers
only o% the contzcting m2tal surfaces. In this case the ;ubricating
vii cenulsis uniy of two solvate layers and 2 thin layer of free ¢il
between them #381, 382/.
¥1th the addicion of a superfine metallic powder -~ the dispersed

phage of an &pproprizte organoscl —- the lubricant f1lm separating

the rubbing faccs chongss in structure. Because of the tremendous
quaniity of ;olloidal metal particles and decause of the ferzation of

- 2 soivate layer of oli on the surface of eaca particle, zlmost the

entire Jubriczating layer is in 2 solvate state.

Thus 1f coileidal =metel Is present sin t%j-ijfzijif::’gnstead of‘lﬁ'

txc;‘kg;ersas solvate oli lgﬁers will agggar, this should effect a
oJ
favorable veduction in the fri-tion cecefficient and in metal u@{?.

In checking these considerations exgerirmentally, we used conventlional
pure lubricating olis with additives of dispersed thases of organoaols

cf iron and other =etals.

BCL-497/142 -




z‘Zo produce mstal organcsols {of lr{-ramcstly) in iubricating oils

[y :le::ral:,*;is?“ ricus elecirglyzers are used] Diagrams of such

electrolyzers are showr in Part Teo of £nis book.

- The orgznosolrs of lron and other metals in various iubricating

0ils were cbtained Yy-the 2hove rethod and are referred to asv metallo-
c0lloidzl lubricants; they have been investigziesd Dy many scicence and

resexrcn organtizations and by industry.

The wear resistzance of different contacting surfaces was tested

by ¥. L. Baradash /383, 38%&/ on a speclally deszigned disk machine which
.- was Sgulpped with Jevices for measuring the moment of friction, the

friction temperature and the speed of rotation along the frictisn
surface. The author follow2d a2 procedure of freguently starting the

machine; in this a2y the testing time whicl- is frequently guite long
7

%hen high-grade lv'br-ir?.:‘.?-s are used, ¥as considerebly shoriened.

“we vezar in samples was determined By weight. Here, the running- |
in period ¥as not taken into account. The follicwing caontacting sur-

faces (friction pairs) w¥ere invessigzated oy Baradash: a) bronze 07s8S

over steel i35, b) globuier grey cast iron over steel «5, <) 2 :etal,

(SR

ceramic (¥izh &n iron poxder base) over steel &5, = %
Tefaal o & < [ ’
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The first tr0 surface pairs are often used as rudbbing surfaces,

TS
¥nlie the 1z3% two definitely &re: of interest because of the prospects
~—

of their wicde use in the =xcnine-bulliding industry. In addéition, sampies
o cenzact conductora ¥hich 2re used in urban elecizical transsortation
syste=mz, were also investigzated. The resulits cobtained indicateld thau
the wemr of !"er.‘:‘;».:eé-fric.:tion surfaces is directly proportionzi to the
nunper of testing-machine siarts (within 2 range of froa i to 50 starts

rer hour). The author clearly shouzd the reduced wear odtained by

means of lutrication withf{orzancact oF 108 additives; be also sstablished thel

“here wes & regular iuc:ess: I3 weer when all of ¢y wesr Prodects were removed

through e careful cleaning of the disk during the test.
The best resulta (least wear) were cbtained with a mstsl-cersmie surfece

rutting sgaisst idinisr grey cast Srca, This pair of surfaces

Te

{

s further _wvastigzted,and the dependence of wear on sliding rate,

speciner. krz3=l a2nd specific pressure x¥ss established for 20 starts

-

per hour. THe tests 2180 showed that the wxezr of 2 et eramic

3

surface over globularfcast ircn decreases with the addition ¢of an

3
a
3
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Tne efTect produced ty the addition of dispersed phases of iron
*

X

L J
organosol,to iubricating oils on the wear resistance of the wora and
worn rim--the besic coxmponents ofethe worm gear 2t the rear axle of 2

trolleytus-~confirmed the effeativeness of such ae¢ditives, &éspecialily

i}

[
[4

the dispersed phase of bismuth organosols, which assure reduced w2ar

it thecs components.




Similar .esults have been cbtzined from the investigation of

rear resistance in contzcr condfuctors widely used in sleltric trans-

PS L J

port wehicles \‘.:rolleyouses, trolleys, etc.).
Tests carried out azlong the Klev trolley bus route # 4 estailish-
. . ant
ed that the addiiion of th‘dispersed-phase e iron organosael to the
iubrizant. impregnating the lubricant of the zetailmcaranic contacts,
increases wear resistance by factors of two to three,

The test resulis uvztained a2t the Institut~ of Structural Mechani-s

of the Acadermy of Sciense of the Uk, S35 by M. L. Baradbash znd G.
i. Vel'chuk /385{/ are cited below.
~

Bushing samples sede of moidified MSCh 38-60 cast iror rubding
-

cver shaft steel -5 (ring) were tested for wear ongitn.\e{ra machine

using conventionai tachnigues and an MS2J oil at constant siip (v =

0.21 m/sec); the test wzs repeated ¥Ywise: at pressure p, = 25 'rcg/cm2

and p, = 100 .l:g/caz. In certain cases, hisher pres3ures wa2re used

v. = 1izZ.S k.g/cae). The wear was msasured {dy welght) every 50,000

cyeles; the samples were removed Irom the machine and welighed.




- - »
The results of these tests are shown in PFlg. 122. e effect on

b

ezr =nd fri-tion conditicns produced by 3 iubricant of pure ES20

01} znd by the samez 51l containing additives of colloidal 2ron, bilse

suth znd also collioidzl brass znd graphite was studled.

CI-100

CG-10C

C3i-25
03-25 L4
. CB-1C¢2
CB-25

k4

¥5-100

>
Nemi S~
Pig. 122, Wear of ncrmaifzed steel 15 rubting zgsinst medified

vienr of ring and bushing, mg

(M¥CI 38-€0) cast iron as a function of iubricant pressure, and®

specinen travel. XLubricanty #SZC oil with additivee.

CI) colloidal iron: CG) collioidzl graphites CB) colloidal bismuth;
4

¥S) pure olij ghe rumbers near notation of lubsicant type
N

2
indicate pressure in kg/en”.

—
In Fig. 122, the over-all wear cf the ring and pushing is piotted
Al 5
along the a<is of ordinates {uniforn scale}aﬁhile s;ecinendin reters,

3

and nuaber of cycles i3 plotted 2iong the axis of zbsclssas (logarith-

nic seale), -
' 4




The weer ol n 3teel -5 rirg rubblng’against'g‘nCI 38-60 pusning
nder ¢ pressure p. = 35 kg/em®, 1t was estadblished that the

L J

isast wear of & steel 25 ring rubbing against MCY 38-&0 bushings
. L ]
*

(Fiz. 122) is obtzined =iih 2 lubricant contalining cclloidel baismuth.

2 HS20 o0il proGuces scmewhat grezter wear., Approximately the same
wear iz obtained with z ludricznt containing colleidal iron, but

/;y’

after 100,000 c¢ycle weer begins to increase and after 150,00G cyeles

the ~r2r otiained with a lubricant coftaining colloldal

o




s abouf the szme: ths
ubricant containing = coslloldal bisxzuth
cere 2 puvre MSZ0 oi: and an
his rressure, the use of

its in 2 properly shzped running-in.

ey b2 &~ gy & % ¥ U, > - 2
tention i3 drawn te tiae ring (specimer #370. P, = 100 kg/cn”)
L J

C,000 cyeles, when the wear was 84.4 mg; during ire
followl ycles, the wekr, azithough changed, 1s still cousidered
}; afterwards it decreases by z factor of ten -- te 2.6
The ne~t 50,000 cyclies yield a certzin inecrease-- 3 wear of 9.%
=g. The wezr of the bushings is ccaparatively smzll: from C to 6.2 ng.
Consicerzbl; reduced wezr was obtained with the same iubricant at z
= 25 kg/éae {specimen £371). The wesr of The ring varies
2.4 ng. The wear of the bushing 1s also very small--on
2

the wear of the bushing 2% p, = RAyom’.

L'3ci 38-%0 rirg rubbing ageinst TMCI 28-60 bushing

pressure p, = 25 kg/baz increasad vesr may be noted {Pig. 123)

containing colloldzl dbrass {JB), &s cocapared

by using pure ¥32C oli. Thera2 $s a 3harp change




ut a pressure p, = 100 kg/cmd.

cating with colloldal

s v - A

10



fron {CI); this is folicwed by 2 lubriecant »ith colloidzl graphite znd
the groatest wear 1s obitzained in lubricztion with pure ¥S20 oil. At

a pressure ¢f 23 = 132.5 kx/fen”, =e have a characteristically

CBr-112.5
b
£
e CRr-112.5
5 ¥5-112.5
= CAr-112.5
3 Ms-100
= CRr-23
Lo ]
g £G-105
- M5-25 .
o
: oycles
3 >
3 - > :
= Specizen travel

Fig. 123. Dependence of the xear of 2 modified MCI 38-650 cast

iron frictfon pair on the type of ludricznt, prossure and specimer.
travel. Iubrication by ¥S20 01l containing :dirferent zdditives.
CIjcoilotdrl iron, C&) coilcidal graphite, CBj colioldal bismth,v
¥3) pure ofl. The mrshers near the notzation for the type of

Iubricunt indicate the pressure Zn kg/ca?.

£
A& —

fowi‘{":‘ nfe: Y 2




uniform Inecrezse in wesr wlith an increase of pressure. Here it is
interesting to note that an increzze in pressure after 400,000 cycies
(zpproximately 30 lkm) produces a sharp increase in ¥ear when using a
Iubricant contalining orass; lubrication with pure HS20 oil, on thae
cther han‘ﬁgssures 2 gently sicping curve for tne relatiecnship be-
tween wear and pressure over the investigated range of srecimen travel--
up tc 1,200,000 cycles (about 160 Im). Good reproduivility of in-
vestigation resulis on an Amsler type machine is charactierized by the
achievexment of approximately identical values of wear for the szme
distance c¢f specimen travel ¥ith step-by-scp appiicetion of load
(~arves ¥S--25 and ¥S--112.5; CBr--25 and CBr--112.5) with the appli-
cation of considerable pressure at the beginning of the tests (curve
Cbr--112.5). The effect produced by the composition of the solid
phase of the retalloecollolidal Iluoricants on the wear of the given
fricticn pair is clearly disclosed by a2 comparison c¢f curves CI--100, -
C3~-100 and Cbr--112.5, uhich differ 1ittle in pressure but producing

wears of different magnitude.

The wear of steel 45 rubbing azalinst z=teel 45 znd coprer

The tests cerve the purpose of copering the effect cf the

Yool
"y




producss produced by the wear of steel &5 and copper ®ith that of

the highly disperseé solid-phase particles of Trzss organdsols in

HS.0 021 (Fig. 124).

Lat




¥3-253
¥S 1i2-%

Tae wear of ring and bushing, wg
i
A
Yot
o

cycles

{
Pig. 123, The wear of stcel 45 rubbing against steel 45 and

copper. Ix»nl-ation by MSZ0 61l #ith and withcut 2 colloidal

orass {CEr) addéifive. The mumbers near the notation of the

type of lubricant tndicate the pressure in ke/cri.

A coaparison of absclute wear values{fer the Ainvestigated
fricticn salrs) -24th datz from previous wear-resistance studies of
steel 45 rubbing ageinst MCI 38-60 (see Figs. 122 and 123) leads to

; 4
the conclusion that pressure?a the deciding factor when 2 high-grade
iubricant is used{in our case it was MSZ2C aviation oil).

¥ear as 2 fun-ction of pressure 1is descrited well by 2 {orrula

of the form

[=]
]
o
jot
o
fes
+
g

13




3
wnzre U Is wear in mg, U is pressure in %xg/cn” applied to the
2 and b are constants found from ecperience.

b %s given in /383/; for the

The methed for deterzining z an
friction pzir, 2 zetaifreranmic anéd globular grey cast ircn, wWith a
lubricant containing volloidal iron, it was fourd that a = 17.258

znd k = 2.726 Eence for the meta: .erailc - globular grey czst
iron fricticn surface palr wWe have
U = 17.238 log p - 2.726=17.2 log £ - 2.8 mg.

The twxs constants =ay be regarded as an indicatlon of the ~ole
of two structural factsrs which participate successively iii the de-
velexzent of the rrocesses producing the w2ar of the friction palr.

The experimental materis: necessary to disclcse the physical
e=aning of these structural fzactors and to find the quantitative
relztionship tc determire these factors 1s not yet avatlable to the
authsrs. Therefore, at this stage we zmuust 1ixit ourselves to a

qualitative confirmztion of the validity of the relz%icnship given

in the last colu=n of Tz=bla 5%,

s
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Ciy wear 1is aflPectesd by the surface shape and structure
¢f colloidal-metal pa-ticlies introduced into the Zubricant; it is

also influenced by the adsorptive capacity of these surfaces.

In investizations on Amsler type machines, the friction co-
efricient of the palr of surfaces under study ané the specific xork
of friction, L.e., the work due to friction, referres o the unit
of welignt lost as a result of wear from sliding friction.

Pigure 125 showz a curve of the variation in the fristion co-
efficient 2s 2 function of the number of cycles on the same machine

curing tests.




‘e

of the steel 45 (norm2lized) sriction surface sliding over cast
i1ron XCI 38-80.
As =2y be seen froa the datz of Rig. 125, at & pressure p =

2
= 25 }'J_Z,/cn rS the

\}

=zllest friction coefficient is ootained by using

:

2 ludricant containing colioidal ircen. TShe almost horizontal curve,

for 2G0,000 cycles, is typical in thix case. 3% the 2btove pressures z

colloldal-tlsmmth additive yilelds a2 higher coefficient than that ob-

tained witn oll to ¥hich colloidal iron is added.

CI-100
CG-190
26-25

MS-1C0
C3-25
CB-100
CI-25

L

Filg. 125. Dependence of the fricticn coefficlent of steel
45 siiding over MCl 38-60 on type of ilubricant, pressure
and specizen travel. Iubrication by MSZD oii containing
additives. CI) colloidal iron, Cd) cciloidal graphite,
C8) collcidzl biscuth, MS) pure oil. The marher near the

notation ¢ the type cof lubricant indicate the pressure in

2 -
vafea” 15




The plcture changes a2s the pressuce increases from 25 to 100

e/ em? .

5!

e smallear friction ccefficient [smalier than 3; =25 kg/ém?)
is cbtained by using a collcidali-pismuth ajditive. Csiloidzl iron
angd c¢olloidal grazphite additives yielé approximately the same friction
coefficlents; these coefficients are somerhat “arger than these ob-
tained with pure MS20 oil. It is interesting to note that the colloidal-
graphite additlve ylelds the largest friction cosfficlent; here the
coefficient is larger than that obt-ined with pure MS20 cil, even

ii when the pressure p, = 100 kg/hmz.

A raduction in the friction ccefficient is observed when the
pressure is increased from 25 tc 100 kg/hm? and when the lubricant
contains colloidal piscmuth.

The tests to determine the friction coefficient of other in-

, ﬂw)

vestizataed p2ixrg of frictison suxrfe esiresults ¥hich are shown in

4
i
k)
1)

0

As was tc Le expected, the largest coefficlent was obtained by
rubbing steal 45 over steel 45. In this case, colloidal brass was

added To M520 oil and the pressure %as rzised to 112.5 kg/hn?. A

jot
0




i

graedual increase in the friction coefficlent 1s noticeatle as the

stecixen iravel distance 1inscreases.
& consideradly icuer friction ccefficient is obtained by rutbing

#CT 28--60 over MCI 3B--50. In this case, the addition of colloidzl

brzss, 2s opposed to lubricaticon with pure ¥S 20 oil,




serves tc recduce che {riction ccefficisant substantiaily. Thus

%ithin %this range of specimen travel (numver of cyales), the friction

coeffizient cobtzained Ty iubrication with solloidal brass at a pressure
- . 2 -

of 1i2.5 kg/om 2s lower than the one obtained by lubrication with

pure HS20 oil at a2 pressure of 25 kg/ém?.

)

steel 5 over steel 45

HCT 38-£0 CBr-112.5
over MCI 38-60
MS-25
x-112.5
CRr-25

Fig. 125. Dependence of friction ccelfficlent of steel A5
cver steel 55 and ¥CI 38-6G over MCI 33-50 on type of

lubricant, pressure and specimen travel. iahrication with
A

7

7

HS20 oil, with colioldal brass (CBr) added. The mumbers neer
the nctation of the lubricant ¢ype indieczts the pressure in

2
kg/ca”.

The curves of Filg. 127 1ilustrzte how the specific work cf

o My




friction in the surfzces under study varies as a function of lubri-

n ®“ith pure HMSZ0 oil or with the same o1l containing a2 colloidal-

(el
h
o
[y
[a)

22
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¥
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e

®eT 38-€0
S

over MCI 35-60

stael 45
over steel &3
CRr-~112.5

MCI 35-60 over
¥CI 35-60

of frletion -'-"“‘{r‘:'i'l . 10

»
.I

Spacific wor

Pig. 127. Dependence of the specific work of Iriction of
steel 45 over steel 45 and MSCh 38-60 over MCI 38-60 on
the tyve of Iubricant, pressure and specimen travel,
Iabrication with K520 oll, with a2 colicidal-brass (CBEr)

additive. The nusber near the nstatlon of lubricant type

indicates the pressure in lg/cna.

“hern ¥CI 38-60 is rubted against MSCh 38-€0, lubrication with

2 colioidel-retal additive, as compared to pure HS20 o1l lubricatisn,
-2
reduces the specific work of friction over the entire range of pressure

from 25 to :12.5 ig/em®.
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£ these reszults, the follauing facts have veen

1. T%ithin specific ranges of pressure and specimsn travel, wear,

spesific work of fristion \a:nd the coefficient of friction are re-
I

duced oy the addition\r( thne lubricant {(MS20 51i) of various retz2l

disperszolids of the cciloidal order.

n

. The investigation of the steel 45 and KCI 38-£0 friction

pair showed. at a pressure of 25 i-:g/cn? that the least wear resultad
from lubrisation with MS20 oil to which colloidal bismuth {CB) nad

veen added; this w23 fcllowed by pure ¥520 cil, MS20 oil with zn
z£dttive of cclloidal fron {CI) and zclleidal graphite {CG). in
increase in pressure to 16D }:g,-’o.aa indicatedé that the addition of
eclintdal bismuth slisc produces the smalilest amount of wear. Collecidal
grephite and iron accelerztez the running-in.

i. The investigation cf the M3Ch 38-80 and ¥S8Sh 3B8-€0 fristion

. . 2
I2ir showed, at a preasure of 100 Xzsem ;. that the least we2ar re-~

suits with 2 colleidzl iron 24dditive; this is followed by coileoicdel

geerkite and e cil. The zdditicn of coclioldal dbrass sharply in-

crezses tha wear of these surfaces.




. The study of ..iction in the steel -5 znid ¥SCh 38-€0
~t:zion na2ir showed,at 2 pressure of 235 kg/fe=", that the smallest
soeffl tant of Triztion and the lsast work of fricticon are chiained

by using colleidal iron zs an additive, ¥hile the
-

r Al

-

f\)

(&1}




ro the use of 2z cclloidali-gzaphite
- 2
zdditive. An increase In pressure to 100 kg/em” ylelds 2 lower co-

effi~tent of friction when colloidzl bismuth is adéded to the HS20
lubricating oil; a2 Iarger coefficient of frictlon is cbiained vhen
c0lloidal iron znd graphlte additives are used.

5. In order %o reduce wear with pressures ranging Iros 25 to
100 kg/bn?. it is expedient to use colicidsl iron as 2an additive. At
higher pressures {up to 100 kg/haa) c0lloidsl biscuth may be used as
the additive.

6&. H¥ith higher pressures {80 to 100 kg/bm?) colioidal iren
zGgitive enhances the running-in.

7. Hith properly chiosen conditions {rressure, type of oil,
type of coiloidal meial) for the application of cclloidal-netal
Judricants--organosolis of m=tals--it is pessibie to obtain a differ-
zntlated improvexent in the muming-in, to reduce weur and heat
1tderaticn on the rubdbirg surfaces of =cdern machines.

Coating ccmponent surfaces subject to {riction with thin fiixs

of the Gispersed phases of orgznosols of metals is of definite interest.




that xhen specizens of cast iron, coated with iayers
< various metezls {tin, Iead. zine, copper, aliuzimm znd others) @
zre subjected tc friction, ¢in, more so than cther metalsefcﬂsider-
ably izprouves the antifrictisn preperties of <the rggbzng surfaces.
This croperty of tin is explained by the fact that 1t adhares well
to the fri:ticn surface cf the basic metal and exhib2is gocd iudri-
cant adsorption proparties. Xoreover, tin 2150 has z lubdbricating
effect on metallic surfaces undergoing friction. Studzinskiy
arrives 2f the conciuslon that the cozting of the friciiaon surfaces
¥ith 2 thin layer of tir {about 5 micruns) offers the possibility
of considarably widening the f£i=21d of appiication of cast iron as
an antifriction material.
Bousver, the zpplicaticn of a2 thin uniforn laver o
iron component surfaces
byt

"

e

presents defintte difficuiies.

29ny cast
¥e assux=e that such difficuitlies can b2 avoiled by coating the
-3

ayer of the dispersed




0.5% ¢ etnsicelilulose. dComporent preheasing causes the carbeni-

Al

zaticn of the eth¥icelliuiose and a2 durable coat of tin is formed on

L

the surface of the primcipal metal.

el




_i;he carbon, In yuuntities of about 5% by weight of tin, usually
has a lattice resembling that of graphite and should, in this
respcct, favorably affect the process of running-in the surfaces
under friction.

Films of the dispersed phases of organosols of a number of other
netals (iron, lead, bismuth, cadmium, zine, copper) may be found to

be sultable for such purposes, when verified experimentally.

3. The tagnetic Properties of the Dispersed Phases of

Sols of Metals and Alloys

Superfine powde?s of ferromggnéﬁic metalé and their alloys are
used in power machine constructi;n, rédio engineering and other
branches of industry; these poWdaf; are mainly used in the prodﬁction
of permanent magnetsvand various induction-coil coreé ﬁsed in high-
freque .cy techniques and in rad}élinstruments.

Such cores must possess.highémagnetic permeability and large
ohmic resistance. In this c°nné§£19?}?hey are frequently made by

o)

compactinggéixture of metal powdersiand a dlelectric, taken in differ-

ent proportions. The individual metal particles in such cores poasess

"
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1zh zagnetlc permeability, and the eddy currents are localized in




Shellz> or varicuz high-molecular ccapounds /387/ usually serve

the dieleciric. Tme dieleciric in the core should not be in excess

Yo




thls amount 1s e.ceeded, the over-all magnetic permeability of the
cer- 18 rharply reduced. h,’

For thé prcduction of magnetodielectric one uses, for the most
part, iron powders obtained by the carbonyl method. Because powder
ﬁarticles are nearly spherical in shape, considerably less dielectric
18 required for the formation of surface insulating films than would
be the case for the formation of 1nsu1at1ng films on partlcle surfaces
with sn%éﬁ angles and proJectiqﬁs. Attempts to use iron powders ob-
tained by ordinary electrolysis have shown that because of their
dendritic shape, it is extremely difficult to have the dielectric
cover the entire particle ;urface thus penetrafing every microscoplic
fissure and pore of the powder particles.

In such cases 1tvbecomes necessary to increase the volume ccntentu{_
of the dlelectric up to uoﬁﬁend this sharply reduces the magnetic

)
permeability of the cores; it 1s mainly for this reazon that elec-
trolytic iron powders are unfit for the production of cores.

It should be noted that the dispersed phase of iron organosols,

a superfine iron powder obtalned Sy electrolysia; is especially
valuable in the production of fh;s? cores,
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such powder particles, thelir extrexely develooed inner surface is
completely coated with strong adsorbing layers of surface-active
sitbstances znd a2 hydrocashon medium, the instant these are formed on
the cathode in the txo-layer electroiytic bath. When such dispersed
phzses of iron orsanssols are used as superfine powders in the pro-
cucticn of cores, the zbove adsorbing layers may play the role of
e.tremely finz, butk strang, filrms which uniformly cover the entire
irmer and ocuter particle surfaczes.

Cores made of dispersed phases of iron organoszols will cantain
2 minimmm of dlelectric ané snoculd possess very high magnetic perme-
2bility =nd considerabie ohmic resistance.

Surerfine iron powdars containing 0.5 to 3.8% Ni were suggested
for use &s ferrczagnetics. These powders 2re made by thermali de-
composition of iron carbenyl shich in the form of adnixtures contains
an adeguate guantity of nizkel carbonyl in the free space of the heated
vessel /388/.

In z nuzber ol countries, especialily in the USs and England , pure

Uy

iron nas recentlir been used in the groduction of megnete-dielectrics;




nowever, scme very effective allioys have alz~ Yteon used for this
purpase /:89/.

Permalloy--zn iron-nickei alloy (78% Mi, 21.5¢ Fe) is cne such
ferromagnetic. The use of 2 permailoy containing molyodemza (81F

<% ¥c) is particularly widespread in the TSA.

7
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The iutier possesses .onsiderzbly greater magnetic permeabllity and

cer chmi: resistence than pure rermalloy.

Hlovever, the mechanizal crushing of such 21loys into superfine

nowders presents greet diffi~uliies; therefore, in order te make
them brittle, speclali additives are frequently used.
Of great intera=st from the viewpoint of overcoming the above

difficulities, 1s the use of the dispersed phases cf orgenssols of

allcys (of the permalloy type} in the form of superfine powders cb-

ined by electrolysis. The expediency of using such superiine

$

pevders in the production of cores becomes perfectly evident if
ve tzke Into account that the magnetic permsaability cf the cores
increases sharply with an increase in the dispersion of the ferro-
omagnetic powder.

In recent times Investigatore 2 e pald sprecial attenticn to
the property of ferromagnetics to rotate the mlcrowave plane of
poiarizztion, since many actuzl problems of modern engineering :an

e selved because of this effect. To the nresent tinme the above

-~

[
~
effect was investigeted m2inly mapneto-dielectrics in which the

size of the distribuved metval particles wasg in escess of tens of




microns, In such magneto-dielectvies particle aggregate usually form

and these frequently come into coﬁﬁact with

36
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each ofher; this results in large losses to eddy currents. The draw-
biazks noted above need not take place if dielectrics containing the
dispersed phases of metal organoeols are uced; thése organosols are
stabilized by surface;active substances, Colloidal particles ir. such
dielectrics may be present as simple domains. Their slze corresponds
to the reglon of spontaneous magnefization. In size, the colloidal
particles are equal to the depth to which the high-frequency fleld
penetrates the metal.

Proceeding from these coﬁsiderations, I. A. Deryugin /390/ in-
vestigated for the first time the rotation of the plane of polarization
of microwaves by magneto-dielecé*ics prepared on the basis bf dispersed
rhases of organosols of metals obtﬁined by an electrolytic method
which we have developed.

Deryugin's calculations of the complex magnetic permeability of
artificial ferrodielectrics for metal particle sizes of the order of
several hundrea angstroms have shown that a major part, over a wide
range of frequencles, 18 a weak furiction of frequency and retains a
value above unity up to millimeter waves. Thé ihaginary component

a)auejhgnéﬂg

has a maximum vhose position is determined by particle sizes anqh

,’ /s
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“he stminture f{n artificilzl ferrogdlelesiziss. His investipgations ofF

e

- fer w2 P, = T “—e - @ -1~ e
the rotation angle for ths polarication plene as z funcilon of xzag-

netlis fizld strength for waves of 83, 1€, and 32 == &ndé zs a function

-

of particle dispersion have disslosed considerable rotation of the

polarizaticn pilane; this rotation 1z produced by ariificizl ferro-

Glelacirics ¥hen no external magnetic fileid is present. The angle

&~ ooy &3
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§ the

0 ' |
1s « functlséxbrganosol particle dispersion (Fig. 128). For iron
particles several hundred angstroms in size, the spontaneous rotation

of the plane of polarization for an 8 mm wavelength reaches 60° per

1l g of ferromagnetlic mass,

Fig. 128. The angle of rotation of the plane of polar-

ization as a function of the particle dispersion of the

ferromagnetic materlal.

The rotation of the plane of polarization 1s a weak function of

LY

the external magnetic field. The latter indicates that the internel

©ields which bring about sponteneous rotation carry the effect almost

up to the point of saturation.

No spontaneous rotation 1s . observed when the size of the iron

particles 1s of the order of tens of microns.



Deryuizin also estahlished thatNthe rotation of th; plane of
polarization 1s directly proportionﬁl to the concenfration of the
ferromagnetic mass in the ferrodielectric and depends on the frejquency
of electromagnetic radiation.

As a result of thorough investigations, Deryugin developed a
new principle of obtaining weakly-reflecting load elements which are
easily controlled with respéct to frequency; this principle is based
dﬁ the utilization of resonance absorption in the highly dispersed
particles of ferromagn;tic metalﬁ éna alloys. The half-widthABf the

e F

absorption band " H 1s large because of the losses of the demagnetizing

‘ strctored

and other factors, and also because of fhgddispersidh. This effect

is strongly dependgnt on Yhé dispersion'of th;”ogganosolf

Deryugln also proposed ; method ofﬁpreparipg nonreflecting
elements 1ﬁ‘the r9£m of an-érﬂificial magngﬁo;dielectric made of
highly dispersed phases of ferpomagnetic metals andlgilcys éis-
seminated in polysgtene, plexiglasgr rubbéi;aﬁdﬁother dieleétrié
materials, and he has established that u£der certaln condit}ons “the

half-width of the absorption curve =may be anomalously large.

It should be noted that the magneto-dielectrics prepared on the

£
f

L d
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basls of diaspersed phases of organosols of ferromagnetic ﬁaterials may
1l1so0 be used for power control devices. .

Aé magneto-dlelectric alloy consisting of iron, silicon,



St s R S S Bk

!

i
and aluminum, the so-called "3andusﬁCQ has recently come into wide-

spread use in Japan. This alloy possesses high magnetic permeab1%3§?
and large ohmlic resistance. It is very brittle and mechanically‘i
euslly crushed.

Permanent magnets, it i1s lknown, are made of highly/éoercive
alloys. Magnetic alloys possessing a high coercive fdrce usually
consist of 12.33% Ni, 5 to 14% Al, 5 to 20% Co, 0.1% Ti, 0.5% Cu.

Superfine powders or[metéls and their alloyé‘are very valuable

materials in the production of permanent magnets, since the production

of permanent .

gnets by casting presents great difficultiqs which are

due ma1n1¥ “to the high viscosity of the molien metal'and the necess-

1ty of subsequently grinding
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properties, such magnets cannot be dis-
tingsuished from the cast variety.
In Tlest Germany permanent cagnets are mass produced xith

alloys of ainjux 93 (66% Fe. 22¢ Ni, 12% A1) and with 2lnlum 120

Y
)‘.4

s (58% Fe, 28% Mi, 1% A1).
In addition to alnium, the USA and England peroduce 2n ainico
alloy ¥hich conteins G to 12% Co, and iron, a2luxzinu= and nickel.

T™e preducticn of permenent magnets from superfine iron poxders
with particie sizes from 0.0 Te 0.1 =icron was particulorly success-
ful; 2 mixture of superfine powders of iron (70%) w¥ith cobait (30%)
¥as 2iso used /39/. £in a2iloy of such a suparfine iron poxder hss a
coercive fcrce of about 1,000 oersteds.

Po¥ders of an intormetzllic cospaund of bisguth and =anganese
are recoc=ended zs the mateprizl for preducing 2fficient ser—anent
magnets. This fusfon resulls f{roo the sintering of the powders of

pis=uth znd manganese, tzken in & ratio of §3.35:16.65 by waight

veds
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in un inert gas at a temperature of 700° in a rotating furnace /392/.

Aim

-
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nzve developed the itechnclogy of obtaining magnetic coa-

/
oonents nuzde by compfoting superfine powders bzsed on ircn and th

Iron powders “with ceolloidal dispersicn (paorticie sizes from

0.01 tc 0.1 ricrons), obtained by the reduction of iron forzate

1]
(3]
[

low temperature in hydrogen, are widely used for the prcduction
of “gekalloy” permarent nagnets wnich have a2 density of & to 5 g/bn3
/295/. Tne coercive force of such magnets may be of the crder of
1,600 cersteds. Mo spirilous currents appear when these cagrnets are
usa2d i varlous devices. Cocmponents of superfine powders have mag-
netlc properties which are not inferior to those of magnets made of
costly special magnetic steel; they are less dense by factors of two
to three, reguire less basic ~ostly materials andé their producticn
is considerzbly sizpler. These cxiponents zre needed particularly
for work =ith high-freguency currents zzud for precise control of
nagnetic perzeabllity /359/. However, in obtaining highly dispersed
iron poxcers and in wuorking with thenm, we encounter serisus diffi-

culties ¥hich &re m2inly the resu’t of the pyrophoric properties cf

these powders /395/.




Tt 15 also important to take into consideration that the magnetic

properties of superfine poviders depend to a considerable extent on the

shape

- , 46a,
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and structure of their particles and these properties are especially

high when the crystals are anlsotrople.

It 1s known that magnetic crystal anisotropy is fairly high
when particles are elongated in shape, or when strong anisotropic
ctresses are present /396/. Ordinarily such partiélés have consider-

able effective internal energy.

- ny



To xmzike highly dispersed metallilc powders suitzble for molding

-

permcnent megnets, thelr particlies rmust possess high cniscirepi: ener

A& number of authors hnave attexmpted Yo increase the coercive force
of megretic cozponents made of surerfine ircn powders, hut they 44d
not =meet with s uccess\!i%n:e the heat treatments which they used te

orepare such poawders produceéﬁror the most part, m particle

share. In this respect. our special attention should be turned tc the

dispersed phase of ircon organosol obtaired by eiectrolyzls. As we

[

(o

order, whose particles have 2 sharply defined zicrodendritic chtru~ture,

Super:ins iron and other ferromagnetic metzl povders znd 2lloys.,
present in various orgznic mediz in the form of the correspeonding
organosels, ma2y &lso find 2 wide range of applicstion In the so-czlled

procaleihe
mzgnctic-povde r detection of defects.
hils process §o usually exployed in the inspection of various
r

proucts made of iron and other féi?oaagnetic materials; here &wo

metheds are used:

have z hign moment of mzgnetic szturation and a high curie vemperature.

ve aliready pointed ou%,t.lgisn iron poutder disrerscid of the colloidgal

1) the products to be inspected are prelininarily mauynetized, a=fier




e

wnlzh They zre springled wiin z suspenslon of ferrcomagnetic powder

~rd the resiguzl mzgnetizatlion of the material is utilized to gdis-

_) the products are sprinkled with z suspension of ferrcmagnetic

powder at the instant at which they are under the action of a mag-

-

The zethod used depends on th2 nature of the material, its nag-
netlic gropertles. the shape and size of the products. The inspection
of magnetically scft steel coxronents takes place at the instant the
magnetic fleléd is applled. In most cases, however, we use the
method of resldusli product magnetizatisi, obtained by psssing 2
shert-duration electric current thrcugh the product.

¥hen the magnetized products contact the ferrocmagnetis powder
suspensicgdfost of the particies are attracted to the defective points
1f these are on the surface lager of the preduct and are a:tremely

thin eracks invisidblie to the naked eye.

e ferrosmscnatic powder particles

§Fhich have thus accwmlated

or: the surface of the product, Indicate the location of the defacts.

1

e magnetic powder method of detecting dafects is based on the

"9
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the specimen being tested when obstacles having smaller mﬁgnetic

permeabllity are encountered in the path of the magnetic lines of

force. These obstacles are, in the main, suéhvdefects as sracks,

QU ' : .
- blow holes, sbﬁie, nonmetallic inclusions, blisters, ete.
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Llnes of force are scattered at these.defective points and a sharply
expressed magnetic field nonuniformity becomes evidenﬁ. These éircum-
stances, for the most part, aré responsible for the accumulatidn of
ferromagnetic powder particles in the defective areas /397/.

It should be taken into consideration that the'detécts are ﬁﬁr;g
ticularly evident when they are perpendicular to the diredtioﬁ of the
11nés of forca. It 1s therefore necessary to select magnetizafion
conditions so as to obtain the most favdfable'difédtion"ror magnetic
fofée lines.

The location of defects depends to a greﬁf.extent on the dis-
persion of the ferromagnetic powdef,‘on the stability of its suspension
and the nature of the product surface to be 1n§pécted. Iﬁcreas;ng
dispersion in the ferromagnetic powder greaﬁ}yfenhénées the powder's
penetratlion into the defective placés, thus ciearly rixing ﬁhése
points.

The stability of the suspehsions must,béHSﬁoh as to prevent a
spontaneous settling of a solid iayer of ferromggnefic'particl;d on
the surface of the product whén_the sﬁspensioﬁs come into contact

with the product during the inspecdtiol of its quality. To avoid

5e
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of Jerrcmagnetli: powder. dhen the concentirations are high such 2
couwder settlies scuft on the surface of the product under inspaction
ir. The form of a solic layer; ¥ith lo¥ cancentrations the tize spent
in inspection 1s proloaged considerably.

Froxm the viexmpoint of dispersicn and stability it is iz=portant
to vake Into considerztion thzt the corgenosols of iron snd other
farromzgnetic materials present in different hydrocarbon mediz are

(4

the most suitabie c\'af;e:s for using the method of detecting defects
*¥ith powders.

e nature and condition of the produrt surfaces undergoing
Inspection are no less izmportant. Tue surface must be lyorhilic
*1th regpect to the dispersed mediumg the amount of stzbilizing
substances--high nolecular cozpounds usuzlly present in the orgsnc-
seis of iron a2nd ferrgmagretics alloys——should be 2t 2 nini=uw =2nd
®¥ould not de an cbstacle areventing contact betueen ferrcmagnetic
particles and the surfa-e of the products undergoing the test.

The surface of the product undergoling inspection should first
te m2CGs hydrophodic bY washing it repeatediy with arhyérous acestone

and sviztlon gasoline., Txrealing the surface in thils =ammer resuits

\f"
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remev.l of the zdsarbing layer of xzfer which 1s usually precent on
the surfare of any metal in contact with the 2ir which 21lways contains

water vapors. 1In this case the acetone =olecules dlspiace the
zoleruies of the adscorbed water {roz= the surface of the pxcduct deing
inspecied and froa all macro- and micro-fissures present at the
surface of the produst. As a2 result the surfzce decc=es intensely
hydreghoblic and this erhances 1ts wetting by the dispersed mediux of

the organosol;

-




1t «lso enhunces the deep penetration of the colloidal ferromagnetic
pufticles into the macro- and micro-fissures, and also their accumu-
lation in such places.

Flgure 129 shows a c¢rankshaft pin before and after its inspection

by the powder method of detecting defects.*

8 b

Fig. 129. Crankshaft pin before inspection (a) and after (b).
In using the described method it is important to lkmow that on
surfaces containing no defects which could serve to rcject the com-

ponent, occasionally a thin ferromagnetic powder settles so as to

j“Th:hs photo 1s taken from the book by A. V. Phigadlo, T. D.

\ ¥
Rdvoyskas,
Kubyshkina, and 0. N. "Inspection of aircraft components

7. by the magnetic powder methodbq Oborongir~, 1951, p. 75.

-
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sussest thot 3usn defests are realily present. 4 simiiar chenozenon

orzurs wnen tee ccnponent surface is not ho-ogeneous; for exampie,

when there s carcide sitriztion in the structure of the =etal. In

such doubtiul cases,

’f"\
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the obtzined results rmust be verifisd by approprizte nicroanalysis.

. Tne Use of Eizhiy Dispersed Metal Poucers

in the Machire Bullding Industry

A% the present tire metal powders are widely used in the =aghine
bullding inGgustry for the production of gear wheels, tempiates, piston

rings, po-ous tearings, em—munition rovating bands. friction disks,

for jet engines,; veiivus types of kard 2lluys and 3 large quantity

¢f special-purpose cceaponents.

<

ar Components produced by powder metallurgy rethods are zimsst
coaapietely free of the defects xhich are observed in coaponents

r-




rodu -ed by ~zsting and mhieh depend srincipalily on the crystal-

1izz¢icen provess, 1.e., the transition of the rmetal from the liquid
o the solid stzte.

It is mewm thal powder rmetallurgy methods are very advantageous
from the viewpeint of simplifying compenent processing eccnemizing
cn raw material.

The weav renistance of metal-ceramic components is high;: this
is esperi=liy rhararteristic for metal-cerarmic preducts first in-
oregnated with cil.

An Important advantaege of porous products f{ez.g., porcus iron

"

besrings impregnaied with oll) is their property of “self-lubri-
cation”. In this case, the highly developed inner surface of the
perous bearings is covered with a2 leyer of lubricating oil. There-
fore no speclal external oll supply ic reguired fer such vearings
and this is extremely important for friction surfaces which are noct
easily zccessibie.
in the groduction of dearings, 2 %o 3¥ of graphite is fre-

cquently added to the iron poxder. The graphite forms 2 suspension

~ in the lubricating oil xhich fills the pores of thae bearings; the

U
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In 26d81tlon to graphite, 0.5 to 5% PO or 16 toc 20% was addad
1
To the iron powder in the procducticn of porcus bearings. Howewer,
this was fuoractical since the lead ans copper did little to izprove
ine gquality of the bearings /363/.
At the present time porcus tearings are impregnzated with 3 to

7% molten su. ur (by weignt of bearing). Such bearings have a

igher guality than ordinary bearings, they are zble to operate under

o

»

2 iocad o up %o <3 re/em” and 2% speeds of up to 7€ to 80 mfsec;
they will tolerate a conzider=ble increase in temperzture and do not
reguive additional lwbrication [339%/.

Tne impregnation of porous bearings with synthetic resins also
brought positive results.

Porous beza";ngs/\instead of cast brsnze, brass and plastice

D

Dearings,=2y be successfuily used In yarlous branches of the
L4
)

-~

machiine bullding indusiry.
The basic raw materi2l for the n=3s production of many foxms

metali-cerasic products are Iron powders odpwained by vsrious

Iron powG2Ts are no¥ mostly obtained By reducing crushed ore [‘

61
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wiih generater gas or stored nzturai gases /400, 401/.
suaiiy accomplished in rotating furnaces. ™he

rosess proceeds julte rapidiy and completely, egpeclally a@s the gas

pesses thrcugh the
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%>

terisl reing reducad ord swiriing takes place. TUnder such conditiors,

sz.le reduction vegins at the instant the ore or scale are sus-

:

rded in the form of dust. Thne latter is attained either by a rapid

rctation of the furnace. or by automnatic vibration.




Redurtion of rushed ore or sczle in shafi-type furnaces 1is

I»cn powder preoduciicn by the reduction of mill scale with
natural ges hus been investigated in detzil and devzioped on an

-

ndustrizi scale by I. M. PFrantsevich, I. D. Radomysel'skiy and

ol

gthergﬁst the Institute of ¥etal-ceramics and Specizl Alloys of
the Acadenmy of Sclences M. SSk /UD2/.

iron sponge is obtzined by reduction, crushed in a hammer =ill,
ana tnc powder 1is sleved through corresponding screens. Such powders
usuaily have a content (in %) which is approximately as fcliowz: not
less than 98.5% Fe (of the tctal), not more than 0.1% C, not more
than C.2% Mn, not more than 0.1% Si, not more than 0.014 S, not more
than 0.4% of the residue mC soiuble in hydrochloric acid, inciuding
Si.

In order to ovtain 1 ton of iron powder ve need 1.43 tone of
scaie and 2,000 m3 cf natural ges.

o

4
Host of these powder particles have sizes from 0.15 to 0.25 m= W

&
~
This methcd is charac*erized by 2 cexmparativeliy high 7i23d {rom

the basts ejulirtment and by tne ease of the process. Iron powders




pbtained by this method almost

tempering before

produced

¢

compacting;

% cold harden andrg% no

this 1s in contrast to the powdera

I




1th industrisl needs in mindg, I. M. Frantsevich, I. D. Rado-
avsel’sicdy, I. M. Fedor~+-iko andé others /<03/ devsloped the folilowing
t:res of powders: APZM--for the promuction of iron-grzphite products

APZaT--£0: reduction in the production of pigrents, APZnF--ior oxy-~

fiux cutting, APZnD--for magnatic detecticn of defects. These powders
-‘r
e

are easy to compact. High Lyick strength over 2 wide range of

TOresity makes cvossldle aut ==tic compacting under mass produciicn
condltions. Poxders have been found to be perfectly suliadle for
o.y-fiux cutting znd magnetic-povwder detertion of defects.

Of the cther -ethods, thermzl decomposition of iron pentacarbonyl
?e(co,,; is irportant. This method yields superfine and very pure
irgn powders ¥nlch are m2inly used for the production of magnetic,
vecuwuz and other types of porcus products. However, due to their
nhich cost, powders find iinited application. Iron powéers zare fre-
guently msae by electrolysis in xnich the iron {in suifate or other
tethe) is deposited on the 2athede In the form of & coarsely dispersed

povder ar in brittle lumps wnich are subszejuently crusied mechanl-

powders. -







oxr Jlten c2s5% iron zrd oy 2 —echanic2l grinding operation in an
edgdy '?,:i.".l. In the latter case, It 1s necessary o obizin froo the
Iron & cailbrated ¥wire, the c£ilppings of which a2re sublected to
eruashing.

It is iz-portant to take Intc conziderztlion that the techns-
logiczal properties of iron poXiers are largely deter=ined by the

ize of their particles. 1In =ost cases decrezsed particle sizes
and inrressed <re~ific surface of ircon po¥ders comsideradiy improve
nechanical properties in prsducts made frox= such powders.

In oxy-fluax cutiing when powders z2r< useq as ths basic cozpenent
of the pouéar-like fluy powdar efficiency increzses as dispersicn
increzses. This Is a2lso truz xhen poxders are txed as reducing
agents in procezses iransforaing va® dyes inte vat sois {(indigd

into indigosol) or wrhen they are used in magnetic-poudsr detection

Hspecialiy promising is the use of iron pouder mixtures .aricusiy

dizpersed and contxining 80 o 85% ordimars poxder odt2insd by orne

Q
L]
'-
L)
[
1)

bove zethods, znd 20 to 15% of supariine iron HoWUET Ob-

TS - Y, 39 - L =y - - -
tzired by She carbonyl meithiod o by electroiysis.
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Rle~trniazio~antact materials mist have low contact resistance--
nigh electric2l conductivity, high thero=2l conductivitiy, high resist-
2nce t5 electrical erosion and nigh wezr resistance. They rust bve

sorrosion resistant, easily a-x-.xzj\ami 1ittle tendency %o stick.

Auors contact materials thore are metzl-carbon, pseudo-2iioy,

=etaille, cardide and rmetal-oxides. In the procduction of siiding

sontacts--elertrical rmotor brushes we use, for the =¢st part, 2

1

sxtire of graphite powder {up to 75%) and copper (ur <. .. In

N

- the USA, tin, zinc and iead are azdded te such comxpounds.

The Qer—an literaturs discusses the production of eiscirical
srushes froz 2 nixbure of superfine siiver and graphite pouders ..Ath
&n adzixture of copper.

The tecnnolozw of electrical brush producstion is sizple. The
m=ixzture of powders containing up to I¥ cf graphite is cospacted with-
cut the addition of bind ng substances. Pitch or other resins are
2éded ¢a the =ixturce deing compacted uher the grephite content is
higher. after zn~ess.n¢> the blznks sre sintered. The coking oi the

& f'v 4&; 2he putieles o e mefade pPloder

¢
™=sin or pititch then fo lo¥ and the ctable three-dimansional lattn;\
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Hediu= ocutiut contacis are magde from 2 mixture of fine silver
znd cadnluxn exid2 giwders /294/. Such contacts have s=2ll tendency
To sticik. Moreover, cadmiux oxide dissoclates &t comparstively low
tamperztures and thls protecis the silver {rom the effact of extrane-
ous gases a2ngé czusas the arc-suppressing actlion of the contacts. Tha
electrical conductivitiy of such contzots reaches 95% of the eiectrical
cenductivity of pure copper.

High cutpuT tomtzcts {above 1,000 v and 1,000 a) are made of
fine pseude-alloy powxders (W -- Ju, &g -- ¥1, ¥ -- Ag, Mo — ig),
and alsc froo high-melting metzls (tungsten, =olybdemum) and hard
alioys. These contacts ars uniqus beczuse of their high welting =nd
vaporizing ooints and because of thelr counsiderzbie strength.

The very finely d:ispersed mixtures for the oroduction of ¥ -- Ag

contatts are chtainsd by the reduction of the previcusly preciplitaled

«
ot
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Filne me=rzli-gceraxic hard alloy posders are alsc used widely in

the productlion of zmztal-cutting Tosls.

[
0

The bas z1lloys are #C -- Co, C¥ -- T4C --Coc z2nd ¥C -- TI1C --
-- TaC (¥bC) -- Co.

in the proguction of machinery and instruawent2l nard-zlloy coa-
ponents, fine powders of WC -- Cc zalloy are post often used.

The cobzlt content in such systeis varies within 2 fairly wide
r2nge. Parts not subject ¢ impact lcads contain § to 9% Co; those
subjected to smail impact loads--9 tc 12%, those subjezted to very
high impact lozds--15 to 25% Co.

Tor the mraduction of braking raterials, wxe use 2 nizture of
fine poxders of ccpper (6C to 75%), tin (5 to 10%), lead (6 tc %),
graphite (5 to 8%), iron (€ to 10F) a2nd silicon {a2bcut 0.4%).

Brzking =aterilals =ust zeet fairiy highk requirezents. The
products iz2da from such materialis must very effectivelr and rapidly
brazke the rotation from 2 speed of 20,50 roa ¢o zero in less than
0.1 sec. In this case, the heating of the {ricticn disus reaches 2
temperature of up to 500 to 6007 and thts must b2 taken inte casslder-

aticn when selecting the corresponding po¥dcer mixlures.




1

In conclusion if iIs recessary to note that the high degree
of disgersicn of the raw metalliic powders in the co=positicn of
the miztures which are used Jfor the production of the enumerated
ané cther meizli-cerami~ components, favors a gr »ter uniformity in

their distribution

-~




in the fin:zshed protucsis. Thmerefore the physical and mechanlical

preperties ¢f the products zre considerably improved and the use

ot the lztter at high temperatures ic facilitated.

3. J{orrozion Resistant Hignly-Dispersed Meta2llic Pewders

One of tne important tAasks of powdar met2liurgy is to reduce
cerrosion in 2 muxmber of metallic poxders. In the %orks by P. A.

Redinder and V. I. Likditman /405/ it is shown that the treatment of

metalllc powders witk solutions cof oleic acid in benzene or in . ge-

¥

iine cil ixproves their corrosicn resistance. The authors hayz

estaklished that the use of such soslutions as active Iudricants in

the processes of sintering and cozpacting the metaliic powders

faciiitates the plastic deformation of the powdzr particles, results

In zloser packing and the growth of the contact smiface between shem,

“he sintering of the powders in the sresence of such active Xubri-

:
5
<t
(]
g
e

derabiy improves the physical znd chemissl proiertles of
the pro&usts.

It was estebiished thz=t proteczinz the particle surifzces ¢f
poxderad metuis {copper) against moisture by making their surfaces

hydreghobic through sdsorpticn with surlece-active subsztarcey assures

o
\h
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Ottziaing superfine metallic pouwcers, 2s wWe have suggested, by
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er elactirolytic kath is of definite in-

He have described zbove the basic principles of this methed and
the types cf electrolyzers for cbtaining crganosols and superfine
zetzllic powders on & large scale.

P
¥¢}

@
5]

etaliic powders thu3a cbtained are vacuum dried after careful
repoval of the z27acsur layer of the electroliyte.

Tne a2bove method offers itlie follosing advantages as compared with
ordinary methods of obtzining powders electralyiilcally.

1) the surfaces of the powder partizles become hydrcphobic at
tne instant thay are formed on the cathcde; this considera2dly reduces
The cxidation of the powders:

2} the cantinuous remuval of the centers of crystallization from
the zrea of jon digcluzrge in the met2l and the adsorption of the iIn-
solucle (in wzter) surfaze-zctive subsionces at the surface of the
rotating cathcde considerably increase the polarizaticn of the lattes,
which to0 2 acnsideranie extent enhances the inereased dispersion sf

the deposited nmetallic pouders; R
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igeity of czthode rotation we can, tc scze

of the metallic powders in the
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Struecture-Torning Properties of Dispersed Prases of
4 3 ST

*ais in Contact witl Rubber Cement

(iron, bismuth, and others) in various orgznic media: the addition

of 2 comparatively smali quantity of rubber to such systems Ancreases
thetir st;bility hundreds of timss. As 1% turned cut the colloidal
narticles cof these matals are not compietely insensitive to mubber.
On their anp2arance in the rubber cement. they interact with the
nighly dranched macromolecules of rubber and form corresponding ad-
soroing compounds. This process i5 prebebly taking place In two
directions.

On the one hand, iIndividuzl maeromolecules of rubber interact
simiitaneocusly with different links with severegl metaliic cclloidal
particles. Such an interzction takes place because individual thread-
shaped macroxmolecules of rubber, in length lregquently exczed the

verage of metallic cclloeidal particle sizes many times. In this

connaction some sav't of chainlike agzxegates of different shape and




length consisting of several such colloidal particles bonded by in-
dividual macromolecules of rubber appear in the rubbér cement contain-

ing metallic colloidal particles.

On the other hand, the second process proceeds simultaneously and

v

no less intensively in the rubber cement containing the colloidal

—

metal particles:

'
“»>

8o



the individual colloidal metal particles interact similtaneously
with the links of various macromolecules and bond them together.

As the result of these complex processes, there appears in thke
rubber cement a structural lattice in which the individual colloidal
metal particles act to bind the links of various macromolecules.

Consequently, hecause of the presence of colloidal metal parti-
cles, the rubber cement acquires structural-mechanical properties.

This circumstance 1is especially clearly seen in studies on
qhanges ‘n deformation as functions of shear stress of rubber dis-
solved in xylene, beforé and after the addition ¢f a superfine
powder--the dispersed phase of the organosol of'iron. After the
addition of such‘a powher, a sharply defined ultimate shear stress
appears in the system. 81mu1taneoﬁsly there occurs a considerable
Increase in the viscoslty ofﬂthe rubber cement, and depending on
the pressure, the viscoslty becomes anomalous.

We must toake into account that such a sharp change in the

N

properties of rubber cement také)place even in the presence of

very small additions of a superfine metallic powder (C.05 to 0.1%

Fe). . . -
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n the for= of z23dditives o industrizl mubhber cement.

¥2lch dring abcut conditiuns

couders--dispersed gheses of organoscis cf metals
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for the appearance of structure in the rubber cement, must play the

role of very effective rubber fillers. They improve the techno-

logical properties of the cement and the qgality of the industrial
rubber products obtained from the cement. In this case, ‘the high
:_coiloidal metal particle activity with respect to rubber 2an be éxf
plained to a large extent by the.extreme hydrophobization of their
surface; this takes place at th; instant the particles are electro-
1y§19a11y formed and as a result of the adsorption of the fatty acids
on their surface.z, |

.The chemical nature of the metai, however,valso plays an important
role. ‘;In this re’épect, the dispers;;i phases of organosols of. z}q&,
iron and bismuth are the most effective.

When the dispersed phase of some metal serves as the addléive to
rubber cement, 1t 1s necessary to ascertain the optimum quantitative
relationship between the colloldal metal and rubber in the cement.
This relationshlp determines the strength of the formed structural
lattice. From the standpoint of technology, not every structural
lattice may be suitable., It isiimpqrtant to take inte account vi.xl

as the ratio of colloidal metal to rubber increases progressively,

83




T first increases, z2nd
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£t is zisc nezessar <o zscertzin e Infliuence of tims on the

[ ’L_,

r.dustrizl rubder product —ade of cazent
*onTzining zs 2445itives superfine powders--disparsed phases of orgzno-
seis of metzls. Here, ¥2 have In oingd mainly the aging processes in
su~h products.

lYoreover, the dispersad phases of orgznosols cf certain cetals

A
(-t;i' iron and othars) r2y be utilized ir the production of in-

Gustrizl rubber goods 25 one of the cc=ponents of the ruther mixtures.
It has long been established that the strength of rubber mixtures In-
sreases with an increase in the dispersion ¢f the 1ller, The strength-
ening action is exhibited mostly by fiilers containing particles of
the coliolédézl order of dispersion. The strengthening depends on the
spacific surface of the filler and natige of this surface.

For the {lller tc 22t effectively, 1t is necessary that 2ach of

ts particles be surrounded by rubder molecules and that the immer

[y

surzze of these part’cies 2isc Yo in contzct =ith rubder =olecuies.

The phvysical and chexical dases ol the mechanism of Interaction

hetyween the filiers znd rmabber zre ciscucsed in dezall in the uores

of T. A. Zedbinder, ¥. 3. Yzrzaritova a2nd others /-08/.

¢
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~zzording T2 thelr concepis, on ordinariiy hydropnilic surfaces

104621 metzl particles wnich are intrcduced as comoonents of

£1i1c” =olecuies of the surface-aztive sudbstances-—-{atiyv zsids,

o
e
3

L

A PRI RA
atdum .2 and resinous substances which are pmesea%;in the for=m of ad-

3

mixtures or 2 special additive to the rubber mtx. In thils czse the

zdsorption is referred Yo as criented
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b2 razse The adsoroed molzcules are orilented a2t the boundary -
tween the ==zl ang rubber so that thair polar group is directed
Torard the surlace of the meial, and their nonpolar group--to the

£

o } -
rabber. Sush an or ine;‘.:a tion is frequently accompanied by chemically
"~ &
fixed zdsorptive lazyers. 3Because of these layers, the surfaces of
. {
tne colloidzl metzl particies becexe very lyophif-.*ie +o the rubber

and this favors the intsracticn of the particles witn indivicual

110 . of varions rihher mzeromolecules and the for=ation of a strong

In additicn te this general schexme, the strengtn of the structure

1V -
"o ¥

of the Prubver -- superfine metailic poxder™ system is ceciledly ’{ B
ty spezific features of the chenmical nature of the dispersed mhase
of the orgznosol of the =mstal present in the systen. The organessls
of iron, 2 ,.& bizzuth 2nd othevs, have heen fcund $o be especilaily
gctive in this respect.

It s cbvious that in adding a dispersed phase of orgencssi of
=st2l to the rubbter we should teke zare to have the colloaidal melal
sarticies distriduted uniformiy in the rubter, and see to it Tha2t no

e
par:icler srotmuistion -- Tlumps” -- shouid form in the systen.

[ )]
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o oTuer xcxnonenid ordineriiy cresent ‘n the cooposition of rudber

=i .turez, angd alsc ty the seguence of mixing thase ccmponents.
Te evcld the effect of these fzctors, 1t 1s expedient te Drapare
€

~

the rubber nixiures by =maintaining the following sequence: the suplr-
fine cowder--dispersed phese of organcscl of metal--is first treated
=1th 2n approurizte amcunt of stearic acid and then dtstridbuted uni-

for=ly in pure rubiter; the systen thus ohtained is thorougnly mixed
—%
,!.,.L.
with thz Sihor ccpinints of; rubker nixture.
1

Because of this method of handiing, i:&ie surfaces of the collcida}
L 3
Pre

l metal particles becese cerapletely\}: 23iiz, and thelr ccntack amg

interaction with individuzl links of rubber masromoleculez ftake piace

L

¥ithout any inTiuence franm the cther components cf the mixture. Sinre

tne percent by velume of the dispersed phase of metz2i 1z smail cox-

pared to thazt of the ruhker, the latter forms a contimious extern=i

phase -- 2 unique digpersed mediws -- in which the collaidal motel

particles a:e 2imsst compdlately mrevented from interzeting =fth cthar
coz=ponents of the rubder nix.

In conclusion, w2 consider it necessary to niote thiat the =2ffect

of admixcures of superfine =met2illc powders cn the phrysical and mechani

2,

- 32
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*zi grogerties ¢f rudber znd Industrizl ruvter

these powcers has, zt the present
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Searp

11gh adscrptive capacity of,metels ¥ith

1Y

ae

respect te admixturss of fatty zcids, 2lounin a2nd resinous substances

srdinz=ily present !n natural crude rubber,

MCL-497/142
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and =luo with respect to the unsaturated bonds of rubber mazro-
molecules, there is sufficient reason to assume that small ad-
mixtures of & number of metallic superfine powders to rubber may

very effectively influence the physical and mechanical properties

. of industr al rubber products.

The material written in this section of the book points to the
necessity of extensive investigations to éﬁcertain fhe possibility
of uging superfine powders--dispersed phases 6f brganosols of many
metals -- as effective intensifiers of the physical and mechanical
properties of industrial rubber products. The timély need orkselect-
inz such intensifiers becomes perfectiy obvioug, 1f we take into
account the very much higher demands'made'at the présent time on
the various rubber products by the airéraft aﬁd automoblile indus-

tries.

MCL~497/142
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