T,0.,4. Reel 250
BM 36

TABLE, OF CONTENTS . R
Translation oi‘ Dr. Sachse ] Memorandum on "D:Lbutin as an Addlt:r.ve
———-feMieeel—Oi—l-e. :

Composit:.on of Alumina Cemeﬁt for \Methane Sphtting Catalyst. :

L
. Ty

Retake of "Frames 95’7-962 of T O nlI Reel 165 on ngh Pressure Viecosmeters
by Hamacher (in German). L

‘ Engllsh Transla'blon T—Bll prepared by Bu;‘eau of Mlnes of Hamacher s Report. E ,

Magnetische Sattlgungsmessungen und :.hre Anwendung bei Aufgaben der o
" Eisenhuttenkunde - Von Karl Mathieu . :
‘Archiv fur das Eisenhu’c.tenwesen 16 Jahrgang Heft 10/AprJ.l 1943

B “pa ges 1.15-423 .

"New Studies on Lubrlcating Capaclty and Its Measurement by J.. Kluge .
"_Transla'blon issued by M:Ln:l.s’ory of Supply. :

Molecular—Physical Processes Occurrn.ng in: Lubricat:.on by L. Woli‘
i Translation 1ssued by M;Lnistry of Supnly. . _ :

=

-/ FIAT Final Report: 1304

vThe Schmlfeldt Process for Mak:.ng Synthesiw&as from Methane by
: :Harold V. Atwe'.ll. RIAT F:Lnal Report 1305. ST . ;

'“"“.‘Sub;ject Indéx of Documents Mlcrofllmed at I. G. Farbenlndus’crle R
,A. G«. Hoechst, by A._P. Bradshaw and B.. ’W. Ke:.th. FIAT F:mal Reportﬁ :




At g o

Y

ik A

i

n

iy

N e o4

R

-

e g s

Xee

¥

'

(LA




:Trensletion'of.hr; Sachse's Memo
.'Mﬁlilbyulﬁliwh“.ﬂ_tllxfm:H,ohh_emw e
’ 0ppau, 28 May 1047

| Dibutin 1s a fuel additive for Diesel oils and consists of 30
parts by weight butanon peroxide and 100 parts by welght Diesel fuel.a-

The butanon peroxide is preoared from methvl ethyl ketone aﬁd
*hydrogen peroxide.- It is a vely explosive substance. (At one time,'
the exnerimental laboretorv blew up and the manyworking on the pre~
'fperetion of buténon peroxide was killed. Records concerning these -
"vearly experiments ‘ar available here (1.e. Oppau, Transl.).

On the baS1s“of Qur own laboratory experlence the mixture of

'butanon peroxide and Dieseiﬁbil caIled "Dibutin“ appears to be

- quite safe.t The ignition velocity of Dibutin corresponds to a

g cetane number of 200 which means that the addltion ‘of - 1% leutin

0 A

e‘value by two units. The Various tests nerform-
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FOREIGN SYNTHbTIC ‘
Ués.IQUID FUELS DIWSION"'

Field Information Agency, El’echnim.'l.

Ma:l.l Addrese. L oo
7748 FIAT, c/o EUCOM;. Frank‘ﬁlrt. Y
L . S " APO 757, . ’
Wlﬂ" /'b' ax7; -_ I L c/o Postmaster, Hew York, N. Y.

DI 350 ,09-87 (er.') g6 . 1e ay 1947

v SI{BJECT- Alum:i.na. Cement for Metha.ne Splitting Cata.lyst
R o R .'”Technical Indugtrial Intelligence Divie;on
...+ Office of Technical Services

Room 6829 Commerce Building

‘Department of Commerce.

Washington 25, D. C.

Attention: Dr. L L.Newman, Ghief ¥ «
: uels :

EE 1 Reference 1s made to your letter dated. 15 January 1947.'.-.
We ‘have ,Just received the information on the alumina cement ueed in.
the preparation of methane splitting catalyet.« g ST

S 2 The cement comes from the f:l.rm Pavin & La.farge, "Iarsaille, G

-

(I!he compo;ition of the cement is as follows~

cA
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".::Bochﬁnmkvlersuche _ ) o - ) 2‘7 Mﬁrs 194{3

In. 558

) wird 1mmer wieder deFWuns -ﬁém‘h étﬁém‘?tskushneter*];m—mﬂ—dem—&te

“ZBhigkelt von "Kohlebrei unter hohen -Driicken und bei. hohen Tefigsraturen

~ gemessen werden kenn, . Eine L8sung des Problems besteht meines Wissens

. noch nicht. Primitive Anordnungen, die hier neben‘bei a.uspro'biert wurdm.
“funktionierten nicht : o ‘ - N T

: fNach Prli:fung der aus der Viskosimetrie her ‘bekannten Messverfa.hren scheinen
‘mir deren zwei fir d.ie Hochdruckausf{!hrung am bes'aert gee:lgnet zu sein. '
Es ist d.ies EES ‘ ‘ . _ AT SR

’ 1)” “das Verfa.hren, siig der Geschwindigkeit olnos fallenden KBrpers aﬁ’zf

‘.,.vd.ie Z&higkeit des umgehend.en: Mediums‘zu schliessen u.nd *~:




- Temperatur des Kohle'breis messen lcann und so au.f Temperaturmessungen M“
:Fallrohr selbst verzichten ka.nn : _ R . o :
"Die Kugel h&ngt mittels e:lnes Stahldrahtes genﬂgender_sj;aifigke:lt an o '
' einem kleinen Eisenanker, der von dem Elektromagneten (Haltespule) festgehalten
‘w:lrd Nach Unterbrechen des Stromes der Ha.ltesp\ﬂ.e f&llt ‘der Anker-. ab und.

. wi‘rd gestoppt Mit gleicher Geschwindigkeit wie die Kugel ‘bewegt s:lch der
" am oberen Ende. des Stahldrahtes ‘befestigte’ Anker durch das mmagnetische
' ‘_VZA-ZBohr. des. aussen .die’von Standmessungen her bekannten mit Kondensatoren. . ... ...
in Spannungsressona.nz geschal teten Spulen’ tr&gt ‘und 1888t beim. Durchge.ng RS
~ durch die Spulen-die zugeh8rigen Glimmlempen Jeweils. kurz sufleuchten, =~
" sodass pan in. der Lage - 1st,.dle Fallzeit: -abzustoppen., -  Eine oder. giel:
‘solcher. Anze:lgespulen am unteren Fnde des VoA-Rohres wﬂrden ‘auch: genﬂgen.-
wodurch das’ Han’bieren mit der nachfolgend 'beschriebenen Zugspule  :
erleichtert Mﬁrde. L -

=_.werden-*' dazu. dient eine: besondere Zugspule, :die ﬁber das Vz&-Rohr o
S gescho‘nen ‘und- dann von " Ha.nd— esenkt. und . wieder gehoben wird;--Dle- 1nzwischen
- - wieder: eingeschaltete Haltespule h&lt d.en Anker £ st"bis~ ZuT. n&chsten' :
‘_Auslﬁsung' e ‘ ‘ L

L ".Vorteilez i Verwend:ung ‘bekannter Bau.-memente , T
wie Standmessungsspu‘l.ew keine Fede:m u.nd andere

'_’fcue I‘lﬁssigkeit ot einen Messkszper beruht," geht anf: Conette ‘zurlick,’
v :Die Flﬂss;gkeit ’befn.ndet sich zwischen zwei konzentriertb”n Zylindem,




.,-verschiedene Messbereiohe notwendig. Ohne U’nterbrechung des Vereuches
.gibt -es dazu nur’' dle eine MBglichkeit der Drehzehl&nderung -des Antriebs.
motors. - Damit sich der Kohlebrei im rotierenden Topf stetig erneuert.
sind im Boden des Topfes L8cher vorgesehen.. Der Ablauf befindet sich
* in der HBhe des gewlinschter Nivesus, - So.kann der Stand des Kohlebreies
im Drehtopf nie zu niedrig, a.ilenfalls bei .zu engem Auslauf E 8 hoch ‘

erde&-«v&rd—stch-aber-b
J_»Hﬁhe einstellen. S

; Vorteiles : Laufende Anzeige dar Viskos:ltﬂt

| ngchte_ilé's _ Eomplizierter Aufbam, Vervenduns empfindlicher Te:lle

v, Spiralfedem wnd- elektr, Femg%ber. s
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G e e - . W.M. Sternberg
U. S. BUREAU OF MINES . : .
mno ""DEMO‘I mmr DIV. -

‘High Pressure Exper:!.menta ke S o
Lu 558 T R .+ Maroh 27, 1943

| ’ ' ' ‘ 14. 1er 8 B‘i].es, ' P

HIGH PRE.SSURT‘ VTSCOQIMETBRS -

- The need of & viscosimeber Lo measure “the viacoaity of paate unde"
high presswre and at high temperature is repeatadly felt. -As far as. I know,
there-is as yet no solution of %he problom, - Frimitive arrangaments which
have bnen repea.tedly tasted here , Co.not work, .. : ,

- Y emmina.ﬁion of the differont meuhods of. detarmina’o:!.on of viscosj;hy
,appears to offer two which might pormit to carry.oub determinations at high
- pressures. Thesa aras : _

f1)0~ pvoceea for tha couputation of- v:Lscouity baaed N ’bh f‘até ‘
_of a fall of a body : .

; "or dete*nﬂ.ning viawslty

B : 1} ' The first me'ohod is nostly used. b? measurj.ng hhe rate ci‘ J.all of
a steel ba..l throuah the liq,uld ta be bested.o -

‘ Vlscoaity is dewrmined bv~usmg &tolcea“ law
s «% E 981 rﬁ&ﬁ % (1-&-204 n.

whereﬁ; and ﬁ-‘are the denai‘b:ies oi‘ tl's material of tha ball end of the- liquid,

;'.v el z'eﬁ:e of‘ qup of the aall
'z‘ se racliue of' 'Lhe*%:aa.lm |
o :--R o, radius of' the cylind'”"'f;, | 7- SR

S The f‘ormu..a may e usad only fcuf' a 'ball falling ’bhrough the c.eater of
: the cylindero Tncoatrollable. devi:xbions are avoided by placing “bhe tube in aa i‘n- :
j olined posi’oion and permittmg the hall to slide dovm the wallo :

e ‘We could disz'egard thia le_w rafinement for meaaurements under highw.e__ S
8 -_pressure, “and keep the tibe vertierlly Thoe. sketch #3 .ghows how we believe the .
. test should be run.. The: tubs_is - either filleu with the coal paste before the -
. atart of the test, hydrogen pressura applied “and heated; or else it is-to be
set up in the coal paste iipTI:tne. - The: lat'ber arrangement ‘hag the- advantagg
—5of permitting meaguring the - inlet and" owtlet. temparatures of ‘the ‘coal paate P
'-"avoiding ‘the: n cees:l.ty of: measuring 'hhe temperatm-e_,insidevthe tube propare

R The ball is auspended bya. uffﬁclen’cly st:.i‘f steel w:’:’.re to Y small :
‘,:Iron anchoz', held in position -with a small electromagnet (holding: coll). When
“the. current through: the ‘elegtr omagneb is interrupted, the ‘anchor ‘falls off ’
. ,and the: ba]l bagina to sinko?i "‘he momanb of interrupt:i.on of tha current 15




.31

marked . on the atOpwatoh. The ateal anohor fastened to the ball from abovo
moves with the sams velooity as the ball through a non-magnetic VoA tube,
“which: 18 equipped with standdrized spoola connected with condensers by volt-
. age resonance, and causes the proper small lamps to light up when the anchor
At htcmtrl—permrt—to—record—the*faﬂ’wﬁ —
watch, One’ or WO such. mdifcatoﬂapaola dt the botton end of. the tube womld .
ba sufficient); and they #ill faollitate manipulations of the pulloup apool, .
which will be deseribed belono '

: “If the test’ “8 to be repoa‘bmd, ‘the ball will have to be brought ba.ck
" to-the top., .This is dome. by a special pull=up spool which.1s pushed by hand
around the: VoA tube and again ralssd. The halting spool i1l :ln_the meens

‘ time be again connected and will hold the anchoro - el J
~.Advantagesa._. made up of.' Pamiliar elemanta, such as. 1evel mdxcating
Sl .8poolss no snringa or other dela.cate parts 1n tha high
‘ preasure Bpace. R S
' D.'Laadvantagesa ,no cont..nuouu recording J B ~ L

>"'

‘ “2) ‘The sacond ethod depends ‘on trans.‘.orming a moment of robauion "y _
S through ‘the liquid to some measuring substance was designed by Couette. The «
..1iquid is placed batwesn two concentric r'yllndera I the our.er cylinder being.,_»

: "rotated at some. angular velocityo

: C I M :18 the moment of z'otat.};on 'a_oing upon the inner cylinde“ i.he P
C viacosity 18 L . : - S R
| uxpe . |
. 2

- Sketches 1 a.nd 2 show the way in which the: process could be- used 1n the high
- pressure 'installations. The ‘outer gylinder is rolated by motor, the gpoed of .
. which can be regulated, end which is located outsids the high pressure apacab
- The’ ‘oylinder: upon. ‘which the moment of rotation is tramsférred;. ‘hangs-on & Ibng
© . . rod; which is.comnected "through.a cocled tu . 40 4 suspension, Tha' auspension
s (aketch 2) is suepended- from & point in'e wey to permit it to. rotate, and cars.
."__ries a contact arm which slides over an indioztor “(toroid: winding)o -~ The oppogs.
ing moment of. rota.'cion : supplied by a. spiral apringc . The spring a ‘indicator’.
: , : . They are: accessible
aft.er removing pressura reaiating caps K| 3
someWhat less than 180°, end ,pm,visi, “s,‘umst‘ b “made for
ent’ ranges of maasurementse ~Thls may be don without j; rruptlng the ‘teat by
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. e Gruppo E
“ W . Magnetische Si ttlgungsmessungen und 1h‘" Anwendung Nr. 1004
R I T L : . ‘bei Aufgaben der Eisenhiittenkunde.
hw s o S— : n-Jarl-Mathieu-in-Diisseldort

sl St ,,;W k : Lo [Mlﬂcx]ung aus dem Ko 'qcr-“’xl]wlm Tnstitut fur 1 lseJlforschung]
LEIEN LS : .
i 3
; R (Au/bau ciner ]’cmlclwaaja zur Bcslumnuny tlcr Sa!l1gmuvnm_pwlwmruny durch- Ausvchlagmcvaungcu. Bﬂchrmbung ‘des
Me/}vcr/ahrcna und der. Eichung des Gerdtes. Anwendung awf die Bestimmung von Karbidetn und Aunstenitgehalien vor

“Stiklen spwie deren Ciirie- und I'lmaenumwumllungu(nml.lcu Verfolgung: des Ablaufs chemischer Um.val-un_/cn von Hisen
ozl('r luscuo,r_/dcn it Gasen., chn_/enmuﬂuc Lr[assun_] der Reaktionsstoffe. Kinefik der Vcrylllunyavaryarue in SluH

r dio schne]lc Bestlmmunw ‘dcr magnetischen Sit
ferromagnetischer ‘Stoffo haben sich magnctlsche
Wn'lgon mehrfach be\\ahrtl) %3). Von H. Lango und

K. Mathiou®) wurdé cine magnetisclio Waago beschricben, .

dio es 'mit Hilfe von Ausschlagmcssungen mugllch macht,

. auch bei- hohen Temperaturen und bei Umivandlungsvor--
giingen dio St ttlguntrsum"nctlslemnrr zu messen. Aus diesem
Geriit wurde cine neuc- Waage entwickelt, bei der sich gréfere
MeBgeuaulgkelt mit wesentlich vcremfachtcm Aufbau ver-
binde

~

Au(bau der mngnetlschen Wnage

An einem Stativ ist eili starres PLndcl mlt Hllfo diinner
Stahlbliittchen, aufgehingt.. Die Dircktionskraft des Pendels
kann durch das.’ aus“t_}chselbare Bleigewiclit  veriindert

‘Eine- Kupferschexbe, die sxch im—Felde emes*

klemen Elektromagneten bewegt, dient zur Dimpfung. An °

d¥s Pendel ist eine -Halte- “and Justiervorrichtung - fiir
den Probenhalter- befestlgt. Der Probenhalter lst ein- diin-

nes Roluchen aus Quarz oder ciner' anderen ' ieuerfesten-

-1). Lehrer, E: Z. tcchn'Phys 10 (49"9) s. 1‘77/80.

) Lange, H,: Mitt, K.-Wilh.-Inst. Eisenforschg. 15 (1933) A
. 63/69 vgl Stahl u. Eisen 54 (1934) S. 113,  Siche auch.-
) erge, H.,und G: Fran Ben: Mitt, K.-Wilh.-Inst. Eisenforschy:.

(1942) S. 139/ Techn. Mitt. Krupp, A: Forsch.-Ber.,:5
(1942) 8. 201/07; vgl. Stahl u. [Bisen 62 (194..) S. 887/88. -

- 8)-Mitt. K.-Wilh.-Inst. Bisenforschg. 20.(1938) S: 39/4
vgl Stahl u. Elscn 58 1938) S 1438/39 L

. Masso, durch dus eir Thermoe]ement bls an dlo aufgcsteckto

Probo gefuhrt wird. Die Probe befindet sich zwischen den
Polschuhen cines Elektromagnoten in einom starken in-.
homogenon Magnetfeld. Sie erfiihrt daduych cine Kraft in
Richtung _des Probenhalters, die das Yendel aus sciner

' Rubiclage, bringt. ' Der’ Pendelaussehlag wird” dureh einen

Lichtzeiger iiber den Drehspiegel anf einer Skala, oder auf
Registrierpapicr angezeigt. Die Probo bowegt sich dabei auf
einem Kreis um don Aufhiingepunkt, -Die Riclitung des Pro-
benhalters ist die dor Tangent an diesen Kreis am Probenort.
In emcm klemen Bereich um dlese Stclle stimmt daher dio

Ansicht der. magnetischen \Vangc
(Hohe des Stativs 80 cm)

uberem In dieser Rlchtung liegt aiich: das nut cinem. He
driht. - bewickelte  Quarzrohr,. dureh das: die.. Probe."auf

) Temperuturen bls 1200 thtzt werdon kann. Das Geriit.

Probenhalter und Mavnetfeldmltte linie - iibereinstimm
Bei den groBten vorkommenden Ausschligen sind die
weichungen der- Probenbowegung von dieser Richtung nur
einige hundertstel Millimgter, - Diese Anordnung ersetzt voll- .
kommen die bisher vielfach verwandte I‘unff'ldenauﬂl ngung -
des Probenhalters und hat vor dieser'den Vorzug eines be-

_-deutend omfacheren und kraftlgeren, wemg empfmdhchen
»Aufbaues. ’
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- K. Mathieu: Maqulxachc Sdlhgungamuwngen wnd- lhrf Anwendung e

" “Archlv flr das "
“Elsenhilttenwesen

Dio Dircktionskraft des. Pendels wird durch Auflcgon"'

von Gewichten aul dio rechto Seite der Eichwaage be-
stimmt. Nach der anderen Richtung konnen Aussehliigo
des Pendels, dio durch dio Magnotisierung der.Probe. er-

zeugt werden, mit- der Eichwaago auf Null zurdckgedmckt‘

‘werden.. Auf-dicse Art sind Kompensationsmessungen mog-
lich., -Dio Eichwaage ermiglicht ferner Ausschlagmessungen

messen, s0 mud man bel genauen Messungon ein besonderes-
Eichverfahron zur Ermittlung des Gradientenim Bewegungs- -

bereich der Probe anwenden, -das nachfolgend-beschrieben

< wird. Bﬂd.ﬁelgtdenhlcrcrzwltcnGrudlcntvcrhuf DieFold: -, ... -

stirkenwerte wurden durch Messungcn mit’ der Wlsmut-
splmle ermlttelt

. la; .:ruhé"glnng R
Heft 10 [ April 1943 07T

K. Mathiéu: l[ugncll'aﬂlé Sattigungsmessingen und ihre zlnucnll!;ng B

---Arohfw fr das-- -

" Dio- Kraft P kinn ‘auf zwoierlei ~Welso bestimmt
werden. Einmal wird der durch die Kraft bewirkte Pendel-

der Kichwadge durch Auflegen von Gowichten Py in mel-

ausschlag - durch. Auflegen .von Gewichton auf dio -

‘-Emhwuago auf Null zuriickgedriickt. Da hierbei dio groBto

"Empfindlichkeit des Geriites ansgenutzt werden kann, or-

miglicht diesés Nullverfahron’ sohr genaue : Bestimmungen
der spezifischon Magiotisiorung .  Dazu braucht nur der

reren Stufen bis zum Verschwinden zuriickgedriickt. Bei
cinem so erzeugten Ausschlag wirken auf das Pendel zwei
Kriifte, die Dlrcktmnskruft Py, dioe fiir dieson Ausschlng aus
der Eichkurve (Bild 4) zu ermitteln ist, und forner von der
Eichwaago herriihrond das: uufgclogto ‘Gowicht Py, Dieso

“beiden Kriifte wirken der vom Mngnctfeld huruhrcndu

Eisenhlttenwesen 417 .

OO rﬁcktmrNuleunkhmt-gthermphndlmhnm
Dio Empfindlichkeit des Gerites kann jeweils den

" s MeBhediirfnissen angepalt worden, am “einifachsten” durch
. Auswechseln des Gowichtes. Damit ist leicht cine Emp-

- findlichkeitsinderung uin eino.Zehnerpotenz miglich, die in
deri meisten Fiillen ausreicht. . Die Empfindlichkeit ist aufigx-
dem verhiiltnisgleich der verwandten Probenmenge. Dabei

- igt_zu beachten; daf die ProbongroBc nach unten dadurch -

begrenzt "ist, “ddB- noch *eitio bequenio - Handhabung: und
Wigung moghch sein soll. - Off wird -auch die Ungleich-
* miiBigkeit des Werkstoffs eine Grenze setzen, Nach oben.ist
_ dio Probenmenge begrenzt, durch.ihren Platzbedarf und die

riundiclic Gégtalt; Tresonders in ihrer Lage zum Mugnctfcld .
" Bei scliwer magnctlslerburen Stoffen muB vermieden werden, .

duf die Liingsausdohnung. der Probe quer, zur Teldnchtung

licgt, weil'dann der schlechte Dntmngnotlslerungsfaktor eine

Siittigung, verhindorn ‘kann. " Die Probennusdelmung soll
miglichst in der I‘eldnchtung gréBer sein als quer dazu: -Bei-
Stiihlen ergaben sich als zweckmiiBig Jeleine Zylinder mit
4,3 mm Dmt. und rd. 2 mm Héhe. Eino, weitere  Méglichkeit -
fur ]]mpfmdhchkcltsunderungen um’ $twa. .cine Zehner-

potenz ist durch di¢" Wahlder Polschuhformdes Elektro-'
*’ magneten gegeben, Womlt dcr Gradient der Teldstiirke fost- .

- gelegt wird.
Eino Stexgerung dor Ablesegenaulgkelt bei kleinen

chligen ermoplicht die optlsche Anzeige iiber den Dreh-
spicgel durch VergroBerung ‘der Abstindeder Skala. vom

“+:.-Bpiegel; “des ‘Spiegels” vom Pendeldrehpunkt und durch .
chnderung des mechanischon Uebertmgungsverhultmsses

. .‘ der Pendelbowegung auf den. Spiegel.” GroBe. Empfindlich- -
- koifssteigerungen dieser Art sind aber nur bei erschiitterungs-

=, freier Aufstellung zweckmuBrg, im allgememcn kann’ man i

_darauf- verzichten. .
) “"Das Mugnetf old wird mlt einem Dlektromugneten or-
~.+ zetgt, dor nach Angaben von I Lange gebaut. wurde. - T
GrdBe und Form gloicht er.dem Magneten, der von W. Lu
ken'und L. Kraeber?) besclmeben worde Durch Ve
'bcsserung "der Polkerni¢ und Embm;_ cine i
““wurde die; Leistung wesentlich verbessert: Der Luftspalt ist

im Mlttel 24 mm iiber cine Fliché von:40Xx 20 mm?, Den -

- Foldstirkenverlauf éntlang der l\hftelhme zwischen den Pol-
<" gchukhien, das-ist in der Be\vegungsnchtung der Probe; zeigt
* Bild' 3. Nach Messungen: von-Lange und Mathien®) sind, -

-7 diese. Feldstirken=in.fast ‘allen pmktlsch vorkoimenden | :
- Fillon-fiir Suttlgung ausremhend s0-daB ‘ein groBerer Auf- .
“'wand nichit Tolinend érschish. - Die elektrische Le]stungsauf- :

“.- nahme ist 500 W, die einer 120-V- Batterie enthommen wird:
- Fir die Vorteile, le em"derart handlicher und trotzdem
L lelstungsfaluger Mﬁgne

Schwierigkeiten - mit -in’ ‘Kauf- genommen -werden,. - Einige -

Miihe. bereitete cine giinstige Gestaltung des Magnetfeldes»
0 iir ;den °

Bei-'den .verhaltnismiBig Kl Polschuhon sjnd,

o " Feldverlauf (Bild 3) dio Ra

: " wie- die. Form"der Polschul. Um ‘einen: moglichst gerad-
llmgon Feldstarkenabfall zu erhalten, :wurden die: Po]schuhe;_
rein empmsch mit dér Hand beigeschliffen; Will man diese  : .

! =A‘ .Arb it ersp fon. und bel\ drtlich, verschledenen Gradlenten

-y Mitk: “Tnst. Eisonforschg. 16 (4934) s 1735
‘Stnhl u. Eisen' 64 (4934) S, 361/84; R

etet, miissen a]lerdmgs ‘auch einigo

inlrsleq '/z:m )

1
hx)
S
n

i
-
%

<§ 8§38
Fe/dsfﬁr/wpyradfenl 'grad G

“Feldsfirke G in Oersted
]

717017 S 7
. Aﬂsfmmva//der'Pﬂ/sc/mllmra'erka
/ﬂ om .

Blld 3. Verluuf dor I‘oldsmrko und :hres Gmdlcntcn nuf dcr

.l\htbelhme zZwisch bei einer erreg
Stromsmrko von 4,25 A

. Dm Genaulgkext dieses Verfdhirens -ist unzurelchend fiir
* dioBestimmung des F I‘eldsturkengrndlonten weil da-

" mit nicht dic MeBgenauigkeit des Geriites ausgenutzt wird..
Der Gradient ist deshalb nach derselben Verfahren ermittelt
““Worden, nach dem auch’ die Mcssungen der Magnetisierung -

crfolgen. Hierzu wurde cine von der Physikalisch-Tech-
nischen. Reichsanstalt iiberlassene Probe aus- Exsen—Nxckel—
Legierung mit 89,6 % Ni und 4,5% M

Magnetlslerungswcrt verwandt “Durch Verschichen: des Pro-.

benhalters in seiner Richtung wurde an mehreren Stellen
der Gradient. ermittolt. Bild 3 zeigt,” daB die Werte iiber

.eine Strecke von etwa 7 mm mit einer Gennulgkext von1%59%

uberemstlmmen Da bei Aussch]agmessunven die Probe sich

_nur um etwa 2 mh bewegt, ist eine besonders’ genaue Ji ustle-‘_

rung der Probe mcht erforderhch e SR A
‘MeBvertahreén. ‘

-Das Gerit miBt die Kraft, di¢ cine Probe in dem inhomo- )
gerien Magnetfeld infolge ihrer Magnetisierung erfihrt. Diese -

Kraft P, Bezogen-auk.dio Einheit des Gewiehtes m der Probe,

st verhaltmﬂelch der spezxf!schen Magnetlswrung G;

uBerdem hangt sie ab vom Gradlcnten der Feldstarke H.
Es ist . .
. B 1 gde
mT 98t

Dlo 50 bestlmmbare Magnetlslerung lst dle speznflsche_

Magnetlsmrung e

Dabex~smd P und Tr in-Gramm und’ der Gradxent in
Oersted/cm ‘eingugetzen, Bei: Kenntnis des spezifischen. Gé-
\wchtes's;der Probe kzmn oin’ die auf die. Volumeinheif, b

(c und §. in cgs-Emhexten) In der Chenie” jst fast aus-

‘schlieBlich - die spezlhsche Magnehsmrung &irinvoll ‘und’

“Thre Ermlttlung verlanigt -nach Formel (1) auBer der

aftmessung P eine- Wagung - der Probe und die. Kennt— s ‘
. nis" des Feldstdl‘liengmdlenten am Prohenort .

‘gebrinchlich, :da sic-eine’ den-Stoff-kennzeichriende GrofBe °
t

. bekaniit sein.- Fiir viels. Wemger anspruchsvolle Messungen’..

Gradient filr-der Ausstllag Null mit “dersolben Genauigkeit

probe mit bekanntem o-Wort nach dem beschriebenen Ver-

bekannt zu sein. Er wird am besten mit Hilfe ciner Kiche ™

fahron bestimmt, Die mit dor Eichwaage gemessono Kraft ~

* entliiilt immerdifien unbekannten Faktor, dessen Kenntnis
nicht erforderlich ist, da er'in Gleichung (1) eliminiert wird,
wenn Gradient. und o nach demselben Verfahrcn bcstlmmt

\vcrdcn.

-

‘ _//raﬂ/ n _¢ /ﬁi/' Hurve I, )
?ﬂ .

T it 7Wﬂy'ﬁendﬂyemc/rf
I- a/ms/’e//deym/ml

k)

S .

Ausschlog ez imem
K 5

&

/(/vaf‘f ng /fl/l'/(lll'VE - .
. Eickkurven fiir dio Du‘ektxonskraft des Pende]s bei: zwcx
- vemchledenen Em i dhchkexten dcs Gcmtcs :

“Viel emfacher‘und mlt iicist: uusrelchender Genamgkmt
w1rd die Kraft P durch den Pendeluusschlag bestimmt,

Auf diese Moglichkeit wurde bei der Ausgostaliung des Ge- *-
rites besonderer Wert gelegt, weil damit auch die Maglich-
. " keit besteht, den Ablauf schneller Umwundlungsvorgnnge

“ 5. — durch die dabel stattfindende Aendernng der Magnetisierung

quantltatw u verfo]gen ‘Bei Aussthlagsmessungey) miissen
“Kraft urid Gradient in 11u'er Abhanglgkoxt ‘vom*Ausschlag

_. . 1iBt’ sich ‘miithelos” mit 'einiger Genmugkelt errcichen, -dal
- Kraft und: Ausschlag verhiltnisgleich sind.” Fiir geriaue B¢~

. zugehonge Kraft ubgelesen ‘werden' kan, -

stlmmungen wird mit Hilfe der Eichwaage die-Kurve der_ v

- Direktionskraft aufgestellt, aus, der-zu-jedern Aussch]ng die

Kraft

0'0 m,

L P— (grad H)u_-f(a, i

entgegon, die daher aus der Summe dor budou Kmfto fiir
jeden Ausschlag o ermittelt werden kann: °

P="Pp+ Pyw.

Dcr fiir den Ausschlag maﬂgebcndo Gmdlent ex\gxbt sxch da- N

her nach Glelclmng ):
(gmd H),, =—— (Pn + Pw) ““““ - (3)

Dieses Bclsplcl zeigt, wid im allgcmolnon dor Grudlont-
verlauf im Aussehlagbereich bestimmt werden kann; es zeigt

- in unserem Falle besonders, daB der Gradient, fiir Aussch]ugs-
- messungen hinliinglich genau gleichbleibt und “da8_die Ge-

‘mindestens 4 %, Ist. .
Zahlcntnfcl 1. Mel}ergohnmse -an clner F|scnprobu

Gowicht [Ausschlag |, Direk= | gogion, ;

oviel 1 | tionskratt| “°B5 | gmair | Verntltnis

Py . N )
g - |- Ocfem “[. " -

“(a)~ .

27,05 | 5 | -734,3" | 0,845 | 36,15
- 22,00 3 | 0,680 | 29,45
1 1-.47;03" | 32, 4,4 | 0,633 | 22,80
742,00 370,364 - | "15,67
S TAL ] 32,4 0,221 | 9,46

2,00 : 0,0025 | 2,68 .

chn smh der Gradlegt iibor den Bewegungsberclch der
Probe nicht éndert und die Kraft P verhiltnisgleich dem

:Ausschlag ist, so ist nach Gleichung (1) auch das Produkt aus

Gowicht und Magnetisierung der.Probe vcrhaltmsglexch dem

- Ausschlag -und _kann, darans nut Hllf

“In.Bild 4 sind -

zweéi Eichkurven fiir-zwei hiufig benutzte Empfindlichkeiten .
dargestellt. Kurve I gilt f fumn]legdglg&vgcht Gvon4400¢g,
cht.

Kurve I fiir das Pende\bhne Ggg

eide Kurven sind :
* it Abwelchungen von 4% geradlinig -und kénnen’ daher

o mnerhalb dieser Genamigkeit durch einfache Rechnung mit .

© = 0490 g verwendet (Zahlenta/el 1), - Um: den'bei verschxe- ]
- denen Aussch]agen ‘maBgébenden- Gradiénten :zu ethalten, "<

wurde der durch das Magnetfeld erzeugto Aussch]ag nut Hllfe‘ :

gleichzumachen, wie®es

‘einiern, Beiwert ersetzt werden. Mehr Umstinde bereitet die

mckgg}xhgung des Gradlenten, wenn -man.ich nicht*die’
ijhe macht; deV im: Bewegungsberelch der Probg

jer_ géschiehen ist. Dann muB fiix

bcstlmmenden B‘
m-

32,03 | .3 J1'734,4 | 1,000 | 42,80 '

0,00 --0,00 E 0,000. 000'4.

“nauigkeit aller hier vorkommenden MeB- und Elchvcrfahren :

lnrallgemm‘r‘ifwud mam—siéh mcht dle Muho gcben, dleso =
: bexden “Bedingungen .zu_erfiillen.  In.dem Fallo wu'd Mg ...

¢ino mchtlgneme Punktlon von o darstellen

ang,-dle \_eine Probo erzeugt,‘deren ‘Betrag fiir.m

sofort abgelesen werden-kann:=Sie wird am sicliersten nach: -
hren. ermittelt, nuchm\h:am m<g- :
A aé';mgnmm e

demsel

eden ' Ausschlag der ]ewelhge Gradientwert betucksxcht_lgt

rden, der-mit-Hilfe:einer Eichproba ¢ ermittelt:wird.” .
L Alg MeBbelsplel wiirde eine von:der Physxkahsch ~Tech-

mschen Reichsanistalt. geeichte Probe: mit dem Magnetisie- -

rungswert 6 =9168" ¢gs-Einleitén und -demi; Gewicht m, .

einzigen Elchprobe mlt den Wetten m,, und S0’ den Aus-

ben— dle m, < Gy entsprechende Kra,ff P dus ZWOI Teilen zu-
sammengesetzt von: idenen’ der’ emo Fon. der Dxrektlons-

W obel a]so Iucr Dlrektlonskraft iind- Gradient in 1rgendcmer I
beheblgen Abhunglgkext von.o.'stehen mégen. Um mit eirier -




. . X 16, Jahrgang :
o= A8 grere G0 | AT 1948

K.~ Mathiew: Magnetische ‘Sdttigungsmessungen und. thre Anwendung e

Archiv flir dos

kraft P, der andero Py von'der- Elchwange erzcugt wird.

- Man kann dadurch die' Gré8e m, < o, mit vcrsc]ucdencn Aus- -

schligon o bei derselben Gesamtkraft P messon:
. ,,,,n.%';(w) 981 Py
' grad H [, ~ (grad H),

und nach Gleichung (3) und (4) o

"Wert o iiber, Fiir ein quonge mit x % des Stof!es B lst

also dio Mugnetlalerung

S . _ '___O'A—‘O'n ' .
v . . _0' AT 0 T~ O]

- Dio Beznohung drmoghcht % B. tino Karbidbostim-

mung in unlegierten Stiihlen. (Gemenge von praktisch

. o 16 Johrgang
Elsenhtittonwesen ¥eft 10 / April 1043 ~
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ElsenhlUttonwesen .

schen . Waago geht nur das Verhiltnis dor ‘beiden Aus-

schlage %y ¢ Qs in-dié Rechnung: ein.” In Bild 5 ist iiber
". diesem Verhiiltnis der Karbid- und Kohlenstoffgt\]mlt auf- -
getragen, wie er sich aus den Gleichungen (8) und (9) er-,
. rechnet,. Die Gomuugkelt der Karbidbestimmung ist dem~

chemlschen Verfnhren in keinem I‘all unterlegen
5

v .
Die gestrichelte Kurve II entspricht den von F. Stiiblein?)
gemessonen Werten, dessen chlcrungcn von 800° abgo-
schreckt waron, Dieso Kurvo zeigt einen Knick bei der =
Konzentration von rd. 5 %, W, fiir dio bei 800° dio Loslich- .

keitsgronzo des_o-Mischkristalls iiberschritten wird. Das '

Veérfahren ermoghcht also bei genauon o--Mcssungcn auch dw

“~Archly flUr das 41() T

xonlenmrfﬁe!mrﬂwmrzmmn‘Fulmnmrdm b=

wpr

. Py e
= Ay (»P‘ “my * Gy,
“ ‘ N o .
Durnus ist )

L
A(u)zzm,,c,, (1—-1‘7");‘—111000(1,) . (6)

_Dio Eichung der Wungo fijr di¢ unmittelbare. Bestlmmung |

“dor Grifio m: o crfordort also 'lediglich dic Bestimmung

von EI’E' in 'Abhiingigkeit vom Ausscllllilg Als Zahleribéi-

. spiel sind in /ahlcnta/cl 1 Wcrte “fiir P und Ay ange-_

P

' gébcn Dlo Kurve Ay, aus der fiir bclmblgo Proben das .

" Produkt .m- ¢ iiber dem Ausschlug o« abgeleson werden.
kann, ist im vorlicgenden Fall in guter Niiherung cine Ge-'
rade, die aus dem Vorigen auch durch Rechnung gefunden’.

- werden konnte. Im aligemeinien muB sie aber wia in Zaklen-
“lafel. 1 durch Einzelmessungen gewonnen werden, Auf die
" Konntnis des: Gradienten und der Dircktionskraft einzeln
kann man dann verzichten, Nach einér solchon Eichung sind

Zoit und Arbeitsaufwand fiir die Auswertung der Ausschlags:

- messungen auf ein MmdestmnB zuruckgefuhrt

R A dung der tisch Waage. :
Im folgondon gind -einige: Messungen aus’ dem, Elsen— B

: .lmttenwosen ‘angefiilirt,” bei . denon das magnetische Ver-
“fahren gegeniiber anderen besondere Vorteile bidtet und: dié

ohne besondere moBtechmsche Schmengkelten durchgefuhrt

.werden konnen. } )
Mengonbestlmmung ferromugnetlsches Antelle
. in Gemengen. -
“Es- lst vielfach itblich, den’ Remholtsgrud ferro-

. mugnotlscher Stoffe oder den Gehalt an forromugnetl-.

- schen ' Bestundtoxlcn in ;Gemengen- durch Angabe ~dér

) Magnetlsmrbaﬂ(‘mi 7 kennizeichnen, Im chomischen Schrifé- . e
tum wird zu diesem Zwecke meist die Massensuszeptibilitity >~ |

- angegoben, in Abnahmebedingungen fiir austenitische Stihle ..
“wird oft die Augabe der Permicabilitiit . als MaB fir den -7 -
'I‘emtgohult gofordert. Dieso GroBen stehen zur spézifischen .

_.Magnotlswntng o im. Verhultms = spezu'lsches Gowwht)
’ "X=%= ";1+ 4-rcsx -7 o

- Be1 para— and dmmagnetlschen Stoffen smd dlcse GroBen' !
e stofflmnnzelc«lmend und ihre Angaben sinnvoll; Ferromagneti- -
sche Stoffe konnen aber niemals. weder nach Art noch nach -

Menge durch ¥~oder 1. gekennzeichnet werden, weil diese
GréBen. in-nicht_iibersehbarer Weise Teldstirkenabhiingig.
sind:e Da’ die. Art der Feldsta.rkenabhanglgkelt auch roch

. v’“"jvon der mechumschen, thermischen und’ magnehschen Vor- -
' behandlung ‘des:Stoffes ablmngt kdnnien. diese G“Ben nicht

einmal zu_Vergleichszwecken . herangezogen wérden—Zur

L Kennzmchnung von Stoffeigensehaften‘ist daher die Angabe- ;.
- »'der Sattlgungsmagnehslemng o oder I viel zweckmaﬁlger :
L " Wenn.zwei Stoffe A urid B’ mit: verschledenen Werten o, -
R und op gemischt werden, go- geht mlt zunehmenderi Anteil-
L des Stoffes: B die Magnetmerung yon, Wert o‘A hnem- in den .

kannten Werte fiir Eigen ¢ = 218,0°) und {fiir Zementit
o = 139,3%) ein, 5o errechnet sich aus der zu ‘messenden
Mugnotlswrung oy fdes- Stuhles dossen Zementltgehult
in % zu: - i

, T 100

L = x_m(ziso ). )

Die’ Genuulgkelt .dioses . Verfahrens ist ]edoch vmlfuch

nicht ausréichond, weil- der Unterschied zwischen der

Magnetisierung des Hisens und der des Stahles im Vergleich .
zu den gemessenén Worten- selbst nicht groB ist und weil

dio Bercchnung sich auf eirie Absolutmessung von o, stiitzt.

Man kann jedoch cine-Karbidbestimmung auf Grund einer** ‘
viel genaueren Relativmessung durchfithren, wobei ebenfalls

die in Gleichung (7) zum Ausdruck kommende Addmvxtat
dor beidon Magnetisieringen- benutzt wird.© — -~ -
In cinom heterogenen Gemeng zwoier ferromugnctlscher

Komponenten kann man die beiden Magnetisierungsanteile -+ <
" gotrennt bestimmen,” wenn die Gesamtmagnetisierung bei -

verschiedenen Temperaturen. gemessen' wird. 'Hier geniigt

z. B, die Ermittlung des. Verhéltnisses-der Magnetmorung :
Gy des Stahles bei 20° zu dem Wert 6yq0.bei 500°. Oberhalb .
~' . rund 2500 ist der Zementit-njcht mehr ferromaghetisch, und .
" man miBt deshalb bei belsplelswelse 500° die Magnetxslorung .
des Eisenantsils allein. -Dieser Wert wird mit Hilfo der be- .

kannten- Temperattra unglgkelt der Eisenmagnetisierung
auf 20 umgerechnet; aus Bild 9 und Zahlentafel 2 ergibt

sich der. Umrcchnimgsfaktor zu.4,192.: Der Beitrag des-

". Elsens (Gewichtsanteil . mg, Ma.gnetlslerung o = 218,0) . )
" zur Gesamtmngnotlswrung Gy des Stahlesist also 1,192:6500;
der- Restanteil gy5— 1,192+ gy st “der. Beltrag des Ze- "
- mentits (Gewxchtsantell mz, Magnetlslerung o‘z—139 3)' -
'Dann verhalten slch :

—1,192" Gsoo myeay  my-1393 ¢
1 192 Goop mpo_ o'g,, mpe 218,0'

Daraus st - S

/mFu.

man: den Ka.rbldgehult

'  Q:{:i.,

Der entsprechende Kohlenstoffgehalt in % erg:bt swh y )
nach Division: durch 16. Diese Kohlenstoff- - oder Karbid- - -~

stimmung verlangt die Ermlttlun%ader GroBe Q,.d. h;
nach -Gleéichung (8)-lediglich das Ver!
rung des- Stahles bei 209 zu: dent Wert-bei 5000, Fiir diese

‘Bestimmung ist ‘also nur die. Relatwmessung zweier Werte
- “erforderlich, die’ schnell und leicht: ‘mit einer. Genmugkelt
von'4 %/, durchgefiihirt werden kann, Eine Wa,gung der Probe "

-wird mnieht verlangt:. . Bei* Verhaltmsglelchhelt zwischen' der .' AR
~Sathgungsmagnenslerung o und dem Ausschlagﬂer magneh— c

5 Steinhaus, W'A Kussmn,nn und B Sohén Phys 4
88 (1037) S, 777/85 g e

g "‘563 (0839 % _ ) 'Q @
“Nimmt man noch an, daB der. Stnhl nur- Elsen und-+ Ty

Zementlt enthilt," und sotzt mp‘,+ mz = 100 %, 80 erhalt o

'100m% . o

iltnis der Magnetisie:. -~ " '

e

1
TS

§
entifgehalt in %

«
o

& -

)
% 5

. /(ﬂhlgﬂﬁﬂf'_fjeha/f in %
- Ze

8

~

0. 15 80 I~ 30

Cpg° [ Xzg® ) -
Verhiitais 22— 0.’50/7” ®sn ”,/-

‘,,“,Blld 8.’ Kurvo zur Bestf: g des Z titooh Hm- lep or .
Stihle uus dem Verhultms der Aussch]ﬁgo bei 20 und 500'J (. B

Dis Addltmtat der: Mugnetlsmrurrg el stre}}g -nur fur'

heterogene Gemenge. Mit ciniger Vorsicht-kann sie-manch-

.mal auch’als Regel auf homogene Losungen angewandt
werden.. Als Beispiel zeigt Bild 6 dio Sattigungsmagneti- - .
sierung der Eisen-Wolfram- Mischkristalle. Dienach
* Gleichung (7) berechneten - Werte stellt . die- -ausgezogene
~Gerade I dar. . Fiir reines Eisen’ gilt ¢ = 218,0, Wolfram ist -
unmagnetlsch, duher schncldet die Gerade dle Ordmatc"

3
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5w, B, 20 &5 -0
%I/)’amgef/a/f i
. Bild 6..

I = theoretisck fiir homogene Mischkristalle,
II'= nuoh Messungen von o S%ﬁblem (u,bgeschrec‘kt von 800“)

bel a= 218 0 und. dio “Abiszisse bei 100 % 'Dle an “drel

. Elsen-Wolfram-Leglerungen gemessgnen. Werte liegén gut-

. .auf dieser Geraden; die Legierungen waren .von 41400° in
. Wasser abgesclu'eck( worden.” Wenn-das Abschrecken nicht’

- aus_dem o-Zustandsgebiot erfolgt?), . sondernbei tiefereri- -

: Temperaturen ‘aus.. 'dem -heterogenen *Gebiet  i- - Eisen-
Wolfram-Verbmdung, 80 werden klemere o--Werte erhalten .

-Ermittlung_der Lislichkeitsgronze,

Der lineare Mngnetmerungsubiull dor ,'Dlson-WoIfmm-

* Mischkristallo weist auf -geringe magnetischo :Wechselwir--

kungen zwischen Eison- uind Wolframatomen bei der Mis¢h-
kristallbildung hin. .Das zeigt sich besonders auch darin,
daB der Curiepunkt des Eisens durch Wolfram nicht be-

. einfluft wird. Die meisten Leglerungszusutzu beeinflussen
* aber mchr oder weniger stark den Curiopunkt des Eisens. .
“Wenn dieser wio bei fast alien Elementen nach tieferen Tom-
", .peraturen verschoben wird, nimmt’ dio Magnotlsmrung
. stiirker, ab, -als Gleichung (7) fordert. . Auch sind dann Ab-
welchungcn von der Lincaritit; fiir verschiedene Tempera- .~

turen nach verschiedenen GesetzmiiBigkeiten, zu - erwarten.
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Bxld 7. -Abhiingigkeit der Sutti
Legnsmngsgehult des- Emens an Chrom und Nxokcl

Dw femtlschon Dlsen Chrom-Legwrungon sind,

: \iregen der Cunepunktermedngung durch Chromzusatz bei

Zimmertemperafiir - bereits mit ungefihr 70% Cr un-. -
magnetisch?).. Man kann in erster- Nihorung linoaren Ab:

“fall der Magnetisierung mit" steigendem - Chromgehalt™ an-
“nohmen.{ In.Bild 7 1st diese Gesetzmaﬁxgkelt eingezeichnet "~

Siittxg\mgsmnguetmerung der Elsen-Wolfrum-Legwmngen . (Kurve I) Wle‘ die- -gle cl itig angeg

Messungen an.
'_ erungen zelgeh stellt sm ‘eine guf )

“Séhr verwickelt andert sich dle Magnetlslerung des Elsens

-;lﬁun Zulegleren von Nickel. In Bild 7 gxbt die-Xrirve I die ‘
. spezifische Sattlgungsmagnetmemng einiger Eison-Nickel- o

Legierungen an, die von 900° im Ofen abgokuhlt wurden:

Die: ‘dabei emtretendn Y-o-Umwandlung ‘ist . bei. Zimmer-- - -

; ttemperatur rioch. nicht - vollsbundlg abgeschlossen. - Ein Teil

- des Restaustenits zerfallt beim weiteren Abkiihlen mit fliissi-
-gér Luft, wie die: héherliegenden Magneu51emngswefte an--

. geben, Da hlerbel aber - mcht m1t Slcherhelt aller Resb-_l.

7) Arch: Exsenhutttnw 3 (1929/30) S 301/05 B .v : ,' 3
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sustonit in den a-Zustand ubergeht wurden dio.Proben
einer Kaltverformung bei rd, — 70° durch. Himmern unter-
worfen. Dadurch stieg die Magnotisierung .auf die Werto

.der -Kurvo III an.. Auch durch diese Versucho kann noch -

nicht entschicden*werden, ob die Legiorungon nunmehr voll-
stiindig. umgewandelt sind und ob Kurve III dic wahre
spezifische Sittigung der Eison-Nickel-Legierungen im a-Zu-

. Bei allen Aiwen Messungen ist darauf zu achten;. da8 die

wird- nur.dann durch 'die - Analyso des Stahles angegeben,
wenn dicser'vollkommen ferritisch ist, oder aber, wWenn der

.. Archiv. flic-dag ......

Zusammensotzung des Ferrits bokannt sein'muB. Diese -

Ferrit durch cinen entmischungslosen Vorgang, z. B. durch- -

Kaltverformung  aus - dem austenitischon . Zustand, . ent-
standen ist. Der durch Wirmebchandlung, besonders durch

.16, Johrgang .. ...
Helt 10  Apri} 1643
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. deshalb von - Bedeutnng,. weil - sie . mlt Ginor Genauigkeit ~
von 271'/,,0 fiir-tochnisch reino Eiscnsorten (<049 Verun- *
~ reinigungen) iibereinstimnion, was fiir die a-Werto nicht gilt.

Im Temperaturberoich um- 7689 .sinkt belm I;ﬂufion die
Magnetisierung “allmiihlich und reversibel’

restliche Magnetismus-in cinem sehr engen_Temperatur-

Diirch dio .
o-y-Phasenumwandlung bei 906° verschwindet dagegen der’

S.‘Hilpert und J. Boyer'®) erhiilt man aus Tlscnoxyd
Te,0, durch Reduktion mit Wasserstoff Dlsenoxyduloxyd
Fe,0,, wonn dio Reaktion. bei 4000 durch mit Wusserdnmpf
gesiittigton Wassorstoff erfolgt. In don Probenhalter wurde
etwa 0,4 g I‘c,O;I (Elsenoxyd der Firma Merck Darmstadt) -

&
87

—

Y

stand darstellt.” Aulfallond ist, daB, obwohl Nickel cine viel
kleinere Siittigungsmagnetisierung (¢ = 56) als- Eisen hat-
und obwoll Nickel don Curiepunkt des Tisens erniedrigt,
die spezifische Sittigung des Eisons durch Nickelzusatz bis
zu erheblichen Gehalten nicht erniedrigt, sondern sogar ctivas
crhoht wird. -

]
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. . fempg/'atu/'/n op - L
'Blld 8. SPDZlflEOhO Snthgungsmngnetmwnmg an dor Bruchsto]le

Jpﬁz/f‘ismqé’a‘#/yy(r"ysma_y‘{zelllsierunya'/hqy.r-f/hnyiren

‘von zorrissonen Stiiben aus Stahl mit 48 % Cr und 8 % Ni i in’

‘Abhiingigkeit von der To tur 'beim Zugversuch;,

chon dieser Eigenschaft . “des Nickels. ist : ‘atch, dxo
Magnetisierunig ternirer chlerungon mit Nickel, z. B..die -

* der; Chrom-Nickel- Stalile,, “nicht: vorauszusagen. ~Sio
kzmn nur versuchsmaBig ‘ermittelt werden...Die Ergebnisse.

einiger Vorversuche sind ¢benfalls in Bild 7 angegeben, Drei .
.Stiihlo . 'mit 99 Ni* und verschiedenen Chromgehalten .

; @, 14" und- 18 %, Cr) wurdon durch.Himmern bei etwa

| —170%s0 lungo kaltverformt, bis kein Anstieg der Maghetisie-
", rung mehr beobachtet wiirde, Dabei stieg die Magnetisierung
. anf die eingézéichnoten Werte an. ‘Diese liegen fiir die Stiihle

" mit-6 und 14 0.6t fast bei den Worten | fiir die Eisen-Clirom- .

Legmmngon “die Magnotisierung fiir deri Chrorii-Nickel-Stahl

mit 48'%, Cr ist jedoch: kleiner,.weil er noch ‘Restaustenit .

" enthalt. ‘Wie-namlich aus’ Reckversithen bei. tiefen Tem-
peraturon hervorgoht“) lmgt die Magnetisierung eines solchen

Stahles hohier-als ¢ =145, In Bild 8 sind die MeBergebnisse ¢

Spézr}"ismula_yr}eﬂs‘/bru/yG/ﬁ'qqs-ﬁMeﬁél

Abschrecken” aus ‘dem’ 3-Gebiet, erzeugto Ferrit hat moist
vine nicht gonau bekannte Zusammensetzung; er kann dann
nicht mengenmiBig aus der- mn.gnetlschen Sattlgung er-
mittelt werden. - . .

Bo'obac]ltung dos Ablaufs -voh_ Umwund_lungeh,

-4n denen ferromagnotischo Phasen boteiligt sind.

. Die Vorteile einer magnetischen Waage fiir Aussehlags- -

messungon zeigen sich besonders dann, wonn Umwandlungs-

‘vorgiinge boobachtot werden sollen. . Sie ist dann in vielen .

Fillen anderon: Untorsuchungsgeriiton iiberlogen, weil die
Empfindlichkeit praktisch beliebig gesteigort oder auchi-ver~

kleinert werden kann, bosonders dann, wonn mengenmd. 1ge -

" Schlusso moghch mnd
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el B o Temperatur 00
Bxld 0 Temporutur-Mngnotxsmrungs-Kurvo von' Elektrolytelsen

B01 der _Aufnahme- von Tgmperatur Magnetmerungs—
im-allgemeinenzyei veischiedene Umwan
t: Phasenumwandlungen und Curie-

" pitnkte. Bei den magnétisehion Umwandlungen-verschiiii-

.det (beim Erhitzen) die Magnetlsxerung allmahlich in cinen”
Temperaturberexch wiihrend eine’ Phasenumwandlung sich’ -

‘Zahlentafel 2. - "
Mngnetlsxorungswerte “von. Dlektrolytmsen bls 600'J

- und.die.auf 20° bozogenon Verhiltniswerte. " .0 %

o R

fiir cinen' Stahl mit 18'%, Cr und 8'% Ni angegeben, der bei .

Vorschiedenen Temperaturen durch Kaltrecken: bis-zum Zer- .

reiBon’ verformt wurde.  Die Magnétisierung warde” an, der
- Briichstelle. -gemessen. - Da die Kurve bis'zu den tmfsten er-
reichten* ‘Temperaturen -itmer noch* ansteigt, " muB - die

" Magnetisierang - des vollkommen ferritisthen - Stahles it .| ‘
* 48 % Crund: 8 % Ni hoher als der dort ermlchto Wert 145 |-
angenomuie werden; Man'Lkannt- deshalb” sagen, dag  die--

spezifische magnetische § Sittigung von Eisen-Chrom-Nigkel-.

- Leglerungen -mit’ guter Nitherang “durch den’ Chromgehalt .~

béstimint ist und durch Kurve I in "Bild.7 atigegeben wird:
- Eine g0 einfache Gesetzmzx&gkmtw—(}lelchung (0, d. h,

. eine. udd1 ive Exgenscha.ft der Magnetisierungswerte, besteht -

also hi mcht. Fur dle magnetlsche Kennzelchnung solcher

A "). Mathwu, K.
" p42).

(138 g. .
243/48 Arch, Emenhuttenw 18 (1942/43) S 215/1&_ !

600 |

Temporatur-Magnetlsmrungs-KurvthVM Elektrolytels en,

- in Zahlentafel 2, sind: bis 600°: die zugehdrigen Werte nach- .
" mals genauer- angegeben. AuBlerdem “enthalt, Zahlentafel 2’
die’ durch Relahvmessungen genauer bestimmbaren,- auf &,;

bozogenen Verha]tmswerto. Dlose letzten smd besonders

7 WG 700 300 900 FT mz&;»ma a0, 900 w '

: als chk in der Kurve dnBert.- Als- Belsplel zelgt Bﬂd 9 dle

bereich, der aul der Erhitzungskurve etwas (rd. 5°) hiher

" liegt alg beim Abkithlen. Das Auftreten eines Umwandlungs-
- bereichs und dio Trreversibilitiit der Maguetisierungséinderung

fiir das verwondote Elektrplytelsen muBl wahrscheinlich auf
Spuren .von Verunreinigungen zuriickgefiihrt worden, In

* Bild 10 ist diese Umwandlyng nochmals dargestollt, wobei
mit groBerer Empfindlichkeit dor Waago gemessen wurde.

Zum Vorgleich ist daneben die y-o-Umwandlung eines mit
0,65 % Mn legierten Elektrolyteisens dargestellt Umwand-

lungsbereich und Irrevembl]ltat treten dubel in versw.rktcm )

MaBe auf.
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Bl]d 40 Tempemtur Magnotlsxerungs-K\xrzen 1m Bcrexch der
Y-o-Umwandlung... .
I= Elcktrolytoxsen, T
I = Fe-Mn-Legxerung mit 0,65 % I\In

Bﬂd 10 1aBt’ eme Schmengkelt bei dar Aufnahme von.
.Umwandlungen mit.der magnetischen Waage erkeniien, die”. ..
.- :dann auftritt, wenn Phasenumwandlung und Curigpunkt in
... ihren: Tempemturbcrelchen sich™ uberdecken
.. Fillon sind magnetische Messungen sehwierig auszuwerten.. ..
- Die Ueberlegenheit gegenuber anderen -Verfahren zeigt sich ™

> erst dann,.wenn der Umwandlungspunkt ‘unter dem Curie-
-, punkt Hegt. ‘So kinnen z. B, die.Umwandlungen’ legierter -

- Stéihle séhr einfach'in der magnetischen Waage untersucht -
“werden?). ‘Auch Umwandlungon, dio unter Zimmertempera-
-'tur ablaufen, konnen in-der Waage mit Leithtigkeit erfaBt -
- werden, Zu diesem Zweck wird ‘durch den Ofen; (Bild 1),
‘in dem sicli die Probe befindet, Wasserstoff: geleitet, der zu- -

vor in einem Schlangenkuhler mit Kiltebad gekiihlt wird. -

" Bei Kiihlung mit fliigsiger Luft werden leicht Temperaturen’
.+ bis — 4500 erreicht. Als Beispiel zeigt Bild 11 Cunepunkt ¢
- des. Y-Zustandes und y-m—Umwzmdlung Ar einer Elsen-

Ieglerung mi 28 % Ni; - ;
Ein einfa hes Belsplol dafiir, wm der Ablauf emer choml-

. ~schen’ Umsetzung mengénmiBig in der Waage verfolgt ior-
‘den kann; bietet die Reduktion von Elsenoxyden Diese
_lauft jenach den’ Versuchsbedmgungen vorsclueden ab,:Nach' -

') Wever F,,undK Mnthxeu M:tt K -leh -Insb Elson; .

In'"- solehen -

~.
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~%0 ~120 ~80 -4 p.+40 +80. ‘72’0 ¢7b‘ﬂ ‘Z’ﬂﬂ L.
! Tempsratyr in °C
- Bild 41, Abkﬁhlungskurvo oiner Lxsunlogwmng mit 28% Ni.
von 4000°mit Curiepunkt C bei 4 209 des nustenitischon -
Zustandes und ¥- az‘Umwnndlung Ar. bm ~—40 bis —4509,

cingefiillt und urch don Ofen der Wango Wasserstoff ge-
fiihrt, der zuvor dirch mehrere Waschilaschon init-Wasser .
. von 50° geleitet wurde. 'Die Prohe wurde dann in otwa 30 s

. anf 4000 erliitzt und auf dicser Tempemtur gehalten. Das - . -

Eisenoxyd Fe,0, ist unmngnetlsch' sobald das magneti- .
sche Fe,0, entsteht, schligt die magnetischo Waage aus.
- Kurvo Iin Bid 12 zelgt den zeitlichen Ablauf der Reduktion
bei 400°, Nach 30 min Haltezeit blieb ‘der Ausschlag gloieh, -

", dio Reaktion'ist beendet.. Das entstandeny Eiserioxyduloxyd -
st gekennzeichnet durch einen Cunepunkt bei 565°, der auf

“einer anschlioBenden Erhitzungskutve und bei: der darauf -

e folgenden Abkuhlung beobachtet wixd (Bild 13, Kurve 1)

W/
7

I‘f?lﬂd‘—’f_yﬂl; lrewﬂﬂ”
Il = Fegy—>-Fe ﬂlﬂl 700°

NN WoR Y

Aissohlag der Waage in om .

S

. T, 30
s S ﬂa/feze/flﬂ/mﬂ'

Bx[d 12 Reduktxonsnblnuf von Exsenoxyden gemeasen durch
: Ausschlugsundemngen der mngnetlschen Wango S

-Bei hoheren Temperaturen als 400° und besonders bcx Ver-
- wendung von' trockenem Wasserstoff- geht die' Reduktion
" leicht., bis:.zum  reinon  Eison,
Fe;.O.—>I‘e zeigen die zweiten. Kurven in den Bildern 12 .-
" ‘und 13, Das entstandene Eisen ist durch seinen. Curiepunkt’
““hel etwa 7700 gokennzexchnet,,den man auf einer anschlicBen-
den Temperatur-MagnI?memngs-Kurye beobachtet (Kurve2 -
.in Bild.13). Da die,

dxese Versuche dazu-benutzt Werden, die spczmscho Sétti-
gung o fiir Fe,0, zu bestiramen, Tn Hiesem Fallo kann man'
sogar ‘mit Relatlvmessungen ‘anskorimen und dadurch. eine . .
~groBe Genauigkeit erziclen.- Das fiir’ emeo- Bestunmung des .0
Elsenoxyduloxyds benotlgto Gewmht bmucht mch' durch .

Den,_ - Rediiktionsablauf = .

eaktionsstoffe bekdnnt sind, kénnen.




" Stablles, besondefs - dio_beim- Anlassen . ablaufenden, =

13

Lo . Archiv fitr dna
und shre-A dung -

16, Tahrgang
11e4¢ 10 { April 1943

422

K Mathl'cu:_l!aanell’anhe Stti

Wigen bestimmt zu'werden; es errechnet sich aus der Menge -

~ Eisen, die nach der Reduktion vorliegt, Ein MaB fiir dieso’
“Eiscnmenge’ ist deren Magnetisierung, dio aus. Kurye 2 in
" Dild 13, ersichtlich ist.- Nach Gleichung (1) verhalten sich

Pye,0, * Nipy

"Ore0,
- v Precmpeo,
- "Die Kriifto P sind aus "Ansschliig [

_mitteln; Py : Pp, = 6,60 +40,90.. Das Verhiiltnis der
Mengen Eisenoxyduloxyd zu dém darin enthaltenen Eisen
ergibt sich aus dem Aton- bzw. Molckulargowicht. zu

omp, 1676 .
i ' . - 'ch,O‘ N 23115-
Danach Wird ope,0, = 0,438~ oo (bei 200). '

. Legt man dem_Eisen eine. spezifischo -Sittigung oy,
= 218,0 zugrunde, so ergibt sich fiir Eigenoxyduloxyd der .
Magnetisierungswert o = 95,3. Von J. L. Snook 1) wird

. der Wert =938 angegebon, wihrond die Werto. des

iteren . Schrifttums?) moist untor 90, liegen,.. -
. " B LT M P r A..,,,‘.n‘, W, S :

2, T

T

-y -

N

-
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Ayusschigg der Wa@? inem -

. 0 W w0 300 400 500 60 T 0G0
T Temgeratur in.% tee .
. 7 Bild 13. Temperdtur-Magnotisierungs-Kurven von
Eisenoxyduloxyd Fe,0, (Kurve 1) vnd dem daraus reduzierten:
. . - Bisen (Kurve 2), . ... - .

_ Aufkohlungs- und ‘Entkohlungsvorgiinge: von Stihlen®-
- .. 'sind in der magnetischon Waago bereits frilher untersucht’
~- worden®). - Ueber die mongenmiBige Verfolgung ' der Auf-.-
kohlung von feinverteiltem Eisen in strimenden Kohlenoxyd -
" zu Eisenkarbid wird an anderer Stelle berichtet werdon?®). |,
- Ebenso wie in der magnetischen Waage Reaktionen der.
cingesetzten-Stoffe mit. zugefiihrten’ Gasen' verfolgt werden -
- konnen, ist es_auch moglich, Umsetzungen irnerhalb des

;' qiidntitativ- zu - erfassen. " Geeignet  hiorfiir-sind z. B,die
-, Karbidbildung-in. den verschiedenen AnlaBstufen un-

» legierter und legierter Stille und dic Ausscheidung von

* Verbindungen aus iibersittigten Mischkristallen.” Da iiber.
solche Versuclie demniichst ausfiihrlicher berichtet wird, soll -

-+ ‘hier nor das Grundsitzliche an Hand eines Beispiels ang¢-
Aahrt wgen, et

... Wie aus dem Zustandsschaubild Eisen-Niob Hhervor-

geht!), kann in einer Eisenlegicrung mit 2% Nb alles Niob. |-

 durch Exhitzen auf 43000 in das-8-Zustandsgebiet in Lésung .

. “gebracht werden. ‘Diese homogeno Lésurg kann. durch Ab- - .

. . schrecken' bei Zimmertemperatur, als metastabiler Zistand' -

-erhalten werden. - Wird. diese nunmehr, iibérsittigte Losung ..

" durch - Temperaturérhohurng: in einen_.Bereich: merklicher
“11) Phyaica 3. (1030) S.403/83; ... o -

_Syst.-Nr. 59: ' Eisen, Teil-B. " Berlin 4932, 8. 52. :
~: . 1% Korber, F., H. Wiemer und' W. A Fi
Eisenhiittenw’, démnnachist, .« T LA
. %...2%):Eggers, H.,und W. Petor: Mitt: K.:-Wilh.-Inst, Eisen
forschg. 20 (1938)'S. 204; vgl: Stahl u. Eisen 58 (1938) 8. 1165/66. -

L s

" 1) Gmelins Handbuch der anorganischen Chemie; 8. Aufl, -

muin.BﬂdJ&zu-or-———alH-iolltig—annimmtreo-\vbrden-boi—der—‘fm‘bhdnngsbﬂdxmg ”

* mit 2.% Nb bei vorsch

Diffusionsgeschwindigkeit gebracht, so beginnt das tiber- .
schiissige Niob sich als ¢ine Eisen-Niob-Verbindung auszu-
scheiden mit der ‘wahrscheinlichen Zusammensetzung Fo,Nb.

Dieso Verbindung, ist unmagnetisch. Da ihro.Bildung mit, ~

der Abbindung cines Teiles des ferromagnetischen Eisens
verkniipft’ ist, nimmt die Magaetisierung des” Eison-Niob-
Mischkristalles ‘ab. ‘Wonn man die Zusammonsetzung Fe,Nb

" Elsenhittenwesen™ "7 7

. 10, Jahrgang
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_dann, wenn das Niob restlos ausgeschieden wird. Aus dor
gemessenon um rd, 0,59, groBeron Aendorung von 2,9 %
muf} man demnach entnehmon, daf die Verbindung ein Los-
lichkeitsvermigen von rd. 0,5 ¢, Fo hat, wenn dio Loslich-
keit des Eisons fiir Niob als verschwindond-klein angesehen
wird; hat diese Loslichkoit jedoch cinen nennenswerten Be-

. trag, so muBl um dioson Wert auch dio Lislichkeit der Ver-

vorg‘nnq" in erster Linie. durch die verschwindende Eisen-
mengo bestimmt; der zeitliche Ablauf-wird durch Kurve T
“in Bild 16 ungegeben, dio im Gegonsatz zur Kurve T stiindig
abfillt. Bei Zwisclientemperituren- T’ kann es vorkommen,
daB die Magnetisierungs-Zeit-Kurve zuniichst ansteigt und
dann wieder abfillt, ohne daB der Ausscheidungsvergang

selbst einen derartigen Ablauf zeigt. *Die drei verschiedenen’

oo Arehiv flir das .- 493

von 2% Nb.2,39 % Fo abgebunden. - Wiro-dio. Verbin-
dung Fe,Nb,, so wiirde derselbe. Niobgehalt nur 4,79 % Fo
abbinden., Dio in dor-magnetischon Waage zu erwartende’

Y
17/

T T
Aﬂ/aﬂ/emxzer'a/ur':
£10! .

3

R S ——

age inem - ..
3

Ausschlag der Wa
Ny 3

4l |

: 1/ 20 - 40 67 80 00 . 120

L . ’ . - Haltezeit i min : .

Bild 44, Acnderung. der- Magnotisiorung einer Eisenlegierung
ied, AnlaBtemperati

.- das Ende. dér. Ausscheidung nicht abgowartet).

*Augschlagstinderung ist also 4 bis 2 % des Gesamtausschlags
*Um derartig kleinp Aenderungti fnit hinreichender’ Genauig-

- keit beobachten zu kénnen, muB der groBte Teil des Aus--
schlages  durch die Eichwaage (Bidd 1) ausgeglichen-und
.der:Restauisschlag nach Entfernen des Bleigewichtes-G-mit=>"": ..
‘hoher Empfindlichkeit.gemessen werden:” In Bild 14 sind
fiir vier vorschiedene AnlaBtemperaturen dio beohachtoten: -
'~ Ausschlagséinderungen angegeben. Dje verwendeton Proben -

waren von 4300°in Wasser abgeschreckt worden. Sie wurden
dann im Ofen deér magnotischen Waage auf die'in: Bild I4-
jeweils angegebone Temperatur angelassen und dio Magneti:.
sierungsiinderung in- Abhiingigkeit. von' der. Haltezeit ge-

" messei. ' “Zur. Veranschaulichung “der "MeBgenauigkeit - sind:
" in Bild 14 die unmittelbar beobachiteten Aussehliigo in em

aufgetragen.

o

‘1Znillex;t/niei: 3. :Ae.x;(‘l'a.r‘ung ) &.er 'l.au'pez'ifivs.crh‘en ‘Svntti‘-' L

-gungémagnetisierung einer. abgeschresckton ‘Eisen-

legierung ‘mit 2 % "Nb durch Anlagson. ..

g A der

Anlag- " o

: = d Adgy . | Aep
_temperatur et 208 i ot 200 | et bisen et der-
7. | nuch Abschrecken |, Anlass Anlaltemperatur.
00 ¢ - eg ) L SRR R T
T)-6400 - 1T aa0e T 3049 ©2,936 <o
670 - | 2120 2,814 0 - 4,098
700 —{= 24,9 " i-|=—2854 . 2,824 -

= In Zahletlt}ziélé sind die ,déi;aﬁé .bere(:hn;.agéxi Aﬁﬁderﬁngeh‘ :
der Magnetisierung .angegeben:- Wi unten dargelegt wird, -
st fir mongenmiiBige Berechnungen der. bei 200 geniéssone .-

Wert A o,, geeigneter ‘als:der bei -higheren. Températuren ge- .. . .
mesgene, 'Wert. - Zahlenfafel 3 gibt hierfiir als Mittelwert -~ =~

" Aoy ~2,90'%. Diese Aenderung darf mit guter Naherung. .. -
als  ferromagnetisch ; verschwundene Eisenménge . gedentet -

werden.. Beider Verbindungsbildung Fe,Nb ist jedoch eine
Aenderung "von : héchstens 2,39 %: zu. erwarten,. nimlich-

T i

turen (bei 6100 ist , ©

—bingmg -ttt EiSon VorgioBert werden, wni dio angelulirten
- MeBergebnisso douten zu kinnen. Eine dritte Méglichkeit
. aur Deutung wiite dic Annahme' ciner “eisenrci¢chéren Ver-

bindung als Fe,Nb, - ) o

.

7 o
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nyo .

y

AHagnefisiel

Temperatur—-s"" T T Zatt. .
. Bilder 45 und 16, Abhiingigkoit der Magnetisicrung von °
Témperatur. und Zeit bei iibersittigten, Mischkristallen: vor (1),
nach (3)" und in cinem Zwisch and.{2) der Ausscheidung.

. Werden wie hier bei der Auswertiing Magnetisierungs: -
werte bei verschiedenen Temperaturen und von verschie-

. denen Zustinden miteinander verglichen, so ergibt sich eine
grundsitzliche Schwierigkeit durch Verschiebungen des
~Curieépunktes. Bei den oben besprochenen Ausscheidungs-
- ‘vorgiingen hat die Aenderung der Magnetisierung-zwei ver-
« schiédene Ursachon. Neben der bereits -besprochenen -Ab-
pahme der Magnotisierung durch das Unmagnetischwerden

. —des Kisenanteils der Verbindung éndert-sich die Magnetisies
" -'rung aber auch infolge Curiépunktverschiebungén. Dieser -
- _FinfluB kann.sehr stark sein,. wie z. B. im System Eisen--
- Titan, das den Curiopunkt sehr stark erniedrigt; er kann aber .
* . auch fehlen, wie beispielsweise in den Legierungen des Eisens

" mit Wolfram -oder Zinn, die'den Curicpunkt’ unyeréindert-
* lassep. In dieson Fillen wirkt das -Legierungselemient bei

allen - Temperaturen  gleichmigig . erniedrigend, -auf * die’

" Magnetisierung. Nur hei diesen Legierungen kann cin Aus-

.- scheidungsvorgang ‘genail durch die Magnetisiciungsinde-,

ring wiedergegeben werden; die ausgeschiedene Menge ist .
'+ dann verhiltnisgleich der Magnetisierungsiindérung, ~ ° -
In Bidd 15 sind schematisch durch die Temperatur-

Magnetisierungs-Kurve. Anfangs-, End-"iind" ein -Zwisghen-
zustand eines Ausscheidungsvorganges dargestellt, bei
dem das auszuscheidende Eloment den Curiepunkt
~des Eisens erniedrigt.; Tm Ausgangszustand (1) liegt da-
"her” der Curiepunkt. bei tieforer Temperatur als im Endzu-

- stand .(3): Deshalb .wird bei hinreichend. liohen: Tempera-

~turen ' T" oberhalb des Curiepunktes von (1) di¢ Magnetisie-

> rung jm -Verlauf des” Ausscheidungsvorganges stindig-an-"
_“steigen;. der- Ausscheidungsablauf .wird durch Kurye.T" in

- Bili16 -angezeigt, ‘Bei Temperaturen’ T -hinreichend.- tief

unterhalb des Euriepunktes von (1) wird der Ausscheldungs-

Kurvenfornien- konnten bei mohreren . Stilhlon beobachtet,

werden, . Diese Beispieloe zeigon, dafl aus Magnetisierungs-

Zeit-Kurven nur mit groBer Vorsicht Schliisse anf-den Um-
~wandlungsablauf gezogen werden diirfen. Var allem wird dic

‘mengenmiflige Auswertung erschwert. Daher rithrt auch |
der Unterschied zwischen don Werten Ao bei 20° und

hoheren Temperaturen in Zaklentafel 3. Der EinfluB. der
" Curicpunktversehicbung' auf  die Magnetisierungsierte
nimmt nach tieferen Temperaturen immer mehr ab; *Des-

halb wurden der oben angefithrten Rechnung dic A g-Werte ~

. bei 20° zugrundo gelegt.

" Dieson "Schwierigkeiten stehen cine Menge unbestreit- -

barer Vorziige dos magnetisclien Verfahrens gegen-
iiber, die kaum mit anderen Mitteln erreicht werden kénnen.

Ny

"' Wie aus don beschriebenen Beispielen” hervorgeht, .ermig=———

... lichen die Siittigungsmessungon mit Leichtigkeit die Ermitt-
lung vor weniger als 4 9, Phasenmenge mit ¢iicr MeSge-.

nauigkeit’ von 4%, Bei derart kleinen Mengen versagen

Mikroskop und Réntgenstrahlen-vollkommen. Andere bei -

der Untersuchurig der Stahlvergiitung: iibliche Verfahren,

. grofler Vorzug der magnetischen Sittigungsmessung be-
steht unter Umstinden darin, daB der zu untersuchende Be-

wio -die Messung von Hirte, -Koéerzitivkraft, Kerbschlag- "~
“ zithigkeit usw., erlauben nur- mittelbare Schliisge. Iin-

standteil nicht selbst erfaBt wird, sondern dig.ihm chemisch -

iquivalente: Eisenmenge. Gerade ‘bei den ‘Reaktionen im

festen Zustand kbnren~die ‘sich neu bildenden Phasen in ‘
.~ einer TeilchengréBe unterhalb der GroBe der: magnetischen ~--
Elementarbereiche vorliegen; in' dieser Verteilung ist die -

ausgeschiedene Phase selbst -durch-magnetische Sittigungs-

-bat.*“Wird “dagegen, wie'in dem angefiihrten Beispiel, die

abgebundene ‘Eisenmenge  gemesson, _so. Spiclt”der' Ver-

-teilungsgrad keine _Rdlle.’ By

RN Zusammighlassung.‘,;.,\i )

Es.wird eine neue magnétischie Pendelwaage beschrieben, -

bei 'der die Magnetisiorung. durch: Aussehlagsmessungen, be-

bestimmenden Magnetisierung.. Magnetisierungsiinderungen
-+ konnen mit zehnfach holierer Genauigkeit gemessen werden.

Die- Ariwendung der magnotischen Waage .wird: an fol-- -,

genden Beispielen. erlintert:: Die Bestimmung des Karbid-

" " gehaltes in unlegierten Stihlen, des Ferritgehaltes in Niekél-~

und Chrom-Nickel-Stéihlen, die Temperatur-Magnetisierungs-
- Kurve-mit den Umwandliingspunlten des Eisens, ciner Fisen-
Mangan- und einer Eisen-Nickel-Legierung zwischen — 150:

dung beim Anlassen -von' Niobstiihlen. R

‘messung réntgenographisch oder mikroskopisch. nicht. faB-

und +-4000°, der Reaktionsablauf bei- der:Reduktion-von* "~ -
Eisenoxyden, die Bestimmung der Sittigungsmagnetisierung =~
- -von”Eisenoxyduloxyd, ‘die  Bildung der Eisen-Niob-Verbin-

stimmt wird; .Die erreichto MeBgenauigkeit ist 0,59 der zu G
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i
The problems of lubrlcating have existed as long as ,
technical apoaratu° has been employed. . In- ‘every case friction
losses and material losses have to.be reduced by. 1ubrlcat10n.
In: this connection, Ffriction loss denotes loss- of eHergy: ‘it is

.

R particular . importance in Lhe lubrication of lnstrumehte. On

the other hand, the material 1loss (wear) is mainly important in the’
Clubrication of machinery. It 1eads to destruction of'the running
surfaces and Lhereby endanoers the machines

- It is now o be fundamentally aintained tnat lubrlcatlon
: depends not only on .the: 1ubolcant but also .on the material of the
fbearincs and the propertios of" the 1ubricated part (construction and
oeratinq conditiong of ths bearlno) Consequently,” oil chemisbtsjy-
‘experts on matorials and. constructors must work together in. the,

i closest manner in order to -solve. the problems arising...The

'Physikalisch-Technlsch Reichsanstalt hds“always taken trouble to

L assist such ccllaboraclon by actln” as 1ntermediary and helper.

: In thls’connection 1t 1s’only necessary to refer to the hydro—'
'dynamlc experlmentu_carrled out -in the Reichsanstalt on the film=-o .

‘=.formation on gliding-and roller bearingsi— Amongst-other things

‘these experlmenbs ylelded 1mportant information. on the construction
of ‘'sliding bearings. . On:the other hand the ideas and: conclusions i

of the. hydrodynamlc theory of . the ubrication of. bearings’ received
ubs ' “*hls ‘work. * The hydrodynamic theory

.:Ehad oreat sivnifwcance in so .far as it enablcd the ‘evaluation of

f,lubrleants for processes involving_purcly fluid frictlon“to be
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partly in solid contact over one dnother. In’this‘Cdue molecular
boundaryvsur’ace forces come into play-between the lubricant and
thé material’of the”bsaring, which cannot be evaluated from the’
\viscosity measurement.u»Modern regcarch into lubricants summarises

-the effect of.these Uoundary~surface iorces. in the concseptlon oL
‘lubricdtinz capacity,” without thereby being able immediately to-
‘arrive at a solution of the problems involved.— In most cases the
correct choice of .a lubricant could only be made, as before, on ‘
- the basis of a costly works-~ scale experiment. Theore was, therelore,i_
an urgent need to find.relizble methods. of -measurement and the-ﬁ -
-+ fundamentals for evaluation which would  enable: the cholce.of a "
<iubricant to- be made on ‘the bd lu of the aoove-mentioned behaviour o
£ the boundary layer, i.e. the b331s of the lubricatinv capacity,
The. recent work of Lthe Reichuinst lt “which was carrisd out in the
Ffirst place with reférerce. to fneuwpecial dmportance of pi3uon-ring
lubrication, has'’ given a dOClSLVG oontribution to thls problem.<

) Beiore reportinﬂ this work in detail it must be clearly steted‘
thqt in the casgz of lubricatsd glidin@ surfaces it is: necessary to.
rontiate several operating conditions. - If, for example, the.
urfaces are separated by a. hvdroaynqmicqlly-formed £ilm,
then we speak of hvdrodynamic lubricati01 as mantionsd above, or
full lubrica tion. " The load is ‘in eqLilibfium w1th the hydro--
dynamically ouiltﬁup,pnessures and-the viscosity is. the only . _
declsive criferion for—the lubricant. If the loan s too high or -<_;
thé spesd of rotation too. small, s6 -that. h“drodynamic fllmvlu,{ Ry

unable  to foriy. then .the ]ubrvclnt acts. onl" in thin layers - - e
"adhering to the bowndary Surfaces, and accondingly this condltion
- known as boundary layer: lubric'tlon. ‘Tn this case the lubriéa-;
. tlon is mot. affected by the viscosibys On” ‘technical gliding c'u:r*J‘.‘ch:es
0 boundgry layer lubrication and:full lubrication lrequently exist .
. side by side and we then:speak . of ‘martial lubricdations  In- ofer—
rto further explain those torms, Fig. 1l.showsithe friction” COm=- o
_;efficient of -a sliding bearing -in. rslation to the leoc:ty or

rathér in relation Lo the non=-d imcnulonal“quantity;..w/p, .

can be seen from this cxample, I the region of-partial lubrication,

in ¢ontrast to. Full lubricqtlon,‘the friction coefficient becomes™ .

smaller,“s~thc viscosity increases; in the same way the velocity’ -
T relationship is fundamentally differdnt. id partidld. lubrication and
~ooin full lubrication, - Therb-ore it is not . permissible to transfer:

- measured valuss and experinentql ruSﬁltS obtained for one ‘condition -
lof lubtication £0- another. con61+ion_of 1ubricabtion. - Therefore in.j”
~fubture we should speak, for example, -of “the 'suitability- {ofia

nt ) Llubrication, ‘suitability for boundary—layer e
: the criterion of suitzbility for full: lubrication

will then- be the viscos1ty while in. deciding the suitability for’” '

bounddary-laysr YTubrication—the forceés in the boundary surfacés =
. between lubricant -and bearing have -to be taken into account.. .”hus

~’e.uitabiliby* of a lubricant for bouwridary=Layer. Tubrication is almest"
~identical With the cdnccption alroaﬂy ‘defined as; lubricating .
“eapacity. S TIn this sénse 1t is not’ possible to émploy the well~
Pnown oilﬁbestlnw machines Ior the puvpoae of determining lubricating




capaciuv since they wor“ mo e or less under conditilons of
partLal 1ubr;cat1on i.e. the -values determined with these
X ietion and wear. dd nof depend on viscosity and are

only paptlallv influenced by the boundary ]ayer forces which dre
responsible for. the lubri cating capacity. In-this ‘gonnection' it
should be noted thab -the-hydrodynamic part of the lubrication’
~cannot be shown by. thes> tesbing mechines. ', The results obtalned in
Andividual repetitive and COmoﬂrative tests will giffer greatly.

go that measurements wmade 1 the &tate. of -partidl. 1ubrlcat1on are
‘not suff101ently reprodu01b1e,_uhi Idbt dlso excludes the possi-
billity of evaluating the lubricating capacity of lubricants on_the.
basis of ox pen~mencn “inade undefwthe cond:t~on of Davtial 1ubrication.

o On the otber hand the new methogs of measurewunu developed
" in the Reichsanstalt operaua strictly under the--condition of - .
boundary lubricstion so- that the process of sliding can be’ lnvesti—
-gated asg.a pure . process invplvinp only the boundary suriaces.’ The
values determined in this way for the Iructlon coefficient,
temperature rise and wsar Gan. therefore bs used ¢ atls?uctorllv for
‘ the. évaluation of 1uor¢catin capacity.”. Sincé the measSuring.
vapoardtus has already besn Da"tly desorlbed in detsll in other -
paper Wu will here mersly summariss its most important characteris-"
C-ties. T -gliding device. conaists of 'a ‘plans - 1eotatlrm disc.against
1'wh10h is’ nr ssed a nesdle-shaped test body; a 'nlEe, reprodu01ble
flno—1&Opln9 process “is used Tor the gliding sur‘”ceso In- 'this way.
the geomstrical condltlons of - the.. plldlnr arranwcpent can bersatig-:
factorlly controllen, and on. the other. hand J'unlform Pressure’ s
‘distribubion is obtained. Under these “conditions the meeeurements
cof friction-and tempefatLrﬂ rise cqn’be-uude t0 en_.accuracy of 2%,
L In addition, the swall :dimensiong of™>the neeol ~shapsd test-body
énsure 'small- ﬂcvelopment of ‘héat, whith, ¢an d-inla
 geconds according fto the pre alllng tEst -conditions. The  time
requ'nedi' r meaSL”émGnL is refore Uhort and- tLa,orldlndl working -
cond¢tion, are hardly a 1tc”ed durlnﬁ uhe“mea31r sr:nh . In contrast
‘& beardng; ‘or~ﬂ%ample, ‘causcs large pgeneration of heat;

: al“pemperaturs alters ¢onsiderably. éurlng the
actual Mmeagvuromsrts Movcover, N-¥ stoady “tempePaturie. risse is only -
‘achieved after & cons¢oereoly 101gor timo, which causes a. contlnuql
varlatLon 1n th”'WOTkln@ oon01tion of* the: ~11d1n¢ SUPLdCG. e e

"For Lhe actual me qsuromﬁ‘nt of the f“lCthP - heat goneratlon-
and;wear valuss which: determine the ‘gliding process, funuamentally
© neWw types. of electrical and eleotro-mochanlcai methods were .
employed in the: erevim“pts ‘carried out by the Re1chsenstalt.’ In
‘this connection it should ‘be espec¢ially: noted that ths- measuring »
evices have no resctions on the dctual gliding arrangements Ihus
-the: force—measurlng device" Works only with a- pauh.of a Tewd, i.
the mutual position of " the two - cllding=bodies is, herdly altered :
during_the mOdsuremont“ Slmllarly, the".device Tor. measuring wear ‘.
V.uasurement) ‘works Wlth.an accuratelg;oontrollabl pressure of -
o >, EE 1s important : 2 3 of ‘resonanc e
ing arrangement ind. the measvr1ng~device. o
casuring metho that
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" the relatmvelv small measured voluou for friction, temnerature

rise and wear can be wagnified by electrical amplification in.

any desired way, 1noependentlv or the mechanical conditlons. It
thus—pe { %ﬂe—measa%emsn%e—w+th~an.opoi ‘

galvanometer or electr:c 1 recorder. In ths follOWlng we will

first describe some measurements made with the pair of materlals

steel = cast iron, which. illustrate the way in wnich it is possible

to evaluate a ’ubrlcant from mpaourem@nts of bovndawy ]ayer i

frlctlon., : v . ,

Jvaluatnon oﬂ5LU “lC&PL f qm. Heasufe%entﬂ ovaoundary7Friction.

: Tho we:OUfomenLg plottcd in Pig. 2 show, firstly, the con-~
ditions of pressurs, roushness tc., which must Dbe. mq'n,alned in
order that the frlcf1on will not be affected by viscosity even at.
the lowesh gliding velbeities, i.s. so that pure boundlry lubrication
is obtailned. "We Tirst investis ated two purs hydrocarbon.oils of -
verv different viscosgitiss., It ig-scen that with iner casing
prevmure the Fwnccwon coefficient approximates to'a constant
limitine value. This Lkimiting value is denoted in. the following
~by “llmltlnw friction coefficient®, “and it.is the sams for both
6ils on account of their equal boundarv surface properties. . On the
other hand, .at Tlower pressure;- thers is parblal formation: of a
hydrodvnaml £ilm,. wvhich’ raeduces ~the frictwon coeﬁf&clent.wmlt can’
glso be seen that' this hydrodynamic effect bécomes the more pronoun5
ced the~ ﬁreater the~viscosity and: “the smallsr the roughnesss.. It 1s
wortb noting that it has bean @stabllishsd that the limiting Frlotlon

efficient itselr ‘depsnds. n<1th r onu=the vis coaafy ‘nor . onlihe S
pvescuﬁﬂ and surface rouvghnésg. - Ag . is shown. by the- moasuromfnts
plotLed‘in*Wlw. 6, uhﬂ limirﬂnfv [rr stion CoeflLOlﬂnt ig also -

~ 'bne gliding vel oclty. Thurcfore .
‘ig very sultable for the avalua-=
tion of: ‘lubrloant in so Fap as,'lor a givén pair of mat”rlalu,

‘i depen iy..on. i no temperatlrv. Iu‘wau proved by comparative.
_frlctlon oa”'ﬁeme te made with a pure minghal oil-and with a .
fatty. oil that this ooncluouop zgrees in general with practical .

oexperience., It can “by seen from Flg. 4 that the 1l;ltlng frlction

clent for, the fatby oll is oon%lderably smaller: ‘than- that for

the mineral 011."The figure shows particularly -clearly;- the f

different friction. behaviour: at the lowsst sliding speeds and with .

Ustatic-Ffriction. Moroover, in.the "cdse of the mlncral 011 the -

~aticking 1“10tﬂon is greabnr than thz- 011u1n~ lrictlon, whlle e
w1th th@ fatty oil At is smaller than the olldiﬁﬂ—ffnctien.- In —==

this connectlon bhe Lnrm= “ﬁallinc llmitinn Frlctlon charactnrlstlc‘

1%, whereby,.
rising oharqctcrlstlc of tho
1 ’ ﬁj yﬁlops mado Wlth tﬁa"
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. Of the numerous measvrements made in.this connection we

WwWi1ll mention comparative tects made with a vaseline and a wool fat .

(landline). In agreement with the foremoing considerations .the
measwed vilues plotted in Fig., & show for the vaseline, which,
from the point of viaw .ol its boundary suvrface behaviour %nd its

"lubricating capaclty, corrsuponds te a pure mineral oil, ‘a falling

characteristic for the Iimiting frictTon, while the wool fat,
representing an animal fat of well-known high lubricating quality,

-8hows a rising characterlctlc. In. adoibion, the meéan friction

coefficiant of the woolfat {s: smeller than that of the vaseline.
It is also worth noticing thait 1t is thersfore possible to cabry . .
out measursnsnts of the llﬁlbln fricblon on- consistent materlale
by means of the experﬁwent al arranrement develoned at the Reichs-
anstalt, In order to obtain a- lurthen,lnsivht into the systematic

- relationship between the limiting friction and lubricating quality,

or into the factors which detsrmine. lubricating qualltv inve tl-
gations worﬂ made .of the limiting friotion Wwhen. u51ng dliferent

cbemlcal ?eflned ﬂLbotances.

le1tln0 Frlctlon and Copstwtutlon of a Lubrloant.

It has beou known for ‘a lon bimo that +hc lubrvcatlny

icépac1ty of a. pure . nlneral lubrloanu can be lmpPOVbd by . the addltlon

of substances which are active on the boundarJ surface._ Wo-may._
‘refer to the ordlnarj ‘Germ-process’, ih which traces of free oleic.
acid are added.: As ‘@an cyample, Ilg..6 shows the limiting frictﬁon

',”COGfllCleﬁt for pure .cebane and: cetan with the- addltlon of
. various quantltieg of oleic acid. In-Lgfeement ‘with- pﬂactlcal

experisnce ("Germ Process”) It is seen that the additian of “éven.
a- small quantlfy of olelc abld ‘oive ‘ ialler-frlc+1on CObfflclont

~than -tha% ~of pure cetanes, ..In dddlthD, with addition of increasing: -
‘quantibmﬂm of oléeic acid ‘the 1imitin 2 friction characteristic . ‘
~changes from a Fallihg curve to a- 1ng curve. - It is noticeable -
that. sven: ovtremely small ~quantitios of oleic’ acid such ‘ag 1 Vols ..

C/oo, cause a- considerable altération in the. behaviour of. he .

?1lMiL1ng friction; . in this connection it has:to be Yorne in mlnd

thatl VOLTQ/Oo~e}~£ree~oleie—acid corresponds Lo~ a~neutralled

Cnumbar of conly *042. *This strong -¢ffect of-the oleic acid is- ;
. obviously attrlbunable Lo -the °t ~ong polarity of the Zroups - in the
s ooend posntwon. ~Hor furth pro¢y. .of thls fact: comparatlve teats -, e
”Tgwere carried out on homolozous: alcohols and acids, Fig. 7 shows in’ e
Lal comparﬂtlve form the 11n1ting friction. ‘coeificient IOP thesef-. s
.ysubutanceu._ In svery cass bhe stronger -polarity of the acid groups
-,occupyino tne end p031t10n ('»;the molecule) by comparison with

lelng characteristic for’
: _ , > .A.Nopoover,;ﬁ: o
withln ‘an “homolog us’ serleu ‘the: Inlctlon coefflcient becomes smaller K

:Lthe greater tho. - length of ‘the ‘chaine - In: addltlon, alcohols havew
gapprox1mately the same limiting Friction behav1our (fallin S
;characterlutic) as tbe ’afuvated comnourdS" L
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It was also possible to demonstrate the effect of the groups
occupylng th -end position in the molecule by friction investi-
i thowarions bulvl derivatives. The limiting

friction valhes for the three halogen compounds -of but/ch qcid
are plotted in Fig. 8. -The iodide clearlv has a rising curve for
the limiting friction characteristic, which is obviously .
atbributable to its greater polari ty, while the ohloride shows a
pronounced f.‘allj_nfT characterlutic. .

-

v

o Summarlzing, we arrlve at the result” that the ra51nﬁ or -
falling nature of the curve, For ‘the 1imit1np frlction characteris-
.tic of a lUleCunt as observed with the pair of materials steel =-.
cast-iron, is due to the gresater orn lesser polarity of its con-
stituents. . On the other hand the 1i~itinw friction coeff101snt

~at higher velocities depends both ‘on- the polarity of . these con-~
stituents and slso on the molecular size (lengtH of. ohain). Since.’
2ll the orcinary technical lubricants have, on an average, .
approximately th° same molecular weicht, the effect of the Dolar
‘groups on the’ limiting: friction coe f1lclent of Lechnical. lubricants.”

Cewill thPPOLOTG be the D”edOﬁ‘ndnt ona the region.of greater .
gliding velocitiedgy - In particular,. tﬂu limitlnﬁ frictlon 3
behaviour .of a fatty oil, 'in contras 6 ho- fhaf of a pure- mineral
oil, will be determined- by the .polar molecules of ths T rue fatty
acid or bv ofhur constituentc of® nrqaf~ olarlty._4

of Boundarv Lubr1cat10n.;~u%a

As was nentloned prev;ouslv, ‘the behaviour of ar lubricant

determinvg not only the. frlctlon but also the wear at the. "

. lubricated- part. _Powever, ‘in ‘oy. far the maJorlty of cases +he

wear should be of gréeater lmDOTudeG.k-on the basis.of" frvntlon

~ measurens nts 1t was nmow to Dbe. uopposed that tnder the various:

Jingividual condltlons of lubrication the weadr, in. ths seme: way

’as the f“lctl n; ‘would be-governed by fundamentally different _
‘laws. Thus, n-fhe‘gondltlon of* fullrlubrlcatlon, no kind of wear
occurs becauss the Vearing: supfacey. are. epanated by a llquld film.‘
. Thersfore wear can be detnrmlned only in ‘the ‘conditions of partial - -
“Iubrication. or-boundary lubrication.. However, so—long as it ia not .
. possible: to dive” a,doabure of - the, hydrodynamio component in o
investiaatlons of " partigl” 1UbTWCdBion, only - ‘the. condition of _
boundary 1Ubrlcatlon comes into question for :the sceurate mnasure—‘_
ment of wear .88, 1n\the cas e of Uhe 1nveot1gationq OL frwctlon._y'

'flnvestigatlons mdde at the Reioh anutalt hava shown that
‘the removal of material, penerally known a8 wear, ‘is in fact so.
_ fundam°ntally different: in, cagg  of partial 1ubrlcatLon from that
_’of ‘bouridary lubrication that in future the term wear (Verschleis ) _nﬂ
will only be applied to the-removal of ‘material under the: condition n
of partial 1ubrication. . Thig decigion 1is arrived at particularly o
from investigation of ‘éngine lubricants having known. we: R
,behaviour. - 9 shy th *Vnrlation With~time'of the




material for a fatfy oil and for é pure mineral oll; the curves
are drawn from results obtained.for the ‘wear of the needle- ~shaped.
test ‘body in the Reichsanstalt ex perimentdl arrangenent under

joonditlons of pure boundary Lubrlcatlon,‘ -
The oboervation bhat the fatty oil, .of- well known vood
1ubricat¢ng capacity and Dartieularfw zood wear behav1our in the
engine, when investigated under ths; condltlon of "boundary lubrication
gives almost twiceigs much wear sas the pure mineral oil, is funda-
mentally new. It was also possible to make this obuervatlon on .
~numerous- other lubricants of good lub matln'r capacity. In every”
case & lubricant of good Jubrioatlﬁw ouclity when-investigated
_..under the ‘condition of boundary lubricatxon,_Tave greater vear than -
" allubricant ~+of worse lubricatins capacity. As a further examfle
~Fige 10 how gorresponding comparative tests »on a vasslline gnd
the .wool fat mentioned prﬂv1ougiy (11ao¢1ne) An explanation of :
this obsérvation of the wear of materials under the condition of
boundary lubrication and its apblﬁoasion to-the condition of” oartial
~Jubrication prevailing in-the engine, .is obviously provided by the -
fact that ‘the - amount of wear occuvrinﬂ in. the state of boundary
. lubrication depends more or less on vood rumning~in. bnhaviour of -
© the 1ubrlcant WhJCD is of. wvoatest importance'ln preparing and ‘
malntdlnlng a.'good runninu-svr ‘ace and .for ensuring ‘the reliable -
S runnlng, for-example, of an aero-engine. -0, &xpress sed; in another
~way, the lubricant whiech has good runnind—in hehaviour enstures, i
" by a rapid but uniform wear.’ of tu“‘matexlal at the-bearing p031tions
- o 'high-pressure loadlng, that ‘these p031tions are smoothed and:the .
_peak=loadings are: flattened’ -out, which' otherwise, under continuous
action on nhe motarlal would lead to destructlon of the runnlng -

7;surfaces.

. ITIundamentally, _
in’ the ‘condition of partlal 1ubrwcation 1s‘md1n1y caused by ovar—n»

j-istros ing ‘of bearlng material at ‘the pos1tions whore ‘high pressuwre”

‘peaks- occur. . Therefore’ further use. of the term wear 1g. meaningful

. and permissible only in this cobnection.” On ‘the 6ther hand, in." -
. the ‘condition of ‘pure boundary lubrlcation, the wear. of the ,

"material -corre spondinw to 'the ‘running-in behaviour’ preponderates.uf

“ It causes. .an adoitlonal aLtomatlc flpﬂ°t surface: troatment of the " : S
“running’ surLacos, Whilst wear leado to destruction of the running LT

'f,surfaces.

_‘Both tyuﬂﬂ‘of romOJql of matorlal now‘occur s1multaneously
under the condition. of: partlal lubrication, though numerically. the —
removal of material duc to waar is greateor than that corr“sponding

. to- ‘the running ~in. behaviour. . - however, “the latter has.a decis;vo

. effect on the wear bocausof as .already’ mentloned, “the’ parts’. o
:;‘_ondangered by wear are smoothed and thercxore the hlgh preﬂsurewk-
"_peaks are flattened.. I A; _;"_.; - L e ,;
Ul on the othor hand the rcmoval of muterial observed under the

1ﬁ“condition of boundary lubricatlon enables us 0" recocnlse “the :
E ‘ bocause'in‘




S .

this’case 36 is aequmed that the 1oad on all Darts of the

CETiding surraces is uniform. * The actual prescure stressing is
of the order of magnitude. of thn nean- preseure ca]ou]ated for

-the whols gildlnp~eur1ace. Poritioms—where—poal—s

which are llable to wear, .and which are Darticularly characterls~
tic of the condition of nahtial lubrication, do not oceur in -
%ﬁ?e boundary 1ubvlcatlon, or. they can be av01de0m

Swrmary

il

It is shown that. 1t iu'cuﬁtuble to dlﬁé<rent1atﬂ hetween,

lubricatinﬁ qunlLty uhder conditioms of full lubrication;boundary

“lubrication end partial lubrication. - While for full ]ubricqbionv-<

“the lubricating quality is detsrmined by viscosity alone, the -

"'quality for ooundary lubrication depends.on the boundary surface

. forces between the layer of lubricant aond the material of the .

beav1ng." It is independent of viscosivv- and -ig fdentical with the:

term_”lubricatinﬁ capacity” which is ‘senerally employed. In the

same Wway the condition of boundary lubr:cqtion is not influenced

. by hjdrodvnamic v130031ty effects, It is. ‘much.more. a. pure’ boundary—
- vaurface proces Ih theé cage -of partial lubrication,: boundary

. surfdce forcea and vivcos1ty are actlve eide by side. - - -

] S The ﬂepsurlnﬂ,apnﬂratue des 1pued by the Re:chsanst 1t for

—inyestizations of lubricating oeoqclty works strlctly in the. .

- 2. esondltion. of’ Hovhdary: lubricqtzon. Twe differing ‘Tubricating .- .

o quality of e ‘technical lubﬂicﬂnt in. zliding expfrlmentG made -
»Nf*hﬁkne palr e;,'aterlals steel .= casf fyon ig expréssed by the
curve for ther alled limiting friction ‘characteristic.. By _
*nvcstlw“31on made with OhleCallV Fefined gubstaness it has\been
p0331b1e 1ol determln% a uystem'“ic relatlonshlp between the i
‘properties which" detsrmine lubricating apaclty mnd the’ llmltlng

“—friction. chareacteristic. - The uring accuraty- obtained. in
measurement fof 11m1t1nﬁ frlct on & rolal y’hlwh at™ qbout 2%;

; Imbrwcatlnp capacity is erreesed particularly clearly by

measurements of wear under ‘the condltion of boundary lubrie
N “évery cage,. amder this eondl *on, a -Tbpicant- of batten
“lubricating qualiby sives gﬂeatﬂr wear than erS a 1ubrlcant of

- worse lubricating qumlity.:iThls,ts a.case of more or- less. good
behaviour of “the lubricant;_; 3.0, & _additional chemlca_
" mechanical finest working..of the. glidlng surfatce. ™

—the: removal of matcrlal corrcspondlnp £0 ‘the rwning- 1n process
is not o be confused with: grindlng.; however, a -elose’ connectlon

o ex1sts betWoen the two.v“g._ LT '_H.,w. o R

BT On the’ ba31s of tho new studles of 1ubrlcat
. has been possible o - obtain’ valusble criteria: for" the sultable
" “ocholce. of o lubricant and:for he~buiv.i'g up ' of . a: ‘synthetic

"+ Tibricsnt. ~Thus, smongst othor thin=s, the ReloHsamstaltls. expprie
~menta have led to an. explanatlcn of the behavio P of” high-gradevv’;YV-“

':armament oils of synthe_i_n,rlgin., Also, problems of tbe wear




“Q-
- of piston rincs tovy hesn gzaentially clarificd. According to the
“experience atjpr@soht availe bls, a comperative Vvqlb(taon of
lubricants by tho a m,thodh of e suremsnt leads to'a cl-issifica-
o-e-PL barwhich-da-gvory cras j]c:‘r'ﬁbt‘-"

tion—in—bermns—of—Ix whine epaoiby
with technical e%pcrlcncu. “For mord: C“UTltD' detalls of the new
mesasuring methods develoncd Dy the Relichsanstalt, rsforincs should
be made, to the parzars and r.noris 1istwd 1n_fchv blb]iography.

v
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leﬁblnr r'ﬁctioq ar© .II:at Generation for 0ils of‘Different,

‘VlSCOqﬁuio..A ' ;
Steel-c.st iron - . Te m'eﬂoture 20° C.

- Liwiting Priction of a ¥j n°P31 0il and_a PFatty 0il.
Stesl - Cast Ivron "*.vTemperature.ao,C. : -
_— R © . Kineral 011 . 7
: o : .-3aLLy 0il.

'LLmlolnq ﬁPICtlon of V.seline and Lanollne..'
Steel - Cast Tron. B iemoeratuve 20°C.
" Vaselihe .
Lanollne

Liﬁitihé‘ﬁriction Value or Cetuhe wlth Adstwon of Oleic Aclds
- Steel - Cast. Iron. 4_’ Tymperature 20° C. v

.

" Limiting FPLCbWOn for homologou blCOhOlu and battv Acids..
‘Stmel ~ Cast-Iron- E eMperaerc 20 G , :

L'nltlnN brlcthQ of tme Ewtyl Ibr¢vailves.
'”Steel ~ Cas t- Iron ',;--'emoer""ure 20° Ctp

5 Unfe“'uhe Conaluzon of Doundarf Lubrlcatﬁon, usi
o 1ac. 1 0il and Fatty 011. : S B
Stesl. Cust iron. o lemoefature O:C. :

e A thby 01l

o ‘“iner¢l 01ils
. Wear, under the ondl*lon of. c@gadary Lubrlnatlon, u31nﬁ
) g=1line : and Lanollne.v o } .
: ,Stnel - Cast Iron. . .. ..Ten u,_l"atur'e_QOOC
wle L Lanollne" :
Veselines

} {Houdremont° I thank berr mséu for the 1nteresting 1ns1*ht whlch‘he“-— o
t.-had given us. into thsa -pvnstlnaclons ‘being currentily carwled“out at the

."Relchsanstalu ingo. thils very deLlCUlt Tbut so extraordlnarlly

',1mportant problem “and T nom oben the meetlng for dlscussion.,;

.iRossow, Desséu (pueot)‘ Tbe oartlcular p01nt of- 1ntaresf tOﬁTé\in tna‘

7_Daner Is that steel and 'cast iron were used ag -the pair of oomparative
- materials, We are.certainly forced to. depart from-the materials Tormers.
“ly G8ed and w& now have to employ east -iron in-sh; inerconstruction o

S even for- parts in which it ‘was not:. prev1ously useds . -Previously, we’

fﬁfhave had’ only the” ‘example; of the: piston ring for comparison of the
. uge Of steel: w1th ‘that of cast iron. Now we are trying to use cast
;iron 1tsel or the sockets of pl uon pins.'? itn:all fqese parts We




BN "ll—~'
hove, in’ Qperdtlon,“rLVurbﬁon points in thw vmlocity, so that
~conditions siwilar .£0 those. Invostigatod hprg, can therefore .occur,
What ws have =so far begn—able to Ostdblloh in practic& is Lhﬂt ‘not
-gGered—widd—ro—writ 7 e ,
it is also nescessory to.cnﬂnwewmhe oast drone- I. am reie rring to
the known foct that piston Plﬁ\u intended Ffor usc with a soft
~eylinder stael are constvucfbd differently from thosec t0 be used
. with cylln(or'liner of nitrided sbeol, A4lso, in the cn se'of the
- ‘sockets of prdton—pjnu, It has besn shown that differsnt ypeu of*
‘cast diron always give diff ‘eront. W~hav1our in oporation.. lheroforo,
" what partlcuiarly interests me in Fhesc investigations 1s:~ " what
gtoel and what cast iron wsrz uved, or wers different kLﬂd investi-
vgat a 9 If thoe inventigation was llmltﬂd to a single cuist iron theu™
I am. partlcular]v intorested to know whether thu aoropmonb with - ..
our practical cxperiences was obtained- with g po flitlc unalloyod :
cast iron or w1th a slightly alloved cast dron:~ in which the.
perlitic condition can bs reachod. w1tn even greater certs inty - or
whother no; pa%tioular atuonblon was pa id to thg ooint. S

TUL cast 1ron Ude in bhp pxpurimpnt
: ? provadcd by th&"fLWJ of Gozize. Ws have also.
used othoer kinds of cast iron and wer: unable to establish any grnat

.effbct of the v material on the limiting fpxctioﬁv‘ On ths other - -

~hand; in ancvclwatlons of wear,, the effech’ of the material is
'gnonﬂloorublv ﬁrpabcr" The steel used was. teel: spring wire con-
o taining 0.9%- carbon, O;lsm s¢llcon .and ‘0w5 Dyo- 1 ’ﬁanese.] The™ llner
._cautlnw contalns S.oa carbon,_ “Qﬁ-mangﬁno <] and 1 8% s1licon. o

Heidebroek, Eresden"as.ouesc) The wethod deVeloped by the PTR
Tor measurement of+ tion fnrces.repwebunts, ‘on, account: of the-:
raccurdey” of*the measurements and. Fheir undoubted reproducjbllﬁty,

@' considerable coptribution %o “the methods for. irvesti-ating the-

.nw\phy51cn1 properties of lubricant . Hovever, in ‘drder to arrive at

‘o asuccessrul evaluation of tno experlmenbal resultb,,a discuss1on

of Ln f0110W1n* fueatWOns 1s reouiredo- -

I..i B g

L . uounuarv 1r1oulon or mLAed iPLCthn 2 (accoralng tgrﬁﬂsi s
-.newly established d DV Le ) When thessmapory;was -

" owritten' these*de* tdon ~; 3 able and have not tnerefore

‘i;been taken ints: accnunt. ~Invor: sr to answer question T it isg .- = :
[ewmportant bo Ymow ths.thickness of the applied ‘layer. of lu&rigant,——--.'
~i.e. whéther 1% is. only the uhl kness of - or 2 molecular—

'»3whether itJLS tthk@P. . S

“In the f1rs+vcase Wwe woulﬂ have to dealxvith ”true”‘-{';-‘
frlc+1on,\1 ‘@, & condition in which the orisntation of- the.
‘determined” chielly by the_udh@s ve~F0fces~or the free
1 encies of - thr metal'surfacas o




effecks ars not ,xc]udeﬁ bub are onlv elfective in the sense

‘that 1t ie¢ no longer thz effect of the surface forces alons.

which deterfiines rhe;' ondition of-the molecu]eu; in thi onnection,
it has so-far bsén Féns¥ally assuned.-bhet they. only act in the film,
throuph abolult -2 molectlar Iengthis, artHous ortentattonr—processess-
which' accovdlnh to my observations affect’ the structure of the
Lubricatlng film at greater dLuLapueu, certainly induce a dlfferent
type of viscosify in Lhe 111m than s suﬁpeoted by the ubual
conception.,

In other Words, ﬂhe Qﬁe fion hes to be answspe
whothsr ws are dealing with' a-trus cpilamen frlctlon (as
by Uolm) or a frlctlon in an alrnadv eonoolidated oil -£ilm,.

v..ulnCG tho lubricant 1°'apulled in a. ”thln layer and thoe £ilm
is ﬂontinuously renewed by the lsether pad, the assumption of an
epilamen is hardly possible; therefers, by comparison with ‘molecular-"
lenpths,juhe £41m will have a thickness of a multiple of ‘the latter.
- Some e: 31anat10n basged on measufement WOUlu bo deu¢rable.>;

.II. What i brlctron Force 9.

'The memsured 'aluo of the - aotu 1 sigbance to movement
~reedle and disc-is a purely. Lechnical moasurement, end
ainly df.is very. sccuwatély ascsureds  The ques 4 In e
this. procsss o onlv the. surPace, roes’ of the meta wmrfaces comef o
-info play, aamely Lhrougl thu ebiluy 1, opr doss 1t 1nc'ude ~a-.com-
Donent ofy tornal®. flu riction Qe S

3The_or6er-of'm'wn1uuqe of b]g measﬂred»frietion valves lies .
as a rule.betwsen - ‘= 0.1 and 0. 2 and is thetsfore hardly_ any. -
. higher thany in -the case. of -badly sreased tachnical WUbr!catlng
. process, il.es which s cprtalnly/assoc¢ated w1bh weav v P‘I*om ua1s,:f

-two'facts mavvoe concludea

(a) T ‘proce ses. ol.intern 1 ;luwdmxrict'on bPeing measured
at “the game time‘“thwm in, a cort ln sense Lhe pbrocos “,
Mhyarodynamic”, buk ‘is not poss blc o~
make the calculatlon Wlth the OPdll G “} ] "dfvﬁynumlc co~"
‘efficient.of - v1sceoitv, put instead, owin “the

erfects (consol:d’ fon etc.) we ~lrdvesto. thoduce another
coefficient, which in any-cesé: is-not 1ndebondent of the materral
‘put which, unfortunately, has not et bean sufljc1ently 1n~est1@ated
thouWh 1t has.been 6ete ,for Lhe palr of metals in’ questlon.

[ ——

S H0waver, 1f the fvlcflon'prooess 15‘“hvdrodynamlc 1n tﬂio b:f
llmltcd sen _1t therexore“depends on shqpe. : . e

“relation. Yo -the size ‘of- ‘teshnical-
Lany case 18 'very much greatsr th T eX e i .area of :
flattenlng in: bqll beurinib”‘ I this measured




friction force K is a'eomplex function of valocity, Drossure,
vigcos 1tj (in the abovc sense) and the seoins lrical shapo -of the
rubbing surlaces, i.e. it depondg o a constant particular to
the anpdratuo anc¢ camnot.bthsereforc be transferrsd directly to
other pisces of apoarstus., Thersfore rmssultg obtained with one

D4

“plece of apparatuy are not d",cily ‘comparable Wiuh Lnos= S,
ootalned with anothor plecdi'df npparetus. e e

: Ce“u 1nly~most of the—coovemenrioncd foctors are kept
. constant in relation to one another by the exactnssc ‘of the PTR -
Cweasuring tachnique, and amongst other things the effcct of
- temperature -is almos 't eliminated; therefore tho measurs msnbs are
- Yery ckcellentlv raproduciblas. amonpst themselves, bub . onlg for -
' ?25 doz 41 ondvtlons undor Whion thcy wWers ”OTTLOG ouu,' .
W ﬁuDGtionf~x Is one;justified in;these utlvtn,uwnc';
“peallio of -an absolute. friction coef ’ ' e
- _ : , . i

- . In. my‘opinion“thgrv is not, in gencral, ohs such. Valug;  ab
wls 'st not in technlcal practwcu,' e : o e

(b)l'If the ﬂxperlmbnt is  of lonwcr duratlon, wear Williceruainly

-~ occurs But dissolved sround pgfthW s will obviously impart to -

“the Film-a rﬂatly alb 2P d stracture (001101dal oondltlon,_
erucLural v1sc031ty) “Thé PTR has obviously succeeded in .
eholudino this affect’ for the durabion:of the measursmenty - Bat
~in DWDCtlval DWOCOSSOﬁ*Of Iudbrication it would certalnly ogour
under -the SpeClllC loading employed. -~ But. this fact asain. Qnifts
“the procegs of Ilubrization 1nto 4noth ey phase. LuOchutlon s
S processss “luh_upc without v il :
conseqt ntly neltbar are the ﬂo ca llo ”1ubr¢cut1ng capac¢tles
stanée’ . of a ‘cant is not identical with .
_i.e.-it ﬁfnot & kngwn funonl i sof Ghe

fagain;*wdfcannoj

Tno T°chhncql Proceﬂs of Lubrlq;tnon.‘
: Thore s,no technlcal Urocoq“'0¢ I'Brlc tion WhLC R
;1ndepnndcnt of shapa,. l.e: not: affucted by the . zeome trioa7 iorm :
f thVA}ubr¢cateC parts; consequently, the friction. coorf'01ent is
wEunction.of the peometrical_qrrar@\m sns of he
lUbPlC&bed narUQ..rdhon mixed: rlctlon occurs,'thrcm dytermlninv

"Cfacvovs qlmays ooeratu, namelv°i

o (a) the geomatrlcal bhapo of the lubrio édﬁp@ft, 1059
ﬂ condlt1ons w1th nuﬁard to. flOW  LgpM“‘. -,;}‘.-, e
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‘\" Certalnly, the qeasurempn+ ma.de with,the PTR anparatus w;ll
vrove. necessary for the further pProgress OL knowledﬂe ir Lhe
—following rm(‘.“tlons are frono inthi=

» ]a Do the “Priction coefflcﬂents aibor if, inut ad of the Dair
‘ol,mabepl&l .steel— cast iron,. we,cho 3 anonhor combinablon of
maberials.. ? . : T e - -

]

L2 What t is played by the surface condltlon of the
measuring disc, which- dencnds ‘definitely op the crystalline , v
~ggructure of the material. 7 Can similar, I. eo_comparable, surface’
“conditions he c@nerally prepared in the Paue o hﬁterogepeous,
atffersnt m"tbﬂials 7. BT

Be How do the friction COOlLiCiuUtS.HéhaVG under variable
loading, particularly on tran51tlpn intc the phage oF wear and at .
dlrlorcnu unmperaturos ? . S v

v
2

'-4¢- 'Wrat caus a’--re' 1blc ¢00~EJ~ incrsase in - he frlctlon
&
e

.cocfflclent in the cas
~active ‘boundary. s uriac
,min aral 0115.

3 anﬂ the dscrease in. uhe Cd e ‘of the

Do o
5 3 nhe so~called fauuy -oils: (havrng strongly )
. The PTR abpears 1taelf to 1nclino to thu view: that thls rise
-~ orp Ld‘l is caused pursly by thAtﬂchnloal measurinﬁ conditions . . .
. employed-(see p.17 Report 1478). In that. case this characterlstic
Jowould depend on the apparatus, and cannob thurcfove be eévaluated -
‘aboolubcly. tcould be 1mﬂw1nﬂd.that in ~“the ,case of the’ mineral-
Coils, with thelr long chains, ‘elastic™ pronewtles would prepon~-
. derate (thoy are undovbtadTy present 1n'blph-molecular oils), but
“that- the fats” on the -other hand.would pe more plastic or amornhous.
- This would again Dlace~ hﬁ chemlc 3‘qtru0Luze of" tho.materlal in.
:;L“ozfowen”ound. S - ,u Sl iemLm .
S ng ww‘ . .
R . Afﬁﬁarod explana jon 1is also possible’- becrea31na
relatlvo volool‘ies,cause a. dimlnutlon in film thickness and -, . -
thersby: & reduction in. the frictions . The fatty ©ils- (L1004 having
Sooactive- boundary surface );permlt e smaller thickness of £ilm,
S but the high® molecular: substances do-not b cause as the layer o
-hecomes. narrower‘bhuv ‘becoms ”sol:u_dlfled’Y n.the sense of a.guasi-.
cryutall:ni?change in buructuru”- They . th srefore ves1°t_w.great-
reductlon in fllm.thloknﬂss” nd’ thcrﬁfoﬂp 1ncwoasp~ '

mhereforo nothlnd accurate can be odid Tu ¢
capaclty or. Wear~reswstance._ PR : e B
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t): The wear curves plotted by Herr Kluge

¥ for the. good dubricating fatty oils taan
;ﬂ?w—ﬁrrﬂwr&er&}~eilsr——ﬁewevmﬁ ss far g T have seen, the twd

gead becoi approximatéely equal after a time, i.e. in the.
Do¢1slod contadt the further wear is the same in- both cases. ‘ :
Technically,. this later wear 1is particularly 1mportanb *. How does

it now proceed in bhe oplnion of the gentlemcu of the Relcnsanstalt?

: Herr. Beldebroek has asked Lbe quus+ion oft! now lck the‘film
,or Tubricant TopiLamcn) 1g in boundary friction. . Wi th Hue ald of
meagu rcm@ntb of conduotLVLty awhich were.evaluated on the basis of
the tuncel effect, T have estlmatod the thicbness ac 1 to 2 layers .
of molec ulgs. (80 - 140 R)o An dinteresting cenfirmatisn of this '
eebimatie 15 dbrained from a paper Dy vid Zillinsusen.t! s eovers
contact hodtes wish one-, twos or se7sral-la vorba lubricating

© £ilms mecormiing to the method of Lengmulr and odge bt and then ,
~.finds thas the undamaged layur-ls insulabing. 11 ¢+ i3 thicker than:
.about 2 ‘layers of molecule In the laver of 1ubricant; the films:

are certainly. wade  impure’ bv the. parﬁiclﬂs rslcased by wear of.the -

" metal, This may have upset my mpauuremcnts but it cannot have '
fa151llcd them entlrely.. ,

Klug ge: In’ reoly to the questions posed by Hevr Heldebroal ‘I would
TTEL“TO ma¥e the following-temarks. : Ths torms lubrtcating capaclty,
mixed friction,’ boundary 1 ubrlcatlon, ctc., employed Dy us in' pre-
o yious-reports (ZWB-Reports 1442 “and 1478) agres with .the. standardi&ﬁ
”*fnomnnclaturn decided oh Tt Ehs DVL-Hesbings on 11th and. 12th
mber, 1941, In this connectlon -to’ take. up “the most’ important
' b=1debroek’s points’ - no dis tlnctlon Was made-between
“frictionrand: ‘epilamen friction. Both terms are: ﬂduntlcal.
R 1ccowolng 5 thig aereement, the condition ‘of ' boundary -
“_1U0P1uqtl n~is Eharacterised by. ths Tact- that the friction is not
© weasurably affuctud by the: viscosity. ~In our expsriments no. such. .
influsnce is: present and thersfore the- conditlon of boundary~ :
1uor1cation _s-nvov1an@ saL-s+/ctor11y. : v

P

.- IF, now, we have eET1 able to show that the boundary .

_;Enlctlon coefficient- of_u*lubrlcant 1.e..th~ Prlction coefflclent
measured under "the..condition of bounﬁary lubricat! - dis, for a SR
“given pair, materials, lndepgndeﬁt of pressure, . of “ou shiiess and, -
-vw1th3n c : ] ‘of'glldlng VGLOCity,‘lL,l Toen unquely ‘ '
‘Justlflaule, Sor. i air of: mabvrlﬂlsvn to-apsak of “tiae ¢

" 1imiting frlctlon'of a lubricant. all the moreé, s1nbe
~“in the state of boundary lubrlcatlon thc chemlca'I ‘structure. of the

' lubricant, whioh is reésponsible. forithe bounda;y:ouance porces, 13
“clearlyLexpressed.,' All the. same*’lt_cortaLnLy bouTc nOu ‘ba- for—




.

‘gotten that ho selected nothod of treatment of the glidlnp
svi-face,; such as. twning, grinding, polishing, etc., can cause
great r‘rwn'res in the Suructure ou.the gliding surface with .
cerresponding efiects on the whole: gliding process, in the same
ways that othercboundary surface phenomeita (eyg, wettability) are
o g?ea‘ly seffected. by the method of surface treatment employed. .. For .
tiw3s "rsosona, wo ewploy in our experiments-a l:igh precision .
izpu_rﬂ process, by which changes of this kind-are avoidpd by
"Using she smallest Ppossible workinr pressure: (0,02 kg/cm”) and
°maqus+ possible WOrkina veloc:ty (2-3"cni/sec. ), or at 1eas§hafqﬁ

‘4“"\.' Awn Ll

tﬁfr c"planabion T would like (as. has already been
o“eunnu paper) to rersr to the fact that, in agreement
mation decsidod on at the DVL meeting, we under-. .
AUI*(lrjnT capacltv the sultability for lubrication in
ton’ o Loundary lubricdation. It 1s this lubric
which has been investigated in ‘our experiments.’
oy can ‘b drawn from the friction and wear valussg
red in the conditlon Of boundary“frlctlon with regard to
.11031 process of ‘lubrication_has already becn statedrboth
resaent . paper and on-the occa51on of the lust DVL discussion.
in techniddl lubrication, i ydrodynamic lubrication must
307 rved besices boundary: lubrication.. ~Since hydrodynamlc~*
~lubﬂi04uion ha en essentially explained by rese arch ahd the - ...
g : g‘lﬂnﬂ baen known,1the new methods. of the :
nut lt now make Lt possible.to accurately 1nvestigate
Ehard lubrlcation in the same way, not only as reﬁards friction
_ razgards waar. ‘In.this. connectlon, it has been possible
rovzg bv a. Wholo sariss: of supplementary uxpe*iments, ‘that the
1aﬂs discoversd are 0f & wensral-nature ard-abe not due-to the
_particular choice.of exporlnental apoarabuu._ This has heen
“repeatedly stated by us. ~ Alsc in the part or our ZW3 Report
(”o 1478, p.lV) quoted crroneously by Herr Heldebroak nothing to i
~the DOQUrarY is stated by us. T Instead, at. that part of the report;”
we Gescribe a plecs’ of: work czrried out “In nngland,iin which- the -
“friction 0501llacion°‘ communicated in this paper are easily:w. -

ciehrluined by us by moans of LﬂO 1imit1ng frlction characteristlc.iﬂ
_— . 4

“Tos 1awc governing” boundary friction which‘havo been observed'
y [T ucneral in- ‘naturs that tho condition of boundarg o
Foosan’ bn'adgusted algo in making other meisuremonts (e g.:.'
b5 01" wear) solely on the hdsls of . the prewvailing -
1ip bstween pressure and-friction- coefiicient. “That i
e At the loading is.-increased-up to the poinb—at wbich &
friction cogfiicisnt  shows. no furthor variation. —Only then’ 1g
‘the.loading assumed to. have &stablished solid. contact and & hydro
dynamic component of lubriceticon-is no longsr active. The measure-
- ments of wear were thersfore carried out under the- same conditions :
C . Vasthse ms asurements of friction: If necessary, the frlction and: .
“owear can even be measured simultaneously by mMaans of ‘the- Relchs-;*
“anstalg experimental 1ppar tuse ‘The. assumption of a- particular
‘phase of ‘wear, i.e. of @ further condition adﬁltﬂonal to those




Lm7-

mentioned in thn above qtcnﬂnrdisotion, is tnerefore complotely
unﬁeecsea%#v—_ﬁané&mental14_it—ha~ that the - -
infrucnco we have observed of ths lubrice nt on ‘wear in theé condition-
of oldary lubrication ig due only to £hs action of the boundary

.forees. No hvdrodynamic-component of lubrication is active.
We have frequenbly refirred to the fact bthat, in. boundery ‘lubrication,
the Wear is an important characteristic of the running-in ‘bohaviour
_of a lubricant. However, it also has a special importance for.
pertLal lubrications. The - most imporbant of the. quethons askod by
~Hed cidebroek have thOTClOPG boen answorcd.

o «‘:-Tv reply to the senarate,qu,ctlon asked by Herr Holm, I
shovic 1i¥s to say that in our ¢liding experiments the:- transitional-
“resistante 1s cons jderably smaller than one Olm. Iﬁ“iu not pos¢ible
at the moment to giVG morcracourate data.;- :

z"~ T ewards the quﬂ tlon of- the efrect of durarlon of time on
wear, the following can be saids We certainly tried to obtain'a
sho"*«t*mp measurcment which is churaotarlstlc of the 'rimning-in
behaviour of the lubricaent. -Accordingly, our ‘measurements. of wear-
~are made on’ newly-treatod gliding surfaces. ‘In doing this care. is
also taken o obtain a definfis. condition. ofsurface- preparation.

Inmegsurements: made, over longer periods, the wear,. congidersd. . -
,ﬂbcoL1tclv “will: bocome smeller with times but. in spite of, thils the
Latjv‘oil a8 -Penards, qr, - qualwtatlvely ht”her than the mlneral O
'011 o s - » T : S

rlin (as, UOSL) In my vea rin~ 68X P“le”ﬂhs and measurcmcnts

Im pre saure It has. heen’ shown thet at the: -edsos of glldingm
-bea rlnqe, &t high loadines: and using certain’ ‘oils, it is possible .
s for 1hc rise in ‘pres sure in the oil film to: execead 1000 atm. in . the
oase of ‘hearings -1 mm. in. breadth.. This mcans,_uherefore, .that the.
‘>oil~film-pres uru_Jn.a—glidlnq be dring, w1bh1n +tho loaded -regiony
']can'rlse t0, & valus of more thar 1070 atms at a .distancse: of even .1 .
_mm, Trom the edre. of the: Dbsaring” if the bearlno istsuitably loaded.
" From these . inve st11 gtions I concludo that in. the measurements: made
by Herr hlune, considers ole ‘011=f41lm prescures can also build:up.

;/-under the small teuc wires - Herr Kluge glves as a charactcristic~of

his: aroaratus “that,  for- example‘W1th oils of: ‘different- v1e0051t1es,
the same Lrlctlon values webc. obtalned. “It . is much more likely .
L thas: Wrtb the mors v1scou‘ 0il a thickor film is Fformed under. the.
- neOule-’nd ‘therefqre. tles friction coefficient is affected and- that
_with the  less viscous’ 011 the thlnner oil’Tilm produces hlcher _“i'.ﬁ
frlctlon anues. A o : i '” ,

. As. a machine cons ructor I now ask mysnlf why, in oroer to .
judge of lubricating capacity, wo.do not maabure what actually causes
the bear1n0~strength of a beqrinm o . L g :

P Bearlng and ruidinv surPac S shouldAtrqnsmit forces.;
forces in<the bearing must. cssentislly be carried BhPOUgh the L
1ubrlcant from one: vl d' O’part to*thevother and\thby can~qnly be




. . %18-
ulwectly for a short time
- bhe lubricant from the

as small partial loads w1thout
1id¢ng surfaces.  Therefore. the
lubricating capaciiy 19 the

cli renains for the lonnest time between the gliding suriaces
~ovitng a ‘short stwndst 111 of \the guiding parts ensvres a
or force at. the p01nts of . revers 2l of the motlon.

positions,

acw bhe oill- film pressure i° measured at bhu|w
rraction of

ibls to. detsrmine firom the measurements the I
‘ch is transmitted through the’ 1ubr1cant.““Trom thoe -
of ‘the rise in the oil=film presgurs wWe cain then perhaps.
,ubwicabinr cap»ciiv gince the fall. in oil-film pressurc -
SOV 1UleCaL1ng slots from. the inside. of: bearlnws towards
‘depends’ on the viscosity of fthe- Tubricant and on-the .
uuues between the. lubricant- and the gliding surfaces. In
an.'oil. of. good lubricating capaclty, steeper-61l-£ilm
aoradients muut ocour in the narrow lubricating slots, owing:
rz2. binding forces between the oil and the gliging gurfaces,
tra" I case with oils. of worse: Tubricating capacity and having

sm:J.u=7' qﬂln@ forces, with" which we would €x rpoct an easier release

lm pressuro and 1lowiad away of +hu oil outwarfs.,

Irom.measurements of oil= fllm
ént. conclusions may.be drawn
T amd the eollaboraulon i

¥ +hese rcasons LI bellevejthqb
“wnd  determination-—of its gradi
uhe‘lubricatiﬁ¢jcapaolty ‘of “the.o

to. be lubrlc ted ana tbe 1ubrlcant.,n<” —

wiuh»recaro to the

ould.llke,.qul%e brleflyT“LQ 28y - :
au thv

ff;partlal lubrication-and boundary lubrlcafion th
iors eoncerning ‘boundary lubrication, which we haV
s of the‘abovnmen ioned me asur“ments of" llmltinm frlotlon
diffe rences in. viscosity, can-bs very..

nﬁcantd hav1ng larege
"D - Surements of Wéar.. 0lls whkich-behave 4An the

“wo Lab” russEhe active pronertlesfoF their boundary
glve the. Same wear Vi lues in n]m, condltion. of bounda'ﬂy
D, in. splte of their ¢iffe erent.visgcos SR rivcy
ad -glegs, at how ! this: faothhould be-oxnla¢ned throuﬁh a
mic. component. of Friction.. If the assumption Should he ..
la+ in fhe ROJch31nstQ1t experlvnnts mixed frlctlon utlll
5 _ eCautiOnS‘takGD,\Gbpn thé. more s VLSCOUS’V
11Viﬂg»thp Ureater'hydrodynam ¢ friction componen
mdl,pr We AT fhan uoes the less viscous: 01 -
“The erucwural conditlon of the 01l‘f11m s
‘affscted. by th, feact of whether.. it contalns,p
' Fromsthe surface.s .SY - this means we can inagine
. g-in &, kind -of colloidal- condition and this; &8 :
ox Philipoff show, causes ~di¢tereﬁt kind of vigcosity - bOucalledf»
trucfupal viscosity. “Tn ‘this. .cage  the. sizs of“tho pnrtlclo B
‘up ien burqlly of importance. “Thergfore  we. ars measuring, ne
thne bevmviour of'the pure- 1ubr10ant but thﬂﬁ 01 one hav1n0 ve ry]

"“varlabla molecula structure.

t Would fu*l

'mepnmmfw’
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Bef?ér; I . who do not know uo'appsratus, am interésted to kmow
The ressure at which the needle - which is sald to be. onlv 0.6 mm.'
'thick - wag prnssed against the disc and ‘wheths 7 always at. ths

o0

¢ OC™ Tary oL O @ CTreT

'- : P oTanuTa e
measurements enable conclusions arfe} be reached r-e"ar'dlnrT the
velocities and pressurecs at.which 011~weﬂge formation oceurs znd at

which pure metallic contatt occuro. ' -

¥R

'Holm' rrom Herr Kluse's experlnents T have calculated thab on a
nollshed contact the averase quantity. proupé awvay by o contact .
surface each time it passes across. amounts:to one or o few urface
layers of " the motal. - The ini+iu1 wcar is ten times great FeIu

. Lluce.' Wlth reoard to the relauionshlp betweon boundary frlcblon

= jand pressuro, I would like also to say that soms of ths lnvestl"ationsi‘o'
"of ‘boundary friction were carried-out:at prese ifres dp o 2600—%@/0m ‘

and that no kind of depcndcncy on. préssure was. observed up to these

o nigh pressures:  This ig.a very decisive. proof of the fact that no | _
f{“hydrodynqmic friction componont Ig active in our meLhods for 1nvesti-“
eating boundary friction. j" : S . o : -

‘fp@ndt1°‘ T would merely 1ilu to ask 8 small question Whut is bhe
tual fﬂct w1th ronard to the r 1 tlonshlp betweon pressuro and wear9

Klugnuf We cannot say anythlng,flnﬂl:

" pressure "and wear i ( However, &

-facts have obviou y f»“’; I'f &-ths:-wss ‘ ,‘not inc ease
‘ - For exampl "1n‘ :

'=féw per- cent}'.
Ciwhen the mean pre:
‘~amounted to 500 k

. ks o .oplc pax
~'affoets the fri“tlon and wear: proceus

so Faps nvon
moleouldv 'f‘

the.particlesf__”

'Kérberv IL could be*done w1t




e

t:*ﬁu‘r(“ 7 : .l Lt
'F’M ‘ ik U ||5g‘»m

b g

L

e O 4o 3y 9 w .
I @fu‘:w W;M Ol

L "Wi“h 2 i
e




o .

TPA3, /T I3 Translation

No.GDC. 1o/1o 314(b)T.

Issued by the Ministry -
of Supply. ..

.

Lolecular—Physical Processes oocurring 1n LubrlcatiOn
S by L.Wolf,’ '

1)

s

Vitt utsch Akad.Luftfahrtforschung,No G,nD 525 348

The Problom.v

: Sciontlfic researcn 1nto lubrlcatlon is now 1n a similar .
position to the state of electrorchemistry shortly before. the intro-. »
cuction of’ the theory. of ions. From the . point of view of" this con--‘yf
dition, the object of modern research into lubrication can be- - °
characterisec by ‘the task of giving to the term “lubrlcatlnv capas=.
~.eity®2)an equally precise and pregnant meaning as_the lon- t eory
- has gvven to the term electrolvtlc conductivity.

N " e
[

' Il we shetch the progross f research Anto lubrloanbs,was it B
has proceeded for the last 10 yeqeq, “then'we et bhe ‘TolloWing plcture~
~In the .domain of "full lubrication?’, the. mechanical-descriptive = -
~<trouument of Sommerfeéld, Gumbel, Reynolos, ‘Miehel etc, based on: Lhe‘_v
Tydrodynamic Kontlruams-theorv, .a2ppears to be sufficient on the . = > =
pbyﬂioal slde of “the.process; however, in apite of many. speculations,}“
the widest as pect of the mgterial: side- of  the problem, i fec.-the - 0
quost1on of :the: relatmonshlg betweeh the material nature -of the

‘workirz material’ and the. Lubricant, on. the ‘one hand, and- the .. . S
lubricating quality of the. ‘Tatter; on the other hand, remains quite.f'>
‘opens. In. the- range.: of bounkary lubrication the Kontlnuums theory, S
developed from the technical aspects of flow processes, is not: e
“gsufficient even: tojdesorlbe the phy51oal process;thus, a8 on, the e
technlcal snde con nually. hloher requlrem nts were- 1mposed 3) . “this
found expression’ in' the fact that wWa's thouwhb poss1ble tO“remove
thé " dilflcultles which arose’ in 1nc“easing measure by résorting to
such vawue and temporary terms as~01 ne s,.unctuOSity‘or sllpperlness.

. et least”"
the. rxroa ér part “of them arse to be found in the ne¢lect of the -
discdontinuous;: l.ov. molecular, structure of the materlal. _From the’
atandpoint of | the - molecular: theory%theyproblem of lubrloatlon is al
" question of ‘the arr%ngement of the molecules:in the- “dnterior of .the
luErlca?t and on. the. boundarv sur ace between lubricant and worklng
~materia

: 8
oase the task igt thereforo to produce g qulte definlte arrangement
of "the- molecules ‘betwsen the metal- surfaces and at the- sume “time to
keep thls arrangement sufficiently stable and flex1ble. Ther fore»




roguy Jod -from this aspoct res:arch into lubnicants means’ in the

first place invostigation of: the inter-molecular forces and the - :
statc of molecular arranﬂement Aingide the lubricent (problom of fluid[
or full lubrication) and at its boundary surface with ths metal .
(prohiem of boundarv lubrication). The condition of mixed or partial

S lubricasion, i hich-full lubfication .and boundary lubricatlon
0poratC'ﬂ£mult sously-side-by side, ‘on ‘the other hand, requires #
spacial.trsatment of 1t fundamcntal probloms which naturally is not -
yet avalle olo. < , »

r

“I"ull Lubmcatlon.. C

o ks alruady st ted the’ condition of full lubrlchtlon, regarded'

. from the technical asooct .of .flow, 1§ governed by the hydrodynamic. -

N hontlnuums theory. .Sturtinz from' the macroscopic properticd of- ‘the
‘material, which in thig~ theory are assumed to, be lmown, 1% oetermlnos*'
.evsentlally the -viscosgity of the lubricant and its dependency on

- pressure and tomperaturs,.. .The problem-of: thé relationship betwoen.

S lubricating: quality end ch sritcal constitution in thib rospect. is.

. theérefors primarily the problem- of¥ the. relatlonshlp ‘between chemical

constitution and viscosity,<or, in gcncrdl ~the: mechanical nropertieoo,,"

‘of the liquids. - Thls problem has ‘of ten been tackled, -but-- even. in

"l~the ﬂlmplost cases = has not. yet be‘n-adcquatcly answered. .~The reason’

. Tor-this we have roco enised as lylng in. the fact that the scope. of+ the'
.Droblem is too narrow 80 lon~ a8 chemlcal constltutlon is understood
_ ‘The proportleg of .
. Llouiu ﬂabutlnce
menl, wrd upion of qLoms in tho molecular combinatlon, as is usually '
7 the word constltutwon, but ‘also -in a high degrée by the =
ement-end mutugl union: of “thé molecule s—in. ohb space oocupied

Tiguid. " This’ denotu;,Ilf we: dlgcuds an erample 'in this connec—f"“

~Phe molecule 01 A fatty oeid is~cnqucterlso by the'lormula

= A . . O

E The 1qr"”‘diflorcnce 1n‘ V3 s ch“nlccl DPODuPtl g 0F u' -thr facty
‘acld and 1ts methyl oster'(w‘ ¢h-in the case of the- Vvsoos1ty ‘amounts.
‘ -ﬂnitude) must'tharefors booaused - 11 only

'db0131vo by a verV sme ll e Lerial change ,hlch hqrdl* disburbs the e
structure of. sn indlvidusl molecule,y Actually, more: ‘accurate. 1nvasti—‘
;ms;that the smallest particle. which independently performs
ql n tions in ‘the interlor of “the: 1iquld ‘is, ~in the ‘ca £




‘ witb its methyl sstar wo are, no\\r ally compafinm'ﬂubstances ‘whose

basiz’ components (in the gcnso of . the kinetic theory)‘ are of similar

‘8ilze and. form.,  Similar circumstances prevail if an . aleohol, ReOH;.
corpared with its methyl ester RO CH3 the first of these (in not

 Too ciluie ligquld solution. forms. a complicated mixture of supe T thel
mcizeuiss {ROH) of different viscosities £ and different shape

serontt e me thy L. SthReT) is present 4An. tne Torm oi the 8implest .
moleculcs R ,0,CH_ . A cocraratlve morpholovical investivation can nobt -
thersfcre lead té the recu'ved result in this case’ go long a8 the
'"super-molecul .7 structure of the.liquids is not taken into account.-
This-effsct 1s noticeable in the most SbnSltiVe manner in mixtures of -
. 11QLids end when temperature changss occur, gince on dilution.and '
- with Increasing temperature the super-molecules are increasingly:
. broken up ianto super-molecules of lower viscos1ty.. If it is ausumed
that " in mixtures. of liquids “the formation.of super-molecules, or .
‘association™, is superimposed on the’ mutual reaction with the mole= |
'cules of the solvent (phenomenon of solvatation) and that asu001ation,
in. tns vame way as solvatation, affects the viscosity” in the same sense,
and 1 1t is further noted: that on dilution of an-assoclated —substance
' the association decreases. _solvatation incresses and-also that -
. the tempePature coefficient "8 Lo
Biffer sreatly from dne a?other andctnat correspondin “intra molecular
phenomena .can ‘also occur in ‘the. case of larger moleculcs, hen it .

. can veg rsalised how many sssumptions hive to be TulPilléed with respect
to Lv~ xdterlal 1f lt'iS attompted to proceed systematically by.:

"fﬁf_- Boundary Lubrication,nil¥:’5th~ir“f’

~ ’ en more . vqriouu and contentlous is the molecular Dhy51cal
treaimsnt ‘of ‘boundary. lubwlcation..'We_speak'of boundary lubrication
oo poesibly with g small Poaring skrot dnd_umall’vlidin ‘vcloclty
-“when the friction is inccpendcnt of tha macroscopic ‘viscosit ne )
for this case the friction coefficient (for gliding” frictiony“
‘rinvestigated-at-the same’ ‘lubricated position u51ng.Narious llqui [
“lubricants we obtain the. rcsult ‘shown “din . Teble 1« hich g
Q. the recuired absence of a ‘dependence of friction: on the’ v130031ty
8 coelficicnt'n ‘in the.région of boundary . lubrication # it .should: be. ;‘-~$“
‘noted thet the saturated hydrocarbons give the lowest friction ‘and that -
within;difﬁoﬁologous ‘series the friction. deecreases. with increa51ng size e
2 It is surprising to see the high frlction coefflcients;' S
,tne acids, by cémparison with these. found tor the hydro- . . -
- eA p ¥ ' trat -in practice ~the’ lubricating quality- of-"
"parufxin oils~is’ often improved by the: -addition of. fatty acidss .. This:
- led’us to investigate the effect of ‘acid: aditixtures on the friction
L,coefflcients of; saturated. hydrocarbons.- ‘We--were: therebv able.to make
© .. the observation (discussed in-Fig., 1 by reference-to one of several
:“lexamplcs) ‘that on addition ofthe smallest quantitises: of. fatty acids
- “the frictioh.at first increases quite' onsiderably and it- A o
improved by fLrtber increasein the acid c /bncentra lon, * =

. this: brings:up the surprising problen ‘of .whether

ilfoccasionally employed in practlce does not merely bring back
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old quﬂlltv an’ oil which is alreaﬂy partially spoiled by traces of . acid
It}wAa thercfore necesgsary to-carry out at the earliest possible .
moment téchnical . -experirents with chemically homomencous oils of the~
‘greatest purity. 1In othur SOIVonts ths effect is suphressed: in

-benzens, gs Fi-ee—2—showss Tt—1s practioally non-existent-~in this case~
“ .the adﬂ:tion of a01d cruses- tho revorse ofFect und 1ncreas es the
‘friction. ‘

The problom of the ‘Gause oI tho effoct of addltlons of acld in A
flrst ralsing the. frictiodn ancd then decreasinp it cannot be explained
Trom* measuromonts of friction alons. Since, by using the - inveostigatims
carrled out a short tims ago. by H. Dunken with &15hols we had found -
Sa-simple relationship ?etweon the boundary surface - tonsion ¥ of the
- alcohol against. metal8 ».Aand. the valdeés of the coefficient of statlc‘
ijrictlongkcaused by 16 on mEtal surwdces, we therefors used {

~measurements. of surface tension againgt metal to . supplamént the

.. friction measurements, .Meauuromontg'made for. the homolowous ‘saries-

- of undiluted Tatty acdds .. showad in the first place that even with- the

: aciduva—simple relationshlp exists bbtWOon thé: ‘boundary. surface
tension wand the friction coefficien Tre, Noasuromenbs ‘made on: solutions
. of the fatty acids in hydrocarbons. 8lso showed an analogy bstween - :
~-friction and boqndary surface - ten31on, ‘even though this was in the . .
form that the boundary surface ‘bension at that ‘value wof “the: concentra—‘
. tion ¢ at which the, fri -.ioefflclent shows a sharp maximum, also’
~showg an:equ~ e r-E o novneed, minimum (see Fig.3). This- bohavi--
our of the.. % tension-with the- concentratvon s
explaineqd : lL the acid whlch has an active boundary surface, - conta;ns

8 component with" n-more active. boundory surface which again,
returns at. grgatsr deid concentrqtlon 5 tho acid solutions are thug,

. not two, but three-compon cia kvl mlxtures._ Now: the acids,- when in very.
“dilute- ‘dolutions. in: ‘substances’ free from. dibolas, exist exclus1velv

S single moleculss, - With inereasing” concentration thess combine. -

: accordlnw to the roqulroment of tho»law of mass~-action r~rapidly to -
. “form double ‘molecules, §o. tha 61 ‘olutlons of "moderata. ooncen~f~f
_.tration no. = Ingle molscules The sinzmle’ molecules, which™

;’ghavo a. laroe %no; PETHANG .“-loctrical dwpole~mement alter the”

bound Yy osurfdcee. ténsion-of . the solvent vory: “much mores - stron &ly. than
g )" ‘Lles., This ‘greatér. activity ‘of-the clngle mole=
the loworinv of uhe boundary surface. tension
ng, whnich effect ‘agaln vanishes g%t Jhdgh-
: kel ‘01polar single molooules.f-By “valuatin” the' -
 measursments oﬁ—boundary surface tunSiO b -OF. bis absorptlon
© 1sotherms we were .able to deteruine. h. ; B f erential 5
adsorptlon of ‘the vlngle molecules—ov haA of.. the double molecules,
the approprlate results ars’ given in Table 2.'”', IR R

‘-molecules

Fiori: 9 xample. by Lo

of ‘carbon’ tetra—i
res’ of ‘benzenes with ~
;shown by* the ‘two. %
tmon also occurs.




?urther explanation of - the behaviour of the friction co-.
efficient should be obtainsd from current invgg tjgatlonu.on the

-aoovement;oned and o’cher mixtures of liquids '/,

.7“' th'lnvestisatlona oi boundary svrface tansions, on the other‘5
‘hwnd have already proceeded so- far thai we nrg\glreqoy able to make
a few far-reaching utatementu hov~ R

vBoundahy-SurfAOe'Ten sion, Adherinp Strength and Teﬁrino-Strenﬁth.

We will oharactoriso tho adherence or“a liqui@ to'a_boundary :

sgurface bg & sta tement of its "edhering-work, which-can be mousur2d//_ '
in erp/cm is6. the amount of. work which hﬁs t6. be expendsd to teir T
away a. layer of liguid, from an arst. of 1 cm® of the bourdary surfacé.- ;

This “adhering worV" ‘an lap~be—oetc“m1ned by the r°lﬂtionsh1p pivenﬂ
vby T,umq 868,y S : : :

H oz .¢a>11' ie =Y

2. 12

- from. th? boumﬁary oumface Lon31on/V19'aqu Lhv surEACG,surf \CE - tension;*"
: ¢1 and; of the two components meed 1n$'at the bound ary suriace. The
‘fvaluﬁs of the "ﬁdh@anW~WO“1 00tn1ncr in thv_ WRY ara_summarlgod_ln S
SToblzses 5. and 6.;,1hey show thef ollow1ng°— ‘ e e

1 Thé adhofln@ okt lnora ases w1th o ablllty of theaaolcculﬁs tow.
*poloriso._i ~_v;0,”:~- SR T g S T

‘”fz;;mhe adherlpo wor-k‘i of Lho_fatUV'ac d-»n_.&féaﬁerxthéﬁ thatoofvﬁhé}
'valcohol S s w7 T

' 5.'The‘ adh ring wor?‘ incresses w:tth ﬁc homologous’ scries OFf & ..
alcohols and esters with idcréasins-number oL carbon—atom 3 withinf
the homologous sorlcﬂ oi 301ds it rcmalns consuan IR
4. The adherlnn work“ for ulcohOIJ a'ﬁ'*f

ing of* Lhe carbon ohnln' v . . ‘

in doino

‘ithis a dlstance of 10:8 em can ba re:wrred qq sufflclently Llong for

‘the path, ‘sindé .the 1nter-moiecular torces fall orff very rapldly with,
~increaging distanees The adnering strehgths,- whxch give a e ure o
.of the forces required t6 teazr sway a boundary surfacs of “in
Sarea, oorfoupond to.- the’ teqrinv ‘strengths_in ths interior of -Ehe-
sliquid-or met.:l (likerSo r":‘Lvon in dyn/cm “op. :/cm Yo These. are,
“obtained from. the ‘ripping. strengtn H, annlogous b0 the ﬁﬂdhcring

© work™, which is determined for llqulAs £rom méasliremants. of surf
;'tonuion using tho formulazcorr soondinn to formulu (l) - -

25’
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and 1in uhe cass of me}ﬁls con bs debnvmined.dlvectly by experiment.

A summery or the relevant numericzl. vulaeq.”s ziven in. Table 7. From
this table it is seen that on tearlnn snert two metal plates which -
Hle‘J0¢nﬁd together by a £ilm of 1’Ou10 provided that ~the separation
1s done 50 cuiokly th“u no flow of ’Ao‘liQUid‘can toke place, it

a tre : prefents—%he*po%itien~e&¥%fwﬁﬁr'

reSLut@nce towards thc . 'DD1 od Learlng stress. It thus becomes
'ev1eent how and why a 1 Drlcant for oxample in hiah speed plston
.engines ahd gedr-~whesls, can. have @ corrosive sffect, such.as was -
observed by Heidebroek, o S R

On the Theory of‘Boundary.Surfagehidhgeigga

» - The ”bovo obgérvations cin be supplemented’ Wreatlv by
theoref¢cu1 considerations: - In-this connection 1t Twill bv expressly"
'stated that the follawing considerations are onlv‘valLd g0 long as”
one of the two members of the boundary surfice is a metal and the'”‘ p

_othe” contains molecules which Tepresont permqnent elcctrlcul di—poles.
Since otherwise the conditions appsar approzimately similar. to. those

~ on waten- boundary—surches,_Lor which alone .a greater amount of = -~

rexperience was available,. & he-following Table 8 is sufficiently
iﬂstructive. T ' ' : A i ' e

- We. Will con81der = as may suf“Lce for a; first upproc1mataon

“fhe mutual electrostatlc ‘action betwcen o dipolc—molecule, which is-

‘not olublc in a-metal, end- “the metal. If a dlpoio—molecule approaches

& mete 1.ourfnce it experiencer-a force of attraction, which can bée '

understood as'-that acting betwc'n +bhe permam»nb dipols. and its mirror-

“image by irite rchanvlng~the chargos: mirrored in the conouctlng surf'Cu.

This force is-of the same ‘order. of magnitude and type ds that which .

T‘adt to»thp fqrmé%JOﬁ """ of doub1\ niole cules = the alforeméntioned- mutual

h“re» JU;bnfore, two—oxlrems.

s1billt1ﬂs_”uve then'uo pu inv stlg b d : uhu.txnmentlal D0ﬂltlon

——nt ,..'_..-.-.._ T,

and thﬁ.nbfmdl{pesition'

dipoles ’or of e GLnolo ﬂad 1ruterrow 1m1ge.-, mhe onlnlon 1u now
_brevalent. . .obv1ouc1v‘under the influence of Jagluet's eﬂlculations.e
g that. nolar,molecule ould alwovys, .or at.least prefs rentLally, e
j“*ﬁﬂ:ovbgh on metellic boun ary surfaces in. & normal (5’ rtical)
pos iti . Jaque hDWevur, ‘had bassd hls’cglculatl - on +h fictlon
»of .zero - lengbb of “the dipole. - A verificabiocw of: thp:calculstion by ¢
"H. Dunken - .an exact-ealculation = leads to the following Tesult.s~-
Tet 1 bo‘the dipole lensth and athe minimum- dlstance of the two ,' B
dlpoles on’ both sldes of the boundary surface, Q. = "1/a (the “redvced“»ﬁ““
‘dipole length) 'is the ratio of the:two, Wy the - potential of -the -
" tangential position’ andjf ‘the. pot=ntiql of: the. normal position.-

Thcn the quotient ﬂﬁ/vr whlch measuro the preference or the

Ao




e ,7 o

briefly as the - "poultion factor® B, lepends on the roduc d dipole
Length in the manner 'shown in Fig. 4. From this fisgurs the S
follow1nr can be geen:~ - For all. values of gP0.%2, & is 5s; at q =0.32
- 1% passes throubn 8 and4¢or’nll volueos of q (O 32 it 1is (s. This
_denoteos that so long s the 'dlstance a is at lsngt thres times
ﬂ%ﬁnwﬂk%ﬂnﬂr—ﬁﬂnrﬂiﬁmfb?—}ane%h~%-%hﬁ—nermf%~ﬂeﬁ+%&eﬁ—re}&%iv'.
the metal surface. is preferrcd; othorwise thu téngential position is
orofﬂrr de If-q = 0.52 thon both positions a¥o equally likely; "in
this casge uhdrcforp a kind of degenoration exists with recard to the
oricntation of tho dipols at the boundary urfaco.‘-In thN oxtreme-- -
cases 'q = o,xund"Jaquet7 special cose = g =meb..tho favourud p031tion,
with the doubls incrdéaos: 1in energy (& =1 } 2 and 2 1 r*vpectively)
is also assumed to bc thi most dizadvantagcous. Calculttion also:
gnows that Lhe potentials of th: anglos formed between tho ‘direction
'~oﬁ the dipoles and-the metal. surface vury-in different Weys, 80 that -
gnall variations Trom She bangenticl position already requirs a . ¥
‘congldera ble Traction of the totﬁl amount of u“trang, whilst _the-

pofontlal K48 almost Jnncnsitlvo towarus deviations.- However,. this
maans’ thot %hp ﬁngentihl orientation hus “to bs kept fairly rigid,

“but the-normel_orientation on the contrarMWMw¢bﬁthe same- Dlndln -

“sgtrength- must be kept fairly. mobile, From- this it is gean that,
dopendlnc on’ whether the~dipole = as in thg cose of thﬂ!qlcohols _—
©lies.near Lo the molstular ‘surfaco or ~'os in the-emsz of the. ketones
and others - it lies morc 4An the interior of tho woleculé, thers are-

. great possibilities “of variation in the mochanical properties of the
layeru'adsorboa in. the meta 1 gurfa oe which anre the ‘decisivo factor in - |
boundqry 1ubrlcutlon.éw_ avefore. o first oxampl of how the conditions .=

Cmay vary . on acgount of .uys.obb;r than th “Wpol ;Ofdacuu is given.-

~inFig. 5, which roprpuﬁnLu the result of the corregponding chlcula-'
tion for ‘guadrupole molscules. - Howsver, the numbav of possibllitanu7”
détdrmined not only bw the naturs- of ths forces but also. by-the - TTIIT
nsturn ‘of +hu dunsity with which' the. . moluuul\G oI\,.;,pﬂc‘n,d in the .7 ..
Boundary . lﬂv - which depends. ‘in turn on the'shape of the molecule
seer F»U.6) Sinoe the appropriste possibilities can nowadays be
ﬁecognLSGd on thv b951q/gﬁfﬁﬁr knowlodmc of- ocular strvc+ure,

“%he. mut rlal aspect.f
tlon J qtlll requ1»

artli;”bvidpod papc
,“Dlu'C  '7“ 1942.

2) “In. u31ng thv : .
boundgry 1ubricntlon qu mlxed lubrlcation wc
dcfinlclons alvun by t%iiD;v Lo
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“3) As an @: ample ‘of "how in-practice attempts Wer6 -made- oo -get round
_these difficulties, reference may be made to a Russian investigation
made in 1940. (n G. Semenlde, trol ‘Inds U.S.5.R.1940 60 21, .

4) Slmllar cases of the formdtlon of uper—molcculeo,(or o
_"1ssociation“) occur with obther. classes of substances. Partlcularly
1n the case of alcohnols the multiplicity of forms, as regards '

scosity and the Structure, 18 partlcularl{ great.. on thiis™
-uuojcct seg T~ K,L. Wolf and A.G.lru schmainn: Prdctlc 1: lntroduction
%0 Physical Chcmlstry Part 1, Braunschwelg 1937, 1Q7 DD« For the -
1iuerauure and newer fesults see H., Dbunken, F. Judcnb I and Kolia -
Wolf.%. PhVS.-Chem(B) Vol 49, 1941 p.43 and also K.L. Wolf “Theoreti-
cal Chemistry"” Part 2, Lollew 1941 pp 2°O &. 547 in particular ,
Part 3 (in course of . prepardtlon) Ll

Of £RE various forms of super-molecule ioomers, Lhe'diffcrence'
between the polar end non-polar super—moleculc is of importance;
1f we diagrammise, in a simple manner, the’ formation of suPer—“"“ﬂ”'
molecules by the.attachment of- two. molecular dlpoles, the two bypes .

cdn bc represented as followa°-.

Wlth rcgard to. the problem of - the pack_ng of thefmolccul@s and super-.u
molecules “in- the -liquid, which has algo to be discussed in~this - )
connection, see K.L.Wolf and R.Grafe,: Koll. Zcit 1942 Vol 98 p.257. S
Attempts to make f”“ usé of:these. results in. r:search :nto N S
lubricants are\now in procrcss.f N Qo :

5) For mors detall see H Dunken, ‘fbredonhagﬂn and.K.L :w;;
Zei%—lOO (1942)3~tn process of oubllcatnon.vv wr. R .

Bo¥:
casc apoears to me to have beon_r alls°d exactly.,

7) For techn cal reqsons tne-measulements Ql boundarv surfacc¢

tenSlor We're. rade analnst areury: and those’ oFf . tha= rictlon“co~i

: fficients werc made aqclnst brass. Sinceg “the. conditlons on both -
i metalslare simllar, the investigations. can‘bc compared. For- details y"

of tho methods of measurememt 886 I Frcdenhaaen, lhe3l Halle, 1942

8) In tneSc latcr 1nveot1gations we will also go 1nto the observa—
tlons oi T Pl Huqhes and G.w1tt1ngham, Tran .Waraday Soc.l942.g8 9.;<4

9)'Wo hope to “be able to report later on now ttwse considcrations
“have to be-modified in ths .case of non-metalllc boundar surfaces:. ‘
and alsoon-how on metallic boundary surfaces they have £o:be supple— N
1~wmented by taklnw 1nto account tho ef ccts of non—sfatlc forces.‘; -




Dif cussion.

Poudremont : I Lhank Herr WOlI for his paper. Nhen thJs morning _
I broushtiup the question of the ‘relationships which can exist - 4
"hetwesn the lubricant and the,boundary surface of .the metal I did.
not know that today we would hear more = and in so excellent a form.
ormr—thisT SoubbU’ shnce fmpd—not—been—told abont the papere I thwnk

{

we have been given a good in310ht ihto the commnectlons of the
lubricant and flnally of  the physical bonds. which are sst up st~

- -the boundary surface of the metsl. If £inally the relatlonships ;
.were to be mentioned between the tearing of a liquidy the tearing of .
Tiquid from metal, tear1n¢ of the.metal, ‘then these would - alretdy
characterise the f reces wh ich here play.a partj for: the AC.ademy:iwma: -
itself, I suggest from &l paper that we ourselves should undertake

. to call a conference on the problem-of thé nature” of the chemical.

-and physical bonds between: atoms. and groups of molecules. I believe _
- that a meeting of . this kind would" ceértainly arouse great interest -
“w1th1n the Academy. The paper is. now onen for dlscuss1on.‘»

Holm, Berlln (as guest)é—. We have been glven very interestln
Anformation -on the forces whlch cause.the molecules. in“the epllamen
“to adhere to- 4the metal, It is. equally anortant to. learn what forces
are respons1ble for the'. epllamen frictlon. R : LT

Wolf'- ‘mhe 1ntermolecular forccs actinu tanaentially in the layer
are respon81ble “for mutual 1splacements of Darts ‘of the’ ﬂono— SR
moleculanr- layer adjacent:. to the metals. Mo work would Have €0 be
performed in displacing ‘the whole Tilm on ‘the metal foundabion,
since this repressnts an eouihotcntlal suriace, provfded ‘that" ‘the’

“Qlilm and the metal foundation extendad’ to” 1nfin1ty, in praCulce, thev T

OflCCtS of the ed 188 w1ll bc de013lve. S o -

= - L

r

Glocker°- I would llke 0 ask whether es surements havemalready

b\en nade of the SlZG OP tfe coheslve forces of the molecules.>_:g

Wolf°—; The mcasurod boundary and surface tenslons 91Vc a dlreCU
easure of the ‘forces: of adhcslon £6" meual. tfcﬂﬂh':.m aya. ,;p,y~ﬁ

S e

Joos-— Tne electrostatlc bond is not the only bond, as 1s stated.
If we have no ‘dipoles, nevertheless g, certaln bond w1ll be present

v.oas’ spe01f1c quantum bend.;. ‘ c R SR S :
What is the approximat ,behaviour f'thls

Wolf°- ' In fhe f:rst place We. has ‘onfihédfbufEelvi“i
atic calculatlon for dipole~," quadrupole— and; octupole arranvements."

In tlme, these calculations naturally’ requlre to be enlarged in. the ;

manner suggested in Herr loos\ quastion.w Py : :

Becker - The author gives.a tablo 01 the.tearing strengths and “ther
deals with the questlon of whether,  in. the process. of -separation, -
the separatlon from the solrd foundat»on takes place’ within theé
Iiquid. s Howsver,: the “table, rcpreoents the metals much too = o
'»unfaveurably when it'"gives Tof these. the“te“hnical tearing strength, _
but givec for the:boundary layer on the other hand the so- called -L“




theoretical strength.,. For in, the 1atter casé we—are reckoning
as if theée surfaces to be- separated remain plane and pa-allel to one
another during the whelenprncess_oe_eeparat&enT—whéiat—the~&ev-- -

tearing process always spreads out frow any weakehed position, -

~Therefore the technical strength-is always consideérably smaller™ than»““ i

the theoretical._ Only by leqvinp this circumstance out of account -
‘1s=it possible for. liquid mercury to apbedr in the table as. 20 tlmeo oo
‘stronger than iron.v” . I . '

ince our considerations apply -expressly. only t0 the rapid- process
‘of tearing in which flow, which would be deteérmin&d by the viscosity,
. 1o longer plays any part, In this case,” smooth teering is probable,
‘Herr . SmeLal who ~}s" parti cularly experienced in the problems of ~~
'tearlnw strength fold me in 'reply to a question that He dlso con=
o siders it pos°ib10 for‘llquwoe o be eoualWy °tronv or Stronger thanﬂ
metalsg, - L oot v o _ . :

*-_%;olf 'The point of . view pus by Herr Bec]er could be deceptive,i:

J— oo

‘ -.*\w' In the caue ‘of’ solld bodieu_¢t g pbssiole to. ca1culate
tearin« gtrengbh when the crystal. lattice dnd the force-laws- are
knowri, The tearlng strengths .dgtermined in technical exnerlments arsg
knévn to be generally ‘much $maller than the caleulsted values.  The

. reason for this fs:that the calculations are made: for.a- perfect y
c~lattide WHTLS in'real crystal, according to- ‘Smekal, irregularities :

_always occur, which cause a w: a. reductjon An tearlnn strennth. ‘

- In llquldu no such.fault ex1sts,'since~the 1rregular1t1ee»are
'charackerlstic 0P LG 1iqu1d the valuss. ~given: in .the papér’ Ior' :

'f-jtearing strenpth, moreover, have’ not been caleulated purely - ij
1,theoretically, but. wers determined from: measurement of .the- surface %rf

':tension»of the ligquid concerned, ‘80-that these measurements always
.. refer to:a real liguid, The - Values thus obtai ed are. thersfore '
.»~very'We11 compareble with t“ j*._.;* fﬂ,_pvt strengtne of metals.:

o B ith repard to the quﬂﬂtion bf the effect o_
t.on;liquids, thls has—been ecplained long
of  de Meyer (Abl. & D.- Bunsen*es 1 e
.known to: technoloqists, he_showeé~_”"
. .50 the opinion -gene G 5 L ' -
’U_upner 1i ' Q,the;tcarinﬂ strength" ';-“ on’ ra’ld teurinb
my conse, ratlons refer only;“ . Gion ~jthe app arance .of-..

"Hei‘ﬁbroek,_mpreov.r epﬁearﬁte}mg;

Jan naturallv gré‘t“Y.};‘
ect cerrespondﬁ LR
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WOlf-- ‘It Jﬂ.olanﬂed to carry out investications oI “the efLect of
the content of forelpﬂ Fuses on tho tegvlnp strenmth. :

e8]

Houdremontq- Lerr BecVe”_1~ Can “you not t211l us someth ing about’
‘the atomic binding forces ? Fow is it,.fonr example, -with the '
‘atomlc binding forces between.iron.atoms-in the soliad state and
mcrcury in the quUJw ohate at room temperature 7 : .

T_ﬁBecker*—, Th1 I'think is the qu stlon whlc'
raised. . ’ ) LU o

- 'The total work which T s to be performed in producing a -
surnace of separation, thereffre the producb -of force tlmes path,
is the same in the "theoretifal procesc” {seéparation of two
permanently parallel surfaces) and -in the technical. tearing proces
Now, -In"the first case the path ¢s*very much shobfer,whilst in o
aotual tearing ths Sdme work. is- perLormod OVor a lonner paLh. P

hlugo, Borlin (as puest)°- I woqu onlv 1ike to ask how gre du Was
the pressurc_ln your frlctlon me; uremonbs A : a

L

Wolf s~ Tho varlatjon oft uho Irlctlon GOPfFJClOntS w1th presoureﬂ_
was megsured up “to pressiurss of 1 kg (with very.small béaring
“surﬁace). A% pres ssures above % kZ. the. fricLion coefficlcnt wa
asa rule,~independent of prossure.s. S :

Kluge°-i In choosinm tuo pressure vou have,,in anJ c.ﬁo,dproceoded ]
~just- as-we did.‘rYou inceressed the load wntil no further changé ‘oc-
curred in-the friction coofficignt and than, exactly as we did, you
conclbdog that” the EWictlon coefficient - determined had besn measured ...
under the . cond“tlon of pure- boundary lubric ithe I bclLeve Lhwtl 2
“thilgis the only correch method Tor obtaini g tho oondlt*on oi

pure boundary 1ubr1c tion.

Vogolpohl Berlin‘(as guost)°— Phe arwuments and measuroments,v
“have hop11#d to stationary 110u1ds.~-what 18 the effect of motion 2

"The shearing velocities in the aouual 1vbr10atinm slot! are_obﬂfqinly
- e*truorOLn 5 preat. And then ‘= do' thess calculdLions‘ Seu

phedictlons to" bc made of the- ch;nge in phvs1cal proosrt}~
gboundary“iayer,“whether, fov eyample, the. vis

under ‘the action of the” ary lay?rs 2

- Wolfs The calcunut1on ,ade ‘at the ‘ond of uhe paper of" the.sfabr'lty-<
~cf the/orionc tion aims . at- oonaiﬁlng indicatlons of “how the: boundary
.surface, layer’ responds in different: ays to shearlng forcess : i :
.the determination of the change -in viscos ity should assiss ,
‘calculations, * -Moroover,; it w1ll ‘Pe ‘essential. to carry out- measure—’*
- ments of viscos;ty in the boundary layer. i The,. coefficient; fooon o
‘visgosity" thorﬂby obtained will then- certalnlv be somewhat: "
dixferent IrOW3*ho~n value of howton's mechanics.- e




-12-

FriCulon CoefIicient of rronlonic Acid/Cyclohexane'
’Pr:cfion : ‘A‘ "
coelrficient . . o e :acid

fcyclohexane : ST o _ ,
L o R e .Fraction of Mol.

('A,

Frictlon CoeffLCient of ValerLc A01d/Heptaneb

-~'Pﬂﬁction " - - . "
‘ tcoeffI*1ent L BN T S ;qud‘
'heptane o B

ﬂVolar fraction'

¢ e e e e >

rictlon Coe flClent or Valerlc Acld/Benzene
fPriction R
‘ S qcid B
oenzene jﬂ ':?‘: ] ‘ - Q;ﬁ;;u;u>,-;H Molar FraoPJon.

i ~

ﬁr:ct¢on of Brass on Brass, u31ng Valer¢r A0¢d/Cyclohexane
as. LUbPlCaHt ' o o

,Lfidfenfpu

-‘Boundary SurPac

e

Bounaary Lo B> I
surface tension y Enp/cm_;"

Remainder of imﬂfes requbye nn tran larion.

t




CDants 1.

_Substance .., PFriction

goefrficient ”,.m”'mlgg

Cyclohexan =~ e 0412 £ 04005 .0.96
Heptan .- A 0.135 & 0,005 . 0440
Benzok. : S 033 % O 005 SR " 0465 -
Tetrachlormethan L 00,19 L 0495 .
Methyl alcohol - . "7 0432 T : 0.59
© Ethyl alcohol = ‘- 7 00422 T e e 1,78
n-propyl slookwl = . . .- 0.200 . : o 2610
n-vutyl alcohol . - R S PO RS T T 20 B e
. n=hexyl alcohol T ¢ T A APVE Bed -
v Pronlonlc acid , . 0e40.. - R . - 1elB
- 'Butyric acid . ’”“'4-v.m10.35' e T 159
“Valeric :acid ' o -0430 o e 263
-Caprote acid , s 0425 N 32 ..
Heptyl acid - .~ . 0Q.82g . o044
‘ Wonyl acidlls L 0. 155 Lo T e Bl

[

;Table 2.' Dlstributlon of Molecules ln the Interlor and in the
Layer for -Mixtures: of Vulerlc Aeid andnyclohexane,

mlged 1n Varlous Proportlons, 1n Gontact w1th Nercury.4
: . : wo o
Table 2.3 B
AltOQether 10 OOO holecules.

In the 1ntewlor . -J;-‘_ }:ff'z In the- boundary 1ayer

ks el -«,;:uxn-_..;pli_'v~. P T
, slngle‘ S doublo' el As. o vsdmgles Ut -double. ;ff_h' As
Molecules’: Noleculns-rﬁ_c ohexane” Molec .”; Moleculoé:; Gyclohezane

T LT ot e gees | egms. L eor

o6 T G R T 1. 6830 . . BLB2 . T 18
23 o 20D 'f‘(t“~'- 774 03566 6483 . . Y 1o
40 684 09206 0 B335 v - 7665 < 0
S99 T om0 Teegr. - T1B15 L w8685

‘94 9904 L7459 Coesas

- Table 3. . Distribu+ior of +b1 Molecules ini- the - Interior and rn,the
;ﬁBoundary—SurIace An” Contact w1th.Mercuwy for- Solutions of Iodo—Benzene
- in Heptané. - , B Sn : o - Ry , .
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it  Table 3.
Based on_.a. total of 100 Molecules
In the Interior coe o In the- ‘Boundary Surface"

LLdO Bcnzene " Heptane o ;‘;  Iodo—Bonzenu:ﬂl R Heptane

96 .. w4
88 - .- 65
36 e 9B
18 L es
Eﬁbéﬁ;ﬁiles. able 5 for Mlﬂturus of Cyclohexan éha Acetohd{
“Tablem5;,f“Adheslon-Wonk”,H for Varlous Substancus on Mercury (at
. Substance | ™~ isurfacé‘-'“ “Boundary Surfacs - Adh331oB—Work
S S Tension (dyn/om) Ten31on(dyn/cm) _ erg/cm

LT 1965 L8010
S & 247 . [ ',{577' S BR8N
: » : cohEeee o BEeT o 14B
Carbon’ Tetrachlorld ‘ B R &""558Q.‘7'W‘~ e 149
.Farbon oisulpbldev;_»,“," ; ~{'< Lo 541 R i 4 0 I
Clloro-bonzenb'z' o BBl ,“"_, 550 S 18,
quo‘-.3¥“~ PRI c 1o Yo IR *“‘5064;
Bthyl acetate -~ - Ll B3.8lil. _'58”“'
Ethyl tartrate - .0 e B rBGYBIT T BE6
Phenyl acsétate . .o 3783 oo BE3. T
~'yclohehyl—ac tate e RBE i 'B60. 4
“Water .. L 72,3 LT E8E
Ethyl alcohol ~H;jf[- N _Iﬂq~av~'qg'm.w1582:g
“Getyl: aleohol o < o B7e0 L BB
'CyvlopcntanO",j”h‘mm B3 R G 1515
o cAceticAcidr LY A T e BB




Table

=15

6.

* "adhesfon-Work" on'Mercufy,with'Homqlogoua

'.Subsﬁénce

KR )noim..f

. _'3 GLLY
;nf]’ljl
e ]PODJJ‘
_x.uO ~Prc )J 2L o
=Bty
iso~Butyl
‘ n-~Hexyl
S Thimbice b’j]’l .

-

Aﬂldsh'ﬂ

n FOPmiC

‘heetic- o
Propionic=x
n=Bustyri

"gianalerlc

-n~antyL
oo n=Qetyl
'.“vn"Nonyi

Pfopyl _
o~propy1

'”;lnuaatyl

- uec—butyl
“igo=- outyl
o -Amyl

"sericTs

Surface :
Tension (dynm/cm)

22.4
23.7
23,7
24,8
20
2644
27

/,,

BouriGary SUfldCe
Tension (dynm/cm)

EA

384
382
379
384
377 .
384
372,

119
120
-128

117 -

128

146 |

Adhesiog‘
crg/cm®)

134

Work -

TR
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- Table 7. Tearlﬂg Strength and thering Strength.

Substance Tearln ugrenath Z - Adhering gtreneﬁh-zhaft
. ) Wg/cm~- ——— T xn/cm - :
nyflo Hexans “*. 4. . *900“ Lo 1mp800-
(=% B B B . g 5] K B B A .
CRensene ... -0 v 257600 e S .14, ’500. - "
¢ ocl, N 2T 5,600 .. . 15,000
4,500 s ‘ 12 000. .-
4,700 o e, 7500 -
5,000 ol © 12,800
; - 5,300. . . 15,400
opionic acid = . 5,300 . . oo 17,400
x La » 5,300  + .o 17,200
hop 1 s BYTQO N S 175400”;' s
Woter ... 14,400 . 0 - 16,700 & e
Morcﬂrvv wl T T 96, OOO'{ IR Se 796,000
CBrass .o o o 5000 e S
Iron J"; : _ ‘ . 4 OOO (- 7 OOO

A

) ;‘Sﬁbstance . \Beundary Surface:”lém ,i‘ﬁ ’ ”Adh651on- ork” H
S Tension (dyn/em) G e (org/cm - ‘
- in gontact with:~ - T in contact w1ths-
aey. S Water — Mercury

| Hgxeme . S TesoT o, 40.0.
L O&tane .t 7 SO
- Berizene - . v [; . 6 e 66 6

C i, v 4326 - .B58 e 0 56.1
~‘6hb~cl e ff.f?,ff;r[_:;“;@';',” e85
G5, e Tagme L omer T LT Ues, 8‘
. Aco qne;. ‘ ,
Mercaphan. .
Eivhyl alcoholwﬁ-
. Oc+7l :
«Aoetic a01d
e He IGV_J_:.: i,
.13091 S
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Deonnition of the “Terms brequentlyAEmployed concernlnm o
: : Jubrlcatlon =/ v ‘ v -

L. Lubrication ; Lhe reduction—of energy and.materlal lossed ‘

Lp—ere—apt eatton—of—a—*u%%ae}e~euﬁﬂ%aﬁee—%lubfie&ﬁ%4—%o—@ar%sve{
wancchnines at which such losses occur owing to mechanical friction-
#l.zr %hey have to transmlt 7 01ces, e.g. from mov1nn ‘o statlonary

paris (1ubricated position) : . . RN

-4

peveral tVD“S or condltion of_lubrication have- to beodifferen-
S | Effect of Characteristic of 7 Approximate
Friction Lubrwcatlon Visco'ﬂt _the Process. - ©Friction Co-

: : : S o ' 'efficient.,

Doy R S i B ETE IR . :Graater~than- -
_Priction:.. . None- "None Hell=selzing etece . - 03 -
~Boundaty = .Boundary . ~ Noné - Molecular-méchamical; =~ 0.1 = 0.3
- oy opllamen or epila= =~ ' .. . -occurs in a _few layers’ RER
.friction .= ~men lub- - . ¥ .~ vOL'molecules. PR
R rlcdtlon B o S

NI "ed Nixed or,_ﬂ Partial Molecular mechanieal ~ 0.005 =

-;_f*Lctlon - partiel- LT e e mioro-hydrodynamic' L
. ’-vlubrlcatwon "v"-'»‘g'hydrodjnamie, it

S dry fr¢0uion

CFullos e T2 0400F = 04005
jlubricatlon B LT Jand greater .

When the frlctlon coefflclent/x—ls plotted against'n é

L au )db)..

al;L otloer t:ypes g};<0'

the pos:bion to be
lubriCﬂted.»l
~the moterial.

f-l)%ccg{dinv to the agreement of 11/12 Ibc.194l at D.V L.Lcetlng on Fuel
e Problemss,: 7 ‘

‘k,Z)In special: cases the frictlon coeffic, ent can assume very Tl h value
~which far - exceed those of dry friotlon e.g.in a/c superchargers or. textile

‘splndles.
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: As regqrds the lubricatinw quality of the lubricant it is neces sary
%o dlffer@ntﬂato the some number of gqualities as there arc coriditions of
“lubrication,i.é. quality of tlie lubricaht for full lubricstion, for term..
artial. lubrlcatlon and for boundery lubrlcqtion. - The  pursly empirical

Piubricating nmhnn-H-y‘; & & n._j_.n_.g.one-p‘,-;l.—u colncides

-w-uh this present term of lubrlcaoin quqlity of the luorlcant for boun-
(Lawy lubrication.. - 4

) _.“The quality of "the 1ubrwcant for mixed (partial) luorication includes
tme ‘quality for full lubrication- (v1sco¢1ty) and the qu¢ll+y forcboundary.~
qoricatlon (lubricating capa01ty)

“In the’ condition of ‘boundary 1ubricatlon a- chance in viSCOSity no"
"onper csuges wny change in. thax {riction: coclflclent i.2. 'in . practice
Coulomb's law applies. Boundar] lubricatlon occurs, Tor cxample, in
enlaufend and not: laufend. machines and on rolling:surfaces which' are-
.badly levelled. (Hertz' surfaces). In-the purs form it ‘igirealised in

"-1nstrumcnts designed for the mcusuromcnt _of boundary 1ubric rtLlon. '

~4.' Bearing capacity a mcchunlcal term:. assoc1ated iuh machine parts.
It.1s equal to the highést loading permissible for inténded continuous
running under: niVOn condltlons of lubrication, without causing a. treng-
ition from full lubrication to partial: lubrlcqtion, from pdrtlal 1ubri-
cation to boundary 1ubricnt10n, etc. : «

5. Compres51on strength -8 complex tcrm a03001ated w1tb hc luhricant,

but which.is affected by the méechanical conditions. . The hlghcst loading
_of *a lubricant under fixz@- mcchan c condltlons whlch will not cause~ .
dry frlctlon or corrosion. : : e e

6. Wettlng (phy31ca])
- ‘nal- anglciles : than 180

7._ Drylng (phys1ca1) frec from dsorbed or“mechanlcally 1ntroduced
lubrlcant ,apart ffom vrqph : el

S

Adhosjon-work° Work 1n ern cm PuQUlPOd to W t or dry su;xace. oo
Adhefinw pov e (uurwnvth) athSLon—work path.'ﬂ'

lw;- Dry contaCu. any conth' gen’ tw 5
atoms or molecules of andther=type ars to be found bctweﬁn tho surface Do

lva+oms or moleculos ot; he so¢1d boﬂlas (contact 01 this’ kind u1qus

dry . oentact.~¢:0n the other hg d' for ekample, metalllc contact 1n;the
~technical sense:is: not ‘solidr contact inthe physical sense,jﬁvcn AL an-

’electrical curwent is transmitted., A cunrent can-.pa Ss,. even through- non-
' +f'o ) Thismwould corres=






