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‘migeitie in all niverstion or- cn}ywitmadafmm ant um:zoﬁ"wsoas datw- ,
1mwmnm(wmmm.mmmwbe)a.szxagzngcutofawd
asphnlt on frae cachon, . Accordingiy, & testing of the minnlibilisy must Lirgd
-ohow dofinlie’ gualitative or quanﬁitauva ‘gvidence ‘of alndﬁng out vhich %m
“Pormed risht after the mixing hog been accrplicheds Bisides thia 16 S3 W

g qar.;f;[npws-:my 4n tho czge of hydrooarbons (or ofl mistures) =1tk relntively

* hiph bodling vointsy to ostabiish whuther, aml S0 chat extent, mmr,wm

: mmm tminz rathet & ;'.nng e - slm&g!.ug ont uhichy unley

m:;:ge aa wvaricus mixtare a"stm
(z Iam: wuui&ubycr .
, @j&).&tmmmm%mmﬁmw
£y ) .:de!aeum sluagsng out did pot 4n £1) espes wakn maim
2riedintoly formed sludging oty Varicup tosts of the

t{tative processen thiat wo used oven todsye (Handew mm

5 : - probebly yield corinite end wenam ev:.aem in tho case
" of oflemixt va £ pore hilhly vioccugy davky ‘and op.que heatiny olzs. alm the -
. exeninstisn processes propogsed for tosting for-end dotevting aiuﬂg&ng :
 rather o long 3ino standing 3 (9 DIN DV £ 3795 041 end Coal 14 (1938) -
'Be76ls. DIT oVH-B 3793 43 end: Coal 14 (2938). s,‘:zs;}. Wa ‘dniwhich tho. x:m;um :
‘*,‘!ﬂ'watiM’-m"'mPﬁeﬁ iny for 'm lomg timo asd thon {bofr fleking eut dotews -
' u!gld maﬁlyby Memﬁoncmdumm?mmcﬂymwmdmm :
i : :

= : In 1939, a m mthod wns dmloped whs.ch, in mscl to mom 'E.he o :.E
_dwam.mgea mentioned above, ‘| This was done by supplezenting the known am- e
nigation processes wish syatematic exaxdnations, whish had boom earricd on ovor.
& pordcd of yoors 4p the T upp-condorn, for Qotcrmining the ciscidIisy of heabe

- dng 0436, mummuhoadmmtmmtompmhmcamnﬂw

proceases ‘vhich were provicudly used for thic prpeoce Ra'hm', it shenld £413 -

- ¢ho_gaps which the kmown proceszoo left cpen, and ghonld ‘mmio possible. wﬂm&mﬁa
the recognition of olidping out in mixture systems -with mors hirhly viscouw and

©pRgus eomponenige - In advenes 4% was required of this new cxerination process

thet 4n 01l cason an cxact, 1.6, Terroducadls ascertainmont of sludping cut chould
mmhe;shur. thin e!.m!.gﬁng mt t.al:a plm meein%nly or aftor s‘..aré.ins for ]
-8 m. .

Before dnwﬁbdrg t.ho preeens dovoloped X7 us 4t the reoclts obe
teined by its usoy 3t e poars suitablo o discuss !z'iam tho principlno ca
vb.icb 4t 4a m.
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Y4zeometrlce Process for Totermindng the Hices 114ty of Byirocasbon TAXMIED,

L :'ﬁea':-ﬂ.;xg o4l 4n Pemticudse o R

R . . -Dys ¥e Lomgrn end H.Re AStoch
Contia . R T :

S . ADLT
Surfoce Tersion - - Surface-Tonsion . Surface Tension o
©20°C in dynfem  ©20°C %o dynfem c20% 4n oyo/em . AUHARES
Aoating 013 SA® . of the idded . 0f tho Hizture . .
3@@6 RER) . S 30e20 0 } B350 . . -
34486 3214 L 3350 -
. CUSBel o 34620 T .. Yo aluwdge

- . ... The cipsibliity of hoating oils 1o dofined 4n terss of eatuishe
4ng tho abaonco of the afcroemonticned Aludging cut ©pch and nftor sdxinge Tho
sludging outy which is poaoitle shen heating oile containing hard aogpbalt end
. fwop carbon are sdxed, 1o dlesolved cudy eccording to otatemnnts in eritdngs on
%o subicet, chiofly beczuse of the An?lisence of & m:lﬁmg of o lcssor gardecy
 tenpion than that of ths oils with shich they are e (Pos Eollcmatoyng
Chen, Gockhls 36 (1939) S.352/66)e This can causo, it is belleved, & digturbing
-cf & previously ateble colloddal cystem, Sn sccordanse with AniSvidual relaticne
ghifpd,  This disturdente cur ‘1motledno of eolloldsl chanistyy tells ugy iz dupdy
. cetuslly, S0 on 4inorease of the “snalen in surfase of contacts, ‘Thic chango In
- the gurfece of contast energy dends, 4n the firzl otagey %o A oof tion of - _
the ainporacd phose (acle)e A wad dewonstrated by Sel.de 20112 (2 Y.l .
Collord = Bodhe 49 (1939) S 1/79) tircugh cxasinstion of tho sclubility of highly -
polymenic cubstences in different golvants, shere ocour firat tuncfacticny cone )
varsion into sols, snd other vosotions, ald of wrich can tekp pince et different
rotes of speeds Cnly nftor thoce intermedsate sbages bave boen passed through
does the aludging cut boping L ‘ o

.- Apcrt from the oxact and ropreducable assertairzent of eludging
out which hos rosnlted 4mmeodiately aftex mixing, an atdonpt wes to bo medey
especielly 4n guch cosss as vhare eludging cut does no% occur uniil gome tro
after mixing, to show in roproducablo fechion 4be prediminary conditions of
tho oludging outy end thig wss to be done AS o subatituto for the giendirg trialo
vhich are. oo 41f7ienlt to carry cute It Tes obvioup to us &t tho very be
that such o seagsurcucnt e for roascnd uhich w11l to discunsed Iator - conid be
cnly of a guaiitative noturds .0a Lloasce obporyation, howewer, this Laot does
pot entail eny decrosse 4n tho potsivilities of evaluaiion &8 a moasuring procondy
sinco = eapecinlly 4n the cese of highly visccug siztures of hydrcearbon oile »
cus oon usuelly no longer apesk {1¢ coz-ulaotion aoto in) of o =0 O lesd
clear scperaticn of & eolid and 1iculd phacey 4.0 of the poasiniiity of carmyivg
out agbirztoly & quantitative ecmputation,
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Visoenstete Procoss for Totcrnining the IaciMility of Sydrocyrdon izbhney -
Lo Y oga'W Dommmend BB Agbash -

Raddiadtd o.o - -"o -- g-':n 6 - - o- o- - -‘Q.‘Q* - 0‘ ---ew - -
4t wan o multer of detorainding with particulerly suitable proceszes the gludge
" 4mp cub thet takes plece unler given cenditions whon' d4€%erent olls ara mized-
_ard the inetonogenising produced in ihe final gteges o5 6 resull, . 4nd cinesy
‘o amo donling with le=cely rfwales] oscurrences whon ‘pludigingenut. taimo plecey

" we exposted frop the Yoginming geod results from the uze of o phypiceld proCSods .
Lo ou oo Hecent opaninaticnn mede topotier eith Dre Forsch (as yotiuot
‘pablisked) (6) (6, cozpsre also Hy Porschs Toctnicod Jnfornation Ewuppy. Roa
Reports (inthraoite 11), 6 (1943) ne 57) hove shown that gopgaintion cun not Bo
- expioined ol by & reduction An murlace -tension, - Rather, it wag found. dhaeb
4m nixtures of hydrocarben <ils in shich ono component brings the surfece tegs - -
. a%on of tho nixture dewn balow that of the othe compopent, “thore 1o in soEg
. Sustonces uo nludging outy vhile in othors there 1o comsideralle, Ihe e
peocs of this ves cble to be achleved, s Table 1 ohows by sddipp differend
' odls vith diffovent surface torsions in the scmo wix ratio ends tine €0 o bhoote
ing o4l with hawd asphalt contends . In each cezse thore ocours a dofroasd in -
_the purface tension of tko uizturo to & point bolow thab of tho one_somponsnle
| 421 the added ofla must Do desipnated, in the more conprehensive sennoy o8 - .
" oapilleryeactiive, - In one caso thero woo slodging cub of hardenppneity tut dn -
_both the othera thord was aon@e .00 T L e

e o gacts ostablished by thosa és yob unpubidsied works hod fo the
- gonolusion thaty mexs to eurface tensicm, the chosdesd pature und tho dio-lecifdo
_comatants of tho oils 4m 4he mixture play @ considorable part in whatover ooe
agulation tekes ploce, In this conncotion, tho chonge 4n silo-loctric constants
-of the nizture &s related to thet of the componcnts mandfonisy if not & ;
' ot least & lcsa spotty confor=ity to lgw (or seopularity) than is the case dn ;
_comestion with curfeco icnsion, . In opite of this, wo havo 2ot yeb toen otls o -
£ot a clonr relntionahip dotzeen the changd in there physical wegnitudes e &
:’ludging-out of &n oil mixturo mhich takes place immcdistely «rdna weogurabln
m.-' R . L . o . ‘ .. ) .

few 43 42 knova frem wrliten works thot viscosity, saprcielly dn o
-colloldmy i0 o very sensitive quantity, im that, rdnor changoes in tho conditions
of the nysbem, ospecinlly struoture, change it to a ropaurable extent? (7 Wo.
Ostunlds Funderontels of Colloidal Ciromistry, Brosden 1912, S 161 ioe Cotunlds
Follold e Ze12 (1913) Se218/22)e Thorefore it oould bo scpposed thaty of all
moosuring procostes, an opyropriaste viscomotric systen would eoonest orffer @
posalbility of fcllowing tho chongo in condition of ecollaldal systens, such 8o
are prouobleo in heating cil mixtures even dofcre tho sludging cud or inhoporerie
sotion beginz, For this parpose tho apparatus dovoloped ¥y P Hopoler 8 (8 Fe
Edpplors Ze Tooke Ihyme 14 (1933) Se 165,) proved, efter “horcugh
cxporimonts with differer? aprarctus on the market, to b tho bost culted of
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‘govesy 2he drrenie ond kHnooatio viscesity of the ldouid under emmination omn

hu dsuamnwd by neang of tho ealibwation feotord, An vet ve Lavo not cucceeded

: an exast catheratical dewivetion of the ccsurmences toking pirco dn .

' ow.,w.,_wammww‘.mmzarmmmm we skl
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Lo In tun ESpplor Vistootoeter thin veloatty with uhdeh oo bsll siuks
“"Mmenmwmmnsa, L40e the distorve g traveled by the t:ll 4n the t8rs oull
3y 4g. data:;;neﬁ. .Zz t.‘ée m&i soves with corstant: amzncity aver the menaumd dige

oy ‘ 1Mt eonsists only of wnztn:“:.s, nsmezyeha m.ms
g, eﬁ’ the aall ;gravityg. %&e atns of *he ansle of dnalwmdon and the cinking
" roth gy The: m ‘eno bocoxes Iikewise an apparatus eonatont Wy ‘seang o!’ \.!xa m:.cbee-:.

."'Snwksanbﬁemamim‘ Do . mmplwzhow_

Eg'mmwtmmahm gatthoeqanﬁmt
: --{,,(7‘_),; Cwz oA (a -0 ). o

, mmmﬂn&.ouamthchmwmmm

-»:p-ogox- onal o tho: dynumtd viccosity, rltinlicd with iho appuratus mmmnt Ay
end the correction for tuoyenay (o =0 ).~ & dimsngion ¢xmmAnntion ¢f tho aiovn .
-equsticn loads. eo tho mmct. dimnsien vzm.e tcr t.ho d;rmic v!amaitys .

" the masur;lng bans with which the Bopplmf siponainoter m equs.p-

pod undur*ut ooch othor in tho succession in thelr poasuring ranzon, In exanivdmy
- @ homozencous nystems, dynanic viscositios, which sgrec uith cosh otbor wiihin erw
roY 13=4%s are cbininod by using 4wo Balls which undercut each cther in thelr

moaguring rangecs - It 1c howover, & conditlon of thls monpuydng that the Sldding
tize of ths bolls used muot af cach instance rot bo less than 3D ssoundoy othorw
wigo Stolen' Law, which So tho besio of ¢his necsuring loses ito validity (ironsie
tion from lendler to turdulent rlow), A lamiler measuring cf this sort, vith two
Ballo underoutiing eacsh otier in thoir measuring rangos, wo will honcsforzordy for
bmviey'a acke, c:3 "Rugelochnitt® (Ball custingle
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Thore ars different ratlos when the "Rupelachnitt? 4 uzed dn the
ne} us systes within o rango whiich still aindis tho Sundesénbal possibdiliy
of Dsasuring viseooltye  In such & oyslem, the meastrcsent, with ino balls of dife

- 2ering dicmetors, the one sucdeeding the otieX, zivio different glfding timco, amd

‘@igtering asddns ESVED CdLierent ¢ :

viscoslty velues,

: -seation vicw of tho pipe and ball of tho Hoppler viscssimetey
ohowd dhat the, fluld %o be mogsured flows pest the Bell through o slok-Jephaped -
-edreulor gops - The size of thie gap Is dependent upon tho Patic of the fipe dlow
moter to the ballts diazster = in:invorne preportions 1,0e the proator the dige &
‘moter of the Boll, the gualler tho sicklosshaped cirenler gaps 1P the 1louid puse.
‘ging through thie pap ds homopencous, then v will goh for the ranning tiss of
tvo measuring balls veluos-shich, accoraing to the caXibration of ihe dovicoy. proe
viia oqusl. (mithin orrer 1inits) viccositiss when pub dnto equation (7)e Ifp e
ihe othor hand, the mediun flewing through tho gap 18 pof bomngencens, then thoese. -
\n=izmogeneities wili meke’ thensalves more plednly surceptible with & gualler gep
{ond Jarger bell) than with a larger pop consequently with the levger ball a greater
-Ancrouse of the running tims &y occurs then with the ioall one, which, calculoted
gacording to fommula (7) lesds $o & cregtor vinccsity inercese for e loarger talls
In bofdorling crans the larger ball can owen oiop In.4ho plpp Doemice of Snehamoe -
‘gonotiios of ho gysten to %o modzuved, go that ite rmring tiws § 3 00 (Infingty)y
 rherensdy the azaller tall in the gane cysteam otill yo3lde 6 zoasursblo - S
Adme, - From those rupresentations 2t 45 cvident that tho senalstivity of the proe . -
. epss dopanlds upon the difforonce in radius of $he neasuring Bolls used, In Increpses
~with the Incressing radfus « difforercs « tul we must nob ovorloeck tho foed thek - .
the caalier Lol meat pgven bo ollowed do exhibit o runaing time P lcas thon 30

w20 - AS we have slready rowariody the viagoaity of o colleid exndbits
‘positive magnitudes at the clichiest change in ho conditions ¢f 4he ‘syptems Eoy
. 42 opn wistes to drzy Snferencos ‘based upen avoilable vardpiions in tho YFugesle
ecehniti® 23 to the degree of homsgoneity or Anehomosonoily of the 1icuid under
oxardbation, the folloving points of view will ho irdicativo, 4ibc:o £11, the ol
or ofl mixdurs to be mogsured musd bo fred o noarly freo Sron prSity iz;uritiegy .
€3 thepd cven though forelpm to tho system enn bo. nictsken for an inehomogencity
which rrally dood mot exist in 2he- sarse of an inshomegoniety which will =rom
‘sluigingecut of herd agphalt or freo corbon, o olininatd thess acureo: of errar,
all oils to be cxamimed must Cirat urnderge Filtratfon through glecs critde . Sure
thermore, an inehomogsezeity con-bo causad bty o too hipgh walorwsontent of the cope
" ponants of the mixture, Eovever, sinee in Judzing mirsinilsty wo zre not co much
concorncd witk reccpmising-a conditlon of inelomogeneity In ihe seneral sense, b
ratier vith a cendition of imehomorencity dud to alwigings.cut, 4% will Yo alvantes -
goougy as eztaustive tests have ohcrn, o raduce the water contont of ithe cdlg

below’l fe |
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.aaaié:eu t&m atam-mtmm inﬂuema, v Sorelan
the yiscugity miat:cmr&n Zhw Pfagelsohnd Bt
py pointss - Byevy aproratun shoenia. defizﬁta mmm' :
viaeos:mm 4hip 45 of the ordor £ & 0,5 %
: ik . This acourasy ie opy1iceble to orral mm
Cment theb fs done vith g bally  Ysing the Wumlschnitt‘ w6 Lonnd that the ¢rropP e
34ods vdece 40 ¢ 12,  Veririicns in the: *mgalsc!m!tt' of this orfow uf muznitude ;
“fall within tho orred range of the ‘epperats and Samnob ba clesrly disned on an ine
- homogeneity at the ¢4l being e=amined, Parbhermore, we must rexzember fhal. &mm
- beating ails, (ond £% 20 with the aatemiuu..&.m of Mnﬁmi 3144y thet vo are oo
prined ‘deniing) - ‘éo pot neaessaruy voprasent’ homegenociun oratens in the. m;-m
~ dnterpretation of the contepde.. Bany of thons cila aro $n morufectaTo Aoeded with
“foreign bodies which are prcm in such: "zmly atyided. "om thot they enonot bo. m- :
Eoved even by ﬁ_tcring ‘maiing the tasty, o

SR e mmmmmm Snehonogeneities iy Lo cavsed by

T firely of teibsied parafing flckes, and m. ‘elso by Wighly d&ax:aracd mplctacz
- waters In this 1sttsr cure the water/content ary emmmwlﬁ. “The mamesh]a i
. :,-in-mmz;a:m& “des tims Oavced, may b9 dlavegardsd. ’cr »I1 practionl Tvrohes Aneny o
condngoration of the siocinility of fuel ona. Tn erder to oilvinate Shem frolt ony
“evzinations v found -in the sourzo of our Ws&aﬁ%p&rﬁawi&e ek L R A
woristion dn sphesieal seetion (Sugolachnitt) should be fived &t 2 2 A1 systenS
that ghew var&mions within this volus oan, as thorcugh tosts hevo shown, Do ccnsh!ea-,
&d Mogogoneoug - fox tecindcal purposos, - If the warlation $n the- gphenionl geaticn
“emounts 0 more than 2%, thls:lenelazr inatartion of tho [rassnce ornninhamga- :
nimticn um: my nod be d!.omgard&d mltw.uns thc mcibiuty. S , .

’

o "Pha Legrea of tha vuriuuom o!:' ﬁm viaccaity valuen detaminm} rdth v
toth balls 4n ths casp of srhericel seation sRews, o2 was proved. in countlops eXpore
4montsl sories, a qualilative, um&el;r ro;voiueoadle zeagure of the dogroo of it -
homogensity of tho a:xm eoncerncd, - The phonsmencn Just desaribed gives us & roady
moens of doternmining the Boginndpe and the progress of en inhomogenization of miztures
of tuo or mome fucl oiles It should Yo notasd hero, thet She snmo pheromenon iz to be
ohamwved vhon the t.urbxﬂity sone 43 mct'od, for exaupley 1:: *seu::!na and c.r.ﬁim and

oindler ays‘eza.

I 1o mm in cmemim thc wuuney or mn-ai..ozbi.ity of |, .
fuol cne to detorsine the -bapinniby of the inehomosenization desenient uron & ch-ngd
of the mixture proporiion ocowrring at the pmes tize. lntemla. vo will dig:usg Whig .
tont oysten egain later, - .
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g the Misoibditty of Opircesrdon Mxiuve .-

miroune, A begine

he .
don sludedng ol

LTS En 4k viscopity tenporature mescuring Yoblel of Udbalshde and talincs

" there 1s-5220 =ontained o spotion for eomuting the mixing of nizture visceslfy of
* two o3lm. IR ihe vse of thio tho Veigured® vigcesities of Bll mixturon.ero. Biven. -
- hy Soining in m straight line iho viscesitics cof tho imitisl comporenis cver fhe .- -
O paramoter of the mizture ratic, -I€ one enters in this nebwork o eooriinntes the o

. @iscevered viscogity valuep of-tho individual miztures, this resultse -

~.

RIS - She wisconity volues of & homcgonsous, d40e mizcilie pyciem of tm.
_oopponords elther 1le on tho above meationed theoratical Siraight ino ‘or gencrally
) under 14, which lagb, in oms opinisn, cax bo exsléined by & suvuel ooige -

‘¢9on of cryatalleid parts, such an, reratines end aintles gubstantoosy

. 7 A% ony patoy sheon tho sghordcal seoifon s used, &3 long as no Ins -
- bomogenization or sludgipy occcura while the mossurezent 15 being rade, ooy veirlte -
tiom of tho measured widcositlas with both balla over tho previcusly otated Fongo of
.2 % could not bo dotorzincd (The presreguisita is absolutoly cozstant terpersture

, . Zn the eans 6f tho inehcmogonecus gysiens the relatdonahips are oo
Benontally different, Tithin o mizture series of two o wponants thero cccurs 8 risd
of tho mopmired visconity over the mixturceviscocityecurve of Ubdelohdo and Ualiba®e
Sust bofore the nixturs gap 12 renched, 1.0, Just at the slart of tho arca of ine

heomozensitys At tho séso tine 18 can happon that with tho sgwe mlxturo proporticn o
variation of cver 2 § ammot be dotormined, 4n the visccaliles measured with both
:allp using the schorioal gsotlon, Thia surgosts that Just dafore oludping a soolle
ing (tusefooticn) or evon a e~lvat foreation ogours, which recont Toscerch shows often
rans perallecl with @ correaposiing charnge of the spccific gravity, Since, thic :
shenononcn 1o to. be rogzrded &8 a fororamer of cn inehcnogenigalicn in tho penso of
a ogrocsive incrozse of the asphelt precipitating componont inm the mixture gyoles
consorned, cuy rescarch shows the posaitility of roplazimg bothersond oicrero tosto
ty vincosity rossuremsnts &n such cases, For 4n cll cases in vhich tio soamsared
viscosity excoede tho mixturo-vigccsity-curvo cof Ubdalohdin acd Tollhe®, it 10 a
questicn of zixtures uhdch will later beccmo inehomogoencoud, oven if no ‘scrious vaios
+iong con bo detorminnd by spherical oeotiong immedistely aficr the miringe 13 A
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cesew
% aftor thin ron fs pasdad, whichow: | ghor viscous
-genization, - Fron nere on tho syhericol gection eucws b veflatien of tho 9isooniict
‘pogsursd with tmmofmzs,mmo, Cdheteuperal progress of ‘aludping
-éon often b recognised by ‘the fact that ‘whon She moestrezonb ds ropeelod eftor & -

‘4% 8 oo loogor possible to reporduse the viscosity valnes
¢ darinite B31le - In this emeo & ripe or dropim -

“be doternined 1€ 120 Admm eicmast 4o allored to go on, bab the

- §ing S0.the exinting condiviongs  The wore reRl 141y this Pisesy the mmo or the fastep
" tho viceoaity drope - The dropping of the nesgured viscosity, ao rolated $o
recpording points of tho mixturesviecosity v ¢f Ubbolonde and Welil
wmwmmz?mummezmmmmmmiwa weal S \
mowuyamnom”amammmumm In-thig cenncciion 2%
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