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JETRODUCRION

Sines mdern civilization is founied en Sramsportation and commmi-
eation, the highwmy offers a vezy cssential means of transportation,
United States today has over 3 millien miles of roals of which approxi-
micly 2 million miles is of the unimproved type. There still is a large
mMleage of reads %o Ve improved, so mere and bLetter methods of Wuilding,
and materials for Wilding, oan Yo found and appliel to improviag the roads,

The performing of this thesis will do a 1ot to develop the tecimigue,
Juigamt, and sxperiense of the writer ea the malhjest of asphaltie semsmbs
desides contrilutiag something new $o highway ressardh work, amd, at the
“th,%hnwdwwhﬁmmhm
ships detween varions weathering tests,

The odjeet of this thesis is t0 sorrelate weathering of liguid as-
phaltic cenmits with their quality, to dewelep a suitalle guality test
that can be used to distingnish Setween good amld peor asphaltis oils, a
test that ean be ensily and guickly oarried cut in 10w ladowatory with the
least amount of eguirmamt aad with vexry 1ittle special training on the
part of the epewator.

Histery of Teatharing

In the early days of phetegmphy, solntions eontaining ssphalts with
‘some ethereal oils were used for preparing the semaitive photagraphic film,
On expovare to light, air and moisture under the lems of a samera, osrfain
changes were found to take place in the asphaliie ceating becamse when the
£11n was subjected to the astiom of esrtain selvents, the pertion which
had Deen in ecntact with he 1ight becnne insclukle, whereas the portions
protectel from the 1ight realily dissclved im the solvent. The first real
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experinenting with diffevent asphalils materials in the rhotegraphis in-
&ustizy was sarried as early as 1516 Vy Jeseph Niepees Yy rather crude
sethels as ilinstrated abeve.

16 was s00m sheervel that eertain forms of ssphalts were mere semsi-
Aive than others, sad Byrisn mative asphalt Desame very popular ea acecumt
of 1%s parity, solwMlity, sad semsitivensss to the 1igis' rayst. 2y the
additien of the chemioal compound, swlfwr chleride, $o the native asphalte’
1he semsitivity of tham towand light was greatlly inereased, Wt the pstyo-
lemm asphalie were practically remiered inert in ita presenss. Still fur-
ther invistigations showsd that petrolowm asphalis free from paraffine
were relatively the most sensitive Soward 1ight’ |

Another indusizy whare the weathepr-resisting properties of biSumineus
sudstances are of primary importanes is in the mamifasture ef paimis,
vamnishes, anl epenels. MNr. Tosh meted that bitwinous materials em ex-
posure to summlight decompesed with the liberation of "free" eardom.” Eis
axperiments alss indieated that this astion was inhidited Wy ineerporating
an epagns pigeent. Be alse pointed eud that animal and vegetalle oils are
2ot affectel in this mammer, mnd vhem blended with Dituminews materials,
apparently retaxd the aetien.

Mr. Bxbiard and My. Reove exposed severl samples of asphalts to the
weather wnies cover for a peried of eme year, At the end of the Sest the
residuss shewel an increass in woight emd in Dardnees.

They oondluded $hat the hamipess of all WMizmms is Wt due $o the
19ss of lighter consiituents alome, 1% my be dne fo 1o astion of 1308
sl oxidation. It may be emmsed Yy physieal phanonma, such as less of
1ighter oils Wy valatilization, o mechanical changss susl as rearrange-
ami, iater-reastion, or oxidation of eertain ecnstitments.
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In contimiation of the adove work, Nr. Reeve with the ailld of Mr.
Lovis weathered several mere samples in panels wader glass aal the re-
sults soted, Resulls were sempared with the loss on heating tess on the
sorrespending materials. IS was fomsd that the astion of wealbsring was
greater thas the loss em Deating at 163°C although comparalle. It was
dosided that 4l) Miumens whon exposed $0 weather underge changes thad
are dus to ssmething more thmm the less of wolatile matter and they may
alse adsord some oxygma,

Research work contimued to de sarried en with the wricus ¥Miuminous
materials along the 1line of weathering and artifiecial weathering., The
dhanges breught abeult bty expesure t¢ the slements are guite complicated
ﬂMumumdmmmMm’;

Imperaiion: This represents the gradual less of volatile oonsti-
fumis on exposure to air and the sun's heat. With any bdituminous sud-
stanes, the rate ¢f evaporation depends almest entirely wpem the tempere-
tare, the higher the temperature the greater will de the amsunt of eva-
poration providing all other things are kept sgual. The determination of
wvolatile matter is usually regarded to bs an ascoslerated swporation test,
whish is suppossd o show in a relatively short $ime at an clevated Sempere.
ture vhat takes place over a lengihy peried when sxposed 10 2o slemmmie
of mature, This is mot, however, $3us as will de wxplained later.

Oxidation: 7This takes plase on expowure $0 air and progresses mere
2apidly at high tham at low demperatures. The effect of exidation is twe-
fou.aummmummumuumumu»
stanoss, alse ihe elimimation of a pertiem of the hydrogem or sarbom in
ihe form of water or carbon dioxide. The adeczption of cxygm is ascompa-
u'w.wunwmmdmmumumu






.
asemmpeniel Iy & 1ess in weight, The extemt and asture of thase resciioms
will depand wpem e mbstanee itself anl also on the conditioms So whieh
1% 13 mRjected. ) .

Aaxenimbion: mmmm«m-mam
Himminens maderial sl is iadused Wy an extensive alimtmation of Nydre-
O™ ¥ = wxirems, The qpesita of fres eardon genarally condain a svall
paremnsiage of Jpirngum a0 are mot sompossd of free eaxhon cospletely. This
mmmummnmuwmu
Mtmmincwn matarial to high tesparatares.

Palymexisabion: mnma;mummmun
mmifests {iself Iy a bardening or setting of the sudbstancs. It wually
oosurs s a greater extent en the suzfacs of a material than 1% &oes be-
neath. nmwpwammmnumm.
ummmu.mramtmmnum“u
& greater or leuser axtent wpem heating to & high Semperature, IFolymeri.
u”:u is extremely noticealle in fatiy-aeid pitehes.

ALack of Mniatnre: umnﬁmqnmmub,
water vill leach eut the solvils constitesuts. ﬂﬂlﬁhﬁﬂm
this action decsnns cxygmmied substenees have a greaber affinily far
aoisture. B
Tith some furthar stuly iate the chastry of Mtaminous materials
1% i3 an apparent fast that thay are vezy ossplioated structures aal som-
aist of mixtares of mmerwus chamioal swbelanses in YazyIng preportions.
maummmm»mzmmwm—
sist of saturatel hyirecarboms ani wasatarated hyireearions in various

groportiens.
Rylrocarbons in vhich the adjscmt sarbom atoms are joined 1y one
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valenes are considered saturatel. Thess ecompounds are guite stable and
will not wadergs maoh chaminal changes.

 Unsabuzated hydvecarbons ave thoss in which sons of the aljssemt
oaxrbon alems are jJoined By Wwo or thres valonoes. This typs of compownds
28 less stalle as the exiva Ponds tend to fors now saturaiod molecules im
the presmes of chemlaally avtive coupounds.

Ressarvh is being carried on By the Javesm of PaMlic Roads on 1liguid
asghaltis sosd materials 31, sontimmation of their work ca Slow-Caring
types sl 1ater the meltvm and rapid-curing types of 1igmid asphaltie
mterials, The litest woik wndestotan ty thom is the testing ef road tars.

In the first of the alove three mentionsd woxks 1% was shown that ihe
asticn of memlight, heat, and alv on the materials when they were exposed
in thin £ilms produced residues with physical and chemisal sheracterisiies
21f2ering greatly from those of the residuss obfained fyom the wseal labe-
Patoxy heat fests. It was alse shown vhen theee materials wete nimd vith
a standani send, malded into qylindesw %y the Madhard-Yield methed, and
sihjested to the same &xposuze as ihe thin filme the stabdllity developed
I sach osuwld mot be atizituted $o the loas in wolatile maitew, In other
wozds $his method of testing omnmot De usell %o datemiins the diffcrenses
in stadility., The hordening of the matarials secur greater upon Xposure
than during 43sti)lation dne to the canses otder than the loas of welatile
matter,

Trom the rosslts of the tasts on medium - mnd Tepid - cuving edls 18
was found $hat the Oliensis Spot test is more senaitive than tha microscopis
test in the dstection of materinls that have been overhsatel Zuring the
proesas of maxufacture. Although neither test socms definitely $o Be able
%o distingaish proZusts that willveather dadly, Alse 1% was found tha$
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eardemization sosurrel ia soms of the eils in Moth the ladoratory aad
sxposuvs senditions that bad a vy high soluMlity in sarben dismlphide
sad sarhom tetyastleride,

mm«mmmm-mmfmumnnum
sl 2o fallowing conslusions were also drsmm: (1) $hw bond sizemgth
mwmmprawﬁmmm:rulmd
Just the wolatile matier, (2) the ultimate loas on exposars approximates
the Sotal lsss of velatils matter in the standard distillation test. (3) im
gmazal the nfex of free earban i the resifnes from exposare is Mgher
for the Sars Wbl hat iniilally a low free carben scatent and also with &
msh incressel hanioses of the expesure resilnes. |

nm-wdmmmmhmmmum
mmmmwunmwm The past
fxmetigations have show in seus aases thad jiysiml sl chewioal chares-
taxistios are devalsped upom wposure that satisfastorily withstand ihe
stniand lakoredexy specifioations teste.

mmuummpm-ummnmmnm-
%0 a linited mmdey af seurnes or mumfastaring prosesses witheut anything
% chow ¥he wealder-resisting preperiies or life of the malerial Ulms ob-
Seinel. This lesds the muider S0 Malieve \iat some modifiestion or medi~
fieatims of the present laboratery heat teste so $hat the residnse develop-
o2 3y M recognived as s means for delling the gool 1ife of a Bituminows
smbstanoe,

The writer intends to %ake a ssries of waricus asphaltie road olls ef
she type 5054 and sudjost them to waricous heat tests and exposure tests,
The vesulis of hese tests will be cervelated together Wy makiag waricus
tests en ths resifues from essh test.
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The main test will be the bremine-absorption tess e all the residues
as wall as the original materials. Since Bromins is astive chemieally,
and the road oils deing tested are in (he classification of wmsaturated
Xydreearbens $hat are most easily exidised, reduced, conlemsel, and hale-
osmated, some semparahle results sught to be obtained.

Alr, 1ight, medsture, spi temperature initiats and promote erganis
reastions.’ Therefore with ihe adove ccasiderations it seems that deter-
minajions of wasaturates eculd serve as & measmye of wenthering resistiag
sharasteristios of Mituninous materials,
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The most of the materials netessary to work with were alrendy in
e highway ladoratory. The different oils useld were obtained from
sanples that the Michigan State Higlwmy Department hal obtained frem
the warious refining companies. The highway department alse furnished
poxais used &uring the experimeating. All of the other eguipment snd
mumnmnnmqummm

The weather-cmeter was Wilt similar te the type wsed 3y other re-
search laborateries.” The carbom are lamp was dorrewed from the electri-
eal enginsering depariment of the college. It was se £ixed wp that 4%
eperated on the sollege 110 v. %0 130 velt altermating curremt eireait.

The stand or lase had te be construstel from materials received
from college stores and repair shep, For the legs 2}* cast ivem pipe
were used snd the top of talle was made from 1° angle irom stosk. TFirs$
mxépmae.tnmassﬁdmuwauhuam
the angle iron top and braces %o them. The top cutside angles ivon was
mds square being 30" em a side vhidk was the necessaxy sise needed in
erder that the $est plates oould be plased far emough from the are lasp.
The %) wat attashed %0 the leogs and an angle irom b2ues was plased o~
mmiamm;t.aumaa'fmmupum.m.
Bt smll aagie irons vere fastansd $0 a emier gusset plate and then
3laeed en top of the stand from where their lemgths were maxied %0 Do eut
off st the correst lmgth 40 ferm the dass for the two cireular rings,
e 29" in dismvier and the other 20" in dimmeter, that were %o mpperd

the taal platen, This base wvas them fastened to the stand and the twe
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vings muds from the angle irems fastened to 1% Ly means of 3* Yolts, It
was nessasazy 3o jut shims waler somd yarde of the eisoular rings in
srder e have than pofeetly level bewsmse the type of oils testel are
ile viseous 20 in ender %0 have (he 011 remain e $he plates In & wai-
- 2emm Whidnsse 13 was nescssayy %0 have them perfestly lewal. % suppert
for Uw aveh lamp consisted of twe §" pipes 6 feod lung comested ty el-
Sswn §0 & pipe of the sams aize 30 imehes lomg. The shart pips was the
aross-dur ami the Wwe long Pipes the legs that wese Zastened %o the top
angle fvem of the stwnd snd nlso the engle iron Yewse that was plased
dowm 22 inches fyom the top of the stend,

© 2a order 10 keep the dust off of the plates and o keep the air
drafts Tyom affestiag Ahe are lamp {§ was noosssary 0 endlese $he sidse
gbmammmuamwmuﬂuw.n&
the top being covered with a large pisce of aloth 80 keep the duat eus
and alss %0 allow some ventilatden 30 carry off \he gases and wspors thad
were formed.

The next Shing was $0 put an even film of esch oil wpen the alumintem
tes8 plates which weve 2i" Yy § 7/6%. The method of putting s evem film
on the Jlates Wy meens of 1hs instrummt ealled the asyhals trimmer. This
Arismer consists of & atatiosaxs wsial $2h1c and an alestriselly hested
©1indrienl cloment with verticel adjustments which pexmite the plates %o
% drawn threugh wnler the elowmt and en oven Shidmess of ei) is left
on the plate. A mechime 1tke this wovld be %eo expemaive %0 By so 18
ms neessenzy 4o vae the method of emntrifugal fores to spreed an sven
layer of 64l oa the plates.

M 012 smtrifugal foroe milk tes$ing apparatus was odiained from the
dairy departnent and 1% was remodeled so $he test nlates oould be fastened
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n‘mmmumumﬂa-pm.um.wdou
mmammthunmmawwmm
fioms par mimte for about ihres minmbes. 1% was found that the film
idkaess to be depositat en the plate, 1f the [late is Xept at a Sempere-
e of 125°F daring the szrealing of the oil, % be spproxtwately 0,001 em,
mvmmmmmmm@tamgnmawm
M the plate aad the area of ihe plade boing ko, | |

~ Af%ex sevepal trials ware made %0 got the mos$ uniform film upen the
plates, the 16 alunintum plates wers mavked and weighel, the weights being
Feeried. Them a film of each o1l was plaved wpon the plates Uy memne of
2 amdrifugal fores apparatus $hal was kept at a Semperature of 125°¢
sl tarmad at & spest of 100 r.p.n. for thres mimtes, AfVer all %o plates
*i4h e oil ou them were aguln weighid and their welghts ressnied, tday
were plasel syousd in a ciroulsr Zashion oa the rings in the are lamp
woaihep-cnoham,

he date ant $ime of tuming on the soe lamp was recsxded after whish

& inapecticn of the plates was made every Shree hours. My changes in
iy appecraness was 20%ed as well as the taperature within the weather-
ensber. The are lamp was Mept running contimuously and the plates were
rotated adout wnier the ars lap 30 each wald Tesalve the sane aammat of
1ight and heat fyom the aro. The rueilte of this cantinusus Seet will be
Siven in the data anl Tesulte of $he cmperizanting later 1 this report,
To have asre results % sorralate with the contimicus sumning test, samples
o Sda sams oils ware ran woler the ars lamp in alusintum plates ascording
o he molified asselarated weathering $oot with film thidkness of 025
tneh uALL fallnre., This moitfied weathering test is intadiel 4o smitate
i inbensify the astion of sm, rein, and low temperatures upom bituminews
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saberials in the fexperature mme. It is gwmerally eenceived that 30
arelss of 2 hewrs is egivalent Vo 1 year of astual exposure eutside,

The qele sonsists of 15 howrs wader the are 1ight at 190°C then the
senples were 7lased in a water Jath for 5 heurs at roem temperature, One
hewr was allewed for inspestion ihen ihe plates were placed waler the
a1% lawp for sncther qyele. Refrigmration was spplied to (he plates for
a period of 1 heur thres times a week, mqlnmmummhﬁ
sod then the sexyles were Sestel ly the Mromine abeorption Yy Vhe weathered
oils, . |

T testing the water from tls water lath that the samples were plased
n.:smzmmtnn-unmmmuam |
mmummmmmmnmm
PArt bossming selvlls in water 1s aeid ia charaster. The ecupemnis in the
water were femd $o be slichpiss ly Sesting the solutien with silver xitrate
and the result was & silver presipitate formed, | |
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Baating in the Oven: Ons grem of cash ¢il was weighel sud en the
amalytic balanee inte small eiroular $ia yams that were 23" in diameter.
This was given a film thickness of 026" of oil in eash pam.

After the oven, which was heating Wy slectrie heating coils, was
Wwought wp to 153°C the sutematic rheestat on the oven was aljusted se
the Sewperature wonld e kept eonstent at all %imes a$ 143°0,

e 16 smples were yun in (he oven al ome $ime. Every three heurs
a vismal inspection was givem them $0 note any change in sharesterisiiss
and %o 20te 1o time that each ¢il lost its alhesivemsss or life, Bt
is ¢ sy vhem 10 ¢il beeame #¢ hard or Droloen uwp that i% weunld be of
20 wmlus as far as being ¢of any wee as a Vindiag material. ‘!hnnih
will be fouml Salulated in the data later in this reperd,

AfSew all the eils hai failed, the pans were takbmm ont of the ovem
and sommately weighed en an smalytis dalmee. Frem the original welght
and fimal weight the loss in weight during the test was foumd. A1 the
smples wvere then testel for the amcwnt of Byemine they would adesrd, aad
the Bremine - adeorpiton walus of the eils after heating deternined,

A 3 pevesat film of o1l was shosem as (he appreximade smewnt of il
that woulld cower partiacles of agpregate in the eonstrustion of an oil read,
Next 1% was nsesssary %o dsterming whal amount of oil %0 add %o a certaia
anount of sand in srder to got a film scat on the ettama sand of the
eorrech thickness. Ottawa ssnd was used Yesmuwe the particles are mere
amy¥ly of a waiform sise than ofher aggregate mderials.

A sample of the sand vas washed sad seremned through a 20 mesh ssreem
marked ,0328 inches cless fit. One grem of the material was taken aad
theroughly mized from which a mnder of smples were taken ani the mumber
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of xemmels lying clese together Wedwean Swe mazky ox a flat ylese of
paper 1 on spart was found from a wuber of trials. The sverage odlaiasd
was 12 kemmads from shich the dimmeder of one rariicle was sdiained,

Tho sface ares of ¢he perticlas was sMained wnier the asswmption
that ke pavticles are spheses, From the ocuntiag of 0.1 gwem saxples
14 was dstermined 1hat 1 grem centained 1400 particles of sand from whieh
e 10ta]l mmfooe ares of one gran of She sand was cormputel., Compulaiions
wowe soaputad for a 500 gu sample of ssnd and a 3 fils of of}, and 1% was
founk thad the thidimess of a 35 #il £ilm was spproximstely 0.000% fmdh,

‘2% wan mecessary for the twomine abeorytien Sseh %o hawe § gwm of
mnhuuptdwdmmmhhnmmﬂ
mwg-nmunmmmmmﬁmm
%o heat the aixture and etir 18 wp well with a spatale waiil it was well
sibeed,

A siroular tin pen * in iamster ves used to put the sample of ol
i sand 1n as Whey zive a thidgknoss of matewrial in the pan sufficiemt se
s shange in e alhesivensss or 11Cs of the ths o4l §» hold the particles
oould o metel wpon inspesticn. The weighs of the pan, e weight of the
pon and seaple wers deternined sz an analy$ie Imlange.

Eight semples vere Sssted in the oven ab ene tine. The sanglien wene
taspested sveay three houwrs sad shan the 24l loat its fadkiness or had
failsd, 3¢ woe takem out of the oven and the time it ook ihe sugls %o
f2il was recordel. The sample was weighed ani the less in weight deter-
minsd, AfSew the fimet eighd samples hal falled tham the ether eight
samples ware mk wadil failnve, The Sest in the oven was Tk &t a benpern-
tawe of 143°C the same ae in heading the oils im the tin pans. Fros ihe
seaples the ofl was removed from $he sand Iy #he solvend, oarbon disulphide
aad the YWromine abserption test run en eash sample.
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xifabien hy iir: The smiber will met go inte my detall ademt
this test as 1t is the objest of Mr. Moere’s ihesis. The auihor ef this
thesis ebiained seaples of the residus for each il after 1t had air
Mown threugh 1% for twe hours at the yate of 500 es per mimate ad a
© Sewparature of 150° to ren the Wromine adsorpiiom Sevs en them 80 Ay
osuld o sompared %o the resulte for the other weathering tests. The
oaly differenss In comparing the vesulis is the fash that the less in
weight of the original oils were met deteormined during the alr blewn test
o the Tremine alserpiion walne ean enly b esaputed em the weight of the
resitus while with the ethar tests scapleted the bremine adserpiien waluwe
was somputed for 100 gue of the origimal oil. |

Sines Mremine, ehlorine or iodine are used to test the wsaturateiness
of Jyirossrbens, it was docided iy the mibor to use the hromine adeerption
% correlate \he results of the different weathering tests together. The
speed of the adliition Teastien of olefinie hydrocarbons is gmerally ruther
Mgh with Sromine 20 the test eam 30 used witheus taking mmeh time, Iy
sy be well %0 give a fow ypieal Teastions of wsatusatel straight ehain
hydresarbons upon treatment with dremine defore giving the precsiure uwseld
in perferming the adeerption Sest.’
(1) OCompounis with ene dewdle Mond.

e = o Al

symeirical otiyl metlyl sthyleme ¢ Bromins — 2,3 di-hrem pemtans.
(3.P. 36%)

x’é—ﬂ-&mg, '-?f + p - B&&z—(ﬂz&;%

adowylens (3.P, 172°C) 4 Bremime —> 2,3 di-lwem dosume.
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{1) Compecads wiih ems doulle ond (Comtimmed).

Hemsnes - itk

surotms {a seltd) (P, %8°C)
(2) Compomnis with twe dsudle Yonds such as
1,1,3 &1 metlyl ete-dime (B.P. 93°C)
Lol om . 010k
Rt |
e

(3) Owmpownds with thywe dowdie boads,

B 8280 o , siitila

1,3,5 Sexatri-me + Broalos., 1,2,3,1,5,8 drom haxsne,
(3) Cempomnis with ene triyle bond (aseiyleme type).

dhedh o omo T

syl stlyl eyleme ,
(5) Compounds with Swo iriple tonls,

modlom o v %EH%E

1.51:“%
(6) Astion of Bromine om mercoplens sulfur derivatiwes.

B omo 2 - it

From 128 abave reasticns it seems that the adesrpiion of Yrenisme ly
mqmucahmhummuww
presmms, shidh ave oonsidered %o be the empouads that are mere easily






> -
weathared or Weokwm doms, md a weans of dstermining which are the delter
ells 45 Be weed in wvad eonstwestion,

The fellowing procedure was used in performing the Wremine absorpiion
Sest. Adomt § gu of 011 was weighef ou$ aceurately 2n a flask and 25 e
of earben disulrkide added to dissolve the oil. Then €O se of Mremine
ammunamumnammm)mmu
the flask, The flask was cerked and shakem up wall bafore 1% vas placed
in & dark cadinet for 15 mimtes. AS the smd of the 15 mimmtes it was
zemeved from the dark aabinet and an sxeess of potassium odide (100 oe
of %0 gas X.1. pez 1000 os of vater) wmas added. Ths mixture was shakem
wp wall snd then titratel with wdtwe $hiosulzimie selutien (dsainermal -
zks;-unu-mmuhmooudmunaw)nmm
extarmal storeh inficater d4n't Surm o tlwe celer et remained pexfestly
Qear. a—m«-auumam'”t&mnm
thiesnlphate necessary 30 adserd the amemt of emine nod adecrbel Wy
e saaple of efl.

To £ind the amswat of Sremine abesrdel ly Vhe oil, it wes neesssaxy
%e stendardize the hremine solution iy alling an exosss of the petassizm
1odide solulisn te 60 os of the bremine solutfen il $itwating Vids mix-
ture wmiil the starch indisator showed a neutrul condition. Wis would
dﬂ&ommtdmmnm.tamnmwm
moe Detwom the staniardisel walms ani the walue fer the ¢il adeorptiom
will give the mmder of eo's alworbed Yy that guantity of ofl,

In order t0 got 2o bromine abdsorpiion walue it was nessssary %o
multiply the wumber of subic swmiimsters absorded Wy the fastor (.008)
hnhwdmam.mumnmtb
amownt of Sromine that would De alsorbed ly titrating 100 grems of the oil.
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The smewnt aheorbeld &y 100 grems of the ¢il is the Nromine abesrbel
walue of that eil. The brenine shecrpiien walues were delermined for
a1l the 2ifferent oils in each different Sest and the yeslts rescnied.

Phe vissal results of the adeorpiicn Sest were neted sal the resi-
&ves savel fer further Sesting.

I8 may be well 90 note at this peint that a great many of the sasples
showed a langs mmewmt of seum or foam, This fosm may 30 dus o ke phemo-
mMMmeMW“MhM
mexging together and feam forms due e the thin filas of the materials in
the solntion being of different eonemtretion. The solute them either em-
omfizates in the surfacs or ressdss fyem the surfase lesving the mom pure
pards as foam. I is & Xnown fact that yure ligeids will mix witheu$ ay
foam or seum deing formed. This feam formed during the Wemine alwerption
Sest My b sems indlcation of the mnsaturated lydrocarions present in the

asphaltiec oils.
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o= DATA & REFTLAR —
Momufastovers of e 4iffovent oils.

L—mmmmmm-mﬂ m—-
zmmmm-smwmm;mm.m
putmmmm

m—wmmcmmzmm. wm
n&-wm wu.mm

G — Scelly 011 Compemy, XL Derais, Kgmses Refinery. Ngmfactured from

| Eimad Xmeas erels, waing & weewm refined amhalt, et ek vith

n.-m-oum nm,m mmm
mi. It 1o & toppel erale profust,

) T naoum nm.un- mmum& It
ws a Mend containing 30% evadked tar and 705 wncracked crule
Sottems.

¥, == Lion 011 Cempaxy, Xl Dorade, Avimtmas. This is a diend somsistiag
of 100°F melting point topped Smashover srule aad mon-sijasent gae
o4l from Smadkover eruds,

@ — Shell Petreleum Corpezatiem from their Nereo, Louisissa refinexy.
I8 is a steam refined Mexiomn svude,

E. =~ Shell 011 Petroleum Corperation from their Zast Chicage Refinexy
and 1% 1s a mixtere of erasked residues from mid-Oomtinemt erudes.

1. == Texas 011 Cempany from theiy Cody, Wyoming refinery. IS is a stemm
distilled, mammfactured from Oregen crudes (Oregon Jasin Crudes).

3. == Standard 011 of Califernia fzem {heir Ricmead refinexy. This is
a Nend eonsisting of 505 1N® gravity residwmm amd 20§ of 50 pens-
tratisn stesn refined asyhul$, Meth predncel from Calif, evudes.






| -23.
x.-m-v”mmmwmtmm.
I8 1s & produst resulting frem the wacwmm snd stean distillations
of mixsd Base Xansas Crudes.

L. — Secmy - Vasumn 011 Cempeny frem their tugmste, Kamsas refinesy.
mu;unmmmnmmmmmm
umm.mmunatmexm-mmm.

m—m.u-onmmmm.mm.
This 1 & straight rwm produet of Wyoming erudes.

F. - Sosony - Vasmm 011 Company from their Gasper, Wysaing refiney,
mnsuﬂ«mmmm—mmwwm
syathetie precess. A erasked preduet.

0. — Oulf Rafinery Cowpeny from their Cineizmats, Ohto refinery. A
oracked predust of mized Mid-Osmtinemt crades.

r;~hmﬂnmmmmmm.’wm
xtuawmm»mutmmuu
me 1080 & topped produed.



Fe., of Particles per gram = 1N00
Ry sheck in 0.1 gn ssmnting
1k2

g lﬂgm
3

. Pass Vareugh 20 serem muk 0,533 millineder or .032K inshes close fif,
- By calealation
124 5 10 mm,
o I -
Asmaption thet msyy will % slightly less tham 0.533 so average cleser
%0 0,80 mu. = .0V

Surfase Aves of ene partiele 3 &% 5 3.1M6 (.0m4)?2
= «003097 s, in.
1400 Pazticles in a gram g 1900 {.003097)
Vo 1 g sand suxfase Avea g M. 3358 my. in. 1 gm.

T fhgp nllel < 15,05 . O

WO gus. samd surfase irves of 15.05 sq. £3. er 2,167.9 sq. in.

Film hickness If 3f oil adied g 15.3572 e8. » 1 487 apprex.

1/\A% a{At) g 1 indh
I 1 em tn g1 892 (A)N)
IA‘.IM

NS g s 00046

;
2,167.9
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Souking iu sven 1 grom of ofls en 4in plates watil failmrve,

i

WEEERWETWN SRR

g

Nadk shiny Wwitile &
» . .
. ] .
. . .
» . .
. . .

Xatk,daky, flskey sexfaee
Nadk shiny Wittle eradved(wur-
[ ] [ [ ] (‘m.

Aftar baing in the even 15 heurs ofls A, L, and O begm %o lese thedr

tatkiness I3 remainel Nlask and glosay on (he suxface and they were e
fivet $o f2il as shewm adeve.

011s 1, J, XA X at the end of 24 hours still retainsd thelr Sadki-

ases whils all the other oils had falled or Dagam %o fall,

The final ohareeteristies of all tho eils at the «d of the Sest

whish lasted NS hours, is shewm in the talle adeve.
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Realing in oven a ¥ edl f1ln on Oitswa Sand.

K

", o2 Zoss in WS, £ loss Time of
o1 o, in gne. oL WS, falling hrs.
- B B 3
o . 2009 S
» .g -2900 2 124
| . 1706 ns g
y 2000 . 20562 1.2 |
B = & 3
1 -6000 o 3 % |
L 2 = B i
- .6700 1938 §:° 5
¥ 6000 am 23 3
> B wird 1.8 13

Yiemal erestristion of stxtures during Sest.

Af%ar 12 hours heaking eils - A. 7. K, eni L were losing tedkiness
anl boosming hard and Writile. AS end of 18 hewrs - ofls A, 7, K, ank
3 ware beooming guite hard while the remstnler of ofls bagm % show
stgw of lesing Whetr taskiness exseph 3, D, sl O,

Of1 T ot end of 32 hours hal 1ost 136 alhesivences bebwesn perticles
mnthmnmmoumm&m

011 O wpom faslwwe hai tumad very Miask and lest its adbesivences
T 53111 remcined oily instead of Locoming hard aed ritile.
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Ypieal form of laderniexy astes en Jvenine Leorpitien Test.

Sent em Original Olle v
b Br.

. Wie of eid Burette Daretts Differencs Abeozded
o mgms. Realing (1) Realing (2) (2-Q) 1nes
1 0.0 33.8 33.8
p 0.3078 g.3 2 2.9 12,9 SRE
3 o.gg 0.0 .8 .8 )
[ 0. 0.0 26.7 26,7 o1
3 o o0 2y o S
) 4 0.4260 &6 ;9.1 iag‘.g 5.0
o 0.
:‘2 0.2986 3.2 7.’;' 4.5 5.8
X 0. 0.0 2.3 2.3 8.0
3 0. 3.7 X7.9 2 6.1
J 04T ;a:o %3.7 h.l 5.6
4 0.3800 2 38.8 N, 5.7
3 o.3a n.0 2 3.1 .2
X o.g%g g:s 30.9 3.8 9
’ 0. 7 o’ 20‘ 702
° o.?ph 22,0 7 2 Te
? 0.6313 20.6 2.0 1. &.9
Test en oils frem veathes-emetew plates rmm £3 hewrs at 34°C.
13.5 Z1.» 13,9
1" 0.06 gis g:o 12,5 1.8
3 0.1 g:z y ] 1.2 2.7
g 0. | % 37.0 12,6 s W
» 0,0486 0.0 12,3 12,3 1.
0.1068 12.5% N.8 12, 1.6
58, 2.8 %o.» 15, |
4 0.135% 0.1 13.8 13, 1,
e 0.1078 13.8 271.2 13. 2,
| 0.1020 1.2 9.5 12,3 3.3
1 o.oszg 0.5 13.8 13.3 2.3
J .12 14,2 21.2 12:3 2.3
X 0.0850 1.5 W, 131 1.%
3 0.077S 0,2 13.7 13.5 2.1
: 0.1027 g.g y g.g gg §:§
o. [ ] . ®
0 o.ﬂﬁ 0.0 12,0 12,0 3.6
4 0.1722 12,2 3.9 1.7 3.9
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BEEREIEN
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RRRNISEE

Bromine
Absorbed Absorption
s, of Br. Value
AT 0.3078
18.2880 0.
17.5092 ::
1 0uh8 o

9.3896 0.

15, 0.
13. 0.
1s. 0.

9 Oe
12,0000 0.
16,8370 0.
13.9535 0.

12, 0.
12.1 0.6
11,2781 O.



T, %est IA@miwlet Part of idsezbed  DBromine
sample WS, oforigi- 100 gms. of gas, o Lbeorptiem
o in gms. aal oil srig. ol Brenine Valu®
‘ om 3 zoﬂ Om 17012
B R OB 3 B
D . T L0886 .61 <0128 i;
3 «1086 <1068 32 0128 11.98
4 JA372 AR g 0152 211.23
¢ 1102 1078 927, .o:.g 16.33
: <1020 «1020 sm? . gﬂ
am ® 2‘ .m L ]
J Ja212 ﬁg ﬁ&é L0158 12
K -08T0 «08%0 176 -0120 1%,12
3 .gg; OTT8 1285, 0168 a.%9
| o «1027 oT1 «0208 20.
| o0 .0 1366,12 <0160 a.
[ o1l o1 5 «0288 19,
b 4 JA72a JAT2a 581,05 ORN2 18,13

Visual charecberisties of oils em plates wnier Are lesp.

Af%x 3} hours rumning eils 3, D, anl P Segan %o bessms spottel em
e plates. The final resulis aceording $¢ locks my ™ classified as
follews:

extra heayy spets: - 3, D, amd P,

e ® -1
gt * ® ;: -« ZamdJ.
medtum * ; - A, I, L sl
g4 * ; - G, 6 KK ¥, and O,

The eils still were quite tasky vhen ihe plates were remsved frem

waler the Ave Lamp.






-30 -
Svenine Mserpiien Tost n saples frem waler earben Are Lanmp Veathen-Omeber
Pest for <30 heurs at 1N0%C,

Ti. %est Amounit Iremine
sample Pard of Sromine Absorption
ol i gms. 100 gus. Heszhel Valme
A 0.43% %S‘B O3 I_g
3 . 0l :
‘ 00% :Z o&g 12.
3 0. 278.63 O34 9.58
’ °l mon .0}“ 105
4 0. 3%0.83 .0096 3.
s 0.3 52 0526 1.
x 0.2906 11 0212 %36
3 0.3077 3N, «0280 9.10
3 0.2989 N, 0152 {g“
¢ 0. 3258 306.8 +0052
X 0.1036 0223 3.2
n 0.200% <00 0160 T1.98
: g.‘xs !g 0280 g.';‘;
? 0.3078 g3 +QF0% 9.58
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Breming Adoorpiton Test on smxlos of eils after failure im evem at 1¥3°C,

,m R

¢ ¢ & @ & 6 5 a ¢ 8 6 0 0 0 0 0O

® ¢ 0 6 0 0 ¢ 0 86 6 0 0 0 0 ¢ 0
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Byexins Adssrpiien Test en If oil fils en Otizwa Send in oven 1¥3%C.

m,. | Easasenensa
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Bvenine Lesrption Test en el oils that Jad alr Newm Chreugh tham at
rate of 500 es por min. for 2 heurs at 150°C.

™, Test Anomt of Rromine

. ohs. Lhsoxded 'alue
A 0. R <0328 98
PO 22 2 R
' 0. (.} «0200 1.3

oot
2 o. 36, %0 0268 9.15
Y 0.2000 g.oo ~OLEe g:m
[ ] o.z% R O3 BN
) 4 0.106% - 683.06 032 2.n -
1 0.19%8 513.3% .% 13.71
J 0.3307 321.85 N 13.3
0.3092 51 -0288 9
3 0. 29¢ g2 »0320 11.03
. .M mooz om no&
i B RS B 5B
r O, a3. -% 9.3
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wwnwmmmm.m

fuen eehen ire Lanp thet were westhenel for 53 hours at WG eontimmens

,mh.m.........._wdm........_mdmdm.

._”w j....} 3% ...a._ﬁ

| e __,_,_}_m i
I _m‘w‘_‘ il

et 1 R L T

.Mwa..........»wmm........mmmmuw..

vl | ppee-gl 30 ....um ____
| m ! | w__.”. o :;

THITH _ﬂh_h
ek

m..lc:lrctl:xlllor







-3

Viseal damsteristics of 3esults fn Resnine Meteydien Sovt = ofls frem

suen Jne kenp weather.enotew Hhat was Jum 530 houss ab /+0 %0 em melified
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Soshel in oven wtil faflwre,
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Visual dhamnslieoristios of zemulis fyin Dvenine [eexptisn Test en oils

Zom test vith Obtem Semlk.
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Vismal chasasteristios of Dvenine Ldesrptisn Test en ¢fls that have had

alr Weowm threugh then fo2 2 heurs &% 7ude of %00 o¢ per nin at 180%C.

IHUTRT u_m_ Wiy
mmm w:::mm_m_ 1L “m :w_ww
I3 &m&x%za_& m%:m.

5 1.1
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Bl *moamne mweo« »xxaxmnon




-B- 4
2.Me of ladoratony sharaoberistiss of oils and Sesd results,

Foeess Stemn & Yasum Distillatien
o2 D e T | = x| P
Spesifie Gruvity 29°/299C. 0989 | o.9% | 0.990] 21.009| 0.996) 0.976
Tater & seilnmt, per omnd 0.05 0.05 | 0.05| 0.2 | 0.05| 0.0
Tash petnt, (Clevelsad | -

prdpint R 2 | o | v | am | am [
Viseosily, Saybelt Iurol,

. 908, X0 =3 e | 3 | 63 | 532
Eetezogmaetily Test ang. g | BOE. | Beg. | meg. g,
Distillatiom o

o te23%¢ 0.0 0.0 00 | 0.0 | 06 | 0.0
o° te 3% 4 0.0 30 | temes| Syees| 0,0 | 0.0
o® % 360% § o5 | 120 25 | 1.2 | teaed 0.5
l-; - nutm.u;: llzgh : - "
ttaem Soluble o8 22:? o o s
Tests e 100 Femetratien i- 5.2 | 9.5 2
Actal pemstration of Res. |0 107 99 % . |
Heat tims to above Res Jry. |22 3 ) L% B
| Sotal Besidwe, $ 5 |53 (162 (71N (W3 |
! Dectility, 29°C,5en/nin,ems| 1N¢ 12% 106 150 I
* s ¥o,5m/uin, e | 7.0 %5 95 | 7.0 | 90
Asphaltenes, por omS (%" 202 | 13.3% | 12,78 | .07 | 5.08
m M - e s e r [P
:&f: o1 o 9.38 15.%% | 15,29 | 12,00 | 13.95 | 11.28
oven test, 1¥3% 5.1% 692 | 8.02| 588 696[10.M
OMama Sand %est, 1¥3% 3.0 7.9 9.57 | 5.86| 8.95! 1.6
partial failure waler %% | 1633 |19.37 |1M12 | 20.25|Y.
Arc Lamp —t
ssmplete failure wnier 9.58 11,86 9.10 | M67! T.98
Are Lemp
aly Wiows - 500 ¢8 1.3 IP™ (9.2 ! .31 | 1.
uin fox 2 hrs ad N |
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Tale of labesatony chavasteristies of oils aml test yesulls, (eemd'd.)

Renl stomm | Out Mask i steen
refined Do steam Resd- refined crasied
PFrosass Quse o & oas Residnee
ol . | 3 z [ 4 3 3
Speetfie gxww. 3°/25% o972 | 0.976 | 0.9 | 1,005 0.952 |6.995 |
Sater & selinmmt, pavesnd| 0.0 0.0 0.5 0.0 | 6.3 |0.¢
Tiach poass, ( 36 | am [as |2 |10 [
Visessity Saybelt Jurel, 522 ) B ER. B
600, sen.
"3‘1*‘-‘3’- $ 0.0 0.0 | 0.0 0.0 | 0.0 | 0.0
® e ntcs 06 | oS | G2 | tmed 3 | OGO |
09 v 360% § i5 1306 (70 |0 |78 |63 |
{oest on DIStA)latien Boan | .
WL&LMMMM.
Residme.
Astmal penston, of 7en. | 95 4 ‘
Hat tine te adewe =:. 9.5 '3 3 n 11.9
Setal Mesidee, § 7.7 (523 |[@ws |[®2 (731 (%02
mﬁ.ﬁ."l& b ) 0
. .W.% 1.0 %95 LS | 7 5.5 65
Asghaltenss, per omd 10.00 .G [12.66 |1n66| 5.95 | 890
Bromine n-;gu- Poat-
per _
| parpiociiers g oMy | 9.3 [17.m |68 1529 [1608
ovn test, 23% 599 | 592 | &M | 1. 972 | &%
Ortann Send Sest, 1% | 7.60 | 896 | 6@ | 5N nw | &a
partial failure wnier 15.86 |[11.Z5 |1%83 | 2.9} 120 11.98
Ave Lasp
mman:’ wier %.08 3.27 |12.62 | 13.2 G| 1.3
alr Yom - 500 13.39 | %2 [1276 | 1103} 1%32 | 3.15
for 2 ke at 180°0 N S
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Talle of lalerntory characierisiiss of ofls and test yesulls, (eemt'l.)

Nended Stralght {
o1 N ¥ | = a o |
Spocifis grevity, 25°/25% 0999 | .02 | Lo® | Lom
Tater & selimmi, peresst | 0.0 0.02 0.0 o.% y'
ngab\poioag (Cloveland opem 170 158 152 | 20
Viseosity Saybols Furol, 637 W67 heo s
a)ec._ Fyee . . ._..._...-_.A-\g
Hetezogenelty Tesh Pos. pose Poss ;
Distillation |
0° to 25°% $ 6.0 0.0 0.0 0.0 !
0% te 215% ¢ Wnes | twees | 0,0 6.0 |
o® % 360° £ .5 3.5 1.8 6.5 ,
Sest on Distillation Besidus | i
Bitenm soluble in ec/¥, § 99.9% 95.85 | .96 | 9.52 !
Tests om 100 Pemetration Resilne 5
Astas)l pemetration of residme |1 9% ] 07 |
Bsat tine to above 2es., hewe | A5 2.5 1.5 T
Total Resilus, pevomt .2 Q.8 .0 ™6 |
Dustility, 25%C,5ca/nin-ens 150 13 105 °
\ * M Swm/sin-as | 55 1.0 | 0.0 x5
Asphaltenes, pevemt las.of | 125.08 | 2600 | 1329
Bromine Absorption Test - | '
eziginal oil 12,57 13. 5 ™18 12,17
oven test, 143% .17 3 | o8 | s
Ottava Sand test, 143°C 9.20 69t | 9.01 | 10.62
partial fallwre wnder Ave Lap| 21.86 .68 | IT1.72 19,9%
complete failure wnler ®* * | 15,16 9.35 1793 | 12.65
! al® Wowm - %500 ec/min for 12,24 2. 1r.2¢ 12,17
| 2Xre. af 280%. B B
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SORCLUSIONS

Bexting 1n the Oven.

1. The Wlttmale less fyem axposure in the oven was somsuhat greater
then the total less en expesure in the 4istillatisn resiime test.

2. The recidass fyem filn expesure were mmch hasier them the residuss
fren the 21stillation test, ¥his Jas Yo shown %o 3o &u0 te the insressel
fye0 earben esndent frem exidatien, earbonisatisn end polymerisation.

3, The peremst less In weight frem films 0.025 inch thick and filme
0.0005 insh thick en Ottamn send was vexy nearly $he same for eovexy ¢f)l
exempt ¢lls 3, 7 and O which hed an inercased loss fyom 90 $o 100 peremt,
The reasen for ¢ils J and O net besoming hard and Writtle wpem failure may
bo 2us to the visessily of the aqphaltencs in fhem not beseming axy greater
afVer Teaching a definite emsisteney.

'b. vn filme retain their 11 and athesivencss lenger then heaview
£1lns as was shomn Iy the 1m0 18 teck the £ilws en the Ottawa sand %S¢ fail
in comparisen %o $he plaia film in the pans.

5 The chemieal astivily er Moemine aleerpiion astmlly desreasel
appreximately 50 peresst from the erigimal oils for all thidmess of films
Sestél, This shews $hat the sesples ave mch mere saterated and have do- |
camd highly polymerised, which usmally eesurs &t Migh Semperatures.

The Veather-Onster. |

1. The eils that gained the most weight were fomd S0 Bo the med
Gexieally astive, shile eils that remainel esnstent in weight showed =
miked change.

2. Thin £11ms sesmel 0 retain their athesivenses snd taikiness detter
en the thidker films.

3. In the ease vhere the films were thin the chamionl astivily astually






| , R B
iasreasel ssnsidemily, whereas with the thicker films that were weathewed
fer » sk lenger period of time showed yery 1iitle changs frem the origi-
zal eils. 4

X, The gain in weight of the films is protuliy due to $he ozomides
Zormed vhan oxmne (13deratel fyom the aze) reactel with the wasaturated
constitomis of e olls. This was ascertained W Sreatiag the veathereld
oils with water $o treak wp $he osonides forming wuler and solulle aldebydes
which preeipitais free silver in the presmaos of amweical silver nitrate,

This was found ot $0 20 trus in the cass of eils that 412 mot gaim

in weight,

Za_Qensxnl

1. IS seems that $he oils waler auy Seat heve $0 1one a eswtain ameunt
of welatile matter Defore lesing $heir aihesivenses. |

2. Simes Tewnine alwexpiien is & #est of the wsatumbedness of a kydve-
eazbon moze sheuld be dome with 1% S0 asserfain iis wlws as debemmining the
@ality of a good all. | '

3. The eriginal eils Meonine alwerpiien valuss semm o fall in a Srend
sinilay to the pereend of asphaltenss in ¥he elle. This suggesie fiat the
ssphaltenes may contain the waeatusaded saryben atems of the Mtwninews
material. | |

N, e gmernl iniicatien is That wnier the astion of the weathem-emeber
exidation takes plase wiile in ease of the oven the changse lead %o Polymeri-
aption i exsbenisatien. |

5. The chemical activily of the eils after having air Mlew thzough them
renained spproximately ¥he amme as the erigimal oils whieh indicates tha$ al-
though extdation tedk plaee polymerisation tesk 1lass %0 a suffisiext extemd
20 that {he saturatiem of 1he ¢fls remainid $he same st the eal of the test
as at e degiming.
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6. Afer exmining all the ladezmlery tasts and resulfs of sxperi-
smtal date, the mther suggeets thel mere rescarch wazk be dems %o dowalep
.NMManmam,mmﬂt

tent,
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