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LHTRODUCTION

In the refining of ernde o0ils and the production
of zesolinres, solvent nsphthes and psint thinners by pressure
pyrolysis, there hes been en ever ineressing need for an
accurste and quiek method for the anslysis of the product
formed, Hethods of snelysis aveiladble In the psst were suf-
ficlently repld beccuse changes in operating comditions were
neither =0 frequent nor =0 readlly made g8 today. AL present
mony inveztigstions are cerried out in smell units wherein
the operseting conditions een be changed 2% will. This
frecquently regquires methods of sanalyses thet ere acocurste and
yet do not csuse s delay by being too tine coneuming.

As in elmost all ceses where soocurste and qulek
results are desired, there must be = balance dbetween sscursey
end speed, 4 rapid method mey not always give results which
represent the true composition, but 1t should give results
which are consistent and beer a definite relstionship to a
true eomposition, when exseot anelyses are reguired, methods

may be used that sare more extensive and far more time cone

sngive methods may not

However, some of the more ext
always yield results which represent the exsct composition
of the materisl.

In this study existing methods have been investi-
gated and a procedure for the analysis of petroleum fractions
enbodying new fentures snd refinements of the exlsting methods



beocn deviged,



HIGTORICAL

A loglop)l classsifieation of tho constituents of
petrolewm ocommonly encountered is the division into four
genersl hydrocarbon groups: {a} unsaturated, {b) earomatie,
{c) naphthene snd {4) paraffin. This clsscification i=
not without fsult betsuce thers exists many hydrooardons
which are in neture both olefinic snd saromatie, olefinilc
and naphthenie, and aromstie and nesphthenle, ete, However,
the smmount of these particuler hydrocarbone ocesurring in
gesoline freeotions 1s usually small end may be neglected,
If they are thought to be present in large smounts, speclal
methode may be used for their determinetion,




0lefin Hydroearbons

The uneasturated hydrocerbens may be determined in
two genersl weys, thet is, either by titrstion with bromine
or iodine or by chemloal ebsorption with
sulfuric seld or sulfur monochloride,

ke sush es

The sample may be titrated using either bdromine or
indine, The resction time for 1odine is exceadingly large
and this necessltstes & large excess of lodine. Resction
conditions of this naturs lesd to substitution resctions
which gives incorrect results. The eonditions for this
resetlion heve baen stendardized but they probably result in
an spproximate balance between the unreacied olefins snd the
substitution resetion in satursted compounds, When bromine
is used in the plece of the lodine, there is & still grester
irficulty in evoliding subetitution. Methods have been
deyvised whereln the hydrogen bromide so formed is measured
but these are unrelisble and very cumbersome, There iz =zlseo
some diffieulty in keeping dbromine solutione &% & uniform
strength, whether the solvent is water or an organic liguld,

Franeis (19) however, hae devised 2 method in which

these difficulties mey be overcome. In this method s standerd

solution of potassium bromete and potessiuva bromide is used
which, if properly stored, holds fts strength indefinitely.



then an ecid 1s added to the bromate-~bromide, bromine is
generated, the rete depending upon the strength of the soid,
By making the solution omly slightly seld, the bromine ean be
genersted slowly. The aixture is sgliteted very vigorously so
thet the genersted bromine iz consumed by the double bonde
raet enough to keep it et e very low oonosntration, thus
avolding substitution resctions. Substitution must be kept
at s ninlmua for relliebls results,

Iin this method the reegent is not miscidle with the
olle This iz not detrimentsl end mey help In avolding substie~
tution. However, it does meke wigorous asgltetion necessery.

The bromine is genereted from en ceidifried brometeo-
bronide solution socording to the following esgustiongw
Kﬁw@s + SKBr + aagaaﬁ ey .ﬁﬁﬁﬁé@ - ﬁﬁgﬁ - 33?2

In the titration it iz lmmsteriasl whethar dibromide or brom
hydrineg sre formed, os may be seen from the following
equationnt~

The method is desoribed Ly Pronelis as follows:e

%4 slipght exoess (preferably not
rore then loc, se estimeted from & trial
titration) of the bromide-brouste solution



is mesmsured into s small Erlemmeyer flask,
and the semple of o0ll, 3 to BOvc,, de~

pending u the unsa%&xate& eontent, is

ipatteﬁ n. The solution is guiokly seidi.
fieﬁ with sbout Seec. of 10§ sulfuric eeid,
and the flask is stoppered, It is shsken
for ome minute es vigorously as may be
necessary o keep the oolor e pale yellow,
If the eolor is dark yellow in spite of viow
lent sheking, too much bromide-bromste has
been sdded and the sis should be cone
sldered only = triai titration, 1In eny
oase, in oxder to complete the liberation
of brumina 1S5cc, more of ao0id are added
end the shaking is continued for esnother
minute, If the solution remsins coloriess,
s 1ittle more bromide~bromete solution is
added, The finsl color sbhm light
yellow, One or two cublie @antimntars of
saturated potassium iodide are added, and
the lodine libersted 1s titrated with thio-
sulfate, using vigorous sheking neer the
end of the titrationr to extrset the lodine
from the oil layer.

*4 few of the resultsz by this
method are shown in Teble I. In the
latter part of the tesble, known mixtures
of a straight-run and e ersoked gascline
were mede up and titrsted, The "calouw
Iated” figures zssumes that the analgsea
onn the pure gesoline were correot,”



TABLE X

Estinetion of Unsaturstes in Pure Compounds
and Enown Cesolline ¥Mixtures

*
Pure trimethylsesthylene 100,686 100.0
Hexens {containing some pentene) 103.0 103.0
108,50 103,0
Heutrel white 011 (Bujol) 0,04 0.0
{A} S8traicht Run Texas Gausoline 0.90
G886
{B) Cracked Gasoline 4761
47.5

Known mixtures of A and B

A B
per cent per sant

&z 78 2040 36.9
56 64 S0.7 30.3
59 41 195 10.8
74 &6 IE7S 12.80
8l 19 $.17 9.32
86 15 Tel9 74
85 35 Ted2 743

The axtent of the applicebllity of the Freneis
dromide~-bronste method hes been tested by Uortese {(11). Two
nodirications of the prooedure were developed in this work
and are given here as they are more deteiled and would prove
more useful to & person unfamiliasr to the method.



FProcedure A

*Fhe nmumber of ecs. of the
bromide-bromate solution needed to satu-
rete the semple for anslysis is caloulated,
This amount snd one ec., more ere delivered
into & 150ce. glass stoppered Erlenmsyer
flesk, which is then set in ice water. One
cc. Of the sanpls, whose tempereture and
density are known, is added with a ocsli~
breted pipette, Five cc. of laﬁgigﬁﬁ* are
run in gulokly, thes flask stoppered, with~
drewn from the e¢old bath, shaken until the
solor dissppesrs, snd returned to the bath.
As the oolor resppesrs, the lask is sheken
to destroy 1t. When the color is persistent,
the contents are sheken for one more minute,
{The totasl time of the bromine trestment u
to this point veries from 7 to 30 m&nutea.?
Ten ec., more of 108 H _80, are added snd the
flesk is stoppered etZ®onfe, It iz shoken
one mipute, one ce, of setursted XI solution
added, and shsken one more minute. The
l1iberated icdine is titreted with thiosulfate
and stereh indlestor to the first colorless
enfl-point, sheking vigorocusly towerds the
end, The staroh-~iodine color reappears
quite soon in most ceses.”

Progcedure B

"This proeedure is useful where
only smsll smountes of metericl are availe
eble. The proeedure is praotioslly ifdenti-
ecl with A, One cc, of ssnple iz diluted
with 10cc. of pure carbon tetrachloride.
Then en aslicuot portion of one e¢e. is token
for each enalysis. Only 0.1 to 0O.2qc.
excess bromide-bromate solution is used,
When the eerdbon tetrachloride assumes a

ermenent feint ysllow oolor, the flask
gs shaken for 3 minmutes, and the gnelysie
finished ez in A, There is usually & smell
blank whioch may or mey not be spureeieble,

*In the B procedure N/10
bromide~bromate is used in place of N/2."



The results of Cortese ave glven in Teble II.

TABLE IX
Substanece Ho. of double bonds Theoretiecsl
found by procedure double bonds
A B
Pentone {2) 0,99 0,99 1.00
Trimethylethylene 1.00 .02 1.00
Decene (1) - 0.84 1.00
vetene (1) — 0.94 1.00
Hexedlene (1,5} 1.94 1.98 2.00
Hezadiens (2,4} 1.94 1.94 2,00
2-Methylpentediene (2,4) 1.90 - 2,00
bipentene .82 —— £.00
Indene — 0.88 £,00
Furane - 1.04 2.00
Phenyl butadiene polyner «- 1.00 2.00

It oan be seen from this table that aliphatio ole-
fins end aliphoatic diclefins, whether conjugated or not, were
asourately shown to sontein the required number of double
bonds by employlng this method, Rowevsr, the method st pre-
sent is unreliadle for certein ring struotures and higher
polymers.

Hulliken end Wekeman {47) modified the procedure
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present, For exsmple, s dlolefin whioch contains two double
bonde would consume twice as much halogen ss s mono-olefin,
It would neoesssrily be celeulsted ss a mono-olefin which
would result in e value for the olefins twice ss large as

actually present,

In order to convert the bromine mumber to the
welght basis, & moleoulsr welight for the olefins must be
known., When converting to the volume basis, both moleoulsr
welght end density of the olefins must either be known or

asssumed.,

The general chemicel method of determining olefins
is one of gontrmetion, either on s weight or volume basis,

#¥hile thls contraction is essentielly due to shemlesl combi-
me sontraction will result from physioesl ebsorption.

nation so

One of the best known methods whieh is based on
aontreoction is that of Persgher, Horrvell esnd Levine (l8). In
thls method olefins snd srometics are determined simultaneocusly
by using sulfurie secid of 51 and 98% (by weight). Sulfur mono-
ehloride iz used t¢ remove the olefins from the original
sample., The procedure for thls method of enalysis is es
follows s~

bt -~ Bheke 100¢o. of the

oil with 3 Volwses of Sl per eent sule
farie sold for 30 minutes, #Withdraw the



1z

ecid and note the reduetion in volume of
the oll. Pistill she oil to a point B
degrees sbove the former end-point of the
oil to separste the unchanged oll from

the polymers formed in the aeid treatmsent.
Finally, sheke the distillate with & wolumes
of 98 per cemnt scld to remove the smalld
smounts of olefins and srometic hydrosarbons
thet eseaped the previous irestment. The
tot=1 reduction in volume repressents the
giifina end aromstie hydroesibons in the

gt 2 « Add sulfur monoehloride
to the oll end allow them to remain in con-
taot over night. Distill the mixture st asn
atmospherie pressure for the low boiling por-
tions =nd then under redueed pressure, This
procedure separates the olefin=sulfur mono-
shloride resotion products from the oil.”

The content of ayometie hydroecarbons in the distile
late is then determined by nitration,

The olefin and srometic contents are esloulated by
meesng of the formmles

A w8 -U

where U end A are the eoctusl percenteges of olefin
end aromatic hydrocarbons, respectively, in ths oil, 3 1s
the sum of the olefln end sromsile hydroocarbons (Step 1) end
A' 1s the aromstic content of the olefin free oll (Step 2),

This method ie subjest to the Tollowing critiocianm,
In the trestment of olls with 81 per cent sulfurie aseid,

condensation products as well as polynmerizetion products are



formed, HRedistilling to & temperature O degrees sbove the
originel end-point removes both of these products. Ainy
aromatics that are removed by ocondensetlon are, of eourse,

lost from the anelysis and will yieldé resalts that are low in
eromatic sontent, The reseting time for the sulfur nonoe
chloride ies guite long which is not desireble where guick
snanlyses sre needed, The toechnicue required for wvaecuum distil-
letion ie quite involved gnd not essily performed by routine
enslysetes. Horeover, losses under wvecuum distilletion may be
cuite large even when the best of teehnigue is used in the ma-
nipuletion of the apperetus. There is slso some doubt as to
the completion of rescotion in the esse of the higher bolling
olefins end zlso Lo the staebility of these compounds efter
reaction, It mey elsc be moted thet in corrseting for polymers
by distilling to a2 tampersture & degreoes sbove the originel end-
point it is quite possible for some of the lower boliling dimers
and trimers to distil)l before the end-point of the distillation.
Thipg fector could be cuite seriocus in & sample of wide boliling
range but probably would not be encountered where the sample
wag cut Into seversl fractions,

One of the mogt wilidely used resgents for sbsorbing
olefine from oils 1ls sulfurie mcld., The olefine resect with
sulfurie seld to give slkyl sulfurle esters, slechols, paref-
fins, slkylasted e¢yelo compounds and polymers. It has been
ghown that in the sliphstiec hydrocarbon series the tendency

to form alkyl sulfurie ssters snd alecbols decreases with
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inerecsing molecular weight. In general, the higher boiling
olefins ave mmoh less resctive (8)(4%). Polymerizeation of
gore pure clefins using verious strengths of sulfuric seid

ks and Humphrey {(6). They have shown
thst the tendenpy towards polymerizetion inereeses with ine
evecsing moleeuler welght, Houghton snd Bosmen (27) heve
subetantieted this work snd clso found that polymerization

has been studiled dy Broo

ineresses wiih inorcase in gonsentretion of the acid, the
meximom polymerizetion taking plece in the presence of %1 per
eent neld, Adlkyletion of olefins both in absence and presence
of aromnatice by sulfurie seid hez been studled by Ormendy and
Craven {5l). They state that smylene end heavier olefias
ccecurring in erscked spirits yvield large proportions of satu-
reted hyé&roocarbons of higher bdoiling point end not olefins
polymers as has previously been sssumed. In the presence of
olefins, aromatics are not entiyely removed by sulfurie seid
put condense partly with the olefing to form slkylated hydroe-

carbons ..

The formation of saturated hydroecerbone hes been
observed previously by Haguemne (42) end Remard (52). Thet
parsffin hydroeerbons ars formed from the condensetion of ole
rins has been questioned by other worksrz (43). It was
observed by Kramer znd Eplilker {(34) that in the presence of
coneentrated sulfurile seclid, sityrene and the xylenes con-
densated to form styro-zylenas, ~Condensgation of benzene and
hexene has boen studied by Brooket (B8}, Jeveral tests were



eonduoted by Brame (3) using sulfurie scid of strengths

which are generally used for the estimation of olefins., They
found thset when 85 per eent soid was used; 30 per cent of the
srometics originelly present in the petrol were removed while
over 50 per cent were removed when 88 per cent scid was eme
ployed. The resulte of his experiments are not, however,
conelusive for Breme did not determine the sbsorption of
aromatics slone, using the specified mold strengths, Further
studies on slkylation have been mede by Spilker (60), Due to
the fmet that aromstlios are sulfomsted by comeentrated sul-
furio mold and that the more deleterious resctions of olefine «
and aromatios are thought $o oceour st the higher concentrations
of ancid, nuerous methods have been proposed utilizing eecids
of lowver strength.

The procedure of Eglofr and HMorrell {14) is typicsl
of most of the methods utillizing sulfuric seid., This pro-

acedure is as followsti~

A B50Coe. charge of oll is distilled
through s Hempel columm containing glass beads until the
tempersture of the vepor at the top of the colwmm is 210%.
The residue is discearded. This tempersture iz purely srbi-
treyy and any other mey be employed, providing 1t is used
throughout the snelysis.

The £10°¢, freetion 1s trested with 80 per
cent sulfurie mold, using & rotio of seid to oil of 2 to 1,



16

The mixture is agiteted for 15 mimites, allowed to settle,
and the seld layer gepsrated. The volume of the oil layer is
messured and the por cent decresse of thies volume ¢aleulated
on the bosis of the 210°C, frection, This celouletion gives
the percentege of the unssturated hydroosrbons that have dis-
solved in the poild lsyer as resotion products,

The soid-treated oll is washed with weter, nountrel-
1zed with = 10 per cent solution of sedlum hydroxide, snd then
redistilled in the ssme apperstus until the vapor tempersture
in the Hempel column resches 210°C., The volume of the resldue
of the second frestionmation up to 210°0, is esleuleted as a
percentage of the rirst 210°¢. freetion, and ie sssumed to be
the percentags of the olefins thet have been polymerized
during the scid treatmeunt, Thiz, sdded to the percentage of
the unsatursted hydrocsrbons dlssolved by the sulfurie scid,

gives the total percsntage of the unsatursted hydrocsrbonz in
the originel 210°C., freoction of ths oil,

Towne (66} proposed a method in whieh 95 per ceat
acld is used, This method wes deviged by standerdizing the
time of conitmet necessary to remove es great a gqusntity of the
olefins 28 it is possible to remove using $3 per cent neid,
The method of stendardizetion consisted of the ebsorption of
olefins and aromatios followed by the deoterminemtion of the

srozstices as berium szlts using barium hydroxide,

In order to corrset for these alkylation or cone
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gensation effects, Towne devised & method wherein the 4istile
lation to determine polymerized olefine wes spplied efter
trestoent with 98 per cent sulfurie seld or after arometic end
olefin resoval, The per cant srometios is glven by the dif-
rarence between the %3 per cent and the $8 per gent suliurie

eald sbsovrption, This gives s partisl eorrestion for aliylated
products but certein polyserization produsts sre slso sbsorbed
by 98 per cent sulfurie seld.

Rispenteld and Bandte {56) heve suggested the usge of
94 per gent sulfurie acid but they adnit the method ls unsulte
able when the olefin content exceeds 5 per cent.

Brome and Hunter {(4) used a method in whiech the
deterninetion of olefine depended upon the per cent loassto B85
per cant sulfurie acid inm 2 Bebeoook bottle,

Horrell and Levine (46) devised s method in whieb
91 end 98 per cent sulfurle seld were used to determine oloe~
fins end sromsties, The olefin contsnt s cmlouleted from
the welght of residue remsining after distilistion of the oil
obtaived dpon trsstment with 21 per cent sulfurle seid by the
use of empliriesl formales developed in this work, It is quite
possible that these formmlee would not be vslid for oile
having widely 4iffercnt cheracoteristice then thoese used in
developing the empirieal relstionships, Humerovus other methods
heve been sdvaneced using sulfuric seld of verious strengths
with redistillation {(40){(38){22).




There has always beeon considersble doubt zs to the
strenzth of aeld necesssery to effect the complete removal of
olefing, Ormendy snd Crsven (50} treated olls with sulfurie
eocld of various strengths and found that the density ond
refrective index of the residusl oll after acid treatment rose
until the seld strength reached 88 per gsent. 4t higher
strengths acid sxtructlion of sromatic occourred ecsusing a dew
erease in density end refraetive values.

Fisher and Elsner (17), utilizing the ides of Ormandy
end Creven (D0} heve developed a graphic method of characterizing
oile, based on ehenges in wolume and physlesl constents ceused
by the progressive removel of olefins and aromstics. The dene
gity snd refrective index rise %o mexlmum velues st & point of
eonplete olefin and ineiplent aromctic removel., Beyond this
point the velues fell es the sromsties ere removed, bscoming
approxizmstely constent when the residuszl oll consists of only
satursated hydrocarbons. The olefin content 1s indicsted by the
volume chenge to the point of mesximum vslues for the physieal
ponstents, It is doubiful whether the maximmvyslue always
indiestes the olefin content because the residusl oll will sl~
most inverisbly heve & definite bromine mumber indicsting that

2l) of the olefins have not besn removed,

Boore snd nobson {44) found thet 38-90 per eent seld
wes essentiel for the somplete removel of olefins while Riesenw
feld and Bandte (B5) stete that 92-94 per cent is reguired, It



iz xnown, however, thet sulfuric aeld of this strength
arbons. In fect, aseording %o

resot with aromatie hydroe
Reuter {53) m-xylene iz soluble in 80 per cent sulfurie seid,
It hee been proved by Howe {28) that it ie impossible to selest
an scid conosntration that will eompletely remove olefins and
yet not resot with the aromsties,

4 method was suggested by Esttwiankel (32) in whioch
borie scld wes used with consentrsted sulfurie scid. Indleations
are thet the aromsties ars pot absorbed but that olefin remowvel
is not complete., It iz believed that the boric aoid hes no
4nhibiting metion upon alkylistion,



Aromatie Hydroearbons

Hethods Involving Physiesl Phencmens.

————————

One of the best known methods used for benzene,
toluene and xylenes iz that in whieh percenteges are deteor-
mined by differences in specific grevitles, The general
procedure Tor this method is given by Rittmen, Towney snd Eg~-
loff (&7). The oil to be tested iz distilled into fractions
cut at 959, 120°, and 150°C. These fractions contain benzene,
toluene and xylenes respectively. The welue of the specific
grevity of these three aromaties had previously been deter-
mined end the specifie gravity of the non-aromatie portions
were sszumed to be 0,72, 0.73 and 0.78, respectively. The
per cent aromatics iz given by the followinz formu

In the method so proposed, the sscumed saromatic free bases
would not necessarily dbe of such values es avre given., The finsl
speoclifie gravity would depend upon the nsphthene gnd parsffin
gontent end would only be relstively constent for en oil) of

the seme origin =znd treatment,

Thols {82} modified the sbove prosedure becesuse the
expression for the percentsge of sromstice iz besed upon the
assumption that the spesifie gravity-somposition curve of mixe
turee of arometic and non-srometic hydrocsrbone is & streight
1ine, which 1z not the case, the speeific grevity being
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the percentages of toluene end benzene when the refractive
index of the nixture is known. Other workers (65)(58) have
verified the use of refractive index for quliek and asccurate
mecsurement of the per cent sromatie in hydroesrbon mixtures.
Xarpinski (30} and Barker {(2) used refrsctive indloces to glve
indicstions of the presence or sbsence of aromatics end was

used es & rough estizmstion of the amount of arometioes present,

Index of refrection was employed by Hoyte (29) for
the annlyels of sromatie concentration in gasollnes. The
refrsetive index of the sample wes mespsured snd the aromaties
ramoved by & standard method. The refrsetive index of this
aromentic freed portion wemas then messured. A known volume of =
50/50 mixture of benzene and toluene was edded to g known vole
ume of the sromastie free ssample 50 that the refrsotive index
of the mixture was slmost equal to that of the original semple,
From these measurements, it is possible %o esloulete the per
eent by volume of arometice in the original sample.

This method is based on the assumption thaet a 50 per
cent benzene and 50 per esant toluene mixture has & refractive
index which 1s spproximately the mesn fory the arcmatias likely
to be present in gesolines, From the more reoently computed
detes perteining to the index of refrsotion of pure eromatic
hydrocarbons, it eppesrs that the assumption made above is
auite guestionable except for a very limited bolling range.

Schneider, Stanton end Wetkins (59) have devsied &
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method for the snalysis of aromsties using s plot of specific
gravity at 25°C, sgainst refrective index at 20%. ror pure
paraffins, nephthenes end ercmeties in the gasoline boiling
range from sssembled data, resulting in three ourves on one
figure. The sample was frasctionated snd the wvolume per cent,
epeelific grevity, refrsotive index znd bromine number were
determined by bromstoe-bromide and the gpecifle gravity and
refrective index were sorrected for unssturstion by subw
traoting 0.0254 and 0,028 respectively for esch double bond
per mol from the determined wmlues, The celoulstion 1s mede
by solving three simmltsneocus agﬁaﬁiamsz

AN - pl =@
B ~ a%L - P
A -N-Pwml

where m == distence from correected point to peraffin line on

the figure; n = distance from naphthenes of same beiling point
ee the ocut to pareffin line; a = distance Crom are
pounds of same bolling point as the cut to paraffin lineg

matic come

P 8| gistance from gorreeted point to peraffins of same boiling
point es cut; n* = distance from naphthenes of seme boiling
point es the ecut o persffin line; &' = distance of arometics

of same bolling polnt es the cut to paraffin lime; m, n end g

are measured perpendleular, end p*, B' and a' paerslliel to the
pareffin line, The correction for olefins using bromine nume
ber veluee 1s cuestionsldbe in view of the feet that the
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dlolefins and triolefins previously nentioned will effect the
eorvection velues which sre given for specific gravity end
refruaetive index,

Eurtz and Headington {35} hsve developed a method
for the analyeis of petroleum freotions in shileh & new rhye-
1cel constant called the refrsotivity intervept is employed.
The refruotivity intercept is the constant b in the equstion:

Refrsotive index w 0.5 density ~ b

Fhie sguestion is g matheanticel « euesion derived from the
fact thet when a plot of refrective index sgalnst density is
made for a given struoturzl type of hydrcearbon, z strelght
line reletionship exists between the refresetive index snd the
density. Hydroserbon types differ, in this respect, only in
the numericel value of b, from which thelr concentrations ean
be determined.

The soncentration of the srometie hydroecerbons is
determined by tresting the fraction under considerstion with
98 per cent sulfuric acid., Refrsctive index a2nd density are
moasured before snd efter the absorption of ¢yolie olefins,
non~oyolie olefine and srometies. The volume contraction is
aelso recorded, From those measurements, a velue for the refrae-
tivity intercept of the hydrosarbons ed by the secid
$reatment can be csleulsted, Using this walue ih o tri-
enguler plot of refractivity intercept asgeinst density for
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these 3 pure hydroearbon ;type, the concentration of the
hyéroeerbons contained in the sample may be celoculated, From
an inspection of the refractivity values (36} for s speeifie
hydrooesrbon type, such as the paraffins, 1% csn be seen thatd
these values are not constant, even in nerrow holling
The devistions sre due to the fagt thet the refractive index-
gensity reletionship is not 2 striet linesr function. These
devietions 1inmit the sccursoy of the method. MNeesurements

of volume contrection and density sre alse undesiradle when

only smell samples are evalleble for enalyeis., Horsover, the
secursoy of the mathod is further dependent upon the accuracy
of the secild trestment,

Another physical property thet is employed for the
ties 12 that of
specific 4ilspersiomn, The formuls thet is gemerelly used for
speciric dispersion 1z derived from the Glsdstone~Dale

estinetion of the concentreaition of srome

ecuation for speeiflie refraction as followsye

R st aUk o
where I, , I, = specific refrsotiom velues
n, n = refractive indices for /2 end < lines of the
hydrogen spectrum
d == den=ity at tempersture at which refrsotive

indices were measured,

The dispersion values determined by means of the Abde

refractometer are based on these two speotrum lines, In order
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to obtein more convenient wvelues, the specifis dispersion iz
mltiplied by 10%,

It hss been observed thet the gpeeific dispersion
of ngphthenes and parsaffins is abdout 100 X xa*é {12}, There
is some slight varietion between individual nephthenees and
peraffins but the evercge wvelue has been found to follow
epproximately the welue ae given., ¥This fecet has been further
substantiated by other workers (73}{69){71}{18)}{72). The wazlue
for the srometics has been found to be appreciably higher but
it is not constent as Iin the case of paraffins end nsphthenes,
Generally, the specifie dispersion desreaeses with incrsese in
voiling point. Benzene hez the velue of 189 X 1@4«. The
lowest knoen specifie dispersion velus for s benzeme homolog
1s epproximately 155 X 10™%,

This veariation in specifie dispersion has been the
basis of seversl methods for determining the concentratiomn of
arometies in oils, Von Puchs and Anderson (18) used it ss e
means of testing the effeet of solvent extrection on the arcm-
atieity of ludricesting oils. Vlugter, Waterman and van weston
{70) employed the speciric dispersion of arcmetie hydrcosrbons
as a means of examining the ring structurs of mineral olls.
Mair, ¥Willinghoem end Streiff {40) =lso investigeted the
chemicel compositioy of the extrast portion of the lubrieant
fraction from a mid-continent petrolewn using the prineiple

of specifie digporsion.
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Grogse snd Weeker (23) have developed 2 method in
which epecific dispersion is used for the snalysis of both
olefins and erometie hydrocerbons. They foand thet the ine
erenent of specific dispersion due to olefins wee equel to
0.16 X bromine mumber. The welght per eent of sromstics 1s
given by the following formmiatw

# sromoties = B.=0-10 X brogine mumber = 99 x 100

where M = specifie dispersion of mixtures
& B gpesirie dispersion of pure sromatics

The values of spesifie dispersion used for purs sromestics sre
everage values for those sromatics prodably ocourring in the
verious selected guts, Sinee these values mey ¥ary as mach as
20 dispersion unite for a single sut, the seourscy of the
method is limited. The wvelue of 0,18 X bromine number for the
specific dispersion inerement due to olefins is in error
because the relationship detween the olefin inerement and the
bromine mumber is not e striet lisesr function,

Chavanne and Simon {8) were the first to observe
that the presencee of aromatic hydrocsrdbons lowersd the eriti-
cal soluticn temperature of e hydrocerbon mixture in aniline,
and, also thet the depression of this temperature was direetly
proportional to the weight of asromatios present. Chaveanne
and Sinmon observed that of the four main clesses of hydro-

eserbons, the paraffine heve the higlhest eriticsl solutioan
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tenmperature end aromatios the lowest, nephthenes and olefins
accupying the intermediste positions. In view of this, they
{9) suzgested the determination of eriticel sclution temper-
gturee with anililine for the determination of both srometics
end naphthenses in hydroecarbon mixtures,

The method glven by Chavanne snd Simon ie ss
followe: The sample is fractlionated into desirsble cuts erd
the eriticel) solution temperesture in sniline of emech cut iz
determined, The meaximum tempsrsture of the appearance of
turbidity iz found dy verying the smount of =zniline with s
given amount of semple. The szrometies are removed from the
semple by means of gulfurie seld-nitric eesld mixture snd the
eriticsl solution tempersture of the reselning semple is
det=rmined. The welght per sent of arocmatiocs is given by the
following formulat-

A ud{’r‘ - Tyl

where A = welght per cent of sromatics

?a = gritiezsl solution temperature after removel of
aromatieos

Ty = oritiesl solution temperature before removel of
eromatics

o = proportionality constent whioch hss & value of
1.14 for benzenej 1.19 for toluene; and 1.24
for xylene.

Tizard and Harshell (67) modified the methed of
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Chavenne snd Simon in thet they dispensed with the elaborste
and time consuming oritiesl solution tempersture deteraminsations
end substituted for these, measurements of "Aniline Points".
These are defined as tenmpersture et whiech equel volumes of
hydroecarbon mixture and sniline sre sompletely miseible, The
treztment of e senple is very similar to thet given by
Chevenne and Simon except fuming sulfurice acld iz used to remove
the erometie hydroocarbons. The same formula 1z used to ecaleu~
late the weight per cent of srometics. Under these new
conditione the proportionality constant has s welue of 1,19

for benzens; l.20 for toluene snd 1.25 for m~xylene,

Tizard end Mershall heve shewn that e change in the
cherseter of the non-arometic Base will offzet the lowering
of the sniline point for a gliver weight of arometics., ‘This
faet hes been substsntisted by Wetermen and Perguin (72},
Investigetion by verious workers {(72}{87}(81){7) hes revesled
thet there are large deviations in the proportionsliity con-
stent for the higher bolling sromatic hydroesrbons,

Other miseliblility resgents suvob as nitro-bengene
{15) and benzyl aleohol (1) have slso proposed for the deterw
minontion of srometiec hydroecarbons.

An objsotion to 2ll propesed solvents, including
eniline, 1s thst the proportionality factor ie not the same
rfor all of the sromatic hydrocarbons, particularly for the
higher boiling arometics. Another eritiecism that applies to
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all solvents 1s that the lowering of the eriticsl solution
tanpersture depends upon the sheracter ¢f the non-aromstie
baeea,

One of the most erxrtemsively used solvent for the
quentitative extrsotion of ardamstlic hydroecardbons from
petroleun distillate is dimethyl sulfate, originally proposed
by Velents (68}, who ocleims thet nelther the pereffins nor
the nsphthenes aye extracted by the solvent. Thie e¢lsim, how-
ever, has been refuted by Graefe {(20) and by Harriscn and
Perkins {24).

Graefe conduoted very complete Sests and came to
the conelusion that dimethyl sulfate poseesges 2 very definite
miseibility with satursted hydrocerbons. iHe slso polnted out
that the solubllity of an oil in dimethyl sulfate was proe
portional to the smount of solvent used,

The eoncentration of eromstic hydroesrbdbons in hydro-
carbon mixtures is often determined by nitratiom, Fuming
nitric scid may be used zlthough ths genersl praetice is to
employ & mixture of sulfurie ssld ard nitrie seid, The
nitretion method proposed by Hess (25) is bssed upon the
nitration of the srometie hydrocsrbons to the mono-nitro
oomponnds which are then dlssolved by sn gdded excess of
ooncentrated sulfurle scid, Hess used o eorrectlon of one
eubic centineter for the solublility of peraffins snd naphe



thenee in the nitrating mixture,

Bgloff and Horrell (14) proposed a method wherein
the nitro-gulfuric seld wes so proportioned thet the nitro-
srometie compounds were not soluble in it but separated out
in = distinot leyer. The volume of thls lsyer is messured end
e sultsble fsctor is used to convert the volume of nitro-
compounds into the per cent of sromatie hydroearbons,

It hes been shown that this method oczn be used only
in the casze of limited concentrations of aromatics (54} and
thaet the wvolume of the nitro leayer veries with the particuler

sromsties present (16).

Menning (41) veporized & welighed semple of oll =nd
abaorbed the wapors in 2 nitreting mixture, The unsstursted
hydrocarbong whiech were present were oxidized to oarbon dlioxide
end aclds. The nitroted arometies are extrected and welighed,
gnd from the weight obtained the aromstie percentage is sslou-
lated.

In this method it 1s cuite poseible that some of the
olefinie hydrooarbons might be converted to polynitro sompounds
and thps be includsed a3 nitro compounds resulting in high

welues for the coneentration of the srometiecs.

Sulfuriec aecid of verious strengths has been widely
used for the absorption of srometic hydrocsrbons. The same
genersl progedure is followed in preotically ell of the
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existing methods. The methods differ widely in the strength
of the seid end the ratlio of the volume of scid to oil.

Concentrated sulfuric scid (96 per cent} has been
sugzesbed for sromatic removsl but iz is doudbtful whether this
glves complete absorption of the sromatie hydrocerbons,
particularly the lower boiling members such as benzene and
toluene {33)., Sulfuriec acid of 98 per cent strength haz temn
used consistently for the removsl of arocmstic hydrocarbons
{45){63}{67). One hundred per cent acid haz prodably been
more widely used {7){26)(54)} .

It has been sghown thet when 98 or 100 per cent acid
is used, the loss or contrasoction mmy be greatar then the
agctuasl percentage of aromatic hydrocarbons present {51){38)}{50}.
This condition 1is reported to be caused by resotion of the
acld with naphthenes and paraffias,

Thomas, Block and Hoekstra {64) mske use of 25%
fuming sulfurie seld, Prom thelir date this acid slso hes been
shown to remove more than the theoreticel suount of aromatie

nydrocarbons.

Kattwinkel {32) has shown that the sotion of 96%
sulfuriec secld upon sronsties may be catalysed by the presence
of phosphorous pentoxlde, This reduces the tendency for the
ebsorption of naphthenes anéd paraffins,

Essentislly, the optimum eacid dtrength appears to



depend upon the concentration of the sromatie hydrevesrbons,

Excluding benzene end possidly toluene, eguel amounte of high

or low bolling aromaties ere removed by sulfurie seld of the

geme strength, In order to remove the srometic hydroscarbons

without sotion on the naphthenss end psreffins, it sppears

thet the ratio of ameld to oll shonld be verled rether than
zing the strength of the seold.




Rephthene and Peraffin Hydrocarbo

Chamionl methods for determining the concentration
of nephthenes and pareffing are limited and not very rellsble
becsuse these two types of hydrocarbons are reletively inert
to the ordinsry reagents, Some individuel hydrooarbons of
both types will reset with certein
sve limited and do not prooeed to completion for either group
«8 & whole, Beosuse of this chemieel stabllity toward reagents,
physical properties of the two types ere ochiefly used to deter-

epgents but the resetions

mine thelr consentrations,

Probably the most comnon method uged for the deter-
nination of the consentrstion of naphthenes eand peraffins is
the eniline point method., This iz en oxtensioa of the Tizard
and ¥ershall method for srcmatie hydrocerbons (67). In this
method the following sesumptions are mede; {a) all peweffines
have en eniline point of 70°C., (b) =11 mephthenes bolling up
to 95°C. lower the aniline points of the pereffins with which
they sre present st a rate of 0,4%°C. per one per semt, for ell
nephthenes boiling between 95° end 120°0. the sorresponding
rigure is 0,3%0., and for sll nephthenes of bolling range
120-200°¢, the figure 1s 0.2%C.

In genersl przetise the mean figure of ﬁ.':s%. per
one per cent is used. If N = per cent paphthenes and T is



the spiline polnt of the mizture, the volue of ¥ is celoulaeted

from the equation

= 29t

From & study of the physlesl date of pure peraffins and naphe-
thenes, 1t can be seen thet the sniline points incresse with
rise in the bolling point of the paraffins anpd the sniline
points of pure naphthenes are not sueh as to csuse the

lowering of the aniline points to be es assumed.

Grirrith (21} recognized the fmot that the eniline
points of the paraffin hydroocarbons was dependent upon the
poiling point., In thig method the naphthene-paraffian mixture
wag stripped Bf nephthenes by mesns of fuming sulfurie seild,
end from the ressining parsffines he wes able to locete a zero
aniline point ourve. It 1s questlonable, however, whether
funing sulfurie seld will remove ell of the nesphtheneshydro-
carbons withoat sbsorbing some paraffins,

The sniline point method for the determinstion of
paphthenes and parafring probably could be mede more useful
by using smeller cuts, IT would then be more fessidle to use
literature valunes of the eritiecsl stenfard tables of pmeaffin
andt naphtbenes ocourring in these speeified cuts.

Viugter, Watermen and Ven Westen have developed a
ng the eomposltion of high boiling olls

method for determix



from sccurstely determined molecular welght, density and

refreetive index values {70). In order to caleulate the per-
centage of paraffines (or persffin side ohsins) end nsphthenes
rings, the specifie refraction is ¢aloulsted from the refrag-
tive index and density using the formuls of Lorentz-Lorenzt-

2 : e
r:uf?rffi?-xaé

A point corresponding to the specific refreotion and moleeulsy
welght of the unknown semple 1g loceted on a2 prepared charsd.

On this chert specific refrection iz plotied egeinst moleeulad
welght in a series of curves for the classes of hydrocarbons
agﬁ&a*a, @ﬁgﬁn’ aéﬁan,g* ﬂaﬁﬁmﬂg “nﬂ'ﬁﬁgauwa‘ 45 sn exsmple,
an oll is found to heve & mean moleculsy welght of 700 and a
specifiec refraction of 00,3278, The specifiec refrzetion of a
pareffin hydrooarbon of the seme moleecular weight is 0.35314

and thst of s polyeylie nephthene with no side chalns is 0.5043,
The percentagé of nsphthene rings in the oll therefore is

2505 * 100 = 13 per sent by weight.

In the gesoline range of petroleum frections the
slope of the eurve for the G X, .. class of hydrocarbons is
rether steep wiich would necessitete cutting the sample into
very small frsotions betause sversge moleoular weights over a
very lerge eut would not yield the eorrect snalysis of the

mixture. In the higher boiling renges this objection is
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mininized becsuse the slopes of the ourves sare very nesrly
zero, which allows & wider renge for the gverage molecular
wolght.

soent method (64} has been proposed which mskes
use of index of refraction welues. Litersture values for the
index of refresction of the parsaffins ere plotted ageinst
bodling point. 4 similer curve Tor the naphthenes iz con-
stroted, The Index of refreetion for en unknown sample of
xnown boiling polnt is located between these two curves and
from its position the percentage of maphthenes end pereffins
mey be caleoulated., The curves as given eould probably be
{mproved by datea perteining to peraffins end naphthenes whioh
has been published sinee the publiecstion of this srticle,




There sppeayed to be certein MQ&MWM inherent
in 211 of the methods thet heve been slvanced in the fleld of
petrolcum snalyeses. The outstand!

g objection to some of the
more recent methods lies in the time reguired for thelir exe-
eution, meking them too slow and cumbersome
snalytical work,

for repid

In view of the extensive investigetions that have
been carried out in the petroleum Industry during the past
decode, a search for new resgents 4lé not seen desirsble, A
preliminery study of wverious speclisl reagenta end cstalysts
for the determinstion of the four gemersl slessses of hydrow
earbons was carried out. However, no partieunler edvanteges
were obtained.

it wee thought, however, that s more exiensive
exeminetion of the best features of sewsrel known methods,
asombined with s new interpretation of dats night eliminste
the present dlssdwventeges snd result in s setisfeotory method.

Gesoline samples of widely diversified composition
were selected for this study yvether than mixtures of pumhydrow
parbons in opder that the method so developed would be based

e thet actuslly ocecurs, The souree snd the bolle
renge of the meaterisls thet wore used in sarrying ocut the
investigetions in this study are given in Teble I.
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TABLE I

Jouree and Boiling Renge of Samplesn
Employed in Ixperimental JFork

Sample Boiling Hange Sauree

A 80 - £200°%¢ 1iquid Phase Cracked Ossoline
80 - 200°C ILiguid Phase Cracked Cassline

c 80 - 200%¢ Vapor Phase Cracked Gaeoline

™ 80 - zoo%c Vapor Phampe Cracked Ganoline
90 - 100°%¢C sastman Fractical Heptene

¥ 128 - 140% Reformed Prescure Distillate

G 140 - 186%0 Solvent Haphtha

H 186 - £13° Solvent ¥ephtha

3 156 - 204%¢C 3toddard Solvent (Varsol)

K 98 - 140%C Toluol Substitute

i 95 ~ 140°C Toluol Subdbstitute

4 88 - 118%¢ Reformed Practioal Heptane

B 95 - 138°%0 Toluol Zubstitute (Solvesso 1)

v 183 - 178%¢ Commereial Solvent Nsphtha

{(Solvesmo i2)

The samplea A, B, C and I were earefully fraction-
ated into 6 fraetiom (80-100°C, 100-120%C, ete.). These
fractiones are identified by a sudseript 1 for boiling range
80-100%¢, and so forth,
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Glefin Hydroesarbons

From the foregoling diseussion of the methods which
have been suggested for the snslysis of oclefins, it is evident
thet no one method appears to glve the desired snslyticel
results, When sulfurle seld 1s used, the problem arises of
whet aold strength ls to be most sulteble, If the acld is
suffliciently strong to remove all of the olefins, then sromatie
hydrocarbons also may be absorbed. On the other hand, if the
ecid strength is such that the sromatiocs zre not ettmeked, then
removal of the olefins may not be eomplete.

Beecsuse 82% sulfuric scld sppesred to have ths least
effect upon sromatiec hydroosrbons, it was selected for deter-
mining the more resctive portion of the olefins., It wss then
necessery o determine any possible absorption of sromatiocs
by this strength scld. It wes furthexr necessery to determins
the optimum retio of seid to oll end the tiwe required to
give meximam absorption,

It was realized that 82% sulfuric scid mey not
remove sll of the olefing from en o0ll and 1t wes necsssary to
determine the concentration of the remeining olefins by other
means, LEnowlng the moleculsr weight snd the denslity of the
clefins, 1t is pomsible to determine the clefins resalning
after 82% scid trestment by use of the bromine number. Sinee
the determination of molecular welght and density of the ocle-
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fins remsining in & sample iz mot femsible, & method using the
molecular welght end density for pure mono-clefine was
developed, The bromine number was deternined by using e
standerd solution of potassium bromete-potassium bromide,

Fiwe oublc centimeters of the sample were pipetted
into & gredusted Haboook sulfonation bottle containing 30
cubic centimeters of 82% sulfurle eecid, The bottle end aecid
were chilled in en ioe bsth defore adding the ssmple, The
sample wes stoppered and shaken for 30 mimatea, It wes them

vemoved from the sheking sppsretus sné Tresh 823

added until the wolume of the remeining sanple could be read
from the graduations on the neck of the bottle. The botile
was again stoppered end centrifuged for & period of 10 minutes.
It was then removed from the ¢entyrifuge snd the loss in volume
of the oll wes resorded.

This loss In volume represents the portion of the
olefin hydrocarbons thet sre soluble in 824 sulfurie scild,
The olefine that remein in the sample are determined by a
modification of the bromine mumber whieh wlll be discussed
i1ater in the procedure,

In the determinetion of the sulfuric sold -soluble
olefin hydroearbons, 1t is edventageous %o use e reatio of
ecld to oll that efficiently removes the olelfins az economi-
oully eaa poesible, It has been found that the retio of six
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voluzes of seld to one volume of ssmple is the most efficient
rotis to use. Retios sbove thils velue do not remove spprecisbly
eny more of the oléfins. This retio wes established in the
following menner,

Identionl semples of o0il were trested with four
differsnt rotics of zeld to oll. These rotios were 8 to 1,
& to 1, ¢ to 1 and 12 to 1. The savples were sheken for one-
helf hours: the bHottles then were £illed with acld and centrie
fuged., The degree of unsaturction was fSetermined uesing the
method of Frenols. This unseturation walue ig reported os the
nunber of oublc centimetera of potassium dromate-potessium
bromide solution of bslf normel concentretion per cublic conti-
meters of semple snd iz bereafter ghokem of ag the “bromste-
tiper®,

Pwanty two samples were tested, the resulis of
vhieh are given in Table II., It oen be seen resdlly thet the
bromato titer resches = ninlsum
ecld to 1 volume of oil,

In the sulfuric seld trestment 1% wes necessary to
deternine the resetion tine for zaxinmum absorption, Thls was
sceomplished by tresting 6 portiorns of tiie seme semple for
difforent periods of time. These time Intervsls were 6, 10,
15, £0, 25 and 30 mimnutesz, Constency of the bromate titer

wes used 88 en indlestion for maxirmm resotion tinmo,




TABLE 1

The Effect of Varying The jiatio »f 82% Sulfurie Leld
%o Gil on the Bromste Titer

Ssmple Original 2 acid to 6 aeid to 9 seid to 12 acid to
Sromate 1 oil/bro~ 1 oil/bro- 1 oil/bro- 1 511/bro-

Titer mate titer mate Siter mate titer mate titer
By 16.96 b.72 4.65 4.56 4.55
Iy 15.632 .29 2.94 2.92 2.88
by 13.78 z.81 2,77 .60 2.64
EA 10.57 2.34 1.95 1.94 1.92
A, 20.12 2.73 3.29 3.31 3.04
A, 16.74 2.88 .52 .71 3.7¢
A 11.82 2.89 2.69 2.69 2.62
he 8.53 1.99 1.78 1.66 1.59
&6 .38 1.37 l.12 l.12 1.17
31 15.47 4.89 4.40 4.26 4.20
32 14,67 3.7 3.45 Se31 S.23
By 12.63 .40 3.28 B.ER .21
3‘ 11.87 3.18 3.06 8.04 Z.96
Ba 9.66 3.12 2.81 2.37 Za28
Bg 7.79 2,04 1.63 1,44 l.48
¢y 20,76 9.06 8.60 .54 8.52
C, 24.93 5.81 5.49 4.89 4.62
Cy 19.70 6.62 6.10 6.03 6.02
Ce 18.49 5.64 5.48 5.40 5.3%
Ga 16.61 4.28 3.89 3.33 3.02
Ce 12,40 2.78 £2.60 2.49 £.50



The procedure for these tocts wms es followsn:

¥ive cublo centineters of the semple were
nipetied into s graduated Babeoek sulfonation bottle eon~
teining 30 sublice centineters of 82% sulfuric eoid, The
pottle and sold were chilled in en loe bath before sdding
the semple. 7The botile wes stoprered snd shaken for O
minuntes., It wae then removed from the sheking spperstus and
safficient fresh 88§ ecid wees added to bring the oil layer up
into the neok of the bottle. The botile wes asgsin stoppered
snd centrifuged for 10 minutes. It was then removed from the
centrifuge and the brommte titer determined,

The results of thess tests are given in Table IIX,
end greaphioelly in Figure 1. From the inspection of the data
it cen be seen thet no appreclisble sbsorption tekes place after
50 minutes, Thus, the time for the sheking of the samples in
the 828 sulfuric geid wes set ot 30 minutes,



TABLE 11X

The iffect of Shaking Time on the Bromate Titer
for 82% Sulfuric 40id Treatment of an 01l

Zample Origimal Bromete RBromate Brommte Bromste Bromste Brommte
Bromate Titer Titer Titer Titer Titer Titer
Titer $ min, 10 min, 15 min., 20 min, E06 min. 30 min,

] 1.78 0,53 0.51 0.2 0.51 C.B0 0.50
H 4.67 2.66 2.20 2,00 1.%0 1,88 1.80
G B.64 2.74 2.59 2.09 £,00 1.94 1.%0
L 6.62 £.91 2.40 2,19 2,09 2.04 £2.00
F 7.71 8.79 3.02 2.568 £.03 2.19 2.10
K 1Z2.19 6.48 B.77 $.18 4.69 4,36 4.23






Hethod of Determining the Qlsfin Hydroocsrbons
Remaining in the Semple after the Trestoont
% Sulfuric Aold

During the trectment of 2 sample with 828 sulfuric
ecid, the tri- and diolefins, whiech are more resctive then
the monow-olefins, together with some of the mono-olefins esre
abzsorbed, Sonme mono-olefins, both of the straight and
branohed chein type, remsdin In the semplo. This is showm by
gn aprreaiadle bromate titer after scid trestment.

The remaining olefins cennot be removed by absorptiom
in salfurie seld of 2 stronger concentration without the denger
of the sbsorption of srometice hydrocerbons. The residuasl olew
fins con, however, be determined froum the bDromate titer if =n
gssumption is msde ss to the partionlsr olefins present in
each speecified out,

The olefins sssusme
glven in Tzble IV, The sverage wnlues of density, index of

d to be in epeh freotion ere
refrzotion at 25%0. and the molecular welght of esch fraotion
from Tadble IV ere given in Teble V.

In any specifie frootion, 1t is poseidble to calou-~
1=te the bromete titer for the sversge pure olefin, This
eenloulation is mede in three stepsi-

my of bronine from one euble centimeber




TABLE IV
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Pure Olefine Ocourring in different Bolling Renges

Compound

Point

2,4-Dimethylpentene il)
2,4~Dimethylpentene (2)
3-Mothylhexene (1)
2,5-Dinethylpentone (1)
e=-ethylhexsne (5)
2,3-Dinethylpentone (3)
s-dfothylhexens (2
s-dicthylhexene (5
S-Hethya-othylbutene (1)
c=ijethylhexone (1)
3&§eﬁhyihaxsnm«{2g
s-ilethylhexens {2
z-Ethylpentene }1}
s-Ethylpentene (2)
Heptene (1
Heptone (&
Heptene (2)

Average 80 --1&0“&.

G285 RRESE33RBREER

98,11
98,11
98.11
98,11
88,11
98,11
98,11
98,11
96.11
98,11
98,11
88,11
98,11
96,11
98,11
98,11
96,11

88,11

Boiling Moleoulsr Density
welght

20/4

0,6937
0.6547
0.6949
0.7054
0,6036
0.7126
0,06943
0,.,606¢
07186
067000
0.7120
0.7089
0.7079
0.,71%72
06093
0.7016
Q.7034

00,7052

Refl

reotive

ﬁxgggc

1.3945
1.3985
1.5945
1.5997
1,3929
1.408%
1.5966
1.3980
1.,4095
1.5875
1.40865
1.40060
1.4026
1.40056
1.3974
1.401%7
1.4016

11,4007
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TABLE IV {Cont'd)

Compound Boiling Holeculsr
Polint weight
2, 5=-Dimetuylueptene (3) 140 126,16
s-Zthylheptene (3) 142 128.16
s-othyloctene (£} 145 126,16
Honene (2) 126,16
2,44 7~Trinethylheptene (3) 140,16
2,4~Dimethyl oetene (4) 140.16
e-dethyl~4-athylhepiene (4)158 140,16
Aversge 140 - 1609 132.18

Compound

Point

2, 7-Dimethyloctene (x}
4~Propylheptene (3)

£ 40~Dinsthyloctens (8)
S-ithylooctene (2)
Desene {1}

2 ,6-~Dinethyloctene (x)
S-diatnyldecene {(4)
{Isobutylene) 3

Aversge 160 - 180%°%

160
181
iéz

163
184

179

weight

140.16
140.16
140,16
140,16
140,16
140,18
154.18
ie8.19

145.42

Density

20/4

0.7470
Q,7414
0.7409
0.7302
0.7355
0. 7497
00,7450

0. 7414

Boiling Moleoular Density

20/4

0.7418
00,7502
0. 7490
0., 7545
0.7530
Q. 7558
0. 7578
0,7600

08,7528

49

RBefrerotive

Index
a £25%

1.4255
1.4224
l.6222
1.4135
1.4135
1.4231
1.4246

1.4202

Befroaotive

Ind
& 25

1.4250
1.4266
l1.4288
11,4280
1.42786
1l.4E78
1.4308
l.4881

1.4271



EASBLE IV {OComtva)

2 MlM TOPYLe
T e {x) 168 168,19 07776 1.4415
sdiethyl-S«propyloetiine {x) 192 168.19 0.7609 1.43185

Aversge 180 - 200%C 168,19 0.7691 1.4365
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TABLE ¥

Aversge Telues for molecular Weighi, Demsity
and Refractive Index for Clefins in Different bolling Renges

welght za/q. Refrec %35.&
80-100 98,11 0,7032 1.4007
100-120 112,18 0.7238 1.4126
120~140 120,88 0.7329 1.4161
140-160 132.16 0.7414 l.4202
180-180 145,42 0,758 1.4271
150-200 168,19 0.7691 1.4385
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of 0.5 H potassium bromate-potassium bromide solution,

{b) grems of bromine required to ssturaste one
cuble centimeter of the average purs olefin of s speeliled
fraction.

{e) the grams of bromine recuired to ssturste
the olefin divided by the gresms of bromine per eublc centiameter
of bromete solution will give the cublic centlmeter of 0.5 N
potascium brouste-potassium bromide solution per ecubic eenti-
meter of pure olefin for a specific freoction.

This is 1llustrated by & sample caloulestion of the
bromate titer for e pure aversge olefin of ihe 8{%1%0&&.

rrsetion.
167,01 (159.83) (3)
SEBr + SH,S0, ~— 3Bry + 3,50, + 0
x

X = 0,040 8T Brglee. of 0,5 B mﬁm

98.11 159,83
Cplion Bry w3 Cpibpry
0.7032 Y

Y = 1.146 grs. Brp/ec. of pure olefin (80-100°C,)

%:%z 2846 co. of 0.5 K KB

olefin.,

0:KBr/ec. of pure
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£8.6 12 the bromete titer for one cuble eentinmeter
of pure avorsge olefin of the 80-100%¢, frection.

From this wvelue and the bromste titer dotermined
after an actuel sulfurlic seld trestaent, the percentage of
olefins remsining in the sample may be ealenlated,

& sample celoulsation, using the 80-100° e froction,
will be glven to illustrete this:

Volume of semple tesken for snalysis 6,00 oubie
centineters.

V:lume of semple after 82§ acld treatment 3,975 cublo
centimetsrs,

% olefins removed by seild treatuent W (100) = 258

Bromate titer after aseld trseatment em 1.43

% olefins vremailning in ecid trested semple m *ga' 8l . 5%

Thus, from the bromate titer of & treated frsotion
of definite bohling renge and the bromate titer of the pure
olefin of the seme bolling renge, the pereentege of olefins
remeining in the trested snmple may be celouleted. Aversae
velues for the bromste titer for various boiling runges are
glven 1in Table VI snd are represcnted grophicelly in Figure 2,



TABLE VI

Aversge Values for Bromstse Titer for Verious Boiling Renges

Mghiw
0v¢

80
100
120
140
180
180

- 100
- 120
- 140
- 1860
- 130
- 200

Bromate
Titer
23,6
26.2
24.3
22 .4
20,7
18,3






Bffect of 82 Per Gent Sulfurie aeld
on Aronmstioc Hydrocarbons

Exeept in very rare ceses, the ssuples to be ansle
yzed for olefin content will contain some arometie hydrooerbons.
In ordsr thst the contresetion due to 82% sulfuric scid be s
true velue for the olefins ebsorbed, 1t is nesessary that the
conditions chosen be such thst the srometie hydroesrbons do
not reset with the sulfurie seld.

The effect of 82§ ecid on various sromsetics hes been
studied under conditions similer to those umed in actusl ole-
in determinstion. Hixtures of 28 snd 756 per eent asroanstics
with & heptane base materlels were shsken with 825 sulfurle
acid for 30 minutes, the retio of seld to oll being 6 to 1.

Indicetions of changes in sromestic content were
determined by chenges in index of refraction end compensator
drun reading of an Abbe refrsotometer. The results of thecze
tests are given in Teble Vi1,

It cen be seen from Table ViI thast 82% sulfurie seid
hzs proctieally no effeet on the aromertle hydroecarbons tast
were studied. These sromestice &re thought to be typiesl of
those thst sctially oecur Iin most 01l of the gasolins boiling
renge., 1In the esse of the 75% pseudo-cumene blend, there was
obviouely szome sbsorption of the aromstic hydroearbon. It is
unlikely that s sasple would eontain only pseudo-gumene snd as

hizh & percentage of pseudo~cumene as In the synthetic dlend
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Determinetion of Arometic Hydroearbons

It has been shown that nitretion snd sulfonation
methods ere frequently unrelieble unless cerried out with
extrene osre. ~Frevious methods besed upon density, ocritieal
solution temperasture and index of refraction are mll of about
the genme value but were not considered rosurate sbove the
boiling ronge of the xylenes becsuse the representstive phys-
feel constents of the sromaties contsined in & gssoline ebove
the bolling range of the xylenes have not been detersined. It
is true thet density, ceritiesl solution tempersture snd refrac-
tive index vzlues are svelleble for most of the eromaties thet
oceour in the gesoline range of petroleum. However, the actusl
values thet sro representetive of these esromatiecs oocurring in
sny specific frsction heve not been determined,

Methods employing density, eritiesl zolution tempere
ature snd index of refysstion as & rule sro besed upon the
v-1ues of these properties before and alter the sbsorption of
the aroastie hydroearbons. 0Of these three methods in operationm,
thet of refractive index is by fer the simplest. Wwith an ibbe
type rsfractometer, measurements of refrsctive index mey be made
on = very small sample (O.82e.) which meens thet smell sanples
mey e used for the totsl anelysis., This 1s partisulsrly
desireble in studying plilot plant or lszborstory sesle operstions

where f{requently only smsll ssmples are svoilebls.

In order to apply determinstions of the index of
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refrzetion in the anslysis of sromasties, it wes necesszary to
estsablish velues for this property thet sre truly rspresentative
of the aroastices whiech oecur in the gssoline rsange. It wae

s1ls0 necessary to determine the ratio of absorbing reszent to
oll for complete removel of the sromsties and the time of

reaction to sllow for this removel.

Fron the preliminery investigstions, sulfuric scid
conteining phospihorous pentoxlds was chosen (for the absorption
of sromotics) becsuse it is sssy to maintsin at s constant
strength end becsuse 1t iz possible to mske the determinstion
2t room tempersture. Fuming salfurie sneid wes not used be-
anuse 1t slowly loses its strength whioch necescitotes
standardization before esch determinetion, Furthermore, it

1s necessary to absord srometics at 8 temperature nesr

Treezing.

Representetive refrsetive index velues for the aro-
metie hydroeerbons occurring in higher boiling frections were
determined using petroleum distilletes of widely different
cher-cteristies., Semples 4, B, ¢ end D from Table 1 were
gslected for this study. Frections Ays Bi‘ al end D, and

1

~ BE, 92 and Eg were onltted becsuse they contain

only benzene snd toluene, respectively, Representative

fraotions A

velues for the remalining frsetions were determined in the

following mennertw
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The semple wes trested for one-half hour with 80%
sulfuric acid, the retic of rcid to oll being 3 to 1. The
recidue was then trested for one hour with concentrated sule
furic ecld, the retio of meld to 0il being 3 to 1.

In the preliminery trestment to remove the olefins
from the sexples, 80F sulfuric acid wes used first in order to
keepr alkyletion et s minimum. Alkyletion of the original aro-
meties by the olefing ehould he svolided as mueh ss possidble
becsuse the alkylated aromestles probsbly would not asnve the
sase refreetive indexr velues ss the origluel sromstics. Aas
the value of the originel sromaties is the property whleh is
desired, obviocusly sny fsctor tending to change this wvalue
ghould be kept at & miniounm,

The remeining olefins were removed with 864 sulfurie
acld beosuse 1t is neeessery thet there be no eontpaction in
the removal of the arometie hydrocarbons other then thset due
to the sromsties themselves. The bromate titer for ell of the
treated ssmples wes less then 0.02, indliesting a negligible
olefin content, It is recognized that 965 sulfurie scid ab-
sorbs some of the eromstlies but if the resction speeds sare
aprroxinet:-1ly equsl, the refrzctive index wvelues willl not be
seriously effected.

After the complete removal of the olefins, five
cubic centimeters of the ssmple were shaken for one hour with

30 cuble centimeters of zulfurie seid-phosphorous pentoxide
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reegent w— {(100ce, of 96§ sulfuric sold - 30 gresms of phos-
phorous pentoxide). Trestument with thls resgent results in

the removal of the sromstlie hydroezrbons,

The index of refrsction was measurcl before and sfter
the rencval of the srometies snd the percentage of sromctie
hydrocarbons wes osloulsted from the messured volume con-

traction.

The aversge refrsetive index value for the sromstics

removed was celeulsted using the following formuleie
A=3% Arometios = H (100) (=)

(»)

Y = Refractive index of the semple sfter removal of the

aromstios
Z = Average refractive index of the srometios ocourring

in a spacifie boiling range.

The derivetion of this squation is obvicus from an
insnection of & plot of the refractlive indexr of the asromsties
and thelir respeetive bollling renges.

1.50 — .z
x X
1\1}&9 "Y

a0 100 150 20
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The index of refraction welues for the eromstic
hydroocarbons obteined in this menmer are given in Teble VIII.
Aversge vslues for the six specific boliling rences are
represented grephiecally in Flgure 3. The curve that resulss
from these dets will hereinafter be termed srometic line,

The pressure distillates subjected to these testes
were nroduced under wildely differing operstion conditions.
Obviously, 1t is essential for precision in this method that
refrzcitive index wemlues for simllsr freections of the different
pressure distillstes be practieslly constant. It esn dbe secn
from Table VIII thet this econdition is fulfilled.

If the refraotive lndex velues for the frsetions of
the ssme boiling renge from the different pressure distillstes
were not econstant, it would not be possible to use index of
refraction in an snalyticel nmethod unless the conditions of

manulfacture of the szmple to0 be tested were known, Ewen 1if

operating eonditions were known, it would be necessary to have
a8 different evyomatiec line for every different operation econdi-
tion and base stoek. It would be impresetical to use refrzctive

indieces under these econditions.

However, these conditions were not found to exist
and the use of the refrzective index values for the sromatie
hydrocarbones as experimentally determined sppecrs entirely
vslid for the anmlyticel determinetion of sromestie hydrocsrbons,

A comperlson between the experimentelly determined



PABLE VIXI

Index of Befrsction of iAromstie Hydrocerbonus

gecurring in the Fractliops of Pressure DMstilliestion

sl Mefmetive  mefotve reom Seinanie

Before Acld After aecld Index
Trestment Trestment

33 1.4899 1.4278 18.57 1.4926

B& 1.4270 1.4169 13.12 1.4937

¢, 1.46822 1.4271 52,40 1.494)

&a 1.4345 1.4170

3@ 1.4516 1.4557 26,87 11,4850

B% 1.4333 l.4224

ﬂ¢ 1.4675 1.4289

D, 1.4459 1.4831

Aﬁ 1.4633 1.4438 3675 1.4989

Bﬁ l.4412 1.4279 19.680 1.4958

Oy 1.4751 1,4338 65,80 1.496%9

55 1.4587 1.4318

A, l.4718 1.4989

Eﬁ 1.4512 1,4581

Cg 1.4694 1.4583

B 1,4704 1.4406







aronetic line snd the theoretical sromntic line ie shown in
Pilzure 3A. The theoretiesl aromstic line was plotted from the
l1itersturs valnes for the varions hydrocsrbons. sgreenent
hetwarn the two eurves is very good. The devietion in the
higrer bolling renge is due in part te the faet that polynuelear
eromatioc hydrocarbons were not plotied on the theoretical ecurve,
These particular srometies were omitted.from the gragh because
it is not known just which of these vecur in pstroleum distile
lstes. However, sny thet might oecur hsve high refrsctive
indices snd would thus ecsuse the theoretlesl curve to approech

more nearly the motusl ourve,.

o8 of icld to 011 In the Arometic Hydrocerbom

In order for sny method involving sbsorptlon of the
aronsties to be asourste, the absorbing resgent must be used
in such proportions thet the sromstics are sompletely resoved
wlthout asbsorption of naphthenes and persffins., The methods
utilizing sulfuriec secld thet have been discussed previously
414 not gzive eny spesifiestions for the retlo of zcid to oll
to bs used for varying smounts of aromstics. A set retlo wes
defined end thic wes used regerdless of the eoncentretion of

the sronstics,.

If tihe seme retio of ecid to oll is used & ssmple
eontaining s small percentege of sromatic will not exhsust the

reagent to & polnt where the naphthenes end paraffins sre not






attacked end eonversely g large eamount would result in

incomplete removal,

It has been shown (72)(69)(18) that the specific dig-
persion of sll nephthenes end persffing is practicelly econstant
et 2 wvelue of 100 x.;a”éﬁ In the present work this property
heeg been utilized in establishing the optimum yratios of seld
o oil for the erometie hydrocardbons in the following masnner,.

A semple conteining aromstics was trested with vare
jous retiosz of sulfurie seid~phosphorous pentoxide reagent for
one hour, The refrasotive ivdex was measured before end after
the eoid treztaent snd the contraction in volume wae measured.
The compensator drun reeding was recorded for the corresponding
finel refrective index walue, The denslty of the acid treated

semple was measured using s 2 ouble centimeter pyonometer,

The wvalue for the dispersion of the sold treated
gample was osloulsted from the formumle given in the table that
gecompenies the refrseotometer, The specific dlspersion wses

anleulated from the dispersion by dividing by the density.

The ssmples used in these tents were glven s pre-
1iminary siripping treatment with B2%& sulfurie moid. This
was doune %o mininize sny slde reaections thet would be camunsed
by =n exeess of olefins, The results of these tests sre

presented in Tebles IX snd X sand Flgurcs 4, & and &,

It wee found that ss the retio of ercid to oll wes



TABLE IX

Physiesl Lnte for Determining
Froper Retlo of scid to 041

Retio Browwte Refranotive Refractive Refroetive Compene~ Spesifie

5 BBOC
Sanple B
1:1 0,03 1.4101 1.3558 12977 43.8 0.727
2:1 U025 1.4151 13950 1.3972 ESed 0,725
311 O 0& 1.4131 1.5948 1.3968 GSed 0.7TE4
631 0,03 1.413) 1.3248 1.3988685 434 0,784
Sl Ou03 1.8152 1.3946 1.39638 45ed 0.785
S8enple L
4411 2400 1.4475 1.4125 1.414% 431 0.754
5:1 2400 1,447 l.4102 1.4123 4B e 0.751
é:1 =400 1.4475 1.4098 1l.4118 459 0.750
711 2400 1.4475 1.,4098 1.4117 434 0.750
811 £+00 1.4475 1.4098 1.4115 45.4 0,742
Sample ¥
61 210 1.4%5¢ 1.4300 1.4381 478 0780
7:1 2310 1.4%56 1.4270 1.4290 4542 0.777
a3l 2410 1.4756 1.4250 1.4871 454 0.778
g:l 2.10 1.4756 1.4247 1.4866 43.4 Q774
10:1 2410 1.4756 1.4245 1.4269 43.4 0.774



Retio Percent Percent Total Per Total Per Dlsperiion
Cent Aro- Cent Aro-

of
Aeld

to

eil

131
2:1
3311
431
5353

%:1
S:11
631
731
831

621

821
g3l
10:1

TABLE X

Caloulsted Results for Determining

Olefins

from matics
Brompte from

0.1
0.1
Gl.1
Ol
0.1

8:2
B.2
S.2
B.8
8.2

8.8
8.8
a,8
8.8
8.8

Proper Retio of acid to €1l

AXO-

tive

Index

17.8
18.1
1.2
i8.2
18.4

43.0
4.5
44.7
44.9

71.2
V2.5
Tied

Fied

metios matics

and Ole~ and Olew-
Titer Hefrse~ fins from fins from

Refroactive yolume

Index contyrnot-

and Brosste
Piter

Sexple K
17.7
la.2

18.5
18.8
18,8

Semple F
BO,0
8l1.3
82.1
B2.3
BE.S

ion

17.0
18.0
19,9
20.7
E2E.4

49,0
52.0
54.6
55.8
57.6

77.0
78.9
81l.1
84,.2
87,3

x
10%

75.8
T2.8
72.1
7£2.0
72.1

79,6
T6.7
7S5.4
753
TO.5

87.2
85.7
78,8
8.7
78,7

67

sfaairia
sion
X
10%

101,5
99.6
G50
99,4
99.7

1056.7
102,.1
100.8
100.3
100,.%

i1l.9
107.8
101.8
10l1.8
101,.8
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ineressed the specific dispersion approached the value of 100
x 1074, By employing a large number of different ratios of
acld to oil, it would be possible to obtain the exsct rstio of
scid to oil when the specific dispersion Just reached the value
of 100 X 10"4. However, it was possible to determine this

ratio in =2 simpler menner,

From an inspection of Tables IX and X and Figures 4,
5 and 6, it can be seen thet when the ratio of acid to oil is
lsss then the actusl retio required for complete removal of the
arometice, the percentage of arommtics caleculated from the
refractive index wvalues is greester than the percentege by volume
contraction; and thet when the ratio is greater then the setusl
retio, the percentage cslculated from the refrectlive index valuese
is less than the percentsge by volume contrsetion. It was
found thet when the ratlo of =zo0ld to oll wes at such & value
that the speecific dispersion Just became constant, the per-
centages of sromsties by refractive index end by wvolume contrsetion
becene ecual. This experlimental result is exectly that pre-

dicted from theoretical considerstions,.

In the crse where the ratls of seld to oill wes
grester then thet required to remove =211 of the aromstles, the
percentaze contraction by volume was greater then thet caleulested
from refrective index. However, the refractive index snd vol-
ume contresction esleuleted from it remain prectically constant,

It spperrs thet the inerease in percent contrection by volume
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is due to & physical absorption of both paraffins sand naphthenes.

In the c¢sse where the retio of sold to oil waes less
then thet regulired to removs &ll of the srometice, the percent
contrection by volume theoretiecelly should be scgual to that
eslceulnted from the refructive index. aotuelly, however, the
percent contraetion by volume was found to be less then thail
by refrzotive index, It is not certein why this tskes plecos
but it is believed to be the result of tihe slkyletion of the
srometies when the sample Is trested with the Xettwinkel re-
agent. This results in the forastion of benzene homologs with
ceheins longer tisn the parent esrometics. These elkylsted sro-
me . les heve refreetive index welues that are different from the
perent srometica. It is this difference that is believed to
ceuse ihe diserepsnecy bLetween the two eontrseiion velues, ¥ahen
sll the arometics are remsoved by using the proper ratio of scid
to oil, this diserepancy is no longer cbserved beesmuse the drop
iz index of refrsetion is due %o the aromstics originelly rre-
sent snd is unaffected by intermediste compounds thst aey be

foraed during the sbsorption.

It wes nentioned ebowve that the pereent contrsetion
by refreetive index esloulstion remeins practieslly constent
after the proper ratio of acild to oill hes been resshed. This
cen be seen from Flgures 4, © end 6., This is important bee
cause it shows thsn sn excess of reagent may be used without
seriocusly affecting the results.
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1

for the olefins would »rodbebly be different then the refrae-
tive indes of the semple were ell of the eolefins to be sbsent.

4 correction for the originel refractive index is
obtalned by sesunming that the olefins are chliefly of the mon-
end d4lolefin classes. Cyelie olefins and unsatursted benzene
homologse ere known to be present but in proportions smell
enouzh so that they meay be neglected without zppreciable error.
The converted originel refrsotive index walue is obtasined in

the following nmesnnert

The olafins in the serple esre determined by the broe
nmete titer and the per eent is eslculnted es thouzh nll the

olefine vere nono-olefins., I% follows from this that:
B=M+ 2D (1)

where B = per cent olefins from the broammte titer, esleulsted
as mong-olefins
B = per cent mono-olefinz thsat are sctuslly pressnt

D = per cent diolefins
It has becn shown on Page 53 thet:
o=8 +D (2}

where O = per cent of olefins (actusl)
Therefore:
Be=0O + D {3)
end

B
F=% (2



where F = fraction of dioclefins in the olefin mixture.

Therasfore:

r=2220 (5

Ny, = (1 - FIN, + FE, (8)

where B~ = refrasetive index of monow-olefin, dlolefin mixture
ﬂﬁ = refrsctive index of mono-olefins

Hp = refraetive index of dioclefins
Ry =N, + ¥ (N, - 8B,) (7)
ﬁﬁ - Eﬁ = ¢ {(8)

where O a= 4ifference in refroctive Index velues betwecn mono-

olefins end diolefins
Bog = By ~ FC (9)
Ng = (me - e;x %. (10)

where Ng = origineal refrective index
N A =—raefraotive index corrected for mon-olefins and
diolefins

N = 100Ng - ONpe (11)
A 100 - ©
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Ssubstituting equstion {9) 1in equation (11}

g = 10085 - Oy - OFC ..

& 100 - O

Substituting equation (5) in equailon (12)

5, = 100Ny - Ol ~(0) 48 =0 ()

100 -« O (13)
53 s Eiﬁ% Dﬁg
& Y (14)

Valuees for L, snd C ere given for digferent bolling renges
in Teble XI end ere represented graphieslly in Figure 8.

The per ecent srometlies on the shole sample is caleu-
lsted from the following formuls which wes derived from

ecuation {a) on Page 8l.

. N, -~
% Arometies = ..&..ﬁ {106 ~ 0} {(15)
Ez - Hr
where si,! = refrsotive index after agsaé&ge%
32 = refreotive index from sromnstic line for the
speeified bolling range

R

y = corrected refractive index, Eguetion 14

This method for determining the corrseted orliglinal
refrective index velue to be used for obteining the per cent
aronnties wes verified the following memner in using saaples



Aversge Values for Refrsetive Index of
Mono~-olefins and Plslerins for Different Bolling Hanges

grastion  Refrestive  Refrastive N, - Ny

giede ~  Momo-glefins Dielgfine 2

=1 Diolgsine

80 - 100 1.4007 1.4226 0.0259
100 - 120 l.4128 1.43680 0.,0234
120 - 140 l.4161 1.4382 O.0E2)
140 « 160 1.4202 1.44065 0.0853
160 - 180 1.4271 1.44%6 0.,0206
180 - 200 1.4365 1+4546 0.0181



KEUFfCL | ESSEB CO., N.Y. NO. 359H-11
20 X 20 to the inch, 10th line™ heavy.
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The per cent srometios wee determined by hydro-
gencting the samples untll most of the olefins were converted
into sstursted hydroesPbons. The droante titer end refractive
index were then messured. The refrsotive index after removel
of the aromstics was obisined by stripring with sulfuriec eecid

and phospuorous pentoxide reagent.

The srometic content of these same samplees were then
determined by using the originsl =nd finsl refrective index,
initiel bromete titer snd bromste titer efter 8235 sulfurie aonid

tra&ta&aﬁ:

& somparison of the per ocent sromatios ealeculated
from Ecuations 14 and 15 and the per cent esleuleted from the
hydrogenation dets 1s given irn Teble XII. The velues for ths

per eant sronntise by the two methods are in good syreeuent

vhalich glves verifiestion for the use of Ecustion l4i.

tion of sromsties wee established by trecting portions of the
gene Bmaple for six different perioeds of tiuse. The saleoted
tine intervale veried from 10 minutes to one hour. Complete~
nesx of the reaction wrs dstcecrmined by the constancy of the
refrzctive index, The proper retioc of scid to 0ll es indliceted
by Flgure 7 was esployed., Semples containing s low, nedium

end nigh concentrsitlion of sroasties were tasted,



Comperison of tie Per Cent Aromatlss Caleulated
by the Use of the Correctdon Feoctor § and the

TABLE 31X

Per Cent Aromstics Caloulsted from the Hydrogensiion Date

Originel Bromete Titer

s

B

% Olefins by 82%
Bulfariec seld

Broanete Titer after

824 1,80,

o
o
Olefins on Whole Semple

Corresponding to Bromete
Titer after 886 |

o

B

For Cent Aromstie in
%hole Semple

?ﬁag elgnifies hydrogensted semple.

20,85
1.5389
78,7

26,0

B0
1.4126
0,0235

D5
5.5
1.4346
l1.4141

16.5

= »
ﬁ*z

0,06
l.4288
G.2

not
HO8Be

not
neete

1.4126

1.4857
1.4081

17.1

s
17.18
1.4482
70.7

£5.0

S.80
1.41683
Q.02

11.7
58,7
1.4549
1.4290

25e4

Bay

0.71
1.4378
2.9

not
REAB .

not
BeRE.

1.4165

1.4384
1.4180

£6.5

In these saxples B w O



TabBLE XII (cont'd)

E}z ﬁﬁg
Orizinel Bromste Titer 16,05 1.20
Eg 1.4259 14130
B 6148 4.6
% Olefiuns by 82% not
Bulfurie Acla 20 MOES o
Bromate Tlter after not
ace ﬁgs% S.59 meas .
Bﬁ 1.41286 1.4126
¢ 0,035 ——
Qlefins on %whole Ssaple
gorresponding to BEromste
Titer after 8&% EgE@,& 8,2 —
KJ&
Kp

Per Cent Aromstic in
¥hole Sample

14.10
1.4331
58.0

2l.3

3.80
14165
.02

8.8
S0.1
1.4330
1.4180

13,9

B.54
1.4240
11,7

BOEE «

not
nens .

1.4163

1.4250
1.4120

14.2
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The resulte of this study appear in Table XIII and
exre shosn grephieslly in Figure %. From these surves it san
be secn thot the refrective index ls procticeslly constent
efter 30 minutes of secild trestament., The time of resctlion for
the conmprlete sbeoorption of aronatics wes tims set at 30

minutes,



TABLE XIII

man Resetion Tine

tive after after aftsr after after safter
Inﬂﬁg 10 20 30 40 80 &0
& 25 ™ m. m;n 3&5. ma& &iﬂ. &1&&
1 1.4132 1.3956 1,5002 1,5900 1.3909 1.3948 1,35948
1.4415 1.4125 1.4100 1.,4098 1.4087 1.4097 1.4008
r 1,470 1.4348 1.4500 142680 1.4278 1.4279 1.4278

L






Determinstion of Naphthene and Persffin Hydroesrbons

It is well known thet naphthenes snd pavrsffins are
relastively inert to most ochemlesl resgents. However, upon
trestment with strong fusing sulfurie aeld, there is & resetion
put it 1s slow and very selective, Only & few naphthenes and
highly branehed paraffins reset. Contraction in volume will be
given in most cases but this hes been proven not to be prefer-
entizl but to be 8 substentislly equal absorption of both
paraffins snd naphthenss,

Dshydrogenation has been used to ¢onvert the homologs
of coyolohexane to those of benzers strueture, These benzene
sonpounds esre then sbsorbed by sulfurie or nitric scid, The
contraction in volume wlll give the homologs of oyelohexane
but the method does not take into meoourt eyclopentanes and
other satursted ring struetures. Therefore, it doesx not give
e saetisfectory meesure of tie concentration of tiie nephthene
hydrooarbons.

It wes thought thet the mopt setisfeetory metinds
for the determinestion of nephthene end parsffin hydroesrbous
were those besged upon refreetive index and eritieal solution
tenperatures with anliline. Both of these methods have been

discussed previously.

Befrpetive Index Method,
In this method the refractive index of pure naph-
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thenes snd vparaffins ere plotted apgainst bLoliling point.

Averz e curves are {lrst draswn through these polnte,

In testing e senmple of known boliling range, the
refreetive index is messured snd its position hetween the two
enrves le determined., 8y e glmple proportion »f the distenee
betwean the two ourves and the distsnce of the point from the
pareffin curve, the percentage of nephthenes asn be determined.
The per cent of nephthenes cen be calouleted from Ecustion 16,
The per cent of persifins is given by Ecuetion 17.

N, ~ N
"

—= @m - (0 +4) Qe
¥

~e6xr cent kHaphihienes, ¥ =

vhere ?{Y = Reframctive index after I S0 4&3Q$
!IE, = Refractive index for pareffins, Figure 12
E«% = Rafrmetive index for naphthenss, Figurec 12
0 == Per gent olefins

A = Per eent srometice
Per cent Peraffins, P = 100 - (0 + & + ¥) {17)

The pareffin snd naphthene curves for refractive
inder =re shown in Flgures 10 end 11, The nephthene curve is
dotted beyond 170°C, becnuse refrsotive indiees for nepbtiienes
sbove this tempersiure are very meagre and it 1ls necessery to
assume repressntstive values, The curves of Flgures 10 snd 1l
ere rorpeated In Flgurs 12, eliminsiing the individual values
used to deteramine thenm in order thet they will be less
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confusing when used in snelytieal methods,

Aniline Number idethod.
Critiesl solution temperatures of nephthenes snd

parsffins with sniline have been used quite widely for their
doterninstion. In this work the oritiesl solution tenpersture
with eniline is termed the anliline number. In this method the
sniline numbers of the pure naphthenes end paraffins are plotted
against boiling point. Smooth curves sré sonstrusted throuzh
these points, using the method of averages.

The determination by sniline nuuzber is carried out in
e mannor similsr to thaet of refreciive index. By & simple
proportion of the distence between the two curves and the dis-
tance of the point from the paraeffin curve the pereentege of
naphthenes can be determined, The percaentasge of paraffins is
obtalined from Eguetion 17.

The paraffin end nephthene curves sre shovn in Figure
15, Both paraffin and nsphthens curves are dotted beyond 170°C.
because aniline number deta sbove this ere very mesgre and it
becomnes negessary 0 assume representotive wslues. Plgure l4

is obteined in the same menner as Figure 12,

In the construetion of the nephthens eurve for sniline
nunber and for refrasctive index only those hydroecarbons llkely
to ceocur in petroleum were used, This exeludes &ll eyclopropane

and eyelobutane homologs.









deternined for sewersl samples, using the refractive index
method and the eniline number method. The reaults of these
tests ere glven in Table XIV. It is observed thet in most
cases the sgreement between the wvalues for the two mathods

18 good.
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TABLE XIV

Faphthene end Paraffin Determinstion

25

%

1.3880
1.4050
1.4117
l.4182
1.4260
1.4327
1.3993
1.40868
1.4138
1.4215
1.4263

oaT

8l.6
635.8
65.3
67.0
68,3
71.0
80,8
6l.4
63.0
85,0
67.0

ﬁa%gz:;ivﬁ
na§a~ ﬁgraf~
thene rin
46,8 58.2
35,6 84.4
36,1 85.9
S8.2 60.8
51.1 48,9
61l.4 88.86
45.5 54.5
8.4 6l.6
43.9 56.1
51.9 48,1
S52.4 47 .8

Comparison of Criticel Solution Tempersture and
Refrective Index Hethods for

4niline

Humber

% %
naph~. paral-
thene £fin
3445 B8H5.5
&0,.8 89.4
B2.5 67.5
36.8 63.2
46,4 D35.6
54.5 45,8
57.2 62,8
30.6 60.4
41,8 58,4
46,0 55,0



RESULTS AND CONCLUSIOHS

An outline of the method which has been developed
{n this study of the analysis of hydroearbon mixtures is
presented below:

{1) Przectionste ths sample into 20 degrec cuts
from 80 to 200%C.

{(2) Determine the originel bromste titer of esach
fraction.

(3} Deternine the original refrezotive index of
esuch frsetlom.

{4} Treat $ cublo centimeters of the fraction with
%0 ocuble nentiuneters of 82 per eent sulfurie aecld for 30
minutes. MNeasure the contrsetion and the bromste titer.

Prom the contrsetion due to 82 per cent sulfurie
aeid snd the bromste titer, caloulste the per cent olefins in
tue sample, This ealeulstlion uss been shown on page 53,

{6) Betimate the pereentage of srometics in the
ecld trested frmetion snd then determine the proper retio of
aclid to oll from FPigure 7.

{6) Trest the oil residuse from Step 4 with sulfuriec
sclé-phosphorous pentoxide resgent for 30 mimutes using the
proper ratlo of eclid to oll.,

(7) Determine the refraetive index sfter this treat-
nent.

{8) Prom Equation 14 caloulate the refrsetive index
t® be used as the initial value for determining the per cent



aromaties.

{(¢) From Eguation 15 on pege 73, caloulate the
per cent aromatios,

(10) Using the refrmetive index value after treat-
rnent with sulfuric ecid-phosphorous pentoxide reagent celeulste
the per cent naphthenes end peraffing from Bquations 16 and 17
on pege 83.

When the percent of olefins es calculsted fyom
the original bromste titer 1s less than five per cent, treet-
went with 82 per sent sulfurie 2614 msy de omitted, Ths rest
of the method is followed ss outlined,

In order to redugse manuel labor in the seid
trentaents, meshenical shakers can De used providing thers is
eomplete amulsiflication of the scid snd oil for the durstion
of the treatment.
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Digcussion of the Method
The determination of olefins by the bromine number

1s not clalmed to be entirely new but in previous methods 1t

was necessary to have a knowledge of the sversge density and
moleculer weight of the olefins bdefore it was possible to
celoulete thelr concentration. In the method developed these
fectors heve been spproximated by assumling certain mono-olefins
to be present. It is true thet certein samples may or msy not
econtain some of the olefins mssumed %0 be proesent but the absence
or presence of these olefins will not meterially affect the
brosete titer of esch specified bolling renge.

The oconstent ¢ of Equetlon 14 wes developed by
obtaining the @ifference in refractive index of mono-olefins
sné diolefins which were essumed to oecur in petroleum. Here
again, certain samples may or nay not eontain some of the com-
pounds which sre sssumed to be present. However, sinee € wes
odteined by using & large number of compounds, the sbsence or

presence of some of these will not materlelly effect its wnlue,

The use of Eguetion 14 Tor determining the initiel
refractive index for the calouletion of the per cent srometies
gives veluss which spproseh more nesrly to the true velue,
Heothods thet use the volue gfter trestaent with sulfurie aeid
sre in error due to recctions sueh ss polymerizetion snd
elkvletion., 4 more complets knowledze of the physieal data for
the mono~-olefines and diolefins would eid in further estsblishing
the valldity of Egustion 14,
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The use of refresctive index for deternining the
eoneentretion of srometic hydrocsrbons is gulek and scourste.
It has not been used hitherto becsuse roprssentative values
for the refreective index of aromstics occurring in specifie
bolling ranzes were not known. Valuezs deterained for widely
diversified distillates have been found to be In good sgree—
ment for easch bolling renge and in felir sgreement with sversge

velues teken from the literasture.

It is possible thet the sromatic line gould be
established els0o by hydrogenating the olefins end tahen
following the method that wes employed In the sulfuric seid
treatment. This would zive still another check on the sromstics
l1ine established in this w»ork.

The use of the refrsotive index for determining the
concentraztion of naphthenss end pareffins should become more
cartein se more complete informetion regsrding the physiocesl
gonstants of naphthenes and pareffins sotually cecurring in

petroleun beoomes avaeilable,

The determination of naphtiienes snd paraffins by
e refrsctive index is preferred over aritiesl solution
temperstures becsuse dete relative to refrective index is

more complete and becsuse the operstion le very simple.
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ABSTRACT

A method of enalysis hag been devised for the
quantitative separation of the olefin, aromstic, naphthene
and peraffin hydrocarbons whish oecur in the gesoline fraote
ion of petroleum, The method involves new features and new
manipuletion of the exlsting data.

Triolefins, diolefins and some of the mono-olefins
are absorbed In 82 per cent sulfuric acld, The olefins re-
meining after the scid treatment are determined with the acld
of an empirical relationship based upon the bromine number
obtained by an acidifisd standard solution of potassium broe
mate and potassium bromide, The totel per cent of olefins is
calculated from this relationship and the contreetion due to
sulfuric escid, The optimum time of reaction for the 82 per

cent sulfuric acid treatment was established.

After the removal of the olefins, arometic hydro-
carbone are determined by the difference in refractive index
before and after removal of the aromstics. These compounds
are removed by absorption in the Kattwinkel reagent {concen~
treted sulfuric aecld plus phosphorous pentoxide). In order

to employ the refresctometer in the determination of aromatios



1t wae necessary to develop & factor for correoting the
original refractive index for the olefins that were present.
It was also neceseary to determine representative values for
the eromatic hydrocarbons boliling above the xylenes, The per
cent of aromatic hydrocarbons is caloulated from the correoted
original refractive index, the refractive index after acid
treatment and the representative refractive index of the pure
aromatices. Optimum reaction time for the complete removel of

the arometios by the Kattwinkel resgent was established,

Raphthene and paraffin hydrocarbons are slso deter=
mined by using the refractometer, QCurves for the refractive
indices end bolling points of the naphthene and pearaffin hydro-
carbonse were constructed using the most recent wvalues for
thesce compounds as given in the literature, The velue of the
refractive index for a specifioc sample after removel of the
olefins snd sromatics lies somewhere between the naphthene
and pareffin curves. By e simple proportion, the distance of
the point from the peraffin ourve and the totel distance bete
ween tie two curves sre used to compute the per cent of naph-
thene hydrocarbone., The per cent 9r paraffin hydrooarbons is
obtained by difference from 100,
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