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In the refining of erode oils an# the production 
of' gasolines, solvent naphthas and paint thinner© fey pressure 
pgrrolyeie, there fees feeen ea ever increasing need for an 
accurate and cpiek method for the analysis of the product 
formed* Methods of analysis available in the past were suf­
ficiently rapid because Chang#® in operating conditions were 
neither so frequent nor so readily wmMm mm today* j& present 
many ixrrastigations are carried out In snail mite wherein 
the operating conditions can fee changed at will* Thlm 
frequently requires method© of analyses that are accurate and 
yet do not cause m delay fey feeing too time emuraalng*

m  in almost all eases where accurate and quick 
result# are desired* there m et fee e balance between accuracy 
and speed* A rapid method m y  not always give results which 
represent the true composition, feat it should give results 
which ©re consistent and hear a definite relationship to a 
true composition* when exact analyse© arc required, methods 
may fee used that are more extensive and far more time eon** 
sasaixtg* however, ©cm of the more extensive .methods .may not 
always yield nraltc which represent the earn*t emfositioit 
of the m&tc*rial,

In this study existing methods have been Investi­
gated and a procedure for the analysis of petroleum fractions 
eofeodylxig new features and refinements of the existing methods
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#lefim Eydroeerfeeiie

W m  meaturaied may fee determined tm
two general ttat is* eitfeer fey titration ultfe Irttds*
or iodine or fey efeeeleal absorption wltfe reagents sttefe as 
sulfuric acid or sulfur mcmoehlorl&e*

M f r l M S M U m .  ¥ .« S M 4 .9 .»

ffee sample may fee- titrated using eitfeer ferosmliie or 
Iodine* ffee reaction time for Iodine is exceedingly large 
and tills necessitates a large excess of ieiiits* leaetiaa 
eom&ttlatxB of tfel© nature load to substitution reactions 
wfeielx gives incorrect results* ffe# conditions for tfeis 
reaction fears feeem standardised feat they probably result In 
am approximate balance between tfee umweted olefins and the 
substitution reactiam in saturated compounds# ifeem bromine 
is used in the place of the Iodine, there Is m still greet** 
difficulty 1 »  enrol dlmg substitution* methods feaire feeen 
demised wherein tfe* hydrogen bromide so farmed is measured 
but t&eee are wnreliabl* *x>d wry cumbersome* fbere is also 
seme difficulty in keeping brenine eolntiesi* at a m i  form 
strength# whether the eelmnt is enter or- am organic 1 1  quid*

Francis (l$i however, fees devised a method in which
tfeese difficulties may fee overcame# 1m this method a standard 
solution of potassium ferotsmte and potassium bromide is used 
which, if properly stored, holds its strength Indefinitely*



§

Whm ®m a©M la added to to© brass%e~bromi A©# bromine la 
generated* toe rat© topsnAtog upon to© stM&gto of to© aaid*
Bgr raaJdLag to© solution only slightly a#M* to© bromine m m  to 
gifiiifttad slowly# to© iitotor# Is agitated ysyy ^rigorously a© 
tost to© tomtom is ©a&susi©& by to© double bonds
fast enough to keep It at a rery law ©omeeiitra tiomt tons 
avoiding substitution rsftstloas# Substitution m a t  to kept 
at m ndtalms for reliable results*

in tola mtood to© r s i ^  Is not saieelble with to© 
oil# thin Is not dstrtomtal and m y  help 1m rratolog ©ubatl** 
tutiom. Hrosvsr* It dose wmk& vigorous agitation msosssexy*

toe tocmim© Is gsstonted from an a©Mlfi©i bronste* 
tomito eolutioit aoeaydlmg to toe following ©uuabioat**

KBrCL * SEBr + Pf^h.a. **•*•© M-JIO* * + 3Br-,

In to© titswttom It to tosstsrial toother dltoomid© 
hy&rtoe are tmmmI# a© may to mmm, Era© to© following 
©qua tl outs«~

BOB ** 0B2I* + BrE ♦ B£0
w v jmM3F

to© mstood to tosorlhed by W m m & X m  mm follows t ~
*1 slight ©xoase (preferably mot 

worm toam loo# ms ©attested fra* a trial titration) of to© toroHltowtoOBuit© solution



is measured in to a small Mrlmmmfmt flask* and to# sample of oil. 5 to 50oc♦ , de­pending a«m tlx# umsaturated eontenb* is pipetted la* ft*# solutiom la quickly aeidl- flat wito about Sea* o f 10$ sulfuric sold* and. to# flask is stoppered, It Is whmkmt' 
fo r  mm slant© as rigorously m» may bm aeeamsery to- keep toe color a pale yellow*If to# eolor is dark yellow is spits of eio* lest tosklsg* too m u c k  braml&e-broraate Mas tees added and to* analysis slxould be ©om~ si dared only a trial tit ration* In any ease, la order to complete toe liberation of bromine,. Ibec* more of sold are added sad. toe slinking is continued for enetoer itai©» If toe eolmtlom mmmimm colorless* a little more tromide^tramate solution Is added# toe final oolor toould bm ULgM yellow* One or two euble eeatlMtere of saturated potassium iodide are added, and to# iodine liberated Is titrated wito tolo~ sulfate* using rigorous toaklng near toe end of to© titration to ©street toe iodine from toe oil layer#

nA few of to# results by toi© metoed are &ham 1» ftefel© 1* In toe letter part of to# table* known, mixtures of m straight-run and a ©reeked gasoline were me.de up and titrated* ft*© ** calcu­lated*1 figures assume* tost to© analyses on toe pure gasoline war# correct*#



TABLE I
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Procedure a

*Th© number of ocs* of the bromide-bromate solution needed to satu­rate the sample for analysis is calculated. This ©mount and m m  ec* more ere delivered into a 190m* glass stoppered Fyiamayar flask, which is then set in lee water* On© ea* of the assas&a* whose temperature and density are known, Is added with a cali­brated pipette* Five ©e* of 10^ arerun in quickly, the flask stoppered, with- drawn front the ©old bath, shaken until the color disappears, and returned to the bath*Is the color reappears, the flask is shaken to destroy it* «h©» the color is persistent, the ©entente are shaken for on© more minute* (The total time of the bromine treatment up to this point v&rlmm frost f to 30' alxcutaa*i Ten m «  more of 10$ B#8© are added and the flask is stoppered at^onca* It ie shaken, on© sdsssts, on© ©c* of saturated El solution added, and shaken cm© more minute* The liberated iodine is titrated with thiosulfete and starch indicator to the first colorless end-point* shaking vigorously towards the end. Th© ctaroh-loditie color reappears quit© eoon in most aasaa«*

Procedure 3

•This procedure is useful where only small amounts of material are avail­able* The procedure is practically identi­cal with Am tec ec* of ©ample is diluted with lOoo* of pure carbon tetrachloride* Then an aliquot portion of on© ec. is taken for each analysis* Only 0*1 to Q*£ec* ere©©© hroaids-bromate solution is used* When the carbon tetrachloride aaauma m
f ensm&t faint yellow color, tbs flask s shaken for 3 minutes, and the analysis finished as in A* There i® usually a ©mil blank which may or may not be appreciable*

* X n  t h t t  1  p r o c e d u r e  B / 1 0  bresaids-brc^ats is used in place of M/2mn
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fh© results of Oortese are gliran in fable IX*

TABLIS IX

substance SO* of double bonds Theoreticalfound by procedure double bonds

f r e o t e M  (S) 0*99 9 * 9 9  1 * 0 0

friMthylethylesMi X * 0 0  1*02 1*80
Secern© {1J -- 0*S4 1*00
Oaten© (1) —  0*94 1*O0
&&XBSl®n& (1*5) 1*94 1*90 2*08
BeKadlea© (2#4| 1*94 1*94 2*00
E-Methylpenb&dien© (8#4) 1*90 —  2*00
M  pemten© 1*82 —  2*00
In&ene ~  0*83 2*00
Fsyan© — * 1*04 2*00
Phenyl butadiene polymer —  1*00 £*08

It ©an be seen from this table that aliphatic ole­
fins ana aliphatic diolefins, ehether conjugated or act, were 
accurately eboura to contain the required number of double 
bonds by ©oplasrltis this method* Sowcrrar* the method at pre­
sent is for certain ring structures and higher
p o ly m e r © *

Mulliken and Wakeman (49J modified the procedure
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present* For e* a. diolefin totals, eentaiiis two double
bonis won$& eonmsme twine m  m lii halogen as a momo^olaflii. 
It would n M M m r i l y  be eelenl&ted as a wbtto
would result in a value tow toe olefins twice a# large as 
eatoally present*

im order to aoawwrt toe bromine number to toe 
might basisf ® moleeoler weight for toe olefins mm% be 
known* When aonverttng to toe volume basis# both molecular 
weight aisA density of toe olefins m m t either be teown or 
i s m M *

The general ehsasleal method of detenimimg olefins 
is one of ecmtr&etiaat either on m weight or relume basis# 
toils tola eenbraebiem is essentially tmm to efewie&l oombi- 
nation, soat eontraetlon will result from physios! absorption*

one of toe beat hmomi methods toieh is based on 
eeatr&iitlon 1# tost of Farsgber* Sorrell sx»A levin© (16) • In 
tola method olefins and aranaties are determined sisnltanoouslf' 
l»y using sulfuri® acid at 91 and W$> <%y weight}. Sulfur aono- 
ehlari&e is meed to t w t i  toe olefins from toe original 
sample# file proMdmre for this method of analysis is a# 
follow 3 -

SI M 1  * shake lOOee* of toeoil with % volumes of 91 per sent ml"* furl© ©eld for 30 minutes* Slto&mw toe



IE

acid and note the reduction in volume of 
the ell* M a t l H  to# oil to a point 5 degrees above the former end-point of the oil to separate toe unchanged oil from 
the polymers formed in toe acid treatment* Finally, ebelce to# dletlllate with n Wilma© of OS per cent acid to rmmwm the m i l  amounts of olefins and aromatic hydrocarbons 
t t & t  e s c a p e d  t h e  p r e v i e w a  t r e a t m e n t * -  Whm total reduction In w d m m  represents toe olefins and aromatic hydroesrbems In toe oil*

to toe oil ew them to r«aia in con­tact over night* ©1 still toe a&rturc at an atmospheric pressure for toe lew boiling per- time and then under reduced pressure* this procedure separates toe olefin«#ulfur mono— dbJjsride raaction producte from toe oil**

a #  -content of ctcmmitic hydraoarbomii in toe distil-

®he olefin and arcmtlc contents era calculated by

A at g «» 9

toer© £  and 4 ere toe actual percentages of olef in
and aremtie hydrocarbons* respectively, in the oil, 4  is 
to# § «  of toe olefin end arena tie hydrocarbons (Step 1} and 
4 1 is toe eromtle content of toe olefin free oil {atop E) *

Add sulfur aoitoehleride

late is then determined by nitration*

m m n m  of the feratilee

tola Mtood is subject to toe following criticism* 
In toe treatment of oils wlto SI per cent sulfuric acid, 
eonfteeMtatioxi products ee well sc polymerisation products are
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o f f s e t s t o i r i ® # €  * wetbod tooroto too distil* 
Istlom to M m l M  po2jMXl8M olefins os# mp&Itod after 
Imtaitt wtto W  par MBit smtoinls sold «r after arwati# am# 
o l e f i n  r o B o t m l#  t b s  p « r  e a s t  a m s t l e #  t o  | i w  % y t o o  « t l f ~  

f o r M M  b e to o o m  to #  m  p e r  o o m t a m  t o #  M  p m  m m  m M m t o  

sold absorption# f M s  giro* a partial MwaobloB for allqrtote& 
produoto tot MorteiB polpmx&mtiom ^xotali are also atm&xbmX 
W  98 per t«i amlfsrto molt#

RlMOtsfeld @ M  Bomdte |S#J fear# suggested toe mm® of 
94 per eemfc ssXfmrle molt tot tosgf etait to# oetood Is smiislt-* 
able toon tli# etoflm r n r n m m 0 per M l *

Brmm® mm.® listtf (4} used m mstooi is o&lefe too 
dot a rminmtlmm of olefins topomdto mprnm toe ps? east loss to 8S 
per east eulfurlo sol A im a BmbMOle bottle*

Morrell amd I*##!®© (dd) deslMd a Mtoed im toiofe 
tl sm€ 90 per #«mb smlfmrto a#M were must to AmtoaamiziB oil#* 
flu# and exe&ottos* ^so olefin ooiitoiit i# oalemlstsd from 
too welgfet of m m M m m  after diabiiXotiam of to# oil
obtained dpcm t ^ t o i l  oito 91 per cent smXfurio mold fey too 
ms# of itoMHttlmo d«rf#iopod to tola wwfe* It Is guide
possible tost toose f m m m X m ®  m m M  mot fee w m X M  for oils 
b a r r in g  eidaly d i f f e r e n t  eMmsbegdstlee t o s s  t o o # #  seed t o  

developing too engdLrle&X roletlomsfelpe* 0B«m». otoor Bstoo&e 
fear# besa edtoxitod melm$ selfmrie sold of rarlotts ebrsngto* 
wito redlsti llafeiom f4§Ji38jf SS|*
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(86) eta to' tost 9E-94 per sent la required# It



it

is kmeim, tuswenrer, that mxXtxmris sold of this strength will 
reset with arosiatie Im feet* Msozdlmg to
Reuter |SS) a-a^rlem* Is soluble im 0$ per sent sulfurle aeld*
It tea bean prerred bj M m m  i m }  that it is impossible to eeleet 
mm sold comsentrabioji that will oogiplebelj xmmwrn olefins mmt 
jet mot reset with the ftromstlee*

A method m s  suggested bj Kattwlmkel (3£j Im whieh 
borie a old m s  used with sulfurio sold# Indiestlons
ere that the aremiibies i m  mot absorbed hot that olefin i w m l  
is mot soviets* It is haltered that %he tori# aeid has mo 
inhibiting notion upon elky lotion.
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the pereenbagea of toluene and femmeae when the reflective 
index of the mixture is team* Other worker© (65)1%) have 
verified the use of refractive index for quick and accurate 
laeasurmnent ©f the per eent aromatic in. hydrocarbon mixtures* 
Karpinaki (30) end Baxter (B) meed refractive indices to give 
indications of the presence or absence of aroma tics and m s  
used ee a rough estimation of the amount of aroma tics present.

Index of refract ion was employed by Hoyte (£9) for 
the analysis of aromatic ©oneembretian in gasolines* The 
refractive index ©f the sample wee measured end the sromatice 
removed by a standard method* The refractive index of this 
aromatic freed portion to© then measured* A known volume of a 
50/50 mixture of beams* end toluene was added to © known vol­
ume of the aromatic free sample so that the refractive index 
of the mixture was almost equal to that of the original sample* 
From these measurements* it is possible to calculate the per 
cent by volume of aromatic© in the original ©ample*

Th%& method is based ©a the assumption that a 50 per 
cent benxene and 50 per cent toluene mixture has a refractive 
IndeX which is approximately the mean for the aromatic© likely 
to be present In gasoline© ♦ front the more recently computed 
data pertaining to the index of .refraction of pure aromatic 
hydrocarbons* It appears that the assumption made above la 
quite questionable except for m very limited boiling range.

Schneider, Stanton end Watkina (59) have d ©vs led a



m

method for tee analysis of mrmmt-tmm mine a plot of specific 
gravity at SS%# sgslsst refraetiir© tmdes at £Q°€* for .para 
paraffins, mmphthm&m and arose ties in te# gasoline foiling 
range from assembled data, resulting in teres oumres on one 
figure* te# sample frssttomated and tee t©lmt par eemb, 
spool fie grertiy, refrsetit* index end bromine number wore 
determined by torMata^toomid# and tee speeifle gravity mad 
ref re at lire index were corrected for unss burst! on by mite* 
braetlng ®*®S§4 and 0«0&B raspestiwly for ttd double tend 
per mol from tee determined values* tee esleul&tian is made 
by solving time# slimltameoas equations*

pm ** ©a ms, m 
it*if ■** ef4 *» p 
i  •  I  *  f  •  I

i@di.ere m * as distance from eeaereeted point to paraffin line on 
tee figure | m m  distaste* tmm aapbteea3.es of same boiling point 
as tee out to paraffin lia§| a ®» distaste* f m  erasable eum*
pounds of same boiling point as tee out to paraffin line;
P m  distenoo from Nanrested point to paraffins of mmmm telling 
point ts eat | n* m  dlstanee from rapbteeaee of mmm telling
point as tee out to paraffin line; a* m  dlstasoo of aroonntios 
of same boiling point as tee out to paraffin line; a, m and & 
are measured perpendicular, and jr*# ja* and jg* parallel to tee 
paraffin line# tee eorreetlom f w  olefins using bromine num­
ber values Is questions Ibe in vlev of tee fact teat tee

mailto:i@di.ere


m
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these 3 put*® hfdi^srhcsi .type* the ewemtxahicm at the 
hydros# rtern ewtelned to the sample assy he selsalated* From 
s® inspeetio® of the vefmetlvity mime® (36} for m epeeifie 
hydroesrban type, eaeti a# the ptraffliii, it ea® he seen that 
these vetoes are met eosstest* e mu to nans* boiling ranges* 
rhe deviattogts ere dma to the feat that the refxmettoe index- 
density retotieaehip is mot a atriet Itoear Fe&etioa* these 
deviations limit the aeeaxaey of the method* Mesmmamkte 
of votome eomtraeblon ami density are also wm&mm&rmhl® whs® 
only mail sample# ere available for analysis * Moreover# the 
aeenraey of the method to further dependent mpan the aecuraey 
of the sold treatment*

toother physical property that is eopleyed for the 
estimation of the eewentsatieei of mrmmtim 1 m that of 
specifle dispersim* the formla that is gamers lly wed for 
specific dispersion Is derived from the dledetesieHENftle 
eonatiea for specific refraction as follows*-

*  - ^  ^  fejiL *  ttjfa «

where ^  ** specific refraetto® vetoes
m t m ss ref motive indices for/? end «< lines of the 

hydrogen spectrum 
d «* density at tenperstare at which refraetive 

inftiees w re mMettred* 
the dispersion values detemtoed by means of the Abbe 
refraetwater are based o® these b e  speetrw lines • to order



m

to obtain m an mmwrnrntamt toe speeifie dispersion is
Multiplied by 104.

It ha® hmm obMrvsd that to# speeifls Msparsiom
«»4>of naphtoenes tii p&xmftism is abomt 100 I 10 {IB} * tSfcuwre

is some slight Variation between la&ltlta&l liephtoetie® and
paraffins hut toe mlwe has been found to follow
approximately toe wist as gXreiu tola feat has been further
mlMrtamtlsted by other workers tT5)t69HfllllSlt^B}* toe miss
for the artmtle® hmm been tmm& to he appreciably higher tmt
it Is mot eomstant m,® Is the ease of paraffins and mp&toames*
0raers.lly9 the speslfle dispsnlos degreases with increase is

-4boiling point* Bsmsms has the mime of 10# X 10 * the
lowest teeem specific dispersion mime for a Immbomm homolog 
is approxliaft tely I K  X I©*4*

This variation in specific dispersion has been toe 
basis of several methods for determining the eoneentra 11 cm of 
arematiee in oils* Ton toshs ami Amfteream (IS) seed It as a
means of testing the offset of solvent extraction am the ir«* 
etieity of Imbricating oils* tlngter* mtemnm end m m  western 
I TO} employed the specif1® dispersion of arawtie hydrocarbons 
as a means of exsadmiag the ring strmeture of mineral oils* 
Hair* Willingham end atrelff 140} also Investigated the 
chemical sompositlo^ of the extract portion of the lubricant 
fraction from a mid~e oxitlnent petrolem using toe principle 
of specific dispersion#



m

&roism Weelcer {23} haw, developed a. method in
willoli specific dicpereloii Is used tor the analysis of both 
olefins end aromatic hy drossrheas* They found that the in- 
e r m m m t  of specific disporsioc due to olefins was eqpal to 
0*1# X brestime mnfeer* The weight per eent of areas tics is 
given ty the following fo»al®t-

* ATixmtteB m  i-r-J3..a .§.,l^p||a«....PMk?r.,.,--§2. x 100

where M «* specific dispersion of mixtures
M a  specific dispersion of pure aremables

n o  values of specific dispersiom used for pure enratiea are 
average values for those aromatic® probably occurring in the 
wartotis selected cuts* Stmee these values may eery es m # h  as 
SO dispersion units for e single cut, the accuracy of the
method is limited* S t  value of 0*16 X kremiB© number for the
specific dispersion Increment dm# to olefins is im error 
because the reletlonsMlp between the olefin increment and the 
bromine mmber is not a. strict linear function.

Ohsvaime and Siaon (8) were the first to observe 
that the presence of aromatic hydrocarbon© levered the criti­
cal solution temperature of a l̂ rdrosarfeem mixture in aniline,
and, also that the depression of this temperature was directly 
proportional to the weight of aromatic® preset* Ohm&mm® 

and Simon observed that of tee four malm classes of hydro- 
carbons* the paraffins hare the highest critical solution
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mil solvents is tost tl%m lowering of to© critical solution 
temperature depends upon to© ehmraeter of toe noa-mromatle 
base*

#ae of tom most ertomslTOly used aolyenb for tom 
Qumstltmtlve extraction of arena.tie hydroeatooms from 
petroleia distillate is dimethyl selfate* originally propose 
by Talents ito)* too alalas tost neither to® paraffin© nor
to# Baphtoeaem are extracted by to# seTreab* Tills claim* how- 
erer# ham teem refuted by &raefm and by tondmon and
?mrlelttm {S4} *

©rmefe eon&oetod very complete tests sad cam# to 
toe ®tm®ln®±<m toat dimethyl sulfate possesses a way delimit# 
mlseibillSy with satasated hydrocarbon©.* Me else pointed out 
tost to# solubility of aa ell in ll^toyl smlfmto m  p#* 
portiomal to toe amount of solvent meed*

toe eoaeemtratien of emnmtlo hydroearbomm in hydro­
carbon mixtures is often detoimimet by nitration* Faming, 
mltrie acid may be used altooagjh toe g M m m l  praoties is to 
employ a idbetare of aulfuric amid and nitric me id* toe 
mitre tl o® method proposed by Bess fBS> Is based upon toe 
nitration of toe aromatic hydrocarbons to toe nono-nitro 

which ere tom dissolved by sis added esteems of 
aoMsntrnted smlfurie sold# Bess meed m eorremtlm of one 
stole centimeter for toe solubility of paraffin® and mmph-
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then&B in t*e
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methods* W&& methods differ widely in the
of the sold and the ratio of the tolm® of acid to oil*

per cent) has teen

gives
P&yticmlsriy the lower 
toluene {S3J* Bolfurto

(45)(6SHW>« Oh©
more widely used

Is

as benzene and 
strength has t m

of aromatic 
per cent acid been

It has teen 
, the loss, or 

m  of

whom 90 or 
may be

per cent 
than the

to be

use of Bi
a their data this aeld also he 

to remove sots than the theoretical amount of

Kattwlukel (32) has 
sulfuric acid upon 
of phosphorous pent oxide* ®  
abeorptloa of naphthenes and

that the action of 96^
the presence 

for the

acid appearb to
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dap and span the a w w a l n t l w  of tbs eroaotie hydrooarbons.

'ham&qmm mwt& jMMafc4M y  tolMSIft* top&JL e089*BSs Of tLigfc 
#r l©9 boiling ar«stl#s a*# mm&wmA fey aislfiiiri# m14 of to# 
ms# etomgttu In o#&#r to wmsmm to# tiMillt bydromrto&s 
#tto#n% mm%%€m mm to# maptitotoaa m A  pmmtttmmw 1% appears 
thet the ratio of sold to oil «to»M bo werted rether Iboi
whjwgrtng the StTOBgth Of t*** OOfdr



top&toem* a M  Famff la HydrooartaBs

Otaalo&l methods for teterateliig toe ©omeentratiom 
of Mp&toe&M and paraffin© m m  limited and net rory reliable 
becaoaa to© %pe« of liydroesrtaiis are relatively inert
to toe ordinary reagent©* atm© indi vitae 1 hydree&rtams of 
tato types wl.ll- roast wlto eertolm reagents tat toe 
or© limit©# ©at do mot pressed to ©eisptstiem fox either groap 
a© o tool©* B m a q m  of this eta&leel stability toward reagents* 
physios! pmperttm of the too type® ere: ©hiefly need to deter-** 
mine their seasStratiomm•

Probably the west mmm&m method used for the deter-
mimatlom of the eoiiseatratl cm of mphttaftee ami psrsffime i©
the aniline point method* toia 1© an extension of the fimni.
amd Marshall method for axmatle hydrocarbons (67) * In this 
method the follmlmg aesanptlotss are mdet (a) ©11 paraffins
hare am ami line point of TO°0*g {%} ell tag&toemee boiling tip
to 9$0O. lower the ami lime potato of the paraffins with toleh
they are present m% a rate of 0*4*0* per one per sent* for all

e ©mphtoeiiM boiling between 95 and UBO 0* toe eerrespoMimg 
figure is 0* S°0., and for all mapfctosme© of tailing range 
12O**EO0°0. toe figure is 0«£*o*

1m geaeml practise toe mean figure of 0*0*0* per 
one per seat is used*. .If M *  per eamt M j & t t m M  and f Is
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from accurately i t l t M B e d  molseular weight* density and 
rsfraotiw tmMmx vrnlnm® (TO}* I® oxter to calculate ih# yoz*» 
oemtage of pmTmffim (or paraffin s M o  ofealss) ami maphthanos
rings, tlift specific rofwotim Is esleulatei from thm refrao- 
tlvo Index ana dosslty using the fcoania of XoTOabmHherem^t ~

r m  &aj r r r * *
A point oofrrMpomftlog to the specific rmfraebios ami molecular
weight of the sample is located om a prepared shaft*
Om this chart specific refraetlem is plot tod against noleeulafr
weight is a aeries of scurre* for %tarn elsaae* of hyiroomfbom©
i 1 # 0 H » c 2 - O H  ami I I * As am example,fea ®a+2* a a* * 2n-2» Y * r t  a a M  ^  ’
am oil is found to haw m nmmt molecular weight of TO9 ami a 
specific refzsoties of 0*3379* tea specific refraction of a 
■paraffin hydrocarbon of the same molecular weight Is 0*5014 
and that of a pelpefll# mepfetliene with mo sit# chains Is 0*3040* 
The psrosBtag# of aapMfeem rings is the oil therefore is

i!'llii""-' ’fclSB I 1 »  »  IS par <wt teBlght.

In the gasoline range of petroleum fractions the 
slope of the cures for the alas® of hpdree«t*oms is
rather stoop which w u M  necessitate cutting the s&aple into 
?ery small fra at ions because average molecular veldts over a 
very large out would mot yield the correct analysis of the 
a&Kture* Is the higher bolllmg ranges this objection is



m

teens* te# slope* of tee mmrwm mrm wmrf nmmrXt 
sero, teteii allows a witter reae® fear tee average teLeeular
weight*

A reesnt ageteott {64} tee teea propesott telek makes 
as# of latter of r«fraett*& mines* literatere niit® for tee 
latex of refraction of tee paraffins are plsttot against 
boiling: point* 4 similar servo to r tee napbtteiies is eon- 
etsmetett* tte in&ex of refteetim for an mtikmwm of
tee** boiling point is leeatatt teteee* ttes* two carves ate 
from its position tee percentage of aap&teeiioa s&tt paraffins 
m i  te oaleulatet# fte carves as given eeoltt probably be 
iMprovett te tete pertaining to paraffin* sntt m $ M teames tele* 
tea 1m  pxbliteet sins# tee pteliofsblom of tints article*
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w m m m m m m  m  m w m m m m m *  m a m m m

«  »« U * . ™ .
to all of to® atatoote tout t o w  teM aOvwMMAto to# fitll of 
patrolem axialy###* Tfae oiitetaaaKtos otojootloa to mao of too
more rooomt notoo&s ii#s to to# tin# mqjtt!M for ttotr #3e#~ 
omticm* to«s. too ®to*r asii omtorsM# for rapid
astalytlool writ*

Xm rim -' of to# artomaiw towstismiioas ttot tair# 
tom « i  to to# potrolow totns'try during to# paat
tooai#* m. ###*#& for ao* roogoat# 4 M  mot •#*» ItiteMt# it 
pmltotoary study of irarioo# opooial roagoista «&t Mtolyot# 
for to# tatom&Mtiost of to# few  ̂ Mftl mlmmmm of &ydro~ 
oartoms m s  tm%* Mo##r#rf. a® p&rtieiitor admntagoa
m r o  otoitoii

1% i®§ toomi^i* Iwfft?, toot © nor# «rt#mitlr# 
«amto#ttcm of to# tost tmmtwmm of avixtl teuw aotoote* 

wlto # s w  totorprotatlosi of data nigM altotoat# 
to# paroMttt IliMli^sii «m€ result to. m sotisfaotOTy mottod*

SssoStos aMgptoo of dtoorstotodl oonposittoii
war# « « I m M  for tots wtafty mttor tfeMft atotaros of pm»Mydr®** 
o&xto&s to. or&ar ttoi to# »toot so Isffl^ti would to kiti 
upon ®«pomiito ttot aotwolly ooour* to# soms# ©mi to# toil** 
ttip of to# nstorl&to tost w »  « M l  to m t  to#
ijmMitigotioifeo to tots study mr# giwaa to tobl# I*
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m B M  I

r*#&r## and Boiling Rata## of samplee 
anpleyed in aaeperitaentnl mwfe

Sfisiia c Same© Souroe
A to «* £00° C liquid than© Ora#*•& Gasoline
3 80 #» *0G®0 U#nlt fhaa© €r##k©i 0M * l l m
0 80 ** 200° C Vapor Pha*« Cracked Caroline
Ti 80 «*» 200®0 Vapor Pis##© Crocked Gasoline

to m 100° C hetman Practical lop tone
r its 140°C Reformed freosure Distillate
0 140 •m 18*® 0 Solvent Saphtha
a 188 - Eia°o Solvent Sfcphtlka
T« 188 804® C Stoddard Solvent (Varao!)
K 88 - 140® 0 Toluol Substitute
v 88 ** 140® C Toluol Substitute
tf 88 m iia°c lefemed Practleal Heptane
I 88 m> 180®O Toluol Snfeflttitnt# {Solve### #1)
V lit *» 178*0 Commercial Solvent fayhtha

< 3 # l v e » « o  ft)

T h e  s a m p l e #  B t  0  a n d  £  w e r «  # # r e f  n l ^ y  f r a o t l o i i -  

m t e d  i n t o  8  f m e i i o n  ( 6 0 ^ X D 0 ^ 0 #  1 O 0 « * X 8 0 0 O #  © t o .  } .  T h e s e  

t y r a n t  i o n ©  a r ©  i d e n t i f i e d  h y  a  M f c M r l p t  1  f o r  B o i l i n g  r # s # #  

8 0 - 1  D O 0 0 .  a n d  a ©  f o r t h #
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fin© remising la a magpie la mot feasible* a mm%ho& msing tlx# 
seleottter ssig&t t M  density for pare moao-elefisE waa 
developed* Hi# bromine mstoer was deberaXmed by using a 
standard solution of potassium brojaate^potassitai taenlde*

freatgasnti with 8£& ttoy weight) sqlfarlo acid .
Ft## miMf eenttseters of toe mm$l® trey# pipetted 

into a graduated Bsbeoek milfonatioa bottle eo&t aiming 50 
«aM« eemtlaeters oaf &3§j& awlfmrl© eeld* toe toottla and mold 
war© tallied tm am loo bails. before adding to# sample* to* 
sample was stoppered mad shaken for 30 minutes, It o s  them 
removed from toe shaking apperetae and fresh **$ sold was 
added until toe velaae of too remiiXisXiig; sample scald to# root 
from too on too meek mf too bottle* to# bottle
was again stoppered sad esmbrifuged for m period of 10 minutes * 
It was toon reMved from too ee&trltttgs mmd too loss la volume 
of too oil k i  l a m e M *

tola loss Jjt volume represents to#- portion of to# 
olefitt hydrocarbons tost are soMtl# la 8®# aulfttri# mold* 
too olefins tost ransia in to# sample are d*t«xa&j»a& by a 
isedlfieetlo* of toe toonixio number w&tto will b# discussed
later la. too prosodur#*

la to# determiaatlto of to# sulfuric acid "-soluble 
olofia l^treearboas* it Is edwiimbageem# to mm® a ratio of 
aoid to oil toot efficiently rmmwmm to# olefins as econcod** 
sally mm possible* It hmm been found tost to# ratio of sir



m

wmlmmm of salt to m m  toIim m  of maple Is the m m %  efflcle&t 
ratio to n m *  Ratios a tore this wmlmm do not restore appreelafcly 
m y  »ore of the oMfitis* this ratio m m  eetahlt*he& 1m  the 
^aU«lag miaaer*

Xdatxtieal i « p l t s  of oil m r e  treated with four 
different ratios of aald to- oil* t&eee ratios nor# 5  to 1 ,
6 to 1, 9 to 1 and IB to 1* the maplee w r t  shalcê t f or ©ii#* 
half hoar | the bottles than wbtb fill eh with moil. and omtrl* 
foged* fhe d©sr«© of aaeataratioa « i  de&emliied usix»s the 
.method of tfeBXKOle* fhie o s m i u m  ties* value is reported ee the 
mtisber of ooMo eeRt&uatere of peteeelua teosete«~potmss t o  
hromihe solution of he If normal eeoee&trattaa per ©nM© oaatl* 
m&are of aanqpde ant is hereafter s&o&en of as the ĥroniit#**

f t a e  ssispXos «er© tested, the r e m i t s  of 
wtsioh ere give© in fhhle XX* It s&a be wmmn r o s i l y  that the 
bro&ot© titer reeehee a . i M m  sppromlmteXy # volosae© of 
eeld to 1  v e X m e  of oil*

1m the sulfur! e ©ell treatment it was aeeeesary to 
determine the reaetlcsi time for eheorption* fhle was
eeeeapllehed by treating 6 portioiMs of 'tit© sums sample for 
different periods of ties* fheee tin© Intervals wra 5, 1§#
IB,. SO, gs end SO almtbea* Ooaetanaqr of the bromte titer 
m s  used s* ®i ladleetloa for maxisiia reeetloa time*



M  XI

the Jgffeot ilatie or ShsOUtari* Aeii
to Oil ©a t'hm Broaate fitir

Sample Original 2 aeit te 4 a©id to t «©i5 to It a©It totronata 1 oll/tro- 1 oil/Bro- 1 oil/l>ro- 1 oil/lira*titer mate titer mat#?- titer mate titer mate titer
\ 16.96 0.72 4* 00 4*04 4*33
»,W* 18.68 3.29 2*94 & a$w|7§ 2*80
J)3 18.98 2*81 2*77 2*40 2*44
D€ 10.67 2*34 1*94 1*94 1*92
42 SO. 18 2*73 2*29 3.31 3*04

a 14* tt 3*S@ 2*02 2*71 3*78
44 n *@2 2.89 * £tm *.* ©* 2*49 2*02
0 @•>40 1*99 1*73 1*44 1*09
46 0*28 1.27 1*12 1*12 1*17
Bi 10*4? 4.89 4*40 4*24 4*20

®E 14.57 3*07 2*40 2*21 3*22
10*40 3*40 3*30 2*22 2*11

*4 11.0? 2*18 3*00 2*04 2*90

Be 4*44 2*12 2*41 8*27 2*32
B-4 7*79 2*24 1.03 1*44 1*42

ei 30.70 t.os 8*40 8 *04 8*SE
°s 84*92 5.81 0*49 4*89 4*82

ea 19*70 4*02 4.10 0*03 4*02
C4 18.49 0 « 44 0*48 0*40 0*37
C8 14*41 4*28 3.39 3*32 2*02
H IE *40 2*78 2*40 2*49 2*00
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Tim p r f o r  Wmmm toots ipm os follorsi

W%w* eobie eoatlnebers of %lm worm

p&pottod fate o smtaoted Bebeeelc smlftmaiioti bottle eoz*~ 
teiaiag SO eabio otebteetera of $$f& stalfurio aeM* fiie 
bottle mni soil worn etiill&i in mm loo M b  before otting 
te# sample* gfeo bottle ms© stoppers* «n& abates for © 
mlnabee* It v w  teen m m m w m  fi m  H a  testing ap$*ntsia and 
ooffloioat frste eei4 wmm aftiakl to bring tee oil layer v& 
into tea meek of -tee bobble* tee bobble m o  again sb0ppero& 
s M  omtrifagei for 10 minutes* It- m s  ttan w o f t l  from %bo 
eemtslftige eat tfeo bwwete titer &teesaixts&#

tee results of tees© bests mr© gî ren is tebl© U I t 
sat grepliioellr in figure 1# frew tho i^pootlm of W m  tats 
it e&a be m o o  tbat m  opprooioblo absorption takes plae© after 
SO slant#©* tens* tee time for te# teekin® of tee e*»pl#s la 
tee emlftari# eetd % i  set at SO minutes#



m

Y O U  III

tkm seff «ot of 3kalclag ft me or the Bresi&te ft ter 
tor &Bp 3uXfuric AoXd Treatment of as Oil

Bmmplm Ori^iaml Mrmmtm Broiaate Bros* to Broomt# Brornate Bromate
Br&natoTiter Titer filer 

2 0 ilRt
Titer

18 M i M  m
ft tor

<M>.
ft tor 

28 aisu
filer

bo .siyu
It 2. 7 8 0 . 8 8 0.61 0*62 0 . 6 2 0 . 8 0 0 . 8 0

E 4.67 2.66 2.20 2.00 1 . 9 0 1.86 1 . 0 0

0 £•64 2*74 t.If 2.09 2 . 0 0 1.94 1 . 9 0

6.68 2.91 2.40 2.19 2.09 2.04 2 . 0 0

F 7.71 8.79 8 . 0 2 2.86 2 . 8 8 2.19 2.10

K 2S.lt 6 * 4 8 8 * 7 7 8 . 1 8 4.6 9 4 . 36 4 * 2 8







o . m m 1.39690.7120 1.40270.0045 1.0000
0.0909 1.0000o.Tise 1.40000.7000 1.00750.7160 1.40550.7089 1*40500.7079 1.40250.7172 1.40960.6993 1.5974
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so

n s u  ir (ow***)

OoinpotisA Sailing H«l MsOar 9«a«ttirPoint Weight EO/4

2,6~Bim«thyl-E-lBOi>Tt>pyl-hantes* (x| 100 108,10 0.7774
160.10 0.7009

Average 180 - 800°C 168.19 0.7891
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1,44161,4918
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of
Kh>ioo°e*

X6?*01
+ m.

(159.83)(3)
-* 3Brs ♦ SK-SÔ  
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pure average olefin of the 80—100
titer for on© cubim cent teeter 

% *  fraction*

Fro® this value end the
after an 
Olefins

©ample oaloula 
to illustrate

of mmmplm taken for

titer debexminsd 
treatment, the percentage of
may be calculated*

^0 * fraction.

Volume of eesepie after acid treatment 5#75 cubic

removed by eeld treatment ** sdi

titer after acid treatment •» 1*43 
remaining in sold treated sample m

In sold treated sample converted to the

frota

sfis of the seme 
saining te tee tr 
.isos for the hroasste 
n in Table VI

38* *2*

tee bromate titer of a treated fraction
amste titer of tee pure 

range, tee pereentase of olefin© 
mple may be oaIsolated* Average 

titer for various boiling ranges are
graphically in Figure 2,
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Average fa lues for Bronafce Titer for Various Boiling Ksmges

Frmf|% io»
0°C Yiter

E8.6 
S6.2 
El .3 
EE .4 
EO*V 
18,8

80 - 10©
100 - ISO 
ISO - 140
140 - 1tO
im  - iso
180 - EOO
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Xffaet of B2 Per dent bulfuric Acid
on Aromatic Hydrocarbons

Except in vary rare oases* to# sample to be anal* 
yaed for olefin content will contain some aromatic hydrocarbons. 
la order that toe contraction da# to 8£gfc sulfuric acid be a. 
true value for toe olaflaa absorbed* it is necessary that toe 
conditions chosen be auto tost to# aromatic hydrocarbons do 
not area at with the sulfuric acid*

The effect of 81# acid on various armatiae h m m been 
studied under conditions similar to those used la actual ole* 
fin determination* Mixtures of SS and tt pmw cent aromall cs 
with a heptane bee# materials were .chafed with SB# sulfuric 
sold for 30 a&natoe* toe ratio of add to oil being 6 to 1*

Indication© of changes in aromatic content were 
determined by changes in indea of ref ruction and condensate?
drum reading of an Abbe refreetoaeter* The results of these 
tests are given la Table VII *

It can be seen from Tabic VII tost SB# sulfuric meld 
has practically no effect on the arena tie hydrocarbons tost 
were studied* These area®©tics are thought to be typical of 
those that act-tally occur I n  m o m t oil of to# gasoline boiling 
range* la the css# of to® 75# psendo* eu&ene blond* there was 
obviously com absorption of to® arena tie hydrocarbon* It is 
nallhely that a sample would contain only paevft&ô etaaeae and mm 
high a percentage of pseuclo-oumene as in the synthetic blend
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determine t Ion of Arms tie Mydrooarbons

It has temn Bhmm tost nitration and snlf omit ion 
methods ere frequently unreitable unless ©errled out with 
ertretae e e m  Previous method© based upon density,, oritieal 
solution t#ng>#ratur* end index of refreetlon are all of about 
the earn© value but were sot 0 0s© Ida red teffuratd above too 
boiling re lag© of toe xylenes bee#use to© reprerabstiwe phy©~ 
leel constants of to# arocsaiies contained is a gasoline above 
too boiling range of to# xylenes have not boon determined.* It 
Is true toat density, critical solution temperature end refrac­
tive index values are available for most of to# aroma ties toat 
occur in toe gasoline range of petroleum* dcmever* toe actual 
values that are repreaaatatlva of toes# aromatlaa occurring Is 
any specific fraction have sot beam determined*

Methods employing density, arttleal solution temper** 
ature and Index of refraetioa as a rule aro baaed upon toe 
values of toes# properties before a M  after toe absorption of 
the aroma tie hydrocarbons* Qt to#©# tow# methods in operation* 
that of ref motive Index is by far to# simplest* with an Abbe 
type refreetoseter* rmn sur meats of ref motive index may be mad# 
on a very small maple (0*tS<5*} which aMMtna that ©mall samples 
may be used for to# total analysts* This 1® partloula rly 
desirable in studying pilot plant or laboratory seal# operations 
where frequently only small samples are available*

In order to apply determinations of the index of



59

refraetloaft to to# analysis of aromtles* to «tfi neeessary to
os tat llsh wellies for this property that sre truly representative 
o f  t h e  aromatic* w f e i e h  oeeur I n  t h e  v a s e l i n e  range* It w s t

also necessary to dot ermine the ratio of assorting reagent to 
oil for complete r a m i  of toe eromatles and the time of 
reaction to allow for this removal*

From toe preliminary Imeestijgatlosts* sulfuric acid 
eontstnlng phosphorous peat©ride was ehosen (for the absorption 
of aromatles) beeause it Is easy to maintain at a eons tout 
stramgtb end beeeass it is possible to melee too determination 
at room temperature* ftelog sulfur!e sold was not used be** 
earns©- it slowly loses its strength w&leh neees site, tea 
etanderOlsatloa before each determination* Furthermore* it 
is necessary to absorb arena ties at e t crap# r a to re near 
freeslag*

Determination of Betractive lafiw fttrve toy
Bepmsaatetirw refraetlwe IndeR weluee for the are* 

metis by&roearbons cHHttirrlsg. in blghe? boiling fractions were 
determined using petroleum distillates of widely different 
c&arrwteristles* Samples 1* B* 0 end B from Wable I were 
saleeted for this study* Frsetions and and
fraotion© a » B « 0 and I* mere emitted beeeose toey eoat&lnB B B  m
only benzene and toluene t respeetiva&y* Bepres ent a t iv#
Talues for the remaining fractions were determined in to© 
following manner s<"»
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■oi<i to oil 
on® hour 
l to oil

one-half hour with BOp 
being 3 to 1, The 

with eo&eentrat ed sul«

The sample we a 
icid, the ratio o 

was than treated 
furic a d d ,  the ratio of eei

In the preliminary treataie&t to iw&f« the 
from the samples, BQp eulfurle acid was meed first in order to

it a Alkyl&tion of the original aro-
by the olefins diooli fee ©voided as much as possible 

bemuse the a Iky la ted aromaties probably would mot hare the 
same refractive Imd-ast rallies mm the orlglm&l aroma ties • as 
the value of the original arcnatlos is the property which Is 
deaired, obviously any factor tending to change this value 
should be kept at a m l a i m m *

it is m 
il of toe

tO b 
tree

content* It
%mm of the ®r-

were relieved with 96jS mnlfm 
eesssry toat there be mo contraction

than tost d m  
t@ titer for all of the 

s tham 0*0£, Isdleatlmg a negligible 
recognised toat 96p» sdfurie -acid ab- 

If to# react ion speeds ere 
inter values will mot be

of the olefins, five
laten for m e  hour with

10 C
rs of toe sample war© 
tars of sulfuric
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reagent — * (|00m » of sulfuric sol© — 30 grsm© of pho©~ 
pkorott© pent oxide} • freatiaerrt with this reegtnt results in 
too r m r s l  of the aromatic hydroe&rbons *

The index of refraction was xsea cured before and after 
the roscrral of the arose ties sad the percentage of eraesatl© 
hydrocarbons was Mleolated from the measured volume con­
traction*

B e  average refractive Index mine for the aroaatlaa 
removed wea caleuleted using the following foxmlng*

A *  ft drcMitiw (*0&i

..W M ip i - W  «.,
where X  a Befraotive index of the sample before renewal of the 

aranahlos
T ®- Befraotlv© index of the ©maple after resaovnl of the 

areanttio*
3 *  Average refract ire index of the aroma ties occurring 

In a specific toiling range*,
The derivation of this equation is obvious from an 

inspection of a plot of the refractive index of the aroma ties 
and their respective boiling range©*

1*00

l*d0
*x
*y

155 go°



vb index of refraction values for the tammtle
manner m.Tm given In fable 

Average values for the six specific boiling ranges are
ireseated graphically In figure 3* ftoe curve that results 
k& these Asts will hereinafter toe termed sawwaat1# Ila®»

wore produced under 
Obviously* It is OSi
refractive Index 
pressure distillates

that

too subjected to these teats 
daly differing operation oon-ditions*
al for proeisioB in tills method Hunt 
for similar fractious of the differeaal 

toe practically constant* It can toe seen

if the refract ire Index values for the fractions of 
the seme tool Hug range from the different pressure distillates 
were not constant* it would not toe possible to use Index of 
refraction in am analytical method unless the conditions of 
laanufacture of the sample to toe tested were known* Bren if 
operating conditions were taowat* it would toe necessary to here 
a different ftraatie lime for every different operation condi­
tion and base stQelc* It would toe impractical to use refract ire 
Indices under these conditions*

conditions were not found to exist 
ex values for the areswr 

stsraiusd appears
iiid the use of the

valid for trie detexttlMi



m

UBLS fXXX

l»t« ©f Jtefrsetios of &r©matie
Qeettrrtxig is t&s Fnaetlosis of rreeetss* Mstllietioa

B«f?£6tlr*IndexBefore Aeid
BefreetlveIM€I After Aeld

3Nrr #6ttt jurmette* Oalmtleted
JtefreotlveIndex

%
%

1.4599
1.429#
1*4888
1*4848

1.4298
1.4169
w m
1*4170

ia.99
15*12
82*40
82.98

1.4926
1.4959
1.4941

C,
0,

i*4oi8
% « m m

1.4695
1*4480

1.485? 
1*4m  
1.4889
u m

86*9?
15.219
SS.6#
89.28

1*490#
1«49&2
1*4948

B,6

«6
«•
B6

1*4888
1.4418
1*4981
1*4889

1*4919
1.4512
1*4694
1*4904

1.4438
1*4899
1*4838
1.4318

1.4531
1.6501
1.4405

36.75
19.60
65.50
41.40Average

87.60
51.10
50.65

1.4969 
1.4950
1.4969

i *
1*4989
1*4985
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aromatic lime mm A the theoretical aromatic Hub Is shorn tm 
Figure Si# The theoretical aromatic line was plotted from the 
literatar® mime® for the various hydrocarbons* Agreesieisb 
between. the two eurrmm 1 a Terr good, The deviation la the 
Mgb«r boiling range is dm® im pert to the fact thmt polymmelesr 
aroma tie hydrocarbons were mot plotted on the theoretical atm# 
Ttiase particular aroma tics were emitted,from the graph because 
It Is mot iamwm. just which of these occur im pebrelet® distil*
Is tea* Hoiater, any that might occur fee we high ref met ire 
indices end would tons cause the theoretical curve to approach 
more nearly the actual curve*

OotlaBawi Batlos -of told to Oil in the aromatic Hydrocarbon

to order for any method Involving absorption of the 
aromatics to to accurate, the absorbing reagent aast to used 
in such proportions that the arcsaatles a m  completely removed 
without absorption of naphthemes and p&mfflcs* Who methods 
utilising sulfuric acid that have bean discussed previously 
did not giw® any specif! cat lorn® for the ratio of acid to oil 
to be used for varying amounts of arose ties* A m %  ratio was 
defined and this was used regardless of the concent re t i on of 
the aromatic®,

If the mmm ratio of acid to oil is used a sample 
containing a sisll percentage of aromatic will not exhaust toe
reagent to e pcl«t where toe naphtoenes end paraffins are not
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attacked end conversely & large aismuat m i l  result in 
incomplete removal*

It to® beam shorn (fSH'M)CUM that the specific dl®«* 
pension of all mephtheaes sad paraffin# I# practically constant 
at a value of 100 X 10**4# Xm ths present work this property 
has been utilised 1m establishing the optimum ratio# of sold 
to oil for the sroostle hydrocarbon# in tho. following maxtaer*

A sample containing aromatic® m s  treated with van-* 
lous ratios of ©mlfmrle aeld~phasphorcm* peat oxide reagent for 
one hour* The refractive index was measured before sad after 
the eeid treatment sad the ooatrmstloa la volume m m  measured* 
The compensator dram reeding was recorded for the corresponding 
final refractive index mime* The density of the sold treated 
sample was measured using a £ cubic centimeter pyettometer*

The value for the dispersion of the acid treated 
sample was ealeulated from the fcrania given In the tahle that
eeeompanlea the refraetometer* The specific dispersion was 
calculated from the dispersion by dividing by the density*

The samples need in these test® were given a pre«* 
liminary stripping treatment with 8£|fe sulfuric acid* This 
was don# to minimise any side reactions that would be caused 
by an excess of olefins* The results of these tests are 
presented in ’Tables XX and. 1 and figures dt $ and 6#

It was found that a® the ratio of acid to oil was
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m

"ttys!eel ©
Proper

m%e for ©atefmiftii 
tio Of Acid to Oi:

HatloofAcicltoOil

ft ter

111 o*m

2sl 0*05
5s 1 0*03
4fl 0*05
©si 0*05

4411 2*00
5sl 2*00
6tl £•*00
7il
0*1

2*00
E*0O

0f 1 2*10
7fl 2110
Sfl £*10
9*1 £*10
10 Si S*10

0 m refractive liefr&otlve OoBK&ezt-
6orree-t@&for OJafini

1,4m
1*4151
1*4151

1*9X51

1*447©

1*4475

1*4750
1*4756
1*4756

1*4756

irQsi&tle
9

1*51
1*51

1* 41

1,
1,
1*4350
1*4247
1*4345

ESTQ

«*4» Ai^atio
c i 1

1*5977 45*2 0*727
1*5973 45*4 0*726
1* 5960 45*4 0*734
1*5966 45*4 0*724
1 , 3 9 6 8

45*4 0*735

1.4l4£. 45*1 0*754
1.4123 45*5 0*751
1.4113 45*4 0*750
1*4117 45*4 0*760
1*411© 45*4 0*749

1.45X1 43*0 0*780
1*4290 45*2 0*777
1*42% 45*4 0*775
1*4266 45*4 0*774
1.4367 45*4 0*774
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of Olefins

Iromti Tlfenr

ATO~
Total Far Total Cent Aro- Oaaat

a»f
tiveXB&ttK

t% nm txomdfrftatl luta

»P*elflOilaper~sion A .4

If 1 0*1 17*8
2tl 0*1 10.1
Oil 0*1 18*2
4fX 0*1 18.®
5fl 0*1 18.4 14

17.0 78*8 101*8
18.0 72.2 90*8
19.7 72*1 99.5
20*7 72*0 99*4
231.4 72*1 99.7

Oil
Sfl
Stl
7s 1
asi

s*2
8*2
8*2

48.0

44.7

45.0

8M8&* 1
81*2 
82*7

=1

49*0 
82* 0 iff *

78*8
73.3

103.7
108.1

100.3
*8

8tl 8.8 71*2
Sample
80.0

jr
77.0 87.E 111.9

711 8.8 72.8 81 #3 78. © S5.7 107*8
Sfl 8*8 75*3 82*1 81*1 78*8 101*0
0f 1 a 45fcfeJ #rlS> 73.8 82*8 84.2 78.7 101*8
Oil 8*8 78.5 Q2.3 07.8 78*7 101*8
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increased toe specific dispersion approached the value of 100
X ID"4. By employing a large number of different ratios of 
acid to oil, it would be possible to obtain the exact ratio of 
acid to oil when the specific dispersion just reached the value 
of 100 X IQ-4* However, it was possible to determine this 
ratio In a siller manner*

From an inspection of Tables IX and X and Figures 4,
5 and 6, It can be seen that when the ratio of acid to oil is 
less than the actual ratio required for complete removal of the 
aromatics, the percentage of aromatic s calculated from the 
refractive index values is greater than the percentage by volume 
contraction; and that when the ratio is greater than the actual 
ratio* the percentage calculated from the refractive index values 
is less than the percentage by volume contraction. It was 
found that when to© ratio of acid to oil wmm at such m value 
that the specific dispersion just became constant, the per­
centages of aromatic© by refractive index and by volume contraction 
became equal* This experimental result is exactly that pre­
dicted from theoretical considerations*

In the case where the ratio of acid to oil was 
greater than tost required to remove all of the aroma tics, toe 
percentage contraction by volume was greater than that calculated 
from refractive index* However* the refractive index and vol­
ume contraction calculated from It remain practically constant.
It appears toet toe increase In percent contraction by volume
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is dm© te m of both paraffins

la the « m  where to© ratio of 
then that required to remove all of ttm tr«ities# the pereent 
eontreat Ion fey wlma© theoretleal ly should fee equal to that 
eeleulated from the refract It® latex* detually* liowef t the 
pereent contrastIon fey volume was found to fee less than that 
fey refrestlv© index* It Is mot eertaln why this takes pies© 
feat it li feeliseed to fee the result of the alhylatlGsi of the 
aromaties whom the sample Is treated with to# Kattwlnlcal re- 
agent* Tills result# in the format lorn of h m m m m  hosiologs with 
elieins longer then the parent areoatles* These alkylated iro- 
^  Is® fear# xefmetlee Isdax mines that ere different fnaa the

i* It 1 a this different# that Is believed to
between the two eontreetlmi mimes* Whom 

ell to© srosinties ere removed fey using the proper ratio of eeld 
to oil, this dieerepsnsy is mo longer ofeeerved feeeeuse the drop 
in index: of refrmi
sent sad is u&affeeted fey Intermediate sotapeumds that may fee

the ©1

It we® mentioned above that the pereest contra©tiom 
refractive index eelmlstlcm resedas pmetlealXy cons tomb 
►er the- proper ratio of said to oil lie© been resehed* This 

earn fee seem frost Fibres 4, 5 ami. 6* This Is important fee- 
eause it shows than am assess of reagent m y  fee used 

affeating the results*



70

1% ^  u*. aop*~

r felon js Ir.crear ratio > oil
"* oe Inc' ootvlcte -c tic re 1. 4? i *ure 7
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for the olefins would probably bo different than toe refrae- 
tire index of toe sample were ell of toe olefins to be absent*

A correction for the original refractive index is 
obtained by assuming that the olefins are chiefly of the mon- 
and diolefin classes* Cyclic olefins and uasetursted bensen© 
homologs are known to be present bet in proportions small 
encash so tost they may be neglected without appreciable error* 
l*he converted origins! refractive index value 1© obtained in 
the following manners

The olefins in the ample ere determined by the hro~ 
mate titer and the per cent is calculated as though all the 
olefins wears £«cmo~oleflns* It follows from this thats

& m U  + m  (1)

where B *  per cent olefins from the bromate titert calculated 
as mono**© 1 efIns 

M 35 per cent mono-*© 1 e f 1 ns that s.re actually present 
D * per cent dioleflns

It has been shown on Page S 3  that:

0 =  M + 3 (2)

where 0 •  per cent of olefins (actual)
Thereforei
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Ati^gs V&luw® fmt HefraefciTe In&m of 
Mono-olefins en* Bleleflns for Bifferent Bolling

O OisM—- Of M i l  of

- 100 
- 110
- 140
- 100 

100 - ISO 
ISO - 100

1*4007
1*4116
1*4161

1.4171
1*4$*$

0*0£E1
0*01$$
0*010$
0*0101
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The per cent aromaties was determined fey hydro-* 
ganattog the samples until most of t&e olefins were converted 
into estursted hydroos.bfeons * "mo bromctte fiber and refractive 
Index were then measured, fke refractive index after removal 
of the aromatics wee obtained by stripping with sulfuric ««14 
and phosphorous pentexide reagent*

The aroma bis content of those same samples were then 
determined by using the original end final refractive index* 
initial hromato titer and feroiaet© titer .after Stf* sulfuric ©aid
treat inent*

A ©oaqpe risen of the p m  sent aromatic© aalcmletoA
from Satiations 14 and 15 and the per sent ealenlated from the 
hydrogenation data la given in fable 111* The values for the 
per cent aromatic© fey the two methods are to good agreement 
which gives verification for the use of Station 14*

The opttmm reaction t toe for the couplets ahaorp** 
tloii of aromatlea wmm established by treating portions of the 
same sample for six different periods of time* T&# selected 
time intervals varied from 15 minutes to one hour* $»pi«t©"» 
ness of the reaction was determined fey the constancy of the 
refractive index. The proper ratio of acid to oil ea Indicted 
fef Figure 7 was ©taployed* Samples containing a low.* medium 
and high coco cat re t lor* of oroaatics were tested.
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Tli© results of this study appear in Table XIII and 
are sliô a graphically in Figure 9* Free* these curves it can 
hm seen that the refractive Index is practically constant 
after 30- snimttee of acid treatment* Th# time of reaction for 
the complete absorption of aronmtics was thus set mt 30 
mi mites*
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themes and paraffins ere slotted, against boiling point* 
Averes© on wee are -first iretfs through these points*

refreotlw© index is measured end its position between toe two 
curves is determined* &f m simple proportion of the diets.nee 
between the two curve® and tbs diets see of the point from the 
paraffin curve, the percentage of mephtoenes m,n be determined* 
the per sent of aapfethems sen be calculated from Equation id* 
‘S'he per sent of paraffins is gifts by Equation 17*

0 ss per sent olefins 
A «  Far cent eras ties

Per eeitt Paraffins, P «* 100 ** {0 ♦ A + I) (17)

& e  paraffin and napiitos&e curves- for refractive
Index are shown in Figures 10 end 11* fii© 'neplithene curve is 
dotted beyond 170°C* because refractive indices for nephtaanes 
above this temperstore are very meagre sad It is necessary to 
assume representative values* fb# curves of Flares 10 and 11 
are- repeated in Figure IB, elistaabfag toe individual values 
used to determine them in order that they will be less

In testing m sesaple of known boiling range, toe

Per cent Kapfetoenm, H as

to ere ss Befrcetiv© index after EgEQ^ePgOg
ss B effective Index for paraffins, Figure IB

K «• Befraetlve index for naptitoenes,
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confusing when used In analytical methods*

Critic©1 solution temperatures of nsphthenes and
paraffins with aniline have been used quite widely for their
determination* In this work the critical solution temperature 
with aniline is termed the aniline number* In this method the
aniline numbers of the pure naphthenes and paraffins are plotted
against boiling point* Smooth curves are constructed through 
these points# using the method of averages*

fhe ieternlnatlon by aniline number is carried out in 
a manner similar to that of refractive index* By a simple
proportion of the distance between the two curves and the dis­
tance of the point from the paraffin curve the percentage of 
xsaphhhmes can be determined* The percsntmge of paraffins is 
obtained from Equation IV*

The paraffin and maphthene curve© are shown in Figure
15* Both paraffin and naphthem© curves ere dotted beyond 1V0°G*
because aniline number data above this are very meagre and it
becomes necessary to seem© representative values* Figure 14
is obtained in the same manner as Figure 12*

In the construction of the naphthsne curve for aniline 
number and for refractive index only those hydrocarbons likely 
to occur in petroleum were usedI* fhis excludes ell cyclopropane 
and cyslobutene homologs*
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method and tbs aniline smaller method* l&e results of t&ese 
liilt are siren in fill# Elf* 1% is efeserred that in m l  
©a a ®s the espremmxit between th« Talaes tor t&« two wthate 
lift good.
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T A B L E  E l f

C&ap&xlson of Critical Solution temperature and 
Refractive Im&mx MothoAm for

Mnptrthoik* e n d  P a r a f f i n  B e t ; e r m i n e  t Ion

Sa^pl® B5

Bi
B
ft

»4
®5
B 6
%
P..
3

B

£89 Refr&etire Index EailiM

5

%naph-then©
%pixef-fln

*naph-.thene
%paraf­fin

1.5980 ei*3 40*8 59*5 34*5 35*8
1.4050 63.8 88*0 34*4 30.6 39*4

33*3 36.1 48*9 311*5 57*5
1*4388 £9*0 59.5 30.0 35*8 88*8
1*4380 38*3 51*1 48*9 48*4 53*6
1.43B7 m*0 51*4 58.6 34*5 45.5
1*3993 60.8 45*5 54*3 87*B 88*8
1*4038 31*4 38*4 51*5 59*5 30*4
1.4138 33*0 43*9 55*1 41*5 80*4
X.4BX5 33*0 51*9 48.1 45.0 55*0
1*4888 87*0 35*4 4?*8 81*9 40*1
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hm uxjts Mm c o n c lu s io n s

Mm outline of the method whi oh ha a been developed 
in tols stadgr of the analysis of hydrocarbon mixtures la 
presented he lew s

Cl) fractionate the camp!© into SO degree cuts 
from 80 to £0Q°G*

(2) determine the original fermat* titer of each
fraction*

(8) Determine the original refractive index of
each fraction*

(4) f m t  S cubic centimeters of the faction with 
30 cubic centimeters of 82 per cent sulfuric acid for 30 
minutes* Measure the contraction and the bromate titer*

Wrom the contraction da© to 02 per cent sulfuric 
acid ant the brdaata titer* calculate the per cent olefins in 
the smaple# This calculation a&s bcem shown on page 55*

(b) Dstlmat© the percentage of enact ice in the 
acid treated fraction and then determine the proper ratio of 
acid to oil from .figure ?*

(6) Treat the oil residue from step 4 with sulfuric 
ecid^phoephoroae pemtexld© reagent for SO minutes using the 
proper ratio of sold to oil*

(?) Determine the refractive ixi&ex after this treat­
ment*

(0) From Squat I on 14 calculate the refractive index 
to be used as the Initial value for determining the per cent



m

a r o m a t i c ®  «

(9) From Equation %3 cm page TO. calculate the 
per cent aromatic®.

(10) Using the refractive index value after treat­
ment with sulfuric acid-phosphorous pentoxide reagent calculate 
the per cent nnphtlie&es and paraffin© from Equations id and 17 
on page 83.

Wham the percent of olefins as calculated from 
the origins 1 breast® titer is leas than five per cent* treat- 
went with S£ per cent sulfuric acid may be emitted. fhe rest 
of the method is followed as outlined.

In order to reduce manual labor in the acid 
treatments* mechanical shakers can be used providing there is 
complete ©mulsification of the acid and oil for the duration 
of the treatment.
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Mtsousslon of toe Method
toe or olefins by to# bromine number

Is not claimed to to entirely new but in previous method© it 
was necessary to bare a knowledge of the average density and 
molecular weight of the olefins before it was possible to 
calculate their eoneantra.hion♦ In toe method develops these 
factors have been approximated by assuming certain mono-olefins 
to be present* It is true that certain sample® mmy or m y  not 
contain soma of toe olefins m e w e d  to be present but toe absence 
or presence of toes# olefins will not materially effect to© 
broniste titer of rn.mli specified boiling range*

cons tent of Equation 14 m s  developed by
obtaining the difference in refract lire index of mono-olefins 
end diolef ins which were assumed to occur in petroleum* Bare 
again* certain samples may or may not contain mmm of toe com­
pound® which ere assumed to be present* However* since J? was 
Obtained by using a large number of compounds * toe absence or 
presence of some of tom# will not materially affect its value*

toe us# of Equation 14 for deteralnlsg to# Initial 
refractive index for to# calculation of toe per cent eroostim 
gives values which approach more nearly to to© true value* 
Methods that us© the value after treatment with sulfuric acid 
are in error due to reactions such as polymerisation and 
alkyl^tlos* a more complete knowledge of to# physical dats for 
the mono-olefins and diolefins would aid in further' establishing 
to# validity of Equation 14*
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The use of refract ire Index for determining the 
concentretion of aromatic hydrocarbons is qulcte and accurate*
It be© not bean used hitherto because representative mine# 
for the refract ire index of cramatlo® occurring in specific 
boiling ranges were not kno^n* Talus a determined for widely 
diversified distillates bare been found to be in good agree­
ment for each belling range and in fair agreement with average 
values taken from the literature#

It Is possible that the aromatic line could be 
established also by hydrogenating the olefin® and then 
following the method that urns employed in the sulfuric said 
treatment * This would give still another check on the arms ties 
line astabIIshod in this work*

The use of the refractive Index for determining the 
come entratlon of naphthenes and paraffins should become more 
certain as more complete information regarding the physical
constant® of naphthane® and paraffins actually occurring in 
petroleum become® available*

*fh© determination of aaphthenes and paraffins by 
the refractive Index 1® preferred, over critical solution 
temperatures because data relative to refractive index is
more complete and because the operation is very simple*
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ABSTRACT

A method of analysis ha© been devised for the 
quantitative separation of the olefin, aromatic, naphthene 
and paraffin hydrocarbon® which occur in the gasoline fract­
ion of petroleum* The method Involves new feature® and new 
manipulation of the existing data*

Trioleflns, diolefins and some of the mono-olefins 
are absorbed in SB per cent sulfuric acid* The olefins re­
maining after the acid treatment are determined with the acid 
of an empirical relationship based upon the bromine number 
obtained by an acidified standard solution of potassium bro- 
mate and potassium bromide* The total per cent of olefins Is 
calculated from this relationship and the contraction due to 
sulfuric acid* The optimum time of reaction for the 82 per 
cent sulfuric acid treatment was established*

After the removal of the olefins, aromatic hydro­
carbons arc determined by the difference in refractive index 
before and after removal of the aromatic®. These compounds 
are removed by absorption In the Hattwinkel reagent (concen­
trated sulfuric acid plus phosphorous pentoxide). In order 
to employ the refrsotometer in the determination of aromatic®



It was necessary to develop a factor for correcting the 
original refractive index for the olefins that were present#
It was also necessary to determine representative values for 
the aromatic hydrocartons tolling above the xylenes# The per 
cent of aromatic hydrocarbons is calculated from the corrected 
original refractive index, the refractive index after acid 
treatment and the representative refractive Index of the pure 
aromatics# Optimum reaction time for the complete removal of 
the aroma tics by the Kattwinkel reagent was established#

Maphthene and paraffin hydrocarbons are also deter* 
mined by using the refraotoaeter# Curve© for the refractive 
indices and boiling point© of the naphthene and paraffin hydro* 
carbon© were constructed using the most recent values for 
these compounds as given in the literature# The value of the 
refractive index for a specific sample after removal of the 
olefins and aromaties lie© somewhere between the naphthene 
and paraffin curves# By a simple proportion, the distance of 
the point from the paraffin curve and the total distance bet* 
ween the two curves are used to compute the per cent of noph* 
then® hydrocarbons* The per cent ft paraffin hydrocarbons 1© 
obtained by difference from 100#
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