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ABSTRACT 

A method has been developed for separating the benzene. 
toluene and •thigher aromatic" fractions of aviation gasoline in 
order that analysis for the content of these hydrocarbons may be 
effected. This separation is accomplished by distillation of a 
200 ml charge through a 600 mm Hempel type column., packed with glass 
beads.at a rate of 4 ml per minute. The efficiency of the separa­
tion is such that aromatic constituents can be determined lfith an 
accuracy of= 1%. The advantages of the method are: 

1. Simple apparatus, available to all laboratories. 

2. Simple technique: no especial skill is required 
!or perfoming the distillation operation. 

3. Speed: with a high throughput of 4 ml per 
minute the aromatic !ractiorni can be segregated 
in a time comparable to that needed for a standard 
A.S.T.M. distillation of gasoline. 

Data. description of apparatus and technique, drawing 
and photograph of distillation assembly are given in the report. 
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I. INl'RODUCTION 

(A) Authorization 

1. This work was a~thorized by Bureau of Aeronautics 
Project Order 91/43-

(B) Statement of Problem 

2. This report consists of a method for determining the 
amounts of benzene. toluene and higher aromatics present in aircraft 
engine fuel. 

J. The advantages of utilizing aromatics to increase the 
available amount of high octane gasoline and to obtain better rich 
mixture· characteristics are generally realized. 

4. The deleterious effects of high aromatic content on 
1ielf-eealing tanks. hose. and other rubber parts of the fuel system and 
on protective aircraft finishes are equally well known. Benzene perfonns 
moor poorly in aircraft engines than do certain of the higher homologs; 
moreover. large amounts of benzene in gasoline cause undue ri. se in the 
freezing point. It is therefore, desirable to limit the benzene content 
of aircraft fuel to 5 or 6 percent by .alume. Because in the future 
it maybe necessary to control the content of other aromatics than ben­
zene . it was felt that a method should be devised which would be satis­
factory not only for benzene but for all aromatics boiling in the 
aviation gasoline range. 

S. The method described herein adequately determines the 
amount of benzene and other aromatics present in aircraft engine fuel 
and is therefore presented for incorporation in the proposed Army-Navy 
fuel specifications for determination of the aromatic content. 

(C) Known Facts Bearing on the Problem 

6. It is virtually impossible to separate pure aromatics 
from gasolines by distillation. Even when very efficiettt columns of 
75 - 125 theoretic~l plates are employed, aromatics begin to distill · 

vell below their no:rmal boiling point due to the formation of azeotropic 
mixtures with other hydrocarbons present in the gasoline. The degree 
.of this 11spread11 of the boiling point varies both with the fractionating 
equipment used and vlith the composition of the gasoline. With apparatus 
common to most laboratories, aromatics would be expected to distill over 
both below and above their oormal boiling points. 

(D) Practical Considerations 

7. From the foregoing facts, it is obvious that the 
precise determination of individual aromatics in a gasoline is impos­
sible in the ordinary laboratory. Even under the best conditions the 
time required would be- too great for control purposes. 

- l 



8. The · obviou ~pproach in overco~ .~his dtfficulty is to 
obtain small "cuts" or fractions of restricted. boiling rang~_ containing 
a high percentage of the desired aromatic. 

9. Distillation apparatus for this purpose must. be simple. 
readily available and capable of operation by relatively unskilled 
personnel. It should also be designed to take full advantage of any 
compensating errors due to boiling point spread. 

10. It is proposed to separate and estimate the amount of three 
. aroma.tic types: benzene, toluene and higher aromatics. Xylenes and 
cumene. which are the principal common higher boiling aromatics, boil 
so closely together as to be virtually inseparable and are therefore grouped 
as 11higher aromatics." 

11. Each of these ttu<ee groups shoul.d be determined with an 
overall accuracy of 1%. The total error for the whole gasoline should 
not then exceed J%. If the proposed A.S.T.M. sulfuric-phosphoric acid 
mixture is-used for aromatic determination, the distillation procedure 
should have a maximUJll error of 0.15% for each fraction, which would give 
a total maximum error of 1%. (Maxi.mum error of analysis would be 1% for 
the fraction or 0.25% for the vlb.ole gasoline if the aromatic content of 
the fuel did not exceed 25%). 

12. In order to insure reproducible results in different labora­
to~es. both equipment and procedure must be standardized. Following 
below is a summarization of the apparatus and techni~ue used in this 
investigation. 

II. APPARATUS 

(A} Still Pot 

1). A 250 ml round bottom, short neck flask was used. This was 
!ound adequate for a 200 ml. charge and has the advantages of law holdup 
and better heat control than a larger pot. A small piece of porous tile 
was added to prevent bumping. 

(B) Condenser 

14. The condenser was a 400 mn Liebig type with the tip bent 
dO'll'llward and inward to direct the distillate against the wall of the 
receiver. The condenser was maintained at 20° C, or less, at all times. 

(C) Thermotneter 

15. An A.S.T.M. standard low distillation thermometer calibrated 
in 1° C or 2° F served admirably• 

(D) Receivers 

16. Glass stoppered 100 ml graduates were used since they are 
more accurately read than larger ones and virtually all samples are of 

_less than 100 ml. 
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common: 

(E) Distilling Columns Investigated: 

17. Olinsky 1 JOO mr.i in leneth. 

18. Rod and D:i,.3c column, 440 m.'ll. lone, 15 disc. 

19. Hempel col~ of the following types: 

(a) )00, ~50., and 600 llllllX 27 111111, packed with 
glass beads of 6 m diameter. 

(b) )20, and 450 mm x 27 mm, packed with #14 and , 
#16 jack chain .. 

(c) 400 m x 27 IIIIT\, packed with 5 mm lengths of 
S mm o.D. glass tubing. 

(d) 400 mm ,x 20 and 22 mm, packed with l/4" Honel 
Lessing tings. 

(e) JOO mm x 13 mm, packed with 6 mm glass beads. 

20. All HeJnpel columns had .the following features in 

(a) The exPB.Jlded portion of the glass tube was extended approxi­
mately 80 mm above the top of the packing. 

(b) A l.50 Jlll1l long,· 6 mm I.D. deliv.ery tube was placed 25 mm above 
the packing at an angle of 70° with the 1-ong axis of the colucm. 

(c) The top of the column was closed with. a. short . cork carrying 
the A.S.T,H~ themometer so placed that the bulb occupied t!le space betueen 
the top of the packin;; and the o::>ening of the delivery tube. 

(d) The packing nas supported by indentations in the glass tube. 

(e) Immediately below the indentations. the tube 11as constricted 
to a 16 tTlt1. I.D. portion 60 mm long for insertion ;in the still pot. (In 
the case of the 13 mm colu:nn., the tube was merely extended for 60 w..). 
The bottom 01· the t•.ibe ,·as beveled at a 600 angle. · 

(f) All columns, except where so specified, were enclosed in an 
air jacket of approximately 20 mm ~reater diameter glass tube, held in 
place by slotted bored corks. 

(g) Heat was supplied by a "Glas--Col11 heating mantle. The 
standard A.S.T.M. ·electric heater or a bunsen burner should., however~ be 
acceptable. 

(h}' The condenser and still pot ~ere attached to the column 
Tdth sound corks of appropriate size. 

- ) -



III. PROCEDURE 

(A) Distillation 

21~ The still pot was charged with a 200 cc sample 
of the gasoline to be analyzed and a boiling chip was added. 

22. Yfith the apparatus assembled and water flowing 
through the condenser, the following procedure was followed: 

(a) Heat was so applied that approximately 10 minutes 
elapsed before the first drop of distilla.te appeared at the tip of the 
condenser. This was taken as the initial boiling point. The rate of 
heating was so adjusted that a throughput of 4 cc per minute (unless 
otherwise noted) was maintained throughout the distillation. 

(b) Four fractions of distillate were collected and measured. 
Receivers were changed at 55° C, 95° C, and 123° c. The fraction I.B.P.-
550 C(forerun) was analyzed as a check on the method but would be rejec­
ted as part of a routine distillation. The 55° - 95° C fraction was 
analyzed and the aromatic content designated as benzene. The aromatic 
content of the 95° - 123° fract:ionwas called toluene. When the 
temperature reached 123° heating was discontinued and the overflow dis­
tillate nas collected in a 100 ml graduate. Upon cooling and allowing 
sufficient time for drainage of the column, the residue in the still 
pot ,,as added to this graduate and the total volume taken as "residue". 
The aromatic content of this fraction was designated as "higher aromatics 11 • 

(B) Analysis of Products for Aromatics 

23. The Naval Research Laborato.ry Refraction Index 
method was used throughout. Hpwever, either the tentative A.S.T.H. 82S04 -
P 0~ adsorption method or the aniline point procedure proposed by the 
U~ S. Army Materials Laboratory, Wright Field, should give equivalent 
results. 

IV. EXPERIMEN'l'AL RESULTS 

(A) 2h. Distillations of various gasolines were carried 
out using the columns specified in II. 

(B) Gasolines Distilled 

25. Several types were investigated as . follow:s: 

(a) Sl + 1 Aviation Fuel 

(1) As manufactured, containing 12.6% cumene by 
volume. 

(2) As a base stock after removal of aromatics by 
silica gel. 

(3) Various admixtures of aronatics were used 
w.i. th this base. 
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(b) Aromatic blends based upon a fuel of 80% isooctane, 
10% isopentane and 10% neohexane. 

(c) Houdry two pass aviation gasoline~ 

(d) ' Hydroform gasoline. 

(e) Palembang (East Indies) gasoline. 

(f) Aromatic-fuel base stocks of c, d, and e, with aromatics 
reblended in amounts indicated by the distillation of the whole gasoline. 
In this way the accuracy of the original distillation was checked. 

( C) . Tabular Results of Distillations 

26. These data are found in Table I, Appendix A. 

V. DISCUSSIOH 

(A) Effectiveness of Various Columns 

27. The JOO mm Glinsky, W,O mm rod and disc ~olumn, JOO 
and· 4~0 glass bead packed columns were so ineffective in preventing the 
spread of the boiling range of benzene as to be totally unsuited for 
its estimation. 

28. The 600 mm Hempel column, packed with 6 mm glass beads 
givee an adequate separation of aromatics from all gasolines tried. It 
was superior to any other column investigated, more markedly in some 
cases than in others. 

29. The )20 mm jack chain packed column gives fairly 
adequate, though poorer, separation than the 600 mm glass bead column. 

JO. Strangely enough, a !l60 jack chain column is less 
effective for isooctane blends than the )20 mm column. Benzene values 
are far too low. 

31. The l/60 mm Hempe1 co1umn packeq wl.th 5 mm x 5 mm o.n. 
glass tubes also falls down for the same gasolines as does the 450 mm 
jack chain column, above. 

· 32. The proposed Army column, (400 mm in length x 27 mm 
I.D.) packed with 1/411 Lessing rings) is generally inferior to the 600 mm 
glass bead column and tqe 320 jack chain column. Even w~ile operating 
at the recommended rate of l - 1.5 cc/min, it is less effective than 
either of the other colwnns operating .at 4 cc/min. Much time is saved 
by the feasibility of a fast distillation rate. At 4 cc/min the Lessing 
ring column is even less efficient. 

33. The 600 mm glass bead packed Hempel column is excellent 
for concentrating benzene within the proper cut and is also superior in 
rejecting toluene and higher aromatics when there is no benzene present. 
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(B) Je.cketing . . . 

J4:,. The ue of an air jacket .Df glass tubing bas many 
advantages over unjacketed columns and certain advantages over other 
more complex or opaque, insulating materials. 

(a") The effect 0£ drafts upon the column are virtually 
eliminated ell&bling an easier and more even control of distillation rate. 

(b) Flooding in a long column is eliminated up to ,4 ec/min. 

(c) The state of reflux is visible. 

(d) The j~cket is mechanically simple. 

{C) Limits of Fractions for Each Aromatic or Group 

)5. EJtpel'iment has shown that a range of 55-95° C for the 
benzene fraction is co~iderably better for the estimation of benzene than 
the 60° ... 95° C f:ract.ion which bas been advocated. Benzene begins to 
d~still at approximat~ly 52° C (depending upon the gasoline) but does 
not distill in appreciable quantities until 55° C is reached. When the 
cut is made at 55° C the torerun may be safely rejected. 

The limits of the toluene fr~cti9n (95°-123° C) are 
believed to represent a median of accuracy fQr different ·gasolines and 
are, tQerefore, quite acceptable. 

(D) Reproducibility and Reliability 
I 

)6. DQplica\e runs have indic.ated, tnat with a practiced 
operatq?', results a're reproducible within the ac¢l.U"ac:y of the analytical 
method ~ployed. · 

37. \ihen results frcm the dist~llation of aromatic gasolines 
were checked by reblending the indicated amount of aromatics to the aromatic 
f'ree base stock, very close agreement wa:s obtained. This is concrete 
evidence of reliability. 

VI. THF.ORETICAL COHSIDF.RATIONS 

(A) Effect of Coll.lDl'.l Efficiency on Separation 

Ja~ The efficiencies of the better columns were detenn:ined 
for the system benzene-carbon tetrachloride, utilizine the data of 
Rosanoff and F.asleyl. These values are given in Table II.- Appendix A. 

1. M. A,. Rosanotf and C. W. Easley. J.A.C.S. 
31, 953 (1909) _,. 
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39. It snould be understood that these values represent 
as nearly as possible the true operating efficiency of the various 
columns under actual distillation conditions. No attempt was made to 
obtain.the maximum (and misleading) efficiencies of these packings under 
total renux. All efficiencies ·would,. undoubtedly, be raised by the use 
of a reflux head,. but would not be truly representative of the effective 
separation obtained under actual gasoline analysis. All packings pro­
bably would not be affectE!d to the same degree by total or increased · 
reflux, so that such values would be doubly misleading. 

40. Higher efficiencies were obtained at the start of each 
distillation (T - o) due to natural reflux resulting from raising the 
temperature of the cold packing. 

41. Under conditions of the experiments .. glass beads have 
a . higher inherent reflux than the other packings and so utilize a greater 
percentage of their maximum efficiency. This is the principal reason why 
the efficiency of glass beads does not fall off so rapidly with increas­
ing throughput. 

VII. CONCLUSIONS 

(A) Method 

42. It is believed that a practical method has been developed 
for the separation of benzene, toluene, and higher aromatic fractions of . 
aircraft engine fuel so that the analysis of these fractions for aromatic 

. content may be accomplished by recognized analytical methods. 

VII. RECOlruENDATIONS 

bJ. It is recanmended that the following apparatus and 
procedure be used for the separation by distillation of the aromatic 
fraction of aviation fuel where aaalysis for aromatics is necessary in 
the control of the quality of mi.litary gasoline. 

(A) Apparatus 

~. Hempel Column - The col_umn shall consist of a glass 
tube of approximately 740 mn o'lerall length consisting of an expanded 
portion 27 nm internal diameter .and 680 mm in length to contain the pack­
ing and the:nnometer # and a narrow tube of 16 mm I .D. and 60 mm in length 
for insertion in the still pot~ Suitable indentations shall be made in 

. the glass at the junction of the narrow and expanded portions r£ the column 
to retain the packing. Fifty mn fro~ the top of the column shall be 
placed a 6 mm I.D. delivery tube 150 mm long. set at an angle of 70° to 
the long axis of the column. The expanded portion of the t:elumn shall be 
filled with 6 mm glass beads to a height 25 mm below the delivery tube. 
The column shall be closed with a .cot'k carrying a thermometer so placed 
that the bulb of the thermometer is accomodated in the space between the 
top of the packing and the opening of the delivery tube. The portion 
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0£ the column containing the glass bead packing shall be enca5ed in a 
jacket consisting of a glass tube approximately 20 mn larger in diameter 
than the column itself and apprOXiinately 600 mm in iength. held in place 
by bored slotted corks of appropriate size. 

45. Condenser• The condenser shall be of the Liebig 
type with a jacketed length of approximately LOO IIIIll and with the tip 
bent downward and inward so that the distillate is directed to the wall 
of the receiver. · The condenser shall be supplied with oooling water of 
a temperature no higher than 20° c. 

46. Thermometer - The thermometer shall be standard 
A.S.T.Y. Low Distillation, or equivalent, graduated in 1° C or 2° F. 

47. Still Pot - The still pot shall consist of a 2$0 ml 
round bottom,mort neck nask attached to the column with a sound cork 
of appropriate size. (If desired, a female 24/40 Standard taper ground 
glass joint may be used for this connection in which event the constricted 
portion of the Hempel column shall be replaced with a corresp!:>nding male 
joint.) A small chip of porous tile, or equivalent, Jllay be added to 
promote even boiling. 

48. The still pot shall be heated by open burner or 
electric heating devices of such capacity and so controlled as to enable 
the operator to attain and 'mai~tain the distillation rate indicated below 
under "procedure" .. The pot should be appropriately protected from drafts. 

18. Receivers - The receivers shall be 100 ml glass 
stoppered graduates, graduated in 1 !Ill. 

(B) Proc·edure 

SO. :With all in readiness, heat shall be applied at 
such• a rate that the first drop of distillate appears at the tip of the 
condenser in not less than 5 minutes nor more than 10 minutes. Heat 
input shallthen be so adjusted that distillate is collected at a rate 
0£ 4 ml. + 0-5 ml. per minute. tlhen the temperature reaches 55° C, the 
first receiver shall be rerno'Ved and the fraction distilling between 55° c 
and 95° C shall be collected as the benzene cut. Similarly, the toluehe 
cut shall be taken between 95° and 12.3° c. The residue shall be regarded 
as cont'aining the higher aranatics. This residue is collected by adding 
the cooled bottoms in the pot to any distillate above 123° C. 

$1. These three fractions shall be analyzed by the A.S.T.M. 
sulfuric-phosphoric acid method or the Naval Research Laboratory refrac­
tive index method. the differential aniline point method, or any other 
method capable of an accuracy of! 1%. 
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