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.ABSTP..AC'I' 

(1) In this report are given the te11perature at vihich the 111-.n series 
first beein to distill and the temperatures at whi ch euch 5% 
fraction comes over up to 40%, eIJploying the Engler appan,tus 
ordinarily used for the distillation of l i ght petroleum products 
o. t atmospheric pressure. 

(2) In this report '!'iill be found the carbon and hydrogen content of 
the first and the second twenty per cent distilled over as 
described by t he specification for the Engler distilla tion. The 
residue remaining i n the flask after t his distillation was also 
an&lyzed f or its hydrogen and carbon composition. 

(3) In this report will be found the averuge molecular weight as 
found by the cryoscopic method u~ing naphthalene as a solvent 
on the fractions described above. 

(4) The findings in this report, while interesting and valuable for 
research, do not give any information that can be used by the 
Nav-J at this time a.s an aid in writing specifications. 



INTRODUC'I'ION 

A'L\lOSPHERIC DISTILLATIOH l,_ND AN,-.LYSIS OF 
FRACTIONS OF 11 A11 SERIES 

(a) Authorization 

This problem was authorized by Bureau of Engineering Project Order 
36/31 of 2 June 1931. 

{b) Statement of Probl em 

The original problem given in the above reference dealt with the 
charucteristics and supply of fuel oil for the Navy. This Laboratory, 
the Engineering Experiment Station and the Naval Boiler Laboratory 
have studied 18 crucked fuel oils with the desire of finding out why 
certain fuels cause trouble and other fuels do not. The Naval Boiler 
Laboratory Report No. 2084 gives the scoring of these fuel oils and 
their value to the Navy as judged by their tests. In this report ,dll 
be found the carbon and hydrogen content as well as the molecular 
weight, as determined by the cryoscopic methods using naphthalene as 
a solvent, for the fractions distilled from t hese cracked fuels . Three 
fractions have been studied: (1) first 20 per cent, (2) second 20 per 
cent, and (3) the residue. 

(c) Facts Bearing on the Problem 

In the study of petroleum products , distillation is used for 
lighter 9roducts such as gasoline and burning oils. Some distillation 
tests are made with lubricating oils but these tests, especially on 
heavier oils, &.re made at reduced pressures. Any fuel oil that is msde 
by blending a heavy residuwn with a lighter fraction will have i tci 
viscosity changed very much by the addition of this small percen t-:,ge 
of lighter product. In the study of the fuel oils it v:ould be advun­
tageous to knov:, if possible, the percentc;ge of this lighter materinl 
that has been added to blend the hea,rJ base and also to know its 
composition. In any distillation of fuels, especially at atmospheric 
pressures, a point soon comes where hydrogen sulficie is given off. 
This point occurs at a fairly definite temper&ture but the volume 
distilled over vari es v1ith the fuel studied. The point nhere the hydro­
gen sulfide appears in quantity- is noted as the beginninr; of the cracki ng 
of the oils studied. The fuels can be dis t ill ed under reduced pressure 
c.nd t hi s cracting nmy not appec.r, proSnbl:,1 bocuuse the te□pere.ture is 
kept below 300°c and an atmosphere of carbon di oxide in blown in in 
the preliminary heating. It is ,rnll known that ,1hen the pressure is 
reduced to less than l mm, the distillaticn is rather ensy and any 
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number of frlictions cc.n be obtained for :otudy. At this Labor&tory, 
A-9 •nas distilled &t a vapor pressure such that 65% vms recovered with 
1:.. m~;ximu.m tempera t1ire of around 260°C for the overhead ( see Append.ix 
11). 

(d) Theoretical Considerations 

In the distillation of fuel oils tvTO questions arise: (1) method 
to use, and (2) the munber of fractions. For distillation two set- ups 
can be used: (1) the ordinary Engler distillation ·outfit that is used 
for the distillation of gasoline, or (2) reduced prescu.re. 

The Engler method of atmospherj_c dis t i llation is described in 
detail in Federal Specifications VV-L- 791 on pages 25 to 33, and can 
be used for the distillation of fuel oils u~ to a certain point. A 
heav-•; fuel can usually be distilled fairly well u::, to /~0% without 
excessive cracking, while t:i fuel oil such as A-1, ,which has a high 
specific gravi ty and a low molecular .-:eight, can he distilled up to 80% 
v1i thou.t appreciable decomposition. Cracking is used in this report 
to mean that point at which large quantities of hydrogen sulfide come 
off and simultaneously "smoke" often c'.':.ppeurs in the flask and condenser. 
With ordinary fuels this ?oint doesvbecome excessive until 40% has 
been distilled over. not 

Vacuum distillation causes much less dama6e to the organic com­
pounds making up the fuel oil than does atmospheric distillation. But 
there is one disadvantage and that is that the vacuum. distillation is 
slow in comparison to the atmospheric set-up and as the information 
given in this report is primarily of the 1:prospectingn nature, it was 
not deemed of sufficient value to warrant the vacuum distillation at 
this time. If this work should be repeated in vacuo, the pres~ure 
should be less tlmn one millimeter, if possible. 

The ~uestion of the number of fr&ctions was determined by the 
fact that most of the fuels used by the Navy usually do not contain over 
20% of v light oil used as diluent and tb.e f&ct that beyond 40;f some of 
the fuels show excessive cracking. Therefore, the f irst fraction w;:;.s 
set at 20%, the second at 20 to 40% plus t he drainage of the condenser, 
and the "residuen is the remainder. 

In a the ore ti cal study, it is vmll knovm that any number of 
fractions cun be t&ken -- the more fractions, the greater the chance 
of separating the fuel into its component parts. The .Americ/.H! Petroleum 
Institute hes had a research project at the National Bureau of St&ndc:.rds 
for years, the main object of which h&s been to isolate und identify 
the fractions that are present in petroleum distillates. Their lf:ork:, 
until the last year or more, has been concentrated on the lighter 
fractions, that is, the gasoline fraction. At the prenent time, they 
are doing sooe ;-;ork on the lighter lubricating oil fraction. No 
systematic attempt, as far as this Laboratory knov:s , has been made 
by the:n to isolate or identify the compounds that may be present in 
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the fractions obtained in distillation of a fuel oil. To lsolete and 
identify foecompounds_present i n any oil, es:)ecially ,,hen it is t. hea:vy 
fuel such as found in this 11 A11 series, is l,l,nost c,n impossi'ole task. 

The £'ructions themselves ,ferc cnu.lyzed for hydroe;en ,,n<l carbon 
and a!·e _discussed i n this report pr::.maril;l as the "hydrogcn-carbcmn 
r~tio • . The nolecula.r weight of each fraction \":as dcterr:i.ined by the 
freezing noint denre:rnion usine naphtlw.lene us a solvent (see NRL 
.?.eport P-25-7 of i2 I\1ay 1933). The te!Ill)eratu.re at which this is done 
is so0 c or 176°F near the atomizing temperature of the fuels. .H the 
present time it is questionable whether this f reezing point deprecsion 
1:1e:,hod using naphthalene as a solvent gives a true picture of the 
L1olecular aggre6 .s.tes found in a fuel oil at lower temperatures, such 
as 77°F. In NRL Repor·t No. P-1127 of 4.March 1935 on the reproduci'::>ility 
of viscos.ity measur~ments, it is shown that an oil remaining unstirred 
f.::lr u period of two or three months and its viscosity determined, has 
2. viscosl ty that is very dlfferen t from th&t vrhich has been heated to 
160°F and then cooled to r~ for the measurement. If thi s inforr.l( .. tion 
in rmy criterion, it shows t:rw.t tne aggregates or ;,:iarticle size may 
be very different at lower temperatures. Attempts were made at this 
Labor~tory to determine molecular ,;eights at the freezing point of 
benzene, but some of the oils that were trled H•ere not soluble except 
in very dilute solutions in bcnzol at the temperature of its freezing 
point (5-l/2°C). 

(c ) Original Work at _this_Labcrator::[ 

No previous ·,vork has been reported from this Laboratory on the 
distillation of hemry fuel s. The Engler distillc.tion of Diesel fuel 
oils .-ms reported by the Report P-:25-10 of 1 A11o"'Ust 1933 . · In this re­
port Diesel fuel oils vrere dist ill.ed and the temperatures found were 
given. The analysis of heavy fuels, that is, the deteroination of 
the hydrogen and carbon, is found in NRL Report No . P-1019 of 23 January 
19.34 ■ The molecular ,;;reight of fuel oil samlJles is found by the cryo­
scopic method using naphthalene as a solvent and is reported in NRL 
Report No. P- 25-7 of 12 hiay 1933. 

NiETHODS 

The distillation method used is the ASTM method given in Federal 
Specifications VV-L-791 on pages 25 to 33, except that t he sample was 
distilJ.ed with a free flar:ie to get greater flexibility. In the distil­
lation of heavy products that inay have a small percentage of water, 
there is apt to be what is known as 11bumping11 • When heating with a free 
flame this bumping can be reduced to the minimu;n. The first drop that 
c0raes into the receiver is taken as the initial boiling point. Readings 
were ta.ken at the end of each 5 cc. as they •:rere caught in the gradw:, ted 
cylinder. The first fru.ction .-ms cut at the end of 20%, when a 
!1eW gra.duated c:,lincier was put in to receive the distillate. \'ihen 
20% more hud come over, or in all L..0%, the temperature was read and 
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heating discontinued. 'Ihe a,?pe.rn tus r,.::s then al Lowed to cool und usually 
there 1:ere about 2 cc . of drainage from the condenser sys tem and this 
v,as collected in the second fraction . The condem:er, after the dis ti 1-
lE:. tion, was thoroughly cleaned &.nd s.nothor flo.sk vms used for the next 
run . Durine; the distillation there come:.; a point which is noted in this 
t.'.lbulated data ns the cracking teraperature. By that, it is m0a:1t that 
there is vigorous evolution of hy<lroge:1 sulfide und other volatile 
:JUlfur compounds. These sulfur compounds may be mercaptans or they 
may be hydrogen sulfide with an added mixtur·e of low boiling hyd!-o­
carbons. This does not mean that no hydrogen sulf'ide hus been given off 
previous to the point mar ked, for anyone distilli.ng heavy fuel oils will 
know that there is a slight amount of hydrogen sulfide being given off 
even though the percentage of sulfur in t he oil i:.; low. So.mples A-9 
o.nd. A-11 'i1ere distilled until 35% or raore v,as over before an appreciable 
amount of hydrogen sulfide appea!'ed. 

The fractions obtained were analyze~ for carbon and bydrogen as 
described in NRL ~eport No. P- 1019 of 23 Ja:mary 1934. 'Ihe molecular 
weights of these oils were also determined at the freezing point of 
naphthalene as described in NRL Report No. P- 25-7 of 12 May 1933. The 
log of the distillation temperatures as ;·,ell as the analysis and 
moleculsr »eights are given ln detail in Appendix I. It riill be. noted 
that any temperature reading with straight atmospheric distillation \'!ill 
vary with the amount cf super-heat, may vary slightly due to the 
barometer r eading, and will vary due to the rate of distillation, and 
as a result of these fa-::tors the temperature readings 1.0.ay vary 10°F and 
maybe more after the first 5% are over . The first point knovm as I.B . P. 
will vary much more, probably due somewhat to the temperature of the 
water that surrounds the condenser tube and the vmter content of the 
fuel oil itself. In Appendix I will be given the time it takes frou 
the first application of heat to the different fractions as they are rend. 
With this information a·milable, one can estimate the rate of distilla­
tion und note if there has been any excess ive heat applied. 17hen the 
point is reached at ,;hich hydrogen sulfide is given off in ~uantities, 
the tem?erature may remain fairly constant and yet distillation occurs 
steadily. This may be due in part to the fac t that cracking is occurring, 
and when cra.c~ing occurs the temperature often drops. Oils A-9 and A-11 
distilled readily, no odor of hydrogen sulfide was appreciable until 35% 
to 40% was over and even then there ;·ras no visible smoking in the distil­
lation flask or receiver. A-1 is another oil that distilled very 
nicely, as would be expected due to loHer molecular weights. In the 
first tabulated data no mention was made for A-11, A-15 and .i.-17 where 
cracking first appeared. These oils Here re-r1.m and the temperuture 
noted, but vii th A- 11 there was no appreciable cracking even at 40% 
over. 

CONCLUSIONS AND P.ECOlliiENDliTIONS 

This report discusses the composition of the fractions obtained by 
the Engler distllla tion of the fuel oils kno·trn as the 11 .i<.n series. This 
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distillation was carried out at atmospheric pressure. T~o 20 cc 
frs.ctions were distilled over and the remainder was called the residue . 
The actual temperature readings are of interest if one plans to obtain 
some kno1,rledge of the actual carbon compounds that may be present in 
the fuel oil fractions. To do this, it is first nece::isary to kno1•1 
the carbon and hydrogen content and the approximate molecular weight 
of the fractions studied. In many discussions of fuel oils, the 
percentage composition in terms of per cent carbon or per cent hydrogen 
is discussed, but it is difficult to know the ratio of carbon to 
hydrogen in terms of the atoms present v1hen the percentage composi-
tion only is given. In this report the hydrogen-carbon ratio i s used. 
Thi::i hydrogen-carbon ratio is determined as follows: Divide the per 
cent of hydrogen by 1.008 a~d the per cent of ctl!'bon by 12. The value 
found for hydrogen by this method is then divided by the value found 
for carbon and this gives the hydrogen-carbon ratio. Benzene, on 
analysis, gives 92.3% carbon and 7. 7% hydroeen. This 92 .3% carbon 
divided by 12 eives 7.7 The hydrogen divided by 1.008 gives roughly 
7.7. Then 7.7 divided by 7.7 gives 1, the hydrogen-carbon ratio for 
benzene . The for mula for benzene is C6H6• For the heavier aromatic 
compound, this hydrogen-carbon ratio raay be less than one if there 
are condensed rings such as naphthalene (C10Hs) which has a hydrogen­
carbon ratio of 0.8. The ordinary saturated aliphatic hydrocarbons 
have a hydro6en-carbon ratio of two or greater, dependent upon the 
length of the carbon chain pre:,ent. Take for inst&nce decane, having 
a formula C10H22 , 11hich has a hydrogen-carbon r atio of 2.2. If part 
of this is replaced by a. benzene group so that you have butyl benzene, 
the hydrogen-carbon ratio will be 1.4. What the effect is on solvent 
properties due to the presence of one or tvio aromatic nuclei is not 
clearly knovm , though it is well kno•;m in the oil industry that v,hen a 
cracked residue is cut back with a strai ght run gas oil, there is 
greater difficulty in getting a stable oil than if it were cut back vii th 
a cracked gas oil. The hydrogen-carbon ratio of. a straight run gas 
oil may be roughly 2.0, while the hydrogen-carbon ratio of a cracked 
eas oil may be as low as 1.5. In this report, A-2 has a hydrogen-co.rbon 
ratio of 1.37 for the first 20% and 1.57 for the second 20%, while A-8 
has a hydr ogen-carbon ratio of 1.67 for both the first and second 
fractions. A-9, which gave the most stable visco~ity readings other 
than A-1, has a hydrogen-carbon ratio of 1.45 for the first 20% and 1.39 
for the second 20%, showing that the lighter fractions are decidedly 
aromatic in nature and therefore could give a stable. fuel. A-1 in com­
pari son has a hydrogen-carbon r atio of 1 .47 for the first 20% over arid 
1.38 for the second 20%, not f ar from t he values for A-9. 

In the discussion of the h?drogen-carbon ratio, the sizes of the 
molecules one has to deal •11i th are also of interest. The molecular weights 
given in this report are only the average as determined by the freezing 
point method, using naphthalene as a solvent. The value thus established 
for the average molecular weights is that !'ound at ao0 c or 176°F. This 
value gives a good idea of the nat1re of the average molecular weights 
close to the atomizing temperature of the fuels, but gives no idea of the 
average mol ecular weights at the puraping temperature at approximately so°F. 
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lf poss.lble, a sol-ren t should be found for t he study of the molecular 
11·1eig:hts at a temperature of approximately 80°F t o get some information 
ns to the nature of the molecules present in the oil at t he l~:mer tempei·a­
tur es o 

i'./i t h the mol ecular v;Gieht and the hydrogen carbon ratio, an up­
proxima t e forrnula can be determined for the original as v:ell as all the 
fractions obtained. In checking over the composition of the firs t 20%, 
it is found that the average forrrmla vlill contain approxir:w. tel y 12 to 
17 carbons in the first 20% over; for the se cond 20% it will vary from 
15 to 18 carbons, ,,hile the residue will go f r om 2/~ to 37 car bons . This 
information, v,hile interesting, is not exceedingly helpful due to the 
fact that no knov1ledge is available as to t he per cen t of sulfur and 
nitrogen present in the frac t ions and QS to what relationship they have 
to the co111pounds present. Thus, · one sarnple rnay hnve 1% sulfur and this 
sulfur may be bound up i~ a compound that i s dif ficultly soluble in 
the other compounds present, or it may be very reactive and the effect 
of this soall per cent sulfur will show up in the r enctions of t}:le fuel 
oil sti+died. In NRL Report No. P-1019 it vras shovm t hat the sulfur and 
nitrogen compounds may account for as much as 40% of the oil present 
,,hen one assumes t he presence of only one sulfur or one nitrogen atom 
in the molecule . Of course, if there is more than one sulfur or nitro­
gen atom in the molecule, the percentage of the oil made up by these 
compounds is small er. 

ln the atmospheric distillation of fuel oils, the presence of 
sulfur compounds l"Till cause generation of hydrogen sulfide i n quantities. 
The temperature at which this appeared nnd t he per cent over have been 
tabulated against the per cent sulfur in the fuel oil. These data are 
given in the following table: 

% over - - ·------ Temp. °F % s 

A-1 over 40 above 644 0 • .30 
2 20 639 0.87 
3 35 642 1.16 
I+ 25 60.2 1.25 
5 25 668 l.73 
6 20 648 1.13 
7 25 640 1.83 
8 15 640 1.35 
9 40 682 0.33 

10 35 680 1.61 
11 40 680 1 • .31 
12 35 668 0.81 
13 30 664 1 • .39 
14 35 658 1..37 
15 25 666 2.56 
16 25 676 0.53 
17 /i.O 710 0.77 
18 30 682 1.95 
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This information.is exceedingly interesting. The decomposition of the 
sulfur compounds as indicated by the generation of hydrogen sulfide 
does not occur much belo~1 6oo°F or 316°c. Vii th samples thut have a 
small percentage of sulfur such ·as A-1 and A- ') , 40% can be distilled 
of A-1 without appreciable cracking and no noting of hydrogen sulfide, 
vrhile with A-9, 40% is distilled before this occurs. It is \',ell knovm 
that the nature of the sulfur compound present in the oil will have 
a large effect upon this cracking temperat ure. Thus, one oil may have 
free sulfur in it, and as a result hydrogen sulfide will be liberated 
very quickly at the low temperatures, while other compounds may have 
a large amount of sulfur in the form of thiophenes and substituted 
thiophcnes and there will be a small amount of hydrogen sulfide given 
off. Thus, 1,.-8 and A-11 show some interesting figures. For comparison, 
the following data are given: 

A-8 A-11 

% sulfur 1.35 - 1 • .11 

Cracking 
% distilled over 15 40 
°F for distillate 640 680 

H/C radio 
1st fraction 1.669 1.644 
2nd fraction 1.666 1.559 
residue 1.408 1.348 

Molecular weight 
1st fraction 209 185 
2nd fro.cticn 242 215 
residue 474 429 

Both have nearly the same percentage sulfur and yet one shm·rs decomposi­
tion much earlier in the distill ation t han the other. The one shoiving 
decomposition earlier has the greater hydrogen carbon ratio as well 
as the higher molecular weights for t he fractions distilled. Thi:. 
earlier cracking may be accounted for if A-8 happens to have the sulfur 
compou.~ds present as sulfides or disulfides of the aliphatic type, 
while with A-11 the sulfur com.pounds would be aromatic in nature. It 
vmuld be of interest to find out the nature of the sulfur coL'lpounds 
present in the fuels, but that is not part of this research. 

The Conradson carbon residue as determbed by the A.S. T .2.1. method 
and described in Federal Specifications VV-L-791, pages 83 to 85, was 
determined on the 11A11 series. This carbon residue is used to denote 
if the heaV'J carbon compounds that make up· a fuel oil are stable on 
distillo.tion. It is not in the province of this report to discuss 
the c.:;.use of the carbon residue and •nhat tends to increase or decrease 
the per cent of carbon residue found. It is interesting to note that 
A-1 and A-4 have practically the same hydrogen-carbon ratio of the 

-7-



residue, but the molecular weight of A-1 is 322 and A-4 is 413, and the 
carbon residue for A-1 is 6.6% and for A-/1-, 17 .6~{.. A-12 has a hydrogen­
carbon ratio of the residue of 1.14 and has a carbon residue of' 13.3, 
approximately half-way betireen li.-1 and A-4; the molecular weight of the 
residue of A-12 is very close to that of A-4. The factors that in­
f luence the carbon residue will be discussed in a future report from 
this Laboratory vlith a hope of trying to find some of the factors that 
influence the per cent carbon residue. The carbon residue, hydrogen­
carbon ratio, and moleculc,.r v1eight of the residue on distillation follow: 

Conradson H Ratio of 
Car::ion I"' 

V Residue rn. r;. of 
Residue Residue 

A-1 6.6 1.150 322 
2 8.8 1.343 438 
.3 17.J 1.020 409 
4 17.6 1.143 413 
5 10.4 1.264 439 
6 9.3 1.339 504 
7 11.0 1.280 424 
8 9.1+ 1.408 474 
9 9 • .3 1.236 379 

10 l •J.5 1.278 447 
11 8.4 l.J48 429 
12 13.J 1.142 409 
13 13.6 1.233 457 
14 11.9 1.268 436 
15 12.0 1.330 526 
16 7.1 1.375 449 
17 8.7 l •. '278 416 
18 12.L; 1.333 479 

ln studying the f uel oils one should not lose sight of the fact 
that the fuels are to be burned. Many samples are of much interest 
theoretically, but in practical use they will be rarely encountered. 
1t has been very interesting to note the results that the Naval Boiler 
Laboratory has had in burnlng these fuels. The Naval Boiler Labora- · 
tory Report No. 2084 of 22 August 1934 gives the scorinc of these oils 
as obtained by them under actual burning conditions. In scoring these 
oils, the percentage weight given to each item is given below:* 

Tank deposits 
Heater deposits 
Ato~izer deposits 
Stack solids 
Pumping vi~cosity 
Firing viscosity 
Overall efficiency 
Fire ~oom air pressure 
Hydrocarbon loss 
Slagging of furnace 

bri~kwork 
*The detailed scoring using this method 
of the above report. 

15% 
10% 

5% 
6% 

20% 
12% 
20% 

5% 
5% 

2% 
is found on Plate 26, 
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Using the above method of scoring, the Naval Boiler Laboratory sug­
gests that any oil rating below 60% would be unacceptable in operation, 
that between 60% and 70% undesirabl e, and t hat above 70% acceptable. 
The oils were tabulated according to this scoring system and opposite 
each percentage rating are given the molecular v-,eights, the hydrogen­
carbon ratio, the deposits as determined by tank, hea ter and atomizer, 
the hydrocarbon losses, the per cent stack solids ,,s det.er1:dned by 
the Naval Boiler Laboratory f indings, the per cent sulfur and nitrogen, 
the viscosity at rf'F, the variation in viscosity at rf' as given in 
NRL Report No. P-1127, the density at 60°F, and the source of the crude 
making up the oil. 
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NBL H 
Batill8 Moleoula:i.- Weights 0 Ratio 

AV!il• B.P. °ir DeEosits* 
SamlJlle. ._i_ Orig. lat . 2nd Re•• orig. ~ 2nd Res. l.t cut 2nd cut Tank ~ Atanizer 

A-8 45.2 443 209 242 474 1.518 l .~ 1.666 l .4o8 ~ ~ l 3 3 A-18 49.1 410 201 25g ~ 1.435 1.6 1.~58 1.333 1 1 l 
A-15 51.2 415 22.l 22 1.437 1.550 1. 01 1.330 627 6~ l 1 l 

A-2 53.o !'2 lo/1 22.7 438 1.404 1.365 1.'2J2 1.343 b02 ~i 1 2 3 A-12 2t~ ~i 223 4o<.l 1.m 1-~ 1. 4 1.142 545 l 1 3 A-3 310 213 4~ 1. 1. 9 1.473 1.020 475 621. 0 l. 3 
A-4 6t8 320 174 224 413 1.317 1.6~ 1..500 1.143 m 630 0 0 2 
A-13 6 .6 ~ 192 224 457 1..351 1.5 9 1.5o8 1.233 670 0 0 2 A-b 70.4 2~ 243 5o4 1.418 1.532 1.517 1.339 675 0 0 2 
A-17 74-3 374 232 234 m 1.401 l .~ l .514 1.2~ · 671 l19 0 0 0 
A-l.4 7t•4 3?J. rn 219 1.M 1. 1 .. 512 1.2 

tr1 ~ 
0 0 1 

A-5 7 .9 3~5 215 242 439 1.398 1.5 1.5241.284 0 0 0 

A-7 77-~ 341 204 235 424 1.391. 1.567 1.549 1.280 ti~ ~ 0 0 1 
A-16 7A. 355 2~ 235 449 1.471 l.574 l .~ l.3~ 0 0 0 
A-9 7 .6 2o/l 192 22.5 379 1.292 1.447 1.392 1.2 561. 651 0 0 0 

A-10 80.4 334 183 232 447 1.3~ 1.619 1.532 1.278 549 671 0 0 0 
A-11 84-5 332 1~ 215 429 1.47 1.~ 1.559 1.348 541 659 0 0 0 
A-1 <J0-9 261 182 220 322 1.253 1. 9 1.375 1.150 545 623 0 0 0 

* 0. None 
1 s Trace 
2 : Moderate amount 
3: Heavy 

i He::mne Insol. 
H i i ti Filter Vis. Vis. Density c Stack Carbon After 122.0 ].I' var. at b0°F 

Sample ~ ~ Residua Orig. Heat!!!I_ ~ ~ U..:!li Source or Crude oA.~ 

A-8 10.86 o.147 9.4 6.4 6.! 141.4 108.g 1.35 0.43 East Texas 15.g 
A-18 9.84 0.550 12.4 9.s ,. 148.9 31. 1.~ 0.33 Van Zandt Texas 11 • . 
A-15 10.3~ o.or, 12.0 10. 11.5 233.0 6.6 2.5 0.50 Venezuela 11.1 

A-2 12.22 0.113 8.8 5•2 6.! 8o.2 31.0 0.87 o.; East Texas 12.1 
A-12 10.92 0.267 13.3 J:o 9. 77.2 31.9 0.81 o. Okla. and Texas 6.9 
A-3 11.93 0.160 17.3 17.7 u5.6 6.7 1.16 0.71 C:Slit'ornia. 6.7 

A-4 10•45 0.153 17.6 16.a 17.5 136.1 6.! 1.25 1.12 Calit'ornia 7.7 
A-13 i-92 0.120 13.6 11. 14-.1 1~:~ 16. 1.39 1.00 Califarni.s. 9.0 
A-b .09 0.207 9.3 6.2 5.9 52.6 1.13 0.19 llest Texas 12.3 

A-17 10.~ o.~ 8.7 4~8 5.6 86.5 18.5 0.77 o.g; East Texas 11.5 
A-l.4 10. o.o 7 11.9 10.§ 11.9 ti·2 u.1 1.37 o. 7 California 11.2 
A-5 8. 0.020 10.4 6. 7.3 1.2 19.6 1.73 0.45 Mixed Tex.&VenszuelA 10.3 

A-7 u.39 0.117 11.0 7.2 7.9 ~-7 77.7 1.86 0.48 East & Weat Texas 11.5 
A-16 9. 55 0.033 7.1 t~ z-2 0.9 21.9 0.53 0.41 East Texas ls:! A-9 9.40 Lost 9.3 .7 37.7 1.4 0.33 0.30 Coastal 

A-10 9.70 o.055 10.5 6.8 6.8 ~-7 64-4 1.61 0.44 East&; West Texas 11.9 
a-11 10.70 0.033 8.t b.o 5.9 28.2 72.1 1.31 0.34 Louisiana & Texas 1~.2 
A~l 12.42 0.023 6. 1.8 3.0 21.7 o.8 0.30 0.27 GUlt Coast & East .3 

Texas 
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The som·ce of the fuels sho~rs th&.t onl y four are :from Californic. 
Of the four oils from Californh1, A-3, A-4, A-13 and A-14, three arc 
undenirable, and one is acceptable according to the Naval .i3oiler La.borr:.­
tory raung. The hydrogen-carbon ~atio of these foU1· oils sh011s t h&t 
they arc highly aromG.tic in nature and that l',-3 and A-4 are cut buck 
from a heavy cracked residuum. The hydrogen~carbon ratio of the first 
20% of the four oils is very similar in nature, tJ.,..at is, 1.57 to 1.68, 
t he molecular 'Height of the first cut bearing from 163 to 192. 

Snnples A-1 s.nd A-9, vrhich in the NHL report have shown the 
greatest stability in viscosity at 77°F, are supplied by tviO different 
refineries and it is very interesting to note that the som·ce of the 
crude for both refineries v,a.s probably the srnne. The per cent sulfur 
in both oils is lon. The ni trogen is low for A-9 and 0. 7% for 1,-1. 
The hydrogen-carbon ratio for both is very similar in characteristics 
for the first and second 20% disti lled. The hydrogen-ce.rbon ratio of 
the residue for A-1 is more aroi:1at ic in nat ure than that for A-9. The 
molecular v1eights as well as the boiling points show that A-9 is made 
up.of molecules having the higher :oolecular weight, but that its density 
is not far from that of A-1. 

A-2, a fuel mude up from an East Texas crude of the 12.1 A.P.1. 
gravity, gi veu an unacceptable ra. tine by t he Naval Boiler Laboratory, 
is, nevertheless, very interesting from the chemical aspect. The first 
20% over sho;,1s that the lighter fraction is aromatic in m:ture 
(hydrogen-carbon r atio, 1.37), more so than the second fraction 
that comes over (hydrogen-carbon ratio, 1.57). This first fraction 
that cor:ies over i n many of t he fuels may be present in the fuel as 
ir:o.de and may be the result of cracking of c\ refractory portion cf the 
oil or it may be a. lighter cut that i s used to blend the fuel oil to 
a lower viscosity. The molecular vreight of this first cut, 197, does 
not vary appreciably from the other fuels studied. The second 20% 
over has a hydrogen-carbon ratio of 1.57, which is higher than most 
of the other oils of this group. 

The molecular weight of the first 20% over of a.11 the fuels given 
in this report shows that the Cali fornia material has the smallest 
molecule,r weight . Thus, A-3, .A-4, A-13 and A-14 have molecular weights 
of 163, 174, 192 c.nd 177, respectively. For the fir st 20% over, 163 
is the lowest value found. The molecular ,,eights of the other fuels 
for the fir:3t 20% will vary up to 232. 

The second fraction from 20% to 40% over shows the vnriat ion in the 
molecular 1°1eight from 213 to 253. The residue varied f r on1 322 for A-1 
to 526 for A-15 . It is not surpri sing thnt A-15 shons a high molecult.r 
7:eight because it is a. Venezuelan crude vii th high sulfur, 2.56%, and 
on . distillation, ere.eking, as i ndi cated by the presence of hydrogen 
sulfide, shovred up very early, in fact v1ith only 20% over. With this 
hydrogren sulfide liberation there ce.n be one of two things occurri ng: 
first, the r emovnl of hydrogen when free sulfur is present to form 
hydrogen sulfide, or sec!:mdly, e. compound carryine sulfur in the mnke-up 
thu. t decomposes readily to split out Hi;;. If the · cracking is due t o the 



decot1posi tion of sulfur cor.ipounds, then the elimination of hydrogen 
sulfide· may occur with pol?merization, and especially the formation of 
highly nromutic rings carrying sulfur as one member of the ring. The 
two oils showing the lowest molecular Height of the r esidue ere J:.-1 and 
ll-9, and the::;e two oils have the srnnllest per cent sulfur. One should 
note here that the preGence of sulfur does not always ir1_dica te excess 
cracking ,;hen distillation occurs, for certnin sulf ur compounds of the 
t hiophene grouping a.re entirely stable in distillc.tion. 

(b) Recommendations 

The facts given in this report show that the distill&tion of 
ere.eked fuels can give some interest ing information as to the composi­
tion of the lighter fractions present. It i s doubtful if distillation 
will ever be useful by the Navy in specifications. For research both 
atmospheric and vacuum distillation should_ be very useful. If a study 
is to be L:Jade on the composition of the heavy residues after the first 
40% or 50% have been distilled over, the distillation should be ma.de 
with a pressure of 0.1 mm or less, that is, 8. mercu!"J diffusion pump 
should be t1.sed. 

SUMMARY 

In this report is given the distillation of the 11 A11 series of fuel 
oils using the Engler method. Temperature:3 are recorded for the i nitial 
boilina ooint i::.nd each 5% over as high as the distillation was carr:i.ed. 
Tbree fr~ctions were taken as follows: 0-20%, 20-40%, and the remainder 
known as the residue. 

In this report is given the carbon and hydrogen percentage for each 
of the above fractions. 

In this report :is given the average molecular l'!eight of each 
fraction ns found by the freezing point method using naphthalene es a 
solvent. 

In this report it is shown that some fuel oils can be distilled up 
to 80% with no cppreciable cracking, while others begin v;hen 15% has 
been distilled over. 

In Appendix II of t his :report is given the vacuum distillat ion of 
certain of theGe fuel oils. 
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APPENDIX I 

Distillation of the 11 A11 Samr:,les at Atmospheric 
?ressure 

The distillations reported in the first table of this appendix 
v,ere made during the months of May and June 1934. In this te.ble will 
be found the l eneth of time thc.t was necesi:;e.ry to heat the oil before 
the initial boiline point arrived and the lengt:i of time necessary 
t o distill 5% fractions. !Vi th all these sacples 100 cc r,e..s taken, 
t hat is, the sample was weighed out v,ith the density of 80° being used 
as a basis . In this same table is given the tenperature at which the 
I. R.P. occurred and the temperature for each 5 cc up to 40 cc. The 
temperature for the first 20% over is aver aged and put in this t able 
in degrees Fahrenheit s.s v,ell as Centigrade. The same is done for the 
second 20%. The ·volt~1e of the fractions taken f~r No. l is 20 cc 
throughout; the second fraction conteins the volume from ~Oto 40 cc 
and the distillate that drains from the condenser and therefore varies 
from 20 to 24 cc. The heating s t opped in all cases when the second 
20% had been distilled into the receiver. The next table gives the 
per cent carbon and hydrogen that is found in the original sample and 
r eported previously by t his Laboratory, and in the first and second 
fractions and t he residue. No sulfur or nitrogen determinations were 
made. Following the analysis v1ill be given the molecular ~;eight of 
the original as well as the three fractions. This □olecula.r v1eight 
is the value that is found by the freezing point method using naphthalene 
as a solvent . The distillation of some of these semples was :::-epea.ted 
sever al.times and is given in the next table that follo\7s the molecular 
weight determinations. A-1 was distilled four times. R1.ll1 No. 1 shows 
the results using electric heat part of the v;ay and after that gas heat. 
It was f ound in operating with this oil, and others as well, tha t the 
distillation was handled easier Ylith a gas flame. Runs No. 2 and No. 3 
of A-1 were determined about the same time as Run No. 1 --· about 
January 1934. Run No. 4 under A-1 is that given i n Table l of this 
appendix and ·was used to obtain the necessary fractions for analysis. 
Under A-2, Run No. l was an experimental run to find out something con­
cerning the cracking of the fuel oil. Only 30% was distilled over. Run 
No. 2 we.s the one reported previously and Run No. 3 was deter-Dined in 
February 1935; the first fraction, 20 cc, as well as the second cut, wns 
taken for check analysis of carbon and hydrogen. Under A-J, Run No. 1 
was made during January 1934, a.nd Run No. 2 from May to June 1934. The 
some occurs for A-4 , A- 5, A-6 and A- 7. The first run of J..-9 was deter­
mined from May to June 1934 and Run No. 2 in February 1935 . The srune time 
relations hold for the distillations of A-11, A-15 and A-17. A- l l, A-15 
and A-17 were re-run t.o note at which temperature the presence of hydrogen 
sulfide became very noticeabl~. As has been sa5.d before in this repcrt, 
the accuracy of the tempera t-ure readings f o:t each fraction is not the 
highest. In other wor ds, t here may be a variation in the temper~ture of 
the distillate withont apprec~able cracking as much as 10°F. With samples 



A-11, A-15 and i.-17, there is a large variaL1on with initial boiling 
point. The cause of this variation, while not defir.i tely known, seems 
to accompany the presence of water as in sample A-11, and further study 
should be made at this point if the distillation of fuels and the study 
of the fractions is to be continued. The differential in temperatures 0 

for the other fracticns from 5% on to 40% is fairly large for A-17, 
v1hile for A-11 it is well within the experimental differences that vtotlld 
be found. 



LOO _01"_ JlISTIJ,LATIONS, time, temperature and vo_lU!)l~ 

A-1 A-2 A-,2 A-!;_ A-2 A-6 A-7 A-8 A-2 A 10 A-11 A-12 A-l,2 A-:!:!t A-12 A- 16 A-17 A-18 
Minut es_ Heating 

I.B. P. 7 8 7 7 9 8 6 8 7 6 4, 5 7 5 5 6 9 6 5 
% over 5 8 9 8 8 10 9 7 9 8 9 6 8 5.5 6 7 10 7 6 

1; 10 11 10 10 12 ll 9 11 10 12 8 10 S, 5 8 8, 5 12.5 8, 5 8 
25 12 13 12 12 14 - 11 13 12 14 · 10 12. 5 10 10 10 14 10 9 
35 14 15 14 14 -- -- 13 15 14 16 12 15 12 11 13 16 11. 5 

Temperatures 
I.B.P. 436 1/)2 346 356 440 466 441 440 468 380 390 412 430 410 504 470 546 41.0 

% over 5 508 561 416 435 558 564 528 576 522 485 478 494 498 448 576 56.3 640 540 
10 534 596 450 472 604 603 565 626 549 532 524 525 540 476 620 614 670 594 
15 556 .613 492 526 630 620 605 641* 576 573 564 556 588 510 648 634 684 636 
20 582 639* 540 563 655 648* 626 655 596 604 596 604 626 554 664 660 692 662 
25 598 646 580 602!> 668* 664 64()11- 663 622 648 6JO 640 652 588 672 676* 711 680 
JO 616 698 615 625 682 677 651 672 640 668 656 658 664* 634 648 686 71( -* 
35 633 636 642* 640 688 680 658 681 660 680* 666 668* 680 658* 660 692 721 684 
40 644 632 648 653 693 680 672 687 6~2* 688 682 678 684 678 682 698 724 680 

Avg.boiling goints 
545 602 475 499 612 609 581 625 561 549 541 545 563 497 627 618 677 608 0-20% F 

Oc 285 .317 2/,,h 259 322 321 305 .330 294 287 283 285. 295 258 3.31 .326 358 320 
20-40% °F 623 65.3 621 630 683 675 655 676 651 671 659 661 670 640 666 688 719 681 

oc 328 345 3Z7 332 362 357 346 358 344 355 348 350 354 338 .352 364 382 361 

Vol ume .fractions 
in cc . 

Ill 20 20 20 20 20 20 20 20 20 20 20 20 20.5 20 20 20.5 20 20 
#2 21.5 22 22 22 22 22 22 23 23 23 22 22.5 22.-5 21,5 24 22 22 2., 

* Cracking begins, 



PER CEi.1\JT CARBONS AND HYDROGEN AND i.IOLECULAR l"iEIGHTS OF "b." SAMPLES AND FRACTIONS 

Original 1st f raction 2nd f'.caction Residue Molecular Weights 
%C %H %C %H %C %H %C %H Orig. l _st _ __ _ 2nd Residue 

A- 1 89.81 9.46 89.12 11.00 89.20 10.JO 90.17 8.71 261 182 220 322 
2 88.09 10.38 38.30 10.15 87.08 11./49 88.4ft 9.99 365 197 227 L38 
3 87.80 9.42 87.06 11.90 87.71 10.86 88.29 7.55 310 163 213 409 
4 87.39 9.67 86.13 12.12 87.05 10.96 87./47 8.40 320 174 22/i- 413 
e:; ., 87.09 10.23 87.66 11.63 86.46 11.09 86.91 9 . 36 365 215 242 439 
6 87 .8/1 10.46 87.74 11.29 87.4/1 11.15 87.78 9.87 361 209 243 504 
7 87-36 10.21 86.69 11./41 86.T) 11.29 86.Jl 9.28 341 204 2.35 424 
8 86.83 11.08 86.95 12.20 86.75 12.15 87 .44 10 .3 5 L.La 209 2/t2 474 
9 39.18 9.67 88.91 10.80 88.82 10.38 89.62 9.32 297 192 225 379 

10 87./46 10.18 86.89 11.81 87.11 11. 20 87.56 9.40 334 183 232 4!~7 
11 87.57 10.85 86.90 12.00 87.05 11.39 86.16 9.76 332 185 215 /,29 
12 89.28 9.40 88.13 10.66 88.62 10.15 89.61 8.61 306 174 223 1+09 
13 86.79 9.85 86.11 11.36 86.91 11.01 87.17 9.02 346 192 224 457 
11 ... 86.63 10.23 86.23 12.01 86.57 10.99 87.17 9.28 321 177 219 436 
15 86.28 10.4l 86.75 11.30 85.74 11.54 85.03 9.52 415 221 228 526 
16 86.98 10.80 87.88 11.60 87.50 11.37 88.25 10.18 355 209 235 1,49 
17 88.17 10.38 87.66 11.29 87.67 11.16 88.72 9.53 374 232 234 1,16 
18 87.12 10.50 86.94 11.75 86.67 11.44 87.11 9.76 410 201 253 479 



A-J, A-2 ---- A--J A-L~ A-2 
Run Run Run Run Run Run Run Run Run Run Run Run Run 
#1 l/2 #J #4➔H~ #1 #2➔H~ #3 Ill 112.~ #1 l/2}H~ #1 #2➔'& 

-· 
Temperat ures, 

OF 
IoB.P .. 436 441 438 436 41 .. 2 1+62 /~78 342 346 362 356 440 4110 

% over 5 496 501~ 505 508 550 561 51+8 422 416 431.. 435 556 558 
10 523 528 528 534 602 596 608 452 450 468 472 597 604 
15 546 554 552 556 637 613 6411- 490 492 509 526 627 630 
20 568 576 575 582 660 639➔~ 676 532 540 554 563 652* 655 
25 583 595 596 598" 676* 61 .. 6 68/i,➔~ 581 580 593* 602➔< 666 688* 
JO 600 614 613 616 684 698 693 626 615 626 625 677 682 
35 616 632 630 63.3 -- 636 697 640 642* 642 640 684 688 
40 628 647 644 644 -- 632 705 656* 648 660 653 688 693 
45 635 660 658 -- -- -- -- 662 -- 672 - 693 
50 636 674 · 672 -- -- -- -- 667 -- 680 -- 695 
55 675 690 . 682 
60 689 700 690 
61i 702 710 697 
70 705 715 702 
75 702.# 718· 
eo -- 722 

# This run wus made with electric heat up to 50% over. 
The remainder v;as made with gu s heat. 

* Cracking begina. 

{H~ This run was previously reported ln this report. 



A-6 A-7 A-9 1\.-11 A-15_ .A-17 ----
Run Run Run Run Run Run Run Run Run Run Run Run Run 
#1 #2➔H~ #1 #2 #l➔HI- J! ') TT,._ #l➔Pk #2 #3 #1~ #2 #l:iHI- #2 

Temperatures °F 

I. B.P. 4.L,,4 466 437 441 468 476 390# .302 360# 504 508 546 /468 
% over 5 560 564 551 528 522 534 478 484 492 576 " 562 640 621 

10 598 603 570 565 549 554 5211 532 530 620 618 670 638 
p: 625* 620 605 605 576 585 561+ 564 560 648 632 681. 664 .., 
20 656 648* 634* 626 596 606 596 598 588 664 655 692 675 
25 558 661. 652 640* 622 629 630 628 624 672 666* 711 682 
30 -- 677 665 651 640 653 656 654 648 648 680 718 • 685 
35 -- 680 672 658 660 658* 666 662 666 660 688 721 700 
40 -- 680 -- 672 682-tt- 685 682 686 684* 682 674 724 710* 

# A-11 on disti llation showed a few drops of vmter. The first drop 
over or I. B.P. gave u la.rg·e vuria tion due to water. No appreciable H2S 
vms evident during the entire distillation. 

}~ Cracking begins. 

*~" This rtm was previously reported in t his report. 



Distill1'...tion of Fuel Oil Under Reduced Pressure 

The oain part of this report lw.s t o do with t he distilll;.t i on of 
fuel oils at atmospheric pressures, or approximately 760 mm. l'iit:h a t ­
monpheric distillation it has been sho~m t hat it is usually not wise 
to go beyond 40% in the distillc.tion !.)ecause beyond this excessive 
cracking occurs. One oil, A-1, could be distilled up to 80% with mini­
mum damage. Several of the "A" 3eries were distilled under reduced 
pressure to note if these oils could be di stilled nithout trouble. The 
vacuum set- up used was one where the pr essure could be regulated readil y 
to any desired value as shown in the accompanying dravdng. Thus, some 
oils are best distilled at one pressure, while others at a different 
pressure due to the !:>oiling ranges of the compounds making up the oil. 
A-1 could be distilled at 10 mm with success, while with .A-9 it was 
necessary to run to 1 . 9 mm to get a large percentage of the oil over. 
In distill ing a heavy oil such as A- 9, the fractions coming over after 
50% bas been disti lled are usually very viscous and have a tendency to 
congeal to a jelly-like mass. Thus, in distillction of A-9 v:ith a 
172-grrun charge,. v1hen 108 cc have been dist illed off, the overhead wa::i 
very viscous with a dark r ed color. In these distillations the:-e v;as 
a stream of carb0n dioxide going through the oil at all t imes to re­
duce the cracking to a minimum. If vacuum distillation i s to be used 
in the study of heaV'J fuels, and it seems i t would be worthwhiie to do 
so, one definite pressure should be used a t ,ihich to study the various 
oils, e.nd cuts should be made at fairly narrow temperature differences 
and the volwne of these cuts should be sufficient for further study. 

Some of the characte:dstics of these three oils as v1ell as the 
summarized data for the atmospheric and vaclrum distil lation follows: 

Grctv·ity, 0 .API . • $••·•• "· ·· • • ···· 
Viscosity, 122°F •••••••• • ••••• • •• 

Ultimate Analysis, %C ••••••••• • • 
H •••••••••• • 
s .. ...•.. · ... 
N •. • • • •• • • • • 

Conradson Car~on % •.......•...••. 
Rating by N.B.L. %, ••• • • ••• -•• •• • •• 
Avg. molecular weight ••••••••• ••• 

Atmospheric distillation: 
Avg. B.P. °F 1st 20% ••••••••• 

H/C .Ratio 
2nd 20% •• •••• • .• 
1st 20%0000••• • • 
2nd 20% • •• • •• ••• 

A-1 

8.3 
20.7 SSF 

89.81 
9.46 
0 .. 30 
0.71 

6.6 
90.9 

261 

545 
623 

J. .,469 
1.375 

12.1 
80.2 SSF 

88.09 
10.38 

0.87 
0.53 

8.8 
53.0 

365 

602 
653 

1.365 
1.572 

A-9 

8.8 
37.7 SSF 

89.18 
9.67 
0.33 
0.30 

9.3 
78.6 

297 

561 
651 

1.447 
1.392 



A-9 
A-1 A-2 1st 2nd 

Vacuum Dist. 
cr.arge .. ................. 202 175 174 171 
Pressure, Irlln •••••••••••• 10 5 5 &:. _, to 1.7 
Recovered ~ ............ 112.4 31.8 92.l 111.5 

d 55.6 18.2 52.9 64.9 /0 ••••••••• •••••••• • 

I.B.P. OF" •• ••• • •••••••• 1112 li10 104 109 
Final OF .••••••.•••.•••• 448 397 473 507 

It is in te1•ecting to note that the maximum temperature reached with 
these v1:.cuw:1 distillations wlis loHer than the temperature reached for 
atr.:iospheric distillation for the first five percent over. At no time 
was the temperature reached at v1hich cracking was noted in the atmospheric 
distillations. It would be interesting to learn at what temperature 
cracking would occur during vacuum distillation, for the temperature in 
the flask may be as much as 90°F above the temperature of the overhead 
and the overhead temperatures did not go over 507°F'. 

A-1 202 gram cha:rgc, _pressure 10 lll4l 

Vol. cc Temp. 0 c Vol. cc Temp. 0 c 

1.B.P. 61 54 177 
2 86 60 184 
4 95 64 188 
6 102 68 190 
8 105 72 193 

10 110 76 200 
12 118 80 203 
18 129 84 205 
24 133 86 208 
28 139 92 214 
32 146 95 217 
36 150.5 99 220 
38 152 103 226 
46 168 105 231 
50 172 

~ gr. sp.gr. 

1st fraction 40 36.9 0.923 
2nd fraction r::" _;j 51.1 0.964 
3rd and drainage 

of condense1-- 24 24~ 1.017 

112./4 

112.4 
X 100::: 55.6% 202 



k-2. 175 gr_p.m charge, urossu.re 5 mm 

Temp._ 0 c _ Di s tillate 

I.B.?. 60 
,:, cc 85 
4 cc 104 yellow 
6 cc 108 
3 cc llJ 

12 128 
14 135 
16 14.3 yellow 
18 153 
20 160 
22 167 
24 175 
26 180 
28 183 
.33 203 

\'!eight of distillate, 31.8 grams or 18.2% 

t_n Cha~ge run #'l ..... ✓, -9 ,. 174 gr. 

1.B.P. 
2 
4 
6 
8 

10 
12 
ll1-
16 
18 
20 
22 
24 
26 
28 
JO 
32 
JI., 
36 
38 
40 
42 

Run #1 
Press_gre Temp. ~c. 

5 mm 40 
91 
98 

103 
108 
111 
114 
117 
120.5 
124 
128 
131 
1.33 
137 
140 
1/~ 
145 
154 
158 
161 
162 

~ ,,,... 
n.un ff,:;., 171.2 gr . 

Run #2 
Pres sure Temp. 0 c 

5 mm 43 
90 
98 

104 
109 
115 
118 
1 ,..,~ 
_,::.,,; 

125 
128 
131 
13L,.5 
137.5 
140.5 
143 
1/..,7 .5 

155 
156.5 
158.5 
161.5 



A-9 cont'd 

R.un #1 Run 
, .. ..... 
It ,:. 

Pr essure Tet1p. 0 _g_ Prescure Tcmo. oc 

44 r.. m.rn 5 Il!:1 167 .,I 

46 173 170 
/~8 177 175 
50 179 183.5 
52 182 187 
54 184.5 192 
56 186 195 
58 191.5 198 
60 196 200.5 
/~ 
0 ,: 199 202.5 
64 201 204 
66 204 211 
68 2.07 214.5 
70 209 ?.18 
72 215 1.9 mm 190 
74 220.5 198 
76 225 
78 228 
30 231 207 
82 233 211 
24 235.5 217 
36 222.5 
88 2/40 ;:·25 

90 245 
) 5 232 - 3 
93 235 

100 244 
103 2/;8 

105 252 
103 l c-: . , 255 
112 1.7 259 
115 1.7 264 max. temp • 

.QQ_. ill:· £9.· .G.t.• 

1st fr~ction 40. 0 37.0 30 27.1. 
2nd 56.0 54. 7 l.l 40 
3rd 19 18-6 
4th .... ... ,. _,,, 25.1 
CO-,::_ 

trap ~ 0.4 

92.1 111-5 

92.1 --· 174 
:;.: 100 = 52.9% 

111.5 
100 64. ');,; X ,:; 

171.2 



~ 
'.h 

~ 
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T 

CO2--~ n 

FLAS~~ 

(~ 

IIOV. 

_[ l 

··1 C= 

~ONDENSER 

1\---11 
6V. 

,~LCOHOL + COz 

.MONOMETER 

SURGE TANK 

5 GAL.. 

T_ JJJ 
T =====-=--=-~~ ~.==- --2aov. ---

VACUUM DISTILLATION OF FUEL OILS 


