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SURMARY ,

The following equipment has been designed and
constructed for the requirements of this
researchi=-

e, complete carbonization unit of a capacity o{
ebout 42 1b, of cannel cosal per carbonizs-
tion,

b continuous distillation unit,

¢. bateh distillation unit,

d. automatic fractionating column of maximum
efficlency equivalent to 141 theoretical
plates. at total reflux, and ancillary
equipment,

A substantial quantity of Fewbattle cannel has

been carbonized at low temperature.

The crude oil obtained has been subjected to

continuous and batch distillations, whereby

suitable material has been separated for highe
efficiency fractionations,

A1l material boiling in the range 26,9°-158,5°C

has been fractionated and separated into 137

narrow- or constant-boiling hydrocarbon

concentrates, the properties of which have been
determined.

Selected fractions have been analyzed with

respect to their constituents by silica gel

adsorption methods. Simple properties of the
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.18 hydrocarbons (5 paraffins, 4 alkane mono-

ive

separated hydrocarbons have been determined
and the composition of the anslyzed fractions

evaluated,

olefins, 3 cyclic mono-olefins and 6 aromatics)
present in substantiasl quantities, have been
sepirated from the concentrate fractions,
purified and identified by measurcment of
physical constante, The identity of aromatic
hydrocarbons has been confirmed by absorption
spectra in the ultra-violet,

The aspproximate hydrccarbon composition of the
materiel exemined (representing approximately
7+9% wt. on total crude oii) has been
evaeluated and fresentad.

Tar acids and tar bases extracted from the
continuous distillation overheads have been
partly examined,
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CONCLUSIONS

As a result of the work carried out, the

following conclusions have been drawn with regard
to the chemical composition of cannel naphtha
boiling in the range 26.9°-158¢5°O.3-

1.

e

4,

Unsaturated hydrocarbons are the prinecipeal
constituents of the naphtha (amounting to
about 46% wt. on total material examined).
Saturated and aromatic hydrocarbons are present
in lower concentratione (33% and 21%,respect-
ively)e.

So far as the paraffins and olefins are
concerned, n-paraffins and olefins-l are the
predominant compounds in each hydrocarbon
group, while toluene is the major aromatic
constituent,

The unsaturated constituents of csnnel naphtha
are composed of straight-chain, branched-chain
and cyeclic mono-olefins only (23%%, 13% end 10%
wt, on naphtha, respectively). Compounds
containing two or three double bonds in the
molecule have not been detected in the material
examined,

The sstursted constituents of the naphtha
consist of strsight-chain and branched-chain
paraffins, and naphthenes (amounting to 22%,
7% end 4%, respectively).
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B

The aromatic constituents consist of benzene
and simple substituted benzenes only,

From the standpoint of hydrocarbon-type
composition, cannel nephtha resembles shale
naphthas and cracked petroleum stocks of
similar boiling range, while the actual
hydrocarbon composition of the materizl shows
closest resemblance to Scottish shale naphtha,
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PART I,
INTRODUCTION,

In view of the constently growing demand
for more specific gaseous and liguid fuels, greatly
inereased effort has been applied to the exemination
of organic constituents of crude and refined oils,
derived from neturally occurring and synthetic mat-
erials. A further and equally significant stimulus
for this extensive study has been provided by the
relative lack of knowledge of the ultimate nature
of such oils, TFull credit for the initiation
of these investigations must inevitably go to the
petroleum industries of this country and the
United Stateé, which, in the past twenty years, have
spared no effort or expense in the quantitative and
qualitative examin:ztions of petroieuns and their
products, As a direct result of this, tremendous
improvements have taken place in the processes of
manufacture of the various petroleum products and
entirely new processes have been developed.
Furthermore, the studies of the composition of
gaseous and liguid fuels have resulted in the
accumulation of a considerable amount of knowledge

on the physical and chemical characteristics of
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hydrocarbons of all classes,

‘,/// ¥ithin recent years, the hydrocarbon
composition of the lower boiling fractions of
bituminous coal tars and shale oils has been
investigsted by means aimilar'to those applied to
the examination of petroleum, The results thus
obtained provide a very useful basis for comparison
between the various oils and for their character-
ization according to the type of hydrocarbons
present, :

Owing to the relative lack of data on the
properties and composition of cannel coal tars,the
work described in this report takes the form of a
preliminary examination of the lower hydrocarbon
constituents of an o0il produced by the destructive
distillation of a typical Scottish cannel coal,

y Although cannel coal and its carbonization
.products have been the subject of numerous studies
in the past, there is very little available
informetion on the composition of cannel oils. The
majority of published work deals with the poesible
utilization of cannel coal eas a source of marketabl
products, such as motor spirit, diesel oil, wax etc,,
and their production by a varietly of methods, while

-

the erude and refined oils, '///

! This lack of information may perhape be most

!justifiably explained by the facts that the once l
|
%flourishing cannel industry is at present almost |

‘entirely extinet and that, at the period when great

very little attention is paid to the composition of |
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interest was shown in cannel, analytical techniques
were not adequately developed to permit investige-~
tions of the constituents of oils, Further, the
knowledge of the ultimate composition of oile was
not escsential to their successful commercisal
utilization,

lNevertheless, cannel coal is a minersl of
very interesting properties and may be regarded as
a potential source of tar or oil, rich gas and coke,
The reserves in Scotland of good cuelity cannel, of
low ash and yielding over 40 galls. of crude oil
per ton, are considerable (vide infra) and, in most
cases, easily accessible., There is, therefore, no
doubt that the present state of abeyance of the
industry will not continue and a revival of commer-
cial interest is bound to return,

Scottish cannel coals are most frequently
.found in association with bituminous coal seams,
where they appear as relatively thin lenticles or
bands of limited area, forming the roof or the base
of the seam, or a layer within the coal seem, They
also'occur as separate beds of an area seldom -
exceeding a few sguare miles, As pointed out by
MacGregor (61) cannel coals are found in the Lower
Limestone Group, in the Limestone Coal CGroup, in the
Upper Limestone Group and in the Productive Coal
ﬁeasures. As a rule they are impersistent and

Renticular in their mode of occurrence and seldom
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constant enough to be regarded as other than local
index-~horizons,. Though closely associated with
bituminous coal, cannel coals differ from it not
only in structure and composition, but zlso in mode
of occurrence and origin,

The nature of cannels varies considerably
with the locality of the seams, and sevnuﬂ;varietieJ
of the mineral are known, and referred tc by numer-
ous names, derived either from the locality or some
characteristic property, [Names such as torbenite,
boghead, parrot, gas coal and cennel are freely and
loosely used, The term "cannel", originally
derived from "candle"™ because the mineral produced
long, luminous flames when burning, is most commonly
applied to these materials, irrespective of their
more or less marked differences in properties,
Several sttempts have been made to produce a
systematic classification of canneloid materials,
based either on their proximate or ultimate
enalyses, but so far these attempts have met with
little recognition, A classification based on
specific gravity has recently been ﬁdvanced by
Mott (71), and is claimed to show, better than any
other, the interconnection between the various
canneloid materials.

In the hand specimen, typical cannel coals
are characterized by their homogeneity and absence
of lamination, They vary in colour from a dull
brownish tone to black with a pronounced satiny
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lustre, They have & compact grain asnd swmooth
texture, and emit a rather "wood-like" sound when
struck, They have a higher elasticity and lower
density than normal coals, and exhibit a conchoidal
fracture,

Most valusble information, however, concern=
ing the composition and origin orﬂcannel coals is
obtained by their examinstion under the microscope,
They may be thus charescterized by the highly
disintegrated condition of the vegetable debris, of
which & high proportion is translucent in thin
section, Surrounded by this metrix are varying
quantities of round or flattened "yellow bodies",
together with fragments of cuticles, spore exines,
resin bodies and, occasionally, fish remains. The
nature of the "yellow bodies" has caused considerable
controversy in the past and numerous theories have
been advanced to account for their _resence and
compogition, Originally considered to be plant
tissues or globules of bitumen or oil, these
"yellow bodies" have been definitely shown, by
Temperley (91), to be of algal origin, not differ-
ing in any material respect from the living algae
Potryococcus Braunii, and it is to these algae that
the oil-yielding ability of cannels is chiefly
scribed, The sppearance of algal bodies in en
otherwise typical cannel marks the transition to
the algel cénnels, and their further concentration
leads to bogheads and torbanites, which differ
little from typical cannels, except that they are
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browner and tougher, Similar algéé havo been
reported, by Conacher (16) and Mawson (70), to be
found in Coorongite, a substance found on the shore
of lakes of fresh or brackish water in South
Australia, end regarded as the nother-aubatance of
boghead coals and, possibly, petroleum,

The nature of Scottish cannels has been
fully discussed by Skilling (88) who concludes:=
"Microscopic examination has shown that the nateriaﬁ
known in Scotland by the name of cannel contains
algal remains in varying proportions, the other
organic matter consisting of mecerated plant debris,
microspores, and frequently fish remains. Those
verieties in which the algal content is high are
browvn in colour, have & dull, woody ring when
struck and are extremely tough to breaks They sre
commonly referred to as "torbanite", "boghead" or
"parrot”. Those with much plant detritus are
black, with & satiny lustre and conchoidal fracture,

A study of the microstructure of these
materials, in conjunction with the yield of o0il
obtainéd from them, indicates that the source of
the large quantity of oil must be the algal bodies,
as those deposits in which the algae are relatively
few produce quantities of oil only slightly higher
than the aversge from a bituminocus coal."

The present, widely held theory of cannel
formation and origin, advenced by several workers,

has been summarized by MacGregor (61) who points
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out that the lenticular mode of occurrence of
cannels, their assoeciation with ordinary coals and
their well defined boundaries, their content of
fossil colonial algae and the presence in them of
scales, teecth and spines of fresh-water fish
indical® formation in lakes or pools among the
swemp f£orests of Carboniferous times, These
lakes or pools are considered to have been surrounds
ed by swamp vegetation or lain close to rivers, so
that in times of flood, the waters brought down con-
siderable quentities of plant debris of every kind,
along with algese, spores and muds It was this
drifted plant debris which, after undergoing sube
agueous decomposition, formed the structureless
mass prescnt in cannels, Further, the drift of
mud or clay accounted for the high ash content of
the cannel as compared with the bituminous coal of
the same seam. MoOtt (71) considers that special
conditions promoted the flouiiéhing of algal
colonies on the surface of the lakes, thereby giving
rise to the different types of materizl, If the
algae sank and mixed with the coal debris boghead
cannels resulted, while the comparative lack of
vegetable debris and the excess of mud resulted in
oil shale, If there was no mud or coal base, the

Flgae formed torbanite,

The history of cannel coal industry has
been fregquently reviewed in the past (17, 21, 71,
109) and several estimates of the possible cannel
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resources in Scotland have been madey of which
those published by the Scottish Devclopment Council's
*0il from Coal Committee" appear to be most relisble
and most recent,

The first report, published in 1935, dealt
with the low-temperature carbonizatién @nd hydro-
genation of coal (84), while the second(85),compilad
on the basis of a2 questionnaire issued to every
colliery company in the ereas mentioned below, dealt
with the reserves of cannel snd canneloid materials.
A geologist appointed by the Committee investigated
cannel seams, and obt:ined and assayed samples of
the various minerasls likely to yield oil, The
arcas investigeted were Ayrshire, Fife, Hast and
Midlothian, Douglas, Lenarkshire, Campbeltown and
Broras The results of these findinge sre given in
Teble 1, which shows the deposition of the main

cannel reserves in Scotland.

TABLE 1,
Cannels yielding over
40 galls., of crade oil
Avea per ton and contaeining:- Total,
Less than Over tons
% m’ % th' e
tons. tons.
Lothians 21,124,600 Ge 443,000 | 27,567,600
Fife 467,000 74,075,000 | 74,540,000
Ayrshire 4,0(_“0 ,000 - 4,000.“)0
Lanarkshire 500 4,000 1,255,210 1,735,210
Other areas 224,800 56,000 78,800
Total 264114 ,400 81,807,210 | 107,921,610
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| In addition, there are several substential I
%eserves of cannels,.of low esh content yielding ;
20-40 galls,/ton, in the lLothiens, while in Fife
deposits exist of 30" thickness yielding over 50
galls./ton, but of high ash content (13=35%),
bhough some seame appear to be difficult and
fxpensive to work, most cannel seams appear in exist+
ing workings or in thicknesses sufficient to justify
fresh workings,

+

The conciusions reached as & result of this

|
survey are summerized by Wilson (109) as follows:-
!

}. There are present in Scotland reserves of
i cannel and canneloid material totalling well

1

|

|

i

over a hundred million tons, &nd yielding more i
than 40 gallons of ecrude oil per ton.

2+ The greater part of this material is available )
in two or three seams of large extent and of ;
reasonable thickness., %

Despite this favoursble picturec, many

Feople of wide experience in the coal industry
ongider the zbove estimates optimistic, and there i

|
|

ppears to be some controversy regarding the

There is no doudbt, however, that the crucial

|
xtent of existing cannel deposits. |
|
|
|

factors upon which the extent of future cannel

Pxploitation will ultimately depend are -the reserves,

tvailability and accessibility of good quality, |
igh—éil-yielding cannel coals,

]
l
|
|
|
|
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SURVEY OF LITERATURE ON CANNEL TARS

AND THEIR PROPERTIES,

Owing to the present lack of interest in
cennel coal and its carbonizstion products, the
literature on thg subject is somewhat limited,

The literature pubiiahed during the early stages of
cannel coal industry (mid and late 19th century) is
mostly of historical interest and very little
precise informestion can be obtained from it,

In the present century, the fluctuating
interest directed towards the exploitation and
utilization of cannels has resulted in a certain
amount of work being carried out, dealing mostly
with the possibilities of production of marketab;e
fuels and oils, while the more fundamental aspects
of cannel oils have been little studied,

The following brief, and by no means
exhaustive survey of existing literature is, there-
fore, primarily intended to indicate the type of
work carried out in recent yecars on the retorting
of cannel coals and on the properties and nature of
cannel oils, with em;hasis on those aspects of the
published work which bear a direct relation to the
problem in hand.

One of the earliest references to the

production of a variety of fuels from cennel is
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made by Craig (19) end Berry and Dunsten (8), while
the great majority, if not all, of the existing
modern knowledge on cennel cosl and its carbonize-
tion prbdncts has been included or summarized in
several pepers presented at the two 0il Shale and
Cennel Coal Conferences, held in Scotland in the
years 1938 and 1950, end organized by the Institute
of Petroleum, &

Cerbonization of cennel coal at high and low
temperatures and on varying scales, and subsequent
utilization of the tars for the menufacture of
fuels form the subject-matter of most papers,
Straight distillation as well as cracking and
hydrogenation=craecking are considered suitaeble for
the production of motor spirit, diesel oil, Tuel
oil etc.

Apart from the commercial aspects, work has
been done on the sssessment of o0il yields znd
properties of a large variety of cannels, Wilson
(109) assayed eighteen different cannels in 2 mild
steel, horizontal retort of 4 1lb. caepecity, et a
maximum temperature of 650°C., and reports the
following veristion in crude oil yields and proper-
ties over the range of cannels carbonizedie

Specific Gravity 0,87 = 0,96
Crude oil yield, galls.,/ton 40 - 82
Distillate to 180%., % 11 - 21
Residue over 300°C. at |
5=6 mm. Hg. pressure,% 3 - 10
Vax content, % 3 - 23




Similer, only more recent, work is reported
by Weod (110), who gives the anslyses end the result%
of assays in a modified Grey-King apparatus at
600°G., for eight cannels obtained from the major
known cannel seams, Analyses of coke and gases
produced during the assay are alsc given.

The properties of cannel tars produced on
pilot=plant or semi-commercial scale have been
determined by a number of workers, though little
information is given regarding their composition.
Jamieson snd King (50) carbonized Newbattle cannel
(Parrot seam) in Woodall-Duckham continuous-vertical
retorte of over 8 tons capacity, under gas-meking
conditions and at a low temperature (650°0.) The
properties of the tars obtained under the two sets of
conditions are given in Table 2, while the distill-
ation of the crude oils yields products in the

proportions given in Table 3.(p.l13).

TAELE 2.
Properties of cannel tars.
Verticel retort | Low-temperature

tar tar
Specific CGravity 0,997 0,967
Free carbony 7 0.35 -
Tar acidsy, % 10,3 9.8
Tar bases, % 0.9 1.9
Feutral oil, % 45,0 5341
Paraffin wexX e it 508 el
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Table 2.(contd.)

Vertical retort | low-temperature

tar tar
Carbon, % 8349 8549
Hydrogen, # 9e5 .8
Nitrogen, % 07 0.9
Sulphur, % - 0.6 0«5
Oxygen, % 53 4,9

TABLE 3.

Distillation yields from cannel tars.
(Calculated per ton of cannel carbonized,)

Vgrgiggl Low=temp,

port | e
Refined spirit from gas, galls, 548 2.6
Refined spirit from ter, galls., 1.1 0e6
Octane no. of aversge spirit 68 -
Neutral oil, 170-300°C., galls, 10 14
Neutral oil, 300°C-piteh, galls.| 11 15
Tar acids, gells. ] &4 4
Pitch, 1lbs. 161 134
Pareffin wax, lbs. 24 2%
M. pt. of wax, °C. 25 67

It appears from the recults quoted that carboniza-
tion at low temperatures does not lead to greatly
increased yields of o0ils, whereas the yield of gas
ie greatly decresased. The yield of coke, on the
other hand, is increased and the ccke is more
combustible, However, Jamieson and King favour
carbonization at high temperatures and confine most
of their work to the exemination of the possibilities
cf utilizing high-temperature tar for the production
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of gas, motor spirit, diesel and fuel cils, They
make an interesting comparison of average yields
and cost estimates between Scottish gas coal end
the cannel, both carbonized under éimilar conditions.
The authors state that the compsrison of yields is
in favour of cannel as regardsi:e
as incresse in gas yield of 30 therms per ton,
. bs increase in gas output of 248 therms per
retort per dsy at the same calorific value,
¢. inerecase in spirit yield of 2.7 galls. per
ton,
ds increase in tar yield of 40 galls, per ton,
end unfavoursble as regardss-
e, decrease in coke yield of 3,5 cwt., per ton,
The results of an examination of the distillstes of
high-temperature tar, with sﬁecial reference to thei,
conmercial applicability,'are included in the paper,
Refined spirit, shown to be suitable as
Grade I motor spirit, has the following properties:-

Speeific Gravity 0,76
Distillate to 100°C., % 38
Octane number 68

Saturated hydrocarbons, % 32

Unsaturated hydrooérbons,% 40

Aromatic hydrocerbons, % 28

A neutral oil fraction boiling between 170°
and 300° C, hae properties which make it suitable
for use as diesel-engine fuel, though the cetene
number of 46 prevents its use in high-speed engines,
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The fraction boiling above 300°C. may be used as
fuel o0il for boiler-firing,

Jamieson end King do not consider the
higher boiling fractions as having ;ubricating

and are of the opinion that only further treatment,
such as cracking and polymerization, might produce
lubricating oils,

The results of cracking and hydrogenation-
cracking of cannel tars and direct hydrogenation of
Newbattle cannel are also given,

The conclusions reached by these authors as
a result of the examinstions indicate that the
exploitation of cannel coal, in existing gas-works
equipment, for the production of town's gas and
saleable fuels offers definite advantages, as
compared with bituminous cosl, and justifies the
separation of cannel during mining and separate
treatment in continuous-vertical retorts, The tar
hmy be converted into marketable oils and other
products by a, distillation, b, eracking and distille
ation, or ¢, hydrogenation-cracking, Comparstive

yields calculated per 100 gallons of tar would bes-

a8y Dby Ce
Motor spirit, incl, ges 12 21 36 or 105
spirit, gslls,
Diesel oil, galls, 24 11 &7 -
Fuel oil, galls, 27 - A -
Paraffin wex, 1lb, 58 - 57 57
Piteh, 1b, 390 390 - -

Direect hydrogenation of cannel would give

quelities, which is also pointed out by ¥Wilson (109),
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higher yields of oil, but it offers no appreciable
edvantages over bituminous coal for this process.

Work of similar nature, only on smaller
sczle, has been carried out by Wilson (loce.eit),
but is meinly concerned with low-temperature cannel
ter, The carbonization of the cannel (Lower Dysart
seam, Frencis Pit, Dysart Colliery, Fife) was y
lcarried out at the Fuel Research Station (36), in e
horizontal, mild steel retort of 100 lb, capacity
&t a temperature of 550°C, The point of interest
in this instance is the conéiderable variation in
yields and properties of the products obtained on.
this scale as compsred with those from the 4 1lb,
capacity retort (mentiored on pell)s, The author
assumesg that this variation 1s due tc cracking
teking plece in the large retort, while, in the case
of the small retort, great'care was exercized to
reduce cracking to a minimum, The possgibilities of
production of motor spirit, diesel and spindle oils
are discﬁssed fully and conclusions similar to those
of Jemieson and King (loc.cit,) are drawm,

The results of hydrogenation-cracking in the
vapour phase indicate that the tar is an excellent
rew materizl for this process.

Vepour-phasge cracking of the tar in straight
and packed tubes is also discussed and comparisons
of results with those of other workecrs sre made,

In a paper on assessing the value of oil
shales and cannels, Mott and Spooner (72) discuss the
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relation of oil yield as obtained by the Grey-King
low-temperature assay to the hydrogen content of the
dry, ash-free materials, and present formulae for
evaluating oil yields by the hydrogen content or by
volstile matter in conjunction with either calorific
value or oxygen content, The authors list oil
Yyields of several coals, 0il shales and cannels
obtained both by experiment and calculation, The
experimental results appear to be somewhat lower
thean theory, the discrepancy being due to thermal
decomposition (ecracking) of the primary oil taking
place inside the retort and, in this connection,
Mott and Spooner emphasize the importance of withe
drawing the oil vapours rapidly from the retort,
thereby reducing the time of contact with hot parts
of equipment,

The first report of the "0il from Cosl
Committee"(84) describes the lowetemperature
carbonization process for the production of fuels
in the event of national emergency. The utiliza-
tion of a large variety of retortable, oil-yielding
materials, including cannels, is considered, but the
report ie meinly concerned with the carbonization of
bituminous coal.

,////in recent years Wood (110) examined a series
of coals from the major known cannel seams with a
view to the production of olefins for chemical
manufacturﬁ://fﬁhe firet part of the work consisted
of low-temperature asssys in a modified Grey-King
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apparatus, followed by detailed analyses of the oils
and gases produced, special attention being given 4
to the hydrecarbon composition of the latter, — The
neutral oils were examined with respect to their
hydrocarbon-type composrition onmx;///”

The second_part of the paper is concerned
with the carbonization of cannels from the Great
Seam, Newbattle Colliery, Midlothian and Lower
Dysart Secam, Randolph Colliery, Fife, The retort
ing was carried out in semi-commercial, rotary |
Davidson retorts (22) st a maximum temperature of
600°¢, The resulte of retorting and the properties

of the products are shown in Table 4, I

TAELE 4,

Iower Dysart|Great Seam

Light| Tar |Light| Ter
oil oil
Yield, galls./ton 18,0 |40.6 | 4.4 |29.2
Specific Cravity 0.83| 0,95| 0,79| 0.98
Tar acids, % wt. 9 20 5¢5 | 3645
Feutral oil freetionation,%

0° « 200%, - |12,3 | - | 8.6
200° - 300%%, - |23.5 | = |22.5
300° -~ 350%. - (14,0 | = |18.4
Residue - S50.2 = |50e5

Composition of neugral

0il boiling to 350°C., %
Paraffins 17 15
Kephthenes 3 1
Uneaturateds 49 %8

Aromatics 31 46
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As compared with results quoted by Wilson
(pe 16), the oils produced on retorting were, within
close limits, the sceme in yield and composition as
those obtained on the asssgy.

The light end crude oils from these tﬁo
cannels were subjected to vapour-phns; cracking in
the presence of steﬁm, in order to determine the
yield of gaseous olefins in particuler, Experi-
mental conditions and full analyses of the gaseous
products are given,. though little attention is peid
to liquid products,

Tood concludes thet the low=oil-yielding
cannels cannot possibly be a source of gaseous ole-
fing for chemical manufaéture, and thet those cannelF
giving high oil yields would find it very difficult
to compete with olefins derived from petroleum
cracking in Great Britain,

The possibilities of combining the carbonizar
tién of .0il shales and cannel coals with procesces
for the production of synthetic oils by the Bergius
or Fischer-Tropsch processes are fully discussed by
Underwood (96)., ' The discussion is besed entirely
on théoretical coneiderations and the wide
experience of the suthor, and, where necessary,

values reported by other workers are used,

Conclusm .
As & result of the study of existing litera-

ture on the subject of composition of crude and

refined oils derived from various naturaslly occurr-
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ing and synthetic substances, it msy be concluded
that extremely little is knowm about the composition
of eannel o0ils and ebout the nature of the cbmpounds
present therein, The results of type analyses of
‘lcannel distillates in the motor spirit range given
in literature indicate 2 predominance of unsaturated
hydrocarbons, end in this respect these oils may be
best compared with shale oil distillates of similar
boiling range, as shown in Table 5.

TABLE D,

Hydrocarbon-type analysis
lateriel Ref,
Satds, % |Unsatds. % |Aromats, 4%

Newbattle Parrot

seam cannel 32 40 28 50
Newbattle Great :

secm cannel 16 38 46 110
Lower Dysart

seam cannel 20 - 49 31 110
Lower Dysart

seam cannel - 36 - 109

Scottish o0il d
shale 46 4% 11 45




METHODS OF SEPARATION AND DETERMINATION

OF NORMALLY LIQUID HYDROCARBONS.

Hydrocarbons present in petroleum and other
similar materials may be broadly classified aé:-

a, paraffins,

b+ naphthenes,

¢. olefins, and

d. aromatics.

In the first three classes, all uembers below 65 are
gases, from 05 to 015 they are liquide and the rest
are waxy solids. This classification is satisfact-
ory for gaseous and most liquid méﬁbers, since

thesc are characterized by the presence of a double
bond, or a nephthene or aromstic ring in the mole-
cule, On the other hand, the higher members of the
series may congist of naphthenic or aromatic rings
with long peraflin side~chains, in which case they
exhibit nsphthenic, arometic or paraffinic propert-
ies to an extent depending on the proportion of
these structures within the molecule.

The examinstions of crude and refined oils
with respect to their hydrocarbon constituents are
naturally based on either or a combin:ation of the
two following methodsi- |

a, separation of individual hydrocarbons or

hydrocarbon classes according to their
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physical or chemical characteristics, and
bs determinstion of the constituents on the
basis of a certain physiceal or chemiéal
property, which is either a linear
function of the composition or is deter-
minable for each constituent independent-
1y of the others, '
Investigations concerned with the compositiof
of gaseous and low-boiling liquid hydrocarbon
mixtures are relatively straight-forward, as the
numbers of possible isomers are not excessively
high end their physical properties are known, As
the temperature scale is ascended, however, the
complexity of the hydrocarbons increases consider-
ably and the problem of examination becomes extreme-
ly difficult, if not altogether impossible, not
only because very little is known about the higher
members of the series, but alsc the numbers of
possible isomers become very large, (It is
estimated thot 013 paraffins have 802, Cog 3664319

|
and C,, up to 62 x 1012 possible isomers,) !
Material boiling in the naphtha or gasoline ranges
(end pt. about 200°C.) hes been examined in detail
end a grest amount of knowledge has been accumulated
on the relative concentration and nature of the

various constituent hydrocarbons, while analyses

of higher-boiling material have been mostly confine
to hydrocarbon-type estimations and determinations
of average structures of the hydrocarbons, expresse

in terms of the percentage of aromatic, naphthenic
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rings, or paraffinic side-chains,

It is impossible, within the limite of this
thesis, to present an exhaustive and detailed survey
of the various methods and techniques spplicable to
the resolution of hydrocarbon mixtures of varying
complexity. It is, therefore, proposed to include
in the following pages a brief discussion of the
principal methods only, and to consider their
applicability to the examination of the cannel oils
under investigation,

A, Methods of separstion of liguid hydrocarbons.

Methods applicable to the separation of

hydrocarbon mixtures may be classified asi-
(i) PhLysical methods of separation,
(ii) Chemical methods of separation.

The first group comprises methods such as
distillation, extraction, adsorption, which separate
individual hydrocarbons according to their properties,
while to the second group belong methods by which
separations are accomplished on the basis of some
specific chemicsal reaction, such as sulphonation,
halogenation, etc., Accordingly, the latter methods
find application mainly in separations between
hydrocarbon classes exhibiting different chemical
properties.,

(1) Physical methods of separation.

The separation of a mixture of hydrocarbons
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into its individual components or simple mixtures
containing hydrocarbons of similar physical or
chemical properties may be most conveniently
sccomplished by one or more of the following
techniquesi=

as Fractional distillation,

b. Distillation under varied prescure,

¢. Ageotropic distillation,

de Extractive distillstion,

e. Solvent extrection,

f. Adsorption,

The separation of hydrocarbons is‘uaually
performed by the appropriszte interlocking or combin-
ation of two or more of the above techniques and the
scheme of separation can be described as consisting
of three operationsi-

8, separation of originel mixture (containing
paraffinic, nasphthenic, olefinic and aromatic
hydrocarbons) according to size of molecules

be. separation of molecules of the same size
according to type or group,

¢, isolation of individual components,.

Fractional distillotions

The most direct end simplest method of
scparating a complex mixture containing all types of
hydrocarbons into a series of fractions of les:erx
complexity is by means of fractional distillation,
The fset that relatively few of the lower hydro=-
carbons form azeotropic mixtures greatly fecilitates
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their separation by distillstion alone, though a
given seperation can rarely be accomplished by one
operationj the number of operations required being
dictated by the properties of the originel mixture.
For example, repeated distillation of a mi>ture

of isomeric hexanes (b.pt. 49°-68°C.) will ueme.#
yield pure components, whereas it is very doubtful
whether it is possible to resolve completely a
mixture of Cyo Perafiins containing members, the
boiling pointe of which frecuently differ by a
frection of a degree C, It is, neverthelees;
feasible, on account of a non-uniform distribution
of boiling points and'their appearance in clusters,
to achieve & certain amount of separation and cbtain
fractions containing relatively high concentrations
of one particular hydrocarbon,

During the past two decades the practice and
theory of fractional distillation have uncergone
tremendous progresss this being best reflected by
the constantly growing eamount of literature on the
subject. Perhaps the greatest advasnce has been |
made in all the practical aspeets of distillation,
with the result thot to-day fractionating columns
of an efficiency equivalent to 400 theoretical plateL

have been constructed and used in the conecentration
of oxygen isotopes, This is readily appreciated
when it is considered that only’a few years ago the
separation of two compounds of ldPC. boiling point
-difference was herdly possible, unless very large

charges and numerous distillations were employed,
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The very extensive literature dealing with
all theoretical and practical aspects of fraction=
ation has been included in several excellent books
(5553,74,78,101) and has been frecuently reviewed
in the past, Reviews by Griffiths et al, (40),
Pay (29) end Werd (103) cover most of the literature
published before 1943 end deal with the whole subde:f

(S

of distilletion, lMore recent, are the annual revi

by Rose (80), which again ere concerned with all the
aspects. of distillation, while a short summary by the
same author (79) deals with the precsent state of
distillation, Similar reviews appear regulsrly
in the "Industrisl and Engineering Chemistry" (102)
and the C.T.R.A, Reviews (77). The design and
testing of fraectionating columns have been discussed
at length by Underwood (97) and French et al. (35),
while in & series of papers, Dixon (26) describes
the erection and operation of very efficient,
automatic columns, 4 purely theoretical treatment
of the design of packed columns in general hss
recently been presented by Pratt (76), and includes
several worked examples of the application of theory
to actual design problems, The theory and practice
of distillation as applied to the refining of
petroleum have been described by Brown and Souders
(14), to mention only one.

The literature dealing with the applicaetion
of fractional distillation to the separation of
hydrocarbons and other substances from _etroleum,

coal tars and shale oils is too voluminous to be
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reviewed here, and only brief reference will be made
to work bearing & direct relation to the problem at
hand.

The most significant and importent work on
the separation of hydrocarbons is that carried on
at the National Buresu of Standards by the A,FP.I.
Research Project 6, under the direction of ¥. D.
Rossini, The work has been in progress since 1927
and has involved, till 1947, over 200 man-years of
research, It has been reviewed by Washburn (105),
leslie and White (58), and more recently by Meir
end Rossini (63) and Rossini (8l1). It is concerned
with the separation and purification of hydrocarbons
present in the midcontinent (South Ponca, Okla.)
petroleun under investigation, and is based almost
entirely on fractional distillations, conducted on
varying scales and in columns having up to 200
theoretical plates, Methods other then distillatio
are mostly applied to concentrates containing
components of nearly identiecal properties or forming
ageotropic mixtures. After separation, the
components are usually re-distilled toc yleld a given
hydrocarbon in & high state of purity (99.8% mole)

as required for inclusion in the N,EB.E. stendard ser-

ies of hydrocarbons (66).

A Work on the chemical composition of petrol-
eum of varying origin has been carried out ux,.’
numerous other workers all over the wor{g;”££1g5/~”
procedures similar to ti ose outlined aﬁéve.///ghe
problem of separating petroleum hydrocarbons by

h'
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fractional distillation has been somewhat simplified
by the absence of unsaturated hydrocarbons such as
open=chain and cyclic mono=olefins, di-clefins

end cyclic hydrocarbons with olefinic side-~chains,
Hecently, however, unsaturateds present. in concen-
trations exceeding 507, in cracked gascline and sim=-
ilar stocks, have been equally successfully separat
by distillation, though the process is more laborio

and requires frequent use of other techniques of
separations this being due to the great azeotrope-
forming tendency between the olefins and other hydro-
carbons, particularly aromatics (5,75).

The chemical composition of oile derived
from naturelly occurring materials and containing

t

large proportions of unsaturateds hss slso been
determined, Examinations of Bcottish and American
shale oils have been cerried out using essentially
|the ssme m:thods as those applied to petroleum
fractions (4445,90,92).

In the present work, the investigation of
the composition of light cannel naphtha wes consider+
ed to be most suecessfully performed by means of highe-
efficiency fractionations followed by further
separation of the concentrates by other suitable
techniques, the choice of which would natur:1lly be
dictated by the properties and expected composition
of the materizl and the guantities available, 5 1
As already showm, cennel naphtha was Ea

expected to contain a high proportion of unssturated
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hydrocarbons (50;50%) end, therefore, the formation
of azeotropic mixtures during distillation was
anticipated. Methode capable of separating such
mixtures were considercd, and are briefly discussed

below,

atio; r varied pressure.

‘The separation of two or more hydrocarbons
of nearly identical boiling points, which do not
form an azeotropic mixture, may frequently be
performed by distillation under varied pressure,
either higher or lower than atmospheric, as the
effect of pressure on boiling point varies for
different c¢lasses of hydrocarbons, According to
Sachanen (83) the decrease in the boiling point of
aromatic hydrocarbons with decreasing pressure is
more rapid than thet of naphthenes, and that of
naphthenes is more rapid than thet of paraifins,
Thus, two hydrocarbons, Tor instence a paraffin and
an aromatic, boiling at the same temperature at
760 mm, Hg will have a spread in their boiling
temperatures as the pressure is decreased, and
proportional to that reduction, 'Rossini et al.
(82) state thet the spread in the boiling points
for a paraffin and sn aromatic of the same boiling
point at one atmosphere is about 5%C, when the
pressure is reduced to 0,075 atm, Under the same
conditions, the spread of a naphthenic and an
aromctic hydrocarbon of the same b, pt. is only
2°C. Thus sepsration of two hydrocarbons at 0.075
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atm, mey be quite feasible, provided the efficiency

of the column is high; of the order of 100 theoretics

al plates, or more,

WO GQLEOLALLILEVAOIe 3

Though highly efficient fractionating
columne heve been developed, it is often impossible
to separate the components of a hydrocarbon mixture
by normel distillation either becsuse of the pum#
of several components of nearl& identicsl boiling
points or the formation of constente=boiling mixtures,
Agzeotropic distillation has been used

extensively for a number of yesrs in such processes
as the dehydration of agueous alcohol, but it is
only comperatively recently that i% bas been applied
to the isolation or_ pure hydrocarbone or hydrocarbon
classes from complex mixtures thereef, The method
consists of en addition of an entrainer to the
mixture to be sepsrated, which affects the relotive
volatilities of the components, thereby saltering
their boiling points in such a wey es to permit
fractionation of the formed agootropes, leir et
el. (62) state that, with some exceptions, neerly
all pclar wmolecules of the proper velatility form
with pereffinic, nephthenic, olefinic and amaiic
hydrocarbons, mixtures thst have s total vapour
pressure greater than that of the more volatile pure
components, yielding minimum beiling azeotropic
mixtures, The orgenic compounds that behave in
this wey include those conteining hydroxyl, carboxyl,
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eysnide, emino, nitro and other structursl groups
that tend to produce polarity in orgsnic molecules.
Further, the azeotrope-— forming substance should
have the following properties (28)3=

2. boil within a limited renge (0-30°) of the

above, the choice of a suiteble entrainer is still

a rather difficult matter, and to a great extent,

is based on practical experience and‘trialoaﬁd-error

methods.

eliminsting thies difficulty. Their method of

selection of entrainers is based on the division

of liquids into five classes, according to their
hydrogen bond tendencies, from which a systematic

| summary of deviations from Racult's Law may be

derived and azeotrope-formetion tendency predicted.

31,

hydrocarbon which it is desired to separate,
form, on mixing with the hydrocerbon, a large
positive deviation from Raoult's Law to

give a minimum azeotrope with one or more

of the hydrocarbon types in the mixture,

be soluble in the hydrocarbon at the
distillation temperature and for some degrees
below it,

be easily separated from the hydrocarbons
with which it forms an azeotrope,

be readily obtainable and inexpensive,

be steble at the distillation temperature,
be non=rezctive with the hydrocarbon or the
column materizl,

Irrespective of the recuirements ennrumerated

Ewell et al. (28) report a means of
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The espplication of azeotropic distillation
to the separation of hydrocarbone has been extensive:
ly described in literature. Mair et el. (62) deal
thoroughly with the principles and epplications of
azeotropic distillation and give data on azeotrope-
forming substances, efficiencies of seperation, end
present a general procedure for the seperetion of
hydrocarbons by the various types of distilletions.
Robinson snd Gilliland (78) present the theoretical
sspects of azeotropic distillation, while Sachanen
(83) summarizes its epplications both on lsboratory
and commercial scales. The patent literature on
the subject is considerable, indicating the wide

field of sapplication to a great variety of separating

problems, The separation of the lower aromatic
hydrocarbons from gasoline cuts by azeotropic
distillation hes been described by Foster (34),
Marschner and Cropper (69), Griswold eand Bowden (41)
and Mair and Rossini (63), to mention only a few.
The formstion of azeotropic mixtures between
acetonitrile and thicls and hydrocarbons have been
recently described by Bishop and Denton (9) and
Denyer et al. (24) respectively, while Horsley (47)
has publishced lists of azeotropes and non-azeotropes
of binary end ternary systems. The application of
azeotropic distillation to the problem in hand was
congidered and found to be of little vealue on
account of the followings=

a. the cannel naphtha fractions to be investi-

gated with respect to their composition

¥




. were to be separated, The separation of

be
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were approximately one litre easch with a
b.pt. spread (i.e, difference in initisl

and final b.pte.) varying between 15° end
21%. Consequently, the maximum volume of
fractions taken-off during the distillations
ghould not exceed 25 ml. if simple mixturcs

these mixtures by azeotropic distillation,
should this be necessary, would involve the
erection and operetion of separate small-
scale, highly efficient cclumns,

the large variety of hydrocarbons present
in the cannel distillates would require a
wide range of entrainers. Paraffinic,
nephthenie and aromatig hydrocarbons have
been studied and suitaeble entraziners are
knowm for very many of these compounds,

but comparatively‘lié%le is knowg about
substances forming azeotropes with olefins,
As these predominate in cannel distillctes,
it would be necessary tc develop & series
of suitable entrainers for their separation,
which would inevitebly involve a considerable
loss of time, ‘

the separation of hydrocarbons according

to their cleass or type could be successfully
performed by meaps.of azeotropic distillation
in the existing equipment, However, the
same type of separation may be performed

with similar efficiency and lower exvendi-
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ture in time and materiels by adsorption on

silica gel, end this technique of seperation

was preferreds

The first insteance where azeotropiec distille
ation was considercd to be of especial value was in
the separstion of paraffin-naphthene mixtures, but
owing to difficulties mentioned in a., above, the
method was not used, The second instence was in
the separation of pure aromatics from the eoneentratr
(D=) fractions. The m: thod considered here was as
follows:= to combine all fractions (about 25 ml,
each) containing one particular aromatic hydrocarbon
and separate it by ageotropilec distillation, followcd
by normal distillation of the arometic~Iree portion,.
However, the presence of all types of hydrocarbons
in the aromatic fractions complicated the selection
of a suitable entrainer, whereas the separation '
could be accomplished b, adsorption.

It must be emphésized. nevertheless, that
the main resson for not using azeotropie distillatioh
ihy in the quantities of cannel naphtha available,
and there is no doubt in the suthor's mind, that .
its use would considerably facilitate the sepcrationp
and lead to a larger number of identifisble hydro-

carbons,

Extractive distillation.
BExtractive distillation is similer to

azeotropic distilletion in the fact that it is
based, through the addition oi another compound, on

|
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the modificetion of relative volatilities of two or
more consgtituents of a mixture, inseparable by
normal distillation,

The process requires somewhat modified
fractionation equipment, as it is necessary to
provide two columns - an extraction and stripping
column - and other accessories, A non-hydrocarbon
solvent, of considerably higher boiling point than
the mixture, is added near the tép of the extraction
column and in its passage downwards effects a scrubbing
action of the ascending vapours, of which one com=-
ponent is preferentially ebsorbed in the solvent,
The solvent=hydrocarbon mixture pasces then to the
scrubbing column, where it is fractionatedj the
absorbed hydrocarbon being separated from the solvent
end led back to the sgtill of the extraction column,
while the solvent is recycled. Material, the
volatility of which has been increased by the
addition of the solvent, is taken-ocff, with the
result that a complete separation of the origineal
mixture may be achieveds The principle of bateh
extractive distillation is illuctrated diasgrammatic-
ally in fige 1. '

The underlying principles of extractive
distill:tion have been discussed at length in a
number of pepers and books, Gorner (37) has
published an excellent summs=ry of the process and
includes an interesting comparison of this method
of separation with azeotropic distillation, while
Benedict and Rubin (6) present & m thematical and
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fuller trecatment of the process, Robinson and
Gilliland (78) devote a chapter of their book to
extractive distillation, and again trcat the subject
on & mathematical basis, The espplications of the
precess and data on design and operation of extract-
ive distillcetion equipment are also given, Several
other papers, too numerous to mention, have appgazed
in recent literature, most of these have been referm
ed to by the sbove suthors, Typical examples of
large sczle application of extractive distillation
are the separation and pﬁrification of 04 hydro=-
carbons for the production of butadiene (15,44) and
the refining of lubricating oils and diesel fuels
(52), to mention only two.

On laboratory scale, the use of the method
has been limited by the ficts thet it prosents cer-
tain constructional and operational difiiculties
and separstions produced do not justify the
additionsal equipment and lebour, The principal
advantage of extractive distillation, as compsrecd
with szeotropic distilletion, is that the sclection
of suitable solvents is essier and more solvents
are aveilable, since the nature of phase relation-
ships in mixtures of solvent and components is not
eriticel to the success of separstion, Thus the
various hydrocarbon types present in mixtures
similsr to those under investigation, i.e. of high
olefinic content, have been separated (45), though
separations were not as geod as those produced by

other means, such as azeotropic distill:-tion or

Ll
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adsorption,

| The application of extractive distillation
to the present problem, and particularly to the’
lower fractions of camnnel naphtha, was considered
of little value owing to its relatively low efficien
ey of separationg large meterial requirements, and
the need of erection of suitable equipment.
However, as extractive distillation constitutes a
very efficient means of separeting hydrocarbons
belonging to one perticular type or group cccurring
in higher béilins material, such as Kerosene or
"wax-free cuts", the fractionating column used in
this work was decigned sc as to be easily converted
to an extrasction column and provision wes made for

the erection of a stripping column,

Seolvent extrscticn,
Although of great industrial importance,
liquid=liquid or sclvent extraction has found

limited application in lsboratory scale separations
of hydrocarbons, especiseslly of those boiling below
200°¢,

The Edeleanu and other processes have been
applied to the separation of aromztics from
relatively low-boiling material (over 120°C,) and
the results indicéte that, though the separationar
are moderately efficient, the method is not superior
to azeotropic distillation or adsorption (64,65,107)
Further, solvent extraction methods usually regquire
large quantities of material and rather strinsent
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operating conditions,

Adsoggtign.
The extremely wide field of chromatographic

adsorption has, within recent years, been extended
to cover the separation and quantitative determin-
ation of the main classes of hydrocarbons present in
complex mixtures thereof. The method, a develop=
ment of the original Tswett technique of eanalysis,
consists of percolating a sample containing
paraffinic, naphthenie, olefiniec and aromatic hydro-
carbons through a column of suitsble adsorbent, such
as silica gel, which selectively adsorbs the various
types of compounds, A desorbing liquid, added
after the sample has fully entered the asdsorbent,
forces the sample through the column, during which
passage fractionation tekes plece and the various
hydrocarbon types present are arranged in the order
of decreasing adsorbebilities, The licuid issuing
from the column is collected in small fractions

and analyzed by refractometric methods, The sum
volumje snd refractive indices of the frections are
plotted, from which graph the percentage composition
of the sample is deduced, The method is capeable

of performing quantitative separatibna of saturated,
olefinic and aromatic hydrocarbons. Mixtures of
straighty branched-chain and cyelic paraffins,
Lowever, cannot be separated by this means, Straight-
or branched-chain and cyclic olefins may be

separsted to some extent, though separations are
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not quantitative.,

Anelysis by adsorption on silica gel has
been initieslly developed for the separation aﬁd
purification of petroleum hydrecarbons by the
National Bureau of Standards and the method has been
fully deseribed by Mesir in a series of publicetions
(68)s The theoretical aspects of the process have
been investigeted by Mair et al. (67), who base
their study on concepts used in theoretical analysis
of fractionating processes in gencral, as for
example, the process of distillation, and use the
analogy to examine the separation. of a binsry
mixture,

Although the method has been used extensive-
;y by numerous workers, relatively few modifications
of the originel Mair's technique have been proposed,
One modification worthy of note, however, is the
visual estimation of hydrocarbon classes adsorbed
on silica gel, made possible by the addition of
fluorescent dyes or other materials to the sample
or adsorbent (18,20,38),

The application of adsorption analysis to
hydrocarbon mixtures containing olefins has been
studied in detail and the results obtained by Fink
et al, (31), Dineen et al (25), Haresnape and Lowry
r(45) and Thorne et al. (92) working with cracked
gasoline stocks and shale naphthas, indicate theat
the method is accurate and gives relisble results.
In view of thesc considerstions snd the fact that
Lery small quantities of material are required, it
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was decided to use adsorption anclysis in the
present investigetion.

Ag will be discussed later, the method was
tested with known hydrocarbon mixtures and found
to fulfil the cleims made by Mair and other workqrs,
and was, consequently, used in determinations of
the composition of wide-and nerrow=boiling fractions
and in the preparation of pure samples of hydro-
carbons.,

(ii) Chemical methods of separation,

Of the many reactions that hydrocarbons,
and oiqfins and aromatics in particulsr, undergo, few
have fg;nd application in the actual small-scale
separation of mixtures of hydrocarbons into their
individuallcomponenfs. The reasons for this lie
mainly in the following fectsi-

a. by the suitable combination of the various
physical methods, almost any individual
hydrocarbon may be separated in a high state
of purity. :

bes chemical methods are rarely applicable to th

B

separation of individual hydrocarbons, and
usually perform separstions of one class of
hydrocarbons from another, as for example
olefins from paraffins,

¢, separations by chemical means are infrequent:

5

1y quantitative, thereby resulting in loss
of material and introducing error, especially




1.

if a given separation is used repeatedly,

d. as chemical separations are bosed on the
formation of compounds between hydrocarbons
of the some molecular configuration and a
specific reagent, followed by the removal of
the formed compound, the regeneration of the
reacted hydroc=rbons is often difficult,
recuires specisl procedures and, again, is

seldom gquantitative,

e, relatively large quantities of both reactant

are usually necessary if expcrimental error r

is to be kept within reassonable limits.

The reaction between sulphuric acid of
varying concentrations and clefinic¢c or aromatic hydro-
carbons is perhaps the best known and most widely
used method of separating these hydrocarbons and has
found important applications in industry, both in
the refining of oils and in the production of raw
material for the maenufscture of a lerge voriety of
surface=active agents, The method kes been used
extensively in smzll-scale separations of hydro-
carbons twenty to thirty ycers ago, but more recently
it has been slmost entirely superseded by the more
efiicient physical methods.

Apnother method which has found wide
applications is the hydrogenalion of umsaturated
aend, to a les-er extent, aromstic hydrocarbons,
Hydrogenations of olefins are usually carried out
at low pressures and/or low temperatures in the

presence of catalysts such as nickel on kieselguhr
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(49,100), Reney nickel (45) palladium (54,106),
molybdenum (99) and platinum (23). The hydrogen-
ation of aromatics, on the other hand, requires
much more severe conditions, thus enabling selective
hydroéenation of olefins without prior separation (8%).

Several other feasible methods exist, being
discussed at length by Sachanen (83), but in view
of the congiderstions summerized above, it was
decided to limit the ,resent work to physical
separations only, especially since an attempt was
made at a quantitative cxamination of the cannel
oil distillates,

B, lMethods of determination ol hydrocsrbons.

As already pointed out, the methods of
determining the constituents of liguid hydrocarbon
mixtures of varying complexity, comprise all those
methods which do not involve an actual separation
of the hydrocarbons, but are based on some physiceal,
or to a lesser degree, chemical property of the
mixture, which is assumed to be a linear function of
the compogition. . The properties most commonly used
in this connection aret-

moleculer weight refractive index

ultimate composition bromine number

boiling point aniline point

density viscosity

By the appropriste combination of two or

more of these properties, the presence and quantity
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of an individual hydrocarbon, or more frequently, of

a group of hydrocafbons of similar molecular struct-

ure may be detected and estimated.

Becesuse of the similar;ty of properties of
hydrocarbons belonging to one particular homologous
series, it is usually impossible to identify
individual constituents of a mixture, and consequent
ly, the majority of the methods described under
the present heading are intended for the examination
of such mixtures only with respect te their hydro-
carbon=type composition, Methods capable of
guantitative snd gualitative estimation of individ-
ual constituents independently of the others have
been recently developed, and comprise the highly
specialized techniques of mass, ultra-viclet,
infra-red or Ramen spectroscopys.

The determinstions of hydrocarbons or
hydrocarbon classes utilizing the above properties
are based on the facts that a, the simple physical
properties of all hydrocarbons within one homologous
series are, to a large extent, a function of the |
boiling point and hence of the moclecular weight of
the members of the series, and b, the ranges of
variation of two or more properties with the boiling
point are characteristic of the given series, This
is shown in Teble 6,(p.44), where the ranges of
variation of the four most commonly usced properties
are shown for the different homologous series of
hydrocarbons boiling in the range 40°-150°C,, con-
taining from five to nine carbon atoms in the mole-
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increasing'boilin§ point.

Bach renge is given in the direction of

TABLE 6.
Co=C. H'carbons Aniline |Br,
9 20 20 2
bept. 40°=150°C. dy ) pt.,°Cs | Mo
t=chain 0o 6U=0,75| La37=1.43| 80=65 0
paraffins
Cyclic 04 740,80 1,40=-1,44| 50=30 0
paraffins
Straight-chain 0463=0,76| 1.37=1,43| 20-45 %gg“
: mono-olefins
Cyelic 0477=0+84| 1.4%=1,46|Ca,-10 igg“
mono~olefins A
Aromatics D.86=0,88|1:,49=1.51 Below-ﬁol 0

Hydrocearbon

n=nonane
s=me thyloctene
3 s4~dimethylheptane

212331 3~tetramethyl

other properties.

stituents, as shovni=

3:314=trimethylhexane

pentane

d§°
0.7176
0.7207
0.7%14
' 0,7452
0.7567

normal and branched-chain compounds of the same

refractive index are fregquently lowest for the

n0
1.4054
1.4062
1.4111
1.4178
1.423%6

and often require krnowledge of boiling points and

The interrelationship of physical properties

molecular weight and belonging to the same homolo-

gous series, since such properties as density and

former and incresse with the number of chain sub-

ofvhydrocarbons end the relation of these properties
|

Occasionally it ies possible to difierentiete between

However, such determinétions are not always possible
|
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to their structure have been very extensively
studied and 2 considerable amount of data on this
subject is now available, some of which has been
discuesed by Boord (10), Lipkin et al. (59) and
Ward and Fulweiler (104).

The metiods of determining hydrocarbons
present in streight-run or cracked fractions boiling
below 160°C, ond based on the considerations given
above are briefly discussed in the following pages
end their application to the cannel distillctes

under investigation is considered,,

Determination of hydrocarbons by refractometric

methods.

as As pointed out by Sachanen (83) the density
and refractive index of nerrow, straight-run fractions
may be used for determining the percentage of
aromaties, naphtheres and paraffins, The methods
described are based on the great differcnce of these
two prpperties for aromatic and aromatic-free
fractions of the same boiling range, The procedure
for determining the percentage of aromatic hydro-
carbons in the fraction congists of the removal of
arometice by sulphonstion and of the measurement of
density and refresctive indices of the original and
aromatic-free samples, Since it is assumed that
the density and refractive indices of a hydrocarbon
mixture containing peraffins, naphthenes snd aroma-
tics are a linear function of the composition, the

percentage aromntics present in the sample is egual
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to the difference in densities or refractive indices
before and after trestment, divided by an appropriate
factor, An average deviation of 10% with reference
to the aromatics is claimed fai the method.

The determination of paraffins and naphthenes
may be made by eimilar methods, though in this case
the results are less reliable, TNeither method,
however, is applicable %o material containing
olefinic hydrocarbons.

be FKurtz and Ward (56) showed that the
refractivity intercept

320

R.IQ B n%o"‘g"

is nearly constant for hydrocarbons belonging to
the same clasg and has the following velues for the
sodium D=lines=-

Paraffins 1,0461
Faphthenes 1.0400
Arometics 1,0627
Gyelie mono-olefins | 1,0461
Non-cyclie¢ mono-olefins 1,0521
Cyclic conjugated di-olefins 1.6643
Fon-cyclic conjugated di-olefins 1.0877

Fon-cyclic non=-conjursted di-olefins 1,0592
The refractivity intercept of hydrocarbons
boiling in the gascline range is approximetely a

linear function of the composition and, conseguently

-

has been applied to the calculation of composition
of narrow gasoline cuts by Kurtz and Headington €(55)
and, more recently by Cooding et al, (39). Results
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of the latter workers indicate that the method is
sound and gives relisble results, but was not found
practicable in the present work as it involves the
determination of refractive indices at different
wavelengths and is only u=pplicable to straight-run
fractions,

¢s A method of determining aromatic hydro-
carbons in tho'presenco of saturated and unsaturated
hydrocarbons and based on measurements of specific
dispersion has been introduced by Grosse and Wackher
(43) end improved by Croennings (42). The metiod
was used in the present investigaetion and will be
fully discussed in connection with the determination
of aromatics in light cannel naphtha fractions
(B-fractions),

ds The differentiation between paraffins and
naphthenes and their relstive concentrations cen be
deduced from the knowledge of specific refraction R,
calculated by the formula

2 :
R = nT—A. - . ;
n + 2 d

here n and d are the refractive index and density

spectively, both measured at the same temperature,
he method was developed by Watermen and his co-
rkers (100) for the examination of saturated
onstituents of higher boiling oils, but may be
qually well used for low=boiling frsctions, provide
he molecular weight is known. Further, since
pecific refraction of peraffins and five- and six-

embered nephthenes ecuals the sum of atomic

¢
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refractions divided by moleculzr weipght, the H:C
ratio of an c¢il may also ﬁe calculated.

During the present research, parsffins and
naphthenes present in the concentrate or D-fractions
were frecuently determined by this method, their
moleculsr weights being estimated with reasonable
accurscy on consideration of boiling point,

e ation of hydroc ng by anil oints.

The aniline point of an oil is the lowest
temperature at which the oil is completely miscible
with an equal volume of aniline, (I.P.,~2/47), and
thus is a quantitative measure of the solubility
of the o0il (hydrocarbon or fraction) in aniline,
The values for aniline points vary considerably with
the various classes of hydrocarbons, being highest
for paraffins and lowest for aromctics and this
veriation has been utilized in the determinstions
of composition of relatively narrow-boiling fractions
of straight-run distillates.,

The method of determination of asromatics
in fractions,containing parsffins and naphthenes
is based on the depression of aniline points
effected by aromatics present in the fraction, the
percentage aromstics being obtained byi=

d~ge = K(T, = Ty)

where Tl and T2 represent, respectively, thé eniline

points of the fraction before and after removal of

aromatics, and K is the coefficienf or percentage

aromatics (by wt,) effecting 19C. of depression,
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The determinstion of K and its variation with
individual hydrocarbons as well as the methods in
general are discussed by Sachanen (83),

The seme principle may be applied to the
determination of nephthenes in presence of paraffinsL

only, provided the aniline coefficients of naphthene
are known, This determination, however, is not as
reliable as the former, owing to the small diifer-
ence in aniline points between the two hydrocarbon
classes,

The aniline point mefhod has been further
extended to cover fractions containing olefins,
and is now used as & standard method for determining
aromatics in the presence of all other types of
hydrocarbons (I.,P=3/49), The procedure is
similar to the one described abovej a correction,
based on the bromine number of the fraction being
epplied for the olefins, Thie method was used in
the present work in connection with the determine-
ation of composition of B-fractions and is described

later.

Determinstion of hydrocarbons by bromine numbers.
. The determination of unsaturated hydrocarbonF
by halogenation, and in particuler bromination, has

been very extensively investipgated and numerous
methode for the determination of bromine numbers,
eand hence, of the degree of unsaturztion of a given
Lample, have been developed (83).

Theoreticelly, any of the methods may be
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used for the determination of the percentage of
olefins in a fraction, though in practice the
limitations of some of the methods are considerable,
The percentage of olefins is calculated by the
simple proportions-

F~ge wty = lggghji

where X and B are the asctual end theoretical
biomine numbers, respectively,. The method,
therefore, may only be applied to very narrovw=
boiling fractions, the molecular weight of which can
be predicted with reasonable accuracy.

In the present work, bromine number deter-
minations were carried out repeatedly on all types
of material, the method used being the modified
McIlhiney method (I,P.=9/42), No actual estimation
of the olefin content by this method was undertsken,
though the results of the determinationsvwere used
as an indication of the type and dégree of unsat-
uration of the hydrocarbons, and for identifications
of individual olefins,

Hing and ultimate analysis.
A method of exprescing the ultimate constitu+

tion of an oil fraction has been developed by Vlugte#.

Waterman and ven Westen (100), The enalysis

l
supposes the 0il to be composed of paraffin chains, i
|
naphthene snd aromatic rings only, and defines

composition in terms of the percentage of each of these
groups, The method is bacsed on the difference of
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these classes of compounds in respect of density,
gpecific refraction and aniline point before and
after hydrogenation,

The method and its modifications and
extensions, described fully by the authors cited,
and by Sachanen (85), apply primsrily to fractions
boiling sbove 200°C. and containing no unsaturated
hydrocarbons.

The approximate structure of hydrocarbons
present in a given narrow-boiling fraction may be
determined from its empirical formula, obbtained
by ultimate analysis of the fraction, and the deter—
mination of its molecular weight. Both these esti-=
mations require rather specialized techniques and,
though providing very useful indication as to the
type of hydrocarbons, the information thus obtained
did not seem to Jjustify the time and lsbour inevite
ably involved, especially since well over one hund-
red fractions were to be examined,

Spectrographic analysis.

The spectrographic methods of anglysis of
individual hydrocarbons or hydrocarbon mixtures
comprise the following techniques:- ultra-violet,
infra-red snd mass spectroscopy and the Remean effect

The analyses are based on the fact that the absorp=-

.

tion of radistion by organic molecules is selective,
resulting in the absorption of certain well defined
ranges of radiastion depending upon the molecular

structure, The absorption bands of each hydro-
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carbon are characteristic of the given structure-and
independent of other hydrocarbone, thus enebling
quantitative and gualitative determinations of
constituents of a hydrocarbon mixture, Absorption
rands indicate the presence of a compound, while
their intensity serves as a measure of its concen-
tration,

A tremendous emount of literature has been
published within recent years on the a;plicetion of
the verious spectrographic techniques to the
examination of hydrocarbons and their mixtures,
These methods appear to be extremely sensitive and
aceurate, and from that standpoint, supersede all -
other existing methods, especially for the identifi-
cation of individual compounds, Of the many
excellent reviews covering sll aspects of the sub-
jeet, those by Lecomte (57), ILothisn (60), Sheppard
et al. (86,87) and Twyman and Allsopp (95) may be
mentioned.

" During the course of the present investigat-
ion & number of asromstic hydrocarbons vere identifie?
by ultra-violet spectra, but lack of the necessary
equipment prevented the extension of this method to
the analysis of aliphatic constituents of the cannel
naphtha,

Miscellaneous methods of determination,
A number of methods involving the concepts

of correlation index, parachor, viscosity index,

viscosity-gravity constant, and others, have been
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described frequently in literature (104), These
methods were studied at various stages of the present
work and found to be of little value, either because
the results thereby obtained would provide little
information,or the methods were not directly
epplicable to the cannel distillates under investi=-
gation,




' 4.

THE OBJECTS AND NATURE OF PRESINT
INVESTICATION.

As elready pointed out, very little infor-
mation is aveilable concerning the ultimate chemical
nature, apert from a rough indication as to the
hydrocarbon;type composition, of Scotﬁ;yﬁ’éannel
cosl distillates and, consequent}yf/égo research {
described in this thesis had es its principal |
objects the followingi= |

a. examination, conducted as far as possible on
|
a quantitative basis, of the general a

cherecter of hydrocarbons present in a small

freetion (corresponding roughly to streight-

|
run nephths or gesoline cuts) of crude l
i

cannel oil,
b. the identification end estimetion of concenﬁ
tration of some of the major constituents
of the fraction, and
¢. comparison of the cannel naphtha, on the

basis of the results obtained, with similar

materials from other sources, such as
petroleum, shale o0il and bituminous coal

tar.

: Owing to the present state of cannel coal
: 4
'industry in Scotland, the experimental work 1
neceesarily included the production of crude canneli
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oil, and in all consisted of the following five
stages:=-

1, low=temperature carbonization of cannel coal,
carried out on laboratory scale,

2, preliminsry distillations of the crude oil
and separation of a series of fractions
boiling within the range of normal straight-
run naphtha or gasoline cuts,

3. separation of the relatively wide-~boiling
frections, by precise high-efficiency
fractionaetion, into hydrocarbon concentrate&
of narrow-or constant-boiling range,

4, further separation of the concentrates, by
adsorption on silica gel, into individual
hydrocarbons or simple mixtures,

5. determination of physical constents and
identification of the major constituents
of the concentrates.

The condensed flow diagrem (fige 2) outlinee the
g-neral scheme followed, by which a fraction of the
crude 0il was broken down into a number of identifi-
able constituents, //////

The conditions under which the cannel coal w#s
to be carbonized and the type of retorts useéd were
carefully considered and, following the views put
forwvard by previous woréers reg:rding the most
satisfactory and fevourable exploitation of cannel,
it was decided to carbonize the coal in mild steel
horizontal retorts, special care being exercized |

to avoid eracking of the tar vapours,
: R

-




- lcomprised the design, erection and testing of the

X

“lapplicable to the snalysis of hydrocarbon concen=-

56

The major part of the work was centred
round stages 3., and 4., the first of which also

fractionating equipment.
" The choice of methods most directly

o

trates was largely dictated by the quantities of
material available snd the type and degree of
separation achieveds, Chemical methods of sepera-
tion, as slready mentioned, were of little preectical
velue, and of the physical methods considercd,
percolative adsorption on silica gel appeared to ve
the moet suitable on account of low meterial
requirements, high separating efficiency and
relatively simple procedure and & paratuss This
method was fully tested with known hydroearbon
mixtures and was so modified as to permit quantita-
tive examinations of 5 ml., semples, without increas—
ing the experimental error involved.
Approximstely 75% of the concentrate
fractions were enalyzed by this means and the results
of the adsorptogrems obtained allowed a quentitative
estimation of the hydrocarbon-type composition of
total meterial investigated,

Concentrate fractions containing substantial
cuantities of materiesl of constant refractive index
(as indicated by adsorptograms) and corresponding
to a plateau on the boiling point«% distillate
curve were bulked and subjected to & succession of

adsorptions until material of abseolutely constant
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Ny, wes obtained, The physical constants were then
determined and the hydroczrbon wes finally identifi-
by comparison of the data obtained with those
Feported in literature.

Owing to limited quantities of material,
identification of the minor constituents of the
kaphtha wes impossible, though usually the informe-
tion obtained from adsorptions on silice gel, to-
gether with the results of determinations of
physical constents, provided adequate clues as to
the type of materisl present in a given cut,
Further examination of such material and
the confirmetion of identity of the major constit-
uents by spectroscopic analysis in the infra-red
was, unfortunately, impossible owing to lack of the
necessary equipment, However, analyses carried

out in the ultra-viclet were applied to the 1
examination of the eromatic constituentst////////
The time expended in the erection of
carbonization, distillation and other equipment
necessarily curteiled the time availeble for a more
detailed examination of the close~cut fractions and,
unfortunstely, prevented the extension of the work
to cover higher-boiling fractions, TFor the sanme
reason, several other projected separating techni-
ques, such as azeotropic distillation or hydro-
genation, could not be applied to the naphtha or

higher-~boiling fractions.
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Reference has alrhady been made to the fact
that at the present time no cannel coal is being
used alone in either the oil- or gas-making industr-
ies of this country, and consequently, the production
of crude cannel oil constituted & very necessary
preliminary to the resecarch deseribed in this thesis,
The lack of suitable pilot-plant or large scale
carbonizing ecuipment necessitated the erection of .
a carbonizing unit in the laboratorys the prinecipal
factors considered in this connection being, briefly,
as follows:=-

2. since the object of this work was the
investigation of the composition of & small
fraction of crude cannel o0il, the quantity
of the starting materiel had to be sufficient
to allow examinations of constituent hydro-
carbons, expected to occur in concentrations
as low as 0,05% of the crude,

be a8 & result of this, the carbonizing unit
had to be of 28 large a capacity as labora-
tory space and materials would permit, so
as to be capable of producing the required
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gquantity of crude oil in & reasonable
number of carbonizations,

c. all carbonizations had to be conducted under
fully standardized conditions in order to
yield products of constant properties,

d. the conditions under which the éennol was
to be carbonized, viz, at:10w~cenperatuic,
were based on opinions put forward by the
majority of previous workers in this field
(21,1094110). |
The carbonization unit was, therefore,

desirned for operation at @ maximum tempersture of
gbout 550°C,, special attention being exercized to
avoid as far as possible the cracking of tar vapours,

)

Nature of cannel coal used,

The connel coal uged in this investigation
was obtained, through the kindness of the Fational
Coal Board, from the Parrot seam, Lady Victoria
Pit, Fewbattle Colliery, Midlothian. Results of
analyses on a represcntstive sample of the coal

are given in Table 7.

TABLE, 7.
Analyeis of TNewbattle Cannel.
Proximete analysis (% wt, )t~

loisture 5¢3
Ash 59
Volatile matter 50.2
"Fixed" carbon 40,6

Calorific value,B,Th,U./1b, 14,560
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CARBONISATION ASSEMBLY

THERMO COUPLE
THERMOCOUPLE POCKET

MILD STEEL RETORT
AlR CONDENSER

COLLECTING POT

WATER CONDENSERS

LIQUID SEALS

ELECTROSTATIC  PRECIPITATOR
INDUCTION COWL

GAS  BURNER

DOUBLE~ SPIRAL WATER CONDENSER
WATER MANOMETER

I3 ACTIVATED CMARCOAL GAS SCRUBBERS
14 STEAM TRAP

1S STEAM SUPPLY LINE
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Table 7.(contd.)
Grey-Eing Assay at 600°C. %wt,  1b./ton

Crude oil 24,1 540
Aqueous liguor 10,2 228
Coke 5743 1284
Gas and loc-ses 8.4 188
100 2240
Potentisl crude oil,
gall,/ton 59.8
Ultimate analysis (% wt.
ae=Ffads)
Cc 8546
H 7el
i 1.2
S 0.9
0 (by diff.) Se2

Carbonization unit,

The carbonizing unit consisted essentially

of the follbwing:-

as three horizontal, gas-heated retorte,

b. primary condensing system comprising air
and water-cooled condensers end o condensate
catch-pot,

¢ secondary condensing system comprising two
water-cooled condensers and an electrostatic
precipitator,

d. activated charcoal scrubbers-aﬁd a gas

L burners, : ‘

The complete assembly is shown diagrammetically in

fige 3. ‘

The cannel coal was carbonized in three
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horizontal, mild steel retorts connected in parasllel
to a common wvapour Vake=off pipe, The hot wapours
leaving the retorts were pabsed into a vertical
air-cooled condenser, where most of the vapour

»

condensation took place, the condensate collecting i
8 cast iron cateh-pots, Provision was made, by
meang of & U~-shaped, liquid-sealed tube mounted in
the basé of the éatehmyot, for continuous discharge
of the condensate inte an external receiver, On
leaving the catech-pot, the vapoubs entered a water-
cooled condensery; where further condensation took
place accompanied by the formation of a tar mist,
The condensate drained back into the catch-pot, whilT
the mist-laden vapours entered the secondsry
condensing systems The removal of the tar mist and
the final cooling of the gases were accompliched by
means of a water-cooled glass condenser, an electro-
static precipitator and a final water condensers
Condensate obtained at'this stage was collected and
run-off through liquid-sealed U-tubes. After
passage through this system, the gases were led to
either one of two activated charcoal scrubbers, for
finel removal of light hydrocsrbons, and were burned
in a2 jet burner. Two water manometers were
introduced into the system; one at the top of the
primary air condenser and the other at the base of

icharcoal scrubbers.
|~

7 B@tg!'tSQ

The retorts consisted of three mild steel
pipes, each 6" I.D. snd 32" lone. flaneced at both
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ends and carrying blank end plates, One end of
each retort was permanently connected to the common
vapour tske-off pipe, as shown in fig. 4., while
the other end could be opened for the purpose of
charging and discharging the coii}//;;sbestos
gackets were used on all Joints../”ahe temperature
inside the retorts was measured by iron-constantan
thermocouples, conrected to a Cambridge direct-
reading millivoltmeter, calibrated to read in
degrees C. The thermocouples rested in metal
sheaths, %" I.D. and 17" long, closed at one end,
and mounted in the centre of each removeble end
plate, sc es to measure the temperature at the
centre of the coal charge. 5
Heaters.

The heaters were modified gas-fired
combustion furnaces, each consisting of 18 indiv-
idual Funsen burners mounted on a2 commcn base, The
body of each retort rested horizontally on the
furnace and et such a distance above the burners
as to prevent direct impingement of fl:mes on the
retorts. The rctorts were fully lsgged by mcans
of thick asbestos sheets and fireclay bricks.
Details of the lagging method are shown in fig, 5.
bhis system of lagging proved gquite satisfactory
and temperatures of the charge up to 600°¢, could
be attaineds A water manometer connected to the
Fas supply to each furnace enabled heating condition#

to be reproduced successfully.
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The primary condensing system shown in

figs 4 (facing p. 62) comprised a mild steel air-
cooled condenser, 1" I.D., and 34" long, connected
at one end to the vapour take-off. pipe leading from
the retorts, =nd at the other to a cast iron
catch-pot, equipped with a U-chaped pipe for con-
tinuous discharge of condensete, A second water-
cooled mild steel condenser was mounted on the
cateh-pot in the memner shown in fiy, 4 (facing
PeB2).

Secondary condensing system.
This system, shown in fig.6, consisted of

two water-cooled glass condensers snd gn electro-
static precipitator, sll mounted vertically and
in series to the flow of vagours.

Electrostetic precipitstor.
The inclusion in the secondary condens ing

system of an effioieﬁt means of tar mist dispersal
was fouﬁd to be very necessary as tar mist
deposited on the charcoal of the scrubbers rendering
them inactive in a short time. The simple form

of electrostatic precipitator used is illustrated in
£4gs 7o It consisted of a glass tube, 1)* I.D.

and 19" long, covered'on the outside with tin foil
cemented on with shellac varnish, A strip of brass
wound tightly round the tin foil formed one
connection to a H,T. terminsl of an induction coil,
while the other electrode was situated inside the

glase tube., This centrzl electrode consisted of
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18" of 36 8,W.G. wire suspended from a short piece of
copper rod passing through a rubber bung fnserted in
the top opening of the glass tube. The copper rod
wes connected to the other H.T., terminal of the
induction coil. A small lead sphere was sttached
to the centrel wire to keep it henging in a vertical
pésition end parallél to the sides of the tube.

The performance of the preeipitator was
found to be very satisfactory and complete removal
of the mist wes attained in the firet 6" = 8" of
the tube, the tar droﬁlets collecting on the sides
of the tube and draining inte the U-shaped receiver,

Cas scrubbers.
Two gas scrubbers were incorporated in the

system, in parsllel to the gas flow, consisting of
two cylindricel vescels of conical base, 6" dia.
and overall length 12", A eircular piece of wire
geauze 5K" dia, was placed in the conical psrt of
each vessel to provide a support for the asctivated
charcoals The gases entered the scrubbers through
en opening in the bsse asnd travelled upwards, |
leaving the scrubbers through an opening at the
tope Only one scrubber was being used at a time,
Steaming out and recovery of the adsorbed
material weas carried out either during or at the
conclusion of each carbonization, ©Steam wes
passed through the scrubbers in the direction
opposite to the gas flow and condensed, along with

the recovered hydrocarbons, in a condenser placed

b8 J

while the gas passed on to the second water- :ondenser.
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underneath the scrubbers.

The gas, after pessage through the scrubbers,
was burned in a burner of the Bunsen type.
GA in e

The carbenizing procedure followed throughou!

7

the series of runs was the same in esch case, S0
that varistions in the actual carbonizing conditions
were minimized and products could be regarded as~
being of similsar properties.

The end cover plates of the r torts were
removed and & weighed quantity of coal, previously
ground in a Jjaw crusher to a size of 1"-2", was
charged by hand, The retorts were then closed
end heaters turned on, The rate of temperature
rise during the initial stages of carbonizetion was
maintained at 100°C. per half hour, Vater to all
condensers was turned full on and, as scon as tar
evolution was noticed, the electrostatic precipitat-
or was switched on, The progress of carbonization
was followed by noting the pressure inside the system.
A sudden increase in pressure was indicative of
undue crécking taking place and was corrected. The
gize of fleme from the gas burner was also used as an
indication of conditions within the system, but
was found to be less reliable than the two mano-
neters, Readings of temperature of charge, gas
end system pressures were btaken every hali-hour,

The condensed tar collecting in the catch-pot and
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|
two plass receivers was run off continuously into 1
measuring vessels, The scrubbers were operated one
et a time; the change-over being made after 2% hours
of operation, |
A sample log of the readings taken during
a typical carbonization is given in Table 8.
Tempersture and pressure conditions during the run

are shown in fig, 8,

TABLE 8,
Semple Log.
Carbonization No, 12. ‘
Wtes of coal charge 4% 1b, i
Wt. of coke obtained 31 1b, i
Wt. of liquor obteined 2.64 1b, ‘
Yield of crude oil 7.92 1b, '
Yield of scrubber naphtha 110 ml, |
Total yield of oil 44,9 gall,./ton
Density of crude at 15°C. 0,902
Time, hrs. Temp. in retorta,oc. System pressure,
Coi, H20
1 2 3 1 2
0 15 15 15 0 0
% 100 110 100 1 ¥%
180 190 200 1 %
1% 270 280 310 2
2 340 350 360 & 3
2% 400 410 420 7 5
3 430 440 450 8 6
3% 450 470 490 7 b}
4 480 500 510 2 4
47 500 510 530 4 3
5 500 520 540 3 2
Sk 510 230 220 3 2
6 530 550 560 1 %

The heating of retorts was continued until

tar evolution ccased altogether and gas evolution

decreased considerably, producing a flame less than
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7" highe

The time required to carbonize a chorge
varied between 5% and 6} hrs.

At the coneclusion of each carbonization the
tar collected was allowed to settle overnight, after
which the agueous layer was removed and the weight
and densgity of the erude oil determined.

The material adsorbed in the scrubbers was
recovered by steaming and, after separation of vater
was measured and stored.

The retorts were allowed to ccol overnight

and the coke or residue was discharged and weighed.

Summery of results.

In all, sixteen curbonizations were carried
out, in which %60 lb, of cannel coal were carbonized
yielding a total of 1l1l.5 gsll. of dry crude oil,

The average charge to retorts was 41-42/i$.
of coal, crushed to the required size, yielding
an average of 5.8 to 4 litres of crude oil and 80
to 100 ml. of serubber naphtha,

The overall results of the series of runs

performad end a mass balance are shown below.

Total cannel coal carbonized = 300 kg.

% wte Kg.
Dry erude oil 15.7 47,0
Coke 70,0 210
Serubber naphtha O 1.3
Aqueous liguor 5.6 16,8

Gas and losses (by diff.) 8,3 24,9




TABLE

Properties of crude oil and scrubber naphtha.

Crude o0il | Secrubber naphtha
Specific gravity at 20°C. 048990 047254
AP, I, Gravity, 25,0 6245
Distillation 3
I.BsPey Cs o 74 36
2% vol, distilled at "C, 92 44
1% " 134 %
207 : 180 é
307 " 210 70
40% " 237 74
S50% % 264 84
207 : 500 5%
80% » - 102
< 90% (e} e bt 111
FeBePs [ Ce - 131
Total distillate, % 78 o5
Residue, % 22 325
Loss, % 8 Fil 1.5
L&bo tem_d.' C. 17 18.5
Bar. pressure, 8!!!. Hg. 75100 75“.3
Distilled at 7000. B % vol, - 50
" 10000. . & 78
” 14000. v, 11 o
" 17500. " 19 125
" 20000. " 27 b
: 22500, " 57 -
s 250,C. P 45 -
” 27500. " 54 -
" 300 ,Ca " 20 -
" 525°C. " e B
" 3507C, " - e
Viscosity gedwood No. 1,
ag looog., secs, 4%.‘71- -
a . y .3 SeCS8,e 5 . -
at 122’3;. secs. 3541 -
60 -
— i SRS B, - . — -
lg. -
a2 N
- 10
= X : i - :
Ultinate enelyeis (% wt,):- s
c 8207 -
n 10.1 -
" 0.9 -
8 0.5 -
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S8ince the conditions of cerbonization, and
;

in particular the rate of heating of retorts, were
et#ndardized, it was assumed that the productes of
each run had the same physical and chemical proper- |
ties and agll tests were, therefore, carried out on
the bulked crude, |
The crude oil was of dark greenish-brown
colour and had a pleasant paraffinic smell, Owing
to a high wax content it tended to solidify at
temperatures in the region of 15°0. On standing
over prolonged periods of time the crude threw down
en insoluble black deposit considered to be a
polymerizstion product of the unstable unsaturated
constituents, %

The crude light naphtha recovered from the
scrubbers was & water-white, evil smelling liquid,
slowly darkening to pale amber on standing. The
unpleasant smell was attributed to a small quantity
of sulphur compounds present as dissolved gascs in |
the liguid, This assumption was later confirmed by
the facts that, on distillation, a considerable

evolution of non-condenssble, evil'smelling gases
took place, Attempts to separate liquid semples
of sulphur compounds, notably mercaptans, proved
Lnsuccessful,

The remaining carbonigation products, viz, 1
coke and aqueous liguor were not examined, while l
the gas was burned during the course of carbonizatio#.
The properties of dry erude oil and scrubber}
naphtha were determined by standard Institute of Pe

roleum methods (89) and are given in Table 9,
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PRELININARY DISTILLATIONS OF CANNEL OILS,

The refining of crude oil obtained on retort-
ing cennel coal, and its separation into & number
of fractions suitable for high-efficiency laboratory
fractionstions, were cer:ied out by meens of the
following operationg= |

a, primsry separation of the crude oil into a
light wax-free distillate (A4fractian) and
a high=boiling waxy residnum;
b. extraction of acid- and alkali=-soluble
materials present in the distillate,
¢c. redistillation of the neutral oil to yield
a number of fractions of approximately'
constant volume and relatively harrowbboilin
range. o
Of these, the first stage was of particular
importance since the general charscter of the
distillate, was, to a large extent, dependent on the
method employed in carrying out the initial separa-
tion, The operation, most commonly used on account
of its efficiency and performance, in tie initial
stages of crude petroleum and shale oii refining
is that of continuocus distillation, designed to
separate from the crude oils a number of fractions

suitable for further processing. For the saske of

comperison, these are shown below, along with
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epproximate boiling ranges,

Petroleum Shale 0il
Cut Biptss Cs Cut Beptiss Co
Casoline 20-200 Light naphtha 59-150
Kerosene 175=275 Heavy naphtha 150-200
Gas oil 200=400 "Vax-free cut" 200-3%20
Lubricating oil Above 300 | Precsable wax ,,,_,q0
Fuel oil x distillate
Pitch or coke - Residue Above 400
As the present investigation was concerned

Thainly with the lower-boiling material, the primary
idistillation was performed in such a way as to L
%yield only two fractions, the lower one (A-fraction)

Icorrespondihg roughly to a gasoline or naphthe cut,

1 A, Continuou stillation of crude oil ~
i end washing of distillate.

Apart from its general similarity to large
scale crude oil processing, continuous distillation |
was considered to be the most suitable means of

performing the initial separation of crude cannel

oil. Its main advantage is that the o0il does not
Eremain in contact with hot parts of equipment over |
brolonged periods of time, as is the case in batch
%dietillations, and therefore, the risk of thermal
decomposition or cracking is minimized,

L Preliminary examination of the crude oil
indicated that 20% boiled below 180°C, which taken

off as overheads, would result in material corres-

ponding roughly to & gasoline cut and, at the same

time, be of sufficient quantity to permit further

|'
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Leparations. The absence in the distillete of
compounds of high molecular weight would enable

batech distillations to be carried out with less
possibility of decomposition taking place in the

reboller,

The continuous distilletion assembly oonsiahgd

of the followings- ’ |

a., crude oil storage tank and feed pump,

b. gas-heated furnace,

¢, distilletion column, column-head and distill-
ate receiver,

d. bottoms coolsr and receiver,

he full ascembly is shown disgrammatically in

ige Qe

The crude oil, previously heated to about
5%¢, to reduce viscosity, was stored in a drum and
umped into a gas-fired furnace, consisting of a
etal coil enclosed in a lagged cylindrical casing,
he oil was partially veporized during its passage
hrough the spiral and entered s packed distillation'

olumn as a mixture of liguid and vapour, at a
oint half-way up the colummn, The overhead distill-

te leaving the column was condensed and collected,

olumn part of the condensate as reflux, it was

|
(
|
|
\1though provision was made for returning to the ;
ecided to operate the column at no reflux, because ‘
|

ccurate control of the reflux was impossible, and,
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small quentities of water present in the distillate
collected in the reflux-control device and seriously

interfered with the normsl rate of distillation, ;

|

The lack of external reflux, however, was not
considered to be of_great significence, since the
object of this distillation was to achieve en over-
all separstion of low=boiling materiel from the
crude and no attempt at accurate fractionstion was
made, The heavy bottome or residue leaving the
column were partly cooled and collected in a
storage drum,

Feed.
¥ Lk aﬁall,diaphragm punp of the type normally
used for pumping fuel in aireraft, driven by a
1/20 H,P., motor, was used to convey the preheated
oil from the storsge drum into the furnace, The
inlet or suction side of the pump was connected to a
length of glass tubing dipping almost to the bottom
of the drum, from which the oil wes withdrawn and
delivered to the furnace at a constent rate. Due
to the presence of small guantities of suspended
matter in the oil,which tended to block up the small
pump valves, glass non-return valves were fitted
on both sides of the pump.

Distillation.column,

The column was constructed from two lengths
of 2" I,D. iron pipe and packed with %" iron
Lessing rings, supported on perforated aluminium
plates. The thermal insulation of the column

consisted of "Fibreglass" (compressed glass wool)
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lagging, while pipe bends and parts of varying
dismeter were covered with asbestos rope and

magnesis~asbestos cement, |
On leaving the furnsce, the partially i
vaporized oil was led into the column through a T-
piece joining the two sections of the column, The
oil temperature was measured at this point, Vapo

leaving the rectifying section of the column were urr

condensed in & glass double=-spiral condenscr, the
condensate running into a reflux-control device,
¥or reasons already mentioned, no reflux was fed
beck into the column, the total condensate being
collected and measured, The high boiling residue
wes withdrawn continuously from the stripping

1 ction, brought to about 30%C, in & water-jacketed

Fooler end collected in a drum,

|

|

|

Eistillgtion procedure. ' i‘

| Before the distillation proper, a number of|

rial runs were carried out in order %o find the |
operating conditions under which the recuired
bercentage of crude oil could be taken off as
Lverheads, and to examine the general performance %
Lnd separating efficiency of the columﬁ.
‘ The method of determining the required
bonditions consisted of operating the column at
F constant rate of feed of o0il into the furnace, \
maintained at a steady temperature throughout the {

!
test run, The temperature of the hot feed into the

|
column was noted and the volume of both overheads
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and bottoms, collected in a given time, measured.
Thus, the percentage overheads under a given set of ]
conditions could be obtained, The method of operat#
ing the unit during sll test runs and the distilla-
tion was identical in each case and is given below, i
After priming the pump, the pre-~heated
erude oil was pumped into a cold column until it
appeared at the bottoms delivery pipe, at which
stage the burner was turned on and the temperature
of the furnace gradually brought to the required
value, The column was then run for one hour to
reach steady operating conditions, during which time
the collected overheads and bottoms were returned to
the crude o0il storage drum, During distillation
Eroper, readings of o0il feed temperature were const-
Fntly taken, while the amounts of condensate and

sidue were meacsured and percentage separations

orked out, Any deviation from the spccified
perating conditions could thus be noted and correct#

T
ed by eltering the heat supply to the furnace, |

|

Distillation resulte.

Total duration of distillation 6) hrs, l

Distillation loss Ot Kggo

Rate of feed of crude oil to 12,8 1./hr
furnace
Temperature of feed entering 270°C.-273?0.
column |
Mass balance (dry basis):- ]
| Wt of crude oil distilled 46,0 Kgo |
| . of overheads obtained 15.5 Ege |
| 4. %-ge of overheads on 3347
| crude oil |
Wt., of bottoms obtained 30,1 Kge i
|
l
|
|



Se

The overhead product or naphtha was a pale
yellow, pleasant-smelling liguid, slowly darkening
to amber on standings The residue was a dark brown
solid mass, of smell similsr to the original ¢ rude,
The properties of both products are given in Table
10.

Properties of distillate and .
Distillete. Residue.
Density at 20°C. o4 0.8592 0.912
Refractive index, npy 1.4546 -
Bromine number ° 48 -
Aniline point, "C, 2643 -
Vax content,% - 19
Distillationcs
1.B.P4 . o 49 252
2% vol, dis&. aty "Cs 75 286
1% . R £
Y "
207 . 140 %25
507 . 192 -
60% . 207 -
70% " 221 -
% - By
FoBsPs 0, 262 352
gotgl dis;illate,% 93 52
esidue, % a2
Ioss, %' 1 4

/

Aeid end alksli washing of naphtha,

The acidic and basic materials present in thg
naphtha or distillate were extracted by 207 sodium
hydroxide and 20% sulphuric acid, reepectivelyt//f’/
The extraction or washing of the distillate 6;5
performed in four batches of approximastely 3.5 litres

each;xeach bateh being treated in the following
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nannefs- a measured guantity of the washing solution
was added to the distillate end the mixture agitated
for 10 minutes, It wes then sllowed to stand for
2 hours during which time the aqueous layer separat-
ed out and was withdraswn, while the oil was subject~
ed to further treatment, The washing operation was
carried out in this order:-

a, two washes with 500 ml, of 20% H,80, each,

b. two washes with 500 ml, of 20% KeOH each,

¢, three washes with 1000 ml., of water each,

The washing solutions from each batch were bulked anp
stored. The regeneration of the acids and bases ‘
dissolved in the washing medium and their examina-
tion are described in Appendix II,

The resulting neutrzsl naphtha was dried over
calcium chloride for 24 hours, filtered and weighed.
The crude scerubber naphtha obtained on retorting
cannel coal was subjected to & similar treatment
and found to contain no alkali~ or acid-soluble
materials.

- |Besults. . Kg. #wt.on erude
Distillate subjected to washing 15.5 337
Neutrzl, dry, naphtha 13.4 29.1
Acid- and alkali-soluble material

(by diff,) 2.1 4,6

B, Datch distillation of neutral naphtha.

The final separstion of the neutrsl naphtha
into & number of fractions suitable for highe-efficie:

.

ney fractionations wes accomplished by means of
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bateh distillation st atmospheric preasufﬁyV/Owing
to the comparatively large quantity of naphtha to be
distilled,it was necessary to design and construct !
specially for this burpose, an apparetus capable
of perforning a satisfectory separation in one
operations

Preliminary examination of the naphtha showe

that by this procedure a number of one litre fractio
of boiling range not exceeding 20°¢. could be taken
off and these could constitute suitable charges for
subsequent high-efficiency fractionations,

Distillastion apparstus.

. The distillation unit, shown in figs.l0,11
“lend 12, consisted essenticlly of a gas-heated
reboiler and a packed distillation column, eguipped
with the usual accessories. '
Reboiler., Lot

The reboiler, (fig. 12) a cast iron pot
of 5 gall, capacity, was setl 1h a cylindriceal casinq
5" above ground level with a gos burner placed
underneath its base, The top of the reboiler was
lagged with asbestos wool held in place by a thin
layer of magnesie-asbestos cement, In addition
to a vapour upriser leading to the column end a [
liquid return line, the reboiler was equipped with
a thermometer pocket extending to the bottom of the

pot and a connection to a water manometer (not shown

in diagrams), The base of the column was attached
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to the vapour upricer and to a U-shaped pipe,
through which reflux could be returned continuously
into the reboiler without coming in contact with
the ingoing vspours,

Column.,

The column, 7'6" long and 2" I.D., was
packed with %" iron Lessing rings supported on a
perforsted aluminium plate, fixed in the base of the
column and 3" asbove vapour entry., The column top
cerried a T-piece, one end of which was connected
to a pipe leading to the still-head, while the other
served as a reflux inlet into the column, The
lagging of the whole assembly was similar to thet
described in connection with the continuous distillas
tion unit.

Still-heag.
The still-head, shown in fig. 11 (facing

—4

Pe77)y was constructed from gless and consisted of
a double-spiral vertical condenser, condensste
divider and distillate receivers., A thermometer

inserted above the condenser measured the tempera-

ture of wvapours entering the still-head, The refluT
divider operated in the following menner:- the
ondensabe leaving the condenser entered a U=-tube, 1
where it either collected and flowed back into the
column or could be teken off, depending on the
Position of the upper, controlling stopcock, At
the beginning of a distillation the upper stopcock
was =et in one particular position depending on rate
of take~off required. and remeined in that position
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throughout the run, while the lower stopcock was

receivers, ‘Thus it was poceible to maintain a

|
|
l
fully opened, except during change-over of distillat#
l
\
w
1

derately steady reflux ratio, although no accurate

easurements of the reflux could be made. The
performence of the still-head was found to be
quite satisfactory for the present recuirements
and a constant rate of take-off could be main-
tained.

After the ususl preliminary runs, during
which the column performance was tested and most
suitable operating conditions established, the

I
t
!
|
ldistillation proper was started and continued until }
!the required amount of distillate was collected,
The still was, at first, gently heated until the
]liquid was at boiling point, when the rate of heat-
iing was slightly increased, care being exercized
té avoid flooding of the column, The distillation

as allowed to proceed at total reflux for 6 hours

to attain equilibrium conditions, The distillate

Fake-off was then started by opening fully the

'lower stopcock and edjusting the upper stopcock to
.give the required rate of distillate removal, he
distillate was collected in graduated receivers of

|
|
\
|
;100 ml, espacity and combined to form 1 litre
1 ‘
fractions. The following readings were taken every\

;15 minutes s~

|
|
I



RESULTS OF BATCH DISTILLATION,

FIGURE 13-
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a. temperature of overheads,

b. temperature of liguid in reboiler,
¢. pressure in reboiler,

d. pressure of gas to burner,

e. volume of distillate collected,
f. rate of teke-off of distillate.

e determination of reflux ratio by any of the usual
ethods was impossible owing to the unknowm nature
£ the mixture end the lack of a boil-up meter. A
ery rough indicstion of the reflux retio was
rovided by running the column for a short peried
of time at no reflux'and comparing the gquantity of
. distillate obtained with that collected in the same
time during normsl operating conditions.

o
-
o

Results.

Wt. of naphtha charged 1i.4 Kg.
Total wt. of distillate collected 8,0 Kg.
59.7% wt, on napht
17.4% wte On Cfﬁd‘
No. of one litre fractions taken 10

Total durstion of distillation 27 houre.
Duration of take-off 19 hours

Rate of distillate take-off 525 2 10 nl./hr,
Approximate reflux ratio 10:1

is shown in fig, 13.

Exemination of fractions.

The properties of the ten fractions collected
(B=fractions) and of the residue are given in

The boiling point curve for the distillation| -
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Properties of B-fractions and residue.

- " . Engler bept,
Yo, |ima! |on'ebude.| Iange,®C. | @3 | af® |37z | BIIGED
B=l 700 1,52 41-108 067514 | 1.,4119 | 97 19.9
F=2 740 1,61 108=126 «7667| 1l.4%24 | 71 14,9
Be? 760 1,65 124-145 7787 | l.4%62 | 61 21,0
Bty 767 1,67 136=157 7787 | 1.,4361 | 58 3043
Be=5 790 1.72 159=173 8041 | 1.,4483 | S0 277
L6 805 1.75 165-184 «8098 | 1.4532 | 45 3046
E=7 820 1,78 181-197 «8271| 1.4581 | 43 324
E=8 830 1.80 194~21% 8549 | 1,4718 | 36 2543
B9 840 1.83% 205=221 8565 | 1.,4731 | 33 28,2
B=10 | 935 2,03 217-2%5 «8684 | 1.,4788 | 32 27.1
Residue | = - 228274 .8890L 1.4820 | 24 -
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Fable 11. }

The hydrocarbon=type composition of the lower !
P-fractions was determined by percolative adsorption;
on silica gel, using the experimental procedure
discussed fully on p.l26. The results of the
Pnaljaea gre given in Table 12,

Fraction los:= Bel |B=2 |DB=3 |DB=lt
Composgition, % volsi=
Pareffins & Naphthenes | 26 | 26 | 30 | 18
Olefins 62 | 54 | 45 | 61
Arometics 12 201 25 | 21

etermination of sromatic content.
In addition to the silica gel analyses, the

maetic content of the four frrctions and scrubber
sphtha was estimated by the standard Institute of
‘etroleum method (I.FP.=3/49) and by specific dis-
ersion messurements.

Bpecific dispersion, c(defined as the differ-
ence between refractive indices for the red and blue
lines of the hydrogen spectrum (6563 A® and 4861 AS
respectively) divided by density, =t 20°C. is fairly
constant at 95 to 10C for paraffins andvnaphthenes,

ile for the aromatics, benzene is 190, toluene
85 =and the xylenes 181 to 174, Thus, the asromatic
ontent of fullyAsaturated samples of specific dis-
ersion intermediate between 100 and 190 can be
stimated by direct proportion. The presence of
olefins, however, renders this method impossible,
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ince the specific dispersion of mono-olefins Variesi
from 140 to 110 and corrections must be applied. ‘
Grosse and Wackher (43), who originally developed |
this method, use the following equation for estime-

tion of arcmatics in cracked gasoline stocks con-

taining olefinsi=

% wt, Arometics = om 0.16§; §fggn?’ -9

where Sh = specific dispersion of sample X 104

+« 100

$g = Specific dispersign of aromstice
present x 107,

The values of ga are =

Cut 420, Compound ‘ Sa
70- 95 Bengene 190.2
95122 Toluene 184,9

122-150 Ethylbenzene and xylenes 179.2

150-175 09 - Cyq aromatics 1750

175-200 010 = Cpperomatics 171,0

More recently,Groennings (42) has proposed
a correction for the olefin content based on the
class, structure and boiling point of olefins presen&
in the sample, The factor by which the bromine
number is multiplied to correct for specific disper-
sion due to non-cyclic and c¢yclic mono-olefins varie#
ﬁetween 0,10 and 0,20, compared 0 0,16 propobed
by Grosce and Wackher (loc.cit).  Another carrectioT

is necessary if conjugeted diolefins are presecny,
but as these were found to be abaen§ in cannel naphtia.
this correction was not applied, .

The method of measuring specific dispersion
consisted of determining the refractive index for
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the Sodium D-line of the samyle at 20°C. by thé
Hilger Abbe refrazctometer and, at the same time,
setting the Abbe compensator so as 1o make the
dividing edce of the field achrometic and reading

of the compensator drum were made end an average
value obtained, The dispersion of the sample was
then caleulated from tables supvlied with the
ingtrument, end the specific dispersion obtained by
dividing the disperéion by density of the sample at
20%c,

The eromstic contents of the lower-boiling
B-fractions and scrubber naphtha determined by the

verioue methods sre given below,

Aromatic Content, 7 wt. -

the scale of the compemsator drum, Several settings

Groennings's equation |14.8|22,3|26.2|21.7| 13,

I.P. Method. 2%45]| 3240|2749| 2445 22.}

Fraction Noi~ Bel [Be2 [Be3 [Bed |2OTUDDER
Eilica gel method 10,2|22,5|27+8| 25+ % :
Specific Dispersion method '

Croesse's eguation 13,2|20.5|25.0115.0| 11,

The agreement between the =ilica gel and
specific dispersion results using CGroennings's
correction is satisfactory and within the limite of

experimentsl error, wheress the I.F., method shows |
much wider discrepancy of results, The high value%
for aromatic content obtained by the latter method,
based on the change of aniline point of the sam:le

Awhen arometics &nd olefins have been removed by 99%

32804. and coriected for olefins, are considered to

I
:

l
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b,

Ce

be due toi=-

4,

the hipgh olefin content (up to 63%) of
cannel distillates as compared with 0% for
straight-run and up to 30/% for erscked
petroleum distillates, for which this method
has been primsrily developed,

the difTiculty of complete removal of
benzene by sulphonation, resulting in the
lowering of aniline point of the acid-
treated sample. (This is supported by the
faet that the discrepancy of results is
highest for lowest-boiling frauctions),

& reaction between olefins snd conc, 580,
resulting, epsrt from acid-soluble alechols

end esters, in the formaction of polymers,

which by virtue of their complete solubility
in the hydrocarbon phase, are nct removed ‘
by the acid, thereby affeccting the eniline
point of the treated sample,

(The latter fact has been confirmed experi=-
mentally by carrying out the I.P., aromatic
content determination followed by Engler
distillation of the acid-treated oil, A
brown resinous mass (representing 4% of the
distillation charge) was obtained, which
boiled sbove 250°C, and showed signs of :
decomposition on further heating).
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THE DESICN, ERECTION AND TESTING

OF FRACTIONATING COLUMN.

———————————————————————

The fractionating column was designed to

|
perform efficient separations of relatively low=- |

|
!

boiling fractions of neutral cannel naphthe, as
obtained from bateh distillations, and to operate I

continuously, day and night, over prolonged periods
‘of time, TImphasis was, therefore, laid on high |

gfractionating efficiency and on provision of i
' !
1automatic and saefe means of operation, particularly
' in the cese of constent rates of take-off and i

 froction collection, and constant boil-up rate. ;

; A. Apperatus. g
|

| The unit consisted basically of en electrics
;ally heated still, a %™ I.D, column made up of two ;
' sections 36" each, and containing a total of 68" |
of packing, and an sutomatically operated column=
' heads The whole assembly was mounted on an
 “Ecofix" fremework, fixed rigidly to the floor end |

| adjacent wall, The column itself was provided i
3with heated jackets, the heat input to which could
 be controlled, so as to maintain adiabatic conditions
%within the column, The still-head was of the

{ tipping bucket tyve, developed originally by The

| Anglo-Iranian 0il Co, (11), enabling constant

[ |
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' The entire unit is shown in fig. 14,

&
|

SO |

rates of distillate take~off, when distilling at
high reflux ratioss An automatic receiver-changer}
was operated in ;onjunction with the still-head,
resulting in the collection of fixed and constant |
volumes of distillatehfractions. The temperature ?
of the overheads was measured by copuer-constantan
thermocouples connected to a Kent "Multelec"
temperature recorder,

The column was operated at atmospheric

pressure and without means of correcting day to day

pressure fluctuations, Provision was made for ‘
operation at reduced prescures, though such dis-
tillations were not performed during the course

of this work, |

The whole unit was operated from a control
panel, which alsc included the temperature recorder;

and take-off and receiver-changer mechanisms,

The following is a deseription of all the ]
items and electrical: circuits comprised in the l
fractionating unit, 3
still, |

The still or boiler normally used was a 2 |
litre round-bottom flask equipped with two additione
a2l openinge carrying P.14 socketsj one Tor a
thermometer pocket and the other for connection to
a manometer or insertion of a licquid sampler, In |
the neck of the flask was incorporated a reflux |
meter having a central vapour upriser and an

external licuid bypass, controlled by a stopcock.
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The operation of the meter consieted of shutting the
stopcock and measuring the time taken for reflux to |
reach a graduation mark on the upper compartment
of the meter, During normel operation the stopcock‘
remained open so that liguid could be continuously |
drained intc the still., The top of the meter
cerried a %" pipeline joint which was connected %o
the lower section of the column, The flenged-end
type of joint was particularly useful in this
instance as it comyletely eliminated the difficult-
ies of perfect alignment and fit associated with
cone and socket Joints and allowed the withdrawal
of the still from thecolumn without lowering it
or raising the column to disconneet the joint.

The still is shown in fig. 1D,

The still wes elecfrically heated by means
of & 450 watt Electrothermal heating mantle, resting
on a sliding platform attached to the "Ecofix"

framework. The heat input to the mantle was

;
controliled by a Sunvic Simmerstat operated by 230 v.l
£.,C, The portion of the still projecting above

the mantle was enclosed by an aluminium casing |
filled completely with asbestos wool and covered. ;
The remainder of the still, the reflux meter and the;
joint were insulated with asbestos rope and
"Fibreglass" lagging,

Two suxiliary stills of 500 ml, and 2 litre

|
‘capacity were also available; the latter being
shown in fig, 15b, i
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%" I.D. and 56" long each, Joined together by
Tlanged jointe, [Each section, a heavy-walled
glass tube, was provided with three indentations

_ |
The column itself consisted of two sections,
|

near one end to act as support for the packing,
The sections were normally packed over a length
of 34" with stainless steel, 100-mesh, square-
weave gauze, 1/16"x 1/16" Dixon rings (12,26) in
the following feshion:-~ three or four %" gauze
rings were placed on the indentations, followed
by 1" of i" geuze rings and the remainder of
the sectior was filled to within 1)" off the top |
Jjoint with 1/16" rings, Another 1" of #" rings
was placed on #op and the whole packing was
secured by a flat steel spring, In all, about
29,000 1/16" rings and 200 4" rings were used,
Thermal insulation of column,

Each section of the column was provided
with electrically heated jackets to compensate for

heat losses from the column and ensure adisbatic
operation, A Wheatstone network arrsngement was

used to control the adiabaticity of the column and*

consisted of winding on each section two identiceal
coils of nickel wire; one on the column itself and |
one outside a layer of lagging, thus forming two |
arms of the network, while two standard coils
formed the other two arms. An electric heater

J
|
was wound on snother layer of lagging outside the |
second resistance coil, The heat input to the i

|
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heater was controlled by a Simmerstat operating at
230 vs AsCs A galvanometer in the bridge circuit
indicated the thermal conditions within the column,
If there was no temperature gradient inside the
lagging, i.e. there wes no heat flow to or from
the column, the temperatures, and therefore
resistences, of the two coils were the same and
the bridge was balanced, Any departure from
adiabatic conditions, indicated by the galvanometer
needle deflection, could then be correccted by
adjusting the heat input to the heater,
The lagging and windings on each section
were as follows, starting from the column walls-
a. lst resistance coil coneisting of 60!
of 36 8,%,G, pure nickel wire, double-silk-
covered, wound non-inductively and giving a
total resistance of 53 ohms, The ends of
the wire were insulated by sleeving and
connected to a connector strip mounted on
the outside oif each section,
be two layers of asbestos rope, /i dia,,
Ce two layers of asbestos peper,
de 2nd resistance coil of sume length as the
first, wound non-inductively,
s two protecting lsyers of asbestos paper,
fe 16 8,%W.G., 1%" I.D. copper tube, 33" long,
to provide equal heat distribution over the

section and lessen fluctuations arising fro&
intermittent heat supply to heater,

|
|
g« two layers of asbestos paper, i
|
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h, 125 watt heater, consisting of 30 S.,W.G,
"Brightrey" wires, DPBoth ends of the heater
were connected to a conncctor strip on the
outeide of each section,

i. one layer of asbestos rope, A" dia.,

Je "Fibreglass" pipe laésing. 2" I.Ds, 4" O'D'P

ke a2luminium psinted paper shield to reduce
heat losses by radiation,

Fach section heater was controlled by a
separate Simmerstat, operated by 230 v. A.,Cy from
the control panel, It was found during sactual
operation of the column that the heaters were of an
adequate size to balance any heat losces from the
column, snd were rarely on for more than 80% of the
time, even when the temperature of the column was
ebout 160°C.

Jacket heater controls.

As already mentioned, the temperature of
the column Jjackets was controlled by & Wheatstone
network, two arms of which were wound on the
column (Rl R3 and R2 R4) while the other two
consisted of 5C ohm standard resistance coils
®5 and R6), mounted along with the neceseary
switches on a detachable section of the control
penel (fig., 16).

The network was connected, through a switch
(S") to a 8 v. D.C. supply (4 x 2 v, accumulators)
and a centre zero microammeter as galvanometer (G).

One twelve-contact switch (8'") was used to make and

break the verious circuite, four of the contacts
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ﬂeins used for each segtion. By one throw of the
switch the circuit on one section could be dbroken
in two places, and, though the batteries were on,
no current flowed through theAgalvanometer. When
the network on a section was switeched on, current
flowed only through the coils on that particular
section (Bl and R3 or R2 and R4), All connections
were made through connector strips mounted on each
column section and behind the control panel.
Column— .

The column- or still-head, shown in figs,
17 and 18, was of the tipping bucket, reflux-divid-
ing type, provided with a double-spiral condenser,
thermocouple pocket and an additionsal distillate
cooler, This type of head was considered as the
most suitable for the present purpdse es it allows
the column to be operated over a wide range of
reflux ratios, is fully automatic, has a low hold=-
up and, once a given reflux ratio has been fixed,
the operation of the head will remain constant,
Further, should any fault develop in the solenoid

of its energizing mechanism, the column is put
under total reflux,
The operation of the still-head is fully
deseribed in (11). |
The bucket was tipped by means of a

solenoid, operated by 8 v, D.Cs, placed in contact
with the bucket chember, The sclenoid consisted
of two coils of 1600 turns each, of 28 8,W.G,

enamelled copper wire, wound on a single soft-iron

|
|
|
|
|
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core and connected in parallel,

The still=head was attached to the column
by means of a %" flanged joint,
Temperature recording.

The temperature of the vapours was meesured
by seven copper-constantan thermocouples connected
in series in order to give the voltage required
to operate the recorder, The thermocouples were
made from 30 S,W.C, enamelled copper and 26 S,W.G.
constantan wires, soldered at each junction with
silver solder, They were placed in the thermomete:
pocket of the still~head (hot junction) and in a
Dewer flesk containing crushed ice (cold junetion),
The voltage produced was continuously recorded on
a Kent "Multelec" single point moving chart record-
er, calibrated to read in millivolts in the range
of O to 70 mv,.

Distillate receivers and chenger.
The distillate receivers, consisting of

tared end numbered test-tubes of sdequate capscity |
to collect the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>