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The research to be described in this thesis |
takes the form of an investigation of the Nitrogenous|

}Bases occurring in Scottish Shale 0il, produced by

destructive distillation of typical Lothians Shale. |
| These bases, which are produced by the thermal '
'decomposition of the complex orgenic matter, or

E“Kerogen", present in the shele, find their way into

;the oil, and are removed along with other undesirable |
;materials, such as sulphur compounds and phenols, in i
the normal course of refining, and ultimately find
their way into the so called "“Acid Tar" which
separates out when the various partially refined oil

and wax fractions are treated with sulphuric acid in

the refinerye. This "Acid Tar", which is an

'extremely complex mixture resulting from the action of

the acid on the highly unsaturated crude oil and wax
!fractions, is subsequently washed with water to
recover the free sulphuric acid present in excess, and

the resulting dilute sulphuric acid, containing the

dissolved bases in the form of sulphates, is |
ultimately converted to ammonium sulphate, by

reaction with ammonia. The weaker bases precipitated

by the ammonia form a viscous black "Basic Tar",

which is at present recycled and ultimately used as

fuel in the refinery. It is this "Basiec Tar" which

|
!
| |
has formed the starting material on which the present
| |
|

Einvestigation has been conducted.

Apart /
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! Apart from certain preliminary and incomplete}
!examinations carried out in the laboratories of
iMessrs Scottish 0Oils, Ltde and the Anglo Iranian 0il
Co. Ltd., details of which will be given, this

ﬁmaterial has not previously been submitted to any

systematic investigation. There is in fact no record
zin the literature of any investigation of this |
nature, which has been conducted on a normal

?refinery waste product, although, some forty years

'ago, certain specific Scottish Shale 0il fractions

were examined for their basic content, and more

recently shale pils and petroleums from other sources |

have been similarly examined. In most of these
\investigations however, particularly the earlier onesJ

| |
|little use was, or could be made, of the technigue of |

ifractional distillation, which in recent years, has 3

|
ibeen brought to the stage of a fine art, largely at
!

;the instigation of the petroleum industry. £t ds

}this comparatively recent technique which has

|throughout formed the mainstay of the work to be

described in this thesis, and much of the work has

necessarily been concerned with the constructions and

loperation of efficient fractionating columns.

It will be realised that the time expended
on this very necessary part of the work has seriously |
icurtailed the time available for investigation of the
broducts obtained. It is important to bear in mind

however, that in a long term investigation, of which

this thesis embodies only the preliminaries, such a

Ftate/
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state of affairs is frequently inevitable.

The subject of this thesis being in the ;
| nature of a prelimirary investigation, it seems
appropriate before describing more relevant details
of the technical literature to give a brief

historical summary of the Scottish Mineral 0il

IIndustry, and, as far as speculation will permit, an
'indication of the future prospects of this industry,
1 _

'on which of course, the ultimate value of any

investigation of this nature must depend.
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‘ SECTION A. ;

| 1. Historical Summary of Scottish Mineral 0il Industry
|

It is difficult to consider any aspect of

|
|
!the Scottish Mineral 0il Industry without a brief
| reference to Dr. James Young (1811-1883), to whom
|

| the present industry centred in West Lothian owes its

| inception.

As early as the year 1781, a patent was
taken out by the 9th Earl of Dundonald in which a
process of extracting or making tar, pitch,
essential oils and cinders from common coal is
described. (Cannel coal being carefully excluded).

| In 1830 paraffin was discovered by Reichenbach, and

independently by Dr. Christison of Edinburgh, a

|

|discovery which was followed by the patents of Butler|
| (1833), Hoempesch (1841), and Du Buisson (1845), in |

' which its manufacture is described.

It appears that Young first took an active
interest in the production of mineral oils when, at
‘ the instigation of his friend Professor Lyon
Playfair, he erected a factory for the distillation

of a crude petroleum, obtained from a colliery at

EAlfreton in Derybshire. With the exhaustion of this

fsupply some two years later, Young returned to
;Scotland, and in 1851, the works of lMessrs J. Young, |
%Meldrum and Binney was set up at Bathgate, West

fLothian, for the distillation of Boghead coal, the

iprocess being protected by Young's classic patent of

| 1850, /
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i1850. With the approaching exhaustion of this rich |
:cannel coal in sight, oil shale, discovered in the !
Broxburn area some years previously, was adopted as
the raw material of the industry in or about 1862
(although Young was not the first to make use of this|

material).

i
| In this way Young, who apart from being a very

| compe tent experimentalist appears to have been gifted

!with remarkable commercial acumen, laid the foundat-
| sions of the present industry. An excellent
biographical sketeh of Young is given by Conacher in

the Institute of Petroleum Symposium (1), where a ;

|survey of almost every aspect of the industry, in

|Scotland and elsewhere, is also to be found.

|2. Oceurrence of Shale Deposits and Future Prospects
i of Industrye.

Extensive deposits of ©0il shale are known to
|occur in many parts of the world including the United
States, Canada, Austrglia, Tasmania, Manchuria,
Russia, CzZechoslovakia, France, Sweden, Brazil and
Estonia, representing in all a vast accumulation of
'natural wealth, for the most part as yet, untapped.
Extensive working of these deposits, apart from that
in Scotland, is at present largely confined to the
RBstonian "Kukersite" deposits, the bituminous shales |

of France, the Fushun shales of Manchuria and the

Swedish shale deposits. The nature of the oils

i
obtained from these shales depends of course, firstly

!on /

|
|
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on the fundamental nature of the shale, and secondly, |
on the method and rate of retorting. Scottish,
Australian and Fushun (Manchurian) shale oils, are
characterised by the almost complete absence of
aromatic compounds in the lower boiling or spirit
fractions, while those obtained from Estonian and
Tasmanian shale, contain comparatively large amounts |
of aromatic materials (13-15 per cent)s The oils
are however, invariably rich in unsaturated compounds,

irrespective of the source.

The shale industry has, almost from its

inception, suffered severe competition from the

petroleun industry. The added costs of mining and
{retorting the raw material, the greater difficulties
éof refining the o0il to produce marketable products,
iand the high percentage of inert material, for which
éthere is at present little outlet, place shale oil at
%a disadvantage which it cannot possibly overcome
%while a plentiful supply of petroleum exists. The
|industry in Scotland reached a peak in the year 1913,

'when some 3% million tons of shale were mined, the

corresponding figure for 1937 being approximately 14

|
million tons. It is interesting to note in this

!

lconnection that in recent years the average yield of
|

oil and naphtha has been of the order 18 to 25 galloms
iper ton, as compared with 25 to 45 gallons in the

Eearly da?s of the industry, the richest seams having

been largely exhausted at the present time.

It/
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It is reasonable to assume that, irrespectivei

of any developments in the fields of nuclear physics,
%and the production of nuclear energy, the need for

liquid and gaseous fuels will continue for many

Igenerations to come, and failing the use of such
|materials as a source of energy, the ever growing
!demands of industry for the raw materials of organic
%synthesis will almost undoubtedly persist, and indeed
{multiplye. Similarly, it seems inevitable, although
' the day be far distant, that ultimately the world
supplies of petroleum and coal will dwindle, and '
finally approach exhaustion. Bearing this in mind,

|the vast deposits of shale and similar materials of

\which those at present being worked in Scotland and

lelsewhere amount to only an insignificant fraction,

irepresent a vast reservoir of potential raw materials,
iat present economically unsuited to further develop- !
ﬁent, bﬁt apparently destined to meet the needs of
quture generations of industry. It is significant
ito note in this connection, that although there is no
iproduction of shale oi} in the United States at the
ipresent day, the United States Bureau of lMines and the
EUnited State Geological Survey have conducted a
careful survey of the available resources, and a

certain amount of experimental investigation has been

carried out with a view to ascertaining the type of

plant most suited to future development. This work

has been summarised by Kraemer (2). It is worthy of

Pote also, that the great o0il companies, both in the

United /
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United States and the United Xingdom, control large |

linterests in the shale bearing areas. Bearing these

facts in mind, it is obvious that the examination of

| 1
1

any byproduct of the shale industry is not entirely

academice.

| Se The Nature of Scottish Shale.

It would be out of place here to attempt any-

fthing in the nature of a complete survey of the
iliterature on either the geology and chemistry of
!shale itself, or the production and refining of shale'
oil. The following summary is an attempt to draw
attention to the salient features of the industry, as
it is carried on at the present day in the Lothians
area of Scotland. Very comprehensive details of
lalmost every aspect of the industry have appeared at
various times in the literature, and reference will be

made to these sources, on which this summary is

largely based.

Typical Lothians 0il Shale is a fine-grained,
;tough,and often flexible material, black or brownish
in colour and minutely leminated; it consists of an
inert, inorganic, clayey base containing widely vary-

ing quantities of organic matter,to the oil yielding

portions of which, the names "Kerogen" and "Pyrobitumen

Pave been given. Attempts to isolate this organic

matter by extraction with solvents have met with

little success. (3). MNcKee and Goodwin (4), found
that distillation of certain shales under reduced

pressure yields a highly unsaturated polymeric

product, /
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product, apparently intermediate between "Kerogen"
and shale oil, which on further distillation breaks

down to give a less unsaturated oil and coke.

The variation in colour of Scottish shales is
associated with the oil-yielding qualities, the richen
varie ties being black, while the poorer quality
shales are brown or grey in coiour. They are rather
\fine grained rocks showing little or no structure,
Ialthough well defined fish remains can be detected in
some layers as in the well-known "fish-bed" in the
"Curly Shale"at Pumpherston. A rich shale has the
characteristic property of curling when cut with a
knife, this rather crude test being carried out by
;he underground workers as a rough guide to the
guality.

4. Retorting and Crude 0il Production.

|
|

The shale after mining and crushing to a
suitable size is fed into continuous vertical retorts
E(three types are at present in use in Scotland, the
Pumpherston retort, the Young's retort and the
Broxburn retort), each of which is capable of handling
about 3.3 - 3.6 tons of material per day, passage of
the shale through the retort taking about 24 hours.
Steam, equivalent to gbout 120 gallons of water per
ton of shale, is admitted at the base of the retort and
%ields an ammonia liguor amounting to about 90
Fallons per ton of shale. Some 75-80 per cent of the

nitrogen of the shale is thus recovered as ammonisa

which is used to neutralise the sulphuric acid

recovered /
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}racovered from the refinery tars, giving rise to the
"Basic Tar" on which the present research has been

conducted.

The crude oil, ammonia liquor and gaseés on
(leaving the retort pass to condensers and heat
exchangers. After passing through separators, the

crude oil and ammonia are run to storage, while the

| gases, after scrubbing to remove ammonia and naphtha,

;are used as fuel to heat the retorts. Spent shale

‘amounting to about 75 per cent of the raw shale is

discharged at the base of the retort.

5e Refining of the Crude 0il and Origin of the
Basic Tar.

Scottish Shale contains approximately 0.6-1
per cent of nitrogen (5). The manner in which this
:is combined in the shale, and the reactions taking
iplace in the retort have not been sufficiently well
investigated for it to be possible to suggest any
mechanism by which this nitrogen is converted to
ammonia end higher bases. As has already been
stated, the production of ammonia accounts for

approximately 75-80 per cent of the nitrogen present

in the shale, the remainder being accounted for in

ithe spent shale, which contains about 0.15 per cent,
:in the 0il, whieh contains from 0.5 to 1.00 per cent
and (presumably) as free nitrogen in the gaseous

products of retorting. According to Beilby (6) the

nitrogen content of the crude oil represents about

20-25 per cent of the nitrogen present in the shale,

thus /
|
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thug it seems obvious, that although the exact mode of

distribution of the nitrogen among the various pro-
ducts of retorting is dependent on too many factors
for it to be possible to'give anything other than a
general indication, it is reasonablé to assume that

1ittle if any of the nitrogen is set free.

The crude oil as it enters the refinery is a
dark green colour and seﬁi—solid. The specific
gravity varies from about 0.875 - 0.885 and the sett
:ing point from 80 - 90°F. The crude oil is highly
unsaturated and in addition to -conteining nitrogen
(0.5-1.00 per cent), contains about 0.4 per cent of
sulphur (principally as hydrogen sulphide,_mercaptans
thio-ethers and thiophenes) and from 2 to 4 per cent
of phenols (principally cresols, Xylenols and higher
phenols. ) It would be outside the scope of this
thesis to enter into much detail. of the refining, by
which the crude oil is converted to finished products,
inecluding motor spirit, varioﬁs grades of Kkerosene,
gas oil and paraffin wax. Briefly, the crude oil is
subjected to a preliminary distillation in a convent-
ional pipe still and bubble cap column, by which it

- is separated into fractions which are then treated

with sulphuric acid and caustic soda to remove nitrog-

enous bases, phenols and other undesirable materials.
These fractions are then subjected to further
distillation and suitable treatments depending on the
products required, the paraffin waxes being separated
by freezing and purified by chemical treatment and

sweatinge The residual oil is /
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is ultimately taken to coke in batch stills, the oil |
ifrom this process being returned to the crude feed
! - -

stock.

The refining of Scottish Shale 0il was
'described in great detail by Bailey (3) in 1927 and

much of the equipment described by this suthor is still

'in use at the present day. Excellent summaries have

%also been given by Smith, Grant and Allan (5) and by
ismith and Peutherer (7).

| | .

| The following condensed flow diagram (Fig. 1)
%which was kindly.provided by Messrs Scottish 0ils, Ltd.
‘outlines the acid washing of the various oil and wax
fractions, and indicates the origin of the "Basic Tar"
oﬁ which the present investigation has been conducted.

This tar is at present used as a fuel in the refinery,

the daily yield being of the order of 1,500 gallons,

\while the gquantity of crude 0oil processed daily is of

\the order of 100,000 gallonse

As has already been stated, the ammonia liguor,
|which is one of the products of retorting of the
shale,is used as a source of ammonia. Free ammonia
is removed by stripping with live steam in a bubble-cap

tower, while the fixed ammonia is stripped out in a

ismaller separate tower, into which lime is injected.
%The free ammonia mixed with steam,is passed into
Elarge wooden tanks (Crackers), containing the weak
acid recovered by water washing of the acid tars

produced in the refinerye. The more strongly basic

ammonia /
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FLOW DTAGRANM OF TAR WASHING AND ACID RECOVERY PLANT.

Crude Naphtha
Crude Diesel 0il
Paraffin Scale &
Pressure Distillate

Cold cone sulphuric acid

I
|

Treated 0ils " ACID TAR

setrled_B hrs. at 160/170°F.

0il retiurned’ " ACID TAR (oil-free)
to process. = s e : .

later washed three times at 200°F.

Washed Aéid Ta : ' RECOVERED ACID

(containing dissolved bases)
Tar fuel stock :

Neutralised with ammonia
gas in S/A plant

|

8/A LIQUOR BASIC TAR CRACKER EXHAUST OIL

Concentrated to re turned to tar . Run to waste

give ammonium-- . washing plant e - '
sulphate (1 ton sample) (10 gallon sample)

(Simplified Diagram).

FIG. 1.
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ammonia liberates the bases dissolved in the acid,

and these are separated as "Basic Tar" by passing
| the resultant ammonium-sulphate solution through

| separators and finally through sawdust filters.

Steam volatile bases are lost in the exhaust
steam from the "“Crackers" and are at present run to
wastes These steam volatile bases constitute the
| "Gracker Exhaust 0il" (C.E.0.) of which more will be

said in a later section. The yield:'of C.E.0. is
jsmall,amounting to only a few gallons per hour and

| normally no attempt is made to recover it. (Fig. 1)

It is interesting to note here that Gavin (8)

has expressed the opinion, that in the shale oil

industry of the future, nitrogen bases may well be of

\more value to the industry than ammonia, which is at

| present one of the most valuable by-products.
|

EAccording to the same author, the distribution of the
|
'nitrogen in the products of the retorting is a

 function of the rate of oil production, rapid retort-
!:ing having a tendency to increase the yield of
Initrogen in the o0il, so that presumably the yield of
i“Basic Tar" could be increased at the expense of

ammonia, if such a result were to become desirable.
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SECTION B.

|
|
Survey of Literature on Shale Bases and Allied Subjects.

| alcoholic caustic potash and were presumably

| 1o | Shale 0il.

Before discussing the methods by which an
investigation of this complex and intractable
material could be undertaken and the reasons for
adopting the chosen method of attack, it is logical,
at this point, to draw attention to the results of
previous investigations. In view of the close
analogies between shale oil and petroleum and between
shale-tars and coal-tar some reference has been made
to these latter materials, although this summary is

not to be regarded as exhaustive.

One of the earliegt investigations of the
nitrogen compounds in shale oil was that of Williams,
(9) who in 1854 proved the presence of pyridine and
pyrrolic constituents in the naphtha fraction of

Dorset Shale 0Oil.

The earliest recorded investigations of
Scottish Shale 0il bases are those of Robinson (10)
and Robinson & Goodwin (11) who isolated four bases
of the so-called "Leucoline" series (CﬁHzn_liN) vize
012H15N, 015H15N, 014H17N and Clsﬂzlm. from the bases
boiling in the range 270-390°C. These combined

with amyl iodide, did not form cyanine dyes with

isoguinolinese. The bases were isolated by a
tedious process of repesated distillation and

crystallisation /
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crystallisation of the chloroplatinates and
methiodese. The authofs stress the fact that it was
extreme;y difficult to prepare solid dedvatives of
the crude bases, a fact which, although no doubt
partially explained in this case by the presence of
impurities, has been borne out in more recent
investigations of the higher boiling shale bases

| (vide infra).

In 1902-1903, Garrett & Smytﬁe (12I) examined
I the bases frem the grecn Naphtha" and "Green 0il"
fractions of Scottish Shale 0il by extraction with
dilute sulphuric acid and subsequent distillsation in
é rod and disc column. The fractions so obtained
were purified by fractional crystallisation of the
imercurichlorides. Pyridine and six of its
homologues were identified, vize. 2-methyl pyridine;
|2:3-, 2:4, 235, and 2:6-, dimethylpyridines and

234:6~trimethylpyridine.

! In 1905, Petrie (13) proved the presence of
pyrrole derivatives in the "Torbanite" of New South
’Wales, by colour reactions, and this has been
confirmed more recently in the case of Colorado
Shale 0il (14), the bases from which seem to be
composed mainly of pyridine homologues, but not

guinolines or isoquinolinese

} BEguchi (15) has carried out what seems 10
I 3 - 3
have been a most careful and thorough investigation

‘of the bases in oil derived from Fushun bituminous

‘shale./
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shalé€e By extraction of the oil fraction of

| boiling range 220-250°C., with 30% sulphuric acid,

he obtained a mixture of bases boiling over the range
106-280°C. Repeated fractionation through a 120 cm.
long 20 mm. dia. bead packed column, yielded '
fractions which were then treated with mercuric
chloride or picric acid, the solid derivatives so
obtained being fractionally crystallised to constant
melting point and reconverted to the pﬁre bases.
From the bases boiling up to 220°C. which were so
examined, the following compounds were isolated; all
the mono and dimethyl pyridines, 2:3:5-, 2:3:6-,
2:435-, and 2:4:6- trimethyl pyridines, 2:3:4:6-

6t rame thyl pyridine, 2-msThyl=d-obhyipyridties,
2-methyl-6-ethylpyridine, 2:6-dimethyl-4-ethyl
pyridine, and 2:S—Gimethyl—ﬁ-ethyljyridine. The
structure suggested for a further compound isolated
(pyrindane) was subsequently established by synthesis

(Thompson (16) ). In view of the similarity between

| Scottish and Fushun Shale, it has been interesting to

:campare the results of the present investigation with

ithose of Eguchi.

Dodonov and Soschestwenskaya (17) have
isolated the following compounds from Russian Shale
0il, by means of the mercurichlorides; pyridine,
2- and 3- methylpyridines end 2:4-, 2:5- and 2:6-

dimethylpyridinese

masmanian Shale 0il has been examined by

Cane (18) who isolated 2:4:6-trimethylpyridine and

.an/
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an unidentified trimethylquinoline, Basing his
iconclusions largely on considerations of refraétive
%index, boiling point and failure to dehydrogenate on
heating with selenium, Cane also inferred the
presence of "naphthenic" bases and the sbsence of t

}hyﬁroquinolines. This author also experienced

difficulty in preparing solid derivatives of the high

boiling bases and noted the toxicity of the vapours.

Kogerman (19) noted difficulty in preparing
| s0lid derivatives of the higher boiling bases from
!Estonian Shale 0il, but remarks that they are

‘pyridines and quinolinese.

A sample of "basic tar" from the same source
ias the material used for the present investigation
!has been examined in the laboratories of the
éAnglo-Iranian 0il Company (20) and the following
Ecompounds isolated as picrates, quinoline,
:isoquinoline, 2:4-dimethylguinoline and2:3:4:5-
:tetramethylpyridine. Blectrometric titrations also
?indicated the presence of bases much stronger than
5quinoline, and this together with failure to obtain
ithe expected yields of picrates from certain fractions
iled to the suggestion that long chain aliphatic bases
!were presente The separation methods used in this
Einvestigation included extraction of the tar with
Eacid and fractional distillation under reduced

'pressure (lowest pressure used, <0 mm. Hg.) The

ébest column used was one of 22-theoretical plates.

| . Lahnin /
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Sk (21)
Lanin and . Pozhil'tsova,have examined the
baseg obtained from "sapropel" of the Karasino lake -
region (Luga region U.S,S.R.) Primary and secondary

bases were absent but the following compounds were

separated and identified, 3-methylpyridine, 3=ethyl
ipyridine, 2-butylpyridine, 2:4-dimethylpyridine,

21 6-dime thylpyridine, 2:4-diethylpyridine, 2-me thyl-
6-c thylpyridine, 2-methyl-4-cthylpyridine, 4-me thyl-
!B—ethylpyridine, 2:?-dime thyl-5~ethylpyridine and

2:4:6~trimethylpyridine. °

A similar "sapropelic'material. ié“found in the
Coorong region of Southern Australia in association
with the substance known as "Coorongite". This latter

of
material, which is,algal origin, bears some resemblance

b1

to asphalt or crude india-rubber and is sometimes
regarded as the probable mother-substance of boghead
_coals and allied materials, and possibly of petroleum.
The bases derived from this source sre therefore .
interesting,in that they may be regarded as providing
a link between those derived from shale on the one

hand and petroleum on the other.

In particular,it is interesting to note that
2-butylpyridine was eamong the compounds iéolated,
whereas, with the exception of pyrindane isolated from

Fushun shale oil by Eguchi (loc.cit.), all the com-

spounds so far isolated from shale oils have been
‘methyl or ethyl compounds. Pyrindane, being the
iPYPidine analogue of indane, may be regarded as a

iCYClised derivative of 2- or 3- propylpyridine.

-
|

Summarising /

|




| methyl and ethyl derivatives; slthough pyrroles

| isoquinolines are present,but there is also reason to

| nitrogenous bases in petroleum is quite extensive,

0=

Summnarising, it may be said that previeus
work has shown the lower boiling shele bases to

consist almost exclusively of pyridine types, mainly

appear to be present in small. smounts there is
little or no indication of non-aromatic, primary, or

secondary bases.

In the higher boiling ranges, quinolines and

suspect the presence of more complex bases in which
the reactions of the pyridine or gquinoline ring
system, if present at all, are suppressed. Bases of
this type have in fact been isolated from certain

petroleum distillates. (vide infra).
2e Petroleumns

The literature dealing with the occurrence of

and it would be outside the scope of this summary to
attempt a complete surveye The following briefly
indicates the type of work which has been done and

the more important results obtained.

Crude petroleum contains complex nitrogen
compounds which cannot be extracted with acids but
can be concentrated by solvent extraction; according
toBailey and his co-workers, these may be pyrrole,
indole or carbazole compounds (22). These compounds

do not appear to have been examineds

The /
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The inevitable slight cracking which occurs
during the distillation of crude petroleum leads to
the breakdown of these complex materials and small
amounts of nitrogen bases are found in straight run
distillates, the amount increasing with rising
distillation temperature; a large proportion of the
nitrogen, however, remains in the form of compounds
which are not extracted by acid. As might be
expected cracked distillates contain a larger
proportion of simpler bases which appear to be

similar to those found in shale oil.

The bases from Californian oil distillates
were examined by Mabery and Wesson (23) who obtained
a mixture of pyridine polycarboxylic acids by
oxidation and concluded that the bases must consist

of alkylated quinolines or isoquinolines. No

| individual compounds were isolated.

Bailey and co-workers have conduc ted an
extensive series of researches on Californian
distillates during the period 1928-1942 and these
researches constitute in themselves a considerable
literature, important not only in the results
obtained, but in the methods worked oute Initially,
the kerosene fraction was examined (22): In this
case, after extraction with liguid sulphur dioxide,
(Edeleanu process),the nitrogen bases were extracted
with dilute sulphuric acid, which gave a complex

mixture of bases boiling within the range 180-335°C.

at atmospheric pressuree This mixture could be

separated /




separated into aromatic and non-aromatic bases by
extraction of the hydrochlorides with chloroform,

| the hydrochlorides of the non-aromatic bases being

fairly soluble while the aromatic base hydrochlorides

| were sparingly so. This process was subseguently

. improved and developed into the process known as

| "cumulative extraction" (24). Aromatic bases are of
the alkyl pyridine or gquinoline type; non-aromatic

| bases while possibly still containing a pyridine or

| gquinoline nucleus, have lost their character by the

accumulation of heavy side chains, or additional

rings, or by hydrogenation of the ring system.

For the isolation of individual bases, large
quantities of material were worked up and subjected
to repeated fractionagl distillation using efficient
| packed columns. Among other separation ﬁethods

worked out the following may be mentioned, fractional

Isalt precipitation, fractional acid extraction,

' formation of zinc chloride double salts( which on
distillation give the anhydrous base free from water,
hydrocarbons and sulphur compounds), fractional

'degassing of acid sulphites (25), etc.

The following alkylguinolines were isolated

fpom Californian distillates, and it will be noticed

2:3-, 2:4- and 2:8-, dimethylquinolines (26, 873

12:3:8- and 2:4:6~ trimethylquinolines (28, 24);
2:%:4:8-tetramethylquinoline (29); 2-methyl-8—

ethylquinoline (30); 2:S-Gimethyl—B-ethquuinoline(Blb

that they are invariably substituted in the 2- position.

2s /
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2:4-dimethyl-8-ethylquinoline (32); 2:3:4-trimethyl
\-8-ethylquinoline (33); 2:3-dimethyl-4:8-diethyl

‘quinoline and 2:3-dimethyl-4-ethyl-8-n-propyl

:2:5-dimethyl—s—n—propquuinoline (36); 2:4-dimethyl

quinoline (34); 2:3:8=trimethyl-4-ethylquinoline (35);

(~8-n-propylquinoline (37); 2:3:4-trimethyl-8-n-
iproyquuinoline (38); 2:3:4-trimethyl-8-isopropyl
Iquinoline (39); 2:4-dimethyl-8-sece.-butylquinoline(40)
2:3- and 2:4- dimethylbenzo(h)quinoline (41).

i As might be expected, the elucidation of the
!constitution of the non-aromatic bases has presented
iconsiderable difficulty. Bailey examined the
'non-aromatic base CipHgosN over a period of years
(28, 42, 43), but it was only in 1942 that the

structure was proved to be 2-(2:2:6=trimethylcyclo-

‘hexyl)-4:6-dimethylpyridine (44). Two further non-
laromatic bases CqgH1sN (45) and Cq1zHgqN (42) have been
lobtained from kerosene diatillates, but their

!structures have not been determined.

Lochte et al (46) isolated three further
'bases, also from kerosene distillates, vize Cq,H{pN,
%ClnggN and CqaHoqN. The Cqz base was not identical
with that obtained by Beiley (42) and the Ci3
compound was shown to be g;—z-sec.-butyl—ézs-dimethyl

pyridine. Lochte (47) has also isolated 3- and 4-

lcyclopentyl pyridines from the same source.

Two bases CqgsHqzN and CqgHisN isolated from a
\transformer oil by Bailey (29) are probably poly

nuclear /
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nuclear compounds. Their refractive indices are '

unusually high. ; |

As would be exPected,cfacked distillates l
yield a much higher proportion of simpler bases.
From a distillate obtained by cracking oil at 454°C
and 54-58 atm. Bailey and Bratton (48) isolated -
and 4- methylpyridines, R:4-, 2:5- 2:6- and 3:5-
| dimethylpyridines, 2:4:6- trimethylpyridine,

quinoline and quinaldine. These they believed,

accounted for all the bases present.

Haclmann and Wibaut (49) on the other hand, i
examined the bases from a Californian 0il cracked at i
500°C. and 30 atm. and presumably of different k
origin to that used by Bailey and obtained, in i
addition to all the compounds found by Bailey, a
large number of others, including 3-methylpyridine, : |'

the remainder of the possible dimethylpyridine§
2:3:6-trimethylpyridine, 4-ethylpyridine, 2:4-, 2:5-
and 2:6-methylethylpyridines, 2-ethyl-4-methyl
| pyridines, 3-, 4-, 7- and 8- methylquinolines,
I2:8--dime‘thy1quinoline, isoguinoline and 1- and &- |
methylisoguinolines. Several unidentified bases were |
also obtained.

Although the difference between Wibaut's and |
Bailey's results may be partially explained by the
difference in cracking conditions and feed stock, it

is still rather surprising. It is particularly

interesting that Bailey found no traces of

isoquinoline /




isoguinolines derivatives in either straight run or

cracked distillates. Isoquinoline has, however,

been found in shale oil (20).
| e Coal Tar.

Coal tar contains some 0.25% of nitrogen bases
including pyridine, quinoline, isoquinoline and their
homologuese Side chain nitrogen compounds which
also occur in coal tar have not been found in either
petroleun or shale oil. The early literature on

coal tar bases has been sumarised by Spielmann (50).

Kruber has published many articles since
1920 on the separation of these compounds, his method
consisting generally in distilling large amounts and
crystallisation of derivativese Jantzen in his
monograph (51) describes more novel methods

including counter current acid extraction.

The following list of compounds known to
be present in coal tar is based on the above
references and on a list supplied by Dre. J. Idris
Jones of the D.S.I.R. Only heterocyclic nitropen
bases of the types which are known to occur in shale
0il are included :-
1. Pyrrole (and unidentified pyrrole derivatives),
2. Pyridine, 2,-3 and 4-methylpyridines, 2:4-, 235~
2:6- and 3:4-dimethylpyridines,
9:4:6-trime thylpyridine, 2:3:4:8-tetramethyl
pyridine.
3. Quinoline, 2-, 3-, 4-, 5-, 6-, 7= and 8-
methylquinolines, 2:8-dimethylguinoline,
2:426-trimethylquinoline.

4. Isoquinoline, 1- and 3- methylisoguinoliness

e f
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The complete list
more complex heterocyclic

primary emines, nitriles,

includes a large number of
compounds, aromatic

etce
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SECTION GC.

1. Nature and Objects of the Present Investigation.

The processes which have been briefly outlined
'in the introductory section of this thesis are carried
out at the Pumpherston refinery of Messrs Scottish
0ils, Ltd., where some 100,000 gallons of crude shale
oil are processed daily, the daily yield of "Rasic
Tar" being of the order of 1500 gallons. Apart
[from its use as a fuel, there is no useful outlet for
‘this material, although experiments carried out by
Messrs Scottish Oils Ltd., have shown that it has some
value as an inhibitor for the prevention of corrosion

in acid pickling and cleaning baths.

Investigation of this material wes previously
1imited to that carried out by Messrs The Anglo-
Tranian 0il Company, briefly outlined in the previous
section, and there is no record in the literature of
any investigation of a similar industrial waste
broduct, although bases extracted from specific oil

fractions have been previously examined.

It was shown by Messrs Scottish 0ils Ltd. and
subsequently confirmed in the present work, that some
30-40% of the tar is distillable below 300°C at
atmospheric pressure, the distillate consisting
substantially of an extremely complex mixture of
heterocyclic bases. Assuming that this represents
the percentage of the mixed bases which could be
recovered on the commercial scale, the daily yield of

mixed /
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:mixed bases would then be of the order of 600
gallons and although this is only a small amount in
terms of modern oil refinery practice, it nevertheles
represents a considerable wastage of potentially

| valuable material, the yield of which could probably

be increased if circumstances demanded.

Bearing these facts in mind the principal
objects of the present research have been as follows:

| (a) The examination of the lower boiling point

' bases with a view to determining the relative
abundance and ease of separation of individual
components of commercial value. In this may be
included the study of the various separation
techniques involved, such as fractional
crystallisation of picrates, fractional extract-
sion, etc. and in particular fractional
distillation using highly efficient fractionat-
sing columnse

| (b) Comparison of the results with those of other
workers who have examined similar materials from
other sources, e€.g. shales from other parts of
the world, petroleum distillates and coal tar.

(¢) The separation of pyridine and quinoline
homologues, or more complex substances, which
are not readily available from other sources, or
by synthetic routes and the compilation of data
on these compounds.

Judged from these three standpoints, the
conclusions reached have been in general termis, as

followss:—

(a) The possibility of separating any single
component on a commercial scale is remotg. The -
complexity of the mixture is such that, in the
the lower boiling ranges at any rate, no
individual component is present in sufficient
quantity to make its commercial separat@on a
feagible proposition unless highly specialised
me thods can be developed. No doubt the
difficulty of separation will be even more
serious in the higher boiling ranges. The
elaborate treatments required also make i?
difficult to give any but the most appr011mate
indication of the percentage of any given
component presente

On /
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On the other hand, the research has been a
valuable medium for gaining experience in the
technique of fractional distillation,
although unfortunately the practical
difficulties encountered in certain directions
have seriously curtailed the time available
for the study of other techniques, such as
azeotropic distillation, fractional extraction,
chromatographic adsorption, etc. It would
appear, however, that any commercial outlet for
the bases obtained from the tar would have to
be for mixed fractions, unless of course the
mixture could be considerably simplified by
some process such as cracking. Examples of
the possible uses to which the mixed bages
might be put,include high boiling solvents,
inert media for reactions involving the
splitting off of acidic by-products (c.f. use
of pyridine as a solvent for acylation),
preparation of detergents of the quaternary
salt type (c.f. "Cetavlon", cetyl trimethyl
ammonium bromide), many of which have useful
bactericidal properties, etce.

Although time has permitted thorough examinat-
tion of only a few selected fractions boiling
up to 200°C., the results have been in fair
agreement with those of other workers in
gimilar fields.

It is almost certain that the lower
boiling point bases consist very largely of
alkylated pyridines, the alkyl groups present
being mainly methyl and ethyl. Refractive
index measurements confirm the conclusion that
the lower ranges are mainly pyridines, and
indicate the presence of quinolines in the
higher boiling point bases, although the
conclusions of other workers lead to the
expectation that more complex substances are
also present. Traces of pyrroles (as
indicated by colour reactions) appear to be
widely distributed throughout.

In spite of the difficulties of separation,
the narrow boiling fractions obtained by
precise methods of fractional distillation
afford a valuable starting point for a compre-
shensive study of pyridine and quinoline
chemistry and the study of separation
techniqgues. At the same time, there is the
possibility of obtaining compounds not readily
avaeilable by synthetic routes, many of the
syntheses in this branch of organic chgmistry
being rather tedious and at the same time
unsatisfactory from the point of view of yield

and /
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and availability of starting materials.

. A study of the literature reveals g
surprising amount of contradictory data, and
frequently a complete lack of data regarding
the physical properties of even the simpler
alkyl pyridines and quinolines, which must be
" largely explained by the relative
inaccessibility of many of these compounds,
particularly the alkyl pyridines. Any source
of these substances, therefore, even as
difficultly separable mixtures, can be regarded
as a subject quite worthy of investigation,
both from the point of view of the materials
separated and the evolution of the necessary
techniques.

It is significant in this connection that
there has been in recent years, a revival of
interest in the compilation of reliable
physical and thermodynamic data on known
compounds of established purity. This import-
sant task is well illustrated by the work of
the U.S. Bureau of Standards and the Department
of Scientific and Industrial Research. Many of
the large industrial concerns are glso partici-
pating in this work, and much attention has
recently centred on the heterocyclic nitrogen
bages, presumably because of their
physiological importancee.

2.Separdtion Methods and Identification of Componentse

The problem inherent in the present
investigation divided itself naturally into three
distinet phases: (a) separation of the volatile
bases from the "Basic Tar" and removal of non-basic
matter such as sulphur compounds, etc. (Db) separat-
sion of the bases into individual components or
mixtures suitable for examination by chemical
me thods and (c) identification of individual

componentse =
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i Of these, the first and last stages involved
!only consideration of well known and well tried
émethods- In the case of the former, the choice of
!methods was largely dictated by the scale on which
%the operation was to be conducted and the apparatus
availablee. In point of fact, these limitations so
reduced the number of possibilities that one only,
namely straight vacuum distillation, was considered
suitable. The reasons for this are discussed in the
"Experimental" sectione Identification of the
individual components was again largely a matter of
the application of standard methods, including
analytical determinations, preparation of derivatives
and determination of physical constants such as
boiling point, refractive index, molecular refractivif

infra-red absorption spectra, dissoclation constant,

etec.

The major part of the work centred around
the second of the three stages, that is to say,
separation into individual components, or simple
mixtures, suitable for chemical examination and since
the problem was one of separating mixtures of .
chemically similar materials, the methods employed
were largely of a physical nature, including fraction-
tal distillation, fractional acid extraction and
fractional crystallisation of derivatives. Other
methods which were considered, but not extensively
applied in the present work owing to limitations of
time, included azeotropic distillation and

chromatographic /
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chromatographic adsorption.

The literature of these subjects is extensive
and has been studied carefully during the course of
the present work. A review of the literature of
fractional distillation, which formed part of a
report submitted to the Department of Scientific and
Industrial Research at the end of the first year of
the present work, has now been expanded to include
the remaining methods cited above: However, to
!avoid any discontinuity in the main topic under
discussion, this has been included in the form of an

"Appendix" to this thesis.
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SECTION D.

Apparatus.

Much of the work having been concerned with
the construction, testing and operation of efficient
distillation equipment, this has been desecribed in
some detail. The following is a list of the
apparatus used in the present work in the order in
which it was employed :-

l. The 16-litre Gas Heated Vacuum Still,

2. The 14-Plate Eyelet Packed Column

3. The 100-Plate I.C.I. Gauze-Ring Packed

Column.

4, The 30-Plate I.C.I.Gauze-Ring Packed Column.
Additional apparatus, constructed or tested during
the courge of the work, but not extensively used,
includes :-

5. The 40-Plste Fenske Helices Column,

6. The l4-mm. I,C.I. Gauze-Ring Packed Column,

and 7. A Rotary Fractional Extraction Apparatus.

This equipment, plus certain auxiliary apparatus, is

described below.

|0ils Ltd., and situated at their Central Laboratory,

.1‘ The 16-litre Gas Heated Vacuum Still (Fig. 2)

This still, the property of Messrs Scottish

Uphall, was placed at the author's disposal by the
courtesy of the Chief Chemist, Dr. Smith, and was used
for the preliminary distillation of the Basic Tar and
subsequent redistillation of the crude bases. It
should be stated at the outset that the still was
ineither intended for, nor suited to the purpose for
which it was used, but since no more suitable

apparatus /
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apparatus was available it offered the only possible
solution to the problem in hand, snd in the
circumstances, stood up remarkably well to the
drastic treatment to which it was necessarily
subjected. The following is a brief descripfion of

the still and associated equipment.

The boiler consists of a cylindrical mild

steel vessel of 16-litre capacity with a dished botton
To the flat top of the boiler are connected the

following :

(2) A 2 inch diameter mild steel pipe, 5 ft. in
length forming the fractionating column,

(b) A stand pipe reaching to the bottom of the
boiler and fitted with a £ inch outlet valve,

¢) An inlet pipe and valve (not shown in Fig. 2),

d A mild steel thermocouple pocket.

At the base of the column, where it joins the
boiler, a graduated sight-glass is fitted. Vapour
pesses into the column through a short upriser, while
reflux is returned by a separate line at the base of
the sight-glass, fitted with a 3/8th inch valve.
When this valve is closed reflux accumulates behind
the graduated sight-glass and the whole thus forms a
simple type of reflux meter. This reflux meter has
not been shown in Fig. 2,since in practice it could

not be used owing to the accumulation of tar-spray in

the base of the column.

The top of the column is connected by the

normal type of gland fitting to a short length of
;wide bore glass tubing with a B.45 standard joint for
| connection to the still head and condenser assemblye

e

|
|

A/
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A simple weir type of total reflux variable
liquid take off still-head is used, the rate of take
of f being controlled by a grooved stop-cock. The
still head carries twin condensers, the upper ends of

which are comnected to the vacuum system.

The receiver assembly consists of two 250 ml.
graduated vessels connected in series through a stop-
scock and connected to the vacuum system through a
system of stop-cocks, so that the lower receiver can
| be brought to atmospheric pressure, emptied and
| re-evacuated,without disturbing the pressure in the

upper receiver or the still.

Vacuum is maintained by a Speedivac Pump
(Type 2), which is connected to the system via a
large trap containing solid sodium hydroxide, a ten
gallon buffer vessel, and a variable air leak. The
| pressure in the system is indicated by a mercury
U-tube manometer and controlled by manual operation
| of the variable leak. Pressure fluctuation, under
normel conditions of operation,is surprisingly small,
Idue t0 the presence of the buffer vessel, although
there is of course, a tendency for the pressure to

drift slowly.

Tor distillation at atmospheric pressure a
diaphragm geuge (0-25" water) can be comnected to
the inlet pipe of the still pot, for observation of

| the back pressure in the still.

The still pot is heavily lagged with magnesia-

:asbestos pipe lagging and supported by a thin metal
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casing which raises it from the ground sufficiently

to allow a gas ring-burner to be used for heating.

The column itself is wound in three separate
sections with resistance wire, each heating circuit
being controlled separately by a sliding resistance
lwith an ammeter in series. Three iron-constantsn
thermocouples, spaced evenly, are screwed into the
column wall, one at the centre of each heater winding.
‘These, plus a fourth couple which fits into the well
in the still pot, are conneéted through a system of
;switches to a direct reading "Cambridge" pyrometer.
%The column and heaters are alsp heavily lagged with

magnesia-asbestos, and both column end still pot are

painted with aluminium paint to further reduce heat
a

losses. Overhead temperatures are measured with an
lordinary mercury in glass thermometer.

|

‘ The column is packed for a length of 4's"
with boot eyelets, 1its efficiency calculated on the

figures obtained with the l4-plate column (vide infra)
|
#eing of the order of 7 - 8 plates at a boil up rate of

about 5 1 per hour, on total reflux.

The boot eyelets used in this column for the
present work were actually those tested and used in

the 1l4-plate column and are described below.

F. 14-Plate Column (Fig. 3 and Plates 1, 2 and 3).

This apparatus, based on similar types in use
lin the laborsastories of the Anglo-Iranian 0il Co. Ltd.
and /
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and on Institute of Petroleum specification 25/44,
wes supplied as a complete unit by Messrs Griffin &
Tatlock, Ltd. Before it could be put into operation
however, extensive alterations were required, and

in particular, the vacuum system was completely

| re-designed. The modified version of the apparaéus
is described below and it was used in this form for
the present work, when it proved a most valuable and
versatile piece of apparatus, its greatest virtues
being large capacity combined with rapid throughput

and relatively high efficiency.

The still pot is & 5 1 heavy-walled flask
with a B.34 joint on the neck and a B.19 radial neck
into which a thermocouple pocket fits. The flask is
supported by a ring wound with asbestos rope which in
its turn is supported by three short legs bolted into
a heavy Sindanyo shelf which also carries a 750 watt
circular boiling-ring element, symmetrically placed
so as to lie directly below, but not in contact with,
the bottom of the flask. The shelf and heater are
supported by three stout springs carried by a tripod,
the three igég;of which may be simultaneously
lengthened or éhortened by means of a chain and screw

mechanism. (Plate 3).

The entire still pot and heater assembly is
enclosed in a double-walled,asbestos lined, sheet iron
box, the space between the walls of which is packed .
with glass-wool. The back of the box is rigidly
fixed /
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fixed to the framework of the appsratus while the
remaining three sides can be removed in one section.
The 1lid is divided into two sections and the bottom
is formed by a very stout Sindanyo shelf, to which
the angle-iron framework supporting the apparatus is

bolted.

The neck of the flask where it projects from
the lagging-box is connected by the B.34 joint to a
reflux-meter of the type designed in the laboratories
of the Anglo-Iranian 0il Co. Ltd. It consists
simply of a short gradusted ﬁeasuring chamber, into
which the vapour upriser projectse. Reflux is
prevented from returning through the vapour upriser
by means of a flat glass cap fused on to the wall of
the measuring chamber, and normally returns to the
still through a small hole close to the lower end of
the vapour upriser. When it is desired to measure
the rate of reflux, this hole can be closed by a
steel ball operated by an external magnet and the rate
at which the measuring chamber fills can then be

measured with a stop-watch. (Plate 3).

The column itself is a heavthalled glass
tube, 36 mm. internal diameter with a B.34 cone at
the lower end and B.45 socket at the top. The
overall length is 4' 6" (packed length 4'), and the
tube is'supported at the lower end by the reflux
meter which is held in a clamp attached to the main

framework, and at the upper end by a loose fitting

ring /
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ring immediately below the cone joint and similsarly

attached to the main framework.

The still head, which is a simple weir type,
is supported by the column itself and has twin
condensers of the internal spiral type, the upper

ends of which are connected to the vacuum system.

Take off is controlled by a grooved stop-cock, fitted
|with a pointer and scale to facilitate repetitibn of
the setting. The thermometer is supported by a
pocket which fits into a B.14 socket in the still
head so that the lower end is completely immersed in

the vapour stream. (Plate 2)

The distillate leaves the still head by a
short side arm carrying a B.1l2 cone at its lower end,
this connects with a B.12 socket with 2 long stem
which in its turn is connected to the receiver
assembly by a close fitting rubber bung. This
arrangement.serves to impart some degree of
flexibility to the assembly, while at the same time
exposing the distillate to the smallest possible
chance of contamination from éhe rubber.

The receiver assembly consists of two 250 ml.
graduated vessels connected in series with connections

from each to the vacuum system. Stop-cocks on the

Ereceivers and vacuum lines, make it possible to
empty the lower receiver and re-evacuate it without
disturbing the pressure in the remainder of the

system. (Plate 2).

-
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For measurement of the bressure, two manometer
tubes and a simple barometer are mounted in a common
mMe recury reservoirs, One manometer indicates the
pressure in the still and upper receiver, while the
other is used to indicate the pressure in the lower
receiver when re—evacuating after removal of a
fraction. Pressures are measured by the difference
in the level of mercury in the barometer and manometer
tubes, a sliding cursor and scale being provided to

facilitate measurement. (Plate 2).

Heat losses from the column are balanced by
enclosing it in a brass tube wound in three sections
with resistance wire and provided with thermocouples
as in the case of the 16 l. gas heated still. The
heat losses are further reduced by a layer of Versil
glass-wool pipe lagging over the heater windings.

The thermocouples from the column lagging and still
pot are brought, via a cold junction bath, to a
multi-point switch and thence to a millivoltmeter.
Heat inputs to the three column sections and still
pot are separately controlled by Variac transformerss
The flask lagging box and column compensating lagging
are painted with aluminium paint to reduce loss of .
heat by radiatione. WWhen the apparatus is in
operation the still head is lagged by winding it with
a layer of asbestos rope, while the reflux meter is

heavily lagged with glass cloth. (Plate 2).

Vacuum System. /
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Vacuum System.

Unlike the 16-litre gas heated still,
pressure control on the 14-plate column is fully
automatic, and apart from very gradual drifts, mainly
due to the effect of the ambient temperature on the
mercury manostat, the pressure remains substantially
constant when once set. The sensitivity of control
varies somewhat according to the pressure at which
the apparatus is being worked; at 100 mm. for example
it is of the order of + 0.5 mm.Hg., and could no
doubt be reduced further by suitable thermostatic
control of the manostat, which has in fact been done
with the 100-plate column described later. Day to
-day pressure drifts, exceeding the normal limits of

error, are readily corrected by hand.

The system of control is substantially that
'described by Coulson and Warne (52) and operates as

follows (Fig. 3).

The cylindrical steel buffer vessel A (Fige3)
which has a capacity of about 5 litres, is comnected
to a mercury manostat A and a Speedivac pump. (Type 2
not shown in Fig. 3). The pressure in this vessel is
reduced until it is about 20 mm.Hg. below that at
which it is desired to operate the apparatus, and the
tap on the manostat A is then closed. Further

reduction of the pressure changes the level of the

mercury in manostat A and breaks the control circuit
of a "Sunvie" relay (not shown in Fig. 8) which

controls /
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controls the operation of the pumps The slight

time delay characteristics of the "Sunvic" relay,
cause the pressure in buffer vessel A to fluctuate
within certain limits but this has no effect on the
ultimate pressure in the still and in fact is an
advantage ,serving as it does to protect the pump from
foo frequent stopping and starting. The pressure in
buffer vessel B and the remainder of the system is
then reduced to the desired value by operation of the
bypass valve which links buffer vessels A and B.

When the pressure in the still has been finally

ad justed to the desired value the mercury-sealed
stop-cock on manostat B is closed, sealing off in the
closed limb of the manostat a volume of air at the
desired operating pressure. Any leakage of air into
the apparatus will now cause the mercury in manostat
B to complete a circuit.which causes a momentary
operation of the solenoid valve linking buffer
vessels A and B, and since A is at a slightly lower
pressure than B, the pressure in vessel B and the
remainder of the system is reduced until the mercury
in manostat B is restored to its proper level, break-

:ing the circuit and closing the solenoid valve.

The solenoid valve (Briﬁish Thermostat Co.
Ltd.) operates on 230 volts A.C. and to avoid the
fouling of the mercury in manostat B by the induc tive
sparking its operation is controlled through the
medium of an electronic valve relay of the type
described by Coulson and Warne (52). This operates

a /
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a miniature telephone type of relay which in its turm
operated a heavier battery relay which controls the
supply of current to the solenoid valve. By this
means only an infinitesimal current is earried by the
mercury in the manostat, and consequently there is no
fouling of the contactse. The electronic relay
asgsembly is shown in Plate 4.

It will be seen that, once set, the pressure
in the system cannot vary unless the pressure in the
closed limb of manostat B varies, and since leakage
is virtually eliminated by the mercury-sealed stop—-
cock, pressure variations in this bulb and hence the
remeinder of the system are substantially limited to
those produced by changes in the ambient temperature.

Packing Characteristics and Efficiency.

The packing originally intended for this
column was glass Raschig rings. Since however, the
boot-eyelet packing from the 16 1l. gas heated still

was avallable, this was used instead.

Data on the two types of packing were kindly
supplied by the Anglo-Iranian 0il Co. who found that,
using a column of the same dimensions as that described,
the efficiency obtained with glass Raschig rings was 7
theoretical plates as opposed to the 14 theoretical-
plates obtained using boot-eyelets. The boot-eyelets
were also found to have almost double the surface area
per unit volume and about 20 per cent more free space
than the Raschig rings when packed in tubes of
similar dimensionse.

The following data for the two types of

bPacking are taken from the figures supplied by the

Arerl o T asrdasw O3 Oammant [Mable 1)'
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! TABLE 1
| characteristics of Raschig Ring and Boot Eyelet Packings
Dimensions Raschig Boot Eyelets
Rings

Outside Dia. O+ 295" O.180"
(mean)
Inside Dia. 0. 21" 0.163"
Length 0.32" 0. 145"
Rim Dia. - 0.260"
Thickness - 0. 014"
(mean)
Weight (average)| 0.40 gm. 0.10 gm.
Surface Area 0.00398 sq.ft. 0.2319 sqg.in.
Free Space 0.71 0904
cu/ft./cu/ft.
of packing
Surface Area 206 395
sq/ft./£15
of packing
Number/litre . 1830 8750

in 4.7 cm. in 3.81 cm.dia.

diameter tube tube

The eyelets used in the 16-litre still were

made of thin brass, with a flange at one end, and we

%identical in form with those cormonly used in boots

|
tand shoese.

‘above table.
lafter /

When new, they were plated, and

substantially identical with those referred to in the

On removing them from the 16 1. still, |

=
|1‘
|
|

|
|

|




: several hours with sand, etching with dilute acid and

using the test mixture benzene-carbon tetrachloride.

.This mixture, although not suitable for efficient

| readily available in a pure state and gives reason-

| stetrachloride, can readily be avoided by calculating

-44- |

after distillation of the basic tar and re-distillat-
:ion of the crude bases, it was found, however, that
the plating had been completely stripped off; many
of the eyelets were badly distorted, and all were

heavily coated with a coke like deposit resulting

=

from decomposition of the tar. Before use in the

l4-plate column, they were cleaned by shaking for

copious washing with water. All faulty eyelets were
removed by hand picking. Fortunately, it was found
that the now unprotected brass was not seriously

attacked during subsequent distillations of the bases,

and the characteristics of the packing appeared to be

gsubstantially unchanged.

Before putting the column into service, the
plate efficiency under total reflux at atmospheric

pressure was determined over a range of boil up rates.

columns, has the advantage that the components are

:able accuracy with columns of less than about 20
theoretical plates. Analysis is simply and
accurately carried out by determination of the
refractive index, and the disadvantage of the constant

boiling mixture containing 91.8 mol. per cent carbon-

a suitable composition for the still charge.

It /
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It should be emphasised at this point that
measurement of the efficiency of a column in terms of
the number of theoretical plates to which it is
equivalent, is influenced by the choice of the test
mixture. Where possible, the test mixture should be
similar in nature to the materials for which the
column is to be used, and where this is not rossible,
as in the present case, the results are only valusble
as an indication of the approximate efficiency to be

expected. (Ward(53))
The tests were carried out as follows.

Benzene and carbon-tetrachloride (A.R.quality)
were purified by careful fractionation taking a heart
cut, which in each case, had a refractive index in
exact agreement with the value given by Ward (55).
The test mixture was made up on the assumption that
the column would havelan efficiency of about 20
theoretical plates, and the composition adjusted so as
to ensure working, as nearly as possible, on the centre

portion of the vapour-liguid equilibrium curve.

The thermocouple pocket of the 5 l. flask was
replaced by a capillary sampling line leading into a
sampling tube to which gentle suction could be applied,

and the receiver assembly was disconnected.

To carry out a detemmination, the boil up
rate was adjusted to the required value and the
column lagging jacket set at the appropriate tempe ra t-

sure /
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sure to ensure adiabatic conditions. After running
for several hours to establish equilibrium conditions

a sample was drawn from the still pot by first blow-

| clear it of stagnent liquid, and immediately after-
l:wards applying gentle suction so that about 1 cc. of
|1iquid was drawn into the sampling tube. While this
|was being done, three samples of a few drops each
were taken from the still head, the first few drops

| being discarded. As soon as the samples were taken

the boil up rate was measured.

The refractive indices of the samples were
imeasured on the Abbé refractometer, the mean value
being taken for the overhead samples (agreement was
|invariably within 1 or 2 units in the 4th decimal
place.) The mol. percentage of carbon tetrachloride
was estimated from the figures given by Ward (53),

which are based on these given in the International
!

'Critical Tables (54) and checked with the data of
|Rosanoff and Rasley (55), and the plate efficiency

!
was calculated from Fenskes equation (56)

1 = log Xi=¥) . log«
At o8 y( 1=x C

where n = number of theoretical plates in column

x = mol. percentage of carbon tetrachloride
in overhead
y = mole. percentage carbon tetrachloride
g in still pot
« = relative volatility.

The value of « was calculated from the equatio

given by Langdon and Tobin (57) viz.

= 140.000238 (91.8-X) where X is the
arithmetic mean of x and y.

| sing a few bubbles of air through the sampling line %o
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The same authors give a table of plates
versus composition for this mixture, and results
determined from this table, which is based on
Fenskés equation, agree closely with those calculated
directly. The results of the tests are summarised

in Table 2.

TABLE 2.

| Efficiency of Eyelet Packed Column used in PresentWorh

B.U.R. | Time Refractive Index| Compliol.| No. of
mls/hr.| before 001,
samplin Over- | Still Over|Still|Plates
(hours% head pot head| pot
94.0 3 1.4680 | 1.4758 74,5 155.0| 13.8
940 3 1.4682 | 1.4755 74,0 [55+8| 13.0
1980 2 1.4678 | 1.4758 750 [65.0| 145
2120 3 1.4682 | 1.4761 74.0 |54.6| 13.4
|| 3000 5 1.4681 | 1.4760 T4d.3 54.8| 13.7
{| 3000 8 1.4682 | 1.4760 T4.2 (4.8 137
| 4780 3 1.4682 | 1l.4764 74,1 [53.8| 139
| 8030 4 1.4679 | 1.4780 Td.6 0.0 16+4
! 8030 2 1.4678 | 1.4780 74.8 [50.0]| 1645

%the column, excluding that at a boil up rate of &

The average value for the plate efficiency of

litres per hour, which is close to the flood point,is
13.7, giving an HeE.T.P. of 3.5 inches. The packing
| was pre-flooded before carrying out the plate tests,

although it is known that the efficiency of this type

fof packing is not appreciably influenced by any

ipre-flooﬁing technique (20).

since the still pot heater (750watt) was

!insufficient to raise the boil up rate to the flood

|

1

point, /
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point, flooding was carried out by ad justing the
boil up rate to the maximum obtainable, and then
momentarily reducing the pressure in the still until
flooding took place. The flood point and column
:hold—up were not measured, but figures supplied by
the Anglo-Iranian Oil Co. Ltd. for a column of
Iidentical measurements, using the same packing are

| given below.
TABLE 3

Hold—up and Pressure Drop of Anglo-Iranian Eyelet
Packed Column

Static Hold up 7.8 mls.

Flood Point 7.0 1./ hour
old-up Fact (calculated)

= Up_2E8CROL 4,7/ml./plate/ml. /sec.

B.U. R.ml/hr.| Pressure Drop | Dynamic Total
after pre- (inches of Hold-up Hold-up

flooding water) (ml.) (ml.)
1390 0. 35 ol 59
1730 0, 65 53 61
2450 0.85 62 70
3360 1.50 69 (s
4250 2. 60 75 83
5000 2.70 82 90
6200 5.10 115 123

It should be pointed out that the above

- figureé were determined with petroleum ether

.(b.p. 60°C), and therefore do not apply directly to

| the benzene-carbon tetrachloride test mixture, or the
bases used in the present work, they are however,

an indication of the characteristics of the column.
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3« The 100-Plate I.C.I. Gauze-Ring Packed Column
(Fig. 4 and Plates 1, 5, 6, 7 and 8)

This column was almost entirely constructed
in the laboratory although a few of the component
parts (e.g. boiler, lagging box and adjustable tripods
were kindly supplied by the Anglo-Iranian 0il Company.
The design is partly based on that of similar columns
used by the Anglo-Iranian 0il Company and use has beer
made of the highly efficient gauze packing recently
developed by Messrs I.C.I. Ltd. (58) who were good
enough to supply data on this packing and on the
construction and operation of their own stills. (59).
The general lay-out of the column and euxiliary
apparatus is shown in Plates 1; 5, 6, 7 and 8, and
the detailed construction is shown in Fig. 4. The
vacuum system which was fitted at a later date is
similar in construction and operation to that used on
the 14-plate column, (although following more closely
the designs of Coulson and Warne (52) ) and has not

been shown in Fig. 4.

The apparatus and auxiliary equipment is
supported by a rigid framework of 3" gas piping,

firmly bolted to the floor and wall, and extending

to within a few inches of the roof, the overall height

of the apparatus being about 10 ft. 6 in. For ease
in attaching the usual laboratory clamps and boss-
theads a " mild steel rod is rigidly clamped to the

cross pieces of the framework and supports the column,

S

=
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reflux-meter, magnetic valve, receivers and still

head.

The column itself consists of two sections of|

20 mm. precision bore Pyrex tubing fitted with B.24
cone and socket joints, the overall length of each
section being 93.5 cm. Each section is packed for.a
length of 82.5 cm. with 1/16% X 1/16", 100 X 100 mesh
sguare weave, Staybrite gauze Lessing rings. The
two sections are mounted one on top of the other,
giving a total packed length of 165 cm. The packing
is supported at the bottom of each column section by
a spiral of nichrome wire resting on a slight
constriction of the column wall, with a few glass
Raschig rings to prevent the smﬁller gauze rings from
slipping out between the turns of the spiral. The
packing is similarly held in position at the top of
each section by a ring of Staybrite gauze sprung

into position immediately helow the top come joint,

and held in place by a few glass Raschig ringse.

Bach column section is provided with an
electrically wound compensating lagging, consisting
of a length of 1i" bore Fibreglass steam pipe lagging
3% in thickness, covered with three thicknesses of
asbestos paper on which is wound 100 turns of
"Brightray" nichrome tape, with a resistance of
11 ohms per yard, the total resistance of each windin

being about 250 ohms.

o

5

To /



| position by a further layer of asbestos paper hardened

? with a coating of sodium silicate gsolution, and by a

One junction is attached to a small copper collecting

| wall of the column, while the other junction, the

~51~ |

To compensate for end losses, the turns of
the winding are more closely spaced towards the top
and bottom ends of the upper and lower lagging

sections respectively. The windings are held in

close fitting outer layer of Fibreglass lagging 11" im
thickness, outside diameter 6. The column is thus

insulated by a double layer of Fibreglass approximate

:ly 24" in thickness with a concentric heater winding
at a distance of about 1" from the column wall. An
unheated extension of the lower lagging section
accommodates the junction of the two column sections,
so that only the upper and'iower joints are exposed.
When in operation any exposed parts of the column are
protected by removablé laggings of Fibreglass or

asbestos rope. (Plate 5).

Each lagging section is provided with two
copper—-constantan thermocouples at distances of 11"
from the ends. The hot junctions of these couples .
are immediately over, but insulated from, the
windings. In addition, there is at the centre of
each lagging a differential thermocouple, consisting

of two copper leads joined by a short constantan leads

plate on the imner wall of the lagging, adjacent to tFa

E.M.F. of which opposes that of the first, is

attached to a similar collecting plate in close

thermal /
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thermal contact with, but insulated from the winding.
In practice, only these differential thermocouples
are used during a distillation, and with a sensitive
galvanometer, any lateral heat flow is immediately
evidenced by a defléction, the direction of which
indicates whether heat is flowing to or from the
columne This type of couple has been found ideal
for the close maintenance of adiabatic conditions
iand simulates current practice in adiabatic

calorimetry.

The laggings are independently controlled by
Variac transformers, supplied with either 110 or 230
volts, A.C., and normally, heat input is adjusted so
that there is a slight but insignificant loss of heat

from the column.

'The boiler consists normally of a 3 1l. heavy
walled, Pyrex flask (smaller gizes of flask are
available) with a B.24 joint on the neck and a boiling
tube extension at the bottom, over which a removable
heater, consisting of a nichrome wound aluminium tube,
insulated on the outside with a layer of fireclay
cement, may be fitted. The flask and heater are
supported on an adjustable tripod with a sprung seat-
ing, which rests on a smaller fixed tripod. The
%oiler assembly is efficiently insulated by a lagging
box (Plate 6) similar to that on the l4-plate eyelet
packed column, although smaller in size. Heat
input to the boiler is controlled by a Variac and

amme ter.
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Between the boiler and the bottom of the
colunn there is a reflux-meter with removable
lagging and a megnetic valve. (Fig. 4). The former

is identical in design with the reflux-meter on the

l4-plate column, but of a smaller capacity, while the

me.gnetic-valve, designed by Messrs I.C.I. Ltd. for
use with thelr gauze-ring packing, consists simply
of a short length of tubing with a B«.24 joint at
each end, in which there is situated a simple type
of plate valve, coupled to a short bar magnet and
operated by an external system of movable magnets.
Its sole purpose is to limit the return of reflux
when flooding the column, prior to carrying out a
distillation. Thus, when the valve is closed,
reflux builds up from the bottom of the column
until the entire packing is submerged in a column of
liguid and completely wetted by the liquid. : On
cracking the valve open, the reflux drains back at

a controlled rate and the column is ready for running
to equilibrium.

Still Head.

Alternative types of still head are available
for this columne. In Pig. 4 and Plate 5 there is
shown a simple type of total-reflux variable liguid
take off head. Take off is adjusted by means of a
grooved stop-cock, fitted with a pointer and scale
for ease of setting. The vapour-upriser 1is
surrounded by a vacuum-jacket to avoid excessive

condensation and temperature fluctuations due to

draughts. /
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draughts. This type of still-head suffers from the
disadvantage that the take off rate rarely remsins
steady for long periods, and this is especially
noticeable at low take off rates of the order of

10 ml. per hour. The solvent action of the bases
also mekes lubrication of the stop-cock difficult

and attempts to find a satisfactory insoluble
lubricant have been unsuccessful. (Apiezon-l is

the grease generally used; Silicone grease was found

to be unsatisfactory).

An alternative type of still head, which has
beeﬁ used and found very satisfactory, both at
atmospheric pressure and under reduced pressure, is
shown in Plate 7. This is the tiﬁping bucket still
head designed in the laboratories of the Anglo-
Iranian 0il Co. Ltd. (60). It also is a total-
reflux, variagble liquid take off head, The reflux
after returning from the condenser, passes via a
small auxiliary condenser to a small glass bucket,
the overflow from which is returned to the column.
At intervals, an external solenoid is energised,
attracting a small counterweight to which the bucket
is attached and ejecting a measured volume (0.5 ml.)
of distillate. The rate of take-off is thus determin-
:ed by the setting of the timer, which controls the
supply of current to the solenoids Although highly
satisfactory in operation, since it enables a
predetermined rate of take-off to be maintained over !
long periods without attention, this type of still |
head /
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head suffers from the theoretical disadvantage of
returning cold reflux to the column. This may
result in slight loss of fractionating efficiency
in the top few inches of packing due to the

disturbance of equilibrium conditions.

The tipping bucket still head is very well
suited to vacuum operation, since it avoids the use
of a stop—cock. Unfortunately, owing to the
difficulty of construction, the still head shown in
Plate 7 was only avallable during the last stages of
the present work. It_is shown fitted with a fibre-
tglass lagging to prevent excessive condensation of
vapour, and for use with high boiling fractions a
heater winding and differential thermocouple are

provided.

With both types of still head an efficient,
double-surface, spiral réflux condenser is used.
This is provided with an unsilvered vacuum jacket to
prevent excegsive condensation of moisture on the
outer walls. For atmospheric pressure operation, a

water jacketted burette is used as a receiver.(Fig.4)

Packing Characteristics and Efficiency.

The efficiency of this column is such that the

more readily available test mixtures, such as benzene-
‘earbon tetrachloride'and benzene-ethylene dichloride
are quite useless, since the degree of separation
obtained would be so great that small errors in the
determination of the composition would produce

disproportionately /
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disproportionately large errors in the results.

Of the test mixtures commonly used‘only the
system n-heptane-methylcyclohexane, is suitable for
columns with an efficiency of more than sbout 50
theoretical plates. Unfortunately, pure n-heptane
| is not readily available and although specimens from
several sources were subjected to the most efficient
' fractionation, it was found to be impossible to
isolate a fraction of the required degree of purity
(as determined by measurement of Refractive Index).
Very pure methylcyclohexane, on the other hand, was
readily obtained by careful fractionation of the
commercial product, and possibly this could have been
used in conjunction with one of the inseparable
‘mixtures of isomers obtained from commercial heptane.
'It was decided, however, that the expenditure of time
in re-determining the analytical data for such a
system would not have been justified. The
possibility of synthesising pure n-heptane by
Iketonisation of n-butyric acid and Clemmenson reduct-
sion of the di-n-propyl ketone so obtained was

similarly dismissed.

Quite recently, the test mixture benzene-
thiophene has been proposed by Coulson and Herington
‘(61), and although it is not certain that this system
would be suitable for columns of the order of 100
theoretical plates, it offers a possible solution to
the problem. By the time this method was published

lhowever, /
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however, the column was in daily use and it was not

expedient to carry out tests.

Fortunately, Messrs I.C.I. Ltd. were good
enough to provide full information of their own
experiments with this packing (59) and from the data
supplied it was possible to make what is probably a
fairly reliable estimate of the characteristics of

the column used in the present work.

The LG5l gauze-packing,which is in the form
of Lessing rings fabricated from fine mesh square
weave gauze has been described in the patent
literature (58) and possesses some rather unigque
properties. In particular, its efficiency varies
markedly with boil up rate, increasing rapidly as the
boill up rate is reduced. This characteristic is
shown to a lesser extent by other gauze packings,
such as the Stedman and Lecky and Ewell types. The
packing has a large surface area per unit volume and
comparatively small hold up. The increase of
efficiency with decreasing ring size is more than
proportional to the increase of surface area, while
the increased hold up is less than proportional to
the increase of surface area. The pressure drop
through this type of packing is fairly small, making
it suitable for use at reduced pressures. In many
| respects therefore, this packing may be said to be
one of the most valuable which has yet been described
and as far as efficiency is concerned, in terms of

HeEo ToPo /.




—-H8=

H.B.T.P. it is unsurpassed.

The column which has been used in the present
work is packed with 1/16" X 1/16" rings, fabricated
from 100 X 100 mesh square weave Staybrite gauze.

(The ring size is based on the dimensions of the
formming tool on which the rings are made and does not
represent the actual dimensions of the rings which are
as follows: ZLength (mean) 0.067"; Diasmeter (mean)
6.086".) When freely packed there are approximately
102,200 rings per litre, corresponding to 2,895,000

per cubic foot.

The following data for the column used in the
present work are calculated from the figures provided

by Messrs I.C.I. Ltde

Static hold up = 21.2 gm.

This is based on data given for hold up of
IlOO gm. of 1/16"™ 100 mesh Staybrite gauze rings,
measured with 2, 2,4-trimethylpentane after 10 minutes
draining.

Dynamic hold up.

The variation of dynamic hold up with boil up
rate is given in Table 4 and Graph 1.

TABLE 4

Boil up rate (gm/hr.)| Dyneamic hold up (em)

200 44.1
400 54.1
600 64.2
800 T3e4
1000 84.0
1200 94.5

1400 109.1
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These figures are based on data given for 1/16" 100
!mesh'phosphor—bronze gauze rings. The determinations
were carried out in a column of 3" bore, 2'3" long, |
using 2, 2, 4-trimethylpentane (drainage time 10
Iminutes). Allowance has been made fo? the
difference in the diameters of the columns, but no

correction could be made for the difference in gauze

material, the effect of which is probably very small.

Theoretical Plates.

The effect of boil up rate on the number of
theoretical plates is shown in Table 5 and Graph 1.
TABLE &

Efficiency of 100-Plate Gauze Packed Column.

Boil up rate (gm./hr.) | Theoretical Plates

400 255.8

600 178.3 column
800 1364
1000 112.0 preflooded
1200 95.0
1400 82.8

The figures were obtained by extrapolation of
data given for 1/16" 100 mesh, phosphor-bronze gauze
rings in a 2" bore column 12" long. Allowance was
made for the difference in diameters, making use of
the fact that for small changes
Efficiency ¢ & . It was assumed that

(Diameter)<
efficiency was directly proportional to length,

although this is not strictly true, since increase of

column /
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column length follows the law of diminishing returns.
No allowance could be made for the difference in
gauze material, but the effect of this is known to be
small. The tests were carried out using the

mixture n-heptane-methylcyclohexane.

It will be observed from Graph 1,that the
efficiency increases rapidly with decreasing boil up
rete. The limiting factor with this type of packing
is apparently the boil up rate at which the reflux is
insufficient to maintain a complete liquid seal in
the interstices of the gauze, on which the efficiency
of the packing apparently depends. It is for fthis
same reason that thorough preflooding of this type of
packing is particularly important, hence the use of

the magne tic valve at the base of the column.

During the present work a boil up rate of
900~1000 ml. per hour has generally been used, giving
an efficiency of the order of 112-120 theoretical
plates and providing more than sufficient reflux to

ensure thorough wetting of the packing.

It should be borne in mind that, although
plate efficiencies determined with a hydrocarbon
mixture are probably applicable %o other mixtures of
hydrocarbons, they may not be applicdble to such
widely different materials as pyridine bases, anq
therefore serve only as an indication of the order of

efficiency of the column, so far as the present work

is concerned. It is interesting to note in this

onmrnondtd s /S
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cormection that DOstrovsky and Hughes (62) use a
column 12 ft. long 20 mm. in diameter packed with
1/16" phosphor-bronze rings for concentration of the
heavy isotopes of oxygen in water. From the
separation achieved they estimate the efficiency as
being about 450 theoretical plates, at a boil up rate
of 500 ml. per hour. This is rather lower than
might be expected, but it must be remembered that in
this case, the relative volatility is exceptionally
low, and the high surface tension of water may inter-

fere with the proper wetting of the packing.

Constant Voltage Supply. .

During the earlier stages of work with this
column, it was soon noticed that the boil up rate
fluctuated in an irregular manner, and sometimes
there was a total stoppage in the flow of reflux with
consequent loss of equilibrium and draining of the
packing. The fault was soon traced to variations in
the mains supply voltage, sometimes amounting to as

much as +15 per cente.

The problem was ultimately solved by feeding

1

the power supply through a constant voltage transform
| ser (Advance Components, Ltd.), the output of which
| remains substantially constant at 230 V. + ca. 1i'per

| cent, throughout a wide range of input voltages.

Operation /
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Operation under Reduced Pressure.

The 100-plate column has been used in the
present work for the close fractionation of narrow
| boiling cuts obtained from earlier distillations
carried out under reduced pressure. During the

iearlier stages of the work it was found quite
satisfactory to operate this column at atmospheric

' pressure and in spite of the long period of time
required for a distillation (a charge of say 1800 gnm.
requiring about a week of contimuous operation),
'there was no evidence of apprecieble decomposition,
although the residues from the still pot were usually
jvery dark and occasionally slightly tarry.l It was
felt, however, that with higher boiling fractions, the

risk of thermal decomposition might become more serious.

'In addition, it was observed that with high boiling

\fractions (b.p. 190-200°C), there was a marked
étendency for the overhead temperature to fluctuate
and ultimately it became difficult to maintain a
steady boil up rate. The apparatus was also observed
'to become extremely susceptible to slight draughts in
the region of the still heade. It was decided,

therefore, that before any further distillations could

be carried out the apparatus would have to be converted

[=7]

to vacuum operation. The change over was accomplishe
without great difficulty and the results more than
justified the labour involved in the conversion.

Fluctuation of the overhead temperature waes

l'c:mn.pl&satel;,r/

.
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completely eliminated, susceptibility to draughts
| became negligible and the advantages of avoiding
decomposition, and working at a fixed steady pressure
which is independent of the atmospheric pressure,more
than outweigh the slight disadvantages of reduced
| pressure operation. Moreover, it has been possible
| to instal a safety cut-out device so that should any

part of the vacuum system fail while the apparatus is

[unattended, all power is automatically cut off.

The useful working range of the vacuum system
is from about 20 mm Hg. up to several hundred mm.Hg.
(Below 20 mm. Hg., the pressure drop due to the column
cancels out the advantage of working at low pressure,
and at high pressures, the sensitivity of the vacuum

control system is somewhat reduced.

There is comparatively little in the literat-
sure to indicate the effect of pressure on the
'efficiency of fractionating columns. According to
Docksey and May (63), however, there is no marked

effect down to about 10 mm. Hg.

The vacuun system has not been shown in Fig.4.
but since it is very similar to that used on the
14-plate column, it is only necessary to draw

attention to the points of difference.

|

Vacuum System.

Like the vacuum system of the 14-plate column,

the pressure control is again carried out in two

istages /
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stages and follows very closely the system described
by Coulson and Warne (52). The low pressure buffer
vessel A (Fig. 3) is shared in common with the

14-plate column and avoids duplication of the manostat
A (Fig. 3) and Speedivac pump. If the two stills are.
to be operated simultaneously at different pressures,
the pressure in A is maintained about 20 mm. ﬁg.below1
the pressure in whichever of the two stills is

loperating at the lower pressure.

The place of buffer vessel B is taken by a
10 1. bolt-head flask, enclosed for safety in a sheet-
iron casing (Plate 5). The solenoid valve is
replaced by a simple type of flap valve, operated by
ia small electromagnet, the whole valve assembly being

attached to a glass tube drawn out to a jet, which is

normally closed by the flap valve. The valve assembl

~

is mounted inside the 10 1. bolt-head flask and
supported by a rubber bung through which the glass tube
passes, the other end of the tube being connected
directly to buffer vessel A. Vacuum connections to
the still head condenser and receiver system pass
through the rubber bung closing the 10 1. flask,which'
is maintained at the still operating pressure. To
protect the flap valve from damage in case of
laccidental flooding, or overflow of the receivers, a
o 1. bolt-head flask, which serves as a catchpot, is
connected in series between the 10 1. flask and the

still (Plate 7). The effective volume of the

apperatus /
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apparatus 1is thus increased by about 12 1., all of
.which is maintained at the still operating pressure,
and effectively reduces the influence of leakage and
Iminor pressure changes in the still. Manostat B is
]replaced by a sulphuric acid manostat of the type
described by Hershberg and Huﬁtress (64), containing
|sulphuric acid of density about 1.7, which greatly
increases the sensitivity of the system. Fér easein
megking minor adjustments, this manostat is mounted on
a pivot and can be rotated through a small arc by
means of a screw mechanigm. The sulphuric acid
manostat is connected via a small safety trap to the

10 1 flaSkn

To eliminate the effect of ambient temyerature
on the sulphuric acid manostat, it is mounted inside g
'wooden box fitted with a simple bi-metallic thermostat
(Sunvic type T.S.3.) and a heater.consisting of a 25
watt lamp. (Plate 5). The box is thus maintained at
an arbitrarily chosen temperature, a few degress above
room temperature, and although temperature control
inside the box is not close, fluctuating in a regular
manner over a range of 1 or 2°C, the period of the
system is so rapid that ,in effect, the air enclosed by
the manostat is maintained at a substantially constant

ﬁemperature.

Operation of the system is as follows. Any
rise of pressure in the still alters the level of the
sulphuric acid in the manostat, causing it to break

contact /
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contact with a tungsten electrode, the point of which
is normelly in contact with the surface of the
sulphuric acid. This electrode, and another which is
below the surface of the acid, form part of the grid
circuit of a simple triode amplifier ( (52)Plate 4).
The change in grid potential causes an increase in
the anode current which is sufficient to operate a
miniature telephone type relay, and this in turn
operates a 40 V. local battery circuit, energising
the coil of the flap valve inside the 10 1. flask.
Air then passes from the 10 1. flask to buffer vessel

A (FPig. 3) reducing the pressure in the.10 1. flask

¥

and the still, until the status guo is restored. The
sensitivity of the system is of the order of 0.1 -

0.2 mm. Hg. (at 100 mm. Hg. operating pressure).

A set of manometers and a barometer, similar
to the assembly on the 14-plate column, indicates the
pressures in the still and receivers (Plate 8). As
with the 14~plate column, two receivers in series are
used, a tap manifold making it possible fto drain and
re-evacuate the lower receiver without disturbing the
pressure in the rest of the system. The receivers
are connected to the tipping bucket still head by a
long wide bore tube, so that they are at a convenient
level for emptying. Liquid hold-up in the comnecting

tube is negligible.

During long periods of operation there is a
gradual pressure drift, usually of the order of 0.5 mm.

Hg. /




Hg. in twelve hours. This is readily corrected by

hand as necessary.

Ml agk Heater.

The normal type of heating arrangement,
consisting of a tubular heater which fits over s
boiling tube extension on the base of the flask, is
‘not suitable for vacuum operation owing to the risk of
bumping and the danger of the flask collapsing. A
plain 3 1. heavy walled round bottomed flask with a
B. 24 neck is therefore used. The tubular heatef is
replaced by a 750 watt cylindrical bowl-fire element

suspended from the adjustable tripod. (Plate 6).

safety Cut-out.

Since the 100-plate column requires to be run
under total reflux for a period of approximately ten
hours in order to establish thermal equilibrium after
:starting up, it is obvious that for it to be of any
practical value it must be operated continuously night
and.day. During the earlier stages of the work this
difficulty was overcome by arranging the work of the
laboratory on a shift basis, so that the still was
never unattended for more than a short period. In
the later stages of the work the still was frequently
allowed to operate over-night on total reflux, and,
with the advent of .the tipping bucket still head, it
was sometimes possible, when operating on a flat part

|

of the distillation curve, to arrange for distillation

to /
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| to be continued over-night without attention. When
operating under reduced pressure however, the slight
risks involved in this procedure became positive
hazards, and 1t was considered advisable to arrange
;for automatic cutting off of the power supply in the
event of a failure in the vacuum system. This has

been done as follows.

One gide of & gmall and rather insensitive

jmercury menostat M (Fig. 5 and Plate 7) is connected
1to the catch-pot and maintained at the operating
pressure of the still. When the apparatus is left
unattended the tap on this manostat is closed, any
change in pressure then results in a rise in the
mercury level in one or other of the limbs, depending
on whe ther the pressure in the system rises or féllsg
The mercury levels are so adjusted that if this rise
exceeds 1 or 2 mme. & cilrcuit is closed, irrespective
of whether the change in levels is due to a rise or
fall of pressure in the systeme« This manostat is
connected to a relay set, the circuit diagram of
which is shﬁwn in Fig. 5. Operation is as follows:
A is a three pole heavy duty relay, the contacts of
which are nommally open but close when the coil is
energised, the coil operates on 230 V a.c. Relays B
and C are single pole battery operated relays, the
contacts of B are normally open, those of C normally

closed, these conditions being reversed when the

respective coils are energisede

Th




N

It will be seen from the circuit diagram that
when the push button P is pressed,relay B 1s energised
by the 40 V. local battery supply. This in turn
energises the_coil of relay A, which in turn short
circuits push button P and connects the mains and
battery supplies to the still. The relays A and B are
then mutually self energising and self holdinge. Any
movement of the mercury in manostat M completes a
circuit momentarily energising relay C, the contacts
of which open, releasing relay B and hence releasing
relay A and cutting off both mains and battery
supplies. Condi tions cannot then be restored until
the manostat circuit has been broken, and the push
button P pressed again. OCbviously a temporary
failure in the mains or battery supply will have the

same effect.

The degree of latitude allowed in pressure

control may be altered by varying the level of mercury

in manostat M. Normmally this is adjusted so that a
change of about 1-2 mme. Hg. is sufficient to operate
the cut out, and since this is well beyond the normal
limit of sensitivity of the vacuum system, there is

little danger of an accidental cut out.

Operation.

After charging the flask, re-greasing and
making up the joints, the system is tested for leaks,

if operating under reduced pressure. Any serious

leaks /
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leaks are attended to by re-greasing the appropriate
joints or taps and the pressure is then set at the
required value and the electronic relay set switched
on. If all is well there will be no detectable
change in the pressure, as indicated by the

manome ters, and the electromagnetic flap-valve will
operate regularly, at intervals of not less than
gbout twenty seconds. The frequency of operation
usually decreases to about onge per minute or even
less, when the system has been in operation for some

time.

The heating circuits to the boiler and
column laggings are then switched on and the voltages
ad justed to appropriate values depending on the boil
up rate required and the boiling point of the charge.
When a steady reflux appears at the still head the
colunn lagging jackets are set to the correct
temperature to ensure adiabatic conditions and the
boil up rate brought to the required value. During
this heating up period, it is often convenient to
switech off the electronic relay, and by opening the
appropriate téps, operate the entire system at the
pressure of buffer vessel A. (Fig. 3), which is
usually about 20 mm. Hg. below the normal operating
Pressure of the system. This avoids too frequent
operation of the electromagnetic valve due to the

expulsion of the expanding air in the still.

The column is then flooded by closing the

magne tic /
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magnetic valve (Fig. 4) until a column of liguid
reflux builds up frqm the base of the fractionating
column, and finally appearg immediately below the
still head. The column is then deflooded by crack-
¢ing open the valve and allowing the liguid to drain
back slowly into the boiler. This operation
requires some skill when operating under reduced
pressure, as there is a tendency for a seal of
violently boiling liquid to form near the top of the
packing, while the lower portion drains more or less

completely.

After flooding, final adjustments are made to
bring the pressure to the desired value and when all
conditions are stable, the column is run to
equilibrium for a period of gbout 10-12 hours, or
until there is no further drop in the overhead

temperature.

Take off is then started by either opening
the tap on the still head, or if the tipping bucket
8till head is used, by switching on the timer which

controls the solenoid at the still head.

Normally a boil up rate of 900-1000 ml/hour
is used at a reflux ratio of approximately 100:1. The
take off rate is, therefore, of the order of 9-10 ml.
per hour. A charge of say 2000 ml. requiring
approximately 180 hours for complete distillation,

after allowing for column hold-up and a reasonable

volume /
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volume of residue.

Automatic Vacuum Distillate Take-off.

An automatic vacuum digtillate take-off was
constructed to the design of Brown and Coles (65) and
fitted to the 100-plate column. This apparatus
consists essentially of a glass bell-jar sealed to a
brass plate with six-holes, each of which communicates
with a separate receiving flask. Distillate is
directed to each of the holes in turn through a
movable delivery tube mounted in a bearing and sealed
into the neck of the glass bell.  Rotation of the
delivery tube is controlled by a small bar-magnet
thch aligns itself between the poleg of three pairs
of external electromagnets, each pair being energised
in turn by a timing device. The net result is that
six fractions may be collected without any attention
to the apparatus, the distillate being directed to
each of the six receivers in turn at predetermined

intervals.

Unfortunately, this apparatus was not
available until a late stage in the present work. It
was also found to be rather uncertain in action and
subject to leakage under vacuume. Unfortunately,
also its fitting coincided with the appearance of a
s0lid fraction in the distillate from the 100-plate
column, so that its use had to be discontinued almost

immediately and it was not replaced.

A/
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A study of this apparatus, showed that there
is a real need for some simple and reliable form of
automatic fraction cutting device suitable for

vacuum work, but unfortunately, it was not possible to¢

pursue this matter further during the present work.

4. 30-Plate I.C.I. Gauze-Ring Packed Column.

During the interim period, while the
100-plate column was being converted to vacuum
operation, distillation work was almost at a stand-
still, since all the bases had already been
fractionated in the 14-plate eyelet packed column.
As a tempdrary measure, this column was re-packed
with " X " I.C.I. Staybrite gauze rings of 60-mesh
sguare weave gauze. This provided a column of
egfficiency and throughput intermediate between jphose
of the l4-plate and 100-plate columns, which, while
lacking the resolving power of the 100-plate column,
made it possgible to continue fractionation of the
higher boiling bases. The packed length was retained
at 4 ft. and since no alterations were made other than
the change in packing, no description of the

apparatus is necessary.

[Packing Characteristics and Efficiency.

The static hold-up has been estimated from
figures provided by Messrs I.C.I. Ltd. (59) for
2:2:4—trimethylpentane, and is approximately 3 gm. No
figures are available from which the dynamic hold-up

ca&n be caleulated, but this is believed to be
correspondingly /




correspondingly small. {
1
|

Efficiency tests were carried out at
atmospheric pressure using the test mixture benzene-
carbon tetrachloride, the results of which are given

in the following table (Table 6).

TABLE ©
Bfficiency of 30-Plate Gauze Packed Columne.
B.U.R. Overhead Still-pot Theoretical Plates
(ml/hr.) | Mol% Mol% (from Table of Langdon
CCly CCly and Tobin (57) )
5200 64,16 16.94 20.0
3600 AlS6TnD il 17.44 220
2180 73.20 17.44 Eieil;
2000 i TR 16. 92 26.2
1500 76.10 153.08 385
765 84.52 16.92 48.8
By extrapolation
|

The column was preflooded by sudden
temporary reduction of the pressure before carrying
out the above tests and brought to equilibrium by

running for several hours on total reflux.

It will be noticed that, as with the 100~
plate column, efficiency increases rapidly with
decreasing boil up rate. The anomalous result for
a B,U.R, of 2000 ml./hr. was probably due to imper-
sfectpre-flooding of the packing. Although a high
efficiency can be cbtained by operating at a boil up

rate of less than 1000 ml./hr. this is probably |

approaching /
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approaching the point at which the rate of reflux

is barely sufficient to keep the packing wet.

This column has normally been operated during
the present work at a boil up rate of 1500 ml./hr.
and a reflux ratio of ca. 30:1. The column is thus
referred to in this thesis as the 30-plate column,
gsince this is the approximate efficiency to be

expected under these conditions.

5. 40-Plate Fenske Helices Column.

This was supplied as a complete unit by
Messrs Griffin & Tatlock and is based on designs of
the Angio—Iranian 0il Company Limited. Its general
design closely resembles that of the 100-plate column
although it lacks many of the refinements of the

latter.

The main differences are in the packing, which
in this case consists of single turn glass Fenske
helices (internal diameter 0.125") and the absence of
a2 magnetic valve, which is not required with this type
of packinge. The colunn lagging again consists of a
double-layer of Fibreglass with a compensating winding.
Heat input is controlled in a étep—wise menner by a
séries of fixed resistanceswhich may be switched out
in turn, increasing the temperature of the lagging
Jackets by fixed steps to a series of pre-selected
temperatures. The column mey thus be run under

approximately adiabatic conditions, although, since

the /
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the lagging is thinner than in the case of 100-plate
column, heat losses tend to be excessive at high
tempe ra tures. Thermocouples were not fitted to the
lagging jackets as supplied, but were fitted at a

later dates.

This column has so far found little
application in the present work as its efficiency is
considerably less than that of the 100-plate column,
although its operating rate is consequently higher.
It has been of some indirect use for the purification

of solvents, etc.

Tegts carried out using the mixture benzene-
carbon tetrachloride, showed, as was expected, that
the efficiency remained substantially constant over a
wide range of boil up rates. The tests also showed
that pre-flooding of the packing caused an increase

of 5-6 theoretical plates in the efficiencys.

It was intended that this column might be
used for azeotropic-distillations using as azeotrope
formers, aliphatic carboxylic acids which seem to
attack the, Staybrite gauze packing. Time however,

did not allow these experiments to be carried out.

6. 14--1‘(11‘0- IoCc II G’auze""Rln_g PaCI{ed CC‘lm-

For small scale experiments, a l14-mm. column
bpacked for a length of 120 cm. with 1/16" I.C.I.

Staybrite gauze Lessing rings was constructed.

The: ./
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The design is simple, still pot and still
head assemblies being essentially the same as on the
100-plate column, although a smaller still pot
(750 ml.) is used. The cdlumn lagging takes the
form of a glass jacket, 2 cme I.Ds wound in two equal
sections with nichrome tape. A thermometer is
attached to each section of the heater winding, the
thermometer bulbs being midway between the centre and
ends of the lagging Jjacket. The whole is mounted
inside an outer glass Jjacket 38 mm. I.D. so that the
column,packing, and lagging Jjacket thermometers are

vigible when the apparatus is in operation.

This column was intended for azeotropic
experiments, but owing to the corrosion problem to
which reference has been made, it was not put into

services.

Te Fractional Extraction Apparatus.

A simple type of rotary liguid-liguid extract-
sion apparatus, similar to that described by Lochte and
co-workers (66) was set up in the laboratory, and some
preliminary experiments were carrigd out, the results

of which were discouraging.

The apparatus’which can be seen to the right
of the 100-plate column (Plate 5), consists essentially
of two bulbs connected by a vertical glass tube in
which a rapidly rotating rod is suspended, connections
being provided for the inlet and outlet of solvents,

acid and alkali, etc.




78—

The essential feature of the aspparatus is
that the clearance between the rotor and the walls
should be small, so that ascending drops of liquid
are flattened into a continuous spiral, presenting a
large surface fér interchange. Great difficulty was
experienced in finding a glass rod of the correct
diame ter, which was sufficiently straight to enable
a high speed of rotation to be used. This
difficulty was eventually overcome by using a

Staybrite rod turned down to the required diameter.

Unfortunately, preliminary experiments using

petroleum ether water mixtures showed that successful

operation of the apparatus was dependent on a number o

eritical factors and its use was abandoned in favour
of multiple extraction in separating funnels, using

the scheme of Jantzen. (51)

£
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SECTION E.

Egyerimental.
Owing to the intractable nature of the

starting material the initial stages of purification
involved a considerable expenditure of time. For
reasons which will be given, it was decided that the
only practicable method of separating the bases from
the high-boiling or non-volatile pitch was by vacuum
distillation, as opposed to such methods as solvent
or acid extraction. This preliminary distillation,
while affording no information of any value, was é
tedious, but at the same time very necessary
preliminéry, the difficulties of which it is imposs-

:ible to over emphasize.

The volatile bases thus isolated were
subjected to a further distillation, a preliminary
fractionation and ultimately a precise fractionation

| using a highly efficient column.

While these distillations alone were
insufficient to separate pure components, they
congtituted in fact the major part of the work done.
Efficient fractional distillation is necessarily a
slow and painstaking procedure and in the absence of
elaborate automatic control gear, one which requires
almost continuous supervision, and if a reasonable
throughput is to be maintained, continuous operation,
night and day. For this reason a large part of the

work to be described has been of a joint nature.
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The time consumed in this part of the work
unfortunately curtailed the time available for |
examination of the final fractions and identification
of the components, and for the same reason several of
the projected separation methods were examined only
superficially. It is nevertheless felt that the work

|
which has been carried out both in the construction of

the apparatus and the separation of the starting mat—i
serial into fractions suitable for further i:mres:1::'ngal’t'r--|
tion constitutes an appreciable stép forward and

should provide impetus for subsequent work in this

field.

For convenience the experimental work has
been divided into four parts.

a. Examination of the "Basic Tar"
b. Possible methods of working up the starting
material
¢c. Distillations
and d. Examination of the narrow boiling fractions. |

a, Examination of the "Basic Tar"

The "Basic Tar", as has already been
explained, originates in the sulphate of ammonia
pPlant, by neutralisation with ammonia of the recovered
acid containing dissolved bases. As it comes from
the sulphate of ammonia plant, the "Basic Tar" is a
viscous, black, evil smelling, tarry liquid. It is
known that the composition shows irregular day to day
variations, and that the amount of entrained water is
variable. However, it is reasonable to assume that
the same bases are always present in the tar,althoughi

the / |
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the percentage composition may vary within certain
limits.
|
|
For the present investigation, a 1 ton '
sample of tar from a typical day's run was put aside i
to be used as required, and formed the stock on whichi

all the present work has been carried out.

The tar sample was given a preliminary
examination in the laboratory and found to contain
7.8% of water(Dean and Stark). An analysis carried

out on the wet material showed it to contain 4.6% of

nitrogen and 3.8% sulphur.

On attempting to distil a 150 gm. sample of [

the wet material at atmospheric pressure, trouble E
was experienced with frothing, until most of the wate;
had been removed after which the tar distilled |
smoothly until about 40% of volatile material had
been taken over (including water). At this stage
decomposition became serious and distillation was

discontinued, the final temperature reached being

310°C. The apparatus used consisted simply of a
large distilling flask (500 ml.) fitted with a

thermome ter and a simple air condenser. The !
distillate was collected in a graduated cylinder,
the whole forming a modified Engler distillation

apparatus.

The erude bases obtained from this distillat-

tion formed a dark yellow-brown oily liquid with a
characteristic "sooty" odour (c.f. Robinson (10,11) )

and /
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|
 and amounted to about 33% of the tar sample. The
i

iresidue was a hard glossy black friable pitch.

‘Subsequent experiments on the larger scale showed

| that removal of the water alone, is sufficient to

The results of this

summarised in Table 7.

Distillation of Basic Tar

convert the tar to a solid pitch.

distillation are

TABLE 7

at Atmospheric Pressure.

Temperature Per cent distilled
(including water)
-250° 10.2
1 -300° 16. 6
i
Weight Balance
Water 77%
Insoluble Bases 33 1%
Residue (Pitch) 55.0%
Loss (decomposition) 4.2%
TOTAL 100. 0%

+thia /

The crude bases from this modified Engler
distillation were redistilled in vacuo after separat-
ting from the water and it was found that about 75%
came over below 150°C at 4 mm.Hg. The distillate
%aa not examined further, but the two distillations
indicated that it should be possible to obtain at

least a 25§ recovery of crude bases from the tar and
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this was in fact the approximate figure achieved
ion the larger scale. The difficulties involved,
however, were considerably greater than had been

anticipated.

| b» Possible Methods of Working Upthe Starting Material!
|

} There appeared to be little point in wasting

|
ffurther time in examination of the crude "Basic Tar" |

e |
| and it was at this stage that all possible methods ofi

|
| geparating the volatile bases were considered. These|

1
included batch distillation at atmospheric or reducedI
pressure, flash distillation, steam distillation at

|
|
|
atmospheric or reduced pressure, and extraction with i
acids or solvents. i

Flash Distillation.

Flash distillation, that is to say pumping !

|

the hot tar under pressure into an evacuated flash i
i

chamber, from which the vapour and pitch could be |

drawn off separately, appeared on the face of it to be

an ideal method of handling this rather difficult

material. Further consideration however, showed
that the construction of a suitable apparatus which
would handle the very viscous pitch would have pres-—

iented very great difficulty. The experiment was

1tried of running the tar into a sloping tube furnace,

ithe vapours being drawn off from the top, while the

'Piteh flowed out at the bottom, the whole being main- |
| |
| :tained at a low pressure by means of a rotary vacunm:
[ |

‘pump.  While the method showed some promise, the }

O By g S S, e e T g
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throughput of the apparatus was very small and there
| was great difficulty in maintaining the flow of the
viscous pitch. The method was therefore abandoned !

without further investigatione.

Steam Distillation.

Steam distillation was obviously out of the

|
|
question on the laboratory scale owing to the viscoua!

nature of the material, and the difficulty of
Ehandling any reasonable volume. It was unfortunatelé
iimpossible for technical reasons to arrange for this i
|operation to be carried out in one of the Pum.pherstonE
refinery coking-stills, although if this could have I
been done it would no doubt have yielded an excellent!
|clean product and the entire batch could have been |

treated in one operation.

A proposal to have the initial distillation

| 5
|carried out in a local coal-tar distillery was i

}sﬁnilarly abandoned, since the gize of the plant
would have required a batch of about ten tons for

succesgsful operation.

éSolventzgxtraction.

Acid or solvent extraction had to be dismisse!
since there was no suitable plant of the requisite ;

size available.

There was therefore no alternative but to é

carry out the initial purification by batch vacuum I

distillation / J
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|
|
‘ distillation using the largest apparatus which could
i be adapted to the purpose. This was the 16 l. Gas

{ Heated Vacuum Still, and some fifty litres of crude

} bases were isolated with the aid of this apparatus.

These bases were then worked up by a series of

distillation processes and ultimately by chemical

meanse.

¢. Distillations.

The distillations now to be described divide
themselves naturally into four series and it has beené
l':(i'cmnd convenient to designate these the A, B, C and
D distillations, the significance of these terms

being as follows.

A-Distillations.

Distillation of the ecrude "Basic Tar" and

separation of the crude bases.

B-Distillations.

Re-distillation of the crude bases and

separation into five per cent fractions by volume.

| c=Distillations.

T —

Initial fractionation of the five per cent i
|

!volume fractions, and separation into narrow boiling-

renge cuts. (5°C. cuts).

D-Distillations. /
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D-Distillations.

Final fractionation of the narrow boiling-
range cuts and further separastion into narrow

boiling-range fractions (1°C. cuts.)

The scheme of distillations is shown in the
appended flow sheet (Fig. 6) and the experimental

details are given belowe.

A-Distillations.

i
These distillations were carried out in the |

16 1. gas-heated still at the laboratories of Messrs

i
Scottish Oils Ltd. and it is impossible to over- ‘
emphasise the difficulties which were involved. !
|
|

The tar was supplied in 40 gallon barrels an&
owing to its high viscosity transfer was difficult.
This was solved by storing the barrels in a large
electric oven, the warm tar being taken to the still
in 1 gallon tins and heated over a gas ring before
attempting to charge the apparatus. During the
initial stages of the work the tar was poured into
the eold still, but it was soon found that some

trouble could be saved by maintaining the still pot

at a temperature of about 100 - 150°C. while the tar |
was slowly added in stages. The column lagging was!
also switched on during the charging operation and a%
much as possible of the water was removed at this i
stage. Unfortunately, it had been found impossible}

to dehydrate the tar before distillation, and the ‘
water / l\
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fwater remaining after the charging operation had to be
:removed very slowly and carefully by gentle heating aﬁ
'atmospheric pressure. At this stage frothing was a |
Every serious problem, and although partially solved

by keeping the column temperature at about 150 - 200°d

the removal of the water usually required three or

four hours of very slow distillation with constant

iattention. The back-pressure, as indicated by the

| 8till pot manometer, was a useful guide to the amount

éof frothing teking place, but as the line to this was
5frequent1y blocked by tar, there was often little or
no warning until, as frequently happened, the tar |

foam reached the still head, dislodging the packing i
and choking the condensers. i

When most of the water had been removed, the

pump was switched on and the pressure reduced very

slowly until the last traces of water were removed ané

' the distillate consisted entirely of oily bases. The
ipressure was then gradually reduced during the

&ramainder of the distillation until the best possible |
vacuum (usually about 5 mm.Hg.) was obtained. |
Distillafion was usually much easier when all water

had been removed, but it was still necessary to

Iproceed with some care in order to avoid splashing
iof the tar. The reflux meter was invariably

jobscured by tar foam, so that it was impossible to
check the boil—up—rgte and this had to be judged frqmi

the rate of distillation, the take off tap always be—

ting kept fully open so that reflux was reduced to a

|
gminimum./ f
[
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:minimum. If, as sometimes happened, the boil-up-
rate became too high there was a sudden rush of tar
‘which completely blocked the still-head and often thei
\vacuum lines and receivers. Usually the only thing ;
;to do when this happened was to shut down, dismantle
;the still-head and receiver assembiy and remove the
solid tar. Usually this could only be done by
Ewashing with hot aniline, since the partially distilleﬁ

‘tar resisted all the common solvents. A shut-down of |

ithis nature often meant that distillation was stopped |
%for several hours, and it was sometimes necessary to i
!abandon the charge, since if the tar was allowed to |
%solidify in the still pot it could only be re-melted
jwith great difficulty. The drastic cleaning

operations frequently resulted in breakege of the glass
parta, and it was often necessary to carry on with

%akeshifts until repairs could be made.

A further difficulty was the solvent action of

‘the mixture of water and bases on all the usual stop-

!GOCk greases. No really satisfactory solution to this
|

problem was found and it was necessary to shut-down at

lintervals while the taps were re-greased. Audco

grease No. 656 was found to be satisfactory for the

\ |
ground glass joints, but unfortunately this grease was
POt suitable for tapse.

i As distillation was continued, the colour of |
ﬁhe distillate changed from pale yellow to dark yellow?

and then orange-yellow. The viscosity also increased
Pntil / |
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until when the still pot temperature reached about |
200°C the distillate was very oily and dark orange-
yellow in colour. At a still pot temperature of ab0u£

l

| 200°C. decomposition also became appreciable and it |

became more difficult to maintain a steady pressure.
Drops of water usually appeared in the distillate at%
this stage owing to the decomposition of the tar and
ultimately a hazy fog of decomposition products
appeared in the still head. As soon as these
symptoms were observed which was almost invariably aﬁ
or near a still pot temperature of 250°C., distillat-

|

ion was stopped.

During distillation the column was always
maintained at about 50-100°C. above the overhead

temperature in order to break the foam. Owing to the

' continuously changing conditions of pressure and
'heating, the overhead temperatures were never steady i
and no attempt wés made to achieve fractionation. Th?
‘apparatus was used simply as a pot still, the column
serving no purpose other than to act as a foam

breaker and arrest the tar spray.

Immediately a distillation was completed it
wﬁs essential to empty the still pot, otherwise the
iresidual piteh solidified in the stand-pipe and could |

only be re-melted with great difficulty. The still

was emptied by blanking off the condenser and
!
receiver asgembly and applying pressure to the filling

orifice. The pitch was extremely viscous even at

250°C. /
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|

stand-pipe and the outlet valve had to be continuously
|

250°C. and the external parts of the still pot

‘heated with a hand blow-pipe during the process of .
J

emptying. The hot pitch gave off dense choking

fumes, so that it was almost impossible to carry out

this operation without wearing a respirator.

| As soon as one batch was completed, the next,
previously warmed, was charged without delay into the
hot still pot, heating being continued so that the [
temperature of the tar was maintained at about 120°c.

during the charging operation.

The residual pitch set on cooling to a glossy

black frisble solid with a strong odour of hydrogen |

sulphide when crushede.

Further difficulties encountered during thesei

distillations included the following:-

(a) Owing to the method of heating (gas ring burner)

‘ it was rather difficult to maintain a steady
rate of heat inpute.

(b) The manometer was often blocked by small
globules of tar or bases splashed into the
vacuum lines and the mercury surfaces were
fouled by the presence of hydrogen sulphide in
the gases given off. Thus, it was often
impossible to obtain more than a rough indicatiaﬂ
of the operating pressure.

(c) A coke-like deposit gradually collected on the

column /




(a)

out of the laboratory by a stand-pipe passing through
the roof, but until this arrangement was adopted it

was of ten impossible to work without a respirator.

in Table 9.the decomposition at this stage was largely
confined to the sulphur compounds present in the tar,

This /

- pumpe This was particularly the case during
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column packing, causing it to bind together and
ultimately choking the columme. On two occaaioné
it was necessary to strip the entire column and

remove the packing for cleaninge.

Owing to the decomposition of sulphur compounds |
and to a lesser extent of the bases and other
nitrogen compounds, the exhaust gases were
nauseating, highly toxic and extremely corrosive
and appeared to contain hydrogen sulphide,
hydrogen cyanide, nitriles, ammonia, etc. In
spite of the presénce of two traps and a large
buffer vessel, volatile decomposition products

and corrosive gases passed into the Speedivac

the early stages of a distillation when volatile
compounds were driven off and towards the end
when decomposition became appreciable. The
corrosive properties of these gases caused the i
punp to seize frequently, and on more than one
occasion it had to be completely stripped for

cleaninge.

The exhaust gases from the pump were carried

%s wi%l be seen from the anslytical figures
P.95




' 12.5 litres (ca. 2% gallons). Weight balances were

::ed. An overall estimate of the tar used and the

;products obtained was however made. In all some 53 1l

This had the useful effect of eliminating much of
the sulphur while the remainder tended to accumulate

in the pesidual pitch. This was extremely
fortunate since removal of the sulphur compounds might

othe rwise have been rather difficult.

In all twenty-one batches were processed: Of

these, the first was a total loss owing to flooding of

the tar into the condensers and receiver system. Of

the remainder;four were not completed owing to variou%
mishaps, and the rest were completed with varying
degrees of success. The size of the batches, at

b5

first about ten litres, was later increased to about

carried out on the first six batches, but owing to
difficulties in the charging and emptying operations,i

it became impossible to continue this practice with

any reasonable degree of accuracy and it was abandon-

of bases were obtained from approximately 210 1l. of

tar (25.2% vol./vol.) or if four incomplete batches
are excluded, some 49 1l. of bases were obtained frmmi
approximately 167 l. of tar. (89.3% vol./vol.)

|

The weight balance for a typical good batch i

is given in Teable 8.

TABLE 8. /
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TABLE 8.

Weight Balance for Typical A-Distillation i

Product Wt. %

Bases 27« 6

Water 8.1

Pitch Residue 62.1

Traps 0.5

Loss 1.7

Total (tar) 100. 0% :

Since there was no fractionation intended '
during these distillations, the bases were collected
ag one fraction, and after settling, the water was

separated and the hatches bulked for charging to the

B-Distillations.

Examination of Crude Bases from A-Distillations.

The crude mixture of bases from the
A-Distillations was a dark, yellow brown, evil
smelling, oily liquid, density 0.998 gm./ml. at 15°C.
nl® 1.5480. The water content as determined in a

D
Dean and Stark apparatus was l.9%,but water eguivalent

t0 Re7 per cent was recovered during the BéDistillat-!
ions. The results of an Engler distillation on the ;
dried material are given in Graph 2 (inset) which !
shows the high percentage of substances boiling |

between 210-310°C. |

Sulphur and nitrogen estimations on the

original /
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ioriginal "Basic Tar", the total distillate from the
A-Distillations, and the residual pitch showed

clearly that the nitrogen compounds had been

concentrated in the distillate, while the sulphur

icompounds escaping decomposition into gaseous
|

iproducta, were either non-volatile or had been
|
| polymerised during distillation and remained in the

ipitch.

A few simple experiments were carried out
with a view to finding the percentage of non-basic
material present in the distillate, and the
possibility of removing this together with the
remaining gulphur compounds, either by treatment with
strong alkali or by solution of the bases in acid and

subsequent re-precipitation with alkali.

The effect of both acid and alkali treatments
on the sulphur content was disappointing, although
acid treatment was the better of the two. Additionm
| of cresylic acid during the alkali treatment made
little or no difference. (Solutizer process (67) ).
Acid treatment was successful in removing the non-
basic material, which appeared to consist largely of
unsaturated hydrocarbons, but the amount of this was
comparatively small (ca. 2 per cent), and its
(complete separation required the use of relatively
\large volumes of acid, followed by either solvent
extraction or steam distillation. As no plant of a

suitable size for treatment of the entire stock of

basgesg /
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bases was available, the experiments were discontimued
and the crude bases re-distilled without any treat-

smente

The following Table (Table 9) shows the
distribution of the nitrogen content of the original
"Bagic Tar" between the distillate and the residual
pitch. The effect of acid and alkali treatments on
the A-Distillate is also shown.

TABLE 9

Distribution of Nitrogen and Sulphur (A-Distillations)

Material Ng S%

Basic Tar (undried 7.8% water) 4.70 | 3.80 { %
Pitch residues from A-Distillations| 3.16 | 5.72
(not representative sample)

Crude bases from A-distillations 8.21 | 0.37
(dried)

Crude bases after removal of non- 8.43 | 0.24
basic material by acid treatment

Crude bases after treatment with 8.30 | 0.34
alkali

Crude bases after treatment with - 0. 36

alkali and cresylic acid

The nitrogen estimations were done by the

micro-Dumas method, sulphur was estimated by direct

oxidation to sulphate in the bomb-calorimeter.

B-Distillations.

These distillations were also carried out in | i
the 16-litre gas-heated still. The bases which
contained some dissolved water,were fed to the still |

without /
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without drying and a total of 52,860 ml. of crude wet |
;bases was distilled under vacuum in four batches,
| 1
each of 12.5-14 litres. i

During these distillations it was again almost

iimpossible to achieve anything in the way of true

fractionation of the material. The apparatus was not
|

|provided with any means of pressure control other thaﬂ
| |

|

'a manually operated variable air-leak in the vacuum
line, and being gas heated it was difficult to main-
itain steady operating conditionse. The main objects
of these distillations were (a) to divide the material
roughly into five per cent fractions of narrower

boiling range than the crude material, and of a size

|
convenient for working up in the l4-plate eyelet

packed vacuum column, (b) to separate as much as

possible of the dissolved water present in the -bases,
and (c) to eliminate the small amount of -entrained tar
and high boiling material carried over in the previous

distillationse.
|
The distillations were carried out as rapidly

as possible using a low reflux-ratio (approximately

8 to 1), and the highest possible boil-up-rate. It

has been estimated that under these conditions the |
column would have an efficiency of only about two

theoretical-plates. The crude bases were charged to
the still in batches of 12.5 or 14 litres and heated
gently at atmospheric pressure until the water began

to distil slowly. Most of the water was then taken

°ver at atmospheric Pressure, the pressure being

redtinsd /




|
‘reduced slowly to remove the final traces. Although
|

'there was some tendency for the charge to froth, this
|

‘was not a serious difficulty, as in the case of the

|

loriginal tar. The bases steam distilling with the

|

‘water were reckoned as part of the first five per
‘cent fraction, the size of the fractions being J

iestimated on the volume of the charge, after making

allowance for the volume of the recovered water.

When no further water appeared as a separate
layer in the distillate, the pressure was reduced to
50 mm.Hg. and the bases were taken over. When 25 per
cent of the charge had been distilled, the pressure
was reduced to 30 mm.Hg. and at 65 per cent, the
pressure was dropped to 20 mm.Hge. and thereafter

reduced slowly to 10 mm.Hg.

In the case of the first two batches, only 90
per cent of the charge was distilled. In the case of
batch 3 however, a 90-95 per cent fraction was
collected, its volume being based on the total volume
of batches 1, 2 and 3. A 90-95 per cent fraction was
also taken from the fourth and final batch. Each
fresh batch was charged on top of the residues remain-
:ing from the preceding batches and the residual
96-100 per cent fraction from all four batches was
collected as a still-pot residue. The corresponding

fractions from the four charges were combined.

The /
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The difficulty of controlling operating g
conditions during these distillations made it |
virtually impossible to maintain steady overhead
!temperatures, so that although regular readings were
taken, the results were of little or no value. Since
fractions were collected and combined by volume, this
was not of great importance. The approximate range
over which the 95 per cent distillate collected was
| fram 100°C at 50 mm.Hg. to 170°C. at 10 mm.Hg.  The
final still pot temperature was about 240°C. but there
was no evidence of any decompositione

|
Weight Balancee.

In all, 52,860 gm. of crude wet bases were
charged to the still. From this there was recovered
:1,550 gme of water (2.7%) and of the remaining
51,330 gm. of crude bases, 48,100 gm. was recovered asg
19 fractions, each of very nearly 5 per cent by
volume,representing in all,a recovery of 94 per cent
of the crude dry bases. The still-pot residue,
which was very viscous and black, probably consisted
of polymerised material, high boiling bases and

traces of entrained tar. There were no appreciable

losses during these distillationse.

Examination of 5 per cent Fractions from
B-Distillations (Fractions B1-19)

varied from pale yellow up to 25 per cent, to dark

brown above 60 per cente A pronounced bluish

fluorescence /

The colour of the freshly distilled fractions |
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fluorescence was noticeable in the range 15-35 per

| cent, and the colour changed from yellow to apple-
green in the range 25-60 per cente All fractions

| darkened rapidly on standing and ultimately all

became dark brown in coloure. Above 60 per cent the

fractions were noticeably more viscous and oily then

| the lower fractions. ;

Engler distillations were carried out on the |
i19 fractions and the mid-boiling points are piotted
iin Graph 2. The Engler distillations showed that
|only a slight separation had been achieved. The
:boiling ranges of the fractions varied from 20°C to
i50°c and there was considerably overlapping of i
iadjacent fractionse As might be expected, fraction 1:

| (0=5 per cent), containing a considerable amount of

| steam distilled material, had a very wide distillat- i

|:ion rangee.
|
|

The refractive indices of the fractions are

also shown in Graph 2, showing the gradual increase
of refractive index in passing from the range of |

pyridine derivatives (N%01.5) into the quinoline

| range (N%?l.S) and suggesting the continued presence
}of pyridine derivatives or other substances of low

refractive index even in the higher fractions.

Although the B-Distillations achieved very
'little in the way of separation, they did provide

'charges of a suitable boiling range for more careful

fractionation, enabling the l4-plate eyelet packed

column /
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lchange had taken place is shown by the fact that,
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colunn to be used to better advantage: They also
ensured that the charges for the next series of

|
|
distillations (C-Distillations) followed each other in
|
|
|

|a logical order of increasing boiling point and

consequently simplified the work of combining the i
corresponding fractions obtained from these *

distillationse.

Cracker Exhaust Oil.

Reference has previously been made to the
cracher exhaust oil, a ten gallon sample of which was
collected for examinatione. This crude mixture of
bases was rather gimilar in appearance to the crude
bases obtained from the A-Distillations, but had a
more penetrating unpleasant odour. On standing it

appeared to become more viscous, and that some

whereas with a fresh sample, some 80 per cent distilled
below 150°C. at 50 mmeHg., in the case of a sample

which had been stored for five weeks, only 55-60 per

cent distilled below this temperature.

In the hope that time would permit an examin-
ation of this oil, three batches of l4-litres were

distilled in the 16-1l. gas heated still as soon as the

B-Distillations were completed.

The distillations were carried out under very
much the same conditions as the B-~Distillations,

freshly collected material was used and an 80 per

cent /

e —
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| basic material. |
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cent distillate was collected in 5 per cent fractiong
by volume. The earlier fractions had a strong
nitrile like odour and subsequent examination has

shown that they contained a high percentage of non-

Unfortunately it has not been possible to
examine any of the fractions systematically, or
submit them to efficient fractionation, although this

work is now in hand.

C=Distillations.

The five per cent fractions from the

B-Distillations were dried by standing over solid ,
sodium hydroxide and after the preliminary examinatﬂnL
details of which have already been given, were
charged to the l4-plate eyelet packed column and
carefully fractionated under reduced pressure. The
boiling ranges of these fractions being of the order
of 20-30°C (Engler Distillation), they provided
excellent charges for this still and being graded in
order of boiling point, it was convenient to charge

each batch on top of the residues from the previous

batChl

Initially each 5 per cent fraction was used
as a separate charge, but since the still-pot had a
capacity of 5 litres and the 5 per cent fractions
were only about 2500 ml. each, operations were
speeded up by bulking some of the later charges.
Thus, /
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| Thus, the 19 five per cent fractions (95 per cent g

B-distillate) were fractionated in 14 batches.

In spite of long standing over sodium
ihydroxide, a small amount of water was always present
iat the beginning of each distillation. This
invariably caused some frothing in the still head
during the early stages of the distillation and until
the water was removed the overhead temperatures
tended to fluctuate. This difficulty was largely
obviated by bleeding off the waber and a small
quantity of bases,during the process of running the
colum to equilibrium. The water and bases were
then separated and the bases returned in the next
batech. This water has been included in the weight
balance given below and has been reckoned as part of
the base fractions, the total amount being quite
small. The lists of fractions given later however,
includes only those dry fractions which were collected

after removal of all water, when the column had been

Ebrought to equilibrium.

The distillations were carried out at a

pressure of 100 mm.Hg., until the overhead temperat-—
?urea reached 195°C./100 mm.Hg. At this stage, which
\was first reached during the distillation of the 9th
of the 5 per cent fractions (e.ge 40-45 per cent of

total B-distillate), the pressure was dropped to

90 mm.Hg. and when the overhead temperature reached

5
| 200°C/50 mm.Hg., which first happened in the

|distillation/
l
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distillation of the 16th five per cent fraction
(e.g. 75-80 per cent of total B-distillate) the

pressure was dropped to 20 mm.Hg. The overall

 boiling range in the whole series of distillations
| was from 60°C/100 mm.Hg. to 192°/20 mm.Hg. Only a

| very small smount of the total bases (éa. 0«5 per

cent) distilled below 80°C./100 rm.EHg.

The general procedure adopted during these

distillations was as follows. The charges were

' weighed into the five litre flask, and sfter making

|up the joint between the flask and the reflux meter,

1
1

i

'using Audco grease No. 656, the receiver taps were

Ere—greased with Apeizon grease M and the take off tap

§with either Apiezon M or Audco 365. The pressure
éwas then reduced to the appfoximate value required
;and the charge refluxed for 2-3 hours to bring the
?column to thermal equilibrium. During the first
épart of this period, any water present was removed
Eby careful operations of the také off taps The
Ipressure was adjusted to the exact value desired;
heat input to the column was adjusted so as to give a
steady temperature gradient between the still head
and the still pot, and the boil-up-rate was brought

to the required value, which was generally 2-3 litres

per hour.

When the overhead temperature reached a
steady minimum value, teke off was started and the

rate set so as to give a reflux ratio of at least 20

to /

|
|
|

!

|
|
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to 1. Fractions were collected over five degree
ranges and were combined with corresponding fractions

from previous distillations at the same pressure.

After weiching the distillation residue, the
next batch was charged on top of it and the process
repeated until all the bases had been separated into
5°C cuts thus providing suitable charges of narrow
bbiling range for further and more efficient fract-

tionation in the 100-plate columne.

Weight Balance.

Individual weight balances on the fourteen
C-distillations showed that losses generally were
remarkably small, and probaebly consisted mainly of

handling losses on the many small fractions.

An overall weight balence is given below
(Table 10), the difference between the total weight
of bases charged (47,873 gm.) and the total weight
obtained from the B-Distillations (48,100) is due
almost entirely to absorption of water and bases by
the sodium hydroxide over which the 5 per cent cuts
were stored. The small gain in weight of the
charcoal traps on the vacuum system (37 gm.) clearly

shows that decomposition was negligible.

TABLE 10/
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TABLE 10

Overall Weight Balance for C-Distillations. E

|

@ Mate rial Wt. (Gm.) Percentage

| [
Fractions 5

obtained 44,753 93,5 |

Residues 2,720 B

| | Traps 37 0.1 ;

_ 1
Loss 3635 : 0.7
Total bases 47,873 100.0 i
charged (B1-19)

1
The following (Table 11) is a complete list of

the bulked fractions obtained, with their weights and
\'refractive indices (mean). The small base plus |
water fractions, removed at the beginning of each
batch, have been omitted from this list, so that the
total weight differs by 740 gm. from that given in

the above table.
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11

TABLE

Combined fractions from C-Distillations.

Range °C| Pressure| Wt. aw 25
mme Hge gine AT 'ND \a=)
60-80 100 o8 4.9 1.4870
-85 : 82 16.4 1.4918
-90 " 68 13.6 1.4930
~95 3 195 39 1.4952
-100 L 514 62. 8 1.497%73
-105 . 450 90 1.4977
=110 - 1163 232+ 6 1.4967
-116 & 590 98.3 1.5000
-120 " 810 202.5 1.5010
-125 " 1133 226+ 6 1.5046
~130 L 932 186. 4 1.5056
~135 ) 2611 502.2 1.5086
=141 » 983 164 1.5111
~145 o 1037 259.3 1.5087
-150 i 1284 25648 1.5110
-1556 " 961 192.2 1.5186
~-160 " 1431 286.2 1.5270
-170 L 1658 331.6 1.5394
-175 " 1098 419.6 1. 5443
-180 at 2005 401 1.5448
~-185 N 1389 277.8 1.5502
-190 L 2302 460.4 1.5580
~195 " 3038 607.6 1.5561
-197 " 2563 | 126.5 1.5762
!
166-180 50 85 - (mixed fraction)
X70-175 " 695 | 139 -
. =180 " 2617 | 523.4 .
| =185 " 2138 | 427.6 1.5716
i ~-190 a8 16563 330. 6 1.5715
| =198 = 2660 532 1.5736
| =200 u 1075 | 216 1.5750
:w
170-175 20 751 150.2 1.5760
~180 5 1842 368. 4 1.5765
=185 L) 731 146.2 1. 5764
~190 " 428 85.6 1.5766
-192 B 732 366 1.5788
l
Total Bases Recovered 44,013 gm. (water free)
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pyridine derivatives or other substances of low
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These results are shown graphically in Graph 3,

where the weight of each fraction per °C (AW) has
been plotted against the mid-point of the(%gnge
over which the fraction was collected. This
corresponds to differentiating the normal type of
distillation curve (temperature plotted against wte.

per cent distilled), the flats being thereby
translated into peaks. The graph has been divided
into three sections correapoﬁding to the 100, 50 and
20 mme.fractions and the refractive index curve is

shown on the same graphe.

The gradual increase in refractive index,
which becomes more marked in the region of 150°/100
mmeHg. indicates the transition from pyridine
ﬁqmologues (N§f1.5), to quinoline homologues
(N?fl.ﬁ) in the higher ranges, although even well
above the boiling point. of quinoline (163°C/100 rme.

Hg.) there is evidence of the continued presence of |

refractive indexX.

In Graph 4, normal distillation curves for
the first two C-Distillations (0-5 and 5-10 per cent
of B-distillate) are contrasted with the corresponding
curve for a later bateh (50-60 per cent of
B-distillate). The slight flats evident in the
distillation curves for the lower boiling point
bases, are absent in the curve for the higher boiling

point materials, indicating the increasing

difficulty /
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| as a feed stock for the 100-plate columm. At a later
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difficulty of separation with increasing moleecular

weighte

Examination of Fractions.

No systematic examination of the C-fractions
was carried out, other than determination of refract-|

sive index. The combined 5°C cuts were simply used

stage in the work, it was observed that the small
guantities of non-basic material present in the crude

bases, had accumulated in certain of the C~fractions.

It became the practice, therefore, before subjecting |
these bases to further fractionation, to remove theseg
non-basic impurities by steam distillation or solventi
extraction in acid solution, followed by regeneration!
of the dissolved bases. In the lower ranges the
impurities seemed to consist mainly of sulphur
compounds and highly‘unsaturated hydrocarbons, but
phenols were isolated from some of the higher boiling
bases. Further reference will be made to these

impurities during the description of the D-Distillat-

sions.

‘ The lower boiling C-fractions were colourless
Emobile liquids. With increasing boiling point the
1colour changed to pale yellow and ultimately dark
brownish~yellow. -The higher fractions were also
{more oily and viscous. A blue fluorescence was

observed in the fractions boiling at about

| 135°C/100 mm.Hg. In the range 160-190°/100 mm.Hg.

the /
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the fractions were greenish in colour.

On standing all fractions tended to darken

in colour, their ultimate colours varying between

D-Distillations.

In this series of distillations the bases,
now divided into 5°C temperature cuts, were subjected
to their final fractionation under carefully
controlled conditions and were thus further separated
into narrow boiling-range fractions (usually
collected over 1°C ranges) suitable for examination

by chemical and other means.

As far as was possible, the charges used for
these distillations were aiready of a fairly narrow
boiling range, and ideally each of the 5°C temperature
cuts should have been used for a separate D-
distillation, thus allowing the final fractionation ta
be done under the best possible conditions. This, of
course was not generally possible, since in the
ma jority of cases it would have meant using a very
small charge, and the loss of efficiency resulting

from the small charge to hold up ratio would have

more than outweighed the advantage gained by working F
with a narrow cut. In most cases i1t was necessary l

to re-combine certain of the 5°C temperature cuts in

|
order to provide a charge of reasonable size, and give
& charge to hold-up ratio of the order of 20 to 1 {
|
|

(ebout /
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(about 2000 gm. being required in the case of the

| 100-plate column).

Initially;the D-distillations were carried
out using the 100-plate I.C.I. gauze-packed column
at a boil-up-rate of 900-1000 ml. per hour and a
reflux ratio of at least 100 to 1. Under these
conditions it may be stated with confidence that the
column efficiency was of the order of 80-100
theoretical plates and possibly better. Difficulty
was at first experienced in maintaining steady
operating conditions, but it is not considered that
this had any serious effect on the column efficiency,
since with the I.C.I. gauze packing a drop in the
boil-up-rate (and hence reflux ratio) is compensated
within certain limits by a corresponding increase in
the efficiency of the packing and vice-versa. In
the later distillations, these fluctuations were
almost entirely eliminated by fitting the constant
voltage transformer, to which reference has already

been made (page6l).

Similarly, trouble experienced in maintaining
a steady take-off rate was later eliminated by the use

of a tipping bucket still head.

The earlier D-distillations were carried out

at atmospheric pressure and this procedure was found

to be guite satisfactory until the overhead temperatj
|
iure reached about 185°C. At this point the overhea
temperatures began to fluctuate slightly, owing to

excegsive /
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excessive heat losses from the column head and this

condition became steadily worse until, at an overhead,

temperature of about 195°C., conditions became so

unstable that use of the 100-plate column was
fdiscontinued wntil it was converted to vacuum

foperation.

Prior to this, the 1l4-plate vacuum column had |
been re-packed with " I.C.I. gauze-rings and ﬁherebyé

converted to a 30-plate column which was used %o

'refraCulonate certain of the 5°C. temperature cuts |

thus providing better charges for the 100-plate column.

.
i In the case of the 100-plate column, the usual
| |

jpractice was to complete a distillation in one stage

!by continuous night and day operation. This
|

!generally involved continuous operation for periods oﬁ

|
Ia week or more. During this period the work of the

laboratory was organised on a twelve hour shifit ba81s,
%or if the column had to be left unattended aver—nlghtg

; l
it was put on total reflux. Some times when operating
| |
ion a flat part of the distillation curve, it was i
l
I

Epossible to leave the take-off running overnighte.
iShutting dovn was avoided as far as possible since
this involved heavy expenditure of time in re—floodlng

and running to equilibriume.

With the 30-plate column the loss of time in
éshutting down was much less and this column was never |

lallowed to operate over-night without attention.

! The /
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Tﬁe 100-plate column when converted to i
vacuun operation was used for fractionation of the
higher boiling bases from the C-distillations, and
| refractionation of certain fractions prepared in the
30-plate column. Operation of the column was if
anything easier under reduced pressure than at

atmospheric pressure, since there were no longer any

fluctuations in the overhead temperatures, e€ither as

a result of excessive heat losses or changes in
pressure. The vacuum system operated for long
periods with the minimum of attention, pressures were
held within 0.1 - 0.2 mm. Hg. of the pre-set value
and there was little trouble with leakage at the g

ground joints or taps.

Operation of the Columns.

100-plate.

After weighing in the charge and roughly
setting the pressure, the heaters were switched on
and the charge refluxed. The boil-up-rate was then
set to the required value and the column flooded by
closing the magnetic-valve. After slowly de-flooding,
the pressure was carefully set to the required value,
the boil-up-rate adjusted and the column heaters

brought to the correct temperature as indicated by the

tzero reading of the differential thermocouple galvan-

| s ome ter. The column was then run to equilibrium for

10~12 hours or until the overhead temperature reached

|
|
|
i
a steady minimum value, and take-off started at the |
|
correct / |

|
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correct rate to give a reflux ratio of at least

100 to 1. Fractions were collected over 1°C. ranges.%

Operation of this column was essentially the
same as in the case of the 100-plate. Flooding was |
| carried out by slight reduction of the pressure which
was afterwards allowed to return to the desired
value. Running to equilibrium required only 3-4
hours and the column was operated at a boil-up-rate

of about 1500 ml. per hour, reflux ratio about 30 to i.

Qperating Pressures.

It has been suggested by R.J. Bengzie (68),
on thg bhasis of data published by Coulson and Jones
| (69) that separation of pyridine homologues may be
less effective at reduced pressures, and it is well
ktnown that owing to the higher vapour velocities
fractionating columns are more readily flooded at
low pressures and hence require to be run at lower
boil-up-rates, although, according to Docksey and
May (63), there is no serious loss of column

effieciency down to about 20 nm.Hg.

It was decided that in the present work all
distillations would be carried out at as high a
| pressure as possible, with due regard to the
avoidance of decomposition and excessive heat losses.
The 100-plate column was accordingly opcrated at |

100 mm.Hg. /
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| 100 mm.Hg. throughout the present work and bases

boiling up to about 200°C. at atmospheric pressure |
were fractionated with ease at this pressure, the . E
'corresponding boiling point at 100 mm.Hg. being aboutI

135°C.

Owing to lack of time, the bases boiling above
200°C. at atmospheric pressure were not fractionated !
in this column, but there is no doubt that it is

capable of handling material of considerably higher

boiling point by operation at lower pressures. The
practical lower limit is probably about 20 mm.Hg. at
which stage any further reduction of pressure would be

outweighed by the pressure drop across the packing.

Purification of Charges for D-disgtillations.

In the course of examining certain of the
C-fractions before carrying dut the D-distillations,
it was found that in some cases the bases were
contaminated with small (less than 5 per cent) amounts
of non~basic material. The presence of such
impurities had been known previously, but prior to
fractionation in the 14-plate column (C-distillationé)
these were so widely distributed as to make their

removal impractical.

. Before carrying out the D-distillations it

; !
iwas considered advisable to remove these impurities to
i

‘avoid the possibility of unwanted azeotrope formation.
%Since the size of the charges was generally of the

1
jorder /
|
|
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order of 2.5 to 3.5 litres, this was conveniently
done by dissolving the bases in an excess of hydro- i
chloric acid, steam distilling the non-basic matter,i
liberating the bases with an excess of sodium
hydroxide and again steam distilling. With bases
boiling above 175°/100 mm., ether or petroleum

extraction was substituted for siteam distillation.

The nature of the non-basic matter varied

with the boiling points of the bases; in the case of

the lower boiling fractions it appeared to consist

largely of sulphur compounds and unsaturated hydro- |
carbons. As the boiling point of the bases increasei,
the sulphur compounds gave way almost entirely to

hydrocarbons, while in the higher boiling fractions,

| particularly those boiling above 170°/100 mm.Hg.,

' phenols were found. In one case the phenols were
worked up for subsequent examination and from 3595 gﬂ.
of bases of boiling range 165-175°/100 mm.Hg., some

90 gm. of purified mixed phenols were recovered.

Losses were sometimes fairly heavy during
these purifications owing to (a) the prolonged
boiling in acid solution and (b) handling losses
caused by the low steam volatility and the difficulty
of extracting large volumes of liquid using normal
laboratory apparatus. Details of these purific-
cations are given with the appropriate D-distillat-

tions described below.

The following is a list of the D-distillations
comple ted /
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completed and attempted, showing the origin and
boiling range of each charge and the boiling range of;

| the frections obtained.

iD. In this distillation a charge of
1192 gm. consisting of the early C-fractions

collected over the range 57.8-105°C/100 mm.Hg.

was fractionated at atmospheric pressure using
the 100-plate column. Fractions were collected |

over the range 126.8-172.5°C/760C nm.Hge.

2D. 2683 gm. (Mainly C-fractions,105-120°C/
100 mm.Hg. ) Distilled in 100-plate column at
atmospheric pressure. Boiling range of

fractions 154.9-186°C/760 rm.Hg.

2D. 2694 gm. (Mainly C-fractions 120-130°C/
100 mm.Hg. ) - Distilled in 100-plate column at §
atmospheric pressure. Boiling range of -

fractions 170.6-198.6°C/760 mm.Hg.

4D. 3484 gm. (C-fractions, 130-141°C/100 mm.Hg. )
Distilled in 30-plate column at 100 mme.Hg.

Boiling range of fractions 119.5-140.3°C/100 mm.Hg.

5D. 1442 gm. (Fractions ex. 4D 126.8-135°C/

100 nm.Hg.) Could not be refractionated
succesgfully using 100-plate column at

atmospheric pressure.

&. /
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6D. 4201 gm. (C-fractions. 150-165°C/

100 mm.Hg.) Distilled in 30-plate column at

50 mm.Hg. Boiling range of fractions 119-147.9°¢/

50 mm. Hgo

D. 1067 gm. (Fraction ex. 4D 135-135.9°C/
100 mm.Hg. ) Distilled in 100-plate column at
100 mm.Hg. , after purification to remove traces
of non-basic matter. Boiling range of fractions

- 131.,1-136.3°C/100 mm. Hg.

8D. 2624 gm. (Mixed C-fractions 165-180/50
mm. Hg. and 182-197°C/100 nm.Hg. ) Distilled in
30-plate column at 100 mm.Hg. after purification

to remove traces of non-basic matter. Boiling

range of fractions (distillation not
completed).
9D. 2320 gm. (End fractions ex. 4D.135.9-

140.3°C/100 mm.Hg. plus residues ex. 4D. and 5D).
Distilled in 100-plate column at 100 mm.Hg. after
purification to remove traces of non-basic
matter. Boiling range of fractions 126-

133.9°C/100 mm. Hg.

The scheme followed in these distillations

is shown more clearly in the Flow Sheet (Fig. 6).

Those D-distillations from which fractions were taken
for detailed examination are described more fully

below.

(To /
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(To illustrate the separation obtainable with |
the 100-plate column, a distillation curve is given
for distillation 1-D (Graph 5). A combined curve
for distillation 1 2 and 3D is also shown (Greph 6)
since this provides an interesting comparison with the
work of Eguchi. (15). The results of subsequent

distillations are shown simply in the form of tables).

Distillation 1-D.

In this distillation the 100-plate column was |
used for the first time and a rather small charge |
(1192 gm. ) consisting of some early C-fractions was
used. The column was operated at atmospheric
pressure, with a simple stop-cock type of still-head a
(Plate 5), and sincevthe constant voltage transfonneri
was not fitted at this stage, conditions were rather i
variable. The mean boil-up-rate was about 1000 ml. i
per hbur and the reflux ratio rarely less than 100 tog
1y so that the column efficiency should have been of |
the order of 100-110 theoretical-plates. (Allowing
for the variable conditions which persisted until the
constent voltage transformer was fitted, the column
efficiency during these early D-distillations was:
generally taken as being somewhere between 80 and

100-theoretical plates, which is probably & rather

conservative estimate).

Charge: 1192 gm. early C-fractions, boiling range
from 57.8 up to 105°C/100 mm.

(N§$ 1.4870-1.4977).

Fractions:/
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Practions: Total recovery 1102.5 gm. (92.5%)

Residues 77 gm. (6.46%)
T.0SS § 12.5 gm. (1.04%) including static hold-up|

|
The following is a complete 1list of the fractions

obtained (Table 12).

TABLE 12
Fractions from Distillation 1-D 1
Fraction Range
No. = | (°c/760 mm.Hg. ) Wt. (ame) E§5
a

W+0 (b) - = 7 =
1D1 ~-126.8 16.5 1.4714
1D2 ~135.3 32 1.4887
1D3 -140.3 35 1.4918
1D5 ~142.3 9.5 1.4922
1D6 =143.3 18 1.4941
1D7 -144.3 47 1.4958
1D8 -145.3 11 © 14956
1D9 ~146.3 o 2 1.4945
1D11 -150.3 7§ 1.4900
1D12 ~153.3 9 1.4872
1D13 -156.3 15 1.4877
1D14 ~157.8 14 1.4912
1015 ~-158.3 96 1.4958
1D16 158.3 45 1.4974
1D17 -159.1 s 3 47 1.4978
1D18 -160.1 89 1.4992
iD19 ~160.6 60 1.5013
1D20 -162 10 1.4989
1D21 -163 21 1.4991
1D22 ~164 15 1.4984
1D23 -165 18 1.4974
D24 ~166 15 1.4974
1D25 -167 11 1.4971
1D26 -168 16.5 1.4972
1= - -169 18 1.4972
1D28 =170 48. 5 1.4970
1D29 170 : 12.5 1. 4970
1D30 -170. 1 33 1.4970
1D31 ~171 , 185.5 1.4969
1D32 - -171.2 14 1.4982
1D33 -172.5 3545 1.4996
Total 1102.5

(a) Temperatures corrected to 760 mm. by using
the factor 2.5 mm.Hg. =t.0.1°C. at or near
760 mm. Hg.

(b) W+0 signifies water plus oil fraction i.e.
small gquantity of water and entrained
bases removed at beginning of each
digtillation.

The /
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The results have also been shown in the form !
of a graph (Graph 5) in which boiling point is
plotted against the weight per cent of the total
charge distilled. The sﬁarpness of separation is

clearly brought out in this graph and it will be

|
observed that there are three major flats correspond- |

:ing to the fractions. 1D7; 1D15-19 and 1D28-33.

The refractive index curve has not been shown
since it yields little information other than the
fact that the compounds present are mainly lower
pyridine homologues (N2° ca 1.5).  As might be
expected there is a wider spread in the refractive
indices of the fractions than in those of the charge.
The low refractive indices of ffactions 1D1 and 1D2
possibly indicate the presence of small amounts of

hydrocarbons.

Distillation 2-D.

This distillation was carried out at
ﬁhnospheric pressure using the 100-plate column, the
charge consisting of C-fractions boiling within the
range 105-120°C/100 mm.Hg. plus the residues and
end fractions from 1D. Operating conditions were
aubstantially the same as in the case of Distillation
1-D.

Charge: 2683 gm. consisting of C fractions of
' boiling range 105-120°C/100 mm. (25581gm)

residues from 1D (77 gm.) and fractions
1D32 and 353 (48 gn.)

Fractions: Total recovery 2166.5 gm. (80.8%)
Residues /
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Residue: 503 gm. (18.75%)

Loss: 13.5 gme (0.45%)

The fellowing is a complete list of the

fractions which were obtained (Table 13).

TABLE 13 /
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Fractions from Distillation 2-D
I
Fraction Range Wt. 25
No. (°c/760 wm.Hg.) | (gm.) s
W+0 = 5 -
2D1 154.9-157.4 2¢5 1.4910
2D2 -161.8 8.5 1.4960
2D3 -164.9 9 1.4969
2D4 -166.5 9 1.4972
2D5 ~168.4 25.5 1.4968
2D6 -169.6 20 1.4969
2D7 -170.0 445 1.4969
2D8 -170.6 178.5 1.4964
2D9 169.4-169.9 (a) 9 1.4964
2D10 -170.9 266.5 1.4968
2D11 -171.0 39 1.4976
2D12 =171.4 41.5 1.4979
2D13 -171.8 64 1.4986
2D14 =172.3 27.5 1.4995
2D15 -172.3 31 1.4995
2D16 -172.8 31 1.5000
2D17 -173.1 33.5 1.5002
2D18 -173.8 46 1.5007
2D19 -174.,6 45.5 1.5002
2D20 -175.8 101 1.4998
2D21 -176.7 42 1.5004
2D22 176.7 33 1.5010
2D23 =177.3 36 1.5020
2D24 -177.8 33 1.5030
2D25 ~178.3 104 1.5042
2D26 -178.8 86.5 1.5042
2D27 178.8 47 1.5080
2D28 -179.0 74,5 1.5050
2D29 ~179.4 39 1.5048
2D30 -180.2 1% 1.5042
2D31 =180.7 31 1.5052
2D32 178.5-179.0 (&) 13 1.5022
2D33 ' -181 29 -
2D34 -182.6 16.5 1.5036
2D35 -183.7 20~ 1.5041 -
2D36 -184.5 40 1.5032
2D37 -185 53 1.50156
2D38 -185.2 111.5 1.4990
2D39 -186 206 1.4979
Total 2166.5
|
() After rumning overnight on total reflux.

Distillation 3-D
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Distillation 3D

This distillation wes again carried out at
atmospheric pressure using the 100-plate column, +The
charge consisting mainly of C-fractions boiling
within the range 120-130°C/100 mm.Hg. with the addition
of residues from 2D and a fraction of boiling range
119.5 - 133.5°C/100 mm. from distillation 4D which
was meanwhile being carried out in the 30-plate
column. In this and subsequent D-distillations in
the 100-plate columm, the boil up rate was dropped to
about 900 ml, per hour, the reflux ratio being main-
:tained at 100 to 1 (or more), which probably increased
the efficiency of the column slightly (see Graph 1).
The constant voltage transformer was not yet fitted
sothat condi tions were gtill subject to minor
fluctuations.
{Charge: 2694 gm. consisiing of C-fractions of
boiling range 120-130°C/100 mm.Hg.
(2054 gm.), residues from 2D (503 gm.)
and fraction 4D1 (119.5 - 133.5/100 mm.Hg. )
(137 .gm. )
Fractions: Total recovery 2133 gm. (79.2%)
Residue: 536 gm. (19.9%)

Loss: 25 gm. (0.9%

The following is a complete list of the

fractions obtained (Table 14).

TABLE 14 /
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TABLE 14

FRACTIONS FROM DISTILLATION 3D

Fraction Range Wit N25
Io. (°c/760 mm.Hg. ) (em. ) )
W+ 0O - 20 -
SDA 1706 = 180.3 8.5 - i
3D2 -183.4 29.5 1.5183 [
3D3 =185. 1 2245 15111
3D5 ~-187.0 187.5 1.5040
3D6 -188.0 200 1.5040
3D7 -188.7 248.5 1.5036
3D8 -188.9 265.5 - 1.5030
3D9 ~190.0 2655 1.5018
3D10 ~191.6 201.5 1.5022
3D11 -193.8 259.5 1.5044
3D12 ~-197.2 257.5 1.5048
3D13 -198.6 152 1.5046
Total 2133 1

The combined results of distillations 1, 2
and 3D have been set out in the form of a graph

(Graph 6) in which the ratio of weight and temperatun

| range (aW) is plotted against temperature, the

AT

heights of the peaks indicating the size of the

corresponding flats on the distillation curve.

As a matter of interest, a corresponding

curve for Fushun Shale bases boiling within the same

. temperature range is also shown in Graph 6. This

latter curve was constructed from the data of
Eguchi (15), the values given by this author for the
ratio (aW) have been multiplied by a factor of 7,

(aT)
which / 2
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which brings the largest peaks on the two curves to

approximately the same height. Eguchi's figures

~ |refer to a total charge of 13,755 gm. of bases, while |
' those for distillations 1, 2 and 3D combined refer to|

|

a total charge of 6569 gm.

It will be noticed that there is a remarkable

Ecoincidence of the positions of the peaks on the two

curves, indicating the similarity between the

Scottish and Fushun Shale bases.

Distillation 4D

This distillation was carried out in the 30~
plate 4" gauze-packed column at & pressure of 100 mm.

Hg., the charge consisting of C-fractions boiling

within the range 130-141°C/mm.Hg. All fractions

|

from this distillation were re-distributed among the
charges for subsequent D-distillations (3, 5, 7 and QDL

Charges 3484 pgm. consisting of C-fractions of
boiling range 130-141°C/100 mm.Hg.

Fractions: Total recovery 2918.5 gm. (83.8%)

Residue: 548 gm. (15.7%)

Loss: 18 gm. (0.5%)

The following table (Teble 15) indicates the

use to which the fractions were put.

TABLE 15 /
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TABLE 15

FRACTIONS FROM DISTILLATION 4D

Fraction Range °C Wt. |Refractionated
No. (100 mm.Hg. ) (gme)| in -

W+0 - 4545

4D2-4 -135 903 5D

4D5=-7 -155.9 1107 7D '

4ang-10 -140.8 H20eo 9D

Total 2918. 5

Digtillation 7D

This distillation was carried out in the 100—I

plate column, the charge consisting of a very narrow
|cut (boiling range 135-135.9°C/100 mm.Hg. ) from
distillation 4D, (after purification to remove non-

basic material).

The 100-plate column had by this time been
fitted with a constant voltage supply so that
operating conditions were more gstable than had been
the case in earlier distillations. The column was
also operated under reduced pressure for the first

time and the distillation was caerried out at 100- mm.

Hg.

Purification of Basges.

The charge,consisting of fractions 4D, 5, 6
and 7 (1107 gm.) boiling range 135~-185.9°C/100 mm. Hg.

lwas /
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was dissolved in 1000 ml. (ca. 10 mols) of concen-
trated hydrochloric acid, and steam distilled until
.no further steam volatile matter was removed. In i

this way about 30 ml. of a foul gmelling oil, which

:seemed to consist largely of unsaturated hyﬂrocarbons;
i'Iwas removed. The bases were regenerated by the |
addition of a concentrated solution of 550 gm.

(ca. 13.8 mols) of sodium hydroxide, and after

steam distillation were separated from the agqueous

|
!
layer, dried over solid sodium hydroxide and i
re-distilled under reduced pressure. In this way !

1067 gm. of purified bases with a faint bluish

fluorescence was obtained, representing a recovery of |

96, 4%.

Charge: 1067 gm.

' Fractions: Total recovery 976.5 gm. (91.9%)
|

iResidue: Not weighed : |
| |

The following is a complete 1list of the -E

fractions obtained (Table 16).

TABLE 16 /
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TABLE 16
Fractions from Distillation 7D
Fraction Range wt. T25
No. (°6/100 mm.Hg. ) (em. ) 5
TD1(W+0) - 75 -
D2 131.5-133 (a) 8.0 1.5027
D3 131.1-132.5 8¢5 Solid at
room tempe.
7D4 ~133.2 11 Semi-solid at
room tempe.
™5 -134 38 1.5018
TD6 -154.1 57.5 1.5030
7 ~1584.4 87 1.5046
D8 -134.5 10345 1.50869
7D10 =135 111.5 1.5076
D11 135 167 -
7D12 ~136. 3 160 -
Total 976.5

(a) fraction removed before flooding column

and stabilizing conditions.

This distillation was unique in that a solid
base was obtained for the first time (Fractions
TD3-4). A further quantity of this base was
obtained in distillation 9D, the charge in this case
consisting of fractions 4D8-10 (boiling range

155,9-140.3) plus residues from 4 and &D.

Unfortunately, time has not permitted a
comple te examination of this solid pyridine
homologue but R.J. Benzie (68) has produced evidence
which strongly suggests that it is 2:3:5:6-tetra—
methyl pyridine.

This /
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This base is not listed in Beilstein and

there isg little reference to it in the literature.

Komatsu and Mohri (70) claim to have isolated the
three possible tetramethylpyridines from low-
temperature coal tar, but give little evidence to
substantiate this claim and no physical data of any

value.

A solid base having properties very similar
to those of the solid base obtained in distillations
7D and 9D is described by Oparina (71) who also

suggests that the base is 2:3:5:6~tetramethylpyridine.

Further reference will be made to this
compound in part d. of this section, but since most of
the work on it was carried out by R.J.Benzie,

distillation 9D will not be described in detail.

\Examination of Narrow Boiling Fractions (D-Fractions)

The four series of distillations which have
now been described in detaill gave rise to a large
number of narrow boiling fractions which could not be
resolved by further distillation using the apparatus
aveilable, but which were suitable for examination by

othe r methods.

The digtillations, together with the construct
tion and testing of the apparatus and certain
necessary preliminary studies took up much of the

time available and curtailed the time which could be

¥

spent /
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spent on the separation and identification of pure

components.

For this reason only three series of

fractions were examined and the boiling ranges of

these, together with the compounds isolated are

listed below.

(Tables 17 and 18).

Melting points

of some of the derivatives prepared are also given.

TABLE 17

Boiling Ranges of Fractions examined.

Range Boiling Range of Fractions| Origin of
Fractions
1! 169.9 - 171°C/760 mm. 1D31.2D8,
9, 10
2 186.1 -~ 188°C/760 mm. 3D5 - 6
3 134.5 - 134.6°C/100 mm. | 7D9

TABLE 18 /
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In addition it has been shown that the solid
base obtained in distillations 7D and 9D is
probably identical with a base synthesised by
Oparina (71) and is therefore in all probability

2:3:5:6-parvoline.

When possible the identity of compounds
isolated has becn established by prsparation and
analysis of one or more derivatives and comparison
of the melting points of derivatives with those of
reference compounds of known constitution, or with

values given in the literature.

It is unfortunately the case that there are
gerious discrepancies in the literature regarding
the physical constants of the pyridine homologues
and their derivatives and this is particularly frue
of the collidines (CgHy4lN) and higher homologues, for
many of which there is no data of any kind. The
identification of such compounds ftherefore depends,
as a rule, on oxidation in one or more stages and
idéntification of the oxidation products.
Unfortunately, such a procedure requires a reasonable
quantity of the compound snd if this is not available
the identity cannot be read;ly established. This
state of affairs has arisen on more than one occasion
during the present investigation and in such cases
the identity of the compound isolated must remain in
doubt until further guantities are obtained by the

working up of neighbouring fractions.

?

Ty o
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In addition to the isolation and identificat-
sion of pure compounds, the oﬁportunity has been
taken of having infra-red absorbtion spectra prepared
(through the courtesy of Dr. E.A.Coulson) and of
détennining the dissociation congtants of certain
bages. Owing to the lack of time these topics could
only be studied superficially and the dissociation
constants could only be determined approximately.
Nevertheless, the results obtained show that this
field of work is one which would repay further study,
and it is hoped that the work will be continued as a
later part of the research programme, of which this

thesis embodies the preliminaries.

Method of Examining Fractionss

The general method adopted during this part

of the work was as follows.

Preliminary examination of the crude bases
(A—distillate) hed established the fact that primary
and secondary béses were present in only insignificant
guantities, (no reaction with nitrous acid) although
t{aces of pyrroles were present (Ehrlich reaction).
It would have been interesting if the pyrrole com-
s:pounds could have been isolated and identified but
bearing in mind the fact that the Basic Tar is
obtained by treatment of the crude oil with
concentrated sulphuric acid, it is fairly certain
that only small quantities of pyrroles can be present

and /
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and the possibility of recovering them is therefore
remote. The present investigation was confined to

the tertiary bases.

The fractions to be examined were freed from
traces of non-basic material (when necessary) by the
procedure which has been described ( page 114-5). The
theoretical amount of picric acid was then added as
a saturated solution in 95% alcohol. This process
was usually carried out in three sgtages, the picrate
being filtered off after each addition of picric acid
The total guantity of picric acid used was based on
the mean molecular weight of the fréction, as
determined either by titration or by assuming the
type of pyridine homologues likely to be present in

a fraction of the appropriate boiling point.

The picrates obtained by this method were
purified by repeated crystallisation, usually from
more than one solvent, and fractions of similar
melting points were combined and again recrystallised.
Picrates which showed no change in melting point when
recrystallised repeatedly from at least two different
solvents were regarded as pure and were submitted to

analysis.

When a sufficient quantity of pure'picrate
was obtained, the base was regenerated by steam
digtillation from sodium hydroxide solution and the

bure base igolated by the usual methods. Further

derivatives /
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derivatives were then made from the pure base.

In one case (Range 2), the bases were

o

examined before and after fractional scid extraction

and alcomparison of the results showed beyond
guestion the value of this methode. It is interest- |
1
sing to note in this connection that in the examinatQ
sion of Range 1, a partial separation was achieved
by fractional steam distillation. This method was

not followed up, but may be worthy of further

consideration.

Details of the examination of each of the

three Ranges are given below.

Range 1
169.9 - 171°C/760 mm.Hg.

This narrow boiling range was the first to
be examined and was chosen since it represents the
largest 1°C fraction obtained during the early
D-distillations and corresponds to the largest peak
on the combined curve for distillations 1, 2 and 3D
(Graph 6). It was snticipated that this fraction
would contain 2:4:6~trimethylpyridine (b.p. 170.3/
760 mm. (15) ) and this base was, in fact, found to
be the main constituent of the fraction. A small
quantity of 3:5-dimethylpyridine, not previously
isolated from Scottish Shale bases was also isolated,
as the picrate, and it is reasonable to assume that

more of this compound is present in fractions

ad jacent /
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ad jacent to the range examined. - This compouwad was
isolated from Fushun Shale 0il by Bguchi (15) who
reports the boiling point as 171.6°C/760 mm.
Garrett and Smythe (18) examining the Scottish
Shale Bases boiling over the range 164-180°C, in the
year 1903, were gble to isolate only 2:4:6-trimethyl
pyridine and 2:5-dime thylpyridine from this wide
range and reported the boiling points of these
compounds as 171°C (768 mm.) and 163-164° (768 mm. )
respectively. These authors experienced difficulty
in obtaining crystalline derivatives (mercurichlorides
and picrates), from the mixed bases, an observation
which emphasises the need for efficient fractionation

in work of this nature.

The fractions initiglly examined were 1D31
and 2D10, the combined weight of the two being 450 gm.

The characteristics of the two fractions were as

follows:
20 1.4969
Np

2D10 266.5 gm. boiling range 169.9 - 170.9/760 mm.
N§5 1.4968

The combined fraction was pale yellow in
colour and had a not unpleasant odour. A 10 gm.
sample of the mixed bases was: almost completely
dissolved by the addition of 18 ml. of ca BN HC1
leaving only a few droplets of undissolved oil. The
acid solution had an unpleesant hydrocarbon odour.
The quantity of acid required to effect complete

Bolution was /
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was in fair agreement with the calculated volume
(117 ml. ) assuming the fraction to consist mainly of

trime thylpyridines. (CgHqqN = 121).

To remove traces of hydrocarbons, the bases
(Ca.400 gm) were dissolved in a mixture of 400 ml.
concentrated hydrochloric acid and 1800 ml. water
end steam distilled until nothing further could be
removed. In this way a few gm. of an evil smelling
mixture of unsaturated hydrocarbons was recovered,
while a small amount of tarry matter separated in

the distillation flask.

The bases were liberated in stages by the
addition of sodium hydroxide solution as followse.
A solution of sodium hydroxide (ca. 5N) was prepared
containing slightly more than the requisite amount of
godium hydroxide to neutralise the acid used.
Samples of the acid solution of bases and the
sodium hydrozide were then diluted 100 times and the
acid solution of bases titrated with the alkali
using a magic-eye conductometric titration apparatus.
The alkali was added in stages and the conductivity
of the solution plotted against ml. of alkali
added after each addition. The resulting curve
showed clearly, the neutralisation of the free excess
acid, the buffering effect of the base hydrochlorides
and the final end point, indicating complete

decomposition of the hydrochlorides. In addition
there /
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there were several small inflections in the curve
which may have been due to instebility in the
instrument, but which at the time were’ thought to
indicate the successive liberation of bases of
increasing strengths. The positions of these
inflections on the curve corresponded to approximately
41, 67, 77 and 92 per cent neutralisgtion of the

base hydrochlorides.

The 5N sodium hydroxide solution was
therefore added to the solution of baSe.hydrochloridea
in stages corresponding to these figures and the
liberated bases steam distilled out after each
addition of sodium hydroxide, a slight exXcess of
alkali being added during the final stage of

neutraligation.

The steam distilled bases were separated
from the aqueous layer which was then extracted with
ether, the ether extract being added to the bases.
After drying the ether solutions over sodium
hﬁdroxide followed by magnesium sulphate, the
solvent was removed and the bases distilled at

atmospheric pressure.

The following table (Table 19) summarizes

the results of this operation.

TABLE 19 /
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The total recovery of purified bsses was
320. 5 ng representing an overall recovery of 80

per cent.

It was obvious from the steady fall in
refractive index that some slightseperation had been
achieved by this operation, and the fractions were
accordingly worked up separately. The results of
picration, however, showed that the gseparation
achieved had been unsufficient to be of any material

benefite.

The distribution of refractive indices
indicated that the strongef bases (fraction X5)
probably consisted of substantially pure
2:416-trimethylpyridine (N§5 1.4959 (15) ), while the
weaker base fractions contained increasing amounts of:
a compound, or compounds, of higher refractive index.
It was ultimately established that this base was
3:5-dimethylpyridine (Ngf’ 15.5082-¢156) )5, which is

in agreement with the general observation that
diﬁethylpyridines are weaker bases than

trimethylpyridines (See Section F.)

A sample of each of the fractions X1 to X5
was treatéd with picric acid in three stages as
follows. Half the requisite amount of picric acid
ras added as a saturated solution in alecohol, the
precipitated picrate was dissolved by heating to the

boiling point and the mixture cooled rapidly to ensure

the /
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the formation of small crystals which were filtered

off and washed with aleohol.

The remainder of the pileric acid was added to
the mother liquor in two equal portions, the total -
amount used being approximately one molecular
equivalent, based on the assumption.that the bases
present had a molecular weight of approximately 121

(trimethylpyridines).

case
The results in each,were very similar and the

following types of picrate were separated, a total of

148 gm. of bases being used in all.

Type 1. 273 gm. of fine needles which appeared to
homogeneous under the microscope and melted sharply

within the range 153-157°C.

Type 2. 48 gm. of fine needles contaminated with
small amounts of a powdery picrate. The melting
points were more diffuse than those of fype 1 but fel

within the range 126-140°C.

Type 8. 40 gm. similar in appearance to type 2 but
melting indefinitely within the range 90-110°C. and

pregumnably contaminated with excess picric acid.

2:4:6-Trimethylpyridine.

Part of the picrate of type 1 which melted
within the range 155-157°C (193.5 gm.) was recryst-
ta@llised from 95 per cent alcohol which raised the

m.p. to 156.5-157°C. A second recrystallisation
from /
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from the same solvent caused no change in the mp. and
a sample recrystallised from acetone melted at the
game temperatures. The pure picrate was deposited
from alcohol as fine hair-like yellow needles. The

yield was 123.5 gm.

The memaining 79.5 gm. of the type 1.picrates
(m.p. 153-156°C) was recrystallised from the mother
liquors of the first part and by removing part of the
gsolvent a further 121.5 gm. of pure picrate was
obtained. m.pe. 155.5-156,5°C. The identity of the
two batches of picrate was checked by a mixed melting

point determination.

The combined pure picrates (245 gm.) suspended
in 2 1. of water were treated with a 25 per cent
excess of 10N sodium hydroxide and the base separated
in the usual manner. 66 gm. of a colourless liquid
with a not unpleagant odour was obtained. The pure
base remained colourless for several months when
-{stored in the dark and only darkened slightly on

exposure to light for a period of several weeks.

The picrate, picrolonate and methiodide were

prepared from the pure base by the usual methods.

Physical Constants.

B.P. 169.2-169.9/750 mm.  Lit. 171-172/760 mm. (49)
o 170.3/760 mm. (15)
ND5 1. 4958 Lit. 1.4959 (15)

Eguivalent Weight /
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Bguivalent Weight.

As found by electrometric titration with N

20
| hydrochloric acid 123.1

CgHq4N reguires 121°

The high value found was probably due to

| absorption of water in weighing as the free bases are

irather hygroscopic.
ﬁ

‘Picrate.
\M.P. 156-157°C Lite 156°C E49;
157°c (15

CgHq41.Cglz0plNg requires N, 16.00
iy A sample of picrate made from synthetic

2:4:6-collidine which was prepared by Hantzsch's

;synthesis had m.p. 156.5°C and gave no depfession in

la mixed melting point determination.

‘Picrolonate.

{Straw coloured needles from acetone.

iM.P. 220-230°C. (decompn.) Lit. 250°C (49)

|

Found  N,18.50
|
‘ CgliyqN.C1oHgN 05 requires N, 18.18

Methiodide

|
iColourless needles from alcohol. M.P. 212-213°C. A

semple prepared from synthetic 2:4:6~-collidine-had

m.p. 213,5°C and gave no depression in a mixed

melting point determination.

Found /
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Found Cy 40.85 H, b.535; CSHllN‘CHS'I requires

M, 5.42 C,41.08; H,5.36;1,5.32

Identification

The compound was considered to be 2:4:6-
collidine onthe basis of the observed physical data
and the melting points mixed melting points and

analyses of the derivaives prepared.

Confirmatory evidence was provided by the
infra-red absorption spectr;&which was identical

with that of 2:14:6-collidine (See section G)

di1b5-Lutidine.

It was apparent that the 2:4:6-trimethyl-
pyridine fraction was contaminated with small amounts
of at least one other base and it was considered that
the most likely impurity was 3:5-1lutidine, the
boiling point of which (171.6°C/760 mm.) differs by
little more than 1°C from that of 2:4:6-trimethyl

pyridine.

The amount present being very small there was
little possibility of effecting.a satisfactory
separation by fractional crystallisation of the
pPicrates, Use was therefore made of the fact that
methyl groups substituted in the 2- and 4- positions
in the pyridine nucleus are sufficiently reactive to
form styryl compounds with aldehydes while those in

the 3~ and 5- positions are not.

Normally /
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Normally the styryl compounds are prepared
by heating the alkyl pyridine and the aldehyde in a
sealed tube at a temperature of about 220°C in the
presence of a dehydrating agent such as zinc chloride;
Symme trical collidine, however, having three
reactive methyl groups reacts readily at lower
temperatures to give a mixture of produéts depending
on the conditions used. It was found by a trial
experiment that when a mixture of 2:4:6-collidine
and a slight excess of benzaldehyde was heated under
reflux for about 8 hours in the presence of zinec
chloride by means of an o0il bath maintained at
180-200°C, very little of the free base could be -
recovered from the reaction mixture by steam distill-
sation in the presence of excess alkali. This me thod
was therefore used to enrich a fraction of bases in
the hope of being able to separate 3:5~-lutidine from

the unreacted bases.

Unfortunately the fractions boiling within
the range 171-172°C (2D13-2D16) had been used for
another purpose, the bases used were therefore
fractions 2D8 and 9 (B.p. 170.6-170.9°C/760 mm.
N§5 1.4964).

60 gms. of the combined bases (ca. 0.5 mols)
which had nbt been treated to remove the small amount
of non-basic material present, was mixed with 185 gm.
(1.75 mols) of benzaldehyde and 70 gme (0.5 mols.) of
Powdered anhydrous zinc chloride in a flask with a

long /
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reflux air condenser. The mixture was heated in an
0il bath at 160° when a vigorous reaction soon set in.
Heating was stopped until the reaction had subsided
and the mixture was then heated for 12 hours, the
temperature of the oil bath being gradually
increased to 200°C. The reaction mixture became

dark red and ultimately black and very viscous.

The viscous product was poured into water,
50 ml. of concentrated hydrochloric acid added and
the excess benzaldehyde steam distilled out. A
solution of 40 gm. of sodium hydroxide was then
added to the residue and the unreacted bases
geparated by steam distillation. ZExtraction of the
gsteam distillate with petroleum ether followed by
removal of the solvent yielded 2 gm. of bases having
an odour resembling that of 2:4:6-collidine.
Addition of picric acid yielded a. powdery mixture of
picrates from which a small quantity of a picrate
melting diffusely between 223-235°C was isolated by
fractional crystallisation;  the amount, however,
waé too small for convenient working up.

3s5-1lutidine picrate has m.p. 244° (15).

It was clear from this experiment that the
amount of 3:5-lutidine present was too small to permit
a satisfactory separation of this compound directly
from the mixture of bases. Attention was therefore
directed to the low melting picrates remaining from
the 2:4:6-collidine separation, which were presumably

richer 74
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richer in 3:5~-1lutidine. Two fractions of mixed

picrates were available:-

Type 2 48 gm. m.p. 126-140°C.
Type 3 40 gm. m.p. 90-110°C.

These were worked up separately as follows.

The mixed picrates were treated with an
excess of 41 sodium hydroxide solution and heated
almost to boiling point. The sodium picrate which
geparated on cooling, was filtered off and washed
with petroleum ether. The filtrate was also extract-
ted with petroleun ether and the combined petroleum
ether extracts dried over solid sodium hydroxide.
Removal of the solvent followed by distillation of
the residual bases gave from

Fraction 2, 6.5 gm.of bases o> 1.5020

and from Fraction 3, 2.5 gm.of bases N§5 1.5010

This showed that the two batches of picrate
were substantially identical, the lower melting
batch being contaminated with a large excess of

picric acid.

The refractive indices also indicated a
congsiderable enrichment of the 3:5-lutidine content.
2:4:6- collidine has N§5 1.4959 (15)

Mean 1.4995
3:5- lutidine has N§5 1.5032 (15)

The combined bages 8.5 gm. (ca. 0.07 mols).
benzaldehyde 15 gm. (0.14 mols) and zinc chloride
9.5 £l /
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9.5 gm. (0.07 mols) were heated under reflux for 10
hours at 160-180° and then for 2 hours at 180°. The
product worked up in the same way as previously
yielded 1 gm. of bases. This was treated with 2 gm.
of picric acid and by recrystallisation from acetone-
alcohol there was finally separated a smali amount of
picrate which had a m.p. of 244°C. The amount of
this (less than 1 gm.) weas too small to justify

reconversion to the base.

Picrate M.P. 244°C.. - Lit. 244-5 (165, 49)
Found N 16. 66 CpHgN. CgHzOnNz requires

N. 16.86.
Identification.

Unfortunately, no pure specimen of 3:5=-
Jutidine picrate was availagble for mixed melting
point determination, however, the analysis of the
picrate and the characteristic high melting point

exclude the possibility of any other compound likely

to be present in a fraction of this boiling range.

Rm@ee.
186, 1-188°C/760 mim. HZ.

This fraction was of a more complex nature
then the one previously examined. It appeared to
congist of a mixture of collidines, of which the
2:315~ and 2:4:5-isomers were identified, the former
88 the picrate and the latter as the free base and
small amounts'of several other compounds, two of
which were isolated as crystalline picrates. The

identities /
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identities of these have not yet been established.

At least one compound was present from which
no crystalline picrate could be obtained, although
a crystalline methiodide and picrolonate were
isolated from the mixture of bases regenerated from

the non-crystalline picrate;

Analysis of the unidentified compounds
obtained did not help to clarify the situation, as
the analytical results in each case agreed fairly
closely with those ﬁhich wouid be expecfed from the
corfesponding derivatives of m6nomethylpyridines.
The melting points of the compounds however,

exeluded this possibility.

The resulis of an infra-red absorption
analysis of the base regenerated from the non-

crystalline picrate were similarly inconclusive.

The bases used in the examination of this
range were made up of fractions 3D5 and 6 combined
(370.5 gm.) The fractions had the following
characteristics.

8D5 b.r. 186.1-187/760 nm.Hg. m%5 1.5040 137.5 gn.

3D6 b.r. 187-188/760 mm. Hg. QES 1.5040 253.0 gm.

The mixed fraction was first of all
examined by direct picration, this, however,
yielded a complex mixture from which only a small

quantity of 2:3:5-collidine picrate was isolated.

The /
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The bases were therefore submitted to fracﬁional
acid extraction using the procedure of Jantzen (51).
This provided a series of fractions of gradually
increasging basic strength, of which the first and
last (i.e. the weakest and strongest bases
respectively) were examined. From the weakest bases
several compounds were isolated, none of which were
idaentified, while the strongest bases were found to
consist mainlylof 2:14:5-collidine. The 2:3:5=
collidine was presumably concentrated in one of the

intermediate fractions which were not examined.

Examination of Bases before Fractional Extraction.

12 gm. (ca. 0.1 mols.) of fraction 3D5 was
dissolved in a mixture of 20 ml. of concentrated
hydrochloric acid and 80 ml. of water. The solution
was extracted with petroleum ether to remove traces
of non-basic material and added to a hot solution of
81 gm. (0.3mols.) of mercuric chloride in 1500 ml.
of water. White crystals of the mercurichloride

were deposited on cooling. m.p. 156-162°C.

| On attempting to purify the compound by
recrystallisetion from dilute hydrochloric acid, the
melting point was reduced and ultimately a mixture
of crystalline and oily mercurichlorideswas obtained
from which no pure compound could be isolated.

Attention was therefore directed to the picrates.

2:3:5~-collidine./
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2:8:5=C0llidine.

A mixture of 30 gme of each of fractions 3D5
and 6 (ca. 0.5 mols.), which had not been treated to
remove btraces of non-basic material, was added to a
solution of 114 gm. (0.5 mols.) of picric acid in
1425 ml. of alcohol. After standing for a few
minutes a brownish-yellow mixture of picrates
seperated. The picrate was re-dissolved by boiling
and allowed to crystallise slowly. The crude yellow
picrate so obtained had a melting point of 1353-137°C
(Picrate A)s On washing with warm ether, a
substantial part was dissolved while the colour was
reduced to a muddy yellow. The undissolved picrate
was recrystallised from acetone which raised the m.p.
to 162-168°C. and changed the colour to pale yellow.
A further recrystallisation from alcohol gave a small
crop of pale yellow microcrystals which melted
sharply at 182-182.5°C. A final recrystallisation
from acetone gave pale greenish yellow felted needles
melting sharply at 182.5-183°C. The yield of pure

Picrate was approximately 3.5 gm.

Identification.

Owing to lack of time and the small smount of
material available the free base wes not regenerated.
Nitrogen analysis of the picrate, however, indicated

that_it was probably that of a trimethylpyridine or a
methyl-éthyl pyridine.

Found /
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Found.N, 16.38

i CSHlllT-G6H507N5I'e guires N, 16.00

The possibility of the picrate being that of!
a dimethyl or ethyl pyridine (C7H9N.06H507N5requires.
| X, 16.66) is rendered unlikely by the fact that the
" highest boiling of the lutidines (3:4-dimethyl !
| pyridine) has a boiling point of only 178.9°C/760 |
| mm. Hg. (15), while the fractions used for the

| exsminetion hed a boiling range of 186-188°/760 rmHg.

It therefore seemsprobeble that the picrate
obtained was that of 2:8:6~ccllidine, the melting

point of which is 183-184°C (15, 72).

Unfortunately, no sample of the pure base was

| aveileble for a mixed melting point examination.

2:5:b-collidine was previously isolated from

| Fushun Shale 0il by Eguchi (15).

Further Picrates obtained.

The mother liguors from the original
Picration and recrystallisations of Picrate A were
concentrated in stages and the small amounts of

| pierates so obtained systematically recrystallised.
iA number of low melting point mixtures of picrates
?were separated, but it was found impossible to

iseparate any pure compounds.
|
Complete removal of the solvent left the
;major 7
| i
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ma jor fraction of the picrate in the form of a
viscous dark reddish brown oil which crystallised
only partially after standing for several months and%

from which no pure compound could be isolated.

Fractional Acid Extraction.

It was obvious from the results of this
picration, that the fraction consisted of a complex
' mixture and contained at least one component which

either did not react normally with picric acid, or

did so to form & picrate which did not crystallise

readily. An attempt was therefore made to simplify

the fraction by fractional acld extraction as follow%.

The remainder of fractions 3DH6 and 6 were |
combined (294 gm.),taken up in 300 ml. of concentrata
sed hydrochloric acid and steam distilled to remove
traces of hydrocarbons. The bases were liberated in
the usual way by addition of sodium hydroxide
gsolution and steam distilled over. This operation
was carried out in two stages and it was obéerved
that the last fraction of bases to be liberated
(i.e. the stronger bases) had en unusually
penetrating and unpleasant odour. Since, however,
it was expected that fractional acid extraction

would achieve better separation than fractional

steam distillation, the two fractions were combined.

The recovered bases amounted to 264 gu. i

|
(89,8 per cent recovery) and had a slight carbylamine

odour, /
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‘lexactly equivalent amount of ca. 2.5N hydrochloric
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odour, presumebly due to the action of minute traces
of primary amines on the chloroform used for extract-

sion of the basdes from the steam distillate.

The recovered bases were digsolved in an

acid, the amount of acid required being determined by
titration. A solution of sodium hydroxide (ca.10N)
was then added in ten equal portions and the liberated
bases extracted after each addition of alkali with
150 ml. of benzene, the total amount of alkali used
being exactly eqguivalent to the acid used to dissolve
the bases. In this way, ten benzene fractions were
obtained (51" 810) containing bases of increasing
strength, the strength increasing in the direction

Sl —-—)Slo.

81 was shaken with an exact equivalent of
ca. 1l.5N hydrochloric acid (i.e. 1/10th of the amount
of macid originally used), the acid extract was then
separated and sheken with Sg, Sz, Sp+...+81g, in
turn so that an interchange of bases between the acid
layer and the solvent layer took place at each stage,
the stronger bases tending to accumulate in the acid

layer.

Meanwhile, 8, (stripped solvent) was shaken
with a second portion of acid to remove final traces
of bagses and the whole process was repeated. A third

portion of acid was then added to Sg and the process

repeated /
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repeeted again and so on until five portions of acid

_'had been added.

By this time, the first acid extract had
been shaken with all the fractions S; - 8445, and

was neutralised by adding an exact equivalent of
ca. 10N sodium hydroxide, the liberated bases being
taken up in fresh solvent and carried throégh the
remaining steges of the extrasction. The complete
scheme, which is described more fully in the

literature appendix, is that of Jantzen (51).

Ultimately, ten fractions of solvent
(8g - 8,5) were obtained, containing bases of
strength increasing in the direction 86— 815. The
bases were recovered from each fraction iﬁ the usual
manner by removal of the solvent and distillation of

the residue at atmospheric pressure,

The results of the fractional acid extract-
tion are shown in Table 20, in which the weights énd
refractive indices of the frachtions are given and
in Graph 7, in which the refractive index curve is

shown.

TABLE. 20 /
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TABLE 20

Refractive Indices of Bases after Fractional Dist&]lation

Fraction Weight gms. n§5

6 1545 1.5279

7 26.0 1.5073

8 | 24.0 1.5015

S [ 24.5 1.4998

10 a 23.5 1.4996

it | 24.0 1.4996

12 23.5 1.4999

13 2545 1.5008

14 24.5 1.5022

15 24.5 1. 5036
Total 28545 5

The total weight of the fractions recovered
was 235.5 gm. representing a recovery of 89.2 per
cent of thelfases used. The low yield of fraction 6
was probably due to the cumulative effects of-
solubility and slight discrepancies in the volumes of

aeid and alkali.

The high refractive index of this fraction,
which is outside the range of the gimpler pyridine
hormologues (335 ca 1.50) suggests the presence of
compounds such as pyrindane (N§5 1.541) isolated by
Eguchi (15) from Fushun Shale 0il. The boiling point
of pyrindene, however, is given by Eguchi as 199.8/
760 mm.Hg. while that of the fraction used for the

extraction was 186.1-188/76€ mm.Hg.

several compounds of unknown composition
were in fact isolated from this fraction and a non-

erystalline /

1
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crystalline picrate was obtained, the bases regener-

sated from which had N25

p 1.5125 and boiled over a

wide range.

Time permitted the examination of only two
of the fractions from the fractional acid extraction;
these were the two end fractions, numbers 15 and 6,

containing the strongest and weakest bases respective

Fraction 15.

The fraction (24.5 gm.) was treated with

picric acid in three stages as follows.

A saturated alcoholic solution of 16 gm. of
picric acid was added which caused an immediate
precipitation of picrate. After standing overg;ght

this wag filtered off -and washed with alcohol.

-

The mother liguors were treated with a

further 16 gm. of picric acid, which again caused an

immediate precipitation of picrate. This was filtered

off after standing for several hours and washed with

alcohol,.

The mother liquors were then treated with
8 gm. of picric acid and yielded a further small

crop of picrate.

The three crops of picrate obtained had the

following characteristicss

P, Yellow micro-prisms m.p. 148-150°C. Sample

—

recrystallised from acetone had m.p. 161 C.

i s

X

preceded by sintering.

e ——
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P2 Yellow micro-~prisms m.p. 146-~147 preceded by

sintering.

P3 Pale greenish-yellow, not homogeneous, meDe

135°C preceded by sintering.

P1  Recrystallised from acetone gave lemon yellow

micro-prisms. m.ps 161°preceded by sintering.

Pg recrystallised from the acetone mother liguoré
from Py gave lemon yellow micro-prisms m.p.

159~160°C preceded by sintering.

Pz was not examined further as the amount was very

small.

The recrystallised picrates P1 and Pg were
combined and recrystallised from alcohol to give
short needles m.pe. 160°C. preceded by sintering.
Under the microscope the crystals were secen to be
contaminated with traces of a fine powdery picrate.

A final recrystallisation from acetone gave

" m.pl60.5-161°C
small square prisms sintering at 159-160°C.,which
appeared to be ﬁomogeneous under the micfoscope. The

yield of pure picrate was ca. 20 gne

2i4d:5-collidine.

The picrate (20 gm.) was treated with an
excess of ca. 10N sodium hydroxide, steam distilled
and the base recovered in the usual manner. Redistill

ation of the pure base gave 6.5 gm. (94 per cent

recovery ) /
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recovery) of a colourless liguid with a not
unpleasant odour reminiscent of that of 2:4:6-
collidine. The picrolonate was prepared from the

pure base in the usual manner.

Physical Characteristics.

B.P. 189°C/745 mm.Hg. Lit. 189.8/760 mm.Hg.(15)
g§5 1.5057 Lit. 1.5054 (15)
Picrate.

Short needles from alcohol
M.P. 160.5 = 161°C. Lit. 161°C (15)

Found I, 16.22
08H11N.06H307N3 reguires N, 16.00

Picrolonate.

Fine needles from acetone.
M.P. 218°C.
Found I, 18.833
CBHﬁy’010H805N4 requires N. 18.18.

Identifieation.

The compound was considered to be 2:4:5~-
trimethylpyridine on the basis of the close agreement
between the physical properties of the base and
melting point of the picrate and the values given in
the literature. Analysis of the picrate and picrol-
sonate supported this view, but unfortunately refer-
sence compounds were not available for direct
comparison. Further confirmation was provided by the
infra red absorption spectrum, although no reference
spectrun was available for direct comparison.

(Section G.)
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Praction 6.

The fraction (15 gm.) was treated with pieric

acid (saturated alcoholic solution) in three stages.

A solution of 8 gm. of picric acid was added
to the bases, the solution became  orange in colour and
on standing a small crop of the picrate separated,

mep. 172-3°C. A sample recrystallised from acetone
NOTE . Thia m.p. wos mol
had m.p. 179-180°C (Picrate 1). Hz Iw*“_guw“(w
(e paey)

The mother liguors from the above were
treated with 8 gm. of picric acid, but as very little
picrate separated on standing in the ice chest, a
further 8 pgm. of picric acid was added. After 84
hours in the ice chest a small crop of crystals was
obtained. These had m.p. 183-4°C. Recrystallisation
from alcohol raised the m.p. to 187-188°C. (Picrate 2)
The mother liquors from this operation were used to

recrystallise picrate 1.

The original solution of bases plus picric

acid was concentrated to about 100 ml. and after stand
ting several days in the ice chest a fraction of a gm.
of granular orange picrate was obtained, m.p.

147-150°C. (Picrate 3).

Further concentration of the original solution
géve no solid picrate and complete removal of the
solvent left a viscous orange coloured oil, which
became pasty on stirring wifh pe troleum ether. The

petroleum /

|
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Petroleum ether washings left no residue on evaporat-

tion, indicating the absence of free bases.

‘The oily picrate was taken up in acetone and

the solvent allowed to evaporate slowly. In this wayﬁ

a gemi-solid mixture of solid and oily picrateswas
obtained and by dilution with a few mls. of methanol
it was possible to filter off much of the solid

(Picrate 4).

Removal of the solvent from the filtrate
yielaed about 30 gm.of a dark red viscous oil which
constituted the major part of the total picrate
(Picrate 5). The oil resisted all attempts to induce

crystallisation.

The picrates were examined separa@ly as

follows.

Picrate 1 (m.p. 172-3°C).

Recrystailised from alcohol mother liguors
from recrystallisation of picrate 2. M.P. substant-
ially unchenged (173-174°C). Recrystallisation from
me thanol and acetone caused little change in the m.p.
(174.5-175.5°C). The picrate was therefore taken as
pure. The yield was less than 1 gm. and the base

was not regenerated. >

Analysis of the picrate was inconclusive and
suggested a monomethylpyridine or a partiaslly
reducéd monome thylpyridine picrate. The fﬁrmer
possibility was ruled out by the melting point and

boiling /
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boiling range of the originsl bases. Identification
of the compound has been left until a further
gquantity of the picrate can be isolated. The
empirical formula of the picrate calculated from the
analysis was C19H11-12N40n.
Found C, 45.13; H, 3.55; N, 17.28
Picoline picrate 06H7N.053507N3 requires

C; 44.71; H, 3.133- N, 17.39
Dihydropicoline picrate CGHQN-06H507H5 reguires

Cy, 44.44;  H, 3.78; N, 17.28
The compound has not been identified with any

compound described in the 1literature.

Picrate 2 (m.p. 188-9°C)

The picrate was again recrystallised from
alcohol, the melting point, however, remained almost
unchanged at 188-9°C. A sample recrystallised from
ecetone showed no appreciable change in melting point
and the picrate was therefore taken as pure. The
yield was 1 gm. (nsedles sparingly soluble in alcohol)

and the free base was not regenerated.

Analysis of the picrate gave similar results

to those obtained in the case of Picrate 1 and similar

remarks apply.

Found. c, 45.11; H, 3.45; N, 1%7.786
The compound has not been identified with any

compound described in the literature.

Picrates 3 and 4
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Picrates & and 4

Both picrates were obviously mixtures and
the melting points were not improved by crystallisat-
ion. As the combined weight of the two was less than

1 gm. they were not examined further.
Picrate 5.

The dark red viscous oily picrate resisted all
efforts to induce crystallisation and was ther@fore
converted back to the free base in the usual manner.
Traces of carbylamihes were observed during the steam
distillation of the bases and thege were destroyed by

beiling in dilute acid solution for a short time

before the final distillation of the liberated bases.

The bases obtained had a strong rather

unpleasant odour and distilled over a wider boiling
renge than the fraction originally used forlthe

fractional acid extraction. A smgll amount of high
boiling material (b.p. over 200°C/760 mm. ) remained in
the distillation flask indicating that slight
decomposition had taken place during the acid
extraction or subsequent treatment. On redistillation

the bases came over mainly within 1.5°C.

Physical characteristics.

ber. 185.5 - 187°C/749 mm.Hg. 1112)5 1.5125

Picrate.

An attempt to prepare the picrate of the

régeénerated bases led once again-'to the formation of

mn S
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an oil which did not crystallise.

Picrolonate.

The picrolonate prepared in the usual manner
came out as an oil which partially crystallised on
standing. The crystalline picrolonate separated from
the oil and twice recrystallised from alcohol had

(103 Pl 185-4:060

Analysis was again inconclusive and the
compound was not identified. This picrolonaté may
have corresponded to one of the picrates previously
igsolated. The high hydrogen value suggests a
partially reduced pyridine homologue. The picolines
and dime thylpyridine picrolonates are excluded by thé
low melting point and by the high boiling range of
the free bases. The ethyl pyridines are similarly
execluded by boiling point considerations.

Found. C, 54.02; H, 4.54; N, 19.72

Picoline picrolonate (CgHylN.CqoHgOsN,) requires

C, b3.765; H, 4.23; N, 19.60

TLutidine picrolonate (CVHQN'010H805N4) regquires

C, 54.,96; H, 4.62; N, 18.86

Methiodide.

The methiodide prepared in the usual manner
separated as an oil which partially crystallised on
stending. The solid methiodide, separated from the
0il and recystallised from methanol, had m.De.

225-226.5°C.

Analysis /
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Analysis was’again inconclusive and the
compound was not identified. It may have corresponded
to one of the other derivatives previously obtained.
Found. 0.555:69%  H, 4.57; W, 6.12

Picoline methiodide (CgH,N.CHzI) requires

C, ‘35.75; H’ 40 26; I“\r, 5096-

The possibility of a picoline methiodide was
excluded by the melting point and by the low boiling
pdints of the free picolines. The high hydrogen

value however suggests once again the possibility of g

partially reduced compounde.

Identification of Compounds obtained.

Unfortunately, sll of the solid derivatives
from this range were obtained in such small amounts
as to render their identification difficult. The
high hydrogen analyses in éll cases suggest the
presence of reduced or partially reduced pyridine
homologues, but the differences between the calculated
analyses'of such compounds and those of the unreduced
compounds are close to the limits of experimental
error for the analysis of compounds of this type.

It is therefore impossible to make any suggestions
regarding the identity of the compounds obtained,
until further guantities are available for examination

by chemical methods.

The oily picrate could not be purified by the

usual methods and therefore the base regenerated from

B/
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it was not pure. It was apparent that at least one

compound was present which did not react in the normal

manner towards picrolonic acid and methyl iodide and
this is in agreement with the findings of earlier

workers in® this field (12, 18, 20).

The presence of traces of Primary bases,
as evidenced by the formation of carbylamines guring
a chloroform extraction of the original bases from
alkaline solution was surprising. Examination of
the original A-distillate had indicated the absence
of primary amines. It is certain, howewer, that
the amount of primary bases present was very small,
Presumably it had been concentrated in this range
during the exhaustive distillations to which the
bases were previously subjected, (aniline for
example (b.p. 184.4/760 mm.Hg.) would be expected to

accumulate in this range if present).

Infra red ahsorption analysis of the base
regenerated from the oily picrate gave inconclusive
regul ts. The absorption specirogram (Section G) was
such as might have been expected from a mixture of
highly alkylated pyridines, a result which suggests
the possible presence of compounds quite different
from the simple methyl and polymethyl pyridines
pregsent in the lower boiling fractions. The
unusually high refractive index of the base from the
oily picrate (N§5 1.5123) supports this view.
Nothing has been found in the literature which gives

-any indication of the identities of the picrates and

P Mgy R 8
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other derivatives isolated.

Range 3
134.5-154.6°C/100 mm.Hg. (199-200°C/745 mm.Hg. )

This range was chosen for examination since
it represented a pronounced flat on the 7D
distillation curve and since it occurred close to the

interesting solid base (2:3:5:6-parvoline) obtained
during distillations 7 and 9D. The only compound
igolated in a pure gtate was 2:3:4:6~-parvoline
previously found in Fushun Shale 0il by Hguchi (15).
As in the case of Range 2, a non-crystalline picrate

was also obtaineds; this has not yet been examined.

It is interesting to note that the only other
tetramethylpyridine (the 2:3:4:5-isomer) has already

been isolated from Scottish Shale 0il (20).

The fraction used in this examination was

D9 ber. 134.5-154.6°C/100 mm.Hg. 217 gm. N§5 1.5076

The charge used for distillation 7D was freed
from non-basic matter before distillation and the
fraction was therefore ready for reaction with picric
acid without any treatment other than a preliminary
distillation et atmospheric pressure (b.r.199-200°C/
745 mm.Hg. ) The redistilled baseé was a colourless
oily liguid with a strong characteristic odour. The
equivalent, as determined by titration, was 140.6

( tetrame thylpyridines require 135).

140 gm. /
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140 gm. of bases (1 gm. equivalent) was
treated with 229 gm. (1 mol.) of picric acid in three
equal portions, the picric acid being added as a
saturated alecoholic solutione. In this way, three

batches of picrate were obtained.

Picrate 1.
Fine needles m.p. 106-107°C raised to

121-123°C by recrystallisation from alcohol.

Picrate 2.
Fine needles m.p. 121-123°C, unchanged by

recrystallisation from alcohol.

Picrate 3.
Needles m.p. 117°C, unchanged by recrystallis

ation from galcohol.

Picrates 1 and 2 were combined and
recrystallised from methanol (m.p. 122-123°C) and
acetone (me.p. 123.5°C). The latter recrystallisation
caused heavy losses, as the compound was rather

soluble, but gave a very pure product.

Picrate 3 recrystallised from methanol had
MePe 118-119°C; an attempt to recrystallise from
hot water, in which it was appreciably SOIuble, low-
tered the m.p. slightly. Recrystallisation from the
acetone mother liguors from picrates 1 and 2 raised

the IHQP- tO 12105"123000

A mixed sample of the purified picrates 1, 2

and /

———
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and 5 recrystallised from alcohol appeared quite
homogeneous under the microscope and had m.p.

122-123°C.

2:3:4:6-Tetrame thylpyridine.

The combined purified picrates (P;, Py and
Py ) amounted to only about 32 gms., although there
_is no dodb? that considerably more could have been
cbtained by systematically working up the mother

liguors.

32 gm.s of the pure picrate was decomposed
with sodium hydroxide and the base regenerated in the
usual manner. 10 gm. (84.3 per cent recovery) of a
colourless liguid with a rather unpleasant odour was
obtained. The picrolonate and mercurichloride were

made in the usual way from the pure base.

Physical Characteristics.

b.p. 202.5-203/746 mm.Hg, _ Lit. 208.3/760 mm.(15)

N25 1.5087 Lit. 1.5084 (15)
a%® 0.9345 (a) Lit. 0.9229 (15)
4

Mp 43.18 calc. 44.10 (b) Lit. 43.54 (15)

(a) The dmnsity could not be determined

. with great precision as no accurate
thermostat was available at the time.

(b) Prom atomic refractions of Roth and

Risenlohr (73).

Picrate /
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Picrate.
Fine needles from alcohol.
M. P. 122, 5-123.5°C. Lit. 107°¢ (15)

Found C, 48.97; H, 4.43; N, 15.41
09H13N}06H307N5 requires
C, 49.45; H, 4.43; N, 15.38

Picrolonate

Prisms from methanol.

l.P. 225.5° (decomp.)

Found N, 17.46
CQHiSH.CloHBOBN4 requires
Ty 17463
Mercurichloride

Needles from dilute hydrochloric acid
M.P. 154°C (not completely purified)
Found C, 26.27; H, 3.08; N, 3.48

C.H

9 15N.H01.11g012 reguires

C, 24.89; H, 3.18; 0, 3.16

Iaentification.

The compound was considered to be a parvoline
on the basis of the analyses of the picrate and
picrolonate. The mercurichloride was not isolated

in a pure state.

The close asgreement between ﬁhe physical data
of the base and these given by Eguchi (15) suggest
that the compound is the 2:3:4:6—tetramethyl isomer
and /
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and the boiling point of this compound, as calcﬁlated
by Eguchi from an empirical relationship is 208.3°C/
760 mme.Hg. , Which is in fair agreement with the bpil—
ing point found during the present work and in exact
agreement with the value observed by this author.
The molecular refraction, as calculated from the
density and refrasctive index of the base, was in
beasonable agreement with the value obtained by
sunmation of the atomic refractions, assuming a

parvoline structure.

The observed melting point of the picrate
does not egree with the value found by Eguchi, but it
was noticed that when the picrate was heated, a well
defined shrinking of the-crystals occurred at 107°C,
which is the melting point given by Eguchi. The
temperature at which this phenomenon occurred was
guite sharp and.reproducible and it is quite
possible that it may have been mistaken for fusion of

the solid,

Bvidence in favour of the tetramethyl
structure was provided by the infra red absorpiion
spectrogram in which the band due to - C - CHgy

deformation was particularly strong while the - CHg

= CHz freguency was absent (Section G.)

Of the three possible tetrwnethylpyridineé,
the 2:3:4:5-igomer is described in the literature (74)
as having b.p. 232-234°C, picrate m.p. 170-172°C.
The /
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The 2:3:5:6-isomer, to which reference has previoﬁsly
been made is believed to have been isolated during
the present work as a solid, m.p. 71-72°C, picrate
mepe 175-174°C. The only remaining possibility

therefore is 2:3:4:6-tetramethylpyridine.

An attempt to oxidise to base with potassium
permangsnate in acetone, was unfortunately not

successful and has not yet been repeated.

Further Picrates isolated from Range 3

The original alcohol mother liguors and
certain of the recrystallisation mother liquors were
gystematically reduced in bulk and a series of mixed
picrate fractions were obtained. The main COHStitUr
ent of the solid picrates obtained appeared to be
2:5:4:6-parvoline picrate and no doubt more of this
compound could have been isolated in a pure state by
systematic recrystallisations. No other compound was

isolated in a pure state.

Comple te removal of the remaining alcohol
from the original mother liguors yielded about 50 gmsk
pf a viscous red-browan oily picrate similar to that

obtained from Range 2. This has not been examinede.

Solid Base from Distillations 7D and 9D

2:5:5:6-Te trame thylpyridine.

Reference has been made to the solid base

isolated during distillations 7D and 9D.  This base

was /
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was examined by R.d. Benzie (68) during the course of
the present work and it was established fairly
conclusively, from the anslyses of derivatives and
congideration of the physical and chemical properties
of the free base that the compound was 2:3:5: 6~

parvoline.

There are few references to this compound in
the literature and of tﬁese, one (70) is of no value
as the compound is not definitely characterised. In
another case (71) the compound is not indicated in the
indices of Chemical Abstracts, while in a further case
(75) it is described as the 2:5:4:6-isomer, although
the 2:3:5:6~-structure is given in the original paper

(and in Chemisches Zentralblatt).

In ihe course of examining the literature on
2:3:5-trimethylpyridine, it was found that this
collidine had been synthesised by Oparina (71) and
that a compound believed to be 2:5:5:6-parvoline was
also found among the resction products. The compounds
were prepared by the action of methyl iodide on &;5-
lutidine at 300°C in a sealed tube and on working up
the proﬁuct two picrates were isolated with m.p.s. of
183 and 173-4°C respectively. The fommer was shown
to be the picrate of 2:3:5-collidine while the latter
gave a base CgHqgll, which by analogy with the format-
tion of the 2:3:5-trimethyl isomer was presumably the
2:3:5:6-tetramethyl compound although this fact was

not definitely established.

The /
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The same compound was subsequently obtained by

| this author in another way (75). |

By condensation of a mixture of acetone,
?methyl—ethyl ketone and formaldhyde in the presence
| of an alumina catalyst the main product was 2:3:6-
- trimethylpyridine but a small amount of a base :
icgﬁlsN, identical with the base obtained by condensat%
| ion of methyl iodide and 3:5-lutidine, was also i
:obtained. By condensation of 2 mols. of methyl—ethy%

iketone with 1 mol. of formaldehyde this compound was
| the main product obtained. The reactions may be
|

| represented as follows where the acetone and methyl-

ethyl ketone are shown as the enol forms.

Eoa b anta L
. a ch=c 04+Hz |
| i % 3 —vey Ny deng + 34, A |

oo —H

licHz — ey =88 <8 =cH'3 <t ﬁ“‘i,r 3H 0K,
| \ — cH cH !
| cHz—C-oH HNHO-C—cHy L, A |

T~-2

! The formation of the base CgHyigN by the |

| two different reactions mentioned, with, in the one |

'case, simultaneous formation of 2:3:5-trimethyl

Pyridine /
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pyridine and in the other case simultancous formation
of the 2:3:6-isomer would seem to be very strong
evidence in favour of the 2:3:5:6-tetramethyl

structure for this compound.

It has now been shown (by preparation and
analysis of the gold chloride double salt) that the
compound isolated during distillations 7D and 9D is
almost certainly identical with the compound describe
by Oparina, which further suppo?ts the view that
this compound is 2:3:5:6-tetraméthy1pyridine.

Solid Base Synthesised by

Solid Base from 7D and 9D Oparina
M.P. 76°C ‘ 71 =720

Picrate M.P. 176°C 175-= 1774°¢

Aurichloride M.P.181-182°C 178°c

Analysis of Aurichloride

Found G, 22.56; H, 2.93; A4u, 41.17
CgHygN.HCl.AuCls requires C, 22.74; H, 2.97;
Au, 41.4!9-
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SECTION F

Dissocication Constants of Pyridine Bases.

The dissociation constants of pyridine
homologues are of obvious iﬂterest as providing a
convenient measurement of the relative strengths of
the bases. In view of the value of fractional acid
extraction as a method of separating such compounds,

. a knowledge of these values is of considérable
importance since, although the separation achieved is
dependent to some extent on the distribution
coefficients, the main factor involved is the relative
strengths of the bases. It is possible alsoc, that
the use of ion—-exchange resins may be of value in
achieving separation of these compounds, and in this
connection too a knowledge of the strengths of the
bases (even of a gualitative nature) is of obvious

value.

A survey of the literature reveals that little
Work has been done on the dissociation constants of
pyridine homologues and the few values recorded were

in some casées obtained by unreliable methods.

The opportunity has been taken,during the
course of the present work, of determining the
disgociation constants of all the compounds isolated
in sufficient guantity and in addition those of
several analogous compounds obtained from other sources.

'he work which has been done on this topic however

can /
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can only be regarded as a preliminary Study.

As no reliable potentiometer was available,
a direct reading pH meter constructed by Dr. K.R.Buck
of the Chemistry Department, Heriot-Watt College, was
used in conjunction with a glass electrode and a
calomel half cell. The probable acburacy of the
instrument was + 0.05 pH units and all measurements
were carried out at laboratory temperature (ca.18°C)
without any temperature control. The temperature
correction in all cases was almost certainly less

than the probable error of the instrument.
Method.

A sample of the base (0.1 - 0.2 gm.) which wa
not accurately weighed, was dissolved in about 50 ml.
of distilled water, and the pH of the solution
‘detennined, after standardiging the instrument
against buffers of known pH. Hydrochloric acid
(ca-gg) was added in stages and the pH determined
after each addition of acid, until further additions
produced no significant change. The pH values were
plotted against the totsl volume of acid added and
the end-point of the titration estimated from the

smooth pI curve.

The pH value at half-titration, as estimated
from the curve, gave the value of (pKa) the "acidic
constant." The dissociation constant (Xb) was then
determined by subtracting this value from the ionic

product /
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product of water (taken as 14) and eliminating the

. logarithm,

The results obtained are shown in Table 21,

| which includes a number of lower pyridine homologues |

| isolated from Scottish Shale 0il by R.J.Benzie (68)

and several compounds from other sources. Quinoline,
| 2-me thylguinoline (quinaldine) and 4—methquuinoline%
(lepidine) have been included for purposes of

comparison.

It must be emphasised that these values are
not claimeahto be of first order accuracys In one opr
two cases where a recent value has appeared in the
literature, this has been included in the table for

comparisones

TABLE 21 /
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TABLE 21
Disgsociation Constants of Pyridine and Quinoline
Homologues '
Kb x 109 1.iterature value
Base pEa iig 8?3 (Kb x 109)
Pyridine (2) 5«04 1.1 [I507-at 18%c: (786)
2-Picoline Eb 5. 82 6.6 [l.4 at 18°C (77)
5-Picoline (Db 5. 62 4e 2
4-%Et Pyridine(b,f)| 5.80 Ged
2:3-Lutidine (b 6.42 26
2:4-Ludidine (b) | 6.68 48
2:6-Lutidine (b 6. 66 46
B:4-Tutidine(b,c)| 6.55 36
23:4:5-Collidine(d)| 7.35 224
2:4:;6-Collidine 7.18 152
2:3:14:6-Parvoline TS 562
2:5:5 :6-Farvaline (b) 7.50 | 316
guinoline 4,70 03501 (065 uti25°0 (T8)
Lepidine (c 550 S.il6 .59 "M 3
Quinaldine (ec) 5«70 5. 01 Bo64 ——u ®
Bases from oily
picrate (e) T:06=| 115
Kahlbaum's.

DeS.IeRe

Q0o

Determination by R.J.Benzie
samples.
Isclated from strongest bases after fractional

extraction on 3D5-6. Range 2.
(e) Isolated from weakest bases after fractional

extraction on 3D5-6.

(f) synthetic.

Range 2.

Q&-C-
' I'srn._-f'm\n. 7

Jocs (ivey

=
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In the case of very weak bases such as the
guinoline homologues, it is difficult to estimate the
end point on the pH titration curve, and this is
reflected in the poor agreement with the 1literature -
values in the cases of lepidine and quinaldine, the
dissociation constants of which were measured by
Felsing and Biggs (78) by measurement of the hydrogen
ion concentration of solutions of the perchlorates.
These authors carried out similar measurements on a
series of compounds which included all the mono- and
several di- and trimethylquinolines, all of which are

very weak bases of apprbximately the same strength.

It is anticipated that in the continuation
of this research programme, the dissociation '
constants of the above and other pyridine homologues
will be re-determined with greater accuracy, but in
the meantime it is possible to make one or two

general remarks.

l. The introduction of & methyl-group into
the pyridine nucleus causes an appreciable
increase in the strength of the base and
this is enhanced by the introduction of a
gsecond methyl group and SO On.

2. The strengths of the monomethyl pyridines
and 4-ethyl pyridine ere of the same
order and similarly in the case of the
dime thylpyridines, the trimethylpyridines
and the teframethylpyridines.

S/
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8. The effect of a methyl group may be
regarded as being due to the oversll
electrical moment of the methyl group
as a whole and in cases where the sub-
stituents are in the 2- or 4- positions
a gecond effect makes its appeérance. This
is the well known inductive or tautomeric
effect which may be correlated with the
known chemical reactivity of methyl

groups in these positions.

It is this latter effect which is presumébly
responsible for the fact that the 2- and 4—picolinés
are rather stronger bases than 3~ picoline, and
similarly in the cage of the lutidines. It would
appear also that substitution in the 4- position has
a glightly larger effect than substitution in the 2-
position in the pyridine nucleusg, although the
difference is small. The reverse is so in the case

of the methyl gquinolines (78)

4., At first sizht it is unexpected that 2:4:6~
-collidine, which is substituted in the
three favourable positions should be a
weaker base than 2:4:5-collidine in which
one of the substituents is unfavourably
gituated. It seems, however, that in this
case a third effect is being brought into
play, and this may be related to the fact
that in the case of 2:4:6-collidine, the

molecule /
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molecule is more nearly symmetrical

than in the case of 2:4:5-collidine. In
the fommer case it might be expected
therefore, that the vector sum of the
overall field moments of the methyl
groups will be less than in the case of
the 2:4:5-isomer. This is borne out to
some extent in the cases of 2:3:4:6—-

and 2:35:5:6-parvolines.

Here, the relstive strengths of the
two bases are in the order which would be
ecpected from the fact that, in the former
case, three of the methyl groups are in
the appropriate positions to increase the
strength, while in the latter case only
two are so placed. The difference in
strengths, however, is rather greater than
might be expected on these grounds alone and
may again be connected with the fact that
the molecule of the latter compound is
more nearly symmetrical than that of the
former, the symmetry again tending to

reduce thestrength of the base.

These remarks are, howeﬁer, merely
tentative and more reliable determinations
of the dissociation constants are reguired
before it would be profitable to pursue

the matter further.

D
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en

It is apparent that fractional acid extract-
ion should effect a good separation of
pyridine end guinoline homologues and between
pyridine homologues containing different
numbers of substituent Eroups.

6. The bases regenerated from the oily

picrate ex fractions 3D5 and 6 are of the
same order of strength as the trimethyl

pyridines.

The mean dissociation constant of Fraction
709 (Range 3), from which 2:15:4:6-parvoline was
isolated, was also measured. The fraction had (pKa)
.7.88, Kb-x 30  =%89, Tt-will be recalleé that an
0ily picrate was also isolated from this fraction,
although not examined, and presumably the base to
which this corresponds is of a differant type to
those previously isolated, and to those regenerated
from the oily picrétes obtained from fractions 3D5

and 6. (Range 2).




SECTICN G.

Infra-red Absorption Spectra.

The infra-red absorption spectrum of a given
compound is a unigue property which cannot be
duplicated by any other compound., This character—
igtic is invaluable in identifying unknown compounds,
providing that reference spectra are available and
has the advantage that the samples required are

small and may be recovered unchanged.

Comparigons of spectra of large numbers of
pure compounds have shown that gbsorption bands
occurring at certain freguencies can be correlated
with certain bands or atomic groups within the
molecule and thus, even in the gbsence of reference
compounds, valuable evidence may be obtained in
support of conclusions reached by other means. Hor
example, the position of the absorption band of a
carbonyl group, in general, indicates whether it

forms part of an anhydride, ester, ketone or acid.

Although all the structural units of a given
compound may not be détermined in this manner, at
least a considerable number of the more conmon ones

may be identified.

In the course of the present work, the
opportunity was taken of having infra-red absorption
spectrograms prepared from several of the compounds

isolated. /




~185=

isolated. This was done through the courtesy of Dr.
E.A.Coulson of the Department of Scientific and
Industrial Research, and the measurements were carried
out by Mr. J.L. Hales,using the Hilger double-beam
instrument at the Chemical Research Laboratory,

Teddington.

The compounds e€xamined were, 2:4:6-collidine,
2:4:5—collidine, 2:3:4;6-parvoline and the mixed
bases regenerated from the oily picrate obtained from
Range 2. In the case of the first three compounds
the absorption spectrograms were in support of the
struc turesallocated to the compounds. The results
obtained with the bases regenerated from the oily

picrate were inconclusive.

Unfortunately, few infra-red absorptibn
spectrograms of pyridine homologues have been
published and in the cases of 2:4:5-collidine and
2:3:4:6-parvoline it has not been possible to make

any direct comparison.

Barnes et al (79) have published data for some
363 compounds including a number of pyridine
homologues and in the case of 2:4:6-collidine
excellent agreement was obtained between the spectro-
:graﬁ of the base isolated during the present work and

that given by Barnes.

The spectrograms of the four compounds examin—
ied are reproduced for reference, with a short note

on each.

0N A -m» o’
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g:4:6-Trimethylpyridine (Fig. 7)

The excellent agreement with the spectrogram
published by Barnes (loc cit) confirms that this
compound is 2:14:6~-trimethylpyridine. All the
pyridine homologues have an intense rather broad bsend
at 750-855 cms™L and this is quite probably due to
ring deformation. In the case of 2:4:6-collidine
this band occurs.at 840 cms—i. The band due to -C

—CHg deformation which normally occurs at 1375-1390

cms™l is also well marked, while the band Gue to the

-CHg -CHz frequency (760~780 cms‘l) is absent. *

2:4:5-Trime thylpyridine (Fig. 9)

The clean spectrum of this compound indicates
that 1t is fairly pure, while the strong general
resemblance to 2:4:6-collidine is in keeping with the
suggestion that the compound has the structure
assigned to it. Unfortunately no reference spectrum |
was available for direct comparison, but the above
notes on the spectrum of 2:4:6-collidine apply very
similarly in this case and support the view that this
compound is 2:4:5-collidine, although not definitely

establishing the fact.

2:3:14:6-Tetramethyloyridine (Fig. 8)

As in the previous cases the band due to ring
deformation (855 cms™t) is well marked, while the
band due to ~C ~CHz deformation (1875-1390 oms™)
is particularly strong in this case, which supports

the /
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the view that the compound is 2:3:4:6-tetramethyl
pyridiney although not definitely establishing this
fact. Further evidence in favour of fhe tetrame thyl
structure is provided by a comparison of the ring
deformation fregquencies of the pyfidine‘aubstituents

- L {
and those of the corresponding begzene substituents

(Table 22)
TABLE 22
Ring Deformation Frequencies of Benzene and Pyridine
Substituents ’
Benzene Ring Pyridine Riﬁg :
Substituents | Deformation| Substituents [Deformation
Freguency Freguency
Mono- 704.~"750 Picolines 750-800
Di- 740-830 Lutidines 780-850
Tri- 760-860 | 2:4:6- 840
s collidine
: :
Te tra-— 840-880 ?-tetramethyl| 855
: pyridine

Bases Regeﬁeratéd from Qily Picrate (Range 2)(Fig.10)

The spectrum of this compound is not very
informative. The large number of absorption bands
indicates that it is a mixture and the generﬁl band
structure at 6.3 4 and 6.8 4 is typical of the
substituted pyridines, the band at 995 cmrl also
appears to be characﬁeristac of the serieé.

Comparison with the spectra of other
compounds is not very illuminating, but there is
some resamblance to 2:4:6-collidine. This combined

with /
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with the very high value of what seem to be the ring
frequencies (850-830 cms~1) point to the presence of

one or more highly substituted pyridines.

e

These facts considered along with the chemica
behaviour of this fraction indicate that the bases
pregsent are of rather a different nature to those
found in the lower boiling renges, but until larger .
quantities of the compounds present can be isolated
in a pure state, it will be impossible to ascertain

their structure.

1
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DISCUSSI ON.

The crude oil obtéined in the distillation
of Scottish Shale contains gbout 0.6 - 1 per cent of
nitrogens This is recovered from the oil as a
complex mixture of organic bases during the refining
processes. The manner in which this nitrogen is
combined in the raw shale is not known and attempts
to extract the organic matter or “kerogen'" from shale
by solvent or acid extraction have met with 1little

SuUcCcessS.

During the refining of the oil the nitrogen
compounds are extracted with acid and subsequently
precipitated in the form of a viscous black "Basic
Tar" which also contains sulphur compounds. By
vacuum distillation, up to 40 per cent of wvolatile
bases may be recovered from the "Basic Tar", while
the more complex compounds, polymerisation producis
and entrained carbon, remain in the form of an
undistillable pitch. Much of the sulphur is
eliminated in the form of gaseous and low boiling

decomposition products during this distillation.

Examination of the volatile bases shows them
to consist substantially of a complex mixture of
tertiary heterocyclic bases, although primary bases,
at first thought to be absent, were subsequently
detected in minute amounts in the bases boiling
between 180-190°C and may also be present in the

higher ranges. Traces of pyrroles are apparently

diatmihiitad /



~190~

distributed throughout the lower ranges and may be

present in the higher ranges.

Exemination of the lower boiling point bases
has shown them to consist of a mixture of pyridine
homologues with methyl side chains. It seems
probable that all the methyl, dimethyl, trimethyl and
te trame thylpyridines are present, although a number
of these have not yet been isolated. Compounds with
ethyl side chains have also been isolated (68) and
compounds with longer alkyl side chains maﬁ be

present, but have not as yet been detected.

There is a general resemblance between the
bases present in Scottish Shale 0il and those present
in similar materials found in other countries. The
;esemblance is particularly striking in the case of
the bases from Shale 0il of the Fushun district of
Manchuria. This is not really surprising, sinqe
there is a similarity between the two shales and the
oils obtained from them. There also seems G0 be a
resenblance between the Scottish Shale bases and thosge
isolated from cracked Californian Petroleum

distillates.

In the case of the.petroleum distillates two
types of compounds are found. These are the

aranatic and non-zromatic bases.

The aromatic bases are of the alkyl pyridine
and guinoline types; the non-aromatic bases, while

apparently /
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epparently containing the pyridine or guinoline
nucleus have lost their sromatic character through
the accumulation. of bulky side chains, or additional
rings, or by hydrogenation of the ring system. Nost
of the aromatic bases isolated from the petroleum
distillates are simple methyl homologues of guinoline
and it is to be expected that compounds of this type

will occur in the higher boiling Scottish Shale bases.

Earlier workers on shale bases have experienc:

:ed difficulty in obtaining cryétalline derivatives,
and this has been found to a lesser exient during the
pregent work. Although in the case of earlier
‘investigations this may have been largely due to
inefficient fractionation of the bases, it probably
indicates also the presence of compounds analagous %o

the non-aromatic petroleum bages.

The low refractive indices of the higher
boiling shale bases suggest the presence of compounds
whch are not of the simple alkyl guinoline type,
while in the course of the present work, a small
quantity of mixed bases was obtained which had an
unusually high refractive index and from which no

crystalline derivatives were obtained. (Range 2)

The possibility of using the "Basic Tar" as a
source of valuable intermediates has been kept in mind
throughout the present works The gquantity available
igs of the order of 1500 gallons per day and its only
application at present is as a fuel in the refinery.

The method of formation is such that most of the

water /
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watsr soluble bases are preferentially removed and
are at present not recovered. Some of thess find
their way into the "Cracker Ixhaust 0il" but the yield

of this is gmall,.

The complexity of the mixture is such that
no one compound isg present in sufficient amount %o
make its extraction commercially feasible. It appsars
that, in the lower boiling ranges at any rate,
pyridines substituted in the 2- and 4- positions are
more abundant then those substituted in the 3- and 5-
positions. It has not been possible to make a
reliable estimate of the percentage composition, but
2:4:6-collidine, which is omne of the most abundant
compounds present probably constitutes about 0.25 per

cent of the "Basic Tar"t.

Any commercial outlets found for the bases
will almost certainly be for mixed fractions. The
mixed bases appear to have sgome value as acid
inhibitors in acid pickling baths and other uses
which suggest themselves include the preparatioh of
high boiling solvents, acid-absofbing reaction media,
insecticidal spraysland detergents of the guaternary

alkyl halide typee.

Separation of the bases can be achieved by
fractional distillation, although it is'unlikely that
Pure compounds can be separateq this waye. Fractional
acid extraction appéars to be a valusble method of
achieving separation of the stronger and weaker bases
and might be combined with the use of ion-exchange

resins /
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regins and fractional steam.distillatiOn.

The mixed bases available from this source
provide a valuable starting point for a cbmprehenéive
study of the chemistry and physical chemistry of
the heterocyclic nitrogenous bases of the pyridine,

guinoline and associated types.

3
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SUMMARY

Efficient columns have bgen congtructed for the
fractional distillation of bases at atmospheric
pressure and under precisely controlled vacuun.
These include the following -

a. 14-Plate vecuum column (Eyelet Packing) -

b. 40-Plate column (Fenéke Helices)

c. 100-Plate vacuum column (I.C.I.gzauze rings)

de 14-mm. column (I.C.I. gauze rings)

Column a. was subsequently converted to 30-

Plates by ré—packing with I.C.I. gauze rings.

Plate efficiency tests were carried out on
columns a. and b. and estimates made of the

efficiency of column c.

A simple type of rotary fractional extraction

apparatus hasg also been constructed.

A typical sample of "Basic Tar'" from Pumpherston

0il Refinery was examined and found to contain som

40 per eent of volatile bases Boiling up to 510°C

at atmospheric pressure.

210 litres of "Basic Tar" were distilled under

vacuum in a 16-litre pot-still and 25 per cent

(53 litres) of bases boiling up to 190°C at 20 mm.
recovered

Hg., The bases were found to consist substantiall

of tertiary heterocyclic nitrogen compounds, the

lower boiling ranges were mainly simple homologues

of pyridine with methyl side chains. Quinolines

are believed to be present in the higher ranges

y

and /
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7. A survey has been made of the literature dealing

-195=-

and more complex compounds are also thought to be

presente.

The bases were subjected to a series of systematic
fractional distillations and ultimately bases
boiling up to 210°C at atmospheric pressure were
fractionated in a column.of 160-theoretical

plates.

Three ranges have been_examined by chemical
methods. These are Range 1, 169.9-171°C/760 mm.Hg
Range 2, 186.1-188°C/760 mm.Hg. and Range 3,
134.5-134.6°C/100 nm.Hg.

The following compounds were identified,
3i1b5=1lutidine; R:3:b-collidine; 2:4:b-collidine;
2:4:6~collidine and 2:3:4:6—-parvoline. Several
compounds were isolated as crystalliné
derivatives, the identities of which have not
been established. Two oily picrates were
obtained, fhe bases regenerated from one of which
had an unusually high refractive index and gave no

crystalline derivatives.

Infra red absorption spectrograms have been
obtained from several of the compounds isolated

and these favour the proposed structures.

The dissociation constants of a series of pyridine
and quinoline bases have been determined and

discussed.

with separation methods end this has been

included ag an appendiX.
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SURVEY OF LITERATURE ON SEPARATION METHODS. |

It would be impossible within a limited
;space to effectively summarise the very extensive
;literature on the methods which may be used to
?separate mixtures of two or more components having
' similar chemical and physical properties. The
Efollowing is intended to be a brief survey of the
émore recent literature on some of the methods used
!or considered in the course of the present
Einvestigation.

The following topics have been included, in
;the order given below.
i as Fractional Distillation
; be Azeotropic Distillation
ce Fractional Extraction
d. Fractional Crystallisation
€e« Chromatographic Adsorption

In discussing these topics, emphasis hes been

‘placed, as far as possible, on their epplication to

ithe separation of pyridine and guinoline homologues.

8e FRACTIONAL DISTILLATION.

Within recent years and particularly within

the last two decades great advances have been made j

'in the study of fractional distillation as 2 means
'of separating simple and multi-component mixtures of

| compounds of similar boiling points. This is

'reflected in the ever increasing volume of literature

'dealing with this subject both from the theoretical

i
|
i /and



;and practical stand points. Much of the impetus for
ithis intensive study has been provided by the

Eincreasing demands of the petroleum industry for the
ilarge scale separation of narrow boiling cuts and ‘
ipure components from complex mixtures of hydrocarbonsi

1
|
1

fConsequently emphasis has been placed on the study of
;continuous distillation on the large scale. The %
!fundamental principles, however, apply similarly to %
Tthe small scale batch distillation which is more é
écommonly used in the laboratory. i
A number of excellent reviews of the |
‘literature dealing with distillation have been
%published from time to time, of which those by
iWard (1) and Fay (2) are particularly useful. The
Ibibliography of Stage and Schultze (3) covers the
'years 1920 - 1944 (although the war years are
?incomplete) while that of Rose and Rose (4) covers
the years 1941 - 1945 and includes abstracts of all
‘papers on distillation. Developments during the
iyears 1946 - 1948 have also been reviewed by Rose (5).
EThe extensive literature on the design and testing of

|
ifractionating columns has been summarised by

i

| : __
'Underwood (6) who has applied the various graphical |
|

'and analytical methods to the solution of a standard

itype of problem.
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1. Determination of the Efficiency of Laboratory

Fractionating Columns.

The efficiency of a fractionating column is

;usually determined by distilling a binary mixture

' through the column and determining the resulting i

'change in composition of the mixture. In the case of
| 1aboratory batch columns the efficiency is usually |
| determined under ca@nditions of total reflux; the

feed composition, which in this case is the

composition of the liquid in the boiler then remains
constant, and similarly, the product composition
does not change once thermal equilibrium has been

established. The reflux ratio under such conditions

ig of course infinite, where reflux ratio is defined

'as the ratio of the quantity of reflux to the
fquantity of product withdrawn from the columne.

Continuous columns are usually tested under similar

conditions of constant feed and product compositions,

| the reflux ratio, however, being finites

i From the change in composition of feed and

‘product, the efficiency of the columm may be

\expressed in a number of ways, the simplest of which

| ig the Enrichment Ratio introduced by Hill and
iFerris (7). This may be expressed in the following
|

|
| forms:
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- Py ¢ S Xo
1 - Xn 1 - Xo |

'where E = Enrichment Ratio

Xn = mol. fraction of the more volatile

component at the top of the column

Xo mol. fraction of the more volatile

component at the bottom of the column. i
A more useful concept is that of the |
itheoretical plate introduced by Sorel (8) who made '
'the following assumptions when dealing with '
:distillation in bubble-plate columns.
| 8s» The thermal properties of the components
and particularly the Molal Latent Heats
are similars There is thus a constant
é Molal Overflow from plate to plate.
be The heat supplied to any section of the |
column is derived solely from the vapour i
entering the section. |
ce. Heat losses from the column are negligible. !
de On a theoretically perfect plate the vapour |
leaving the plate is in equilibrium with

the liguid leaving the platee.
|
|

fproceed stepwise, making material and heat balances

Making these assumptions Sorel was able to

ion each plate throughout the column thus calculating |
Ethe separation obtainable for a given number of
étheoretical plates. In practice, of course, the
?Plates are never thedretically perfects
Although the concept of a theoretical
/plate |
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|p1ate is strictly applicable only to bubble plate

| Sra :
'columns, it is readily extended to packed columns

éby determining the number of theoretical plates to
\vhich the column is equivalent. The efficiency

iof the column may then be expressed in terms of the
‘Height Equivalent to a Theoretical Plate, a concept
' introduced by Peters (9).

; By making assumptions similar to those of
|Sorel, McCabe and Thiele (10} have evolved a
Igraphical method for determining the number of

| theoretical plates required to achieve a given
Ea-eparation in a continuous columne. By making the
;appr0priate assumptions this method may be applied
éto a batch column, operating under conditions of

' total reflux. The method has the advantage that

Eit may be applied equally well to ideal and non-
'ideal mixtures providing the vapour-liquid
'equilibrium data s known. Randall and Longtin (11)
.have modified the McCebe and Thiele method to
|facilitate its application in cases where large
numbers: of theoretical plates are involved.

To avoid the often tedious graphical

fmethods a number of analytical methods have been

devised which employ the concept of relative

%volatility (12).
|

/of
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iOf these, probably the best known is that of Fenske (fB)
Who has related the enrichment ratio (E) to the
‘number of theoretical plates and the relative
gvolatility by the equation

B e Xo
1-Xn 1 = Xo

‘where d = relative volatility (average) !
| and n = number of theoretical plates. .

This may be written in the form

| log Xn Xo
1 -« Xn 1 - Xo i
i n+1= [

log L

'where n # 1 is the number of theoretical plates in
;the fractionating column including the still pot and _
still head. One theoretical plate is allowed for the?
fractionation taking place in these zones.

Fenske's equation can only be applied in
cases where the binary test mixture is ideal, that is

'to say where Raoulté Law is obeyed, and under

:conditions of total reflux.

Smoker (1&) and Dodge and Huffman (15) have
éevolved equations which are applicable for conditionsf
iOf finite reflux. Under conditions of total reflux, E
iSmoker's equation reduces to the same form as that ofi
' Fenske. The equation of Dodge and Huffmen although |
ZBtrictly accurate for transfer units (vide infra) |
'is only correct for large numbers of theoretical i
%plates. As in the Fenske equation, these equations

iare strictly applicable only to ideal mixtures.

/Since |
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Since the value of « (relative volatility)
:varies with composition, the arithmetic mean value
for the top and bottom compositions is generally
used. Robinson and Gilliland (16) have pointed out

'that for apprecisble variations it is better to use

'the geometric mean.

'Height of a Transfer Unit.

The use of the term H.E.T.P. to express
'the efficiency of a packed column has the disadVantage

' that it gives no indication of the continuous change

'Chilton and Colburn (17) prefer to use the height of
|

'a Transfer Unit (H.T.U.)

Thus H.T.U. = 8
np

éwhere H = height of column
and Dy = number of transfer units.

n_ is defined by the integral

T
Po i ap.
P AP

1

of composition through the column. For this reason

\where p = partial pressure of the diffusing component |

'of the liquid

!

| AP = Pg = P
| Do = equilibrium partial pressure of the
'diffusing component of the liguid

Py

' the top and bottom of the column respectively.

D, can also be expressed in terms of the

| vapour composition

and p, = partial pressures of the component at é




|
| Y2 gy
: nT—SBH Ay

!Where ¥4 and Yo = Vapour composition at the top and
;bottom of the column respectivelye.

; Under conditions of total reflux and where
% ok is substantielly constant for the top and bottom
Ecompositions, this equation can be integrated to

give

| By = 2223 dog 3201 = 31) 4 2.3 log {1 = 71)
L= 1 ¥1(1 = 3,5) (1 - ¥5)

For most cases the values of H.T.U. and

HeE.TeP. are almost identical and the latter is

more frequently useds

| 2+ Test Mixtures and Determination of Column Efficien

CY e

The usual procedure in determining the

efficiency of a laboratory fractionating column is
| as follows. The still-pot is charged with a

suitable test mixture which is boiled under total

reflux for a sufficient length of time to establish
thermal equilibrium throughout the column. Samples
are then withdrawn simultaneously from the still-
head and still-pot and analysed by measurement of

the refractive index or density. The number of

theoretical plates is then calculated by either the
graphical method of McCabe and Thiele or by the use
of the equations of Fenske, Smoker or Dodge and
;Huffman.

/The




chosen so that a high concentration of one
icomponent does not occur at either end of the columne
éIn this way the working is confined to the centre
?portion of the vapour liquid equilibrium curve where |
Esmall errors in the composition have less effect on
;the result,

;Test Mixturess.

- 9 -

The composition of the charge should be

‘test mixture for determining the efficiency of

‘columns are:-

8e

be

C»

de

fa

The requirements which must be met by a

The compounds must be miscible in all

proportions, readily obtained in a pure
state, and must not react with each other or
with the column packinge.

The components should not form a constant
boiling mixture.

Anglysis of the mixture should be accurate
and easye

The molal latent heats of the components
should be as close as possible and the
difference in boiling points should be smalle |
The vapour ligquid equilibrium data and

relative volatility must be known and if

the mixture deviates from Raoult's Law a
graphical solution must be employed.

The components should, when possible, posses&i
physical properties closely resembling those ;
of the materials for which the column is

intended.
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The mixtures in most common use are

'benzene-ethylene dichloride, benzene-carbon tetra- '

'chloride and nrheptane~methy1cyclohexane- The

;advantages and disadvantages of each of these mixtureé

(are discussed at some length by Ward (1) who also

summarises the vapour ligquid equilibrium data.

Tables or graphs which simplify

?calculation of the results have been published for !

' the three mixtures (18, 19, 20).

' in benzene as a test mixture has recently been

| recommended by Coulson, Hales and Herington (21);
 these authors also discuss the errors introduced
'into theoretical plate determinations by the use of

inaccurate values of the relative volatility of a

The use of a dilute solution of thiopene [

‘non-ideal mixture (22) and conclude by thermodynamic |

| reasoning and experimental evidence that better

' of one compoment in the still charge, which is

' contrary to the normally adopted practice.

| reduced pressures have been described by Bragg and

| should, when possible, closely 'similate the conditions

results should be obtained by using low concentrationq

|

Test mixtures suitable for use at

'Richards (23), Williams (24) and Perry and Fuguitt (2%)

Summarising, it may be said that for

comparable results to be obtained, columns should be ;

' tested under strictly similar conditions, which

' under which the column is to be operated.
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' 3¢ Additional Factors in the Evaluation of Columns.

' many factors other than the number of theoretical

' and similar points in design are discussed by

It has become increasingly evident thst theg

complete evaluation of fractionating colummns involves

plates to which the column is equivalent, and among
these may be cited time to reach equilibrium,
throughput rate, hold-up, pressure drop etce

Ward (1) elaborates the factors to be

observed in the design of fractionating equipment

Podbielnisk (26) who concludes that separation into

sharp fractions depends on the following factors,

among others.

'ae Time of Distillation.

There is always an optimum time of
distillation. If this is exceeded, the slightly !
fmproved separation does not justify the extra
expenditure of time, and conversely any reduction
entails a corresponding sacrifice in accuracy.

b. Reflux-Ratio.

This is defined as the ratio of the number

' of molse of vapour returned as reflux, to the number |

| of mols. of product, both per unit time. This

should be varied according to the difficulty of

' separation. A high efficiency of separation

| requires a high reflux-ratio.

' co Hold-up of Columne.

The hold-up should be reduced to a minimam
compatible with scrubbing effectiveness, and an

/adequate
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' adequate column capacity.

_éd. Thermal Insulation.

Almost perfect thermel insulation is
;required to avoid disturbing column equilibrium,
'and to separate components boiling only a few degrees
:apart.
| Various attempts have been made to
' introduce overall factors by which the merits of a
 fractionating column may be assessed and one of the
5most useful of these is the "hold-up-factor" of
;Docksey and Hyde. According to Fay (2) this factor
is expressed as the number of mls. of hold-up per
‘theoretical plate divided by the operating boil-up ;
‘rate in ml., per second, and gives a direct measure |
‘of the time required to carry out a given distillatioﬁ.
Similar factors have been introduced by Bragg (27) |
'and Podbielniak (28).

The loss of fractionating efficiency due to.
_column hold-up has been investigated theoretically by

'Rose, Welshans and Long (29) and a sitiple

iillustration of the effect is given by Fay (2).

; The rate of approach to equilibrium in
édiatillation columns has recently been studied by |
iCoulson (30) and by Berg and James (31).

| A valuable contribution to the literature
:on the evaluation of fractionating columms is

provided by The American Petroleum Institute

' Symposium on High Temperature Analytical Distillationi
(32). |
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.“' Types of Fractionating Columns.

It would be impossible within a short ‘Space

'to discuss fully all the types of fractionating
columns which are described in the literature and the |
most that can be done is to draw attention to the
%main types.

fBubble-cap Columns.

Bubble-cap columns are not frequently used
;in the laboratory owing to the difficulty of
éconstruction, large holdpﬁp and high pressure drop. 5
| Bruun and Faulconer (33) describe a |
Ejacketed, heat insulated column, gbout 2 metres long
Econtaining 100 bubble-cap plates. The column has a
' separating power equivalent to about 70 theoretical
éplates- Oldershaw (34) describes an efficient all
'glass bubble-plate column with low hold-up and high |
‘capacity. Collins and Lantz (35) have constructed an|
'improved type of Oldershaw column with automatic
'solenoid operated take off and other accessoriese.
:The éame authors have made a study of the effect of
éreflux-ratio on efficiency.

|
| A perforated-plate column having removable

|
fplates is described by Langdon and Tobin (19). At
glow operating rates, plate efficiencies up to 90
‘percent were obtained.

Packed Columns.

Fenske et al (36, 37, 38) have made a

| careful study of packed columns, and have investigate@
a large number of packings. The most efficient

/packings



 percentage of free space, were one and two turn
' helices of wire or glass, and 1/8% carding-teeth.

| It was concluded that single turn helices were the

:Fenske and his co-workers have described numerous

= 4l =

packings, which had a large surface area and a high

most efficient packing yet described in the literatur

L4

; columns using this packing. Columns of 11.9 and 13.1
I

' metres have been constructed each having approximatel&

' one hundred theoretical plates (39); one of these
;is 80 arranged that it mey be used with a reversed
? feed, the highest boiling point component being
 obtained first(from the bottom of the column).

Bailey (LO) has used single turn glass

Fenske helices to construct a column with a hold-up

| of less than Oe1 mle per theoretical plate, and an

f is also described. A continuous apparatus described

by Hufferd and Kranzt uses nickel helices and has

' gallons per hour (41). !

| by increasing the operating rate at the beginning of |

'a distillation, to the point at which the column

| enhanced by thorough wetting of the packing. This is

; usually carried out in the case of laboratory columns

H.E.TeP. of 5 cme A still-head for reduced pressure

over 50 theoretical plates and a throughput of 0e75

Other packings in common use in laboratory %
and industrial columns include Raschig rings, |
Lessing rings, jack—-chains, Berl saddlés, etce

It has been observed by Fenske (38) that

the efficiency of packed columns is often qoﬁsiderabLy

/floods
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floods, i.e. vapour velocity becomes so great that
reflux is uneble to pass down the column. The
resultant building up of liquid in the column wets i
the packing thoroughly and increases vapour-ligquid
_contact. Similar observations have been made by |
;Bragg (42) and Podbielniak (28),

| A recent development in the design of

épacked columns has been the introduction of “dumped®

:gauze packing, one form of which is described in a
;recent paper by McMahon (43). The packing described
'by McMahon is stamped out from fine (400 x 100 mesh),

wire cloth in the form of #" x " Berl-saddles. The
:packing is characterised by its low weight, one
;cubic foot weighing only 25 1lbs. and containing
gabout 450,000 pieces of packing, free space being

!estimated at about 95 percent. The material used was
Ebrass gauze having a wire diameter of 0,0045 inches. i
In an 18 inch column, 2% inches inside diameter, the
|HeEeT.P. was estimated to be only 1.5 inches, which |
éfor a column of this diameter represents a high standard
éof efficiencys This figure was calculated from the

l
' results of liquid air rectification, and is probably

?not very reliable as an sbsolute figuree. Accurate
;test data for a six inch diameter colum, using " |
chMahon packing, febricated from brass and Monel E
;wire cloth, are given by Forsythe and co-workers (hh)é
;Using benzene-ethylene dichloride these authors found |
'HeE.T.P. values of 2 and 4 inches with heights of

|5 and 9 feet respectively. These are comparable with

i /Bragg's
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‘Bragg's published figures (4b2) for 6% Stedman packingé

‘The pressure drop was found to be lower than with !
| |

Estedman packing, maximum capacity and hold-up being

isubstantially the same.

| Another type of “dumped™ gauze packing has i
'been developed by Messrs. I.C.I. Ltde., (Brit. Patent

i

5578,309). This is in the form of small Lessing rings |

‘of fine mesh gauzee.

|
'column packed for a length of 12 feet with 1/46"

Dostrovsky and Hughes (45) describe a 20 mm.

[T505 s rings made from 100 x 100 mesh phosphor—bronzeg
;gauze. These suthors use their columm in a continuoué
jstill for the concentration of the 048 isotope; and
'estimate that the efficiency is about L50 theoretical
'plates at & boil-up-rate of 500 ml. of water per
;hour. A larger column using the same packing and
;having similar characteristics is also described by
%the same suthors (L6).

| The use of I.C.I. packing in the columns

!uaed in the present research has already been

'described (Thesis, Section D).

?ggiformly Packed Columnse.

The need for fractionating columns offering

'a minimum resistance to the passage of vapours, with
| |
glow operating hold-up and high fractionating power |
i

‘has resulted in the introduction of a number of

éuniform packings in which every effort has been made ?
| s |
' to combine all of these characteristics. Such

2°01uNnB are particularly useful in analytical work

/and
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:and for use under reduced pressure; throughput,
however, is generally lower than with a bubble-cap
column or one containing a “dumped" packing. Golumnsé
(of this type depend for their efficiency on a long |
' vapour path, eguilibrium being established between
the vapours and the liquid film on the surface of theé
{packinge |
Dufton (47) makes use of a wire spiral
wrapped about an inner core, the whole being ground
so as to fit the column closely. Smith and co-workeré
' (4L8) have described a fully automatic column with |
metal vacuum jacket, in which the packing is a
?modified Dufton spiral ebout 10 feet in length. The
column has a 50 ml. hold-up, 1,200 ml. per hour |
| throughput and an efficiency of about 120 theoreticalé
;platea. Arrangements are provided for automatic ;
' collection of the distillate in separate containers, |
and vesording of the yolume Of Alctili te o
'distillation temperaturese i

A columm having similar properties to the

éDufton is the concentric tube column in which the

| Columns of this type are described by Craig (L9)

packing consists of two or more concentric tubes.

?and Selker, Burk snd Lankelma (50). The very low |
'H.E.T.P. obtainable with this type of column hes i
ibeen strikingly demonstrated by Naragon, Burk and
| Lankelma (51). The main disadventage of this type
192 epivmn 15 the very low throughput. The theory of i

concentric tube columns is discussed by Westhaver (523

/Lecky
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Lecky and Ewell (20) describe an extremely

efficient packing consisting of a cupped stainless-

steel gauze spiral fabricated around a central grooved

|metal rod, the whole being fitted closely into a

iglaas tube. Efficiency is as high as 18 theoretical

plates per foot, with hold-up and pressure drop of

;only Ool4 ml. per plate and O.1 mm. Hg. per foot

'respectively. The heligrid packing of Podbitelniak

' (28) is rather similar in construction and

'rapidly rotating blade occupying the full length of

' the column. High efficiency and low hold-up and

characteristicse.
In the spinning band column described by

Lesesne and Lochte (53) the packing is replaced by a

pressure drop are claimed for this type of column,

'which has been further developed by Baker, Barkenbus

?oPeration in the pressure range 0,01 = 2«5 mm. Hge |

'and Roswell (54). A spinning band column designed fof

and incorporating a novel type of manostat and take-
of f system is described by Birch, Gripp and Nathan
(55).

The theory of the concentric tube type of

column as developed by Westhaver (52) shows that

|
separating efficiency should be improved by increasing

the diffusion co-efficient in the gas phase. This

' has been accomplished in the rotary concentric tube

| ecolumn of Rossini and co-workers (56) in which the

' rectifying section is the empty annular space about

' 1 mm. in width formed by the inside surface of a |

/stationary
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istationary outer cylinder and the outside surface of

;a closed rotating inner cylinder. This type of columﬁ

| should prove to be of value in effecting fractionation

'at low pressures. The efficiency factor (throughput

'divided by hold-up per equivalent theoretical plate) |
iis stated to be about 10 times the best values
!reported for other rectifying columnse.

E A new approach to the technigue of vacuum
éfractionation is provided by the Bowman rotary
ivacuum still which makes use of a cooled rotating

| central core and heated outer walls (57).

;5- Ancillary Equipmente
i
i

Eclosely followed by improvements in column heads and

Developments in column design have been

?aasociated equipment and automatic devices for the
|

écontrol of reflux ratio, automatic fraction collectioﬁ
éand eutomatic pressure control. A number of recent

?references to such devices are given by Lloyd and

éHornbacher (58) and by Rose (5).

be  AZEOTROPIC DISTILLATION.

In cases where fractional distillation of

ia mixture is ineffective in achieving a satisfactory !
'separation owing to the similarity between the !
iboiling points of the components, it is often possiblé
to improve the separation by the addition of an ;
éazeotrope former which forms a maximum or mininmum i
Eboiling point mixture with one or more of the compounis

!
' /present
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present, the differences in boiling points of the
|azeotropes being frequenﬁly greater than those of
zthe components of the original mixture. If the
édesired compounds can then be separated from their
!azeotropea by chemical or physical methods, the
iadvantages of such a method are obvious.

The selection of suitable azeotrope-
.formers is frequently a matter of some difficulty
although attempts have been made to evolve a system
éof classification of liquids and to predict the
ibehaviour of mixtures. BEwell et al (59) evolved a
Esystem of classification based on the non-ideality
éof solutions due to hydrogen bonding and recognised
5five classes of liquids whereby it was possible to
‘predict the qualitative behaviour of the mixture |
|and the type of azeotrope likely to be formed. Work |
éon similar lines has been done by Colburn (60) and byé
| Benedict, Manson and Rubin (61). |
| Early literature on azeotropism is
'summarized in the classic works of Young (62) and
'Lecat (63). Horsley (64) has presented a condensed
!and systematic summary of azeotropes and non-
| azeotropes based largely on the work of Lecat (63). |
éThe same author (65) describes a graphical method for|
' predicting the effect of pressure on azeotropic _ |
systemse
; Examination of the literature summarized
!by Lecat (63) revealed that little work had been
| done which had any bearing on the present problem.

/In
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' In a recent paper, however, Coulson and Jones (66)

| investigated the separation of 2- and 3~ picolines

and 2:6-lutidine by azeotropic distillation, using
acetic and propionic acids and were gble to separate

the three bases in purities of 95 - 98 percent with

' little loss.

It is reasonable to assume that this method

gould be extended to include the higher homologues

| of pyridine and the quinoline homologues and it

| should prove to be a useful method of increasing the

' separation of the more complex fractionse

An important extension of azeotropic

'distillation is extractive distillation in which

]

' compounds of the same or similar boiling points but

| differing in chemical type are separated by the use

| of a third component which is fed to the column as

'distillation are discussed by Benedict et al (61).

reflux. The theory and advantages of this type of

ce FRACTIONAL EXTRACTION. |

The use of liquid-liquid extraction on the |
industrial scale is a subject of continually
inereasing importance and its application in a
diversity of ways to the recovery of valuable
materials from effluents and in the refining of
industrial products, particularly petroleum products,
is too well known to require comment.

Processes in which a single solvent is used

' are usually extractive in character, their object

/being
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‘being to separate a valuable material from a large
ibulk of liguid or alternatively to remove small
Eqpantities of a soluble impurity. Processes which
:employ two immiscible or partially miscible solvents
iare generally used to achieve separation of a mixture |
;into its components and may be conveniently referred
%to as "fractional distribution" processes to
Edistinguish them from those where a single solvent isi
:used- |

| Such processes are in many respects similar?
;to distillation processes and may be tregted similarlﬁ
from a theoretical standpoint. Fenske and Varteressién
' (67) for example, have studied the use of packed |
;columns in distribution processes and have applied

%tha concept of a theoretical plate and deduced exact ;
'mathematical relationships, while the use of the
iMcca‘be and Thiele metnod in the investigation of the
isystem chloroform-water-acetic acid is described by _
(Othmer (68).

' Bailey and Axe (69) have used a continuous f
liguid=liquid axtraction'apparatus for the separationi
of petroleum bases by fractional distribution and a |

similar apparatus is described by Lochte and co-

workers (70).

| Jantzen (71) has made an exhaustive study

I

of fractional distribution as & method of separating
‘bases and describes apparatus and methods. He finds

gthat the results obtained in practice agree closely

Ewith those expected from theoretical considerations.

/of



Exit organic Exit organic tolnnis Exit organic :-olven1 S
solvent S rich in component ’ richin component

L SRR L S S
Bat e LU T ] TR
SR I ITTT :
AW s 00000 N oWz
AR RGeS
32V 5 0-0-0-0-0-0+0-60-0-0-0—5 WoN 2
g}wﬁszftt*ffrté_‘m :
IR RNA: s .

5,5,5,545,5.5,5.5.5.:%. il

Organic solvent S with mixture of Aand B=§' Organic solvent, Sandcﬂkah.ﬂ

Multiple-fractional-extraction method for separation of two bases.
| — - :— = 3 - 33 3 —r

FIG. 1



- 2% =

|

Of particular value is the simple scheme i

devised by Jantzen for separation of bases by |
distribution of the free bases and their hydrochlorides
between an aqueous phase and an organic solvent phaseé

The process may be conveniently carried out in

separating funnels and has been used in the course ofi
' the present work (Thesis, Section E). The operation |
;is carried out as follows (see Fig. 1.). |
% The mixed bases are dissolved in an exactly
}eqpivalent amount of acid and are then liberated in @
;ten equal stages by the addition of sodium hydroxide :
i's:u:ulutj.cm in portions, each of which is egquivalent f
to one-tenth of the acid originally used. After i
each addition of alkali the bases are extracted with %
a solvent. In this way ten solvent fractioms 81 = 5S40

are obtained containing bases of increasing strengthe

| .
' S, is stripped with an exact equivalent of |

?acid (one-tenth of the amount originally used for
ineutra‘liaation of the bases) and the acid layer is
then shaken with S, to Sy, in turn. An interchange
of bases takes place at each stage, the stronger base§
accumulating in the acid layer while the weaker basesl
.pasa into the solvent layer. Meanwhile 31 is shaken

with a second portion of acid to remove final traces

of bases and this is contacted with 32 - 810 in turn

as previously. S, (stripped solvent) is then
rejected and a third portion of acid is added to 32

and the process repeated and so until five portions

| of acid have been added and five stripped solvents
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31 _.35 have been rejected. The remaining stages
of the process are carried out as shown in Fig. 1
i
where each emerging acid layer is neutralised by adding

an equivalent amount of sodium hydroxide solution and

extracted with fresh solvent before proceeding through

Jthe remaining stages. Finally ten equal fractions }
ISG - 845 containing bases of successively increasing
|strength are obtained. In the scheme shown the
solvent layers move continuously in a vertical
direction while the aqueous layers move horizontallye.
Hunter and Nash (72) and Morton (73) have
described Jantzen's method, but state that the

original bases are simply divided into ten equal

Eportions. The method given by Jantzen whereby the

|
bases are roughly divided into fractions of increasing
strength before starting the extraction scheme, Seemsg
| to be much more logical and should increase the |
efficiency of the processe

There is no doubt that this method should

.be of great value in the study of the higher boiling

shale bases and should effect an easy separation of

pyridine and quinoline homologues.

de FRACTIONAL, CRYSTALLISATION.

Fractional crystallisation of picrates has

| been used throughout the present investigation as a

method of separating pure components and the methods
are too well known to require comment.
It is important to note, however, that

mixed melting points are not always reliable as

/tests
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tests of the identity of two picrates, as in some
cases mixed picrates show'no depression in the

| melting point. This behaviour is exhibited by the
isomeric trimethylnaphthalene picrates (74) and by
thiophene picrate with the picrates of thionaphthene

and naphthalene (75).

es  CHROMATOGRAPHIC ADSORPTION.

! The literature on chromatographic
adsorption has been exhaustively reviewed by
Zechmeister and Cholnoky (76) but the method does

of pyridine homologues. Kondo (77) was able to

' separate pyridine and 2-picoline by adsorption on an
alumina column and it is possible that the method
could be extended to the higher homologuese.
Chromatographic separation of picrates
is rendered difficult by the esse with which these
compounds are decomposed to the free base and picric
acid, but presumably this difficulty could be
overcome by the use of suitable adsorbents.

A review of recent developments in

échromatography which includes paper and partition
%chromatography and the use of ion exchange resins
has been given by Strain (78).

Although unsuited to the larger scale
iseparation of bases, chromatographic methods may be
;of value in removing trace impurities and in
idetermining the number and nature of the components

iof mixed fractionse -
\

Enot appear to have been much used for the separation é
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PLATE 1.

General view of 14~Plate and 100-Plate columns,

showing vacuum system and control panels.
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PLATE 2.

General view of 1L4-Plate column, showing vacuum

receivers, control panel and manometers.
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PLATE 3.

Base of l4-Plate column, showing heating arrangement,

vacuum cylinders end solenoid valve.







PLATE 4.

Electronic valve relsy set for 1l4- and 100-Plate

vacuum systems.







PLATE 5.

General view of 100-Plate column., The protective
casing around the buffer vessel and the thermostat
box for the sulphuric acid manostat are to be seen

mounted on the shelf behind the column.







PLATE 6.

Base of 100-Plate column, showing heating arrangemen
(for vacuum operation), reflux meter and megnetic

valve.
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PLATE 7,

Top of 100-Plate column, showing tipping bucket

gstill-head, catch-pot and safety-manosteat.
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PLATE 8.

Left - l4-Plate column, manometers and menostats.

Right ~ 100-Plate column, manometers.







