
ILAiIOI. OL LC 	Li. ui.0 	CJJLiL 

DLRIVD FROL. CA IEL COAL 

by 

B. T. STADFIKIEICZ,  

4or. 	 3J4JC 

Thesis submitted for the dee of 

DOCTOR OF PHILOSOPHY 

ey, 19 ,2 	 University of Edinburgh 



1 . 

;ciri1 .1 TS 

Summary 	 iii 
Conclusions 	 v 

Part I. 	Introduction 

Occurrerce and nature of Scottish 1 cennels 
Survey of literature on cannel tars 10 and their properties 
Methods of separation and determin- 

ation of normally liquid hydro-  Li 
carbons 
Wethods of separation of liquid 2 hydrocarbons 
Methods of determination of 
hydrocarbons 42 

Object and nature of present 54 investigation 

Part II. Experimental work 

Carbonization of cannel coal 58 
Preliminary distillations of cannel 6 oils 

Continuous distillation of crude 
70 oil and washing of distillate 

Batch distillation of neutral 6 naphtha 
Design, erection and testinL of 

8 froctionatjnL column 
Apparatus 85 
Testing of fractionating column 98 

Fractionation of cannel naphtha 
112 distillates 

Examination of constituents of 
D-fractions and evaluation of 124 
composition of cannel naphtha 

Part III.Discuseion of results 19 



ii. 

Ackriow].edgeme 

Bibliography 

Apj?ondix I. 

Appendix II. 

Appendix III. 

rita 

Properties and composition 
of D-frctions 

Examination of acid- and 	 6 alkali-soluble materials 

Ultra-violet absorption spectra 14 
of aromatic hydrocarbons 



iii. 

i;;. ARY. 

1. The followinC equipment has been c1esied and 

constructed for the requirements of this 

research:- 

complete carbcrizatior unit of a cEacity of 

about 42 lb, of cannel coal per carboniza-

tion, 

continuous distillation unit, 

batch distillation unit, 

d, automatic fractionatiri L, c luinn 01 maximum 

efficiency equivalent to 141 beoretical 

plates at total reflux, und ncillary 

equipme. Lt. 

	

2. 	A substantial quantity oi. Fewbattie cwu.el has 

been carbonized at low temperature. 

	

. 	ihe crude oil obtained has been subjected to 

continuous and batch distillations, rhereby 

suitable material has been separated for hih.-

efficiency fractionations. 

	

L. 	All matLrinl boilinL in the range 2G.9°-158.)°O. 

has been frzctionated and separv ted into 137 

narrow- or constant-boiling hydrocarbon 

concentrates, the properties of which have beei 

determined. 

5. Selected fractions have been analyzed with 

respect to their constituents by silica gel 

adsorption methods. Simple properties of the 

AL 
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separated hydrocarbon have bei dc .ermind 

and the composition of the analyzed fractions 

evaluated. 

• 18 hydrocarbons (5 paraffins, 4 alkane mono-

olefins, 3 cyclic rono-olefins and 6 aromatics), 

I 	present in substantial quantities, have been 

separated from the concentrate fractions, 

purified and identified by measurement of 

physical constants. The identity of aromatic 

hydrocarbons has been confirmed by absorption 

spectra in the ultra-violet. 

• The approximate hydrocarbon compositior of the 

material examined (representing apçroximately, 

7.9% wt. on total crude oil) has been 

evaluated and presented. 

• 	Tar acids :d tar b,-.-es extrc,d from the 

cor tinuous JA  .il1atior OV;rh:'ds hE'Vc teen 

partly exmined. 



V. 

U(J. iUSIOLL 

As a result of the work carried out, the 

following conclusions have been drawn with regard 

to the chemicl composition of cannel naphtha 

boi1iii in the range 26,9 0-158.50C.:- 

1. Unsaturated hydrocarbons are the ; rincipal 

constituents of the naphtha (axnountin: to 

about '46% wt. on total wateritl examined). 

Saturated and aromatic hydrocarbons are presen 

in lower concentrations (33% and 21,respect-

ively). 

2 0 	3o far ac the paraliiLs and olefins are 

concerTled, n-paraffins and olefins-1 are the 

predominant compounds in each hydrocarbon 

group, while toluene is the major aromatic 

constituent. 

The un&iturated constituents of cannel naphtha 

are composed of straight-chain, branched-chain 

and cyclic mono-olefins only (23c, 13% and 10% 

wt, on naphtha, respectively). Compounds 

containing two or three double bonds in the 

molecule have not been detected in the material 

examined. 

The saturated constituents of the ihthi 

consist of straight-chain and branched-chain 

paraffins, and naphthenee (amouritin': to 22%, 

7% and ii., respectively). 
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. The aromatic constituents consist of benzene 

and simple substituted benzenes only. 

3. From the standpoint of hydrocarbon-type 

composition, cannel naphtha resembles shale 

naphthas and cracked petroleum stocks of 

similar boiling range, while the actual 

hydrocarbon composition of the materil shows 

closest resemblance to Scottish shale naphtha. 
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! ' ART I. 

fl• TRODUCTIO1. 

OCCURREr:CE ATD NATURE,  OF ECOTTI'Ii CAELc. 

In view of the constantly growin; demand 

for more specific Laseous and liquid fuels, ret].y 

increased effort has been applied to the exmnation 

of orEanic conrtituents of crude and refined oils, 

derived from naturally occurring and synthetic mat-

erials. A further and equally significant stimulus 

for this extensive study has been provided by the 

reltive lack of knowledge of the ultimate nature 

of such oils. iull credit for the initiation 

of these investigations must inevitably o to the 

petroleum industries of this country and the 

United States, which, in the past twenty years, have 

spared no efiort or eense in the quantitative and 

qualitative exaininz tions of petroleums and their 

products, ts a direct result of this, tremendous 

improvements have taken place in the processes of 

manufacture of the various petroleum products and 

entirely new processes have been developed. 

Furthermore, the studies of the composition of 

gaseous and liquid fuels have resulted in the 

acumulation of a considerable amount of knowledge 

on the physical and chemical characteriTtics of 
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hydrocarbons of all classes. 

ithin recent years, the hurocarbon 

composition of the lower boiling fractions of 

bituminous coal tars and shale oils has been 

investig&ted by means similar to those applied to 

the examination of petroleum. The results thus 

obtained provide a very useful basis for comparison 

between the various oils and for their character-

ization according to the type of hydrocarbons 

present. 

OvInC to the relative lack of acta on the 

properties and composition of cannel coal tars,the 

work described in this report takes the .form of a 

preliminary examination of the lover hydrocarbon 

constituents of an oilproduced by the destructive 

distillation of a typical Scottish cannel coal. 

Although cannel coal and its carbonization 

products have been the subject of numerous studies 

in the past, there is very little available 

information on the composition of cannel oliL. ''h 

majority of published work deals iith the pocible 

utilization of cannel coal as a source of marketable 

products, such as motor spirit, diesel oil, wax etc.j 

and their production by a variety of methods, while 

very little attention is paid to the composition of 

the crude and refined oils. 

This lack of information may perhaps be most 

justifiably explained by the facts that the once 

flourishinC can ci industry is at prescnt aLost 

entirely extinct and that, at the eriod when great 
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interest was shown in cannel, analytical techniques 

were not adequately developed to permit investiga-

tions of the constituents of oils. Further, the 

biowledge of the ultimate composition of oils was 

Inot esfential to their successful comiercial 

utilization. 

XIevertheless, ea11w 1 coal Is a i:i;.ral of 

very interesting properties and may be regarded as 

a potential source of tar or oil, rich caB and coke. 

The reserves in Scotland of good quality cannel, of 

low ash and yielding over 40 galls, of crude oil 

per ton, are considerable (vide infra) and, in most 

cases, easily accessible. There is, therefore, no 

doubt that the present state of abeyance of the 

industry will not continue end a revival of commer-

cial interest is bound to return. 

Scottish cannel coals are most frequently 

found in association with bituminous coal seams, 

where they appear as relatively thin lenticles or 

bands of limited area, forming the roof or the base 

of the seam, or a layer within the coal seam. They ,  

also occur as separate beds of an area seldom 

exceedirr a low square miles. As pointed out by 

acGregor (61) canmel coals are found in the Lower 

Limestone Group, in the Limestone Coal Group, in the 

Upper Limestone Group and in the Productive Coal 

easurer. As a rule they are iinpersistent and 

lenticular in their mode of occurrence and seldom 
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constant enouh to be regarded as other than local 

index--horizons. Though closely associated with 

bituminous coal, cannel coals differ from it not 

only in structure and composition, but also in mode 

of occurrence and oriiri. 

The nature of cannels varies considerably 

with the locality of the seams, and seveil varieties 

of the mineral are known, and referred to by numer-

ous names, derived either from the locality or come 

characterirtic property. Pames such as torbanite, 

boghead, parrot, t;s  coal and cannel are freely and 

loosely used. The term "cannel", originally 

derived from "candle" because the mineral produced 

long, luminous flames when burning, is most cominonly 

a.plied to these materials, irrespective of their 

more or less marked differences in properties. 

Several attempts have been made to produce a 

systematic o1aesificatior of canneloid materials, 

based either on their proximate or ultimate 

analyses, but so far these attempts have met with 

little recognition* A classification based on 

specific gravity has recently been advanced by 

Mott (71)9 and is claimed to show, better than any 

other, the interconnection between the various 

caxmneloid materials. 

In the hand specimen, typical cannel coals 

are characterized by their homogeneity and absence 

of lamination. They vary in colour from a dull 

brownish tone to black with a pronounced satiny 
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lustre. 	hey hLve a compact rir nu sooth 

texture, and emit a rather "wood—like" sound when 

struck, They have a higher elasticity and lower 

density than normal coals, and exhibit a conchoidal 

I  fracture, 

Lost valuable information, however, coricc•x-

inr the composition nci LriL:iri of Cariol coal: is 

obtained by their examination under the microscope. 

They may be thus characterized by the hiLhly 

disintegrated condition of the vegetable debris, of 

which a hih proportion is translucent in thin 

section. rurrounded by this matrix are varying 

quantities of round or flattened "yellow bodies", 

together with fragments of cuticles, spore eines, 

resin bodies and, occasionally, fish remains. The 

nature of the "yellow bodies" has caused corsiderab] 

controversy in the past and numerous theories have 

been advanced to account for their resence and 

compositior!. 	Originally considered to be plant 

tissues or Hiobules of bitumen or oil, these 

"Yellow bodies" have been definitely shown, by 

Ternperley (l), to be of algal orig;in, not differ—

Inc in any material respect from the living algae 

Iotryococcus Braunil, :nd it is to these algae that 

the oil—yieldinE ability of cannels is chiefly 

ascribed. The appearance of altal bodies In an 

otherwisc typical cannel marks the transition to 

he algal canels, and their further concentration 

leads to boo:heads and torbanites, which differ 

b.ittle from typical cannels, except that they are 
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browner and tougher. 	iriiilar S1Lae have been 

reported, by Conacier (16) and Mawson (70), to be 

found in Coorongite, a substance found on the shore9 

of lakes of fresh or brackish water in South 

Australia, and regarded as the mother—substance of 

bohead coals and, possibly, petroleum. 

The nature of LOottish cairnels has been 

fully discussed by Skillirig (88) who concludes:—

"Microscopic examination has shown that the materia], 

1iown in Scotland by the name of cannel contains 

algal remains in varying proportions, the other 

organic matter consisting of macerated plant debris, 

microspores, and frequently fish remains. Those 

varieties in which the algal content is high are 

brown in colour, have a dull, woody rirt 'hen 

struck and are extremely tough to break. 	hey are 

commonly referred to as "torbarite", "boghead" or 

"Parrot", Those with much plant detritus are 

black, with a satiny lustre and conchoidal fracture. 

A study of the microstructure of these 

materials, in conjunction with the yield of oil 

obtained from them, indicates that the source of 

the large quantity of oil must be the algal bodies, 

as those deposits in which the algae are relatively 

few produce quantities of oil only slightly higher 

than the average from a bituminous coal." 

The present, widely held theory of cannel 

formation and origin, avanced by several workers, 

has been summarized by MacGregor (61) who points 
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out that the lenticular moue ol oucurrence of 

cannels, their association with ordinary coals and 

their well defined boundaries, their content of 

fossil colonial algae and the uresence in them of 

scales, teeth and spines of fresh-water fish 	I 

indicai formation in lakes or pools among the 

swamp forests of Carboniferous times. These 

lakes or pools are considered to have been surround-

ed by swamp vegetatior or lain close to rivers, so 

that in times of flood, the waters brou' 3ht dovr: con-

siderable quantities of plant debris of every kind, 

along with algae, spores and mud. It was this 

drifted plant debris which, after undergoing sub-

aqueous decomposition, formed the structureless 

mass present in cannels. Further, the drift of 

mud or clay accounted for the high ash content of 

the cannel as compared with the bituminous coal of 

the same seam. 	Ott (71) considers that special 

conditions promoted the flouribing of algal 

colonies on the surface of the lakes, thereby giving 

rise to the different types of material. If the 

algae sank cud mixed with the coal debris boghead 

camels resulted, while the comparative lack of 

vegetable debris and the excess of mud resulted in 

oil shale. If there was no mud or coal base, the 

algae formed torbanite. 

The history of cannel coal industry has 

een frequently reviewed in the past (17,  21, 71, 

109) and several estimates of the possible cannel 
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resources in Scotlznd have been made of which 

those published by the Scottish Developmcnt Council's 

"Oil from Coal Committee" appear to be most relic-.b16  

and most recent. 

The first report, published in 15 9  dealt 

with the low-temperature carboni7ation nd hydro-

enation of coal (84) 9  while the secon(8),com, 1l 471 

on the basis of a questionnaire issued to every 

colliery company in the areas mentioned below, dealt 

with the reserves of cannel and canneloid materials.I 

A geo1oist appointed by the Committee investigated 

cannel seanis, and obtined and assayed samples of 

the various minerals likely to yield oil. The 

areas investigated were Ayrshire, Fife, iast and 

Midlothian, Douglas, Lanarkshire, Cerpbeltown and 

BrOIa. 	:*he results of these findings are Liven in 

Table 1, which shows the deposition of the main 

cannel reserves in Scotland. 

TABLE 1. 

Cannels yieldinL over 
40 	:alls. of crude oil 

Area per ton erd containir2- ftotal, 
Lc:'c than Over OflS• 8% ash, 8% ash, 

tons. tone. 

I1othicinc 21 9 12 9 600 ',443,CCO 27,567,60U 
Fife 4679000 7490759 000 74 9 540 9 0CC 

\.yrshire 4O(00(;0 4,OCO 9 O(( 
Lanarkshire 50O,O. 0 1 9 23 9 210 197359210 

Other 	res 22 9 80C 56,0C 7P,CC0 

Total 2,114,40fl 81 9 807 9 210 1079921,TlO 
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In addition, there are several substritial 

reserves of carixaels, of low ash content yielding, 

20-4( galls./ton, in the Lothians, while in Fife 

deposits exist of 30" thickness yielding over 50 

galls./ton, but of high ash content (13-35çT). 

Though some seams appear to be difficult and 

expensive to work, most cannel seams a er in exist-

irr workings or in thicknesses sufticient to justify 

fresh workings. 

The conclusions reached as a result of tiis 

rurvey are surmarized by ilson (l)) as follows:- 

There are present in cotland reserves of 

cannel and canneloid material totallirit, yell 

over a hundred million tons, and yielding more 

than 40 Lallons of crude oil per ton. 

The reater part of this material is available 

in two or three seems of l'irc extent and of 

I 	reasonable thiciess. 

Despite this fvourable pioturc, many 

eople of wide experience in the coal industry 

consider the nbove estimates optimistic, and there 

appears to be some controversy regardin the 

extent of existing cannel deposits. 

There is no doubt, however, that the crucial 

factors upon which the extent of future csxinel 

exploitation will ultimately depend are the reatrves 

availability and a4cessibility 01 ood cuality, 

bi h-oil-yieldin cannel coals. 
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S URVEY OF LITiRATU}u 01. IJL R aS  

AVD THJ,IR FRO. ERTLS. 

Owing to the present lack of interest in 

cannel coal and its carbonization products, the 

literature on the subject is somewhat limited. 

The literture published, during the early stages of 

cannel coal industry (mid and late lth century) is 

mostly of historical interest and very little 

precise information can be obtained from it. 

In the resent century, the fluctuating  

interest directed towards the exploitation and 

utilization of cannels has resulted in a certain 

amount of work being carried out, dealing mostly 

with the possibilities of productii of marketable 

fuels and oils, while the more fundamental aspects 

o cannel oils have been little studied. 

The following brief, and by no means 

exhaustive survey of existing literature is, there-

fore, primarily intended to indicate the type of 

work carried out in recent years on the retorting 

of cannel coals and on the properties and natu 'e of 

cannel oils, with em basis on those aspects of the 

published work which bear a direct relation to the 

problem in hand. 

One oi the earlie, t ref .iences to the 

production of a variety of fuels from cannel is 
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made by craig (19)  and Eery and Dun - tan (c), while 

the great majority, if not till, of the existing 

modern knowledge on cannel coal and its carboniza-

tion products has been included or summarized in 

several papers presented at the two Oil Shale and 

Cannel Coal Conferences, held in Scotland in the 

years 1958  and 1950, and organized by the Institute 

of Petroleum. 

Carbonization of cannel coal at high and low 

temperatures and on varying scales, and subsequent 

utilization of the tars for the manufacture of 

fuels form the subject-matter of most papers. 

Straight distillation as well as cracking and 

bydrogenation-cracklnL: are considered suitable for 

the production of motor spirit, diesel oil, fuel 

oil etc. 

Apart from the commercial asects, work has 

been done on the asessmert of oil yields and 

properties of & 1ar.e variety of cannels. 	';ilsor 

(109) assayed eighteen different cartnels in a mi]. 

steel, horizontal retort of k lb. capacity, at a 

maximum temperature of 65000.,  and reports the 

following variation in crude oil yields and proper-

ties over the range of caririels carbonized:- 

Specific Gravity 	 0,87 - 0.96 

Crude oil yield, al1s./ton. 	'-V) 	- 82 

Distillate to 10. 9  % 	11 	- 21 

Residue over 300 °C. at 

3-6 mm • Hg. pressure ,% 	3 	- 10 

Wax content, % 	 3 	- 23 
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'1milr, only more recent, ark is reported 

by Wood (110) 9  who gives the analyses and the results 

of assays in a modified Grey-King apparatus at 

600°C., Yor eiLht carinels obtained from the major 

known cannel seams. !.ualyses of coke and gases 

produced durirL the assay are also given. 

The properties of cannel tars produced on 

pilot-plant or semi-commercial scale have been 

determined by a number of workers, though little 

information is given regardin: tbi composition. 

Jamieson and King (50) carbonized Nevzbattle cannel 

(Parrot seHm) in 3odall-Duckhaln continuouct-ver-tical  

retorts of over 8 tons capacity, under ras-making 

conditions and at a lo temperature (60 °C.) The 

properties of the tars obtained under the two sets o 

conditions are given in Table 2, while the distill-

ation of the crude oils yields :roducts in the 

proportions ' iven in Table 3.(p.13). 

TALLE 2. 

roeries of cannel tars. 

Jo.Licl retort 
tar 

Low-t ,_.. ortre 
tar 

:ecif ic Gravity 0.7 
..roe carbon, 0.35 - 

Tar acids, 10.5 .8 
.ar base!-, 	. 0.9 1.9 
c:utral oil, , 4),0 3.1 

- _1.-• 
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Ti1e 2.( contd.) 

ertic 1 r•tcrt 
tLr 

i:o..-tr. 	r 	urc 

tar 

._ 83II) 
Hrdroci , 9.5 
itrogen, 0.7 0.9 

Tuiphur, 0,6 
r. 	,,-  

TABLE,  3. 

Distillation yields from cannel rs. 
(Calculrtod per ton of cni ei. 	rboiized.) 

}' e tort 
i, 

Vert0:.1  

t8. 

.eIjned s.i 	 .L rit iui 	ae, jds. .0 2.6 

'Tefined spirit from tar, galls. 1.1 0.6 

Octane no. of avera,e s irit 68 - 
eutra1 oil, 170-300°C.,  galls. 10 14 

:eutra1 oil, 300 0C-pitcL, 	al;. 11 

Tar acids, 	nll- 4 4 

Pitc±, lbs. 161 134 

Paraffin wax, lbs • I

.

A 23 
0 . 	pt • 	Of 	'iiY, 	C.  

It ap •r from the re! -  ults uotid that crboniza-

tion at by te:vratureE does not leai to greatly 

increased yield of oi1, whereas the yield of gas 

is greatly dccreased. 	he yield of coke, on the 

other hand, is increased and the coke is more 

combustible. However, Jamieson and King favour 

Carbonization at hith temeratures and confine most 

of their work to the exeinintion of the possibilities 

of utilizing hi;h-temperaturo tar for the productiox 
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of gas, motor F;pirit, diesel and fuel .ils. 	They 

make an interesting comparison of average yields 

and cost estimates between Scottish gas coal and 

the cannel, both carbonized under similar conditions. 

The authors state that the cornp. rison of yields is 

ii-i favour of cannel as regards:- 

a. increase in gas yield of 50 therms per ton, 

be increase in gas output of 248 therms per 

retort per day at the same calorific value, 

ce increase ir spirit yield of' 2.7 galls, per 

ton, 

d. *  increase in tar yield of 40 'alls, per ton, 

and unfavourable as regards:- 

e, decrease in coke yield of 3.5 cwt, per ton. 

The results of an examination of the distillitea of 

high-temperLture tar, with special reference to thei 

commercial applicability, are included in the paper, 1  

Refined spirit, shown to be 't itnble as 

Grade I motor spirit, has the follovrii 1 , roperties:-

specific Gravity 	 0.76 

Distillate to 1000C., % 	38 

I 	Octane number 	 68 

Saturated hydrocarbons, % 32 

Unsaturated hydrocarbons,% 40 

Aromatic hydrocarbons, % 28 

A neutral oil fraction boiling between 1700  

and 3000 C, has properties which make it suitable 

or use as diesel-engine fuel, though the coterie 

number of 46 prevents its use in high-speed engines. 
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The fraction boiling above 3000C. rnzy be used as 

fuel oil for boiler-firing, 

Jamieson and King do not consider the 

higher boiling fractions as havinL lubricating 

qualities, which 1 lo pointcd out by ilson (109) 9  

and are of the opinion that only further treatment, 

such as crackin' and polymerization, xniht produce 

lubricating oils. 

The results of crackiri nd bydrogortion-

cracking of cannel tars and direct hydronation of 

I'ewbattle cannel are also given. 

The conclusions reached by these authors as 

a result of the examinations indicate that the 

exploitation of cannel coal, in existing gas-works 

equipment, for the productioi of town's gas and 

'saleable fuels offers definite advantages, as 

compared with bituminous coal, and justifies the 

separa ion of c&L3'lel uring miin. 	prite 

treat1le 1; in cc tiuous-vc,rt1cal rt?rti. 	The 	tr 

may be converted into marketable oils 	o.her 

products by a, distillation, b. cracking and distill-

ation, or c. hydrogenation-crackin, comparative 

yields calculated per 100 gallons of tar would be:- 

a. 

~otor spirit, incl. gas 	 12 
spirit, galls. 

Diesel oil, galls. 	 24 
Fuel oil, galls. 	 27 
!araff in wax, lb. 	 58 
Pitch, lb. 	 390 

Direct hydrogenation of cirin 

1:. 

21 	or 105 

	

11 157 	- 

	

5- 	- 

	

- 57 	57 

	

390 - 	 - 

1 would give 
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higher yields of oil, "cut it of 	no :r ~cib1e 

adv3ntaee over bituminous co1 fcr this rocess. 

Work of Eimilar nature, only on smaller 

scc.le, has been carried out by '.Vilron (loo.cit), 

but is mainly concerned with lov.-tempoture cannel 

tar. The carbonization of the canrel (Lower Dysart 

sewn, I'rancis Fit, Dysart Colliery, Tife) was 

carried out at the Fuel hesearch Station (36), in a 

Lorizorital, zild iteel retort of 100 lb. capacity 

at a temperature of 55000.  The point of interest 

ir this instance is the co::iderable variation in 

yields and properties of the products obtained on 

this scale as comp red with those from the k lb. 

capacity retort (mentioned on p.11). The author 

assumes that this variation is due to cracking 

takir place in the large retort, .thil, in the case 

of the small otort, great care was exercized to 

reduce cracking to a minimuin. The possibilities off 

production oJ motor spirit, dies ,-;.. l and spindle oils 

are discussed fully and conclusions similar to those' 

of Jamieson and Kin (loc.cit) are drain, 

The results of hy drogenation-cracking in the 

vapour phase indicate that the tar is an excellent 

raw material for this process. 

Vapour-phase crackin of the t .-. r in straiht 

and packed tubes is also discussed and comparisons 

of results with those of othT.r workcrs are made. 

In a paper on assessing the value of oil 

shales and cannele, Mott and Spooner (72) discuss th 
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r].ation of oil yield as obtained by the Grey-King 

low-temperature assay to the hydrogen content of tbe 

dry, ash-free materials, Ldld present formulae for 

evaluting oil yields by the hydrogen content or by 

volatile matter in conjunction with either calorific 

value or oxygen contert. The authors list oil 

yields of several coals, oil shals 	cannels 

obtairicc both by experiment and calculation. The 

experimental results appear to be somewhat lo.er  

than theory, the discrepancy being due to tuermal 

decomposition (cracking) of the jrimary oil taking 

place inside the retort and., in this connection, 

4ott and Spooner emphasize the importance of with-

drawing the oil vapours rapidly from the retort  

thereby reducing the time of contact with ho 	its 

of euip1m t. 

The first re L u t oL Lhe Oil from Coz 1 

Committee"(84) describes the lo. -.-temperature 

carbonization process for the production of fuels 

in the event of national em-rgency, The utilisa-

tion of a large variety of retortable, oil-yielding 

materials, including cannels, ib cousidered, but the 

re.ort is mainly concerned with the carbonization of 

Ibituninous coal. 

In recent years'.'cod (110) examined a series 

of coals from the riajor known cenncl seams ith a 

view to the roduction of olefins fur chemical 

manufacture. 	The first pirt of the .o:.k c:istd 

of low-tererature assays in a modified Crey-1cing 
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apparatus, foi1owd by dctil1 rc1yees of tie oils 

and gases produced, special attention being given I 

to the hydrocarbon composition of the latter. The 

neutral oils were examined with reaFect to their 

hydrocarbon—type compo: itiort only. 

The second part of the paper is concerned 

with the carbonization of cannels from the Great 

Seam, Newbattle Colliery, P1id1othi: 	Lower 

Dysart Seam, Pendolph Colliery, Fi. The retort-

ing was carried cut ir _, f'mi—cornmeroial, rotary 

I)avjdpcn 2etort (22) at P, frayimur, i.emprature of 

60000. 	The results of rotortinL: eric the properties   

of the products are shown in Table 4. 

TALLE 4. 

Lower Dysnrt Gret 	crn 
Light L. r Li: ht Tar 
oil oil 

icL, 	L;-/to" 18.0 'G.c 4.4 2.2 

Specific Gravity 0.83 0.95 0.79 0.95 
Tar acids, % wt. 9 2() 5.5 30., 
eutral oil fraction 	iic 	, 

00 	- 	2000C.  
200 	- 	 3000C. - 23.5 - 22. 
3000 	- - 14.0 - 18.4 
esiduc - - 50.5 

Coniposiiori of ieural 
oil boiling to 350 C., % 

}araff ins 17 15 
: ophthenei' 

-.1 1 
Uesaturat.(;r 49 
romatics )1 46 
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As comprd with results juotüi by iilson 

(p. Jr-) ,,the oils produced on retorting werc, within 

close limits, the same in yield and composition as 

thore obtained on the assay. 

The 1jiht  crd crude oiLs from these two 

cannels 7ero subjected to vapour-phaae cracking in 

the presence of steam, in order to determine the 

yield of gaseous olefins in particulrr. Experi-

mental conditions and full analyses of the gaseous 

prcdteta are given,. though little attentior. is paid 

to liquid products *  

mod concludes that the lovioil-yielding 

carrels cannot possibly be a source of asoous ole-

fins for chemical manufacture, arid thi-t those oannelr 

giving high oil yields would find it very difficult 

to compete with olefins derived from i etroleum 

cracking in Great Britain. 

The possibilitic' ± c:mLirir:. th caxftcniza 

tion of.oil shales and cannel coals with proceses 

for the production of synthetic ella by the Bergius 

or Fischer-Tropscb proceases are fully discussed by 

Underwood (96). The discussion is based entirely 

on theoretical considerations and the wide 

experience of the author, and, where necessary, 

values reported by other workers are used. 

Conclusion. 

As a result of the study Oi existir L  litera-

ture on the subject of composition of crude and 

refined oils derived from various ntural1y occurr- 
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in nd yrthetic rubstnces, it 	be co:cluded 	I 

that extremely little is 1o.n about the composition 

of cannel oils and about the nature of the compounds 

present therein. The results of type andyses of 

cannel distillates in the motor spirit range given 

in literature indicate a predominance of unsaturated 

hydrocarbons, cr in this respect these oils may be 

best compared with shale oil dist.iilc.tes of similrr 

boiling range, as shown in Table 5. 

T.L.UL 

11y.rorbor—ty..e 	iy:'if 

ntcw.,,. Unsatds.,,. roriiats.,,. 

iewbattle Parrot 
sesm c.rnel  50 

Tcv!bcittle Great 
seem cannel 38 46 110 

Lo;:er i)yszirt 
seam cannel 20 49 31 110 

Lower Dysart 
seam  109 

Scottish oil 
'T. L 11 
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LLTiiODS Oi 	R:iICi' iL 	 ILl 

01 :ICL:ILLY LI UIiT ii-c.:. 

Hydrocarbons present in petroleum and othor 

similar moterials may be brod1y classified as:- 

c.raff ins , 

iphthenes, 

olefins, and 

arom: ics. 

Iii the first three c1ases, all embers below U are 

gases, from C L  to C15  they are liquids arid the rest 
.ol

are waxy solids. 	This c1asification is satisfact- 

ory for gaseous and most liquid members, since 

the a' are characterized by the presence of a double 

bond, or a nhtbene or rorn' tic ring in the mole-

cule. On the other hand, he hither members of the 

series may consist of naphthenic or aromatic rings 

with long parafin side-ck1ains, in whicL case they 

exhibit naphthenlc, aromatic or paraffinic propert-

ies to an extent depending on the proportion of 

these structures within the molecule. 

The examinations of crude and refined oils 

with respect to their hydrocarbon constituents are 

naturally based on either or a combintion of the 

two following methods:- 

.. paration of individual 	ocrboL a or 

IAydrocarbon c1as.es according to their 
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physical or chemical characteri:tics, &nd 

b, deterininction of the constituents on the 

basis of a certain physical or chemical 

property, which is either a linear 

function of the composition or is deter-

minable for each constituent inderendent-

ly of the others. 

Investiations coricrned ;ih thL_ com,o. ioXi 

of gaseous and low-boilinC. liquid hydrocarbon 

mixtures are relatively strai:ht-forward, as the 

numbers of possible isomers are not e<cively 

high and their physical properties are known. As 

the temperature scale is ascended, however, the 

complexity of th Lyarocarbons incre:ses c(.r ier-

ably and the problem of examintion becomes extreme-

ly difficult, if not altogether irnpoisible, not 

only because very little is known about the higher 

members of the series, but also th numbers of 

possible isomers become very lare. 	(lb is 

estimated thnt C13  paraffins have 802 9  020  366,319 

and C 0 UI)  to 62 x 1012  possible isomers.) 

Material boilinV. in the naphtha or Casoline ran-es 

(end pt. about 2000C.) has been examined in detail 

and a groat amount of knowledge has been accumulated 

on the relative concentration and nature of the 

various constituent hydrocarbons, while analyses 

of higher-boiling  material have been mostly confined 

to hydrocarbon-type estimations and detei'rinations 

of average structures of the byrocarbons, expressed 

in terms of the percentage of aromatic, naphthenic 
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rin;s, or praffinic side-chains. 

It is impossible, within the limits of this 

thesis, to present an exhaustive and detailed surveyl  

of the various methods and techniques applicable to 

the resolution of hydrocarbon mixtures of varying 

complexity. It is, therefore, proposed to include 

in the followin 4  paces a brief discussion of the 

principal methods only, and to consider their. 

applicability to the exsinintion of the cannel oils 

under investigation. 

A. Methods of separation of liquid hydrocarbons. 

Methods applicable to the se ration of 

hydrocarbon mixtures may be classified as:- 

Pi.ysical methods of separulion, 

Cbeical methods of separation. 

The first group comprises methods such as 

distillation, extraction, adsorption, which separate 

individual hydrocarbons accordin L; to their properties, 

while to the second group b. lone methods by which 

separations are accomplished on the basis of some 

specific chemical reaction, such as sulphonation, 

ha1oenation, etc. 	Accordingly, the latter methods 

find application mainly in separations bet;een 

hydrocarbon classes exhibiting: difrerent chemical 

properties. 

(i) Physical methods of separation. 

The separation of a mixture of hydrocarbons 
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into its individual components or simple mitres 

containing bydrocrbons of similar physical or 

chemical properties may be most conveniently 

accomplished by one or more of the follo::in, 

techniques:- 

a, ractional distillation, 

b. Distillation under varied pre'ure, 

C. Azeotropic distillation, 

d, xtrctive distillation, 

Solvent extrection, 

Adsorpio:. 

'he separation of hydrocarbons is usually 

performed by the approprite interlockinL, or combin-

ation of two or more of the above techniques and the 

scheme of separation can be described as consisting 

of three operations:- 

separation of ori L inal mixture (containin (  

paraffinic, naphthenic, o.Lefinic and aromatic 

hydrocarbons) according to size of molcculos, 

separation of molecules of the s,--me size 

accordin6 to type or group, 

isolation of individual components. 

Fractional dietillLtion. 

The most direct and simplest method of 

separating a complex mixture containing all types of 

hydrocarbons into a series of fractions of lea cr 

complexity is by means of fractional distill;.tIc 

The fact that reletively few of the lower hydro-

carbons form azeotropic mixtures treatly facilitates 



their separation by distilltion alone thoui: a 

given separation can rarely be accomplished by one 

operation; the number of operations required being 

dictated by the properties of the original mixture. 

For example, repeated distillation of a miture 

of isomeric hexanes (b.pt. 149°_E,8°  C.) will ultimately 

yield pure components, whereas it is very doubtful 

whether it is possible to resolve compl'tely a 

mixture of C10  paraflins contairlinL memUers, the 

boiling points of which freouently differ by a 

fraction of a degree . 	It is, nevertheless, 

feasible, on account of a non—uniform distribution 

of boiling points and their appearance in clusters, 

to achieve a certain amount of separation and obtain 

fractions containing relativ1y hih concentrations 

of one particular byth'ocarbo. 

During the past two decauuz the r:cticc and 

theory of fractional distilla..ion have un ergone 

tremendous progress; this being best reflected by 

the constantly growing amount of literature on the 

subject. Perhaps the greatest advance has been 

made ii -. ll thu prcticl acccte of distillation, 

with the result th.:t to—day fractionatin L  columns 

of an efficiency euivalent to 40C' theoretical plate 

have been constructed and used in the concentration 

of oxygen isotopes. This is readily apreciated 

when it is considered that only a few years ago the 

separation of t compounds of 10°  :.'o 	 C. boiling point 

difference was har ly possible, unless very lane 

charges and numerous distillations were employe.. 
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The very extensive literLtur c dealinL, with 

all theoretical and practical aspects of fraction-

ation has been included in several excellent books 

(5,55,714,78,101) and has been frequently reviewed 

in the part. 	Reviews by Griffiths et al. (ho), 

Fey (29) and ard (103)  cover most of the literature 

published before 145 and deal with the whole subject 

of distillation, 	ore recent, are the annual review 

by Rose (80), 	ich again are concerned with all the, 

aspects. of distillation, while a short summary by the 

same author (79) deals with the present state of 

distillation, 	imil..r reviews appear regularly 

in the "Industrial and EnjJneering Cheiiistry" (102) 

and the 0.• 	• Reviews (7/). 	T:e desii and 

testing oi frctionstine columns have been discussed 

at length by Underwood (97) and krench et al. (35)9 

ihile in a series of papers, Dixon (26) describes 

the erection and operation of very efficient, 

automatic columns. 	j.urely theoretical treatment 

of the desiLm of packed columns in general has 

recently been presented by Pratt (76),  and includes 

several worked examples of the p1ication of theory 

to actual desia problems. The theory and practice 

of distillation as applied to the refininL of 

etroleum have been described by Brown and Souders 

(lLf), to mention only one. 

The literature dealing with the application 

of fractional distilltion to the separation of 

hydrocarbons 	other substances fro etroleuxn, 

coal tars zmd shale oils is too voluirL-Lous to be 
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Irevieweci bra, aria only brief r1iict ..iii be made 

to work bearing a direct relation to the prLblem at 

hand. 

The most siinificant and important work on 

the separation of hydrocarbons is that carried on 

at the National Bureau of Standards by the A.?.J. 

Research Project 6, under the c.irection of 1. D. 

Rossini. The work has been in j roress since 1927 

and has involvcd, till 19479 over 200 man-years of 

research. It has been reviewed by Washburn (105) 9  

Leslie nd ';hite (58) 9  and more recently by Fair 

and Rossini (63)  and Rossini (81). It is ccncerned 

with the separation and urification of hywocarbons 

present in the midcontinerit (South Ponca, Okla,) 

petroleum under investigation, and is based almost 

entirely on fractional distillations, conducted on 

varying scales and in columns havin .. up to 200 

theoretical plates, Yethods other than distillatioi, 

are mostly aplied to concentrates containing 

components of nearly identical properties or forming 1  

azeotropic mixtures. 	A'ter separation, the 

components are usually re-distilled to yield a given 

hydrocarbon in a high stnte of purity (99.8% mole) 

as required for inclusion in the lq.L.$. standard. saW-

ies of hydrocarbons (66). 

Work on the chemical composition of petrol- 

 eum of vrryinC orif in has been carried out by 

numerous other workers all over the world, usin 

procedures similar to t ose outlined above. The 

problem of separatint: petroleum hydrocarbons by 
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fractional distillation has been somewhat simplified: 

by the absence of unsaturated hydrocarbons such as 

open-chain and cyclic inono-olefins, di-olefins 

and cyclic hydrocarbons with olefinic side-ciains, 

ecently, however, unsaturateds present in concen-

trations exceeding 50, in cracked gasoline and aim-, 

ilar stocks, have been equally successfully separated 

by distill:.tion, though the process is more laborious 

and requires freuent use of other techniques of 

separation; this beinE due to the great azeotrope 

fozning tendency between the olefins and other hydro 

carbons, :articu].arly aromatics (,75). 

The chemical composition 01 oils cLerived 

.1' rom: naturally occurring materials and containing 

large proportions of unsaturateds has also been 

determined, Examinations of Scottish and American 

shale oils have been crried out using essentially 

the sme m::thods as those applied to petroleum 

fractions (,45,90,92). 

In the present work, the inveigation of 

the composition of libt cancl naphtha was consider-

ed to be most successfully performed by means of high-

efficiency fractionations followed by further 

separation of th concentrates by other suitable 

technioues, the choice of which would natur ily be 

dictated by the proerties and expected composition 

the matcrial and the quantities available. 

As already shown, cannel naphtha was - 

expected to contain a hi,-,.h proportion of unsaturated 
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hydrocarbons (70Q,)  ene., thereiore, the forMLLtion 

of azeotropic mixtures during distillation was 

anticipated. 	L:ethods capable of separatini, Such 

mixtures were considerd, and. are briefly discussed 

below, 

' Distillation under varied pressure. 

The separation of two or more hydrocarbons 

of nearly identical boiling pointi•, :ihich do not 

form an azeotropic mixture, may frequently be 

performed by distillation under varied resure, 

either higher or lower than atmospheric, as the 

effect of pressure on boiling point varies for 

different classes of byLrocarbons. 	Accor,L -iL to 

Sachanen (83) the decrease in the boiling point of 

arom.tic hydrocarbons with decreasin, pressure is 

I more rapid than thet of naphthenos, and that of 

naphtbenes is more rapid than that of arafins. 

Thus, two hydrocarbons, for irist:nce a paraffin and 

an aromatic, boilin, at the same temperature at 

70 mm. Hg will have a spread in their boiling 

temperatures as the pressure is decreased, and 

proportional to that reduction. Rossini et al. 

(82) state that the spread in the boilinL points 

for a paraffin and an aromatic of the same boilinL. 

point at one atmosphere is about 5G, when the 

pressure is reduced to 0.07  atm. Under the same 

conditions, Lhe spread of a naphthenic and an 

aromrtic hydrooarbon of the same b. pt. is only 

20 C. Thus sepration of two hydrocarbons at 0.075 
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at m. 	 £sib.Lc, 	 CiiCiE;I.0 

of the column is hih; of the order of 100 theoretic 

al plates, or moi. 

/..zeotroric distIllation e  

hou'b hily efficient frctiitirit,, 

columns have been developed, it is often impossible 

to separate the components of a kiydrocarbon mixture 

by normal diti11ation either because of the jresenc 

of several components of nearly ider.tical boiling 

points or the fonrtion of constant—boiling mixtures 

Azeotropio distill; ticin has been used 

extensiveIg for a number of years in such j.rocescea 

as the dehydration of aqueous alcohol, but it is 

only comparatively xcently th:t it is been applied 

to the isolation of pure byd.roc&rbons or hydrocarbon 

classes from complex mixtures thereof. The method 

consists of an edition of an entrainer to the 

mixture to be separated, which affects th. re1tivo 

volatilities of the components, thereby altering  

their boilinu, points in such a wey ar tc ormit 

fractionation of the formcd azootroe..: • -air at 

el. (62) etcite that, with some exceptin, nearly 

all p..: lar molecules Of th proper volatility form 

with pereffixiic, nephthnic, olofinic ana aromatic 

hyrocarbona, mixtures th&t have a total vapour 

pressure treater than that of the more vol:tfle pure 

components, yieldinf, minimum boiling azeotroi.ic 

*iztures, 	ic 	nic compounds that behave in 

this r.y include,  those containing tiydroxyl, carboxyl 
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cyanide, amino, nitro and other structural groups 

that tend to produce polarity in organic molecules. 

Further, the azeotrope-forminL substance should 

have the fo11owin properties (28):- 

boil within a limited range (0_300) of the 

hydrocarbon which it in e:i;.;d t F.arate, 

form, on mixiri 	iih tn 	ric rr a large 

positive deviation from Raoult's Law to 

give a minimum azeotrope with one or more 

of the hydrocarbon types in the mixture, 

be soluble in the hydrocarbon at the 

distilLition temperature and for some degrees 

below it 

d, be easily seprated fca the hydrocarbons 

with which it forms an azeotrope, 

be readily obtainable and incxensive, 

be stable at the distillation temperature, 

g, be non-reactive 'iith the hydrocarbon or the 

colwnn materini. 

Irrespective of the re irci t c. amL.ratod 

abovc, the choice of a suitable eritrainer is still 

a rather difficult matter, and to a groat ctert, 

is based on practical cxr1ence and trial-end-er.or 

methods. 1- e1l et al. (28) repert a means of 

e1iminctin; this difficulty. 	eir method of 

selection of entrainers is based on the division 

of liquids into five classes, aceordinr to their 

hydrogen bond tendencies, from ;'hicb a systematic 

summary of deviations from Raoult' s Law may be 

derived and azeotro,.e-formation tendency prdicted. 
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to the separation of hydrocarbons has been extensive'-

ly described in literature. Lair et al. (62) deal 

thoroub1y with the principles and applications of 

azeotropic diEtillation and give data on azeotrope-

forming substances, efficiencies of separation, and 

present a general procedure for the separation of 

hydrocarbons by the various types of distillations. 

Robinson and Gilliland (78) present the theoretical 

aspects of azeotropic distillation, while Sachanen 

(83) summarizes its applications both on laboratory 

and commercial scales. The patent literature on 

the subject Is considerable, IndicatinE; the wide 

field of application to a great variety of separatin 

problems. ihe separation of the lower aromatic 

hydrocarbons from gasoline cuts by azeotropic 

distillation has been described by Foster (54), 

1arschner and Cropper (69), Griswold and Bowden. (41), 

and Lair and Rossini (63), to m.-ntion only a ft..w. 

The fom:tion of azeotropic mixtures betaeen 

acetonitrile and thiols and hydrocarbons have been 

rcccntly described by Bishop and Denton (9) and 

Denyer et al. (24) respectively, while Horsley (4?) 

has publishcd lists of azeotropes and non-azeotropeE 

of binary and ternary systems. The application of 

azeotropic distillation to the problem in ham was 

considered and found to be of little value ozl  

account of thL followth:- 

a. the cannel naphtha fractions to be invisti- 

gated with resect to their coposition 
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were approinizte1y one litre each ith a 

b.pt. spread (i.e. di1'Lcrenc. in initial 

and final b.pts.) varying between 30  azd 

21°C. Consequently the maximum volume of 

fractions taken-off during the d3.stil1ations 

should not exceed 25 ml. if simple mixtrcs 

were to be separated. The separation of  

these mixtures by azeotropic di'tilletion, 

should this be necessary, .;ould involve the 

erection and operation of searate small-

scale, highly efficient columns, 

b. the large variety of byLrocarbons - resent 

in the cannel distillcte would re'iuire a 

:ide rane  of entrainers. 	Parafi ii-Ac , 

naphthenic and arozntic hydrocarbons have 

been studied and suitable ertr&iners are 

k.-., own for very many of these comoun s, 

but comparatively lit1e is known about 

substances forming azeotropes with olefins. 

As these predominate in cannel distillttes, 

it would be necessary to develop a series 

of suitable entrainers for their separation, 

which would inevitably involve a con siderabl 

loss of time, 

c., the separation of hydrocarbons accordi1.L 

to their class or type could be successfully 

performed by means of azeotro.ic distillatioti 

In the existing ecuipment. 	However, 'the  

same type of separation may be erformed 

with similar efficiency and lower exnendi- 
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ture in time a. a mterislE by soptioi O 

silica gel, and this technique of separation 

was preferreC. 

The first ir . ic 	.ier 	.zctioiic cJt1ll 

ation was considerd to be of esecial value wa in 

the separation of paraffin-naphthe.e mixtures, but 

owing to difficulties mentioned in a. aLove, the 

method was not used. The second instance was in 

the separation of pure aromatics from the concLntrat 

(D-) fractions. The m...thod considered here was as 

Ifollows:- to combine all fractions (about 25 iLl. 

eaôh) containing one . rticular arimtio hydrocarbon 

and separate It by azeotropic distill-tion, follow d 

by normal distillation of the aromatic-free portion. 

However, the presence of all types of h'drocrbons 

in the aromatic fractions complicated uhe selection 

of a suitable entraine, whereas the separation 

could be accomplished b: adsorption. 

It must be emphasized, nevertheless, that 

the main reason for not using azeotropic distilLtioi 

lay in the quantities of cannel naphtha available, 

and there is no doubt in the author's mind, that 

its use would considerably facilitate the septration 

and lead to a larger number of identifiable hydro-

carbons. 

Extractive distill, tion. 

Extractive distilltiofl is sImilr to 

azeotropic distilltiou in the fact th.t it is 

based, throuh the addition of another compound, on 
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the modification of relative vo1ati1iti of two or 

more constituents of a mi:ture, inseparable by 

normal distill. -At.- ion. 

The process requires somewhat modified 

fractionation equipment, as it is necessary to 

provide tw columns an extraction and striping 

column - and other accessories. 	non-hydrocarbon 

solvent, of considerably higher boilin .  point than 

the mixture, is added near the top of the extraction ,  

column and in its passage downwards effects a scrubbitng 

action of the ascending vapours, of which one com-

ponent is referentially absorbed in the solvent. 

The solv' nt-hydrocarbon mixture par' es then to the 

scrubbin' column, v;here it i fractionated; the 

absorbed hydrocarbon being separated from thc solvent 

and led back to the still of the extraction column, 

while the solvent is recycled. Lateriul, the 

voltilit7 of which has been increased by the 

addition of the solvnt, is taken-off, with the 

result that a complete separation of the original 

mix Lure may be achieved. The principle of batch 

extractivr dirtill:tion is illustrated dir., rammatic-

ally in fir. 1. 

The undLrlyth rinciples of extractive 

distill' tion have been discussed at length in a 

number of papers and books. G'rner (37) has 

publithed an excellent eurnrn'ry of the process and 

includes an interesting cmparifion o1 this method 

of eepration ith azeotropic dirti1ltion, while 

Benedict and Rubin (6) jresct a m themtical and 
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fuller tratmerit o the roce. 	-ubinson wi 

Gilliland (7)  devote a chapter of their bcok to 

extractive dictihlatlon, and again tr.at the subject 

on a mathematical basis. The applications of the 

process and data on design and operation of extr ct.-

iVe uistill: tion equipment are also given. Several 

other papers, too iumerous to mention, have a.peared 

in recent literature, most of these have been referr.-

ed to by the above authors. Typical examples of 

large scale application of extrac Live distillation 

are the separ.tion nnd purification of 0 4  Lydro- 	I  

carbons for the production of butadiene (1,144) and 

the refining of lubricating oils and diesel fuels 

(52), to mention only two. 

On laboratory scale, the use of the method 

has been limited by the f cts tb:- t it ;r cents cer-

tain constructional and operational difliculties 

and separ.tions produced do not justify the 

additional ecuipxent nd labour. The principal 

adve O.i. etractive diihl t.L: as ci 	r.d 

with azeotropic distillation, is t1 t the lection 

of suitable solvents is easier and more solvents 

are available, since the nature of phase relation-

ships in mixtures of solvent an components is not 

critical to the success of separs.tion. Thus the 

various hydrocrbon ty k es present in mixtures 

simil: r to tLoFe under investijation, i.e. of hi,b 

olefinic content, heve been sejarated (45),  thouh 

separations were not as good as thosc prduced by 

other means, such as azeotropic distilLtion or 
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adsor'i.or. 

ii:: 	o 	 J1otTii,, 

to the ;..resent problem, and particularly to the 

lower fractions of can!cl naphtha, ''as conider'd 

of little value OwII1L to its relatively low all icien 

cy of separation, large mcteril requir':ments, and 

I the need of erection of suitable eouipment. 

However, as extractive distillation constitutes a 

very efi'icient means of separating hydrocarbons 

beloxin, to one particular type or group occurring 

in higher boiling material, such as Kerosene or 

"wax-free cuts", the fractionating column used in 

this work was designed so as to be easily convrted 

to an extraction column and provision was made for 

the erection of a strippin column. 

Solvent extraction, 

Altboub of' r;t indus. 	im:ci'tLxce, 

liquid-liquid or solvent extraction has found 

limited application in laboratory scale sparations 

of hydrocarbons, especially of those boiling below 

200°C. 

ie 14eleanu an.. other proces 	have been 

applied to the separation of aromf.tics from 

relatively low-boiling material (over 120 °C.) and 

the results indicete that, thou€:h the separations 

are moderately efficient, the methcd is not superior 

to azeotrc4c distillation or adsorption (64965,1t'7), 

Further, solvent extraction mf,, thods usually re.uire 

large quantities of material and rather strthent 
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orii'; corditions. 

Adsorption. 

The extremely wide field of chromatographic 

adsorption his, within recent yer, been extended 

to cover the se:iaration and c;uantitative determin-

ation of the main classes of hydrocarbons present in 

complex mixtures thereof. The method, a develop-

ment of the ori;inal Tswett technique of enalyEis, 

consists of percolatLnE, & sam,le containing 

paraffinic, naphthenic, olefinic and aromtic hydro-

carbons throuth a column of suitable adsorbent, such 

as silica gel, which relectively adsorbs the various 

types of compound. A desorbinL liquid, added 

after the sanmie is iuily etcred the rdsorbent, 

forces the sample through the column, durir.L;vlhich 

passage fiactionation t::.kes place and the various 

hydrocarbor, types preont are arranged in the order 

of decreasing adsorbabilities. The liquid issuing 

from the column is collected in small fractions 

and analyzed by refractometric method. The sum 

ivolum4e and refractive indices of the frL.ctions are 

plotted, from which graph the percentage coinosition 

o the sample is deduced. The method is caable 

of :erfor1ning quantitative scarations of saturated, 

oleflnic and aromatic hydrocarbons. Mixtures of 

straight, branched-chain and cyclic paraffins, 

t crnnot be separated by this means. Straight-

Or branched-chain and cyclic olefins may be 

eparsted to some extent, though separations are 
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not ou rtiL tiv 

a1ysis by adsorption on silica el has 

been initially developed for the separation and 

purification of petroleum hydrocarbons by the 

National Bureau of Standards and the method has been  

fully described by Mair in a series of :ublicctions 

(68). 	The theoretical aspects of the process have 

been investigated by Mair et al. (67), who base 

their study on concerts used in theoretical analysisj 

of fractionating processes in genral, as for 

example, the process of distillation, an( -.' use the 

analoy to examine the separtion of a binary 

mixture. 

Althoub the mcthod has been used cxteni:ive-

ly by numerous workers, relatively few modifications 

of the oriina1 Mair's technique have been propoeed, 

One modification worthy of note, however, is the 

visual estixa; Lion of hydrocarbon classes adsorbed 

on silica gel, made possible by the addition of 

fluorescent dyes or other materials to the sample 

or adsorbent (18 9 2° 9 38). 

The application of adsorption analysis to 

hydrocrrbon mixtures containing olefins has been 

studied in detail and the results obtained by Fink 

et al. (].), Dineen et al (25),  Haresnape and Lowry 

(45) and Thorne et al. (92) working .ith cracked 

gasoline stocks and shale naphthas, indicate th&t 

he method is accurate and gives reliable results. 

In view of tl'e.r cc 	dc.i.etons are: thc fact thst 

Very small :u'ntitjeo of 'raterial arc rouied, it 
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- s deci.i tc uc asor.:tion ar lyis in the 

present inve tigation. 

As v.1ill be discussed later, the method was 

tested with known hydrocarbon mixtures and found 

to fulfil the cLims made by Mair and other workrs, 1  

and we", consequently, used i-i determinations of 

the composition of wide-and narrow-boiling fractions, 

and in the preparation of pure saxn:ls of hydro-

carbons. 

(ii) Che. ice 1 methods of separati:n • 

Of the rriy reactions th: t hLrocrbos, 

arid ol iins and aromatics in particulL, u:uorgo.Kew 

ave found applical..446on in the actual small-scale 

separation 01' mixtures of hydrocarbons into their 

individual cornponent - . he reasons for this lie 

mainly in the foilo.inL facts:- 

by the suitable combination of the various 

physical methods, almost any individual 

hydrocarbon mey, be separated in a high state 

of purity, 

chemical methods are rarely applicable to th 

separation of individual hydrocarbons, and 

usually perform separLtions of one class of 

hydrocarbons from another, a' for exa:' ].e 

I 	ole.:ins fror jaraffin, 

separations by chemical 	are infrequent- 

ly quantitativ, thereby reoultin, in losc 

of material nd introducinL  error, especiall$r 
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if a given sp 	aioii is u.cd retediy, 

d. 	:- chemical separations tre b sed ox 	the 

formation of compounds between hydrocarbons 

of the srmc molecular configuration and a 

specific reagent, foiiovied by the rrnovai of 

the forticdcor.our 	.,he re, er eraioL 0 the 

reacted bydrocrborr is of Len diL:icult, 

re -uiree special rocedures and, again, is 

seldom quantitative, 

e, reltively large quantities of both reactants 

re usu ily necessary if exp rimental erior 

is to be kept within rcsonable limits. 

The reaction between sulphuric acid of 

varying concentrations and clefinic or aromatic hydro-

carbons is perhaps the best known and most idely 

used mtbod of separating these hydrocarbons and has 

found important applications in industry, both in 

the r'fining of oils and in ehe production of raw 

material for the manufvcture of a lsrge v riety of 

surface-active u'crt, 	The Iliothod ira been used 

etensivcly in sm li-scale scpartions of hydro-

carbons twenty to thirty y.ars a o, but more recently 

it h been rilmost entirely superseded by th more 

ref iciont physical methods. 

Anotter method which has iouuv:ide 

applications is the hydrogenation of usaturated 

and, to a lee or extent, aroin tic hydrocarbons. 

lydrogenations of olefins are usually carried out 

a7 low pressures and/or low temperatures in the 

presence of catalysts such as nickel on kieselguhr 
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(L,lOc ), 	'y nickel (4 	afladiun (5,106), 

molybdenum (99) nd platinum (23). The hyroen- 

tion of aromrtics, on the other hand, requiiee 

much more severe conditions, thus enablint selective 

hydrogenation of olefins -without prior separation (8). 

Several other feasible methods exist, being 

discussed at length by Sachanen (83) 9  but in view 

of the considerstions summarized above, it was 

decided to limit the resent work to physical 

separations only, especially since an attempt was 

made at a quantitative examination of the cannel 

oil distillates. 

B. !ethods of deter:.ination o hydrocrbons. 

As already pointed out, the rthods of  

determining the constituents of liquid hydrocarbon 

mixtures of vazrint complexity, ccm)Ii:e all those 

methods which do net involve an actual so aration 

of the hydroc.rbons, but crc based on scme physical, 

or to a lesser degree, chemical property of the 

mixture, which is assumed to be a linear function of 

the composition. The properties most commonly used: 

in this con:ection are:- 

molecult r weiht 	refractive index 

ultimate composition bromine number 

boiling point 	 aniline point 

density 	 viscosity 

By the approprite combinition of two or 

more of these roperties, the presence and quantity 
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of en. individual hydrocarbon, or more frequently, of 

a group of hydrocarbons of similar molecular struct-

ure may be detected and estimated. 

Because of the similarity of properties of 

hydrocarbons beloning to one particular homolooua 

series, it is usually impos.'ible to identify 

individual constituents of a mixture, end consequent-

ly, the majority of the methods described under 

the present heading are intended for the examination 

of such mixtures only with respect to their hydro-

carbon-type composition. Methods capable of 

quantitative urtd civalitative estimation of individ-

ual constituents independently of the others have 

been recently developed, and com: oie the hiLhly 

specialized techniques of mass, ultra-violet, 

infra-red or Raman spectroscopy. 

The detcrminati.ns of hydrocarbons or 

hydrocarbon classes utilizing the above properties 

are based on the facts th.t a. the simple physical 

properties of all hydrocarbons within one homolot;ous 

series are, to a large extent, a function of the 

boiling point and hence of the molecular weibt of 

I the members of the reries, and b. 1i8 ranges of 

variation of two or more .roperties with the boilin 

point are characteristic of the Liven series. This 

is shown in Table 6,(p.44) 9  where the ranges of 

variation of the four ::t commonly ured roerties 

are shown for the difternt homoloi:ous serics of 

hydrocarbons boilinL in the xre 40 0- 	con- 

tair in,,,,from five to iiine oarbon atoms in tLe mole- 
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cule. 	..,cch raraLe is iveL in the direction o; 

jncresinj boiling. point. 

TAE'LE 6. 

C -Ce. H' crbons 
5 	3 

b.pt. 40 -150'C. 4 D 

iline 

pt., 	C. 

Lr. 

To. 

traight-chain • 4-0.75 1.37-1.4. 80-(-  5 1 

p3.ra±'f ins 
L,yCllC 0.74_i .RC) 1.4()1, ; 	3(' C 

paraff ins 
Straight-chain C'. 65-0.76 1. :7-1.45 20-45 190- 

120 
mono-o1efirs 

Cyclic O.77-C.R4 1._1. 1 6 Ca.-10 
fl 

mno-o1cf ins 

• rontics C.6-O.88 l.49-1.1 .e1:: 	0 C 

Cccasioi1iy it in posib10 to din. :renti. Le Letc 

normal and branched-chain c;jmpou-nds ol the same 

molecular weight and bc1oning to the some homolo-

Cous series, since such properties as densit and 

refractive index are frequently lowet for the 

former and increase with th number of chain sub-

stituents, as shown:- 

Hydrocarbon 

n-nonane 
,-methyloctane 
3 :4.-dimetIylheptafle 

'3:3 :k-trimcthylhexane 
2:2:3: 3-tetrametbylpentane 

20 	20 d4  

	

0.7176 	1.4054 

	

0.7207 	1.r062 

	

0.7314 	1.4111 

	

0.7452 	1.4178 

	

0.7567 	1.4236 

However, such determinations are not always possible 

and often require knowledge of boi1in points and 

other properties. 

The interrelationship of physical 1 ropertie' 

of hydrocarbons and the relation of these propertie 
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to their structure heve been vc-r e:.t- tve1y 

studied and a considerable amount of cLc.ta on this 

subject is now available, some of which has been 

discussed by Boox'd (10) 9  Lipkin et al. (59) and 

Ward and Fuiweiler (104). 

The met .ods of deterinininL. hydrocarbons 

present in straight-run or cracked fractions boiling 

below 160°C. Pnd based on the considerations given 

above are briefly discused in the following pages 

and their application to the cannel disti1lutes 

under invertigation is considered. 

Determintiori oi: hyocarbcnsby refractometric 

methods. 

as 	:i3 1ointed out by Sachanen (83) the dersity 

and re1'racive index of narrow, straight-run fractior 

may be used for determining the percentage of 

aroniatics, naphthenee and paraffins. The methods 

described are based on the great difieronce of these 

two properties for aronu tic and aromatic-free 

fractions of the same boiling range. The procedure 

for determining the percentage of vromotic hydro-

carbons in the fraction consists of the removal oi 

aromstic s by suiphonation and of the measurwnent of 

density and refractive indices of the oriLinal and 

aromitio-free samples. Since it is assumed that 

the density and refractive indices of a hydrocarbon 

mixture containing, paraffins, naphthenes and aroma-

tics are a liner function of the composition, the 

IPercentaC,e  arom tics present in the sample Is equal 
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to the difference in densities or refractive indices 

before and after treatment, divided by an appropriate 

factor, n averaje deviation of 10% with referertce 

to the aroztics is claimed for the method. 

The determination of paraffins and naphthenes 

may be made by similar methods, thouLh in this case 

the results are less reliable. PTeither method, 

however, is u;;p1icable to material containin 

olefinic hydrocarbons. 

1. irtz 	rd (56) showed that the 

rcC.c IriLy i . iC 

20  
d 20 

 14. 
Li. I • 	= 	- 2 

is nearly constant for hydrocarbons beloning to 

the same class and has the follov?in. velues for the 

sodium fl-line:-- 

Paraff ins 

T aphthones 

Aromatics 

Cyclic mono-olefins 

Ron-cyclic 'mono-olefins 

Cyclic conjugated di-olefins 

on-cyclic conjugated di-olefins 

ion-cyolic non-conju 'ted di-olefins 

1.0461  

1.0400 

1.0627 

1 • 0461 

1.0521  

1.0643  

1.0877 

1.0592 

The refractivity intercept o: hydrocrborLs 

boiling in the gasoline range is aj,roximately a 

linear function of the composition and, conseuently, 

has been applied to the calculation of composition 

of narrow gasoline cuts by Kurtz and Eead1nton (55) 

and, more recently by Gooding et al. (9), 	Lesu1ts 
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oi the lctL.er works indicate that the method is 

sound and gives reliable results, but was not found 

practicable in the present work as it involves the 

determination of refractive indices at different 

wavelengths an is only Lpplicable to straiht-run 

fractions. 

C* A method of determining aromatic hydro-

carbons in the presence of saturated and unsaturated 

hydrocarbons and based on measurements of specific 

disperion has been introduced by Grosse and Wacklier 

'(43) and improved by Groennins (42). The metod 

was used in the present investigation and will be 

fully discussed in connection with the deterinin.tion 

of aromatics in 1i.bt cannel naphtha fractions 

(B-frzctions). 

d. The differentiation betweea paraffins and 

aphthenes and their relative concentrations can be 

.educed from the iov:lede of specific refraction R. 

calculated Iy the formula 

R = 	._ 	I - 

I 	 fl 	 d 

!here n and d are the refractive index and density 

espectivé]y, both measured at the same temperature. 

he method was developed by Waterman and his co-

workers (100) fo.. the examination of saturated 

onstituents of higher boilin oils, but may be 

equally well used for lom-boilint; frctionE, rovide4 

1the molecular weight is 	kriovin. 	.i?u.rthe•r, since 

specific refrct ion of araff ins and five- and six-

membered napbthenes eouals the sum of atomic 
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refractions divided by molecular weight, the H:C 

ratio of nii oil may also be calculated. 	 I  

During the present research, arefflns and 

naphthenee present in the concentrate or D-fractions 

were freriuently determined by this method, their 

molecular weights being estimated with reasonable 

accuracy on consideration of boilin point. 

Determination of hyrocorbons by aniline points. 

TLLC aniline point of rr oil is the lowest 

temperature at which the oil is completely miscible 

with an equal volume of aniline, (I.r.-2/47), and 

I thus is a quantitative measure of the solubility 

of the oil (hydrocarbon or frrction) in aniline. 

The values for aniline points vary conciderably with 

the various clares of hydroccrbons, beini ,  highest 
for paraffins and lowest for aromctic and this 

variation has been utilized in the dc-terminations 

of composition of relatively narrow-boiling fraction 

of straiht-run distillates. 

The method of determination of arorn tics 

in fractious ontaining paraffins and naphthenes 

is based on the depression of aniline points 

effected by aromatics present in the friction, the 

percentage aTom: tics being obtained by :-  

~-ge = K(T2  T1 ) 

where T and T2  represent, respectively, the aniline 

points of the fr.ection before and after removal of 

aromatics, and K is the coefficient or percentre 

aromatics (by wt) effctii.: 100.  of depression. 
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.ht- ck€trInin Lion o K and its vtii' tion with 

individual hydrocarbons as well as the methods in 

general are discu.sed by Sachanen 

The same princ1le may be applied to the 

determin tion of naphthenes in prsence of paraffins 

only, provided the aniline coefficients of naphthenes 

are known. This determination, however, is not as 

reliable as the former, owin. to the small differ-

ence in aniline points between the two hydrocarbon 

classes. 

The aniline point method has been further 

extended to cover fractions containing olefins, 

and is now used as a standard me Lhod for deterin1nin 

aromatics in the presence of all other types of 

hydrocarbons (I.P._3/4). 	The procedure is 

similar  to the one describe. above; a correction, 

based on the bromine number of the fraction being 

applied for the olefths. This method was used 1n 

the present work in connection with the determin- 

ation of composition of k-fractions an is described 

later. 

L)etirmintion of byiroc:.rLons by bromine numbers. 

H The determination of unsaturated hydrocarbon 

by halogeriation, and in particulrr bromination, has 

been vry extensively investijatsd and numerous 

methods for the determination of bromine numbers, 

and hence, of the decree of unsaturation of a iven 

sample, have b 	developed (82)). 

Theoreticzlly, any 01 the m:th:jd may be 
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used for the determination or the porcente of 

olefins in a fraction, thouh in practice the 

limittions of some of the methods are considerable. 

The percentage of olefins is calculated by the 

simple proportion:- 

%-ge wt. = lOOB • ! 

where X and B are the actual and theoretical 

bromine numbers 1 respectively. The Lethod, 

therefore, may only be apli d. 	very narro -.-,,--  

~ boilinC fractions, the molecular weight of which can 

b predicted with reasonable accuracy. 

In the present work, bromine number deter-

minations were carried out repeatedly on all types 

of material, the method uE'd bin the modified 

Mcflhiney method (I. .-9/42). 	o actual estimation 

of the olefin content by thin :1--liod was undertaken, 

though the results of the determinations were used 

as an indication of the type and degree of unsat-

uration of the bydrocarbons, and for identifications, 

of individual olefins. 

!UnE end ultimate analysis. 

A method of expresL.ing the ultimate constitu-

tion of an oil traction has been developed by Vlu gter t  

'%aterman and van Westen (100). 	The analysis 

supposes the oil to be composed of paraffin chains, 

naphthene and aromatic rings only, and defines 

composition in terms of the percentage of each of thse 

groUps. The method is bared on the difference of 
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there claes of COfll.L.OUflUS iii rec t of uelsityv 

specific refraction and aniline point before and 

after hydrogenation. 

The method and its niodifictiona and 

extensions, described fully by the authors cited, 

and by Sachanen (8), aply primri1y to fractions 

boilint above 200 °C. and containing no unsaturated 

hydrocarbons. 

Thc proximate stiucturt. of hyd.roc. rboi 

present in a Given nar ow_boilin  fraction may be 

determined from its empirical formula, obtained 

by ultimate analysis of the fraction s  and the deter-

rninction of its molecular weight. 	.otb these esti- 

mations require rather specialized techniques and, 

though providinC very useful indication as to the 

type of hydrocarbons, the information thus obtained 

did not seem to justify the time and labour inevit-

ably involved, e peclally since well over one hund-

red ft' ct os vi , ,-- re to be cxamined. 

$pectroraphic analysis. 

The spectrographic meti ode of analysis of 

individual hydrocarbons or hydrocarbon mixtures 

comprise the following techniGues:- ultra-violet, 

infra-red and mass spectroscopy and the Raman effect. 

The analyses are based on the fact that the absorp- 

tiori of radiation by organic olecul, 	- ­ 1cc ,  ivo 

resulting in the absorptioi o cert ir v.:-1i 	f med 
flY.  13 

ranges of radiation depending upon the molecuLr 

structure. The absorption bands of each hydro- 	lu IC 
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a.rLoL ar ciractcriLic o 	jV.:1 structure rand 

Lndependent of other hydrocarbons, thus enabling 

quantitative and qualitative deterrninntions of 

conEtituents of a hydrocarbon mixture. Absorption 

fbands indicate the presence of a compound, ;.bile 
their intensity serves as a measure of its concen-

tration. 

A tremendous amount of literature has been 

ublished within recent years on the apliation of 

he various spectrographic techniques to the 

examination of hjdrocarbons and their mixtures. 

These methods appear to be extremely sensitive and 

accurate, 	3 fc 	 ccint, 	ors .d all 

oth.r exitii1 L. nthods, - :cially fo t 	identifi- 

cation 01 iniividual compounds. Of the many 

excellent reviews coverin all c'Tects  of the sub-

ject, those by Lecomte (57)9 Lothian (60), :heppard 

et al. (8,7)  and Twyinan r.nd Allsopp (95) may be 

mentioned. 

Durin the course of the pro: ent investiLt-

ion a number of arom. tic hydrocarbons .ere identified 

Iby ultra-violet spectra, but lack of thc necessary 

ocauijrnent prevented the extension of this method to 

the analysis of aliphatic constituents of the cannel 

naphtha. 

Miscellaneous methods of detrmination, 

A number of methods involving the concepts 

of correlation index, parachor, viscosity index, 

viscosity-gravity constant, and others, have been 
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described 	ecuertly ir 11tcrturc (lO'i). 	.J:e 

methods were studied at various stases of the present 

work and found to be of little value, either because 

the results thereby obtained would provide little 

I informationor the methods were not directly 

applicable t the ca::nel .itillte under investi-

cation. 
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OLLCTS A D iJtTTJRU OF I Lb' 11 

TJ TkI L:TICATI014 . 

As already pointed out, very little infor-

mation is available concerning the ultimate chemical 

nature, apart from a rough indication as to the 

hydrocarbon-type composition, of Scottish cannel 

coal distillates and, consequently-,.'the research 

described In this thesis had as its ;rincipal 

objects the followin:- 

a, examination, conducted as i'r as ossible on 

a quantitative basis, of the general 

character of hydrocarbons present in a small 

frcction (correspondinE roughly to straight-

run naphtha or £;asolirle cuts) of crude 

cannel oil, 

the identification and estimation of concen-

tration of some of the major constituents 

of the fraction, and 

comparison of the cannel naphtha, on the 

basis of the results obtained, with sirilar 

materials from other sources, such as 

petroleum, shale oil and bitumitiouL coal 

tar. 

Owing to the present state of cannel coal 

industry in Scotland, the exjerimental work 

necessarily included the production of crude cannel 
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oil, 	in 11 c0riied of the followin five 

stages:- 

low-teiperature carbonization of c.xel coal, 

carried out on laboratory scale, 

preliminary distillations of the crude oil 

and separation of a series of fractions 

boiling within the range of normal strait 

run naphtha or Casoline cuts, 

separation of the relatively wide-boiling 

fractions, by precise high-efficiency 

fr:ctionation, into hydroc rbon concentrates 

of narrow-or constant-boilint., range, 

il. further separation of the concentr:1te, by 

adsorption on silica gel, into individual 

hydrocrbors or rimle mixtures, 

5. ceterination of nysical constt 	i. 

I 

	

	identification of the major contituents 

of the concoritrates. 

The condensed flow diapjrain (fig. 2) outlines the 

grneral scheme followed, by which a fraction of the 

crude oil was broken down-into a number of identifi-

able constituents'. 

The conditions under which the cannel coal ws 

to be czrbonized anu the typp of retorts us4d were 

carefully considered and, followinL the views put 

forard by revious workers reg:rdint. the most 

ratisfsctory and favourable exploitation of cannel, 

it was decided to carbonize the coal in mild steel 

horizontal retorts, secial care teinL exercized 

to avoid cracking of the tar vapours. 
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The major part of the work was centred 

round stages 3. and Lê., the first of which also 

comprised the design, erection and testing of the 

fractionating equipment. 

The choice of methods most directly 

apl1cable to the analysis of hydrocarbon concen-

trates was largely dictated by the quantities of 

material avilable and the type and degree of 

separation achieved. Chemical methods of separa-

tion, as already mentioned, were of little practical 

value, and of the physic1 methods coiiaider . 

percolative adsorption on silica gel appeared to be 

the most suitable on account of low material 

requirements, high separating efficiency and 

relatively simle procedure and eparatus. This 

method was fully tested with known hydrocarbon 

mixtures and was so modified as to permit quantita-

tive examinations of 5 ml. samples, without increas-

Iin; the ex .,  erimental urror involved. 

Approximately 75% of the concentrate 

fractions were analyzed by this means and the results 

of the adsorptograrns obtained allowed a quantitative 

estiwtior of the hydrocrrbon-type composition of 

total material investigated. 

Concentrate frfctions containing substantial, 

uantities of materiel of constant refractive index 

(as indicted by adsorptograms) and corresponding 

to a plateau on the boiling point- distillate 

curve were bulked and subjected to a succesion of 

adsorptions until material of absolutely constant 
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was obtained. 	Tbe bysical ..or ti:ti were then 

determined and the hydrocrbon was finally identifi-

ed by comparison of the data obtained vAth those 

reported in literature. 

Owing to limited quantities of izterizl, 

identification of the minor constituent- 01' the 

naphtha was impossible, though usually the informa-

tion obtained from adsorptions on silica el ) to-

getber with the results of determinations of 

physical constants, provided, adequate clues as to 

the type of material present in a given cut. 

Further examination of such material and 

the confirmation of identity of the major constit-

uents by spectroscopic analysis in the infra-red 

was, unfortuntely, impossible owine to lack of the 

necessary equipment, However, analyses carried 

out in the ultra-violct were applied to the 

examination of the aromatic constituents. 

The time expended in the erection of 

carbon17ation, distillation and other equipment 

necessarily curtailed the time available for a more 

detailed examination of the close-cut fractions and, 

unfortunately, prevented the extension of the work 

to cover higher-boiling fractions. For the same 

reron, several other projected separating techni-

ques, such ar azeotropic distillation or hydro-

genation, could not be applied to the naphtha or 

higher-boiling fractions, 
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PAT II. 

EPERDE?TTAL .VORK. 

CARBONIZATION OF CANNEL COAL. 

Reference has already been made to the fact 

that at the present time no cannel coal is being 

used alone in either the oil- or gas-making industr-

ies of this country, and consequently, the production 

of crude cannel oil constituted a. very necessary 

liinizaary to the research described in this thesis, 

lack of suitable pilot-plant or large scale 

arbonlzixig euipment necessitated the erection, of 

carbonizing unit in the laboratory; the principal 

actors considered in this connection being, briefly 

follows:- 

since the object of this work was the 

iI1VE:stjLtjon of the composition of a small 

fraction of cide cannel oil, the quantity 

of the startine material had to be su..1'icien 

to allow examinations of constituenthydro-

carbons, expected to occur in conceiitrations 

as low as 0,05-,. ,.'of the crude, 

as a result of this, the carbonizinL unit 

had to be of P.s large a capacity as labora-

tory space and materials would crmit, so 

as to be capable of producir the required 
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ou'tity of crude oil in a reasonable 

number of carbonizations, 

all carbonizations had to be conducted under 

fully standardized conditions in order to 

yield products of constant properties, 

the conditions under :hich the c nel was 

to be carbonized, viz, at low emperature, 

were based on opinions put for;.rard  by the 

majority of previous workers in this field 

(21 0 109 9 11C). 

The carbonization unit was, therefore, 

desirned for operation at a maximum temperture of 

about ;500C., special attention being exercized to 

avoid as r as possible the crackinL of tar vapours. 

Fsture of cannel coal used. 

Ihc cnrel coal used in this investigatiota  

was obtained, throuh the kindness of the rational 

Coal Board, ±om the Parrot seam, Lady Victoria 

Pit, Fewbattle Collier, Midlothian. Results of 

analyses on a represT:1tive sazrle of the coal 

are given in iable 7. 

H 	 TABLE.?. 

Azi1y1s of Tewbattle Cannel. 

Proxim:te analysis 
Moisture 
Ash 	

5.5 
Ash 	 5.9 
Volatile matter 	 50.2 

"Fixed" carbon 

Calorific value,B,Th.U./lb. 149560 
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Table 7.(cor:td.) 

	

Grey-King Assay at 600 0C. %wt. 	lb./ton 
Crude oil 	 24.1 	540 
Aqueous liquor 	 10.2 	228 
Coke 	 5703 	1284 
Gas and loses 	 8 0 4 	18 

100 	2240 
Potential crude oil, 

gall./ton 

Ultimate analysis (% wt. 
r.-f.d.) 

C 	 85.6 
H 	 7.1 
N 	 1.2 
6 	 0.9 
0 (by diff.) 	 5.2 

arbonir'rtion unit. 

The carbonizing unit consisted essentially 

f the followinL:- 

three horizontal, gas-heated retort', 

prim! ry condensing system comprisiia. air 

and water-cooled condensers and a condensate 

catch-pot, 

co secondary condensing system comprisin two 

water-cooled condensers and an electrostatic 

precipitator, 

do activated charcoal scrubbers and a gas 

burner. 

1hc cmplete asc'embly is rhown 4iaraminatica11y in 

The cannel coal was c&rbonized Jr. three 
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horizontal, mild steel retorts COr:cced in parallel 

to . CO:L vour t :e-of pipe. 	hot vapours 

lezrir, t. retorts we.LL pas.ed into a v:rtical 

air-cooled condenser, where most of the vapour 

condensation took place, the condensate collecting in 

a cast iron catch-pot. Provi?ion was made, by 

means of a U-shaped, liquid-sealed tube mounted in 

the base of the catch-pot, or continuous aisciiarge 

of the condensate into an external receiver. On 

leaving the catch-pot, the vapours entered a water-

cooled condenser, where further condensation took 

place accompanied by the foction of a tar mist. 

The condensate drained back into the catch-pot, whil 

the mist-laden vapours entered the secondr 

ccndeusin system. '.he removal of the tar mist aid 

the final cooling of the gases were accompli:hed by 

means of a ater-cooled gloss condenser, an electro-

static precir)itator and a final :ater cond;ns.. i, 

Condensate obtained at this state ;as collected and 

run-off through licuid-sealed U-tubes. After 

passage through this system, the gases were led to 

either one of tvo activated charcoal scrubbers, for 

final removal of light hydrocarbons, and were burned 

in a jet burner. Two water manometers were 

introduced ino the system; one at the top of the 

primary air condenser and the other at the base of 

charcoal scrubbers. 

ietortr. 

The retorts consisted of three mild steel 

ipes, each 6" I.J. and 32" loni, . flaned qt both 
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ends and cerryinL. blank end plate. Ore end of 

each retort was permanently connectoG tc the common 

vapour take-off pipe, as shown in fig. 4. 9  while 

the other end could be opened for the purpose of 

charing and diacharLini the coal. 	sbe toe 

askcts were used on all joints*",   The temperature 

inside the retorts was measured by iron-constantan 

thermocouples, con. ected to a Oambridj;e direct-

readin: millivoltineter, calibrated to read in 

deGrees C. The thermocouples rested in metal 

sheaths, %" I.D. and 17" lonL, closed at one end, 

and mounted in the centre of each rem vable end 

plate, so as to measure the temperature at the 

centre of the coal charge. 

Jieters, 

The heaters were modified 'es-iired 

combustion furnaces, each consisting of 18 indiv- 

idual Punsen br:qcrs mounted on a common base. 	The 

body of each retort rested horizontally on the 

furnace and at such a distance above the burners 

as to prevent direct impingement of fl.mes on the 

retorts. The rtorts ere fully l.ged by m ens 

of thick asbestos 	and fireclay bricks. 

Details of the la:gin mcthd are shown in ±i • 

Phis system of lacing proved quite sati?'actory 

and temeratu.re of the char,e up to 60000. could 

be attained. 	A water manometer connected to the 

as supply to each furnace enabled. hctir: condition 

to be reproduced successfully, 
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i'rimr:/ condcsin 	; stem. 

The primary condensinL system shown in 

fi • Li. (faciri: P. 62) comprised a mild steel air-

cooled condenser, 1" I.D. rind 34" lon, connected 

at one end to the vapour take-off pipe leciine from 

the retorts, and at the other to a cast iron 

catch-pot, e:.uipped with a U-shaped pipe for con-

tinuous discharge of condensate. L second water-

cooled m.ld steel condenser was irountod on the 

catch-pot in the manner shown in fi, • 4 (facing 

p.62). 

lSecondax condo s1n. system. 

This system, sLori in fi..6, consisted of 

two water-cooled glass condensers and an electro-

static recipit.tor, all mounted vertically and 

in series to the flow of va:ours. 

L.lectrosatic precipitator. 

The irclusion in the scco:ry condexwin 

system of an efficient means of tar mist dispers.l 

found to be very necrssnry as tar mist 

sited on the charcoal of the scrubbers rendering 

in inactive in a short time. 	The simle form 

of electrostatic :recipitator used is illustr.ted in 

fig. 7. 	It consisted of a glass tube, ]$ I.D. 

and 19"  long, covered on the outside with tin foil 

cemented on with shellac verriish. 	. strip of brass 

wound ti(htly round the tin foil formed one 

coanection to a H,T. terminal of an induction coil, 

while the other electrode was situated inside the 

:lass tube. This central electrode consisted of 
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18" o' 3r,, ' , G. v.Are suspended from a short piece of 

cop.rer rod pi through a rubber bun inserted in 

the to openinr: of the glass tutc. 	he coper rod 

was connected to the other H.T. terinal Ok th 

induction oil. 	small lead sphere was attached 

to he central ire to keep it hanginC in a verticn]. 

position and arr!116l to the sides of the tube. 

The performance of the rceipitator was 

found to be v .ry satisfactory and complete removal 

of the mist w s attained in the first 6" - " of 

the tube, the tar droplets col1ectini_ on the sides 

of the tube and draining: into the U—shaped receiver, 

while the gas passed on to the second water- ondense. 

Cas scrubbers, 

Two gas scrubbers were incorporated in the 

system, in parallel to the gas flow, consisting of 

two cylindrical vesels of conic1 base, 6" dia. 

and overall length l2' • 	: circular piece of v;ire 

gauze 5%" die, was placed in the conical rt of 

each vessel to provide a support for the activnted 

'charcoal. 	!' 	gases entered the scrubbers through 

an openinL  in the base and travelled upwerds, 

leaving the scr. .bbers through an opening at the 

top. Only one scrubber was being used at a time. 

Steaming out and recc.v ry of the adsorbed 

material as c,rried out either durinc or at the 

conclusion of each carbonization. Steam was 

passed through the scrubbers in the direction 

opposite to the gas flow and condensed, 61oL6 with 

the recovered hydrocarbons, in a condenser placed 
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uiidorneth thc scrubr. 

The gas, after passaje throuth the crubbers 

was burned in a burner of the Bunsen typo. 

Carboni7inL procedure. 

The carbonizing procedure folio. ed throut:hou 

the series of runs was the same in each case, so 

that variations in the actual carbonizinL. conditions, 

were minimized and products could be regarded as 

being of cimiler properties. 

The end cover plates of the . r torts were 

removed and a weighed quantity of coal, previously 

ground in a jaw crusher to a size of 1"-2 1 ', was 

charged by hand. The retorts were then closed 

and heaters turned on. The rate of temLerature 

rise during the initial staLes of carbonization was 

maintained at 1C:C 0C. per half hour, 	ater to all 

condensers was turned full on and, as soon as tar 

evolution was noticed, the electrostatic jrecipitt- 

or was switched on • 	:e progress of carbonization 

was followed by notin1; the pressure inside the systen. 

A sudden increase in ressure was indicative of 

undue cracking taking.: place and was corrected. The 

size of flame from the gas burner was also used as at 

thdic't1on of conditions .:ithin the sytem, but 

was found to be less rcliable than the two mano-

meters. 	Teadings of temrature of ciLarge, 	s 

and systeii .ressures were taken evLry half-hour. 

The condensed tar collectiiij in the catch-pot and 
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two L iass receivers was run off continuously into 

measuring vessels. The scrubbers were operated one 

at a time; the change-over being made after 2 hUrS: 

of operatior. 

A sample lo 01 the r ci tin duriiE 

a typical carbonization is given in Table 8. 

Temperature and pressure conditions during the run 

are shown in fit. 8. 

TABLE 8. 

Sample Lo u . 

Carbonization fo. 12. 

t. of coal charge 
Wt. of coke obtained 
Wt. u f liquor obtained 
Yield of crude oil 
Yield of scrubber naphtha 
Total yield of oil 
Density of crude at 15°C. 

45 lb. 
31 lb. 
2.64 it. 

7 .9'.. 1L, 

llC ml . 
44.9 	11./tori 
C • 902 

Yime, hrs. Ten 	in retorts, 0C. Cysteni pressure, 
C. 

1 2 3 1 2 
15 15 15 0 0 0 

100 110 100 1 4 
1 180 190 200 1 
13/ 270 280 310 2 1 
2 340 350 360 4 3 
2X 4Cc 410 420 7 5 
3 430 440 450 8 6 
3 Y2 450 470 490 7 5 
4 480 50( 510 5 4 
414 500 510 530 4 3 
5 5CC 520 540 3 2 

510 530 550 3 2 
53 550 560 1 

The heating Of rIJ)rts 	cLtinued until 

~eereased
tar evolution crased altogether ind as evolution 

 considerably, producing a flame less than 
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" hifl. 

The time recuired to carb:-nize a clrrge 

varied between 5% and 6y-, hrs. 

t the conclusion of each carbonization the 

tar collected was allowed to settle overnight, after 

wLich the aqeous layer was removed and the weight 

and density of the crude oil determined. 

The material adsorbed in the scrubbers was 

recovered by steaming and, after separation of rater, 

was measured and stored. 

The retorts were allowed to cool ove. ight 

and the coke or residue was discharged and weighed. 

flurmr.Iy of results. 

In all, sixteen. crbonizations were carried 

out, in which '60 lb. of cannel coal were carbonized 

lyieldin- a total of ll., all. of dry crude oil. 
The average cbarLe to retorts was 41-42 lb, 

of coal, crushed to the recuired size, yielding 

an averaLe of .8 to k litres of crude oil and F.0 

to 100 ml. of scrubber naphtha. 

The overall results of the series of runs 

~erformed and a mass balance are shown below. 

Total cannel coal carbonized = 300 kg. 

%wt. Kg. 

Dry crude oil 	 1.7 	4,0 

Coke 	 7090 210 
Scrubber naphtha 	 0,4 	1.3 
Aqueous liquor 	 .6 	163,8 

Gas and losses (by diif.) 	8.3 	214.9 



TALLE, 9. 

Properties of crude oil and scrubber rap.itha. 

Crude oil crubber naphtha 

Specific gravity at 20°C. ° 0.8990 0.7254 
A.P.T. Gravity, 5 1 0 62.5 
Distillation:- 

0,. i 	r 
i.J.r., 	V. 74 36 

0 2% vol. distilled 	t 	C. 92 4.4 
5' 110 50 

10% 	 U  134 55 
20% 180 64 
50% 210 70 
40% 	 it  237 74 
50 264 84 

to  6 25 89 
70% 300 95 
80017. 	 " - 102 
90% 0 

111 
L.. 	•, 	• — 131 
Total distillate, 78 95 
esidue, % 22 3,5 

Loss, 7 	0 
E ii 1 . 5  

Lab, tern 
., 	

C. 17 18 1 5 
Fare preure,  751.0 75't.3 
Distilled at  70 C.,, 	vol. 

It 1000C. 
30 

140°C. 	11 4. 
11 

78 
- 

IT 175°C. 	if 19 - It 	2000C. 	" 27 — to 	225 	C, 	it 37 - to 	250°C. 	11 45 — It 	275° C. 	it 54 - 
70 - 

U 	Z2tZ°C 	it 
= 

Viscosity, gedv=6 	o. 1. 
at 	70} ., secs. 4.4 — 
at 1000F., secs. )5.7 - 
at 122 	., sees,  

Pour 	'oint, 	F. 60 - 
Flsrh ?oint, 21, bel, 	F. 71.5 - 
Wax content, % wt. 13 - 
ater content, 	r', vol. 8.2  

Brorine no - 100 
°c• Aniline point, 20 Refractive 

- 20.3 
index, n1- 

Compotition (Si0 	adsorption), % vol:-. 
- 1.4110 

Paraflins nlrd naphthenes — 26 
Olefins - 1 
Arorn.tjcs 13 

U1tite analysis, (' vrt.):- 
C 82,7 - 
H 10.1 - 
N 0.9 - 
S 0.5 — 
0 (by dLf.) 5.8 - 
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Since the conditions of carbonization, and 

in particular the rate of heating of retorts, were 

standardized, it was assumed that the products of 

each run had the same physical and chemical proper-

ties and all tests were, therefore, carried out on 

the bulked crude. 

The crude oil was of dark greenish-brova 

colour and had a pleasant paraffinic smell. Owing 

to a hiLh '.':ax content it tended to solidify at 

temperatures in the region of 15 0  C. On staridin 

over prolonged periods of time the crude threw doai 

an insoluble black deposit considered to be a 

polymerization product of the unstable unsturted 

constituents. 

The crude lht rphtha ecovred fiQu the 

scrubbers was a water-white, evil smelling liquid, 

slowly darkenint to pale amber on standing. The 

unpleasant smell was attributed to a small uantity 

of sulphur compounds Present as dissolved gases in 

the liquid, 	- A- :his assumption was later confirmed by 

the facts that, on distillation, a considerable 

evolution of non-condensable, evil smellin L ; bases 

took  place. 	Attempts to separate liquid samples 

of sulphur capound, notably morcaptnris, :roved 

unsuccessful. 

The remaining crbonization rouucts, viz. 

coke arid aqueous liquor 'ere not examined, while 

the gas was burned during the course of carbonization. 

The properties of d17 crude oil and scrubber 

naphtha were determined by standard Institute of Pet.. 

roleum methods (89)  and are 4ven in Table 9. 
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The refining of crude oil obtained on retort-

ing cannel coal, and its separation into a number 

of fractions suitable for high-efficiency laboratory 

f'ractionations, were car ied out by means of the 

following operatior- 

primary separatioi of the crude oil into a 

light wax-free distillate (r,'%.-fri:ction) and 

a high-boilin waxy residuum, 

extraction of acid- and alkali-soluble 

materials present in the distillate, 

redistillation of the neutral oil to yield 

a number o. fractions of a. proximately 

constant volume and relatively narrow-boiling 

r8nge. 

Of these, the first stage was of particular 

importance since the 6eneral charcter of the 

distillate, was, to a large extent, dependent on th e ! 

method employed in carryinL. out the initinl separa-

tion. The operation, most commonly used on account 

of its eLiciency and performance, in te initial 

stages of crude petroleum and shale oil refining 

is that of continuous distillation s  d ineu to 

separte from the crude oils a number of fractions 

suitable for further processing. 1or the sake of 

comparison, these are shown below, along with 
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approxirnrite boilin rire. 

etroleum 

ut • 	t. , 	C. 

'hale 

Cut 

Oil 

•t. , 	c. 

•:asolirie 0-200 Light :apbtha 0—l5C 
Kerosene 175-275 Heavy naphtha 150-260 

Gas oil 2 (Q Jax—free cut" 200-320 

Iibr1caLix 	oil Aoov 	300 'ret sable wax 300-400 
.uel oil - distillate 

Pitch or coke - Residue bovc 40(' 

Ass t1e preset ivestigatio. 	crcerned 

mainly with the lower—boiling material, the ijrimary  

distillation was performed in such a way as to 

yield only two fractions, the lower one (A—fraction) 

corresponding roughly to a gasoline or naphtha cut. 

A. Continuous distillation of crude oil 

ezd washing of distillate. 

Apart 1rorr its general similarity to large 

scale crude oil processing, continuous distillation 

was considerea to be the most suitable means of 

performinj, the initial separation of crude cannel 

oil. 	Its main advantage is that the oil does not 

remain in contact with hot parts of equipment over 

prolonged periods of time, as is the case in batch 

distillations, and therefore, the risk of thermal 

decomposition or cracking is minimized. 

Preliminary examination of the crude oil 

indicated that 20r.-' 	below 1800C, VJL1Ch taken 

off as overheads, would result in material corres-

pondine roughly to a gasoline cut and, at the same 

time, be of sufficient quantity to permit further 
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separationse -.he abnce in the distill:te of 

compounds of high molecular weight would enable 

patch distillations to be carried out with less 

ossibility of decomposition taking place in the 

boiler. 

pisillation uLit, 

, :he continuous distillation assembly consisted 

the fol1owin;:- 

a. crude oil store t ai- . k 	d feed Lzap, 

b.Las-heated furnace, 

C. dintilltion xluiur, column-head and distill-. 

ate receiver, 

d, bottoms cooler and receiver. 

The full assembly is shown diagrammatically in 

k1.  9. 

ihe ci'ude oil, reviouc1y heated to about 

to reduce viscosity, was stored in a drum and 

pumped into a gas-fired furnace, consisting of a 

metal coil enclosed in a la ( :ed cylindrical casin. 

The oil was partially vaporized durin  its passage 

hrough the spiral and entered a packed distillation, 

column as a mixture of liquid and vapour, at a 

point hal-iay up the coluniri, The overhead distill- 

te leaving the column was condensed and collected, 

~lthough provision was made for returning to the 

olumn part of the condensate as ref lux , it was 

ecided to operate the column at no ref lux, because 

flccurate control of th'. ref lux was impossible, .nd, 
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small quantities of vmter present in Lc distillate 

collected in the reflux-control device and seriously 

interfered with the normal ite of distillation. 

The lack of external ref lux, however, :as not 

considered to be of great significance, since the 

object of this distillation was to achieve an over-

all separation of low-boiling material from the 

c.ude and no attempt at accurate fractionation was 

made. The heavy bottoms or residue leaving the 

co].uiau were tartly cooled and collected in a 

storage drum. 

Peed. 

small diaphraiui pump of thc type normally 

used for pumpinL fuel in aircraft, driven by a 

1/20 H.P. motor, was used to convey the preheated 

oil from the storage drum into the furnace. The 

inlet or suction side of the pump Was connected to a 

length of glass tubin. dipping almost to the bottom 

of the drum, from which the oil, was withdrawn and 

delivered to the furnace at a constant rate. Due 

to the presence of small ouantities of suspended 

ritt r ii 	oil, Jie 1LIc , cod t Llcc L. the small 

pui 	V 11 , l 	Lo1-rt-ri. v lc 	Uted 

on both sides of the pump. 

Distillation column. 

The column was constructed from two lerits 

o 2" I.D. iron pipe and packed with " iron 

LessinE rings, supported on ;erf rated aluminium 

rl insulation oi 	iic couInrl 

consisted o 'i iL:'e:lass' 	. c:rLscd lr, uool) 
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la:ginL;, while pipe bonds and parts of varyint. 

diameter were covered with asbestos rope and 

magnesia-asbestos cement. 

On leaving the furnace, the partially 

vaporized oil was led into the column through a T-

piece joining the two sections of the column. ihe 

oil temperature was measured at this point. vr apoura 

leaving the rectifying section of the coluini were 

condensed in a glass double-spiral condenscr, the 

condensate running into a reflux-control device. 

For reasons already mentioned, no ref lux was fed 

back into the column, the total condensate being 

collected and measured. The high boilint-; residue 

was withdrawn continuously from the stripping 

section, brought to about 3000.  in a water-jacketed 

cooler and collected in a drum *  

Distillation procedure. 

Before the distillation procr, a number o 

trial runs were carried out in order to find the 

operating conditions under which the reuired 

percentage of crude oil could be taken off as 

overheads, and to examine the general performance 

and separating efficiency of the column. 

The method of determining the required 

conditions consisted of operating the column at 

constant rate of feed of oil into the furnace, 

maintained at a steady temperature throughout the 

test run. The temperature of the hot feed into the 

column was noted and the volume of both overheads 
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and bottoms, coileced in a 'iven tinc, nozurec1. 

Thus, tLe erctnt o overheads under a ivcr set of  

conditions could be obtair:d. 	_ -ie method of operat.- 

in the unit durin, all te t iuns and the distilla-

tion was identical in each case and is given belo':. 

After prmniin, the pump, the prc-heated 

crude oil ws pumped into a cold column until it 

'appeared at the bottoms delivery pipe, at which 

stage the burner was turned on and the temperature 

of the furnace gradually brought to the required 

value. The column was then run for one hour to 

reach steady operating conditions, durinL, which time 

the collected overheads and bottoms were returned to 

the crude oil storage dru. 	uring distillation 

proper, readings of oil feed temperature were const-

antly taken, while the amounts of condensate and 

residue were measured and perceritae separations 

worked out, _'ny deviation from the spu cif led 

operating conditions could thus be noted and currect-

ed by altering the heat supply to the furnace. 

Distillation result'. 

Total dura. ion of distillation 
Rate of feed of crude oil to 

furnace 
Temperature of feed entering 

column 
?ass balance (dry basis):- 

7t. of crude oil distilled 
:t. of overheads obtained. 
t. -ge of overhecds on 
crude oil 
t. of bottoms obtained 
Distillation loss 

6% hrs. 
12.8 1.1hr. 

27000 . -2730C. 

4C). 0 V 
j 	. 

l5. 1 L. 
35.7 

30.1 L. 
0.Ll 1', 
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OVI'hu px'ouct or xLphtha as a pale 

yellow, pleasant-smellin L  liquid, slovily darkening 

to amber on standing *  The residue was a dark brown' 

solid mass, of smell simil.r to the oritinal exude. 

The properties of both products are Liven in Table 

10. 

TABLE 10. 

Propertie of distillite 	residue. 

Distilirte. Residue. 

Density at 20°C. 20 
Refrctive index, nD  Bromine number 
Aniline point, 0C. 
Wax content,% 
Dirtillation :- 

-I 	n •i-i 
.L.1._. 

 

C. 
2 vol. Jirt. t 

10% 
20 
30 

ft 

60% 
70% 	 ft  
8O5 

ft 

Total di'til1ate, 
Residue, 77 
Loss, :  

	

0.E592 	0.912 

	

1.4546 	- 

	

48 	 - 
- 

	

- 	 19 

4() 252 
C. 	75 286 

94 301 
112 310 
140 325 
159 337 
176 
192 - 

207 - 

21 - 

234 - 

250 - 

262 352 
97 52 

2 44 
1 4 

Acid and alkali washinL of naphtha, 

The acidic and basic materials Present in the 

n 	or distillate were extracted by 20% sodium 

hydroxide and 20% sulphuric acid, respectively. 

The extraction or . - iashine of the distillate was 

performed in four batches of approximately • 5 litres 

eacL, each batch being treated in the following 
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manner:- a mca'urud qu.ntity of the washing solution 

was added to the distillate and the mixture agitated 

for 10 minutes. It was then allowed to stand for 

2 hours durin; which time the aqueous layer separat-

ed out and was withdrawn, while the oil was subject-

ed to further treatment. The washinr: operation was 

carried out in this order:- 

a. two -?.,ashes with 500 ml. of 20 	11260k  each, 

b • two washes with 50 C ml • of 20c.7 NaOH each, 

c. three washes with 1CCC ml. of water each. 

The viashing solutions fror each batch were bulked and 

stored. The regeneration of the acids and bases 

dissolved in the washing medium and their examina-

tion are described in Appendix II. 

The resulting neutral n;jhth wa dried over 

calcium chloride for 24 hours, filtered and weighed. 

The crude scrubber naphtha obtained on retorting 

cannel coal was subjected to a similar treDtiuent 

and found to contain no alkali- or acid-soluble 

material. 

eults. 

Distillrtoi'bjc cted to uashing 

eutra1, thy naphtha 
Acid- and alkali-soluble material 

(by diif.) 

K. ,wt.or crude 

1.5 - 5 	53.7 
13.4 	29.1 

2.1 

B. Thtch distillation of neutral naphtha. 

The final separation of the neutral naphtha 

to a number of fractions suitable for highefficie 

rcy frctionations 	ac:omplished by means of 
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batch dtill t` or) rt t:opherIc pressure. 	Oin 

to the comparatively large quantity of naphtha to be 

d.istilled,it was necessary to desiji and construct 

specially for this purpose, an apparatus capable 

of performing a satisfactory separation in one 

operation. 

Preliminary examination of the naphtha showed 

that by this procedure a number of one litre frLctions 

of boiling range not exceeding 200C. could be taken 

off and these could constitute suitable charpes for 

subsequent hip'b—efficiency fractionations. 

Distillation apparctus. 

The distillation unit, shown in figs.lO,ll 

and 12, consisted essentially of a gs—heted 

reboiler and a packed distill tior column, euipjed 

with the urual accessories. 

Reboiler. 

Tue reboiler, (fig. L) a cas iron jOt 

of 5 gall. capacity, was set in a cylindrical casin L  

above ground level with a gas burner placed 

underneath its base. The top of the reboiler was 

lagged with asbestos wool held in place by a thin 

layer of maxiesia-..asbestos cement, 	in eddition 

to a vour upriser leading to the column md a 

liquid return line, the reboiler was equipped with 

a thermometer pocket extending to the bottom or the 

pot and a coi:rection to a vater manometer (not shown 

in diagrcun). 	The base of the column was attached 
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Ito the vour uprir and to a U-shaped pipe, 

through which reflux could be returned continuously 

into the reboiler without coming in contact with 

the inoing vapours. 

Column. 

culwnx, 7'6" lone and 2" I.J'., v;as 

packed  with " 	 iron Jo 	ii±(, rings supported on a 

perforted aluminium plzte, fixed in the base of the 

column and 3" above vapour entry. ihe column top 

carried a T-piece, one end of when was connected 

to a pipe leading to the still-head, while the other 

served as a ref lux inlet into the column. The 

laing, of the whole assembly was simil: r to tht 

described in connection with the continuous dlstilla 

tion unit. 

Still-head. 

The still-head, shown in :t'ij. 11 (facing 

was constructed from glass and consisted of 

a double-spiral vcrtical condenser, condenatte 

divider and distillate receivers. A thermometer 

inserted above the condenser measured the tempera- 

ture of vapours entering the still-he::.. 	1e ref lux 

divider operated in the following manner:- the 

condensate leaving the condenser entered a U-tube, 

vLere it either collected and flowed back into the 

column or could be taken off, depending on the 

ositiori oj the uper, controllinL: stopcock. 	At 

he beginning of a distillation the ur;;r stopcock 

wae set in one particular position depending on rate 

of take-off required, and remained in that tosition 
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throughout tile run, '.hile th levier stopcock as 

fully opened, except durin change-over of distillate 

receivers. 'hus it was porsible to maintain a 

noderately steady ref lux ratio, although no accurate 

measurements of the ref lux could be made. 	he 

erformance of the still-bead was found to be 

quite satisfactory for the :reserit reouirementa 

and a constant rate of take-off could be main-

tairied. 

Distillation procedure. 

After the usual relimtnary runs, durin L  

which the column performance was tested and most 

suitable operating conditions established, the 

distillation proper was started and continued until 

the required amount of distillate was collected. 

he still was, at first, 'ertly heated until the 

liquid was at boilinL:: point, vhen the rate of heat-

ing was slightly increased, care being exercized 

to avoid flooding of the column. The distillation 

was allowed to proceed at total reflux for 6 hours 

to attain equilibrium conditions, 	he distillate 

take-off was then started by opening fully the 

lower stopcock and adjusting the upper stopcock to 

give the recuired rate of distillate removl. 	Jhe 

distillate was collected in graduated receiv,_rs of 

100 ml. capacity and combined to form 1 litre 

fractior. 	1ie following retidings were taken every 

15minutes:- 
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temp:ratu.re of overheads, 

temperature of liquid in reboiler, 

C. pressure in reboiler, 

pressure of gas to burner, 

volume of distillate collected, 

f rate of take—off of distillate* 

he determination of ref lux ratio by any of the usua 

nethods was impossible owinL to the unknown nature 

bf the mixture and the lack of a boil—up meter. A 

Very rough indiction of the reflux ratio was 

rovided by running the column for a short period 

Df time at no reflux and comparing the quantity of 

distillate obtained with that collected in the same 

time durin gr normi opertthi: conditioi. 

Reults. 

Wt. of rhtba charged 	 1 . Kg. 

o tl wt. Ci' itillate collected 	,' Kg. 

5J. 1 wt. on naphtha 

17.4I wt, on crude 

o. of ono 1itr frctiu:c taken 	10 

Tota durtion of distillation 	27 hours. 

Duration of take—off 	 li hours 

Rate of distillate take—of, 	525 10 ml. /hr. 

ApproximDte ref lux ratio 	 10:1 

The boiling poiit c :v: J' 	e distilltion 

IS shown in fiL. 13. 

Examination of frcctions. 

The properties of the ten fractions collected 

(B.-frctions) and of the residue are given In 



TABLE 11. 

Properties of B-fr actions and residue. 

To 
L. 

.'t. 
on crude, 

EnLier b.pt. 
rane,°C. 
at 760 mm. 

d20 4 
20 

'1D 
Br 
boo 

knliine 
pt., 0C. 

B-1 700 1.52 41-108 0.714 1.4119 97 19.9 
740 1161 108-126 .7667 1.4324 71 14.9 

1-3 760 1.65 124-145 .7787 1.4362 61 21.0 

B-4 767 1.67 136-157 .7787 1.4361 58 30.3 

1 -5 790 1.72 159-173 .8041 1.4483 50 27.7 
i-6 805 1.75 165-184 .8098 1.4532 45 30,6 

F-7 820 1.78 181-197 .8271 1,4581 43 32,4 

830 1.80 194-213 .8549 1.4718 36 2 0 3 

840 1.83 205-221 .8565 1.4731 33 28.2 

B-1 935 2.03 217-235 .8684 1.4788 32 27.1 
Residue - - 228-274 .8890 1,4820 24 - 
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able 11. 

The hydrocarbon-type composition 01 the lower 

h-fractions was detei..ned by percolative ac.sorption3 

n silica e1, using the experimental procedure 

liscunced fully on p.126. The results of the 

Lnalyses are riven in Table 12. 

TABLE 

Frcction 	o.:- T-1 B-2 i-4 

CornoitioL, 	,; 	vol.:- 

'araff ins 'c Naphthenes 26 26 30 18 

Olefins 62 54 45 61 

tics 12 2 1-1  2 21 

trT;iintion of rom. tic contont. 

In acdition to the silic. :O1 ailyee, the 

Lromtic content of the four fr ctions nnd scrubber 

aaphtha was estimated by the standard Institute of 

etro1eum method (I.}.-/ki) and by specific din-

Dersion measurements. 

Specific dispersion, defined as the differ- 

ence between refractive indices for the red and blue 

.ines of the hydrogen spectrum (6563 A0  and 4861 A 

tospective1y) divided by density, ot 20 0C. is fairly 

onstant at 95 to IOC for araffins :nd napbthenes, 

thile for the aromatics, benzene is 190, toluene 

85 end the xylenes 11 to 174, 	hus, the aromatic 

ontent of fully seturated sampleF of specific die-

ersion intermediate between 100 and 1C) can be 

stimated by direct proportion. 	he !Jresence of 

efins, however, renders this mohod impossible, 
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moe th 	cif1c 	jric:. 01 	o-oi:ir' varis 

from 140 to 110 and corrections must be ap1ied. 

GroEc and ackher (4), ';io oriina11y developed 

this method, use the followiflL ejuation for estima-

tion of aromatics in cracked gasoline stocks con-

taining cie_i: :- 

- C.1E • Pr I"o, - 99 
wt, .fJ:: tic 	= 	 2 	 • 100 

:hcrc 	 o1 saia1e 	10 

Sa 	:ccific ispersipn of .rortic nt X 10'. 

hc v :  luc of L a  
k;ut,0c. 	 :ioud 

70 95 	 C 

95-122 	'oluene 	 124.9 

122-150 	thy1benzene and xylenes 179.2 

15u-175 	C 1~ - C aromatics 	175.0 

175-200 	C10  - C11 aromatics 	171.0 

More recently, Groennings (42) has proposed 

a correction for the olefin content based on the 

class, structure and boiling point of olefins presen 

in the sample. The factor by which the bromine 

number is multiplied  to correct for specific disper-

sion due to non-cyclic and cyclic mor'o-oe1inS varic 

between 	and 0.20, compared to 0.16 jroposed 

by Gros-e and Wacklier (loc,cit). 	rother correctio 

is necessary if conjugated dolefins are presen, 

but as these were found to be absent in cstmel ncphtia, 

this correction :as not ailed, 

.he  method of measuring specific dispersion 

consisted of determining the refractive index for 



83. 

the sodium D-line o1 the sam le t C' L. ty the 

Iii1ger Abbe refrctometOr and, at the same tinie, 

settinC the Abbe compensator so s t makc the 

dividinE ed{o of the field achromatic and reading 

I the scele of the compensator drum. 	;evera]. setting 

of the compensator drum were wade er n average 

value obtained. The diserEion of the sample was 

then calculated from tables sup lied with the 

	

;• 	 cif.Lc iis. rs1cu.taod. by 

	

iviii th 	 nt 

120 

The aromi tic contents of the lover-boiling 

-fractions and scrubber naphtha determined by the 

various methods are given below. 

:rom:t'iC (rteflt, 	-st. 

Fraction 	0:- Bl L-2 B-3 -,4 
11 

i1icrt t ,  1 	cthod 14.2 /•L i 1_ 

Ic i)ispersiorl rn 	nd 

rosse's euatiori 13.2 20. 1.O J.J.. 

roennin 	' 	e ution 14.8 22.3 2.2 l.'/ i).2 

I.T. 	f'.thOd. .O 2 .9 24.5 .1 

Ji r4;reeJ;eflt bet ,. eer the i1ic 	ci 

specific dispersion results USiflL roenriirigs' r 

corrctior is satisfactory and within the limit of 

experimental error, whereas the I.i. method shows 

much wider discrepancy of results. The high values 

for aromatic content obtaincd by the later method, 

based on the change of aniline point of the sin le 

when aroxntics and olefins have been removed by 99% 

and corrected for olefins, are considered to 
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be due to:- 

a 1, the hi -th olefin content (up to 6) of 

osnnel distillates as compared with O. for 

straight-run and up to 50 for cracked 	I  

petroleum distillates, for which this method 

has been primrily developed 

the difficulty of complete re.. ov:J .L-

benzene  by suiphonation, resultinL in the 

lowering, of aniline point of the 

treated sample. 	(This is supportec. 6.y the 

fct that the discrepancy of results is 

hihest for lowest-boilint frL ctions), 

a reaction between olefins vnd cone. h 2SO4  

resiltin, apart from acid-soluble alcohols 

and esters, in the formation of polymers, 

which by virtue oi their complete solubility 

in the hydrocarbon phase, are nct removcd 

by the acid, thereby afftctin; the aniline 

point of the treated sample. 

(The latter fact has been confirmed exjeri-

mentally by carrying out the II, aromatic 

content determination followed by Lnt':ler 

distillation of the acid-treated oil. A 

brown resinous mass (representth 'Vr, of the 

distillation charge) was obtained, which 

boiled above 20 0C, and showed sijis of 

decomposition on further heatin). 
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1UiIL Ai -. 1) TLTI1cG 

OF .7T I(iiATE C (JOLULU.. 

The fractionating column was designed to 

perform efficient separations of relatively low-

boiling fractions-of neutral cannel naphtha, as 

obtained from batch distillations, and to operate 

continuously, day and niht, over proloned periods 

of time. Emphasis was, therefore, laid on high 

fractionating efficiency and on rovlrion of 

automatic and safe means of operation, ..articular].y 

in the cse of constant rates of take-off and 

fru.ction collection, and conant boil-up rate. 

A. Aoparatu. 

The unit consisted basically of an electric-

ally heted still, a %" I.D. column mae up of two 

sections 56" each, and containing a total of 68" 

of packinL:, and an automatically operated column-

head. 	Le whole assembly was mounted on an 

"Ecof ix" framework, fixed ri:idly to the floor and 

adjacent wall. The column itself was provided 

with heated jackets, the heat input to which could 

be controlled, so as to maintain adiabatic conditions 

within the column. 	he still-head was of the 

tiLFirIL bucket tye, developed originally by The 

Anglo-Iranian Oil Co. (11) 9  erablir constant 
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rates of diiil1ate take-o:f, 'alien distillii at 

high ref lux ratios. Jn automatic receiver-cbaner 

was operated in conjunction with the still-head, 

resultin, in the collection of fixed ona conFtnt 

volumes of distillate fractions. 	ihe temperature 

of the overheads was measured by co er-constcntan 

thermocouples connected to a Kent "!u1telec" 

temperature recorder. 

The column was operated at atmosperic 

Pressure and ..ithout means of correcting d.y to day 

pressure fluctuations. 	rovision was made for 

operation at reduced presures, though such dis-

tillátions were not performed during the course 

of this work. 

The whole unit was operated from a control 

panel, which also included tb temperature recorder 

and take-off and receiver-changer mechanisms. 

The entire unit is shown in Iig. it. 

The following is a description of ail the 

items and electrical circuits comprised in the 

I 

 

frectionntirE unit. 

C' till   
. 

The still or boiler normally used was a 2 

litre round-bottom flask eauiped with two addition-

al openings carryir: .14 sockets; one for a 

thermometer 1ocket L:d the other for connection to 

a manometer or insertion of a liquid sampler. In 

the neck of the flask was incorporated a r,- flux 

meter having a central vapour upriser and an 

external licuid bypass, controlled by a stopcock. 
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The oper.ti0n 0± tc mtr co-ncir, ;( 01' 	iiUL 	iI t.hC 

stopcock and measuring the time taken for ref lux to 

reach a graduation mark on the upper compartment 

of the meter. Purir normal operation the stopcock 

remained open so that liquid could be continuously 

drained into the still. The top of the meter 

carried a yell  pipeline joint which wts connected to 

the lower section of the column, 	
1 1 he flanged-end 

type of joint was particularly useful in this 

instance as It com letely eliminated the difficult-

ies of perfect alignment and fit associated with 

cone and socket joints and allowed the withdrawal 

of the still from the column. without lowering it 

or raising the column to disconnect the joint. 

The still is hovin in. fig. ].. 

The still 	electrically heated by means 

of a 450 watt Electrothermal heating mantle, resting 

on a sliding platform attached to the "Ecof ixt' 

framework. The heat input to the mantle was 

controlled by a Sunvic Simmerstat operated by 230 v. 

2he portion of the still projecting above 

the mantle was enclosed by an aluminium casing 

filled completely with asbestos wool and covered, 

The remainder of the still, the ref lux meter and the 

joint were insulated with asbestos rope nd 

."Fibreglass" lagin 

I 	Two auxiliary stills of 50C ml. and 2 litre 

capacity were also available; tue latter being 

shown in fig. lb. 
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i Column. 

The column itself consisted of two sections, 

" I. D, and 6" long each, joined together by 

flanged joints. Each section, a heavy-walled 

Class tube, was provided with throb indentations 

near one end to act as support for the packir. 

The sections were normally packed over a length 

of 34" with stainless steel, 1(' ,0-mesh, square-

weave gauze, 1J16"x 1/16" Dixon rin1,s (12 9 2) in 

the followir fashion:- three or four %" gauze 

rings were placed on the indentations, followed 

by 1" of ," gauze rins and the remainder of 

the section was filled to -.-:ithin la" off the top 

Joint with 1/1" rin:s. 	•7 nother 1" of 4" rins 

was placed on top and the whole packing was 

secured by a flat steel spring. In all, about 

2, ,O 	l/1" ri. s and 2C( " rins erL. used. 

Thermal insulation of column. 

Each sctiori of the column was provided 

with electrically heated jackets to compensate for 

heat losses from the column and ensure adiabatic 

operation. A Wheatstone network arrangement was 

used to control the adiabaticity of the column and 

consisted of vinding on each section two identical 

coils of nickel wir; one on thE column itself and 

one outside a layer of lagin, thus i'orming two 

arms of the network, while two standard ccils 

formed the other two arm. 	electric heater 

was wound on anothcr layer o. l ging outside the 

second resistance coil. The heat input to the 
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heater V388 controlled by a Simmerstat operating at 

250 v. A.(. A galvanometer in the bridge circuit 

thdicLted the thermal conditions within the column. 

If there was no temperature gradient inside the 

lagirig, i.e. there wvs no heat flow to or from 

the column, the tem!eratures, .I., d L,hereforc 

resis - rcs, of the two coils ;crc the same and 

the bride was balanced. Any departure from 

adiabatic conditions, mdi ated by the galvanometer 

needle deflection, could then be corrected by 

adjusting the heat input to the heater, 

The lagging and windinge on each section 

were as follows, starting from the column :all:— 

a. let resistance coil consisting of 60' 

of 36 . . 1. pure nickel wire, double—silk-

covered, wound, non—inductively and giving a 

total resistance of 53 ohms. The ends of 

the wire were insulated by slccvin: and 

connected to a connector stri 1  mcunted on 

the outside oi' each aectioL, 

b, two layers of asbcctos rope,  

two myers of asbestos paper, 

2nd resistance coil of siiic length as the 

first, wound non—inductively, 

c, two protecting layers of asbestos apr, 

f. 15 8..G., l" I.D. copper tube, 53" long, 

to provide equal heat distribution over the 

section and lessen fluctuations arisinL: froii 

intermittent heat suply to heater, 

g* two layers of asbestos paper, 



FIGURE 16. 

WHEATSTONE BRIDGE CIRCUIT. 
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Ii. 12 watt heater, consistin of 30 .7.G 9  

"Brightray" wire. Poth ends of the heater 

were connected to a connctor strip on the 

outside of each section, 

i one layer of asbestos rope, " dia., 

j. "libreglass" pipe laging, 2" I,]),, 4" OD., 

k, aluminium painted paper shield to reduce 

heat losses by radiation. 

Each section heater was controlled by a 

separate Simrnorstat, operated by 230 v. ..., iom 

the control panel. It was found durthL 

operation of the column that the heaters were of an 

adequate size to balance any heat bares from the 

column, and were rarely on for more than 80 of the 

time, even when the temperature of the column was 

about lsO°C. 

Jacket heater controls. 

As already mentioned, the temerature of 

the column jackets was controlled by a Wheatstone 

network, two arms of which were wound on the 

column (RI R3 and R2 R4) while the other two 

consisted of 5C ohm standard resistance coils 

5 and R6) 0  mounted along with the necess;z7 

switches on a detachable section of the control 

panel (fig. l). 

The nctwcrk w&.s conrieeteu, tLrouLh a switci 

(S") to a 8 v D.C. supply (4 x 2 v. accumulators) 

and a centre zero niicoammeter as Lalvzrnometer (0). 

One twelve-contact switch (8 2 ) was used to znke and 1  

break the various circuits, four of the contacts 
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bnir use' foi eici section. 	L or:e throw of the 

switch the circuit on one section could be broken 

in two places, and, though the batteries were on, 

no current flowed through the galvenometer, When 

the network on a section was switched on, current 

flowed only through the coils on that particukr 

section (l and R3 or R2 and R4). All connections 

were made through connector strips mounted on each 

column section and behind the control panel. 

Column-he ad. 

The column- or still-head, shown in figs. 

17 and 18, was of the tipping bucket, reflux-divid-

ing type, provided with a double-spiral condenser, 

thermocouple pocket and an additional distillate 

cooler. This type of head was considered as the 

most suitable for the present purpose as it allows 

the column to be operated over a wide range of 

reflux ratios, is fully automatic, has a low hold-

up end, once a given r ,--flux ratio has beerA fixed, 

the operation of the head will remain constant, 

Further, should any fault develop in the solenoid 

of Its energizint mechanism, the column is put 

under total reflux. 

The operation of the still-head is fully 

described in (11). 

The bucket was tii,ped by means of a 

solenoid, op€rated by 8 v. D.C., placed in contact 

with the bucket chamber. The solenoid consisted 

of two coils of 1600 turns each, of 28 S.W.G. 

I  enamelled copper wire, wound on a single soft-iron 
1 
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core and coroctcd. in )L.Llle1. 

The still—head was attached to the column 

by means of a " flanged joint. 

Temperature recording. 

The temperature of the vapours was measured 

by seven copper—constantan thermocouples connected 

in series in order to give the voltage required 

to operate the recorder. The thermocouples were 

made from 30 S,W.G *  enamelled copper and 26 B.W.G. 

constantan wires, soldered at each junction with 

silver solder. They were placed in the thermometer 

pocket of the still—head (hot junction) and in a 

Dewar flask containing crushed ice (cold juncticn). 

The voltage produced was continuously recorded on 

a Kent "Multelect' single point movinL: chart record-

er, calibrated to read in millivolts in the range 

of 0 to 70 my. 

Distillate receiv re and changer. 

The dietillte receivers, consitini, of 

tared and numbered test—tubes of adequate capacity 

to collect the redetermined volume of distillate 

per fraction, were suspended from a revolving 

turntable (432" din.) directly underneath the din-

charge tube of a small glass spiral cooler. 

The receiver—changer, shown in fig. 19 9  

was operated by an electromagnet s  v7hich v  on being 

energized, attracted a soft-iron armature of the 

spring-1oded brass angle, thereby altering the 

position of the bracket of the escapement mechanism 

in such a v;ay as to allow the turntable to move by 
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1/12th of a revolution. On breaking the electro-

magnet circuit, the an L.le was sprung back to its 

original position, the turntable moved a further 

1/12th of a revolution aria an empty receiver ws 

brought underneath the distillate disohare tube. 

The turntable carried six test-tubes, thus 

permittinL: operation up to 20 hours without renewal; 

of receivers. 

Still-hcad and receivr-chanLer tinthit mechanisms. 

The still-head solenoid was energized 

at regular intervals, variable at will, by a .timing 

mechanism driven by the 110 v. synchronous motor 

operating the Kent recorder. A projecting part 

of the motor shaft was provided with a small 

toothed wheel and coupled, throuLh a suitable gear 

reduction train giving a spindle speed of 31/3 r.p.m., 

to a small disc containing eight holes near its 

periphery, into which studs could be fitted. The 

disc usually carried only one stud. 

Two contacts (C and D in fit.  20b) were 

fixed tangentially near the periphery of the disc so 

that, on revolving, the stud could close each set 

of contacts, thereby making the appropriate circuits. 

The reduction get ring SriL the contacts were 

mounted on a brass plate, bolted to the outer 

casing of the recorder motor. 

Two small Impulse motors a--re mounted In 

an aluminium box behind the control panel. The 

motors (A and B) were of thc staneard type, operated 

by an electromagnet and each carrying a notched 
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wheel coritainin. 104 notches. 	Tie fir- : r;to (A) 

was modifiedby the insertion of contacts ) SO 

that every twenty-.fifth im ulse it moved by two 

notches, thus giving a total of 11T. 	he motor 

also carried a brass disc drilled to &commodate 

symmetrically 1, 2, 3 1  Li, 5 9  6, 8 or 10 steel pins. 

A set of contcts (E) was again placed tangentially 

near the periphery oT the disc, so tht a pin 

coming opposite it would make a circuit. The 

second motor (B) was provided with a similcr, smaller 

disc carrying one, two or four pins and a set of 

contacts (F) positioned in the scjie manner. 

The circuit, shovn in fi&. .:Ob (facing p.93) 
was as follows:— motor A was connected to the 8 v. 

D.C. supply through a switch S and contacts C on 

the Kent recorder, so thLt on closing these contact8 

circuit was made and the motor iiov.d one notch. 

:ith one pin (P) on the Kent disc, n im. ulse was 

sent to motor A evcry 18 secs. 	A pin (P) on disc 

A coming opposite contacts F brought these together 

for 18 secs., thereby closing the bucket solenoid 

circuit in one place. The circuit was made and 

the solenoid energized when the stud on the recorder 

disc came opposite contacts D. 	Ly that means the 

bucket remained in a tilted position ;or oi1y 1 

sec. (the time taken for the stud to pass contacts 

D). 

Every time the bucket was tipped motor B 

moved one notch. 	in on disc B coming opposite 

contacts F made the circuit of the receiver_chantrer 
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solenoid and the turntable moved 1/12th of a 

revolution. On de-energizing the solenoid the turn- 

table moved a further 1/12th of a revolution. As 

the disc on motor b was considerably smaller than 

that on motor A, the distance travelled by tc ;in, 

as ebe motor moved by one notch, was not sufficient, 

and three movements of the disc were necessary to 

close and release contacts F. Under these conditions, 

the distillate would discharLie on to the turntable, 

since the solenoid still remained energized. Apart 

from the loss of material, the drain on the batteries 

would be }1LSL arc therefore, a time-delay circuit 

wich broke t.e current su ly to the receiver-

changer solenoid alter 2-3 secs. was included. 

The required rate of take-off could be 

obtained by inserting symmetrical1y the appropriate 

number of pins on disc A. The frequency of bucket 

tilting could thus be varied from 2 to 20 tips per 

hour, thou&:h hir:her frequencies (up to 80 per hour) 

could be obtained by inserting additional studs on 

the recorder disc. 

Since tLcvj:cj t L)i LJ) Oi' 	 LiCJC.. 	1C 

frequency of energizing the distillate receiver 

solenoid, was entirely controlled by the tilts of 

the bucket, the size of the fractions taken remained 

co'starit, though It could be varied at will by 

ixorting one, two or four pins on disc B. LIotor 

carried a wheel of 104 notches, so that a fractioi 

c!rsisted of liquiJ discharged by the bucket 

104 9  52 or 26 times or, the capacity of 
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the bucket bein 0 * 5 mi., ap oroximately 52, 2 63 or 

13 ml., re6pectively. 

QTtX'O1 1.82101. 

The ctro1 ane1 (26" x 7 11 ) shoVM in 

If i. 21 9  was constructed from "Hardboard" supported 

on an "}cofi>." framework. 	11 the electrical 

circuits, as well as the Kent recorder azid timing 

mechanims, were centralized on the panel. 

The pinel was operated direct from the 

23r v t., mains supply and the 8 V. .. supply 

.rovided by four? v, accuiuulators, cOi iectec in 

sexier. 	:ij :.C. wiring diagram is Civen in fig. 

20c. 	t j).. circuits are shown in 	16 and 

20b. (facing: p. 90 and 93, respectively). 

A push—button switch was fitted :LN thc 

circuit, so that no current could be provided on 

the panel until the push—button was presod. This 

energized the -magnetic relay of tho contactor and 

made the circuit. If the current fi1ed1 thA 

uaetio relay broke the circuit and the panel 

remained dead until the push—button was pressed 

Thus, if the mains oup ,.ly was restored 

.fter a £i1uro, the column did not operate until 

it wca restarted under proper control *  i further 

s fquard was provided by znnin all the condenser 

Htor 	into a nelf.drainim,, clean bucket, tefore 

'unning. to waste. The bucket ws supported on a 

~ourt(Jr—balarcea q  cj;rir—loaded been, oarryir a 

nercury switch, 	tf the v:;ter ru , I ,  ly folio:, tbc; 
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bucket daied, anu the buam axid mercury switch were 

tilted,thereby breaking the A., circuit and putting 

all heaters out of action, A further advantage 

of this device was that the column could not 

be operated until the condenser water was turned 

on and the beam ut into the proper position by 

hand. 	he Kent recorder circuit was not broken 

by thc no-water cut-out, so that the temerature of 

the o.vztheads and the time t vjiAich water failurc 

occurred c;uld be read uiom the chart, 

The power for the column ani Liie Cu.Licr 

was drawn from a 	. use-box, a neon indicating  

lamp being provided on Ue pLnel, nd a 70 watt 

bulb was i'it.ed above the still-head. Separate 

&immeretts were used to control the heat input 

to the still and the two column Sections. 	ach 
Simmorstat carried a panel light to indicate if 

current was flowing and to time the on and off 

perioc:. 

11 	iu 	€i et 	1izcj CL 

connector strip behind the pLrcl, \iLC.CC th. cur:ieit 

was drawn to the heaters e.c. 

The D.c, supply was dr: 

connector strip from which it was distributed to the 

timinL, mechanisms and bridge circuits; each 

Provided with kxgle-pole switches and panel lights 

indicating bucket tips and distillate receiver 

chane s. 

Column supoI:. 

The column itself was nuportecj permanently 
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on the 'cofix" frinework L means of the oer 

tubes forming part of thermal insulation, and into 

which the column, wound with resistance v,ire, and 

asbestos rope, fitted tightly. The tubes were 

provided vith angles brazed on at both ends in such 

a way as to permit bolting to horizontal girders on 

the framework. Thus, each column section was 

held independently in a perfectly vertical position 

and could be easily detached for inspection, clean-

ing or replacement of packing. The still-head 

surmounting the column was held in position by the 

joint on the column only, and was not clamped in 

any way to the framework, thus allowinL, for movement 

due to thcrmal expenhion, without introducing 

strains, 

B. Testing of fractionating column. 

Prior to analytical fractionations of cannel 

naphtha, the column was thoroughly tested .ith 

retard to its eneral operating performance and 

fractionating efficiency. The ttsts carried out 

wore divided into two groups:- 

a. ;.ertormance and operation test. 9  and 

b, efficiency tests. 

Leormm pe and operation tosLs, 

I. lthouh some of the tests were carried out 

durinu the actual erection and as part of the desigt  

of the column, theyore included under the present 
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headin, iO 	 o.L' 

Since the column was intended for separat-

ions of hydrocarbons boiling below 1600C. a mixture 

of isomeric xylenes (b.pt. 139 1440C.) was con-

sidered suitable for tes -lijaiL, the column performance 

and operation, '.ihule metbylcyclohexane was used in 

tests where the exact knowledge of simple physical 

and thermal properties of the tes.. liquid was 

necesaar, 

The tests consisted of oper ~.,tin6 the column 

at total reflux for periods varying from 6 to 72 

hou., azd noting the temperature of overheads and 

of liquid inside the boiler, the pressure in boiler 

the heat inputs to the still mant le and jacket 

heaters ($immerstxt positions) and the galvanometer 

needle deflection when circuits on the Whetst..,one 

bridge were made # 	there possible, readings were 

taken evcry 15 - 30 mins. and logs kept. To 

observe the temperatures inside the lagging iron-

constantan thermocouples were inse ted between the 

first layer oi lagging and the cop i er tube at botL 

ends of each sectior, and connected to a direct 

reading Integra" potentiometer having a compensatiir 

cold juncticT, 	y this means it was pocsible to 

obtain a quantiL ...ire picture of conditions inside 

the column lagging and, at the same tit, t .. st the 

performance of the heat input controllers. 

By adjuting the heat input to the jacket 

heaters until the galvanometer needle showed no 

deflection from 1ts m ero ioMt1on (i.c?.. the bridi 
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was in balance) adiabatic conditions were assumed 

to have been reached. This was tested by nottn. the 

temperature of the jackets and of the overheads. 

It was found that, once steady operating conditions 

ere reac:ed, the temperature inside the jackets 

did not vL ry by more thin 10.20C. and could be 

maintained constant over prolonged periods of time, 

in spite of intermittent heat supkJ.y to the heaters. 

7hen the bridge was balanced, the jackets' temper-

ature showed a maximum deviation of ±0,3 °C, from 

the overheads' tem-oerethre, while differ'ncesof 

1°C. produced noticeb1e deflectior of the L;alvan-

ometer rmedle. 

I further indication of the efficiency of 

thermal insulation as provided by opercitin& at 

total reflux and measuring both the quantity of 

ref lux flowing down the column (the boil-up rite) 

at the bise of the column, and the quantity of cold 

ref lux entering the column from the still-head. 

the still-bead operated as a vapour-liquid cycle, 

it was possible to measure s  by courtinE, drops 

leavinC the bucket, the amount of liquid entering 

the column. It was assumed that no condensation 

took place in the vacuum-jacketed and lagged part 

of the still-head. The test liouid used was 

metbylcyclohexane. All operating conditions were 

maintained steady and the column was allowed 24 

hours to attain ecuilibrium condition, The 	I  

liquid entering the column was measured by counting 

drops leaving the bucket (the size of drois being 
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determined beforehand) and correctiritj for internal 

reflux, due to heat exchange between cold ref lux 

and vapours. The quantity of internal reflux was 

calculated by a simple heat balances- 

SR(T - t)mL 

where:- S = mean specific heat of liquid., 
R = wt, of liquid entering column, 
T = temperature of vapour, 
t = temperature of liquid, 
m = wt, of v -.pour condensed, 
L = latent heat of vaporiz tion, 

hence, internal reflux = m 

= SR(T - t) 

L
A 

	reflux 	= R + 

The err associted with the estim.tion of R and t 

was calculated to be 1 6. 

By comparing the quantity cn roflux (R m) 

with the actual boil-up rate (B) it was possible 

to test the adiabticity of the column. It was 

found that, when th bridge was balanced, .he 

difference between B and (R + ni) did not exceed 

15 ms./hr. when operatin at boil-up rates of 

500 - 600 gmz. hr. 

When the bridie ivenomeer needle WLS  

deflc: 	1 	 j 

(R s m)>  

the hcL.r.. .d partial vaporization of reflu.x 

was taking 	inside the column, wherL, if the 

needle was deflected to he right CR n 

i.e., v,. our condensation was taking plcL :;nd the 
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heat input to the heaters was not suficient. The 

results of this test are shown in fi t ., 22, 

A series of test runs lasting up to 140 

hours were carried out in order to test the per-

formance of the Simmerstat controllers on the still 

mantle and column jackets 1  circuits. Loll-up rates 

v.rying fom 400 to 900 ml./hr. were used vnd were 

found to remain constant, to within ± 10 ml./hr,, 

over long periods of time, The jacket temperature 

and the adiabaticity of thc column were investigated 

as described above ano. ::erc also found to very witi1-

in narrow limits, though tie response of the bridge 

to any sudden change in conditions was relatively 

slow. 

The icrfarmence of take-off and receiver-

changer mechanisms was investigated and found to be 

quite satisfcctory, after a number of minor 

alterations had been made. At a ref lux ratio of 

120:1 and a rate of take-off of 4.2 tw./hr. the 

averae take-off showed a vriation of 0.25 urns. 

per 12 hrs., while the difference in weight of 

fractions cor isting of 52 bucket tips each, total 

26 ml., (i.e. two pins on disc B) was of the order 

of 0.30-0.40 in. 

Considerable difficulty was experienced in 

the early stes of operation with vow.-our leaks 

through the flanged and ground class joints, In 

the former case, particularly at high boil-up rates 

or during floodinL , vapour loaks were considerable, 

irrespective of the tightness of the joints. 
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Materials such as Klingerit, cork sheet, bestos 

sheet impregnated with shellac or sodium si1icte, 

and polythene were tried as gaskets and found to 

be inefficient. The problem was solved, hwevr, 

by usin{; neoprene gaskets; fresh 	i&t bcij 

inserted before each distill&tion. 

Similar trouble was experienced in the casei 

of ground glass joints and £top000k lubricants, 

this being eventually overccme by using Audco 

greases no. 3.516  and 657 on movable and permanent 

Joints, respectively. 

Determination of the number of théortioa1 p1ts. 

The determination of the number of theoret-

ical plates was carried out at total ref lux, using 

n-heptane-mctliylcyclohexane as the binary test 

mixture. 	Je physical properties of the two 

components are:- 
B.pt. , ,Mo1.ltent 

760' Thin. g. 	(cal.) 	 1) 

n-heptane 	98.43 	724 	0.6837 1.3876 
me.cyclohexane 100.93 	7550 	0.7694 1.4232 

The vapour-liquid ecui1ibrium and refract-

ive index data for this mixture, iven by Broniiley 

and uig le (13) axi 	:tiona]. Bureau of Stand- 

ards (108) values ic c, iere used throughout in 

the cicuiat1ons, 	reported values Icr: 

1,0738 at the normal b.pt. of n-heptane 	1.C758 

at the normal b.pt. oi methylcyolohexarie, The 

refrcctiye index for the sodium 1)-line at 20 0C. was 
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tie.surod by & Hilger Abbe refractometer to the 

nearest 0 .0001. Both the Feneke equation (30) 

and the T.B.S. e"urition (lOs) for the mixture in 

question were usJ. 

(Under total rc'L •'' :itions, and assumin 

that Reoult?r I,sw holds 	c~ i constant over the 

operetixiu range, the Penske equatioii takes the 

/ 

	

LA = 10 	—° / Ic 

where n = number of tbeoreticcu. .i1cs, 

= composition of liquid at top of ii plates, 

X
0 '  = composition of liquid in the still, 

= average value for  P 01 

02. 

Ld 	 i' OUT pr. uri 01 	rurc 
01 	2. 	oll,  tile and the less voltile 

aponent respectively at the 
temperature of the mixture. 

.1 •. . 	 or 	.b'ic, is:- 

r 	. 	 - n . y. 	- 	 i 	• 	
x 	/ x0 

1 -3 1./l -c0  

t 	L;. 

Both components of the binax7 mixture were 

obtained from The British Drug Houses Ltd. and 

purified before use. 	.'.Fhile methylcyclohexene 

could be purified without difliculty by fraction-

ation at a ref lux ratio of 120:1 in a column packed 

with 4" Dixon rings, to Ave a distillate of 

constant refractive index (1. 24232) and density 

(0.7690  - .7696), the urificution of commercial 
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neptat vias a iiioi'o serious proL1c.  

fractionations at high rellux ratios J i1ica gel 

adsorptions filed to remove the irnurities present, 

believed to consist mainly of 2:2: 14trixnet4lpentanG, 

(b.pt. 9.240C. 9  n °= 1.3915). 	Lventually, 

however, n-heptane sample of 100% purity was 

kindly presented to the author by Dr. . Pryde of 

Heriot -Watt College, dinturgh. 

Two main test runs were carried out to 

determine the column efficiency when packed with:-

a, " Dixon rings, 

b. 1/16" Dixon rings. 

The procedure in all tests was identical 

and consisted of the following:- the test mixture, 

the composition of which was previously calculated 

and accurately known, was charged to the still and 

the still placed in position. All ground glass and 

flenged joints were then adjusted and tightened and 

the e]etric current to the still mantle and column 

heaters switched on e  / very slow rate of heating 

was maintained till the vapours reached the still-. 

head, alter which the heating was slightly increaed 

to give the desired boil-up rate. 	period of 

30 hours was allowed for the establishment of 

equilibrium conditions. Since the mathematical 

derivation of the number of theoretical plates 

assumes adiabatic conditions, care ws exrcized 

to maintain these conditions as far as possible. 

The overheads were sampled by switching on 

tenrnorari]s the take-off mechanism and tipping the 
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bucket once, whereby arox. C.30 Lm. oi. istillte 

were collecteci. The bottoms were sampled by the 

sampler shown liii ii . . 42 , 59 by means of which a 

similar amount of licuid was vlthdrawn from the 

still. 	2he refractive indices of the samples at 

2000. were measured, the composition of the liquids 

determined from n data and the number of theoreti- 

cal plates calculated. 	amples were taken at 

different boil-up rates, expressed in ml./hr, and 

measured as ref lux at the bottom of the column, a 

period of L. - brs. being allowed before each 

I  samplir.. 	number of determinations were 

duplicated in order to investigate the reproducib-

ility of recult. The pressure drop across the 

column was measured by a water manometer connected 

directly to the still, rreseuree being expressed 

in tun. Hg. 

Pun Fo, 1. 

The column packing, consisted of stainless 

steel, square-we, ye gauze, .J"  x " Dixon rings. 

After reacLin: operetin conditions, the column was 

flooded by adding: sufficient heat to the still 

to force the liquid to the top of the column, after 

which the column was drained and allowed to rc•nct! 

equilibrium condltior:. 

The composition Oi the test nxtuu care 

was 8.84 mol n-beptane in methylcyclohexane; a 

figure decided ucn after consideration of factors 

discussed by French et al. (35) and the Arlo-

Iranian Oil Co. (1). The reu1ts of the test 
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are given in Table 1). 

TABLE  

oll-ur r o. 	0± 
late 

- 
, 	. 	.i 	• c. 	'ure 

4(' 	. 1C 5 
6( ) c..84 210 

•: 	± 	5 

-2O  - 	-.  

V .  3 0 03 1.5 
520 ± 	5 54 3.15 2.3 

570 ± 	5 51 3.33 0 9 
750 ± 10 17 3.62 3.7 

1000 ± 10 43 3.95 . 

SI 

ihe rcults ir'd.icate that the Of±iCjir 

of the cc ur expresd es the number of theoretica. 

plates, is very much 1o';er tie thct c1imcd by 

Dixon (26) for a similar co1u. 	loe of 

vii tion of the number of tio.:.tic:1 plates with 

boil-up rcte, shown in fir. 24 9  is similar in shape 

to that reported by Dixon, but varies cnsiderab1y 

in maitude. The high values for the number of 

plates quoted by Dixon, which appear to have been 

obtained by proportion from experiments on shorter 

columns, could not be reproduced under the conditiolis 

outlined above and no r.- tiefctoz7 reaori could be 

found Zr this. It Is quite probable, however, 

I  that the ratio of column diameter to packing d.ia-

meter was too low to give the desired number of 

theoretical plates. 

Tun r:o. 2. 

The column packing, in this instai.ce, con- 
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sisted of 1/16" Dixon riiiis, alreadr desCribed on 

p. 88. 

The test ml: tu.rc charged to the still 

contained 7.87 mol n-beptarie in methylcyclohexane. 

The column was flooded, drained and allowed 50 

hours to reach euilibrium. The results obtained 

are given in Table 14 0  while the varicddon in the 

number of plates with boil-up rate is shown in 

fig. 25. 

14. 

•oi1-up I,, - c - u.re 

475 1 5 11r,  1.4 
180 11C 11 . • 
440 l2L 1.2. 

5 
475 1  5 116 l. L! 

	

'icr 	#1' 

	

•_'J 	....L.; 
r.c 

S 	IL 

10 71 • • 

U0V(_: : ifluie. 	 tLt 

effect of th-z smallw diameter . )acking cnd of the 

increased column ru jpackinC uiameters' ratio on 

column efficiency, Ihou,h floouin.6 was only 

ichiev, d 	ll in 	colur to 	L1C t a high 

boil-up '.-zte 	::ithout rpuciI Li 	valves, 

this procedure was quite satisfactory and yielded 

a favourib1y large number 	theoretical plate6. 

Boil-up rates above iC 	ml./hi. ere difficult 

to maintain as the column flooded uncontrollably 



FIGURE 27. No.OF PLATES vs. RECIPROCAL BOIL-UP RATE. 
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FIGURE 29. EFFECT OF COLUMN JACKETS' TEMPERATURE. 
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and c 	tic. 	;:iiiri LLe C 	v I - cr!der- 

ably. The low number of theoretical plates at 

boll-ups of that order :ae most likely due to the 

destruction of the liquid film originally imparted 

or the packing during flooding. 

ic. vrition In ressurc drc rc o. r the 

column wItL boil-up rate is shown in iL.  26 (facin 

P. 108). 	nc. 27 shows the lineir rd. tionship 

between the number of theoretical plates and the 

reciprocal boil-up rate. 

Effect of pre-floodimg. 

The er:ect of pre-r1oodin on the efficiency 

of the column is illustrated in fig. 28, where 

curve A represents the efficiency in terms of 

theoretical plates when the column has been flooded 

in the manner described, while curve B is for a 

dry column, maintained at a given boil-up rate 

with the jackets made adiabatic and equilibrium 

conditions being established before sauplii .. 

efficiency of the column is considerably 1c. 	in 

this case and the values for the number of plates 

were frequently found to be irreproducible. 

Effect of jackets' eaperatures on column efficiency. 

The efiect of column jackets' temperatures 

I on the efficiency of the column was again investi-

gated by operating the column at a given boll-up 

rate and determining Its efficiency when the jacket 

were adiabatic and when too much and too little 

heat was being supplied to the jacket heater. The 

results are shown In fig. 2. Is was exected, 
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the eiiicienc o the column at total reflux ris 

little altered when the jackets' temperature was of 

the order of 5 - 100C. below that of the column 

itself, 	hen operatint at finite ref lux ratios, 

however, this may lead, to some fluctuations and 

give erroneous figures for the boil-up rate and 

hence ref lux ratio* 	n7.rerheatine of the jackets, 

on the other hand, had a more marked effect on 

column efficiency. 

stab1ishcnt o equilibrium conditions. 

The time necessary for the establishment 

of equilibrium conditions within the column was 

detezined by operating the column in the usual 

manmr, under adiabatic conditions and a constant 

boil-up re.c:. 	soon a the column reached 

operatir, L'ditions (i.e, after flooding) the 

overheads and bottoms were sampled at regular 

intervals of time until the number of theoretical 

plates reached a ccristant value. The results 

are shown in fic. 30 (facinU p. 109), where the 

number of theoretical plates is plotted against 

time after operating conditions have been reached. 

The error involved in these determinations was 

much larger than in previous cares s  since the 

column was operated at a ref lux rtio of approx. 

201Cal instead of infinity. 

Flold-up. 

No determinations of hold-up, either static 

or dynamic, were made, and where necerry values 

auotd by i:':em: (T; 
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Uho.e.. 	 r- 	 iof o 	.ic 	toi.  

The choice of most favourable oerating 

conditions was naturally based on the results 

mentioned above and the properties of material to 

be distilled. 

,- As the column was made automatic, a fied 

rate of take—of of L - 5 ml./hr. was most 

convenient, as it would permit di,ti1latio:$ of 

1 litre fractions to be completed in 200-250 hrs. 

Boil—up rates of the order of 500 ial,/hr. were 

considered most suitable, since un.-r these cx-

ditionc, the column, of efficiency equivalent to 

about 110 theoretical plates, could be operated 

at ref lux ratios above 100*1. 	 - 

Adiabatic operation was desirable, thouh 

very slight beat losses from the column would not 

affect the frctionstin eficiency to any 

appreciable extent. A period of 30 hours was to 

be allowed for establishment of equilibrium 

condition -. 
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FRACTIO?ATIOi OF CAEL NAPHTHA DISTILLATES. 

The fractionation of cannel naphtha distill-

ates as obtained from batch distillation (P-fractions) 

and their separation into a number of close-cut 

fractions were carried out by means of high-efficiency 

distillation at atmospheric pressure. The apparatus 

available for this purpose, described in the 

precedin, section, was operated throughout the 

whole series of distillations (D-distillationr.) 

under conditions giving a column efficiency equival-

ent to at least 1CO teoreticl plates, at reflux 	I 

ratios of over 1CC to 1. 

The object of the distillations was to yield 

a large number of fractions (D-.fractioQs) consistirt 

of individual hydrocarbons or simple mixtures, which 

could then be examined with respect to their con- 

stituents by adsorption on silica gel and other 

methods, 

(Prefix C- is purposely omitted from the 

nomenclature of distillations and fractions to avoid 

confusion with C for carbon). 

rocdurc, 

The general procedure adopted during all 

stillations was essentially the sane and consisted 

the following operations. The charge to be 
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'distilled was dried ov.r CaC1 29  filter;d and 

weighed into the 2 litre still, 20-25 gin, of sample 

being kept for reference purposes and test;. The 

still and thermomantle were placed in position wider 

the column, All ground glass joints and taps on 

the still and the column-head were re-greased and 

new neoprene gaskets inserted in all flanged joints, 

the joints made up and tightened. The exposed 

parts of the still, column and still-head were 

insulated with asbestos wool or rope and compressed 

glass wool lagging. The condens:r water was turned 

on and the no-water cut-out device set in position. 

The push-button control was pressed and the power 

supply to the heaters and ther!nomantle turned on 

to en extent dependinC on the exncc ted boiling range 

of the charge. Heating', of the charge was adjusted 

Ito Live a steeuy rise in temperature of about £lO °C. 

per hour, while the heat input to the jackets was 

set to give 200 - 250C. rise per hour. 	:ttween two 

and three hours were re ;uired to brire te charge to 

boiling point and the rate of heating was maintained 

constant until the vzpours entered the still-head. 

During the latter period (30.-45 mins.) the column 

jacket heaters were set to produce a maximum temp-

erature of about 10°C. below the initial boiling 

point of the charLe. As soon as the charge was at 

boiling point, the Kent recorder was started. 

After the vapours had entered the still-head 1  

the rate of heating of charge was considerably 

increased so as to force the liquid to the top of 
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the column and u1od the packin;. The column ws 

flooded for about 15 mins., after which the heat 

input to the therinomantle was reduced to a value 

giving approximately the required boil-up rate, as 

measured by the ref lux meter and pressure drop across  

the column, and the column allowed to drain slowly. 

After drainage, power supply to all heaters was 

adjusted to give the necessary conditions and the 

column was operated at total reflux for a period of 

at least 30 hours, to permit attainment of equili-

brium conditions in the rectifying section. 	L)urin L; 

that period all joints v.ere frequently inspected for 

leaks and the necessary adjustments made. The boil 

up rate was measured at regular intervals by the 

reflux meter on the still and by noting the pressure 

drop, and was maintained constant to ± 10 ml./hr. 

of the required value. 

The adiabaticity of the column was also 

checked frequently by means of the .heatstone net-

work, and the column was allowed to operate at a 

maximum deviation of -500.  from adiabatic; any 

larger deviation being at once corrected. 

The distillation proper was started after 

the period at total ref lux, by switching on the D.C. 

supply to the take-off and receiver-changer mechanisms, 

after previous adju: tments to both impulse motors' 

discs to give the pre-determined take-off rate and 

distillate fraction volume. Throughout the dis-

tillation, reádinrs of boil-up rate, still temper-

atures, still and barometric ;reesures etc. were 
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taken and thermal conditions within the column check-

ed. 	The temperature of the vapours was read-off te 

recorder chart and converted to degrees J. Owing 

to small variations in the A. C. frequency the chart 

had to be adjurted occasionally to read the correct 

time. 	.11 changes in distillation conditions and 

times when distillate fractions were cuanged were 

noted on the chart. 	rushed ice for the thermo- 

couple cold junction was changed every 24 hours'. 

The column was operated continuously day and 

night until the required quantity of distillate had 

been collected. The distillate fractions were coll-

ected in tared test-tubes suspended from the turn-

table of the receiver-changer. The weight and vol-

ume of each fraction was noted and the friction 

transferred to separate test-tubes, while the tared 

receivers were cleaned, dried and replaced in position. 

At the conclusion of a run, the power to all 

heaters was turned off, the take-off and receiver-

changer mechanisms and the D.C. supply switched off, 

and the column allowed to drain and cool overnitrht. 

The Kent recorder was usually stopped when the still-

head reached room temperature. The residue re-

maining in the still was weighed and stored. After 

every second distillation, the colt'xn was cleaned 

ref luxing acctone for 2-3 hours and dried by corn- 

preised air. 

The boilinL point curve for the distill otion 

was worked out from the recorder chart, corrected to 

760 mm. Hg 1wessure and plotted agaiitt ot, 
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distillate, 	tJowinL: the weights  and hence, the 

ercentage on charge of each fraction, he boiling 

ranges of individual fractions were rebd-off the 

chart; the range of every fifth fr&ction being 

verified by distillation in a 1C 1. flask equipped 

with a Li."  x I"  Vigreux column. 	nsity, refractive 

Index and bromine number of all r:ctions were 

measured. 

Duir dir tillatioris of tiic lovior-boiling 

material an activated charcoal scrubber was attached 

to the to. of the main still-head condenser so as to 

remove all the wicondensed mateIal, such as very 

lo'.-'bolling hydrocarbons and dissolved -ases. 

fl-distillations. 

Since it was intended to analyze all low-

boiling material derived from the crude crinel oil, 

the scrubber naphtha collected during carbonizations, 

was included In the range of fractions distilled. 

In all, seven major distillations were 

carried out, by means of which all m!teri1 boiling 

to 158.50C. was distilled and separated into a large 

number of fractions. The scheme of distillations, 

shown in the condensed flow diagram (f IL.  31) was 

as follows:- 

fl-i. Distillation of scrubber naphtha and separatioi 

into distillate to 108 00., i.e. correspondinr 

in boiling ranee to fraction B-i, and residue. 

P-2. Distillation of fraction B-i plus scrubber 
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ncpbth disti1lte ex I)-1, 	partion of 

charge into 52 fractions and residue. 

Distillation of fraction B-2 plus residues 

ex D-1 and D-2, 	eperation of chare into 

29 fractions and residue. 

)-4. Distillation of fraction ;- plus ridue 

ex D-3. 	llzcparatior, 01 chare Into ,.1 :ractiots 

and residue. 

D-•. Distillation of fraction -4 plus residue 

ex D-4. Separation of chrge into distillate 

to 14.8°C. and residue. 

D-G. Distillation of fraction B-5 plus residue 

ex D-5, 	ioparation of charge into distillate 

to l50C. and residue. 

D-7. Distillation of distillates ex D-5 and D-6. 

Separrtion of charge into 25 fr:ctions, to 

158,50C., and residue. 

Fractions B-6 to ilO were not distilled. 

Distillation D-1 was carried out in the column 

packed with )" Dixon rings, while the remainder 

of the distillations were performed in the column 

packed viith 1/16" rings. 

Of the seven distillations, iour (viz. D- , 

-, -4 nd D-7)  yielded distillate fr ctiors whicE 

;:ere subsequently subjected to further separations 

and aralyses with respect to their major hydrocarbon 

cortituents. A more detailed description of the 

distillations is given below, showing the origin, 

quantities and boilin{ ranges of charges and over-

heads, and conditions under which the distI1ltions 

were carried out. 



FIGURE 32. 
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Distilltiori D-.l. 

Charge:- 	786 m. of scrubber xphtha. Overall 
Lolling range 36 -131"'C, 

Distillate:- 590 gui. (75.1 wt. on charge). 	Loll- 
ing range 28.40-108.200. 

Residue:.- 	162 gui. (20.6 oil charge). 

Loss:- 	34 gm. (4.3%) 

Conditions:- Duration 	 135 hours. 
Av-e rate of boil-up 700±20 ml./hr. 
Av-ge rate of take-off 8. .2 ml./hr. 
Ref lux ratio 	 83:1. 

Distillation D.-2. 

Charge:- 	1159 rn. c;mLind frac..ior B-i plus 
distillate (to 1080C.) from scrubber 
naphtha distill:tionD-l). Overall 
boI1in range 280-1080  0, 

Distillate:-. 5fractions, totul weight 809 n. 
(6.8% wt. on charge). 	1otal volume 
11 0 ml • 	Av-ge volume of fractions 
21.8 ml. 	Overall boiling range 26.9 - 
98.Ll.0C. 

Residue:- 	320 gm. (27.6 on charge). 

Loss:- 	30 gin. (2.). 

Conditions:- Duration 	 312 brs. 
Mr-ge rate of boil-up 545 10 ml./hr. 
Mr-ge rate of take-off '4.20 ml./hr, 
Ref lux ratio 
	

130:1. 

The results of the distillation are shown 

in fig. 32 9  where the weight percent of total charge 

and the auantity of material distilling per degree 

, [J are plotted against boiling point at 760 mm. 

During the early stages of the distillation 

a certain amount of gas evolution took place, most 

of which as adsorbed by the charcoal scrubbers. 

An interesting feture of this was the ap;earance, 

during the first fIfteen hours of take-off, of a fine 



119. 

white crystalline solid at the mouth of the spiral 

distillate cooler. Attempts to examine the solid 

were unsuccessful as it tended to melt at room 

temperature and rapidly decompose, L 1ViflL. rise to an 

oi water-insoluble liquid. This compound, simil-

ar in appearance to the characteristic hydrate "snow, 

was assumed to be, in fzct, a hydrate of one of the 

butanes. A certain amount of distillate evapor-

ation was taking place at the mouth of the cooler 

resulting in decrease in temperature and, hence, 

formvtio of a tine water mist on the surface of 

the spout, thus enaLlinL the formztton of a 

hydrate. A literature study on the subject 

revealed that this was uite likely and could only 

be due to the presence of butanes in the distill-

ate, since liquid hydrocarbons do not form hydrates, 

while gaseous hydrocarbons 01 less than four car-

bon atoms form hydrates only at low temperatures 

and relatively high pressures. 

Distillation fl-3. 

Charge:- 	1019 gm. combined fraction L-2 plus 
residues from distillation 1)-i (over 
1080G.) and 1)32. 	Ovr:1i ioilir 
range 98 131 C. 

Distillate:- 29 fractions, total .,eiht 534  jc m. 
(52.4' wt. on charge), 	Total volume 
672 ml. tv-ge volume of fractions 
23.2 l. Overall boiling range 89.30_ 
117.3 0. 

Residue:- 	£446 gm. (4.81,-7, on charge). 

Lo-s:- 	39 m,  (3.8') 
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FIGURE 34. 

RESULTS OF DISTILLATION D - 4. 
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Conditions:- Duration 	 196 br. 
Lw-Se rate of boil-up 580 ± 10 ml./hr. 
Av-e rate of take-off 4.l al./hr. 
Reflux ratio 	 128:1. 

The results of the distillation are shown in fig. 33 

Distillation D.-k. 

Charge:- 	925 jn. combined fraction i- 71 -L.1us 
residue from distillation D-3. Overall 
boilin range 117-145 0C, 

Distillate:-. 31 fractions, total weight 621 Lm. 
(67.2-,- wt, on charge). 	Total volume 
842 nil. 	Av-ge volume of fr - ctions 
27.2 ml. 	Overall boiling range 100.90- 
1 4.0C. 

Residue:- 	287 m, (31.rT'. on charge). 

Loss:- 	17 gin. (1.8%) 

Conditions:- Duration 	 209 hours. 
Av-ge rate of boil-up 600 ± 10 ml./hr. 
Av-[.e rate of tkc-off f..57  
Ref lux ratio 	 112:1. 

The results of the distillation are shown in fit,. 34. 

Distillation P-5. 

Charge:- 	O7 sin. combined frction E.-4 plus 
residue from distillation D-k. Overall 
boiling range 1350 157 00. 

DIstillate:- 623 Un. (77.2;. wt. on charge). 	Eoiling 
range 150.30-14P,20C. 

Residue:- 	174 ; m. (21.6% on charge). 

Loss:- 	10 gm. (1.2%). 

Conditions:- Duration 	 liC) hrs. 
/w-ge rate of boil-up 610 ± 10  
/w-ge rate of take-off 5.41 ml./hr. 
Reflux ratio 	 11:1 

Dintillatlon f,I-.6. 

Charge:- 	824 gin, combined frction B-5 plus 
residue from disti1laion -5. Over-
all boiling rnnge 14 -173  C. 

Distil]..te:- 30() gin, (36.4-'' t. on 8harge). 	loll- 
irlL: ran.,, le 144.6 -165.0 C. 
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Residue:- 	509 n. (61.8 on charge). 

Loss:- 	15 gm. (1.8%.). 

Condjtior:s:- Duration 	 108 hrs. 
v-e rate of boil-up 10 1 15 ml./hr. 

Mr-ge rate of take-off 5.63 ml./hr. 
Peflux ratio 	 126:1. 

Distillation D-7. 

Charge:-. 	70 gm. combined distillates from 
- (i•_ tillations D-5 and D-. 	'ir1i 

boilinr range 130-.1650 . 

Distillate:- 25 fr&ctions, total weight 54P jn. 
(63.0% wt. on cnarLe). Total volume 
715 nil. 	iv-ge volume of fractions 
28.6 n1. 	'erau1 boiliriu rarie 
150.l°-158.5 C. 

Residue:-. 	305 gm. (5.1 on char 

Loss:- 	17 gm. (1.9'). 

Conditions:-. Duration 
Av-e rate of boil-up 
Av-ge rate of take-off 
Ref lux ratio 

.he results of the distillation are 

9uinmaIr. 

ge). 

173 hrs. 
600 1 10 ml,/hr, 
5.73 nil./hr. 
105:1 

shown in 1 iL. 35a. 

The ov.rall weight balances and boiling 

ranges of charges and overheads for the seven dis-

tillations are summarized in Table 15. 

Llthough the overall boilin r: T_ es of 

distillate from D-2, -3, -4 and D-7 showed a 

considerable temperature overlap (up to about 

170c,), the material Causing the cv -  naps scidom 

exceeded 2% of the original cIarge, nd the main 

body of €ac distillation curve Shcwed a satisfactory 
continuation of the prccedinr, curve. 	The presence 
in B-fractions of light ends giving rice to these 
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overlaps vs priirily uo to inefficient fractio-

'ation in the 5 LaIL batch still. 

The four main distillations yielded as 

overheads 137 close-cut fractions (totalling 2.512 gm 

or 3359 ml.); the overall boilin range of the 

distillate being 26.9°-158.5°C. The overall 

yields of the distillations are shown in fig. 35b. 9  

where the compounds giving rise to the major peaks 

have also been L iven (their identification being 

discussed in the subsequent section). 

I 	Material lost during the whole series of 

distillations amounted to 162 gin. The losses were 

considered to be due partly to leaks through joints 

and static holdup of column, while the fact that 

losses '::er i1c:Vicst duri 	distii1atio•s of low- 

boilin: material indicated that cv ario of 

dirtillate was the principal cause of 1os. 

The weights and volumes of all fractions 

collected are listed along with the properties of 

D-fractions in , Appendix I. 	It will be noticed 

that alternate fractions show similarity in volume; 

this being due to unequal positioning of pins on disc 

B (operating the receiver-chauger) so that one 

'fraction consisted of 50 while the other consisted 

of 54 bucket tips. The gradual increase in 

volume of fractions was assumed to be due to an 

increase in surface tension of the liquid distilled, 

resulting in larger quantities being delivered by 

the bucket. This assumption was confirmed by the 

fact that during dintillation of material of constanft 
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boilin poixit, ad hcce relatively cozutatit 

composition, the volume of fractions taker-.off 

showed little variation. 

The decrease in operatint ref lux ratio 

during a distillation, caused by the increase in 

fraction volume, was calcu1ted to be about t 	of 

the average value, and was not considered to have 

a serious effect on the fractionating efficiency 

of the column. 

The determination of properties and composi-

tion of fractions from distillations D-2 9  -3, -4 

and ]D-7 1  and the examination of their hydrocarbon 

constituents are dealt with in the following section. 
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iY'•flAtICi O C I ETITTJI TEl O D-I.LCTI:. S 

Ai;I) VALUATICI L C(?OIIIOi, OF 

CAI'1 rAFIITILA. 

The examination of the cannel naphtha 

distillate (D-fractions) with respect to its com-

position 	pritcipally b cd on the o1iov:irL: 

operations:- 

a. Physical constants of all L-fractions were 

determined. 

b. Selected 1)-fractions were analyzed by silica 

Bel adsorptions. This compriscd:- 

(1) 	separtion of fractionsinto individual 

hydrocarbons or hydrocarbon-types, 

determination of properties of sep-

arated hydrocarbons, 

evaluation of composition of fractions 

analyzed on Si02 , and hence calcula-

tion of relative amounts of components, 

in each fraction, 

preliminary identification, on basis 

of determined properties, of separated 

components of fractions. 

c. The results of adsorption analyses wcre 

graphed and the composition of non-analyzed 

fractions estimated by interpolation. 

d. The calculated amountr of hydrocarbons pres- 
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ent viere sumied and Lydrocarbon-type com- 

position of tot: 1 rn.teri1 distilled 

evaluated, results being expreaed in 

percent by weight and volume on total dis-

tillate and original dry crude oil. 

e, ajor constituents of D-fr.ctions were 

identified by measurement of physical con-

atnts and by ultra-violet spectra. 

f. The chemical compoition o_ the cannel 

naphtha was evaluated. 

Determination of physical properties. 

The properties of D-fractions and all other 

material were determined throughout the course of 

the present work by the following standard methods:-

boilirit, point - read-off the Kent recorder chart, 

converted tu temperature at 7O mm.  Hg and/or deter-

mined by distillation in a 10 ml. flask equiped 

with a 4" x 4" Vigieux column, 

density - meaured at 20°C. (water thermostt) by 

means of Perkin' pycnometers of 1 or 2 ml. 

ctipacity (restandardized before each set of detcr-

minations), 

refractive ljdcx - meaured for the sodium B-line at 

200C. by means of an Abbe refractometer, 

bromine number - determined by the Molihiney method 

(I.F. - 9/2) 9  

specific dispersion - measured by Grosse and 

mcthods (43) and calculated from charts supplied by 
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makers of refractometer. 	Correctio .or olefins 

was made as proposed by Groennings (42). 

The properties of D-fractions are listed 

in Appendix I. 

Adsorjtiori analyses. 

Jlie analyses of 1)-fractions ;ere performed 

by means of selective adsorptions on silica Gel, 

using the experimental procedure as proposed by 

Mair (68) and Dinneen et al. (25), with such mod-

ifications as to permit analyses of 5 ml. Sam: 1(?S. 

General procedure and testinL of 

The aiparstus used in 11 ex:.riL:er 	is 

shown in fig. 36. All tests and analyses were 

carried out in exactly the same manner, the proce-

dure being as follows:- a few Grains of coarse silic 

el (ca. 0,5 mm.) were introduced into the tip of a 

dry column to act as support for the packing and 

prevent clog(in C  of finer Gel in the oapillt-iy. 

Approximately 50 gm. of fine silica Gel were poured 

1 to the column and the column packed by tapping 

gently throughout its length with a rubber-covered 

'lass rod until the level of the gel showed no 

further downward movement. The column was then 

clamped to a framework and water circulated through 

the outer jacket for 5-10 mins, before the intro-

duction of sample. The sample to be analyzed was 

introduced by means of a pipette and nitrogen press-

ure of 2 ps.i. applied until the sample had fully 
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entered the gel. 	5 - 7 n ,,  of frosi e1 w€re then 

added, followed by 50 ml, o ethanol (com.rLercial 

grade), e.xid nitrogen pressure of 9-10 p.s.i. applied 

and maintained throughout the duration of analysis, 

The liquid issuing from the tip of the column was 

collected in fractions of 4 - 8 drops each (sub-

fractions) depend1n; on the volume of the oriinal 

sample. Between 45 and 55 sub-fractions were 

taken and their refractive indices at 200C. deter-

mined. 

Or,  completion of an analysis the silica L;el 

was washed out from the column by a fine jet of 

water, the empty column being washed with water and 

acetone and dried. 	Ir the majority of analyses the, 

gel was not rccovred. 	If, however, it was to be 

re-used, the gel was thoroughly washed with acetone 

and etLano1, drii;d and ractivated Ly heatir.: for 

8 - 1: hrs. at 20000.  in a gas-heated oven. Cm-

ilarly, fresh gel of the required partic1 size 

was heated at 200°C. for 1L-15 hrs. and stored, 

ready for ue, in a vacuum desiccator. 

Assuming the drop size of liuid isnui 

from the column to remain constant, the volume of 

each sub-fraction was calculated cmi the volume sum 

of the sub-fractions plotted agait their refract-

ive indices. 	TJe volume and hence, volume percent 

of the separated hydrocarbons (viz. paraffins and 

naphthenes, olefins, and aromtics) were then detcr-

mined from the adsorptoTam by assumin . , a 1C0 

recovery of the sample taken for analysis, and 
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measuririL, the amount 01 InLterial on each nD  plateau. 

The transition between the three groups of hydro-

carbons separated was considered to take place 

between fractions showing the greatest difference i.4 

refractive indices. 

Prior to up1icatio.. to the exixation of 

cannel naphtha distillates, the method was tested 

with known hydrocarbon mixtures with a view to 

determinin: the efficiency of separation and 

investigating the conditions under which most 

satisfactory separati:;ns may he accomplished. 

As already pointed out, no separation takes 

place between paraffins and naphthenes, while 

separr.tions between saturated, unsaturated and 

aromatic hydrocarbons are usually quantitative, 

irrespective of the relative proportions of the 

hydrocarbons present in the sample, provided the 

silica gel is of the requi.ite size. 	It was 

found that gel of the following particle size:-

100% passing 100 mesh B.S.S., 30% passing 200 mesh, 

(lot no. 1) greatly retarded an analysis (up to 6 

hrs.) and did not improve separations, while gel 

containin L, material of which 90% passed 80 mesh, 

50% 100 mesh and 1% 200 mesh (lot no. 2) gave 

very poor and irreproducible analyses. Lfter 

several tcts, it was fcu.nd that gel oa: the follow-

ing particle size distribution produced quantitative 

separations and at the same time allowed analyses to 

be complf:ted within 1-2 lire., depending on size of 

sample. 
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Silica gel (lot rio, 3 nd 4) particle size 

distribution:- 

through 1C'0 mesh 	 100% 
120 	It 	50-60% 

150 	to 20 - 30% 
200 	" 	13-16% 

(Initially "Silica gel for chromatoraphic adsor-

tion" eupplied by The British Drug Houses Ltd. :ar 

used (lot no. 3). The gel as received required 

further size reduction, Ifollowed by sieviii, to give 

the necessary particle size distribution. More 

recently, howevcr, a finer and higher grade of gel 

was obtained from Messrs. Silica Ge]. Ltd. (1.C.-200 

mesh grade). 	?his gel (lot ro. 4) contaii.ed only 

a small proportion of coarse material, otherwise 

the particle size being as required.) 

In the early experiments, 1G ml. samples of 

hydrocarbons were uralyzed on 50 rn. of gel and it 

was found thet, while satisfactory separations of 

relatively simple mixtures of hydrocarbons were 

obtained under these conditions, separations of more 

complex mixtures could be considerably improved by 

either increasing the amount of tel used (to 70- 

80 gm.) or decreasing the sample volime. 	ilio latter 

was preferred, as the duration of an analysis was 

thus decreased and material requirement, both of 

gel and sample, were smaller. 

External cooling of the gel was necessary 

to dissipate the heat of adsorption and experiments 

were carried out in which the effect of cooling 
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Results of Silica gel adsorptiox tests. 

No. ii.ture 
analyzed 

on 	, i, 

lot 

Jacket 

temp., 
 'ample 

m1. I. 0. A. P. 	I 0 

1 Paraffin-aromatic 75 - 25 66 - 34 1 14 10 
2 Paraffin-aromatic 75 - 25 - 22 2 15 10 
3 Paraffin-olerjn.. 

1 0 30 30 32 36 32 2 7 10 
4' Paraffin-arotjc 75 - 25 75 - 25 3 15 10 
5 Paraffin-aromatic 23 - 75 24 - 76 3 10 10 
6 Parafii.nnapbtiienc 50:50 - - 100 - - 3 15 10 
7 Paraffin-olefjp 50 50 - 50 50 - 16 10 
8' Paraftin-napbthene-. 72 - 2P 71 - 29 3 10 -aromatic 
9 rararcin-aphtben 77 - 23 2 - 24 3 14 10 

-aromatic 
10 Paraffin-naphthen 25 50 25 24 51 25 3 15 10 -olefin-aromatjc 
11' Paraffin-naphthene.. 4 19 35 45 17 3p 16 10 -olefin-aromatic 
12 Pareffii-naphther.c,_ 30 25 25 1 24 25 3 l 5 -olefin-aromatic 
13 Paraffin-naphthene... 62 17 21 61 18 21 5 17 5 -olef in-aromatic 
14 Paraffin-naphthero... 50 25 25 51 25 24 4 15 5 -01 el in-aromatic 
15' Par&ffin-naphtheno... 30 50 20 29 50 21 ' 15 5 -olef ir-aromatjc 
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water temperature on efficiency of separation was 

studied. The results obtained indicated that 

separations were riot improved by circulating water 

of temperature blow 10 °C., unless the material 

analyzed boiled below 60 °C., while increase in 

temperature beyond 20 0C. or complete lack of cooling, 

tended to give poor separations. Consequently, 

in all analyses, the gel was cooled by water at 

120-160C. 

The rcsults of some of the te s are sumar-

ized in Table 16, of which tests no. 4, 8 9  11 and 

15 (marked thus ') are shown graphically in fig. 37. 

The results of these tests indicate that 

satisfactory separations between saturated, unsat-

urated and tromatic hydrocarbons may be obtained, 

provided the adsorbent is of the ri:ht particle size, 

is tightly packed in the column, and coled durn: 

percolation. 

The maximum error involved in the analyses 

WrS considered not to exceed , 3. 	!esu1te Liven 

in Table lr,  show that the error was actually smaller 

when the method was applied to synthetic inixturcE, 

1but would probably increase to the above value in 

analyses of more complex mixtures, a fact which has 

been frequently pointed out by previous viorkors. 

Analysis of D-fractions. 

The initial selection of D-fractions for 

analysis on silica gel was based on the extent of 

varitiori in properties of adjacent fra.tiors. 

i.hus, fractions showinL: a marked difference in 
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properties, n_ eoequent1y L. cipoition, a: 

compared with tLeir irediate neighbours, were 

selected for analysis, whereas only every second 

fraction was analyzed from those 8.-ries of fraction3 

which showed 1.istinctive similarity in properties and 

distillcd at a constant temperature. 

The separation of selected fractions into 

their individual components or hydrocarbon-type: 

was performed by silica 6el adsorptions of 5 ml, 

samples, usir-L the procedure and under conditions 

already discussed. Between 44  and 56 sub-fractions 

of £4-.5 drops of filtrate each were collected in an 

analysis and their refractive indices determined 

and plotted against volume sum of the sub-fractior. 

The composition of the analyzed fraction was then 

determined from the adsorptcram by makin' the 

assumptions mentioned, and expressed in percent by 

volume. The result of the analysis was confirmed i 

by bulking all sub-fractions showing least differ-. 

once in refractive indices, to give .-fractioris, and 

determining their refractive indices, bromine 

numbers, and densities if sufficient material was 

available. This may be illustrated as follows:- 

D-frac tior 

7 
ci r'uorrtion 

I- ---------I I I - ------- 1 I I - - - - - - - -1 
OleiiLS 	 rOtUtiC5 

-_I1 

ieterriin.atjons of nD'  Br2  no and density 
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For ir!5t:Ce, analysis oL fraction D-3/11 

gave the adsorptogram shown in fig. 38 from which 

it was assumed that sub-fractions 1 to 5, 4 to 42 

and 43 to 50 consisted of saturated, unsaturated 

and aromatic hydrocarbons, respectively. Sub-

fractions 1 to 39 10 to 35 and 45 to 50 were bulked 

to give -1, E.-2 and E-3, wLich were further 

examined, giving:- 

20 	 d20 

	

Br2No. 	4 

111-1 	1.4114 	 - 
E-2 	1.428 	165 	0.79 
L-3 	1.4943 	 - 

These results indicate that the initial as..umptior. 

IregardinE the composition of the fraction was 

correct, and the composition was ca1culLted to bet- 

I 	 Saturateds 	6 vol. 
TJnsaturateds 	79% 

	

Aromtios 	15% 

In the above example, the nature of the 

three classes of hydrocarbons present enabled a 

very distinct break to be produced between them, 

with the result that the composition of the fraction, 

could be estimated without the biow1cde of the 

properties of E-frections. Occasionally, however, 

the simi1trity of refrEctive indices of two hydrocarbon 

classes necesi itated the examinction of Tfractions 

before the comj;osit or could bc estimated with any 

degrie of certainty. For example, in the case of 

fraction D-2,'33 (fit. 30, the transition between 
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saturated a unE.tur ted hrocirtos ':!.- S usjected 

to take place after sub-fraction 11. Theefore, 

sub-fractions 1 to 11 and 12 to k1 re bulked to 

giv -1 and E-2, respectively, the bromine numbers 

of which were fund to be 3 for E-]. and 147 for 2-2, 

the cmposition o the fraction being therefore:- 

Saturateds 	21 vol. 
Unsaturateds 	79% 

The knowledge of the composition, volume 

and weight of the selected D-fractions permitted 

the evaluation of the actual volumes and, if density 

011 ,
-± ractions was known, of the weight of constit-

uent of each fraction. 	In cases where a D-fractio f` 
was found to contain two constituents, the density 

and, hence, weight of one of which was known, the 

weight of the other constituent was obtained by 

difference, In all other cases the densities of 

the constituents were estimated on consideration 

of the properts md suspected nature of the 

particular cnstituonts, as discussed bel. . 

The determination of bromine numbers, 

refractive indices and densities of h-fractions not 

nly served to establish finally the composition of 

a given fraction, but also afforded a v.ry valuable 

clue as to the identity of the h.drocarbona present 

in a 1)-fraction. 	Thus, the properties of 1;-fractiois 

from D-3/11 (p.152) together with the knowledge of 

the generrl properties of the D-fraction,and its 

boiling point in particular, indicated the presence 

of ethylcyclopentenes in the unsaturated and toluene 
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in the arorntic portions of the fraction; the lettcr 

distilling over as an azeotrope. The boiling 

range of the D3/11 and the low refractive index 

of its saturated constituents (ca. 1.411) pointed 

to the presence of C. paraL.ins, but owing to their 

low concentrati:, no further conclusions regardit 

their nature cculd be drawn. 	Occasionally, it 

was possible, however, to ;bin more conclusive 

evidence of the nature of such components by 

consideration of general properties and results of  

adsorption analyses of adjacent fractions. 

The nature of the separated constituents 

of all analyzed D—fractions was estimated in a 

similar manner. The properties of fl—fractions 

and their boilin:, characteristics, together with 

information obtained from adsorption analyses and 

examination of E—fractions, provided sufficient 

data to enable a preliminary identification of the 

major constituents to be made, ad, at the same time, 

to give an indication of the nature of the minor 

constituents. An additional clue to the composition  

of a fraction was provided from the actual shape of 

adsorptogrms. It was found that a near-perfect 

biateau ;as, vitLout exception, indicative of one 

c'mpound o:1y, while small' variations in refractive 

index were usually due to two or more hydrocarbons 

of the same class; this being particularly so in 

rane case of olefins. In such instances, the

ge plus any other determined properties were 

considered and compared with publised data and with 
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series of charts - , rd tb1es listir:: the vrious 

properties against boiling point, molecular con-

figuration etc. For example, fraction D.-7/7 

consisted of 40. urisaturateds and ''07- o.-,cylene. 

The properties of the former, viz, bromine number 

of 124 0  n D range 1.4208-1.4252 and boiling point 

of 141°-1420C. pointed, to a mixture of branched 

nonenes, distilling as an azeotrope with o-xylene, 

Ian approximate density of 0.74 being assumed for 

the former. A calculation based on the weights and, 

volumes of the fraction and its aromatic component 

gave a value for density as 0.7439 which agreed well 

with the assumed value and indicated the correctness 

of the assurntion regardin; the n:;turc of the 

hydrocarbcn. 

In all cascs, viher the jvidcrcc obtained 

was not sufficiently conclusive to identify con-

stituent hydrocarbons, the differentiation between 

various classes of compounds and the citimation 

of their nature were bsed on the characteristic 

ranges of variation of properties of a particular 

class of hydrocarbons with boiliriu point and their 

molecular or skeletal structure (as referred to on 

P. 42 et seq.). The knowledge of specific dis-

persion, refractivity intercept and specific 

refraction frequently facilitated such estimi.tions, 

specially when separations were poor owing to large 

iumbers of compounds present end :;ide boiling 

'anges of D-fractiors. 

The examinations of sturcited and aromatic 
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FIGURE 41. 	COMPOSITION OF D-3 FRACTIONS. 
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FIGURE 42. 	COMPOSITION OF D-4 FRACTIONS. 
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FIGURE 43. 	COMPOSITION OF D-7 FRACTIONS. 
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hydrocarbons wcrc rel::tively 	 rince 

physical properties of these compounds, boiling with 

in the range examined, have all been determined and 

the numbers of possible isomers are not excessively,  

1are. 	,-"e problem, however, became very complex 

in the case of uns.turated hydrocarbons boiling 

above 1200C. because of the rapidly increasing 

number of possible isomers and the almost complete 

lack ofbysical data on these compounth, with the 

reult that bromine number and boiling range were, 

in some instances, the only clues leadint; to the 

rature of the compound, which, in these circumstance, 

could only be expreed in terms of the number of 

carbon atoms in the molecule. 

(The physical and other propertie of 

hydrocarbons were taken from the following sources:- 

.:bles (2), baton (27). Forziati and Rossini 

utrc:'a (.'!:),Kurtz anu Ward (56)9 T immermans 

a: 	custom's "Handbuch"). 

The results of all adsorption analyses of 

)-fractions, toLether ;iith the determined properties 

of E-frrctions, on consideration of which estimates 

the nture and :uantities of oonstitunt 

hydrocarbons were made, are listed in Table 17 (Pi , . 

137-146). The composition, in percent by volume, 

of fractions from e - ch of the four D-distillrtions 

as plotted against percent by weight of distillate 

and the resultin graphs for fractions D-2, -, -k 

.nd D-7 are shown in 2 is. kO, 41 9  42 t:;-id 45 9 
 

respectively, 
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; 'esults of silicL :e1 analyses of D-fraction, 

ho" 	lo. 
h;.. B.kt.0• 

at 7rornm. 
1D 	

rziii 	C 

of LCUt flo. 
20 
4 

uspected 

hydrocarbon 
..AJ. •  

T i. A. 

D-2 

1. 	1 	2.9- 1.3578 1 0.26 23 - - nentane 

2 	-6.6 1.390-1.3748  225 	- - 77 - pentene-1 

2. 	1 	-37.2 1..,577 2 	.628 ¶) - - 

3. 	1 	-4.2 1.410-1.4183 229 	- - 42 - lix. of cyc1opentone 

2 1.4254-1.4452 204 	- - 58 - and ;enteres-2 	? 

4. 	1 	-5F.1 1.4030 3 	- 39 - - rc1opentaie 

2 1.4100-1.4248 210 	- - 1 - cyclopentene 

5. 	1 	-62.9 1.3734  2 	- 35 - - 06  paraffin 

2 1.877-1.3915 173 	.675 - 65 - hexene-1 

7. 	1 1.78 193 	.674 - 96 - hexene-1 

. 	1 	6).8- 1)4 	.17'. - .00 - heAene-1 
-63.8 

11. 	1 	6.8- 1.3880-1.3898 196 	.677 - - hexe.xe-1 

2 	-64.9 1.5904-1.3970 189 	- - 61 - branched 0 	 olefins 

1. 	1 	-'7.1 1.3746 3 	- 14 - - r_-hexane 

1.,20-1.2988 178 	.676 - - hexeries-2, -3 

13. 	1 	-''.4 1.3750 1 	.659 41 - - n-hexane 

2 1.:907-1.3994 179 	.o80 - 59 - hexenes-2, 	? 

15. 	1 	68.7 1.5750 0 	.659 67 - - n-hexane 

2 	-'.7 1.0-1.83 183 	- - 33 - hexene-2 

17. 	1 	(.7- l-._- 7`0 1 	.6O 82 - - n-hexane 

2 	-&'.Y 1.3928-1.78 181 	- - 1F - hex_ro-2 



Table 17,(contd.) 

E s, 
Yo. 

B.pt., °C. 
at 76Om. 

nD  range 
of E-cut 

Br2 
1.0t 

20 d4 

om .1 
Suspected 

bydrocarbon 

D-2 

18, 1 	68.7- 1.5748 2 0.'0 85 - - r-hexane 
2 	-P.7 1.3930-1 . 4020  178 - - 15 - hexene-2 

19. 1 	-70.4 1,3760-1.3788 1 • 665 86 - - r-hexane + 

2 1.3910-1.4068 159 - - 14 - me.peritenes 

20. 1 	-72,2 1.3670-1.3906  2 .684 76 - - n-hexane + 

2 1.4008-1.4162 181 - - 24 - Jr olefins 

P1. 1 	—75.7 1,40 2 .745 38 - - me.cyclopcntane 

2 1.4278-1.4422 190 - - 55 - 1-me.cycloperitene 

3 1.4785-1.4825 - - - - 7 benzene 

22. 1 	—75.7 1.4508-1.4408 192 .783 - 82 - 1-ine.cycloperitene 
2 1.4824-1.4-98 - - - - 18 bezcre 

23. 1 	-7c,4 1.4193-1.'+-240 - - 7 - - C 6  nap hthene 	? 
2 1.410-1.4365 187 .785 - •8 - l-me.cyclopentene 

3 1.4824-1.4928 - - - - 25 benzene 

25. 1 	77.1- 1.4260-1.4251 4 .777 :4 - - cyc1ohexare 

2 	-78. 1.4508-1.4-02 1 ,.1 2 - - 21 - C 6  cyclic olefin 	? 

3 1,4.1-1,5003 6 - - - 45 benzene 

27. 1 1.C-1.90 - - 14 - - C7 	ra.iins 
2 	-79.'. 1.410-1.4430 115 - - 14 - cyclic olefiri 	? 

- .8Y8 - - 72 benzene 

2c 1 	79.6- 1,4260-1,441 6) 177 - - 26 
- '6 cyclic o1ein 	? 

2 	—79.r,  1.4920-1.5004 - - - - 74 benzene 

30. 1 	-P.1 1.4407-1.#494 17 .10 - 74 - cyclohexene 
2 1.4932-1.49y - - - - 26 berzcne- 

31. 1 	-86J 1.3907-1.3950 5 - - 5 - - J7  paraffins 
2 1.95-1.4030 131 - - 20 - C7  olefins  

1. •426_1. 2 72 190 - - 45 - cyclohexone 
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Table 17.(coritd.)  

	

B. E.pt.,°C. 	D 	 20 	
(1OpOstn 	:uspected 

	

Io. at 760mm. 	of E-cut 	o. 	d4 	
+F 	 hydrocarbon 

D-2 

32, 1 	PG,6- 1.3907-1.928 2 P - - 2:3-dime.puntare 

2 	-8904 1.4010-1.4048 148 - - - 
olefins 

. 1 	-9: • 2 1 • 39)0-1 • 14-Ou 7 3 - 1 

2 1.4G ( -1.4076 14.7 - - 7' - olefins 

35. 1 	92.8. 1.40 	-1.4020 15 .700 - ].GC - 1eptene-1 

7• 1 	93.6-. 1.4000-1.4009 16]. •6,8 - 11 ; - hptene-1 
-9. -' 

38. 1 	-9.6 1.99&-1.40(6 163 .697 - LOG - heptene-1 

'±1i:9 164 .698 - 'tOO - hcptone-1 

41. 1 	.6- 1,3999-1.4016 16 .698 - 10 C) - hcptcne-1 
-93.9 

4. 1 	5.0- 1,3878 - 1. - - r-htcrit 	? 

2 	-95,9 1.40(0-1,4190 156 - - 81 - C7  olefins 

45. 1 	96.9- 1.3878 2 .684. 58 - - n-heptare 

2 	-96.9 1.4022-1.4180 158 - - 42 - C7  olefins 

47. 1 	7.5- 1.3877-1.3879 0 .684 72 - - n-hptane 

2 	-97.8 1.14050-1. 4.171 156 - - 28 - 07  olefins 

1.3876-1.3880 0 .683 83 - - n-heptarie 

2 	-98,4 1.4020_1,4171  191 - - 17 - 07  olefins 

51. 1 	98.4- 1.3878 1 89 - - n-heptane 

2 	9( • 4 1.4030-1.4167 14.8 - - 11 - olefins 

52. 1 	_9,4. 1.3877 2 .683 94 - - n-heptane 

2 1.4068-1.4103 97 - - 6 - 07  olefins 



E4 E.pt., °C. 	n D  ran Le 

o at '€Omn. of T-cut 

1. 1 	89.3- 	1.3887-1.3904 
1.3980-1.4063 

Er 21 20 
o. 	4 

.oL-1ositr , 
vol. 

04 A. 

1 • 877-1 • 3879 
1.3980-1.4180 

1.3875-1.3881 
1.39)7-1. 4193 

1.3877-1. P8O 

1. 3962-1.4162 

1.3877-1- 3968  
1,4046-1,42('0 

1.4203-1.4211 

1.4368-1.4471 

1. 4230-1. 4241  

1 • 4196-1 • 40C 

1.47-1.;448 

1. L1r1...1,4205 
1.4418-1.4'V2 

1.4096-1.41414 
1.4408-1.4443 
1.4878-1, 4946 

1.4128-1.4-232  

1 • 4410-1.4516 

1. LL1_1.4958 

1.4037-1.4C84  
1,44-C, 11',-1,4523 

1. 906-1,49CC 
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Table 17.(cxrtd.) 

.'usjected 

by cirOC arbOfl 

n-beptane ? 

olefins 

n-heptane 
(17 oleilrs 

J 7  O1(iiLC 

n—hc1tare 
(#7  O1einS 

n-heti.c + 
(# 7  olefins 

me.cyclohexane + 
et.cyclopentene ? 

rn c , . cyclohexane 

xne.cyclohexane + 
et. cyclopentene 

8 paTf1inS ? 
et • cyc1oeritene 

08 paraffins ? 
et . cyclopentene 
toluene 

'8 paraffins ? 
et. cyciopentene 
toluene 

08 paraffins 
et. cyclopentene 

tc1u:e 
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Table 17.(contd.) 

L.Dt. °C• t\ 2 20 
Comi,ositr. uected 

0. i o. at 760rn. o. 	-cut Io. d4 hydrocarbon 
. 

17. 1 109.8.- 1.3,70_1.LO12 - 18 - - d1me.hexa.e 

2 —109.8 1,4418-1.4530 148 - - 12 - et.cyclopentene 	? 

3 1,4870-1.4963 16 0,66 - - 70 toluene 

13. 1 110.1— 1,3j59-1.3978 11 .704 11 - dime.hexanes 

2 —110.1 1.4148_1. 14370 - - - 11 - olefins 

3 1.4910-1.4968 - - - - 7. toluene 

21. 1 110.1— 1.3959-1.966 8 - 11 - - dime.hexanes 

2 —11 .4 1.4070-1.298 - - - 9 - olerins 

3 1.491-1.'65 - .866 - - C toluene 

22. 1 —110.4 1,950-1.3977 5 - 1? - - diine.hexanes 

2 1.4913-1. 4960  7 .866 - - 83 toluene 

1 .410,4 1.39781.39)3 4 - 14 - - dime.hexenes 

2 1.406-1.4986 9 - - - 86 toluene 

, 1 110.4— 1.5987-1. 4030 5 - 14 - dime,hexanes 

2 —110.4 1.4912-1.4970 10 - - - 86 toluene 

2(. 1 —110,4 1,82-1.4020 6 - l - - dime..hexanes 	? 

2 1.4908-1. 4980  12 .867 - - 87 toluene 

27. 1 —110.9 1,4038.-1. 4C'7 5 - 7 - - trime.pritrne 	? 

2 1.4172-1. 4296  151 - - 14 - 08 olefins 

3 1.4920-1.49/8 6 - - - 79 toluene 

2c. —11.9  . 	. trine. 	es   - - - 

2 1.4250-1.4370 138 .720 - 65 - 08 o1es 
0 toluene 

29. 1 —117,3 1.4176-1.4204 6 - 

2 
15 - - trirne.pe::ttnas 	? 

Al 13 - - 2. - olci ins 
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Table 17,(  contd.) 

O• 
Be 

'T 

opt* , °C. 

t 760rnm. 

T1D rari,e 

o 	-cut 

Br2 

No. 
.20 

04 

ootn. Suspected 

hydrocarbon 
A. 

-4 

1. 1 1C(.- 1.4048-1.4098 4 - - - paraffins 

2 -120 0 4 1.4113-1.$365 132 0.726 - 11 
- 8 olefins 

2. 1 -12C.7 1.'C5-1. 4140  4 - 18 - 

- 

8 naphtheies 	? 

2 1,4110-1.4126 134  .725 - - octene-]. 	? 

3 1. 4130-1. 4183 147 - - 0 
- 

'8 olefins 

4. 1 120,9- 1.4177-1.41cc - - 10 - - C 	paraffins 

2 -120.9 1.4fl93-1.409P i'll .719 - 90 - octeric-1 

6. 1 120.9- 1.4161-1,4115 - - 4 - - J 	pr 	i'irs 

2 -12C.9 1.k01_1.k098 142 .718 - 96 - octene- ]. 

F 10 1 12.9- 1.4150-1.4100 - 
- 4 - 

- 08 paraff Ins 

2 -120.9 1.4091-1.4099 143 .716 - 96 - octene-1 

10. 1 120..- 1.4035-1.4084 - - 5 - 
- C 	paraff ins 

-11.6 1.4093-1.4144 1)5 .71 - ; - octene-1 	+ 	? 

11. 1 -1 	.5 1.990-1.4020 5 - 18 - - e8  paraffins 

2 1.4080-1.4180 131 - - 82 - octene-1 	+ 

12. 1 -123.1 1,3979-1.40i 3 - 46 - - n-octai'e 	+ 

2 1.4090-1.4213 11 - - 54 - 

 

olefins 

14. 1 123,7- 1.3979-1.3998 3 .706 64 - - n-octai:e 

2 -124.0 1.4123-1.4230 130 - - 36 - octere-2 	? 

16, 1 125,4 1.',7P-1.5980 5 .704 82 - - n-octwe 

2 -125.4 1. 	12c-1.2 126 .724 - 18 - octene-2 	? 

18, 1 125.4- 1, 	i7-l.l I VC3 83 - - u-octane 

2 -125,4 1.4152_1.L223 130 - - 11 - octene-2 	? 

20. 1 115,4- 1,> ,75-1.y 80 4 .7C3 89 - - n-octane 

-125.'+ 1.';1R-1.4267 1~ - - 11 - C r 	olefins 
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Tb1e 17,(cont . 

a  
o, 

I..A;.,°C. 

at 7csmrn • 
"D raIiLe 
of E-cut 1 o • 

,20 Vol' 
:uspected 

nyrocarbOn 
- T7 7 

D-4 

21. 	1 	12.4- 1.3974-1.3979 b, 0.703 90 - - n-oc tane 

2 	-125.4 1.411-1.4270 126 - - 10 - 08 olef ins 

22. 	1 	-125.6 1.3976-1.3980 5 .703 91 - - n-  octe 

2 1.4151-1.4:10  130 - - 9 - 
C 	olefins 

23. 	1 	-12.9 1.3978-1.586 6 .704 87 - - flOCt:L1LC 

2 1.2651.4425 142 - - 1 
- 

08 cyclic olelins? 

24. 	1 	-127.4 l.4OC-l.4076 6 - 32 - - branched nonanes 

2 1.4543-1. 4502  127 - 
- 32 - C8  cyclic oleIins 

25. 	1 	-12.2 1.4257-1.4276 6 .774 54 - - n-propylcyclopentane? 

2 1.44C0-1.4480 120 - - 3 - C8  cyclic olefins 

3 1.4758-1.4877 - - - 
- 8 etfylbenzerie 

~6. 	1 	-11.2 1.4239
-

1 6 4280 7 .776 50 - - n-propylcyclopentane 

2 1. 44,15-1.4507 119 - - 34 - G 	cyclic olef ins 

3 1.490(-1.490 - - - - 1% ethylbenzorie 

27. 	1 	-132.6 1.4180-1.4238 8 - 40 - - C 	paraffins + naph- 
thenes 

2 1.4407-1. 4468  115 - - 26 - C8  cyclic olefins 

3 1,4913-1.4972 - .865 - - 34 etlylbenzene 

28. 	1 	-132. 6  1.42;80-1.4268 2 - 29 - - C 9  parefins + naph- 
thcne s 

2 1.4316-1.4430 84 - - 22 
- 

C8 cyclic olefins 	? 

3 1.49121.4968 - - - - 49 ethylbenzere 

29. 	1 	-13 c--- .6 1.4306-1.4308 7 - 18 - - C9  naphtheriee 

2 1.4283_1. 1180 93 - - 
- branched nonones 

3 1.4911-1.4966 12 .866 - - 53 ety1benzene 

30. 	1 	-1.2 1.232-1.4270 9 - 12 - - 09  paraffins + najh- 
thei.ts 

2 1.320-1.442 
7 9  - 

- 1 - braachcd nonenes 

3 1.4910-1.4962 - - - - 7 ethylberizene 
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Table 17.(contd.) 

Ea b.pt.,°C. Er2 20 
o!potn. :uspected 

lo. ! o. in at 76O. 
D 

Of 	-cut o. hydrocarbon 
A. 

D-4 

i. 1 133.2- 1.4l2r;_1.LW7 13 - 10 - - branched nonanea 

2 1.4226-1.4410 1fl4 - - 2 - branched nonenea 

1.491814960 - 3 0.866 - - 64 ethylbenaene 

D-7 
1. 	1 	130.1- 	1.4203-1.4282 in - 25 - - brLciJed non..rr 

2 	-135.2 1.4-322-1.4-450 97 - 
- 29 - C8  cyclic olefins 

3 	 1.4917-1.4966 - - - - 46 otbylbenzene 

2. 	1 	-135.5 1.40821.4102 0 - 12 - - branched nonanes 

2 	 1.414-71.4282 120 - - 13 - brnohed nonenes 

3 	 1.4922-1.4963 - • P63 - - 75 m-,p-1eneB 

3. 	1 	-135.5 1.4C-66-1.klCt 3 - 15 - - dime.heptanes 

2 	 1,4220-1.4532 - - - 11) - branched nonenes 

3 	 1.2-1.+P - .F:;3 - - 7511'-,p-xy1enes 

4. 	1 	-1i:.5 1.4080-1.4112 3 - 1 - - aime.hctnes 

2 	 1.4241-1.4502 - - - R - branched nonenea 

3 	 1.429-1.483 - . 	4 - - 7 m-lene 	? 

5. 	1 	-159. ; 1.4155-1.192 - - 10 - - branched nonanes 

2 	 1,4252-1.433 113 - - 27 - Lr..rtcbed nonenes 

3 	 1.V)03-1.5058 10 .879 - - 63 o-y1ene 

5. 	1 	-141.1 1.4170-1. 4290  119 - - 36 - branched nonenes 

2 	 1. 5022-1.5062 14 .O - - 64 o-xylene 

7. 	1 	-142.0 1.420E-1.4252 124 - - 4-0 - brar:chd ioneres 

1.5022-1.5058 - .F'BO - - 60 o-xylene 

F. 	1 	-142.0 1.4223-1.4-227 4- - 4 - - brnchcd i:on-nes 

2 	 1.4180-1.4.00 124 .754 - 51 - nonene-1 	-f 

3 	 1.5024_1.5065 - - - 'L o-xylene 



14 

Table 17.(contd,) 

1 0 
L.. 

ro. t 7or. 
k.t., 0C.  

o. 	-nut 

br2 

o. 
20 

d. 
l j u 	cted 

hydrocarbon 

9. 1 142.0- 1.4230-1.4217 LI - 4 - - branched tonnes 

2 -142.6 1.4170-1. 4187 120 0.731 - 79 - nonene-1 

3 1.5021-1.5047 - - - - 17 o-xylene 

10. 1 -14.7 1.4212-1.4198 - - 2 - - branched nonanes 

2 1.4170-1,4180 122 .730 - 94 - nonene-1 

3 1.4710-1.4932 - - - - 4 o-xylerie 

11. 1 -14'.O 1.413-1. 4170  122 .729 - L0'i - nonene-1 

12. 1 -146.5 1.4120_1.41 1 1L - - 2 - - branched noncncs 

2 1.4162-1.4172 121 .729 - 98 - nonene-]. 

15. 1 -14.8 1,4080-1.4127 3 - 9 - - branched ronnes 

2 1.4156-1.4177 126 .729 - 91 - noncrie-1 

1. 1 -14.8 1.4063-1.4097 1 - 27 - - braricheo nores 

2 1.4052-1. 4088  127 .729 - 73 - nonene-1 

1. 1 -1i7.1 1.4058-1.4066 2 .719 4 - - n-nonane 	* 

2 1.4122-1.4280 96 ,79 - 56 - nonene-1 	+ 

1 	• 1 -14..5 1,4056-1.4060 2 .719 59 - - n-nonane 

2 1,4128-1.4290 115 - - '1 - nonene-1 	+ 

17. 1 -150.6 1,4055-1.4060 2 .718 7 - - n-nonene 
2 1,4160-1,4542 120 - - - branched nonenes 

1 -150,6 1,4052-1.4060 2 .718 72 - - n-nonane 

2 1,4204-1.4420 119 - - 28 - branchLd nonenes 

19. 1 -150.6 1.4054-1.4058 2 • /18 7 - - n-nonane 

2 1 1 4208-1,4357 L2 - - 21 - branched nonenes 

20, 1 -150.8 1.4058-1.4060 2 .718 82 - - n-nonane 

2 i.'L1/-1.'L - - - 18 - branohec. nonenes 
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Tt1e 17.(corLtL.) 

, °C. rt 	rr:e c 
1 ti Lcted 

IC'. 76Omri. OL 	-czt o. Lydrocarbor,  . 7 

L=7- 
21. 1 io.e-. 1.4OE-1.4C64 2 0.715 &4  

2 -151.1 1.4232-1.4525 121 - - 1 - nonenes 

2. 1 -151.4 1.4058-1. 4090  2 ,72L 8' - - n-nornc 	+ 

2 1.4258-1.4428 - - - Jr. -  brc.r:chd noncnes 

2. 1 -152.4 1.4145-1.4262 4 - 48 - J 10 
2 1.4340-1.486 PC - - 4T - 09  cyclic olefins 

3 1.473C-1.4906 - - - - 6 09  aromatics 

24. 1 -154 .5 1.4290-104350 3 .794 41 - - 010 Paraffins 	? 

2 1.4422-1.4580 95 - - 37 - 09  cyclic olefins' 

3 1.4940-1.5002  15 - - - 22 0 	 aromatics 

25. 1 -11.5 1.4203-1.4298 4 - 2' - - 01 	paraffins 	? 

2 1.4459-1.4552 88 - - 31 - C 0  cyclic olefins 

5 1.4940-1.4997 12 .862 - - '40 C 	aromatics 
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he coupo 	jOI.L Oi £ractioi: 	vitic 	\LLC LO. 

analyzed on silica gel Was determined by inter- 

polation from the composition ..'% distillate &raphs, 

while the hydrocarbons present in these fractions 

were as umed to be identical with those in the two 

adjacent (analyzed) fractions. The initial selec-

tion of fractions to be analyzed on a Llica gel 

enabled such determinations of the composition of 

the non-analyzed fractions to be made, as it was 	I 

found in several instances, that on a boilin, point 

and properties flat, the composition of fractions 

either remained fairly constant or varied linerly 

with thE: quantity distilled. The possibility of a 

fraction, belon:ing to a series of fractions of 

closely resembling properties, having a totally 

different composition from its two immediate neigh-

bours was considerz d unlikely, at, my such change 

would be indicated by a marked difference in one or 

more of its roertics. lventual analyses of 

fractions which were not selected originally sbowed,I 

without exception, that the assumptions regarding 

the composition of these fractions, as well as the 

nature of their constituents, were fully justified, 

and the error involved in such determinations :7a5  c 

the same rnanitude as that of the adsorption 

analysis itself. 	The composition of all -fractiois 

has been included in the pro.erties tables in 

Appendix I, the composition of fractions marked 

thus * having been determined by interpolation. 
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On the basis of the results ciiuoted in 

Table 17 (pp. 137-14) and the asuztions made with 

regard to non-analyzed fractions, the composition of 

cannel naphtha boiling up to 155.5 °C. was calculated 

in fercent by weight and volume on the total 

material distilled and on the original water-free 

crude cannel oil. As pointed out a1reay, the 

volume of a constituent hydrocarbon of a fl-fraction 

was first calculated from the knowledge of composi-

tion and volume of the fraction and converted, on 

consideration of determined or assumed value for 

density, into grains. If the same hydrocarbon 

was precent in a number of fractions, es was 

frequently the caic, its quantities in each fraction 

were summed and calculated back as the percentae 

on total distillate. The hydrocarbon-type compos-

ition of the naphtha investigated was, consequently, 

found to be as given in Table 18. 

TABLE 18 0  

iydiocrbon-te cothoE;itior o.l* catuel 	phtha. 

H'carbon 
type 

. t. 	on 
distillate 

Vol. 	on 
distillete 

t,, 	on 
crude oil 

Vol, ; 	on 
crude oil 

Faraffins 28,G 30.7 2.27 2.91 

aphtbenes 1.5 11.5 0.35 0, 142 
Alkane 35,7 3/.0 2.82 3.51 olefirs 

,Yi 10.2 9.3 0180 0.93 

roratics 20.9 18,0 1.5 1.Yl 

otal ., 1. •& 
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(..he values qucteci for ll 	rcoLt.L es ox. 

crude oil have been obtained from calculations of 

total material boiling to 	 (3631 gin, or 

4856 ml.) and not the quantity actually distilled 

(2512 gm. or 3359 ml.). The former figure was 

obtained by taking material balances on all 1)-

distillations and scaling up proportionately the 

quantities involved, so as to arrive at true figures 

or the total naphtha boilin in the range examined. 

Percentages by volume as well as by weight have 

been calculated in order to sinp1ify comparisons 

with values cuoted in literature, 77here compositions 

are expressed on either of the two bases.) 

Identification of hydrocarbons. 

The possibility of identifying the mejcrity 

of hydrocarbons present in the cannel naphtha 

Was extremely remote on account of the following:- 

small quantities of available mattrial, 

high complexity of certain fractions, 

lack of met!-ode and equipment capable of 

performin separations on vry small scales 

or providinr information on the nature of 

hydrocarbons (e.C.. infra-red or mass 

spectroscopy,) and 

lack of rc:liable physical (: ta on some 

hydrocarbons, particularly olefins. 

In view of these co.isiderations, it was decided 

to attempt an identification of only thesc hydro- 
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carborE 	Ici.. ;;e•1 prct in re1tivly hih 

concentrations and ;hich could be obtained in a pur 

stste by the application of aorptioi; methods. 

The selection of such hydrocarbons was,therefore, 

based on results obtained from adsorption analyses 

of D-fractio, tojether with information derived 

from boilinC point curves and dw/dt vs. b.pt, plots. 

ri examination of these graphs indicated tiat peaks 

on the composition - distillate plots (fi; E. 40 9  

41 0  42 and 43)facinC  p. 136) corrc. cr.ded, in the 

majority of cas, to a plateau on the boiling 

point curve and, hence, to a peak on the dw/dt 

graph (as shown in L. 35b., faoin . p.  122), and 

also, fractions diStiilix:LL at that temperature 

showed small differences in properties. For 

example, fractions D-4/16 to 21, representing 

33 to 44 % wt. or D-4 charge, contained a high 

percentage (ca. 90%) of saturated hydrocarbons, 

distilled at a constant temperature of 125.4°C. and 

showed the fo11ovi1n range of variation in proper—

ties:- 
20 	 1.4033-1. 4017 

20 	 0. 7139-0.  710 

Br2 ].T0 	 33 	21 

Adsorpto:rams obtained for these fractions consisted 

of almost perfect flats at 1.3975 to 1.39fl9  in the 

saturated portion, while examination of E—fractions 

othted to the pre'erlce of n—octane. 

Simi1rly, all D—fraction, or ries of 

fractions, containing relatively hif:h concentrpMr 



FIGURE 44. 
SEPARATION OF HEPTENE-I. 
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of a suspected hydroccrbor. v.'ere ivcti ted In 

this fashioni, md, on the basis of the information 

thus provided, frections were Lelected for idrti-

Lication purposes as listed in Table 19. 

TABLE 19. 

.'jdroc, - rboi.,  Preset-t-  in frrctions 

n-Hexare D.-2/].2 - 18 
n..Heptane D-.2/45 - 2; 	- 4 

n-Octane D-.4/14 - 23 
n-flonane D-7/16 - 21 
2: 3-DiraejipriLze .-/51 

- 33 
£Jexenle-1 D-2/5 	- 11 
ilepteiac-1 D-2/'.. - 

Octene-1 i)-4/4 	- 10 
onene-1 - 14 

L'-Metbylcyclopcntere D-2/21 - 23 
yclohe,cno D.-2/29 - 31 
thy1cyc1openterie-1 D-3/9 	- 15 

Benzene D-2/23 - 30 
Toluene D-5/13 - 27 
thy1benzerc i)-4/27 - 31 

M- 9  p-Xylerc s - 

o-Xylonc - 

The separation and purii'icatioll o kjro-

carbons present in these fraction,- was carried out 

by the fo1lowIn procedure:- a 5 to 10 ml. samle 

of each selected fraction was percolated through 

silica gel in the usual manner, followed by deter-

mination of refractive indices of all collected 

ub-frctIons, yielding adsorptocrame of the type 

shown in tie. 44. Laterial marked X, i.e. of vary- 

inc nD'  was discarded, while material marked F (sub-

fractions 13-44), of virtually constant n., was 



bulked to form -fr.ctior. All P-fractions from 

one scries of selected D-fractions, i.e. corisisti-. 

of one hydrocarbon, were in turn combined and sub.-

jeted to a Linal adsorption, intended as a pur- 

ifiction of the hydrocarbon present therein. 

aterial representing not more than the cci:tr 1 60% 

Of a constant n D plateau was collected and labelled 

G-fraction, on which all subsequent determinations of 

properties, leading t.. identification, were carried 

out. 	Ihe followint; scheme illustrates the pro- 

cedure in the case of separation and urification of 

cyclohoxene. 

I 	I 	I 
bilicr - ci 

N 	XXX 	 X 

c:crptlofl 

G-19 

Material marked X was discarded). 

The following properti P, 0... G-fractions 

vere determined.:- boiling point, density, refractive 

index, bromine number, specific dispersion and 

refractivity intercept, and the values obtained, 

alonr with published data referring to a Suspected 

hydrocarbon, are given in Table 20 (pp, 153-154),, 

The identification of hydrocarbons was, 

therefore, based on the data presented in the table 
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TATLE 20. 

Idertiic:tioi of hydrocarbons. 

0. ..ydrocarboL 760 	. 
20 
4 

2" " a .i. 

1 1cwsd .6 0.6588 1.5?5C 0 98 1,0456 
n-lrexare lit. 71 i ' C / 1.0452 

20 a:d 3,6962 1..i,21 C , 1.01440 
lit. .78 .1 1.3920 110 1,0444 

6 1ound 98.4 .6837 1.876 0 98 1.0457 
r-iTcptro 11t. 8.43 C.637 1.3 	70 0 Y) 1.0457 

10 ou.no 125.6 3.7030 1.376 0  99 1.0461 
lit, L,,6/ 1.3974 0 96 1.0461 

12 i'ourid 150.5 0.7180 1,4056 2 100 1.0466 
n- or, ane lit. 150.80 0.7177 1,4C,5 3 98 1.0466 

1 f ounc.. 63,4 0.674() 1,3883 1b7 126 1.0511 
Hexene-]. lit, .5 0.6736 1,31 190 128 1.0513 

5 oun. 93.6 0 96971 1,4002 161 124 1.0516 
::cptere-1 1i. .,3.64 0.6972 1.329)  163 123 1,0513 

9 found 121,1 0.7156 1,4090 141 118 1.0512 
Octene-]. 11. 121,27 0.7152 1.!., 	6 143 119 1.0510 

11 c Uri 61 146.6 0 .7300 1.4160 126 115 1.0510 
oncne-1 U • 114-6.P? fl.71,T 1.)133 1L.7 113 1,0508 

1 /5.6 0.782 1.4341 14 121 1.0427 
c Uhy1c:jc1oc: 	c Ii L.. 75,) 0. ,63 I.4 1)5 122 1.0'2 

19 :.ur 6,1 t).blL i.460 195 119 1.U410 
1t •  .' .. 1.' 	64 195 117 1.0420 

7 ;0un 101, 0,'//7 1.4428 165 120 1,0439 
thj1c:c'ic• 	- U 1'8-9 . 7Y? 1. 1T 11' 1.0439 
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Table 20 (corc6.) 

10. 

- 

Jyroc 	or 
iJ
ID 	4. 

)U. 	"I 
/f 	

-iri 
C 

D 
2 

1 :  0 

13 owJ. ;O.0 .1/85 4 1,0637 

Fenzene lit. L-(.1 1.5011 : l,,2 1.C34 

14 ;:cund 110,4 0.8666 1.4J70 4 183,5 l.'-? 

Toluene lit;. 11(. L.ili l.4'6f 0 184.9 1.0634 

15 found 136.1 0.8676 1.4958 5 178,2 1,0620 
thy1b:re lit. l5C.l ;) C.E/C l.k95 0 l/9. 1.0623 

1E found 13F * 8 C.24 1.4965 3 179. 1 1 0648 

m-Xylore lit. 139.10 0.41 1.4972 0 179.2 1.0651 

p-.y1ere 1... 1,C•. 1 1.5U 0 179.2  1.0653 

17 JhuncL 1144,2 O.[/,u L,50 3 1y,/ 1.0655 

o-X1ei.c ii.. 144.41  .2 1,(651 
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and, with the ezccrtior of aroia tic hjJoc:. rijorr, ro 

further confirmation of identity was undertaken. 

The nature of aromatic hydrocarbons was established 

by abcorption spectra in the ultra-violet, the 

experimental procedure and results beir discursed 

in Appendix III. 

Lva1uaion of coriposition. 

On the basis of results and information 

obtained from adsorption analyses and the exam-

iration of C—fractions, the chemical composition 

of cannel naptha boilin L. in the range 2) 0  - 158.50C, 

was found to be as given in Table 21, in which 

results are classified under hydrocarbon types. 

TABLE 21, 

iiydrocarbon-type composi.1on. 

typo 
.t. 	on 
istillate 

Vol. 	or 
distil1to 

..t. 	on 
crude oil 

Jol. 	on 
crude oil 

narciftir 21199 23 0 80 1,/4 2.26 
branched- 
chain par- '.El  
af 1' in a 

Iaphtbenes 454 4.46 0035 0,4.2 
:-Olefins- 22.85 3.83 1.81 2 .27 
Eranched 
chain ole- 12.87 13.17 1.01 1.24 
fins 

fins 
Uyclic oir-  11..__ -r • ...0 

rorr;tics 20. 

otal lCiO,Ou 1CO,00 /,8j 

Table 22 (pp.157-158) iiicic tcs to cU±' er- 
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erit yc o. 	 ientiiJ or u:ecteU 

with the ajproxixnate amounts of eoh, expressed in 

percent by weight and by volume on total i2ateAal 

boilinL -up to 	 and on water-free, crude 

cannel oil. 



cr 
-. f . 

TABLE 22. 

CO1fl1Osit10L. Cannel anL1oi1i: 	uj1tol'. ° G. 

 on 
ydrocrbor 

- i1J•t - e disAll.tu cruic oil crude oil 

arafii!. 2F,60 2.7 

n-Hexane .2E 5.7., 0.26 (.36 
W- branched 	rfiins 0.34 0.0 .03 0.04 
n-heptane .22 0.66 

:3-Dimetnylpentane .7 0.77 .. 0-07 
0 7  brarc ed 	r ifi s .28 0.)2 0.03 

75 
Dimethylhex: i.ie 1SL. ..0 0.12 

branched 	x':i o 1.09 1.0 0.09 0.10 

n-I onane '.1,6 4 • 84 0 . 3 17  0,46 
C,, branched 	&rafii: 1.94 .02 0.10 0.19 

branched paii. ii 1.. 1.03 0. r, 0 . 10 

ophthenco. 4. 4C- 

 naphthenes CG 
 

G.64 0.62 0.05  .06 

? naphtheriee 1.82 l.'' .14 ('.17 
(' p_09  nLpbthenes  .17 

11e01e('i. , . ;5•7 ~ •c 

tore-1 ( ' 9 -57 0.62 0.05 0 1 06 

Hexene-1 3.70 4.11 O.,'j O.,, 

exen•e.-2 0.95 
. .08 

06 branchd oJr1'ir 1.12 1.20 0,09 0.11 

Heptene-1 ..94 '.29 0.47 0.00 

C7branchcd o9c.i..s 4.12 0.31 0.59 
Octene-1 ?.l 7.4  
C,ctene-2 0.72 
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flable 2.. -- , '  

vit, 	ul: '01. 	L . 	on vo].on 
:r(roc 	bor ii: 1 c.'uio oil 

JJ 	r 	''1. 	- 	(cc' 	. 

06 brarched olefins  

1onene-]. .47 0.43 

h.;. 	br 	ceJ O1?f1fl QC) 

Cyclic OIL efir:. .2 . .i 

Cyclopentene 0.85 C. ;0 0. 	/ 0.09 

l-Methylcyclopenterie 1 	IF
, 

1.39 0.11 0.13 

Cyclohexene 1 1 11 1.08 0.09 0.10 

C 6  cyclic o1ciin 0. 0.25 0. 02 0.03 
:thylcyclopentenes .77 C,  0.26 

cyclic olefins 0.62 .58 0.0 0.05 
C 	cyclic olefins 1.76 1.65 .1: 0.16 

cyclic olef irs 0.11 

____ : 1 	• 	1 1.. 1.71 

L. in 
'- • -. 	 -, _d • 

o1uenc 9 0 7L. F.A42 0.77 0.80 
tbyl'L--- i z(-i 5.11 2.F 0.24 0.26 
-,p-Xy1enc 1.92 i.6/ 0.15 0.16 

o-.Xy1c- .38 2.02 C.19 0.19 
09  aromr. 0,65 0.7 0.05 
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'RT ITI. 

DISCUSSION O RESULTS. 

General considerations. 

As already mentioned in the precedinL pages, 

the evaluation of composition of the cannel naphtha 

was based on the results of adsorption analyses 

and was supplemented by identification 01 a number 

of hydrocarbons occurring in substantial quantities. 

These hydrocarbons, separated from the distillate 

as G-fractioris, were examined with respect to their 

properties and were subsecuently identified by 

comparison of the determined properties with data 

given in literature, as shown in Table 20 (pp. 153-

15k). The identity of the aromatic constituents 

of the 	1htha was confirmed by absorption spectra 

in the ultra-violet, 

ireement between the experimentally deter-. 

mined properties of G-fractions and ublisAied data 

is, in the majority of cases, sufficiently close to 

justify the establishment of identity of hydrocar-

bons contained therein, particularly in the case of 

the major constituents such as n-paraffins or 

olefins-l. It will be observed, however, that smal 

discrepancies exist betv;een the two sets of values, 



iso. 

and these were considered to be due partly to 

experimental error and partly to the presence of 

small quantities of impurities, espeoiElly as 

regards constituents present in comparatively low 

concentrations, such s the three cyclic define. 

Unfortunately, the quantities of mterial 

available made purification by means other tian 

adsorption (e.g. azeotropic distillation) impractic-

able, while lack of suitable equipment prevented th 

determination of purity (by freezing points end/or 

cryoscopic coistarits) and final identification of 

the aliphatic members (by infra-red spectroscopy). 

Consequently, the purity of the hydrocarbons 

separated as G-.fractions could not be established 

experimentally and it was considered, following 

a study of the properties of compounds boiling 

within the range examined, that any impurities, 

such as 010 se-boilinL. isomers, present in concentra-

tions exceeding 3- would markedly affect one or 

more of the properties measured, reulti, in 

considerably larger deviations frern published 

values than those given in Table 20 (p. 13-14). 

It may be concluded, therefore, that the G-fractio.s 

are composed of individual hydrocarbons of a purity 

not less than 96 mole. 

The bydrocrbons, the identity and approx-

imate concentration of which have been established 

with reasonable certainty (G-fractions) constitute 



about 70 wt. of the total caimel naphtha distillate 

to 15F.5°C.; the remaining 30% being composed of a 

large variety of branched-chain and isomeric 

compounds, present in inadequate concentrations to 

permit separation and detailed examination. In-

formation with regard to the character and concentra-

tion of the latter has been sullied from silica 

Lel adsorptions and examinations of the separated 

hydrocarbon types. 	ata thus obtained, together 

with the owlJe of the properties of D-fractiors, 

'1 were insufficient, in the majority of cases, to 

.
permit the assinment of one particular structure 

to & separated hydrocarbon or E mixture thereof. 

It was possible, nevertheless, on the basis of the 

information at hand, to exress their nature in 

terms of carbon atoms in the molecule and hydro-

carbon class. In some instnces, as for example 

in the case of diinetbylbexafles (present in fractions 

D-3/17-26) sufficient evidence was available to 

suggest the resence of one or a series of hydro-

carbons, thougri it was impossible to searate 

these compounds and establish their identity with 

any degree of certainty. 

Conclusions. 

On the basis of the results and considera-

tio s giver atc- ve q  the following conclusions may 

be drawn with regard to the chemical composition 

of the cannel nahtha examined during the course 
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of this research :- 

Overall composition. 

The total material boiling in the range 

26.9°-158.5°C., and representing 7.89 percent by 

wt. or 9 0 48 percent by vol. of the original dry 

crude cannel oil, consists of mono-olefins, para-

ffins, aromatics and riaphtbenes in the ratio of 

approximately l0:6;4:19 The fractional distribut-

ion of the three main classes of b rocrbcns is 

as shown in Table 23 9  where the composition is 

exressed as wt.. percentages on each fraction. 

° 	Li 

iTraction, 00 0Ifl01L03 	wt. 

27- 	75 36 64 - 

75-100 34 53 13 

100-125 19 47 34 

125 - 158.5 43 22 

oti frrction kG Ll 

irom the standpoint of Aydrocarioi-type 

composition, cannel naphtha resembles closely shale 

oil distillates and cracked petroleum stocks of 

similar boilin, range, inasmuch as all these iro-

ducts contain high percentages of unsaturated 

hydrocarbons and relatively low concentrations of 

aromatics, This similnrity may be best illustrated 

by the following table. 
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TABLE 24. 

,teric1 
- 

4.. 	O 
d• , 	 i• 

oiaposition,_ 	wt. 

is . 	 e J• 
-----:.e 
A. 

Cannel naj:htha 158 .5 28 5 4 6 21 — 

Shale oils. 
Scottish Shale oil 175 37 9 43 11 4 

Green River (U.S.) 2C 48 19 92 
shale oil 

Petroleum.*-  
iv-ge composition 

of crckcd 	nso- 
lines:- 

rixed-.phase cracked 2 46 16 32 6 83 

Vapour-phase cracked 200 17 20 45 18 83 

ta1itica1ly crack- 20 0 44 20 18 18 83 

Thr:i11y reformed 200 4' 15 35 10 83 

The remarkable similarity between cannel 

and shale oil distillates is not surprising when 

the oriGin, petrology and constitution of both 

minerals are taken into consideration. 

The comparison between cannel and cracked 

petroleum distillates is much more difficult to 

draw, since not only does the composition of the 

charging stocks (e.g. gas or fuel oils) vary 

considerably with the origin of the crude, but also 

the conditions under which cracking takes place 

have c pronounced effect on the resulting material. 

Predominance of straLht-chain hydrocarbons. 

Straight-ctiain parailiLs and olefins-1, 

containing from five to nine carbon atoms in the 

molecule, predominate in cannel naphtha to the 

extent of approximately 45 wt. on total distillate. 



TJEi.E 25# 

ormal constituerts cf llLlt Cti1lates. 

d  OL0BitiOfl 	;, wt • 

- 
7 '8 

ri.-Paraffins, 

Cannel naphtha 159 0.12 ).28 6.60 7.33 4.66 
Scottish shale oil 150 -.L5 5.32 6.37 5.89 — 
Treen River shale oil (aj.) 2C — 1 0.2 1.5 3.1 
traight—run petroleum 

aso1ines :- 
(a) Paraffinic — 

Ponca City lAO — 6 7 7 — 
ricbicar 10 — 12 14 — — 
Bradford 180 — 6 8 4 — 
Grozny....) 150 8 10 9 6 
'aikop (U.S.S.R.) 15( 5 9 11 8 4 
uci (Ruinrnia) 150 — 5 8 8 6 

(b) Naphthenic — 
Midway 180 — 2 1 — — 
Baku, tlJ.S.S.R.) 15 3 3 6 3 erisor (Rumania) 150 — 5 5 3 1 

Oleirs—l. 

Cannel n±th 159 0.57 3.76 5.94 7.15 5.43 
Scottish Shale oil 150 0.87 3.41 2.91 2.51 — 
Green River shale oil (ap.) 200 — — 0.6 2.3 3,8 
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FIGURE 45. 

HYDROCARBONS IN CANNEL AND SHALE 
NAPHTHAS.  
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Shale oil 	I crscked etoeuu iill:itCs xhibit 

very similar properties with respect to both hydro-

carbon classes, while straight-run gasolines con-

tain relatively high percenta.,es of straight-chain 

I  paraffins only. 1'or the sake of comparison, 

Table 25 lists the percentages by weight on total 

¼istillate of the straight-chain constituents of 

a number of distillates. 

The lack of detailed knowledge of individual 

hydrocarbons in cracked gasolines prevents a com-

parison of compositions to be made, although, 

according to Sacharien (83)9 straight-chain paaf.in 

and olef ins-i preponderate in all cracked materii'l. 

Distribution of hdrocirbon. 

The quantities of hydrocarbons of similar 

chemical cnaracteristiCs ) afld containing the same 

number of carbon atoms, do not increase proportion-

ally with increasin. molecular ; -eight, as would be 

expected on consideration of the :Lnereasin6 numbers 

of possible isomers, but show maxima at C 8 for 

saturateds and 07  for unsaturateds and aromatics. 

This distribution is shown in fig. 45, where )  for 

comptirisor purjone, the corn osit10 of cotish 

shale oil distillc; ter,  is alo incluthd. 

Paraffinic hydrocarbons. 

The total paraffins prese. t in the cannel 

naphtha represent 2.2rZ wt. on crude oil or 28.60% 

.t. on the total distillate, and are composed to the 

extent of 77% of normal paraffins, having from five 
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to nine crLoi. atcr. 	Branched-Chain ra1i'ir: are 

present in comparatively small quantities (ca. 23% 

of total paraffins). 

The normal members of the suris, with the 

exception of npentane, were separated by distilla-

tion from the naphtha as constant-boilinL. concen-

trates, and were further purified by adsorption and 

subsequently identified. 

Of the branch: d-chain paraffins, 213- 

I  dinethylpentafle was the., only compound identified. 

aphthenic hydrocarbons. 

Cyclic paraffins or naphthenes represent a 

v.ry small fraction of the material investigated 

(4.54' wt. on distillate or 0.35% wt, on crude), 

and consist of a complex mixture of members con-

taining non-condensed cyclopentaxie and cyclohexane 

rinds with or without short (up to C 3 ) paraffinic 

side-chains. 

Strong evidence for the presence of cycle.-

pentane, cyclohexane and methylcyclohexarie was 

obtained in several fractions containing fairly 

high concentrations of these hydrocarbons, which, 

however, it was impossible to isolate in sufficient-

ly pure form to permit identification. 

Open-chain olefinic hydrocarbons. 

Alkerie mono-olefins constitute the largest 

sthle group of hydrocarbons present in the naphtha 

(35.72c on djtillate or 2 * 825 on crude). Similar-

ly to paraffins, normal olefins, and in particular 

olefins-l. havinF, from five to nine carbon atoms 
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in the molecule, predominate to the extent of 6 8p 

of the total o1eLirso 	sour of the hydrocarbons, 

viz. hexene-1, ieptene-1 9  octene-1 and rionene-1 

were identified followilIG separation (by distillation), 

as cloFe.'or constt-boiliflt concentrates, and 

purification (by adsorption). 

trai.ht-Chaifl members containing the double 

bond in positions other than 1 were indicated in 

several instanccs, especially hexene-2 and octene-2 9  

but attempts at separation and purification were 

unsuccessful. 

The remainder of the olefins (approx • 32%) 

is composed of a large variety of branched-chain 

compounds, the identity of which, in terms other 

than the number of carbon atoms in molecule, it was 

impossible to establish. 

Conjugated and non-conjugated di-olefins, 

such as penta and hexad.ienes, were not found in 

the material examined. The presence of d.ienes was  

initially suspected in the very low-boiling material 

(270_5000.) 9  which was thoroughly examined and 

found to contain C 5  olefins only • Similarly, 

acetylenes were not found in the napbtha. 

Closed-chain olefinic hydrocarbons. 

As compared with naphthenes, cyclic mono-

olefins are present in the naphtha in considerably 

larger quantities (10 • 22. wt • on naphtha, or 0,80 ,r;.',  

wt. on crude). Three of the hydrocarbons, viz. 

1methy].cyclopentefle, cyc lohexene and e thylcycl o-

pentene-1 present in re1.tive1y high concentrations, 
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were isolated from the naphtha and their identilic-

ation atempted. The main difficulty associated 

ith the identification of these hydrocarbons 

as the inability to obtain hi -purity samples end 

the lack of reliable and accurate physical data on 

thesf compounds. Consequently, the position of th 

double bond in methyl and etbylcyclopentenes is 

rather doubtful. 

Cyclic conjugated dienes were not detected 

in the naphtha. 

Aromatic hydrocarbons. 

Arom tic hydrocarbons constitute approx-

imrte1y. one-fifth of the total distillate (20,92% 

wt. on distillate or 1.65 on crude). Toluene, 

:the  largest single component of the naphtha, repres 

ents about 50% of the aromatics (0-77% wt • on crude),; 

the remainder being composed of benzene and simple 

benzene derivatives, such as etbylbenzene, he three 

x'lenes and C9  aromatics, all of which, except the 

latter, ore identified by ultra-violet absorption 

spectra. 

It will be observed th t in- and p-x.ylenes 

were not separated and their relative concentra-

tions could not be determined by the usual proced-

ure. A tempts to carry out suci determinations by 

apcetroscopic means were also unsuccessful, 

flv;ing to the strong azeotrope-forming  

t 	all of the aromatic hydrocarbons distifle 

over rather wide boilinL rnes, this effect being 

particularly pronounced in the C 8  iembers. 
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percenta ge of totbi aromatics in the 

tha is rather high as compared with shale 

lithas and most straight-run and cracked gasolines., 

it does not bear comparison with 1it oils 

Lgh- or low-temperature bituminous coal tars, 

the aromatics average up to -,C' , 

Ft is interesting to note, however, that 

LiL LIzene is the major contituent of,coal tar 

Ulates (32)9 toluene is the predominant aromu tic 

.;ituent of cannel as well at shale oil and 

IL comparisons have been drawn on the 

milar 

ith 

-Ihe object of indicating the similarities, cs regardS 

overall compositions and certain individual constit-

uents, existing between the various hydrocarbon 

mixtures, 	hile cannel naphtha resembles straight- 

run or cracked gasolines in one respect or another, 

it 'ho;s reatest resemblance to shale naphtha s  not 

only in overall composition, but also in the relaive 

quantities of the various constituent bydrocrbons 

and hydrocarbon classes. 	In Table 26 (pp. 16-170) 

are given the compositions, in by wto on total 

crude product, of cannel naphtha an determined during 

this vork, and of a typical Scottish sx1e nap htha, 

as reported by laresnapo and Lowry (45). 



TA -:  1 	2. 

omiosition of cmxe1 and shale nphtha. 

ut. or totni c:udc oil 

x:nel naphtha 1i1e naphtha 

araifins. .27 2,0 

n-PertaIie 0.(l 

Iso-peiit:iCS - 0.03 

r-Hexarc T,26 

Iso-.hexxi 0.03 0.09 

n-Heptne O.;2 0,76 

Iso-hojr.cs 0.0 0.11 

T-.0ctanc 0,58 0.71 

ISO-octrc3 0.1r (.1 1+ 

n-Ioxiane 0./ - 

To-n or, 	c 0.1' 

IsOdC10 0.0p - 

F aphthei.es. 0,. 

05  naphhr'ei 0 1 0 0.0 14. 

06  nap1athene 0.05 

., 

 

naphtheres 

.12 

114 0.18 

naphthenes 0.1 0.22 

A1kB.t 	o_efi.n. 4 02 

Pentene-1 0.0's 0,10 

Other penteic:n - 0.12 

iioxene-1 0. 9 .42 

ct exenes-2 	n 	- 0.O  

I,o-hexeneE 0 1 11 - 

ltcptcne-1 (n0 

Heptenes-2  

IEo-heptcr1n 

('ctene-1 T.70 
Octene-2 0.07 0.13 

0ctenes- 	jr 	.... 14. 0.07 

Tso-octer,02 0.27 0.23 

onene-1 0.2 - 

Ct er rcnenr C.5C - 



170. 

2. ('r 

1 wt. o 	tot 1 crck oil 
iC 	flL1J 

: 	 nel c1c 	1.: htha 

yclic o1cfin. 0.80 

yclopentene 0.07 

1-etk1cyc1centc-Le 0.11 - 

..yclohexei 0.09 

C,- cyclic o.Lcrins L.02 - 

thylcyclopentenes 0.23 - 

J 7  cyclic olefin 0.05 0.15 

8 cyclic olefins 
0.1.5 0.15 

C L 	cyclic o1efir!r.  0.10 - 

roxaatics. 1.65 0.79 

Eenzene 0. 0.20 

oluene 0.77 0.27 

tbylbenzene 0.2 0.16 

o-ylerie 0.19 0 0 05 
m-Xylene 0.08 

0.15 
p-Xylene 0,03 

fC'LJC 0.05 - 

otal .83 

It will be observed from the above table, 

that the nature and relative quantities of constit-

uent hydrocarbons of cannel and shale napiithc.s show 

is marked similarity, nd tht both materials contain 

predominating amount of straight-chain paraffins 

and olefin. 	e only instances .here the two 

naphthas vazj, are in the quantities of aromatic 	I  

constituents,and in t? fact that certain low-boiling 

fractions of silaic naph La contain small quantities of 

conjugated di-olefins (45); these compounds having 

been shown to be absent in cannel naphtha. 
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1. 

Ak.tdDIX I. 

Properties and composition of D-f:actions. 

00 at 760mm, 
20 20 

'2' 

t., 

. 

Vol., 

ml. 

ompositn., 	vol. 

.i 	. 	Ii. C o  A. 

-2 

1, .. 	 )6,' 0.6546 l,570 151 12.76 19.0 23 77 - 

2, -37.2 .61491 1.3749 142 14.7) 7.0 9 91 - 

 -45.2 .7'13 1. 14120 209 12.90 18.4 - 100 - 

 -58.1 .7411 1.4070 116 14.0 19.6 39 l - 

-62.9 .6898 1.3828 104 14.86 21.6 35 6 - 

dk -63. 2  .6926 1.5860 147 15.26 22.2 ill 82 - 

7. -63.8 .6778  1.5880 170 15.50 22.2 4 96 - 
8 0 -63.8 .6726 1,3888 177 1.48 2 98 - 

-6.8 .6756 1.3890 187 15.34  22.4 - 1: - 

10 0, -63.r .6790 1.3900 189 13.29 19.8 - 100 - 

 -64.9 .68'l 1.5925 192 14.64 21. - 100 - 

 -67.1 .6920 1,2948 162 14.42 20.8 14 86 - 

15. -68,4 .6811 1.3F'PC) 114 14.89 21.8 -1 . 9 - 

14: -68.7 .761 84 14.51 21,6 •5 - 

15. -68.7 .6747  1.5858 64 14.77 2.0 '7 53 - 

1 17,  - .8.7 .671 6  1.3823 50 14.29 21.3 75 25 - 

17. -68.7 .716 1.5817 40 15.06 2.4 82 18 - 

1E, -68. .671 1,3810 33 14.24 21.. 15 - 

190 -700 .781 1.3843 35 14.86 L 2,(. 14 - 

20, -72.2 .7i19 1. 14089 45 15.58 2l.: - 

cl. -75.7 .7679 1.4288 111 17.23 22.6 7 

.2. -75. .7879 1.4598 18 16.61 1.3 - 82 18 

22. _/6,L .7934 1,4 1 32 13 ,,S   12. 7 2 25 

24 -77.1 .8058 1,4501 93 16.42 20.6 20 41 40 

-78,6 .816 1.4572 W 17.34 21.4 54 21 45 

-79,6 .281 1.4692 46 11.40 21.2 24 16 60 

27, -7i,E .8360 1.4747 117 17.77 21.- 1 1,; 72 

28: -79,6 .8392 1,4777 54 1.55 1.6 19 73 



2. 

L.1t.,C. 20 "0 :t., Id,, .om:orit•r., 	vol. 

0 A.• J. Os 
.. 	
ri- a 	().]flL.. 

fl 
.3 

Br PO *  2 ri. T31 

D-2 

9. 79.6-79.6 .8433 1.4787 67 17.13 20.4 - 26 74 

')O. -83.1 .8196 1.4579 135 16.17 20.0 - /4 6 

 -,6 .7471 1.4153 121 14.42 19.6 35 65 - 

 -8.4 .7336 1.3990 60 15.35 ;i.0 68 32 - 

-92.2 .7233 1.4060 150 1.28 22.4 21 79 - 

34: -92.8 .7114 1.4048 154 16.48 23.2 4 96 - 

35. -92.8 .7094  1.4036 160 17.55 24.6 - 100 - 

.7049 1.4028 164 1E5.'8 24.0 - 100 - 

370 -93. .7026 1.4021 168 17.15 24.3 - 1m - 

-9306 .713 1.4020 167 16.18 23.0 - 100 - 

-93. 6  /13 1.4011 167 17.10 24.4 - 100 - 

4 	. -95.6 .7017 1.4C12 171 1.64 23.8 - 100 - 

41. -,.9 .7028 1.4021. 155 17.51 25.0 - 1CC - 

42: -95.0 .7117 1.4057 162 1(.7 23.8 5 95 - 

4>. -55.9 .7181 1.4076 12 17.40 24.4 :1 - 

44? -5' .7134 1. 050 92 17.02 23.8 39 T1 - 

450 -96.9 .7039 1.989 74 17.45 24.8 58 42 - 

-97.5 .6995 1.3,63 62 16.31 23,3 65 35 - 

-97,8 .947 1.5k8 52 17.24 24.8 72 22 - 

42: -98,4 .6966 1.3955 56 15.80 22.6 78 - 

'ic -98,4 .6')21 1.3924 16.52 24,0 83 17 - 

-8.4 ,616 1.3913 51 16.28 23, 26 14 - 

51. -98. .6907 1.3909 25 16.87 24.5 89 11 

520 -58,4 .6902 1.3903 23 17.16 4.5 94 6 

1. 29.3-96.4 (D .7136 1.4045 137 1.62 1.0 11 89 - 

-98. 4  .705 1.3973 62 15.4 .0 70 30 - 

30 -9.4 .69 05 1.3943 38 15.9 ,  2',1 82 18 - 

4. -98,4 .6965 1,3935 32 15.26 22.2 92 2 - 

50 -8.k .7030 1.3961 11.05 23.1 90 10 - 

6: -101.1 .7440 1.4138 31 16.1 22.0 85 15 - 

7, -102. • /76 1.4277 52 17.2 22,4 80 20 - 



3. 

t., 	Iol., 	o:oE;itn.,. vol. 
O 	7GOmL. 	11 	 12 0. 	 ml, 	. 	• I a.  I 
)-. 3 

102.3-103.3 0.7816 1.1+312 72 17.0 22.2  8. 

90 -104.8 .7884 1.4363 95 18.8 23.11 7 - 

 -106.8 .7986  1.4430 124 17.82 22.4 9 91 - 

 -108.6 .7991  1.4476 121+ 18.92 2.6 79 15 
-109.8 .8128 1.4580 97 18.77 . 9 57 34 

13. -109,8 .8215 1.4653 84 19.91 24.3 11 39 50 

14: -109.8 68250  1.4680 74 19.62 23.6 10 34 56 

15. -10968 .8258  1.4697 61 19.98 24.4 9 30 61 
16: -109.8 .8285 1.4716 48 l9. l  23.2 12 23 65 

17. -109.8 .8296 1.4728 42 l9.72 24.0 18 12 70 
18 -110 6 1 .8311+ l. 473' ,  55 19621 3.2 15 ii 71 

196 -110.1 .8324 1.4747 28 1.98 24.2 11 11 78 
20: -110.1 .8351 1.4754 25 19.40. 23.2 11 10 79 
21, -110.4 .856(. 1,4766 20.1 24.6 11 80 
22 0  -110.4 .8439 1,4780 19 l./4 :.G 17 - 82 

23. -110.1+ .81+22 1.4793 IF 20. ) e 24.4 14 - 86 
24; -110.4 .8459 1.1+810 18 3.0 14 - 86 

25, -110.4 .8504 1.1+828 18 20.38 24.2 14 - 86 
-110.4 .8547 1.4836 24 19.47 23.0 12 - 87 
-110.9 .8610 1,4805 52 .-0.51 24.0 7 14 79 

28. -114.9 .8026 1.492 91 18. 2.0 15 65 20 
29. -117.3 .7683 1.4?7 111+ 17.80 24.0 15 25 - 

D-4 

100.9-120.4 0.7591  1.4129 100 17. ( 0 21.2 35 61 - 1. 
120.7 .7518  1.1+180 117 20.15 27.4 18 82 - 

-120.9 ,767  1.414/ 126 19.29 2.5 14 86 - 

40 -120.9 .7330  1.4139  133 19.77 10 90 - 

 -120.9 .7324  1.4135 152 19.00 2r,.2 7 93 - 

 -120.9 .7298 1.4132 135 19.40 7.2 4 96 - 

7 -120.9 .7288 1.4130 129 19,L4. 26,'/ 4 - 

8, -120.9 .7297  1.413C  134  1909 22.0 4 - 

9 -120.9 .7297 1.4133 1 1i.Yr, 26.5  
10. -121.6 .7319  1,4140 12 5 55 - 



4. 

- B.pt. 0  , 	co 20 - t., iol., 2ornpodtL.,.; 	vol. 

i. 	• o. r 	
• at de ' 11 Er 	• :m. ni.1 • 

11. 121. -1 2.5 0,7330  1.415 14  163 19.31 27.0 18 82 - 

12 0  -123.1 .7288 1.4109 73 19.4 27.', 54 - 

13: -123.7 .7236  1.4078 59 18.90 26.7 55 45 -  

14. -124.( .7207 1.4071 55 17.73 24.7 64 56 - 

-125.4 .7188 1.4058 43 1.37 27.5 73 27 - 

16. -125.4 .7139 1.403 33 19.95 28.5 82 18 - 

17: -125,4 .7119 1,4027 29 1,.2(; 27.3 87 13 - 

18, -125.4 .7109 1 9 4020 27 1.7 2P.2 8C 11 

19 -125.4 .7108 1.4018 24 19 e e- L 27.2 89 11 - 

20. -125.4 .7109 1.4014 21 19.7 2.4 89 11 - 

21 0  -125.4 .7108 1.4017 21 18.0 21.0 90 10 - 

22. -125.6 .7112 1.14021 21 1,,9l 26.2 91 9 - 

 -125.9 .7191 1.4052 31 19.15 L /.1 87 1) - 

 -127 0 4 .7603 1.4251 60 21. '.5 62 3'. - 

25. -129.2 .8015 1.41404 57 21.52 7.4 54 38 8 

G. -151.2 .8106 1.445 22.)O  

27, -132. (  .6194 1.454  43 22.13 27.3 A 

-132. -- .8294 1.4613 34 2.25 28.5 22 49 

• -13. P',.347 1.4653 35 2/.2 1 2 53 
• -133.2 .8310 1.466r 49 ':2.88 28.1 12 )1 57 

31. -134.9 .P24? 1.4 	( 144 21.11 2 	. ic 26 64 

D-7 
 130.1-135.2 1.402C 38 2.32 27.5 25 29 46 

 -135.5 .8271  1.4706 2L 3.t:4 28.i 12 15 75 
2 -13 ',-L   _i , 1 

J. 
1 	J17J,O .L• 'f 	'- J. / 

	

1'7 	'') 

	

( 	J L - -• d ' 
r71 
(1 

4. -155.5 .8397 1.4740 23 19.05 .3.4 13 8 79 

50 -139.3 .8341 1.4708 45 23.90 2,.( 10 27 63 

0 9  -141.1 .8311 1 1.4728 146 20, (J"%' -4.3 - 64 

 -142.0 .8258 1.4718 11-V 23.74 8.8 - 40 60 

 -142,0 .8114 1.4607 65 19.Y 24.8 4 51 45 

9, -l'i2,6 .7736  1.4370 98 20.12 26. 4 79 17 

100 -1-5.7 .75414 1.4273 110 2.30 29.8 2 94 4 



C- 

r.pt.,0C. 

at 760mm. 
20 20 

11D 
Br2No. mo 

iol., 
ml, 

L1OU)O)1., 	vol. 

P.& 1 • 0. A, 

D-7 
 147.7_146.0 0.71492  1,4253 110 17.74 25,0 - 100 - 

 -146 9  .7471 1.4252 108 22.12 29.8 2 98 - 

 -146.8 .71499  1.4259 98 23.25 31.3 9 91 - 

 -146.8 .7509  1.4256 78 22.52 30.3 27 73 - 

 -147.1 .7519 1.4250 59 23.52 31.2 44 56 - 

 -149.3 .7539 1.4253 48 22.60 30,1 59 41 - 

179 -150.6 .7396 1.4174 40 23.00 31.5 67 33 - 

18 0  -150.6 .7345 1.4145 54 21.99 50.3 72 28 - 

190 -150.6 .7324 1.4130 27 22,89 31.6 79 21 - 

20 9  -15(1 .8 .7324  1.4122 22 22.9 30.4 82 18 - 

21. -151.1 1.4122 20 22.89 31.7 84 16 - 

22 0  -151. 4  .7308 1.4157 25 22.03 30.4 84 16 - 

23, -152.4 .7925 1.4395 57 24.14 30.8 48 46 6 

24. -154,5 .8194 1.4533 52 23.¼;2 29,5 41 37 22 

25, -158 ,5 .8196 1.4580 '#4 21.73 L6.P 29 31 40 



APPENDIX II. 

Examination of alkali- and acid-soluble 

materials. 

Tar acids. 

The acidic material present in the overhcads 

from continuous distillation of crude cannel oil 

(A—fraction) was extracted with 2041o' sodium hydroxide 

and recovered from the separated liquor by means of 

30% hydrochloric acid.. The tar acids thus obtained 

totalled 1.25 kg. or 2.72 wt. o tot'-.J crude oil, 

of which 1.07 k. were subjected Lo .r: c:amination 

with respect to their approximate composition. 

A preliminary removal of water and pitch 

was accomplished by simple distillation during,  

which two cuts were taken:- 

up to 1750C. 

175 to  305°C. 

Distillation beyond 305°C. resulted in considerable 

decomposition of the residue as i'-dicatcd by a 

coious evolution of liht-brown fumes. Phenols 

present in out a. were extracted and combined with 

cut b. which constituted the mair: bulk of tar acids, 

boiling up to 305° C. 

The workin. u o the crude acids was 

carried out by a preliminary distillation, followed 
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by bu1kir!g of fiactiors f similar boiling range and 

re—distillation of the concentrates to yield readily 

identifiable materiel. 

First frctionation, 

The total quantity of the tar acids, as 

contained in cut b., was distilled at atmospheric 

pressure in 500 gm, batches in a 30" x 1" column, 

packed with >" Dixon gauze rings, carrying a 500  ml. 

capacity electrically heated still of the Axilo-

Iranian Oil Co.'s design (35) and a column head 

of the parallel condensing surfce type, developed 

by Berg and Smith (7).  The column was flooded in 

the usual manner and brought to equilibrium, after 

which take—off was started and continued at a rate 

of 30-35 n./hr. The operating ref lux ratio was 

.;ro:•:inaLely 15:1. 

A ccrtair jnount of searvio of the lover 

members took place, as shown in f1.. 1, but no 

separation could be achieved above 198 °C. 

The distillate was collected in 1°C. cuts 

and these were bulked, on consideration of boiling 

range, to form the charges for the second distilla-

tions and separations of the lower-boiling constit-

uents. 

Secoid fractiona:ior. 

The final fractionation of the bulked 10 0. 

cuts and the separation cf the lower phenols was 

accomplished by distillation in a 18" x %" column, 

packed with 1J16" gauze rings and provided with a 



total condensate, variable take-off still-head of 

the type develo.ed by Dixon (2). The column, 

still-head and condensr were sealed toL;ether to form 

a single unit; the column being surrounded by an 

electrically heated jacket of standard desijn. 

50 or 100 ml. gas-hated stills were used, depending 

on quantities of material dittilled. 

The column was floodc:d, run to euilibium 

and operated at a reulux ratio of a;roxirnately 

30:1 and at a rate of take-off of 10-15 ml./hr. 

The bulked 1°C. cuts from the preliminary distilla-

tions were charged to the still and distilled 

until approximately 8Q1 of the cbr.e vere i.ken-.off. 

The next hi L.her-boili.r fraction vies tei cii, ud oi: 

top of the residue and the material distil1a, 

This procedure was carried on until all the tar 

acids were fractionated, leaving a final residue of 

about 2% of the total materil. 	The overall 

boilin point curve for the low-boiling material is 

given in fig. 2 (facing P. 7) and is shown as a 

plot of Lm./ 0C. (dw/dt) against boiling point. 

The final fractions containinC, the separated tar 

acids were redistilled, and only the heart of eacL 

fraction, amountirr to about O% of the chare, 

was collected. 

In this way, henol, o-cresol and a mixture 

of m- and p-cresols wr e separated from the tar 

acids and subsequently identified by the determina-

tion of physical and chemical jropertin; t1(; results 

being given below . 	Io separation of xyler.ols 
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could be accomplished. 

Fhenol. 

.pt. 	1R1°  C, 

.pt. 	 41°C. 
Mixed m.pt. 	41°C. 

Derivtives:- 	m.pt. 

benzoyl 	 68°C. 
2::6-Tribromophenol 	118°C. 

Aryloxyacetic acid 	98°C. 

o-Cresol. 

E.pt. 	1920C. 
31°C. 

Mixed m.pt. 	3100. 

Derivative:- 	 xn.pt, 

Aryloxyacetic acid 	110C. 

rn-, p-Crenols. 

T.pt. 	202- 2030C. 
20 d4 	1,034 

fl2O 	1.5396 

Unfortunately, owing to lack of time, no 

separation and final identification of he m-, 

p-cresol mixture could be undertaken, nor was it 

possible to investite the nature of the higher-

boiling materials, end the xylenols in particular. 

Oorclusion. 

A prc1iminary inve•tiLtiori of the tar acids, 

separa -ed from a light oil fraction of crude car.nel 

oil,resulted in the separation of the four lowest-

boiling compound.- 9  represcnting approximately 20% 

of the total material, while the 2roperties of the 

remainixie material sug-st the presence of a comp1ex 
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mixture 01 xylenols d hiher-boi1iiag phriolic 

compounds. 

Or the basis of the reu1ts obtained, the 

composition of the total acidic material is as 

follows 8- 

Total crude tar acids 1250  m, 	2,72% wt. on 
crude cnne1 

oil. 

GMO 	% wt. o! tar 	-  wt.on 
acids 	crude oil 

Phenol 70 5,6 0,15 

o-Cresol 73 5,8 0,16 
rn-, p-Cresol 146 11.7 0,32 
HiLher-bi1inL 

656 52,5 1.42 tar acids 
Pitch 125 10.0 0.27 
Water 150 12,0 0.33 

Losses 30 2,4 0,07 

It ir interestine to note that by far the 

greatest part of the tar acids is composed of 

high-.boiling phenol, while the more common com-

pounds total less than a quarter of the material. 

This is in a reement with the fact that low-tempera-

ture carbonization (below 550 0C.) does not lead to 

high percentages of the lower members, since therma1 

conditions are too mild to effect a decomposition 

of the highly substituted phenols. (The rate of 

Increase of thcomposition reaches a nih fijure 

only at temperatures above 50O° . and is at maximum 

at 750CC.) 
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Tr 

rcovLry 0l tr bsos ext..&cteu 1 oa 

20•: sulphuric acid was 

J_zine the acidic solution 

th dilute sodium hydroxide and gaseous ammonia, 

llowed by steam distillation of the resulting 

.ka1ine liquor. 	The basic material was thus 

:enerated and cias separated from the distillate 

decantation, yielding a total of 126 n. of 

and 

1orjde 

r't examined ruth respect to their general charact-

eristics; these being given below. 

Density 6,t 200 41 1.006 
Refractive index, n 0  1.5147 
Distillation:.- 

I.B.P., 00. 112 
57 vol. distilled at 	C. 128 

10% " 139 
20% ft  158 

" 166 
407 " 175 
50% " 187 

U  196 
70% " 208 
80% " 219 
(IV 

o , 	C. 262 
Total distillate, % 93 
Residue, 7 6 
Loss, 7 1 

The freshly distilled bases were of pale yellow 

colour, slowly darkenhrlL to light-brown on st-riding 

and possessed the characteristic "sooty" or pyridinel 

odour. Owing to the very small quantities obtained 
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rc urthr exarin ioi of .hc bases % -jr s wucrt:ken 

and it is impossible to give, at this stage, any 

indications as to their composition, though the 

properties of the material suggest a complex mixture, 

of heterocyclic bases of the pyridine and, probably, 

Tuinolino types. 

L'.aterials balance. 

Total material removed on 
acid and alkali washing 8 cannel distillate to 262 0. 
(A_frricT an 

Dry tcr CC±I rccverod 
D17 tar bases recovered 
Total water in acids and 

bases 
Losses 

	

= 2100 f7n. 	 wt. on 
crude oil 

	

1070 Url . 	2.30 

	

111 uin. 	0.24% 

	

165 ri. 	O.36, 

	

754 m. 	1. G67 

It is re -  soable to asume that the nature and 

distribution of basic material in crude cannel oils 

is similar to that of crude shale oils, in which 

the basic tar amounts to approximately 1.5j  by 

volume, 	It has been shown by. Yisbet at al. (73) 

that volatile bases derived from this material and 

boiling below 2600C. amounted only to about 12; of 

the basic tar, or 0.18 of the total crude oil. 

In view of these consideratior:s, the low 

quantity of volatile bases recovered from the cannel 

distillate boilin to 262 C. is not surprisini,, and 

is considerably larger than the figure quoted for 

shale oil. 
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The considerable quantity of material lost 

durinL the washin{, process (754 ,m.) was assumed 

to consist of water, dryiru losses ard, probably, 

small amounts of acid- and alkali-soluble compounds 

other than tar bases and acids. It must be 

remembered that the figure of 2.1 kg., quoted for 

the material removed on washin g  represents the 

I  difference between unwashed and washed, dry 

distillate, and is, thereir:, buui.d to include 

water and material l. t 	1rjn. 



14. 

AI!1DIX III. 

Ultra-violet absorption -- spectra -of 

aromatic hydrocarbons. 

The final establishment of identity of 

aromatic hydrocarbons, separated from the cannel 

distillate, was accomplished by the measurement of 

their ultra-violet absorption spectra, the following 

hydrocarbons beir examined:- 	 I  

benzene 	 o-xylezie 

toluene 	 m-xylene 

ethylberizene 	p-xylerie 

The sctrosco':ic analysis was performed 

on s€unles of G-frections, the ce1aration and 

purification of which have already been described 

(p. 149 et seq.). 

The apparatus used in this investigation waS 

a standard ultra-violet Huger quartz spectrograph 

and Spekker photometer, supplied with tungsten steel  

electrodes .roducing a line spectrum. The usual 

experimental procedure associated with this type 

of eruipment was followed. 	A series of photo- 

graphs of twin spectra in close juxtaposition of 

pure solvent and solvent hydrocarbon were taken 

on a single plate with the variable aperture set 

to different densities, ranging from 0.1 to 1.5. 

The exposure times were correspondin L ly varied with 

density, from 1 to 31.5 sees. The cells contain- 
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ma the liquids under examination were of 1.00 cm. 
length. The solvent used was n-hexane, specially 

purified for spectroscopic analysis and supplied 

by The British Drug Houses Ltd. Two or three 

series of spectra were taken of solutions of vary- 

ing concentrations of hydrocarbons. The absorption 

characteristics in the range 2300 to 2800 A0  were 

then determined visually from the hctoraph1c 

plates and molecular extinction coefficients cal-

culeC by the roictior 

d 
= 

where 	= molecular extinction coefficient, 

d = density = log 	= photometer drum recdir, 

C = hydrocarbon concentration in giii.moles/1., 

1 	cell length in cm. = 1.00 ciu. 

The results of the spectroscopic measure-

ments are given in Table 1 (p. 16), where are 

listed the values of wavelengths for the character-

ictic absorption bands and the corresponding 

maximum molecular extinction coefficients of the 

absorption peaks. For comparison purposes, pub-

lished values of er d € cre also given, these 

having been taken from data reported by Iicrri (k), 

Thnriicliff et al. (94), Vaughn and Steam (98) and 

from various references quoted by Jones (51). 
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TALL 1. 

.yal,  oc 	I'D or: 
.'ound Literature 

... 	0 
A, 	A 	• E ' 	• 

Benzene 2485 170 2485 175 
2543 235 2545 230 
2607 192 2605 180 

Toluene 2621 217 2620 210 
2687 217 2585 210 

tliylLc'!:zere 2623 183 2620 185 
2681 163 2680 

o-Xylene 2630 220 2630 220 
2708 180 2710 180 

rn.-Xylene 2649 245 2650 240 
2722 223 2725 230 

p-Xy1eLe 2687 900 2685 900 

2743 700 2745 700 

It will be observed that although no 

I  separation of m-. and p-xylenes could be achieved, 

the 1 .resence of the two hydrocarbons was satisfactor-

ily confirmed from their absorption spectra. 


