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PRESIDENTIAL ADDRESS.

T H E  D E V E L O P M E N T  O F P E T R O L E U M  R E F IN IN G .*

By Professor A. W. N ash, M.Sc.

T h e  purpose of this address is to record briefly, and in historical 
sequence, those developments in petroleum refining which have been 
of the greatest importance, in so far as they have led to present-day 
practice, bearing in mind that time and space do not permit of a 
comprehensive review of all phases of the subject.

At one time the sole activity of the refiner was that of distillation, 
and so little has the principle changed that even to-day distillation 
is the major function of the art of refining.

Distillation processes have been used by the earliest experimen
talists, and Pliny (a.d . 23-79) describes a method of obtaining rosin 
oil by the application of heat followed by a primitive method of 
condensation. The Alexandrians are reported as having prepared 
oil of turpentine by distilling pine resin, whilst improvements in 
condensation apparatus are attributed to the Arabians, who are said 
to have been responsible for the discovery and extraction of a number 
of essential oils, and of alcohols from wine, by distillation methods.

In the work of Zosimus (circa  a.d. 400) are described and illustrated 
certain types of distillation utensils, based upon apparatus which he 
saw in use in the Temple of Serapis at Memphis, one of the chief 
alchemical laboratories of that time.

Although the art of distillation had been known for several cen
turies, it would appear that alcohol distillation was not practised on 
any large scale until the eleventh century, when the alcohol industry 
as then established became the pioneer of all the distillation processes. 
Subsequently distillation came into use not only in the petroleum 
industry, but also in many other industries.

Distillation.
The general principles involved in distillation are, like most prin

ciples in science, very simple in outline, but most complicated in 
detail.

* Address delivered at a meeting of the Instituto of Petroleum held in London on 
Frid ay , 20th January, 1940.
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Petroleum is a very complex substance, and in its conversion into 
vapour and its subsequent condensation into liquid the known scien
tific principles underlying the separation of simple mixtures cannot 
be applied with any high degree of accuracy to a process which is 
undoubtedly nothing more than an art.

Nevertheless, the distillation of petroleum, and its fractionation 
into the products then marketed, were carried out quite successfully 
in the earlier days, although it is doubtful if many refiners appreciated 
the part played in such processes by the hypotheses of Dalton (1801) 
and of Avogadro (1811), or by the law of Eaoidt (1883).

The simplest distillation apparatus, so well known to the “ moon
shiner,” consisted of three parts : the still, the condenser and the 
receiver. These three parts are just as much essentials in the more 
complicated designs of present-day plant, the only addition of major 
importance being that of the fractionating column.

In this latter respect we owe much to Wurtz, Linneman and le 
Bel, and to Henninger for their ideas on fractionation, whilst the 
credit for the development of reduced-pressure distillation is due to 
Dittmar and to Anschutz. To Liebig we owe the laboratory condenser, 
and the development of the reflux condenser is due to Kolbe and to 
Frankland.

The coal oil produced by James Young (1847) was found to be 
unsatisfactory when used as a lamp oil to replace whale oil, which 
was becoming increasingly scarce at that time, and this demand for 
an alternative source of supply led to a rapid development of petroleum 
refining for buming-oil purposes. This was followed by an increasing 
demand for lubricants much in excess of the supply of animal, vege
table, and fish oils for this purpose, with the consequent increase in 
the number of petroleum refineries.

The earliest stills used in the distillation of petroleum were replicas 
of those which were then used in the coal-oil industry. These were 
heavy cast-iron vessels, round in shape, with capacities ranging from 
200 to 2000 gallons, the only instrument of control fitted being a 
thermometer.

Although horizontal cylindrical stills, of much larger capacity and 
made of thin wrought-iron plate, were introduced in 1800, it was not 
until 18S5 that the continuous-sliell-still method of distillation came 
into general use. At about the same time Leet pointed out the 
advantages of bubble-tower rectification as used in the alcohol 
industry and recommended its use in petroleum refining. Neverthe
less it was not until thirty years later that his advice was accepted 
by the petroleum industry, after some ten years’ experimentation 
with packed towers.

p .
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It is true that for some years Heckmann had been using, in Europe, 
a column based on this principle for the redistillation of benzene from 
shell stills, reflux being obtained by means of a partial condenser, 
but such a principle was not in general use for many years after.

In the year 1905, or thereabouts, a number of packed vertical 
towers, stone being at first used as the filling, followed by baffle- 
plates, were fitted with partial condensers and used in the United 
States by the Standard Oil group, but it was not until difficulty was 
experienced in dehydrating the heavy California crude oil in shell 
stills that pipe-stills were first tried out for this purpose in the petro
leum industry, although they had been used in coal-tar distillation 
as far back as 1890. These pipe-stills soon came into general use 
largely due to the efforts of Trumble, Fuqua, and of Bell. By 1911 
pipe-stills and dephlegmating towers were used almost throughout 
California, and gradually spread to other fields in the United States.

Their development outside of America hung fire for some years, 
but as a result of an attempt in 1920 to standardize specifications of 
petroleum products, particularly those of gasolines, kerosines, and 
certain lubricating oils, the problems of the plant designer were very 
much simplified. The industry is now in possession of fractionating 
equipment of such flexibility and accuracy as has resulted in a remark
able reduction in the cost of manufacture of refined products, thus 
enabling the consumer to purchase at a price, until recently, unpre
cedented in the history of petroleum.

In considering the development of pipe-stills, of particular interest 
was the Trumble plant first used in 1911. The original large tubes 
were subsequently reduced considerably in diameter when the im
portance of radiant heat was appreciated by engineers responsible for 
furnace design. Thus the present-day multi-pass tubular stills, with 
their accurately machined return bends, may be said to owe their 
origin to Trumble. The advantages of the baffle-plate air-cooled 
deplilcgmator and the heat exchanger, the former reducing the 
amount of re-running necessary and the latter effecting a considerable 
saving in cooling water and fuel costs, soon became evident. Great 
improvements have since taken place in regard to condensers : from 
the old worm condenser, containing coils of comparatively large- 
diameter pipe submerged in water, we now have nests of small tubes 
with multi-pass arrangements, which make for efficient heat transfer, 
together with floating heads, which allow for expansion, thus eliminat
ing leakages.

An indication of the advance made in the distillation process of 
petroleum refining is best measured by a comparison of heat transfer 
then and now. In the radiant heat section of modern pipe-stills,
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35,000 B.Th.U. per square foot projected area per hour are possible 
when necessary, as compared with 4000 B.Th.U. maximum in the 
old shell stills.

The reduction in the quantity of oil being heated as the result of 
the introduction of pipe-stills necessitated much closer control of 
operating conditions, with the result that automatic devices for 
recording and controlling temperatures and liquid levels were intro
duced. These devices have now reached a high standard of precision, 
largely due to the practice of cracking, which was established about 
the year 1920, the four most important processes then in existence 
being those of Burton, Dubbs, Cross, and Greenstreet.

The last three processes made full use of the knowledge which had 
then been acquired regarding the value of pipe-stills, baffle-plate 
towers, and heat exchangers, to be followed by the use of the bubble- 
towers introduced as the result of experience in casing head gasoline 
extraction. Thus forty years after Leet’s attempt to popularize the 
bubble-tower in petroleum refining, it became firmly established in 
1925.

Although advances have been perhaps greater in the design of 
pipe-stills than in any other branch of petroleum distillation, never
theless the most important improvements which have taken place 
are undoubtedly in connection with fractionating towers, probably 
due to the longer experience of the distillers of alcohol. The present- 
day multiple side-stream fractionating tower, really a combination 
of several fractionating towers in one unit embracing vapour heat 
exchangers in connection with side strippers, the closeness of frac
tionation of which depends so largely on adequate reflux ratio, has 
resulted in a marked increase in thermal efficiency and in the cleaner 
separation of fractions. Indeed, the gap between the end-point of 
one fraction and the initial boiling point of the next shows that the 
modern bubble-tower can give much closer separation than the 
standard Englor flask, a fact which would have been hard to realize 
in 1926, when these towers were first installed on a commercial scale.

Cr a c k in g .

As a result of the developments just referred to, the art of cracking 
benefited to an even greater extent, and to-day it may be said that 
distillation and cracking plants are so flexible as to be capable of 
handling practically every type of crude oil or distillate, from the 
heaviest oils to the lightest spirits, or even gases.

The cracking process has contributed more towards the conserva
tion of crude oil than any development in the history of the petroleum 
industry, for to have produced all motor-fuel requirements from
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straight-run gasoline would have necessitated the raising of enormous 
quantities of crude oil, with the subsequent production of other 
fractions, far in excess of requirements. This would have led to 
such waste as to have upset the economic efficiency of the petroleum 
industry of the world, because to-day nearly half of the gasoline 
consumed is produced by cracking.

The earlier experimental work on pyrolysis h}' Faraday (1830) and 
by Berthelot (1860) merits record, whilst Young (1865) and Dewar 
and Redwood (1889) were undoubtedly pioneers of the present highly 
efficient methods of cracking which are capable of converting the 
most unpromising crude oil and heavy and medium residues into 
gasolines of much higher grade, judged by the present-day standards, 
than most of those obtained by straight run distillation. In paying 
such tribute the names of Burton, Ramage, Grecnstreet, Hall, Ritt- 
man, and MacAfee should also be mentioned.

Able to profit from the use of pipe-stills which had then become 
established in distillation practice, the designers of those original 
plants which have since acquired commercial success at first based 
their plans on empiricism and the technology of cracking acquired 
by experience. A study of the thermodynamics and chemistry of 
cracking has helped considerably in improving the design of these 
plants, and a better understanding of time and temperature relation
ship led to the knowledge of the advantage of separating the heating 
and reacting zones, which resulted in the rapid development of such 
processes as the Cross, Dubbs, Tube and Tank, Jenkins, and the 
Holmes-Manley.

The increasing demand for gasolines of higher anti-knocking qualities 
was a cause of the return to the so-called vapour-phase methods of 
cracking, such as the modified Gyro process, that of De Florez and the 
True Vapour-Phase process, but Midgley’s discovery (1923) of the 
value of lead tetraethyl as an anti-knock dope resulted in a check to 
the further development of vapour-phase cracking, as such, for a 
short time.

With the higher cracking temperatures now in use, it is impossible 
to distinguish between liquid- and vapour-phase conditions, but if the 
present demand for high-octane fuels continues, it is probable that 
straight-run spirits will not have a ready sale in the future, unless 
they have been thermally treated previously. It is for this reason 
that the process, known as reforming, has advanced to such an 
important position in refining to-day, and the gases formed by this 
and vapour-phase cracking are now proving of extreme value as a 
source of raw material for chemical synthesis, a subject which will be 
discussed later.
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Simultaneously with these developments experiments were being 
carried out to produce heavier oils in the lubricating range without 
destroying their lubricating properties as the result of decomposition, 
and so 1930 saw the introduction of the low-absolute-pressure cylin
drical-still units of Schultz and of Steinschneider, which were later 
converted into continuous multiple still operations. The principle of 
these units has since been adopted in pipe-still and bubble-tower 
operations, although not necessarily confined to the production of 
lubricants only.

The next aim of the plant designer was to combine the distillation 
and cracking processes in one unit, which culminated in the first of 
the very large modern combination units being erected in 1932 for the 
Standard Oil Company of Indiana.

To-day combination units are running with a throughput as high 
as million gallons a day, which include as an integral part of their 
process, crude topping, primary cracking, vapour-pliase cracking, 
fuel-oil flashing, reforming and vapour-pliase refinement resulting in 
a very high rate of heat conservation and the maximum production 
of gasoline of comparatively high octane value.

In this latter connection the future possibilities of catalytic cracking 
should here be considered.

Whilst catalytic cracking was known in the earlier days of experi
mental pyrolysis, it has but recently been employed in commercial 
practice on a large scale, and units are now in operation with tln-ough- 
puts as high as 600,000 gallons daily.

Some of the chief claims of the Houdry method are liquid recoveries 
as high as 99 per cent., with a corresponding decrease in gas and coke 
production yielding gasoline of 80 C.F.R.M.M. octane numbers from 
any type of charging stock heavier than gasoline, suitable as base 
stock for aviation fuels.

Mention should here be made of a method of catalytic reforming 
known as cyclization, which, as its name implies, can convert hexane 
into benzene, heptane into toluene, etc., and is a much more valuable 
source of aromatics than the older method of gas pyrolysis so well 
known to us through the researches of the late Professor R. V. 
Wheeler.

Where products other than gasoline are of importance there are 
available the combination of high-vacuum pipe-still distillation, 
bubble-tower fractionation aided by flash jugs, efficient heat-exchang
ing devices, and modern instrument control of such a high degree of 
efficiency as to enable the refiner to produce a more uniform product 
at a much lower cost than previously from a wider range of raw 
materials. This has been reflected in the cheapness with which the
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consumer can purchase his requirements despite the burden of taxation 
which the products of petroleum have had to bear in this country.

R e f in in g .

It has been stated that the progress of chemical science throughout 
the ages can best be measured by the quantity of sulphuric acid used 
throughout the civilized world, and this statement applies no less to 
the petroleum industry.

One of the earliest uses to which petroleum was applied was that of 
illumination, and as a result of Scottish shale-oil practice, which 
originated with Young in 1847, sulphuric-acid treatment followed by 
caustic-soda washing became universal throughout the industry; in 
fact this process is still the most common method to-day for the re
moval of undesirable components from burning oil and other distillates, 
particularly cracked spirits.

It was not until 1884 that lubricating oils were first produced 
on a large scale as overhead products, an improvement ascribed 
to Samuel Downer, who was also responsible for the chilling of oils 
followed by the pressing of wax as carried out by earlier manu
facturers on exactly the same principle as that employed at the 
present time.

Exactly when the adsorptive properties in filtration were first 
utilized by our industry cannot be traced, but the phenomenon of 
adsorption was reported by Scheele in 1773, and bone black had been 
used for filtering for centuries before the advent of Florida earth in the 
petroleum industry about the year 1898. By 190C, however, Florida 
earth was in common use by manufacturers of lubricating oils, and at 
the same time sweating was introduced for the manufacture of wax 
of varying degrees of hardness, an operation which was substantially 
the same then as at the present time.

Some few years after this there arose a demand for lubricants for 
petrol engines, a demand which has been growing ever since, and the 
contact method of filtration for the stabilization of acid-treated oils 
was investigated by Gray; a study which undoubtedly led to his 
method of vapour-phase treatment of cracked spirits.

In 1885 Frasch was responsible for a process of refining in which 
kerosine was distilled over black copper oxide, a discovery which was 
followed by several processes for the removal of merceptans by 
forming their metallic derivatives.

Cold settling was discovered quite by accident in 1890-, and in 
1894 the present low-cold-test and bright-stock development had 
become firmly established. This was followed in 1920 by centrifuging,
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which opened up a new source of supply of bright stocks from crude 
oils other than of Pennsylvania origin. To-day, however, both 
crystalline and amorphous types of wax, and mixtures of both, are 
successfully extracted by the solvent dewaxing process, using either 
single-component solvents or two-component solvents, and it is 
probable that most dewaxing installations will be of the solvent type 
in the near future.

Of the so-called physical methods of refining the use of bauxite was 
amongst the earliest, and this method was originated by the Burmah 
Oil Company at then- Syriam Refinery in 1910, whilst the first com
mercial solvent-extraction process using liquid sulphur dioxide was 
introduced by Edeleanu at about the same time.

This was followed by various methods for the removal of mer- 
captans, thioethers, and disulphides in petrol by oxidation employing 
the so-called sweetening process using hypochlorite in alkaline 
solution, sodium plumbite, and copper salts, etc.

It would appear also as though the position hitherto occupied by 
sulphuric acid in the refining world will now be affected by the new 
solvent-treating method of refining, particularly in the case of 
lubricating oils. As in the case of wax removal, there arc both single- 
and double-solvent processes.

Of the double-solvent type, sulphur dioxide and benzol, and also 
cresylic acid and propane, are in common use, whilst a number of 
plants are now in existence using such single solvents as furfural, 
phenol, liquid propane, /3/3-dichloretliyl ether (chlorex), and nitro
benzene.

The solvent treatment of oils has re-introduced the old problem of 
oxidation and consequent acid formation. This has resulted in a 
great deal of study into the inhibiting properties of certain com
pounds. Nevertheless, the improvements obtained in the sludging 
and carbonizing properties of lubricating oils, and also in their 
viscosity temperature relationships, more than offset any increase hi 
the cost of manufacture as the result of having to add to them 
oxidation inhibitors.

Although the advances in refining methods have not been quite so 
spectacular as on the distillation side, largely due to the fact that 
experimental work in refining is usually carried out on a smaller scale 
in laboratories, whereas advances in distillation have evolved as the 
result of experiment on a more technological basis, nevertheless they 
have been equally as important, and have contributed just as much 
to the improvement of the product, as well as the lowering of the 
cost of such product.

In all experimental work of this kind the petroleum chemist is
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handicapped by his lack of knowledge concerning the chemical 
constitution of the product he is attempting to improve, for whilst 
it is true that the chemistry of the constituents of the lower-boiling 
fractions of petroleum is now fairly well established, that of the 
higher-boiling fractions, particularly in the lubricating oil range, is 
practically unknown.

S y n t h e s is .

No industry, the operations of which are based on the application of 
scientific principles, can be said to be developing to the fullest extent 
possible unless a study of synthesis is an important part of its research 
programme. In this respect the petroleum industry has certainly not 
been backward, as witness the development of the so-called “ poly ” 
plants, to quote only one example.

Although it has long been known that unsaturated hydrocarbons, 
no matter whether in the lower- or the higher-boiling fractions, are 
readily polymerized, their use on a commercial scale for this purpose 
is a comparatively recent development.

The production of high anti-knock spirit and the formation of 
aromatic liquids of even higher molecular weight from the lower 
defines containing from two up to four carbon atoms in the molecule 
should here be mentioned.

The synthesis of lubricating oils, not only by polymerization, but 
also by means of the Friedel and Craft reaction, in which cyclic and 
chlorinated straight-chain hydrocarbons are combined in the presence 
of aluminium chloride is a recent development of some note. In fact 
during the last few years much research has been devoted towards 
the building up of new molecular structures.

It was not until some twenty years ago that the fundamental chem
istry of the hydrocarbons awakened much interest in the petroleum 
industry, although in a few isolated cases investigations into this 
subject had been made by de la Rue, Markownikoff, Mabery, Sabatier, 
and Kishner.

More recently a considerable amount of work has been carried out 
by our contemporaries, and it would be remiss of me not to express 
the gratitude of the members of this Institute to them and to the 
larger oil companies for the public-spirited maimer in which they 
have made themselves responsible for the bulk of this work, which 
has been carried out not only in their own laboratories, but elsewhere, 
and also for allowing the results of these investigations to be pub
lished freely, very largely through the medium of our own J o u rn a l.

It is probable that the increased demand, caused by the last war,
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for more suitable solvents for the lacquer industry really provided 
the stimulus for the production of chemical intermediates and special 
products from petroleum, although it should be recalled that the 
Russian petroleum industry had been utilizing sulphonated acid 
sludge and naphthenic acids on an industrial scale long before 1914.

Furthermore, the development of cracking led to the production 
of enormous quantities of gases containing varying amounts of 
defines for which a use had to be found.

In 1862 a small quantity of alcohol made from coal-gas ethylene 
by means of the sulphuric-acid process was exhibited at the London 
Exhibition, but the commercial preparation of ethyl alcohol was, 
until recently, entirely from molasses.

By 1920 the production of isopropyl alcohol from cracking gas was 
established on a large scale, and this was quickly followed by the 
preparation of ethylene glycol as an anti-freeze agent, together with 
many derivatives of the glycols. The chlorination of natural gasoline 
was the next step in development, and by 1926 the preparation of 
amyl alcohol and acetate had taken form. Similarly secondary butyl 
alcohol is being produced from butene, whilst its acetate has proved 
of value as a lacquer solvent.

More recently, because of the fact that propylene appears in 
greater quantity than isobutylene in cracked gases, it was thought 
advisable to convert it into diisopropyl ether by the action of sulphuric 
acid in order to meet the ever-increasing demand for high anti-knock 
fuel.

This ether has a slightly higher blending octane value than 
commercial iso-octane, and for a given tetraethyl lead concentration 
in corresponding blends it is also superior. Its miscibility with water 
and relatively low calorific value are, however, disadvantages. The 
latter is specially important as it is 18-20 per cent, less than that of 
iso-octane, and when the ether is present to the extent of 40 per cent, 
in aviation fuel, the calorific value of the latter is some 7 per cent, 
lower than for a similar blend with iso-octane.

It should be realized, however, that diisopropyl ether is not intended 
to replace iso-octane, but rather to augment the supply of high-octane 
blending material.

Developments of outstanding importance during the last few 
years have been the combined pyrolysis and polymerization process, 
whereby high-grade gasolines are now produced synthetically from 
both natural and cracked hydrocarbon gases, the production of 
benzol by high-temperature cracking, and the preparation of di- 
isobutene by the polymerization of isobutene in the presence of 
sulphuric acid.
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As was to be expected, it was but a short step to the dehydrogen
ation of gaseous paraffins followed by the treatment of olefine- 
paraffin mixtures, as mentioned above. Ethane, propane, and n- 
butane can be handled to great advantage by dehydrogenation to 
the corresponding olefines. Of these, propylene and the butenes can 
be alkylated with isobutane or, alternatively, the butenes can be 
polymerized to dibutenes, which may be hydrogenated to octanes. 
Ethylene produced in a similar fashion may be polymerized to motor 
fuel. In fact, it may be stated that all the hydrocarbon constituents 
of natural gas may now be converted into aviation fuels with Octane 
Numbers (C.F.R .M.M.) of 90 and above, with the exception of methane 
and ethane. As these hydrocarbons are the most prolific in natural 
gas, it should be emphasized that their utilization is a matter of 
considerable urgency.

While ethane may be dehydrogenated to ethylene, which may be 
subsequently polymerized, the polymers produced do not yield high 
octane numbers on hydrogenation. Also ethylene has not yet been 
satisfactorily alkylated with isobutane in the presence of sulphuric 
acid on a commercial scale, but the Phillips Petroleum Company of 
America now effect this by thermal treatment under pressure, and 
in this manner produce neohexane (2 : 2-dimethylbutane).

The next step was to reduce the temperature and pressure of the 
polymerization processes, and catalysis has been successful in this, 
not only for the production of motor fuels and of lubricating oils, but 
also in suppressing secondary reactions whereby the polymerized 
olefines had a tendency to revert to hydrocarbons saturated in 
character.

The first mention of the polymerization of isobutene by means of 
sulphuric acid was attributed to Butlerov in 1876, and the method 
now in general use is effected by acid catalysts, either in the liquid 
phase—e.g., sulphuric acid—or in the solid phase, such as ortho- 
phosphoric acid supported on a carrier, and considerable quantities of 
dii'sobutcne are now being prepared in this manner.

In the stabilization of gasolines the isobutane fraction can be 
extracted, which, together with that found in cracking gases, repre
sents a vast potential source of supply for the production of iso
octane.

The method of preparing iso-octane from dii'sobutene using nickel 
as a catalyst was first described by Edgar in 1926, but a more recent 
development has been the production of high-octane fuels by the 
hydrogenation of the condensation product from a mixture of n- 
butene and isobutene. In this manner one molecule of the polymer is 
formed from one molecule of isobutene, instead of from two molecules
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as with diisobutene, thus practically doubling the yield of product 
for a given quantity of the branched hydrocarbon. The product on 
hydrogenation gives a fully saturated paraffinic fuel of 96 octane 
number, possessing a good lead response, and as there is always a 
greater proportion of normal butenes in cracked gases than ¿sobutene 
this process is likely to take precedence.

It has been estimated that the hydrocarbon gases in the United 
States of America form a yearly potential supply of 9000 million 
gallons of polymer gasoline, including over 1000 million gallons 
of iso-octane fuel of 95-100 octane numbers. By applying these 
processes to waste refinery gases, an appreciable conservation of crude 
oil is accomplished.

The economics of these so-called “ poly ” plants are attractive, 
and appear to be of a sound profitable nature. It is no surprise 
therefore that polymerization plants now in operation or under 
construction will have an aggregate annual output exceeding 700 
million Imperial gallons.

A point of interest at this stage is the number of small scale “ made- 
to-measure ” plants of the “ midget ” type which are being installed 
in many refineries.

To quote one such plant employed to process only a quarter of a 
million cubic feet of cracked distillate stabilizer tops daily, this 
yields 2800 Imperial gallons of 83-85 octane-number polymer gasoline 
per day. Using direct labour the plant cost £2000, and the capital 
cost was recovered in 36 days. The total output of the refinery was 
increased upon the introduction of this plant by 7 per cent.

The economic limit of polymerization plants is said to involve a feed 
rate of 280,000 Imperial gallons of liquid butanes and butenes giving
86,000 Imperial gallons of finished polymer gasoline per calendar day.

Rapid advance is taking place in producing any given commodity 
at smaller costs. Thus, according to Egloff, gasoline of 125 octane 
number, having 50 per cent, greater power output than present 100 
octane gasolines, has been produced experimentally in petroleum 
laboratories. The cost per gallon of this fuel has been reduced 
by more than 98 per cent, due to experiments carried out over a period 
of one year—that is, from just over £720 to just over £10 a gallon. 
It is hoped that the cost may be reduced sufficiently in the near future 
to permit commercial production.

Although not essential for to-day’s motor cars, the super-octane 
gasolines are a major requirement of the nation’s flying forces. 
American refineries are now producing the world’s only adequate 
supply of fighting-grade aviation gasoline.

It is perhaps of interest at this stage to mention that the tars
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produced as by-products in a benzole pyrolysis process are themselves 
capable of producing good yields of 90-100 octane-number gasolines of 
very low freezing points by tlic destructive hydrogenation of the poly- 
nuclear aromatic molecules, which are the main constituents of these 
tars.

One cannot finish a review of these processes without discussing in 
greater detail those plants which use sulphuric acid as the poly
merizing agent. One process of considerable importance is the poly
merization of isobutene to diisobutene and then hydrogenating 
the dimer to fso-octane. The reaction is the well-known one which 
follows two steps : firstly absorption of isobutene with subsequent 
hydration to the tertiary alcohol, and secondly dehydration and poly
merization. The concentration of the acid is of vital importance, 
and the time of contact is another important factor.

After absorption of isobutene by acid the alcohol-acid mixture is 
passed to a polymerization vessel and heated until polymerization is 
complete. When this mixture of polymers is hydrogenated over 
nickel, 2 : 2 :  4-trimethylpentane or the coveted iso-octane results.

In tliis respect the preparation of high-octane aviation fuel by the 
Sulphuric Acid Alkylation Process as put forward by A. E. Dunstan 
and his collaborators, as well as the Shell Group, should here be 
mentioned, and a thought given to the much-discussed work of 
Ormandy dealing with the action of strong sulphuric acid on olefines, 
first published in our J ou rn a l in 1927.

This alkylation process affects directly the union of isoparaffins 
with olefines in approximately equal volumes to form branched- 
chain paraffins in the presence of sulphuric acid as the catalyst and in 
a single-stage operation.

In this manner yields of isoparaffins of high-octane number are more 
than double those obtainable by the two-stage process of poly
merization followed by hydrogenation already referred to.

Before leaving this subject, the question of isomerization should be 
considered. Isomerization reactions in the field of high-octane- 
number motor fuels have enormous potentialities.

As is well known, saturated hydrocarbons exist either as straight 
or branched-chain compounds, and as the latter have higher anti
knock qualities than the former in the gasoline range—an excellent 
example of the difference in their behaviour in an engine being n- 
heptane and iso-octane—considerable interest in the controlled 
changing of straight chains to branched chains is now being displayed 
by those interested in motor fuels.

To these, isomerization is important from three points of view at 
the moment :
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(а) Conversion of «-butane into isobutane for use in alkylation 
processes.

(б) Conversion of «-pentane into isopentane for use in 100 
octane number aviation fuels.

(c) Increasing the octane number of gasolines generally.

With regard to the latter point the extension of controlled isomeri- 
sation into the broad gasoline boiling range is a problem which should 
receive immediate attention.

The credit for the discovery of isomerism is undoubtedly due to 
Dalton, who, by distilling fatty oils in 1820, prepared a gas which 
resembled olefiant gas but appeared to contain twice as much carbon 
and hydrogen in a given volume. In 1821 W. Henry prepared a 
similar constituent from coal gas; Faraday then isolated this con
stituent from the condensation products of oil gas and found that the 
compound contained carbon and hydrogen in the same proportion as 
in olefiant gas (ethylene), but had twice the density, confirming 
Dalton’s suggestion that probably the molecules of the new gas 
consist of two of olefiant gas, thus giving us the first example of 
isomerism.

Prior to these later developments, however, an attempt had been 
made to produce high-octane fuels by means of cracking under more 
severe conditions than normally, which resulted in distillates being 
formed which deposited a higher proportion of gumming materials. 
These gumming hydrocarbons were found to be a valuable source' of 
supply of material suitable for conversion into resins.

For this purpose certain oils are now cracked to produce distillates 
containing a high proportion of olefines and dioleftnes, both cyclic 
and straight chain and aromatic and substituted aromatic hydro
carbons, solely for the manufacture of synthetic resins of different 
colour and hardness, by means of polymerization in the presence of 
aluminium chloride. Such resins can be used in varnishes or con
verted into moulded products.

Solvents derived from petroleum have long been used in the perfume 
and oil-bearing-seed industries, in bone degreasing, and in the de
hydration of alcohol. They have also been used as cellulose lacquer 
diluents, in the manufacture of printing inks, as thinners in paints 
and varnishes, and in various polishes, as well as for many purposes 
too numerous to mention.

Solvents may be derived from both the paraffin and the olefine 
hydrocarbons. From the saturated hydrocarbons are obtained the 
chloroparaffins such as methyl chloride, methylene dichloride, chloro
form, and carbon tetrachloride, as jvell as the amyl alcohols and their
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esters referred to earlier. The defines serve as raw materials for other 
chlorohydrocarbons and ethers, also acetone and its homologous 
ketones and their products. This is no recent discovery, however, as 
the power of hydrocarbons with double bonds to react additively with 
the halogen elements was known as far back as 1795.

The chlorinated products of petroleum are also playing an important 
part in the preparation of extreme pressure lubricants, and the 
Friedel and Craft reaction, referred to earlier, for the production of 
synthetic lubricating oils having high viscosity index properties, from 
chlorine and wax and heavier oils, may assume some importance in 
the future, as has been the case with the specialized product known as 
Paraflow.

Natural gas has been playing its part in other directions, notably 
as a source of hydrogen and dry ice, as a result of its reaction with 
steam. There is no doubt, however, that alcohol production is likely 
to prove one of the most important industrial outlets for the utilization 
of natural and olefine gases and in the production of pure chemical 
compounds in the future.

The relative cheapness of chlorine, together with the abundance of 
cracking gas within recent years, have led to the production of ethylene 
dichloride for solvent purposes and as an important material for 
organic synthesis. One of its more recent important uses has been 
its utilization with ethylene dibromide to cause more complete 
expulsion of the lead from the engine after combustion when ethyl 
fluid is used for suppressing knock in motor spirits.

In discussing the use of chlorine, the work of E. C. Williams on the 
synthesis of glycerol from petroleum gases should here be considered.

The fact that trichloropropane was difficult to manufacture eco
nomically by the direct chlorination of propane, or by the further 
chlorination of 1 : 2-dichloropropane, has long been recognized, and 
therefore the hydrolysis of 1 : 2 : 3-trichloropropane was considered 
out of the question.

However, the direct substitution of chlorine into the propylene 
molecule in such a way that the unsaturated bond remains unaffected 
has led to a method of synthesis of allyl chloride, which may then be 
transformed to glycerol by three alternative processes: either con
version to 1 : 2 : 3-trichloropropane by the addition of chlorine, or to 
dichlorohydrin by chlorohydrmation, or by preliminary hydrolysis to 
allyl alcohol followed by chlorohydrmation to glycerol monochloro- 
hydrin.

The production of synthetic rubber from such materials as 1 : 3-buta
diene prepared from the dichloride of butane, and isoprene prepared 
from the dichloride of fsopcntane, is also once more receiving attention.
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Despite the advances, of necessity so briefly recorded in tliis 
address, the production of chemical intermediates from petroleum is 
but still in its infancy, and it is only by organized research, not 
necessarily with a view to immediate financial gam, that we can hope 
to advance our knowledge in this respect.

It should also be borne in mind, to quote only one case, that the 
method of manufacture whereby the cost of iso-octane was reduced 
from £5 to well below 2s. a gallon has been perfected within the last 
three years. Triptane ( 2 : 2 :  3-trimethyl butane), which is believed 
to have anti-knock properties even better than those of neo-hexane, 
and has so far been prepared by the hydrogenation of the olefine 
formed by the dehydration of 2 : 2 :  3-trimethyl butanol-3, is a 
discovery which has been made only within this last twelve months.

Petroleum consists essentially of compounds formed from two 
elements only, carbon and hydrogen. Carbon is the key element of 
organic nature, and any organic compounds capable of being syn
thesized in the laboratory should be capable also of being produced 
from petroleum. The value of research to the future of industry and 
to the industrial life of the nation cannot be over-estimated, and at the 
present time research is of greater necessity than ever, particularly 
when the nation is engaged in a scientific war. Such research should 
be of a wider scope than that of any of the Government Departments, 
the outlook of whose scientific staffs is often limited to their own 
special problems.

Research in petroleum science is being intensively carried out 
throughout the world, particularly in enemy territory where the whole 
of the scientifically trained men still remaining have been organized 
and are fully employed in professional work.

In this country, it is equally necessary that the whole of the scientific 
knowledge available, both of teams of laboratory workers and of 
individual scientific workers, should be fully employed, mainly on 
problems whose solution is necessary for ultimate victory over the 
enemy, but not neglecting the fundamental research essential to 
ensure that at the end of the war our industries are able to compete on 
favourable terms with all other countries.

To those who have done me the honour of reading this address I 
recommend these latter remarks for their earnest consideration.
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SO L U B IL IT Y  OF C R A C K ED  R E S ID U E S  IN  SOME  
SO LV EN T S.

By J. VosKuiL 
S y n o p s i s .

When cracked residue and fuel oil containing this product are diluted with 
different quantities of a precipitant hydrocarbon, and the percentages of 
precipitate are plotted against the dilution, “ procipitation cu rves” are 
obtained. Theso linos aro practically horizontal at high dilutions of aliphatic 
hydrocarbons and for cycZohexano. When adding large amounts of benzeno 
to a cracked residue not containing sludge, a certain amount of precipitate 
is also formed. T h is  precipitation curvo is  also horizontal at high dilutions.
In  the presenco of sludgo, small quantities of benzeno m ay poptizo part of 
the sludge, whereas larger quantities may again incroaso tho amount of the 
precipitate; so a minimum in  the curve is formed. Th is is illustrated; by 
an example.

The results of those experiments woro used to make a study of tho effects 
when a cracked residue or fuel is oxtracted with puro benzene (for instance, 
in  tho Sodiment-by-Extraetion Test).

T h is  led to tho conclusion that tho amount of tho sediment after tho 
extraction is dependent on tho viscosity of tho cracked rosiduo or fuel and 
on the sizes of tho pores in  tho extraction thimblo.

In  tho second part of this article a comparison is  made botweon tho per
centages benzene-insoluble in  residues highly diluted with bonzono and after 
a Soxhlot extraction of the pontane-insolublo with solvents increasing in 
solvent power up to bonzono.

The extraction method gives higher values than the dilution method. It  
is thought that the constituents which stay in  solution w ith oven great 
quantities of benzene are precipitated with pentane and loso thoir solubility 
in  benzeno during the step-by-step extraction in  which tho adsorbed pro
tective layers are removed.

The colloid-chemical nature of tho cracked residue is clearly demonstrated 
by this.

I ntroduction.

In a previous publication 1 an investigation into the formation of pre
cipitate in cracked residue and fuel oil containing this product, when 
increasing quantities of a precipitant hydrocarbon—e.g., 60/80 gasoline 
were added—was reported. By plotting the quantity of precipitate as 
function of the dilution, “ precipitation curves ” were obtained. An 
extrapolation of these precipitation curves to zero dilution gave tho 
quantity of “ sludge ”—i.e., flocculated asphaltenes, etc.—which could not 
be kept in solution owing to the insufficient solvent power of the product.

In the above publication mention was also made of the application of 
gasoline-benzene mixtures to “ flatten out ” the precipitation curves so 
as to simplify the extrapolation.

The present publication describes the results of the continued investiga
tion into the shape of the precipitation curves and the solubility of cracked 
residues in some solvents frequently applied in practice.

E
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Solvents U se d .

In Table I the solvents are given, together with some physical properties. 
The solubility of Dubbs residue in these solvents increases from pentane 

to benzene in the order shown.
T a b l e  I .

Specific Gravity and Iiefraction o j the Solvents Used.

Sp. gr. 
20/4.

Refractive
Solvent. index, 

20° C.
Details.

Pentane 0-6257 1-3575 Mado from topped gasoline. Con
tains about 1 2 %  of î'sopontane.

60/80 Gasoline (I.P .T . 0-6847 1-3850 Mixture of n-hexano, isoheptane,
Petroleum Spirit) and somo naphthenes.

cycloHexano 0-7785 1-4263 Obtained from hydrogenated ben
zene chemically pure.

Carbon tetrachloride 1-595 1-4630 Commercial product ; chemically 
pure.

Benzene 0-8755 1-4990 Chem ically pure, free from tliio- 
pheno.

P lotting of the P recipitation Curv es .

In theory the procedure is very simple : the residue is diluted with a 
certain volume of the precipitant liquid per gram of residue, and the 
resultant quantity of precipitate is then determined. In practice, however, 
great difficulties are encountered.

In the first place, the mixtures cannot be filtered, so that they have to be 
centrifuged. In his experiments the author used a series centrifuge from 
the International Equipment Co., Boston, U.S.A., with A.S.T.M., long- 
tapered bottom centrifuge tubes. These tubes were used in two sizes : 
50 ml. for low dilutions and 100 ml. for high dilutions.

The centrifuge could develop a velocity of 3000 r.p.m. with the 50-ml. 
tubes and of 1800 r.p.m. with the 100-ml. tubes. The radius from the 
centre to the middle of the tube was 21 cm.

The centrifuging was continued until there was a distinct boundary 
line between precipitate and supernatant liquid, which did not shift in 
position on continued centrifuging. The precipitates were then washed 
out and rinsed with carbon disulphide into weighed gum dishes (I.P.T.
G. 25 (T)). The percentage of precipitate was found by re-weighing the 
dishes after evaporation of the carbon disulphide and drying of the pre
cipitate in an oven at 110° C.

Another difficulty was experienced in washing out, since the precipitate 
entrained an appreciable quantity of the medium, from which a fresh 
quantity of precipitate was formed when washing with the precipitant 
liquid. In the previous article 1 this wash-error was eliminated by using 
the so-called correction formula :

Awn t \ E T V+  x )  m
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g =  weight of precipitate to he determined;
A =  weight of precipitate to be obtained ;
E  =  weight of residue employed;
x  == degree of dilution (with a dilution 1 : 1, x =  1; for 1:2,  x =  2, 

etc.);
T  =  percentage of precipitate at very high dilution;
V =  volume of precipitate in centrifuge tube.
The correction formula is based on the assumption that the specific 

gra vities of cracked residues and of precipitates are equal, or approximately
equal, to 1. Generally this may be taken to be sufficiently correct, but
with mixtures of residue and gas oil with a high proportion of gas oil 
this may not be the case, and the formula was accordingly modified so 
as to make allowance for the specific gravity.

When in the derivation of the formula the specific gravity of the residue 
or mixture (r/j) and that of the precipitate (</2) are taken into account:

. „/ i  , \  nrv  +  _  _ _

E ( k  + X) + i - ' ' -
E T

1 0 0 . do

A c c u r a c y  o f  t h e  R e s u l t s .

It is of importance to know what value can be attached to the results 
obtained. The correction is the greatest at low dilutions or if the sludge 
can be centrifuged of! at once because the residue or fuel oil has a 
sufficiently low viscosity (dilution 1 : 0).

It can be calculated that the absolute accuracy in the extrapolated 
sludge values is 3-4 units in the first decimal place. It follows from this 
that the accuracy is greater with high than with low sludge values.

P r e c i p i t a t i o n  C u r v e s  w i t h  60/80 G a s o l i n e ,  B e n z e n e  a n d  M i x t u r e s
o f  T h e s e .

A mixture of a cracked residue A  and a gas-oil with a sludge content of 
3-4 per cent, was diluted with different percentages of 60/80 gasoline,

T a b l e  I I .

Relation between the Percentage o f Precipitate in  the Residue A — Oas Oil m ix tu re  
and the D ilu tion  w ith  G 0/80 Gasoline and M ixtures o f this with Benzene.

Dilution.
00/80
gaso-
line.

90
gaso
line,

10
ben
zene.

80
gaso
line,

20
ben
zene.

70
gaso
line,

30
ben
zene.

60
gaso
line,

40
ben
zene.

50
gaso
line,

50
ben
zene.

60
gaso
line,

40
ben
zene.

30
gaso
line,

70
ben
zene.

20
gaso
line,

80
ben
zene.

10
gaso
line,

90
ben
zene.

Ben
zene.

4-3 4 1 4 0 3-6 3-4 3 1 2-8 2-5 2-1 1-8 1-6
1 5-3 4-4 4-3 3-7 3-4 2-9 2-6 21 1*5 1*3 0-9
1 : 1 61 5 1 4-8 4 0 3-4 2-8 2-1 1-5 0-9 0-5 0-14
1 : 2 7 0 5-8 5 1 4-2 3-5 2-9 2-0 1-3 0-6 0-5 0 1 2
1 : 3 — — — — — — — 1-4 0-6 0*4 01 4
1 :4 — — — — — — — — — 0-5 0-161 : 10 0-7
1 : 20 — — — — — — — ____ ____ ____ 1*3
1 :40 — — — — — — — ____ ____ ____ 1-5
1 : 100 8-8 6-9 5-9 5 0 4-3 3-7 3 1 2-5 1-8 I S 1-6
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Dilution.
F i g . 1.

P R E C I P I T A T I O N  C U R V E S  O B T A I N E D  W I T H  0 0 /8 0  G A S O L I N E ,  B E N Z E N E  A N D  M I X T U R E S  

O F  T H E S E  T R O D U C T S  I N  A  M I X T U R E  O F  C R A C K E D  R E S I D U E  A  W I T H  G A S  O I L  ( 4 0 % ) .

benzene and mixtures of these. The resulting percentages of precipitate 
have been given in Table II and the precipitation curves in Fig. 1.

The precipitates had, of course, to be washed with 60/80 gasoline, as 
otherwise the first part of some of the curves would be similar to the dotted 
lines drawn in Fig. 1. Washing with the precipitant itself would be 
permissible only in those cases in which the content of precipitate at high 
degrees of dilution would be higher than the sludge content.
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It is interesting to note that with the mixture 50 per cent, of 60/80 
gasoline and 50 per cent, of benzene a minimum occurs in the precipitation 
curves. This minimum becomes more pronounced with increasing per
centages of benzene in the mixture.

The effect of the benzene on the sludge is interesting. At a definite 
dilution there is a maximum solubility of the sludge in the medium. When 
more benzene is added, more precipitate is formed, reaching with infinite 
dilution a certain limit, just as it did with 60/S0 gasoline. The obvious 
question now arising is whether every cracked residue, even one containing 
no sludge at all, behaves similarly. This is actually found to be the case. 
Every Dubbs residue examined by the author produces asymptotically 
more precipitate with increasing quantities of benzene. A minimum is, 
of course, absent in the case where there is no sludge. The maximum 
stability of a system without sludge would have to be determined by some 
other means.

CycfollEXANE AS PRECIPITANT.
cycZoHoxane is a precipitant which flattens out the curves and, as we 

know by experience, gives no minima. The results have been collected 
in Table III; the percentages practically coincide with those obtained with 
mixtures of 70 per cent, of 60/80 gasoline and 30 per cent, of benzene and 
which arc plotted in Eig. 1.

T a b l e  I I I .

Relation between the Percentage of Precipitate in  the Residue A —Gas-Oil M ixture 
and the D ilution with cyclollexane.

Dilution. Percentage of precipitate.

1 : 1 3-6
1 .- 1 3-8
1 : 1 3-9
1 : 2 4-3
1 : 100 5-5

Table IV gives the percentages of precipitate obtained with cycZobexane 
in different dilutions in some cracked residues. The results have been 
plotted in Eig. 2.

T a b l e  I V .

Relation between the Percentage of Precipitate in Some Residues and the Dilution
w ith cyclollexane.

Dilution. Residue
B .

Residue
A .

Residue
C.

Residue
D.

Residue
E .

Residue
F .

1 : 1
1 : 2 
1 : 3 
1 : 5  
1 : 100

10 -0 %
17-0
18-1

19-0

4 -0 %
5-3
6-2 
7-3 
9 0

0.90 /-  -  /o
3 0
3 - 5
4-1 
4-9

0 -5 %  
00

1-3 
3-2

0 -2 %
3 - 5
5 - 1
O B
8-4

0 -2 %  
3 0
4-2
5 - 5  
7 - 5
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0 I: I | : a  1:3 l ; A 1:5 1:6 1 7  l :8  C 9 1 :10

-— D ilution willo cyclo-hexom e
F io .  2.

P R E C I P I T A T I O N  C U R V E S  O B T A I N E D  W I T H  C J / c i O H E X A N E  I N  A  F E W  C R A C K E D

R E S I D U E S .

R e s id u e



Residue B  was a strongly cracked residue. The residues E  and F  were 
two cracked residues which could be mixed with 10-20 per cent, of P.D. 
bottoms without giving • any difficulty in the preheaters; those are 
cases in which a “ threshold value” was found for the formation of 
precipitate in cracked residue by dilution. Under the microscope, with 
dark-field illumination, inhomogeneities such as inorganic and carbon
like material were, indeed, noticeable, but the quantity was so small as to 
defy determination. It was roughly estimated to be less than 0-1 per 
cent. Strictly speaking, these curves of the residues E  and F  should not 
end in the X  axis, but should run horizontally to the Y  axis from about
0-1 per cent, (see dotted line).

The following is also worth mentioning :
In practice Residue G was found to be less stable towards heating than 

Residue A , although the former contains less sludge; its precipitation 
curve is flatter than that of A .

Th e E xtraction of a  R esidu e  with  P ure  B e nzene .

The behaviour of benzene towards cracked residues and blends is of 
practical importance because it explains the phenomena encountered when 
carrying out, for instance, the Sediment-by-Extraction Test, (A.S.T.M. 
Designation D473-38T).

Suppose that a residue or blend (e.g., the mixture of Residue A with gas 
oil) is subjected to the Sediment-by-Extraction Test.

Owing to its comparatively high viscosity, this fuel does not pass through 
the pores of the alundum thimble. If benzene condenses in the thimble, 
the composition of tiro fuel-benzenc mixture will shift to the right along 
the X  axis (see Fig. 1). If, for instance, the viscosity of the 1 : 2 mixture 
is such that it can pass through the pores of the alundum thimble, it will 
be clear that practically no precipitate is left behind.

At the bottom of the extractor, however, precipitate is deposited owing 
to the excess of benzene, a symptom that has frequently been noticed 
previously.

The quantity of sediment obtained in this test therefore depends on the 
pore size of the alundum thimble and the viscosity of the fuel.

Soxhlet E xtraction w ith  Solvents I ncreasing in  S olvent
P ower.

It is different when the extraction is carried out successively with solvents 
increasing in solvent power. Tins takes place in the examination of asphaltic 
bitumen in the Soxhlet apparatus. Hillman and Barnett have reported 
on this in their publication on an investigation into cracked and uncracked 
asphaltic bitumens.2

Hillman and Barnett separate asphaltic bitumen by means of isopentanc 
into a solid and a liquid part (pentane-asphaltenes and pentane-maltenes). 
They next extract the pentane-asphaltenes successively with tsopentane, 
hexane, carbon tetrachloride, benzene, carbon disulphide, and pyridine in 
a Soxhlet apparatus. The influence of the medium on, for instance, the 
benzene-insoluble is eliminated here by a gradual removal of the “ lighter ”
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constituents, which, in combination with the benzene, have a maximum 
solvent power for the benzene-insoluble.

According to an unpublished statement of Hillman and Barnett, the 
percentage of carbon tetrachloride-insoluble is higher if the extraction 
with hexane is not immediately followed by that with carbon tetrachloride, 
but with mixtures of hexane and carbon tetrachloride, each time containing 
10 per cent, more of the latter substance.

Comparison of the Quantity of B enzene-insoluble after  the Soxhlet 
E xtraction and  after H igh D ilution .

It has been ascertained that the quantities of benzene-insoluble in high 
benzene dilution and after the modified Soxhlet extraction described above 
are the same. One would expect this, as the influence of the medium on 
the benzene-insoluble is eliminated in both methods.

Table V gives the quantities of benzene-insoluble in some residues with 
the dilution method and after the Soxhlet extraction.

T a b l e  V .
Percentage of Benzene-insoluble with the Soxhlet Extraction and with the Dilution

Method.

Residue. Porcontago insolublo 
in  pentane.

Percentage insoluble 
in  benzeno (Soxhlet 

extraction).

Percentage insolublo 
in  benzene (high 

dilution).

A  . 10-2 6-5 2-3
C . 8-7 2-0 0-0
D  . 10-0 2-9 0-4
E  . 15-1 4-8 0-6
H . 19-2 8-7 1-8
K  . 20-1 10-4 2-3

T a b l e  V I .  

Experiments with Residue A.

Percentage benzene-insoluble in  accord
ance w ith the dilution method.

(a) Dilution 1 : 100 . . . 2 -3 %

Dilution 1 : 1000 . . . 2 -4 %

(6) Dilution 1 : 100 after precipi
tation of the pentono insol
uble without drying of tlio 
precipitate . . . 2 - 6 %

(c) Ditto with drying of the pen- 
tano-insoluble (18 hrs. ut 
110 ° C.) . . . .  2 -9 %

Percentage benzene-insoluble in  accord
ance with tho Soxhlet extraction.

(id) A t condensation temperature
of the solvent . . . 0 -4 %

A t room temperaturo (“ cold
extraction”) . . . 7 -7 %

(e) Extraction in  carbon dioxido
atmosphero . . . 5 -9 %

(/) Extraction with exclusion of
light . . . .  5 -7 %

(g) Extraction w ith 00/80 gaso- 
line-benzeno mixtures (ris
ing by 5 % )  . . . 4 -9 %



VOSKUIL : SOLURILITY OF CRACKED RESIDUES IN SOME SOLVENTS. 6 5

T a b lf. V I I .
Shaking-out of the Pentane Precipitate with Solvents.

(а) Successively shaking-out of tlio pontano-procipitato w ith a largo oxcoss of
60/80 gasolino-benzono mixtures (rising by 5% ) without drying of the 
precipitate . . . . . . . . . . .  4 -4 %

(б) Ditto with drying of the pentano precipitate . . . . .  5 -5 %
(c) Ditto w ith gasoline-CClj mixtures and with benzcno . . . .  5 '8 %

There is a remarkable difference in benzene-insoluble between the ex
traction and the dilution method, the results of the latter being much 
lower.

To account for this great difference, the author experimented further 
with Residue A .

The idea was to vary several factors (such as drying of the pentane 
precipitate, influence of light and oxygen, etc.) which might influence the 
results of the dilution and the extraction method. The results of these 
experiments have been collected in Tables VI and VII.

Experiments with the D ilution Method.

(a) In the first place it was ascertained whether 1 : 100 was a sufficient 
dilution. To this end the percentage of precipitate was determined at a 
dilution of 1 : 1000. The increase of 0-1 per cent. (2-3-2-4 per cent., a, 
Table VI) is practically negligible. In point of fact we had already found 
that, in a 1 : 100 dilution, every cracked residue is on the asymptotic part 
of the precipitation curve.

(ft) It had occurred to us that the previous precipitation and drying of 
the pentane-insoluble might cause such changes in the precipitate as to 
render part of it insoluble in benzene. The drying was first eliminated by 
at once taking up the filtered pentane precipitate in excess benzene. 
Although this gave an increase of 0-3 per cent., the value for the benzene- 
insoluble was still far below 6-4 per cent.

(c) The influence of drying was ascertained by drying the pentane pre
cipitate for 18 hours at 110° C. By this manipulation the value was slightly 
increased to 2-9 per cent.

Experiments with the Extraction Method.

(d) It might be that normal extraction at the rather high condensation 
temperature of the solvents could effect polymerization or the like of the 
residue constituents, causing these to become less and less soluble.

If so, extraction at room temperature should give lower results. This 
“ cold extraction ” was carried out as follows (see Fig. 3):—

The separating funnel A  containing the extraction liquid was connected 
by means of a glass tube with drain-cock F, with a wide glass filter B, 
which contained a Jena Glass filter G 3 (G) with the precipitate. A  was 
heated by an electric heating ring D . The solvent vapours consequently 
condensed in the condenser E  and the liquid regularly dripped into C. 
Extract plus solvent were conducted back to A  through the glass tube.

After the cold extraction the percentage benzene-insoluble was 7-7 per 
cent., hence higher than after the Soxhlet extraction. Also in cold ex



tractions -with the other residues the percentages of benzene-insoluble 
were either higher than or equal to those after the Soxhlet extraction. 
The high temperature was consequently not responsible for the great 
difference between the dilution method and the extraction method.

(e) The possible influence of oxygen on the precipitate (oxidation 
polymerization) was next considered, as during the long time required by 
the Soxhlet extraction the precipitate has ample opportunity of being 
oxidized. An extraction carried out in a current of carbon dioxide actually 
gave a lower result: 5-9 per cent., but this was still much higher than that 
of the dilution method.

(/) The percentage of benzene-insoluble was not radically altered

66 VOSKUIL : SOLUBILITY OF CRACKED RESIDUES IN SOME SOLVENTS.

B

F i g . 3 .

E X T R A C T I O N  A P P A R A T U S .

by the influence of light. An extraction carried out in the dark gave a 
result of 5-7 per cent.

(g) Carbon tetrachloride is known to react with a number of substances 
(bituminous substances among them) under the influence of light, splitting 
off HC1.3-4

A well-known example of this is the decomposition of CC14 in the presence 
of iron. When a little aniline is boiled with CC14 under a reflux condenser 
in diffused daylight, hydrochloric acid can be distinctly detected after 
half an hour.

Dubbs residue and “ asphaltenes ” also gave a positive chlorine reaction 
after being boiled with CC14 for half an hour under a reflux condenser. As 
liberated chlorine and chlorine compounds cause such changes in residues 
as to render them less soluble (coagulation, polymerization), it is natural
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to assume that the great difference between extraction and dilution method 
might be duo to the use of CC14. An extraction was therefore made 
without CC14.

If CCI4 is omitted, the extraction wtli 60/80 gasoline should be followed 
by extraction with mixtures of 60/80 gasoline and increasing quantities 
of benzene (rising by 5 per cent.), and finally with pure benzene. By this 
procedure the author obtained 4-9 per cent, of benzene-insoluble—i.e.,
1-5 per cent, lower than after extraction with CC14.

This effect is, however, incapable of accounting for the difference from 
the dilution method, which is still large.

The only explanation left was to assume that the effect of step-by-step 
removal of the protection round the pentane precipitate so as to eliminate 
the influence of the soluble on the insoluble part differs fundamentally 
from the application of a high dilution to attain the same purpose.

This was further demonstrated by the following two experiments:
(1) Shaking out o f the pentane precipitate with solvents of an increasing 

solvent power.
(2) M ixing experiments.

(1) Shaking out the Pentane Precipitate w ith  Solvents.

(а) With Gasoline-Benzene M ixtures.—This manipulation may be con
sidered as intermediate between the dilution and the extraction method.

The residue was weighed into the centrifuge tubes and diluted with 
100 X its volume of pentane. The pentane precipitate centrifuged off 
was thoroughly washed a few times with pentane until the wash liquid 
was almost colourless. The precipitate was subsequently mixed with 
60/80 gasoline and the above manipulations were repeated. The gasoline 
was replaced by a mixture of 95 per cent. 60/80 gasoline and 5 per cent, 
benzene, and so on, ending with pure benzene. The benzene-insoluble was 
then rinsed out with CS2 into a weighed gum dish; after evaporation of 
the CS2 the precipitato was dried and weighed. The percentage insoluble 
was 4-4 per cent, (a, Table VII).

This shows that the shaking method gives a final result very close to 
that obtained in the extraction method with gasoline-benzene mixtures.

(б) A previous drying of the pentane asplialthenes immediately caused 
this figure to rise to 5-5 per cent. (b, Table VII).

(c) The influence of CC14 on the shaking method was also ascertained. 
The residue was shaken first with 60/80 gasoline and subsequently with 
mixtures of 60/80 gasoline and CC14. As the mixture with 80 per cent, of 
CC14 did not separate in the centrifuge owing to the slight difference in 
specific gravity between precipitate and liquid, the precipitate obtained 
after centrifuging with 70 per cent, of CC14 and 30 per cent, of 60/80 gasoline 
and washing out was mixed with pure CC14. This precipitate was suspended 
in the CC14 by shaking, part of it dissolved, and the insoluble part then had 
a structure which allowed it to be filtered off in a Jena-glass filter G 4. 
The residue on the filter was thoroughly washed with CC14, then rinsed 
quantitatively into the centrifuging tube and shaken out with benzene. 
In spite of the fact that a few stages had been skipped in the shaking



process, and that a slight loss might have occurred in rinsing the CC14 
precipitate into the centrifuge tube, the percentages of benzene-insoluble 
now amounted to 5-8 per cent, (c, Table VII).

(2) M ixing Experiments.

Residue A  was mixed in different concentrations with a straight-run 
residue of an “ aromatic ” type and with pyridine. The percentage 
benzene-insoluble in the mixtures was determined with the dilution and 
with the extraction method. The results arc collected in Table VIII and 
in Fig. 4.

T a b l e  V I I I .
Percentages of Bcnzcnc-insolublc in  M ixtures of Residue A  with a  Straight-run Residue 

and with P yrid ine according to the Extraction and the Dilution Methods.

G8 VOSKUTL : SOLUBILITY OF CRACKED RESIDUES IK SOME SOLVENTS.

M ixture. E x trac 
tion.

Dilu
tion. M ixture. E x trac

tion.
Dilu
tion.

100% residue A
80% res. A + 2 0 %  str.-run  res. 
60% „  +  40% „
40% „  +  60% „
30% „ +  70% „
20% „  +  80% „

100% stra ight-run  residue

6-4%
6 0
5-2

3-8

2-8

2-3%
1 0
0-4
03*

0-1 
0 09

100% residue A 
80% res. A  +  20% pyridine . 
80% „ +  40%
40% „  +  60%
30% „ +  70%
20% „  +  80% „

100% pyridine

0-4% 
5-4 
3 9  
2 0

1-3 
0

2-3%
1-3
0-89
0-59

0-23
0

When plotted, the quantities of benzene-insoluble as a function of the 
mixing ratio give a straight line in the extraction method (Fig. 4, the 
straight lines 1 and 3); in the dilution method curves are obtained (Fig. 4, 
curves 2 and 4). In the latter method the percentage insoluble is in
variably lower than the theoretical quantity. This discrepancy is more 
pronounced wdtli the straight-run residue than with the pyridine mixture.

Theoretical Considerations.
In the previous publication 1 it was stated that the compounds of straight- 

run and cracked residues insoluble in aromatic-free gasoline, the so-called 
“ asphaltencs,” form a large series of products with varying solubility in 
organic media. According to the publication of Pfeiffer and van Door- 
maal 5 the asphaltenes of bitumens dissolve or peptize better in non-polar 
organic liquids of a hydro-aromatic or aromatic nature than in aliphatic 
ones, and especially the high-molecular aromatics favour the peptization 
of the asphaltencs.

It will be clear that the different curves represented in Fig. 1 obtained 
by diluting the mixture of cracked residue A  and a gas-oil with increasing 
quantities of several gasoline-benzene mixtures illustrate the relation 
between the aromatic content of the solvent and its solvent power on the 
“ asphaltenes ” of this residue. It appears that the solvent power of 
cycZohexane is about the same as that of a mixture of 70 per cent, of gasoline 
and 30 per cent, of benzene. As the amount of insoluble substances in 
these liquids is still higher than the sludge present in the fuel, we must 
assume that the other components of this fuel have a still better dissolving 
power upon its asphaltenes; it could be compared with that of a mixture 
of, say, 58 per cent, of gasoline and 42 per cent, of benzene. This mixture



VOSKUIL : SOLUBILITY OF CRACKED RESIDUES IN SOME SOLVENTS. 69

may therefore be regarded as the “ neutral washing liquid ” for the sludge, 
as was described in the previous publication,1 p. 189.

% o , ^ e  of s f r . r o n .T e &  cxn ol p y r i d i n e

1 Extraction of residue A -str. run. res. mixtures.
2 Dilution „ „ „ „
3 Extraction of residuo A-pyridino mixtures.
4 Dilution „ „ „

Fig. 4. 1
T H E  P E R C E N T A G E S  O F  B E N Z E N E  I N S O L U B L E  I N  M I X T U R E S  O F  R E S I D U E  A  W I T H  A

S T R A I G H T - R U N  R E S I D U E  A N D  W I T H  P Y R I D I N E  A C C O R D I N G  T O  T H E  E X T R A C T I O N

A N D  T H E  D I L U T I O N  M E T H O D .

The increasing amounts of precipitate formed when employing increas
ing amounts of these solvents with less dissolving power than the maltenes



must be explained by the decreasing influence of the maltenes in the higher 
dilutions. The same reasoning can be applied to explain the decreasing 
amount of the sludge with small quantities of better peptizing solvents 
(mixtures containing more benzene). With further increasing quantities of 
highly aromatic solvent of low molecular weight a complication occurs, 
for the amount of precipitate again increases. It is probable that in 
these mixtures the concentration of certain peptizing constituents present 
in the original residues—for instance, high molecular components with an 
aromatic character—decreases too much, so that these substances lose 
their efficiency.

To make our reasoning clear we should like to mention the following 
working hypothesis. We may imagine the asphaltene micellae in a cracked 
residue without sludge to be built up of nuclei with a high C : H ratio 
(aromatic), surrounded by successive layers of high-molecular components 
with a gradual decrease in the C : H ratio. These mantles, which are 
supposed to be more or less diffuse, form a kind of continuous transition 
from the asphaltene micella nucleus to the continuous phase. Low- 
molecular, mobile molecules would not be suitable mantle substances.

If a material of this type is diluted with an aliphatic hydrocarbon the 
nature of the continuous phase is altered; no continuous transition between 
the continuous and the disperse phases can now be formed by the available 
mantle substances, and more or less complete separation of the disperse 
phase follows. If a solvent rich in aromatics is added to a cracked fuel 
already containing sludge, hence a fuel with a shortage of mantle sub
stances, the difference between the phases is smaller; thus the flocculated 
sludge is peptized.

We must imagine the formation of the mantle round the nuclei to be a 
sort of adsorption process, as an increase of the quantity of solvent shifts 
the adsorption equilibrium and cause gradual “ dismantling,” owing to 
which part of the disperse phase is precipitated. This working hypothesis 
may serve to explain the asymptotic precipitation curve.

When the insoluble components of a cracked residue are precipitated 
with pentane, and the precipitate is filtered off and treated with a large 
quantity of benzene, practically the same amount of insoluble material is 
found as when treating the original residue with this amount of benzene. 
This experiment shows that the pentane maltenes show no, or only a 
very small, peptizing effect in benzene solutions. If, however, the pre
cipitate with pentane is extracted with solvents of increasing aromatic 
content (gasoline-benzene mixtures), the total amount of substances 
insoluble in benzene increases, showing that that part of the asphaltenes 
which is soluble in these mixtures is necessary to peptize part of the material 
in itself insoluble in benzene; these fractions of the asphaltenes must be 
regarded as the mantle substances of the cracked nuclei in the solution in 
benzene. It will now bo clear that from the amount of benzene insoluble 
after the extraction in our mixing experiments (Table VIII) a mathematical 
relationship could be found between the dilution and the amount of benzene- 
insoluble material, because all the nuclei and their mantles were preci
pitated with pentane, and after that the mantles were quantitatively 
removed. In the dilution experiments, however, these protective bodies 
remain present, hut their influence cannot be expressed in a simple
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mathematical equation with the mixing proportion, as the adsorption 
equilibrium now also plays a part. For actual practice the most valuable 
criteria are the amount of sludge present in a fuel without dilution (ex
trapolated sludge value) and the changes of this quantity upon blending 
or heating; the experiments described, however, displayed the colloid 
chemical natm-e of Dubbs residue.
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T H E  CA TA LY TIC E F F E C T  OF M ETALS O N T H E  
A G E IN G  O F L U B R IC A T IN G  O IL F O R  D IE S E L  
E N G IN E S .*

By H. L. M a t t h i j s e n  |

D u r in g  the examination at regular intervals of the used lubricating 
oils from the Maybach engines of the triple car-Dicsel trains belonging to 
the Netherlands Railways, the question was raised as to whether the small 
metal splinters present in the used oil and also the cylinder-wall, the 
piston-rings, etc., might be able to increase or reduce the content of 
oxidation- or ageing-products.

Many references to the effect of metals, etc., on ageing arc to bo found in 
the literature (6, 8, 16, 21, 26, 31, 32, 33, 35, 30, 37, 42^  but 011 the whole they 
are so vague that we have found it necessary to test this point ourselves.

As it was not possible to carry out such work in the engines of the diesel 
trains, the experiments were made in a laboratory oxidation instrument 
designed by Mr. A. Mollinger, Mech. Eng., a lecturer at the Technical High 
School at Delft, Mechanics Section.

We have learned from an elaborate study of the relevant literature of 
recent years on the ageing of lubricating oil (2> 3> 4’ 5> 6> 7> 8- 10-14> 21> 22- 24■ 27> 
28, 29, 32, 38, 3», 41^ that twenty-three different laboratory oxidation methods 
have been worked out.

The B.A.M. Test and the Indiana oxidation test were preferred some 
time ago in the English-speaking countries, but during the past year the 
simple dish method has become popular and found favour with the Bureau 
of Standards. The Sligh test, which the A.S.T.M. at first recommended,29 
has recently declined in favour. France, Italy and Germany, moreover, 
each have methods of their own.6' 22> 4

Although a good many articles make mention of satisfactory correlation 
between the engine tests and some or other oxidation test, considerable 
uncertainty still prevails, and many still hold the view that oxidation tests 
can never give conclusive evidence as to the quality of a lubricant in 
practice (cf.17).

Our principal object being to determine the catalytic effect of metals on 
ageing, and not the quality of the lubricating oil in practice, we arc publish
ing these results in the hope that they may contribute something towards a 
better understanding of the decisive factors governing the ageing of lubricat
ing oils. Figs. 1 and 2 represent the oxidation instrument, designed by 
Mollinger.

100 grams of the oil under test arc put into a sheet-iron tank, after which

* Paper received 2nd March, 1939.
t  Chem. Engineer, Testing Department of the Netherlands Railw ays, Utrecht, > 

Holland.
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this is fitted to the upper part of the apparatus. Then the saw, driven by an 
electric motor at 2800 r.p.m., is made to rotate. As a result, the oil is flung 
in minute particles towards the chimney and flows back along the sides into 
the tank. At the same time the gas-burner under the tank is lit. As soon 
as the dispersed oil has attained the temperature of the test, this tempera- 
turo is kept constant for 85 minutes, which is quite feasible up to 230° C. 
with a fluctuation of i  1° C.

As is evident from Fig. 2, a certain amount of air, passing between the two 
loosely-fitted rings rotating with the axle and the sides of the tank, will 
reach the oil and promote oxidation. The oil fumes escape tlirough the 
chimney, the upper part of which is provided with four slanting partitions. 
Oil fumes also escape through the small apertures between the rotating rings 
and the sides of the tank. The thermometer is placed almost immediately 
above the gas-burner, projecting 5-8 cm. into the tank. The velocity with 
which the oil moves at the bottom of the tank makes superheating 
impossible.

At the end of the ageing test a short interval is allowed for the oil to cool, 
if necessary, after which the tank with the oil is weighed to the nearest 
0-5 gm. in order to determine the loss by evaporation. The aged oil is then 
further examined.

We have now aged seventy-eight different lubricating oils for diesel 
engines at 230° C. in the oxidizer described and illustrated hero.

We preferred this.high ageing temperature because we consider this to bo 
right for diesel engines. This opinion is corroborated by Mr. Fairlie’s 
citation32 of 232-371° C. for piston temperatures, all according to the 
load.

As it has not yet been possible to put several of the above-mentioned 
seventy-eight lubricating oils through engine tests, we have to bo very 
careful in interpreting the results of these ageing tests, and we must, not 
attach a definite value to them as regards a quality test for service.

Although many indications have been provided, we do not yet wish to call 
them proofs.

Thus one of the two kinds of lubricating oil used in our diesel engines 
thickens more than the other; this agrees with the oxidation test. It is 
furthermore evident from the results of the oxidation tests with the seventy- 
eight lubricating oils that the pure Pennsylvania oils age least of all and are 
in this test superior to the naphtheno base oils. This fact is borne out by 
several statements in the relevant literature (21> 25> 27> 32> 3S>-40). It was also 
found that many solvent-treated oils age considerably. This finds corro
boration in some publications and refutation in others (u > 32- 34>40).

Besides the ageing test in our instrument, the Indiana oxidation test 
was also earned out with forty-one different oils in a co-operating 
laboratory.

Appraised and classified in the same way, both oxidation tests of twenty- 
seven kinds of oil correlate fairly well, whereas with the remaining fourteen 
oils the comparison turns out rather badly. This unfavourable result is not 
surprising, since the method of ageing is quite different.

In the literature the oxidation tests often tally well with the corresponding 
engine tests (2> 5> 9- 13-15- 30’ 35). On the other hand, however, several oxida
tion tests are mentioned which do not agree (4> 17>ls).
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The lubricating oil aged in the instrument is tested for :

(1) sludge (soluble in benzene);
(2) viscosity at 100° C. in centipoises;
(3) acid number;
(4) saponification number;
(5) Conradson residue.

S h o r t  D e s c r i p t i o n  o f  T h e  M e t h o d s  o f  T e s t .

(1) The sludge content is determined by adding 5 gm. of oil to 200 cu.cm. 
of petroleum ether (boiling range 40-00° C.). The liquid is kept for about 
24 hours in a dark place, after which, by repeated centrifuging with 
petroleum ether, the sludge is weighed in the tube after drying for 1 hour at 
105° C.

(2) The viscosity at 100° C. is determined by the Vogel-Ossag viscometer 
with an excess pressure of 00 cm. of water.

(3) For the acid number 100 cu. cm. of neutralized 90 per cent, alcohol is 
added to the weighed quantity of oil (about 4 gm.) in an Erlenmeyer flask. 
After boiling for a short time and cooling for 10 minutes, the solution is 
filtered. The filtrate is titrated with /g/V-KOH with phenolphthalein as 
indicator.

(4) For the saponification number 25 cu.cm. of alcoholic KOH are added 
to the weighed quantity of oil (about 2 gm.) in an Erlenmeyer flask. The 
mixture is then boiled for an hour, a long glass tube serving for cooler. It is 
then titrated with 0-5AT-hydrochloric acid and phenolphthalein as 
indicator; after the turning-point to colourless is reached, it is boiled for 
a further 5 minutes and again titrated after more drops of the indicator 
have been added. A blank test is made at the same time.

The saponification number is :

cu. cm. O-oA’-H C l for blank test — cu. cm. O-fuV-HCl for determination ^  
weighod quantity of oil X o .

(5) The Conradson residue is determined by the prescribed method with 
the standard apparatus for the test.

In Table 1 are given the different metals with which the lubricating oil 
comes into contact in the Maybach diesel engines and their chemical 
composition.

Minute turnings of these twelve different metals were cut with a diamond- 
cutter. The. catalytic effect of each of these metals on the ageing is deter
mined by adding in each case 0-3 per cent, of the turnings, in order to age the 
lubricating oil in the above-mentioned oxidation instrument at 230° C. for 
85 minutes.

Although not all the metals in the engine will come into contact with the 
lubricating oil at 230° C., the temperature is nevertheless kept the same in 
all the tests, in order at any rate to be able to make a comparison at 230° C.

It goes -without saying that after each test the tank, the saw, etc., are 
thoroughly cleaned, so that not a single metal particle from the preceding 
test shall bo left behind. All the tests were duplicated. Before analysing
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Phosphorus, % . 0-100 01 1 2 0-580 ____ ____ ____ ____ ____ — . —. —  . —
Sulphur, % 0-130 0-115 0-086 — — — — — — — — —
Manganeso, % 0-84 0-84 0-63 0-40 0-16 0-30 0-41 0-36 3-3 0-42 — —
Silicon, % . 2-34 2-36 2-60 13-3 13-4 0-19 0-26 0-28 — 0-24 — —
T otal carbon, % . 3-30 3-26 3-40 __ — 1-0 0-70 0-62 — 0-34 — —
Graphite, % 2-02 2-56 2-91 — — — — — — — — —
Combined carbon, % . 0-G8 0-70 0-49 — — — — — — — — —
Chromium, % — — — __ — 1-4 1-14 1-3 — 0-66 — —
Nickel, % . — — — — — nil 4-35 4-1 — 3-28 — —
Tungsten, % — — — — — traces 0-04 0-41 — nil — —
Copper, % . — — — 1-40 1-0 — — .— 88-2 — rest 64-6
Zinc, % . — — — — — — — — traces — nil 35-2
Tin, % — — — — — — — — traces — nil nil
Jjoad, % — — — nil nil — — — traces .— nil nil
Magnesium, % — — — 0-52 0-11 — — — — — — —

Iron, % — — — 3-50 0-96 — — — 0-4 — nil nil
Aluminium, % - — — — rest rest — — — 8-2 — nil —

Arsenic, % ---- — — ---- — — ---- — — — traces —
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the aged lubricating oil, the added m inute m etal turnings are removed by- 
hot suction through a filter cup.

The lubricating oil used was a paraffin base oil, approxim ately meeting the 
specifications for lubricating oil A ,  mentioned later in this article.

In  Table I I  are given the results of the  ageing tests w ith the addition of 
0-3 per cent, of m inute m etal turnings, tabu la ted  according to  the  decreasing 
positive effect on the ageing, w ith regard to  the  viscosity. For purposes of 
comparison, this table also includes the  results of tests made in this experi
m ent w ith the non-aged and  also w ith the aged lubricating oil w ithout the 
addition of metal.

T a b l e  I I .

R esu lts  of an a ly s is  a f te r  ageing  a t  230° C. fo r 85 m inu tes .

L u b rica tin g  oil w ith  ad d itio n  of 
0-3%  v e ry  line tu rn in g s  of m e ta ls  

m en tio n ed  below. L oss  by  
ev a p o ra 
tio n , % .

Sludge
(soluble

in
benzene).

A cid
num ber.

V iscosity  
a t  

100° C., 
c .p .

C onrad
son

residue,
°//0»

SaponiA-
ca tio n

num ber.

C hrom ium  nickel s tee l of im peller 
C hrom ium  nickel tu n g s te n  s tee l of

23-0 12*7 4-25 354-9 9*12 50-2

roller connecting  ro d  bearing 23-2 13-2 3-8 288-8 8-80 44-0
C hrom ium  stee l of ro ller m a in  bearing 2 3 0 10-5 3-9 200-2 8-87 45-1
C ast iron  of p is to n  rings .
C hrom ium  nickel tu n g s te n  s tee l of

21-5 9-2 3-5 2G2-7 8-02 45*1

race  connecting  ro d 23-2 9 0 4 0 5 201*0 8-52 47*7
C ylinder c a s t iro n  A 22-7 9 0 4-0 189-3 8-59 40-7

B 22-7 8 1 4 0 170-3 8-14 40-5
C opper con ta in in g  s ilum in  of p is to n s . 
C opper con ta in in g  s ilum in  of th e

2 2 ’2 7 0 3*4 154-0 8-11 43-8

c ra n k  case . . . . . 21-0 7*3 4-0 122-4 7-48 41*4
B rass  of w ire-clo th  from  o il Alter 21*7 4-8 3 0 115-1 7-31 37-4
R e d  copper of tu b o  o il Alter 
A lum in ium  m anganese  b ronze  of cage

1S-2 1*9 2-7 70-0 0-42 32-7

connecting  ro d  bea ring  
L u b rica tin g  oil without a d d itio n  of

18*5 0-95 2-0 53-3 5-32 29-5

m e ta l . . . . . 22-0 7*5 3 5 148-1 8-13 45-8
O rig inal lu b rica tin g  o il non-aged nil 0-15 15-7 0-S9 nil

The following is evident from Table I I .
(1) All the  ferrous metals more or less increase the ageing of the lubricat

ing oil. The non-ferrous metals have no effect a t  all, or a negative catalytic 
effect.

(2) On the whole the alloyed steels increase the ageing more than  the two 
kinds of cast iron. The chromium-nickel tungsten steel of the race of the 
connecting-rod bearing is the only exception to  this, b u t i t  is only manifested 
in  the  values for viscosity and  Conradson residue.

(3) I t  is quite possible th a t the strongly positive catalytic effect on the 
ageing of the  chromium nickel steel of the  impeller m ay be caused by the 
absence of tungsten and the low content of carbon and  chromium.

(4) The cylinder-cast irons A  and B  have practically the  same effect 011 
the  ageing, which agrees w ith the  iden tity  of chemical composition.

The cast iron of the  piston rings increases the ageing of the  lubricating oil 
more th an  does the  cylinder-cast iron.

The much higher content of phosphorus m ay account for this.
(0) Of the non-ferrous metals the  copper-containing silumin of the pistons 

has only a very slight effect on the  ageing. The negative catalytic effect 
begins w ith the copper-containing silumin of the  crank-case.
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A striking effect is the  pronounced counteracting effect on the ageing of 
the copper of the  tube oil-filtcr, and especially of the aluminium-manganese- 
bronze of the cage connecting rod-bearing.

(6) On the whole there is somo connection between the  alterations in 
viscosity and those of the sludge content and  the  Conradson residue. The 
saponification and acid numbers do not form a steadily decreasing series and 
have little  connection w ith each other. The loss by evaporation is scarcely 
affected by the addition of metals. I t  is only w ith copper and aluminium 
manganese-bronze, which counteract the ageing considerably, th a t  there is 
less loss by evaporation.

The question raised a t the beginning of this paper, viz., whether the  m etal 
splinters present in the used lubricating oil and also the  cylinder wall, 
piston-ring, piston, etc., will change the content of oxidation products, 
m ay be answered in the affirmative.

As a  m atter of course, it  is m ainly the iron m etals which will come into 
contact w ith the lubricating oil in the engine. The catalytic effect of these 
m etals is doubtless positive; consequently the  lubricating oil will age more 
and  the oxidation products will increase.

As has been previously mentioned, a striking fact is the strong inhibiting 
effect copper has upon the ageing of the  lubricating oil a t  230° C. I t  is, 
however, known th a t  copper is deleterious43; e.g., th is is the  case with 
transform er and turbine oils.

The tem perature to  which transform er oil especially is exposed, being 
much lower than  230° C., we have extended the  test w ith copper in order to 
determine the catalytic effect of an  addition of 0-3 per cent, of m inute tu rn 
ings on the ageing a t  rising tem perature, viz. a t  100° C., 140° C., 180° C., 
183° C., 187° C., 193° C., 205° C., 218° C., 224° C. and 230° C.

In  order to  ascertain w hether the catalytic effect of copper is the  same on 
the ageing of different kinds of lubricating oils, we carried out the same 
experim ent w ith a naphthene base oil. The above-mentioned tem peratures 
have been purposely chosen, because the series of tests w ith the  paraffin- 
base oil required this, as will be evident below.

The specifications of the two lubricating oils under te s t are tabulated  
below.

Determ inations. Lubricating oil A  on Lubricating oil B  on
paraffin baso. naphthene base.

Specific gravity at 15° C. 0-886 0-912
Flash point (open cup) 243° C. 223° C.
Fire point (open cup) 
V iscosity at 20° C. .

292° C. 274° C.
054-9 c.p. =  97-7° E . 655-5 c.p. =  95° E .

50° C...................................... 91-1 „ =  15-2° E. 79-7 „ =  11-8° E .
100° C...................................... 14-5 „ =  2-61° E . 10-7 „ =  2-08° E .

Hard asphalt . . . . . ni l ni l
Soft asphalt +  paraffin wax »> »»
Foreign m atter . . . .

0-03% - 0-04%Loss of weight on heating to 150° C ..
Pour point (Neth. K ailways method) - 1 7 °  C. - 1 9 °  C.
Acid number . . . . . 0-17 0-26
Conradson residue . . . . 0-89% 0-41%
Sulphur . . . . . 0-20% 0-87%
Aniline point . . . . . 117-8° C. 92-0° C.
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The tests were all carried out in duplicate, the  first series, from 100° C. to  
230° C., being finished off first and  then  the  second. Between the two series 
the instrum ent was thoroughly cleaned.

In  each case the specific gravity  a t  15° C., the  sludge content (soluble in 
benzene), the  viscosity a t  100° C. in c.p., the  Conradson residue, the acid 
num ber and the saponification num ber of the aged lubricating oil were 
determined.

The m ethods of test have already been described in this paper. The 
specific g rav ity  is determ ined with a pyknom eter.

Of the whole process of each of the  six determ inations a graph has been 
made showing the changes owing to  the ageing a t  rising tem perature of the 
lubricating oil w ithout and w ith the  addition of 0-3 per cent, of m inute 
copper turnings.

The research results w ith lubricating oil A  are represented in Figs. 3, 4, 5, 
6, 7 and 8.

From  these graphs i t  is evident first of all th a t  the  catalytic effect of the 
added copper on the  ageing of the  lubricating oil a t  lower tem peratures is 
quite different from th a t  a t  higher tem peratures. A part from the sludge 
which begins to  form above 218° C. in  the lubricating oil (w ithout copper) in 
the  case of the  five rem aining determ inations, the  catalytic effect o f copper 
a t  180° C. changes from clearly bu t weakly positive to  strongly negative. 
This result removes the contradiction noted with copper (see Table II). 
The above-mentioned results accord more or less w ith the statem ents of A. 
Maillard 8 and M. M outte, Dixmier and Lion.16

I t  is evident from the shape of the graphs th a t Fig. 4 (sludge) and Fig. 5 
(viscosity) are closely connected, which is also the case w ith F ig 3 (specific 
gravity), Fig. 6 (Conradson residue), Fig. 7 (acid number) and  Fig. 8 
(saponification number).

The two first-mentioned graphs show th a t above 218° C. the viscosity of 
the  oil w ithout copper is raised considerably, owing to  a rapidly increasing 
sludge content.

As the  copper represses the  form ation of sludge very considerably, the  
negative catalytic effect on the viscosity is m ost clearly shown a t  230° C.

The course of the viscosity is, moreover, affected by the  loss by  evapora
tion, which increases gradually up to  5 per cent, as far as 205° C. for the oil 
w ithout copper and then  jum ps suddenly a t  218° C., 224° C. and 230° C. to  
15-5 per cent., 16 per cent, and 21-5 per cent.

Up to  205° C. copper does not show any  effect, whereas a t  218° C., 2249 C. 
and 230° C. the  loss by evaporation falls to  9-5 per cent., 14 per cent, and 
18-5 per cent.

As regards the other four determ inations, the  negative catalytic effect of 
copper increases from 180° C. to  218° C. ra th e r quickly on the whole. 
Above 21S° C. the  anti-oxidizing effect of copper rapidly decreases.

The connection between the  acid num ber and  the saponification number, 
moreover, stands ou t clearly in Figs. 7 and 8.

The sharp fall in the acid num ber between 180° C. and 183° C. is worthy of 
note. The specific gravity  likewise substantially  decreases (Fig. 3).

I t  m ay finally be inferred from the fact o f the  sim ilarity between the 
shapes of the  graphs of the specific gravity  and the Conradson residue 
(respectively Fig. 3 and Fig. 4) th a t a connection exists between the two
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determ inations. This connection emerges equally clearly from  the  oil with 
or w ithout the  addition of copper.

Below we give the results of the  tests obtained on lubricating oil B , 
represented in  Figs. 9, 10, 11, 12, 13 and 14.

In  absolute contrast to  lubricating oil A , copper in  lubricating oil B  has 
only a slight catalytic effect on the ageing. W ith all the  graphs th e  dotted 
line runs closely along the  draw n line, or winds round i t  several times. Only 
in Fig. 10 (sludge) does a  turning-point become clearly visible a t  approxi
m ately 197° C. However, the  change here is from negative to  positive, 
although the catalytic effect of copper is slight, below as well as above 
197° C.

W ith this lubricating oil there is no sim ilarity between the viscosity and 
sludge curves (Fig. 11 and Fig. 10).

The pronounced increase in  the  sludge content, beginning a t  205° C. does 
not entail considerably increased viscosity, although the loss by  evaporation 
a t  the  higher tem peratures increases a  good deal more th an  with lubricating 
oil A.

Accordingly Figs. 13 and 14 show much less sim ilarity th an  Figs. 7 and  8 
w ith lubricating oil A.

The only analogy to  lubricating oil A  is the similar shape of the  curves of 
the specific g rav ity  (Fig. 9) and the Conradson residue (Fig. 12).

H ere again, then, is found some connection between the course of these 
tiro  determ inations.

Heedless to  say, copper also only verjr slightly affects the loss by  evapora
tion.

The tw o above-mentioned tests prove convincingly th a t the  catalytic 
effect of copper m ay bo practically nil, b u t also weakly positive as well as 
very strongly negative, all according to  the kind of lubricating oil used and 
to  the  ageing tem perature. The fact th a t the catalytic effect on the ageing 
depends very much on the kind of lubricating oil used has been previously 
noticed by E. W. J . Mardles.21

Finally, let us try  to  realize w hat reactions come into play while the  two 
lubricating oils A  and  B  are ageing in the  oxidation apparatus designed by 
A. Mollinger.

I t  is sta ted  in the literature (4 4>6- 9>10- 11> 12>10’ 19<20, 21,23, 24’25,31) th a t 
the following reactions may occur during the ageing of lubricating o i l :

(1) Oxidation involving prim arily the form ation of acids, and secondarily 
w hat arc known as petroleum resins, etc., proceeding by condensation from 
these acids.

A t higher tem peratures asphaltic m atter originates, formed entirely or in 
p a rt a t  the expense of the acids and the petroleum  resins. This asphaltic 
m atte r is completely or partly  soluble in  the lubricating oil.

(2) Condensation or polymerization. Although there is a  difference of 
opinion as to  which of these two reactions takes place, wc shall speak about 
condensation.

--------------=  Lubricating oil A w ithout addition.
------------- =  Lubricating oil A w ith 0 ’3% o f very fine copper turnings.
O  =  Lubricating oil A  original before ageing.

E xplanation o f Figs. 3 -8 .
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C H A R G E  I N  S P E C IF IC  G R A V IT Y  A F T E R  A G E IN G  A T  D IF F E R E N T  T E M P E R A T U R E S .

% Sludge

F i g . 4 .

F O R M A T IO N  O F  S L U D G E  (S O L U B L E  I N  B E N Z E N E )  A F T E R  A G E IN G  A T  D IF F E R E N T
T E M P E R A T U R E S .
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F i g . 5 .

C H A N G E  IN  V IS C O S IT Y  A T  1 0 0 °  C . A F T E R  A G E IN G  AT D IF F E R E N T  T E M P E R A T U R E S .

1 00  140 180  187 193 2 0 5  218 2 2 4  2 3 0
F i g . C.

C H A N G E  IN  C O N R A D S O N  C A R B O N  R E S ID U E  A F T E R  A G E IN G  A T  D IF F E R E N T
T E M P E R A T U R E S .
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100 140  180 187 1 93  2 0 5  218 2 2 4  2 3 0
F ig . 7.

C H A N G E  IN  A C ID  V A L U E  A F T E R  A G E IN G  A T  D IF F E R E N T  T E M P E R A T U R E S .

F i g . s .
C H A N G E  IN  S A P O N IF IC A T IO N  N U M B E R  A F T E R  A G E IN G  A T  D IF F E R E N T  T E M P E R A T U R E S .



(3) D estruction— i.e.,, splitting off of one or more of the side-chains of the 
cyclic systems, breaking up of the cyclic systems, or splitting off of one chain 
of aliphatic hydrocarbons.

In  the  engine near the piston one m ight possibly expect more cracking and 
condensation th an  oxidation,19, 23 whereas in  m ost of the  laboratory oxida
tion tests, oxidation and condensation m ainly occur, and the  cracking plays 
a very  insignificant part.

In  Fig. 15 the  graphs of the  six determ inations of the ageing from 100° up 
to  230° C. of the two lubricating oils A  and B  have been represented on a 
reduced scale in order to  facilitate a comparison.

The following m ay be inferred regarding the ageing process :

L u b r i c a t i n g  O i l  A.
From 100° to  140° C. Practically no ageing.

„ 140° ,, 180“ C. Only very slight oxidation.
,, 180° „ 2 IS“ C. Rapid beginning of oxidation which generates acids.

Abovo 193° C. The acids begin to resinify (showing slighter increase in the
acid number and rapid rise in  the saponification number) 
whereas the conversion to, or formation of asphaltic 
m atter m ay already have started.

Pronounced condensation causing rapid increase in the  
viscosity, especially of the specific gravity and tho Conrad- 
son residue.

From 218° to 230° C. Progressive condensation (further increase in the specific 
gravity and the Conradson residue) (sludging).

The sludge consists for the major part of asphaltic matter, 
formed at the expense of the acids and the petroleum  resins 
in  particular. For this reason tho acid number and tho 
saponification number abovo 218° C. change only a little. 
Owing to  tho sludging and tho progressive condensation, 
tho viscosity increases very rapidly.

L u b r i c a t i n g  O i l  B.
From 100° to 140° C. Minor incipient oxidation (slight increase in the acid number).

„  140° „ 193“ C. Mainly steadily increasing oxidation, condensation still p lay
ing a very minor part (slight increaso in  tho viscosity and 
fairly slight increase in  the specific gravity and Conradson 
residue).

„  193“ „ 230° C. Progressive and still more pronounced oxidation (rather more
rapid rise in  the acid number), greater condensation (marked 
increase in the specific gravity and Conradson residue and  
increase in  tho viscosity).

The sludging which sta rts  above 180° C. and  is no t serious up to  205° C. 
gathers m omentum above 205° C. The sludge will probably be of different 
composition from th a t  of lubricating oil A , whilst the  sludge-free p a rt of the 
oil m ay also be different.

This fact m ay explain why the increase in  the  viscosity above 205° C. is 
not very pronounced and why the  acid num ber and  saponification num ber 
keep increasing.

W ith the ageing in the  oxidation instrum ent, designed by  A. Mollingor, 
lubricating oil A  is consequently stable up to  180° C. M arked progressive 
condensation and a m oderate oxidation s ta r t  above th is tem perature.

Explanation o f  Figs. 9 -14 .
----------------------=  Lubricating oil B  without addition.

=  Lubricating oil B w ith 0-3% o f very fine copper turnings.
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© =  Lubricating oil B  original before ageing.
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C H A N G E  IN  S P E C IF IC  G R A V IT Y  A F T E R  A G E IN G  A T  D IF F E R E N T  T E M P E R A T U R E S .

F io . 10.
F O R M A T IO N  O F  S L U D G E  (S O L U B L E  I N  B E N Z E N E )  A F T E R  A G E IN G  A T  D IF F E R E N T

T E M P E R A T U R E S .
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Q _ -

1 0 0  1 4 0  180 1B7 193 2 0 5  2 1 8  2 2 4  2 3 0
F id . 11.

C H A N G E  IN  V IS C O S IT Y  A T  100° C . A F T E R  A G E IN G  A T  D IF F E R E N T  T E M P E R A T U R E S .

F ic . 12.
C H A N G E  I N  C O N R A D S O N  C A R B O N  R E S ID U E  A F T E R  A G E IN G  A T  D IF F E R E N T
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F i g . 1 3 .

C H A N G E  I N  A C ID  V A L U E  A L T E R  A G E IN G  A T  D IF F E R E N T  T E M P E R A T U R E S .

F i g . 1 4 .

C H A N G E  I N  S A P O N IF IC A T IO N  N U M B E R  A F T E R  A G E IN G  A T  D IF F E R E N T  T E M P E R A T U R E S .
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A F T E R  A G E IN G  A T  D IF F E R E N T  T E M P E R A T U R E S .
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Lubricating oil B  is stable up to  140° C. B eyond this ever-increasing 
oxidation sets in, as does condensation, which, however, only becomes 
more pronounced above 193° C.

F u rther observations m ight be made on the rem arkable course of the 
catalytic effect of copper on the  ageing of the two lubricating oils. We shall, 
however, refrain from making them , as we should have to  resort to  very 
vague hypotheses, which have no t y e t been confirmed by any experiment. 
Nevertheless this problem seems to  us sufficiently im portan t to  be further 
investigated.

S u m m a r y .

(1) The cataly tic effect has been examined of all the  relevant m etals with 
which the lubricating oil comes into contact in the Maybach diesel engine on 
the ageing a t  230° C. of a  paraffin base oil A ,  in the  oxidation instrum ent 
designed by A. Mollinger.

All the ferrous m etals stim ulate ageing more or less.
The non-ferrous m etals have no catalytic effect a t  all, or a negative one.
The m inute iron splinters in the used lubricating oil from the  M aybach 

diesel engine, and  also the cylinder wall, piston-ring, piston, etc., will there
fore a lter the content of oxidation products.

(2) From  the  investigations into the  effect of the  addition of copper as 
very fine turnings to  a paraffin base oil (A) and to  a naphthene baso oil (£) 
during ageing progressively from 100° C. to  230° C. in the  oxidation in stru 
m ent designed by A. Mollinger, it  is evident th a t the catalytic effect of 
copper is very different in the case of the two lubricating oils.

W ith the paraffin baso oil the catalytic effect up to  180° C. is clearly bu t 
weakly positive, whereas above 180° C. copper strongly represses the 
ageing.

There is only a slight catalytic effect over the  whole range of tem perature 
w ith the naphthene base oil.

(3) Guided by the  d a ta  of the relevant literature, we have given an  outline 
of the  ageing process of the two lubricating oils (A  and B)  in the  oxidation 
instrum ent designed by A. Mollinger a t  tem peratures ranging from 100° C. 
to  230° C.
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BURNING TEST EOR IiEROSINE.*
I.P .T . Serial Designation— K  35 (T).

A p p a r a t u s .

The lamp to be used for this test shall consist Of an oil chamber, a burner, 
and a chim ney conforming substantially to  the dimensions stated in Fig. l . f

I t  is essential to  ensure th a t  the burner fits vertically into the lam p 
reservoir, and th a t the wick guide has parallel sides and is centrally disposed 
in relation to  the  slot in  the  dome of the burner. Any distortion of the 
wick guide and/or dome will m ake the  production of the  necessary flamo 
shape difficult and render subsequent char values unreliable.

Wick .—The wick shall bo a f-in . (1-9-cm.) paraffin flat wick, super 
quality, as m anufactured by Messrs. Morgan, Crossley & Co., L td .j  I t  
shall contain approxim ately 43 ends of 3-ply yarn, woven doublo plain 
weave w ith stitching ends, one blue stripe on one face and one green 
stripo on the reverse face : woven w ith approxim ately 15 picks per inch 
and weighing norm ally 4 oz. per yard.

After weaving the wick shall bo purified by boiling in  distilled water 
an d  thoroughly dried.

After drying, the  wick shall be made into rolls and left for 7 days before 
finally cutting into 8-inch (20-3-cm.) lengths. After cutting, the  wick shall 
bo packed into m etal (tin) containers.

The maximum ash content of the wick shall be 0-4%.
Preparation of Apparatus .—New lam p glasses shall be soaked in diluted 

hydrochloric acid (1 : 1) for 24 hours, cleaned w ith a  test-tube brush, and 
rinsed thoroughly with distilled water. The glasses shall then be subjected 
to  three prelim inary 24-hour burning periods before being  used for 
burning tests.

Aftor use, glasses shall bo thoroughly cleaned, rinsed with distilled water 
and dried. Prior to  each te s t the burner shall be thoroughly cleaned, 
removing any deposit from the  wick guido, air holes and  ducts. Tho oil 
container shall also be rinsed two or three times w ith a  little  of the oil to  
be tested. For each test a new piece of wick shall be dried in a steam  oven 
for th ir ty  m inutes, soaked in  the  oil while still ho t and fitted into the wick 
guido. Tho length of wick used shall be 8 in. (20-3 cm.).

The te s t shall bo m ade in a well-ventilated room freo from draughts.§
Tho m inimum tem perature of the room and the oil in  tho container a t 

tho s ta r t and during the test shall be G0° F. (15-5° C.). Lamps shall be so

* This m ethod supersedes the m ethod issued in 1938.
f  Suitablo lamps, burners and chimney glasses can bo obtained from the Lamp 

Manufacturing and Railway Supplies, Ltd., River P late House, 12/13, South Place,
E.C.2, but they should bo chocked as regards dimensions before being used, 

t  Messrs. Morgan, Crossloy & Co., Ltd., Ducio Mills, Manchester, 10.
§ I f  necessary, a suitable screen about 2 ft. (00 cm.) diameter should surround 

the lamp to ensure this.
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J f o t e .— Tho toleranco on tho chimney dimensions shall be ±  ^ " e x c e p t  
where otherwise stated.



BURNING TEST FOR KEROSINE. 93

placed as to be a t  least 1 ft. (30 cm.) ap a rt and  1 ft. (30 cm.) from any 
wall.

D u r a t io n  o f  T e s t .

The te s t shall norm ally bo of 24 hours duration, b u t in cases of dispute 
the duration of the  test shall be 48 hours.

Me t h o d .

900 mis. of the oil shall bo placed in the container,* and the burner, with 
the wick and  clean chimney, fitted to  the lamp. Tho dome (with chimney 
attached) shall then  be folded back, and the wick carefully trim m ed with 
sharp scissors to  produce a flame 1 in. (2-5 cm.) high (measured from the 
top  of the dome) and 1 in. (2-5 cm.) in  w idth. The flame shall be smooth 
and symmetrical. Diagram A, Fig. 2, illustrates tho flame shape w ith 
essential dimensions. I t  is to  be emphasized th a t flame shape has a 
strong influence on char form ation, and  th a t i t  is therefore necessary to 
produce a  flame similar, as nearly as possible, to  th a t illustrated. The 
operation of wick trim m ing shall be carried out as follows :—

(a) The wick to  bo cut level w ith the wick guide.
(b) An inch or two (2-5 to  5-0 cm.) o f the  wick to  be exposed and, 

starting  a t  a point approxim ately }  in. (0-3 cm.) from each corner, a 
triangular portion to  be cu t off, as illustrated  in Diagram B, Fig. 2.

(c) The sharp corners produced by  operation (b) to  be very slightly 
rounded off.

(d) Ragged projections, if  any, to  be removed by  slightly bevelling 
tho top  edges of the wick illustrated in D iagram  C, Fig. 2.

After trim m ing the top  of tho wick, i t  shall bo re-saturated w ith kerosine 
before proceeding w ith tho test. The lam p shall bo weighed and the 
flame adjusted to  w ithin -jV in. (0-15 cm.) of the standard  flame dimensions.

The measurements of the  correct height and width m ay bo obtained 
by the use of the  “ R ather ” Burning Test Gauge (see A.S.T.M. Serial 
Designation D-187/30), bu t other gauges, capable of measuring vertical 
and horizontal dimensions w ithin the  accuracy specified, are equally 
suitable. Tho gauge shall be placed as near as possible to  the flame (say, 
G in. (15 cm.) from it) during th is operation.

The lam p shall be allowed to  burn  for one hour, and  the flame shall then 
be re-adjusted, if  necessary, to  the  standard  height. No further ad just
m ents shall be m ade throughout the test.

Burning shall now be continued for a fu rther 23 hours, and  a t  the end of 
this period the lam p shall again be weighed.

In  the  case of the 48-hour te s t the  lam p shall then  be recharged w ith 
sufficient kerosine to  restoro tho original weight, and burning shall be 
continued for a  further period of 24 hours. A t the completion of the  test 
the lam p shall be again weighed.

The to ta l consumption and average consumption per hour shall be

* I f  the previous exam ination of tho samplo had indicated tho presence o f sus
pended m atter, the oil shall bo filtered through a No. 4 W hatman (or equivalent) 
filter paper before carrying out the burning test.
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recorded. (The avorago consumption will norm ally bo approxim ately 
20 grams per hour.)

Removal of Char.—A length of approxim ately i  in. (1-3 cm.) from the 
charred end of the wick shall be cu t off and  placed, with any  pieces of char 
which have been detached during burning, or adhoro to  the wick guide 
(the char being removed by gentle scraping w ith m etal forceps), in a small 
beaker and  well washed by decantation w ith petroleum ether. Tho 
beaker and contents shall then bo dried a t  105/110° C. for ha lf an  hour.

A fter drying, tho char shall be removed from tho wick by—

(a) Breaking its structure by gentle pressure with m etal forceps or 
similar instrum ent.

(b) Gentle scraping along and across the  wick -with the point of 
m etal forceps or similar instrum ent.

Care shall be taken  to  ensure complete rem oval of char from the wick.
The m ixture of char and fibre shall then  be transferred to  a glass plate or 

a sheet of glazed paper, pieces of th read  from the wick shall be first removed, 
and the  coarse char collected on a ta red  watch-glass. The fine, fluffy 
fibre shall then  be removed as completely as possible from tho m ixture of 
fine char and fibre by tapping the m ixture from one smooth surface to 
another, and  gently brushing tho m ixture with a  brush having short, stiff 
bristles. Tho object of brushing is to  collect the fine fibre on tho brush 
w ithout removing tho char. Tho m ixture of fine char and fibre remaining 
on the  glass or paper shall be finally brushed on to  the watch-glass con
taining the coarse char, and  tho whole weighed. Results shall be expressed 
in milligrams of char per kilogram of kerosino, and duplicate results should 
be w ithin the lim its of ±  15% or 2 milligrams, whichever of theso is 
tho larger.

R e c o r d in g  o f  R e s u l t s .

The following shall bo recorded :

Total consumption in  grams.
Average consumption per hour in grams.
W eight of d ry  char per kilogram in mgms.
Bloom on glass :

(a) Predom inating colour : Brown, greyish-brown or grey.
(b) General rem arks : Normal or Unsatisfactory.

The maximum and minimum tem peratures of the test room shall bo 
recorded, and any abnorm al atmospheric conditions noted.
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T H E  INSTITUTE OP PETRO LEUM . 

LUNCHEON.
F b id a y ,  26th  J a n u a r y ,  1940.

A L u n c h e o n  of the In s titu te  of Petroleum  was held on Friday, 26th 
January , 1940, a t  the rooms of the Royal Em pire Society, Northum berland 
Avenue, London, W.C. 2 (by courtesy of the  Council of the  Society). This 
Luncheon was held in lieu of the  A nnual Dinner of the  In stitu te , cancelled 
in  December 1939.

The President (Professor A. W . N ash) presided, and  among those who 
were present were :

The R t. Hon. Lord Cadman, G.C.M.G., D.Se., Colonel L. Pineau (Chair
man, The Anglo-French Executive Committee for Oil), Sir Cecil Kisch, 
K .C .I.E ., C.B. (Vice-Chairman, The Anglo-French Executive Committee 
for Oil), the R t. Hon. Sir Ronald Graham, P.C., G.C.B., Sir Andrew Agnew, 
G.C.B. (Chairman, The Petroleum  Board), Monsieur J .  Filhol, Messieurs 
J .  E . Bouchandliomme, M. E . Goldet, Maurice Mercier, Mr. K . L. Stock, 
Mr. E. E . Soubry, Mr. R . W. Sellers, Lt.-Col. S. J .  M. Auld, M.C., O.B.E., 
Professor J .  S. S. Bram e, C.B.E., Air. T. Dewhurst, Dr. A. E . D unstan, 
Mr. J . Kewley, Dr. A. J .  V. Underwood and Mr. F . A. Yearsley.

A fter the loyal toast had  been honoured, Sir Andrew Agnew, G.C.B., 
proposed the  Toast of

“  T il e  P e r m a n e n t  A n g l o - F r e n c h  E x e c u t i v e  C o m m i t t e e  f o r  O i l  ”

Ho said : The great privilogo has fallen to m e o f proposing the toast o f tlio Anglo- 
French Petroleum E xecutive Committee. I  took the trouble this morning to  find 
out whether that w as the proper name for that body, and I  found that it  w as not. 
( L a u g h t e r . )  Tho proper name, I  understand, is “ The Permanent Anglo-French 
Exocutivo Committee for Oil.” I  think that tho two things liavo much the samo 
meaning, and I am  sure you will all agroo w ith me th a t they  moan something very big 
indeed, som ething w hich the ordinary man in the street m ay not realize is  a  task of  
tremendous magnitude. I t  is a task o f absolutely the foremost importance at a tim e  
liko tho present, when our minds, both in  Franco and throughout the British Empire, 
are centred on ono tiling and one thing only, and that is th is war and tho winning o f it. 
Petroleum is going to be one o f the winning factors in  this war, and the body that is  
going to  be m ainly concerned w ith that winning factor is this body whose toast I  am  
now proposing.

Who are tho peoplo who aro concerned w ith this body ? F irst o f  all, wo have w ith  
us to-day, I  am  glad to say, tho Chairman o f tho Committee, Colonel Pincau. 
( A p p l a u s e . )  Wo have w ith  us also the Vice-Chairman, Sir Cecil Kisch. ( A p p l a u s e . )  

W e have also w ith us M. Filhol and Sir Ronald Graham, but I am  sorry to  say that, 
owing to his indisposition, wo have not w ith us Mr. Starling. They aro tho five— tho 
B ig Five— who are the members o f this Committee.

I t  is alm ost unnecessary, perhaps, for m e to say very much about Colonel Pineau. 
Wo ought to realizo that Colonel Pineau, after h is distinguished war service, has 
controlled the petroleum affairs o f  Franco since the last war, and I can assure you that 
all the energy, the drive, the knowledge, and the experience that he had at that timo 
are still w ith  him. Ho has n ot lost ono single little  b it o f h is energy; ho has not 
lost one single little b it o f his power of perception; and I  know perfectly well that 
once again he is going to be one o f the m ain factors in winning this war. (Applause.)



[To 
face 

p. 00.



LUNCHEON. 97

The Vice-Chairman is Sir Cecil Kisch, a name which is perhaps not very familiar 
to somo of you in connection w ith potroleum affairs; ho has come com paratively 
recently within tho scope of tho trado. I am going very briefly to tell you something 
about him. Ho is a man to watch. He has brought into th is business an amount 
o f energy and drive and an amount o f common sonso that I  can assure you aro above 
tho average, no m atter where you go ; so keep your eye on Sir Cecil Kisch.

M. Filhol, who is ono o f our guests from Franco, is a  man who also has great e x 
perience in tho potroloum world, and he is n man who will bo o f tremendous benefit 
to tho Cominitteo on which ho sits. Sir Ronald Graham is a man o f international 
ropute, dealing w ith m en and m atters ovorywhoro, and X am sure that he too will bo 
of great benefit to tho Cominitteo. Mr. Starling wo all know. Unfortunately, ho 
is  not ablo to bo w ith us to-day. Ho is a man who has put in a tremendous am ount 
o f work.

This is tho Committee o f which I havo to proposo tho toast. Could anyone wish  
for a nicer job than to proposo a  toast to these gontlemen, who aro so well versed in 
the subject w ith  which they have to deal, and so w ell known am ongst us ? I give  
you tho toast w ith  the very greatest confidenco. I am glad to give it . I  am glad to 
think that this Anglo-French Committee lias been sot up, and I am perfectly certain 
that it  is composed o f m en who could not be bettered. I givo you  the toast o f “ Tho 
Permanent Anglo-Fronch Executive Committeo for Oil,” and I couple with it tho 
names o f Colonel Pineau and Sir Cecil Kisch. ( A p p l a u s e . )

R e p l i e s  t o  T o a s t .

Colonel L. P i n e a u ,  who responded, said : This is tho first tim e that I havo had
tho honour of being your guest as tho Chairman o f tho Anglo-French Executive  
Committeo for Oil, but it  is not tho first timo that I  havo had tho great pleasure of 
taking luncheon or dinner w ith you. I f  this tim o the circumstances are more serious, 
and if  the honour is greater, tho pleasure romains tho same.

More than ten years ago I  was received as an Honorary Member o f tho Institution  
o f Potroloum Technologists, which has since acquired titles o f  nobility and become tho 
Institu te o f Petroleum. Tho Instituto is  tho older brother o f tho Association  
Française des Techniciens du Pétrole, whoso affoctionato greotings I am  charged to 
convey to  you, grootings o f brothers in arms. ( A p p l a u s e . )  I  am  ablo to tell 
you that, following your example, the “  A .F .T .P .” lias decided to go on w ith its  
work. They will undertake again tho editing of their B u l l e t i n ,  and you will havo 
an opportunity o f following their work. You will also bo ablo to find in th is B u l l e t i n  

news o f m any French engineers who havo taken up arms and aro at tho front. 
( A p p l a u s e . )

I havo been your host as Chairman o f  tho Permanent Council o f  World Petroleum  
Congresses, whero I had as colleagues somo vory good friends liko Colonel Auld and 
Mr. Dewhurst. I  havo an interesting communication to make to you on tho subject 
o f theso Congresses. Through a neutral, tho Chairman o f tho Deutsche Mineralol- 
forschung conveyed to m e that ho is  rather coneorned about the Third Congress 
( l a u g h t e r ) ,  which, as you know, was to  take placo in Berlin in Juno o f  this year. I 
was not vory surprised. ( L a u g h t e r . )  The Germans, I  am  told, have made every 
effort to  proparo for the Congress, but they desire that tho Congress should keep its  
international character, and their acquaintances havo grown fewer; and so they  
suggest that tho Council in  its  entirety should moot in a neutral count ry. I wondered 
whether at tho same timo wo should summon our Austrian, Czech, and Polish friends 
to tho tablo o f tho crocodile mentioned by Mr. W inston Churchill ! ( L a u g h t e r  a n d  

a p p l a u s e . )

Finally, I  thought it  would bo better to excuse us for not going, and I answered that 
certain supplementary work having been thrown on us since September last ( l a u g h t e r ) ,  

wo, British and French, wore compelled to dovoto tho whole o f our timo to its  execution  
until it  has reached its completion and happy termination by victory. ( L a u g h t e r  

a n d  a p p l a u s e . )

I t  is with th is aim  in view  that there has boon created tho Anglo-French E xecutive  
Committeo for Oil, in whoso name I  havo tho honour o f responding to  this toast. 
To tell tho truth, tho creation o f the Executivo Committee has only sanctioned a 
collaboration between the two countries to which we havo boon accustomed for a 
vory long timo. I found again in tho Executivo Committeo as teclmical adviser your
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em inent Past-President and m y old friend, Lord Cadman, whoso name has beon linked 
w ith all potroloum policy, whether national or international, for moro than tw enty  
years. ( A p p l a u s e . )  I  also found again in tho E xecutive Committco Mr. Starling, 
w ith  whom for a long timo I  have had, and still have, the great pleasuro o f working 
for Franco-British collaboration on questions o f potroloum. Then I  have found in  
tho delegation appointed by tho British Government nowcomcrs o f  the first rank—  
Sir Ronald Graham, who has left on tho shores o f the Latin Mediterranean tho famo 
o f a  great ambassador, and, above all, Sir Cecil Kisch, w ith whom  wo aro on the best 
possiblo terms, and who has alroady become m y friend. ( A p p l a u s e . )

Tho E xecutive Committee for Oil holds its  m eetings alternately in  London and in  
Paris. This givos to its  members tho opportunity o f making useful comparisons 
botween the situation on tho banks of tho Thamos and the situation on tho banks of  
tho Seine; to compare, for instance, tho London blackout w ith  the Paris bluo-black- 
out. ( L a u g h t e r . )  One is no hotter than the other, and one gets sprained anklos in  
both cities ! B ut one notices on both sides o f  the Channel tho same fervour in  doing 
ono’s duty, the samo fiorco resolution, tho same certainty of victory. I  do not believe 
that history ever rocorded an alliance as comploto and as close between great peoples 
engaged in tho same cause. ( A p p l a u s e . )  This cause is tho causo o f civilization as 
we have understood it  for centuries, wo British and French. I f  wo boliovo Marshal 
Gooring, Germany is to becomo only a factory, a barrack, a kitchen. Great Britain 
and France have another ideal ! Our ideal is one will, one action, ono victory. Lot 
u s work for it, and work efficiently, in tho w ay the British so well know when tho 
timo comes. Lot us follow tho procept o f tho chronicler, a t the samo timo an effectivo 
philosopher, when ho said “ Lot us concentrate on action.” In war, as in  business, 
action is all that matters. Our principle here is  “  Let us talk i f  it is  an aid to action, 
but, i f  it  is an impediment or a substitute, lot us keep a purposeful and forceful silence.” 
This principlo now invites me to hold m y tongue and end m y speech. ( A p p l a u s e . )

Sir C e c i l  K i s c h ,  K .C .I.E ., C.B., who also responded, said : I t  i s  difficult to follow
Colonel Pincau, who has voiced so aptly tho sentim ents that I  should like to oxpross 
myself, but I do m ost honestly share his view  on all tho m atters to which he has re
ferred. Surely that is a good beginning for an Anglo-French co-operativo executive !

I  should liko to thank Sir Andrew Agnew for tho all-too-kindly references that ho 
mado to m e personally, and to thank him  in the name of tho Joint Executive for what 
he said about their task. I t  is  a formidable task that Sir Andrew expounded to you, 
and I can only say that when I was called into the M inistry o f Mines m y kneos knocked, 
m y octane number was definitely on the low side, and there was an urgont need for 
load, but no one was likely to take the responsibility o f administering it. I  felt— to 
tako tho titlo o f a book o f which tho title is appropriate— as though I was being plunged 
into W ells o f Loneliness. ( L a u g h t e r . )  N o lead there !

B ut w hat do I find around mo ? I find a host o f friends, kindly, sym pathetic, and 
generous, of which this gathering here is  an abundant testim ony. Tho Instituto of 
Petroleum, our hosts, have a  world-wido reputation. Tho members aro m en who 
have helped to make tho industry what it  is to-day by their scientific achievements 
in  numerous directions. I  understand that the year 1939 was a great year of achieve
ment, bu t others to follow will bo as great, and, I  am convinced, greater. An avenuo 
of unlimited promise lies ahead—an avenue “ at whose im m ensity even soaring 
fancy staggers.”

Turning from the general to the concrete, ono knows that it  is  tho work done in 
tho science on which this industry depends that is giving our airmen th is magnificent 
aviation spirit which w ill establish tho Allied lead in tho air. ( C h e e r s . )  This is just 
ono illustration o f tho incalculable valuo o f tho In stitu te’s work.

Tho Oil E xecutive has been broken in— no, I  am using tho wrong term ; I  should 
say it  has been cracked in ! ( L a u g h t e r . )  I  understand— learning slowly, as I  am, 
the special vocabulary of petroleum— that we have been polymerized; that is to say, 
wo have beon fused from a  large number o f units into ono single, coherent unit. M. do 
Monzio, tho French Minister for Public Works, who follows our work writh  tho closest 
interest, observed that tho Anglo-French Oil E xecutive had been fused by “  un coup 
do foudre technique.” That is a good start for harmonious work and good results.

The satisfactory functioning of the E xecutive, the Ministry o f Mines, and all who 
aro concerned w ith petroleum depends on tho relations which exist w ith tho great
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industry insoparatcly associated w ith us in all our tasks. Our relations in  timo of  
war have to bo characterized by a complete identity o f  objoctlvo and mutual reliance. 
Wo aro trying to develop those relations in every way, and wo had the advantage of  
the presence yesterday of representatives o f tho industry at a m eeting o f the Oil 
E xecutive. Tho Oil Exocutivo and the industry m ust form one unit in carrying out 
tho groat task o f winch Sir Andrew Agnew spoko. W e intend to expand this co
operation, now in full swing under m ost happy auspices. I  m ay soy that in  a fairly 
long experience o f public service I  have never known such close combination and co
operation as exist to-day botweon tho industry and the Government department 
which is  its  representativo in tho councils o f  tho State. ( C h e e r s . )

Petroleum is at tho heart o f  our problems. None o f you hero will have any difficulty 
in answering the question, “ Daddy, w hat did you  do in tho second great war? ” 
You need only say, “  I was engulfed in o il.” That is  a t the bottom  o f everything, 
and ovoryono who is in it  m ay fairly feel that ho is doing his bit. In this work thoro 
are two great tasks boforo us. The first is to guarantee tho largo supplies o f tho 
products that the French and British roquiro, and tho second is tho oxclusion o f thoso 
supplies from tho enem y. In both those tasks tho Direction dos Carburants and tho 
Ministry o f Mines rely on tho co-operation o f tho great oil industries in  Franco and 
Britain, and wo aro receiving that co-operation in ample measure. I  should like to 
add also, following Colonel Pmeau, that wo work under tho guidanco of an enthusiastic  
Minister, who watches our work w ith  closo attention.

I do not w ish in  tho present context to m ention m any names, as m y cataloguo 
of friends and colleagues in  tho work would be too long. Everyone knows, however, 
that this association w ith the industry is very eloso tln ougli tho work o f the Petroloum  
Board, whose Chairman has just spoken. A  long tim e ago tho poet Byron—who was 
also on oxpert on oil, though you m ay not have known or remombored it— wrote :

“ 111 v ir tu e s  n o th in g  ea rth ly  can  s u rp a ss  h e r  
Save th in e  incom parab le  oil, M acassar 1 ”

Byron was no doubt thinking o f tho beauty parlour and o f tho poet’s locks; to-day 
the lines would bo a little different, and I suggest that Byron m ight have written :

“  U n ea rth ly  v ir tu e s  fill th y  s p ir i t  cool.
H a ll, oil in co m p arab le , tc tra -c th y l t o o l  1 ”

( L a u g h t e r . )  Sir Andrew Agnow wonders wliother I  am  joking. I  am  not. I  have 
not licensed m y car this quarter, and I  offer him  tho lines to advertise his spirit, free 
of all royalty or commission !

I  m ust say one word to our Chairman, and, w ith your permission, I  will return tho 
compliment which ho paid us by speaking in English and mako thoso remarks in 
French. ( C o n t i n u i n g  i n  F r e n c h . )  I w ish to tako th is opportunity to express m y  
lively thanks for the very great skill and knowledgo o f Colonel Pineau, tho Chairman 
of tho Committee. All thoso who take part in tho deliberations o f the Committee 
and who are happy to work under his chairmanship are glad to pay a sincere tribute 
to tho dovotion w ith which ho carries out tho important tasks which have to be per
formed during the present critical period.

Sir Andrew has told you something about somo o f the other members, and I shall 
not go ovor tho ground again, oxcept to express m y regret that Mr. Starling, suffering 
from tho fashionablo illness o f  influenza, is unable to be here, and has asked mo to 
express his regret that he could not be present on th is interesting and important 
occasion. W e are glad to have found two admirable bilingual Secretaries— Siamese 
twins, two hearts that beat as one— who keep the m inutes and tho members in order 
with equal facility.

I m ust now refer to ono whose name has already been mentioned, and who has 
como back to th is work— Lord Cadman, who was at the M inistiy before, in the last 
war. Lord Cadman, I am  glad to say, has tho room next door to mine, so that there 
is  someone who can keep an eye on me— though I do not altogether accept Sir Andrew’s 
im putation 1 Lord Cadman brings to our work w ise counsel, long exporienco, and 
understanding o f m en and m atters which are invaluable a t a time like this, when so 
much dopends on knowledgo and so much depends on tho capacity to handle men. I 
should like to express to him m y personal acknowledgements.

All speeches m ust bo rationed in these days, and I think that I have oxhausted  
even m y supplementary coupon. ( L a u g h t e r . )  B ut, rationing or no rationing, there
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is always one kind of oratory that is satisfactory, and that is finished orat ory ( l a u g h t e r ) ,  

and so I should like to eoncludo by thanking Professor Nash and all you gentlemen 
who have so generously honoured us on this occasion for your kindness in receiving us, 
and by saying to our French friends who are hero that to-day U n i o n  S a c r é e  has a 
wider meaning, and it is a U n i o n  S a c r é e  for us all until wo achiovo the final goal, 
victory and peace. ( A p p l a u s e . )

Tho P r e s i d e n t  (Prof. A. W . N a s h )  said : I t  is very gratifying to mo to-day to
seo such good support from tho members of tho Institu te a t th is function. Our 
greatost pleasure has boon to wolcoroo tho members o f tho Anglo-French E xecutive  
Committee for Oil and wish them success in their extrem ely responsible task. Another 
pleasure in which 1 feel wo all share is that of renewing old friendships and acquaintance
ships among our fellow-members ; and in that respect particularly we are pleased to  
welcome our friends Colonel Pineau and M. Filhol, gentlemen whoso scientific and 
technical knowledgo wo hold in the highest esteem, based as it is on a sound back
ground o f petroleum technology and a  knowledgo o f tho industrial problems connected 
therewith, a knowledgo which, I should imagino, is m ost essential in work o f tho kind 
on which our French colleagues are now engaged.

This is an opportunity to m eet which comes to  somo of us only on the occasion 
o f tho Annual Dinner, and, as you all know, it  was doomed advisable to cancel tho 
arrangements for tho Annual Dinner, which was to have been held last December. 
You have also had to forego tho usual m onthly m eetings of tho Instituto and tho 
advantages o f consulting tho In stitu te’s library. I feel sure you w ill allow mo to  
trespass on your time for a fow moments, while I  give you a  little moro information 
than it has been possiblo to givo in printed circulars.

A fow «lays after the war broke out we were compelled by circum stances over 
w hich wo had no control to  vacate our London offices. In tho fow days we had 
available, our Secretary lost no timo and spared no energy in endeavouring to got 
other accommodation in London or its  outskirts, but without success. Fortunately  
there was a largo room availablo a t tho Departm ent o f Oil Engineering and Refining 
at Birmingham University, and I was ablo to place that room at the disposal o f your 
Council. Tho Council accepted that offer, and, as you all know, tho Institu te lias 
been located at Birmingham since last September.

Apart from the fact that the whole o f tho In stitu te’s businoss has now to  bo transacted  
through tho post, tho In stitu te’s activities are no moro and no less than they would 
have been if it  still retained its  offices in London. In  tho m atter o f m onthly 
mootings, for example, tho Publication Committoo had prepared a very interesting 
and important syllabus o f papers for tho 1939-40 session, but w ithout exception  
the authors o f those projected papers were transferred to work o f great national 
importance and were compelled to withdraw their promises. On the other hand, 
the J o u r n a l  has continued publication without intermission, and, so far as I can say 
at present, will continuo to do so. It m ay bo o f interest to you to loam  that, in spito 
o f many inovitablo restrictions and excluding enem y countries, between two and three 
thousand copies o f the J o u r n a l  are posted every month all over tho world.

Yosterday your Secretary and I attended a luncheon of tho flourishing Northern 
Branch o f the Institu te a t the Engineers’ Club in Manchester, when I  addressed our 
northern members on the subject o f aviation fuols and lubricants.

In  our period o f  exile from London, very fortunately wo have found many good 
friends, and to all of them  I should now liko to tender our m ost grateful thanks. Tho 
Institution o f Chemical Engineers have allowed us to uso their premises for m eetings 
o f the Council and for Committee meotings. Tho Royal Empire Society have graciously 
allowed us the use of th is very delightful dining-room for tho present luncheon. Tho 
Institution o f Mechanical Engineers and the Imperial College havo given us tho uso 
of tlicir libraries. Tho Institute o f Fuel havo invited our members to their meetings, 
and finally tho R oyal Society o f Arts have allowed us to hold a  m eeting this after
noon in their somewhat war-scarred m eeting hall—you will understand that statem ent 
when you got there— where I hope in a few m inutes to havo tho pleasure o f addressing 
you again. In  tho meantime, I ask you to show your appreciation of thcso very real 
kindnesses and tokens o f help w ith acclamation.

T h e  v o t e  o f  t h a n k s  w a s  c a r r i e d  b y  a c c l a m a t i o n ,  a n d  t h e  p r o c e e d i n g s  t e r m i n a t e d .
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Geology.
208.* Correlation of Surface and Subsurface Formations in Two Typical Sections of the 
Gulf Coast of Texas. A. Doussen and K . D . Owen. B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  

1939, 23, 1603-1634.— From data now available, two Bections of tho Gulf Coast have 
been prepared giving details of tho strata to a  depth of 12,000 ft. The first, or E ast 
section , extends from F ayette Co. to Matagorda Co., and the second, or W est section, 
from McMullen Co. to Nueces.

E a s t  S e c t i o n .— The lowermost bods of th is section belong to tho Yegua formation, a t  
tho top being the Cockfield member. Tho Yegua is primarily a continental deposit 
with sands, peats, and clays of lako origin. These deposits, howcvor, grade downdip 
into a series of shales, clays, and sands of marine origin. Indicative of marine con
ditions is tho presence of D i s c o r b i s  y e g u a e n s i s  which occurs in a well section at the top  
of tho Yegua a t a  depth of approximately 3500 ft.

Above tho Yogua follows tho Jackson formation, which consists m ainly of sands and 
sandstones with interbedded clays and shales. Casts of marine fossils occur in  the  
sandstones. T e x l u l a r i a  l i o c k l e y e n s i s  is present in all tho well sections w ith tho excep
tion of the well nearest tho outcrop, th is occupying a definite and persistent piano in  
tho formation 200 ft. below tho top.

Overlying unconformably tho Jackson occur Oligoceno sodimonts made up of tho 
Catahoula (sands, clays, fossil wood, and volcanic ash). This is overlain, also uncon
formably, by the Oakvillo sandstone, a formation containing vertebrate fossils of 
Miocene ago. Between these two formations there is encountered at depth a  wedge- 
shaped deposit consisting of a marine shalo and a sandy series (“ Frio Sand”), followed 
by another bod of shalo, the Vicksburg.

Tho remaining and uppermost sedim ents compriso Post-Oligoceno beds, represented 
by the Fleming series, and composed of clays and shales deposited in lakes and fresh
water lagoons.

W e s t  S e c t i o n .— The same dopositional sequence is recorded hero as in tho E ast 
Section. Certain differences in thickness and positions, however, are noted. Only 
the western attenuated edge of tho shalo wedgo occurs, and thero is no thickness of 
this shale comparable w ith that of the E ast section. I ts  corresponding thickness in 
tho W est section is probably farther in the basin and beyond tho present coast-lino. 
The sands bolow tho shale (tho so-called subsurfaco “ Frio ” ) reach a much greater 
thickness in th is area as compared w ith that of the E ast section, and, moreover, they  
crop out at the surface between the Jackson and Catahoula.

Though tho correlation of tho Frio and Catahoula has for long been a debatablo 
question of Gulf Coast geology, tho authors state  that evidenco now points to tho 
surface Frio as the outcrop time equivalent of the Vicksburg, both formations having  
been deposited under different conditions, tho Frio in salt-water bays, and tho V icks
burg in tho open sea. I t  also seems that tho Catahoula is probably tho surface time 
equivalent of tho marine Oligoceno group, including the lower sands (subsurfaco 
“ Frio ”), tho intermediate marine shalo wedge, and tho overlying sand series.

Finally, it  appears that in the subsurfaco thero are a t least four definite stratigraphic 
units which can be mapped by tho usual m ethods of subsurface mapping, now un
named or loosely or improperly named. G. S. S.

209.* Amelia Oil-field, Jefferson County, Texas. E . J . Hamnor. B u l l .  A m e r .  A s s .  

P e t r o l .  G e o l . ,  1939, 23, 1635-1665.— This field was discovered in 1936, and is situated  
within the salt-domo province of tho Gulf Coast in Jefferson County.

Stratigraphically, tho following formations and groups are p resen t: Pleistocene  
(Beaumont clay), Pleistocene and Pliocene (Lissie-Citronello group), Pliocene and Mio
cene (Lagarto clay), Miocene (Oakville-Catahoula), Oligoceno (D i s c o r b i s , H c t e r o s t e g i n a ,  

M a r g i n u l i n a  zones, and the Frio formation). Tho Frio is at least 1800 ft. thick, and is 
the deepest formation yet penetrated at Amelia. I t  is  made up of numerous beds of 
porous grey sandB of varying texture. Nino distinct sand members are recognized, 
ranging from 25 to  475 ft. th ick; these, w ith the exception of the top member, are 
fairly continuous and regular across the entiro field. Tho Langham sand, the sixth  
member of tho sories, is  the producing zone from 6694 to 6785 ft., and is tho thickest 
(425 to  475 ft.) and best-developed sand-body of the group. An important feature of 
all the sands is their content of volcanic ash.



ABSTRACTS. 5 9  a

Structurally, tlio Amelia field is an elliptical flat dome adjacent to a  big fault. Tho 
long axis of tho structuro trends north-east and south-west although tho field is fairly 
symmetrical, tho short axis of the dome is rather closor to tho south-west end of tho 
producing area. I t  is  one of tho first examples of an exceptional occurrence of produc
tion in the Gulf Coast, wherein tho accumulation of oil lies on tho downthrown sido of 
the big fault rather than on tho uptlirown sido.

The proved area of tho field is 1180 acres, and to Jan. 1, 1939, the field has produced 
2,644,642 brls. of oil from 114 wells, giving an average of 2168 brls. per acre. Tho 
Mary Langliam No. 1 is the oldest producing well, and has yielded 77,000 brls., w ith  
prospects of good future production.

Concluding sections of this paper deal w ith tho development of the field, in particular 
w ith  woll-eomplotion problems and m ethods. A  new m ethod of completing low gns- 
oil wells by cement squeezing was introduced a t Amelia w ith very successful results, 
and it is now used in all doubtful wells before original well completion. A  description 
of the method is given w ith a sketch showing how tho squcozo job is carried out.

G. S. S.

210.* Standard Permian Section of North America. J . E . Adams c t  a l .  B u l l .  A m e r .  
A s s .  P e t r o l .  G e o l . ,  1939, 23, 1673-1681.— Tho authors advocate tho classification of tho 
American Permian as a system  of four series. These, in ascending order, are : tho 
W olfcamp series, Leonard series, Guadalupe series, and Ochoa series. This classifica
tion ¡8 based on the thick and nearly continuous section exposed in and immediately 
adjacent to tho Delaware basin.

W o l f c a m p  S e r i e s .— This, tho lowest division, includes tho oldest Permian rocks of 
tho Glass Mountains region, which hero consists of about 600 ft. of lim estones, con
glomerates, and shales.

L e o n a r d  S e r i e s .—Tho second division comprises beds formerly assigned to the  
Leonard formation, which at tho type locality (south face of the Glass Mountains) is 
more than 1800 ft., and consists of limestones and dark siliceous shales. I t  rests 
unconformably on tho Wolfcamp.

G u a d a l u p e  S e r i e s .—This series comprises beds that have been classed as tho Guada
lupe group. A t tho typo locality, tho south end of tho Guadalupo Mountains, the  
series is 4100 ft. thick, made up of 2300 ft. of sandstones overlain by 1800 ft. of (Capitan) 
limestono. In  the Delaware basin the Guadalupo is represented by a sandstone facies 
— the Delaware Mountain sandstone, 3000-3500 ft. thick.

O c h o a  S e r i e s . —-This, tho top division, is designed to include all upper Permian 
sediments of post-Guadalupo ago. They consist m ainly of evaporites having a thick
ness of considerably over 4000 ft. Four distinct subdivisions are recognized.

A  brief referonco is made to a suggested correlation of those series w ith bods in other 
areas beyond tho lim its of the Delaware basin. G. S. S.

211.* Subsurface Cross-section of Permian from Texas to Nebraska. C. L. Mohr. B u l l .  

A m e r .  A s s .  P e t r o l .  G e o l . ,  1939, 23, 1694-1711.— This paper has for its object the pre
sentation of tho regional stratigraphy of the “ Blaine ” and older Permian beds. In  
illustration of this, sample logs have been selected from tw enty wells for a  cross- 
section from Texas to Nebraska. Tho locations of the wells aro shown on an index 
map. The section is not carried to the surface, but the supposed surface correlations 
and the nomenclature are discussed. A s a standard for reference, the marine Permian 
section of tho Glass M ountains is utilized, which is 150 miles south-west of tho south  
end of tho cross-section.

The principal divisions of tho Permian represented are the W olfcamp, Leonard, and 
the lower part of the Word of tho Glass Mountain section.

Palaeontological evidence shows that several separate and distinct faunas are related 
to the correlation and classification of the Permian, both in wells and on tho outcrops. 
Thesefaunasm aybo designated in ascending order as the Shawnee (or Graham), Wabaun- 
see (or Thrifty), Wolfcamp, Leonard,lower and upper Word, Capitan, Custer (fPermian), 
and Moenkopi (Lower Trias). These zones are nearly all bounded by regional discon- 
formities which aro fundamental in tho scheme of the present cross-section.

Two major disconformities can be followed for the whole distance, one at the base 
of tho W olfcamp and the other at tho base of the Leonard. A regional unconformity
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occurs between the Dog Creek shalo and the overlying Custer sandstones, and, in some 
wells east of tho cross-section, the base of tho Custer rests on the base of tho Blaine.

Tho unconformity at tho baso of the W olfcamp is correlated w ith the middle of the  
Harpersvillo in Central Texas, tho baso of the W ancttc in Southern Oklahoma, and the  
base of tho Admiro in Kansas and Nebraska. The Leonard-W olfeamp disconformity 
probably lies ju st below the Elm  Greek lim estone in Central Texas, a t the top of tho 
Wanotto in Central Oklahoma, and just below tho H erington lim estone in Kansas 
and Nobraska.

Figures of cross-sections of the Permian from Texas to Nebraska and from Texas to 
Oklahoma aro furnished, together w ith  a  regional correlation chart. G. S. S.

212.* Oil Occurrences in South-West Lancashire. F. W . Cope. B u l l .  G e o l .  S u r v .  G t .  

B r i t . ,  No. 2, 1939, 18-25.— During a re-survey of the Formby District (S.W. Lancs.) 
seepages of oil were found in, and close to, Downholland Moss Lane, about a mile east 
of Formby. Indications of oil were also noticed at Barton Moss and Flea Moss, about 
two miles east and south of Formby, respectively.

A t Thirty Aero Lane, close to tho junction of Downholland Moss Lane, tho occurrence 
of tho oil is m ost striking, in that it  is an activo seepage. Preliminary exam ination of 
neighbouring drainago ditches cut in peat led tho author to suspect that the oil origin
ated in tho peat. Later, an auger was used to investigate the occurrence, and sampling 
was carried out to a  depth of about 16 ft. Tho section showed alternating beds of 
poat and silty  clay, tho peat containing much oil. During augering a good deal of gas 
was given off, which readily ignited.

A series of laboratory tests  made by tho Anglo-American Oil Co. shows the oil to  
have a specific gravity a t  60° F . of 0-8885 and a low saponification value, tho latter  
probably indicating a mineral origin. Exam ination of oil extracted from a peat sample 
taken noar this section, however, appeared to bo of vegetable origin. Thus, two types  
of oil were detected.

From other localities in  tho Downholland Moss oily peat and drops of oil were seen 
in ditches on oithor sido of tho Lane.

About a third of a mile to tho north a shaft was sunk to a depth of 22 ft. in tho 
bank of Downholland Brook and a similar section to  that a t Thirty Aero Lane was 
rovealod. Oil was plentiful in tho upper peat bod and also in the underlying silty  clay. 
Considerable volum es of gas were liberated, and 7-8  gals, of oil accumulated in tho 
shaft (luring ono night.

Conclusions strongly favour a deep sourco for tho oil. (The type obtained from tho 
peat probably originated from a small quantity of oil-producing algae present in this 
material.) I t  is tentatively suggested that m ost of tho oil m ay bo derived from a buried 
Carboniferous structure boneatli tho Trias, and that it  reaches tho surfaco ulong tho 
llillhouso Fault. L ittle is known, however, of the thickness of the Trias in this area, 
and thoro is no evidence as to the cliaractor of tho underlying Carboniferous. Further 
dotails of theso rocks and more definite information regarding the South-W est Lan
cashire oil occurrence will doubtless bo availablo when exploratory boreholes aro sunk  
in tho Formby area.

A t tho end of tho paper a biological report on tho peat is given by Dr. K . B . Blackburn.
G. S. S.

213.* Exploratory Boreholes. L. Migaux. B u l l .  A s s .  J r a n f .  T e c h .  P i t r o l . ,  1.7.39 
(50), 5-34.—An exploratory well m ust give tho fullest possible information on strati
graphy, structure, and the nature and content of the permeable horizons. Rotary 
drilling is now used alm ost exclusively for this purpose, and tho tendency is for drilling 
depths to increaso and equipment to  become heavier. Stratigraphical evidence is 
obtained from fossils, generally micro-organisms which require very detailed study, 
lithology, and tho physical properties of tho rocks (elasticity, electrical, etc.). E v i
dence obtained from tho mud flush is very uncertain, especially as regards information 
on depth, and mechanical coring is preferable. Even this, however, is not perfect, 
sinco tho core recovery is only 65-90%  and tho parts lo st aro tho more porous and 
friablo rocks which actually aro tho m ost interesting. A  record of drilling speeds is 
useful in somo areas. Electrical coring is alm ost universally used, and this, in con
junction w ith the above m ethods and side-wall sampling, will give sufficient in
formation.
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Structural evidence m ay be obtained from cores, although allowanco m ust bo mado 
for deviation of the bore-hole from the vertical. This deviation m ay bo measured, 
but the orientation of a  mechanical core is still unknown. H ence one is dependent 
finally on some m ethod such as tho Schlumbcrger dip meter or by magnetic measure
m ents on the coro itself.

The presence and position of permeable horizons are given by electrical coring. Tho 
sim plest m ethod of testing those horizons would be to take side-wall samples after 
drilling was completo. A t present, however, it  is general practice to core mechanically 
in zones thought to  bo interesting. Mud flush samples and the electrical log assist in 
selecting such zones. Exam ination of thoso cores will indicato tho type of fluid 
present in the permeable beds, but production tests  are necessary to  got full details of 
their probable value. Production tests  m ay be carried out in various ways, but the  
best m ethods are those which test individual horizons. Eor this purpose a formation 
tester m ay bo used, or tubing m ay bo cemented at tho base of tho zone to bo tested and 
then perforated at regular intervals above, te sts  being mado after oaeli perforation 
and tho holes re-cemented before tho next perforation is mado. S. E . C.

214.* Discoveries Incite Vigorous Exploring on Four Mississippi Fronts. G. Weber. 
O i l  G a s  J . ,  2.11.39, 38 (25), 13-15.— Interest in  Mississippi is concentrated on four 
fronts—Tinsley field, Yazoo C om ity; Vicksburg-Jackson d istr ic t; Mississippi 
Sound ; north-east Mississippi (including north-west Alabama). Over 1,530,000 acres 
were under lease prior to  the T insley discovery.

The Tinsloy field has shown a second oil zone under th e  discovery zone. W ells 
have been completed south and north-east of tho discovery well, and a well to the  
north m issed the W oodruff sand, but cored a good oil section in the deeper E utaw  
formation at 2900 ft. Coring below 5040 ft. gave no other shows.

On tho Vicksburg-Jackson trend the Glass dome and Blakely prospect of Warren 
County and.tho Sartartia structure near T insley aro of interest. This area has sub
surface formations similar to thoso of North Louisiana and Arkansas, and is somewhat 
faulted.

Ten gravity-moter, ten  seismic reflection, two m agnetom eter parties, and ono soil 
analysis party aro at work in M ississippi. G. D. H.

215.* Nebraska Added to List of Oil-producing States. D . Dalrymplo. O i l  G a s  J . ,

9.11.39, 38 (20), 9, 10.— Commercial oil has boon found in tho Forest City basin o f 
South-east Nebraska. The productive H unton limo was m ot at 2288 ft. Production  
is estim ated a t 75-200 brl./day of 30° oil. The oil shows very little  gas. Tho woll-sito 
was chosen after seismic work. In 1937 a well drilled 10 ml. to the w est found som e oil 
showings, but it  was not possible to shut off tho water. This test found the Mississip- 
pian, Silurian, and Devonian over the Viola relatively thin. Other wildcats have had  
oil showings. G. D . H .

216.* More Tests Follow Strike in Nebraska. D . Dalrymple. O i l  G a s  J . ,  17.11.39, 
38 (27), 89.— Tho bulk of drilling activ ity  in the Falls City basin is in the Missouri 
sector. Several dry holes have been completed, but some new gas areas have been 
reported. Operations are also expected to increase in  North-east K ansas following tho 
Falls City strike. The Falls City discovery well found the H unton limo a t 2276 ft., 
oil a t 2279 ft., and was bottom ed at 2282 ft. On deepening to 2287 ft. more oil 
saturation was found, G. D . H .

217.* Wildcats, Oil Shows Accelerate Interest in Mississippi. Anon. O i l  G a s  J . ,

17.11.39, 38 (27), 92.— A ctivity  is centred on tho Vicksburg-Jackson area, the interest 
being shared by tho North-west Alabama basin which extends into North-cast M issis
sippi. Oil seepages have been reported in W ilkinson County, and oil and gas shows 
in  wildcats in Itawam ba and Kempen Counties.

The T insley field is giving 325 brl./day. A sand at 5493-5508 ft. on the northern 
edge of tho field has given salt water instead of being the hoped-for third oil sand. 
The E utaw  a t 4865-4877 ft. has shown oil and is below tho Selma section, which is  
producing in the present three wells.
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In  North-east Mississippi a  tost has reported a showing of oil or gas a t 5G0-570 ft. in 
hard limo. G. D . H.

218.* Development of Two New Producing Zones Faces Salem, Illinois, Operators.
H . F . Simons. O i l  G a s  J . ,  23.11.39, 38 (28), 8, 9, 98.— Prolific production has been 
obtained in a  deep Devonian test at the northern end of the Salem field. This is the  
fourth oil zono tapped since the field’s discovery, and tho presence of a  fifth major 
producing zono is indicated by the efforts to rccompleto in tho St. Louis lime two former 
McClOsky producers.

Tho recent Sandoval, Bartelso, and Salem discoveries in the Devonian have en
couraged search for this horizon elsewhere, and tests  have been started in the Centralia 
townsite and North Aden pools. Between the McClosky and tho Devonian pay is an  
alm ost com plete limo section w ith few shalo zones. This w ill increase drilling diffi
culties. Tho Devonian limo is  very porous and highly permeable.

McClosky wells decline slowly to a certain point while flowing and then suddenly  
cease to flow. On turning over to pumping they yield but a small percentage of their  
flowing production. G. D . H .

219.* Continental No. 1 Proctor is the Deepest Test in Mid-Continent Area to Date.
Anon. O i l  G a s  J . ,  23.11.39, 38 (28), 10, 11.— The well was taken to  14,479 ft. w ithout 
any serious difficulties, but a series of fishing jobs ensued, and finally, a t a total dopih  
of 14,582 ft., it  was decidod to  go back to  tost upper formations, am ongst which a  
gas-bearing zono a t 10,898 ft. was of special interest. This well was intended primarily 
to  give information on the central part of the Anadarko basin of W estern Oklahoma. 
I t  has shown that the thickness of Pennsylvanian beds in this basin is greater than was 
expected by m ost geologists. I t  has also revealed the value of diesel-electric equip
m ent for deep drilling. G. D . H .

220.* Mississippi Play is Extending Throughout the State. G. Weber. O i l  G a s  J . ,

23.11.39, 38 (28), 25.—I t  is estim ated that 5,000,000 acres are now under lease in 
M ississippi, alm ost twice the area leased beforo tho Tinsley discovery. In  Clarke 
County in 1931 a well showed heavy oil in  the E utaw  at 3692-3700 ft. before being 
abandoned at 4775 ft. A  new test is to be drilled near this. Other testsare projected 
or under w ay in Attala, Copiah, Harrison, H inds, Issequena, Itawam ba, Lamar, 
Monroe, Piko, Prentiss, Simpson, and Yazoo counties.

In  the Tinsley field a well on tho w est side has failed to find the Selma chalk, but is 
coring in the Eutaw section. A well in  tho north is coring below 6000 ft. w ithout 
having found any shows. G. D . H .

221.* Mississippi is Experiencing a  Real Oil Boom. B . Mills. O i l  W k l y ,  13.11.39, 
95 (10), 42-53.— A ten-year search in Mississippi has revealed only one oil-field. The 
present boom is  centred on the Tinsley discovery in Yazoo County. This involves 
Cretaceous bods, but tho Palaeozoic area in the north of tho State also offers distinct 
possibilities at reasonable depths. Tho Amory gas-field is in tho latter area. Tho 
southern part of Mississippi offers promise as a  salt dome district, and the Cretaceous 
is a t reasonable depths all tho w ay to  the coast. However, it  is not present over all 
tho State, and it is  a t greater depths in tho w est and south-west.

Tho Hartsello sandstone of tho Upper M ississippian is perhaps the primary Palajozoio 
objective, for it  has asphalt and oil along its  outcrops in North Alabama. Many 
structures have been mapped, and gas has been developed at F ayette (Alabama) and  
Amory (Mississippi). There have been m any oil-shows, but no commercial production.

Igneous intrusions are common in the Cretaceous belt centred near Yazoo City. 
The Tinsley dome has an uplift of 125 ft. a t the surface and about 600 ft. of closure on  
top  of the Selma Chalk (equivalent to tho Annona Chalk of Louisiana and Arkansas). 
The oil has little gas in solution, and practically no gas is produced w ith the oil, which 
is asphaltic and of 34° gravity. I t  is not known whether Tinsley is a deep-seated salt 
dome or a true anticlinal structure. A 40-acre spacing and a 2000/1 gas-oil ratio have 
been enforced.
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The Glass dome and tho Blakely prospect in Warren County are duo for tests, and 
there are other attractive structures. G. D . H .

222.* Nebraska and Forest City Basin Produce First Oil. F . B. Taylor. O i l  IV k l i j ,

13.11.39, 95 (10), 72-76.— Oil has been found by a rank wildcat in extreme South-east 
Nebraska. A  2-1-hour pumping test gave 230 brl. of oil. The productive Hunton  
limo was topped at 2276 ft. and was drilled to 2282 ft. Forty-seven dry holes have 
been drilled in tho Forest City basin. Tho m ain geological foaturo of tho area is the  
Nemaha granite ridge, which runs approximately north-south. Tho strata dip 
abruptly from the ridge, and to the east of the well the sediments slopo off gradually 
into the Forest City basin. A number of surface structures are known, but drilling 
has only given shows of dead, heavy oil. E ast of tho ridge, and well into the basin, 
there has been seismic work and eoro-drilling. Deep-seated anticlines have been 
located, and a north-south trend is thought to have boon established, but theso more 
pronounced features have not been drilled. The Viola and H unton limos aro thought 
to  bo more likely to  havo commercial oil than the deeper W ilcox or Simpson.

G. D . H .

223.* Arabia, Vital Crude Reserve of Near East, has Still Brighter Future in Oil. C. It.
Spencer. O i l  W k l y ,  4.12.39, 95 (13), 16-20, 22.— Tho first concession was granted in 
1933 for an aroa bordering tho Persian Gulf. In  1937 geophysical work was begun, 
and in 1938 core-drilling.

The general conditions in Arabia w ith regard to life, labour, and other features are 
discussed.

Production in 1939 was 275,000 brl., w hilst the potential was 900,000 brl. Somo 
sixteen wells were producing, and soven were boing drilled in  October 1939. A  10- 
inch pipe-line has been built from Dammam to Ras Tanura.

Production has been obtained in  K uwait, and tests  are being made at Abu Hadriya, 
m idway botween Kuwait and Dammam.

Bahrein has a  reservo of 150,000,000 brl. of oil, and Dammam is expected to have 
300,000,000 brl. There aro other geophysical highs. G. D . H .

224.* General Considerations in Estimating Reserves of Petroleum Capable of being 
Produced at the Different Concessions (Venezuela). M. Guadalajara. G .  R e v .  d e l  M i n .  

F o m e n t o  ( V e n e z u e l a ) ,  September 1939, I I  (16), 491-510.— The problem of estim ating 
the reserves of petroleum economically obtainable from an oil-field presents obvious 
difficulties. Theauthordiscusses various mothods and presonts calculations and curves. 
A commonly used m ethod is to estim ate tho volume, porosity, and saturation of tho 
sand or rock containing tho oil. For oxamplo, if tho area in question is 20 million 
sq. ft., the sand 25 ft. thick, spacing of the wells \  of the area, saturation degree i ,  
recoverable oil J, then the total production would be 20,000,000 X 25 X J X  
i  X  1  cub. ft. of oil. 'When records of the outputs of wells in a field aro available, 
curves m ay bo plotted for the areas and districts. Such curves will generally show a 
certain percentage reduction from year to year, and in this way it is possible to  e sti
m ate future production. Particulars are given of other methods in use.

A ttention is directed to various possible sources of error, such as tho conditions 
arising when all tho wells in the field are not sunk a t the same tim e, in which case tho 
later wells w ill affect the results, duo to interference. Similarly the abandonment of 
som e wells w ill increase the output of the remainder. Other variants aro fully d is
cussed.

Probable outputs are worked out for a numbor of fields based on the curves shown, 
but it  is pointed out that not until 1930 were continuous records regularly kept. In  
theso calculations tho curves of declining output aro extrapolated to  the years when  
further extraction would not bo considered economical.

The author has gone to a great deal of trouble in looking up such records as aro 
available in order to arrive at the conclusions in respect to  future outputs given in th is  
article.

H e winds up by saying that it  will be seen that the work can only be regarded as a 
trial effort which m ay serve as an introduction to future studies which m ay be under
taken in his country. H . I . L.
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Geophysics.
225.* Refraction and Reflection of Seismic Waves. II. Discussion of the Physics of 
Refraction Prospecting. C. H. Dix. O e o p h y s . ,  1939, 4 (4), 238-241.— Tko physical 
process by which the refracted wave is generated is discussed. After the pulse from a 
given source reaches the critical position where tho refracted wave-front is normal to 
the interface, tho wave travelling in  tho lower medium starts to draw away from tho 
pulse in tho upper medium. A s a result of stress relationships and the conditions of 
continuity a t the interface, the pulse in tho lower medium m ust give rise to a distur
bance in the upper, and th is travels along tho interface w ith tho velocity of waves in  
th e  lower medium. I t  is th is travelling disturbance which is the source of the wave 
used in refraction prospecting. The intensity depends on the elastic constants and 
densities of tho two media, the distance of the source from the interface, tho variation 
of velocities in the lower medium, the curvaturo of tho interface, and tho intensity a t  
the shot point. The effect of velocity variation and curvaturo of the interface is briefly 
discussed.

Tho effects of sliear-waves are not mentioned, but as the process applies equally to 
them , it  m ay be expected that each travelling source of disturbance will generate both  
shear and compression waves. S. E . C.

226.* Seismic Paths, Assuming a Parabolic Increase of Velocity with Depth. C. E.
H ouston. G e o p h y s . ,  1939, 4 (4), 242-246.—In  tho case where velocity is a function of 
depth only, v  =  v ( y ) ,  various forms of tho function v ( y )  have been suggested. The 
assum ption of a linear variation of velocity w ith tim e leads to a parabolic velocity depth  
function, and th is exam ple is discussed in the present paper. I t  is of interest in that 
the equation of the wave-paths can bo obtainod, tho tim o-distanco curve of tho direct 
w ave can bo computed, and tho corresponding reflection tiine-distance curves can be 
obtained graphically. S. E . C.

227.* Areal Plan of Mapping Subsurface Structure by Refraction Shooting. L. W.
Gardner. G e o p h y s . ,  1939, 4 (4), 247-259.—The following m ethods m ay be applied  
to  areas in  which tho beds are more or less level, and in  which tkore is  a t least one 
suitablo marker horizon. In  now areas it  is necessary to carry out preliminary shooting  
to  determine tho necessary working conditions. W ith tho detectors located at suitablo 
distances from shot points, tho sum  of the two delay tim es a t positions offset from the  
shot point and detector positions for each set-up m ay be determined. The averago 
of the delay tim es m ay bo generally regarded as giving a rough measure of each, but 
m ethods are described whereby tho relativo and absoluto delay tim es aro obtained 
from geometrically interrelated set-ups. These methods are applicable when approxi
m ate values of offset distances are known. I f  shots are made on two set-ups arranged 
to  have a common offset position, the difference in  depth at tho two free ends m ay be 
calculated. Tho system  can bo extended to a  group of set-ups w ith tho dotectors 
arranged on a  ring around the common offset. Undulations of the marker horizon 
below th is ring will then be determined. Another arrangement involves three set
ups arranged in  triangular form, such that each offset position of one line coincides 
w ith one offset position of an adjacent line. B y  this means the absolute delay tim es, 
and hence depths, m ay bo determined. B y  combining theso two m ethods in  the form  
of a  system  of triangles and hexagons, it  is possible to shoot over an area and deter
mine the depths and undulations of the marker horizon. S. E . C.

228.* Dip Reflections on Two Faults in the Gulf Coast. F. F . Campbell. G e o p h y s . ,  

1939, 4  (4), 260-270.— The algebraic sum  of the dip determinations around any par
ticular traverse is  termed “ miselosure,” and tho problem then is to  decide whether this 
misclosuro is duo to errors in observation or to faulting. The results of two surveys in  
the Gulf Coast are given in illustration of tho problem. In  one case the am ount of 
miselosure and the quality of the work make it  apparent that faulting m ust bo present. 
In  the other case geological evidence was necessary' beforo tho presence of a fault could 
be assumed. No sharp lino can bo drawn between the effects of faulting and those of 
observational errors. I t  is recommended, however, in the case of a large miselosure on
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a reconnaissanco survey shot w ith loss than 100% control, that tho original traverso 
bo cu t up w ith lines shot for 100% control. Then, if tho misclosuro is concentrated 
by tho additional shooting, faulting is tho probable explanation. S. 15. C.

229.* Shallow Resistivity Survey at South Elton, Louisiana. E. E . Blondeau. O e o p h y s . ,  

1939, 4 (4), 271-278.—Tho survey was mado in tho usual manner w ith standard D.C. 
resistivity equipment. Conductivity contours wero drawm for tho cases where tho 
potential electrodes woro 100 and 300 ft., 400 and 600 ft., and 900 and 1100 ft. from 
tho near current eloctrode. Tho contour map on the deep zono is comparatively 
uniform, whilst that on tho middlo zone shows a little  moro variation. Tho con
ductivity contours on tho shallow zone, however, are extrem ely complex. The results 
obtained on tho shallow zono are compared w ith an Eltran survey in tho same area, 
and excellent agreement is obtained.

In  discussing tho cause of the wide conductivity variations in tho shallow zono, it is 
pointod out that tho anomalous portions of tho section aro high conductivity strips of 
surface material. I f  tho causo of the high conductivity is minoralization, then it  m ust 
bo purely a surface phenomenon. Tho moro probable causo, however, lios in the history 
of the surface-beds which aro of deltaic and lagunal origin. Any association of theso 
shallow anomalies with deep structure is highly improbable. S. E . C.

230.* Note on the Relation o! Suddenly Applied D.C. Earth Transients to Pulse Response 
Transients. G. E . W hite. O e o p h y s . ,  1939, 4 (4), 279-282.— The oxporimontal diffi
culties of obtaining tho derivatives of tho voltage transient from the suddenly applied
D.C. rosults aro practically insurmountable. If, howovor, a sharp D.C. pulse is applied 
to tho earth, lasting, for instance, less than 0 001 sec., then tho observed transient 
would approximate to the time derivative of the transient obtained from tho suddenly 
applied D.C. case. I t  is shown that a definite possibility ex ists of measuring this type 
of response, using reasonable powor voltagos. S. E. C.

231.* Recent Developments in Eltran Prospecting. P. W. K lipsch. O e o p h y s . ,  1939, 
4 (4), 283-291.— Difficulties encountered in  the null m ethod have been overcome by 
the introduction of a  now m ixing circuit, a now moans of synchronizing the opposing 
wave w ith the detected wave, and a simplified synthesizing circuit. Theso are de
scribed, and it  is shown that by combining tho synthesizing circuit w ith a low-power, 
square-wave generator soparato from tho rest of tho circuit, it  is possible to calibrate 
the rest of the apparatus.

A now m ethod of measuring tho wavo-shapo distortion— the Sawtran method—has 
been introduced. Instead of producing a wave form which opposes the dotected wavo 
and produces a null, the dotected wave is subjected to  further distortion until a pre
determined wave-shape is produced. The m ethod measures a  single characteristic of 
the detected wave, such as the tim e constant, and its  use is a distinct advantage in 
areas whero the wave-sliapo is n ot too complox.

Tho use of cameras in conjunction w ith tho cathodo-ray oscillograph is an advantage, 
in that they afford permanent records, they give checks on data collected by dial 
readings, tho wave-form can bo dotected through an electrical haze, and the records 
can bo subjected to  detailed analysis. S. E . C.

232.* Proposed Geophysical Method for Orientating Cores. V. Vacquier. O e o p h y s . ,  
1939, 4  (4), 292-299.—I t  is suggested that a short pilot.hole be drilled and this hole 
then filled w ith a suspension of highly magnetized particles, tho suspending medium  
being such that it  will solidify and adhere firmly to tho rock. The upper part of a 
core subsequently taken by normal coring methods w ill then contain tho polarized, 
magnetic material and can bo tested  w ith a portable magnotometer. In  th is manner 
the core m ay bo orientated. S. E . C.

Drilling.
233.* Test Indicates Potentialities of Diesel-Electric Rig for Deep Drilling. H . F. Simons. 
O i l  O a s  J . ,  30.11.39, 38 (29), 32.— This long paper is tho first of a number appearing 
in a special section of the November issue of the O i l  a n d  G a s  J o u r n a l ,  and describes
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Mid-Continents deepest test— Continental Oil Companies’ No. 1 Proctor, which was 
recently plugged back to  14,582 ft. Xho chief object of the test was to  discover 
geological facts which could indicate the trend of further prospecting in tho area.

Moro than 15 m onths were required to  drill the tost to its  total depth, and the last 
3 m onths were spent m ostly in fishing. A full description of this phase of tho work is 
given a t tho end of tho paper. A t present tho te st  is activo, plugging back and testing  
operations being in progress.

Tho drilling rig used was a diosel-olectrio rig, which has been used both in other 
deep wildcats and in proven fields. The main units wero two Fairbanks-Morse, 
opposed-piston, two-cyclo, six-cylinder, 300-h.p. diesel engines w ith  a speed range 
from 900 to 1200 r.p.m. Each engine drove directly a 140-kw. and a 50-kw. direct- 
current gonerator and a 25-kw. oxciter through V-bolts. Details of enginos, generators 
and exciters, and of tho panelling arrangement are given.

Tho arrangement gave groat flexibility, as threo circuits wero available to tho driller. 
Any one generator or any combination of generators could bo connected to any m otor 
desired. Exam ples are given of different system s of connections for various drilling, 
hoisting, and mud-mixing operations.

Tho description of tho switchboard roveals m any interesting safety arrangements 
which render it  foolproof.

Many details are given of tho actual equipment used in drilling this te st well, includ
ing derrick equipment and drill-pipo used. Every precaution has been taken by tho 
operators to prcvont damage to tho equipment, possible blow-outs, and injury to men. 
Tho preventer used m ay be operated by m ud, wator, or air pressure, w ith valves for 
its  control located on the floor. Safety precautions are summarized.

The paper then describes tho operations undertaken in, and tho history of, drilling 
tho test. Tho drill-pipe stuck at a depth of 14,479 ft., and m any attem pts wore 
necessary beforo it  could bo freed. A description of this fishing job has already 
appeared in the Press ( O i l  O a s  J . ,  28.9.39). Tho fish was finally side-tracked.

A. H . N .

234.* Rôle of Metals in Deep-Well Drilling. W . L. Nelson. O i l  G a s  J . ,  30.11.39, 
38 (29), 37.— The difficulties which aro encountered in deep-well drilling and tho severe 
conditions existing m ay bo emphasized by noting a fow facts about operations similar 
to those o f Proctor No. 1, such as :—

(1) A t 14,479 ft. the stretch of the drill-pipe is  12-14 ft., or about 0-1%. 
Many ordinary carbon steels would bo permanently deformed under such a load.

(2) Derricks are required to  support moro than 500,000 lb., or 250 tons—  
equivalent to a bundle of 167 automobiles, each weighing 1J tons.

(3) B its having a cutting1 diameter of only 4 or 5 in. m ust sustain a load of 
1000-1500 lb ./sq. in. of hole. I f  b its were rods, th is stress would not bo oxcessivo ; 
but they are movablo mechanisms, and much of tho load is centred on tho cutting  
edges rather than evenly distributed, and, furthermore, tho bits revolve two to  
four tim es per second.

Tho development of new steels is described, and it is seen that such developm ents 
are gradual processes. After laboratory studies, a proposed steel is p u t into com 
mercial operation and carefully watched for m onths or years. Should difficulties 
develop, they aro overcome by heat-treating the new batches of steel in different ways. 
Theso experiments take years, and hence steel practice m ust be summarized over a  
period of years rather than day by day. Such a summary is made.

Tho paper gives in tabular form strength and hardness of oil'fiold steels and their 
approximate relative cost, and exam ples of m odem  and oidor steels used in drilling 
operations.

From the tex t and the tables it  m ay bo summarized that, from the standpoint of 
strength alone, present-day steels range from 50% to  even 250% stronger than thoso 
used in early drilling practice. Tho values of greater hardness, wear resistance, freedom 
from failures, and increased speeds of drilling aro factors which inako it  impossible to 
evaluate the real advantages of the newer steels. A. H . N .

235.* Mud Control is Big Problem on Continental Deep Test. D . B . Edwards. O i l  G a s  

J . ,  30.11.39, 38 (29), 3S.— Practices em ployed in the drilling of Proctor No. 1 wero not
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commonly used in Mid-Continent drilling, and hence mud treatm ent was unusual. 
Only one mud change was necessary—botweon 10,176 and 14,491 £t. Chemical treat
m ent and tho use of artificial mud mado it possible to maintain a m ixture which had 
low  water loss, low  initial gel strength, moderate 10-minute gel strength, and thin cake- 
forming qualities, despite tho contam ination from salt-bearing formations, acid and 
oil used in attem pting to freo stuck pipe, and tho drilling of cement.

Tho conditions existing in the well at various tim es determined tho type of mud 
necessary and the treatm ent which w as needed to obtain it. A brief description of tho 
drilling of the well and equipment used is therefore given, to establish tho background 
for tho mud treatment.

Tho artificial mud was used until a depth of 3500 ft. was reached, when aquagol was 
added to bring the viscosity to 35 sec. Below 5000 ft. tho viscosity was kept betweon 
35 and 40 sec. A .P .I., and the density ranged from 9-8 to 10-2 lb./gal. Loss of mud 
became troublesomo below 9250 ft. This was undoubtedly duo to the flocculated con
dition of the mud, resulting from its  high salt content. Becauso of losing m ud into tho 
formation, a good sealing mud was needed which would releaso gas easily a t the surface ; 
y e t it  was essential that tho mud should have sufficient viscosity to carry out tho 
cuttings and sufficient gel strength to  hold the cuttings in suspension when circulation 
ceased. A  table is given showing tho lim its set on the properties of the mud which 
possessed all these desirable qualities.

Tho control necessary to keep tho mud within these lim its is detailed. A derrick 
man tested  tho -weight and Marsh funnel viscosity of tho mud at tho well a t regular 
intervals of 15-30 mins., and regulated tho flow of tho chemical solution being used to 
treat tho mud at tho time in accordance w ith  tho instructions received from tho 
engineer or the tool-pusher.

Other tests on tho mud, such as the Stormor viscosity, gel strengths, p H  value, and 
filtration qualities, wore mado daily b y  tho engineer. These tests indicated the typo 
and quantity of admixtures to be used in the treatm ent of the mud.

Tho m ud used in drilling the lower part of tho w ell had four peculiarities : (1) a very 
low water loss ; (2) a thin cake formation ; (3) oxtrem ely low  initial gel strength ;
(4) moderate 10-minute gel. Theso factors and tho various controls used aro described 
in detail, and the advantages and drawbacks of each are stated.

The effects of the acid and a study of p H  values of tho mud aro of particular interest.
A. H . N .

236.* Metals in Drilling. W . L. Nelson. O i l  G a s  J . ,  30.11.39, 38 (29), 69.— This is 
the ninth of a series of papers devoted to  tho metallic materials used in  drilling wells. 
Previous articles have dealt w ith portablo servicing equipment, slush-lamps, rotary- 
chain, rotary-table, hoists, engino-castings, pulley-blocks, and bits.

In  this paper the m etals used in tubular drilling equipment aro discussed. Inspection  
of equipment, troubles and difficulties arising from manufacturing points of view—  
such as tho large volum e of the equipment preventing easy heat-treatment— or from tho 
view-point of use, such as the severe and com plex stresses arising in a drill-pipe subjected  
to twisting, bending, tonsion, and even compression stresses, aro all briefly summarized. 
A  table is given showing the approximate composition, in terms of per cent, carbon, 
manganese, chromium, nickel, and molybdenum, the approximate physical properties 
in  terms of yield point, elongation, and Brinol hardness, and tho heat treatm ent of 
m etals used in tubular drilling equipment. The properties discussed have been taken  
from published statem ents of m etal manufacturers, fabricators, and field-men. R e
ferences are given. A. H . N .

237.* Safety When Drilling Deep Tests. Anon. O i l  G a s J . ,  30.11.39, 38 (29), 76.— In  
th is short article aro summarized various precautionary arrangements found to yield  
an increased factor of safety in deep drilling, particularly in unproven localities. 
Actually it  appears that m en on deep tests are generally in loss danger of injury, 
despite the increase in tho work, than those on shallow tests, becauso of safety appli
ances and practices in use.

A photograph of an actual “ safe ” rig is reproduced and the various item s are 
described, togother w ith their advantages. A. H . N.
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238.* Shell Overcomes Caving to Bring in Coastal Well. N. W illiams. O i l  G a s  ./.,
7.12.39, 38 (30), 55.—Excessive cavity conditions and caving formations encountered 
by a certain company in drilling ono of its  wells in coastal Louisiana presented many  
difficulties and problems that would ordinarily have discouraged m ost companies 
from continuing operations. However, tlirough persistent efforts, involving a number 
of unusual procedures, theso were successfully overcome, and operators wero finally 
ablo to  com plete tho well ns a good producer.

Tho paper describes in  detail tho many and varied operations involved in drilling 
and completing th is unusually difficult well to a total depth of 7704 ft. In  addition to  
the numerous cement plugs used and conventional muds and chemicals provided in 
attem pts to plug and seal cavities in  porous formations, a total of 1475 bales of Fibro- 
tox, 200 sacks of cotton-seed hulls, 80 sacks of rice bran, 21 tons of sawdust, and 5444 
em pty sacks, including gunny-sacks, mica, and cloth-cement sacks, were pumped into 
tho holo. Altogether 124 days wero required in overall time for drilling the well from 
tho timo tho holo was spudded until its  completion. A. H . N .

239.* Metals in Drilling. W . L. Nolson. O i l  G a s  J . ,  14.12.39, 38 (31), 53.— Tho paper 
deals w ith miscellaneous alloy equipment. Theso pieces of drilling equipment aro of 
such a  varied nature that they  cannot bo treated ns a whole. Becauso of the extromo 
importance of cost, a brief and general comparison of tho relative costs of tho various 
low-alloy steels is included. Tho alloys that aro recommended have been reviewed 
in published information from recognized steel companies, fabricators, and from dis
cussions -with field men.

Tho approximate compositions, in terms of percentage carbon, chromium, nickel, 
and molybdenum, and tho approximate physical properties (yield point, elongation, 
and Brinoll hardness), together w ith suggested heat treatm ents, are given for such 
pieces of drilling equipment as tool-dressing implements, tong handle, inserts, linlc-pins, 
kelleys, drill-jars, etc. A. H . N.

240.* Oklahoma Deep Test Well. B . Mills. O i l  W k l y ,  27.11.39, 95 (12), 39.— In  this 
lengthy paper the author describes drilling, fishing, and cementing operations under
taken in the second deepest well, Proctor No. 1, together w ith geological structures and 
other interesting item s. Drilling to 14,582 ft. w ith  medium-woight equipment points 
to  future depth records far below those currently regarded as “ deep.”

Tho chief outstanding mechanical developm ents in drilling Proctor No. 1 were : 
cementing 9§-in. casing a t 10,173 f t . ; cutting out 2250 ft. of drill-pipe between 12,229 
ft. and 14,404 ft., squeeze-cementing of porous formations below the 9f-in. casing, and 
successful use of diesel-electric equipment. Each of theso achievem ents affords 
interesting study.

Mud conditioning and control are described and certain peculiarities of the mud 
noted, such as tho low initial gel strength attained and the advantages accruing 
therefrom.

Diesel-electric power has been used exclusively for drilling this deep test. The 
equipment and power connections aro detailed. Fuol consum ption runs from 400 to 
900 gals, daily.

A  tablo gives the subdivisions of the formations which have been encountered. 
Several shows of gas have been noted between 10,700 ft. and 13,400 ft. in thin, sandy  
limestones and conglomerates, the porosity of which is relatively low (shown by 
electrical survey). I t  is planned to tost thoroughly all shows before completion.

A. H . N.

241*. Rotating while Cementing Proves Economical. B . Stills. O i l  W k l y ,  4.12.39, 
95 (13), 14.— Constant rotation of casing during cementing operations has become an 

important phase of completion operations in ono field in South Texas. This novel 
practice has been used by one company while cementing tho oil string in about 175 
wells, and no failure has been recorded.

A sectional view, as well as a  photograph and description of tho equipment used, 
are given in tho paper. The basis for successful rotation of casing during cementing 
operations has been straight holes, long threads and couplings or casings, assurance
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that casing is free bofore rotation starts, and suitablo rotating equipment. Rotation  
has been applied only to cementing full oil-strings.

Completion depth in this particular field averages 5925 ft. The 5-in. casing-string 
is rotated steadily for an hour in an 8.]-in. hole, the rotating time including the mud- 
conditioning, cement-mixing, and pumping-down periods. Xho casing is rotated  
from 25 to  30 r.p.m., and rotation stops about the time the comenting plug reaches 
bottom . Power required to turn the casing is negligible. No damage to  clamps or 
dies used to rotate the casing has occurred. A. H . N.

242.* Quick Means for Finding Number of Barrels in a Casing String. W . F. Schaphorst.
O i l  W k l y ,  4.12.39, 95 (13), 30.— This is a nomograph giving the capacity in  barrels of 
strings of casing, given tho diameter and depth of tho well. Tho way of using the  
simplo chart is illustrated. A. H . N .

243.* Michigan Gets its First Natural Flowing Trenton Lime Well. N . X . Lyons. O i l
W k l y ,  11.12.39, 96 (1), 30.— The first high-potential, naturally flowing Trenton lim e
stone well, source-bed of Ohio’s oldest oil-fiolds, ever developed in Michigan, is  causing 
considerable interest, but is  not likely to  precipitate anything in  tho proportion of a  
boom.

The drilling practieo and completion m ethods followed in bringing in th is well are 
detailed, as woll as tho financial and other interests ; and the geological structure and 
previous production records of tho field are discussed. A. H . N.

244.* Temperature Effects on Oil-Well Drilling. Part I. M. T. H albouty. O i l  W k l y ,
18.12.39, 96 (2), 10-10. Paper presented before American In stitu te  o f  Physics.— As 
wells have been drilled to  constantly greater depths, increasingly higher temperatures 
have been encountered, and it is now recognized that th is condition will have important 
influences on oil and gas drilling and producing m ethods. Consequently this paper 
on the subject is of interest and value. No attem pt is mado to review overy particular 
phase where temperature affects drilling and production, only those cases where tem 
peratures have an influenco from an economical standpoint and how these effects are 
dealt w ith scientifically being discussed.

Because of its  length, the report is divided into two parts for publication. Part 1 
discusses temperatures affecting oil-woll drilling; Part 2 describes temperatures 
affecting crudo-oil production, and discusses tho geothermal gradient present in Gulf 
Coast oil-fields.

One of the m ost important effects of temperature on drilling is that of increased 
temperature on drilling mud. W hilst tho effects of higher temperature on the density  
of muds are negligible, they add to tho problems of m ud control by increasing the m ud’s 
viscosity—henco making viscosity control more difficult—and also by decreasing the  
effectiveness of the m ud in its  wall-building operations in the hole.

I t  is believed that, despite the cooling effects of the drilling mud on the bit, high- 
friction temperature is  perhaps the principal reason for a case-hardened rock-bit 
drilling less than 10 ft. of hole in extremo cases.

I t  is only recently that high bottom -liole temperatures have seriously impaired cem ent
ing operations. When drilling depths increased to below 6000 ft., tho bottom-holo 
temperatures of 150-170° F . that were encountered rapidly increased the setting time 
of ordinary cement. This fact, together w ith the additional delay in pumping cement 
through 6000 or 7000 ft. of casing, has been directly responsible in several cases for 
the cement setting inside tho casing and becoming immovable when a small part 
had passed out through tho casing shoe, thereby improperly cementing tho hole and 
causing unnecessary delay in drilling out several hundred feet of cement in the casing. 
These facts and their effects on tho development of improved cement are discussed. 
Methods for tho location of cemont behind casing by temperature measurements are 
illustrated.

This part of tho paper ends with a discussion on electrical temperature logging w ith  
survey instruments, correlation in drill-holes by means of subsurface temperatures, 
location of gas-oil levels and points for tho en tiy  of water into the well, and finally 
with a discussion on the economic importance of temperature measurements.

A. H . N.
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245.* Drilling Activity Continues above 1938 Trend. L. J . Logan. O i l  W k l y ,  18.12.39, 
96 (2), 36-38.— Drilling activ ity  in tho U.S.A. during the first eleven m onths of 1939 
is detailed in pictorial and tabular form. November activ ity  brings the number of 
well completions for 11 m onths of 1939 near tho 1938 level, w hilst the field activ ity  
on December 1st was considerably greater than that existing in tho corresponding 
period of 1938. A. H . N.

246.* Simultaneous and Continuous Electric Logging and Drilling Achieved. B . Mills. 
O i l  W k l y , 1.1.40, 96 (4), 16-20.— Continuous electric logging of formations while 
sim ultaneously conducting regular oil-field drilling operations is described, and tho  
various implements for carrying the circuit to the bottom  of the hole are shown  
pietorially.

The circuit consists principally of a battery connected to a meter, which in turn is 
connected to leads running to tho derrick. Tho main lead runs up tho standpipe, 
around tho rotary hose, to a brush-box containing an ordinary collector ring and a set 
of brushes. The circuit is then taken past tho kellcy by a  special conductor. Thence 
it leads down tho drill-pipe through special connections to tho drill-collar assem bly, 
which consists of an insulated bakelito section above the bit, a testing-switcli and a 
special steel drill-collar to provido weight and rigidity.

Although only one cable is used between the bit and tho surface, both tho earth 
potential and the impedance are recorded on meters a t tho surface. A  small alter
nating-current oscillator is used to  energize tho cable. The impedance motor is not 
affected by tho direct current, w hilst tho potential or direct current is not affected by 
tho impedance measurement. Tho earth potential is measured in m illivolts, tho  
resistanco in ohms. Tho earth potential is measured direct from the bit as direct 
current.

The log mado while drilling is checked by ro-surveying tho holo. Part of the drill- 
pipe is pulled, a dum m y is snapped on, and the bit run back into tho holo as a check. 
I t  is also easy to go back into tho woll and pick up portions of tho holo fully surveyed  
while drilling.

Tho drill-pipo and m ost of the other equipment aro handled as if they were con
ventional item s. Tho pipe itself is standard grado, only the prcssed-in connections in 
tho tool-joints and tho brazed conduits running down each joint differentiating tho 
assem bly from an ordinary drill-pipe. Experienced operators are, however, kept on 
tho well, as interpretation of tho electric log involves technicalities not usually under
stood by an ordinary drilling crew. A . H . N.

247.* Heaving Shale Research Programme is Instituted. Anon. O i l  W k l y ,  1.1.40, 
96 (4), 32-33.— The paper outlines tho future programme of research to be carried out 
in the University of Texas, bu t tho analysis of tho problem in designing tho programme 
renders it  of general interest. I t  appears that tho problem m ay bo classified under 
several distinct divisions, tho major ones being (1) regional studies; (2) typ es of 
heaving sh a les; (3) causes of heaving sh a le s; and (4) combating heaving shales.

An outline of the basic principles and tho programmo of research to solvo the prob
lem is given. A. H . N.

248.* Drilling and Completion of 10,000-ft. Well in Louisiana Gulf Coast. H . L. Flood. 
P e t r o l  E n g r ,  December 1939, 11 (3), 29.— Tho m ost important discovery of tho year 
on the Gulf Coast of Louisiana is a  very recently completed well. This is the second 
well to bo drilled on the structure, located apparently on tho flank of the structure, 
drilled through a  fairly thick section of gas and condensato formation, but drilled 
deeper to discover one of the thickest, and what m ay bo one of tho m ost prolific oil 
reservoirs discovered recently in Southern Louisiana. A total of 140 ft. of oil-saturated 
sand was logged in the well, of which only 45 ft. is being produced through perforations 
in tho casing. Potential of tho well is 1710 brls./day through §-in. choke. Pressure 
on the tubing-head is 1750 lb ./sq. in.

The drilling history of the well and the equipment used are given. Drilling of this 
woll has been characterized by lack of trouble— a fact attributed .not only to  the  
experienced crew, but also to the accurate m ud control undertaken by a  com petent 
m ud engineer on the job. This practico of relegating m ud control to one responsible 
expert is advocated for the success of any deep-drilling project. A. H . N .
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249.* Deep Test Drilled by Diesel-Electric Rig H . L. Flood. P e t r o l .  E n g r ,  December 
1939, 11 (3), 42.— An extensivo account is given of tho drilling history of, and equip
m ent used for, the second deepest holo in tho world. The m ost interesting features of 
the equipment used wore

(1) The installation of a  completo auxiliary hoisting unit and pump as a 
stan d b y;

(2) The ro-dcsigned electrical controls perm itting extremo flexibility in opera
tion ;

(3) The opposed-piston diesel engines used to drive the generators.
The opposed-piston diesel engines employed on th is rig have not been used ex

tensively as drilling power, although the design is widely employed in  marine service. 
Operating on tho two-cycle principio, these six-cylinder engines have, in reality, twelvo 
cylinders. Six pistons, each 5 in. in diameter, and having a 7-in. stroke, aro attached  
to a crankshaft above, and six  pistons aro attached to  a crankshaft below. Instead  
of compressing against a fixed head, as in  an ordinary engine, the pistons compress 
against each other. The expanding gases resulting from the explosions thus exert 
force against both pistons sim ultaneously. The lower crankshaft is directly con
nected to tho generators; tho upper crankshaft is linked to tho lower ono by an en
closed chain drive. A  dotailed description of th is cngino appeared in the P e t r o l .  

E n g r ,  May 1930. A. H . N.

250.* New Pocket Transit Combines Functions of Several Instruments. L. Suverkrop. 
P e t r o l .  E n g r ,  December 1939, 11 (3), 69.— A description is  given of a light-weight 
instrument designed for tho use of engineers and geologists doing reconnaissance work 
which serves as compass, transit, level, clinometer, sextant, and alidade. Detailed  
account is given of the m ethods em ployed in each type of work. A. H . N.

251.* Characteristics and Requirements of Portable Well-Servicing Units. W . K.
Atcheson. P e t r o l .  E n g r ,  December 1939,11 (3), 121.— P a p e r  p r e s e n t e d  b e f o r e  P e t r o l e u m  

T r a n s p o r t  A s s o c i a t i o n .— Performance of woll-sorvicing units differs from that of m ost 
other types of equipment that operate from an engine. In  pulling rods or tubing it is 
necessary to  start and to  accelerate the load w ithout changing gears until a stop is 
made to unjoint tho rods or tubing—a condition imposed because thero is no momen
tum  built up to carry the load while the gears aro shifted.

Fundam entally, all well-servicing units aro similar. Tho ability of any servicing 
unit to  m ove and to accelerate a  given weight depends on the power characteristics of 
tho engine and the speed reduction provided in the gears of the transmission, chain 
sprockets, and the number of lines strung through the blocks.

Tho author discusses tho characteristics of engines and gives tho m ethod of deter
mining these characteristics. Tho change of torque w ith  speed and the brake h.p. 
developed at various speeds are studied from first principles. The pulling ability of 
tho engine is analysed, and the effects of clutch characteristics, gear ratios, and num 
ber of linos in tho blocks are illustrated by simple examples which are completely 
worked out. A. H . N.

252.* Radial Filtration of Drilling Muds. M. Williams. P e t r o l .  T e c h . ,  November 1939, 
A.I.M.M.E., Tech. Pub., No. 1112.— The filtrate which penetrates the strata may 
present a serious problem in m any instances. Tho factors which determine the rate of 
such infiltration have been studied, and a  series of curves and equations has been 
developed which perm its the distance of penetration to bo estim ated. Since the 
dimensions of the hole and the rate of m ud circulation are usually fixed by drilling 
conditions, variation of these to reduce filtration is impracticable. Mud control is  
tho obvious solution.

Each m ud presents a different problem with regard to securing optimum filtration 
properties, bu t there are certain general facts : (1) dispersing agents reduce filtration, 
whilo coagulating agents increase i t ; (2) the predominance of particles of colloidal 
dimensions ordinarily is conducive to low filtration rates.

Experimental and theoretical treatm ent of axial and no-flow conditions is  given, and 
tho possibility of filling the hole w ith a  filter-cako is considered unlikely to  occur 
except w ith  a m ud of exceptionally bad filtration characteristics. G. D . H .
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253.* Detection o! Radioactive Cement in Cased Wells. L. G . -H owell and A. Frosch 
P e t r o l .  T e c h . ,  November 1939, A.I.M.M.E., Tech. Pub., No. 1113.— An early apparatus 
has been modified so as to permit measurement of tho relative intensities of gamma rays 
from radioactive elements occurring naturally in geological formations along the walls 
of a bore-holo and behind the casing. Comparison of tho absoluto magnitude of the  
opcn-holo and casod-hole logs reveals that there is some absorption by the casing, but 
tho outstanding features of tho log are still maintained, and the gamma-ray log shows 
a remarkable correlation with electrical logs. In  general the sands show up as radio
active “ lows ” and tho shales as radioactive “ highs.”

If  radioactivo material, such as carnotite, is added to cement, tho apparatus can bo 
used to  detect the position of tho cement. The m ethod is more flexiblo than tho 
temperature m ethod, in that it is not necessary to mako the survey while tho coment is 
still se ttin g ; tho circulation of the m ud has no disturbing effect; tho concentration of 
ore added to  tho cement can be varied to  give a sufficiently largo chango in gamma-ray 
intensity oven though the treated cement m ay be pumped behind old cement. H ow 
ever, it  m ust be remembered that tho location of formations behind radioactive cement 
cannot bo made w ith th is m ethod since the feeblo radioactivity of tho formations is 
masked by the strong radioactivity of the cement. G. D. H.

254.* Effect of Temperature on Plastering Properties and Viscosity of Rotary Drilling 
Muds. H . T. Byck. P e t r o l .  T e c h . ,  November 1939, A.I.M.M.E., Tech. Pub., No. 1116. 
— Tho plastering properties of six  representative Californian drilling muds have been 
studied over a temperature range of 70-175° F. a t several mud weights, using a liigh- 
prossure circulating filtor press w ith full-size consolidated cores. In  all tests, w ith  
untreated as well as w ith chemically treated muds, tho filtration rates a t elevated  
temperatures were higher than at low  temperatures, and in nearly every case th is  
increased filtration rato was notably larger than could bo attributed solely to tho de
creased viscosity of water a t elovated temperatures. I t  appears that no oxisting 
m ethod will permit even an approximate determination of the filtration rate a t high 
temperature from data at room tempcraturo. I t  is necessary to  mako measurements at 
tho temperature expected in the well, or to mako a sufficient number of tests  a t lower 
temperatures so that a small extrapolation of the data to the expected well temperature 
m ay bo applied. Such tests should bo made on tho m ud as used in tho well.

Tho viscosity of each of the m uds was determined over the same temporaturo range. 
W hile no relationship was noted between m ud viscosity and plastering properties, it  
was found that chemical treatm ent of tho m uds for viscosity reduction shifted tho 
temperature of minimum viscosity to appreciably higher values than for untreated 
muds. G. D . H.

255.* Study of Some Phases of Chemical Control in Clay Suspensions. A. D. Garrison 
and K . C. T. Brink. P e t r o l .  T e c h . ,  November 1939, A.I.M.M.E. Tech. Pub., No. 1124.—  
Tho viscometer used was of tho rotating cylinder typo with an inverted hollow cylinder 
as rotor in a mud-filled annulus. Tho speed was capable of variation and tho torque 
could be observed. Tho data aro given for approximately equilibrium conditions. 
Measurements on kaolin, silica, sulphur, and barium sulphato suspensions gave straight 
lines when the viscosity (ordinates) was plotted against the reciprocal of tho rate of 
revolution, and their slopes and tho intercepts on tho viscosity axis aro in  the order 
of the concentration. I t  appears to be a  general principlo that tho intercept is higher 
the greater tho relative volum e of tho susponded solid, and tho slope is higher tho  
greater tho tendency for tho solid particles to adhere together. I t  appears also that 
tho more rapid the rate of flow tho smaller becomes that part of the viscosity that is due 
to the inter-particle forces of attraction.

The viscosity-speed relations for bentonite suspensions aro substantially different 
from those for relatively non-colloidal solids. The curvaturo obtained was demon- 
Btrably duo to the presence of very small particles.

The viscosity of a clay suspension is  due to : (1) tho viscosity of the suspending 
m edium ; (2) tho viscosity normally attributable to the obstructional effects of solid 
particles ; (3) the forces between tho solid particles tending to givo relative r ig id ity ;
(4) hydration of the particles. The curvature shown by bentonite suspensions a t high 
rates of revolution is attributed to loss of the hydrated envelope on the particles.
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The effects of adding various chemicals to tho suspensions have been studied and 
interpreted in the light of these possible viscosity factors. Tho deflocculating agents 
that have commonly been used seem to bo thoso which influonco structural viscosity  
only. To control hydration is not so simple. I t  involves such methods as an exchange 
of ions on the clay surface for less hydrated ions, or a complete removal of such ions 
as is obtained during electrodialysis, or by tho dehydrating effect of an excess of somo 
water-soluble salt or of dehydrating liquids such as alcohol or acetone.

G. D . H.

256.* Dispersion of Clays and Shales by Fluid Motion. A. D. Garrison, K . C. T. Brink, 
and P. B. Elkin. P e t r o l .  T e c h . ,  November 1939, A.I.M.M.E. Tech. Pub., No. 1125.— It  
has long been recognized that the viscosity of a clay suspension depends on tho past 
history of the fluid motion. In  examining tho effects of long-continued uniform motion  
a concentric cylinder rotating viscometer was used, w ith a standard rate of rotation 
of GOO r.p.m. I t  was observed that in clay suspensions capable of forming rigid gel 
structures, tho tim e required for the attainm ent of an equilibrium viscosity value was 
frequently as long as 30 min. On continued shear som e suspensions showed an inereaso 
in viscosity after passing through a minimum. I t  was found that tho inereaso in 
viscosity was depondent on tho ago of tho suspension, its concentration, tho p H  value, 
the nature of tho metallic ions associated w ith the clay, and the presence of certain 
deflocculating agents. I t  is  clear that an increase in p H  above 7, and up to 11-1 at 
least, involves a substantial increase in the rate a t which tho viscosity rises under 
continuous m otion. This is probably associated w ith  an increase in colloidal d is
persion and the resultant increase in hydration.

On giving a twelve-hour rest to a suspension treated w ith alkali or alkalinc-earth 
hydroxides there was a drop in viscosity and in p H  value, presumably duo to chemical 
changes. Exam ination of tho distribution of particle sizes in stirred and unstirred 
clay suspensions showed an increase in tho percentage of fino particles and /or of hydra
tion in the former case.

The bearing of tho work on drilling operations is discussed. G. D . H.

257.* Drilling Patents. M. M. Kinloy. U .S.P. 2,185,303, 2.1.40. Appl. 1.7.38. 
Wire-line shooting-tool comprising a  body, w ith an opening for, and means for gripping 
the wire line and shearing it  at a  point below the gripping point. B oth tho gripping 
and shearing mechanisms are actuated positively.

W . P . Rogors. U .S.P. 2,185,316, 2.1.40. Appl. 13.8.38. Deep well-drilling 
apparatus w ith  a m ast for a derrick suitable for cable-tool drilling.

G. E . Green. U .S.P. 2,185,337, 2.1.40. Appl. 7.1.38. Machine for slitting woll- 
casings and the like.

S. P . Tschappat. U .S.P. 2,185,478 and 2,185,479, 2.1.40. Appl. 3.4.37 and 
13.5.37, respectively. Casing- and tubing-heads.

N . C. Brewer. U .S .P . 2,185,702, 2.1.40. Appl. 8.7.38. Roller chain.

A. W . Buckner. U .S.P. 2,185,723, 2.1.40. Appl. 3.2.38. Cable clamp.

F . J. Young. U .S.P. 2,185,822, 2.1.40. Appl. 6.11.37. Rotary swivel.
A. H . N.

Production.
258.* Electrical Logs Locate Shots in Illinois Sand Wells. H . F . Simons. O i l  G a s  J
30.11.39, 38 (29), 59.— In efforts to  improve tho wells by shooting to maximum advan
tage, while a t the sam e time minimizing tho dangers of water encroachment, one 
company has introduced “ shooting control ” in the Louden field in F ayette County, 
Illinois.

Under th is m ethod no well is shot until the electrical logs have been carefully studied  
by tho geological department, which recommends the size of the shot and its  location 

F



7 4  a A B S T R A C T S .

in relation to the sand. Through this practice the am ount of water produced has been  
materially reduced, and tho wells are generally in good position to  plug off water in 
case it  becomes excessive.

The three productive sands of the Louden field are described, together w ith the  
details followed before placing a  shot. The effectiveness of the selective shooting* 
control m ethod is ovidonced by the largo number of wells not so treated having a high 
percentage of water, w ith a consequent treating problem, w hilst tho wells carefully 
shot still have low water production. A. H . N.

259.* Engineers Study Full Effect of Water Flooding in Bradford. J. P. O’Donnell. 
O i l  Q a s  J . ,  7.12.39, 38 (30), 43.— A study of a proporty that has alm ost reached the  
lim it of its  economic lifo as dofined by presont m ethods of production makes i t  evident 
th a t tho Bradford field will still represent an oil reservoir of considerable magnitude 
after water-flooding has passed. This property will have a residual oil content of 
10,238 brl./acre, or 56-2% of the original. However, tho residual saturation will bo 
but 25%. The field is the world’s outstanding example of stim ulating oil production 
by water-flooding. In  recent years it  has been producing from 37,000 to 49,000 brls. 
daily, 95% of which is being obtained from water-flooded properties.

The early development of the field from 1871 onwards is briefly outlined, and its lifo 
since it  last changed ownership (1929) is detailed.

E leven tim es as much water w as injected as thcro was oil recovered, and five tim es 
as much water was produced as oil. Tho volumetric efficiency of th is operation, on 
the basis of barrels of water injected to  barrels of oil produced, is 9%. W ith 98-5% 
of the anticipated ultim ate recovery already obtained, total recovery is  estim ated at  
43% of the original content. The five-spot pattern was followed.

Tables and graphs give tho characteristics of tho proporty. A relatively unimportant 
figure in  tho discussion of wator-flood properties is tho actual life. This is becauso of 
tho fact that during the first 5 years of development from 80% to  90% of tho recover
able oil is produced, and the remaining 10-20%  m ay be produced over a period of from  
5 to  10 years. Tho principal controlling factor in the ultim ate life of such a property 
is tho price of tho crude, which, after tho production has fallen to  an average of a 
fraction of a barrel por well per day, will, if high, prolong the life and, if low, will 
shorten it.

I t  was concluded that (1) the price of crude oil during tho “ depression decade ” 
relegated water-flooding operations in this field definitely to  the marginal c la ss;
(2 ).water-flooding, while it  made continued operation of this field possible, was an 
inefficient, though effective, m ethod of operation; (3) because of th is inefficiency, the  
field will still ropresent an oil reservoir of some magnitudo after production by present 
m ethods of water-flooding has boon exhausted. A. H . N .

260.* Circulating Hot Oil in Wells. L. P . Stockman. Oil Gas J . ,  21.12.39, 38 (32), 
34-35.— In order to reduce paraffin troubles and also the viscosity of the crude pro
duced from deep wells in the Montebello field of California, one company has devised a 
means for circulating a portion of tho crude. During circulation tho crudo is heated  
in  an exchanger through which hot engine-cooling water passes. The heated crude is 
forced down tho production lino through a  small pipe suspended inside the producing 
string.

A  diagrammatic sketch of the heat-exchange system  and several practical hints to  
ensure the success of tho project are given. A. H . N.

261.* Survey of World Oil-Fields. Anon. O i l G a s J . ,  28.12.39, 38 (33), 76.— Aeom plete  
list is given of tho production activities of the world oil-fields under tho headings of 
the respective countries in which they are located. Tho data are for (1) number of 
producing w ells; (2) daily average production in barrels; (3) number of drilling 
w ells; (4) producing depths in fe e t ; (5) gravity of tho crude, A .P .I ; (6) base of the  
crude; (7) outlet market for the crude ; and (8) age of the field in years. A. H. N.

262.* Steady Advance in Production Methods. Anon. O i l  G a s  J . ,  28.12.39, 38 (33), 
190.— This paper is published in  the “ International Number ” of the O i l  a n d  G a s ,
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in both English and Spanish. I t  is an extensivo review of production problems and 
their solutions, illustrated generously by photographs and diagrams. Well-spacing 
and organized drilling are tho first problems discussed, followod by practices employed 
in  m odem  rotary drilling requiring largo drilling equipment and using more weight on 
tho bit. Straight-holo drilling technique is discussed in conjunction with drilling- 
tim e studies, and power considerations, both from tho primo mover and transmission 
view-points, aro made.

In  cablo-tool drilling tho outstanding development has boon tho perfection during 
tho past year of a  dynamometer that makes it  possiblo to solect tho m ost suitable 
stroke. Cable-drilling teeliniquo is studied critically.

Electrical logging and coro-orientation m ethods are reviewed. Completion prac
tices aro studied, and gravel packing, tho use of removable pipo-sections in casing both  
by drilling and by acid action, and of cement-lined liners, are explained.

Tho problems encountered in  flowing wells are briefly discussed before pumping 
wells are dealt with, attention being given to  agitators and semi-agitators.

Tho paper ends w ith  a  review of the practices followod in gas-injection reservoirs, 
pressure conservation and restoration schemes, and finally in water-drives.

A. H . N.

263.* Range of Application of Gas-Lift Methods. Part I. E. C. Babson. O i l  W k l y ,

27.11.39, 95 (12), 15.— P a p e r  p r e s e n t e d  b e fo r e  A m e r i c a n  P e t r o l e u m  I n s t i t u t e .— This 
articlo presents the results of an investigation of gas-lift methods conducted under tho 
nuspicos of tho Production Practice Committee of tho American Petroloum In stitu te’s 
Division of Production. Prossure held against tho formation and gas requirements are 
evaluated for : (1) straight gas lift ; (2) plunger lift ; (3) intormitters ; and (4) gas- 
displaccment pump. Comparisons of various m ethods are given and some suggestions 
made for application of tho results to actual production problems. Because of tho 
great length of tho study, it  is published in several parts.

In  this, tho first part of tho paper, tho author discusses tho scope of tho investigation  
and deals w ith cost of compressing gas, straight gas lift, gas lift through 21-in. tubing 
at various depths and in various fields of tho United States.

Tho behaviour of a producing woll is the result of two sets of com ponents: (1) 
characteristics of tho well ; (2) characteristics of the lifting equipmont. Tho well 
characteristics depend on tho behaviour of the producing formation and on tho manner 
in which tho woll has been drilled, cased, and completed. In  this discussion tho chief 
item s studied aro (1) reservoir or static pressure ; (2) productivity indox ; (3) forma
tion gas-oil ratio ; (4) per cent, water ; (5) depth ; (C) size and condition of casing ; 
and (7) size and condition of liner.

The m ost important characteristics of any gas-lift m ethod, on tho other hand, are
(1) back pressure held against the form ations; and (2) gas consumption. Tho 
effectiveness of tho installation is a  function of the back pressure held against the 
formation ; whereas tho lifting efficiency is determined largely by the gas consumption.

Tho paper is particularly rich in  graphs illustrating the various points enumerated 
here.

The pressures a t tho bottom  of the tubing havo been estim ated from tho easing 
pressures b y applying the following equation, which has been found to givo satisfactory  
results in the Dominguez field :—

P B  =  (P e +  15)(1 +  0-022A) -  15

where P B  =  pressure a t the bottom  of tho tubing, lb./sq. in.
P c —  casing pressure, lb./sq. in. 
h  —  tubing depth, thousands of ft.

For deep wells it  is assumed that tho pressure a t the bottom  of a 10,000-ft. well 
would bo identical w ith tho pressure a t the bottom  of two superimposed 5000-ft. wolls. 
Tho method is discussed and illustrated.

I t  is believed that the lim its of the error of the curves covering costs of straight gas- 
lift through 21-in. tubing and in tho range of production rates of 100-400 brls./day  
and depths of 4000-6000 ft. are less than ±  10%. The lim its of tho error, however, 
are variable.
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264.* Nine Deep Pumping Wells Have One Rod Break in 2 |  Years. F . B . Taylor. O i l  

W k l y ,  4.12.39, 95 (13), 24.— This is the twenty-eighth article in tho serios dealing with  
oil-well pumping problems. I t  describes tho system  at one leaso where allowables aro 
m ade without undue expense for breakdowns or replacements. On a basis of volume 
brought to tho surfaco, the one-rod breakdown represents a total of 827,000 brl. of 
fluid between tho timo the various w ells went on the pump and 1st November, 1939.

The operation of tho pnoumatic lifts installed is described. The polish rod is 
actuated through attachm ent to a double piston arrangement. Compressed air or gas 
is used to drive tho power end, which is within the lower cylinder, w hilst the upper 
piston rides under a  cushion of oil.

Precautionary measures and safety devices against sudden dangers ,aro described, 
as well as tho performance of tho equipment. The lease is outstanding in efficiency. 
The per barrel lifting cost is exceedingly low. The record is due not only to the equip
ment used, but also to the efficient, clear, and safe way tho oquipmont is operated.

A. H . N.

265.* Range and Application of Gas-Lift Methods—Part 2. E . C. Babson. O i l  W k l y ,

4.12.39, 95 (13), 34.— P a p e r  p r e s e n t e d  b e fo r e  t h e  A m e r i c a n  P e t r o l e u m  I n s t i t u t e .— Part 
I of this papor is abstracted under No. 263, and there tho scope of tho investigation  
and its ultim ate purpose have been described.

In this, the second part, investigations aro made on tho cost of gas-lift operations in 
a 3-in. tubing similar to  those undertaken on 21-in. tubing in the first part. A  great 
number of curves aro presented and full se ts of data aro discussed in dotail. The 
m ethods used hero aro the same as in the previous work on 21-in. tubing, but wliero 
differences arise these are given in full.

In tho range of 300-800 brl./day, 75-150 lb./sq. in. tubing pressure, and 5000-8000 
ft. depth, tho performance curves for 3-in. tubing aro probably as reliable as thoso for
2.J-in. tubing. On tho other hand, tho lim its of error a t low  tubing pressures, low  
rates of production, and shallow depths m ay not bo as satisfactory.

Information on gas-lift through sizes of tubing other than 24-in. and 3-in. is too 
meagro to permit the development of reliablo relationships.

Similarly, data on gas-lift through tho annular space between casing and tubing are 
far from satisfactory, in that they ore either insufficient in quantity or are poorly 
distributed over the range of conditions. A s a result, the oporating characteristics of 
casing-flow gas-lift can bo established only partly. In  an attem pt to  evaluate tho 
characteristics of flow’ between 6g-in. casing and 2 4-in. tubing, approximately 100 cases 
were obtained from production records. Pressures were estim ated for tho bottom  of 
the tubing by a suitable formula, and graphs of performance plotted.

Tho data were unsatisfactory and tho results obtained were consequently inferior 
in  definition and importance to thoso obtained w ith the 2J-in. and 3-in. tubing.

Tho results of an experiment on gas-lift between O/’-in. casing and 21-in. tubing in a 
4800-ft. well are given. A. H . N.

266.* Dual Separator Ensures Dry Gas for Power. Anon. O i l  W k l y ,  11.12.39, 96 (1),
18.— In  this, the twenty-ninth articlo of the pumping series of the O i l  W e e k l y ,  a descrip
tion is ruado of a field pumping installation, using gas drawn from tho mains serving a 
lease, in which a dual separator installation at the engine-house divides the regulator 
load and ensures proper dryness of fuel furnished to the engine. A. H . N.

267.* Range and Application of Gas-Lift Methods. Part 3. E. C. Babson. O i l  W k l y ,

11.12.39, 96 (1), 22.— This is the third part of tho exhaustivo paper read before tho 
A .P .I. on th is subject. Further results arc reported for gas lift botween 6g-in. casing 
and 24-in. tubing, and for gas-lift operations between 8g-in. casing and 24-in. tubing.

A  discussion on straight gas lift follow's. The effects of water appear to bo complex. 
The pressure a t tho bottom  of the tubing is usually, but not always, higher in a wet 
well than in a corresponding clean one. Tho gas consumption of a wet well is often  
higher than that of a corresponding dry well— tho explanation being the need for oxecss 
gas to prevent segregation of the water.

A  hypothesis is advanced to explain tho fact that somo wells require very small 
quantities of gas for lifting oil.
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Methods for calculating the energy available in 1 lb. of flowing inixturo and for cal
culating bottom -hole pressures from surface readings aro given. Graphs illustrate 
efficiency and density of mixtures at tho well-head pressures.

Tho general types of flow-valvos aro described and tho m ethod of operation is out
lined. When compressor capacity is lim ited, wells equipped w ith flow-valvos can bo 
produced with the minimum quantity of gas necessary to maintain steady flow. Should 
a well die, it  will usually bo kicked over autom atically within a few minutes. Under 
curtailment, tho value of tho fiow-valves increases. Tho important part played by 
fiow-valves in making interm ittent gas-lift m ethods practicable is discussed and other 
advantages aro outlined. Tho chief contributions of flow-valves appear to bo con
venience and flexibility.

The working of plunger-lift devices is next studied in detail and its advantages are 
discussed. R esu lts aro reported for 21-in., 3-in., and 4-in. plunger lifts. In  a dis
cussion on plunger lift tho pressure at the bottom  of tho tubing appears to bo obtainable 
from tho formula :

P „  =  P , +  K Q U  

where P B  =  pressure at bottom  of tubing, lb./sq. in.
P t  =  minimum tubing pressure, lb./sq. in.

Q  =  rate of production, brl./day.
H  =  depth, thousands of ft.
K  =  a constant, 0-190 for 2J-in. lift ; 0-115 for 3-in. lift ; and 0-0G4 for 4-in. 

lift.

Part 3 of th is paper ends with a  discussion on closed-system  intcrmitters. Tho 
paper is rich in diagrams and illustrations— forty-seven figures appearing in tho first 
three parts. A. H. N.

268.* Effect of Reducing Pump Submergence. M. L. Mayfield. O i l  W k l y ,  18.12.39, 
96 (2), 17 ; also cf. O i l  G a s  J . ,  14,12.39, 38 (31), 44, and i b i d . ,  21.12.39, 38 (32), 41.—  
By making tests and studying the individual w ell’s producing characteristics, such as 
permeability, bottom -hole pressure, and productivity index, the efficiency of reducing 
tho pump submergence can bo predicted before permanent equipment is installed. It 
is concludod from the data obtained from tho tests that where the practice of reducing 
pump submergence is applicable, definite advantages and disadvantages m ay accruo 
to the operator.

Tho advantages are : (1) The initial pumping-equipment investm ent m ay bo 
decreased by SI850 per well as compared w ith post practice. (2) Tho well is 
not damaged by this practice, and it  is possible that som e retardation of 
wator encroachment m ay occur. (3) Operation and maintenance expense will 
be decreased, duo to tho smaller equipment and shorter rod-string. (4) Horse
power required will be reduced by 46-55% , or a saving of 4 -7  h.p. per in
stallation. Peak well-Ioads will bo decreased from 8800 lb. to 4200 lb. a t twenty-one 
strokes/m in., i . e . ,  a reduction of 52% or more is obtainable. (5) The application will 
extend from tho initial installation tim e until tho woll is either fully depleted or has 
nearly reached this point. Tho savings effected by deferring cash requirement will 
more than offset the infrequent additional costs incurred should a larger unit bo 
necessary for depletion.

I t  m ay also be concluded, from data on fivo leases, that the rate of decline of tho 
static fluid level is 50 ft./year.

Tho disadvantages aro : (1) Unless proper and sufficient pump submcrgcnco is 
obtainable and attention is given to the pump, “ gas locking ” m ay occur, which not 
only decreases the pum p volumetric efficiency, but also causes unpredictable stresses 
to bo imposed on the surface equipment. (2) Unless strict supervision and proper 
design of tho sub-surface equipment are m ade to prevent m isapplication of the smaller- 
rated units, a financial loss duo to equipment failure m ay result. (3) Misplaced work
ing barrels m ight create excossive pulling expense, although this could be lim ited by 
multiple barrel installation. (4) I t  is essential to  make a preliminary test and detailed 
study of tho individual wells before a permanent setting is made, and th is will cost 
approxim ately $150 per well. A. H . N.
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269.* Equitable Proration of Marginal Leases in East Texas. 1 .1 . Gardoscu. O i l  W k l y ,

25.12.39, 96 (3), 12-14.—L ast June, w hen a Federal D istrict Court declared the m ethod  
of prorating wells in E ast Texas field void, owing to failure to consider acreage and oil 
in place, tlio ownership of m any millions of barrels of oil not ye t produced from the  
pay horizon was placed at stake. In  view  of the enormous reserve still in  the ground—  
from 1750 to 2750 million barrels—a nominal change in  the m ethod of apportioning 
proration allowables m ight shift the ownership of a great volum e of oil.

The E ast Texas field is considered a water-driven field, and, as such, for every barrel 
of oil rceovorcd from a down-dip marginal lease many other barrels of oil have migrated 
from tho lease, up dip, to be produced by wells located in more favourable structural 
locations.

Tho author oxplains tho mechanism of production from such fields and discusses 
various suggestions made to render tho proration of marginal leases in such fields 
equitable. A. H . N.

270.* Temperatures Affecting Crude Oil Production. M. T. H albouty. O i l  W k l y ,
25.12.39, 96 (3), 15-19.— P a p e r  p r e s e n t e d  b e fo r e  A m e r i c a n  I n s t i t u t e  o f  P h y s i c s . — I t  is 
pointed out that while, in recent years, numorous reports have been published on the 
conservation of natural reservoir energy in the form of pressure, the study of sub
surface temperature, which provides another sourco of natural reservoir energy, and 
tho effects of these temperatures on tho flow of oil and gas through tho sand, has been 
sorely neglected. The scopo of tho paper is  lim ited to effects of tomperature on 
production at the surface.

Solar heat is tho principal factor to  bo considered in  a discussion of tho effects of 
temperature on production. A study is made of wax and paraffin deposits affected 
by temperature and m ethods for removing them  or preventing their depositions. 
Chemical typo of treatm ent m ay be either tho typo which generates heat, thereby 
raising tho tomperature of tho oil and m elting tho paraffin or increasing the solubility 
in tho oil, or the typo which acts as a solvent to chango the character of tho w ax so 
that it will not crystallizo when the temperature is decreased below its original molting 
point. Tho practical difficulties encountered in  applying either m ethod are discussed.

Tho uso of steam , either in coils or by injecting it  directly into tho pipe, is next 
studied.

Tho economic importance of high bottom -hole temperatures is illustrated by 
reference to practices followed by various companies and tho advantages accruing 
from such practices. Finally heat-treating crudo-oil emulsions is mado the subject 
of discussion on tho effects of temperature on tho economics of production.

Tho paper ends w ith a discussion on tho geothermal gradient present in the Gulf 
Coast oil-fields. Tho apparent concentration of heat near salt domes m ay bo partly 
oxplained by tho fact that salt is an oxeellent conductor of heat, and assuming that 
tho salt plug extends to depths in excess of 20,000 ft., tho high temperatures existing  
at this depth would be more readily transm itted through the salt m ass than through 
adjacent sedimentary formations. A. H . N .

271.* Range and Application of Gas-Lift Methods. Part 4. Conclusion. E. C. Babson. 
O i l  W k l y ,  25.12.39, 96 (3), 20.— The first cost of m ost intermitter installations is 
relatively sm a ll; emulsion troublo is usually not so severe as w ith straight gas lift, 
and the intermitter can be mado to produce volum es of liquid as largo as 2500 brl./day. 
Sub-surface mechanism of tho intermitter, howo%’er, can seldom be repaired without 
pulling the tubing from tho well.

I f  production from an intermitter is  regarded as a series of slugs which flow into tho 
filling-chamber, and are pushed one a t a  tim e up tho tubing, tho pressure held against 
the formation should equal the height of the slug multiplied by the density of tho fluid. 
Available data indicate that tho actual pressures are much higher than the results of 
such calculations. Methods of measuring theso pressures are detailed. I t  is believed  
that intermitters are applicable primarily to  tho production of wells w ith medium  
static pressures and high productivity indices. Advantages of intermitters are 
described.

Tho gas-displacement pump is  essentially an intermitter designed to function without 
a packer through the use of a full string of “ macaroni ”  tubing hung inside con
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ventional tubing. Tho arrangement is considered as a  separate method, and its  
characteristics and range of operation are studied in detail. I t  appears that the gas- 
displaccment pump is directly com petitive w ith sucker-rod and hydraulic p u m p s; 
but its application is lim ited to wells producing loss than 200 brl./day.

A general discussion on all m ethods of gas-lift is given in this extensive paper. The 
various methods are compared against each other under similar conditions by graphical 
means. The relative economy of each m ethod is ovaluatod graphically for certain 
conditions.

The paper ends w ith a discussion on tho ranges of application of various gas-lift 
methods. I t  appears impossible to establish rigid ranges of application for the various 
m ethods, because tho performance desired from a well is dependent on many variablos, 
such as loaso requirements, proration schedules, budget provisions, compressor facilities, 
demand for a particular grade of oil, and com petitive conditions. However, in order 
to illustrate a point of view, some very generalized ranges of application—representing 
good practice on a largo, relatively non-compotitivo lease— are shown in a diagrammatic 
form. Tho areas representing range of application are predicated upon a compromise 
between maximum production and minimum gas consumption, and not upon either 
factor alone.

The paper contains fifty-nino figures, m any of which represent four charts each, 
each chart containing a number of interesting graphs. A. H . N.

272.* Predicting Wet Gas Recovery in Re-cycling Operations. J. S. Swearingen. O i l  
W k l y ,  25.12.39, 96 (3), 30.—Tho discovery in recent years of a number of fields that 
yiold a now typo of petroleum production— tho condensate or distillate typo— has 
created now operating problems. Of particular importance at this time, due to  the  
nowncss of such fields, is the estim ation of ultim ate yields, especially in view of the  
belief that it  is advisablo to instal re-cycling plants, which necessitates additional 
investm ent.

Tho prediction of ultim ate recovery of condensate from a producing horizon where the  
residue gas is returned to tho formation through another woll is dependent on an  
cstimato of tho area displaced by the dry gas in this re-cycling operation, before tho dry 
gas reaches tho producing well. Tho problem is dealt w ith here as a study of two- 
dimensional displacement of the wet-gas layer by tho injected dry gas. To show how  
rapidly tho producing woll m ay be expected to dry up after tho dry gas reaches it, 
and what will bo tho shape and position of tho dry-gas area, electrical models have been 
used, and tho results are shown graphically in this paper.

A layer of electrolyte tho ion content of which represents tho gas content of tho sand 
will respond to  potential differences in exactly the same manner in which gas in tho 
formation will respond to pressure differences. The electrical apparatus consisted 
essentially of half-cells representing wells and a layer of eloctrolyto solution on a glass 
plate, and made firm by a  2% agar content, tho film representing the gas-saturated 
horizon. This agar solution was protected from drying by a covering shoot of thin  
mica. A  small hole was drilled in the mica for each “ woll location.” Numerous 
electrical models of fields of various shapes and well positions were made and tested, 
and successive patterns of the dry-gas area were made to scale. Details of tho apparatus 
are given.

The results are given, and there appears a t least one check on the method. I t  is 
understood that tho K eeling well in the Long Lako field dried up approximately 9 
months after a  nearby re-cycling plant was put into operation. The application of 
tho method checks the result.

I t  is contended that injection wells near the property linos are objectionable, as 30% 
or 40% of the dry gas m ay go under tho adjoining lease. A. H . N.

273.* Petroleum-Reservoir Liquid Production Problems. K. Eilerts, R. V. Smith, and 
A. B. Cook. O i l  W k l y ,  1.1.40, 96 (4), 27.— This article is an abstract of the Bureau of 
Mines Report of Investigations, No. 3474. The summary of the full paper, of forty- 
seven pages and containing fifteen figures and fifteen tables, is as follows :—

Methods for determining properties of a reservoir fluid that are of particular signi
ficance to production practice have been developed. Tho equipment and procedure 
essential to tho methods have been briefly described and the data obtained from a
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typical reservoir fluid aro presented. Practical applications of tho data are illustrated, 
and suggestions are m ade regarding tho additional information necessary for important 
extensions of the applications.

Apparatus developed include : a steel pyknometer for measuring the specific volume 
of fluids having high vapour pressures ; a simplified variable-volumo coll for deter
mining the expansibility of fluids under conditions of phase equilibrium ; and a 
fractional distillation assem bly for analysing the gas and liquid hydrocarbon samples.

Analytical data aro presented on a complete set of gas and liquid samples taken  
during a well flow-test. Tho composition and properties of a prepared reservoir fluid 
and three of its residua obtained by liberation of dissolved gas aro given. Isotherm s 
were determined for the four fluids in 30° F. intervals for the pressure range from 3000 
to below 50 lb. per sq. in. abs.

Tho loss of energy from frictional effects was evaluated for two fluid production rates 
in each of three sizes of flow-string. Sub-surface pressures measured in a shut-in  
■well off-setting a flowing woll were applied to interpolation of the pressure gradients 
through the oil-producing structure at four rates of flow. The effect of changing fluid 
properties on tho values of the gradients and tho significance of the change in  limiting 
withdrawal rates aro discussed.
• A development of particular interest to tho petroleum  technician is  tho analytical 
m ethod described for comparing tho compositions and other properties of hydro
carbon liquids obtained a t different points in tho flow-stream. Tho am ount of gas 
liberated from liquid solution and the resultant volum e change in the solvent can be 
determined without knowledge of tho pressure and temperature gradients and the typo  
of liberation in  tho flow-stream between tho points a t which the sample is  taken. 
Production engineers are concerned with the decrease in  energy that occurs as reservoir 
pressures decline, because the m ethods and rates of recovery depend on this factor. 
The energy available b y  expansion of reservoir fluids having com positions correspond
ing to three stages of depletion were estim ated from experimental data obtained from  
residua of tho original fluid. A. H . 3ST.

274.* Simple Dynamometer Card Analysis Method. S. B . Sargent. O i l  W k l y ,  1.1.40, 
96 (4), 30-31.— Tho stresses and m otions involved in sucker-rod pumping are treated  
mathem atically as a problem in vibration. Tho m ethod advocated in this short paper 
is simple, rapid, and appears to  indicate a reasonable answer to tho problem. I ts  
valuo is, however, lim ited to  wells where the tubing is anchored. In  cases ■where tho 
tubing is not anchored, a modification is suggested. This modification seems to bo 
taking a dynamometer card on tho tubing itself and adding vectorially the m otion of 
tho barrel to  that of the sucker-rods or tho plunger. A. H . N .

275.* Limitations in Producing Wells with High W ater-00 Ratios. F . B. Taylor. O i l  

W k l y ,  1.1.40, 96 (4), 43—44.— W ells in certain fields have to  be abandoned despite tho 
fact that they  are potential producers of 50 or more brl./day, because to  produce this 
quantity tho operator has to  lift from tw enty to thirty tim es as much water. In  cases 
like these abandonment is apparently tho best m ethod of storing tho oil as a known  
major reserve to bo drawn upon in future years, when reserves are less plentiful and 
production methods will bo more efficient.

After reviewing cases actually occurring in such fields, it  becomes evident that there 
aro three major angles of approaching an economic solution :—

(1) Possibility of reducing cost of operations.
(2) Increasing fluid volumes.
(3) Improving lifting means.

Tho first is limited, as neither labour, taxes, nor operating charges can bo appreciably 
reduced. Tho second solution of increasing fluid volume provides a  parallel decrease 
in high maintenance costs, and th is trend is now under way. Tho third solution is  
exemplified by tho uso of submerged centrifugal pumps, hydraulic-actuatcd lifts, 
pneumatic lifting units, and rotary pum ps which have given operators added leeway in 
m any areas. A. H . N .



ABSTRACTS.

278.* Heating and Dehydrating Natural Gas at the Well-Head. J. E. Moore. P e t r o l .  

E n g r ,  December 1939, 11 (3), 27.— Where well-pressures aro high and temperatures 
low, the natural gas operator encounters problems that aro intensified if sovoro climatic 
conditions characterize tho area in which operations aro conducted. Because whole 
communities are often entirely depondont on gas for heat, and because oven brief 
interruptions of the gas supply would entail much suffering and inconvenienco, the  
operator in such territories m ust know that the solutions 'found for these problems are 
correct in principle and aro dependable in practice.

The author describos practices in two major gas-producing states of tho North-west 
(U.S.A.), wliero gas is produced at elevations of 4000-8000 ft. above sea level, undor 
pressures ranging upward to approximately 2500 lb./sq. in., nnd where winter tempera
tures som etimes fall to  — 50° F. These conditions cause peak-hour loads to run as 
high as twenty-five tim es tho minimum summer loads.

To avoid the hazards of carrying extrem ely high prossures in  tho Sold gathering- 
lines, tho gas pressure is reduced at the well-head. The resulting need for application 
of heat to counteract the refrigerating offocts of expansion is satisfied by hot water or 
steam  heaters, and not by direct heating, in  order to ensuro safety. Steam system s 
can m eet variable demands moro effectively. The peculiar advantages of each system  
are discussed.

Tho gas is cooled and tho condensates aro removed before delivory into tho lead
lines. Particular attention is paid to removing all hydrates prior to the gas leaving 
the plant. Calcium chloride brine contactors aro used. A. H . N.

277.* Electric Submersible Well-Pump Performance. W . H . Stuove. P e t r o l .  E n g r ,  
Deeombor 1939, 11 (3), 38.— Although th is paper deals w ith energy consumption and 
lifting costs specifically for tho St. Louis Pool, Oklahoma, it  is bolieved that the results 
will havo a moro general application to other pools. Tho production is from an  
average depth of 4100 ft. by about 800 wells, sixty-one of which aro equipped with  
electric submersible woll-pumps. The first of theso pumps, of 974-li.p. capacity, were 
tried out in tliis field in 1934. F luid was lifted at the average rate of 1700 brl./day, 
with an average energy consumption of 1-35 kw.hr./brl., and an overall efficiency from 
wire to fluid in the surface tanks of about 45% . The average oil recovered was approxi
m ately 9% of tho total fluid pumped when considered over a period of years for all 
pumps of this typo in use.

Tables and graphs are supplemented by analysis of the problems. I t  is found that 
the conditions in m any wells necessitate pumping at as high a rate as possible in order to 
obtain profitable operations. M any large-capacity wolls, when producing at the rate 
of about 400 brl./day, yield only water and a  negligible am ount of oil, yet, wero tho 
same wells pumped at a rate of 1400-1700 brl./day or greater, the percentage yield of 
oil to water would increase by as much as 10%. A. H . N.

278.* Scrap Metal Abandoned by the Oil Companies. A. P. Burguillos. P e v .  d e l  M i n .  
F o m e n t o  ( V e n e z u e l a ), Ju ly  1939, I I  (14), 83-105.— The author discusses tho feasibility 
of utilizing-the largo quantities of scrap m etal abandoned by the oil compamos at 
different places where thoy havo been operating. Ho suggests that it would bo 
worth whilo to  start works equipped for tho manufacture of small implements and 
tools, such as picks, shovels, hoes, and tho like. In  order to carry out such a schemo 
i t  would bo necessary for tho State to restrict the re-export of scrap materials, and 
especially those which wero originally imported free of duty.

Tho general legal aspect is examined and the opinion expressed that any person 
prepared to  pay the cost of transport would have the right to  remove and utilizo tho 
materials scrapped. I t  is suggested that the proposal is  worth consideration in view  
of tho marked rise in  tho cost of materials, especially m etals, duo to the immense 
am ount of rearmament taking place at tho present tim e. H . I . L.

279.* Phase Diagram of a Mixture of Natural Gas and Natural Gasoline Near the Critical 
Conditions. D . L. K atz, D . J . Vink, and R . A. David. P e t r o l .  T e c h . ,  November 
1939, A.I.M.M.E. Tech. Pub., No. 1114.— A phase diagram showing boundary curvo 
and quantity of liquid in tho two-phase region was determined for a m ixture of natural 
gas and natural gasoline in the regions of its  critical conditions. The temperature and
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pressure of tlio phase measurements were in the range of 85-212° F . and 1300-2600 lb ./ 
in.2, respectively, w ith tho critical condition at 169-5° F . and 2615 lb ./in .2 absolute.

Tho pressure drop required to change the system  from a uniform phase to a definite 
percentage of liquid became smaller as the temperature was raised above 85° F. 
Striking colour phenomona accompanied tho measurements near tho critical tempera
ture. A t pressures considerably above tho two-phase region tho system  was colourless. 
As tho pressure was lowered towards the bubble or dew point the single phase took on 
a reddish colour. A t temperatures near the critical th e  colour was a  bright mahogany 
red, but a faint colour was perceived ovor the entire range 102-192° F.

No unusual change was observed in the shape of tho pressure-volumo curves for tho 
two-phase system  in passing from temperatures below the critical temperature to the  
region of retrogrado condensation. The plot of saturated density appears to be a  
sm ooth curve for the bubblo-point liquid below the critical temperature and for tho 
dow-point vapour above the critical temperature. G. D . H.

280. Production Patents. L. F . Rollins. U .S .P . 2,185,522, 2.1.40. Appl. 28.10.37. 
Woll-flow controlling device consisting of perforated section in a casing positioned at 
flow strata and plugs for filling the perforation to  shut off the flow of fluids through 
these perforations and movable means for holding tho plugs in place.

E . W . Patterson. U .S .P . 2,185,6S0, 2.1.40. Appl. 17.6.36. W ell-pumping
mechanism using a  sam pson post, walking beam and pneum atic balancing apparatus 
creating and m aintaining a constant air pressure.

M. A. E lliott. U .S .PP . 2,185,725 and 2,185,726, 2.1.40. Appl. 12.5.38 and 21.12.38. 
Adapter coupling for joining rigid and flexible pipes, the latter for pipes of different 
diameters.

E . S. Sommons. U .S .P . 2,185,727, 2.1.40. Appl. 3.8.36. Hydraulic pump.

J. Preston. U .S.P. 2,185,925, 2.1.40. Appl. 29.9.38. Oil-well oil saver.
A. H . N.

Transport and Storage.

281.* Review of the U.S. Bureau of Standards Work during 1939 on Underground 
Corrosion. K . H . Logan. O i l  O a s J . ,  21.9.39, 38 (19), 112.— Recent investigation by  
the National Bureau of Standards on soil corrosion has been along tho three following 
lines : (1) analyses of soil corrosion data provided by pipe-line operators; (2) dovolop- 
mont of tests and m ethods of measurement which m ay be of immediate practical value  
to corrosion engineers, and (3) studies of corrosion processes.

1. Statistical surveys of tho averago physical condition of pipe-lines aro made, 
based on the average depth of tho deepest corrosion pits. These aro correlated w ith  
tests on the corrosivity of samples of soil adjacent to the pipe, but present indications 
are that the correlation is not close. I f  a considerable number of samples are taken, 
however, a rough indication of probable corrosion can be obtained.

2. The determination of the potential required for adequate eathodic protection of 
lines is frequently based on the copper sulphate electrode or half-coll, but th is m ay give 
misleading results, owing to  variations in the purity and hardness of the copper 
electrodes, aeration, light, and temperature. These factors have now been studied, 
and suitable corrections aro available. I t  is also recommended that they  should only 
bo used w ith indicating instrum ents for which they wore designed or w ith  potentio
meters, since w ith  indicators of low  resistance, polarization and other causes give 
erroneous rosults. An improved type of copper cell has been devised, and it is fe lt 
that the voltage and current density required for eathodic protection can now bo 
determined. Experim ental work on operating lines will bo put in  hand when the  
laboratory work is completed.

3. Tho m ost promising test of soil corrosivity is  considered to  bo the use of an  
electrolytic coll in which the current flows from the anode through the soil to a cathode 
of the same material as the anode, but kept a t a different potential by differential 
aeration. The loss of weight in the anode indicates tho corrosivity of the soil. Indica
tions of this are also given by the change in potential of the electrodes as the current is
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increased by m eans of superimposed voltages, tho measurements being made while 
the current is  interrupted, for which purpose mechanical or electronic methods have  
been devised. Loss in weight of anode is also in  lino w ith tho order of current density  
at the corrosion potential (potential a t which current density-potential curves inter
sect), and it m ay bo possible to correlate soil corrosivity w ith the maximum short- 
circuit current in the corrosion cell. For many soils the rate of corrosion is determined 
primarily by tho rate of tho cathodo reaction, but in some oases marked polarization 
of tho anode takes place, indicating the formation of protective films. Tho loss of 
protective coatings of corrosion products by e .g .  diffusion in marshy soils is studiod in 
glass colls in which the m ovement of membranes, formed by reaction between ferrous 
ions diffusing towards the cathodo and hydroxyl ions and oxygen m oving towards 
tho anode, could bo followed. Mombrano development at appreciable distances from 
tho anode is associated w ith a high rate of corr osion, whereas in slightly acid or alkaline 
soils it  is found in contact w ith tho anodo, corrosion being thereby partly inhibited.

C. L. G.

282.* Determining Minimum Current Required to Provide Adequate Cathodic Protection. 
Part I. D . Harrell and M. Clerk. P e t r o l .  E n g r ,  October 1939, 11 (1), 38—14.— In  
applying cathodic protection the negative potential a t which corrosion ceases is of a 
definite magnitude, so that any excess is a  wasto of power. The loss-of-weight method  
hitherto applied has the disadvantage of measuring tho maximum safe lim it and not 
the more economic safe lim it of the potential. The m ethod ovolved for determining 
the minimum potential has been arrived at from a  consideration of the phenomena 
observed in the application of cathodic protection— viz., deposition of metallic iron, 
increase of soil alkalinity and evolution of hydrogen at tho cathode (pipe) and a 
corresponding increase of corrosion, evolution of aeid-radiclo gases, and increaso of 
acidity a t tho anode. From a consideration of these facts an evaluation of tho mini
mum protective potential has been deduced. I t  is shown that this potential is char
acterized by (1) a decrease of tho ferrous iron concentration at the cathode to virtually  
zero, (2) a sharp increase of hydroxyl concentration at the cathode, (3) total ionic 
concentration reaches a minimum at which point hydroxyl-ion concentration equals 
the ferrous-ion concentration, (4) decomposition of tho wator and evolution of hydro
gen begins, (5) a further increaso of potential effects little  reduction of ferrous ion, the  
energy inducing the evolution of hydrogen. R . J . E.

283.* Distributed Anode Method Cuts Cost of Cathodic Protection. O. C. Roddey and 
L. R. Sheppard. O i l  O a s J . ,  21.9.39, 38 (19), 84.— Investigations on the prevention of 
electrolytic corrosion have been carried out by tho Interstate Natural Gas Co. using 
as laboratory a  portion of line in Tensas Swamp La. selectod in A ugust 1932. I t  has 
been shown that the installation of ground beds at 50 and 100 ft. and to  a smaller 
extent a t 700 ft., using 200 amps, a t 47 volts, gave excessive potentials directly op
posite tho units, whereas a few hundred feet down the line there was barely enough 
to provent corrosion. A  system  of distributed anodes was devised using anodes 
carrying much less current (59 amps, a t 3-3 volts) a t 37-50 ft. intervals located 25 ft. 
from the line. Power requirements for successful protection of pipe, using copper 
oxide rectifiers and distributed anodes, are given as : 13-1 amp. per mile for 22-in. 
pipe hot enamel-coated in 1926 ; 8-3 amp. per mile for 14-in. pipe asphalt coated and 
wrapped w ith roofing fe lt in 1925, and 8 0 amp. per mile for 13-in. pipo hot enamel- 
coated in 1926. The anodos, consisting of 2 X 80 in. plain electrode furnace carbon 
impregnated w ith hot paraflin, have shown very little  increaso in resistance over 5 
years service, and should theoretically last 50 years. C. L. G.

284.* Microbiological Anaerobic Corrosion of Steel Pipe-lines. R. F . H adley. O i l  G a s  
J . ,  21.9.39, 38 (19), 93.— A review is given of research on the corrosion of steel pipe
lines by anaerobic sulphur-reducing bacteria, and of tho exam ination of corroded pipe
lines in swam py areas w ith reasonably high soil resistivity. The presence of ferrous 
corrosion products on pipe in water containing sulphato indicates bacterial reduction. 
The conditions required for bacterial corrosion activ ity  wero found to be : (1) the 
presence of air-tight or water-saturated ground w ith  little  m otion of the water, (2) a pH  
value of 6'2-7-S, and (3) the availability of organic food. Tho primary strain of sul-
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phur-reducing bacteria ( V i b r i o  d e s u l p h u r i c a n s )  has been shown to bo relatively insen
sible to wido temperature ranges (0-80° C.), and, being in  size 2/x to 5ft long by 0-5p  

wide, aro readily visiblo under a microscope. The process of attack postulates tho 
utilization by the bacteria of tho hydrogen of polarization from cathodic areas in  
tho reduction of the combined oxygen of the sulphate ion forming H ,S and water. 
Tho ferrous ions aro precipitated by the hydrogen sulphide as ferrous sulphide and by  
the hydroxyl ions as ferrous hydroxide, thus loworing the solution pressure of tho 
ferrous ions and accelerating tho corrosion process owing to the removal of tho cathodic 
hydrogen polarization. The presence of ferrous sulphide on a corroded pipe is a  
reliable indicator of tho presence of sulphur-reducing bacteria. Corrosion by this 
means is of abnormal intensity, and cathodic protection against it  is of doubtful 
value. This problem is, however, being studied. C. L. G.

285.* Cathodic Protection and Polarization of Underground Pipe-Lines. R . J. Kuhn. 
O i l  O a s  J . ,  21.9.39, 38 (19), 98.—The importance of the protection against further 
corrosion afforded by the hydrogen formed by polarization of galvanic couples in 
pipo-lines is discussed and the factors affecting polarization are outlined. The current 
discharged from tho pipo at anodic spots of corrosion collects on cathodic areas of the  
pipe accompanied by a deposit of liydrogon on tho surfaco of tho pipe and by the  
formation of a  layer of alkaline earth, due to the removal of the acid hydrogen ion from 
tho adjacent earth. Tho rate of corrosion is checked by the resistance effect of tho 
hydrogen and by the change in  potential owing to  tho hydrogen coating. In  dry areas 
the hydrogen m ay bo quickly removed by atmospheric or dissolved oxygen, whereas 
in wot areas it  m ay be retained, so that the state of the soil has a  great bearing on the  
rato of corrosion. Reconditioning of an old line or installation of a new  lino will 
frequently causo very rapid corrosion to take place on tho new section, owing to  tho 
removal of protective films and to  potontial differences botweon tho old and new lines. 
Similarly corrosion test-holes are liable to  undergo rapid subsequent corrosion. D e
polarization m ay also bo caused by oxygen-producing bacteria. The potential applied 
to give cathodic protection m ay also bo reduced b y tho formation of a  film of hydrogen 
on the areas of the pipe on which cathodic currents aro collecting. C. L. G.

286.* Method for Applying Thick Asphalt Mastic Coating. N . W. Colley. O i l  G a s  J . ,

21.9.39, 38 (19), 150.— A description is given of a rapid m ethod developed in California 
for the application i n  s i t u  of a dense asphalt m astic coating to  pipe-linos. After 
ditching and raising tho pipe, it  is cleaned by a travelling cleaning machine equipped 
with scrapers, knives, and cutters, and sand-blasted in two stages, p its being subse
quently spot welded and the pipe patched where necessary. A primer is then applied 
by two pressure spray-guns, and covered under pressure w ith  a seamless uniform coat
ing of asphalt m astic, consisting of a dense, carefully graded m ixture of sand, lim estone 
dust, asphalt, and asbestos. Tho latter is manufactured in  a mobile hot plant and 
applied by a special travelling expanding nozzle to a thickness of J in. a t speeds vary
ing from 8 to 14 ft. per minute. Tho nozzle is equipped with expanding quadrants, 
which allow for coating over patch plates, high welds, etc.

A  similar process is in use at railhead and central plant operation for tho coating of 
new  or reconditioned pipe. Reconditioning is effected by first cutting ou t welds and 
collars, straightening and then heating in a furnace, where internal residues and  
external paint, etc., aro removed. I t  is then heated to an annealing tomperaturo to 
remove internal stresses, gradually cooled, and the pipo-ends are bevelled for subse
quent welding. Finally, it  is cleaned w ith steel grit in a roto shot-blast machine, 
pits and thin spots aro built by  electric welding and any roll welds made, and, after 
testing, coated w ith primer, asphalt mastic, and whitewash. C. L. G.

287.* Location and Installation of Ground Beds. D . F . Ball. P e t r o l .  E n g r ,  October 
1939, 11 (1), 91-94.— The selection of te st  instrum ents for the measurement of soil 
resistance is discussed and the A-C fall-of-potential m ethod recommended. The use  
of a  modified version of this m ethod for surveying an area to  select tho site of tho 
ground-bed is described. The relative merits of vertical and horizontal ground-beds 
are dependent on conditions. The former has tho disadvantage of passing through a  
number of soil strata which m ay vary in resistance, w hilst the resistance of the latter is
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subject to seasonal variations. To obtain good pipe-to-soil contact the use of sodium  
or calcium chloride is recommended, and tho mothod of applying this treatmont, 
effectively, is  described. R, J . E.

288.* Ten-Year Trial Shows Success of Inert Gas System. M. G. Van Voorhis. N a t .  

P e t r o l .  N e w s ,  18.10.39, 31 (42), R. 441.— The displacement of combustible gases in 
storago tanks, refinery vessels, and in tankers by inert flue gases as a fire preventative 
and for the production of safe working conditions is a system  which has proved to bo 
notably effoctivo. A number of small generating plants aro distributed at strategic 
points about the refinery, adequate safoty measures, especially where tho units aro on 
board tankers, being taken. The purging process is normally controlled and its pro
gress followed by m eans of gas analysis by tho Orsat method. H . G.

Gas.
289.* Cost of H:S Removal from Refinery and Sour Natural Gas. B. Storrs. O i l  G a s  J . ,

19.10.39, 38 (23), 69.—Treating data are presented on three Girbotol plants for the  
removal of H 2S from (a) 5000 eu. ft. per day of stabilizer gas containing 5% of H 2S, 
reduced to m ax. 30 grains per 100 cu. f t . ; (6) 6700 cu. ft. per day of stabilizer gas 
containing 300 grains H 2S per 100 cu. ft. reduced to  m ax. 10 grains per 100 cu. ft., and 
(c) 8000 cu. ft. per day of natural gas containing 163 grains per 100 cu. ft., the plant 
being subsequently modified to effect sim ultaneous dehydration and purification. 
For this purposo a solution containing 11% monoethanolamino, 72% diethylono 
glycol, and 17% water w as used. The total make-up amounted to  0-13 lb. mono- 
ethanolamine and 0-30 lb. diethylene glycol per million cu. ft. of gas, costing 7 cents 
por million cu. ft. Tho total treating cost varies from less than 0-5 c. per 1000 cu. ft. 
for natural gas w ith a low H 2S content to 2 c. per 1000 cu. ft.for rofinery gas of unusually 
high H 2S content. Tho presence of C 0 2 in tho gas also increases tho ovorall cost, 
owing to its  absorption by the ethanolaminos. C. L. G.

290.* Apparatus for Study of Pressure-Volume-Temperature Relations of Liquids and 
Gases. B . H . Sago and W . N . Lacey. P e t r o l .  T e c h . ,  November 1939, A.I.M.M.E. Tech. 
Pub. No. 1127.— An apparatus is describod for the measurement of the prossure- 
volumo-tempernturo relations of puro substances, simple m ixtures, and complex 
m ixtures w ith an over-all absolute uncertainty, which is usually not moro than 0-2%. 
Tho equipment is suitablo for studies in  the gaseous, two-phase, and liquid regions. 
Tho behaviour of such system s may' bo investigated at pressures as high as 10,000 lb ./ 
in.2 for temperatures botween 70° and 600° F . The m ethods of measurement and tho 
construction of tho apparatus are described in somo detail. G. D. H.

291.* Volumetric Behaviour of isoButane. W. M. Morris, B . H . Sage, and W . N . Lacey. 
P e t r o l .  T e c h . ,  Novembor 1939, A.I.M.M.E. Tech. Pub. No. 1128.— Tho volumetric 
behaviour of carefully prepared isobutano was investigated over a  temporaturo range 
of 100-460° F. and at pressures up to  5000 lb ./in .2 A t pressures in the neighbourhood 
of 700 lb ./in .2 at 280° F . the actual volume of fsobutano was only about 20% of that 
predicted from the perfect gas law, but a t pressures over 4500 lb ./in .2 the specific 
volum e was greater than that predicted from tho perfect gas relationship.

The data do not overlap other published information in tho gaseous region.
G. D. H.

Cracking.
292.* Reaction Rates in Cracking. W . L. Nelson. O i l  G a s J . ,  26.10.39,38 (24), 132.—  
D ata on tho cracking reaction velocity constants of a sories of hydrocarbons and of 
various petroleum fractions have been correlated to provide a chart showing the  
variation of this constant w ith temperature. Most of tho data were taken from tests 
conducted m ainly to determine tho type of reaction rather than th e  rate, and it has 
been necessary to disregard a number of factors for the sako of a generally available 
correlation. Tho chart does not indicate tho exact products of decomposition, and
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should not bo used for cracking yields larger than 25%. The effect of pressure is 
disregarded as being of little  significance except in extremo cases. Difficulty is also 
caused by tho fact that decomposition is not the only reaction taking placo during 
cracking, so that materiul heavier than the charge stock, as well as pure decomposition 
products, are obtained. The decomposition reaction is defined by tho following

formula :— K l  —  — log, ( — - — ), whore K 1 is tho reaction volocity constant (yield per
t  \CL —  X  J

second); t  is the timo in seconds ; a  is tho percentage of material being decomposed 
that is present in a feed-stock (thus a  =  100 for a pure feed-stock), and x  is tho per
centage of feed material disappearing in the reaction during timo t .

Exam ples of the use of this chart are provided. C. L. G.

Polymerization.

293.* Polymerization of Hydrocarbons Present in Natural Gas. R. Fussteig. P e t r o l .  
E n g r ,  October 1939, 11 (1), 219-223.—The various m ethods available for tho poly
merization of tho lower paraffin hydrocarbons present in  natural gas are described. 
Tho first stage in the polymerization of these hydrocarbons is dehydrogenation or 
dem ethanization to gaseous defines. The results of tho thermal decomposition of 
individual hydrocarbons are described. Two m ethods are applied to convert tho 
paraffins into olefinos : thermal and catalytic. Catalysts aro of two types, one of 
which effects dehydrogenation and tho other demethanization. Detailed processes 
commercially applied to polymorizo hydrocarbons aro given, together w ith flow
sheets. Some of theso processes involve polymerization of olefines only, whilst in 
others decomposition of paraffins to defines and polymerization of the latter are com
bined. Catalytic polymerization m ay be selectively applied— e .g . ,  the butane- 
butylene fraction of cracked gasoline m ay bo removed by deep stabilization and  
subjected to polymerization to give diisobutyleno, which is  subsequently hydrogenated  
to iso-octane. R . J. E.

Synthetic Products.

294.* Petrol Synthesis. Temperature Control in the Direct Process. Anon. C h c m .

T r .  J . ,  3.11.39, 105, 347.— Optimum conditions of temperature, rate of throughput, 
contact timo, and pressure for tho production of good yields from tho synthesis of 
carbon monoxide and hydrogen aro described b y  tho Motalgosellschaft of Frankfort in
E .P . 507,366 of 1938. In  an exam ple given, gases containing 2 vols. of H 2 to 1 vol. of 
CO are reacted a t 180° C. and normal pressure, tho throughput being 1 litre per hr. per 
gm. of cobalt in the contact mass, tho contact tim e 36 sec., and the heat-load per 
sq. in. 240 kg.-cals. por hr. A  yiold of 100 gm. per c.metre of gas was obtained, a 
similar yield being given on using a  chamber twice tho capacity and th e  same am ount 
of catalyst diluted to  twice the volum e, increasing tho throughput to 1-4 litres and tho 
contact time to 51-5 sec., the temporaturo to 185° C., and reducing tho heat load to  
168 kg.-cals. A  catalyst containing 33% cobalt, 6% thoria, and 61% kieselguhr is 
used, it being stated that dilution of tho catalyst w ith kieselguhr to a content of 2%  
cobalt gives a material particularly suitable for the synthesis of lower hydrocarbons 
from benzino to gasoil. C. L. G.

295.* Hydrocarbon Synthesis from Carbon Monoxide and Hydrogen over Alloyed
Catalysts. I . Rapoport and E . Polozhintseva. O i l  G a s  J . ,  28.9.39, 38 (20), 52.— The 
results of investigations of the use of alloyed N i-A l, Co-Al, and Co-Si catalysts in  tho 
synthesis of hydrocarbons from CO and H 2 are presented. The N i-A l catalysts were 
prepared in the form of (a) lentils and (6) powder, a yield of 140 c.c. of hydrocarbons 
per c.metre being tho highest figuro obtained when using a lentil N i-A l catalyst a t 
170° C. Lower yields were given by the powdered catalyst, by the introduction of 
N H j, and by increasing the temperature or tho volum e velocity. A t tho samo volum e  
velocity it  is necessary to use Co-Al (powder) catalyst a t a higher temperature (200° C.) 
in order to  attain  similar yields, but a t half the volumo velocity and at 200° C. a 
yield o f 175 c.c. of liquid hydrocarbons per c.metro is obtained. W ith the Co-Si
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catalyst, lower yields (max. 109-6 c.c.) wore given even a t 220° C., and w ith much lower 
volumo velocities. This catalyst also appears to give a greater yield of solid paraffins.

C. L. G.

296.* Photochemical Reactions under High Pressure. K. Peters. B r e n n s t O h e m i c ,  
1939, 20, 356-358.—A quartz-mercury lamp was placed in a cylindrical pressure vessel 
of 50 mm. inside diameter which could bo tilted to  permit ignition. Lamps were 
resistant to  pressures up to 80 atm ., but making lamps for uso under several hundred 
atmospheres would present no difficulties. Preliminary tests were cai'ried out under 
pressures up to 50 atm. w ith CO-H, C O -H -N H 3, C 02-H , C H ,-C 02, and CH4- 0 2. In  
all tests whero water was either present or formed during the reaction, excessive rust 
formation of all iron components w ithin the pressure vossel, especially of tho finely 
polished wall, -was observed. A s aluminium was also subject to corrosion, a silver coat 
is recommended.

In  all tests chemical reactions were observed, although m ostly small in extent. W ith  
CHj- 0 2 m ixtures containing 2-3%  0 2, tho oxygen was com pletely consumed after a 
fow miniit.es1 illumination. Howover, in the reaction gas neither CO nor C 02 could 
bo found in quantities corresponding to  the oxygen volum es consumed. L. R .

297.* Effect of CO-H on Cresol under Pressure. W. Kronig. B r e n n s t C h e m i c ,  1939, 
20, 355-356.—W hen m-cresol together w ith CO-H are passed, under 200 atm. pressure 
at 500° C., over methanol-forming catalysts, tho cresol, besides being roduced to hydro
carbons, is also m ethylated, m ost probably to trim ethylphenol. L. R.

Refining and Refinery Plant.

298.* Use of Gum Inhibitors in Refining of Motor Fuels. W. W . Scheumann. O i l  G a s  
J . ,  2.11.39, 38 (25), 41.— Modern gum  inhibitors have been selected from compounds 
containing phenolic or primary or secondary aromatic amino groupings, which, in 
addition to  preventing deterioration of the gasoline, have the following characteristics : 
it  should bo solublo in gasolino, insoluble or very sparingly soluble in water or NaOH  
solutions, it should not impart colour to the gasoline, and should bo non-reactive with  
tetraethyl lead or oil-soluble dyes. Those in general uso to-day include such materials 
as the monobenzyl, dibenzyl, isopropylmonomothyl, m onobutyl and monoisobutyl 
derivatives of yara-aminophenol, as woll as hardwood tar acids.

Gum inhibiting m ay be coupled w ith the following treating methods :—

1. Production of end-point and vapour-pressure material directly from tho unit 
and sweetening.

2. Clay-treating end-point material to polymerize only tho m ost unstablo 
constituents and sweetening.

3. Using a light acid treatm ent on a benzino fraction followed by re-distilling 
and sweetening.

4. Splitting a benzino fraction into a light and heavy portion, acid-treating and 
re-distilling the heavy fraction, and sweetening the combined re-distilled heavy  
gasoline and tho light gasoline.

M ethod 1 is valuablo whore tho equipment is available and where a water-white 
final colour is not required, as when dyes are used. I t  is estim ated that a possiblo 
saving of 3 to 4  cents per barrel of gasoline of a cracked Mid-Continent type can be 
effected owing to  the elimination of the cost of refining, and of the volumetric and 
octane number loss on treating.

M ethod No. 2 cheapens the clay treatm ent by enabling a product of poorer initial 
colour and induction period to  be produced, these characteristics being improved by  
subsequent inhibiting. M ethod No. 3 similarly reduces acid costs and volumetric and 
octane number losses.

M ethod No. 4 (which is described in detail) represents a saving of 2 cents per brl. 
of gasolino over the conventional m ethod of acid-treating and re-distillation.

Careful control over sweetening before inhibiting is necessary to  prevent any free 
sulphur lowering tho inhibitor susceptibility, and to  remove any traces of alkali which
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m ay react w ith the inhibitor. In  theso directions processes such as copper-sweetening 
offer obvious advantages. Tho relation between improvement in  induction period 
and inhibitor concentration should be studied when deciding on the m ost effectivo 
inhibitor of those available for the particular gasolino to bo treated. Figures are 
given showing tho relative costs of inhibiting two gasolines w ith four different in
hibitors, indicating the necessity for careful selection of tho inhibitor. C. L. G.

299.* Motor Fuels Refinery is Designed for W est Texas Crude. D. H . Stormont. O i l  
Q a s ./. ,  28.9.39, 38 (20), 46.— A description is  given of a refinery near Lovelland, W est 
Texas, designed to handle W est Texas sulphur crude, and consisting essentially of a 
Dubbs combination topping and cracking unit w ith a  straight-run capacity of 4500 
brl. daily and a cracking capacity of 3000 brl. daily. The plant is very flexible and 
has a high degree of instrumental control.

The crude is settled a t 225-250° F . to remove salt, etc., before processing. Tho 
cracked gasolino is stabilized and treated with caustic to remove mercaptans, dilute 
acid to remove nitrogen compounds, dried w ith activated alumina, and sweotened 
with copper sulphate and ammonium chlorido. A further treatm ent w ith zinc su l
phide is given to  remove any traces of copper, and it is then inhibited w ith U.O .P. 
No. 4 inhibitor.

Tho Slaughter field crude used yields 34-6% gasolino and 9-3% korosine. Tho 
gasoline has an end point of 400° F. distilling 27% to 212° F . and an O.N. of 56-5 and 
sulphur content of 0-28% ; cracking of tho reduced crude yields 42% of cracked 
gasolino. C. L. G.

300.*  Distillation Process of Natural Gasoline Extraction. R . W . Maehen. P e t r o l .  

E n g r ,  October 1939, 11 (1), 96-97.— The distillation of natural gasolino has the object 
of fractionating the rich oil to  give tho desired gasolino fraction and reducing th e  oil 
to  as near as possible its  original composition for recycling through the absorber. The 
rich oil passes through heat exchangers into the evaporator, where the bulk of the  
gasoline plus a  small part of tho light fractions of tho oil aro im m ediately flashed and 
passed to  the bottom  of tho rectifying column. In  the rectifying column the vapours 
riso from tray to  tray in such a manner that intim ate contact is obtained at each tray  
between the rising vapours and descending stream of liquid. The liquid at successive  
trays bocomes richor in lighter components and poorer in heavy constituents, w hilst 
tho descending oil becomes heavier and poorer in volatile fractions as it  falls to the base 
of the evaporator, whence it  is ultim ately returned to  tho absorbers for recycling. 
Normal condensation is insufficient to maintain tho continuous downward liquid flow, 
and condensate is introduced at tho top of the column as reflux. The quantity of 
reflux depends on the separation desired and the end-point required for the gasoline. 
Steam  is introduced into tho still, the amount depending on tho stripping desired. 
B y  lowering the partial pressuro of the hydrocarbon gases, steam  permits the stripping 
of tho heavier gasoline fractions from the oil and increases efficiency by increasing tho 
evaporating surface in the agitation of the oil. R . J. E.

301.*  Review of Roumanian Petroleum Refineries. V. Cerchoz. M o n i t .  P e t r ,  r o u m . ,  

1939, 40 , 1061-1065.— This article consists of a  very com plete review of Roumanian 
refineries tabulated according to the enterprises operating in  tho country. Very full 
details aro given of the operation of the major companies during 1938. Tho refineries 
are divided into two groups : those w ith and those w ithout cracking facilities. The 
former group accounts for about 80% of the industry.

In  the following details, all figures relate to annual capacity in tonnes or to through
put or treatment during 1938.

Astra Romana, capacity 2,000,000, treated 1,492,504. These reflnors, the biggest in 
Roumania, possess a  battery of twelve crude stills capable of 1,000,000 throughput 
which are operated to 50% capacity. Tho tubo-stills (McKee system ) handled  
968,040, or about 97% capacity. Tho lubricating-oil stills dealt w ith 75,778 of an
88,000 capaity.

Tho cracking installation consists of four Dubbs units which operated to about 80% 
capacity in  treating 516,816. The pressuro distillate is  processed in  a  Trumblo 
plant.
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W hite spirit, kerosino.otc., aro handled by ten agitators, which wore kept practically 
a t 100% capacity, but tho lubricating-oil refinery plant, which possesses three Laval 
centrifuges, handled only 35% of its  maximum.

Tho cracked-spirit stabilization plant treated 174,757 and the tetraethyl load plant 
2587. Production of liquefied gas was 2191, of naphthenic acids 504, of bitumen 
31,010, and of light petroleum solvents 1005.

A  reforming plant is under construction. Storage consists of 334 tanks w ith a 
capacity of 424,501 tonnes. There aro 1781 employees.

The Romano Americana refinery has a capacity of 1,400,000 and treated 898,054. 
The crude distillation is dealt w ith by a Standard-Oil tube system  (operating to  80% 
capacity) and by a battery of eight stills oporating to about 50% capacity. Tho lubri- 
cating-oil distillation plant throughput was 23,633, against a  maximum of 70,000, 
The refinery also possesses a Foster Wheeler tube system , which handled 01,000, or a 
little  over 30% of its capacity, and three stills capablo of continuous or batch operation 
which did not operate in 1938. Tho company also operate a Tube and Tank cracking 
system  which handled 363,952, or 91% of capacity. ICerosino refining is handled 
by two agitators of 240,000 capacity, which havo boon used to a little  over 50% 
capacity.

Gasoline is treated in a  continuous system , which ran to about 50% of its 200,000 
maximum.

Although tho distillation plant produced 23,000 of lubricating oil, only 4979 woro 
refined. The lubricating-oil refining plant, which operated to  about 11% capacity, 
consists of two acid and threo soda agitators.

Among the miscellaneous equipment of the refinery is an ethyl blending plant and 
an air-blowing plant for bitumen. 9510 tonnes of bitumen were produced in the year 
undor review.

Storage consists of 149 tanks w ith a total capacity of 103,957 tonnes. There aro 
1396 employees. T. C. G. T.

302.* General Review of the Roumanian Petroleum Refineries. V. Cerchoz. M o n i t .  
P e t r ,  r o u t n . ,  1939, 40, 1189-1193.— A further number of Roumanian refineries are 
reviewed.

Tho Aquila refinery of the Colombia com pany has an annual capacity of 540,000 
tonnes of crude, which in 1938 treated 285,014 tonnes. Tho plant consists mainly of 
a  W inkler-Koch tube system  coupled w ith a Winklor-Koch cracking installation. 
Storage consists of seventy-one tanks w ith a total capacity of 04,750 tonnes, and tho 
personnel numbers 350.

Creditul Minier de Brazi is tho newest refinery in tho country, having como into 
operation in 1935. I t s  annual capacity is 540,000 tonnes, and in 1938 it  handled 
389,410. This refinery has a Brunn Ivonigsfold tube system  and a Dubbs cracking 
plant. Their storage consists of sixty-one tanks, holding 72,350 tonnes. Personnel 
am ounts to 430.

The Potroi Block refinery Standard do Ploosti has a  capacity of 504,000 tonnes. 
I t  has a  battery of nine continuous stills, which in 1938 treated 126,864 tonnes of their
360,000 capacity. A second battery of seven stills has been idle. Tho refinery has 
also a Dubbs cracking plant of 144,000 tonnes capacity, which handled about 53,000 
in tho year undor review. Storage capacity is 82,058 tonnes and porsonnol 330.

T. C. G. T.

303.* General Review of the Roumanian Petroleum Refineries. V. Cerchez. M o n i t .  
P e t r ,  r o u r n . ,  1939, 40, 1305-1309.— The extensive review of tho Roumanian petroleum  
refineries in 1938 is continued. In  th is section the author deals w ith a group of 
relatively small refineries which do not possess cracking equipment.

Tho refineries and their annual capacities and throughputs in 1938 are : Xenia 
(Ploesti)— capacity 292,000 tonnos, throughput 137,342 tonnes; Dacia Romano,
240.000 and 119,695;’ Petrolul Bucuresti (Prahova), 210,000 and 187,170; Lumian 
(Petrolmina) Ploiesti, 150,000 and 41,254.

Tho average personnel in these installations is about 125 and the storage capacity
30.000 to 50,000 tonnes. T. C. G. T.

O
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304.* Waste Problems in the Petroleum Industry. J . B. Hill. I n d u s t r .  E n g n g  C h e m . ,  

1939, 31 (11), 1361.— This paper doscribos m odem  m ethods for tho disposal of waste  
products in the petroleum industry. H . E. T.

Chemistry and Physics of Petroleum.
305. Rearrangement of Certain Derivatives of Toluene by the Action of Aluminium  
Chloride. J . F. Norris and H. S. Turner. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2128-2130.—  
Tho authors have studied the effect of heating w ith aluminium chloride in tho presence 
of hydrogen chloride o-, m - ,  and p-chlorotolueno, 0 -, m - ,  and p-nitrotoluono, p-eresol, 
and p-dim ethylam inotoluene. In  some cases the effects of change in time, tempera
ture, and molecular ratio of tho aluminium chloride to the organic reactant were studied. 
They found appreciable rearrangement and disproportionation w ith the chlorotolucnos, 
tho oxtcnt being determined by tho conditions under which tho reaction proceeded, 
as mentioned above. Undor certain fixed conditions they found that the order of the  
stabilities of tho isomers were o r t h o ,  m e t a ,  p a r a  ;  and also that the m ixture of the iso
mers obtained from p-chlorotolueno consisted of o r t h o ,  m e t a , and p a r a  in tho ratio 
1 : 2 : 1 .  In  the same conditions tho isomeric nitrotoluenes and p-dimethylamino- 
tolucno were unaffected. I t  appeared that the o r t h o  and p a r a  directing groups, 
m ethyl, hydroxyl, and chlorine, produced in a m ethyl radical sufficient reactivity to 
pormit a change of position of tho latter in the molecule, whereas tho m c l a  directing 
nitro-group stabilized tho m ethyl radical so that it did not migrate under the con
ditions that affect tho other class of compounds. R. D . S.

306. Rearrangement of the Xylenes by Aluminium Chloride. J. F . Norris and G. T. 
Vaala. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2131-2134.—A detailed study  of tho rearrange
ment of tho xylenes is reported, including investigations into the effects of time, 
temperature, molecular ratio of hydrocarbon to aluminium chloride, presence of ferric 
chloride in varying am ounts, and presence or absenco of hydrogen chloride. Change 
in temperature affected the ratios in which tho isomers were formed, and decrease in 
tho molecular ratio of aluminium chloride decreased th e  rate of rearrangement and 
percentage decomposed. The presence of ferric chloride had a negligible effect, and 
tho presence of hydrogen chloride apparently increased decomposition, but did not 
affect rearrangement. Rearrangement was more rapid than tho decomposition of the 
hydrocarbons and yielded a mixture approaching tho composition of commercial 
xylene. Tho authors suggest that the results quoted m ay be employed in the prepara
tion and the elucidation of tho structures of compounds obtained by tho Friedol- 
Craft reaction. R. D. S.

307. Oxygen Effect in the Reaction of cycloPropane with Bromine and with Hydrogen 
Bromide. M. S. Kharasch, M. Z. Fineman, and F. R . Mayo. J .  A m e r .  c h e m .  S o c . ,  

1939, 61, 2139-2142.— cycloPropane and bromino in tho ratio 10 : 1 reacted very slowly 
even in tho light in the absence of oxygen, but tho presence of oxygen greatly acceler
ated the reaction, and organic peroxides exerted a similar catalysis. E thyl alcohol 
and tsoamyl nitrito inhibited tho photochemical oxygen-catalysed reaction. Only 
1 : 3-dibromopropano was isolated from the reaction as small quantities of reactants 
were used, but there was evidence that other products were formed. W ith hydrogen 
bromide cycZopropane was used in  tenfold excess, and also in equimolecular proportions. 
W ith excess of tho hydrocarbon, oxygen tremendously increased the reaction rate, 
which was otherwiso very slow, even in the light. Normal propyl bromide was the  
product. Benzoyl peroxide again had a similar effect to oxygen, and antioxidants 
again inhibited the reaction. Oxygen and light, however, had little effect on the  
reaction between equimolecular proportions of cycZopropane and hydrogen bromide, 
although compounds containing tho hydroxyl group accelerated it. For the reaction 
between cyclopropane and bromino, and between excess cycZopropano and hydrogen 
bromide, tho authors put forward a chain mechanism in explanation, but consider that 
the mechanism of the reaction of cyclopropane w ith hydrogen bromide in equimolecular 
proportions is ionic in character. R. D. S.
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308. Chlorinations with Sulphuryl Chloride. I. The Peroxide-Catalysed Chlorination of 
Hydrocarbons. M. S. Kharasch and H . C. Brown. J .  A i n e r .  c h e m .  S o c . ,  1939, 61, 
2142-2150.—Tho uso of sulphuryl chloride as a chlorinating agent has hitherto de
pended on the production of molecular chlorine during tho reaction, so that there has 
been little  advantago over gaseous chlorine in its employment. Tho authors have 
discovered that in tho presence of certain catalysts (such as organic peroxides) su l
phuryl chloride can serve as a source of atomic chlorine, w ith the result that they have 
been enabled to  chlorinate in the dark paraffin hydrocarbons, side-chains of aromatic 
compounds, aliphatic acids, aldehydes, and ketones, etc., far more rapidly and con
veniently than is possible by tho uso of elementary chlorine in tho presence of light. 
Tho best catalyst was found to bo benzoyl pcroxido ; tho less stable lauroyl peroxido 
was also found to bo usoful in some cases. Tho prosont communication is concerned 
with the chlorination of hydrocarbons, the results obtained being generally similar 
to the photochemical chlorination of these compounds by chlorine gas, as the authors 
found (1) substitution took place on a secondary carbon atom  rather than a primary ;
(2) a second chlorino atom  tended to substitute as far from tho first chlorine atom  as 
possible ; (3) substitution of a second chlorine atom  on a carbon atom  already holding 
a halogen substituent was difficult— a third chlorino atom  could not be introduced;
(4) a bromino substituent was not displaced. In tho chlorination of toluene the 
authors found also that the substitution of chlorine on a carbon atom  ceased when tho 
second chlorine atom  had been introduced. Tho chlorination of ethylbenzenes and 
tsopropylbenzeno occurred chiefly in tho alpha position of the side-chain. They were 
unablo to chlorinate diphenylmethane and the nitrotoluenos presumably because of 
inhibition of the reaction by products of the reaction in tho first case, and because of 
inhibition by tho nitro-group in tho second case. Complete inhibition was found to 
bo brought about by a number of substances, iodine, sulphur, p-nitrotoluene, and 
oxygen among them. Tho mechanism of the reaction is considered to be the production 
of chlorine atom s by a chain reaction initiated by the slow decomposition of tho 
peroxido. R . D . S.

309. Nitrogen Compounds in Petroleum Bases. XV. Counter-Current Extraction of 
Kero Bases. Isolation of 2 : 4-Dimethyl-8-»-Propyl(iuinoline. W . N . Axe and J. R.
Bailey. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2609-2612.— A Cu H ,jN  base was isolated by 
fractional degassing of tho acid sulphite preliminary to exhaustive counter-current 
hydrochloric acid extraction of an aromatic kerosino fraction 292-293°. I t  was identi
fied as 2 : 4-dimothyl-8-n-propylquinoline by (1) chromic acid oxidation to 2 : 4 -  
dimethylquinoline-8-dicarboxylic acid, which was identical w ith an authentic specimen,
(2) synthesis from acetylacetono and o-n-propylaniline. R. D. S.

310. Nitrogen Compounds in Petroleum Distillates. XVI. Use of Multiple Acid Ex
traction of 2 : 3 :  4-Trimethyl-8-Ethylquinoline. R. A. Glenn and J. R . Bailey.
J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2612-2613.— Multiple acid extraction of a 305-315°
kerosino fraction was used in the isolation of a CltH ,,N  base, the structure of which was 
identified as 2 : 3 :  4-trimothyl-8-ethylquinolino by chromic acid oxidation to a 
C12H 12NCOOH acid which proved replacement of an ethyl radical by a  carboxyl; 
tho 8-position of the ethyl group was shown by the fact that tho acid was identical 
with one previously obtained by chromic acid oxidation of 2 : 3 : 4 :  8-tetramethyl- 
quinoline. The structure was confirmed by synthesis from methylacotylacetono and 
o-othylanilino. R. D. S.

311. Nitrogen Compounds in Petroleum Distillates. XVH. Use of Multiple Acid 
Extraction in Isolation of 2 :  3 : 4-Trimethyl-8-»-Propylquinoline. L .  M. Schenckand  
J. R. Bailey. J .  A m e r .  c h e m .  S o c . ,  1939, 61,2613-2615.— B y multiple acid extraction a 
C'i5H 18N baso, b. p. 330°, was isolated from transformer oil and kerosine and identified 
as 2 : 3 : 4-trimethyl-8-n-propylquinoline. Orientation was established by chromic 
acid oxidation to the same acid as that produced by oxidation of 2 : 3 : 4-trimethyl-8- 
ethylquinoline reported in tho previous communication. The nature of the propyl 
group was proved by synthesis from m ethylacetylacetono and o-n-propylaniline.

R. D . S.
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312. Peroxide Effect in the Addition of Reagents to Unsaturated Substances. XXII. 
Addition of Hydrogen Bromide to Trimethylethylene, Styrene, Crotonic Acid, and Ethyl 
Crotonate. C. W alling, M. S. Kharascli, and F. R . Mayo. J .  A m c r .  c h e m .  S o c . ,  1939, 
61, 2693-2696.— In  the absence of oxygen or peroxides, trim ethylethylene adds 
hydrogen bromide to give l e r t .  -amyl bromido, but poroxidic catalysis produces some 
64% of 2-methyl-3-bromobutane. Tlio addition of product of hydrogen bromide to 
styrene is changed from a-phenylothyl bromido w ith no catalyst to 80% /3-plienyl- 
eth y l bromido w ith catalyst in solution. However, presenco or absence of peroxide 
always results in the samo product of addition of hydrogen bromide to crotonic acid, 
nor do peroxidos catalyse the reaction w ith ethyl crotonate even in the light. In  each 
case the normal /3-bromo-derivative is formed. T he authors discuss the various 
possibilities for this. R . D. S.

313. Hydrogen Fluoride as a Condensing Agent. VIH. The Alkylation of Benzene by 
Esters. J. H. Simons, S. Archer, and D . I . Randall. J .  A m e r .  c h e m .  S o c . ,  1939, 
61 ,1821-2 .— Reactions carried out in a copper bomb at 80-100° showed that in presenco 
of hydrogen fluoride esters react w ith benzene to produce m ainly alkylbenzenes. I t  
was believed that as acids can acylate aromatic compounds in tlio presenco of hydrogen 
fluoride, ketones would bo present in tho reaction products, sinco tho liborated acid 
would react w ith either benzene or tho alkylbenzene presen t; and expectations wero 
realized in the isolation of ketones in  sufficient quantities to permit identification in a 
number of experiments. Thus, acetoplienono was identified from those reactions in  
which acetates were used. An explanation of the mechanism is proffered, based on 
ionic processes and supported by experimental results, which indicate it to bo a moro 
likely one than an olefinie mechanism previously put forward (McKenna and Sowa, 
J .  A m c r .  c h e m .  S o c . ,  1937, 59, 1204-1205; J .  I n s t .  P e t r o l .  T e c h . ,  1937, 23, Abstr. No. 
1230). ieri.-Butylbenzono, {.sopropylbenzeno and diphenylmethano were formed 
from benzene and tho acetates. n-B utyl acetate and sec.-butyl-tsobutyrato both gave  
•sec.-butylbenzeno. R . D . S.

314. Reaction of Propene with ¡soOlefins in the Presence of Sulphuric Acid. V. N .
Ipatieff, H . Pines, and B . S. Friedman. J .  A m e r .  c h c m .  S o c . ,  1939, 61, 1825-1826.—  
Although propene alone was not responsive to  polymerization by 96% sulphuric acid, 
when m ixed w ith more reactive olefins such as (i) isobutene, or (ii) isopentenos, and then  
contacted w ith the acid, it  yielded, among other products, (i) 8-35%  hoptenes, and 
(ii) 16% octenes and 17% tridecenes, respectively, the percentages varying according 
to  tho conditions. The heptenes wore then hydrogenated to m ostly 2 : 2-dimethyl- 
pentane, 2 : 3-dimethylpentano, and somo 2 : 2 :  3-trimethylbutano, which heptanes 
wero identified by physical constants and Ram an spectra analysis. W ith straight- 
chain olefins such as n-buteno scarcely any of the propene reacted to form liquid hydro
carbons when contacted w ith sulphuric acid. R . D . S.

315. Dehydration of frans-2-Methylcf/c/oHexanol. C. Prico. J .  A m e r .  c h e m .  S o c . ,  

1939, 61, 1847-1849.— B y tho dehydration of frans-2-methylcycZohoxanol w ith  
phosphoric anhydride a m ixture o f 1-methyl-1-cyclohoxene and 3-mothyl-l-cyciohexono 
w as formed, which on hydrogenation gave a  mothyleycZohcxane no different 
from authentic samples of this hydrocarbon. This investigation, therefore, could 
not confirm a report (Vogel, J .  c h e m .  S o c . ,  1938, 1323—1338; J .  I n s t .  P e t r .  T e c h . ,  

1938, 24, Abstr. No. 1429) that the methylcycZohexane formed by the above m ethod
w as of different physical properties from the genuine hydrocarbon. R . D . S.

316. Heats of Organic Reactions. VIH. Some Further Hydrogenations, including 
those of some Acetylenes. J . B . Conn, G. B . K istiakowsky, and E . A. Smith. J .  

A m e r .  c h e m .  S o c . ,  1939, 61, 1868-1876.— This paper is the last of the series, and tho 
discussion includes a survey of the results of previous communications on this subject. 
H eats of hydrogenation of cyclic hydrocarbons, cyclic ketones, and acetylenic com 
pound have been measured. Tho rather largo variation in the cycZo-olefin series is 
claimed to be due to interactions of the new ly formed bonds w ith non-bonded atom s 
and atomic groups in the proximity. A s the cyclic ketones show a  trend similar in
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manner to that of tho ci/cfo-olefins, and the acetylenes, likewise, are similar to the 
othylenos in  tho variation of the heats of hydrogenation w ith substitution of the alkyl 
groups, further evidence is obtained that tho variation in tho heats of addition reactions 
are principally caused by the steric effects of substituents on the addenda used in the 
reactions. In  an attem pt to evaluate the character and magnitude of the effects, tho 
authors, from observations on ethane, come to tho conclusion that tho positions of 
minimum energy are those in which tho C-H  bonds are farther apart— that is to say, 
tho configuration is staggered. The greater stability of th is structure is ascribed to 
tho existenco of ropulsive interactions—steric hindrance— between non-bondcd atoms 
in the polyatom ic molecules, and theso ropulsivo interactions result in inconstancy of 
bond energies. Tho relativo magnitude of steric hindrance is assumed to be sub
stantially affected only by substitutions on the same atom s to  which tho bonds con
sidered belong. Tho effect of hindrance of internal rotation is bolioved to bo duo to 
steric hindrance and not to an independent mechanism. Accordingly, the authors 
emphasize tho importance of storic hindrance in regard to the effects of substituents 
upon “ standard ” properties of functional groups in polyatom ic molecules, regarding 
it  os next to resonance in  this respect. R. I). S.

317. Internal Rotation and Resonance in Hydrocarbons. E. Gorin, J. W alter, and
H . Eyring. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 1876-18SG.— Tho restricted rotation of tho 
m ethyl groups about tho C-C bond in ethano is due, according to  recont experimental 
evidence, to the existence of a potential barrier of tho order of 3000 cal., but the repul
sion due to  the hydrogen atom s cannot account for this. The authors calculate what 
tho barrier height would be if tho hydrogen atom s were replaced by protons, and 
discuss the lack of cylindricity of the C-C bond due to tho presence of tho methyl 
hydrogen atom s. This effect adds to tho stab ility  of tho opposed configuration, and 
allowing for the effect of resonance involving double bond structures (tho opposed 
structure can bo reasonably considered stable), the required barrier height is obtained. 
Tho authors also make use of the effect of resonance with double-bonded structures to 
explain the alteration in  physical properties, and conclude w ith a discussion on tho 
evidence available by X-ray, infra-rod, and Ram an spectra studies concerning the 
relative stabilities of staggered and opposed configurations for long-chain and cyclic 
compounds. R . D. S.

318. Validity of the Structure Assigned to cj/cfo-Octatetrene : Pyrolysis of Ms-Quater
nary Ammonium Hydroxides Related to 1 : 2- and 2 : 3-Butenes. C. D . Hurd and L. R. 
Drake. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 1943-1945.— The structure of 1 : 3 : 5 : 7- 
c y c l o -octatetrono was formulated by W illstatter and Waser as a  result of experiments 
on tho pyrolysis of tho fiis-quaternary ammonium hydroxide. The argument of the 
present authors is that conjugated doublo bonds need not necessarily have been 
produced exclusively in the reaction; for pyrolysis of 1 : 2-butane-6fs-(trimethyl- 
aminonium) hydroxide gave riso to othylacotylene and m ethylallene but no 1 :3 -  
butadiene, and pyrolysis of 2 : 3-butane-&is-(trimothylammonium) hydroxido gave 
I : 3-butadieno and m ethylallene or (m ethylallene +  dim ethylacetylene), the latter 
being slightly in excess of the 1 : 3-butadiene. T hat I : 3-butadieno was not tho sole 
product from the second reaction (as would be required by conjugated unsaturation in 
cycfo-octatetrene) leads the authors seriously to doubt the W illstatter structure.

R . D . S.

319. Reaction of Olefins with Solid Cuprous Halides. E . R . Gilliland, J. E . Seebold, 
J . R . FitzH ugh, and P . S. Morgan. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 1960-1962.—  
Ethylene, propylene, and isobutyleno were found to be absorbed by solid cuprous 
chloride, the first-named also being absorbed by solid cuprous bromide, from which 
tho authors infer that tho reaction is typical of olefins and the cuprous halides. The 
olefins were absorbod by tho halides mole for mole, except in the case of isobutylene, 
where com plete saturation was not obtained, as, presumably', equilibrium was not 
reached. I t  was found that olefins may' bo recovered from gaseous or liquid mixtures 
by absorption w ith cuprous halides, and the authors give a method based on the 
fugacity data of Lewis, by which the theoretical maximum recovery m ay be calculated.

R . D. S.
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320. Effect oi Substitution on the Dissociation of Hexa-arylethanes. VXf. m e i n -  and 
para-Phenyl Groups. C. S. Marvel, M. B. Mueller, and E. Ginsberg. •/. A m e r .  c h e m .  

S o c . ,  1939, 61, 2008-2010.— The authors prepared the tetraphenyl-di-ra-biphonyl- 
ethane, and found by measurement of its magnetic susceptibility that it  is dissociated 
to the exten t of 11-12%  in a 3-6% solution of the ethano in benzene at 25°, and in the  
same way found that the p-biphenyl derivative exists to  the extent of 13-14%  as the  
freo radical under the samo conditions. They concluded that the number of resonance 
forms of the frco radical m ust play a rather minor rôle in determining the degree of 
dissociation of these hexa-arylethanos. They found, further, that the depth of colour 
of a free radical solution is not a  reliable guide to the degreo of dissociation, being merely 
partly characteristic of the groups present and their positions. R . D. S.

321. Synthesis of feri.-Butyl- and /er/.-Amyl-cf/c/opentane and of their Intermediate 
Products. H . Pinos and V. N . Ipatieff. ./. A m e r .  c h e m .  S o c . ,  1939, 61, 2728-2730.—- 
Tho m ethod consists of cyclizing tho appropriate alkyladipie acid to alkylcycfopen- 
tanone, which is then hydrogenated catalytically to  3-fcri.-aIkylcyciopentanol. Tho 
carbinols aro next dehydrated by tho use of aluminium oxide to tho olefins, which on 
hydrogenation give t e r t . -butyl- and ieri.-amyl-ci/cfopentano. R . D . S.

322. The Redistribution Reaction. I. The Random Intermolecular Exchange of Organic 
Radicals. G. Calingaort and H . A. Beatty. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2748-2754.—  
A now typo of reaction, which the authors propose to call “ Tho Redistribution R e
action,” has boon recognized. Tho process is one in which all tho radicals or atom s of 
one kind, linked to one or more central groups or atom s of another kind, aro inter
changed (during a reaction occurring in a m ixture of such compounds) between all 
the various central groups present. A s tho final com position of any system  of this 
kind can bo calculated from the laws of probability, the interchange m ust happen at 
random, hence tho term “ Random  Equilibrium M ixture ” applied by tho authors to 
the reaction products. Although this introductory paper considers the exchange of 
radicals in organo-metallic halides and in m etal alkyls, tho authors stress tho fact 
that tho redistribution reaction is not confined to this field. The first reaction studied  
was that between tetraethyl-lead and triothyl-lead chloride, tho tetraethyl-lead  
containing radioactive lead (Radium D). After a  short timo at room temperature 
both tho tetraothyl-lead and tho triethyl-lead chlorido showed tho same intensity of 
radio-activity. A  repetition of the experiment was performed with the alkyl group in 
the alkyl-lead different from that in tho alkyl-lead halide ; hero all the five possible 
tctra-alkyl-leads and all tho four possible trialkyl-lead chlorides were formed. Tho 
reactions between tho two different m etal alkyls were studied. Tho authors found 
that, employing various catalysts, the reaction proceeded sm oothly between the  
compounds containing the samo or different alkyl groups and tho same or different 
motals, w ith no decomposition, sido reactions, evolution of gas, precipitation of metal, 
or heat of reaction. Tho system  was found to reach a state of constant composition, 
beyond which it  could not proceed and containing all tho possible m etal alkyl com 
pounds in equilibrium. The authors havo applied the laws of probability to theso 
random equilibrium m ixtures and havo confirmed their findings experimentally. They 
consider the mechanism of the redistribution reaction to proceed through the forma
tion of co-ordination compounds w ith the catalyst, and observe that the reaction has 
possibilities for investigations in tho nature and behaviour of covalent bonds as well 
as for organic synthesis. R. D. S.

323. The Redistribution Reaction, n .  The Analysis of Metal Alkyl Mixtures and the
Confirmation of Random Distribution. G. Calingaert, H. A. B eatty, and H . R. Neal.
J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2755-2758.— This paper describes how tho analyses of 
the volatile metal alkyl m ixtures were carried out by distillation correct to less than  
1%, and how tho analyses of a series of m ixtures which had suffered tho redistribution 
reaction agreed w ith tho predicted com positions. R. D. S.

324. The Redistribution Reaction, m .  Determination of a Material Balance. G.
Calingaort and H. Soroos. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2758-27C0.— The redistri-
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button reaction was shown to bo quantitative in naturo by the determination of an 
accurate material balance for a reaction im'olving a  mixture of tetramethyl- and 
totraethyl-lead in hexane solution. I t  was found that tho use of aluminium chloride 
as catalyst resulted in the formation of only very small quantities of alkyl-lead com 
pounds, whilst w ith m ethyl aluminium chlorides tho amount of alkyl-lead compounds 
formed was negligible. R. D. S.

325. Effect of Substitution on the Dissociation of Hexa-arylethanes. VHI. The Dis- 
proportionation of Tri-p-Tolymethyl. C. S. Marvel, W. H . Rieger, and M. B . Mueller. 
J .  A m e r .  c h e m '.  S o c . ,  1939, 61, 2769-2771.— Magnetic susceptibility measurements 
showed that hexa-p-tolylmethano in fresh benzene solution is dissociated to tho extent 
of 16 ±  2% in 0 08 molar concentration at 30°, although if tho solution is allowed to 
stand for a few hours at room temperaturo tho colour disappears, and a new deter
m ination shows that the free radical is no longer present, but a polymeric material 
remains. Tho authors suggest a mechanism for the disproportionation based on that 
of tri-p-tolylm ethyl, which, in benzene solution, rapidly forms tri-p-tolylmethane and 
a quinoid polymeric residue. The same polymer seemed to be produced by tho 
removal of hydrogen chloride from tri-p-tolylmethylchloride by the action of pyridine.

R. D. S.

326. The Disproportionation of Hexa-p-Alkylphenylethanes and the Effect of o r t h o - ,  

m e t a - ,  and p a r a - A \ k y \  Groups on Dissociation of Hexa-arylethanes. C. S. Marvel, M. B. 
Mueller, C. M. Him el, and J. F . Kaplan. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2771-2775.—  
In  the ninth communication on the effect of alkyl groups on the dissociation of lioxa- 
arylethanes tho authors report that thoso hexa-p-alkylphenylethanos in which there is 
a hydrogen atom  on tho a-carbon atom  of the alkyl group dissociate to free radicals 
which undergo disproportionation. They found that tho effect of tho various p-alkyl 
groups on the degree of dissociation (17-33% ) was greater than expected (2-6% ), 
and varied according to tho shape and size of the alkyl group. They also found that 
tho o r t h o -  and meta-methyl groups, due partly to steric effects, wero more active than  
a para-m othyl group in promoting dissociation and gave relatively stable radicals. 
Di-p-alkylphenyltetraphenylothanes wero found to bo more highly dissociated than  
hexaphenylothane and to disproportionate less readily than the corresponding hoxa- 
alkyl derivatives. R. D. S.

327. Hydrogenation of Substituted Acetylenes with Raney Nickel. K . N . Campbell and 
M. J. O’Connor. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2897-2900.—Using Raney nickel as 
a catalyst, tho authors have reduced mono- and di-substituted acetylenes, tho course of 
the reaction being shown to depend on the sym m etry of the molecule. A t the half- 
reduction stage certain now olefins wero obtained from somo of tho dialkylacetylencs, 
and tho authors suggest that the use  of Raney nickel, which seems to act catalytically  
like palladium, but is easier to use, affords a convenient m ethod for making olefins by  
half reduction and saturated hydrocarbons by full reduction. R . D. S.

328. Fluorocarbons. The Reaction of Fluorine with Carbon. J . II. Simons and L. P. 
Block. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2962-2966.— Tho properties of six  compounds 
in addition to a 25-160° boiling-range m ixture prepared by a  continuous non-explosive 
reaction between fiuorino and carbon aro described. R . D. S.

329. Benzoylformic Acid from Styrene. C. D . Hurd, R. IV. McNamee, and F. O. 
Green. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2979-2980.— An account is given of the oxida
tion of styrene (phenylothylene) to benzoylformic acid by potassium  permanganate.

330.* Phase Equilibria in Hydrocarbon Systems : The Methane-Ethane System in the 
Gaseous Region. B . H . Sage and \V. N. Lacey. I n d u s t r .  E n g n g  C h e m . ,  1939, 31 
(12), 1497.— Tho specific volum es of five m ixtures of methane and ethane wore deter
mined at 70, 100, 130, 160, 190, 220, and 250° F., and pressures up to 4750 lb. per sq. 
in. Tho results are presented in tabular form. The partial volumetric behaviour of
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methane and ethano in  tho system  has been calculated, and from these data and 
published information the partial thermodynamic behaviour of the components lias 
been calculated over tho rango of conditions given above, and presented in graphical 
and tabular form. P. D.

331.* Halogénation of Hydrocarbons. H . P . A. Groll and G. Heam o. I r u l u s t r .  

E n g n g  C h e m . ,  1939,31 (12), 1530.— Olefinos containing a double bond in an unbranchod 
carbon chain react w ith halogens a t elevated operating temperatures to give a product 
which is alm ost exclusively of the substitution type. The substitution occurs in tho 
olefino with the alm ost exclusive formation of allyl-type unsaturated monohalides. 
Tho optim um  temperature range for this reaction is 300-600° C., and depends on the  
nature of the reacting olefino and halogen. Operating conditions and yields have been 
carefully examined in some detail, and although at present the exact mechanism of the  
reaction is obscure, the data presented will prove useful as a basis for the study of tho 
kinetics of the reaction. Tho m ain section of th is valuable paper is concerned w ith tho 
chlorination of propylono at elevated temperatures, and tho various factors affocting 
tho reaction have been investigated in considerable detail. Tho corresponding 
bromination of propylono has only been attem pted for a few isolated cases.

H . E . T.

332.* Viscosity Index.— Thomas. P r o c .  l i m e  C o t i g r è s  m o n d .  P é t r o l e ,  1938, 2 (2), 891-  
896.— Sovoral graphical m ethods have boon proposed for expressing the change in 
viscosity of an oil w ith temperature. A number of these graphs are reproduced and 
discussed. Tho relation of viscosity-tem perature characteristics to cold starting, oil 
consumption, etc., is demonstrated. Suitable increase in viscosity index should enable 
tho same oil to bo used throughout the year. W . P.

333.* Viscosity Index Chart for Kinematic Viscosities. F . H. Garner and E . W . Harde
man. P r o c .  l i m e  C o n g r è s  m o n d .  P é t r o l e ,  1938, 2 (2), 897-899.— Absolute units are 
now more generally used for expressing viscosity of lubricating oils. Using the Dean  
and D avis formula for viscosity index, the authors havo constructed a  viscosity indox 
chart for kinematic viscosities using viscosities determined a t 50° C. and 100° C.

W . P.

334.* Graphs for Determination of Viscosity Index. M. Roegiers. P r o c .  1 1  m e  C o n g r è s  

m o n d .  P é t r o l e ,  1937, 2 (2), 901-904.— Tho Dean and D avis m ethod of deriving viscosity- 
indox based on Saybolt viscosities a t 210° F. and 100° F . is lim ited in its  application to 
America, since neither tho Saybolt nor the particular reference temperatures are 
normally used in Europe. Graphs are given which enable the viscosity indox to be 
determined from viscosities a t 20° C. and 100° C. (Continental) or 70° F . and 100° F, 
(English). W . P.

335.* Viscosity Index Independent of Temperature of Measurement. F . P . Malscliaert. 
P r o c .  l i m e  C o n g r è s  t n o n d .  P é t r o l e ,  1938, 2 (2), 905-910.—Viscosity-tem perature char
acteristics have been represented by two system s : (a) in which log log (centistokes 
-f  0-8) is plotted against log T ,  e .g .  tho Viscosity Pole-height system , (6) in which the 
viscosities a t two tomporatures are related to viscosities of standard oils, e .g . ,  Dean and 
D avis system . The advantages and disadvantages of tho two system s are discussed.

Tho author proposes an Independent V iscosity Index, I.V .I. =  100 X y  -jj, whoreX/ — a

L ,  H ,  and X  are log log (centistokes 0-8), relating respectively to 0K VI, 100KVI 
and unknown oils.

Tho advantages claimed are : (1) ease of plotting, (2) extrapolation beyond 0 and 
100, (3) application to m ixtures, (4) change of base oils possible, (5) similarity of I.V .I. 
and K .V .I. within region 0-100. W . P.

336.* Nomograms for Expression of Viscosity of Lubricating Oils. J. Groff. P r o c .  

l i m e  C o n g r è s  m o n d .  P é t r o l e ,  1938, 2 (2), 911-915.— The logarithmic graphs derived
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from the A.S.T.M. formula have boon converted into nomograms with scales in various 
conventional units. W. P.

337.* Viscosity-Temperature Curve of Lubricating Oils. L. Steiner. P r o c .  l i m e  
C o n g r è s  m o n d .  P é t r o l e ,  1938, 2 (2), 925-931.—-Viscosity curves have been prepared for 
a number of oils from determinations of viscosity w ith a Steiner viscometer between 
20° C. and 100° C. R esults were examined for conformity with the formula log log 
( V  +  a )  =  A  — B  log T .  I t  is concluded :—

(1) That tho formula holds sufficiently accurately between 20° C. and 100° C. 
for normal practical purposes, and that the divergence between actual and theoreti
cal is the same for all oils.

(2) That tho valuo of a  is not constant, but lies between 0-6 and 1-2, with an 
average of 0-8.

(3) That if the fixed points ore accurately calculated, extrapolated values are 
lower, and interpolated values higher than actual w ith an avorago error of ±  5%.

W . P.

338.* Viscosity-Temperature Relationships of Hydrocarbons. E. B . Evans. P r o c .  

l i m e  C o n g r è s  m o n d .  P é t r o l e ,  1938, 2 (2), 933-954.— Tho viscosities of ninety-three 
hydrocarbons oro given in eentipoises a t 0°, 20°, 60°, 80°, and 100° C. Theso data are 
applied to  a  discussion of various viscosity-tem poraturo relationships, and it is con
cluded that the A.S.T.M. equation, a modified Andrade-Silverman equation, and a 
modified Batschinski equation aro of outstanding interest, since they are capable of 
representing accurately a wide range of data and there is considerable theoretical 
justification for the la st two. W . P.

339.* Viscosity of Pure Hydrocarbons. W . R . Van W ijk and J. M. Vcrstoeg. P r o c .  
l i m e  C o n g r è s  m o n d .  P é t r o l e ,  1938, 2 (2), 955-959.— Tho viscosity of a number of pure 
hydrocarbons has been determined w ith a viow to studying tho viscosity-tem peraturo  
and viscosity-density  characteristics in relation to  structure. Normal hydrocarbons 
from C5 to  Cu  have approxim ately oqual viscosities at equal densitios (within 5%). 
In  general the viscosity of branched-chain hydrocarbons is greater than that of the 
normal series, but in somo cases the reverse is truo. For normal series the viscosity, 
considered as a function of density, appears to pass through a minimum in tho neigh
bourhood of C9. W . P.

340.* Logarithmic Relation Between Viscosity and Temperature. G. Jugo-Boirard. 
P r o c .  l i m e  C o n g r è s  m o n d .  P é t r o l e ,  1938,2 (2), 961-971.—Viscosity-temporature formula) 
from Poiseuille to W alther aro criticized as attem pting to introduce a constant or 
constants of universal application. Tho author deduces a simple linear logarithmic 
relation between viscosity and temperature

/ 4- c
log 7) t  =  a log —— -----1- log 7]!

*1 T* C

in which c is a constant particular to the material in question and calculable from 
viscosity data dotorminod a t three fixed temperatures.

The equation can bo adapted to any temperature scale. W . P.

341.* Viscosity-Temperature Relationship. E. L. Lederer. P r o c .  I  I m c  C o n g r è s  m o n d .  

P é t r o l e ,  1938, 2 (2), 973-979.— The “ Steilheitsgcfalle N ” is defined as tho second 
differential of viscosity w ith respect to  temperature, and a formula is derived relating 
it  to absolute temperaturo. Tho thermodynamical basis of the formula and its  relation 
to chemical constitution are discussed in comparison with other system s, such as that 
of “ Pole-height.” W. P.

342.* Constitution in Relation to Viscosity of Mixtures. A. Bondi. P r o c .  1 1  m e  C o n g r è s  

m o n d .  P é t r o l e ,  1938, 2 (2), 987-989.— A consideration of the theoretical consequences
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of tho Arrhenius formula for tho viscosity of m ixtures leads to the evaluation of the 
magnitude and temperaturo susceptibility of the “ Solvation factor ” in tho Lederer 
formula. Their relation to chemical constitution is shown by viscosity measurements 
on a number of oils and oil mixtures. W. P.

343. Catalytic Dehydrogenation of Mono-Olefines to Diolefines. A. V. Grosso, J. C. 
.Morrell, and J. M. M avity. S y m p o s i u m  o n  P l a s t i c s  a n d  l l c s i n s  f r o m  H y d r o c a r b o n s .  

A m c r .  c h e m .  S o c .  M e e t i n g ,  B o s t o n ,  September 1939, pp. 53-61.— A previous paper has 
described the catalytic dehydrogenation of gaseous paraffins to mono-olofines. The 
same process using the same catalysts can be appliod for the dehydrogenation of olcfincs 
to diolefines when products of tho conjugated typo w ith the same C framework as tho 
parent oleftnes are formed.

Olefinos tho C frameworks of which do not permit tho introduction of conjugated 
double bonds yield under these conditions hydrogen and carbonaceous material.

In  these experiments the charge was passed at a dcfinito rate through a section of 
granular catalyst in a quartz tube maintained at a constant controlled temperature. 
Tho catalysts in general wore of tho chromium, molybdenum, or vanadium oxido-on- 
alumina type. Tho diolefines formed wore identified by the preparation of crystalline 
derivatives, either tho maleic anhydride addition compounds, the tetrabromides, or 
both.

The once-through yields of tho diolefines under the conditions used in these experi
ments varied from 20% to 30%, but it is possible that these do not represent optimum  
conditions.

Carbon formation in tho dehydrogenation of olefinos is considerably higher than in  the  
dehydrogenation of paraffins.

The particular diolefines prepared in this work wore butadiene-1: 3 from n-butylenes, 
isopreno from branched-chain pentenos, and piperyleno from pentene-2. I t  is pointed  
out that the production of cheap butadiene and isoprene is of great importance in the 
development of the synthetic rubber industry. D . L. S.

344. Action of Boron Halides on Hydrocarbons. R . F . Ruthruff. S y m p o s i u m  o n  
P l a s t i c s  a n d  R e s i n s  f r o m  H y d r o c a r b o n s .  A m e r .  c h e m .  S o c .  M e e t i n g ,  B o s t o n ,  September 
1939, pp. 63-91.— Considerable attention has been given to  reactions catalysed by  
aluminium chloride, but analogous work employing tho boron halides has been com 
paratively meagre.

Boron halides are usually moro activo than the aluminium halides, and the reactions 
induced aro more clean-cut and less masked by side reactions. The preparation and 
properties of the four halides are described, boron fluoride being dealt w ith in more 
detail than tho other three.

The greater part of tho paper then discusses the action of boron fluoride on olofinic 
hydrocarbons, a short paragraph only dealing w ith tho effect of tho other three halides.

Boron fluoride has little  action on tho paraffin hydrocarbons alone, although in the  
presence of defines some of these substances are alkylated. Tho offect of this catalyst 
on tho polymerization of olofinos is described in som e detail and the work of numerous 
investigators is discussed.

Conditions for polymerizing ethylene, propylene, butylenes, amylenos, and m any  
other defines are given. The low-temperature polymerization of i.sobutylene and 
other iso-olefines yields products of a resinous or rubber-like type which find numerous 
applications in industry.

In general the activity of the catalyst is improved by tho use of a promoter, and finely 
divided nickol, hydrogen fluoride, hydrogen chloride, and organic halides aro am ongst 
tho materials used for this purpose.

An attem pt to deal with the olefine-boron fluoride complexes formed in these reactions 
from the standpoint of electronic structure is made. I). L. S.

345. Solid Naphthenic Acid from Iranian Petroleum. T. Kennedy. N a t u r e ,  l l t l i  
November, 1939, 144, 832.— It is only comparatively recently that individual naph
thenic acids have been isolated in a pure state, many which had previously been reported 
as pure having subsequently proved to be mixtures.

Exam ination of tho S 0 2 extract from an Iranian kerosine revealed unexpectedly
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tho presence of approximately 0 025% of naphthenic acids, of which about 10% was 
removed by a  light caustic washing. The spent caustic washings from 2000 gals, 
extract were neutralized and the precipitated oil was worked up in tho usual manner. 
From tho acidic material the tertiary acids wero separated, and those, on standing for 
a few days, yielded a white crystalline solid which analysis showed to have an empirical 
formula C10H 18O2. A total yield of 3-3% of this acid was obtained on tho original acid 
mixture from the caustic washing-liquors. The compound was proved to be saturated, 
and m ust therefore contain a closed carbon ring, tho following structure being suggested

c h 3 V /c h 3
c h 3\ / \

I--------J— COOH

CH3

Since this work was completed tho isolation of a solid tertiary naphthenic acid, 
m. p. 194-191-5° C., from a Californian straight-run gasoline distillate has been de
scribed by other workers. D. L. S.

346.* New Catalytic Syntheses of Hydrocarbons. V. N. Ipatieff. M o n i t .  P i l r .  r o u m . ,  
1939, 40, 1433-1438.— Recent developm ents in alkylation, cyclization, and polymer
ization are reviewed. Tho elem ents of the structural changes during these syntheses 
are presented. T. C. G. T.

Analysis and Testing.
347.* Means of Measuring Turbidity and Fluorescence Using the Lovibond Tintometer 
Fitted with the Rothamsted Device. G. S. Faw cett and J. H ew itt. J .  S o c .  c l t c m .  I n d . ,  
1939, 58, 342-344.— A special coll, termed a nephelometer cell, has been developed for 
the Lovibond-Schofiekl apparatus, which lattor is a modification of tho Lovibond 
tintom eter. U sing tho nephelometer cell, turbidities of colourless liquids can be 
measured easily in quantities ranging from 0 to 100 parts of fuller’s earth per 100,000 
parts of water.

The cell is placed at tho back of the artificial light cabinet, and a piece of polished 
black glass is placed behind and in contact w ith the cell. Light from tho lamps passes 
through tho cell a t 45°, and the light scattered by the particlos in the liquid illuminates 
one field of the oye-piece. Tho other field is illuminated by light reflected from a 
magnesium carbonate block, and the brightness of tho field is adjusted until it matches 
that of tho other. The brightness of varying degree is obtained by Schofield’s rotating 
vano.

The cell m ay also be utilized for the measurement of fluorescence. In  this case the 
fluorescent liquid is diluted to remove if possible the predominating colour of tho 
liquid, but to retain tho fluorescence. Tho fluorescent colour is matched by colour- 
slidos. T. C. G. T.

348.* Laboratory Method for Evaluating the Influence of Lubricating Oils on Carbon 
Deposition. H . A. Everett and G. H . Kaller. E n g i n e e r i n g ,  1939, 148, 676.—Two 
types of small, single-cylinder, air-coolod engines wore used to evaluate the carbon- 
forming tendencies of different lubricating oils. In  order to eliminate the inevitable 
variables of slight differences in engine performance from run to run, and to eliminato 
the effect of progressive wear during a series of tests, six engines of each typo wero 
used, and the tests carried out so that each engine ran alternately on the reference oil 
and the test oil. The various oils wero tested in each of the six units of both types of 
engine. Tho carbon built up on the cylinder heads was determined at intervals of 
8, 16, 24, 32, and 40 hr. of operation by weighing tho head and replacing without 
removing the carbon. A t tho end of 40 hr. tho pistons wero weighed to determine 
the build-up on tho piston. Tho total oil consumption was also measured and tho 
carbon deposited in the com bustion spaco expressed as tho s p e c i f i c  c a r b o n  (weight of 
carbon deposited divided by weight of oil consumed). The specific carbon value for 
an oil divided by the specific carbon of the reference oil gives the c a r b o n  r a t i o .  It  is
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shown that for the five oils examined the carbon ratios as determined in either typo of 
test engine wero in good agreement w ith the carbon ratios obtained on full-sized six- 
cylinder automobile engines. J . W . H .

349.* Errors in the Calibration of Secondary Viscometers. A. Gangloff. P r o c .  l i m e  
C o n g r è s  m o n d .  P é t r o l e ,  1938, 3 (2), 887-889.— A description of improvements in  the  
methods and apparatus used for tho calibration of absolute viscometers. The calibra
tion involves determination of constants h  and K  in the expression g  —  K ( H  — J i a ) t  ; 

h  being back pressure duo to  liquid, H  suction, a specific gravity, and t  tim e of flow. 
For the determination of h  two runs aro made, one w ith suction H ,  one under action of 
gravity. For tho determination of K  a  series of standard reference viscom eters is 
used. Errors of earlier methods are discussed, and therm ostatically controlled 
apparatus is described capable of an accuracy of ±  0-005° C. W . P.

350.* Flow of Oil at Low Temperatures. S. Erk. P r o c .  l i m e  C o n g r è s  m o n d .  P é t r o l e ,  

1938, 2 (2), 917-923.— The ability of an oil to flow a t low  temperatures is  im poitant 
from the point of view  both of cold starting and of tho maintenance of adequate lubri
cation. Conventional m ethods of testing for flow at low  temperatures aro criticized, 
in  th at thoy do not take into account all the practical requirements. Microscopic 
investigation shows that the “ cold point ”  coincides w ith tho commencement of 
crystallization of wax and that flow under mechanical forces is duo to tho break-up 
of the crystal skeleton. In  th is condition the oil flows, but its  viscosity is dependent 
on tho rate of shear. True evaluation of an oil a t low  temperatures necessitates 
determination of flow and viscosity in relation both to  temperature and to  rate of 
shear. W . P.

351.* Apparatus for Testing Lubricants and Bearing Metals. J. Provost. P r o c .  l i m e

C o n g r è s  m o n d .  P é t r o l e ,  1938, 2 (2), 1011-1016.—Tho Vollet machine consists essentially  
of a free-running ring inserted between two discs which aro fixed to concentric shafts 
whereby thoy can be rotated. The lubricant under test is fed on to the ring which 
tends to bo entrained by tho rotating discs, and tho couple exerted can be determined.

A  m athem atical analysis of the machine is given and a number of results quoted. 
The machine can be used for te sts  on lubricants or on bearing m etals. W. P.

352.* Nomograms for Expressing Results of Mechanical Tests on Lubricants and Bearing 
Metals. J. Prévost. P r o c .  l i m e  C o n g r è s  m o n d .  P é t r o l e ,  1938, 2  (2), 1017-1020.—  
Mechanical te sts  of lubricants generally permit only comparative results. The inter
pretation of such results can be facilitated by graphical presentation, and a nomogram  
is given based on results achieved w ith  the Vollet machine, bu t of a  typo applicable to  
other tests. W . P.

Motor Fuels.
353.* Development of Anti-knock Motor Fuel Part 2. A. \V. T rusty. P e t r o l .  
E n g r ,  October 1939, 11 (1), 34-36.— Two general m ethods are available for improving 
the anti-knock qualities of m otor fuel : (1) addition of a chemical, (2) changing the  
hydrocarbon structure of a gasoline. Of chemicals added, tetraethyl lead is the m ost 
widely used. Safety regulations to ensure that the handling of th is poisonous com
pound is not dangerous to tho health of the operator are described. The inclusion of 
ethylene bromide in the fluid provides bromine to convert tho lead into lead bromide 
which is sufficiently volatile to pass ou t of the cylinder w ith the exhaust gases. Iron 
and nickel carbonyls are effective as anti-knock dopes, bu t have not been commercially 
developed to the sam e exten t as tetraethyl lead. The usefulness of benzol and alcohol 
as anti-knock compounds is illustrated by a  tabulation of their properties in comparison 
w ith those of a typical gasoline. High anti-knock gasoline can also bo produced by  
solvent extraction of selected fractions. R esu lts obtained w ith  sulphur dioxide aro 
illustrated.

Tho m axim um  octane number gasoline that can be practicably produced by liquid
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phase cracking is about 70. Higher anti-knock gasolines are obtained by develop
m ents of cracking, viz. reformation, alkylation, polymerization, and hydrogenation. 
Reformation is used to convert a low octane s.r. gasoline into a high octane fuol. 
A lkylation consists of the combination of an olefine w ith a paraffin in the presence of 
concentrated sulphuric acid to give a branch-cliain paraffin. B y  segregation of suitable 
hydrocarbons, fuels w ith an octane number of 90-100 can bo produced by th is process. 
Paraffin dehydrogenation is effected by tho use of alumina catalyst activated by m etal
lic oxides and salts. Dehydrogenation of propane and butane followed by polymeriza
tion and hydrogenation gives high anti-knock iso-paraffins. Aromatic hydrocarbons 
can be formed by polymerization of olefinic gases, but, although high in anti-knock 
value, these hydrocarbons havo the disadvantage of a  poor lead response. Tho 
polymerization process has been operated either w ith phosphoric acid as catalyst at 
relatively low temperatures and pressures or at high temporatures and pressures 
w ithout catalyst. B oth m ethods yield a polymer gasoline with a blending value of 
about 120 octano number. R. J. E.

354. Hydrogen as a Substitute Fuel for Otto Engines. M. Oelimichen. A u t o m o b i l t c c h .  
Z . ,  1939 (42), 573-570.—W hen an emergency arisos in a country in ’which there is a 
shortago of liquid fuels, tho possibility of the uso of hydrogen as a substitute fuel for 
O tto engines is invariably reconsidered. During the last war and afterwards a great 
deal of research work was done in Germany by Errcn, and a company formed to store 
the surplus energy of tho big power-stations in tho form of hydrogen formed by tho 
electrolysis of water, and to use it  in motor-cars and industrial power-stations. Diffi
culties in the uso of hydrogen are to  be found in the fact that it  strongly attacks all 
iron, and especially valves, so that a slcove-valvo engine of special design has to be 
used. Moreover, hydrogen gives far too quick a combustion. I t  has therefore been 
proposed to m ix it w ith inert gases beforo entering tho cylinders. The author sum 
marizes all available data on tho subject, and concludes that the fundamental principles 
of the question still need elucidating. E. W. S.

Diesel Fuels.
355.*  Improving Diesel Fuels by Blending with Fischer-Tropsch Synthesis Products.
H . Kölbel. B r e n n s t C h e m i e ,  1939, 20, 352-355, 365-309.— Kogasin I I  produced by the 
Fischer-Tropsch synthesis would permit a considerable reduction of tho compression 
ratio (to 1 : 11 or 1 : 10), but it is too expensive to bo used alone, and its extremely 
short ignition delay would prohibit its  use in present-day C.I. engines. Also, its high 
freezing point, combined w ith paraffin-wax crystal formation commencing at about 2° C., 
are a disadvantage, w hilst dowaxing is  not feasible. Suitable fuels can, however, 
be prepared when K ogasin I I  is blended w ith low-ignition-quality aromatic tar oils or 
hydrogenated oils. The percentage of K ogasin I I  added varies, according to tho igni
tion quality of tho poorer component, botween 40% and 55%, and the fuel blends 
obtained havo ceteno numbers between 65 and 85. Blends w ith unroiined tar oils 
cannot bo stored and aro not suitablo for engine use. For such oils special m ethods of 
refining have been developed. Tho chemical properties and engine behaviour of a 
serios of fuel blends containing coal-tar oil, intem al-suction tar oil, and coal-liydro- 
genation oil, respectively, which had been produeod according to these m ethods, 
partly in large-scale experiments, and partly in large production plants, aro examined 
in detail. These blended fuels are thoroughly equal to  petroleum products. They 
havo a high ignition quality, a high resistance to carbon formation, and an extremely 
good combustion. L. R.

356.*  Production of Vegetable Fatty Oils in France—Soya-Bean Oil. A. B . d ’Ollivier. 
R e v .  C o m b .  l i q .  (August—September), 1939 (167), 225-235.:—In  a discussion on the 
cultivation of the soya bean in France, reference is made to  tho valuo of tho oil as a 
diesel engine fuel. Experim ents carriod out in 1933 by tho South Manchurian Rail
way at a temperature of — 18° to — 25° C. proved conclusively its  suitability as fuel 
for heavy oil engines. I t  was particularly noted that starting was effected without 
any pre-heating.
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The following table gives a comparative analysis between French and Manchurian
soya-bean oil.

D ensity a t 15° C. 
Acidity as oleic 
Calorific value 
Flash point . 
Viscosity Engler at 

10° C.
13° C.
20° C.
35° C.
50° C.
55° C.

French soya
bean oil.

0 033 
0-22% 
9392 
314° C

14-13

8-78

3-18

Manchurian 
soya-bean oil. 

0-920 
0-15% 
9340

6-1

4-5

2-7

Research work has been carried out at Clermont-Ferrand with a diesel motor, using 
soya and peanut oils as fuels, gas oil having a ceteno value of 65 being used for com 
parison. ,

The motor was a  four-stroke two-cylinder type, having a preheating chamber, a  
boro of 126 mm., a stroke of 180 mm., and work in g a t 1140 r.p.m. The engine was not 
modified in any way, oxcept by tho provision of a small electric heater in order to 
reduce the viscosity of the oils under test by bringing them  to a temperature between  
55° and 60° C.

Comparative consumption tests woro carried out a t full, §, and J loads, and a tablo is 
given showing the results, these being in all cases som ewhat higher than for gas oil for 
both soya and peanut oils, the former sh6wing the highest consumption in gm ,/h.p./hr.

U sing tho vegetable oils it  was not found possible to attain the same h.p. as w ith  
gas oil, but th is is explained by tho fact that the injection pump was not set correctly, 
and consequently the oil delivery was insufficient. In view  of the fact that no exhaust 
fumes were observed in  the above tests, it  is suggested that by increasing the oil 
delivery, tho output attained w ith gas oil eould have been reached. E xhaust gases 
analysis showed that an output of 32-2 h.p. was attained w ith tho same m ixture  
strength for the three fuels, this being about 0-65. Starting was found to be quite 
satisfactory for all three fuels, a  torch of special paper being used as a  hot spot. An 
examination of the engiuo after each test showed no abnormal deposit on tho injector, 
valves, or any other parts of the engine.

These first tests have proved conclusively that tho diesel motor under test gave a 
satisfactory performance using soya and peanut oils as fuels, but in view  of the fact 
that the engine used is particularly suitable for use w ith a variety'of fuels (relatively 
slow speeds and preheating chamber), and that the small quantity of fuels available 
was not sufficient for exhaustive tests, it  is  suggested that further work should be 
carried out on a greater variety of engines, particularly of the industrial types, beforo 
a thorough study of lorry motors is attem pted. M. M. L.

Lubricants and Lubrication.
357.* Properties of Mineral Lubricating Oils. —  Freund. P r o c .  l i m e  C o n g r è s  m o r u l .  
P é t r o l e ,  1938, 2 (2), 981-986.— In previous publications the author has shown certain 
relationships between viscosity, density, boiling point, molecular weight, etc. To 
investigate whether these sam e relationships held good for oils prepared by newer 
m ethods, e .g . ,  solvent extraction, hydrogenation, etc., tho author has oxamined a  
number of high-class commercial oils of low specific gravity manufactured by different 
processes. In  general, tho relationships formerly established were found still to hold 
good, oxcept in  the case of synthetic oils. W. P.

358.* Improved Lubricants and Lubrication. B . II. Lincoln and G. D . Byrkit. P r o c .  
l i m e  C o n g r è s  m o n d .  P é t r o l e ,  1938, 2 (2), 991-1001.— The general theory of lubrication is 
discussed, and the results of X -ray and other investigations into film structure and 
film thickness are reviewed.

Super refining, although improving viscosity-tem perature and other characteristics 
of oils, removes those polar bodies to which “ oiliness ” is due. Selection of suitable
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additives can bo made by preliminary laboratory investigation followed by service 
tests. Tho results of laboratory investigation of a number of additives using the  
Timken Wear T est and the Almen Wear Test are given. W. P.

359.* The Molecular Theory of Lubrication. O. W ittrock. P r o c .  l i m e  C o n g r è s  m o n d .  

P é t r o l e ,  1938, 2 (2), 1003-1009.—Experimental confirmation of the hitherto purely 
theoretical hydro-dynamic theory of lubrication has been attem pted. Assuming 
perfect m etal surfaces, a formula can bo readily deduced for liquid friction on this 
hypothesis. An apparatus is described for the experimental investigation of the 
formula. A film of lubricant is observed between two circular metal surfaces formed 
by the ends of two cylinders, one of which can be rotated. The pressure on the film 
can be regulated and tho film thickness measured optically.

I t  is concluded that it is necessary to modify tho formula to tako into account tho 
nature of the m etal surfaces, and that in boundary friction the effect of tho physical 
state of the m etal surfaces is normally greatly in excess of that of the molecular 
structure of tho oil. W. P.

360.* Used Lubricating Oil Recovery. A. T. W ilford. P e t r o l e u m ,  December 1939, 
1 (2), 41.— A discussion is presented of m ethods of recovery of used lubricating oil, 
based on experience of the London Passenger Transport Board.

Of the lubricants used in motor vehicles only the engine oil and oil from pre-selectivo 
gear-boxes is regarded as suitablo for recovery, that from clash goar-boxos and rear 
axles being too small in quantity and very much oxidized in service, whilst that from 
fluid flywheels is not worth recovery. I t  is estim ated that a t a consumption of 1 gal. 
per 1000 m iles, the ratio of oil available for recovery to  total used is 5 : 11 if crankcases 
aro drained every 6000 miles, or 5 : 17 if drained ovory 12,000. Pro-selective gear
boxes provide a  maximum of 1J gal. after 6000 miles running which it  is not always 
profitable to  recover, as there are few purposes for which it could bo used, except 
possibly as fuel. Continuous purification i n  s i t u  using felt, cotton waste, or filter clay 
is frequently used on goods and passenger vehicles, tho typo using replaceable cartons 
being regarded as the m ost efficient, although much more expensive to  maintain. The 
clay type are claimed to remove asphaltic and acidic bodies, but this shortens their 
useful life, and m ay load to the absorption of any inhibitors present in tho oil.

Crank-cases of petrol engines of the L.P.T .B . aro drained every 12,000 miles and 
ro-fillod w ith a mixture of fresh oil and 10% of usod oil. With high-speed oil-engines 
of the indirect injection type, oil is drained after 12,000 miles, and w ith those of tho 
direct-injection typo after 6000 miles ; in neither caso is tho oil used again.

Figures aro given showing typical characteristics of used oils from petrol and high
speed oil-engines and from pre-selective gear-boxes, indicating the much higher hnrtl 
asphalt content of the oil from petrol engines than that from oil engines, owing to its  
being of a lower grade, whilst the carbon is in a  less finely divided condition.

Methods of recovery of such oils aro described. Centrifuging is used for lightly 
contaminated oils from largo diesel engines and batteries of engine-test stands ; coagula
tion of carbon in used oil from petrol engines is effected by mixing w ith 1-2%  of an 
alkali, agitation and heating by steam , and separating the oil and centrifuging, followed 
by further m ixing w ith wator and centrifuging. Final heating of the oil removed the  
last traces of diluent and left the oil suitable for re-use. Owing to the formation of 
emulsions, oils from C.I. engines could not be satisfactorily treated by this method.

Edge filtration through paper discs removes suspended matter, but only partly 
reduces asphaltic or acidic compounds. Some improvement is effected by increasing 
the temperature of the oil and using filter aid. C.I. engine oil is difficult to reclaim by 
th is m ethod, but pre-selective gear-box oil is normally recovered by it and re-used 
once, although it is inferior in oxidation resistance to tho original oil. Another type  
of filter, consisting of pairs of papers impregnated with kieselguhr crimped at tho edges 
and separated at the centres by i-in . washers, is claimed to bo suitable for C.I. engine 
oil.

Impurities from used potrol-engine oils can also be removed by floating it over a 
largo surface of water containing a  coagulant such as trisodium phosphate, which slowly 
rises through the oil through electrical heating. On cooling, the water settles, taking 
the impurities w ith it.
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Mixing the heated oil w ith absorbent clays is capable of treating used C.I.-engine oil, 
yielding oils closely resembling the fresh oil.

D istillation followed by sulphuric-acid treatm ent, clay treatm ent, and filtration 
requires careful handling, and is suitablo only whero large quantities of oil are avail
able. Yields of recovored oil vary from 80% to 95%, w hilst tho cost m ay approach 
1«. per gallon. I t  is emphasized that spectacular economies cannot be expected, al
though small definite savings are being effected, and the present conditions suggest 
tho extension of such work. I t  is suggested that the best and m ost economical method  
is for the oil to bo re-run in refineries handling crude oil. C. L. G.

361.* Recent Developments in Diesel Lubricating Oils. G. L. Neely. J .  S o c .  A u t .  

E n g r s ,  1939, 45 (5), 485-500.—Tho author contends that lubrication is an element of 
machino design ; suitably compounded diesel lubricants aro justified, inasmuch as 
they allow engine performance to be extended to a higher level than is possible w ith  
straight mineral oils. The paper describes tho development of a now compounded 
diesel lubricating o i l ; the base stock used is a specially treated naphthenic-base oil. 
The necessary development work involved prolonged tests on five makes of engines 
using eight sets of test conditions; loads ranged from 2-5% to 150% of rated powor 
and jacket temperatures from 80° F. to 375° F. Tho results given in tho paper aro 
confined to four compounded oils and one straight mineral oil.

Tho uso of compounded oils led to  a marked reduction of piston deposits and ring- 
sticking, but m any addition agents caused corrosion of non-babbitt bearings. E xten 
sive research resulted in tho development of a non-corrosive lubricant which gave 
oxcollent results in a prolonged ring-sticking test. The same compounded oil showed 
a low rate of cylinder wear under both high- and low-temperature operating conditions ; 
in comparison, the straight mineral oil permitted much greater wear, w hilst some other 
compounded oils wero not uniformly satisfactory a t all temperatures.

Fundam ental investigation shows that conventional oils tend to spread from hot 
to cold surfaces w ith a measurable force which varies with the temperature. An  
apparatus has been built for tho study of “ lim iting adhesion temperature,” and a 
correlation established between this characteristic of an oil and cylinder wear. I t  is 
belioved that the piston-ring temperatures in m any diesel and aircraft engines exceed 
tho limiting adhesion temperatures of oils commonly used. Tho wear studies have 
shown that measurablo differences exist between different lubricants in  respect of 
ring-groovo as well as cylinder wear. The former is important, since worn grooves 
allow oil-pumping and excessive blowby. Severo breaking-in tests resulted in scuffing 
of rings and pistons when a normal oil was used, whereas a compounded oil was quito 
satisfactory.

Anti-ring-sticking agents m ay be either oxidation catalysts or oxidation inhibitors. 
B oth types m ay prevent ring-sticking, but the catalysts decrease the oxidation stability  
of the base, causing filter clogging and corrosion. A suitably compounded oil promotes 
filter cleanliness. The life of a  compounded lubricant is dependent on tho rate at 
which the compounding material is consumed. W hen regular oil changos were elim in
ated, auxiliary filters of tho clay or Fuller’s-earth typo showed no advantage. Tho 
frequency of oil-changing should bo determined in practice by oporating conditions. 
Ovor an extended period of service oil consumption is primarily dependent on : (1) 
degree of freedom of the rings ; (2) amount of carbon found in the oil-ring slots ; (3) 
piston-ring w ear; and (4) the surface condition of rings and liners. For th is reason a 
compounded lubricant m ay prove more economical than a straight mineral oil costing 
less per gallon.

Diesel lubricants containing anti-ring-sticking agents m ay be employed to free 
piston-rings and remove piston-doposits that have been caused by previous uso of 
unsuitable oils. This “ purging ” effect results in the gum m y and carbonaceous 
materials which are removed from the pistons becoming suspended in tho oil. A tten
tion m ust therefore be given to the filters during initial operation w ith a “ purging ” 
oil.

The author claims that a compounded diesel lubricant is now available having all 
of tho following properties : (1) anti-ring-sticking va luo; (2) non-corrosivity; (3) 
low wear at both high and low tem peratures; (4) good breaking-in properties, and (5) 
high stability in  both storage and service. K, T. A.

See also Abstract Nos. 348, 351.
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Detonation and Engines.
362. Sound- and Pressure-Waves in Detonation. C. E. Grinstcad. j .  A e r o n a u t .  S e t . ,  

1939, 6 (10), 412-417.—This paper prosonts studies of tho relationship between»tlie 
frequency of pressure-wavos in the combustion chamber and the audible sound in air 
produced by detonation. Threo engines were investigated : a two-stroko o.h.v. 
diesel, a modified “ L ” head Deleo gasoline engine, and a variable-compcession knock- 
testing gasoline engine. Sound and pressure waves wore picked up w ith a microphone 
and carbon-stuck indicator, respectively, and rocordcd by sim ultaneously photograph
ing tho screens of two cothode-ray oscillographs. Tho microphone was located in 
soveral different positions to find the point of maximum sound intensity.

Some of tho records aro reproduced, and it is shown that there is a one-to-one 
correspondence between tho frequency of the shock-waves in tho combustion chamber 
and tho frequency of the audible sound in air. On tho Delco engine tho frequency of 
tho shock-waves was increased from 3100 to 3415 c.p.s. by the addition of oxygen; 
it  was found that there was a corresponding change in the sound frequency. Other 
interesting features of the records aro discussed. K. A.

363.* Pumpless Injection. Anon. A u t o .  E n y r ,  1939, 29, 331.— A short description 
of a new type of diesel engino developed in Germany by tho late Dr. Ing. Prosper 
L ’Orango which has beon successfully demonstrated as a 2000-e.c. two-stroko and also 
as small two-stroko and four-stroke engines having swept volumes from 100 to 300 c.c. 
Tho system  em ploys tho pressure differential between tho main combustion spaco in 
the cylinder and an antechambor.

On tho suction stroke fuel is adm itted to a delivery channel by a mechanically 
operated valve. This channel is situated in  an inserted block forming the throat 
between the combustion spaco and the antechamber. Small exit channels lead from 
tho delivery channel to each side of the restricted throat. A thermally isolated hent- 
storage member is provided in the antechamber and a heater plug is fitted for starting 
purposes. Tho pressure difference between tho ends of tho two exit channels carries 
the fuel from tho delivery channel to tho antechamber and the main combustion spaco 
at different stagos of the working cycle. During tho compression stroke fuel is forced 
into the antechambor, but when combustion commences in tho antechamber, with a 
consequent riso in pressure, the fuel flow is rovorsod, and tho remaining fuel is delivered 
into the main combustion spaco. T ests were made on a 300-c.c. four-stroke ongino 
developing 4 B .H .P . at 2400 r.p.m. equivalent to a B.M .E.P. of approximately 73 lb. 
per sq. in. Operating on a compression ratio of 19-1, tho fuel consumpt ion at tho abovo 
power output was 0-5-0-55 lb. per B .H .P ./hr. I t  is stated  that a small 100-e.e. nir- 
coolcd two-stroko ongino has beon operatod successfully up to 5000 r.p.m. C. H. S.

364.* Italian Multi-fuel Engine. Anon. A u t o .  E n y r ,  1939, 29, 358-360.— A descrip- 
I ion of a now type of engino now being fitted to the F iat tractor which has been patented  
by Professor Boghetto.

Tho engine is of the injection type, w ith a comparatively low compression ratio of 
7-2-1. I t  is fitted w ith high-tension ignition, and its main working characteristic is 
that it  takes a full air charge at all loads up to one-sixth of tho maximum load, and 
therefore its  consumption at low loads follows tho same consumption law os that of 
tho diesel engine.

Tho basic principle of this engino is the stratification of tho fuel mixture in a chamber 
which m ay bo considered as soparato from tho power cylinder. This combustion 
chamber is so placed that it is not subject to tho influenco of tho passigo of suction  
air or oxhaust gases, and it remains full of burnt gases at the end of the suction stroke. 
Fuel is injectod into tho combustion chamber in tho direction of tho mouth of the 
chamber, where it  m eets air coming from tho cylinder and produces a homogeneous 
oxplosivo mixture without any artificially crcatod turbulence. Tho sparking-plug 
situated practically a t the upper lim it of the carburated air zono provides ignition as 
in an ordinary earburation engine. Data aro given which show tho performance of 
tho engine on gas oil and 93° alcohol. On gas oil the consumption figures arc compar
able w ith those of a good diesel engine. Tho lowest specific consumption is obtained 

11
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at J load, and at £  and ;J- load tho consumptions aro respectively 19% and 42% higher 
than that a t full load. C. H . S.

365.* French Multi-fuel Engine. Anon. A u t o .  E n y r ,  1939, 29, 369-370.— A de
scription of tho Brandt-Bagnulo ongino and Brundt-Bagnulo cylinder-licad which can 
bo supplied for converting existing Ford, Fordson, Citroen, Latil, and other French 
engines to th is system . The efficiency of tho diesel engine is claimed, combined w ith  
the light weight, flexibility, sim plicity, and ease of maintenance of a petrol engine. 
I t  has the outstanding advantage of functioning either on gas or on light and heavy 
liquid fuels.

In  tho head-casting tliero is provided for each cylinder a special antechamber in 
which carburation, gasification, and tho initial combustion of the fuel take place. Tho 
antechamber is in open communication with tho working cylinder by moans of a 
tangential passage. Fuel and air from a jet-typo m ixing device are adm itted to tho 
antechamber by a supplementary valve actuated through a relay lover from the normal 
inlet-valvo rocker. The m ixing device has two constant-lovol float-chambors to 
permit tho use of two fuels, either separately or simultaneously. On tho suction stroke 
fuel enters tho antechambor sim ultaneously with tho admission of pure air to the work
ing cylinder. The fuel is drawn from the constant-level chamber and vaporized by a 
current of air from a diffuser as it leaves the jot. I t  then traverses heated conduits 
and enters the antechamber by tho supplementary valve, anti is directed towards a 
heated tonguo in tho vicinity of tho sparking-plug, and is thus gasified before being 
mixed w ith air from tho working cylinder. In this manner tho spark always occurs in 
a highly explosive m ixture, irrespective of tho quantity of fuel introduced. For tho 
Brandt-Bagnulo ongino w ith a compression of 9-1 it is claimed a petrol consumption 
of approxim ately 0-44 lb. per H .P ./hr. can bo maintained at all normal working loads.

C. H . S.

366.* Combustion. H . Rabezzana, S. Kalmar and A. Candeliso. A u t o .  E n y r ,  1939, 
29 (389), 347-353 (390), 377-381.— Combustion phenomena have been studied in 
L-liead engines; pressure development and flame m ovement wore simultaneously 
recorded by photographing oscillograph diagrams. Pressuro-timo records were ob
tained by moans of a carbon-stack element, and flame records by tho ionization-gap 
method. Tho results have been analysed m athem atically by a step-by-step m ethod. 
Briefly, this consists of burning a volumo increment a t constant volum e and expanding 
tho same into the already-burned and still-unburned portion of the mixture, until 
pressure equilibrium is reached. An examplo of this analytical m ethod is given.

Records obtained from various combustion chambers and under various operating 
conditions aro analysed to show the effect of different variables. I t  is shown that tho 
duration of tho entire combustion cycle, depending m ainly on tho reaction velocity, 
controls tho peak pressure and also detonation. From tho experimental results it 
appears that the initial stage of combustion is tho m ost sensitive to tho effects of tho 
various factors governing tho reaction v e lo c ity ; consequently it  is tho logical point 
of attack for efforts to produce a more stable and faster-burning mixture— i . e . ,  less 
stratification and moro turbulence in tho vicinity of the spark plug at tho instant of 
ignition. K . A.

367.* Trends in Design of 1940 Cars. T. A. Bissell. •/. H o c .  A u t o .  E n y r s ,  1939, 45 (5), 
457-470.— A survey of engineering improvements in American cars for 1940. Progress 
is m ost marked in tho transmission field, tho m ost interesting development being tho 
Oldsmobilo four-speed autom atic gear-box embodying a fluid flywheel. Auxiliary 
over-drive gears are available on a number of cars.

Engine compression ratios are still rising, 6-5 : 1 being quite common. Many 
carburation system s have been modified to give increased pow er; larger fuel pumps 
and insulated fuel lines have made their appearance. The general tendency is to 
increaso engine powers by taking full advantago of tho m ost recent Improvements in 
fuels. K . A.
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Economics and Statistics.
368.* Transport of Roumanian Oil by the Danube. Anon. R e v .  P é t r o l i f è r e ,  29.9.39 
(856), 1201 ; 28.10.39 (860), 1269.— 95% of the petroleum products which are exported 
from Ronmania by the Danube routo are loaded at Giurgiu from storage reservoirs 
into tankers. Giurgiu is 900 miles from Vienna and 1170 miles from Regensburg in 
Bavaria. A t the outbreak of war the Danube tanker fleet comprised 298 vessels, with  
a total capacity of 201,315 tonnes. This capacity has recently beon increased by
20,000 tonnes. Germany owned 45% of th is total capacity. Prior to Ju ly  1939 tho 
greater part, of German imports from Roumanie wore transported by sea from Con- 
stanza. The following statistics are given :

E x p o r t - s  o f  p e t r o l e u m  p r o d u c t s  f r o m  R o u m a n i a .

1938. 1939 (Jan.-June).
tonnes. tonnes.

B y  s e a  f r o m  C o n s t a n z a

To Germany and Austria . . . .  558,857 270,963
To Czechoslovakia . . . . .  nil 121,083

558,857 392,046

B y  D a n u b e  R o u t e

To Germany and Austria . . . 134,407 157,750
To Czechoslovakia . . . .  294,898 131,029

429,305 288,779

Tho round trip from Giurgiu to Germany and back, possiblo during nine months of 
the year only, takes fivo weeks. B ut th is is dependent on appropriate storage or rail
way transport being nvailablo at tho ports of loading and discharging. I f  these con
ditions were fulfilled, and tho German tanker fleet was increased to 160,000 tonnes 
capacity, it  m ight bo possiblo for Germany to import 1,300,000 tonnes annually by 
tho Danube route.

Somo years ago, Russian oil, unloaded at Sulina on the Black Sea, was also tran
shipped to Danube tankers and imported by th is routo to Central Europe.

S. J . A.

369.* Pre-War Expansion in German Motor Traffic. Anon. P e t r o l e u m  P r e s s  S e r v i c e ,  

8.12.39, 6. 47, 571.— During tho tw elve m onths ended 1st July, 1039, motor vehicles 
registered in Germany exceeded those of the previous twelve months by about 16%. 
Tho following figures uro given :

1938. 1939.
Private cars . . . . .  1,305,608 1,486,451
Goods vehicles . . . . .  400,288 442,036
Omnibuses . . . . .  20,792 23,302
M o t o r - c y c l o s   1,582,872 1,860,722
Tractors . . . . . .  54,943 82,077

3,364,503 3,894,588

These figures include vehicles in uso in Austria. If the vehicles registered in Czecho
slovakia arc added, it is estim ated that Germany can draw upon over 4 million vehicles.

S. J. A.

370.* Production and Circulation of Automobiles Throughout the World. ¿Anon. 
M o n i t .  P e t r ,  n u m . ,  1939, 40, 1471-1476.— This article is a mass of statistics for tho 
year 1938. Every country is tabulated, with the number of automobiles registered,
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manufactured, and exported; the population and persons per vehicle ; the length of 
the road system s, and the consumption of m otor spirits. The greater part of the  
figures appear to  have been extracted from tho annual publication of the American 
Automobile Manufacturers Association, A u t o m o b i l e  F a c t s  a n d  F i g u r e s .

In  1938 in the U.S.A. there were 29,490,728 vehicles, or 1 to overy 4 persons. Great 
Britain had 2,422,075 vehicles, with 20 people per vehicle, w hilst the figures for other 
countries w ere: Franco 2,233,500 automobiles, 19 people per vehicle; Germany 
1,753,600 and 45; Ita ly  469,400 and 92 ; Roumania 35,500 and 563 ; Russia 672,952 
and 251; Japan 180,800 and 395; Australia 799,750 and 9 ; South Africa 349,631 
and 28; and China 45,196 and 9,957. The greatest number of people per vehicle is 
found in Liberia.

A few examples of the length of roads in kilometres are ; U .S.A. 4,937,477 ; U .S.S.R . 
2,706,513; Japan 1,070,619; France 633,561 ; Germany 416,364 ; and Great Britain  
308,130.

In 1938, 4,001,566 automobiles were produced, 62-2% by U.S.A., 11-2% by Great 
Britain, 8-8% by Germany, 5-3% each by Franco and Italy , and 4-1% by U.S.S.R.

89,909,000 tonnes of motor spirit and 8,500,000 tonnes of lubricating oil were 
consumed by automobiles throughout the world. 9'. C. G. T.

371.* Statistics on the Personnel of the (Roumanian) Petroleum Industry. Anon. 
M o n i t .  P e t r ,  r o u m . ,  1939, 40, 1297-1301.—Tho personnel of tho Rumanian petroleum  
industry in 1938 lias been analysed and tabulated according to occupation, employers 
and location.

31,600 people are employed in tho industry, 49-7% in the field and 25% in refineries. 
Of the major companies, Astra Romana head the table, employing 6352 people, 46-9% 
in the field and 28% in refineries. For Steaua Romano, tho figures are respectively 
4048, 63-4% and 24-5% ; Concordia 3426, 49-8% and 26-3%, Unirea 3323, 40-2% and 
17% ; Romano-Americana 2890, 36-5% and 48-3%. I t  is also of interest, to note that 
Petrol Block employed 399 people in 1938. 80-9% being in refineries.

The total of 15,700 employed in tho field compares with 18,430 in 1937, w hilst there 
has also been a drop from 8200 in 1937 to 7900 in 1938 in the refinery employment.

T. C. G. T.

372.* Production of Crude Oil in Venezuela in March 1939. Anon. R e v .  d e l  M i n .  
F o m e n t o  ( V e n e z u e l a ), Juno 1939, I I  (13), 616-623.—Total production in March 1939 
from the oil-fields of Venezuela amounted to 2,323,149-926 metric tons, showing an  
increase of 121,407-435 metric tons over the preceding February. This difference is 
duo to  the smaller number of days in that month. The actual daily outputs for the  
two months were 74,940 metric tons in March and 78,632 metric tons in February, 
showing a  difference of 3693 metric tons in favour of tho latter month.

Compared with March 1938, this year’s output shows an increase of 89,416-765 
metric tons, this being due to the outputs of three new fields, a t Bachaquero, Temblador, 
and Oficina.

Total export in March by the oil companies was 2,262,111-148 metric tons.
During this month seven of tho leading companies refined 127,395-894 metric 

tons.
N e w  W e l l s .  Twenty-two were started up : twenty-eight came into production, 

thirty-threo were in process of being drilled.
In  addition to the above, a number of trial borings were made in the Eastern region 

of Venezuela. These reached depths up to  3000 metres approximately. Out of ten 
wells, one reached the production stage a t 1841 m etres and one was abandoned. 
Drilling continues in the remainder.

In  the Central region one well is being sunk, and in tho W estern region one well has 
reached a depth of 2641 metres, and samples aro being obtained. H . I . L.

373. Particulars of Oil Concessions in the State of Monagas, Venezuela. Anon. R e v .  
d e l  M i n .  d e  F o m e n t o  ( V e n e z u e l a ), July 1939, I I  (14), 129-130, August 1939, I I  (15), 
381-382, September 1939, I I  (16), 531-532.— Tables are given showing all essential 
particulars of the oil concessions granted in the State of Monagas since the commence
ment of production, including the names of the concessionaire, tho area of the fields, 
and the duty  paid thereon. Earliest demands for concessions were made in 1929.
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G r o w t h  o f  P r o d u c t i o n .— A graph is shown giving the growth of production in Venezuela 
from nothing in 1917 up to 2,680,000 metric tons in July 1939. H, I . L.

374. Argentine Petroleum Industry (Action taken by the Republic). M. L. Villa. 
B o l .  I n f o r m .  P e t r o l e r a s ,  October 1939, X V I (182), 5-66.— A fully detailed historical 
and statistical reviow of the development of tho Argentine petroleum industry as 
operated by the Government since its  inception, showing the great progress made by 
the setting up of the Y .P .F ., whoso aim is to develop the resources of the country for 
the benefit of tho com m unity as a whole, as opposed to tho work of private concerns. 
Figures given aro eloquent of tho success of the scliemo, which was initiated in 1910. 
The article is well illustrated and interesting graphs are given. H. I . 1,.

375. Petroleum in Venezuela. Anon. B o l .  I n f o r m ,  P e t r o l e r a s ,  October 1939, XV I
(182), 67-87.—An account of tho present position, w ith statistics, of the petroleum  
industry in Venezuela. In 1938 production reached tho considerable figure of 27 
million metric tons. In spite of this, there is urgent neerl for financial reform. Most 
of the oil is exported, and production is in the hands of big American and European 
companies. Tho Government appear to bo desirous of emulating the action of the 
Argentino Republic, but whereas tho latter country is capable of consuming their 
entire output, conditions are reversed in Venezuela. H . I. L.

376. World Petroleum Legislation. Anon. B o l .  I n f o r m ,  P e t r o l e r a s ,  October 1939, 
X V I (182), 88—97.— The notes on World Legislation on Petroleum, which have ap
peared regularly since No. 174 of this journal, aro of particular interest in the present 
number, as they deal exclusively with Mexico. Tho course of t he graph (p. 89) showing 
t he annual production from 1901 t o 1938 is of peculiar interest. II. I . L.
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BOOK REVIEWS

Recent Marine Sediments. A sym posium  edited by P. D. Trask. Pp. 730. 137 figures.
Published by tho American Association of Petroleum  Geologists, Tulsa, Okla
homa, U .S.A. ; London, Thomas Murby and Co. Prico $5.

Sediments aro of pre-eminent interest to oil geologists, and it is therefore appro
priate th at “ Recent Marino Sediments ” should bo published by tho American 
Association of Petroleum Geologists. However, its  appeal is not lim ited to oil 
geologists.

Some years ago tho Committee on Sedimentation, under tho direction of W . H. 
Twenhofel, sponsored a Treatise on Sedimentation which dealt comprehensively 
with both recent and ancient sedim ents. Tho now sym posium  is intended as a  
supplement to the Treatise. I ts  various articles have beon contributed by American, 
European, and Japanese authors, and cover a  wide rango of subjects. Thcso are 
grouped under tho following headings : transportation ; tho relationship of oceano
graphy to sedimentation ; deposits associated with tho strand lino ; near-shoro 
sodimcnts—liemipelagic deposits ; pelagic deposits ; special features of sedim ents ; 
m ethods of study. In addition to descriptions of tho distribution of various types  
of sediments, information is given on tho physical processes in tho ocean, rates of 
sedimentation, the occurrence and activ ity  of bacteria in marino sodim cnts, tho 
organic content of recent marino sedim ents, tho properties of clays, faecal pellets 
in relation to marino deposits, mechanical, mineralogical and X-ray analyses, 
bottom-sampling apparatus, and tho presentation of sedimentary data.

Each paper is tho work of a specialist, who has summarized tho progress in his 
particular field, and since somo subjects aro discussed by more than one author, 
different explanations are offered for certain phenomena.

Palteogoographical considerations aro becoming more and more important in the  
search for oil, and consequently all data derived from a study of recent marine 
sedim ents which facilitate tho interpretation of ancient sedim ents aro especially 
welcome. Furthermore, the studies have a bearing on the perennial problem of 
the origin of oil. The physical geologist, too, will find much of interest in this  
volume, and somo papers m ay well bo read by tho potrologist and geochemist.

Extensive and up-to-dato as is tho information presented, much of the value of 
this symposium lies in its  being a key to a wide range of literature on tho different, 
topics, for each paper is rounded off with a  list of selected references. The accessi
bility of tho contents of the symposium is m ade very easy by a subject index sixty- 
two pages in length. G. D. H o b s o n ' .

A Practical Manual of Chemical Engineering. B y  Harold Tongue, M .I.M ech.E.,
Mem.A.S.M.E., A.M.I.Cliem.E., w ith a foreword by Sir Gilbert Morgan, O .B.E.,
D.Se., Sc.D ., LL.D., F.R .S. Pp. xv  +  500. Chapman & Hall, Ltd., London.
Price 36s.
The object of a text-book dealing w ith any branch of engineering is generally to 

present tho fundamental scientific principles and to indicate how these principles 
aro applied and can bo applied in practice. This desirablo combination is not always 
achieved. The scicxrtific principles m ay bo well set out w ithout it  being clear to tho  
reader how they  can bo utilized to advantago in  dealing w ith practical problems. 
On the other hand, books which emphasize the practical aspect often take tho form  
of collections of tables and data or descriptions of plant in ordinary use. Although  
valuable in their sphere, such books fail to bring out the principles by which practice 
is, or should be, guided. Judged by these criteria, Mr. Tongue’s book has attained  
a high standard. In  it the principles underlying chemical engineering operations 
are ti-eated on similar lines to those which liavo been established by the pioneer
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American toxt-books in this field, though naturally not in the same detail; the 
practical aspects of these operations aro emphasized to a greater degree without 
losing sight of tho basic principles.

Materials of construction, both m etallic and non-m etallic, which aro such an  
important subject in chemical engineering practice, aro dealt w ith at somo length. 
This section, which also contains much useful information on methods of fabrication, 
occupies about a third of tho book. Tho other chapters deal w ith the design and 
construction of pressure vossels, pipes and pipework, heat insulation, steam plant 
for chemical works, fluid flow, heat transfer, evaporation, drying, adsorption, 
distillation, filtration, crushing and grinding, and pumping. Tho field is a wide 
one, and Mr. Tongue has covered it well. H is book w ill bo of great valuo to those  
whoso work is concerned with chemical engineering. A. J. V. U n d e r w o o d .

The Cracking Art in 1938. U .O .P. Booklet 239, edited by Gustav Egloff w ith tho 
co-operation of Mmcs. Crandal, D oty, and Jordan and Messrs. Dryer, Johnstone  
and Iiu lla , indexed by Mmo. l.aetz. Pp. 458. Universal Oil Products Co., 
Chicago.
Tho petroleum industry is very familiar w ith the information and up-to-date 

brochures sponsored by tho Universal Oil Products Co. and edited by our d is
tinguished American membor, Gustav Egloff.

Tho present volum e is a  stupendous achievem ent, and it illustrates in an astonish
ing fashion the vast volumo of research poured out in tho short span of one year on  
tho outstanding problem of tho up-grading of mineral oil.

For that is tho real objoctivo before tho industry. Natural oil from tho well is 
woefully unfitted for our modern purposes. A t every stage its  fractions, once 
adm ittodly suitablo and sufficient for the demands of civilized men, aro found to bo 
crude, ill-balanced, immature, incomplete, and in point of fact needing drastic 
revision.

¿And so wo can contemplato tho tim e when our familiar crude oil will bo split up 
into chemical bricks from which wo can fashion tho special structure we need, be it 
gasolino, fuel, or lubricant. ¿Although th is tim e has not quito arrived, Egloff’s 
summary of progress in one short year indicates that it  is on the way.

The volumo before us details m ost of tho outstanding achievements of 1938 : 
the developm ent of catalytic cracking; tho development of tho so-called “ midgot ” 
polym erization u n it ; the developm ent of i s o -octane units involving a double 
catalysis; tho outstanding developm ent of alkylation units which produce i s o -  

octano and its  homologues from tho straight combination of iso-paraffins and ole- 
fin cs; the developm ent of new m ethods of refining and tho greater use of anti
oxidants.

Egloff stresses tho immediate importance of catalytic cracking combined with tho 
decomposition of the inherent heavy residue. H e emphasizes tho vast importance 
of research on tho chem istry and physics and thermodynamics of the gaseous 
hydrocarbons, and indicates how, from theso sources, new chemical “ bricks ” 
m ay bo produced for synthetic purposes.

To give even a brief and inadequate summary of this m ost valuable publication 
woidd be a task of great difficulty, but tho chapter-hcadings will perhaps suffico :— 
Statistics— catalytic research on cracking—pyrolytic research on cracking—  
electrical m ethods of research— survey of commercial cracking operation— equip
ment for cracking plant, tubes, furnaces and heat oxchangors— corrosion—treat
m ent of cracked products—inhibitors— by-products, alcohols, glycols, esters, 
halides, sulphides, etc., from cracked gases and a general discussion on tho pro
duction of higli-octano aviation fuel by means of polymerization, alkylation, de- 
hydrogenation, ring closure, and hydrogenation.

The work finishes w ith a thoroughly comprehensive abstract of tho patent 
literature, producod, as all tho petroleum world knows, w ith tho m eticulous caro and 
accuracy that characterize the library service a t Riverside. Your reviewer, with  
m any happy memorios of th is great research station, of Dr. Egloff and his associate, 
Prof. Ipatieff, and tho staffs of the laboratory and the library, wishes to take th is  
opportunity of thanking them  for a great contribution to our knowledge.

A. E . D unstam.
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Modern Road Emulsions. B y F . H. Garner (Editor), L, G. Gabriel and H. J. Prentice.
2nd Edition, 1939. Pp. xv  +  245. Tho Road Em ulsion and Cold B itum inous
Roads Association Ltd., London. Price 10s.
This book started as a sorics of lectures to road engineers. These lectures wore 

expanded and published as a book in 1933 : there now appears a second edition, 
in which previous om issions have been made good and additions and modifications 
necessitated by increased knowledge and experience have beon made.

Those closely conversant w ith the subject will find the book rather elementary, 
but those who seek to  know tho essentials of the subject and to receive practical 
advice will find it  hero, pleasantly set out. The stylo of writing is simple, and tho 
illustrations aro adequate and interesting, although some have been seen some time 
ago.

Roughly, tho first half of the book is concerned w ith the road em ulsions and their  
uses, w hilst tho second portion includes tests and specifications, British and foreign. 
There arc two appendices on tho Determination of tho Size-Frequeney Curve of 
Emulsion Particles, and Average Diameter of P articles; a  Glossary of Terms, an 
excellent Bibliography, and a collection of twenty-six Tables of great practical 
interest.

Tho “ g o t-u p ” of tho volumo m akes it more of a “ b o o k ” than was tho first 
edition, and in all aspects it is a pleasant technical companion on ono’s shelf.

P. E . S p ie l m a n n .



I N S T I T U T E  N O T E S .

F e b r u a r y  1940.

CANDIDATES FO R  ADMISSION.
The following have appliod for admission to tho Institu te or transfer to 

another grade of membership, and in accordance w ith tho By-laws the pro
posals will not bo considered im til tho lapse of a t  least one month subsequent 
to the issue of th is J o u r n a l ,  during which any Fellow, Member or Associate 
Member m ay communicate by letter to tho Secretary, for the confidential 
information o f tho Council, any particulars he m ay possess respecting tho 
qualifications or su itability  o f any candidate.

The object o f this information is to assist tho Council in grading candidates 
according to the class o f membership.

The names o f the candidate’s proposer and seconder aro given in parenthesos. 
A i .i . c a r d , Harry Ganly, Director ( H .  G .  A l l c a r d  <0 C o . ,  L t d . ) ,  “ Ravens- 

wood,” W ythansliawe Road, Northenden, Manchester. (./. E .  H a s l a m ;  
A .  M c C u l l o c h . )

A n d e r s o n , W illiam Archibald, Information Officer (N . S . W a le s  G o v e r n m e n t  
R a i l w a y s ) ,  1!), York Street, Sydney, N.S.W . ( 0 .  C o l v e r d . )

C a r t e r , Edward Howard, Transport Manager ( G .  <Sc T .  E a r l e ,  L t d . ) ,  “ B eau
m aris,” 44, Carr Lane, W illerby, E. Yorks. (,/. E .  H a s l a m  ;  H .  S .  K e r r i a n . )  

F o r s t e r , Denis W illiam s, Chemist (J . W h i t e  <fc S o n s ,  L t d . ,  W i d n e s ) ,  “ Wood- 
lea,” Brookside Avenue, Sankey, Nr. W arrington, Lancs. ( A .  M c C u l l o c h  ;  
J .  E .  H a s l a m . )

M o n d , Albert L evy, Chemical Engineer, 14/18, H igh Holborn, London,
E.G. 1. ( V .  H e n n y ;  E .  N .  H a g u e . )

P a r t r i d g e , W illiam  Arthur, Chemist ( A n g l o - L r a n i a n  O i l  C o . ) ,  10, Norman 
Court, Upper Sunbury Road, H am pton, Middx. I  A .  E .  D u n s t a n ;
F .  B .  T h o l e . )

HADFIELD'S
x \\\\\v \i\A iIiIiW //////a £ x  X ,W W A \\ At Ulih llllh/iA ,

TRADE E R A  131 n«ARK &  TRADE HECLA 153 MARK 
i11 t  r w v v v ^

S T E A M  P I P E  
FLANGE BOLTS

HAVE A HIGH CREEP STRENGTH
For u s e  af th e  h ig h est tem p er 

ature e m p lo y e d  in m odern  

stea m  practice.

D o not b e c o m e  brittle a s  a 

resu lt o f  o p e r a tin g  con d ition s.

Steel Castings a n d  Forgings of a l l  Kinds.

Area of Works U  A  h E I E I  I X T >  Buildings cover
over 200 acres I I  \J  l I C U  » /  W  Ka I  M .  61 acres

- = r -  E ast H ec la  a n d  H ec la  W o r k s , SHEFFIELD, Eng. ------

N o . 1666.
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CHARLES DABELL AND COMPANY
ENGINEERS AND CONSULTANTS 

3 M I D A N  S U A R E S  

C A I R O  • E G Y P T

" D A B ; R O S "

G E O P H Y S I C A L  S U R V E Y S
by means of G ravim etric , Se ism ic, E lectrica l, M agnetic M ethods

We especially draw attention to the 
GRAVIMETERS 

we manufacture, sell, and use on contract

AKTIEBOLAGET ELEKTRISK MALMLETNING
(T h e  E lectrical Prospecting C om pany)

Kungsgatan 44, Stockholm, Sweden

London, S.W.1 Telephone: Victoria 8988
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1 9 4 0  “ C A R D W E L L ”  D R A W  W O R K S

O p - O A s C u L z A  L ik je  a  £ t& x u n  )Q i< j

TH ROUGH A HYDRAULIC TRANSMISSION AND A “ CARDWELL SPEED DRIVE”

T h e  speed, f le x ib ility  and  sm oo thness  o f s team  are  
yo u rs  bv a tu rn  of th e  th r o t t le  on th is  new  d raw  w orks. 
T h e  e n t ire  eng in e  pow er is co n s ta n tly  av a ilab le  at 
m ax im um  speed W IT H O U T  S H IFTIN G  GEARS.

W hen  you  w an t to  “  k ic k -u p "  th e  tra v e ll in g  b locks, 
ju s t  flip  th e  f in g e r-tip  a ir  co n tro l in to  " h ig h "  and 
th e  f r ic tio n  c lu tch  " H i- L o "  d r iv e  in s ta n tly  doubles 
th e  line  speed w ith o u t in c reasin g  th e  speed o f th e  
eng ine . T h is  f e a tu re  saves d r il lin g  tim e. A ir  co n 
tro ls  o p e ra te  th e  tw o  " H i- L o "  fr ic tio n  c lu tches , 
ro ta ry  d riv e  f r ic tio n  c lu tch  and  c o u n te rsh a f t b rake . 
R o ta ry  ta b le  b rak e  is au to m a tic a l ly  o p era ted .

" C a rd w e l l"  fr ic tio n  c lu tch es  a re  used  th ro u g h o u t, 
s av ing  tim e  and  load  shocks a t  ev e ry  o p e ra tio n . T h e  
new  type  dual, fu lly  equa lised , s in g le  ad ju stm en t 
safety ' b rakes  w ill ho ld  th e  fu ll c a p ac ity  load  even  if 
o ne  b ra k e  sho u ld  fa il. B rake  flanges  a re  alloy' hea t- 
tre a te d  s tee l, w ith  th re e  to  fo u r  tim es th e  life  of 
o rd in a ry  s tee l flanges.

In th e  c o n s tru c tio n  of th is  new’ d raw  w o rk s, a lloy  
stee ls  a re  used fo r  added s tre n g th  and  to  e lim in a te  
a ll su rp lu s  -weight. H e a t-tre a te d  w ea rin g  p a r ts , to  
th e  la st p in  and  p in h o le , in su re  low  m a in te n an ce  
costs . T h is  is an easily  p o rta b le , slim  ho le  d raw  
w o rk s  w ith  b ig  ho le  cap ac ity .

M odel L d raw  w orks is a lso  av a ilab le  w ith  th e  com 
p le te  M ast-R ig . as il lu s tra te d , and  is fo r  ro ta ry  
d ril lin g  to  4.500 fee t w ith  34 inch  d rill p ipe o r  to  
3.500 fee t w ith  44 inch  d r il l p ipe  and  fo r  w ork o v cr 
jobs to  8.000 fee t, u s ing  24 inch  tu b in g .

Y ou can  m ake m ore  ho le  p e r  d r il lin g  d o lla r  w ith  th is  
1940 "  CA RD W ELL "  DRAW  W ORKS. W rite  us fo r 
spec ifica tions  and  co m plete  in fo rm a tio n .

F. J. O LSO N , E x p o rt M anager, 570 Lex ing ton  A ven.. N .Y . C ity . Cable A ddress: "C ard stee l.” 
F ore ign  R e p resen ta tiv e : JA C K  G R IZZLE, C o n tinen ta l H otel, C airo, Egypt.
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TH E  L O V I B O N D  T I N T O M E T E R
For te stin g  the co lou r  o f all 

O ils

I.P.T. & A .S.T .M . C olour  

S tan dards

THE TINTOMETER LTD., THE COLOUR LABORATORY, SALISBURY

A .S .T .M . V I S C O S I T Y - T E M P E R A T U R E  C H A R T S
C H A R T  A :  S ayb o lt U n ive rsa l V is c o s ity  (20  by 16 in .)— te m p e ra tu re  rang e , — 30° F . to  +  450 ° F . ;

v is c o s ity  rang e , 33 to  100 ,000 ,000 S ayb o lt U n iv e rs a l Secon d s. P r ic e  7 s . 6d . p e r pad o f 25 .

C H A R T  B :  S ayb o lt U n ive rsa l A b rid g ed  (8 ) by I I  In .)— te m p e ra tu re  rang e , — 10° F . to  + 3 5 0 °  F . ;
v is c o s ity  rang e , 33 to  100,000 seco nd s. P r ice  9s. 6 d . p e r pad o f 50 .

C H A R T  C  : K in e m a t ic  V is c o s ity , H ig h  Range (20 by 16 in .)— te m p e ra tu re  rang e . — 3 0° F . to  +  450° F.; 
v is co s ity  range , 2 to  2 0 ,000 ,000  c e n t is to k e s . P r ic e  7 s . 6 d . p e r pad o f 25 .

C H A R T  D  ; K in e m a t ic  V is c o s ity , L o w  Range (20 by 20 In .)— te m p e ra tu re  rang e , — 30° F . to  +  450 ° F . ;  
v is c o s ity  rang e , 0 .4  to  100 c e n t is to k e s . P r ic e  7 s . 6 d . p e r pad o f 2 5 .

O b ta in a b le  from

THE INSTITUTE OF PETROLEUM
c/o Dept, of O il Engineering and R efin ing , The U n ive rs ity , Edgbaston, Birmingham

D a n g e r o u s  G a s e s
IN THE PETROLEUM AND  

ALLIED INDUSTRIES

A series of 16 P apers  re p rin ted  from  the  
J o u r n a l  o f  t h e  I n s t i t u t e  o f  P e t r o l e u m  

June and July, 1939

176 pp. 2 7  I llu stra tio n s  and  D iagram s  
C lo th  B o u n d

7 s .  6 d .
(including postage)

O b t a i n a b l e  f r o m :—

THE INSTITUTE OF PETROLEUM
c/o  T h e  U n iv ersity  o f  B irm ingham , E dgbaston , B irm ingham , 15
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O I L  

P L A N T S  

C O M P L E T E

F O R :

A t m o s p h e r i c  a n d  V a c u u m  D is t i l la t io n

C r a c k in g

R e f o r m i n g

R e v e r s i o n

S t a b i l i z a t i o n

C h e m ic a l  T r e a t m e n t

A. F. CRAIG & CO. LTD
PAISLEY and LONDON

Representing in Europe :

T h e  W in k le r -K o c h  E n g in e e r in g  C o., U .S .A .
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C O M P L E T E

PETROLEUM REFINERY
P L A N T S

For—

A t m o s p h e r i c  a n d  V a c u u m  D i s t i l la t io n  

G a s  F r a c t io n a t io n  a n d  R e c o v e r y  

S t a b i l i s a t i o n

C h e m ic a l  T r e a t m e n t  o f  D i s t i l l a t e s  

A l k y l a t i o n

P e r c o  C o p p e r  S w e e t e n i n g ,  D e s u lp h u r i s a t i o n  

a n d  D e h y d r o g e n a t i o n  

A c e t o n e  B e n z o l  D e w a x i n g  

F u r fu r a l R e f i n i n g

e t c . ,  e t c . ,  e t c .

F O S T E R  W H E E L E R  L T D .
ALDWYCH HOUSE, LO N D O N , W.C.2

TELEPHONE: HOLBORN 2527-8-9 

A s s o c i a t e d  C o m p a n i e s :

F O S T E R  W H E E L E R  C O R P O R A T I O N ,  U . S . A .

F O S T E R  W H E E L E R ,  L I M I T E D ,  C A N A D A  

F O S T E R  W H E E L E R ,  S . A .  F R A N C E
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SECURITY ENGINEERING CO., INC.
W H ITTIER , C ALIFO RN IA  • PHONE 42004 

MID CONTINENT: 5525 CLINTON DR.. HOUSTON. TEX .. PHONE C A P ITO L 9538 • N EW  IBER IA . L A ., (Box 121) PHONE 1309 
CEN TRALIA . ILLIN O IS . P .O . BOX 283 

EXPO RT: SEC U R ITY ENGINEERING CO .. INC.. 420 LEXIN GTON  AVEN U E. N EW  Y O R K  C IT Y

S ieven A  PeameAA  ★  S e cu b a lo if ★  S e c u A iiif ^ bruU alU e p fu u iu c ti
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S E C U R I T Y  D R I L L A B L E  ACCESSORY  
FOR E V E R Y  WELL-CONPLETION NEED

FOLLOWING IS A LIST OF THE COMMONLY USED 
SECURITY DRILLABLE ACCESSORIES MADE OF SECURALOY
ADAPTERS • LINER HANGERS iHook Typo) • UNER HANGERS (Slip 

Typo) • CASING PACKERS (Hook Typo) • CASING PACKERS (Slip 

Typo) • TUBING PACKERS • OPEN HOLE PACKERS • RAT HOLE 

PACKERS • WASH I01NTS • REDUCERS • BULL PLUGS • 

CEMENTING COLLARS • CEMENTING TOOLS • COUPUNGS

•  Whether it's a simple bull plug—in drill- 
able form—to go on the bottom of a SECUR
ALOY liner . . .  or an intricate packer assem
bly for isolated multiple production work 
.. you'll find exactly what you need in the 

complete line of Security Drillable Tools 
and Accessories.
•  Many of these drillable accessories are 
mechanically similar to conventional pro
duction devices. But there are many others 
that are entirely new— n e w  in design and 
n e w  in operating simplicity—enabling 
operators to solve difficult production prob
lems with maximum ease and safety.
•  ALL Security Drillable Accessories are not 
only m a d e  of SECURALOY. but they are de
signed and proportioned at every point to 
take maximum advantage of the drillable 
feature of this metal. T h e y  a r e  th e  f in e s t  
e q u ip m e n t  y o u  can b u y  to  s a fe g u a r d  y o u r  
o i l  f i e l d  in v e s tm e n t s !

•  A complete list of Security Drillable Tools 
and Accessories will be supplied on request.

SECURALOY chips, approximately ac
tual site, screened Irom the circulating 
fluid of a drilling well.

y ^ e f / M d c  c o H t p / é í e  i t t / c t m a / i c H  M í  
7 / C i l t  C O M P O S IT E  C A T A L O G . . .  t>1 l / c m  | 
D R I L L I N G  E Q U I P M E N T  D I R E C T O R Y



S P E C I A L L Y  S U  I T A B L E  
F O R  O IL  REFI.N E R I E

T HE reliability of NETTLE 42/44% 

alumina firebricks In high temperature 

installations is undisputed. Users of this 

brand are convinced of this: those who 

have their refractory problem still with 

them may well find that a trial of NETTLE

will provide a solution.

->< '  s #

JOHN G. STEIN & CO. LTD., BONNYBRIDGE, SCOTLAND
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OF RUBBER

S. CO . LTD .
P U M P  M A K E R S  L U T O N  B E D S
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That's what an engineer said 
looking at a lively Duplex steam 
pump that was struggling with a 
highly volatile product. This 
odd behaviour is more usually 
described as 'short-stroking/ 
and it occurs whenever the 
ordinary Duplex steam pump 
draws gas instead of a full 
charge of liquid; piston accelera
tions become erratic, and the 
steam ports are closed before 
the completion of the stroke. 
Some users have discarded 
Duplex pumps on this account; 
others have purchased 
Hayward-Tyler Duplex pumps

with Twells' valve gear, and 
are now getting the economic 
advantages of this type com
bined with positive action.
With Twells' valve gear each 
piston rod closes its own steam 
port at the end of the stroke, the 
opening of the port being 
effected by the opposite piston 
as with the standard Duplex. 
The result is ability to work with 
gas-laden liquids or even against 
a vacuum, and incidentally a 
saving in steam.
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F O R  THE A R G E N T I N E

3  L U M M U S
C O M B I N A T I O N  

C R A C K I N G  U N I T S

For Argentine Government Oil Fields, Lummus is designing and building three 
Lummus Combination Cracking Units. These plants will be equipped with 
Lummus Oil Heaters, with heating and soaking sections separately con
trolled. » » » These plants for the Argentine, and a 7,500 barrel per day 
Lummus Combination Cracking Unit for a major refiner in the United States, 
make a total of sixteen Lummus cracking units, with an aggregate capacity 
of 177,500 barrels per day, within the short period of 38 months. All com
pleted plants have met all guarantees.

A .  C .  G R O N B E C K
Representing, THE LUMMUS COMPANY

Bush H ouse, A ld w ych , London, W . C. 2
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SCHLUMBERGER ELECTRICAL CORING
F r a n c e .— S o cié té  d e  P ro sp ec tio n  

É le c triq u e . 30 . ru e  F a h e r t ,  & 42  ru e  
S t .  D o m in iq u e . P a ris .

U .S .A .— S c h lu m b e rg e r  W ell S u rv ey in g  
C o rp o ra tio n , 2720 L e e lan d , H ou ston  
( T e x a s) .

Principal Local Offices : L o n g  Bcacli, 
B ak e rsfie ld , O k lah o m a C ity . N ew  
Y o rk , C o rp u s  C h ris ti , D a llas .
S h re v e p o r t ,  M a tto o n .

V e n e z u e la .— P . Bayle, S c h lu m b c rg e r  
E le c tric a l C o r in g  M e th o d s , Villa 
P ro se lec , M aracaibo .

T r i n i d a d ,  B .W .l .— S c h lu m b c rg e r  E lec 
tr ica l C o rin g  M e th o d s , P .O . B ox  N o . 
2 5 , S an  F ern a n d o .

C o lo m b ia .— H . R a p p a rt, A p a rta d o  1031, 
Bo c o t a .

A r g e n t i n e .— G .  G u ic h a rd o t, S c h lu m 
b c rg e r  E lec trica l C o rin g  M e th o d s , 
COMODORO RtVADAVlA.

M o ro c c o .— S ocié té  d e  P rospection
E lec triq u e , P ro céd és  S c h lu m b c rg e r , 
P et it je a n .

R u m a n i a .— A . P o irau lt, 18 S tra d a  
B ra tian u , C a m p INA (P ra h o v a ) .

H u n g a r y .— C . S ch e ib li, M a d a c h  Im re  
T e r  7 , B u d apest .

I r a q .— L . B eau fo rt, S c h lu m b e rg e r  E n 
g in e e r, Q aiy arah .

A s s a m .— A . C o u re t, D ic b o i .

B u r m a .— L . B o rd â t, K h o d a u n c .

N e th e r l a n d s  E a s t  I n d ie s .— S c h lu m 
b e rg e r  E lec trica l C o rin g  M e th o d s , 73, 
B oek it K e tj il, P alem bang  ( S u m a t r a ) .

N o r th - W e s t  I n d i a .— P . R ogez , P .O . 
B ox 272 , K arachi ( In d ia ) .

S c h lu m b e rg e r  M e th o d s  also  ap p lied  i n : U .S .S .R ., J a p a n , I ta ly , P o lan d , Y ugoslavia , 

E g y p t a n d  B ritish  N o r th  B orneo .

A S H I N G
M ott P l a n t s  a r e  e f f i 

c i e n t l y  a n d  c o n t i n u o u s l y  

w a s h i n g  m i l l i o n s  o f  g a l l o n s  
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