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T H E  D E V E L O P M E N T  OF F U E L S  F O R  A U TO M O B ILE 
E N G IN ES.*

B y  t h e  I n s t i t u t e  o f  P e t r o l e u m  K n o c k - r a t i n g  C o m m i t t e e .

S u m m a r y .

A n  o u tlin e  is g iv en  of th e  chan g es w h ich  h a v e  ta k e n  p lace  in  th e  c h a ra c 
te r is t ic s  of p e tro l  d u r in g  th e  la s t  tw e n ty  to  t h i r t y  y ears , a n d  th e  re q u ire m e n ts  
fo r good  p e rfo rm an ce  in  m o d e rn  cars  a re  d escrib ed . I t  is p o in te d  o u t  t h a t  
f u r th e r  im p ro v e m e n ts  in  fuels co u ld  be  m a d e  if c e r ta in  a l te ra t io n s  w ere 
e ffec ted  in  eng ine  design .

T h e  a n ti-k n o c k  q u a l i ty  of p e tro ls  h a s  b een  s te a d ily  rising , a n d  th e  c o m 
p ress io n  ra t io s  of c a r  eng ines h a v e  also  risen , la rg e ly  d u e  to  th e  im p ro v e m e n t 
in  th e  p e tro ls , b u t  also  b ecau se  of design  im p ro v e m e n ts . T h e  co s t of f u r th e r  
a n ti-k n o c k  im p ro v e m e n ts  in  p e tro l, a n d  th e  a d v a n ta g e  to  b e  g a in e d  b y  
increases of com press ion  ra t io s  in  eng ines fo r th e  av erag e  m o to r  ca r , b o th  
a p p e a r  to  b e  reach in g  th e  p o in t  w h ere  th e y  becom e u n eco n o m ic .

F u e ls  of d iffe ren t ch em ica l ty p e s  h a v e  d ifferen t a n ti-k n o c k  v a lu es , a n d  a  
know ledge of th is  h a s  la rg e ly  c o n tro lle d  d ev e lo p m e n ts  in  fuel refin ing , 
a l th o u g h  th e  h ig h e s t a n ti-k n o c k  fuels now  a v a ila b le  a re  to o  ex p en s iv e  to  be  
re g a rd e d  a s  p o te n t ia l  m o to r  fuels.

T h e  a c c e p te d  m e th o d  of m a k in g  la b o ra to ry  te s ts  fo r a n ti-k n o c k  v a lu e  on  
th e  C .F .R . eng ine  is d escrib ed , a n  a c c o u n t is g iv en  of th e  p ro c e d u re  fo r 
c o n d u c tin g  k n o c k  te s ts  o n  th e  ro ad , a n d  th e  d ifficu lties of co rre la tin g  ro a d  
w ith  la b o ra to ry  b e h a v io u r  a re  d iscussed .

In fo rm a tio n  o b ta in e d  b y  th is  C o m m ittee  fro m  ro a d  te s ts ,  in  p a r t ic u la r  in  
re la t io n  to  th e  effec t of ig n itio n  tim in g , is su m m arized , a n d  th e  h o p e  is 
e x p re sse d  t h a t  a  m o re  e ffec tive  ex ch an g e  of know ledge of th e  re se a rc h  w o rk  
o n  eng ines a n d  fuels t h a t  h a s  b e e n  a n d  is be in g  c o n d u c te d  b y  v a rio u s  
o rg a n iz a tio n s  w ill p ro m o te  closer co -o p e ra tio n  b e tw e e n  th e  a u to m o b ile  
e n g in eer a n d  th e  p e tro le u m  tech n o lo g is t.

I n the comparatively short space of twenty years petrol as sold to the 
motorist has changed almost out of recognition. I t  is not possible to-day 
to buy petrol similar to tha t sold in 1919, but if the motorist could do so 
and were to fill his tank with that fuel he would he unpleasantly astonished 
a t the performance of his engine. I t  would not be possible to open the 
throttle without violent knocking, and in addition to the unpleasant noise, 
rapid overheating would result, together with destruction of the sparking- 
plugs and probably with pre-ignition so violent as to damage the engine. 
In  addition the volatility characteristics of the fuels of those days were so 
variable that carburation difficulties would be likely to give rise to troubles 
only one degree less serious than those due to knocking.

D e v e l o p m e n t s  i n  F u e l  V o l a t i l i t y  a n d  C a r b u r a t i o n . 

Volatility.
Petrol, as is well known, is a mixture of many hydrocarbons and there

fore has not a constant boiling point; on laboratory distillation boiling 
begins freely at a temperature little above summer atmospheric temper
atures, but distillation is not completed until a temperature of 150° C. to 
200° C. is reached. In  the carburettor and induction manifold, however, 
the light fractions help to vaporize the heavier fractions, with the result 
th a t complete vaporization occurs a t considerably lower temperatures.

* P a p e r  to  be  p re se n te d  fo r  d iscu ssio n  a t  th e  S u m m e r M e etin g  o f th e  I n s t i tu te  of 
P e tro le u m  to  b e  h e ld  in  B irm in g h a m  2 2 n d -2 4 th  M ay, 1939.
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The distribution of the components through the boiling range exerts a 
pronounced influence on quick get-away and general acceleration. The 
boiling range of the fuel must be adjusted, therefore, to ensure th a t sufficient 
easily vaporized “ light ends ” from the excess fuel obtained by the use of 
the choke or “ starter carburettor ” device now fitted to many carburettors, 
are present to form a combustible mixture in the cylinder under the coldest 
weather conditions.

Carburation.
In  the earliest days of motoring the jet type carburettor was designed 

without any automatic device for maintaining even a roughly constant 
mixture strength with changes of engine demand. The principles under
lying “ compensation ” were not even understood. The results were so 
hopeless tha t for several years surface carburettors were preferred, and some 
of the most successful early engines had carburettors of this type. The 
surface carburettor worked well on a fuel of narrow boiling range and high 
volatility, but most indifferently on the “ heavier ” petrols. So important 
was it to use a “ light ” spirit th a t motorists used to carry hydrometers 
in their pockets, and when fuel was bought a t the road-side, they would 
test the contents of each can to see tha t the specific gravity did not exceed 
0-68. Detonation occurred on hills, but this was attributed to overheating, 
and no one thought to examine the influence of fuel characteristics on 
the already known phenomenon of “ knocking.” I t  is true that before 
the world war it was recognized that benzole was less prone to cause engine 
knock than petroleum spirit and, also, contained more heat units per gallon 
on account of its higher specific gravity, but the carburettors of the time 
were not designed to cope with benzole and starting from cold on this fuel 
was a very uncertain enterprise.

As soon as carburation began to receive serious consideration it was 
realized that to ensure easy starting, good acceleration, reasonably uniform 
distribution and freedom from vapour-lock troubles it is essential that the 
physical characteristics of the fuel must be carefully controlled if the fuel 
system as a whole is to function efficiently.

For starting purposes the carburettor delivers wet air-fuel mixture which 
must contain considerably more fuel than is required for normal running, 
due to the fact that a large proportion of the fuel is deposited on the cold 
walls of the manifold. The extent to which the fuel is broken up into spray 
when it leaves the carburettor jets is also, of course, very important, as 
the proportion of the total fuel vaporized bears a direct relationship to 
the surface area of the fuel droplets. Excessive choking leads to serious 
dilution of the lubricating oils and often causes flooding of the whole 
system, and then gives an over-rich mixture rendering starting impossible. 
For this reason the thermostatically controlled “ starter carburettor ” 
device which gives a controlled mixture, or the choke automatically adjusted 
by manifold temperatures, are much to be preferred to the manually 
controlled chokes.

During the acceleration period it is necessary th a t the carburettor delivers 
a mixture to the engine which will generate maximum power. This mixture 
should be approximately of 12 : 1 air-fuel ratio by weight, which is 
definitely richer than that suitable for maximum economy. The sudden
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opening of the throttle will cause the pressure in the manifold to change 
from a partial vacuum to approximately atmospheric pressure, and under 
these conditions some of the less volatile constituents of the fuel 
are deposited as liquid on the manifold walls.

The higher the volatility of the fuel, therefore, the more readily will the 
richer mixture be obtained and the less time will be taken for the engine 
to  respond.

I t  is customary to incorporate an auxiliary device such as an accelerator 
pump to give the necessary richness when required, and the performance of 
an engine during acceleration, therefore, depends as much on the behaviour 
of the carburettor as on the fuel.

Most carburettors are set to operate on fuel of average volatility, and in 
practice it is found that small increases in volatility tend to give smoother 
acceleration, a falling off in performance only occurring if the proportion 
of light fractions in the fuel is exceptionally high.

Distribution.
The problem of supplying a uniform mixture to the various cylinders 

of an engine running on liquid fuel is one of the most difficult confronting 
the engine designer. Except a t very light loads and when the engine is 
hot it is very doubtful if the mixture of fuel and air ever reaches the 
combustion chamber in a homogeneous form. The fuel droplets, air and 
vapour travel through the induction pipe at the same speed, and the 
greater inertia of the former causes them to be thrown against the walls 
of the induction pipe wherever a bend in the manifold causes a change of 
direction. I f  more than two cylinders are being fed from one carburettor, 
symmetry and equal lengths of passage are impossible and the deposition 
of the fuel in the manifold causes mixtures of unequal strengths to be 
supplied to each cylinder. A few years ago it was common practice to cast 
the induction pipe in one with the cylinder block with the object of supplying 
heat from the water jacket. This procedure was, however, of little value, 
as the heating effect was not nearly sufficient to vaporize more than a 
small fraction of the fuel. The present practice of heating the manifold 
from the exhaust pipe and thus forming a “ hot spot ” where the mixture 
enters the induction pipe is much more effective, and designers are now 
paying great attention to induction-pipe design in an endeavour to 
minimize distribution troubles. I t  has been shown th a t unequal 
distribution may also be caused by faulty location of the fuel jet in relation 
to the venturi, small changes of position affecting the amount of fuel 
delivered to various cylinders. To obtain reasonable uniformity in the 
behaviour of production carburettors the use of finer tolerances in manu
facture is being shown to he necessary. To ensure th a t an engine shall 
run smoothly and not suffer damage from the effects of weak mixture to 
individual cylinders it is necessary to supply an overall mixture on the 
rich side, and for this reason it is not possible to obtain such high efficiencies 
with the multi-cylinder engine as with the single-cylinder unit unless the 
complication of duplicating carburettors is resorted to. Unequal 
distribution is also one of the main causes of varying degree of knock often 
experienced in separate cylinders, and improvement in the uniformity of 
mixture delivered to each cylinder would improve the anti-knock



performance of a given fuel. In  a conventional automobile engine the 
extra fuel which has to be supplied to overcome troubles from bad distri
bution may be as high as 10 per cent, of the fuel consumption, and thus 
improvements in this direction are well worth while.

V apour Loch.
When a modern petrol is distilled and the distillate collected in separate 

fractions, an examination of those fractions shows th a t the most volatile 
portions usually contain the most powerful anti-knock materials.

Many natural crude oils, as well as cracked products, contain more of 
these volatile fractions than can he incorporated in the finished motor 
spirit, because if the whole of the portion were included the fuel would be 
liable to premature boiling in the fuel-feed lines, pump and carburettor, 
thus giving rise to vapour lock and consequent irregular running, especially 
in hot weather under strenuous driving conditions. Under present 
conditions, therefore, enormous quantities of the “ cream ” of petroleum 
has perforce to be wasted.

Although vapour-lock troubles are perhaps not common in this country 
they are, of course, very important to the car manufacturer exporting to 
warmer climates. The minimizing of the tendency towards failure of fuel 
supply due to vapour lock is a problem affecting the car designer as much 
as the fuel refiner, and more attention to the problem by the former could 
readily result in the supply of fuels of greater volatility giving easier 
starting, improved distribution and better anti-knock value. Even 
though no actual engine failure is experienced it has been shown that appreci
able fuel losses occur considerably before the limit of vapour-handling 
capacity of the fuel system is reached, and such losses result in a reduction 
of the anti-knock value of the fuel reaching the engine. Improvements 
in the design of fuel pumps and carburettors as regards the volume of 
vapour they can handle has, during the last year or two, greatly reduced 
engine failure from vapour lock, hut it is suggested th a t much more might 
be done to lessen the cause of the trouble by consideration of the layout of 
the fuel system as a whole, including cooler positions for or lagging of fuel 
lines and protection of the carburettor and fuel pump from heat radiated 
from the manifold and exhaust pipe. Such improvements would also help 
in reducing fuel consumption by minimizing loss of the lighter fractions 
a t the carburettor. These considerations apply equally or even more 
particularly to commercial vehicles and buses, where the under-bonnet 
temperatures are greater than those existing in passenger cars owing to 
the relatively greater space occupied by the engine.

D e v e l o p m e n t s  i n  E n g i n e  D e s i g n  a n d  i n  A n t i -k n o c k  Q u a l i t y  o f  F u e l s .

Although the petrol of to-day is vastly superior in a considerable number 
of different ways to the petrol of even a few years ago, by far the most 
fundamentally important change has been the increase in its resistance 
to knocking, for it is this factor which controls the compression ratio of the 
engine, and consequently the fuel efficiency and power output of an engine 
of given dimensions.

The graph at the top of Fig. 1 illustrates the improvement in anti-knock
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quality tha t has been achieved since 1920. The graph shows the step-by- 
step increases of octane number of No. 1 grade petrol, which amounts to

/ GRADE

LIMIT IN E35 
FOR N? /  6RADE

AVERAGE CAR

F i g . 1.

IM P R O V E M E N T  I N  A N T I - K N O C K  Q U A L I T Y  O F  F I R S T  G R A D E  M O T O R  S P I R I T S ,  A L S O  C O M 

P R E S S I O N  R A T I O  U S E D  I N  B R I T I S H  C A R S  B E T W E E N  1920-1938 ( A V E R A G E  V A L U E S ) .

34 octane numbers since th a t date. The upper one of the two lower graphs 
in the same figure shows the limiting compression ratio th a t could be used 
in a certain engine when running on the fuels to which the top graph refers.



I t  will be seen th a t a fuel improvement of 34 octane numbers made possible 
an increase of compression ratio from 4-6 to 6-15, a difference of 1-55 ratios 
in the particular engine referred to.

The lowest graph in Fig. 1 shows th a t the average compression ratio 
employed in British cars has increased by more than this, namely, from 
4-2 to 6-2, a difference of 2-0 ratios. The diminishing distance between 
the lower pairs of graphs gives a measure of the improvements made in 
engine designs, particularly in the m atter of combustion chambers and 
the positions of sparking-plugs. Although in recent years the improved 
anti-knock properties of motor fuels have been mainly instrumental in 
permitting the use of higher compression ratios, and although it may be 
possible still further to improve fuels in this respect, it does not follow that 
power outputs can be increased economically by such means indefinitely. 
As compression ratio increases the resulting increased compression and 
combustion pressures exert greater stresses on the component parts of the 
engine, and the more rapid pressure rises per degree of crankshaft rotation 
must result eventually in rough running from excessive shock, and consequent 
vibration, although this roughness can, it is true, be controlled to some 
extent by proper attention to mechanical and combustion-chamber design.

While increase of compression ratio in conj unction with a fuel of sufficiently 
high anti-knock value makes possible an increase of power and efficiency, 
yet the advantage obtained by successive increments of compression ratio 
steadily diminishes; thus the increase in power obtained by raising the 
compression ratio from 4 : 1 to 5 : 1 is 16 | per cent, as against 3-| per cent, 
from 7 :1  to 8 : 1. The maximum pressures in the cylinder, on the other 
hand, rise nearly uniformly with increase of compression ratio, so that the 
difficulties of keeping the engine free from rough running and of keeping 
material costs down are increasing steadily for a rapidly falling rate of 
improvement in performance. As regards the fuels, it is true th a t a smaller 
increase of octane number is needed to meet an increase of compression 
ratio in the 7 to 8 range than in the 4 to 5 range, but the cost of increasing 
the anti-knock value soon becomes disproportionate to the maximum 
possible gain, and it seems that a general trend to higher compression 
ratios must necessarily be followed by an increase of fuel cost quite 
incommensurate with the resulting small improvement in car performance. 
The curves shown in Fig. 2 show the general relationship between 
compression ratio, power output and maximum pressures.

As may be seen from the lower graph in Fig. 1, during the past ten years 
the average compression ratios of cars on the British market have steadily 
increased by over one ratio, the average figure for 1938 being approximately 
6-2 : 1, excluding the so-called “ sports ” type of car. With this latter type 
of car the rise in compression ratio over the same period has been of a 
similar order, but has remained fairly constant a t about 6-8 : 1 for the 
past two or three years, and has been limited to  a great extent by the 
anti-knock properties of available fuels and practical considerations in 
engine design which limit the increase in compression ratio if engine rough
ness and other troubles are to be avoided. During the past year or two 
there have in fact been instances where manufacturers have found it 
necessary to  lower compression ratios on some models due to  troubles 
experienced in this respect. Since 1928 the average maximum brake-

186  THE DEVELOPMENT OF FUELS FOR AUTOMOBILE EN G IN ES.



P
E

R
C

EN
TA

G
E.

 
IN

CR
EA

SE
: 

IN 
PO

W
ER

 
& 

M
A

X
. 

P
R

ES
SU

R
E

THE DEVELOPM ENT OF FUELS FOR AUTOMOBILE EN G IN ES. 187

COMPRESSION RATIO 

F i g . 2 .

horse-power of automobile engines has almost doubled, the present average 
figure for maximum brake-horse-power per cubic inch of engine displace
ment being about 0-45.



Many factors have contributed to  this improvement in power. The 
increase in anti-knock value of fuels has enabled higher compression ratios 
to be used. The increase in compression ratio alone, however, is responsible 
for only a relatively small proportion of the increase in power. A study 
of flame control has resulted in much more efficient performance. Research 
in this field has brought about closer control of conservation and dissipation 
of heat and the generation of maximum pressures relative to time in the 
cycle of operations in a manner best suited to the attainm ent of high power 
output, smoothness of running and freedom from undue stresses resulting 
from pressure shocks to engine parts.

Improvements in mechanical design too numerous to  deal with separately 
and the utilization of improved materials of construction have all combined 
to permit of higher piston and rotational speeds, and bearing loads far 
in excess of those possible before. The average modern car engine develops 
its maximum power a t about 4000 r.p.m., and the corresponding piston 
speeds may be considerably over 2500 ft. per min., whereas a few years 
ago 1250 to 1500 ft. per min. were more normal.

Another factor is th a t of cylinder size. Cylinders have tended to become 
smaller, and for similar engines, having the same bore-stroke ratio, and 
for equal stresses and bearing loads, the maximum power will vary as the 
§ power of the cylinder volume. For example, a reduction of 30 per cent, 
in the volume of the cylinder will increase the power per unit of volume by as 
much as 12 per cent.

The position as regards engine design, however, is not unlike th a t now 
existing in relation to the anti-knock quality of fuels, namely, that any 
further improvement is bound to become increasingly difficult though there 
is the difference that in the case of the fuel it is bound also to be increasingly 
expensive. However, scope for considerable improvement of the 
“ average ” design still remains. This is evidenced by the better 
performance, with freedom from knock, given by some cars than by others. 
The improvements will, no doubt, be effected partly  by refinements in 
combustion-chamber design, but probably there is more scope still in 
providing an accurately controlled fuel mixture strength under varying 
load conditions and by ensuring a more definite control of ignition so that 
the timing is optimum a t each instant for each and every speed and throttle 
position, and particularly for each cylinder, as the timing may vary from 
cylinder to cylinder.
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M e t h o d s  f o r  M e e t i n g  D e m a n d  f o r  H i g h e r  A n t i - k n o c k  F u e l s .

The fact that some fuels were more prone than others to  “ knock ” was 
first recognized in pre-war days and became more widely known with the 
advent of war-time aviation, and as soon as the value of increased anti
knock quality of petrols was appreciated the question of supplies of knock- 
resisting fuel became important.

There were a t th a t time certain empirical fragments of knowledge, such 
that some petrols, particularly those of relatively high specific gravity for 
a given boiling range, were less prone to knock than others and th a t benzole 
and toluole were knock suppressors, but it was not until the end of the war



th a t systematic research on the correlation of the chemical nature of fuels 
with their knocking characteristics was started.

I t  was found that, in general, the aromatic hydrocarbons (benzole, 
toluole, etc.) which exist in coal-tar, and to  small and varying degrees in 
most petroleums, are very knock-resistant, th a t the naphthene series of 
hydrocarbons (C„H2„) rank next, followed by the olefines (C„H2J ,  while 
the paraffin series of hydrocarbons (C„H2n + 2) varied greatly, some being 
very good but many very had. Outside the hydrocarbon range alcohol 
was found to  possess good anti-knock qualities, exceeding even those of 
benzole or toluole.

Parallel with and aided by this preliminary knowledge the search for 
improved fuels from the anti-knock standpoint continued. At first the 
only method of meeting the demand was to  examine petrols distilled from 
a series of crudes and to  select those which permitted the highest 
compression ratio to  be used in a given design of engine without the 
incidence of knock. I t  was obvious, however, th a t means must be found 
for augmenting these rather limited supplies for the demands of the very 
rapidly increasing number of engines in use.

Benzole was a valuable material for use as a blending agent to improve 
anti-knock qualities, but the quantities available were too small to meet 
all requirements. Alcohol was suitable in some respects, but had dis
advantages which a t th a t time had not been overcome in a commercially 
satisfactory manner. Petrols containing relatively large percentages of 
aromatic compounds (the class of hydrocarbons of which benzole is 
representative) and also those consisting predominantly of naphthenes 
were found to  be desirable, while paraffinic fuels tended to  knock badly.

Shortage of the light fractions of crude oil for use in petrol engines was 
being felt apart altogether from the question of anti-knock properties, 
and rapid developments were taking place in refineries practice in the 
installation of a variety of “ cracking ” processes.

These processes, developed in the early stages to  augment output, aimed 
a t converting heavy oil into a product from which further petrol could be 
distilled, the conversion depending on controlled application of pressure 
and temperature to the raw material.

Not only was cracking successful as a means of increasing supplies, but 
it was found that, in practically every instance, the petrol formed by 
cracking had a higher anti-knock value than the motor fuel obtained by a 
straight distillation from the same crude, so th a t “ cracked petrol,” formerly 
regarded as inferior to  “ straight run petrol,” now came to be preferred.

Concurrently with this development a search inseparably linked with 
the names of Midgley and Boyd was proceeding for means for raising 
anti-knock value by using certain chemicals added in relatively small 
concentrations to the petrol. Many thousands of these were tested and 
a few were found to  possess more or less potency as “ anti-knock dopes,” 
though still fewer ever reached the market.

Aniline and toluidine were tried with limited success for special purposes, 
but had serious disadvantages, as well as being too expensive to be 
economically justifiable. Iron carbonyl was also partially successful, but 
could be used only in small concentrations and was not free from difficulties.

The only commercially satisfactory concentrated anti-knock compound
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so far discovered is lead tetra-ethyl, and this now is used in many countries 
for a considerable proportion of the motor fuels marketed.

A recent development, a t present confined almost entirely to aviation 
fuels, is the production in the oil refineries of synthetic hydrocarbons such 
as iso-octane or other synthetic fuels such as di-isopropyl ether which are 
characterized by extremely high anti-knock qualities. They cannot, how
ever, be regarded as potential motor-car fuels on account of cost. There 
are, however, other synthetic hydrocarbons of lower, but still quite good 
anti-knock rating which are sufficiently plentiful to  be used as blend stock 
for raising the general level of anti-knock quality in ordinary motor fuel.

While the records of the past decade show a year-by-year increase in the 
general anti-knock quality of motor fuel, brought about by more intensive 
cracking and by the use of benzole, alcohol, lead tetra-ethyl or synthetic 
hydrocarbons, such an increase is slowing down and cannot be continued 
indefinitely. Each augmentation of octane number becomes progressively 
more costly, until apart from special cases (such as racing or special air
craft fuels) it must inevitably become uneconomic.

I t  is dangerous ever to predict th a t further improvement is impossible, 
but, as far as can be seen to-day, the cost of any considerable increase of 
anti-knock value above present British standards (the highest in the world) 
is unlikely to be worth while.

M e t h o d s  o f  T e s t i n g  a n d  R a t i n g  t h e  A n t i - k n o c k  Q u a l i t y  o f  F u e l s .

Although attempts have been made from time to  time to deduce anti
knock quality from various physical properties such as specific gravity, 
calorific value and aniline point, it was accepted a t an early stage that the 
only method of laboratory test a t all useful must be some form of test on a 
standardized engine which will give a numerical expression of “ anti-knock- 
rating ” on a universally accepted scale.

Early Methods.
Before the war Hopkinson had proved the existence of detonation in an 

engine as a phenomenon quite distinct from pre-ignition. The earliest 
tests in which different fuels were compared for anti-knock quality and given 
values in this respect were made in 1919 by Ricardo in his “ E 35 ” variable 
compression engine. Each fuel was matched in knocking tendency with 
a blend consisting of measured proportions of toluene and a special aromatic- 
free petrol. Since toluene had a very high anti-knock value and the 
petrol had a low one, almost all the fuels examined could be evaluated 
in terms of the toluene percentage in the blend with which each was 
matched.

Later it was found necessary to evaluate certain fuels having lower 
anti-knock values than the aromatic-free petrol itself, and the continued 
use of the toluene scale for these fuels would therefore have involved the 
use of negative toluene numbers. Largely for this reason and also because 
of the difficulty at tha t time of maintaining supplies of a standard low 
anti-knock fuel, it was decided to abandon the matching method and to 
evaluate the fuels in terms of the limiting compression ratio observed in 
the E 35 engine under certain specified conditions. This limiting
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compression was referred to as the H.U.C.R., or highest useful compression 
ratio. The conditions of test involved maintaining constant the engine 
speed, the temperature of the air intake, the cooling water temperature 
and the ignition timing for each compression. The last was adjusted 
according to the compression ratio in accordance with a predetermined 
curve of optimum timing, but was not varied for different fuels. The 
fuel-air ratio was adjusted for each fuel, so th a t the maximum knock-mixture 
strength was maintained throughout each test. The test of each fuel then 
consisted in raising the compression until the degree of detonation caused 
audible knock and no further increase of power as shown by a sensitive 
dynamometer. The compression ratio giving maximum power under these 
carefully controlled conditions was then termed the H.U.C.R. of the fuel.

A report on the early research work in England was published in 1921 
and important commercial results followed almost immediately. Petroleum 
distillates from several different oilfields could now be blended to produce 
motor spirits to a predetermined standard of anti-knock value which here
upon began to take its place as a clause in specifications.

During this period research was proceeding in other countries, 
particularly in the United States where a Delco engine was being used. 
Electro-mechanical means were provided for indicating the degree of 
detonation, the device developed being known as the “ bouncing-pin ” 
indicator. When the engine was operated a t a comparatively low speed, 
the bouncing pin worked well, and though a variety of other methods 
of indicating the degree of knock, such as audibility, audimeters, maximum 
power record and temperature records, were tried a development of the 
bouncing-pin apparatus is in use to-day in the C.F.R. engine which forms 
the basis of the present international standard method for testing the anti
knock quality of petrol.

The Modern Method of Knock-rating.
In  1928, under the auspices of the American Society of Automotive 

Engineers, the Co-operative Fuel Research (C.F.R.) Committee in the 
U.S.A. set up a sub-committee to develop a standard method of knock- 
rating, and it is due to the long, laborious and painstaking researches of 
this committee and the industrial resources supporting it th a t to-day, 
throughout the world and irrespective of any other method which may be 
used to suit local circumstances, the C.F.R. knock-testing engine with 
the “ octane number ” system of rating is used as the standard method for 
assessing this quality.

The scale chosen by the C.F.R. Committee, on the recommendation of 
Graham Edgar, for rating a fuel was based on the discovery th a t two pure 
and universally reproducible hydrocarbons which had practically the same 
boiling points and densities possessed extremely different resistances to 
knock. The fuel of high resistance was iso-octane ( 2 : 2 : 4-tri-methyl 
pentane), and tha t having an extremely low resistance was n-heptane. The 
anti-knock rating of a petrol was given by matching its knocking properties 
against those of prepared mixtures of these two fuels, and its value was 
expressed in octane number ” which was the percentage by volume of 
iso-octane in the matching mixture. By definition, therefore, iso-octane 
has an octane number of 100 and n-heptane an octane number of 0.



Owing to the high cost of these pure substances and for other reasons 
it is convenient to use, instead of iso-octane and w-heptane, a series of 
special petrols which cover the whole range of octane ratings likely to be 
required. These special petrols are termed secondary reference fuels, 
and they represent sub-standards of which the octane numbers have been 
very accurately determined.

The standard C.F.R. engine is a single-cylinder unit arranged for 
continuous variation of the compression ratio between the limits of 4 : 1 
and 10 : 1. The cylinder has a screw thread turned outside the lower 
end of the bore engaging with a surrounding nut on which a worm wheel 
is formed. The nut is held from up-and-down movement, but is free to 
rotate on the operation of a worm from a suitable handle. This rotation 
raises or lowers the cylinder in relation to the engine crankcase, permitting 
the ratio to be adjusted while the engine is running. The design is of the 
overhead valve type with the cylinder and the head in one casting, and the 
inlet valve is masked to give sufficient turbulence for steady knock. The 
engine has a bore of 3-25 in. and stroke of 4-50 in. and is run a t a constant 
speed of 900 r.p.m. dr 3 r.p.m.

Ignition is controlled by a link mechanism actuated from the cylinder, 
so that the setting is retarded as the compression ratio is increased, and 
stability of timing and also the actual ignition point can be observed by 
means of a neon tube indicator working against a protractor scale.

The cooling is evaporative with distilled water, so th a t the jacket 
temperature is maintained at 212° F., and the circulation is very rapid.

Mixture temperature is adjustable by an electrically heated system 
in the inlet pipe between the carburettor and the cylinder, and is maintained 
a t 300° ±  2° F.

Even the exhaust system is sufficiently standardized to avoid the 
disturbing effects of non-standard back pressure.

The carburettor is of the multiple bowl type so arranged that the air- 
fuel ratio can be easily adjusted, and the engine run on any of three or four 
different fuels merely by operating a change-over cock.

Knock is measured by means of a bouncing pin in conjunction with a 
knock-meter. The bouncing pin is now a well-known instrument consisting 
of a light steel rod held by very light spring pressure against a thin steel 
diaphragm which is mounted in a suitable hole in the combustion chamber. 
Knock effects set the diaphragm into vibration and the onset of the vibration 
gives the pin a sharp kick, and lifts it with the pressure spring against a 
second spring. A pair of contacts is arranged between the springs so that 
electrical contact is made when knock occurs, and this contact is maintained 
for a time interval depending on the knock intensity. Current flows 
through the contacts when they are together and through a small resistance 
or heater coil associated with the knock-meter. This coil is thus raised 
to a temperature which varies with knock intensity. A series of thermo
couples mounted inside the heater coil is used to  indicate the coil temper
ature on a millivolt meter scale graduated from 0 to 100, and the readings 
on this scale thus serve to  show the operator how the knock intensity 
alters with change of fuel or other changes of running conditions.

Tests are made by first checking the general adjustment of the bouncing 
pin and engine in a precisely defined manner and then running the engine
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on the petrol sample with the compression ratio adjusted to give a knock - 
meter reading of approximately 50 a t the air-fuel ratio for maximum 
knock. Blends of calibrated secondary standards of known octane numbers 
which knock slightly less and slightly more than the sample are then selected 
by trial and error, the knock-meter being used for comparison purposes. 
Inspection of knock-meter readings of the two standard blends and of the 
bracketed sample then enables a very closely repeatable knock-rating to 
be made, which can be expressed in octane numbers.

In  the early days of knock-testing on the C.F.R. engine it was found 
th a t results from engine to engine and from one laboratory to another 
were by no means as reproducible as was desirable. Later, co-operative 
tests were arranged between a large number of laboratories, and it was found 
th a t precision of control of engine manufacture and operating conditions 
were essential for good results. Now there is little excuse for deviations 
of more than two octane numbers between ratings of a given fuel in different 
engines in different parts of the world, and in engines in one laboratory, where 
control is standardized, such deviations should not exceed one half of this.

The need for precise control of the engine is often looked on as a dis
advantage, but it is in fact a very useful merit, because adjustm ent of 
almost any of the controllable conditions of test can be used to  alter relative 
knock-ratings, and thus to govern the relation between laboratory ratings 
and those determined in cars by road tests.

Reduction of mixture temperature by 100° F. may, for example, 
completely reverse the ratings of two fuels, say, two octane numbers apart. 
Alteration of running speed also affects relative as well as absolute value of 
ratings. Ignition advance has a similar effect, and even instrumentation 
with an apparatus other than the bouncing pin, while quite satisfactory 
in several forms, has its own small effect on ratings.

In  the foregoing description of the C.F.R. engine and the conditions of 
speed and fuel mixture temperature under which it is operated no mention 
has been made of the reasons why these particular conditions of test have 
been selected. I t  is obvious th a t if the relative ratings of various fuels 
as indicated by their octane numbers on the C.F.R. engine bore little 
resemblance to their relative ratings in a motor car on the road, octane 
values would be useless. Consequently, a tremendous amount of experi
mental work has been carried out since 1932 in America and in this country 
in correlating the road behaviour of fuels with their behaviour in the C.F.R. 
engine under various operating conditions.

In the earliest days of the  C.F.R. engine the defined conditions of use 
involved a lower speed (600 r.p.m.) and an unheated mixture. These 
conditions constituted the “ C.F.R. Research Method of Test,” but correla
tion by this method with road behaviour was not satisfactory and when 
more extensive data were available it was found necessary to  modify these 
conditions to a higher speed and a mixture heated to 300° F. These con
ditions gave much better general agreement with average road results and 
became the current standard method known as the “ C.F.R. Motor Method 
of Test.” They are based on extensive road tests made a t Uniontown, Pa., 
in 1932 and in 1934 and a large amount of later work both in America and 
England.

Two points however should here be emphasized. First, since even a
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carefully designed and accurately controlled test engine is very sensitive 
to variations in test conditions it is not surprising th a t knock-ratings made 
under inevitably much more variable conditions during road tests in 
ordinary cars show vide deviations; even two cars of the same make and 
type rarely give complete agreement as regards either knock intensity 
under si m i l a r  running conditions or actual fuel ratings. Consequently, 
the test method, however defined, can only hope to  give correspondence 
with average road results, and must not be expected invariably to  fall 
into line with all types of fuels and all types of cars.

Secondly, changes in engine design and conditions of operation as well 
as changes in the nature of fuels is inevitable, and to  maintain reasonable 
correlation it may in time be necessary to change equivalently the conditions 
of the test method. For this reason it is essential in the future as in the 
past that the Motor Method should from time to  time be re-examined in 
the light of the cars and the fuels coming forward and, if and when necessary, 
revised. At the moment, however, there appears insufficient justification 
for any alteration of the current method.

Repeated attem pts have been made over the past few years to  obtain 
improved correlation between C.F.R. ratings and the users’ acceptance of 
marketed fuels, hut further progress would seem to  be dependent on a 
different appreciation of what is required from the road tests, and not on 
immediate alteration of the C.F.R. engine or its working conditions.

T h e  P e o b l e m  o f  C o - o k d i n a t i n g  t h e  L a b o k a t o e y  R a t i n g s  w i t h  t h e

R o a d  R a t i n g s .

I t  has already been pointed out th a t the C.F.R. Motor Method of Test 
is she outcome of parallel road and laboratory experiments with a wide 
range of fuels and cars. The laboratory octane numbers thus arrived at 
represent nothing more than a general average rating and take no cognisance 
of exceptional cases either as regards car or fuel.

I t  is sometimes necessary to  carry out road tests on an individual fuel 
to  find out if its road rating departs from th a t of the “ average fuel.”

Furthermore, any one car may rate a number of fuels in a different order 
from the “ average ” car. Not only may car engines of different makes 
place a number of fuels in different orders of merit, but there are sometimes 
considerable variations between the fuel ratings given by cars of the same 
make and type. The reason for this is th a t there are so many variables 
which may provide an almost infinite number of combinations of running 
conditions, and each type of fuel will respond a little  differently to each 
of these combinations of conditions.

The features affecting the behaviour of an engine on a given fuel may be 
divided into three groups.

(1) Those dependent on the design of the engine, such as :—
compression ratio,
shape of combustion chamber,
valve porting and timing,
temperatures of surfaces exposed to the combustion, 
shape of manifold for best distribution,
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design of carburettor,
strength of spark,
back pressure of exhaust system,

and many other smaller details.

(2) Those dependent on adjustments of the engine, such as :—
carburettor settings, 
ignition timing, 
valve tappet clearances,
good mechanical condition of the engine and cooling system.

(3) Those dependent on climatic conditions, such as :—
humidity,
altitude,
atmospheric temperature, etc.

Up to the present time the suppliers of motor spirit have been faced with 
the very difficult problem of producing one or two grades of fuel which will 
suit cars of which the requirements approximate to  the average, and a t 
the same time will not cause serious detonation in the remaining types 
which may probably need a fuel of higher anti-knock rating. The number 
of car types in this more exacting category is only about 5 per cent, of the 
whole.

The solution to  the problem is not easy. Owing to  the enormously 
increased consumption of motor spirits and the modern demand for high 
anti-knock petrol, the days are long past when the oil industry just 
evaporated a crude petroleum from any source and distilled the lighter 
fractions for motor spirit. The problem is now vastly more complex, since 
it  involves the special treatment of distillates from many sources and 
finally the blending of the resulting products to  give perhaps several grades 
each of uniform quality. I t  would be a great advantage if the fuel producer 
could look ahead in designing his fuel, yet he does not know what the 
requirements will be until next year’s car models are made and tried out 
on the road. In  order to overcome this disadvantage as far as possible 
each year the oil companies purchase a large number of cars of the latest 
type and conduct extensive road tests which will tell them what fuel they were 
expected to have been preparing the year before. I t  should be a compar
atively easy m atter for co-operative work between engine designers and 
fuel suppliers to  be done in this country which would result in fewer cases 
of engines being unsuitable for the fuels available, or vice versa, and which 
would, of course, be of considerable benefit to both the motor manufacturer 
and the fuel supplier.

R o a d  T e s t s .

The following paragraphs contain a short description of the road tests 
which are a t present carried out by the oil companies either jointly, under 
the auspices of the Institute of Petroleum, or individually.

Cars, after running a t least 5000 miles since being decarbonized, are 
carefully tuned to the makers’ recommended settings, such tuning covering 
the carburettor, valve and ignition settings, together with a check on the



automatic advance curve of the ignition distributor. This latter check 
is admittedly one which can only be done with special equipment, but, 
unless it is carried out, it introduces an unknown variable which may well 
have disastrous effects on the usefulness of the tests.

Since volatility, vapour pressure and chemical properties can easily be 
controlled in the laboratory, the most important test on the road is to find 
out the anti-knock requirements of each car and of the “ average car.” 
Conversely, the anti-knock values must be determined for a number of 
different fuels in a given car, and since all knocking tests must necessarily 
be of a comparative nature, the degree of knock obtained on a fuel under 
test must be recorded as better or worse than th a t obtained on fuels of 
accepted anti-knock value; such known fuels may be either blends of high 
and low octane sub-reference fuels as used in the C.F.R. laboratory tests, 
or preferably commercial motor spirits of known value which are more 
likely to have the same volatility as the fuel being tested.

Road Test Technique.
A method of test has been devised and standardized by the Institute of 

Petroleum in conjunction with the American Co-operative Fuel Research 
(C.F.R.) Committee, which is one of a group of committees consisting of 
members appointed jointly by the oil and automobile industries; together 
with representatives of certain Government Departments.

A flexible pipe is taken from the suction side of the petrol pump to the 
inside of the car so th a t the free end may be connected with or dipped into 
a can of any one of several test fuels.

After thoroughly warming the engine and transmission, the car is 
accelerated a t full throttle from 10 m.p.h. in top gear up a slight gradient 
until the knock is finally extinguished, the knock intensity as determined 
by ear being recorded on a log sheet a t steps of 5 m.p.h. The knock is 
mentally divided into a suitable number of intensities between maximum 
and zero. When the tests have been repeated several times to  ensure good 
average results, curves of knock intensity are plotted against speed, and the 
anti-knock value of the various fuels can be assessed by the relative position 
of the curves. (See Fig. 3.)

As each fuel has to be tested several times on each car, it can be seen 
tha t tests such as have recently been carried out by the Institute of 
Petroleum involving thirty  cars and nine fuels, together with sufficient 
blends of reference fuel to get one which is better and one worse than each 
of the test fuels, necessitate a very considerable quantity of work and 
expense.

As a result of the British road tests carried out in conjunction with similar 
but much more extensive tests in America in 1937, it was decided that 
although the present C.F.R. “ Motor Method ” of testing for anti-knock 
value is not perfect, no more acceptable method of laboratory test could 
be devised a t that time.

In  addition to the anti-knock rating, tests have to be devised to determine 
how individual cars can handle fuels of various volatilities and vapour 
pressures.

All of these tests involve research into carburation, distribution, ignition 
timing and, in fact, all the variables referred to earlier in this section.

196 THE DEVELOPMENT OE FU ELS FOR AUTOMOBILE EN G IN ES.



THE DEVELOPMENT OF FUELS FOR AUTOMOBILE EN G IN ES. 197

Carburation Adjustment.
For example, exhaust-gas analyses are made first to  get an idea of the 

general characteristics of the carburettor ; if the ratio is obviously much

DATA SHEET FOR ROAD KNOCK RATING. 

CAN D ate

M ile a g e  9 3 6 0

Dry b u lb . 55 °F

M ile s  C arbon  2  7 5 0  E aro  3 0 ‘0 2  S h e e t  No.

Wet b u lb  52 F R e l a t i v e  h u m id ity ________

FUEL
CAR SPEED, MILES PER HOÜR

10 15 20 25 30 35 40 45 50 55 60 65 70 75

X A 8 8 IO 8 4 2 0 . . . « m

8 8 IO 8 4 2 o

0 B 4 4 8 4 O m ,

4 4 6 4 0
A C 2 2 2 O M

2 2 2 0
□ D 4 1 2 1 O ill

4 1 2 1 O

0 E 2 2 4 2 0 Y/Z/a

2 2 4 2 O

KNOCK
INDEX

4 0

19

6

8

IO

F i g . 3 .

too weak or too rich, then the jets have to  be changed. W ith variable 
jet carburettors it is easy to find the optimum setting from the point of 
view of performance by carrying out acceleration tests in a manner similar 
to the ignition tests. I t  has been found preferable to err on the side of 
over-richness, even though this may incur a slight increase in consumption,
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since too lean a mixture causes knocking, overheating of valves, misfiring 
and difficult starting. No troubles are experienced from slight over
richness, although a very rich mixture will soot up the plugs and cause a 
high fuel consumption.

Ignition Adjustment.
I t  is often necessary to  check up the automatic advance characteristics 

of the ignition distributor in order to  find out (n) if the characteristics are 
as designed, (b) if the designed characteristics are the best from all points 
of view. A brief description of the method of check employed may be of 
interest. The advance characteristics are recorded on a graph relating 
degrees advance to speed, the former scale being either degrees of distributor 
rotation or crankshaft rotation, the speed being the corresponding r.p.m. 
(or m.p.h. in top gear).

As no simple device for recording advance with the distributor in position 
in the car has yet been devised, the distributor is removed from the car 
and fitted to a bench testing device which motors it a t various controlled 
speeds and enables the spark advance a t each speed and on each car to be 
recorded. I t  is unfortunate th a t such bench testing equipment is rarely 
encountered a t service garages, as there is no other method of checking 
this vital mechanism. The factors controlling the design of the advance 
curve for each speed are (1) maximum power, (2) maximum fuel economy 
and (3) anti-knock requirements.

1. The advance requirements for maximum power are usually obtained on 
the test bed by arranging the distributor so th a t the advance may be set 
by hand instead of automatically, then the spark is advanced and retarded 
at each speed until 1 per cent, drop in torque from maximum is recorded. 
Then the ignition equipment designer is asked to  provide an automatic 
advance curve which falls between these limits. The limits are often 5 
to 15° (crank) apart, as most engines are not very sensitive to  spark advance 
at or near the peak setting, particularly at high speeds.

Similar information may be obtained after the engine is installed in the 
chassis by use of the chassis dynamometer. Typical limiting curves for 
British cars are illustrated in Fig. 4, A and B.

2. The advance curve for maximum fuel economy may also be obtained 
on the test bed or on the chassis dynamometer, but this is not often taken 
into consideration in arriving a t the automatic advance curve, as more 
advance is generally required than can be tolerated by the anti-knock 
requirements. See Curve C, Fig. 4.

The only way at present in which this point can be taken into consider
ation is by the addition of the extra complication of vacuum-controlled 
advance, which advances the spark a t part throttle only, under which 
conditions knocking is not experienced. I t  thus becomes a m atter for 
deciding whether the extra cost and trouble of such equipment is offset 
by sufficient saving in fuel consumed.

3. The advance curve representing the maximum permissible advance 
at all speeds for no knock conditions can only be obtained satisfactorily 
on the road and after 5000 to 6000 miles have been run without decarbon
izing the engine, as the thickness of the carbon layer affects the anti
knock requirements by heat-insulating the hot gases from the cooling
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surfaces of the head and piston. Excessive carbon formation may raise 
the anti-knock requirement above th a t for a clean engine by as much as 8 to 
10 octane numbers.

A point which has to  be decided before such tests are carried out is the 
type of fuel on which the car will have to operate in its future life, i.e., 
whether it is to  be a very high anti-knock fuel only obtainable in Great 
Britain or any No. 1 brand or the cheapest commercial brand.

When the test fuel or fuels have been chosen, the following tests are 
carried out to determine the “ incipient knock curve of advance ” or 
maximum allowable advance without knocking.

CRANKSHAFT R.PM.
0 2 0  4 0  6 0  8 0  M.PH I

F i g . 4 .

SPARK ADVANCE CURVES.

The automatic advance weights are rendered inoperative by wiring them 
up and a scale is fitted to enable the spark to be advanced in small incre
ments by hand. At each setting the car is accelerated in top gear on full 
throttle and the speed a t which the knock fades out is carefully noted. 
From the data obtained curves such as D and E, Fig. 4, may be plotted 
for two fuels. Curve D indicates th a t the car cannot be operated on this 
low anti-knock fuel, as insufficient advance can be given to obtain good 
performance below a speed of 2000 r.p.m., whereas the advance curve E 
permits an automatic curve such as F  to be employed. This curve starts 
well retarded to permit good idling and safe starting, and then rises as 
quickly as possible into its working position and continues up to some 
pre-determined maximum advance.

When this advance' curve is settled and the distributor assembled on 
the car, it is still necessary to take great care in the “ static setting,” as it 
is obvious tha t a faulty static setting will give wrong timing through the 
whole range of advance.



With regard to spark timing, it has been established, although it is not 
generally appreciated, that the performance of an engine as shown up by 
acceleration on the road, is often insensitive to spark timing over a range 
of more than 10 crankshaft degrees. Also, it is not often realized th a t in 
the majority of British cars the performance can be impaired by over- 
advancing the spark just as easily as by retarding it. The reason for this 
popular fallacy lies in the fact th a t a t an over-advanced setting the engine 
runs more roughly, giving the impression th a t more power is obtained. 
The small effect of changes of spark advance near the optimum position 
can best be proved by carrying out acceleration tests against a stop-watch.

On the other hand, the anti-knock requirement of an engine is extremely 
sensitive to spark advance; thus two degrees retard (crank) may mean a 
reduction in the anti-knock requirement of 1 to 4 octane numbers. 
Consequently, an engine may very often be made less fuel-selective without 
sacrificing any power by simply retarding the spark a few degrees. This 
practice unfortunately seems to go against the grain in England, but is 
common practice in America.

For these reasons it is obviously of importance th a t the static setting of 
an ignition distributor should be set intelligently and not just advanced 
until incipient knock is produced on any particular brand of fuel. As 
an example of this, assume tha t a car is run on a very high anti-knock 
fuel which will not permit knocking under any conditions; then if acceler
ation tests are carried out a t gradually advanced static settings, an optimum 
advance setting may be arrived at. Any retard or advance from this setting 
will cause loss of performance (although it will be negligible for 5°). On 
changing back to the driver’s usual fuel, it may well be found th a t no knock 
is experienced; thus he would be gaining nothing by advancing his spark 
to the incipient knock point. This illustration applies to  the majority 
of British cars on any No. 1 motor spirit. The minority of cars being of 
the sports high compression type or the badly designed or maladjusted 
type may knock on No. 1 petrols when set to the optimum setting. Such 
trouble may usually be rectified by retarding the spark 5 to  10 crankshaft 
degrees from the makers’ setting.

I t  will be evident that a great quantity of data has been and will continue 
to be obtained by the petroleum industry, by research institutions and 
by car manufacturers, and the importance of such research work is being 
increasingly recognized. I t  would appear th a t more rapid and more 
economical progress is now likely to be achieved rather by refinements in 
engine design, resulting from such research, than  through any spectacular 
improvement in fuel quality. I t  is hoped that every manufacturer in the 
motor industry will recognize the value of such research and will appreciate 
the endeavours of the Institute of Petroleum and the Institution of Auto
mobile Engineers to further tha t co-operation between the car and fuel 
industries which should provide tha t efficiency in performance which is the 
common object of both.
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SOME FA C TO R S IN  O IL  ACCUM ULATION.*

By Professor V. C. I l l i n g , M.A., F.G.S. (Member).

S y n o p s i s .

The m ain  purpose of th e  pap er is to  consider th e  influence of tex tu re  and  
buoyancy in  th e  flow of oil an d  w a ter m ix tu res th ro u g h  sands an d  its  bearing  
on oil accum ulation .

I n  order to  drive  a n  oil colum n continuously  fo rw ard  in  a  flowing w a ter 
stream  w ith in  a  sand, a  definite excess pressure, th e  forefront pressure, m ust 
be ex erted  w ith in  th e  oil colum n. This forefront pressure is inversely p ro 
portional to  th e  grade size. W hen  a n  o il-w ater stream  comes in to  co n tact 
w ith  sands of vary ing  coarseness th e  low forefront pressure of th e  coarse sand  
causes th e  oil to  abandon  a ll fu rth e r m ovem ent in  th e  fine sand  an d  to  m ove 
only in  th e  coarse. M oreover, w hen th e  oil reaches th e  lim it of th e  coarse 
sand, i t  is re ta in ed  th e re  a n d  can n o t en te r  th e  fine sand  u n til a  sufficient 
pressure is b u ilt up  w ith in  th e  oil to  a tta in  th e  forefront pressure of th e  fine 
sand. This causes th e  filtra tio n  of th e  oil a t  th e  coarse-fine interface.

W ith  regard  to  d irectional m ovem ent, th e  function  of buoyancy  increases 
the  ease of u pw ard  oil flushing. A n  o il-w ater colum n in  m otion  m u st m ain 
ta in  a  certa in  c ritica l concen tra tion . This is less for upw ard  flow th a n  for 
horizontal or dow nw ard flow. H ence w hen oil has a  choice of a lte rn a tiv e  
p a th s i t  selects th e  m ost upw ard  one, even th ough  it m ay  m ean a  m ovem ent 
transverse  to  th e  m ain  fluid m ovem ent. The resu lt is a  differentiation  of oil 
from th e  m ain  w a ter stream  an d  th e  p roduction  of an  oil-pool. The app lica
tio n  of th is  idea to  various geological s tru c tu res  is discussed.

In a paper on oil migration read before the Institute some five years ago,1 
the author attem pted to clarify the issue by separating the processes of 
migration into two separate stages. The process of enrichment of the 
reservoir rock a t the expense of the source-rock, which was termed primary 
migration; and the subsequent readjustment of the oil and gas within the 
reservoir rock, which was termed secondary migration.

I t  would be easy to criticize any such attem pt to subdivide a set of 
natural processes into various compartments, for nature is usually complex 
and her methods interdovetail into one organic ’whole. These processes 
of migration are by no means an exception. One might argue, with every 
justification, that there are cases where the reservoir rock and the source 
rock are one, and th a t in such cases primary migration is unnecessary, and 
also indistinguishable from secondary migration. There would be equal 
justification in the assertion th a t both stages of the movement were so 
intimately interlocked in the filling of a sand lens with oil and gas th a t it is 
impossible to draw a hard-and-fast line between them.

In  spite, however, of these difficulties, there is a distinct advantage in 
separating the two stages of migration in order th a t attention may be 
directed to fundamental differences in the difficulties involved. In  primary 
migration it is the movement of oil through a normally impervious rock 
and its retention in the porous rock which is the main problem. In 
secondary migration our attention is focused on movements of separation 
between the gas, oil and wrater in the permeable rock, whereby the oil and 
gas are concentrated in certain portions of the rock to become commercial 
oil and gas fields. This is a process of segregation and enrichment, one

* P aper p resen ted  for discussion a t  th e  One H u n d red  an d  E ig h ty -six th  General 
Meeting of th e  In s t i tu te  of P e tro leu m  held  on 14th F eb ru ary , 1939.
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might almost say a cessation of further movement, quite unlike the first 
processes of migration.

Many causes have been suggested for the processes of primary migra
tion, such as gravitation, compaction, diastrophism, hydraulic currents, 
capillarity and surface adsorption. The author has given elsewhere his 
reasons for considering that most of this primary migration takes place 
during compaction, and is probably helped by fluid movements associated 
with diastrophism. I t  is essentially the outflow of fluids from the com
pressible rocks, and the oil and gas are entrained in a current of water. 
The trapping of oil in the reservoir rock is ascribed by the author to the 
selective filtration of oil and gas from the fluid currents as they pass from 
the coarse to the fine rocks. This results from the inability of the oil 
to re-enter the water-wet fine rocks without the development of a consider
able pressure differential. This process of selective filtration is essentially 
associated with interfacial tension, for it depends on the presence of two or 
more immiscible liquids. I t  is not, however, a force due to surface tension. 
One may regard it as Versluys did, as a retention of oil in the coarse sand 
owing to the excess energy required to develop the much larger surface 
area of the oil-water interface in the finer rocks.2 On the other hand, the 
author prefers to concentrate attention on another aspect of the phenomenon 
by stressing the required pressure differential. This is a measurable 
physical phenomenon which definitely prevents oil from entering the 
water-wet fine rocks. None the less the two views are closely related in so 
far as they interpret surface tension as a guide, and not as a cause of 
movement.

The ultimate causes of primary migration are still a fruitful cause of 
discussion, but as the author’s purpose in the present paper is to consider 
certain aspects of the flow of oil and water in the reservoir rocks, the 
temptation to linger over the earlier aspects of the phenomena must be 
avoided.

P h y s ic a l  B e l a t io n s  o f  O i l  a n d  W a t e r  i n  S a n d s .

I t  will be sufficient for the present to agree th a t within the permeable 
rocks there are fluid movements of water, oil and gas. The extent and 
velocity of these movements are unknown, but th a t there is a certain 
amount of movement will be accepted by everyone save the few who 
demand a strictly in situ origin for oil and gas.3 Even a cursory study of 
oil accumulations cannot fail to bring out the importance of their relations 
to the texture and attitude or structure of the reservoir rocks, and it is 
therefore reasonable to allow a considerable amount of local segregation 
even if we decline to accept broad regional migration. For this reason the 
writer proposes to consider in detail certain aspects of the behaviour of 
oil-water mixtures in sands, in order to deduce some general principles.

The choice of a two-phase mixture rather than the three phases of gas, 
oil and water is deliberate, in order to simplify the issue, although the 
action of gas would have to be considered in a complete review of the 
whole processes of segregation. This paper is not intended as a complete 
review, but is rather an attem pt to establish principles. Sand is chosen 
as the typical reservoir rock, as it is convenient and simple to handle. 
I t  does not possess all the attributes of every type of reservoir rock, in so
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far as it is lacking in joints and other fissure planes, but its porosity and 
permeability make it an ideal medium for holding oil and water.

The pores within such a medium are neither uniform nor are they 
separate; it is the grains of sand which are separate. The pores represent 
a continuous interspace of variable dimensions in which each void space 
between the grains is in communication with contiguous voids. There is 
thus a great flexibility of choice of path for any fluid moving in this void 
space. This distinction is important, and must be continuously borne in 
mind as an essential difference between the pore system of a sand, on the 
one hand, and a bundle of capillary tubes, on the other. Another important 
difference between these two forms of capillaries is th a t the pores in a 
sand are roughly triangular in cross-section, and of inconstant dimensions, 
whereas the normal capillary is circular and more or less uniform in cross- 
section. As indicated above, these differences lead to a much greater 
flexibility of intercommunication within a sand than could occur in a 
bundle of capillary tubes, and it is in some respects fallacious to apply 
the principles of a normal capillary tube to the pore space of a sand. A 
single instance will suffice to illustrate the difference. The blockage of a 
capillary a t one point would completely eliminate th a t capillary from all 
fluid movement along its entire length. The blockage of a single void 
between sand grains would cut off none of the contiguous voids from 
general fluid movement, and its effect would be infinitesimal. I t  is only 
when blockage becomes widespread th a t the permeability of a sand suffers.

In  spite of this freedom of intercommunication in sand bodies, gas, oil 
and water interspersed in a water-wet sand will not separate out by 
gravitation. The surface tensional features a t the oil-water interfaces are 
sufficient to maintain the separate oil bodies in position unless the sand is 
so coarse that the capillaries are about 2 mm. in diameter—i.e., the sand 
becomes a grit. The presence of gas tends to help the process of flotation 
owing to the greater density difference between gas and water and the 
tendency for gas and oil to become attached to each other where they 
make contact accidentally. Even this, however, will not produce flotation 
in normal sands. Experiments which claim to have produced such move
ment have in fact involved the production of local pressure gradients within 
the fluids by the generation of gas within the medium.4 I t  was these 
pressure gradients which induced the movement, and the gas globules, 
being sensitive to pressure changes, were the main medium whereby the 
pressures tended to equalize.

Most students of oil accumulation agree th a t there are two fundamental 
characteristics of a reservoir rock which appear to control the position of 
the oil. The first is its texture. Many a large oil-pool owes its occurrence 
entirely to the presence of a zone of coarse sand in fine sand or of sand in 
clay. The water-bearing finer sand may be just as porous as the coarse 
sand, the only difference is th a t the pore spaces are smaller and more 
numerous. The second im portant difference is the attitude of the zone of 
porous rock to the surrounding and more impervious media. This may be 
summarized by the implications of the term  “ closure,” which really means 
a porous zone covered by impervious material and from which no escape 
is possible without downward movement of the enclosed fluid. Most 
favourable oilfield structures present a condition of closure in one form or
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another, although in some cases the closure is disguised. The logical 
conclusion to be reached from this is th a t gas and oil must seek the highest 
position they can occupy. I t  would seem obvious th a t gravitational 
separation would be a simple explanation of this condition, but we have 
noted already that this explanation cannot be accepted. I t  will therefore 
be necessary to consider the behaviour of oil in flowing conditions to 
provide an alternative explanation, and in the following sections the 
author proposes to consider the effects of texture and the direction of flow 
on the segregation of oil from water.

E f f e c t  o f  R o c k  T e x t u e e .

I t  is a well-known principle of oil accumulation th a t the coarser portions 
of a reservoir rock tend to contain the oil, whereas the finer portions are 
more commonly saturated with water. This cannot be a question of 
porosity in the case of sandy reservoirs, for a fine sand is just as porous as 
a coarse sand, sometimes even more so. Nor can it be due to selective 
surface adsorption, for the sands are composed of the same material. 
Surface tension also cannot be the driving force, for experiments show
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that oil globules in water-wet sands tend to resist movement by virtue of 
surface tension.

If  we adopt the principle of selective filtration 1 whereby oil can pass 
into but not out of a coarse sand which is water-wet, we have a funda
mental reason why the coarse streaks should be oil-bearing. One could 
conceive a set of fluid currents passing along sands of different texture and 
drifting oil in small quantities with the water. There could be no hindrance 
to oil passing into the coarse sand, but once it was there, it could not 
readily pass out again, and so the coarse sands would act as adsorbers of 
oil from the flowing stream of water and oil. Such was the author’s first 
conception of the process of oil segregation in coarse sand streaks.

In the course of a set of experiments to illustrate this segregation it was 
at once apparent tha t this was not the complete explanation. There was 
clearly a process of path selection in all such movement, whereby the oil, 
when given the option of a passage through sands of different coarseness, 
invariably chose the coarser of the two to the complete exclusion of the 
finer, so that the oil and some of the water passed along the fine sand, while 
the fine sand contained only flowing water.

In the experiment referred to above, sand was sedimented into a water- 
filled tube according to the pattern shown in Fig. la . The sands chosen
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were each of one grade, and care was taken in the filling to prevent any 
streakiness in the texture such as is prone to  arise in sedimentation. The 
two sands were deposited simultaneously, using a moving celluloid strip 
to guide the deposition, and compaction was ensured by continuous gentle 
vibration. Gauzes were placed a t the ends of the sand column to prevent 
sand from entering the inlet and outlet tubes.

The tube was placed horizontally and a slow current of water containing 
about 10-20 per cent, of oil was passed in.

The oil distributed itself fairly uniformly across the section of the tube 
in the medium sand until it approached the position where the coarse sand 
had been inserted on half the section. There were now two paths offered 
to the oil and water, and the oil front immediately began to move more 
rapidly in the coarse than  in the medium sand. This process of selective 
movement rapidly developed into a complete cessation of oil movement in 
the medium sand, all the oil passing along the coarse sand streak. When 
the oil reached a position opposite the end of the medium sand, it rapidly 
spread to cover the whole of the cross section of the tube, the end of the 
medium-sand section causing no shadow.

In  the first experiment the coarse sand lay above the medium. In  order 
to demonstrate th a t the result was not due to buoyancy, the experiment 
was repeated with the position of the sands reversed. The results obtained 
were identical; the oil chose the path along the lower coarser sand and 
completely abandoned the upper finer sand after it had advanced less than 
1 cm. in the latter. In  both experiments movement of water continued 
in the fine sand throughout the experiment, whereas the fluids moving in 
the coarse section were a mixture of oil and water.

Experiments were repeated with different arrangements of sand bodies 
which are illustrated in Figs. 16 and lc.

In  the experiment illustrated by Fig. 16 three sands were used. That 
of the intermediate grade was placed a t the two ends, and the coarse and 
fine were laid in two contiguous sheets in the middle. The experiment in 
this case brought into play the function of the coarse-fine interface of the 
medium to fine sand. The result was th a t no oil whatever penetrated into 
the fine sand, but tha t it all chose the path of the coarse sand. When the 
oil had reached the end of the coarse sand it was held up a t the coarse- 
medium interface, and the coarse sand was progressively enriched back
wards by the displacement of water out of the coarse sand. The water 
escaped partly a t the end of the coarse sand, but also a t the junction of the 
coarse to fine sand along the middle section of the tube.

In  the last experiment of the series the sand column was broken up as 
shown in Fig. lc. The resulting pattern produced a series of coarse and 
fine lenses separated by medium sands. The lenses were arranged to 
alternate in position, and the resulting oil flow and oil enrichment produced 
the result depicted in the diagram. In  each case where the oil reached 
the end of the coarse lens a temporary halt occurred in its frontal flow, 
and the coarse sand lens became richer in oil. This process continued until 
the coarse lens contained about 70-80 per cent, of its pore space filled with 
oil. The oil then broke across the coarse-medium interface. In  no case 
did oil penetrate the fine sands, although water movement continued in 
them throughout the experiment.
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The previous experiment was repeated with the fluids reversed. The 
sand was carefully dried and then sedimented into the tube in oil. A 
fluid stream of oil containing 15 to 20% of water was passed through the 
tube. I t  was found that the water in this case chose the path of the 
coarser sand and became trapped in the coarse lenses. Thus it is clear 
that neither viscosity nor the absolute surface tension of the two fluids 
could be the determining factor in the segregation of the two fluids.

The experiments were carried out with distilled water, and oil of a 
viscosity of 115 centipoises a t 21° C. The type of oil, however, varied 
considerably in the different experiments. Generally only moderate 
velocities were used; if the velocity was greatly increased by the use of 
high-pressure gradients, it was noted tha t the clear-cut concentrations of 
the oil in the coarse chambers did not occur, although the travel path still 
followed the coarse sands.

In  order to study the cause of this path selection and the restriction of 
the oil current to the coarser sand, it was decided to carry out an experiment 
in which the pressure gradients of the respective water and oil-water 
columns could be separately measured. Experiment 16 was repeated using, 
however, a tube with manometer connections arranged as in Fig. 2, and 
three sands were introduced as shown in the diagram. Gauze caps were 
placed at the entry to the manometers to prevent sand flowing into them, 
and the tubes were kept as small as possible in order to reduce the necessary 
flow of liquid to cause the registration of pressure changes within the 
manometers. The manometer leads extended horizontally from the main 
tube, and the plane of partition between the coarse and medium sands 
was vertical.

As usual, the tube was filled by sedimentation, so th a t originally all the 
sands were water saturated. A current of water with approximately 20 
per cent, of oil was slowly passed into the tube, and the pressures in the 
manometers were noted as the oil column moved forward to  the end of the 
tube.

The observations are plotted in Fig. 2 in terms of the excess pressure of 
each manometer above the reading of the outlet manometer.

The following points should be noticed :

(а) The rapid rise in pressure occurring in manometers 2, 3, 5, 7, and 
9 when the oil reached the position opposite the respective manometer.

(б) The pressure increases of manometers 2 and 9 were similar, as 
were also those in manometers 3, 5 and 7. The rise in the former was 
greater than in the latter group.

(c) There was no corresponding rapid increase in manometers 4, 6 
and 8 when 3, 5 and 7 rose respectively. The rise in 4, 6 and 8 was 
more gradual, taking place after the corresponding rise in the opposite 
capillary.

The experiment suggested th a t there must be a forefront pressure 
differential when an oil-water column advanced into a water sand, and 
that this was an inverse function of the coarseness. This threw a new 
light on the behaviour of oil in passing through sands of different texture, 
and it gave a simple explanation of the restriction of oil-flow to the coarse 
sand.
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To this pressure drop is given the term forefront pressure, and it is 
clearly a measure of the excess pressure within the oil patches in the 
advancing fluid measuring the pressure required to continuously deform 
the fronts of the advancing oil lobes as they penetrate the capillaries. 
Searching the literature, it was noted th a t what appeared to be a similar 
phenomenon had been described by Bartell in 1928, and had been termed 
by him “ Displacement Pressure.” 5 In  Bartell’s discussion of the 
phenomenon he ascribed it partly to adsorption or to the actual wetting 
of the mineral matter by the displacing fluid. In  the cases which we were 
examining no such adsorption was taking place, and it was decided to retain 
for the time being the term forefront pressure, particularly as it was 
practically self-explanatory. Should, however, it be found later th a t the 
two phenomena are identical, Bartell s term would have priority.

Experiments were carried out to study the relations of this forefront 
pressure differential to the grade of sand and other possible factors
(Fig- 3)-

The tubes were filled with sand of a uniform grade and a series of mano
meters spaced along the length of the tube were used to study the pressure 
conditions in the oil—water column as it travelled past them. The ratio of 
oil in the inflowing current could be altered a t will, and the whole through
put was controlled to maintain a uniform rate of flow of to tal fluids through
out the experiment.

The pressure rise was shown in each group of manometers, and was 
found to be the same in all cases, irrespective of the proportional feed of 
oil to water in the inlet tube. The rate of advance of the oil was, however, 
naturally dependent on the richness of the inflowing fluid in oil, as well as 
on the velocity of total fluids.

Experiments were repeated with different rates of flow, and provided 
that these were not abnormally rapid, the forefront pressures were found 
to be independent of the general pressure gradient -within the sand. At 
high velocities the forefront pressure was difficult to establish. The fore
front pressure was also independent of the direction of flow, whether up
wards, downwards or horizontal.

The forefront pressure appears to vary inversely as the diameter of the 
mean grade size. I t  is a little difficult to obtain the exact mean size of a 
sand mass of differing grade composition, but in this case the sands used 
were of the same origin, and they had been carefully screened to grade 
dimensions in which the upper and lower limit of the grades were 
approximately in the ratio of 1-6 to 1 in each sand. The size distribution 
was therefore likely to be uniform in each case, and errors on this account 
were reduced to unimportant dimensions. A slight but uniform correction 
was necessary in all manometer readings on account of capillary effects in 
the manometers.

Fig. 4 shows the experimental results against a computed curve based 
on the assumption that the forefront pressure is inversely proportional to 
the mean grade size. The second curve was obtained by using the results 
for the grade 30-50 I.M.M. as the basis of computation. The agreement 
between the observed and computed curves appears sufficiently close to 
justify the assumption that within these size limits the forefront pressures 
are inversely proportional to the mean grade size.



ILLING : SOME FACTORS EST OIL ACCUMULATION.

lomvujia synssyud

20 9

TH
E 

P
R

E
S

S
U

R
E

S
 

P
L

O
T

T
E

D
 

A
R

E 
TH

E 
D

IF
F

E
R

E
N

C
E

S
 

B
E

T
W

E
E

N
 

TH
E 

R
E

A
D

IN
G

S
 

OF
 

A 
G

IV
E

N
 

M
A

N
O

M
E

T
E

R
 

AN
D

 
T

H
O

SE
 

OF
 

TH
E 

M
A

N
O

M
E

T
E

R
 

O
N

 
TH

E 
O

U
T

L
E

T
 

T
U

B
E

. 
C

U
R

V
E

S
 

A
R

E 
SH

O
W

N
 

FO
R 

30
-5

0 
SA

N
D

 
AN

D
 

FO
R 

50
-8

0 
S

A
N

D
.



2 1 0 ILLING : SOME FACTORS IN  OIL ACCUMULATION.

If  we assume the validity of this law for silts and clays of finer dimensions, 
it would appear tha t the forefront pressure for a silt of 0-1 mm. diameter 
is 29 cm and for a particle of 0 01 mm. diameter equivalent to a fine silt 
the forefront pressure should be about 290 cm. These pressures are not 
lartre hut it is probable tha t the pressure gradients in nature are quite

" I.MM. GRADE SIZES
F ig. 4.

a ,  C U R V E  O F  O B S E R V E D  F O R E F R O N T  P R E S S U R E S , W I T H  M A N O M E T E R  C O R R E C T IO N
A P P L I E D  U S IN G  A  V A L U E  O F  26 D Y N E S  /C M . F O R  T H E  O I L —W A T E R  IN T E R F A C IA L  

T E N S IO N .

b ,  C U R V E  O F  F O R E F R O N T  P R E S S U R E S  C A L C U L A T E D  O N  T H E  A S S U M P T IO N  T H A T  THE

F O R E F R O N T  P R E S S U R E  IS  I N V E R S E L Y  P R O P O R T I O N A L  T O  T H E  M E A N  G R A IN  SIZE, 
A N D  U S IN G  T H E  E X P E R I M E N T A L  V A L U E  F O R  30-50 S A N D  A S  B A S I S .

small, and such factors as these would be more than adequate to guide oil 
accumulation.

The existence of this forefront pressure suggested an obvious relation 
between the selection of the path by the oil and the retention of the oil 
at a coarse-fine interface. The oil passed into and along the particular 
sand which allowed it to advance with the least forefront pressure, but it 
was held up when it reached a fine sand until a sufficient pressure was 
built up in the oil to reach the necessary forefront pressure of the fine 
sand. On this assumption the filtration pressure— i.e., the pressure required
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to force it across the interface—would be equivalent to the difference 
between the two respective forefront pressures within the two sands.

In  order to study these relations, the following experiments were carried 
out.

A short tube -with two manometers was filled in the normal way with 
coarse and fine sand in two separate segments. Oil was allowed to enter 
the coarse sand and the forefront pressure noted in the first manometer. 
The oil was allowed to continue to advance slowly and the pressure build
up was noted in the first manometer immediately preceding the bursting 
of the coarse-fine interface. The experiment was continued to give the 
forefront pressure in the fine sand. The filtration pressure was noted to 
be the difference between the two forefront pressures.

The results of these experiments appear to confirm the relations between 
the forefront pressure and the filtration pressure, and the following general 
conclusions may be reached :

(a) A definite minimum pressure, the forefront pressure, is required 
to force oil into and along any water-saturated sand.

(b) The pressure is an inverse function of the radius of the sand 
particles, and for this reason oil will always select the path through the 
coarse sands.

(c) The pressure is required to  maintain sufficient pressure within the 
oil globules to deform their frontal lobes.

(d) The process of filtration of oil a t the coarse-fine interface is really 
a question of the need for a build-up of pressure to attain  the necessary 
forefront pressure of the finer sand.

(e) This build-up of pressure can be temporarily avoided by the by
passing of water into the finer sand, leading to the enrichment of the 
oil body. This will continue until much of the water has been driven out, 
and the interface will then be broken down.

(/) Even after the breaking down of the interface the coarser sands 
will still be richer in oil than  the rest unless continuously flushed with 
water, and the most difficult zone to  flush with water is the coarse-fine 
interface. The fact has an important bearing on the water flushing of 
sands, and will mean th a t where there are numerous textural changes 
in the reservoir rock, it will be increasingly difficult to obtain a high 
percentage of oil extraction. All such coarse-fine interfaces tend to 
lock away oil in the strata.
The experiments have been carried out a t normal atmospheric pressures, 

and it is not suggested th a t the same quantitative figures would apply a t 
the pressures and temperatures of oilfield strata. However, it is the 
principle of the process which is important, and from a qualitative point of 
view there is no reason to doubt th a t the same processes will occur a t high 
pressures as a t low pressures, so long as the oil and water remain liquids.

The above considerations appear to give a satisfactory explanation of 
the phenomena associated with the textural accumulation of oil. They 
will need some modification, in so far as the normal oil reservoir often 
contains free gas as well as oil and water. This will give an additional 
complication into which we have not yet fully entered, but the principles 
ought to remain the same.
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B u o y a n c y .

I t  would seem at first sight that there need be no difficulty about the 
upward movement of gas and oil in a reservoir rock. In  some cases, where 
the rocks are fissured or where the cavities are large, there is no doubt that 
gravitational separation occurs, and the three separate media seek their 
own hydrostatic levels. The capillaries of the normal sand are, however, 
too small for such separation, and the upward movement of the gas and 
oil must be explained in other ways.

In a previous contribution to the Journal the author described an 
experiment, in which, under flowing conditions, the action of buoyancy 
was clearly indicated.1 Two separate streams of water and kerosine were 
partly able to cross each other’s path in a tube of sand, the water travelling 
downwards, whilst the kerosine passed upwards. The separation was not 
complete, hut it was quite definite. The results are also in agreement with 
the experimental work of many other workers, and there can be no doubt 
that in flowing currents oil and gas will readily move upwards in a sand 
body, whereas under static conditions the same oil and gas will not rise.

The behaviour of oil and gas in currents of water within a permeable 
rock is by no means well understood, and even a cursory review of the 
literature will reveal many contradictory statements on the subject. Some 
deny that there can be any downward movement of oil and gas, others 
argue that there must be some limiting angle of dip below which oil will 
not migrate up d ip ; whilst still others deny th a t oil can be flushed along 
at all by migrating water currents with the velocities which exist under 
natural conditions. This confusion of thought is largely because most of 
the experimental work has been qualitative rather than quantitative, and 
has therefore failed to reveal the many factors which determine the 
behaviour of oil and gas. I t  is, for instance, quite possible to perform 
experiments which appear to support each misconception referred to above, 
but only because some factor, such as oil concentration, is strictly limited. 
The fact is that oil and gas can he carried upwards, downwards or in 
any other direction, but not with the same facility. I t  is also possible to 
have a fast current unable to move oil from a sand a t one concentration, and 
a comparatively slow current able to move oil along in this same sand at 
another concentration. The factors which determine the behaviour of oil 
under such conditions include the following : Oil-water concentration, 
forefront pressure, permeability, velocity, direction of flow, and the 
attitude of the boundary planes of the porous media and the nature of the 
contiguous material.

Our experiments on the effects of these factors are still incomplete, but 
sufficient data have been collected to enable us to reach some conclusions on 
the question of the buoyancy of oil in currents of water.

To realize adequately the problems in oil-water movement it is, in the 
first place, necessary to visualize the conditions under which the oil exists 
in the water-wet sand. The water occurs as a film over all the surface of 
the sand-grains, and also fills some of the pores. The oil forms irregular 
bodies v hieli occupy one or more large pore chambers and are completely 
surrounded by water. Each oil patch is bounded by an oil-water skin of 
variable shape dependent on the walls of the pores. Its  external form
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under static conditions is therefore dependent upon the constricting pore 
walls, the oil-water interfacial tension, and the oil’s buoyancy. I t  there
fore adopts a form in equilibrium with these three conditions. Should, 
however, movement be induced in the surrounding water, the pressure 
gradient set up causes a modification in the form of the oil patch resulting 
in the reduction of the curvature of the oil-water interfaces on the high- 
pressure side and increased curvature, on the low-pressure side. The extent 
of this effect will depend on the pore size and the pressure gradient in the 
water. Since the latter is an inverse function of the permeability and a 
direct function of the oil-water concentration, it is clear that these two 
will have a bearing on oil movement.

Should the deformation of the oil cause one of the convex lobes on the 
low-pressure side to pass through a pore restriction, an immediate change 
in shape and position of the oil occurs, involving the occupation of a new 
pore and the retraction from an old one. The movement is spasmodic, 
not continuous, and is clearly associated with the changing pressures in 
the surrounding water. The oil moves forward rather like a sinuously- 
shaped amoeba sending out tongues or lobes into forward chambers and re
treating from those behind. In  doing so the buoyancy of the oil has full 
scope to play its part, and it  does so in the choice of those lobes which 
will move forward, the upward ones having the preference if other things 
are equal. If, however, the pressure gradient be a downward one, or if 
one of the lower pores be larger than the upper ones, the lower oil lobe 
will be the one to advance. On this principle the oil movement will always 
tend to be in the direction of the local pressure gradient, but with a bias 
towards upward movement in relation to the water.

I t  also follows th a t oil movement will depend on the pressure gradient, 
the permeability (coarseness) and the oil concentration. The latter is 
important, in th a t it determines the local pressure gradient in the water. 
The higher the oil concentration the more restricted is the water passage, 
and the higher therefore becomes the drag on the oil causing it ultimately 
to move.

In general, the lower the velocity the more is the oil by-passed by the 
water, resulting ultimately in a higher oil concentration in the material 
remaining behind. This concentration increases until the local pressure 
gradient becomes sufficient to force the oil along, the oil-water concentra
tion remaining constant for this travelling zone provided the pressure 
gradient remains the same. Thus if oil in small quantities is continuously 
fed into a slow water stream within a sand, it will produce an oil-water 
zone within the sand which is more concentrated than the inflowing 
stream.

The principle th a t oil flushing depends on concentration as well as on 
pressure gradient implies th a t a t low concentrations of oil in water currents 
the oil will remain stationary and be by-passed by the water. This feature 
is common to all sands, and it must automatically limit the powers of 
transport of a definite quantity of oil by water currents. The oil, if 
initially concentrated, will merely be distributed along the line of flow 
until the concentration is sufficiently diffuse to allow continuous by
passing. This occurs under laboratory conditions when the concentration 
of oil is reduced to about 10-15 per cent, of the total pore space.

Q
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The above consideration has two important corollaries. First, to 
produce continuous forward movement of oil there must be a continuous 
feed of new oil to the flowing stream, and secondly, if this feed of new oil 
ceases and forward flushing continues, the oil as a whole will be dispersed 
rather than concentrated. I t  is, however, true th a t a portion of it may 
be locally concentrated by some accident of texture.

Considerations such as these must be given due weight before we allow 
unlimited scope to the exponents of widespread regional lateral migration, 
particularly when we realize that in nature changes in texture are numerous 
and such textural changes are very important in stopping further migration.

There is no lower limit of velocity a t which oil movement will not take 
place provided the oil concentration is sufficient. In  fact in an oil-bearing 
sand which may still contain some 20 per cent, of water in its fluid content 
there may be no movement of the water a t all, but only of the oil.

T u r n i n g  now to the question of the direction of flow within a sand body, 
it is obvious that downward movement of oil in a current of water will 
always be more difficult than upward movement, because the latter is 
helped by the buoyancy of the oil, whereas in downward flushing the 
drag of the water has to overcome the buoyancy factor. I f  now we adopt 
the principle set forth above, that for a particular grade of sand and a 
particular concentration there will be a definite velocity a t which oil may 
be moved, it may be deduced that for upward flow the velocity will be 
lower than for horizontal flow, and for downward flow it will be higher. 
Alternatively, this will mean tha t for upward flushing the oil concentra
tion will not be so high as for downward flushing.

This conclusion that for a particular velocity the critical oil concentration 
for upward flushing is less than for downward flushing, means th a t whenever 
an oil-water stream has the option of two courses the oil will invariably 
choose the upper to the exclusion of the lower. The only condition in 
which oil would journey in both directions would be when the oil con
centration was much higher than the critical oil concentration for that 
particular pressure gradient.

Furthermore, it may be deduced that where the oil and water are given 
a certain liberty of choice of path due to variations in the inclination of 
the boundary surfaces of the sand, the oil will invariably choose the steepest 
path, provided the texture of the sand remains constant.

A series of experiments were carried out to test the validity of these 
deductions. The principle adopted in these experiments was to give the 
passing fluids a choice of path and to examine their adjustment of oil to 
water which took place under those conditions.

In the initial experiments oil and water were passed into the mid-point 
of a vertical tube filled with water-saturated sand in a thoroughly compacted 
condition. The oil and water inflow could be independently controlled, so 
that the rate of inflow and the proportion of oil to water could be varied in 
the experiments. The oil, once in the vertical tube, was free to select its 
path either upwards or downwards, and the factors which governed this 
selection could be studied. The liquids were free to escape from both the 
upper and lower end of the tube, and the rate of flow could be adjusted in 
each case. In the later experiments the single vertical tube with a narrow 
inlet tube at the side was replaced by a T-tube in which each limb was of



ILLING : SOME FACTORS IN  OIL ACCUMULATION. 215

the same diameter. The stem of the T was used as the inlet tube, and 
constituted an improvement on the original narrow inlet tube, in that it 
was wider and less likely to involve accidental bias in the initial direction 
of flow of the oil when entering the vertical tube. There was, however, 
no evidence throughout the experiments th a t any of the results could have 
been affected by such accidental bias.

In the first experiment the tube was filled with 12-20 I.M.M. sand and 
an oil-water current introduced into the side tube. The rate of flow and 
proportion of oil in the inflowing tube were stabilized as far as possible, 
and the delivery of both the upper and lower outlet was maintained at the 
same value. I t  was noted th a t after a slight movement of 2 cm. downwards 
all further downward movement of oil ceased at normal velocities (Fig. 5). 
On the other hand, the upward movement of the oil was continuous. The 
experiment was repeated using different sands, altered rates of flow and 
with different proportions of oil in the inflowing stream.

Comparison of results obtained as shown in Fig. 6 indicate tha t except 
at high oil concentrations all the oil normally moves upward and most of 
the water moves downward. The latter result is due largely to the reduced 
permeability of the oil-filled section of the tube. Downward flow of oil can 
generally be achieved by increasing the velocity or by increasing the per
centage of oil in the inflowing stream. If  the results for sands of different 
grade size are compared, it is noticeable th a t it is more difficult to cause 
downward flow in the coarse than in the fine sands.

In the later experiments with the wide T-tube the exit tubes from both 
the bottom and top limbs were adjusted initially to give the same rate of 
flow when water alone was passed into the sand. After this preliminary 
setting no further adjustments were made in the exit tubes, and the flow 
along each limb was allowed to adjust itself to the conditions within the 
tube. Fig. 6 gives the results of this experiment, and indicates tha t very 
little downward movement of oil could be induced in these circumstances. 
I t  is noticeable th a t as the oil increases in the upper tube a greater amount 
of water is forced to flow in a downward direction and less water in an 
upward direction. In  some of these experiments the only way in which 
oil could be forced downwards was by closing the upper tube entirely. At 
higher concentrations of oil in the inflow fluid it was more easy to induce 
downward flow of oil.

The experiments were repeated with the flow tube a t an angle of 5° 
from the horizontal, so th a t the alternative paths offered to the oil-and- 
water mixture were 5° downwards and 5° upwards. The flow of the two 
streams was not regulated after the preliminary setting to give an equal 
flow of water along each limb. Figs. 7 and 8 show the results and indicate 
the movement of oil along each limb. The importance of the buoyancy 
factor is again shown in differentiating the flowing current into two streams, 
of which the upper contains the main quantity of oil and the lower the 
main water flow.

One further experiment is an interesting example of the textural factor 
being utilized in opposition to buoyancy. In  one of the first experiments 
(la) it  was noted th a t oil would move downwards rather than upwards if 
it could take advantage of a sand of lower forefront pressure. To explore 
this condition an experiment was carried out giving alternative paths of
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flow in a T-tube the lower limb of the tube was filled with 20-30 I.M.M. 
sand, whilst the upper limb and the inlet tube were filled with 30-50 I.M.M. 
sand! A current of water containing about 20 per cent, of oil was passed in, 
and when the oil reached the fork of the T-tube it immediately entered the 
coarser sand and proceeded downwards against buoyancy. The experiment 
was continued until flow was stabilized in each limb. A small amount 
(I per cent.) of the oil passed upwards into the finer tube, whilst 96 per cent, 
of the oil took the downward path of the coarser sand.

In order to study the behaviour of oil in a “ dead ” zone close to a moving 
column of oil and water, an experiment was carried out in a four-armed tube 
in the form of a cross. Two of the arms were sealed, and the main limb 
was placed horizontally with the sealed arms upward and downward. Oil 
and water were passed along the main stem. I t  was found th a t oil tended 
to segregate out of the main stream in the closed limbs, particularly in

F ig. 7.

the upper one. On revolving the tube in order to reverse the limbs, the 
main oil concentration was transferred to the new upper limb, which had 
previously been the lower one.

The following deductions may be made from these experiments :

(a) Where a current of oil and water is given a choice of alternative 
paths, one upward and the other downward, there is a differentiation 
of the two streams. Around the critical concentration of oil—i.e., the 
concentration at which oil flushing is just possible for the particular 
velocity—all the oil chooses the upward journey. A t higher oil con
centrations most of the oil continues to move upwards, but a small 
amount will move downwards.

(b) The differentiation is dependent on the velocity, coarseness, 
difference in densities of the oil and water, and the concentration of the 
two fluids. Differentiation is helped by low velocities, low oil concentra
tion, low oil density and coarseness of sand.
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(c) Where the oil-water stream is presented with paths of varying 
gradients, the oil invariably chooses the most upward path possible. 
This choice is again helped by the same factors as in (b).

(d) Where a dead zone, or zone of low-pressure gradients exists, an 
oil-water stream tends to feed this zone with oil, and concentration of

F ig . 8.

the latter takes place. This is particularly true if the “ dead ” zone occurs 
in a high rather than a low position.
These general conclusions, based on experimental results, are also in 

agreement with theoretical deductions, for if it be agreed th a t oil flows 
upwards in a water current more easily than downwards, and, secondly, 
that by-passing is a function of grade, velocity and oil-water concentration,



2 2 0 ILLING : SOME FACTORS IN  OIL ACCUMULATION.

then the differentiation of oil from water in flowing conditions which can 
be achieved only by by-passing, must also depend on concentration, 
velocity and the attitude of the sand, as well as on the density difference
between the oil and the water.

I t  appears therefore that the first stage in oil accumulation m a sand body 
is achieved by the gradual by-passing of oil by the current of water until 
the oil concentration has been sufficiently enriched to attain  a concentration 
wherein it can move forward without any change in this concentration. 
This is termed its critical concentration. Such a mass of oil and water 
can move forward continuously so long as it is fed with oil and water, and 
will retain its concentration. The degree of concentration will depend on 
the forefront pressure and the richness of the inflowing oil-water mixture 
and the velocity at which the fluid is flowing.

The second stage in enrichment is normally produced by a change in 
texture, and results from the filtration effect a t a coarse-fine interface. 
This can result in an enrichment to a sand containing about 80 per cent, of 
its pore space filled with oil and the rest filled with water. This is probably 
as rich a concentration as ever occurs in oil-bearing rocks, save those of 
very coarse texture or under fissure conditions.

An alternative second stage in enrichment may be produced by changes 
in the direction of flow of the oil and water. Where the flow is upwards, 
the critical oil concentration for flow is less, and the oil-water stream 
becomes less concentrated, but, on the other hand, it moves much 
faster. Where the flow is downwards, the critical oil concentration for 
flow is higher, and so the oil stream must become denser to achieve any 
movement. On the other hand, such movement is slower and much more 
difficult. Hence when a flowing oil-water stream increases its upward 
gradient and then diminishes it, there will be an enrichment of oil at the 
position of diminishing gradient. A similar enrichment is possible where 
changes occur not in the inclination of the flow, but in the amount of the 
pressure gradient.

S o m e  E x a m p l e s  o f  S t r u c t u r a l  A c c u m u l a t io n  B a s e d  o n  
B u o y a n c y .

I t  will be interesting to consider the application of some of these 
principles to actual oil-field accumulations.

So far as the textural feature is concerned, little need be said to emphasize 
its importance, for it is well known in all oil-fields where the reservoir 
rocks vary in texture, that in general the coarser streaks are those which 
are oil bearing. Some of our major oil-pools can be described as nothing 
more than inclined lenses of porous reservoir rock in which the oil and gas 
occupy the upper part and water fills the rest of the body. Here the 
accumulation appears to have been brought about by migration into the 
sand lens and filtration a t the coarse—fine interface a t its upper end. East 
Texas and Midway Sunset fields are examples of this type.

Within many fields the oil-water distribution may be found to be 
extraordinarily complex when the sand bodies are composite. Whilst 
faulting and Assuring undoubtedly play a part in such complexity, the 
'  ariation in grade composition is nevertheless a main contributory factor.
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I t  is, however, to  some of the structural features th a t the author wishes 
to direct attention. The anticline will immediately be called to mind as 
the striking example of the buoyancy principle. Accumulation of oil in 
anticlines is, however, a very complex subject. To treat it adequately 
would need a paper of much greater scope than is intended. The author 
proposes to consider only a few types of structures of simple form which are 
recognized as oil-traps, and to discuss the features which in his opinion 
tend to favour the accumulation of oil. The three examples have been 
chosen to illustrate the principles set out in the earlier part of the paper.

Structural Terraces.

Perhaps the least definite of all structures which have been claimed 
as favourable for oil accumulation are the structural terraces. Their value 
was first noted by Edward Orton, who spoke of them as arrested anti
clines. They may be described as local flattenings of the dip on a general 
monocline, and as they do not have any dip reversal, there is no definite 
closure to explain the oil concentration. This lack of closure has led many 
geologists to cast doubt on the validity of the structural terrace as a cause 
of oil accumulation,6 and indeed it cannot be claimed th a t the recent 
developments in oil discovery have strengthened the claims of the terrace 
to recognition. Yet we cannot dismiss the terrace and its first cousin the 
monoclinal nose as of no importance, and their value requires explanation.

The normal explanation of the terrace is th a t the flattening of the bed 
provides an area on which the dip is too low for upward oil migration. 
Hence the oil being carried up the monoclinal dip comes to rest on the 
flattening, and remains there. This explanation appears to infer th a t oil 
cannot be carried along a flat bed, which we know is untrue. The author’s 
chief criticisms, however, of the orthodox explanation of the terrace is that 
it falls far short of the full story. His conception of accumulation on the 
structural terrace and monoclinal nose is likewise based on the supposition 
that they are due to the migration of oil and water up dip. The most 
important feature is, however, not necessarily the flattening of the dip, 
but rather the zone of abnormally high dip which must always exist just 
below a terrace or monoclinal nose. This zone of excess dip—i.e., a dip 
which is above th a t of the general average dip of the monocline—is the 
counterpart of the flattening, and brings the general structure below the 
terrace into line with the general monocline (Fig. 9a).

The oil-water current which approaches this zone of increased dip is 
partly differentiated as explained in the previous section. The oil tends to be 
focused towards the terrace, choosing the path of the maximum gradient. 
This automatically means th a t the oil-water mixture which arrives a t 
the edge of the terrace is enriched in oil.

The fluids which flow onwards over the terrace cannot carry out this 
proportion of oil, and water is bled out in preference to oil, leading to a 
second cause of enrichment of oil on the terrace. Thus oil is being brought 
in at abnormally high rates to enrich the concentration, and is being 
carried out at abnormally low rates. The result is a continuous enrichment, 
and the creation of a mass of oil, which owing to its viscosity aids as a 
general block to the migrating fluids. Such a block or dead zone on the
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flattening of structural terrace acts as a back eddy in which further oil 
accumulation can take place.

Monoclinal Domes.
The simple explanation of the monoclinal dome as a trap for up-dip 

migration has perhaps required modification in some instances since the 
discovery of the relations of some of these structures to buried ridges. 
More particularly is this true of those cases where vertical migration may 
have played an im portant part in the oil accumulation. On the other 
hand, there seems good evidence in most cases to favour a t least some 
amount of regional migration, and in such cases the mode of accumulation 
would be on the same lines as th a t of the terrace. Again attention should 
be directed in the first place to  the steepening below the dome and the way 
the regional stratum  contours must bend around the structure focusing 
the oil enriched stream towards the dome (Fig. 96). Again, the outflowing 
current from the dome, being downward, would be deprived of its oil. 
This would result in the enrichment of the dome in oil and gas a t the 
expense of the migrating fluids. The dome would gradually become a 
zone of the more viscous oil—in other words, a dead zone in the general 
pressure gradient, and would then be fed with more oil on its lower side by 
up-dip migration.

Fault Structures.
Perhaps one of the most im portant applications of up-dip migration 

and the trapping of oil by the alteration of the dip of the beds is given in 
the case of fault structures. I t  is generally agreed th a t strike faults are the 
important trap structures, and th a t their effect is dependent on closure. 
On the other hand, it  is not sufficiently emphasized th a t the majority of 
such fault-traps which have been responsible for oil accumulation are 
those in which the downthrow is on the up-dip side. Thus along the 
Balcones fault system it is the supplementary faults with downthrows on 
the north-west side, not the main fault with the throw in the dip direction, 
which are the oil accumulators. Even the suggestion th a t the supple
mentary faults have screened the oil from the Balcones fault is not 
satisfactory, for there are gaps in the secondary fault system, and quite 
considerable feeding-grounds for the main fault.

If, however, we examine the structure contour system, which must in 
principle occur in association with these two types of strike faults (Figs. 9c 
and 9d), we note th a t in the case of the faults which are upthrown on the 
down-dip side the regional dips near the fault will focus oil towards the 
fault plane, whereas in the case of the faults with the downthrow in the 
dip direction the regional dip will have no such focusing tendency. Thus, 
in spite of the fact th a t both faults may produce the same actual blockage 
to fluid migration as a whole, the fluid which accumulates in the case of 
the favourable fault structure is more highly oil enriched than in the 
case of the other fault.

There exists, of course, in the case of faults other complications, such 
as associated warping of the strata, dip faults and zones of vertical 
migration, and the author does not wish to suggest th a t the preceding 
analysis is more than a partial one, but it is useful in its suggestion that
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the structure approaching a fault may be just as im portant as the fault

The author wishes to emphasize th a t these three examples are put 
forward merely to illustrate the application of the principle th a t oil always 
chooses the steepest angle of flow up-dip th a t it can attain. The treatment 
is meant to be suggestive and no attem pt is made to make it complete.

C o n c l u s io n s .

In conclusion it will perhaps clarify the position if the broad conclusions 
of this paper are divided into two sections : (a) the physical principles 
involved and, (6) their implications with regard to the process of oil 
accumulation.

(a) The Physical Principles.
(1) A flowing mixture of oil and water in a sand body consists of separate 

lobes of oil completely surrounded by the water medium. The movement 
of the two liquids is largely independent. That of the water is continuous, 
whilst that of the individual oil lobes is spasmodic.

(2) A definite forefront pressure is required to force oil into a water- 
saturated sand. This forefront pressure is greater than  the pressure in 
the contiguous water, the difference being an additive factor due to inter
facial tension between the oil and water.

(3) This forefront pressure is inversely proportional to the mean grade 
size of the sand.

(4) When an oil-water column advances, there appears to  be a necessary 
minimum or critical concentration of oil within the sand before the oil 
can be moved forward. This critical concentration is dependent on the 
sand grade and the pressure gradient.

(5) The existence of a critical forefront pressure for each grade of sand 
involves the consideration that oil will not penetrate from a coarse to a 
finer sand if both are water-wet, until the pressure in the oil column has 
been built up to the forefront pressure of the corresponding fine sand. 
This build-up of pressure corresponds to what the author terms the filtration 
pressure of the coarse-fine interface.

(6) Oil-water movement in a sand is affected by the forefront pressure, 
permeability, the oil-water concentration, the pressure gradient and the 
direction of flow.

(7) The buoyancy factor in oil renders it more easily carried upwards 
than downwards or horizontally; this results in a predilection for upward 
flow and causes the oil to separate upwards in a flowing oil-water stream. 
Under static conditions there would be no separation of the oil and 
water.

(8) The textural separation of the oil from the water is not due to the 
fact that water has the higher surface tension and thus goes to the finer 
sands. If  the sands are originally oil-wet, the two liquids can be reversed. 
The whole process of separation is, however, guided by the forefront 
pressure conditions, which are the result of the interfacial tension of oil 
and water.
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Application of these Physical Principles to Oil Accumulation.
(1) Oil accumulation is guided very largely by texture and all oil move

ment tends to be in the coarser rocks.
(2) The oil is trapped, and much of the water is filtered out a t the coarse- 

fine interface— i.e., a t the upper surface of the coarse streak. So we have 
oil sands in clays, oil-bearing coarse sands in water-bearing fine sands.

(3) Whenever the dip of a potential reservoir rock is locally increased 
oil tends to be focused from the oil-water migrating fluids. Whenever the 
dip decreases, the flow of oil across such a flattening is hindered. Hence 
we have the oil accumulation on monoclinal noses, terraces, etc.

(4) A reversal in the regional dip is an excellent trap, because down-dip 
oil movement is possible only a t high velocities or a t high concentrations 
of oil. Since the former are very unlikely in nature, it means th a t a high 
oil concentration must be formed on a monoclinal dome before the spilling 
plane can be approached.

(5) Finally, with reference to fault structures, i t  is suggested that the 
reasons why some strike faults form trap structures and others do not may 
be at least partly explained by the attitude of the contiguous strata. 
Faults which are upthrown on the down-dip side tend to have a stratum 
contour system which deflects the oil up-dip towards the fault. The 
others tend to disperse the oil.

■
A c k n o w l e d g m e n t s .

The author would like to express his thanks to Dr. G. D. Hobson, who 
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T H E  IN S T IT U T E  OF PE T R O L E U M .

T h e  one hundred and eighty-sixth meeting of the Institute w a s h e ld  a t  
the Royal Society of Arts on Tuesday, 14th February, 1939, a t  s ix  o ’c lo ck  
p.m. The chair was taken by the President, Lieutenant-Colonel S. J . M. 
A u ld ,  O.B.E., M.C., D.Sc.

The following paper was presented and discussed :—
“ Some Factors in Oil Accumulation,” by Professor -V. C. U lin g ,  

M.A., F.G.S. (see pp. 201-225).

DISCUSSION.
Me . T. D e w h u r s t  welcomed th e  paper, first because of its  q u a lity , an d  secondly 

because there h ad  been all too few geological papers during  recen t years.
I t  had  long been the  accepted view th a t  oil m igrated  from  re la tive ly  fine layers to  

coarser layers and th en  latera lly  th rough  those coarser and  m ore perm eable m edia. 
I t  had also long been accepted th a t  the  buoyancy of oil in  w ater fac ilita ted  th e  upw ard 
m igration of oil. Nevertheless, th ere  was a ll th e  difference in  th e  w orld betw een those 
general observations, hypotheses or inferences an d  th e  ex trem ely  careful an d  exact 
scientific research on those problem s which h ad  been carried  o u t by  Professor Illing, 
and which on a first reading of th e  paper appeared to  have established beyond any 
reasonable doubt th e  scientific principles underlying th e  m igra tion  and  accum ulation 
of oil. Subject to  a  fu rther s tu d y  of th e  paper, he accep ted  unreservedly th e  results 
of the  experim ents, and appreciated  their im portance as a  co n tribu tion  to  th e  elucid
a tion  of a  m ost com plicated and  difficult su b jec t.

He was also in agreement w ith  th e  exam ples given of th e  app lication  of th e  results 
of the  experim ents to  th e  problem  of th e  accum ulation  of oil in  certa in  s tru c tu res, b u t 
of course Professor Illing was aware of one lim ita tio n  in  th e  app lication  of those 
results. H e had  h ad  perforce to  restric t th e  conditions of his experim ents in  order to  
obtain precise and accurate results. H e h ad  therefore used  as m edia certa in  sands, 
each uniform  in  tex tu re  and of a  definite grain size. I n  n a tu re  th e  corresponding 
m edia were m uch m ore complex, th ey  were n o t uniform  in te x tu re , an d  in  m ost cases 
they  were sandstones ra th e r th an  sands, and  as such were probab ly  jo in ted  and  faulted. 
However, even in such cases Professor Illing’s principles w ould operate. I t  was to  be 
expected th a t  such joints, fractures, and  m ajor spaces in  sandstones would facilitate 
lateral m igration and  also upw ard m igration  of oil due to  buoyancy.

H e hoped there were geologists present who h ad  devoted special a tte n tio n  to  the  
subject-m atter of the  paper and  who were qualified to  exam ine very  critically  the 
valid ity  of Professor Illing’s conclusions an d  inferences.

The Chairman asked how geologists visualized th e  condition  of th e  oil a t  the 
period when m igration was taking place. W as th e  oil emulsified w ith  th e  carrying 
water, or regarded as being in coarse droplets ? If  th e  form er, he th o u g h t th ere  m ight 
be an  appreciable difference in viscosity and  capillarity , depending on w hich was the 
disperse phase. W as it  possible th a t  th is  would still fu rth er am plify th e  effect of 
choice of p a th  in the  porous s tra ta  ?

Mr. R. R. T w e e d  remarked that he had been in the industry for 30 years, and 
everything he had done had depended on geologists.

I t  had  been said th a t  50 per cent, of th e  oil was left in  th e  ground. W as it  th e  w ork 
of the  geologist or th e  production  engineer to  get th a t  ou t ?

Mr . C. A. P . Southwell said th a t  he welcomed Professor Illing ’s paper, and  hoped 
th a t  i t  would stim ulate  o ther m em bers to  prepare  sim ilar papers. I t  w as only by
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lab o ra to ry  research  of th is  n a tu re  th a t  th e  fundam en ta l principles on which large- 
scale p ro d u c tio n  schem es were based could be investigated . H e d id  n o t w ish to  tak e  
up  an y  tim e w hen th ere  were p resen t m en  who were actively  engaged on these 
problem s and  whose con tribu tions would be of value. H e fe lt, however, th a t  th e  paper 
gave one th e  im pression th a t  research  on th is  aspect of reservoir problem s was ra th e r  
lim ited  and , w hilst he fe lt sure th a t  Professor Illing  d id  n o t w ish to  infer th is , b u t 
only to  stim u la te  research, he  th o u g h t th a t  th ere  was a t  th e  p resen t tim e a  g rea t deal 
of investiga tion  being carried  o u t in  all th e  spheres of oil production , b u t re la ted  to  
th e  local conditions.

Mr. Southw ell said he w ished to  ask  Professor Illing  if he would th row  fu rth e r ligh t 
on  one p o in t in  th e  paper, an d  th a t  w as th e  s ta te m en t th a t  all p roductive  oil sands 
con ta ined  ab o u t 15 p er cen t, of connate  w ater. H e w ould be g lad if Professor Illing  
w ould ind ica te  w hat am o u n t of d a ta  th is  w as based on, an d  from  which oil-producing 
areas i t  h a d  been ob tained , because i t  occurred to  h im  th a t  if th is  were correct, there  
w ould be less w ater-free oil produced  in  th e  early  stages of oil p roduction  from  sand- 
fields.

Mb . P . D o c k s e y  referred to  one sm all po in t in  connection w ith  B a rte ll’s work. 
T he m ain  difference betw een B a rte ll’s displacem ent pressure an d  th e  a u th o r’s fore
fron t pressure was th a t  B arte ll m easured his specifically w hen there  was no m ovem ent. 
T he displacem ent pressure is m easured  under s ta tic  conditions, and  can  be used  to  
ev alu ate  th e  adhesion tension  betw een a  liquid  and  solid, whereas th e  fore-front 
pressure is ob tained  only w hen th e  surface of separation  betw een tw o liquids is in  
m otion , an d  is being decreased or increased in  area. The forefront pressure is th u s 
d irec tly  re la ted  to  th e  in te rfac ial tension  betw een th e  two liquids, and  n o t to  th e  
adhesion tensions betw een these  liquids and  th e  solid.

Mr . R . J .  W a r d  w anted  to  know  how  th e  oil an d  w a ter was in jec ted  th ro u g h  th e  
sand, a n d  w hether th e  pressure under which i t  was in jec ted  h ad  any  effect on th e  
resu lts .

M r .  A .  W o l f  asked w hether th e  au th o r a ttr ib u te d  considerable im portance to  th e  
w ell-know n affinity  th a t  silica h ad  for w ater, an d  w hether he regarded th a t  as being 
p referen tia l to  its  affinity  for oil. I f  th is  were th e  case, pure  silica sand grains would 
be p a rticu la rly  favourable bodies for th e  fo rm ation  of superficial w a ter sheaths th rough  
w hich oil globules could pass.

M r .  A . H . T a i t t  w rote :
I  h a d  g rea t p leasure in  listening, as a  guest, to  Professor Illing ’s p ap er on  “ Some 

F ac to rs  in  Oil A ccum ulation  ” an d  to  th e  discussion th a t  followed. A lthough I  
canno t add  m ate ria lly  to  an y th in g  th a t  was said, I  feel th a t  certa in  d a ta  th a t  have 
been o b ta in ed  as a  resu lt of th e  drilling of Cousland No. 1 in  M idlothian, b y  th e  D ’A rcy 
E x p lo ra tio n  Com pany, m ay  be of in te rest.

I n  th e  C ousland borehole a  sandstone w as cored betw een 1582 f t . an d  1632 ft. from  
surface. This sandstone w as te s te d  by  m eans of a  H a llib u rto n  F u ll H ole Tester, 
w hich w as r a n  to  various levels in  i t ,  and  a  to ta l  gas-production  of approx im ate ly  4 
m illion  cubic feet per d ay  w as ob tained , w ith o u t a  trace  of e ither oil or w ater.

T he sandstone core w as im pregnated  w ith  pe tro leum  to  vary ing  degrees, b u t each 
b an d  of im pregnation  was qu ite  d is tinc t, an d  there  was no g radual passage from  weak 
im pregnation  to  stro n g  im pregnation , as th e  following details will show :—

1582-1605. L igh t brow n sandstone.
1605-1613. Oil-soaked sandstone, oozing oil.
1613-1623. Micaceous grey shale.
1623-1625. Oil-soaked sandstone.
1625—1629. Oil-soaked sandstone, oozing oil.
1629-1631. W hite , w ell-cem ented sandstone.
1631-1632. O il-soaked sandstone.

F ro m  a  p relim inary  exam ination  of th e  cores i t  was felt th a t  th e  s tra ta  to  1605 ft. 
m igh t be in  a  gas-horizon, and  below  th a t  d e p th  in  a n  oil-horizon. T ests carried  ou t 
below  1605 f t. failed, however, to  ob ta in  even a  trace  of o il; gas only was produced.
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Samples of cores were subjected  to  deta iled  exam ination  w ith  in te resting  results, 
which I  th in k  to  some ex ten t provide an  exp lanation  of th e  phenom ena recorded.

Sam ple from  
1582-1605 ft. 

horizon.

Sam ple from  
1605-1613 ft.

and  
1625-1629 ft. 

horizons.

Sam ple from  
1629-1631 ft. 

horizon.

Sam ple from 
1631-1632 ft. 

horizon.

Perm eability
303 41 2-75(millidarcys) . 2

,, a fte r ex trac 
6-98tion  w ith  benzine 327 48 —

Porosity, % 17 15-4 — —
Oil by  weight, % 0-5 2* 1
W ater by  weight, % . 2-4 2-8 —
Gas yield litres/kg of

1-24 4-0core

These samples of cores were sealed in a ir-tig h t tin s  im m ediately  on rem oval from the 
core-barrel, in order to  reduce dispersal of th e ir  con ten ts  to  a  m inim um . U n
fortunately the  sealed tin  containing th e  core from  th e  1582—1605 f t . zone was damaged, 
and  th is fact m ay account to  some e x ten t for the  low gas-yield.

The w ater contained in the  cores, ex trac ted  by  pulverizing th e  sam ples, was saline, 
and therefore, to  some ex ten t a t  least, original w ater, an d  n o t en tire ly  contam ination 
from the drilling fluid, which was a fresh-w ater-base m ud.

There can be little  doubt, however, th a t  th e  perm eability  of th e  various horizons 
is the  m ost im portan t factor governing the  n a tu re  of th e  im pregnation .

I t  would seem th a t  the  strong oil-im pregnation found in  th e  less perm eable, b u t  not 
in the  alm ost impermeable zone, m ay  have been to  some e x te n t trap p e d  residual oil.

I t  is to  be hoped th a t  Professor Illing will continue h is experim ents using fluids 
under pressure, and  th a t  gas will be in troduced  w ith  th e  oil. P erhaps i t  m ay be 
found th a t th e  gas will select th e  coarser or m ore perm eable sands, an d  th a t  the  oil 
will be compelled to  tak e  th e  second best, an d  th u s  an  ex p lan a tio n  m ay  be found for 
the  sometimes erra tic  incidence of oil and  gas in  neighbouring fields.

Reply to the Discussion by Prof. V. C. Illing.
To M r. T. Dewhurst.

The au thor in  reply to  Mr. D ew hurst said th a t  th e  experim ents h ad  been carried 
ou t w ith  sands of lim ited grade size in order to  sim plify th e  conditions. N atural 
sands were, of course, less well graded, b u t th e  effects w ould be governed by the 
same principles. The m ateria l po in t was in  each case th e  lim iting  size of th e  pores, 
and  as these dimensions were very m uch dependent on th e  finer partic les of a sand, 
i t  would be the  smaller particles th a t  would determ ine th e  forefront pressure.

Jointing, faulting, and Assuring in troduced a n  independent se t of factors which 
undoubtedly had  im portan t effects on o il-w ater m ovem ent. T he a u th o r h ad  not 
been able to  more th an  touch  upon th e  fringe of th is  problem .

To the Chairman.
The Chairm an’s query as to  th e  s ta te  of th e  oil—w ater m ix tu re  during m igration 

raised a  very im portan t point. A t first sight i t  w ould seem obvious th a t  th e  two 
fluids would be emulsified in th e ir passage th rough  th e  fine in terspaces betw een the 
clay particles. Experim ents on oil—w ater—clay m ix tu res show ed th a t  th is  w as not 
the  case. Most of th e  oil and  w ater chose certain  definite flow-lines th ro u g h  th e  clay, 
and  reached th e  sand in a  com pletely separate  condition. I t  is, of course, possible th a t 
in  the  case of certain  crudes emulsification m ight be produced  in  th e  clay before they 
reached th e  sands, b u t th is  did n o t appear to  be th e  norm al behaviour.

To Mr. R. R. Tweed.
In  reply to  Mr. Tweed, th e  au th o r would n o t like to  lay  dow n any  h ard -and-fast rule 

as to  the  relative functions of the  geologist and  th e  engineer in  p roduction  practice.
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I t  m ust, however, be realized th a t  efficient oil ex tra c tio n  depended on several in te r
re la ted  b u t q u ite  separa te  factors. T here was th e  n a tu re  of th e  reservoir, th e  physical 
behaviour of o il-w ater-gas m ix tu res, and  th e  engineering problem s associated  w ith  
production technique. None of these  could be neglected, an d  few m en had  a  com plete 
grasp of all. P robab ly  th e  best resu lts  would be a tta in e d  b y  collaboration  of th e  
geologist and  th e  engineer.

To M r. C. A . P . Southwell.
Mr. Southwell h ad  raised  th e  question  of th e  w a ter co n ten t in  a n  oil sand. I n  th e  

au th o r’s experience a ll oil sands con tained  w ater, a lth o u g h  none m igh t be  given up  
during production . T his agreed w ith  th e  resu lts  of physical experim ents and  w ith  
laborato ry  te s ts  of well sam ples tak e n  in  such a  w ay  as to  exclude drilling  m uds. The 
exp lanation  lay  m ainly  in  th e  w a ter annuli a t  th e  po in ts of co n tact of th e  grains.

Q u an tita tiv e  w ork show ed th a t  these  annuli contained ab o u t 10-20 per cent, 
w ater which could n o t be rem oved b y  norm al flow m ethods. T he q u a n tity  depended, 
n o t so m uch on th e  abso lu te  g ra in  size, as on  th e  v a ria tio n  in  grade size. T he condition  
was analagous to  th e  d rain ing  of w a te r-sa tu ra ted  or o il-sa tu rated  sands. E ach , w hen 
com pletely d rained, h a d  a b o u t 15-20 p er cen t, of liqu id  still re ta in ed  in  th e  sand. If, 
however, we were dealing w ith  sands in  n a tu re , th ey  alw ays con tained  b o th  w a ter and  
oil, an d  th e  residual annu li were com posite, an  inner w a ter ring w ith  a n  ou ter oil ring. 
The local fluid so re ta in ed  w as usually  ab o u t 20-25 p er cent.

Such labora to ry  figures agreed q u ite  well w ith  te s ts  of n a tu ra l oil sands a t  
Pechelbronn an d  elsewhere.

I f  a  sand  is orginally  w e tte d  w ith  oil an d  th en  w a te r  is passed  th rough , th e  com posite 
annuli of oil an d  w a ter usua lly  ranges from  15 to  23 per cen t, dependent on th e  grade 
size, b u t th e  resu lts  flu ctu ate  because of a  tendency  of th e  oil an d  w ater to  replace 
each other, th e  w a ter going to  th e  inner p a r t  of th e  annulus.

A ll these  resu lts  depended m ore on uniform  grade size th a n  on th e  a c tu a l grade 
of th e  sand. T he figures of oil re ten tio n  m igh t be  severely changed b y  th e  p ressure of 
dissolved gas. O n th is  p o in t th e  a u th o r h a d  no d a ta .

To M r. P . Docksey.
The au th o r agreed w ith  Mr. D ocksey th a t  disp lacem ent pressure w as n o t th e  sam e 

phenom ena as forefront pressure. H e had , however, fe lt i t  w as b e tte r  n o t to  be too 
categorical on th is  p o in t, as there  w as considerable confusion a lready  in  th e  use of 
B arte ll’s term .

To M r. R . J . Ward.
I n  rep ly  to  Mr. W ard , th e  oil an d  w a ter were passed in to  th e  sand  a t  q u ite  low 

pressures b y  a rrang ing  w a ter cu rren t in to  w hich oil drops could be inserted  a t  regular 
in tervals.

To M r. A . Wolf.
W ith  regard  to  Mr. W olf’s question , th e  experim en tal re su lts  he h ad  described 

could be produced  in  silica or lim estone particles. The only im p o rtan t question  was 
th e  p rim ary  fluid film  on th e  grains. I t  is probable  th a t ,  g iven s ta tic  conditions for a  
considerable tim e, th e  processes of selective ad so rp tion  w ould  tak e  place, b u t th is  did 

>  n o t occur to  any  recognizable e x te n t in th e  a u th o r’s experim ents,
it*

To M r. A . H . Taitt.
it: The exam ples described b y  Mr. T a i t t  were a lm ost certa in ly  cases of th e  sam e 

phenom ena, excep t th a t  gas w as involved in  ad d itio n  to  oil. W liere gas occurred  in  
association w ith  oil, th e  form er selected  th e  coarser zones, an d  th e  oil w as re legated  
to  a n  in te rm ed iate  position  betw een th e  w a ter an d  th e  gas. T here were, how ever, 
o th er factors com ing in, an d  th e  a u th o r’s experim ents in  th is  d irection  h a d  n o t as y e t 
proceeded far enough to  w a rran t h im  in  reach ing  m ore th a n  te n ta tiv e  conclusions,

V*

R
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T H E  A N A LY SIS O F T H E  K E R O G E N  O F O IL  
SH A LES.

By A. L . D o w n , A.R.C.S., B.Sc., D.I.C. (Student)
S u m m a r y .

A tten tion  is directed  to  th e  difficulties in  th e  d e te rm in a tio n  o f th e  correct 
composition of th e  organic m a tte r  in  oil shales, due to  u n certa in tie s caused 
b y  the accom panying m ineral constituents. The a tte m p ts  of previous workers 
to  isolate the  kerogen are surveyed and  th e  m ethod  ad o p ted  described. 
Samples of five B ritish  oil shales have been exam ined, an d  99 p e r  cent, o f th e  
m ineral m a tte r  rem oved by acid trea tm en t. T he com position o f th e  kerogens 
calculated from  the  analyses of th e  de-ashed sam ples is com pared w ith  those 
obtained from  the u ltim ate  analyses of th e  original sam ples.

T h e  economic importance of oil shales and related materials depends 
entirely on their content of organic matter, and no substantial advance in 
our knowledge of their constitution can he made unless the composition 
of that organic matter, usually termed kerogen, can be correctly determined. 
Owing to the high percentage of mineral constituents present in most oil 
shales and their intimate association with the kerogen, the true amount of 
organic matter and its composition cannot easily be ascertained. Whereas 
the percentages of organic carbon, nitrogen, and sulphur can be estimated 
directly, the organic hydrogen and total mineral m atter contain errors of 
considerable magnitude due to the unknown of amount water present in 
the hydrated minerals.

The percentage of hydrogen is estimated by combustion in a stream of 
oxygen and weighing the water thus formed; the temperature employed 
is approximately 800° C., a t which temperature all the water present in the 
hydrated minerals such as clay, which is not removed by drying a t 105° C., 
is driven off, and hence the value for the hydrogen is high, and the ash low. 
J. B. Robertson,1 when analysing a number of Scottish oil shales, made an 
attempt to correct for the error thus incurred, his method being to heat 
the samples to 200-250° C. in a current of dry nitrogen and collect the 
water driven off in a weighed calcium-chloride tube. The corrections thus 
obtained were small, the maximum, which were on a sample of Broxburn 
Main oil shale, being :—

Analysis . . C =  24-88%, H  =  3-79%, Ash =  60-84%
Corrections . H  =  -  0-12%, Ash =  +  1-06%

I t  is impossible that all the combined water in the clay and similar minerals 
was driven off at this low temperature, and this is clearly shown by the 
following figures of J. W. Mellor 2 :—

T a b l e  I .

Losses o f W ater on H eating .

300° C. 400° C. 500° C. 600° C.
China Clay. Vacuum

Atm . Pres. . 
Kalonite. Vacuum

Atm . Pres. .

0-24% 
0-26%
1-66% 
1-82%

0-39%
0-57%
1-70% 
1-91%

8-48% 
1 19% 
4-96% 
2-41%

11-92%
11-58%
10-08%



“ The 13-14 per cent, of combined water is rapidly given off as the tempera
ture rises above 500° C. at ordinary atmospheric pressure. I t  requires a 
high temperature to expel the last traces of water.” Hence the corrections 
obtained by Robertson are too small, and the temperature required to 
drive off all the water is higher than th a t a t which decomposition of the 
kerogen takes place.

Since the mineral m atter is determined as ash on incineration at 800° C. 
plus the amount of carbon dioxide present as carbonates, the figure ob
tained is too low. The magnitude of the error is approximately 1 per cent, 
per 10 per cent, of c lay ; thus in the case of the typical Scottish oil shales, 
which contain 70-80 per cent, mineral matter, predominantly clays, the 
error involved is of the order of 3-5 per cent. Other uncertainties are 
introduced due to the changes that take place in the sulphur compounds 
on heating in air. Part of the sulphur present as pyrite is converted into 
sulphate, whilst the remainder is driven off, and part or all of the organic 
sulphur may be retained in the ash, depending on the associated minerals. 
Unless the shale is high in sulphur compounds the error will be small 
compared with th a t due to  the water of hydration; thus the percentage 
kerogen is too high, and its oxygen content, which is obtained by difference 
and is “ oxygen -f- errors,” is of little value.

Since it is impossible to heat an oil shale to 800° C. without decomposing 
the organic matter, it is necessary to isolate the kerogen in order to  obtain 
its correct ultimate analysis. TVo possible methods are available :—

(1) Extraction of the kerogen with organic solvents.
(2) Removal of the mineral m atter with inorganic acids.

The former methods were investigated first, and the whole range of 
likely solvents tried ; in the great majority of cases the amount of material 
extractable with the usual solvents for petroleum was very small. Thus 
after extracting samples of Scottish oil shales successively with carbon 
disulphide and chloroform, the to tal extract was less than 1 per cent.3 
M. J. Gavin 4 reports th a t some 50 per cent, of the oil yield of a certain 
Colorado oil shale can be extracted with carbon disulphide or carbon 
tetrachloride. R. H. McKee,5 working on a sample from lone, California, 
obtained 10-98 per cent, extract with acetone and 10-16 per cent, with 
chloroform, both these represent over 50 per cent, of the oil yield on distil - 
lation. Recently H. R. J . Conacher 6 has cast doubts as to whether many 
of the oil-yielding materials occurring in the Middle Tertiary deposits in 
the western states of the U.S.A. are true oil shales, stating that it  is an open 
question whether the oil obtained on retorting is not largely present in tha t 
form before distillation. I t  is well known from the work of C. Engler 7 
and later workers th a t after heating samples of oil shales to 300-350° C., 
the percentage of soluble m atter is greatly increased, but this is due to  a 
change in the constitution. At the present time it is generally accepted 
that the organic m atter of a true oil shale is practically insoluble in ordinary 
solvents.

One of the first attem pts to isolate the kerogen by dissolving the mineral 
constituents was made by McKee and Goodwin,8 who, by alternately 
treating Colorado oil shale with hydrochloric and hydrofluoric acids,
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reduced the ash to 13 per cent. Franks and Goodier,9 also working on 
Colorado oil shale, used similar methods, and were also unsuccessful. 
They concluded that although most of the mineral m atter might be 
removed, complete separation was impossible. Furthermore, there was 
uncertainty and lack of evidence as to whether the kerogen was attacked by 
the reagents.

According to E. M. Bailey, “ Oil Shales of the Lothians, 3rd edition, 
article written in 1925, M. J. Gavin had given permission to state th a t the 
isolation of the kerogen had been successfully accomplished. “ The 
mineral constituents of the finely ground shale were dissolved away by 
successive very protracted treatments with very dilute reagents a t a 
comparatively low temperature, never exceeding 100° C. That the kerogen 
itself was not attacked or altered was proved by the frequent determinations 
of the carbon-hydrogen ratio a t various stages of the treatment—this 
ratio being found to remain constant throughout the entire process.” In 
view of the fact that oil shales contain considerable quantities of clay and 
other hydrated minerals, the carbon-hydrogen ratio is bound to increase 
when the mineral matter is removed.

A method for concentrating the kerogen is given in a recent paper by 
A. J. Carlson;10 samples of oil shales from Soldier Summit, Utah, and 
Montgomery County, Kentucky, were treated, and their mineral content 
was reduced to 7-2 per cent, and 7-4 per cent., respectively; no quantita
tive tests were carried out to determine whether the organic m atter had 
been affected. R. Thiessen 11 removed most of the mineral matter from 
samples of Devonian shales from Illinois, Indiana, and Kentucky, and a 
sample of Scotch oil shale with a mixture of hydrochloric and hydrofluoric 
acids. Here again no mention is made of any chemical analysis of the 
products.

E x p e r im e n t a l .

I t  was decided to endeavour to isolate the organic m atter from samples 
of a number of British oil shales, and compare the analysis of the products 
with those calculated for the kerogen from the ultimate analysis of the 
original shales. The following samples have been examined :—

Kimeridge Oil Shale, Dorset, England.
Broxburn Main Oil Shale, Hopetown, Scotland.
Middle Dunnet Oil Shale, Westwood, Scotland.
Pumpherston Oil Shale, Duddington, Scotland.

The Pumpherston oil shale was divided into two samples by hand picking; 
one was distinguished by containing much crystalline mineral matter 
and an irregular fracture, whilst the other showed no crystals and had 
a conchoidal fracture. The samples were crushed and quartered, and 
approximately 1 kilogramme of each ground until passing a 90-mesh 
sieve.

The proximate and ultimate analysis, the distribution of sulphur, and 
t e ash analysis were determined by the standard methods applied to 
coals. (Methods in “ Fuel Testing,” by G. W. Himus, 1932.)
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T a b l e  I I .
Proximate Analysis.

(A ir-dried samples.)

Ash, %. M oisture,
%■

V olatile
M atte r,

%•

“  F ixed 
C arbon,” 

%•

K im eridge 3 6 0 4 0 44-9 141
B roxburn Main 6615 1-85 2 8 1 5 3-85
Middle D unnet 75-6 2-55 18-5 3-35
P um pherston, 1 73-4 2 1 19-2 5-3
Pum pherston, 2 65-3 1-5 27-3 5-9

Volatile m a tte r  d e term ined  a t  900° C. by  th e  “  B one-and-Silver ”  m ethod.

T a b l e  I I I .  
Ultimate Analysis.

(Sam ples d ried  a t  105° C.)

Organic M atter. M ineral M atter.

c ,
%•

H ,
%•

N ,
%•

s ,
%• 55 

0 Ash,
%•

c o 2,
%•

Kim eridge 40-80 4-34 0-83 5-00 10-6 37-8 0-63
B roxburn  M ain . 20-90 2-98 0-63 0-05 2-7 67-4 5-33
Middle D unnet . 12-98 2-04 0-66 0-22 3-2 77-6 3-26
Pum pherston , 1. 14-55 2-05 0-92 0-05 2-7 75-0 4-70
Pum pherston , 2. 10-02 1-60 0-60 0-03 4-0 66-3 17-45

Carbon is to ta l  carbon less th a t  p resen t as carbonates.
Su lphur is to ta l  su lphur less th a t  p resen t as su lphate  an d  p y rite . 
Oxygen ob tained  by  difference.

T a b l e  IV .
Ash Analysis.

K im eridge,

%•

B ro x b u rn
M ain,

%•

Middle
D unnet,

%•

P u m p h er
ston , 1 

%•

P u m p h er
ston  2, 

%•

S i0 2 . 54-11 49-85 56-60 57-57 39-20
T i0 2 . 0-85 1-29 1-25 1-43 0-97
A120 3 . 18-24 28-89 25-44 26-62 18-24

• 9-52 9-82 8-20 6-50 11-09
CaO . 6-61 1-73 2-72 3-68 19-63
MgO 131 1-38 2-80 2-23 7-65
S 0 3 . 3-42 1 0 7 1-62 1-54 1-41

T otal 94-06 94-03 98-63 99-57 98-19

The removal of the mineral m atter was then attem pted by the following 
three-stage trea tm e n t:—

(1) Heating the sample suspended in 5N -hydrochloric acid on a steam- 
bath for 2 hours. This treatm ent dissolved calcium, magnesium and iron 
carbonates, sulphates and a small amount of silica. The residue was 
thoroughly washed, dried, and weighed; the filtrate and washings were



analysed and a weight balance was obtained. (The percentage of carbon 
dioxide evolved from the carbonates was determined in a separate experi
ment.) In  every case the total mineral m atter found in the solution agreed 
very closely with the decrease in weight of the sample.

(2) Iron pyrites was extracted by allowing the product to be in intimate 
contact with nitric acid, sp. gr. 112, for 100 hours a t room temperature. 
For the Scottish samples the percentage residue plus the iron and sulphur 
present in the resulting solution equalled, within the limits of the experi
mental errors, the amount of material treated. With the Kimeridge oil 
shale, however, a gain in weight was observed. Determinations of the 
nitrogen content were made; this was found to have increased, and cal
culations showed that the increase in weight of the kerogen could be 
accounted for by assuming that all the additional nitrogen was present 
as N 02 groups. Hence for this oil shale the nitric-acid treatm ent was 
omitted and the de-ashing carried on without removal of the pyrites.

(3) The residue was made into a paste with 52V-hydro chloric acid, and 
the silicates were attacked with hydrofluoric acid, the operation being 
carried out in a platinum dish. When no further action was apparent in 
the cold the vessel was gently heated on a steam-bath and the liquid slowly 
evaporated. The solid mass was broken up, finely ground, and then boiled 
with a strong solution of sodium carbonate, to decompose insoluble fluo
rides, filtered and washed, boiled with a large volume of dilute hydrochloric 
acid, again filtered and thoroughly washed. The product was returned 
to the platinum dish and the whole process repeated, using a considerable 
excess of hydrofluoric acid. Finally the residue was dried and weighed.

The samples of the de-ashed oil shales were then analysed; carbon and 
hydrogen determined by combustion in a stream of oxygen, nitrogen by 
Kjeldahl method, sulphur by Eschka method, mineral m atter by incinera
tion at 800° C., and oxygen by difference. From the analyses it can be 
seen that in no case was the kerogen obtained entirely free from mineral 
matter, although the ash was only of the order of 1—2 per cent., represent
ing not more than 0-5-1 per cent, of the original mineral content. The 
ash from the Kimeridge sample, 2-16 per cent., was practically pure ferric 
oxide, and the amount corresponded closely with that which would be left 
on incineration of the pyrites in the shale. The amount of inorganic 
sulphur remaining was therefore determined and found to be 1-76 per cent.; 
if all the iron—i.e., 1-57 per cent.—was present as pyrites, FeS2, the corre
sponding percentage of sulphur would be 1-73 per cent. Thus it was 
concluded that the mineral matter in the de-ashed Kimeridge sample was 
3-32 per cent, of iron pyrites. The value for total sulphur obtained was 
10-30 per cent., which therefore consisted of 8-54 per cent, organic sulphur 
and 1-76 per cent, pyritic sulphur.

For the Scottish samples only very small quantities of the ashes were 
a\ailable, and complete analysis could not be undertaken. Their colour 
varied from white to pale yellow, and they contained over 50 per cent, 
si ica. I t  was apparent that they were in a very fine state of subdivision, 
an may have been protected from the action of the acids by being com- 
p cte y surrounded by organic matter. I t  might be possible, therefore, 
o removo all the mineral matter from a sample tha t was sufficiently finely

2 34  DOWN ; THE ANALYSIS OF THE KEROGEN OF OIL SHALES.
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T a b l e  V.
A nalysis of De-Ashed Samples.

c ,  %. H , %. N , %. s ,  %. o ,  %-
M ineral
M atte r,

0//o*

Kim eridge 66-68 6-87 1-34 8-54 13-25 3-32
B roxburn  M ain 79-33 8-56 2-29 0-10 8-38 1-34
Middle D unnet 77-83 8-09 2-62 1-22 9-22 1-02
Pum pherston , 1 79-13 7-56 2-27 0-60 9-32 1-12
P um pherston, 2 77-42 8-30 3 12 0-46 9-33 1-37

The composition of the kerogen was calculated from the analysis of the 
de-ashed samples and compared with that obtained from the ultimate 
analysis of the original oil shales. In  the former series of figures, since the 
percentage of mineral m atter is very low, calculation to 100 per cent, 
organic m atter cannot involve any appreciable error. The oxygen, being 
obtained by difference, still contains the algebraic sum of the errors from 
the other determinations, but, even so, should approximate closely to the 
true values.

Considering the two series of analysis for the four samples of Scottish 
oil shales, the most striking point is the difference in the oxygen values. 
The oxygen contents as calculated from the original analysis, in which 
the large errors previously mentioned were involved, vary from 10-3 per 
cent, on the Broxburn to 25-3 per cent, on the Pumpherston 2 (Table VI., 
p. 236). On the other hand, the values from the de-ashed samples range 
only from 8-58 per cent, to 9-4 per cent. There is consequently a great 
change in the carbon-oxygen ratio; they are higher, and instead of 
ranging from 2-4 to 7-3, all fall within the limits 8-3 and 9-4.

The percentages of carbon are higher, whilst the percentages of hydrogen 
are lowrer, thus causing a considerable increase in the carbon-hydrogen 
ratio.

Comparing the compositions of the kerogens of the Scottish shales, 
occurring in the Lower Carboniferous strata, with the Kimeridge shale, of 
Jurassic age, the carbon-hydrogen ratios show no distinction, but there is 
a marked difference in the carbon-oxygen ratios.

The methods adopted are considered suitable for the isolation of the 
kerogen, and although complete separation was not obtained, the samples 
wrere sufficiently low in mineral m atter to allow accurate determination of 
their composition.
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TR A N SIT IO N  E FFE C T S IN  P A R A F F IN  W A X .

By C. R . S c o t t - H a r l e y .*

S u m m a r y .

The developm ent of a rap id  and  simplified m ethod  for th e  d e te rm ina tion  
of solidification and  transition  po in ts in  technical an d  com m ercial p roducts 
is described.

The in terp reta tion  of th e  results revealed b y  a  differential cooling curve 
derived from commercial waxes is discussed.

I t  is suggested th a t  blending waxes to  give no tran s itio n  p o in t will 
enhance their m echanical stab ility  over a  g reater range o f tem pera tu re .

The disappearance of th e  transition  p o in t an d  its  im plications on practica l 
problems are illustra ted  and  discussed.

Published records of th e  principal investigations concerning th e  tran s itio n  
points of pure paraffins, as well as technical an d  com m ercial w axes, have 
been collected.

P u b l is h e d  I n v e s t ig a t io n s  o n  P u r e  H y d r o c a r b o n s .

D u r in g  the last ten years it has been demonstrated frequently that pure 
normal aliphatic hydrocarbons undergo one or more definite crystallo- 
graphic changes at various temperatures below their melting points. 
These internal alterations in the crystal structure are usually, amongst 
other things, accompanied by a change in density and the release of 
sufficient energy to cause a change in temperature. The temperature at 
which this change occurs is commonly termed the transition point. The 
phenomenon has been studied in considerable detail by means of X-rays, 
and also by suitable optical observations by numerous investigators 
(Refs. 1-12).

P u b l is h e d  R e c o r d s  o n  Co m m e r c ia l  W a x e s .

With regard to commercial and technical products, with which this 
paper is principally concerned, such waxes consist of complex mixtures of 
normal paraffins and other types of hydrocarbons. I t  appears that J. A. 
Carpenter 13 first showed that such waxes exhibit transition phenomena 
similar to those associated with pure hydrocarbons a t temperatures some 
10-15° C. below their melting points. His interesting results were obtained 
by methods, such as solubility, expansion, and density, which have so far 
not been applied to the pure compounds. On the other hand, attempts 
have been made to examine commercial paraffin waxes by means of X-rays. 
Piper, Brown, and D ym ent2 found that a crude paraffin wax showed the 
same spacings as the hydrocarbon w-C28l l58. Later, G. L. Clark 12 showed 
the apparent relationship between the melting point of commercial waxes 
and the corresponding pure hydrocarbons as deduced from the X-ray 
diagrams. Subsequently, Yannaquis 8> 9 investigated, by means of X-rays, 
some technical waxes derived from the vacuum fractionation of commercial 
o2 C. M.P. wax, and also determined the transition points by observation

* Paper received 10th F eb ru ary , 1939.
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under a microscope provided with a heating stage. The conclusions 
advanced on the basis of the crystallographic data of these specimens 
have been criticized by the present author in the discussion of a paper by 
P. G. Higgs,14 which was subsequently illustrated.15 The same viewpoint 
has been confirmed and amplified recently in an excellent paper by 
Kolvoort,11 who describes transition phases of pure hydrocarbons.

O b s e r v a t io n s  o f  a  N e w  Ch a r a c t e r .

I f  the study of wax is limited to microscopic slides, it is extremely 
doubtful whether all the phenomena associated with crystallization can 
be observed. For instance, a thin film of wax under a cover-glass is 
usually held so tenaciously th a t it is impossible to detect a t what tempera
ture during cooling air is absorbed by the wax, if a t all. I t  has been 
found convenient to make small cuvettes with 2-in. X 1-in. microscope 
slides, separated about the thickness of a cover glass, and sealed with 
synthetic resin on three sides only. The gap is sufficient to permit 
insertion of a fine-gauge thermocouple connected to a reflecting galvano
meter. The cuvette is recessed between two water-cells mounted on the 
microscope stage and connected to a suitable thermostat. Using a 
calibrated thermocouple in the wax itself and thermometers in the water- 
stream, there is no difficulty in determining the temperature of the 
specimen. With ordinary wax, it is comparatively easy to observe during 
cooling :

(1) That an appreciable quantity of wax remains as an isotropic 
viscous fluid some degrees below the so-called melting or setting 
point.

(2) That contraction does not commence until a later stage of 
cooling; it appears to coincide with the temperature a t which air is 
seen to enter the wax. This point probably represents the final 
solidification.

(3) That a t a still lower temperature a transition may take place, 
accompanied by a volumetric change, an evolution of heat, and also 
the release of air, which is believed to be air actually dissolved in 
the wax, in contra-distinction to air which is drawn into the mass by 
contraction forces. I f  an air-free wax is used, this feature appears to 
be absent.

(4) That a second transition can be detected occasionally at a much
lower temperature.

With a device such as th a t described it has been possible to observe an
unsuspected phenomenon—viz., th a t in some instances a portion of wax
actually liquefies and recrystallizes long after it appears to be solid. A
sample, derived from a pressable wax distillate, had the following charac
teristics : M.P., 52° C .; transition point, ab sen t; refractive index at 60° C.,
1-4364. Observation was made throughout the whole crystallization, 
lasting 1 hours. Immediately prior to the first crystals appearing the 
mobile liquid assumed a “ set ” condition with an anomalous viscosity 
over a range of 1-5-2-0° C. A definite orientation appears to exist, 
somewhat similar to liquid crystals, and it would be interesting to know
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to what extent this phase may determine the ultimate crystal structure. 
Muller 7 indicates hexagonal symmetry just above the melting pornt for 
certain pure hydrocarbons. After the mass had apparently solidified, 
needle crystals could be observed extending from the top surface of the 
wax (in contact with the atmosphere). At a temperature of 43-44° C. 
these crystals collapsed to form another viscous liquid which became 
perfectly mobile at 40° C. The evidence of fluidity was readily confirmed 
by m o v in g  the thermocouple slightly. At a temperature of 34—35 the 
needle crystals reappeared. The actual quantity of wax involved in this 
change may be small and definite, but it is spread throughout the whole 
mass, and the temperature range is quite appreciable. I t  should be 
pointed out that this partial liquefaction is not common to all waxes, and 
the phenomenon has not as yet been associated with transition effects.

D e v e l o p m e n t  o f  S im p l if ie d  A p p a r a t u s .

As a result of these observations, attem pts were made to  discover 
whether thermal analysis would indicate these changes without the use 
of elaborate apparatus. For the purpose of developing an extended 
cooling curve, two important variables—rate of cooling and quantity— 
were explored before the following procedure—which, of course, is quite 
arbitrary—was adopted.

A constant weight of wax in each operation is employed, since the 
values obtained are a function of this quantity. In  order to transmit the 
effect of any changes as rapidly as possible and to minimize the tempera
ture lag caused by the low conductivity of the solidified wax, the quantity 
of the sample employed is no more than that which is sufficient to cover 
completely the bulb of the thermometer. The requirements are most 
conveniently met by using 0-6 g. of wax in a test-tube 3 in. X |  in., and 
this quantity has been adopted as a standard throughout the whole of 
this work, except where otherwise stated. The thermometer employed is 
graduated in C. from 0 to 100° C. over a length of 250 mm., and the 
bulb is approximately 4-8 mm. X 16 mm. The wax having been melted 
over a water-bath, and the thermometer fixed in the tube, the latter is 
placed in another test-tube approximately 3 | in. X |  in., and this again 
is surrounded by a second air-jacket tube measuring approximately 5 in. 
X 1] in. The set of three tubes is immersed in a beaker containing 5 
litres of water at 15-6" C. to avoid atmospheric changes.* From some 5-6° 
above the melting point, the temperature is taken and recorded at intervals 
of half a minute until about 25-30° C. is reached. The operation occupies 
from 10 to 20 minutes in all.

I n t e r p r e t a t io n  o f  Co o l in g  C u r v e s .

By inspection of the temperature differences thus obtained it is evident 
that the first minimum value corresponds to the melting point; the first 
maximum value is believed to indicate the final solidification point. If

J a ^ alter? ative device m ay be adoP ted  such th a t  th e  ra te  of cooling during the
for varm i10If S 1S aPProx*rnately  2° C./M in. for com m ercial w axes and  ra th e r less tor vacuum fractionated waxes.



the internal forces modify the crystalline structure with release of energy, 
a second minimum value will be found to identify the transition point, 
which may be said to  represent the maximum rate of change from the a 
to the p condition. As a consequence, a second maximum value can also 
be found, which may for convenience be termed transition set point. I t
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F i g . 1.

c o o l i n g  c u r v e  o r  w a x .  (78E, T able 9.)

is suggested th a t unless the latter point can be detected, the magnitude 
of the transition change is too small to  be effective. The significance of 
these changes is seen more clearly by the use of graphs, although the 
latter are not essential for determination of the points. I f  temperatures 
are plotted against time, the curve shows two and sometimes three changes,
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which are too indefinite to be of much value. But if the differential 
temperature is plotted against time, the curves show distinct maxima and 
m i n i m a ,  relative to the previous inflections, which correspond to the points 
referred to above (Fig. 1). The general features of these curves are almost 
identical with those of Carpenter 13 on the coefficient of expansion of 
waxes. In  some cases in which the heat of transition is considerable, the 
second minimum in the graph (T.P.) approaches the level of the first 
minimum (M.P.). The temperature may remain constant a t both of these 
points. Values are given in the tables for the rate of crystallization 
between the melting and solidification points.

I t  is by no means certain that all the normal aliphatic hydrocarbons 
which may exist in commercial waxes possess transition points, and it is 
not surprising to find that in such complex mixtures as commercial 
paraffins the effect does not always exist in sufficient magnitude to be 
evident, or, alternatively, it may be smoothed out. I t  is found that 
vacuum-fractionated waxes exhibit this transition characteristic, when 
such does exist, very sharply and well defined, in contrast to the usual 
commercial grades. This is probably due to the elimination of branch- 
chain or cyclic hydrocarbons, which are left in the distillation residues. 
The latter rarely show transition changes if they are sufficiently concen
trated. In  this connection it is interesting to note that iso-paraffins show 
no transition point.

I t  has been assumed by some workers tha t transition is a change from 
plate to needle crystals or vice versa, but there is no evidence to show 
the occurrence of any modification whatever in the outward shape or 
appearance of the crystal form. This is clearly demonstrated in the 
excellent series of photomicrographs recently published by Kolvoort,11 
and has been confirmed by the present author.

T h e  E f f e c t  o f  R a t e  o f  Co o l in g .

G. L. Clark,12 using X-rays with 135° F. paraffin, has demonstrated that 
the rate of solidification has a profound effect on the crystalline structure, 
a slower rate exhibiting a greater spacing for the same wax. Yannaquis9 
confirms this finding, but does not attem pt to determine its effect on 
transition point.

An effort has now been made to ascertain the effect of variation of 
rates of cooling, by using a water-bath at 35°, 60°, and 90° F. (see Fig. 2 
and Table I). With relatively fast cooling rates all four points are sharp 
and well defined. The solidification range in the example chosen is 10-4° C. 
and the transition range is 8-6° C. With moderate cooling rates the 
solidification range is 9-6° C. and the transition range only 5-7° C. With 
slow cooling the solidification range is 9-5° C., but the transition phase is 
eliminated. In so far as the existence and magnitude of a transition 
change are indicative of crystalline condition, it is evident that quite a 
moderate change in the rate of cooling produces a pronounced effect in 
the body of the material. In  cases in which a wax does show a transition, 
it is generally possible to smooth it out by imposing a sufficiently slow 
rate of cooling. On the other hand, it is not usually possible to bring 
a out a transition change of any magnitude by more rapid cooling of the
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wax unless it is an inherent feature of the particular sample. Other 
means of controlling this change are described subsequently.

F i g . 2 .

V A R I A T I O N  I N  C O O L IN G  R A T E S . (Table 1.)

T a b l e  I .

Effect of Variation of the Cooling Rate and Quantity of the Test Sample.

Temp.
of

W ater-
bath,
° F.

Quan
ti ty M elt

Solidification.
Transi- Transi

tion 
Set 

Point, 
° C.

Transi Temp. 
Dili. 

M .P./ 
T P .,•c.

Time
R ate  of 
C rystal
lization, 

M .P./ 
S.P.,

0 C./min.

Rate. Used
in

Test,
gms.

ing 
Point, 

° C. Temp.,
° C.

Range,
"C .

sion 
Poin t, 

° C.

tion
Range,

0 C.

M .P./
S.P.,
Min.

F ast . 35 0-6 59-2 48-8 10-4 42-2 33-6 8-6 170 3-5 300
Medium 60 0-6 59-2 49-6 9-6 42-1 36-4 5-7 17-0 5 0 1-92
Slow . 90 0-6 59-2 49-7 9-5 None None — — 8-5 1 12
I.P .T . setting- 

point appara
tus 14 59-3 50-5 8-8 None None - — 31-5 0-28

T h e  E f f e c t  o f  Q u a n t it y .

The procedure adopted in this work represents merely an extension of 
the primary cooling curve derived from determination of the setting point 
of commercial waxes (I.P.T. Standard Method, P.S. 11a) except for the 
quantity of material employed. Whilst it would be convenient to utilize
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that method and apparatus, there are certain disadvantages in its extended 
use for the purpose now under discussion.

(1) The quantity of wax required—about 14 gm.—involves so slow 
a rate of cooling that the effect is as referred to above, the magnitude 
of transition, if any, practically vanishing. Stirring is impracticable.

(2) In the analogous determination of transition in metals it has 
been established by Ackley and Walters 16 that the temperature 
gradient should not exceed 0-25° C. in a 1-in. specimen. On account 
of the low conductivity of wax, such values as this cannot be 
approached unless the quantity is very small. The outer surface of 
a large m a s s  of wax can be found to change its form, whilst the 
centre part does not do so.

(3) The large quantity employed in the I.P.T. apparatus requires 
1-11 hours, as against 10-20 minutes by the method specified above, 
for a record of the cooling curve temperatures.

I d e a l  R a t e  o f  C o o l in g .

I t  will be realized that when two waxes of different melting points are 
compared by the specified procedure, the cooling rates cannot be identical,

F i g . 3 .

c o o l i n g  CURVE o r  w a x .  (80A, Table 6 and Fig. 5.)

and that even with the same paraffin the rate cannot be the same at the 
melting and transition points. For strict comparison it would be necessary 
to impose a linear rate of cooling such as that described by Skau,17 or 
obtainable by means of an adjustable contact thermometer. Considering 
the heterogeneous nature of ordinary paraffin wax, however, the conditions 
suggested are regarded as satisfactory for the immediate purpose. All the 
transition points recorded in this paper have been determined during 
crystallization, largely because it is easier to duplicate the rate of cooling 
than the rate of heating. Results by the latter method indicate the 
reversibility of the phase changes, although, for obvious reasons, the 
values do not coincide with those observed during cooling.

As has already been stated, not all paraffins exhibit transition phenomena.



The cooling curves of two vacuum-fractionated waxes are shown in Figs. 
3 and 4. 80A shows no transition point, whilst 80B has a transition phase
of definite magnitude. Photomicrographs of these two waxes illustrate a 
uniform crystalline structure in the former case and a dual structure in 
the latter (Figs. 5 and 6, mag. X 80). I t  should not be assumed that the 
single uniform structure of 80A is invariably associated with the absence 
of transition, nor that it can necessarily be established by imposing a 
slow rate of cooling. Although these two waxes have nearly the same 
melting point, their physical properties are dissimilar. For instance, the 
homogeneous nature of the former type is associated with a far greater 
stability than th a t of the latter, which is more thermally sensitive and 
suffers distortion in the solid state.
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F ig. 4.
c o o l i n g  c u r v e  o f  w a x .  (80B, T ab le  6  a n d  Fig . 6 . )

R e v i e w  o f  P u b l i s h e d  D a t a .

Before the results obtained with ordinary waxes are discussed, it is 
desirable to  examine some of the records which have been obtained by 
previous workers with pure aliphatic hydrocarbons. The following table 
has been extracted from the extensive work of S. H. Piper and others,3 
in which the transition points were determined by optical means.

The relationship of melting point and transition point with the number 
of carbon atoms is illustrated in Fig. 7, which shows th a t both sets of 
values fall on a smooth curve and th a t there is a definite convergence 
between the melting and transition points as the length of the hydrocarbon 
chain increases. Muller’s 7 value of 56-9° C. for the transition point of 
C29 and Garner’s 10 value of 59° C. for C30 appear to fit the curve rather 
better. Garner also records the heat of crystallization and transition for 
five hydrocarbons. I t  is evident th a t the heat released is considerable, 
and usually more than half the amount evolved a t the melting point.
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T a b l e  II.
Pure Normal Hydrocarbons.

Sample.

F irst 
T ransi

tion 
Poin t 

on 
H eating 
(Mean 

Values), 
° C.

Second 
T ransi

tion  
Poin t 

on 
H eating  

(Mean 
Values), 

° C.

M elting 
P o in t 
(Mean 

Values), 
0 C.

Setting  
Po in t, 

0 C.

F irs t  
T ran si

tion  
P o in t 

on 
Cooling, 

° C.

Second 
T ran s i

tio n  
P o in t 

on 
Cooling, 

° C.

D iffer
ence
M .P./

Second
T .P .

Cooling,

51-75 56-0 56-5 56-1 55-5 48-3 8-2
52-9 58-85 59-05 58-5 58-0 51-0 8-05
57-2 61-2 61-45 61-1 60-4 54-0 7-45
57-4 63-2 63-5 63-2 62-2 55-8 7-7
59-25 65-15 65-7 65-4 64-3 58-0 7-7

c 31h 64 . 62-25 67-3 67-7 67-3 66-2 61-8 5-9
65-3 69-3 69-6 69-2 68-6 63-9 5-7
69-3 72-2 72-7 72-4 71-4 68-5 4-2

c 35h 72 . 71-9 74-0 74-5 74-1 73-0 70-5 4-0
^36^74 74-0 75-2 75-8 75-6 74-6 72-5 3-3

F ig. 7.
M E L T IN G  A N D  T R A N S IT IO N  P O IN T S .

p u r e  a l i p h a t i c  h y d r o c a r b o n s .  (S. H . P ip e r a n d  o thers). (Table 2.)

lhe next table is taken from Muller’s 7 elaborate work on similar hydro
carbons with X-rays.



frj,
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F i g . 5 .

1 AB A F F IN  W A X . N O . 8 0 a . N IL  T R A N S IT IO N . ( X  8 0 . )

F i g .  6 .

P A R A F F I N  W A X . N O . 8 Û B . T R A N S I T I O N  30° C. ( X  80.)

[T o fa ce  p . 24(i.



F i g . 8.

S EC TIO N  OF C A N D LE W H IC H  S T U C K  F IR M L Y  TO  T H E  M O U L D . 
N O T R A N S IT IO N  O B S E R V E D . ( X  80.)

it]

F ig . 9.
SEC T IO N  OF CA ND LE W H IC H  D R O P P E D  FR O M  T H E  M O U L D  Q U IT E  R E A D IL Y . T R A N S IT IO N  

CHANGE O B SER V ED  SO M E 12° C. B E L O W  T H E  M .P . ( X  80.)
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T a b l e  HE.

Pure N orm al Hydrocarbons.

Sam ple.
M elting
P o in t,

0 C.

T ransition  
T em pera tu re, 

0 C.

Difference 
M .P ./T .P ., 

0 C.

C24H 50 51-2 40 0-41-0 10
C26H 54 5 8 0 45-5-46-0 12
C27H 56 6 1 0 48-5-49-3 12
C29Ï Ï 60 64-4 56-7-57-1 7
t-30-^62 66-6 58-0-58-3 9
C31I Ï 64 68-4 60-0-64-0 6
C34H 70 72-8 67-0-68-9 5
C44H 90 86-4 85-6-86-0 *

The relationships observed by Piper hold good in Midler’s results, and 
the convergence of the melting point and transition point is stdl more 
striking in the latter.

With regard to technical products, Yannaquis 9 distilled a 52-56° C. 
paraffin in vacuum and recorded the subsequent results of transition 
determined by microscopic observations.

T a b l e  IV .

Technical Waxes (M. Y annaquis).

F rac tio n .
M elting P o in t, 
M ean Values, 

0 C.

T ran sitio n  P o in t, 
M ean Values,

0 C.

Difference,
M .P ./T .P .,

0 C.

1 45-8 34-25 11-55
3 49-25 36-85 12-4
5 53-85 40-35 13-5
7 57-4 43-25 14-15
8 57-8 45-0 12-8
9 60-0 * 46-25 13-75

* This value is ta k e n  from  th e  d is tilla tio n  d a ta  owing to  a  discrepancy in 
printing.

In  Table IV  ten fractions represent 75 per cent, and the melting-point 
range appears to  be 17-3° C.

R e s u l t s  a n d  D is c u s s io n  o f  t h e  P r e s e n t  I n v e s t ig a t io n .

The following tables present some comprehensive data obtained by 
differential cooling curves. Many of the transition points have been 
confirmed microscopically.
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T a b l e  V. 
Commercial Waxes.

Melting
Point,

° C.

Solidifi
cation
Point,

° C.

Solidifi
cation 
Range, 

° C.

Transi
tion

Point,
° C.

Transi
tion Set 
Point,

° C.

Transi
tion 

Range, 
° C.

Temp. 
Diff. 

M .P./ 
T.P.,
° C.

Time,
Mins.,
M .P./
S.P.

R ate of 
Crystal
lization, 

M.P./S.P., 
° C./min.

125/30
130/35
135/40
140/45

53-7
56-0
59-2
60-8

43-8
45-5
49-6
51-9

9 9 
10-5 

9-6 
8-9

None
39-6
421
45-2

None
340
36-4
40-4

5-6
5-7
4-8

16-4
17-0 
15-6

5 0
4-5
5-5 
4-5

2 0
2-3
1-7
2 0

T a b l e  VI. 
Technical Waxes.

Sample.
Melting
Point,•c.

Solidifi
cation
Point,

“ C.

Solidifi
cation 
Range, 

° C.

Transi
tion 

Point, 
° C.

Transi
tion Set 
Point,

° C.

Transi
tion 

Range, 
° C.

Temp.
Diff.

M .P./
T.P.

Time,
Mins.,
M .P./
S.P.

R ate of 
Crystal
lisation, 

M.P./S.P., 
° C./min.

S0A . 39-9 35-3 4-6 None None — — 8-0 0-57
B . 440 39-6 5 0 29-9 26-1 3-8 14-7 6 0 0-83
C . 47-2 43-5 3-7 33-3 29-6 3-7 13-9 5-5 0-67
D . 49-4 43-8 5 0 36-2 32-4 3-8 13-2 7 0 0-80
E . 51-4 460 5 4 38-4 34-5 3-9 1 30 5 0 1-08
F . 53-7 48-1 5-6 41-2 37-0 4-2 12-5 5 0 112
G . 55-8 48-2 7-6 42-9 37-8 5 1 12-9 5 0 1-52
R . 59-8 50-7 9-1 47-2 420 5-2 12-6 5-5 1-65

Table VI records results obtained from fractions derived by vacuum 
distillation of 123/5 Paraffin. Seven fractions represent 70 per cent. 
The melting-point range is 15-9° C.

The absence of a transition point in the first fraction has been referred 
to already. The depression in the transition points compared with those 
of pure hydrocarbons is to be expected, but the tendency to converge 
remains evident. Both the solidification and transition ranges tend to 
increase with rise in melting point. In  comparison with the values obtained 
by Yannaquis9 microscopically on similar melting-point wax, the data 
suggest that the fractionation was about the same, and that the cooling- 
curve method provides other information relating to the physical state.

T h e  E f f e c t  o f  B l e n d in g  o n  M e l t in g  a n d  T r a n s it io n  P o in t s .

Piper 3’ 18 has demonstrated that whereas the melting points of binary 
mixtures of pure paraffins fall on a straight line joining the melting points 
of the components, the depression of the transition point is appreciable 
and tends to show a minimum. With ordinary commercial waxes the 
mixture law is generally applicable for melting points, but with vacuum- 
distilled waxes the results recorded in the following tables do not justify 
this generalization with regard to either the melting or the transition 
points. In the latter case there is considerable lowering of this value, 
which also tends to reach a minimum, then disappears, and finally emerges 
again somewhere near the original value.

In both the series forming the subjects of Tables VII and VIII two 
waxes have been blended together. Each exhibits a transition point.
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I t  is conspicuous, however, th a t between certain percentages, different 
in the two series, there is no evidence of transition.

Two other waxes, respectively with and without a transition point, 
were blended together in a similar manner, the latter being composed of 
40 per cent. 80B +  60 per cent. 80F, having a melting point of 49-7° C 
The results are shown in Table IX  (see p. 250).

In  the mixtures of wider melting points the disappearance of transition 
is again conspicuous, and the gap extends further with increase of melting 
point. I t  will be observed also th a t the solidification range increases in 
accordance with the range of the component melting points, and appears 
to be some function of the width of cut of a wax. Unfortunately, the 
temperature difference between the melting and transition points cannot 
be used as a criterion in this respect, since some waxes exhibit no transition 
effect a t all. Nevertheless, in waxes of approximately the same melting 
point which do possess a transition, the temperature difference usually 
becomes less with increase of fractionation.

T a b l e  V II. 
Technical Waxes.
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100% 80B 44-6 _ __ 39-6 5 0 29-9 2 6 1 3-8 14-7 6-5 0-77
90 % 45-3 45-5 - 0 - 2 4 00 5-3 26-6 24-5 2 1 18-7 7-5 0-71
80% 45-9 46-4 - 0 - 5 39-6 6-3 25-9 24-3 1-6 20-0 8-0 0-79
70% 46-7 47-3 - 0 - 6 39-3 7-4 26-3 22-8 3-5 20-4 8-0 0 93
60% 4 8 0 48-3 - 0 - 3 39-4 8-6 27-5 2 51 2-4 20-5 8-0 1-08
50% 48-7 49-2 -0 - 5 39 9 8-8 None None — — 7-5 1-17
40% 49-7 5 01 - 0 - 4 40-8 8-9 None None — — 7-0 1-27
30% 50-8 5 1 0 - 0 - 2 41-9 8-9 None None — — 6-5 1-37
20% 51-8 51-9 - 0 1 43-9 7-9 33-3 31-1 2-2 18-5 5-5 1-44
10% 52-9 52-8 +  0 1 44-8 8 1 3 71 33-3 3-8 15-8 5-5 1-47

100% 80F 53-7 — 4 81 5-6 41-2 37-0 4-2 12-5 5-0 1-12

T a b l e  V III . 
Technical Waxes.
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100% 80B 4 46 _ _ 39-6 5-0 29-9 26-1 3-8 14-7 6-5 0-77
90% 45-2 45-7 - 0 - 5 39-3 5-9 25-5 23-7 1*8 19-7 7-0 0-84
80% 46'1 46-9 - 0  8 39-3 6-8 24-6 23 2 1-4 21-5 8-0 0-85
70% 47-1 48-0 - 0 - 9 37-9 9-2 None None — — 9-0 1-02
60% 48-4 49-1 - 0 - 7 39-9 8-5 None None — — 8-0 1-06
50% 49-5 50-2 - 0 - 7 41-5 8-0 None None — — 6-5 1-23
40% 50-7 51-3 - 0 - 6 40-9 9-8 None None — — 7-5 1-31
30% 52-1 52-5 - 0 - 4 41-2 10-9 None None — — 7-5 1-45
20% 53-5 53-6 -0 - 1 41-0 12-5 None None — — 6-5 1-92
10% 54-5 54-7 - 0 - 2 44-7 9-8 None None — — 6-0 1-63

100% 80G 55-8 — 48-2 7-6 42-9 37-8 5 1 12-9 5-0 1-52
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T a b l e  I X .  

Technical Waxes.
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100% 80B 
and F

90%
80%
70%
60%
50%
40%
30%
20%
10%

100% 78E 
(Fig. 1)

49-7

50-8
51-7
53-5
54-5 
561 
57-8
59-6
60-6
62-3
63-9

511
52-5
54-0
55-4
56-8
58-2
59-6 
61-0 
62-5

-0 -3
-0 -8
-0 -5
-0 -9
-0 -7
-0 -4
Nil

-0 -4
-0 -2

40-8

42-8
42-2
42-7
42-6
44-8
46-2
48-3
520
55-4
57-9

8-9

8 0
9-5 

10-8 
11-9 
11-3 
11-6 
11-3

8-6
6-9
6 0

None

None
None
None
None
None
None
None
49-3
52-1
54-5

None

None
None
None
None
None
None
None
40-3
48-0
46-4

9 0
4 1
8 1

11-3
10-2

9-4

7 0

6 0
7 0
6-5
7 0
6-5
6-5
7-0 
5-5 
5 0  
3 0

1-27

1-33
1-36
1-66
1-70
1-74
1-78
1-61
1-56
1-38
200

Mixtures of two waxes having no transition exhibit similar phenomena 
to those illustrated above, and eventually a transition point does emerge.

I t  is believed that the information to be derived from any reliable 
method indicating the melting-point range of the principal components of 
a commercial wax would be of immense value in connection with the 
technical applications of wax. The data provided in these tables appear 
to be distinctly suggestive. Since when a pure substance is cooled 
the melting point and solidification point coincide—that is to say, the 
“ solidification range ” is nil—it is consistent to postulate that the 
solidification range of a mixture such as paraffin wax is an indication of 
the range of its constituent components. At the same time the solidifica
tion range cannot be expanded indefinitely merely by mixing together 
paraffins covering a long range of melting points, on account of the effect 
of solid solutions.

The principal deduction to be drawn from the observations of this 
investigation is that waxes which are blended to yield a particular melting 
point will be more homogeneous in structure and more stable in changing 
temperature if they do not exhibit a transition change. Furthermore, it 
seems to be distinctly probable that such waxes are likely to approach 
maximum values in response to mechanical te s ts ; in this respect they 
may be preferred for certain uses. I t  is noteworthy that certain waxes 
possess a definite translucency, and in such cases the absence of transition 
is a conspicuous feature. On the other hand, waxes which are decidedly 
opaque are usually associated with a marked transition effect.

t is not the intention of this paper to discuss the practical applications
0 e transition effect, except to mention two possibilities. Waxes which 
aie required to resist the passage of water vapour, such as waxed paper 
an e ec rical condensers, are more liable to be so resistant if they do not 
su er a transition change, with consequent contraction between the crystal

oun anes (Fig. 5). On the other hand, this property may be beneficial 
( 1S ™ou^ e(̂  Two photomicrographs are shown, Figs. 8 and 9,
1 x su) ol sections of candles made with wax only. Fig. 8 illustrates the
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nature of the crystalline structure when no transition effect can be observed, 
and in this case the candle was very difficult to  rem ove from the mould. 
Fig. 9 represents a w ax o f similar m elting point with a definite transition  
effect which was cooled in the same bath as the specimen above. This 
candle slipped out o f the mould quite readily, due, it  is believed, to  the  
distinct contraction o f the general crystalline structure which left fewer 
points o f contact against the m ould surface.

The author wishes to  acknowledge the generous co-operation o f Mr. W. J . 
Wilson, F.I.C ., A.C.G.I., H ead o f the Burmah Oil Co.’s Research D epart
ment and the assistance o f  Messrs. J . J . W atts and G. T. H . K ell, and 
desires to  thank the Directors o f the Burmah Oil Co., Ltd., for permission 
to publish this paper.

The Burmah Oil Co., Ltd.,
Research Department,
Fairlawn,
Forest Hill, S.E. 23.

References.

1 A. Müller and W. Saville, J .C .S ., 1925, 127, 599.
2 S. H. Piper and others, ibid., p. 2194.
3 S. H. Piper and others, Biochem. J .,  1931, 25, 2072.
4 A. Müller and W. Saville, Proc. Roy. Soc. Bond., 1928, A, 120-437.
5 A. Müller, ibid., 1929, A, 129, 317.
6 A. Müller and W. Saville, ibid., 1930, A, 127-417.
7 A. Müller, ibid., 1932, A, 138, 514.
8 M. Yannaquis, A nn. Comb. L iq., 1933, 8, 486.
9 Idem, ibid., 1934, 9, 295.

10 W. E. Gamer and others, J .C .S ., 1931, 1533.
11 E. C. H. Kolvoort, Inst. Petr. Techn., 1938, 338.
12 G. L. Clark, Nature, 1927, 120, 12.
13 J. C. Carpenter, Inst. Petr. Techn., 1926, 12, 56, 288.
14 P. G. Higgs, ibid., 1935, 21, 15.
15 C. R. Seott-Harley, “ Science of Petroleum,” (2), 1191.
16 R. A. Ackley and F. M. Walters, M etals and Alloys, 1936, 7, 314.
17 Evald. L. Skau, Proc. A m . Acad. A rts and Sei., 1933, 67, 551.
18 S. H. Piper, J .S .C .I ., 1937, 56, 61 t.



252

KNOCK R A TIN G  OF A V IA T IO N  F U E L S

The  K nock  R ating  C om m ittee of th e  In s ti tu te  of 
Petroleum has approved th e  following recom m enda
tion :—

“ That the Motor Method of Test G39(T)1 shall be employed 
in d e t e r m i n i n g  the octane number of aviation fuels with an octane 
number of 79 or over.

For aviation fuels below 79 octane number the employment of 
the Motor Method G39(T) or the Aviation Method G39a(T) 2 shall 
be a matter for agreement between the supplier and the 
consumer.

The correction specified in G39(T) 3 based on aromatic content 
or alcohol content shall not be applied to aviation fuels.”

1 “ Standard Methods of T esting Petro leum  an d  its  P ro d u c ts .”  3rd Edition,
p. 210.

2 Ibid., p . 218.
3 Ibid., p . 215.
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a b s t r a c t s .

Geology.
342 Bottom Sediments of Lake Pontchartrain, Louisiana. R . A. S teinm ayer. Bull.
Amer Ass Petrol. Geol., 1939, 2 3 ,1-23.—S itu a ted  in  th e  so u th -east com er of Louisiana, 
Lake Pon tchartrain  originated from th e  Gulf of Mexico by a  d e lta  finger of th e  Missis
sippi R iver connecting w ith  th e  m ain land  and  enclosing a  p o rtio n  of th e  Gulf between 
the  finger and  the  m ainland. In  shape, a p a r t  from  a n  easte rly  lobe, th e  lake is 
irregularly elliptical. In  th is  lobe it  s till m ain ta ins connection  w ith  th e  Gulf through 
its tida l channels, which in  some places are over 90 f t. deep.

E nvironm ental changes have been com m on— from  m ixed continen ta l to  marine. 
These changes, however, have n o t alw ays been uniform  in  progression, and  marked 
variations in character and d istrib u tio n  of sedim ents and  associated  life have conse
quently arisen.

The effect of clim atic conditions is discussed— e.g., ra in fall, w inds, hurricanes, and 
tides ; reference is also m ade to  th e  re la tion  of sedim ents to  stream s and  crevasses.

The m ethods and  devices em ployed in  collecting sam ples (to ta lling  approxim ately 
1000) are described, together w ith  th e ir  subsequen t trea tm e n t.

The relation of organic con ten t to  tex tu re  is, in  general, h igh  organic content where 
tex tu re  is fine, and  low where tex tu re  is coarse. G. S. S.

343. Stratigraphic Features of Reef Ridge Shale in Southern California. S. S. Siegfus. 
Bull. Amer. Ass. Petrol. Geol., 1939, 23, 24-44.—T he Reef R idge shale is here restricted 
to  a d istinct lithologic u n it, essentially  th e  sam e as th e  “  caving blue shale ” of the 
K ettlem an Hills, which for th e  m ost p a r t  is only a b o u t 300 ft. th ick . Field work 
indicates th a t  th e  upper and  lower co n tacts of th e  fo rm ation  are  g radational a t  the 
type  locality, having regard to  th e  original definitions of th e  ad jacen t form ations.

From  the  work of R . M. K leinpell an d  o thers , th e  R eef R idge shale is taken  to  be 
Upper Miocene in th e  m iddle and  lower p a rts . The age of th e  upper is n o t known with 
certain ty , b u t i t  is presum ed in  general to  be tran s itio n a l betw een th e  Pliocene and 
Miocene, these term s being em ployed in  California a t  th e  p resen t tim e following B. L. 
Clark’s general classification.

Owing to  th e  character of th e  sedim ents an d  deficiency of fossils, th e  upper contact 
of th e  form ation in  a  num ber of areas in  th e  cen tra l p a r t  of th e  sou thern  San Joaquin 
Valley is uncertain. I t  is therefore suggested th a t  th e  a rb itra ry  line a t  th e  top  of the 
vaguely fissile s ilty  grey shale be tak e n  as th e  u p p e r c o n tac t of th e  fo rm ation  in this 
area. G. S. S.

344. Subsurface Stratigraphy of Santa Maria Valley Oil-field and Adjacent Parts of 
Santa Maria Valley, California. C. R . Canfield. B ull. Amer. Ass. Petrol. Geol., 1939, 
23, 45-81.— The Santa  M aria Valley, w hich  covers a b o u t 130 sq. m iles, lies in the 
north-w estern corner of San ta  B arbara . T he oil-field is n ea r th e  cen tre  of th e  valley, 
and is over seven miles long (east and  w est), and  one to  tw o m iles wide (north and 
south).

The form ations in  th e  San ta  M aria Valley include : R ecen t, Pleistocene, Pliocene, 
Miocene, and th e  so-called “ F ranciscan ” basem ent rock of ? Cretaceous age. I t  is 
from th e  Miocene th a t  oil p roduction  is ob tained . Two divisions of th is  formation 
are recognized : th e  U pper Miocene S an ta  M argarita  (?), and  th e  Middle Miocene 
Monterey.

The Santa M argarita  (?) consists essentially  of s ilty  shales— 10 ft. or less to  more 
th an  200 ft., and s ilty  sands w ith  a  m axim um  th ickness of a t  least 300 ft. Other 
th an  a few indeterm inable foram inifera, th e  deposits a re  unfossiliferous.

The M onterey can be div ided in to  seven lithologic and  faunal u n its— viz., “  Aren
aceous zone, Cherty zone, B entonitic-B row n zone, B uff an d  Brow n zone, D ark Brown 
zone, Oil Sand zone, Siltstone and  Shell zone (bottom ). T he th ickness of th e  Monterey 
in  th e  area varies from  a  few feet to  m ore th a n  5000 f t .,  h u t  in  th e  field proper its 
m axim um  thickness seldom exceeds 1200 ft.

S tructurally  th e  San ta  M aria Valley is a  syncline tren d in g  generally  eas t and  west, 
the  oil-field itself being located  on th e  n o rth  hom oclinal flank of th e  structure . Two 
generalized cross-sections across th e  field are given in  th e  paper.

t th e  present tim e there  are ab ou t 130 wells in  th e  field th a t  e ith e r are being



produced or are ready  to  produce. E s tim a te d  p o ten tia l p roduction  of these  wells is 
100,000 brls. or m ore per day. P o ten tia ls  of ind iv idual wells varies from  25 to  m ore th a n  
5000 brls. per day  of 12-17-5° g rav ity  crude. G. S. S.

345. Visit to Russian Oil Districts. H . G. K ugler. J . Inst. Petrol., 1939, 25, 68-88.—■ 
A paper describing th e  geological characteristics of R ussian  oil-fields west of th e  U rals, 
th e  Caucasian d istric ts, and  th e  D ughestan  region, and  contain ing  p e rtin en t m aps and  
diagrams. G. R . N.

346. Search for Oil in France and her Colonies. Anon. Rev. Petrolif., 10.2.39 (824), 
169-170.— The Saint-Loup well lies betw een tw o lines of oil-seeps and  is in  th e  h ard  
Dom erian lim estone a t  a  d ep th  of 383 m . T he well a t  Pezenas w as abandoned  w ith o u t 
a tta in in g  its  objective. A t a  d ep th  of 1153 m . i t  passed  from  th e  dolom ites in to  th e  
black Posydonom ya m arls. A  fu rth e r te s t  is requ ired  on th e  n o rth e rn  flank of th is  
anticline, and  th is  should p en etra te  th e  whole of th e  Trias.

The E l H aroune well in  T unis is now  in  blue m arl a t  a d e p th  of 1687 m ., an d  th e  
Zaouia well has reached 766 m . T he R hazouane well is in  v e ry  h a rd  shaly  m arls a t  a 
dep th  of 820 m., having found signs of oil a t  150 and  740 m. I n  French  E q u ato ria l 
Africa th e  Yeno well d rilled to  determ ine th e  succession has been s topped  a t  a  d e p th  of 
1003 m. Three structu res are being exam ined geologically.

W ell No. 5, on th e  A m bohidranom ora an tic line  in  M adagascar, has reached a d e p th  of 
900 m. I t  found im pregnated beds a t  308 a n d  313 m ., b u t in  sp ite  of th e  good cover 
th e  oil w as very  heavy.

Morocco is s till th e  m ain field of oil search. T he infra-L iassic te s t  a t  D ahar N ’Sour 
is a t  435 m. The Djebel H arrich a  well has been continuously  in  th e  Miocene to  a 
dep th  of 1047 m. The B ou M im oun well show ed a n  aqueous em ulsion w ith  a  su l
phurous odour and  accom panied by  inflam m able gas, a t  a  d e p th  of 1002 m . The 
M ohammed Chleuh well has reached 102 m ., and  th e  K aria  well 303 m. T he la t te r  
gave a  slight show of gas in  a  fau lted  zone a t  263 m ., and  a  core h a d  traces of oil which 
were no t, however, geologically im p o rtan t.

Bou D raa No. 23 was tak en  to  225 m . in  th e  Toarcian , b u t th e  m arker lim estone was 
faulted ou t as in  No. 19. No. 24 reached th e  p roductive  horizon a t  159 m ., w h ilst No. 
21 was in  th e  Toarcian a t  318 m ., an d  in  an  a tte m p t to  bring  i t  in  21,750 lit . of oil were 
obtained in  seven days.

Tselfat No. 40 was drilled  to  find th e  so u th -eas tern  e x te n t of th e  oil horizon, and  
efforts to  bring i t  in  yielded 10,940 lit . of oil in  four days. O th er te s ts  have  been 
drilled.

I t  is e stim ated  th a t  an  o u tp u t of 4000 tonnes of oil p er annum  is ob tainab le  from  th e  
beds a lready discovered. A  pipe-line has been co nstructed  from  T selfa t to  P e titjean , 
and further geophysical p rospecting  equ ipm ent has been acquired . The costs of th e  
search are given. G. D. H .

347. Search for Oil in Midi, France. A non. Rev. Petrolif., 20.1.39 (821), 77-78.—  
After th e  Castelnau-de-Guers well n ear Pezenas was sto p p ed  a t  a  d e p th  of 1154 m. 
w ithout having reached th e  base of th e  Ju rassic , a  well w as begun a t  M orties, 25 km . 
north of M ontpellier. T his well, w hich is to  te s t  th e  T rias, has encountered  h a rd  
rocks (almost exclusively m assive lim estones). T he Gom ies well has p en etra ted  clays, 
arkosic sandstones, sandstones, va rieg ated  clays, and  cavernous dolom ites, an d  a t  a 
depth of nearly  500 m . a strong  w a ter flow has been m et. A well is to  be drilled  near 
Madieres.

The oil production  a t  G abian is s till  falling.
In  the  Petites-Pyrenees a  deep well is  to  be d rilled  on th e  Sain t-M arcet-Sa in t- 

Martory anticline, to  te s t  th e  Cretaceous, w hich is several th o u san d  m etres th ic k  in  
th a t region. F a r th e r  w est, on th e  R oquefo rt an ticline, a  well w ill be drilled.

G. D. H .

348. Large-Scale Oil Search in Egypt. Anon. Petrol. Times, 14.1.39 (1044), 44-47.—  
The revision of th e  M ining Law  has led to  a  ru sh  for exp lo ra tion  p e rm its. T he nam es 
of the applicants an d  th e  e x te n t of th e ir  holdings a re  given, w hilst m aps show th e  
positions of th e  perm its.
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Aerial surveys, torsion balance and  gravim etric  surveys, core drilling, and  geological 
work have been carried o u t jo in tly  in  Sinai, th e  W estern  D esert and  on th e  R ed  Sea 
coast, by th e  Anglo-Iranian and  R oyal D u tch -S hell groups. A t R as G harib three 
successful wells have been com pleted w ith  an  oil p roduction  of ab o u t 600 tonnes/day. 
This is a  geophysical success.

The Socony-Vacuum Oil Co., Inc ., holds p e rm its  on th e  R ed  Sea coast and  in N orth 
Sinai. The g ravity  m eter, torsion  balance, an d  reflection seism ograph have been 
employed in addition  to  geological surveying. A te s t  well a t  D ishe t el D haba  on the 
Red-Sea coast was dry. The o th er com panies have also carried  o u t geophysical work.

G. D. H.

349. Progress of “ D ’Arcy Exploration ”  British Oil Search. Anon. Petrol. Times, 
28.1.39 (1046), 110.—A well is to  be drilled  a t  E ak rin g  betw een N ew ark and  Ollerton, 
N otts., to  tes t th e  Carboniferous, th e  base of w hich is e stim a ted  to  lie a t  a  dep th  of 
3000-3500 ft. This location has been chosen following prolonged geological and 
geophysical work, and is 7^ ml. from  K elham , where tw o  wells drilled  in  1923 found 
several shows of oil and gas.

In  the  south, where th e  com pany has abandoned  fifteen areas covering 2715 sq. ml., 
th e  only activ ity  is a  geological bore a t  C haldon Down.

Cousland No. 2 well near D alkeith  is in  th e  Oil Shale group a t  a  d e p th  of 1000 ft. 
A site for No. 3 has been chosen ab o u t 2 ml. from  No. 1. T he la t te r  has a  potential 
yield of 10,000,000 cu. ft. of n a tu ra l gas/day . Shallow bores are to  be drilled in the 
Pentland area to  ascertain  if oil accum ulation  is possible below th e  P en tland  fault. 
In  Fife structural bores have been drilled p rio r to  selection of a  location  for a  deep test 
to  the  Oil Shale group.

The H ardsto ft well has been deepened, gun-perforated , and  tre a te d  w ith  solvent and 
acid. While the  results are encouraging, i t  is n o t y e t possible to  determ ine w hat the 
sustained production is likely to  be.

The Gim H ill (Staffs.) well is a t  a  d e p th  of over 4500 ft., and  in  th e  Lower Carboni
ferous. The prospects of ob tain ing  oil in  i t  are now rem ote. Gas has been encountered 
in Eskdale No. 2 in  Perm ian lim estone a t  a  d e p th  of 4212 f t . G. D. H.

350. Alberta’s New Status in Empire Oil Picture. J .  L. Irw in . Petrol. Times, 21.1.39 
(1045), 78-80.—In  spite  of drastic  p ro ratio n  in  th e  la s t th ree  m o n th s of 1938, th e  year’s 
production was probably well in  excess of 7,000,000 brls. T h is was a  m arked  increase 
on th e  2,075,338 brls. of 1937. S teps have been tak en  for th e  conservation of gas 
pressure and th e  necessary legislation has been in troduced . Owing to  m arket lim ita
tions proration  was introduced in  Septem ber 1937, and  has o p erated  a t  varying levels 
since then.

I t  is expected th a t  Hom e No. 2, 2 j m l. n o rth -w est of Model No. 1 a t  th e  northern 
end of th e  Turner Valley, will be a  m ajo r producer. T he B lackfoo t-R ibstone  well, 
about 30 ml. south-east of W ainw right, has been b ro u g h t in to  p roduction  on an en
couraging scale a t  a  d ep th  of 2034 ft., y ield ing  24° Be. oil. T he N o rth  T aber Royalties 
No. 1, 30 ml. east of Lethbridge, has encountered  seven gas sands, an d  th e  R am  River 
well, 100 ml. west of R ed Deer, has show n gas and  oil im pregnation . O ther develop
m ents are : A ltoba on Clearwater R iver, 20 m l. so u th -east of R am  R iver w e ll; Pouce 
Coupe wells near A lb erta -B ritish  Columbia b oundary  in  th e  Peace R iver country; 
Hom e-Brazeau well in Brazeau area  ; B anner well in  H ighw ood a rea  so u th  of Turner 
V alley ; te s t a t  Steveville 70 ml. north -w est of M edecine H a t ; Moose Dome 30 ml. 
west of Calgary ; two wells near L undbreck  in  Crowsnest P ass a rea  ; and  Milk River 
and Del B onita  in th e  in te rnational boundary  area. G. D. H.

351. Roumanian Oil-field Developments in 1938. Anon. Petrol. Times, 4.2.39 
(1047), 143.— In  1938 th e  R oum ania oil p roduction  was 8%  below th a t  of 1937, and 
the  drilling activ ity  was 29%  below th a t  of th e  previous year.

I t  has now been agreed to  em bark  upon  u n it  operation  a t  T in tea .
The R uncu w ildcat found only sa lt w ater, b u t th a t  a t  M agurele found oil, and has 

given a m axim um  of 50 tonnes of o il/day  w ith  some sa lt w ater. I t s  electrical log shows 
o ther prom ising sands a t  less dep ths. The D rag an easa  w ildca t reached a  dep th  of 
1455 m., and during a sho rt te s t gave 49 tonnes of o il/d ay , w ith  casing-head and



tub ing  pressures of 94 and  74 a tm ospheres, respectively. T he Bucovina w ildcat was 
a failure.

I t  is hoped th a t  a  new  M ining Law  w ill be d raw n up  which will m eet all th e  requ ire
m ents of th e  producers an d  y e t safeguard  th e  in te res ts  of th e  S ta te . The S ta te  m ay  
undertake some exploration  on its  own account. G. D. H .

352. Problems in Australian Oil Search. Anon. Petrol. Tim es, 14.1.39(1044), 52-53.—  
A t F o ste r’s bore in  th e  L akes E n tran ce  area  in  E a s t G ippsland, large volum es of w ater 
w ith  some oil were pum ped  from  glauconitic  sands in  th e  Oligocene. The m axim um  
daily  recovery of d eh ydrated  oil was ab o u t 200 gal. To exam ine th e  conditions in  
th is  area th e  Im ray  bore was drilled , w hich show ed th a t  th e  oil sands were free from  
w ater and  th a t  th e  w ater-bearing  beds were below them . T he oil sands h ad  no n a tu ra l 
pressure to  drive th e  oil to  th e  wells. H ence no  com m ercial p roduction  was possible 
in  th e  Lakes E n trance  a rea  b y  m erely drilling  wells and  pum ping  oil therefrom . The 
recovery by  using th e  underly ing w a ter to  flush o u t oil was n o t w orth  while. O ther 
m eans of oil recovery have been u nder consideration , b u t th ere  are m any  difficulties 
and  no guarantee of success. T he oil co n ten t of th e  sands, e stim a ted  a t  150 m illion 
gallons, is, however, sufficient to  ju s tify  some a tte m p t being m ade to  e x trac t i t .  Such 
an  a tte m p t calls for th e  expenditu re  of m uch m oney, th e  efficient plugging of all old 
wells, and  trea tm en t of th e  whole area  as a u n it  for a ir  repressuring.

G. D. H .

Geophysics.
353. Importance o! Geophysics in the Discovery of Petroleum Deposits in U.S.A.
S. von Thyseen-Bom em isza. Oel u . Kohle, 1939, 15, 113-117.— A review  of th e  ex 
penditu re  on, and  th e  resu lts  o b ta ined  by , geophysical research in  th e  U n ited  S ta tes 
between 1924 and  1938 is given u nder th e  four m ain  divisions : seismic, torsion- 
balance, m agnetic, and  gravim etric  research. P a rticu la r a tte n tio n  is p a id  to  th e  Gulf 
Coast d istric t of Texas an d  Louisiana, an d  a  lis t of a ll oil-fields discovered in  th is  area  
since 1926 is given in chronological order, to g e th e r w ith  th a t  b ranch  of geophysics which 
was used in  th e  discovery of each p a rticu la r  field. T. T . D.

354. Maximum Electromagnetic Damping of a Reluctance Seismometer. N . R .
Sparks and  P . F . H aw ley. Geophys., 1939, 4 (1), 1-7.— The m ath em atica l d e te rm in a
tion  of th e  response of an  electrom agnetically  dam ped  reluctance seism om eter is 
difficult because th e  equation  of m otion  is a  th ird -o rd e r equation . E x p lic it solutions 
of these equations can be o b tained  only in  special cases. The case d ealt w ith  in  th is  
paper is th a t  of m axim um  dam ping, an d  th e  re la tions betw een th e  seism om eter con
stan ts in th a t  circum stance are determ ined. I t  is em phasized th a t  th e  analysis applies 
only to  an  ideal seism om eter, a n d  hence th e  resu lts  o b tained  should  be regarded 
merely as a  qua lita tiv e  guide to  perform ance. S. E . C.

355. Seismic Paths and Velocity-Time Relations. M. M ott-Sm ith . Geophys., 1939, 
4 (1), 8-23.— C alculations are based usually  on  th e  assum ption  th a t  th e  seismic p a th s  
are straight. W here th e  reflecting beds a re  deep and  th e  d ip  gentle, th e re  is l ittle  
error in th is  assum ption, b u t where th e  beds a re  shallow  an d  th e  dips steep, or where th e  
velocity varies rap id ly  w ith  d ep th , th e  cu rv a tu re  errors are large. In  th e  la t te r  case 
it  is necessary to  find an  eq uation  w hich  w ill fit th e  observed velocity  curve an d  y e t, 
a t the  same tim e, be am enable to  analysis. T hree ty p es of sim ple v e lo c ity -d ep th  laws 
have generally been assum ed in  th e  investiga tion  of seism ic p a th s  : th e  parabolic  
type w ithout in itia l velocity , th e  parabolic  ty p e  w ith  in itia l velocity , and  th e  exponen
tia l type. These are considered fu lly  a n d  re jected , because e ith e r th ey  do n o t conform  
sufficiently closely to  em pirical velocities, o r th e  difficulties of fittin g  a re  too  great. 
On the other hand , th e  v e lo c ity -tim e curve of th e  parabolic  ty p e  w ith  in itia l velocity  
can be used successfully. A  fu rth e r ad v an tag e  of th is  curve is th a t  in  th e  m ajo rity  of 
cases the velocity m easurem ents depend on observations of tim e, an d  hence i t  is nearer 
to the original observations th a n  th e  v e lo c ity -d ep th  curve. Also, if  th e  ve lo c ity -tim e  
curve is a good fit, th en  th e  fit w ill be b e tte r  on th e  v e lo c ity -d ep th  curve.

There are two m ethods of using th e  seismic p a th s  an d  th e  w ave-fronts so o b ta ined  :
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dips and depths m ay be derived from  them  d irec tly , or corrections m ay be obtained 
for the dips and dep ths calculated on th e  stra igh t-line  assum ption . The form er m ethod 
is ideal if th e  curve is a good fit w ith  th e  em pirical velocity , b u t w hen i t  is no t, the 
second m ethod involves less error. S. E . C.

356. Steady State Polar Sensitivity Curves. C. H . Johnson . Geophys., 1939, 4 (1),
*j - .> j n iids paper th e  case is lim ited  to  s tead y  s ta te , sinusoidal waves, and  a

horizontal line of uniform ly spaced geophones. T here is discussed first th e  cum ulated 
am plitude of waves given by th e  geophones as a func tion  of th e  num ber of geophones 
used and of th e  phase difference betw een th e  waves a t  th e  ex trem e geophones. This 
relationship is illustra ted  graphically, an d  i t  is show n th a t  each  curve repeats itself 
in a definite period. W hilst m axim um  sharpness of th e  p rim ary  m axim um  of th e  curve 
is obtained by  coupling only two geophones, th e re  is l i t t le  decrease in  sharpness when 
more th an  three to  four are used, and  th e  larger num ber h as th e  advan tage  th a t  the 
principal m axim a are more widely spaced and  m ore m arked  in  rela tionsh ip  to  th e  others. 
The relative response of th e  geophones to  waves from  different d irections is then 
illustrated by m eans of polar sensitiv ity  curves. T he sha rp est response for vertical 
arrivals is obtained by using as m any  geophones as possible, w ith  a geophone spread of 

tim es th e  wave-length, where N  is th e  num ber of geophones. Fo r waves 
arriving a t fairly high angles, reasonable response is o b ta ined  by  keeping th e  geophone 
spread small, b u t th is  involves a  sacrifice in  th e  sharpness of th e  p rim ary  polar loop 
which still po in ts downward. I f  a  sonograph is used, how ever, i t  is possible to  vary 
the  direction of m axim um  response a t  w ill, an d  a t  th e  sam e tim e  ob ta in  considerable 
reduction in the  response to  all o th er directions of a rrival, including th e  vertical.

S. E. C.

357. Frequency Response of Electromagnetically Damped Dynamic and Reluctance- 
Type Seismometers. D. Silverm an. Geophys., 1939, 4 (1), 53-68.— The working
system of a seismometer for th e  reflection m ethod  m u st be v ery  selective to  frequency, 
and consequently i t  is necessary to  determ ine i ts  frequency response. The system 
comprises th e  seism ometer proper, th e  am plifier, and  th e  recorder, an d  th e  response of 
each un it m ust be known. The use of a  specially designed s tead y -s ta te  shaking-table 
has rendered th e  determ ination  of th is  characte ris tic  of th e  seism om eter simple and 
rapid.

In  the  case of th e  dynam ic seism om eter i t  is show n th a t  th e  experim entally  deter
m ined response is identical w ith  th a t  given b y  m ath em atica l analysis. The frequency 
response of a balanced arm ature  re luctance-type seism om eter is m ore difficult to  analyse 
m athem atically, since i t  involves a  th ird  order equation . I t  is show n, however, that 
m easurements w ith  th is  instrum en t on th e  shak ing-tab le  confirm  conclusions regarding 
th e  sh ift of th e  response peak to  h igher frequencies w hen th e  term in al resistance is 
decreased and  regarding th e  value of th e  resistance for m axim um  dam ping.

I t  has been found th a t  th e  stead y -s ta te  response of th e  re luctance-type seismometer 
does not agree w ith  th a t  of W ashboum e’s equ iva len t c ircu it. T h is is because the  latter 
does no t take  in to  account a  num ber of sm all losses in  th e  ac tu a l instrum ent. By 
designing a  circuit which takes these  in to  account, an d  com paring th e  response of 
th is  circuit w ith  th e  response on th e  shaking-table of th e  corresponding seismometer, 
good agreem ent was found. T hus for s te ad y -s ta te  m easurem ents th e  shaking-table 
can be used to  ob tain  th e  seism om eter response, a lth o u g h  for tran s ien t measurements 
the  equivalent circuit is s till very  useful. S. E . C.

358. Reaction-type Shaking-table. D. K elly . Geophys., 1939, 4 (1), 6 9 -7 5 —Measure
m ent of th e  response of filters, amplifiers, and  recorders is sim ple, b u t in  th e  case of the 
seismometer or of th e  system  as a  whole i t  is v ery  difficult. A stead y -s ta te  shaking- 
table was therefore m ade in  order to  sim plify th is  problem . T he tab le  consists of a 
500-lb. mass suspended on coil springs packed  w ith  fe lt, w ith  a  n a tu ra l frequency of 
2 cycles per second. An eccentric, d riven by an  electric m otor, is th e  source of vertical 
m otion of the  table, and is m ounted w ith  i ts  ax is a t  th e  cen tre  of percussion of a short 
pendulum pivoted to  th e  bo ttom  of th e  tab le . In  th is  m anner rocking of th e  table is 
a ' °Med. The m otor is shunt-w ound and  ba tte ry -d riv en , an d  has good speed regulation
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betw een 600 an d  9000 r.p .m . T he am p litu d e  of m otion  of th e  tab le -to p  is independent 
of frequency over th e  range 10 to  >  150 cycles per second. S. E . C.

See also A b strac t No. 348.

Drilling.
359. Surface Chemistry of Clays and Shales. A. D. G arrison. Petrol. Tech., Feb., 
1939, A.I.M .M .E. Tech. P ub . No. 1027, 1-14.— Alum ino-silicates, despite  th e ir  chem ical 
com plexity, fall in to  th ree  sim ple s tru c tu ra l groups : fibrous, m icaceous, and  fram e
work. I n  clays and  shales th e  m icaceous ty p e  p redom inates. T he stru c tu re  of clay 
m inerals is indicated.

W ater m ay be re ta ined  by  clay m inerals in  th ree  w ays : (1) c ry sta l w ater, (2) broken  
bond w ater, (3) p lanar w ater. T he first is held  firm ly in  th e  c ry sta l s tru c tu re  ; th e  
second is a ttach ed  to  th e  broken edges or rim s of th e  m icaceous s tru c tu res . P lan ar 
w ater is n o t held rigidly, b u t by  w eak e lectro sta tic  forces along th e  tops or b o ttom s of 
th e  flat plates of th e  micaceous m inerals. T h is w ater causes swelling an d  shrinkage 
of th e  clay. The p lates a tt ra c t  w a ter m ore strongly  th a n  th ey  a t t r a c t  each  o ther.

The colloidal alumino-silicic acids are re la tive ly  strong  acids. The clays undergo 
base-exchange, and  th e  sodium  ion escapes from  th e  clay m ore easily  th a n  th e  
hydrogen ion, m aking th e  sodium  clay  m ore s trong ly  ionized, g iving a  h igher to ta l  
negative charge on th e  micelle or anion, and  therefore  a m ore stab le  suspension.

E xam ination of bentonite  suspensions shows th a t  th e  u ltim a te  stren g th s of th e  gels 
increases as th e  p a value increases. There is a  tendency  for th e  ra te  of gelling to  fall 
off up  to  about p a 10, and  to  rise th ereafte r. T his behaviour is characteris tic  of all 
th e  colloidal m inerals of clays an d  shales. Sodium  ta n n a te  trea tm e n t reduces th e  ra te  
of gelling b u t no t the  u ltim ate  s tren g th . T he sam e is tru e  if th e  calcium  or m agnesium  
ions are replaced by  sodium . T he gelling d a ta  are discussed in  te rm s of Sm oluchow ski’s 
theory  of th e  form ation of colloidal aggregates.

Some aspects of th e  app lication  of th e  surface chem istry  of clays and  shales to  d rilling  
problems are described. G. D . H .

360. Sulphate-resistant Cement. S. R ordam  an d  C. W illson. Petrol. Tech., Feb ., 
1939, A.I.M .M .E. Tech. P ub . No. 1029, 1—3.— The tricalc ium  alum inate , one of th e  
components of P o rtlan d  cem ent, is th e  com ponent w hich  reac ts  m ost read ily  w ith  
sodium or m agnesium  su lp h a te  solu tions, lead ing  to  d estru ctio n  of th e  hardened  
cement. I t  is established th a t  if  i t  form s only 0 -3 %  of th e  cem ent, th e  cem ent is 
almost immune to  such a tta ck , b u t w hen i t  is p resen t to  th e  ex ten t of 4—5% , failures 
can be expected.

Highly corrosive n a tu ra l ground-w aters are to  be expected  in  d rilling  wells. I t  
has been proved b y  lab ora to ry  te s ts  th a t  th e ir  corrosive ac tio n  is less th e  h igher th e  
tem perature.

While su lphate-resistan t cem ents m ay  n o t develop as m uch  s tre n g th  early  in  th e  
hardening process as h igh-early -streng th  or s ta n d a rd  P o rtlan d  cem ents, la te r  th is  ty p e  
of cement will develop an  equally  high or even h igher s tren g th .

Cement affords an  excellent p ro tec tio n  ag a in st possible electrolysis causing d is
integration of casing. G. D. H .

Production.
361. Typical Oil-field Brine-conditioning Systems; Preparing Brine for Subsurface 
Injection. S. S. Taylor, C. J .  W ilhelm  an d  W . C. H ollem an. U .S. B ur. Mines, R ep. 
Invest., No. 3434, Ja n ., 1939, 1—71.— T he d isposal of oil-field brines by  in jec tion  in to  
subsurface form ations o th er th a n  fresh-w ater-bearing  s t r a ta  is a  positive  m ethod  of 
eliminating th e  harm ful effects of m ineralized  w a ter on fresh-w ater supplies, vegetation , 
and aquatic and o th e r anim al life. T he m eth o d  is s till  in  th e  experim ental stage, b u t a 
number of m ore or less successful ty p es of b rine-condition ing  system s an d  m ethods of 
treatm ent have been developed. One of th e  m ajo r problem s is th e  clogging of th e  
formation in th e  d isposal well, an d  m uch a tte n tio n  has been p a id  to  th is  problem . 
Injection of brines in to  oil-producing form ations to  increase th e  u ltim a te  recovery  o f 
oil has been successful in  som e areas, an d  has afforded a  m eans of d isposing of th e
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brine produced w ith  th e  oil. Furtherm ore, where secondary recovery of oil by  water- 
flooding is practised, operators often have found fresh-w ater sources inadequate to 
furnish water enough for th e  flooding purposes, and  have been compelled to  drill wells 
into brine-containing form ations to  ob tain  a  volum e of w ater sufficient to  prom ote
their flooding projects. .

The report contains a detailed description of th e  construction  and  operation of some 
typical brine-conditioning and disposal system s. T he d a ta  include th e  chemical and 
corrosive characteristics of brines before, during, and  a fte r  conditioning in  various 
types of systems for subsurface injection. T he so-called closed, open, and semi- 
closed types of system s which are used to  condition  th e  sour (hydrogen sulphide- 
bearing) brines, as well as th e  more stab le  brines contain ing  iron  in solution, are dis
cussed. The brines prepared for subsurface in jection  by  th e  conditioning system s were 
produced w ith  oil from four form ations— A rbuckle (Siliceous) lim estone of Cambro- 
Ordovician ago, th e  Kansas C ity lim estone and  th e  B urbank  sand of Pennsylvanian 
age, and th e  Wilcox sand of Ordovician age. T he brines from  these  form ations, and 
especially th a t  produced from th e  Arbuckle lim estone, p resen t specific problems in 
brine-conditioning for subsurface disposal. The rep o rt contains com plete descriptions 
and histories of th e  brine-injection wells. Cost d a ta , furnished by several of the 
operators, are included to  indicate th e  cost of processing brine  for subsurface disposal 
by several experim ental brine-conditioning system s.

There are fifteen figures and  n ineteen  tables. G. D. H.

362. Development and Production Problems in High-pressure Distillate Pools. E. V.
Foran. Petrol. Tech., Feb., 1939, A .I.M .M .E. Tech. P ub . No. 1023, 1-9.—A distillate 
pool is one in which a t  th e  tim e of discovery th e  p ro d u c ts  in  th e  reservoir exist wholly 
or mainly in th e  gaseous phase. In  some places th e  whole reservoir is filled w ith wet 
gas containing w ater-w hite condensible p roducts , b u t ap p aren tly  w ith  no dark oil or 
other hydrocarbon liquids in  th e  reservoir. I n  o thers th e  w et or distillate-bearing gas 
m ay form a large gas-cap directly  overlying and  in  co n tac t w ith  an  extensive reserve 
of dark oil. The heavier com ponents of th e  deep pool gases a re  generally water-white, 
and mainly condensable in a conventional oil and  gas sep ara to r under pressures of the 
order of 400-600 lb ./in .2. These m ay have  end-points of 650° F . o r m ore on standard 
Engler d istillation. I t  is possible th a t  sm all am ounts even of th e  d ark  components 
may be in th e  gaseous phase when th e  tem p era tu re  is 300° F ., an d  th e  pressure 
exceeds 6000 lb ./in .2.

The condensable portion  m ay  range 0-45-4-4 gal./lOOO cu. ft. of gas, th e  amount 
varying w ith  the  conditions. The thickness of th e  g as-sa tu ra ted  sections of the  deeper 
d istillate  pools have ranged from  15 to  400 f t. W hen th e  pressure of th e  reservoir is 
lowered, condensation occurs. The low proportion  of condensate entails th a t any 
condensation which takes place in  th e  reservoir o th e r th a n  th a t  a t  th e  immediate 
well-bore will no t be recoverable except by  m ethods of induced secondary saturation 
by means of recycling residue gas.

The relative values of th e  residue gas and  recoverable condensable products vary 
greatly among the  pools. The well-spacing for a  d is tilla te  p ro p erty  should be virtually 
the  same as for th e  conventional “ dry  ” gas pool, excep t th a t  high-pressure main
tenance is required by  recycling residue gas. The am oun t, an d  n o t th e  ra te  of pressure 
decline, is the  controlling factor in reservoir condensation . In  com pleting a well a 
minirnum-pressure gradient ad jacen t to  th e  bore should  be aim ed a t.  The pressure 
drop from reservoir to  separa tor should be low.

The fresh-water condensate ranges from  1 to  3-5% of th e  condensable hydrocarbons 
in the  separators, and a higher p roportion  is p rec ip ita ted  before reaching th e  surface. 
The input wells should be rem ote from  th e  producing wells. Over-drilling will not 
increase th e  recovery. The in itia tio n  of recycling la te  in  th e  life of a  pool may be 
ineffective. Fo r success u n it operation  of th e  pool is essential. G. D. H.

363. Design for more Effective Proration. J .  E . Pogue. Petrol. Tech., Feb., 1939,
A.I.M.M.E. Tech. Pub. No. 1028, 1-9.— As now co n stitu ted , p ro ratio n  is a planned 
production measure designed to  p reven t w aste, insure ra teab le  tak ings, and balance 
supply and demand. I t  is controlled by  legislation. Form erly  i t  was a  temporary 
measure adopted when production  o u tran  th e  ab so rp tiv e  pow er of th e  m arket. It
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is now a  perm anent m easure. T he ru le of cap tu re  becam e unw orkable under m odem  
technological conditions, and  p ro ra tio n  developed as an  off-setting and  neu tra liz ing  
influence. I t  is justified  as a  fundam en ta l conservation  m easure.

To get th e  m axim um  oil recovery th e  reservoir energy m ust be used m ost efficiently. 
Conservation can be a tta in e d  by  an y  system  of operation  th a t  re stra in s  th e  flow of 
th e  oil-pool to  th e  m ost efficient ra te , and  enforces ra teab le  tak ings am ong th e  com 
peting operators in  th e  pool. P robab ly  th e  b est view  of reservoir energy is th a t  i t  
is a  force to  be conserved u n til v ir tu a l exhaustion  of th e  oil.

U nder th e  practice of p ro ration , en tire ly  a p a r t  from  th e  ap p lication  of m ark e t 
dem and quotas, a  significant by -p roduct of econom ic s ta b ili ty  is inev itab le. The 
difference betw een th e  aggregate p roduction  ra te  of our oil-fields an d  m ark e t dem ands 
is n o t su b s ta n tia l; consequently  pro  ra t ion can de d irected  so as to  approach  a  plane 
of na tura l equilibrium  betw een dem and an d  a supply  restric ted  according to  engineer
ing principles. S teps are ind ica ted  for a  m ore successful outcom e of p ro ra tio n  te c h 
nique. These include consideration  of op tim um  ra te s  of p roduction , ra teab le  tak ings, 
drilling rates, m arket dem and quotas, an d  th e  p reserva tion  of flexible m arkets .

G. D. H .

364. Core Analysis. H . C. Pyle  an d  J .  E . Sherborne. Petrol. Tech., Feb ., 1939, 
A.I.M.M.E. Tech. Pub. No. 1024, 1-28.— The following factors a re  exam ined : p e rm e
ability , porosity, grain size, and  fluid con ten t. T he d a ta  so ob tained  are of im portance 
in  estim ating th e  am ount of recoverable oil on w ater-flooding an d  in p red ic ting  th e  
p roductiv ity  in flush fields. C ertain p recau tions a re  necessary in  sam pling, an d  m ud, 
oil, and  w ater samples also are desirable. T he sam ple should  be div ided in to  th ree  
p a rts  : one for th e  fluid content, one for p e rm eab ility  and  porosity , th e  o th e r for 
salinity.

The perm eability specimen is leached w ith  h o t carbon te trach lo ride  an d  dried  w ith  
h o t air. The m easurem ent should preferab ly  be m ade paralle l to  th e  bedding planes. 
This specimen is subsequently used for determ in ing  th e  porosity .

A sample is heated  in  a  re to r t  a t  400° F . for 40 m in . to  drive  off m ost of th e  oil and  
water. I t  is th en  heated  a t  1100° F . for 20 m in. T he condensate is collected in  a 
special centrifuge tube, and  th e  sand  is weighed on cooling. Corrections a re  m ade for 
the  fluid losses in  th e  re to r t and  condenser, for cracking, an d  th e  loss of carbon dioxide 
and w ater of crystallization  from  th e  sand-grains.

The details of th e  perm eam eter are described. F o r p o rosity , th e  b u lk  volum e is 
determined by m ercury displacem ent, a f te r  which th e  sam ple is d isin teg ra ted  and  th e  
grain-volume m easured by  displacem ent of te trach lo re th an e . To find th e  sa lin ity  
a dried disin tegrated  sam ple is shaken  w ith  a  know n volum e of w ater. 50 c.c. of 
the  filtrate are neutralized and  th en  t i t r a te d  w ith  silver chloride. Oil m ay  be washed 
from th e  sand w ith  chloride-free solvent before drying, and  th e  d ry ing  tem p era tu re  
should n o t be m uch above 200° F . T he grain-size d is tr ib u tio n  is determ ined  by 
screening.

Curves have been prepared  show ing th e  re la tio n sh ip  betw een th e  g ra v ity  of oil 
before and afte r re to rting . T he g rav ity  of th e  d ried  oil is m easured  in  a  special sm all 
pycnometer or by  a  capillary-rise m ethod .

Many of th e  m easured physical characte ris tics of sandstone and  i ts  fluid co n ten t 
are inter-related— e.g., connate w a ter an d  p e rm e a b ility ; sa lin ity  an d  re s is tiv ity  
log ; residual oil w ith  oil expulsive an d  resistive  forces.

Graphical represen tation  of th e  d a ta  is desirable. R econstruc tion  of th e  to ta l  
fluid content of a  sand perm its  th e  ty p e  of p ro d u c tio n  to  be p red ic ted , and  th e  p robable 
rate  of production of oil to  be estim ated . P rac tica l exam ples are given to  illu s tra te  
the application of th e  d a ta — e.g., th e  fixing of liner specifications and  e stim a tio n  of 
reserves. G. D. H .

365. Effect of Pressure Reduction on Core Saturation. H . G. B o tse t an d  M. M uskat. 
Petrel. Tech., Feb., 1939, A .I.M .M .E. Tech. P u b . No. 1025, 1-12.— To ge t a  core to  
the surface so th a t  original fluid co n ten t is u n d is tu rb ed  is so fa r im possible. Hence 
i t  is necessary to  discover i ts  re la tio n  to  i ts  u n d istu rb ed  s ta te . Q uestions of con
tam ination of th e  core by  d rilling  m ud w ater are  n o t considered in  th is  research. A 
given core was filled w ith  fluid (gas an d  oil, gas an d  w ater, or gas, oil a n d  w ater) a t
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th e  desired pressure. The pressure was th en  reduced to  a tm ospheric  a t  a  suitable 
ra te  after which the  final liquid sa tu ra tio n  was determ ined . All th e  determ inations 
were made by weighing, th e  surface of th e  core being w iped free of excess liquid. 
The following factors were varied one a t  a  tim e—poro sity  of core, perm eability , 
nature of liquid (or liquids) and gas, sa tu ra tio n  pressure, an d  ra te  of pressure reduction.

The porosity was determ ined by liquid sa tu ra tio n . In  th e  sa tu ra tio n  experiments 
w ater and carbon dioxide or kerosine an d  carbon dioxide or n a tu ra l gas were used. 
To saturate the  core i t  was placed in  a  holder an d  th e  pores were filled w ith  gas by 
repeated filling under pressure and subsequent expansion. T he liquid  saturated  
w ith the desired gas was then  allowed to  en ter th e  core slowly u n der a  pressure slightly 
in excess of the  sa tu ration  pressure. F ina lly  th e  pressure on th e  core was reduced to 
atmospheric a t th e  desired rate .

W ith  w ater and carbon dioxide th e  final sa tu ra tio n  of Berea sandstone for saturation 
pressures of 100-800 lb ./in .2 averaged 65% . U sing kerosine and  n a tu ra l gas a t 
pressures of 1700 lb ./in .2 th e  final average was 76-9%. G enerally a  ra te  of pressure 
reduction of 15 lb ./m in. was used, corresponding roughly  to  th e  ra te  of w ithdrawal 
of a core barrel in a  well.

For water, gas and oil, th e  w ater was in troduced  by  cap illa rity  and  th e  gas-saturated 
oil by the ordinary m ethod. The resu lts show ed th a t  i t  is possib le to  have a  water 
saturation of 60% and still have no w ater expelled w hen th e  pressure was reduced 
a t  the ra te  of 15 lb ./m in. Moreover, th e  final to ta l  liqu id  sa tu ra tio n  was essentially 
the same, regardless of th e  am ount of w ater in itia lly  p resen t in  th e  core, e.g., th e  higher 
the water sa tu ration , th e  larger th e  percentage of kerosine which was produced. This 
is significant w ith  regard to  production. The abso lu te  pressure of sa tu ra tio n  did not 
greatly affect the  results.

The higher rates of pressure decline resu lted  in  g reater oil recoveries, for th e  higher- 
pressure gradients involved are able to  overcom e th e  surface tensional forces in  a 
larger num ber of pores th an  can th e  lower-pressure g radients.

Bringing a core up a well is no th ing  m ore th a n  p e rm ittin g  a  sm all sample of the 
reservoir to  go through its  complete p roduction  h isto ry . How ever, th e  pressure 
gradients involved are very m uch h igher th a n  would occur in  a  producing sand ; but 
the technique is of in te rest w ith  regard to  p red ic tin g  u ltim a te  recoveries when rates 
of pressure decline are kep t low. For such purposes ac tu a l field m ateria ls should be 
used. G. D. H.

Transport and Storage.
366. Determination of the Probable Life of Line Pipe. S. T hayer. Petrol. Engr, 
Jan ., 1939, 10, 81.— Based on d a ta  ob ta ined  over 20 years of experience w ith  several 
pipe-line systems comprising several tho u san d  m iles of line, a  curve is draw n relating 
percentage of replacem ent against age of line in  years. E x tension  of th is  particular 
curve indicates th a t all th e  original line will have been replaced a t  th e  end of 44 years. 
Differences in location, wall thickness, and  in  th e  n a tu re  of th e  p ro tec tive  covering 
utilized will naturally  have m arked influences on  th e  ac tu a l slope of th e  curve for a 
given line, b u t i t  is suggested th a t ,  from  th e  know n h is to ry  of replacem ents to  date, a 
similar curve can be drawn for each case. Likewise curves of probable  developments 
of leaks can be constructed. Such curves m ay  be u tilized  to  advan tage  in planning 
the future protection of lines and  th e  am ounts which should  be replaced or protected 
annually for the  m ost economical operation . R . A. E.

367. Inconsistencies in Calibration of Tankship Cargo Tanks. R . H . Rogers. Petrol. 
Engr, Jan ., 1939, 10 (4), 29.—In  th e  ullage an d  sounding tab les supplied  to  a tankship, 
the  heights of th e  various tan k s are subdivided in to  increm ents of .¡-, 1, 3, or 12 in. 
These increments vary from tan k  to  tan k , depending on such factors as shape, position 
in ship, and type of contents. The usual practice  is to  use sm all increm ents where 
the  shape of th e  tan k  is changing rap id ly  and  large increm ents in  th a t  po rtion  of the 
tank  where th e  shape is more or less ak in  to  a regu lar geom etrical solid. The usual 
custom is to  work for a  relative accuracy of 2-3 p a r ts  in  10,000— i.e., com paring the 
to ta l calculated volume of th e  tan k  m inus in te rnals w ith  th e  volum e ob tained  by adding 
the increments of a  p lo tted  curve such as th e  barrels-per-inch curve. There is, of 
course, no absolute guarantee th a t  th e  volum e calcu la ted  from  m ould lo ft offsets is
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th e  actual volum e of th e  tan k . I t  is contended th a t  ullage readings spaced every 
inch are ju s t  as nearly  accu rate  as th ose  spaced every  |  inch , and  a t  th e  sam e tim e 
th e  calib ra tion  costs w ill be reduced by  ap prox im ate ly  50 p er cent. T he effects of 
m inor varia tions in  dim ensions during  erection  of th e  steel s tru c tu re  of a sh ip , th e  
deflection of th e  s tru c tu re  of th e  ta n k  u nder h y d ro sta tic  load, an d  th e  effect of th e  
tem perature  changes on th e  stee l-tan k  stru c tu re  itself, are considered. I t  is shown 
th a t  th e  la tte r  factor, w hich is neglected in  practice , is of m ajor im portance, and  th a t 
in th e  case of a ta n k  35 ft. X 40 ft. X 40 ft. a  change in  tem p era tu re  of 10° F . causes 
an error in  volum e ab o u t equal to  th e  ta n k ’s capac ity  p er inch  of d ep th . The com 
bined effects of th e  o th e r facto rs a re  estim a ted  to  be on  th e  average of a  s i m i l a r  order. 
I t  is concluded th a t  ullage tab les tab u la te d  in  increm ents of 1 in. are therefore adequate .

R . A. E .

368. Storage Tanks. Clemens. Oel u . Kohle, 1939, 15, 89-96.— I n  th e  early  days 
of th e  industry , w hen kerosine was th e  m ost im p o rtan t p roduct com m ercially, no 
a ttem p t was m ade to  reduce th e  loss of lig h te r fractions on storage. W ith  th e  growing 
im portance of gasoline, th e  necessity  of reducing th is  loss becam e urgen t. The au th o r 
deals w ith  th e  a tte m p ts  to  do th is  b y  perfecting  a  gas-tigh t roof, incorporating  valves 
through which v apour m ay  be forced ou t, an d  a ir  draw n in, as th e  ta n k  breathes. 
He illustrates, w ith  diagram s and  ty p ica l num erical exam ples, th e  stresses and  stra ins 
produced b o th  as a  re su lt of expansion an d  con traction  of th e  m ateria l of th e  tan k , 
and of the  rise and  fall of v ap o u r pressure of th e  con ten ts, b rough t abou t by  fluctuating  
a ir tem perature.

Dealing w ith  safety  p recau tions, th e  a u th o r  outlines th e  m ethods of construction  
adopted to  allow th e  roof to  be  blow n off w ith o u t seriously dam aging th e  rem ainder 
of the  tank , should  a n  explosion ta k e  place. T he p ro tec tio n  afforded to  neighbouring 
tanks by  spraying w ith  w a ter in  th e  even t of an o th er becom ing ign ited  is discussed, 
and th e  au th o r suggests th a t  in  m an y  cases th is  trea tm e n t m ay  actually  increase th e  
danger to  th e  tan k s  concerned.

The au th o r confines h is pap er to  ta n k s  w hich are w holly above ground, and  in  which 
the  contents are s to red  a t  a tm ospheric  pressure w ith  a  vapour space above th e  level 
of th e  liquid. T . T. D.

369. Corrosion and Protection from Corrosion of Storage Tanks for Petroleum Fuels.
F. E isenstecken an d  H . R o ters . Oel u . Kohle, 1939, 15, 129-137.— Pure anhydrous 
ethanol a ttack s only m agnesium  an d  lead, and  can therefore  be sto red  in  steel tanks. 
Occasionally corrosion resu lts  if  fe rm en ta tio n  by-p roducts have been incom pletely 
removed. M ethanol a tta c k s  a  nu m b er of m etals, a n d  th e  degree of a tta c k  by  m ix tures 
of ethanol and  m ethano l is p ro p o rtio n a l to  th e  con ten t of th e  la tte r .

A diagram  is given show ing th e  loss in  w eight of galvanized-steel test-pieces im m ersed 
for 6 m onths in  aqueous alcohols of va ry in g  w a ter con ten t. The a tta c k  of m ethanol, 
increases rap id ly  w ith  increasing w a ter con ten t, w hilst th a t  of e thano l increases only 
very slowly. A second sam ple of e th an o l con tain ing  acetaldehyde behaved very 
similarly to  m ethanol. A  series of experim ents confirm ed th is , an d  show ed th a t  th e  
acetaldehyde is produced  w hen e th an o l is left in  co n tact w ith  a ir, w ater, and  zinc. 
I t  is concluded th a t  galvanized or b lack-iron p la te  is n o t a su itab le  m ateria l for th e  
construction of tan k s  used  in  th e  tran sp o rt of com m ercial alcohol, an d  s ta te d  th a t  
success in  p ractice  has been o b ta ined  b y  coating  th e  inner surface of th e  ta n k  w ith  
tin  or a  lacquer. A  nu m b er of in h ib ito rs  a re  lis ted  w hich m arkedly  reduce th e  cor
rosive properties of alcohols, b u t w ith  s ta tio n a ry  storage tan k s  it  is usually  considered 
unnecessary to  tak e  any  special precau tions.

Pure hydrocarbons are n o t corrosive, b u t  p e tro leum  fuels con ta in  su lphur com 
pounds and u n sa tu ra ted  p ro d u c ts  w hich oxidize to  corrosive substances, giving rise 
to  high- or low-m olecular-weight acids in  va ry in g  circum stances. A review  of te s ts  
for corrosive su lphur is given, and  resu lts  are quo ted  show ing th a t  for a gasoline of 
given sulphur con ten t, corrosion in  dim inishing degree is caused by  e lem entary  sulphur, 
sulphur and  m ercap tan , H 2S, e th y l m ercap tan , an d  CS2, th e  la s t tw o causing only 
slight corrosion. I t  m ay  be sa id  th a t ,  in  general, anhydrous benzol, to luo l and  xylol, 
and sulphur-free gasoline do n o t a tta c k  base m eta ls a t  o rd inary  tem pera tu res . Cracked 
fuels are more corrosive, o ften  owing to  th e  presence of su lphuric acid esters, which are 
not completely rem oved w hen th e  fuel is d istilled .
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A dm ixture of ethanol to  comm ercial gasolines and  benzols does n o t increase cor
rosiveness except in th e  presence of w ater. R esu lts  of B auer an d  Schikorr are quoted 
dealing w ith the  increasing a ttack  on alum inium  and  its  alloys by  m ix tures of ethanol 
w ith commercial gasolines and  benzols, as th e  w a ter con ten t is increased.

Since i t  is im practicable to  remove th e  corrosive com ponents from  th e  fuel, a ttack  
can only be reduced by having a corrosion-resisting m ate ria l for th e  tank . Stainless 
steels are expensive, so an im ier p ro tec tive  coating  is to  be preferred. This m ust be 
both  chemically resistan t and  of good e lastic ity , in  order to  w ith stan d  shocks in 
transport. For th is  purpose use has been m ade of t in , zinc and , m ore recently, lac 
films stable to  gasoline. An investigation  in to  th e  s ta b ility  of such a film was carried 
out, and a table of results is given. U nfo rtunate ly , th e  fo rm ation  of th e  m ost highly 
impervious films requires a high tem pera tu re, a facto r which reduces th e  elasticity 
of the  film, and so th e  production of a  lacquer film w ith  h igh  imperviousness and good 
elasticity is aw aited to  m ake th is  m ethod of p a ram o u n t im portance for transportation 
tanks.

The chief cause of corrosion in  sh ips’ tan k s  is th e  a lte rn a tio n  betw een petroleum 
and sea-water carried as ballast, as has been confirm ed by  lab o ra to ry  tests. Many 
suggestions have been m ade in  th e  lite ra tu re  an d  in  p ractice , for th e  protection of 
ships’ tanks, w ithout m uch success. A num ber of these  a re  quoted , and  the  authors 
favour, for crude or heavy oil tran sp o rt, galvan ization  prov ided  th a t  th e  oil contains 
only very small quantities of sa lts  soluble in  w ater.

The paper concludes w ith  a sho rt survey of th e  conditions ex is ting  and precautions 
taken in practice, in which it is s ta te d  th a t  in  th e  case of fixed storage tanks, in 
general, no protective coatings are em ployed. T. T. D.

Cracking.
370. Cracking Gaseous Hydrocarbons in the Spark Discharge. T. Amemiya. J.
Fuel Soc. Japan, 1938, 17 (195), 99-108.— M ethane, e th an e , propane, th e  butanes, 
and the corresponding olefins were decom posed in  th e  sp a rk  discharge (ca. 50,000 
volts and 100 kilocycles). H igh yields of hydrogen an d  acety lene were obtained. 
The summarized results were as follows :—

1. The ra te  of decom position of th e  sam ple increased w ith  th e  current intensity 
and the heating or reaction tim e.

2. The yield of acetylene per reacted  molecules p roportiona lly  increased w ith the 
velocity of flow, and inversely w ith  th e  h eating  or reac tion  tim e  and  decomposition 
rate.

3. Hydrogen as well as carbon m onoxide h ad  a  favourable effect on th e  yield of 
acetylene, by v irtue of decreasing th e  fo rm ation  of carbon. N itrogen had  no effect, 
and carbon dioxide, oxygen, or steam  reduced th e  yield  of acetylene.

4. The concept of “ free radicals ” was found applicable to  describe th e  course of the 
reaction mechanism. G. R. N.

371. Small Combination Cracking Unit. J .  C. A lbright. Refiner, 1939 ,18, 49-52.—A
1050-brl. crude skim ming u n it a t  Leuders, Texas, has been converted  to  a 1400-brl. 
crude distillation cum two-coil D ubbs cracking u n it  w ith o u t th e  add ition  of another 
heater. The crude is charged a t  32 lb. pressure, and , by  m eans of h ea t exchange with 
cracking unit stream s, is supplied w ith  sufficient h ea t to  operate  a salt-settling  unit and 
also flash off in the  prim ary tow er stra ig h t-ru n  gasoline, kerosine, trac to r  distillate/gas 
oil. The reduced crude ex th e  prim ary  tow er is charged to  th e  cracking-section 
fractionator, from which light oil and  heavy  oil stream s are tak en  and  passed through 
the original heater revam ped to  contain  light-oil an d  heavy-oil coils. The flow after 
loaving the  heater is th e  conventional for a  two-coil u n it . A p a rticu la r feature of the 
p lan t is the  unequal size of th e  plungers of th e  h o t oil pum p to  accomm odate the 
different volumes of light and  heavy oils. The possib ility  of “ jerkiness ” in the 
opeiation of the  pum p is elim inated by carry ing  d ifferent pressures on these streams. 
Transfer line tem peratures are 905° F . an d  1010° F . for heavy  and  ligh t oils, respec- 
V 'l(ui° s tabilized cracked gasoline has an  octane num ber of 71 for an  end-point 

of 3JO F. Fuel requirem ents average ab o u t 1-7% of th e  crude charged. The cost 
oi erection was around $90,000. G. R. N.
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372. Modernization of Cracking Plant. J .  J .  L ouderm ill, J .  L. Gaskell, C. H . Alberd- 
ing, an d  B. J .  F lock. Oil Oas J . ,  2.2.39, 37 (38), 42.— A D ubbs u n it in a Louisville, 
K y., refinery of th e  tw o-coil selective-cracking ty p e  has been m odernized by th e  
add ition  of coking equipm ent an d  o th e r im provem ents, enough fuel oil being produced 
for m arket requ irem ents, an d  th e  rem ainder being coked. The coke is an  excellent 
fuel for tobacco dry ing  an d  o th e r in d u stria l uses, as well as for dom estic heating . Two 
coking-cham bers a re  in te rposed  betw een th e  reaction-cham ber an d  th e  flashing- 
u n it, each hav ing  a  capac ity  of 55 to n s— one d a y ’s production . Coke rem oval is by  
th e  cable m ethod, occupying 4 hours. O perating  d e ta ils  are given, tog e th e r w ith  yields 
and properties of p ro d u c ts  o b tained  during  a  70-day continuous coking run  on topped 
crude. A yield of 60-58% of gasoline of O.N. (M.M.) 69-5 was ob tained , together 
w ith  10-79% of residuum , 16-89% of coke, th e  gas an d  loss figure being 11-74%.

C. L. G.

373. Patents on Cracking. S tan d ard  Oil D evelopm ent Co. E .P . 498,094, 3.1.39. 
Appl. 19.11.37. C ata ly tic  refining of oil by  p reh ea tin g  th e  vapour to  750-1000° F . 
and passing i t  th ro u g h  a  bed of a c tiv a ted , n a tu ra l, or syn th e tic  clay u n til th e  ca ta ly st 
shows su b stan tia l de terio ra tion . T he ca ta ly s t is th en  regenerated  by  trea tm e n t w ith  
regeneration gas (steam  or flue gas) w ith  or w ith o u t adm ixed a ir  a t  1200-1300° F .

P . H . Gilkerson. XJ.S.P. 2,144,109, 17.1.39. A ppl. 5.3.37. Im proved  coke cham 
ber for cracking operations.

W . H . Carm ody. U .S .P . 2,143,474, 10.1.39. Appl. 3.11.36. T rea tm en t of h igher 
boiling oils contained in  p u re  s ti ll  residues from  th e  frac tio n a tio n  of cu ts of coke-oven 
light oils a t  265° C. w ith  2%  of a lum in ium  chloride. A m ix tu re  is ob tained  of benzol, 
toluol, xylol, an d  n a p h th a  and  a  resinous m ateria l. W . S. E . C.

Hydrogenation.
374. Destructive Hydrogenation of High Molecular Weight Olefin Polymers. H . I.
W aterm an and  J .  J .  L eendertse . J .  In st. Petrol., 1939, 25, 32—10.— E xperim en ts are 
described on th e  d estructive  hydrogenation  a t  435° C. of Alchlor polym ers of iaobutene 
and cyciohexene, and  th e  p ro d u c ts  th ereb y  ob tained  are characterized  b y  th e  au th o rs’ 
m ethod of analysis, w hich ind ica te  th e  la t te r  u n sa tu ra te  gives th e  m ore stab le  polym ers.

G. R . N .

375. Application of Reaction Kinetics to Process Design. Hydrogenation of i-soOctene.
L. S. Kassel. Industr. Engng C'hern., 1939, 31, 275—277.— T he k inetics of cata ly tic  
hydrogenation of fso-octene to  iso-octane is developed b o th  for o rd inary  flow con
ditions and for two- or th ree-stage  operation  w ith  counter-curren t flow betw een th e  
stages. The case of ideal co u n ter-cu rren t flow is also developed, since i t  represents 
the  lim it of m ulti-stage operation . T he general conclusion reached from  th e  calcula
tions is th a t  tw o-stage operation  is justified  by  th e  increase in p lan t capacity , b u t th a t  
only m inor increases in  efficiency are p roduced  by  increase in  th e  num ber of stages. 
Curves are given w hich show th e  effect of changing th e  hydrogen ra tio , as well as th e  
number of stages. H . E . T.

376. Patents on Hydrogenation. M. P ier an d  A. E isenhu t. U .S .P . 2,144,409, 17.1.39. 
Appl. 8.11.35. M ethod of sep ara ting  solid constitu en ts  from  charging oil for use in 
hydrogenation processes.

V. Ip a tieff and  V. K om arew sky. U .S .P . 2,145,657, 31.1.39. Appl. 30.12.36. 
H ydrogenation of hydrocarbon  oils a t  150—100° C. an d  a t  10-100 a tm s. pressure, 
using as ca ta ly st an  alkali m eta l a lu m ín ate  an d  a  m eta l sulphide corresponding to  
hydrogen sulphide th e  hydrogen  a to m s of w hich have  been replaced by a  m etal.

N.V. de B ataafsche P etro leum  Mij. E .P . 498,859, 16.1.39. Appl. 16.7.37. C ataly tic  
dehydrogenation of non-arom atic  organic com pounds— e.g., n o n -te rtia ry  aleohols—  
into th e  corresponding carbonyl com pound, o r of iso- or norm al bu tan e  in to  th e  
corresponding u n sa tu ra ted  hydrocarbon , using as ca ta ly s t a m etal-alloy tu b e  con-
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ta in ins activated  alum ina and heated  to  500-800° C. Su lphure tted  hydrogen is 
nassed through the  tube for a  tim e, so as to  poison th e  in te rio r surface of th e  tube 
and to  render i t  substan tia lly  inactive  to  catalyse  th e  carbon form ation during the
reaction.

A H Boultbee. U .S.P. 2,143,472, 10.1.39. A ppl. 20.7.36. C ataly tic  dehydro- 
eenation of hydrocarbon d istillates contain ing  n aph thenes and  paraffins.
B W. S. E. C.

Polymerization.
377. Gas Purification and Polym erization a t W ilshire. J .  C. A lbright. Refiner, 
1939. 18, 41-44-—At th e  Norwalk refinery of th e  W ilshire  Oil Co. 15,120 brls./day 
crude oil are processed in  a  skim m ing u n it to  give ligh t gasoline, reform er naphtha, and 
reduced crude. The la tte r  is charged to  a  D ubbs u n it,  an d  y ields gas, gasoline, and 
fuel oil. The stabilizer gases from th e  cracking an d  reform ing u n its  am ount to  around 
2,000,000 cu. f t./d ay  and contain 33-3-35-7%  u n sa tu ra tes . These gases are processed 
in a potassium  triphosphate  u n it to  rem ove hydrogen sulph ide th en  processed in a 
U.O.P. catalytic  polym erization un it to  yield  7 galls, polym er gasoline per 1000 cu. ft, 
charged. The polym er gasoline so ob tained  represen ts 2-2%  of th e  crude, and the 
to ta l gasoline— i.e., ligh t stra igh t-run , cracked, reform ed, an d  polym er gasoline— 
am ounts to  60-38% of th e  crude, and  has an  octane num ber of 70-72 for an end
point of 390° F.

By employing suitable stabilizer pressures, th e  use of com pressors for both the 
H 2S removal and poly emits is unnecessary'. A s ta n d a rd  ty p e  of absorption  column 
is used to  contact th e  tripo tassium  phosphate  and  cracked gas, an d  th e  spent reagent 
is revivified by  steam  trea tm en t an d  recycled. T he expelled H 2S is burned a t the 
plant flare. Five catalyst columns (36 in. diam ., 30 f t. effective he igh t of catalyst bed) 
are employed in  th e  poly u n it, and  th e  ca ta ly s t, w hen spen t, is regenerated by the 
standard  m ethod of controlled burning. Over a  period  of 7 m on ths th e  average 
olefin conversion was 88%. The cycle tim e of a  colum n is 800 hrs., and  approximately 
10% of th is  period is required for ca ta ly st regeneration . G. R. N.

378. “ Sarmiza ”  Process for Producing High Octane Fuels and Aromatic Hydrocarbons.
Anon. Rev. Petrolif., 5.8.38 (797), 1001-1004.— Paraffinic hydrocarbons can be 
converted by a  h eat trea tm en t in  four separa te  stages in to  h igh ly  arom atic gasolines. 
The process can be applied to  petro leum  fractions or sy n th e tic  hydrocarbons boiling 
between 150° and 350° C.

In  the  first stage, a t  about 300° C., th e  in itia l p ro d u c t is com pletely gasified. In 
th e  second stage, a t  500° C., th e  gas is cracked to  gaseous olefins. I n  th e  th ird  stage, 
a t  600° C., polym erization and  cyclization of olefins to  cyclo-olefins are carried out. 
The la tte r are dehydrogenated to  arom atics in th e  la s t stage a t  720° C.

The process operates w ithou t pressure or c a ta ly s t, an d  has th e  advantage that 
individual stages are com pletely independent of each o th er, each proceeding in a 
separate furnace and, consequently, enabling  accu ra te  con tro l of single phases of the 
process. The process has been used on a  sem i-technical scale in  B ucharest for two 
years. R esults are claimed to  be alm ost uniform , and  no coke and  only little  gas are 
formed.

The gasoline yield averages ab o u t 60%  of th e  in itia l p ro d u c t, i t  contains 80% 
aromatics, and has an octane num ber betw een 92 an d  95. Owing to  th e  small olefin 
content, th e  gasoline is stable in  storage. F u rth e r  p roperties are given in tabular 
form. The process can also be applied  to  sy n th e tic  oils of th e  F i s c h e r —Tropsch 
process (Kogasin II) . The costs of th e  Sarm iza process are claim ed to  be low.

L. R.

379. Patents on Polymerization. G. W . Johnson . E .P . 498,526, 10.1.39. Appl.
15.7.37. Polym erization of defines contain ing  n o t m ore th a n  30%  of defines with up 
to  o C atom s and preponderating quan tities of buty lenes o r am ylenes or th e ir mixtures, 
usmg a catalyst of th e  Friedel-C rafts type. T he p ro d u c ts  a re  th en  hydrogenated and 
treated  w ith superheated steam  in th e  presence of caustic  alkali.
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U niversal Oil P ro d u c ts Co. E .P . 499,066, 18.1.39. Appl. 30.11.37. C ata ly tic  
polym erization of defines a t  150-288° C. an d  u nder 6-8-20 a tm . pressure, using  a 
phosphoric acid  ca ta ly s t.

Le R . G. S tory . U .S .P . 2,142,969, 3.1.39. A ppl. 28.12.36. Polym erization  of 
cracked d is tilla te s in  which th e  d istilla te s  a re  sub jected  to  th e  action  of a solid a d 
sorbent cata ly st. T he p ro d u c ts  are frac tio n a ted  to  produce a  s tab le  gasoline, and  th e  
gaseous p roducts are polym erized in  th e  presence of phosphoric-acid cata lyst.

H . V. Atwell. U .S .P . 2,145,576, 31.1.39. A ppl. 29.7.37. Conversion of norm ally  
gaseous hydrocarbons in to  liqu id  p ro d u c ts  b y  sub jecting  a  m ix tu re  rich  in  defines in  
adm ixture w ith  oxygen a t  e levated  tem p era tu res  and  a t  a tm . to  100 lb ./sq . in . pressure 
in  a  prim ary  zone. T he h o t reac tio n  p ro d u c ts  from  th is  reac tion  zone are th e n  
adm ixed w ith  a  gaseous hydrocarbon  m ix tu re  con tain ing  hydrocarbons w ith  m ore 
th an  2 C atom s/m ol. T he r e s d ta n t  m ix tu re  is th en  h ea ted  in  an o th er zone to  th e  
same tem peratures, b u t u nder a  g rea te r pressure, to  produce liquid  products.

W . S. E . C.

Refining and Refinery Plant.
380. Filtrol Fractionation Plant. M. M. Moore an d  H . M. Gwyn, J r .  Refiner, 1939, 
18, 45—48.—A t th e  R ichm ond refinery of th e  S.O.C. California a  1200-brl. F iltro l lube 
u n it is in  operation. A so lv en t-trea ted  long residuum  (98 V I and  58 SSU/2100 F.) 
is charged, and  yields th ree  d is tilla te  pale oils and  a  5 A.S.T.M. colour b rig h t stock  
of 151 S.S.U./210° F . F iltro l clay is m ixed w ith  10% of th e  charge in  au to m atic  
equipm ent, and  th e  re su lta n t s lu rry  is pum ped  in to  th e  m ain  stream , which, a fte r 
h ea t exchange, is raised in  tem p era tu re  to  ab o u t 675° F . in  a heater. The clay an d  
oil are th en  discharged in to  a  vacuum  bubble tow er a n d  th e  flashed b o tto m s or b rig h t 
stock plus clay are w ithdraw n from  th e  soaking section a t  such a  ra te  th a t  th e  con tact 
tim e a t  th is  poin t is 15—20 m in. T his m ix tu re , a fte r  some cooling, passes v ia  a  surge 
tan k  to  a continuous vacuum  ro ta ry  filter fitted  w ith  a Monel m eta l c lo th  p recoated  
w ith  diatom aeeous earth . F il tra tio n  is carried  o u t a t  300° F . A scraper edge strip s 
th e  clay from th e  p recoat e a rth , w hich m u st be renew ed weekly. Owing to  th e  
use of heat exchange th e  d istilla te  oils receive a  lig h t clay trea tm e n t p rio r to  flashing. 
The am ount of clay used is of th e  o rder of 1 lb . to  8 galls, of charge, w hilst th e  loss of 
oil to  clay is less th a n  1% . G. R . N .

381. Use of Mist Extractors in Gasoline Plants. H . B. V an  E m den. Petrol. Engr, 
Jan ., 1939, 10, 116.-—In  a p la n t tak in g  casing-head gas from  th e  field a t  200 lb. suction  
pressure and  com pressing i t  to  400 lb ., frequen t shu tdow ns were necessary because of 
compressor valves break ing . T his w as found to  be caused b y  cold liqu id  in  th e  
incoming gas strik ing  th e  h o t valves. A lthough  gas in  th e  suction  line passed th ro u g h  
a large scrubber, liqu id  was ev iden tly  being carried  over. A m is t e x trac to r installed  
on th e  scrubber o u tle t collected a b o u t 1£ brls. of liqu id  p er day , an d  com pletely 
elim inated th e  breakages. T he m is t e x tra c to r consists of a  num ber of zig-zag vanes 
placed in  th e  gas-stream , d iv id ing  th e  gas-flow in to  a  num ber of th in  stream s. A t 
each projecting  com er of th e  vane  is a  pocket to  rem ove collected m oistu re  from  th e  
gas. The vanes reach  in to  all p a r ts  of th e  gas-stream , collect th e  m is t in to  drops, and  
remove th e  liquid  com pletely from  th e  gas.

Tests indicate th a t  sim ilar ex trac to rs  p laced  in  th e  discharge lines p roved  to  be 
of value in  e lim inating  freezing troubles w hich h a d  been experienced in  cold w eather. 
The pressure drop th ro u g h  th e  m is t e x tra c to r was show n to  be negligible.

R . A. E .

382. Need for Fouling Data on Heat Exchangers. W . L. N elson. Oil Gas J 2.2.39, 
37 (38), 40.— L ab o ra to ry  d a ta  on film  tran sfe r  ra te s  in  h e a t exchangers generally  
show too  h igh  a  value  owing to  th e  absence of film s of grease an d  scale p resen t in  
practice. As an  exam ple, increasing  th e  ve locity  of kerosine th ro u g h  a  h ea t exchanger 
by twelve tim es should  theo re tically  increase th e  tran sfe r ra te  b y  125% , b u t in  practice  
in d irty  equipm ent a n  increase of only 33%  is given. W ith  m ore viscous stocks th e  
effects of d ir ty  exchangers are considerably m agnified, so th a t  th e  tran sfe r ra te s  are 
controlled m ore by  th e  s ta te  of th e  equ ipm ent th a n  by  th e  v iscosity  of th e  p roduct.

C. L. G.
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3 8 3 . Distillation in the Petroleum Industry. J .  Schm it. Rev. Pétrolif., 25.11.38 
(813) 1517-1519-— Physical d a ta  of im portance in  d is tilla tio n  are discussed, including
1) specific heat, (2) specific volum e, (3) vapour pressure, (4) la te n t h ea t of vaporiza

tion and (5) equilibrium  constan t (ratio  of m ole frac tion  in liquid).
In  a pipe still heat in p u t in  th e  rad ian t h ea t zone is usually  betw een 30,000 and 

60 000 and in the convection section betw een 11,000 and  25,000 Cal./sq. m. hr. The 
temperature of the stack  gases is 100-200° C. h igher th a n  th a t  of th e  oil charge. Oil 
velocity within the tubes varies betw een 0-8 and  250 m ./sec. F o r determ ining the 
flash-curve the author refers to  m ethods given by  Pircom ov, Beiswenger, Nelson, 
and Sanders. The flash-curve can also be used in  estim a tin g  oil-vapour condensers. 
The heat transm itted is calculated as :

<2(Cal./hr.) =  H . S . At,
where H  =  heat transfer coefficient (Cal./sq. m . ° C.), S  =  th e  surface of the  heat 
exchanger (sq. m.), and At th e  m ean logarithm ic tem p era tu re  difference.

The action of the  bubble tow ers is explained, an d  th e  m ethod  of calculating the 
theoretical number of p lates of absorbers an d  strip p ers  given b y  K rem ser is discussed. 
In practice the theoretical p la te  num ber has to  be increased by 25% . The usual 
number of plates contained in  absorbers is tw en ty , an d  in  s trip p ers  th ree  or four. 
D ata are given on liquid level on p la tes, pressure drop th ro u g h  p late , number of 
bubble caps, weir and dow nspout dim ensions, and  p la te  spacing.

The maximum vapour velocity w ith in  th e  tow er is given by  th e  equation :
T  dy  — 31-6 — -— where T  — 0 C. abs., d  =  density  of en tra in ed  liquid, M  =  mol. 

M  . P
weight of vapour, and P  — pressure in a tm . A 30-cm. layer of R aschig  rings would 
be equal in effect to  one bubble-plate.

The further course of estim ating  p lan t and  aux iliary  ap p a ra tu s  is indicated. I t  is 
recommended to  have the crude oil h ea ted  in h ea t exchangers to  200-250° C.

L. R.

384. Corrosion in Petroleum Refineries. J .  M oinard and  P . Moyne. Rev. Pétrolif., 
9.12.38 (815), 1581, 1582.—The various com pounds of p o ten tia l corrosive action in 
crude-distillation units are enum erated and  th e  c ritica l p o in ts of a tta c k  mentioned. 
H 2S and HC1 combined have th e  h ighest corrosive effect. Condenser corrosion is
best obviated by N H 3 injection controlled by  p B m easurem ents.

In  cracking, sulphur crudes cause w orst corrosion. C r-N i steel gives good re
sistance, whilst plain steel is subject to  heavy erosion. The calorizing process provides 
perfect protection against hydrogen sulphide a tta ck .

In  stabilizers and gas-treating u n its  20%  Ni -+- 8%  Cr steels and  certain  Cu-Ni 
alloys of the  Monel-metal type give excellent resu lts . T he conditions in a plant for 
sulphuric-acid treatm ent of gasoline are discussed.

I t  is concluded th a t in view of the  complex n a tu re  of th e  corroding m edia, laboratory 
tests are difficult to interpret . In  individual cases th e  au th o rs  prefer to  carry out an 
intim ate analysis of th e  corrosion phenom enon leading to  a  provisional selection of 
materials of construction. Final decision is reached a fte r  conducting  a  practical test 
w ith specimens placed w ithin the  ap p ara tu s itself. L. R.

385. Corrosion Caused by Refinery Combustion Gases. P. W oog, R . Sigwalt, J . de
Saint-Mars, and J . Dayan. Rev. Pétrolif., 9.12.38 (815), 1582-1584.—In  a refinery 
heavy corrosion was observed in th e  d is trib u tio n  system  of purified inert combustion 
gases from fuel oil. Separated liquid drained  a t  va ry in g  p o in ts from th e  system 
showed considerable n itric  acid contents. E x am in atio n  of th e  gases revealed distinct 
contents of nitrogen oxides, although only m inu te  q u an titie s  of NO were present. 
While the  former were easily elim inated by  alkali trea tm e n t, th e  elim ination of NO 
presented difficulties.

Tests based on th e  use of absorptive solutions, on ox idation  followed by alkali 
absorption, and on absorption by a solid m ix tu re  on iron sulphide base gave un
satisfactory results. \  arious charcoals, however, h ad  a  good absorptive effect on 
nitrogen oxides w ith  activated  charcoal as an  op tim um . T he absorptive effect was 
not impaired by the  presence of COa and  SO,. U sed charcoal could be reactivated 
by a super-heated steam  trea tm ent.
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I n  th e  course of fu rth e r investigations i t  w as found th a t  no explosive n itrogen- 
hydrocarbon com pounds were form ed during  th e  charcoal-absorption  process. E ven  
ac tivated  charcoal con tain ing  n itro m eth an e  d id  n o t explode w hen heated . Con
sequently, th e  ex trac tio n  of n itrogen  oxides by  ac tiv a ted  charcoal does n o t present 
any  hazard . L . r .

386. Removal of H,S from Gas Containing 0 2. T . S. B acon. Petrol. Engr, Feb ., 
1939, 10, 70.— V arious com m ercial processes a re  available for rem oval of H 2S from  
gases, b u t a  new  process has been devised in  th e  case of residue gas from  casing-head 
p lan ts  in  th e  B reckenridge, Texas, area. T his gas is com pressed to  a pressure of abou t 
350 lb. pe r sq. in. p rio r to  delivery  to  m ain  d is trib u tio n  lines. The casinghead p lan ts 
ob tain  gas from  wells operated  u n d er vacuum , and , owing to  unavoidable leakage of 
air, th e  gas en tering  th e  com pressor s ta tio n  con tains l*0 -l-8%  of oxygen, in  ad d itio n  
to  0*2—0*4% C 0 2 an d  1*5—4*0 gram s H 2S p e r 100 cu. f t. Corrosion was experienced 
in  th e  high-pressure m ains, an d  i t  w as found necessary to  reduce th e  H 2S con ten t to  
m ax. 0*10 gra in /per 100 cu. f t .  C austic  w ash could n o t be used owing to  th e  C 0 2 
present, and  to  reduce th e  H 2S con ten t to  th e  lim it desired requ ired  a  p lan t of high 
efficiency. The process finally developed involves th e  abso rp tion  of H 2S in an  alkaline 
solution, and  oxidation  of th e  absorbed H 2S to  free sulphur, using th e  free oxygen 
present in  th e  gas an d  a  c a ta ly s t of iron  an d  zinc sa lts  to  accelerate th e  ox idation  
ra te  sufficiently to  overcome an y  danger of liberation  of H 2S from  th e  solu tion  by  th e  
a ir  an d  C 0 2 present. T he so lu tion  is pum ped  continuously from  a  ta n k  to  th e  top  
of a  concrete-lined scrubber f itted  w ith  stain less-steel tray s  and  caps, an d  is re tu rn ed  
to  th e  same ta n k  from  th e  base of th e  scrubber. Gas en ters th e  b o tto m  of th e  scrubber 
th ro u g h  a  sm all m is t ex tracto r. T he c ircu lation  of th e  scrubber so lu tion  is required  
to  remove free su lphur from  th e  in te rio r of th e  scrubber. T he su lphur p resen t in 
th e  solution separates as a  foam  owing to  th e  action  of dissolved gases liberated  from  
th e  solution by reduction  of pressure, an d  th is  foam  can easily be skim m ed off. The 
solution loses i ts  efficiency owing to  side reactions, an d  is replaced every 7 days. Two 
scrubbers are used, one a fte r  each stage of com pression of th e  gas, so as to  give con
tinuous purification should one be sh u t down. Some free su lphur is deposited  on 
th e  m eta l surfaces in  th e  scrubbers, an d  m u st be rem oved m anually  every 90 days. 
T he p lan t has operated  sa tis fac to rily  for several years. R . A. E .

Fire Prevention.
387. Fire Precautions in a Petroleum Laboratory. J .  S. Jackson . J .  In st. Petrol., 
1939, 25, 103-105.— A  sh o rt account of experience gained in  th e  Shell L aboratories, 
London, on th e  perform ance of lab o ra to ry  operations, w ith  p a rticu la r reference to  
th e  preven tion  of fires. G. R . N .

Chemistry and Physics of Petroleum.
388. Purity of High-Molecular-Weight Hydrocarbons. H . I. W aterm an  and  J .  J .  
Leendertse. J .  In st. Petrol., 1939, 25, 89-99.— The first of a  series of papers on  th e  
critical exam ination  of sy n th e tic  hydrocarbons of various typ es and  of h igh  m ole
cular w eight. T h is p ap er is  m ain ly  devoted  to  a  criticism  of M ikeska’s w ork on th is  
subject. G. R . N .

389. Isomerization of Heptane, Octane, and a-Hexene. A. D. Pe trov , A. P . Hesch- 
cheryakov, an d  D . N . A ndreev. Oil Gas J .,  2.2.39, 37 (38), 42.— A descrip tion  is 
given of experim ental w ork  carried  ou t in  order to  determ ine w hether low-molecular- 
weight paraffin  and  olefin hydrocarbons can  be isom erized w ithou t cracking o r p o ly 
m erization, an d  also th e  q u an tita tiv e  e x ten t of isom erization a t  different tem pera tu res 
and  pressures in  th e  presence of ha lide  ca ta ly s t an d  th e  m olybdenum  trisu lph ide 
ca ta ly st generally used  fo r destructive  hydrogenation . I t  was found th a t  in  general 
th e  tem p era tu re  lim it of isom erization  is n ear th a t  of cracking, an d  especially of 
polym erization  of olefin hydrocarbons. D estructive  hydrogenation  is likely to  provide 
a g reater degree of isom erization  th a n  does reform ing, w hilst if  th e  la t te r  reaction  is 
carried o u t as an  isom erization  by  reducing th e  tem p era tu re  w ith  th e  a id  of cata ly st,

K
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the loss of low-boiling fractions th rough  side reac tions' of polym erization of olefin 
hydrocarbons is reduced. tl. I-1* ^ ■

oQn Nitroeen Compounds in Petroleum Distillates. XID. Isolation of Four Quinoline 
Homologues and Two Aromatic Bases of Probable Trinuclear Cyclic Structure. W. N.
Ix ^ a n c l J  R Bailey. J . Amer. chem. Soc., 1938, 60, 3 0 2 8 -3 0 3 2 .-B y  utilizing the 
fractional de-gassing of th e  base-acid su lph ite  process 2-, 3-dimethyl-8-n-propyl- 
quinoline and 2-, 3-, 4-8-te tram ethy l quinoline have been iso lated  from  th e  300° range
of kerosine bases. .

Two bases C13H 15N and C14H 17N, of im determ m ed stru c tu re  were separated from

th Two°bTsefeCI5H 13N and C16H 15N, probab ly  of th e  acrid ine or naphthoquinoline 
types, have been isolated from transform er oil base fractions. T. C. G. T.

391 Nitrogen Compounds from Petroleum Distillates. XII. Fractional Sulphiting 
of Bases and Fractional De-Gassing of their Acid Sulphites. S. M. R oberts and J. R. 
Bailey. J . Amer. chem. Soc., 1938, 60, 3025-3028.— Acid su lph ites of organic nitrogen 
bases dissociate on heating th e ir aqueous solutions. T his reaction  Base -f S 0 2 -f  H20 
(Sulphiting) ^  Base . H 2S 0 3 is, therefore, reversed by  de-gassing. The authors 
have developed fractional acid ex trac tio n  during  th e  su lp h itin g  an d  fractional acid- 
sulphite dissociation during de-gassing, in  order to  resolve kerosine bases into their 
component types. T. C. G. T.

392. Viscosity and Constitution. G. Hugel. Oel u. Kohle, 1939, 15, 27-29.—Chemical 
reaction is compared and contrasted  w ith  th e  flow of a  l iq u id ; in  th e  former only 
energetically activated  molecules p lay  a  p a r t,  in  th e  la t te r  all m olecular collisions. 
Obviously th e  forces are of an entirely  different order of m agn itude, and  the author 
suggests th a t constitu tion  has little  or no effect on  viscosity .

Consider the  v iscosity-tem perature curves of th e  chem ically dissim ilar liquids 
dihydrodiisoamylanthracene, bu tandio l and  n -octane ; superficially th e  curves are 
very different, bu t by p lo tting  logarithm ically  i t  can be show n th a t  th ey  all fall on the 
same rectangular hyperbola of form ula (log rj — a )(T  — b) =  C, where a and b are 
constant for the  particular liquid, and  C has approx im ate ly  th e  same value for all 
three. This shows th a t  no m ain difference ex is ts  betw een associated and non
associated liquids as far as v iscosity -tem perature  curves are concerned.

Constitutional properties are represented by  th e  co n stan ts  a and  6, of which 6 
indicates th a t r¡ becomes infinite a t  a  tem p era tu re  b above absolu te zero. Taking 
the simpler case when 6 =  0, we m ay w rite  q =  A e^ !RT, w hich  is th e  form ula developed 
by Drucker and, later, Andrade, Sheppard and  R am an. Com pounds following the 
law are quoted, together w ith  others which do n o t ; if in  th e  case of th e  former, Q is 
plotted against A  a stra igh t line ensues, and  th e  a u th o r w rites A  =  A 0H, where A0 
represents properties common to  all liquids, and  H  specific properties. From this 
follows D unstan’s principal th a t log q is a  linear function  of m ass, and the  author’s 
conclusion th a t in these liquids th e  molecules m u st be sim ilarly  arranged. Con
sidering the aliphatic ketones, he shows th a t ,  th o u g h  th ey  are  associated, th e  logarith
mic increment between neighbouring m em bers of th e  series is th e  same as in the un
associated aliphatic hydrocarbons, and  concludes th a t  th e  presence of th e  keto group 
and association cannot affect th e  arrangem ent of th e  molecules.

In  the case of liquids which do n o t follow D rucker’s law, and  for which 6 =t= 0, 
plots of A  against Q do no t, in general, lie on one s tra ig h t line, each homologous series 
having its own straight line. This th e  au th o r in te rp re ts  as signifying th a t  the arrange
ment of the  molecules rem ains sim ilar in  any  one hom ologous series, b u t varies from 
one series to  the  next. T. T. D.

See also A bstract Nos. 407, 408.

Analysis and Testing.
393. Determination of Salts in Crude Oil. P a rti. C. H . M. R o b erts and  R. W. Stenzel.

etio . Engr, Jan ., 1939, 10 (4), 35.—I t  has been found necessary to  specify new and 
improved methods for determ ining th e  q u an titie s  of sa lts  in  crudes in order to  estimate
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more exactly  th e  p o ten tia l and  actu a l im provem ents in refining processes due to  
de-salting of oil. T he sa lts  occurring in  crude m ay  include any  or all th e  inorganic 
salts found in  oil brines, or associated  w ith  th e  form ations from  which crude oils and  
th e  brines accom panying th em  are produced. T hey  m ay  also include inorganic 
acids or sa lts  in troduced  in to  th e  oils and  brines as a  consequence of acidizing of wells, 
as well as finely-divided, insoluble solids dispersed in  th e  oil. The principal th ings 
to  be determ ined are th e  ac id ity  of th e  oil, to ta l  solids, b o th  water-soluble and  water- 
insoluble, to ta l  su lphates and  chlorides, and  ind iv idual sodium  calcium  and  m agnesium  
chlorides. The im portance of ensuring th a t  tru ly  represen tative  sam ples are secured, 
and  th a t  portions subsequently  w ithd raw n  for analysis are also represen tative, is 
stressed. The general problem  of d e te rm in a tio n  of sa lts  in  crude comprises tw o 
entirely  separate and  d is tin c t problem s : (1) com plete ex tractio n  of sa lts  from  oil,
(2) estim ation , in  th e  aqueous e x tra c t, of th e  k inds and  q u an tities of th e  various 
substances present. T he first is by  far th e  m ore difficult. I n  th e  present a rticle  a 
description is given of all th e  m ethods which have come to  th e  notice  of th e  au thors, 
together w ith  a discussion regarding th e ir  advan tages an d  defects. R . A. E .

394. Determination of Salts in Crude Oil. Part n .  C. H . M. R oberts and  R . W . 
Stenzel. Petrol. Engr, Feb ., 1939, 10, 37.— Microscopic exam ination  of crude o il is 
often inform ative, especially as regards presence an d  n a tu re  of solid m ateria ls, b u t 
cannot be su b stitu ted  for q u an tita tiv e  analy tical determ inations. W ith  th e  object 
of devising a  sim pler or m ore generally applicable m eth o d  for sa lt ex trac tio n  th a n  
those a t  present available, factors specially investiga ted  were : (a) use of oil-soluble 
diluents and  m utually  soluble diluents, (b) use of dem ulsifying chem icals, (c) conditions 
of m ixing oil and  w ater. The only m ethods seriously considered as su itab le  for general 
use are those in which th e  centrifuge is em ployed for separa tion  of th e  aqueous ex trac t. 
R esults of th e  individual investigations are given, and  th e  procedure finally adop ted  
as sa tisfactory  for all types of oil te s te d  was : accurate ly  m easure 50 mis. oil and 
m ix w ith  75 mis. distilled  w ater, 70 m is. xylol, 5 mis. sec.-butyl alcohol, and  two drops 
of a  10% xylol solution of T reto lite  L-10396. H eat m ix tu re  a t  180° F . in  a  p iston  
emulsifier cylinder, em ulsify w ith  fifty  strokes of a tig h tly  fitting  p iston , and  transfer 
to  centrifuge tubes. R inse emulsifier w ith  5-10 m is. xylol, add  to  tubes an d  heat 
tubes for 5 m ins. a t  180° F . Centrifuge for 10 m ins. a t  1800 r.p .m . (11-in. rad ius 
of swing), siphon aqueous layer. R e-centrifuge and  record volum e of residual B.S. 
& W. in tubes, correcting th e  t i t r a tio n  value for th is  residue. T his m ethod  is known 
as th e  “ Petreco E xperim en tal M ethod,” an d  its  efficiency com pared w ith  those  of 
o ther Petreco m ethods and  m eth o d s proposed by  B am sdall, U .O .P., and  B lair, by  
testing  four sam ples of crude by  a ll m ethods. F u r th e r  te s ts  were carried ou t on 
certain  m ethods using a  sam ple of syn th e tic  crude of know n sa lt content. The m ethod  
can be depended on to  recover a t  least 95%  of th e  to ta l  sa lt con ten t of an  oil, and 
results are reproducible to  1%  or 2% . B y  repea ted  ex tractions, th e  recovery can be 
m ade to  approxim ate  100%. A no ther Petreco  m ethod , know n as L .B ., gives sim ilar 
accuracy. R . A. E .

395. Determination of Neutral Oil in “ Sodium Sulphonates.”  E. J .  B oorm an. J .  
Inst. Petrol., 1939, 25, 100-102.— The m eth o d  described consists of ex trac tin g  th e  
“ sodium  sulphonates ” w ith  petro leum  sp irit a f te r  rem oval of inorganic sa lts , from 
solution in  equal volum es of w ater, glycerol, an d  alcohol. T he petro leum  sp irit 
ex trac t is washed w ith  aqueous alcohol an d  th e  n eu tra l oil is ob tained  by evaporation  
of th e  sp irit. G. R . N.

396. Acid Treatment of Cracked Gasoline. A. N ew ton. J .  In st. Petrol., 1939, 25, 
24-31.— A  pap er p resen ted  a t  th e  T rin idad b ran ch  on th e  s tu d y  of induction  period 
as a  contro l te s t  in  th e  acid trea tm e n t of cracked gasoline. I t  is show n th a t  unless 
phenolic constitu en ts  a re  com pletely rem oved from  re-run  acid -trea ted  T rin idad  
cracked gasoline, e rra tic  resu lts  are ob tained . Com plete rem oval is ensured by  t r e a t 
ing th e  gasoline w ith  an  alkaline so lu tion  of an  a rom atic  diazonium  chloride.

G. R . N.

397. Survey of Methods for Evaluating Carbon Blacks. I- D rogin. Proc. Rubber 
Tech. Conf. London, M ay, 1938. P ap er No. 18, pp . 420-482.— I n  a  descrip tion  of
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th e  m ethods developed for te s tin g  Channel blacks i t  is s ta te d  th a t  th e  chem ical and 
physical p roperties of th e  b lack  do n o t correlate  w ith  th e  processing or reinforcing 
qualities of th e  blacks. A num ber of te s ts  are in  use for th e  d e te rm ination  of th e  
physical p roperties of th e  vulcanized  rubbers contain ing  these  blacks, b u t  in  m any 
cases th e y  are insufficiently sensitive, and  do n o t correlate  w ith  actu a l perform ance. 
T he sen sitiv ity  of these  te s ts  has now been increased and  new te s ts  have been added, 
th e  m ost im p o rta n t being th e  flexom eter te s t, th e  pendulum -im pact and  -rebound 
te s t,  a  te s t  to  determ ine th e  s ta te  of vu lcanization , an d  dielectric te s ts . Tables are 
given show ing th e  chem ical an d  physical characteristics of carbon blacks, th e  influence 
of each characteris tic  on  rubber com pounds, and  th e  properties of various m ixes made 
up  w ith  d ifferent blacks. C. L. G.

398. Low-temperature Hydrometer Method for Liquefied Gases. W . M. Schaufelberger. 
Oil Oas J . ,  2.2.39, 37 (38), 37.— A rap id  m eth o d  is described for th e  de term ination  of 
th e  specific g ra v ity  of liquefied pe tro leum  gases, particu la rly  su itable for use when 
load ing  ta n k  cars. T he sam ple is cooled by  passing th rough  a  coil in  a propane b a th  
consisting  of a  glass vacuum  flask in  th e  case of bu tane , or in  a  C 0 2-propane b a th  in 
th e  case of p ropane, an d  i ts  g rav ity  determ ined  b y  hydrom eter in  an  unsilvered 
vacu u m  flask. L ow -tem perature  specific-gravity curves p repared  from  practical 
a n d  th eo re tica l bases are reproduced, an d  are used for th e  conversion of th e  recorded 
specific g ra v ity  to  th a t  a t  60° F . F u ll d e ta ils  are given of th e  hydrom eter, therm o
m eter, a n d  a p p ara tu s , to g e th e r w ith  tab u la ted  d a ta  on th e  specific g rav ity  of various 
m ix tu res  of ALbutane, isobu tane propane, m ethane, and  e thane, and  of th e  pure com
p o n en ts  Ar-bu tane, isobutane, and  propane, an d  of th e  corrections to  be applied to 
allow  for co n trac tio n  on m ix ing  of bu tan e  and  propane. C. L. G.

399. Contribution to the Knowledge of the Viscous Properties of Bitumen and Natural 
Asphalts. J .  Csâgoly. A sph . u . Teer, 1939, 2, 21-27.— A m ethod  is described for 
determ in ing  th e  origin of bitum en, and  th u s  its  road-m aking characteristics, by  m easur
ing  th e  tem p era tu res a t  w hich th e  v iscosity  of th e  b itum en assumes th e  value of 50 
poises an d  0-5 poise. These tem peratures, t1 and  t3, are used to  construct a graph by 
p lo ttin g  t3- t 1 against t 1. The viscosities are determ ined using th e  M arschalko visco
m eter. E xam ples are given of th e  use of th is  procedure for identifying R oum anian 
a n d  M exican b itum en, for com paring b itum en  ex tracted  w ith  CS2 from  road m ateria l 
w ith  th e  original b itum en , and  for paraffin b itum en  m ixtures. An extension of th e  
use of th e  m eth o d  is in  th e  evaluation  of b itum en  m ix tures from  different crudes, 
cu tbacks, an d  th e  possib ility  of i ts  use for road -ta r, coal-pitch, and  tar-b itum en 
m ix tu res is discussed. I n  stu d y in g  th e  app lication  of th e  procedure to  T rinidad 
E puré , i t  w as found th a t  th e  ash-free, CS2-ex tracted  b itum en  h ad  properties which 
w ould in d ica te  th a t  th e  m ate ria l was of poor q u a lity , whereas i t  is known to  be of 
h igh  q u a lity . T his difference was traced  to  an  a lte ra tio n  of stru c tu re  of th e  bitum en 
d uring  th e  e x trac tio n  process, as th e  m ateria l ob tained  by  allowing th e  m ineral m atter 
to  se ttle  from  th e  h ea ted  a sp h a lt was of good quality . W hilst i t  appears possible to  
evaluate  o rd in ary  b itu m en  by  th is  m ethod , th e  question  of n a tu ra l asphalt rem ains

400. Testing Bituminous Filling Compounds. K . H aufe. B itum en, 1939, 9 (1), 
15-22.— T he a u th o r  discusses th e  resu lts  of an  investigation  of m ethods of te s t for 
b itum inous filling com pounds prescribed in  th e  in structions issued by th e  Inspector 
of th e  G erm an M otor R oads. T he m ethods are  criticized on grounds of inadequate 
descrip tion  of a p p a ra tu s  an d  te s t  conditions, and  suggestions are m ade for th e  s tan d 
a rd iza tio n  of te s ts  for filling com pounds. W ilhelm i’s m ethod  for determ ination  of 
soften ing  p o in t, in  which a  ring  of 51-8-53-8 m m. d iam eter and  ball of 15 m m . d iam eter 
weighing 13-7 gms. is used, gives resu lts  ab ou t 2° F . lower th a n  th e  norm al (R. & B.) 
ap p ara tu s , and  is claim ed to  give b e tte r  agreem ent th a n  th e  la tte r . I n  th e  investiga
tio n  of th e  “ B all-Flow  ” deform ation  te s t,  th e  effect of vary ing  w eight of th e  ball of 
com pound, tem p era tu re , and  tim e was determ ined , and  i t  is shown th a t  b e tte r 
d ifferen tia tion  is possible w ith  increased w eight, tim e, and  tem peratu re. I t  is sug
gested  th a t  a  sm ooth  glass p la te  an d  th e  tem p era tu re  of th e  la tte r  a t  com m encement 
of te s t  be specified. F o r tes tin g  th e  resistance to  shock a t  low tem pera tu re, the
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“ Falling-B all ” te s t  of H erm an n  is preferred, b u t suggestions are m ade for im proving 
th e  D .I.N . te s t  in  w hich th e  num ber of blows requ ired  to  frac tu re  a  50-gm. ba ll of th e  
com pound, w ith  th e  ham m er used in  cem ent testing , is determ ined.

Several m ethods for exam ination  of d u c tility  and  adhesion are described. These 
consist essentially  in  determ in ing  th e  resistance to  cracking or break ing  aw ay of th e  
com pound, in  th e  form  of a  jo in t betw een concrete p lates, e tc ., when th e  supporting  
p la tes  a re  draw n a p a r t  a t  low tem pera tu res. D iscussing th e  com position of filling 
com pounds, i t  is s ta te d  th a t  a  p roportion  of m edium -length  fibre asbestos appears 
to  be essential, b u t th a t  insufficient d a ta  are available regarding th e  m ost su itab le  
ty p e  of b itum en  for th is  purpose. A. 0 .

401. The Report of the Institution for Experimental Work on Roads of the C.T.I. and 
R.A.C.I. for 1938. R . A riano. Le Strode , 1939, 17, 3-22.— The a c tiv ity  of th e  m en 
tioned  lab o ra to ry  is sum m arized and  th e  resu lts of te s t  work are discussed and  reviewed. 
T he new a p p a ra tu s  ad o p ted  b y  th e  labora tory , as well as those  modified, are des
cribed. T he various analyses carried o u t on cem ents, sands, asphalts , a sp h a lt em ul
sions, an d  ta rs  a re  th en  exam ined. T he te s ts  m ost frequently  requested  were sp. gr. 
p en etra tio n , softening p o in t (B. & R .), du c tility , so lubility  in  CS2, v o la tility , and  
paraffin  con ten t. T he re la tionsh ip  betw een softening p o in t and  pen etra tio n  was 
determ ined , and  a  curve of th e  v iscosity -tem p era tu re  ty p e  ob tained . No relationship  
was found betw een d u c tility  and  p enetra tion . A lthough these  tes ts  serve as an  ap prox i
m ate  in d ica tio n  of th e  behaviour of th e  asp h a lt in  use, th ey  do n o t adequate ly  
achieve th is  purpose, an d  new m ethods have therefore been investigated , keeping in 
m ind  th e  requ irem ents of th e  constructo r an d  th e  use for which th e  a sp h a lts  are 
in tended . I n  th is  connection th e  a u th o r describes procedures an d  ap p ara tu s for th e  
adhesion  te s t,  de term ina tion  of asphaltenes, an d  F raass breaking p o in t. T ars are 
seldom  used on I ta lia n  roads, and  hence are  ra re ly  tes ted . A sphalt em ulsion is th e  
m ost w idely used  b inder, road  oils are rare ly  em ployed. Am ong th e  characteristics of 
em ulsions th e  m ost frequen tly  requested  were : s ta b ility , hom ogeneity, an d  Engler 
v isc o s ity ; a  m in im um  value of 5° a t  25 C. is prescribed for th e  l a t t e r ; norm al te s ts  
have been determ ined . In  th is  connection th e  a u th o r p o in ts  ou t th a t  th e  com m only 
used m eth o d  for a sp h a lt ex tractio n , flocculation w ith  95%  alcohol, and  subsequent 
d ry ing  of th e  e x trac ted  asp h a lt, leads to  a  harden ing  of th e  a sp h a lt and  reduction  of 
d u c tility , which is m ain ly  due to  th e  prolonged hea tin g  to  elim inate  w ater. A nother 
m e th o d  for th e  e x trac tio n  of a sp h a lt from  em ulsions has recen tly  been used w ith  good 
resu lts , flocculation w ith  94%  alcohol an d  elim ination  of w a ter an d  alcohol under 
vacu u m  64—68 cm. m ercury  a t  90-95° C. A m ethod  of a sp h a lt ex trac tio n  from  
asp h a ltic  d u st has been s tu d ied  which is based on vacuum  ex traction , th u s  avoiding a 
reac tio n  of th e  sulphur, w ith  consequent harden ing  of th e  asp h a lt. The au th o r 
describes a  m eth o d  for m easuring th e  adhesion of hydrocarbon  b inders to  rocks, an d  
for determ in ing  th e  inheren t cohesion of th e  binders, ind ica ting  th e  first resu lts 
o b tained . P . G.

402. Patent on Analysis. G. K en t, L td ., and  J .  H . Ratcliff. E .P . 498,630, 11.1.39. 
Appl. 14.12.37. M ethod an d  ap p ara tu s for use in m easuring specific g rav ity .

W . S. E . C.

Motor Fuels.
403. Patents on Motor Fuels. U niversal Oil P roducts Co., E .P . 497,792, 28.12.38. 
A ppl. 25.5.37. A lky lation  of norm al paraffin hydrocarbons con tain ing  3 or 4 C atom s, 
w ith  m onoleftnes con ta in ing  3 or 4 C atom s pe r mole for th e  p roduction  of liquid  
hydrocarbons. T he reac tio n  is carried  o u t a t  20-75° C. in  th e  presence of alum inium  
ch loride  an d  a  m in o r am oun t of hydrogen chloride, and  m olecular excess of norm al 
re la tiv e  to  defines hydrocarbons is m ain ta in ed  d in in g  th e  reaction .

U niversal Oil P ro d u c ts  Co. E .P . 498,127, 28.12.38. Appl. 25.5.37. Process as 
described in  E .P . 497,792, in  w hich zinc chloride is used in stead  of alum inium  chloride.

U niversal Oil P ro d u c ts  Co. E .P . 498,247, 5.1.39. Appl. 18.8.37. M ethod of in 
creasing th e  an ti-knock  value of m o to r sp ir it  by  sub jecting  th e  sp ir it  in  th e  form  of 
v ap o u r a t  a reform ing tem p era tu re  above 450° and  below 650° C., for 2-20 secs. T he
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catalyst used is precip ita ted  and  calcined alum in ium  hydroxide which is substantially  
free from occluded and  adsorbed sa lts , and  con ta ins from  5 to  10% of w ater.

Universal Oil P roducts Co. E .P . 498,260, 5.1.39. Appl. 9.11.37. P roduction  of 
alkyl derivatives of hydrocarbons of groups com prising paraffinie, naphthenic, and 
arom atic hydrocarbons by  sub jecting  th e  hydrocarbons to  a lky la tion  w ith  cyclo- 
paraffins having less th a n  5 C atom s in th e  ring  in  th e  presence of alum inium  or 
zirconium chloride and  hydrogen chloride a t  tem p era tu res  below 15 C.

U n i v e r s a l  Oil P roducts Co. E .P . 498,463, 5.1.39. A ppl. 5.5.37. Isom erization of 
normal pentane a t  atm ospheric tem pera tu res up  to  200° C. in  th e  presence of not more 
th an  10% by weight of alum inium  chloride an d  n o t m ore th a n  2%  by weight of 
hydrogen chloride.

E th y l Gasoline Corp. E .P . 498,509, 9.1.39. Appl. 18.4.37. A nti-detonant mixture 
containing three m eth y l-e th y l lead deriva tives in  which th e  concentration of lead 
dim ethyl d iethy l predom inates.

Universal Oil P roducts Co. E .P . 498,512, 5.1.39. A ppl. 5.5.37. Isom erization of 
normal butane a t  150-200° C. in  th e  presence of n o t m ore th a n  20%  by weight of 
alum inium  chloride to  which some a c tiv a ted  charcoal is added , an d  n o t more than  
5%  of weight of hydrogen chloride.

A. L. Lym an, H . B. Nichols, and  R . C. M ithoff. LT.S.P. 2,143,078, 10.1.39. Appl.
23.11.36. Catalytic desulphurization  of petro leum  d istilla te s b y  passing the  vapours 
a t  675-850° F ., together w ith  hydrogen, over iron sulphide form ed by th e  reaction of 
iron ru st w ith  organic su lphur com pounds con tained  in  pe tro leum  distillates. The 
hydrogen comprises a t  least 2 a tom s h y d rogen /a tom  of m ercap tan  sulphur.

J . A. Campbell, J r . ,  and  T. M. Phillips. U .S .P . 2,143,405, 10.1.39. Appl. 25.9.33. 
Cyclic process for sweetening m ercap tan-bearing  hydrocarbon  d istilla tes using caustic 
soda and sulphur in which th e  caustic  soda is regenerated  for re-use.

H . M. Steininger. U .S.P. 2,144,276, 17.1.39. Appl. 23.8.34. T reatm ent of 
hydrocarbon products— e.g., m otor sp irit  and  furnace oil— to  rem ove objectionable 
unsaturateds, and  so stabilize th e  products. T he vapours are trea te d  w ith  an adsor
bent substance to  polymerize u n sa tu ra ted  co n stitu en ts  and  to  refine th e  furnace oil. 
The polymers formed are separated  and  th e  rem aining vapours fractionated  to  obtain 
a furnace oil fraction  which is separately  d istilled .

P. C. K eith , J r . U .S.P. 2,143,949, 17.1.39. A ppl. 7.7.36. C ata ly tic  conversion of 
higher-boiling hydrocarbons in to  lower-boiling hydrocarbons by  passing them  at 
elevated tem peratures th rough  a  finely-divided clay substance. W . S. E . C.

Gas, Diesel and Fuel Oils.
404. Influence of Excess Air and Feed Rate of Mazout on Furnace Efficiency. Y.
Altchidjian. B ull. A ss .fra n f. Tech. Petrol., 1939, 47, 157-164.— T he a u th o r has found 
th a t m any installations burning m azout are o p erated  w ith  v ery  h igh  percentages of 
excess air ; he has therefore investigated  th e  effect of th is  on efficiency. Usually the 
air supply is controlled by dam pers in  th e  flue an d  a t  th e  a ir in le t. H e gives curves 
of heat utilized in term s of excess air. In s ta lla tio n s  are o ften  operated  w ith  120—150% 
excess air, causing a heat loss of 10-15%  above th a t  occurring w ith  norm al regulation 
(50% excess air).

I t  was found th a t  m easurem ent of th e  depression a t  one p o in t in  th e  furnace was no 
guide to  the  qu an tity  of excess air, b u t a  re la tionsh ip  was estab lished  betw een pressure 
drop through the  furnace and  h ea t loss to  th e  flue gases. I t  is considered th a t  th e  only 
solution is th e  adoption  of au tom atic  control. K- A.

405. Aldrich Burner. Anon. A ir  Condit. and Oil H eat (U .S.A.). 1939, 12 (2), 38.—
A description is given of a dom estic burner for No. 5 oil by  th e  A ldrich Co., Peoria, 
Illinois, which has a  therm osta tically  controlled p rehea ting  vessel called a “ Fuel
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Changer.” I t  is claim ed to  have novel features, such as absence of relief and  cut-off 
valves. I- L-

406. Patent on Fuel Oil. F . U hde. E .P . 499,372, 16.1.39. Appl. 15.7.37. Conver
sion of sluggishly-reacting diesel fuels— e.g., hydrogenation  oils poor in  hydrogen— by 
trea tm en t in  th e  liqu id  phase  a t  150—350° C. an d  under increased pressure w ith  oxygen 
or gases, liquids, o r solids developing free oxygen. V ery reac tive  b itum inous su b 
stances ob tained  by  s lig h t hydrogenation  of coal m ay be added  e ith e r before or a fte r  
th is  trea tm en t. W . S. E . C.

Lubricants and Lubrication.
407. Chemistry of Lubricating Oils for Use in Aircraft Engines. C. M. Larson. Oil Gas 
J .,  9.2.39, 37 (39), 46.— The requ irem ents for a irc raft engines of different m akes and  
service m ake i t  necessary to  s tu d y  chem ical reaction  of oils ra th e r  th a n  physical 
characteristics alone. M ilitary  service and  P r a t t  an d  W hitney  engines are designed 
to  use s tra ig h t hydrocarbon  oils, w hereas W righ t A eronautical Corp. approved  lis t is 
composed of com pounded or chem ical-additive oils. P roper in le t oil v iscosity  re 
quirem ents of a irc raft engines in  secs. S.U. are : for norm al take-off, 2800 o r b e lo w ; 
for em ergency take-off 6000; desired operating  s ta te  500-110. P a ra to n e  an d  Acrylic 
ester provide m eans of increasing v iscosity  and  V .I. of oils to  w hich th ey  are added, 
b u t th e  effect of ad d itio n  agents for im proving V .I. on service perform ance is lit t le  
know n. Solvent refining m ethods are used to  im prove th e  V .I. an d  s ta b ili ty  to  sludging 
of m ineral oils, b u t wear, ring-sticking, v arn ish  on p istons, and  corrosion of bearing 
surfaces are also of th e  g reatest im portance. Oils of carbon residue co n ten t m uch 
below th e  viscosity  (S.U. in  secs.) a t  210° F . q- by  100 give rise to  ox id a tio n  p roducts 
soluble in  h o t oil, leading to  deposits on th e  h o t surfaces of th e  p isto n , in  ring-grooves, 
and  on in le t valve-stem s where th ere  are low ra te s  of oil-flow. Such oils also p ick  up  
iron  sa lts  which accelerate ox idation . H igh ly  refined oils th a t  form  lacquers o r varn ish  
also deposit lead-salts, derived from  th e  a irc raft fuel, on  im p o rtan t engine p a rts . 
Phosphites are being tried  in  th e  lab ora to ry  as an ti-o x id an ts, b u t l i t t le  is know n of 
th e ir  use in  th e  presence of lead a t  high  tem pera tu res. U sed oil-sludge analysis is a 
poor index for ring-sticking, lacquer, e tc ., in  service. A m eth o d  of ev a luating  oils 
recom m ended by an  a ircraft-engine m an u factu rer on th e  basis of a  50-hr. endurance 
te s t is given.

T he A.S.T.M. m ethod  of determ in ing  n eu tra liza tio n  value does n o t give good 
repeatab ility , and  resu lts a re  n o t ind icative  of th e  corrosivenesss of oils in  practice . 
A ddition of oiliness agents som etim es give rise to  bearing  corrosion, especially where 
cadm ium  and  certain  lead-base bearings a re  used. C ertain  pho sp h ite  an d  su lp h ite  
additives have been used to  check corrosion in  lub ricating  oils, b u t th e ir  value  a t  
tem peratures m et in  a irc raft, especially in  th e  presence of lead-salts, is unknow n. 
The Underwood bearing corrosion-test m achine, using  ap p ro p ria te  bearing-m etals an d  
iron n ap h th en ate  ad d ition , is useful in  th e  s tu d y  of corrosion resistance.

The use of oiliness ad d itio n  agen ts is of definite value in  reducing ring-scuffing on 
breaking-in of new engines, an d  th ere  is a definite re la tionsh ip  betw een w ear an d  o ili
ness. C ertain ketones have  p roved  ve ry  effective in  reducing  w ear, b u t  p h o sp h a tes  
have fused w ith  lead from  th e  fuel, depositing  sa lts  in  ring-grooves an d  on exhaust- 
valve stem s. F lig h t te s ts  for oiliness agen ts a re  essential, as dynam om eter te s ts  do 
n o t show up all chem ical reactions m et in  flight. Increasing  bou n d ary  lub rication  
under h igh pressures and  tem p era tu res  in  service necessitates fu r th e r  s tu d y  of “ o ili
ness ” agents w ith  various m etals u n der vary ing  conditions. R . A. E .

408. Spreading of Oil on Water. —  B arillon  an d  P . W oog. A n n . Off. Combust, 
liq., 1938, 13, 223-286.—A n investiga tion  w as carried  o u t to  determ ine th e  
spreading a b ility  of various oils on  w a ter an d  in d ica te  th e  characteris tics necessary 
to  prepare  a  very  active  syn the tic  oil. Spreading ab ility  of various oils, p a rticu la rly  
anim al and  vegetable oils, b u t also vaseline oil, tu rb in e  oils, e tc ., was determ ined , 
ra tes of advance of th e  oil films being m easured  u n d er various conditions of p H, 
dissolved sa lt, e tc . O ther experim ents were carried  o u t using th e  L angm uir m ethod , 
compressing th e  ex tended  film. F ac to rs ten d in g  to  increase ex ten sib ility  of th e  oil
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are tar-free  acid ity , u n sa tu ra tio n , low in terfacial tension , an d  h igh m olecular w eight. 
In  general, th e  hydrocarbon  oils have very  sligh t tendencies to  spread  on w ater.

J .  L. T.

409. Patents on Lubricating Oil. N.V. de B ataafsche Petro leum  Mij. E .P . 
497,385, 19.12.38, Appl. 26.8.37. P rep a ra tio n  of lu b rican ts for use a t  h igh  pressures 
b y  add ing  to  lub rican ts 1-10%  (calculated on th e  w eight of lubrican ts) of organic 
com pounds contain ing a t  least tw o benzene rings to  w hich a t  least tw o O H  or COOH 
groups or a t  least one O H  or one COOH group are connected d irec t, and  w hich are 
e ith e r sulphur-free or con ta in  su lphur in  a  non-reactive form .

S tan d ard  Oil D evelopm ent Co. E .P . 497,782, 28.12.38. Appl. 17.7.37. L ubrican t 
com prising a  lubricating  oil (viscosity 35—500° Saybolt a t  210° F .), and  a  halogenated 
polyisobutylene polym er p repared  a t  0° to  — 80° C. in  th e  presence of boron t r i 
fluoride, alum inium  chloride, or sim ilar halide, th e  ca ta ly tic  polym er hav ing  a m ol. 
w eight of 5000-6000.

Texaco D evelopm ent Co. E .P . 497,789, 21.12.38. A ppl. 21.5.38. Dew axing of 
hydrocarbon  oils using  acetone benzol and  incorpora ting  in  th e  m ix tu re  a  w ax crystal 
m odifying substance— e.g., crude m o n tan  w ax and  a  po lyvalen t m eta l soap o th e r th an  
alum inium  steara te , of an  acid  from  th e  group consisting  of h igher acids or naphthen ic  
acids.

A. C. G. E gerton . E .P . 497,973, 2.1.39. A ppl. 2.7.37. M ethod of p reven tion  of 
gum  form ation in  oils caused b y  th e  ac tio n  of n itrogen  peroxide, w hich consists in 
add ing  an  organic ferric com pound— e.g., ferric ricinoleate— in am oun ts of 0-05-5%  by 
w eight of th e  oil.

G. W . Johnson . E .P . 498,064, 3.1.39. A ppl. 27.8.37. P ro duction  of oil-free w ax 
by  dew axing hydrocarbon  oils by  m eans of propane an d  th e n  trea tin g  th e  se ttled  
paraffin w ax, w hich s ti ll  contains oils, w ith  a  solvent in  one or m ore stages a t  h igher 
tem pera tu res th a n  those em ployed for dewaxing.

N.V. de B ataafsche P etro leum  Mij., M. E . S paght and  C. H . B ritte n . E .P . 
499,312, 19.1.39. A ppl. 19.7.37. Process of e x trac tio n  of phenolic com pounds from  
m ineral-oil d istillates.

E . R . L ederer and  G. M. P fau . U .S.P. 2,142,359, 3.1.39. Appl. 8.4.33. Process 
of sim ultaneous dew axing an d  ac id -trea ting  of m ineral oil.

H . S. Noll. U .S .P . 2,142,525, 3.1.39. A ppl. 17.2.37. Solvent refining of h y d ro 
carbon oils using a  m ix tu re  of cresylic an d  sim ilar ta r  acids.

A. W . F rancis. U .S .P . 2,142,939, 3.1.39. A ppl. 27.6.36. Solvent refining of 
hydrocarbon  oils using  pyrid ine  in  w hich calcium  n itra te  is dissolved.

G. M. F isher an d  M. E . G arrison. U .S.P. 2,143,190, 10.1.39. A ppl. 15.10.35. 
M ethod of resolving em ulsions contain ing  solids— e.g., m ud, a sp h a lt, an d  wax.

A. W . H ixon  an d  R . Miller. U .S .P . 2,143,415, 10.1.39. A ppl. 24.1.36. Solvent 
ex tractio n  of hydrocarbon  oils using  orf/to-m ethoxybenzonitrile.

A. P . A nderson. U .S.P. 2,143,531, 10.1.39. A ppl. 27.3.36. Solvent refining of 
oils w ith  a selective solvent in  tw o stages and  con tacting  th e  second raffinate oil w ith  
a concentrated  m ineral acid in  th e  presence of a t  least a  p o rtio n  of th e  first ex tra c t 
oil and  sep ara ting  th e  acid sludge form ed from  th e  sour oil.

F . R . Moser. U .S.P. 2,143,566, 10.1.39. A ppl. 15.2.37. P ro duction  of sy n th e tic  
lubricating  oils by  th e  c a ta ly tic  po lym erization  of olefines using  a  phosphoric-acid 
cata ly st.

H . O. F orrest and  L. V an H orn. U .S .P . 2,143,872, 17.1.39. A ppl. 31.12.36. 
Dewaxing and  de-resinating  lub ricating  oils.

P . C. K e ith , J r . ,  R . E . W ilson, and  M. J .  L iv ingston . U .S.P. 2,143,882, 17.1.39. 
Appl. 15.8.35. M anufacture of b rig h t s tock  by  frac tio n a tin g  crude pe tro leum  to
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o b ta in  a  frac tion  free from  lig h t oils and  hav ing  a  v iscosity  g reater th a n  th a t  of th e  
desired b rig h t stock  and  contain ing  1—4%  of resins. T his frac tion  is trea te d  w ith  
propane, an d  finally w ith  clay.

L. L iberthson . U .S.P. 2,143,890, 17.1.39. A ppl. 2.10.34. Im proved  m ethod  of 
refining petro leum  oils, especially of p reparing  w h ite  m edicinal oil, by  trea tin g  th em  
w ith  d ichloroethyl e th e r an d  th en  w ith  oleum. The acid sludge is separated , an d  th e  
oil is tre a te d  again  w ith  dichloroethyl e ther. The la t te r  is rem oved from  th e  oil, and  i t  
is th en  tre a te d  w ith  a strip p in g  solvent, e.g., alcohol, acetone. The e x trac t is separated  
from  th e  oil, an d  a ir or n itrogen  is passed  th ro u g h  th e  oil to  rem ove sm all am oun ts of 
s tr ip p in g  solvent or d ich loroethy l e ther, an d  th e  oil is th en  trea te d  w ith  alkali and  
filtered.

L. D. F u lto n  an d  J .  M. H inm an. U .S .P . 2,144,652, 24.1.39. A ppl. 9.3.37. P ro 
d u c tio n  of lu b ricatin g  oil of h igh  viscosity  index b y  blending a  so lu tion  of p e tro la tum , a 
dew axed lu b ricatin g  d is tilla te , an d  n a p h th a  a t  a  tem pera tu re  a t  which th e  wax 
co n stitu en ts  are soluble. T he so lu tion  is chilled rap id ly  to  p rec ip ita te  th e  wax in  fine 
c rystals, an d  th e  n a p h th a  is separated .

E . M. Dons, O. G. M auro, and  D. B. Mapes. U .S.P. 2,144,797, 24.1.39. A pp l.
11.7.36. So lven t-ex trac tion  ap p ara tu s .

E . Terres, E . Saegebarth , and  J .  Moos. U .S .P . 2,145,185, 24.1.39. Appl. 22.3.35. 
Solvent ex tra c tio n  of hydrocarbon  oil using a  glyceryl ester of a h igher hom ologue of 
acetic  acid con tain ing  a t  least tw o carbon atom s in  th e  a lky l radicle and  an  au x iliary  
so lven t w hich is m iscible w ith  th e  oil an d  th e  m ain  solvent in  an y  p ro p o rtio n — e.g., 
g lyceryl e s te r of propionic acid.

A. P . A nderson and  E . J .  Jo h n . U .S .P . 2,145,784, 31.1.39. Appl. 4.3.36. M ethod 
of sep ara tion  of h a rd  w ax of lig h t colour from  dark-coloured  w ax m ix tu res con tain ing  
h y d rocarbon  liqu id  a t  o rd in ary  tem peratu res .

L . A. Clarke an d  E . C. Know les. U .S.P. 2,145,828, 31.1.39. A ppl. 9.10.35. 
P ro d u c tio n  of light-coloured lu b ricatin g  o il of low residual carbon co n ten t from  
pe tro leum  residues b y  solvent e x trac tio n  using  a m ix tu re  of orfAo-chlorophenol and  
phenol.

L. A. Clarke an d  E . C. Knowles. U .S .P . 2,145,829, 31.1.39. A ppl. 9.10.35. Solvent 
refining of lubricating -o il frac tions using  a  m ix tu re  com prising ortho- an d  para- 
chlorophenol in  ab o u t equal p roportions an d  chloracetic  acid. The la t te r  constitu tes  
a b o u t 20%  or m ore of th e  phenol m ix tu re . W . S. E . C.

See also A b s trac t N o. 431.

Asphalt and Bitumen.
410. Asphaltic Bitumen in Industry. J .  S. Jackson . J .  In st. Petrol., 1939, 25, 
51-67. A lec tu re  w ith  discussion on th e  uses of a sp h a ltic  b itu m en  w ith  reference to  
p ipe-lin ing  a n d  coating , jo in t filling com pounds, p ro tec tio n  and  w ater-proofing in  
h ydrau lic  works, a n d  clay em ulsions. G. R . N .

411. Some Properties in the Control of Road Materials. A. H . D. M arkwick, A. R . Lee, 
an d  W . H . G lanville. ./.  Soc. chem. In d ., 1939, 58, 131-143.— T he au th o rs em phasize 
th e  necessity  of contro lling  m ateria ls , m ixing an d  laying w ith in  definite lim its , in  
ro ad  construction . T h is p ap er is m ain ly  concerned w ith  th e  grad ing  of aggregates and  
w ith  th e  b est procedure for surface-dressing. A  careful s tu d y  of th e  m ate ria ls  used  is 
necessary for a  sa tis fac to ry  specification, in  w hich  only th e  essentia l requ irem ents 
should  be given to  p e rm it w orking to  a  reasonable tim e-tab le  an d  price. T he au tho rs 
have  accordingly  s tu d ied  th e  causes of aggregate v a ria b ility , and  found i t  to  be of tw o 
kinds. T he “  ap p are n t ”  v a ria b ility  m ay  be due to  v a ria tio n  in  th e  size of sieve 
apertu res , personal v a ria tio n  in  sieving betw een different operators, or to  errors of 
random  sam pling. “  T rue ” v a ria b ility  m ay  be due to  th e  ty p e  of rock, th e  m ethods 
used for crush ing  an d  screening, o r to  segregation, etc . F o r th e  lessening of ap p aren t
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variab ility  th e  au tho rs recom m end reducing th e  tolerances of sieve sizes an d  num ber of 
sieves, use of m echanical sieving, an d  tak in g  sufficiently large sam ples to  offset th e  
deviation  by  random  sam pling, th e  sam ple of required  size being ob tained by  quartering . 
I t  is concluded th a t  th e  m ain  cause of tru e  v a riab ility  is th e  crushing and  screening 
operation . T he shape of th e  stone is largely determ ined  b y  th e  crushing, an d  th e  
p rincipal facto r controlling th e  g rading of th e  p ro d u c t is considered to  be th e  ra te  of 
feed th rough  th e  screens.

F o r sa tisfac to ry  resu lts  w ith  surface-dressings, th e  qua lity , viscosity , tem pera tu re , 
and  ra te  of spread of th e  binder, and  th e  q u a lity , size, shape, an d  ra te  of spread  of th e  
chippings m ust be ad ju s ted  to  su it th e  condition  of th e  road-surface an d  th e  traffic 
and  clim atic conditions. Since th e  b est ra te  of app lication  of b inder varies w ith  the  
size and  shape of m ateria l, i t  is advantageous to  use a  cubical “ single-sized m ate ria l.” 
T he ra te  of spread of th e  b inder is th e  m ost im p o rtan t factor, and  should  be n e ither 
too th in  nor too th ick , and  controlled to  w ith in  \  sq. yd ./gallon . The best resu lts  are 
ob tained  only by  m achine spraying. A sim ple therm ocouple m ethod  of d e te r
m ining th e  tem pera tu re  of b itum inous m ateria ls for m ixing, laying, an d  rolling has 
also been developed. H . G. W .

412. Ministry of Transport. Experimental Work on Roads. Anon. Report fo r  
1937-38 of Experim ental Work o f Highways (Technical) Committee.— The rep o rt gives 
details of, an d  resu lts  of observation  on, various ty p es of concrete, ta r ,  and  b itum en 
road-surfacings. I t  is s ta te d , in  connection w ith  research u n d e rtak en  b y  th e  D ept, 
of Scientific and  In d u str ia l R esearch in  co-operation w ith  th e  B ritish  R oad  T ar Associa
tion , th a t  proposals are now  under consideration  for experim ents on  surface-dressing 
and  th in  carpe ts to  determ ine th e  ex te n t to  w hich th e  road  behav iour of ta rs  can  be 
pred ic ted  from  th e  resu lts  of d u rab ility  an d  o th e r te s ts  su itab le  for app lication  in  th e  
laboratories. The experim ents on th e  Colnbrook B y-Pass, w hich  were u n d ertak en  in 
an  endeavour to  ob ta in  correlation  betw een road  behaviour an d  resu lts  of te s ts  on th e  
road  m achines a t  th e  R oad  R esearch L ab ora to ry , w ill be m ore fully  described in  th e  
Report o f the Road Research Board for th e  year ended M arch 1938.

The ta r  and  b itum inous test-leng ths laid  on th e  K ingston  B y-Pass in  1930 are said, 
w ith  one exception, to  have continued to  carry  traffic sa tisfactorily  w ith o u t appreciable 
expense in  m aintenance or repairs. I t  is an tic ip a ted  th a t  th is  experim ent will be 
te rm in a ted  in  1939, d u rin g  reconstruction  of th e  B y-Pass. Sim ilar tes t-leng ths 
la id  on th e  K irk h am  B y-Pass in  1934 have n o t given such good resu lts , and  
.remedial trea tm e n t h as been necessary on th e  single-coat a sp h a lt and  on one of th e  
ta rm acadam  sections, w hilst one of th e  cold-asphalt sections failed in  1936. T he th in  
carpets laid  in  W orcestershire an d  O xfordshire during  1934 are sa id  to  continue to  
give useful in form ation. I t  is s ta te d  th a t  w hen inspected  in  N ovem ber th e  sa tis 
facto ry  resu lts  obtained in  some instances were n o ted , b u t a  lack of u n ifo rm ity  th ro u g h 
o u t a  num ber of th e  sections was observed, in d ica tin g  th e  necessity  for g reater care 
during  m anufacture  or for th e  use of b e tte r  p lan t in  order to  get a  uniform ly good 
resu lt. The C om m ittee are of th e  opinion th a t  im provem ent is needed in  th e  rid ing  
qualities of m any  roads in  G reat B rita in . I t  is also s ta te d  th a t  m echanical m ethods 
of placing, spreading, an d  consolidating  ta r  and  b itum inous surfacings w as included in 
th e  program m e a  year ago, and  th a t  th e  Com m ittee are of th e  opinion th a t  these 
questions m erit special investigation . A. O.

413. Patent on Asphalt. P. L. Sm ith , V. L . Shipp, an d  A. H . B oenau. U .S .P . 
2,144,694, 24.1.39. Appl. 7.5.35. M anufacture of a sp h a lt of h ig h  d u c tility  an d  low- 
tem pera tu re  suscep tib ility  by  blending a  solvent ta r  conta in ing  a sp h a lt w ith  a  s tra ig h t- 
ru n  residue contain ing a sp h a lt and  a  su b s tan tia l am o u n t of oil. The b lended m ix tu re  
is oxidized to  form  a n  asp h a lt of d u c tility  n o t below 65 cm. a t  77° F . and  a  tem p era tu re  
susceptib ility  n o t above 4 a t  77° and  32° F . W . S. E . C.

See also A bstract Nos. 400, 401.
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Special Products.
414. Synthetic Fatty Acids. B. Wolff. Przeg. Chem., Ja n u a ry , 1939, 45-51.— The paper 
deals w ith  th e  p roduction  of sy n the tic  fa tty  acids by  oxidation  of paraffin hydrocarbons. 
T he process is p a rticu la rly  im p o rtan t for countries th a t  have to  im p o rt th e  g reater 
p a r t  of th e ir  n a tu ra l fa ts . Petro leum  products , as well as h igher paraffins produced in 
th e  F ischer-T ropsch  process, can serve as s ta r tin g  m ateria ls. W ith  regard  to  th e  
chem ical m echanism  of th e  ox idation , i t  is s ta te d  th a t  th e  process does n o t aim  a t  an 
exac t rep roduction  of th e  s tru c tu re  of n a tu ra l fa tty  acids, only paraffinous m ono
carboxyl acids of an  analogous specific g rav ity  being ob tained . Paraffins can be 
oxidized by  a ir. The reaction  is strongly  exotherm ic, and  has to  be carefully controlled 
to  p rev en t com plete burn ing  of th e  m ateria ls. As a  resu lt, m ain ly  m onocarboxyl 
acids a re  form ed, besides h igh  m olecular alcohols, e tc . I t  is n o t know n w h e th er th e  
oxygen a tta c k s  th e  carbon chains of th e  s ta rtin g -m ateria ls d irectly , or w hether in te r
m ed ia te  p roducts are first form ed. I t  has been found th a t  ad d itio n  of p a r tly  oxidized 
fractions to  th e  paraffins accelerates th e  reaction . Also ox idation  takes place th e  
easier th e  longer th e  chain . Paraffins w ith  over th irty -fo u r carbons are therefore m ost 
su itab le  for th e  process.

H ydro -arom atic  hydrocarbons are hard er to  oxidize th a n  paraffins an d  naphthenes. 
A rom atic  hydrocarbons are only oxidized w hen contain ing a lipha tic  side-chains.

As regards th e  physico-chem ical conditions of th e  oxidation , excess a ir and  good 
m ix ing  are  essential. One or m ore cubic m etres of a ir  p er kg. paraffins ought to  pass 
th ro u g h  th e  p lan t. Use of oxygen instead  of a ir  m akes th e  process difficult to  control. 
As th e  reac tion  is exotherm ic, h e a t m u st be supplied only during  th e  in itia l stages, 
and  a fte r  th a t  cooling has to  be app lied  to  m ain ta in  th e  op tim um  tem pera tu re , w hich 
lies betw een 140° and  160° C. for paraffins and  betw een 120° and  130° C. for n aph thenes. 
T he tim e  of ox idation  depends on th e  tem p era tu re  and  velocity  of th e  a ir. Slow 
oxidation  is easier to  control, b u t m ore undesirable p roducts are form ed. Quick 
o x idation  m ay  surpass th e  op tim um  conditions an d  destroy  th e  starting -m ateria l.

Sm all add itions of sodium  hydroxide accelerate th e  oxidation , w hich is probably  
due to  th e  em ulsifying action  of th e  m inim al am ounts of soap form ed. The process 
can  be conducted  w ith  or w ith o u t ca ta lysts . M etallic sa lts  of organic acids have been 
show n to  be p a rticu la rly  good cata lysts . E . J .  W .

415. Manufacture of Blacks of the Carbon Black Type from Materials other than Natural 
Gas. G. B runi an d  T. G. Levi. Proc. Rubber Tech. Conf. London, May, 1938. P aper 
No. 29, pp . 467-469.— A sh o rt review  is given of th e  a tte m p ts  to  m anufactu re  blacks 
of th e  carbon-black ty p e  from  coal, vapours of benzene, naph tha lene , an thracene, 
phenan th rene , an d  carbazol, an d  from  tow n gas, coke-oven gas, an d  w a ter gas, and  
m ix tu res of th e  above solid an d  gaseous m ateria ls. Y ields of 25%  of b lack have been
o b tained  in  G erm any from  acetylene, an d  i ts  p roperties are sim ilar to  those of n a tu ra l-
gas carbon black, a lth o u g h  th e  cost is higher. T he rubber stock  is less p lastic  and  th e  
vulcanized m ate ria l m ore rig id , b u t p a rticu la rly  high  resistance to  abrasion  an d  c u ttin g  
are  afforded by i ts  incorpora tion  in to  m ixes. C. L. G.

416. Use of Synthetic Rubber (Buna) as an Insulation for Submarine Cables. E .
B adum . Proc. Rubber Tech. Conf. London, M ay, 1938. P ap er No. 40, pp . 463- 
465.—A  review  is given of th e  various m ateria ls developed as insu lating  m ateria ls for 
subm arine  cables. A m ix tu re  of b a la ta  an d  gu tta -p erch a  w ith  rubber freed from  p ro 
te in s  (which affect th e  w a ter absorp tion) an d  w ith  w axy m ateria ls or fully deresinated  
g u tta -p erch a  con ta in ing  softeners is sa tisfac to ry , b u t expensive. T he B una sy n the tic  
ru b b er is a  sa tis fac to ry  su b s titu te  for th e  purified rubber, giving, w hen m ixed w ith  
g u tta -p erch a  or b a la ta , th e  requ ired  electrical an d  w ater-resistance properties. P ra c ti
cal te s ts  over a  period  of years in  subm arine cables ind ica te  th a t  th e  electrical p ro 
p erties a re  m ain tained . C. L . G.

417. Incorporation of Polymeric Resins into Natural Rubber. R . G. R . B acon, E . H . 
F a rm er an d  P . Schidrow itz. Proc. Rubber Tech. Conf. London, M ay, 1938. P ap er No. 
57, pp . 525-534.— E xperim en ts on th e  inco rpora tion  in to  n a tu ra l rubber of polym eric 
resins of th e  po lysty rene  an d  polyacrylic  esters and  nitriles are described. T he m ethods
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of incorporation and  th e  effect on th e  p roperties of th e  ru bber are discussed. The 
resin is m ixed w ith  a  polym erization  ca ta ly st an d  emulsified w ith  w ater, th is  being 
heated  u n til polym erization is com plete, th e  la tex  so produced being blended w ith a 
norm al or concen tra ted  rubber latex . R ela tive ly  sm all percentages of th e  resins 
m odify th e  physical properties of th e  rubber, some— e.g., th e  polym ethacrylic  m ethyl 
ester— im proving th em  sligh tly . C. L. G.

418. Vulcanizing Characteristics of “ Neoprene.”  M. Jones. Proc. Rubber Tech. 
Conf. London, May, 1938. P ap er No. 78, pp . 411-421.— A s tu d y  is m ade of th e  beha
viour of Neoprene E  under vulcanizing conditions com pared w ith  th a t  of natural 
rubber, and  of th e  effect of various vu lcan iza tion  accelerators. N eoprene can be 
d irec tly  vulcanized b y  h ea t, b u t th e  p ro d u c t lacks tensile  s tre n g th . B est results 
are ob tained  by  th e  ad d itio n  to  100 p a r ts  of N eoprene of 10 p a r ts  lig h t calcined 
m agnesia, 5 p a r ts  zinc oxide, 5 p a r ts  wood rosin , vu lcan iza tion  being effected for 30—60 
m in. a t  141° C. A s tu d y  of th e  effect on recovery a f te r  com pression on rubber and 
Neoprene h eated  for various periods a t  100° C. ind ica tes t h a t  rubber changes little  
u n til a fte r 20 m in. heating , w hen set-up increases rap id ly , w hereas Neoprene sets 
up  gradually  and  progressively. T his avo ids d is to rtio n  of N eoprene during  vulcani
zation , b u t requires th e  presence of sufficient so ftener (norm ally a  com bination of 
m ineral oils, factice, and  ch lo rinated  naphtha lenes) to  ensure a  rap id  flow before a 
m arked  set-up  occurs. T he o p tim um  vulcan ization  period  for Neoprene has been 
determ ined from  a  consideration  of th e  v a ria tio n  in stress an d  s tra in  properties, the 
tensile s tren g th , th e  swelling in  benzine, and  th e  m odulus a t  600%  elongation, i t  being 
show n a  good tensile s tren g th  is soon a tta in e d , b u t th a t  ab o u t 45 m in . is necessary to 
ob tain  th e  rem ainder of th e  p roperties. T he a d d itio n  of u p  to  3%  sulphur almost 
com pletely elim inates th e  tendency  to  h a rd en  on storage, w h ilst 0-25% of catechol 
reduces th e  vu lcan ization  period  very  considerably, in  ad d itio n  to  im proving tensile 
s tren g th , perm anent se t, m odulus, and  resilience. C. L. G.

419. Some Oil-ageing Properties of Synthetic Rubber-like Materials. T. L. G am er and 
J .  W esthead. Proc. Rubber Tech. Conf. London, May, 1938. P ap e r No. 81, pp. 423-433. 
—The effect of im m ersion in  lubricating  oil an d  hea tin g  a t  70° C. on  th e  w eight, hardness, 
and  tensile properties of m ix tures contain ing  P erb u n an  an d  Neoprene synthetic 
rubber m ateria ls an d  of th e  alkylene polysulphide condensation  p roduct— Thiokol—is 
discussed.

The physical properties of T hiokol are re la tive ly  l i t t le  affected by  h e a t or oil-ageing, 
a lthough  oil e x trac ts  some of th e  su lphur com pounds. H ow ever, i ts  m axim um  phy
sical p roperties are poor com pared w ith  th ose  of o th e r sy n th e tic  m ateria ls . Neoprene 
swells during  im m ersion in  oil, becom ing softer, b u t ha rd en s la te r, w h ilst th e  tensile 
s tren g th  falls slightly . I t  hardens considerably on heating , th is  being em phasized by 
under-vulcanizing, b u t is n o t im proved b y  over-vulcanizing o r b y  th e  ad d itio n  of an 
an ti-ox idan t. A t room  tem p era tu res surface-hardening tak es place, b u t disappears on 
h eating  to  e.g. 70° C. P e rbunan  sh rinks slig h tly  in  oil, p ro b ab ly  due to  th e  presence 
of a soluble e lastica to r or plasticizer, a fte r  w hich th ere  is a  gain  in  w eight and  hardness, 
th e  tensile s tren g th  increasing to  a  m axim um , w h ilst th e  e longation  is s tead ily  reduced. 
Over-ageing a t  70° C. increases th e  hardness to  a  lesser e x te n t th a n  oil-ageing, b u t a t 
o rd inary  tem pera tu res l i t t le  harden ing  resu lts . P e rb u n an  also differs from  Neoprene 
in  developing th e  m axim um  physical p roperties only a f te r  com pounding, whereas 
Neoprene is n o t appreciably  a lte red  in  tensile  s tre n g th  on  loading. C. L. G.

420. Development of Swelling Resistant Rubber-like Materials in Germany. P.
Stocklin. Proc. Rubber Tech. Conf. London, M ay, 1938. P ap e r No. 86, p p . 434-447.— 
T he developm ent in  G erm any, m anufacture , vu lcan ization , p roperties , a n d  applications 
of oil-resisting products w hich can be converted  by  v u lcan iza tion  o r an  analagous 
process from  a  p lastic  to  an  e lastic  condition  are discussed. T hree ty p es of products 
are d ealt w ith  : (1) B utad iene po lym erization  p ro ducts , including P e rb u n an  (formerly 
B una N), which is a  butadiene-acrylic  acid n itr ile  m ixed po lym erizate , an d  perbunan 
e x tra  (form erly B una NN ) w hich is sim ilar, b u t w ith  a  h igher acrylic  acid  n itrile  
con ten t. (2) T hiop lasts, including P erduren  G, p repared  from  d ich lo re th y l e th e r and 
sodium  p o ly su lp h id e ; P erduren  H  p repared  from  d i(ch lorethy l)form aldehyde acetal



ABSTRACTS. 1 4 5  A

and  sodium  polysulphide, and  P erduren  SP, an  aqueous suspension of Perduren  H .
(3) com binations of ty p es (1) and  (2)— e.g., Perduren  L, a  special com bination  of 
Perbunan  an d  Perduren . C. L . G.

421. Rubber Plastics. H . B arron. Proc. Rubber Tech. Conf. London, M ay, 1938. 
P aper No. 99, pp . 1110-1115.— A discussion is p resen ted  of m ethods developed to  
im prove th e  s ta b ility  of ru bber b y  su b s titu tin g  vu lcan ization  by  chem ical trea tm e n t, 
resu lting  in  th e  fo rm ation  of p lastic  m ateria ls. The p ro ducts discussed include : (1) 
ru bber contain ing cobalt linoleate, m illed or blown w ith  a ir, which is su itab le  for p a in ts  
or in su lating  finishes a f te r  b a k in g ; (2) ch lo rinated  rubbers which produce chem ically 
resis tan t p a in ts  an d  v a rn ish es ; (3) tran sp aren t ru bber p lastics su itab le  as m oisture- 
proof p ap er produced by  th e  action  of HC1 on rubber. A m odification includes th e  
ad d itio n  of ha logenated  benzene to  th e  m ix tu re , th e  rubber hydrochloride being 
prec ip ita ted  w ith  a lco h o l; (4) rubber isomeric p lastics form ed by  th e  ac tion  on rubber 
of sulphuric or sulphonic acids, m etallic  chlorides, boron fluoride, an d  fluoboric acid, 
e tc . ; (5) p lastics from  ru bber by  trea tm e n t w ith  phenol an d  w ith  form aldehyde have 
been unsatisfac to ry , b u t th e  m ost prom ising avenue is th e  ad d itio n  of resinous p lastic  
m edia. C. L. G.

422. Plastics having Rubber-like Properties. G. von R osenberg. Proc. Rubber Tech. 
Conf. London, M ay, 1938. P aper No. 102, pp . 450-462.— A review  is p resen ted  of th e  
p roperties, processing characteristics, an d  app lications of therm oplastics of th ree  
ty p es : (1) hav ing  th e  properties of soft ru bber w ith o u t th e  ad d itio n  of p las tic ize rs ; 
(2) h a rd  b u t becom ing rubber-like b y  incorporation  of p las tic ize rs ; and  (3) latex-like 
em ulsions of syn th e tic  po lym erization  p roducts to  be used p a r tly  w ith  an d  p a r tly  
w ith o u t p lasticizers. Group (1) includes (a) th e  polym erized acrylic-acid  esters—- 
e.g., Acronal an d  P lexigum , w hich are expensive an d  y ield  films of low rebound 
e lasticity , b u t have a  “  handle  ”  sim ilar to  th a t  of so ft rubber, th e  re la tive  hardness 
of th e  films decreasing in  th e  sequence m eth y l ester, e th y l ester, b u ty l e s te r s ; (6) 
h igh ly  polym erized sa tu ra ted  hydrocarbons— e.g., O ppanol B  a n d  V istanex, w hich 
very  closely resem ble rubber in  c o n stitu tio n  an d  behaviour. W ith  increasing  m ole
cular w eight th e  m echanical p roperties are increased, b u t th e  w o rk ab ility  decreases, 
w hilst th e  chem ical and  electrical p roperties a re  only  slig h tly  d e p e n d e n t; (c) a lky l 
condensation products, which are used for electrical in su la tion , b u t hav e  otherw ise 
only lim ited  applications. Group (2) includes (a) polym erized v iny lch loride  and  i ts  
interpolym erizates— e.g., K oroseal, Flam enol, V inylites, Igelites, and  M ipolam — w hich 
when prepared w ith  plasticizers— e.g., tric resy l p hosphate , p h th a lic  acid esters, e tc .—  
give soft rubber-like p ro d u c ts ; and  po lyv iny l alcohol— e.g., Po lyv io l an d  Povim al—  
which, when trea te d  w ith  w a ter o r strong ly  hydroph ilic  plastic izers like glycerine, 
y ield  sim ilar p roducts ; (6) cellulose deriva tives of w hich th e  esters a re  of l i t t le  im p o r
tance to  th e  rubber in d u stry , w h ilst th e  e th e rs  m ay  be p lastic ized  to  y ield  p ro d u c ts  of 
so ft rubber consistency. C. L . G.

423. Patent on Special Products. G. W . Jo h n so n . E .P . 498,242, 5.1.39. A ppl.
26.7.37. M anufacture of b u tad ien e  b y  tre a tin g  v iny laeety lene w ith  am algam s of 
alkali m etals in  th e  presence of substances w hich  develop hydrogen  w ith  these  am al
gams- W . S. E . C.

See also A b s trac t No. 398.

Detonation and Engines.
424. Development of the Mono-Sleeve Valve for Aero-Engines. A. H . R . Fedden. 
J . ln s tn  auto. Engrs, 1939, 7 (5), 64—100.— T he first double-sleeve valve engine was 
produced in  1905, b u t a n  im p o rta n t s tep  forw ard  w as m ade in  1909, w hen B u rt and  
McCollum in d ep enden tly  d iscovered t h a t  th e  sam e resu lt could be ob ta in ed  w ith  a 
single sleeve by  com bining a  tra n s la to ry  an d  ro ta ry  m otion . N o t only is th e  design 
sim pler, b u t th e  tw istin g  m otion  a ssists  lub rication . T he pap er reviews th e  subsequent 
historical developm ent of th e  single-sleeve princip le, which was tak en  up  by  th e  B risto l 
Aeroplane Com pany in  1926. T h e ir developm ent w ork on single air-cooled cylinders
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is described in some d e ta i l ; th e  b .m .e.p . has been ra ised  from  120 lb. p er sq. in. in 
1932 to  220 lb. per sq. in . in  1938, an d  m in im um  fuel consum ption  is now less th a n  0-4 
lb ./B .H .P ./h r . Com prehensive d a ta  are given to  show th a t  th e  perform ance of sleeve- 
valve engines com pares favourab ly  w ith  th e  m ost m odem  poppet-valve  types, whilst 
servicing is sim plified. Am ong im p o rta n t advan tages of th e  sleeve-valve engine are : 
e lim ination of ho t-spo ts, h igher com pression p ressures, im proved volum etric efficiency, 
freedom  from  lead corrosion, an d  b e tte r  con tro l of tu rbu lence. T he p ap er includes 
brief illu stra ted  descrip tions of B risto l sleeve-valve engines now  in  production.

K . A.

425. Notes on Aero-Engine Research. P. H . R ayner. J .  R . aero. Soc., 1939, 43, 
(337), 19-32.— The paper deals w ith  some form s of experim ental equipm ent suitable 
for use in  aero-engine research, an d  p a rticu la rly  w ith  various ty p es of electronic 
(cathode-ray) indicators. I n  ad ap tin g  th is  in stru m en t to  a irc raft engines th e  greatest 
difficulty has been to  produce a  sa tisfac to ry  pressure u n i t . Six classes of u n it  have been 
used or proposed : electrom agnetic , resistance, capacitance, piezo-electric, high-
frequency, and  photo-electric. V arious ty p es are described an d  illu stra ted , and  means 
of operating  th e  tim e-sw eep u n it  are ou tlined . T he electronic in d ica to r has provided 
new m eans of s tudy ing  d e to n a tio n  ; th is  phenom enon is characterized  b y  a  very  sharp 
pressure rise tow ards th e  end  of com bustion , and  th e  re su lta n t pressure waves in  the 
cylinder obey th e  laws of sound. Frequencies of 3500-7000 are  observed in  practice. 
The R .A .E . d e tona tion  m eter em ploys a  piezo-electric p ressure elem ent and  an  ampli
fier which filters off th e  frequencies below ab o u t 2000 cycles p e r sec. T he filtered out
p u t is fed to  a  trigger c ircu it, and  d e to n a tio n  in te n s ity  is m easured  on an  arbitrary 
scale by  th e  grid  bias, w hich is ad ju s ted  u n til th e  p eak  signal ju s t  triggers th e  valve. 
T he M idgley bouncing-pin gives a  ra tin g  corresponding to  a  m axim um  frequency 
response of 400 c.p.s., w hich m ay  account for som e discrepancies in  knock ratings 
betw een labora to ry  an d  full-scale aero-engines. K . A.

426. Recent European Developments in High-Speed Diesel Engines. P . M. Heldt. 
J .  Soc. aut. Engrs., 1939, 44, (2), 77-84.— A utom otive-type  diesel engines are used much 
m ore extensively  in  E urope th a n  in  th e  U.S.A. D ue to  th e  g rea ter cost differential 
betw een ca rb u re tto r an d  diesel fuels in  E urope, th e  diesel is justified  in  buses and 
trucks of m ore th a n  2 or 2 J to n s capacity . T here is a  considerable m ark e t for railcars, 
and  th e  m oderate-sized diesel is rap id ly  becom ing po p u lar for m arine applications, 
p a rticu larly  in E ngland. Of 176 E uropean engines, 55 have d irec t in jection  ; 53 have 
precom bustion  cham bers ; 49 have turbulence cham bers and  19 are a ir-cham ber type. 
T he tw o-stroke cycle is receiving considerable a tte n tio n , especially in  th e  aircraft 
field. I n  th e  Clerget diesel a irc raft engine, now  u n der developm ent, double-injection 
pum ps are used. One in jec ts a  sm all q u a n tity  of h igh-cetane fuel to  reduce ignition 
lag ; th e  o th er is supplied w ith  a fuel con ta in ing  alcohol, th e  h igh  la te n t heat of which 
keeps down m axim um  pressure. The pap er includes illu s tra te d  descriptions of 
typ ica l E uropean engines, including th e  s tan dard ized  G erm an A rm y tru ck  engine.

K . A.

427. Duration of Combustion in a Commercial Diesel Engine. A. F . R obertson, R . A. 
Rose, and  G. C. W ilson. J .  Soc. aut. Engrs, 1939, 44, 117-124.— T his article  describes 
a  series of te s ts  using th ree  engines. T he photo-electric  com bustion  ind ica to r developed 
by  th e  U niversity  of W isconsin, which has been fu lly  described in  prev ious articles, 
was im proved in  d e ta il for th e  p resen t tes ts , an d  a  new to p  d ead  cen tre  indicator 
capable of indicating  top  centre w ith in  of engine-crank trav e l was also used.

T he bu lk  of th e  te s ts  described were m ade w ith  a  single-cylinder Fairbanks-M orse 
four-cylinder engine of 4J  boro x  6 in. stroke, th e  com pression ra tio  being 14-5 : 1, 
injection  pressure 1400 lb /sq . in., speed, 1425 r.p .m ., a n d  w a ter-jacket tem perature 
150° F . The engine has a  h igh  turbulence head, w ith  sw irl-cham ber w hich is fitted 
w ith  two q u artz  windows. The d a ta  ob tained  on tw enty-seven fuels w ith  th is  engine 
include th e  com parison of leng th  and  tim ing  of com bustion  w ith  va ry in g  injection 
tim ing , th e  effect of in jection  tim ing  on lag, and  v a ria tio n  in com bustion  period with 
v ary ing  lag and  load.

F rom  dynam om eter te s ts  on tw o engines (a single-cylinder, open-cham ber engine
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and  a  six-cylinder engine sim ilar to  th e  sw irl-cham ber single-cylinder) fuel ra tio s were 
determ ined on six  fuels, vary ing  in  cetane num ber from  25 to  87.

I t  is found th a t  h igh-cetane diesel fuels n o t only s ta r t  to  b u m  earlier in  th e  cycle, 
b u t continue to  b u m  longer during  th e  expansion  s troke  th a n  does a  fuel of low cetane 
num ber. A com parison of d a ta  from  th e  open-cham ber engine an d  th e  sw irl-cham ber 
engine shows th a t  th e  h igher tu rbu lence  of th e  la t te r  has no d irec t bearing  on ign ition  
lag, a lthough  th e  g rea ter tu rbu lence  causes s ligh t changes in  th e  shape of th e  
ignition-lag curves. C. H . S.

428. Design and Construction of Alternators for Coupling to Diesel Engines. F .
F itc h e tt  an d  W . R . H olland . Diesel Eng. Us. A ss., P u b n . No. S .150.— I n  th e  first 
m ain  section of th is  paper, b y  th e  use of analyses of th e  to rsional system s of several 
ty p es of d iesel-alterna tor se ts as exam ples, th e  au th o rs  d iscuss th e  effect of th e  num ber 
of engine-cylinders and  speed, a lte rn a to r coupling-shaft an d  bearing  a rrangem en t on 
torsional critica l speeds and  a lte rn a to r sh a ft stresses. T he effect of forced v ib ra tio n s 
on th e  cyclic irregu larities of th e  a lte rn a to r ro to r is also shown.

I t  appears, from  th e  analyses, th a t  th e  dangerous c ritica l speeds can  generally  be 
arranged  to  be above th e  norm al ru nn ing  speed b y  ad o p tin g  th e  a rrangem en t of a  
single bearing  a lte rn a to r an d  a  sh o rt, s tiff  sh a ft coupling th e  ro to r  to  th e  engine. In  
-certain cases, however, p a rticu la rly  w ith  d iesel-a lterna to r se ts w ith  as m an y  as e igh t 
engine-cylinders an d  operating  a t  h igh  speeds, i t  is preferable to  a rrange th e  shaft- 
connection betw een fly-wheel an d  ro to r v e ry  e lastic  by  m eans of a  flexible coupling. 
D angerous c ritica l speeds a re  th e n  rim  th ro u g h  quickly, an d , if th e  ty p e  of coupling 
is chosen so th a t  th e  flexib ility  varies w hen th e  to rque  varies, th e  coupling w ill in troduce 
in to  th e  system  dam ping  characteris tics w hich w ill g reatly  reduce th e  v ib ra tio n  
stresses w hen runn ing  on th e  critica l speeds.

The second m ain  section  of th e  pap er deals chiefly w ith  electrical considerations to  be 
m ade in  th e  arrangem en t of d iesel-a lterna to r system s. Follow ing a  discussion of th e  
effects produced b y  cyclic irregu larity , th e  au th o rs  em phasize th e  im portance  of th is  
factor as affecting a lte rn a to r voltage. I t  is po in ted  o u t th a t  a  change in  speed of 1%  
would produce a  change in  a lte rn a to r  vo ltage  of ab o u t 1-7% and  a  lig h t v a ria tio n  of 
ab ou t 7% . F u r th e r  factors w hich m u st be considered w hen eng in e-a ltem ato r se ts 
are ru n  in  paralle l are n e x t d ea lt w ith , an d  recom m endations are given to  secure th e  
m ost sa tisfac to ry  operation.

The pap er concludes w ith  no tes  on  o th e r features in  th e  m echanical design of 
a lte rn a to rs  and  on th e  erection  of th e  m achine on site . E . F . C.

429. Symposium on the Starting of Diesel Engines. Anon. Diesel Eng. Us. A ss., 
P ubn . No. S. 148.— T his sym posium , w hich com prises con tribu tions from  m o st of th e  
principal diesel-engine builders in  th is  country , an d  from  m an y  well-know n C on tinen tal 
m akers, covers th e  sub ject of s ta rtin g  diesel engines from  alm ost every  angle.

C ontribu tors representing  m akers of th e  larger engines describe chiefly th e  a c tu a l 
s ta rtin g  m echanism  th e y  em ploy, in  w hich com pressed a ir  is in v ariab ly  th e  op era tin g  
m edium .

The m ajo rity  of th e  builders of th e  sm aller classes of diesel engines ad o p t d ifferent 
m eans of s ta rtin g , according to  th e  service an d  size of th e  engine. T he sm allest sizes 
are generally  s ta r te d  by  h an d  or b y  a  b a tte ry -o p e ra ted  electric  m o to r an d  B endix  
pin ion , an d  th e  in te rm ed ia te  sizes also b y  th e  la t te r  m eth o d , or b y  conventional 
com pressed-air m echanism  em bodying som e form  of tim ed  adm ission valve.

Am ong a lte rn a tiv e  m ethods of s ta rtin g  described b y  o th e r con trib u to rs  represen ting  
th e  m edium -size m anu fac tu re r a re  b y  m eans of a n  aux iliary  engine an d  c lu tch , or by  
an  im pulse s ta r te r  w hich is o p erated  b y  th e  p ressure genera ted  w hen a  sm all am o u n t 
of explosive com pound is fired electrically .

The rem aining co n trib u to rs to  th e  p ap er describe th e  techn ique  th e y  recom m end 
should be ad o p ted  to  fac ilita te  s ta rtin g . Am ong th e  chief factors considered are 
prim ing  of th e  fuel-in jection  system , th e  provision of w arm  in le t w a ter to  th e  jack ets, 
and  th e  use of a  low -viscosity lub ricating  oil an d  h igh-cetane-value fuel. A n increase of 
in jector-release p ressure w ith in  th e  lim its  im posed by  roughness of ru nn ing  has in  som e 
cases been found  to  fac ilita te  s ta r tin g  while th e  in tro d u c tio n  of fuel o r lub ricating  
oil in to  th e  in ta k e  p o rts— w hich serves th e  du a l purpose of sealing p iston-rings and
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valves, besides raising  th e  com pression ratio.—has been found to  have  a  sim ilar 
beneficial effect.

The discussion on th e  sym posium  is appended . E . E . C.

430. Injection Equipment for Compression-Ignition Engines. H . G. D unn . J . In stn  
auto. Engrs, 1938, 7 (1), 32-48.-—T he design, p roduction , an d  te s tin g  of fuel-injection 
equ ipm en t is d ea lt w ith  generally  in  th is  article .

As regards th e  pm nping  elem ent, th e  re la tio n  is show n betw een th e  various phases of 
o p e ra t io n ; an d  requ irem en ts of th e  p um p to  su it different ty p es  of engine are d is
cussed. Cam  contours are briefly discussed, an d  an  analysis of a  ty p ica l injection 
p um p cam  is show n. O th er featu res of design are d e a lt w ith , including th e  delivery 
valve  ; th e  effect of th e  len g th  of fuel-pipe an d  in jec tion  pressure on p um p d ischarge; 
th e  governor ; an d  th e  injection-nozzle.

Poor id ling  is a tt r ib u te d  to  too  large fuel capac ity  betw een th e  pum p an d  nozzle, 
a n d  to  b ad  design in  th e  cen trifugal governor, w hich  som etim es fails to  respond to 
sm all speed f lu c tuations w hen id ling , due to  th e  fac t th a t  insufficient pow er is available 
to  overcom e th e  resistance  offered b y  th e  in e rtia  a n d  fric tion  of th e  pum p-control 
m echanism .

I t  is now  becom ing general p ractice  to  ad o p t h ig h er differential ra tio s between 
valve-guides an d  sea t d iam eters, in  th e  injection-nozzle of th e  m ulti-hole types com
m only  used  in  open-cham ber engines, to  overcom e th e  tendency  of carbon to  penetrate 
in to  th e  spray-holes, th e  im provem ent in  th is  d irection  probab ly  being achieved by the 
fa c t t h a t  th e  d rop  in  in jec tion  pressure is m uch  less w ith  th e  h igh -ra tio  design. The 
ty p e  of co n stru ctio n  in  w hich th e  needle-valve guide is iso lated  as fa r as possible from 
th e  com bustion-cham ber is becom ing increasingly  p o p u lar for th e  direct-injection 
engine. T he absence of a  s ta n d a rd  m eth o d  of te s t  for fuel-in jection  system s is deplored, 
an d  th e  a u th o r  enum erates som e of th e  variab les w hich  affect th e  pum p delivery.

C. H . S.

431. Recent Developments in Piston-Ring Materials. B. A. Y ates. J .  Soc. aut. Engrs, 
1939, 44, 49-58.—W hereas m uch  a tte n tio n  has been p a id  to  p iston -ring  design-factors 
such as p roportions, loadings, c ircu larity , e tc ., th e  question  of m ate ria l has been rele
g a te d  to  th e  background. T he causes of cy linder an d  rin g  w ear are abrasion, 
corrosion, an d  erosion. A brasion  is b est e lim ina ted  b y  provision of adequate oil- 
a n d  air-filters and  crankcase ven tilato r-screens. T he b est an tid o te  to  corrosion is 
ra p id  w arm ing-up an d  p roper crankcase v en tila tio n . T he p resen t a rticle  deals mainly 
w ith  erosion, w hich is a ttr ib u te d  to  m eta l-to -m etal co n tac t upon  failure of th e  lubri- 
cating-o il film. Scuffing is due to  too -rap id  erosion, an d  is a  prob lem  of proper main
tenance  of th e  oil film, ra th e r  th a n  of oiliness characteristics.

T he m icrostructu re  of p iston -ring  m ate ria ls  is discussed, an d  i t  is s ta te d  th a t a 
pearlitic  s tru c tu re  w ith o u t free fe rrite  is h igh ly  desirable. R ing  w ear is considerably 
reduced by  ra is ing  th e  phosphorus co n ten t to  0-75% . T he a b ility  to  resist scuffing is 
m ost im p o rta n t during  th e  run -in  period , an d  various ty p es of surface-coating m aterial 
are available  to  help  to  decrease th e  sev erity  of scuffing. E ngine te s ts  have demon
s tra te d  th a t  superficial coatings reduce ring  w ear from  scuffing an d  erosion, and  th a t a 
v ery  th in  coating  of t in  is m ore effective th a n  o th e r ty p es of m etallic  o r non-metallic 
coatings. P ro b ab ly  th e  so ft t in  coating  has th e  a b ility  to  re -d is trib u te  th e  surface 
m ate ria l u n der pressure, b u t  i ts  good perform ance m ay  be due to  th e  ease w ith  which 
i t  can  be w e tted , th u s  re ta rd in g  ru p tu re  of th e  oil-film. K . A.

432. Multi-cylinder Engine Detonation and Mixture Distribution. A. J .  Blackwood,
O. B. K ass, an d  O. G. Lewis. J .  Soc. aut. Engrs, 1939, 44, 125-134.-—T his article 
describes te s ts  m ade on an  e igh t-cy linder in-line engine w ith  overhead valves to  inves
tig a te  th e  knocking tendency  of each cylinder, as affected b y  th e  unequal spark 
tim in g  to  ind iv idual cylinders w hich  is found to  be p rev alen t w ith  th e  norm al pro
d uction  ign ition  equipm ent.

F rom  analysis of th e  ex h au s t gases of ind iv idua l cylinders d a ta  were o b tained  on the 
air-fuel ra tio  of th e  m ix tu re  supplied  to  each cylinder, an d  th e  effect of varying 
v o la tility  was investigated .

I n  order to  determ ine th e  spark -tim ing  requ ired  on each cylinder to  produce a
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given degree of knock, tw o ig n itio n  system s w ere used  in paralle l, a n d  so a rran g ed  th a t  
the spark advance to  one o r m ore cy linders cou ld  be ad v an ced  o r re ta rd e d  w ith o u t 
affecting the  rem ainder.

Details are given of th e  m ix tu re  s tre n g th  sp read  be tw een  cy linders ov er th e  whole 
engine-speed range on regular gasoline, a n d  i t  is show n th a t  in  th is  p a r tic u la r  case one 
cylinder gets progressively rich er a n d  a n o th e r  p rogressively  le a n e r ; th e  sp read  in  
air-fuel ra tio  betw een th e  rich est a n d  leanest v a ry in g  from  8-5 : 1 to  18-5 : 1 a t  400 
r.p.m., and from  11 : 1 to  16 : 1 a t  2200 r.p .m .

Data on fuels of vary ing  v o la ti li ty  w ere o b ta in e d  a t  1000 r .p .m ., an d  full th ro tt le  
and showed air/fuel ra tio s  v a ry in g  betw een  cy lin d ers  from  7 ra tio s  on  reg u la r g iad e  
gasoline to  0-9 ra tio  on bu tane .

I t  is shown th a t  octane-num ber req u irem en ts  of in d iv id u a l cy linders m ay  v a ry  b y  
10 points, due to  uneven sp a rk  t im in g ; a n d  t h a t  w ith  p e rfec tly  synchron ized  sp a rk  
t iming unequal d is trib u tio n  m ay  cause th e  oc tan e-n u m b er req u irem en ts  of in d iv id u a l 
cylinders to  vary  by 15 octane num bers.

Tests w ith a specially designed u n h e a ted  m an ifo ld , u sing  tw o  c a rb u re tto rs  show ed a 
maximum varia tion  in  air-fuel ra tio s  b e tw een  cy linders on  reg u la r g rad e  gasoline of 
3-1 ratios as against 5-8 ra tio s  for th e  u n h e a ted  a n d  7-1 ra tio s  fo r th e  h e a ted  s ta n d a rd  
manifold, respectively, a t  1000 r.p .m . a n d  full load .

The authors p o in t o u t th a t  th e  engine te s te d  is ty p ic a l of m o d em  c a r engines, 
and conclude th a t  su b s ta n tia l red u c tio n  in  average  an ti-k n o ck  req u irem en ts  of cars 
might be effected w ith o u t m ak in g  a n y  m ajo r changes in  eng ine size, speed , o r com 
pression ra tio . Care in  assem bling  cars a t  th e  fac to ry  cou ld  b rin g  ab o u t a n  average 
decrease in  octane-num ber req u irem en ts  of several p o in ts , w h ich  decrease cou ld  be 
utilized in tu rn  in  fu tu re  designs to  p e rm it of increased  com pression ra tio  an d  
efficiency. C. H . S.

433. The Modem Portable Gas Producer. B . G oldm an a n d  N . C. Jo n es. Petrol. 
World (Lond.), 1939, 36 (460), 3—5.— F o u r ty p es  of gas p ro d u cer a re  d is tin g u ish ed  : 
(a) the up-draught in  w hich  fuel a n d  a ir  m ove in  o p posite  d irec tions, (b) th e  do w n 
draught, (c) th e  cross-draught, a n d  (d ) th e  double-zone double  d r a u g h t ; (a) generally  
provides th e  best gas, w h ils t (6) can  be used  w ith  ad v an tag e  fo r d i r ty  o r ta r r y  fu e ls ; 
(c) is the sim plest to  co n stru c t, an d  relies on  a  ve ry  h igh  tem p era tu re , a n d  (d) com bines 
the production of good-quality  gas w ith  th e  a b ili ty  to  use low -grade fuels. C onsider
able difficulty is experienced in  ensuring  a  regu lar su p p ly  of su itab le  fuel, b u t  th e  
availability of low -tem pera ture  coke h as gone fa r  to w ard s so lv ing  th is  p roblem . T he 
use of solid fuel, th e  cheapest indigenous source, fo r gas p roducers is  l im ite d  to  a p p li
cations where th e  e x tra  w eight of th e  gas-p lan t does n o t u n d u ly  affect efficiency, since 
i t  is necessary to  m ake use of ex is tin g  resources in  th e  shape of vehicles a lre ad y  o n  th e  
road and of m anufactu ring  facilities of s ta n d a rd  types.

Gas-producer eq u ip m en t a tta c h e d  to  s ta n d a rd  vehicles m ay  be f itte d  on  th e  side 
opposite to  th e  engine in d u ctio n  or on  th e  ru n n in g-board , o r p a r tly  in  a n d  p a r tly  beh ind  
the dnving-cab. I n  buses a n d  p r iv a te  cars i t  is u su a lly  f itte d  a t  th e  ex trem e  
rear.

Tests w ith  a  B edford  30-cwt. t ru c k  equ ipped  w ith  a K oela gas-producer show ed th a t  
the operation w as only slig h tly  inferior to  th a t  w ith  gasoline on  h ill c lim bing an d  ab o u t 
the same w ith  respect to  acceleration . I t  is n o ted  th a t  w hile th e re  a re  v ery  few gas- 
producer vehicles in  G reat B rita in , th e re  a re  several th o u sa n d  in  d a ily  use  in  C o n ti
nental countries using  wood, p e a t,  lign ite , a n d  coke. G. R . N .

434. Tank Mileage. W . E . Z ierer a n d  J .  B . M acauley, J r .  J . Soc. aut. E ngrs., 1939, 
44, 29-34.— T he te rm  “ ta n k  m ileage ” refers to  th e  average m iles p e r gallon  o b ta in ed  
under norm al d riv ing  conditions, as d is tin c t from  “  m ean  road-load  econom y,” w hich 
is th e  m iles p er gallon ob ta in ed  on co n stan t-speed  te s t  ru n s in  o p posite  d irec tions on 
level ro ad  a t  10 m .p .h . speed in te rv a ls  from  20 to  60 m .p .h .

The effects of a ir  resistance, chassis fric tion , gear ra tio , a n d  car w eigh t on  co n stan t- 
speed ro ad  econom y are  show n, a n d  a  com parison  is m ade betw een  ca lcu la ted  values 
and  a c tu a l te s t  resu lts .

M any o th e r facto rs over which th e  designer h as no con tro l, b u t  w hich  affect econom y, 
are discussed. I t  is show n th a t  a  car s ta r tin g  a t  20° F . requires to  be d riv en  fo r 11 

L
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m iles a t  an  average speed of 25 m .p .h . before th e  fuel econom y reaches i ts  norm al 
level, a lth o u g h  w a ter tem p era tu re  an d  m anifo ld  tem p era tu res  becom e constan t a fte r  
3 m iles d riv ing . T es ts on  forty-five cars of th e  sam e m odel show ed spread in  econom y 
figures from  13-7 to  23-4 m iles p er gallon. These figures were o b ta ined  from  a  m o n th ’s 
n o rm al d riv in g  of each  car, an d  illu s tra te  th e  va ria tio n s o b ta ined  w ith  different 
d rivers a n d  conditions of operation . C. H . S.

Economics and Statistics.
435. Economic Equilibrium in Petroleum-Refining Operations. N . D . F itzG erald . 
Petrol. Tech., F eb ., 1939, A .I.M .M .E. Tech. P u b . No. 1030, 1-15.— Econom ic equili
b riu m  in  petro leum -refin ing  is a  du a l concep t. I t  em braces b o th  th e  overall balance 
betw een  to ta l  sto rage a n d  to ta l  dem and  fo r m ajo r p ro d u c ts , a n d  th e  in te rn a l balance 
betw een  th e  dem ands a n d  inven to ries of th e  v a rious p ro ducts . T he la t te r  is th e  m ore 
com plex. T he general u p tre n d  in  th e  to ta l  dem and  for pe tro leum  p roducts during 
th e  p a s t  decade h as been m ark ed  b y  considerable d ifferen tia tion  betw een th e  several 
p ro d u c ts . I n  th e  long-run  th e  supplies of th e  va rio u s p ro d u c ts  a re  ad ju s ted  by  th e  
re la tio n sh ip  betw een econom ic u tiliza tio n  a n d  basic cost.

T here is a  p e rs is ten t lag  of from  th ree  to  six  m o n th s in  th e  conform ity  of th e  to ta l 
dem and  for pe tro leu m  p ro d u c ts  w ith  in d u str ia l p roduction , a n d  a  p e rsisten t lag of 
from  tw elve to  fifteen  m o n th s in  th e  confo rm ity  of inven tories of pe tro leum  products 
w ith  in d u stria l p roduction . I t  appears t h a t  inven tories of pe tro leum  products of 
any  p a r tic u la r  m o n th  reflect th e  influences of to ta l  d em and  of th e  tw e lfth  preceding 
m o n th , th e  level of in d u str ia l p ro d u c tio n  of th e  tw e lfth  p receding m on th , an d  the  
cu rren t volum e of crude oil in  sto rage. T he ra te  of supp ly  of each product reflects 
th e  influences of dem and, price, an d  in ven to ry .

In v en to ries of each  p ro d u c t ex ert a  positive  influence u p o n  th e  ra te  of supply  instead 
of ex erting  a  negative  o r norm alizing tendency . Therefore, price is requ ired  to  fulfil 
n o t only i ts  conventional econom ic functions b u t also th a t  of overcom ing th e  tendency 
of inventories to  induce a d d itio n a l supplies. T he jo in t n a tu re  of th e  supply  of petro
leum  p ro d u c ts  causes an y  abnorm alities in  th e  supply-inducing factors to  be tran s
m itte d  from  one p ro d u c t to  an o th er, ra th e r  th a n  to  be coun terac ted . R ecen t sh ifts in 
th e  im portance  of th e  supply-inducing facto rs have  been  favourable in  character.

T he econom ic problem s of th e  oil in d u s try  have  grow n ra p id ly  in  recen t years and 
now appear of sim ilar m agn itude  to  th e  engineering problem s th a t  characterized an 
earlier phase  of i ts  g row th . G. D . H .

436. The Year 1938 in Petroleum Statistics. Anon. Przem . N a ft.,  10.2.39, 3, 80-82.— 
The increase in  p roduction , hav in g  reached  i ts  cu lm in atin g  p o in t in  1937, had  
ceased in  1938. F igures are b y  no m eans a larm ing, how ever, th e  index  for 1938 being 
150-8 as com pared w ith  156-2 for 1937 (1932 =  100). T h is  decrease was m ostly  
restric ted  to  th e  U .S.A., w here i t  am o u n ted  to  5-2% , w hereas i t  w as only  0-6%  in  other 
countries.

R ussia show ed an  increase in  p ro d u c tio n  of 3-2% . C anadian  p ro d uction  raised  its  
level by  alm ost 1J  tim es. A tab le  is given show ing th e  p ro d u c tio n  of th e  oil-producing 
countries in  1937 an d  1938, and  giv ing  th e  respective  percen tage changes.

T he prices of petro leum  p ro d u c ts  decreased considerably  in  1938. A  tab le  shows 
th e  n o ta tio n  of d ifferent petro leum  p ro d u c ts  on  th e  w orld m ark e ts . E . J .  W .

437. Petrol Consumption in Motor-Cars. Anon. Przem. N a ft.,  10.2.39, 3, 82.— Tables
are given show ing th e  p e tro l consum ption , th e  n u m b er of m otor-cars, a n d  th e  con
sum ption  of pe tro l p e r m oto r-car in  a  n u m b er of countries in  1937. F rance  shows 
th e  lowest consum ption  of p e tro l p e r m oto r-car, w ith  1200 kg. p e r annum . G reat 
B rita in  takes th e  th ird  place, w ith  2100 kg. p er annum . E . J .  W .
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History of Petroleum.
438. Iranian Petroleum  in Ancient and Medieval Times. L. L o ck h art. J .  In st.  
Petrol., 1939, 25, 1-18.—-An. h is to rica l account of th e  occurrence an d  use of pe tro leum  
and  b itu m en  in  I ra n , w ith  num erous q u o ta tio n s from  original w ritings.

G. R . N .

439. Petroleum and Bitumen in Antiquity. R . J .  Forbes. J .  In st. Petrol., 1939, 25, 
19-23.— A  su m m ary  of a  lec tu re  delivered  to  th e  Society for th e  S tudy  of A lchem y and  
E arly  C hem istry  on  th e  early  h is to ry  of th e  petro leum  in d u stry . G. R . N.



1 5 2  a

BOOK REVIEWS.

Les Gisements de Petiole. B y G. Macovei. Preface b y  M. Charles Jacob. Pp. 
v ii -f  502. Figs. 222. Masson & Cie, 120, B oulevard  Sain t Germain, Paris, 
1938. Price 120 fr.

Translation o f a Review in  French by D . Schneegans.

Professor M acovei’s book is th e  resu lt of m any  y ears’ s tu d y  a t  th e  École Poly
technique in B ucharest . T he a u th o r has acquired  considerable information, which 
he has been able to  condense in to  a  volum e, which is a t  th e  sam e tim e concise, clear, 
well illustra ted , and  full of facts. T he recen t P etro leum  and  Geological Congresses 
have given th e  a u th o r an  u p -to -d ate  outlook on th e  varied  questions which are 
encountered in th e  s tu d y  of oil-bearing s tra ta . T he w ork is d iv ided  in to  two parts ; 
th e  first is devoted  to  th e  genesis an d  n a tu re  of th e  s tra ta , th e  second, in more 
detail, to  th e  geographical d is trib u tio n  an d  descrip tions of th e  principal oil-bearing 
s tra ta  of th e  world.

T he chapters devoted  to  th e  origin of pe tro leum  give an  account of present 
knowledge of th e  geological conditions u nder w hich petro leum  m ust have been 
formed, b u t also show how far we still are from  an  en tirely  sa tisfac to ry  solution to 
th is  problem . I t  appears th a t  th e  a u th o r is a  resolute believer in  th e  hypothesis 
of th e  organic origin of petro leum  ; an d  it  is no  d o u b t w ith  reluctance th a t he also 
gives im partia lly  th e  hypothesis of th e  m ineral origin of b itum en , w ithou t, however, 
clearly explaining th e  p a r t  betw een th e  actu a l m agm atic  origin and  th e  bitumens 
displaced from th e  sedim entary  petroliferous beds by  volcanic phenom ena such as 
th e  heating  of th e  ground or th e  fo rm ation  of chim neys— open p a th s  to  migration. 
The phenom ena of th e  m igration  of oil are s tu d ied  w ith  p a rticu la r care and with 
th e  a id  of very convincing exam ples. T he R oum anian  s tra ta , w hich are well known 
to  th e  au th o r, are, from  th is  po in t of view, an  incom parable source of knowledge. 
I t  is probable, however, th a t  such an  in tim ate  knowledge of th e  oil-bearing stra ta  
of th e  calcareous ty p e  which are becom ing of increasing geological and  economic 
in te rest should have provided th e  a u th o r w ith  valuable argum en ts in  favour of 
latera l m igra tion  to  a  g reat d istance. R ecen t accounts b y  A m erican geologists 
concerning th e  influence of regional pyrogenic m ovem ents on th e  displacem ent of 
petroleum  in th e  sub-soil open up a  wide field of s tu d y , th e  resu lts  of which m ay be 
of considerable p ractical im portance. The facts know n ab o u t paleogeography, 
paleogeology, regional tectonics, th e  ra tio n a l in te rp re ta tio n  of oil-shows and of 
w ildcats enable one to  reco n stitu te  th e  large arte ries trave lling  b y  la te ra l m igration 
and  to  recognize on th e ir  p a th  exploitable accum ulations en trap p ed  in  certain  local 
structures.

The porosity  and  perm eability  value of th e  storage rocks an d  th e  conditions of 
imperviousness of th e  argillaceous roofs of th e  petro liferous series are stud ied  by the 
aid  of well-chosen exam ples, a  large num ber of which refer to  R oum anie. The 
principal types of s tru c tu re  are reviewed in  brief. The descriptions of th e  stra ta  
contained in th e  second p a r t  supplem ent these  d a ta . T he p roduction  engineer will 
also find some inform ation  concerning th e  conditions of exp lo ita tion  of th e  oil- 
bearing s tra ta .

M odem  m ethods of production , of gas u tiliza tion , of well-spacing, and  of draining 
the  rem aining petroleum  are based on a  knowledge of th e  characteristics of th e  stra ta , 
such as th e  s tru c tu ra l and w orking conditions, and  th e  characte ris tics of th e  source 
rock. These pages clearly show th a t  th e  rôle of th e  field geologist is no t merely 
th a t  of an  archevist, b u t th a t  it is chiefly to  supply  th e  p roduction  engineer w ith  all 
he needs to  enable him  to  d irect production  in  a  ra tio n a l way.

Prospecting and  exploration  of new oil-bearing s t r a ta  conclude th is  first part. 
The principles of th e  m ethods of geological and  geophysical prospecting and 
exploration  by  drilling are set o u t in  a  p ractica l w ay. N evertheless, deta ils  are 
lacking concerning th e  connection betw een th e  oil-shows and  th e  exploitable
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accum ulations, on  th e  value of these  shows a n d  th e ir  in te rp re ta tio n  in  th e  course of 
prospecting.

I n  th e  second p a r t  M. Macovei conveys a  v ery  com prehensive p ic tu re  of th e  
w orld’s o il-bearing s tra ta , a rranged  in  th e  o rder of th e  regional geology of each 
country . I n  th is  descrip tion  in fo rm ation  is given concerning th e  s tra tig rap h ic  
character, th e  s tru c tu ra l conditions, th e  p ro d u c tiv ity , an d  th e  p roperties of th e  
crude of th e  p rincipal exp lo ited  s tra ta .

W e are indeb ted  to  M. Macovei for th e  am oun t of w ork which he has h a d  in  
collecting an d  collating  th e  knowledge sca tte red  in  num erous publica tions an d  
languages. T he soundness of th e  in form ation , th e  num erous exam ples, th e  c la rity  
of th e  exp lanations, an d  th e  a lphabetica l index  w hich concludes th e  volum e m ake 
Prof. M acovei’s w ork  a  trea tise  w hich should  have  a  place in  th e  lib ra ry  of all 
petro leum  technologists. D . S c h n e e g a n s .

Fundamentals of the Petroleum Industry. B y D . H ager. P p . x v ii - f  445. MacGraw-
H ill Publish ing  Co., L td ., London. 1939. Price  21s. n e t.

Mr. D orsey H ager has, as he  s ta te s  in  h is preface, produced  a  book th a t  p resen ts 
a com prehensive outline  of th e  pe tro leum  in d u stry  an d  its  problem s. I t  covers all 
aspects of th e  in d u stry  from  th e  h istorical, th ro u g h  d rilling  an d  production , refining 
to  m arke ting , w ith  ad d itio n s such as o il securities an d  legislation, b u t i t  is to  he 
reg re tted  th a t  every  aspect has been so condensed as to  m ake th e  in form ation  supplied 
of only  nom inal value to  anyone desirous of o b ta in in g  m ore th a n  a v ery  general 
knowledge of th e  subject.

M uch th a t  has been included does n o t come u n d er th e  head ing  of fundam entals. 
I t  is easy to  u n d erstan d  th a t  a n  in d u stry  such as th e  Petro leum  In d u s try  w ould be a  
m agnet of “ greenhorns ” an d  “  hangers-on,”  h u t  these  are n o t fundam entals. 
T hey  ex ist solely as a  re su lt of th e  p ro sp erity  th a t  has accrued from  th e  efficient 
m anner in  which th e  in d u stry  has been operated .

Too l i t t le  space has been a llo tted  to  th e  m ajo r b ranches an d  fa r  too  m uch  to  
legislation , e tc ., a n d  m uch  of th e  su b jec t-m atte r reads like supply  com panies’ 
catalogues, w ith  no m ore th a n  a  b rief descrip tion  of th e  piece of equ ipm ent.

M any operations of v ita l im portance are given scan t trea tm e n t. Geophysical 
m ethods a re  d isposed of in  five pages, of w hich a t  least tw o an d  a ha lf pages are 
occupied b y  diagram s. Po lym erization  receives only a  lit t le  m ore th a n  one page, 
w hilst solvent-refining is given no m ore th a n  fifteen lines. R o ta ry  drilling  receives 
less space th a n  s ta n d a rd  cable tools, w hich, to  say  th e  least, is condensation  carried 
to  extrem e. These exam ples are ty p ica l of th e  whole book, an d  i t  is to  be reg re tted  
th a t  th e  a u th o r  has a tte m p te d  to  cover so m uch  ground th a t  th e re  is l i t t le  of suffi
cient d e ta il to  be of value for reference purposes.

The academ ic value of th e  w ork h as been reduced s till  fu rth er, as n o t a  single 
reference is given to  enable a  reader to  o b ta in  m ore d e ta iled  in fo rm ation  on an y  
p a rticu la r  subject.

I t  is difficult to  condem n th e  th o u g h t th a t  p ro m p ted  th e  a u th o r  to  em b ark  on 
th is  book, b u t sim ilarly  i t  is difficult to  recom m end i t  to  o th e r th a n  those  w ith  lit t le  
o r no  techn ica l knowledge of th e  ind u stry .

I f  th e  a u th o r’s in ten tio n  is to  supply  th e  needs of th e  non-technical m em bers of 
th e  staffs of th e  P e tro leum  Com panies, as well as th e  lay  public , he has p roduced 
an  adm irab le  trea tise , an d  one th a t  should  do m uch  to  increase in te re s t in  an  
in d u stry  w hich h as received fa r  to o  l i t t le  ad v ertisem en t ou tside  th e  large producing 
countries.

T he p ro d u c tio n  a n d  lay o u t of th e  book are  good, h u t  i t  does n o t co n ta in  th e  
m ate ria l necessary to  invoke th e  rem ark  th a t  i t  is a  book th a t  should  be on  th e  b o o k 
shelf of every  pe tro leum  execu tive  an d  s tu d e n t of th e  Petro leum  In d u stry .

L . V . W . C l a r k .
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BOOKS AND PUBLICATIONS RECEIVED.
The Mechanical Testing of Bituminous Road Materials. A Survey of the Literature.

By T. Lonsdale. D ep artm en t of Scientific an d  In d u s tr ia l R esearch, R oad 
Research and  E xperim ent, Special R e p o rt No. 1. P p . 47. H.M. S ta tionery  
Office. Price Is.

As a  necessary prelim inary  to  th e  s tu d y  of th e  physcial an d  m echanical properties 
of bitum inous surfacings a  c ritical ex am in atio n  was m ade a t  th e  R oad Research 
L aboratory  of ex isting  lite ra tu re . T h is c ritica l survey  form s th e  present .report.

British Association for the Advancement of Science. Report of the Annual Meeting, 
1938. P p. lvii +  568. A ppendix  1-252. T he B ritish  A ssociation, Burlington 
House, London, W .l.

The 1938 A nnual M eeting of th e  B ritish  A ssociation  was held in Cambridge, 
A ugust 17-24. T his rep o rt con ta ins th e  P resid en tia l A ddress, the  Sectional 
P residen ts’ Addresses, an d  a  scientific survey of Cam bridge an d  d istric t.

The Junior Institution of Engineers. Journal and Record of Transactions, Vol. XLVIII, 
1938. Pp. 590. Percival M arshall & Co., L td ., 13-16, F ish e r S treet, Kingsway, 
W .C .l.

Included in  th e  papers read  before th e  In s t i tu t io n  are  th e  following : “ Com- 
pression-Ignition Engine D evelopm ent,” b y  H . G. Pusey  ; “  L igh t Alloys and their 
Use in  Engineering,” b y  A. C. J a c k ; “  M echanical T esting  of Engineering
M aterials,” by  J .  T r ic k e tt;  “ N otes on C onstructional D etails of Centrifugal 
P um ps,” by  J .  C ran sto n ; an d  “  W ate r T urb ines,” b y  W . J .  K ennelly.

Improving the Properties of Clays and Shales. B y J .  G. P h illip s. P p . 39. D epart
m ent of Mines & Resources, C anada, No. 793. J .  O. P a ten au d e , ISO, O ttawa. 
Price 25 cents.

T his rep o rt covers th e  resu lts  of w ork  carried  o u t w ith  th e  ob jec t of developing 
new m ethods of trea tin g  o r processing clays to  enhance th e ir  p roperties or to  improve 
th e  finished w are m ade from  them .

Department of Scientific and Industrial Research. Report for the Year 1937-1938.
P p . 203. H .M . S ta tio n ery  Office, L ondon. P rice  3s.

T his rep o rt sum m arizes th e  w ork  d u ring  th e  p a s t y ear of th e  various Boards, 
C om mittees, a n d  R esearch A ssociations of th e  D ep artm en t of Scientific an d  I n 
dustrial Research. Of p a rticu la r in te res t is th e  w ork  of th e  L u b rication  Research 
Committee, whose fu rth e r investigations on  m easurem ents of s ta tic  friction  an d  the  
physical properties of surfaces are referred  to .

Reference is also m ade to  th e  investiga tions by  th e  In s t i tu t io n  of Autom obile 
Engineers R esearch Com m ittee of th e  factors con tro lling  ease of s ta r tin g  of engines 
from cold, m ore especially th e  pow er developed by  a n  engine w hen i t  is ju s t  beginning 
to  fire. T his Com m ittee has also developed a  com paratively  sim ple te s t  for m easur
ing th e  gum -form ing propensities of lub rican ts , th e  re su lts  of w hich ap p ea r to  agree, 
in  general, w ith  service.

W ork has been continued on th e  in v estig a tio n  of v a rious ty p es of w elding for gas 
cylinders an d  containers. I t  is s ta te d  th a t  considerable a m o u n t of theoretical 
work on those p roperties of p ro p a n e -b u tan e  m ix tu re s  w hich affect th e  design of 
containers—pressures and  filling ra tio s—has also been carried  o u t.



INSTITUTE NOTES.

A p r i l  1939.

FORTHCOMING MEETINGS.

SUMMER MEETING.

The Summer Meeting of the Institute will be held a t Birmingham 
from May 22nd-24th, 1939, under the Presidency of Professor 
A. W. Nash, M.Sc., M.I.Mech.E. The objects of the meeting are to 
review and interpret recent work on fuels and lubricants for use in 
internal combustion engines.

The programme of the meeting, together with details regarding 
Ladies’ Visits, Registration, etc., are given in the circular sent out 
separately to members.

A summary of the programme is given below :
Monday, May 22nd.

Evening. Informal Reception by the President a t the 
Grand Hotel, Birmingham.

Tuesday, May 23rd.
Morning. Technical Session.—Knock-Rating.
Afternoon. Technical Session.—Lubrication.
Evening. Reception in the Grand Hall, The University, 

Edgbaston.
Wednesday, May 24th.

Morning. Technical Session.—Fuels for Compression- 
Ignition Engines; Lubrication.

Afternoon. Visits to Austin Motor Company and Morris 
Commercial Cars Ltd.

Evening. Dinner and Dance at the Grand Hotel.

TRANSFERS TO NEW CLASSES OF MEMBERSHIP.

The Council has approved the following transfers from Member 
to  Fellow. The omission of any Member’s name from this List 
does not imply tha t his application has been disallowed. Several 
hundreds of applications have been received and are awaiting con
sideration. A further list will be published in the May Journal, 
which will also contain transfers approved from Associate Members 
and Associates.

Members who wish to transfer to one of the new classes of member
ship are requested to submit their applications as early as possible 
on the forms provided for the purpose a t the back of the leaflet 
convening the Special General Meeting held on 10th January, 1939.
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Transfers from  Member to Fellow.

Adam, W. G. 
Anfilogoff, N. A. 
Anfilogoff, N. L. 
Attwooll, A. W. 
Aylwin, W . E.

Baldwin, R. F . A. 
Ball, H . S.
Banks, B. G.
Banks, F . R.
Banks, M. A. L. 
Banta, C.
Barber, C. T. 
Barringer, K . A. 
Barton, C. H. 
Barton, D. C. 
Bassett, H . N. 
Baylis, A. N.
Beale, E. S. L. 
Bentz, A.
Blaekler, M. B. 
Blank, M. De 
Bleeck, R. L. 
Boaden, E.
Bolton, R. P. 
Bowen, A. R. 
Bowrey, S. E . 
Brame, J .  S. S. 
Brey, J .  H. C. de 
Broom, W . E . J . 
Broome, D. C. 
Brown, C. B.
Buck, E . C.
Burgess, S. G.

Cadman, W . H. 
Cameron, I. 
Carpenter, J .  A. 
Carter, Ashley. 
Catherall, A. P. 
Chalk, L. J . 
Chambers, A. E. 
Chapman, A. H. 
Charlton, H . E. 
Chilvers, C.
Clapp, F . G.
Clark, L. V. W. 
Clark, P. R. 
Clayton, D. 
Clement, L.
Cohn, T. H. 
Connock, R . F. 
Cox, A. W. 
Cunningham-Craig, 

E . H.

Dabell, C. 
Dawidson, E .
Dean, E. W. 
Delbridge, T. G. 
Dewhurst, T. 
Dieksee, C. B. 
Dorrell, G. W.

D unstan , A. E . 
Dyson, G. M.

Edeleanu, I. 
Eldridge, R . A. 
Elias, G.
Engel, B. 
English, W. 
E vans, C. E . 
E vans, E . A. 
Evans, E . B.

Fancher, G. H . 
Fay, E.
Fordham , W . H .

Gabriel, L. G. 
Garlick, H . S. 
Garner, F . H . 
G arton, F . L. 
Gibson, G. W 
Gilbert, C. L. 
Gilbert , R . 
Godet, R. 
Golyer, E . de 
Gooday, W . E . 
Goodwin, J .  A. 
Gordon, K . 
Goulston, W . W  
Gregory, J .  L. 
Grey, R . G. 
G uthrie, J .  T.

E.

H ague, E . N. 
H arrap , F . N. 
H arris, J .  L. 
H artley , A. C. 
Haslam , J .  E. 
H eaton, W . B. 
Henderson, W . H . 
Henny, V. 
H erbert, E . LeQ. 
Hill, C. V.
Hill, J .  B.
Hoffert, W . H. 
Holley, A. E. 
Hope, A. E.
Hope, V. V. L. 
H otham , E . 
How ard, F . E . 
Howe, W . H. 
H ubbard , M. E . 
Hughes, J . 
H un ter, C. M.

Ireland, S. J .

Jackson, J .  S. 
J a r re t t ,  W. T. 
Jelffs, W . F. 
Jennings, J .  C. 
Johnson, E . C.

K ay, J .  B.
K ay, W.
Keep, C. E.
Kelly, C. I.
K err, P.
Kewley, J .
Koefoed, H . G.
K reulen, D. J .  W . 
Kugler, H . G.

Launy, S.
Lavington, H. V.
Lepper, G. W.
Leslie, R . W.
Lieshout, C.

Macfadyen, W. A. 
M andelbaum, M. R. 
Miller, W.
Milner, H . B.
M yddleton, W . W.

McCarthy, M. P. 
M cIntyre, G.
McLuckie, A. D.

N abuco, C. E . de Araujo 
Neilson, R . G.
Nixon, G. R.

Odams, R . C.
Ogston, A. R .
Owen, L.
Owen, R . M. S.

Parrish , J .
Penny, F . W .
Peutherer, W . B. 
Phelps, A. W . H.
P ila t, S.
P itk e th ly , R.
P o tte r, F . M.

R ead, A. L.
Redgrove, E . R . 
R ichardson, A. W . 
Roger, R . H .
R osaire, E . E . 
R uthven-M urray , A. J .

Sachs, A. P.
Sager, F.
Samuel, D. L.
Sanders, J .  M.
Scott, F . H .
Sell, G.
Sickle, R . K . van  
Simpson, A. T. S. 
Sm ith, A. C.
Sm ith, A. D.
Sm ith, G. H . 
Southcom be, J .  E. 
Southwell, C. A. P .
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Squire, E . S.
Steel, A. K . 
Steinschneider, L.

Taylor, J .  F . M. 
Taylor, J .  L. 
Tem pleton, J .  C. 
Terry, J .  B.
T ett, H . C.
Thole, F . B. 
Thomas, C. 
Thomas, W . H . 
Thom ley, G. H . 
Treacy, J .  E .

Tydem an, F . W . L.

U nderw ood, A. J .  V .

Vachell, E . T. 
Vaschalde, A.
Vineall, G. J .  C.

W ade, A.
W alter, G.
W ard, P . J .
W ard, R . J .
W erre tt, L . A. 
W eston, L.

W eym am , P . von 
W igney, W . J .  
W ilde, H . de 
W ilford, A. T. 
W ilson, R . E . 
W ilson, W . J .
W ood, C. E .
W ood, C. W . 
W oodrow, W . A. 
W ood-M allock, J .  C.

Y oung, C. R .

Zavoico, B. B.

NEW  MEMBERS.
The following elections were made by the Council in accordance 

with the By-Laws, Section IV, Para. 7, a t the Council Meeting held 
on Friday, 17th March, 1939.

Elections are subject to  confirmation in accordance with the 
By-Laws, Section IV, Paras. 9 and 10.

Fellows.
A l l e n ,  Sam uel 
A n n a n ,  Jo h n  Greig ... 
B r a y b r o o k ,  F rederick  H ough ton  
C f m m t n g ,  W illiam  M urdoch 
E ck, J a n  Carel v a n  ...
F l e m i n g ,  A lexander 
G o d b e r ,  F rederick  ...
G r a n t ,  George 
G r a n t ,  Jam es 
G r a y ,  W illiam  
G u y ,  W illiam  R obert 
H e a t h - E v e s ,  H u b ert B ry an  
K e s s l e r ,  Je a n  B ap tis te  A ugust 
L e g h - J o n e s ,  George 
M a c m i l l a n ,  W illiam  H utch inson  
M c C o l l ,  A lexander Lowe ... 
N a p i e r ,  Jo h n  W atson  
P r e s t o n ,  R ichard  
S e l l e r s ,  R ich ard  W illcox ... 
S t e w a r t ,  D aniel 
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C a l d w e l l ,  Jo h n  M artin  
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I n g l i s ,  A ndrew  Goldie 
M c C a l l u m ,  Jo h n  
M a c D o w a l l ,  R o b ert K ennedy
P a u l ,  D a v i d ...............................
T h o m s o n ,  R o b ert C unningham  
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W r i x o n ,  R egina ld  B ry a n  B entley

Members

Surrey.
E dinburgh .
London.
Glasgow.
London.
E d inburgh .
L ondon.
P u m pherston .
Suez.
P u m p h ersto n .
B roxburn .
L ondon.
L ondon.
L ondon.
E d inburgh .
London.
Alloa.
Bucks.
L ondon.
B roxburn .
Glasgow.

E dinburgh .
G rangem outh .
Surrey.
P u m p h ersto n .
Pum pherston .
G rangem outh .
U phall.
L ondon.
Singapore.
Essex.
London.
B razil.
G rangem outh .
U phall.
Oxford.
U phall.
G rangem outh .
Glasgow.
W inehburgh.
E g y p t.



iv IN STITU TE NOTES.

Transfer to Member.
C h a s t e l a i n ,  Alfred George de ............................

Associate Members.
F o x , Denys A nthony 
G o r d o n ,  Jackson  George ...
G r e e n ,  Stanley George 
H e l c k e ,  H erb ert Leslie 
J o h n s t o n ,  Thom as A lexander 
M e i e x e ,  Jo h n  
N i s b e t ,  Thom as 
R o b e r t s o n ,  George G ray ...

Transfer to Associate M em bers.
S t i b b s ,  E dw ard  George 
W a r d ,  E rn est R ichard

Students.
B o g d o ,  P erla t 
B r u c e ,  P atrick  D avid  
C a r d e r ,  W illiam  A ubrey ...
C l a r k e ,  Geoffrey Ja rd in e  ...
E d w a r d s ,  Guy N orm an Peerless 
E v e r e t t ,  E ric  George 
H a l l ,  Alan Elmo 
H a n c h a r d ,  K en n eth  W illiam  
J a n i o n ,  Laurence Pendell ...
M a s o n - P a y ,  Philip  A n thony  
M o u n t f o r d ,  Law rence Almeric 
M u r p h y ,  B rian  Alsysius 
P i c k a r d ,  W illiam  Thom as 
S i s l e y ,  H aro ld  
S t e u a r t ,  Daniel 
W o r m a l d ,  Stan ley  Allen

R oum ania.

A badan.
Glasgow.
London.
Grangem outh.
E dinburgh .
E dinburgh.
G rangem outh .
B o’ness.

T rin idad.
B urm a.

London.
London.
Sevenoaks.
London.
London.
London.
U.S.A.
Essex.
B righton.
Southend.
Loughton.
A ustra lia .
London.
Surbiton.
E dinburgh .
P inner.

CANDIDATES FOR ADMISSION.
The following have applied for admission to the Institute or 

transfer to another grade of membership, and in accordance with 
the By-Laws the proposals will not he considered until the lapse 
of a t least one month subsequent to the issue of this Journal, during 
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holds Ltd.), Po in te-a-P ierre , T rin idad , B .W .I. (F . A . L . T in d a l l ; H . C. H . 
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will be issued by the Council to all Students of the Institute after 
30th June, 1939.

ARTHUR W. EASTLAKE,
Honorary Secretary.

PERSONAL NOTES.
Mr. W. J . B a k e r  h a s  returned t o  Iran.
Mr. S. C. R. C o o p e r  is  home from Roumania.
Dr. D. A. H o w e s  is  home from Iran.
Mr. M. E. K e l l y  i s  home from Iran.
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Correspondence or Journals forwarded to the following members 
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any information regarding their present address : E .  C. B r o w n , 
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S. N ic o l , S. P a p p , R. G. R e i d , N. D. R o t h o n , R. W. S m it h , H .  G.
S p e a r p o i n t , and P .  E .  T h u r l o w .
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S T E A M  P I P E  
FLANGE BOLTS

HAVE A HIGH CREEP STRENGTH
For use at the highest temper

ature employed in modern 

steam practice.

Do not become brittle as a 

result of operating conditions.

Steel Castings a n d  Forgings of all Kinds.

HADFIELDS LTD. ‘"S™
1----- East Hecla and Hecla W orks, SHEFFIELD, Eng. -----

N o . 1 666.

SCHLUMBERGER ELECTRICAL CORING
France.—Société de Prospection

Electrique, 3 0 , rue Fabert, P a r i s .

UÜ.A.—Schlumberger Well Surveying 
Corporation, 2 7 2 0  Leeland, H o u s t o n ,  

Texas.

Local Offices : Long Beach, Oklahoma 
City, New York, Corpus Christi, 
Bradford.

Venezuela.—P. Bayle, Villa Proselec, 
M a r a c a i b o .

Trinidad, B.W.I.—Schlumberger Elec
trical Coring Methods, S a n  F e r n a n d o .

Colombia.— H .  Rappart, P u e r t o - B e r r i o .

Argentine.—G. Guichardot, C o m o d o r o  

R i v a d a v ia ,  Km. 2 7 .

Morocco.—M. Texier, Société de 
Prospection Electrique, P e t i t j e a n .

Rumania.—A. Poirault, 18 Strada I. C. 
Bratianu, C a m p iñ a ,  (Prahova).

Germany.—Firma von Flotow, Schil- 
lerstrasse 361, H a n o v e r .

Dr. B. Paul, Kobenzlgasse 30, VlENNA.

Hungary.—M. Scheibli, Vadaszkürt Tiir 
Istvan U.5, B u d a p e s t .

Iraq.— L. Beaufort, Q a i y a r a h .

British India.—A. Couret, D i g b o i ,  

Assam.

Burma.—L. Bordât, K h o d a u n g .

Netherland East Indies.—R. Sauvage, 
P la d J O E , Sumatra.

Schlumberger Methods also applied in : U.S.S.R., Japan, Italy, Poland, Yugoslavia, 
Egypt and British North Borneo.
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Complete

PETROLEUM REFINERY 
----------------------- PLANTS

FOSTER WHEELER LTD
ALDW YCH H O USE, LO N D O N , W.C.2
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H O L .  1527-8-9

2 ,00 0  B A R R E L  P E R  D A Y  T W O - S T A G E  
D IS T IL L IN G  U N IT  A T  D R O H O B Y C Z , 

P O L A N D

Including

TUBE STILLS, FRACTIONATING TOWERS.  

H E A T  E X C H A N G E R S .  C O N D E N S E R S .  
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C B O W Ï

t y  p t s

Manganese-sfeel roller-bearing blocks with sheaves in line for 

straight-line reeving and provided with catline sheaves.

For light rotary drilling up to their rated capacity of 80 tons. 

Designed for simplicity, quick installation and long life. 

Heavier blocks for loads up to 240  tons are also available.

NATIONAL 
O W E CO
RIVER PLATE HOUSE LONDON E.C.2.
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C ore  O r ien ta tio n
A Service That Saves 

Time and Money
S p e rry -S u n  C o re  O rie n tatio n  S e rv ic e  d o e s not interfere with the pro
gress of d rilling. The orientation is determ ined in our lab o rato ry  to 
w hich the selected co re s, taken b y  a n y  typ e  of co re b arre ls in the 
o rd in a ry  co urse of d rillin g , and p ro p e rly  m arked, are  sh ip p e d  
from a n y  distances. N o  sp e cia l equipm ent is re q u ired  at the w ell. 
There is no loss of d rillin g  time.

U.S. PAT. 1,792,639; 1,778,981; 2,089,216; 2,104,752; 2,105,650; 
2,149,715; 2,149,716; 2,149,717 and others pending.

Here's a Typical Sample Report!

C O R E  O R I E N T A T I O N  R E P O R T

WILL riELO
hole inclination V e r t ic a l  Holed

.5 ,134  f t .

Sample N o .l ,  Dip-160 ; D irec tlon -S .67°W ., S t r ik e :  N.23°W.
Sample H o.2, D lr-1 7 ° ; Direction-S.64<>.7., S tr ik e :  N.26°W.
Sample Wo.3, D lp-16°; D irectlon-S .64°V J., S t r ik e :  N.E6°W.

W e have successfully orientated cores from Burma, 
Rumania and other foreign fields. W rite  for service  

information.

SPERRY-SUN WELL SURVEYING CO.
1608 Walnut Street, Philadelphia, Pa., U.S.A.
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"Securaloy" is, first of oil, an oil field metal. It is the re
sult of a long period of research concentrated on develop
ing not only a drillable material, but one incorporating 
all the high physical properties essential for oil field use!

"Securaloy" is a special alloy, strong and tough enough 
to be safely used in the world's deepest wells. Yet its 
metal structure is such that it can be drilled up and 
quickly circulated out of the hole whenever desired.

Security drillable products— made of "Securaloy"— 
are the solution to many of today's production and devel
opment problems. They protect your wells against the 
hazards of frozen liners and other subsurface oil equip
ment which, when lost, wedged or cemented in the hole 
may necessitate costly repair work or even complete 
abandonment. They add years to the producing life of 
your wells., .make possible new money-saving develop
ment methods never before feasible... and assure your 
getting the most from your development dollar!

"Securaloy" makes every well a better investment!
Write for detailed information

S E C U R I T Y  E N G I N E E R I N G  C O . ,  I N C .
WHITTIER, CALIFO RN IA  

M IDCO NT IN EN T . 5525 CL INTO N  DR. .  HOUSTON, TEXAS 
EXPORT: 420 LEXINGTON AVE. . N EW  YORK CITY, U.S.A.

Sieu& U  Heame/U
SecurU bf, Sb'uUaM e P 'u td u d i

£ecuA<Uo4f.
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OIL REFINING

SOLVENT EX T R A C T IN G
A N D

DEWAXING PROCESSES
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G E SE L LSC H A FT  M. B. H. C O M PA N Y  LTD.

B E R L IN -SC H O E N E B E R G  N E W  YORK

M ARTIN LU TH ER -STR . 6 1 -6 6  5 5 1 , FIFTH  A V EN UE
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O-C-T SAFE, SIM PLIFIED HIGH-PRESSURE 
W ELL COMPLETION METHODS

O - C - T  T y p e  
" T - 1 6 ”  A l l  
F langed  T u b in g  

H ead.

B lo w o u t P r e v e n te r  E q u ip p e d  w ith

T e s t  V a lv e , a f te r  P lu g  h a s  e n te re d  T u b in g  
H e a d —T h is  V a lv e  is o p e n e d  to  b lee d  o ff t ra p p e d  
p re s s u re  in  V a lv e  B o d y  to  a s s u re  t h a t  th e  p lu g  
h a s  m a d e  a  p e r fe c t  sea l.

P lu g  ju s t  a b o u t  to  e n te r  T a p e r  T h r e a d s  in  
T u b in g  H e ad  to  m a k e  a  p o s itiv e  sea l.

O -C -T  T y p e  “  C -7 ” C as in g  H ead .

Above—Illu s tra tin g  th e  u se  o f an  O -C -T  s t r ip p e r  r u b b e r  ty p e  
B lo w o u t P re v e n te r ,  fla n g e d  a b o v e  a  c o n v e n t io n a l  m a s te r  
gate , fo r  ru n n in g  and  la n d in g  tu b in g  u n d e r  p re s s u re .  W ith  
th e  tu b in g  h an g er sea ted  in th e  ty p e  " T - 1 6 ” T u b in g  H ead , 
lo ck d o w n  screw s a re  m ade u p  to  fo rc e  th e  h a n g e r  in to s e a lin g  
position  befo re  b lo w o u t p r e v e n te r  e q u ip m e n t is re m o v e d . 
T h e  p o p u la r O -C -T  ty p e  “ C -7 ” C as in g  H ead  is fo r  u se  
w d h  overs ize  flanged  b lo w o u t p r e v e n te r  e q u ip m e n t  fo r  
d rillin g  and  ru n n in g  and  la n d in g  c a s in g  u n d e r  p re s s u re .  
A ll f langed  ty p e  O -C -T  T u b in g  H ead s  a re  p ro v id e d  w ith  
th re a d e d  o u tle ts  to  a cc o m m o d a te  th e  O -C -T  V a lv e  R e m o v 
ing  T o o l.

Meto—Illu s tra t in g  u se  o f a n  O -C -T  ty p e  " T - 1 9 ” T u b in g  
H ead  w ith  C h ris tm as  t r e e  a n d  O -C -T  s t r ip p e r  r u b b e r  ty p e  
B lo w o u t P re v e n te r  in s ta lle d  a b o v e  to  p e rm it  ru n n in g  an d  
land ing  tu b in g  th ro u g h  th e  C h r is tm a s  t r e e .  T h e  tu b in g  
b a n g e r  is o f th e  sam e o u ts id e  d ia m e te r  as th e  tu b in g  c o lla rs . 
A  co m p le tio n  m e th o d  p e rm its  w a sh in g  b e h in d  l in e r , 
th e n  se tt in g  p a c k e r  a n d  w a sh in g  u p  to  tu b in g  su sp e n s io n  
p o in t, th e  s tr ip p e r  ru b b e r  p r e v e n te r  s e rv in g  as a  s tu f f in g  
box w h ile  w ash in g  b eh in d  lin e r .

CfcNTER Tq Q/

H O U S T O N . T E X A S .  U .S .A .
Ca B lL  ADDRESS ’O C £ /* T O L ‘

E x p o r t R epresen ta tive—
V AL R. W IT T IC H , J r . ,  30 R ock e fe lle r P laza. 

N ew  Y ork  C ity , N .Y.
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GUESSING
AND

S t a R t

C O R I N G
WITH THE

BAKER CABLE TOOL  
CORE BARREL

Guessing may be an entertaining parlor 
game, but it's a mighty expensive pastime in oil 
well drilling.

With thousands of dollars in equipment and 
labor at stake, geologists can't afford to guess 
regarding formation conditions —  they have to 
know. The one sure w ay of obtaining a clear and 
concise picture of formation structures as they 
exist down in the hole is to obtain not merely ordi
nary core fragments or bailer samples, but rather  
cores that rea lly tell the complete story; cores 
that are p ractically  100% perfect; cores that per
mit an intelligent analysis as a guide to further 
drilling procedure.

That's why the Baker Cab le Tool C o re  Barrel 
is the first choice of geologists and experienced 
drillers by a wide margin. They know that first class  
cores are going to be taken on every run, in less 
time, and at less cost . . . with guesswork, the 
"bogeyman" of drilling procedure, being eliminated.

Literature and detailed illustrated catalog  
describing the construction and operation of this 
efficient core barrel will be gladly supplied upon 
request. Send for it today— you incur no obligation .

BAKER OIL TOOLS. INC.
Telephone JEfferson 8211 -H U N T IN G T O N  PA RK , C A L IF O R N IA -2 9 5 9  E . Slauson Ave.
Telephono W A y iid o  2 1 0 8 - H O U STO N  PLA N T  A N D  O F F IC E -6 0 2 3  Navigation Blvd.

M ID -CO N TIN EN T O F F IC E  A N D  W A R EH O U S E :
Telephono 2-8083 -  Tulsa. Oklahom a-312 East Fourth Street 

WEST TEXAS BRANCH O FFICE EXPORT SALES O FFICE RO CKY MOUNTAIN HEADQUARTERS
Odessa. Texes-Telephone 217 Rm. 1914-19 Rector St.. New York C ity Tel. 2230-Cesper. Wyoming -  Box 1464 

____________________________________ Tel. Digby 4-5515

BAKER CABLE TOOL CORE BARREL
Kindly mention this Journal when communicating with Advertisers.



COMPLETED IN  20  WEEKS FROM  

DATE OF CONTRACT

A 4400  B A R R E L  per d a y  
B E N Z O L -K E T O N E  D E W A X IN G  P L A N T

Benzol-Ketone Dewaxing plant was signed with Sinclair Refining Com
pany. On January 16th, 1939 —twenty weeks to the day —despite snow 
and the difficulties of winter weather —the plant was completed. » » » This 
plant for Sinclair was the eleventh Benzol-Ketone plant designed and built 
by Lummus within three years. Four more Benzol-Ketone plants are now 
on the drawing boards —three are additions to Lummus-built installations; 
the fourth is a new unit for another major refiner.

A. C.GRONBECK 

R e p r e s e n t i n g :  THE LUMMUS COMPANY
Bush House, A ldw ych , London, W. C. 2
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SPECIALLY SUITABLI 
FOR OIL REF IN ERIE

THE reliability of N ETTLE  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.

JOHN G. STEIN & CO. LTD., BONNYBRIDGE, SCOTLAND



THE L O V I B O N D  T I NTO ME TE R

For testing the colour of all 

Oils

I.P.T. & A.S.T.M. Colour 

Standards

THE TINTO M ETER LTD., THE CO LO U R LA B O R A TO R Y, SA LISBU RY

REPRESENTATION and PETROLEUM  OPERATIONS

CHARLES DABELL AND COMPANY
ENGINEERS AN D  CO NSULTANTS  

3 MIDAN SUARES  

C A IR O  • E G Y P T

R E F L E C T I O N

S E I S M O G R A P H
S U R V E Y S

•
T he  s e r v i c e s  of  e x p e r i e n c e d  
Sei smograph c r ews  employ ing 
g r e a t l y  i m p r o v e d  r e f l e c t i o n  
instruments and t echn ique are 
offered to those companies desiring 
an effective and highly advanced 

Seismograph service

•
W ESTERN  G E O P H Y S IC A L  C O M P A N Y

HENRY SALVATORI, PRESIDENT

EDISON BLDG. PHILCADE BLDG.
LOS ANGELES, CALIF TULSA, OKLAHOMA
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OIL REFINERIES
COM BINED P R E S S U R E  AND “ V A PO U R  P H A S E ”  

CRACKING U N IT S  

COM BINED SK IM M IN G  AND C RA CK IN G  U N IT S  

A TM O SPH E R IC  AND VACUUM D IS T IL L A T IO N  
T U B E  ST IL L  U N IT S

Combined Distillation and High- and Low-Temperature Cracking 
Unit -with Vacuum Flash Tower for Residue, running 8900 barrels 

o f crude per day.

The WINKLER-KOCH ENGINEERING Co.,U.S.A.
Associated M anufacturers in Europe:

A. F. CRAIG & Co. Ltd.
P A I S L E Y

60 years' exp erien ce  in  the d e s ig n  and m a n u fa ctu re  of a ll d escr ip tio n s of

O I L - R E F I N I N G  E Q U I P M E N T  

London Office: M00RGATE STATION CHAMBERS, MOORFIELDS, E .C .2
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Twells valve gear fitted to a Hayward-Tyler & CO. LTD., LUTON, BEDS. Telephone: Luton951.
15x12x18 Duplex Steam Pump. LONDON OFFICE: SHELL-MEX HOUSE, W.C.2
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The waste paper basket in  o u r design 
office holds many m ore ideas th an  ever get 
incorporated in ou r m achinery . T h is 
ability to discard ideas is, we believe, 
one of the hall-m arks of a good  designer 
who, unlike the inven to r w ith  w hom  an 
idea is often an obsession, m u st be  able 
to sift o u t the freaks and  th e  fallacies 
w ithout prejudice. This so rt of tra in ing  
makes it  difficult for us to  sit back  and  
survey our w ork w ith  pride. T h e re ’s 
always some new idea on the way. B u t in  
spite of this we do believe th at, to  take 
just one example, the ideas w h ich  have 
resulted in a feature such as o u r p a ten t 
valve gear to  prevent sho rt strok ing  on 
D uplex steam pum ps w ill take a lo t of 
beating.



COST
''Cardwell" rigs are built to save you 
time and money. Every owner saves 
on transportation costs, moving-in 
and rigging up time, plus a faster ¡ob 
of servicing or drilling. Every 
"Cardwell" rig and attachment is 
designed to fit oilfield practice and 
owners say it works better and lasts 
longer. Long life and low mainten
ance is due to all steel construction, 
alloy steels and heat-treatment of 
all wearing parts.
Send for details, specifications and 
prices or see our nearest repre
sentative.

• We Build 62 Models end Sizes of 
Servicing Winches end Drilling Rigs —  
Send your well depths end deteils of 
your well equipment for recommended 
model end size.

Aiisfm products Mrcro QSjRiwea.
W i c h i t e ,  K e n s e s ,  U.  S.  A .
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