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V < P  i  • P- ^Experim ents w ith  th e  T im ken an d  Four-B all lu b rican t tes tin g  m achines 
are described, in which considerable increases in  th e  b reakdow n loads of 
doped and undoped oils were o b tained  b y  p re tre a tm en t o f th e  test-pieces 
with chlorinated or sulphurized dope o r w ith  hydrochloric acid. R unning-in  
tests showed th a t  th e  layer so form ed was n o t rem oved b y  r unn ing u nder 
loads below th e  breakdow n load. The p re tre a tm en t o f th e  Cornell (or Falex) 
test-pieces had  no ap p aren t effect, b u t  w hen these  were hardened  to  a  value 
comparable w ith  th a t  o f th e  o th er m achines, th e  breakdow n loads becam e 
too high for the  m achine to  m easure. The fo rm ation  o f th e  layers is discussed 
briefly.

I n t r o d u c t io n .

In the course of work on the production and testing of extreme pressure 
lubricants, experiments were carried out on three well-known lubricant- 
testing machines to investigate the formation of the film on bearing surfaces 
which is believed to underlie the phenomena of E.P. lubrication. The 
results, as is common with machines of this type, are not entirely self- 
consistent, but are considered to be of sufficient interest to justify 
publication.

The machines used were the Timken, the Four-Ball, and the Cornell 
(or Falex).

T im k e n  M a c h i n e .

The work was commenced with the Timken machine.1
The test-pieces consist of a flat-rimmed cylindrical cup approximately 

2 inches in diameter rotating at 800 r.p.m. in contact with a flat steel 
block. The block is pressed against the cup by means of a lever system 
which multiplies the thrust ten-fold, the results usually being given in 
terms of the weight applied to the load lever. The standard test procedure 
consists of starting the motor and applying the load at the rate of ap­
proximately 2 lb. per second. The machine is then allowed to run for 
10 minutes under a constant load, a gallon of the lubricant being circulated 
over the test-pieces throughout the run. The test is repeated at various 
loads until the maximum load which gives a smooth scar on the test-block 
is found.

T ypes o f Scar O btained w ith  T im ken  M achine.

Under the above conditions the results obtained at low loads are a 
smooth scar (Fig. 1) or a breakdown (Fig. 2). At high loads (50-100 lb.), 
breakdown, if it occurs, is more severe (Fig. 3), and other types of scars 
may also be obtained; these are narrow and rough (Fig. 4), wide and 
scored (Fig. 5), or wide and smooth (Fig. 6). Inspection of the test-cups

* -paPer presented for discussion a t  th e  M orning Session (B) on th e  24 th  M ay, a t
e Summer Meeting of th e  In s t i tu te  of Pe tro leum , held  in  B irm ingham , 2 2 nd-24 th  May, 1939. 5
t  Imperial Chemical Industries, L td .
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corresponding to Figs. 5 and 6 would reveal traces of metal “ pick-up ” 
indicating that a breakdown must have occurred during the run, although 
this was °not indicated by a slowing down of the machine. It is clear, 
however, that the breakdown has been followed by recovery, since the 
damage to the surfaces has been repaired, the signs of breakdown being 
more obvious in Fig. 5 than in Fig. 6. When a severe breakdown, such as 
that shown in Fig. 3, takes place, the machine is slowed down considerably 
and the motor has to be stopped to avoid damage. The factors con­
trolling the severity of breakdown cannot be said to be fully understood.

Rough scars, such as that shown in Fig. 4, were always accompanied 
by an appreciable darkening of the cup, which also became marked with 
circular lines parallel to its edge. Although completely satisfactory 
lubrication was not maintained, a high load was carried without the 
extensive damage to the test-pieces which accompanies a breakdown 
(Fig. 3).

The occurrence of these scars depended to some extent on the method 
of loading. Rapid application (i.e., in less than 3 seconds) of a load of 
100 lb. could produce a breakdown (Fig. 3) with most lubricants. Slower 
application might produce breakdown, breakdown followed by recovery 
(Figs. 5 and 6) or a narrow rough scar (Fig. 4). Very slow application 
(i.e., in a time greater than 60 seconds) usually produced a narrow rough 
scar.

The changes in weight of the test-pieces accompanying the production 
of these types of scar are given in Table I. The oil used consisted of a 
mineral oil with a viscosity of 60 Redwood No. 1 seconds at 200° F. con­
taining 2 per cent, of chlorine in the form of a chlorine-containing dope.

T a b l e  I .

Tim ken Machine— 10-minute Tests on Doped Oil.

Load, lb. T ype of Scar.
Change in W eight of

Cup, m gm. Block, mgm.

40 Sm ooth (Fig. 1) -  8 -  1
100 B reakdow n (Fig. 3) +  85 - 2 3 2
100 W ide scored (Fig. 5) +  34 - 1 0 9
100 (Fig. 6) -  8 -  2
100 R ough (Fig. 4) - 8 8 +  4

E xperim ents w ith  P reviou sly  U sed C ups.

It was clear that the production of the narrow, rough scars was connected 
with the above-mentioned changes in the surface of the cup, and it appeared 
that these at least began to occur during the application of the load. 
Tests were therefore carried out by applying the load before starting the 
motor; this had the expected effect of causing a marked reduction in the 
load carried by the doped and undoped oils, and also eliminated both the 
wide scars showing signs of recovery (Figs. 5 and 6) and the narrow, rough 
scars.

W hen rough scars were obtained in 10-minute tests under a load of



100 lb. with the standard method of loading, the cup suffered an appreciable 
loss in weight, as shown in Table I. This, however, did not correspond 
to a change in diameter of more than 0-01 mm. (i.e ., 0-02 per cent.) and it 
was therefore possible to use the cups again for further tests. This was 
done with both doped and undoped oils, and the results are given below 
in Table II.

T able I I .
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Timken Machine— 10-m inute Tests on C ups Previously Used at a Load o f 100 lb.
in  Doped Oil.

Oil. Load
Applied. S ta te  o f  Cup.

M axim um  
Load  W ith ­

stood  w ithou t 
Breakdow n, lb.

A ppear­
ance of 

Scar.

Undoped. Standard U nused. 11 Sm ooth.
m ethod. Used. 18 ff

U sed an d  w ashed in  w ater. 19 99

Undoped. Before U nused. 6 Sm ooth.
sta rting . Used. 21 99

U sed an d  w ashed in  w ater. 20

Doped. Standard U nused. 100 Rough.
m ethod. Used. 100 99

U sed a n d  w ashed in  w ater. 100 99

Doped. Before U nused. 20 Sm ooth.
starting . Used. 100 Rough.

U sed an d  w ashed in  w ater. 100 9»

It should be mentioned that some of the scars obtained under 
higher loads with these cups were somewhat severely scored. The 
scoring in this case was clearly due to the fact that the surface of the cup 
was lined after having been used to produce a rough scar. However, the 
scar was still quite narrow.

It is seen that in spite of the irregularity of the surfaces, the loads with­
stood by the used cups were in some cases markedly higher than that 
withstood with new cups. This change was believed to be connected with 
the darkening of the cup, which was most likely to be due to reaction 
between it and the dope contained in the oil.

E xperim ents w ith  C u ps H eated in  P u re E .P . Lubricant.

Some cups were therefore heated in the dope itself (chlorinated type). 
Preliminary experiments showed that a uniform layer could be obtained 
on them by heating for 5 minutes at 200° C. In order to remove any dope 
retained after treatment, the hot cups were cooled in mineral oil 
and were then washed in trichlorethylene. It was found that the layer 
then left on the cup was readily deliquescent (Fig. l b ) ; some of the cups 
were therefore further washed in water and dried. The cups were all left 
under oil or covered with grease in the period between treatment and use.

The results obtained with cups treated in this way are given in Table III.
It is seen that the results obtained with those cups heated in the dope
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T able  I I I .

T im ken  M achine— 10-m inute Tests on C ups Previously Treated for 5 Minutes at 
200° C. in  P ure E .P . Lubricant.

Oil. L oad
A pplied. S ta te  o f Cup.

Maximum 
Load W ith­

stood W ithout 
Breakdown, lb.

Appearance of 
Scar.

U ndoped. S ta n d ard U n trea ted . 11 Smooth.
m ethod . T rea ted . 80

T rea te d  an d  w ashed 19
in  w ater.

U ndoped. Before U n tre a ted . 6 Smooth.
s ta rtin g . T rea ted . 79 Slightly scored.

T rea te d  a n d  w ashed 20 Smooth.
in  w a ter.

Doped. S tan d ard U n trea ted . 100 Rough.
m ethod . T rea ted . 100 »1

T rea ted  a n d  w ashed 100 >>
in  w ater.

Doped. Before U n trea ted . 20 Smooth.
sta rtin g . T rea ted . 100 Rough.

T rea ted  a n d  w ashed 58 Smooth.
in  w ater.

were again higher than those obtained with the untreated cups, the figures 
obtained with those which had not been washed in water being particularly 
high. The scars obtained when breakdown did not occur were narrow

T able  IV .

Tim ken  M achine— Tests of Tw o T ypes to Determine the M axim um  Load Withstood 
after R u n n in g -in  fo r  1 Hour.

(а) One 10-minute run with tire run-in cup on a new block-face.
(б) A series of 2-minute runs with the same run-in cup and a new block-face each time, the load being

increased in steps of 2 lb.

Load
Tests after Running-in.

Oil. State of Cup.

during 
Running-in, 
Applied by 
Standard 
Method, 

lb.
Type. Load Applied.

Maximum
Load

Withstood
without

Breakdown,
lb.

Appear­
ance of 
Scar.

Undoped. Untreated. 5
5

a
a

Standard method. 
Before starting.

10
10

Smooth.
II

Treated. 15
15
15

a
a
b

Standard method. 
Before starting.

II >»

46
50
42

Smooth.
II

Treated and washed 
in water.

15
15
15

a
a
b

Standard method. 
Before starting.

» »»

50
35
26

Smooth.
ii
ii

Doped. Untreated.
Treated.
Treated and washed 

in water.

33
50
50

a
a
a

Before starting.
II »*
I) >>

60
100
100

Smooth.
Bough.

II
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and quite smooth (Fig. 8) except at the higher loads, when roughening 
took place to an extent which was rather variable.

Some tests lasting for longer periods were also carried out with cups 
treated in this way, and the results are given in Table IV. These were 
all run-in for an hour, and were then used for two types of test. The first 
was to determine the breakdown load of the oil with a run-in cup, 
and the second to find the result of running-in with gradually increasing 
loads.

Increases in the load withstood by undoped oil writh treated cups are 
again shown.

iExperiments w ith C ups T reated w ith  H ydrochloric A cid .

One of the most active products of the high-temperature decomposition 
of chlorinated dopes is hydrochloric acid, and some tests were therefore 
carried out with cups which had been treated with it. The cups were 
immersed in acid of ten normal strength at 50° C. for 5 minutes, followed 
by washing in water. The results are given in Table V, and will be seen 
to show the same tendency as those obtained with cups which had been 
treated with the dope.

T able V.

Timken Machine— Tests on C ups Treated fo r  5 M inutes at 50° C. in  10N-HC1 and
Washed in  Water.

After ru nning-in, only one 10-m inute ru n  w as carried  ou t on each cup.

Conditions of
T ests a fte r R unning-in.

Oil. R unning-in
(S tandard
Loading).

L oad  Applied. M axim um  Load 
W ithstood  

w ithou t 
B reakdow n, lb.

Appearance of 
Scar.

Undoped. None.

1 hr. a t  15 lb.

S tan d ard  m ethod. 
Before sta rtin g .

99 99

19
20 
40

Sm ooth.
99
99

Doped. None.

1 hr. a t  15 lb.

S tan d ard  m ethod. 
Before s ta rting .

99 99

100
78

100

Rough.
P a rtly  rough. 
Rough.

F o u r -B a l l  M a c h in e .

In view of the well-known lack of agreement between the results given by 
different lubricant testing machines, similar experiments were also carried 
out with the Four-Ball machine. The test-pieces of this consist of J-inch 
steel balls of ball-bearing quality; one of these is rotated at 1500 r.p.m. 
in contact "with the other three, which are clamped together in a cup 
containing the lubricant under test. The load is applied before the 
commencement of the test, which is of 1 minute’s duration.

Full descriptions of this machine are available elsewhere.2’ 3i 4 The 
breakdown load of a lubricant is found in terms of the load required to 
produce seizure 2 \  seconds after the test is started,5 and the maximum
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load withstood for a minute can also be obtained.3-4 If the diameters 
of the scars on the three stationary balls at the end of each test 
are plotted against the load, it is also possible, with some oils, to determine 
the pressure at which lubrication is re-established after seizure. From 
Fig. 12 it will be seen that if double logarithmic paper is used, the lines 
representing constant pressure are straight. The graphs given therein

F ig . 9.
DIAMETER OF SCAR ON TH E LOW ER BALLS A FTER A TEST PLOTTED AGAINST THE 

LOAD. FOUR BALL M ACHINE.

show that with both doped and undoped oils the diameter of the scar at 
loads too low to produce seizure is nearly the Hertz value for the elastic 
deformation of the balls. After seizure, which is marked by a sudden 
increase in the diameter of the scar, the graph is often parallel with the 
lines of constant pressure, indicating that over a range of loads the pressure 
at which lubrication is re-established after seizure is constant. At still



F i g .  1 (a) a n d  ( 6 ) .

SMOOTH SCAR O B T A IN E D  W H E N  N O  B R E A K D O W N  OC CU RS A T LO W  LO A D S W IT H
A M IN E R A L  O IL .

IN E R A L  O IL .

F ig .  2 ( a )  a n d  (b ).

[T o  face p . 766.



F ig . 3 (a) and (6).
BREAKDOWN WITH DOPED OIL UNDER HIGH LOAD.

Fig . 4 (a) a n d  (b).
ROUGH SCAR OBTAINED WITH DOPED OIL UNDER 100 LB. LOAD.



< v O T £ ? \  F i g .  5  (a) a n d  (b).
W I D E  S C O R E D  S C A R  O B T A I N E D  W I T H  D O P E D  O I L .

F i g .  6  (a) a n d  (6 ) .

W I D E  S M O O T H  S C A R  O B T A I N E D  W I T H  D O P E D  O I L .



F ig . 7.
(a) UNUSED CUP.
(b) CUP HEATED FOR 5 M INUTES AT 200° C. IN  CHLORINATED D OPE AND WASHED

OIL AND TRICHLORETHYLENE, SHOW ING D ELIQ U ESCEN T LAYrER.
(c) CUP TREATED AS IN  (6) AND TH EN  W ASHED IN  W ATER AND D RIED .

F i g .  8 (a) a n d  (b).
SMOOTH SCAR OBTAINED W ITH  U NDOPED „O IL U N D ER  A LOAD OF 70 LB. APPLIED

IN  THE STANDARD WAY U SII'V  «-----— — I“ -“ : “ . “
IN  WATER.
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higher loads the welding together of the balls may occur. The re-establish­
ment of lubrication does not always take place at a pressure which is 
completely independent of the load, but it usually varies sufficiently slowly 
for the mean value to be used as an indication of the intensity of 
seizure.

T ests w ith  the R otating B a ll T reated before Use.

Tests were carried out with the rotating ball treated in various ways, 
and the results are given in Table VI.

T a b le  V I. 

F our-Ball M achine.

Dope Used 
(expressed as 
% Cl or % S 
in doped oil).

S ta te  o f Top Ball.
21-Second 

Seizure 
Load, 

k g-

Pressure 
a fte r 

Seizure, 
kg. /cm .2

None. U ntrea ted .
T rea ted  in  ch lo rinated  dope.
T rea ted  in  ch lo rinated  dope a n d  washed 

in  w ater.
T rea ted  in  HC1.
T rea ted  in  sulphurized dope.

75
154
137

159
122

500
500
500

500
500

3% chlorine. U n treated .
T rea ted  in  ch lo rinated  dope.
T rea ted  in  ch lo rinated  dope an d  washed 

in  w ater.
T rea ted  in  HC1.
T rea ted  in  su lphurized dope.

135
168
200

258
186

10,000
13.000
12.000

15.000
12.000

1% sulphur. U n trea ted .
T rea ted  in  ch lo rinated  dope an d  washed 

in  w ater.
T rea ted  in  HC1.
T rea ted  in  sulphurized  dope.

160
174

190
220

3.000 
10,000

8.000 
10,000

The oils used with this machine were a mineral oil of viscosity 140 
Redwood No. 1 seconds at 200° F., and the same oil containing 3 per cent, 
of chlorine or 1 per cent, of sulphur in the form of a chlorinated dope and 
a sulphurized fatty oil, respectively. The reason for using a lower 
percentage of chlorinated dope on the Timken Machine was merely that 
the maximum load of that machine was attained rather readily with 
higher proportions of this material.

The treatment of the balls with both the chlorinated and the sulphurized 
dopes consisted of heating for 5 minutes at 200° C., followed by cooling 
the balls in mineral oil and washing them in trichlorethylene. Some of 
the balls treated with the chlorinated dope were then washed in water 
and dried; and others were used without further treatment. Washing 
of the sulphurized balls with benzene, petroleum ether, or water made no 
difference to the results obtained with undoped oil, and so was not used 
for the tests with doped oil. The treatment with hydrochloric acid con­
sisted of placing the balls in lOV-acid for 5 minutes at 50° C., followed by 
washing them in water.



It is seen that all the kinds of pretreatment gave rise to marked increases 
in the 21 -second seizure loads of both doped and undoped oils. Tests 
with all four balls treated in the same dope gave the same results as were 
obtained when only the rotating ball had been treated.

C o r n e l l  (o r  F a l e x ) Ma c h i n e .

The test-pieces used in this machine consist of a piece of ¿-inch steel rod 
of hardness 5C Rockwell rotating between two V-grooved test-blocks of 
hardness 10-15C Rockwell. The test-pin is fitted into a chuck which 
can be rotated at 290 r.p.m., and a piece of thick brass wire placed through 
holes in the chuck and pin serves to transmit the driving-torque to the pin. 
The blocks are held against the pin in a pair of jaws by a spring-loading 
system which is operated by rotation of a ratchet wheel. A device 
is fitted for rotating the ratchet wheel automatically, and this gives a 
steadily increasing load, the rate of increase being approximately 1000 lb. 
per minute. Abrasion of the pin tends to reduce the load on the test- 
bearing for a given setting of the ratchet wheel, and consequently a constant 
rate of rotation of the ratchet wheel may not then give a constant rate of 
increase of load. A hydraulic system is provided to give continuous 
indication of the friction.

One usual type of test on this machine consists of starting the motor 
with a small load applied, which is allowed to increase automatically up 
to 500 lb. The automatic device is then detached to give a running-in 
period of 5 minutes at this load, after which the load is increased auto­
matically again.

Breakdown of the lubricant is marked by a rapid rise in the frictional 
torque, and if very severe, by shearing of the brass wire or of the test-pin 
near the hole through which the wire is fitted.

Abrasion tests in which the load is maintained at a constant value may 
also be carried out, the abrasion being measured by observing the angle 
through which the ratchet wheel in the loading device has to be turned 
in order to maintain the load at a constant value. Tests may also be made 
in which the load is applied before the motor is started.

All three types of test were carried out with test-pins treated in the 
chlorinated dope as described for the other two machines, but no significant 
difference in results was obtained as compared with untreated pins. It 
was thought that this difference between the Cornell and the other two 
machines might be due to the relatively low hardness of the test-pieces, 
and a batch of them were therefore hardened to 60C Rockwell. With 
these pins the breakdown loads appeared to be beyond the range of the 
machine, whether the pins were treated or not, and the effects of treatment 
could therefore not be observed.

D is c u s s io n .

T im ken  M achine.

Treatment of the cups for the Timken machine by (1) running for 10 
minutes under a load of 100 lb., whilst lubricated with oil containing the 
chlorinated dope, (2) heating in the dope, (3) heating in hydrochloric acid,

7 6 8  B A X T E R ,  S N O W ,  A N D  P I E R C E  : E X T R E M E  P R E S S U R E
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considerably increased the load withstood when they were subsequently 
used with undoped oil, wThether the load was applied before or after 
starting the motor. With doped oils an increase could not be observed 
when the standard method of loading was employed, as the maximum 
load was withstood by untreated cups; but similar effects were noticed 
when the motor was started with the load on.

A breakdown load of 20 ±  2 lb. was obtained with undoped oil in a 
number of ways. Cups treated by running for 10 minutes at 100 lb. in 
doped oil, or by heating in the dope and washing in water, or by heating 
in hydrochloric acid and washing in water, all gave this value with either 
method of loading; and it was also given when testing doped oil with 
untreated test-pieces by starting the motor with the load on. This agree­
ment may be a coincidence, or it may be connected with the nature of the 
layers formed by the action of chlorine or hydrochloric acid on a Timken 
cup.

F ou r-B all M achine.

The results obtained with the Four-Ball machine confirmed the increases 
in breakdown load obtained by treatment on the Timken machine. They 
also showed that treatment of the top ball does not alter the pressure at 
which lubrication was re-established by an undoped oil after seizure.

The T em perature D istribu tion  in  the Test-pieces.
All the machines described herein have a rotating test-piece in contact 

with one or more stationary ones. Under the conditions which prevail 
during the early parts of the tests, the surfaces are separated by a thin 
layer of oil. The load is carried on local high spots, and the temperatures 
at the tops of these may reach the melting point of the metal even under 
comparatively low loads.6 The temperature of the metal immediately 
below them will depend on the amount of heat generated at their tops 
and the rate at which it is conducted away into the body of the test-piece.

The stationary test-pieces are continuously heated during a test, but the 
rotating ones are cooled by contact with the oil for an appreciable part of 
each revolution. The metal immediately below the high spots of the 
stationary test-piece may consequently be expected to be at a higher 
temperature than the corresponding portions of the rotating ones. It is 
therefore possible, when a sufficiently high load is used, for this portion 
of the stationary test-pieces to reach a temperature near the melting 
point, whilst the corresponding portions of the rotating test-piece are com­
paratively cool, and welding of metal on to the rotating test-piece can then 
occur. This occurs when an undoped oil breaks down on each of the three 
machines described.

When a doped oil is used, the evidence available shows that the co­
efficient of friction is nearly the same as for an undoped oil in the early 
part of the test; the presence of the dope cannot therefore affect the tem­
perature distribution appreciably.

Further, loads can be withstood by doped oils which would produce 
welding with undoped ones. It thus appears that when a dope is used, 
the metal immediately below the high spots of the stationary test-pieces 
can be near its melting point without seizure taking place.



The occurrence of such high temperatures in the stationary test-piece 
without seizure may only lead to an extension of the polishing which 
occurs at low loads. If the conditions are appropriate, however, it appears 
that it may lead to appreciable flow of metal from the point of highest 
temperature in the direction of motion of the test-piece. This is believed 
to be what takes place when rough scars, such as that shown in Fig. 5, 
are formed.

F orm ation  o f Surface L ayers.

The results show that high loads may be withstood by undoped oils 
without seizure as a result of the previous reaction between the dope and 
the metal, to form a layer on its surface. This suggests a mechanism for 
the effects observed with doped oils. These dopes do not react appreciably 
with metal at ordinary temperatures, and so the layer can only be formed 
by pretreating the test-pieces, or as a result of the heating they receive 
during the early part of a test using a doped oil. In the latter case the 
layer is unlikely to be fully formed before some damage has occurred.

The increased breakdown loads obtained with treated test-pieces may be 
due to the fact that the full protective layer has been formed in advance. 
It is therefore possible that improved results might be obtained in practice 
with doped oils by heating bearing surfaces in the dopes before use. The 
practice mentioned by Clayton 3> 4 of “ running-in ” gears with powerful 
E.P. lubricants and then using them with a milder one is an approximation 
to this; but even in this case the layer produced by the powerful dope 
cannot be fully formed without running the risk of damage due to local 
overheating, and pretreatment with it might give improved results.
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SOME REMARKS REGARDING THE TESTING OF 
ENGINE LUBRICANTS.*

By C. A. BouMAN.f 

S y n o p s i s .

Only a  few of th e  characteris tics of m o to r oils can  be determ ined by 
physical an d  chem ical analysis.

O xidation  te s ts  do n o t represen t th e  various processes of de terio ra tion  
tak ing  place in  th e  en g in e ; such g rea t differences exist betw een processes 
taking place in  various p a r ts  of th e  engine th a t  oils are n o t ra te d  in  th e  sam e 
order of m erit for th em  all. Also, deterio ra tion  of engine oil is often  
a  m atte r  of con tam ination  w ith  com bustion  p roducts , particu la rly  in  C.I.- 
engines.

Carbon te s ts  a re  only  of some value w ith  regard  to  carbon form ation 
in th e  com bustion space; n o t, however, w ith  regard  to  carbon form ation  
in p iston-ring grooves or to  th e  tendency  to  s tick  rings.

Engine te s ts  are necessary, b u t wearisom e, as th e  degree of reproducib ility  
required is o ften  too sm all to  allow of reaching a  sound conclusion from  
only a  few tes ts . In  p a rticu la r, th e  te s t  conditions m ust also be chosen so as to  
give a good correlation  w ith  those conditions in  practice  for which an  oil 
is intended.

The reliable judging of lubricating oils is still a source o f much worry 
to the users o f oils, to  the manufacturers of engines, and to  the m anu­
facturers o f oils. The m ost characteristic property of a lubricating oil—  
viz. its viscosity at various temperatures— can be determined accurately  
in a very simple way, but there remains the extensive and difficult field of  
investigation of those properties o f an oil which make it  either capable or 
incapable of w ithstanding th e high tem perature conditions at various 
points in the engine. The following remarks m ainly concern this field of 
investigation. Other im portant properties o f engine oils, such as their 
behaviour at low  temperatures, oil consumption, anti-wear characteristics, 
etc., are left out of account here.

A. L a b o r a t o r y  O x id a t io n  T e s t s  C o m p a r e d  w i t h  P r a c t ic a l  R e s u l t s .

For a long time the efforts of many investigators have been directed 
towards the development of laboratory oxidation tests for lubricating oils. 
With the aid of these tests it was intended to predict whether a given oil 
would be suitable for certain types of internal-combustion engines or 
not. As a result of these attempts, many laboratory oxidation tests, more 
or less standardized and more or less officially approved, are available or 
have been suggested. However, it cannot be said that great success has 
attended these efforts, the main reason being that the deterioration of the 
oil in the laboratory test and that occurring in internal-combustion engines 
are of a different nature.

The deterioration processes under high temperature conditions, to which 
the lubricating oil is exposed in the engine, are of a very complicated 
character. This applies particularly to those processes which finally result

* Paper presented  for discussion a t  th e  M orning Session (B) on th e  24 th  M ay, a t  
the Summer Meeting of th e  In s t i tu te  of P e tro leum , he ld  in  B irm ingham , 22 n d -2 4 th  
May, 1939.

t “ Delft ”  L aboratory , R oyal D u tch  Shell.
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in the formation of carbon deposits in the cylinder and on the piston. 
Further, as is well known, these processes depend very much on engine 
conditions, especially engine temperatures. When the engine conditions 
are changed, the intensities of the various processes (oxidation, poly­
merization, carbonization) to which the lubricating oil is exposed in the 
engine will also change, and there will be transitions from one process to 
another. These changes in intensity may be different for various lubri­
cating oils. Testing various oils in one engine under certain test conditions 
will establish a certain relative rating for the oils. Testing the same oils 
in another engine or under other engine conditions may establish quite
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Further, it has been confirmed by many results, both in the engine 
laboratory and in practice, that when testing various oils in a certain engine 
under certain test conditions, a certain relative rating for the oils as regards 
the formation of deposits and other undesirable products will be established 
for one certain spot in the engine; yet in the same engine and under the 
same test conditions the same oils may show quite another rating for 
another spot in the engine. Thus, for instance, oils showing a certain 
relative rating as regards carbon formation in the ring grooves may show 
quite a different relative rating as regards carbon formation in the combus­
tion space. An example is given in Figs. 1 and 2, shoving the results of 
tests with a single-cylinder horizontal gasoline engine with ethylene glycol 
coqling, running on three different oils, A , B , and C.

At best the application of the results of laboratory oxidation tests should



be restricted solely to a certain number of the processes taking place in the 
engine, whereby the temperatures prevailing during a test should be 
adjusted as closely as possible to the temperature existing or supposed to 
exist in that part of the engine where the reactions under consideration 
occur. However, for the study of the more complicated processes occurring 
in the engine (e.g., ring-sticking) the investigator ’«-ill necessarily come to a 
point where he recognizes the desirability of adjusting not only the tempera­
ture of his oxidation test to the desired value, but also the mechanical
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conditions of the test to those occurring in the engine. This leads to the 
adoption of so-called semi-technical apparatus.

In many cases the deterioration of the crankcase oil, as measured by the 
percentage of asphaltenes contained in it, may show a fair correlation with 
several laboratory tests at moderate temperatures. However, for many 
engines deterioration of the crankcase oil cannot be measured only by the 
percentage of asphaltenes contained therein, since in these engines 
(especially diesel engines) the contamination of the lubricating oil in the 
crankcase mainly consists of products from incomplete combustion (soot, 
carbon, lacquer, etc.) of the fuel in the combustion space, which products
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have been absorbed by the lubricating oil on the cylinder wall and pass 
along the piston into the oil in the crankcase. It is quite clear that since 
an oxidation test only gives data regarding the deterioration of the oil 
itself, it cannot give any data regarding the contamination of the oil by 
products formed in the combustion chamber. Therefore, only a very 
slight value can be attributed to laboratory tests in regard to the judgment 
of0engine-lubricating oils. These tests do not give a correct picture 
of the manner in which the lubricating oil is contaminated in the engine. 
At most it must be regarded as a lopsided picture, in which a certain kind of 
deterioration within the oil is accentuated, therefore giving only an indica­
tion in respect of phenomena which, in practice, are found to be relatively 
unimportant.

It should also be pointed out that the increase in viscosity of the oil 
during an oxidation test in many cases shows no correlation with its 
oxidizability. Nor does it show a correlation with practical conditions.

In special cases the laboratory oxidation test can indeed supply useful 
data regarding the suitability of an oil—e.g., when the crankcase oils of 
large diesel engines act not only as a lubricant, but also as a cooling medium 
for the pistons with circulation cooling. The oxidation test then mainly 
bears on the behaviour of the oil, not as a lubricant, but as a cooling 
medium.

B . L a b o r a t o r y  Ca r b o n iz a t io n  T e s t s  a n d  S e m i -t e c h n ic a l  T e s t s .

In addition to the laboratory oxidation tests, which are mainly charac­
terized by the fact that oxygen or air is blown through the oil under certain 
conditions, other tests have been developed, not so much with the object of 
measuring the resistance of the oil against deterioration at elevated tempera­
tures, as of measuring the quantity of residue left behind after the oil has 
been exposed to high temperatures. As examples, the various carboniza­
tion tests (Conradson, Ramsbottom) may be mentioned. In the com­
bustion space of an engine the temperatures are so high that it is quite 
impossible for any lubricating oil to withstand these temperatures without 
carbonization. Accepting the fact that any oil will carbonize at these 
temperatures, it nevertheless remains desirable that the oil will leave as 
small a residue as possible after the carbonization process. To a certain 
degree the residues found for these tests are a criterion of the volatility of 
the oil, especially of its heavier components.

Although these carbonization tests may give an indication of the be­
haviour of the oil when exposed to the combustion temperatures in the 
combustion space, they cannot give reliable information as regards its 
tendency to form carbon deposits in other parts of the engine—e.g., in the 
piston-ring grooves. Moreover, the practical value of the carbonization 
tests should not be over-estimated, because after a certain quantity of 
carbon deposit has formed in the combustion space, an equilibrium is 
obtained : the surface of the carbon deposits has then attained a tempera­
ture at which the newly formed carbon particles burn away.

As an intermediate test between oxidation tests and carbonization 
tests, we may consider the so-called Delft “ bailing ” test, developed by 
J. E. van Hinte of our Laboratory. With this test about 0-4 gram of the
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oil to be investigated is submitted to various constant temperatures 
(270-290° C.) for a certain time (about 40 minutes) in a small open 
aluminium cup. At the end of the test the loss by evaporation and the 
residue (insoluble in non-aromatic gasoline 60/80) are measured.

Another test on the same lines is the Wright Aeronautical Corporation’s 
oxidation cup test.1 The Delft “ baking ” test is now being modified by 
placing small steel discs on the oil layer at the bottom of the cup, so that 
it is now a combined baking and sticking test. In a few cases satisfactory 
correlation was found between the results of the baking test and the results 
of ring-sticking tests in the engine.

Further development of semi-technical testing equipment would be 
directed towards realizing in the apparatus as closely as possible the 
physical and mechanical conditions prevailing in an engine. It will be 
found in the long run, however, that tests on actual gasoline or diesel 
engines are not only simpler, but also far more reliable than tests with 
such apparatus.

C. E ngine  T ests .

In most cases, especially when the tendency of the oil to cause r i n g , 

sticking is to be studied, testing in the engine is the only way to obtain 
reliable information regarding the quality of the oil. Unfortunately, the 
engine tests also present considerable difficulties, mainly for two reasons. 
In the first place, when preliminary testing of aviation oils and of marine 
diesel-engine oils is conducted in relatively small gasoline and diesel 
engines, the question arises whether the results obtained with such small 
engines are applicable to the actual engines in practice. Secondly, the 
reproducibility of engine-fouling tests is often unsatisfactory, which fact, of 
course, tends to make the results confusing.

As to the first point, it has been found that when marine diesel-engine 
oils are tested in small diesel engines, and when aviation oils are tested in 
small gasoline engines, the classification of various lubricating oils as 
determined in the small oil-testing engines generally agrees to a satisfactory 
extent with the classification of the same oils in practice.2

In order to shorten the duration of the tests, the engine conditions may 
be made somewhat more severe than those occurring in practice. It has 
been found that when these changes are kept within reasonable limits, the 
relative classification of the oils is not affected too much.

The most difficult and at the same time most important point in the 
engine-testing of lubricating oils is the degree of reproducibility  which can 
be obtained when tests are repeated under conditions as nearly identical 
as possible. A few remarks concerning this problem may be given with 
regard to determining the tendency to ring-sticking and carbon formation 
on the piston. First of all, it is important to note that an agglomeration 
of fouling products from the oil (together with contamination products from 
combustion) formed during a relatively long running time constitutes the 
tangible result of a test. In this respect there is a marked difference 
between the testing of lubricating oils and, for instance, the testing of the 
ignition quality of diesel fuels. In the latter case the result of the test is, in 
principle, obtained during only one cycle of the process, in the course of 
which the product (fuel) to be investigated is consumed. A new charge is
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supplied for the next cycle. Thus, no disturbing influences from previous 
cycles on the results are encountered. On the contrary, the accuracy can 
be improved by taking the average results of a great many cycles.

When combustion phenomena are studied, such as the tendency of fuels 
containing residual components to form carbon deposits on some spot of the 
combustion space, the results are an agglomeration of products formed over 
a long period, and it is known that the reproducibility of tests of that kind
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is smaller than that of ignition quality measurements. Such unfavourable 
circumstances are always met with during tests with engine-lubricating oils. 
As regards ring-sticking tests, there is a further reason for the lack of 
reproducibility—viz., the fact that the ring-sticking phenomenon depends 
to a very great extent on the mechanical conditions of the piston and piston- 
rings. As such may be mentioned the side clearances of the piston-rings 
in their grooves, the elasticity (radial pressure) of the rings, the initiation
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of ring-sticking by adventitious accumulation of ring-blocking material 
somewhere along the ring circumference, the circumstance whether ring- 
sticking starts at the gap or at another point of the ring circumference, 
the degree to which heat-flow and blow-by are affected by initial ring- 
sticking, the thermal distortion of piston and cylinder, oil consumption, 
etc. All these factors cannot be kept under absolute control during a test. 
Also difficulties may arise as to the interpretation of the results, when, for
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instance, only the gap of the ring is stuck (both ends), whilst the other parts 
of the circumference are still free, and further, when a ring is still “ just 
free ” or is only “ slightly sticking,” etc.

Examples covering the degrees of reproducibility of engine-fouling tests 
are given in Figs. 3 and 4. Fig. 3 represents the amount of lacquer deposit 
scraped off from the piston and liner surface of a 50-h.p. air-injection diesel 
engine for a number of nine-hour tests at 15 per cent, load and 44-atm. 
air-injection pressure. Various tests were carried out with three different 

3 i



lubricating oils; each horizontal part of the stepped line represents the 
result of a single test. The reproducibility of these tests is very reasonable, 
and the average differences between the three lubricating oils A, B, and C 
are only small. This result tallies with the fact that the lacquer deposits 
referred to are due to incomplete combustion of the fuel.

Another example is shown in Fig. 4, where the results are given of ring- 
sticking tests with a small pre-combustion chamber diesel engine, running 
under high-temperature conditions (ethylene glycol cooling). The repro­
ducibility of these tests was rather poor, but seeing that relatively many 
tests were carried out on each oil, a conclusion can be reached—viz., that 
oil B is superior to oil A, since, on the average, it allows the engine to run 
longer for a given amount of ring-sticking. Under such circumstances the 
only way seems to be to conduct many experiments, in order to obtain 
statistical data, which enable a conclusion to be drawn. Fortunately the 
reproducibility of ring-sticking tests is often much better than in the case 
of Fig. 4.

As the test results depend to such a great extent on mechanical condi­
tions of the engine, engine lubricating-oil tests should, in general, be of a 
comparative nature. Thus, the behaviour of an oil to be investigated 
should be compared with that of another oil which has been adopted as a 
standard. In most cases it is precisely comparative tests with different 
oils that are wanted, especially when the effect of dopes has to be studied.

Although the testing of lubricating oils in engines is difficult and costs 
a great deal of time, it has nevertheless to be done in view of the necessity 
of developing oils with improved characteristics, especially as regards the 
tendency to cause ring-sticking, and the utter impossibility of achieving 
the results by any other means.

R e f e r e n c e s .

1 Beall, A. L ., J .  Soc. aut. Engrs, Feb ., 1937.
2 Bass, E . L ., and  B arton , C. H ., ibid., J a n .,  1939.
3 Boum an, C. A ., 2nd  W orld P etro leum  Congress, Paris, 1937.
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PISTON AND PISTON-RING TEMPERATURES*
By P. V. K e y s e r , !  Jr., and E. F. M i l l e r .-)- 

S y n o p s i s .

P isto n  deposits— M ethods of m easuring  p iston  tem pera tu re— Cylinder 
wall tem p era tu re  m easurem ent— L ab o ra to ry  experim ents— Effect of design 
on p iston  tem p era tu re .

I n t r o d u c t io n .

T h e  increase in the specific output of internal-combustion engines in 
recent years has brought about a number of lubrication problems. Figuring 
prominently among these is the problem of piston lubrication, which has 
resulted from the excessive piston temperatures occurring in the piston- 
ring zone, particularly in high-speed automotive diesel engines. Many 
of the lubrication practices which are entirely satisfactory in large slow- 
speed diesel engines are not applicable to the present high-speed types.

P is t o n  D e p o s i t s .

The problem of developing an oil which will permit engine operation 
at piston temperatures of the order of 450° F. in the ring zone is a problem 
of limiting the extent and nature of carbon formation. The importance 
of piston temperature might be summed up generally by stating that 
piston deposits are for the most part the result of some temperature 
condition existing at the point of deposit. Fig. 8 is presented to indicate 
the types of deposit likely to be found at various points of a diesel piston 
together with the approximate corresponding temperatures. On the top 
land of the piston it is usual to find a rather hard deposit of carbon, which 
will be formed in a region of temperature of about 550° F. This deposit 
is sometimes abrasive, and may lead to various degrees of scuffing of the 
piston and cylinder wall, depending on the load conditions. The deposit 
found in the piston-ring grooves is a rather dry carbon ranging from soft 
to hard, depending on the type of oil used. This deposit will be heaviest 
in the top ring groove, decreasing amounts being found as the oil-ring 
groove is approached. The temperature range from the top to the third- 
ring groove is usually from about 450° F. to 350° F. The accumulation 
of carbon behind the top piston ring can cause abnormally high ring-wall 
pressures leading to scuffing of the piston ring and cylinder wall. Sludge 
is invariably deposited in the oil-ring groove in amounts varying with the 
degree of instability of the lubricating oil and the incompleteness of 
combustion. The upper part of the piston skirt usually exhibits a varnish­
like deposit, the tenacity of which is a function of the type of oil used. 
This deposit is heaviest on the skirt areas closest to the piston pin, where 
the pressure of the piston against the cylinder is not sufficient to keep the 
surface wiped clean. A similar but lighter varnish frequently forms on

* Paper presented for discussion a t  th e  M orning Session (B) on th e  24th  May, a t  th e  
Summer Meeting of th e  In s t i tu te  of Petro leum , he ld  in  B irm ingham , 22 n d -2 4 th  May, 
1939.

t  Socony-Vacuum Oil Com pany, Inc .



the piston-pin bearings. In the piston-pin relief areas and also on other 
parts of the skirt an oily soot is often encountered. It is believed that this 
deposit consists mainly of products of incomplete combustion of fuel and 
lubricating oil that are scraped down the cylinder wall by the piston 
rings. It is this sooty formation which, on reaching the crankcase, causes 
the blackening of the lubricating oil. This is a characteristic which is 
typical of some high-speed diesel engines.

The designer of a piston is faced with the problem of temperature control. 
If he chooses to use aluminum instead of iron or steel, in order to make use 
of the greater heat conductivity of aluminum, he must provide sufficient 
clearance between the piston and cylinder wall when the engine is cold to 
forestall the possibility of piston seizure when the engine is run under 
heavy load. There is the problem of providing sufficient strength when 
the piston operates at high temperature and pressure due to heavy load. 
The designer must consider the possibility of localized heating, which can 
cause piston distortion, and, if great enough, can cause piston fracture 
because of unequal expansion. Generally, then, it might be said that the 
maximum continuous operating load of an engine is limited largely by 
the maximum piston temperature which will allow satisfactory lubrication. 
Since supercharging provides an effective method of increasing the output 
of an engine, it appears that it can be done only if a satisfactory means is 
employed for limiting the maximum piston temperature.

M e t h o d s  o f  M e a s u r in g  P is t o n  T e m p e r a t u r e .

In the course of the lubricating-oil development work at the Socony- 
Vacuum Oil Company’s laboratories, it has been found useful to make a 
study of piston temperatures. Most of the work has centred about the 
temperature studies in connection with the lubrication of diesel engines. 
A short investigation has also been made of the temperatures occurring in 
a small single-cylinder gasoline engine.

There are several methods which can be used for measuring piston 
temperature. One system that is sometimes used is that of the continuous- 
contact type, in which a thermocouple is embedded in the piston at the 
desired point and led by a flexible wire, made up of iron and constantan, 
along suitable supports to a point outside the engine. This system, 
although giving reliable results, can hardly be used on engines which operate 
at speeds approaching 2000 r.p.m. Another method of piston-temperature 
measurement is one in which fusible plugs are used. Alloys of known 
melting points are securely placed in holes drilled in the piston. The 
engine is then run at the desired set of conditions until the operating tem­
peratures become stabilized, whereupon the engine is shut down and the 
piston inspected. By noting which of the alloys have melted, one can 
determine the piston temperature. This method presents the serious 
disadvantage that only one set of temperatures can be determined at one 
time, after which the engine must be taken apart and inspected

A third system, and the one which was used in most of our tests, is the 
intermittent contact thermocouple type. This method was suggested to us 
by the General Motors Corporation. A diagrammatic sketch of the system 
is presented in Fig. 1. The thermocouple in the piston is connected to
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contacts at the bottom of the piston. These contacts mate with spring- 
loaded contacts attached to a bracket on the liner. The contacts in each 
case are made of the same metal as is the leg of the thermocouple it con­

KEYSER AND MILLER : PISTON AND PISTON-RING TEMPERATURES. 7 8 1

nects. The springs loading the movable contacts are of spring steel, and 
as there is little or no temperature drop across the spring, it is believed 
that no error is incurred through the insertion of the third metal. It will 
be noted from the drawing that lava tubing insulates the wire in the holes 
drilled in the piston. The wires emerging from the lava tubing are then
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wrapped with mica tape and inserted in aluminum conduit. The conduit 
is attached to the piston in several places to prevent vibration. The 
wires are soldered to the contacts on the piston. Likewise, the wires 
connecting the potentiometer to the movable contacts are soldered to 
the springs. A duration of contact of 35° of crankshaft angle has been 
found to give ample sensitivity with the instruments employed. As many 
as three thermocouples have been used at one time with this system.

F ig . 2.

Cy l i n d e r -W a l l  T e m p e r a t u r e  M e a s u r e m e n t .

Another useful tool in the laboratory is a method of measuring cylinder- 
wall temperature. Such measurements give a reliable indication of the 
lubrication conditions existing between the piston and cylinder-wall sur­
faces. A thermocouple placed near the inner cylinder wall provides an 
effective method of making such measurements. Several types of thermo­
couple installations have been tried in our laboratory. The design shown 
in Fig. 2 has given excellent performance, responding rapidly to changes in 
engine operating conditions. Care must be exercised in the installation of 
the thermocouple to prevent cylinder-wall distortion. Several distances 
of the thermocouple from the inner wall were tried, including the embodying 
of the thermocouple flush with the inner wall. It was found that a distance 
of 0 040 in. from the inner wall gave, as far as we could determine, a thermo­
couple that was just as sensitive as the one which was flush with the inner
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wall. This thermocouple was used in an engine equipped with a cylinder 
liner of the wet type. The design, however, could be modified to permit 
use with other types of cylinders.

L a b o r a t o r y  E x p e r i m e n t s .

Much of the experimental work on piston temperature has centred about 
measurements made in an experimental single-cylinder, two-cycle, medium-
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speed diesel engine. During this work two different types of pistons were 
used. The piston called “ Old Type ” in the following discussion has a 
waffled inner crown and is made of aluminum alloy. The “ New Type,” 
also of aluminum alloy, has many deep ribs on the piston interior. In 
both cases oil is sprayed from the top of the connecting-rod on the under 
side of the head of the piston. The New Type piston is fitted with a metal 
baffle which traps oil in the interior of the piston for the purpose of cooling.

The intermittent-contact type of thermocouple described above was used 
in the piston-temperature measurements made in this engine. The results



are summarized in the form of curves presented in Fig. 3. These curves 
show the effect of horse-power output on piston-ring groove temperature. 
Both speed and throttle position were varied in these tests, the lower 
horse-powers naturally being obtained at the lower engine speeds. The 
curves show that any oil which reaches the top piston-ring groove will be
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subjected to a temperature of 440° F. (227° C.) when the engine is operated 
at 75 h.p. The effect of speed on piston temperature at constant horse­
power output is shown in Table I. It appears that when the engine was 
operated at constant horse-power at low outputs, there was a small increase 
in piston temperature with speed. When the engine was operated at 
40 h.p. there was practically no change in temperature with speed.



Piston-temperature measurements were made on a Co-operative Fuel 
Research High-turbulence Single-Cylinder Diesel Engine by the inter­
mittent contact method. The engine was fitted with an aluminum piston 
for this work. Two curves are presented, Fig. 4 showing the effect of load
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on piston temperature at constant throttle setting, and Fig. 5 showing 
the effect of jacket temperature on piston temperature. In both tests 
ethylene glycol was the jacket coolant. From Fig. 5 it appears that a 
decrease of 100° F. in jacket temperature will bring about a reduction in 
piston temperature of about 50° F.



The effect of horse-power output on cylinder-wo 11 temperature was 
investigated in the medium-speed two-cycle engine. These results are 
plotted in Fig. 6. In this test both speed and load were varied keeping 
the water outlet temperature constant at 150° F. The changes in cylinder- 
wall temperature, therefore, are the result of changes in both load and piston 
speed.
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T a b l e  I .
Effect o f Speed on P iston  Temperature at Constant B .H .P .

r.p .m .
B eam
Load,

lb.
b .h .p .

T em perature  Degrees F ahrenheit

Ja c k e t Oil Cylinder
wall

Top
ring

groove

F o u rth
ring

groove

433 102 14-7 148 130 160 250 205
752 60 151 150 165 165 295 230
580 152 29-4 150 155 160 305 225
746 119 29-6 151 160 170 330 245
594 202 40-0 150 157 170 345 255
754 159 40-0 150 170 170 345 260

It was found on several occasions that when a new liner and piston 
assembly were installed in the engine and a heavy load was placed on the 
engine before the piston rings were properly seated, that blowby would 
result. Under these conditions the blowby gave an immediate rise in 
cylinder-wall temperature as indicated by the cylinder-wall thermocouple. 
The same condition resulted when blowby caused by ring sticking occurred. 
The cylinder-wall thermocouple connected to a temperature recorder 
provides a useful tool, especially on this a two-cycle engine where a 
quantitative measure of blowby is impossible because of the ports in the 
cylinder liner.

Piston-temperature measurements have been made in a single-cylinder, 
four-cycle, air-cooled gasoline engine, having a 2J-in. bore and lf-in . stroke. 
The fins on the air-cooled cylinder are spaced to about a |-in. pitch. Fig. 
7 shows the variation of piston temperature with load at constant speed as 
determined by the fusible-plug method. These tests indicate that in this 
engine the second piston-ring groove operates at a temperature approxi­
mating to that of the top ring groove. It will be noted that the temperature 
of the top piston-ring groove in the air-cooled engine is about 440° F. 
(227° C.), or about the same as the temperature of the top ring groove in 
the medium-speed two-cycle engine. A rough indication can be obtained 
from this comparison of the price which must be paid for such air-cooling 
of engines, for here we observe that although the air-cooled engine is operat­
ing at an output of only 36 lb./sq. in. B.M.E.P., the piston temperature is 
just as high as in the water-cooled, two-cycle engine when operated at 
a B.M.E.P. of about 80 lb. per square inch.

E f f e c t  o f  D e s ig n  o n  P is t o n  T e m p e r a t u r e .

The heat in the piston-ring zone is dissipated in several ways. A con­
siderable amount is conducted away from the piston through the piston



rings which are pressing against the relatively cool cylinder wall. Some 
heat will be taken up by the lubricating oil which comes in contact with 
the inner crown of the piston. Heat is conducted to the piston skirt, which 
in turn transmits the heat to the cylinder wall. A small portion of the
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heat is carried through the wrist-pin to the connecting-rod, and then 
dissipated to the crankshaft. The amount of heat thus conducted lias 
been known, in unusual cases, to cause the bearing temperature to be 
sufficiently high as to necessitate a change in design. A heat groove above 
the top piston-ring groove is sometimes employed in an endeavour to

PLUGS IN PISTON
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prevent the heat from the head of the piston from being transferred to 
the immediate vicinity of the top-ring groove. Instead the heat tends 
to he distributed more uniformly over all the piston-ring grooves. Too 
much dependence cannot be placed on this method of controlling piston 
temperature, for the effectiveness of the heat groove is probably reduced 
with service because of carbonization. A method of limiting the amount 
of heat reaching the piston-ring zone is that in which the path of the heat 
from the head of the piston is restricted by making the piston material 
above the top piston-ring groove very thin, and to use oil sprayed from 
the top of the connecting-rod for cooling purposes. Pistons of this type 
are usually made of iron or steel, for it is desired to restrict the flow of

N A T U R E  O F P IS T O N  D E P O S IT S  A N D  C O R R E S P O N D IN G  P IS T O N  T E M P E R A T U R E S .

heat as much as possible. Also, it is necessary to use a strong material 
because of the thinness of the section connecting the piston-ring region 
with the piston head. In engines employing an ante-chamber to control 
the combustion process, the practice of directing the throat of the ante­
chamber toward the piston causes localized heating, sometimes sufficient 
to cause ring-sticking at the latter point.

It must not be inferred from the above discussion that it is desired to 
have the piston run as cool as possible, for, assuming that the temperature 
of the piston could be reduced to some very low figure—say 150° F.—to 
do so would handicap the combustion process by increasing the delay period 
and promoting incomplete combustion. In this connectiom it should be 
mentioned that pistons are sometimes cupped at the top so as to form a 
large percentage of the area of the combustion chamber. This is done



to assist combustion of the fuel, the hot surface of the piston taking the 
place of the comparatively cool cylinder wall. At first thought one might 
think that the designer of a piston must choose a temperature at which 
he desires the piston to operate, and then design the piston accordingly. 
This is hardly the case, however, for the designer will have all he can do 
to bring the piston temperature down to a point where an engine may 
be operated at high output -without resulting in severe punishment of the 
lubricating oil.
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M orning Session B , Wednesday, M ay 24th.

P apers on Testing of Lubricants.

R E P O R T E R ’S SUMMARY O F PA PE R S.

( M r . E . A . E v a n s ,  M .A .I.E ., F .In st.P e t.)

M r . E .  A .  E v a n s , in  sum m arizing th e  Papers on Testing of L ubricants presented a t 
the M orning Session on M ay 24th, sa id  th a t  lopsidedness was no t a  w ord which came 
easily to  th e  m o u th  of an  E nglishm an, b u t B oum an used it  in  his papers w ith  emphasis. 
I t  was descriptive, an d  produced  a  p ic tu re  of errors which th e  In s titu te  of Petroleum  
was anxious to  e lim inate. A  lopsided conception of lubrication  was fa ta l to  pro­
gressive tho u g h t. I n  th e  p a s t m uch  tim e h ad  been devoted to  chem ical and physical 
testing of lubrican ts, an d  s till  th e  struggle w ent on ; th ey  were ever hopeful of 
achieving a  useful re su lt. T hroughout th a t  struggle there  h ad  been a  consciousness 
th a t m echanical te s tin g  m igh t be in troduced  to  short-circuit th e  would-be academic 
attack. M any years ago T hu rsto n  designed a  friction  testing  m achine to  study  oiliness. 
Im provem ents and  m odifications h ad  appeared  and  faded away, leaving behind m uch 
the same speculation as th a t  w hich h ad  preceded them . R elatively  slow speeds and 
low pressures did n o t p resen t a  real lubrication  difficulty, b u t when speeds began to  
increase, engine pow er sho t up , an d  th e  whole tra in  of engineering progress became 
alarmingly dependent on lu b rican ts and  lubrication .

New m ethods for developm ent were necessary. I t  was no longer safe to  take  a 
chance, fortified only  w ith  some physical m easurem ent such as viscosity. I t  cer­
tainly was n o t economic to  aw ait th e  laborious findings of a  full-scale engine or machine 
test. D im ensional or m echanical tes tin g  becam e im perative.

A t th a t  tim e m echanical tes tin g  of lu b rican ts was s tandard  practice. The objective 
of the papers in  th is  section was to  survey m echanical testing  w ith a  view to  s tand­
ardization, an d  so to  elim inate  an y  lopsidedness which m ight exist in  appraising 
lubricants for specific pimposes.

Boum an had  waged a  m inor w ar, in  th e  past, on th e  supposed value of oxidation 
tests as th e  c riteria  of oil decom position in  an  engine. H e had  re tu rned  to  the  fray 
with more am m unition  to  defend his fron t. N obody would disagree w ith  him  in his 
suggestion th a t  th e  changes w hich occurred w ith in  th e  oil in  an  intem al-com bustion 
engine were very  com plicated ; likewise th ere  would be agreem ent on his rem ark 
th a t there was a  v a rie ty  of conditions in  th e  engine which would produce a  variation 
of reactions. I t  was too  m uch  to  hope th a t  one could reproduce a ll those conditions 
on a laboratory  bench. I t  was m uch sim pler and  m ore reliable to  resort to  m echanical 
testing in  an  engine. B oum an h ad  shown th a t ,  w ith  th e  aid  of an  engine, i t  was 
possible to  give a  q u a lity  ra tin g  for oil. The th ree  oils which he used were placed in 
their respective positions according to  th e  am oun t of carbon in  th e  ring grooves, b u t 
when they  were ra te d  according to  th e  w eight of carbon on th e  piston  crown, the  order 
was reversed.

Bouman was n o t so bold as to  condem n an  ox idation  te s t. H e adm itted  th a t  it 
had a lim ited sphere of usefulness, an d  referred to  th e  so-called D elft “ baking ” test, 
developed in his own labora to ry . T his te s t  seemed to  he alm ost identical w ith  th a t  
described to  th e  In s ti tu te  b y  H oblyn  in  1925. B oum an was no t th e  m an  to  introduce 
an air of finality  in to  his p a p e r ; on th e  co n trary , he had  reopened an  old controversy. 
He was alive to  a ll th e  difficulties encountered  in  engine testing , b u t however g reat they  
might be, th ey  m ust n o t eclipse th e  desire to  in troduce engine testing  into a  research 
problem. H e c ited  results , obtained w hen using a compression-ignition engine, which 
went to  show th a t  th e  s tu d y  of th e  lu b ricatin g  oil was insufficient w ithout due regard 
to the fuel influence. N one of those  resu lts  could be obtained by  any  o ther m eans 
than engine testing.

The paper by  McNicol, W illiam s, and  L am arque form ed a p leasan t link  w ith  Bou- 
man’s. They did n o t propose a  new  te s t,  b u t  m odestly  described an  experim ental 
technique extrem ely sim ple in  character, b u t full of possibility. The extensive 
facilities which th ey  possessed a t  th e  R esearch  L aboratory  of th e  In stitu tio n  of A u to ­
mobile Engineers led one to  p o stu la te  th a t  engine te s ts  would be m ade, to  prove or
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disprove the  p ractical value of th e  te s t for th e  ring-sticking properties of lubrican ts. 
Before leaving th e  subject, i t  would be in teresting  to  know  w hether ring-sticking was 
a common phenom enon w ith  low-viscosity so lvent oils.

So much uncerta in ty  existed  ab ou t th e  evaluation  of ex trem e pressure lubricants 
th a t  another opportun ity  to  consider th e  sub ject w as welcom ed. There was no 
universally accepted te s t m achine. I t  was p robable th a t  stan d ard iza tio n  could no t be 
effected u n til m uch m ore was known abou t film ru p tu re  s tren g th  and  th e  influence of 
surface finish.

C layton’s paper a t  th e  General Discussion on L ubrication  arranged b y  th e  In stitu tio n  
of Mechanical Engineers in  1937 did n o t create  th e  in te rest w hich i t  w arran ted , possibly 
because th e  Four B all Machine was n o t w idely know n excep t by  nam e. To follow his 
present paper i t  m ight be necessary to  be rem inded th a t  th ree  ¿-in. steel balls were 
placed in a  sm all oil-bath, and  a  fou rth  ba ll was superim posed so th a t  i t  was in contact 
w ith th e  other three balls. The to p  b a ll was ro ta te d  a t  1500 r.p .m . The great feature 
of the  m achine was th a t  four balls were in  po in t co n tac t, an d  as soon as a  load was 
applied, boundary conditions existed. W hen a  load was app lied  there  was obviously 
some slight deform ation of the  balls, so, instead  of hav ing  po in t con tac t, there was a 
slight depression, which could be calcu la ted  according to  th e  H ertz  theory . Any 
depression larger th a n  th a t  m u st be due to  w ear. A t a  certa in  load  th e  oil film broke 
down and  th e  balls seized. The seizure m ight be so d rastic  th a t  th e  balls welded 
together. On th e  o ther hand , th e  seizure m ight be slight, an d  only noticed by a 
sudden rise in  friction. A t th e  m om ent of seizure rap id  w ear occurred, th e  impression 
was increased in  size, and  th e  friction  dim inished. The lu b rican t had , in  fact, effected 
a  recovery.

In  m aking a  te s t a ll th a t  one had  to  do was to  p u t  a  load on to  th e  lever and run  for 
one m inute a fter connecting th e  o il-bath  to  a  revolving d rum  w hich  m easured friction 
or torque. A t th e  end of th e  ru n  th e  d iam eter of th e  im pression w as m easured and 
p lo tted  against load. F rom  a  series of runs a  g raph  could be draw n. W hen a  seizure 
occurred, a rap id  increase in  th e  size of th e  im pression resu lted , w hich w as depicted in 
Fig. 2. The significance of th a t  was m erely th a t  i t  ind icated  th e  load a t  which break­
down took place, quite  irrespective of tim e. T he tim e to  seizure against load was of 
im portance only if i t  could be correlated  w ith  p ractice . I t  h ad  been found th a t the 
load which caused seizure in 2 \  secs, gave an  ind ication  of th e  su itab ility  of the  lubri­
cant for a hypoid gear. The friction-tim e ch art showed th e  recovery tim e. An oil 
which seized bu t recovered quickly was b e tte r  th a n  one which h ad  a long recovery time. 
An oil which did n o t seize was th e  ideal, provided i t  d id  n o t possess th e  o ther features 
which condemned it.

Oil ̂ 7, containing 10 per cent, lead soap an d  2 \ p er cent, su lphur, gave no breakdown 
as shown in Fig. 46. Oil O, containing 4£ p er cent, lead soap, gave sim ilar results to 
oil E ,  except th a t  a t  150 kg. w ear rose to  a lm ost double th a t  of oil E .  The increase in 
wear appeared to  be due to  th e  sm aller co n ten t of lead  soap. Oil F ,  containing 131 
per cent, fa tty  oil, l  j per cent, su lphur, and  10 pe r cent, ch lorinated  product (3 per cent, 
chlorine) was described b y  th e  m akers as “ m ild ,” y e t behaved as oil E ,  an d  b e tte r than 
oil O. E v iden tly  th e  im provem ent was due to  th e  ch lo rinated  p ro d u c t.

F inally , C layton gave the  resu lts  of te s ts  on several m ineral oils, and  came to  the 
conclusion th a t  solvent refined oils were inferior to  conventionally  refined oils in film 
rup tu re  streng th . T h a t suggestion was too sweeping, because i t  was n o t confined to 
one solvent or one ty p e  of oil, nor to  any  p a rticu la r  degree of refining.

Assuming th a t  a  hypoid gear acquired  a  “ surface ”  during its  early  life in an
E .P . lubricant, B axter, Snow, and  Pierce stu d ied  th e  p re -trea tm en t of th e  test-pieces 
in E .P . te s t m achines. T heir paper gave sufficient d a ta  to  prove th a t  p re-treatm ent 
gave rise to  m arked increases in  load-carrying capac ity  to  b o th  doped and  undoped 
oils. T h at was m ost im portan t, therefore th e  pap er should  com m end itself to  m otor­
car m anufacturers.

The term  “ dope ” was so loosely used a t  th a t  tim e th a t  i t  m igh t very  well give rise 
to  a wrong impression. Surely i t  was preferable to  refer to  a n  E .P . add ition  agent.

So far consideration had only been given to  E .P . oils. E v an s in troduced E .P . 
greases. A dm ittedly  a t  th e  present tim e th ey  were m ain ly  used in large roller bearings, 
but when they  once became established th e ir  use w ould obviously be extended. They 
differed from  oils in th a t  an  E .P . add ition  agen t w as insufficient to  produce E .P . 
properties. As E vans was one of th e  very few people who h ad  given serious considera­
tion  to  E .P . greases, his paper should be stud ied  in  its  en tire ty .
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Grease h ad  been im proved in  recen t years m ain ly  under the  compulsion of the  a n ti­
friction-bearing m akers. I t  was a  m istake to  th in k  th a t  one grease was su itable for 
all makes of ba ll or ro ller bearings. E v an s m ade a  very strong plea in favour of 
certain lim e-soap greases. H e was n o t ready  to  accept any  ty p e  of lime-soap grease. 
In  fact, he had  laid  dow n a very  rigid specification. I t  was probable th a t i t  was very 
largely th rough  his efforts th a t  grease-m akers had  im proved th e  stab ility  of greases. 
Grease-makers m ight n o t like to  acknowledge th a t  they  had received an  u ltim atum , 
but i t  m ust be acknowledged th a t  th e  T im ken stab ility  te s t had  become bo th  popular 
and im portan t. The argum ents of E v an s in  favour of the  lime-soap greases were 
clearly se t o u t in  th a t  paper. H e s ta te d  th a t  i t  m ight n o t be common know­
ledge th a t  a lthough  th e  m elting  p o in t of th e  soda grease was higher th an  th a t  of the  
lime-soap grease, th e  consistency of each a t  tem pera tu res of 140° F . and  above was 
approxim ately th e  sam e, m aking  allowances, of course, for th e  consistency a t  a tm o­
spheric tem pera tu re . T he re la tive  m erits  of lim e and  soda-soap greases for a n ti­
friction bearings m ade a  very  con troversial sub ject. Perhaps, however, the  subject 
was no t qu ite  so controversial as i t  m igh t app ear a t  first sight. E vans to ld  us th a t  he 
preferred a m edium  viscosity  oil in  th e  grease for th e  T im ken bearing. The Hoffm ann 
M anufacturing C om pany generally  preferred a  lower viscosity oil. T h at difference of 
opinion was n o t based on some th eo re tical consideration, b u t was actually  due to  the  
difference in  th e  design of th e  bearings. P erhaps th e  discussion m ight reveal poin ts of 
view which m ight help to  clarify  some of those  ap paren t anomalies. If  there should 
not be an  o p p o rtu n ity  for c larify ing  th em  a t  th e  m eeting, there  would be facilities for 
further discussion a t  th e  L u b rica tio n  Group M eeting w hich had  been arranged to  take 
place in October.

The T im ken m achine was used b y  E v an s for m easuring th e  extrem e pressure ch ar­
acteristics of b o th  oils an d  greases. T h a t m achine appeared  to  have suffered the  
same fa te  as m an y  o ther a llied  m achines in  th e  U .S.A . W hether some of those 
machines would be resto red  to  favour, however, now th a t  th e  m ild E .P . lubricant was 
being re insta ted , i t  was difficult to  te ll. F o r E .P . greases, however, th e  Tim ken 
machine did n o t appear to  have a  serious rival. I t  was in teresting  to  note th a t  when 
using th a t  m achine th ere  was som e sup p o rt for th e  suggestion m ade by B axter, Snow, 
and Pierce, th a t  oils conta in ing chlorine com pounds show less wear th an  those which 
contain sulphur. A no ther ve ry  in te res tin g  p o in t which was em phasized was the  
effect of finish on film  s tren g th . The im portance of th a t  could no t be overstated , bu t 
w hether it  was cheaper to  produce an  ideal finish in  th e  engineering shop, or in th e  back 
axle w ith  th e  a id  of an  E .P . lu b rican t, m u st be left to  experts in  costing. The scientific 
mind of the  engineer w ould no d o u b t prefer th e  resu lt of his own a r t,  whereas th a t  of 
the chem ist m ight favour th e  physico-chem ical reactions betw een active compounds 
in the lubrican t and  th e  m eta l surfaces.

Were they  really  safe in  com ing to  definite conclusions ab ou t the  properties of chlorine 
when only one or tw o chlorine com pounds h ad  been tr ied  ?

If they accepted  th e  au th o rs’ views, i t  appeared  th a t  th ey  h ad  learned t h a t :—

(1) M echanical tes tin g  was essen tia l;
(2) O xidation  te s ts  were m is lead in g ;
(3) Chlorine com pounds were serious com petito rs to  su lphur com pounds;
(4) P re -trea tm en t of gears was a  p o ss ib ility ;
(5) Surface finish m igh t recast views on E .P . lubrican ts .

D IS C U S S IO N .

D r . K . O. M ü l l e r , said  th a t  he w ished to  express his th an k s for th e  opportun ity  to  
take pa rt in th e  Sum m er M eeting, and  he hoped th a t  his English would be excused.

He had read th e  papers presented  a t  th e  various sessions w ith  g reat in terest and  appre­
ciated the progress m ade during  th e  la s t few years.

The Chairm an’s request th a t  he should  open th e  discussion was accepted as an  honour 
which he was pleased to  undertake.

W ith reference to  m oto r oils, he still felt th a t  m ore im portance should be a ttach ed  to  
the viscosity index or pole-height in connection  w ith  easy s ta r t  a t  low tem pera tu res . 
With reference to  th e  physical an d  chem ical characteris tics to  be determ ined in  the

3 K
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laboratory, his view was th a t  a lte ra tion  should first be devoted  to  th e  behaviour of oils 
in engines working under p ractica l conditions; th en  from  th is  a  laboratory  m ethod 
should be devised—such as ageing tes ts—w hich w ould reproduce as closely as possible 
the  a ltera tion  of oils in engines. A n a tta c k  on those problem s in  th a t  m anner would 
show th a t physical d a ta  such as flash-point an d  labora to ry  pour p o in t could be dis­
regarded, as they  had  no bearing on p rac tica l conditions. They should, for example, 
be usefully replaced b y  viscosity m easurem ents a t  low tem p era tu re  and  volatility .

H e would also like to  em phasize th a t  lu b rica tin g  oils should  n o t alw ays be blam ed 
for unfavourable engine perform ance, for in  his view  th e  la t te r  depended on the  fuels, 
engine design, and m etallurgy.

W ith  regard to  E .P . lubrican ts , he h ad  experim ented  for m any  years w ith  different 
testing  m achines such as the  T im ken 4-Ball, Alm en, and  S .A .E . types, b u t he had  never 
found them  to  agree w ith  each other, and  th e ir re su lts  did no t, in  his opinion, have any 
relation to  practical operation.

A t the  same tim e, he would say th a t  he h ad  never been able to  und erstan d  why those 
E  .P. lubricants should ever have been needed. B y th a t  he m ean t, w hilst th e  lubricants 
m ight be essential for certain  designs of gears, those gears in  them selves were really  not 
essential, and i t  seemed to  him  th a t  th ey  existed  solely for reasons of fashion. In  other 
words, it was, as far as he believed, possible to  give th e  vehicle th e  necessary free 
height above the  road w ith  worm-gears w hich could be so designed th a t  their lubrica­
tion  was provided by simple oils, and  th is dispensed w ith  th e  need for complex lubricants 
having chemical corrosive effects.

The conditions for lubrication  were obviously sim pler if o rd inary  gears were robustly 
designed, provided adequate  w orkm anship was p u t  in to  th e  gears, and  surface finish 
was carefully a ttended  to . The p rep ara tion  of surfaces w ould open up  a  new outlook, 
and deserved more a tten tio n .

M b . C .  H . B a b t o n  said th a t  in  th e  absence of M r .  B oum an, owing to  m ilitary  duties, 
he had  been asked to  say a  few w ords ab o u t h is paper. Mr. B oum an h ad  emphasized 
two problem s which were well known to  a ll who were concerned w ith  engine tests on 
lubricants. Those were th e  difficulty of ob tain ing  rep roducib ility  of observations and 
the  variab ility  of resu lts w ith  change of w orking conditions. The la t te r  phenomenon 
gave rise to  uncertain ty  in the  in te rp re ta tio n  of resu lts , especially w hen d a ta  from one 
engine were applied to  another. The reproducib ility  of resu lts  under constant test 
conditions was a  necessary criterion of th e  v a lid ity  of th e  observations.

W ith  regard to  ring-sticking a t  high cylinder tem pera tu res in  gasoline engines, he 
noticed th a t  Messrs. McNicol, W illiam s, and  L am arque’s h eating  te s t indicated th a t 
the  tendency of a lubricating oil to  give sticking increased w ith  th e  vo la tility  of the  oil. 
In  th e  course of the  h igh-tem perature ring-sticking experim ents w ith  engines, with 
which he had  been concerned for abou t ten  years, it  h ad  been found th a t  the  least 
volatile m ineral oils—e.g., b righ t stocks— were n o t ou tstand ing ly  resistan t to  ring- 
sticking, as would be expected from  th e ir low v o latility  on th e  basis of Mr. Williams’ 
results.

Of the  various factors which controlled ring-sticking a t  h igh  tem pera tu res , th e  m etals 
involved did no t appear to  exercise a m arked  influence. T hus, chrom ium -plated and 
n itrided  cylinder liners gave abou t th e  sam e ra p id ity  of ring-sticking as th a t  with 
cast iron. T inned rings also were com parable w ith  cast iron ones in  th e ir behaviour 
under sticking conditions. H e h ad  also tr ied  th e  add ition  of 0-5-1-0 per cent, n itro ­
gen peroxide in th e  air/fuel m ix tu re  by  dissolving th e  ap p ro p ria te  p roportion  of th a t 
compound in gasoline, b u t no effect on th e  ra te  of ring-sticking was found (cf. Hanson 
and E gerton, Proc. Roy. Soc., Series A, 163, p . 90, 1937).

The question of “ varnish ” deposition on th e  p istons of spark-ign ited  engines had 
been referred to  in one or two of th e  papers a t  the  m eeting. H e h ad  h ad  th e  opportunity  
of discussing th a t  m a tte r  w ith  several au tho rities w hen ho was in A m erica six  m onths 
ago. The one po in t on which they  seemed to  agree was th a t  th e  ill-effects of varnish 
occurred only during the  early life of an  engine, w hen p iston-cylinder clearances were 
a t  a m inim um, in causing th e  p istons to  tig h ten  up a fte r th e  engine had  been shu t down. 
Some people considered that, th e  varnish  effect w as g reatest a t  low oil tem peratures 
and  w ith less chem ically stable oils; and  others th a t  high oil tem p era tu res were re­
quired to  produce objectionable am ounts of varnish . T he num ber of instances in 
which varnish had actually  caused rum iing trouble  was re la tively  few, an d  had  been 
exaggerated by  undue publicity .
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M r. J .  L. T a y l o r  said  th a t  he w as g lad  D r. P ye  h ad  inv ited  com m ents on the  question 
of reproducibility w hen th e  engine was used as a  testing  u n it, since i t  was well known 
that reproducibility  w as n o t easy.

He would also rem ind  m em bers th a t ,  in  addition , engine tes ts  were costly and 
laborious, so th a t  cases could  and  d id  arise where engine design changed so rap id ly  
th a t engine te s ts  lost a  g reat deal of th e ir  value by  n o t being com pleted before the  design 
became obsolete. H e  w ished to  stress, therefore, th e  necessity of endeavouring to  
obtain th e  m axim um  am o u n t of inform ation  from  a laboratory  tes t, preferably one 
which was a lready  w ell established, such as th e  B ritish  A ir M inistry oxidation  te s t. 
He was g lad  to  learn  from  D r. P ye  th a t  th is  was s till considered a useful te s t to  which 
to purchase aircraft-engine oils, and  th o u g h t th a t  its  usefulness m ight be extended 
in the d irection of determ ining ring-sticking tendencies of oils, and  their liab ility  to  
corrode newer bearing-m etals, an d  also to  form  lacquer. Some inform ation regarding 
the first of these properties m igh t be ob ta ined  b y  observation of th e  occurrence or 
otherwise of nodules of carbonized or oxidized oil in  a  ring  round th e  test-tube  where 
the bubbles broke, an d  regard ing  th e  th ird  p ro p erty  b y  the  ease w ith  which th e  tube  
could be cleaned b y  various solvents. As regards th e  second property , he thought 
that a determ ination  of acid ity , no t necessarily to ta l  acid ity  by th e  conventional I.P .T . 
method, b u t ra th e r  w ater-soluble acid ity , m ight be useful. H e would like to  hear 
whether o ther oil chem ists h ad  any  observations on these suggestions.

There were some com m ents on one or tw o of th e  papers he wished to  m ake. In  the  
paper by  W illiam s an d  co-workers on  th e  suggested m ethod for determ ining ring- 
sticking properties of oils, th ere  w as an  ap p aren t con trad ic tion  in  ascribing m axim um  
ring-sticking tendency  in  one instance to  m ost vo latile  oils and  in  ano ther instance to  
least volatile oils. H e  noticed , how ever, th a t  th e  tem peratures were different in  the  
two cases, and  th o ugh t possibly th e  te s t  was one which was very sensitive to  changes 
in tem perature. A s regards th e  observation  th a t  breakaway-foree decreased w ith 
increasing sam ple, he  th o u g h t th is  w as to  be expected  since th e  ra tio  of a ir to  oil was 
lower and, therefore, th e  oil w ould  n o t be oxidized to  such a  great ex ten t, and, on the  
other hand, there  was m ore oil to  dissolve its  own oxidation  products.

Lastly, in  view of th e  com m ents m ade a t  th e  m eeting on th e  effect of surface finish 
on, for exam ple, “ film -streng th ,”  he  w ould like to  read, for the  benefit of those 
members who were n o t fam iliar w ith  i t ,  a  p a r t  of th e  review he had  m ade in the  
Institu te’s publication  “ P e tro leum  Technology in  1938.”  “ A feature of th e  y ear’s
work is the  a tten tio n  given to  th e  effect of th e  m eta l surface on wear. Im provem ents 
are claimed for surfaces chem ically tre a te d  or finely finished. In  th e  form er case, by 
chemically trea tin g  bearing surfaces so as to  dissolve selectively ferrite  and  other bodies 
considered as harm ful d e tr itu s  form ed b y  a ttr itio n , F oster claim s to  produce a surface 
with a bearing capacity  six  tim es th a t  of an  u n trea te d  surface when tested  w ith  a 
straight m ineral oil. The surface characteris tics of cylinders and  pistons should be 
conducive to  polishing b y  sm all-sized ab rad ed  particles, says Teetor, claim ing good 
results for th e  Ferrox m ethod  of surface trea tin g . In  th e  case of fine finishes papers 
have appeared by Sherm an, w orking on th e  effect of surface finish on load carrying 
capacity, and by Connor, who re la tes surface roughness and  oil consum ption using a 
profilometer to  s tu d y  roughness. Sherm an’s figures are w orth  reproducing. Using 
the S.A.E. m achine, he gets a  figure of 117 lb . for a  surface finish of 16—18 and  of 217 lb. 
for a figure of 1-2 m icro inches.”

D r. A. v o n  P h i l i p p o v i c h  said th a t  i t  was im possible to  get a good correlation 
between an  oxidation  te s t in  th e  lab o ra to ry  using a ll kinds of engines and  oils, and 
working under varying conditions. I n  th e  D .V .L. m uch  was being done to  get repeat- 
able results w ith  engines an d  good corre lation  w ith  labora to ry  tests.

When precautions such as m easuring side clearance of p iston  rings to  0.001 m m ., the 
blow-by from 20 : 20 seconds an d  so on, were taken , engine te s ts  gave good repeatable 
figures. Tests on ring-sticking over a  range of tem pera tu res showed th a t  there was a 
minimum tim e in which rings w ould s tick . T his m inim um  was no t a t  the  same 
tem perature for different oils, an d  th e  form  of th e  curve was also qu ite  different. T h at 
showed th a t  there was only a  certa in  range in  w hich  ring-sticking was of im portance. 
Above th a t range engine failure w as due to  non-lubrication  ( th a t m eant vo latility  and 
lack of “ oiliness ” ). Below th a t  range sludging w ould be of greater im portance.

In  consequence of th a t ,  lab o ra to ry  te s ts  m u st also tak e  in to  consideration a wide 
range of tem peratures. W ork carried  ou t in  F rance  h ad  shown th a t  a coking tes t
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a t  two different tem peratures (oxidation a t  150° C. an d  coking a t  250-300“ C.), when 
the  coking was supposed to  tak e  place in th e  absence of oxygen, gave m axim a which 
could account for the  m inim a of ring-sticking tim e.

H e thought i t  was w orth  m entioning th a t  some valuab le  work on v o la tility  seemed 
to  have been forgotten. F. H . G arner published a n  a rtic le  on th e  sub ject in J . Instn  
Petrol. Tech., 7, 98 (1921), an d  H ob lyn  referred to  a  m ethod  of h eating  oil in  a  dish 
a t  250° C. and  m easuring th e  v o la tility  and  th e  am oun t of asphaltic  m a tte r  produced 
in ibid., 1925,11, 1.

As a resu lt of tes ts m ade by  th e  D .V .L. i t  becam e a p p aren t th a t  n itrogen oxide had 
no specific influence in d e to n a tin g  com bustion excep t by  increased tem peratures as a 
consequence of knocking.

M r. H . J . Y o u n g  said th a t  it m ight have been overlooked th a t  R o b ert Sulzer had 
read a paper on th e  subject of P iston  and  P isto n  R ing  T em peratures in  1926, which ap­
peared in Vol. 68 of the  Transactions of the Institu te  o f N aval Architects. Sulzer dealt 
w ith  the  tem peratures, during th e  various strokes, of th e  p iston , p iston  rings, and 
cylinder wall of a  two-cycle m arine diesel engine. In  as far as he  (Mr. Young) under­
stood Sulzer’s work, i t  showed th a t  th e  top  ring  of th e  engine a tta in e d  a  maximum 
tem perature  lower th an  th a t  of th e  top  ring  of a  steam -jacketed  steam  engine; th a t 
the  problem  of overheating w as confined m ain ly  to  tw o areas— n am ely , th e  surfaces of 
the  top  piston ring grooves and  of th e  upper portions of th e  cylinder walls. Sulzer 
foimd th a t  no therm al fluctuations took  place a t  m ore th a n  5 m m . d ep th  below the 
liner face, b u t th a t  violent fluctuations occurred close to  its  w orking surface. He 
(Mr. Young) suggested th a t  tem pera tu res occurred w hich b rough t in  o ther considera­
tions concerning cylinder w ear th a n  those com m only d iscussed ; for exam ple, the 
effect of certain  nascen t carbonic oxides on m eta l m om entarily  a lm ost m olten.

T E M P E R A T U R E  °C 

F i g .  1.

D r. E . R .  R e d g r o v e  s a i d  t h a t  h e  w a s  g l a d  t o  s e e  th a t  in te res t w as being revived in 
film e v a p o r a t i o n  t e s t s  a n d  t  h e  c h a n g e s  w h i c h  t o o k  place during  such te s ts .

A b o u t  t e n  y e a r s  a g o  h e  h a d  a  s e r i e s  o f  such te s ts  conducted , an d  found th a t  the 
e v a p o r a t i o n  c u r v e s  w e r e  f a r  f r o m  r e g u l a r .  A  ty p ica l exam ple w as given in  F ig. 1.
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The “ kink ” in  th e  curve was com m on to  b o th  d istillates and  blends of d istillates 
and residual s to c k ; th e  tem p era tu res  betw een which it occurred varied  w ith  the  oil 
itself, the  surface-area/volum e ra tio  of th e  sam ple tested , and  th e  volume of air 
passed over th e  surface of th e  sam ple. The trea te d  sam ples were analysed for 
“ Asphaltene ”  and  “ C arbene.”

In  all cases th e  “ k ink  ”  appeared  to  be associated  w ith  serious decom position of the 
oil, and it  d id  n o t seem  possible in te lligen tly  to  in te rp ret the  results, which for th a t  
reason were n o t published. A t th a t  tim e ring-sticking and  “ varnish  ”  or “ laquer ” 
were no t th e  serious problem  th ey  were to -day , and  in view of th e  present position he 
thought it m ight be advisable m ore closely to  investigate  th e  evaporation  te s t over a 
wider range of tem pera tu re .

From  th e  papers before th e  m eeting  and  from  th e  rem arks of various speakers i t  was 
evidently apprecia ted  th a t  no one ox idation  te s t could adequate ly  foretell the  behaviour 
of an oil under th e  vary ing  conditions of tem pera tu re, natu re , and  composition of 
bearing surfaces an d  ex traneous con tam ination  which it  was likely to  encounter 
dining service. H e  th o u g h t th a t  nearly  a ll sludging troubles were due to  contam ination 
from outside th e  crankcase, principally  caused by  incom plete com bustion of the  fuel, 
and only very  sligh tly  by  decom position of th e  lub ricating  oil film  around th e  top 
rings.

W ith all those vary ing  factors to  con tend  w ith , i t  becam e necessary to  adop t a control 
test for th e  chem ical s ta b ility  of a  lubricating  oil, and  he though t the  present Air 
Ministry te s t  as good as any1, p rov ided  th a t  th e  asphaltic  m a tte r  formed afte r ox ida­
tion was also determ ined  an d  tak e n  in to  account in assessing the  m erits of the  oil 
tested.

M b . J .  R o m n e y  said th a t  th ey  h ad  heard  a  g reat deal a t  th a t  m eeting about labora­
tory tests and  service tes ts , an d  suggestions h ad  been m ade th a t  laboratory  oxidation 
tests were no t very  useful, and  d id  n o t accu rate ly  forecast th e  behaviour of oils in  service. 
He would po in t o u t th a t  i t  h ad  been em phasized a t  th a t  m eeting th a t  i t  was extrem ely 
difficult to  reproduce engine resu lts  in  dup lica te  tes ts  even when all possible precautions 
were taken  to  contro l th e  conditions. T his was n o t tru e  of laboratory  tests , and  even 
complicated ox idation  te s ts  were, in  general, capable of giving good agreem ent in 
duplicate determ inations. I t  seem ed reasonable, therefore, to  select an  oxidation  tes t 
which was theoretically  logical, and  if  its  resu lts  could be directly  correlated w ith  those 
of a big series of service tes ts , to  a d o p t i t  as a  guide. T h a t w as w hat h ad  been done by 
Mr. W ilford using th e  A ir M inistry  te s t  in  th e  lab ora to ry  and  a  very  large num ber of 
vehicles on th e  road. H e w ould m ake i t  clear, of course, th a t  when he referred to  the  
Air M inistry te s t, he was th in k in g  of th e  a c tu a l ox idation  m ethod. Several people 
pointed ou t a t  y esterd ay ’s m eeting  how m uch  m ore useful th e  te s t could be if asphalt 
development a fte r ox idation  was m easured.

The point h ad  been raised  a t  th a t  m eeting  th a t  th e  value of th e  te s t could be fu rther 
increased by m easuring m ore properties of th e  oxidized oil, and  th e  acid ity  had  been 
mentioned as a p robable reflex of th e  ten dency  tow ards corrosion. I t  m ight in terest 
the meeting to  know th a t  he w as concerned in  some w ork on th is  particu lar point, 
and as far as th e ir  resu lts  w ent, i t  w as im possible to  correlate  th e  acid ity  of th e  oil left 
in the oxidation tu b e  w ith  corrosion as reflected by  th e  loss in weight of test-pieces 
immersed in  th e  oil.

M r . J .  C .  J e n o t n g s  said he w as p a rticu la rly  in te rested  in th e  ingenious te s t described 
by MdNicol, W illiam s, an d  L am arque. I t  w as ra th e r  difficult to  decide to  w hat e x ten t 
it was a coking tes t, and  to  w h a t e x te n t i t  w ould be regarded as an oxidation tes t, b u t 
undoubtedly oxidation  play'ed an  im p o rtan t p a r t.  I t  w ould be of in terest to  look into 
the effect of using different m etals, activ e  and  inert, as well as glass, used as m aterials 
for the dishes, and  to  no te  w hether th e  order in  which different oils were ra ted  by  the  
test was in any w ay affected b y  th e  m eta l used. As a  p relim inary  te s t i t  would p rob­
ably be sufficient to  com pare t he resu lts  a lready  ob tained  w ith  those obtainable on the 
same oils using copper dishes. H e found th e  curve p lo ttin g  evaporation  less against 
tem perature (Fig. 5 of th e  sam e paper) ra th e r  surprising. I t  was practically  a stra igh t 
line, w ith a  tendency tow ards fla tten in g  a t  th e  h igher tem peratu res. H e had  had 
occasion recently to  prepare  curves of a  sim ilar ty p e , b u t over th e  range 120—200“ C. 
for a whole series of oils of different ty p es , an d  these showed a  very pronounced steep ­
ening a t the higher tem pera tu res . I t  seem ed probab le  th a t  in  th e  case of th e  dish
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tes t, oxidation and  polym erization a t  th e  h igher tem pera tu res were a  contributory

fa Mr1 Beale had  referred to  th e  alm ost phenom enal cleanliness an d  freedom  from carbon 
of a crankcase oil which was being constan tly  filtered during  service. I t  was difficult 
to explain the particu lar case which he quoted , b u t i t  was certain ly  a  fact th a t  removal 
of solid m atte r during service had  an  im p o rtan t effect. Some tim e ago his laboratory 
carried ou t a  series of tes ts to  s tu d y  th e  effect of ty p ica l crankcase carbon. A sample 
of th is was filtered off from a used oil and  w ashed free from  oil, and  very  sm all percent­
ages were introduced in to  various new oils, w hich  were th en  com pared, on th e  Air 
Ministry oxidation tes t, w ith  th e  unco n tam in a ted  oils. The effect was m arked in 
every case, and quite  considerable in  some cases. In  fact, re su lts  like double coke 
values and' asphalt a fter ox idation  were ob tained  in  several cases w ith  quite  small 
percentages, even allowing for th e  added  carbon to  give a  coke value and asphalt 
content of 10 per cent. These series of tes ts , of course, were a  p rac tica l dem onstration 
of the  generally accepted opinion th a t  th e  deg radation  of oils w as an  autocatalytic 
process, the  products of reactions being c a ta ly sts  for th e  progressive oxidation of the 
oil.

M r. D. C l a y t o n  said th a t  th e  effect of surface finish on th e  resu lts  w ith  the Timken 
machine as described by Mr. J .  H . E vans w as very  in teresting , and  supported  the claims 
made by Chrysler for th e ir  “ superfinish.”  This effect m igh t exp lain  some of the 
differences found betw een different extrem e-pressure lu b rican t testing  machines. 
I t  was notew orthy, however, th a t  as regards coefficient of friction , and  to  some extent 
as regards load carried, a ll th e  te s ts  w ith  polished surfaces grouped them selves together 
and  lay ap art from those w ith  ground surfaces; th is  suggested th a t ,  provided the 
surfaces were reasonably well polished, th e  degree w ould n o t be critica l. I t  was thought 
th a t the  explanation  for th e  change w ith  finish m igh t lie in  th e  form ation of partial 
fluid film between th e  cup an d  th e  block. S upport for th is  w as found in Peppler’s 
m easurem ent of fluid film pressure in  a  m achine of th e  A m sler w ear-testing type,* 
and S. W ay’s exp lanation  of p ittin g  in  a  sim ilar m achine in  term s of th e  hydrodynamic 
pressures.| Moreover resu lts of M aag’s were quo ted  on p . 742 showing the  effect of 
viscosity. On th e  o ther hand , th e  im pressions were show n to  be n o t g reatly  different 
in size, and  it  would be in teresting  to  know w hether th e  appearance of th e  scars sug­
gested any difference of régime.

The effect of p lating  on th e  behaviour was also in teresting . The explanation  might 
be in greater effective sm oothness, or in  different cohesional properties ; little  was 
known on the  la tte r  subject. There was a possible lin k  here w ith  th e  tin-p la ting  of 
pistons, etc ., where a  difference of “ pick-up ”  was found. T his connection m ight be 
im portan t ; i t  was th o ugh t th a t  th e  sam e fundam en ta l phenom ena were involved, viz. 
the transition  from fine to  course partic le  rem oval.

Messrs. B ax ter, Snow, and  Pierce also prov ided  a  sim ilar link  w ith  cylinder operation 
as regards p re-treatm en t, as th e ir w ork was closely re la ted  w ith  some of th e  anti- 
scuffing trea tm en t of p iston-ring surfaces to  facilita te  running-in .

There was a notew orthy im portance in  th is  p re -trea tm en t, because it  would allow 
surfaces to  be trea ted  w ith  extrem e-pressure dopes which, though  effective, could not 
be m arketed on account of o ther qualities such as odour, in stab ility , e tc . On the 
other hand, as regards com parison w ith  runn ing-in  trea tm en ts , th e  p re-treatm en t was 
not an a lte rna tive  in so far as in itia l roughnesses were rem oved during  running-in.

The sm all, rough impression found w ith  th e  T im ken m achine was sim ilar to  th a t 
obtained in his (Mr. C layton’s) te s ts  w ith  th e  4-ball ap p a ra tu s  w hen “ m ild  ”  seizures 
occurred, and  it  had  been found a t  one stage in  th e  load range for powerful extreme- 
pressure lubricants (Fig. 5 (c)). I t  was curious th a t  sa tis fac to ry  runn ing  could be 
obtained under those conditions in  view of th e  effects of finish shown by  Mr. Evans.

\ \  ith reference to  the  paper by Messrs. McNicol, W illiam s, an d  L am arq u e , Mr. Clayton 
said it was unfo rtunate  th a t  any  suggestions regarding th e  te s ts  involved complication, 
as the  present m ethod was so delightfu lly  sim ple. T he te s ts  described by  Moutte, 
Dixmier, and Lion J indicated , however, th e  im portance of low- as well as high- 
tem perature  trea tm en t in affecting th e  ty p e  of o x idation  p ro d u c t. Also imm ediate

* V .D .I. Forschungsheft No. 391, 1938. 
t  J l. A p p . Mcch.— Trans. A .S .M .E ., 2, 1935, p. A49.
J I .  Mech. E ., “ G eneral D iscussion on L u b rica tio n ,” 1937, vol. 2, p . 372.
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high-tem perature tre a tm e n t p reven ted  th e  volatile  portion  p laying any  p a r t in the  
oxidation process.

The agreem ent w ith  th e  service order of six lub rican ts as regards chemical stab ility , 
and the correspondence Mr. W ilford (p. 610) found betw een h a rd  asphalt in service and 
in the A ir M inistry  ox idation  te s t, ind ica ted  th a t  correlation ought to  be possible 
considering th e  new  te s t  as an  ox idation  te s t. A num ber of o ther dish tes ts  had  been 
made, e.g., by  th e  B ureau  of S tandards and  b y  van  H in te  (m entioned by Mr. Boum an), 
and it would be in teresting  to  know  w hether there  was any  correspondence in  the  results. 
One of th e  obvious difficulties was th e  lack  of knowledge of th e  oil used in  each case 
and they had  th ere  y e t an o th e r exam ple of th e  benefits th a t  would accrue from the 
availability to  a ll experim enters of tw o or th ree  comm on reference oils.

D r. H . W r i g h t  B a k e r  w rote th a t  K eyser and  Miller, when speaking of cylinder wall 
tem peratures h ad  m entioned  “ an o th er useful to o l.” H e w ould go m uch fu rther, and 
suggested th a t  w all-tem peratu re  m easurem ents, which could be m ade very simply, 
were essential to  an  u n d erstand ing  of m any  problem s. The tem pera tu re  of th e  coolant 
was alm ost useless as a  guide to  th e  tem p era tu re  conditions or variations a t the  walls. 
A knowledge of p iston  tem p era tu res , a lthough  m uch m ore difficult to  obtain , was highly 
desirable, even if only to  p rev en t th e  easy acceptance of theories which a t  first sight 
seemed obvious, b u t w hich were, in  fact, frequen tly  false.

The authors were to  be co n g ra tu la ted  on  th e ir  con tribu tion  to  th e  developm ent of a 
simple and robust m ethod  of m easurem ent which could be applied  th rough  long-period 
r u n s  and which was largely  free from  th e  variables in troduced by  linkages, e tc ., in the  
piston m outh . C erta in  m odifications m igh t be suggested— for instance, th e  use of 
alum inium -constantan couples w ith  alum in ium  pistons, coupled w ith  a differential 
method of tem pera tu re  m easurem ent w hich w ould enable six con tacts to  serve for 
five couples instead  of three .

I t  was to  be reg re tted  th a t  a lth o u g h  th e  m ethod  h ad  been known for some years, 
the data  regarding th e  ap p a ra tu s  were still so scan ty— th e  drawings were published 
without any  scale a ttach ed , and  no m en tion  was m ade of plunger m ass and  spring 
strength, which w ould p ro b ab ly  be very  re lev an t m a tte rs  a t  really  high speeds.

The same lack  of d a ta  was v ery  noticeable th ro u g h o u t th e  paper—for instance, 
Fig. 8 was published w ith o u t reference to  p iston  m eta l, and  again w ithout a  scale, 
although th e  tem p era tu res m igh t v a ry  w ith  different p istons under th e  same te s t 
conditions and  in  th e  sam e engine from  those w hich gave a  very  ligh t varnish  under 
the crown to  others a t  w hich  no carbonaceous deposit w hatever could exist. He 
(Dr. Baker) could only recom m end g reat cau tion  in  accepting  th e  figures given in the  
paper un til such tim e as th e  d a ta  necessary  for th e ir  understand ing  were forthcom ing.

A piston design was a  com prom ise, b u t i t  should  be a  balanced compromise. Some 
of the worst cases of “ lu b ricatio n  ”  troub les w ould go when it was realized th a t  one 
bright idea did no t m ake a  p iston .

He hoped th a t  th e  au th o rs  w ould con tinue th e ir  w ork of collecting and  sifting facts, 
and would publish  th em  w ith  fu ll de ta ils . T here w ould be far less ta lk  of “ road tests ” 
when they had  tak en  th e  tro u b le  to  trac e  th e  variables which affected their problem s. 
Engine tests were sufficiently com plex w ithou t th e  in troduction  of chassis, road, 
weather, and personal factors. T he im portance of th e  tem pera tu re  factor was very 
great.

M r . J . H . E v a n s , i n  r e p l y  t o  t h e  D i s c u s s i o n  o f  h i s  p a p e r ,  w r o t e  :

“ As Mr. E . A. E v an s p o in ts o u t in  h is sum m ary  o f th e  papers, th e  term  ‘ dope ’ is 
very loosely used to  app ly  to  extrem e-pressure  add itives in  b o th  oils and greases, and 
it is preferable th a t  such agen ts should  be referred  to  as E .P . add ition  agents or E .P . 
bases.

Although having a preference for n o n -separa ting  lim e-soap greases for th e  general 
lubrication of Tim ken bearings, i t  w as n o t in ten d ed  to  convey th a t  all and  sundry 
lime-soap greases were sa tisfac tory  an d  soda-soap greases unsatisfactory . Conditions 
of application m ust alw ays be carefully  considered an d  recom m endations ad justed  
accordingly. As E vans s ta ted , a  rig id  specification has been draw n up, b u t i t  is 
significant, from th e  long lis t of approved  m anufactu rers, th a t  th e  grease-m akers can 
consistently m eet th e  requ irem ents o f such specifications.

I t  is gratifying to  learn th a t  th e  T im ken  S tab ility  T est has become b o th  popular and
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im portan t, as th is  m ilita tes  against th e  lone struggle th a t  took  place for such a  long 
tim e.

In  reply to  Mr. D. Clayton, i t  is apprec ia ted  th a t  va ria tio n s in  th e  surface finish m ay 
account for some of th e  differences betw een different E .P . tes tin g  m achines. The 
question of surface finish of te s t  com ponents is v ery  in v o lv ed ; experim ents m ade on 
com ponents which had  been m easured on th e  “ C ontoragraph ” d id  n o t resu lt in 
accordance w ith  th e  ra tin g  of th is  instrum ent.

The effect of surface polish, as C layton suggests, is to  re-group th e  O .K. loads and 
coefficients of friction in  a  m uch higher p lane th a n  th e  g round  com ponents.

This helps to  ob tain  uniform ity  o f te s t  com ponents finish, b u t rem oves th e  com­
parison betw een testing  m achine and  ord inary  w orkshop finish of p a rts , unless 
‘ Superfinish ’ becomes general practice  for all g round or m achined components.

The scars on the  te s t  blocks are shown in  P la te  I  a t  th e ir  O .K . load.
S tandard  grind, fairly  deeply w orn  scratched  su rfa ce ; I .F . sim ilar appearance 

sm aller a rea ; O.D. and  rouge sm all scars slight separa ted  scratches.
W ith  the  exception of th e  s tan d ard  grind, which show ed th e  usual abrasive wear 

the  others consist of fine abrasive lines having very  little  d ep th .”
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PREPARATION OF SOME PURE HYDROCARBONS 
FOR THE PURPOSE OF TESTING THE PHYSI­
CAL METHODS IN USE FOR THE EXAMINATION 
OF HYDROCARBON MIXTURES.* (PART I.)

By H. I. Waterman, H on.M .Inst.Pet., J. J. Leendertse, A .M .Inst.Pet., 
and D. W. van K revelen.

Introduction.

I n  the first paper on this subject,f  attention was directed to the applic­
ability, within narrow limits,1 of the specific refraction moleeular-weight 
method 2 to the determination of the elementary composition of saturated 
hydrocarbon mixtures. Proof for this applicability was furnished by 
comparing the results of a great number of elementary analyses of highly 
divergent mixtures of hydrocarbons of high molecular weight, with the 
results obtained from the application of the specific refraction method. 
Naturally, the limits of accuracy between which this check could be effected 
depend on the limit of accuracy of the elementary analysis. The latter, 
however, is not so great as the accuracy that can be reached in the deter­
mination of the specific refraction, so that for a complete test of the specific 
refraction method it is necessary to carry out a more exact check in some 
other way. This can only be achieved by preparing a number of pure 
hydrocarbons t)f different types, and testing the specific refraction method 
on these hydrocarbons and on mixtures of them.

Moreover, testing the specific parachor molecular-weight m ethod3 
also requires a knowledge of the properties of a number of pure hydro­
carbons of different types. It  is known that, according to the latter method, 
an indication would be found in regard to the degree of branching of 
hydrocarbon mixtures, by comparing the cyclic character of the mixtures 
derived by means of the specific refraction method with the cyclic character 
obtained by the application of a specific parachor molecular-weight diagram 
evolved for this purpose. As a matter of fact, branched products show an 
excess of rings in the specific parachor diagram. The magnitude of this 
excess .is a measure of the branching.

In view of the above, the authors intend to prepare a number of pure 
hydrocarbons of different types, of which those discussed in this paper 
are the first.

A description is given below of the preparation of pure normal octa- 
decyl benzene, from which, by hydrogenation, pure octadecyl cycZohexane 
could be obtained. It is on the latter substance that the above specific 
refraction and specific parachor molecular-weight methods were applied. 
The results obtained were approximately the same as those calculated for 
the pure substance concerned. Thus the hydrogen content derived from 
the observed specific refraction (0-3304) amounted to 14-49 per cent.,

* P aper received Ja n u a ry , 1939.
t  Compare “ The P u r ity  of som e H ig h  M olecular H ydrocarbons as described in 

the L ite ra tu re ,” b y  H . I . W aterm an  an d  J .  J .  L eendertse, J .  In s tn  Petr. Tech., 1939, 
25, 89.
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whilst on the strength of the constitution a hydrogen content of 14-38 
per cent, was to be expected.

The octadecyl cycZohexane, however, differed considerably from the 
product prepared by Mikeska.5 As a by-product in the preparation of the 
octadecyl benzene, liexatriacontane was obtained. This latter product, 
too, was analysed after further purification.

Moreover, the specific refraction and specific parachor molecular-weight 
methods were applied to a synthetically prepared, not absolutely pure 
octyl cycZohexane, and also to the hexadecane obtained as a by-product in 
the preparation of the former. For all these hydrocarbons the methods 
gave the results expected.

Description of the Investigation.

As base materials for the synthesis there were available normal primary 
octyl chloride, normal primary octadecyl chloride and bromobenzene, which 
were thoroughly purified. The original idea was to prepare the above 
aromatics, which, when carefully hydrogenated, could supply the desired 
saturated naphthenes, by making the Grignard compound of the chlorides 
or bromobenzene, and reacting this with bromobenzene or the chlorides, 
respectively. It was found possible, in fact, to make the Grignard 
compound concerned, but condensation with the corresponding component 
met with considerable difficulty, so that another method was adopted 
for the preparation. As such the W iirtz-Fittig reaction was selected, in 
which, starting from a mixture of bromobenzene with the chlorides, the 
aromatic in question was formed. For preparing octyl benzene this 
reaction was carried out in the presence of ether; for preparing octadecyl 
benzene this dilution with ether could be omitted.

In addition to the reaction product desired, diphenyl (resulting from the 
reaction of 2 mols. of bromobenzene) and hexadecane and hexatriacontane, 
respectively (resulting from the combination of two chloride molecules), 
were also obtained in the reactions. Owing to these additional reactions 
the octyl benzene obtained could not be separated in an entirely pure 
state, as the impurities were very difficult to separate from the required 
product, due to the slight differences in the boiling points. The. hexa­
decane preparation obtained as a by-product is to be considered as a 
practically pure product. Therefore, even if these preparations had no 
direct value for testing the specific refraction method, they were quite 
suitable for checking the specific parachor method, in so far as it consists in 
comparing the cyclic character of the products derived from the specific 
refraction and specific parachor molecular-weight graphs.

More favourable were the results obtained in the preparation of the 
octadecyl benzene and the hexatriacontane formed as a by-product in this 
preparation. In this case the additional reaction resulting in the formation 
of the paraffin was a very welcome one, as it ensured simultaneous, rapid, 
and reliable preparation of the hexatriacontane.

Besides the above additional reactions, which were expected, there was 
another reaction, although occurring to a slight extent only, w-hich will 
be discussed later in greater detail.
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The bromobenzene used was a commercial preparation, purified 
by repeated subjection to sharp fractionation at atmospheric pressure 
A preparation was finally obtained with a boiling point (760 mm.) of 155-2- 
155-9° C.,»b =  1-5599, d f  =  1-4914, molecular refraction 34-03 (calc. 34-07), 
and this was taken as a base material for the experiments.

As normal primary octyl chloride a preparation made by Fránkel and 
Landau was used (quality “ purest ” ). Although its appearance was fairly 
pure, this product was also subjected to a repeated fractionation at atmo­
spheric pressure. The final preparation used in the syntheses had 
the following constants: boiling, point (755 mm.) 182-8-183-6° C., n f  
=  1-4306, d f  — 0-8704, molecular refraction 44-15 (calc. 44-01), chlorine 
content 24-1 per cent. (calc. 23-9%).

The purity of this substance was further evidenced by the fact that its 
melting point was entirely constant and coincided with its solidifying point.

The normal primary octadecyl chloride, too, was a commercial prepara­
tion made by Frankel and Landau, and it was also purified. In this case 
purification by distillation was not really practicable, as even when distilling 
under a considerably reduced pressure some decomposition was found to 
take place. Purification of this substance could, however, be effected by 
fractional crystallization. Finally, a preparation was obtained with a 
constant solidifying point, or melting point, respectively, of 19-5° C. The 
preparation had r if  1-4450, n f  1-4445, n f  1-4440, d f  0-8490, specific 
refraction (41°) 0-3129, (20° corrected) 0-3124 (calc. 0-3123).*

P r e p a r a t i o n  o f  O c t y l  B e n z e n e ,  O c t y l  cyc loH e x a n e  a n d  H e x a d e c a n e .

34-5 gm. sodium wire were introduced into 250 cm.3 absolute ether, and, 
after cooling in ice-water, a mixture of 63 cm.3 bromobenzene and 124 cm.3 
octyl chloride were added. The flask was then fitted with a Liebig cooler. 
After some time the sodium began to darken and heat was generated to 
such an extent that the ether began to boil and even partial distillation 
took place. When the reaction had proceeded for about 18 hrs., the excess 
sodium was decomposed with alcohol, the salts formed were dissolved in 
water, the ether layer was separated off, the water layer extracted with fresh 
ether, and the ether layer combined with the ether extracts dried on 
anhydrous Na2S 0 4. This complete treatment was repeated twice in exactly 
the same manner. After evaporation of the added ether, the total reaction 
product was subjected to distillation at 16 mm. In order to give an idea 
of the proportions in which the products had formed, the result of this first 
distillation is given below :

boiling point 40-70° (16 mm.) n f  1-4260 about 80 cm.3 
„ 120-150° „ „ 1-4856 „ 130 „
„ 150-160° „ „ 1-4650 „ 40 „
„ 160-168° „ „ 1-4565 „ 20 „

From this result we assumed that complete separation of the components

* A more exact proof for t h e  s t r u c t u r e  o f  t h i s  b a s e  m a t e r i a l  w i l l  b e  g i v e n  i n  a  
following paper.
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by distillation would meet with serious difficulties. The fractions obtained 
were subjected to numerous redistillations, and finally 66 cm.3 of an “ octyl 
benzene ” preparation were obtained, with a boiling point of 140-144° C. 
(16 mm.). In view of the large boiling range, this is by no means to be 
considered as an entirely pure substance. The properties of the preparation 
are given in the table. Since a more satisfactory method of purification 
was not available in this case, the above product was used in the preparation 
of the “ octyl cyc/ohexane.”

For this purpose the product was subjected to careful hydrogenation 
under high hydrogen pressure (initial pressure about 150 kilos/cm.2), in 
the presence of 10 per cent, nickel catalyst (nickel on kieselguhr), the 
temperature remaining below 200° C. for the greater part of the hydrogena­
tion. Only when the product was almost completely saturated was the 
temperature raised for some time above 200° C. (maximum 255° C.). The 
constants of the product thus obtained were determined; they are also 
given in the table.

The higher-boiling fractions of the reaction product of the Wurtz-Fittig 
reaction were expected to consist essentially of hexadecane. Actually in 
the above fractionations of the reaction mixture two fractions were 
separated, the properties of which approximated those of hexadecane as 
mentioned in the literature, but which possibly still contained some octyl 
benzene,an impurity which is very difficult to separate from it by distillation.

Besides this, however, another impurity had to be considered; when 
determining the bromine number of one of the “ hexadecane fractions,” it 
showed a certain degree of unsaturation, pointing to the presence of olefinic 
double bonds. By treating the preparations with concentrated sulphuric 
acid and subsequently separating them with 5 per cent, fuming sulphuric 
acid and subjecting them to sharp fractionation, the products shown in the 
table as hexadecane I and hexadecane II are finally obtained.

In view of the process adopted, the hexadecane II is to be considered as 
the purest hexadecane preparation made by u s ; it had a constant melting 
point and solidifying point coinciding with each other. The other properties 
tallied well with those of the pure normal hexadecane described by Van 
Westen. Therefore, at any rate, the conclusion is justified that the hexa­
decane II is to be considered as a practically pure normal hexadecane.

The discovery of slight unsaturation due to olefinic double bonds in one 
of the “ hexadecane ” preparations led us to consider the Wiirtz-Fittig 
reaction in greater detail.

In order to find out whether the formation of the unsaturated compounds 
was caused by a possible splitting off of liydrocloric acid from the octyl 
chloride, the latter was made to react with sodium using ether as a medium, 
in a manner comparable with the process adopted when octyl benzene was 
formed. In the distillation of the reaction product first runnings were indeed 
found to be present, containing, in addition to unconverted octyl chloride 
and octene, also octane. The “ hexadecane ” separated by distillation also 
proved to contain a small amount of define (bromine number, according to 
Mcllhiney, 8-5). Therefore, in the reactions in which octyl chloride enters 
into contact with sodium under the conditions referred to above, it appears 
that we have to consider a reaction comparable with that in which hydro­
chloric acid is split off, octene being formed at the same time. This



octene might then be hydrogenated to normal octane by the hydrogen 
formed from sodium and the acid, whilst another part of the octene might 
have formed the hexadecene by polymerization; the latter might be partly 
recovered directly in the form of hexadecane by hydrogenation. The 
possibility of a branched hexadecene being formed partly when the octene 
is polymerized as stated above must not be precluded. On the other hand, 
the agreement found between the hexadecane II and the preparation made 
by Van Westen (see table) in quite a different way, and renders the presence 
of branched hydrocarbons in the preparations used for checking purposes 
highly improbable. Moreover, if the reaction scheme drawn up by Schlu- 
bach and Goes 4 for analogous reactions described in the literature should 
also hold good for this case, the formation of branched hydrocarbons would 
be out of the question.

Finally it may be stated that high-pressure hydrogenation was carefully 
carried out on the hexadecene-hexadecane mixture obtained, with nickel 
as a catalyst, the highest temperature being 162° C. The product found 
has been called hexadecane III  in the tables. Although this preparation 
was not purified with the same care as the previous hexadecane prepara­
tions, the specific refraction and the specific parachor prove to tally 
practically entirely with those of the other hexadecane preparations.

Preparation of Octadecyl B enzene, Octadecyl cyc/oHexane and
H exatriacontane.

For the preparation of octadecyl benzene the base material consisted of 
62-5 gm. sodium wire, 133-5 gm. bromobenzene and 350 gm. octadecyl 
chloride. Immediately after the sodium was introduced, the flask was 
placed in ice water and provided with a reflux cooler. In this case the 
reaction was slow ; after the flask had been left to stand at low temperature 
for some 18 hours, in order to carry through the reaction as far as possible, 
the whole was heated up to 150° C. Thereupon the unconverted sodium 
was decomposed with alcohol, the separated salts dissolved in water, and 
the water layer extracted with fresh ether. In this treatment part of the 
reaction product remained undissolved; a large quantity of solid organic 
matter was left. This product was filtered off, 70 gm. of a substance with 
a melting point of 72° C. being separated.

The portion soluble in ether was distilled, first under atmospheric pressure 
to remove the ether, then at a pressure of 2 mm. First 8 gm. distillate were 
obtained, then 75 gm. unconverted octadecyl chloride (boiling point 175- 
190°, 2 mm.), and the rest distilled over almost completely at 212-216° C. 
The latter substance was the octadecyl benzene, of which some 70 gm. were 
obtained. This impure octadecyl benzene was purified by repeatedly 
subjecting it to crystallization. The best process that could be adopted 
for this purpose was dissolving the substance in ether and precipitating it 
again from the ether solution by means of methanol. This was repeated 
until the melting point remained entirely constant. The product thus 
obtained was a pure white powder. The constants are shown in the table, 
in which the data found by Mikeska are also mentioned.

This octadecyl benzene w-as used for the preparation of pure octadecyl 
cycZohexane. To this end the substance was subjected to careful hydro-

EXAMINATION OF HYDROCARBON MIXTURES. PART I. 8 0 5
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genation under high hydrogen pressure and with nickel catalyst, in the 
same way as mentioned for the preparation of the octyl ryc/ohexane. The 
maximum temperature in this case was 260° C.*

Com pound.

" D - <**/«. r D*
r 20 D "

T h e o r ­
e tica l.

A niline 
P o in t.  ° C.

M olecular
W eight.

nD. t°C . d. t° C. rD’ t° C. O b ­
serv ed .

F ro m
G raph .

O b­
served.

T h eo r­
etical.

“  w-Octyl benzene”

O 0 '

1-4890 20 0-8622 20 0-3348 20 < - 5 190-18

“  O ctyl cycZohexaDe ” 1-4515
1-4311

20
70-3

0-8165
0-7822

20
70-3

0-3301
0-3310

20
70-3

0-3294 74-7 195 196-22

“  H exadecane ”  I 1-4354 20 0-7752 20 0-3369 20 0-3363 — — — —

“  H exadecane ”  I I 1-4351 20 0-7746 20 0-3369 20 0-3363 95-0 95 —

“  H exadecane ”  I I I  
H exadecane l ite ra tu re

1-4345 
1-4352 a

20
20

0-7742 
0 -7 7 5 1 a

20
20

0-3367 
0-3368 a

20
20

0-3363
0-3363 -

—
-

O ctadecyl benzene

O ctadecyl benzene 
l ite ra tu re

1-4778
1-4768
1-4745
1-4730

1-4640 
1-4600 
1-4812 c

27
30
36
40

63
73-5
25

0-8437
0-8224

0-8540 c

41
71-5

25

0-3322
0-3335
(ex tra -

p o l.)
0-3313

0-3333 c 
(calc .)

41
71-5
20

25

50-7 

47-0 c

- - 330-33

O ctadecyl cycZohexane

O ctadecy l cycZohexane 
lite ra tu re

1-4555
1-4542
1-4522
1-4500
1-4420

1-4538 c

33-8
38
43
49
70-3

25

0-8126

0-7983

0-8340 c

48

70-3

25

0-3310

0-3315

0-3304 
(e x tr .)  
0-3246 c 
(ca lc .) 

0-3245 
(e x tr .)

48

70-3

20

25

20

0-3294

0-3294

106-7 106

-

336-38

H e x a triaco n tan e

H ex a triaco n tan e
lite ra tu re

1-4359
1-4349
1-4341
1-4316
1-4313

77
80
82
88
89

0-7795
0-7671

0-7819 d

82
100

76

0-3341
0-3348
0-3319
(e x tr .)

82
100

20 0-3325

132-8 126 506-59

a H . A . v . W esten , Thesis, D e lft, 1931, p . 70. H . I .  W a te rm a n , P .  v a n  ’t  S p ijk e r , a n d  H . A . v a n  W esten, Rec. 
trav. chim., 1929, 48, 1103.

*> P . C. C arey  an d  J .  C. S m ith , J . ehem. Soc., 1933, 346. 
c L . A. M ikeska, Ind . Eng. Chem., 1936, 28, 970. 
d F . K ra ll t ,  Rer., 1907, 40, 4779.
® G ascard , Compt. rend., 1911,, 1 5 3 , 1486.

The reaction product of the hydrogenation was recrystallized in the 
same way as described for the corresponding unsaturated product. The

I t  has since been proved th a t  th is  hydrogenation  a t  high tem p era tu re  in the  
presence of nickel cata lyst has n o t caused undesired side-reactions (compare H . I. 
W aterm an, J .  J .  Leendertse, and  J .  F . Sirks “ P rep a ra tio n  of some Pure  H ydro­
carbons, e tc .” , P a r t  I I ,  p .  809.
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substance finally obtained consisted of small leaves with a silvery lustre, 
the properties of which are shown in the table, together with the constants 
mentioned by Mikeska.

Surface 
Tension 1 

t° C.

Specific
P a ra c h o r . Specific

P a r a ­
ch o r

Specific 
D is ­

p e rs io n  
X 104.

N u m b e r  o f rin g s  
p e r  m olecule. Boiling

P o in t,
°C .

M elting
P o in t,

°C .

H a lo ­
gen

o(dyne/
cm.).

t° C. V• t° C.

fro m
g ra p h . F ro m

r 2°
D ’

p 20. T h e o r­
e tica l.

te n t,
% .

30-59 20 2-728 20 239 140-144 
(16 m m .)

^The a u th o rs ’ 
p rep a ra tio n s

29-17 20 2-846 20 2-846 154-5
(70-3)

0-9 1 1 — 0

27-66 20 2-959 20 2-962 — - 0 - 1 0 0 160-162 
(15 m m .)

17-0 —

27-67 20 2-961 20 2-962 — - 0 - 1 0 0 157-158 
(15 m m .)

17-8 —
T h e a u th o rs ’

“ p rep a ra tio n s

27-50 20 2-958 20 2-962
-

- 0 - 0 5
- 0 - 1

0 0
0 =

14-8
18-136
17-8»

- '

30-85
28-88

50
71-5

2-815
2-819
2-809

(ex tr .)

50
71-5
20

— - — - - - 32-8 

35-36 c

- ' T h e a u th o rs ’ 
p rep a ra tio n

29-75

28-26

48

70-5

2-874

2-889

48

70-5

153 0-8 0-9 1 4 0-7-
40-8

0 ' T h e  a u th o rs ’ 
p rep a ra tio n

- -

2-855
(ex tr .)

20 2-847

- 2-0 - 1 - 40 c -

27-48
26-59

84
98

2-943 
2-955 
2-888 h 

(ex tr .)

84
98
20 2-901

(0 -2 )h (0 -2)6 0 76-0

a b o u t  76-0 d 
76-0 e 
76-5 « 
78-5 8

0
"i T h e  a u th o rs ’ 
/  p rep a ra tio n

1 A. O skerko , Chem. Zentr., 1914, I I ,  1265.
8 P . A. L evene, C. J .  W est, a n d  J .  v . d . S ch ee r, re f . in  Brit. Chem. Abstr., 1915, 34, 634. 
h E x tra p o la te d  o v e r a  w ide te m p e ra tu re  ran g e , a n d  th e re fo re  n o t  v e ry  a c cu ra te .
* The d e te rm in a tio n s  w ere  m ad e  b y  th e  s ta la g m o m e tr ic  m e th o d , 
i This p rep a ra tio n  d id  n o t  c o n ta in  a n y  s u lp h u r  .

Finally it was necessary to further purify the solid substance, only 
slightly soluble in ether, which was separated from the total reaction 
product and wThich, in view of the way in which it was formed, may be 
considered to be impure hexatriacontane. This product, coloured slightU 
brown, was recrystallized a few times from petroleum ether, after the 
solution had been treated with norite. Finally the melting point became



constant at 76-0° C. The product consisted of pure white leaves and was 
fairly readily soluble in warm petroleum ether and warm benzene, but 
soluble with difficulty in ether and alcohol. The constants of this substance 
are also given in the table.

It may be remarked that in this synthesis no indications were found of 
the formation of olefinic unsaturated compounds.

Consideration of the R esults Obtained.

It follows from the results obtained that for the compounds considered 
the number of rings per molecule may he derived from the specific refraction, 
with an accuracy of at least 0-2 ring per molecule.

For the calculation of the specific refraction of hexatriacontane at 20° C. 
it was necessary to extrapolate over a very large temperature range, there­
fore in this case the latter specific refraction value may be somewhat less 
accurate than for the octadecyl cycZohexane. Y et the results obtained 
could still he qualified as highly satisfactory, as the specific refraction gave 
an indication of 14-66 per cent, hydrogen, whilst from the constitution 
14-72 per cent, might be expected.

It is apparent from the specific parachor values found that the specific 
parachor tallies well with the specific parachor molecular-weight diagram 
previously drawn up. Here, too, the result for hexatriacontane is slightly 
less accurate than for the other compounds, owing to the large extrapolation 
required for calculating the specific parachor at 20° C.

When two compounds of a homologous series differing appreciably in 
molecular weight correspond in properties, it is not probable that the other 
compounds belonging to this series will show deviations, therefore we may 
consider this check as a check on the curve of the unbranched paraffins 
and on the curve of the monocyclic six-ring naphthenes with only one 
unbranched side-chain. For the compounds in question, when calculating 
the number of tertiary C atoms by a comparison of the number of rings per 
molecule derived from the specific refraction and also from the specific 
parachor, about 1 tertiary C atom would be found, which, within the limits 
of accuracy of observational error, agrees with the actual content.

References.
1 H . I. W aterm an and J . J . Leendertse, Chimie et Industrie , num éro spécial congrès 

Paris, Septem ber 1937.
J . C. Vlugter, H . I . W aterm an, and H . A. van  W esten, J .  In s tn  Petr. Tech., 1935, 

21, 661.
3 H . I. W aterm an an d  J .  J .  Leendertse, ibid., 1938, 24, 16.
1 H . H . Schlubach and E . C. Goes, Ber., 1922, 55, 2889.
6 L. A. M ikeska, In d . Eng. Chem., 1936, 28, 970.

Laboratory of Chemical Engineering,
The University,

Delft.
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P R E P A R A T IO N  O F SOM E P U R E  H Y D R O C A R B O N S  
F O R  T H E  P U R P O S E  O F T E S T IN G  T H E  P H Y S IC A L  
M ET H O D S IN  U S E  F O R  T H E  EX A M IN A T IO N  
O F H Y D R O C A R B O N  M IX T U R E S .*  (P A R T  II.)

By H. I. W a t e r m a n ,  Hon.M.Inst.Pet., J. J. L e e n d e r t s e ,  A.M.Ingt.Pet.,
a n d  J. F. S e e k s .

Summary.

T he n-octadecylcj/cZohexane prepared  in  a  pure  s ta te  from  cycfohexyl 
iodide and  oetadecyl chloride has been shown to  be identical w ith  the  
n-octadecylcyciohexane prepared  from  n-octadecvl benzene by  hydro­
genation  a t  200-260° C., using high-pressure hydrogen and  nickel-on- 
kieselguhr as a  ca ta ly s t.1 Thus, hydrogenation  u nder these conditions did 
n o t cause undesirable s tru c tu ra l changes. This fact is of general in terest, 
because sim ilar  hydrogenations are o ften  carried o u t in  th e  analysis of 
hydrocarbon  oils using th e  specific refraction—m olecular weight method.*

I n t r o d u c t io n .

The synthesis of pure n -octadecvlcyciohexane has been described in a 
previous paper.1 For the preparation of this compound, the Wurtz- 
Fittig condensation of normal primary oetadecyl chloride and bromo- 
benzene was used, followed by purification of the oetadecyl benzene. 
In order to obtain ra-octadecylcycZohexane from the oetadecyl benzene, the 
latter substance was hydrogenated at about 200-260° C., using high-pressure 
hydrogenation and nickel-on-kieselguhr as catalyst. After two recrystalliza - 
tions of the hydrogen product (yield of these recrystallizations more than 90 
per cent.), the resultant compound was considered to be pure n-octadecyl- 
cycZohexane.

However, during the course of hydrogenation, owing to the relatively 
high temperature and the presence of nickel catalyst, it is possible that iso­
merization or other structural changes might have taken place during the 
reaction. In order, therefore, to prove the reliability of the method of 
preparation of w-octadecylcycZohexane, previously described,1 the authors 
decided to synthesize the same compound in another way, avoiding 
hydrogenation at high temperatures—namely, by the condensation of 
cyclohexyl iodide and n-octadecyl chloride, using metallic sodium.

The condensation product agreed very well with the w-octadecylcycZo- 
hexane previously described,1 and it was therefore concluded that the 
structure of w-octadecyl benzene had not been changed by hydrogenation. 
This fact is also of general interest, in view of the fact that similar hydro­
genations are often carried out in the analysis of hydrocarbon oils using the 
specific refraction—molecular weight method.2

E xperimental.
The method of preparation of re-octadecylcycZohexane described below is 

s im ila r  to the method recently1 followed for the synthesis of pure

3 l

* P ap e r received Ja n u a ry  1939.
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m-octadecyl benzene. cycZoHexyl iodide was, however, used instead of 
bromobenzene. (ct/cZoHexyl bromide could not be used, as the yields 
proved to be very poor.)

The base material “ normal primary octadecyl chloride ” was a commer­
cial product made by Frankel and Landau (quality “ reinst ”), similar to 
the preparation used in the experiments previously described.1 It was 
recrystallized once. [After recrystallization: m ®  =  1 -4509; d f  =

0-8579; specific refraction (25° C.) =  0-3137, (calculated for C18H37C1) 
0-3123; melting point =  19-4° C.]

The cycZohexyl iodide was prepared by interaction of equimolar quantities 
of cyctohexanol (Frankel and Landau, quality “ reinst ” ), and a 70 per cent, 
hydriodic acid solution at room temperature, followed by heating at 105° C. 
for \ \  hour, the reaction mixture being stirred. The lower layer of the 
reaction product was washed with a potassium hydroxide and a sodium 
thiosulphate solution. After drying over anhydrous Na2S 04, it was dis­
tilled. A fraction with boiling point 33° C. (1 mm.) and n“ 1-548 was 
used in the experiment, although it wras probably contaminated with some 
cycZohexanol.

The condensation experiment was carried out in a 1-1. round flask with 
reflux cooler. 14-2 g. sodium (wire) were introduced in the (cooled) mixture 
of 52 g. cycZohexyl iodide and 71-5 g. octadecyl chloride. The reaction 
temperature was kept at about 60° C. during the main part of the reaction. 
When the condensation was nearly finished the whole was heated at 130° C. 
for 1 hour.

After cooling, the unconverted sodium was decomposed with alcohol, 
the separated inorganic salts, the alcohol, etc., dissolved in water, and the 
water layer, as well as the hydrocarbon layer, extracted with cold ether. 
In this treatment a part (25-5 g.) of the product remained undissolved. 
Probably this part (melting point 75° C.) consisted mainly of hexatriacon- 
tane, obtained by the reaction of 2 mols. of n-octadecyl chloride (compare 
also x).

The solution of the hydrocarbons in ether was dried over anhydrous 
Na2S04 and distilled first under atmospheric pressure to remove the ether, 
and then at a pressure of 1-2 mm. The result of this distillation is sum­
marized in Table I.

T a b l e  I .

Fraction
Number.

Quantity,
g-

Boiling
Temp.,

•c.
Distillation
Pressure,

mm.
J1D.

Melting
Point,•c.

Remarks.

I 6-5 80-95 1-2 1-4757 (20°) 
1-4368 (35-2°)

__ Dieyclohexyl ?
II 16-5 144-149 )) 24-7 Probably mainly 

octadecane and 
octadecene

III 1 149-184 __ — —
IV 20-5 184-190 »J 1-4538 (40°) 38-8 Octadecylcydo-

hexane
Residue 5 >  190 » — — —

The melting point and nB values of the fourth fraction are practically the 
same as those for pure octadecylcycZohexane (compare x). This fraction 
was purified by several recrystaUizations, the first time by dissolving it in 
ether and precipitating it from the ether solution by means of methanol,



3 
l 2

Os

T a b le  I I .  
Octadecylcyclohexane.

P ro d u c t from

n 1 D * *«■
Specific

R efraction .
Surface
Tension.

Specific
Parachor. Solidi­

fying
P o in t,

°C .

Specific
D is­

persion.*

N um ber o f R ings 
p er Molecule.

n D. i° C. d. i° C. r'v ■ t° C.
Ot

(dyne/
cm.).

t° C. P f t° C.
from
t$ .

from
i>20-

T h eo r­
etical
Value.

O ctadecylbenzene, 
p repared  by  
D. W . v an  Kre- 
ve len .1

1-4504
1-4420

48
70-3

0-8126
0-7983

48
70-3

0-3310
0-3315
0-3304

48
70-3
20

29-75
28-26

48
70-5

2-874
2-889
2-855

(extra-
pol.)

48
70-5
20

40-7-40-8 153 0-8 0-9 1-0

O ctadecylchloride 
and  cyclohexyl 
iodide prepared  
b y  J .  F . Sirks.

1-4503
1-4423

48
70

0-8124
0-7983

48
70

0-3310
0-3316
0-3302

48
70
20

29-80 48 2-876
2-857

(extra-
pol.)

48
20

40-9 152 0-8 0-9 1-0

* V  7 JL0 x  104. 
a



812 e x a m i n a t i o n  o f  h y d r o c a r b o n  m i x t u r e s . PART II.

followed by simple recrystallizations from ether as such. These 
recrystallization experiments were continued until the physical con­
stants remained practically constant, which was the case after four 
recrystallizations.

In Table II the physical constants of the final product are compared with 
those previously described.1 The figures in this table clearly indicate that 
the two preparations prepared by two investigators using different methods 
of synthesis are identical.* It can therefore be concluded that the hydro­
genation of pure ?i-octadecylbenzene at 2 0 0 -2 6 0 °  C. using high-pressure 
hydrogen and nickel-on-kieselguhr as catalyst has not changed the original 
structure of this hydrocarbon. Moreover, the agreement between the 
physical constants of both products is valuable evidence of the accuracy 
of the constants for pure w-octadecyl benzene and n-octadecylcycfohexane, 
previously described.1

References.
1 H. I. W aterm an, J . J . Leendertse, and  D. W. v an  K revelen, J .  In s tn  Petrol., 1939

25, 805.
2 J . C. Vlugter, H. I. W aterm an, and  H . A. V an W esten , J .  In s tn  Petrol. Tech., 1935,

21, 661.

Laboratory of Chemical Engineering,
The University,

Delft.

* I t  may also be noted  th a t  the  m elting  po in t of a m ix tu re  of equal quantities of 
the preparations of Sirks and  van K revelen 1 agreed com pletely  w ith  the  melting 
points of these individual samples.
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CORRESPONDENCE.

Mr. F. W. Q u a s s  (Fuel Research Institute of South Africa) writes :
Incidental to some work being undertaken at the Fuel Research 

Institute of South Africa, it has been necessary to attempt the reduction 
of the mineral matter of certain coals and oil shales (torbanites). The 
nature and the object of the research made it impossible to use acid ex­
traction as carried out by Dr. Down. By applying a method based on the 
Trent Amalgamation Process, success has been achieved in removing the 
greater portion of the mineral matter from these samples.

The method is briefly as follows : A sample of the torbanite is very finely 
ground with water in a porcelain ball mill and then transferred to a porcelain 
end-runner, where a quantity of oil is added. All the torbanite, after 
grinding, passes through 200 mesh, and the average particle size is very 
much smaller. At this stage the mass consists of 50 gms. of torbanite, 
200 c.c. of water and 60-70 c.c. of oil. The oil forms a paste with the 
carbonaceous material, and the greater portion of the mineral matter 
remains suspended in the water and can be separated. The separation of 
low-ash carbonaceous material from the mineral matter is complete, the 
mineral matter showing no trace of dark colour. The oil-paste is thoroughly 
cleaned by washing with water while agitating it by means of an egg- 
beater. The oil is then removed by washing the paste with hot petrol and 
finally with carbon tetrachloride. The first separation is extremely 
efficient, reducing the ash content of South African torbanite from 40 per 
cent, to about 10 per cent. The process, however, may be repeated success­
fully, and eventually a minimum ash content is obtained. This minimum 
figure is reproducible, and may be provisionally regarded as representing 
the “ organic ” or “ inherent ” mineral matter content of the torbanite.

Analyses of two samples of torbanite before and after treatment are given 
below in Tables A and B.

T a b l e  A .

T H E  A N A L Y S I S  O F  T H E  K E R O G E N  O F  O I L  S H A L E S .*

Proximate Analysis.

S a m p l e  1. S a m p l e  2.

W hole. De-ashed. W hole. De-ashed.

% M oisture . . . . . 0-9 4-2 1-2 1-7
% A sh . . . . . . 31-2 9-7 37-6 4-9
% V olatile  M a tte r. 49-9 61-0 42-7 62-5
% F ix ed  C arbon . . . . 180 251 18-5 30-9
% V.M. (D ry ash-free) . 73-5 70-8 69-8 66-9

In Table A it is noticed that the percentage of volatile matter calculated 
on the dry, ash-free torbanite decreases on the treated samples.

* P ap er b y  A. L. Down, D .Sc., in  th e  A pril 1939 issue of th e  Jo u rn a l (pp. 230-237).
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T a b l e  B.
Ultimate A na lysis.

S a m p l e  1 . S a m p l e  2 .

W hole. D e-ashed. W hole. De-ashed.

% Carbon D .A .F. .
% Hydrogen D .A.F.
% Oxygen D .A .F.
C/H  ratio  . . .  
C/O ratio  .

8 0 - 3
9 1 6
8-2
8-8
9 -8

8 5 - 9
9 0 0
3 1
9 -5

2 7 - 7

7 9 - 2
8 - 5 2  
8-2
9 -3  
9 -7

8 3 -0
8 -2 7
6 1

100
1 3 -6

The ultimate analyses indicate that similar conclusions to those reached 
by Dr. Down can be made, namely :—

(1) the percentage of carbon is higher in the treated samples,
(2) the percentages of hydrogen and oxygen are lower in the de­

ashed samples, and
(3) the ratios of carbon to hydrogen and carbon to oxygen have 

increased in these de-ashed torbanite samples.

At present the solution offered by Dr. Down—viz., that the unknown 
amount of water of hydration of the mineral matter associated with the 
torbanite makes the ultimate analysis, as determined on the original samples, 
contain errors of considerable magnitude—seems the most feasible explana­
tion of the anomalous results given in Tables A and B. From Table A it 
will be noted that the volatile matter content of the de-ashed torbanite is 
less than that for the original, and it seems a pity that Dr. Down did not 
carry out volatile matter determinations on the de-ashed samples as well 
as on his air-dried samples. This decrease follows also quite logically from 
the solution given above.

If, however, the liquids used to wash the oil out of the paste dissolve 
part of the organic material of the torbanite, the effect on the ultimate 
analysis of the samples would be a tendency to give higher carbon and oxygen 
and lower hydrogen contents, since the material extracted is likely to be 
rich in hydrocarbons of a high hydrogen content. For similar reasons the 
volatile matter content should decrease.

No study of this possibility with South African torbanites has as yet been 
made, and it must be recognized that the above argument cannot explain 
the remarkable decrease in the oxygen content of the de-ashed samples 
unless very large quantities indeed of extract are removed by the solvents.

Altogether, at this stage it is felt that the order of any effects due to 
solution is insufficient to account for the differences which obtain, and 
preference is given to the explanation advanced by Dr. Down.

Dr. G. W. Himtts (Elveden Fuel Laboratories, Im perial College, London) 
writes :—

Mr. Quass is to be congratulated on having worked out a method of 
reducing the mineral content of oil-shale by a physical method which can 
be conveniently applied to considerable quantities of material, while at the 
same time it should be possible to make a substantially quantitative separa-
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tion of the kerogen from the mineral matter, the latter being recovered in 
such a condition that it can be examined in detail. The process of removing 
the mineral matter by means of treatments with acids (A. L. Down, Journal 
Inst. Petroleum, 1939, 25, 230-237) suffers from the inherent disadvan­
tages that it is costly and difficult to apply to more than 30 to 50 gms. of 
sample at one time, and also that during the treatment with hydrofluoric 
acid to remove sibca, the silica is not easily recoverable, ; consequently, it 
is generally not feasible to carry out a weight-balance throughout the 
de-ashing.

It would be a matter of interest if Mr. Quass would give quantitative data 
(a) as to the percentages of kerogen and mineral matter recovered from his 
specimens and also (6) as to the nature of the mineral matter separated. 
The statement that the mineral matter showed no traces of dark colour is 
insufficient and might well be amplified.

While, however, the practical value of Mr. Quass’ work is not in question, 
there are one or two statements in his communication which are open to 
criticism. Mr. Quass speaks of “ the anomalous results given in Tables 
A and B .” The “ anomalous results ” presumably are the differences in 
the compositions of the dry, ashless materials as calculated from the 
analyses of the “ whole ” and the de-ashed samples, and he directs attention 
more particularly to higher carbon and the “ remarkable decrease in the 
oxygen content of the de-ashed samples.”

In point of fact there is no anomaly in the results ; the calculation of the 
composition of a solid fuel on a “ dry, ash-free ” basis is really an attempt 
to arrive at the true composition of the organic matter in the fuel—i.e., 
free from moisture and mineral matter. But, inasmuch as the ash as deter­
mined by incineration is invariably less in quantity and different in com­
position from the original mineral matter, the composition of the organic 
component of the fuel as calculated “ ash-free ” will always differ from the 
true composition, the difference being a function of the mineral content of 
the sample on which the analysis was carried out. The errors introduced 
by this difference between the percentages of ash as determined by incinera­
tion and original mineral matter, jplus small errors inherent in any analysis, 
are summed in the “ oxygen ” figure which is arrived at by deducting from 
100 the total of the carbon, hydrogen, nitrogen, sulphur, and ash. 
“ Oxygen ” should be reported as “ oxygen by difference ” or (better) 
“ oxygen p lu s  errors,” and, as Mr. Quass’ results show, the “ oxygen plus 
errors ” may consist chiefly of errors with a little oxygen thrown in as a 
makeweight. If, however, prior to carrying out an analysis, the fuel is 
treated so as to reduce the ash to (say) 2 per cent, or less, the errors are 
reduced, so that the final composition as calculated is a very close approxi­
mation to that of the pure organic matter.

Mr. Quass also remarks that Dr. Down’s suggestion “ that the unknown 
amount of water of hydration of the mineral matter associated with the 
torbanite makes the ultimate analysis, as determined on the original 
samples, contain errors of considerable magnitude—seems the most feasible 
explanation of the anomalous results given in Tables A and B .”

At the outset of the research at the Imperial College, it was realized that 
until the uncertainties resulting from the presence of unknown quantities of 
hydrated minerals containing unknown amounts of combined water could
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be eliminated, it was hopeless to expect to be able to determine either the 
percentage of kerogen in a shale or its composition. The de-ashing process 
described by Dr. Down was therefore devised, and is now applied (with 
suitable modification, where necessary) to all samples of oil-shale which
are to be investigated.

Mr. Quass very properly refers to the possibility that some of the kerogen 
may be removed in solution by the oil during the de-ashing treatment. 
While this danger is a real one, it should be possible to ascertain by experi­
ment whether with any particular sample such an error is likely to be 
introduced, and then to guard against it by suitable modification of the 
treatment.

The above remarks are not oSered in any spirit of carping criticism; 
Mr. Quass has worked out a method which will place in the hands of research 
workers a valuable weapon whereby they may overcome the inherent 
difficulty arising from the association in oil-shales of (often) a relatively 
small quantity of kerogen with a large proportion of mineral matter. By 
the application of this “ amalgamation ” process it should be possible to 
separate the kerogen from the mineral matter in an oil-shale, so that each 
constituent may be thoroughly studied both qualitatively and quan­
titatively.

Dr. A. L. Down (Department of Chemical Technology, Im perial College, 
London) writes :—

The success of a physical method for separating the kerogen from the 
mineral matter of an oil shale or torbanite is of considerable importance, 
since, as compared with processes involving treatment with mineral acids, 
it has the advantages that larger amounts of material can be treated and 
the possibility of any chemical alteration of the organic matter being effected 
by the reagents is eliminated. A. E. Flynn 1 employed a flotation method 
for isolating “ kerogen globules ”— i.e., algal colonies—from “ stellarite,” 
a Nova Scotia torbanite, but the product contained 13-85 per cent, mineral 
matter, and the results showed that there had been a differential separation 
of the organic material, the gangue having about 25 per cent, of organic 
matter, of much lower “ volatile matter ” to “ fixed carbon ” ratio, asso­
ciated with it. In the preliminary investigation of de-ashing at the 
Imperial College the “ float-and-sink ” test for the washability of coals was 
applied to a sample of South African torbanite, ground to pass a 90-mesh 
sieve, and practically no separation was obtained, the lightest fraction 
having approximately 30 per cent, of ash and the heaviest 50 per cent. 
The success achieved at Pretoria, therefore, shows the importance of very 
fine grinding if physical means of separation are to be used; further, it 
indicates the fineness of the original material and the intimate mixing of 
the organic and inorganic constituents.

The method employed by Mr. Quass has the disadvantage that the part 
of the kerogen soluble in organic solvents is removed; extraction of South 
African torbanite with acetone yielded 1-6 per cent, by weight of the kerogen 
and with chloroform 0-9 per cent. The soluble material is considered to 
be mainly hydrocarbons; J. W. McKinney 2 examined the acetone extract 
from a New Brunswick oil shale and found it to contain 85 per cent, of 
hydrocarbons. As A. J. Carlson 3 has shown, there is the possibility that



part of the kerogen is combined in some way, either physical or chemical, 
with the mineral matter. Solvent extraction of substantially de-ashed 
samples of Kimeridge and Middle Dunnet oil shales showed that the 
amounts of soluble material, calculated as percentage kerogen, were higher 
than those obtained from the untreated shales.

A cetone E x trac tio n .
Oil Shale. D e-ashed Sample. 

K im eridge . . . . .  4-22% 6-45%
M iddle D u n n e t . . . .  5-69% 8-97%

The e x tra c ts  a re  g iven as percen tage of kerogen.

The results suggested that either part of the organic matter was physically 
combined with the mineral constituents, or that the acid treatment had had 
some chemical effect on the kerogen. To investigate the possibility of 
physical absorption, a known weight of Scottish shale oil, dissolved in ace­
tone, was mixed into a paste with approximately ten times its weight of 
Stourbridge “ mild ” clay and the solvent allowed to evaporate slowly. 
After standing for one week, the mixture, which was hard and dry, was 
soxhlet-extracted with acetone; the solvent dissolved only 87 per cent, of 
the oil, the remainder being retained by the clay. The procedure was 
repeated using a sample of Stourbridge “ strong ” clay, with similar results, 
the percentage of oil retained being slightly higher. Thus the increase in 
the proportion of kerogen extracted from the de-ashed samples is probably 
due to part of the “ soluble ” material in the oil shales being physically 
absorbed on the mineral matter.

In order to determine whether the acid treatment of oil shales gave 
reproducible results, the process was carried out in duplicate on a sample 
of Amherst oil shale. The analyses of the two de-ashed samples, which 
are recorded in Table C, showed that, although the removal of the silicates 
had been accomplished to different extents, the compositions of the kero- 
gens calculated from these results were substantially the same. Therefore 
it is unlikely that the reagents had had any chemical effect on the kerogen, 
as it is improbable that the organic matter would be attacked to the same 
degree in different experiments.

The acid treatment for de-ashing has been applied to a sample of South 
African torbanite, from Mooifontein 287 in the Ermelo district, and one of 
Kohat oil shale from the N.W.E.P. of India. In the case of these samples 
and the Amherst oil shale, the iron pyrites was removed by reduction with 
nascent hydrogen formed in  situ  by the addition of concentrated hydro­
chloric acid to an intimate mixture of the sample with zinc dust. The 
hydrogen sulphide evolved was absorbed in an ammoniacal cadmium 
chloride solution and the sulphur estimated volumetrically by the iodine 
and sodium thiosulphate method. Finally, the residue was thoroughly 
washed with dilute hydrochloric acid and a large volume of water, to 
remove the iron and zinc chlorides, dried and weighed. The analyses of 
these samples are given in Table D.

The small amounts of ash obtained by the combustion of the de-ashed 
South African and Kohat kerogens were bright red in colour, soluble in 
hydrochloric acid, and were practically pure ferric oxide. Treatment 
with zinc and hydrochloric acid and with nitric acid, sp. gr. 1-12, both
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failed to dissolve the remaining iron, and since G. A. Cave (unpublished 
research) has shown that both the methods remove iron pyrites quantita­
tively, the iron cannot be present as sulphide. As all attempts to extract 
the iron failed and the repeated treatments had apparently no effect on the 
percentage of ferric oxide obtained on combustion, its presence is strongly 
presumptive evidence that the iron is directly combined with the organic 
matter and is, therefore, a constituent of the kerogens of South African 
torbanite and Ivohat oil shale.

T a b l e  C.
A nalysis of Am herst Oil Shale, B urm a.

U n treated
Sample.

D e-ashed 
Sam ple 1.

De-ashed 
Sam ple 2.

A, %. R  0 / /o- A, %. B, %. A , %. B, %.

Carbon . 40-95 73-1 73-35 77-47 74-76 77-46
Hydrogen 61 4 11-0 10-46 10-11 10-77 11-16
Nitrogen 0-55 1-0 1-23 1-31 1-21 1 25
Sulphur .
“ Oxygen ” .

0-82 1-4 0-75 0-79 0-79 0-81
7-6 13-5 8-89 9-39 8-97 9-32

Mineral M atter 43-95 — 5-32 — 3-52 .—

C/H ratio 6-6 7-0 7-0
C/O ratio 5-6 8-3 8-3

A =  Composition as ob tained b y  analysis.
B =  Composition of kerogen calcu lated  from  A.

Examination of the compositions of the kerogens of the three samples 
of South African torbanite, two calculat ed from the analyses of the de-ashed 
samples prepared by Mr. Quass and the one given in Table D, show that 
they vary between very wide limits, particularly the oxygen values. On 
the other hand the compositions of the kerogens from four different seams 
of Scottish oil shales, recorded in Table VI page 236, are all very similar,

T a b l e  D.
A nalysis of South A frican  Torbanite and K ohat Oil Shale.

South African. K o h a t.

A, %. B, %. P  0 / ^1 /o* A 0 / -n ., /o - R o//O- c ,  %.

Carbon . 42-76 78-72 79-75 8-60 71-32 72-58
Hydrogen 4-55 7-72 7-82 1-34 7-96 8-11
Nitrogen 0-91 1-54 1-56 0-18 1-31 1-34
Sulphur 0-32 1-20 1-22 0-55 0-80 0-81
“ Oxygen ”  . 6-4 9-52 9-65 4-0 16-86 17-16
Mineral M atter 44-9 1-86 85-3 2-56 __
C/H  ratio 9-4 10-2 6-4 9-0
C/O ratio 6-7 8-3 2-1 4-2

A =  Analysis of original dry  sam ple.
B =  Analysis of de-ashed sam ple.
C =  Composition of kerogen calcu la ted  from  B.

Mineral m atter =  Ash on incineration plus carbon dioxide from  carbonates.
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and recent results from the de-ashing of three samples of Lower Punnet 
oil shale, from Westwood, are in close agreement with those already reported. 
The differences in the analyses of the torbanite may be due to variations in 
the proportion of one particular source-material, which had a chemical 
composition markedly different from the average. Microscopic examina­
tion has revealed that in the organic matter of Scottish oil shales plant 
remains predominate, there being very few spore cases and algae, whereas 
in South African torbanite the vegetable debris is associated with large 
numbers of algal colonies. It is possible that differences in the ratio of 
algal bodies to general plant debris are responsible for the variations in the 
results obtained for the composition of the torbanite kerogen.

The very marked differences in the analyses of the kerogens as calculated 
from the results of determinations on untreated oil shales and the de-ashed 
samples are undoubtedly due to the effects of the water of hydration of the 
clays. It  was realised from the first that this water was responsible for 
large errors in the composition of the organic matter and it was with the 
object of eliminating these errors that the isolation of the kerogen was 
attempted. In the de-ashing process employed at the Imperial College, 
the filtrates from the acid treatments were analysed and weight balances 
calculated, and no part of the kerogen could have been removed. Further, 
as is illustrated by Table E, the determination of carbon and hydrogen at 
each stage showed that the C/H ratio remained constant until the silicates 
were attacked.

T a b l e  E .

Carbon and Hydrogen on M iddle D unnet Oil Shale.

Carbon, %. H ydrogen, %. C /H  R atio .

D ry  sam ple . 12-98* 2-04 6-38
HC1 trea te d  . 15-08 2-37 6-35
H N 0 3 trea te d 15-33 2-39 6-41
H F  tre a te d  . 78-63 8-17 9-62

* Less carbon p resen t as carbonate.

The additional results relating to the acid treatment for removing 
substantially all the mineral matter from oil shales indicate that the method 
is satisfactory. In the study of coals certain important relationships were 
developed from considerations of the ultimate analyses of a great many 
samples, i.e., Ralston’s 4 and Hickling’s 5 diagrams, which showed the 
general continuity of the “ peat — >- anthracite ” series, and when the true 
compositions of a large number of oil shale kerogens have been obtained it 
may be possible to trace some parallel relationship for these materials.
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1246 * Structural and Magmatic Processes in the Isostatic Layer. M. G. Hoffman.
B ull Amer.Ass. Petrol. Geol., 1939, 23, 1320-1351.—T he Iso s ta tic  L ayer is here referred 
to  th e  outer 60 miles of th e  earth . This is m ade up , from  th e  surface, as follows : a 
layer of approxim ately 10 miles com posed largely of sedim ents and  granitic rock, 
followed by an  in term ediate layer, from  15 to  20 m iles th ick , of basic crystalline rocks 
(gabbros, etc.), and  a  30-mile layer of glassy b a sa lt o r tachy ly te . This tachylyte 
layer is though t to  be universal, and  ex tends from  th e  base of th e  interm ediate division 
to  th e  top of a dunite  layer, 1800 miles th ick , which re s ts  on th e  liquid core.

Folding and faulting of s tra ta  in th e  e a r th ’s c ru st— th a t  po rtion  above the  isostatic
la y e r  indicate th a t  th e  c rust has been shortened. T his is show n by its  collapse on a
shrinking interior. The tem pera tu re  of th e  isosta tic  layer rem ains essentially constant 
while th e  interior cools and  shrinks. Stresses in  th e  c ru s t continue un til breaking 
point is reached, when relief is b rought by  folding an d  faulting.

M ountainous areas are reduced by  erosion, an d  dow n-w arped areas are filled with 
great masses of sediments, isostatic  balance being m ain tained  during  these processes.

The filling of basins and th e  reduction  of m oun ta in  system s bring abou t changes in 
base level and  th e  position of th e  isogeotherm s. The am ount of deepening caused 
by therm al changes m ay be 800-1000 ft., and  th a t  from  rising s tra n d  line 700 or 800 
ft. Thus, by a  com bination of bo th , ab o u t an  additional 9000 ft. of sediments may be 
assigned to  th e  basin, and  th e  to ta l th ickness would be 21,000 ft.

Crustal collapse will fold these sedim ents into a  g rea t m oun ta in  system . To main­
ta in  the  isostatic balance, th e  beds m u s t be downfolded a b o u t six miles for every mile 
of upfolding. Tangential compressive stresses will be dom inant, an d  th e  great amount 
of shortening which will occur in  th e  geosynclinal p rism s will give rise to intense 
crumpling, overturned folds, and  th ru s t  faults.

After th e  m ountain system  is m oulded and  c rysta l equilibrium  established, the main 
movements will be vertical. E rosion of th e  h igh  levels will d is tu rb  the isostatic 
balance and th e  ad justm ent will be upw ard . F ina l erosion of th is  m ountain system 
will resu lt in th e  isogeotherm s being above norm al, and  on th e ir  re tu rn  to  normal the 
consequent shrinkage will give rise to  a  basin  where once s to o d  a  m ountain range. 
Thus, a m ountain system  which has been base-levelled can become th e  site of a new 
geosynclino merely as a resu lt of tem pera tu re  ad ju s tm en ts . A series of diagrams 
illustrates the  course of events in  th e  h isto ry  of a  m oun ta in  system .

The concluding section of th is  paper is devoted  to  th e  origin of a m agm a, and diagrams 
are also furnished showing th e  various stages in i ts  form ation. G. S. S.

1247.* Salem Oil-field Marion County, Illinois. H . 'H .  A rnold, J r .  Bull. Amer. 
Ass. Petrol. Geol., 1939, 23, 1352-1373.— This pap er deals particu la rly  w ith  the  stra ti­
graphy and stru c tu ra l geology of th e  Salem Oil-field.

A th ick  m antle of glacial m aterial (40-60 ft.) covers th e  bed-rock of th e  area. From 
a drill-section—which is figured—th e  sequence of subsurface rocks shows approxim­
ately 1100 ft. of Pennsylvanian sedim ents represen ted  b y  th e  McLeansboro, Carbon- 
dale, and Pottsville  series. These consist of a lte rn a tin g  shales and  sandstones, 
together w ith th in  lim estones and  coals.

The Pennsylvanian is followed by approxim ate ly  750 ft. of M ississippian sediments, 
of which about 680 ft. is represented by th e  C hester series, consisting of vari-coloured 
shales, sandstones, and  crystalline lim estones. T he o ldest rocks of th e  Mississippian 
reached by drilling were those of th e  Meramec group, th e  u p per m em ber of which is the 
St. Genevieve limestone.

Indications of early s tru c tu ra l m ovem ents are ev iden t in  th e  Illinois basin, so much 
so th a t definite controlling influences were p robab ly  form ed by these  disturbances. 
St ructural m aps and  cross sections of th e  Salem field are  provided.

Pioduction is obtained from  th e  M ississippian, viz. th e  C hester series (Benoist Sand 
and Aux Vases Sand), and th e  Meramec (McClosky oolitic lim estone). Oil has not been 
encountered in th e  Pennsylvanian rocks. T he average daily  p roduction  during June 

J3J was 133,643 brl. and  th e  to ta l p roduction  for th e  en tire  pool (to Ju ly  1, 1939) 
was 20,080,000 brl.

Tables giving production d a ta  aro included in th e  paper. G. S. S.
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1248.* Jackson Eocene from Borings at Greenville, Mississippi. H. N. Fisk. B ull. 
Amer. A ss. Petrol. Oeol.t 1939, 23. 1393—1403.— The au th o r describes a  series of six 
middle Jackson  Eocene cores from  borings recently  drilled in th e  alluvial-m asked 
Mississippi R iver valley. T he sam ples were tak en  a t  approxim ately  100-ft. dep ths 
along th e  w ater-front a t  Greenville. A cross-section is given showing thickness of 
Recent alluvium  and  position  of sam ples in  each boring.

From a s tudy  of th e  foram inifera found in  th e  sam ples, i t  appears th a t  the  Jackson 
b e d s  constitu te th e  lower p a r t  of th e  T ex tu la ria  hockleyensis zone and  th e  upper p a r t 
of the T extularia  dibollensis zone. The junction  of these  zones has a  w esterly dip 
towards th e  A rkansas syncline, th e  axis of which is traceable to  th e  so u th  around th e  
edge of th e  Monroe up lift in to  W est C entral Mississippi. G. S. S.

1249.* Dlinois Geologic Trends Better Defined. W . V. H ow ard. Oil Gas J .,  26.10.39, 
38 (24), 34.— R ecent w ork  has led  to  th e  general recognition of th e  im portance of pre- 
Pennsylvanian s tru c tu ra l m ovem ents. I n  add ition  to  th e  Carlenville-Centralia 
and the parallel A va-D upo anticlinal tren d , alignm ent along o ther north-w est to  so u th ­
east areas can be seen elsewhere in  th e  basin. The subord inate  n o rth  to  south  s tru c ­
tural trend  is becom ing m ore a p p aren t in  th e  elongation and alignm ent of fields in th is  
direction. The n o rth -n o rth -eas t to  sou th-sou th-w est tren d  is m ost evident in the  
south-eastern p a r t  of th e  basin  in  th e  C ione-Noble and  S torm s-A llendale trends.

The num ber of p o ten tia l p ay  horizons has been increased, no tab ly  in th e  Chester 
series, where th e  A ux  Vases, R en au lt, T ar Springs, P a in t Creek, and W altersburg 
sands have proved productive. T he pre-M ississippian form ations are disappointing, 
although th e  D evonian-S ilurian  (Niagaran) and  T ren ton  have given provocative 
scattered production.

Details are given of w ildeatting  in  th e  first nine m on ths of 1939. Practically  all the  
tests to  pre-M ississippian horizons have been on th e  n o rth ern  and  w estern rim s of the  
deep basin. Some of th e  new fields an d  th e  tren d s  are briefly no ted  and  a table gives 
the depths of th e  principal producing horizons. G. D. H .

1250.* Six Horizons Producing along Wabash Valley. K . A. Spitznagel and H . Moore. 
Oil Gas J .,  26.10.39, 38 (24), 54.— Nine oil-pools and  one gas-well have been found in 
five m onths in  th e  W abash  Valley. These ru n  for 35 ml. and  yield oil from th e  
McClosky lime, A ux Vases sand, C ypress sand, T ar Springs sand, W altersburg sand, 
and Biehl sand. The oil-fields of th e  W abash  Valley are only p a rtly  ad justed  to  s tru c ­
ture. The Griffin tren d  is a  series of highs aligned no rth -east to  south-west. The 
producing horizons a re  lenticular. How ever, th e  McClosky lime production is entirely 
structural. The fields are y e t too  young  for accu rate  estim ates of recoveries, b u t th e  
Cypress is p u t a t  250 brl./acre-ft., W alte rsb u rg  300 brl./acre-ft., McClosky 100-600 
brl./acre-ft.

The Griffin pool yields oil from  four horizons : th e  McClosky, 9 ft. th ic k ; th e  Cypress, 
18 ft. th ick ; th e  W altersburg , 33 ft. th ic k ; an d  th e  T ar Springs, sand. 500 acres 
have been proved in  th e  W altersb u rg  sand  pool on  R ibeyre Island. 45 wells have 
been completed in  th e  K eensburg  pool. In fo rm atio n  is given ab ou t some of th e  sm aller 
fields and a  s tra tu m  co n to u r m ap  is included. G. D. H .

1251.* Reserves of Illinois Exceed 500,000,000 Barrels. H . F . Simons. Oil Gas J .,
26.10.39, 38 (24), 58.— E x p lo ra tio n  d u ring  th e  p a s t th ree  years has revealed reserves 
of 495,132,000 brl. recoverable from  nearly  56,000 acres, and  during th a t  period th e  
production from  th e  Illinois basin  h as been 70,237,173 brl. M ost of th e  reserve lies 
in two m ajor fields—L ouden 182,000,000 b rl., and  Salem 200,000,000 brl. The form er 
has produced 11,909,452 brl. an d  th e  la t te r  30,688,632 brl. of oil. Louden was d is­
covered late  in 1937, an d  Salem  in m idyear 1938. B o th  have over 1100 wells, and 
Louden is p roductive from  th e  Cypress, P a in t Creek, and  B ethel sands, and Salem from 
the Benoist and A ux Vases sands an d  th e  McClosky lime.

The reserve estim ate  of 15,000,000 brl. for th e  Griffin area m ay have to  be raised 
later, for all th e  pay  horizons a re  discontinuous, rendering assessm ent dependent on 
detailed drilling. T his area  y ields oil from  th e  McClosky lime, th e  Cypress, W alters­
burg, Tar Springs, and  B iehl sands.
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The Illinois basin is being depleted ra th e r  rap id ly  an d  i t  is unlikely th a t  th e  present 
high discovery ra te  will be m aintained. G. I). H.

1252.* Introduction to the Geology of North-west Peru and South-west Ecuador.
A. Olsson. A nn. off. Combust, liq., M ay 1939, 14, 551-604.—The oil-fields of north ­
west Peru  and  western E cuador are in th e  T ertia ry  zone along th e  Pacific coast. 
Outcropping beds range U pper Palaeozoic to  R ecent. T he o ldest dated  rocks are 
Pennsylvanian, and  occur in th e  A m otape R ange. These a re  overlain in places by 
Cretaceous limestones and  shales, sandstones, and  conglom erates of A ptian to  Mae- 
strichtian  age. R epresentatives of th e  T rias, Ju rass ic , an d  Neocomian are known only 
in th e  south. Because of th e ir economic im portance, th e  T ertiaries have been studied 
in detail. W ide areas of T ertiary  are covered b y  Q uaternary  tablazos. The stra ti­
graphy is described in some detail. I n  th e  coasta l region th e  T ertiary  is 8000-10,000 m. 
thick, although there  are wide varia tions in th ickness. Pathologically th e  Tertiary 
consists of alternating  shales, sandstones, and  conglom erates, w ith  only minor limestone 
beds.

The main s truc tu ra l features of n o rth  P eru  are th e  A ndean chain and  Amotape 
Mountains, w ith th e  Pacific deep in th e  w est. B etw een these  are T ertiary  deposits, 
folded and faulted. On th e  La B rea-N egritos anticline th e  m ain  Peruvian  oil-fields 
are developed.

Zorritos produced from th e  Miocene on a  narrow  block fau lt. A t Cabo Blanco and 
R estin  oil is obtained from  th e  Eocene on a  com plexly fau lted  stru c tu re . The Lobitos 
field yields oil from a  fold. The very extensive and  im p o rta n t L a B rea-Parinas field 
is on a large fractured  dome, and  derives oil from  th e  Middle Eocene.

In  the main, th e  geology of south-w est E cuador resem bles th a t  of Peru, b u t on the 
Santa E lena peninsula there  are overturning, profound  silicification and eruptive 
rocks. The Eoceno rests unconform ably on older d is tu rb ed  beds. I n  the  Oligocene 
are bitum inous shales, b u t Miocene beds are unknow n on th e  S an ta  E lena peninsula. 
There are m any signs of oil, m ainly in  th e  zone of silicified and  e rup tive  rocks. Eocene 
oil sands outcrop on th e  coast, and in th is  region is th e  m ain  E ucadoran  oil-field giving 
oil from th e  Eocene a t  dep th s of 200-800 m . G. D. H.

1253.* Oil-fields in Peru. J .  E . R assm uss. Petrol. Z .,  1939, 35 (32), 581-591.—A
detailed geological and economical survey is given of th e  Peruv ian  oil-fields. The oil­
field of northern  Peru  betw een B ayovor an d  Zorritos will continue to  be of outstanding 
economic im portance. A very rich field is s itu a te d  in  th e  Am azonas territory  near 
Agua Caliente on th e  Rio Ucayali. In  th e  neighbourhood of th e  oil-fields, th is river 
has a w idth of 800 yd. and a  dep th  of 8-20 ft., according to  seasonal fluctuations. This 
field will, therefore, be of g reat im portance in  th e  fu tu re  supp ly  of Brazil, to  which 
country th e  oil can be shipped in tankers. All o th e r fields will never be of more than 
local value. E . W. S.

1254.* Geologic Structure and Oil Content of Syukeyevsko-Uleminski Rayon. A. M.
Melnikov and V. F . Yakovlev. N eft. Khoz., Ju n e  1939, 20 (6), 14-17.—The Syu- 
keyevsko-Uleminski rayon is situ a ted  in  th e  w estern  area  of th e  T a rta r  Republic on 
the  right bank of th e  Volga river, 100 km . dow nstream  of K azan. The tectonic 
structu re  is discussed in  detail, an d  conclusions are given from  geophysical data 
available. B itum en and su lphur are found on th e  e a r th  surface a t  m any places, the 
former being taken  as an  indication of oil-carrying s t r a ta  a t  g reater depths. The 
importance of thoroughly  prospecting th e  rayon  is stressed . L. R.

1255.* There is Oil in France. Anon. Rev. Pdtrolif., 28.7.39 (848), 986-987.— 
B ertrand has indicated th e  im portance of th e  area  along th e  n o rth ern  margin of the 
Pyrenees in regard to  oil prospects. A lthough ab o u t fifty  wells were drilled in the 
Basses-Pyrenees and  Landes, th e  absence of surface oil indications probably deterred 
searchers in Haute-Garonne. A fter various people h ad  tak en  up  concessions and 
renounced them , in 1938 th e  O.N.C.L. to o k  up  a  concession of 49 sq. km. The first 
well found m arls w ith th in  sandstone bands in te rca la ted  dow n to  1430 m. Deeper 
there were Cenomanian lim estones and  conglom erates, which could form good reservoir 
rocks, under a thick, imperm eable cover. A t 1460 m . th e re  was a  gas flow, and a second
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one a t  1520-1530 m ., w hich gave 183,000 cu. m etres/day . The presence of butane 
and higher hom ologues in  th e  gas p o in ts  to  th e  possibility  of its  being associated with 
o*1- G. D. H .

1256.* Important Discovery of Natural Gas in Haute-Garonne. Anon. Rev. Petrol., 
21.7.39 (847), 955.— T he Saint-M arcat anticline near Sain t Gaudens (Haute-Garonne) 
was exam ined geophysically an d  by  shallow  borings. The first well was abandoned, 
and th e  second, possibly on th e  c rest, h ad  revealed a  flow of gas which m ay well be 
associated w ith  oil, a t  a  d e p th  of 1520-1530 m . A n estim ated  production  of 200,000 
cu. m etres/day was obtained.

A well is to  be drilled to  te s t  th e  flank a t  P ic Saint-Loup, near Montpellier.
Gas has also been found a t  L u ssa t, Pont-du-C hateau, Chamailliere, E sp irat, 

Macholles, P u y  de la  Poix , P u y  Crouelle, etc . T he best-know n occurrence was a t  
Vaux, where a  well in  1920 gave gas u n der a  p ressure of 15 kilos/cm .2. G. D. H .

1257.* Deposit of Bentonite in Mendoza. Decree. Anon. Bol. Inform . Petroleras, 
June 1939, X V I (178), 36.—-Decree of 6 th  May, 1939, gran ting  a  concession to  th e  
Y .P.F. to  w ork a  ben ton ite  deposit in  P o trerillos (Lujan). H . I .  L.

1258.* The Celluloses in Algae. G. Viel. A n n . Off. Combust, liq., May 1939, 14, 
531-550.— The findings of th e  prev ious investigations of th e  constituen ts of a lg a  
are briefly sum m arized. I n  th e  new  w ork cellulose from  Fucus vesiculosas, F . senratus, 
Laminaria saceharina, an d  L . cloustoni was exam ined. The m ethod  of p reparation , 
the properties, and  th e  p roportions of th e  cellulose in  these  alg® are described. These 
celluloses are cellular, an d  in  some cases fibrous. On hydrolysis th ey  gave quantities 
of glucose of th e  order w hich should  be given by  celluloses.

These celluloses were h e a ted  to  1000° C. in  100° C. stages, 15 min being allowed a t  
each stage an d  1 h r. a t  th e  final tem pera tu re . The volum es of gas evolved per gram  
have been p lo tted  for th e  tem p era tu re  stages, and  th e  residual coke and heavy products 
were weighed. T he curves ob tained  resem ble th ose  for vegetable celluloses. There 
is a m axim um  in th e  range 200—400° C., an d  a  less prom inent m aximum a t  700° C. 
Carbon dioxide an d  carbon m onoxide were evolved m ost abundan tly  a t  300-400° C., 
whilst m ethane appeared  m ain ly  a t  500° C., except in th e  case of Fucus serratas, which 
has a m axim um  a t  600° C. H ydrogen  was evolved m ost strongly  a t  700° C.

G. D. H .

Geophysics.
1259.* Hydrological Exploration in Octyabrneft Fields. V. P. Yakovlev. N eft. 
Khoz., March 1939, 20 (3), 25-30.— A rep o rt is given on w ork carried o u t to  confirm 
the assertion th a t  m icro-oscillations of fluid levels in abandoned and  tem porarily  
shut-down wells a re  of exceptional im portance, providing m uch inform ation on 
capacity, etc ., of th e  s t ra ta  u n d er exp lo itation  which is otherw ise impossible to  obtain.

By th e  m ethod  indicated , num erous d a ta  have been obtained on th e  reservoir 
under exam ination w hich enable a ll necessary forecasts to  be m ade on its  fu tu re  
behaviour under a ll possible conditions, beginning w ith  changes in  hydraulic  pressure 
owing to  additional d rilling of any  num ber of wells, to  th e  height of m icrostatic and  
dynamic levels in  th e  oil wells of th e  reservoir u n der any  ra te  of w ithdraw al and  for 
any num ber of wells given.

From  another, considerably  larger, reservoir m uch less d a ta  were obtained.
The difference betw een th e  p resen t m ethod  and  those  indicated by  H u rs t  and 

M uskat is th a t  th e  la t te r  base th e ir  conclusions on inform ation, obtained by o ther 
means, on th e  geological fo rm ation  of th e  W oodbine layer, to  determ ine its  hydro- 
dynamic properties, whilst, in  th e  m eth o d  described, from  th e  hydrodynam ic m ani­
festations of th e  sub-surface system  inform ation  is obtained n o t only regarding its  
capacity, resistance, an d  o th e r  hydrodynam ic  properties, b u t also regarding th e  
geological s tru c tu re  of th e  reservoir. L. R.
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1260 * Electrical Measurements in Bore-holes. C. E . R ipam onte. Bol. Inform.
Petroleras, June  1939, X V I (178), 56- 59.— E xam ination  of th e  n a tu re  of th e  su b stra ta  
surrounding the  bore-hole is dono electrica lly ; th e  m easurem ents th a t  are m ost 
commonly made are those showing th e  specific resistance an d  those  indicating the 
permeability of th e  soil a t  th e  m easuring point. V arious bridge c ircuits are described 
for use w ith direct current, and reference is also m ade to  o th ers  for use w ith  alternating 
current. 4. k .

Drilling.
1261.* Unitized Portable Skid for Boiler-Feed Pumps. Anon. Oil W kly., 5.6.39.,
93 (13), 50. A description is given of a  simplified skid for boiler-feed pum ps which
requires only a few m inutes to  break  th e  jo in t and  winch th e  whole u n it on a truck  for 
transporta tion  to  ano ther location. T his ty p e  of assem bly is rap id ly  replacing the 
older units a t  all boiler ba tteries in San ta  Fe Springs, M onte Bello, and  in other fields 
where there are company-owned drilling tools. A. H . N.

1262.* Throw Away a Few Feet of Rope and Save Several Hundred. Anon. Oil
Wkly., 26.6.39, 94 (3), 30.— A discussion on safely handling  rope to  yield maximum 
working life and efficiency. A. H. N.

1263.* Number of 10,009-ft. Tests Increasing Rapidly. W . L .  Baker. Oil Wkly,
31.7.39, 94 (8), 59.—-An in teresting  com pilation of record-breaking dep th  tests is 
presented in th is  paper, which is one of a  series of articles dealing w ith  deep drilling 
published in th is issue of th e  Oil Weekly. The pap er is followed immediately by a 
second on th e  same lines. A. H. N.

1264.* Improved Practices Permit High-Speed Deep Drilling. B. Mills. Oil Wkly,
31.7.39, 94 (8) 66.—This is th e  th ird  pap er in  th e  series of a rticles dealing with deep 
drilling published in th is  issue of th e  Oil Wlcly. T he record for deep drilling has been 
nearly doubled in th e  las t 12 years. I n  1927 th e  deepest pen e tra tio n  was 8046 ft .;  
to-day it is 15,004 ft. The ability  to  roach such d e p th s  is indicative of the vast 
improvements in technique and  equipm ent.

The speed of drilling is particu larly  no tew orthy , th e  speeds of to -day  being about 
three tim es those of b u t a  sh o rt tim e ago. H igher ro ta tin g  speeds, and increase in 
weight on b it, th e  use of long and  heavy collars to  contro l th e  weight on the  bit, 
accurate and constant m ud control and  controlled vertical drilling, and  th e  adaptation 
of high steam  pressures are all con tribu tory  factors which are  analysed in detail by the 
author. Typical practices in various fields are given. A. H. N.

1265.* New Cementing Problems Created by Deep Drilling being Overcome Rapidly.
B. Mills. Oil W kly, 31.7.39, 94 (8), 110.— T he conclusion of th is  detailed discussion 
on new cementing problem s encountered in deep wells m ay  be sum m arized as follows:—

(1) Regardless of th e  safety  factor provided by  equipm ent and  m aterials used 
on the  job, every possible hazard  th a t  can be an tic ip a ted  should  be eliminated 
w ith as little  delay as possible.

(2) The well bore should be conditioned properly  to  receive casing and  provide 
space for satisfactory volume of cem ent back  of th e  casing.

(3) The ro tary  m ud should receive co n stan t a tte n tio n  during  th e  entire period 
of casing and cem entation. Tho viscosity  should  be m aintained as low as is 
consistent w ith th e  necessary density .

(4) The cement used should rem ain pum pablo well beyond th e  tim e allotted 
for pum ping it  in place. A nything m ay happen  to  u p se t th e  tim e-estim ate.

(5) Cement and equipm ent should be selected on  th e  basis of quality and 
adaptability  to  conditions.

(6) From  50 to  100% more cemont should  be used  th a n  th e  am ount shown by 
calculation. A. H. N.
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1266.* Deeper Drilling Requires Closer Mud Control. H. H. Fam liam . Oil W kly,
31.7.39, 94 (8), 126.— In h e ren t w ith  drilling to  g rea ter d ep th s , tw o factors are en ­
countered which m ake i t  v ita lly  essentia l th a t  closer a tten tio n  be given to  th e  control 
of the properties of m ud  th a n  is necessary  in  shallow er wells :

(1) H igh tem p era tu res are encountered, which m ay be betw een 200° F . and  240° F .
(2) The h igher h y d ro sta tic  head  of th e  m ud m eans loss of m ud a t  a fa st ra te  

when low -pressure, h igh-perm eability  sands a re  encountered .

These two factors are discussed, to g e th e r w ith  high-pressure filtra tion  te s t  ap p ara tu s , 
and typical exam ples of m ud  conditions in  various fields in U.S.A. utilizing deep 
drilling equipm ent an d  m ethods are  cited. D etails are given of w eights, viscosities, 
filtrates, cake th icknesses, and  sa lt con ten ts of th e  typ ica l m uds, toge th e r w ith  
m ethods of a tta in in g  th ese  resu lts . A. H . N.

1267.* Closer Determination of Pressures Would Help in Deep Operations. Anon. 
Oil W kly, 31.7.39, 94 (8), 78.— P ressures m ain ta in  a  fairly  tru e  ra te  of increase down to  
about 7500 ft., b u t below th a t  level v a ria tions become m ore frequent and  pronounced, 
thereby accentuating  th e  hazard  of b low outs on deep drilling. The pap er deals w ith  
normal high pressures an d  freakish  conditions encountered  in deep d rilling

A. H . N.

1268.* Relation of Preserved Wood to Deep Marine Operations. R . S. M anley. Oil 
Wkly, 14.8.39, 94 (10), 22.— T he trea tm e n t of wood in tended  for derrick  foundations in 
marine oil-well drilling is discussed. In  locations off th e  coast in  sa lt w ater th e  usual 
American practice is to  have  th e  tim bers im pregnated  w ith  a t  least 20 lb. of creosote 
per cubic foot if th ey  are  to  be im m ersed in  th e  w ater, and  w ith  12 lb. p er cubic foot 
if not actually  subm erged. F o r fresh-w ater locations in m arshes o r lakes, where th e  
water becomes only sligh tly  b rack ish  p a r t  of th e  tim e, 16 lb. p e r cubic foot of wood 
for subm erged tim bers and  12 lb. if n o t subm erged are considered to  fu rn ish  am ple 
protection. A. H . N.

1269.* Cement for Oil Wells. W . W . R obinson. Oil W kly, 21.8.39, 94 (11), 20.—P aper 
presented before A m erican P e tro leu m  In s ti tu te .— T he pap er p resen ts a  com pilation of 
test m ethods being used  to  evaluate  cem ent for use in oil wells. These special p ro ­
cedures, which have been developed in  th e  in d u s try  because s tan d ard  te s t  m ethods are 
not applicable, are given in  d e ta il, w ith  purpose, procedure, in te rp reta tion , and  
practical application of te s t  d a ta . R e su lts  of te s ts  covering several cem ents used  in  oil 
wells are shown. T here is a  definite need for stan d ard iza tio n  of m ethods for tes tin g  
cements used in oil wells, an d  it  is proposed  th a t  an  Am erican Petro leum  In s t i tu te  code 
be formed. I n  th is , th e  first p a r t  of th e  paper, sam pling, de term ination  of s tan d ard  
slurry fluidity, and  th ickening-tim e te s ts  a re  discussed. A. H . N.

1270.* Cement for Oil Wells. W . W . R obinson. Oil W kly, 28.8.39, 94 (12), 18.—  
This is th e  second p a r t  of th e  p ap er p resen ted  by  Mr. R obinson before th e  A .P .I. (cf. 
A bstract 1269). T he a u th o r  d e ta ils  p rocedures for eonsistom etry , tensile stren g th , 
Foam tests , and  physical p rop erties  te s tin g  of cem ents for use  in  oil wells. A. H . N.

1271.* Results of Australian Drilling Discouraging. Anon. Oil W kly, 21.8.39, 94
(11), 48.—A lthough th e  F ederal an d  S ta te  governm ents of A ustra lia  are prone to  do 
what they  can to  encourage p rospecting  for oil in th a t  com m onw ealth, re su lts  a t  th e  
end of 1938 were n o t very  encouraging. D etails of 38 wells are given in  tab u la r  form.

A. H . N.

1272.* Enormous Assembly used on Gulf Coast Rig. N. W illiam s. Oil O a sJ., 22.6.39, 
38 (6), 54.— In te re s t is show n in  th e  p ro d uction  p o ten tia lities of th e  old Jefferson 
Island salt dome due to  a  deep te s t  being drilled  on th e  extrem e n o rth  flank. F o r th is  
test one of th e  largest, m ost m odem , an d  m ost com plete assem blies of drilling equ ip ­
ment on th e  Gulf coast is being used. T he rig  em bodies a  10-in. draw -w orks— th e
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largest and newest size m ade. I t  has a  20£-in. high-speed oil-bath  rotary driven by a 
separate 9 by 8 in. horizontal steam  engine ; tw o 20-in. m ud  pum ps ; an 18-in. mud- 
mixing pum p w ith a desander and  a d e g asse r; a  990,000-lb. load, 136-ft. steel derrick 
w ith a 36-ft. b ase ; a 700-000-lb. six-sheave trave lling  block, and  a seven-sheave 
crown; four 130-h.p., 350-lb. w orking-pressure superhea ted  bo ilers; a boiler feed- 
w ater installation, and two generators to  supp ly  lighting  an d  power requirements.

A feature is th e  horizontal steam -ro tary-drive  engine m ounted  below th e  derrick 
floor to  provide greater working space and  room  on th e  floor. T he engine is hooked up 
not only to  the  ro tary  im m ediately above, b u t also to  th e  coring reel and  to  the main 
draw-works, which can be ru n  by  th e  ro ta ry  engine in  an  emergency.

For the  drilling hook-ups, provided to  m eet any  em ergency, tw o complete blow- 
out-preventer assemblies have been provided, m oun ted  one above th e  other, with a 
13f-in. m aster gate-valve below each.

O ther details are given ab o u t th e  m ud system  and  th e  drilling program m e.
A. H. N.

1273.* Survey of Drilling Equipment Reveals Economic and Operating Data. H. F.
Simons. Oil Oas J '., 29.6.39, 38 (7), 34.—T he d a ta , ob tained  b y  m eans of a survey, 
based on thousands of questionnaires sen t o u t to  drilling contractors and drilling 
departm ents of oil companies all over th e  U .S.A ., are sum m arized. Diagrams are 
given to  illustrate  th e  sta tistics . T he pap er deals m ostly  w ith  th e  economics of drilling, 
bu t an interesting item  is th a t  th e  to ta l  num ber of ro ta ry  rigs was 47-2%, whilst 
cable-tool rigs accounted for 52-8% of th e  to ta l  num ber of rigs employed. Although 
no figures are available, i t  is a lm ost certa in  th a t  th e  g rea ter share of footage is drilled 
by the  ro tary . More th a n  half th e  ro ta ry  rigs use  steam  for th e  prim e mover.

A. H. N.

1274.* Positive Vertical Drilling Cuts Costs and Saves Time. Anon. Oil Oas J.,
29.6.39, 38 (7), 40.—Positive vertical drilling is generally being accepted as beneficial, 
instead of being an  addition  to  th e  cost of drilling. T he factors to  be studied are the 
conditions in th e  hole, th e  re-design of th e  d rill stem , accu rate  determ ination of the 
deviation of th e  hole, and th e  selection of p roper ro ta ry  speeds and  weights on the bit. 
W hen ro tary  drilling in th e  Seminole field of O klohom a yielded erratic  results in the 
geological departm ents due to  deviation of hole, acid-bo ttle  te s ts  were introduced, and 
it was shown th a t  wells deviated  by  as m uch as 27°. F o r  a n  average deviation of 5° 
th e  loss of footage on th e  4400-ft. hole w ould be 16-72 ft.— enough to  upset any 
geological m ap draw n on th e  inform ation.

The costs chargeable to  crooked holes come u n d er tw o classes : direct and indirect. 
The item s under each class are m any and  varied. Som etim es it is alm ost impossible 
to  estim ate th e  indirect costs due to  crooked holes, such as increase in  wear on drill 
pipe and breakoffs which have been accelerated  by  con tinuous bending and flexing,- 
and increased difficulties in fishing jobs. Again, th e  b its  are  designed to  yield maximum 
efficiency in a vertical hole, an d  hence will n o t be efficient in  crooked holes. But no 
m athem atical form ula can give th e  loss in  efficiency, as th e  facto rs involved are many 
and complex.

I t  is now accepted th a t  a  vertical hole is drilled as quickly and  often  quicker than a 
crooked hole, provided th e  proper equipm ent an d  technique are  employed.

Two m ain factors affect th e  problem  : geological conditions, and  mechanical design 
and operation of th e  equipm ent. T he form er is unalterab le, b u t, where adverse, can 
be circumvented by altering  th e  second factor.

W hen th e  b it moves from a  soft to  a  h a rd  fo rm ation  in  an  inclined structure it 
tends to  move down dip, and  vice versa. R ap id  ro ta tio n  and  th e  application of as little 
weight as possible on th e  b it keep th e  hole vertical, b u t  th e  tim e tak en  is prohibitive.

I t  is shown th a t  so long as th e  drilling p ipe is s tab le—i.e., a  vertical line passing 
through its  centre of g rav ity  falls w ith in  th e  base of th e  b it— th e  hole will be vertical. 
The C.G. of th e  pipe rises w ith  increased weight on th e  b it. B y increasing th e  weight 
of th e  drill collar, th e  centre of g rav ity  is k e p t low an d  th e  ideal is approached. Some 
operators use 400-ft. drill collars. A ddition  of ream ers or guides to  centralize the 
collar in th e  hole confers fu rth er advantages.

Deviation te s ts  should be tak en  continuously. A cid-bottle  and  ink-siphon inclino­
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m eters, together w ith  chart-record ing  in stru m en ts  of th e  sharp-pointed  p lum b bob 
and photographic ty p es , a re  briefly  described.

The readings should  be tak e n  often, an d  in  a  strange locality  a t  every 100 ft. As 
long as th e  elem ents p roducing  dev ia tion  are n o t severe, stra igh ten ing  is easily accom ­
plished by rem oving w eight from  th e  b it  and  increasing th e  drilling speed of th e  table. 
Beyond a “ critical angle ”  s tra igh ten ing  becom es m uch m ore difficult. P lugging 
back m ay be resorted  to , a  w hipstock  m ay  be run , or th e  bo ttom  m ay be enlarged by 
a wall scraper to  allow th e  collar to  assum e a  vertical position. A. H . N.

1275.* Low Cost of Drilling for Michigan Operators. H . F . Simons. Oil Gas J .,
6.7.39, 38 (8), 12.— T his is th e  second of tw o articles th a t  discuss th e  present petroleum  
situation in  Michigan. T he geology an d  prospects of th e  fields are discussed in  th e  
first p a rt of th e  paper.

Most of th e  drilling is done w ith  cable too ls, e ither s tan d ard  rigs or spudding 
machines being used. T here a re  only a  few ro taries a t  w ork in th e  area, an d  these 
are used m ostly  for th e  drilling of d rift an d  th e  Pennsylvanian  form ations. Using a 
rotary rig to  d rill th e  u p p e r hole saves tw o strings of pipe in  th e  fields where th e  
Michigan s tray  is p roductive, as th is  fo rm ation  m u st be sealed off. In  th e  shallow 
fields th ree  strings of p ipe are ru n , 10 in. being driven th ro u g h  th e  drift and  8£ in. 
used to  sh u t off th e  cold-w ater form ation. E ith e r  5 ^  or 6 f  is used for an  oil s tring  in 
most Michigan fields.

A producing well can be  drilled  to  1550 ft., cased, trea te d , an d  equipped w ith  pum ps, 
rods, and  tu b in g  for $7500; lift costs average 15 cen ts/b rl. for th e  average recovery of 
27,000 brl. for a  10-acre spaced well. A. H . N.

1276.* Utilize New Type of Mud Circulating System. N . W illiam s. Oil Gas J .,
13.7.39, 38 (9), 42.—-A new  m u d  system  for drilling deep, high-pressure te s ts  on th e  
Gulf Coast gives (1) increased efficiency in  m ud-pum p operation, (2) g reater flexibility 
in conditioning an d  contro l of drilling  fluid, w ith  m axim um  pro tec tion  against con­
tam ination, an d  (3) su b s tan tia l savings in  expenditu re  for m u d  an d  w eighting m aterials. 
The new m ud system  em bodies g rav ity  flow of th e  d rilling fluid to  pum p suction. The 
derrick floor h as to  be e levated  to  accom m odate th e  g reater height needed for th e  
m ud re tu rn  line from  th e  well to  th e  d itch , w ith  th e  advantage of increased clearance 
and working space u n d e r th e  floor, facilitating  in sta lla tion  of th e  large d rilling and  
blow-out p reven ter assem blies being used  in  th e  controlling of deep, high-pressure 
wells. A. H . N.

1277.* Drilling-Time Data in Rotary Practice. T. C. H iestand . Oil Gas J .,  13.7.39, 
38 (9), 55.— D rilling records have  been used  for some tim e, b u t th e  m ethod  has n o t 
been fully utilized u n til recently . D rilling-tim e d a ta  assist (1) in fuller recovery of 
cores, (2) in avoidance of u n d u e  loss of tim e in  runn ing  on du ll b its , and  (3) perm it 
the correction for sam ple lag, so th a t  th e  log of th e  well checks w ith  electrical and  
geothermal charts . T he contro lled  d rilling possible w ith  m odem  ro ta ry  rigs, together 
with th e  use of th e  geolograph, m aking d rilling-tim e records dependable for in terpreting  
accurate dep th s of porous form ations on th e  rig floor. T his in tu rn  allows th e  geo­
logists, on d rilling wells, to  recom m end ap p ropria te  tes tin g  of all zones where oil and 
gas occur. Six typ ica l well cases are  discussed. A. H . N.

1278.* Drilling-Time Data in Rotary Practice. P . B . N icholls. Oil Gas J .,  20.7.39, 
38 (10), 40.— M anual recording of d rilling tim e has been used  quite  successfully, b u t 
the  hum an elem ent en te rs largely  in to  th e  accuracy of th e  d a ta . The inform ation 
has been restric ted  chiefly to  th e  d e p th s  w here p roduction  is expected, and  has n o t 
been kept for th e  m ajo rity  of ro ta ry  operations. T he pap er describes th e  geolograph, 
an instrum ent which au to m atica lly  records th e  ra te  of penetra tion , foot b y  foot, 
together w ith  such re la ted  in form ation  as tim e o u t for repairs, round  trip s , etc. A 
diagram is given of th e  hook-up, an d  illu s tra te s  th e  m anner in which th e  m otion of th e  
tools is recorded. T ypical d rilling changes in  ra te s  of penetration , to gether w ith  
information as to  w hen th e  too ls a re  on bo tto m , w hen drill-pipe connections are m ade, 
samples circulated, e tc ., a re  given in  a  ty p ica l c h a rt. A. H . N.
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1279.* Drilling Practice Committee. Anon. Oil Oas J . ,  20.7.39, 38 (10), 50.—A
report of the  Drilling P ractice Com m ittee of th e  eas te rn  division of th e  American 
Petroleum In s titu te  is given. This rep o rt deals p rim arily  w ith  th e  costs and improve­
ments in ro tarv  and cable-tool drilling in  th e  Illinois and  W est Virginian areas.

A. H . N.

1280.* Complete 12,000-Foot Test in Louisiana Under Contract. N. Williams. Oil 
Oas J ., 3.8.39, 38 (12), 50.—The recent drilling on th e  L ouisiana Gulf Coast of two 
wells under contract to  12,000 ft. reflects th e  g rea te r confidence and  certainty with 
which deeper exploration and developm ent are being undertaken . Num erous tests 
have been drilled to  th a t  dep th  and  to  m uch lower levels, b u t  th ese  are th e  first instances 
in which a drilling contractor has assum ed th e  risk  a tte n d a n t upon  drilling to  and 
completing a well a t  such a  d ep th . T he first well to  be com pleted was the Gulf 
Refining Company’s No. 1 G randison in L a Fourche P arish , coastal Louisiana. A 
description is given of th e  equipm ent used  an d  operations in  connection with the 
drilling of th is tes t. A. H. N.

1281.* Skidding Derricks in the Permian Basin. D. H . S torm ont. Oil G asJ., 10.8.39, 
38 (14), 44.—W here th e  topography is favourable and  th e  distance is short, the 
moving of derricks to  new sites is done m ore econom ically by  skidding than  by dis­
m antling and re-erecting. F ac to rs to  be tak en  in to  account w hen derrick skidding is 
under consideration are discussed and  curren t p ractices em ployed in  skidding operations 
in the  Perm ian basin of W est Texas and  New Mexico are described. A. H. N.

1282.* Directionally Drilled Wells Drain Oil from under Lake Centralia. H. F. Simons.
Oil G asJ., 31.8.39, 38 (16), 34.— B y using m odern m ethods of directional drilling, the 
form ations under th is  Illinois lake are being effectively drained. A complicating 
factor m et by th e  operators was th e  shallow d ep th s  of th e  wells, and  the consequent 
high angles of deflection. I t  was feared th a t  deflections of approxim ately 400 ft. 
m ight be no t only economically prohibitive, b u t  physically  impossible to  drill. For 
th is reason it was decided to  drill one of th e  longest deflections on th e  original a ttem pt 
as a te s t job for th e  m ethod.

The details and resu lts of th e  drilling are given to g e th e r w ith  charts showing a 
horizontal and a vertical p lan  of th e  com pleted well. A. H. N.

1283.* Steel-Fabricated, Arc-Welded Field Slush Pump. W . C. R ussell and L. W. 
Stahl. Oil Gas J ., 31.8.39, 38 (16), 40.— D eviating from  th e  usual practices, the  Emsco 
Derrick & Equipm ent Co. have developed a  slu sh  p um p m ade up  entirely of steel 
s tructu ral shapes and plates, steel forgings and  castings welded together a t  the  juncture 
of all parts. An exhaustive description, accom panied by  m any  illustrations, is given 
of th e  m any p a rts  composing th is  m echanism  and  of th e  m ethod  of fabrication.

A. H . N.

1284.* The First Horizontal Oil Well. L. R anney. Petrol. Eng., Ju n e  1939, 10 (9), 
25-—A detailed account is given of th e  experim ent conducted  in horizontal drilling 
in a shallow oil sand. I t  is a  description of th e  first horizontal oil well. A report is 
also given of a radial p a tte rn  of wells drilled horizontally  from  a  central cham ber in a 
property  developed by th e  R anney m ethod. T he m anner an d  effects of shots are 
detailed and illu stra ted  by  graphs. A. H . N.

1285.* Californian Deep Drilling. W . A. Sawdon. Petrol. Engr., J u ly  1939, 10 (11),
^  • G reater advance has probably been m ade in  th e  technique of high-speed rotation 
in drilling deep wells in th e  San Jo aqu in  Valley, California, th a n  in  any  o ther area in 
th e  world. R otating  speeds of 400 r.p.m . an d  g reater have  become more or less 
common in th e  Rio Bravo field, and  a  ro ta tio n  speed of 600 r.p .m . h as been employed 
m one operation in nearby territo ry . T his speed was used  m ainly in  testing , and only 
a small am ount of hole was actually  m ade a t  600 r.p .m . A. H . N.
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1286.* Heavy-Duty Drilling Equipment Required iu Magnolia Field, Arkansas. H . L. 
Flood. Petrol. Engr., Aug. 1939, 10 (12), 23.— O rderly developm ent has resu lted  in 
45 producers on 40-acre spacing. T he a u th o r  gives th e  early  h isto ry  of th e  field; 
details and justifications of th e  heavy  equipm ent u s e d ; casing program m es and  drilling 
speeds. The average d e p th  of hole m ade p er day  is 190 ft. A. H . N.

1287.* Mud Analysis Used to Log Wells While Drilling. W . A. Sawdon. Petrol. 
Engr, Aug. 1939, 10 (12), 84.— T est equ ipm ent m ounted  com pactly  in a  tra ile r is 
used to  detect oil, gas, o r sa lt w a ter in  fo rm ation  being drilled. I t  also provides 
warning of w ash-outs in  advance of p ipe failure. A. H . N.

1288.* Large Drilling Equipment Tested on Two Wells in California. W . A. Sawdon. 
Petrol. Engr, Aug. 1939, 10 (12), 95.— T his long p ap er deals w ith  th e  resu lts  of testing  
a heavy set of drilling equ ipm ent, w hich was designed for drilling 18,000-20,000 ft. 
depths, under rigid con tro l to  d e p th s  of 11,500 ft. in each of two holes. F u ll details 
are given. A. H . N.

1289. Merits of Zinc-Coating Threads of Drilling Pipe Joints. S. G. Znaichenko. 
Azerb. neft. Khoz., Decem ber 1938, 18 (12), 29-30.—W ith  increasing drilling dep ths, 
and consequently increased stresses, th e re  is a  rising tendency for th e  th read s of 
drilling pipe jo in ts to  seize, re su ltin g  in reduced life of drill pipes. The effect of zinc- 
coating pipe th read s  to  elim inate seizure has been exam ined.

I t  has been found th a t  zinc-coating of drill-pipe jo in ts rem ains effective even a fte r 
prolonged service, whereas th e  g raph ite  lub rican t used heretofore alw ays tended to  be 
displaced or to  ha rd en  and , consequently , could n o t efficiently preven t seizure or 
corrosion. I n  view of th e  low cost and  ease of application , zinc-coating of th e  th readed 
pipe ends and  pipe jo in ts  is s trong ly  recom m ended. L. R .

1290. Cement with Hydraulic Admixtures for Oil-Well Cementing. N. A. Lutsenko. 
Azerb. neft. Khoz., Decem ber 1938, 18 (12), 25-29.— T ests have been carried o u t w ith 
cement slurries contain ing  vary ing  p rop o rtio n s of “  acid-hydraulic ” adm ixtures 
(consisting m ainly of silica an d  alum ina).

The work has been d ivided in to  th ree  p a r ts  : (1) exam ination  of cem ent properties 
a t normal and  increased tem p era tu re , (2) effect of ag ita tio n  on cem ent p roperties a t  
normal tem peratu re, and  (3) de term ina tion  of th e  tem p era tu re  which develops during 
hardening.

I t  has been found th a t ,  in  principle, P o rtlan d  cem ent w ith  acid-hydraulic adm ixtures 
may be used for cem enting operations, giving g reat stab ility  an d  resistance of th e  
cement ring against th e  action  of chem ically active  w aters. To cem ent from  th e  
Kaspi factory 10% pum ice stone m ay  be ad d ed  w hen used for shallow wells, for deep 
wells 20%. To cem ent of th e  B aku  facto ry  for shallow  wells 15% pum ice stone m ay 
be admixed, for deep wells 20%  or m ore.

All types of cem ent exam ined, s ta rtin g  from  th e  first hour of ag ita tion  of th e  slurry, 
decrease in physical s tre n g th  w ith  increasing in te rvals during  which th e  slu rry  is in 
the dynamic s ta te . T he tem p era tu re  developed during  se tting  and  hardening of 
cement containing pum ice stone is sufficient for m easuring electrotherm ically  the  
height of cement reached in th e  space beh ind  th e  casing. L. R .

1291. Prevention of Accidents in Drilling. V. M ussini. Bol. Inform . Petroleras, 
June 1939, X V I (178), 84-88.— D etailed  descrip tion , w ith  illu stra tions, of th e  po in ts 
requiring a tten tio n  in  o rder to  p rev en t accidents when carry ing  o u t work on th e  
towers and drilling operations generally . H . I .  L.

1292.* Transport of Fully Equipped Drilling Towers at Comodoro Rivadavia. H.
Giraldez. Bol. In form . Petroleras, Ju n e  1939, X V I (178), 45-52.— Illu s tra ted  descrip­
tion of movem ent of fu lly  equipped drilling tow er to  a  new  em placem ent. The tow er 
was left in its  norm al vertical position  and  m ounted  on a skid of special construction. 
The relatively flat te rra in  m ade th is  possible. H . I. L.



1293 Transport of Heavy Weights at Comodoro Rivadavia. H. Giraldez. Bol.
Inform. Petroleras, Ju n e  1939, X V I (178), 53-55.— A rticle illu s tra t ing th e  heavy weights 
th a t  have to  be tran sp o rted  whenever p lan t h a s to  be se t u p  a t  a  fresh borehole in the 
field. H - L  L -

1294. Drilling Patents. M. H okanson. U .S.P. 2,156,287, 2.5.39. Appl. 21.11.36. 
Drill b it w ith substan tia lly  circular cu ttin g  edges.

R . Cross and M. F . Cross. U .S.P. 2,156,333, 2.5.39. A ppl. 6.3.37. A m ethod for 
cleaning oil-well drilling fluids in which screens and  a  centrifugal pum p are employed 
to  eliminate all th e  cu ttings and  solid particles before recycling th e  m ud.

R . L. Fluellen. U .S.P. 2,156,384, 2.5.39. A ppl. 28.1.37. A slip for holding
pipes.

J .  A. Zublin. U .S.P. 2,156,444, 2.5.39. Appl. 29.8.38. R o ta ry  ream er.

C. P. W alker. U .S.P. 2,156,519, 2.5.39. A ppl. 7.9.37. M eans for measuring the 
location of obstructions in wells by  creating  a  p ressure  wave and  recording the echoes.

A. C. Catland. U .S.P. 2,156,676, 2.5.39. A ppl. 5.11.37. A ro ta ry  b it with cutters 
m ounted on ball bearings.

R. E . Fulkerson. U .S.P. 2,156,939, 2.5.39. A ppl. 29.3.37. A well packer.

M. Miller and  L. N. Davis. U .S .P . 2,157,493, 9.5.39. Appl. 29.4.38. Well
scraper.

R. R . Bloss. U .S.P. 2,157,728, 9.5.39. Appl. 22.11.37. Speed-up and speed-down 
for rotaries.

H . W . Buschm an. U .S.P. 2,157,951, 9.5.39. A ppl. 24.9.38. W ell drilling cable 
control.

H. E . Grau and R . K . H ertel. U .S.P. 2,158,232, 16.5.39. Appl. 6.12.37. Drilling 
hook w ith ball bearing and spring elem ents.

J .  J .  McCann. U .S.P. 2,158,243, 16.5.39. A ppl. 3.3.38. Casing cu tte r of the 
knife cu tte r type.

F . Kinzbach. U .S.P. 2,158,329, 16.5.39. Appl. 6.8.37. W hip stock for deflecting 
milling tools.

J .  G. Dyer. U .S.P. 2,158,356, 16.5.39. A ppl. 16.9.35. A drill pipe coupling 
means.

S. W . Long. U .S.P. 2,158,372 and  2,158,373, 16.5.39. Appl. 3.9.36. Spring 
hook.

C. H . Collett and  A. R . Thom pson. U .S .P . 2,158,406, 16.5.39. Appl. 17.5.37. 
Liner setter.

J .  T. Ashcroft. U .S.P. 2,158,814, 16.5.39. A ppl. 24.1.38. A fishing tool for drill 
stems. A. H. N.

A ABSTRACTS.

Production.
1295.* Application of Vacuum to Pumping Wells. W . A. Sawdon. Petrol. Engr, 
Ju n e  1939, 10 (9), 31.— One benefit resu lting  from  th e  use  of h igh  vacuum  in pumping 
wells in several fields of California has been an  increase in  th e  gasoline content of the 
gas produced. Some operators believe vacuum  operation  re su lts  in increased oil 
production also. O thers, whose records show no increase of production , realize the 
necessity of protecting  th e ir  production  by applying a  vacuum  as high as th a t  used on 
adjacent wells.
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The extrem ely close spacing of w ells in  th e  a rea  h as a  definite influence on th e  
amount of vacuum  carried. T he need to  ap p ly  equal vacuum  to  neighbouring wells 
to effect a  so-called “ p ro tec tio n  ” w as dem o n stra ted  w hen one well was p u t  under 
atmospheric p ressure to  allow  a  clear-out. No fluid was found a t  th e  b o tto m  of th e  
well.

The functioning of v acuum  pu m p s is given. A. H . N.

1296.* Production Methods in the Rodessa Field (Part 2 concluded). T. H. Gibbs. 
Petrol. Engr, Ju n e , 1939, 10 (9) 35.— I t  is e stim a ted  th a t  30%  of th e  wells in th e  field 
produce by artificial lift. Of th is  n u m b er 85%  produce by  gas-lift and  15% by p u m p ­
ing. The la te s t ty p e  of gas-lift to  receive wide acceptance in th e  field is th e  one known 
as the  surface-controlled w ire-line-operated ty p e , which is described in  deta il in th e  
paper. I t  is a n  in te rm itted  gas-lift system  w here th e  operating  valve is worked from  
the surface a t  regular in te rvals by  m eans of a  gas-turbine-driven wire-line hoist.

Pum ping u n its  an d  rigs a re  described in  brief, and  th ey  p resen t no unusual features. 
Sucker-rod troub les have n o t been excessive, and  in  th e  choice of rods th e  p roperties 
sought are g reat shock an d  fa tigue resistance, duc tility , toughness, and  resistance to  
corrosion.

While hydraulic  pum ping  is s till in  i ts  experim ental stage in  th is  field, due to  exces­
sive corrosiveness of th e  w ater, tw o in sta lla tions have a lready  proved  successful. 
A description of a hydrau lic  u n it is given. I t  consists, in  brief, of a pum p-and-engine 
unit th a t is lowered in  th e  well an d  a  hydrau lic  pow er un it th a t  is ru n  from  th e  surface. 
Clean oil pum ped to  th e  hydrau lic  engine ac tu a te s  th e  pum p.

Emulsion trea tm en t is a n  easy  ta s k  in  th e  R odessa field. The m ost popular m ethods 
are se ttling-tanks an d  h e a t, se ttlin g -tan k s an d  chem ical w ith o u t h ea t, an d  chemical 
treatm ent w ithou t th e  use  of h e a t o r se ttling -tank .

Many a tte m p ts  have  been m ade to  exclude b o tto m  w ater o r edge w ater, w ithou t 
appreciable success. Squeeze jobs have  been sa tisfac to ry  only in  few wells—laboratory  
tests have show n th a t  changes in  volum e as g reat as 30%  can resu lt from  squeezing 
water from  th e  cem ent in to  th e  low -perm eability  lim estone form ation, and  th u s  
misleading th e  operato rs as to  th e  success of th e  operation.

Acidizing h as been of g rea t va lue  to  th e  field. I t  is u sed  also in  w orkover and  clean­
out operations. A  d ep artu re  from  th e  custom ary  tw o-pum p oil-flush acidizing p ro ­
cedure is th e  use  of gas to  force th e  acid  in to  th e  form ation, th u s  preventing  killing 
the well.

The paper also discusses p lug-back operations, gun  perforating , sa lt-w ater disposal, 
and the  use of vacuum  tra p s  o r blow-cases to  lower separa to r pressure, w ith  consequent 
increase in gasloine recovery. A. H . N.

1297.* Economic Study of Electric Power in Oil-Well and Pipe-Line Pumping Service.
W. H . Stueve. Petrol. E ngr, Ju n e  1939, 10 (9), 89.— P a s t perform ance records of oil- 
producing an d  pipe-line com panies p roved  valuable  in  de term ining th e  m erit of 
generating electric-pow er b y  th e  consum er, o r of purchasing  it for operations in  oil 
pumping. I n  th e  choice of th e  electric-pow er source for oil-well pum ping several 
factors m ust be considered. Some of th e  m ore im p o rtan t variables m ay  be enum erated 
as follows :—

(а) Size an d  ch aracte ris tics of th e  con tem plated  load.
(б) N a tu re  an d  a m o u n t of fuel available and  its  cost or value.
(c) Possib ility  of w a ter encroachm ent in  th e  producing horizon.
(d) P robable decline of p ro d u c tio n  in  th e  specific oil-field.

These considerations are m ade in  th e  paper, an d  a  deta iled  s tu d y  is also git en of 
actual cases to  illu s tra te  th e  various po in ts . A. H . N.

1298.* Electric Power Plays Important Role in Water Flooding of Nowata Field.
J . D. R obertson. Petrol. E ngr, Ju n e  1939, 10 (9), 109.— Of th e  5200 acres under 
water-flood in  N ow ata  field, O klahom a, 3500 acres are  being produced w ith  th e  aid  of 
electric power. T he m an y  prob lem s arising  in  th e  various stages of water-flooding
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operations are discussed. T ests a re  detailed , an d  th e  resu lts  are given in tabular 
and graphical forms. These should be helpful to  operato rs planning a  new project.

A. H . N.

1299.* Purchased Electric Power Section Symposium. J .  E . E llio tt and others.
Petrol. Engr, Ju n e  1939, 10 (9), 131-140.— T hree p ap ers in  th is  section deal with the 
application of electric power in oil-fields. The first, by  J .  E . E llio tt, deals w ith East 
Texas and  R odessa Fields, and  shows th a t  p ro ratio n  of p roduction  has prompted 
combination billing for scattered  m eters an d  th a t  dem and  ra te  perm its low unit cost 
on high load factor. The second, by  K . C. Johnson , deals w ith  operations in Arkansas, 
where a  to ta l of 10,000 h.p. is d is trib u ted  in oil-well and  pipe-line pum ping and refinery 
operations. The th ird , by  N. W . B eaudreau , deals w ith  South-w est Texas oil-well 
pum ping utilizing electric pow er which proves i ts  w o rth  in  pum ping  wells situated in 
remote territo ry , where m inim um  a tte n tio n  perm its pum pers to  cover wide areas.

A. H. N.

1300.* Fundamental Considerations of Recycling in Condensate Production. E. Kaye.
Petrol. Engr, Aug. 1939, 10 (12), 29.— In  1938, o u t of 111 new pools discovered in 
Texas, 27 were of th e  gas-distillate  type. Careful consideration  of all factors involved 
in recycling in such pools should safeguard against uneconom ical installations. Such 
considerations are m ade in th e  p ap er dealing w ith  th e  objectives and  requisites of 
recyclings and  w ith various recovery processes. T he pap er ends w ith a discussion of 
fu ture developments. A. H. N.

1301.* Hot-Water Heater for Preventing Freeze-Offs of Large-Volume Gas Wells.
R . W. Parker. Petrol. Engr, Aug. 1939, 10 (12), 109-110.— A  p lan  of th e  layout, and 
description of an  installation  in  Cement F ield, Oklahom a, is given. I t  is claimed 
th a t fire hazard th a t  accompanies open-flame burn ing  is th e reb y  elim inated.

A. H. N.

1302.* Effect of Design and Direction of Rotation on Peak Torque of Pumping Unit.
K. N. Mills and  E. A. Olsovsky. Petrol. Engr, Aug. 1939, 10 (12), 113.—Torque 
capacity of a  specific u n it will v ary  w ith  th e  d irection  of ro ta tio n , therefore both 
values should be known. This paper, which deals w ith  to rq u e  an d  direction of ro ta­
tion, is am ply illu stra ted  w ith  figures, graphs, and  tab les to  indicate how th e  geometry 
of a pum ping un it, together w ith  its  direction of ro ta tio n , contro l th e  m agnitude of the 
peak torque imposed on th e  reducer. I t  is argued th a t  each u n it should carry a torque 
factor on its  nam e-plate, which would enable th e  u se r to  determ ine th e  tru e  torque 
capacity of th e  un it assem bly w hen th e  crank  ro ta te s  in e ith e r direction. A. H . N.

1303.* West Montebello Oil-fleld. H . M. P resto n  and  V. L. King. Petrol. World 
(L.A.), Sept. 1939, 36 (9), 19-25.—The au th o rs  give th e  location and  history, the  opera­
ting  conditions, and  com pletion practice of th e  W est M ontebello field. A m ap and a 
section of th e  field illu stra te  th e  s tra to g rap h y  an d  th e  five oil zones which form the 
productive regions up to  da te . The p ro d u c tiv ity  of th e  five zones increases down­
ward, th e  lowest being th e  m ost extensive. T he presen t daily  po ten tial of the field 
is 40,000 brl. A. H . N.

1304.* New Reserves in San Joaquin Valley. Anon. Petrol. World (L.A.), Sept. 1939, 
36 (9),'28. Gulf Oil Com pany’s discovery of a  second oil-field an d  new extensions to 
th e  existing fields will provide California w ith  large add itional supplies of crude oil 
for th e  fu ture. The paper is a  rep o rt on th e  new reserves a t  various localities in the 
new fields. j j

1305.* Acid-soluble Liners for Oil-wells. Anon. Petrol. World, Sept. 1939, 36
(9), 68. A new magnesium  alloy pipe is being used  as a  rem ovable liner by  setting 
)t as a  section of casing and  th en  rem oving it w ith  th e  aid  of inhib ited  hydrochloric 
acid. A wide varie ty  of uses is described. A. H . N.
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1306.* Operating Practices Reduce Smackover Lift Costs. B. Mills. Oil W kly,
12.6.39, 94 (1), 13.— F o u r ty p es of wells ex is t in  th e  Sm ackover field. The first pum ps 
50 brl. of oil and  from  a  trace  to  a  few barre ls of w ater. The second pum ps 25 brl. of 
oil and 100 brl. of w ater. T he th ird  pu m p s 25 brl. of oil and  500 brl. of w ater. The 
fourth pum ps 10 brl. of oil and  1000 brl. of w ater. The average production  of th e  field 
is 17,000 brl. of oil and  500,000 brl. of w a ter daily. The presen t h ard  fight which faces 
the producers is d irectly  due to  poor drilling and  p roduction  practices of 10 and  15 
years ago. H undreds of wells were drilled  in a  h aphazard  m anner, blow -outs were 
numerous, over-production of large wells was ram p an t, and  poor logs were in m ost 
cases worse th a n  none.

The present oil reserve a t  Sm ackover is e stim a ted  a t  60,000,000 b rl., and  a tte m p ts  
are being m ade to  reduce lifting  costs, th e  im provem ent being effected in  equipm ent 
and m ethods where th e  g rea tes t troub les arise ra th e r  th a n  in  a  radical departu re  from  
former operating practices.

A travelling valve w ith  a  com bination  of cups and  rings has been used  to  advantage 
in several wells. T he com position rings are p laced on th e  b o tto m  of th e  valve and  th e  
cups on top . The rings a re  pre-swelled in  oil, on th e  surface.

Troubles from  sucker-rod failures above th e  1000-ft. level have been traced  to  over­
loading, and  th e  p resen t p ractice  is to  use  a b o u t 1000 ft. of f-in. sucker rods on top  
and from 1300 to  1600 ft. of J-in. rods on  th e  bo ttom . The trouble  is solved by follow­
ing th is practice an d  keeping a  continuous check on handling th e  tub ings properly  
and seeing th a t  th e  th rea d s  a re  free from  p its  and  imperfections.

“ Pounding ”  in  wells on  th e  dow nstroke of th e  pum p has been v irtua lly  elim inated 
by the  installation  of relief valves, w hich allow a ir into th e  lead lines on each stroke  of 
the pum p.

Constant stud ies of loads, strokes, vacuum  requirem ents, submergence, recondition­
ing of wells, and  equipm ent selection is helping in  a  h a rd  fight to  reduce costs. Corro­
sion trouble w ith  sucker rods is severe, b u t it  has been found th a t  such troubles are 
particularly g reat w ith  overloaded rods. M inor nicks and  im perfections in rods which 
are working under conditions conducive to  fa tigue  have often  caused failures. Sub­
stitu tion  of p roper size fo r th e  rods an d  co n stan t exam ination  have eliminated  th e  
greater p a r t of th e  troubles.

Alloy rods give b e tte r  service.
Loose sand troub les have been reduced considerably by  a  s tu d y  of fluid conditions, 

regulation of stroke, an d  th e  use  of p roper pum ps. A. H . N.

1307.* Exception to Rule 37 (Relating to Oil-well Spacing). I. I. G ardescu. Oil 
Wkly, 12.6.39, 94 (1), 32.— T he p ap er deals specifically w ith  conditions in th e  E as t 
Texas fields, b u t is of general in te res t, in  th a t  a  discussion is given of th e  m erits and 
demerits of close spacing. I t  is show n th a t  too  close spacing is inefficient due to  :

(1) too rap id  lowering of reservoir p re ssu re ;
(2) th e  claim  of close-spacing advocates th a t  energy is w asted  in  friction in 

long journeys of oil is n o t valid , as th e  ra te s  of flow are extrem ely sm all beyond 
the  im m ediate v icin ity  of th e  w e ll;

(3) w ater by-pass is m ore severe in  close spacing, as there  is a  sm aller pressure 
differential in  th e  reservoir, since th e  average p ressure  difference betw een reservoir 
and producing well is d is tr ib u te d  over larger areas, in th e  case of wide spacing 
w ithin economic l im its ;

(4) th e  danger of w a te r  c o n t a m i n a t i o n  from  u p p er sands is g reater th e  g reater 
the  density  of wells p e r u n it area.

These rem arks app ly  p a rticu la rly  to  fields— such as those of E a s t Texas—where 
evidence is forthcom ing against th e  existence of len ticu larity  of th e  sands.

A. H . N.

1308.* Consistent Records Vital to Efficient Pumping. F . B. T aylor. Oil W kly,
19.6.39, 94 (2), 16-22.— P roperly  k e p t records form  m eans for an  unbiased analysis of 
conditions and troubles th a t  o ften  lead to  corrective m easures. W ith  th is  them e as 
his thesis, th e  a u th o r discusses th e  value  of records, and  urges th e  keeping of com plete 
yet concise records which n o t only te ll th e  facts ab o u t changes an d  a lte ra tions, b u t also
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record th e  circum stances an d  causes which necessitated  th e  changeover. Sample 
sheets and  forms are presented  for well-repair cost record, well-repair job  sheet, daily 
well-trouble report, well-inventory rep o rt, sum m ary  of well expenses, service record- 
d a ta  sheet, equipm ent and  operating  rep o rt, shop rep o rts , sucker-rod record, flat-belt 
service record, and  “ V ’’-belt service record. A. H . N.

1309.* Aplication of Radial Flow Calculations to Gas Recycling Problems. L. S.
Reid. Oil W kly, 26.6.39, 94 (3), 17.— B ecause injection wells are considered “ necessary 
evils,” th e  ratio  of producing to  injection wells is k e p t from  2 to  4 w ith the  latter 
working a t  full capacity. M uskat’s analysis, which show s how th e  productiv ity  of a 
form ation can be calculated th ro u g h  th e  analysis of th e  ra te  of th e  pressure rise in a 
well which has been sh u t in  for a  certa in  period  of tim e, is tak en  as a basis for this 
study . The hypothesis th a t  th e  p roduction  ra te  is p roportiona l to  difference between 
th e  sta tic  and  flowing bottom -hole p ressu re  is accepted , an d  a  form ula is obtained 
defining th is  relationship in term s of p ressures (P  an d  P e), th ickness (6), and per­
m eability (k) of th e  rock, and  viscosity (y) of fluid and  th e  ra tio  of th e  radius of the well 
(r ) and an  ex ternal rad ius (re), where th e  p ressure  is equal to  th e  reservoir pressure 
(P,). The form ula is—for radial flow

where P  is th e  bottom -hole p ressure  of th e  flowing well.
The m ethod of m easuring bottom -hole p ressu re  advocated  in  a  gas well is to  measure 

th e  casing-head pressure and  calculate th e  bo ttom -hole  p ressu re  by  adding th e  hydro­
sta tic  head of fluid filling th e  well. T hus a  colum n of gas in  a n  8000-ft.-deep well under 
a surface pressure of 3,500 lb ./sq. in. (gauge) an d  125° F . w ith  a  m olecular weight of 
25 and a deviation factor of 0-8 is tak en  as an  exam ple and  th e  bottom -hole pressure is

f  [ R T
calculated a t  4625 lb ./sq. in. abso lu te  by  utilizing th e  form ula / Vdp =  I dp =

8000 ft. of fluid. I f  th e  well was flowing so th a t  surface pressure  was 3000 lb./sq. in. 
the  bottom -hole p ressure would be 3970 lb ./sq. in. abso lu te  or a d rop  of only 155 lb./sq. 
in. in th e  hydrosta tic  head. In  view of th e  re la tively  sm all drop  in  th e  hydrostatic 
head, i t  is believed th a t  build-up curves can  be used sa tisfactorily  in  estim ating the 
pressure required for th e  injection of gas back  in to  th e  reservoir.

Exam ples are also worked o u t to  calculate th e  perm eability  of a  sandstone and a 
limestone form ation from  a g raph of p ressure  rise in  casing for a  well in th e  formation, 
using M uskat’s form ula for radial flow of gas in porous media.

Pressure differential between in p u t and  o u tp u t wells an d  well p a tte rns are dis­
cussed. The po in t of injection, w ith  regard  to  th e  flanks or to p  of struc tu re , is im­
portan t. Consensus of opinion ten d s to  su p p o rt th e  to p  of th e  struc tu re , as there 
is less danger of th e  gas being near th e  edge-w ater. T he practice of gas recycling has 
been so recently developed th a t  th e  superio rity  of one spacing p a tte rn  over another 
has n o t been established by  ac tu a l operation , as h as been th e  case in water-flooding.

1310.* Light Pumping Foundations Frequent Sources of Trouble. F. B. Taylor.
Oil W kly, 26.6.39, 94 (3), 21.— F oundations for light-w eight field equipm ent are too 
often th e  cause of trouble  and  lo st production . Difficulties m ay  reassert themselves 
several tim es. M aintenance of foundation  is a  field expense alw ays k ep t as low as 
possible, and  hence repairs are too frequen tly  inadequate .

The solution is n o t in com plete and  costly  repairs, b u t in building a  foundation in the 
first place to  satisfy  b o th  conditions of operation  and  of equipm ent.

The paper deals exclusively w ith  ligh t foundations, an d  tre a ts  th e  problem under 
two m ajor ty p es of foundations :

(1) foundation for jacks ;
(2) foundations for single power pum pers of sm all power.

Massive foundations used  w ith  u n it p um pers o r lifts  exceeding 6 or 7 h.p. are 
explicitly excluded from  th e  discussion.

A. H. N.
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Newer m ethods of foundation  design tak e  fu ller account th a n  older em pirical 
methods of th e  d irection of s tre ss  an d  p u ll, and  lay  th e  foundations w ith  as m uch area 
exposed as bearing surface in  th e  d irection  of pow er as is possible. A. H . N.

1311.* East Texas Expected to Go On Pump at Increased Rate. B. Mills. Oil W kly,
17.7.39, 94 (6), 34.—T he E a s t T exas field a t  th e  p resen t tim e is still predom inantly  
a flowing field, even a f te r  p roducing 1,370,000,000 brl. of oil in 8 f years, a n  am ount 
th a t exceeds th e  life tim e-q u an tity  recovered from  any  field w ith  th e  exception of B aku. 
Eventually, however, i t  will un d o u b ted ly  become a  very  extensive pum ping  area. 
The question w hether pum ping  equipm ent will have to  be installed  a t  a  fa ster ra te  in 
the fu ture  th a n  in  th e  p a s t is a  m a tte r  of prim e im portance to  operato rs in  th e  field. 
Indications show th a t  i t  will, as th e  flowing life of th e  field h as a lready been m uch 
longer th an  was pred ic ted  a t  th e  tim e of i ts  discovery. A. H . N.

1312.* Ramsey Proving Value of Unit Development of Small Pool. B. A ltm an. Oil 
Wkly, 31.7.39, 94 (8), 41.— A n outline is given of th e  developm ent of th e  R am say Pool, 
Payne County, O klahom a. T he area  is an  exam ple of th e  benefits a tten d in g  u n it 
operations. S tru c tu ra lly  th e  field is a  sm all dome w ith  deep dip in  all directions. The 
structure  was found by seism ograph explorations, and  th e  discovery well was brought 
in in Jan u a ry  1938. P roduction  is from  th e  W ilcox sand  a t  4730— 4800 feet. B ottom - 
hole pressure of th e  discovery well w as 2038 l b . ; so far th e  decline in  p ressure has been 
negligible. No free gas ex is ts in  th e  reservoir. A brief descrip tion  of th e  drilling and  
completing m ethods em ployed is given. A. H . N.

1313.* Wasson-Bennett Merging to Make Largest, Most Active Field in Permian Basin
Area. H . H . K in g. Oil W kly, 7.8.39, 94 (9), 20.— The developm ent of, and  cu rren t 
operations in  th e  W asson-B ennet d is tr ic t of G aines-Y oakum  counties, W est Texas, 
are given, w ith  a n  outline of th e  drilling an d  com pleting practices em ployed there . 
The W asson field has a  p roved  area  of 34,000 acres, and  th e  B ennet field one of 3000 
acres. U ltim ate  crude recovery from  th e  know n producing horizon in  th e  d is tric t 
will probably exceed 250,000,000 brl. R egulations of th e  Texas R ailroad Commission 
perm it a  m axim um  gas-o il ra tio  a t  B ennett of 2000 cu. f t. of gas per barre l of oil, 
whilst a t  W asson th e  to p  ra tio  is 5000 cu. ft. of gas p er barrel. A. H . N .

1314.* Sound Economics Must Be Teamed with Science in Future Course of Oil.
F. Phillips. Oil W kly , 14.8.39, 94 (10), 13.— The a u th o r  a tta c k s  th e  uneconomic 
practices em ployed in th e  recovery of pe tro leum  in th e  U n ited  S ta tes, m ore especially 
the  excessive an d  com petitive d r illing w hich has m erely resu lted  in  sm aller financial 
re tu rn  to  th e  in d u stry . H e p leads strong ly  for th e  adoption  of un itiza tion  in  th e  
exploitation of oil-fields an d  for w ider well spacing. E xam ples are c ited  of th e  w aste  
a tten d an t upon  over-drilling of oil-pools an d  of th e  benefits th a t  have accrued in o th er 
areas where p roducers have followed a  un it  p lan  of developm ent. Mr. Phillips th in k s  
th a t unitization, w ider well spacing, an d  sim ilar ideas for recovering u ltim ate ly  th e  
greatest am ount of oil a t  th e  low est possible cost will soon be universally  recognized 
and applied by  th e  A m erican pe tro leum  ind u stry . B u t th e  necessity for un itization  
is urgent. A. H . N.

1315.* Texas’ First Water-Flooding Project Big Success. J .  C. A lbright. Oil W kly,
21.8.39, 94 (11), 36.— T he h is to ry  of th e  w ater-flooding pro jec ts in Texas is given from  
early days up  to  th e  present . E arlier neglect of scientific principles are discussed w ith  
their re su ltan t troub les. T he m ethods of conditioning and  injecting th e  w a ter to -d ay  
are given in  detail, w ith  a  p lan  of th e  w a ter-trea tm en t p lan t for flooding oil sands on a 
typical field. T he ra tio  of p roduced  oil to  in jected  w a ter w orks o u t a t  1 : 11. I t  
appears th a t  th e  flood has progressed to  a  po in t where th e  w ater has been d is trib u ted  
evenly over th e  lower p o rtions of tw o sands. A. H . N.

1316.* Human Element in Pumping Efficiencies. F . B. T aylor. Oil W kly , 28.8.39, 
94 (12), 29.— A detailed  discussion of th e  various hum an  factors en tering  in to  th e

I I
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efficiency of pum ping wells is m ade according to  th e  thesis of th e  a u th o r, “ th e  engineer, 
th e  m anufacturer, and  th e  pum per m u st work together, o r th e  b est of equipm ent will 
be of little  value.” A. H . N.

1317.* Reaction to Draw-Down Methods of Potential Determination in Kansas Both 
Favourable and Adverse. W . H . S trang. Oil W kly , 5.6.39, 93 (13), 31.— “ Draw­
down ” refers to  th e  reduction  in heigh t of th e  fluid colum n stand ing  in th e  annular 
space. The footage difference in  heigh t of th e  fluid-level u nder s ta tic  conditions and 
fluid-level height a t  a given ra te  of p roduction  is th e  draw -dow n for th e  ra te  of pro­
duction. P roductiv ity  index is defined as p roduction  ra te  in  b rl./d ay  per foot of 
draw-down, and when th is  factor is m ultip lied  by  th e  s ta tic  fluid-level height, it will 
give a potential for th e  well.

Two types of in strum en ts are described for m easuring  fluid levels by  means of 
reflected pressure waves from  th e  fluid level. K now ing th e  speed of th e  wave, and 
determ ining the  tim e it  takes to  trav e l to  or from  th e  fluid-level, th e  height of the  level 
m ay be assessed. W hen th e  wave trav e ls  from  one gas in to  a  denser one, th e  speed of 
th e  wave falls, and  hence com plications arise in  wells which have stra tified  conditions 
of gas.

O ther m ethods of te s ts  are described, certa in  of th em  w ith  p a rticu la r reference to 
wells which do n o t produce free gas. Difficulties pecu liar to  certa in  wells, such as 
absence of m arkers in  th e .w e ll, in  th e  form  of tub ing-catchers or liner-tops, are 
discussed.

I t  is shown th a t  draw-down is p roportional to  ra te  of p roduction  by  m eans of graphs.
The two other system s of determ ining p o ten tia l, by  pressure  bom b m ethod and 8-hr. 

production te s t, are described an d  discussed. A controversy  rages around which 
m ethod is th e  m ost accurate and  fair. A. H . N.

1318.* Production Problems Contended With at Sac and Fox Pool. P. Reed. Oil 
Oas. J ., 1.6.39, 38 (3), 32.—T he tw o chief troub les encountered  in  these  areas are 
flooding on th e  surface and  wax deposits. D etailed  considerations are paid to  the first 
problem , and  provisions are m ade to  w ork  on raised  levels in tim es of floods. To 
remove wax, lead lines are tak en  up  every 90 days and  b ro u g h t to  a boiler, where they 
are steam ed out. Scrapers are sufficient in  h o t w eather.

The h isto ry  of th e  field is given. A. H . N.

1319.* Oklahoma City Field Enters Secondary Recovery Stage. H . F . Simons. Oil Qas 
J .,  6.7.39, 38 (8), 28.— Oklahom a City field is facing a  prospective  revival through the 
introduction  of secondary recovery m ethods. I n  th is  p aper, th e  first of a series of two 
articles, th e  a u th o r sum m arizes th e  p resen t conditions and  possible fu ture  of the 
Oklahoma City field.

A unique m ethod  of obtain ing p o ten tia l w as in s titu te d  recently . An operators’ 
comm ittee, composed of engineers fam iliar w ith  th e  field, a rrived  a t  estim ates of what 
th e  po ten tial would be if te s te d  u nder periods of vary ing  leng ths. The estim ates were 
well received, and  i t  was decided to  refine th e  w ork  fu r th e r  an d  to  arrive a t  a  potential 
by  sound engineering m ethods th a t  would be agreeable to  all parties.

The working of th e  scheme is sum m arized. A. H . N.

1320.* Acidization of Gas Wells in the Texas Panhandle. D. H . S torm ont. Oil Gas J .,
6.7.39, 38 (8), 33.—The first gas well acidized in th e  P anhand le  field was in 1937, and 
m uch progress has been m ade since th en . U se of acid  is now  ad o p ted  as a  standard 
com pletion practice by m any operators in  th is  field. Also m any  operators are treating 
some 10- or 12-year-old wells.

T reatm ent of gas wells, in general, is along th e  lines used  in  oil-well acidization, with 
th e  exception of some differences in th e  equ ipm ent u sed  an d  th e  m ethod employed. 
Stage trea tm en t is now employed.

In  acidizing oil wells oil is used as th e  loading to  force th e  acid in to  th e  formation. 
In  trea ting  gas wells th is  is n o t possible, as th e re  is a  likelihood of th e  oil decreasing 
th e  perm eability of th e  p ay  sand. T hus e ither com pressed gas or w ater is used, 
w ith th e  form er being more widely used  since i t  is cheaper, m ore readily  available,
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and has been found to  give b e tte r  re su lts . Also, w a ter requires swabbing, which 
entails, generally, m oving a  sw abbing m achine to  th e  well, and  th u s  increasing th e  
treating cost.

Use of add ition  agen ts designed to  reduce th e  surface  tension  of th e  acid has g reatly  
increased th e  efficiency of th e  m ethods used.

A detailed s tu d y  of th e  m any  factors peculiar to  th e  field and  th e  w ork is given.
A. H . N.

1321.* Theories and Practices in Modern Oil-Well Shooting. R . B. Bossier. Oil Gas J .,
20.7.39, 38 (10), 34.— Considerable speculation  as to  th e  effects produced by th e  ex ­
plosion still ex ist, a lthough  th e  purpose an d  effects of shooting oil-wells are well known. 
The au tho r a tte m p ts  to  bring  tog eth e r some of th e  la te s t  w ork on th e  subject, including 
his own field observations and  deductions. T he assum ption  th a t  th e  creation  of a 
cavity was th e  m ain  object of shooting  is now  abandoned. Such assum ptions give 
insufficient exp lanation  of th e  re su lts  obtained. A. H . N.

1322.* World Crude Production. H . S. N orm an. Oil Gas J . ,  27.7.39, 38 (11), 56.—  
For the  first six m o n th s of 1939 pe tro leum  o u tp u t of th e  w orld established a  new half- 
yearly peak  figure. P ro d u c tio n  am o u n ted  to  over 1010 m illion brl., or nearly  33 
million brl. above th e  o u tp u t for th e  corresponding period of 1938. A. H . N.

1323.* Crude-Oil Reserves Increased in First Six Months. H. F . Simons. Oil Gas J .,
27.7.39, 38 (11), 62.—-This is th e  Oil and Gas Journal half-yearly  review of operations 
and developm ents in  th e  U n ited  S ta te s  petro leum  in d ustry . Discussing crude 
reserves, it  is s ta te d  th a t  new oil discovered in  th e  first six m on ths of 1939 am ounted  to  
roughly 1184 m illion brl. New pools prom ise nearly  240 m illion brl., an d  extensions 
to older fields account fo r th e  balance. T he m ost im p o rtan t discovery of th e  period 
was the  M agnolia field, Colum bia County, A rkansas, which is credited  w ith  an  u ltim ate  
recovery of 150 m illion brl. D educting  th e  p roduction  of 616J m illion brl., th e  n e t 
gain in Am erican crude-oil reserves during  th e  first h a lf of th is  year was 5 6 7 | m illion 
brl. A. H . N.

1324.* Major Areas Developed as Rice Country Pools are Extended. D. D alrym ple. 
Oil Gas J .,  3.8.39, 38 (12), 32.— One of th e  larger oil areas of th e  U n ited  S ta tes  is th e  
Rice County field, K ansas. I t  h as a  p o ten tia l yield of nearly  1 m illion brl. of oil daily, 
and th is  po ten tia l prom ises to  increase. New discoveries are tend ing  to  offset th e  
natural decline in  older pools. T he early  h is to ry  of th e  field is outlined from  1924 up
to  recent developm ents. A. H . N.

1325.* East White Point Field, Texas. Anon. Oil Gas J .,  3.8.39, 38 (12), 37.-—The 
E ast W hite Po in t field, San Patric io  C ounty, South-w est Texas, is discussed thoroughly. 
The discovery well w as com pleted  in  F e b ru a ry  1938. T here are 95 producing wells 
in the  field. P roduction  is ob tained  a t  a b o u t 5650 ft. All wells flow n a tu ra lly  : 
working pressures a t  th e  surface range from  500 to  1000 lb. on tu b in g  and  from  750 to  
1200 lb. on casing. B ottom -hole p ressu re  is 2500 lb. Gas/oil ra tio s  in  th e  field range 
from 500 to  600 cu. f t . of gas p e r ba rre l of oil. E a s t  W hite  P o in t crude has a  g rav ity  
of 39 degrees A .P .I., a  gasoline con ten t of 38% , and  a  gas oil con ten t of 41-2%. O ther 
data  of in te res t a re  given. A. H . N.

1326.* Major Companies Control Bulk of Illinois Production. H . F . Simons. Oil 
Gas J .,  10.8.39, 38 (13), 31.— Salem, L ouden, an d  Clay C ity co n stitu te  th e  m ain  p ro ­
duction areas in  Illinois. T hey  accoun t for 199,000 brl. daily, o r roughly  eight- 
ninths of Illinois’ to ta l  oil o u tp u t a t  th e  tim e w hen th e  S ta te  w as producing 225,000 
brl. a day. T w o-thirds of Illinois p ro d u c tio n  is contro lled  by  th e  m ajor oil companies. 
The present leader in production , num ber of wells, and  p o ten tia l o u tp u t is th e  Texas 
Corporation, and  th e  second and  th ird  a re  th e  C arter Oil Co. and  th e  P ure  Oil Co., 
respectively. On 1st Ju ly  la s t  th ese  th ree  concerns alone h a d  1728 wells and  a  daily  
production of 109,900 brl. in  Illinois. W hile th e  aggregate o u tp u t of th e  larger com ­
panies is higher th a n  th a t  of th e  independent in te res ts , th e  per-w ell yield of th e  m ajor
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companies is less th an  th a t  of th e  independents. F o r instance, th e  average-per-well 
yield of th e  m ajor in te rests in th e  Salem field a t  th e  end of Ju n e  was 96 brl. per day,
whereas th e  average of th e  sm all com panies was 300 brl. p er day . A. H . N.

1327.* Magnolia Field Columbia County, South Arkansas. Anon. Oil G asJ., 17.8.39, 
38 (14), 44-—A general account is given of th e  M agnolia field, Columbia County, South 
Arkansas. The field was discovered in F eb ru ary  1938. A t p resen t th ere  are 50 p ro ­
ducing wells in th e  field and  th e  proven  acreage am oun ts to  1750 acres. The original 
reservoir pressure was 3575 l b . ; p resen t p ressure  is 3358 lb. A n analysis of the 
Magnolia crude is given. T he field has a n  estim a ted  u ltim a te  recovery of 150 million 
brl. of crude. A. H . N.

1328.* Manifold Hookup on a Coastal Louisiana Production Property. N. Williams.
Oil G asJ., 31.8.39, 38 (16), 36.— A simplified, unu su a lly  flexible, and  low-cost manifold 
has been developed by a  Gulf Coast, Louisiana, oil p roducer and  is described with 
respect to  its  construction and  operation. A schem atic c h a rt is given. A. H . N.

1329.* Production Problems Loom for Shreveport Field. G. W eber. Oil Gas J .,
31.8.39, 38 (16), 47.—The Shreveport F ield  of Caddo Parish , N o rth  Louisiana, has 
entered its  second year of developm ent w ith  a  to ta l  of 48 wells and  a daily average 
production in excess of 7000 brl. A lthough  th e  pressure-production  relationship in 
th e  field is discouraging a t  th is  tim e, conditions would have  been m uch worse had not 
operators and  S ta te  conservation engineers ad o p ted  sound conservation measures in 
developing it.

Tests in num erous wells show th a t  th e  degree of perm eability  is m uch greater 
vertically th an  horizontally. This facto r ten d s to  re ta rd  la te ra l m igration  of oil to the 
well, favouring instead, vertical m ovem ent and  even tual coning of th e  underlying water. 
Thus, i t  is indicated th a t  in  th e  fu tu re  th e  field m ay  en te r a  stage of m ore gradual 
pressure decline if production is controlled to  p rev en t w a ter in trusion  a t  too early a 
date. A. H. N.

1330.* Production Patents. H . U . G a rre tt. U .S .P. 2,156,429, 2.5.39. Appl. 
26.4.37. Bottom -hole contro l choke, consisting of a  perfo ra ted  casing and  a  tubing 
carrying two packers to  be set above and  below th e  gas sand, and  th u s  form a pressure 
chamber.

C. C. Taylor. U .S.P. 2,156,709,2.5.39. A ppl. 20.4.36. A well cleaner and tester.

K. T. Penick. U .S.P. 2,157,496, 9.5.39. A ppl. 16.12.35. Combined tubing 
head and braden head.

A. N. Porter. U .S.P. 2,157,628, 9.5.39. A ppl. 11.1.37. A n oil-well pum ping rig.

J .  P . Jackson. U .S.P. 2,157,704, 9.5.39. A ppl. 9.10.35. A deep-well pump
w ith two cylinders an d  p istons working sim ultaneously.

C. I. Leibensperger an d  F . H . T horpe. U .S .P . 2,157,713, 9.5.39. Appl. 1.6.37. 
Process of m anufacturing sueker-rod couplings an d  couplings so m ade.

W. L. Church. U .S.P. 2,157,729, 9.5.39. A ppl. 17.5.37. A pparatus for
bringing a well in to  production  by  gun  perforation .

R . A. Mueller. U .S.P. 2,157,964, 9.5.39. Appl. 16.2.34. T ubing hanger in a
casing-head provided w ith a stuffing-box so th a t  th o  tu b in g  m ay  be reciprocated during 
th e  washing of th e  well.

H . E . Aulm an. U .S.P. 2,158,393,16.5.39. A ppl. 2.4.38. A water-well casing.

L. Bowen. U .S.P. 2,158,569, 16.5.39. Appl. 24.5.38. A form ation tester 
comprising a ta il tu b e  and a packer, th e  tubo  hav ing  a  fine perforated  te s t conduit 
and a  pressure recorder responsive to  p ressures w ith in  th e  perforate  extension and a 
relatively coarse-perforate m em ber below th e  first m em ber and  o u t of communication 
therew ith, and  a  pressure recorder responsive to  p ressures w ith in  said coarse-perforate 
member. A. H. N.
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Transport and Storage

1331.* A Field Balance for Weighing Pipe to Determine Rate of Corrosion. T. H.
Marshall and D. Chads. Petr. Engr, June 1939, 10 (9), 67-74.— It  is pointed out that 
corrosion investigations carried out in the laboratory are not satisfactory, as field 
conditions cannot be reproduced. Corrosion experiments under field conditions 
have been made possible by the construction of a suitable balance. This balance 
consists of a supporting tripod, beam assembly, sample suspension sling, and a sus­
pension device for the weights, and has a beam ratio of 5 : 1. I t  is easily portable, 
and strong enough to weigh a 10-ft. section of standard pipe weighing 30,000 gm. 
Tests have shown that the balance gives results to seven significant figures, as com­
pared with six normally obtained with an analytical balance. A  detailed description 
of the construction of the balance is supplemented by drawings. Results are vitiated 
by variation of air humidity. R. J. E.

1332.* Developments in Procedure for Installing Cathodic Protection to Pipe Lines.
W. F. Rogers. Petr. Engr, Mid-Year 1939, 10 (10), 112-116.— The procedure 
adopted in the installation of cathodic protection is outlined. The recording of 
repairs to pipe-lines is recommended and a typical chart of cumulative rust-hole data 
is shown. From these data the future history of the pipe is predictable, so that the 
anticipated cost of repair can bo compared with the cost of re-coating and applying 
cathodic protection. Alternatively, the application of cathodic protection alone may 
be considered.

Some field work is necessary to estimate the cost of cathodic protection. For a 
well-coated pipe a minimum potential of 0-80 volt is considered to give adequate pro­
tection. Measurements are made to determine the current required to maintain this 
potential, consideration being given to the effect of seasonal changes, and moisture 
content on the pipe, to soil potential and to the potential developed by the deposition 
of hydrogen on the pipe. The spread of current on the pipe is determined and data 
are obtained to show the length of pipe protected. Consideration is given to the 
spacing, composition, and resistance of the ground bed. From  the data obtained the 
cost of cathodic protection is calculated. The use of engine-driven generators is 
recommended as the cheapest method of providing cathodic protection. R. J. E.

1333.* Method of Determining whether Electrical Protection should be Applied to a 
Pipe-line or the Line Reconditioned. D. 13. Good. Petr. Engr., July 1939, 10 (11),
29-30.— The application of cathodic protection is considered in relation to two 
different cases. First, where corrosion has already occurred, and secondly, where no 
corrosion is present but where damage would prove expensive and difficult to repair. 
In  the first case it is assumed that a record of corrosion and maintenance costs of the 
pipe line for a number of years is available. Preliminary resistivity measurements are 
made to determine the point at which the protecting unit is needed. Curves relating 
pipe to ground potential and current are then obtained and the amount of pipe pro­
tected by various currents is deduced. The voltage required is obtained from previous 
knowledge of the test ground or by soil resistivity measurements. Consideration 
is given to variations of pipe to ground potential with the seasons. From the data 
obtained the type of equipment necessary can be selected, the power consumption 
deduced, and the cost of electrical protection compared with the cost of reconditioning 
or maintenance. Where preliminary tests show that more than one unit is necessary, 
it is found that the length of pipe protected per unit is considerably greater than in 
a single unit operation, and simultaneous tests are made for comparing the cost of 
operation and installation with reconditioning or maintenance costs. In  cases 
where only short lengths of pipe are affected, electrical protection shows to less 
advantage in comparison with reconditioning.

In  the second case, measurement may indicate current losses and the adoption of 
electrical protection to be justified, although no corrosion has been observed. More­
over, even if no current losses are detected, high cost of reconditioning may justify 
cathodic protection as a precautionary measure. R. J. E.
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Crude Petroleum.
1334.* Kulsara Crude. I. V. Vysotski. Neft. Khoz., June 1939, 20 (6), 46-49.—  
Kuls'ara crude (from well No. 10) is a light, low-asphaltic crude oil with a high wax 
content. It  is of paraffinic base and very rich in gasoline-ligroine fractions, 68-8%  
distilling below 300° C. (Engler).

The gasoline-ligroine fractions can be classified as follows : (a) aviation gasoline 
fractions, 29-2 and 39-3% distilling between I.B.P. and 1 3 0 ,  or 1 6 0 °  C., respectively;
(6) motor-car gasolines, 44-3 and 48-8% distilling between I.B.P. and 1 8 0 °  or 2 0 0 °  C. 
A s the gasoline fractions, however, have a distinct paraffinic character, it is unlikely 
that high octane fuels could be obtained in the usual way.

23-5% of the crude distils between 200° and 300° C., and can be utilised for producing 
various grades of illuminating kerosine. Residual oil (28%) remaining after distilling 
off the light fractions (up to 300° C.) has an extremely low specific gravity (df° =  0 -8 6 0 6 )  
and a high pour point ( +  22° C.). After refining and dewaxing various high-grade 
residual oils can be obtained, including bright stock and aviation lubricating oils.

L. R.

1335.* Unusual Crude from Old Ocean Field, Brazoria County, Texas. Anon. Petr. 
Engr, July 1939, 10 (11), 62.— On analysis the crude was found to be lighter in colour 
than No. 1 N.P.A., low in sulphur, and yielded 7 1 %  of 200° C. E.P. gasoline and 14% 
of kerosine distillate, the remainder being graded as gas-oil. R. J. E.

Gas.
1336.* Progress in the Manufacture of Butane. J. W. Vaiden and F. E. Fisher. 
Petr. Engr, Mid-year 10 (10), 128-129.— Increased demand for propane and butane 
as a domestic and industrial fuel and the requirements of polymerization and synthetic 
processes have stimulated progress in their manufacture. A  trend to higher quality 
has stimulated the construction of new plant for the efficient production of a high- 
purity product. Methods used to obtain the desired results are one or more of the 
following: high-pressure compression and absorption, refrigeration and vapour 
rectification. Changes in existing plant to give the desired results consist of higher 
pressures, increase in rate of absorption, lower oil temperature, refrigeration under high 
pressure, vapour rectification at low temperature, and liquid rectification at high 
pressure. The utilization of propane as a refrigerant, and also the construction of two 
modem plants, are described. Attention has been paid not only to processing plant, 
but also to the provision of efficient equipment for safe handling and storage of the 
hydrocarbons.

The increased importance of repressuring has focussed attention on the recovery of 
hydrocarbons from the gas before it is returned to the oil sands. R. J. E.

Cracking.
1337.* Houdry Process of Catalytic Cracking. M . Houdry. Ass. franc. Tecli. Petrol. 
Bull., 1.5.39 (49), 5-14.— A  description is given, with flow-sheet and properties of the 
products, for a catalytic cracking process operating on typical crudes.

The crude first undergoes fractionation into straight-run spirit naphtha for reforming, 
and a fraction which, after separation of tar, forms the charge for the catalytic cracking 
unit. This operates under atmospheric pressure and at a moderate temperature. 
The cracked products are admitted to a fractionating column, the light products being 
separated into spirit and gas for reforming and polymerization. The high-boiling 
product is an excellent gas-oil, which may be cracked further if necessary.

When cracking crude or residual stock a vaporizer is interposed between the initial 
fractionating column and the catalyst chambers, the tar separator being by-passed.

A  comparison is given of results on Lagunillas crude using two different vaporizers.
For Iraq crude a 61-5% conversion into 74-7 octane gasoline when operating on 

crude, and 76-5% on cracking stock, is obtained.
Using East Texas crude a 74-2% conversion into 74-4 octane gasoline is obtained 

when operating on crude, and an 8 0 %  conversion into 74-7 octane gasoline on cracking
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stock. The process may readily be adapted to yield aviation spirit base of 79-8 octane 
number, having low sulphur and gum content.

Units are being constructed in France to come into operation in June 1939 on the 
basis of an annual output of 3$ million tons. W. S. S.

Refining and Refinery Plant.
1338.* Application of Automatic Controls. A. J. Foley. Refiner, 1 9 3 9 ,  18 ( 8 ) ,  3 0 1 .—  
Maintaining that the application of an automatic control instrument is of far greater 
importance than the instrument itself, the author cites several cases in the petroleum 
industry where the application of control had not the desired effect. These cases 
include thermal control of throughput on a combination unit, liquid level control of an 
absorber on a gasoline plant, liquid level control on the residue stream of a vacuum 
tower, and a pressure reducing regulator on a line between two distant gas-storage 
tanks. G. R. N.

1339.* Modem Instrumentation. D. J. Bergman. Refiner, 1 9 3 9 ,  18 ( 8 ) ,  3 0 4 .—  
Stability or smoothness of operation is the most desirable feature in automatic control 
systems for distillation, cracking, and polymerization plants. A s  a rule, flow control 
of feed is one of the major factors in obtaining process stability. In  the simplest 
type of distillation unit automatic control is provided by flow control on the crude-oil 
charge, temperature control on the heater transfer line, control of the gasoline quality 
by means of tower top temperature with a valve in the line from the reflux receiver to 
the top bubble tray, and liquid level control at the bottom of the tower. In  the con­
ventional two-coil Dubbs unit fixed flow to the heaters is the heart of the control 
system. Transfer temperature is regulated by hand control using pressure-balanced 
valves in the gas lines to each heater. A  pressure-control valve maintains constant 
pressure on the reaction chamber and a liquid level controller releases residuum from 
the bottom of the flash-chamber. Gasoline is controlled as in a distillation unit. 
Receiver gas is released by a pressure controller and metered, while receiver distillate 
passes via a flow controller to the stabilizer. The minimum instrumentation for a 
small U.O.P. catalytic polymerization unit is also described. I t  is essential that the 
maximum throttling range of the instruments be used in order to avoid hunting. 
Allowances must also be made for the tendencies of the equipment towards self­
regulation. G. R. N.

1340.* Cooling Condenser Water with Spray Ponds. J. D. Watson. Fuel Econ., 
1 9 3 9 ,  15, 1 7 8 - 1 8 0 .— When sufficient space is available around a works there is much 
to be said for handling the condenser water with a spray system. Normally the cost 
of installing such a system is less than for a natural-draught tower. It s  cooling range 
is lower, but pumping costs are less. Providing the installation is correct, spray 
cooling can be as efficient as tower cooling.

Frequently the spray system has been condemned, when actually the installation of 
the system has been at fault. The ideal arrangement of the system and the types and 
setting of nozzles are outlined. T. C. G. T.

1341. The Cooling of Condenser Water. J. D. Watson. Fuel Econ., 1 9 3 9 ,  15, 2 0 7 -  
2 1 0 .— A  review of cooling towers, their types and construction, the Davenport, Foster 
Wheeler, and the louvred type manufactured by the Premier Cooler & Engineering Co. 
are described and illustrated with photographs and diagrams. T. C. G. T.

1342.* Flow Resistance of Viscous Fluids in Pipes. A. Skryabin. Neft. Khoz., April- 
May, 1 9 3 9 ,  20 ( 4 - 5 ) ,  6 7 - 6 8 .— A n  equation is evolved for the flow resistance of two- 
phase liquids under laminary flow and non-isothermic conditions :

_  f l2 8 Q Vol 16l0o\ ( lnC -  1 
W V O 4 3srdl04/ \  nC  

where H  means pressure drop in m. water; Q throughput in cu.m./sec.; 1 pipe-length 
in m .; d diameter in m .; g acceleration of gravity in m./sec.2; C  heat capacity; 
i)0 viscosity in poises at the beginning of the p ipe; 0 O initial breakaway tension in dynes/ 
sq. cm.; and n a  constant =  3-5.
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For highly viscous liquids without initial breakaway tension (e.g ., residual oil) the 
formula is simplified :

1343.* Analysis of Power Requirements in Refinery Operations. W. H. Stueve.
Petr'. Engr, June 1939, 10 (9), 120-128.— A  comprehensive survey of the power 
requirements of U.S. oil refineries has been made from the point of view of the poten­
tiality of oil-processing as a market for electric power sold by electric utility companies. 
Refineries are classified into : (a) skimming— gasoline recovery by distillation only, 
(6) skimming and cracking, and (c) complete, recovery of lubricating oil as well as 
skimming and cracking, and a detailed analysis of the power requirements of each 
class is given. I t  is concluded that a modem refinery uses 0-42 kw-hr. more electric 
power for every barrel of oil processed than an older type. A  classification of re­
fineries on a geographical basis shows the effect of location on the fuel used, e.g., oil 
predominates in East Coast, coal in Appalachian, and natural gas in Arkansas refineries. 
The effect of new developments in the oil industry is illustrated by the possibility of the 
replacement of energy from refinery gases by purchased electric power as a result of the 
potential increase in the utilization of the gases in polymerization processes.

1344.* Developments and Trends in the Natural Gasoline Industry. J. W. Vaiden and 
F. E. Fisher. Petr. Engr, (Mid-Year 1939), 10 (10), 44-48.— Developments of the 
natural gasoline industry are outlined and the effect on this industry of recent progress 
in the rest of the petroleum industry is discussed. Advancement of plant design is 
exemplified by the erection of refrigeration plants which are claimed to be more 
economic than conventional absorption or compression-absorption plants. Refrigera­
tion has made possible efficient recovery of propane and butane at nominal pressure. 
Freezing difficulties experienced in refrigeration have resulted in intensive study of 
hydrate formation and the development of dehydrating processes. Progress has been 
made in the study of de-sulphurization to improve lead susceptibility. Better recovery 
of lower hydrocarbons by low-molecular-weight oils has resulted in the use of lighter oils 
for absorption. The application of repressuring has been attended by the development 
of high-pressure absorption, and operation at 1500 lb. has been successful.

The progress made by the refiner in the better utilization of his raw material tends 
to decrease the demand for natural gasoline, but increase in the octane rating of 
marketed gasoline makes possible an increased demand, owing to the good anti-knock 
value and lead susceptibility of natural gasoline. The synthetic processes of the refiner 
are open to the natural-gasoline manufacturer, and the adoption of dehydrogenation, 
polymerization, or alkylation would enable him to convert a low-price material into a 
high anti-knock premium product. R. J. E.

1345.* Heater for Treating Cut Oil. J. C. Albright. Petr. Engr, July 1939, 10 (11), 
64.— The production of cut oil from some wells in Oklahoma has resulted in the 
installation of small portable gas-fired heaters. These heaters are installed in the lead 
lines from the wells between the tubing head and the flow tanks, and may be set to 
deliver a constant temperature. A  detailed description of the construction of a heater 
is accompanied by an illustration. R. J. E.

1346.* Problems Arising from the Presence of Salts in Crude Oils. J. V. Canessa and 
M. Fernandez Romero. Bol. Inform. Petroleras, June 1939, X V I  (178), 12-16.—  
The percentage of mineral salts present in crude petroleums varies greatly in different 
fields all over the world and also locally at different depths of the wells. The highest 
percentages are to be found in the Argentine, where an average taken from a number of 
samples shows as much as 2,226-5 gm. of sodium chloride per cubic metre. The article 
discusses the question generally and points out the serious damage which is caused to 
stills, fractionating stills, cracking towers, and condensers. The salts occur in the 
form of solution in water and as crystals surrounded by a skin of paraffin or asphalt.

H  = L. R.

R. J. E.
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The methods of dealing with these salts are indicated broadly, but another article in 
the same number treats the matter in fuller detail. There are four groups of treatment 
by physical processes and six different chemical methods of attacking this very serious 
trouble. References are given to recent literature on the subject. H. I. L.

1347.* Industrial Processes lor Removing Salts from Crude Oils. B. Rikles and J. 
Stowasser. Bol. Inform. Petroleras X V I  (178), 17-30.— This article contains a 
detailed account of the various processes employed which are most appropriate to the 
varying condition of the petroleums. These processes which have proved efficient, 
are

1. Electrical processes.
2. Decanting with application of heat and pressure.
3. Chemical processes.
4. Contact with solid materials followed by filtration.
5. Centrifuging.
6. Combination of electrical and chemical process.

An ample bibliography is added for reference. H. I. L.

1348.* Treatment of Petrols and its Chemical Aspects. A. F. Sainz. Bol. Inform. 
Petroleras June 1939 X V I  (178), 31-36.— The article deals with treatment, (a) by 
absorbents, and (b) by chemicals. Various processes are detailed, and special mention 
is made of cracking which is accompanied by the production of sulphides, resins, etc., 
which have to be eliminated. H. I. L.

1349.* Y.P.F. Refineries— Improvements Installed in Record Time. Anon. Bol. 
Inform. Petroleras, June, 1939, X V I  (178), 3-11.— Illustrated description of dis­
placement of a cracking tower at a Y.P.F. refinery to a site at some distance and the 
installation of a new tower in its place. I t  is shown how the work was planned so as 
to secure minimum interruption in the working of the refinery. H. I. L.

Chemistry and Physics of Petroleum.
1350.* Thermal Dehydration of Ethane to Ethylene. L. Potolovskii and A. Atal ’Yan. 
Petr. Engr, Ju ly 1939, 10 (11), 40—48.— A  comprehensive study of the pyrolysis of 
ethane over a temperature range of 675—900° C. with reaction periods ranging from 
0 01 to 13 seconds is described. The investigation was directed towards determining 
the optimum conditions for the production of ethylene. At 675-850° C. for 0-3 to 0-6 
sec. ethylene, methane, hydrogen, and hydrocarbons higher than C. 4 are formed. At 
higher temperatures acetylene is also produced. The maximum yield of ethylene 
from the ethane decomposed was obtained at 675—725° C., but a relatively small pro­
portion of the ethane was decomposed. Above 850° C. the yield of methane, hydro­
gen, acetylene, and higher hydrocarbons increases rapidly. Pyrolysis at 875-900° C. 
for 0-05 sec. resulted in the decomposition of 8 5 %  of the ethane giving a 6 2 %  yield of 
ethylene. At 700-750° C. the greatest yield of ethylene was 40—45%  in a reaction 
time of 2-9—7-0 secs. Increase of the reaction time reduced the amount of ethylene 
and increased the methane. I t  is concluded that the best conditions for the pyrolysis 
of ethane are preheating to 700° C. followed by instantaneous high-temperature 
pyrolysis in a tubular furnace of special steel capable of withstanding prolonged 
heating at high temperatures. R. J- i ' •

1351. Theory of Absolute Reaction Rates and The Polymerization of Ethylene. F. P. 
Jahn. J. Amer. chem. Soc., 1939, 61, 798-800.— This is a theoretical paper in which 
the activated complex method used by Eyring  is employed to calculate the rate of 
homogeneous thermal polymerization of ethylene : by making simple assumptions 
concerning the entropy of activation rough agreement with experiment is obtained.
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1352. Critical Constants of Ethane. J. A. Beattie, Gouq-Jen Su, and G. L. Simard.
J. Amer. chem. Soc., 1939, 61, 924-925.— The authors have investigated the critical
constants of ethane by the compressibility method and found them to be :—

<0 =  32-27 ±  0-01° (Int.), 
pc =  48-20 ±  0-02 normal atmospheres,

=  0-148 litre per mole (4-93 cc. per gram), 
dc =  6-76 moles per litre (0-203 gram per cc.)

The uncertainty in the critical volume and density is 1% . R. D. S.

1353. Compressibility of Gaseous Ethane in the High-Density Region. J. A. Beattie, 
Gouq-Jen Su, and G. L. Simard. J. Amer. chem. Soc., 1939, 61, 926-927.— The 
authors give compressibility measurements of ethane from 50 to 275° and from 5 to 
10 moles per litre. R. D. S.

1354. Reactions of 3-Hexene. II. Condensations with Aromatic Hydrocarbons and 
Phenols. L. Spiegler and J. M. Tinker. J. Amer. chem. Soc., 1939, 61, 1002-1004.—  
3-Hexene has been condensed with hydrocarbons and phenols using a series of cata- 
lysers such as sulphuric acid, anhydrous hydrogen fluoride, dihydroxylfluoboric acid 
(H 3B 0 2F 2), perchloric acid, zinc chloride, and aluminium chloride.

1 , 2, or more hexyl groups were introduced into the aromatic nuclei to obtain the 
corresponding secondary hexyl derivatives. T. C. G. T.

1355. Hydrofluoric Acid as a Condensing Agent. II. Nuclear Alkylations in the 
Presence of Hydrofluoric Acid. W. S. Calcott, J. M. Tinker, and V. Weinmayr. 
J. Amer. chem. Soc., 1939, 61, 1010-1015.— I t  has been shown that hydrofluoric acid 
is an effective acid condensing agent for the preparation of nuclear alkylated isocyclic 
compounds.

I t  was possible to introduce into isocyclic compounds alkyl groups containing as 
few as two carbon atoms, but the best results were achieved when alkyl radicals 
containing three or more carbon atoms were used.

defines or compounds which under the conditions of reaction would be expected 
to react like defines, such as alcohols, esters, ethers, or halides, were employed as 
alkylating agents. T. C. G. T.

1356. The Nitrogen Compounds in Petroleum Distillates. XIV. Isolation of 2 : 4 -  
Dimethyl-8-Ethylquinoline from the Kerosene Distillate of Californian Petroleum.
W. N. Axe. J. Amer. chem. Soc., 1939, 61, 1017-1019.— The isolation from a complex 
mixture of petroleum bases, of the hitherto unknown compound 2 : 4-dimethyl-8- 
ethylquinoline, is described. The structure of this compound has been established 
by oxidation to 2 : 4-dimethylquinoline-8-carboxylic acid and by synthesis of the 
compound. T. C. G. T.

1357. Simultaneous Dehydrogenation-Hydrogenation of CycZohexene in the Presence 
of Nickel. B. B. Corson and V. N. Ipatieff. J. Amer. chem. Soc., 1939, 61, 1056- 
1057.— In  the presence of nickel, both at superatmospheric and at ordinary pressure, 
cycZohexene is converted almost quantitatively into a mixture of cycZohexane (68%  
by weight) and benzene (32%  by weight).

This is in contradiction of earlier workers, whose results indicated that nickel was 
not such an effective catalyst. T. C. G. T.

1358. Isomerization of AkylcycZopentanes. H. Pines and V. N. Ipatieff. J. Amer.
chem. Soc., 1939, 61, 1076-1077.-— Alkylated cycZopentanes have been isomerized to 
yield methylated cycZohexanes. Thus at 50° C. in the presence of aluminium chloride 
ethylcycZopentane yielded methylcycZohexane; propyl- and isopropyl-cycZopentane 
gave 1 : 3-dimethylcycZohexane, whilst n.-butyl-, s.-butyl-, and Z.-butylcycZopentane 
yielded 1 : 3 :  5-trimethylcycZohexane.

The yield of isomerized product in most cases exceeded 80%. T. C. G. T.
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1359. The Formation oi Intermediate Compounds in Hydrocarbon Syntheses by the 
Friedel and Craft Reaction, and the Preparation of Certain Symmetrical Trialkylbenzenes.
J. F. Norris and D. Rubinstein. J. Amer. chem. Soc., 1939, 61, 1163-1170.— The 
heavy oil that separates when a solution of aluminium chloride in toluene is treated 
with hydrogen bromide at room temperature has a composition approaching 
A l2B rG,6CcH 5C H 3. When this oil is evaporated at room temperature at 10-11 mm. 
pressure, the non-volatile product appears to have the formula A l2B r6,C6H 6C H 3.

The results of the determination of the molecular weight of the oil indicate that the 
latter, when dissolved, was converted into toluene and the complex A l2B r6,C6H 5C H 3.

The éthylation of benzene with ethyl chloride and ethyl bromide when the mole­
cular ratio of A12C16 to C6H 5 was 1 to 1 gave yields of s.-triethylbenzene from 85 to 
90%  of the theoretical. Excellent yields of s.-ethyldimethylbenzene and s.-diethy 1- 
methylbenzene were obtained.

Evidence was obtained that the molecular ratios of A12C16 to hydrocarbon were the 
determining factor in the relative proportions on which the several alkylated products 
were formed.

At 0° the chief product of the méthylation of benzene with 3 moles of halide is 
1 : 2 : 4-trimethylbenzene, whilst at 100° it is 1 : 3 : 5-trimethylbenzene.

The rearrangement of o.-xylene and p.-xylene to a mixture of the three isomers was 
studied.

The influence of temperature on the structure of the xylenes formed when toluene 
is methylated showed that the low temperature favours the formation of the ortho 
and para compounds, whilst at 100 the chief product is the meta isomer. In  éthylation 
the product was largely meta at the two temperatures.

Detailed directions are given for the preparation of the symmetrical tri-derivatives 
because the methods give much higher yields and purer products than have previously 
been obtained. T. C. G. T.

1360. Some 1 : 4-D iaryl-l : 3-cz/cZopentadienes. N. L. Drake and J. R. Adams, jun. 
J. Amer. chem. Soc., 1939, 61, 1326-1329.— A  description of the preparation of three 
1 : 4-diaryl-l : 3-cycZopentadienes by the condensation of methyl aryl ketones and 
j8-arylpropionates in the presence of sodium ethoxide and of several derivatives of 
these dienes. T. C. G. T.

1361. Low Temperature Dehydrogenation of Hydroaromatic Rings. R. T. Arnold 
and J. C. Collins. J. Amer. chem. Soc., 1939, 61, 1407-1408.— A  low temperature 
procedure for the dehydrogenation of hydroaromatic rings by chloranil is discussed 
and the advantage of this method over selenium dehydrogenation is pointed out.

T. C. G. T.

1362. Rearrangement of 1 : 3-Dimethyl-4-Z.-Butylbenzene with Aluminium Chloride.
L. I. Smith and H . O. Perry. J . Amer. chem. Soc., 1939, 61, 1411-1412.— 1 : 3-Di- 
methyl-4-Z.-butylbenzene has been prepared and characterized. This hydrocarbon, 
when treated with aluminium chloride, rearranges into the 1 : 3 : 5-isomer, which 
is the only one of the isomers obtained from m. -xylene, t.-butyl chloride, and aluminium 
chloride.

In  view of the orienting effects of the two methyl groups in m. -xylene, and the re­
arrangement described in the paper, it is suggested that in the Friedel-Crafts synthesis 
of 1 : 3-dimethyl-5-Z.-butylbenzene, the f.-butyl group first enters the 4-position, 
giving the 1 : 3 : 4-isomer, which is then rapidly rearranged by the catalyst to the 
1 : 3 : 5-compound. T- C. G. T.

1363. Condensation of Alcohols, Ethers, and Esters with Aromatic Hydrocarbons in 
the Presence of Aluminium Chloride. J. F. Norris and B. M. Sturgis. J. Amer. chem. 
Soc., 1939, 61, 1413-1417.— Toluene, ethylbenzene, i.-butylbenzene, and i.-butyl-m.- 
xylene-(l, 3, 5), have been prepared by the condensation of primary aliphatic alcohols 
with aromatic hydrocarbons by means of aluminium chloride.

Condensation of benzene, in the presence of A1C13, with other oxygen-containing 
compounds is also described. T. C. G. T.
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1364. Addition of Halogen and Acetoxyl to Ethylene. F. C. Weber, G. F. Hennion, and
R. R. Vogt. J. Amer. chem. Soc., 1939, 61, 1457-1458.— jS-Chloroethyl acetate and 
ethylene dichloride are the chief products when ethylene is chlorinated in acetic acid, 
acetic anhydride, or methyl acetate. T. C. G. T.

1365. Addition of Hydrogen Halides to cis- and fraws-2-Pentene. M. S. Kharasch,
C. Walling, and F. Mayo. J. Amer. chem. Soc., 1939, 61, 1559-1564.— Various workers 
results upon the addition of hydrogen bromide to 2-pentene seem to indicate different 
ratios of products depending on the condition of addition and the source and previous 
treatment of the pentene employed.

cis- and Zrans-2-Pentenes have been prepared and the addition of HC1 and H B r 
has been investigated. The ratio of product has been found to be independent of the 
conditions of addition and the isomer of 2-pentene employed. T. C. G. T.

1366. Hydrogen Fluoride as a Condensing Agent. VI. The Alkylation of Benzene with 
compounds containing an “ Allylic ” Group. J. H. Simons and S. Archer. J. Amer. 
chem. Soc., 1939, 61, 1521-1522.— Hydrogen fluoride has been used to obtain reaction 
between a number of “ allylic ” compounds and benzene. A lly l benzene and 1 : 2- 
diphenylpropane has been prepared from allyl alcohol and 1 : 2-diphenylpropane from 
allyl benzene. T. C. G. T.

1367.* Studies in Water-in-Oil Emulsions. Part n. The Interfacial and Surface 
Activities of Magnesium and Calcium Oleates and the Role Played by these Soaps in 
the Stabilization of Water-in-Oil Emulsions. R. C. Pink. J. chem. Soc., April 1939,
619-621.— The author has measured by the drop-weight method the effect of the 
lowering of interfacial tension between benzene and water produced by magnesium 
and calcium oleates. The effect is very marked, but surface tension shows a slight 
increase. The author observes that with soaps of multivalent metals the reduced 
interfacial tension permits easy subdivision of the water in the oil, with consequently 
less tendency to separation, and that the film of hydrated soap precipitated at the 
interface prevents coalescence of the globules, some of which are simply entangled in 
the precipitated soap ; the latter is much more readily wetted by oil than by water, 
which fact is apparently the type-determining factor. R. D. S.

1368.* Mechanism of Addition to Double Bonds. Part X. Kinetics of Association of
ct/cZoPentadiene. H. Kaufmann and A. Wassermann. J. chem. Soc., May 1939, 
870-871.— Continuing the investigations into the reaction 2C5H 0 C10H 12, the
authors have measured the velocity coefficients in polar and non-polar solvents and in 
the gas phase. The velocity coefficients in these are all approximately the same, as 
are the activation energies and the kinetic A  values. The latter are the products of 
the steric factors and the bimolecular collision numbers. Steric factors being assumed 
equal, the collision number in polar and non-polar solvents and in the gas phase is
of the same order of magnitude. R. D. S.

1369.* Palladous Chloride as a Dehydrogenating Agent. G. W. Cooke and J. M. 
Gulland. J. chem. Soc., May 1939, 872-873.— Attempts were made to dehydrogenate 
hydroaromatic and reduced heterocyclic compounds by means of palladous chloride 
with only fair results generally, but while the conclusion is that palladous chloride is 
unlikely to find general application as a dehydrogenating compound, in some cases it 
may perhaps prove more acceptable than selenium, especially where small quantities 
of material only aro available. Examples are given in which palladous chloride
oxidizes to carboxyl a methyl group attached to the benzene ring. R. D. S.

Analysis and Testing.
13(0.* Physical and Chemical Properties of Petroleum Fractions. H . T. Rail and
H. M. S m ith . Industr. Engng Chem. Anal., 1939, 11 (7), 387.— An apparatus is 
descr ib ed  w h ich  p e r m its  e x a c t  a n d  ra p id  in tr o d u c t io n  o f  accurately weighed quantities
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of viscous-oil samples into a cryoscopic molecular-weight apparatus by diluting the 
sample with a known quantity of solvent from the same source as used for the molecular- 
weight apparatus. The molecular weights of several test oils were determined; these 
included a kerosine, an aromatic oil, a bright stock, and an acetone extract of a lub. oil. 
A  comparison of the results showed that the error caused by dilution will not exceed 
2% . Data obtained in the determinations of the molecular weights of three highly 
viscous samples are given. G. R. N.

1371.* A Microviscometer. J. R. Bowman. Industr. Engng  Chem. Anal., 1939, 
11 (7), 409.— The method employed in this microviscometer depends on the rate of 
fall under gravity of a short segment of liquid contained in a longer capillary. The 
tube is vertical, straight, and of uniform bore— a length of 25 cm. was found to be 
convenient. I t  bears three etched marks, two near the bottom and one near the top. 
A glass vapour jacket is sealed around the tube. Various refinements of the apparatus 
are described. The instrument gives better than 4 %  absolute accuracy and a pre­
cision within 0 -1%  in the range from 2 to 10,000 centistokes. The method is regarded 
as simple and rapid, and requires only one drop of the sample. G. R. N.

1372.* Laboratory Fractionating Column. G. F. Reyling. Industr. Engng  Chem. 
Anal., 1939, 11 (8), 419.— Small packed laboratory fractionating columns with con­
stricted bases often tend to become filled with condensed liquid, which cannot return 
to the flask because of the pressure of the rising vapours. Consequently the column 
fills with liquid and fails to operate properly when near its maximum capacity. This 
condition may be alleviated by placing a glass tube, bent in the shape of an open 
hook, in the bottom of the column. This arrangement permits return of the con­
densed liquid to the flask, and at the same time allows the vapours to pass unhindered 
to the top of the column. G. R. N.

1373.* Greaseless High Vacuum Valve. R. H. Crist and F. R. Brown. Industr. 
Engng Chem. Anal., 1939, 11 (7), 396.— A  more rugged and compact modification of 
the Ramsperger valve is described. A  metal diaphragm is used with silver chloride 
as the seating surface. The leak through this valve as measured by a McLeod gauge 
was generally less than 0-0001 mm. per hour. G. R. N.

1374.* Determination of Neutral Oil and Tar Acids in Phenolic Compounds. E. Field 
and L. Steuerwald. Industr. Engng  Chem. Anal., 1939, 11 (8), 426.— In  the estimation 
of the neutral oil the sample is refluxed with 10 %  caustic soda in a described procedure. 
The insoluble material plus a small amount of the soda extract are suitably transferred 
to a Babcock bottle and centrifuged to give an accurate line of separation. Results 
show an accuracy of 0-1 %  on a variety of cresylie acids and on blends containing known 
amounts of neutral oil. After criticizing the U.S.D.A. method for estimating tar 
acids, the authors describe their “ liberation ” method, in which the sample is extracted 
with 2 0%  caustic soda in the presence of petroleum ether. The tar acids are liberated 
by use of 2 5 %  sulphuric acid and are washed/recovered with the aid of sulphuric acid 
of specific gravity 1-5-1-51. The procedure, though lengthy, gives an accuracy of
0-2% as demonstrated by the results obtained. I t  is held that specifications formulated 
on the basis of these improved methods will represent quality which is at once rigid 
and dependable. G. R . N.

1375.* Solubility Characteristics of Tars and Pitches Produced by Coal Hydrogenation.
M. L. Fein, A. Eisner, H. M. Cooper, and C. H. Fisher. Industr. Engng  Chem. Anal., 
1939,11 (8), 432.— The determination of the insoluble matter in hydro tars and pitches 
was studied according to the various physical principles involved and to the various 
methods recommended. The following procedure was finally adopted. About 
10 gm. of sample are weighed into a 250-ml. centrifuge bottle and heated to about 
90° C. Twenty volumes of 7 %  cresol-tetralin (previously heated to about 90° C.) 
are added slowly with manual stirring. The resulting mixture is stirred mechanically 
for approximately 3 min. and then centrifuged at about 2400 r.p.m. for about 20 min. 
The supernatant layer is decanted and 150-200 ml. of benzene at room temperature



4 3 6  a
A B S T R A C T S .

are added. The solid residue is broken with a stirring rod, after which the mixture 
is stirred mechanically for about 3 min. and centrifuged. The layer of benzene is 
decanted, after which the bottle and residue are dried to constant weight at 110° C. 
(2-3 hr). 48 References. G. R- N.

1376.* Laboratory Ageing Tests for Lubricating Oils. F. Jostes and A. Hann. Oelu. 
Kohie, 1939, 15, 515-518, 533-537.— The behaviour of a lubricating oil in one engine is 
so greatly dependent on the design of the engine and the fuel used, that it is very difficult 
to infer its behaviour in any other engine. Still more difficult is it to correlate labora­
tory ageing tests with actual performance in the engine. Laboratory methods not 
only show considerable differences in the fixed conditions (temperature, oxygen- or 
air-rate, catalysts, etc.) under which the ageing is carried out, but they also differ 
in that changes in different properties of the oil (asphalt or resin content, acidity, 
viscosity, etc.) are used as the measure of the degree of ageing. Further, even if one 
particular method is used, by observing the change in different properties, contradictory 
results for the stability may be obtained.

In  the author’s opinion, the difficulties arise from the fact that the oil is usually 
aged for a given tune and the alteration in physical properties measured. He suggests 
that a much sounder method is to find the time taken to effect given alterations in 
these physical properties.

The Indiana oxidation test is based on this conception, as the reported figure is the 
time taken for the formation of 100 mg. asphalt/10 gm. oil. I f  the time is more than 
50 hr., the viscosity is measured after 50, 100, 150, and 200 hr. oxidation. The author 
considers that the large volume of oil (300 ml.) used is cumbersome, and makes the 
withdrawal of truly representative samples difficult, and so suggests using 20 ml., and 
blowing at 650 ml./hour instead of 10 litres per hour. Comparative tests showed that 
the modified method gives results within the normal limits of error of the standard 
method, and the author used this modification of the method throughout his investiga­
tions.

In  order to see if the invariants had an appreciable effect on the degree of oxidation, 
ten different lubricating oils were examined with the following results.

Influence of the Class.— Oxidations were carried out in tubes of Duran, Jena glass, 
and Thuringrian glass ; no appreciable difference was found, so all the remaining work 
was done with Jena-glass apparatus.

Influence of Temperature.— Oxidations were carried out at the standard temperature 
of 172° C., and at 200° and 240° C. The results show that, in general, the relative 
positions of the curves are unaltered by increase in temperature. A  table is given 
showing the order of stability of the ten oils as indicated by the time taken to form 
5, 10, and 15 mg. sludge/gm. oil at each of the three temperatures. This shows that 
the least reliable evidence is that given by the times of formation of 5 mg. sludge/gm. 
oil at the lowest temperatures. Accordingly the author suggests the further modifica­
tion of the test in that the temperature of oxidation be raised to 200° C., and that the 
reported figure be the time taken to produce 15 mg. sludge per gm. oil.

Influence of the Air-rate.— The test was run at 172° C., with the air-rate 1000 ml./hour 
in place of 650 ml./hour. No important alteration in the grading of the oils was 
observed, the effect being the expected one of accelerated ageing.

Further oxidation experiments were carried out on (1) brown-coal paraffin wax;
(2) Fischer paraffin w ax ; (3) octadecene; (4) oleic acid; (5) oleic alcohol; (6) 
synthetic o il; (7) Edeleanu extract from a light Roumanian machine oil, deasphalted 
with fuller’s earth; (8) topped Wietz crude oil, deasphalted with propane, extracted 
with furfural, and twice treated with fuller’s earth.

The first four gave no product insoluble in normal benzine after 100 hr. oxidation at 
172° C. The neutralization value showed a large increase, especially in (1) and (3), 
indicating that the oxidation was mainly of hydrocarbon to carboxylic acid. (5) 
gave semi-solid products of which 3 7 %  was insoluble in normal benzine, but this 
residue was not asphaltic, consisting of other oxidation and polymerization products. 
(6) merely became viscous, giving no asphaltic precipitate with normal benzine. (7) 
had become a viscous tar after 48 hr.

It  will be noticed that hydrocarbons, whether aliphatic, aromatic, o r  naphthenic, 
oxidize mainly to acids, whilst oils containing petroleum r e s i n s  o x i d i z e  to asphaltio
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m atter. F u r th e r  experiments showed that the addition of resins to (6) caused the 
trea ted  oil to form asphalt on oxidation, whilst untreated no asphalt is produced. I t  
seems therefore that the ageing properties of lubricating oils are, in general, dependent 
on the content of petroleum resin, and not on the composition of the hydrocarbon 
mixture. T. T. D.

1377.* Motor Methods of Testing Fuels and Lubricants. A. v. Philippovich. Oel u. 
Kohle, 1939, 15, 551-556.— Agreeing with the necessity of engine tests for rating 
gasolines, the author considers the C.F.R. motor method lacking in several respects, 
criticizing the bouncing-pin method of recording knock and the fact that the deter­
minations are carried out at only one mixture strength and at only one temperature. 
The advantage of the octane number lies chiefly in the world-wide use of the C.F.R. 
engine, and to retain this the author suggests that the present method of testing be 
extended to give results of greater usefulness.

To determine the instant at which knocking starts, the author stresses the necessity 
of an automatic indicator, preferably recording the second differential of the pressure 
with respect to time. He further suggests that the octane number should be deter­
mined with the mixture temperature at 86° F., 122° F., and 212° F., as well as at the 
standard temperature of 300° F., the mixture strength being as specified in the ordi­
nary C.F.R. motor method. From  these figures, diagrams can be drawn showing the 
variation of octane number with temperature. The author states that four types of 
diagram are obtained : (1) aromatic, (2) olefinic, (3) alcohol mixtures, (4) paraffinic. 
He therefore suggests that in reporting the octane number of a gasoline the appropriate 
suffix should be used, e.g., O.N. 732, signifies that the fuel has an octane number of 73 
and that its temperature variation is of the olefinic type.

Once these diagrams have been obtained, the octane number at any required tem­
perature can be deduced from a measurement at any other temperature, provided the 
composition of the fuel is known. Further, a more genuine forecast of the behaviour 
of a fuel in an engine is possible, as the octane number at the running temperature 
is readily deducible.

The deficiencies in the motor method are implicitly admitted in many specifications 
for aviation gasolines which require more direct information regarding the behaviour 
of the fuel in the engine— e.g., variation of mean effective pressure with excess air at 
different temperatures. The author considers that these methods give results of much 
more significance than the mere determination of the octane number.

Turning to the testing of lubricating oils, the author again prefers actual engine 
tests, and suggests that a useful method is to determine the time required for ring- 
sticking to occur in an engine run under fixed conditions at different temperatures. 
In  this way the stability of oils at different temperatures is obtainable, and thus the 
most suitable oil for use in any particular engine the working temperature of which 
is known, can be deduced. T. T. D.

See also Abstracts Nos. 1378 and 1379.

Gas, Diesel and Fuel Oils.
1378.* Estimation of Ignition Qualities of Diesel Fuels in the Laboratory. G. Vorberg. 
Oel u. Kohle, 1939,15, 497-499.— The following methods are used to obtain indications 
as to the ignition properties of diesel fuels : (1 ) hydrogen content; (2 ) aniline po int;
(3) diesel index; (4) cetene number (by Marder’s density method); (5) cetene or 
cetane number determined on either the I.G. or C.F.R. test-engine.

The object of this paper is to correlate the results obtained by the first four of these 
methods with the last, which is considered the only intrinsically reliable one. Tests 
were carried out on forty-two samples of widely differing origin, including oils obtained 
by the hydrogenation of coal, as well as of petroleum origin. The results show that 
all these methods give figures which correlate well with those obtained in the test- 
engines, except the first, and the author maintains that the hydrogen content is not 
a reliable guide to ignition properties. He suggests that methods (3) and (4) are very 
valuable for obtaining a rapid and reasonably accurate indication of these properties.

T. T. D.
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1379.* Simple Motor Method for Testing Diesel Fuels. H. Neumann. Petrol. Z., 
1 9 3 9 "  3 5 ,  ( 3 3 ) ,  6 1 4 - 6 2 1 . — A  n e w  l a b o r a t o r y  m e t h o d  f o r  t e s t i n g  d i e s e l  f u e l s  c o m p r i s e s  
t h e  u s e  o 'f  a  v e r y  s i m p l e  i n e r t i a  i n d i c a t o r  b u i l t  i n t o  t h e  i n j e c t o r  n e e d l e  o f  d i e s e l  e n g i n e s  
f o r  r e c o r d i n g  t h e  i g n i t i o n  i m p u l s e  a n d  a  r e c e i v i n g  d e v i c e  c o n n e c t e d  w i t h  t h e  c r a n k ­
s h a f t .  T h e  r e s u l t i n g  a c c u r a c y  c o m p a r e s  w e l l  w i t h  t h e  p r e c i s i o n  o b t a i n a b l e  i n  t h e  
t i m i n g  o f  t h e  v a l v e  g e a r  o f  t h e  e n g i n e  i t s e l f ,  a n d  t h e  i g n i t i o n  l a g  a n d  c e t e n e  n u m b e r  

o f  t h e  f u e l  a r e  e a s i l y  e s t a b l i s h e d .  E. W. S.

Lubricants and Lubrication.

1380.* Trends in Lubricating Oil Manufacture. G. A. Fitzgerald. Petr. Engr, Mid- 
year'l939, 10 (10), 105-110.— The motor industry being the biggest market for lubri­
cating oil, changes in engine design have had a big influence on the lubricating-oil 
industry. Closer clearances and higher temperatures have necessitated lighter oils 
of greater stability and better temperature/viscosity characteristics. A  demand for 
improved low-temperature fluidity has stimulated solvent dewaxing processes. Of 
these the benzol/ketone process represents two-thirds of the world total capacity. 
Wax removal on this method is substantially complete, and an oil with a cloud-point 
almost as low as the pour-point is produced. The propane process combines dewaxing 
and removal of high-viscosity resins to yield a lighter and more stable oil. Solvent- 
extraction processes have made possible the production of premium-grade oils from 
mixed-base and naphthenic crudes, as well as from paraffinic crudes. Of the five 
leading processes, furfural, Duo-Sol, phenol, S 0 2-benzol and chlorex, furfural is the most 
popular, probably owing to the normal extraction temperatures, 150-250° F., used. 
A  feature of all the solvent methods is the application of instrument control, which 
makes for uniformity of production and more economic operation. High vacuum 
distillation is also used for the removal of resins and asphalt— with some oils it is more 
economical than solvent extraction.

In  the decolorization of motor oils increased use of activated earth and bauxite has 
contributed to a fall in the consumption of fuller’s earth. The accomplishment of 
decolorization in combination with distillation, with consequent saving of heat, is 
claimed. The demand for extreme-pressure lubricant s has resulted in the production 
of oils containing sulphur, chlorine, and other active agents. Improvement in diesel- 
engine lubricants is evidenced by a steady increase of diesel-engine installations. 
Laboratory development of solvent extraction and molecular distillation has contri­
buted to a better knowledge of the chemical composition of lubricating oil.

The catalytic effect of metals on the deterioration of oils has been closely studied 
and effective inhibitors have been produced. Other dopes have proved effective in 
depressing pour-point, preventing varnish formation and bearing corrosion, increasing 
oiliness, and raising viscosity index. R. J. E.

1381.* Lubricating Oils for Automobile and Tractor Engines. P. A. Khokhryakov. 
Neft. Khoz., June 1939, 20 (6), 37-39.— Properties of engine oils at present produced 
in the U.S.S.R. by sulphuric acid treatment are considerably below those required. 
Production of high-grade engine oils depends on output of selective-solvent-treated 
oils and development of a suitable method of lowering their pour point. These 
engine oils should agree with S.A.E. specifications, especially regarding viscosity.

Methods of reducing pour points of sulphuric acid-treated oils should be developed 
at an early date so as to ensure the supply for the winter season 1939-1940. L. R.

1382.* Oxidation Tests with Roumanian Turbine Lubricating Oil. C. Candea and C. 
Manughevici. Petrol. Z., 1939, 35 (33), 611-614.— It  is possible to show by means of 
a laboratory test that different dopes reduce the tendency of the oil to combine with 
oxygen. The following materials were added as dopes : thymol, anthrazene, naph­
thalene, toluidine, and para-methyl- para-diamido-diphenylmethane. The ageing of 
turbine oil in operation being due mainly to oxidation, the authors consider it advisable 
to use such chemicals as stabilizers. E. W. S.
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1383.* Melting Point of Solid Greases. D. S. Velekovskii, I. P. Lukashevich, and 
F. L. Borshchevskaya. Refiner, 1939, 18 (8), 312.— Structural changes brought about 
by details of production have a pronounced effect on the Ubbelohde melting point, 
but have no effect on the performance of the greases at high temperatures. Sodium 
base greases are heterogeneous systems, the thermal behaviour of which is greatly 
affected by details of production. In  calcium base greases the effect of the structural 
peculiarities is balanced by the water present. There is no simple relation between 
the structure of a grease and its stability toward thermal action. The melting point 
is determined, other factors remaining constant, by the content of soap, rather than 
by the viscosity of the mineral oil used. The resins exert a stabilizing and peptizing 
effect. A  rise in the valence of the soap base lowers the dropping temperature, the 
duration of melting, and the thermal stability of the grease. Increasing saturation of 
the hydrolysed oil or fat raises the thermal stability, the dropping temperature, and 
the duration of melting. G. R. N.

1384.* “ Seizure Delay ” Method for Determining Seizure Protection of E.P. Lubricants.
H. Blok. J. Soc. aut. Engrs, 1939, 44, 193-200.— Considerations of the influence of 
temperature on the testing and performance of so-called E.P. lubricants have so far 
been neglected according to this author. I t  is considered that in operation a “ tem­
perature flash ” is superimposed on the average “ bulk ” temperature of gears. This 
“ temperature flash ” may last for only 0 0001 sec. and is thought to be the governing 
criterion for the failure of the lubricant. “ Bu lk  temperature ” should be controlled 
when testing such “ extreme-temperature-pressure ” lubricants; the failure of 
conventional testing methods is attributed to lack of this control. Testing technique 
consists in determining “ seizure delay ” using the familiar “ Four Ball Top.” This 
is measured by the load to cause seizure 2-5 sec. after starting the test. After seizure, 
equilibrium is again reached under high loads, but under still higher loads welding 
may occur. The amount of wear is a measure of the intensity of seizure. One 
peculiar phenomenon was observed in this, as in the S.A.E. machine— -namely, that 
“ incipient seizure ” can occur with some E.P. lubricants at loads not much higher 
than those which cause failure with straight mineral oils. This is considered to be 
due to the fact that the temperature rise under such conditions is not sufficient to 
render the additive agent active. No correlation was found between results on the 
S.A.E. and Timken machines operated conventionally and on the “ Four Ball Top ” 
operated by the “ seizure-delay ” method. This is considered to be due to the un­
controlled variable of bulk temperature in conventional methods of test. Better 
correlation was obtained when the S.A.E. machine was operated by the seizure-delay 
method. Reasonably good correlation was established between results by the “ Four 
Ball Top ” using the seizure-delay method, and the lowest load at seizure in a four­
square set-up of Chevrolet hypoid rear axles operated at a speed equivalent to 40 
m.p.h. on the road. The temperature of the oil in the rear axle was controlled to 
95-100° C. I t  is claimed that with the “ Four Ball Top,” even “ strong ’’-type hypoid 
lubricants can be evaluated. The appendix to the paper is devoted to theoretical 
considerations. Protection against seizure is shown to be dependent on temperature 
at seizure and friction before seizure. The reason for taking 2-5 sec. as the time in the 
seizure-delay method is that this time is too short for bulk temperature to differ 
appreciably from ambient temperature, and the difference can therefore be ignored, 
and only temperature flash be considered. Practically this temperature flash can be 
measured by making the balls of dissimilar metals. J. L. T.

1385.* Symposium on Varnish in Engines. F. F. Kishline. J . Soc. aut. Engrs, 1939, 
45 (2), 321-324.— Incipient varnish causes partial or intermittent sticking of valves 
and piston rings; in acute form varnish has been known to stick engines so that they 
could not be turned over with the starter. The replies of many S.A.E. members to 
a questionnaire on this subject reveal a wide divergence of views. Sticking-up of the 
engine is described as occurring when the engine is permitted to idle after normal 
driving, and usually happens in relatively new engines; in at least some such cases 
the engines were not operated under any abnormal conditions.

Several contributors were of the opinion that the varnish problem had come from 
a change in the character of oils. In  four replies it was stated that varnish could be 

K K
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rapidly produced at sump temperatures above 280° F., whilst two others were equally 
emphatic that high temperatures were not the primary cause. One attributed the 
trouble to reduced clearances in 1939 engines, whilst two others ruled out small 
clearances as a likely cause. One reply suggested that infrequent oil changing might 
be a contributory factor.

Summarizing, the author concludes that varnish is not partial to any particular 
engine design; it would appear that time and temperature are principal items which 
govern the condition, and the temperature may or may not be the sump temperature. 
Possibly the rate of oil circulation over hot surfaces is a factor. Closer co-ordination 
between automobiles and lubricants is advocated. K . T. A.

Asphalt and Bitumen.
1386. Type of Aggregate Gradation for most Suitable Asphaltic Mixtures. R. Vokae. 
Assoc. Asph. Paving Techn. Proc., 1939, 86-123.— In  a previous paper the authors 
described a method of selecting mixture composition by means of an isometric 
design chart, in which certain characteristics, such as compression strength and voids, 
may be determined for any mixture composition within the normal range. An  in­
vestigation of the correlation of tests with service behaviour indicated that mixtures 
having compressive strengths of 575-1100 lb./sq. in. and voids of 2 -6 %  were usually 
satisfactory, mixtures of lower strength were soft and tended to displace under 
traffic, whilst mixtures of higher strength were liable to crack owing to excessive 
hardness. I t  was also observed that the design charts could be separated into three 
m a i n  types, of which ( 1 )  represented mixtures in which smaller amounts of bitumen 
than usual were required and bitumen and filler contents varied widely with little 
effect on physical characteristics; (2) materials which gave satisfactory mixtures 
with a restricted range of bitumen and filler contents, and (3) materials which do not 
give satisfactory mixtures within the usual range. The design-chart type was found 
to be dependent on the aggregate gradation, and examination of a large number of 
curves indicated that type (1 ) aggregates show a wide range of particle sizes evenly 
distributed and a larger percentage of coarse aggregate than the other types, whilst 
type (2) is intermediate. I t  is shown that the type can be identified by the middle 
50%  of the gradation curve and, when a series of sieves is selected in which the mesh 
opening of one sieve is twice that of the next smaller sieve, if the percentage passing 
the various sieves is plotted against the log of the opening the portions of the curve 
corresponding to the middle 5 0%  approximates to a straight line. The average 
percentage passing between two adjacent sieves in the middle 5 0 %  may therefore be 
determined from the slope of the curve. The gradation type can be decided as follows. 
If  no single fraction contains more than 2 3 %  of aggregate and any two adjacent 
fractions not more than 46%, the aggregate is type 1 ; if any single fraction contains 
more than 2 3%  and any two adjacent fractions contain 60-75%, the aggregate is 
type 2 ; if any single fraction contains 4 8 %  or more of the aggregate and/or if any two 
adjacent fractions contain more than 80%, the aggregate is type 3. A. 0.

1387. New Vibrating Machine for Determining Compactibility of Aggregates. J. T.
Pauls and J. F. Goode. Assoc. Asph. Paving  Techn. Proc., 1939, 124-145.— The paper 
describes an apparatus for determining the maximum attainable density of aggregates. 
This consists briefly of a vibrating table on which is mounted a cylinder having one 
plunger fitting into the bottom and another fitting into the top, the aggregate being 
contained between the two plungers. The cylinder is vibrated for 20 min. and the 
initial and final heights are measured by means of a micrometer dial gauge. When 
testing aggregates having less than 3 5 %  passing a No. 10 sieve, 50-70 ml. of kerosine 
are added to 750 gm. of aggregate to prevent segregation; aggregates with more than 
3 5%  but less than 5 0 %  should be tested with and without kerosine, and the highest 
value reported; aggregates with more than 5 0 %  should be tested dry. Tests made on 
various types of aggregate showed that densities obtained in circular track sections 
constructed with low-cost materials agreed closely with those obtained by the vibrating 
test; other methods of compaction generally gave lower densities. Hot plant-mix 
materials cut from road surfaces had lower densities than those obtained by vibrating 
aggregates without binder. Results are given for various types of aggregates. A. O.
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1388. Comparison of Methods of Specifying Aggregate Gradations. S. Walker. 
Assoc. Asph. Paving Techn. Proc., 1939, 149-159.—The author considers the relative 
merits of the method of specifying aggregate gradation in terms of cumulative per­
centages as opposed to separated percentages. I t  is thought that the methods are 
widely different in significance and are not readily comparable. The cumulative 
method is preferred, since the specification can be expressed in graphical form and 
tolerances are more easily decided. A. O.

1389. Composition and Testing of Asphalts of the Slow Curing Type. J. Zapata. 
Assoc. Asph. Paving Techn. Proc., 1939, 160-194.— The paper deals with an investi­
gation of the significance of tests applied to slow-curing liquid asphalts. Five asphalts 
were separated by precipitation with propane and hexane into asphaltenes, resins, 
and oily constituents from which a series of 131 asphalts of known composition was 
prepared. These asphalts were then tested according to the methods of the A.S.T.M. 
and the American Association of State Highway Officials, stripping and laboratory 
weathering tests also being made. Results obtained indicated that a definite relation­
ship exists between composition and specific gravity, asphaltenes having a greater 
effect on specific gravity than resins. Resistance to stripping was found to improve 
with increase in specific gravity, and samples not containing asphaltenes exhibited low 
resistance to stripping. Absolute viscosity increased with increasing asphaltene or 
resin content, and the author is of the opinion that viscosity ranges in current use are 
not sufficiently high to enable high resistance to stripping to be obtained. Loss on 
heating increased with increase in oily constituents, and it is thought that the loss was 
due entirely to oily constituents. Evaporation is also believed to be the principal 
cause of increase in consistency in the 100 penetration residue test, and this test is 
believed to be of value in determining rate of change in service. In  ductility tests at 
4° C. unsuitable proportions of asphaltenes and resins or of resins and oily constituents 
resulted in low ductility. The fluidity factor appeared to differentiate between 
asphaltic and paraffinic types, and permitted of the identification of cracked residues. 
Positive results were obtained in the Oliensis spot test on all blends of cracked oils 
and on certain blends of non-cracked fractions ; the original oils from which the latter 
were prepared gave negative results. The test for insolubility in petroleum naphtha 
is believed to be a useful supplement to specific gravity as an indication of resistance 
to stripping. I t  was found that results obtained with 88° Beaumé naphtha were not 
always consistent and did not agree with the results when using hexane, the solvent 
normally employed by the author. I n  the weathering test no definite correlation was 
observed between rate of increase of asphaltenes and composition, and this type of 
test was considered unsatisfactory. In  an attempt to correlate the various tests with 
service behaviour a road surface prepared with S.C.-7 road oil was kept under obser­
vation for 60 weeks; samples of the mixture were taken immediately after laying and 
every week for two months and at the end of sixty weeks. The bitumen was recovered 
by Abson’s method and examined for asphaltene content, resins and oily constituents, 
and refractive index and viscosity at 140° F. The results obtained showed that the 
residue at the end of 60 weeks was not appreciably hardened and corresponded to 
150/200 penetration; it is therefore thought that it would be many years before the 
penetration reaches 100. I t  is also considered that evaporation is the principal cause 
of hardening. A. O.

1390. Asphalt Paving Equipment. F. S. Gilmore. Assoc. Asph. Paving Techn. Proc., 
1939, 195-216.— A  review is given of developments in the use of plant and equipment 
in the maintenance of asphalt paving. A. O.

1391. Surfacing Asphalt Pavements for High Light Visibility. C. A. B. Halvorson. 
Assoc. Asph. Paving Techn. Proc., 1939, 217-241.— I t  is pointed out that under city 
fighting objects are seen by fight reflected from their vertical surfaces, and details 
and colour contribute to visibility, whereas on arterial roads, owing to low illumination, 
objects are generally seen in outline contrasted against the brighter background. Road 
surfacings absorb fight in varying degrees, and certain surfacings give diffuse reflection, 
others specular, whilst some lack uniformity of reflection over large areas necessary 
for proper visibility at night. Pavements and paving materials generally change in



4 4 2  a ABSTRACTS.

light reflection coefficients and characteristics when wet, and brightness uniformity 
varies greatly with the specific intensity, direction, and angle of the applied light. The 
brightness appearance of some pavements is also greatly affected by differences in 
surface texture and finish, under the variation in quality and direction of daylight. 
In  tests on a model road having a wet, smooth, black surface, two light-coloured 
objects with matte surfaces of identical reflectivity were placed on the pavement; 
one of these appeared black against the longitudinal image of the source of fight 
reflected on the pavement, whereas the other appeared white, being illuminated by 
light directed away from the camera. The surrounding pavement appeared dark 
owing to the direction of fight falling on the wet surface, and a dark object would be 
practically invisible in this area. Under the same conditions but with a dry diffusing 
or matte surface the objects still appear black and white, but since the pavement 
reflections appear as transverse areas they are clearly visible. Pavements of fine 
texture, irrespective of their dry diffuse reflectance factor, when wet reflect sources 
of fight as in the first experiment. This is due to the small particles being submerged 
by a f ilm  of water. Open-surfaced pavements usually conduct the water away and 
prevent formation of a film, and when the aggregate has reasonably high diffuse 
reflectance of the wet emergent surface behaves as in the second experiment. In  
experiments made to determine how visibility and economy are affected by difference 
in behaviour of two types of pavement differing widely in diffuse reflectance under 
artificial fighting, an open-type macadam pavement with a dark surface of low diffuse 
reflectance value was illuminated by shading-type luminaires 120 ft. apart, staggered 
and fitted with 400-watt Mazda lamps. Under this fighting the pavement appeared 
as small spots of brightness alternating with large areas of darkness. Four targets 
having surfaces painted vertically half white and half black were placed in the traffic 
lanes at distances of 100 and 200 ft. from observers. The white portions were easily 
seen in contrast with dark areas of pavement, but although the black portions were 
approximately the size of a human being, it was only possible to see them in two cases; 
these were silhouetted against the bright areas of pavement. The road was then surface 
dressed with f  in. granite chippings, producing a matte surface, and although other 
conditions remained as before, the pavement now appeared reasonably bright, and 
black portions of the targets were clearly visible. This change resulted in improve­
ment in brightness of about threefold. Adjustments to fight distribution of the 
luminaires gave a relative improvement in the shadow of about 4 to 1. The informa­
tion obtained indicated that properly designed fighting giving uniform illumination on 
a matte surface from overhead would produce uniform brightness from any angle. 
In  bright sunlight the pavement was appreciably less bright when facing the sun than 
the original pavement. The pavement was also uniformly bright when wet and 
visibility distance with automobile headlamps was increased several times. Visibility 
of objects was high and the pavement appeared uniformly bright under a cloudy sky.

A. 0.

Special Products.

1392. Propane Precipitation of Petroleum Resins. P. T. Graff. Symposium on 
Plastics and Resins from Hydrocarbons. Amer. chem. Soc. Meeting, Boston. 
September 1939, pp. 5-14.— The residue from the distillation of crude petroleum may 
be separated into asphalt, resins, and lubricating-oil fractions by precipitation with 
liquid propane. This generally involves a two-stage process, the first stage being 
concerned with the separation of asphalt, whilst the second effects the separation of 
the resins.

These petroleum resins contain those hydrocarbons or colour bodies which are 
adsorbed on clay or earths in the refining of lubricating oils. They are similar to 
asphaltenes, except that they are not oxidized or combined with sulphur, and are 
thus soluble in petroleum ether.

This precipitation of resins is used commercially to reduce the duty of clays in 
decolorizing lubricating-oil stocks. The products obtained may vary greatly in 
composition, depending on the nature of the residual oil and its previous history. 
They may be very narrow cuts on the crude, and consist essentially of bodies with a
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high C : H  ratio. On the other hand, with broader cuts they may be associated with 
high-molecular-weight lubricating fractions.

Diagrams illustrating the effect of propane de-resining are included in this paper.
D. L. S.

1393. Production of Petroleum Resins. S. C. Fulton and A. H. Gleason. Symposium 
on Plastics and Resins from Hydrocarbons. Amer. chem. Soc. Meeting, Boston. 
September 1939, pp. 15-28.— The paper first deals with the resins which occur naturally 
in petroleum, and those formed during cracking processes.

Two methods are given for recovering the latter from cracking coil tar : (1) the tar 
is vacuum-distilled to a residue with softening point 105-115° C. This residue is 
extracted with a refined petroleum distillate, the solution filtered from finely divided 
and suspended asphaltenes, acid treated, and finally distilled to recover the resins. 
(2) Tar is distilled to a low-melting-point pitch, which is treated with anhydrous 
aluminium chloride under condensing and polymerizing conditions without dilution. 
Treatment with sulphuric acid and subsequent neutralization follow, after which the 
resins are separated by distillation under reduced pressure.

These two classes of resin are not of good quality as regards colour and melting point, 
and a better-quality product can be synthesized from light distillate oils by the Formo- 
lite process. The most satisfactory resins as regards colour and melting point have 
been prepared by refluxing a mixture of aromatic hydrocarbons, formaldehyde, and 
zinc chloride in glacial acetic acid. The four components of this reaction are discussed 
separately, and the influence of each on the final product is described.

Resins prepared from highly aromatic light petroleum distillate and formaldehyde 
are amber to pale yellow in colour, are very brittle, and have melting points up to 
140° C. They can be used with success in paints and varnishes.

A s regards heavy distillate oils, in addition to formaldehyde condensations, two other 
methods of resinification have been satisfactorily employed. These involve chlorina­
tion and either thermal dechlorination or condensation with metallic halides.

(а) Resins Produced, by Chlorination and Dechlorination.— Cracked petroleum tar is 
distilled under vacuum conditions and the distillate chlorinated slowly at room 
temperature until 10 -15%  of Cl2 has been absorbed. The chlorinated distillate is 
then heated and distilled, and the bottoms, after some cooling, are agitated with a 
selective solvent. This is then distilled off to recover the resin.

(б) Chlorination and Condensation with Metallic Halides.— A s in (a), the distillate 
is chlorinated. I t  is then treated with 2 -1 0 %  of a metallic halide such as aluminium, 
ferric, or zinc chlorides at 75-100° C. for about 10 hr. After decomposition of the 
catalyst, unreacted material is removed by distillation to 320° C. at 1 mm. pressure. 
The residue is selectively extracted to recover the resins.

From all these processes resins can be obtained with physical and chemical properties 
such as to make them appear interesting for a variety of purposes. D. L. S.

1394. The Properties of the Polybutenes and their Uses in Petroleum Products. R. M.
Thomas, J. C. Zimmer, L. B. Turner, R. Rosen, and P. K . Frolich. Symposium on 
Plastics and Resins from Hydrocarbons. Amer. chem. Soc. Meeting, Boston. 
September 1939, pp. 29-51.— The production of polybutenes of molecular weights 
ranging from 25,000 to 400,000 and higher from isobutene is now an established process. 
These polymers may be classified according to their molecular weights as determined 
by the Staudinger method, which depends on the increase in viscosity of a solvent due 
to the solution of the polymer.

The polybutenes vary from liquids to white, tough, elastic solids having a H  : C 
ratio 2 0. They are odourless and tasteless when pure, and have a specific gravity of 
approximately 0-9, which varies slightly with the molecular weight. They are more 
resistant to heat, ultra-violet light, and mechanical working than rubber. They are 
soluble in liquid aliphatic hydrocarbons, and except for the high-molecular-weight 
members, in aromaties as well, and have the property of increasing the viscosity index 
of petroleum oils.

They are used in motor oils for improving the viscosity index, and because of their 
stringy properties are of great value in greases and special lubricants. A  method of 
measuring the stringiness of blends is described. In  asphalts these polymers tend to
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raise the softening points and increase the penetration, whilst improving the ageing 
properties of these products. Paraffin wax is also improved in some directions by 
admixture with polybutenes. Thus the low-temperature flexibility of wax can be 
considerably modified by this means and the adhesion of waxed surfaces rendered more
satisfactory. . . . . . . .

Amongst other uses may be included their utilization m (a) motor fuels, (6) shock- 
absorbing liquids, (c) cosmetics and medicinal preparations, and (d) compositions for 
impregnating leather. D. L. S.

1395.* Comparative Data on the Characteristics of Activated Lampblack from Methane 
“ Carbomet No. 3.” G. Vulpescu, Monit. Pétrole roum., 1939, 40, 1009-1012.—  
“ Carbomet No. 3,” a product of the Société Nationale de Gaz Méthane, is an activated 
carbon black the physico-chemical characteristics of which show it to be as good as 
the best-known American grades, tests of which are given in comparison with Carbomet 
No. 3. An account of the methods of testing is given in this paper. They include : 
(1 ) the heat of wetting by benzene which is a function of particle size, (2 ) adsorptive 
capacity, (3) maximum adsorption. Adsorptive capacity is measured best with 
diphenylguanidino (D.P.G.), which has a straight-line adsorption isotherm. The 
sample is treated with 0-01N  solution D.P.G., shaken, and then centrifuged; after 
titration of excess D.P.G. with 0-01 A7 hydrochloric acid the index of adsorption is 
calculated. Maximum adsorption is measured by passing air saturated with an 
organic solvent such as carbon tetrachloride through the carbon black until the latter 
ceases to gain in weight. R. D. S.

Detonation and Engines.
1396.* Prospects for Use of “ Safety Fuels ” in Spark-Ignition Aircraft Engines. F. C.
Mock. J. Soc. aut. Engrs, 1939, 45, 291-294.— Recent developments in fuel-refining 
processes have revived general interest in the subject of safety fuels, and this article 
summarizes the probable programme necessary before such fuels can be employed 
successfully in everyday service operations. A s  such fuels so far seem inherently to 
have a lower calorific value than gasoline, they start off with a handicap of from 3 to 
7 %  in fuel consumption as compared with gasoline, and any successful development 
must achieve as complete combustion of both air and fuel charge in the cylinder and 
as accurate metering of the fuel/air ratio as are now obtained wdth the newer carburettor 
systems.

The author confines his analysis of the problem to the use of fuel injection, as with 
this system the two outstanding difficulties encountered— viz., obtaining adequate 
heat for fuel vaporization and subtracting heat from the hottest parts of the com­
bustion chamber— are brought into mutual solution. Injection equipment at present 
available should be satisfactory, but to co-ordinate pump delivery with air throttling 
it is necessary that a scale should be provided indicating the fuel charge delivered 
at each position of the pump control. Satisfactory operation cannot be obtained 
in any present engine without changes to affect turbulence and temperature 
distribution. Single-cylinder engine tests should be made at all loads and speeds 
encountered in service, and special attention should be given to cool engine 
operation. Tests on a radial air-cooled engine and a Prestone cooled single-cylinder 
engine injecting into the cylinders and using fuel of 87 octane number have shown 
satisfactory results, and in the case of the latter engine it was found necessary to raise 
the piston crown temperature to form a “ hot spot,” as the combustion chamber 
walls ran below the boiling point of the fuel. Suggestions are made with regard to 
the starting problem with safety fuels, and in connection with the installation of the 
injection equipment. In  the author’s opinion the completion of the work necessary 
for a complete solution of the problem must be undertaken by the engine manufac­
turers, and would require at least 2J years. C. H. S.

1397.* Trend in Poppet Valves. A. T. Colwoll. J. Soc. aut. Engrs, 1939, 45, 295-304.—
Although during the past year no entirely new development has been forthcoming,
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many improvements upon existing performance have been achieved. These improve­
ments have been the outcome of studies connected with grain flow, structure, forging 
temperature, coolants, and interior construction. In  addition, 300 analyses of valve 
steels were examined and intensive work on twenty steels showed four of definite 
merit. The results of investigations dealing with sodium cooling and head designs 
by means of glass valves are illustrated and discussed, and chemical and physical 
analyses of four outstanding valve steels are given, the steels concerned being Silcrome 
No. 1; Silcrome X B  ; Silcrome X10  ; and Silcrome X C R . The author also discusses 
rotating valves, valve guides, valve-seat inserts, “ superfinish,” and various surface 
treatment processes. q . jj . S.

1398.* Aviation Fuels and Engines. F. R. Banks. J. Soc. aut. Engrs, 1939, 45,
389-406.— The first part of this paper reviews the present position regarding aviation 
fuel in Great Britain, and particulars of the leading British engines are given, together 
with their performance on the fuels used. I t  is claimed that British engines can take 
greater advantage of the temperature-sensitive fuels, such as gasoline/benzol and 
gasoline/benzol/alcohol blends, than some of the typical American engines, instances 
being quoted where the latter engines with hemispherical two-valve heads gave 
trouble with overheating on such fuels, whereas a well-known British air-cooled engine 
with four valves per head gave no trouble. A  theory is put forward to account for the 
differences experienced in this respect. I t  is believed that the greater rotational 
swirl given to the fuel/air charge in the two-valve head renders this type of engine 
more sensitive to spark-plug position, spark timing, and the fuel used than is the case 
with the four-valve head, in which this rotational swirl does not occur. Comparisons 
between temperature conditions; m.e.p.’s, and speeds of typical American and British 
engines are given which indicate that temperatures alone cannot account for the 
differences noted in respect to behaviour on these so-called temperature-sensitive 
fuels.

Considerable data are given on special fuels for racing purposes with which the author 
has had a wide experience; and particulars are given of their performance in engines 
used for record-breaking purposes.

Differences in British and American valve technique are dealt with, and some 
account is given of the new development in exhaust-valve manufacture which employs 
“ Brightray ” (an 80/20% nickel chromium alloy) for valve faces and complete valve 
forgings.

The advantages claimed for the single-sleeve valve by its protagonists are discussed 
individually, and whilst the author admits that the Bristol Co. has done an excellent 
job in bringing the sleeve valve to its present state of development, he nevertheless 
contends that this type of engine has not shown itself to be a development which 
demands immediate adoption regardless of all other considerations.

An important development in England in the last year or two has been concerned 
with the use of sintered aluminium-oxide spark-plug insulators, which were first 
produced by Siemens in Germany. The use of this material with fine earth wires has 
proved extremely satisfactory, and very long life is now being obtained with these 
plugs. This subject is discussed at length, and many illustrations of this type of plug 
and the latest type of shielded cable elbow employing bakelite insulation and 
1000 ohm resistor between cable and plug are given.

The use of fuel injection is discussed, and the author thinks that this method which 
is now largely used in Germany should be seriously tried out, particularly in the case 
of large multi-cylinder supercharged engines, in which distribution difficulties are 
likely to be encountered.

The future development of engines m ust depend on the future requirements of 
aviation, and these appear likely to be governed by military needs for some time to 
come. The latter section of the paper deals with probable development for such 
purposes.

It  would appear that engines of 2000 b.h.p. up to, say, 5000 b.h.p. are likely to be 
required in the next few years, and the author thinks that the liquid-cooled engine 
will probably be employed for these higher powers, as it offers more scope in dealing 
with the increased heat flow which will be encountered. Compactness of design and 
greater rigidity are also possible with this type of engine. There will probably be
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three main types— viz., the “ X  ” engine with four banks of six cylinders each; the 
“ H  ” engine, arranged either vertically or on its side ; and the multibank radial, with 
in-line cylinder arrangement. Probable general design features of such engines are 
discussed, especially with regard to number and optimum size of cylinders, and the main 
points for and against the Diesel or C.l engine are dealt with. Appendices deal with 
tests on 87 and 100 octane fuels in a Napier-Halford “ Dagger ” twin-cylinder test 
unit, and a report by the Chemical Standardization Committee of the Institute of 
Petroleum on Secondary Reference Fuels. C. H. S.

1399.* Precision of Knock Rating, 1936-1938. D. B. Brooks and Robetta B. Cleaton.
J. Soc. aut. Engrs, 1939, 45, 449-456.— The first analysis of detonation rating data on 
Co-operative Exchange Samples was completed by the U.S. Bureau of Standards in 
the report presented to the C.F.R. Detonation Subcommittee on 4th May, 1936. The 
Bureau was later requested to make a second analysis of the Co-operative Exchange 
fuels since June 1936, and the present report analyses the results obtained in 6386 
tests on 136 fuels, the tests being made by over 100 laboratories.

This report shows that the accuracy of knock-rating tests when corrected to 70 
octane number, and expressed as standard deviation, has improved from 0-63 octane 
unit in the previous analysis to 0’52 octane unit in the present analysis.

The general improvement in precision averaged over 2 0 %  on all types of fuels, but 
although the improvement has been large for fuels of 70 octane number, it has been 
nil for those over 80 octane number. Results on cracked fuels of 70 octane number 
showed less precision than those on straight-run fuels of the same octane number. 
The 1939 Research Method was definitely more precise than the older Research 
Method.

The effects of atmospheric and engine variables reported in 1936 are substantiated 
in general, and it is concluded that more attention should be given to the correction 
of compression ratio for barometric pressure. I t  also appears that better results 
would be obtained if not more than 100 hr. were allowed to elapse between overhauls 
of rating cracked fuels. Humidity control is also recommended. C. H. S.

1400.* Automobile Cooling and its Associated Problems. C. S. Steadman. J. Instn 
aut. Engrs, 1939, V I I  (10), 27-53.— This paper is intended to be a general survey of 
automobile cooling-system practice, together with associated problems. The per­
formance of a cooling system can be conveniently expressed by the “ Critical Air 
Temperature ” ; this is the maximum atmospheric temperature at which the car can 
be operated continuously under specified load conditions without boiling. Heat 
dissipation from the radiator is proportional to the difference between mean air and 
water temperatures across the radiator system ; hence the critical air temperature 
(C.A.T.) can be estimated from track or chassis dynamometer tests at any convenient 
lower temperature. The C.A.T. of the typical large American car is 45-47° C. under 
full throttle conditions and approximately 20° C. under idling conditions. The latter 
figure proves to be fairly adequate for practical traffic conditions. For the British 
market a full-load C.A.T. of 35° C. is considered satisfactory.

Methods of radiator construction are reviewed, and data given regarding heat 
dissipation from different matrices. For maximum economic cooling effectiveness 
the water-pump output should ensure a temperature drop across the radiator at maxi­
mum speed full throttle of 6- 8° C. This means a flow of 25-30 gal. per min. for a
30-h.p. car. The fan for a car of this size may absorb 8-10 h.p.

For optimum operating conditions the coolant temperature should be kept in the 
neighbourhood of 80° C. This temperature should be reached with a minimum delay 
after starting from cold. Various methods of thermostatic control are discussed, and 
it is concluded that requirements are best met by a thermostatic valve in the top 
water-pipe with a large by-pass to the water pump inlet. The thermostat is arranged 
to start cutting off the by-pass as the main valve begins to open; when the latter is 
fully open the by-pass is entirely closed. Under-bonnet temperatures are much lower 
with water-circulation control than when radiator shutters are used.

V  ith high-powered engines an oil cooler is often necessary. Cooling of the oil may 
be effected by air, as with the main water system, or by means of a honeycomb matrix 
through which the main cooling water passes. The latter method also helps to warm
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up the oil when starting from cold. Oil coolers should be capable of withstanding an 
internal test pressure of 200 lb. per sq. in.

The author points out that the causes of overheating troubles often lie in the engine 
itself, such as stagnant water pockets which result in steam formation. Pressure 
cooling is considered to have distinct possibilities ; the system is sealed by a blow-off 
valve and is designed to operate above atmospheric pressure at full capacity. The 
boiling point is thus raised, and a smaller radiator can be used. In  one such system 
the pressure was 12 lb. per sq. in., the boiling point 117-5° C., and the radiator weight 
was reduced by 35% . K . T. A.

1401. The Work of the D.V.L. F. Seewald. J. It. aero Soc., 1939, 43 (343), 508-545.—  
The D.V.L. is the central scientific aeronautical research institute in Germany. A n  
outline is given of its constitution and its recent activities under three headings : (1 ) 
the aeroplane, (2) the engine, and (3) equipment. In  regard to engine development 
the requirements being studied are increase in cruising altitude, performance, and 
range.

Since 1936 many tests have been made in the altitude chamber on liquid- and air- 
cooled engines, with particular reference to supercharging. I t  is now possible to 
maintain constant pressure up to 10 km. with a single stage, and without cooling of 
the compressed air before admission to the motor. A n  outline is given of the progress 
in development of exhaust-driven turbines with air-cooled rotors. The possibilities 
of sleeve-valve motors have been studied, with promising results. Investigation of 
long-range power units has indicated that the possibilities of the two-stroke diesel 
motor appear to be favourable for flight at medium altitudes; for high altitudes the 
ignition motor developed to give economical operation, as well as the four-stroke 
diesel motor, both with exhaust gas turbo superchargers, promise successful applica­
tion.

Experiments on the atomization of fuel jets are illustrated by spark-discharge 
photographs. The velocity of the fuel drops in the centre of the jet is greater than that 
at the edges. I t  can be shown that self-ignition of the fuel takes place at the edge 
of the stream. K . T. A.

Econom ics and Statistics.
1402.* 1938 Drilling Results of Azneftedobycha and 1939 Perspectives. M. S. Shish- 
kanov and N. Ya. Udyanski. Azerb. neft. Khoz., January 1939,19 (1), 12-15.— During 
eleven months of 1938 only 7 5 %  of the plan in terms of depth drilled have been ful­
filled, and in place of 913 wells planned only 611 (67%) have been sunk. The number 
of survey wells drilled has been 5 5 %  of that planned. Percentages of plan fulfilment 
are given for individual trusts belonging to Azneftedobycha. Reasons for failing to 
reach plan figures are analyzed, the main cause being the great number of breakdowns. 
During the eleven months a total of 1399 breakdowns have been reported, taking 
9-4% of working time.

Organization of drilling is examined in detail, and found unsatisfactory. 6-1%  
of total working time were lost through unexpected troubles during drilling, whilst 
time loss due to bad organization amounted to 13-5%. In  total, 31-8% of the working 
time was lost. Unsatisfactory results are traced to incorrect drilling practice, re­
sulting in a great number of crooked holes. Drilling equipment is often not appro­
priate— for example, bits not suited to soil hardness. Drilling mud is carelessly 
prepared and insufficiently screened. Modem  methods, although approved, find slow 
introduction.

Measures for avoiding past mistakes in 1939 are indicated, including, (a) improved 
organization, (6) preparation of standard plans for erecting derricks, (c) necessity 
of dragging derricks wherever possible, (d ) selection of right type of pipes, (e )  use of 
three-cutting-edge bits where possible, (/) use of coarser-grain material for cementa­
tion, etc. L. R.

1403.* World Legislation Affecting Petroleum. Anon. Bol. Inform. Petroleras, 
June 1939, X V I  (178), 60—70.— This is a continuation of a reference index to various 
laws affecting the petroleum industry’, contained in Xo. 174 and subsequent numbers.

H. I. L.
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1404.* Project for Increasing the Customs Duties on Refined Combustible Liquids in 
Uruguay. C. R. V. Garzon. Bol. Inform. Petroleras, June 1939, X V I  (178), 71-76.—  
Full particulars are given of the increases which have been sanctioned with a view to 
protecting the home refining industry. Advice is given of a contract made with the 
Associated Ethyl Co., Ltd., London for the supply of E th y l Petrol of seventy-four 
octanes. H. I. L.

1405.* New Laws Decreed Affecting the Import, Export, Transport, Distribution and 
Refining of Petroleum and its Derivatives in Brazil. Anon. Bol. Inform. Petroleras,
June 1939, X V I  (178), 77-83.— This is a verbatim copy of the decree. H. I. L.

1406.* Production in the Argentine for the first six months, 1939. Anon. Bol.
Inform. Petroleras, June 1939, X V I  (178), 1-2.— The figures show a net increase over 
the corresponding period in 1938, of 82-15% for the Y.P.F. and of 17-85% for private 
companies. An interesting graph is included, showing the prices of petrol from the 
year 1920 ($0-35) up to the present time ($0-18). H. I. L.
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Oil-Field Exploitation. B y  Lester Charles Uren (Professor of Petroleum Engineering,
University of California). Pp. 756. 9 x  6, 386 illustrations. McGraw H ill
Publishing Co., Ltd., Aldwyeh House, London, W.C.2. Price 36s. net.

The publication of this volume completes the revision and rewriting of the 
author’s original work on Petroleum Production Engineering, published in 1925.

The important advance made in oil-field technology, thereby placing it on a 
much higher technical plane, has necessitated the rewriting of a large part of the 
original work, and it has been found necessary to divide it into two volumes, which 
the author (the well-known professor of Petroleum Engineering at the University of 
California), has subtitled as follows: (1) Oil-field Development, (2) Oil-field Exploita­
tion. The former was published in 1935, and covers the period from the securing 
of the land for development purposes, up to the completion of the wells in pre­
paredness for production. The latter volume, published this summer, covers the 
period up to the time the oil is ready for delivery to the market.

The author has used as his background the lectures given by him to senior 
petroleum engineering students, on which he has enlarged, and has drawn on his 
vast knowledge and experience and from the published literature on petroleum 
technology in the technical press, the journals of various learned societies, and 
from publications of the U.S. Bureau of Mines.

The industry, therefore, is furnished with a work which combines the very latest 
thought and practice, and which provides it with a proper perspective, together 
with a knowledge of its terminology, equipment, and methods.

Each volume comprises twelve chapters, is profusely illustrated, and is complete 
in itself.

In  the present volume the author deals, at the outset, with the various principles 
appertaining to oil drainage, and analyses reservoir conditions and factors affecting 
the removal of oil from same, the discussion of the retentive forces restricting 
petroleum drainage, capillarity, adhesion, and flow friction, and characteristics of 
oil and gas wells. The following five chapters deal entirely with the recovery of 
oil and the various methods employed and the equipment in use. In  proper sequence 
the ages of a well are dealt with, from the flowing period, and the control of flowing 
wells, and the various pressure-recording devices required.

As the latent energy within the oil deposits is gradually expended, secondary 
methods of recovery are called for, and, in the chapter termed.by the author “ Pneu­
matic Pumping of Oil Wells,” various forms of gas lift, multi-stage gas lifting, 
intermittent flow devices, displacement pumping, and plunger lift are discussed and 
described, together with the surface equipment utilized.

Some 135 pages are allocated to the various mechanical devices for lifting oil 
from wells, following decline of natural and induced methods of oil production. 
The fullest description is given of the types of equipment employed both in the 
wells and on the surface.

Discussion is next made of the methods employed on the field for improvement 
of recovery, efficiency, and reduction of production costs. The author emphasizes 
the importance of sand control in well operations and describes the various types of 
screens used in finishing the wells, which are also illustrated. Gravel packing or 
screening on the outside of the oil string, removal of inorganic precipitates from the 
well, which tend to prevent access of the oil, and flooding of the oil sands with oil 
from inside the tubing via the screen perforations, are surveyed. The author, by 
means of a diagram, emphasizes the advantage to be gained by completing wells 
with as large a diameter as possible, to ensure an increased influence over a larger 
drainage area, to allow of wider spacing of wells and consequent lower development
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and producing costs. This leads him to an explanation of the use of explosives for 
the purpose of increasing drainage area around a well, and also the treatment by- 
acid (hydrochloric) to increase production from wells producing from limestone 
reservoir rocks and prevention of corrosion of casing by use of an inhibitor.

Having explained the most efficient methods of well operation and control, by 
use of latent energy within the oil deposits, also the various artificial methods for 
prolonging the flow life of wells, the author proceeds to the study of “ Secondary 
Methods of Oil Recovery,” in which are included the application of vacuum to wells, 
gas injection, water flooding processes, and, finally, various types of mining for oil 
for further recovery. A  cross-section of the mine at Pechelbron is included, and 
an explanation of the later method employed at the mine, both for better recovery 
and greater protection. •

The concluding chapters, under a heading “ Preliminary Refining of Petroleum,” 
deal with the treatment of oil on the field prior to despatch. This includes separation 
of gas from the crude, water dehydration methods, and breaking up of emulsion, 
so that when the oil is finally despatched it is as free from impurities as possible.

There is an excellent chapter covering the gathering of oil on the surface and 
local storage requirements, gauging, sampling, testing of oil and gas, followed by 
another chapter on bulk storage, transport by way of oil and gas lines with suitable 
tables for flow, resistance to flow, etc., also transport by road, rail, and water. In  
the final chapters the author deals with auxiliary plant, such as workshops, etc., 
and various departments and their personnel, and concludes with a detailed account 
of office methods and records as customarily applied to the industry.

The book is neatly bound and printed on good paper. Sufficient tables and 
diagrams with formulae are provided to expedite the sundry arguments requiring 
elucidation.

Each chapter opens -with a reasoned preface of the subjects embodied and, for 
those readers requiring still further information regarding any special subject in 
which they may be more particularly interested, a selective bibliography has been 
included at the end of each chapter.

The author has made this highly technical subject interesting reading, and the 
complete work forms a standard reference for all engaged in the industry.

This is a masterly treatise and no one is better fitted or more qualified than the 
author to undertake so gigantic a task. R .  J .  W a r d .

lim e Congrès Mondial du Pétrole; Comptes Rendus. Published at 85, Boulevard 
Montparnasse, Paris, 6e. 11” X 8f " .  5 volumes:

Vol. I. Geology, Geophysics, Drilling ; 1021 pp. ; 36s. ; $9.00.
Vol. I I . Physics, Chemistry, Refining ; 1230 pp. ; 60s. ; $15.00.
Vol. III .  Materials and Construction ; Utilization ; 902 pp.; 44s.; $11.00.
Vol. IV . Economics and Statistics ; 805 pp. 28s.; $7.00.
Vol. V. General Information ; 94 pp. 8s. ; $2.00.

Prices given are for copies bound in cloth. Vols. I - V  when purchased together 
are £7 9s.; $37.00. Postage and packing charges outside France : 10 per cent, 
extra on the above prices.

Publication of the Proceedings of the Second W orld Petroleum Congress, organized 
by the Association Française des Techniciens du Pétrole and held in Paris in June 
1937, was completed early in 1939. There are five volumes. The contents of these 
volumes are approximately indicated by their titles given above. This list of titles 
does not do justice, however, to the remarkable range of subjects covered in each 
volume— a range far wider than was attempted at the First W orld Petroleum Congress 
of 1933. Altogether, there are 426 Papers, which, together with reporters’ summaries, 
discussions, speeches at the plenary sessions, etc.,'make a total of over 4000 pages. 
It  is a testimony to the vigour of the petroleum industry that the scientific studies 
should mainly relate to the three years intervening between the First and Second 
Congresses; and to the catholicity of outlook of the French Organizing Committee 
that nothing pertaining to petroleum was considered alien from the interests of the
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Congress, whether legal, fiscal, archæological, statistical, educational or purely 
scientific in character.

Volume I  comprises two parts. Approximately one-third of the book consists of 
general reports on petroleum developments in various countries between 1933 and 
1936. The remaining two-thirds consists of Papers on geology, geophysics, drilling 
and exploitation respectively. The general reports were an innovation. Mainly 
historical in character, they form a valuable source of reference to the countries 
concerned. The geological Papers are for the most part regional studies. Geo­
physics is represented by twenty-three Papers notable for examples of specific surveys. 
Drilling is mainly concerned with rotary developments and nine Papers on drilling 
muds. The section on exploitation, i.e. production engineering, is somewhat dis­
appointing. There are many aspects of reservoir dynamics not represented.

Volume H , the largest of the five volumes, contains Papers coming within the 
broad categories of “ Physics, Chemistry and Refining ” of petroleum products, 
although it is not always clear why some Papers (on lubricants in particular) were 
allocated to Volume I I  and others to Volume H I  (Section “ Utilization ” ). The 
influence of chemical trends between 1933 and 1936 is clearly indicated by the 
sectional arrangement adopted— de-waxing, solvent refining, hydrogenation, 
utilization of petroleum gases, oxidation of lubricating oils. Additional sections 
deal with analytical methods and viscosity.

The first part of Volume H I,  “ Materials and Construction,” constitutes a group­
ing of Papers that is unique, in that it brings together the chemical engineer, the 
electrical engineer and the metallurgist to the study of problems encountered in 
refinery construction. The principal topics discussed are corrosion, high-pressure 
plant, evaporation losses and electrical equipment for refineries. “ Utilization ” in 
the second part of Volume H I  is mainly concerned with fueLs and lubricants for 
intemal-combustion engines.

Volume I V  and the section which it represents, “ Economics and Statistics,” 
was admittedly an experiment— and a remarkably interesting and successful experi­
ment it has proved to be. The title of the volume is somewhat of an omnibus 
character, because this volume treats of a wide diversity of subjects. There is, for 
example, a 150-page dictionary of petroleum terms in French, English, and German 
(in English alphabetical order). The preparation of this dictionary represents many 
months of compilation and checking by those responsible. There is a section on 
the archaeology of petroleum; a section on legal enactments controlling exploitation 
in various countries ; various Papers on standardization of methods of testing and 
nomenclature ; and a short section on education.

The final volume of the Proceedings contains reports of speeches at various 
functions, the lecture by Prof. Henri Weiss, delivered before M. Albert Lebrun, 
President of the French Republic, and a list of the personnel of the different national 
committees, delegates, and members attending the Congress. A  number of pencil 
sketches, reproduced from L a  Revue Pelrolifère, add to the interest of this volume.

Three official languages were adopted— French, English, and German. I t  would 
probably be a fair approximation to say that 80 per cent, of the text is in French, 
10 per cent, in English and 10 per cent, in  German. Abstracts of the more important 
technical Papers have already appeared in the Journal Abstracts during 1939.

The President of the First Congress, in declaring open the Second, said that 
Research and Fellowship were the twin motives that underlay international scientific 
gatherings of such a nature. The research is recorded in these Proceedings. In  due 
course it becomes absorbed into the ordinary workaday technique. The fellowship 
remains.

S. J. A s t b u r y .
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B O O K S A N D  P U B L IC A T IO N S  R E C E IV E D ;

Petroleum Facts and Figures. 6th Edition. 1939. The American Petroleum Institute,
New York, pp 190. SL00.

The sixth edition of these statistical tables relating to the American petroleum 
industry continues the data of previous editions down to the end of 1938. The 
tables are grouped under the headings of Utilization, Production, Refining, Trans­
portation, Marketing, Prices and Taxation, and General (Employment, Accident 
Rates, Fire Losses, etc.). The source of the data is indicated in the case of every 
table.' Salient features are emphasized in the titles given to the tables (e.g., “ One 
Gasoline Pump in Use for every Twenty-one Cars,” “ Two-thirds of Wells Drilled 
find Oil,” “ California Largest Residual Fuel Oil Producer,” etc.) and by an extensive 
use of “ pictograms.” A  valuable Appendix contains particulars of the organization 
and personnel of the American Petroleum Institute, a directory of 121 petroleum 
associations in U.S.A., and a useful list of A.P.I. publications.

The book is sponsored by the Department of Public Relations of the American 
Petroleum Institute, and the Foreword pays a tribute to Mr. Edw in W. Esmay for 
the work of compilation and editing.

The Machining of Copper and Its Alloys. C.D.A. Publication No. 34. Pp. 108.
Issued by the Copper Development Association, Thames House, Millbank, London, 
S.W.l.

This publication, which discusses the machining properties of copper alloys and 
summarizes rr dem machining practice as applied to these materials, contains a few 
pages on cutting fluids. These include alkaline solutions, and soluble, mineral, 
fatty, blended and sulphurized oils.

N E W  P U B L IC A T IO N .

Petroleum. Vol. I, No. 1, October 1939. Size 8|- x  5J in. Pp. 1-36. Published 
monthly by Leonard Hill, Ltd., at 17, Stratford Place, London, W .l. Annual 
Subscription 10s. post free; abroad 12s. 6d.

The first issue of this publication contains the following signed articles : “ Safety 
a Science,” by C. L. Hightower; “ Petroleum Products in Industry,” by S. F. 
Daley, and “ Unit Processes in Oil Refining,” by M. E. Clark. In  addition, there 
are anonymous articles on pipe-line, underground storage, Germany’s oil needs, and 
diesel fuel, together with editorial comments and items of topical interest. A  
selected list of recent patents is given.
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D e ce m b e r, 1939.

FORTHCOMING MEETINGS.
Thursday, 25th January 1940 : Northern Branch; Luncheon Address by the 

President in Manchester. (Full details to be announced later by the 
Hon. Secretary of the Northern Branch.)

Friday, 26th January, 1940 : at 2.40 p.m. at the Royal Society of Arts John 
Street, London, W.C.2.

Presidential Address by Professor A. W. N a s h , M.Sc., F.Inst.Pet.

STUDENTS’ MEDAL AND PRIZE.
The Council offers annually a Medal and Prize (to the value of 

Five Pounds in books) for the most meritorious essay on a subject 
connected with petroleum technology submitted by a Student 
Member of the Institute.

The conditions of award for 1939-1940 are on a different basis 
than in previous years, in that Students must submit essays on 
one of the subjects in the following l is t :

1. Geological structures favourable to the accumulation of 
oil.

2. A comparison of the various geophysical methods of 
prospecting for oil.

3. The controlling factors of deep drilling.
4. Mud fluids for drilling purposes.
5. The principles of three-dimensional flow of fluids through 

porous media.
6. Special products manufactured from petroleum.
7. The sweating of paraffin-wax scales.
8. The behaviour of fuel oils in compression-ignition engines. 

Entries must be received by the Secretary of the Institute not
later than 1st May, 1940.

No maximum length of essay is specified, but in general essays 
should be from 4000 to 6000 words in length.

Entries must be typed, and one carbon copy must be furnished 
in addition to the original copy. The Council is prepared to 
assist Students who experience difficulty in getting their MSS. 
typed.

BURGESS PRIZE.
Entries are also invited for the Burgess Prize (of value up to 

Five Pounds in books) for an essay dealing with some aspect ot 
the economics of the petroleum industry, including the transport
and distribution of petroleum products.

The conditions of entry for the Burgess Prize are the same as
for the Students’ Medal and Prize. ...

The Council reserves the right to withhold the award of eithe 
of these prizes, or to award prizes of such lesser values as it m .

deCide‘ ARTHUR W. EASTLAKE,
H onorary Secretary.

M



ii INSTITUTE NOTES.

ABSTRACTS.

Loan o f Periodicals.

Commencing with the November issue of the Jou rnal (No. 193), 
every Abstract of which the original article is available at the 
Institute’s office in Birmingham is indicated in the Journal. The 
original can be borrowed by members in Great Britain through 
the post.

Periodicals will be loaned for one week only. Members should 
send stamps to cover the outward postage. A reply-paid label will 
be issued for the return postage.

Photostat Copies.

Members either in Great Britain or abroad can be supplied with 
a photostat copy of any article marked in the Abstracts as so 
available. The charge for photostat copies is Is. 3d. per page 
photographed. Orders should be accompanied by remittance.

JOURNALS WANTED TO PURCHASE.

The Institute is prepared to purchase copies of the following 
Journals at 5s. per copy, providing they are in good condition : 
Nos. 171 to 174 inclusive (January, February, March and April, 
1938).

Copies for disposal should be sent to the Secretary.

BINDING OF VOL. 25 (1939).

Orders for binding Vol. 25 of the Journ al may be forwarded to 
Richard Clay & Company, Ltd., 16 New Street Square, London,
E.C.4, and should be accompanied by the separate parts and 
appropriate remittance.

Bindings are available in two styles :—
Style A—Light green cloth, lettered gold.

Cost of Binding Case . . 2s. 0d.
Cost of Binding and Postage . . 10s. 0d.

12s. 0d.

Style B—Half leather and dark green cloth, lettered gold.

Cost of Binding Case . . . 5s. 0d.
Cost of Binding and Postage . 10s. 0d.

15s. Od.

Binding Cases can be purchased separately if desired, and are 
obtainable from Richard Clay & Company, Ltd.



H A D F I E L D ' S
^^AAvUili \iiihli/i////* xWWAA A» li h ItUhh/t/,.

TRADE^ E R A  131 (MARK &  TRADE HECLA 1 5 3  m a r k

S T E A M  P I P E  
FLANGE BOLTS

H A V E  A  H IG H  CREEP S T R E N G T H

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 o f a ll Kinds.

iZmZZ  H A D F I E L D S  L T D .  “ 61in,g“ °'* r
' -------- East Hecla and  Hecla W orks ,  SHEFFIELD, Eng. ------

N o. 1666.

SCHLUMBERGER ELECTRICAL CORING
F r a n c e . — S o c ié té  d e  P ro s p e c t io n

E le c t r iq u e ,  3 0 ,  r u e  F a b e r t ,  P a r is .

U . S . A . — S c h lu m b e r g e r  W e ll  S u r v e y in g  
C o r p o r a t io n ,  2 7 2 0  L e e la n d ,  H o u s t o n , 

T e x a s .

L o c a l  O f f ic e s  : L o n g  B e a c h ,  O k la h o m a  

C i ty ,  N e w  Y o rk ,  C o r p u s  C h r i s t i ,  

B r a d fo r d .

V e n e z u e l a . — P .  B a y le , V illa  P ro s e le c ,  

M aracaibo.

T r i n i d a d ,  B . W .I . — S c h lu m b e r g e r  E le c ­

t r i c a l  C o r in g  M e th o d s ,  S a n  F e r n a n d o .

C o l o m b i a . — H .  R a p p a r t ,  P u e r t o - B e r r io .

A r g e n t i n e . — G .  G u i c h a r d o t ,  C o m o d o r o  

R iv a d a v ia , K m .  2 7 .

M o r o c c o . — M . T e x ie r ,  S o c ié té  d e  

P r o s p e c t io n  É le c t r iq u e ,  Petitjean.

R u m a n i a . — A . P o i r a u l t ,  18 S t r a d a  I .  C .  

B r a t ia n u ,  Campina, ( P r a h o v a ) .

G e r m a n y . — F i r m a  v o n  F lo to w ,  S c h i l -  

le r s tr a s s e  3 6 1, H anover.
D r .  B . P a u l ,  K o b e n z lg a s s e  3 0 ,  VlENNA.

H u n g a r y . — M . S c h e ib h ,  V a d a s z k ii r t  T ü r  

I s tv a n  U .5 ,  Budapest.

I r a q . — L .  B e a u fo r t ,  Qaiyarah.

B r i t i s h  I n d i a . — A . C o u r e t ,  D igboi, 
A s s a m .

B u r m a . — L . B o r d â t ,  K hodaung.

N e t h e r l a n d  E a s t  I n d i e s . — R . S a u v a g e , 

Pladjoe, S u m a tr a .

S c h lu m b e r g e r  M e th o d s  a lso  a p p lie d  in  : U .S .S .R . ,  J a p a n ,  I ta ly ,  P o la n d ,  Y u g o s la v ia ,  

E g y p t  a n d  B r i t i s h  N o r t h  B o rn e o .
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Your Well Bottoms
EXACTLY Where You

W an t It W h en  L A N E - W E L L S  

D IR E C T IO N A L  D R IL L IN G  C R E W  

C O M E S  O N  TH E JO B

Operators know that Lane-Wells provides 
experienced crews for every directional drilling 
or side-tracking problem.

They will tell you " Call Lane-Wells and have 
the job done right."

L an e-W ells  S e rv ic e s  a n d  P ro d u c ts  
In c lu d e : G u n  P e rfo ra to rs  * E le c tro ­
log * O il W ell S u rv ey s  * D ire c tio n  
C o n tro l  o f D rilling W ells  * P ack ers  
* L iner H a n g ers  * B ridg ing  Plugs * 
S ing le  S h o t Survey  In s tru m e n ts  * 
Knuckle J o in ts  
M ills *

GENFRAL OFFICES 
W h ip s to c k s  a n d  AND PLANT 

K 5610 S. Soto St.
Los Angeles. Calif.

FXPO RT OFFICES 
420 Lexington Ave. 

N e w  York City, N.Y.

L I S T  O F  AO V E R T I  S E K S .
AKTIEBOT.AGET E L E K T R Y K  M ALMLETNING 
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PER A T O R S

MAKE A 
BULL’S 
EYE

O N  EV ER Y  
R U N  W IT H  A

B A K E R  Cable Tool
C O R E  B A R R E L

B A K E R  A ffo rd s T h e se  Im p o rta n t A d v a n ta g e s :

H ig h e r  p ercen ta g e  o f reco v er ies in  a w ider  
range o f form ation s  

F aster  ru n n in g  tim e  

L ow er m ain tenance cost 

S im p lic ity  o f o p era tio n  

M a x im u m  safety  in  serv ice  

L o n ger  life  

Low in itia l cost

C om plete  details concerning  th is econom ical and efficient 
to o l will be gladly fu rn ished  upon  req u e st—o r see you r 1939 
C om posite  C atalog.

BAKER OIL TOOLS, INC.
Telephone JEfferson 8211 - HUNTINGTON PARK, CALIFORNIA-2959 E. Slauson Ave. 
Telephone WAyside 2¡08-HOUSTON PLANT AND OFFICE-6023 Navigation Blvd. 

MID-CONTINENT OFFICE AND WAREHOUSE:
Telephone 2-8083—Tulsa. Oklahoma -  312 East Fourth Street 

W EST TEXAS BR A N C H  O FF IC E  EXPORT SALES O F F IC E  R O C K Y  M O U N TA IN  H EADQ UARTERS
Odessa Texas—Telephone 217 Rm. 1914 -  19 Rector St.. New York C ity  Tel. 2230-Casper, Wyoming -  Bo» 1464

Tel. Digby 4-5515

B A K E R  C A B L E  T O O L  C O R E  B A R R E L
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In April 1938, Wiegand Brothers, Drilling 
Contractors of San Antonio, Texas, who 
formerly owned steam rigs, purchased a 
"Cardwell" Model R double drum draw 
works. Ten months later they purchased 
another Model R. That's why we say repeat 
orders are the biggest proof that “ Cardwell" 
rigs make money for their owners. Almost 
70 per cent of our sales are repeat orders 
from satisfied customers.
These are the reasons:

1. “ C a rd w e ll”  draw works can be converted 
in the field from rotary to cable tools in three 
to  four hours.

2. Friction clutches speed drilling and enable 
operator to lift the drill pipe w ithout stop­
ping the rotary table. This decreases the

hazard of stuck drill pipe and “  twist-offs,”  
saves time at each weight indicator correction, 
makes it possible to “  drill-up ”  through 
cave-ins, and makes it easier to ream or 
straighten the hole.

3. All-steel construction, w ith  selected alloy 
steels and heat-treated wearing parts, gives 
light weight w ith  longer life. Bu ilt com­
pactly w ith  draw works and engine on one 
skid, the savings in transportation and rig- 
ging-up costs w ill pay the purchase price of 
the rig.

4. Day and night parts service is available from 
our parts stock stores, conveniently located 
to main oil centres the world over.

We have four sizes and nine models of 
slim-hole rigs to fit any depth well, all 
interchangeable for rotary or cable tool 
drilling, and modern to the minute. We will 
gladly send you detailed information.

• We Build 62 Models end Sizes of Servicing Winches end Drilling Rigs — Send your well depths end details of your well equipment for recommended model and size.
-ARDWElLMFG.rO.INC.

Wichita, Kansas, U. S. A.
F. J. OLSON, Export Manager, 570 Lexington Avenue, New York City. Cable Address: “ Cardsteel.’ 

Foreign Representative: JACK GRIZZLE, Continental Hotel, Cairo, Egypt.
Kindly mention this Journal when communicating with Advertisers.
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during the past |2  months
u  -it in  m o r e  th a n  2 5  R e f .n e r .e s . . .

L u m m u s h a s  b u .l ^  ^  e q u ip m e n t :
t h e  f o l lo w in g  t y p e s  o  p

Iso Octane Plants 

Combination  Cracking Units 

Sulfuric Acid Alkylation Plants 

Continuous Coking Units 

Solvent Extraction Plants 

D ew axing  Plants 

Viscosity Breakers 

Reforming Units 

Polymerization Plants 

H ydrogenat ion  Plants 

Gasoline Finishing Plants 

Atmospheric Topping 

N a p h th a  Re-run Units

Stabilizers

Debutinizing Units

D epentanizer  Units

D eisobutanizer Units

Deisopentanizer Units

D epropanizer  Units

Vacuum Units

Contact Filtration Plants

Treating Plants

Vacuum A sphalt  Plants

Emulsion W ax  Sweating 
Process Unit

Oil Heaters

Complete Refineries

A .  C .  G R O N B E C K

THE L U M M U S C O M P A N Y
Representing:

Aldwvch, London, W . C. 2
B U S H  H T t ’o ^ Z n  com m unicating » i l k  A d d e r s .

Kindly msntion this Journa ^



S P E C IA L L Y  S U ITABLI 
F O R  O IL  R E F I N ERI E

H E  reliability of N E T T L E  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

Klndly msntion this Journal when communicating with Advertisers



C O M P LET E

PETROLEUM REFINERY
P L A N T S

For—

A tm ospheric and Vacuum Distillation  

Gas Fractionation and R ecovery  

Stabilisation

Chemical T reatm ent of D istillates 

Alkylation

Perco C opper S w eeten in g , Desulphurisation  
and D ehydrogenation  

A ceto n e  Benzol D ew axing  

Furfural Refining
etc ., etc ., etc.

FOSTER WHEELER LTD.
A L D W Y C H  H O U SE , L O N D O N , W .C .2

TELEPHONE : HOLBORN 2527-8-9 

Associated  C o m p a n ie s :

FOSTER W H E E L E R  CORPORATION, U.S.A.
FOSTER WHEELER, LIMITED, C A N A D A  
FOSTER WHEELER, S.A. FR A N C E
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O IL  R E F I N E R I E S
C O M B IN E D  P R E S S U R E  AN D  “ V A P O U R  P H A S E ”  

C R A C K IN G  U N IT S  

C O M B IN E D  S K I M M I N G  A N D  C R A C K IN G  U N IT S  

A T M O S P H E R IC  A N D  V A C U U M  D IS T IL L A T IO N  
T U B E  S T IL L  U N IT S

Combined Distillation and High- and Low-Temperature Cracking 
Unit with Vacuum Flash Tower for Residue, running 8900 barrels 

of crude per day.

The WINKLER-KOCH ENGINEERING Co.,U.S.A.
Associated Manufacturers in Europe:

A. F. CRAIG & Co. Ltd.
P A I S L E Y

60 years ' experience in  the design and m anufacture of all descriptions of

O I L - R E F I N I N G  E Q U I P M E N T  

London O ffice: M 00RGATE STATION CHAM BERS, M O O RFIELD S, E .C .2
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The waste paper basket in our 
office holds many more ideas than ever get 
incorporated in our machinery. This 
ability to discard ideas is, we believe, 
one of the hall-marks of a good designer 
who, unlike the inventor with whom an 
idea is often an obsession, must be able 
to sift out the freaks and the fallacies 
without prejudice. Th is sort of training 
makes it difficult for us to sit back and 
survey our work with pride. There’s 
always some new idea on the way. But in 
spite of this we do believe that, to take 
just one example, the ideas which have 
resulted in a feature such as our patent 
valve gear to prevent short stroking on 
Duplex steam pumps will take a lot of 
beating.

Twells valve gear fitted to a Hayward-Tyler & CO. LTD., LUTON, BEDS. Telephone: Luton 951.
15x12x18 Duplex Steam Pump. LONDON O FFICE: SHELL-MEX HOUSE, W .C.2
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