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THE FLOW PROPERTIES OF BITUMINOUS 
MATERIALS.*

A. R. L e e ,  B.Sc., Ph.D ., A.R.C.S., D.I.C., J .  B. W a r r e n ,  B.Sc., Ph.D .,
A.R.C.S., D.I.C., A .Inst.P ., and D. B. W a t e r s ,  B.Sc., Assoc.M.Inst.C.E.

SUMMARY.
Some results are given of the investigations now in progress on the funda

m ental flow properties of bitumens and bitumen-aggregate m ixtures. A  
coni-cylindrical viscometer has been used for measuring the effect of stress 
and temperature on the viscosity and elastic recovery of various types of 
bitumens. Tho rolation between rate of shear ( D )  and shearing stress (S) 
for all but the m ost plastic bitumens m ay be represented by an equation

index p  as a  “ plastic-flow index ” provides a  m ethod of expressing tho 
degree of plasticity  of a  bitumen, where this is considered as the divergence 
from ideal viscous flow. Different bitum ens having the same penetration  
(66) m ay have very different viscosities. The bitumens so far investigated  
have been found to differ chiefly in their plastic and elastic properties.

The effect of stress and temperature on tho flow properties of roller- 
compacted specimens of bitumen-aggregate m ixtures has been investigated  
by beam and tensile tests. The relation between stress ( S )  and minimum  
rate of strain (li)  m ay bo expressed b y  tho equation I t  —  K S P ,  where K  and 
P  are constants. The flow properties a t the minimum rate of deformation 
under conditions of constant tensile stress m ay be expressed com pletely by  
a number of constants—nam ely P ,  K 0 (tho minimum rate of strain at unit 
stress a t 0° C.), A7 (the rate of change of log. I C  w ith change of temperature), 
and the extensibility a t failure, the value of these constants being determined 
by the nature and grading of tho aggregate and by the nature of the binder. 
Mixtures of a  particular aggregate grading containing the more plastic  
bitumens have greater values for P  than those containing non-plastic 
bitum en; tho value of P  is affected more by tho grading and proportion 
of the aggregate than by tho nature of the bitumen.

B i t u m in o u s  m aterials are used for a large variety  of industrial purposes, 
b u t m ost extensively in road construction. Although the  present paper 
deals w ith th is aspect of their use, much of the information presented is of 
more general interest, since i t  is concerned with fundam ental properties. 
The m aterials used m ust be readily adaptable to  keep pace w ith the 
development of modern industrial methods, and  this can be achieved only 
if  the  essential properties of the  m aterials are fully understood. D ata  
on the  fundam ental flow properties of bitum inous m aterials are being 
obtained w ith three m ain objects in view : first, to  enable their behaviour 
in service to  be predicted, and thus to  enable the ir suitability  for specific 
purposes to  be judged; second, to  enable their behaviour during mixing 
and laying to  be predicted, and so to  enable th e  m ost satisfactory conditions 
for application to  be determ ined; and th ird , to  provide inform ation on

of tho form where r / ' and p  are constants. The uso of the

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

* Paper received 16th October, 1939. Crown Copyright Reserved.
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102 LEE, WARBEN, AND WATERS :

the  nature of the internal structure of the bitum ens themselves, in order 
to  indicate the  best m ethod of proparing a  binder having any required 
properties.

In  the  study  of the  Theological properties of m ixtures of bitum en and 
aggregate a knowledge of the  characteristics of the binders is clearly of first 
im portance. U ntil recently little  was known of the  fundam ental flow pro
perties of bitumens, although in the testing of bitum ens for industrial pu r
poses m any different empirical tests involving flow properties have long been 
used as aids to  the  selection or specification of m aterials. Such tests are 
useful for ensuring th a t samples of the  samo m aterial conform to  a  standard 
measured under certain arb itrary  conditions of flow, bu t as a  tru e  com
parison of the behaviour in  service of different m aterials and  as a  basis for 
improving and understanding existing techniques they  are of little  value. 
In  fact, certain of these tests (such as the penetration test), when taken 
alone, can often be misleading. Moreover, in  cases whero the  measurements 
are reproducible to  a  high degree of accuracy, fundam ental im portance 
m ay frequently be attached erroneously to  small differences. In  general, 
the  tests measure complicated and variable functions of several fundam ental 
properties operating simultaneously. For example, th e  “ penetration ” 
valuo depends on viscosity, elasticity, tensile strength, and adhesion; 
and tho “ ductility  ” valuo depends, among other properties, on the 
viscosity and the  in ternal cohesion. Bingham 1 has pointed out th a t  “ the 
use of such empirical tests which are no t based on any sort of theory of 
the fundam ental nature of flow have more th an  any other th ing  prevented 
the progress of the  a r t  of rheology.” I t  is probably true  to  add th a t it  
has also retarded the development of the industries using these and  other 
plastic materials.

An investigation has therefore been started  a t  the  Road Research 
Laboratory to  correlate the  behaviour on the road of bituminous surfacings 
w ith tho Theological characteristics of their binders and of m ixtures p re
pared in  the laboratory. This investigation thus involves initially an 
a ttem p t to  evaluate in absolute units the  viscous and elastic properties 
of both the  bitum inous binders and the  consolidated bitumen-aggregate 
mixtures.

Simple proportionality between stress and strain  or ra te  of strain  is 
no t generally shown by these m aterials; therefore, the determ ination of 
the flow coefficients expressing these relations m ust be made under con
ditions of uniform stress. For the bitumens themselves the use of suitable 
viscometers is therefore necessary; for the bitumen-aggregate m ixtures 
uniform stress distribution across tho specimen m ust also be ensured, 
involving either the  application of a  constant stress or a constant ra te  
of strain, whichever is the more convenient. Extensibility, as defined 
by the  percentage elongation of the specimen a t  failure, and  the  elastic 
recovery which occurs on removal of the applied stress are further rhcological 
properties which can be measured by either m ethod of testing. Such 
concepts as the coefficient of viscosity or the moduli of elasticity and of 
rigidity are the results of experim ent applied on the one hand to  substances 
definitely in tho liquid state, and on the other to  those in  the  tru ly  solid 
state. I t  is not, therefore, to  be expected th a t th e  linear relationship 
between stress and strain  or ra te  of strain  implied by using such moduli
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will necessarily apply to  these more complicated m aterials, which may 
exhibit both solid and liquid properties a t  the  same time.

W hen the stresses aro rapidly applied, as in  the  case of im pact or 
vibration forces from passing vehicles, bitumen-aggregate m ixtures exhibit 
the properties of solids. Some progress has been made in  measuring the 
transient forces norm ally occurring on the road, and it  is im portant to 
investigate the  relation between stress and strain  for bituminous m aterials 
under similar conditions of rapid stress application. The stresses applied 
by m ost im pact tests are usually of a high, bu t indeterm inate, order, making

(a )

F i g . 1.

LOAD—TIM E CURVES G IVEN  BY  R EPEA TE D  TRA N SIEN T LOAD TESTING M ACHINE.

i t  impossible to  determ hie the fundam ental rheological properties involved, 
and i t  is open to  question w hether such tests reproduce practical con
ditions, or have any practical significance. A machine has thereforo been 
constructed which subjects bitum inous specimens to  a repeated, suddenly 
applied, transien t stress of a  given value m aintained approxim ately con
s ta n t for a  short predeterm ined tim e. The stress-strain  relations can 
thus be evaluated for “ im pact ” forces of known m agnitude and duration (of 
the order of -¡V to  second) which are repeated a t  intervals of one second 
to  half a  m inute. Typical load-tim e curves given by the machine are shown 
in Fig. 1. Conditions of stress similar to  those beneath the wheel of a
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passing vehicle are thus obtained, b u t forces arising from vibration are 
no t supplied. The extension of the measurements to  the elastic properties 
exhibited under vibrations of audio-frequency would complete the  field 
of investigation of the rheological characteristics of bitum inous m aterials 
necessary for deducing the stress-strain-tim e relations m et w ith in  practice. 
Some m easurements on these lines have already been reported.2- 3

Exam ples of the results of the investigations now in progress on bitumens 
and  on bitumen-aggregate m ixtures are given below, and servo to  illustrate 
th a t, although these problems are complicated, the evaluation of the funda
m ental physical characteristics in  absolute units provides new insight into 
their behaviour.

R iie o l o g y  o f  A sp h a l t ic  B it u m e n s .

W hen a bitum inous m aterial is subjected to  a constant shearing stress 
(S), continuous flow' occurs, and a constant ra te  of shear (D) is ultim ately 
set up, its m agnitude depending on the m agnitude of the  applied stress. 
In  the  case of “ ideal ” liquids there is a  simple proportionality between 
these two quantities, expressed by the Newtonian Law

or viscosity 7) =  S /D

illustrated by curve (A) in Fig. 2.
B itum ens and bitum en-aggregate m ixtures do not obey this ideal law. 

The relation between ra te  of shear and shearing stress of all bitum ens so 
far investigated is represented by a curve of th e  form (B ) in  Eig. 2. The 
ratio  S /D  varies according to  the  value of S , bu t the  curve still passes 
through the  origin, no experim ental evidence of a  yield value having yet 
been obtained for bitum ens w ith viscosities up to  about 108 poises. In  
these cases the relation between D  and S  has been found to  be more nearly 
expressed by an  empirical equation of the type

where V and p  are constants, v{ resembling (but no t in  dimensions) the 
viscosity Tfj in  the  earlier equation. As pointed out by Scott B lair,4 this 
equation has been found by m any investigators to  apply to  a great num ber 
of materials. I t  has as ye t no theoretical significance, bu t provides a 
convenient means, a t  the present stage of rheological knowledge, of express
ing the flow-curves in  term s of certain numerical constants.

For a  satisfactory evaluation of the ra te  of flow -stress-tem peraturo 
relations, such m aterials m ust be subjected to  a range of uniform shear 
stresses of known values a t  various known tem peratures. Further, the 
ra te  of shear under constant stress generally varies for some tim e after 
the initial application of the  stress, and the m aterial m ust undergo some 
continuous deform ation before the ra te  of shear becomes constant. The 
ro tating cylinder viscometer, which gives a closer approxim ation to  these



conditions than any other viscometer, has been found most satisfactory 
for these investigations.
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F ig . 2.
R E L A T IO N  B E T W E E N  S H E A R  S T R E S S  A N D  R A T E  O P  S H E A R . (a )  ID E A L  R E L A T IO N

(D =  - S ) .  ( b )  r e l a t i o n  f o r  b i t u m i n o u s  m a t e r i a l s  (D — —, S r).
V V

N o m e n c l a t u r e .

Owing to certain difficulties that arise when considering some of tho 
results of these investigations, attention is directed to the terminology 
which has been adopted.

The scientific description of naturally occurring products frequently 
presents some measure of difficulty. Obviously no ono would regard 
“ British coal ” as a clear scientific description. Similarly, it is inaccurate 
and misleading to refer to “ Californian bitumen,” since several types of 
crude oils occur in tho large area of California. On the other hand, a fuller 
description associating any particular oil with the well from which it was 
obtained at a particular date would not be any more helpful, since such a 
description would only be imperfectly understood even locally. In the 
circumstances the best that can be done is to refer to the products under
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consideration as “ a  type of Californian b itum en,” etc., and to  rely upon 
the chemical d a ta  to  supplem ent the description.

The asphaltic bitum ens and asphalts dealt w ith in  this paper will there
fore bo described as follows :—

A. A type of Californian, steam distilled
B. A type of Venezuelan, steam  distilled
C. A type of Mexican, steam  distilled .
D. A typo of Borneo, “ Miri,” steam  distilled
E. Air blown from a  Mexican Crude
F . F luxed air blown, fluxed w ith a 200 pen. Mexican
G. A typo of Mexican, steam distilled .
H . Trinidad asphaltic cement, 5A, specified as about 23-0 per

cent, m ineral m atter, calculated solubility 62 per cent. .
I. Trinidad asphaltic cement, 5B, specified as about 18-5 per

cent, m ineral m atter, calculated solubility 77 per cent. .
J .  Cuban asphaltic cement, 22-24 per cent, insoluble m aterial

In  the  te x t which follows the bitum ens are referred to  individually by 
the reference letters in the  above list.

Plasticity is the  general property by  virtue of which a  m aterial m ay be 
moulded, and has been defined by Wilson 5 as “ th a t property which enables 
a m aterial to  be deformed continuously and perm anently w ithout rup ture  
during the  application of a force th a t exceeds the  yield value of the 
m aterial.” In  a ttem pting  to  define th is property more rigidly for purposes 
of physical m easurement, the  idea has become prevalent th a t  a  plastic 
m aterial is one for which a yield value can be determined. This value 
represents the  stress above which continuous deformation occurs, and 
below which there is no appreciable continuous deform ation .6 *

No satisfactory term , however, has been generally adopted for describing 
a liquid (a m aterial having zero yield valuo) for which the ra te  of shear 
is no t directly proportional to  the  shearing stress. Such term s as non- 
Newtonian flow, pseudo-plasticity, quasi-viscosity, and structural viscosity 
have been employed, b u t they  become inconvenient when used to  compare 
materials which differ in their degree of deviation from ideal flow. I t  has 
consequently been found desirable, in order to  preserve a  reasonable degree 
of clarity, to  refer to  the plastic flow of such materials even though they  
have a zero yield value. I t  is considered th a t if  such an artificial division is 
necessary, the term  plastic solid should be applied to  m aterials having a 
definite yield value and the term  plastic liquid to  those which do not. 
W ith m any plastic solids the  yield valuo is indefinite and the classification 
depends largely on the  sensitivity of the  m easurement or on the choice 
of an  arb itrary  m inimum yield stress such as gravitational stress.

T h e  Co n i -Cy l in d r ic a l  V is c o m e t e r .

A viscometer similar to  th a t used by Saal 7 has been used. In  this 
instrum ent the  difficulty of estim ating the lower end effect is overcome by

106 LEE, WARREN, AND WATERS :

* Roller distinguishes between plasticity, which depends on tho actual magnitude 
of the deformation, and plastic flow, which depends on tho rate of deformation.
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term inating the cylinders in  cones having a common apex which acts as 
the lower bearing point of the  ro tating inner cylinder. The viscous re 
sistance due to  the fluid between the two conical surfaces can be calculated 
(according to  Mooney and Ew art 8), and by choosing suitable dimensions 
this has been reduced to  one ten th  of the resistance due to  the cylindrical 
portion; in addition, the mean shearing stress in the conical portion is 
made equal to  th a t in  the cylindrical portion by  suitable choice of the angular 
separation of the cones. The instrum ent, shown diagram m atically in 
Fig. 3, is provided w ith a quick release brake and a dog-clutch mechanism 
which, while transferring the applied torque to  the inner cylinder, provides 
a simplo m ethod of instantaneously releasing the torque when elastic 
recoveries are to  be measured. The shape of the upper end is designed to 
allow a  slight overfilling w ithout appreciable errors. A detailed description 
of the  instrum ent will be given elsewhere.

The viscosity (i.e., ratio  of mean shearing stress to  the mean ra te  of 
shear) is calculated from the formula

and the corresponding mean shearing stress in tho fluid annulus is given 
by the formula

n g

JR. “ | 2
and mean ra te  of shear D — Q j —-----

-it o 1*"

where 0  is the applied.torque (dyne cm.),
D. is the  measured angular velocity (radians/sec.), 
f ?1 and i ?2 are the  radii of tho cylinders,
L 0 is tho effective length of tho cylindrical portion,
0o is the  mean of the half apex angles of the cones,

and is equal to  /  22^ E 2
0 H A 'lij2 +  It,r

These equations apply to  both Newtonian and non-Newtonian flow. 
W hen the  bitum ens are made more fluid by increase of tem perature, it  is 
found th a t  they  tend  to  conform much more closely to  ideal liquids. 
Viscosities m ay then  be measured by a  capillary U -tube viscometer, and 
the modified Ostwald in s tru m en t9 designed prim arily for tars and  pitches 
has been found convenient, particularly for determ ining tem perature 
coefficients.

S om e  E x p e r im e n t a l  R e s u l t s .

No bitum en so far examined has been found to  possess a yield value, 
w hatever the constant shear stress applied, and  after sufficient tim e tho

7] (poises)    — —
4:7r£l.Z/Q l̂ ■; - ■«o

3L0 sin Gq.
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inner cylinder of the viscometer ultim ately a tta ins a  constant angular 
rotation. W hen the load is removed the  elasticity of th e  bitum en produces 
a recovery. A typical angular rotation-tim e curve is shown in Pig. 4, 
and indicates the  four processes which operate during the flow of the 
m aterial. The small initial curved portion A B  arises from elastic elongation 
of the  bitum en as well as from some viscous flow, and is related to  the 
final elastic recovery. W ith fluid binders this elastic fore-effect occupies 
only a fow seconds of tim e and is scarcely noticeable, b u t w ith harder

F i g . 4 .

T Y T IC A I. A N G U L A R  R O T A T IO N /T IM E  C U R V E S  F O R  B IT U M E N  U N D E R  C O N ST A N T  
S H E A R IN G  S T R E S S .

Section AB. In itial Elastic Foro-Effect.
,, BC. Thixotropic Region.
,, CD. Final Constant Angular Velocity Region.
,, D E . Elastic Recovery. [Exaggerated Angle Scale.]

binders i t  occurs for a ra ther longer tim e. The section BC, which indicates 
a reduction in  viscosity w ith continued working, is associated w ith thixo- 
tropy  or th e  in ternal structure of the  m aterial. W hen the structure has 
been broken down to  an  equilibrium sta te  corresponding to  the  stress 
applied, the curve straightens out (CD). I t  is from th is portion of the 
curve (i.e., where the angular velocity is constant) th a t  the viscosity 
(applied stress/rate of strain) is calculated for the particular shearing stress 
applied. The elastic recovery, after removal of tho applied stress, is
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S H E A R I N G  S T R E S S  ( D Y N E S  P E R  S Q . C M . )

F io . 5.
e f f e c t  o f  s h e a r i n g  s t r e s s  o n  v i s c o s i t y  o f  e , a i r -b l o w n  b i t u m e n , a t  

D IF F E R E N T  T E M P E R A T U R E S .

(1) Temperature 30-7° C. (3) Temperaturo 44-9° C.
(2) Temperaturo 40-2° C. (4) Temperature 49-2° C.
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represented by B E . Tho corresponding angular velocities and apparent 
viscosities are also shown.

The viscosity of each m aterial has been determ ined over a  range of 
shearing stresses and tem peratures. As previously stated , tho viscosities 
vary  w ith the shearing stress. An extrem e case is shown in Fig. 5, in 
which the viscosity of the blown Mexican bitum en, E, is p lo tted  against 
the corresponding shear stress a t four tem peratures from 30° C. to  49° C. 
The other bitum ens have shown variations of this type, bu t to  a  less 
degree; the  Californian bitum en, A , shows tho least variation w ith stress.

S ig n if ic a n c e  o f  t h e  P e n e t r a t io n  V a l u e .

The viscosities a t  25° C. are given in  Table I  for different bitum inous 
binders all having a  penetration of 65 (at 25° C.).

Table I .
V i s c o s i t y  o f  65 P e n e t r a t i o n  B i t u m e n s .  

(Measured w ith Ostwald type Viscometers.)

Typo of B itum en. V iscosity at 
25° C. (ex Viscosity a t 

40° C. in
Logarithmic
temporature

coefficient
Code. Source.

trapolated) poises.

D Miri 1-28 X 10" 3-55 X 10* 12-0
A Californian 1-70 X 10° 4-87 x  10* 11-9
B Venezuelan 2’64 x  10« 9-12 X 10* 11-2
C Mexican 3-92 X 106 14-3 X 10* 11-1
F M ixture of Blown Mexican 4-1% 

and 200 Pen. Mexican 56%
22-1 x  10» 57-9 X 10* 12-2

H Trinidad A.C. 5A 4-66 x  10« 15-9 X 10* 11-3
I Trinidad A.C. 5B 2-78 X 10« 8-91 X 10* 11-5
J Cuban A.C. 44-7 x  10« 84-1 X 10* 13-3

I t  will be seen th a t  a t  the particular mean shearing stress in  the  visco
meters the  extrem e m aterials show a  difference in viscosity of 35 times. 
These differences indicate th a t the  penetration m easurem ent has little  
significance as a  measure of tho viscosity of a  bitum en. Tho precise depth 
to  which tho needle will sink in  5 seconds will be greatly affected by  the 
degree of non-Newtonian flow, and  will also depend on the thixotropic, 
elastic, and adhesive properties. W ith this instrum ent the effect of these 
properties is exaggerated in  relation to  th a t  of tho viscosity, and with 
some bitum ens will have a predom inating influence on tho m easurement. 
Further, besides the  large change in  stress which occurs during a  measure
m ent, a  low-penetration bitum en is tested  under m uch higher stresses 
th an  a high-penetration bitum en. The penetration te s t m ay therefore bo 
quite misleading if  i t  is used alone for comparing one bitum inous m aterial 
with another.

P l a s t ic  P r o p e r t ie s .

I t  is found th a t for m ost bitum ens the relation between D  (rate of shear) 
and S  (shearing stress) m ay bo oxpressed by the  empirical equation

D ^ ~ S P (1 )
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LOG (SHEARING STRESS DYNES/ C M 2)

©  AT S&4 'C Q) AT 30-9  "C

©  AT 4 4  5 °C @  AT 2 4 3  'C
F i g . 6 .

RELATION  B E T W E E N  ANGULAR VELOCITY AND SHEARIN G  STRESS FOR I ,  
T R IN ID A D  ASF1IALT 5 B , AT D IFF E R E N T  TEM PERA TU RES.
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The results from the “ plastic ” air-blown bitum en, however, do no t fit 
even th is equation.

Fig. 6 shows the straight-line relation obtained on plotting log. angular 
velocity against log. shearing stress for th e  Trinidad A.C. 5B (I), a t 
tem peratures from 24° to  56° C. The slope of tho lines gives the value of 
the index p . O ther writers 10 havo referred to  the deviation from ideal 
flow exhibited by bituminous m aterials, bu t no m ethod based on funda
m ental considerations lias yet been proposed for defining the degree of 
plasticity. The “ penetration index ” used by Pfeiffer and Van D oorm al11

is largely determined by  tho plastic properties of the  m aterial. The uso 
of the  index p  in  the above equation as a  “ plastic flow index ” provides 
for the  tim e being a m ethod, based on the  fundam ental flow properties, 
of expressing th e  degree of plasticity  where th is is considered as the 
divergence from ideal viscous flow. The values of p  for tho different 
m aterials are given in  Table I I , which contains other d a ta  on these 
m aterials.

As noted by  previous writers, the  deviation from ideal flow decreases 
as tho m aterials are m ade more fluid by  rise of tem perature. The effect 
of tem perature on the plastic flow index of the m aterials is shown in  Fig. 7.

Te m p e r a tu r e  -* -° c
F ig. 7.

E F F E C T  OF TEM PERA TU RE OX PLASTIC FLO W  IN D E X  OF 65 PEN ETRA TIO N
BITU M EN S.

I. M ixture of Blown Mexican and Spramox. F . 2. Moxican. C.
3. Trinidad A.C. 5A. H . 4. Venezuelan. B .
5. Trinidad A.C. 5B. I . 6. Californian. A.
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E f f e c t  o f  T e m p e r a t u r e  o n  V is c o s it y .

All bitum inous m aterials are characterized by the  very large changes in 
viscosity produced by changes in  tem perature; this property is of v ital 
im portance in  the  use of the  materials.

The curves given in  Fig. 5 show values of the  viscosity of E , the  blown 
bitum en, obtained for a range of shearing stresses a t  tem peratures between 
30° and  49° C. The change in viscosity produced by th is change in  
tem perature is large when the shearing stress is 20,000 dynes/sq. cm., 
and comparatively small when tho shearing stress is 80,000 dynes/sq. cm. 
Thus the tem perature susceptibility of highly viscous bitum ens showing 
m arked plastic properties will vary  according to  the  shear stress a t  which 
the viscosities are measured, being greater a t  low and smaller a t high 
shearing stresses. However, a t  higher tem peratures, or, ra ther, w ith more 
fluid products (viscosities less than  10 4 poises), the variations in  viscosity 
arising from changes in  applied stress are greatly reduced, and  eventually 
become insignificant when tho tem peraturo is raised sufficiently. For 
all tho 65 penetration m aterials the variation in viscosity w ith stress is 
of a much smaller order th an  th a t  duo to  change in tem perature (Fig. 9).

T a b l e  II .
R e s u l t s  f o r  s a m e  o f  t h e  F l o w  C h a r a c t e r i s t i c s  o f  B i t u m e n .

T ype of bitum en.
Air-

blown
Mexican,

E .

44%  
air-blown 

56% 
200 Pen. 
Mexican, 

F .

M exican
60/70
Pen.,

C.

V ene
zuelan
60/70
Pen.,

B .

Cali
fornian
60/70
P en.,

A.

T rin .
A.C.*

5A,
H .

T rin .
A .C .f

5B,
I.

M exican 
200 Pen., 

G.

Specific grav ity  :— 
A t 15° 0 . 1-051 1-042 1-015 1-025 1-244 1-164 1-035
A t 25° 0 . __ 1-028 1-039 — 1-015 1-237 1-152 1-025

Penetrations :— 
A t 15° 0 . 13 29 26 26 _ 24 28
A t 25° 0 . 22 60 63 64 66 59 66 199

Softening po in t, I t .  and 
B .................................... S5-5 57-2 52 49-7 45-6 51-1 66 40

P enetration  index 4-3-2 4-1-2 - 0 - 1 - 0 - 6 -1 -7 5 - 0 - 5 - 1 - 5 0
A sphaltenc con ten t, % . 37 27 20 13 4 2 1 1 15 I 17-7
Viscosity a t  25° 0 . :— 

(a) D eterm ined in 
O stwald visco
m eter m ean 
stress ab o u t 3,000 
dynes/sq . cm. . 22-1x10* 3 -9 2 x 1 0 ' 2-64x10* 1-70x10* 4-66x10* 2-78x10* 2-98x10*

(6) D eterm ined in  
Conicylindric v is
com eter m ean 
stress 36,130 
dynes/sq . cm . . 3-0x10* 5-61x10* 3-47x10* 2-11x10* 1-91x10* 3-65x10* 1-94x10* 2-32x10*

Log tem peratu re coeffi
cient 11-1 11-4 11-6 11-8 11-0 10-6 9-7

P lastic  flow index (p) a t  
25° 0 . . 3 1-44 1-22 1-10 1-02 1-2 1-08 1-19

M axim um elastic re 
covery, degrees in 
C ouette viscom eter a t  
25° C. . 8 5 4 2 0-5 1 1 3-7

* T rin idad  A.O. 5A consists of 83*5% of Trinidad E purc and 16-6% of F lux  Oil.
f  T rin idad  A.O. 6B consists of 49*5% of T rinidad Epure, 5% of F lux  OH, 45*5% 200 pen. Venezuelan 

Bitum en.
J E stim ated  on the  extracted  bitum en.

Fig. 8 shows the values of log. viscosity over a tem perature range from 
25° C. to  90° C. for six bitumens (each having a penetration of 65 a t  25° C.)
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tested under a  shearing stress of 2,063 dynes/sq. cm. These curves show 
th a t  the  variations in log. viscosity of the different m aterials with change

I S  1-6 1 7  1-8 1 9  2  0  2  1 2 - 2  ~ 2 3
LOG TEMPERATURE f ‘F j

F io. 9.
RELA TIO N  B ET W EE N  LOO. TEM PERA TU RE (° F .)  AND LOG. VISCOSITY FOR B , 

V ENEZUELAN B ITU M EN .

1. Shearing stress 2,003 dynes/sq. cm. 
“• f f  >* 0,j30 ,, ,,
3 ..................................36,130

of tem perature are very similar, even when a  comparison is made between 
the  fluxed blown Mexican, C, and the steam-distilled Venezuelan bitumen,
B. There are differences between the  viscosities throughout the whole
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range, but these arise mainly from the initial differences in  viscosity a t 
25° C. Curves of this type provide no means of defining the tem perature 
coefficient of viscosity, since a given change in  tem perature produces a 
greater change in viscosity a t  low tem peratures than  a t high tem peratures. 
Various viscosity/tem perature coefficients have been proposed for b itu 
minous m ateria ls; for example, Traxler 12 assumes th a t the curved lines 
relating log. viscosity and tem perature (° C.) are sufficiently straight over 
a small range to define an “ Asphalt Viscosity Index ” as the percentage 
decrease in viscosity for 1 ° C. rise in tem perature. In  order to  obtain 
a single numerical coefficient for extrapolation and comparison purposes, 
i t  is necessary to  use functions of viscosity and tem perature which give a 
linear relation over as large a tem perature range as possible. Accurate 
straigh t lines have so far been obtained over a  range of 70° C. for any 
bituminous binders up to  viscosities of 1 0 7 poises on plotting the logarithm 
of the  apparent viscosity against the logarithm  of the tem perature 
Fahrenheit, the  viscosities being measured a t the same shearing stress 
throughout the tem perature ran g e ; some typical curves are given in Fig. 9. 
The equation

log. 7] =  a — n  log. T ,

which also holds for coal-tars and pitches, thus provides a  simple empirical 
expression for variation of viscosity with tem perature defined by one 
constant, viz. :—

„ _  log. vjj -  log. -/¡2
log. '1\ -  log. 1 \ (2)

n  has been called the “ logarithmic tem perature coefficient.”
This expression for the tem perature susceptibility, while inaccurate 

for extrapolation to  the high tem peratures necessary for mixing, is valid 
for a tem perature range sufficient to  indicate the relative susceptibilities 
of different bitumens.

The equation t\ =  aT~n is a particular case of Slottes’ formula 13 
•/] =  C/(b +  t)n, where I is the  tem perature Centigrade, and where the value 

5 X 32
of b becomes ——— - and the other contents are suitably chosen.

The theoretical formula of Andrade 14 and Sheppard 15

7) =  Ae~k,°

where 0 is absolute tem perature, which was derived for pure monomolecular 
liquids, would not be expected to  hold for the complicated m ixtures which 
constitute bitum ens and tars.

The values of n in the equation tj =  aT~n for the different bitumens 
are given in Table II.

E l a st ic  P r o p e r t ie s  o f  B it u m e n s .

I t  has already been mentioned th a t the elastic or solid properties of a 
bitum en are most prom inent when the stress is rapidly applied or varied, 
but, even when a  bitum en has been sheared slowly under constant stress, 
elastic recovery occurs on the sudden removal of the stress. The am ount

i
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of recovery depends on the stress applied and  the degree to  which the 
m aterial has been previously sheared. For a  given stress, the recovery 
increases to  a definite m axim um  value w ith increase in the previous shear. 
Fig. 10 shows the  relation between the  applied stress and the maximum 
recovery for the fluxed blown bitum en, F  (G5 pen.).

From  the angular recovery values which occur on the removal of definite 
applied stresses an apparent rigidity  modulus, taken  as the ratio  of shear 
stress to  shear recovery, has been calculated for various values of the 
shearing stress. Allowing for the  dimensions of the viscometer and 
assuming th a t the recovery corresponds to  a  simple shear m otion w ith no 
flow, the  shear recovery is equal to  five times the measured angular recovery 
(a) of the  inner cylinder. These calculated values are tabulated  in Table I I I .

Table III.
A p p a r e n t  M o d u l i  o f  R i g i d i t y  f o r  F l u x e d  B l o w n  B i t u m e n  F .

T e m p e r a tu r e .
S h e a r in g  s t r e s s  
( d y n e s /s q .  c m .)  

S .

A n g le  o f 
r e c o v e r y  
(d e g re e s )  

a.

A p p a r e n t  m o d u lu s  
o f  r i g i d i ty  

( d y n e s /s q .  c m .)  
S /5 a .

25 °  C . 1-5 X 10 3 0-4 4-3 X 10*
10-0 X 10 3 2-0 5-7 X 10*
17-5 X 103 3-0 6-8 X 10*
3 0 '0  x 1 0 3 4 0 8-0 X 10*

»» 4 7-5  X 1 0 3 4 0 11-9 X 10*

4 5 °  C. 2-5 X 103 1 1 5 2-5  X 10*
5 0  X 103 1-87 3 05  X 10*

10-0 X 10 3 2-85 4 0  X 10*
20  0 X 10 3 4-02 5-4  X 10*

>• 35-0  X 103 4-90 8-0 X 10*

Fig. 10 shows th a t for the 65 penetration fluxed blown bitum en, F , a 
change of tem perature from 25° to  45° C. produces little  change in  the 
elastic recovery. I t  has been found th a t  for the bitum ens investigated 
there is a tem perature range w ithin which the  recovery is a m axim um ; 
above and below this range the recovery diminishes, and a t  high tem pera
tures, a t  which the m aterials are quite fluid, the  elastic recovery eventually 
disappears. Over the range of tem perature from 25° to  45° C. the  change 
in  the apparen t rigidity modulus of the  bitum en is of a m uch lower order 
th an  the  change in  viscosity. As would be expected from consideration 
of viscous in ternal damping, the  ra te  of recovery increases as the  tem 
perature of the bitum en is raised or its viscosity reduced. The values for 
the apparent rigidity modulus (2 to  1 2  x  10 4 dynes/sq. cm.) are of a  lower 
order th an  values of the rigidity modulus of bitum en obtained by dynam ic 
methods (e.g., Lonsdale and W ilson ,10 108 dynes/sq. cm.).

Comparison of Bitum ens.

The results given in Table I I  show th a t  the  bitum ens so far investigated 
differ chiefly in  their plastic and elastic properties, and the tem perature 
differences found necessary in  practice in the use of the m aterials appear
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to  be due prim arily to  differences in  these properties, and to  the difference 
in initial viscosity of the bitum ens arising from the  adoption of a standard  
penetration to  which the various m aterials m ust conform.

There is little  difference between the logarithmic tem perature coefficients 
of viscosity, although the Californian bitum en, A , has the highest coefficient, 
and the blown bitum en, F, the least. These facts are substantially  in 
agreement w ith the  conclusions of Pfeiffer and Van Doormal (loc. cit.), 
and the explanation p u t forward by these authors to  account for the 
differences in rheological properties of different types of bitum en are so 
far supported by the present results.
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R h e o lo g y  o f  AsrHALTic R o ad  M ix tu re s .

The flow properties of a bitumen-aggregate m ixture are directly in 
fluenced by the flow properties of the  bitum inous binder. The large

O lO  2 0  3 0  4 0  SO  6 0
T IM E  -KU N U TES

F ig . 11.
E F F E C T  O F  B IN D E R  C O N T E N T  ON T H E  D E F L E C T IO N  O F  B E A M S O F  S A N D  A S P H A L T . 

Storago tim e 8 (lays. Temperature of test 25° C. Dimensions of beams
10” x 2” x 1".

Binder—Trinidad Asphaltic Cement— T ypo5A . Percentage of Soluble Bitumen
Marked on Curves.

am ount of work on measuring the mechanical properties of such m ixtures 17 
done by  earlier investigators is, on examination, usually found to  comprise 
the  m easurem ent of flow properties under various a rb itra ry  conditions of 
stress.

Among a considerable num ber of tests investigated those selected for 
the  present purpose are the beam and tensile tests. The m ethods and 
technique adopted for preparing and testing specimens have been described 
elsewhere.18' ltf Although for certain purposes the two tests give the



same information, the tensile te s t lias the advantage th a t the results may 
be expressed quantitatively , are independent of the  dimensions of the 
specimen, and th a t the m aterial is subjected to  a constant uniform stress 
or ra te  of strain. The experimental procedure has been to  obtain the 
deformation-time curves given by roller-compacted rectangular specimens. 
Two fundam ental characteristics are thus obtained—namely, the ra te  of 
flow under a  known stress and the extensibility or to ta l flow before 
failure. Inform ation on the  flow properties of the m ixtures involves 
a  study  of the variations of these quantities w ith stress, tem perature, and
age-

Some typical deform ation-tim e curves are shown in Fig. 11. The 
resulting deformation of the  tensile specimen m ay be considered as due to 
two shear stresses of one-third the tensile stress .20 The rate  of elongation 
m ay be shown to be equal to  the ra te  of shear strain.

The ratio  of the  stress to  the slope of the straight-line portion of the 
curves (the minimum rate  of deformation) m ay be considered a measure 
of the viscosity of the m aterial. On th is basis, from the curves shown in 
Fig. 11, the specimen containing 7 per cent, of bitum en exhibits the 
maximum resistance to  deformation, and from this point of view 7 per 
cent, m ay be considered the optim um  binder content for the  particular 
aggregate. This optimum binder content has been determ ined for each 
bitumen-aggregate m ixture referred to below.

E ffect of Stress on R ate of Strain .

In  Fig. 12 some typical stress-rate  of strain  curves are shown for 
specimens of sand asphalt, each made w ith its optim um  binder content. 
W hen, from such results, log. stress is plo tted  against log. minimum rate  
of strain , straight lines are obtained, as shown in Fig. 13. Thus these 
results show th a t the relation between stress and minimum ra te  of strain  
m ay be expressed by the equation

R  =  K S P .................................................(3)

where I? is the minimum rate  of strain,
S  is the applied stress,
K  and P  are constants.

In  Fig. 13 the slope of the  straigh t lines is constant over the  tem perature 
range investigated. P  may thus be considered to  be a characteristic of 
the m aterial representing the  divergence of the flow from th a t expressed 
by a  linear relation between stress and ra te  of flow. By analogy with the 
equation applicable to  bitumens, P  m ay therefore be term ed the “ plastic 
flow index ” of the  bitum en-aggregate m ixture. The value of the 
constant K  in the above equation represents the m inimum ra te  of de
formation a t  un it stress, and is thus a measure of the “ m obility ” of the 
m aterial (i.e., ra te  of flow/unit stress).

E ffect  of T emperature on R ate of Strain .

I t  has been found th a t a straight-line relation exists between log. K  
and tem perature over a tem perature range of about 25° C .; Fig. 14 shows
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AO 60  8 0  /OO 120
STRESS ~ LB/SQJN.

A C C .R F C  A T F  /  S O  P E R C E N T  S A N O .

I 2 0  PERCENT PORTLAND CEMENT 
FILLER.

Fio. 12.
RELA TIO N  B ET W EE N  STRESS AND RATE OF STRA IN  FOR SAND ASPHALTS AT 

VARIOUS TEM PERA TU RES.

------------- Laboratory Prepared Material containing Venezuelan Bitum en.
-------------  Material from Public Road.
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STRESS -L B  PER SO. IN

+  MEXICAN BITUMEN 
O  VENEZUELAN «
a  TRINIDAD {TYPE 5 A )
O MATERIAL FROM PUBLIC ROAD 

F ig . 13.
RELATION  B E T W E E N  LOO. STRESS AND LOO. MINIM UM  RATE OF STRAIN OF SAND 

ASPHALT AT VARIOUS TEM PERA TU RES.
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the curves for two materials. (Note.—In  the case of m aterials having 
binders which possess Newtonian flow properties the slope of such lines 
is the  same as for the binder alone. This is illustrated by the curves in 
Fig. 15 obtained from m ixtures made with a soft pitch binder.)

F ia . 14.
RELATION  B E T W E E N  TEM PERA TU RE °C. AND LOO. RATE OF STRA IN  PRODUCED

BY  U N IT  STRESS

(1) N  —  0-147 (Log Strain/Minute)/°C.
Standard Aggregate w ith Mexican Bitum en and Venezuelan Bitum en and Trinidad 

f)A.
(2) Ar =  0-111 (Log Strain/Minute)/°C.
Public Road (Good Section).

The relation between I i  and tem perature over a range of about 25° C. 
m ay therefore be expressed by the  equation

log. K  =  log. K 0 +  N (T  -  T 0) . . . (4)

where A'0 is the value of K  a t  a  tem perature T 0,
N  is the  rate  of change of log. K  with change of tem perature,
T  is tem perature (°C.).

E quation (3) m ay therefore be written

log. I i  =  P  log. S  +  log. K 0 +  N (T  -  T 0).

Thus, over a  range of tem perature of about 25° C. the flow properties a t  
the m inim um  rate  of deformation of a bitumen-aggregate m ixture under 
conditions of constant tensile stress m ay be expressed by the constants 
P i AV N , and  the extensibility or percentage stra in  a t  failure.
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10 2 0  ■ 30  4 0  SO 60
TEMPERATURE —  DEGREES CENTIGRADE

F ig . 15.
EFFEC T OF TEM PERA TU RE ON MINIM UM  RA TE OF D EFLECTIO N  OF BEAMS AND 

VISCOSITY T] OF B IN D E R .

(1) Sand 80% )  10»/ Binder
Portland Cement, 2 0 % /iU /°

(2) Sand 60% 11107 Binder
Limestone D ust 4 0 % / 11 0

(3) Temperature F luidity Line for the 300 Pen. P itch  Binder.

9-3 x/O*
OO/
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Values obtained for these constants for specimens made w ith a  variety 
of bitum ens are given in  Table IV. All the specimens had  the same 
aggregate grading, and contained th a t quantity  of binder which from a 
set of results similar to  those shown in Fig. 10 gave the m axim um  resistance 
to  deformation. A few results are also included of specimens cut from 
asphalts on public roads.

T a b l e  TV.
F l o w  C h a r a c t e r i s t i c s  o f  B i t u m i n o u s  S p e c i m e n s  u n d e r  C o n s t a n t  T e n s i l e  S t r e s s .

Specimens containing optim um  
binder contents.

Soluble
bitum en
con ten t

(per
cent.).

Change of 
ra te  of 
stra in  
w ith 

stress 
(plastic 
llow in 
dex), P , 
a t  25° C.

Log. ra te  
of strain  
for un it 
stress a t  
0° 0 ., 
log.A .

Change 
of log.A 

w ith 
tem 

perature, 
X.

Extensib ility , 
50 lb ./sq . In. 

E.

25° C. 0° C.

S tandard  A ggregate and  Californian
B itum en A .

,, ,, ,, Venezuelan B 
,, ,, ,, M exican 0  
„  ,, „  T rin idad  A.O.

(Type 5A) H  
„  T rin idad  A.O. 

(Typo 5B) I  
„  „  ,, Blown Mexican 

and Spram ex. F

7-5
7-5 I
8-0
7-0

7-0

8*75

2-0

2-8

3-2

-8 -3 5  

— 9*31

-9 -1 2

0-170 

0-117 -

0-115

8-7
G-l
7-1
3-0

10-0

7-3 
G-0 
6-2 
3-1 <*

7-0

fP u b lic  Road N o. 2—Good . 10-25 3-91 -11 -781 0-111 4-0 1-5 Î
t  ,, „  No. 12—Cracked 8-70 3-95 -1 2 -9 5 0-137 2-0 0-5 §

„  ,, No. 22—Cracked — 5-28 — 1G-25 0-129 1-1 0*15 §

* A t 100 lb ./sq . ill.
f  R oads No. 2 and N o. 12 were 13 years old and  bo th  contained th e  sam e bitum en and aggregate.
t  A t -  2° 0 .
5 A t 150 lb ./sq . in .

The plastic properties of the m aterials are determ ined partly  by the 
aggregate composition and partly  by the nature of the  binder. Specimens 
containing the non-plastic Californian bitum en, A , as binder have a  value 
of 2-0 for the Plastic Flow Index (P), a  value which is also found for speci
mens containing a viscous ta r  as binder. The variations from this value 
given by  the  o ther m aterials are related to  the plastic properties of the  
bitumens.

I t  will be seen from the results in  Table IV  th a t the m aterials containing 
the Californian bitum en, A ,  have a  much lower resistance to  deformation 
th an  the others (the comparison being made between m aterials having their 
optim um  binder contents). This difference arises from the fact th a t 
although the bitum ens have a  penetration of 65 a t  25° C., their viscosities 
under the particular shear stress of the te s t differ considerably, th a t of 
the Californian bitum en, A , being much less than  th a t of the other bitumens.

Conclusions.

The examples given in  this paper of the  results of the investigation of 
the fundam ental flow properties of bitum inous m aterials illustrate the 
progress made in  understanding the problems.

The flow properties of a bitumen-aggregate m ixture are determ ined by 
the nature and grading of the aggregate and by the  quantity , the  viscosity,
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and the nature of tho binder. The more plastic the binder, the greater is 
the value of the plastic flow index of the mixture. The logarithmic 
temperature coefficient of flow of the mixture (defined as A log. r/A log. T) 
is equal to that of the binder. Tho fact that, for a given change in tempera
ture, the relative change in rate of flow of the mixture is the same as that 
produced in the viscosity of tho binder indicates that the rate of flow of 
the mixture is inversely proportional to the viscosity of the binder in the 
mixture. Tho existence of this relation makes it possible to follow the 
change in viscosity of the binder in a bituminous road-surfacing material 
by means of mechanical tests.

Further work on tho lines described in this paper will provide information 
enabling the mechanical properties of mixtures to be predicted from a 
knowledge of the properties and proportions of the bitumen and of the 
aggregate constituents.

Road Research Laboratory,
Dept, of Scientific and Industrial Research.
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T H E  S Y N T H E S IS  OE L U B R IC A T IN G  OILS B Y  
C O N D E N SA T IO N  R E A C T IO N S.*

PART I.—THE CONDENSATION OF CHLORINATED PARAFFIN  
W AX WITH AROMATIC HYDROCARBONS.

By W. R. W ig g i n s ,  Ph.D., T. G. H u n t e r ,  Ph.D., M.Inst.Pet., and 
A. W. N a s h ,  M .S c ., F.Inst.Pet.

H i g h - b o i l i n g  hydrocarbons were synthesized by Friedel and Crafts 
in their investigations on the reaction of alkyl halides with aromatic 
hydrocarbons using aluminium chloride as catalyst.

This classical reaction opened a new field for the synthesis of hydrocarbons 
and has been used and developed extensively; but only recently has this 
condensation type of reaction been utilized for the production of viscous 
hydrocarbons of high boiling point and possessing good lubricating 
properties.

The Friedel-Crafts condensation has been used by Fischer 2> 3 for the 
production of lubricating oils from the liquid products, designated by the 
term “ Kogasin,” synthesized from water-gas by low-pressure catalysts. 
The fraction boiling above 220° C., essentially paraffinic in character, was 
chlorinated at room temperature.' The chlorinated material was then 
mixed with aromatic hydrocarbon and anhydrous aluminium chloride, and 
the reaction, which commenced at room temperature, completed by 
heating on a water-bath. The products separated from the aluminium 
chloride sludge were refined with bleaching earth and vacuum distilled, 
the refined products varying from medium to highly viscous oils. In 
addition, Fischer has investigated the dechlorination of the chlorinated 
Kogasin in the presence of activated aluminium (aluminium mercury 
couple). In the preparation of the pour-point depressant “ Paraflow ” 
chlorinated paraffin wax is condensed with an aromatic hydrocarbon in the 
presence of aluminium chloride.

The manufacture of pour-point depressants by the condensation of 
chlorinated paraffin wax with cyclic hydrocarbons 5 and with hydroxy 
compounds 5 using an aluminium chloride catalyst has been proposed. 
Products, used as pour point, viscosity index, and colour improvers, have 
been claimed 7 by the condensation of chlorinated paraffin wax with aro
matic hydrocarbons using as catalyst aluminium chloride, together with a 
metal chloride of the first or second groups of the periodic table. The 
manufacture of addition agents for improving oiliness 8 and the manu
facture of lubricating o ils9 by condensing aromatics with chlorinated 
paraffin wax have also been suggested.

* P ap e r received 6 th  Septem ber, 1939.
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Preliminary experiments on the action of metallic aluminium on chlori
nated hydrocarbons indicated th a t :

1. Chlorinated hydrocarbons undergo a reaction, apparently of the 
Friedel-Crafts type, when heated in the presence of metallic aluminium.

2. Alkyl chlorides such as amyl chloride yield viscous oils, apparently 
of unsaturated character.

3. Alkyl chlorides in the presence of aromatic hydrocarbons yield 
viscous oils.

4. Chlorinated naphthenes, such as chlorocydohcxane, alone or in 
the presence of aromatic hydrocarbons, yield asphaltic and resinous 
materials.

5. Zinc also catalyses this reaction to a slight extent, but alumina 
and metallic tin do not induce any reaction.

From this preliminary work it was decided to investigate the synthesis 
of lubricating oils by the condensation of alkyl chlorides with aromatic 
hydrocarbons, using metallic aluminium as a catalyst.

Available data on the relationship between constitution and physical 
properties of hydrocarbons indicate that long paraffin chains are valuable 
components of lubricating oil molecules.10»11 For the synthesis of lubri
cants, therefore, it is desirablo to use alkyl chlorides with long carbon 
chains, such compounds being conveniently prepared by the chlorination 
of solid paraffin hydrocarbons.

A Burmah paraffin wax, melting point 51° C., was therefore chlorinated 
to three chlorine contents : 10 per cent, chlorine content, corresponding
analytically to monochloroparaifin; 17 per cent., corresponding analytic
ally to diehloroparaffin, and 25 per cent., corresponding analytically to 
trichloroparaffm. Since chlorination does not proceed in simple and 
complete stages, these chlorinated waxes are probably mixtures of un
chlorinated paraffins, mono-, di-, and higher chloroparaffins.

C o n d e n s a t io n  o f  Ch l o r in a t e d  P a r a f f in  W a x e s  w it h  A r o m a t ic

H y d r o c a r b o n s .

Condensation reactions with chlorinated paraffins and aromatic hydro
carbons were carried out in 5-litre, three-necked pyrex flasks fitted with 
reflux condenser, glass stirrer, and thermometer. The outlet tube from the 
top of the reflux condenser was connected to a Dreschel wash-bottle and 
water-pump in order to remove conveniently the hydrogen chloride fumes 
which were evolved in large amount during the reaction. Preliminary 
experiments were carried out to ascertain the proportions of chloroparaffin, 
aromatic hydrocarbon, and aluminium catalyst required.

Experiments with chlorinated wax (25 per cent, chlorine content) 
and excess benzene showed that the chloroparaffin and benzene reacted in 
approximately molecular proportions. Experiments with an excess of 
aluminium catalyst indicated that 1-4-1 *5 per cent, of aluminium metal, 
calculated on weight of chloroparaffin, was required in the reaction. In  
the final procedure 500 gm. chlorinated wax, 50 gm. aromatic hydrocarbon, 
and 10 gm. aluminium were used.

Difficulties wTere encountered in the working up of the reaction product,
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owing to the formation of emulsions. In addition, the colour of tho final 
product from the preliminary experiments varied from dark green to black. 
In the early experiments tho reaction product was allowed to stand for 
several hours in order to settle out a lower layer of heavy sludge. The 
upper liquid layer was decanted, washed with water to decompose and 
remove aluminium chloro-coinplexes, then washed successively with dilute 
caustic soda, dilute sulphuric acid, and water. Each washing stage re
sulted in the formation of emulsions which were extremely persistent. 
In spite of repeated treatment with water, acid, and alkali, the colour of 
tho final product was dark green or black, comparing unfavourably with 
refined mineral oils. This dark colour was traced to small amounts of the 
lower layer sludge, which remained in suspension in the upper layer. 
A prolonged settling period improved the colour of the final product, but 
centrifuging had eventually to be adopted to remove the last traces of heavy 
sludge. Further, it was found that percolation filtration of the water- 
washed product through a granular bleaching earth of tho iloridin type was 
sufficient refining treatment, replacing efficiently the alkali and acid 
washes, and yielding clear, light-coloured oils. The finally adopted and 
most satisfactory experimental procedure consisted of the following :—

In a three-necked reaction flask were placed 500 gm. chlorinated wax, 
50 gm. aromatic hydrocarbon, 10 gm. aluminium metal fillings, and 500 
c.c. diluent (petroleum ether or refined kerosine). The mixture was 
stirred vigorously and heated until the diluent was refiuxing steadily. 
A preliminary induction period of 1-6 hr., according to the aromatic 
hydrocarbon used, was usual before the condensation reaction began. 
Evolution of large quantities of hydrogen chlorido accompanied the re
action, and during its progress the liquid darkened in colour. In the 
initial stages of the reaction it was essential to control tho temperature to 
prevent the reaction proceeding too vigorously. In the later stages the 
reaction was completed by heating gently with steady refiuxing for 1-2 hr. 
until no further fumes of hydrogen chloride were evolved. The total time 
for the condensation reaction was 4-6 hr. Tho liquid product was then 
allowed to stand for some hours, during which two liquid layers were formed. 
The upper layer was decanted off and centrifuged to remove final traces of 
sludge. The liquid was then agitated vigorously with water until an emul
sion was formed. This emulsion broko on standing for a short time, and 
complete separation of water was obtained by further centrifuging. This 
treatment was followed by percolation through a granular bleaching earth, 
which rendered the liquid light and clear in colour. Removal of petroleum- 
cthcr diluent was effected by distillation, and bloving with nitrogen to 
remove the last traces. The kerosine diluent, used when naphthalene was 
the aromatic constituent, required vacuum distillation up to 250° C./10 mm. 
for complete removal.

C o n d e n s a t i o n  o f  A r o m a t i c  H y d r o c a r b o n s  w i t h  C h l o r i n a t e d  
P a r a f f i n  W a x  o f  10 p e r  c e n t .  C h l o r i n e  C o n t e n t .

Experiment A fW  40.
A chlorinated wax with 10 per cent, chlorine content, corresponding 

analytically to monochloroparaffin, was condensed with benzene, by the



procedure described above. The diluent used was petroleum ether, 
b.pt. 100-120° C., and a trace of iodine (5-10 mg.) was added as a promoter. 
The reaction was initiated by refluxing at 110° C. for approximately 2 hr., 
and was completed by heating gently for 6 hr. The product was a white, 
waxy solid at room temperature with a pour point of 85° I1'., and above 
this temperature a pale mobile oil.

Experiment A /W  37.
A similar procedure was employed, with toluene as the aromatic com

ponent. The reaction commenced after a short induction period of 1 hr. 
The product was a yellowish-white, waxy solid at room temperature with a 
pour point of 85° F.

Experiment A /W  3S.
In a third experiment naphthalene was used as the aromatic con

stituent. Naphthalene reacts less readily, higher temperatures— 150- 
200° C.—being necessary to initiate the reaction. Kerosine was therefore 
used as diluent. The kerosine was rendered inert by refining with several 
batches of concentrated sulphuric acid, followed by alkali-washing, water- 
washing, and distillation. There ivas a prolonged induction period before 
the condensation reaction commenced. The reaction product was settled, 
centrifuged, water-washed, and filtered through bleaching earth. The 
kerosine diluent was removed by vacuum distillation, tliree fractions being 
obtained. The first fraction, distilling up to 190° C./30 mm., consisted of 
kerosine, the fraction distilling between 190° C./30 mm. and 200° C./10 
mm. consisted of kerosine and white wax, and the residual fraction was a 
viscous oil with blue fluorescence and a high pour point (85° F.).

The dark colour of the naphthalene product is probably due to slight 
decomposition of the chloroparaifins during the induction period.

Experiment A /W  30.
For comparison an ordinary Fricdel-Crafts condensation was carried out 

using the 10 per cent, chlorinated v'ax and toluene with 10 per cent, 
anhydrous aluminium chloride as catalyst in placo of the aluminium. 
With this reactive catalyst the condensation proceeds at room temperature. 
The product was a whitish-yellow waxy solid at room temperature with a 
pour point of 85° F.

P r o p e r t i e s  o f  C o n d e n s a t io n  O i l s .

The properties of the condensation product of toluene and chlorinated 
wax of 10 per cent, chlorine content are compared with those of two 
commercial oils of similar specific gravity in Table I.

The laboratory inspection data for the condensation product com
pare favourably with those for the commercial oils.

The product has a low viscosity, high viscosity index, low carbon residue, 
and good oxidation resistance, but its pour point is too high for it to be of 
value as a lubricant without further treatment.

The high pour point of all these condensation products is probably due 
partly to the presence of unchlorinated paraffin wax in the chloroparaffin
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mixture and partly to the formation of solid long-chain paraffins during the 
reaction by the condensation of two chloroparaffin molecules. Attempts 
made to separate these high-melting-point components by conventional 
solvent dewaxing methods were only partly successful, better results being 
obtained by vacuum distillation.

T a b l e  I.

Toluene- 
m onochloro- 

paraffin  
p ro d u c t, 

E x p t. 
A /W  37.

Com mercial 
ligh t m otor 

oil.

Com mercial 
h y d ro 

genated  
m o to r oil.

Specific g rav ity , 60° F . . . . 0-883 0-888 0-888
R efractive  index, N n  . . . . 1-40G0 — 1-4910
Viscosity a t  100° F . (contistokes, cs.) 70 97-0 156

200° F . ( „  ) . 11-7 13-0 10
V iscosity index . . . . . 120 110 90
V iscosity -grav ity  co n stan t . 0-81!) 0-822 0-814
P o u r p o in t, ° F . . 80 20 —
Conradson carbon, per cent. . 0-00 0-37 0-23

Oxidation.
Conradson carbon  a fte r  ox idation , per

cent. . . . . . . 0-36 — 0-48
Viscosity a t  100° F . a fte r  o x idation  (Air-

M inistry  te s t) , cs.

or—< — 161
O xidation-v iscosity  ra tio 1-37 — 1-03
Sludge a fte r  ox idation , per cen t. . nil nil

Vacuum distillation effected the removal of a good deal of solid material, 
the residual fractions above 300° C./3 mm. being viscous oils, with a red, 
green, or blue fluorescence. The percentage yields calculated on the basis 
of the ratio of oil obtained to the maximum theoretical yield are given in 
Table II.

T a b l e  I I .

E x p t. E x p t. E x p t. E x p t.
A /W  40. A /W  37. A /W  38. A /W  30.

A rom atic  com ponent Benzene Toluene N a p h  Toluene
thalene (A1C13

cata lyst)
T o ta l yield, gm . . . . . 340 353 210 170
W axy  oil frac tio n  below  300° C./3

m m ., gm . . . . . .  
Viscous oil, residual fraction  above

230 237 120 111

300° C./3 m m ., gm . 110 110 90 59
Percentage y ield  of to ta l  oil . 69-2 70-0 43-2 34-0
Percentage y ield  of w axy  d istilla te  . 40-0 47-4 24-0 22*2
Percentage y ield  of residual oil 23-2 23-2 19-2 11S

From the data in Table II it will be seen that, with metallic aluminium 
as catalyst, total yields of 70 per cent, were obtained in the condensation of 
monochloroparaffin with benzene and toluene. The ratio of viscous residual 
oil to waxy distillate was approximately 1 :2, giving a final yield of high- 
molecular-weight residual oil of 23 per cent. With naphthalene the total
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yield was reduced to 43 per cent., but the ratio of residual oil to waxy 
distillate was higher, being 1 : 1-25, so that the final yield of residual oil was 
approximately 19 per cent. This reduced total yield may bo accounted 
for by the higher temperature necessary to initiate the reaction, which 
may favour the formation of the heavy sludge. The higher residual oil 
ratio may bo due to the formation of oil by thermal dechlorination of the 
chloroparaffins during the relatively long induction period.

The uso of aluminium chloride as catalyst caused much greater sludge 
formation, although the reaction was carried out at room temperature. 
This resulted in the total yield of oil being reduced to 34 per cent. The 
ratio of residual oil to waxy distillate was the same as with the metallic 
catalyst—approximately 1 : 2 .

P r o p e r t i e s  o f  R e s i d u a l  F r a c t i o n s  a b o v e  300° C./3 mm.

The properties of three residual oils prepared by the condensation of 
monochloroparaffin with benzene, toluene, and naphthalene using alumin
ium metal as catalyst, together with those of the condensation product of 
monochloroparaffin and toluene with aluminium chloride as catalyst, 
are given in Table III, and are each compared with commercial lubricating 
oils of similar viscosity at 100° F.

T a b l e  I I I .

Expt. 
A/W <10. 
Residual 
fraction 
above 

300° C./ 
3 mm.

Com
mercial 

lubricat
ing oil, 

A.

Com
mercial 

lubricat
ing oil, 

Ü.

Expt. 
A/W 37. 
Residual 
fraction 
above 

300° C./ 
3 mm.

Com
mercial 

lubricat
ing oil, 

B.

Expt. 
A/W 30. 
Residual 
fraction 
above 

300° C./ 
3 mm.

Com
mercial
bright
stock.

Expt. 
A/W 38. 
Residual 
fraction 
above 

300° C./ 
3 mm.

Aromatic component . Benzene _ _ Toluene — Toluene _ Naph
Specific gravity, C0° F.. 0-S97 0-92C 0-910 0-900 0-905

(AlClj)
0-898 0-945

thalene
0-952

Refractive index, . 1-5020 1-5150 — 1-5075 1-5005 1-5020 1-52G0 1-5230
Viscosity at 100° F., cs. 399 311 31G 419 119 • G45 729 5185

200° F., cs. 30-2 17-7 30-9 38-4 2 8-G 51-2 35 223
Viscosity index . 110 70 105 110 100 115 55 —
Viscosity-gravity con

stant 0-811 0-S73 0-833 0-S11 0-S2G 0*805 0-871 0-85G
Pour point, ° F. . 55 5 - 5 55 — 55 30 55
Conradson carbon, per

cent. 0-32 0-98 0-70 0-4G 0-91 0-5G 3-3G 7-58
Oxidation. 

Conradson carbon after
oxidation, per cent. . 1-19 — — 1-27 — 1-3G 4-07 8-13

Viscosity at 100° F.
after oxidation, cs. . _ — — 590 — S50 952 G350

O xid ation-viacosi ty
ratio — — — 1-31 — 1-32 1-31 1-23

The specific gravities, refractive indices, and viscosities of these syn
thetic oils appear to depend to a large extent on the aromatic hydrocarbon 
used in their preparation, these properties increasing in the order benzene, 
toluene, and naphthalene. The viscosity-temperature stabilities are high, 
the benzene and toluene derivatives having viscosity indices of 110. The 
viscosity-gravity constants of the benzene and toluene products are similar 
to the values for paraffinic base oils. The Conradson carbon residues of the
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benzene and toluene products are low and compare favourably with com
mercial lubricating oils. The naphthalene oil has a high carbon residue, 
but this is not excessive when its high viscosity is considered. The oxida
tion resistance of the synthetic oils is good, and less change in colour occurs 
than with the mineral oils used for comparison. Sludge determinations 
indicated that in all cases no sludge was formed under the oxidation con
ditions of tho test. The low increase in carbon residue after oxidation is 
good for the benzene and toluene derivatives.

The use of aluminium chloride as catalyst results in the formation of an 
oil different from, and somewhat inferior to, that obtained with the metallic 
catalyst. The viscosity of the aluminium chloride product is higher than 
that of the corresponding oil obtained with the aluminium catalyst, the 
viscosity index is approximately the same, and the carbon residues, before 
and after oxidation, are inferior. The yield is only one half of that obtained 
with the aluminium catalyst.

C o n d e n s a t io n  o f  A r o m a t ic  H y d r o c a r b o n s  w it h  Ch l o r in a t e d  
P a r a f f in  W a x  o f  17 p e r  c e n t . Ch l o r in e  C o n t e n t .

Experiment A /W  42.

Chlorinated paraffin wax containing approximately 17 per cent, chlorine, 
and corresponding analytically to dichloroparaffin, was condensed with 
benzene using aluminium metal as catalyst. The procedure was similar 
to that described in detail previously, petroleum ether, b.pt. 100-120° C., 
being used as diluent and a minute quantity of iodine added as a promoting 
agent. The mixture was reiluxed until reaction commenced, the reaction 
was then completed by gently heating until no further fumes of hydrogen 
chloride were evolved, and tho products were allowed to settle. Sludge 
was separated by decanting off tho upper liquid layer and centrifuging. 
The product was water-washed, filtered through iloridin earth, and the 
diluent removed by distillation. The product was an oil with a pour 
point of 80° F. The solid hydrocarbons were removed by vacuum dis
tillation, the residual fraction above 300° C./3 mm. being a viscous oil with 
green fluorescence. Tho distillate fractions consisted of a white wax to
gether with a pale mobile oil.

The yields of the products are given in Table IV, and are compared with 
those from the condensation of monochloroparaffin and benzene.

T a b l e  IV .

E x p t. 
A /W  42.

E x p t. 
A /W  40.

Chloroparaffin . . . . . . . . Di - Mono-
A rom atic  hydrocarbon . . . . . . Benzene Benzeno
T o ta l yield, gm . . . . . . . . 310 346
Y ield of d is tilla te  frac tion  up  to  300° C./3 m m ., gm. 142 230
Y ield of residual oil abovo 300° C./3 m m ., gm . 177 116
Percen tage y ield of un frac tio n a ted  oil . . . 09 69-2
Percentage y ield  of w ax y  d istilla te  . . . . 30-6 4 6 0
Percentage y ield  of residual oil . 38-1 23-2



Experiment A /W  41.
A similar condensation was carried out with dichloroparaffin and 

naphthalene. The reaction was initiated by heating without diluent, 
petroleum ether diluent being added after the reaction had commenced. 
The product was a dark brown oil with a pour point of 85° F. Vacuum 
distillation resulted in the removal of a good deal of wax, together with a 
green distillate oil, and loft an extremely viscous dark oil as the residual 
fraction.

The total yield by weight was less than that obtained with the mono- 
chloroparaffin, owing to the higher chlorine content, but the yield of un- 
fractionatcd oil calculated as a percentage of the theoretical conversion was 
approximately tlio same for both mono- and di-chloroparafRn, being 70 
per cent, in each case. The ratio of residual oil to waxy distillate was 
higher— 1 : 0-8—so that the percentage yield of high-molecular-weight 
residual oil was appreciably higher, being 38 per cent., as compared with 
23 per cent, for the monochloroparaffin oil.

The properties of the dichloroparaffin condensation products are given 
in Table V. The naphthalene oil was unsatisfactory and did not justify a 
complete analysis.

T a b l e  V .
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E x p t.  
A /W  42.

E x p t.  
A /W  41.

A rom atic com ponent . . . . . . Benzeno N aph thalene
Specific g rav ity , 60° F . . . . . . 0 903 0-981
R efractivo  index, Ni>° 1-5050 —

Viscosity a t  100° F ., cs. 813 5500
200° F ., cs................................................................ 00 —

Viscosity index . . . . . . . 110 —
V iseosity -g rav ity  co n stan t . . . . . 0-809 0-907
P o u r po in t, ° F . 55 50
Conradson carbon, pe r cent. . . . . . 0-51 14-0
Conradson carbon a fte r  ox idation , pe r cent. 1-31 —

The properties of the dichloroparaffin-benzcne oil are similar to those 
of the monochloroparaffin-benzeno product, but the dichloroparaffin- 
naphthalene oil compared unfavourably with the corresponding mono
chloroparaffin derivative.

C o n d e n s a t i o n  o f  A r o m a t i c  H y d r o c a r b o n s  w i t h  C h l o r i n a t e d  
P a r a f f i n  W a x  C o n t a i n i n g  25 p e r  c e n t .  C h l o r i n e .

Experiment A /W  29.
Chlorinated paraffin wax containing 25 per cent, chlorine, and corre

sponding analytically to trichloroparaffin, was condensed with benzene, 
using metallic aluminium as catalyst. The procedure was similar to that 
described for previous condensations with benzene. The product was a 
viscous oil, liquid at room temperature, and was therefore not subjected 
to vacuum distillation for removal of solid hydrocarbons. The oil had a 
clear amber colour.
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Experiment A jW  33.
A similar experiment was performed, using toluene for the aromatic 

component, the product resembling that obtained with benzene. The oil 
was transparent and yellow in colour.

Experiment A jW  1S6.
Naphthalene was also condensed with the trichloroparaffin. Owing 

to the higher temperature required for the reaction to proceed, it was 
necessary to use a high-boiling diluent; for this purpose a high-grado 
kerosine, which had been treated with several batches of concentrated 
sulphuric acid, water-washed, and redistilled, was employed. The final 
product was a viscous oil with a blue fluorescence.

The properties of these three synthetic oils are given in Table VI and for 
comparison those of three commercial lubricants of similar viscosity at 
100° F. are also listed.

T a b l e  V I.

E x p t.
Com

m ercial E x p t.
Com

m ercial
lnhrirnt.- E x p t.

Com
m ercial

A /W  29. m oto r A /W  33. ing oil, 
B.

A /W  18b. brigh t
oil, A. stock.

A rom atic hydrocar
bon  . Benzene Tolueno N a p h 

thalene
Specific g rav ity ,

0-91460° F. 0-907 0-926 0-905 0-917 0-945
B efractive  index,

N?,0 . 1-5005 1-5150 1-5100 1-5005 1-5180 1-5260
V iscosity a t  100° F .,

cs. . . . 302 341 440 449 815 729
V iscosity a t  200° F .,

cs. 29-1 17-7 36-6 28-6 56-6 35
V iscosity index 110 70 105 100 105 55
V iscosity -grav ity

constan t 0-831 0-873 0-834 0-826 0-830 0-874
P o u r po in t, ° F . 55 5 55 — 50 30
Conradson carbon,

p e r cen t. 0-28 0-98 0-15 0-91 1-90 3-36
Oxidation.

Conradson carbon
a fte r  oxidation,
p e r cent. 0-69 — 0-48 — 2-08 4-07

Viscosity a t  100° F.
416 952a fte r  oxidat ion, cs. — 616 — 1-020

O xidation  -  viscosity
ra tio  . 1-38 — 1-40 — 1-25 1-31

T o ta l yield, gm . 270 — 280 — 220 —
Yield, percentage of

theoretical . 63-5 — 66 51-8 ___

The specific gravities of the synthetic oils are of the same order as those 
of commercial lubricants of comparable viscosity at 100° F., and increased 
with increasing molecular weight of the aromatic component. The viscosities 
increased in the order benzene, toluene, and naphthalene. The viscosity- 
temperaturo stabilities are uniformly high, the synthetic oils having vis
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cosity indices of 105-110. The viscosity-gravity constants ranked tho 
oils as essentially paraffinic base. Tho pour points are high, 50-55° F., 
but can bo improved by vacuum distillation, tho residual fractions above 
300° C./3 mm. having a pour point of 25-30° F. The Conradson carbon 
residues of the benzene and toluene derivatives are low, the synthetic oils 
being suporior in this respect to petroleum lubricants of similar viscosity at 
100° F. Excellent oxidation resistance is shown by the synthetic oils, which 
exhibit comparatively little change in colour and give no sludge formation. 
The increase in Conradson carbon after oxidation is, in all cases, good. The 
increase in viscosity after oxidation is moderate, tho ratios of tho viscosity 
of the oxidized oil to that of the original oil varying from 1-25 to 1-4.

I n f l u e n c e  o f  C h l o r in e  C o n t e n t  o f  Ch l o r in a t e d  P a r a f f in  W a x  
o n  C o n d e n s a t io n  O i l s .

In Table VII the properties of the oils obtained by condensing mono- 
chloroparaffin and trichloroparaffin with toluene are compared to show the 
effect of varying chlorino content in the chlorinated paraffin wax.

T a b l e  V II.

•
E x p t.  A /IV 35. 
U n fractionated  

condensation  
p ro d u c t.

E x p t.  A /W  33. 
U nfractionated  

condensation 
p ro d u c t.

Chlorine co n ten t of ch lorinated  paraffin w ax, per
cent. . . . . . . . . 10 25

Chloroparaffin . . . Mono- Tri-
A rom atic com ponent . . . . . . Toluono Toluono
Y ield, percentage of theo re tical conversion . 70-6 66
Specific g rav ity , 60° F. 0-883 0-914
R efractive  index, N n . . . . . 1-4960 1-5100
Viscosity a t  100° F ., cs. 70 440

„ 200° F ., cs. 11-7 36-6
Viscosity index . . . . . . . 120 105
V iscosity -g rav ity  co n stan t . . . . .  
P o u r po in t, ° F . . . . . . .

0-810 0-834
80 55

Conradson carbon, pe r cent. . . . . 0-09 0-15
Oxidation.

Conradson carbon a fte r  ox idation , pe r cent. . 0-36 0-48
Viscosity a t  100° F . a fte r  oxidation , cs. 104 016
O xidation-v iscosity  ra tio  . . . . . 1-37 1-40
Sludge form ation, pe r cen t. . . . . ni l ni l

The properties of residual oils above 300° C./3 mm., prepared by con
densing chlorinated paraffin waxes of varying chlorine content with benzene 
and toluene and then subjecting the refined products to vacuum distillation, 
are listed in Table VIII. For comparison purposes tho trichloroparaffin- 
toluene oil was distilled up to 300° C./3 mm. and tho properties of the residual 
fraction determined.

It will be seen from these two tables that the specific gravity, refractive 
index, and viscosity of the condensation oils increased with the chlorino 
content of the chloroparaffin used. The viscosity index appears to de
crease with increasing chlorino content of the chloroparaffin used. The
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pour point decreased with increasing chlorine content of the chloroparaffin 
component. This would be expected from the reduction in unchlorinated 
wax present in the higher chloroparaffins and the diminished possibility of 
long straight-chain paraffins being formed by the condensation of two 
chloroparaffin molecules. The viscosity-gravity constant increased with 
the chlorine content of the raw material corresponding with increased 
cyclisation and branching. The Conradson carbon and oxidation stability 
is but little affected by the chlorinated wax used.

T a b l e  V III.

E x p t. 
A /W  40. 
R esidual 
fraction  
above 

300° C./  
3 m m .

E x p t. 
A /W  42. 
R esidual 
frac tion  
above 

300° C./  
3 m m .

E x p t. 
A /W  37. 
R esidual 
frac tion  
above 

300° C./ 
3 m m .

E x p t.  
A /W  35. 
R esidual 
fraction  
above 

300° C./ 
3 m m .

E x p t. 
A /W  33. 
R esidual 
frac tion  
abovo 

300° C./ 
3 m m .

Chlorine co n ten t of chloro- 
paraffin com ponent, p e r  cent. 10 17-5 10 12-5 25

Chloroparaffin Mono- Di- Mono- — Tri-
A rom atic  hydrocarbon . Benzene Bonzeno Tolueno Toluene Toluono
Y ield, percentage of theoretical 

conversion 23-2 37-2 23-2 27-7 50
Specific g rav ity , G0° F . . 0-897 0-903 0-900 0-908 0-933
R efrac tive  index, N j°  . 1-5020 1-5050 1-5075 1-5080 1-5210
V iscosity a t  100° F ., cs. 399 813 449 644 3270

200° F „  cs. 36-2 00 38-4 47-3 144
Viscosity index 110 110 110 105 —
V iscosity -g rav ity  co n stan t 0-811 0-809 0-814 0-820 0-859
P o u r po in t, ° F . 55 50 55 55 30
Conradson carbon, pe r cent. . 0-32 0-51 0-40 0-15 0-43

Oxidation. 
Conradson carbon afto r ox id a 

tion , pe r cent. . 1-49 1-31 1-27 1-14
Viscosity a t  100° F . a fte r  ox ida

tion , cs. _ _ 590 732 __
O xidation-v iscosity  ra tio --- --- 1-31 1-14

The increase in specific gravity, refractive index, viscosity, and viscosity- 
gravity constant with increase in chlorine content of the chlorinated wax 
agrees with accumulation of simple cyclic groups in the molecule, and 
supports the hypothesis that the principal reaction during the condensation 
is replacement of chlorine by aromatic rings.

I n f l u e n c e  o f  t h e  A r o m a t ic  H y d r o c a r b o n  C o m p o n e n t  o n  t h e  
C o n d e n s a t io n  O i l s .

Mention has already been made of the difference in the lengths of the 
preliminary induction periods with benzene, toluene, and naphthalene. 
In the case of benzene the reflux temperature was reduced by its relatively 
lower boiling point, so that a slightly increased induction period would 
be expected, but naphthalene, even at a much higher reflux temperature 
than toluene or benzene, reacted less readily. The effect of the aromatic 
component on the properties of the condensation oils is shown in Table IX .
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T able  IX .

Expt. Expt. Expt. Expt. Expt. Expt. Expt. Expt.
A/W *10. A/W 37. A/W 38. A/W 42. A/W 41. A/W 29a. A/W 33. A/W 18b.
Residual Residual Residual Residual Residual Unfrac- Unfrac Unfrac-
fraction fraction fraction fraction fraction tionated tionated tionatcd
above above above above above couden- conden conden

300° C./ 300° C./ 300° C./ 300° C./ 300° C./ sation sation sation
3 mm. 3 mm. 3 mm. 3 mm. 3 mm. product. product. product.

Aromatic hydrocarbon . Benzene Toluene Naph Benzene Naph Bcnzenc Toluene Naph
thalene thalene thalene

Chloroparaffin Mono- Mono- Mono- Di- Dl- Tri- Tri- Tri-
Yield, percentage of 

theoretical conversion 51*823*2 23-2 19-2 37*2 20*0 G3-5 GG
Specific gravity, 00° F *0*897 0*900 0*952 0*903 0*981 0*907 0*914 0*917
Refractive index, N ^ . 1*5020 1*5075 1*5230 1*5050 — 1-50G5 1*5100 1*5180
Viscosity at 100° F. cs. 399 419 5185 813 5500 302 410 815

200° F., cs. 36*2 38-1 223 (50*0 — 29*1 3G-G 56*6
Viscosity index . 110 110 — 110 — 110 105 105
Viscosity-gravity con

0*830stant 0*811 0*81-1 0-85G 0*809 0*907 0*831 0*834
Pour point, 0 F. . 55 55 — 55 — 55 55 50
Conradson carbon, per

1*90cent. 0*32 0*46 7*58 0*51 11*05 0*28 0*15
Oxidation.

Conradson carbon after
oxidation, per cent. . 1-19 1*27 8*13 1*31 — 0-G9 0*48 2-OS

Viscosity at 100° F.
after oxidation, cs. . — 590 G350 — — •116 GIG 1020

Oxidation-viscosity
1*31 1*38 1-10 1*25ratio — 1*23

The percentage yield is approximately the same for the benzene and the 
toluene derivatives, but the yield is greatly reduced when naphthalene is 
used for the aromatic component. The specific gravity increased in the 
order benzene, toluene, and naphthalene, and for the residual oils above 
300° C./3 mm. the gravity of the naphthalene derivative is considerably 
higher than those of the products from the simple aromatics. The re
fractive index increased similarly in the normal order of the aromatic 
components—benzene, toluene, and naphthalene. The viscosities also 
followed the same order of increase, tho viscosities of the residual naph
thalene oils being considerably greater than thoso of the corresponding 
benzene and toluene oils. The viscosity-temperaturo coefficients, as 
evaluated by the viscosity indices, are fairly uniform, 105-110, but tho 
viscosities of the residual naphthalene oils were completely beyond the range 
of viscosity index calculations. Tho viscosity-gravity constants of the 
residual benzene and toluene oils ranked them as “ paraffinic,” but the 
naphthalene residual oils have constants similar to those of “ naphthcnic ” 
oils. The pour points of tho synthetic oils are all of the order 50-55° F. 
The carbon-forming tendencies of all the benzene and toluene oils are low. 
The naphthalene oils have much higher carbon residues. The increase in 
carbon residue after oxidation is of approximately the same order for the 
benzene, toluene, and naphthalene oils, and is somewhat higher for the 
residual oils than for tho undistilled oils. The increase in viscosity after 
oxidation is approximately the same for the benzene, toluene, and naph
thalene derivatives, the oxidation-viscosity ratios being 1*23-1-40.

I n f l u e n c e  o f  t h e  Ca t a l y s t  o n  t h e  C o n d e n s a t io n  P r o d u c t s .

Condensations were carried out with anhydrous aluminium chloride as 
catalyst, so that comparison could be made with the metallic aluminium
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catalyst used in the previous experiments. It was found also that the 
sludge formed in condensation reactions with the metallic catalyst could 
bo used as a condensation catalyst. Small amounts of iodine, though not 
essential for reaction to occur, tend to shorten the preliminary induction 
period. The products obtained with aluminium and aluminium chloride 
catalysts are compared in Table X.

T able X .

E x p t. E x p t. E x p t. E x p t. E x p t.
A /W  37. A /W  36. A /W  18. A /W  15. A /W  16.
R esidual R esidual U nfrac- U nfrac- U nfrac
fraction frac tion tio n a ted tionatod tio n a ted
above abovo condensa condensa condensa

300° C./ 300° C ./ tio n tion tio n
3 m m . 3 m m . pro d u c t. p roduct. p ro d u c t.

C atalyst Alum inium Alum inium Alum inium A lum inium Alum inium
chloride chlorido chlorido

A rom atic  com ponent Tolucno Toluene N aph- N aph- N a p h 
thalono thaleno thalene

Chloroparaffin Mono- Mono- Tri- Tri- Tri-
R eac tion  tem p era tu re

20(m axim um ), ° C. 115 20 150 45
Y ield, percentage of

theo re tical conversion . 23-2 11-8 51-8 — —
Specific g rav ity , 60° F . . 0 000 0-S9S 0-917 P ro d u c t P roduct
R efractive  index, N c 1-5075 1-5020 1-5180 is an is an
V iscosity a t  100° F ., c s . . 449 645 815 asphaltic asphaltic

200° F ., c s . . 
Viscosity index

38-4 54-2 56-6 solid solid
110 115 105

V iscosity -grav ity  con
s ta n t 0-814 0-805 0-830

P o u r p o in t, ° F . 55 55 50
Conradson carbon, pe r

cent. 0-46 0-56 1-90
Oxidation.

Conradson carbon  a fte r
oxidation , pe r cen t. . 1-27 1-36 2-08

V iscosity a t  100° F . a fte r
oxidation , cs. 590 850 1020

O xidation-viseosity  ra tio 1-31 1-32 1-25

In the case of the monochloroparaffin-toluene oils, using aluminium 
metal or aluminium chloride as catalyst, the products have very similar 
properties, but the yield is much higher with the metallic catalyst. With 
naphthalene and trichloroparaffin very different results are obtained from 
the two catalysts. The condensation using metallic aluminium yields a 
viscous oil with good properties, but with aluminium chloride the product 
is a solid asphaltic or rubber-like material.

Aluminium chloride is extremely reactive, and, in addition to the con
densation of alkyl chloride with aromatic hydrocarbon, it may induce 
dehydrogenation and polymerization reactions. Side reactions of this 
naturo appear to have taken place in the experiments using aluminium 
chloride. In the case of the monochloroparafhn-tolucne condensation, 
the amount of heavy sludge is increased and the yield of oil obtained is 
considerably reduced. With naphthalene and trichloroparaffin the side
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reactions appear to have predominated to the exclusion of the simple 
condensation.

The properties of the products obtained, using the sludge from a previous 
experiment, alono and together with fresh metallic aluminium, are com
pared with the normal condensation oils in Table X I.

T able X I .

E x p t. E x p t. E x p t.
A /W  25. A /W  26. A /W  27.

U n fractionated U n fractionated U n fractionated
condensation condensation condensation

pro d u c t. p ro d u c t. p ro d u c t.

C a ta ly st . . . . . A1 A1 p lus sludgo 
from  A /W  25

Sludgo from
A /W  26

A rom atic com ponent . Benzcno Benzcno Bonzeno
Cliloroparaflin . . . . T ri- Tri- T ri-
Y ield, p e r cen t, of theo re tical 42-5 68 25
R eaction  tem poraturo  (m axim um ),

° C........................................................ 110 50 50
Specific g rav ity , 60° F . 0-898 0-880 0-884
R efractivo  index, Nj,0 1-5025 1-4930 1-4935
V iscosity a t  100° F ., cs. 241 136 113

200° F ., cs. 25-8 18-6 10-1
Viscosity index . . . . 115 125 125
V iscosity -g rav ity  co n stan t . 0-822 0-806 0-813

Sludge from a previous condensation can bo used as a catalyst, although 
its use in  this respect, as will bo seen from the table, results in the formation 
of an oil of lower viscosity but improved viscosity index and V.G.C.

Extreme subdivision of tho metallic catalyst and the removal of the 
oxide film protecting the metal were found to have an adverse effect on 
the products. An experiment was performed using trichloroparaffin 
and naphthalene with finely divided aluminium powder. Reaction com
menced at 150° C., and the mixture was then allowed to cool slowly, but 
an extremely vigorous reaction commenced, and the final product was a 
greyish, rubber-like material closely resembling that obtained using 
aluminium chloride as a catalyst with naphthalene and trichloroparaffin.

In another experiment the aluminium metal was treated with sodium 
hydroxide solution, then washed with distilled water, absolute alcohol, and 
petroleum ether. Benzene and trichloroparaffin were used in this con
densation, and the final product was a dark-brown viscous oil. This oil 
did not respond to bleaching-earth treatment, and appeared to contain 
undesirable resinic and asphaltic material. Preliminary removal of the 
alumina film or etching of the catalyst with caustic soda therefore appears 
to result in the formation of inferior products.

The relative efficiencies of aluminium, activated aluminium, and alumin
ium chloride were investigated for a simple reaction of the Friedel-Crafts 
type, in which isopropyl benzene was prepared by the condensation of 
isopropyl bromide and benzene.

The amount of catalyst used was one-tenth molar calculated on the weight 
of isopropyl bromide. With the metallic catalysts, 60 gm. isopropyl
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bromide were refluxed with excess benzene (145 c.c.) until reaction com
menced. The preparation was completed by refluxing for 5-7 hr., settling, 
hydrolysing the upper liquid layer, and fractionally distilling the product. 
With aluminium chloride the reaction proceeded without preliminary 
heating, CO gm. of the isopropyl bromido being added slowly to a mixture of 
the catalyst and excess benzene (145 c.c.).

The activated aluminium (i.e., aluminium-mercury couple) was prepared 
by etching aluminium filings with dilute caustic-soda solution, washing 
with water, and then treating with a 0-5 per cent, mercuric chloride solution 
for 2 min. Tho catalyst was then washed with water, alcohol, and ether, 
and stored under benzene.

The fraction from tho condensation reaction boiling at 147-157° C. vras 
considered to consist essentially of isopropyl benzene, the refractive indices 
confirming this. The yields calculated on this assumption are given in the 
table below, together with the amount of unxeacted benzene.

T a b le  X I I .

C ata lyst. Y ield  of isopropyl 
benzono, c.c.

U nreac ted  benzene 
rocoverod, c.c.

A1CU . . . . 32 65
AI  . . 40 70
A l-H g  couple . 37 73

Tho highest yield was given by the metallic aluminium catalyst. Tho 
amount of isopropyl benzene and also of unreacted benzene was least in the 
case of the aluminium chloride catalyst, so that the use of this more re
active material resulted in the formation of a greater proportion of high- 
boiling compounds and sludge.

These experiments confirmed to a certain extent the results obtained with 
the chloroparaflm condensations using aluminium and aluminium chloride 
catalysts, and indicated that the activation of the aluminium did not 
improve the yields. The use of the more complex chlorinated waxes 
naturally resulted in a greater disparity between the metallic and halide 
catalysts, simple organic halides such as isopropyl bromide offering less 
scope for tho dehydrogenation and polymerization sido reactions, which 
occur -with tho aluminium chloride catalyst.

B y - P r o d u c t s  o f  t h e  C o n d e n s a t i o n  R e a c t i o n .

It has been mentioned previously that the reaction products, on cooling 
and settling, separate into two layers. The upper layer is utilized for the 
preparation of tho synthetic oils, whilst the lower layer consists of a viscous 
black sludge. This sludge is oidy slowly decomposed by water, and for 
complete hydrolysis hot water and agitation are required. The hydrolysis 
product is a dark viscous asphaltic material.

C o m p o s i t i o n  o f  t h e  S l u d g e .

The sludge is saturated with hydrochloric acid formed during the re
action, and fumes on exposure to air. Analysis of a typical sludge from



Experiment A/W  33 was carried out by dissolving a weighed amount of 
sludge in benzene, passing a stream of nitrogen through the solution for 
several hours in order to remove the hydrochloric acid, and then refluxing 
gently for 2 hr. with a 2 per cent, solution of sulphuric acid. The aqueous 
extract was separated and filtered. Chloride was determined volumetrically 
by the Volhard method and aluminium was estimated gravimetrically, 
using 8-hydroxyquinoline. The analytical results obtained were :—

Chlorine . . . 13-83 per cent.
Aluminium . . . 2-72 per cent.

These percentages correspond to a chlorine-aluminium atomic ratio of 
3-86 : 1. It is probable that the hydrogen chloride was not removed 
quantitatively by the nitrogen blowing and that the sludge is an organic 
aluminium-chloride double compound of the type A1C13*R. This com
pound contains a high proportion of organic radical, R , corresponding 
to 83-45 per cent. The total molecular weight of the organic radical is at 
least 860, and corresponds, therefore, to approximately 60 carbon atoms.

F o r m a t i o n  o f  G r e e n  C o l o u r i n g  C o m p o u n d .

It was observed that the heavy sludge from several of the condensation 
experiments, after standing for several months in corked bottles, developed 
in parts an intensely bright green coloration, in marked contrast to its 
general black appearance. This green material was extracted by washing 
with petroleum ether; then, after removal of the solvent, the residual oil 
was observed to possess a bright malachite-green fluorescence in daylight. 
Addition of small amounts—0-1-0-5 per cent.—of this colouring material 
to pale distillate oils and water-white heavy paraffin imparted to them a 
bright green fluorescent bloom.

Similar fluorescent materials are formed by the action of aluminium 
chloride on naphthalene, anthracene, and other polycyclic hydrocarbons. 
It is possible that in the condensation reaction the aluminium chloride- 
organic complex reacts to give coloured compounds, probably of condensed 
polycyclic structure.

S u m m a r y  a n d  C o n c l u s i o n s .

General.

Chlorinated paraffin waxes can be condensed with aromatic hydrocarbons, 
using metallic aluminium as catalyst to give viscous hydrocarbon oils. 
The oils have high viscosity indices, and the viscosity-gravity constants 
are in many cases comparable to those of paraffin base oils. The Conradson 
carbon residues of the benzene and toluene condensation oils are extremely 
low. All the condensation oils have good oxidation resistance; after 
oxidation the change in colour is small, no asphalt is deposited, and the 
increase in viscosity is similar to that of commercial motor lubricants.

Influence of Chlorine Content of the Chlorinated Paraffin Wax.
The chlorinated waxes corresponding analytically to mono- and di- 

chloroparaffin give condensation products which aro solid at room
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temperature. The physical properties of an unfractionated condensation oil 
are in accordance with its paraffin-wax content—the specific gravity, 
refractive index, viscosity, and viscosity index being lower than the corre
sponding values for the synthetic oils derived from trichloroparaffin. The 
yield of high-molecular-weight material, boiling above 30 0 ° C ./3  mm., 
increases with increasing chlorine content of the chlorinated paraffin wax. 
The specific gravity, refractive index, viscosity, and viscosity-gravity 
constant also increase with increase in the chlorine content of the chloro- 
paraffin component. The viscosity index and the pour point decrease for 
the higher chloroparaffin derivatives.

Influence of the Arom atic Hydrocarbon Component.
Naphthalene reacts less readily than benzene or toluene, and requires a 

longer preliminary induction period. The yields are approximately the 
same for the benzene and toluene derivatives, but the yield of the naph
thalene oil is considerably loss. The specific gravity, refractive index, 
viscosity, and viscosity-gravity constant increase in the order of the 
molecular weights of the aromatic components. The viscosity indices are 
fairly uniform— 1 0 5 -1 1 0 —but the viscosities of the residual naphthalene 
oils above 3 00° C ./3  mm. are beyond the range of viscosity-index calcula
tions. The carbon residues of all the benzene and toluene oils are low, but 
the naphthalene oils have high carbon residues.

Influence of the Catalyst.
The metallic aluminium catalyst gives higher yields than aluminium 

chloride. The latter catalyst causes the formation of excessive quantities 
of sludge, and in the case of naphthalene condensed with trichloroparaffin 
the product is a rubber-like or asphaltic material.. The heavy sludge can be 
used as catalyst, and produces oils similar to those obtained with aluminium 
as catalyst, but, unless used in conjunction with the metal, the yield 
decreases.

References.
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THE MANUFACTURE AND USE OF TETRA
ETHYL-LEAD. *

By G r a h a m  E d g a r , t

G a s o l i n e  containing tetraethyl-lead was first put on public sale at a 
single service station in Dayton, Ohio, on 1st February, 1923, under the 
now familiar name of “ ethyl ” gasoline.

Fig. 1 shows the sales in the United States of ethyl gasoline, leaded 
regular gasoline, leaded and total aviation gasoline, and total figures of

GASOLINE CONSUMED IN THE UNITED STATES (MILLIONS OF GALLONS).

the American Petroleum Institute for gasoline sales from 1927 through 
the first half of 1939. They show that the sales of ethyl gasoline reached 
a maximum in 1931; that the decline which followed was not affected 
measurably by the introduction of leaded regular gasoline in 1933, and 
that from 1934 on there has been a steady increase, until at present the 
gallonage is nearly equal to that of 1931. They show that to-day about 
75 per cent, of all gasoline sold in the United States contains tetraethyl
lead. In the aviation field almost all gasoline of 80 octane number or

* P a p e r p resen ted  to  th e  an n u al m eoting  of m em bers of th o  In s t i tu to  of 
P e tro leu m  in  U .S.A . a t  Chicago on  15th N ovem ber, 1939. (A bridged from  In d u str ia l 
and Engineering Chemistry , 1939, 31, 1439-1446.) 

f  E th y l Gasoline C orporation , N ew  Y o rk , N .Y .



better contains tetraethyl-lead; in fact, the performance of the modern 
military and transport plane is duo in large part to the development of 
high-octane gasoline, a development in which tetraethyl-lead played an 
important role.

Outside the United States tetraethyl-lead is used in motor gasoline 
extensively in Canada (where the percentage of leaded gasoline is equal to 
that for the United States), England, France, Australia, New Zealand, 
and Germany, and to a smaller extent in many other countries. In the 
aviation field it  is used in nearly every country in the world for both 
military and transport purposes. Manufacturing plants are in operation 
in Germany and France and are planned for other countries, although a 
share of the foreign demand is still supplied from the United States.

EDGAR : T IIE  MANUFACTURE AND U SE OF TETRAETHYL-LEAD. 1 4 7

PLOW-SHEET OP TETKAETHYL-LEAD MANUFACTURE.

Tetraethyl-lead is manufactured by the reaction of ethyl chloride with 
an alloy of sodium and metallic lead, and the immediate raw materials 
are therefore ethyl chloride, sodium, and lead. With the exception of 
metallic lead, none of these are available commercially in the quantities 
required, and for this reason, as well as in the interest of manufacturing 
economy, it was necessary to include their manufacture at Baton Rouge.

Fig. 2 gives a flow-sheet of the manufacturing operations. Salt, obtained 
from the adjoining works of the Solvay Company, is electrolysed to produce 
sodium and chlorine. The sodium is melted with lead to form the alloy, 
which, after grinding, is ready for the final reaction. The chlorine formed 
in the electrolysis is burned with hydrogen, obtained from the adjoining 
refinery of the Standard Oil Company of Louisiana, to form gaseous 
hydrochloric acid.

Ethyl chloride is produced from hydrochloric acid by two distinct 
processes. The first is the familiar reaction with ethyl alcohol. Tho 
second is by reaction with ethylene. In this process, refinery stabilizer
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gases consisting largely of propano are cracked and the cracked gases 
fractionated at low temperatures to separate the ethylene formed. This 
is allowed to react with hydrochloric acid gas at low temperature in the 
presence of a catalyst to produce ethyl chloride. The Baton Rouge plant 
is the first commercial development of this method of manufacturing 
ethyl chloride. Ethyl chlorido produced by either process is subjected to 
appropriate purification processes and is then ready for the final reaction 
with the lead-sodium alloy.

The reaction may be represented by the equation :

4PbNa +  4C2H 5C1 =  Pb(C2H 5)4 +  4NaCl +  3Pb

In the manufacturing process the alloy and ethyl chloride are allowed 
to react at moderate pressures and temperatures. At the completion of 
the reaction the product is distilled with steam to scparato the tetraethyl
lead, and the lead sludge is collected and re-smelted to pig lead. Although 
the reaction appears simple, this appearance' is illusory. Sido reactions 
invariably occur, and the conditions under which the formation of tetra
ethyl-lead takes place with a minimum of side reaction have required 
extended study. Furthermore, tetraethyl-lead is thermally unstable, and 
the closest control of the reaction rate is essential to prevent the initiation 
of decomposition which may reach dangerous proportions.

Tetraethyl-lead is poisonous and may be absorbed into the body by 
skin contact and inhalation of vapour, as well as by ingestion. This fact 
has necessitated the development of specialized equipment and well- 
controlled operating technique in order to safeguard the health of the 
operators. Ventilating equipment of unusual capacity must be provided; 
valves, stuffing-boxes, and gaskets require special design, as an entire 
absence of leaks must be achieved; and emergency conditions must be 
provided for. Despite the difficulties inherent in the problem the safety 
record of the tetraethyl-lead industry has for many years been far better 
than that of any other lead industry, according to the best available 
figures.

In addition to tetraethyl-lead, the finished anti-knock fluid requires the 
addition of ethylone dibromide, ethylene dichloride, and dye. The latter 
two are purchased in the open market, but an adequate supply of ethylene 
dibromide at reasonable cost has represented a serious manufacturing 
problem for many years. Supplies of bromine are limited, and for this 
reason recourse was had a few years ago to that great reservoir of raw 
materials, the sea. The dramatic success, both technical and economic, 
of the Ethyl-Dow plant at Kure Beach, N.C., for producing ethylene 
dibromido from sea-water, has been described.1

Sea-watcr contains an average of only 67 parts of bromine per million 
of water, or about 1 lb. of bromine in 7-5 tons of water, but research has 
been equal to the task of extracting this minute amount. The sea-watcr 
is acidified and chlorinated; the bromine is blown out with air and con
centrated by absorption, re-liberated from the concentrated solution, 
recovered by distillation, and finally allowed to react 'with ethylene to 
form the desired product, ethylene dibromide.

When ethyl gasoline was first put on the market, the octane-number 
scale was unknown, and methods of measuring anti-knock value were



uncertain, to say the least. However, it may bo safely stated that the 
anti-knock value of ethyl gasoline, as first sold, was not so high as that of 
regular-grado gasoline to-day. The ethyl of to-day is about 10 octano 
numbers better than it  was fifteen years ago. An approximately equi
valent increase has occurred in the anti-knock value of regular-grade 
gasoline.

In the past the automotive engine has taken advantage of increasing 
fuel quality by increasing the compression ratio, which increases both 
power per cubic inch of displacement and power per gallon of fuel. It is 
possible that in the future this trend may be the main one which will 
continue. This trend cannot bo followed indefinitely, but it can be 
pursued very much farther than it has been. For example, several years 
ago the General Motors Corporation carried out an elaborate research 
project to determine the possibilities of increasing compression ratio 
under conditions in which the anti-knock value of the fuel was no longer 
the limiting factor. An automobile equipped with an overhead-valve engine 
was selected for the investigation. The car was operated both on the 
dynamometer and on the road at a number of compression ratios and a 
number of gear ratios, and fuels were used which in each case were just 
capable of avoiding knock. The octane numbers of these fuels are a 
little uncertain, since neither they nor the octane number requirements 
were determined by the conventional C.F.R. method, but approximately 
69 octane fuel was required for the standard 5-25 compression ratio, about 
95 octane number for 8-0 compression ratio, and something better than 
100 octane number for 10-3 compression ratio.

But increase in compression ratio is only one of the methods by which 
the automotive engine may utilize fuels of high anti-knock value. In the 
development of the aircraft engine, where power per cubic inch of dis
placement is usually more important than thermal efficiency, it has been 
well demonstrated that a supercharged engine can utilize fuel of as high 
an anti-knock value as may be available. Already 100 octane number 
fuel is in wide use, and fuels above 100 octane number are under investiga
tion. Little has been dono in supercharging the automobile engine except 
for special purposes, but there is a good chance that the future may see 
this development extensively followed.

R e f e r e n c e .

1 S tow art, L. C., In d . Eng. Chem., 1934, 26, 301-369.
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THE TRINIDAD GEOLOGICAL CONFERENCE. 
m h - m h  A p r il 1939.

T h i s  Conference was convened under the auspices of the Petroleum 
Association of Trinidad, and received the full co-operation of the Govern
ment, represented by the Hon. R. S. MacKilligin, O.B.E., M.C., Mr. Nelson 
Betancourt, and Mr. W. P. Poster, all of the Mines Department.

Other bodies and corporations which combined their efforts to make the 
Conference a signal success were—the Geological Service of the Venezuelan 
Government, the Trinidad Branch of the Institute of Petroleum, and the 
organizations of the many oil companies operating in the Island.

The full transactions of the Conferences are being published in the 
Boletín de Geología y  M inera del M inisterio de Fomento, Caracas, E .U . de 
Venezuela, and Dr. H. D. Hedburg has given a short account of the meetings 
in the B ulletin of the Am erican Association of Petroleum Geologists, 23, S, 
August 1939, accompanied by able abstracts of the papers presented.

The objects of the Conference were as follows :—

“  1. To oxpress to  tho  V enezuelan G overnm ent th e  g ra titu d e  of th e  geologists 
of T rin idad  fo r th o  generous in v ita tio n s  to  th e  F irs t  a n d  Second V enezuelan 
Geological C ongresses; also to  th e  oil com panies o p era tin g  in  V enezuela for 
th e ir  liberal scientific co n trib u tio n s to  these  congresses.

“  2. To in troduce  th o  geologists of V enezuela to  stra tig rap liic a l do tails of tho  
geology of T rin id ad  on th e  assum ption  th a t  in te rchange  of knowledge w ill bo 
of p rac tica l va lue  to  a ll.

3. To foste r th e  good accord  engendered b y  th e  V enezuelan  G overnm ent 
in  estab lish ing  closer co -operation  a n d  crea tin g  a  sp ir it  of m u tu a l un d erstan d in g  
be tw een  th e  tw o oil-producing coun tries on  o ither side of th o  G ulf of P a r ia .”

An Organizing Committee was constituted as follows :—

C hairm an . . . .  H on . R . S. M acK illigin, O .B .E ., M.C.
V ice-C hairm an an d  S ecretary  . E . C. S co tt.
E xcursions . . . .  H . G. K ugler an d  A . G. H utch inson .
P u b lica tio n s . . . C. C. W ilson.
E n te r ta in m e n t a n d  O rganization  N. B e tan co u rt a n d  A . E . G unther.
C o n tac t . . . . . P . E .  T . O’Connor an d  R . G. F fou lkes-Jones.

Between forty and fifty geologists attended, including Professor V. C. 
Illing of tho Royal School of Mines; Dr. R. Rutsch, Natural History 
Museum, Basle ; Dr. Buess and Dr. Kehrer of the Royal-Dutch Shell, and 
Dr. H. D. Hedburg of the Gulf Company.

The Venezuelan Geological, Mines Inspectorate, and Public Works 
Services were represented by nine members, led by Drs. G. Zuloaga and 
L. Herrera.

The many oil companies operating in Venezuela and Trinidad were also 
represented by their Geological Staffs. These included over twenty  
members of the Institute of Petroleum.

Overseas visitors were met at the docks and seaplane base. Proceedings 
were then opened by a reception given by His Excellency tho Acting 
Governor, the Hon. John Huggins, C.M.G., M.C., at his residence.
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The following morning His Excellency the Acting Governor formally 
opened the Conference with a short speech of welcome, and a visit was then 
made to the Imperial College of Tropical Agriculture.

On succeeding days six excursions were made to places of interest in the 
island, including type fossil localities, diagnostic type sections, etc.

These excursions were made mainly in motor buses, and entailed travel
ling upwards of one hundred miles a day. For the longer excursions, 
special trains on the Government railway were arranged by the Director of 
Public Works.

The itineraries and conduct of these field excursions were in the hands of 
Dr. H. G. Kugler, Chief Geologist to tho Central Mining & Investment 
Corporation, and it was due to his able organization that they proved to be 
an outstanding success, supported, as they were, by an exact time-table, 
eflicient guide-book and maps, and an absorbing commentary at each 
scheduled stop.

Tho weather was very propitious, and an excellent lunch and refreshment 
service was maintained throughout, with the aid of many local clubs and 
similar institutions.

The very beautiful scenery of the island was seen at its best, and perhaps 
the most memorable trip was that taken by launch along the small islands 
situated between Trinidad and Venezuela, and was made with the object 
of visiting the island of Patos.

On the two remaining days a series of papers was presented by members. 
A list of authors and papers follows. (Abstracts of these by Dr. H. D. 
Hcdburg have been referred to previously. Abstracts will also be given 
in tho Journal when the complete transactions of the Conference become 
available.)

1. K ugler, H . G. “  O ur P ro sen t K now ledge of th e  Geologic H isto ry
of T rin id a d .”

2. Schm id, K . “  Tho Classification of R ock  U nits an d  tho D efin
itio n  of F o rm a tio n s in  T rin id ad .”

3. H u tch in so n , A. G., am i “  A K oto  on th o  Bielio Q uarry  L im estones.”
T o rp stra , G. R . J .

4. R enz, H . H ., a n d  S u ter, “ T ho P ozon  a n d  E l  Mono do A costa Typo Sections
H . H . of th o  A gua S a lad a  F o rm atio n s (Falcon, Veno-

zuola).”
5. R u tsch , R . “  E v o lu tio n  of T rop ical A m erican  T ertia ry  F aunas

an d  T heory  of C o n tin en ta l D rif t .”
0. H u tch inson , A . G. “  N o te  on  th e  Ju ra ss ic  in  T rin idad , B .W .I.”
7. W ilson, C. C. “  Los B ajos F a u lt  of S. T r in id ad .”
8. G unther, A . E ., a n d  “  A N oto  on somo R ecen t A dditions to  th e  U pper

T erp s tra , G. R . J .  C retaceous of T rin idad , B .W .I.”
9. Senn, A . “ Tho Paleogono of B arbados an d  i ts  B earing  on

tho  A n tillean  C aribbean R egion .”

The Chairman, the Hon. R. S. MacKilligin, declared the meeting closed 
with a valedictory speech. Dr. Guillermo Zuloaga, in a reply of thanks, 
invited members to a Third Venezuelan Geological Congress to bo held in 
1940.

E. C. S.
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OBITUARY.
P. G. EDMED, O.B.E., B.Sc., P.I.C.

T hro u g h  the death, on the 22nd January, 1940, of Mr. Edmed, for 
many years Admiralty Chemist, the Institute has lost one of its “ official ” 
Honorary Members, who for many years gave us a great deal of valuable 
help in connection with Standard Methods of Testing. He was a member 
of the Chemical Standardization Committee and of the Fuel Oil and S.I.T. 
Panels.

Leaving the Royal College of Science in 1898, ho entered the service of 
the War Office in the Chemical Inspection Department, Woolwich. After 
the war ho transferred to the Admiralty, and took charge of the Chemical 
Inspection at the Royal Naval Cordite factory, later (1926) succeeding 
Mr. Arnold Philip as Admiralty Chemist.

His experience in analytical chemistry in thoso important Government 
offices had been very extensive, and time and again proved of great value 
in the work of revision of Standard Methods. Further, ho was always 
ready to have investigations on modifications or the suggested improvement 
of tests carried out under his supervision.

He was associated with the closely allied work of the British Standards 
Institution, representing the Admiralty on the Chemical Divisional Council, 
besides being an active member of the Chemical Glass Ware Panel.

Mr. Edmed was for many years a keen member on the Council of the 
Institute of Chemistry, but had not sought re-election in the forthcoming 
ballot owing to increasing indisposition. He was a Vice-President of the 
Institute from 1933 to  1936. He retired from the position of Admiralty 
Chemist as recently as 1st January, 1940.

The writer enjoyed the close friendship of Edmed from the time when 
he left the Royal College of Science. His outlook on life was always 
cheery. He loved a joke and was ever ready with a w itty repartee.

J. S. S. B r a m e .

NICHOLAS ALEXANDER ANFILOGOFF.

Many  members of the Institute received a great shock when they  
learned of the sudden death of Nicholas Alexander Anfilogoff on the 27th 
January, 1940. Only a few hours before, many of his friends had met him 
in his normal exuberant health at the Institute’s luncheon.

Nicholas Anfilogoff was 65, but his physical and mental activities were 
those of a younger man.

He was born in Riga, and in due course became an undergraduate of the 
Russian Imperial Technical Institute in Moscow, where he distinguished 
himself as a Gold Medallist.

He was attracted, as were so many Russian chemists, to the petroleum 
industry, which in those days was better developed in Russia than in other 
countries. After gaining some refinery experience with the Rilsky 
Petroleum Co., and some knowledge of production and storage problems
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by a stay in Baku, Anfilogoff decided to come to London. He arrived in 
1894, being then only twenty, and obtained work with Dr. Dvorkovitz, 
a pioneer petroleum consultant, who up to ten or so years ago was a familiar 
figure in the precincts of Great St. Helen’s. He then joined the European 
Petroleum Co., and after a few years started his long career at Thames 
Haven, where the Rumanian Oil Trust Refinery was operating. In those 
days he was much interested in the chemistry of petroleum, and carried 
out some investigational work himself. He has often told me of his early 
discovery of aromatics in East Indian petroleum, and of his many experi
ments in refining gasoline and lterosine by methods other than the then 
standard sulphuric acid and soda treatment. For some reason he seems 
never to have published any of his work. In the name index of the Science 
of Petroleum his does not appear, but nevertheless his memory will long 
bo cherished by the many who knew him or who heard him at meetings of 
the Institute, discussing with vigour and emphasis points in a paper with 
which he did not agree.

His career at Thames Haven was marked by extensive developments in 
the storage installation and in the refinery, which was often called upon to 
work up a variety of crudes at short notice and never failed to do so. 
This is a striking testimony to his ability in design and management.

In 1930 he became a Director of the London & Coastal Oil Wharves, 
Ltd., and undertook the responsibility for the design and construction of 
a second great storage plant.

He was an original member of the Institute, and a regular and enthusi
astic attendant at the meetings. He frequently took part in the discus
sions, and regularly attended the annual dinners. He was, moreover, a 
Fellow of the Institute of Chemistry, and a member of the Institutions of 
Mechanical and Chemical Engineers. Such combinations of activities are 

'nowadays rare. But in the Institute’s register he appeared as ho was 
always known to his many friends and as he will long be remembered, 
simply as Anfilogoff.

J .  K e w l e y .

Dr. J. A. L. HENDERSON.

J ames A lex a n d er  L eo H en d erso n  died at his home in London in 
his sixty-sixth year on 4th February, 1940.

He graduated from the Royal School of Mines, Freiberg, Saxony, with 
first-class honours, and proceeded to the University of Leipzig. In 1898 
he gained the Ph.D. at the latter University for his valuable work on 
“ Certain Transvaal Norites, Gabbros and Pyroxcnites and other South 
African Rocks ”—a work to which references were made in the geology 
of South Africa, where its value was subsequently most appreciated by 
economic geologists.

His professional activities carried him around the world in connection 
with the widespread interests of his father, the late J. C. A. Henderson. 
In addition to the mining investigations and developments in South 
Africa, Australia, New Zealand, the United States, Canada and Europe, 
Dr. Henderson was active in tho establishment of the water-works for 
Lorei^o Marques and the Tasmanian Timber Corporation.
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In 1908 Dr. Henderson became particularly interested in the develop
ment of oil within the British Empiro, and was largely responsible for tho 
organization of the Maritime Oilfields, Ltd., to undertake exploration in 
New Brunswick, Canada. As is so often tho case, there were differences 
of opinion in the geological deductions, but the first results obtained by 
drilling in this enterprise confirmed his views, and resulted in the constant 
supply of natural gas to Moncton during the last 30 years and the production 
of high-grade oil from the wells. These natural products have made 
New Brunswick Gas and Oilfields, Ltd., the success ho had anticipated.

Whilst, as Vice-Chairman of the Holding and Operating Companies, in 
addition to being their technical adviser, his life became chiefly concentrated 
on New Brunswick, he maintained throughout an active interest in the 
development of oil in other parts of tho British Empire.

In 1918 ho paid particular attention to Trinidad, and, although there 
will always be many claims to the discovery of now and important sources 
of oil, his work in connection with the Apex (Trinidad) Oilfields, Ltd., 
played a large part in, and was largely responsible for, the early success of 
what was later to become tho largest individual producer in Trinidad. 
In addition to his other work, he continued as Consultant to that Company 
until his death.

During his career Dr. Henderson took every opportunity to visit and 
study the many oilfields of California, Oklahoma, and elsewhere, and lie 
had a particularly wide knowledge and appreciation of progress in geological 
and technical matters relating to the petroleum industry in many 
countries.

Ho was a foundcr-membcr of the Institute and for twenty-eight years 
had been a momber of the Council of the Institute of Mining and Metallurgy, 
which ho joined in 1899. Ho was also a member of many well-known 
technical and other societies in England and elsewhere.

Wo honour him as a colleague who, throughout his career, displayed 
those characteristics which, in scientific men, class them as great, not for 
any epoch-making discoveries, but for their tolerance, willingness to learn 
from the experience of others, and keenness to discuss the many scientific 
problems on all and every occasion. His passing will be sadly felt by a 
large number of friends at home and abroad.

Many of his colleagues who read this will recollect with pleasure the 
discussions and arguments, lasting into the early hours of tho morning, 
which, due to him, were interesting, enjoyable, and fruitful, whatever 
the scientific disagreement might have been.
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Geology.
377.* Perm ian Redbeds of K ansas. G. H . N orton . B ull. Am cr. yiss. Petrol. Geol., 
23, 1939, 1751-1819.— An account of fu r th e r  detailed w ork on  th o  Perm ian  redbeds of 
K ansas is given w ith  reference to  Cragin’s typo sections an d  classification. W ith  few 
im p o rtan t clmngos his classification is still used, a fte r  40 years, as a  sa tisfac to ry  basis 
for th e  subdivisions of th e  Cim arron redbeds.

Tho present p ap er rep o rts  certa in  new  fac ts  discovered an d  describes in deta il 
ind iv idual rock u n its  of th o  redbed sequence. Com bined surface and subsurface cross- 
sections show  th e  m u tu a l re la tionsh ips of these  beds an d  th e ir  correlations w ith  
equ ivalen t s t r a ta  in Colorado and  Oklahom a.

Tho m ain conclusions reached are  :—
(1) T he H arp er Sandstones (of Cragin), w hich include a n  im p o rtan t d o lom ite- 

an h y d rito -sa lt series, has been restric ted , w ith  tho  exclusion of th o  lower form ations—  
viz., th e  N innescah Shale an d  tho  Stone Corral do lom ite-anhydrito .

(2) Tho m o st im p o rtan t an d  definitely recognizable u n its  of tho  C im arron redbeds 
(1732 ft.) are  tho  th ree  do lom ito-an liydrite  form ations, S tone Corral, Blaine-Dog 
Creek, and  th e  D ay Creek. R egional correlations can be m ade confidently on those. 
In terven ing  and  variable red  sandstones an d  shales occur betw een th o  S tone Corral 
and  tho  Blaine, and  for these  tho nam e Nippowalla has been introduced.

(3) T here  is b u t  l ittle  evidence of a  m ajo r unconform ity  in th e  K ansas redbeds. 
Local unconform ity m ay  bo p resen t ju s t  above an d  below th o  do lom ito -anhydrite  
form ations, b u t m ost of th e  irregu larities re su lt from  latera l g radation  or slum page.

(4) Tho Blaine-Dog Creek m ay  bo considered one form ation in K ansas, each v a ry 
ing in  th ickness and  dependent on  th o  presenco or absence of soluble gypsum  deposits. 
Tho gypsum  bed in  Cragin’s Jen k in s clay, form ally  uncorre lated  an d  unnam ed, 
receives th e  nam e Nescatunga.
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(5) Tho Marlow and  R elay  Creek dolom ite m em bers of tho  W hitehorse a re  th o u g h t 
to  bo p resen t in  K ansas. Cloud Chief gypsum s aro unknown, an d  th u s  th o  upper 
W hitehorse  m ay  be equ ivalen t to  tho  R u sh  Springs m em ber.

In  add ition  to  sections tho  p ap er contains m any  photographs. G. S. S.

378.* Developm ent of the Geological Studies U ndertaken in the Gulf of San Jorge.
A. R ossbacli. Pol. In form . Petroleras, N ovem ber 1939, X V I (183), 27-42.— This 
account is tho  s to ry  of Comodoro R ivadav ia. Oil w as discovered hero in 1907, a s  a  
re su lt of borings which h ad  boon u n d e rta k en  along th o  coast, w ith  th o  object of finding 
w a ter for tho  growing P a tag o n ian  villages. Tho search for w a ter failed, b u t  in  exchange 
an  im p o rtan t oilfield w as located . Tho artic le  is well illu s tra ted  w ith  p lans and 
sections. I I .  I .  L .

379.* Control of A lbanian Oilfields Ensures 4%  of I ta ly ’s Crude R equirem ents. Anon. 
World Petrol., M ay 1939, 10 (5), 26-27.-—I n  1938 A lbania’s oil o u tp u t was 72,166 tons.

A lthough  concessions have been g ran ted  to  various in terests, tho  I ta lian s  ulono have 
carried  o u t m uch w ork. T hey  ho ld  concessions in th o  coastal zone, Vojussa o r in te r
m ed ia te  zono an d  th o  in te rio r or Dovoli zone. I n  1925 wells w ere drilled  to  1500 m. 
in  th o  coasta l zono w ith o u t finding a n y th in g  of comm ercial significance, and  tho  samo 
was tru e  in  th o  V ojussa zono. I n  1927 drilling w as u n d ertak en  in  tho  Dovoli zono and  
an  oil-im pregnated sand  was found. F u r th e r  geological an d  geophysical w ork ensued, 
and  in  1935 com m ercial p roduction  was established.

Somo 290,000 m . have  now been d rilled  in  A lbania, using  m odem  m ethods. A 74- 
km . pipe-lino has been b u ilt to th e  sea. Tho oil is a sp h a lt base, giving 13%  of gasolino 
on d istilla tion  an d  80%  on  hydrogenation . G. D. H .

380.* E arly  Exploration Methods. H . B. Goodrich. World Petrol., M ay 1939, 10 (5), 
32-37.— T he early  drilling was n o t in ten tionally  for oil, b u t  for brine, and  p rio r to tho 
com m encem ent of oil exp loration , wells h a d  been drilled  to  over 2000 ft. One of tho 
earliest well logs w as p repared  by H ild re th  fo r a  sa lt well. Lesley fostered th e  use of 
well logs.

T he an tic linal th eo ry  of oil accum ulation  w as p robab ly  in itia ted  ab o u t 1840, for 
H ild re th  ind irectly  associated  oil accum ulation  w ith  s tru c tu re . Before oil wells were 
drilled  a lb e rtite  w as m ined an d  sh ipped  from  New B runsw ick for re to rting , and in a  
law  caso discussions devolved on w hethor i t  was a  bedded deposit, had  been injected 
in to  a  fissure o r w as on an  anticline.

F o r  a  long tim e  uses for petro leum  in  one form  or a n o th e r had  been known, b u t tho 
sm all requ irem ents h ad  lim ited  developm ent to  seepages o r accidental discoveries.

In  1811 A ikin p u t  forw ard  ideas on  oil orig in .. G. D. H .

381.* Near E ast Discoveries have Led to Vast Increase in Activities. Anon. World 
Petrol., Ju n o  1939, 10 (6), 44-51.—T he K irk u k  s tru c tu re  w hich yields 30,000,000 
b rl./y ea r is now a se ttled  field. T he wells are 1000-3500 ft. deep, an d  penotra to  san d 
stones, silts , sa lt, gypsum , an h y d rite  and  lim estone. Oil is ob tained  from  a lim estone 
horizon. T he drilling p ractice  is described. I n  recent years drilling in lias been carried 
o u t w ith  crude oil circulation.

D rilling h as boon begun in  th e  Q a ta r p rincipality .
I n  I ra n  th o  M asjid-i-Sulaim an a n d  H a f t K el fields are now stabilized w ith  an  o u t

p u t  of 10,000,000 m etric  to n s/y ea r. A t H a f t K el p roductive  conditions have been 
p roved  in  th e  Eocene below th o  A sm ari. I n  th o  n o rth -w est in  th o  W hite  Oil Springs 
a rea  is a  separa te  s tru c tu re  w ith  im p o rta n t possibilities. A new  field h as been 
developed a t  Gach Saran . T h is is u n d e r v e ry  high pressure, and  tho zone proved is 
20 m l. long an d  5 m l. broad. A t A glia Ja r i , 55 ml. sou th -eas t of H a ft Kel, producing 
conditions have been found, and  a t  Pazanum , to  th o  sou th -east, gas has been found in 
tw o wells, w ith  h igh hopes of finding oil. On th e  Lali s tru c tu re , no rth -w est of Masjid-i- 
Sulaim an, a  well h as ob tained  a  sm all p roduction . I n  1938 a  successful well was 
drilled in K uw ait. Tho discovery well on  B ahrein  Is lan d  cam e in a t  2008 ft., and  an  
elongated antic line  runn ing  n o rth -east to  sou th-w est w as proved w ith  oil in a  Cretaceous 
lim estone an d  sandstone. A t 4700 ft. even g rea te r p roduction  was found, and
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alto g e th e r thoro aro four producing horizons dow n to 4700 ft. F ifty -six  wolls produce 
from  ab o u t 2250 ft. Tho p resen t p roduction  is over 20,000 b rl./d ay .

I n  1930 oil was found on th e  D am m am  s tru c tu re  of Saudi A rabia, som e 50 ml. from 
B ahrein . Tho yields from  a b o u t 2175 ft. were sm all, b u t in  1938 prolific p roduction  
w as found a t  4200 ft. Tho daily  p roduction  is a b o u t 8000 brl., and  a pipo-lino has been 
co n structed  to  R as T anura . A t Abu H adriya , to tlio n o rth , a  w ildcat is being drilled.

D evelopm ents a t  D hulian , in  In d ia , aro sa tisfac to ry , an d  four wells havo been 
drilled  to  th o  producing horizon a t  7700 f t . ; tho  la s t ono giving 3000 b rl./d ay . L ittle  
oil is being obtainod a t  K h au r, b u t  a  deep te s t  is under w ay a t  Jh a t la . A fu rth e r 
te s t  is being m ade a t  G anda K as, n o rth -w est of K haur.

E x tensive  geophysical w ork has been carried  o u t in  W este rn  In d ia  and  Assam , in 
add itio n  to  geological work and  aerial pho tography . Geophysical w ork is in  progress 
in  th e  s ta te  of B ahaw alpur in  tho  P u n jab . G. D . H .

382.* Ras Gharib Discovery Brings R ush  oi Prospecting Activity to Egypt. Anon. 
World Petrol., Ju n o  1939, 10 (6), 52-53.—Tho Gom sah field was opened in 1912, b u t  
closed in  1927. In  th o  m eantim e th o  H u rg h ad a  field, 50 m l. to  th o  so u th , was d is
covered, and  reached its  peak in  1931. T h is field is difficult to  operate, due to  tho 
production  of an  em ulsion. U nder th o  now m ining law  of 1937 geological an d  geo
physical w ork was u n d e rtak en  w hich led  to  th e  discovery of th e  R a s  G harib s tru c tu re , 
m idw ay betw een Suez an d  H u rghada. Tho firs t well gave 150 to n s  of o il/day  from  
2560 ft. Seven wells havo been com pleted, w hich gave 80,000 to n s in 1938. T h is oil 
is n o t emulsified.

E xp lo ra tion  has been carried o u t elsewhere, a n d  te s ts  a re  to  bo drilled 8 m l. inland 
from  R as G harib, an d  also  in  Sinai. A well a t  D ish e t el D hab a  w as abandoned  a t  
2000 ft. in  g ran ite  in 1938, an d  a  second woll on  G iftun -S agh ir Is lan d , 15 m l. to  th e  
n o rth -east, w as stopped  a t  2970 ft.

In  th e  coasta l regions of F rench  E q u a to ria l Africa, betw eon Poin to  N oir an d  P o rt  
G entil, aro surface indications of oil. T hree  wells have been drilled to  1315, 2300 and 
2960 f t .  w ith o u t finding comm ercial oil. I n  N igeria th e re  are  extensive  b itum inous 
deposits , w hich aro being ro-tested . A deep te s t  is u n d e rw ay  on th e  W aki dom e n ear 
B u tiab a  in  U ganda, an d  shallow  borings aro to  be  m ade a t  K ibero. Several shallow  
holes havo been drilled  in tho  Belgian Congo, on th e  o th e r side of Lako A lbert. In  
E th iop ia  an d  I ta lia n  Som aliland th e  w ork h as n o t y e t revealed an y th in g  justify ing  
drilling. G. D . H .

383.* Petroleum  Search Broadened in  F ar E ast. A non. World Petrol., Ju n o  1939,
10 (6), 54-61.— E xplora tion  is concen tra ted  chiefly on th o  islands of S um atra , Borneo, 
Ja v a , and  Now Guinea. P ro d u c tio n  is ob tained  in N o rth  and  S o u th  S u m atra  an d  
D jam bi, E a s t Ja v a , th o  T arak an  an d  Sam arinda regions of E a s t  B orneo, an d  Ceram.

Access is difficult in  Central S um atra , b u t  geological an d  geophysical w ork has been 
carried  o u t an d  tw o wells havo been drilled. T he first d id  n o t find production , and  
th o  second w as a t  1386 ft. in May.

R enew ed a tte n tio n  is being given to  Saraw ak an d  Brunoi. Oil w as discovered in 
B runei in  1927, an d  th o  p resen t p o ten tia l is 1950 to n s /d ay  of heavy  oil an d  600 tons/  
d ay  of ligh t. Some of th e  sands ru n  un d er th e  sea.

I n  1938 drilling was s ta r te d  in th o  Gisborne area  of th o  N o rth  Is lan d  of N ew Z ealand. 
F ive  different sites aro un d er consideration in  th e  Philippines : in  p a r ts  of tho  province 
of L e y te ; th o  Bondoc pen insu la  in T ayabas ; th e  provinces of C agaya and  Isabela  in  
N o rth  Luzon ; Cebu province an d  C otabato  in M indanao. G. D . H .

384.* A laska—F arthest North. J .  Collins. W orld Petrol., Ju n e  1939, 10 (6), 62-63.—
011 h as been found  in  sm all q u an titie s  in  shallow  wells in A laska, an d  two w ildcats 
aro now being driilod. In  1938 drilling w as s ta r te d  on  B ear Creek dom e n ear K an a tak , 
and in M ay th is  y ear was a t  3000 ft.

On th e  In isk in -C h in itn a  pen insu la-w ork  began in  1936. B y th e  end of 1937 a 
well was drilled to  5051 f t., and  gas and  oil h ad  been encountered . A t 6150 f t. several 
fee t of oil sand  were found. D rilling w as difficult. Tho In isk in  s tru c tu re  is an  
nnticlino 12 ml. long on  w hich Ju ra ss ic  beds have  been drilled  in tho  hope of finding 
h eav y  production  in th e  underly ing T rias. G. D . H .
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385.* Intensive Exploration Awaits New Oil Law in R um ania. Anon. World Petrol., 
Ju n o  1939, 10 (6), 64.— Tho R u m an ian  production  declined again  in 1938, for tho  
m ining law s d id  n o t encourago explo ra to ry  w ork. 45%  of tho  oil was from  M oreni- 
G ura  Ocnitei, w ith  B oldosti p roviding 15%  anil C ep tura  10%.

Tho T zin tea-L ilicsti field, som e 7 km . long, is being ra tionally  dovoloped w ith un it 
operation  on tho  so u th  flank. M any of th e  wells aro over 9000 ft. deep.

S ixteen w ildcats were drilled in 1938. A t M anesti a n  im p o rtan t higli-pressuro gas 
dom e w as fo u n d /a n d  ono well found comm ercial oil. Tho D roganeasa well obtained 
50 to n s /d a y ; b u t  nono of th e  o thers found com m ercial oil. G. D. H .

386.* Decade o! Exploration Fails to Reveal Additional Ita lian  Reserves. Anon. 
World Petrol., Ju n o  1939, 10 (6), 66-69.— I t  w as n o t u n til 1891, and  a fte r m any  a t 
tem p ts , th a t  oil in com m ercial q u an titie s  w as proved  in E m ilia in th o  Velleia field. 
B y  1918 thero  were also tho  Sou th  G iovanni and  Vallezza fields, b u t  tho  to ta l p ro d u c
tion , w hich reached i ts  p eak  in  1911, w as sm all. I n  1926 th e  G overnm ent took  up 
th o  search, an d  a  second an d  bigger m axim um  w as a tta in e d  in 1933. T he Fontovivo 
fold w as proved  productive  and  th e  A pennino m argin  of E m ilia w as show n to  bo rich 
in n a tu ra l gas. F rom  1933 to  1938 deeper drilling  w as tried  in a reas revealed as 
favourab le  by  geological an d  geophysical work. H ow ever, tho  p rospective oil horizons 
proved  to  bo m uch deeper, ospecially in tho  Po valloy, th a n  was a t  first supposed.

W ork was also carried  o u t in  I ta lia n  E a s t Africa. On G reat D alaac Is lan d  a  sa lt 
dom e was found a t  300 m ., a n d  thero  aro re p o rts  of oil shows. Shallow drilling in  
E a s t  L ibya has n o t show n oil in com m ercial am ounts.

In  A lbania thero  aro th ree  zones : in th o  n o rth , n ear S c u ta r i; in tho  centre, betw een 
D urazzo an d  T ira n a ; an d  in  th e  so u th , betw een Valona and  th o  Semeri river. T here 
aro indications of good oil possibilities betw een Pecliini an d  E lbassan , and betw een 
B e ra t and  Lushnin, b u t  th e  g rea tes t a c tiv ity  is in  th e  Devoli fields.

D eeper drilling is to  bo und ertak en  in  Em ilia, an d  ten  wells aro to  bo sunk  in Sicily. 
Tho 1927-36 g ra v ity  survey  of th e  Po valloy an d  geo-electric surveys wore followed by  
drilling in  various p a r ts  of I ta ly .  All tho  indications po in ted  to  th o  oil being very 
deep.

T he drilling m ethods aro describod. G. D . H .

387.* Europe Scene of Active Oil Search. A non. World Petrol., Ju n o  1939, 10 (6), 
70-74.— T he H a rd s to f t well in  E ng land  w as ro-conditioned and  gave 15 b rl./d ay . In  
1938 a  sm all p roduction  was ob tained  n ear D alkeith  in  Scotland, and  o th er wells are 
being drilled  thero . T here  aro tw o gas horizons. A t Cousland there  wero five gas 
horizons, and  a  gas show  w as found  a t  Eskdalo . T he Carboniferous lim cstono was 
b a rren  a t  G un H ill.

I n  1938 Peehelbronn gave 500,000 brl. of oil, and  wolls aro to  bo drilled a t  Sundhouso 
an d  in  H a u te  Savoie in F rance. W olls have been drilled in  H erau lt w ith o u t success, 
b u t  in th e  G abian d is tr ic t fou rteen  wells wero b ro u g h t in  during  1938, m aking a  to ta l 
o u tp u t  of 156,000 brl. in  th o  year. A t Pozonas an  im pregnated  layer was found 
a t  2400 ft.

D rilling w as intensified in  G erm any in 1938, and  thero  w as a  rise in p roduction  
during  th e  early  p a r t  of 1939. P ro d u c tio n  rose a t  N ienhagen, b u t  fell a t  Oberg and  
W ietze. T here  w as a  g rea t increase a t  R eitbrook.

A p roduction  te s t  w as com pleted a t  Sank-U lrieh.
Tho G bely wells aro re la tive ly  shallow , an d  thero aro sm all fields a t  Boliuslavice, 

T urzova an d  M ikova. A t H odonin  in M orovia m uch of tho oil is from  460 ft., a lthough  
th e  deeper wells go to  2950 f t. Gas p roduction  has been developed a t  Vacenovice, and 
th ere  aro good prospects a t  W atzinow itz, Zborow itz and  Sokolnitz.

In  1938 w ork ex tended  th e  fields in Po land  a n d  production  rose slightly . A te s t  
w as s ta r te d  n ear R zepienniki, an d  a  rich  oil deposit is said  to  havo been found a t  220 f t. 
ab o u t 3 m l. n o rth  of Jaroslaw .

A lthough  th e re  h a s  been favourable exp loratory  work a t  B uk-K szek in  H ungary , 
th o  m ain  developm ents a re  a t  Lispo an d  B uila. A w ildcat, a t  M agyar S t. Miklos, e as t 
of B uda, h a s  reached 8333 f t. A t B uda tho  wells range 787-8104 ft. in d ep th .

Geological an d  geophysical w ork has been carried  o u t in P o rtu g a l, an d  a  well is to 
bo drilled  30 m l. n o rth  of Lisbon. In  E p iru s , N o rth -w est Greece, th ere  is a  largo
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outcrop  of asphaltic  sand  w hich is being explored. A t C u am y  in  Sw itzerland a  well 
w ent to  6580 ft. w ith o u t finding satisfac to ry  oil o r gas indications. I n  S o u th  Sw eden 
prom ising  oil s t r a ta  are reported  a t  S odersla tt, an d  a  concession has been g ran ted  on 
th o  island of G otland. Geophysical w ork is in progress in  D enm ark. In  G reenland 
oil has been located  on  th e  peninsula  of N ugssuak. G. D . H .

388.* Im portan t Peruvian Area Opened by Aguas Calientes No. 1-A. J .  E . B ran tly . 
World Petrol., Ju n o  1939, 10 (6), 77-81.-—-The A guas C alientes s tru c tu re  is ab o u t 
400 m l. N . 35° E . of L im a. Access is v ia  tlio  U cayali an d  P ach itea  rivers, an d  th e  
concession is in th o  geosynclino w hich runs from  T rin idad  to  Colombia, a n d  tlienco 
so u th  to  B olivia an d  th e  A rgentine. T he sedim ents rango from Lower Palceozoic to  
U pper T ertia ry , b u t  in  th o  im m ediate v icin ity  of A guas Caliontcs only Mesozoic and 
possib ly  P erm ian  is involved. Tho bods consist of red sandstones an d  shales, lim e
stones a n d  m a r ls ; sandstones, g rits , conglom erates, volcanic ashes an d  a  lower 
lim estono horizon. Tho slightly  asym m etric  s tru c tu re  ru n s  n o rth -w est to  sou th -east, 
w ith  dips n o t over 25°. I t  is ab o u t 15 m l. long w ith  3500 ft. of closure, and is tlio la s t 
basinw ard  fold of th o  A ndean Cordillera. Tho C honta antic line  a t  tho  so u th -east end 
of th e  concession is mulch sm aller, a n d  p robab ly  separa ted  b y  a  fau lt. Tho Lower 
Lim estono (Jurassic  ?) m ay  be tho  sourco-rock. T here aro num erous seeps in  tho 
m oun ta ins so u th  and  w est of A guas Calientes.

Tho h is to ry  of th e  concession is described. Tho first well, begun in 1938, found 
various oil horizons, including a  zono from  1021 to  1261 ft. Tho second was drilled in  
F eb ru ary , an d  gives 2500 b rl./d ay  th ro u g h  tub ing . A pipc-lino will havo to  bo b u ilt 
to  Pucallpa  on th e  U cayali. G. D . H .

389.* Development Along the South Am erican Oil Belt. Anon. W orld Petrol., Juno  
1939, 10 (6), 90-95.— I n  1938 T rin idad  gave 17,736,176 b rl. of oil. Tho estab lished  
fields wero e x tended  and  te s ts  located  in th e  cen tra l p a r t  of th o  island  a fte r  geophysical 
w ork. W ells wore drilled w hich show ed th e  P alo  Seco and  Coora areas to  bo connected. 
A  well on  th o  flank of th e  old P o in t F o rtin  field found good production . A t P o in t 
Ligouro production  was ob tained  a t  7000 ft.

Venezuela’s 1938 p ro d u c tio n  w as 173,506,497 brl., 70%  being from  th o  Lako M ara
caibo fields. I n  E as te rn  Venezuela th o  Oficina an d  S an ta-A na fields have recen tly  
been developed. T ho In fan ta s , L a  Cira, Pe tro lea, an d  Bio do Oro s tru c tu re s  aro 
p roductive  in Colombia. T es ts  aro being m ade in  th o  M agdalena valley.

Commercial p roduction  in E cu ad o r is confined to  th o  San ta  E len a  pen insu la . In  
A rgen tina  oil has been developed in  th o  provinces of C hubu t, Salta , M endoza and 
Nouquen. W ork has been resum ed in  B ritish  G uiana, a n d  thero  has been geological and 
geophysical w ork  in  G uatem ala.

Sm all am oun ts of oil have long been know n in Cuba, an d  th e re  is a  n a tu ra l gasoline 
field a t  M otem bo and  a n  oil an d  gas-field a t  B acuranao. T es ts  have  been m ado 
elsew here. G. D . H .

390.* High R ate  of Production Indicated for Illinois Fields. A. H . Boll a n d  W . H . 
Voskuil. World Petrol., Aug. 1939, 10 (8), 30-36.— Botween 1936 an d  1938 Illinois 
p roduction  rose from  4,500,000 to  24,000,000 b rl./y ea r. Illino is developm ent began 
in 1904, and  th e  first p ro d u c tio n  peak w as in 1908. D evelopm ent fell off, duo to  i ts  
basinal ch aracte r a n d  tho  difficulties in troduced  by surface d rift, b u t  th e  in troduction  
of geophysics w as of g re a t assistance, an d  in  1937 th e  P a to k a  pool w as discovered. 
T his was followed b y  th o  discovery of th o  Cisno pool. Tho L ouden an d  Salem  fields 
lie on  th o  w est sido of th e  Illino is basin  an d  produco from  a  sandstono in tho  C hester 
(U pper M ississippian).

T he accum ulation of oil in th o  now Illino is fields seem s to  bo contro lled  m ainly  by  
large closed s tru c tu res. S tra tig raph ical tab les and  m aps are included.

T ho questions of refinery capacity  an d  crude disposal are  discussed. G. D . H .

391.* New Guinea Oil Search to  be Intensified. Anon. World Petrol., Sept. 1939, 
10 (9), 23-25.— Tho N .N .G.P.M . h as sunk  e igh ty  shallow  wells a fte r  p re lim inary  aerial 
and  geological w ork. A deep te s t  has been s ta r te d  in th e  Sou th  Vogelkop area.

In  P apua  th ree  bores have been sunk  on tho  A iapu stru c tu re , an d  th e  underly ing
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m udstone has been show n to  bo petroliferous. Thero wero evidences of shoro-lino 
conditions, b u t th o  wells woro n o t deep enough to  provo or disprove tho exist enoe of 
suitublo reservoir rocks. ’ G. D . I I .

392.* W hat of Canadian Oil ? H . G. Cochrane. World Petrol., Sept. 1939, 10 (9), 
31—36.— T he discovery of heavy  oil a t  T u rn er Valloy in  1936 sen t up  C anadian p roduc
tion  rap id ly , and  in 1938 A lberta  gave 97-54% of C anada’s oil o u tp u t. Tho T urner 
Valley liold seem s to  ex ten d  for 18 m l., an d  thero  aro possibilities of an  oven greater 
extension. A p o ten tia l of 55,000 brl./acro  is estim a ted  for it.

Oil has been found in tho  B lackfoot-R ibstono woll 30 ml. sou th-east of W ainw right, 
w hilst one 30 m l. e as t of Lothbridgo is a ttra c tin g  a tte n tio n . T ests a re  being m ade near 
L undbreck , C learw ater R iver, B razeau, Ilighw ood, Mooso dome, Milk R iver and  Dol 
B onita . A te s t  has beon s ta r te d  on  tho  Grease Crook s tru c tu re  45 m l. north-w est of 
Calgary.

In  1938 p ro ra tio n  was in troduced  in A lberta , an d  th is  was followed by  gas con
servation .

I n  A lberta  85-5% of th o  crudo is from  th e  T u rn er Valley lim estone, thero  is 10%  of 
n a p h th a  from  th o  T u rn er Valley lim estone, an d  1-5% of crudo from  shallow  horizons 
a n d  o th e r fields.

M arkets, tran sp o rt, pipo-lines, drilling, an d  royalties are  all discussed. G. D . H .

393.* M aracaibo Geology. Anon. World Petrol., Dec. 1939, 10 (13), 84-85.—The 
M aracaibo basin  w as sep ara ted  from  a  larger Venezuelan geosynclino in T ertia ry  tim es. 
Tho n o rth e rn  th ird  has a  th in  covering of younger beds over folded older T ertiary , 
w ith  m o st of th e  Middlo an d  U pper T ertia ry  absen t. Tho so u th ern  tw o-th irds m ay 
havo beon subsid ing  from  Miocono to  R ecent tim es, for th ere  are th ick  shallow -water 
deposits , an d  in  th o  M iddle T ertia ry  thero  were open-sea conditions for a  tim e.

G enerally tho  oil pools are on dom es or anticlines in Cretaceous to  Middlo Miocono 
beds, on  m onoclines w ith  reservoirs wedging o u t up-d ip , o r in com binations of theso 
two so ts of conditions. Shore-line accum ulations now givo m o st oil.

T here is o ften  a  m arkod ang u la r unconform ity  botweon th o  Miocene and  Pliocene.
G. D . H .

394.* Oil Geology of Quiriquire. A non. W orld Petrol., Dec. 1939, 10 (13), 112.—  
Quiriquiro lies in  th e  M aturin  basin. W ells peno tra to  Pliocene, Miocene, and  mid- 
Oligoeeno form ations sep ara ted  b y  unconform ities. C retaceous beds outcrop 3 km . 
n o rth  of th e  field.

T he Q uiriquiro form ation  (Pliocene) con tains a n  up p er heavy  oil zono, a  zone of ligh t 
oil, an d  a  lower heavy  oil zono. T he oil is in  lenses ab o u t 25 ft. th ick  and  averaging 
20 acres in ex ten t. T he oil is ap p aren tly  m ig ran t from  an  unknow n source, b u t by 
analogy w ith  T rin idad, th o  U pper C retaceous h as  been suggested as an  im p o rtan t 
possible sourco. G. D . H .

395.* R ecent Discoveries Keep Illinois Busy. H . F . Simons. Oil Gas. J .,  28.12.39, 
38 (33), 59-60.— Tho developm ent of D evonian lim e p roduction  in fields producing 
from  tho  Ste. Genevieve or C hester form ations is now holding a tte n tio n  in  Illinois, and 
fo u r fields p roducing from  th o  upper horizons have found D evonian o i l ; two have  had 
D evonian  show ings, an d  a t  L oudon th e  discovery well was a  sm all D evonian producer. 
I n  th o  Salem  field th o  D evonian p ay  seems to  bo th icker th a n  a t  Sandoval to  th e  n o rth , 
w here i t  is 6 ft.

E lectrical logs of D evonian wells havo show n in m ost cases th a t  tho  lower p a r t  of 
th e  p ay  horizon contains w ater, an d  heavy  w a ter p roduction  h as been no ted  in  th e  
Sandoval field. E s tim a te s  of to ta l recovery from  th o  D evonian range from  3500 to
10,000 brl./acro , an d  thero  aro several old D evonian  fields in Illinois on which to  baso 
such  a n  estim ate .

T he P ra irie  Creek field, one of tho newer fields in th e  region, h as a  p roductive  a rea  of 
ab o u t 600 acres. G. D . H .

396.* All Operations Gain in  Venezuela. L . H . Figueredo. Oil Gas J .,  28.12.39, 38 
(33), 171-172.— V enezuela’s 1939 production  will be a b o u t 208,000,000 brl., an  inereaso
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of nonrly 20,000,000 brl. over 1938. In  add ition  to  w ildcats n ear m ore o r loss proven 
te rrito ry , thero  were te s ts  in N orth  and  Sou th  Guarico tes tin g  Central Venezuela ; tho 
A lqu itm na well in South-w est San C ristobal in tho  folded zones of tho  A ndes and  No. 1 
C ubagua, on th o  sm all island  of Cubagua, 55 km. duo n o rth  of Cum ana.

I n  1939 Oficina a n d  Ju sep in  joined th o  lis t of p roducing fields. I n  tho  form er, which 
m ay  becom e th e  larg est field in  E aste rn  Venezuela, th e  th irty -o n e  wolls average ab o u t 
2000 b rl./d ay  each. 25 km . no rth -w est of S an ta  A na is a  possible now field, w hilst 
n o rth -east of S an ta  A na in San Joaqu in , four wells have found oil. I n  tho  E l Roblo 
a rea  tho first w ildcat gave 800 brl. of paraffin base oil daily.

Thero are  nino wells a t  Jusep in , and  a  10-in. pipe-line connects th is  field w ith  Cari- 
p ito , a  d istance  of 43 m l. Tho 96-ml. 16-in. lino from  Oficina to  G uan ta  is now in uso. 
T h is will also bo available for E l Roblo, San ta  Ana, and  San Joaqu in .

A now refinery w as opened a t  Caripito, an d  a t  L a Salm a and  San Lorenzo tho capacity  
h as been increased. G. 1). H .

397.* B razil’s Search for Oil. E . do Carvalho. Oil Gas J . ,  28.12.39, 38 (33), 68.—  
T ho Algoas basin is ono of tho  m any  basins in th e  coasta l belt, an d  con tains Cretaceous, 
.Eocene, and  Pliocene beds resting  on pre-C am brian. Tho Eoeono h as good oil and  gas 
shows a t  re la tively  sm all dep th s . T he s tru c tu re s  aro com plicated an d  m uch broken 
b y  faulting. B y  geophysical m eth o d s a t  least ono an tic linal fold w ith  several dom es 
has been located. G. D . H .

398.* Persian Gulf Area Extends Oil Activities. H . S. N orm an. Oil G a sJ .,  28.12.39, 
38 (33), 70.— Five producing wells wero com pleted in 193!) on tho  D am m am  stru c tu re  
of Saudi A rabia, w ith  tho  re su lt th a t  tho  1939 p roduction  was 4,300,000 brl. A well is 
u n d e rw a y  a t  Abu H adriya, 100 ml. n o rth  of D am m am , b u t, liko th o  well a t  M a’agala, 
i t  h as n o t show n oil. E ig h t wells are  p roducing from  th e  low er pay  a t  D am m am . 
F u r th e r  concessions havo been g ran ted  in  Saudi A rabia.

In  K uw ait th ree  wells havo been com pleted on th e  B urgan  stru c tu re , w hich is said 
to  bo 30 m l. long.

I n  I ra n  a  165-ml. 12-in. pipo-lino has been co nstructed  from  Gach Saran to  A badan, 
b u t  th e  field is n o t y e t in comm ercial p roduction . Tho productive  N aft-i-Safid s tru c 
tu re  has been show n to  be com paratively  sm all, com plex a n d  som ew hat inferior to  tho 
o th er Iran ia n  fields. On th e  Aglia Ja ri-P azan u m  s tru c tu re  n o rth  of Gach Saran, oil 
has  been discovered a t 8810 ft.

Tho Ira q  p roduction  fell in 1939 b y  ab o u t 12% . Tho B ahrein  p roduction  also fell. 
B ahrein  h as now six ty-tw o wolls giving oil from  zones a t  2000, 2250, 4000 an d  4600 ft.

G. D . H .

399.* M arked Expansion in A rgentina. E . P . Canera. Oil G a sJ .,  28.12.39, 38 (33), 
72.— I n  1939 th ree  wells were com pleted in  tho  T upungato  region, all being good 
producers. A riso in p roduction  took  placo a t  Comodoro R ivadav ia  and  a t  P laza 
H uincul, b u t thero  was a  decline in th e  S a lta  province. T he to ta l p roduction  for 1939 
is e stim ated  a t  2,930,000 cu. m ., where 1 cu. m . is 0-29 U .S. barre ls. G. D . H .

400.* A laskan W ildcat Nearing Critical Point in Depth. L . P . S tockm an. Oil Gas J .,
28.12.39, 38 (33), 83.— A wildcat on th o  eas te rn  sido of th e  A laskan peninsula  across th e  
Shelikof S tra it from  K odiak Is lan d  has reached 6390 ft. I t  has  show n gas a t  tim es, 
b u t  no sa tisfac to ry  oil sand  h as  been logged. T he operations are in  th e  K a n a ta k  
d is tric t, where a  well-defined anticline w as found in tho  Salm on Creek valley.

Tho operating  problem s aro described.
I n  1922 tw o wolls wore drilled on th e  P earl Creek s tru c tu re  25 m l. n o rth -w est of 

Salm on Creek. Tho first well was s topped  a t  5003 ft. in 1926 w ith o u t reaching tho 
T rias. Tho p resen t well is to  te s t  th e  Ju rass ic -T riassic  co n tact, an d  has show n several 
t ig h t sand  bodies.

Tho occurrence of oil in sedim ents on th e  A laskan pen insu la  has been know n for 
over 60 years, for thero  a re  num erous seeps in th e  Cold B ay  area , a round  A niakchak 
B ay  a n d  Chignik. A t Cold B ay  th ey  are  on tw o lines of folding. T hese seeps aro in 
sandstones of th e  Shelikof (Up. Ju r .)  form ation. Thero aro also gas seeps on th e
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custom  fork of th e  K cju lik  river. A t Cold B ay  th e  striko is no rth -east to  south-w est, 
an d  tlio north -w esterly  d ip  is in te rru p ted  by  a t  least tw o lines of folds anil fau lts  which 
paralle l tho  coast. T he B ear Crcok-Salm on Creek anticlino lias dips of 4° to  th e  
sou th -eas t and  10° to  tho north -w est. In  tho core sandy lower Shelikof shales aro 
exposed w ith  Naknok beds oil th o  north -w est flank. I t  is fau lted  in  th e  north -east.

T he Pearl Creek dom e is asym m etrical w ith  th o  sou th-east flank dipping up to  30° 
an d  tho  n o rth -w est flank up  to  69°. N aknok beds ore a t  tho  surface on th is  very 
prom ising  s tru c tu re .

Tho Mesozoic an d  T o rtia ry  bods of A laska havo m any  unconform ities, b u t  tho  
Ju ra ss ic  appears to  bo over 6200 ft. th ick . Tho Lower Ju rass ic  and U pper Triossic 
app ear conform able, an d  tlio form er con tains lim estones and  calcareous sandstones 
an d  shales; an d  a n  u p p e r zono of conglom erate and  sandstone. G. D. H.

401.* Present Status of Mexican Oil. Anon. Oil Gas J .,  28.12.39, 38 (33), 94.— Tho 
firs t nine m o n th s of 1939 yielded 30,313,561 brl., as com pared w ith  26,291,848 brl. in 
1938. I n  th o  Tam pico a rea  tw o 1600-brl. wells wero com pleted, and five wero com 
p le ted  a t  Poza R ica  w ith  a  cap acity  of 35,000 b rl./d ay . I n  tlio  E l P lan  field of tho  
Is th m u s  of T ehuantepec six wells were successful, tlie ir to ta l o u tp u t being 6400 
b rl./d ay .

Geological and  geophysical w ork has been undertaken , an d  various pipo-linos aro 
p ro jected  or under construction . Tho w asto  gas of tho  Poza R ica field is to  bo utilized.

G. D. H .

402.* Fyzabad S tructure Continues T rinidad’s Largest Producer. Anon. Oil Gas J .,
28.12.39, 38 (33), 117.-r-Fy zabad  gavo 40-45%  of T rin id ad ’s p roduction  in 1939. 
A ctiv ity  was con cen tra ted  betw een th o  F o re st R eserve, Los Bnjos, and  Palo Seco 
areas where a  con tinuous p roductive  zono seems to  havo been established. Two deep 
w ildcats aro being drilled n o rth  of tlio C entral R ange. G. D. H .

403.* No New Germ an Fields ; Production M ounting. C. H . E hlers. Oil Gas J .,
28.12.39, 38 (33), 117.— A lthough no new field appears to  havo been discovered in 
G erm any in  1939, tho  o u tp u t of th o  old R eich oil-fiolds will bo 4,803,000 brl., os 
ag a in st 4,125,000 brl. in 1938. Tlio A u strian  p roduction  is also th o u g h t to  havo risen.

Tho R eitb rook  field is said  to  have 25 wolls w ith  an  in itial p roduction  of ab o u t 
1000 b rl./day /w ell, an d  th o  Z is te rsdorf-S t. U lrich field lias p robably  been extended. 
T he N ienhagcn fiold is tlio chief p roducer, yioliling 2,700,000 brl./yoar.

The possib ility  of drilling so u th  of W ietzo is rep o rted  and  a  big gas-well has blown 
in  n ear B entlieim . G. D . H .

404.* Bolivia Outlines Program  for Coming Year. Anon. Oil Gas J . ,  28.12.39, 38 (33),
120.— Two of th e  te s ts  s ta r te d  in  th e  S an an d ita  field have been com pleted as producers 
a t  ab o u t 2000 ft. w ith  a  com bined in itial p roduction  of 1258 b rl./d ay . T his fiold lies 
in  th e  sub-A ndean zono w hich h as fifteen fields o r prospective producing areas : 
B erm ejo, San Tolmo, Sanandita , Caigua, C am atindi, M achareti, B uena V ista, Camiri, 
S aipuru , G uariri, T atarenda , E spejos, Isiboro , Chapare an d  Caupolican. T es ts havo 
been m ade a t  B erm ejo, C am atindi, M aeharoti, B uena V ista, and  Saipuru. Drilling 
is scheduled in tho  R io Ichilo  and  Caupolican areas.

San an d ita  is a n  asym m etric  domo 2 m l. long and  1 ml. wide, w ith  a  red sandstone, 
conglom erate, an d  shale core, an d  m arked  b y  seeps. Tho D evonian shales aro tlio 
m ost im p o rtan t producers. Oil zones have been found a t  1440, 1024, and  2017 ft.

T he Camiri s tru c tu re  show ed productive  oil zones a t  3133 and  3274 ft. I n  ono te s t  
v e ry  h igh  gas p ressures wero encountered a t  1365-1555 ft. A sm all o u tp u t has been 
obtained a t  B uena V ista, C am atindi and  Saipuru.

Pipo-lines an d  refineries aro to  be expanded. G. D. H .

405.* Intensive Exploration Due in W est Indies. Anon. Oil G a sJ ., 28.12.39, 38 (33), 
122.—Two producing wells have  been com pleted on  th e  Maleno s tru c tu re  in Dominica 
a t  a b o u t 475 ft., anil one gives 90 b rl./d ay . T he first well blew o u t a t  1100 ft. and was 
com pleted in th e  shallow  zone. T he second was tak en  to  1200 ft. and  encountered
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cavernous lim estone. I t  was plugged back to  th e  shallow  zono. 12 m l. to  tho  w est a t  
Q uita  Coraza a w ildcat h a s  reached th o  “  big limo ” a t  3290 ft. T here aro o th e r 
s tru c tu re s  w hich w ill bo tes ted . G. D. H .

406.* R um ania  Production Slightly U nder 1938. Anon. Oil G a sJ ., 28.12.39, 38 (33), 
122.— Political considerations havo n o t encouraged w ork in R um ania , a lth o u g h  in  
1939 drilling was m ain tained  a t  tho 1938 ra to  in th e  proven fields. Two o r th ree  fairly  
largo wolls wero com pleted in  tho  old Baieoi field, b u t  th ey  d id  n o t offset tho  norm al 
decline. T zin tea  has a  daily  p roduction  of nearly  25,000 brl., and  wells in tho  so u th  
Meotic u n it  y ield oil from  ab o u t 8800 ft. Tho G ura-O cnitc i fiold gives 25,640 b rl. 
daily  from 323 wolls 5400-5900 f t. deep. A t tlio end of tho year R um an ia  was reported  
to  havo 128,196 brl. of o il/day  from  2261 wells. G. D . H .

407.* Spectacular Rise Reported in Egypt this Year. Anon. Oil Gas J . ,  28.12.39, 
38 (33), 124.— Tho E g y p tian  o u tp u t of 5,100,000 brl. was 207%  abovo tho  1938 yield. 
T h is increaso w as exclusively from  tho  R as G harib field. Oil is ob tained  a t  d ep th s of 
2500—3500 ft. in  th is  field.

A  w ildcat was drilled a t  D ishot el D haba, a  few m iles so u th  of H u rghada, and  entered  
gran ite  a t  2000 ft. On tho  G iftun -S agh ir island, 15 m l. to  tho  n o rth -east, a  te s t  was 
abandoned a t  2970 ft. owing to  m echanical difficulties. A th ird  te s t  w as drilled 
n o rth -w est of H urghada.

Shallow te s ts  aro being m ado on tlio so u th  side of L ake A lbert in  tho  Belgian Congo, 
an d  a  deop te s t  is being m ado on tho  W aki dom e n ear B u tiaba . G. D. H .

408.* Lim ited Exploitation in E cuador during Year. A non. Oil Gas J . ,  28.12.39, 
38 (33), 124.— E x p lo ita tio n  an d  production  in 1939 wero confined to  tho S an ta  E lena 
peninsula. In  th o  now Tigro fiold, n o rth -ea st of Ancon, four wells were com pleted a t  
ab o u t 3800 f t., giving 150 b rl./d ay  each. A t C autivo drilling w as continued to  th e  
Socorro sand , w hich thero  yields oil to  eighty-fivo wells. Tho Socorro sand  is also 
p roductivo  a t  E l Tam bo.

In  th e  Carolina area  som e th irty -five  wolls o b ta in  oil a t  d ep th s dow n to  1000 ft. I t s  
o u tp u t is ab o u t 200 b rl./d ay . Tho eastern  an d  n o rth -eastern  boundaries of tho  Ancon 
field aro as yo t undefined.

Two w ildcats havo boon drilled  on th e  San Gabriel g ran t e a s t of Ancon.
G. D. H .

409.* Jap an  is 111 Prepared to W eather Potential U.S. Em bargo. H . Leopold. Oil 
Gas J . ,  28.12.39, 38 (33), 160.— D uring  1939 J a p a n ’s p roduction  fell. D rilling was 
un d ertaken  in  th o  A kita, T suchisaki, a n d  N agaura  d is tric ts , an d  th ere  was great 
a c tiv ity  in th e  K o tak i field, w here several re la tively  shallow  wolls wero com pleted. 
Oil was s tru c k  a t  several places in  th e  Omono R iver d is tric t a t  less th a n  300 f t., and  
a lto g e th e r 1896 wells wero in operation  in th e  A kita  p refecture  in 1939.

Several deep wells havo been begun in  th o  K insu i field in Form osa, an d  deep wolls 
aro p ro jected  in th o  old fields of N iigata .

The political aspects of tho  oil s ituation , th o  production  of syn the tic  fuels, e tc ., aro 
a ll discussed. G. D . H .

410.* South Louisiana Reserves are  Increasing Steadily. C. Leyendeckor. Oil W kly,
1.1.40, 96 (4), 21-24.— D uring eleven m o n th s in 1939 th o  com pletions were 734, as 
com pared w ith  520 in  th o  corresponding period of 1938, an d  a lthough  allowables were 
reduced in several fields, p roduction  w as u p  by  2% . I n  1939 fourteen  now fields 
wero discovered in Sou th  Louisiana, ab o u t ono field being found for overy fivo w ild
cats. T h is h igh success ra tio  is due to  geophysics.

N early  half a  m illion barre ls of oil have been produced in Sou th  Louisiana.
F o u r of th e  now fields are  10,000-11,000 f t. deep a n d  seven betw een 8000 and  

9000 f t. F ifty -tw o new sands have beon found in  th o  old fields. T h irty -tw o  wells 
havo been drilled to  m ore th a n  11,000 ft. P a rad is  an d  E o la  are  believed to  bo th e  
m o st im p o rtan t discoveries. T he la t te r  p roduces from  tho  W ilcox. Tho o th e r new 
fields a re  : N o rth  E lton, Perkins, G rand Lake, Verm ilion B ay, Lafourche Crossing, 
P o tash , K ennilw ortli, LaPice, LaPlaco, H appy tow n  and  H enderson.
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A t Villo P la tte , w hich gavo S p a rta  production, W ilcox oil has now been found. 
Soven now oil-sands wero discovered a t  Golden Meadows.

A m ap shows tho  positions of th e  fields. G. D. H .

411.* Mississippi Looms as N ation’s M ajor 1940 Geophysical Play. J .  H . Todd. 
Oil TVkly, 15.1.40, 96 (6), 15-20 ; 22.1.40, 96 (7), 20-26.—W hen th e  Jackson  fiold was 
declining rap id ly , th o  T insley s tru c tu re  was drilled in search of gas, and oil was found. 
T h is led  to  a  rap id  increase in geophysical w ork in Mississippi. Mississippi is on tho 
easte rn  side of th e  geosynclino of th o  M ississippi em baym ent, and  thero are associated 
sm aller basins. T heir p rospects aro deem ed good, for prospecting  has show n th a t  oil 
does occur in  s tru c tu ra l basins.

Tho m agnetom eter show s highs on tho  bascm ont, an d  600 gam m a closure highs aro 
avoided because of th e  p rox im ity  of igneous rocks to  tho  surface. Mngnotic closures 
of 15-25 gam m a aro p referred  fo r drilling  hero. F a u lts  can also bo traced  by th e  
m agnotom oter.

M any g rav ity  m eters are being used  in M ississippi, and  w hilst they  elim inate useless 
areas, every  g rav ity  anom aly  is by  no m eans a  stru c tu re . Some crows can cover 
1000 grav ity -m otor sta tio n s/m o n th , a t  costs of 1-2 conts/acro in Mississippi. Seismic 
w ork is re stric ted  to  favourablo areas for de ta il w ork in advanco of tlio drill.

G. D. H .

412.* Paluxy, P e ttit Discoveries Intensify Deep Search in East Texas. J .  A. IComfeld. 
Oil W kly , 22.1.40, 96 (7), 12-14.— R ecently  h igh-pressure gas lias been found in tlie 
P a lu x y  sand  m em ber a n d  th e  P e t t i t  oolitic lime zono of th e  T rin ity . A t Chapel H ill 
tlie  P a lu x y  is 5533 ft. deep and  on a  sh o rt te s t  gauged 15,000,000 c. f t ./d a y  of gas a t  
350 lb ./in .L  T his sand  has p o ten tia lities on  fa u lt s tru c tu res , deep-seated dom es and 
stra tig rap liio  trap s . T he fa u lt  s tru c tu re s  include S u lphur Bluff, Talco, and  th e  
G arland C ity  fields. Chapel H ill m ay  bo a  deep dom e, w hilst len ticularity  is said to  
bo effective a t  G arland City.

I n  N ovem ber gas p roduction  w as developed in tlio Groesbcck segm ent of tho  Mexia 
fau lt zono in th e  P e tti t  oolitic zono of tho  Lower Glen Rose. T his w as a t  5591 ft., and
5,575,000 c. f t ./d a y  wero gauged w ith  5 b rl. of w ater-w hito distillate/1 ,000,000 c. ft. 
of gas.

Tho P e t ti t  zone givos oil and  gas a t  Sligo, Lisbon, Longview, an d  W askom .
G. D. H .

413. Reservoir Characteristics of the Eunice Oil-Field, Lea County, New Mexico. C. C.
A nderson, H . H . H inson, an d  H . J .  Schroeder. U.S. B ureau of Mines, R ep o rt of 
Investiga tions, No. 3456, Ju ly  1939.— Tho Eunico oil-field is s itu a ted  in South-east 
Now Mexico a n d  produces from  dolom itic lim estone. Oil-wells in  th is  ty p e  of rock 
aro prone  to  exh ib it s trik in g  differences in  th e ir  individual productive capacities even 
w ith in  sm all d istances from  ono ano ther, an d  these  conditions prevail in th is  case. 
E rra tic  varia tio n s in porosity , perm eability , an d  in  th e  vertical d istribu tion  of p ro 
ductive  zones havo prov ided  difficult problem s, an d  no direct relation  was known 
betw een th e  areal s tru c tu re  an d  th e  m an n er of oil accum ulation  w ith in  th e  reservoir. 
A de ta iled  s tu d y  was consequently  m ade of th e  position  and  characteristics of th e  oil- 
nnd gas-producing zones, w hich included analysis of “  top-oil-pay ”  d a ta , com parison 
of in itial well p o ten tia ls, s tu d y  of w a te r encroachm ent, an d  in te rp re ta tio n  of porosity  
a n d  perm eab ility  d a ta  ob tained  from  exam ination  of core-sam plcs. Co-ordination of 
th o  fac ts  th u s  ob tained  resu lted  in th o  estab lishm ent of th ree  m ajo r porous and  
perm eable zones in  th is  field w hich are  independent of lithological u n its  and m ay n o t 
bo d irec tly  re la ted  to  geological s tru c tu re . T he m ethods applied satisfacto rily  here 
a re  th o u g h t to  be applicable to  o th e r lim estone-type reservoirs w here sim ilarly  difficult 
subsurfaco conditions m ay  ex ist. H . B . M.

414. Oil In  Uganda. Anon. B u ll. Im p . In s t., 1939, 37 (4), 639.— I n  a  report received 
b y  th o  Im perial In s t i tu te  from  tho  D irector of th o  Geological Survey of U ganda i t  is 
s ta te d  th a t  a  site  for a  deep oil well has been selected n ear K ibero, L ake A lbert, in  tho  
v icin ity  of h o t sa lt  springs, and  drilling will soon bo sta rte d . 11. B . M.
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415.* Geology of Bahrein Island. O. K u h n . Ocl u. Kohle, 5.10.39, 35 (37), 702-704. 
— In  spito  of tlio reticence of tho oil com panies, i t  is possible to  got a  fair p ictu re  of 
tlio geology of B ahrein  from  th e  d a ta  published by  P ilgrim  an d  H eim  and  from  a 
knowledge of tlio  su rrounding  areas. H eim ’s identification of Cretaceous rocks was 
incorrect, a  closo s tu d y  of P ilg rim ’s d a ta  show ing tho  o ldest exposures to  bo Eoceno. 
T his e rro r w as p robably  duo to  a  bad ly  d raw n section of tho  Jeb e l D ukhan . I f  tho  
d ips h ad  beon correctly  d raw n it  would have showed th e  rocks in  tlio cen tre  of tho area  
to  be th o  youngest, in stead  of tho  oldest, as h ad  been assum ed.

B ahrein  lies a t  th e  edge of th e  A rabian Foreland, tow ards th o  Iran ia n  Oregon. Tho 
horizontal bedding  of tho  Miocene above th e  gen tly  dom ed older rooks is suggestivo of 
S tille’s Savic phaso of m ovem ent. In  o th e r p a r ts  of th e  Persian  Gulf th o  sam e phase, 
dom es w ith  d isco rdan t F a rs  on Palaiogene, is seen. These dom es, however, havo 
p a r tly  an  Iran ia n  o rien tation , w ith  th e ir  sh o rte r axis a t  r ig h t angles to  th a t  direction. 
A t B ahrein, on th o  o th e r hand , i t  is tho  sh o rt ax is w hich has th o  Iran ia n  orien tation , 
w hilst tho  longor is o rien ta ted  n o rth  to  sou th . I t  appears probable, therefore, th a t  
Savie folding in th e  Ira n ia n  d irection was superim posed on a n  original n o rth  to  so u th  
folding. S. E . C.

416.* Gravity Map of Poland, w ith Observations on the Southerly C ontinuation of the 
Tempelburg Axis. H . Closs an d  R . v. Zwergcr. Ocl u. Kohle, 1.1.40, 36 (1), 2-6 .—  
A n orth -w est to  sou th -eas t g rav ity  h igh to  th e  sou th -w est of T horn  an d  B rom berg 
represen ts th e  con tinua tion  of tlio T em pelburg axis. T lie low -gravity  values to  th e  
so u th  of B rom berg an d  tho  Lodsch g rav ity  low indicate, however, th a t  in th is  a rea  tho 
u p lift has been d isplaced. Thero is th u s  no s tra ig h t connection betw een th e  Tem pel
bu rg  axis and  tho  Polish  M ittelgobirgo (Kielee to  Sandom ir). Tho axis, a f te r  th e  break 
in tho  H ohensalza d is tr ic t, continues so u th -eas t, and  thero  is p robab ly  a connection 
betw een it and  tho  U pper Silesian-Polish  m assif. T he sa lt-s tocks of tlio Brom berg 
basin reach th e  zono of regionally low -gravity  values, and  lie p a r tly  on th o  edgo and  
p a r tly  on th o  b reak  of th e  Tem pelburg  axis. T he occurrence of n a tu ra l gas a t  th e  
edges of tho H ohensalza sa lt-s tock  m akes th o  B rom berg s tru c tu re s  in te resting  to  th e  
oil geologist and  raises th o  question  w hether tho  oil indications in  tho  neighbourhood 
of th e  so u th -eas t con tinuation  of th e  T em pelburg axis aro associated  w ith  sa lt m asses 
o r  w ith  fau lts . S. E . C.

417.* Occurrence of B itum inous Shales in the L ika, Yugoslavia. G. Petunn ikov . Ocl
u. Kohle, 1.1.40, 36 (1), ¡3-9.— B itum inous shales aro found in  th e  so u thern  corner of 
tho  L ika, a  d is tr ic t in th e  w est p a r t  of Y ugoslavia. These shales have been placed 
betw een tho  W hite  Dolom ite of th o  U pper Ju rass ic  and  tho  Cladocoropsis lim estono, 
b u t a s  th ey  a re  also  found in a  position  where tho  L ias-T rias co n tac t is said to  occur, 
fu rth e r investigation  seems to  bo necessary. Shallow sh a fts  have show n th a t  th ey  
ex tend  over a  considerable area . T he th ickness of th e  slialo series appears to  bo of 
th e  o rder of 120-200 ft., and  i t  consists of a  large num ber of th in  m arl beds w hich aro 
m ore o r less im pregnated  w ith  oil. P a r t  of th is  series w eathers to  a  ligh t colour, 
w hilst th o  re s t rem ains brow n. Tho shales yield 5 -6 %  of oil on solvent ex tractio n  
w ith  CS2 an d  20-25%  on d estructive  d istillation . T he oil ob tained  is of good quality , 
and  is m uch b e tte r  th a n  th a t  yielded by  th e  E sth o n ian  shales. S. E . C.

418.* Southern P a rt of the  Benthe-Gehrden Salt-stock. L . R iedel. Oel u. Kohle,
15.1.40, 36 (3), 27-33.— T his p ap er is concerned w ith  th o  u p lift of th e  H annoverian  
salt-stocks, and th e  so u th e rn  p a r t  of th o  B enthe-G ehrden salt-s tock  is considered in 
deta il in  order to  th ro w  ligh t on th e  sub ject. Tho stra tig rap h y  an d  s tru c tu re  of tho  
area are described, and  i t  is concluded th a t  th e  u p lif t of th o  sa lt took  place in a  zono 
previously defined by  faulting . In  consequence of earlier consolidation, tho  effect of 
th e  sa lt up lift on tho  surrounding rocks was sm all and  was lim ited to  tho  dragging up  
of a  fau lt block of Cretaceous rocks an d  th o  tearing  off a n d  squeezing in to  a  crush  zono 
of softe r rocks from  below. F u r th e r  evidence th a t  th e  up lift took  place in  a  zono 
previously defined by  faulting  is i ts  position  in  th e  lattice-w ork form ed b y  R henish  
and  H ercynian  d isturbances. T h is sa lt-s tock  is therefore  a n  exam ple of th o  fact th a t  
in m any  cases th e  s tru c tu re  of a n  a rea  has n o t been determ ined  by  th o  sa lt, b u t  by 
earlier fa u lt tectonics. S. E . C.



ABSTRACTS. 125 a

Geophysics.
419.* Geophysical W ork in  Prospective Polish Oil Regions. R . v . Zwcrger. Ocl u. 
Kohle, 5.10.39, 35 (37), 097—701.—Thero aro tw o principal areas in Po land  where 
geophysical prospecting  for oil has been carried  o u t : tho  C arpath ian  foreland w ith , 
to  a  lim ited  ex ten t, tho n o rth  m argin  of th o  Flyscli zone of tho  tru e  C arpathians, and 
th o  region on tho  Lower W eiehsel (Prov. Posen). A th ird  a rea  a round  Vilna was to  
havo been surveyed, b u t  i t  is d o u b tfu l w hether any  m easurem ents havo been m ade. 
Tho gravim etric, seismic, and  m agnetic  w ork done in  these  areas is sum m arized. 
T h is w ork was m arked by  a  certa in  lack of co-ordination  betw een tho various surveys, 
an d  in o rder to  ob ta in  a  solid basis for fu tu re  exp loration  and p ro d u c tio n  program m es 
th o  extensive grav im etric  an d  reflection surveys m u s t be  in p a r t  expanded and  in p a r t  
condensed a n d  supplem ented . S. E . C.

420.* State Oil and Geophysical Survey in  Greater Germany. A. B cntz  and  H . Closs. 
Ocl u. Kohle, 1.11.39, 35 (41), 731-740.— A sum m ary  of th o  w ork done by  tho  survoy 
up  to  Septem ber, 1939, an d  a  discussion of th e  princip les on w hich th e  survoy is based. 
I t s  value m ay  be judged  b y  th o  fact th a t  th o  e igh t oilfields of 1932 have now grown to 
tw enty-five, w hich are  d ivided am ongst fivo pe tro leu m  provinces, N o rth  Germ an, 
T huringian , U pper R hine G raben, sub-A lpine Basin, and  tho  V ienna Basin. Tho 
typo  of work carried  o u t by  tho su rvey  is illu stra ted  by  tho  exam ple of tho  Tem pel
burg  ax is and  th e  s tru c tu ra l investigations in th o  region of th e  Aller. S. E . C.

421.* Travel-Tim e Maps and Geology in  E . Pom m erania and in the Alpine Foreland.
H . Reich. Oel u . Kohle, 1.11.39, 35 (41), 740-743.— W here geological conditions aro 
favourable, travel-tim o m ap s reflect th o  geological s tru c tu re , a  seismic high, for 
instance, corresponding to  a  geological high . I t  is po in ted  o u t, however, th a t  tho 
velocity  of e lastic  w aves is n o t dependent on th o  ago of th e  rock, b u t  on i ts  physical 
p roperties, an d  a lth o u g h  in general th o  velocity  in  an y  given rock typo  ten d s to 
increase w ith  ago, in  a  series of form ations tho  velocity  m ay well vary  widely instead  of 
show ing a  stead y  increase. Two exam ples, one from  E a s t  Pom m orania an d  tho  
o th e r from  th e  A lpine foreland in th e  neighbourhood of K rem sm ünster, a re  dealt w ith 
in  som e deta il in  ordor to  i llu s tra te  th e  care w hich is needed in th e  in te rp re ta tio n  of 
these  travol-tim o m aps. I t  is show n th a t  in o rder to  g e t tho  m ost o u t of th e  m ethod, 
trave l-tim es should  bo m easured  for different d istances. In  th is  m anner trouble  duo 
to  tho  effect of surface beds can be elim inated an d  various geological s tru c tu res can bo 
iso lated  ono from  a n o th e r an d  investigated . S. E . C.

422.* Gravim etrical Investigation of the Schleswig-Holstein Salt Uplifts. R . v. Zwerger. 
Ocl u . Kohle, 1.11.39, 35 (41), 744—749.—Tho regional grav im eter survoy of Schleswig- 
H olste in  began  in  M ay 1935, an d  tho  tw o first to rsion  balance parties comm enced work 
a t  H eide in  Ju n o  1935. Seismic re fraction  surveys began in 1936. T he rosu lts  of 
these  surveys a re  given on a  m ap w hich show s th e  zones of u p lift as defined by  tho 
g rav im etrical w ork an d  confirm ed b y  th e  seismic. R egional m easurem ents show th a t  
th o  form  of tho  u p lifts , w hich are  a  S axon-R henish  typo  w ith  a  m ainly R henish  strike, 
is governed by  th e  Fried richsst ¡kit m assif in th e  w est and tho  Kiel m assif in  th e  east. 
Tho H u su m  m assif closes tho  a rea  to  th o  n o rth . Tho in tensity  of tho  sa lt tectonics, 
a  m axim um  in th o  younger ICimmeridgian Phase, increases w ith  approach to  tho 
Friodrichsst& dt m assif. Tho form  of th e  g rav ity  anom alies differs som ew hat from  
th o se  typ ica l of tho  H annoverian  sa lt-s tocks. T h is is due to  a  different density  
d is tribu tion . I n  Schleswig-Holstein th e  core of th e  s tru c tu re  is composed of Rotlie- 
gendes salt-clay , of higher d ensity  th a n  rock-salt. T h is is followed b y  Middlo Zoehstein 
conglom erates w ith  U pper Zechstein rock-salt on  th o  flanks. S. E . C.

423.* Torsion B alance M easurem ents over the  Gifhorn Salt-stock. W . Wolff. Oel u . 
Kohle, 1.11.39, 35 (41), 756-756.—Tho grad ien t m ap  shows a  well-defined, closed g rav ity  
m inim um  which strik es n o rth -ea st to  south-w est and  has i ts  centre to  th e  north-w est 
of G ifhorn. T h e  g rad ien t values a re  n o t sym m etrically  disposed, those in th e  e as t and 
so u th -eas t being of th o  ordor of SO—100 E ., w hereas those in  tho  n o rth , north-w est, and
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w est ore a lm ost all less th a n  50 E . T h is is no t so m uch due to  asym m etry  of tho  sa lt 
m ass as to  tho  stro n g  regional increase in  g rav ity  to  tho  so u th -eas t. General tec ton ic  
conditions in  tho  G ifhorn a rea  aro discussed. S. E . C.

424.* Gravitational Effects of Salt-stocks. J .  Schander. Oel u. Kolilc, 1.11.39, 35 (41), 
756-759.— Tho norm al effect of th e  N o rth  G erm an sa lt-s tocks is to  give g rav ity  
m inim a of th o  o rder of 3-10 m .gals. Long, narrow  sa lt-s tru c tu res , such as are  to  bo 
found to  th e  n o rth -ea s t of Gifhorn, givo m uch sm aller anom alies— 2 m .gals. o r less. 
I n  betw een those  tw o ty p es all v a ria tions aro to  bo found, b u t  a ll a re  characterized  by 
g rav ity  m inim a. An im p o rtan t facto r controlling th e  m agn itude  of th e  anom aly  is 
tho  n a tu re  of th e  su rrounding  and  overlying rocks. W hen theso aro com pact and  dense, 
th o  anom aly  will bo g rea te r th a n  in th o  caso of loose, unconsolidated  sedim ents. 
A lthough g rav ity  m inim a a re  ind icative  of sa lt in  G erm any, in th o  G ulf C oast S ta tes  
of Am erica th e  reverse is th e  ease. T h is is bccauso of tho  presence thero  of very  denso 
caprock above th e  sa lt. I t  is now being recognized, how ever, th a t  sm all, g ra v ity  
m inim a in  th o  G ulf Coast m ay  bo due to  deep-seated sa lt m asses. A  different ty p e  of 
anom aly  is given by  tho  L iineberg typo  of sa lt-stock , its  characteris tic  being a  strong , 
well-developed ring  of m axim um  values a round  a cen tral coro where th o  values aro 
of th e  sam e o rder as th o  regional g rad ien t. T h is  m oro com plicated p a tte rn  is duo to  
steeply  tilted  older rocks surrounding  tho  sa lt an d  i ts  caprock an d  being surrounded in 
th e ir  tu rn  by  younger rocks. T he m ain  g rav ita tio n al effect is given by  th o  dense oldor 
rocks. S. E . C.

425.* Geophysical Laboratory of the Reiehsstelle fu r Bodenforschung. H . J .  Schoono. 
Ocl u. Kohle, 1.11.39, 35 (41), 759-761.— A sh o rt descrip tion  of tho  ap p a ra tu s  an d  tho  
typo  of w ork done in  tho  geophysical labo ra to ry . S. E . C.

426.* Relationship between E lastic Properties and Tem perature in Zechstein R ock-salt.
S t. v . T hyssen-B om em isza. Ocl it. Kohle, 1.12.39, 35 (45), 767.— B y m eans of his new  
a p p a ra tu s  for determ ining th e  velocity  of e lastic  w aves in  cores (see Abs. 1084, 1939) 
th o  a u th o r  has determ ined  th o  longitudinal velocity  of w aves in  a  coro of rock-salt 
tak en  from  th o  M eissendorf sa lt-s tock  a t  a  d ep th  of 400 m . Tho tem p era tu re  of tho  
core was varied  from  20° to  320° C. T he curve re la tin g  velocity  w ith  tem p era tu re  
shows a  sh a rp  fall betw een 20° and  60° C., th e n  a  g rad u al declino u n til 120° C. is 
reached. A fter th is  th ere  is a  riso in  velocity , w hich falls off a t  ab o u t 220° C., and  
finally becom es a  fall again  a t  300-310° C. M easurem ents m ado w ith  increasing and  
decreasing tem p era tu res show  good agreem ent. S. E . C.

427.* Geophysical Methods. A non. W orld Petrol., D ecem ber 1939, 10 (13), 74-75.— 
T hrco-quarters of th e  possible p roducing area  of Venezuela is covered b y  young  deposits 
w hich e ith e r m ask  or reflect only w eakly tho  underly ing  s tru c tu re . M ost of th e  geo- 
jjhysical w ork has been carried  o u t in  E as te rn  Venezuela.

I n  general tho  to rsion  balance an d  m agnetom eter have  given sa tis fac to ry  resu lts . 
L ittle  electrical w ork h as been done, b u t  con tinuous profiling has been w idely applied. 
D uring 1939 e igh t g rav ity  m eter, six  to rsion  balance, tw elve seismic, tw o m agneto 
m eter, an d  four soil-analysis p a rties  were a t  w ork in  Venezuela. G. D. H .

428.* The E ngineer’s P a rt in the  Search for Petroleum  in the Argentine Republic.
E . P . Canepa. Bol. In form . Pctroleras, N ovem ber 1939, X V I (183), 3-26.—T his pap er 
con tains a n  in te resting  s tu d y  of th e  developm ent of exp loration  w ork in th e  search for 
petro leum  in th e  Argentine. I t  is well illu stra ted  w ith  geological m aps, b u t  th e  a u th o r 
d irects a tten tio n , a s  havo o thers before him , to  th e  g reat lack  of reliable geological 
su rveys of th e  A rgentine. In  Fig. 1 it will bo seen t h a t  67-5%  of th e  to ta l  a rea  of tho  
R epublic has n o t y e t been surveyed. D escription is given of th e  stages u n d ertak en  to  
ascertain  th o  p robable presence of oil in  th e  s tra ta , before ac tu a l tria l borings a re  m ade. 
T he a u th o r th en  discusses tho  two m o st im p o rtan t m ethods of prospecting  w hen for 
various reasons th e  s tra ta  are  abnorm al o r  fau lty —nam ely , th e  grav im etric  an d  tho  
seism ographic m ethods. I n  connection w ith  th e  g rav ity  m easurem ents, th e  use of tho  
A scania torsion  balance is described, and  in respect to  th e  second m eth o d  nam ed, 
th e  use  of a  recording seism ograph is illu stra ted . H . I .  L.
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Drilling.
4 2 9 .*  Present Year m ay Approach 1 9 3 7  in Drilling Activity. H . P . Simons. Oil G asJ.,
4.1.40, 38 (34), 15-16.—D etailed  s ta tis tic s  aro given for drilling te s ts  eom ploted in 
1938 an d  1939 as well as generalized d a ta  for th e  years 1919-39 inclusive. Tho la tte r  
c h a rt show s repeated  cycles in  drilling a c tiv ity  w ith  peaks occurring ab o u t every four 
years.

A nalyses aro m ade of p a s t  oxperionco, an d  th o  fu tu re  ac tiv ity  for 1940 is generally 
outlined , based on p red ictions m ade by th e  au th o r. A. H . N.

4 3 0 . *  Difficulties in Offshore Drilling. N . W illiam s. Oil Gas J .,  11.1.40, 3 8  (35), 14- 
15.—A  descrip tion  is  given of a  te s t  being s ta r te d  approx im ately  300 ft. offshore, 
whore one of th e  m o st com plete assem blies of drilling equipm ent on tho  Gulf Coast is 
being prov ided . A ll equipm ent a n d  faeilitios, including m ud-p its , tan k s  for w ater, 
fuel, an d  reserve m ud, an d  various aux iliary  u n its , a re  being sot up  a t  tho  location. A 
m ajo r handicap  in carry ing  o u t th e  drilling is th e  m arshy  shore, unusually  treacherous, 
consisting  of boggy and  sh ifting  soil. No m arine  tra n sp o rt  can be  u tilized, as th e  Gulf 
is too shallow  for long d istances off th o  shore— m axim um  d e p th  a t  1 mile being only 
44 ft.

T he m ethods used  in  overcom ing u n u su a l difficulties in th is  u n usual drilling site  are 
described.

Tho h is to ry  an d  prospects of th is  po ten tia l pool aro given a t  tho end of tho  paper.
A. H . N.

4 3 1 .*  Safety— Proper H andling of Cathead. A non. Oil G a sJ .,  18.1.40, 3 8  (36), 39.— 
T his is a  sh o rt discussion on th e  safety  p recau tions to  be observed in  handling th e  c a t
head  line. Tho cath ead  m an  is adv ised  to  w atch  o th e r m en on th e  rig  ra th e r th a n  the  
ca th ead  itself. A. H . N .

4 3 2 .*  Metals in  Drilling— R otary  Drilling Bits. W . L. Nelson. Oil Gas J .,  18.1.40, 
3 8  (36), 45.— R ecom m endations aro given for m eta l used  in  ro ta ry  drilling-bits, these 
recom m endations being collected from  p rom inent m eta l m anufactu rers, steel companies, 
an d  oil-com pany field m en. T he tab le  gives th e  approx im ate  com position in term s of 
pe r cent. C, J in , Cr, N i, Mo, Va, an d  Si, th e  approx im ate  physical properties in term s 
of y ield po in t, elongation, a n d  B rinell hardness, an d  recom m ended h e a t trea tm en t 
for m eta ls  used  in  bodies, cu tte rs , pins, b its , ream ers, fishing-tools, coro-bits, etc.

These properties a re  also briefly discussed, and  th e  p ap er ends w ith  a list of references 
to  lito ra tu ro  on m etals. A. H . N.

4 3 3 .*  New Casing Practice Cuts Equipm ent Cost. P . R eed. Oil G asJ., 18.1.40, 3 8  (36), 
53.— In  easing certa in  wells in  Texas fields several operators have been following a  
p ractice  which achieves su b s tan tia l savings in  th e  investm ent in  pipe. I n  ono caso tho 
saving has been as m uch as $700 pe r well. E ssen tia lly  th is  p ractice  consists of se tting  
light-w eight pipe a t  g rea ter d e p th s  th a n  havo been generally  custom ary  for pipe of th is  
type.

Specific oxamplos are  quoted , w ith  d e ta ils  of dim ensions and  dep ths. Jo in ts  wero 
welded electrically, in one caso, in 84 h r., a t  a  to ta l cost of §34 o r 1-1 cen ts/ft. lineally. 
O ther de ta ils  are  given. A. H . N.

4 3 4 .*  Complex Phosphates for Deflocculation of Drilling Mud. C. F . Bonnot. Oil Gas 
J . ,  1.2.40, 3 8  (38), 39.— E x am in atio n  of th o  know n chem ical d a ta  on commercial 
sodium  ph o sp h a te  shows th a t  only those  classed as “  complex ”  phosphates formed 
by  deh y d ra tin g  norm al p h o sphates are effective fo r defiocculating drilling m uds.

F rom  th e  d a ta  given in th o  paper i t  is ap p aren t, t h a t  whilo these complex phosphates 
are  good, as a  class, for lowering th e  viscosity  of drilling m uds by deflocculation, there  
aro definite chem ical differences betw een m em bers of th is  class corresponding to  th e  
different effects th ey  have  on  drilling m uds. I t  is concluded th a t  to trasodium  pyro 
phosphate, (1) has a  very  sharp  defiocculating effect on fresh m ud ; (2) is qu ite  stablo 
in  solution, b u t  h a s  low so lu b ility ; (3) lias a  h igher p H  value th a n  o th er “ complex ”
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p h o sp h a te s ; and  (4) i ts  accum ulations in drilling m u d  will ten d  to  increase viscosity , 
an d  th is  effect will ro tard  sand  se ttling  before th e  increasing viscosity  is ap p aren t.

Sim ilarly, i t  is concluded th a t  sodium  te trn p h o sp h a lc  (1) has a  deflocculating effect 
equally  a s  sharp , b u t  has been obsorvod to  a id  sand  se ttling  to  a  g rea ter degreo th a n  
th e  p y ro p h o sp h a te ; (2) is qu ite  stab le  in  so lu tio n ; (3) has a  p H  valuo ab o u t th e  
n ou tra l p o in t ; an d  (4) i ts  accum ulation  in high concentra tions has little  tendency to  
increaso viscosity , or, in o th er words, o v er-treatm en t is n o t a p t  to  occur.

A. H . N .

435.* Drilling Technique (in Venezuela). Anon. World Petrol., Decem ber 1939, 10 
(13), 86.—T he en tire  issuo for Decem ber is devoted  to  Venezuela, and  in th is  paper 
th e  technique followed in Lalco M aracaibo fields, where 1669 o u t of a  to ta l  of 2986 
wells have been drilled in th o  lako, is described and  illu stra ted . A review is m ade of 
th e  ovolution of w ator operations from  th o  original crudo shoro-lino a d ap ta tio n s  of 
conventional land s tru c tu re s  to  m odern special m arine  foundations, in  60 f t. of w ater 
an d  located  as fa r as 8 m iles from  tho  shore.

Sinco tho  cost of all Lako foundations varies d irectly  w ith  tho  d e p th  of w ater, th e  
cost of erecting  required  p ipc-racks, slusli-tanks, and  bo iler-stations w ould become 
proh ib itive  in th e  m ore lakew ard operations. To m eet th is  condition, drilling-barges 
wore developed to  tako  th e  place of add itional foundations. Tho barges, 48 ft. X 110 
f t. x  8 ft. in size, a re  equipped w ith  necessary boilers and  pum ps, d itches, pipe-racks, 
etc. Engine, draw -w orks, ro ta ry , and blocks a re  erected  on th o  well foundations. Tho 
barges are hold in positions by  four anchors and are  n o t tied  to  th o  foundations. 
U ndor norm al conditions wolls a rc  com pleted a t  an  average d e p th  of 3000 ft. in 10- 
15 days.

Producing  operations are  basically  sim ilar to  corresponding operations on land. In  
m any  of tho  fields pum ping  and  gas-lifting operations are  required.

D etails are given of tho  derricks, rigs, and  power required , of th e  various form ations 
drilled and  specific problem s encountered , of casing an d  of com pletion program m es.

A. H . N.

436.* Drilling in E astern  Venezuela. A non. World Petrol., D ecem ber 1939, 10 (13), 
94.— Drilling m ethods an d  equipm ent in uso in  E as te rn  Venezuela are described, and 
are  found to  bo sim ilar, basically , to  tlioso used in th e  M id-Continent an d  Gulf Coast 
fields. S team  is th e  m o st p o p u lar form  of power.

Com plete u n itizatio n  of rigs is ad o p ted  w herever possible. Drilling engines are 
un itized  w ith  th o  su b -s tru c tu res  ; draw -w orks a re  m ade into com pact u n i t s ; m ud- 
pu m p s are  p erm anen tly  m oun ted  on wheeled w a g o n s; feed-w ater pum ps and  
generators, w ith  all th e ir  piping, are  m ade in to  sk id  u n i t s ; engino-sheds have  been 
designed for tran sp o rta b ility  and  easo of assem bling ; p ip ing  connections are  so m ado 
as to  bo tran sp o rtab le  in sections. W here tho  te rra in  perm its, derricks are skidded 
betw een locations o r m oved on specially designed wheeled u n its , w hilst boilers are 
perm anen tly  m ounted  on skids.

Drilling m ud  contro l is becom ing a n  over-increasing problem , on account of th e  
declining reservoir pressure  in  some fields. P ressu re  drilling is being considered as a  
possible solution of th e  problem .

Pressure-m aintenanco p ro jec ts  havo been ad o p ted  w herever p o ss ib le ; rem arkable 
success having been a lready  m et in  som e fields, a s  decline in  p ressure  has been very 
sm all since these  p ro jec ts were p u t  in to  operation . A. H . N.

437.* Drilling Equipm ent Selection. J .  E . B ran tly . World Petrol., D ecem ber 1939, 
10 (13), 96.— E x p lo ra tio n  fo r and  exp lo ita tion  of petro leum  deposits of Venezuela 
require tho  em ploym ent of d rilling  equ ipm ent of vary ing  ch aracte r an d  capacity . 
Betw een two extrem es of a rid ity  and  re la tively  sim ple tran sp o rta tio n  problem s in  so 
fa r as equipm ent is concerned and  th o  regions of heavy  rainfall where m achinery  and  
tools can only bo m oved a t  considerable expense an d  roads a re  costly , th ere  are th e  
various in term ediate types of te rra in  an d  n a tu ra l conditions.

T he choice of equipm ent m il bo governed b y  these  conditions an d  by  tho  size and  
d e p th  of th e  hole to  be drilled.

In  arid  regions th e  logical source of power is th e  I.C . engine, and , unless fuel consider
a tions m ako gasclino o r bu tan e  engines preferable, th e  diesel ty p e  is m ore popu lar in
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view of tho  su b stan tia lly  lower cost of tho  fuol as com pared w ith  gasoline, and  also 
becauso of tho  fac t th a t  tho  pow er characteristics of th e  diesel engines aro moro 
sa tisfac to ry  on  drilling operations th a n  are  thoso  of th e  gasolino or bu tano  engines. 
R elative  cost of diesel fuel p e r brako horse-powor h o u r appears to  bo approxim ately  
ono-fifth th a t  of gasolino. Diosol engines, on tho  o th er hand , require m ore skilful and 
costly  a tte n tio n  th a n  do th o  spark-plug engines.

R elative  costing  is m ade an d  individual advan tages aro stu d ied  for steam  prim e 
m overs, pum ps, ho isting  equipm ent, an d  ro ta tin g  u n its  in  a  sim ilar m anner to  th e  
above. A ctual oxam ples of problem s to  be solved in  tho  choice of oquipm ont aro given 
by  assum ing cortain  conditions to  ex ist. A. H . N.

438.* M echanical Practicability of E lectrical Logging W hile Drilling. D . G. H aw th o rn  
an d  J .  E . Owen. Petrol. Engr, Ja n u a ry  1940, 11 (4), 71.—Tho basic p lan  behind tho 
developm ent of electrical logging while drilling w as th o  use of th o  drilling-bit as the  
exploring  olcctrodo from  w hich olectrical readings m ig h t be obtained an d  recorded a t  
th o  surfaco. To accom plish th is  i t  has been necessary to  incorporate, as an  integral 
p a r t  of th o  drill-stem , an  electric c ircu it, an d  to  insulato  b y  suitable m eans tho  b it 
from  th e  pipe. I t  was fu r th e r  necessary to  provide recording ap p a ra tu s  an d  m eans 
for connecting th is  a p p a ra tu s  to  tho  drill-stem  circuit.

Tho olectrical record  tak e n  whilo drilling is sim ilar to  any  conventional electrical 
log, excep t th a t  po ten tia ls  an d  resistances aro continuously  m easured an d  recorded 
on a  m ete r whilo drilling is in progress. Tho c h a rt is in p lain  view of th o  observer a t  
a ll tim es. F o rm atio n  resistance is recorded on  th o  rig h t and form ation  p o ten tia l on 
th e  left. B o th  m easurem ents are  recorded against th e  well d e p th  as th e  o th er co
o rd inate.

Tho paper describes in de ta il tho  electric c ircu it and  i ts  testing , tho  constructional 
a n d  m echanical featu res of th e  drill-stem , in su lated  electric term inals, in su la ted  drill- 
collar, kelly  and  kelly  sub, an d  m iscellaneous equipm ent. R ecords a re  given of th e  
behaviour of th e  equipm ent an d  tho  advan tages accruing from  i ts  use. Drilling tim e 
is now affected to  a n  a lm o st negligible degree.

A ll advan tages of using  th is  m eth o d  of electrical logging ap p ly  moro or less to  tho 
drilling of w ildcat wells and  also to  th o  drilling of proven  s tru c tu re s  th a t  are u n 
usu a lly  difficult to  explore. Tho m o st im p o rtan t advantages of continuous electrical 
logging app ear to  bo—

(1) i t  is an  invaluable aid  in conducting  a n  in telligent coring program m o;
(2) co n tac t p o in ts  an d  b reaks in  th e  form ation  can  bo in s tan tly  detected  as tho 

b it d rills  b y ;
(3) d a ta  th a t  ind icate  th o  n a tu re  a n d  characte ris tics of th e  form ation  being 

drilled a re  continuously  a n d  in s tan tly  availablo for subsurfaco correlation whilo 
drilling is in progress.

Tho availab ility  of th is  inform ation  should  bo of g reat assistance in answ ering the  
m an y  difficult questions arising  in p resen t-day  deep exploratory  well drilling (c/. 
a b s tra c t Ho. 246, 1940, for sim ilar paper). A. H . N.

439.* Decem ber Spurt Brings Y ear’s Drilling Near 1938 Level. L. J .  Logan. O illV k ly ,
15.1.40, 96 (6), 12-14.— S ta tis tics  for drilling an d  com pletion activ ities in  th e  U.S.A. 
aro given fo r D ecem ber 1939. W hereas drilling norm ally declines seasonably in 
Decem ber, i t  increased m ateria lly  in th e  final m on th  of 1939, fu rth e r reflecting th e  
b risk  general business a c tiv ity  an d  th e  im proved m ark e ts for refined p ro d u c ts  and 
crude oil.

H av in g  expanded a b o u t 12%  from  th e  N ovem ber p roportions, fiokl developm ent in 
D ecem ber was th e  g rea tes t for th e  year. W ell com pletions were th e  m ost num erous 
since N ovem ber 1937, and  th u s  w ere n ear all-tim o record level.

R ecords aro given for averago num ber of wells com pleted daily  in U .S.A ., b y  m on ths 
from  Ja n u a ry  1933 to  Decem ber 1939. A- H . N.

440.* More Drilling in U.S. Forecast for 1940. W . H . S trang. Oil W kly, 29.1.40, 
96 (8), 54-56.—T he circum stances surrounding th e  in d u stry  as tho  year opens should

K
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reac t to  bring  a b o u t th e  drilling in  1940 of 6-5%  m oro wells th a n  in 1939. D etailed  
stud ies of theso circum stances show  th a t  29,346 wolls will be drilled during  1940.

A. H . N .

441.* R apid Expansion of Deep Drilling Continues. Anon. Oil W kly, 29.1.40, 96 (8), 
68.— A s tu d y  is m ado of deep-well drilling over th o  p a s t years, an d  d a ta  are  show n 
b o th  in  tab u la to d  and  graphical form s. Tho num ber of te s ts  carried  to  10,000 ft. 
o r m oro during  1939 is double th e  to ta l  of all preceding years. Ind ica tions aro th a t  
250 such  operations will bo drilled du ring  1940. A. H . N.

442.* Drilling Expenditures in 1940 to be Larger. B. Mills. Oil W kly, 29.1.40, 96 (8), 
84.— Cost analysis is m ado in  various s ta te s  an d  in teresting  figures aro p resented . 
D epreciation  in  th e  form  of w ear-and-tear is m uch g reater th a n  m ost operators realize. 
I t  is po in ted  o u t th a t  th o  chargo of only tho  am o u n t of equipm ent used  on an d  loft a t  
th o  well is incorrect, sinco deprecia tion  of all equipm ent should  bo included. M any 
sm all equipm ent item s will n o t d rill moro th a n  ono woll, b u t  o thers m ay  drill a  dozon 
wells.

Fo recast for drilling expend itu res for 1940 is m ado for various S ta tes  of Am erica.
A. H . N.

443.* Average Well Depth Decreases in 1939. W . H . S trang. Oil W kly, 29.1.40, 
96 (8), 92.— A sligh t decrease in tho  averago drilling d e p th  in  tho  U.S.A. is a  significant 
fea tu re  of 1939 operations. D a ta  aro p resen ted  for average d e p th s  from  1925 onw ards, 
and  a  com parative s tu d y  is m ado of these  figures. A. H . N.

444.* U.S. Drilling Above Average Level in 1939 Despite Drop. Z. H . M ischka. Oil 
W kly, 29.1.40, 96 (8), 124.—T ables a re  given for drilling activ ities in  th e  U .S.A . a n d  a  
s tu d y  of th e  tren d  of even ts is m ado. T he com pletion of 28,274 to s ts  in  1939 represen ts 
a  decreaso of 2-5%  as com pared w ith  1938; b u t  th is  figure is still 28%  larger th a n  tho 
averago annual ra te  for drilling for th e  p a s t decade. A. H . N.

445.* Increased W ildcat Drilling has Comparable Success. Anon. Oil W kly , 29.1.40, 
96 (8), 160.— A stu d y  is p resen ted  of w ildcat a c tiv ity  an d  i ts  re su lts  in th o  U .S.A. for 
th e  years 1938 and  1939. A. H . N.

446.* R otary and  Cable Tool Rigs Fulfil D ivergent Needs. A non. O il W kly , 29.1.40, 
96 (8), 178-180.— A survey  is p resen ted  of th o  ro ta ry  a n d  cablc-tool rigs in  use in  tho  
U .S.A . R o ta ry  rigs aro in  use in a b o u t 60%  of- drilling operations on Ja n u a ry  1, 
1940 ; cable-tool rigs co n stitu te  th e  rem aining 40%  of th e  to ta l. A. H . N .

447. Drilling Pa ten ts. F . W . H ild . U .S .P . 2,186,139, 9.1.40. A ppl. 9.1.37. Safety  
casing-head fo r pe rm an en tly  hold ing a n  o u te r  casing an d  an  inner casing in  suspension 
a n d  ad ap ted  to  receive a  tem porarily  superim posed drilling con tro l colum n.

J .  D. H ughes. U .S .P . 2,186,725, 9.1.40. A ppl. 22.4.38. S traight-holo  b i t  w ith  
blades on a  body, one of th o  blades ex tending  rad ia lly  a  g rea ter d istan ce  th a n  tho  
o thers to  crea te  a  g rea te r u n it  a rea  pressuro  on tho  low side of th e  boro being drilled 
when tho  b it is inclined from  th o  vertical, th u s  ream ing th e  low sido of th e  bore and  
correcting  th e  inclination.

D. C. M atthew s. U .S .P . 2,186,875, 9.1.40. A ppl. 27.6.38. W ell-boro trea tm e n t 
du ring  drilling consisting  of form ing a  body  of p las tic  so tting  m ateria l in  s itu  in  a  
woll-bore above a n  uncased p o rtio n  in to  w hich such  m ateria l w ould norm ally  d issipate 
while in  p lastic  s ta te .

A. L . Stono an d  A. E . Rico. U .S .P . 2,186,999, 16.1.40. A ppl. 22.12.37. O il
field pow er-plant.

C. H . B arnes. U .S .P . 2,187,007, 16.1.40. A ppl. 29.3.38. Releasablo cable-head, 
a d ap ted  to  connect a  cable w ith  a  wcll-tool, consisting  of a  caso in w hich an  en 
largem ent a t  th e  end of a  cable is  held . T ho cable an d  case can  bo sep ara ted  by 

'ex ertin g  a  p redeterm ined tension.



I t. E . H endrickson. U .S .P . 2,187,028, 10.1.40. Appl. 24.10.38. W ell-survoy 
in stru m en t casing consisting of double-w alled m em ber, th o  Rpace betw een th e  double 
walls being evacuated  to  avoid ill effects of high o r “ destru c tiv e  te m p e ra tu re s” 
encountered in deep wells.

L . H . K irk p a trick . U .S .P . 2,187,037, 10.1.40. A ppl. 9.0.39. W ell tool.

W . A. L arson . U .S .P . 2,187,042, 16.1.40. A ppl. 4.8.39. B ailer o r sand-pum p 
consisting of plunger, valvos, an d  m eans for operating  th o  plunger.

G. A. Sm ith . U .S .P . 2,187,367, 16.1.40. A ppl. 4.5.39. M ethod and  a p p ara tu s  
for orien ting  drill-stem s.

G. J .  Maier. U .S.P. 2,187,384, 16.1.40. A ppl. 14.3.39. D iam ond drill-b it.

J .  F . Chappell. U .S .P . 2,187,392, 16.1.40. A ppl. 11.1.37. A sm all derrick  w ith
la te ra lly  m ovable crown block.

L . J .  H opkins. U .S .P . 2,187,399, 10.1.40. A ppl. 13.1.39. A device for m aking
drill-pipo connections.

R . C. B aker. U .S .P . 2,187,480, 16.1.40. A ppl. 12.12.38. W ell-cem enting
ap p ara tu s .

R . C. B aker. U .S .P . 2,1S7,481, 16.1.40. A ppl. 12.12.38. W ell-packor.

R . C. B aker. U .S .P . 2,187,482, 16.1.40. A ppl. 12.12.38. Cem ent re ta iner.

R . C. B aker. U .S .P . 2,187,483, 10.1.40. A ppl. 21.4.39. W ell-cem enting
ap p ara tu s .

C. E . B u rt. U .S .P . 2,1S7,4S7, 16.1.40. A ppl. 14.1.39. Bridgo p lug  of th e  B aker 
cem ent re ta in e r typo.

A. R . Maior. U .S .P . 2,187,623, 16.1.40. A ppl. 28.5.37. D raw-works for ro tary - 
drilling a p p a ra tu s  of tho  th reo-shaft, tw o-post type.

G. F . S tam ps. U .S .P . 2,187,635, 16.1.40. Appl. 23.5.38. W ell-packer utilizing
high-pressure fluid.

L. L . Sm ith . U .S .P . 2,187,668, 16.1.40. Appl. 23.5.38. W aterproof quick-setting  
adliesivo P o rtlan d  cem ent an d  process of m aking same.

J .  B . P icard . U .S .P . 2,187,693, 16.1.40. A ppl. 3.7.37. B and-wheel construction.

Y. Voorkees. U .S .P . 2,187,871, 23.1.40. A ppl. 9.8.37. A p p aratu s fo r drilling
sub-aqueous wolls.

H . A. W ood. U .S .P . 2,187,960, 23.1.40. A ppl. 29.1.37. Dead-lino fastener and
clam p for derrick  lines an d  th e  like.

H . E . G rau and  J .  D. C hesnut. U .S .P . 2,187,969, 23.1.40. A ppl. 21.3.38. A 
ro ta ry  drilling system  in w hich th o  tablo  is driven by  a  hydraulic  prim e m over deriving 
its  energy from  a  fluid u n d e r pressure  an d  from  a  com m on source a s  tho  m ud-pum p. 
Tho speed of ro ta tio n  of tab le  and th e  pressure  of tho  m ud-flush system  aro in te r
dependent.

W . T. Caldwell an d  J .  P . Lang. U .S.P. 2,188,107, 23.1.40. A ppl. 6.4.38. R o tary  
drilling-rig.

E . K . L ane. U .S .P . 2,188,409, 30.1.40. Appl. 18.2.37. W ire-line p ip e-cu tte r
fitted  w ith  slips w hich engage on giving tho  w ire an  upw ard jerk . Pu lling  th e  line 
fa rth e r upw ards re su lts  in cu tte rs  m oving ou tw ard  from  th e  body of tho  ap p ara tu s  
a n d  piercing th o  pipe.

H . W . Cardwell. U .S .P . 2,188,455, 30.1.40. A ppl. 25.6.37. W ell-spudding 
a p p ara tu s .
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W . C. T ro u t an d  E . M. Tollefson. U .S .P . 2,188,583, 30.1.40. A ppl. 11.1.37. 
W nlking-beam  bearing  an d  hanger a rranged  to  tran sm it pow er an d  accom m odate 
m isalignm ent of tho  various p a rts .

A. L . A rm ontrou t. U .S .P . 2,188,589, 30.1.40. A ppl. 22.5.39. M ethod for landing 
well-casings by  p u ttin g  i t  un d er tension, an d  th en  welding it  a t  th o  head  and  rem oving 
tho  tensioning m eans.

G. E . Cannon a n d  J .  L. F o ste r. U .S.P. 2,188,707, 30.1.40. Appl. 25.7.36. Cem ent 
and  cem enting operation  using P o rtlan d -ty p o  cem ent to  w hich h as  been added  a  
solu tion  of caustic  alkali an d  a m ateria l of th o  class consisting of lium ic, gallic, tannic , 
qucreitannic, an d  lignic acids. A. I I .  N.

Production.
448.* Mixing Gases in Porous Media. R . D ucker and  R . L. H u n tin g to n . Oil Gas J .,
4.1.40, 38 (34), 37.— Gas-recycling in  d is tilla te  fields is necessary  for th rco  m ain 
reasons :—

(1) conservation  of gas as f u e l ;
(2) m ain tenance of a  single-phase fluid w ith in  th o  reservoir ;
(3) d riv ing  th o  d istillate -bearing  fluid to w ard  tho  producing wells.

Tho ideal s itu a tio n  w ould bo ono in  w hich th e  d ry  gas w ould p u sh  tho  d istilla te - 
bearing fluid forw ard as a  p is to n  to  th o  producing  wells w ith o u t m ixing tak in g  place 
in  tho  poro spacos. M ixing ac tu a lly  does occur.

To doterm ino th o  ra te  of m ixing in  porous m edia un d er s ta tic  a n d  flow conditions, 
small-scalo te s ts  were u n d e rtak en  b o th  for ono- a n d  three-dim ensional flow, in w hich 
a ir  an d  gas wero allowed to  diffuse in  opposite  d irections th ro u g h  sand-packed tubes. 
T he a p p ara tu s  used  is illu stra ted  and  th o  procedure followed described. G raphs aro 
g iven of th o  re su lts  ob tained , followed by  a  d iscussion a n d  analysis of th e  d a ta .

T he a u th o rs ’ conclusions a re  th a t  a lth o u g h  th e  th eo ry  p o in ts  o u t th e  likelihood of 
m uch  slower diffusion betw een gases a t  h igher reservoir p ressures, i t  appears th a t  
th e  d ilu tion  of rich d istilla te  gas w ith  d ry  recycled gases w ill p resen t a  problem  w hich 
m u s t be solved le s t th e  economic p roduction  life of a  field be shortened  duo to  high 
a n d  prohibitivo  recycling ra tios. U n til a  m ass of d a ta  can  bo accum ulated  showing 
tho  effects of such variables a s  in jection  ra te , well spacing, gas densities, pe rm ea
b ilities, porosity , otc., th o  em pirical m o thod  of a tta ck in g  tho  problem  seem s to  be tho 
logical approach . A. H . N.

449.* Im proved Repressuring P lan t in Titusville Field. J .  P . O’D onnell. Oil Gas J .,
18.1.40, 38 (36), 36.-—Core analysis revealed tho  fac t th a t  th o  sa tu ra tio n  value w as high 
enough to  w arran t th e  in sta lla tio n  of a  m odern  p roduction  equ ipm ent on an  old lease 
n ear T itusville , Pa .

T ho pap er describes a  com pact repressuring  p lan t w hich h a s  been  installed  and  w hich 
has been progressively im proved. Pu rchased  electric pow er is u sed  on th is  p ro p erty .

A. I I .  N.

450.* R epair Long String oí Tubing under High-flowing Pressure. A non. Oil Gas J .,
25.1.40, 38 (37), 201.— Ind ica tions of troublo  in  th o  w orld ’s deepest flush-producing 
well wero given by  th o  fact th a t  th e  prossuro on th o  oil s trin g  h a d  continued to  build  
u p  gradually , a lthough  in  com pletion of th o  well tw o tub ing-packers h a d  been se t a t  
11,200 ft. to  seal off tho extrem ely  h igh  bottom -hole pressure . Tho conclusion was 
th a t  e ither th e  packers wore n o t holding o r th a t  th o  tub ing  collars wero leaking.

A n a tte m p t was first m ade to  kill th o  well b y  pum ping  heavy m ud  th ro u g h  th e  tub ing , 
and  pressures up  to  6000 lb ./sq . in. were used. W hen th e  pum ps wero stopped , th o  
well pressure w ould build  up  quickly to  4950. O th er prelim inary  operations aro 
described.

Tho troublo  arose, i t  w as found, from  a  hole w hich h ad  been c u t by  well pressure  
in th e  tu b in g  a t  a  p o in t betw een 4000 an d  5000 ft., tho  m u d  being re tu rn ed  to  tho  
surface because of th e  je ttin g  action  caused b y  th e  hole.
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D etailed descrip tion  is givon of th e  operations carried  o u t in  repairing  tho  tubing. 
O rdinarily , in casos of tu b in g  leaks, i t  m igh t bo possiblo to  ru n  a  s trin g  of sm all pipo 
inside tho  21-in. tub ing  and  kill th o  well, b u t in  th is  caso tho tub ing  was found to  bo 
so crookod as a  re su lt of h igh pressure  th a t  i t  w ould have been impossible to  got ano ther 
strin g  down. Tho operations wero carried  o u t w ith  a  drilling barge. A. H . N.

451.* Gas Condensate W ell Im portan t to Lisbon. G. W eber. Oil Gas ,/., 1.2.40, 38 
(38), 31—33.— D iscovery of deep liigh-pressuro gas-condcn.sato p roduction  in Lisbon 
field of N o rth  Louisiana is of considerable engineering in te res t because of tho  tho rough
ness of its  drilling record th ro u g h  th o  em ploym ent of advuneed engineering principles.

Careful drilling was nocossary duo to  th o  slim  holo carried. R o ta ry  speeds, choico 
of b its  and  fluid volum es were contro lled  to  givo a  holo w hich never varied  1° off 
vortical. W ith  -jV-in. clearance th ro u g h  th o  7-in. casing an d  to ta l  d ep th  of 8900 ft., 
tho  to s t is believed to  havo requ ired  th o  deepest cem enting job  w ith  th o  sm allest 
clearance of a n y  te s t  to  da te .

A conciso record  of th e  well is given w ith  drilling-tim e studies, electric logs, sam ple, 
gas-dotoctor record , etc. Tho prospects of th e  pool are discussed. A. H . N.

452.* B ottom -hole W ell R egulators. K . C. Sclater. Petrol. Engr, J a n u a ry  1940, 
11 (4), 25-26.— Ono m ethod  of p reven ting  o r m itigating  freezing in high-prossuro gas 
wolls on reduction  of p ressu re  is th o  use of rem ovable bottom -holo chokes. T his p ractice  
has been followed fo r years. Tho basis fo r i ts  success is th a t  th e  cooled gas draws 
h ea t from  th e  walls of tho  well on its  w ay  to  th o  surface. Tho m othod has i ts  lim i
ta tio n s, th e  chief ono being th a t  it is dependable only in gas wolls, tho  ra te  of production 
of w hich is co n stan t. A chango in  th o  ra te  of p roduction  m eans a change of choke, 
and  consequently  a  pulling-up operation , w ith  in te rru p tio n  in th e  flow of th o  well.

A bottom -holo reg u la to r h as boon designed w hich works on tho  principle th a t  a  
variab le  opening allows gas to  flow a t  a  co n stan t pressure drop  betw een i ts  two sides. 
A  spring-controlled valvo au tom atica lly  regulates tho  flow of tho  gas, so th a t  th e  p re s
sure on tho  ex it side p lu s  th a t  duo to  tho  spring  equals tho  p ressure  on tho  in le t side. 
A docreaso in tho  inlet pressuro-form ation pressure  m eans a  decrease in flow, so th a t  
tho  pressu re  d rop  still rem ains tho  samo. An ad ju s tin g  ring  a d ju s ts  th e  force exerted  
by th e  spring  so th a t  v arious lim its of pressure  v aria tion  m ay  be dealt w ith  effectively.

A  d iagram  giving a  deta iled  an d  clear section of tho  regu la to r b o th  in tho  open and 
closed positions of th e  valvo is included in  tho  paper. W hilo d a ta  a re  still inconclusive, 
i t  is believed th a t  th is  reg u la to r h as a  wido application , p a rticu larly  in d istillate  
p roduction  fields. A. H . N.

453.* Gas-lift Practice in  W est Texas Fields. H . L. F lood. Petrol. Engr, J a n u a ry  
1940, 11 (4), 27-30.—W est Texas, considered as a  whole, em braces as g reat a  va rie ty  
of p roduction  phases as docs an y  area com prised of old and  new fields. T h is paper, 
howovor, deals m ain ly  w ith  gas-lift practico  in fields where product ion has declined to  
5 o r 10 b rl./d ay  a n d  where w ater/o il ra tio  m ay  bo a s  high as 1000 to  1.

Tho p redom inan t characte ris tics of largo fluid-volumo wells in  th e  H endrick  fiold 
is tho h igh  s ta tic  level of tho  fluid, u sually  200-250 ft. from  th e  well-head. Tho working 
fluid lovol, howovor, is from  1200 to  1400 ft. from  th e  well-head. C onsequently  an  
essential feature  of a n y  gas-lift in sta lla tion  m u st be th o  ab ility  to  kick-off tho  high 
fluid colum n an d  th en  produce efficiently tho  largo volumo of fluid. Flow -valves of 
th o  differential-, an d  vclocity-control ty p es have, therefore, been used  extensively  
in th is  service.

G as-lift in these  fields is being practised  extensively w ith  installations ranging from  
conventional ty p es  to  new  applications, some incorporating  new  principles, o thers 
reverting  to  tho  earliest and  sim plest a rrangem ents know n. Tho m othods selected 
in tho  p ap er rep resen t tho  m ore in teresting  and  represen tativo  m ethods in  use.

D etailed d iagram s and  discussions aro m ado of various in te rm itten t operations and  
arrangem en ts and  types of packers. In  certa in  instances th ro u g h o u t th e  W est 
T exas a rea  operato rs havo been able, by  su itab ly  packing-off overlying gas sands, 
to  uso tho  energy of th o  gas to  lift oil from  tho  well e ither in con tinuous or in te rm itten t 
flow— an operation  term ed  “  B raden-heading,” A. H . N.
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454.* Efficiency and Load Tests on W ell-pum ping Unit. B . H opper. Petrol. Engr, 
J a n u a ry  1940, 11 (4), 38.—T he ob ject of these  te s ts  w as to  doterm ino th o  re la tive  
m erits  of pum ping  u n it of a  conventional typo , b u t  designed

(1) w ith  th e  tail-bearing  below w alking-beam  on  a  cen tre  line w ith  th e  centre 
b e a rin g ;

(2) w ith  th o  tail-bearing  above th e  b e a m ; an d
(3) w ith  th o  tail-bearing  above th o  beam  and  tho  gear-box se t b ack  from  i ts  

usual position.

D escriptions of tho  equ ipm ent an d  tho  tes tin g  procedure aro given, w ith  diagram s 
a n d  pho tographs illu s tra tin g  th e  different cases. Tho te s t  re su lts  are  tab u la ted . 
T ypical polished-rod cards aro reproduced.

T ho resu lts  of tho  te s ts  ind icate  t h a t  th o  centre-line ty p e  p itm a n  tail-bearing  is th e  
m ost desirable. I t  is found  th a t  th o  centre-line beam  produced  12%  m oro fluid th a n  
th o  u n it hav ing  th o  tail-bearing  above th e  beam  a t  th o  sam o pum ping  speed, and  
a lm ost exac tly  tho  sam o polished-rod stroke . T his fluid w as p roduced  a t  ab o u t 
J %  moro p o w e r/d ay ; so th a t  th o  co st in k w ./b rl. was 11-6% m oro fo r th o  bearing  
above th o  beam .

Com paring th e  centre-lino typo  p itm an  tail-bearing  assem bly w ith  th o  tail-bearing  
abovo tho  beam  and  th o  u n it  se t back  81- in ., i t  is found th a t  th e  centre-lino bearing 
produced 21%  m ore fluid a t  a b o u t 3%  longer polished-rod stroke  an d  th o  sam o speed. 
T his fluid w as produced  a t  6%  m ore p o w e r/d ay ; so th a t  th e  fluid was produced  w ith  
th o  bearing abovo th o  boain a t  m oro th a n  14%  g rea ter costs in  kw ./b rl.

O ther com parisons aro m ade an d  advan tages discussed. A. H . N .

455.* Proper Installation  of Pum ping U nit E ssential to  Satisfactory Service. K . N.
Mills. Petrol. Engr, Ja n u a ry  1940, 11 (4), 67-69.— T he selection of a  pum ping  u n it 
of th e  propor size fo r a  given well does n o t give com plete assuranco th a t  th o  u n it will 
render satisfactory ' sorvico, becauso th o  service ob tained  from  th o  u n it w ill depend 
to  a  considerable e x te n t o n  how th o  u n it is  in sta lled  an d  serviced. I f  th e  u n it is 
p roperly  installed , a ll loads im posed on i t  will bo applied  in  th o  m ost favourable 
m aim er, an d  nono of i ts  m em bers o r bearings will bo sub jected  to  unnecessary  loads 
incident to  Bomo insta lla tion  errors. Sim ilarly, th o  foundation  b o lts  w ill n o t suffer 
unnecessary loads an d  possible failure.

Ono of tho  m ost com m on erro rs involving pum ping-un it foundations is m isalignm ent 
of tho pum ping u n it rolativo to  tho  well-head. M ethods of avoiding such erro rs aro 
detailed. C orrect a lignm ont of u n it o r foundation  m ay  bo ob tained  by  th o  uso of 
bolt-ternplatea a n d  grout-sleeves. D iagram s illu stra to  a  typ ica l tem plate , various 
fau lts  in  g rout-p ipes an d  aligning doublo- an d  single-crank installations.

Tho rules advocated  hero to  o b ta in  th e  p ro p er in sta lla tio n  of a  pum ping  u n it  are 
all sim ple, an d  tho  cost of conform ing to  th em  is sm all w hen com pared w ith  th o  re tu rn  
rocoivod. T h is re tu rn  will m anifest itsolf in  th e  form  of lower m ain tenance cost an d  
loss loss of p ro d u c tio n  duo to  shu t-dow ns. A. H . N.

456.* A lignm ent Chart for D eterm ining Pum p Displacements as R elated to P lunger 
D iam eters. F . E . H angs. Petrol. E ngr, January ' 1940,11 (4), 80.— E xam ples aro given 
to  illu stra to  tho  uso of th is  sim ple ch art. P u m p  speed, stroko, an d  n u m b er of plungors 
a re  assum ed constan t. A. I I .  N.

457.* M aintenance of H igh A .P.I. Gravities in  the Production of Crude Oil. R . L.
H un tin g to n . Oil W kly, 8.1.40, 96 (5), 10-13.— I t  is becom ing increasingly apprecia ted  
b y  p roduction  engineers th a t  conservation  of th e  lig h te r fractions in c ru d esis im p o rtan t. 
I n  tho  first place, there  is often  a  prico differential betw een low- an d  h igh -g rav ity  
crudo oils am ounting  to  a s  m uch a s  several con ts/b rl. betw een ono prico-brackot and  
th o  o th er. Secondly', th o  loss of 1° A .P .I. g rav ity  in  m o st M id-Continent crudo oils 
re su lts  in a  shrinkage of approx im ate ly  2 J%  by  volum o.

Such losses in  g rav ity  can  o ften  be preven ted  by  (1) trea tin g  crude-oil em ulsions a t  
lowor tem p era tu res th ro u g h  th o  uso of moro chem icals o r soap solu tions, an d  (2) by 
p roper separa tion  an d  sto rage of crudo oils.
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An u n derstand ing  of tho  principles governing vaporization  and  condensation is 
essential.

A case is c ited  w hereby trea tin g  a  crudo oil a t  130° F . instead of 110°F. th e  chem ical 
trea tin g  cost was reduced from  0-2 to  0 1  ecn ts/b rl. ; tho  g rav ity  of th e  crude, however, 
d ropped from  40 to  38° A .P .I., w ith  a  consequent loss of 5 cen ts/b rl. on account of th e  
5%  shrinkage a n d  2 cen ts/b rl. duo to  th o  drop  in  g rav ity .

I f  the. oil p roducer is  compelled to  uso h igh-tem peraturo  dém ulsification, tho  loss 
of tho  lig h te r fractions can  be provontod b y  using storago-tanks which will w ithstand  
several lb ./sq . in. pressuro.

T he a u th o r  th en  de ta ils  certa in  of th e  moro general principles of vaporization, 
solubility  of lig h te r fractions in crudo oils, an d  b reath in g  losses of tanks. R a o u lt’s 
Law  is given, and  a  sim ple exam ple on equilibrium  flash vaporization  is worked o u t 
for a  gasolino frac tion  consisting  of 40 m ol.-%  « -bu tane  and  00 m ol.-%  n-pentano.

A. H . N .

458.* Paraffin Form ation  and Removal by M echanical Methods in  Pum ping W ells,
B. Mills. Oil W kly , 8.1.40, 96 (5), 14-18.— T he cu rren t s tu d y  of paraffin in pum ping 
wells involves several influences n o t recognized during  earlier p roduction  periods : 
low form ation  p ressures necessarily p resen t in  pum ping wells, slow m ovem ent of oil 
in tubing, w ater, m otion  of th e  fluid, loss of tem pera tu re  an d  m echanics a s  factors 
affecting pum ping  operations in  ty p ica l paraffin-producing areas. Chem ists aro n o t 
in full agreem ent on th o  reasons for paraffin fo rm ation  in tub ing  an d  surface equ ip 
m ent, sinco loss of tem p era tu re  and  loss of v ap o u r from  th e  oil each havo a  different 
im portance to  two schools of th o u g h t.

E xperim en ts wero conducted  some tim o ago in  E a s t Texas to  dotorm ine th e  re la tive  
im portance of those  tw o facto rs in  ligh t crudes. Tho resu lts  indicated th a t  vapori
zation  w as a  g rea ter co n tribu ting  facto r th a n  w as originally  th o u g h t. Tho au th o r 
describes th e  experim ents, b u t  concludes th a t  th e  experim ents were n o t conclusive, 
as th ey  d id  n o t  rep resen t accu rate ly  conditions existing  in a  pum ping well.

A gitation  ten d s  to  accolcrate th o  accum ulation  of paraffin b y  causing sm all c rystals 
to  un ite . V icinity  of a  w ater-sand  helps m ateria lly  to  accen tua te  paraffin deposition 
a t  c erta in  p o in ts  in tho  tub ing . An o il-w ater em ulsion som etim es increases th e  accum u
lation  of paraffin. Freo w a ter often  m inim izes tho  form ation of paraffin, particu larly  
where i t  h as a  tem p era tu re  above 90° F . ; if i t  is allowed to  rem ain  an d  cool in  tho 
up p e r p a r t  of tho  tubing, w ater, however, o ften  accelerates form ation  of paraffin. Loss 
of gas from  th e  crudo, on reduction  of form ation  pressuro, is a  m ajo r causo of paraffin 
deposition a t  low p o in ts  in th o  tub ing . Presence of foreign m a tte r  in tho  crudo lias 
increased paraffin troub le  in  several fields. Tho action  of paraffin in oil indicates th a t  
i t  will n o t o rd inarily  go back  in to  so lu tion  w hen tho  tem pera tu re  a t  w hich i t  precip i
ta te d  is reached. Tho princip les of tho  m echanism s of all these  facts aro explained 
in  th e  paper.

M echanical rem oval of deposited  paraffins is n e x t described. C utting, scraping, 
drilling o u t, and  sw abbing m ethods aro being used extensively  whero th e  accum ulation 
of paraffin has seriously re ta rd ed  norm al pum ping production . Uso of steam  has 
declined, b u t  m any  o p erato rs aro s till try in g  to  find a  w ay of forcing steam  to  th o  seat 
of th o  troublo .

D otailed draw ings givo th é  use  of a  sim ple go-devil scraper ; b u t  various o ther 
m ethods aro also fully  described. A. H . N,

459.* Disposal of Oil-Field Brines. M. J .  L eahy. Oil W kly, 8.1.40, 96 (5), 19-24.— 
M any oil p roducers aro a tte m p tin g  to  dispose of th e ir  sa lt w ater as i t  accum ulates on 
th o  surface b y  pum ping  i t  in to  a  w a ter s tra tu m  lying below th e  oil-producing horizon. 
There aro two genoral m eth o d s in  use. T he first consists of gathering  all brine into 
one cen tra l reservoir a n d  th e n  pum ping  it  in to  a  specially drilled brine-inpu t well a t  
th e  edge of th o  reservoir. T he second m ethod  is to  pum p th e  brines from  sm aller 
areas in to  a n  abandoned well incapable of producing  i ts  allowable. B o th  m ethods 
aro extrem ely  costly  ; th e  firs t for drilling and  m aintenance expenses, th o  second for 
th e  cost of a  com plicated aera tin g  system  necessary to  avoid plugging tho  form ations 
by p recip ita tes.

The a u th o r  p u ts  forw ard five m ethods for th o  u tiliza tion  of oil-field w aters which 
show som e possibilities.
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T he first m ethod  u tilizes a  special w asto-gas bu rner which bu rns un d er w ater, and 
th u s , by  subm erging th o  bu rn er in a  v a t,  th o  w a ter is evapora ted , leaving a  black, 
v itreous m ass of h igh  s tre n g th  b o th  in com pression and  tension, and  w hich is  very 
difficult to  frac tu re  o r to  grind. I t  is suggested th a t  if a  m ark e t be found for th is  
now fused m ateria l th e  process will yield a  dividend.

Tho second m ethod  is a  m odification of th o  firs t w here w oven g lass b lan k e ts aro 
used  in tho  flues of a n  oven using those bu rners and  suspended over tho  brine. R ap id  
evapora tion  re su lts  in accum ulation  of sodium  chlorido an d  com plete loss of w ater.

Tho th ird  m ethod  is a  chemical double decom position one, an d  consists, in principle, 
of form ing tho  tw o insoluble sa lts , sodium  b isu lph ite  an d  lead  chloride. L ead su lph ite  
is dissolved in strong  hydrochloric acid  an d  th e  so lu tion  is ad d ed  to  th o  cold brine, 
tho  insoluble sa lts  p recip ita ted  quickly-—w ith o u t excess of hydrochloric acid. Tho 
advan tages an d  practica l difficulties of tho  process are discussed.

Tho fo u rth  m ethod  is sim ply tho  reverse of th e  baso-cxchango m eth o d  comm only 
used for softening h a rd  w ater. In  th e  final form  tho  m ethod  w as e laborated  in to  
passing  oil-field brine th ro u g h  a colum n of artificial sod ium -copper zeolite, and  
tho  liquid leaving th e  tow er was essentially  a  cupric chlorido solution. T his liquid 
w as trea te d  w ith  spongo copper, w hich q u an tita tiv e ly  p rec ip ita ted  a ll th o  cupric 
chloride as cuprous chlorido, leaving th o  w a ter in a  very  p u re  s ta te .

Tho fifth  m othod is a  com plicated a rrangem ent of m othods 4 and  3.
I n  th e  sum m ary  a  s tu d y  is m ade of th o  economics of sa lt  recovery and  brine 

disposal. A. H . N.

460.* Electrified Lease. W . C. Lano. Oil W kly, 8.1.40, 96 (5), 26.—Tho ease of a  
lease w hich gave a  rem arkable record of 10 y ea rs’ service a fte r  i t  w as electrified m ostly  
by salvagod m ateria l is described. Tho record show s v ery  little  troub le  in all respects 
an d  negligible tim o lo st duo to  shut-dow ns. I t  is believed th a t  th e  featu re  m ost 
responsible for th e  successful operation  of th o  wells is th e  use  of high-slip m otors to 
provide th o  power for th e  seventeen pum ping  wells. Tho only cases of m oto r troublo  
experienced wore due to  ligh tn ing  an d  a  broken gear-shaft. W hen a  5-h.p. high-slip 
m oto r was replaced by  a  71-h.p. m o to r of th o  in d u stria l ty p e  for tem porary  uso, th e  
h igher-ra ted  m oto r b u rned  o u t before th o  g rea t difference in  th o  load  characteristics 
of th e  two typos of m otors w hen sub jected  to  pum ping  loads could be realized. As an  
instanco of th e  b e tte r  ad ap tab ility  of th e  high-slip m o to r for w ork of th is  ty p e  a  case 
was c ited  in  w hich i t  requ ired  8 m in. fo r a  m oto r to  b ring  a  well u p  to  speed. I t  is 
bolioved th a t  no industria l-typo  m o to r could s ta n d  such abuse and  rem ain  in sorvico 
for 10 years. A. H . N.

461.* Repressuring Successfully Retards W ater E ncroachm ent. J .  C. A lbrigh t. 
Oil W kly, 8.1.40, 96 (5), 32-33.— R epressuring  p ro jec ts  aro u sua lly  in itia ted  to  a c 
celerate th e  p roduction  recovery of a  sand  w hich has a lready  produced a  considerable 
q u a n tity  of oil, b u t th e  app lication  of th is  process for tho  purpose of re ta rd in g  or 
controlling w a ter encroachm ent is being used successfully in a t  least one instanco.

D etailed  p roduction  record is given of th is  p a rticu la r  instanco where n o t only havo 
th e  repressuring operations increased th o  oil yield, b u t  th e  w a ter o u tp u t has a t  tho 
samo tim e been m ateria lly  reduced. Tho effect of repressuring  on w a ter encroach
m en t was all tho  m ore rem arkable as, according to  th e  au th o r, i t  w as a lm ost in s tan 
taneous. A. H . N.

462.* Chemical Removal of Paraffin from  Pum ping W ells. G. F . W illiam s and  F . N. 
A lquist. Oil W kly, 15.1.40, 96 (6), 22.— Chemical rem oval of paraffin is definitely a  
m ethod p a s t tho  experim ental stage. T he first a tte m p ts  wero confined to  tho  uso 
of n a tu ra l derivatives of oil an d  to  oil itself to  dissolve th e  paraffin. These m ethods 
aro now abandoned, chiefly because th e  so lven ts a re  of low specific g rav ity , w hich fact 
p ro h ib its  p roper co n tac t w ith  th o  deposited  paraffin. Moro successful m othods 
utilize a  m ix tu re  of a  heavy  comm ercial solvent w ith  a  lig h t carry ing  agen t, so th a t  th e  
specific g rav ity  of th e  m ix tu re  is from  0-9 to  1-1.

T he m ajo r advantage of using so lven ts is th e  ab ility  to  app ly  th em  to  pum ping 
wells w ith o u t pulling-rods or tubing.

In  th o  first of two ty p es of wells in  w hich solvent is used  considerable gas is pum ped
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w ith  tho  oil. On releasing tho  back  pressure in  sh u ttin g  down such wells, a  q u an tity  
of oil is pushed  up  o u t of tho  tub ing . In  such a  caso th e  m ost elleclivo m ethod  of 
applying solvents has been found in rem oving tho  stuffing-box an d  pouring a  licavior- 
than-o il so lven t down tho  tubing.

In  tho  second typo  of pum ping  wells thoro is insufficient gas produced w ith  th o  oil 
to  unload tho  tub ing . T hree m ethods m ay  bo used  in  such a  well.

Tho first m ethod  aim s a t  lowering tho  head  in th e  tub ing  by lo tting  tho oil o u t a t  
tho  lowor end. T he s tand ing  valve is lifted , tho  oil seeks i ts  own level, and th e  solvent 
is in troduced  in to  th o  tu b in g ; th e  so lvent, being heavier th a n  tho  oil, sinks to  the  
bo ttom .

The second m ethod  utilizes 25 ft. of coppor tub ing , th e  lower end of which is closed 
a n d  perforated , ru n  down th e  well inside tho  tu b in g  besido tho  rods. Tho solvent is 
poured  dow n a  funnel, displaces th e  oil a t  th e  to p  of th o  tubing, and  on sinking d is
solves tho  paraffin. Tho solvent should  be heavy— of 1-25 specific g rav ity .

Tho th ird  is a  circulation  m ethod  in  w hich th o  solvent is in troduced in to  tho  well 
b y  a  lub ricato r th ro u g h  th o  casing a t  th e  casing-head. Tho well is n o t sh u t  down, 
and  paraffin is rem oved from  th o  sand-face, as well as from  tho  tub ing , as th e  solvent 
is pum ped  ou t. T he m ethod  is used  regularly— say, weekly or m onth ly . Tho solvent 
used in  tho  circulation  m ethod  should  bo only sligh tly  heavier th a n  th e  crude, so th a t  
i t  sinks to  th e  b o tto m  of tho  well an d  y e t does n o t s ta y  thoro indefinitely, b u t  rises 
th ro u g h  th e  tu b in g  w ith  th o  inflow of oil.

V arian ts of th is  m ethod  and  deta ils of app lication  a re  given in tho paper. D iagram s 
an d  pho tographs illu stra to  th e  connections a t  tho  w ell-head and  procedure to  be 
followed. A. H . N.

463.* Repressuring Showing Quick Profit. Anon. Oil W kly, 15.1.40, 96 (6), 28.—  
T he advan tages of in telligent app lication  of repressuring  aro dem onstra ted  in  ono 
pool w here a  $100,000 repressuring p la n t is susta in ing  itself while re tu rn in g  tho  in 
v es tm en t a t  a  ra te  g reater th a n  $120 pe r m onth . I n  ad d itio n  to  theso m easurable 
ad v an tag es, i t  is estim a ted  th a t  th e  p la n t will even tually  bring  to  m ark e t 30-50%  
m ore oil.

Tho pool produces th ro u g h  fifty-seven wells from  two sands a t  2400 an d  3000 ft., 
respectively. Because of th e  d iversity  of ownership in th e  pool, th o  first step  w as th e  
form ulation  of a  u n itiza tion  p lan . T h is w as com pletely successful.

Tho key, o r  in p u t, wells were selected from  th o  original p roducers and  cleaned of 
all sand  an d  sedim ent to  th e  b o tto m  of tho  hole. Two ty p es of control-heads, bo th  
illu stra ted , wero designed. Tho first w as for use  w here th e  gas was in jected  in to  
only one sand  th ro u g h  th e  a n n u lu s ; tho  second was used  where gas was in troduced 
to  b o th  sands th ro u g h  tu b in g  and  annu lus. In jec tio n  in to  tho  upper sand required  
a  gas pressuro of 310 lb ./sq . i n . ; in jection  in to  th e  lower sand  325 lb ./sq. in.

Tho pum ping wells were all connected to  centralized  leaso b a tte rie s equipped w ith 
separators to  recover all th e  gas a t  theso po in ts , obv iating  tho  expensive netw ork  of 
lines necessary to  connect each casing-head.

Illu s tra tio n s are given for producing well connections, com pressors, in take pipings, 
otc. Dotails of p la n t lay o u t are outlined. A. H . N.

464.* Influence oi Submergence and Fluid Level on Pum ping W ells. I I .  H uffm an. 
Oil W kly, 22.1.40, 96 (7), 10.— I n  an y  pum ping  well th e re  aro four facto rs which d e te r
m ine tho  am o u n t of fluid w hich will bo produced :—

(1) tho  fluid level m ain tained  in th e  c a s in g ;
(2) th e  subm ergence of tho  stan d in g  valve ;
(3) th e  displacem ent of th e  pum p ;
(4) tho  reservoir pressure.

The p ap er deals w ith  tho  first two item s only.
A discussion is given of th e  advantages and  disadvantages of m ain tain ing  high

fluid levels an d  h igh subm ergence in th e  well. I n  general, tho  high fluid level produces
th o  well under sounder an d  m ore economical conditions th a n  low levels, b u t a t  th e  
sam e tim e it  is reducing th e  ra te  of p roduction  by  th e  p ressure  i t  ex erts on th o  sand. 
Tho effects of fluid levels on gas/oil ra tios, sand, an d  excessive w ater in trusion  are
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detailed . W hen due consideration is given to  tho  num orous factors involved in th e  
de te rm ina tion  of tho  b est fluid level, i t  is show n th a t  tho  production  of tw o or moro 
horizons th ro u g h  one well does n o t allow tho  m o st scientific m eans of p roduction  to  
operate.

A s th e  reservoir pressure  of a  well declines, subm ergence, th ro u g h  its  effects on 
valvo action , becomes increasingly im portan t. T he quickness w ith  w hich th o  stand ing  
valve opens a t  tho  s ta r t  of tho  upstroko is a  function  of th o  pressure  on i ts  underside, 
which p ressure  is a function  of subm ergence. T h u s volum etric  efficiency becomes a  
function  of subm ergenco. G raphs as well as a  deta iled  discussion of w h a t occurs on 
th o  com m encem ent of th o  upstroko fully  explain  th is  sta tem en t.

I t  frequen tly  h appens th a t  when tho num ber of strokes /m inu te  is increased, tho  
ac tu a l incroaso in  p roduction  doos n o t correspond to  th e  theorotical increaso based 
on calculations of p lunger displacem ent. To oxplain th is , i t  m u s t bo assum ed th a t  tho  
barre l is n o t filling up  a s  m uch  on tho faste r s troke  as on th o  slow ono. A fte r a  s tu d y  
of th e  conditions operating  on increasing tho  num ber of strokes /m inu te  i t  is seen th a t  
an y  increase in  pum ping  speed m u st be accom panied by a n  increaso in subm ergenco 
in  o rder to  o b ta in  th e  sam o volum etric  efficiency.

T he uso of th e  inverted  pum p— in w hich th e  p lunger is s ta tio n a ry  and  th e  barre l 
reciprocates— is discussed. T here a re  cases where p roduction  of low -pressure wells 
has been increased by  several barre ls by  converting  th e  inverted  p u m p  to  tho  s tan d ard  
typo.

As reservoir pressuro  decreases tho  uso of long gas anchors becomes unnecessary, 
an d  som etim es harm ful. Subm ergence becomes of increasing im portance. I n  such 
cases tho  long anchor should  be reduced an d  subm ergenco increased. Tho increased 
production  w ould p ay  m any  tim es over for th e  expense of pulling-rods an d  tubing.

A. H . N .

465.* W orld Production Sets New Record. Z. H . M ischka. Oil W kly, 29.1.40, 96 
(8), 49-51.—W orld p roduction  of petro leum  se t u p  a  new record of 2,080,498,000 
brl. in 1939, an d  every indication  a t  tho  tu rn  of th o  y ear po in ted  to  a n  oven g reater 
figuro for 1940.

A com plote p roduction  h is to ry  of tho  w orld is given in  tab u la ted  form  under headings 
of different countries and  y ear by  y ear from  1857 to  1939 inclusive.

A sh o rt s tu d y  is  m ado of th o  production  of various countries in  1939 as com pared 
w ith  th o  preceding years. A. H . N.

466.* Sharp Increases in Pum ping Installations Indicated. B . Mills. Oil W kly,
29.1.40, 96 (8), 80.— A Survey is m ado of pum ping  wells an d  of thoso  which aro to  bo 
p u t  on th o  pum ps in  1940 in th e  U .S.A. I t  is estim a ted  th a t  15,358 wells will go on 
th e  pum p during  1940, requiring  §25,000,000 w o rth  of new  equipm ent.

A. H . N .

467.* U.S. Production Should R each New Peak in 1940. Anon. Oil W kly , 29.1.40, 
96 (8), 147.— A p art from  tho  forecast for 1940, th is  pap er is in teresting , as i t  presen ts 
a  com plete p roduction  h isto ry  of tho  U .S.A., un d er tho  headings of various s ta te s  for 
tho  years 1859-1939 inclusive. Special s tu d ies a re  also m ade of th o  p roduction  
tren d  in  various S ta tes. A. H . N.

46S.* New P lan  for Setting Well Potentials. W . R . W ardner, J r .  Petrol. World, 
Ja n u a ry  1940, 37 (1), 29.— T his long p ap er deals w ith  inform ation  gained from  su b 
surface pressuro m easurem ents in th e  de te rm ination  of well p o ten tia ls. Such m easure
m en ts re la te  tho  condition of flow to  well p ro ductiv ity  in a  m ore sa tisfac to ry  w ay th a n  
estim ations of well capacities can be m ade from  surface p roduction  d a ta .

T he reasons for adop ting  bottom -hole p ressure  m easurem ent in  evaluating  p o ten tia ls 
aro sum m arized a s  :—

(1) to  estab lish  a  uniform  y ard stick  to  ap p ly  to  all wells in  evaluating  th e ir 
p ro d u c tiv ity  under restric ted  flow ;

(2) to  perm it a  m ore exac t evaluation  of well decline facto rs u n d e r restric ted  
flow ;
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(3) to  m inim ize wasto and  oliininato m any ovils of th e  open flow te s t ;
(4) to  elim inato oxcoss p roduction  an d  over-taxing m arkoting  o u tle ts, and 

th u s  necessitating  sh u ttin g  down o th er wolls to  offset, tho  excess m ado by th e  
well un d er open flow te s t  ;

(5) to  reduce investm ent in  ovor-sized equipm ent.

Sim ilarly tho  da ta , w hich aro invaluablo in analysing production  problem s, and 
som e of th o  moro im p o rtan t facto rs are sum m arized. Such factors are : (1) initial 
reservoir pressuro ; (2) p ro d u c tiv ity  index ; (3) d e p th  of fluid level in tub ing  an d  
betw een tu b in g  and  casing ; (4) d ep th  to  w hich well should  bo tu b ed  for m ost effectivo 
an d  officiont operation  ; (5) d ep th  to  w hich hole is open to  p roduction  an d  portion  
filled b y  sand  ; (6) tho  tim e to  d iscontinue gas lift an d  in sta l pum ping operations ; 
(7) efficiency of pum ping  o p erations; (8) am oun t an d  pressure  of in p u t gas for gas- 
lift ; (9) d a ta  for tho  studios of tho  reservoir, such a s  position  and  ex te n t of tho  gas- 
cap, drainage across p ro p e rty  lines, pool reserves, pressuro  m aintenance, an d  o th er 
re la ted  subjects.

M ethods fo r bottom -holo pressuro  de term inations a rc  given in deta il. Tho sonic 
m ethod  of using th e  heigh t of th e  fluid w ith in  tho  pum ping well a s  a  m easure of tho 
pressure  is illu stra ted  by  g raphs, an d  photographs, and  actu al exam ples aro worked 
ou t. Tho fundam en ta l assum ptions in using  th is  m ethod  are  discussed.

T he uso of bottom -holo pressure-rccorders is sim ilarly  illu stra ted  : sections of tho  
S tan d ard  dep th-pressuro  recorder an d  th e  A m erada in stru m en t are  given. E xam ples 
of sub-surface p ressure  te s ts  on flowing and  pum ping  wells arc worked o u t in  full, accom 
pan ied  b y  ty p ica l g rap h s and  num erical values.

P o ten tia l facto rs aro calculated  b y  tho  uso of th o  tw o m othods for pum ping  wolls and 
of th o  recorder m ethod  for a  flowing well. T he sonic m ethod  is only ad ap tab le  to  a  
pum ping  well. A. I I .  N .

469.* Problem  of Oil-Mining a t Egbell (Slovakia). J .  Broz. Ocl u. Kohle, 1.12.39, 
35 (45), 765-767.—iTho n o rth  p a r t  of th e  new  field a t  Egbell still con ta ins considerable 
reserves, b u t  th o  so u th  p a r t  of tho  new  field and  th o  old field have been well drilled 
and  aro re la tively  well know n. I t  is e stim ated  th a t  ab o u t 720,000 to n s of oil could be 
ex trac ted  b y  m ining, w ith o u t tak in g  in to  account th e  now field. Conditions are 
favourable for m ining, folding being very  gentlo an d  th o  m ain  tectonic d istu rbances 
of th o  n a tu re  of block-faulting. A bnorm al gas an d  w a ter pressures are  absen t, and  
tho  field h as  been well degassed by  drilling. Tho oil-sand s tan d s u p  under pressuro 
an d  does n o t flow ; thero  aro no runn ing-w ater sands above th e  oil-sand. Tho th ick 
ness of th e  oil-sand is reasonable, and  th ere  is no m arked  la te ra l varia tion . F inally , 
th e  dip , a lthough  gentlo, is sufficient to  p rom ote  drainago, and  tho  physical p roperties 
of th e  sand  aro also favourable from  tho  sam e p o in t of view. S. E . C.

470. Effects of Acid T reatm ent upon the  U ltim ate Recovery of Oil from  some Lim estone 
Fields in  K ansas. R . E . H oithockor. U .S. B ureau of Mines, R ep o rt of Investigations, 
No. 3445, A pril 1939.— In  K ansas i t  is cu rren t p ractice  to  tre a t a lm ost every well 
drilled  in  th e  lim estono form ation w ith  hydrochloric (m uriatic) acid  on com pletion. 
T his, besides increasing daily  production , shortens th e  tim e  required  to  recover th e  
oil, a n d  m oreover m ate ria lly  ex tends u ltim a te  oil recovery from  each well. In  
certa in  circum stancos acid  trea tm e n t of wells is even believed to  have ex tended  p ro 
ductive  lim its of lim estono fields in K ansas. A fter such trea tm en t edge-wellÿ showing 
only sm all q u an tities of oil have yielded comm ercial q u an tities and  havo been com 
p le ted  as large oil-wells, w hether or n o t th ey  havo been sh o t w ith  nitroglycerin.

H ydrochloric  acid trea tm e n t was first used in K ansas in Octobor 1932 : by  th e  end 
of 1934, 944 wells h ad  been trea ted , an d  by th e  end of 1937, 5824 wells. I n  addition , 
c erta in  wells were trea te d  m ore th a n  onco, th u s  bringing th o  to ta l num ber of t r e a t 
m en ts  by  th e  end of 1937 to  8070.

W ith  experience certa in  m odifications of th e  original trea tm e n t havo been m ade, 
it  being claim ed, for instance, th a t  b e tte r  re su lts  aro obtained by  m ixing chem icals 
w ith  tho  acid. Choico of theso chem icals is dependent on th e  a rea  involved a n d  tho  
p a rticu la r  conditions obtaining. I n  m any  instances also stage o r m ultip le  trea tm en ts  
have  provod moro effective th a n  th e  practice  of p u ttin g  a ll th e  acid in  th e  well a t  tho  
sam e tim e.
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F u rth e r  research is  needed to  determ ine moro accurate ly  q u an tities of acid  required 
an d  op tim um  ra te s  of injection. 1000 gal. of 15%  acid  havo in som e wolls proved 
moro offieicnt th a n  m uch larger q u an tities in ad jacen t wolls, th o  theo ry  being th a t  too 
m uch acid dam ages tho reservoir an d  oven p en etra te s  below th o  b o tto m  of th e  well 
in to  w ater-bearing  s tra ta . H . B . M.

471. Production Patents. E . E . Johnson . U .S.P. 2,185,909, 9.1.40. A ppl. 2.4.35. 
Process for m aking screens for uso in  connection w ith  oil wells.

W . E . Niles. U .S .P . 2,180,035, 9.1.40. A ppl. 30.6.38. M ethod of an d  a p p ara tu s  
fo r flowing wolls consisting of a  tu b in g  ex tending to  tho  pay , a  packer an d  a h eater 
carried  b y  tho  tub ing  in tho upper p o rtion  of th e  form ation for heating  a  certa in  
po rtio n  of i t  to  generato pressuro in th o  lower po rtio n  of tho  form ation, an d  th u s  
effect flow of petro leum  th rough  th e  form ation  an d  tu b in g  to  th e  surface. Tho 
p a te n t covers also uso of insu lating  th o  h ea ter from  tho  flow of m oving fluids in  tho 
tubings. B ack-pressuro valves aro used.

R . A. A lbert. U .S.P. 2,186,151, 9.1.40. A ppl. 11.5.39. Sucker-rod rack  m ado of
a  hooked sh a ft carry ing  a  conical hollow m etallic su p p o rt hav ing  rad ia l slo ts  for
reception of sueker-rods.

W . L . B ald . U .S .P . 2,186,230, 9.1.40. A ppl. 11.8.38. H ydrau lic  oil well-packer.

B. T ravis. U .S .P . 2,186,309, 9.1.40. A ppl. 12.10.38. R o ta ry  w asher for casing 
perforations.

C. C. Brow n. U .S .P . 2,186,323, 9.1.40. A ppl. 5.4.37. Casing p e rfo ra to r for 
form ation  tes tin g  consisting  of exploding a charge below a  packer in a body designed 
to  d irect th e  force of tho  explosion a t  certain  p o in ts  in th e  casing.

C. C. Brown. U .S .P . 2,186,324, 9.1.40. A ppl. 26.11.37. Packer an d  setting-too l
com bination.

J .  T . Sim mons. U .S .P . 2,186,349, 9.1.40. A ppl. 9.1.37. M ethod for acidizing 
wells w ith o u t affecting tho  s t r a ta  below th o  ono to  bo trea ted . Packers a re  used .

J .  M. G urley and  A. M. Gurley. U .S .P . 2,186,411, 9.1.40. A ppl. 22.4.37. Deop- 
well hydraulic  pum p.

M. O. Jo h n s to n  an d  W . F . B ettis . U .S .P . 2,186,4S8, 9.1.40. A ppl. 15.4.37. Means 
of regulating  flow of fluid w ith in  a  well.

G. T . Pfleger. U .S.P. 2,186,494, 9.1.40. A ppl. 6.12.37. Subm ersible electric 
m otor.

P . M. Sieck and  R . JL  Holloway. U .S .P . 2,186,886, 9.1.40. A ppl. 19.5.38. A n a ir 
lift system .

J .  N . Ice. U .S .P . 2,1S6,974, 10.1.40. A ppl. 10.6.38. P ipe, tub ing , and  condu it 
coupling.

K . H . Miner. U .S .P . 2,187,047, 16.1.40. A ppl. 22.5.39. M eans and  m ethod  of 
sam pling well-fluid consisting of a  com bination  of g im -perforator and  sam ple-taker, 
th e  perfora to r breaking open th e  sealer! cham ber of tho  sam pler.

A. N . M cLennan. U .S .P . 2,187,278, 16.1.40. A ppl. 12.1.37. M eans for locating  
an d  cem enting off leaks in  well-casing consisting  of perfo ra ted  tub ings and  two packers 
to  locate th e  cem ent an d  m eans for rem oving it from  th o  a n n u la r space betw een easing 
and  in stru m en t w ithou t m oving th e  la tte r .

C. E . B u rt. U .S .P . 2,187,486, 16.1.40. A ppl. 12.12.38. F o rm atio n -tes tin g
m ethod an d  ap p ara tu s .

J .  W . Chambers. U .S .P . 2,1S7,679, 16.1.40. A ppl. 8.10.38. Deep well pu m p  
hav ing  m ultip le  cylinder-and-piston a rrangem ents a n d  being d riven  by  a  m oto r 
th ro u g h  a  system  of gearing and  c rankshafts for each piston .
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A. J .  Penick  an d  K . T . Penick. U .S .P . 2,187,839, 23.1.40. A ppl. 7.3.38. Casing- 
head.

A. J .  Penick. U .S .P . 2,187,840, 23.1.40. A ppl. 9.7.38. A seating-tool for lowering 
a  tu b in g  hanger.

E . T atalovich . U .S .P . 2,187,845, 23.1.40. A ppl. 14.8.39. C lean-out tool for 
oil wolls.

C. S. Sanders. U .S .P . 2,187,895, 23.1.40. A ppl. 28.3.38. M othod of form ing a 
porous concreto well s tra in e r in  s itu  by in troducing  concreto betw een a  productivo 
fo rm ation  a n d  a  well, an d  th en  sub jecting  tho  concrete to  tho  action  of a  m ateria l 
hav in g  a  selectivo solvent action  on  ono co n stitu en t, th u s  rendering tho  concrete 
porous.

I t .  B . P ren tice. U .S .P . 2,188,119, 23.1.40. A ppl. 3.3.39. C entralizar and p ro tec to r 
fo r an  oil-well string .

.J. S. Abercrom bie. U .S .P . 2,188,141, 23.1.40. A ppl. 10.G.38. T ool-joint control 
fo r blow out p reven ters.

G. H . Pfefferlo. U .S .P . 2,18S,302, 30.1.40. A ppl. 27.9.38. Moans for stopping  
leaks in  pipc-lines.

C. E . B lack. U .S .P . 2,188,425, 30.1.40. A ppl. 20.10.38. T rap  fo r tho  polish  rod 
of a  pum p.

T . A. L a rry  and  E . E . Clive. U .S .P . 2,188,607, 30.1.40. Appl. 16.11.36. M ethod 
of m aking la te ra l ex tensions from  pipe-lines.

S. A. G uiberson. U .S .P . 2,188,656, 30.1.40. A ppl. 28.9.36. M eans for flowing 
wells b y  gas-lift u tilizing  two packers an d  perfora ted  tub ing  to  form  a  pressure- 
cham ber a t  th e  w ell-bottom .

F . A. T haheld . U .S .P . 2,188,668, 30.1.40; Appl. 30.3.3G. M eans for flowing 
wolls by  gas-lift, u tilizing  tub ings, packer, and  a  regu la to r in form  of p iston  and  valvo 
a t  bo ttom , in  order to  a d ju s t ra te  of flow of lifting  fluid.

H .W . H ixon . U .S .P . 2,188,737, 30.1.40. A ppl. 26.4.39. A p p ara tu s for recovering 
oil from  su b te rran ean  oil pockets b y  m oans of in jecting  a ir  a n d  gas, th ro u g h  two 
concentric tub ings an d  igniting th o  charge a t  w ell-bottom , an d  th u s  push ing  oil in to  
fo rm ation  tow ards su rrounding  producer wells. A. H . X.

Transport and Storage.
472.* Comparison of Methods for Estim ating  Soil Corrosivity. K . H . Logan and
E . A. Koenig. Oil Gas J . ,  17.11.39, 38 (27), 130.—F o r th is  p a rticu la r s tu d y  soil 
corrosiv ity  is defined as i ts  pow er to  im pair a  pipe. C onsideration is given to  tho 
m othods usually  ad o p ted  to  classify p ipe  as c riteria  of th e  corrosiveness of soil. Tho 
m axim um  p i t  d e p th  on tho  jo in t ad jacen t to  th o  p o in t where th e  soil sam ple was 
tak en  w as selected as th e  crit erion of soil corrosiv ity  in  considering tho  m erits of m ethods 
for th e  d irect m easurem ent of th is  p ro p erty . O ther m ethods considered gave sim ilar 
re su lts  an d  showed no p reponderan t advantago  over th e  ono selected. A num ber of 
m ethods for th e  d irec t m easurem ent of soil corrosivity  havo been exam ined, viz. ;—

1. M easurem ent of soil resis tiv ity  b y  Shepard’s resistiv ity  m eter, tho  m eter 
u sed  being designed to  m inim ize polarization.

2. M easurem ent of th e  to ta l  acid ity . In  th is  connection P „  valuo was n o t 
considered to  bo a  satisfactory ' m easure of soil corrosivity, as it does n o t indicate 
th e  to ta l available acid ity .

3. A c id ity -res is tiv ity  te s t  involving an  equation  in  w hich acid ity  and  resis
tiv ity  aro represented . T his m ethod  does n o t classify soils of low acid ity , and  
tw o-th irds of tho  soils exam ined were placed in one group.

4. T he Columbia rod  te s t, involving m easurem ent of tho  cu rren t betw een two 
electrodes, ono of ferrous an d  ono of non-ferrous m etal, w ith  th o  soil under te s t  
packed betw een them .
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5. T he P u tn a m  tost, in  which consideration is given to  soil/pipe po ten tia l an d  
po larization  a s  well as resistiv ity . I t  consists of m easuring th e  cu rren t w hich 
will flow across a  1-in. cube of soil sub jected  to  a  po ten tia l of 1-4 vo lts .

6. T he n ipplo-and-can electrolytic te s t  w hich th o  loss in w eight of a  3-in. 
leng th  of steel p ipe  caused by th e  passage of cu rren t a t  6 vo lts . Tho pipe is 
su rrounded  b y  sa tu ra ted  soil in a  can 3 in. in  d iam eter.

7. T he D enison e lectro ly tic  te s t  in  w hich soil corrosiv ity  is determ ined b y  tho 
re la tion  betw een cu rren t d ensity  an d  p o ten tia l in  a  cell in  w hich th o  anodo is a  
steol disc an d  th e  cathode a  steel screen.

Com parison of tho  m othods exam ined w ith  a  record of m axim um  p it  d ep th  are 
given in detail. I t  is concluded th a t  all tho  m ethods are of definite valuo in  d e te r
m ining corrosiv ity  an d  give a  reasonable degree of accuracy for tho  corrosiveness of a  
soil series. Tho re la tive  m erits  vary  w ith  th o  ty p e  of soil— e.g., th o  te s t  b est su ited
to  alknlino soils m igh t n o t bo th e  best for acid  soils. I t .  J .  E .

473.* Co-operative Problem s Involved in Cathodic Protection. L . F. Scherer. Oil
G asJ .,  17.11.39, 38 (27), 179.— A sum m ary  of th e  h isto ry  of th e  app lication  of cathodic 
p ro tec tio n  is provided. A survey  of tho  ex ten t to  w hich cathodic p ro tection  has been 
applied  and  of th e  various m othods of p ro tec tio n  in  u se  carried  o u t b y  th e  Mid- 
C ontinent Cathodic P ro tec tio n  A ssociation indicates th o  rap id  developm ent during  
recent years. Tho aim s, accom plishm ents, and  lim ita tions of th o  A ssociation aro 
discussed in detail. I t  is held  t h a t  th e  increasing recognition a n d  application  of 
cathodic p ro tec tion  call for organization and  stan d ard iza tio n  of th e  technological 
work carried o u t on  th is  subject.

A m ajo r problem  is th o  allocation  of responsibility  in cases whero tw o or moro 
pipc-lines a re  involved. U p to  tho  p resen t such problem s have been solved by  friendly 
co-operation or a rb itra tio n , b u t  tho  need for estab lish ing  preceden ts an d  rules of 
procedure is stressed . I t  is suggested  th a t  th e  A m erican Petro leum  In s ti tu to  is 
peculiarly  su ited  to  a c t as a  m edium  th ro u g h  w hich th e  growing technological work 
on th is  sub ject m ay  be organizod a n d  stu d ied  w ith  p a rticu la r reference to  such  problem s 
a s s tan d ard  term inology, recom m ended s ta n d a rd s  on  m othods an d  equipm ents, and  
k indred  problem s. R . J .  E .

474.* In ternal Corrosion of Gasoline Pipe-Lines. L. C. M orris and  W . A. Schulze. 
Oil Gas J .,  17.11.39, 38 (27), 205.— Investig a tio n  of th e  causes of in ternal corrosion 
of pipo-lines has show n th a t  a ir  an d  en tra ined  w a ter containing dissolved o r suspended 
m ateria ls arising  from  chem ical refining are  th e  p rincipal causes of corrosion. A 
tu rb id im oter, based on tho  m easurem ent of th o  ligh t from  a  s tan d ard  sourco passing  
th ro u g h  gasoline, is u sed  to  givo a  m easure of tho  aqueous solu tion  and  solids suspended 
in th e  gasoline. T o exploro th o  possib ilities of corrosion inh ib ito rs, labo ra to ry  
corrosion te s ts  sim ulating  pipe-lino conditions have been evolved. Those te s ts  
rovealed th a t  n a tu ra l inh ib ito rs believed to  bo eresols and naph thcn ic  acids a re  p resen t 
in cracked gasoline. S a lts  arising from  d o c to r trea tm en t,— e.g., lead sulphide and  
sodium  th ro u g h  su lp h a te—were found to  be corrosion accelerators, w hilst non- 
roactivo solids localized tho  corrosion. Increasing velocity  of flow resu lted  in m ore 
uniform  b u t  less severe corrosion, and  increasing tem p era tu re  accelerated corrosion.

Of m any chem icals te s ted , m ercapto-benzothiazolo w as found to  bo th o  m o st effec
tiv e  inhibitor, and was tr ied  o u t in a  p ilo t p la n t un d er conditions w hich ensured th a t  
th e  only difference betw een te s t  an d  con tro l was th e  presence of inhibitor. Theso 
tria ls showed th a t  a  concen tra tion  of 1-2 lb. of th is  inh ib ito r pe r 1000 brl. of gasolino 
gave th e  m ost sa tisfac to ry  p ro tection . Moreover, th e  inh ib ito r had  no deleterious 
effect on  tho properties of th e  gasoline.

In  application  to  a  pipe-lino th e  m ercapto-bcnzothiazole is  in troduced in to  th e  
gasoline in th e  form  of a  slu rry  w ith  flushing oil. E qu ipm en t for th is  purpose is 
described. Tho life of tho  in h ib ito r has been found to  v a ry  w ith  th e  n a tu re  of th e  
gasolino and  th o  m ethod  of sweetening. To determ ine th e  leng th  of pipe-line, p ro 
tec ted  steel-test pieces—inserted  a t  selected in tervals—are periodically exam ined ; 
th e ir  condition gives a n  indication  of tho  p ro tec tion  afforded to  th e  pipe-line. D elicate 
m othods fo r estim ating  th e  am oun t of m ercapto-benzothiazolo in gasolino have been



ABSTRACTS. 1 4 3  a

evolved and used to  ind icate  tho  p o in t in a  pipe-line a t  w hich tho  inh ib ito r is ex 
h au sted . R . J .  E .

475.* Graphic In terpreta tion  of Evaporation Losses from  Vented Tanks. R . F . Larson 
and  J .  A. Goff. Petrol. Engr, N ovem ber 1939, 11 (2), 42.— An independent m ethod 
is described of developing th e  form ula; used for th e  calculation of evaporation  loss 
from  ven ted  s to rage-tanks described by  W . F . Rogers, Petrol. Engr, Juno  1938, p. 
39, an d  Ju ly  1938, p . 48. T he analysis is based on th e  following assum ptions : 
(1) a  definite vapour-pressure  curve, (2) com plete sa tu ra tio n  a t  all tem peratures,
(3) negligible changes in th o  volum e of tho  v ap o u r space, and  (4) applicability  of tho 
perfect gas laws, and  therefore  of D a lton ’s law. An illu stra tion  is given of th e  ap p li
cation  of th o  form ula; to  th e  evaporation  loss from  a  W est Texas crude in  a  80,000-brl. 
ta n k  un d er definite conditions. I t  is realized th a t  tho  assum ptions m ay  n o t necessarily 
be valid  and , in add ition , no account is tak en  of tim o required for diffusion of oil 
vapours and of a ir  which, in periods of very  rap id  tem pera tu re  rise, m ay  seriously 
affect tho  ac tu a l loss of vapour. C. L. G.

476.* Protective Coatings for Hydrocarbon Containers. A. Foulon. Oel u. Kohle, 
1939, 33, 647.— Concerns p reven tion  of corrosion in  hydrocarbon  containers in tra n s 
p o r t  an d  sto rage by  use as lacquers, resins, concen tra ted  drying oils, o r solutions of 
condensation  p ro d u c ts  of polybasic acids. F o r benzino, benzene, and  sim ilar petro leum  
liqu ids these  lacquers m u s t he prehardened  a t  a  tem pera turo  above 100° C. to  provent 
softening an d  solu tion . P ro tection  of th o  con tainer by  incorporation  of p ro tective  
m eta ls a n d  p ro tec tive  oils of speoial p roperties is discussed. A. V. B.

477. Filling Stations for Liquefied Gas. W . Salnikoff. Brennst. W aermewirt., 1939, 
21, 195-198.— R efueling of vehicles d riven  by  liquefied gas has usua lly  been effected 
by  changing tho  containers. I t  is, however, possible to  storo th o  gas in large containers 
a t  filling-stations and  to  feed i t  in to  th e  cars, as in th e  case of pe tro l. Such a  filling- 
s ta tio n  is described in  deta il, an d  i t  is s ta te d  th a t  several of th em  are  a lready in 
operation  in  G erm any. Tho gas is lifted  from  tho  lower floor, n o t by  plunger, b u t  by 
a n  in jector. Tho s ta n d a rd  s ta tio n  fills th e  containers of a  lorry , 70 kg. in 3 -4  m in. 
Tho p la n t in  th e  C entral Garage of th e  B erlin  buses fills 200 litres/m in . As liquefied 
gas in G erm any is n o t considered to  bo m erely a n  emergency fuel, th e  filling-station 
of th e  k ind  described will be cheaper in th e  long ru n  th a n  th e  operation  of changing 
containers. E . W . S.

478.* Cleaning of P lan t H andling Tar, B itum en, Heavy Oil, and o ther Viscous M aterials.
K . S. Low. F uel Econ., 1939,15, 339.—-The cleansing of vessels a n d  appliances which 
have  contained viscous, g lu tinous, o r film -form ing m ateria ls u sually  involves con
siderable oxpendituro of timo and  labour. Tho a u th o r  has w itnessed th e  capabilities 
of a  new  appliance w hich i t  is claimed has reduced cleaning tim o from  days to  less 
th a n  J h r. Tho appliance is th o  “  D eso lvator.”  T his is essentially  a  pressure  vessel 
of ab o u t 70 gal. capacity  containing heating  coils. A  q u a n tity  of solvent, su itable 
for tho  cleaning operation  required , is hea ted  in  tho  vessel, an d  th e  pressure developed 
is utilized to  sp ray  tho  solvent un d er high p ressure  on  to  th e  walls of th e  p lan t o r vessel 
to  be  cleaned.

I n  th e  te s t  observed by  tho  au th o r, a  14-ton tan k  car in very  bad  condition, having 
been in use  for ta r , w as effectively cleaned in  20 m in. T . C. G. T.

Crude Petroleum.
479. Properties of Louisiana Crude Oils. n. Additional Analyses. E . L. G arton . 
U .S. B ureau  of Mines, R e p o rt of Investiga tions, No. 3476, N ovem ber 1939.— T his 
rep o rt con tains th o  re su lts  of analyses of 72 sam ples of crude petro leum  from  45 oil
fields in  Louisiana. I t  begins w ith  a  brief h is to ry  and  p roduction  d a ta  for each field 
from  w hich tho  ap p ro p ria te  sam ples wero derived. T he analy tical d a ta  a re  com pared 
an d  discussed, an d  i t  is show n th a t  of th o  47 crude-oil sam ples from  N o rth e rn  
Louisiana, 28 aro classifiable as paraffin base, 9 as paraffin-interm ediato, 6 as in ter-
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m ediate, a n d  4 a s  naphtkcnc-in tcrm ediato . Of th e  25 sam ples from  S outhern  L ou i
siana, 2 are  paraffin  baso crudes, 4 paraffin-interm ediato, 12 in term ediate , 2 in te r
m ed ia te  paraffin, 4 naphthene-in term ediato , and  1 nap h th en e. P roduction  from  
Sou thern  Louisiana is from  greater d e p th s  th an  in  th e  n o rth e rn  division, an d  th e  oil 
is  m oró often  associated  -with salt-dom e s t ru c tu re s ; these  facts a re  reflected in  tlio 
com parative  analyses, w hich indicate th a t  in term ediato  base crudes predom inate  
in  th e  so u th , w h ilst tlio tendency is for paraffin base oils to  characterize th e  n o rth ern  
fields. H . B . M.

Gas.
480.* Im provem ent in the  Calorific Value of Town’s Gas or Coke-Oven Gas w ith 
Reference to Utilization as a  Fuel for Motor Vehicles. J .  I .  G raham  and  D . G. Skinner. 
J .  In s t .  Fuel, 1939,13 (69), 39.— Tho chief d raw back to  th e  use  of com pressed coal gases 
is  th e  g reat w eight of con tainer relativo to  th a t  of fuel (ratio  10 :1). A 32-seater b us can 
carry  7 cylinders each weighing em p ty  1 cw t. and  holding 350 cu. f t. of gas a t  200 a tm . 
pressure, th u s  giving a  range of ab o u t 80 m iles pe r filling, th e  q u a n tity  of gas of 
475 B .T .U . per cu. ft. equ ivalen t to  1 gal. of p e tro l being tak e n  as 265 cu. ft. Tho 
th erm al efficiency w ith  coal gas is g reater th a n  w ith  pe tro l, b u t  i t  is necessary to  increaso 
th o  com pression ra tio  in  o rder to  o b tain  a  power o u tp u t a t  least equal to  th a t  when 
petro l is used. Coal gas costing  2d. p e r th e rm  could be supplied  com pressed to  3000 
lb. in  eylindei's a t  a  figuro equ ivalen t to  6<i. p e r  gal. of pe tro l, if th o  offtake were 
equivalent to  1200 gal. of p e tro l daily . Tho h ighest item  is th e  cost of compression, 
which is independent of th e  calorific value of th e  gas. F o r th is  reason a gas of h igher 
calorific value— e.g., m ethane  (895 B .T .U .’s/cu . ft.)— w ould bo preferable. A ttem p ts  
havo been m ade to  o b ta in  m ethane  from  coal-gas by  p referential adso rp tio n  on active  
charcoal, b u t  th o  m axim um  concen tra tion  available in  th e  presence of C 0 2 was 
44-5%  w ith  27%  of CO. F u r th e r  inothano can be ob ta ined  by  cata ly tic  conversion 
of CO or by  ca ta ly tic  com bination  of CO w ith  th e  H 2 in coal-gas. Gas p repared  by  
th is  m ethod  has been te s ted  on th e  ro ad  in a  12-h.p., 4-cylinder car, a  consum ption  of 
13-2 cu. ft. pe r h o u r being ob tained, com pared w ith  a  figure of 25 cu. f t. for o rd inary  
coal-gas. D uring  norm al runn ing  conditions com bustion  w as m uch m ore efficient 
th an  w ith  pe tro l, p ractica lly  no CO being form ed, as com pared w ith  6-7% for petro l. 
The cost of u n trea ted  coal-gas com pressed to  200 a tm . is e stim a ted  a t  9-2d. pe r 
equ ivalen t gal. of p e tro l (a t gas id .  p e r  therm ), and th a t  of cata ly tica lly  produced 
m ethane (excluding th e  cost of th o  ca ta ly tic  process) a t  8-92d. T he increased mileage 
ob tained  fo r tho  samo cylinder w eight as com pared w ith  coal-gas shou ld  perm it of 
an  appreciable expend itu re  on th o  cata ly tic  process. B y m ixing b lue w ater-gas 
w ith  tow n-gas in  p roportions of 1 : 5, th e  co st of th o  process should be considerably 
reduced an d  a  gas of approx im ate ly  10%  higher calorific value  obtained. I t  is also 
possible to  o b ta in  a  gas by  th e  cata ly tic  trea tm e n t of coke-oven gas which contains 
47%  CHj an d  42%  H 2, an d  on fu rth e r concen tra tion  by  tho  ad so rp tion  m ethod  a 
gas of calorific value  nearly  900 could be ob tained . A m ix tu re  of 80%  CH4 an d  20%  
C2I I 6 w ould bo of still g rea ter im portance, having a  calorific valuo of ab o u t 1140
B .T .U .’s per cu. ft. C. L . G.

481.* Refinery Gas : a  R aw  M aterial of Growing Im portance. R . E . W ilson. Chem. 
and In tl., 1939, 58, 1095-1101.— Gas from  cracking to -d ay  am oun ts to  7— 8%  by  
weight of- th e  to ta l  crude ru n  in  th e  U .S.A . T h is p roportion  am o u n ts to  ab o u t 
940 m illion cu. ft., o r 14 m illion to n s  per year. Tho refinery gas referred to  in tho 
article  is th is  cracked gas.

A bout 75%  of an  up-to -dato  refinery gas consists of Ct  hydrocarbons (boiling 14-39°
C.) and  80%  of these la t te r  a re  stabilized  in  gasoline. I t  is comm on practice  to  have 
as m uch a s  7%  bu tan es in  sum m cr-grado gasolines an d  12%  in  w in ter grades.

A tten tion  is d irected  to  th e  fac t th a t  one of th e  g rea tes t objections to  th o  use of 
alcohol in gasoline is th a t  th e  add ition  of alcohol ten d s to  increase th o  v ap o u r pressure  
of th o  gasoline v ery  su bstan tia lly , an d  th u s  to  reduce tho  am oun t of b u tan e  which 
m ight bo incorporated . Since b u tan es  are fa r cheaper a n d  b e tte r  th a n  alcohol as a  
co n stituen t of gasoline, e ith e r from  an  an ti-knock o r o th er stan d p o in t, th e  add ition  of 
sm all am oun ts of alcohol does n o t increaso e ith e r th e  q u ality  o r tho  q u a n tity  of tho 
gasoline available, a lthough  it  greatly' increases th e  cost.
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P ro p an o  is now established a s  ono of tho  m ost efficient so lvents for th e  rem oval of 
w ax, a sp h a lt, and  heavy ends from  lubricating  oil. Propano owes its  versatility  as a  
p rec ip itan t largely to  tho  fac t th a t  i ts  so lvent p roperties change rap id ly  over tho  
convenient tem pera tu re  rango betw een i ts  b .p t., — 44° P ., and  its  critical tom poraturo, 
212° F . F o r instanco, i ts  d en sity  falls from  0-5 to  0 25 in th is  tem pera tu re  range.

A p a rt from  its  growing use in solvent refining, 150 m illion gal. are u sed  every y ear os 
b o ttled  gas, etc.

Tho developm ent of refinery gas as a  raw  m ateria l for th o  chem ical in d u stry  da tes 
from  a b o u t 1921, w hen isopropy 1 alcohol was produced from  propylene w ith an  eventual 
reduction  in tho  price of tho  alcohol from  $7 pe r gal. to  one-tw entieth  of th a t  price. 
Tho progress of th is  field is traced  th ro u g h  ethylene dichloride, chlorhydrin, and glycol 
t a  th o  p resen t day , w hen one com pany is m aking com m ercially m ore th a n  one hundred  
syn the tic  chem icals, s ta r tin g  from  othyleno, propylene, and  th e  butylenes. T his list 
includes 24 alcohols and  alcohol e th e rs, 4 ketones, 23 esters, 14 am ines, 8 e th e rs , and 
7 chlorinated  com pounds.

P ractically  all th e  isopropyl alcohol an d  sec.- an d  ter/.-buty l alcohols on th o  m arke t 
to -day  are  m ado from  petro leum  gases, an d  m o st of th e  acetone is m ade b y  tho  
ca ta ly tic  dehydrogonation of isopropyl alcohol.

D ichlorides a re  read ily  obtained, an d  ethyleno dichloride from  refinery gas is 
becom ing of g reat im portance. I t  is used  in  th o  p repara tion  of th e  rubber su b stitu te , 
Thiokol, w hilst v iny l chlorido is m ade from  ethylene dichloride, and  is of g reat im 
portance  a s  th e  sta rtin g -p o in t in  tho  p rep ara tio n  of th e  polyvinyl resins.

Butyleno can  bo dehydrogenated  to  butadiene, a n d  th is  in  tu rn , is polym erized to  
“  B una  ”  rubber.

Glycerine can  bo m ade b y  th e  regu lated  chlorination  of propylene, followed b y  hy d ro 
lysis. T h is syn thesis is of top ical in te res t, as in  th e  case of excessive dem and of glycerine 
during  w ar periods th e  process m ay  be developed.

T he paraffinic gases a re  n o t d irec tly  useful for such  syntheses, b u t  th o  olefinic gases 
required  a re  norm ally  p repared  by  cracking or th o  cata ly tic  deliydrogcnation of th e  
paraffinic gases.

N um erous o th er syn thesis of in te res t to  tho  chem ical in d u stry  a re  instanced.
W hile th o  above-m entioned processes are of g rea t im portance to  th e  chemical 

in d u stry , th ey  are  n o t of such great m om ent in th e  petro leum  industry , as tho  qu an tity  
of availablo refinery gas is im m ensely g rea ter th a n  th o  p o ten tia l absorp tion  in  tho 
chem ical industry .

The processes of g reatest im portance to  th e  oil in d u stry  are those such as polym eriza
tio n  which produce high-porform anco m o to r fuels. A t p resen t tho  m o st im p o rtan t 
process is alkylation , u sua lly  w ith  wobutano a n d  butylenes o r o th er olefins. isoButano, 
on account of i ts  te r t ia ry  carbon a tom , is th e  only hydrocarbon  in refinery gas which 
will en te r th is  reaction, w hich tak es placo in  th e  presence of s trong  sulphuric acid. 
Supplies of th o  essential isobutane are  lim ited , b u t, if necessary, m ay  be imm ensely 
increased by  tho  ca ta ly tic  isom erization of norm al bu tane .

isoB utyleno is of p a rticu la r im portance to  th e  petro leum  in d u stry , as i t  can, an d  is 
being cata ly tica lly  polym erized to  iso-octane, a  h igh anti-knock gasoline, a n d  to  
every  petroloum  p ro d u c t th ro u g h  lubricating  oils to  polym ers of 400,000 mole, weight.

Reference should  be  m ade to  th e  article  for num erous o th er syntheses, bo th  
academ ic and  commercial.

Tho article  concludes w ith  a  brief d iscussion of th e  economic aspect of th is  u t ilization 
of refinery gases. T. C. G. T .

482.* P artia l Volumetric Behaviour of the  Lighter Paraffins in the Gaseous Phase.
B . H . Sage a n d  W . N . Lacey. Refiner, 1939, 18 (II ) , 466.—A m ethod  is proposed for 
th o  production  of th e  specific volum e of com plex gaseous hydrocarbon m ixtures. T he 
procedure is sum m arized a s  follows :

(1) Tho analysis of tho  gas, w hich is expressed  comm only as tho  mole, fraction  of 
each of tho  com ponents p resen t, is m odified to  y ield a  corresponding q u a te rn ary  
analysis. (2) Tho la t te r  is re-expressed in  term s of weight fractions in stead  of mole, 
fractions. (3) T he residual p a r tia l specific volum es of Cj, C2, C3, an d  n-C4 paraffins 
fo r th e  p revailing  pressure , tem pera tu re , and  w eight fraction of th e  com ponent in 
question  are  in te rpo lated  from  given tables. In  general, sim ple linear in terpo lation  
w ith  respect to  p ressure , tem pera tu re , and  com position is adequtfle for th e  purpose.

L
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Tho valuo used  for n iethano  is taken  a s  a  w eighted m ean  ob tained  for th e  b inary  
systom s involving m ethane  w ith  each of tho  o th e r com ponents of th e  m odified analysis.
(4) Tho average m olul w eight of tho gas is com puted  from th e  original analysis. (5) 
Tho specific volum e is calculated  d irectly  by  su b s titu tio n  of tho  app ro p ria te  values in 
th o  derived equation . G. R . N.

483. Helium . A. W . T ru s ty . Refiner, 1039,18 (8), .'¡25.— A general and  concise account 
of tho  occurrence an d  uses of helium . A t tho  U .S. G overnm ent p lan t a t  Amarillo, 
Texas, n a tu ra l gas a t  600 lb. is w ashed w ith  caustic  soda so lu tion  to  rem ove carbon 
dioxido. Tho gas is th e n  cooled to  — 300° F ., w hich causes 95%  to  becom e liquid. 
Tho final stago is to  sub ject tho  residue gas to  a  p ressure  of 2000 lb. an d  cool w ith  
liquid n itrogen. T he finished helium  is 98%  puro. Tho p resen t gross m anufacturing  
cost is 58.20 per 1000 cu. f t. Tho estim ated  U .S. reserve of helium  is given as 5928 
m illion cu. f t. G. R . N .

484.* Standard Producer Gas Generator Design. Anon. F uel Econ., 1939,15, 336.—  
A tten tion  is d irected  to  tho  P arliam en try  announcem ent th a t  a  design of producer-gas 
generating  a p p a ra tu s  su itab le  for use w ith  ro ad -tran sp o rt vehicles lias been developed 
an d  th a t  th e  design w ould bo m ado available to  firm s able and  willing to  undertake  
m anufacture.

The article  is th en  continued w ith  a  sum m ary of a  lec ture  by  K . W . W illiam s to  tho 
Ju n io r In s ti tu tio n  of Engineers, in w hich various ty p es of producers aro reviewed.

T . C. G. T .

485.* New Developments in B urners. E . L. Dennis. Refiner, 1939, 18 (10), 419.—  
I t  h as been estab lished  th a t  h igher h ea ter capacity  in  h e a t in p u t pe r hour, increased 
rad ia tio n  from  walls and floors, and  op tim um  carbon-dioxide and w ater-vapour content 
in  th o  com bustion  p ro d u c ts  are  secured from th e  bu rn er com pleting com bustion  m ost 
rap id ly . Since th o  tem p era tu re  of th e  gases will v a ry  d irectly  w ith  th e  ra te  of com- 
bustion  an d  indirectly  w ith  th e  m ass occupied, th e  tem p era tu re  of com bustion  will bo 
h igher w ith  th e  least excess a ir for com plete com bustion. Incom plete  com bustion 
produces a  reducing a tm osphere  in th o  h eater, w hich re su lts  in  serious im pingem ent 
on  tho  tubes. A “  n eu tra l ”  a tm osphere  is b e s t assured  by  com pleto com bustion—
i.e., th o  final p ro ducts of carbon dioxide, w a ter vapour, an d  n itrogen  oxist when tho  
gases en te r th e  tube  banks a n d  an  excess a ir ra t io of less th a n  10% . B urners fulfilling 
th e  above requirem ents are  of th e  short-flam o type— e.g. tho  pre-m ix  burner, in  which 
th e  correct q u a n tity  of a ir is prem ixed w ith  tho  gas fuel outside  th e  h ea te r  by  V enturi 
in jection, proportioning, valves, e tc ., o r tho m u lti-je t designs, in  w hich th e  com bustion  
zone can  bo varied  by  changing tho  angle of th o  various jo ts , thorough  m ixing of tho  
a ir and  gas being com pleted b y  th e  tu rbulcnco in  tho  h eater. A n indiv idual typo  is 
tho fan-m ix burner, which m ixes tho  gas w ith  air essentially  in th e  piano of ro ta tio n  of 
a  fan, w hich is propelled by  tho gas s tream s em itting  from  orifices in  revolving arm s 
m ounted  integral w ith  th e  fan-blades. A 21-in.-diam eter fan-m ix bu rn er h as a  capacity  
of 55 m illion B .Th.U . pe r h o u r w ith  n a tu ra l gas of 1000 B .T h.U . heating  value. These 
bu rners show no visible flame in  day ligh t, an d  th ere  is no fan action  in th e  heater, 
because th e  rap id  expansion due to  th e  h igh  tem p era tu re  of com bustion kills th o  
forw ard d irection  of th e  a ir-g as stream . Some of th e  advan tages derived from  th e  
use of fan-m ix bu rners in actual operation  liave been com pleto com bustion w ith  less 
th a n  5%  of excess a ir  in tho  flue gases, h igher furnace tem p era tu res on walls and  
floors, an d  in  some cases as m uch a s  40%  increaso in h ea t in p u t w ith o u t increased 
tem p era tu re  of flue gases. T here is also described a  fan-m ix typo  of bu rn er designed 
on  com bined oil and  gas firing, in w hich th o  oil-gun is inserted  th ro u g h  th o  centre 
of tho  revolving sh a ft carry ing  tho gas orificos. G. R . N.

Cracking.
486.* M easurem ent of Metal Tem peratures of Cracking Still Tubes. O. G. K aasa . 
N at. Petrol. N ew s , 15.11.39, 31 (46), R .478.—T he square  end of a  leng th  of No. 8 
co n stan tan  wiro is*peened in to  a  hole J in. deep in  th e  wall of th o  tube. T he wire
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is insulated w ith asbestos string and protected by a J-in.-diam. calorized steel tube 
slipped over it and welded to tho tube at one end. Outside the furnace wall No. 12 
iron wire peoned into the protector tubo terminates w ith tho constantan wire in a 
standard thermo-couplo head connected to a switch panel. Tho device is claimed to  
have a  useful life of about ono year. H . G.

487.* Catalytic Cracking. A. L. Foster. R e f i n e r ,  1939, 18 (10), 412.— A review and 
analysis of future trends in this branch of cracking, which concludos as follows :—

(1) Catalytic cracking as now practised appears to bo suitable economically for 
tho larger-capacity installations in tho larger refineries. The lowest unit capacity  
which is practicable has not yet been determined, but its  sizo will bo greatly reduced 
during tho next two years, from those larger units now in successful operation.

(2) Catalytieally cracked gasoline w ith a blending octane valuo of 90 or higher has 
a premium value of moro than 1 cent per gall, or 47 cents per brl. os a conservative 
estim ate from which tho refiner can pay extra costs of operation. This premium  
valuation is based on octane-numbcr improvement by saving in lead alono.

(3) Catalytic reforming or dehydrogenation of low-grade gasolino and naphtha 
appears to offer a moans of fuel improvement and saving in refining costs, which is  
more im m ediately available to tho average to small refinery at a comparatively low  
cost and long plant and catalyst life.

(4) Manufacture of special, extrem ely high-quality fuels has been made practicable 
for the refiner by the application of both thermal and catalytic processes.

(5) Catalytic desulphurization for improvement of octane number and for a remark
able increase in lead susceptibility has been perfected by two procossos to a point 
where tho average refiner handling high-sulphur products m ay apply it economically 
to his stocks. G. R. N.

488.* Petroleum-ization 1940. H . W . Field. R e f i n e r ,  1939, 18 (11), 450.— This 
A.P.I. paper gives a simplo exposition of the processes of hydrogenation, dehydro
genation, polymerization, alkylation, desulphurization, isomerization, aromatization, 
cyclization, and catalytic cracking and reforming. In  chart form and discussion, 
comparisons are presented to assist in locating in tho refinery picture whero these 
processes have application and which should be considered for various refinery 
situations. G. R. N.

489.* High Quality Aviation Fuel Base is Houdry Reforming Objective. A. G.
Peterkin, J . R . Bates, and H . P. Broom. N a t .  P e t r o l .  N e w s ,  29.11.39, 31 (48), R .517- 
R.519.— Sinco tho degree to which basic gasolines aro improved by the addition of 
tetra-ethyl lead and blending stocks of high octane number varies considerably, tho 
properties of those basic gasolines aro of importance equal to  that of the additives. 
Hence, in tho H oudry process it  is aimed catalytieally to reform low-grade stocks to  
improve their susceptibility to additives. Tho catalyst is a highly activated hydro- 
silicato of alumina. H . G.

490.* Residuum Stripping. J . C. Allright. R e f i n e r ,  1939, 18 (9), 347.— A t their 
Grandfiold, Okla, refinery Bell Oil and Gas Co. have installed two vertical dry stripping 
columns in scries. Residuum a t 800° F. and 55 lb. pressure from tho flash tower of 
tho cracking unit is passed through these two columns, the pressure being reduced to 
approximately that of the atmosphere. Tho bulk of tho vapours formed flash off 
in tho second column and are condensed and cooled, giving a Diesel engino fuel. 
This product represents an additional 6 % (on the cracking plant charge) of distillate  
yield from tho cracking operation. G. R . N.

491.* Catalytic Polymerization of Butanes. F. B . Mack. R e f i n e r ,  1939, 18 (8 ), 
330.—A  description is given of the U.O.P. plant a t tho Shamrock refinery, Amarillo 
Texas, in which butanes from natural gas are thermally cracked to give pyrolytic 
polymer gasoline and unsaturates which are passed through a catalytic polymerization 
unit to give polymer gasoline. I t  is concluded that polymer production is useful in 
blending special gasolines as well as regular motor fuel. The desirable properties of



14S a A B S T R A C T S .

polymer products aro : (1 ) high octane blending value, (2 ) low percentage of sulphur,
(3) low  gum content, (4) high inhibitor susceptibility, and (5) motor-fuel distillation 
range. Tho latter makes it possible to blend low-grade gasolines to higher fuel 
specifications. Tables of tho characteristics of the polymer gasolines and their 
blends aro given. G. R . N.

492.* Production of Fuels from Alto Udinese Shale. D. Costa. C h i m .  c I n d . ,  1939, 
22 (11), 609-612.— The author points out tho desirability of employing tho R esiutta  
shale oil to better advantago than its present use as liquid fuel oil. Theso oils, which 
range from 0-9379 to 0-9496 in specific gravity, givo recoveries in tho Engler d is
tillation of 24% at 200° C., 29% between 200° and 300° C., and a  l-esiduo. Refinery 
experiments on tho distillates showed that, owing to the high content of unsaturated 
hydrocarbons and tho high proportion (5-55% S) and nature of sulphur compounds in 
the crudo oil, it  was not possible to treat th is oil by conventional mothods for pro
duction of motor fuel. B y hydrogenating cracking in a Bergius bomb at approximately 
150 atm . pressure and maximum temperature of 390° C. using 4% MoS3 catalyst, the 
author obtained a  colourless product containing only 0-05% sulphur, and having a  
very low iodine number, from tho fraction up to 260° C. P . G.

493. Patent on Cracking. K . Swartwood. U .S .P . 2,185,757, 2.1.40. Appl. 13.11.36.—  
Hydrocarbon distillates of low boiling characteristics and containing an appreciable 
quantity of fractions of low anti-knock value, boiling within the range of gasoline, are 
so treated as to produce gasoline of materially improved anti-knock value. Tho 
m ethod consists in subjecting tho distillates in a  heating zono to cracking conditions, 
separating the resultant products into vaporous and non-vaporous components in a 
separating zono, and thereafter the vaporous components to  fractional condensation.

H . B . M.

Hydrogenation.
494.* Hydrogenation of Iraq Tar. A. Leopold. A n n .  O f f .  C o m b u s t ,  l i q . ,  1939, 3, 
513-530.— Tho hydrogenation of two Iraq tars has been studied from tho heat-of- 
roaction standpoint. Steel autoclaves were used a t pressures varying from 110- 
258 ats. and 360-450°.

Tho composition of the steel was found to affect the amount of carbon produced 
during tho hydrogenation considerably, a Ni-Cr steel producing more carbon than a 
Ni-Cr-M o steel.

Using an aluminium silicate liner, two Iraq tars of alm ost identical composition 
woro found to yield different proportions of the hydrogenation products, indicating 
that tho elementary composition of a tar cannot servo as a  basis for determining tho 
best conditions for its  hydrogenation.

Hydrogenation was found to begin at 360°. In  order to rcduco the amount of gas 
produced it was found necessary to vary tho conditions of hydrogenation so th a t tho 
heat absorbed during the endothermic zones was a minimum.

A comparison is drawn between results obtained using tho above single-pliaso process 
and M. Vlugter’s two-phase process, the results being very similar. \V. S. S.

495.* Destructive Hydrogenation of Rumanian Residuum. C. Candea and L. Sauciuc. 
R e f i n e r ,  1939, 18 (10), 434.— The results of hydrogenation of residues from Bucsani 
crude oil indicate that (when operating in a stationary autoclave) only satisfactory  
saturation of unsaturated end products formed at 430° C. can bo obtained when using 
catalysts and by the use of a  sufficiently high hydrogen pressure. The hydrogenation 
takes place moro sm oothly at 440° C. a t the same pressures and in the presence of a 
similar amount of catalyst, obtaining a much higher yield of gasoline. Operating 
at higher temperatures was not feasible, since tho increased cracking reactions caused  
the pressures to rise above the maximum considered safe for tho apparatus. Moly
bdenum trisulphide and tho trioxide were the catalysts used. The former is a better 
cracking catalyst and gives higher benzine yields. The trioxide, having a greater 
hydrogenation action, gave excellent saturated gasolines, even though tho yields 
were somewhat lower. G. R . N.



A B S T R A C T S . 1 4 9  A

496.* Oil from Coal— An Intermediate Scale Plant. Anon. F u e l  E c o n . ,  1939, 15, 
332-336.— A description of tho semi-technical scale plant operated by the D .S.I.R . 
for the conversion of coal oil into motor spirit, etc.

Tho raw materials are raised to  a temperature of about 300° C. by heat oxcliango 
w ith tho products leaving the converter, and then pass to a gas-fired coil (tho pro- 
lieater), whero tho temperaturo is raised to 400° C. A t this temperature the mixture 
enters tho converter, where tho ensuing reactions cause a further rise to  tho desired 
reaction temperature (usually 500° C.).

Tho raw materials consist of hydrogen and low-temperature tar from tho Fuel 
Research Station’s narrow brick retorts, to which is added a proportion of “ recycle 
oil.”

From a m ixing-tank the tar and recycle oil aro pumped at the required pressure, 
about 2 0 0  ntmos., into a  high-pressure pipe-line, where they aro m ixed w ith  hydrogen 
a t the same pressure and passed through tho heat exchange and preheator to tho 
eonvorter.

Tho plant can operate at 200-400 atm os. pressure w ith a throughput of 200-400 gal. 
per day at 2 0 0  atmos.

Tho converter is a vertical cylinder of forged steel 15 ft. long and 16 in. internal 
diameter, w ith walls 3 in. thick.

The reaction chamber suspended concentrically within tho converter is 11 ft. long 
and 8  in. internal diameter w ith -walls of -& in. chrome-nickel steel. I t  is fitted w ith  
internal radial fins to assist the distribution of heat and of liquid raw material, and is 
filled w ith a  granular catalyst consisting of molybdenum disulpliido supported in 
alumina gel.

Tho p ro d u c ts  leaving th e  converter pass th ro u g h  th e  h ea t exchange and  a  w ater- 
cooled condenser to  a  h igh-pressure separa to r, whero tho residual gas is rem oved. 
T he liquid  p ro d u c ts  aro th en  released in to  a  low -pressure separator in which dissolved 
ga3 is evolved, w hilst th e  oil passes to  a  still for th e  rem oval of th e  m oto r sp irit by  
d istillation .

The residual gas is about 90% hydrogen and the still residue is recycle oil.
T. C. G. T.

497.* Dehydrogenation, Polymerization, and Hydrogenation. A. Y. Grosso, Y. N. 
Ipatieff, G. Egloff, J. C. Morrell. N a t .  P e t r o l .  N e w s ,  29.11.39, 31 (48), R .520.-R .521.—  
Catalytic dehydrogenation is a now process developed to produce olefins from the  
gaseous paraffins, w ith the exception of methane. A m ixture of i s o -  and normal 
butane, for instance, is passed over a catalyst at 1075° F. Hydrogen is removed from 
the resulting butencs and tho latter aro polymerized. The efficiency of the dehydro
genation process is 85-95%  of tho theoretical maximum, as compared w ith 15% in 
tho thormal cracking process. H . G.

Polymerization.
498.* Polymerization of Unsaturated Hydrocarbons. H . M. Stanley. C h c m .  a n d  I n d . ,  
1939, 58, 1080-1083.— Tho polymerization of unsaturated hydrocarbons is reviewed. 
Brief reference is made to the commercially developed processes— e . g . ,  for producing 
polymer gasoline— but the greater part of the article is devoted to tho higher polymers, 
particularly those of styrene and m ethyl styrene.

Polymors from solutions of styrene in certain chlorinated solvents are considerably 
lower in mole, weight than those produced under comparable conditions in  hydrocarbon 
solvents. This effect is particularly noticeablo in carbon tetrachloride, in which a 
great reduction in polymer size takes place.

Peroxides and oxygen catalyse polymerization of styrene and reducing substances—  
e . g . ,  hydrocpiinone, pyrogallol, benzoquinone, hexamine and phenylnaphthylamine, 
inhibit tho reaction. A t elevated temperatures (80-150° C.) certain substances 
greatly diminish reaction velocity and increaso the mean mole, weight of tho resulting 
polym er; paraformaldehyde is ono of tho m ost potent agents of this class, which 
probably function by destroying the naturally occurring catalyst.

A further class of substance sim ultaneously reduces both the rate of polymerization  
and the polymer size. Phenylacetyleno and hydroquinone are examples of th is type  
which probably act by increasing chain breaking.
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Tho author’s work supports the belief that high mole, weight (60,000-120,000) 
polystyrenes contain one olefin bond.

a-m ethyl styrene can bo readily polymerized by certain solid catalysts, e . g . ,  

activated bleaching earths, to  yield a whole range of polymers from colourless oily  
liquids to  glass clear brittlo solids of 3000—1000 mole, weight. T. C. G. T.

499. Patents on Polymerization. E. X. D u Pont do Nemours and Co. E .P . 516,931,
16.1.40. Appl. 13.7.38.—Process for polymerization of unsaturated organic com 
pounds by bringing a diolefino or halogenated diolefine into contact w ith  hydrated  
boron fluoride having from 1 to 2 mols. of water per mol. of B F S. Tho polymerization 
is effected a t a temperature of 0-30° C. ond at a pressure not substantially greater than  
atmospheric.

H . I. Waterman. U .S.P. 2,188,273, 23.1.40. Appl. 22.7.36. An improvement in 
tho manufacture of bodied oils by heating drying fatty  oils to polymerizing tempera
tures in tho prcscnco of SO.. A current of S 0 2 gas is passed into and through tho hot 
oil and tho m ixture agitated sim ultaneously to  ensure intim ate contact botween tho 
oil and the S 0 2. Tho polymerization of the oil is in th is way considerably 
accelerated. H . B . >1.

Synthetic Products.
500.* Catalytic Hydrogen Peroxide Oxidation of Chain-OIefines. W. Treibs. B r c n n s t -  

C h e m i e ,  1939, 20, 358-360.—T ests wore carried out in tho homogeneous phase w ith  
a 30% H 20 2-w ater solution, using acetone and methanol as solvents. Of tho heavy 
m etals tested only vanadium functioned satisfactorily as a catalyst, in the form of 
porvanadic acid. Under suitable conditions, 100 gnu chain-olefines wore converted  
into oxygen-containing bodies w ithin 30-40 hr.

An examination of tho effect of catalytic attack by hydrogen peroxide on oxygen  
derivatives of paraffins revealed that primary alcohols and aldehydes aro very sta b le ;  

secondary alcohols aro slowly oxidized to ketones; unsaturated alcohols easily add 
H 20 2 to tho double b o n d ; paraffin ketones are much more stable than c y c lo - ketones 
and chain-olefines; a-ketonc alcohols aro cracked to aldehydes and carbonic acids, 
especially in s t a t u  n a s c e n d i ;  a-glycols w ith a central glycol group are very stable, 
whilst thoso w ith a terminal glycol group are transformed on both hydroxyls.

In  tho primary process of H 20 2 oxidation chain-olefines are hydroxylated. H 20 2 
is added either to tho double bond leading to the formation of a-glycols, or it  attacks 
the adjacent m ethylene groups and forms a , )3-unsaturated alcohols. Further progress 
of the oxidation dopends on the position of tho double bond in tho original olefine. 
I f  it is at tho end, tho primary products aro unstable a-glycols which are oxid ized; 
its  a ,  /8 -unsaturated alcohols are slowly separated into oxalic acid and a mono- 
carbonic acid. Olefines w ith the double bond in tho centre form stable crystallized 
glycols which are ultim ately converted into a-oxides.

I t  is concluded that, qualitatively, cycio-olefmes are attacked by H 20 2 in a similar 
way to chain-olefines. In  both cases II20 2 is added to the double bond, w hilst adjacent 
mothyleno groups capable of reaction aro hydroxylated. Q uantitatively, tho former 
reaction prevails w ith chain-olefines, tho latter w ith cycio-olefines. L. R.

501. Production of Lubricating Oils by CO-H2 Synthesis. H . Koch. A r c h i v .  f .  

E i s c n k u t t e n i c c s e n ,  1939, 533-535.— Tho development of synthotic petrol production 
in Germany is shown as compared w ith the rest of tho world. For synthetic production 
of lubricating oils tho Fischer-Tropsch and the I.G. processes are available. New  
details are given, and it is stated  that the lubricating value of tho oils depends largely 
on the molecular structure of the materials treated. E . W . S.

502. Patents on Synthetic Products. N .V. do Bataafsche Petroleum Maatschappij.
E .P . 516,659, 8.1.40. Appl. 4.8.38. Manufacture of isobutane from normal butane by  
contacting normal butane, preferably' in the gaseous phase at temperatures below  
200° C., w ith a catalyst. Tho catalyst consists of aluminium chloride m ixed with or 
brought on to a carrier substance comprising an inorganic substance containing water 
which normally can only be split off a t temperatures above 200° C.
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E. I. Du Pont do Nemours and Co. E .P. 516,088, 9.1.40. Appl. 4.7.38. Manu
facture of vinylacetylcno by polymerization of acetylene in the presence of a  liquid 
m ass of catalyst, the latter consisting of water, saturated or nearly saturated with  
a m ixture of ammonium chloride and cuprous chloride.

Deutsche Hydrierwerko A.-G. E .P. 516,879, 15.1.40. Appl. 11.7.38. Capillary 
active substances aro manufactured by condensing organic hydroxyl compounds with  
aliphatic halogcn-ketones containing at least ono exchangeable halogen atom, reducing 
tho ketone grovip of tho condensation compound to a secondary alcohol group and 
thereafter converting tho latter into a water-solubilizing group by sulphonation or 
treatm ent w ith alkylene oxides.

Deutsche Hydrierwerko A.-G. E .P. 516,978, 17.1.40. Appl. 13.7.38. Method of 
manufacturing capillary active products whereby one or more aliphatic, cycloaliphatic, 
or hydro-aromatic hydroxyl compound having a lipophilo group is reacted with one 
or moro halogen ketone having an easily exchangeable halogen atom. The ketone 
group of tho reaction product is thereafter reduced to givo a secondary alcohol group, 
and the secondary alcohol group then converted into a water-solubilizing group.

H . B. M.

Refining and Refinery Plant.
503.* Thermosyphon Treating Plants. D. H . Stormont. O i l  G a s  J . ,  21.12.39, 38
(32), 37.— Tests have been carried out to determine the reasons for tho low crude capa
city  of an emulsion-treating gun barrel heated by thermosyplion circulation from an 
external heater. I t  was found that the 4-in. swing check-valve installed to guard 
against back flow required an 0 -8 -in. head of wator to lift it  from its seat, the whole 
head available in the thermosyphon system  being only 0-95 in. Tho long flow-lines 
in the average system  also constitute a bottlo-neck. Increasing the heat input 
into tho heater is inadvisable, as tho water should not bo heated to more than 160° F. 
to lim it precipitation. Tho thermosyphon autom atic m ethod of circulation is 
proforred to tho flow-line method owing to  tho absence of firo risk and danger of over
heating tho oil, and to the effect of tho wash water in reducing corrosion troubles. 
To be effective tho following factors should bo taken into consideration : (1) Circulating 
lines should bo at least 6  in. diameter and as short as possible. (2) No trap should bo 
allowed in tho roturn piping from tho heater to the gun-barrel. (3) The return circulat
ing line should be insulated and tho feeder circulating lino insulated or buried. (4) 
No check-valvo should bo installed anywhere. (5) Tho return circulating lino should 
enter tho gun-barrel as high as possible, but below tho wash water-oil interfaco level.
(6 ) The temperature of the water in tho heater should not exceed 160°. (7) The gun
barrel should either bo insulated or a wood tank used. . C. L. G.

504.* Catalytic Desulphurization to Improve Aviation Blending Naphthas. W . A.
Schulzo and R. C. Alden. O i l  G a s  J . ,  17.11.39, 38 (27), 199.— It  has been shown that 
various sulphur compounds have a pronounced effect on the lead response of gasoline. 
Monosulphides, disulphides, and cyclic sulphur compounds present in refined gasolines 
show this deloterious effect, which is greatest a t low concentrations. Complete removal 
of these sulphur compounds from gasoline can be effected by contacting the hydrocar
bon vapours w ith bauxito catalyst a t 700-750° F . Exam ples of the effect of de
sulphurization of natural gasoline fractions and straight-run gasoline are given. 
These show that removal of the sulphur compounds from low-sulphur-base material 
has a considerable effect on lead susceptibility. This improvement is particularly 
valuable in tho case of gasoline used as a  component of high-octane aviation fuel. 
Commercial i s o -octane and iso-pentano used as blending agents aro practically freo 
from sulphur, so that, any improvement of aviation blends by desulphurization can 
only be effected by treatm ent of the base-stock. Exam ples of the saving in  the amount 
of commercial iso-octane in aviation blonds by desulphurizing tho blending naphtha 
are given. R . J . E.

505.* Maintaining Decolorizing Clays at High Efficiencies. T. P. Simpson and J. W. 
Payne. O i l  G a s  J . ,  17.11.39, 38 (27), 147.—The regeneration of spent clay used in 
mineral oil rofining is carried out by burning in a multiple-hearth kiln, which in recent
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years lias displaced tho rotary kiln. This type of kiln suffers from inherent dis
advantages attributable to poor temperature control. The development of a  kiln 
named “ thormofor kiln,” which embodies control of temperature burning rate, and 
heat transfer is described. In  this kiln the clay is heated at 900-1200° F . The 
following comparative advantages are claimed for this kiln : (1) Reactivation of clay  
to  higher efficiency. (2) Low construction and operating costs. (3) Excellent re
generation by partial combustion or carbonization. (4) Economical on small scale.
(5) Easo of operation and reduced fire hazard. Detailed descriptions of tho design 
and operation of the “ thermofor kiln ” aro accompanied by illustrations.

R . J . E .

506.* Regeneration Step in the Solutizer Process. D . L. Yabroff, E . R . W hite, and 
A. V. Casolli. R e f i n e r ,  1939, 18 (11), 509.— Tho solutizer process achieves complete 
sweetening of sour gasolines by extracting them  with caustic solutions that contain 
a suitablo organic solvent or salt— e .g . ,  sodium faobutyrato, which acts as a solubility  
promoter— i . e . ,  a solutizer. Tho spent solutizcd caustic solution is regenerated by 
stripping w ith steam , and can bo used indefinitely to sweeten further quantities of 
gasolino. Values of K„, tho stripping constant, are presented for tho various puro 
mercaptans, and the calculations aro shown for the steam  requirements in tho regener
ation step. Theso aro of valuo in helping to ostablish the optimum design and operat
ing conditions of a given solutizer plant. G. R . N .

507.* Thermofor Kiln for Clay Regeneration. T. P . Simpson and J. AV. Payne. 
R e f i n e r ,  1939, 18 (11), 438.—Tho kiln consists of a stationary chamber containing 
vertical heat transfer tubes through which tho heat transfer medium flows. This 
medium, which is m olten m etal or salt, has a temperature of 850-1150° F . anti is 
designed to add heat to or withdraw heat from tho clay as required. Anglo irons aro 
stacked between tho tubes to form a honeycomb of steel, serving as the necessary burn
ing hearth surface, securing uniform flow of clay through tho kiln, making air passages, 
and aiding heat transfer. A  commercial unit w ith  burning capacity of 50 tons clay 
per day has been operating on clays used for percolating Penna stocks. Some batches 
of clay have been burned sixteen tim es w ith maintenance of their efficiency at 1 0 0 %. 
No outside fuel is required for tho kiln, tho necessary heat being furnished by tho 
burning of the carbonaceous material adsorbed in tho clay. Controlled partial oxidation 
produces an active carbon hi tho pores of tho clay, and this has a good adsorptive 
powor for certain colour substances. Clays that have been “ partially oxidized ” 
show from two to four tim es the efficiency of those from which the carbon has been 
burned completely in percolating stocks treated by the Duo Sol or other solvent ex 
traction processes. The Thermofor kibi is conservatively estim ated to pay out both 
investm ent and paid-up royalty in one or two years. G. R . N.

508.* Sulphuric Acid for Algee Control in Cooling Water. R . D . Koons. R e f i n e r ,  

1939, 18 (10), 397.— A t tho Norwalk refinery of tho Wilshire Oil Co. tho cooling water 
system  consists of an 800-ft. cooling tower w ith a 400,000-gal. cement reservoir below, 
and closed and open-box condensers. The make-up water is obtained from a 100,000-brl. 
open, cement-lined pond. Tho alga; growth occurs on tho top decks of tho tower, 
and to remove it  commercial sulphuric acid is siphoned into tho reservoir a t tho rato of 
from one to threo 12-gal. glass carboys per 8 -hr. shift. The acid m ust travel 800 ft. 
along the cement reservoir beforo it  comes in  contact w ith metal, and thoro has been 
no corrosive action. No normal carbonates exist in tho water if tho p H  is below 
7-9-8-1. AVhen tho refinery was shut down the closed condensers on inspection showed 
no slime growth, scale deposits or corrosion. Tho reduction in maintenance costs 
alono was 1-8 tim es tho cost of the acid. There were also tho gains of better heat 
transfer and reduced pumping costs. G. R. N .

509. Petroleum Emulsions and their Treatment. F . H . Updike. Summary of 
Operations. C a l i f o r n i a  O i l  F i e l d s ,  1937 (1939), 23 (2), 5.— Of tho two kinds of em ul
sions, oil-in-water and water-in-oil, tho latter is the m ost frequent occurrence in oil 
production, and is considered in this paper. Such emulsion consists of finely divided 
water particles dispersed within the oil mass, each water particle being encased in an
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elastic film ; this mixture is usually referred to as “ cut oil.” Tho emulsions aro 
classified as “ tight ” and “ stable ” or “ loose ” and “ unstable,” tho essential differ
ence being that “ tight ” emulsions aro formed in the presence of emulsifying agents 
such as silica, rotary mud, asphalt, etc. Such agents aro in colloidal suspension 
at tho interface of tho emulsion particle. Tho amount of water in emulsified oil 
depends on a number of factors, chief of which aro the nature of the base, the  
emulsifying agont, temperature, and degree of agitation to which the emulsion is 
subjected. Oil-wells producing large am ounts of water generally liavo smaller 
emulsion cuts than thoso w ith less water.

Emulsifieation is preventable in many cases by eliminating primary causes, as) for 
instance, by reducing agitation, producing chemical conditions inhibiting emulsifieation, 
and separating water prior to formation of emulsion. Of these tho m ost important 
is agitation, and its  reduction can bo attem pted by decrease in pumping speed, m ain
taining pump submergence, uso of gas anchors, elimination of tubing leaks, caro and 
maintenance of bottom-holo and surface transfer pumps, and avoidanco of lcad-lino 
turbulence by preventing obstructions, restrictions or bends in tho lead lines. To 
combat tho difficulty of “ cut oil ” apart from tho foregoing precautions, various 
m ethods of treatm ent aro em ployed; these depend on tho typo of oil involved, its  
gravity, viscosity, asphaltic content, or carbon residue, and sizo of dispersed water 
particles; viscosity is regarded as being specially important, a high value being a 
retarding factor in breaking down the emulsion. “ Tight ” emulsions aro hard to 
break down, and necessitate special treatm ent; “ loose ” or unstable emulsions may 
be more easily broken by heat or m ay separate on standing.

The commonest methods of treatment include rolling oil in tanks w ith gas or steam, 
heating in tanks or heating largo am ounts of oil and free water. Heat-treating 
plants depend on tho combined action of heat and water scrubbing, sometimes in 
conjunction w ith a chemical, on clean “ cut oil.” Another method is that of electrical 
dehydration, which has bccomo increasingly popular w ith expanding power supply to 
m ost producing fields. Chemical dehydration has been in uso for many years, and 
m any compounds have been evolved which depend for their efficiency on tho 
characteristics of the oil in each case. I t  is claimed for chemical dehydration that 
when carried out a t flow-lino temperature both installation and upkeep costs are 
low, no expensivo equipment being necessary. In all cases, however, laboratory tests of 
tho emulsified oil are essential to  a proper understanding of tho nature o f tho emulsion 
and of tho m ost efficient means of treating it  as a factor in refining process. H . B. M.

510. Petroleum Refineries, including Cracking Plants, in the United States. G- R.
Hopkins and E. W . Cochrane. U .S. Bureau of Mines, Information Circular No. 7091, 
October 1939.—Tho Bureau of Alines’ annual survey of refinery capacity in tho United  
States showed that during 1938 thcro wero fewer plants in existence than in previous 
years. Several new units wero completed, but far moro were closed down. Never
theless, the total capacity to produce crude oil materially increased. On 1st January, 
1938, tho total completed capacity was estim ated at 4,351,151 brl., whilst on 1st 
January, 1939, it had risen to  4,508,555 brl. During the period under review, however, 
tho number of inactive plants increased by approximately 50%, thus reflecting the  
comparative slump in tho refining industry sinco the prosperous year of 1937.

A s far as cracked gasoline plants were concerned, total capacity continued to bo 
increased during 1938, but tho slump was again reflected in the declino in newly con
structed units. On 1st January, 1938, these totalled 86,060 brl. per day, w hilst on 
1st January, 1939, the number had decreased to 47,180 brl. Moreover, in 1938 thcro 
was an increaso of approximately 40,000 brl. in  idle capacity as compared w ith 1937. 
The daily average output of cracked gasoline in 1938 was 741,000 brl., representing 
an operating ratio of 8 6 % for active plants or 77% for both active and inactive 
equipment. H- B. M.

511.* High-Octane Aviation Gasoline by Sulphuric Acid Alkylation. (A Condensation 
of “  High-Octane Aviation Fuel by the Sulphuric Acid Alkylation Process.”  S. H.
McAllister. 2 0 th Annual Meeting of the A.P.I.»Chicago, 17.11.39.) N a t .  P e t r o l . N e w s ,

29.11.39, 31 (48), R .512-R .516.—The process affects tho direct union of olefins 
and fsoparaffins, in approximately equal volumes, to produce branched-chain paraffins.
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In  continuous plants tho olefins are diluted w ith i>oparaffins and passed, at ordinary 
temperature, into an emulsion of concentrated H sS 0 4 and isoparaifin. The presence 
of the excess isoparaffin effectively controls tho extent of olefin absorption, i s o -  

Butano is the m ost widely used isoparaffin. Tho olefins usually receive a light caustic 
wash to reduce tho content of mercaptans, etc., the presence of which cause too 
rapid reduction in tho activity of the acid. H . G.

512.* Thermal Alkylation to Produce Auto and Airplane Fuels. G. G. Oberfoll and
F . E . Frey. N a t .  P e t r o l .  N e w s ,  29.11.39, 31 (48), R.502.— Tho alkylation reaction 
can bo conducted either catalytieally or thermally to produce isoparaffinic fuels of high 
octane number. In  tho two-stago process, m ixed ethane, propane, and butane m ay 
bo cracked in one stage to produce olefins from the lighter part of the stock, the  
olefins being reacted w ith the heavier part of tho stock in the second or alkylation stage.

Neohexane is produced by the thermal alkylation at high pressure of ethylene and 
isobutane. Neohoxano is an isoparaffin of high octano number and is suitable for 
use as an aviation fuel. I t s  volatility is higher than that of iso-octane and its  lead 
susceptibility is high. A commercial plant for its  production is in course of develop
m ent. H . G.

513.* Modern Automatic Control Apparatus for Topping, Cracking, and Polymerization 
Plants. D . J. Bergjfhan. O e l  u .  K o h l e ,  1939, 35, 675-678.—-Maximum uniformity in  
plant operation necessitates adcquato self-recording and adjusting instruments ; tbese 
aro considered in  relation to a crude-oil topping plant, a Dubbs cracking plant, and a 
U.O.P. contact polymerization plant. Thus, e .g . ,  an influx regulator in the oil-feed 
line provides for a uniform charge to tho pipe-still, and an autom atic temperature 
recorder in the furnace egress ensures uniformity throughout tho plant. Simplified 
self-explanatory flow-shccts are given, showing the location of the autom atic control 
apparatus. A. V. B.

514.* Combination Unit at the Government Refinery of La Plata. B . Riklos. P o l .  
I n f o r m .  P c t r o l c r a s ,  November 1939, X V I (183), 43-46.— This is a short description of 
a new combination unit for primary distillation, cracking of heavy fuel oil and light 
gas oil, and for production of petrol by vaporization and polymerization of the gas. 
The plant is capable of dealing w ith 1500 m .3 of crude oil per diem. H. I. L.

515. Patents on Refining and Refinery Plant. J . A. Buchel and R. N . J. Saal. U .S.P. 
2,185,291, 2.1.40. Appl. 19.1.38. Separation of hydrocarbon oils into portions of 
different degrees of paraffinicity by' bringing tho oil into contact with a selective solvent 
for non-paraffmic hydrocarbons in tho presence of chloroform, under conditions 
causing tho formation of liquid extract and raffinate phases and thereafter separating 
tho phases.

T. L. McGee. U .S.P. 2,185,380, 2.1.40. Appl. 4.10.37. Process for preventing 
corrosive action of sulphur-bearing petroleum hydrocarbons on m etal of the apparatus 
in which they are being treated. F inely divided iron dispersed in a  carrier oil of rela
tively low sulphur content is continuously injected into the hydrocarbons once they  
have attained an initial critical corrosive temperature. The iron dispersed in oil 
is previously heatod to  approximately 150° F . in excess of tho said corrosive tem 
perature.

D . F . Gould. U .S.P. 2,185,406, 2.1.40. Appl. 2.8.37. M ethod of refining a hydro
carbon oil from tho group consisting of benzol, toluol, xylol, or m ixtures thereof, 
solvent naphtha and drip oil, by the addition of sulphuric acid to the oil. The mixturo 
is heated in the liquid phase, and subsequently the oil is distilled off and the acidic 
constituents of the resultant distillate are neutralized.

R . S. McKinney. U.S.P. 2,185,414, 2.1.40. Appl. 29.3.38. Tho drying properties 
of oils aro increased by heating at a temperature of 200-250° C. for 2-18 hr. w ith about
0 -1 % of an alkaline hydroxide.
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T. P . Simpson, J. W . Payne, J . A. Crowley, Jr., and C. S. Teitsworth. U .S.P.
2.185.930, 2.1.40. Appl. 1.9.37. Hydrocarbons are convorted into the gasolino 
typo by passing them  in vapour phase through a body of contact material at a tem 
perature range in which substantial conversion of the hydrocarbons will take place. 
Tho passage of tho hydrocarbons through tho contact material continues until tho 
deposit on the contact material renders it  inefficient. Thereafter it  is regenerated 
i n  s i t u  by blowing combustion-supporting gas through tho body of tho material in 
thin streams.

T. P. Simpson, J. W . Payne, J . A. Crowley, Jr., and C. S. Teitsworth. U .S.P.
2.185.931, 2.1.40. Appl. 1.9.37. Apparatus for effecting catalytic conversion of 
hydrocarbons and concurrent regeneration of the catalytic material i n  s i t u  in another 
zone of tho same apparatus.

F. Rositer and V. Mohuer. U .S.P. 2,185,952, 2.1.40. Appl. 21.7.38. New and 
valuable unsaturnted hydrocarbons aro produced by mixing acid sludgo from the  
sulphuric-acid refining of petroleum oils w ith an inorganic alkaline reagent. Tho 
reagent is employed in a quantity in excess of that required to combine w ith all tho 
sulphur present in tho sludgo.

N. E . Lemmon. U .S.P. 2,187,883, 23.1.40. Appl. 30.12.37. Method of refining 
viscous hydrocarbon oil by treating w ith  sulphuric acid. Thereafter it is neutralized 
with caustic soda and finally heated to  a temperature of approximately 350-550° F. 
in tho presence of ammonia while agitating w ith an inert fluid.

Trinidad Leaseholds, Ltd., and Em il Hena. E .P . 516,019, 20.12.39. Appl.
18.6.38. Treating mineral oil distillates w ith acid, and particularly the more volatile  
distillates with sulphuric acid. After the addition of tho acid tho mixture is allowed 
to settle for about 5 min. Thereafter a small amount of finely divided adsorptivo 
material is added to promote separation of sludge-forming bodies.

Société Générale do Fours Coko Systèm es Lecocq. E .P. 516,125, 22.12.39. Appl.
20.6.38. Continuous distillation and rectification of liquids by means of rotary d is
tillation chambers in which the distilled vapours are conducted in counter current 
to tho liquid to bo distilled. D istillation carried out in a horizontal rotary drum having  
spaces for the passage of liquid and vapours which reach the condenser by passing 
through a conduit in tho shaft of the rotary drum.

E. I. Ç u Pont do Nemours and Co. E .P . 516,587, 5.1.40. Appl. 29.6.38. Process 
for tho thermal decomposition of hydrocarbons by means of partial oxidation to produce 
valuable hydrocarbon degradation products. A hydrocarbon is introduced into a 
rapidly m oving stream of oxidizing, gas, preheated to a temperature not lower than  
tho ignition temperature of the hydrocarbon a t two or more successive points relatively 
closo together.

A. Schlegel. E .P . 516,831, 12.1.40. Appl. 11.7.38. Oil is refined or cleaned by 
boiling under vacuum and filtering, an adsorption or refining medium being mixed  
with the oil before boiling to expedite the operation. If insufficient water is present 
in tho oil, a small quantity is added with tho adsorption medium.

A. S. Leo and tho Suporheater Co., Ltd. E .P. 516,866, 15.1.40. Appl. 7.7.38. 
Improved m ethod of cooling and washing oil by effecting intim ate contact between 
it  and water, and thereafter separating the oil from the water. Tho water and oil 
aro adm itted separately and continuously into a c o m m o n  vessel and passed through 
each other in the form of fine streams under an appropriate head or pressure.

H. B. M.

Safety Precautions.
516.* Boiler House Precautions When the Siren Goes. Anon. F u e l  E c o n . ,  1939, 
15, 337-338.— It is assum ed that tho steam  demand in a works during an air raid 
would ceaso, but that immediate dispersal of tho steam  pressure is not permissible, as 
tho clouds of steam  would form an attraction to enemy aircraft.
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I t  is therefore recommended that tho following minimum precautions should bo 
taken before the firemen take cover :—

(1) Close dampors.
(2) Stop mechanical stokers.
(3) Draw fires or damp them  down w ith ashes or similar inert material.
(4) See that there is plenty of water showing in the gaugo glasses (suggested 

about three-quarters full).
(5) Adjust feed-pump and feed-check valve on tho boiler to deliver water at 

tho normal rate of evaporation.
(6 ) See that tho blow-down valve is closed. (On no account should tho valve  

bo opened.)
(7) Open an escapo-valve on tho boiler to allow of a moderato discliargo of 

steam  to atmosphere. T. C. G. T.

Chemistry and Physics of Petroleum.
517. Sulphonation Reactions with Sulphuryl Chloride. M. S. Kharascli and A. T. 
Read. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 3089-3092.— Tho free-radical mechanism  
accounting for tho chlorination of various types of organic molecules by sulphuryl 
chloride (J .  A m e r .  c h e m .  S o c . ,  1939, 61, 2142-50; J .  I n s t .  P e t r . ,  1940, 26, 
Abstr. No. 308) should also apply for simultaneous sulphonation. This was found to 
bo tho case although peroxides did not exert tho beneficial effect on the sulphonation 
that thoy showed towards the chlorination, and such compounds as were found to 
catalyse the sulphonation did so only in the light. Tho m ost effective of these were t he 
aromatic nitrogen ring compounds, the pyridines and quinolines. Tho reaction was 
quite general for aliphatic hydrocarbons, and when applied to an aromatic compound 
with an aliphatic side-chain the sulphuryl chloride always attacked the molecule 
at tho side-chain, indicating, as before, a free-radical mechanism. R . D . S.

518. The Peroxide Effect in the Addition of Reagents to Unsaturated Compounds. 
X X m . The Reaction of Styrene with Bisulphite. 51. S. Kharascli, R . T. E . Schenck, 
and F . R . 5fayo. J .  A m e r .  c h e m .  S o c . ,  1939, 61, 3092-3098.—This work confirms tho 
formation of benzoic acid, 2 -phenylethanesulphonic acid, and 2 -phcnylethylencsul- 
phonie acid in tho oxygen- or nitrite-catalysed reaction between ammonium  
bisulphite and styrene, but shows also that 2 -hydroxy-2 -phenylethanesulplionic acid 
is formed to a  greater extent than tho other products. Tho substitution of bisulpliito 
in styrene is explained by' a mechanism which functions in tho presence of oxygen, 
and tho formation of the hydroxy-compound is based on a mechanism of a  different 
type, not depending on tho nature of tho oxidant. R. D . S.

519.* Relative Effect of Inhibitants on Adsorption and on Catalytic Activity. Part n .
E . B . M axted and H . C. Evans. J .  c h e m .  S o c . ,  1939, 1750-1754.—Tho velocity' of 
adsorption of hydrogen by platinum  is retarded in a similar way to  the inhibition of 
the velocity of hydrogenation catalysed by platinum, so that it may' be considered as 
a special case of the latter in which tho catalyst is tho ultim ate acceptor of tho 
hy'drogen. This similarity is emphasized in th is paper, which describes how the effect 
of a poison on the catalyst is comparable throughout the poisoning graphs of both
phenomena. R. D . S.

520.* Liquid-Phase Reactions at High Pressures. Part V. The Polymerization of 
ci/c/oPentadiene and a-Diei/cfopentadiene. B . Raistrick, R . H . Sapiro, and D. 51. 
N ewitt. J .  c h e m .  S o c . ,  1939, 1761-1769.— This paper deals w ith tho liquid-pliase 
polymerization of cyclopentadieno at pressures up to 5000 atm . over a temperature 
range of 0-40° C. According to  conditions of temperature and pressure, c y c lo -  

pentadieno undergoes polymerization in three distinct stages : (1 ) dimerizntion, where 
tho products are a-dicyciopentadieno and unchanged monomer only'; (2 ) association 
to higher polymers, amongst which tho trimer and tetramer have been identified, and
(3) an explosive decomposition reaction producing gas and a highly carbonized residue. 
Stago (3) is discussed in tho following paper, but tho first two aro considered hero
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with reference also to tho dissociation and polymerization of a-dicycfopentadieno 
which was carried ont a t 138“. Tho latter polymerizes after first dissociating into  
ci/ciopentadieno, the polymers being of tho same typo as formed in stago (2 ) abovo. 
Tho kinetics of the dimerization reaction aro given. R. D. S.

521.* Liquid-Phase Reactions at High Pressures. Part VI. The Explosive Decompo
sition of ct/cfoPentadiene. B . Raistrick, R . H . Sapiro, and D. 51. Nowitt. J .  c h e m .  

S o c . ,  1939, 1770-1773.— An investigation into the carbonization of cyciopcntudieno 
(Stage (3) observed in the abovo paper) is reported in this communication, w ith the  
results of tho study of tho effects of temperature, diameter, and nature of the material 
of tho reaction tubo and pressure of a diluent on tho carbonization pressure. Tho 
critical carbonization pressure increased w ith decreasing diameter of tho reaction 
tubo at 20° and 30“, and th is effect was also brought about by increasing dilution w ith  
polar and non-polar solvents. The material of tho tubo also affected tho critical 
pressure. The gas formed in tho reaction was chiefly mothane. U ltim ate analyses 
are given on tho carbonaceous material and the semi-transparent shell round it. All 
those results are considered w ith regard to tho mechanism of tho reaction.

R . D. S.

522.* A.P.I. Hydrocarbon Research Project. D . P. Barnard. O i l  G a s  J . ,  17.11.39, 
38 (27), 117.—This project was undertaken to provide basic data on the combustion 
characteristics and the physical and thermal properties of gasoline hydrocarbons. 
Tho organization and administration of tho project are outlined. A s many hydro
carbons in tho gasolino-volatility range as experience shows to be practical and possiblo 
will bo examined ; the scope is likely to  be lim ited to those falling within tho C5 
to C12 range inclusive. So far three procedures have been adopted for tho preparation 
of hydrocarbons :—

(1) Synthesis of tertiary' carbinols from ketones or esters w ith Grignard reagent 
and dehydration to produco olefines. Tho olefines may', if desired, be hydro
genated to give saturated hydrocarbons.

(2) Synthesis of olefines from alkyl unsaturated halides by' the Grignard reac
tion. Tho olefines m ay be hydrogenated to  give the corresponding paraffins.

(3) Direct hydrogenation of aromatics to  givo the corresponding cyciohcxano 
derivatives.

Tho procedure adopted and tho apparatus used for tho purification of the hy'dro- 
earbons prepared aro described in detail.

The engine-testing procedure programmed consists in doteimining tho critical 
compression ratio of tho hydrocarbon over a wide severity range, which includes 
conditions w'hich are milder than thoso of tho C.F.R. Research method and conditions 
which are more severe than thoso encountered in aircraft practice.

Whilst, no set programmo for tho determination of physical and thermal properties 
lias been arranged, tho hydrocarbons prepared will bo made available to workers who 
specialize in  the testing involved, so that full advantage will be taken of the availa
b ility  of pure hydrocarbons. Specialized workers who are interested aro invited  
to approach the Committeo with a view to co-operating in this aspect of tho project.

R . J . E.

523.* Pyrolytic Alkylation of Hydrocarbons. R- Fussteig. P e t r o l .  E n g r ,  November 
1939, 11 (2), 45.— A discussion is presented of investigation work on tho pyrolytic 
alkydation of hydrocarbons, and of tho reactions occurring under different conditions 
and with different catalysts. In the presence of H 2S 0 4 alkylation of aromatic hydro
carbons w ith  otliydene requires a pressure of 58 atm . W ith butylene tho higher the 
concentration of tho acid, tho more complete tho alkydation and tho higher tho boiling 
range of the product. Thus 90-96%  acid produces alkydation, 80% acid polym eri
zation, and 20% only the ester. Catalysts giving simpler and more complete alkylation  
include phosphoric acid, phosphoric pentoxide, and 85-90%  ort/iophosphoric acid, 
aluminium chloride, boron fluoride, zirconium chloride, and nickel oxide-alumina. 
In  general, the higher the molecular structure of the olefin, the smaller its  tendency 
to  alkylation and the stronger its  polymcrizaiion power. Alkydation is generally 
accompanied by secondary reactions such as condensation and cyclization, higher
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pressure tending to  sim plify the reaction. Boron fluoride is a  stronger and more 
selective catalyst in the alkylation of cyclic compounds, reacting only with carbon 
atom s having tertiary bonds. W ith ¡soparaffinic hydrocarbons aluminium chlorido 
m ay result in undesirable reactions, since normal paraffins also react-—viz., alkylation, 
isomerization, polymerization, and catalytic cracking ; th is process is termed auto- 
destructive alkylation, as the olefins formed tnko part in a further alkylation reaction. 
Similar alkylation takes place w ith the aromatic hydrocarbons. I t  is suggested that 
controlled alkylation will bo used to produce high-quality lubricating oils and paraffin 
waxes in addition to high-octane-rating gasoline and special isoparaffins. C. L. G.

524.* Chemical Composition ol Synthetic Gasolines. A. N. Sachcnen. R e f i n e r ,  1939, 
18 (12), 521.-—Gasolines from mixed-phase cracking a t medium pressures contain 
30-40%  unsaturates distributed in decreasing proportion w ith increase in b. pt. of 
tlio fractions. The paraffin content decreases, whilst the aromatic content increases, 
with the boiling range. The composition of these gasolines is greatly influenced by  
the crude sources and the cracking conditions. Vapour-phaso cracked gasolino 
contains more unsaturates and moro aromaties than the mixed-phaso product. 
Houdry gasolino is rich in paraffins and comparatively poor in unsaturates and aro- 
matics ; tho paraffins aro of the highly branched typo. Hydro-gasolines contain about
1-2%  unsaturates. Their aromat ic content depends on the reaction tomperaturo and is 
high when this is above 500° C. Catalytic polymer gasolines contain moro than 50%  
unsaturates, whereas thermal polymer gasolines contain around 35%. A short 
discussion of tho phenolic and sulphur compounds present in synthetic gasolines is also 
given. G. B . N.

525.* Density and Viscosity of Glycerol Solution at Low Temperatures. E . Green and 
J. P. Parke. S o c .  c h c m .  I n d . . ,  1939, 58, 319-320.—D ensities and viscosities of 
aqueous glycerol solutions containing 30-80%  of glycerol have been determined at 
temperatures botween — 5° C. and — 40° C.

Tho viscosities wore found to bo higher than the published figures, notably those 
of Herz and Wegnor. T. C. G. T.

526.* Induced Pyrolysis of Methane. W . J. H essels, D. W . van Krevelen, and H . I. 
Waterman. J .  S o c .  c h c m .  I n d . ,  1939, 58, 323-327.— The pyrolysis of methane is 
promoted by the addition of foreign substances— in fact, radicals formed by the pyroly
sis of methano react w ith each other and w ith undccomposed methane. Exam ples 
of foreign substances that act as inductors aro halogens, aliphatic hydrocarbons, and 
hydrocarbon derivatives, such as halogen, sulphur, or oxygen compounds, and a 
series of these havo been investigated. Aromatic hydrocarbons were found to have  
no inductor effect.

A t 1170° C. w ith  a contact timo of 0-06 sec.— conditions under which methane, in 
the absenco of inductors, is unaffected—various examples of inductors mentioned 
above havo been demonstrated to promoto the formation of ethylene, acetyleno, 
benzene, and napht halene.

In  all the experiments a remarkable dilution effect has been observed. Tho greater 
is the excess of the methane compared with tho quantity of the inductor, tho moro 
methano is involved in the reaction by an equal quantity of inductor.

Induced pyrolysis m ay bo applied to  methano in natural gases. These gases 
normally contain compounds capable of acting as inductors. T. C. G. T.

527.* Stoichiometric Calculations of Exhaust Gas. G. W . Gleeson and F. W. Wood- 
field, Jr. N a t .  P e t r o l .  N e w s ,  1.11.39, 31 (44), R .461-R .464.— In  the calculation 
of tho composition of the exhaust gases from intemal-combustion engines reasonable 
accuracy is achioved by using tho equilibrium constants of the water-gas reaction,

„  (H.O) (CO)
g ‘ (Hs) (C02)

The composition of tho fuel m ust bo known. Since the calculations are not specific 
to  any particular typo of engine, appreciable discrepancies between experimental 
and theoretical values m ay indicate mechanical or operational deficiencies. H . G.
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528.* Preparation oi Some Pure Hydrocarbons. Parts I and H. H. I. Waterman, 
J. J . Leendcrtso, I). W. van Krevelen, and J. F. Sirks. J .  I n s t .  P e t r o l . ,  1939, 25, 
801-812.— A description is given of tho preparation and properties of octylbcnzene, 
octylcyciohexane, hexadocano, octadecylbenzono, octndecylci/ciohexnno, and hexatria- 
contano. G. R. N.

529. Patent on Chemistry and Physics o! Petroleum. George William Johnson. 
E.P. 516,160, 22.12.39. Appl. 7.6.39.— Conversion of carbon monoxido w ith  hydrogen 
into hydrocarbons w ith more than ono carbon atom  in tho moloculo in the gaseous 
phase in the presence of catalysts. This comprises passing over tho catalyst vapours 
of organic liquids in which tho conversion products of high molecular weight deposited 
on tho catalyst aro soluble, under such conditions that at least a partial condensation 
of tho vapour occurs, thereby regenerating tho catalyst by extracting the said products.

H . B . M.

Analysis and Testing.
530.* Significance of Viscosity in the Use of Petroleum Oils. W. L. Nelson. O i l  
O a s  J . ,  23.11.39, 38 (28), 46.—Tho viscosity of petroleum products is of obvious 
practical significance in connection w ith pressure drop in pipo-systems, heat-exchangcrs, 
pipe-linos, etc., and with flow through filtering equipment and wicks of lamps. For 
fuels in steam  atomizing burners tho viscosity should be 150 secs. S.U. a t the firing 
temperature. I t  is suggested that grading of fuel oils according to viscosity is a 
more reasonablo basis of price than their gravities. For autom otive oils viscosity is 
related to (1) pum pability, (2) power consumption, and (3) surface lubrication. (1) 
Pum pability determines tho amount of oil circulated and the lowest starting tempera
ture. A tablo for tho rate of flow of motor oils at crank-easo temperatures of 160° F. 
and 70° F . indicates that oil circulation is not greatly dependent on viscosity at high 
crank-case temperatures, but at low starting speeds or temperatures tho heavier oils 
do not circulato freely. The tim e after starting for oils of different viscosities to 
appear above the pistons has been measured, and been found very high for heavy 
oils (above 30 min.). For starting the engine tho viscosity of the oil should not 
exceed 40,000 secs. S.U. a t tho starting temperature. (2) Frictional resistance is 
best measured by gasoline consumption, the higher consumption of lubricating oils 
of low viscosity being moro than offsot by tho saving in gasoline. (3) From the point 
of view of engine wear it has been shown that even the lightest grades of autom otive  
oils (S.A.E. 10 W and 20 W) provide adequate lubrication. Even S.A.E. 30 oils diluted  
with 75-90%  kerosine did not cause excessive wear. In many' cases faulty' lubrication 
has been traced to the lack of oil rather than to its  low viscosity. C. L. G.

531.* Carbon Residue Test Not Closely Related to Performance. W. L. Nelson. 
O i l  G a s  J . ,  11.1.40, 38 (35), 48.— The carbon-residuo test provides a good indication 
of the amount of carbonaceous residue deposited from gas-oils in gas-enrichment 
chambers, owing to the similarity between tho conditions of the test and actual 
practice. I t  is also related to tho quantity of deposits on burner nozzles or other 
heated surfaces from fuel oils, but this is affected by' so many other factors that no 
great significance can be attached to the tost.

No definite relationship exists botween carbon residue content of lubricating oils 
and carbon deposits in I.C. engines, although a fair agreement lias been found in the 
use of oils from a single base of crude oil. Carbon formation in engines depends 
on (1) V olatility of the oil a t engine conditions; (2) stability to heat and oxidation ;
(3) type of carbon deposit produced, and (4) mechanical factors. Tho varied nature 
of these factors, as well as the effect of e .g .  gum  in tho fuel or dust in the air, renders 
tho formulation of a single test very difficult. (1) Volatility is of importance since 
an oil of high boiling range will remain on tho combustion-chamber walls for a long 
time, and is thus more subject to decomposition by heat than a more volatile oil. 
I t  has been suggested that the 90% boiling point under 1 mm. pressure is related to 
carbon formation, and also that the loose, fluffy nature of deposits from naphthenic 
base oils is due to their comparatively’ low boiling range, so that decomposition takes 
place in tho vapour phase rather than tho liquid. (2) I t  is shown that there is  no
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relationship between tho carbon residues of used oils and tho amount of engino carbon. 
Asphaltenes, carbcnos, and floridin tars, but not pure paraffins and naplithene hydro
carbons, havo been shown to produce carbon in the carbon residue test. (3) Tho 
typo of engine carbon is of moro importance than the quantity, it  being shown after 
extensive road tests that a naphthenio base oil of relatively high carbon residue 
content caused loss trouble with engino deposits and the engino required far less 
froqucnt cleaning than when using paraffin base oils. (4) Excessive quantities of oil 
above the piston, duo to overfilled crank-cascs, looso rings, and worn pistons, will 
cause excessive carbon formation. F aulty  ignition or overheated engines or any 
maladjustments causing sm oky combustion will also be contributing factors.

C. L. G.

532.* Four-ball Apparatus Predicts Hypoid Lube Performance. II. R . Kenunerer 
and F . L. Garton. N a t .  P e t r o l .  N e w s ,  27.12.39, 31 (52), R .5 5 1 —The four-ball 
apparatus for the tosting of E .P . lubricants consists of an oil cup in which thrco 
steel balls m ay bo clamped, so that each is in contact w ith the other two. A fourth 
ball is held above tho other thrco in a member which can bo rotated at a controlled 
speed.

During tho test tho fourth ball is in contact w ith tho lower balls. Tho contact 
pressuro is adjustable through a lover system . The oil-cup rests on a ball thrust- 
bearing and its rotation is limited by a spring. A  graphic recording system  records 
the torque. Tho tost period is normally of 1 min. duration. Scoring tim e can bo 
determined for any load, and by plotting those data tho load to produce scoring at 
any particular timo m ay bo oxtrapolated. Reproducibility has been found to be 
best by determining tho load required to  produce scoring in 2-5 sec. Alternatively, 
the diameter of tho wear spots on tho lower balls can be measured. I t  has been 
found that a promising mothod of assessing the relative m erits of different lubricants 
comprises the comparison of the extent of wear at 200° F . (93’3° C.) and 80° F . (26-6° C.).

This has led to tho conception of the wear-tempcrnturo constant “ K  ”

X  M a - =  1 0 0 0

where IF, and W t  aro tho wear in mm. at 200° F. and 80° F ., respectively, K  being 
taken at the load where W 1 and I f 2 aro maxima. H . G.

533. Hazard of Mercury Vapour in Analytical Petroleum Laboratories. C. F.
McCarroIl. U .S. Bureau of Mines, Report of Investigations No. 3475, October 1939.—  
Liquid mercury is in constant uso these days in analytical petroleum laboratories, 
but so far littlo consideration has been given to tho dangers occasioned by liberation 
of tho toxic vapours— for instance, by accidental spilling of the mercury. Inhalation  
of mercury vapour and dusts is now recognized as definitely harmful to the human 
bodyq and there is already published an extensive literature on what is  known as 
industrial mercurialism. This includes data on the disease in both its  acute and 
chronic forms as contracted during tho process of mining and sm elting mercury- 
bearing ores, also in the hatter’s fur-cutting industry. Owing to the comparatively 
rare incidence of chronic mercurialism in analytical laboratories and other concerns 
not directly engaged in these industries, few specific data are available in the former 
connection.

The author of this paper undertook certain investigations with a view to deter
mining tho concentrations of mercury vapour present under various operating con
ditions in analytical laboratories and tQ discovering ways of minimizing hazards 
attendant thereon. In  addition, available literature on chronic industrial mercury 
poisoning was studied in an attem pt to correlate these findings with conditions obt aining 
in petroleum laboratories.

Results show that tho use of reagents, such as hydrogen sulphide, havo proved 
successful in some instances in combating tho effect of exposing liquid mercury' in 
laboratories. Nevertheless, inasmuch as hydrogen sulphide is extrem ely toxic in 
itself, preventive measures of this kind should only bo used by experienced operators 
having an intim ate knowledge of the hazards of this gas. II. B. M.



A B S T R A C T S . 1 6 1  A

534.* Present Position Relative to Viscometry. F . Jostos. O c l  u .  K o k l e ,  1039, 34, 
663-665.-—Empirical m ethods for the measurement of viscosity as used in different 
countries afford no accurate standard for comparison of oils. Accordingly attem pts 
aro being mado to introduce absolute m ethods based on tho capillary' and falling- 
sphero viscometer. Thus in Germany tho viscometers of Hoppler, Ubbclohde, and 
Vogel-Ossag, are in use. The reliability of these viscomotors depends on tho accuracy 
of calibration, and at tho World Petroleum Congress in London 1933 an international 
committee was established on th is question. On two capillary viscometers cali
brations of an accuracy of ;i;0-3% and of 3-0%, respectively, were reported. In  
tho Brussols session, therefore, a resolution was reached whoreby collaboration 
accrued between Physikalisch-Tcchnisclie Rcichsanstalt, Berlin, and Ecolo Rationale 
Supérieure du Pótrolo, Strasbourg. I t  was anticipated that completo agreement in 
calibration would bo attained, and accurate conversion of empirical to absolute 
measurement established. Attention is also directed to tho uncertainty existing in 
tho measurement of flow- properties of plastic substances, such as Kramer-Sarnow  
softening m ethod for bitumen, tho ring and ball and penetration tests, etc., nono of 
which is satisfactory. I t  is suggested that a similar procedure as for viscosity out
lined abovo is necessary. A. V. B.

535.* Determination of Phenols in Hydrocarbon Solvents. L. A. W ctlaufer, F . J. 
van R atta, and H . B . Quattlobaum. I n d u s t r .  E n g n g  C 'h c m . A n a l . ,  1939, 11 (8 ), 
438.—A 25-ml. sample of the hydrocarbon solvent is extracted five tim es w ith equal 
volum es of 0-2N-potassium hydroxide. Each extract is neutralized w ith 25 ml. of 
0'2N-sulphuric acid and diluted to 100 ml. w ith glacial acetic acid. A portion is 
heated on a steam -bath w ith a  few drops of concentrated sulphuric a cid'and nitric 
acid. A palo yellow colour develops. The solution is then cooled in ico and mado 
alkaline by tho gradual addition of concentrated ammonium hydroxide. Tho yellow' 
colour is intensified and its depth is compared in a Duboscq or K lett colorimeter with  
that given by standard solutions prepared by carrying out tho above procedure on 
solutions of known am ounts of phenol (in w'ater) and p-ieri.-butylphcnol (in acetic 
acid). The m ethod is considered to be rapid and direct and gives checks within  
5-10 parts per million. G. R . R.

536.* Determination of the Molecular Weights of Oils. W . E . H anson and J. R . 
Bowman. I n d u s t r .  E n g n g  C h e m .  A n a l . ,  1939, 11 (8 ), 440.—Tho apparatus employed 
consisted essentially of a modified form of the Cottrell boiler and adapted for use with 
tho M enzies-W right water differential thermometer. Benzol and cyciohexane were 
used, the former being preferred, since a good grade of the commercial product requires 
no further purification and m ay be used directly. Results on pure compounds and on 
a variety of petroleum products, mol. wt. range 200-1500, indicated a precision of 1 % 
or better a t all tim es. A  complete determination of mol. wt. requires 2 hr.

G. R . R.

537.* Determination of Total Sulphur in Asphalts. S. Pellerano. I n d u s t r .  E n g n g  
C h e m .  A n a l . ,  1939, 11 (8 ), 446.— About 0-25 gm . of tho asphalt is placed in a porcelain 
combustion boat and 3 ml. chloroform are added to  dissolve the sample. 3 -5  gm. 
catalytic combustion mixture (manganese dioxide-cupric oxide) are added and incor
porated in and cover the asphalt solution. The chloroform is evaporated off and the 
boat is placed in the combustion apparatus. After combustion tho contents of the 
boat are digested w ith boiling water and filtered. Tho sulphates in the filtrate are 
determined quantitatively using barium chloride. The results agree closely with 
those determined by the bomb method. G- R . H.

538.* Change in Solvency during Evaporation of Thinners. E . H. McArdle. I n d u s t r .  

E n g n g  C h e m .  A n a l . ,  1939,11 (8 ), 450.— A simple air-lift glass laboratory' film evaporator 
is described; 1 0 0  ml. of “ mineral sp ir its” and related solvency naphthas can bo 
evaporated in the form of a film during less than 3 hr, a t room temperature. Since 
aniline point is generally accepted as a measure of solvency of a hydrocarbon thinner 
of a given boiling range, this test was applied to small samples taken at regular intervals 
from the naphtha during evaporation. Graphs relating per cent, evaporated and
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aniline point showed that the several naphthas tested possessed marked characteristics 
w ith respect to the change in solvency during evaporation. I t  was found that time 
and tomporaturo within fairly narrow lim its wero not factors affecting tho operation 
of tho evaporator. G. R. N.

539.* Solvency of Petroleum Spirits. S. S. Kurtz, Jr., W . T. H arvey, and M. R . 
Lipkin. I n d u s t r .  E n g n g  C h e m .  A n a l . ,  1939, 11 (9), 476 and 4S4.— Part I. There is 
no definite relation between tho kauri butanol solvency of potroleum spirits and tho 
viscosity of cold-cut solutions of resins dispersed in these spirits. Tho rosin solvency 
for cold-cut disporsions defined by tho equation

_  kinematic viscosity of solution of X %  resin in standard spirit 1 jqq

kinematic viscosity of solut ion of X%  resin in spirits under test

is approximately independent of tho concentration at which tho test is mado and
also of tho temperature of tost. Tho resins recommended for test purposes are :
(1) Beckacito 1001, a straight phenolic resin and ester gum  6 . Tho relative solvent 
power of spirits depends on the type of resinwithwhich the rosin solvency is determined. 
Spirits which contain approximately equal proportions of paraffins, naphthencs, and 
aromatics, liowovor, have good solvency for any of the spirit-solublo resins. The 
logarithm of tho kinematic viscosity is proportional to tho concentration expressed 
as grams of resin por gram-mol. of solvent. Tho conclusions are confined to spirits 
or cuts lying within the boiling range of 300-400° F. 33 References.

Part II . Graphs are developed so that tho resin solvency of spirits for phenolic and 
oster-gum “resins can bo determined from tho A.S.T.M. 50% boiling point, tho density  
(d 20/4), and the refractivo index (n 20/D). Conversely, specifications of boiling point 
and resin solvency for thoso resins autom atically specify tho physical properties and 
approximate composition of the solvent. G. R . N.

540.* Determination of High Viscosities. E . L. Baldeschweilor and L. Z. W ilcox. 
I n d u s t r .  E n g n g  C h e m .  A n a l . ,  1939,11 (10), 525.—Tho barrel of a Gardner mobilometer 
was fitted w ith a  brass jacket so that water from a Hoeppler thermostat could bo used  
to maintain accurate temperature control of tho mobilometer during test. By rigid 
control of the tomperature and tim e, it  was found that tho relation between absolute 
viscosity and m obility was a straight line at various temperatures, for high-viscosity  
oils— i.e., 800 poises a t 77° F ., 300 poises a t 150° F., etc. Tho slope of tho straight 
lino depended on tho number of holes in tho disc being steeper the fewer the holes. 
I t  was concluded that if care is taken tho Gardner mobilometer can bo used as a  preci
sion instrum ent to determine tho absolute viscosity of viscous oils. G. R . X.

541.* Determination of Specific Gravity of Gases. G. V. Feskov. I n d u s t r .  E n g n g  

C h e m .  A n a l . ,  1939, 11 (12), 653.— A  description is given of an autom atic effusiomoter, 
which is considered more accurate than tho regular manually operated typo. I t  
eliminates personal error in handling a stop-watch. Mercury is used as tho displacing 
medium, w hilst the autom atic tim ing system  is operated without a relay. The 
instrument is recommended for routino use in the determination of tho specific gravity 
of potroleum gases. G. R . X .

542.* Capillary Flowmeter with Variable Orifices. J. H . Bruun. I n d u s t r .  E n g n g  
C h e m .  A n a l . ,  1939, 11 (12), 655.— A simple flowmeter with a vertical capillary' tube is 
doscribed. Tho capillary tube was 60 mm. long and 1-1 mm. in diameter, being 
designed for tho maximum gas flow expected. B y inserting accurate wires in tho 
capillary the gas flow could be varied according to tho size of the wire. I t  was neces
sary to calibrate the flowmeter for each wire, and a range of 0-2-7-0 litres per minute
gas flow for this capillary was obtained. G. R . N.

543.* Quantitative Determination of Aromatic Hydrocarbons. A. V. Grosso and R . C. 
Wackher. I n d u s t r .  E n g n g  C h e m .  A n a l . ,  1939, 11 (11), 614.—Tho method described 
is based on the measurement of tho specific dispersion of the sample, and applies to
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hydrocarbon m ixtures boiling within tho gasoline range. Either the Abb6  or tho 
Pulfrieh refraotomotor can bo used. Tho formula employed is as follows :—

. S m ixt. — 0-16 X bromino number — 99W t.%  of aromatics = ---------------------r-------------- —---------------------- X 1005 arom — 99

99 =  specific dispersion of the saturates— i . e . ,  tho paraffins and naphthenes, 0-10 =  
increment of specific dispersion per unit of bromine number. Tho theory underlying 
tho method is given and checked, using a number of synthetic mixtures. Comprehen
sive tables are included. G. R . X.

Motor Fuels.
544. Co-operative Fuel Research Motor-Gasoline Survey, Winter 1938-39. E . C. Lane. 
U.S. Bureau of Mines. Report of Investigations No. 3455, Juno 1939.—Tho abovo 
report is the seventh of a series prepared by tho Co-operative Fuel Research Committee 
and tho U .S. Bureau of Mines. I t  includes data on 1875 samples representing tho 
products of eight-y-threo different companies, and also data on samples from tho 
Pacific Coast which were averaged by tho Pacific Coast Technical Committee beforo 
submission. For the purpose? of the report, gasoline is divided into three price-grades : 
regular, premium, and third-grade. Characteristics of each grade aro reported, based 
on inspections mado in oil-company laboratories and submitted to  the Bureau of Minos 
for compilation and comment. Detailed study of these shows that gasolines in tho 
various price classifications fall equally into definite groups in so far as their character
istics aro concerned. H . B. M.

545.* Starting Properties and Volatility of Automobile Fuels. Z. V. Veksler and N. I. 
Kuzmin. N e f l .  K h o z . ,  Ju ly  1939, 20 (7), 40-44.-—T ests wero carried out in a  tractor 
engine w ith seven petrols of varying volatility. Tho results show that a correlation 
exists between the ease of starting at varying temperatures and the temperature of 
1 0 % distilled, tho equilibrium evaporation, and the vapour pressure determined 
according to tho methods of Reid and Sorel—N.A.T.I. Tho 10% point has the greatest 
practical value, and the formula developed by G. G. Brown is confirmed. Basing on 
average summer and winter temperatures in the mean latitudes of tho U.S.S.R . of 
+ 1 0  and —10° C., and considering a certain evaporation loss during transportation 
and storage, tho 1 0 % point of summer- and winter-standard petrol is recommended 
to bo not higher than 75 and 60° C., respectively. E. R.

546.* Fuels and Tetraethyl Lead. F . Ramorino. Chitn. c I n d u s t r i a ,  1939, 21 (10), 
578-580.— The author briefly summarizes the position in France and Germany with  
regard to fuel anti-knock characteristics and compression ratio of automobile engines. 
I t  is pointed out that, whereas in France tho fuel is adjusted to meet the requirements 
of newly developed engines, in Germany tho engine m ust fall into lino w ith the self- 
sufficiency policy, and while a minimum octane number of 65 is prescribed by Govern
ment regulat ions in France, no vehicle is licensed in Germany unless it is able to employ 
a fuel of 74 oetano number. Tho position in Ita ly  is similar to that in France. It  
is stated that the production of alcohol in Ita ly  is not sufficient to enable suitable 
blends, which would bo stable under tho climatic conditions, to be obtained, and since 
tho avorago oetano number of present supplies of gasoline is very low, the author 
suggests using sufficient tetraethyl lead to bring the oetano number up to  65. Tetra
ethyl lead is now manufactured in Ita ly , and some latitude should bo permitted in 
regard to tho proportions which m ay bo used, consistent w ith satisfactory operation 
of tho engine, tho addition of lead being prohibited during tho period when the use of
10-20%  of alcohol is obligator}'. In  conclusion, the author suggests that fuels of 
higher anti-knock characteristics should be introduced in order to conform with practice 
in other countries and to keep abreast of developments in the Italian autom otive 
industry'. P- G.

547.* Low Quality of Distillate Fuels Hinders their Use in Farm Tractors. E . L.
Bargor. N a t .  P e t r o l .  N e w s ,  15.11.39, 31 (46), R.482.— A plea is made for an improve
ment in tho quality of distillate fuels. I t  is shown that whereas 90% of the farm trac
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tors in America aro capable of running on distillates, tlio major part of tho tractor fuel 
is gasoline. This is duo to  the variable and low average quality of distillates. Labo
ratory tests and practical ploughing trials have shown that although 70 octane gasoline 
gives tho greater power output, distillate fuel has a considerable price advantage. A 
proposed specification for distillate tractor fuel is os follows :—

Oetano Numbor 30 min.

D i s t i l l a t i o n .

Minimum 5% not below 325“ F .
95% „ „  404° F.

Maximum 10% not above 400° F .
25% „  „  420° F.
95% „ „  515° F.

End Point ,, ,, 540° F.

Tho sulphur content and gum  content m ay bo higher than for gasoline. II. G.

548. Patent on Motor Fuels. Texaco Developm ent Corporation. E .P . 516,521,
4.1.40. Appl. 30.5.38.— Production of anti-knock motor fuel hydrocarbons from a 
cracked distillate. Tho distillate is alkylated w ith  a low-boiling isoparaffin— e .g . ,  

isobutano or isopentano in  tho presence of sulphuric acid. Tho fsoparaffin is a t least 
equal in weight to tho weight of the olefinos present in the cracked distillate.

See also Abstract No. 492. H . B. M.

Gas, Diesel and Fuel Oils.
549.* Application of Graphical and Statistical Methods to the Analyses of Diesel Fuels.
J . C. Vlugter, H . I. W aterman, and H . A. van W esten. J .  I n s t .  P e t r o l . ,  1939, 25, 
678-683.— After a  general discussion of these m ethods and of available data, .it is 
concluded that a more thorough investigation of a  large number of diesel fuels will be 
necessary in order to study the influence of chemical composition on tho cetcno or 
cotane value. G. R . N.

550.* Diesel Fuel Characteristics Influencing Engine Output. A. J. Blackwood and
G. H . Cloud. J .  I n s t .  P e t r o l . ,  1939, 25, 684-694.—Tho effects of volatility, ignition  
quality, viscosity, gravity, and heating value of diesel fuels aro discussed and sum 
marized. G. R . N .

551.* Evaluation of Certain Normal Alkylated Benzenes as Diesel Fuels. G. Shen, C. E. 
W ood, and F. H . Garner. J .  I n s t n  P e t r o l . ,  1939, 25, 695-703.— A paper, which de
scribes the preparation and properties of the normal alkyl benzenes ranging from n -  

am yl to  n-nonyl, and which gives their cetane numbers as determined on the C.F.R. 
diesel fuel-testing engine. G. R . N.

552.* Effect of Tractor Kerosine Admixture on Freezing Point of Diesel Fuel. I. A.
Ptashinski. N e f t .  K h o z . ,  July 1939, 20 (7), 44-45.— Present Russian diesel fuel 
standards prescribe, in general, a freezing point not higher than —25° C. T ests have 
shown that a linear relation ex ists between the volumo of kerosine added, up to 40%, 
and tho reduction of tho freezing point of diesel oil. The effect is small, and 10% 
of a kerosine freezing below —65° C. reduced the freezing point merely 2-3° C. The 
effect of paraflow on Surakhany gas-oil was considerable. Tho importance of using 
different components for blending summer- and winter-grado diesel fuels is stressed. 
A  standard m ethod of determining the freezing point of diesel fuels is required, w hilst 
the freezing-point standard specification should be revised. L. R.

553.* Miscibility of Fuel Oils. — Demann. O e l u .  K o h l e ,  1939, 36. 685-086.—Fuel oils 
can bo derived from L.T.C., H.T.C., syntheses and petroleum. Tho m iscibility of two 
fuel oils of different source or origin is defined by flocculation of hard asphalt and free
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carbon. In  absolute m iscibility no precipitation of asphalt or carbon occurs, and 
these aro assumed absent. Relative m iscibility expresses to what extent a fuel oil 
containing hard asphalt and free carbon is misciblo with other oils. In  opposition to 
absolute m iscibility, it  is dependent on constitution of tho added oil.

There aro two main groups of fuel oil, the one asphaltic preponderately of aromatic 
naphthenic structure, and tho other asphalt freo of predominantly aliphatic nature 
such as some potroleum origin fuel oils.

These two groups, when mixed, causo flocculation of asphalt. I t  is stated that by  
deasplialting asphaltic fuel oils complete m iscibility of oils from L.T.C., H.T.C., or 
syntheses ensues. A. V. B.

Lubricants and Lubrication.
554.* Oxidation Resistant Motor Oils Producible by Present Methods. M. R. Fenske, 
C. E. Stevenson, and R . E. Hersh. N a t .  P e t r o l .  N e w s ,  15.11.39, 31 (40), R.471.—  
Although tho degradation of a lubricating oil m ay have many aspects and symptoms, 
tho chief basic cause of tho degradation is oxidation. Information relative to tho 
degree of oxidation resistance of a lubricant m ay be obtained by considering the  
neutralization number and volatile-acid-forming characteristics of the oil, together with 
its oxygen absorption curve at constant timo and/or constant temperature and tho 
rate of change of viscosity index w ith time in service.

L ittle information is a t present available concerning the chemical constitution of 
lubricants, but such work as has been carried out indicates that an increase in this 
knowledge should throw considerable light on the problem. A t tho present time tho 
application of solvent extraction to the refining of lubricants and the addition of anti
oxidants to  lubricating oils have been responsible for a noteworthy improvement in 
their oxidation resistance. H. G.

555.* Hypoid-Lubricant Requirements. H . R . W olf. O i l  G a s  J . ,  17.11.39, 38 (27), 
162.— Tho development of hypoid lubricants from tho motor-engineer’s point of view  
is discussed. Attention is directed to tho need for differentiation between lubricants 
used under widely different conditions. To distinguish between a hypoid lubricant 
suitable for high-speed oporation of passenger cars and one suitable for low-speed 
operation in trucks, tho names “ passenger-car duty hypoid lubricant ” and “ truck- 
duty hypoid lubricant ” liavo boon used. The word “ duty ” is  included to emphasizo 
that operating conditions, and not the type of vehicle, m ust be the determining factor 
in the choice of lubricant. General Motors’ procedures for test of both types of lubri
cants are described in  detail, and grades recommended for their vehicles havo to 
satisfy specified requirements.

In a consideration of future developments of hypoid gears it is considered that 
requirements w ith respect to lubricant aro likoly to become more critical, so that now 
types of extreme-pressuro addition agents m ay havo to bo developed. R. J . E.

556.* Some Aspects of Steam-Engine Lubrication. J. D. W atson. F u e l  E c o n . ,  1939, 
15, 329-331.—Tho requirements of lubricating oil for steam  engines and of recipro
cating air compressors, which hove much in common with steam  engines, are reviewed. 
Lubrication feed-systems receive noteworthy attention.

Acidity and tendency to gum  aro stressed as being of paramount importance in 
choosing a steam-engine lubricant, and a warning is sounded against any misconception 
of the valuo of viscosity and flash point, etc. The uso of branded oils from reputable 
firms is commended.

In  the case of reciprocating air compressors it  is essential to deliver air as free from 
oil as is possible and to  avoid an excess of air in tho cylinder—one of the main causes 
of faulty valve operation, w ith the attendant risk of explosion.

Tho high temperatures prevalent in air compressors induce carbonization, and tho 
oil m ust be judged accordingly. It is considered that a heavy oil is not necessary—  
a light oil is more easily atomized and is moro completely burned away by the heat. 
I f  the lubrication is kept to tho minimum requirements, there is no danger of explosive 
vapours.

A suitable oil should have a flash point of at least 400° F. and low carbon formation.
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A light oil is best, providing it  has sufficient body to stand up to ISO0 F .— tlio tempera
ture of the cylinder walls—and seals tlio rings w ithout oil drag.

Oils prepared from an asphaltic-baso crude aro preferable to those prepared from a 
parnffinic base, becauso tho carbon formation from the latter typo is considered to bo 
much harder than that from asplialtic-base oils. T. C. G. T.

557.* Behaviour of Various Engine and Gear Lubricants in Seizure Tests. D . Clayton. 
J .  I n s t .  P e t r o l . ,  1939, 25, 709-728.— A papor in which the results uro described of an 
investigation of tho effect of various lubricants on tho seizure characteristics of hard 
steel in tho four-ball apparatus. Some discussion is given of the applicability of tho 
results to gear lubrication. G-. R. N.

558.* Practical Methods of Testing Lubricants. J. H . Evans. J .  I n s t .  P e t r o l . ,  1939, 
25, 729-750.—Tlio various kinds of greases and lubricants are discussed w ith reference 
to thoir composition and characteristics as revealed by the test m ethods employed by  
tho Timken organization. G. R. N.

559.* Test for the Ring Sticking Properties of Lubricants. J . C. McNichol, C. G. 
W illiams, and P. V. Lamarque. J .  I n s t .  P e t r o l . ,  1939, 25, 751-759.— A description is 
given of a simple laboratory test for assessing tho oxidation and ring-gumming pro
pensities of engine lubricants. I t  consists principally in  measuring tho strength of 
a thin oxidized film of tho lubricant. Tho test results aro discussed in relation to tho 
service characteristics of lubricants. G. R . N .

560.* Extreme Pressure Lubricant Tests with Pretreated Test-Pieces. J . P. Baxter,
C. I. Snow, and I. T. Piorco. J .  I n s t .  P e t r o l . ,  1939, 25, 761-770.— Experim ents w ith  
the Timken and Four-Ball lubricant testing machines aro described in which consider
able increases in the breakdown loads of doped and undoped oils were obtained by 
protreatment of tho test-pieces w ith  chlorinated or sulphurized dopo or w ith hydro
chloric acid. G. R . N.

561.* Testing of Engine Lubricants. C. A. Bouman. J .  I n s t .  P e t r o l . ,  1939, 25, 771-
778.— A papor which givos a  critical survey of tho laboratory testing of lubricants and 
their interpretation in making a choice of a suitable motor oil. G. R . 1ST.

562.* Lubricating Oils by Solvent Treatment of Lignite Coal Tars. M. Harder. O e l  u .  

K o h l e ,  1939, 33, 649.— Lubo oils comparable to naphthene-baso petroleum oils stated  
to bo obtained by selective solvent treatm ent of lignite coal-tars; specific gravity, 
asphalt content, coke number, and viscosity temperature characteristics aro in im 
proved contrast to those of an acid-refined oil. Mention is mado of a  subsequent 
treatm ent of tho raffinato w ith sm all quantities of condensation agent, aluminium  
chloride. Tho reaction product after vacuum distillation shows a further improvement 
in properties. A. V. B.

563.* Oil Filters. J. E . H um . R e f i n e r ,  1939, 18 (10), 405.— To determino whether  
an oil will bo a satisfactory lubricant, it is necessary to estim ate tho moisture, corrosive 
materials, and asphaltenes, because theso cause tho formation of sludgo and lacquer, 
which aro responsible for engine wear. Tho asphaltenes m ust bo removed from tho 
oil as fast as formed and while they aro still in tho liquid state. They increase in v is
cosity as the temperature rises, and tests  wero mado to determino tho temporature at  
which they become more viscous than tho oil. Tho tests showed that when tho 
viscosity of the oil was reduced to about 100 sec. S.U ., the asphaltenes could bo sepa
rated by using an absorbent filter, not a strainer. Tho proper use of filters makes it 
unnecessary to change tho oil a t the usually stated intervals. Trucks tests are cited 
which show tho advantages of filtration w ith regard to longer use of the oil and reduc
tion in cylinder wear. G. R . N .

564. Patents on Lubricants and Lubrication. E . F. Povero. U .S.P. 2,186,271, 9.1.40. 
Appl. 25.6.36. Manufacture of a cutting oil comprising a light mineral oil having a
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viscosity w ithin tho normal rango for the lubrication of cutting tools and 2 - 1 0 % by  
weight of an organic polysulphido.

B . H . Lincoln and W. L. Stoincr. U .S.P. 2,180,640, 9.1.40. Appl. 20.2.39. Pro
duction of lubricant incorporating lubricating oil and a small percontago of sulphurized 
synthetic oster of a low-molecular-woight monohydric or dihydric alcohol and a  high- 
molecular-weight organic acid.

N. Gciser. U .S.P. 2,187,704, 16.1.40. Appl. 20.12.35. Method of manufacturing 
lubricating oil from olefines by adding aluminium chlorido as polymerizing catalyst, 
and thu s obtaining a hydrocarbon m ixture consisting m ainly of aliphatic hydrocarbons 
and being rich in olefines. Subsequently tho polymerizing catalyst is separated from 
the lubricating oil and used again.

P. G. Colin. U .S.P. 2,187,802, 23.1.40. Appl. 25.9.37. Mineral hydrocarbon oil 
for lubricating bearings which have substantially tho corrosion susceptibility characteri
zing cadmium-silver, cadmium-nickel, and coppcr-lead alloys. The oil is such that 
it would normally tend to corrodo theso surfaces, but the addition of suitablo propor
tions of tin tetra-butyl to the oil prevents this.

Union Oil Company. E .P . 516,276, 28.12.39. Appl. 17.3.39. Manufacture of 
mineral lubricating oil containing 0-8-3%  oil-solublo metal soap of saponifiable petro
leum acids produced by the oxidation of petroleum fractions. The soap is present 
in sufficient quantity to control deposition of gum m y and resinous materials and 
overcome ring-sticking tendencies in severe servico internal combustion engines. 
Tho oil product has practically the same viscosity as tho original mineral lubricating 
oil.

E . I. D u Pont de Nemours and Co. E .P . 516,182, 27.12.39. Appl. 22.6.38. A small 
proportion of an acotal containing at least one frco hydroxyl group is incorporated in 
lubricating oils and greases to aid in providing th in  film lubrication and retard sludge 
formation. II. B. M.

Asphalt and Bitumen.
565.* Adhesiveness of Bitumin to Silica Sand. H . F. W interkom  and G. W . Eckert. 
I n d u s t r .  E n g n g  C h c m .  A n a l . ,  1939, I I  (10), 546.—-McLeod’s mixing test and tho authors’ 
wash test are compared. I t  is concluded that tho ease of covering a sand w ith a bitu
minous material by means of simple m ixing m ay bo a general indication, but is not a 
dependable measure of tho adhesion relationship between the bitumen and the sand. 
Tho best agreement of the m ixing-test data with those from the wash test occurs where 
w etting agents are used in conjunction w ith aluminium, non, and lead ions— i . e . ,  w ith  
those ions which are generally recognized as favourably affecting adhesion of bitumen 
to aggregate. For such cases, and where tho aggregate has to bo coated in tho wet 
condition with the help of soap-type activators, tho McLeod test appears to have some 
merit. Tho mixing test cannot bo substituted for tho wash test if definite information 
on tho adhesion relationship between bitumen and aggregate is desired. G. R . N.

566. Physical Properties of Bitumen. P. C. Blokker. A n g e i v .  C h e m i e ,  1939, 52, 
643-648.— Tho authors have surveyed the literature on tho physical properties of 
bitumen and collected together a  m ass of data which they  have supplemented by their 
own tests. The latter were confined to  commercial bitumens of Venezuelan and 
Mexican origin. Tho latest designs of testing apparatus aro described in detail.

567. Bituminous Stabilization Practices in the United States. L. Muir, W . Hughes, 
and G. Browning. H i g h w a y  R e s .  B o a r d  P r o c . ,  1938, 18 (II), 306-313.— Owing to  
cost, local materials m ust bo used when possible for U .S. roads, and stabilization  
w ith bitumen provides a method of economically rendering theso materials suitablo 
for uso, since it  makes the soil resistant to water and increases its natural stability. 
I t  is generally conceded that moisture is essential, and that for best results compaction 
m ust be carried out at the optimum moisture content, determined by the Proctor test.
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Less moisturo is required tlio less viscous tho bitumen. Complete m ixing of bitumen 
and material is essential. All types of bituminous materials have been used, but tho 
contradictory statem ent s mado in various States show that much remains to be learned 
regarding tho types, grades, and m ethods of manipulation best suited for any particular 
purpose. Construction methods are similar in all States reporting tho use of asphaltic 
oils. Generally good results have been obtained by those using residual and cutback 
oils. Tho general behaviour of tars has been found to bo substantially tho samo as 
that of asphalt. The general practices of all States using asphalt emulsions are sub
stantially the same, and it has been found that (1 ) ample water m ust be available,
(2 ) the stack m ust bo kept m oist at about the plastic lim it until m ixing is complete, 
and (3) spreading, rolling, and dragging m ust be dono when the material is at the  
proper consistency, which is about tho optimum water content. I t  is important that 
the asphalt emulsions should contain no appreciable amount of soap or other soluble 
omulsifying agent. In Missouri, Idaho, and California it  has been found that emulsions 
disporso much better through tho soil than other asphaltic materials, but they m ust bo 
stable, capable of m ixing w ith water, m ust lose water rapidly, and m ust bo uniformly 
dispersed as a light film on all soil particles. I t  has not yet been proved whether the  
increased cost of tho emulsified product is followed by longor life. A r i s u m i  of tho 
practices used in tho following States is given : Missouri, South Carolina, North  
Carolina, K entucky, Ohio, Iowa, Nebraska, Florida, W yoming, California, Idaho, and 
Nevada. Formulas for ascertaining the amount of bitum en required on a project aro 
givon by Iow a and Nebraska States, w hilst Florida has been unablo to  develop a 
formula, and uses tho m ethod of trial laboratory m ixes, w hilst pointing out the need 
for warm, dry weather during construction.

I t  is concluded that all bituminous materials can be used successfully under the 
proper conditions, that tho bitumen m ust be thoroughly admixed w ith the soil, and 
that efficient drainage is  of the first importance. H . G. W.

568. Compendium on Soil Testing Apparatus. C. M. Johnson and E. S. Barber. 
H i g h w a y  R e s .  B o a r d  P r o c . ,  1938, 18 (II), 371-433.— This is a compendium, complete 
w ith illustrations and details, of tho physical tests used in soil laboratories in U .S.A., 
Canada, and Europe. I t  is pointed out that if further dotails are required, reference 
m ust be mado to  the original papers. The subject-matter is divided into nine sections 
w ith tests  as outlined.

Consolidation tests give information on the amount and rato of consolidation of soil 
samples due to  pressure. In all typos tho samplo is placed between two porous stones, 
provision is made for tho water extruded in the process, and a piston is used to transmit 
the pressure (cf. i b i d . ,  9-33). Tho apparatus is grouped according to tho pistons and 
mothod of applying tho load.

Direct shear tests determino the resistance of soils to distortion (cf. i b i d . ,  9-33), and 
aro grouped into the box, plate, double, and torsion m ethods, the normal loads being 
applied in three ways, while tho shearing loads arc applied in five ways.

Compression tests on soil cylinders give information on the distortion and volumo 
change of soils when under known compressive stresses. Tho samplo m ay bo confined 
on ali faces as in the fixed and freo rubber types, or open and loaded only on tho ends 
in the unconfined type (cf. i b i d . ,  9-33).

Tho compaction test determines the densities for varying moisturo contents so as 
to show tho maximum dry density. Tho devices aro grouped into impact, static, and  
vibration (cf. i b i d . ,  9-33).

Capillarity tests determine the amount, rato, and height of water taken up and 
held by soils, and tho apparatus is divided into four groups : open-tube, negative- 
head, compressed-air, and indicator.

Tho permeability test is useful for determining the amount of water under pressure 
which will flow through soils under various conditions. The pcrmeameters aro divided  
into three types, depending on the m ethod of applying the head of percolating water—  
viz., constant-head, variable-head, and horizontal capillarity, w hilst the samplo 
containers are also divided into individual, consolidometer, and Proctor mould.

The penetration and extrusion tests  furnish data on the relative bearing capacity  
of soil samples, and some m ay bo used i n  s i t u .  Four groups aro considered— viz., 
needle, cone, bearing, and extrusion.

If a soil is  not already saturated, tho swell te st will show tho increase in volume
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obtained on tho absorption of water. Consolidometors may bo used as well as the 
Proctor mould and Californian apparatus.

Field tests  and sampling equipment aro described, including the portublo surface 
shear-testing-machino, tho combination-foundation exploration drilling-rig, and vari
ous soil samplers. H . G. W.

569. The Trend of Soil Testing. C. A. Hogentogler and E. S. Barber. H i g h w a y  R e s .  
B o a r d .  P r o c . ,  1938, 18 (II), 9-34.—This paper consists of a r i s u m k  of soil-test methods 
and points out the significance of the te st data. Clays aro adsorbed by the sand to 
various extents, and the resultant wot mixtures m ay or m ay not have air in tho inter
stices, depending on tho electrical attraction between tho materials. Tho adsorbed 
moisture is called tho film moisture, and is found mainly on the colloidal particles ; 
decreasing tho ratio of free to film moisturo increases tho soil stability. This m ay bo 
effected by reduction of the temperature and by replacement of tho natural ions with 
others which have greater attraction for w ater; a t tho “ critical ” moisturo content 
the abrupt change from the plastic to  tho semi-solid state is observed. The purpose 
of soil tests is to  disclose in some manner tho effect of moisture and air content of 
samples on tho bearing value and stab ility  of soil masses, and the four general types of 
test are : (1) consolidation, (2) shear, (3) compaction, and (4) indicator, all carried 
out a t constant temperature. Tho “ voids ratio ” is defined as the ratio of the volume 
of tho pores to tho volume of solids. In test (1) tho time-pressure and moisture con- 
tont-pressure curves aro obtained as characteristics of tho soil, and if tho shape of a 
building, etc., is known, the amount and rate of consolidation it  produces in tho soil 
can bo determined, and the distance it  can settle without lateral displacement of the 
undersoil. In  test (2) the theory and method of test aro given, and it is found that 
sand shears abruptly and clay only after considerable deformation. I t  is seen from 
the stress-strain relationships that only part of tho soil strength can bo used in 
construction. Tho speed of embankment construction,for example, can be so controlled 
that tho poro pressure, shown by stand pipes in tho undersoil, w ill not bo developed 
to  such an extent as to make failure imminent. From tests (3) can bo determined tho 
maximum soil density possible and the corresponding optimum moisturo content, and 
from these data can bo found the safo height of embankment for soil compacted to  
a  given density. Tho tests (4) which indicate the engineering properties of tho soil 
aro the plasticity  tests and mechanical analyses and aro used so that suitablo soils 
can be obtained by blending. H . G. W .

570. Soil Stabilization with Tar. G. E . Martin. H i g h w a y  R e s .  B o a r d  P r o c . ,  1938, 
18 (II), 275-282.— B y tho proper use of tar, as described, existing soils can bo mado 
resistant to water, and their bearing power can bo materially increased. Sand, etc., 
m ay be added to the soil to increase its bearing power, but a tar stabilized soil, however, 
does not depend on the grading for its  stability. In  general, soils containing more than  
5% of material passing tho no. 200 sieve will bo materially improved by tho addition 
of sand, etc., and tho heaviest grade of tar which can bo mixed satisfactorily should bo 
used. Tho amount of tar generally lies between J and |  gall./sq. yd./in . of consolidated 
depth, and a formula is given for calculating tho amount required for a given project. 
Tho optim um  moisturo content can bo determined by tho Proctor method, and a 4-in. 
consolidated depth at least should bo carried out. Details of tho tests used are given, 
but theso aro at present only tentative. I t  is required that the soil shall bo so treated 
w ith tar as to  givo a capillary water adsorption for 14 days of not more than 25% 
of that of tho untreated soil. Specimens are prepared by means of tho standard 
m oulds and tampers used in tho Hubbard-Field stability t e s t ; moisture and apparent 
density determinations are mado on these, and the conditions to give maximum weight 
per cubic foot are determined under tho conditions of compaction used. Tho percen
tage of water absorbed on immersion in water after 14 days is also determined. Tho 
specimens aro tested for stab ility  in a Hubbard-Field Stability Testing Machine 
before and after immersion in water and satisfactory m ixes derived from these results. 
Tho large-scalo construction methods aro then given complete with illustrations. 
Theso are m ixing w ith aggregate if required, loosening and pulverizing the soil, adding 
water followed by tar, mixing, consolidating (generally by sheepsfoot roller) and 
adding a “ tack coat.” Tho seal coat should not be added until tho moisture content
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is reduced to  6 - 8 %. Improvement in mixing and consolidating machinery m ay bo 
expected. H . G. W.

571. Bituminous Emulsion Stabilized Roads. C. L. McKesson. H i g h w a y  R e s .  B o a r d  

P r o c . ,  1938, 18 (II), 283-288.— It  has been found in general, that, if a  small amount of 
bitumen in tho form of a suitable emulsion is mixed w ith  clay-bearing soils and allowed 
to dry, an entirely changed material is obtained, which can be used in place of im ported  
aggregates. A careful laboratory study has shown that the emulsion particles became 
admixed with tho soil colloids during mixing, and on evaporation tho particles formed 
th in  bitumen films, which wore adsorbed on tho soil. Henco tho cementing value of 
tho soil colloids, duo to water, was replaced by that due to bitumen. According to 
tho author tho bitumen was adsorbed so well that only a small portion could bo re
covered by tho usual solvents. Too small an amount of bitumen did not render tho 
soil water-resistant, and too much (still below tho usual binding quantities) lubricated 
tho soil so th at it lost its  natural stability. Two tests were used for estim ating tho 
efficiency of tho treatm ent: (1 ) to measuro tho resistance to aqueous capillary ab
sorption and (2 ) to measure the resistance to plastic flow of tho material after it  had 
absorbed as much water as it  would. The author reached the conclusion that, of two 
equal soils w ith equal water contents, that containing asphalt was tho moro stablo. 
Tho amount of emulsion required to act as a continuous coating can bo reduced by  
introducing imported gravel, the final completo process then being cheaper. Tho 
author states that considerably more research is required and that a well-stabilized 
foundation w ith only a thin asphaltic wearing surface is preferablo. I t  is also con
sidered that tho emulsified bitumen should be mainly of microscopic and sub-micro
scopic size, so that the whole of the soil colloids aro coated, and that unrestricted loss 
of water should bo possiblo. The m ost important construction item s are proper 
mixing, adequate compaction, thorough drying and proper surface protection, and the 
author discusses the practical aspects of each of those. I t  has been found in practice 
that, if considerable water enters the bottom  of tho stabilized layer during drying, 
a thin layer should bo laid first and allowed to dry, or the bottom  surface should bo 
treated w ith emulsion, cut back, etc. before placing the stabilized material on top. 
An adequate surface course is necessary to prevent tho stabilized soil raveling under 
traffic and to protect from surface leakage. For soils subject to flooding considerably 
moro fines, and hence bitumen emulsion, are required. Another satisfactory addition  
is the application of a penetrating prime coat to tho surface of tho d iy  stabilized base 
before applying tho surface course. H . G. W.

572. Asphalt Emulsion Stabilization on Cape Cod (Massachusetts). A. V. Bratt. 
H i g h w a y  R e s .  B o a r d  P r o c . ,  1938, 18 (II), 289-291.— Contrary to tho rest of Massachu
setts, this is an area of fine, poorly graded sand only. Owing to tho high cost of pro
perly constructed secondary roads, it  was found necessary to  stabilize tho base courses 
instead. Details of experiments mado with asphalt emulsions as soil stabilizers aro 
given, the formulae being derived by means of tho Hubbard-Field Asphalt Stability  
machino. The author considers that in cohesionless materials, liko this sand, it  is 
essential to establish a base upon which to start compaction. H . G. W.

573. Asphaltic Binder Stabilized Roads. F . V. Reagel. H i g h w a y  R e s .  B o a r d  P r o c . ,  
1938, 18 (II), 292-298.—Tho author gives tho general history of soil stabilization and 
shows how by the use of bitumen, soil can bo stabilized without or w ith tho addition 
of only lim ited quantities of granular materials. In Missouri it  has been found that 
if the soil is between 40% and 60% of tho total soil aggregate m ixture it can bo stab i
lized by about 8 % bitumen based on the weight passing the no. 40 sieve. D etails of 
tho three m ethods used in this State aro given— viz., (1) the plant m ix m ethod, (2) tho 
suboiling method— in which tho water and bitumen, etc., are introduced by tubes 
below tlio surface of the prepared soil, and (3) the road m ix method, which has been 
devoloped from method (1). The author points out that test methods aro not yet 
standardised, but are concerned w ith

(a) determination of tho granulometric composition of tho soil material to bo 
treated,
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(6 ) determ ination by tlio original or Proctor test of tho moisturo content indueivo
to best compaction of tho soil material and

(c) tho testing for water affinity of soil m ixtures which liavo been treated with
varying amounts of the admixtures contemplated for use.

Besides tho usual tests, it is considered that repealed freezing, thawing, wotting 
and drying tests aro necessary. Tho uso of bitumen in soil stabilization is to prevent 
excessive swelling and softening of the soil, but not to reduce tho natural cohesive 
strength duo to its  adsorbed water. Tho bitum en best does this when present as a 
fino lattice-work rather than tlio absoluto coating of each particle, which would pro
bably result in tho entire loss of the desirable soil characteristics. In non-cohcsivo 
soils tho function of tho bitum en is to increaso cohesion by cementing tho soil particles 
together, and tho bitumen m ust bo chosen for tho purpose required. Tho use of em ul
sions can only be justified if their superiority can be shown by actual experiment. 
Tho author concludes by pointing out that no reliable mothod exists, other than  
empirical, to  determino tho necessary depth of stabilization required under given con
ditions, and i f  found would save considerable sum s of money. H . G. W.

Special Products.
574.* New Aviation Gasoline Ingredient. Anon. O i l  G a s  J . ,  5.10.1939, 38 (2 1 ), 40.—  
The manufacture of neohexano (2 : 2-dimetliylbutane) has been accomplished in tho 
pilot-plant stage by tho Phillips Petroleum Co., and will shortly be commercially 
avnilablo for incorporation into aviation gasoline. I t  will be manufactured by thermal 
alkylation from ethylene and isobutane, using a furnace temperaturo of 900° F. and a 
pressure of over 1 0 0 0  lb. per sq. in. Neohexane has the following properties : specific 
gravity 0-6498, boiling point 121° F ., Reid vapour pressure 9-5 lb. The octane number 
is 95, and owing to its  high volatility , it  is not necessary to add straight run gasoline, 
as in the case of iso-octane. Blends of neohexane, isopentane, and iso-octane, w ith tho 
addition of lead, will provido an adequately balanced aviation gasoline of O.N. 115. 
Neohexano has a better lead susceptibility than iso-octane at higher octano ratings, 
although a  littlo poorer a t low ratings.

I t  is estim ated that thero is sufficient isobulane and ethylene (or othano) in tho U.S. 
to manufacture 1,000,000,000 gal. per yr. of neohexane. C. L. G.

575.* Catalytic Oxidation of Oleflnic Hydrocarbons. W . L. Faith and M. S. Dendurent. 
R e f i n e r ,  1939, 18 (10), 393.— Amylene m ay bo converted into maloic acid by vapour- 
phase oxidation over a V„05 catalyst. A t temperatures between 350° and 500° C. 
from 12 to 22% conversions into maleic acid are obtained. The optimum temperature 
is about 425° C. Variations in space velocity and air-amylene ratio have little effect 
on percentago conversion. Hoxcne, heptone, and octene also yield maleic acid by 
tho same process. Conversions aro higher than those from amylene, and appear to 
increase as tho number of carbon atom s in tho hydrocarbon is increased. A discussion 
of economic possibilities of the process is given. G. R. N.

576.* Fractionating Equipment for Obtaining Special Products in Natural Gasoline 
Plants. H . C. Givens. P e t r o l .  E n g r ,  N ov. 1939, 11 (2), 51.— A description is given  
of a  six-column fractionation unit designed to  separate propane, butane, isopentane, 
n  -pentano, hexane, and cleaners’ naphtha from natural gasoline. The recovery of 
these products is estim ated to increase tho revenuo per gall, of gasoline manufactured 
by 50% (under maximum fractionation conditions) a t an increased material and 
labour cost of 20% over that of a normal natural gasoline plant. The highest plato 
officioncy in tho columns is necessary. For propane extraction a 15-in. spacing 
between tho trays is recommended, whilst for the heavier cuts 1 2 -in. is adequate. 
For tho oxtraction of propane, butane, isopentane, or mixtures, a column of 26-30  
trays gives the best results, for normal pentano and hexane 2 2  troys, and for all heavier 
cuts 12—15 trays. Tho diameter of the column is based on the charging rate, a i-in . 
of cross-section being allowed per gal. of liquid feed per hr. In general, reflux is pre
ferably fed by pumping from tho ground accumulators rather than by gravity' from a 
condenser on tho top of the column, where a gasoline of freed vapour pressure is to bo
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made. For special-product manufacturo, however, overhead condensers aro moro 
easily controlled and cheapor to  operate. Reboilers are preferably built into tho foot 
of tho column, and should bo of largor sizo than usual for ease of control, and tho steam  
heating should bo controlled by a low -sensitivity air-operated temperature recorder 
controller of tho reset typo. Back-pressure regulation of tho column is best controlled 
by the air-operated recorder or indicator-controller of high sensitivity connected to an 
air-operated motor valve. A flow controller on the eharging-pump is a useful adjunct. 
Standard cooling and condensing equipment m ay bo u sed ; a heat transfer of 1 B .Tli.U . 
por min. per sq. ft. of surface per degree logarithmic mean-tcmpcraturo difference 
being allowed. C. L. G.

577. Dihydronaphthalene Polymers. N. D. Scott and J. F . Walker. Symposium  
on Plastics and Resins from Hydrocarbons. A m e r .  c h e m .  S o c .  M e e t i n g ,  B o s t o n ,  

Sept. 1939, 93-99.—There are two isomeric dihydronaphthalenes : (1 )1 :  4-compound 
prepared by tho reaction of Na with a solution of naphthalene in absoluto alcohol and 
with m .pt. 24-5-25-00 C .; (2 )1 :  2-compound produced by the quantitative rearrange
ment of tho 1 : 4-derivotivo on exposure to  a hot solution of sodium ethylate— m.pt. 
—8 ° to —7° C. Literature on tho polymerization of theso products is scanty.

The 1 : 2-dihydronaphthaleno reacts w ith sodium naphthalene (C,0H 8Na2) to form  
a polymer in the form of a colourless powder which does not m elt a t 250° C. and chars 
a ta  point only' somewhat below red heat. I t  is completely insoluble in water and m ost 
organic solvents. Under different conditions, polymerization to a brittle resin m .pt. 
105° C. and mean molecular weight 749 is obtained. Dimcrization of the 1 : 2-deriva- 
tivo w ith sulphuric acid yields a  light-yellow viscous liquid distilling 235-250° C. at 
15 mm. pressure.

The 1 : 4-compound will also react w ith C10H 6Na2 to form brittle hydrocarbon 
resins and a  colourless material, m .pt. about 100° C. and mean molecular weight 
400-450 can be obtained. A liquid dimor distilling 195-205° C. a t 1 mm. pressure can 
also bo formed. Resins obtained from tho 1 : 4-compound are brittle, glass-like solids, 
refractive index 1 -6 , insoluble in  water and alcohol, moderately soluble in gasoline, and 
very solublo in a number of organic solvents. Dihydronaplithalene resins can be 
hydrogenated, and th is effects improvement in their properties, especially colour 
stability. D. L. S.

578. Influence of Chemical Composition upon the Properties and Uses of Certain Vinyl 
Resins. S. D. Douglas. Symposium on Plastics and Resins from Hydrocarbons. 
A m e r .  c h e m .  S o c .  M e e t i n g ,  B o s t o n ,  September 1939, pp. 101-110.— Polyvinyl chlorido 
is an unusually strong and water- and chemical-resistant resin, but it  softens so slowly 
w ith rise in temperature that decomposition begins before it  can bo properly moulded. 
Polyvinylacetate, on the other hand, softens just abovo atmospheric temperature, is 
brittle, and has a  relatively high water absorption.

When these monomeric vinyl compounds aro polymerized sim ultaneously, a rosin 
is obtained that combines tho strength and water-resistance of tho chloride with tho 
beneficial properties of the acetato. This co-polymer typo of resin has the following 
industrial uses.

S u r f a c e  C o a t i n g s .  Tho resin used for this purpose has molecular weight 8500- 
9500, contains 85-87%  vinyl chloride, and is used in solution in ketones supplemented 
by aromatic hydrocarbons.

C o a t e d  P a p e r .— This resin is similar in composition to the above type, but has m ole
cular weight 9500-10,500. In  th is application suitablo modifiers including pigment, 
plasticizer, and stabilizer are incorporated.

P h o n o g r a p h  R e c o r d s — F l o o r  T i l e .— Identical w ith  resin used for paper coating.
I n j e c t i o n  M o u l d i n g .—Most suitablo for th is process is a resin of molecular weight 

9500-10,500 and a vinyl chloride content of 85-87 %. This allows of maximum strength  
and toughness in the moulded article and adequate fluidity a t the moulding tempera
ture.

C o m p r e s s i o n  M o u l d i n g .—A  resin of average molecular weight 12,000-13,000 and 
containing 85-88%  vinyl chloride is generally used.

S h e e t - S t o c k  R e s i n .—In the manufacture of plastic sheets outstanding strength and 
toughness aro required, but as high plasticity a t moulding temperatures, as for in-
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jeetion moulding, is not necessary. Thus a resin of molecular weight 15,000-16,000 
and containing 88-90%  vinyl chloride is  used.

S y n t h e t i c  T e x t i l e s .— Two types of resin have been developed, both containing 8 8 -  
90% of tho chloride, ono w ith  molecular weight 10,000-19,000 and tho other 20,000- 
23,000.

C o a t e d  W i r e .— A resin w ith molecular weight 20,000-22,000 and containing 95% 
vinyl chlorido has been successfully used for this purpose. D. L. S.

579. Polystyrene. A. J . W oith, V. H . Turkington, and I. Allen, Jr. Symposium on 
Plastics and Rosins from Hydrocarbons. A m e r .  C h e m .  S o c .  M e e t i n g ,  B o s t o n ,  Septem 
ber 1939, pp. 111-119.—Tho lower polymers of styrene— molecular weight 20,000-
30,000 or below— are characterized by low mechanical strength and brittleness, as 
contrasted with tho toughness of tho higher members of tho series. Tho latter serve 
as ideal material for tho injoction moulding process.

Tho thermal stability of polystyrene can bo considcrod from two angles. Long 
exposure a t temperatures above 100° C. causes a decreoso in molecular weight without 
formation of volatile products. The second type of breakdown is more or less complete 
thermal decomposition or pyrolysis, resulting in the formation of a largo percentage of 
volatilo products. The first type of breakdown has been . s h o w n  to bo due to surface 
oxidation. Tho second doos not becomo evident until a temperature of 330-350° C. 
is reached— i . e . ,  100° C. or moro abovo tho temperaturo used in tho practical applica
tions of polystyrene.

When tho polymer is heated in a distilling-fiask to 360-375° C., a fairly rapid distilla
tion of liquid products takes place, and in a case cited 80% distillate was obtained 
containing 50% styrene.

Tho high-molecular-woight polymers aro incompatible w ith m ost of the ingredients 
commonly used in paints and varnishes, but recent work has made practical tho pro
duction of polymers of relatively low' molecular weight which are readily solublo in 
drying oils to form oleo-rcsinous finishes.

Styrene is formed as a by-product in various hydrocarbon cracking processes, and it 
is expected that a large supply of this material will bo available in tho near future.

D. L. S.

580. Study of the Effects of Lubricating Oils on Neoprene Vulcanisates. D. F. Fraser. 
Symposium on Plastics and Resins from Hydrocarbons. A m e r .  C h e m .  S o c .  M e e t i n g ,  

B o s t o n ,  September 1939, pp. 121-132.— In writing control specifications for fabricated 
neoprene parts a volume increase test after immersion in a lubricating oil is frequently 
included.

Experiments were carried out by immersing specimons of vulcanized neoprene com 
pound in thirteen different oils at various temperatures. I t  was found that after a 
short time tho compound showed a maximum swelling in each oil and the oil-neopreno 
system  attained a swelling equilibrium. This equilibrium was reached more rapidly 
in tho caso of thoso oils having tho least effect, and tho length of time before equilibrium 
was reachod decreased with riso in temperaturo. Swelling was found to increase with 
increase in  tho temperature of immersion.

Neoprene is very resistant to members of the paraffin group of hydrocarbons, where
as naphthenes cause severe swelling and aromatics a very severe swelling.

As a result of this work it has been shown that a t swelling equilibrium the percentage 
volum e increaso is a logarithmic function of the viscosity-gravity constant, and that 
there is a direct relationship between percentago volume increase at equilibrium and 
tho gravity indices of the oils used.

There is no simple correlation with specific gravity, refractive index, or viscosity  
index. E . L. S.

581. Production of Phenol from Benzol by Means of the Raschig Process. W. Mattes. 
A n g e w  C h e m . ,  1939, 52, 591.— This process works without pressuro and is continuous 
and catalytic. I t  differs from all other methods hitherto used, in that there is no 
consumption of chemicals. Production is carried out in two stages : (1) chloro-benzol 
is mado from benzol, hydrochloric acid and air, (2 ) the chlorobenzol is saponified w ith  
steam  and transformed into phenol and hydrochloric acid. The chief problem was to
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find a catalyst which would make it possiblo to work at a temperature low enough to 
ensuro that no benzol would bo burnt during chlorination. The catalyst is  composed 
of activated aluminium chlorido in combination w ith copper salts. Higher chlorinated 
benzols— e .g . ,  diclilorobenzole, otc., up to hexachlorobenzolo— are also obtained.

A plant producing 1400 tons por year has been working in Germany for several years, 
and another plant to produce 20 tons per day is under construction in the U .S.A.

E . W . S.

582. Patents on Special Products. A. Lazar. U .S.P. 2,186,248, 9.1.40. Appl. 
.‘10.4,34. Manufacture of an emulsifying oil incorporating unsnlurated and aromatic 
hydrocarbons derived from heat treatment of a petroleum fraction heavier than  
kcrosino and containing organic acids.

C. L. Sehuttig. U .S.P. 2,186,308, 9.1.40. Appl. 25.2.36. Manufacturo of sulplio- 
nated oil by reacting a fatty  oil w ith sulphuric acid, treating tho reaction mixturo w ith  
an aqueous salt solution, and allowing to  settle  in order to produce an aqueous layer. 
Tho aqueous layer is then separated from the sulphonatcd product and alkaliscd. 
Tho m ixture is finally allowed to stand until the sludge containing the unsulphonated 
oils and fatty  acids separates as an upper layer.

V. Ipatieff and II. Pines. U .S .P . 2 ,1S7,034, 16.1.40. Appl., 17.12.36. Production 
of alkylated aromatics by subjecting a m ixture of an aromatic hydrocarbon and an 
olefin of higher molecular weight than butylene to  depolyalkylation.

H . J. Robertson. U .S .P . 2,188,770, 30.1.40. Appl., 20.11.37. Production of 
mineral-oil sulphonic acids by subjecting the oil to sulphonation, adding to the reaction 
product, while agitating, a sufficient quantity of an aqueous alkalino solution to neutra
lise tho sulphuric acid in the reaction product. Tho sulphonic acids aro finally sepa
rated by stratification.

J . E . Poliak. E .P . 516,024, 20.12.39. Appl. 20.6.38. Method of preparing 
drying oils wherein Isano-oil is m ixed a t room temperature w ith one or more drying 
or semi-drying oils of vegetable or fish origin.

Deutsche Hydriorwerko A.-G. E .P . 516,188, 27.12.39. Appl. 11.7.39. Mothod of 
manufacturing capillary-active substances whereby organic hydroxyl compounds of 
tho general formula R -A r-O H  or m etal compounds thereof, in which R  stands for a 
substituted or unsubstituted aliphatic or cycloaliphatic residue containing at least 
three carbon atom s and Ar stands for an aromatic residue, aro reacted w ith a benzyl 
chloride sulphonic acid or a salt thereof.

May and Baker, Ltd. E .P . 516,288, 29.12.39. Appl. 23.6.39. Preparation of 
amino-substituted pyridine-sulphonamides of the typo NH,-B-SO!N R /R , where B is 
the pyridino radical and R ' and R  m ay bo hydrogen or an alkyl, aryl, or aralkyl group, 
and when R  is hydrogen R' m ay be a pyridino residue, by condensing the sulphonyl 
chlorides N H 2-B -S02C1 with ammonia, alkyl-aryl, or aralkyl-aminos or amino-pyridino 
compounds.

André Marie Ghislain Maurice Luyckx. E .P . 516,329, 29.12.39. Appl. 20.7.39. 
Catalytic preparation of liquid hydrocarbons from carbon monoxide and hydrogen. 
This comprises contacting a m ixture of tho said gases at atmospheric pressure and at  
a temperature between 200° and 215° C. w ith a finely divided binar}' uranium oxide 
cobalt catalyst on an inert support.

George W illiam Johnson. E .P . 516,352, 1.1.40. Appl. 9.5.39. Catalytic conver
sion of carbon monoxide w ith hydrogen into hydrocarbons w ith  more than one carbon 
atom  in the molecule, in contact w ith stationary catalysts and in tho presence of liquid 
medium containing a considerable amount of constituents which are gaseous or 
vaporous under the reaction conditions.

Distillers Company, Ltd., and Thomas Bruce Philip. E .P. 516,360, 1.1.40. Appl.
6.3.39. Apparatus for carrying out tho conversion of alcohols to olefines by dehydra
ting catalysts in tho gaseous phase. The apparatus comprises a number of catalytic
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reaction chambers connected in series by conduits through which the reactants pass, 
a tcmporaturo control unit to each reaction chamber, otc. H . B. M.

Detonation and Engines.
583.* Cooling of Diesel-Engine Pistons reduces Lacquer Formation. A. T. McDonald 
and L. A. Blanc. N a t .  P e t r o l .  N e w s ,  15.11.39, 31 (46), R.494.— Practical experiments 
carried out on a small-bore diesel ongino wero designed to investigate tho condition 
conducive to p iston deposits and lacquer formation. I t  was concluded that tho pro
ducts of combustion contribute little  in theso respects, provided that combustion is 
properly controlled. There were indications th a t such deposits m ay bo aggravated 
by tho effect of hot blow-by gases, consisting alm ost entirely of air, and acting on 
thin fdms of lubricating oil.

Reducing tho piston temperature by oil or water-cooling reduces the tendency for 
carbon and lacquer deposits, but since this is not a practically possible device, tho use 
of compounded lubricating oils is the moro feasiblo w ay to minimize fouling. The type 
of fuel used, if kopt w ithin the lim its of distillato fuels commercially available, has 
practically no influence on piston deposits and ring-sticking. H . G.

584.* Engine Bearings—from Design to Maintenance. A. B. Willi. J .  S o c .  a u t .  
E n g r s ,  1939, 45 (6 ), 513— 525.— I t  is considered that there are six major causes of 
bearing failures. Excluding corrosion troubles, tho lubricant is seldom to blame, 
provided reputable oils are used. Four classes of lining material are commonly used : 
tin-base babbits, high-lcad babbits, cadmium alloys, and copper-lead mixtures. 
Each has its own field of usefulness, and these fields are defined in terms of maximum  
unit pressure, Zn/P, PV, oil reservoir temperaturo and crankshaft hardness. U n
favourable design factors aro considered, including oil-flow to tho rod-bearing, restric
tions in oil-feed grooves, oil-clcaranco, and mechanical considerations. Photographic 
illustrations of typical failures are included. K. A.

585.* Aircraft Engines and their Lubrication. A. N u tt. J .  S o c .  a u t .  E n g r s ,  1939, 45
(6 ), 501-512.— The author reviews past and probable future development of aircraft 
engines, w ith special reference to tho work of W right Aeronautical Corporation. In  
fourteen years the output of tho “ Cyclone ” engino has been raised from 400 to 1200 
h .p .; tho B.M .E.P. has been doubled, the speed raised from 1900 to 2500 r.p.m., and 
the specific weight halved. This evolution is attributed to improvements in cooling, 
supercharging, crankshaft design, spark-plugs, fuels, oils, dynamic suspension, and 
materials. Discussing theso features he foresees further refinements in air-cooling, 
giving less sensitivity to detonation and better performance, togotlicr w ith a consider
able increase in  the use of exhaust turbo supercharging during the next fivo years. 
There is a need for better spark-plugs.

A comparison is drawn between tho Junkers compression-ignition engino and an 
equivalent gasoline motor, leading to  tho conclusion that tho aircraft diesel has little  
prospect of overtaking tho spark-ignition type in performance. A moro likely trend 
is tho use of tho so-called safety type of fuel in injection engines with spark ignition. 
Tho author has no doubt that there will continuo to be scopo for both air- and liquid- 
cooled motors.

It  is  claimed that the introduction of new oil specifications has produced a  definite 
improvement in  available lubricants. The deposition of oxidation products often 
sets a lim it to  the permissible hours run between overhauls, and better resistance to 
oxidation m ust bo achieved. Tho author considers that oil refiners m ust intensify  
their research work if tho desired advance in high-output engines is to materialize.

K. A.

586. Henschel-Lanova Air Chamber Diesel for Coal Tar Oil. E. Schoruga. B r e n n s t .  
W a e n n e w i r t . ,  1939, 21, 199-202.— The ignition temperaturo of coal-tar oil is 6 6 ° C., 
as compared w ith 350° C. of a suitable diesel fuel. Early designs of diesel engines for 
tar oil employed for initial ignition a pilot drop of gas oil in each injection. Later, tho 
Hesselmann spark ignition engine gave a sm ooth operation w ith tar oil. The diesel
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engino w ith precombustion chamber was also able to run on tor oil if special incandes
cent grids were inserted in the cylinder. The author describes an air-chamber engine 
— also w ith heat convector—which gives good results w ith  coal-tar oil if tho intake 
air is heated during idling speed and half load. Under full-load conditions tho igni
tion temperature in tho cylinder is reached without preheating the intake air.

E . W . S.

587.* Efficient Burning of Fuel in High Speed Oil Engines. A. T. Wilford. J .  I n s t .  
P e t r o l . ,  1939, 25, 049-656.— A paper which givos an account of tho measures taken by 
a largo passenger-transport organization to  ensuro efficient combustion of tho fuel used 
in its  oil-engined vehicles. Tho application of exlmust-gas analyses to combustion 
control is discussed. G. R. N.

588.* Experiments with Doped Fuels for High-Speed Diesel Engines. J. J. Broezo and 
J. O. Hinzo. J .  I n s t .  P e t r o l . ,  1939, 25, 657-677.—The subject is thoroughly discussed 
under the following item s : requirements from a dope, influence of a  dope on the  
ignition delay of a fuel, the effect of a dope on the combustion process, and the influence 
of a dope in  a fuel on wear and incrustations in tho engine. G. R . N .

589.* Piston and Piston Ring Temperatures. P . V. Koyser and E. F. Miller. J .  I n s t .  

P e t r o l . ,  1939, 25, 779-790.—The subject is discussed under the following item s : piston  
deposits, m ethods of measuring piston temperature, cylinder-wall temperature m ea
surement, laboratory experiments, effect of design on piston temperature. G. R . N .

Coal and Shale.
590. Sulphur in  Products of Combustion of Fuels. L .  R . Burdick and J. F . Barkley. 
U.S. Bureau of Mines, Information Circular No. 7065, May 1939.— Sulphur in  tho 
atmosphere is regarded as a potential source of much damage, since it  readily unites 
with oxygen to form corrosive acids. I ts  source is usually traceable to  the burning of 
fuels containing sulphur, and in th is connection investigations have been mado to  
discover, if possible, w hat actually happens to the sulphur— i.e., how much of it 
remains in tho refuse, how much is carried away w ith the gases, and how much  
lodges in the fuel-burning equipment. The authors of th is Circular review published  
information on these questions. H . B . M.

591.* Toxicity of Coal-Tar Naphtha Distillates. H . Taylor. C h e m .  a n d  I n d . ,  1939,58, 
1078 ;1080.— Coal-tar naphtha distillates are being used for tho fumigation of houses 
against bed-bugs, and it is generally supposed that no detrimental effect on human 
beings ensues. This supposition is not supported by tho author, who has conducted a 
series of experim ents to determine the physiological effect of the naphtha vapour 
on rats.

A ll tho samples of naphtha tested showed definite narcotic action at concentrations 
greater than 0 -1 0 % by volume, and in one experiment a  single exposure of 6  hr. a t  
a  concentration of 0-16% caused the death of a ll the experimental rats.

There was considerable variation on tho effect on internal organs w ith different 
samples, but definite liver degeneration .was caused by two out of four samples, and 
slight effects were noted in the case of a  third. T. C. G. T.

Economics and Statistics.
592.* Technology, Employment and Output Per Man in Petroleum and Natural Gas 
Production. O. E . Iviessling. Work Projects Administration, National Research  
Project. In co-operation w ith U .S. Bureau of Mines. Report E-10, Ju ly  1939.—  
In  1937 the output of petroleum and natural gas reached a peak for tho United  
States, but em ploym ent in the industry did not rise commensurately. A fundamental 
economic problem raised by this fact was whether growth of em ploym ent in tho oil
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industry has been permanently arrested, and w hat are the probable em ploym ent 
opportunities in the future. Thoso constitute the essential objectives of the investi
gations dealt w ith in  this report. I t  is pointed out that from an economic standpoint 
the oil and gas industry is far more ramified than merely raw-material production, in 
that, apart from the actual producing oil-wells, it includes refineries, natural gasoline 
plants, oil and gas pipe-lines, and dolivery of refined products to consumers (marketing). 
Consequently, the broadest view  of th is complicated industry is taken in th is study, 
which, whilo economic in perspective, is a t tho same tim e inevitably technical in 
treatm ent.

Tho main sections of tho report are devoted to long-time trends in production, 
em ploym ent and output per m a n ; influence of migration to new flush-production 
areas ; developm ent of exploration and discovery techniques; development of drilling 
teclin iqucs; tochnologic advancos in production and progress in natural gas and 
gasoline recovery; difficulties incident to  increasing produ ctiv ity; advances in 
transportation and storage techniques; technical advances in refining and em ploy
m ent prospects in tho industry.

Among the interesting points elucidated in  the courso of this survey are that the 
industry has tho highest annual gross income in tho American extractivo industries; 
that its  total omployment is second only to tho coal industry ; that it supplies moro 
than a third of that country’s total energy requirem ents; that, in spite of considerable 
progress in preventing waste, contemporary practices by no means represent efficient 
production from a  strictly  technical standpoint, though by increased rofinery efficiency 
double the amount of petrol is now obtained from a barrel of crude oil than formerly. 
The main conclusion reached is that the outlook promises increased opportunities for 
em ploym ent, but th a t advances in the technology generally will alter the “ com 
position of tho working force.” Unskilled labour is disappearing, particularly in tho 
development, refinery and transport branches of the in d u stry ; trained technicians 
and skilled workers are replacing the old-time “ roustabouts ”— in short, the industry 
is being run by specialists, and vocational training is now the qualifying factor in 
recruiting porsonnel for all branches. H . B . M.

593. Industrial Research in 1939. W . A. Hamer. C h e m .  a n d  C k e m .  E n g n g  N e w s ,

10.1.40.— It  is estim ated that in  the U .S.A. in  1939 alm ost 32,000 scientific men and
16,000 assistants wero engaged in research on behalf of 2000 firms. The chemical, 
petroleum, and electrical laboratories em ployed nearly half of the total industrial 
research workers. B . T.

594. Oil in Brunei. Anon. B u l l .  I m p .  I n s t i t u t e ,  1939, 37 (4), 629.— In  a report 
received from the British Resident oil produced in the second quarter of 1939 amounted 
to 186,062-94 tons, and in the third quarter 195,126-5 tons. These figures are net 
production aftor allowing for water run-off and pumping losses between field and 
refinery. H . B. M.

595. Assessment of Petroleum Production in Rumania During 1939. Anon. M o n i t .  
P e t r .  R o u m , ,  1940, 41, 3-7 .— Tho effects of hostilities in Europe aro traced in economic 
aspects of the Rumanian oil industry during 1939. I t  is indicated that not only 
belligerent countries, but also neutrals are anxious to obtain ample stocks of petroleum  
products. So far, tho only marked effect in the Rumanian industry has been an 
increase in the price obtained for such products.

The prices of various crudes during onch month of 1939 are tabulated. Thoso 
indicate a steady increase, am ounting to 50% by August and leaping to a 196-259%  
increaso (according to  crude) by tho end of the year.

Tho prices of refined products, again tabulated, have not had such spectacular 
advances, but these havo registered price increases of 92— 136% over tho year.

Drilling in  Rumania reached its peak in Juno w ith 28,172 m etres, compared w ith  
18,857 in January and 21,000 in December.

Production has remained fairly steady, w ith no increase towards the end of tho year. 
The maximum m onthly figure was 538,719 tonnes in March and the minimum 497,025 
in  February.

The greater part of tho crude produced is processed, and this again has showed no 
N
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remarkable change, though tho Novem ber figure of 430,000 tonnes is only 80% of that 
for January.

In tho export market m onthly crude exports reached a peak in  February w ith  
44,455 tonnes, w hilst the Novomber figuro was 25,060. Refined products had their 
peak export period of 386,762 tonnes in April, and have fallen away towards the end of 
tho year to  274,828 hi November.

Internal consumption has shown a steady increase during the latter m onths of tho 
year, rising from 115,421 tonnos in Juno to 180,000 in November.

Comparing tho 1939 statistics w ith previous years it  is apparent that tho marked 
decline sinco 1935 hi the export of Rumanian petroleum products has been continued. 
In  1935 tho total exports wero 6,611,000 tonnes, and in 1939 4,150,000 termes.

T. C. G. T.

596. Statistics on the Rumanian Oil Storage Capacity. Anon. M o n i t .  P e t r .  B o u r n . ,  
1940, 41, 63-71.— The average oil storago of 43 named companies is  analysed according 
to the particular petroleum product and its location— i . e . ,  field, refinery, or port 
storage. All theso statistics are then condensed in ono table.

From tho condensed table it  is seen that tho total of petroleum  crudo and products 
hold in the country' am ounts to about 3 million tonnes, in  5000 storage units, 1780 
field un its store 588,000 tonnes, 2830 refinery units hold 1,555,000 tonnos and 390 port 
storago tanks hold 840,000 tonnos. Constanza w ith  290 tanks holds 765,500 tonnes 
of tho port storage.

Astra-Romana on an average holds 614,567 tonnos, or 20-49% of the country’s 
total, Steaua-Romana holds 14-5%, Concordia 10-87%, and Romano-Americana
10-56%.

The figures do not represent the m axim um  possible am ount held in storage, but 
merely avorage stocks. Further, they  do not include large quantities of material held  
in unrecognized storage— e .g . ,  in wooden tanks or in p its  in the fields. T. C. G. T.

597.* 1938 Crude Production Results and 1939 Perspectives of Azneftedobycha. K . A.
Mashkovich. A z .  N e f t .  K h o z . ,  January 1939,19 (1), 16-20.— Tho 1938 plan of crude- 
oil production has been fulfilled 98-5%, th a t of gas production 93-3%. Oil and gas 
production have increased 772-7 thousand tons over 1937 figures. Tho m ain reasons 
for the non-fulfilment of tho plan are examined and necessary measures to improve 
production given. L. R.

598.* Records of Yields in the Argentine Oilfields. M. Soifer. B o l .  I n f o r m .  P e t r o l e r a s ,  

November 1939, X V I (183), 55-63.— Modern m ethods of exploitation are based on 
getting the m ost out of every deposit of oil by m aintaining or increasing tho pressuro 
by injecting gas or by introducing water in order to secure m axim um  recuperative 
results a t the finish. In  order to achieve tho desired result, it  is necessary to have, for 
reference, tho m ost exact possible records of production, of gas and of water in  tho
011-bearing zone, in conjunction w ith  tho results obtained from each well individually. 
The author develops tho subject in  detail, describing tho necessary measuring 
apparatus, tank batteries, etc., for different types of wells, explains the calculations, 
and shows the different forms which should be used for keeping the necessary records.

H . I . L.

599.* Further Legislation governing Oil Companies in Brazil. Anon. B o l .  I n f o r m .  
P e t r o l e r a s ,  November 1939, X V I (183), 69-72.— This noto refers to tho law N o. 961 of 
17.12.38 by which the holding of shares, etc., in Brazilian oil companies and refineries 
is restricted to Brazilian nationals. Tho note contains additional clauses regulating 
the holding of shares by husband or wife when the parties aro married, and where ono 
of the parties is a foreigner.

Tho decree No. 1369 of 23.6.39 is also published, transferring to tho National 
Petroleum  Council the functions in respect to oil which havo hitherto been controlled  
by the Ministry of Agriculture. H . I . L.

600.* World Legislation concerning Petroleum. Anon. B o l .  I n f o r m .  P e t r o l e r a s ,  

November 1939, X V I (183), 74-84.— This record of world legislation, which was
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started w ith  N o. 174 of this journal, includes Paraguay, Persia, Peru, Poland, and 
Rum ania among other countries. H . I . L.

601.* Decrees by the Argentine Government concerning Purveyors of Petrol, Gas Oil, 
etc. Anon. B o l .  I n f o r m .  P e t r o l e r a s ,  November 1939, X V I (183), 85-91.—Decrees 
published regulating tho period for which a licence will be granted to purveyors of 
petrol and the like, regulating tho mothods of measuring cargos and freights for inter
port transport, prohibiting the export of any kind of fuel, ensuring declaration of 
destination and ports of call by  all ships of the merchant marines of all countries, 
lim iting the am ount of bunker fuel that m ay bo shipped by boats leaving the Argen
tine for oversea ports, fixing of maximum prices for kerosino and other fuel oils, 
permitting tho resliipment of petrol to  Brazil and Paraguay, permitting tho export of 
petroleum and its derivatives to Paraguay, regulating prices of fuels, etc. H. I. L.

602.* Export of Petroleum Products from Rumania during 1939. M. Pizanty. 
M o n i t .  P e t r .  R o u m . ,  41, 5, 1.3.40, 249-260.— This is an authoritative and detailed  
statem ent o f the export trade in potroloum products o f  Rumania during 1939. Tho 
value o f theso products (11-2 milliards o f lei) represented 41-9% o f  the total value 
o f exports o f all merchandise— tho largest single item  in Rumanian foreign trade. 
T otal petroleum exports were 4,177,571 tons (4,494,762 tons in  1938). Tho distinc
tive featuro o f 1939 w as tho increase in  exports from Giurgiu and the decrease in 
exports from Constantza. Tho following are the principal statistical Tables included :

F r o m  o f f i c i a l  s o u r c e s  ( S t a t i s t i q u e  f i n a n c i è r e  e t  é c o n o m i q u e ) .

1. E xports by product and country o f destination (1938-39). Tho principal 
features o f th is Tablo are as follows :

Crude Motor 
Consigned to : Oil. Spirit.

(In thousands o f tonnes.)
Germany, Czechoslovakia and Austria 196 636
United Kingdom . . . .  —  347
Italy  and Albania . . . .  23 83
Franco . . . . . .  22 148

2. E xports b y  product and port o f consignment (1938-39).
3. M onthly values o f  exports by product (1939).
4. Annual quantities o f  potroleum products oxported (1930-39).
5. E xports through Giurgiu b y  ownership o f tank-barges (1936-39).
6 . Exports from Constantza by nationality o f tankor (1939).
7. M onthly quantities by countries o f destination (1939).

F r o m  s t a t i s t i c s  s u p p l i e d  b y  o i l  c o m p a n ie s .

8 . Exports from different companies classified by product and port o f consignment 
(1939).

9. E xports from different companies classified by product and country of destina
tion (1939).

Information supplied by oil companies indicated a total volum e o f exports of 
petroleum products o f  4,095,443 tons. This source o f information is independent of 
that derived from Customs returns which appear in the official statistics. Tho differ
ence in  the two totals is  loss than 2%. S. J . A.

Kero- Gas and Lubri-
sino. Fuel Oil. cants.

206 234 9-5
137 119 16-2
106 419 4'6
46 2 2  —
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Volumetric and Phase Behaviour o! Hydrocarbons. B y  Bruco H. Sago and W illiam
N. Lacoy. pp. 299. Stanford University Press, California, 1939. Hum phrey
Milford, Oxford University Press, $5.00.
Tho quantitative application of scientific principles in petroleum technology' has 

been retarded by tho lack of data, but in recent years a considerable am ount of 
quantitative experimental knowledge of hydrocarbons has been accumulated. 
The m ajority of this information has resulted from experimental studies carried out 
by tho authors of th is book through the American Petroleum In stitu te’s Research 
Project 37.

In  this book the quantitative liquid-gas phase behaviour of hydrocarbons with  
emphasis on volumetric behaviour is dealt w ith, and tho subject discussed finds its  
major application in processes handling natural gas and natural gasoline.

W ithout a  doubt tho logical and scientific treatm ent of th is subject has never 
before been equalled, and tho authors are to bo congratulated on their work.

After tho preface and lis t of sym bols em ployed, tho book opens w ith an intro
ductory chapter on general definitions and phase equilibrium, followed by a useful 
chapter on tho m athem atical concepts involved.

Tho one-component system  is next dealt w ith in tho order gases, liquids, two- 
phoso region, and critical region. Twenty ou t of tho twenty-three diagrams 
appearing in th is chapter are quantitative in nature, and deal exclusively w ith  
saturated hydrocarbons, m ostly methane, ethane, propane, and butano.

In  chapter four, two-component system s are discussed in tho order, singlo-phase 
region, two-phase region and threo-phaso region, w ith proper emphasis on critical 
behaviour, tho diagrams being about equally divided between illustrative sketches 
and quantitative figures.

The discussion on three-component system s is confined alm ost entirely to liquid- 
gas phase behaviour, and is tho m ost comprehensive and exhaustive description of 
th is subject so far published. I t  is hero that tho lack of quantitative data is m ost 
pronounced, this chapter being the only one in tho book where tho authors have 
been forced to em ploy illustrative sketches rather than quantitative diagrams.

Tho chapter on m ulti-component system s is outstanding. Here an attem pt is 
m ade to  describo the behaviour of m ulti-com ponent system s in tho light of ex 
perimental data available on such diverse and complicated m aterials as natural 
gas, gasoline, crude oil, and natural gas-crudo oil m ixtures. Tho inclusion of such a 
chapter in a book on phase equilibrium is a  welcome novelty, and the authors are to 
bo complimented on their initiative and courago. Nearly every ono of tho many  
diagrams included in th is chapter is quantitative in character, and tho tex t is 
destined to bo long quoted as a classic.

The work is continued w ith chapters on the phaso rule, partial quantities, and 
ideal solutions, and concludes w ith a short appendix on retrogrado condensation.

Tho illustrations are clear, and out of a total of 194 a large proportion are quan
titative in  character and supplied w ith references to tho original data in tho 
literaturo.

No one engaged in quantitative work on hydrocarbons or petroleum can afford 
to  bo without a  copy of this book. T. G. H u n t e r .

De la Carbonization aux Carburants d’Aviation Vol. 1. Le Pétrole et ses Succédanés.
B y  Ch. Berthelot w ith a  preface b y  G. Claude, pp. 327. Published by Dunod,
92 Rue Bonaparte, Paris 1939. Price 1 0 1  f r a .  Paper cover, 90/Vs.
This volum e is the first o f  a  series of threo, which w ill includo coking, gas 

production, and carbonization in general.
In  an interesting foreword Claude directs attention to tho need, duo to  the im pact 

of war, to  draw from one’s own resources by an enormous industrial effort all
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materials that are indispensable, neglecting those the precarious arrival of which 
m ight well prove a special danger to the community. Ho points out that 11. 
Bortholot has put forward “ une idóo titanosquo "— tho production of 25,000,000 
tons per annum of gasoline or substitutos boforo tho right exists “ do dormir 
tranquillo,” in which he contemplates tho uso of coal shales, lignites and wood.

Apart from tho topical interest of the subject, tho author has produced a  well- 
balanced account of tho sources and production of fuols alternative to petroleum.

Ho bogins w ith an account of tho Falm outh Committee, tho report of Sir David 
R ivott to tho Australian Government, and the progress put forward by tho Labour 
Party on the oil-from-coal situation. Then follows an e x p o s é  of tho corresponding 
position in Franco, wlioro, in the event of hostilities, ho visualized the trebling of 
peace-tim e requirements. Petroloum from Morocco, colonial wood, fatty  oils, and 
alcohol are briofiy discussed, and then the general dovolopment of tho carbonization 
of shales, cannols, and other bitum inous material in France, Scotland, and Estonia, 
w ith a critical exam ination of the various m ethods adopted in oil production. Tho 
utilization of compressed gas is dotailed and the various methods of storago aro 
described. Low-temperaturo carbonization m  England, France, and Germany, 
and tho retorting practice therein involved, aro given duo consideration.

In  a very careful and thoughtful summing up of his conclusions he points out 
that France in war-time will ncod from 15 to 25 million tons of fluid fuel a year. 
H e assorts that nino-tonths of all material received ovorseas by tho W estern Powers 
arrives by tho Atlantic, and that in  tho last war 200,000 tons of shipping wero sunk 
in tho course of one week. All these facts, he says, demand the development of a 
self-contained policy. Autarchy is veritably in tlio air.

H e makes a very pleasant reference to tho In stitu te’s Glasgow conference on 
Shales and Cannols in 1938, and justly  points out that tho petroleum industiy  is 
very far from opposing tho tcchniquo of the carbonization process, knowing well the 
value of its  long experience.

Your roviower, although in general agreement w ith M. Berthelot’s thesis that 
overy reasonable attem pt should bo made to increaso the supply of indigenous 
fluid fuel, would w ish to emphasize th is fact, perhaps more cogent for Great Britain 
than for Franco : Tho ultim ate success of tho Allies depends on tho maintenance 
of tho open seas. W ithout command of tho oceans we shall surely perish, not so 
much for the lack of oil, but of food, and of that trado which is so vital.

A. E . D u nstan .

Sulphated Oils and Allied Products : Their Chemistry and Analysis. B y  D. Burton  
and G. F . Robertshaw. Pp. 1G3 +  iv . A. H arvey, Publisher, 17, Leather- 
markot Street, S.E . 1. Price 12s. 6 d .

The book commences w ith a very interesting historical survey of tho sulphation  
of oils from Frem y and Rungo’s experiments on the action of concentrated 
sulphuric acid on olive oil to the recent work on tho analysis of potroleum sulphonic 
acids. Tho compounds which have been isolated from the oils used for sulphation 
are given, together w ith the occurrence of each acid or alcohol. The m ethods of tho 
preparation of a few sulphated oils are described, whilst some of tho modern 
refinements by which the action of tho acid is controlled are illustrated. Although 
much is still to be learned regarding the mechanism of sulphation, t his monograph 
contains a  useful chapter on the “ Chemistry of Sulphation,” in which aro discussed 
tho various main reactions occurring.

However, tho real service of th is book is the complete guido to tho analysis of 
sulphated oils, sulphated fa tty  alcohols, and petroleum sulphonic acids. Complete 
schomes of analysis for all these products are tabulated. Further-more, each test, of 
which full experimental details are given, is reviewed critically, and the analyst is 
told where wrong conclusions m ay be reached owing to a deficiency in tho test. 
Tho book will undoubtedly bo invaluable to all who have to deal w ith both the  
analysis and developm ent of these complex products, particularly as very full lists  
of reference are given at tho end of each chapter. A  foreword has been written by 
Professor T. P . Hilditch, D.Sc., F.I.C. F .  A . F i d l e r .
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1. The Waverley Handbook. N inth Edition. Compiled and edited by S. G. Symons.
Pp. 902. W averley Oil W orks Company, Pittsburgh, Pennsylvania.
The editor and publishers of th is Handbook tried to condenso “ tho m ost complete  

and comprehensive tex t as y e t mado availablo to those interested in the Petroleum  
Industry ” in botweon tho 902 pages constituting th is edition. H ow far they have  
succeeded is a m atter of opin ion; but it  m ust bo adm itted that a t least an extensive  
field has been covered w ith  regard to  lubricating oils and lubrication in general. 
The am bitious claim cannot bo entirely justified w ith  a complete om ission of such  
subjects as drilling for, and storage and transport of oil— to m ention only threo 
major item s.

The volum e contains 18 chapters dealing w ith lubricating-oil properties and their 
preparations, animal and vegetable oils, fuel oil, crude-oil production records, 
gasolino preparation and treatm ents, secondary recovery m othods, dealing par
ticularly w ith gas- and water-drivos, bonzolo, A.S.T.M. standard m ethods of testing  
oil properties, motors for oil and gasolino. Chapters dealing w ith general problems 
include thoso discussing business law and banking tables for weights, measures and 
capacities, workshop formulas and w hat are termed “ W averley formulas,” dealing 
w ith m ultitudinous and varied subjects.

References are attached in  abundance to m ost chapters.

2. Carbon Monoxide. Methods for the Detection of Toxic Gases in Industry. D epart
m ent of Scientific and Industrial Research. Leaflet No. 7. Pp. 9. H.M.S.O.,
London. Prico Is. <kl.

Tho standard m ethod developed for tho detection of carbon monoxide in industry  
consists in  drawing samples of the atmosphere under tost through a known area of 
test-paper, treated w ith palladium chloride, a t a slow and constant rate, by  means 
of a 5-litro aspirator. Interfering gases are rem oved by allowing the sample to 
pass first through a tube of activated charcoal. Sampling is continued until a 
stain is  produced on the test-paper which compares w ith tho standard colour 
chart, a copy of which is included in the pam phlet. Tho concentration present is 
then determined by comparing the timo required to reach tho necessary colour 
w ith the tim es g iven on tho chart.

3. Report of the Road Research Board for the Year ended 31st March, 1939. Departm ent
of Scientific and Industrial Research. Pp. v iii +  172. H.M.S.O., London.
Price 3s. f k l .

This report contains a summary of progress of the work carried out during the  
year under review on (1) Soil Mechanics, (2) Materials and Mothods of Construction, 
and (3) Road Mechanics.

A ttention m ay bo directed to tho work on bitum inous binders, which includes a 
comparison of durability tests  w ith road performance of surface dressings and thin  
carpets containing these binders. Full-scale trials are in progress on tar-rubber 
binders designed in tho laboratory for surface dressing and for thin surfacing, and a 
series of carpets containing asphaltic binders has been laid on tho Colnbrook 
B y-Pass with a view to relating their physical properties with road behaviour.
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■A: T h e  F i n e s t  C O N D EN S IN G  A N D  
FRACT IO N AT IN G  PLANT . .

w.j.FWnsip.L"'
O V A E ttX M A ,\-.S S tï.

The u pper illustration show s a M u lti- 
tubular D ephlegm ating C o nd en se r. 
The tubes and tube plates are  of 
b ro n ze. O n  the left is a Ring Packed  
Fractionating Colum n s p e c ia lly  d e 
signed for high vacuu m  duty.

W ith  our w id e  e x p e rie n c e  in the 
d e sig n  and m anufacture of Petroleum  
Refining Equipm ent, w e can  p lace  
the most u p-to-date and econom ical 
plant at o u r clients' d isposal.

W h y  n o t  s e n d  f o r  

f u r t h e r  d e t a i l s  ?

W. J. FRASER & CO., LTD
D A G E N H A M  ESSEX
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WELDED PRESSURE
VESSELS

B A B C O C K  Fusion Welded Pressure Vessels are 
designed in accordance with Lloyd’s, A.S.M.E., 

and other codes, and are accepted by the leading 
Insurance Companies for installation all over the 
world.

Babcock Class One Fusion Welded Boiler Drums 
and other Pressure Vessels have been constructed 
for installation in the following countries :—  

British Isles, Australia, Holland, Japan, Italy, 
Sweden, Argentine, U.S.S.R., South Africa, 
Denmark, China, Palestine, Portugal, Belgium, 

Federated Malay States.
In addition to the foregoing countries, Class One 

Fusion Welded Pressure Vessels have also been 
constructed for :—

Tasmania, Iraq, Iran, Uruguay, India and Eire.

Our W orks are particularly well equipped to 
handle the construction of re-action chambers, 
coking chambers, flash chambers, fractionating 
columns, strippers, evaporators, heat exchangers, 
condensers and all vessels included in oil refinery 
and treatment plants.

EVERYTH IN G FOR TH E BOILERHOUSE  
IN CLU D IN G  VALVES

BABCOCK & WILCOX LTD.
34 FARRINGDON STREET, LONDON. E.C.4
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Lachman Vapour Phase 
Treating  Process

L A C H M A N  T R E A T E D  s p i r i t  d o e s  n o t

r e q u i r e  a n y  i n h i b i t o r .

L A C H M A N  T R E A T I N G  ; » .  singie
o p e r a t i o n  c o n s e r v e s  a n t i - k n o c k  q u a l i t y ;  r e d u c e s  

g u m  c o n t e n t  t o  t h e  v a n i s h i n g  p o i n t ;  r e d u c e s  s l u d g e  

a n d  p o l y m e r i z a t i o n  l o s s e s  t o  t h e  m i n i m u m  a n d  

r e d u c e s  s u l p h u r .

T h e  p r a c t i c a l  a d v a n t a g e s  a l s o  o f  a  m e t h o d  w h i c h  

i s  f o o l - p r o o f  i n  t h e  s e n s e  t h a t  i t  c a n n o t  b e  o v e r 

d o n e  m u s t  a p p e a l  t o  a l l  r e f i n e r s .

A. F. CRAIG & CO., LTD.
P A I S L E Y

R e p r e s e n t i n g :

V A P O U R  T R E A T I N G  T H E  W IN K L E R -K O C H  

P R O C E S S E S  I N C . ,  E N G IN E E R IN G  C O .,

555, S o u th  F lo w e r  S tr e e t ,  335, W est L e w is  S tr e e t ,

L o s A n g e le s  C A L IF O R N IA  W ic h ita  K A N S A S

K in d ly  mention this J o u rn a l when comm unicating w ith Advertisers.

viii



alumina firebricks In high temperature

have their refractory problem still with

S U IT A  B IE  
E F I N  E R I E

W ÈÈÈ

i

HE reliability of NETTLE 42/44%

installations is undisputed. Users of this

brand are convinced of this: those who

them may well find that a trial of NETTLE

will provide a solution.

JOHN G. STEIN & CO. LTD.. BONNYBRIDGE, SCOTLAND

K in d ly  mention this J o u rn a l when comm unicating w ith  Advertisers

i x



OF RUBBER

8. CO. LTD.

P U M P  M A K E R S  L U T O N  B E D S
K in d ly  mention this Jo u rn a l when com m unicating w ith  Advertisers.

That's w hat an e n g in ee r said  

looking at a liv e ly  D u p le x  steam  

pum p that w as struggling w ith a 

h ig h ly  v o la tile  product. This 

odd b e h a v io u r is more u su a lly  

d e sc rib e d  as 'sh o rt-stro kin g ,' 

and it occu rs w h e n e ve r the 

o rd in a ry  D u p le x  steam pum p  

d ra w s g a s instead of a full 

ch a rg e  of liq u id ; piston a c c e le ra 

tions b ecom e erratic, and the 

steam ports are  clo sed before  

the com pletion of the stroke. 

Som e users h a ve  d isca rd e d  

D u p le x  pum ps on this a cco u n t; 

o t h e r s  h a v e  p u r c h a s e d  

H a y w a rd -T y le r  D u p le x  pumps

with T w e lls ' v a lv e  g e a r, and  

a re  now  getting the econom ic  

a d v a n ta g e s  of this typ e  com 

bined w ith po sitive  action.

W ith  T w e lls ' v a lv e  g e a r each  

piston rod clo ses its ow n steam  

port at the end of the stroke, the 

op ening of the port being  

effected b y  the o p posite  piston 

as w ith the standard  D u p le x. 

The result is a b ility  to w ork w ith  

g a s-la d e n  liq uid s or e ve n  against  

a vacuu m , and in cid e n ta lly  a  

sav in g  in steam.
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DESIGNED AND SHIPPED IN 5 MONTHS • ERECTED IN 5Vz MONTHS

For a petroleum company in far off 
India, The Lummus Company de
signed and built three units: a 5,000 
barrel per day Lummus Atmospheric 
and Vacuum Topping Unit; 1,350 

barrel per day Lummus Rerun Unit; 1,200 barrel per day Lummus 
Stabilizer. » » » Engineering and fabrication were completed 
within 5 months. Erection was finished within 5V2 months despite 
the difficulties of transportation and native labor. All units of 
this plant went on stream on initial firing.

Representing : TH E LU M M U S  C O M P A N Y



1 9 4 0  “ C A R D W E L L ”  D R A W  W O R K S

( J L U c e  a J?L^gati )0>L<j
T H R O U G H  A H Y D R A U L IC  T R A N S M IS S IO N  AND A “ CA RD W ELL SP E E D  D R IV E ”

T h e  speed, f lex ib ility  nnd sm oo thness o f s team  are  
y o u rs  bv a tu rn  of th e  th ro t t le  on  th is  new  d raw  w orks. 
T h e  e n t ire  eng ine  pow er is co n s ta n tly  av a ilab le  a t  
m ax im um  speed W IT H O U T  SH IFTIN G  GEARS.

W hen you w an t to  “ k ic k -u p ” th e  tra v e llin g  b locks, 
ju s t  f lip  th e  f in g e r-tip  a ir  co n tro l in to  " h ig h ” and  
th e  f r ic tio n  c lu tc h  “ H i-L o ”  d riv e  in s ta n tly  doubles 
th e  line  speed w ith o u t inc reas ing  th e  speed of th e  
en g in e . T h is  fe a tu re  saves d r il lin g  tim e. A ir  con 
tro ls  o p e ra te  th e  tw o  “ H i-L o ”  f r ic tio n  clu tches, 
r o ta ry  d r iv e  f r ic tio n  c lu tc h  and  c o u n te rsh a f t b rake . 
R o ta ry  ta b le  b rak e  is a u to m a tic a lly  opera ted .

" C a rd w e l l”  f r ic tio n  c lu tch es  a re  used th ro u g h o u t, 
sav ing  tim e  nnd load  shocks a t  every  o p e ra tio n . T h e  
new  type  dual, fu lly  equa lised , s ing le  ad ju stm en t 
s a fe ty  b rak es  w ill ho ld  th e  fu ll c a p ac ity  load  even if 
o ne  b rak e  shou ld  fa il. B rak e  flanges  arc  alloy  h ea t-  
tre a te d  s tee l, w ith  th re e  to  fo u r  tim es th e  life  of 
o rd in a ry  s tee l flanges.

In th e  co n s tru c tio n  of th is  new  draw  w orks, a lloy  
stee ls  nre used fo r  added s tre n g th  and to  e lim in a te  
a ll su rp lu s  w eigh t. H ea t-trea ted  w earin g  p a r ts , to  
th e  la st p in  and  p in h o le , in su re  low  m a in ten an ce  
costs . T h is  is an easily  p o rta b le , slim  ho le  d raw  
w orks w ith  big ho le capacity .

M odel L d raw  w orks is a lso  av a ilab le  w ith  th e  com 
p le te  M ast-R ig. as i l lu s tra te d , and  is fo r  ro ta ry  
d r il lin g  to  4,500 fee t w ith  34 inch  d r il l p ipe  o r  to  
3.500 fee t w ith  44 inch d r il l p ipe  and  fo r w ork o v er 
jobs to  8.000 fee t, u sing  24 inch  tu b in g .

Y ou can  m ake m ore h o le  p e r  d ril lin g  d o lla r  w ith  th is  
1940 “ C A R D W E L L ” D RAW  W ORKS. W rite  us fo r 
spec ifica tions  and  co m plete  in fo rm atio n .

F. J . OLSO N . E x p o rt M anager, 570 L ex ing ton  Avon.. N .Y . C ity . C able A ddress: "C ard s tee l.” 
Fore ign  R ep resen ta tiv e : JA C K  G R IZZLE. C o n tin en ta l H otel. C airo . E gypt.
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D a n g e r o u s  G a s e s
I N  T H E  P E T R O L E U M  A N D  

A L L I E D  I N D U S T R I E S

A  se rie s  o f  16 P a p e rs  r e p r in te d  f r o m  th e  

J o u r n a l  o f  th e  I n s t i tu te  o f  P e tro le u m  

June and July, 1939

176 pp. 27  Illu stra tio n s and  D iagram s  
C lo th  B o u n d

7 s . 6 d .
» (including postage)
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THE INSTITUTE OF PETROLEUM
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World-Wide Licensees, VV. CHRISTIE & GREY LT1). 
F O U R  L L O Y D S  A V E N U E ,  L O N D O N ,  E.  C . ł .

W A S H  I M G
Holley Mott Plants are effi

c i e n t l y  and c o n t in u o u s ly  

washing m illions o f  gallons 

o f  Petroleum products dally. 

Designed fo r any capacity. 

M ay we subm it schemes to 

su it your needs ?

H O L L E Y  ( h \ M )  M O T T  

Io n  t in  uu u s  C o u n t e r - C u r r e n t  P l a n  f
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S T E W A R T S  and LLOYDS, ltd
G L A S G O W  B I R M I N G H A M  L O N D O N

M a in ta in in g  

the S  & L  q u a iity

Meticulous inspection upholds the high standard of 
accuracy of 'S  & L' screw threads essential in all 

oil-field tubing
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