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O CTA N E R A T IN G  R E L A T IO N S H IP S  O F A L IP H A T IC , 
A LIC Y C LIC , M O N O N U CLEA R ARO M ATIC H Y D R O 
C A R BO N S, A LCO H O LS, E T H E R S , A N D  K E T O N E S *

By G t j s t a v  E g l o f f  a n d  P. M. V a n  A r s d e l l .

The modem internal-combustion engine owes the general smoothness 
of its performance to the quality of motor fuels used. There are many 
organic compounds which have boiling points within gasoline range which 
will run an automobile engine. The fuels operating to-day’s engines are 
hydrocarbons derived from petroleum and natural gas. These gasolines 
have varying efficiencies that are expressed as octane ratings. The 
detonation properties of motor fuels are due to the type of organic mole
cules present, and their octane rating is a function of the structure and of 
the oxidation characteristics under high-temperature and pressure con
ditions. ' It should be pointed out that variation in engine conditions 
markedly alters the octane ratings of organic substances. Studies of the 
octane ratings, oxidation characteristics, and thermal stabilities of alkanes, 
alkenes, alkynes, cyclanes, cyclenes, mononuclear aromatics, alcohols, 
ethers, and ketones have been made in order to correlate the octane ratings 
of these compounds. Since modem synthetic processes have made in
dividual hydrocarbons available in large volumes, their chemical structures 
have become increasingly important from a motor-fuel standpoint.

The relation of chemical structure to motor-fuel efficiency was first 
brought out in 1931, when Lovell, Campbell, and Boyd 1 published then- 
work on the combustion properties of aliphatic hydrocarbons. These 
properties were reported as “ aniline equivalents.”  In 1932 the octane- 
rating scale was officially established, following the work of Edgar 2 on 
synthesis of “  iso-octane ”  and evaluation of mixtures of “  iso-octane ” 
in w-heptane.

The octane ratings of many pure hydrocarbons, alcohols, ethers, and 
ketones have been determined. The most extensive study so far attempted 
has been the work of the American Petroleum Institute, now starting the 
third year of its work in synthesis and determination of fuel qualities of 
pure hydrocarbons 3 boiling in the gasoline range. There are a number of 
pure hydrocarbons, alcohols, ethers, and ketones that have a higher anti
knock value than iso-octane and could not be rated directly on the octane 
scale; hence they were extrapolated.

The research, motor, and four other proposed test methods for evaluating 
octane numbers of gasoline are shown in Table I.

Other factors, not mentioned in test-method specifications on which 
octane ratings are dependent, are valve and spark timing, manifold distri-

K
*  P a p e r  r e c e iv e d  1 4 th  J a n u a r y ,  1 9 4 1 .



T a b l e  I .

Comparison of Operating Conditions for the Gasoline Knock Test Methods using the C .F .R . Engine as a B a s i s *  
A l l  m e t h o d s  u s e  3 J - in .  x  41 - in . v a r ia b le  c o m p r e s s io n  c y l in d e r ,  u n le s s  o t h e r w is e  n o te d .

M o to r  M e th o d . L - 3  M e th o d .
1 9 3 9  R e s e a r c h  

M e th o d .
O ld  R e s e a r c h  

M e t h o d .

C . F . R .  A v ia t io n  
M e t h o d  

(1 9 4 0 )  (1 -C ) .

A r m y  M e t h o d  
( A N  9 5 2 5 )  § 
(o ff ic ia l fo r  

m i l i t a r y  s e r v ic e  
u n t i l  J a n .  1 9 4 1 ) .

S p e e d .

J a c k e t  t e m p e r a t u r e .

S p a r k  a d v a n c e .

M ix t u r e  t e m p e r a t u r e .

I n t a k e  v a lv e .
F u e l  b le n d s  fo r  

c h e c k in g  e n g in e .

C o m p r e s s io n  r a t io  fo r  
c h e c k in g  e n g in e .J

I n s t r u m e n t a t io n  fo r  
d e t e r m in in g  k n o c k .

C o n s t a n t ,  9 0 0  ±  
9 r .p .m .

C o n s t a n t ,  ±  1 ° F .  
H e ld  b e tw e e n  
2 0 9 °  a n d  2 1 5 °  F .

A u t o m a t ic ,  2 6  0 °  
a t  5  : 1 c o m p r e s 
s io n  r a t io .

3 0 0 °  F .  ±  2 °  F .

S h r o u d e d .
4 9 - 1 %  C .P .  b e n z 

e n e  in  A - 6  e q u a ls  
6 4 - 2 %  C - l l  in  
A - 6  (6 5  O c t .  
N o .) .

5 -3  : 1.

B o u n c in g - p in  a n d  
k n o c k m e t e r .

C o n s t a n t ,  9 0 0  ±  
9 r .p .m .

C o n s t a n t ,  ±  1 ° F .  
H e ld  b e tw e e n  
2 0 9 °  a n d  2 1 5 °  F .

A u t o m a t ic ,  1 6 °  
a t  5  : 1 c o m p r e s 
s io n  r a t io .

2 6 0 °  F .  ±  2 °  F .

S h r o u d e d .
4 6 - 7 %  C .P .  b e n z 

e n e  in  A - 6  e q u a ls  
6 3 - 5 %  C - l l  in  
A - 6  (6 5  O c t .  
(N o .) .

5-5  : 1.

B o u n c in g - p in  a n d  
k n o c k m e t e r .

C o n s t a n t ,  6 0 0  ±  
6 r .p .m .

C o n s t a n t ,  ±  1 ° F .  
H e ld  b e tw e e n  
2 0 9 °  a n d  2 1 5 °  F .

F i x e d ,  13 0 °  fo r  
a l l  c o m p r e s s io n  
r a t io s .

1 2 5 ° F .  ±  2 °  F . f

S h r o u d e d .
4 8 - 4 %  C .P .  b e n z 

e n e  in  A - 6  e q u a ls  
7 2 - 5 %  C - l l  in  
A - 6  (7 0  0  O c t .  
N o .) .

5 -7 5  : 1.

B o u n c in g - p in  a n d  
k n o c k m e t e r .

C o n s t a n t ,  6 0 0  ±  
6 r .p .m .

C o n s t a n t ,  ±  1 ° F .  
H e ld  b e tw e e n  
2 0 9 °  a n d  2 1 5 °  F .

A u t o m a t ic ,  2 2 -5 0 
a t  5  : 1 c o m p r e s 
s io n  r a t io .

R o o m  t e m p e r a 
t u r e ,  f

P la in .
6 5  O c t .  N o .

5-3  : 1.

B o u n c in g - p in  a n d  
k n o c k m e t e r .

C o n s t a n t ,  1 2 0 0  ±  
12 r .p .m .

C o n s t a n t  a t  3 7 4 °  
±  2 °  F .  w i t h in  
±  9 °  F .

F i x e d ,  3 5 °  f o r  a l l  
c o m p r e s s io n  
r a t io s .

I n t a k e  a i r  1 2 5 °  F .  
±  5 °  F .  M i x 
t u r e  t e m p e r a 
t u r e  2 2 0 °  F .  ±  
2 °  F .

P la in .
8 5 %  S - l  in  M -2  

v s .  C .P .  b e n z e n e  
t o  g iv e  s a m e  
t h e r m a l  p lu g  
r e a d in g .

T h e r m a l  p lu g .

C o n s t a n t ,  1 2 0 0  fz 
2 0  r .p .m .

C o n s t a n t  a t  3 3 0 °  
± 2 °  F .  w i t h in  
±  5 °  F .

F i x e d ,  3 0 °  f o r  a l l  
c o m p r e s s io n  
r a t io s .

R o o m  t e m p e r a 
t u r e .  |

P la in .
8 8 %  is o - o c t a n e  in  

n - h e p t a n e  v s .  
C . P .  b e n z e n e  to  
g iv e  s a m e  t h e r 
m a l  p lu g  t e m 
p e r a t u r e .

T h e r m a l  p lu g .

*  J .  S .  B o g e n ,  U n iv e r s a l  O i l  P r o d u c t s  C o m p a n y ,  
f  T h i s  i s  t h e  in t a k e  a i r  t e m p e r a t u r e ,  n o t  m ix in g  t e m p e r a t u r e ,  
j  T h i s  r a t io  m u s t  b e  c o r r e c t e d  fo r  b a r o m e t e r .
§ 2 § - in .  X  4 J - in .  v a r ia b le  c o m p r e s s io n  c y l in d e r .
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HYDROCARBONS, ALCOHOLS, ETHERS, AND KETONES. 12 3

bution, carburetion, air-fuel ratio, humidity, and engine conditions. 
Instantaneous pressures of 1200 psi or higher may occur under knocking 
conditions; temperatures in the cylinder may then range from 2200° to 
2500° C. These conditions are highly significant when oxidation reactions 
are taking place. As a primary concept, octane ratings may be considered 
as the oxidation index of a given compound under the combustion conditions 
prevailing in an engine.

In considering the fundamental structural factors affecting the octane 
rating of organic compounds, there are a number of generalizations which 
may be extended to cover other compounds than hydrocarbons. A number 
of rules were proposed by Lovell, Campbell, and Boyd 4 in the study of 
hydrocarbons and their relation to anti-knock properties. For the pure 
hydrocarbons it was found necessary to modify somewhat their first and 
second generalizations, while consideration of data on the oxidized com
pounds showed that these rules were applicable to the oxidized class of 
motor fuels as well.

Rule 1.—The longer the straight chain of carbon atoms contained 
in organic molecules, the lower the octane rating, with the exception 
of the alkenes, where ethene has a lower octane rating than the two 
following hydrocarbons.

The following examples in Tables II, HI, and TV show the application 
of Rule 1 to the hydrocarbons of different series.

T a b l e  I I .

Straighl-chain Paraffins, Pure Compounds.

C o m p o u n d .

O c t a n e  r a t in g .

C . F . R .  R e s e a r c h  
A . S . T . M . 3 m e t h o d .*

M e t h a n e  . . . . 11 0 10 0
E t h a n e  . . . . . 10 4 10 0
P r o p a n e  . . . . 1 0 0 10 0
B u t a n e  . . . . . 92 95
P e n t a n e  . . . . 61 5 8
H e x a n e  . . . . 2 5 3 4
H e p t a n e  . . . . 0 0
O c t a n e  . . . . . - 1 7 —
N o n a n e  . . . . — 4 5 —
D e c a n e  . . . . . - 5 3

The octane ratings given by Smittenberg for the 2-alkenes do not follow 
the general smoothness of those reported by Lovell, Campbell, and Boyd in 
their work, nor do these values fall in line with Rule 1 as well as do the 
paraffins. Table III shows octane ratings for the pure olefins,3 and 
Table IV shows octane ratings of the blends of pure olefins with a reference 
fuel. In general, it may be seen from the data in Table IV, the octane 
ratings of the blends follow the same trend as the pure compounds.
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T a b l e  I I I .

Slraight-chain Olefins, Pure Compounds.

C o m p o u n d .
O c t a n e  r a t in g ,3 

C . F . R .  
A . S . T . M .

E t h e n e  . 81

P ro p o n e  . . . . 85
B u t e n e - 2  . . . . 83  6
P e n te n e -2  . . . . 80
H e x e n e - 2  . . . . 78

O c te n e -2  . . . . 5 5

Calculated values of the octane ratings of olefins from aniline equivalents,4 
as well as the direct determination of octane ratings given by Smittenberg, 
Hoog, Moerbeek, and van der Zijden,3 show the same trend in lowered 
rating with increase in chain length. The orientation of the double bond 
towards the centre of a molecule containing the same number of carbon 
atoms raises the octane rating.4 Table IV shows the octane ratings deter
mined on the pure compounds and on the blends of 1 gram mole of hydro
carbon per litre of 55 octane rating reference fuel.

T a b l e  I V .

Olefin Series,10 Pure and Blended Compounds.

C o m p o u n d .

O c t a n e  r a t in g .

P u r e  c o m p o u n d . B le n d e d  c o m p o u n d .

M .M . R .M . M .M . R .M .

E t h e n e  . . . . 100 85-5
P ro p e n e 100 1 0 2 0
B u te n e -1 80 111-5
B u te n e - 2 83
P e n te n e -1 92 98 -5
P e n te n e -2 98 107 125
H e x e n e -1 80 85
H e x e n e - 2 89 1 0 0
H e x e n e - 3 97
H e p te n e -1 5 4 5 5
H e p te n e - 2 70
H e p te n e - 3 8 4 95
O cte n e -1 39 2 5
O c te n e -2 55
O cte n e -3 73
O c te n e -4 91
N o n e n e -1 15

Data listed for the acetylene hydrocarbons are so scarce that no 
correlations can be made with the material; however, Table V shows the 
octane ratings determined for the straight-chain acetylenes, and Table 
VI shows a comparison of these acetylenes with straight chains to the 
olefins and paraffins of similar structure.
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Straight-chain Acetylenes, Pure and Blended Compounds.

C o m p o u n d .

O c t a n e  r a t in g ,  r e s e a r c h  m e th o d .

P u r e  c o m p o u n d .7 B le n d e d  c o m p o u n d .

A c e t y le n e 80
P e n t y n e - 2 1 0 8  8
H e p t y n e - 1 8 4 7 6  »
H e p t y n e - 3 4 0 - 3 0  7
O c t y n e - 2 66 6 2  9

T a b l e  V I .

Pure and Blended Compounds.

C o m p o u n d .

O c t a n e  r a t in g ,  r e s e a r c h  m e t h o d .

P u r e  c o m p o u n d . B le n d e d  c o m p o u n d .

E t h a n e  . . . . > 1 0 0  7
E t h e n e  . . . . > 1 0 0  7 85-5 9
E t h y n e  . . . . 8 0  7

P e n t a n e  . . . . 5 8  11 60  9
P e n te n e - 2 9 8  7 12 5  9
P e n t y n e - 2 10 8  8

H e p t a n e  . . . . 0  7 0 9
H e p t e n e - 1 5 4  7 5 5  9
H e p t y n e - 1 8 4  7 7 6  9

H e p t e n e - 3 8 4  7 9 5  9
H e p t y n e - 3 4 0  7 - 3 0  7

While the data presented here are not too conclusive, it seems that 
the octane-rating effect of the acetylene bonding is intermediate between 
that of the paraffin bond and the olefin bond.

The pure compounds of the cycloparaffin and aromatic series given in 
Table VII also follow Rule 1 insofar as the data are given; that is, the 
length of the substituting straight chain lowers the octane rating.

T a b l e  V I I .

C o m p o u n d .
O c t a n e  r a t in g ,  

C . F . R .  
A .S .T .M .

c y c Z o P e n ta n e  . . . . 83  8
M e th y lc y c Z o p e n ta n e 82  3
c y c Z o H e x a n e  . . . . 77  3
M e th y lc y c Z o h e x a n e 71 3
B e n z e n e  . . . . . 1 08  3
M e t h y lb e n z e n e  ( T o lu e n e ) 1 0 4  3

E t h y lb e n z e n e  . . . . 96  12



The values derived from calculating aniline equivalents in blends for 
the alicyclic group show the trend even better than those determined for 
the pure compound. Table VIII shows the octane ratings for the cych- 
paraffin series.

T a b l e  V I I I .

1 2 6  EGLOFF AND VAN ARSDELL : OCTANE RATING RELATIONSHIPS OF

c y c lo Paraffin Series,10 Pure and Blended Compounds.

C o m p o u n d .

O c t a n e  r a t in g ,  r e s e a r c h  m e th o d .

P u r e  c o m p o u n d . B le n d e d  c o m p o u n d .

cycZ o P en tan e  . 100 125

M e th y lcycZ o p e n tan o 81-5 71

E th y lc y c Z o p e n ta n e  . 62 59

P ro p y lcy c Z o p e n ta n e 16

B u ty lc i/cZ o p e n ta n e  . — 11

P e n ty lc y cZ o p e n ta n e — 19

cy cZ o H e xa n e  . . . . 86

M e th y lcy cZ o h e x a n e  . 74

E th y lc y c Z o h e x a n e  . 4 4

P ro p y lcy cZ o h e x a n e  . 20

B u ty lc y c Z o h e x a n e 3
P e n ty lc y c Z o h e x a n e  . —  8

Table IX  shows cydo-defines, and here also the effect of chain lengthening 
is evident.

T a b l e  I X .

c y c lo  Olefin Series,10 Blended Compounds.

C o m p o u n d .
O c t a n e  r a t in g ,  r e s e a r c h  

m e th o d , b le n d e d  c o m p o u n d .

cycZ o P e n te n e  . . . . 14 0
M e th y lcy cZ o p e n te n e 143
E th y lc y c Z o p e n te n e 102
P ro p y lc y c Z o p e n te n e 96
B u ty lc y c Z o p e n tc n o 82
P e n ty lc y c Z o p e n te n e 6 3

cy cZ o H e xe n e  . . . . 102
M e th y lcy cZ o h e x e n e 133
E th y lc y c Z o h e x e n e 100
B u ty lc y c Z o h e x e n e 63
P e n ty lcy cZ o h e x e n e 58

The monoalkyl-substituted series of aromatic hydrocarbon blends shows 
a deviation from Rule 1 on the longer straight-chain lowering of octane 
ratings. Table X  shows that up to propylbenzene the octane rating rises 
with increasing chain length; beyond the propyl group, however, the normal 
lowering with progressive chain lengthening 14 is exhibited. This seems 
to be true only for the blends, since Table VII, on pure compounds, shows 
the lowering of octane rating with each successive methyl addition to the 
alkyl substitution group.
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Blended Compounds, 13

C o m p o u n d . O c t a n e  r a t in g ,  r e s e a r c h  
m e t h o d , b le n d e d  c o m p o u n d .

B e n z e n e  . . . . . 1 0 8
M e t h y lb e n z e n e  . . . . 1 2 0
E t h y lb e n z e n e  . . . . 12 8
P r o p y lb e n z e n e  . . . . 137
B u t y lb e n z e n e  . . . . 11 5
P e n t v lb e n z e n e  . . . . 101
H e p t y lb e n z e n e  . . . . 46

Rule 2.—Branched chain aliphatic compounds have higher octane 
ratings than the normal compounds.

(a) Monomethyl isomers have higher octane rating than the normal 
compound, and the dimethyl isomers are higher than either the normal or 
monomethvl isomers, as shown in Table X I.

T a b l e  X I .

C o m p o u n d .
O c t a n e  r a t in g ,3 

C . F . R .  
A . S .T .M .

H e x a n e  . . . . . 2 5
2 - M e t h y lp e n t a n e  . . . . 73
3 - M e t h y lp e n t a n e  . . . . 75
2  : 2 - D im e t h y lb u t a n e 96
2  : 3 - D im e t h y lb u t a n e 95

(6) As the monomethyl substitution approaches the centre of the mole
cule, the octane rating is increased over that of the other monomethyl 
substitutions located nearer the end of the chain; for example, 2-methyl- 
pentane has an octane rating of 73 and 3-methylpentane a rating of 75 in 
the group of hydrocarbons shown in Table X II. This is further substan
tiated in blending values given for 2-methylpentane, 69; and 3-methyl
pentane, 84.14 Lovell and Campbell state that centralization of the mole
cule is the factor increasing the octane rating; however, this is not true 
in the case of the dimethyl compounds, where one carbon atom contains 
both methyl substituents.

T a b l e  X I I .

O c t a n e  r a t in g ,3
C o m p o u n d . C . F . R .

A . S . T . M .

2 - M e th y lp e n t a n e  . . . . 73
3 - M e t h y lp e n t a n e  . . . . 7 5

Branching of the side-ehains in the olefinic series shows the same effect



as the paraffin branching. The presence of the double bond in its various 
positions is also seen to influence the octane rating of the olefins.

Tables X III and XIV show the same effects in the olefin series as were 
discussed in the paraffin group, with some exceptions showing, due possibly 
to the type of linkages, and not the structure. Table X III shows a higher 
octane rating for peripheral methyl substitutions where the double bonds 
lie near the centre, in this instance in the 2-position, while for paraffin 
hydrocarbons the substitution of methyl radical near the centre of the 
molecule raises the octane rating.

T a b l e  X I I I .

128  EGLOFF AND VAN ARSDELL I OCTANE RATING RELATIONSHIPS OF

Pure and Blended Compounds.

O c t a n e  r a t in g .

C o m p o u n d . P u r e
B le n d e d  c o m p o u n d .

c o m p o u n d ,
m o t o r

m e th o d .
M o to r

m e t h o d .
R e s e a r c h
m e th o d .

3 - M e th y lp e n te n e -2
4 -M e th y lp e n te n e -2

10 9  9 
115 7

2 : 4  : 4 - T r im e th y lp e n te n e - 2
3 : 4  : 4 - T r im e th y lp e n te n e - 2

8 9  7 
8 5 -6  13

1 3 3  9 
7 2 -5  13

The olefin compounds having double bonds in the one position give 
octane relations more nearly like the paraffins in this instance, since the 
methyl substitutions near the centre of the molecules give higher ratings as 
in the paraffin series. Table XIV shows the 1-alkenes in this relation.

T a b l e  X I V .

Pure and Blended Compounds.

C o m p o u n d .

O c t a n e  r a t in g .

P u r e  c o m p o u n d . B le n d e d  c o m p o u n d .

M .M . R .M . M .M . R .M .

4 - M e th y lh e x e n e -1 85  7 86  9
5 - M e th y lh e x a n e -1 8 2  7 83 9

2 -M e th y  lo c te n e  -1 74 -8  13 69 -8  13
3 -M e th y  lo c te n e  -1 83-5 13 72 -2  13

Table XV, on the acetylenes, shows a lowering of the octane rating 
with the orientation of the triple bond towards the centre of the molecule 
which is directly opposite the effect noted in the case of the olefines.
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T a b l e  X V .

Pure and Blended Compounds.

C o m p o u n d .

O c t a n e  r a t in g ,  r e s e a r c h  m e t h o d .

P u r e  c o m p o u n d . B le n d e d  c o m p o u n d .

H e p t y n e - 1  . . . . 8 4  7 76  9
H e p t y n e - 3  . . . . 4 0  7 - 3 0  7

5 - M e t h y lh e x y n e - l  . 89  9
5 - M e th y lh e x y n e - 2  . 8 8  s

(c) Dimethyl substitutions exhibit the same tendencies as the mono
methyl substitutions, as long as the two methyls are on adjacent carbon 
atoms in the molecule. 2 : 3-Dimethylhexane has an octane rating of 76 
and 3 : 4-dimethylhexane has a value of 85. Table XVI shows the ratings 
in tabular form.

T a b l e  X V I .

O c t a n e  r a t in g ,3
C o m p o u n d . C . F . R .

A .S .T .M .

2  : 3 - D im e t h y lh e x a n e 76
3 : 4 - D im e t h y lh e x a n e 85

These types of methyl branching introduce tertiary carbon atoms into 
the molecule, and the effect is one of diminishing the ease of oxidation.16

In explaining the higher octane ratings of monomethyl isomers and the 
rise in rating accompanying the movement of methyl groups towards the 
centre of the molecule, the thermal behaviour of normal and isobutane and 
of normal and isopentane is relevant.

Under comparable conditions (600-700° C.) isobutane dehydrogenates 
more readily to isobutene than ra-butane to butenes.17 In the case of 
normal and isopentane, the iso-compound was shown to yield alkenes with 
the double bond in the inner rather than the terminal position found in 
the thermal decomposition products of the normal compound.18 Since the 
final products of a purely thermal reaction are shown to be olefins, the 
intermediate products formed at high temperatures and pressures could 
readily be the free radicals derived from the parent compound. Experi
mental evidence has shown that the energy required to dissociate the 
C-C bond is about 21,000 cal. less than that required for the C-H bond 
break. Dissociation energies for C-C and C-H bonds are 71,000 and 92,000 
cal., respectively. In the case of oxidation reactions at explosion tempera
tures, Sagulin 19 found the heat of activation of the C-H bond to be about 
64,000 cal., which accounts not only for the ease of dehydrogenation, but 
would, in part, explain the much higher octane ratings of the isomeric 
compounds in relation to the straight chain. Even at explosion tempera
tures it may be postulated that the momentary formation of the free 
radicals, isopropyl and isobutyl, reduces the volume of gases simultaneously 
released in the engine cylinder. In contrast, there are many more radicals, 
and hence greater volumes, in the case of the straight-chain compounds.



A plausible explanation for the higher anti-knock rating of the hydro
carbons with the centred methyl would be a split of the hydrocarbon mole
cule at the tertiary carbon atom, producing an anti-knock effect which 
would give two, or possibly three, parts of the molecule instituting chain 
reactions at the same time in contrast to the number of radicals released 
by the normal compound. The pressure increase set up by the splitting 
of the molecule gives the knock effect in accordance with the number and 
kind of hydrocarbon radicals set free. According to Rice’s explanation, 
the pressure existing in the automotive cylinder would be conducive to 
the formation of free isopropyl and ¿erf.-butyl radicals.20 As a further 
observation it may also be stated that ketones 21 might be reasonably 
expected under those pressure and temperature conditions existing in 
the automotive cylinder. Both the oxygen and the hydrocarbon are in 
an activated state, and in the case of the isomeric hydrocarbons the ketone 
would also have a higher initial combustion temperature, and therefore 
greater stability, than the peroxides which are postulated by Lewis and 
von Elbe.22 A further explanation might be given in the justification of 
the high anti-knock rating for isopropyl ether, which is 99. In this instance, 
with one part of the molecule having an oxygen attached, the reaction 
might be shown to proceed as follows :

C—C—0 —C—C — >  C—C— +  0 = C —C +  H
I I  I Ic c c c

Such a compound would oxidize at the tertiary carbon in one part of the 
ether, whilst the other part of the ether would have formed a ketone.

Rule 3.—A quaternary carbon atom when oriented towards one end 
of a hydrocarbon chain increases the octane rating. Table XVII 
shows the effect of orientation of the quaternary carbon.

T a b l e  X V I I .
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C o m p o u n d .
O c t a n e  r a t in g ,  

C . F . R .  
A .S .T .M .

2 : 2 - D im e t h y lp e n t a n e  . 9 3  3
3 : 3 - D im e t h y lp e n t a n e  . 8 4  3
2  : 2  : 3 : 3 - T e t r a m e t h y lh e x a n e 97 23
3 : 3 : 4  : 4 - T e t r a m e t h y lh e x a n e 6 5  24

The effect of the quaternary carbon under purely thermal conditions 
has not been sufficiently studied to give basis to any such hypotheses as 
were given for the effect of the tertiary carbon. Frey and Hepp 18 found 
that neopentane decomposed almost quantitatively at 575° C., according to 
the following reaction :

C

c + c—c=c 
c



I f this reaction may be applied as affecting other compounds of this type, 
the initial reaction may be shown as a splitting of the molecule at the 
quaternary carbon. 2 : 2-Dimethylpentane will possibly react to give 
either the olefin, or more probably to give the free radicals, thus releasing 
only two gases in the engine cylinder. The pressure increase set up by 
such a yield of products of decomposition would be much less than that 
released by the isomeric 3 : 3-dimethylpentane, and this would explain, 
in part, the reduced octane rating for the 3 : 3-dimethyl compound. This 
assumption is based on Rice’s 20 statement that under heat and pressure 
conditions heavier radicals such as tert.-butyl and isopropyl may momen
tarily exist. In 3 : 3-dimethylpentane, with the quaternary carbon centred 
in the molecule, the octane rating is 84, in comparison with 93 for the 
2 : 2-dimethyl compound. In view of Rice’s explanation of the more 
radicals set free the higher the initial pressure, it may be shown that three 
gaseous products would be formed in the case of the 3 : 3-dimethyl com
pound rather than two as was shown for the 2 : 2-dimethyl compound. 
The pressure increase thus set up would probably institute the knocking 
more readily than in the other compound.

Orientation of compacted dimethyl and trimethyl substitutions towards 
one end of the molecule raises the octane rating as shown in Table X YIII.
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T a b l e  X V I I I .

C o m p o u n d .
O c t a n e  r a t in g ,3 

C . F . R .  
A . S .T .M .

2 : 2 - D im e t h y lb u t a n e 96
2  : 3 - D im e t h y lb u t a n e 95

2  : 2 - D im e t h y lp e n t a n e  . 93
2 : 3 - D im e t h y lp e n t a n e  . 89
2 : 4 - D im e t h y lp e n t a n e  . 82
3 : 3 - D im e t h y lp e n t a n e  . 8 4

2 : 3 - D im e t h y lh e x a n e 76
2  : 5 - D im e t h y lh e x a n e 52
3 : 4 - D im e t h y lh e x a n e 85

2 : 2 :  3 - T r im e t h y lp e n t a n e 102
2 : 2 :  4 - T r im e t h y lp e n t a n e 100
2 : 3 :  4 - T r im e t h y lp e n t a n e 97

Rule 4.—Methyl additions on cyclic structures of a  given number 
of carbon atoms lower the octane rating, whilst methyl additions on 
a chain of a given number of carbon atoms raise the octane rating, 
except in the case of m-butane to 2-methylbutane, where the octane 
rating is lowered by adding the methyl substituent. Table X IX  shows 
the relationship.

Rule 5.—In hydrocarbons of the cycfohexyl group the effect of the 
ortho, meta, and para positions is one of lowering the octane rating 
as the substituents are more widely separated. The ortho position



gives the highest octane rating, and the para position gives the lowest. 
In the benzene series the opposite effect is noted for the ortho, meta, 
and para positions. Tables X X  and X X I show the effect of position 
for cyclohexane and benzene hydrocarbons.
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T a b l e  X I X .

C o m p o u n d .

O c t a n e  r a t in g ,3 
C . F . R .  

A .S .T .M .

n - B u t a n e  . 92

2 - M e th y lb u ta n e  . . . . 89

n - P e n ta n e  . 61

2 - M e th y lp e n ta n e  . . . . 73

3 - M e th y lp e n ta n e  . 75

n - H e x a n e  . 2 5

2 - M e th y lh e x a n e  . . . . 4 5

ra -H e p ta n e  . 0

3 -M e th y lh e p ta n e  . . . . 35

cy cZ o P e n ta n e  . . . . 83
M e th y lc y c Z o p e n ta n e 82

cy cZ o H e x a n e  . . . . 77
M e th y lcy cZ o h e x a n e 71

B e n z e n e  . . . . . 10 8
M e th y lb e n z e n e  (T o lu e n e ) 10 4

T a b l e  X X .

Pure and Blended Compounds. 10

C o m p o u n d .

O c t a n e  r a t in g ,  r e s e a r c h  m e th o d .

P u r e  c o m p o u n d . B le n d e d  c o m p o u n d .

ortho-\ : 2 -D im e th y lc y c Z o h e x a n e 86 75
m eto-1 : 3 -D im e th y lc y c Z o h e x a n e 77 6 8
p a r a - 1  : 4 -D im e th y lc y c Z o h e x a n e 74 75

1 -M e th y l-2 -e th y lc y c Z o h e x a n e  . 7 4 55
l- M e th y l-3 -e th y lc y c Z ç h e x a n e  . 5 8 3 4
l- M e th y l-4 -e th y lc y c Z o h e x a n e  . 5 4 27

l-M e th y l-2 -p ro p y lc y c Z o h e x a n e 4 9 37
l- M e th y l-3 -p ro p y lc y c Z o h e x a n e 39 22
1 - M e th y l-4 -p ro p y  IcycZo hexan e 3 4 2 0

1-M e th y l-2 -b u ty lc y c Z o h e x a n e  . 39 6
l-M e th y l-3 -b u ty lc y c Z o h e x a n e  . 3 4 — 5
l-M e th y l-4 -b u ty lc y c Z o h e x a n e  . 2 8 - 5



T a b l e  X X I .
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Blended Compounds. 10

C o m p o u n d .
O c t a n e  r a t in g ,  r e s e a r c h  

m e t h o d , b le n d e d  c o m p o u n d .

ortho-1 : 2 - D im e t h y lb e n z e n e 121
meta-1 : 3 - D im e t h y lb e n z e n e 14 4
p a ra -1 :  4 - D im e t h y lb e n z e n e 15 4

l- M e t h y l- 2 - e t h y lb e n z e n e  . 107
l- M e t h y l- 3 - e t h y lb e n z e n e  . 13 0
l - M e t h y l- 4 - e t h y lb e n z e n e  . 147

1 - M e t h y l- 2 - p ro p y lb e n z e n e 11 4
1 - M e th y l- 3 - p r o p y lb e n z e n e 130
1 - M e th y l- 4 - p r o p y lb e n z e n e 130

l- M e t h y l- 2 - b u t y lb e n z e n e  . 102
l- M e t h y l- 3 - b u t y lb e n z e n e  . 113
l- M e t h y l- 4 - b u t y lb e n z e n e  . 123

l- M e t h y l- 2 - a m y lb e n z e n e  . 90
l- M e t h y l- 3 - a m y lb e n z e n e  . 90
l- M e t h y l- 4 - a m y lb e n z e n e  . 100

1 : 3 - D ie th y lb e n z e n e 145
1 : 4 - D ie th y lb e n z e n e 1 5 8

A l c o h o l s , E t h e r s , a n d  K e t o n e s .

Oxidation compounds derivable from the hydrocarbons have been 
considered for some time as products suitable for motor fuels, and in some 
instances have been widely adopted, although these compounds have not 
proved entirely satisfactory. Ketones and ethers have been given some 
attention, but they have not had as wide application as the alcohols.

The following tables and generalizations show the relative octane rating 
efficiencies of these compounds.

Rule 6.—With the exception of methyl alcohol, the lengthening of 
the straight chain of carbon atoms in the alcohol molecule lowers 
the octane rating.

Table X X II  shows the octane ratings of the normal alcohols up to 
pentyl alcohols.

T a b l e  X X I I .

Alcohols.S5

C o m p o u n d .
O c t a n e  r a t in g ,  C . F . R .  m o t o r  

m e t h o d , p u r e  c o m p o u n d s .

M e t h y l  . . . . 98

E t h y l  . . . . 99

n - P r o p y l  . . . . 90

w - B u t y l  . . . . 87

n - P e n t y l  . . . . 78



Up to and inclusive of n-butyl alcohol, the effect of the OH radical 
seems to he one of lowering the octane rating in comparison with the 
normal hydrocarbons. Pentyl alcohol shows a higher octane rating than 
n-pentane; however, at present there are no data to show whether or not 
this reversal holds for the remainder of the normal alcohols boiling within
the gasoline range.

Isomeric alcohols show that chain branching raises the octane rating, 
which is in direct agreement with Rule 2 shown previously for the hydro
carbons. Table X X III shows the w-alcohols and their isomers and the 
effect of chain branching on octane number.

1 3 4  E G L O F F  AND VAN A R S D E L L  : OCTANE RATING RELATIONSHIPS OF

T a b l e  X X I I I .  

Alcohols.

C o m p o u n d .
O c t a n e  r a t in g ,  C . F . R .  

m o t o r  m e t h o d .25

n - P r o p y l  . . . . 90
is o P r o p y l  . . . . 104

n - B u t y l  . . . . 87
is o B u t y l  . . . . 88
sec. - B u t y l  . . . . 92
ie r t .- B u t y l  . . . . 1 0 0  +

« - A m y l  ( p e n t y l)  . 78
tert. - A m y l  (p e n ty l) 1 0 0  +

The octane ratings of a number of pure ketones have been determined, 
and, insofar as the data show, the same rules hold for the ketones as for the 
alcohols. Table XXIV shows the octane ratings of the ketones.

T a b l e  X X I V .

Ketones.

C o m p o u n d . O c t a n e  r a t in g ,  C . F . R .  
m o t o r  m e t h o d .

M e t h y l  (a ce to n e ) 100
M e t h y le t h y l 99
M e t h y lp e n ty l 8 0
4 -M e th y l-3 -p e n te n -2 -o n e 91
2 : 6 - D im e t h y l- 2  : 5 -h e p ta d ie n -4 -o n e 78

The two latter compounds in Table XX IV  are not strictly comparable 
to the preceding ones in the table, but they serve to show somewhat the 
effect of branching and the effect of the double bond; however, there is no 
method in this instance of determining the separate effect of either type of 
structure.

The material presented for the ethers is not on the pure compounds, but 
was taken from 25 per cent, blends of the pure ethers in aviation gasoline of 
74 octane number.26 The figures of over 100 octane number are extra
polated values.



Tables XX V  and XX V I show the effect of chain lengthening and chain 
branching in ethers which is analogous to that of the preceding compounds, 
with the exception of the ethyl-substituted compound; in each case the 
octane rating is higher than the methyl compound preceding. There was 
a slight indication of this phenomenon in the alcohols, but it was not nearly 
so marked as in the case of the ethers.
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T a b l e  X X V .  

Ether s . 2 6

C o m p o u n d .
O c t a n e  r a t in g ,  C . F . K .  m o t o r  
m e t h o d , b le n d e d  c o m p o u n d .

M e t h y l ie o p r o p y l 73
E t h y l i s o p r o p y l  . . . . 75

M e t h y l- ie r t .  - b u t y l 111
E t h y l - ie r t .  - b u t y l 115
n - P r o p y l- ie r t .- b u t y l 103
n - B u t y l- ie r t .  - b u t y l 81
n - A m y l- t e r t .- b u t y l 63

M e t h y l- ie r t .- a m y l 108
E t h y l - ie r t . - a m y l 112

T a b l e  X X V I .

Effect of Branched Chain in Ethers.

C o m p o u n d .
O c t a n e  r a t in g ,  C . F . R .  m o t o r  
m e t h o d , b le n d e d  c o m p o u n d .

E t h y l- e e c .  - b u t y  1 63
E t h y l - i e r t . - b u t y  1 11 5
n - B u t y l - ie r t . - b u t y l 81
e e c .- B u t y  1 - ie rt .-b u ty l . 10 6

From the foregoing tables on the octane rating of alcohols, ketones, and 
ethers, it is readily seen that these oxygenated compounds follow approxi
mately the same rules on octane rating relationships as the paraffin hydro
carbons.

T h e r m a l  R e l a t i o n s h i p s  a n d  O c t a n e  R a t i n g s .

The octane ratings and the relationships due to structure presented for 
the hydrocarbons are not unique, since other types of constants have shown 
that thermal stabilities, initial combustion temperature, and critical com
pression ratios are also characteristic functions of the structure involved, 
and are lowered with the increased chain lengths.

Rule 7.—The thermal stability of the pure normal paraffins is 
inversely proportional to the length of the carbon chain.27



The following rules are more or less dependent on Rule 6, yet their 
applicability in engine performance is more readily seen.

j lule g, The initial combustion temperature is lowered as the carbon
content of the normal paraffin increases.

Table XXVII shows the lowered initial combustion temperatures with 
increased carbon chain length.

T a b l e  X X V I I .
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Lowest Temperatures of In itial Combustion in A ir of Norm al Paraffin Hydro
carbons Compared to their Octane Ratings.™

Compound. I n i t i a l  c o m b u s t io n  
te m p e r a t u r e ,  °  C.

O c t a n e  r a t in g .

M o to r  m e t h o d . R e s e a r c h  m e th o d .

M e th a n e  . 615 125 100
E t h a n e 542 125 100
P ro p a n e  . 420 * 125 100
B u t a n e 350 * 91 95
P e n ta n e  . 295 64 58
H e x a n e 265 59 34
H e p ta n e  . 230 * 0 0
O c ta n e 215 —28
N o n a n e 210 -2 8
D e c a n e 210 -5 3

*  T h e s e  v a lu e s  w e re  in t e r p o la t e d  f r o m  a  c u r v e  w h ic h  w a s  p lo t t e d  f r o m  th e  other 
v a lu e s  sh o w n  g iv in g  te m p e ra tu r e s  o f  in i t i a l  c o m b u s t io n  a g a in s t  t h e  n u m b e r  o f  carbon  
a to m s  in  th e  n o r m a l p a ra f f in  c h a in s .

Rule 9.—The critical compression ratio of the pure normal alkanes 
is in inverse order to the carbon chain length, i.e., the highest critical 
compression ratios are for the lower members of the series.

Tables XXVIII and X X IX  show the critical compression ratios for the 
various hydrocarbons as well as the actual operating compression pressures 
for the test engine and for the automobile engines under approximate test- 
engine conditions.

T a b l e X X V I I I .

Paraffins. C r i t i c a l
C o m p r e s s io n  p r e s s u r e ,  P . S . I .

c o m p re s s io n
r a t io . A c t u a l  v a lu e s  

C . F . R .  e n g in e .

A u t o  e n g in e  u n d e r  
a p p r o x im a t e  C . F .R .  

c o n d it io n s .

M e th a n e
E t h a n e  .
P ro p a n e
B u t a n e  .
P e n ta n e
H e x a n e
H e p ta n e

15 : 1 
14 : 1 
12 : 1 

6-4:1 
3-8 : 1 
3-3 : 1 
2-8 : 1

349
323
273
130
67
5 5
42

419
388
327
15 6

78
66
5 0
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T a b l e  X X I X .

O le f in s .
C r i t i c a l

c o m p r e s s io n
r a t io .

C o m p r e s s io n  p r e s s u r e ,  P . S . I .

. , ,  , A u t o  e n g in e  u n d e r  
A c t u a l  v a lu e s  . - .  n  w  -d  
C . F . R .  e n g in e . ' a p p r o x im a t e  C . F . R .

c o n d it io n s .

E t h e n e  . 8-5  : 1 1 8 8  1 2 2 6
P ro p e n e 8 -4  : 1 18 5  2 2 2
P e n te n e -1 5-8  : 1 1 1 5  138
H e x e n e - 1 4 -6  : 1 8 2  9 8
H e p te n e - 1 2 -8  : 1 4 2  5 0

S u m m a r y .

In summarizing the effect of chemical structures on octane ratings, the 
combustion conditions under which the octane ratings have been made are 
the most vital factor in any octane rating given for a chemical compound. 
The octane ratings given for the various compounds and the generalizations 
made from them are specific for the test method indicated, and any change 
in the test method markedly alters the octane rating of the compound.

Universal Oil Products Company,
Research Laboratories,

Chicago, Illinois.
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T H E  IN S T IT U T E  O F P E T R O L E U M .

A m e e t i n g  of the Institute w a s  held at the Royal Society of Arts, 
London, W.C. 2, at 5 p.m., on Tuesday, March 11th, 1941. The Chair was 
occupied b y  Dr. F. H . G a r n e r .

The following paper was introduced by Dr. A. E. D t t n s t a n ,  and on his 
proposition it was agreed that a cable should be sent to Dr. Egloff, saying 
that his paper had been presented that evening and tendering him the 
thanks of the Institute for it.

“ Octane Rating Relationships of Aliphatic, Alicyclic, Mononuclear 
Aromatic Hydrocarbons, Alcohols, Ethers, and Ketones.”  By Gustav 
Egloff and P. M. Van Arsdell. (See page 121.)

D I S C U S S I O N .

T h e  C h a i r m a n  s a id  h e  w a s  s u r e  a l l  t h e  m e m b e r s  p r e s e n t  w o u ld  a g re e  t h a t  t h e  
a u t h o r s  w e re  to  b e  c o n g r a t u la t e d  o n  h a v in g  D r .  D u n s t a n  t o  p r e s e n t  t h e i r  p a p e r  fo r  
t h e m , a n d  h e  w is h e d  t o  p ro p o s e  a  v o t e  o f  t h a n k s  to  D r .  D u n s t a n  f o r  p r e s e n t in g  t h e  
p a p e r  i n  h i s  o w n  in im it a b le  m a n n e r .

T h e  p a p e r  w a s  la r g e ly  a  c o m p ila t io n  o f  t h e  o c t a n e  r a t in g s  s c a t t e r e d  t h r o u g h o u t  t h e  
l i t e r a t u r e  o f  h y d r o c a r b o n s ,  a lc o h o ls ,  e th e r s ,  a n d  k e t o n e s — in  f a c t ,  p r a c t ic a l l y  a l l  th e  
c o m p o u n d s  t h a t  w e re  l i k e ly  to  b e  m e t  in  m o t o r  f u e l .  T h e  r a t in g s  w e r e  m a in ly  b y  t h e  
m o t o r  m e t h o d , a n d ,  t o  u s e  D r .  D u n  s t a n ’s  w o r d s  in  in t r o d u c in g  t h e  p a p e r ,  t h e  r e a l ly  
im p o r t a n t  q u e s t io n  w a s  w h a t  t h e  e n g in e  t h o u g h t  o f  t h e  f u e l .  T o  a n s w e r  t h a t  q u e s t io n  
f u l l y  o n e  h a d  to  k n o w , o f  c o u r s e ,  n o t  o n ly  t h e  r a t in g  b y  t h e  m o t o r  m e t h o d ,  b u t  a ls o  
t h e  r a t in g  u n d e r  o t h e r  e n g in e  c o n d it io n s  i f  s a t i s f a c t o r y  c o r r e la t io n  w a s  t o  b e  o b t a in e d  
w it h  a c t u a l  p e r f o r m a n c e  in  t h e  m o t o r - c a r  o r  in  t h e  a e ro  e n g in e . F o r  t h a t  r e a s o n , t h e  
A m e r i c a n  P e t r o le u m  I n s t i t u t e  h a d  r e c e n t ly  s p o n s o r e d  a  p r o g r a m m e  o f  r e s e a r c h  o n  
h y d r o c a r b o n s ,  a n d  h a d  j u s t  p u b lis h e d  a  r e p o r t  o f  t w e n t y - t h r e e  p u r e  h y d r o c a r b o n s ,  a n d  
h a d  e m p lo y e d  t w o  d if fe re n t  s p e e d s ,  t w o  d if fe re n t  j a c k e t  t e m p e r a t u r e s ,  t w o  d if fe re n t  
a i r  t e m p e r a t u r e s ,  a n d  d if fe r e n t  c o n c e n t r a t io n s  o f  le a d  t e t r a e t h y l .

H e  d id  n o t  t h in k  t h e  a u t h o r s ’ s t a t e m e n t  : “  T h e  r e la t io n  o f  c h e m ic a l  s t r u c t u r e  to  
m o t o r - f u e l  e f f ic ie n c y  w a s  f i r s t  b r o u g h t  o u t  i n  1 9 3 1 , w h e n  L o v e l l ,  C a m p b e l l  a n d  B o y d  
p u b lis h e d  t h e ir  w o r k  o n  t h e  c o m b u s t io n  p r o p e r t ie s  o f  a l ip h a t ic  h y d r o c a r b o n s ,”  w a s  
q u it e  c o r r e c t ,  b e c a u s e  t h e  w o r k  o f  R ic a r d o  a n d  o t h e r s  p r e c e d e d  t h a t  w o r k  b y  a  n u m b e r  
o f  y e a r s .  A c t u a l l y  t h e  w o r k  o f  R i c a r d o  a n d  t h e  w o r k  o f B o y d  a n d  h i s  c o - w o r k e r s  in  
t h e  S t a t e s  w e r e  p r a c t i c a l l y  c o n t e m p o r a r y ,  b u t  i t  w a s  R i c a r d o  w h o  f i r s t  in v e s t ig a t e d  
t h e  in d iv id u a l  h y d r o c a r b o n s  p r e s e n t  in  m o t o r  f u e ls ,  p a r t i c u la r ly  b e n z e n e , t o lu e n e ,  
a n d  x y le n e ,  w h ic h  w a s  in c lu d e d  in  t h e  E m p i r e  M o to r  F u e l s  C o m m it t e e  R e p o r t  p u b 
li s h e d  i n  1 9 2 4 . T h i s  w a s  s u p p le m e n t e d  la t e r  b y  a n  in v e s t ig a t io n  m a d e  in t o  c r a c k e d  
f u e ls  u n d e r  t h e  a u s p ic e s  o f  t h e  I n s t i t u t io n  o f  A u t o m o b ile  E n g in e e r s .

T h e  C h a i r m a n  t h e n  r e a d  t h e  f o l lo w in g  c o m m e n t s  b y  t h e  P r e s id e n t ,  P r o f e s s o r  
N a s h :—

“  T h e  p a p e r  b y  M e s s r s .  E g lo f f  a n d  V a n  A r s d e l l  i s  a  v e r y  in t e r e s t in g  o n e  in d e e d , a n d  
I  d o  n o t  e n v y  D r .  D u n s t a n  t h e  t a s k  o f  h a v in g  to  p r e s e n t  i t  t o  t h e  m e m b e r s  o f  t h e  
I n s t i t u t e .
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T h e r e  a re  a  fe w  p o in t  I  sh o u ld  l ik e  to  r a is e ,  a n d  t h e  f i r s t  o n e  i s  in  c o n n e c t io n  w ith  
T a b le  I I I  w h e re  it  w il l  b e  n o t ic e d  t h e r e  is  a  d im in u t io n  f r o m  h e x e n e -2  o c ta n e  ra t in g  
78 to  o c t ’ene-2 o c ta n e  r a t in g  5 5 , t h a t  i s ,  a  d if fe re n c e  o f 23  o c ta n e  n u m b e r s ,  w h ic h  
does n o t fa ll in to  lin e  w it h  t h e  d im in u t io n  o f  o c t a n e  r a t in g  f r o m  p ro p e n e  u p w a rd s . 
I t  ca u se s  one to  d o u b t  th e  p u r i t y  o f t h e  o c te n e -2  a n d  t o  s u g g e s t  t h a t  t h e  d o u b le  bond  
i s  p ro b a b ly  n e a re r  to  th e  c e n tre  o f t h e  m o le c u le .

W it h  re g a rd  to  T a b le  V I ,  th e  f ir s t  h e p t y n e - 1  s h o u ld  u n d o u b t e d ly  r e a d  h e p ten e-1 . 
W it h  th e  C  h y d ro c a rb o n s  i t  w i l l  b e  n o t ic e d  t h a t  t h e r e  i s  a  d e c r e a s e  o f  th e  o c ta n e  ra tin g  
in  th e  b le n d e d  co m p o u n d , w h e re a s  w i t h  t h e  C ,  h y d r o c a r b o n s  t h e r e  i s  a n  in cre ase . 
I t  is  v e r y  d if f ic u lt  to  p ro v e  th e  p o s it io n  o f t h e  t r ip le  a n d  d o u b le  b o n d s ,  a n d  c a u s e s  one 
to  q u e ry  a g a in  th e  p u r i t y  o f th e  s u b s t a n c e s  t e s t e d .

I n  th e  p a ra g ra p h  p re c e d in g  T a b le  V I I I  r e fe re n c e  i s  m a d e  to  a n i l in e  e q u iv a le n t s  in  
b le n d s a n d  I  sh o u ld  l ik e  to  a s k  w h e t h e r  t h i s  m e t h o d  h a s  b e e n  p r o v e d  to  b e  a n  a ccu ra te  
one. i t  w o u ld  a lso  b e  in te r e s t in g  to  k n o w  in  t h e  cyclo-o le f in e  s e r ie s  in  T a b le  I X  w here  
th e  p o s it io n  o f t h e  d o u b le  b o n d  is .  A  c o m p a r is o n  i s  a ls o  m a d e  b e t w e e n  T a b le  X  and  
T a b le  V I I ,  th e  fo rm e r  b e in g  fo r  b le n d e d  c o m p o u n d s  a n d  t h e  la t t e r  fo r  p u r e  co m p o u n d s. 
A s  th e re  w o u ld  be  a  d if fe re n ce  h e re  in  t h e  p r im a r y  p r o d u c t s  o f  c o m b u s t io n , c o u ld  one 
e x p e c t  th e se  tw o  ta b le s  to  b e  e x a c t ly  c o m p a r a b le  ?

I n  th e  c a se  o f T a b le  X I I I  c e n t r a l iz a t io n  o f t h e  m e t h y l  r a d ic a l  a p p e a r s  to  decrease  
th e  o c ta n e  ra t in g , w h e r e a s  w h e n  i t  i s  in  t h e  p e r ip h e r a l  p o s it io n  t h e  o c ta n e  ratin g  
in c re a se s . T h e  re v e rs e , h o w e v e r , i s  t h e  c a s e  w i t h  t h e  c o m p o u n d s  in  T a b le  X I V .  
C a n  w e  m a k e  a  g e n e ra liz a t io n  o u t  o f  t h e  d a t a  a v a i l a b le ,  w h ic h  r a t h e r  su g g e sts  in 
re g a rd  to  T a b le  X I V  t h a t  t h e  c o m p o u n d s  a r e  a c t in g  o p p o s ite ly  ? I n  r e g a rd  to  Tab le  
X V I I I  c a n  one d if fe re n t ia te  b e tw e e n  a n  o c t a n e  r a t in g  o f  96  a n d  95  ? I n  R u le  5 
h y d ro c a rb o n s  o f th e  cyclo-h e x y l [sic) g ro u p  a r e  c o m p a r e d  w i t h  t h e  b e n z e n e  series. 
T h is  ru le  i s  n o t  so  r e m a r k a b le  w h e n  o n e  b e a r s  in  m in d  t h a t  t h e  t w o  c y c l i c  g ro u p s  are 
e n t ir e ly  d if fe re n t . A g a in ,  o n e  w o u ld  a s k  w h e t h e r ,  a s  in  T a b le  X X I I I ,  one  can  
d iffe re n tia te  th e  b e h a v io u r  o f t h e  w - b u t y l  a n d  i s o - b u t y l  a lc o h o ls  w h e n  t h e  octane  
ra t in g s  a re  87 a n d  88 r e s p e c t iv e ly .”

D r .  A .  E .  D u n s t a n  s a id  t h a t  i t  h a d  s t r u c k  h im  t h a t  s o m e  o f  t h e  f ig u r e s  m ig h t  be 
o p en  to  so m e  m is a p p re h e n s io n , b e c a u s e  b e fo re  t h e  c o m b u s t io n  p r o c e s s ,  a s  t h e  au th o rs  
p o in te d  o u t , th e  h y d ro c a rb o n  o r  a lc o h o l o r  k e t o n e  m ig h t  b e  s u b je c t e d  to  v e r y  high  
te m p e r a t u r e s ; th e  a u t h o r s  m e n t io n e d  2 2 0 0 °  C .  H e  d id  n o t  k n o w  w h e t h e r  t h a t  w as a 
ju s t if ia b le  te m p e ra tu r e , in  th e  se n s e  t h a t  i t  w a s  u n if o r m  t h r o u g h o u t  t h e  m ix t u r e .

T h e  C h a i r m a n  s a i d  i t  w a s  q u i t e  f e a s i b l e .

D r .  D u n s t a n  su g g e ste d  t h a t  t h e r e  w a s  t h e re f o r e  a  v e r y  g r e a t  p o s s ib i l i t y  o f iso
m e r iz a t io n  t a k in g  p la c e ; a t  a n y  r a t e ,  h e  t h o u g h t  t h a t  w a s  a  p o in t  w h ic h  sh o u ld  be 
b o rn e  in  m in d . D id  th e  a u t h e n t ic  c h e m ic a l  e n t i t y  e x i s t  u n d e r  s u c h  c o n d it io n s  o r  was 
i t  ch a n g e d  ?

D r . E .  B .  E v a n s  r e g re tte d  t h a t  h e  h a d  n o t  y e t  h a d  t h e  o p p o r t u n it y  to  s t u d y  D r. 
E g lo f f  a n d  M r . v a n  A r s d e l l ’s  in t e r e s t in g  p a p e r  in  d e t a i l .  T h e r e  w e r e  n o  p o in t s  w hich  
h e  h im s e lf  w is h e d  to  r a is e  a t  t h e  m o m e n t ,  b u t  h e  n o t ic e d  t h a t  P r o f e s s o r  N a s h  had  
r a is e d  a  q u e s t io n  a s  to  t h e  a c c u r a c y  o f t h e  m e t h o d  o f  c a lc u la t in g  b le n d in g  octane  
n u m b e rs  fro m  a n il in e  e q u iv a le n ts .

T h is  c a lc u la t io n , w h ic h  e n a b le d  C a m p b e ll ,  L o v e l l ,  a n d  B o y d ’s  r e s u l t s  t o  b e  expressed  
in  t e r m s  of o c ta n e  n u m b e rs ,  w a s  m a d e  a b o u t  19 3 2 , a n d  p u b l is h e d  in  a  p a p e r  b y  D r. 
G a m e r  a n d  o th e rs  ( G a m e r ,  E v a n s ,  S p r a k e ,  a n d  B r o o m , Proceedings of World Petroleum  
Congress, 1933 , p .  17 0). T h e  a n i l in e  e q u iv a le n t s  w e r e  d e t e r m in e d  b y  a n  e n g in e  and  
m e th o d  a p p ro x im a t in g  to  t h e  o ld  C . F . R .  R e s e a r c h  M e t h o d , u s in g  f o r  t h e  b le n d s a 
b a s e  fu e l o f o c ta n e  n u m b e r  5 5 . K n o w in g  t h e  b le n d in g  o c t a n e  n u m b e r s  a n d  an iline  
e q u iv a le n ts  o f n -h e p ta n e  a n d  is o -o c ta n e , t w o  s t r a ig h t  l in e s  w e r e  d r a w n  g iv in g  the 
r e la t io n  b e tw e e n  th e  b le n d in g  o c ta n e  n u m b e r s  a n d  a n i l in e  e q u iv a le n t s  o f  20  p e r  cent, 
v o lu m e  so lu t io n s  o f t h e s e  h y d ro c a rb o n s .  A  n u m b e r  o f  t h e  h y d r o c a r b o n s  fo r  w hich  
a n il in e  e q u iv a le n ts  h a d  b e e n  re c o r d e d  b y  C a m p b e l l ,  L o v e l l ,  a n d  B o y d  h a d  a ls o  been 
e x a m in e d  fo r  b le n d in g  o c ta n e  n u m b e r  o n  t h e  S .  3 0  e n g in e  a t  2 1 2 °  F .  j a c k e t  te m p e ra 
tu r e ,  b y  o u rs e lv e s . T h e  S . 30  p ro c e d u re  i s  v e r y  s i m i la r  to  t h e  o ld  C . F . R .  R esearch
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M e t h o d , a n d  p lo t t in g  t h e  d a t a  f r o m  t h e  t w o  s o u r c e s  s h o w e d  t h a t  m o s t  o f  t h e  p o in t s  
fe l l  v e r y  n e a r  t o  t h e  t w o  s t r a ig h t  l in e s  o b t a in e d  f r o m  h e p t a n e ,  is o - o c t a n e , a n d  t h e  
r e fe r e n c e  f u e l .  F u l l  d e t a i ls  o f  t h e  m e t h o d  o f  c o n v e r s io n  a r e  g iv e n  in  t h e  p a p e r  r e f e r r e d  
t o ,  a n d  t h e  in d ic a t io n s  a r e  t h a t  t h e r e  i s  c o n s id e r a b le  ju s t i f i c a t io n  f o r  t h e  c o n v e r t e d  
v a lu e s .

I t  m u s t  b e  b o rn e  in  m in d  t h a t  t h e  e n g in e  p r o c e d u r e s  u s e d  w e r e  n o t  e x a c t ly  t h o s e  o f  
t h e  C . F . R .  R e s e a r c h  M e t h o d , a lt h o u g h  t h e  r e s u l t s  q u o t e d  in  T a b le s  I V ,  V I I ,  I X ,  
e t c . ,  e t c . ,  o f  D r .  E g lo f f ’s  p a p e r  a r e  s t a t e d  t o  b e  b y  t h a t  m e t h o d .

S u b s e q u e n t ly  ( in  a  w r i t t e n  c o m m u n ic a t io n )  D r .  E v a n s  s t a t e d  t h a t  a  c o n s id e r a b le  
a m o u n t  o f  w o r k  h a s  b e e n  d o n e  o n  o c ta n e  n u m b e r s  o f  p u r e  h y d r o c a r b o n s .  M o s t  o f  t h i s  
w a s  c a r r ie d  o u t  s o m e  y e a r s  a g o , a t  a  t im e  w h e n  t h e  C . F . R .  E n g in e  a n d  M o t o r  M e t h o d s  
w e r e  n o t  in  u s e .  T h u s ,  C a m p b e ll ,  L o v e l l ,  a n d  B o y d ’s  w o r k  w a s  c a r r ie d  o u t  u s in g  a n  
e n g in e  a n d  c o n d it io n s  a p p r o x im a t in g  t o  t h e  C . F . R .  O ld  R e s e a r c h  M e t h o d . T h e  
r e s u l t s  o f  H o w e s  a n d  N a s h  w e r e  o b t a in e d  o n  t h e  D e lc o  e n g in e , w h i l s t  t h e  w o r k  o f  
G a m e r  a n d  h i s  c o l la b o r a t o r s  w a s  c a r r ie d  o u t  o n  t h e  S .  3 0  e n g in e  a t  t w o  j a c k e t  t e m 
p e r a t u r e s  (2 1 2 °  F .  a n d  3 0 0 °  F . ) .  M o re o v e r ,  m o s t  o f  t h e  e a r l ie r  r e s u l t s  w e r e  e it h e r  
“  b le n d in g  o c ta n e  n u m b e r s  ”  o b t a in e d  b y  e x t r a p o la t io n  f r o m  b le n d s  o f  t h e  h y d r o 
c a r b o n  w it h  a  r e fe r e n c e  f u e l ,  o r  “  a n i l in e  e q u iv a le n t s .”  A s  t h e  r e s u l t s  o f  S m it t e n b e r g ,  
H o o g , M o e rb e c k ,  a n d  v .  d .  Z i jd e n  g iv e  t h e  o c ta n e  n u m b e r s  o f  t h e  p u r e  h y d r o c a r b o n s  b y  
t h e  C .F .R . M . M . ,  e x a c t  c o r re s p o n d e n c e  c a n n o t  b e  e x p e c t e d  b e t w e e n  t h e  v a r io u s  
f ig u r e s  q u o te d  b y  D r .  E g lo f f  a n d  M r .  v a n  A r s d e l l .  T h i s  i s  p a r t i c u la r ly  so  in  t h e  c a s e s  
o f  a r o m a t ic  a n d  u n s a t u r a t e d  h y d r o c a r b o n s ,  w h e r e  t h e  c u r v e s  o f  o c t a n e  n u m b e r  
a g a in s t  p e rc e n ta g e  h y d r o c a r b o n  in  t h e  r e fe re n c e  f u e l  a r e  f a r  f r o m  l in e a r .  T a b le  X X  
f o r  n a p h t h e n e  h y d r o c a r b o n s  a ls o  i l lu s t r a t e s  t h e  d if fe r e n c e s  t h a t  m a y  b e  o b t a in e d .  
A s  in  g e n e ra l t h e  c o n c e n t r a t io n  o f  in d iv id u a l  h y d r o c a r b o n s  d o e s  n o t  e x c e e d  a  s m a l l  
p e rc e n t a g e , e x c e p t  w h e r e  a r o m a t ic  o r  is o -p a r a f f in  h y d r o c a r b o n s  a r e  u s e d  a s  b le n d in g  
a g e n t s ,  t h e  “ b le n d in g  o c ta n e  n u m b e r ”  i s  o f  m o re  p r a c t ic a l  s ig n if ic a n c e  t h a n  t h e  
r a t in g  o f  t h e  p u r e  h y d r o c a r b o n ,  w h e n  c o n s id e r in g  t h e  u s u a l  t y p e  o f  fu e l ,  w h i l s t  t h e  
v a lu e s  fo r  c e r t a in  p u r e  h y d r o c a r b o n s  a s s u m e  im p o r t a n c e  in  c o n n e c t io n  w i t h  a v ia t io n  
f u e ls  o f  h ig h  o c ta n e  n u m b e r .  H a v in g  r e g a r d  t o  t h e  d if fe re n t  t e c h n iq u e s  o f  d e t e r 
m in a t io n  a n d  m e t h o d s  o f  e x p r e s s io n  o f r e s u l t s  e m p lo y e d , i t  i s  g r a t i f y in g  t o  f in d  t h a t  
t h e  g e n e ra l r u le s  r e la t in g  k n o c k - v a lu e  a n d  s t r u c t u r e  h o ld  a s  w id e ly  a s  t h e y  d o .

D r .  A . J .  V .  U n d e r w o o d  a g r e e d  t h a t  t h e  a u t h o r s  a n d  D r .  D u n s t a n  h a d  r ig h t ly  s t r e s s e d  
t h e  d e p e n d e n c e  o f  t h e  o c t a n e  n u m b e r  o n  t h e  c o n d it io n s  o f  t e s t .  T h i s  w a s  c le a r ly  
s h o w n  b y  a  c o m p a r is o n  o f  T a b le s  V I I  a n d  X .  I n  T a b le  V I I  t h e  f ig u r e s  fo r  b e n z e n e ,  
m e t h y lb e n z e n e ,  a n d  e t h y lb e n z e n e  w e r e  g iv e n  a s  10 8 , 1 0 4 , a n d  9 6 , r e s p e c t iv e ly .  I n  
T a b le  X ,  u s in g  a  d if fe r e n t  m e t h o d  o f  r a t in g  a n d  g iv in g  b le n d in g  v a lu e s ,  t h e  c o r r e s 
p o n d in g  f ig u re s  w e r e  10 8 , 1 2 0 , a n d  1 2 8 . T h u s  t h e  v a lu e  f o r  b e n z e n e  r e m a in e d  u n 
c h a n g e d  a t  10 8  in  t h e  t w o  d if fe r e n t  t e s t s ,  w h i l s t  t h e  value f o r  e th y lb e n z e n e  r o s e  f ro m  
96  t o  1 2 8 . T o  e x p r e s s  i t  q u a n t i t a t iv e ly  v e r y  r o u g h ly ,  e th y lb e n z e n e  w a s  s o m e  2 0  p e r  
c e n t ,  b e t t e r  t h a n  b e n z e n e , a c c o r d in g  t o  T a b le  X ,  w h i l s t  a c c o r d in g  to  T a b le  V I I  i t  w a s  
10  p e r  c e n t ,  w o rs e  t h a n  b e n z e n e . A g a in ,  in  T a b le  X I I I  t h e  f ig u r e s  f o r  2 : 4 : 4 -  
t r im e t h y lp e n t e n e - 2  a n d  f o r  3 : 4 :  4 - t r im e t h y lp e n t e n e - 2  w e r e  g iv e n  a s  8 9  a n d  85 -6  
r e s p e c t iv e ly  f o r  t h e  p u r e  c o m p o u n d , u s in g  t h e  m o t o r  m e t h o d ,  w h i l s t  f o r  t h e  b le n d e d  
c o m p o u n d , u s in g  t h e  s a m e  m e t h o d , t h e  c o r r e s p o n d in g  f ig u re s  w e r e  13 3  a n d  72 -5 . 
T h e r e  m ig h t  b e  a n o t h e r  f a c t o r  a p a r t  f r o m  t h e  d if fe re n t  t e s t  c o n d it io n s — n a m e ly ,  e v e n  
t h o u g h  t h e y  w e r e  p r e s u m a b ly  u s in g  t h e  s a m e  m e t h o d . H e  t h o u g h t  t h e  d e c im a ls  
m ig h t  w e l l  b e  o m it t e d  in  q u o t in g  t h e s e  o c ta n e  r a t in g s ,  a s  t h e y  s u g g e s te d  a  d e g re e  o f  
a c c u r a c y  w h ic h  w a s  n o t  ju s t i f ie d .

M r .  J .  S .  J a c k s o n  c o m m e n te d  o n  t h e  f a c t  t h a t  o c t a n e  n u m b e r s  s u c h  a s  74 -8 , 69 -8 , 
72-2 a p p e a r e d  in  t h e  p a p e r .  S u c h  p u b l is h e d  f ig u r e s  t e n d e d  t o  g iv e  a  r a t h e r  f a ls e  
im p r e s s io n  o f t h e  a c c u r a c y  a t t a in a b le  w i t h  t h e  C . F . R .  e n g in e , a n d  h e  f e l t  t h a t  th e s e  
f ig u re s  s h o u ld  h a v e  b e e n  r o u n d e d  o f f  a n d  r e p o r t e d  a s  7 5 , 7 0 , a n d  7 2 , r e s p e c t iv e ly .  H e  
a ls o  p r e s s e d  f o r  t h e  g e n e r a l  a c c e p ta n c e  o f  o n e  m e t h o d  o f  t e s t  f o r  t h e  d e t e r m in a t io n  
o f  o c ta n e  n u m b e r s .

T h e  C h a i r m a n  t h o u g h t  t h e  e x p la n a t io n  o f  t h e  p o in t  r a is e d  b y  D r .  U n d e r w o o d  w a s  
to  b e  fo u n d  p a r t l y  in  t h e  s h a p e  o f  t h e  o c t a n e  n u m b e r  c u r v e s  o f  b le n d s  o f  h y d r o c a r b o n s .
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d i s c u s s i o n .

B le n d in g  c u rv e s  m a y  b e  (1) a b o v e , o r  (2) b e lo w  a  s t r a ig h t  l in e  jo in in g  th e  octane  
n u m b e r  o f th e  tw o  h y d ro c a rb o n s  o r  (3) a  s t r a ig h t  l in e  jo in in g  t h e  tw o  o c t a n e  n u m b ers .

W it h  h y d ro c a rb o n s  o f t y p e  1 t h e  b le n d in g  o c t a n e  n u m b e r  i s  h ig h e r  t h a n  t h a t  of the 
s t ra ig h t  h y d ro c a rb o n , w it h  t y p e  2 lo w e r ,  a n d  w i t h  t y p e  3  t h e  s a m e . T h i s  s u b je c t  was 
f u lly  d is c u ss e d  in  a  p a p e r  b e fo re  th e  W o r ld  P e t r o le u m  C o n g re s s  in  1 9 3 3 . ( T h e  B len d in g  
O c ta n e  N u m b e rs  o f P u r e  H y d r o c a r b o n s  a n d  t h e i r  D e p e n d e n c e  u p o n  C o n c e n tra t io n s  : 
b y  G a rn e r , E v a n s ,  S p r a k e , a n d  B ro o m .)

T h e  C h a i r m a n  sa id  t h a t  a n y  w r i t t e n  c o n t r ib u t io n s  to  t h e  d is c u s s io n  w h ic h  w ere 
se n t in  to  th e  In s t i t u t e  w o u ld  b e  fo r w a r d e d  to  D r .  E g lo f f ,  w h o  w o u ld  r e p l y  to  th e m  as 
w e ll a s  to  th e  r e m a r k s  w h ic h  h a d  b e e n  m a d e  t h a t  e v e n in g .

T h e  v o te  o f t h a n k s  to  D r .  D u n s t a n  w a s  c a r r ie d  u n a n im o u s ly ,  a n d  t h e  m e e t in g  then  
te rm in a te d .
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S T U D IE S  ON T H E  SE P A R A T IO N  OF P A R A F F IN  
W A X E S.

PART IV.—THE SWEATING OF W AX-OIL M IX T U R E S.*

By M. F. S a w y e r , Ph.D., A.M.Inst.Pet., T. G. H u n t e r , D.Sc., F.Inst.Pet., 
a n d  A. W. N a s h , M.Sc., F.Inst.Pet.

I t  has been indicated previously 3 that an investigation of the factors 
affecting the efficiency of the sweating process in which the same oil and 
wax stock, and also the same sweater, are used throughout, resolves itself 
into a consideration of the effects of the following variables :—

(1) The amount of oil in the oil-wax mixture,
(2) The rate of sweating,
(3) The rate and extent of the cooling of the oil-wax mixture before

commencing to sweat, and
(4) The viscosity of the oil.

No account of experiments on the sweating of synthetic oil-wax mixtures 
has so far appeared in the technical literature. An objection to the use 
of such mixtures is that they are not obtained directly from the crude 
in the relative amounts in which they are blended. The composition of 
the stock is, however, immaterial, as it is possible that such a stock could 
be obtained from a crude. Moreover, there are certain definite advantages 
attending the use of synthetic mixtures.

Complications due to the variations in composition of the waxes and 
oils present in the mixture, such as might be encountered when using 
distillates of different boiling ranges, are eliminated. There is also no 
longer the necessity for the determination of the oil content of the stock— 
a matter of some difficulty. In the present instance the possible yields 
of the various melting-point waxes that may be obtained from the wax 
stock are already known from the previous fractional melting experiments. 
Finally blends of any desired oil content may be prepared very easily.

•jIB

O i l  S t o c k .

The stock of dewaxed oil, which was, of course, essential for this series 
of experiments, was prepared in the following manner. Dewaxed Second 
Cooled Blue Oil from the Llandarcy Refinery of the Anglo-Iranian Oil Co. 
was used as the starting material for the preparation. This oil had been 
removed from the wax distillate cut by filter pressing at a temperature of 
13° F. during the normal refinery processing of the distillate, and was 
further dewaxed in the laboratory with ethylene dichloride at —30° 
C., using a leaf-filter type dewaxing apparatus.

The oil-solvent mixture containing one volume of oil to two volumes of

*  P a p e r  r e c e iv e d  2 3 rd  J a n u a r y ,  1 9 4 1 .
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solvent was cooled to -3 0 ° C., and then filtered from the wax deposited 
at this temperature. The solvent was removed from the oil by distillation 
under reduced pressure with a continuous stream of nitrogen passing 
through the liquid. The wax-free oil had the following properties

Specific gravity at 60° F. . . 0-8960
Refractive index at 60° F. . 1  -4867
Cloud point . . . .  Below —5° C.
Viscosity :—

Redwood I at 100° F. . . 6 4 - 1  secs.
Redwood I at 140° F. . . 46-7 secs.

W a x  S t o c k .

The wax stock was that of melting point 122-1° F. used in the experi- 
ments on fractional melting described in previous publications.2,3

E f f e c t  o f  O i l  C o n t e n t .

In order to investigate the effect of oil content on the sweating operation, 
six synthetic wax-oil mixtures containing respectively 2, 5, 10, 20, 30, and 
40 per cent, by weight of oil were prepared.

The desired amounts of wax and oil were weighed into a beaker. The 
mixture was then liquefied, thoroughly stirred, and the sample prepared 
in the sweater as previously described.3 A sweating rate of 5 per cent, 
per hour was employed. This rate, besides being likely to lead to satis
factory results, was also quite convenient, as it enabled a sweating run to 
be completed in two days. The temperature of the sample in the sweater 
was gradually increased from room temperature, the time elapsing before 
the collection of the first drops of liquid phase being dependent on the 
amount of oil in the sample. This is illustrated in Table I.

T a b l e  I .

O il c o n te n t  o f 
sa m p le , % .

F i r s t  d r o p s  o f  
l iq u id  p h a s e  a f t e r .

T e m p e r a t u r e  o f  
m a s s ,  °  F .

2 21 0  m in s . 101
5 18 0  „ 81

30 3 0  „ 6 9
40 10 „ 65

From the stage at which the first drops of liquid appeared, the heating 
was adjusted so that sweating proceeded at the desired rate. For 
the wax-oil mixtures of higher oil content only slight heating was required 
to maintain the rate during the collection of the first 10 per cent., and 
during this period it was occasionally found necessary to cut off the current 
for intervals of a few minutes.

The last 5 per cent, (or less) was removed from the sweater as in the 
experiments 3 with oil-free wax. Difficulty was also experienced in this
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series of experiments in maintaining the desired rate of sweating during 
the fractionation of the last 10 per cent.

The sweats were collected, in general, in cuts of 5 per cent, by weight, 
and the melting point of each fraction of melting point higher than 100° F. 
was determined in the manner previously described. The melting points 
of fractions lower than 100° F. were not determined accurately, as the 
melting point method developed for this work, like the I.P.T. and A.S.T.M. 
methods, is not satisfactory for mixtures of oil and wax containing large 
amounts (greater than 50 per cent.) of oil. A rough determination was 
made in some instances, but a knowledge of these low melting points was 
not considered essential for this investigation. The refractive index at 
60° C. was also found for each fraction, using the Abbé Refractometer.

In this series of experiments, as in those with oil-free wax, it is necessary 
to know the melting point and yield of wax, or oil—wax mixture, present 
in the sweater at any stage of the experiment. The fractions were there
fore blended as before—starting with the last two collected—and the 
melting point, and also the refractive index at 60° C., found after the 
additioh of each two consecutive fractions. Owing to the presence of

414-5 Moil, the relationship1 T =  - -  . ', ^  cannot be applied to the calculation

of melting points, except for those fractions collected after the removal of 
all the oil.

It was found that the presence of oil rendered the sweating much easier 
to control than in the experiments with oil-free wax. Little difficulty 
was experienced in reducing the temperature gradient in the wax-oil 
mass to 1° F., even in the stock containing only 2 per cent. oil.

This observation is of importance, as it is probable that any difficulties 
experienced with the laboratory sweater would he increased with industrial 
plant. It is possible that the presence of oil modifies the crystal structure 
of the wax in such a manner that sweating is facilitated. Other possible 
explanations may, however, be suggested. For example, if the surface 
tension between solid and liquid wax is greater than that between solid 
wax and oil and if the viscosity of the oil is lower than that of the liquid 
wax, the oil would flow more easily through the channels that are formed 
in the wax mass. Some evidence for the existence of these channels was 
found during the preparation of an oil-wax sample for one of the 
sweating experiments. The molten wax had been weighed into a beaker 
and haul been cooled to a semi-solid state, such that when the oil was 
poured on to its surface it did not immediately percolate through. After 
standing for 1 hour, however, the oil had passed through the mass, 
leaving the top surface with a honeycomb structure. This observation 
suggests that sweating may take place through capillary action and 
that these capillaries or channels are more easily formed when oil is 
present.

Owing to the large difference between the refractive indices of the 
dewaxed Second Cooled Blue Oil (n% =  1-4867) and the various waxes 
obtained in the experiments (n% =  1-4327 — 1-4372), the value of nr£ 
for a wax-oil blend gives an indication of the oil content. The refractive 
indices of various blends of the dewaxed Second Cooled Blue Oil and the 
wax stock of melting point 122-1° F. are given in Table II.
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T a b l e  I I .

W a x ,  
W e ig h t  % .

O i l ,
W e ig h t  % .

„ 6 0  n D

100 0 1-434 2

98 2 1-435 0

95 5 1-436 7

90 10 1-438 6

80 2 0 1-443 4

70 30 1-448 6

60 40 1-453 6

50 50 1 -4 5 8 9

30 70 1-469 6

0 100 1-486 7

A graph of oil content/< ', covering the range 0-50 per cent, oil, is linear.
This linear relationship was used as a means of ascertaining the approxi- 

mate oil content of this series of experiments.
It was found that the refractive index of the material (wax-oil) remaining 

in the sweater decreased during the removal of the first fractions, reached 
a minimum value, and then increased. The percentage of the material 
(wax-oil) in the sweater at the stage corresponding with the minimum 
value of the refractive index is given for each run in Table III.

T a b l e  I I I .

R u n  N o . 20 . 16. 12. 13 . 14 . 15.

O il co n te n t  o f s to c k , %  . 
M in im u m  n ™  .
S to c k  in  s w e a te r , %

2
1-4346

70

5
1 -434 4
6 0 /6 5

10
1 -434 7

5 0

20
1-4351

40

30
1-435 8

25

40
1-4366

5

The position of the minimum refractive index corresponds to the 
stage at which the removal of the oil is almost complete, and it is seen 
from Table III above that the yields of nearly oil-free wax, independent 
of melting point, that may he obtained from the oil-wax mixture, depend 
on the original oil content of the latter.

The stage at which the oil has been almost completely removed from the 
stock is indicated in Fig. 1, in which the melting point is plotted against 
the refractive index at 60° C. for each of the single liquid phase fractions 
of melting point higher than 100° F. obtained in runs 12-16 and 20. The 
corresponding graph for the fractions obtained when using oil-free wax 
stock (Run 8) is also shown. The curve for each run approaches this 
latter curve as the melting point of the fraction increases, until a stage is 
reached at which the two curves meet and then become almost coincident. 
It is suggested that the two curves meet in each instance at the stage where 
the oil content of the wax present in the swreater is somewhat less than 
1 per cent.

This figure of 1 per cent, was estimated as follows. It has been shown 
in Table II that the addition of 1 per cent, dewaxed Second Cooled Blue 
Oil to a wax of melting point 122-1° F. increases the refractive index of 
the latter by approximately 0-0005. It will be appreciated that the
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melting points of the waxes under consideration are higher than 122-1 F., 
but the error introduced by applying this linear relationship to such 
higher melting waxes is probably negligible, in view of the small difference 
in the refractive indices of waxes of melting points 120° F. and 140° F., 
compared with the refractive index of the oil. It was therefore assumed 
that the addition of 1 per cent, oil increases the refractive index of wax of 
melting point within this range by approximately 0-0005, an amount which 
could easily be detected with the Abbé Refractometer. It is seen from 
Fig. I  that the curve for the fractions of corresponding melting points 
collected after the stage at which the curve for the run meets that for the

F i g . 1 .

oil-free stock (Run No. 8) does not deviate from the latter by more than 
0-0002 in refractive index. It may therefore be concluded that the oil 
contents of fractions in this region are probably less than 1 per cent. It 
is of interest to note from Fig. 1 that the curve for the wax stock originally 
containing 40 per cent, oil approaches, but does not meet, the curve for 
the oil-free stock (Run No. 8). It  is therefore to be inferred that, under the 
particular conditions of sweating employed in this investigation, it is not 
possible to obtain a substantially oil-free wax from stocks containing 40 per 
cent, or more oil.

Yield, melting point, and refractive index data are given in Table TV 
for waxes of various melting points higher than 125° F., the yields being
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expressed as a percentage of the total wax present in the original wax-oil 
stock. The yields and refractive indices of the corresponding waxes 
obtained from oil-free wax (Run No. 8) are also included. The refractive 
indices for the blended fractions in the run were calculated from those of 
the single fractions assuming refractive index to be additive over the small 
melting point range involved.

T a b l e  IV.

Melting 
point, 0 F .

Yield, per cent, b y  weight. Calculated 
a s  per cent, of w ax present in the 

w ax-oil stock.
R e frac tiv e  in d ex  a t  60 ° C. (n ^).

10*4 3*2 3*0 3*0 3*3 _ 1*4367 _ 1*4367 1*4366 1*4368 _
137*5 16*5 5*3 6*7 8*1 7*7 8*9 — 1*4362 1*4362 1*4361 1*4361 1*4361 — —
135*0 24*2 13*0 14*3 14-8 13*4 ¡12*1 10*1 1*4357 1*4357 1*4356 1*4357 1*4357 .1*4361 1*4366
132*5 34*4 23*5 25*3 23*9 25*2 ' 26*0 25*8 1*4352 1*4352 1*4351 1*4352 1*4353 ! 1*4358 1*4369

130*0 47*0 36*7 38*4 37*2 ¡43*7 43*4 36*3 1*4347 1*4348 1*4347 1*4348 ¡1*4351 1*4358 1*4383
127*5 61 *5 53*4 53-9 54*7 ¡61*2 57*7 44*2 1*4345 1*4346 1*4346 1*4347 ¡1*4353 1*4368 1*4398

125*0 78*8 ,74*7 73*2 74*6 75*2 68*9 52*2 1*4342 1*4345 1*4345 1*4349 1*4362 1*4383 1*4412

Run No. .
Oil content

8 20 16 12 13 14 15 8 20 16 12 13 14 15

of stock 0% 2% 5% 10% 20% 30% 40% 0 % 2 % 5% 10% 20% 30% 40%

In the table, waxes containing less than 1 per cent, oil, as estimated 
from the refractive index of the fractions, are shown above the dotted 
line, and general information concerning the yields of these products 
may be obtained from a consideration of the data for oil-wax stocks of 
2 per cent., 5 per cent, and 10 per cent, oil content. In each of these 
experiments the yields are very similar, although with the stock of 10 per 
cent, oil content they are slightly higher for waxes of melting point 135° F. 
and above. It is difficult to explain this observation in view of the simi
larity of the yields of waxes of melting point 127-5-135° F. It is possibly 
due to experimental error caused by the inability to maintain uniform 
sweating at the desired rate with the comparatively small amount of 
solid present in the sweater at this stage.

Despite the relative ease with which sweating is controlled, the yields 
are considerably lower than those obtained in the fractional melting 
experiments with oil-free wax stock. In general, they are comparable 
with those given by the fractional melting of this oil-free stock at the 
rate of 15 per cent, per hour,3 which was estimated to have an efficiency of 
78 per cent, compared with the assumed 100 per cent, efficiency of Run 
No. 8. Fractional melting at the rate of 5 per cent, per hour was estimated 
on the same basis to be 90 per cent, efficient. Otherwise expressed, the 
yields of substantially oil-free (less than 1 per cent.) waxes of melting point 
127-5° F. and above, obtained from the wax-oil stock containing 2-10 
per cent, oil, are in the region of 10-12 per cent, lower than those of corres
ponding melting point obtained under the same conditions by the fractional 
melting of the oil-free wax stock.

It is apparent that for products of melting point 127-5° F. and above 
the addition of 2 per cent, oil to the oil-free wax stock has much the same 
effect as 10 per cent. For products of lower melting point there is a 
difference, however, for their oil contents vary with the amount of oil 
initially present in the wax stock.
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In view of the comparatively poor yields of lower-melting-point 
wax obtained from the oil-wax stock of 40 per cent, oil content, and 
also the failure to obtain a substantially oil-free wax of any melting point 
from this stock, it is suggested that an oil content of 40 per cent, is above 
the maximum for satisfactory sweating.

Assuming that one of the objects of sweating is to produce a substantially 
oil-free scale wax of melting point at least 127-5° F., there seems to be no 
advantage gained by reducing the oil content of the stock below 10 per 
cent. Also, as the yield of this oil-free product from a stock containing 
20 per cent, oil is relatively much lower than from one containing 10 per 
cent, oil, it is concluded that for satisfactory and efficient sweating the 
oil content of the stock should be reduced to 10-12 per cent, by weight.
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E f f e c t  o f  R a t e  o f  S w e a t i n g .

As the effect of the sweating rate variable has already been investigated 
and discussed in a previous publication for the case of oil-free wax, it was 
felt that for the present case of oil-wax mixtures this would be sufficiently 
examined by two runs with oil-wax mixtures containing 10 per cent, of oil, 
at sweating rates 5 per cent, and 10 per cent, per hour.

Run No. 12 supplied all the necessary data at the 5 per cent, per hour 
rate, and a new run, No. 21, was carried out at the 10 per cent, per hour 
rate.

The wax-oil sample containing 10 per cent, oil was prepared in the 
normal manner, cooling taking place at room temperature overnight. 
The temperature gradient in the wax-oil mass during sweating could not be 
reduced below 2° F. Otherwise the experiment proceeded normally.

The yields and refractive indices of waxes of melting point higher than 
125° F. remaining in the sweater at a given stage for these rims are given 
in Table Y.

T a b l e  V .

M e lt in g  p o in t ,  °  F . Y ie ld ,  
W e ig h t  % .

n 60i) •
Y ie ld ,  

W e ig h t  % . <

140 2-7 1-436 6 3-0 1-436 7
137-5 7-3 1-4361 6-6 1-436 3
135 13-3 1-4357 12-9 1-435 9
132-5 21 -5 1-435 2 22-2 1-435 6
13 0 33-5 1-434 8 33 -5 1 -435 3
12 7-5 49 -2 1-434 7 48 -8 1-435 2
12 5 67-2 1-434 9 66 -4 1 -435 6

R u n  N o . 12 21
0 0  c o n te n t  o f  s t o c k 1 0 % 1 0 %
R a t e 5 %  p e r  h o u r 1 0 %  p e r  h o u r

Inspection of the above figures shows that, within experimental error, 
the yields are the same in each run, although the waxes of melting point 
below 135° F. from the run at the faster rate are of slightly higher oil 
content than those of corresponding melting point from the slower run. 
As there is no doubt that the yield of wax of a given melting point obtained 
from an oil-free wax stock is dependent on the rate of fractional melting,
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the similarity of the yields obtained in the two experiments under con
sideration is therefore rather unexpected. It is possible, however, that 
sweating at a rate considerably slower than 5 per cent, per hour would 
lead to increased yields of the various waxes.

E f f e c t  o f  M e t h o d  o f  P r e p a r i n g  S a m p l e .

Two runs were made for the purpose of investigating the extent to which 
the efficiency of the process is affected by the way in which the wax-oil 
sample is prepared prior to sweating. Wax-oil mixtures containing 10 
per cent, oil were used in these experiments.

P a r t i a l  C o o l i n g .

The sweater was prepared in the normal manner and the wax-oil sample 
introduced at a temperature of 130° F. Cooling took place in the absence 
of draughts until the central region of the mass was at a temperature of 
87° E. At this stage a temperature gradient of 4° F. existed in the mass. 
The cellophane was removed from the outer surface of the sweater, 
and the latter placed inside the external heater, which had been heated so 
that the temparature of the air inside was 80-83° F. Sweating at the rate 
of 5 per cent, per hour was then conducted in the normal manner, the 
initial drops of liquid appearing in the collecting beaker after 10 minutes’ 
heating.

S h o c k  C o o l i n g .

The sweater was prepared in the normal manner and the wax-oil sample 
introduced at a temperature of 135° F. The sweater and contents were 
immediately plunged into an acetone-solid C02 bath cooled to —50° C. 
The bath temperature quickly rose to —25° C. and was maintained at 
—25° C. to —30° C. for 1 hour whilst the wax-oil sample solidified. On 
removal from the cooling mixture, the central region of the mass was at a 
temperature of 55° F. The sample remained at room temperature over
night, and sweating at the rate of 5 per cent, per hour was commenced on 
the following day.

The sweating appeared to proceed normally in each instance.
The yields and refractive indices of various waxes of melting point 

higher than 125° F. remaining in the sweater at given stages are given for 
Runs 18 and 19 in Table VI. The corresponding figures for waxes obtained 
from the same stock at the same rate of sweating after preparation of the 
sample in the usual manner (Run No. 12) are included for comparative 
purposes.

It may be observed that the yields of waxes of the same melting point 
obtained in the three runs are not very different. There is, however, an 
indication that the yields of waxes of melting point 135° F. and above are 
slightly higher in the experiment involving normal cooling of the sample.

The slightly lower yields in the experiment involving partial cooling 
might possibly be attributed to the wax crystals not having been allowed 
sufficient time in which to attain the size of those formed during normal 
cooling to room temperature (Run No. 12).
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T a b l e  V I .

M e lt in g  
p o in t ,  °  F .

N o r m a l  c o o l in g . P a r t i a l  c o o l in g . S h o c k  c o o lin g .

Y ie ld ,  
W e ig h t  % . » f f .

Y i e l d ,  
W e ig h t  % .

n ÿ .
Y i e l d ,  

W e ig h t  % .
n .6 0
n U  •

14 0 2-7 1 -4 3 6 6 ____ ____ _____ ____

1 3 7-5 7-3 1-4361 6-5 — 5-0 1 -4 3 6 4
1 3 5 13-3 1 -435 7 10-2 1 -436 0 12-0 1 -4 3 5 9
1 3 2-5 21 -5 1 -435 2 2 0 -4 1 -4 3 5 5 22 -2 1 -4 3 5 5
1 3 0 33 -5 1 -4 3 4 8 3 4 -6 1 -435 2 3 4 -9 1 -4 3 5 2
1 2 7 -5 49 -2 1 -4 3 4 7 5 0 -5 1-4351 5 0 -5 1 -435 3
1 2 5 67 -2 1 -4 3 4 9 6 7 -6 1 -4 3 5 3 66-7 1-4 3 5 6

R u n  N o . 12 18 19
O i l  c o n te n t

o f  s t o c k  . 1 0 % 1 0 % 1 0 %
R a t e  . 5 %  p e r  h o u r 5 %  p e r  h o u r 5 %  p e r  h o u r

Rapid or shock cooling would almost certainly cause the formation of 
very small crystals, especially in the region of the wax-oil mass near the 
surface of the sweater, where the cooling conditions are most severe.

The refractive index data indicate that the residual waxes of melting 
point 125° F. and higher, present in the sweater at any given stage in these 
two rims, contain slightly more oil than those of the same melting point 
obtained in Run No. 12. It may be inferred from this observation that 
partial, as well as shock, cooling of the wax-oil sample causes the formation 
of small wax crystals, which are of such a nature that oil is less easily 
removed from them during the process of sweating.

The variations in the yields and refractive indices are not, however, 
sufficiently great to allow any very detailed conclusions to be reached.

It is clear, however, that the rate and extent of cooling of the sample 
prior to sweating have little effect on the efficiency of the process.

E f f e c t  o f  V i s c o s i t y  o f  t h e  O i l .

Oils of different viscosity for use with the oil-free wax stock in a study of 
the effect of oil viscosity on the sweating process, may be obtained as 
follows :—

(i) the viscosity may be varied by employing various oils of 
different boiling ranges, or

(ii) the desired viscosity may be obtained by blending two dewaxed 
oils of high and low viscosity respectively.

The use of oils of different boiling ranges introduces complications due 
to the variation in chemical composition, and it was therefore decided to 
prepare oils of the desired viscosities from two stocks of dewaxed oils. 
This method ensures that the same constituents are present in each blend, 
although, of course, in different proportions.

O i l  S t o c k s .

The dewaxed Second Cooled Blue Oil, used in the previous experiments, 
constituted the stock of low viscosity.



The high-viscosity stock was prepared from a Master Lubricant oil 
supplied from the Anglo-Iranian Oil Co.’s Llandarcy Refinery.

The Second Cooled Blue Oil is obtained from the crude by cold pressing 
the fight wax distillate, and the Master Lubricant is a dewaxed heavier 
distillate taken from the crude immediately following the fight distillate. 
This heavier distillate was dewaxed on the refinery, using the Sharpies 
process, but it was further dewaxed in the laboratory with ethylene 
dichloride at —25° F. by the method already described for the Blue Oil. 
The laboratory dewaxing resulted in a very sticky or resinous oil having 
the following properties :—

Specific gravity at 60° F. . . 1-010
Pour point . . . .  20° F.
<  .........................................  1-5587
Viscosity :

Redwood II at 100° F. . . 4323 secs.
Redwood II  at 140° F. . . 438-6 secs.
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Blends covering a considerable viscosity range could therefore be pre
pared from these two stocks, and it was proposed to investigate the elfect 
of oils over the complete viscosity range. However, the scheme was in
terrupted after completion of only two runs, the results of which are now 
discussed.

In view of the findings in the experiments with oil-wax stocks, it 
was decided to employ stocks of 10 per cent, oil content. In each 
instance the sample was prepared in the normal manner, and sweating 
was conducted at the rate of 5 per cent, per hour. No difficulty was 
encountered with either stock.

The yields and refractive indices of various waxes of melting point 
higher than 125° F. remaining in the sweater at given stages are recorded 
in Table VII. For purposes of comparison, the corresponding figures for 
Run No. 12 are included.

T a b l e  V I I .

M e lt in g  
p o in t ,  °  F .

1 0 %  D . B . O .
9 %  D . B . O .  +  

1 %  D . M . L .
7 %  D . B . O .  +  

3 %  D . M . L .

Y ie ld ,  
W e ig h t  % . < ■ Y ie ld ,  

W e ig h t  % . <
Y i e l d ,  

W e ig h t  % .
n 6°nD.

140 2-7 1-436 6 5-0 1-436 8 3-5 1-4369
137-5 7-3 1-4361 10-0 1-436 4 7-8 1-4365
135 13-3 1-4357 16-4 1 -4 3 5 9 13-8 1-4361
132-5 21-5 1-435 2 25 -5 1-435 5 23 -2 1-4356
130 33-5 1-434 8 37 -2 1-435 3 34 -6 1-4353
127-5 49-2 1-434 7 52 -2 1-435 3 47 -8 1-435 4
125 67-2 1-434 9 67 -0 1-435 5 63-7 1-4357

B u n  N o . 12 2 2 2 3
R a t e  . 5 %  p e r  h o u r 5 %  p e r  h o u r 5 %  p e r  h o u r

D . B . O .  =  D e w a x e d  B lu e  O i l .
D . M . L .  =  D e w a x e d  M a s t e r  L u b r i c a n t .



The experimental data are insufficient for any general conclusions to be 
stated relating to the effect of the viscosity of the oil on the efficiency of 
the sweating process. However, the minimum values of n™ for Runs 22 
and 23 are higher than for Run 12 and, moreover, correspond with a 
higher percentage of residual wax (wax-oil) in the sweater than for Run 
12. These observations indicate that the oil of higher viscosity is more 
difficult to remove from the wax.

In addition to the above experiments with oils of different viscosities, a 
run was made with a wax-oil mixture consisting o f :—

70 per cent, oil-free wax, 15 per cent. D.B.O. and 15 per cent, 
kerosine (sp. gr. at 60° F. =  0-8025).

The sample was prepared in the usual manner, and sweating was carried 
out without difficulty at the rate of 5 per cent, per hour.

The comparison of the yields of various waxes obtained in this run with 
those obtained in Run No. 14, in which the oil-wax stock contained 30 per 
cent. Dewaxed Blue Oil, is given in Table VIII.
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T a b l e  V I I I .

M e lt in g  p o in t ,  °  F . Y i e l d .
P e r  c e n t ,  b y  

w e ig h t .

14 0 2-4 ___

13 7-5 6-2 —
13 5 8-5 4-8
132-5 18-2 18-6
13 0 30 -4 28 -2
12 7-5 40 -4 35 -2
12 5 48 -2 39 -8

R u n  N o .  . 14 17

O i l  c o n t e n t  o f  s t o c k  . 3 0 %  D . B . O .
f 1 5 %  D . B . O .
V 1 5 %  K e r o s i n e

The results of this run are included in order to mention the significance 
of the comparatively low yields of waxes of melting points 125° and 
127-5° F. obtained.

These low yields may be attributed to the higher solubility of the wax in 
the Blue Oil-Kerosine blend than in the Blue Oil alone. It is therefore 
suggested that any study of the effect of viscosity should be made in con
junction with experiments on the solubility relationships of the wax and 
the various oil blends employed.

C o n c l u s i o n s .

(1) The sweating of an oil-wax mixture is considerably easier to control 
than the fractional melting of an oil-free wax. This is of particular impor
tance industrially, as ease of control of a  process, especially on the com
mercial scale, is very desirable.

(2) The yields of the various melting-point waxes, calculated as a per
centage of the wax content of the oil-wax stock, are considerably



lower than for the corresponding waxes obtained by the fractional melting 
of the oil-free wax stock at the same rate.

(3) Under the same conditions of sweating, the efficiency of the process 
is dependent on the oil content of the stock. Little or no advantage is to be 
gained by de-oiling the stock to an oil content of less than 10 per cent. Also, 
the most satisfactory sweating stock contains 10-12 per cent. oil. At the 
other extreme, it is evident that an oil content of 40 per cent, is above the 
maximum for efficient and satisfactory sweating.

It will be appreciated, however, that these deductions are based on the 
results of experiments conducted at the same rate of sweating. It is 
possible, therefore, that a stock containing 40 per cent, oil could be satis
factorily processed at a considerably slower rate, especially during the 
collection of the first few fractions, when the loss of wax—due to solubility 
in the oil—would be reduced.

(4) The rate and extent of cooling of the sample prior to sweating have 
little effect on the yield and oil content of the various waxes produced.

(5) For corresponding melting points, the yields of waxes obtained by 
sweating at 5 per cent, and 10 per cent, per hour are similar, but those 
from the faster process are of slightly higher oil content. It is probable 
that a higher efficiency would result from sweating at a rate slower than 5 
per cent, per hour, especially in the initial stages, when the oil content of 
the stock is comparatively high.

(6) The effect of viscosity has not been studied in detail, but in the 
limited experimental work performed on this factor results have been 
obtained which indicate that oil of higher viscosity is more difficult to 
remove from the wax, and the resulting wax is therefore of higher 
oil content.

No experiments were made to ascertain the effect of over-heating in the 
wax-oil mass, as it is clear from the experiments with oil-free wax that 
strict control and regulation of the temperature throughout the mass is 
essential for satisfactory sweating.

References.
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CARLETON E LLIS.

Carleton Ellis, who was a Fellow' of the Institute, died in Miami Beach, 
Florida, on 13th January last, influenza being the immediate cause of his 
death. He was born in Keene, New Hampshire, U.S.A., on 20th September, 
1876, and received his early training as a chemist at the Massachusetts 
Institute of Technology, where the degree of Bachelor of Science was 
conferred upon him in 1900, and where he taught for two years following.

Whilst at this Institute the inventive genius of Carleton Ellis com
menced to assert itself, but, as is the experience of most technical men, 
he early discovered that whilst an original idea might be developed by 
hard work, patience, and initiative, to turn it to economic value required 
also hard cash, which went mostly into the pockets of patent agents. 
He therefore commenced a study of patent law, and in time received a 
certificate qualifying him to practice before the Patent Office of the United 
States.

The work of this great industrial scientist was spread over a wide range 
of organic chemistry, for Carleton Ellis had worked extensively in the field 
of edible oils, fats, waxes, synthetic resins, paints, varnishes, petroleum 
products, and gasoline manufacture, and for some years he had governed 
the Ellis Laboratories at Montclair, New Jersey. In addition to this, 
he had acted as Consultant on the Technical Committee and Chemical 
Committee of the Standard Oil Company of New Jersey for a considerable 
period.

During his career, Carleton Ellis was responsible for more than 700 
patents, a record exceeded in the U.S. Patent Office by only tw’o other 
scientists, Thomas A. Edison and a John O’Connor. The work for which 
he was best known was in connection with catalytic hydrogenation, 
petroleum oxidation, chemical derivatives from petroleum, the production 
of alcohols from still gases, synthetic resins and plastics, and nitrocellulose 
and analogous derivatives of cellulose.

The results of his researches and studies were presented in the form of 
such monumental works of reference as : “ The Hydrogenation of Organic 
Substances,”  “ The Chemistry of Synthetic Resins,”  “ The Chemistry of 
Petroleum Derivatives,”  “ The Chemical Action of Ultra-violet R a y s” 
(considered by a Committee of the League of Nations as one of the most 
important scientific books of 1925), as well as in numerous papers published 
in technical journals. As an example of his catholicity, reference might 
be made to two discoveries for which he was responsible. The first was 
the finding of a profitable market for the milk recovered from the udders 
of slaughtered cows. His solution was a dog biscuit made in the shape of 
a bone, which soon had a ready sale. The other was another of his earlier 
commercial successes, the development of the Tube and Tank method of 
cracking heavy petroleum products, which then had a limited use.

Carleton Ellis was a past president of the New Jersey Chemical Society,
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a member of the American Chemical Society and of the American Institute 
of Chemical Engineers, a Fellow of the Chemical Society, and Edward 
Longstreth medallist of the Franklin Institute. As can be imagined, he 
was a voracious reader, but, despite his busy life, he found time to devote 
a certain period every year to travel, in order to meet old friends and, due 
to his charming personality, he invariably made many new friendships 
on these occasions.

Some years ago Carleton Ellis spent a short time in the petroleum 
laboratories at the University of Birmingham, England, when the writer 
formed a happy and lasting friendship with him : it was soon evident that 
he possessed the ability of inspiring confidence and the team spirit in his 
juniors, and of drawing the best from them by his natural pleasing manner 
and power of leadership.

At the last World Petroleum Congress, members of this Institute had 
the pleasure of meeting both Carleton Ellis and his charming wife.

To his relatives we extend our deepest sympathy.
A. W. N a s h .

JOHN ARTHUR CARPENTER.

J o h n  A r t h u r  C a r p e n t e r , M.A., F.I.C., a Devonian by birth, was 
educated at Exeter School. At New College, Oxford, he took First Class 
Honours in Mathematical “ Mods.”  and Chemical Finals, and later a 
Second Class in Physics. He was President of the Oxford University 
Junior Scientific Club, Demonstrator in Chemistry at Christ Church, and 
Lecturer and Tutor in Physics at University College, Exeter. Subsequently 
he was a Master in St. Paul’s School, London.

He served in the Great War of 1914-18, retiring with the rank of Major.
In 1922 he became Research Chemist in charge of the Experimental 

Laboratory of the Syriam Refinery of the Burmah Oil Co., Ltd., in which 
capacity he remained until his sudden death on December 2, 1940.

Carpenter, who became a Member of the Institute in 1925, contributed 
some useful papers to the Journal, including :

“ The Physical and Chemical Properties of Paraffin Wax, particularly 
in the Solid State ”  (1926, 12, 288).

“ The Composition of Petroleum (Kerosine and other) Fractions, with 
a Standardization of Miscibility and Optical Tests ”  (1926, 12, 
518).

(With J .  P. Fraser) “ Regulation of Velocity of Flow of Fixed Quan
tities of Liquid over Surfaces ” (1927, 13, 725).

'The Composition of Petroleum (Kerosine and other) Fractions” 
(1928, 14, 446).

W .  J .  W i l s o n .
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Geology and Development.
339.* Hawkins Field Rated Largest Reserve Added in Year. B .  M i l l s .  Oil Wkly,
3 2 .4 1 . 100 (9 ) , 1 2 .— T h e  H a w k in s  p r o d u c in g  a r e a  a p p e a r s  to  c o v e r  7 5 0 0 - 1 0 ,0 0 0  a c r e s ,  
w it h  2 5 -2 0 0  f t .  o f o i l- s a n d  in  t h e  W o o d b in e .  I t s  r e s e r v e  i s  e s t im a t e d  a t  3 0 0 -6 0 0  
m ill io n  b r l .  T h e  s t r u c t u r e  i s  a n  e lo n g a te d  a n t ic l in e  w i t h  c lo s u r e  o f  a b o u t  4 5 0  f t .  
T h e  m a x im u m  t h ic k n e s s  o f  W o o d b in e  s a n d  i s  a b o u t  7 0 0  f t . ,  o f  w h ic h  t h e  u p p e r  1 0 0 -  
150 f t .  m a y  c a r r y  g a s . T h i s  s t r u c t u r e  a r is e s  f r o m  t h in n i n g  o f  t h e  in t e r v a l  b e tw e e n  
th e  P e c a n  G a p  c h a lk  a n d  t h e  W o o d b in e  s a n d .  T h e  p o r o s it y  o f  t h e  p r o d u c in g  s a n d  is  
a b o u t  2 5 % ,  a n d  i t s  p e r m e a b il i t y  i s  h ig h .  I n  so m e  p a r t s  t h e r e  a r e  s h a le - b r e a k s  in  th e  
o il-z o n e . A  h e a v y  g a s-f lo w  w a s  e n c o u n t e r e d  in  t h e  E a g le  F o r d  o v e r ly in g  t h e  W o o d 
b in e . I t  i s  p o s s ib le  t h a t  t h e  s t r u c t u r e  is  f a u lt e d .  B r i e f  d e t a i ls  o f  t h e  lo g s  o f  t h e  fe w  
w e lls  a r e  g iv e n ,  a n d  t h e  in d ic a t io n s  a r e  t h a t  t h e  w e lls  w i l l  a v e r a g e  4 6 0 0 - 4 9 0 0  f t .  in  

d e p th .
H a w k in s  w a s  o u t l in e d  b y  s u r fa c e ,  s u b s u r fa c e ,  a n d  g e o p h y s ic a l  d a t a ,  b u t  t h e  p r o 

d u c in g  l im i t s  a r e  n o t  y e t  f u l ly  d e f in e d .
B r ie f  d e ta i ls  o f t h e  d r i l l in g  p ro c e d u r e  a r e  g iv e n .  T h e  f o r m a t io n  p r e s s u r e  is  22 00  

lb ./ in .2 T w o  e le c t r ic a l  lo g s  o f  t h e  fo r m a t io n s  a r e  a p p e n d e d . G .  D .  H .

340.* Better Concept of Faulting Patterns Aids Piercement-Dome Development.
M . M . K o r n f e ld .  Oil Wkly, 1 0 .2 .4 1 , 100 ( 1 0 ) , 1 9 .— F a u l t s  m a y  d is lo c a t e  c a p - r o c k  a n d  
f la n k  p r o d u c t io n  a r o u n d  s a lt  d o m e s  so  m u c h  a s  to  m a k e  o r d in a r y  m e a n s  o f  e x p lo r a 
t io n  so  h a z a r d o u s  a s  to  r e q u ir e  e x c e s s iv e  u n e c o n o m ic  d r i l l in g  t o  f in d  p r o d u c t io n .  
N o w  e x p e r im e n t a l  m a s t e r - f a u lt  s y s t e m s  c a n  b e  s u p e r im p o s e d  o n  s a lt - d o m e  m a p s  to  
h e lp  in  lo c a t in g  f a u lt - z o n e s  w h ic h  w o u ld  o r d in a r i ly  b e  d is c o v e r e d  o n ly  b y  d r i l l in g .  
E x p e r im e n t  sh o w s  t h a t  t h e r e  a r e  p e r ip h e r a l  a n d  r a d ia l  f a u lt s ,  a n d  t h e i r  p r e s e n c e  h a s  
b e e n  d e m o n s tr a te d  o n  p ie r c e m e n t  s a lt - d o m e s . T h e  r a d ia l  f a u lt s  m a y  b e  v a r ia b le ,  b u t  
th e  p e n ta g o n a l p la n  s e e m s  to  d o m in a t e .  P e r ip h e r a l  f a u lt in g  le a d s  t o  b a r r e n  zo n es  
b e t w e e n  th e  c a p - ro c k  a n d  f la n k  p r o d u c in g  a r e a s .  T h e  e x p e r im e n t a l  w o r k  h a s  in d ic a te d  
l in e s  o f a t t a c k  w h ic h  a r e  s u p e r io r  t o  t h e  o ld  t r ia l- a n d - e r r o r  m e t h o d s .  A  k n o w le d g e  
o f s a lt -d o m e  f a u lt  p a t t e r n s  a s s is t s  in  t h e  in t e r p r e t a t io n  o f  s o il  s u r v e y s .

O n  th e  G u lf  C o a s t  f la n k  p r o d u c t io n  m a y  c o m e  f r o m  t h e  F r i o ,  V i c k s b u r g ,  J a c k s o n ,
C o c k f ie ld , Y e g u a ,  a n d  C o o k  M o u n t a in .  D e e p - s e a t e d  s a lt - d o m e s  h a v e  g iv e n  o i l  fro m  
th e  M o u n t  S e lm a n  a n d  W i lc o x .  G .  D .  H .

341.* Well Completions this Year Run Below 1940 Curve. L .  J .  L o g a n .  Oil Wkly,
1 0 .2 .4 1 , 100 (1 0 ) , 3 3 .— A lt h o u g h  d r i l l in g  a c t i v i t y  f e l l  e a r l } '  t h i s  y e a r ,  i t  m a y  r is e  la t e r .  
T h e  w a r  i s  p a r t l y  r e s p o n s ib le  fo r  t h e  f a l l ,  w h ic h  m a y  b e  p a r t l y  o ff se t  b y  t h e  r is e  in  
d r i l l in g  w h ic h  w i l l  u n d o u b t e d ly  t a k e  p la c e  a s  a  r e s u lt  o f  in c r e a s e d  in d u s t r i a l  a n d  c o m 
m e r c ia l  a c t iv i t y .

I n  1 9 39  a n d  1 9 4 0  t h e r e  w e r e  in c r e a s e s  in  t h e  a v e r a g e  o u t p u t  p e r  w e l l ,  t h o s e  a v e r a g e s  
b e in g  9-1 a n d  9-2 b r l ./ w e l l ,  r e s p e c t iv e ly .  T h e  o u t p u t  p e r  w e l l  in  1 9 3 9  a n d  1 9 4 0  ro se  
in  A r k a n s a s ,  I l l i n o i s ,  I n d ia n a ,  K a n s a s ,  M is s i s s ip p i ,  M o n t a n a ,  N e b r a s k a ,  a n d  W y o m in g ,  
b u t  i t  f e l l  in  C a l i f o r n ia ,  N e w  M e x ic o , O k la h o m a ,  a n d  T e x a s .

D r i l l in g  in  J a n u a r y  1941 in  U . S . A .  w a s  1 3 %  b e lo w  t h e  le v e l  o f  d r i l l in g  i n  J a n u a r y  
19 4 0 . T a b le s  g iv e  t h e  c o m p le t io n s  b y  S t a t e s  fo r  J a n u a r y  a n d  D e c e m b e r  1 9 4 0  a n d  
fo r  J a n u a r y  1 9 4 1 , a n d  t h e  t y p e s  o f  c o m p le t io n s  a r e  l i s t e d .  T h e  d r i l l in g  a c t i v i t y  a t  t h e  
b e g in n in g  o f  J a n u a r y  1 9 4 0  i s  c o m p a r e d  w it h  t h a t  o n  1 st J a n u a r y  a n d  1 s t  F e b r u a r y ,  

1 9 i l - ‘ G .  D .  H . ‘
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342.* Northern Hemisphere Offers Greater Oil Possibilities. W . V .  H o w a r d .  Oil 
Gas J . ,  9 .1 .4 1 , 39 ( 3 5 ) , 1 4 ;  6 .2 .4 1 ,  39 ( 3 9 ) , 1 6 .— G e o lo g ic a l ly  a n d  g e o g r a p h ic a l ly  th e  
w o r ld ’s  o i l p r o d u c t io n  c a n  b e  d iv id e d  in t o  t h r e e  n e a r ly  e q u a l  p a r t s — T e r t i a r y  p r o d u c t io n  
in  N o r t h  A m e r i c a ,  T e r t i a r y  p r o d u c t io n  in  t h e  r e s t  o f  th e  w o r ld ,  a n d  M e s o z o ic  a n d  
P alaeozo ic  p r o d u c t io n  in  N o r t h  A m e r i c a .  F r o m  a  g e o lo g ic a l p o in t  o f  v ie w  t h e  w o r ld  
ca n  b e  c o n s id e r e d  a s  h a v in g  n o r t h e r n  a n d  s o u t h e r n  h e m is p h e r e s  w h ic h  h a v e  s im i la r  
e le m e n ts— n a m e ly ,  t h r e e  la rg e  a n d  so m e  s m a l le r  s h ie ld s  o f  p r e - C a m b r ia n  a n d  o t h e r  
m e ta m o rp h ic s , s u r r o u n d e d  b y  r e l a t iv e ly  u n d is t u r b e d  s e d im e n t s  a n d  e lo n g a te d  a r c u a t e  
c h a in s  o f fo ld e d  r o c k s ,  b u t  i n  d e t a i l  t h e r e  a r e  d if fe r e n c e s  w h ic h  b e a r  o n  t h e  p o s s ib i l i t ie s  
of f in d in g  o i l ,  e s p e c ia l ly  in  t h e  P a la e o z o ic  a n d  M e so z o ic .

T h e  s o u t h e r n  h e m is p h e r e  h a s  f iv e  f r a g m e n t s  o f  a  fo r m e r  c o n t in e n t ,  b u t  m u c h  o f i t  
h a s  b e e n  s u b m e r g e d  fo r  o n ly  r e l a t iv e ly  s h o r t  p e r io d s .  I n  t h e  la t e  P a la e o z o ic  i t  w a s  
e x t e n s iv e ly  g la c ia t e d ,  t h e  g la c ia l  d e p o s it s  b u r y in g  t h e  o ld e r  r o c k s  a n d  b e in g  s u c c e e d e d  
b y  a  g re a t  t h ic k n e s s  o f  c o n t in e n t a l  b e d s . T h e s e  m a s k  a lm o s t  a l l  p r e - P e n n s y lv a n ia n  
s t ru c tu re s  a n d  r e d u c e  t h e  e f fe c t iv e n e s s  o f  g e o p h y s ic a l  w o r k .  T h i s  c o n t in e n t  b e g a n  to  
sp lit  u p  in  T r ia s s i c  t im e s ,  a n d  la t e r  t h e re  w e re  e x t e n s iv e  o u t p o u r in g s  o f  b a s a lt ic  la v a .  
S e d im e n ta r ie s  w e re  l a id  d o w n  in  t h e  A m a z o n  v a l le y  a r e a  a n d  N o r t h  A f r i c a ,  m a k in g  
p o s s ib ilit ie s  o f  o i l  l i k e  t h o s e  o f  W y o m in g .  H e n c e ,  p r a c t ic a l l y  o n ly  t h e  m a r g in s  
of th e  f r a g m e n t s  o f  t h e  s o u t h e r n  c o n t in e n t  h a v e  g o o d  o i l  p o s s ib i l i t ie s .  G e n t ly  fo ld e d  
M esozoic a n d  T e r t i a r y  b e d s  a n d  so m e  w e d g e s  o c c u r  (e.g., E g y p t ,  A r g e n t in e ) .  I t  i s  in  
th e  g re a t  fo ld e d  b e lt s  o f  t h e  n o r t h  a n d  w e s t  o f  t h i s  fo r m e r  s o u t h e r n  c o n t in e n t  t h a t  m o s t  
of th e  o i l o f t h e  s o u t h e r n  h e m is p h e r e  i s  fo u n d .

T h e  n o r th e r n  h e m is p h e r e  h a d  n o  P a la e o z o ic  g la c ia t io n ,  a n d  t h e  P le is t o c e n e  g la c ia t io n  
w as n o t  e x t e n s iv e  in  p o s s ib le  o i l  r e g io n s .  T h e  H e r c y n ia n  f o ld in g  a d d e d  m u c h  to  t h e  
n o rth e rn  c o n t in e n t ,  a n d  t h e r e  w e re  m a n y  o p p o r t u n it ie s  fo r  o i l  fo r m a t io n  a n d  a c c u m u 
la t io n . T h u s  m u lt ip le  o i l- p la y s  w e re  fo r m e d  in  N o r t h  A m e r ic a .  P a la e o z o ic  f ly s c h  
areas o c c u r re d  in  N o r t h  A m e r i c a ,  s o u t h - w e s t  o f  F e n n o - S c a n d ia ,  t h e  R u s s ia n  p la t f o r m ,  
an d  W e s t e r n  S ib e r ia .  H e n c e  R u s s ia  h a s  t w o  a r e a s  p o t e n t ia l ly  l i k e  t h e  m id - C o n t in e n t  
reg ion  o f N o r t h  A m e r i c a .

I n  a d d it io n  to  o i l  in  f ly s c h  d e p o s it s ,  i t  i s  fo u n d  in  m o r e  e x t e n s iv e  l im e s t o n e s  a n d  
sa n d sto n e s w h ic h  g iv e  o i l  o n  b r o a d  r e g io n a l  f e a t u r e s .  I n  t h e  m id - C o n t in e n t ,  R u s s ia ,  
an d  W e s t  S ib e r ia  s u c h  d e p o s it s  f r o m  s h a l lo w  e x t e n s iv e  s e a s  w e re  la id  d o w n .

M e so zo ic  a n d  T e r t i a r y  s e a  in v a s io n s  t o o k  p la c e  in  W y o m in g  a n d  M o n t a n a , a n d  
G e rm a n y ’s  f ie ld s  a r e  o f  t h i s  t y p e ,  a s  a r e  a ls o  t h o s e  o f  t h e  E m b a  re g io n  a n d  T u r k e s t a n .  
A  M e so zo ic  s e a  in v a s io n  f r o m  t h e  s o u t h  w a s  e x t e n s iv e  o n ly  i n  U . S . A .

T h e  A n d in e  R e v o lu t io n ,  w h ic h  c u lm in a t e d  in  t h e  C r e t a c e o u s ,  a ffe c te d  a  b e lt  f ro m  
A n t a r c t ic a  to  A l a s k a .  O i l  a c c u m u la t io n s  a r e  a s s o c ia t e d  w it h  i t  in  v a r io u s  p a r t s  o f  
N o rth  a n d  S o u t h  A m e r i c a .  I t  s w in g s  s o u t h  t h r o u g h  J a p a n  a n d  B o r n e o ,  w h e r e  so m e  
oil h a s  b e e n  f o u n d , b u t  t h e s e  r e g io n s  a r e  f a r  f r o m  f u l ly  t e s t e d . M u c h  o f  t h e  le n g t h  
of th e  A lp in e  c h a in s  l ie s  o n  h ig h ly  fo ld e d  P a la e o z o ic , w i t h  th e  c o n s e q u e n t  m in o r  o il  
p o ss ib ilit ie s , b u t  i n  t h e  o p e n - fo ld e d  f ly s c h  a r e a s  p r o s p e c t s  a r e  b e t te r .  T h e r e  a r e  b e t te r  
oil c h a n c e s  in  t h e  s o u t h e r n  r a n g e s  o f  t h i s  s y s t e m — I r a q ,  I r a n ,  B u r m a ,  E a s t  In d ie s ,  e tc .  
T h e  s t r u c t u re  a n d  d e p o s it s  o f  t h e  G u l f  C o a s t  o f  T e x a s  a n d  L o u is ia n a  a r e  a lm o s t  u n iq u e .

T h e  v a r io u s  o i l- f ie ld  t y p e s  a r e  t a b u la t e d  w it h  e x a m p le s ,  a n d  a  n u m b e r  o f  d ia g r a m s  
are in c lu d e d . G .  D .  H .

343.* Well Logs and Field Data of Active Oil Areas—Southern Mississippi. A n o n .  
Oil Gas J . ,  6 .2 .4 1 , 39 (3 9 ) , 4 2 .— B e f o r e  t h e  d is c o v e r y  o f T i n s l e y  in  1 9 39  t h e  o n ly  
M ississip p i p r o d u c t io n  w a s  f r o m  t h e  J a c k s o n  a n d  A m o r y  g a s -f ie ld s . N in e t y - s ix  
w ild cats w e re  d r i l le d  in  1 9 4 0 . T i n s l e y  p r o d u c e s  f r o m  f iv e  s a n d s  in  th e  S e lm a ,  E u t a w ,  
and T u s c a lo o s a  o f  t h e  U p p e r  C re t a c e o u s .  A t  P ic k e n s  p r o d u c t io n  i s  f r o m  t h e  W i lb u r n  
sand of th e  E u t a w .

T h e  p r in c ip a l  s t r u c t u r a l  t r e n d  i s  a  c o n t in u a t io n  o f t h e  C in c i n n a t i - N a s h v i l le  a r c h .  
Th e  T in s le y  d o m e  i s  a n  u p l i f t  o n  t h e  n o r t h - e a s t  f la n k  o f t h i s  m a jo r  s t r u c t u r e .  I n  t h e  
so u th e rn  p a r t  o f  t h e  S t a t e  a r e  e a s t —w e s t  s t r u c t u r e s ,  o f  w h ic h  t h e  H a t c h e t ig b e e  a n t i 
c lin e  is  t h e  c h ie f .  M o re  t h a n  15 0  w i ld c a t s  h a v e  b e e n  d r i l le d  in  M is s is s ip p i ,  b u t  m a n y  
w ere p o o r ly  lo c a t e d  w i t h  r e g a r d  to  s t r u c t u r e  o r  w e r e  n o t  d r i l le d  s u f f ic ie n t ly  d e e p .  
S o u th  of th e  Y a z o o  c o u n t y  f ie ld s  t h e  E o c e n e - W i l c o x  w o u ld  a p p e a r  to  h a v e  a s  g o o d  
p o s s ib ilit ie s  a s  i n  t h e  w e s t .  D r i l l i n g  a r o u n d  t h e  s a lt - d o m e s  h a s  n o t  y e t  b e e n  s u c c e s s f u l.  
Palasozo ic  r o c k s  in  M is s i s s ip p i  a r e  k n o w n  to  b e  a s p h a lt i c  a t  o u t c r o p , e s p e c ia l ly  in  t h e  
M iss is s ip p ia n . T h u s  t h e y  m a y  y ie ld  o i l  a t  d e p t h .  A m o r y  g a v e  g a s  f r o m  t h e  H a r t s e l le
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sa n d s to n o  (M is s is s ip p ia n ) .  O n e  o f t h e  d if f ic u lt ie s  h a s  b e o n  t h a t  o f  in t e r p r e t in g  g e o 
p h y s ic a l  d a t a  s a t i s f a c t o r i ly .  T h o  T i n s le y  r e s e r v e s  a ro  e s t im a t e d  a t  3 7 ,0 0 0 ,0 0 0  b r l .

A  g e o lo g ic a l m a p , s t r a t ig r a p h ic a l  c o lu m n ,  a n d  a  s e r ie s  o f  w e l l  s e c t io n s  a r e  in c lu d e d .

344.* Importance of Two California Discoveries Yet Undetermined. L .  P .  S t o c k m a n .  
Oil Gas J . ,  1 3 .2 .4 1 , 39 (4 0 ) , 2 6 .— A  1 0 0 -b rl . w e l l  w a s  c o m p le t e d  r e c e n t ly  in  t h e  U n io n  
A v e n u e  d is t r i c t  o f K e r n  C o . I t  w a s  b r o u g h t  in  in  t h e  S a n t a  M a r g a r i t a  a t  5 2 7 5 - 5 3 1 5  ft .  
T h e  P lio c e n e  K e r n  R i v e r  a n d  C h a n a c  s e r ie s  w e r e  b a r r e n .  A  w e l l  in  t h i s  a r e a  h a d  
p r e v io u s ly  b e e n  t a k e n  to  1 0 ,4 2 7  f t .  w it h o u t  s u c c e s s .  A  1 0 0 -b r l .  w e l l  w a s  a ls o  b r o u g h t  
in  in  t h e  N e w h a ll  d is t r i c t  o f L o s  A n g e le s  C o . I t  i s  o n  t h e  H a s le y  a n t ic l in e  o f th e  
N e w h a l l - C a s t ia c  r e g io n , a n d  g iv e s  o i l f r o m  t h e  M o d e lo  a t  a b o u t  2 4 1 5  f t . ,  a  m u c h  less  
d e p th  t h a n  w a s  o x p e c te d . B o t h  a r e a s  n e e d  f u r t h e r  t e s t in g  b e fo re  t h e ir  p o t e n t ia l it ie s  
c a n  b e  a s se s se d . CJ. D .  H .

345.* Air Photography and Geology.— R .  W .  W i l l e t t .  N .Z .J .  Sci. and Tech., J u l y  
19 40 , 22 ( I B ) ,  21 ( B ) . — T h e  d e v e lo p m e n t  o f  t h e  u s e  o f  a i r  p h o to g r a p h s  a s  a n  a id  to  
g e o lo g ic a l w o r k  in  N e w  Z e a la n d  is  d e s c r ib e d  a n d  a  d e t a i le d  d is c u s s io n  i s  g iv e n  o f th e  
d if f ic u lt ie s , r e s u lt s ,  a n d  p o s s ib i l i t ie s  o f in t e r p r e t a t io n  o f  g e o lo g ic a l f e a t u r e s  f ro m  a ir  
p h o to g ra p h s . A i r  p h o to g r a p h s  in  o il g e o lo g y  h a v e  g iv e n  a  g r e a t  im p e t u s  t o  in t e r 
p r e t a t iv e  t e c h n iq u e  a n d  h o ld  t o - d a y  a  r e c o g n iz e d  p la c e  in  t h e  m a p p in g  o f p e tro le u m -  
b e a r in g  a r e a s .  T h e  d e l in e a t io n  o f a n t ic l in e s ,  s y n c l in e s ,  f a u lt s ,  d ip s ,  s t r ik e s ,  e t c . ,  a re  
d is c u s s e d  in  d e ta i l .  A  s e c t io n  is  d e v o te d  to  t h e  r e la t iv e  c o s t s  o f  a ir - p h o t o g r a p h ic  
a n d  g ro u n d - s u r v e y  w o r k .  A  g o o d  b ib l io g r a p h y  is  a p p e n d e d .

B .  M . H .  T .

Drilling.
346.* Selection of Wire Rope for Rotary Drilling Lines. H .  F .  S im o n s .  Oil O a s J . ,
2 3 .1 .4 1 , 39 (3 7 ) , 3 2 - 3 4 .— A s  f a r  a s  t h e  r o t a r y - d r i l l in g  in d u s t r y  i s  c o n c e r n e d  t h e r e  a re  
tw o  ty p o s  o f w ir e  l in e s  u s e d . O n e  is  th e  6 -b y -1 9  S e a le - ty p e ,  r e g u la r  r ig h t - la y ,  r o u n d - 
s t r a n d  c o n s t r u c t io n ,  a n d  t h e  o t h e r  is  t h e  6 -b y -1 9  S e a le ,  L a n g - la y ,  f la t t e n e d - s t ra n d  
c o n s t r u c t io n ;  th e  la t t e r  i s  g e n e ra l ly  f u r n is h e d  p r e f o r m e d . T h e  6 - b y - 1 9  S e a le - ty p e  
w ire  lin e  h a s  s ix  s t r a n d s ,  e a c h  s t r a n d  o f  w h ic h  c o n s is t s  o f  a  c o r e  w ir e  s u r r o u n d e d  b y  
n in e  in n e r  w ir e s  o f u n if o r m  b u t  r e la t iv e ly  s m a l l  s iz e ,  a n d  o n  t h e  o u t s id e  b y  n in e  w ire s  
o f u n if o r m  b u t  r e la t iv e ly  la r g e r  s iz e .  V a r ia t io n s  o f t h i s  t y p e - l in e  ( u s e d  e ls e w h e r e  th a n  
in  th e  o i l in d u s t r y )  m a y  h a v e  a  d if fe re n t  n u m b e r  o f  w ir e s  t h a n  n in e ,  b u t  t h e  p r in c ip le  
o f c o n s t r u c t io n  r e m a in s  t h e  sa m e .

T h e  t e r m  “  S e a le  ”  m e a n s  t h a t  t h e re  a r e  t w o  la y e r s  o f  in t e r lo c k in g  w ir e ,  t h e  o u te r  
l a y e r  s e t  in  t h e  v a l le y s  o f t h e  la y e r  b e n e a t h .  F o r  r o p e s  o f  t h e  s a m e  d ia m e t e r  t h e  o u te r  
w ir e s  o f  a  S e a le - c o n s t r u c te d  ro p e  a re  la r g e r  c o m p o n e n t s  o f  t h e  s t r a n d ,  a n d  t h u s  offer 
m o re  r e s is t a n c e  to  a b r a s io n .  H i g h  r e s is t a n c e  to  a b r a s io n  i s  p a r t i c u la r ly  im p o r t a n t  
in  th e  d r i l l in g  in d u s t r y .

T h e  la y  o f ro p e s  is  d is c u s s e d , a n d  t h e  r e g u la r  l a y  i s  c o m p a r e d  w it h  t h e  L a n g - la y  fo r  
d r i l l in g  p u rp o s e s . G r a d e s  a n d  m a t e r ia l s  u s e d  a r e  s t u d ie d  t o g e th e r  w i t h  u lt im a t e  
s t r e n g t h s .  T h e  p a p e r  i s  t h e  f i r s t  o f  a  s e r ie s ,  a n d  d e a ls  m a in ly  w i t h  t h e  m a n u f a c t u r in g  
s id e  o f w ire  r o p e s .

A  t a b le  g iv e s  th o  s iz e s  o f  l in e s  fo r  d if fe re n t  jo b s ,  a n d  fo rm u la s  e n a b le  o n e  t o  c a lc u la t e  
b lo c k  e f f ic ie n c y  o f lin e  s y s t e m s .  A .  H .  N .

347.* Rotation of Casing while Cementing. H .  F .  S im o n s .  Oil Oas J . ,  2 3 .1 .4 1 , 39
(3 7 ) , 5 0 .— A  m e th o d  o f r o t a t in g  c a s in g  w h ile  c e m e n t in g  is  d e s c r ib e d .  A f t e r  t h e  c a s in g  
h a s  re a c h e d  b o t t o m  a n d  c i r c u la t io n  h a s  b e e n  e s t a b l i s h e d ,  r o t a t io n  o f  t h e  c a s in g  is  
s t a r t e d . T h e  c e m e n t  is  m ix e d  a n d  p u m p e d  in t o  t h e  p ip e  w i t h  t h e  w e ig h t  o f  t h e  s lu r r y  
k e p t  b e t w e e n  15-6 a n d  15-7 lb ./ g a l .  A s  s o o n  a s  t h e  c e m e n t  h a s  b e e n  p u m p e d  in t o  th e  
p ip e , t h e  r e g u la r  p lu g  is  p la c e d  in  '-u s in g  a n d  d is p la c e m e n t  b e g u n  w it h  m u d ,  a  w e ig h te d  
m e a s u r in g  lin o  fo l lo w in g  t h e  p lu g  to  c h o c k  i t s  p o s it io n  a n d  t h e  p o s it io n  o f t h e  c e m e n t .  
R o t a t io n  o f t h e  c a s in g  is  m a in t a in e d  to  e n s u r e  t h e  e v e n  d is t r ib u t io n  o f  t h e  c e m e n t .

F r o m  25  to  30  r .p .m .  o f t h e  c a s in g  h a s  b e o n  u s e d  in  th e  C u m b e r la n d  f ie ld  d u r in g  th e  
t im e  t h e  c e m e n t  w a s  b e in g  d is p la c e d .  T h o  t im e  r e q u ir e d  fo r  t h i s  i s  g e n e r a l ly  a b o u t
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15 m in .,  a lt h o u g h  t h e  t im e  v a r ie s ,  d e p e n d in g  o n  t h e  f lu id  c a p a c i t y  o f  t h e  p u m p  a n d  th e  
h o rse -p o w e r o f  t h e  d r iv in g  e n d .

T h e  to o l u s e d  fo r  s u p p o r t in g  t h e  c a s in g  w h ile  r o t a t in g  h a s  a  t o o l- jo in t  b o x  fo r  
sc re w in g  o n  to  th e  s w iv e l  o n  o n e  e n d ,  a n d  a  b e c k e t  a n d  p in ,  w h ic h  is  p la c e d  t h r o u g h  th e  
s in g le -b a ll e le v a t o r s .  I t  h a s  n o  n a m e , a lt h o u g h  so m e  c a l l  i t  a  “  c i r c u la t in g  h o o d .”  
T h e  t o o l- jo in t  b o x  h a s  a n  A . P . I .  le f t - h a n d  t h r e a d  to  m a t c h  th e  p in  o n  t h e  s w iv e l .  
T h is  s p e c ia l  to o l h a s  a  2 - in .  c o n n e c t io n  to  w h ic h  a  f le x ib le  s t e e l h o s e  is  a t t a c h e d  fo r  
c o n d u c t in g  t h e  m u d  a n d  c e m e n t  f r o m  t h e  s w iv e l  to  t h e  r e g u la r  c e m e n t in g  h e a d .  
E le v a t o r  b a i ls ,  h o s e , a n d  c a s in g  a l l  r o t a t e  to g e th e r .  T h e  d r iv e  i s  t h r o u g h  t h e  r o t a r y  
ta b le  b y  m e a n s  o f  c la m p s .  A .  H .  N .

348.* Factors Affecting Wear of Rotary Drilling Lines. H .  P .  S im o n s .  Oil Gas J . ,
6 .2 .41 , 39 (3 9 ) , 34—3 5 .— D u r i n g  t h e  p a s t  10 y e a r s  t h e  fo o ta g e  d r i l le d  w i t h  o n e  c h a n g e  
of r o t a r y  d r i l l in g  l in e s  h a s  m o re  t h a n  d o u b le d , d u e  to  t h e  im p r o v e m e n t  in  th e  q u a l i t y  
of th e  w ir e  r o p e , in c r e a s e  in  th e  r a t e  o f  p e n e t r a t io n  a n d  w e ig h t  c a r r ie d  o n  t h e  b it ,  
b e tte r-d e s ig n e d  a n d  m o r e  a p p r o p r ia t e  d r u m  a n d  s h e a v e  s iz e s ,  a n d  a  w id e r  k n o w lo d g e  
of th e  p ro p e r  in s t a l l a t io n  a n d  c a r e  o f t h i s  p a r t i c u la r  p ie c e  o f m a c h in e r y .

T h e r e  a r e  s e v e r a l  p o in t s  w h e r e  t h e  w e a r  o n  th e  l in e  in  th e  d e r r ic k  a n d  t h r o u g h  t h e  
b lo ck s  is  c o n c e n t r a t e d . T h e  f ir s t  o f  th e s e  is  a t  th e  d r u m  w h e n  th e  t r a v e l l in g  b lo c k  is  : 
(a) a s  c lo s e  to  t h e  f lo o r  a s  i t  g e ts  w h ile  p u l l in g  o r  r u n n in g - in  d r i l l - p ip e  ; (b ) a s  c lo s e  to  
th e  c ro w n - b lo c k  a s  i t  g e ts  w h ile  m a k in g  a  t r ip  ; (c) a b o u t  4 0  f t .  o ff  t h e  flo o r , th e  
p o s it io n  i t  i s  in  w h e n  b r e a k in g  o u t  o r  a d d in g  a  jo in t  o f  p ip e .  T h e  s e c o n d  m a in  p o in t  
of w e a r  is  a t  t h e  c r o w n - b lo c k  w h e n  t h e  t r a v e l l in g  b lo c k  is  in  e a c h  o f t h e  t h r e e  p o s it io n s  
lis te d  a b o v e . A  t h i r d  i s  a t  t h e  f a s t  s h e a v e  o n  t h e  t r a v e l l in g  b lo c k  in  e a c h  o f t h e  s a m e  
p o s it io n s . I t  i s  p o s s ib le  to  o b s e r v e  t h e s e  f a c t s  a n d  to  m in im iz e  t h e ir  e f fe c ts  b y  c h a n g in g  
th e  p o s it io n  o f t h e  d r i l l in g  l in e .

F a c t o r s  a f f e c t in g  t h e  w e a r  o n  w ir e  r o p e , s u c h  a s  d ia m e t e r  a n d  g ro o v e s  o f s h e a v e s ,  
d ia m e te r  o f  d r u m , lu b r ic a t io n ,  a n d  f le e t  a n g le , a r e  d is c u s s e d . A l l  t h e s e  m u s t  b e  
w ith in  c e r t a in  l im i t s  to  g iv e  m in im u m  w e a r .  A .  H .  N .

349.* Unusual Conditions in Deep Coastal Wells Present Completion Problems. N .
W ill ia m s . Oil Gas J . ,  1 3 .2 .4 1 , 39 (4 0 ) ,  4 2 -4 4 .-— I n  s e v e r a l  G u lf - C o a s t  f ie ld s  in  w h ic h  
d e v e lo p m e n t o f  p r o d u c t iv e  s a n d s  a t  d e p t h s  b e lo w  1 1 ,0 0 0  f t .  h a s  b e e n  u n d e r t a k e n  
w ith in  re c e n t  m o n t h s ,  c o n t r o l  a n d  c o m p le t io n  o f w e l ls  h a v e  p r e s e n t e d  a  n u m b e r  o f  n e w  
p ro b lem s. N o t  o n ly  h a v e  h ig h  p r e s s u r e s  b e e n  e n c o u n t e r e d , b u t  h ig h  t e m p e r a t u r e s ,  
ho t s a lt - w a te r  f lo w s , a n d  e x c e s s iv e  s a n d  c o n d it io n s  h a v e  a d d e d  to  t h e  d if f ic u lt ie s  o f  
m a in ta in in g  p r o p e r ly  c o n d it io n e d  d r i l l in g  m u d  to  c o m b a t  t h e  p r e s s u r e s .  C o m p le t io n  
of w e lls  a t  th e s e  d e p t h s  h a s  b e e n  c o m p lic a te d  b y  t h e  u s e  o f  h e a v ie r  m u d s  w h ic h  h a v e  
been m a d e  n e c e s s a r y  b y  t h e  h ig h  p r e s s u r e  a n d  u n u s u a l  c o n d it io n s  w h ic h  h a v e  h a d  to  
be o v erco m e .

D e ta ile d  d r i l l in g  a n d  c o n t r o l  p r a c t ic e s  a r e  g iv e n  fo r  t y p ic a l ly  d if f ic u lt  c a s e s .  M u d  
co n tro l is  o f th o  u t m o s t  im p o r t a n c e  in  th e s e  f ie ld s .  T h r e e  d is t in c t  m e a n s  a r e  e m p lo y e d  
in  d e te rm in in g  a n y  c h a n g e  in  m u d  a n d  m u d  w e ig h t s  d u e  to  p r e s e n c e  o f  g a s  o r  o t h e r  
co n d itio n s. F i r s t ,  t h e r e  i s  t h e  m u d  a n a ly s e r ,  o r  h y d r o c a r b o n  d e te c t o r .  S e c o n d , a  
co n tinu ou s r e c o r d in g  m u d - w e ig h t  in d ic a t o r  i s  p r o v id e d .  T h e  t h i r d  is  to  k e e p  a  c lo s e  
gauge o f t h e  a m o u n t  o f  m u d  i n  t h e  p it s ,  t h e  h e ig h t  o f  t h e  m u d  in  th e  p i t s  b e in g  a  
ready in d ic a t io n  o f g a s  o r  o t h e r  c h a n g e s  in  m u d  c o n d it io n .

S u cce ssfu l c o m p le t io n  p r a c t ic e s  u n d e r  d if f ic u lt  c o n d it io n s  a r e  d e s c r ib e d .
A .  H .  N .

350.* Installation of Wire Rope used for Rotary Drilling Lines. H .  F .  S im o n s .  Oil 
G asJ.,  2 0 .2 .4 1 , 39 ( 4 1 ) , 5 3 .— A  g r e a t  a m o u n t  o f  d a m a g e  is  o f te n  d o n e  to  t h e  w ir e  ro p e  
w hile  it  is  b e in g  in s t a l le d  o n  a  r o t a r y  a n d  d r i l l in g  r ig ,  a n d  p r o p e r  h a n d l in g  d u r in g  
th is  p ro c e d u re  w i l l  r e s u lt  in  a d d e d  s e r v ic e .  K i n k s  in  t h e  l in e  s h o u ld  b e  p r e v e n t e d  
a t  a l l  co sts , a n d  th o  l in e  s h o u ld  b e  s p o o le d  e v e n ly  a n d  s m o o t h ly  o n  th e  d r u m .

G e n e ra l p r a c t ic e  i s  to  j a c k  u p  t h e  r e e l,  u s in g  a s  la r g e  a  p ie c e  o f p ip e  a s  p o s s ib le  
th ro u g h  th e  c e n t r e  o f  th e  r e e l  fo r  a n  a x le .  T h e  fre e  e n d  o f t h e  ro p e  c a n  t h e n  b e  p u l le d  
to th e  d e r r ic k .  A f t e r  la y in g  d o w n  t h e  b lo c k s ,  th e  fre e  e n d  o f t h e  n e w  l in e  i s  fa s te n e d  
to th e  d e a d  e n d  o f  t h e  o ld  l in e ,  a n d ,  b y  w in d in g  t h e  o ld  l in e  o n  t h e  d r u m ,  t h e  n e w  l in e  
is  th re a d e d  th r o u g h  t h e  b lo c k s .  I f  a  g u id e - p u l le y  is  n e e d e d  o n  t h e  d e r r ic k  f lo o r  i t
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sh o u ld  b e  la rg e  e n o u g h  to  p r e v e n t  k in k in g  o f  t h e  s t r a n d s  in  t h e  w ir e  ro p e  ; a  tu b in g  

b lo c k  is  e x c e lle n t  fo r  t h i s  p u rp o s e .
T h e  f ir s t  la y e r  o f w ir e  ro p e  s h o u ld  b e  s p o o le d  o n  t h e  d r u m  t ig h t ly .  T h i s  c a n  b e  

a c c o m p lis h e d  b y  p u t t in g  a  b r a k e  o r  w e ig h t  o n  t h e  r e e l,  b y  a t t a c h in g  t h e  c a t - l in e  to  
th e  fa s t  lin e  ju s t  u n d e r  t h e  c r o w n - b lo c k , a n d  t h e n  h o ld in g  a  s t r a in  o n  t h e  c a t - l in e  as  
th e  lin e  is  w o u n d  o n  t h e  d r u m , o r  b y  f a s t e n in g  a  m a n i la  ro p e  a b o u t  4 0  f t .  u p  in  th e  
d e r r ic k  a n d  t a k in g  e ig h t  o r  t e n  w r a p s  a r o u n d  t h e  l in e  ;  a  t e n s io n  o n  t h e  fre e  e n d  o f th e  
m a n i la  ro p e  a u t o m a t ic a l ly  t ig h t e n s  i t s  g r ip  o n  t h e  w ir e  l in e .  T o  p r e v e n t  b e n d in g  
o f th e  g ir t s  a  b r id le  m a y  b e  s w u n g  f r o m  t h e  d e r r ic k  le g s  fo r  a t t a c h m e n t  o f  t h i s  t ig h t e n 

in g  l in e .
S im i la r ly  o th e r  d e ta ile d  p r o c e d u r e s  fo r  s a f e ly  in s t a l l in g  w ir e  r o p e s  a r e  g iv e n  a n d  

i l lu s t ra t e d . A -  H .  N .

351.* Occurrence and Treatment of Heaving Shale. A n o n .  Oil Gas J . ,  2 7 .2 .4 1 , 39
(4 2 ) , 7 6 . N o  w id e ly  a c c e p te d  e x p la n a t io n  o f  t h e  c a u s e  o f  h e a v in g  a m o n g s t  c e r ta in
sh a le s  is  k n o w n . In s t a n c e s  a r e  re p o r te d  w h e r e  t h e  h e a v in g  s h a le  c o re s  h a v e  l i t e r a l ly  
e x p lo d e d  o n  t h e  d e r r ic k  f lo o r  o n  r e m o v a l  f r o m  t h e  c o re  b a r r e l .  I t  i s  w id e ly  re c o g n iz e d  
t h a t  t h e  p re s e n c e  o f b e n t o n it ic  m a t e r ia l  in  t h e  s h a le  ( w h ic h  h a s  t h e  w e l l - k n o w n  p ro p e r ty  
o f e x p a n d in g  w h e n  s a t u r a t e d  w it h  w a t e r )  i s  a  c o n t r ib u t in g  f a c t o r  in  t h e  h e a v in g  a c t io n ,  
b u t  o th e r  c o n d it io n s  m u s t  c o e x is t .  I n  W y o m in g ,  fo r  e x a m p le ,  t h e  h ig h ly  sw e llin g  
b e n to n ite  d o e s n o t  c a u s e  h e a v in g  d if f ic u lt ie s .  I t  i s  p o s s ib le  t h a t  a  s te e p  a n g le  o f r e 
p o se  o f t h e  b e n t o n it ic  s t r a t u m  m a y  b e  t h e  c o e x is t in g  c o n d it io n  n e c e s s a r y  to  s ta r t  
s l ip p in g  a n d  c o n s e q u e n t  p la s t ic  f lo w .

A s  b e n to n ite  is  so  im p o r t a n t  in  th e s e  s t u d ie s ,  a  m e t h o d  o f id e n t i f y in g  m o n tm o r il lo n ite ,  
it s  m o s t  c o m m o n  c o m p o n e n t , is  g iv e n . B e n z id in e  i s  s l ig h t ly  s o lu b le  in  w a t e r  (a b o u t  
0 - 5 % ) ;  h e n c e  a  s a t u r a t e d  s o lu t io n  is  r e a d i ly  p r e p a r e d  b y  s h a k in g  t h e  b e n z id in e  w ith  
w a te r .  T h i s ,  w h e n  p a c k e d  in  a  s m a l l  b o t t le ,  i s  t h e  r e a g e n t .  A  s m a l l  w h it e  te s t -p la te ,  
d ro p p e r , a n d  p e n k n ife  c o m p le te  t h e  e q u ip m e n t .  W h e n  a  s a m p le  o f  c l a y  is  to  be  
te s t e d , a  s m a l l  a m o u n t  o f  d r y  c la y  is  p la c e d  o n  t h e  t e s t - p la te  ; a  fe w  d r o p s  o f th e  b e n z i
d in e  re a g e n t  a re  u se d  to  w e t  i t ,  a n d  if  a  v iv i d  b lu e  c o lo u r  r e s u lt s ,  m o n tm o r i l lo n it e  is  
p r o b a b ly  p re s e n t . T h e  t e s t  i s  s u f f ic ie n t ly  s e n s it iv e  t h a t  t h e  c la y  c a n  b e  d i lu t e d  w ith  
50 0  p a r t s  o f in e r t  m a t e r ia l  a n d  t h e  b lu e  c o lo u r  w i l l  s t i l l  s h o w  u p  w h e n  b e n z id in e  is 
a d d e d .

V a r io u s  a s p e c ts  o f t h e  p r o b le m  a r e  d is c u s s e d  a n d  t h r e e  p r in c ip a l  r o u t e s  o f  a t ta c k  
o n  t h e  h e a v in g  s h a le  p r o b le m  a re  p o in t e d  o u t— e.g., a  m in im u m  w a t e r  lo s s ,  a  m in im u m  
o f b a s e  e x c h a n g e , a n d  a  h ig h  s p e c if ic  g r a v i t y .  T h e  fo r m e r  t w o  p r e v e n t  s w e l l in g  o f the  
b e n to n it e  w h ic h  c a u s e s  t h e  h e a v in g ,  a n d  t h e  la t t e r  h e lp s  t o  p r e v e n t  a n y  m o v e m e n t  
o f t h e  fo rm a t io n  in t o  th e  h o le . T h e  u s e  o f  s t a r c h  is  a  n e w  d e v e lo p m e n t ,  a n d  i s  s t i l l  in  
t h e  e x p e r im e n t a l s ta g e . T h o s e  f a m i l ia r  w i t h  t h i s  t r e a t m e n t  h a v e  h ig h  h o p e s  fo r  it s  
s u c c e ss  in  t h e  c o m b a t in g  o f h e a v in g  s h a le  a s  w e l l  a s  t h e  s o lv in g  o f  o t h e r  p ro b le m s.  
A ls o ,  in  v e r y  r e c e n t  m o n th s  a  t r e a t m e n t  u s in g  s o d iu m  a lg in a t e  h a s  b e e n  b r o u g h t  before  
t h e  in d u s t r y .  A .  H .  N .

352.* Improvement in Plastering Properties oi Muds. H .  T .  B y c k  a n d  J .  W .  F r e e la n d .
Oil Wkly, 3 .2 .4 1 , 100 (9 ) , 2 6 .— T h e  p a p e r  d e a ls  w i t h  t h e  c o l lo id a l  f a c t o r s  a ffe c t in g  
p la s t e r in g  p ro p e r t ie s  o f m u d s .  T h e  e ffe c ts  o f  e x t r a n e o u s  f a c t o r s  o n  t h e s e  p ro p e rt ie s  
a re  a ls o  b r ie f ly  d is c u s s e d . E x p e r im e n t s  a r e  d e s c r ib e d  in  w h ic h  t h e  u s e  o f  so d iu m  
a lg in a te  a n d  o f I r i s h  m o s s  to  im p r o v e  t h e  p la s t e r in g  p r o p e r t ie s  o f  m u d s  i s  s tu d ie d .  
O p t im u m  c o n c e n t r a t io n s ,  m e th o d  o f u s e ,  t h e  f e r m e n t a t io n  o f  m u d s  c o n t a in in g  th e se  
m a t e r ia ls ,  a n d  m e t h o d s  o f r e d u c in g  f e rm e n t a t io n  t r o u b le s ,  e f fe c ts  o f  h ig h  te m p e ra tu re s ,  
e tc . ,  a re  a lso  s tu d ie d . T h e  c o n c lu s io n s  r e a c h e d  c o n s e q u e n t  o n  th e s e  s t u d ie s  a re  :

T h e  u se  o f I r i s h  m o s s  o r  s o d iu m  a lg in a te  in  r e l a t iv e ly  lo w  c o n c e n t r a t io n s  m a y  be  
e x p e c te d  to  im p r o v e  t h e  p la s t e r in g  p r o p e r t ie s  o f  m u d s ,  to  p r o t e c t  t h e m  a g a in s t  sa lt  
c o n ta m in a t io n  o v e r  t h e  r a n g e  o f n o r m a l  c o n t a m in a t io n  c o n c e n t r a t io n ,  t o  p e r m it  th e  
u se  o f s e a - w a te r  to  p r e p a re  m u d s  o f  e x c e l le n t  p la s t e r in g  p r o p e r t ie s ,  a n d  to  p e r m it  th e  
u se  o f s a tu r a t e d  b r in e  m u d s , l ik e w is e  o f e x c e l le n t  p la s t e r in g  p r o p e r t ie s .

F u r th e r m o r e ,  s p e c ia l-p u rp o s e  m u d s ,  s u c h  a s  s t r a ig h t - c a r b o n a t e  m u d s ,  c a n  b e  g iv e n  
e x c e lle n t  p la s t e r in g  p r o p e r t ie s .

F o r  s a lt  c o n c e n t r a t io n s  r e s u lt in g  f r o m  n o r m a l  c o n t a m in a t io n  0 -2 %  p ro te c t iv e  
a g e n t  (b y  w e ig h t  o f t o t a l  m u d )  s h o u ld  b e  a d e q u a t e  ; f o r  s e a - w a t e r  m u d s  a n d  s a tu r a te d  
b r in e  m u d s  c o n c e n t r a t io n s  b e tw e e n  0 - 2 %  a n d  0 * 6 %  a r e  r e c o m m e n d e d .

A  f ie ld  t r ia l  o f th e  m e th o d  h a s  m e t  w i t h  s u c c e s s .  A .  H .  N .
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353.* Rapid Penetration with High Rotary Table Speeds. A n o n .  Oil Wkly, 1 0 .2 .4 1 ,  
100 (1 0 ) , 12—1 4 .— S p e e d s  o f  4 5 0  a n d  5 0 0  r e v o lu t io n s  a r e  b e in g  o b t a in e d  w it h  p r e s e n t  
m a te r ia ls  a n d  e q u ip m e n t .  W h i le  t a b le s  a r e  b e in g  m a n u f a c t u r e d  a n d  t e s t e d  a t  1 0 00  
r e v o lu t io n s  p e r  m in u t e ,  d r i l l - p ip e  s t r in g s  p e r m it t in g  c o n t in u e d  u s e  o f  s u c h  s p e e d s  
h a v e  n o t  b e e n  a s s e m b le d .

I n  o rd e r  to  g e t  s a t i s f a c t o r y  s e r v i c e  f r o m  e q u ip m e n t  a t  5 0 0  r e v s ./ m in ,  i t  i s  n e c e s s a r y  
th a t  m a n y  u n i t s  b e  s y n c h r o n iz e d ,  a n d  s e v e r a l  p r o b le m s  r e m a in  to  b e  s o lv e d  b e fo re  
sp ee d s o f 7 5 0  o r  1 0 0 0  r e v s ./ m in .  c a n  b e c o m e  c o m m o n .

T h e  k e l l y  a s s u m e s  a  d i s t in c t iv e  im p o r t a n c e  w h e n  u s e d  w it h  h ig h  ta b le  s p e e d s , a n d  
o cta g o n  a n d  h e x a g o n  s t y le s  a r e  b o t h  u s e d . T h e  c o n v e n t io n a l  s q u a r e  k e l l y  i s  n o t  e m 
p lo y e d  w it h  h ig h  t a b le  s p e e d s  fo r  s e v e r a l  r e a s o n s ,  a m o n g  w h ic h  i s  a  t e n d e n c y  fo r  
m e c h a n ic a l b in d in g  a t  t h e  c o m e r s  o f  t h e  b u s h in g  t h a t  p r e v e n t s  t h e  s t e m  f r o m  f lo a t in g  
f re e ly  t h r o u g h  t h e  t a b le  w h i le  m a k in g  h o le .  W h e n  u n i t  o f  a  m a c h in e  is  r o t a t in g  a t  
h ig h  sp e e d s , i t  m u s t  p o s s e s s  in h e r e n t  s t a b i l i t y  o r  e x c e s s iv e  v ib r a t io n ,  a n d  w h ip p in g  
w ill  d e v e lo p .

T h e  c a re  n e c e s s a r y  to  a p p ly  to  t h e  1 8 -to n  d r i l l  c o l la r s ,  to  t h e  d r i l l in g  s t e m  a n d  b it s ,  
a n d  to  th e  m u d  s y s t e m  is  d e ta i le d . W h e n  e v e r y  c a r e  is  t a k e n ,  i t  i s  p o s s ib le  to  d r i l l  
w ith  h ig h  t a b le  s p e e d s  so  t h a t  a  n e w  c o n n e c t io n  is  r e q u ir e d  e v e r y  12 m in u t e s .  M is h a p s  
are  n o t  f r e q u e n t  i f  r e a s o n a b le  p r e c a u t io n s  a r e  t a k e n .  A .  H .  N .

354.* Principles of Drilling Mud Control. Part 1. S .  J .  P i r s o n .  Oil Wkly, 1 0 .2 .4 1 ,  
100 (1 0 ) , 2 1 .— T h e  p a p e r  fo r m s  a  c o - o r d in a t io n  o f  a v a i la b le  in f o r m a t io n  o n  t h e  b e 
h a v io u r  o f  d r i l l in g  m u d s  r a t h e r  t h a n  a n  o r ig in a l  c o n t r ib u t io n  b y  t h e  a u t h o r .  I n  
S e c t io n  1 th e  o r ig in  o f  c la y s  a n d  g e n e ra l  r e s u lt s  o f  w e a t h e r in g  p ro c e s s e s  y ie ld in g  c la y s  
are  s tu d ie d . I n  t h e  s e c o n d  s e c t io n  t h e  p h y s i c a l  p r o p e r t ie s  o f  c la y s  a r e  r e v ie w e d .  T h e  
p r im a r y  e ffe c t  o f  t h e  w e a t h e r in g  p r o c e s s  i s  to  r e d u c e  t h e  o r ig in a l  ig n e o u s  r o c k s  in t o  s m a l l  
p a r t ic le s , t h e  s iz e  o f  w h ic h  w i l l  v a r y  g r e a t ly  a c c o r d in g  to  t h e  c o m p o s it io n  a n d  p h y s ic a l  
c h a ra c te r  o f t h e  m o t h e r  r o c k ,  t h e  p r e d o m in a n t  t y p e  o f  w e a t h e r in g , t h e  m o d e  o f  t r a n s 
p o rta t io n , a n d  c o n c e n t r a t io n .

A  c o r o l la r y  o f t h e  e x t r e m e  d iv is io n  o f  c l a y  p a r t ic le s  i s  t h e  e n o rm o u s  in c r e a s e  in  th e  
e x te n t  o f  t h e  s u r f a c e  o f  t h e  p a r t ic le s  fo r  a  g iv e n  u n i t  w e ig h t  o f  c la y .  T h e  in c re a s e  in  
su rfa ce  is  in v e r s e ly  p r o p o r t io n a l  to  t h e  d ia m e t e r  o f  t h e  p a r t ic le s .  T h u s  i f  a  c u b e  o f 
1 c m . edge  le n g t h  h a v in g  a  t o t a l  s u r f a c e  o f 6 c m . i s  d iv id e d  in t o  c u b ic  p a r t ic le s  0 -000 1 m m .  
in  s ize , t h e  t o t a l  s u r f a c e  w i l l  b e  6 0 0 ,0 0 0  c m . B u t  c la y  p a r t ic le s  u s u a l ly  p o s s e s s  a  
p o ro u s o r  c a p i l la r y  s t r u c t u r e ,  a n d  t h e  in c r e a s e  in  s p e c if ic  s u r f a c e  d u e  to  t h e  e x t r e m e  
d iv is io n  o f c la y s  i s  e v e n  g r e a t e r  t h a n  t h e  r e la t io n  g iv e n  a b o v e . F i n e l y  d iv id e d  p a r t ic le s  
h a v e  th e  p r o p e r t y  o f  fo r m in g  c o l lo id a l  s u s p e n s io n  w i t h  l i q u i d s ; c la y s  i n  p a r t ic u la r  
w ill r e a d i ly  b e  s u s p e n d e d  in  w a t e r  a n d  w i l l  f o r m  a  h e te ro g e n e o u s  d is p e r s e d  s y s t e m  
ca lled  m u d . D u e  t o  t h e  g r e a t  e x t e n t  o f  t h e  s u r f a c e  o f  t h e  p a r t ic le s  so  d is p e r s e d , s u r fa c e  
e n erg ies a n d  s u r f a c e  fo r c e s  p r e d o m in a te  t o  t h e  p r a c t ic a l l y  c o m p le te  e x c lu s io n  o f  
ch e m ica l fo rc e s .  T h e r e f o r e  t h e  c h e m ic a l  c o m p o s it io n  o f  t h e  c la y  p a r t ic le s  d is p e r s e d  
in  w a te r  i s  o f l i t t le  c o n c e r n  i n  s t u d y in g  t h e  e ffe c t  o f  a d d in g  c h e m ic a ls  t o  a  m u d .  T h i s  
is  e x t r e m e ly  f o r t u n a t e ,  s in c e  m a n y  c la y s  o f  g r e a t ly  v a r y in g  c h e m ic a l  c o m p o s it io n  
w ill r e a c t  in  t h e  s a m e  m a n n e r  to  a  g iv e n  c h e m ic a l .  T h e  u s e  o f  S t o k e s ’ L a w  f o r  m e a s u r e 
m en t o f p a r t ic le  s i z e  i s  d e ta ile d .

S e c t io n  3 d e a ls  w i t h  c h e m ic a l  p r o p e r t ie s  o f  c la y s ,  a n d  is  o f  in t e r e s t  to  m in e r a lo g is t s  
rather t h a n  to  d r i l l e r s .  H o w e v e r ,  t h e  s e c t io n  f o l lo w in g  d e a ls  w i t h  t h e  c h e m ic a l  p r o 
p erties o f c l a y  s u s p e n s io n s  o r  c o l lo id a l  s u s p e n s io n s .  M a t e r ia ls  in  t h i s  s t a t e  a r e  d i s 
tin g u ish e d  b y  t h r e e  p r o p e r t ie s  : (1 ) a  g r e a t  e f fe c t iv e  s u r f a c e  o r  in t e r f a c e  ; (2 ) a  c a p a c i t y  
to f ix  s o lid s , g a s e s , a n d  io n s  o f  s a l t s  in  s o lu t io n  ( s t ro n g  a d s o r p t io n ) ; a n d  (3 ) a  t e n d e n c y  
to h a s te n  o r  r e t a r d  c h e m ic a l  r e a c t io n s  ( c a t a ly t ic  e f fe c t ) .

O n e  o f t h e  o u t s t a n d in g  c h a r a c t e r is t ic s  o f  t h e  c o l lo id a l  c o m p le x  o f c l a y  in  s u s p e n s io n  
is  th e  a b i l i t y  t o  a d s o r b  c a t io n s  w h ic h  a r e  h e ld  o n  t h e  c o l lo id a l  n u c le i  in  a  r e p la c e a b le  
co n d it io n . T h e  a d s o r p t io n  fo r  c a t io n s  o f  th e  c o l lo id a l  c l a y  i s  c o n s id e r a b ly  la r g e r  t h a n  
th e  a d s o r p t io n  fo r  a n io n s .  A l l  c a t io n s  a r e  n o t  a d s o r b e d  to  t h e  s a m e  e x t e n t  o n  t h e  c la y  
p a r t ic le ; m o n o v a le n t  c a t io n s  a r e  a d s o r b e d  a c c o r d in g  t o  t h e  fo l lo w in g  s c a le  o f  i n 
t e n s ity  : C s > R b > N H 4> K > N a > L i ,  l i t h iu m  b e in g  t h e  le a s t  s t r o n g ly  a d s o r b e d  o f a l l  
io n s . T h e  b iv a le n t  io n s  a r e  m o r e  s t r o n g ly  a d s o r b e d  t h a n  t h e  m o n o v a le n t  io n s  a c c o r d 
in g  to  t h e  fo l lo w in g  s c a le  o f  in t e n s i t y  : B a > S r > C a > M g ,  b a r iu m  b e in g  t h e  m o s t  
s t ro n g ly  a d s o rb e d . O f  a l l  io n s ,  h y d r o g e n  i s  t h e  m o s t  s t r o n g ly  a d s o rb e d . W h e n  
fQ und in  n a t u r e ,  c la y s  a r e  n o t  d e v o id  o f  a d s o r b e d  io n s .  T h e i r  p r e s e n c e  i s  u n d o u b t e d ly
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responsible for the variable behaviour as drilling m uds which is observed in clays 
seemingly physically alike. Before any two clays can be com pared from the point of 
view of rotary-mud making, it is necessary to know what kind of ions are adsorbed
on the clay and in what amount. . . .  . , , , , , ,  ,

The purification of clays from their adsorbed ions by electrodialysis and the character, 
istics of these ions, together with the concepts of exchange neutrality, exchange 
acidity, of buffered colloidal electrolytes, and the interpretation of p B values of clays 
are all well explained in this long article. A . H . N.

355.* Principles of Drilling Mud Control. Part 2. S. J .  Pirson. Oil Wkly, 17.2.41,
100 (11), 20. The fifth section of this paper deals with the physical properties of muds,
as these properties are the m ost im portant in ordinary rotary drilling. Drilling mud 
being a heterogeneous fluid, the weight/unit volume is equal to the weight of the 
liquid +  weight of the suspended particles. I f  the quantity  of clay added/gall, of 
water is known, the density of the mud in lb./gall, (d) is readily calculated by means 
of the following relation :

d = E i ± Z i .

^  8-33p
Weighting m aterials are discussed, including galena, which has not yet been used 
for this purpose.

Einstein’s equation does not apply satisfactorily  to the calculation of m ud viscosities, 
because the clay particles generally do not behave like independent spheres, nor do they 
retain their original volume ; each of the particles in suspension adsorbs a more or less 
thick hull of water, which increases considerably the volum e of the dispersed phase. 
However, under certain conditions of treated m uds by viscosity-reducers Einstein’s 
equation is observed.

Many factors affect the viscosity of clay suspensions : concentration, temperature, 
degree of dispersion, solvation, electrical charge, presence of electrolytes, and rate of 
flow. Each of these factors is separately discussed.

Thixotropy and gelation are defined and their m echanism  is conventionally explained. 
The value of p B on gelation rate is not settled. Other factors which affect the gelling 
rate of a clay suspension are : the tem perature, the degree of dispersion, the electrical 
charges, the valence of the electrolytes present, and probably m any others as yet 
undetermined. I t  has been established th at the gel rate will be considerably in
creased by polyvalent ions. An increase in tem perature decreases the gel rate in an 
irreversible manner. This is im portant in deep drilling, when a  m ud m ay be operating 
at a fairly high temperature, and should the gel rate and gel strength become unduly 
reduced there would be danger of the drill cuttings settling during a  shut-down period.

The addition of a  finely divided clay will increase the gelling rate as well as the gel 
strength of a drilling mud.

Rheopexy is a phenomenon related to thixotropy in the sense th at rheopexy is an 
acceleration of the gelation rate induced by m echanical action, such as rolling the fluid 
container around a  certain ax is or by gently tapping the container. The phenomenon 
has to do with the orientation of anisometric particles (rod-like or plate-like). The 
acceleration of the gelling rate may be quite considerable.

Dilatancy, swelling, flocculation, and deflocculation of m uds (and methods of 
stabilizing mud colloids), adsorption of gas or gas cutting, and the filtrability of muds 
are all studied in some detail, the probable mechanism , m ethods of enhancing the 
favourable properties, and means of m easuring them being also given.

Six functions of muds of general use and the special problem connected with heaving 
shales and mudding off producing form ations aro outlined. Methods of logging muds 
are briefly reviewed. The exhaustive paper contains a good list of selected references.

A. H . N.

356.* Development of Shooting Practices for Multiple-Zone Completions. R . C.
Graham and J .  R . Thompson. Oil Wkly, 24.2.41, 100 (12), 21-25.— Removable 
windows are formed of sections of m agnesium or aluminium-base-alloy pipe particularly 
suitable for the application. The magnesium-alloy casing is soluble in acids and to a 
certain extent in salt water, m aking its installation of a  tem porary nature. This type
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of window is removed by the circulation of inhibited acid, and requires only some 
means of running tubing, which can be done with a  spudder-type drilling machine. 
However, the aluminium-alloy window does not react satisfactorily  to acid treatm ent 
for removal. Other m ethods are described. Finally, the m ethod advanced was the 
destruction of a  magnesium -alloy window by nitroglycerin. This method was sug
gested not because of the dissatisfaction of the removal by  acid, since acid removal 
had been highly successful, but rather as a  m eans of hastening the completion process. 
Most sands now producing in the Illinois Basin  require a  nitro shot to produce efficiently, 
and if the window could be removed as the sand was shot, a  double purpose would be 
achieved and one step in the completion process eliminated, with resultant savings. 
Difficulties encountered and methods used to overcome them are detailed.

Three methods of removal by  shooting are being used. Apparently each method 
is accomplishing the desired purpose satisfactorily, with individual operators expressing 
preference for each method. The first m ethod is to rip the window with a cable-tool 
ripper prior to shooting. The second is to bridge above and below a  window which has 
not been ripped, and then to shoot it. The third method is to use squibs. This 
method is gaining popularity rapidly, and will probably supersede methods 1 and 2. 
A 16-in. squib containing three-quarters of a quart of liquid nitroglycerin is lowered 
into the hole on the shooter’s wire line to a point ju st above the bottom  of the window. 
A 3-oz. weight is then dropped on the wire line, which detonates the shot. The wire 
line is then rem oved and the process repeated 16 in. higher than the first shot. This 
procedure is repeated until the window is removed. Where a  bridging plug has been 
placed in the lower steel section, the particles resulting from the shot are trapped and 
removed from the hole with a  sand-pump. If  this m ethod of shooting does not cause 
the sand to react a s  expected, the formation is re-shot sim ilar to m ethod 2, utilizing 
the bridging plug as a  base for the plug-back.

Details and costs are given. A . H . N.

357.* Portability in a Rig Set-up. Anon. Oil Wkly, 24.2.41, 100 (12), 39-40.—
Methods of reducing down-time while drilling, and of simplifying movement of equip
ment from location to location, are gaining increased attention from drilling con
tractors. The set-up described in this paper, used to drill to 5734 ft. in South
west Texas, em ploys m any features that might be advantageously employed on other 
rigs.

One of these features is a  92-ft. derrick which breaks down into three sections for 
convenient movement by truck. A . H . N.

358.* Hydraulic Couplings Promote Flexibility in Power Control of Drilling Equipment.
W. A. Sawdon. Petrol. Engr, Jan u ary  1941, 12 (4), 66.— The paper deals specifically 
with a particular rig using hydraulic couplings and recently used to drill a  10,000-ft. 
well. From the specific studies certain generalities, however, become apparent.

Of the m any points discussed the following deserve special mention. The m ost 
experienced drillers frequently sta ll the engines with a  conventional drive, either 
through improper synchronization of clutch and throttle or in attem pting to lift too 
great a load. W ith hydraulic couplings installed it is impossible to stall the engines 
by over-loading. The performance characteristics of these couplings are such that 
full engine torque is not delivered until they reach a  certain speed, which is usually 
approximately half the rated  engine speed. A t this point the hydraulic couplings 
will deliver full engine torque, but will slip as much as 100% . A s the engine speed is 
increased the slip becomes less, until a t  rated engine speed the slip is between 3 and 
^ % •

This action permits the hydraulic coupling to be used as a clutch, although in ordinary 
operation this is not done because of the few seconds’ additional tim e required. In  an 
emergency, however, this feature m ay be successfully employed. A t the other extreme 
the driller can wait until the hydraulic couplings are a t  full speed and a t  minimum slip 
before engaging the mechanical clutch. I f  this is done the load m ay be hoisted with 
a very rapid acceleration, and lifting tim e is reduced. Obviously the shock involved 
by this action is great, and when frequently repeated m ay ultim ately cause some dam age 
to the rest of the machinery.

As slippage is a definite feature of the hydraulic coupling the heat generated during
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slippage must be dissipated. I t  had previously been determined that the coupling 
itself would dissipate the heat accom panying approxim ately 7-10%  slip by convection 
without the oil becoming dangerously heated. Beyond this am ount of slippage the 
heat generated in the oil induces disintegration, and some provision m ust be made for 
cooling the oil. This condition occurs frequently with the mud-pump drives.

The°meehanics of the coupling and the scoop-tube for control of speed are well 
illustrated. A . H . N.

359.* New-Type Boiler Plant for Steam Drilling-Rig. W. A. Sawdon. Petrol. Engr, 
February 1911, 12 (5), 21-24.— The first steam -generating plant utilizing water-tube 
boilers specially designed for drilling is described and illustrated diagrammatieally 
and photographically. The plant consists essentially of two Foster-W heeler specially 
designed water-tube boilers with evaporator, condenser, and three cooling towers. 
Unit design to provide complete portability is employed throughout, the evaporator 
and feed-water pump unit and the condenser, feed-water tank, and circulating pump 
unit for each boiler being mounted on steel skids. F langed headers are used for 
connection between un its. The portable cooling towers are natural draft units equipped 
with hose connections to give flexibility in setting up.

The cost of this plant complete is approxim ately the sam e as that of the modern 
conventional boiler-plants now in use for comparable duty. A s the boilers use only 
distilled water and can be operated with an y  kind of raw  w ater supply, the reduction 
to a minimum of the expensive troubles caused by bad  w ater is anticipated. Other 
features considered in selecting the installation include a  substantial reduction of fuel- 
gas consumption, increased safety, lower m aintenance costs, and decreased weight and 
bulk/unit of steam  capacity. Under m aintenance considerations were the elimination 
of scale, no stay-bolts to keep tight, and no flues to roll and re-tip. In  regard to safety 
was the fact that there is no appreciable hazard from  steam  explosion. Conservation 
of water was also considered ; exhaust steam  from pum ps and engine is returned to the 
condenser with an allowance of approxim ately 10%  of the total steam  load and leakage 
and waste to be evaporated from raw water. Should this type of plant be used for 
barge drilling, no cooling towers would be necessary.

Each item of the equipment used is described separately. A . H. N.

360.* One Derrick Serves Five Wells. J .  C. Albright. Petrol. Engr, February 1941, 
12 (5), 46.—As a part of the program me by which a  large number of directional, or 
“  slant-hole ”  wells are being currently drilled a t  H untingdon Beach, California, an 
interesting plan has been adopted whereby one derrick is m ade to serve the needs of 
five wells. Initial investm ent is, of course, reduced, but a  more im portant reason 
for devising the multi-purpose derrick was to overcome the handicap of close spacing 
between the slant-hole wells.

The directional-drilling programme is on a narrow tract on which a number of vertical 
holes had been drilled in a straight fine parallel to the beach several years before. A 
second row of producing wells, also vertically drilled, is situated  near the cliff on the 
beach side of the boulevard. The need for the slant-hole wells is based  on the presence 
of an oil-zone off-shore, so that the bottom s of wells producing from the formation 
are about 1500 ft. distant from a  vertical line projected through the well-head.

The programme as approved calls for a  group of five slant-hole wells to be completed 
between two of the vertical wells—all to be in a  straight line. U ltim ately, eighty-five 
of these wells are to be drilled, consisting of seventeen groups of five wells each.

The derricks, chilling strings, pum ping units to be used in production, and metering 
arrangements are described. A . H. N.

361.* Steel Tanks v. Open Pits for Drilling Mud. H. L . Flood. Petrol. Engr, February 
1941, 12 (5), 106.—I t  would appear that regardless of the theoretical advantages 
that steel storage might have, open earthen p its will continue to be used in most 
drilling operations. Other than in those instances in which steel storage for mud 
is an absolute necessity, the most valid reason for using steel tan ks elsewhere concerns 
the saving that can be effected in the am ount of purchased m ud ingredients required.
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When a  location is to be m ade in an  area where it is known th at special attention 
must be given to m ud conditioning, it is suggested th at a  careful study be m ade of the 
cost of steel storage and of the savings that m ight result from its use. A . H . N.

362.* Welding Tool Joints on Drill Pipe. C. M. Taylor. World Petrol., February  
1941, 12 (2), 46—47.— To avoid loosening of tool-joints in service, particularly deep 
wells, m any producers are welding the tool-joints a t  both ends of every section of 
pipe. A  well-detailed and illusti’ated  account of these operations is given. To 
appreciate the m ethod of the welding process the diagram s m ust be studied.

A. H . N.

363.* More Records Established in Wasco Field. Anon. Petrol. World, Jan u ary  
1941, 38 (1), 40.— Deep well drilling in record tim e is described. The total tim e for 
drilling three 13,000-ft. wells was 9 9 J days. Great em phasis is laid on the control 
of the mud fluid— the largest m ud pum ps in the world being used. The rig, and 
equipment, including the four 130-h.p., 350-lbs./sq. in. boilers, are briefly described 
and illustrated photographically. A . H . N.

364. Role of Clay and Other Minerals in Oil-Well Drilling Fluids. A. George Stem . 
U. S. Bur. Mines. R eport of Investigations No. 3556, February, 1941.—This 
report was prepared with a  view to supplying to the clay industry information 
concerning the types of m inerals used in the preparation of drilling mud, their require
ments and lim itations. I t  is thus addressed prim arily to the non-metallic industry, 
but a t the sam e tim e it  contains suggestions and ideas which m ay proved helpful to 
petroleum production and exploitation personnel.

The data have been collected from a  variety  of sources, and more particularly during 
field trips to laboratories where the m ud is tested, to producers of the minerals used 
in making the m ud and to actual oil-fields where drilling-mud problems have occurred.

The report embodies inter a lia  sections on the functions of drilling mud, geology 
and related drilling-mud problem s, testing of mud, m aterials used and control of 
properties.

In  sum m arizing his findings, the author emphasizes the necessity for carefully 
controlled mud characteristics, and  indicates various m ethods of m easuring clay and 
mud properties. In  particular the filter test is to be recommended as providing a 
means of m easuring how thin a  layer of m ud will form  a  film impermeable to filtration 
of water or other liquid. In  other words, it enables an assessm ent to be m ade of 
the ability of the m ud to plaster the oil-well sides with a wall-like coating.

One of the chief desiderata of a  drilling fluid is that any of its physical properties 
should be capable of ad justm ent without appreciably affecting the others. For 
instance, in certain cases specific gravity  can be increased without appreciably affect
ing viscosity. Optimum  characteristics of a  drilling fluid can only be determined by 
careful scrutiny of its functions. R em oval of cuttings from the well as rapidly as 
possible involves a  high linear velocity for the m ud fluid. To hold the cuttings in 
suspension and prevent their settling when drilling is tem porarily stopped calls for 
certain gel characteristics which will perm it the fluid to thicken when undisturbed. 
To consolidate loose form ations encountered in drilling, the fluid m ust have adequate 
density and the quality  of building a  thin im pervious, tough wall in the hole.

Additionally the fluid should be capable of acting as a  lubricant and cooling medium 
for the drill system  and b it, it  should be easily pum ped without too great expense of 
power, it should not separate on standing and, above all, it should be flexible as regards 
properties but not susceptible to outside influences such as tem perature or the flocculat
ing action of salt-water.

Summarily a  drilling fluid should approxim ate as nearly as possible to the following 
description. “  A  low-cost, low viscosity , high density, stable fluid of which no portion 
will pass through a  filter, independent of the flocculating action of salt-water or the 
influence of tem perature variations, and having the unusual characteristic of setting 
a sa  gelwhen allowed to remain quiescent but becoming extremely fluid when ag itated .”

No one mud can fully com ply with these requirem ents, since certain conditions 
directly oppose each other. N evertheless a fluid can be obtained which possesses 
most of the properties to a fair degree and which is capable of modification to increase 
any one of the properties.
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The amount of clay used in oil-well drilling is great, and some of it is sold at a high 
price per ton. B y  far the greatest bulk is, however, of the “  back-yard ”  variety, 
and is sold at a price only slightly above the cost of handling. Expense is nevertheless 
involved in technical control of mud characteristics, and it is for the clay industries to 
recognize that profit lies not so much in the m aterial they have to offer, but in the 
degree of professional skill and technical expertness with which it is prepared for use in 
drilling fluids. M.

365. Patents on Drilling. G. A. Lowrey. U .S .P . 2,229,331, 21.4.41. Appl. 13.2.39.
Outside pipe-eutter adapted to cut by rotation and shaped to telescope over a pipe 
stuck in a well-bore.

L. D. Ekin. U .S.P. 2,229,408, 21.1.41. Appl. 16.2.38. Mechanism for driving 
pipe for use with the drill-string in the cable system  of drilling.

L. R . Croft and C. S. Sanders. U .S .P . 2,229,493, 21.1.41. Appl. 11.1.40. Method 
and apparatus for completing wells comprising the lowering of a  screen during drilling.

C. A. Yeatm an. U .S.P . 2,230,280, 4.2.41. A ppl. 26.4.39. Hydraulic head inte
grator of relative vertical motion adapted to be used in drilling-time studies, consisting 
of a  closed liquid container and a  pressure recorder.

R . Bassinger. U .S.P. 2,230,447, 4.2.41. Appl. 26.8.39. Well-plug for cementing 
casing which can be set in a well and romoved after the cementing is removed.

A. W. J .  Bromley. U .S.P . 2,230,581, 4.2.41. Appl. 30.1.39. Hoisting cable 
which has a weight-supporting m ultistrand outer sheet, a non-weight-supporting core, 
and an electrical conductor inside the core.

D. Breeding. U .S.P . 2,230,522, 4.2.41. Appl. 23.7.38. Well-drilling mast 
comprising a pair of standards with pulley arrangem ents a t the top.

J .  H. Howard and A. C. Catland. U .S.P . 2,230,568, 4.2.41. Appl. 14.10.38. 
Core-drill for rotary drilling apparatus.

J .  H. Howard and W. H . Maxwell. U .S .P . 2,230,569, 4.2.41. Appl. 20.12.39. 
Roller cutter.

C. H. Miller. U .S.P . 2,230,626, 4.2.41. Appl. 16.8.38. M eans for recovering 
cemented well casings by using a rubber-jacketed casing.

W. Bendeler and C. Howard. U .S .P . 2,230,712, 4.2.41. Appl. 11.4.40. Well- 
bridging plug.

A. D. Maclachlan. U .S.P . 2,230,723, 4.2.41. Appl. 21.1.38. H ose reinforced 
by a special reinforcing structuro.

D. S. Hubbell. U .S.P . 2,231,123, 11.2.41. Appl. 17.1.39. Cementitious com
position characterized by its resilience and strength under dry and wet conditions.

E . L. Knoedler, J r .  U .S.P . 2,231,106, 11.2.41. Appl. 20.6.39. Combustible gas 
indicator with a wheatstone bridge.

R . W .Schlumpf. U .S.P. 2,231,225,11.2.41. Appl. 26.2.38. Tool-joint and method 
of making.

M. E . Norris. U .S.P. 2,231,282, 11.2.41. Appl. 22.1.40. Rem ovable bridging 
plug for oil-wells.

A .Pfister. U .S.P. 2,231,283, 11.2.41. Appl. 29.7.37. M anufacture of Irish  moss.

N. Blihovde. U .S.P . 2,231,284, 11.2.41. Appl. 29.7.37. Purification of Irish
moss to obtain a high-viscosity comminuted colloid.

O. F . Simons. U .S.P. 2,231,328, 11.2.41. Appl. 20,11.40. Colloidal suspension



of dry extruded fuller’s earth having an increase of .30% in its colloidal properties 
as compared to sam e earth  which has not been extruded.

L . Gitzindanner. U .S .P . 2,231, 421, 11.2.41. Appl. 22.1.38. Colloid mill

D. G. C. H are. L .S .P . 2,231,5. <, 11.2.41. Appl. 29.5.40. Locating cement 
behind c-asmg by m eans of m ixing with the cement a  substance capable of strongly 
absorbing slow neutrons and using a detector.

K . Burke. U .S .P . 2,231,613, 11.2.41. Appl. 3.4.40. Blow-out preventer and 
control lead.

H ason, J r .  L .S .P . 2,231,767, 11.2.41. Appl. 18.12.39. Open-hole support 
for supporting elem ents in a  desired position in uncased drilled hole.

W. P. Bradley  and H . M. H icks. U .S .P . 2,231,794, 11.2.41. Appl. 23.11.38. 
Means for protecting pipe-encls.

A. R .M aier. U .S .P . 2,231,840, 11.2.41. Appl. 22.12.38. Travelling block.

J .  M. Shimer. U .S .P . 2,231,843, 11.2.41. Appl. 25.9.37. Portable oil-field boiler 
with a superheater in  comm unication with the smoke box.

A. Boynton. U .S .P . 2,231,878, 18.2.41. Appl. 22.9.38. Threadless drill-stern.

L. 0 .  Koen. U .S .P . 2,231,923, 18.2.41. Appl. 2.12.35. B otarv  slip.

W. Pate. L .S .P . 2,232,135, 18.2.41. Appl. 6.2.40. Replacement bearing sleeve 
for the couplings of drill-stems of oil-wells.

J .  C. Fortune. U .S .P . 2,232,172, 18.2.41. Appl. 16.6.38. R otary  drilling 
snubbing ram.

L. A. Raw son. U .S .P . 2,232,268, 18.2.41. Appl. 12.9.38. Derrick crown con
struction.

A. R . Barnett. U .S .P . 2,232,360, 18.2.40. Appl. 18.10.37. A pparatus for survey
ing hose-holes, being a  drill-pipe section adapted to receive surveying instrum ents.

S. E . Diescher. U .S .P . 2,232,593, 18.2.40. Appl. 1.2.39. Welded casing joint.
A . H . X .
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366.* Diesels used in Pennsylvania Eepressuring Project. A. C. M acIntyre, Oil Gas 
J . ,  6.2.41, 39 (39), 36.— The first diesel-power installation used in secondary-recovery 
operations was recently placed in use in the m iddle district of the Pennsylvania fields, 
where since the early days gas has been generally used. The diesels are being used to 
permit conservation of n atural gas for injection into the sands, where otherwise it 
would be used as fuel for power.

The plant is described in general term s. A . H . X .

367.* Pumping Equipment. H . F . Sim ons. Oil Gas •/., 13.2.41, 39 (40), 53.— The 
great bulk of wells in the U nited S tates have some type of rod or tubing pum p with 
which to lift the oil. There are approxim ately 320,000 such wells in the country. 
Simplicity of operation, ease  of ad justm ent over a  wide capacity range, and low 
operating costs are the principal features of this method.

Plunger-type pum ps are generally' run on or in a string of tubing, although not 
necessarily so, casing pum ps being quite common in wells where large volum es of fluid 
must be handled. The recent policy of some companies to drill unusually sm all - 
diameter holes has led also to considerable experim entation with the casing pump. 
Essentially it consists of a  beam  and rods which actuate a plunger a t the bottom  of the 
well. The plunger may' be alm ost as  big as  the casing, or it m ay be as small as desired, 
depending on the am ount of fluid to be handled and the size of the rod-string. Where
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a  sm all plunger is used, the casing pum p has no more volume capacity than  the regular 
tubing or rod-pump, the only advantage being the elimination of the tubing string. 
This advantage is offset by  the danger of wearing a  hole in the casing due to the re
peated  contact of the rods as  they work up and down. A  discussion of surface and 
subsurface equipment and details of operations to obtain efficiency follow.

Wells which have a  high fluid capacity can often be operated economically with a 
pum p which has no rods. There are two m ain types : bottom-hole centrifugal pum ps 
driven by electric m otors, and bottom-hole pum ps actuated by hydraulic pressure. 
These do not need to be run at the bottom  of the well, but are so called because they 
operate while submerged.

The electrical centrifugal pum p is run in the well on the tubing with a  waterproof 
cable connecting it to a  power supply a t  the surface. The size of the pum p and the 
size of the m otor determine what its capacity will be. For this reason some wells 
on which high fluid output is expected are equipped with large casing. The hydraulic 
pum p is also run in the well on tubing, but, in addition, it has a macroni string through 
which fluid (screened oil) pressure, created a t the surface by a  triplex pum p, is tran s
m itted to the pum p at the bottom  of the w ell; the exhaust from the pum p in the well 
enters the production string of tubing.

Plunger lift is very briefly described. A . H . N.

368.* Acidizing Gas-Fields. G. Weber. Oil Gas J . ,  20.2.41, 39 (41), 40.— The history 
of drilling and developing the Monroe gas-field is given. Recently the greatest well- 
acidizing programme of the industry was carried out in the field.

A number of the wells treated in the field had open-flow ratings of less than 1,000,000 
cu. ft. daily. These were treated in three or more stages, with a  usual acid program m e 
of 500 gal. on the first stage and 1000 and 2500 gal. on the second and third stages.

On the larger high-pressure wells in the field, the regular grade of acid was used. 
In  lower-pressure wells, usually below 300 lb ./sq . in., shut-in pressure, a  low-surface- 
tension acid was employed. This gave better penetration and, more im portant, was 
more readily blown from the form ation when the wells were open-flowed. The benefits 
in rising the low-surface-tension acid in such wells was proved by the contrast with a 
few cases using ordinary treatm ent. In  such cases wells showed little gain  in open- 
flow capacity, and a  few showed even lower rates than before treating. R etarded 
acid was experim entally used, but proved of no particular advantage in chalk rock of 
the type producing gas a t  Monroe.

An im portant result in acidizing in the field was noted in the large am ounts of mud 
which cleaned from some wells after acidizing. Although m ost such wells had been 
on production for several years and had been open-flowed at intervals without showing 
mud, the open-flow following the first acid stage contained quantities of m ud together 
with the spent acid and water. This is believed to be explained by  the fact that the 
acid cuts the m ud either in the well-bore or in the form ation, where it m ay be present 
in the form of a  filter cake. A . H . N.

369.* Pumping Practices in Nowata Producing Operations. P. R eed. Oil Oas J . ,
20.2.41, 39 (41), 42.— Operations in water-flooded fields are characterized b y  the 
individuality of each operation, in that even in the sam e property different methods 
are used. Thus while one operator decides to change from well pum ping with time- 
controlled electric m otors to central pum ping, another reverses the procedure and 
changes from central pum ping to the single-well pum ping practice. In  another field 
one row of centrally pum ped wells alternates with another row of wells which are in
dividually pum ped.

For the requirements of numerous producers in the field, gas engines prove to be 
well adapted for economical operation. On the other hand, electric power has certain 
features which have been found to be desirable for w ater flooding. In  fact it m ay 
be said  that three of the conspicuous aspects of water-flooding operations in the last 5 
years a t N ow ata have been the increased use of electric power, successful exploitation 
of reserves of siliceous lime-water by several operators in the area, and the economic 
advantages offered by  the practice of producing water-flood production by  flowing.

A. H . N .
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370.* Recent Trends and Success of Plugback Work in East Texas. W. H. Wiginton. 
Oil O a s J . ,  27.2.41, 39 (42), 64. Paper Presented before American Petroleum Institute.—■ 
The papér discusses briefly the older m ethods and gives a  more complete discussion 
of the newer m ethods used in plugback work to shut off salt-water, showing p ast 
results of various m ethods th at have been employed, and outlining the economics of 
this type of remedial work.

The cost of a  m ajority  of the workovers in the p ast has been entirely too high to 
ju stify  the work—-therefore the various operators have demanded th at less expensive 
m ethods be developed whereby ealt-water production can be profitably curtailed.

The older m ethods in use are : (1) pum p b ailer; (2) displacem ent; (3) braden- 
head squeeze; (4) short-string squeeze ; (5) retainer squeeze.

The more recent m ethods in use are : (1) removable cementing to o ls ; (2) form ation 
pack ers; (3) bridge plug or hook-wall packer between perforated zones. A  new 
removable cem enting tool offered b y  several service companies consists of cups and 
slips with a  by-pass joint on top of the tool. On application of hydraulic pressure 
the cups expand thereby keeping the pressure off the casing. The slips are necessary 
to hold the tool and tubing or drill-pipe in the hole while the pressure is on the form ation . 
After the required am ount of cement is placed in the form ation the tool is released, 
the excess cement is w ashed out by reverse circulation, and pulled out of the well. 
No appreciable am ount of cement returns after the tool is released if the final pressure 
obtained is from  1800 to 3000 lb ./sq . in. on the pum p. D etails are given.

A form ation packer has been developed to provide an  ad justable and removable 
pack-off between an  upper and lower producing formation, where it m ay be impossible 
to predetermine exactly  the m ost effective pack-off point. Some of the factors 
affecting the m ost desirable location of the packer which m ay be difficult and expensive 
to determine are : the absence or presence of a  definite shale-break and its definite 
location ; the size of hole below the casing s e a t ; the condition of the well-bore in 
regard to caves, w ashes, etc., and by m eans of the formation packer, the pack-off 
point can be ad justed  to give the m ost effective shut-off.

The third m ethod is used where the oil-string is set through the sand section and the 
original completion of the well is through perforations. After w ater starts to enter 
the well, a  higher zone is perforated and some type of bridging plug or hook-wall 
packer set between the two perforated zones.

Economics of rem edial work is studied in brief, but the m ethods are well illustrated 
and detailed. A . H . N.

371.* Seven-Year Trial Proves Gas-Injection Project Profitable. Anon. Oil Wkly,
3.2 .41 ,100 (9), 16-20.— Injection  of gas is being used prim arily to increase the ultim ate 
recovery, the imm ediate objective being control of reservoir conditions through input 
volumes and pressures. Both  w ater encroachment and depletion towards an  un
economic operating level are being retarded by repressuring in a  manner sim ilar to 
recycling. B y  the tim e the last well is plugged the field will have produced 3000 
brl./acre in excess of the recovery anticipated without repressure control. The 
history of the field— Cotton County, Oklahoma—is given.

The decision to repressure resulted from  two individual factors. In  the first place, 
water became a  threat as  early as 1932. While m ost of the water was coming in from 
the edges, due to decreased form ation pressures, there w as some w ater in the pay  
formation a t different levels, to  indicate that a  complete separation of w ater and oil 
had been doubtfully established in the reservoir. This w ater could not be made 
subject to control, but the m igration from  the edges of the dome could be held back, 
or a t least allowed to encroach only as the oil w as produced, by  suitable pressure 
control. The second factor was the apparent certainty th at with norm al production, 
and subsequent additional lowering of the already low form ation pressure, reservoir 
pressure differentials would result in sw ift encroachment of edge-water that would 
trap large volum es of oil in the loose sand-body.

A s m ost of the wells had been drilled on a  10-acre plan , the block could not be de
veloped with gas injection as  a  prim e influence. In  view of the desired control over 
formation-water, no strict adherence to a  uniform spacing for injection wells was made. 
Instead, the injection wells, som e old producers and some new wells for th at purpose, 
were selected on the basis of their adequacy. This was judged on the degree of en
croachment in a  particular area, the oil present, reservoir energy locally available,
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w ater-oil ratio, and the thickness of the pay a t  the spot. On such basis a  plat would 
indicate som ehat haphazard spotting of the injection wells, and  not the more practical 
operating balance obtained by ad justing their location to meet reservoir conditions. 
The compressor plant, distribution system , and gas m anifolds are described.

A P I  gravity of the oil showed an increase, as well as the production recovery.
' A . H . N.

372.* Sampling Distillate Wells. K . E . Cody and D. M. Luntz. Oil Wkly, 17.2.41, 
100 (11), 17-18.— One of the satisfactory  m ethods of obtaining an  accurate analysis 
of the raw well-gas is to flow the stream  into a  high-pressure separator, collecting 
and analysing sam ples of the separator vapour and liquid. A  d iagram  and typical 
calculations illustrate the method. B y  com positing these two analyses according to a 
m aterial balance on the separator, the analysis of the raw gas is obtained. This 
method of procedure naturally requires the m etering of both  the dry gas and the liquid.

I t  is possible in m ost instances to take a  representative sam ple of the raw gas directly 
from the well-head before the choke. However, such a  sam ple is very difficult to 
handle in the laboratory, and this method will not give enough distillate for a  complete 
evaluation unless the sam ple is continually drawn into a sm all separator and the gas 
and liquid are m easured and handled as described above. The latter method is 
generally used in connection with portable testing units.

Sam ples of raw well-gas should never be taken from  the line between the choke and 
the separator, as the throttling effect of the choke changes the gas from a substantially  
homogeneous m ixture into a  liquid-vapour m ixture. Sam pling such a  system  is 
extrem ely difficult, if not impossible.

To illustrate the information which should be available in a  complete distillate 
evaluation, a  specific work-sheet is presented, with explanations of the various opera
tions and results. A . H . N.

373.* Re-working Wells. E . S. Post. Oil Wkly, 17.2.41, 100 (11), 34.— Re-working 
in South Texas fields has been found to pay  dividends. An alm ost set practice is 
followed. A  portable spudder type of rig is m oved over the location and rods, tubing, 
and remainder of the pum ping unit are removed from the hole. The liner also is fished 
out and the well bailed down dry as possible. A  sand-pum p type of bailing unit is 
used to remove all sand, shale, sedim ent, etc., from the hole. I f  there is an  excessive 
am ount of gas, the hole is filled with clean oil and the sand-pum p is worked at the bottom  
of the fluid load. No water is put in the hole a t any time, as the shale and bentonite 
content in the form ation expands rapidly, thus requiring a  greater am ount of bailing 
to finally clear the formation. A . H . N.

374.* Acid-Soluble Cement as an Aid in Increasing Flow Through Gum-Perforations.
W. A. Sawdon. Petrol. Engr, Jan u ary  1941, 12 (4), 33-35.—-The acid-soluble cement 
is m ade by m ixing approxim ately equal parts of any type of oil-well or Portland 
cement with a  specially prepared calcium  carbonate. The latter chemical differs 
considerably from  that now being used for conditioning mud-fluid prior to acid treat
m ent for rem oval of the m ud-sheath from  the wall of a  producing sand.

Although evidence is still lacking on which to base definite requirem ents concerning 
the strength of cement for different oil-well jobs, a  reduction in shrinkage is always 
desirable, as excess shrinkage m ay not only cause cracking, but will tend to weaken 
the bond between the cement encasem ent and the wall of the hole. The shattering 
of the cement around the pipe by the action of the tools going in and out of the hole 
is believed by some engineers to be a  frequent occurrence, particularly when the 
clearance is sm a ll; it is asserted th at tests have indicated the acid-soluble cement 
to show less shatter than neat cement.

Another factor th at m ay have an  influence on the success of a  cement job  is the 
scouring effect on the walls of the hole th at probably accom panies the abrasive action 
caused by the calcium carbonate in the slurry.

The quantity of set cement th at can be dissolved with an y  unit volum e of acid is 
fixed, and depends on the area of contact of the acid and the cement. The am ount 
of cement dissolved is therefore less when the area of contact is sm all than when the 
area of contact is large, and as the acid spends itself a  protective coating is formed
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on the cement th a t inhibits further action. When acidizing via a hole through 
this cement there is thus no danger of the action of the acid extending to a  point 
where the effectiveness of the cement as a  w ater shut-off will be impaired.

Procedures of utilizing this cement, a s  well as test d a ta  on its properties, are given 
and illustrated graphically. A . H . X .

375.* Practical Application of Planned Optimum Rate Proration. Pt. 2. A . M. Cro
well. Petrol Engr, Ja n u ary  1941, 12 (4), 54.— Following the discovery of a  new pool, 
reservoir pressure tests are conducted on representative wells by the engineers as  de
velopment proceeds. These key wells are selected for their structural position, and 
must be so spaced th at the areally weighted reservoir pressure obtained will be re
presentative for the pool as  a whole. Once selected, these sam e wells rem ain as key 
wells during the life of the pool. A fter a shut-in period of not less than  24 hr., each 
well of the key-well group is tested  a t regular intervals with standard  subsurface 
pressure gauges.

The bottom-hole pressures obtained are then posted on a  m ap a t  the points represent
ing the well locations ; the m ap is contoured in 50-lb. intervals and planimetered 
so that the areally  weighted reservoir pressure m ay be arrived at. The individual 
pressures of the wells not tested are read from  the m ap by interpolation.

Briefly, changes in reservoir pressure and in gas-o il ratio determine the production 
quota fixed for an y  pool for a  given period. I f , in a  water-drive pool, a  decline in 
reservoir pressure is registered for two consecutive periods, the quota for that pool is 
restricted until the pressure decline is arrested.

In the case of a  gas-drive pool where pressure decline is a normal function of with
drawal of oil and gas, an  abnorm al acceleration of decline m ay result in  the commission 
further restricting gas-o il ratio allowances.

Very soon in each oil pool the m ost efficient rate of production can be determined 
within 10% or 15% of the optimum. A s soon as this rate is determined, a top allow
able is set, subject only to  m inor ad justm ent as  additional un its are brought into 
production.

Under this system  of fixing optimum  rates of production, m arket dem and plays only 
a secondary rôle. Inasm uch as the inefficient or unnecessary storing of oil is pro
hibited, it is im possible to exceed the bona-fide m arket requirem ents for oil from  the 
fields under control w ithout violating the law.

The paper is detailed in treatm ent and is concluded w ith an appendix regarding the 
Oil and Gas Conservation Law  for A rkansas. A . H . X .

376.* Use of Electric Power Increases in all Phases of Petroleum Industry. H . E . 
Dralle. Petrol. Engr, Jan u ary  1941,12 (4), 72.— Electric drive has proved particularly 
suitable for providing increased power for drilling because of its flexibility. For 
maximum performance there is a  noticeable trend towards the direct-current vanable- 
voltage system  of control. I t  is  mobile, self-contained, and flexible, and on m any 
large rigs the generators are designed to prevent stalling the engine under any operating 
conditions. B y  adding suitable units for parallel operation as  well a s  capacity to the 
draw-works motor, it  is practicable to obtain any am ount of power for hoisting within 
the mechanical capacity of the rig. The best practice seem s to dictate the use of 1 kw. 
of generator capacity for each h.p . of m otors connected, for an y  operation.

In oil production using electrified drives there is a  definite trend to  autom atic 
pumping by  time-switc-h control. T his is used not only on wells of sm all volume 
requiring occasional operation, but also  on wells that are pum ped interm ittently in 
compliance with proration schedules.

Time switches can be preset to sta rt and stop wells on any cycle from  once each 
24 hr. to once each quarter of an  hour. Many pum ping units now employ a  weather
proof motor and control of the type th at utilizes time-switch operation, and high- 
torque motors ensure oil-well startin g even under adverse w eather and well conditions.

When central station  power is not available a  popular method of obtaining electric 
power is from a self-contained, engine-driven, power unit.

The paper further deals briefly with the use of electric power in refineries, recycling 
plants and pipe-lines cathodic protection. A . H , A .

M
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377.* Electric Power Provides for Flexible Expansion as Well-Pumping Needs Increase.
H. L . Flood. Petrol. Engr, Jan uary  1941, 12 (4), 27-28.— The factor of flexibility re
quirement is recognized as being especially im portant in the E a s t  Texas field because 
of the erratic performance of wells, even when side by side and producing from virtually 
the same depths in the woodbine sand. On the sam e lease being discussed, two wells 
now pumping m ay be separated by another well still flowing— all producing from the 
sam e depth. I t  was this factor of flexibility th at largely dictated to the companies 
operating in E a st  Texas the use of electric central p lan ts. Although motors have 
been installed having capacity to serve the increasing power requirements of the wells 
for some time to come, and consequently are in all instances larger than the wells in 
their present condition require, full benefit is derived from the ability  to combine all 
the smaller individual current consumptions of the several wells. This permits 
satisfactory operation with much less installed horse-power in the generating plant 
than would be possible if, say , individual engines were installed a t  each well having 
the same provision for future needs of the wells.

The generators, distribution system , and individual well equipm ent are briefly de
scribed. One of the advantages of electric power for pum ping th at is welcomed by the 
production engineer responsible for m aintaining efficiency of the producing units is the 
facility with which the well can be accurately studied and its operation judged. The 
simplest manner by which this m ay be done is to use an indicating am m eter to observe 
the amount of current consumed at various phases of the pum ping cycle. If  recording 
instrum ents can be made available, a  “  card ”  should be obtained th at will divulge 
information concerning the well as accurately as other forms of dynam om eters.

A . H . N.

378.* Conservation and Economics of Gas-Condensate Fields. J .  O. Lewis. Petrol. 
Engr, February 1941, 12 (5), 51.— The m ethod of operating a  gas-condensate property 
is to produce the gas, pipe it to an  extraction plant, extract the fluids, recompress 
the gas, and inject it underground, preferably into the sam e sand. The extraction 
plant m ay be simply a  system  of gas separators and coolers with a  stabilizing unit 
that will extract some 80%  of the liquids, or it m ay be an  expensive refrigeration or 
absorption plant that will recover more than 95%  of the liquids, even the butanes. 
The investm ent consists of the cost of discovering the field and acquiring the land, 
the cost of wells, the cost o f the extraction plant and the cost of the com pressor plant. 
The parts are inseparable, and the output m ust pay  a  return not only on the property 
and the wells, as does an  oil property, but also on the plant and the expenses of operat
ing it. The wells are costly, for gas-condensate fields are found in deep sands.

Because the condensates exist underground as vapours, often in concentration of 
less than 1 gall./M cu. ft. of gas, the condensates contained in an  acre of sand are 
much smaller in volume than the oil in an oil-sand of equal thickness, area, and porosity. 
If  it were necessary to drill wells to the spacings custom ary in oil-fields, it would not 
be profitable to develop a  condensate field, and it would rem ain a  frozen a s s e t ; but 
gas moves much more readily through a  sand than does oil, consequently the wells can be 
spaced much farther apart. The percentage of condensate recoverable in a  moderately 
uniform sand will be little influenced by the number of wells, but rather by their 
structural positions and geometric pattern . Spacings of as  m uch as 300 acres/well 
have been used, and even wider spacings could have been used, were it not necessary to 
provide a  sufficient number of outlets so that the gas m ay be extracted a t  legal rates 
within a  reasonable period of time.

Operations in Texas and economics of cycling are discussed. A . H . N.

379.* Problems in Condensate-Type Production. R . L . H untington and C. Schmidt. 
Petrol. Engr, February 1941, 12 (5), 68.—Production practice and principles o f keeping 
the fluids in a  single vapour phase in condensate fields are briefly reviewed.

The drilling of wells on 10-acre tracts would be entirely out of the question in most 
distillate fields. In  the first place, the total value of recoverable condensate would 
probably not equal the first cost of such intensive developm ent. Furtherm ore, the 
effective drainage of widespread acreage will take place in single-phase fluid or 
condensate fields in much the sam e manner as  in gas-fields. Although two wells 
(one for cycling and pressure m aintenance, and the other for w ithdrawal of condensate-
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bearing fluid) m ight eventually produce substantially  all the condensate from a lease 
several square m iles in area, it is unlikely that the tim e rate of pay-out would be fast 
enough to attrac t investors into such a  proposition. I t  is more probable that the 
spacings will be of the order of 80-320 acres, depending on the allowables and the 
fluid content of the particular reservoir in question.

Recovery processes are v e r y  briefly described. D ata  from experim ents on the m ixing 
of gases in such fields show th at the mixing rate  is an  inverse function of pressure.

A . H . X .

380* Testing Condensate-Type Wells. G. O. Kimm ell. Petrol. Engr, February 1941, 
12 (5), 76.— A s tapped, m ost condensate-type reservoirs are in a state  of “  saturation ”  
or at their “  dew-point.”  Three distinct types are known : (a) reservoirs a t  their 
dew-point isolated from any associated oil, (b) “  under-saturated ”  reservoirs isolated 
from any associated oil, and  (c) saturated  or dew-point reservoirs (or gas-caps) overlying 
an oil-saturated zone.

There is a  fourth type of reservoir producing through “  dry gas wells ”  th at would 
exhibit retrograde phenomena were the gas subject to proper tem peratures and 
pressures never encountered in normal production. Graphs show the effects of 
pressure and tem peratures on each type.

Condensate well characteristics are discussed. The pressure rise in a condensate 
well reaches a  m axim um , after which it  declines. Two factors control the shape of 
pressure build-up curves : (1) ability  of the reservoir pressure to “  neutralize ”  the 
resistance between the reservoir and well-head, and (2) the physical changes along the 
resistance after shut-in. The pressure-rise part of the curve is controlled by (1), and 
the pressure-decline part b y  (2). The controlling physical change is that of increased 
density of the vapours in the conductor as  it cools off. Pressure build-up crux es will 
tend to coincide after a  tim e, provided the reservoir pressure is not reduced during 
the period over which the d a ta  are compared.

Methods of sam pling are described in some detail, and these are followed by pro
cedure for analysing the sam ples.

Preliminary tests have proved th at it is possible to develop sm all-scale equipment 
for all the following types of investigations : (1) direct measurement of reservoir 
conditions th at would provide d a ta  for the developm ent of the useful parts of the 
“  pressure-tem perature-phase ”  diagram . (2) E xam ination  a t  extrem ely high 
pressures of the effects of counter and concurrent absorption on extraction efficiency, 
and exam ination of various absorption m edium s. (3) Low-temperature, high- 
pressure studies. (4) Thermodynamic properties such as specific h eats, Jo u le -  
Thomson effects, and film coefficients. A . H . N.

381.* Well-Completion Methods in Condensate Fields. Anon. Petrol. Engr, February- 
1941, 12 (o), 94.— One of the m ost im portant considerations in completing either a 
producing or injection well is to provide a  clean, unobstructed form ation face opposite 
the section of casing th at is opened or perforated. U ncased hole is not considered 
advisable in wells th at are to be used for the injection of gas, on account of possible 
caving and sloughing-off.

The cleaning of injection wells m ay be accomplished in three w ays. The method 
to be used depends largely on the conditions existing. The first and sim plest m ethod 
is to back-flow a  well a t  a  rather rapid  rate  for a  short interval. The high velocity 
of gas leaving the face of the form ation im parts a  beneficial cleaning action.

The second method is to wash the well with clear water, then unload and back-flow. 
This method will often remove m ud filter-c-ake that otherwise plasters the sand-face.

The third and m ost effective m ethod is to give the wells a treatm ent of m ud acid. 
The acid is pum ped into the well, allowed to stand the proper time, and the well then 
back-flowed. This type of treatm ent has been used in deep high-pressure operations 
with much success. W ells treated  have nearly doubled their intake capacities and the 
working pressures required have been greatly  reduced.

To reduce capital investm ent, dual and triple completions are fast becoming standard 
practice in multiple-zoned pools. D ual and triple completions are in general use in 
California and Illinois. D ual com pletions are used in Texas and Louisiana and on a  
few installations in K an sa s. D etails of these are given. A . H . X .
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382.* Physical Properties o£ Hydrocarbon Mixtures in Condensate Production. F . H.
Dotterweich. Petrol. Engr, February 1941, 12 (5), 98.— A study on binary mixtures 
with components of complete mutual solubility, in all proportions, produces com plicated 
results when investigated. In  addition to variations in tem perature, volume, and 
pressure, a  fourth variable is encountered— that of com position. Phase relationships 
are explained with the aid of diagram s giving the effects of variations in three of these 
four variables on the fourth.

To illustrate retrograde condensation exam ples are given, one of which is the follow
ing : when a mixture is tested a t 35° C., the liquid phase appears a t  a  pressure of 43 atm. 
(630 lb./sq. in.). A s the pressure increases the liquid will increase to a  certain point, 
after which this procedure is reversed and the liquid phase decreases until a t  a  pressure 
of 93-5 atm . (1375 lb./sq. in.) it completely disappears and only the gaseous phase 
appears. This experiment a t 35° C. and varying pressures on such a  hydrocarbon 
mixture illustrates the phenomena of retrograde vaporization of the first type. Should 
the experiment be repeated a t  35° C. but beginning with a  pressure greater than 
93-5 atm ., only the vapour phase would be present. Should the pressure be dropped 
to 93-5 atm ., the liquid phase would appear and increase with lower pressure in the 
retrograde range, and this procedure m ay be referred to as  retrograde condensation 
of the first type. Other types of retrograde system s are sim ilarly detailed.

Graphs of equilibrium vaporization constants for gas m ixtures are given and their 
significance is detailed.

Single- and m ultiple-stage separation are discussed. An interesting point noticed is 
that at higher pressures it is found that the volume of liquid becomes more nearly the 
same for different tem peratures of separation. In  addition, with single-stage separation 
a t pressures higher than 2500 lb ./sq . in., it is possible to obtain  greater recoveries at 
higher tem peratures or, in other words, there is a  retrograde tem perature effect.

A . H . N.

383. Patents on Production. T. W. Murray. U .S .P . 2,229,115, 21.1.41. Appl.
24.6.39. Pum ping and drilling unit com prising a  motor, a  driven sh aft, variable- 
speed and reduction gearing, a  crank-arm a t  each end of the shaft and flexible m eans 
driven by the crank arm s for operating the pum ping rods.

H . T. Kennedy and A. J .  Teplitz. U .S .P . 2,229,177, 21.1.41. Appl. 26.5.39. 
W ater shut-off in oil- and gas-wells by m eans of plugging m aterial the action of which 
is inhibited in the pay-zone but allowed to proceed in an  adjoining water-sand.

H . H. Greene. U .S.P . 2,229,325, 21.1.41. Appl. 3.8.40. Deep-well bridge.

J .  A. Pate and C. L . Pate. U .S .P . 2,229,519, 21.1.41. Appl. 2.8.37. Releasing 
pump-phmger.

J .  A . Zublin. U .S .P . 2,229,538, 21.1.41. Appl. 1.5.39. Method of producing 
oil and gas from a  well consisting of agitating and releasing gas from  the oil, driving 
back the gas to an oil form ation and producing the oil.

J .  A . Zublin. U .S.P . 2,229,539, 21.1.41. Appl. 1.5.39. Method of and apparatus 
for producing oil and gas from a  well whereby the gas and oil m ixture is com pressed 
before the gas is released for reinjection in the form ation.

J .  A . Zublin. U .S.P . 2,229,540, 21.1.41. Appl. 1.5.39. Method of repressuring 
oil- and gas-wells.

J .  A . Zublin. U .S.P . 2,229,541, 21.1.41. Appl. 12.5.39. A pparatus for pum ping 
oil-wells containing agitating m eans to separate the gas from  the oil and pum p the 
separated oil to the surface.

H . L . M cLaughlin. U .S.P . 2,229,581, 21.1.41. Appl. 15.10.37. W ell-shooting 
bridge.

M. T. Works. U .S.P . 2,230,421, 4.2.41. Appl. 7.6.38. Pipe hanger for a  well
head.



D. L . K atz . L .S .P . 2,230,619, 4.2.41. Appl. 18.3.35. Process for separating 
gas and oil issuing from an  oil-well so th at the gas will be dry and the oil will contain 
all the gasoline constituents originally present in the crude.

G. Swain. U .S .P . 2,230,787, 4.2.41. Appl. 4.6.35. Fluid-actuated pum p.

C. J .  Coberly. U .S .P . 2,230,830, 4.2.41. Appl. 5.3.35. Deep-well pum p and 
method of installing and rem oving the sam e.

\  . L . Andrew. U .S .P . 2,230,856, 4.2.41. Appl. 10.12.38. Pitless pum p adapted 
to be fixed in a  well-casing.

H. M. Loeber. U .S .P . 2,231,131, 11.2.41. Appl. 14.6.37. Deep-well pump.

L . L . R ector. U .S .P . 2,231,221, 11.2.41. Appl. 1.6.37. Packing device.

J .  P. Sullivan. U .S .P . 2,231,303, 11.2.41. Appl. 30.3.39. Pum p.

A. IV. Steenbergh. U .S .P . 2,231,417, 11.2.41. Appl. 11.2.41. Interm ittent gas- 
lift control with a  spring-controlled valve and an  im pact m eans actuated b y  the flow 
of the liquid to open the valve.

M. L . Johnston . U .S .P . 2,231,425, 11.2.41. Appl. 14.7.39. Oil-well testing device 
for testing form ations.

M. De Groote. U .S .P . 2,231,752 and 2,231,753, 11.2.41. Appl. 20.2.39 (both). 
Processes for resolving petroleum  emulsions by  m eans of water-insoluble salts of 
basic alkylam ines.

M. De Groote. U .S .P . 2,231,754, 2,231,755, and 2,231,756, 11.2.41. Appl. 13.7.39 
(all three). Processes for resolving petroleum emulsions of the water-in-oil types.

M. De Groote. U .S .P . 2,231,757, 11.2.41. Appl. 23.10.39. Process for resolving 
petroleum emulsions of the water-in-oil type.

M. De Groote. U .S .P . 2,231,758 and 2,231,759, 11.2.41. A ppl. 26.1.40 (both) 
Processes for resolving petroleum  emulsions of the water-in-oil type.

R . T. Sm oot. U .S .P . 2,231,820, 11.2.41. Appl. 30.3.40. Pum p.

E . T. Adam s. U .S .P . 2,231,861, 18.2.41. Appl. 27.9.38. Well-pump.

W. L . B ald . U .S .P . 2,232,199, 18.2.41. Appl. 25.1.40. Hydraulic oil-well packer.

J .  M. H am ilton. U .S .P . 2,232,325, 18.2.41. Appl. 18.5.40. Well-packer.

O. F . R itzm ann. U .S .P . 2,232,476, 18.2.41. Appl. 27.11.39. Method and 
apparatus for m easuring depths in wells b y  m eans of high-frequency explosive sounds.

See also A bstract X o. 341. A . H . X .
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Transport and Storage.
384.* Cathodic Protection of Oil Storage Tank Bottoms. D. H . Bond. Petrol. Engr, 
March 1940, 11 (6), 100- 102.— Norm ally cathodic protection is thought of as applying 
to pipe-lines, and when extending the m ethod to cover tan k  bottom s the relatively 
large area to be protected m ust be borne in mind. An 80,000-barrel tan k  with 
10,700 square feet of base is equivalent to 6171 ft. of 6-in. pipe.

Once the D.C. am perage for complete protection has been decided on, the type of 
equipment to be used m ust be chosen so as  to take into account the various contra
dictory effects. F or ground beds of given resistance the larger the number of units 
installed the less will be the power required to give the to ta l am p3. Further, better 
current distribution will be provided, thereby reducing the am ount of ground-bed
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cable required. Against this there is the increase in cost of installation as more units 
are used and higher maintenance costs. Sim ilarly the choice of generators or rectifiers 
for the production of the D.C. current will depend on the type of power and labour 
available.

In  a given case, satisfactory protection was afforded to a  Gulf C oast tank-farm 
containing forty-five 55,000-barrel tanks, th at had suffered serious corrosion in the 
past, by the installation of 4 units with a  rating of 15 v. and 100 am ps. each. These 
units were motor generators driven by  220-v. 3-phase electrical power available a t the 
farm. The ground-bed resistances varied from  0 1 2 2  to 0-208 ohms, and consisted 
of lengths of 8-in. pipe buried horizontally, together with lengths of 6-in. pipe buried 
vertically.

From  the estim ated cost of this installation it w as apparent th at a  considerable 
annual saving would be made— in fact, the elimination of reconditioning each tank 
a t 10-year intervals would pay for the installation in one year.

Assuming that the potential of the protected surface m ust be a t  least 0-80 v. 
negative to ground, all the tanks except one were fully protected, as were all connecting 
pipes and coated incoming and outgoing trunk-lines for I I  miles from  the property.

T. T. D.

385.* Protective Coating on Above-ground Pipe-Line Structures. C. F . Rassweiler. 
Petrol. Engr, March 1940, 183-186.— In  the painting of storage tanks, protection from 
corrosion a t minimum cost is no longer the prim ary consideration. The controlling 
factor is now the necessity of reducing evaporation losses by  using paints of high 
reflectivity. In  choosing these, average fight reflection is of more im portance than the 
initial value, but, especially in the case of tan k whites designed to disintegrate by 
gradual surface erosion, the factors of annual m aintenance cost and length of pro
tective fife are still im portant considerations. Proper preparation of the surface by 
adequate metal cleaning, and selection of a  primer, which not only has a  good inhibitive 
effect but also has good durability when exposed by  the eroding top-coat, will ensure 
that repainting will only become necessary when the top-coat has chalked thin enough 
to affect appreciably fight reflectivity or appearance.

If  the paint is to w ithstand such exposure to w ater and chemicals th at the use of 
special m aterials is justified, recourse m ay be had to : (1) bitum inous finishes, (2) the 
alkyds, (3) the phenol formaldehydes, (4) the chlorinated rubbers. Type (1) have 
outstanding resistance to water and chem icals, but poor durability to norm al weathering. 
They are m ost effective when applied in thick, hot coatings, but these have a poor 
appearance. Type (2) have the best properties when norm al weathering is the im
portant factor and exposure to w ater is interm ittent and strong chemicals are absent. 
Type (3) have outstanding resistance to water or mild chemicals, especially mild acids, 
but not to strong alkali. Their m ost effective use is totally  subm erged or where 
normal weathering is less im portant than other effects. Type (4) are inert to water 
or relatively strong acids or alkalis. In  a  m oist atm osphere, however, their use is of 
questionable value above 150° F . They are the m ost expensive per unit of film 
thickness and, owing to their high viscosity, difficult to apply. They are m ost useful 
under conditions too severe chemically for the phenolic finishes.

Especially on areas exposed to water and chemicals, great attention m ust be paid to 
cleaning the surface of the m etal. Unless rust and chemicals are thoroughly removed, 
it m ust be realized that painting will merely improve the appearance and have relatively 
little value in preventing corrosion. Particular attention m ust also be paid  to applica
tion on these areas, which are liable to be badly roughened, and care m ust be taken to 
see that an  adequate thickness of paint is piled up over the rough sections. I t  is also 
vitally im portant th at the surfaces involved should be kept clean and free from  water 
and chemical spray  during the period of cleaning and prim ing, the application of 
subsequent coats, and until the finish has had adequate tim e to harden.

In  the painting of galvanized-iron surfaces, modern practice is not to allow pre
liminary w eathering; when repainting is done, the sam e cleaning precautions should 
be followed as are ordinarily specified for steel. The painting is obviously useless 
unless m aterials are used that will adhere perm anently to the zinc surface. ' Primers 
of this type are now available, containing zinc dust incorporated in a  special vehicle. 
I t  has been shown that water-soluble soaps tend to form a t the zinc-paint interface 
and, aided by moisture coming through the paint film, destroy adhesions of the paint
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coatings. The zinc dust in the prim er presum ably causes these zinc soaps to form in 
the primer itself rather than a t  the interface, so th at adhesion is not affected.

T. T. D.

386. Modem Practices in the Protection of Pipe-Lines against Corrosion. S. Thayer. 
Petrol. Lngr, M idyear 1940, 11 (10), 131-133.— The author describes various methods 
which are now in use to minimize pipe-line corrosion.

Construction of New Lines.— (1) A careful soil survey is m ade to determine the coat
ing procedure. The pipe-line is then entirely coated except where it passes through 
soil known to be definitely non-corrosive. The success of this method depends on the 
care and experience of the soil exam iners.

(2) New lines are entirely coated. This is probably a  somewhat w asteful method, 
but eliminates the difficulty of knowing with certainty which soils will give trouble.

(3) Lines are laid unprotected and “  hot-spots ”  which develop later are replaced 
by new coated line. This m ay prove expensive, especially if the “ h ot-spots”  are 
numerous or extensive in area, but in m any cases will be less than the cost of coating 
the entire line.

(4) Lines are laid bare and either the “  hot-spots ”  protected electrically as  they 
develop, or the entire line is so protected. In  the author’s opinion it is bad practice 
to lay a bare line and then install electrical protection, as the cost would be considerably 
more than the cost of coating plus the cost of equipment to protect a  well-coated line.

(5) In  a  few cases the lines are well coated and electrical protection installed im 
mediately. Any faults in coating that m ay occur will then be protected. I f  the coat 
is highly resistant and the faults not too large in area, a  very small current is required 
for protection, one sm all unit being sufficient to protect a t  least 5 miles. This method 
should prove extrem ely efficient.

Maintenance of Old L ines.— ( 1) Affected fine, a s  determined by frequency of leaks, 
is replaced by new or reconditioned pipe, generally coated. Care m ust be taken that 
the replacement extends well beyond the affected area. This m ethod is liable to be 
expensive.

(2) E lectrical protection is installed as necessary to cover affected areas. This 
has proved an excellent method, although obviously not practicable for very sm all 
pipe-lines where the affected areas are only a  few feet in length.

(3) Instead  of w aiting for the occurrence of leaks, surveys are m ade to determine 
where the pipe is m ost affected. Several methods for m aking these surveys are in use, 
all depending to a  greater or lesser extent on the skill of the exam iner. They include 
tracing the electrical currents on the pipe to the points of discharge into the soil, 
analysis of the soil to determine suspected areas, and exam ination of the pipe where, 
in the opinion of the exam iner, the poorest pipe is likely to be found. From  the 
results of these surveys, the steps necessary for suitable protection m ust then be 
decided.

(4) Electrical protection is installed, where convenient and inexpensive, regardless 
of the state  of the pipe. U nits are installed a t booster stations and the protection 
forced to extend as far as  possible in both directions. This m ethod has proved to be 
almost ideal in a  particular case, but is probably not so easily adaptable to other 
systems.

The remainder of the article w as devoted to a  comparison of the merits of various 
types of units used for electrical protection including rectifiers, m otor generators, 
windmills and engines. T . T . D.

Crude Petroleum.
387. Analyses of some Illinois Crude Oils. H . M. Sm ith. U .S. Bur. Mines. Report 
of Investigations No. 3532, December 1940.— B y  virtue of im portant discoveries of 
new oil-fields m ade in 1937, Illinois is now one of the m ost prolific oil-producing 
areas in the United S tates. This report embodies the results of analyses of thirty-five 
samples of petroleum from these new fields, and also includes analyses of seven sam ples 
from fields developed before 1936. The sam ples analysed represent three geographically 
different producing areas in the S tate— namely, the eastern boundary in Clark, 
Crawford, Lawrence, E dw ards, W abash, White, and Gallatin C ounties; an  area
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05 m iies farther west in Clay, Richland, and W ayne Counties and the north-western 
corner of White C ounty; and the south-central area in Fayette , Marion, Clinton, 
Washington, and Jefferson Counties.

Of the forty-two samples analysed only four show m arked deviations from the 
general average, the others being similar to Oklahoma City crude oil, except th at they 
are slightly more naphthenic and have a  somewhat higher sulphur content.

Inc luded in the report is a  table listing the sam ples in order of increasing sulphur 
content, and from this it becomes apparent that m ost of the high-sulphur oils are found 
in the o-roup of fields along the eastern border of the S tate  and, further, th at no low- 
sulphur oils are found in that area. In  fact, if a division is m ade between those having 
less than 0 1 8 %  sulphur and those having 0-18% or more sulphur, none of the samples 
from the eastern area will fall into the first group. Sim ilarly all the sam ples from  the 
area farther west in Wayne, Richland and Clay Counties will fall in the second group, 
and only six  Of the remaining sam ples from the south-central area will fall in the second 
group.

The question is raised as to whether a  more extended survey of Illinois crude oils 
would corroborate this apparent segregation of high-sulphur oils. H . B . M.

388.* Talco-Treating Methods Provide Fuel Economy and More Settling Time. G.
Weber. Oil Gas J . ,  10.3.40, 39 (21), 34.— A description is given of various methods of 
water removal from the heavy asphaltic Talco crude. The particular problem  in this 
field is the lack of gas, necessitating the purchase of fuel gas for the treatin g of the 
crude. In  general, the m axim um  am ount of w ater is separated b y  settling, and 
chemical treatm ent using 1 qt. to  25 qts. for 1000 brl. oil is then carried out a t  120- 
130° F . H ay-tanks consisting of baffles, excelsior section, and heaters are still used in 
the field, in addition to more modern m ethods. H eat conservation is effected by 
preheating in stack  and return stream  exchanges, utilization of non-condensible 
vent-gases from flumes and lease tanks, and utilization of heat in exhaust gases of 
pumping engines. C. L . G.

Cracking.
389.* Improved Processes in Manufacture of Motor Fuels from Petroleum. G. Egloff.
Petrol. Engr, Midyear 1940, 11 (10), 21-26.— The prim ary function of cracking is to 
increase the quantity and improve the quality  of the gasoline th at can be obtained from 
a  crude. The success of this process m ay be gauged from the fact th at, on cracking, 
an average yield of 45%  is obtained from crude, com pared with 21%  straight-run. 
Further, an  average octane number for cracked gasoline is 70, whereas straight-runs 
are sometimes as low as 15.

In  the ease of thermal cracking, a t  tem peratures of 900-1100° F . and 1000 lb./sq. 
in. pressure, octane numbers average about 70 from  charge stocks of gasoline, 
naphthas, or heavy oils. To produce gasolines of higher octane number, catalytic 
cracking is available. Catalytic reforming of gasoline or naphthas a t  950° F .,  and low 
pressure, m ay yield upwards of 80%  of 80-octane-number gasoline. The gases 
obtained as by-products are much richer in olefines than those obtained from  thermal 
cracking. These gases are converted into high-octane fuels either a t  high tem peratures 
and pressures, or catalytically in the presence of phosphoric acid a t  low tem perature and 
pressure. In  this w ay the butane-butene fraction is catalytically  polymerized to 
yield iso-octenes, which are hydrogenated to iso-octanes.

iso-Octane is also m anufactured by  catalytic alkylation, adding butene to iso
butane a t 0-30° C. in the presence of 90-100%  sulphuric acid. neo-Hcxane, however, 
is best prepared by therm al alkylation, using isobutane and ethene as charging stocks.

Another catalytic process of great im portance is isom erization, especially of butane 
to isobutane for use in the preparation of iso-octanes, but also generally of n- to 
isoparaffins.

The developm ent of catalytic dehydrogenation of gaseous paraffins to olefines 
and hydrogen gives an immense source of raw m aterials for the synthesis of chemical 
derivatives, including synthetic rubber. B y  catalytic cyclization of the lower-boiling 
members of paraffinic crudes, a  new source of arom atics is available for the explosives 
industry.
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Summarizing, the author concludes that, from its petroleum  sources, the U .S .A . 
is more than self-supporting in gasolines up to and surpassing 100 octane n um ber; 
it could produce billions of pounds of explosives, and it could be more than self- 
supporting in synthetic rubber. X. T . D.

390.* High Gasoline Yield by Polyform Process. P. Ostergaard and E . R . Smoley. 
OH Gas J ., 2.9.40, 39 (18), 52.— The basic principles of the polyform process and 
operating d a ta  based  on five p lants in operation are discussed in detail. The 
polyform process consists of processing a  cracking stock m ixed with gaseous 
hydrocarbons a t higher tem peratures and a t  a  higher degree of conversion per pass 
than is possible under norm al cracking conditions, without excessive coke formation. 
Polymerization and other side reactions increase the yield and give more valuable 
products.

In  normal cracking below the critical tem perature of the oil a  f i l m  of the latter 
forms on the furnace tubes, preventing the stock being cracked to a  more severe 
degree than if the oil alone were present. The introduction of sufficient gaseous 
hydrocarbons increases the critical tem perature of the m ixture to th at a t  which the 
oil can be cracked b y  itself. A t this point the f i l m  on the tube wall is of the sam e 
composition a s  the m ain body of hydrocarbon vapour passing through the tube. 
From a  knowledge of the properties of the cracking stock the optim um  quantities 
of Cj and C4 hydrocarbons which m ust be recycled through the coils can be calculated.

E ast  5 enezuelan naphtha, W est Texas gasoline, and a  50, 50 blend of M.C. and Pa. 
gasoline gave yields on polyform ing in a  simple once through unit of 77-84%  of 
cracked distillate which when stabilized had an  O .X. of 75-76. Typical operating 
conditions were : back pressure on heating element 1000-1500 lb. per sq . in., tower 
pressure 300—100 lb., and  outlet tem perature from  heater 1020-1125° F .

Two polyform  units are equipped with c o k i n g  drums which handle the polyformed 
residue, utilizing the w aste heat in  the furnace discharge, producing in addition gasoline 
and gas oil suitable for therm al c r a c k i n g

A two-coil and a  four-coil combination crude polyform unit are in operation, the 
latter producing from  crude oil only straight-run gasoline, polyform ed distillate, C 
grade fuel oil and  dry gas.

In naphtha polyforming it is alw ays possible to produce a  75-77 O.X. gasoline from 
any stock, the spread between A .S.T .M . R esearch O .X. being 9-14, as  com pared with 
5-9 for therm al-cracked gasoline. The road octane numbers also show a  higher 
appreciation. Blending value is high (87—110), and lead susceptibility similar to 
that of therm ally cracked gasolines. Treating presents no difficulties, inhibiting 
only being necessary' for incorporation into coloured blends and clay treatm ent for 
production of water-white blends. B y  modifying conditions, a  distillate of 80-84 O.X. 
can be produced, which on acid treatm ent gives aviation of 77—79 O.X. requiring less 
than 3 c.c. lead to give 90 O .X ., and  an  80 O .X. aviation safety  fuel. Such distillates 
contain high percentages of toluene and zylene, which can be concentrated b v  d is
tillation. C. L . G.

Hydrogenation.
391.* Destructive Hydrogenation Improves Product from Inferior Hydrocarbons.
R. Fussteig. Petrol. Engr, March 1940, 56-62.— In  the petroleum industry, hydro
genation implies destructive hydrogenation, with the intention of increasing the yield 
of high-grade gasoline from  crude. I t  is thus pyrolysis followed imm ediately by  ad 
dition of hydrogen. Hence the free radicals formed when the charge stock  is de
composed are stabilized in stead  of being allowed to interact and form unwanted 
polymers of low H-content such as coke and tars.

In  order to obtain the best yield of gasoline, the m ost suitable catalyst m ust be 
used in both cracking and hydrogenation processes, the first to increase cracking 
velocity so th at the form ation of gaseous hydrocarbons i3 a t  a minimum , the second 
to bring about hydrogenation before polym erization can take place.

Early research w as hindered through the poisoning of catalysts b y  the hetero- 
elements present in petroleum , and even with the m odem  non-poisonable types diffi
culties are still encountered. F o r instance, with heavy oils, except a t low throughput 
and partial pressure of products, the cataly st tends to be inactivated b y  the charge
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stock itself. To obviate this difficulty, the process is divided into two stages, liquid 
phase and vapour phase, each with its appropriate catalyst. In  the first process 
higher molecular-weight hydrocarbons are split and hydrogenated to middle molecular- 
weight hydrocarbons, which, in turn, are split and hydrogenated in the vapour-phase 
process. In  the hydrogenation of coal or charcoal a  three-stage process m ust be 
employed for maximum efficiency : first the oil-coal paste  is hydrogenated in the 
“  liquid ”  phase to produce a  heavy oil, which is once more hydrogenated in the liquid 
phase and finally in the vapour phase.

Besides the true destructive hydrogenation processes, there are in existence com
bined hydrogen-addition-cracking system s which differ in th at sim ultaneous decom
position and hydrogenation take place in the former, whereas in the latter the hydro
genation takes place after the rearrangem ent of the hydrocarbon vapour.

The author concludes with descriptions of the flow-sheets of three existing hydro- 
genation plants, two using heavy oils as charge stock, and the third coal.

392. Patent on Hydrogenation. H. B . K ipper. U .S .P . 2,224,603, 10.12.40. Appl.
17.8.39. Dehydrogenation and oxidation of petroleum  oils to produce so-called 
drying oils. The oils are selectively oxidized under agitation with nitric acid in the 
presence of an oxide of a  metallic element, as  a  catalytic m aterial. Thereafter the 
oxidized oils are condensed with resins in the presence of so-called solid phosphoric 
acid. H . B . M.

Polymerization and Alkylation.
393. Patents on Polymerization and Alkylation. P. H . Sykes. E .P . 530,642, 17.12.40. 
Appl. 16.6.39. Process for the production of solid polym ers of isobutylene by passing 
isobutane over a  dehydrogenating catalyst, cooling the resulting gases to condense 
liquid isobutylene and any unchanged isobutane, and polymerizing the isobutylene 
in the liquid condensate, in the presence of an  inorganic halide polymerizing catalyst 
a t a  temperature below —7° C.

Les Usines de Melle. E .P . 532,158, 17.1.41. Appl. 16.9.38. Catalytic polymeriza
tion of diolefines in which a  peroxide of tetrohydrofurfurane, or its homologues, is 
used as a catalyst.

Universal Oil Products Company. E .P . 532,381, 23.1.41. Appl. 19.5.39. Cata
lytic polymerization of normally gaseous olefinic hydrocarbons consisting substantially 
of propylene and/or butylenes to form olefinic polym ers of gasolene boiling range.

Anglo-Iranian Oil Co., E .P . 532,864, 3.2.41. Appl. 26.4.39. Continuous process 
for the alkylation of isobutane or fsopentano by condensation with one or more of the 
reactive olefines specified. The catalytic contact agent and the fsoparaffin are to
gether circulated in a  stream  in a  number of successive reaction stages a t  a  rate in 
considerable excess of the rate of addition of the olefin to the stream , and a t a  con
siderably higher rate than the proportional feed rates of isoparaffin to total define 
to the stream . Thus under the intensive conditions of turbulence of the stream  a  low 
m axim um content of define is m aintained in the stream  in the course of the reaction 
in the stages.

A . L . Blount. U .S.P. 2,225,544, 17.12.40. Appl. 14.5.38. Process for the manu
facture of alkylated isoparaffinic hydrocarbons. isoParaffinic hydrocarbons having 
less than 7 carbon atom s per molecule are reacted with olefinic hydrocarbons having 
more than 2 carbon atom s per molecule, in the presence of a  cataly st containing strong 
sulphuric acid, a  dehydrating agent, other than the alkylating cataly st, which is com
patible with the said  catalyst. H . B . M.

Refining and Refinery Plant-
394.* Progress in Refining of Crude Petroleum. A. L . Foster. Petrol. Engr, Midyear 
1940, 11 (10), 28-34.—Trends of refining progress in 1939 have been in the direction 
of increased specialization in personnel, process, and product. The first is shown
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by the much greater use of technical graduates not only in the research and develop
ment departm ents, but also in the operating and m aintenance divisions. This trend 
can also be seen in the wider use of pilot plants and sem i-plant scale units designed 
to bridge the gap  between test-tube scale laboratory operations and the full-scale 
operation of the commercial plant th at m ust be economically profitable.

In the field of process developm ent the control of plant processing in the light of 
product requirements was particularly outstanding in 1939. More than ever, the 
processes used by the refiner determine the properties the product will exhibit, and 
bearing in mind the qualities dem anded by  competition and by the consum ers’ needs, 
the refiner works to produce the product required. Of the processes which have 
recently come to the fore, the m ost im portant are catalytic polymerization and alkyla- 
tion, especially the latter. In  this process an olefine is combined with a  normal 
paraffin to form an isoparaffin in the motor- and aviation-fuel boiling ranges. Sulphuric 
acid is the m ost general catalyst, but others m ay soon be brought into commercial 
use. In  combination with these two processes, catalytic dehydrogenation of paraffins 
to the corresponding defines is carried out on a  large scale, using oxides of Al, Ni, Cr, 
Fe, and V as catalysts.

Thermal dehydrogenation and alkylation are also processes in use commercially, 
a  m ost im portant exam ple being the therm al dehydrogenation of ethane to ethylene 
and its addition to isobutane to yield neo-hexane— a volatile high-octane-number 
constituent of 100 octane fuels. L e ss well developed are processes of isomerization 
for converting n-paraffins into the m uch more desirable isoparaffins, cyclization of 
chain hydrocarbons to the corresponding cyclo-compounds, and arom atization in which 
the final products are benzene, toluene, ethylbenzene, etc.

In the refining of fight distillates, treated bauxite is used as a  catalyst for removing 
mercaptans, sulphides, and disulphides, although thiophenes are not removed. A d
vantages of this m ethod are a slight increase in octane number of the distillate itself, 
and a  considerable improvem ent in the lead susceptibility.

In the processing of lubricating fractions, physical and chemical m ethods have 
been confined alm ost entirely to solvent extraction for rem oval of naphthenic, aromatic, 
and other undesirable fractions, and for rem oval of wax. The technique of filtration 
has also progressed with the introduction of new filter m edia and improvement of 
older products and m ethods.

Addition agents are coming into wider use either as oxidation inhibitors or as 
detergents for oil-oxidation products. Inhibitors include m any N, S, halogen, and 
organic derivatives of both inorganic and organic elements and compounds. D e
tergents include, besides soaps and esters, substituted organic m aterials, both aliphatic 
and aromatic.

In the developm ent of new products, m any types of m aterial are now synthesized 
commercially from  petroleum. Solvents, alcohols, resins, plastics, synthetic rubbers, 
including butyl rubber and buna, are all derived from m aterials of petroleum origin, 
frequently beginning with defines or isoparaffins as  raw m aterial. So great are the 
possibilities of developm ents of this nature, that there is no doubt that synthesis will 
become one of the m ost im portant branches of the petroleum industry. T. T. D.

395.* Stabilization Process of Natural Gasoline Extraction. R . W. Machen. Petrol. 
Engr, March 1910, 83-86.— The author describes in general terms a  typical plant for 
the separation of n atural gasoline into m otor spirit and liquid gases. The system  
consists of a  fractionating column of “  bubble-cap ”  type having 26—40 plates in con
junction with conventional heat exchangers, reboiler or kettle, reflux coolers and con
densers, tem perature controls, back-pressure regulators, liquid-level controls, feed and 
reflux pum ps. The raw  gasoline enters the column where the vapour pressure of the 
tray liquid is equal to th at of the hot charge, the stabilized gasoline is run off from the 
bottom of the column, and the liquid gases from  the top. T. T. D.

396.* Water-Wash and Heat Reduce Salt Content 96%. Anon. Refiner, February  
1941, 20 (2), 43-44.— W ater-wash, heat, and settling are used to solve the problem of 
desalting crude oil in one plant. D espite treating on leases in E astern  New Mexico, 
crude oil from the Mescalero sand area comes to the plant with as much as 150 lb. 
of salt/1000 brl. in winter and 50 lb./lOOO brl. in summer.

The process, adopted after lim ited success with previous methods, reduces the salt



content to 4-5 lb./lOOO brl. in winter and as low as 2-5 lb./lOOO brl. in summer. In  
addition to salt removal, the treating process allows san d and other solids to settle 
out, a process which is stim ulated, since heat is a  part of the process.

The treating plant consists of two horizontal settling tanks, three shell-and-tube 
heat exchangers, a  steam  coil, and a  m ixing nozzle. I t  functions ahead of the topping
plant. ,

The operation of the plant is described. A . H . X .

397.* Further Improvements in Drum Construction. Anon. Chem. Met. Eng., 
June 1940, 47 (6), 406-409.— Because of the convenience and attractive savings 
possible for the consumer through use of the new single-trip container over the re
turnable type, its adoption by the alcohol, solvent, paint, and petroleum  industries 
was immediate, and an  estim ated annual production of 6,000,000 drums was attained 
by 1938. Certain faults were found, and the correction of these faults and the develop
ment of a newer and improved type drum  are the sub ject of the paper. This type is the
I.C.C. 5E . drum with 20-gauge sidewall.

A test programme in studying the new type drum  included the following : (1) 
physical and chemical characteristics of the steels used, and fabricating techniques; 
(2) effect of yield-point of steel on the stability  of swedged-out rolling hoops ; (3) effect 
of yield-point on resistance to denting and w eaving ; (4) service tests to compare the 
20-gauge I.C.C. 5E . drum of stiff steel with the all 18-gauge I.C .C . 5E . drum  fabricated 
from ordinary soft steels. The test program m e w as inaugurated during October 
1938, and extended over a period of a  year. The tests are described, and the results 
are illustrated by photographs. Results are favourable.

In  developing the drum as a single-trip container it w as intended to be used primarily 
for hazardous liquids of low specific gravity, such as alcohol and various solvents. 
This drum should not be overloaded, and the com mittee has recommended that the 
m axim um nett weight of contents shipped therein should not exceed 450 lb. Better- 
quality sheet steel is now available, and im provem ents in design and fabrication have 
been made. I t  is expected that the I.C .C . 5E . drum  with 20-gauge sidewall will be 
even more extensively used in the future. A . H . N.
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398.* A New Heat-Transfer Medium. W. E . K irst, W. M. N agle, and J .  B . Castner. 
Chem. Met. Eng., Ju ly  1940, 47 (7), 472—475.— A molten m ixture of nitrates and nitrites 
of sodium and potassium , known as H T S, has recently come into large plant-scale use 
as a heating and cooling liquid. This m ixture, which consists of approxim ately 
40%  N aN 0 2, 7%  N aN 0 3, and 53%  K N O s, b y  weight, has been adopted because it has 
a low melting point, a  high heat transfer rate  and a  therm al stab ility , and a  lack of 
corrosive action on steel a t  tem peratures above those obtainable with Dowtherm, 
hot oil, or steam .

While similar nitrite and n itrate m ixtures have been employed for a  great many 
years in molten baths for the heat treatm ent «of m etals and in sm all installations 
requiring heat removal a t a high tem perature level, their use as  heat-transfer salts 
on a large scale began with the installation of the H oudry units for the catalytic 
cracking and refining of petroleum.

Heat-transfer characteristics of steam , mercury, molten lead, and a  patent salt 
m ixture called “  N S ”  are discussed. H ot oil, Dowtherm, and H T S  are the principal 
commercial heat-transfer fluids now available for installations in which the tempera- 
true of steam  is insufficient and in which flue gas is inapplicable, for an y  reason. 
The practical top limit for oil is somewhat over 550° F .,  and  th at for Dowtherm is 
approxim ately 700° F ., above which tem peratures these organic m aterials begin 
to coke and plug up pipe-lines. The upper practical lim it for H T S  has not been 
established definitely. A t present it appears to lie in the range between 900° and 
1100° F . depending on operating conditions and economic factors. The salt mixture 
can be used as a heating or cooling fluid a t  atm ospheric pressure and a t  temperatures 
that are 200-400° F . higher than the top limit for Dowtherm.

Properties of H T S are detailed, with graphs giving the variation  of such properties 
as density, viscosity, and heat-transfer coefficients under different conditions. Further, 
the stability, corrosion effects, safety  precautions, and explosibility are all discussed.

A . H . N.
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399.* New Trends in Boiler Feed-Water Treatment. F . G. Straub. Chem. Met. 
Eng., Ju ly  1940, 47 (7), 477-479.— The m ost common classification of boiler feed-water 
problems is (1) scale, (2) corrosion, (3) embrittlement, and (4) carry-over. The first 
two difficulties m ay be experienced a t all points in the water-stream  cycle of the power 
plant, whereas the last two occur only in the steam  boiler. There are m any m ethods 
of boiler-water treatm ent which prove suitable for one or all of these problem s. How
ever, the methods of a ttack  m ay bo roughly classified as treatm ents used internal or 
external to the boiler. In  the more recent years it has proved advisable to use a 
combination of both  the external and internal treatm ents. These treatm ents are 
discussed.

The corrosion m ost commonly experienced in the power-plant has resulted from 
dissolved oxygen. The modern plants have resorted to every method available for 
the removal of the oxygen from  the w ater prior to entering the boiler feed-lines. This 
has resulted in alm ost universal chemical treatm ent being resorted to for the elimination 
of the last trace of oxygen left after deaeration. Chemicals such as iron, ferrous 
hydroxide, sodium  sulphite, and various organic m aterials are being extensively used.

Em brittlem ent in steam  boilers results in the failure of the steel in the riveted areas 
and the areas in the vicinity of the rolled tube-ends. This failure has been attributed 
to the action of the sodium  hydroxide in the boiler-water concentrating in the capillary 
spaces present in these areas and attacking the highly stressed boiler m etal, with the 
resultant cracking of the steel. Methods of chemical treatm ent have been worked out 
whereby the em brittling action of the w ater m ay be stopped. This has involved the 
maintenance of definite am ounts of sulphates and chlorides or organic m aterial in the 
lower-pressure boilers and the reducing of the silica content in the higher-pressure 
boilers.

Washing steam  with feed-water, to reduce the total solids carried over by the steam , 
and thus to reduce difficulties in the form  of turbine-blade deposits, form s the con
cluding part of the review. A . H . N.

400.* Petroleum Toluol. Anon. Chem. Met. Eng., August 1940, 47 (8), 535-537.—- 
The oldest m ethod of obtaining toluol from  petroleum consists of fractionation— 
generally followed b y  chemical or physical extraction— of certain crudes. A  cut of 
relatively narrow boiling range containing the toluol (b .pt., 231° F .) is taken from the 
crude. Subsequently a  high degree of fractionation or extraction with some such 
solvent as liquid S 0 2, or a  combination of fractionation and extraction, yields toluol 
of the required purity. This process is of limited application. The production of 
crudes containing appreciable quantities of toluol is quite limited. No comprehensive 
study of Am erican crudes with respect to toluol content is available.

It  is noted th at even if a  “  toluene fraction ”  of a  naphtha were entirely toluene, 
and if a  naphtha containing 6%  of this fraction constituted 30%  of the crude, the 
toluene content of the crude would be only 1-8% .

To obtain more toluol for T .N .T . purposes other m eans are necessary. One promising 
method is that for which the groundwork was laid during world W ar I—low-pressure, 
high-temperature cracking of petroleum  oils. There is som e evidence th at the 
characteristics of the oils do not play  as  v ita l a  part in the yields of toluene as do the 
conditions under which cracking is carried out. D etails of cracking processes are given.

A third m eans of producing toluol exists in the therm al pyrolysis of hydrocarbon 
gases from petroleum, such as natural gas and the cracked gases m ade in refineries as 
by-products. A s in the cracking of liquid feed-stocks, the reactions of the process 
are complex, and result in considerable am ounts of defines and arom atics.

The production of toluol by  the catalytic arom atization of n-heptane is another 
process which is receiving consideration. Norm al heptane occurs in m any crudes, 
and m ay be separated therefrom by  fractionation. Toluol is then m ade by  cyclization 
with dehydrogenation. Synthetic m ethods using chromic oxide cataly sts are briefly 
mentioned. Another process th a t is believed to yield large quantities of arom atics 
although there has been no published account of it, is the so-called hydro-forming 
process. The principal function of the process, however, is to produce high-octane 
motor and av iation  fuels. A- H . N.

401.* Economy in Tube Grouping in Round-Shell Exchangers. Z. G. Deutsch. Cliem. 
Met. Eng., August 1940, 47 (8), 538-540.— The general requirement of the tube-sheet
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itself, outside the elementary one of strength to resist bursting pressure or vacuum 
collapse, is to support the tubes with a  tight, maintenance-free joint. When the 
fluids separated by the tube surfaces of a  heat exchanger have nearly the same density 
and specific heat, the cross-sectional areas should be as nearly alike as possible. This 
is not invariably true, but frequently so in the author’s practical experience. For such 
problems the best approach to “  theoretical ”  economy of m aterials is obtained by 
using the smallest tube diameter, the longest tubes, the closest possible tube spacing, 
the thinnest possible tube walls that can be justified.

The paper discusses further the arrangem ents of tubes in the shell, and two typical 
arrangements are shown to be preferable to the other two studied. Tables and charts 
are given so that designers can utilize them in arriving a t an  economical number of 
tubes and a  preferable arrangement of such a number of tubes to any other.

The data in this paper have been computed only up to about 120 tubes. With 
larger numbers of tubes there is relatively less difference in area ratio. Also, in 
working with larger tube bundles the designer is generally faced with circumstances 
which make the use of a perfectly sym m etrical bundle less and less likely. This is 
because it is necessary to accomm odate certain nozzles, connections, circulating 
pipes, etc., which interfere with the uniform placem ent of tubes across the entire cross- 
sectional area of the shell. A . H. N.

402.* Gulf Introduces New Petroleum Refining Process. Anon. Chem. Met. Eng., 
September 1940, 47 (9), 626.—The polyform  process differs from therm al cracking in 
that the oil is processed in adm ixture with norm ally gaseous hydrocarbons, particularly 
propane and butane, a t higher tem peratures and pressures. The result is a  higher 
degree of conversion/pass, with a  consequent increase in yield and octane number.

The theory of the process is that, in addition to the norm al cracking of long hydro
carbon molecules which is obtained a t these high tem peratures and pressures (about 
1000° F . and 1000 lb./sq. in.), a  certain am ount of polym erization of the C3 and C4 
hydrocarbons will occur. Also the introduction of the gases cuts down coke formation, 
allowing the unit to operate a t  higher tem peratures, with the consequent increase 
in conversion/pass.

The principle of the process is that the charge to the furnace m ust be one continuous 
phase. Normally, the liquid phase tends to be suspended in the vapour phase (largely 
the gaseous additives) in the form of minute droplets. These are thrown out against 
the tube wall, forming a  thin oil film. H eat transm itted through the tube wall must 
pass through this oil film, which therefore determines the coking characteristics of the 
tube. In  order to produce a  continuous vapour phase, the proportion of light hydro
carbons m ust be increased to a  point where the critical tem perature of the mixture is 
reduced to the temperature of operation. This does aw ay with the oil film, substitut
ing a vapour film, which is less susceptible to coking.

Details of a  typical plant are given. A . H. N.

403.* Notes on the Design and Operation of a High-Temperature Dowtherm System.
R . E . Hulme. Chem. Met. Eng., October 1940, 47 (10), 685—687.— Dowtherm is the 
eutectic mixture of diphenyl and diphenyl oxide. Many high-tem perature heating 
processes are now being carried out through the use of indirect heat-transfer media 
such as Dowtherm. Compared to direct heating, any vapour medium  m akes possible 
much closer control, usually with m arked improvem ent in yield and quality  of the 
product. In  comparison with steam , however, Dowtherm vapour perm its tempera
tures up to about 700° F . a t  relatively low jacket pressures, and still without appreciable 
deterioration of the medium. However, m any new problem s in design, m aterials, and 
technique are thus introduced. Several of these problem s of m anipulating, main
taining, and controlling Dowtherm system s are discussed. A . H . N.

404.* Safety and Fire Prevention. Anon. Chem. Met. Eng., October 1940, 47 (10),
700-706. The paper deals with American safety  organizations and recommendations. 
After studying the frequency and severity of various types of accidents and analysing 
their causes, the following conclusions summarize the findings of the writers.

Chemical industry in 1939 set some enviable records in accident prevention, ranking 
seventh in frequency and seventeenth in severity am ong the thirty m ajor injuries
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charted by the N ational Safety  Council. B u t there is urgent need for improvement, 
particularly in the records of fatalities.

Contrary to popular opinion, m ost accidents in chemical industries are not caused 
by fumes and flames, but by slips and falls, common tools and machinery—the sam e 
as in all other industries. The reason is th at the chemical group has learned how to 
protect itself against chemical hazards, but has failed to conquer some of the common 
causes of injury.

Accidents annually cost chemical industry approxim ately S 10,000,000, or S40 per 
worker/year. There are handsome dividends in safety  work for those who apply  it 
in the right way.

Fire-prevention practices and equipment have changed to keep pace with the rapid 
development of new chemical products and processes. Obsolete, antiquated fire- 
extinguishers and fire-fighting apparatus had best be discarded before it is too late.

Recent chemical engineering graduates have been criticized because of lack of know
ledge about industrial hazards and failure to appreciate the v ital relation between 
safety and plant efficiency. Several educational institutions are awakening to the 
need for training in a t  least the fundam entals of safety  engineering. Others should 
follow. A . H . N.

405.* Applying Water-Pumping Equipment to Process Pumping Problems. G. L .
Montgomery. Chem. Met. Eng., December 1940, 47 (12), 840-843.— A process industry 
where vertical pum ps are finding considerable application for process liquid handling 
is the petroleum  industry. For quick unloading of crude oil or fuel oil from tankers 
to barges or shore, deep-well turbine pum ps are being installed directly on the boats, 
with the m otors above decks and the pum ps submerged in the oil compartm ents of the 
tanker’s hold. This has proved to be an  economical and safe unloading method.

In refinery operation, and also in handling such refinery products as gasoline and 
butane, the vertical pum p is finding wide application. For use where the service 
is hazardous, som e pum p designers have brought out special pum ps in which the 
motor is subm erged in an  isolating liquid, so th at fire or explosion hazard is minimized.

In pum ps of this type the motor, below the pum p, and the pum p itself are inserted 
in a  heavy cylindrical barrel and suspended from the flanged barrel cover. The motor 
runs in oil, and a  m ercury seal prevents the pum ped liquid from entering the motor. 
The lower part of the barrel, surrounding the submersible motor, is filled with an isolat
ing liquid th at is immiscible with the liquid being pum ped. This prevents the possi
bility of the m otor igniting any flam m able liquid that the pum p handles. The liquid 
enters a  suction nozzle a t  the top of the barrel and floats on the isolating liquid. 
Pump discharge is through the top of the barrel. E xam ples of vertical centrifugal 
pumps in refinery works are given.

One distinct advance m ade in recent years is the development by alm ost all pump- 
makers of typ es of sm all, standard  centrifugal pum ps in which the m otor and pum p 
are built together as  a  unit, often with the m otor m ounted directly on the pump- 
casing or vice versa. W ith such pum ping units the assem bly can be m ounted in any 
convenient position, with the shaft horizontal, vertical, or a t an  angle. This is 
a great help in m aking installations in crowded locations or directly on the equipment 
served by the pum p.

Where positive delivery in exact quantities is in dem and for process work, the rotary 
pump continues to give excellent service. An exam ple is given of seven rotary pum ps 
in a lubricating-oil blending plant. A . H . N.

406.* South African Materials as Substitutes for Imported Earths in Connection with 
Oil Refining. G. A . Sm ith. J .  Chem. Met. and M in. Soc. S . A frica, 1940, 41, 197— 
208.—An investigation into the possibility of finding South-African-produced substitutes 
for lubricating-oil refining earth  is detailed. Norm ally such m aterial would be fuller’s 
earth, bentonites, bauxite, silica gel, or carbon. B auxite  and bentonites are not 
available in South A frica, and silica gel is not considered to be very efficient for 
lubricating-oil refinement. The investigation was therefore mainly concerned with the 
little fuller’s earth  which w as available, with carbon and with two "unusual possibilities 
—namely, verm iculite, a  form  of m ica, and m agnesite or naturally occurring m agnesium  
carbonate.
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The improvement in colour when a  used lubricating oil is agitated for a standard 
time at 150° C. was utilized to assess the efficiency of each of the m aterials used.

An active form of magnesium oxide was prepared by calcining m agnesite at 700° C. 
Although slightly inferior to recognized treating earths in decolorizing ability, the 
active magnesia produced at least as stable a  regenerated oil, judged by British Air 
Ministry oxidation tests, etc., as a highly active bentonite. The filtration rate of the 
mavnesia-treated oil is slow, but can be im proved by the addition of diatomaceous 
earth. The latter increases the porosity of the m agnesia slime pad formed during
filtration. . . , ,

The temperature of calcining the m agnesite is critical, and heating above 700° C. 
reduces the activity of the product. Particle size m ust be less than 200 B .S .S . mesh. 
The production cost of the m agnesia in South A frica is calculated to be \d . per lb. 
Imported earth costs 5\d. per lb.

Attention is directed to a method of preparing active m agnesia by the lime precipita
tion and subsequent calcination of magnesium  hydroxide from sea-water.

Fine-mesh active carbon produced from  South African coal was found to have 
extremely good oil-refining properties.

Exfoliated vermiculite, which, because of its very large surface area, was expected 
to be very efficient, was, in fact, very disappointing. I t s  failure is attributed to lack 
of the “  capillary pores ”  which in an  active m aterial absorb the colouring matter in 
oil.

The attem pt to find a  suitable South African clay w as not successful. A  partly 
active clay was produced in the R iversdale district, and  the activ ity  of this was im
proved by acid-washing to remove carbonates, but the results were not impressive, 
and it was concluded that South Africa does not possess any natural treating clays.

During the work it was dem onstrated th at there is no correlation between the 
malachite-green absorptive power of a clay and its decolorizing ability . T. C. G. T.

407.* Slurry-Type Copper Chloride Treater. F . A . Deering, Oil Oas 5.9.40, 39 
(17), 43.—Hypochlorite treatm ent of stabilized light straight-run m ixed with 
cracked gasoline has been replaced a t  an  A rkansas City refinery by treatm ent with a 
slurry of 200-mesh fuller’s earth and copper chloride. The gasoline is caustic washed, 
dehydrated in a  salt tower, steam  heated and passed  to the base of the slurry tower. 
Before the tower, an eductor leads oxygen (averaging J  cu. ft. per brl., but depending 
on the mercaptan content) into the stream . The stream  leaving the slurry tower is 
water-washed, and scrubbed with water and passed into a  further salt tower. The 
final product is doctor sweet, clear, and bright. A  blend of 20%  copper-treated 
stock and 80% cracked gasoline requires 12%  less tetra-ethyl lead than when using 
hypochlorite, whilst the induction period is approxim ately 30 min. longer. C. L . G.

408. Patents on Refining and Refinery Plant. W. W. Groves. E .P . 531,120, 30.12.40. 
Appl. 12.7.39. Improvement in the process of dew axing hydrocarbon oils, such 
as mineral oils, tars, etc., in which the oil is diluted with a  m ixture of liquid sulphur 
dioxide and an auxiliary solvent which increases the solvent power of the sulphur 
dioxide. According to the invention, the oil to be dewaxed is passed  after dilution 
into chillers having scraping devices and constructed as  double pipe-chillers in counter- 
current to cold liquid sulphur dioxide.

C. H . Leach. E .P . 532,604, 28.1.41. Appl. 11.9.39. Design of a  heat-exchange 
apparatus intended particularly for use in refining petroleum  oil. The apparatus 
comprises a  fixed head, a  plurality of floating heads spaced from the fixed head, heat- 
exchange tubes connected between the fixed and floating heads to form a  fluid passage, 
a  shell enclosing the tubes and floating heads, and a baffle inside the shell for forming 
a  vapour passage.

Standard Oil Development Company. E .P . 532,792, 30.1.41. Appl. 20.8.39. 
Method of separation of a  hydrocarbon fraction of the class of naphtha, kerosine, and 
light gas-oil into its relatively more paraffinic and relatively more arom atic constituents. 
The hydrocarbon fraction is separated with tetraethylene glycol.
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R . E . B urk and E . C. H ughes. U .S .P . 2,22.5,546, 17.12.40. Appl. 31.12.37. 
Process for dew axing oils by subjecting them  to the action of butylam ine, chilling, 
and separating the w ax.

B. Hopper. U .S .P . 2,227,089, 31.12.40. Appl. 7.2.38. Stabilization of oil treated 
with a  copper reagent in the presence of oxygen. The copper-sweetened oil is treated 
with a  carbonate of a  m etal above hydrogen in the electro-chemical series.

D. W. Mapes and E . M. D ons. U .S .P . 2,227,377, 31.12.40. Appl. 23.9.38. P re
vention of oxidation in using propane and acid to refine lubricating oils. A  lubricating- 
oil stock is dissolved in liquid propane, treated with sulphuric acid, and the sludge 
removed. Thereafter finely divided neutralizing earth is m ixed with the solution of 
acid-oil and propane, and finally the propane is distilled from the oil.

W. F . Houghton. U .S .P . 2,229,209, 21.1.41. Appl. 19.8.38. Method of separating 
hydrocarbon oil containing parafiinic and naphthenic constituents into a plurality of 
fractions of progressively increasing paraffinicity. H . B . M.

Synthetic Products.
n

409.* Rubber from Petroleum Gases. D. North. Chem. Met. Eng., April 1940, 47 (4), 
220-224.—All commercial synthetic rubbers are produced, in part at least, from one 
or from either one of two of the following unsaturated hydrocarbon gases : butadiene, 
isobutylene, acetylene, or ethylene, which are derived from petroleum, coal, or, as 
with butadiene in R u ssia , from vegetable sources. Buna rubber is derived from 
butadiene, obtained in Germ any from acetylene ex carbide, or more recently from 
hydrocarbon gases of synthetic petroleum production, and in the United States from 
petroleum gases. isoButylene is obtained from petroleum gases. Neoprene is 
derived from acetylene, Thiokol from ethylene, and vinyl chloride from either acetylene 
or ethylene.

Immense strides also have been m ade in “  rubbers ”  derived prim arily from m aterials 
other than petroleum  gases, notably neoprene, Thiokol (one raw m aterial comes from 
cracked hydrocarbons), and the polymerized vinyl chlorides in the United States and 
“  Sovprene ”  in R ussia . Neoprene is derived by catalytic synthesis of acetylene to 
monovinylacetylene, and reaction of hydrogen chloride on the latter to form chloro- 
prene. Chloroprene is then polymerized to the rubber-like m aterial neoprene. E x 
cellent resistance to anim al, vegetable, and mineral oils, to sunlight, heat, ozone, and 
most chemieaLs has led to widespread use of neoprene in gasoline and oil hose, pro
tective clothing, footwear, packing, and gasket material, protective coverings for wires 
and cables, and m any other uses.

Similarly, other synthetic rubbers are described and their manufacture is outlined 
briefly. Butadiene rubbers are treated in greater detail than the others. The 
process of purifying butadiene consists of the formation of the tem porary derivative 
butadiene-sulphone from which a resultant butadiene product of over 99-5% purity 
is obtained. I ts  superiority over Germ an butadiene is indicated in that an atmosphere 
of nitrogen is unnecessary for polymerization to synthetic rubber, as  with the German 
product.

The best grades of butadiene rubbers are resistant to animal, vegetable, and mineral 
oils, but swell in arom atic hydrocarbons, ketones, alcohols, and esters, and in chlorinated 
hydrocarbons and organic bases they swell more than natural rubber. In  ageing, 
exposure to sunlight, in resistance to heat, ozone, moisture, abrasion, and flexing, in 

'■¿f permanent set and creep, and in hysteresis loss, they are superior to natural rubber.
Ik* The potential supplies of butadiene are enormous.

Rubbers produced from  wobutylenes are discussed from the viewpoints of pro
perties and utility. The four principal outlets for these rubbers from ¿¿obutylene 

; are in compounding of lubricating oils, in various modifications of paraffin w ax such
as Parofilm, in rubber com pounding, and in the m anufacture of adhesives such as tin 
pastes, paper-backed m etal foil, facing of bottle cap-liners, and heat-sealing compounds.

A. H . N.
N
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410 * Synthetic Glycerine from Petroleum. E . C. Williams. Chem. Met. Eng., 
December 1940, 47 (12), 834-838.— Synthetic glycerine m ay be obtained from carbon 
monoxide and hydrogen. This process involves the condensation of carbon monoxide 
with formaldehyde to give glycolic acid, reaction of this with a  formal, and ultimately 
the alcoholysis of a formaldehyde derivative of glycerine.

Of the numerous syntheses possible, however, the m ost direct are those starting 
with the three-carbon skeleton. This is particularly so when petroleum is to be made 
the ultimate starting material, since unlimited am ounts of propylene and propane 
are available from this source. Even when these lim itations are made, the possible 
syntheses are legion. Thousands of investigations were necessary to determine which 
one might have the best commercial possibilities. A  line of synthesis starting with 
propylene and proceeding to allyl chloride to allyl alcohol (or to glycerine dichloro- 
hydrin) to glycerin was finally chosen. The step-by-step development of this process 
is described in the order of the compounds mentioned. I t  is emphasized that the 
discovery of the “  hot chlorination”  of propylene m ade the process feasible, also a 
larger-scale plant might not use the allyl alcohol step.

The glycerine hydrolysate is concentrated in much the sam e way as soap glycerine 
lyes, and then vacuum distilled. This leads to a  crude glycerine which does not yet 
meet commercial specifications. However, by m aking appropriate cuts during the 
distillation, extracting with a  solvent such as xylene (U .S. P at. 2,154,930), and 
redistilling, a glycerine is secured which m eets all commercial specifications.

A. H. N.

411.* tieoHexane for 100-Octane plus. M. E . Clark. Chem. Met. Eng., April 1940,
47 (4), 225-227.— The prefix neo indicates the presence of a  carbon atom  attached 
by all four valence bonds to other carbon atom s. Thus neo-hexane is 2 : 2-dimethyl- 
butane. Its  octane rating is 92 ; its blending properties, however, make it possible 
to manufacture fuels of 115 octane numbers. This is due to the high lead suscepti
bility and high volatility of the hydrocarbon. The following are the properties of 
neo-hexane : Reid vapour pressure, 9-5 lb .;  A .P .I. gravity, 84-9°; A .S.T.M . octane 
number, 94 ; boiling point, 121-5° F . ; specific gravity, (0-6494) 20/4° C . ; refractive 
index nD at 20° C., 1-36887 ; and its freezing point is —144-8° F .

It  is produced by thermal alkylation, using ethylene derived from  a  mixture of 
paraffin gases by cracking them at 1425° F . and a  few lbs./sq . in. above atmospheric, 
and joining the ethylene with fsobutane a t  high tem peratures and pressures using 
excess of i.sobutane. There are a  number of products of this reaction which are 
fractionated. Propane, ethane, and other light m aterials are eliminated, isobutane 
is recirculated, and neo-hexane and other heavy m aterials are withdrawn and re
fractionated to yield practically pure neo-hexane. A . H. N.

412. Patents on Synthetic Products. U .S. Industrial Alcohol Co. E .P . 531,256, 1.1.41. 
Appl. 23.6.39. Production of ethylene oxide by passing a gaseous m ixture containing 
ethylene, oxygen, and a non-reactive diluent through a  cataly st adapted to promote 
oxidation of the ethylene a t a tem perature between 100° and 450° C. a t  a  linear velocity 
of between 20 and 500 cu. ft. per hour per sq. in. of cross sectional cataly st area.

M. M. Holm, A. L . Lym an, and M. F . Miller. U .S .P . 2,224,349, 10.12.40. Appl. 
31.12.34. Production of synthetic hydrocarbon oils of high viscosity  index and of 
higher than 40 sec. Saybolt Universal viscosity a t 210° F .,  and having the properties 
of viscous liquids rather than of plastic solids.

W. B. Plummer. U .S.P . 2,227,691, 7.1.41. Appl. 29.6.39. Preparation of a 
synthetic lubricating oil possessing substantially  no extrem e pressure properties. 
The composition consists substantially  of a  synthetic lubricating oil obtained by the 
condensation of an olefin and about 0-005—0-05% of stab ly  bound sulphur.

H. B. M.

Fire Prevention.
413.* Fire Extinguishers and Fire Hazards in the Chemical Industry. N. C. Jones. 
Chem. & Ind., 1941, 60, 113-119.— Practically all known fire-extinguishing media 
are reviewed. Fire extinguishers as used in the U .S .A . are approved for use only on
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the type of fire to which the Underwriters Laboratory  consider they are adaptable, 
and in no instance has a  fire extinguisher been approved for use on every class of 
fire. In  Great Britain  fire extinguishers m ay be approved by the Fire Officer’s  Com
mittee, after exam ination and test by the B oard  of Trade and other competent 
authorities.

For handling petroleum  fires foam  and mechanical foam  are excellent. Carbon 
dioxide, carbon tetrachloride, and m ethyl bromide are also effective in certain circum 
stances. D ry chemical compound powder propelled by carbon dioxide is also m ost 
effective, and very quick-acting in extinguishing petroleum fires. This latter e x 
tinguisher, which is largely employed in the U .S .A ., norm ally uses an  inert gas, 
nitrogen, or carbon dioxide, to propel the dust, which is mainly sodium carbonate. 
The hand models weigh 26—55 lb., and contain 8-25 lb. of chemical dust. The carbon 
dioxide is contained in a  cartridge, and the pressure is sufficient to blow the compound 
a  distance of over 25 ft. The model holding 25 lb. of compound will handle fires of 
150 sq. ft. Portable models having a  capacity of 150 or 350 lb. of compound are 
equipped with nitrogen cylinders which supply sufficient pressure to throw all the 
compound 50 ft. The advantages of the apparatus are :

1. Simple and dependable.
2. Clean in action and controllable.
3. U naffected by cold.
4. No dam age to m aterials, p lant, or machinery.
5. Effective over wide range.
6. R easonably cheap.
7. Effective on gas, oil, inflammable liquids, and electrical fires.
8. Can be used in the open or in confined places.
9. D ry powder acts as an absorbent.

The efficiency of this type of extinguisher was illustrated during experim ents with 
oil-incendiary bom bs. The residual oil from a  paraffin fire which had been ex 
tinguished by such m eans, when re-ignited was not extinguished by foam.

Water, acid and soda, foam , m echanical foam, chemical liquid extinguishers such 
as carbon tetrachloride and m ethyl bromide, inert gases, loaded stream  (i.e., solution 
of alkali m etal salts), and system s th at combine several of these methods, are all out
lined and their individual advantages tabulated. The uses and application of heat 
fuses for autom atic system s are outlined, as also are numerous hazards peculiar to 
special industries. T. C. G. T.

Chem istry and Physics of Petroleum.

414.* Elements of Vaporization and Condensation. Part XI. R . L . Huntington. 
Refiner, February  1941, 20 (2), 47-50.— The paper furnishes illustrative exercises 
and problems for the subjects treated by the author in the previous ten parts. 
Differential and flash vaporization as well as fractionator operations are studied.

A. H . N.do*
tp*

415.* Hydrogen Content as a Basis for Correlating the Specific Heat of Liquid Hydro
carbons and Petroleum Fractions. J .  Griswold and H . A . A lves. Refiner, February 
1941, 20 (2), 52-54.— From  the assum ption that the molecular-heat capacity of a 
liquid hydrocarbon is the sum  of the atomic-heat capacities of its carbon and hydrogen 
atoms, a  linear relation between specific heat a t 32° F . and the weight-% hydrogen 
results applicable to petroleum . The correlation is good between norm al paraffin 
and aromatic hydrocarbons, but not for naphthenes and olofines by this procedure.

Specific-heat d a ta  on petroleum  fractions for which the hydrogen content could be 
estimated are obtained from the literature. These and experim ental values correlate 
very nearly as closely as  by  the best equations hitherto developed, by the equation :

li«!5 (C ) 32° F . =  0 0152 (W t.-% H ) +  0-2448.
tU
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The data for pure hydrocarbons and for petroleum  fractions are given in graphical 
form Estimation of hydrogen content is m ade by m eans of W atson’s correlation 
of the characterization factor and hydrogen content. Another formula used was : 

W t.-% H  =  14-3 +  0 1 7 5  (° A .P .I.) -7 5 0 0 °T m .
where Tin is the mean average boiling point. Experim ental work is also described.

A. H. N.

416.* Packed Columns for Close Fractionation. L . B . Bragg. Refiner, February 
1941. 20 (2), 55-64. Paper presented before American Institute of Chemical Engineers.— 
The packings studied in particular are the Stedm an types. The single-cell, conical- 
type Stedman packing is a t  present m ade in three sizes : 0-375-in., 0-750-in., and 
25-mm. (0-984-in.) nominal diameters. The multiple-cell, triangular pyramid-type 
Stedman packing also is made in three round sizes : 2-080-in., 3-080-in., and 6-080-in. 
diameters. A fourth packing of this type is m ade having an equilateral triangular 
cross-section 6 in. on a  side, these sections being fitted together to pack columns of 
hexagonal cross-section. These packings are usually constructed of 40 X 60-mesh 
wire cloth, using 0-009-in. diameter wire.

The operations of the single-cell and multiple-cell packings are detailed. In the 
first type reflux liquid flows along the wire cloth and seals the openings of the mesh. 
The liquid flows out towards the walls of the column on a  cone th at is concave down
wards, and then back towards the centre of the column on a  cone th at is concave up
wards, which is welded to the first cone at the outer edge. The lower cone is welded 
to another still lower cone at the centre, and the liquid flows through the mesh at the 
point of junction, then outward towards the walls on this lower cone, and so on until 
the liquid drops off the lowest cone of the column. The vapour enters the space 
between two cones, which are welded around the outer edges, through the vapour 
hole in the lowest cone. The vapour then flows through the space between these 
two cones, practically a t right angles to the ax is of the column, and out through the 
vapour opening in the upper cone of the pair. The vapour then divides and flows 
around the point where two cones are joined back to back, and across to the side of the 
column where it first entered the packing. This flow is repeated until the vapour 
leaves the packing a t the top of the column. The working of the multiple cell is 
similarly detailed.

The packings were tested with m ixtures of benzene and ethylene dichloride at total 
reflux and atmospheric pressure. The data  obtained were worked up in the form of 
column operation factors which permit accurate com parisons between various types 
of packing and different diameters of columns. D ata  on other types of columns are 
included. These data have been converted to be com parable with d a ta  on ethylene 
dichloride mixtures and worked up in the sam e manner. A . H . N.

417.* Charts Solve Orifice Equations. H. S. Winnicki and R . K och. Chem. Met. 
Eng., January 1940, 47 (1), 24.—An alignm ent chart for the solution of orifice equation 
for both gas and liquid flow is presented. The ranges of operation are as  follows : 
rate of flow : for liquids from 1- 10,000 gals./hr., for gases from 0-001- 10,000 cu. ft./m in .; 
orifice diameter : for liquids 0-1-1 in., for gas 0-07-2-0 in. ; gas tem peratures, 400- 
1000° F . abs., pressure 0-1-250 lb./sq. in. abs. A . H . N.

418.* Vaporization Equilibria. M. Gilbert. Chem. Met. Eng., April 1940, 47 (4), 
234.—A chart is presented which may be used in vaporization equilibria calculations 
on multi-component system s in order to reduce the time necessary to arrive a t a solu
tion by trial-and-error methods. The method requires a  m axim um  of three attem pts 
before obtaining an answer. The theory on which the chart is based is derived in 
the paper for complex m ixtures from following H enry’s and R ao u lt ’s laws, where the 
vapour pressures lie between those of the pure components.

An illustrative example is solved in detail to m ake clear the use of the chart.
A . H . N.

419.* Estimation of Unsaturated Hydrocarbons by Bromine Addition. J .  S. Green. 
J .  Inst. Petrol., 1941, 27 (208), 68—71.— The bromine numbor can bo used for compara-
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tive purposes as  a  m easure of unsaturation in com plex hydrocarbon m ixtures provided 
that the conditions of the reaction are precisely specified. An inhibition effect which 
might be a  potential source of error w as observed in brom inating heptane, nonene, 
and a benzole fraction by the Francis method, but this did not occur when using the 
Lewis and Brads tree t titration  technique. For the estim ation of the actual percentage 
of unsaturateds, the bromine-absorption method is unreliable unless the molecular 
weight and tvpe of the olefines present can be determined or estim ated with aecuracv.

B . M. H . T . '

420.* Catalytic Vapoui-Phase Oxidation of Aliphatic Kerosine Fraction. W. G. Parks 
and E . F . Story. Oil Gas J . ,  5.9.40. 39 (17), 54.— A brief review of the oxidation of 
kerosine with heterogeneous cataly sts is given, followed by  detailed results on experi
mental work on the vapour-phase oxidation of an aliphatic hydrocarbon, C12 to Clt , 
fraction from kerosine using homogeneous catalysts— nitric acid vapour and tetraethyl 
lead. The latter catalyst w as preferred owing to the explosive nature of reaction 
products from  the former. W ith nitric acid vapour the highest yields of aldehydes 
(20% on the oxidized hydrocarbons) was obtained at 300° C. lengthening reaction 
time giving higher yields. Acid production (up to 6% ) w as favoured b y  lowering 
temperature and reaction tim e and increasing the air hydrocarbon ratio. Tetraethyl 
lead was a more effective catalyst, the optim um  results under different conditions 
being 20%  aldehydes and 16%  acids.

It  is considered that commercial production of these m ixed aldehydes and acids 
with their derivatives is economically possible. Re-circulation of remaining hydro
carbons tended to form  acids rather than aldehydes, tetraethyl lead giving traces of 
alcohols (though none were produced with nitric acid vapour) suggesting that oxidation 
is bv hvdroxvlation rather than  bv  peroxide form ation. Further work is in progress.

C. L . G.

A nalysis and Testing.
421. A.S.T.M. Standards 1940 Supplement. Parts II and m . Am erican Society for 
Testing M aterials.— The Supplem ent to A .S.T.M . Standards, issued for the first tune 
in 1940, contains the new and revised standards and tentative standards adopted 
since publication of the Book of A .S.T .M . Standards in 1939 and replaces the Book of 
Tentative Standards.

The Supplement is issued in three parts of which P arts  I I  and I I I  are of principal 
interest to the petroleum  industry.

Part I I  includes specifications for Asphalt Plank, Cut-Back Asphalt and Quick- 
Setting Em ulsified A sphalt and m ethods of testing of emulsified asphalts and for 
water in petroleum products and other bituminous m aterials.

Part TIT includes specifications for Gasoline and Stoddard Solvent, and the following 
new or revised m ethods of testing : R am s bottom  Carbon Residue, Carbonizable
Substances in W hite Mineral Oil, D istillation of Gasoline, N aphtha, etc., N atural G aso
line and Plant Spray  Oils, D ropping Point of Grease, Analysis of Grease. Pen sky 
Martens Closed F lash  Point, Gum Stab ility  of Gasoline, E lectrical In sulating Oils, 
Knock Characteristics of Motor Fuel, Precipitation Number of Lubricating Oils, 
Unsulphonated Residue of P lant Spray  Oils, R eid ^ a pour Pressure, W ater Content, 
Water and Sediment and Calculation of V iscosity Index.

Many of the revisions are of a  minor or editorial character, but it should be noted 
that in the m ethod of test for R am sbottom  Carbon Residue a m etal coking bulb has 
been prescribed in place of the glass bulb and in the Pensky Martens Closed F lash  
the rate of heating for Cut-Back A sphalts and other viscous m aterials has been reduced 
from 4-6 ' F . per m inute to  2-3° F . per minute. A  new m ethod for determination of 
water in grease uses the cone-shaped centrifuge tube as receiver, and this is centrifuged 
to assist separation of the w ater and xylol a t  the end of the distillation, water-free 
oleic acid is added to the distillation flask as an anti-foam ing agent.

The method for determ ination of dropping point of grease uses the Fbbelohde 
type of apparatus. O-
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422* Polarographic Determination oi Lead in Gasoline. H . A. Frediani and L. A.
Bass. Oil Oas J ., 26.9.40. 39 (20), 51.—The m ethods which have been suggested for 
determining lead in gasolines are listed, and it is sta ted  that the m ost widely used 
method is that of Calingaert and Gambrill which involves refluxing the gasoline 
with HC1 and estimating the lead in aqueous solution by a  gravimetric or volumetric

"^The authors extract the lead by refluxing with HC1, but determine it in the aqueous 
solution by a polarographic method. This is considered to save time without sacrificing 
precision. The dropping mercury electrode is used in this analysis, and it involves 
current-voltage curves obtained in solutions utilizing a  highly polarized cathode and a
non-polarizable anode.

Curves are drawn for solutions containing known am ounts of lead for comparison 
with the experimental results. L>. L. S.

423.* Identification of Bitumen in Paving Mixtures. A . W. Attwood and D. C. Broome. 
Petroleum, October 1940, 2 (6), 1S3.—The developm ent of colorimetric methods of 
identifying bitumens is discussed, and a description given of an  apparatus and method 
of test which has been developed for this purpose. Visual determ inations of the colour of 
bitumen solutions present difficulties owing to varying sensitiv ity  of eyes to the various 
parts of the spectrum, lack of repeatability, possibility  of m atching colours by varying 
combinations of others, and to the fact that stan dard  colour glasses do not transmit 
light of only that colour. Photo-electric m ethods are to be preferred, types of instru
ments available being : (1) the Hirsch Muller, using various vapour-discharge lamps, 
which is expensive and slow in operation ; (2) apparatus consisting of incandescent 
electric lamps and standard colour filters, and (3) comparom eters in which the light 
from a single lamp passes through two liquid cells connected in opposition. The 
present investigation resulted in the choice of type 2, the Panchrom eter being evolved 
for the purpose. I t  consists of a  high-intensity light source controlled by  a rotary 
slotted diaphragm, a set of filters covering the spectrum  from  infra-red to ultra-violet, 
and a vacuum-type photo-electric bridge connected to a  single-stage thermionic valve 
amplifier. The test is carried out by  dissolving the bitum en in benzene to a  concen
tration of 2-5 gm./litre, decanting and centrifuging, placing a  2-mm.-thick cell of the 
solution in the apparatus and measuring the light transm itted using different colour 
filters, by the P.D. from the photo-electric cell, the apparatus being first checked against 
pure benzene. This gives a  colour grading of the bitum en throughout the spectrum, 
which is sufficiently characteristic for the nature of the crude and the approximate 
penetration to be determined if the corresponding basic figures are known. In  addition, 
the Panchrometer m ay be used to detect overheating, changes due to ageing and 
sedimentation from asphaltic cements, and the reaction (adsorption) between bitumen 
and aggregate.

Colour analyses of a wide range of bitum ens are included and a  critical survey is 
made of the available pieces of equipment forming the apparatus. C. L. G.

424.* Testing the Permeability of Asphaltic Surfaces. Anon. Engineering, 1941, 
151 (3923), 235.— A description is given of a  simple type of permeometer consisting 
essentially of an open cylinder with a  base flange faced with a  rubber ring. The 
instrument is held down on the surface to be tested and filled with a m easured amount 
of water, the am ount leaking through the surface in a  known time giving a  measure 
of the permeability of that surface. B . M. H . T.

425.* Laboratory Oxidation Tests for Lubricants. F . Jo ste s  and A . H ann. Refiner, 
February 1941, 20 (2) 65-69.—The apparent im possibility of obtaining laboratory 
ageing tests to give concordant results independent of operating conditions and 
apparatus is discussed and the reasons for the lack of agreem ent between different 
types of tests are briefly studied. I t  is indicated, however, th at oils can be compared 
as to their life or resistance to oxidation when instead of oxidizing them  all for the same 
time period, one employs a  method wherein an oil is oxidized until it produces a  definite 
or standard amount of some easily determined end-product, a s , for instance, insoluble 
sludge. Such conditions are obtained by the so-called “  Indiana L ife T est,”  which is 
described as a  new and modified procedure of the original Indiana t e s t ; this procedure
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is to use 20 c.e. of oil instead of 300 c.c. as in the original test. Then the oil is also 
subjected to 650 c.c. of air/hr. a t  200° C. The time is then noted which is necessary 
to produce by oxidation 15 mgm. of insoluble asphalt/gm . of oil.

The testing of ten different oils by the modified Indiana test showed that the sludging
time or valuation of these oils is in a  wide degree independent of the conditions of 
temperature and volum e of air used.

Several other tests showed that in m any cases the viscosity, the acid and saponifica
tion values m ust also be determined, besides the insolubles test. The effect of added
oil-resins on the oxidation of an  oil is also indicated. A . H . N.

M otor Fuels.
426. Patents on Motor Fuel. A. B . D oran, E . Marston, and K . W alsh. E .P . 532,867,
3.2.41. Appl. 30.5.39. Production of a  m otor fuel consisting of a  hydrocarbon fuel 
and an anti-detonant com prising an anti-detonant organo-metallic compound of an 
unsaturated aliphatic hydrocarbon having one metallic atom  in the molecule.

H. G. Schneider. U .S .P . 2,225,942, 24.12.40. Appl. 20.11.36. Preparation of a 
motor fuel consisting of gasoline and diisopropyl ketone, the latter component forming 
5-50%  of the fuel.

J .  W. Teter. U .S .P . 2,226,787, 31.12.40. Appl. 14.7.37. Inhibition of oxidation 
of gasoline by  incorporating therein a  sm all proportion of a  halogenated saturated 
cyclic alcohol.

M. M. Holm . U .S .P . 2,228,662, 14.1.41. Appl. 31.5.39. Production of a  high 
anti-knock m otor fuel com prising a fuel base consisting essentially of ¿soparaffinic 
motor fuel hydrocarbons and from  10 to 50%  by volume of a saturated  aliphatic 
ester of a m onocarboxylic acid.

See also A bstract No. 411. H . B . M.

Lubricants and Lubrication.
427.* Oil Flow Through Engine Bearings. R eport of the Automobile Research 
Committee, prepared b y  J .  Spiers. Instn. Aut. Engrs. J . ,  Jan u ary  1941, 9 (4) 7-34.—  
Tests were m ade on a  6-cyI. water-cooled petrol engine in which the front main and 
big-end bearings were isolated from the m ain lubrication system  and separate external 
pumps substituted. Thus the effect of pressure and tem perature on oil-flow could be 
studied. The range o f clearances tested was : main bearings 0-0007—0-0055 in., 
big-end 0-0015-0-005 in. Variable-pressure tests were run a t  an oil inlet tem perature 
of 70° C., and variable tem perature tests a t oil pressures corresponding to those given 
by the engine system  under the sam e conditions. An S .A .E . 50 oil was used mostly, 
but some tests with sm all clearance bearings were also run with an S .A .E . 20 oil.

I t  was found th at the rate of oil-flow was directly proportional to the effective oil 
pressure a t the bearing and increased rapidly with speed and clearance. The increased 
flow at the higher speeds is shown to be due to the reduced viscosity of the oil-film 
consequent on increased operating tem perature ; the film tem perature varies linearly 
with speed and is independent of load. The viscosity of the oil a t  the engine inlet 
bears little relation to the operating viscosity in the b earin g ; thus, the increased 
flow due to changing from S .A .E . 50 to S .A .E . 20 oil was not in proportion to the 
change in viscosity  a t  the oil inlet tem perature, since the operating tem perature 
within the bearing was reduced with the lighter oil.

I t  is concluded th at the flow of oil through engine bearings under operating conditions 
obeys laws approxim ating to those of viscous flow through an annular passage. The 
main factors are supply pressure, viscosity  of the oil-film in the bearing and diam etral 
clearance, although other design features will modify the total flow through the 
bearing. K . A.
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428 * Use of Additives in Automotive Lubricants. F . L . Miller, W. C. Winning, and
J  F  Kune Refiner, February 1941, 20 (2), 35. Paper presented before American 
Chemical Society.—After a general discussion on the need for using additives in 
lubricants, it is indicated that the principal properties which determine the suitability 
of petroleum oils for the lubrication of engines m ay be considered essentially to be : 
(1) viscosity and volatility; (2) viscosity-tem peratures and low-temperature flow 
characteristics; (3) chemical stab ility ; (4) detergent and sludge-dispersing ability; 
and (5) oiliness and wear characteristics.

The relative importance of these different characteristics, and the degree to which 
they can be modified by the use of proper additives, form the basis of this paper.

By the choice of proper crudes and by suitable selective refining, motor oils of 80- 
100 and even 110 V.I. can be prepared economically. I t  is not practical to obtain 
higher viscosity indices by these methods except in special cases. On the other hand, 
it 'has been found possible in recent years to improve the viscosity index materially 
through the use of relatively small quantities, in the order of 1-5% , of certain types of 
high-molecular-weight polymeric linear chain com pounds, and premium-quality 
motor lubricants are now being made successfully by  such m eans.

To counteract low-temperature flow troubles due to w ax, pour depressants are used. 
The pour depressants appear to act (u) to keep the w ax crystal sm all and prevent 
its growth, and (6) to prevent adsorption of the oil on the crystal. Both these functions 
are typically colloidal, and presumably the effectiveness of the different pour de
pressants depends largely on their colloidal sta te  and behaviour, particularly at low 
temperatures. Reference is made to various depressants, and especially to Friedel- 
Crafts condensation products.

A review of the patent and other pertinent literature reveals that the classes of 
compounds most commonly advocated as anti-oxidants, bearing corrosion inhibitors, 
and metal passifiers are : (a) various types of phenols, (6) certain sulphur-bearing 
compounds, (c) numerous organic phosphites, and (d ) certain of the amines. In a 
number of instances combinations of one or more of these types are mentioned. 
Each class is discussed separately and briefly, giving references to original publications.

Detergents and sludge-dispersing ability are next discussed. The use of fatty  oils, 
soaps, and naphthanates for this purpose is detailed.

Except for one or two marketers who are adding compounds to their m otor oils to 
improve oiliness, and a few others who are presum ably incorporating anti-oxidants, 
which happen also to confer extra oiliness, the use of additives to obtain better lubrica
tion properties has not been very extensive. M aterials m ost frequently employed to 
increase oiliness and film strength contain groups commonly known as polar groups, 
such as those containing oxygen or phosphorous, or distinctive reactive chemical 
elements, such as sulphur or chlorine.

Finally a study is made of what are called “  m ultifunctional additives.”
A. H. N.

429.* Rubber in Lube Oils. L . Light. Petroleum, Septem ber 1940, 176.—Natural 
rubber and synthetic rubber-like m aterials have been used in the production of improved 
lubricating oils either in their original form or after m odification. Thus rubber 
hydrogenated in the presence of a nickel catalyst has been incorporated in spindle 
oils to give products of increased viscosity.

Polyisobutylenes have been recommended for flattening the tem perature-viscosity 
curve of hydrocarbon oils. The initial polymerization of the isobutylene was carried 
out by boron trifluoride and the partly  polymerized define dissolved in oil and treated 
with anhydrous A1C13.

In a recent process both rubber and a  polymerized define are used to improve a 
hydrocarbon lubricant, the olefine being treated in the presence of rubber.

D. L . S.

430.* Considerations in Valve Lubrication. G. F . Scherer. Chem. Met. Eng., March 
1940, 47 (3), 164-165.—The lubricant used in a  lubricated tapered plug-cock performs 
a number of functions which, in order of importance, m ay be listed as follows : (1) 
It  affects a plastic seal between the sliding contact surfaces of the valve to prevent 
leakage of the line fluid and to prevent infiltration of foreign m atter between these 
surfaces; (2) it furnishes a fluid medium for lifting the plug from its seat, both to
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provide a space for the renewal of the lubricant film and to free the plug from  its seat 
if corroded and frozen together ; (3) it effects easy operation of the valve by lubricat
ing the sliding contact surfaces and reducing the friction between th em ; and (4) it pro
vides a  protection for these surfaces so that the original surface finish is not m arred 
by corrosion which would increase the turning effort and also permit leakage.

The importance of film thickness, vLseosity, adhesiveness, spreading quality, and 
other characteristics which are desirable in a  valve lubricant are indicated.

Besides the conventional m ineral oils and soaps used in compounding ordinary eup- 
greases, m any other m aterials are used in the m anufacture of valve lubricants. These 
include vegetable and anim al oils, fa ts, w axes, asphalts, synthetic oils and w axe3, 
graphite, resins, glycerine, alcohols, and various inert m aterials sometimes used for 
fillers. A . H . X .

431.* Chemical-Plant Lubrication. Anon. Chem. Met. Eng., March 1940. 47 (3), 
172-178.—The paper is divided into four com paratively distinct parts. The first 
part deals with the elements of lubrication and explains the need and theory of lubrica
tion by elementary and mechanical concepts of the molecules of the lubricant as  
spheres separating the jagged  surfaces of the p arts lubricated.

Part I I  deals with the properties of lubricants. To select the right lubricant for a  
given job requires a  knowledge of the desirable (and undesirable) properties of lubricants. 
In this paper the sources of lubricants are discussed— mineral, animal, vegetable and 
others—-together with the outstanding properties of lubricants and the tests for them. 
Significance of viscosity, viscosity  index, demulsibility, carbon residue, flash point 
and others are included. The tests are very briefly described.

In the third part the application of a lubricant is discussed. Boundary and fluid- 
film lubrication are studied, and several m ethods of applying lubricants in practice 
are described and illustrated. The ideal lubricating device should : (1) form and 
maintain a  satisfactory  lubricating film under all conditions of operation ; (2) be 
economical in operation—feed only enough lubricant to m aintain a  film while the 
equipment is in m otion—not feed while the equipment is a t  r e s t ; (3) be autom atic—  
require very little atten tio n ; (4) protect the lubricant from contamination, dust, 
dirt, water, etc., (5) carry aw ay heat from  bearings by a  continuous flow of the lubri
cant ; (6) be convenient to service with lu b rican t; (7) be rugged enough to w ithstand 
normal abuse and not readily break or become inoperative ; (8) moreover, installation 
costs should not be too high in proportion to the benefits to be derived. Storing 
of lubricants is also discussed in this part.

Part IV  deals with chemical factors in lubrication. In  this section the use of 
special lubricants for special cases is discussed. In  the handling of viscose rayon, 
especially in the m etering pum ps, viscose is the best lubricant. The reason is to 
avoid contamination of product. H andling hydrogen gas requires special technique, 
soap and water generally being used for lubrication. Likewise equipment for ha ndling 
oxides of nitrogen is generally soap-and-water-lubricated, although mineral-oil 
lubrication has been successfully used in at least one installation. Solvents are quite 
troublesome, as  it is necessary to lubricate with a m aterial that is insoluble, yet h as 
lubricating properties. The petroleum  industry has m any problem s in this respect 
varying all the way from lube-oil pum ps, which are self-lubricating, to gasoline pum ps, 
which are often lubricated with modified castor oiLs. Other cases are mentioned and 
general principles are  discussed. A- H . X .

432.* Speciality Lubricants. D. M. Considine. Chem. Met. Eng., April 1940, 47 (4), 
230—233.— The m anufacture of oils and greases which contain chemical compounds to 
fit them for use in special services is described. The paper, however, deals mainly 
with processes of one particular com pany, and not in general.

There are three general types of treatm ent used in the m anufacture of hypoid gear 
lubricants—namely, (1) lead soap , active sulphur, (2) lead soap, sulphur saponifiable, 
chlorine compound, and (3) organic sulphur compound, chlorinated organic compound. 
Processing operations a t the plant are segregated into three classes, consisting of the 
preparation of interm ediate chem icals, blending interm ediates of their own preparation 
with those purchased from outside chemical m anufacturers to produce concentrates, 
and manufacture of finished lubricants, inluding special greases, m otor oils, and in
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dustrial lubricants. Certain of the interm ediate chemicals blended in the concentrates 
are produced from suitable raw m aterials, whilst others are purchased. The operations 
are essentially batch, although there are features of some of the equipment which make 
that particular phase of the processing autom atic and continuous.

Preparation of intermediates from the raw m aterials requires such processing as 
mixing and reacting at ordinary and elevated tem peratures, atmospheric and vacuum 
distillation, dehydration, washing, and filtering. All interm ediates do not require 
the same treatment, and many items of equipment are designed and installed for the 
purpose of performing various operations. These operations are described separately.

Intermediate chemicals are blended in exact proportions according to the specifica
tions reached as a conclusion from the research findings and data . The constituents 
are proportioned by volume and mixed by m eans of a  Lum m us-Com ell homogenizer. 
When solid materials are added to the concentrates they are dissolved in suitable 
solvents, usually one of the other constituents, and then proportioned ju st as the 
other liquids through the electrically driven proportioning pum ps. The operations 
of the homogenizer and pum ps are described.

Manufacture of grease in the same plant is detailed. A. H. X.

433. Patents on Lubricants and Lubrication. A. J .  Rudgo. E .P . 532,953, 4.2.41. 
Appl. 2.8.39. Preparation of lubricating m aterials suitable for extreme-pressure 
lubrication and consisting of thiophosphoryl chloride and a  lubricating oil.

J .  M. Musselman and H . P. Lankelm a. U .S .P . 2,224,368, 10.12.40. Appl. 11.11.37. 
Preparation of a lubricant comprising a mineral lubricating oil and a  sm all proportion 
of an alkaloid salt of an organic carboxylic acid of a t  least six  carbon atom s.

K . Frolich. U .S.P . 2,224,541, 10.12.40. Appl. 9.6.39. Preparation of a lubricat
ing composition composed of a viscous hydrocarbon oil and a  sm all amount of a 
synthetically prepared ester having a boiling point above 150° C. of a  cyclic acid and 
of an alcohol having not more than three hydroxyl groups.

A. J .  Morway and F. L . Miller. U .S.P . 2,225,318, 17.12.40. Appl. 26.8.39. Pro
duction of a  lubricating composition comprising a lubricating-oil base stock and a 
halogen derivative of a substantially saturated linear aliphatic hydrocarbon com
pound having a  molecular weight above about 800 and containing a t least 1% of 
halogen.

U. B. Bray. U .S.P. 2,225,365, 17.12.40. Appl. 18.1.37. Preparation of a  mineral 
lubricating oil containing approxim ately 1-25% of freely oil-soluble m etal salt of a 
chlorinated fatty  acid. In  this way ring- and valve-sticking tendencies are overcome 
in internal-combustion engines without appreciably increasing the viscosity of the 
original lubricating oil and without imparting grease-like characteristics to the oil.

U. B. Bray. U .S.P . 2,225,366, 17.12.40. Appl. 2.11.37. Preparation of a 
lubricant composed of approxim ately 97%  of m ineral lubricating oil and between 
1% and 2% of oil-soluble soap constituent o f organic acid containing 10 or more 
carbon atoms, and including a  film-strength increasing constituent consisting of 
halogons, sulphur, and phosphorus.

U. B. Bray. U .S.P . 2,225,367, 17.12.40. Appl. 29.4.39. Preparation of a freely 
liquid lubricating oil in which is incorporated a  sm all quantity  of an  oil-soluble soap 
of a synthetic petroleum acid. The proportion of the latter constituent is such that 
ring- and valve-sticking tendencies in internal-combustion engines are overcome.

S. C. Fulton. U .S.P . 2,225,430, 17.12.40. Appl. 25.6.37. M anufacture of a low- 
pour-point lubricating oil composed of a blend of a  wax-containing petroleum lubricat- 
ing oil with a  minor proportion of a  pour-inhibiting agent. The latter is prepared 
by adding to a refractory distillate from a  cracking-process tar boiling above 700° F. 
about 5%  by weight of anhydrous aluminium chloride.

M. B . Chittick. U .S.P . 2,225,684, 24.12.40. Appl. 8.8.33. Production of a solid 
extreme-pressure lubricant consisting of unsaturated hydrocarbon polymers and a 
soap.
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D. E . Badertscher, F . M. Seger, and W. H . Jam es. U .S .P . 2,226,420, 24.12.40. 
Appl. 3.10.39. Production of an  extrem e-pressure lubricant consisting of a hydro
carbon oil and a  sm all proportion of m ixed anhydrides of an  alkyl thiocarbonic acid 
and an acid of phosphorus. The m ixed anhydrides are obtained by  the reaction of a 
halide of phosphorus with an  alkali alkyl thiocarbonate.

E . V. Murphec. U .S .P . 2,227,149, 31.12.40. Appl. 23.12.37. Production of an 
improved lubricant for intem al-com bustion engines com prising a lubricating oil and a 
small amount of a  polyvalent m etal soap of acids derived from the oxidation of “  sweater 
oil.”

M. H. Arveson. U .S .P . 2,227,690, 7.1.41. Appl. 6.10.38. Preparation of a diesel- 
engine lubricant consisting of a  paraffinic lubricating oil having a 90%  distillation 
temperature a t  about 1 m m. pressure of less than 500° F ., and an  iso-olefin polymer 
having a 90%  distillation tem perature a t about 1 mm. pressure of about 453—700° F .

E . R . Barnard. U .S .P . 2,227,692, 7.1.41. Appl. 19.12.39. Preparation of a 
diesel-engine lubricant consisting of a  blend of 5-95%  of a  naphthenie-base mineral 
oil and 5-95%  of anf.sobutylene polymer from which the low-boiling and high-molecular 
constituents have been removed.

A. W. Lewis. U .S .P . 2,227,908, 7.1.41. Appl. 19.3.37. Lubrication of bearing 
surfaces comprising alloys having substantially  the corrosion susceptibility characteriz
ing cadm ium-silver, cadm ium -nickel, and copper-lead alloys. A  lubricant consisting 
of a mineral hydrocarbon oil having incorporated therein corrosion inhibiting pro
portions of a  thiodinaphthylam ine is applied to the bearing surfaces.

W. L . Steiner. U .S .P . 2,228,219, 7.1.41. Appl. 29.12.39. Preparations of a 
composition of m atter consisting of a m ajor proportion of a  lubricant and a  minor 
proportion of a  physical solution of elem ental sulphur in uncombined form dissolved 
in a minor proportion of a  solvent which is a  sulphur solvent, and at the sam e time is 
itself soluble in the lubricant.

H. G. Berger, D . E .  Badertscher, and F . M. Seger. U .S .P . 2,228,252, 14.1.41. 
Appl. 28.6.39. Preparation of an  extreme-pressure lubricant consisting of a hydro
carbon lubricating oil and a  sm all proportion of a  perchloromethyl m ercaptan.

J .  F . Olin and R . H . Goshom . U .S .P . 2,228,325, 14.1.41. Appl. 27.7.37. Pro
duction of a  lubricating com position consisting of a  hydrocarbon oil and a  sm all 
proportion of a  trialkylam m onium  salt of an inorganic hydrohalogenic acid.

B. B. Farrington, J .  O. Clayton, and J .  T. Rutherford. U .S .P . 2,228,658, 14.1.41. 
Appl. 21.11.38. M anufacture of a  composition of m atter consisting of a hydro
carbon lubricating oil and a  m inor proportion of an alkaline-earth m etal salt of a 
substituted acid  of phosphorus containing an  organic constituent.

E . \V. Gardiner and G. H . Denison. U .S .P . 2,228,661, 14.1.41. Appl. 8.10.38. 
Preparation of a  composition of m atter consisting of an oil and from 0-1%  to 50%  
by weight of an  alkaline-earth m etal phenate dissolved therein.

G. L . Neely and E . W. Gardiner. U .S .P . 2,228,671, 14.1.41. Appl. 25.11.38. 
Preparation of a  lubricant consisting of a  hydrocarbon oil, a m etal phenate, and from 
0 05% to 2%  by weight of a  salt of a substitu ted acid of phosphorus containing an 
organic constituent.

L. C. Brunstrum . U .S .P . 2,229,367, 21.1.41. Appl. 29.4.40. M anufacture of a 
grease composed of a  lubricating oil and  a soda soap  of hydrogenated fish-oil fatty-acid 
pitch.

L . C. Brunstrum . U .S .P . 2,229,368, 21.1.41. Appl. 29.4.40. Preparation of a 
heat-resisting grease consisting of a lubricating oil, soda rosin soap, and soda soap of 
hydrogenated fish-oil fatty-acid  pitch.
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W H Bahlke and T. H. Rogers. U .S .P . 2,229,485 21.1.41. Appl. 30.11.39. 
Method of increasing the sludge stability of a  petroleum lubricating oil distillate by 
mixing therewith, prior to treatment with sulphuric acid, 0-1-5-0% of a heavy un
cracked petroleum residue.

See also Abstract No. 425. *>. M.

Asphalt and Bitumen.
434.* Bituminous Soil Stabilization. W. L . Campbell. Roy. Engrs. J „  March 1941,
55 89-103. The main idea underlying soil stabilization is the retention of the moisture
content of the soil within such limits as will ensure stability , the latter being determined 
by (a) internal friction, (b) cohesion, and (c) apparent cohesion. As the measurement 
of stability the bearing strength of the soil surface is determined by means of a cone 
penetrometer. (Full details of this test are given in an appendix.) The task of the 
stabilizer is to impose a limit to the variations that could occur in the soil mass as 
regards moisture content, by reason of ingress of capillary or ground-wator. The 
bituminous stabilizer should be of such a nature that it can be dispersed throughout 
the soil-mass in such a way as to form autom atically a series of plugs throughout the 
capillary structure of the soil. It has been shown in the laboratory that a  soil-mix, 
designed in accordance with the grading and bearing-strength requirements and con
taining 2% by weight of stabilization oil, possesses in general adequate water resistance.
The percentage of the oil is based on the m ortar content of the m ix. B . M. H. T.

435. Patents on Asphalt and Bitumen. Celotex Corporation. E .P . 531,690, 9.1.41. 
Appl. 4.7.39. Wear-resisting and resilient surface covering consisting of a number 
of units of fireboard the interior interstices of which are incompletely filled with 
bituminous material.

N.V. de Bataafsche Petroleum M aatschappij. E .P . 533,170, 7.2.41. Appl.
2.10.39. Production of unemulsified bituminous substances with im proved properties, 
particularly as regards adhesivity and facility in spreading. The substances are mixed 
with small quantities of sulphuric-acid esters or arylsulphonic acid esters of lower 
primary aliphatic alcohols, or with substances from which these esters m ay be formed.

A. P. Anderson. U .S.P. 2,224,372, 10.12.40. Appl. 18.5.38. Improvement in 
production of asphaltic hydrocarbons from a  straight-run petroleum  oil containing 
substantial amounts of wax and asphaltic hydrocarbons by precipitation with normally 
gaseous hydrocarbons. B y  this process the resultant asphaltic hydrocarbons are free 
from harmful wax.

J .  P. Pfeiffer. U .S.P. 2,225,570, 17.12.40. Appl. 2.10.39. Method of improving 
the adhesive properties of an asphaltic bitumen by combining the bitum en with a small 
amount of a  sulpho-compound.

See also Abstract Nos. 423 and 424. H . B. M.

Special Products.
436.* Containers and Lacquers for Foodstuffs. F . D. Farrow  and T. G. Green. Chem. 
and Ind., 1941, 60, 95-103.— The article is largely a  review of lacquers used in the 
internal proofing of tins. Under this category is outlined the use of w ax for the lining 
of beverage cans. Owing to the poor adhesion of w ax to tin , a  special lacquer has 
first to be applied to the tin. The com paratively low m elting point of w ax is a dis
advantage in dealing with liquids which should, be canned while hot. The wax 
coatings have the advantage of good proofing qualities and no tendency to contaminate 
flavours.

Brief mention only is made of waxed paper cartons. T . C. G. T.

437. Patents on Special Products. Agricultural and Chemical Products, L td . E.P. 
530,624, 17.12.40. Appl. 14.6.39. Simultaneous production of higher monohydric 
alcohols and ethylene from gases containing olefins.
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G. G. Luzzatto. E .P . 531,174, 31.12.40. Appl. 27.6.39. Manufacture of a fire
lighter having a  basis of coal, coke, semi-coke, etc., provided with or possessing a 
proportion of bitum inous substance and impregnated, coated, or intim ately adm ixed 
with an  oxygen-carrier.

Standard Oil Developm ent Company. E .P . 531,233, 31.12.40. Appl. 14.7.39. 
Production of oxy-organic com pounds by treating a hydrocarbon or m ixture of 
hydrocarbons having less than 6 carbon atom s per molecule with a gas containing 
free oxygen at a  tem perature below the critical tem perature of the hydrocarbons, and 
under sufficient pressure to m aintain the hydrocarbons in the liquid phase in the presence 
of an oxidation catalyst.

N.V. de B ataafsche Petroleum  M aatschappij. E .P . 531,359, 2.1.41. Appl. 19.7.39. 
Process for concentrating highly foaming solutions of capillary-active substances, 
e.g., aqueous soap solutions, aqueous solutions of alkali or alkaline-earth salts of 
sulphuric acid esters derived from olefins or alcohols.

Standard Oil Developm ent Company. E .P . 531,383, 2.1.41. Appl. 11.10.39. 
Continuous process for the reaction of tertiary-saturated hydrocarbons with olefins. 
An emulsion of a tertiary hydrocarbon in aliquid m aterial capable of catalysing the 
reaction is m ixed with a controlled quantity  of a  m ixture of the tertiary-saturated 
hydrocarbon and the olefin. The resultant product is then passed through a reaction 
zone, and part of it removed. An am ount of hydrocarbon substantially  equal to the 
volume of olefin-tertiary hydrocarbon m ixture is separated out and the remainder 
reeyclized.

General Motors Corp. E .P . 532,630, 28.1.41. Appl. 15.9.39. An improved oil 
filter comprising a  filtering medium  having incorporated therein a  m ixture of para- 
aminophenol, catechol, or paraphenylenediam ine for inhibiting or preventing the 
formation of resins and acids in the oil.

E . M. Marks and J .  W. John son . U .S .P . 2,224,158, 10.12.40. Appl. 18.2.36. 
Method of lubricating C u-A g-C d and C u -X i-P b  bearings operated a t a high tem pera
ture without substantial corrosion. A  hydrocarbon lubricating oil incorporating a 
small quantity of an  aryl substitu ted thiourea is employed.

M. A. Dewey. U .S .P . 2,225,533, 17.12.40. Appl. 26.7.38. Preparation of a tran s
former oil consisting of a  petroleum  oil, norm ally subject to oxidational deterioration 
resulting in the form ation of sludge, and about 0-3% of 2 : 6-dffert.-butyl-4-methyl- 
phenol and about 0-1% of diphenylamine. The addition agents are effective in com
bination in retarding the appearance of sludge in the oil.

T. L . Cantrell and  J .  O. Turner. U .S .P . 2,226,335, 24.12.40. Appl. 14.9.36. 
. Preparation of an  oil-soluble organic phosphorus compound suitable as an  im prove

ment agent for hydrocarbon oils and effective in im parting extreme pressure character
istics in such oils. The m ethod consists in reacting an olefin and a phenol in the 
presence of sulphuric acid and treating a t least a  portion of the resultant product with 
phosphorus oxychloride to obtain a final product containing 1-5%  of phosphorus.

W. H . K ing and C. Q. Sheely. U .S .P . 2,226,378, 24.12.40. Appl. 26.7.39. Pro
duction of partially  oxidized products of norm ally liquid aliphatic hydrocarbons by 
introducing the hydrocarbons in vapour phase, together with an oxidizing agent, 
into a reaction chamber a t  250-500° C. The am ount of hydrocarbon in the hydro
carbon—oxygen ratio is m aintained above the explosion limit, and the m aterials are 
reacted for not more than 15 sec. in the presence of benzoyl peroxide.

D. L . W right. U .S .P . 2,228,429, 14.1.41. Appl. 20.9.38. Preparation of a 
pneumatic percussion-type drill lubricant having adhesive and moisture resistant 
characteristics. The com position consists of a  m ajor proportion of a  hydrocarbon 
lubricating oil, 1—14% of blown rape-seed oil, and 0 1 —0-5% of ¿.»obutylene polymer.

U . B . M.
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Detonation and Engines.
438 * Diesel Engines Underground, n . Effect of Adding Exhaust Gas to Intake
Air Report of U.S. Dept, of the Interior, Nov. 1940.1 L . B . Berger, M. A. Elliott,
J  C Holtz, and H. H. Screnk.—The previous report showed that ventilation must be 
provided to dilute and remove the harmful constituents of the exhaust from diesel 
engines used in underground working places. The results then reported applied to the 
operation of engines in normal air, but the possibility of an engine operating in an 
atmosphere containing its own exhaust gas m ust be considered. Tests were made 
on a four-cylinder engine of 70 b.h .p., using a  fuel of 50 cetane n um ber; part of the 
exhaust gas was diverted and mixed with the intake air.

It was found that the concentration of CO in the exhaust was alw ays greater when 
exhaust gas was present in the intake than when the engine was operated in normal 
air at the same fuel-air ratio. The increase was m ost apparent a t or near full load; 
it could not be attributed to CO added to the intake by the exhaust g a s . I t  is suggested 
that the decrease in oxygen concentration was the fundam ental cause.

The concentration of oxides of nitrogen in the exhaust gas decreased as exhaust 
gas was added to the intake. There was no m arked effect on the concentration of 
aldehydes.

It  is concluded that no unreasonable increase in ventilation would be required to 
maintain a  satisfactory working environment if the C 02 in the atmosphere were not 
greater than 1 % ; the underground atmosphere should be analysed frequently to 
ensure satisfying conditions. Diesel engines should be prohibited where the ventila
tion is locally inadequate, and “  short-circuiting ”  of the exhaust between the exhaust 
outlet and air intake of the engine should be avoided. K . A.

439.* Engine Bearing Temperatures (Third Report—Bench Tests). R eport of the 
Automobile Research Committee, prepared by J .  Spiers. Instn. Aut. Engrs. J ., 
February 1941, 9 (5), 7-39.—This report deals mainly with the effects of diametral 
clearance on bearing temperatures a t rubbing speeds up to 2350 ft./m in. Details 
of the engine and bearings used are given in A bstract No. 427. Bearing tempera
tures were measured by means of thermocouples connected to slip-rings on the 
crankshaft. With clearances of the order of 0 0005 in. oil inlet temperature 
had little, if any, effect on the bearing tem perature, and at high speeds such a bearing 
would tend to seize. With clearances up to about 0 0015 in. oil cooling as a  means 
of reducing bearing temperatures appears to be of little value. W ith clearances 
above 0 0035 in., although 60%  or more of any oil inlet tem perature reduction is 
passed on, the actual bearing temperatures are scarcely high enough to justify  oil 
cooling on this account in an engine of the size tested.

The influence of oil pressure on bearing tem perature was sm all, as w as also the effect 
of water-jacket temperature. I t  is considered that efficient ventilation of the crank
case interior by cool air might have a beneficial effect on big-end tem peratures. Motor
ing tests showed that bearing tem peratures were alm ost independent of load. The 
addition of 1%  methyl-dichlorsteai-ate to the oil produced no m easurable differencesg 
in temperature throughout the speed range, a s  compared with the untreated o il; 
it is inferred that heat generation in the bearings is entirely due to viscous friction,
i.e., lubrication is of the fully fluid type.

The tests confirmed that the main factors determining engine bearing temperatures 
are diametral clearance, oil viscosity, and speed. In  this respect the use of light 
oils of high viscosity index is advocated. Bearing tem peratures rise linearly with 
speed, and increasing speed tends to raise m ain bearing tem peratures more than big- 
end temperatures. K . A.

440. Patents on Detonation and Engines. I. G. Farbenindustrie A.-G. E .P . 532,424,
23.1.41. Appl. 30.8.39. Production of non-knocking m otor fuels by catalytically 
cracking hydrocarbons obtained from carbon m onoxide by reaction with hydrogen, 
mixed with a  paraffinic-base petroleum oil or fractions thereof.

H. Kaufm ann. U .S.P . 2,228,118, 7.1.41. Appl. 3.5.39. Production of a non- 
knocking motor fuel by heating to cracking tem perature a m ixture of a  normally

1 See also A bstract No. 1427, Oct. 1940.



non-gaseous reduction product of carbon monoxide with a  norm ally non-gaseous 
hydrocarbon product, in the presence of a  stationarily  arranged catalyst having a  
splitting action and of a  non-oxidizing gas under a pressure above 350 atm ospheres.

H . B . M.
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C oal and Shale.
441.* Technical Study of Transvaal Torbanite. S. L . Neppe. J .  Inst. Petrol., 1941, 
27 (208), 31-65.— Torbanite consists of mineral m atter which is essentially inherent 
with the organic constituents which make up the volatile and fixed carbon. The 
different grades of Tran svaal torbanite m ay be considered as having a common origin 
in one parent substance of high fuel ratio. There is little difference between the 
ultimate products of deterioration of torbanite, irrespective of the quality of the 
original minerals. I t  is probable th at during the stages of deterioration depolymeriza
tion processes p lay  a  big part in the chem istry of the kerogen molecules, such de
terioration offering some striking parallelism s to certain cracking reactions. In  both 
processes hydrogen is m ainly rem oved as a result of which the carbon contents of the 
volatiles show a  steady increase up to a  limit. Beyond this point in both cases carbon 
is separated. This theory of the deterioration of torbanite is substantiated by ad 
ditional interesting facts observed and recorded by the author. B . M. H . T.

Econom ics and Statistics,
442.* Opportunities in the Petroleum Industry. Anon. Chem. Met. Eng., Ju n e 1940, 
47 (6), 416-A22.— The paper is in two parts : the first deals with the petroleum in
dustry as a whole and its structure ; the second with the opportunities afforded to the 
chemical engineer in the industry. The treatm ent is of the American petroleum 
industry. A. H . N .
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B O O K  R E V IE W .

U.O.P. Laboratory Test Methods for Petroleum and its Products. Published by the 
Universal Oil Products Incorporated, 310 South Michigan Avenue, Chicago. 
1940. Price §3.

The first edition of this book was issued in 1937, and was intended particularly 
for use by the refiner with limited personnel and literature facilities to supplem ent 
the A.S.T.M . methods of test. The revised edition is issued in loose-leaf form of 
binding, and index tabs are provided for the various sections, and it is sta ted  that 
a s  revised methods become available they will be distributed without charge to 
holders of the book.

A number of the methods given in the earlier edition have been elim inated, and 
there has been a  thorough revision of the m ethods which have been re tain ed ; the 
methods given have been either developed by the U .O .P. laboratories, or tested  out 
by them.

The following will illustrate some of the types of analytical procedures covered ;

Salt content of charging s to ck s ; carbon and hydrogen analysis, by  a  semi- 
microscopic method ; volumetric determination of sulphur ; molecular weight of 
petroleum ; nitrogen in petroleum ; laboratory preparation of asphalts ; routine 
high vacuum distillation of heavy o ils ; analysis of gasolines for paraffin, define, 
naphthenic and arom atic content.

A  large section of the book deals with the analysis of gases, including the de
termination of gaseous olefines by catalytic hydrogenation and the fractional d istil
lation of C4 and C5 hydrocarbons.

Under fuel oils a  method is given for the determination of Redwood Adm iralty 
viscosity a t 32° P ., and this does not appear to be in accord in all details with the 
standard Adm iralty procedure.

The method for the hydrocarbon analysis of gasolines is based on the determ ination 
of the percentage of olefines from the bromine number and the m olecular weight, 
and the aromatic hydrocarbons by  specific dispersion, and the naphthene/paraffin 
ratio from the refractive index and by calculation. N aturally  in a  book of this kind 
no evidence is given of the accuracy of the m ethods employed or of the justification  
for using refractive index and specific dispersion m ethods in preference to the 
much simpler aniline-point method.

An index is provided, which is very complete.
By  reason of the fact that it collects together the m ethods of analysis which have 

been tried out and which are not included in the standard  m ethods of testing, 
U.O.P. Laboratory Test Methods will be found to be of considerable value to all 
laboratories engaged in the testing of petroleum  products. F .  H . G a r n e r .
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centistokes.

Chart D: Kinematic Viscosity, Low Range (20 by 16 in.)-tempera- 
ture range, — 30° F. to + 450° F . ; viscosity range, 0.4 to 100 
centistokes.

Charts A , C and D   Price 7s. 6d. per pad of 25.

Chart B .................................................................... Price 9s. 6d. per pad of 50.

All the above publications are  obtain ab le  from

THE INSTITUTE OF PETROLEUM
c/o THE UNIVERSITY OF BIRMINGHAM  

EDGBASTON, BIRMINGHAM, 15
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Bib Qï

SPECIFICATION INCLUDES Table and hold-down ball bearings.
Pinion shaft roller bearings.
One-piece steel base providing oil reservoirs.
Table ring gear of alloy steel with machine-cut teeth, shrun 
on table.
Table ring safety guard, &c., &c.
Other sizes and types of rotary tables are available for a 
purposes.
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A S  a result of the successful performance of a 4400  barrel per 

day  Benzol-Ketone Dewaxing plant—designed, built and 

completed by Lummus within 20 weeks from date of contract — 

Sinclair has selected Lummus to build another Benzol-Ketone 

Dewaxing plant for the S inclair, Houston, Texas, refinery. » » » 

This plant for S inclair is the nineteenth Benzol-Ketone plant 

designed and built by Lummus within the last four years .

W. H. JONES

Representing: THE LUMMUS COMPANY
83 Barn Hill, Wembley Park, Middlesex

Kindly mention this Journal when communicating with Advertisers.



RE I

THE varying needs of heat-using  
industries are fu lly  m et by o ur  

w ide  range o f high q uality  re 
fractories. For severe conditions in 

oil firing  w e recom m end th e  use of 
N E T T LE  fire b ric k  (4 2 /4 4 %  alum ina) 
and STEIN  S IL L IM A N IT E  (6 3 %  
alum ina).
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